Jlekuus Ne 1. IlpenncioBue, TePMUHBI M OTIPeAeIeHUS.

Cooeporcanue nexyuu
1.1 Ilpeducnosue
1.2 Tepmunsl u onpedenenus

1.1. IIpeauciioBue

Kypcel nexumii: OneKkTpudecKkas 4acThb SJIEKTPOCTAHUUU M IOJCTaHLUU,
Okcmtyarauus OOOpYyIOBaHUS IJIEKTPUUECKUX CETeH; DKCIUTyaTalusl pesieiHON
3aIUThl M aBTOMATHKU; MOHTaX U HallaZka 00OpYJOBaHUs 3JIEKTPUUYECKUX CETeil
OCBELIAKOTCSA C TOYKU 3PEHHUS
«OCHOB COBPEMEHHON DJHEPreTHKM». B 3TOM Kypce W3JI0KEHBI JIOCTaTOYHO
CJIOKHBIE BOIIPOCHI 3JIEKTPOIHEPTETUKH, OCHOBBI TEOPETUYECKOM ANEKTPOTEXHUKH,
MOAPOOHO PACCMOTPEHBI (PU3UUECKUE OCHOBBI padOThl U KOHCTPYKIUK OCHOBHOI'O
AIEKTPOTEXHUYECKOTO 000PYAOBAHUS AIEKTPUUECKUX CTAHIMM U ceTel. bombioit
MHTEpEC K KypCy JEKIUN Takxke OOYCIOBJIEH OOBEKTUBHBIM PaCCMOTPEHHUEM
(haKTHUECKOTO COCTOSIHUSL POCCHICKOM 3HEPreTUKA Ha (JOHE MUPOBOTO PA3BUTHUS.
B cpaBHUTENBHO KOPOTKOM Kypce HE OOOLUIM BHHUMAaHMEM HHM OJHOH OCTpOil
npobOsieMbl  poccuiickol 3Hepretukd. OcoOeHHO OoJbIIOe BHUMAHHUE IS
yrayOn€HHOTO M3Yy4YeHUsi marepuana ynaeneHo (ororpadusM, KOHCTPYKTUBHBIM
AJIEMEHTAaM U CXEMaM, IPAKTUYECKN BCE OHU BBIIIOJIHEHBI IBETHBIMU, YTO HE TOJIBKO
o0Jjieryaer Ux U3y4yeHUe, HO M cO3JaéT Xopollee HacTpoeHue. Bee numoctpanum,
CIIOKHBIE  CXE€Mbl W  MAalIMHOCTPOMUTENIBHBIE  YEPTEXKHU,  HACBILIECHHBI
MHOTOYUCJIEHHBIMU JIETAJIIMH, MOTYT OBITh YBEJIMUEHBI HAa DKPaHe C TEM, YTOObI ATH
JETalIl MOKHO OBLIO Jiydlle paccMoTperb. HakoHer, Henb3sh HE OTMETUTh, YTO
JEKLIHMH TPEACTABICHbl B AJIEKTPOHHOM BHUJE B BEPCHUAX, 00ECHEUMBAIOLIUX HX
KOIUPOBAHUE, 3TO Ja€T BO3MOXHOCTb HX HCHOJB30BaTh MpU O(POPMICHUH
KYPCOBBIX, J1a0OpPaTOPHBIX U KOHTPOJBHBIX padoT. BaxkHbIM pakTopoM sBisieTcs,
yto B Jlekuun Ne 1 onmyOnukoBaH cioBapb OCHOBHBIX TEPMHUHOB (Tjoccapuid),
KOTOPBIN pacin(poBBIBAET TEPMUHBI U ONPEACIICHUS, UCTIOJIb3yEMbIE B JICKLIUSIX.
(TepmuHbI U onpeeneH s MPEACTABICHBI B al(paBUTHOM MOPSIKE)

1.2. TepMuHbI 1 onpeaeIeHUs.

Aesapuiinvie pexcumbr — pexkuMbl  IIC, BbI3BaHHBIE KOPOTKHMH
3aMBIKaHUSIMA M pa3pblBAaMH LENH TE€peadyd DJIEKTPOSHEPTUH, B
YaCTHOCTH, BCJICJICTBUE JIOKHBIX CpaOaThIBAaHWN 3allUT U aBTOMAaTHKH,
OLLIMOOK AKCILTYaTAlIMOHHOTO MepCOHAlIa U T. 1.

Aemomamuxa aukeuoauuu acuHxXponnozo pexcuma (AJIAP) — aBroMartuka,
KoTopasi KoHTpoaupyeT neperpy3ky JIDII wim rpynnel JISIT no Toky u
aKTUBHOW MOUIHOCTH, a TaK)K€ OTCJICKHUBAET pasHUIy (a3 HampsKeHUuH
MEXK]y Y3JIaMH, OTPAaHUYMBAIOIIMMH MexcucTeMHbie JIDIT



Aemomamuka ozpanuuenus nosviuienusa nanpaxycenuna (AOIIH) —
aBTOMATHKA, KOTOpast Bo3AerCcTBYeT Ha APB renepaTtopoB M CUHXPOHHBIX
KOMIIEHCATOPOB M HA BKJIIOYECHHE NIYHTHPYIOIIMX pPEAKTOPOB MpH
MOBBIIEHUY HANPSHKEHUS BBILIE JOITYCTUMOTO YPOBHS

Aemomamuxka ozpanuyenun cuuxcenus nanpaxcenuna (AOCH) —
aBTOMATHKA, KOTOpas BO3aeUCTBYeT Ha APB renepaTtopoB 1 CHUHXPOHHBIX
KOMIIEHCATOPOB, 4 TAKKE HA OTKIIFOYEHUE IITYHTUPYIOIIMX PEAKTOPOB IPH
CHIDKCHHH HATPSHKCHUS HUDKE JTOMYCTUMOTO YpoBHs (13.9)

Asmomamuxa npedomepawienusn napyuwienusa ycmouuugocmu (AITHY) —
aBTOMAaTHKa, KOTOpasi OCYIIECTBISAET HEMPEPHIBHBIN KOHTPOJIh YaCTOTHI B
DPHEPTOCUCTEME U PEKUMOB PabOTHI MEKCUCTEMHBIX CBS3CH C IIEIBIO
obecnieueHus: ycToiunBoi padbotsr D3C

Aemomamuueckasa uacmomuasn pasepyska (A4P) — aBromaTuka, KOTOpas
OTKJIFOYAET YaCTh Harpy3Ku IHEProcucTeMbl (0OBIYHO 3TO NOTPEOUTENH
1T xareropuu 1Mo HaIEAKHOCTHU JIEKTPOCHAOKEHHUS) B CIIy4ae CHUKCHHUS
Y4aCTOTBl HUXKE JJOTYCTUMOIO YPOBHS, KOTJja BCE IPYTHe BO3MOXKHOCTH
PEryIMPOBAHMS YaCTOThI UCUEPIIAHBL; 00ECTIEUNBAET COXpAaHEHUE OanaHca
MOIIHOCTH TIPH TSDKENON aBapuu, €ClId OHA COTIPOBOXKIACTCS
3HAYUTENbHBIM MOHMKEHUEM YacTOTHI B YHEProcucTeMe (HIKE
JOIMYCTUMOT'O YPOBHS)

Aemomamuueckue pecyaamopult 6030yxcoenusn (APB) — ycTpoiicTBa,
BO3JICHCTBYIOIIME HA BO30YK/I€HNE CUHXPOHHBIX MAIIIMH C IEIbI0
MoIIeP KaHMS HAMPSDKEHUS Ha WX IIMHAX Ha TpeOyeMOM ypOBHE; B CTydae
HE0O0XO0IMMOCTH (POPCUPYIOT BO3OYKICHHUE, YIyUIlllasi TEM CaMbIM
yCTOWUYUBOCTH paboTel DC

Aemomamuueckue pecyaamopsl yacmomal epauienus (AP4YB) —
YCTPOMCTBA, U3MEHSIOIINE BITYCK DHEPTOHOCUTENISI B TYPOUHBI
TeHEePaTOPOB JIJIs TIOIIEPKaHUsI TPEOYyeMON YacTOTHI BPAIIEeHUsI POTOPOB
r€HEPATOPOB U TEM CaMbIM 4acTOThl B DDC

Aemomamuueckoe ekawuenue pezepsa (ABP) — aBTroMaruka, KOTOpas
OCYIIECTBJISIET BBOJ PE3EPBHOTO O0OpYJIOBaHUS TMPU aBAPUHHOM
OTKJIFOUCHUH OCHOBHOTO

Aemomamuueckoe nosmopnoe éxknruenue (AIIB) — ycTponcTBO 1is
noBTOpHOTO BKiItoueHus JIDII nocne ee aBTOMaTH4ECKOro OTKIIFOUEHHS
MIOCPEICTBOM PEJICUHOM 3a1uThl

Aemomamuueckoe pezynuposanue 4acmomyl U AKMUEHOU MOUHOCIMU
(APYM) — aBTOMaTHKa, KOTOPAs MOAAEP>KUBAET HEU3MEHHBIMU OaNlaHC
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AKTUBHON MOIIHOCTH M YaCTOTY C YYETOM BO3MOXHOCTEN MEKCHUCTEMHBIX
AIIEKTpOIIepeaay Mo NpOMyCKHON CIOCOOHOCTH, T.€. OTPAHUYEHUN 110
Mepe1aBa€MO aKTUBHOM MOITHOCTH

A6moHOMHBLIL (CAMOKOMMYMUPYEMbLIL) UHEEPMOP — UHBEPTOP, B KOTOPOM
KOMMYTallisl BEHTWIEH OCYIIECTBISETCS JMOO  BBIKIIOYEHHEM WU
BKJIFOUEHUEM TIOJIHOCTBIO YIPABISAEMBIX NPUOOPOB (TPaH3UCTOPOB MU
3aMUpPaeMbIX THPUCTOPOB), JINOO C MOMOILBIO YCTPOUCTB IPUHYIUTEIBHOM
KOMMYTallU{, BXOJSIINX B COCTaB CXEMbI IIPE0Opa30BaTeNs U CO3/1AI0MINX
KOMMYTHPYIOILIEE HaIpsDKEHHE, OOECHeuMBAlOIIEee BBIKIIOYEHHE HE
MOJIHOCTBIO YIIPABJISIEMBIX TPUOOPOB (THPUCTOPOB)

Aemompancgopmamop — TpanchopMarop, y KOTOPOro 0OMOTKU UMEIOT HE
TOJIBKO MarHUTHBIE, HO U DJICKTPUUECKHUE CBSI3U

AKmueHnaa mowyHocms — cpejHee apupMeTHIeCKOe MITHOBEHHOM MOIIHOCTH
3a MEPHOJT

Axkmuenwlit (cunoeoii) punemp — nupeoOpazoBaTeiab s (QUILTpaIUU,
COCTOSIIIMM W3 YIPABISEMBIX BEHTWIEHM MW HAKONUTEIEH SHEPruu
(peakTopoB, KOHJIEHCATOPOB), T€HEPUPYIOIIUIA BBICIINE TAPMOHUKH TOKA
(HampspKeHUs ) B TPoTUBO(a3e OTHOCUTEIHHO MOAABISEMBIX TAPMOHUK

Ananu3 rnekmpuueckoul yenu — aHATUTUYECKOE WM YUCICHHOE OMUCaHue
MPOLIECCOB B AJIEKTPUUECKON LENMU U €€ CBOMCTB IPH 33JaHHBIX €€ CXeMe
Y 3HAYCHUSX TTapaMeTPOB AJIEMEHTOB

Apmamypa nuneiinas — COBOKYITHOCTb 3JIEMEHTOB, MPEIHA3HAUYCHHBIX JIS
COWICHEHHS] OTHECIbHBIX 3JIEMEHTOB KOHCTPYKUMHM BO3AYIIHOM JIMHUH,
dbuKcal TpoBOJOB U TPOCOB HA OMOpE, UX COCAMHEHMS B MPOJIETAX, a
TAKXKE€ JUISl 3alIUThl U30JISITOPOB OT IMOBPEXKIACHUS IICKTPUUECKON NTYrou
npu npoboe W (PuUKcalyi B3aMMHOTO PACIOJIOKEHHUS B TMPOCTPAHCTBE
MPOBOJIOB pacCIISIICHHBIX (a3 U coceaHnX (a3 Mo OTHOIICHUIO JPYT K

ApYyTy

Bunonapuott mpanzucmop — TPaH3UCTOP C TPEMsl UYCPEAYIOIIUMHUCS
00JTaCTAMHM 3JCKTPOHHOTO (N-) KK ABIPOYHOTO (P-) THUIIOB MPOBOIMMOCTH,
00pasyromux 1aBa p-N-mepexojia, B KOTOPBIX MPOTEKaHHe pabodyero Toka
00YyCJIOBJICHO HOCHTEISIMH 3apsjga OOOMX 3HAKOB (DJICKTPOHAMU H
JpIpKaMu). Pa3nnyaror OUMosipHbIe TPAaH3UCTOPBI p-N-P-U N-P-N-THUIA

Bemenw QﬂeKmpulleCKOﬁ uenu — y4aCToOK LCIIH, BOAOJIb KOTOPOro IMpOTCKACT
OJHMH M TOT K€ TOK
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Bempoanekmpuueckasa cmanyus — npeaupusaTHe, COCTOALLEE U3 HECKOJIBKUX
BETPOIHEPTETUUECKUX YCTaHOBOK 17} IpeAHA3HAYEHHOE IUISt
npeoOpa3oBaHusl KHHETUYECKOWM SHEPTUH BETPa B JIEKTPUUECKYIO

Bemposnepzemuueckaa ycmanoéka —  yYCTaHOBKa, MHpeoOpaszyrolmas
KUHETUYECKYIO DHEPTHUIO BETPA B DJIEKTPUUECKYIO

Buxpeeoe djieKkmpuueckoe noJjie — HCIIOTCHIUAJIbHOC JJICKTPHYCCKOC I1I0JIC

Booopazoenumens — nuHUS, NPOXOASUIas 10 TNOBBIIICHHBIM MECTaM,
OTJIEJSIONIAs APYT OT Ipyra COCEHKNE BOJIOCOOPHBIE OacCEHHBI

Booocoopuwtit 6acceitn — TeppuTOpUs, C KOTOPOU CTEKAET BOJIa B PEKY

Boooxpanunuuie — nCKyCCTBEHHBIN BOJIOEM NEPE TIIOTUHOM

Bo3zoywnaa nunua snekmponepeoauu (BJI) — nvHUSA dIEKTpoINEpeaayH,
poBOAA KOTOPOM MOIIEPKUBAIOTCA HAJ 3€MJIEH C IMOMOIIBIO OIOD,
U30JIATOPOB

BTB (6b1c0K0601bmHbLIL  MUPUCMOPHBLIL 6€HMUNAL) — DICKTPUUYCCKUI

ammapar, COCTOSIIMA W3 IEMOYKH ITOCJIECI0BATeIbHO COCTMHEHHBIX
THPUCTOPOB BMECTE CO CPEACTBAMHU PaCHpEICICHUS HAMPSHKESHUS MEXITY
HUMH, CHCTEMaMH YIIPaBJICHUS, OXJAXKIACHUS W JPYTHMH CHUCTEMaMH,
o0ecrneunBaOIIMMU €ro padoTy; MpeIHa3HAYEH JJIsi WCIOJb30BaHUS B
BBICOKOBOJIFTHBIX ~ NMPE0Opa3oBaTebHBIX  YCTAHOBKAX B KadyeCTBE
YIPABJISIEMOTO BEHTHJIBHOTO 2JIEMEHTA

Bmopuunaa oomomka — o6MoTKa TpaHchopmaTopa, OT KOTOPOH nepeaaércs
AIEKTpUYECKasi SHEPTUS

Bmopuunoe pezynuposanue wacmomur — peryavpoBaHue, 00eCreunBaroIee
BOCCTAHOBJICHUE HOPMAJIBHOTO YPOBHSI YacTOThl TOCJIE€ HapyIICHUs
OaslaHca aKTHBHOM MOIITHOCTH B DHEPTOCUCTEME

Bmopuunsie cxembt — XapakTepu3yrT (OTOOpa)KaroT) CXEMBI IIeTIeH
peeiHON 3allUThl U aBTOMATHKHU, U3MEPEHUS, YIIPABIEHUS U CBSI3U

Bmopou 3axkon Kupxzogpa — anreOpanueckas cyMMa HampsOKCHHH Ha BCEX
AJIEeMEHTax J000T0 3aMKHYTOr0 KOHTYpa paBHa HyJt0 2U = 0

Boiknrouamenos — alrapar, KOTOpBIﬁ NpeaHasHAuYCH JI1 OCYIICCTBJICHHA
OHCpaTI/IBHOf’I )41 aBapHﬁHOﬁ KOMMYTallUKd B OJOHEProcucreMax W A
BBITIOJTHCHHUA onepaunﬁ BKIFOUYCHHUA U OTKIIFOUCHHA OTACIBHBIX ueneﬁ
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Boinpamumens — yCTpONCTBO, IpeoOpasyroliee IEepeEMEHHbI TOK B
MOCTOSTHHBIA; B 3aBHCHUMOCTH OT 4YHCIa MpeoOpa3ylolux 3BEHHEB
BBIIPSIMUTENN TMOJAPA3IEIAIOTCS Ha MpsMble (0€3 MpPOMEXYTOUHBIX
3BEHBEB) U HENPSIMbIC

I'abapum 6030ywinoil 1unuu — HOPMHUPOBAHHOE PACCTOSHHME OT HHU3IICH
TOYKH IPOBECA MMPOBOJIA B MPOJIETE 10 3EMIIU

TI'anveanuueckasn pazea3ka — dJIEMEHT, dJICKTPUUECKU PA3ICISIONINN TBEIICTTH
IIPU COXPAHEHUH 0OMEHa MOITHOCTHIO MEXKIY STUMU IEISIMH, HarpuMep,
Tpancopmarop

TI'apmonuxka Hanpaxcenuna (moka) — COCTABISAIONIAS TMEPUOAUYECKON
HECHHYCOMJIAIbHON (DYHKIIMK, UMEIoIasi CUHYCOUJAIbHYI0 (QopMy, U
4acTOTY KPaTHYI0 OCHOBHOM 4acTOTE HaNpsKeHUsI (TOKA) B CETH

I'eomepmanvuasn IIEKMPOCMAHYUA (I'eo3C) — MPEANPUSITHE,
npeaHa3HAaueHHOE JJIg MpeoOpa3oBaHMs TE€OTEPMAIBHOW SHEPruu B
AIEKTPUUYECKYIO

T'uokaa Aunusa — NVHYS IEPEMEHHOTO TOKA, OCHALIEHHAS] YCTPOUCTBAMU IS
perynupoBaHus MEPEeIaBAEMOM 10 HEW MOITHOCTH

Tuopuonstii cunoesoii punomp — GUIBTP BHICIIUX TAPMOHHUK, COCTOSIINHN 13
MacCUBHBIX 3BeHbeB Tuma ZC-menell, HACTPOCHHBIX B PE30HAHC Ha
COOTBETCTBYIOIIYIO TAPMOHHUKY TOKa (HANPsHKEHUS ), U aKTUBHBIX (DUIIBTPOB

T'uopoakkymynupyrowaa Inekmpocmanyua (I'A3C) — npeanpustue,
MpeIHa3HAYCHHOE JUIsl TIepepaclpeieieHUs BO BpPEMEHM DJHEPruud H
MOIITHOCTH B JHEProcucTeMe 3a cuéTr IpeoOpa3oBaHUS AICKTPUUSCKOM
SHEPIUM B TUJPABIMYECKYIO MpPH HU30BITKE MOIIHOCTH U HA00OPOT,
npeoOpa3oBaHusl THUAPABINYECKOM OHHEPIMU B DJEKTPUUECKYHO TPH
neduiTe MOITHOCTH B CUCTEME

T'uopozenepamop — »>ICKTPUUYECKUN TEHEpPATOp C YACTOTOI BpAIlICHHUS,
3aBUCAIIECH OT CKOPOCTH TUJIpaBIndecKoit TypOuHbl, 00brdHO oT 600 1/MuH
1 HIKE

T'uopozpagh — rpaduk H3MEHEHUS PACX0JI0B BOJIBI B PEKE BO BpEeMEHHU

T'uoposnexmpocmanyusa (I'3C) — npeanpuaTue, Ha KOTOPOMIUAPABINYECKAS
3HEprus npeoldpas3yercs B JEKTPUUECKYIO

I'nasnana  cxema  IneKmpuuecKux  COCOUHEHUU  IJ1EKMPOCMAHUUU
(noocmanyuil) — COBOKYITHOCTh OCHOBHOT'O 3JIEKTPOOOOPYI0BaHUS
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(renepatopsl, TpanchopmaTopsl, JIDI), cOOPHBIX HMIMH, KOMMYTAIIMOHHON
U JIPyTO# IepBUYHON anmapaTyphl CO BCEMH BBITIOJHEHHBIMU MEXTy HUMH
COCTMHCHUSIMU

I'pozozawgummnslit mpoc — NPOBOJHUK, 3a3eMJIEHHBIA HEMOCPEICTBEHHO WU
yepe3 UCKPOBbIE TPOMEKYTKH, PACIIOJIOKEHHBIN Ha/l (ha3HBIMU MPOBOAAMHU
BO3JIYIIIHOW JIMHUM W TpEeJHa3HAYEHHBIM JUIsi UX 3alllUThl OT MPSAMBIX
y1apOB MOJIHUH

I'pynna coedunenus 0o6Momoxk — COCIUHEHHE OOMOTOK, XapaKTepU3YIOIIIee
OTHOCHUTEJIbHBIN CABUT 110 (pa3e TUHEUHBIX 3eKTpoaBmxkyux cui (3/1C)
OOMOTOK BBICIIETO M HU3LIETr0 HANpsKeHUs TpaHchopmaTopa

I'9C-T'A3C — nupeanpusatrue, couerapmiee B cede  QyHKIUH
THUAPOICKTPOCTAHIINN U THIPOAKKYMYJIHPYIOMIEH IEKTPOCTAHIIUN

Jleucameny — »>IEKTpUYECKass MalllMHA, MPeoOpa3yromas 3JIEKTPHUECKYIO
DHEPIUI0 B MEXAaHUUYECKYIO

Jleyxuennan 6030yuinaa qunua nepemennozo moxa — BJl, umeromas nBa
KOMITJIEKTa (Pa3HBIX TPOBOIOB

Jepueayuonnaa cxema — cxeMa UCHOJIb30BaHUsI BOJHOM SHEPIUU, BKOTOPOU
HAarop CO3JAETCS C TOMOIIBIO HAKJIOHHBIX TYHHEEH

Jlunamuueckan ycmouiuueocms — crnocooHocts DOC BOCCTaHABIWBATH
nocje OOJIBIIOr0 BO3MYIIEHUS HCXOJHOE COCTOSHHE WJIU COCTOSIHHUE,
MPaKTUYECKU OJM3KOE€ K MCXOJHOMY U JIOMyCTUMOE IO YCJIOBHUSIM
skcruryatanuu 9C

Jluoo0 — monynpoBOAHUKOBBIM MPUOOP C ABYMS BBIBOJAMHU, CBSI3AHHBIMHU C
0o0JIaCTSIMU  PA3JUYHBIX  TUIOB  DJEKTPUUYECKONW  IPOBOJAMMOCTH:
AJIEKTPOHHOM — N-THUIIA U ABIPOYHOU — P-THUIIA

Jluoo Illommku — NOJIyIPOBOJAHUKOBBIA THO/I, BBIIPSIMUTEIbHBIE CBOMCTBA
KOTOPOTO OCHOBaHBI HA B3aMMOJICUCTBUHM METalllla U OOCTHEHHOTO CIIOSI
MOJyIIPOBOJHUKA

ucnemuepckoe ynpagieHue — BUJI OIEPAaTUBHOIO IOJYMHECHMS, KOrAa
orepaluy ¢ TeM WA UHBIM 000opynoBanueM DIC NpoBOASTCS TOIBKO MO
pacnopsDKeHHMIO  Aucrerdepa (CTaplliero JeXypHOro IepcoHala), B
YIPaBIEHUHU KOTOPOTO 3TO 000PYI0BAaHUE HAXOUTCS

Jlonycmumulii ypoeenv nomexu — YpOBEHb, IIPH KOTOPOM HE HAPYIIAETCS
HOpMaJIbHOE (YHKIIMOHUPOBAHUE 3JIEKTPOOOOPYAOBAHUS
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Emkocmb KOHOeHcamopa — OTHOIICHHUC 3apsa KOHACHCATOpAa K pPa3HOCTHU
MMOTCHOMAJIOB Ha €T0 3JICKTPOAaxX

3axkona Oma — 3aKOH, YCTaHaBHI/IBaIOHII/Iﬁ IMPOIMOPIHHUOHAIIBHYIO 3aBHCUMOCTD
HaIIPAKCHUA OT TOKA IJIs PC3UCTUBHOTO 3JICMCHTA LICIIU

3axkpwvimoe pacnpedenumenvnoe ycmpoiicmeo (3PY) — pacnpenenurenbHoe
YCTPOMCTBO, 000PYAOBaHUE KOTOPOTO PACIIONIOKEHO B 3JaHUU

3anupaemvtit mupucmop (anen. CTO) — TUPUCTOP, KOTOPBIM MOXKET OBITH
MEPEKITIOYEH U3 OTKPBITOIO COCTOSIHUSA B 3aKPhITOE M HA00OOPOT MyTeM
noAayvl Ha YHOPABJISIOMIMI 3JIEKTPOJ CHUTHAJIIOB COOTBETCTBYIOLIEH
MOJISIPHOCTH

30Ha HeuyecmeumesibHocmu — AUaAlla3oH, B MPCACIaxX KOTOPOro U3MCHCHUC
BXOJHOI'O CUI'HaJIa PEryjaTopa HC MPUBOAUT K UBMCHCHHIO €TO BBIXOIHOTO
CHUrHalia

Hneepmop — ycTpoicTBO, MpeoOdpasyroliee MOCTOSHHBIN TOK B IEPEMEHHBIN

Hneepmop, 6e0omulii cemvro — NHBEPTOP, KOMMYTAIIMSI BEHTWIEH B KOTOPOM
OCYILECTBIISIETCS MOJ JEUCTBUEM IEPEMEHHOTO HAMpSHKEHUS BHEIIHEH
CETH

Hneepmop nanpsaiicenus — MHBEPTOP, MUTAEMBIN OT IIEMU MTOCTOSTHHOTO TOKA
C MpeoOsiaalolMMU  CBOMCTBAMH  (XapaKTEPUCTHKAMHU) HCTOYHUKA
HaIPSHKCHUS

Hneepmop moxa — WHBEPTOpP, MUTAEMbIA OT MU IMOCTOSHHOTO TOKa C
npeo0JialaloMMU CBOMCTBAMU UCTOYHHKA TOKA

Hnoykmuenaa  kamywka  —  DBJIEMEHT  JJEKTPUYECKON  IIemw,
MpEeIHA3HAYCHHBIA ISl WCIOJB30BAHMS €Tr0 HWHAYKTUBHOCTH W (WUIIN)
MarHUTHOTO TOJIS

Hnoykmuenocmov kamywiku — CKaJspHAs BEJIWYMHA, PABHASI OTHOILLCHHUIO
IIOTOKO - CLEIUICHUS MHIYKTUBHOM KAaTYIIKU K TOKY B HEU

Hcnvimanue uzonayuu — KOMIUICKC UCTIBITAHUN 3JIEKTPUYECKON MPOYHOCTH
W30S

Hcmounuxk numanusa — TmoOHWXKatomas moxactanmms 35—220 kB
AIIEKTPOIHEPTETUUECKON CHCTEMBI, TEIUIOIEKTPOIIEHTPAb TOPOJa WU
KPYIMHOTO TIPOMBINIJICHHOTO TPEANPHUITHS, B OTACTBHBIX CIydasx 3TOT
HUCTOYHUK MOXKET ObITh aBTOHOMHBIM (12.1)
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Hcemounuk peakmusnoit mowgnocmu (MPM) — ctaTuyecKkoe peryiupyeMoe
yCTPOMCTBO, MpeAHA3HAYEHHOE ISl TEHEPUPOBAHMS W/WUIU TOTPEOIeHUs
PEAaKTUBHOM MOIIIHOCTH

Hcmounuk moka — VCTOYHUK 3JIEKTPOMAarHUTHOW SHEPTUH, TOK KOTOPOTO HE
3aBUCUT OT HANIPSIKEHUSI €0 y3JI0B (32:KHMOB)

Hcmoynuxk  3/JC  —  HUCTOYHHK  DIIEKTPOMArHUTHOM SHEPTUH,
XapaKTEePU3YIOIIUNCA  BJEKTPOABMKYLIEH CHJIOW W BHYTPEHHUM
AIEKTPUYECKUM CONPOTUBIICHUEM

Hcmoynuku 31eKmpomacHuUmMHON IHep2uu — VCTOYHUKH DJIEKTPOABKYIIECH
cuibl (3/1C) 1 HCTOYHHKH TOKa

Kabens — wuzpgenue, cojaepkaiiee OAHY WIM 0oJjiee HU30JUPOBAHHBIX JKUJ
(MpOBOAHUKOB), 3aKIIOYEHHBIX B METAITMYECKYIO WJIM HEMETAIUINYECKYIO
000JIOUKY, TMOBEPX KOTOPOM B 3aBUCHUMOCTH OT YCJIOBHM MPOKJIAAKUA U
AKCILTyaTalliil MOKET UMEThCSI COOTBETCTBYIOIIHMM 3aIIUTHBIN ITOKPOB, B
KOTOPBIH MOYKET BXOAUTH OPOHS

Kabenv onmuueckuiit — xabenb CBSI3U WM yNPaBICHUS, peIHa3HAYCHHBIN
JUISL TIepefaud MO0 ONTHYCCKMM BOJIOKHAM CHUTHAJIOB CBS3M B CHCTEMax
TPaHCOKEAHCKHUX, MEXXIYTOPOTHUX, 30HOBBIX, TOPOJICKUX JTMHUHN CBSI3H, IS
BHYTPEHHEH CeTH KaOeNbHOTO TENEBUIEHUS, [JIi OOPTOBBIX CHUCTEM
Kopabiiel, caMonETOB, CIYTHUKOB M JIPYTrUX 0O0BEKTOB. B KOHCTpyKIHIO
ONTUYECKOT0 Kabessi MOKET BXOJUTh OJHA WM 00Jiee M30JUPOBAHHBIX
METaJUTMYECKUX TOKOTIPOBOISIINX KU

Kabenv ceepxnpoeodsawuit — xabenb, NpeIHA3HAYCHHBIA ISl TIepeadyu
ANIEKTPOIHEPTUM TIPU TeMIepaTypax, OJU3KUX K TeMIepaType >KUIKOIro
reiausi (HU3KOTEMIIepaTypHasi CBEPXIIPOBOJAMMOCTh) WJIM KUAKOTO a30Ta
(BBICOKOTEMIIEpATypHAsi CBEPXIPOBOJUMOCTh); B KauyeCTBE Marepualia
TOKOMPOBOJSIIEH  KWIbl  HCHOJB3YIOTCS CBEPXITPOBOTHUKOBbBIC
MaTepHaibl Ha OCHOBE CIUIABOB WJIM COEAMHEHWH Nb WM KepaMHKH ¢
obmeit popmynoit YBa,CusO7s (8 < 0,2)

Kabenv cunoseoun — xabenb, TpeNHA3HAYCHHBIA [JJIs1 TEepefadyd Mo
pacupeneneHusl DJICKTPUYECKOM DHEPrMh B CETAX  MEPEMEHHOIO
HANPSDKEHUS. C U30JIUPOBAHHOM M 3a3€MJIEHHOM HEUTPAJIbIO WIIM B CETAX
nocrostHHOro Hanpspxerus (O < 0,2)

Kabens cunosoii  6vicoK020  HanpsadyceHuss —  CWIOBOW  KalOelb,
NpeIHa3HAYeHHBIH I OKCIUTyaTallik B DJIGKTPUYECKUX  CETAX

nepemeHHoro HanpsbkeHus [10-500 kB u nmoctossHHOrO HampspKeHHs 110
+400 xB



Kabenv cunoeoni  Huszkozo  Hanpaxycenuss —  CWIOBOM  KaOelb,
NpeAHA3HAYEHHBIN Uil  DKCIUTyaTallid B DJIGKTPUUYECKUX  CETAX
nepemMeHHoro Hanpsokenus 10 10 kB

Kabenv cunoeoii cpeonezo HanpsadyceHus —  CUJIOBOM  KaOeb,
NpeIHAa3HAYCHHBIM ISl OKCIUTyaTalluk B DJIEKTPUUYECKHX  CETAX
nepeMeHHoro Hanpsikenus 10—35 kB

Kackao TI'DC —  psn TUAPOSIEKTPOCTAHIMN  MOCJIEIOBATEIBHO
PaCTONIOKEHHBIX TI0 JVTHHE BOJIOTOKA OT UCTOKA JI0 YCThS

Komobunupoeannasn 6030ywinas 1unusa nepemenno2o moxka — BJI, Ha onopax
KOTOPOM TOJBEIICHO HECKOJbKO KOMIUIEKTOB IIPOBOJIOB  Pa3HBIX
HOMHUHAJIBHBIX HaIPSHKSHUM

Komnakmnocmes — MunuMuzanua mwiowanei noa PY, nanpumep KPY3J B 10
pa3 u 6ojee yMEHbIIAET IIOAAb OTUYK/Ia€MbIX 3€MEJIb 10 CPABHEHHIO C
TPAJUIIMOHHBIMU PEIICHUSIMU

Komnencauusn peakmugénoi MouyHocmu — UEICHANIPABICHHOE BO3ACHCTBHE
Ha OallaHC pPEaKTUBHOW MOIIHOCTA B Yy3J€ DIIEKTPOIHEPTEeTUUECKON
CUCTEMBI C LIEJIbI0 PETYJIUPOBAHUS HAMPSHKEHUS, @ B pACHPEICIUTEIbHBIX
CETSX U C LEJBI0 CHUKEHUS IIOTEPH JIEKTPOIHEPTUN

Komnnexmnoe pacnpedenumensnoe ycmpoiicmeo (KPY) — PY, cocrosiee
W3 TOJHOCTBIO WJIM YaCTUYHO 3aKpbIThIX MIKadoOB UKW OJIOKOB CO
BCTPOCHHBIMHU B HHMX ammaparamu, YCTPOMCTBaMHU 3alllUThl, aBTOMATHUKH,
KOHTPOJIbHO-U3MEPUTEIIBHON anmapaTypbl U MOCTABISEMBIX B COOpPAaHHOM
Ha 3aBOJI€ BUJIE WM MOJHOCTHIO MOJATOTOBJICHHBIMU J1JIsI COOPKU HA MECTE

Komnonenmmuvle ypasnenus — YypaBHEHHs, CBs3bIBAIOIIUE TOK W (WJIN)
HaIpPsDKEHUE DJIEMEHTA JICKTPUUYECKON 1EeNH C 3aJJaHHBIMU ITapaMeTpamMu
ATOTO JIEMEHTA

Konoencamop — »>I€MEHT 3JIIEKTPUYECKOW LENH, MPEAHA3HAYECHHBIA I
WCIIOJIb30BaHUs €r0 ANEKTPUUECKON EMKOCTH U (UJIM) €r0 AJIEKTPUUECKOTO
OJIst

Konoencamopuasa 6amapes — CTaTU4YECKOE YCTPOMCTBO, MPEAHAZHAYEHHOE
JJIi  TEHEPUPOBAHUSI PEAKTUBHOW  MOIIHOCTH, B COYETAaHUU C
KOMMYTAllMOHHOM amnmaparypoil W peryisiTopoM — KOHJAEHcAaTOpHas
yCTaHOBKa
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Konoykmuenaa nomexa — Tmomexa B ¢opMe DIEKTPHYECKOTO TOKa,
pPacCIpOCTPAHSIONMIASACS 10 TOKOIMPOBOISANIAM  DJIEMEHTAM  CHCTEMBI
AJIEKTPOCHAOKEHUS

Kopomko3amvikamens — anmapar, KOTOPBIA CIYXHT IS CO3JaHUS

HCKYCCTBCHHOT'O KOPOTKOI'O 3aMbIKAaHUA B IICIIM BLICOKOI'O HAITPSAKCHUA

Koceéennaa xomnencayusa peakmugHnou MouwjHoCmu — CIOCOO IUIABHOTO
pEeryJMpOBaHMsl  IE€HEPUPYEMOM  PEAKTMBHOM  MOIIHOCTH UPM,
COCTOSIIIIETO W3  HEPEryJupyeMoWd  KOHJCHCATOpHOW  Oarapen U
YIPaBISIEMOT0 THPUCTOPAMH PEAKTOPA

Junua snexkmponepeoauu (JII) — >1eKTPOyCTAaHOBKA, MpPEeAHA3HAYCHHAS
I TEepefadyd dJICKTPUYECKOM DSHEPrUud MEXKIYy [BYMS IIyHKTaMH
HYHEPTrOCUCTEMBI C BOBMOKHBIM MPOMEKYTOYHBIM OTOOPOM MOIITHOCTH

Mazucmpanvuas JIDII — JID11, 0T KOTOPOK OTXOAUT HECKOJIBKOOTBETBICHUM

Maznumnana uHOYKYuA — BEKTOpHAs BEIWYMHA, XapaKTepHU3YyIOIas
MAarHMTHOE MOJIE U ONPEAEIISIIOIIAs CUTY, ACHCTBYIOIIYIO HA ABMKYIIYIOCS
3apsSHKEHHYIO YaCTHUILY CO CTOPOHBI MAarHUTHOTO TTOJIS

Maznumnoe none — oaHa M3 JIBYX CTOPOH OJCKTPOMArHHUTHOI'O I10JIA,
O6YCJ'IOBJ'ICHH3${ ABMKYHIUMHUCA 3apsSKCHHBIMU YaCTUIAMH U U3MCHCHHEM
QJICKTPUYICCKOTO  IIOJIs, OKa3bIBaromass CHIIOBOC B03I[CI>’ICTBI/I€ Ha
ABMIKYHIHMCCA 3aps’KCHHBIC 4YaCTUOBI W BBIABIIACTCA II0 CHIIOBOMY
BO3I[CIZCTBPIIO, HarpaBJICHHOMY HOPMAJbHO K HAIIPABJICHUIO JIBHXXCHMUA
9THUX YaCTHUI U IIPOIIOPIHOHAJIBHOMY X CKOPOCTHU

Maznumonpoeoo mpancgpopmamopa — deppoMarHuTHas KOHCTPYKIIUS,
CITY)KUT JIJIS1 yCWJICHUSI MATHUTHOM CBSI3M MEXKTy 0OMOTKaMH U OCHOBaHUEM
JUIsl YCTAaHOBKU OOMOTOK; HAaOMpaeTcs W3 TJIACTHH AJIEKTPOTEXHUYECKOMN
CTaJIM WM HABUBAETCS U3 JICHTBI

Meswccucmemnan c6:a3p — OJHA WIM HECKOJIBKO JIMHUM 3JIEKTPOIIEpEIayH,
HETOCPEJCTBEHHO COSIUHSIIONINX Pa3HbIE YHEPTOCUCTEMBI

Mznoseennaa moujHocms — CKOPOCTb TIOCTYIUIEHHS B JBYXIIOJIFOCHUK
AIEKTPOMAarHUTHOM DJHEPTHMM B PACCMATPUBAEMBIA MOMEHT BPEMEHH,
paBHasi TPOU3BEICHUI0 MIHOBEHHBIX 3HAYCHHWM HAIpsSIKEHHS W TOKa
JBYXIIOJIFOCHUKA

MHnozouennas 6030ywinasn 1unus nepemennozo moxka — BJ1, nmerorniast 6onee
JIBYX KOMILUIEKTOB (pa3HbIX MPOBOIOB
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My¢gma kabenvnana — KOHCTPYKIMS, NpEeAHA3HAYCHHAs JJIsI COCIMHEHUS
kabens ¢ anementamu JIDII yepe3 pacnpenenuTenbHOE YCTPOMCTBO WIIH
coeIMHEHUs (OTBETBJICHUS) OTJACIbHBIX CTPOUTENIBHBIX JIJIUH KaOemns mpu
MOHTa)Xe KabOenbHOM nMHUHM. Pa3sHOBHUIHOCTBHIO KaOCIHHOM KOHIICBOM
My(THI SBISIOTCS KaOeIbHBIC BBO/IbI, MPEIHAa3HAYCHHBIE JJISI 3aKPHITOTO
COCMHEHUs Kabens C IMHAMK 3JIEra30BOr0  paclpeaeIuTeIbHOTIO
yCTpOMCTBA WM 0OMOTKOM TpaHchopmaTopa

My@pma kadenvnas coeounumenvnan — Mmy¢dra kabelbHasi, IpeIHa3HaYeHHAS
JUISl COGIUHEHUSI OTHEIbHBIX CTPOUTENBHBIX JUIMH KaOels MpU MOHTa)Xe
KaOeIbHOM JIMHUU B 3€MJI€ WM MOA3EMHBIX COOPYKEHUSIX

My¢gma coeounumenvnasn — YCTPOMCTBO, B KOTOPOM COCAMHAIOTCS
TOKOBEAYIIME KUJTbI IBYX YYaCTKOB KaOEIbHOM JIMHUU

Haoéxcnocms —  CBOMCTBO  00BEKTa  (JIEKTPOYCTAHOBKH,  YacTH
AIIEKTPUUECKOM CETH, SHEPTOCHUCTEMBI B II€JI0M) 00eceunuTh TpeOyembie
dbyHKIuU  (BbIAA4y MOIIHOCTH B JHEpProcucreMy, OecrnepeboiiHoe
ANIEKTPOCHAOKEHHUE MOoTpeOuTeNell) B 3aJaHHOM O00BbEME W HYXKHOIO
KadecTBa

Hanonnenue 6000xpanunuuia — nepuoj] aKKyMyJISIIUN PEYHOTO CTOKA

Hanpasxcénnocmov  31€eKmpuuecko20 noasa — BEKTOPHAs  BEJIMYHMHA
COHAIIPABJIEHHAS C CUJIOH, IEUCTBYIOIIEH HA HEMOJABUKHOE MOJIOKUTEIHHO
3apsKEHHOE MPOOHOE TENo, MTOMEIIEHHOE B JIAHHYIO TOUKY MOJIs, U paBHas
OTHOILICHMIO CUJIbI, IEUCTBYIOLIEH Ha 3apsij, K €ro 3Ha4YCHUIO

Hacocnaa cmanyua — npennpusTie, Ha KOTOPOM 3JIEKTPUUECKAsl SHEPTUs
npeoOpa3yeTcsi B THIPABIUYECKYIO

Hebananc axmuenoul MowjHOCmMU — PA3HOCTh MEXIY CYMMapHOU
TEHEPHUPYIONIEH W CyMMapHOW MOTPeOIsieMON aKTHBHOW MOITHOCTHIO B
DHEPrOCUCTEME

Hesngnonontocnoit pomop — poTop C pacnpeneaéHHoOd 0OMOTKOM
BO30YKJICHHUS

Homunanvhoe nanpsasicenue — HaNPsHKCHUE 2JIEMEHTA AJICKTPUYECKOM CETH,
IIpH KOTOPOM oOOecIeunBaeTcs IMTENIbHAs HOpMallbHash paboTa 3TOro
JIEeMEHTa C HauOoJiee IMeIecO00pa3HbIMU  TEXHUKO-DKOHOMHYECKUMHU
MoKa3aTeIsIMHU
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Hopmanvnolit noonopuwtii ypo8eHb — MAKCUMAJbHBIM ypOBEHb BOJIbI B
BOAOXpaHWInILLE, pu KoTopoM ['DC 1 Bce cOOpyKEHUS THAPOY3JIa MOTYT
paboTaTh CKOJIBKO YTOAHO JIUTEIBHO

Hopmanvholit ycmanoguguwiniica pexcum uiu 0cHoeHou pexcum II3C —
pexuM, B KOTOPOM TMpU  OOECHEYEHHH  3aJaHHOTO  KauecTBa
ANEKTPOdHEpPTUH 03  Meperpy3ok  OCHOBHBIX  3JeMeHTOB  O2C
BBINIOJIHAETCSI ~ DKOHOMHYHOE U HAAEKHOE  AJIEKTPOCHAOXKEHUE
noTpeouTeneit

Oomomka 6030yscoeHus — oOMOTKA pOTOpa CUHXPOHHOW MalllMHbL, TUTaeMast
IOCTOSIHHBIM TOKOM, CO3JAIOIIMM MArHUTHOE IIOJIE B 3a30p€ MEXKIY
pPOTOPOM H CTaTOPOM

Oomomka cmamopa (akops) — oOMOTKa, pa3Meliaemasi B Iazax craTopa, B
KOTOPOM I'€HEePUPYETCS AISKTPOABIDKYIIAS CHUila, CO3/alolast HallpsHKCHHE
Ha 3aKMMax OOMOTKH CTaTopa

Oonouennan 6030yuinasn 1uHuA nepemennoz2o moka — BJI, nmeromas onua
KOMILJIEKT (pa3HbIX TPOBOJIOB

Onopa 6030ywHoll JAUHUU — METATMYECKas, JKEJIC300€TOHHAS WM
JepeBsIHHAS KOHCTPYKIMS, MpeHa3HauCHHAs IS IMOJIBECKU IPOBOJIOB U
I'PO303alTUTHBIX TPOCOB

Ocmoeé mpancghopmamopa — MaroHuTONPOBOJ] CO BCEMH y3JIaMH U JIETAISIMU,
CIY)aIllMMHM JUISS COCIMHEHHUS €ro OTHICJIbHBIX dYacTeld B CIHHYIO
KOHCTPYKITHIO

Omeemenenue om JIII — JIO1I, npucoennHEHHAs OJHUM KOHLIOM K JIpyTrOd
JIMHUY JIEKTPOIEPENAYN B TPOMEKYTOUHON TOUKE

Omoenumens — anmnapar, KOTOPbIN CITYXKUT JUIsl OTKJIFOYEHHUS 00ECTOUCHHOM
I[ETIH BBICOKOTO HAIPSDKEHUS 32 MaJoe BpeMsi

Omkpeimoe pacnpedenumenvnoe ycmpoiicmeo (OPY) — PY, Bce wim
OCHOBHOE 000PYZI0BaHUE KOTOPOTO PACIIOIOKEHO Ha OTKPHITOM BO3TyXE

Ompuyamenvuwtii pecyaupyrouwiuii 3¢hghekm — CBONCTBO HEPETYIUPYEMOTO
YCTpOMCTBA (HarpuMep, KOHAECHCATOPHOU OaTapen) CHUXKATh PEAaKTUBHYIO
MOIIIHOCTh MPU CHIKEHUHM HANpsDKEHUs, BO3JIEUCTBYS TakuM 00pa3om
OTPHULIATEIBHO HA PEXKUM CETH

Ilapannenvnoe coedunenue 31emenmo8 yenu — COCIUHEHHUE, TPU KOTOPOM
paccMaTpUBaeMbI€ 3JIEMEHThI MPUCOETUHSAIOTCS K OJHON M TOM Ke mape
y3JI0B
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Iapamempuueckoe pezyiupoeanue — peryiupoBaHue IO 3aJaHHOMY 3aKOHY,
COOTBETCTBYIOIIEMY XapaKTepHCTHKaM (TapameTpaMm) ycTpoicTBa (0e3
y4acTHsl peryasTopa)

Hapamempbl pesicuma — 3HAUCHUA HaHpH)KGHHﬁ, MOHIHOCTGI\/'I H TOKOB
9JICMCHTOB, a TAKXKXC YaCTOTBI, OIIPCACIIAIOIIUC IIPOUCCC IIPOMU3BOJACTBA,
nepecaadu, paClupCaciacHusa 1 HOTpC6JICHI/IH QJICKTPOIHCPIUHU

Ilepsuunan oomomka mpauncghopmamopa — oO6MOTKa, K KOTOPOU MOIBOAUTCS
AIIEKTpHUYECKasi YHEPTuUs

Ilepeuunoe pezynuposanue uacmomosl — PEryIUpoOBaHUE, 00ECIICUNBAIOIIICE
BOCCTAHOBJICHHE OajlaHCca aKTUBHON MOIIIHOCTH IPH 4aCTOTE, OTIIMYHOU OT
HOMUHAJILHOM

Ilepevtit 3akon Kupxzogpa — anrebpandeckas CcyMMa MTHOBEHHBIX 3HAUCHHM
TOKOB B BETBSIX, COCTUHEHHBIX C JAaHHBIM Y3JIOM, paBHa Hyo: i =0

Ilepenanpasxicenuss ~—  BO3JNCHUCTBUSA  HAIPSDKEHUM,  NPEBBILIAOIIUX
HOMUHAJIBHBIEC, BOZHUKAIOIIUE BCIEACTBHE KOMMYTALMOHHBIX ITPOLECCOB
WJIM UMITYJIbCHBIX BOJIH aTMOC(EPHBIX MEPEeHANPSKEHUN

Ilepexoonwtit pericum — pPEKUM, B KOTOPOM TNapameTpbl pexuma IIC
U3MEHSIOTCS BO BpEMEHU

Ilemneeasa cxema cemu — TPUCOCAVHEHHASI K JBYM MCTOYHHUKAM IUTAHUS
nmpocTeiias 3aMKHyTast (M0 KOH(QUTYpaIlMn) CeTh, MUTAOIIAsT HECKOJIBKO
Harpy3oK

Inomunno-oepusauuonnaa cxema — CXEMa UCIOJIb30BAHUSA BOJHOMN
DHEPTUU, B KOTOPOU HAIOP CO3MAETCS MIJIOTUHOM U IEpUBALMEHT

Inomunnaa cxema — cxeMa UCIOJIb30BAHUS BOJAHOM SHEPIrUH, B KOTOPOU
HAMop CO3AAETCS IUNIOTUHOU

Hoocmanuyusa (I1C) — >neKTpOoyCTaHOBKA, CITy>Kallas sl MpeoOpa3oBaHUs U
pacrpeiesieHus JIEKTPOIHEPTUU U COCTOSIIAS U3 TPAaHC(POPMATOPOB WU
IpYruX TmpeoOpa3oBaTesiel 3HEPruu, pachpeleTUTeNbHbBIX YCTPOMCTB,
YCTPOMCTB yIpaBJIEHUS U BCIIOMOTATEIbHBIX COOPYKEHUM

Ilokazamens  kauecmea  3nekmpodnepeuu  (IIK3) —  ypOBeHb
9JIEKTPOMArHUTHOW MTOMEXH, CO3/1aBa€MOI KOHIYKTHUBHBIM ITyTEM

Ilonnaa mowgpocmvs — BenVUYMHA, PaBHAs IPOU3BEIACHUIO ACHCTBYIOLIMX
3HAYEHU HAIPSOHKEHUS U TOKA JIBYXITOJIFOCHUKA
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Ilocneooseamenvrnoe coeouneHue 3I1€MEHMOB uenu — COCOAHMHCHHUC
9JICMCHTOB, IIPpX KOTOPOM BCC 3JICMCHTLI UMCIOT OAWH U TOT K€ TOK

Ilomenyuanvnoe (0e3BUXpeBO€) IJIEKTPUUYECKOE T0Je —  TakKoe
ANEKTPUUECKOE TMOJie, KOTOpOE B KaXKIOH TOUYKE MOXKET ObITh
OXapaKTEepPU30BaHO C TOYHOCTHIO JO HEKOTOPOM MOCTOSHHON BEITWYMHBI
AIEKTPUUECKUM MTOTEHIIUATIOM (KaK, HaIpUMEp, AIEKTPOCTATUIECKOE MOJIE)

Ilomepu axmuenoil mMowHOCMU 6 INeMeHme cemu — DPA3HULA MEXKITY
NOTOKaMU aKTUBHOM MOIIHOCTM B Haudajle M KOHIE 3nemeHTa. [lorepu
aKTUBHOW MOIIHOCTH AP mpeacTaBisitoT co0oil moTepu B AKTUBHOM
COMPOTUBJICHUU  d3JIeMeHTa ceth R (uHUUM, TpaHchopmaTopa,
AIIEKTPOJBUTATENS] U JAp.) BCIEACTBUE HArpeBaHUs €ro MPOTEKAIOUIUM
tokoM |: AP = 3I°R

Homepu peaxkmuenoii mowsHocmu 6 1emenme cemu — Pa3sHULA MEXIY
IIOTOKAMHU PEAKTUBHOM MOIIHOCTH B HaYaJe M KOHIIE dJIeMeHTa. Bennuuna
>THX 10Tepb AQ onpenensercs MPOTEKAIOMIKM 10 3JIEMEHTY TOKOM 1 1 ero
PEaKTHBHBEIM COINPOTHUBIEHHEM X, KOTOPOE CBSI3aHO C IIPOLIECCAMU
BO3HMKHOBEHHSI M PACHPOCTPAHEHUsS IIEPEMEHHOTO 3JIEKTPOMATHUTHOTO
noust: AQ = 312X

Ilomeps nanpsascenusn ¢ 3nemenme cemu — pazHuLia MOTYyJIEH HANPSXKEHUN
M0 KOHIIaM 3JIEMEHTA AJIEKTPUUECKOU CeTh

Ilomokocuyennienue — CyMMa MarHUTHBIX TIOTOKOB, CIEIUIEHHBIX C
AJIEMEHTAMH KOHTYpa JIEKTPUUECKOHN Lenun

Ilompeoumens  3nekmposnepeuu  —  TpyNna  SIEKTPONPHUEMHHUKOB,
OOBEAMHEHHBIX  OOMIMM  TEXHOJOTMYECKHMM  NPOU3BOJACTBOM U
PacoJIOKEHHBIX Ha OOLIEH TeppUTOPUU

Ilpedynpeoumensvnan  noocucmema  aeMOMAMUKU —  ABTOMATHKA,
HeoOxoauMast ik OOHApY>KEHHS U MPEOTBPAIICHUS aBapUIMHONWCUTYAITUU

Ilpeoopazoeamensy — YyCTpoONCTBO, TpeoOpasyroliee NEePEeMEHHBIM TOK B
MTOCTOSIHHBIN Y MTOCTOSHHBIN B IEPEMEHHBIN

Ilpeoopazosamenv wacmomesl — tipeoOpa3zoBaTenb, NMPeAHA3HAYCHHBIN IS
npeoOpa3oBaHUs TOKa OJHOW YAacTOThI B TOK JPYrol HYacTOTHI C
BO3MOYKHBIM M3MEHEHUEM 3HAUYCHHS HAMPSOKEHUS U 9ucia (a3
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Ilpeoopazosamenvuviit.  mocm — 1npeoOpa3oBaTeslb, COOpaHHBIM TIO
TpExdazHoi MOCTOBOM CXeMe, KOTOpast obecrieunBaeT
JIBYXITOJIYTIEpUOIHOE MPeoOpa3oBaHKe TOKa BCeX TPEX ¢a3

Ilpuémnuku 31eKMpPOMAZHUMHON IHEp2UU — YCTPOMCTBA, B KOTOPBIX
AIIEKTPOMArHUTHAsE SHEPrusi Mnpeodpazyercs B SHEPIHIO JAPYTUX BHUJIOB,
HalpuMep, B MEXAHUUYECKYIO (DJIEKTPUYECKUE JIBUTATEIN), XUMUYECKYIO
(aKKyMyJIATOPHI), TETUIOBYIO (RJIEKTPUYECKUE MTEUN) U T. 1.

Ilpunuenasa Inekmpocmanyua (II13C) — npennpusiTue, Ha KOTOPOM
MEXaHU4eCKasl SHEPIrusl NPUJIMBHO-OTIMBHBIX KOJEOAHHUI YpOBHS BOJIbI B
Mope npeodpasyeTcs B IEKTPUUECKYIO SJHEPTHIO

Ipunyunuanvnan (ynpouiénnasn) cxema 3,1eKmpoycman08Ku — >5TO TIIABHAsS
cxema 0e3 HEKOTOPBIX anmapaToB (TpaHchOpPMATOPOB TOKA M HAIIPSIKEHUS,
Pa3psSIAHUKOB, OTPAHUYHUTENICH TIEpeHATTPSKEHNS )

Ipunaomunnaa I'DC — TUAPOIIEKTPOCTAHIMA, B KOTOpou 3manue [OC
pacroJiaraeTcs 3a IJI0TUHON U HE BXOJUT B COCTAB HAIOPHOTO (PpoHTA

Ilposoo — xabenbHOE wu3NENUE, CcoOAepKallee OAHY WJIA HECKOIBKO
CKPYUYCHHBIX TTPOBOJIOK UJTU OJHY WK 00JIe€ N30IMPOBAHHBIX KHUJI, TOBEPX
KOTOPBIX B 3aBUCHUMOCTH OT YCJIOBUU MPOKJIAJAKU U IKCILUTyaTallUH MOKET
UMeThCA JIETKask HeMeTaJuTndeckas 000J049ka, 00MOTKa U (M) OTUIETKA U3
BOJIOKHHCTBIX MAaT€pUAJIOB UM TPOBOJIOKU

IIpo6oo mneuzonuposanuwiii 013 6030ywinvix JIII — HEW30IMPOBAHHBIN
IIPOBOJ, COCTOSIIIINI u3 ATFOMUHUEBBIX, OMMETAIITUYECKUX
CTaJICATFOMUHEBBIX TIPOBOJIOK UJTH MPOBOJIOK M3 ATFOMUHUEBOTO CIIJIaBa Ha
ocHoBe Al-Mg-Si, a Takke M3 ceplleYHHMKA U3 CKPYUYEHHBIX CTaJbHBIX
MIPOBOJIOK, MOBEPX KOTOPOT'O PACIIOI0KEHBI MPOBOJOKU U3 ATIOMUHUS WA
€ro CIUJIaBOB

Ilpo6oo camonecywyuii u30aupo6anHblil — TMPOBOJ C HECYLIUM SJIEMEHTOM,
NpeaHa3HAYCHHBIM ISl YBEJIMUCHHUS €ro MEXaHUYECKOW IMPOYHOCTH,
KPEIUICHUS U TMOJBECKU; MPUMEHSETCS sl BO3AYIIHBIX CETEH HU3KOTO U
CPEIHEr0 HaNpsHKEHUS B3aMEH HEU30JUMPOBAHHBIX ATIOMUHUEBBIX U
CTaJ€aTlOMHUHEBBIX MPOBOJIOB

Hpodwlbmm Komnencayua — KOMIICHCAIMWA  YaCTH  HMHAYKTHUBHOIO
COIIPOTUBJICHUA JIMHHUKU IICPEMCHHOI'0O TOKa C MHOEJbIO IMOBBIIICHHUA €€
HpOHYCKHOfI CIIOCOOHOCTH IMyTEM IIOCICAOBATCIBbHOTO BKIIOYCHUA B
JINMHHTIO 6aTapeH KOHACHCATOPOB
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Ilpomueoasapuiitnaa aemomamuka (IIA) — aBToMaTuka, npeJHa3HAYCHHAS
Uil okanu3auuu aBapud B OOC W JIMKBUAAIMU aBAPUHMHOTO PEXUMA,
BKIIIOYaeT B ceOsi OOIIEeCHCTEMHYIO AaBTOMATHKY, YacTh JIOKAJIbHOM
aBromatuku (P3, AIIB, ABP) u psg npyrux cnenuaibHbIX YCTPOIMCTB

Ilpamaa Komnencayus peakmugHoil MOWHOCHU — CTIOCOO CTYNEHYATOrO
peryimupoBanusa wmomHoctd WMPM, cocrosimero wu3 KOHIACHCATOPHOU
OaTtapeu

Ilpamana (obpamnas, Hyneeas) nocieo08amerbHOCHb — CUMMETPUYHAS
cocTaBisitonias Tpéxha3Horo Hanps>KeHUs (TOKa) OCHOBHOM YaCcTOTHI

Paouanvnan JII — JIDII, B KOTOPYIO DIEKTpUYECKAsT YHEPTHS MOCTYIIAET
TOJIBKO C OJTHOW CTOPOHBI

Pasnocmov rnexkmpuueckux nomenyuanoe mouek A u B — diekTpudeckoe
HanpspKEHUE B OE3BUXPEBOM 3JIEKTPUUYECKOM IIOJIE, XapaKTepHU3yolleecs
HE3aBUCUMOCTBIO OT BBIOOpA ITyTH UHTETPUPOBAHUS

Pa3paonuk — anmapatr, KOTOPBIM HCHOJIB3YETCS B KAUYE€CTBE OTPAHUYUTEIIA
I'PO30BBIX U BHYTPEHHUX MEPEHANPSHKECHUN

Pazveounumens — anmapar, KOTOPBIM NPUMEHSETCS JISI KOMMYTalUH
00ECTOYECHHBIX MPHU TOMOIIM BBIKJIIOYATENICH YYaCTKOB TOKOBEMIYIIUX
CUCTEM

Pacnpeoenumenvnoe ycmpoiicmeo (PY) — >31eKTpOyCTaHOBKA, CIIyXalas
Ui TmpuéMa W paclpelesieHusl DJIEKTPO3HEPruu M CoAeprKallas
KOMMYTAIIMOHHBIE ~almaparbl, COOpPHbIE U COCIUHUTEIILHBIC IITUHBI,
BCIIOMOTATEIIbHBIE YCTPONUCTBA (KOMIIPECCOPHBIC, AKKYMYJISITOPHBIE U JIp.),
a TaKXKe YCTPOMCTBA 3aIUThI, ABTOMATUKU ¥ U3MEPUTEIBHBIC PUOOPHI

Pacnpeoenumenvhuutit nynkm 6—I10 kB — y3en »leKTpuueckol cetu 0e3
TpaHchopMaIK HAMPSHKEHUS, CIYXKAIUK I TPUCOCAUHEHUST KPYITHBIX
MIPOMBIIILJICHHBIX AIIEKTPONIPUEMHHKOB, a TaKxke JTUHUAN
pacnpeeTuTeIbHbIX CeTeH YKa3aHHOTO HAMPSHKEHUS

Pacxo00 600b1 — KOTUYECTBO BOJIbI, NPOTEKAIOIIEH YEPE3 MONMEPEYHOE CEUCHHE
BOJIOTOKA 3a OIpeeEHHBIN IEPHOol BpeMEHU

Pacuémnan rnekmpuueckasa nazpy3ka — 3Ha4€HUE MOIIHOCTHU (TOKa), MO
KOTOpOM MPOU3BOAMUTCS BHIOOP MapameTpoB 3JIEKTPOOOOPYAOBaHUS
AIEKTPUUECKUX CETEH, BBIMOJHSAIOTCS PacUEThl PEKUMOB HANPSHKEHUS U
T.I1.
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Pacwennennaa ¢haza e6030ywnon aunuu — Gaza BJI, BbelogHEeHHAS
HECKOJBKAMH  TApaUICIbHBIMA ~ MPOBOJIaMH,  (PUKCHPOBAaHHBIMH B
MIPOCTPAHCTBE HA OMPEACIEHHBIX PACCTOSHUSAX APYT OT JIpyra ¢ MOMOIIBIO
pacropox

Peakmuenasn MOU{HOCmMb — BCIIMYMWHA, paBHAA IIpU CUHYCONAAJIbHOM TOKC U
HaIIPpAKCHUU IIPOU3BCACHUIO IleﬁCTBYIOHIQFO 3HAYCHUA HAIIPSKCHUA Ha
I[GﬁCTBYIOHICG SHAYCHHUC TOKA U Ha CHUHYC CJABHUI'd (ba?, MCIKAY HAIIPSKCHHUCM
H TOKOM

Pezynuposanue nanpaxcenus — UEICHANIPABICHHOE U3MEHEHHE 3HAYCHHUS
HalpsDKEHUsT € MOMOIIbIO  CIEHHAIBHBIX TEXHHMYECKHMX  CPEICTB,
Ha3bIBAEMBIX PETYJIUPYIOIIUMH YycTpoiicTBamu. Llenpio perynupoBaHus
HaNpsDKEHUs SBIsIETCsl oOecrieueHue TpeOyeMbIX YpOBHEH HamlpsKEHUs Yy
AIIEKTPONPUEMHHUKOB BO BCEX PEXKHUMAaX pabOThI 3JEKTPUUECKOHN CETU

Pezynuposanue nanpaxycenus mpancopmamopoé — WN3MEHEHUE YHUCIA
BUTKOB TMEPBUYHONM WM BTOPUYHOM OOMOTKM IyTEM MEPEKIIOYEHUS
pPEryJaupoOBOYHBIX  OTBETBJIEHUHA OOMOTOK  (IIEPEKIIOYAEMBbIX  MpHU

OTKJIFOYEHUH OT ceTH 0e3 Bo30yxaeHuss — [IbB wiau nox Harpyskoin —
PITH)

Pezyﬂupoeauue CmokKa — Imponecc ImepepacipCaACICHUA CTOKa
BOJOXPAaHUIIMIICM B COOTBCTCTBHHU C Tpe6OBaHI/I€M BOI[OXO?)?IﬁCTBGHHOFO
KOMIIJICKCa

Pe3ucmop — DIEMEHT DJIIEKTPUYECKOM 1EeNW, NPEeAHA3HAYCHHBIN I
MCIIOJIB30BAHUs €0 AJIEKTPUUECKOTO COMPOTUBIICHHUS

Pe3onanc — sBJICHUE B JJIEKTPUUECKOM LIETTH, COACPIKAIIEN YIACTKHA,UMEIOIIINE
WHIYKTUBHBIH M E€MKOCTHOM XapakTep, NMpU KOTOPOM pa3HOCTh (a3
HaNpsHPKEHUU UM TOKA Ha BXOJE LT PaBHA HYJIIO

Pene — aBTOMaTu4eCcKu IEUCTBYIOLIMM ammapar, NpeJHa3HA4YCHHBIN IIpU
3aJaHHOM 3HAQUYE€HUU BO3JCUCTBYIOLIEH BEIWYHUHBI, XapaKTEPU3YIOLIECH
ONpEeNeNEHHOE BHEIIHEE SBJICHUE, IPOU3BOJAUTH CKAYKOOOpa3HbIE
VU3MEHEHUS B YIIPABIIIEMBIX CUCTEMAX

Penennan 3auguma — yCTpOWCTBO, MPEAHAZHAYECHHOE JIJIA:
— OTKJIFOUCHHUS TTOBPEKAEHHOTO JIEMEHTA SHEPTrOCUCTEMBI (KaK
MpaBUIIO, IPU KOPOTKUX 3aMBIKAHHUAX ) OT UCTOYHUKA MUTAHMUS;
— pearupoBaHMs Ha OMACHBIE HECHOPMAJIbHBIE PEKUMBI PAOOTHI
AJIEMEHTOB SHEPrOCUCTEMBI (C IEMCTBUEM HA CUTHAI ) UM OTKITFOUCHUS
AJIEMEHTA C BBIJIEPIKKON BPEMEHU,
— MaKCUMaJlbHasi TOKOBAs 3alll1Ta;
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— TOKOBAasi OTCEUKa;

— TOKOBas 3allMTa HyJEBOW NOCIEI0BATEIbHOCTH;
— TOKOBas HaIllpaBJICHHAs 3aIUTa;

— JAMCTaHIIMOHHAS 3aIUTa;

— npoaosbHas nuddepeHuanbHas TOKOBas 3aluTa;
— nonepeyHast quddepeHIransHas TOKOBas 3alluTa;
— muddepeHnuanbHo-(pa3oBas 3aluTa

Pomop — Bpamaromascsi 4acThb DJIEKTPUYECKOW MaIIMHbl (TeHepaTopa,
AIEKTPOJBUTATEINS U T.J1.)

Pycnosaa I'9C — tuaposJIeKTpOCTaHIMA, B KOTOpou 3nanue ['9C BXoaurt B
COCTaB HAMOPHOTo pPOHTA

Cunosasn IJIEKMPOHUKA — o01acThb QJICKTPOHHKH, CBs3aHHasA C
HpeO6paSOBaHI/IeM BHGKTpH‘IGCKOﬁ OHCPIruu M KOMMYTaHHef/’I CHJIOBBIX
QJICKTPUICCKUX Lerneu

Cunosoit mpancpopmamop — TpaHchHOpMaToOp, HUCHONB3YEMBIH IS
npeoOpa3oBaHUsl PHEPTUM B CETSAX HHEPrOCHUCTEM, paCHpeieIUTEIbHbIX
CETSAX M YCTaHOBKaX JJIsl MpUEMA U UCTIONB30BaHUS SHEPTUU

Cunxpounwlii 2enepamop — DIECKTPUUYECKUN TEHEPATOP C MOCTOSSHHOM
4acTOTOW BpalICHHS pOTOpa

Cunxpounslit. Komnencamop — BpalAlOIIAsICid CHHXPOHHAs MAIlMHA,
npeIHa3HaYeHHAas IS TeHepaluy U OTPeOJICHUs] pEaKTUBHOM MOIITHOCTH

Cucmema 6030ycoeHus 2enepamopoé — yCTAHOBKA I TEHEPUPOBAHUS
MOCTOSIHHOT'O TOKa OOMOTKH BO30YXE€HUSI CHHXPOHHBIX T€HEPATOPOB

Cucmema 3InekmpocHadyiceHus — KOMIUIGKC HCTOYHUKOB IMHUTAHUS,
ANEKTPUUYSCKUX CEeTe M moTpeOuTeNield 3JIeKTPOIHEPTHH KOHKPETHOIO
TEXHOJIOTHYECKOTO HA3HAYCHUS

Conneunasn domosrnekmpuuecxkan ycmanoeka — YCTaHOBKA,
npeoOpa3zyrouasi SJHEPru0 COTHEUHOTO U3ITYUYCHHUS B DJIEKTPUUYECKYIO

Conneunoe uznyuenue — TpoOIECC MEPEHOCA YHEPTUU OT COJIHLA IMPHU
pacIpOCTPaHEHUH 3JIEKTPOMArHUTHBIX BOJIH B IIPO3PAvYHON cpefie

Conneunwvlii  Konnekmop — YCTaHOBKA, TmpeoOpasyromiasi 3SHEPruio
COJIHEYHOT'O U3JTy4YEHUs B TEILJIO

Cpabomka 600oxpanuiuuia — epyuoj] OTJAYU HAITOJTHEHHON BOBI
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Cmamu3sm pezyiupoeanus 4acmompl — OTHOILIEHUE U3MEHEHUS 4acTOThl K
COOTBETCTBYIOILIEMY HW3MEHEHUIO AaKTUBHOW MOIIHOCTH arperara mpH
nepexoAe OT OJTHOIO YCTAHOBHUBIIETOCS PEKHUMA K IPYrOMy

Cmamuueckaa ycmoituueocms — crocooHocts 299C BOCCTaHABIUBATH
HCXOJIHBIA PEXKUM IOCJIE MAJIOTO €ro BO3MYIIECHUS

Cmamop — HCIOABHIKHAA YdCTb JJICKTPHUYCCKOC MallIMHBI (reHepaTopa,
QJICKTPOABUI'ATCIIA U T. I[.)

Cmep.)fceub Maznumonpoeooa — 4aCTb MAar"HuToIlpoBOJa, Ha KOTOpPOM
PpaciojIararoTcAa OOMOTKH

Cmok — cyMMapHbBI 00BEM BOJIbI, MPOIISIIEH Yepe3 MoMepeyHoe CeUeHUe
BOJIOTOKA 32 OMNPEICIIEHHBIN NTEPUO]T BPEMEHH

Cmpena nposeca npoeooa 6030yuiHOU JTUHUU — PACCTOSTHUE MO BEPTUKAIIU
MEKly TOYKOM MOJIBECKH ITPOBO/IA HA OIIOPE U HU3IIEW TOYKOM €T0 IMpoBeca
B TIPOJIETE

Cmpykmypnaa cxema — 4YaCTb TJIABHOM CXEMBI, Ha KOTOPOM MOKa3aHbI
OCHOBHbIE  (DYHKIIMOHaJIbHbIE  4YacTH  3JeKkTpoyctaHoBku  (PVY,
TpaHc(OPMATOPBI, TEHEPATOPHI) U CBSA3H MEXKY HUMHU

Cxema Inekmpuueckux coeOuHeHuil — oToOpaKeHNE BHYTPEHHEH CTPYKTYPHI
Y B3aUMOCBSI3H JIECMEHTOB JIEKTPOYCTAHOBKH

Cxema rnekmpuueckoul yenu — rpaduueckoe n300paxkeHHe dIEKTPUUECKON
LEeMU, COJEepKalllee YyCIOBHbIE OO0O3HAYEHUsI €€ DJIEMEHTOB U
MOKAa3bIBAIOIIEE COCTUHEHUS ITUX IJIEMEHTOB

Texnonozuueckaa 2ubkocms —  CIOCOOHOCTH  aNaNTUPOBATHCA K
W3MEHSIONMUMCS YCJIOBHSAM paOOThI MPHU TUTAHOBBIX PEMOHTAX, aBapHUIHO-
BOCCTAHOBHUTENIBHBIX  paboTaX, pacHIMpPEHHH, PEKOHCTPYKIIMU U
UCITBITAaHUSX

Tupucmop — TOIYNPOBOJHUKOBBIA MpuUOOp C JABYMSI YCTOMYMBBIMU
COCTOSIHUSIMH, UMEIOLIUN TPU WM OoJiee p-N-Mepexo10B, KOTOPbIA MOKET
NEPEKITI0YATHCA U3 3aKPBITOIO COCTOSIHUS B OTKPBITOE U HA000POT

Tupucmop c noneevim ynpagnenuem (MCI) — nonynpoBOAHUKOBBIN MPUOOD,
CTPYKTypa KOTOPOTO COJEP>KUT THUPUCTOP M JIBa MOJIEBBIX TPAaH3UCTOPA,
OJIMH U3 KOTOPBIX 00ECreunBaeT MPOLECcC BKIIOYEHHS, OaBasi UMITYJIbC
TOKa HA YHPABJSIOMIMN AJIEKTPOA, a BTOPOM — aHAJOTMYHO IMpPOIECC
BBIKJIIOUEHHS ITprbopa
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Tupucmopuwtii K104  (8blKAIOYamMeIb) — YCTPOWCTBO, COCTOSIIEE U3
MOJyTIPOBOJHUKOBBIX MPHOOPOB (THUPUCTOPOB), TMpPEIHA3ZHAYCHHOE IS
YIOPABISIEMOM KOMMYTAIIMU 3JIEKTPOOOOPYIOBAHUS B CETH MEPEMEHHOIO
TOKA

Tok evicuenn zapmonuxu — coctaBisitomas (pasnoxkenue Dypbe) ToOka
HECHHYCOUJIAIbHON  (DOPMBI, HU3MEHSIONIAsiCd C YacTOTOM, KpaTHOMN
OCHOBHOM 4acTOTE€ CETH

Tokoocpanuuuearowjuii  peakmop — annapar, KOTOPbIA CIYXUT s
OTPaHUYECHUSI TOKA KOPOTKOTO 3aMbIKaHHS W MOJJEPKAHUS HAMPSHKEHUS
Ha COOpHBIX ImuHax PY

Tpanzucmop — DSICKTPOHHBIM TPUOOP HA OCHOBE IOJIYMPOBOJIHUKOBOTO
KpUCTaJlJIa, UMUK Tpu (MM 0osiee) dIEKTpoJa M IMpeaHa3HauYeHHbIN
JUISL  YCUJIGHUS, TCHEPHPOBAHUS M IIpeoOpa3oBaHUS IJICKTPUUCCKHUX
KoaeOaHui

Tpancno3uuusa ¢haz 6030ywiHon TuHUU — TUKIXYECKAs NEPECTaHOBKA (ha3HBIX
poBoAoB BJI ¢ nenpr0 KOMNEHcanuu 3J€KTPOMATHUTHOW HECHMMETPUU
JIUHUU

Tpancghopmamop — DIEKTPOMATHUTHBIA CTAaTUYECKUA MpeoOpa3oBaTeib
SHEPIruM, UMEIONIUNA JBe WU Oojiee MHAYKTUBHO CBSI3aHHBIE OOMOTKH U
MpeAHa3HAYCHHBIN 1711 U3MEHEHUS HaIIPSKEHHS IEPEMEHHOTO TOKa

Tpaucgopmamopnas noocmanyusn (TI) — 1iexoBasi, TOPOACKasi UM CEIbCKas
noxcrannusa 6-10/0,38-0,66 kB

Tpaucpopmayua  rnekmpuueckou  Inepeuu  —  TpeoOpa3OBaHUE
ANEKTPUYECKOM JHEpruM Ha  TpaHCHOPMATOPHBIX  MOJCTAHLHUSAX,
CBA3aHHOE C M3MEHEHHEM HANpsHKEHUs, HA KOTOPOM OCYIIECTBIISIETCS
nepeaaya MEeKTPOIHEPTUU OT UCTOYHUKA K MOTPeOUTEIIM

Typbozenepamop — >NEKTPUUECKUI TEHEPATOP C 4ACTOTOM BpameHus 60f! =
3000 1/mun, 30f1 = 1500 1/Mun (rge f! — wacrora HanpsKeHHs CETH B
EBpomnie 50 1/c, B CIIIA u Snonun 60 1/c), mpuBOIMMBIIl BO BpalleHUE
NapOBOM MJIM Ta30BOM TypOUHOMN

V3en 3ﬂ€KmpulleCKOﬁ uenu — MCCTO COCIHMHCHUA BETBCU 3H€KTpH‘I€CKOﬁ
11(S20041

Yuuguuuposannocms — ncnonb3zoBaHUE TUIOBBIX PELIECHU, TO3BOJISIOLIEE
CHU3UTh MaTepualbHble M (DMHAHCOBBIE 3aTpaThl HA MPOEKTUPOBAHHE,
MOHTaX, ITyCKOHAJIaJJ0OYHbIe Pa0OTHI M FKCILTYaTaIUIO 3JIEKTPOYCTAHOBOK
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Yemanoesuswiuiica pesrcum — pexxum, B KOTOpOM rapameTpsl peskruma 39C
HEU3MEHHBI BO BpEMEHU

Ypoeenv mépmeozo 00véma — MUHUMANBHBIA YPOBEHb BOJBI B
BOJIOXPAHUIIUILIE TP HOPMAIbHOM IKCILTyaTalluH

Yemanoenennasa mowgpocmo 3nexkmponpuemnukoé — cyMMa HOMUHAJIBHBIX
MOUTHOCTEH AIEKTPOIPUEMHUKOB

Dopcuposannvlii. NOONOPHBLIL YPO6EHL — MAKCUMAIBHO BO3MOXKHBIN
YPOBEHb BOJbI B BOJOXPAHUJIUILE 10 YCIOBUIM HAJIEXKHOCTU COOPYKEHUN

Henmp numanusa (L[II) — mouHas TOACTAHIMUA JJIEKTPOIHEPTreTUUYECKOU
CUCTEMbI, OT KOTOPOW OCYIIECTBISACTCS JJIEKTPOCHAOKEHUE CETEBOTO
pailoHa 1O pacHpeeIUTEIbHBIM 3JEKTPUUYECKUM CETSAM HaIpssKeHUEM
Uson £ 35 kB

Luxn mpancno3uyuu 6030ywinou aunuu — nauHa ydactka BJI, kpaTHas
YUCITY KOMIUIEKTOB (pa3HBIX MPOBOAOB, HA KOTOPOM OCYILIECTBIIAECTCS HUX
MOJIHAS LIMKJINYECKasi IEpEeCTaHOBKA

Illaz mpancno3uyuu 6030ywinoul 1unuu — nvHa ydactka BJI Mmexny aByms
MOCJIEA0BATEIbHBIMU TyHKTAMU TPAHCIIO3UIINU

JKonozuueckana wucmoma — CTENEHb BO3JCHCTBUS JJIEKTPOYCTAHOBKH Ha
OKPYXAIOLLYI0 cpeay (IIyM, 3JEKTPUUYECKUE U MAarHUTHBIE MOJIs, BBIOPOCHI,
OTXOJIbl, HapyIIeHHUE JaHamadTa u T.1.)

JKOHOMUUHOCMbL — TIPUHATHE pEHIeHUH ¢ Yy4ETOM HEOOXOIUMBIX
KAlUTAJIbHBIX BIIOKEHUM W €XErOJHBIX H3JEPKEK IMPOU3BOJACTBA. B
oOmmieM ciydae HaAEKHOCTh SIBISIETCS OSKOHOMHUYECKOW KaTeropuei.
[IpyHUMaeMbIii ypoBeHb HaJIEKHOCTH OOOCHOBBIBAECTCSI COMOCTABICHUEM
3aTpaT Ha €ro 00ECTIeYeHHe C DKOHOMHYECKUMHU TOCHEIACTBUSIMU H3-3a
OTKJIFOYCHMSI, HEIOOTITYCKA U TIp., HAIPUMeEp C yiepoom

Dnezaz — "dnextpudeckuii ra3z" (mectudropuctas cepa SFg), UCTIOIB3yeMbIii
B anmapaTax BHICOKOTO HAMPSLKEHUS JUIS U30JISILUM U TallleHUS TyTH

Inekmpuueckana Oyza — Ta3000pa3HbI MPOBOIHUK IIEKTPUUYECKOTO TOKA,
00pa30BaHHBIN AJIEKTPUUECKUM TIOJIEM 32 CUET MOHU3AINU U30JISITHOHHBIX
Cpell MEXIy Pa30MKHYTHIMU KOHTAKTaMH

Inekmpuueckas MawuHa — YCTPOWUCTBO ISl B3aMMHOTO MPeOoOpa3oBaHUs
MEXaHHYECKOMN U IEKTPUUIECKON IHEPIUI
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Inexkmpuueckana cemv — 4acth OIC, mpeaHa3HAYCHHas Il Tepeaadu
ANEKTPOIHEPTUM OT HUCTOYHUKOB (BJEKTPOCTAHIMI) 10 MOTpeOUTENEH.
CocTouT U3 JTUHUM AIEKTPONEpeaady U MOJACTAHINM, CBA3BIBAIOIINX ITH
JUHAA MEXIY co00i M mpeoOpa3yrolux MapameTpbl AJIEKTPOIHEPTUH
(HampsKEHUs, TOKH)

3J1el<mpuuecxaﬂ uenb — COBOKYIIHOCTH YCTpOﬁCTB, QJICKTPOMAIrHUTHEIC
IMpoHecCCbl B KOTOPBIX MOI'YT OBITh OIMCAHEI C IIOMOIIBIO TIOHATHI 00
3J'I€KTpOI[BI/I}Ky1H6ﬁ CUJIC, TOKC U HAIIPSKCHUU

dnekmpuueckuii  2emepamop — YCTPOWCTBO Il  IpeoOpa3oBaHuUs
MEXaHUYECKOI IHEPTUH B IIEKTPUUYECKYIO

Anekmpuueckuit. nomeHyual OAHHOU MOYKU — PAZHOCTb DJICKTPUUECKUX
MNOTEHIMAIOB JAHHOW TOYKHU U IPYTrOil MPOU3BOJIBHO BHIOPAHHOU TOUKHU

Anekmpuueckuii moK — HaPABICHHOE JIB)KEHUE HOCUTEIIEH 3apsi 0B U(UIIH)
MU3MEHEHHE JIEKTPUUECKOTO MOJIs, COMPOBOKIAEMOE MATHUTHBIM MOJIEM

Inexmpuueckoe Hanpaicenue — PU3NYECKaAsT BEIMUNHA, XapaKTEPU3YIOIIAs]
AIEKTPUYECKOE MOJIE BJIOJIb PACCMATPUBAEMOT0 IyTH U PaBHAs IMHEHHOMY
UHTErpamy HaIpsHKEHHOCTU ANEKTPUUECKOTO OIS BJI0JIb
paccMaTpuBaeMoro MmyTH

311e1<mpuuec:<0e nojie — OJHa M3 ABYX CTOPOH 3JICKTPOMAarHUTHOTO IT0JIA,
O6YCJ'IOBJ'ICHH2U{ QJIICKTPUICCKUMU 3apiagaMu U NU3MCHCHUCM MArHuTHOTIO
I10JIA, OKa3bIBArOIas CUJIOBOC BOSHCﬁCTBHC Ha HCIIOJABMIKHBIC 3apPAKCHHBIC
TCJIa 1 4aCTUILIbI

InekmpomazHumnoe nojse — OCOOBIM BHUJI Marepuu (BEIIECTBA),
OTJIMYAIONTUICS HEMPEPBIBHBIM  PACIPEACIICHHEM B  IMPOCTPAHCTBE,
OOHapYKUBAIOIIUH JHUCKPETHOCTh CTPYKTYphl (KBaHTHI HW3ITy4EHHOTO
DJIGKTPOMArHUTHOTO TIOJISI) M XapaKTePU3YIOMIMICS  CIMOCOOHOCTHIO
OKa3bIBaTh HA 3apsKCHHBIC YaCTHUIIHI CHIIOBOC BO3ICHCTBHE, 3aBUCSIIEE OT
UX CKOPOCTH

dnexmpomaznumnasn coemMecmumocmas — CHoCOOHOCTH
IEKTPOTEXHUYECKUX CPENICTB (MPUOOPOB, anmapaToB U T.I.) HOPMAJILHO
(GyHKIIMOHUPOBATh B IAHHOW JIEKTPOMArHUTHOM 0OCTaHOBKE (cpese), He
BHOCSI HEJIOMYCTUMBIX TIOMEX B 3TY CPEIly U HE HCIBITHIBASI TAKOBBIX C €€
CTOPOHBI
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DnekmpouHbLIL K104 — YCTPONCTBO JUISl 3aMBIKAHMS U Pa3MbIKaHHs CUIIOBOM
AIEKTPUYECKON LIETIH, COJIEPIKAILEe, IO KpalHEN Mepe, OJIUH yIIPABISAEMbIN
BEHTWJIBHBIN TIPHOOD

Anekmponepedaua — KOMIUIEKC YCTPOUCTB, MPeTHA3HAUYCHHBIN 7S Tepeaadu
ANIEKTPOIHEPTUM Ha 3aJjaHHOE paccrosiHue. Kpome TI1aBHOTO 3jeMeHTa

JNIeKTpoIiepeaud — JIMHUM, B HeE BXOAAT TpaHCc()OpMaTOpHI
(aBTOTpaHc(OpMaTOpBI), KOMIICHCUPYIOIIME YCTpPOWCTBA U  JApYyTHe
AIIEMEHTHI

Anekmponpuémnuuk — DIIEKTpUYECKAsl MalllMHA, arperar, anmapar Wil HX
KOMILUIEKC, TPEeoOpasyromirue 3JICKTPUUYECKYI0 SHEPrui0 B HHBIC BUJIbI
SHEPIUHU

Inexkmpocmamuyeckoe none — BICKTPUYECKOE TI0Jie, OOYCIOBJIEHHOE

HCKIIOYUTCIIbHO HCIIOJABUKHBIMU 3apsaaaMU

Idnexmpornepzemuueckaa cucmema (IIC) — DdIEKTpUUECKAsT YaCTh
HPHEPrOCUCTEMBl M MHTAIOIIMECS OT HEE MPUEMHHUKH DIIEKTPOIHEPTUH,
oObeAMHEHHBIE  OOIIHOCTBIO Mpolecca MPOU3BOACTBA, IMepeayw,
pacnpeneneHus: U NOTPeOICHHs] JIEKTPOIHEPTUU

duepcemuueckaa  cucmema  (IHepzocucmema) —  COBOKYIHOCThb
AIEKTPOCTAHLUM, JIEKTPUUECKUX U TETIOBBIX CETEN, COETMHEHHBIXMEXKITY
co00Ol M CBA3aHHBIX OOIIHOCTBIO PEXKMMa B HENPEPHIBHOM IpOIIECCE
IIPOU3BOJCTBA, MPeoOpa3oBaHUsI W PACHPEACIICHUS DJIEKTPUYECKON WU
TEIJIOBOM SHEPIUH MPHU O0ILEM YIIPABICHUHN 3TUM PEXUMOM

Asnononrochnutit pomop — poTop € COCPEIOTOUCHHON 0OMOTKOM BO30YKICHUS

Apmo maznumonpoeodoa — 4YacTb MarHUTOINIPOBOJIA, HA KOTOPOW HE
pa3MenieHbl 0OMOTKH
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Jexkyun Ne 2. Cxema npouzeoocmea, mpancgopmayuu, nepeoaiu u
nompeoienusn In1eKmpoInepul, 00Uaa XapaKxmepucmuxka o6opyoosanus.

Mnuoeue us HAc, arcumeneti KpPYNnHblIX 20p0006, yacmo cmajlkuearomcs ¢ makKum
ANNEeMEHRMOM ZOPOOCKOZO neﬁ3aofca, KAdK 6blCOKOB0JIbImMHKblE JIUHUU 9JzeKmp0nepedaq.
Omu 3a2a0o0ynvie 21emeHmvl uHchmpuaﬂbﬂozo Mupa Hecym 6 cebe umo-mo
H€06bl’-lH0€, np0u3600ﬂ gnevamJienue ceoell MOWBIO U PUMMUHHOCNBIO
ceomempudecKkux nepenﬂemeﬂmj.

Ce200m5 51 NONLIMAIOCL BKPAMYeE paccKazams 6am 0 MOM, KAK pabomaiom
9HEP2OCUCEMbL 8bICOKOBOTILMHOU dHEP2eMUKU, U OJis Ye20 NPEeOHA3HAYEHbI
omoenvHble e€ 2IeMeHmbl, KOmopble Mbl MOXdCeM ecmpemums 8okpye ceos. Cpasy
CKAdICY - IMO ONUCAHUE ABNAeMCS KDAMKUM U YAPOUWEHHBIM, HEKOmMopble 0emanu
ONYUjeHbvl UIU YNPoujersl 05 JIy4uie20 0CNPUIMUsL U NOHUMAHUSL, NOIMOM)
CHeyuaIucmol 8 9moti 0oaacmu Mo2ym 3amMemums HeKOMopbvle KANCYUWUECs]
Heoouémvl. Mo - He MexHUYecKoe pyKo8oOCmeo, a NONYIapHoe Onucanue o
mex, KoMy unmepecen Mup 8blCOK080aAbmHoU dHepeemuxu u JIOI1.

s nauana ycnoeno pazoenum nyme 31eKmpuiecmsea om UCmouyHuKka K
nompeoumenio Ha yCioeHvle IManbi:

1. Beipabomka (cenepuposanue) snekmpuiecmaa.

2. IIpeobpazosanue u pacnpeodeneHue SHepeuu.

3. Ilepeoaua suepeuu.

4. Obpammnoe npeobpaszosanue 0Jis1 NOCie0yiowe20 nompedieHus Uil
pacnpeoeieHusl.

5. Ilompebnenue snekmposnepeuu.
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Buvinonnenue nepsoii 3a0auu 803104C€H0 HA UCMOYHUKU DTIEKMPUYECKOU IHEPSUU -
anekmpocmanyuu. OcHO8HAs yacmv 11000 INeKMPOCMAHYUU -
NEKMPO2EHEPAmMop, NPUBOOUMDLIL 8 OBUIICEHUE KAKOU-TUOO HEeUHel CUNOLL -
oasnenuem napa 8 TOC u ASC, eoodoii 6 I'DC, gempom 6 BOC u m.o. Bpawascs 6
MACHUMHOM NOJle, 2eHepamop 8blpabamvléaem 3NeKMpPUEecKyro IHepeuro, 8
obmomxax eenepamopa 6o3nuxkaem mox. Yawe 6ceco amo mpéxghasnuiil
nepemennvli mok. /lagatime paccmMOmpum 8 Kaiecmee npumepa cxemy
euopoanekmpocmanyuu (I'93C):

Bonoxparnany

MawunHHoe
3naHne

BomenpuEnri

If
100
100

reHegaTo: H

o

Booa u3 6o0oxpanunuwa, yposernb Komopozo gvluie ypo8Hs peKu, naoaem 8
CMOPOHY PeKU 8HU3 NO HANOPHOM) 8000800Y, 8PAWAS CBOUM NOMOKOM JONACMU
mypbuHwl. Bpawernue mypounsvl npugooum K 803HUKHOBEHUIO MOKA 8 2eHepamope,
U OH 8bIXOOUM U3 INEKMPOCMAHYUU.

Ilockonvky nompebumenu 21eKMpoIHEPUL HAXOOSMCSA COBCEM He HA
meppumopuu 1eKmpoCmanyuul, a Ha pacCmMosHuU om Heé, 102UYHO ObLIO Obl IMY
9Hepauro 00 Hux nepedams. Ymobwl 5mo coenamov, HaM nompeoyemcs
npeoopaz08ams IHEPIUIO - HANPSNCEHUE, CHUMAEMOe C 2eHepamopo8
INEKMPOCMAHYUU, S8eMCsl HeOOCMAMOUHO 8bICOKUM O/51 nepedayu
NeKMPOIHEPeULU HA OANbHUE PACCMOAHUSA, A MOK - HA0O0POm, 00CMAMOYHO
8bICOK, U IHepeusi Oyoem ObICMPO MePAMbCs 8 TUHUU OObULO NPOMSAHCEHHOCTU,
PAcxoo0ysacy npocmo Ha Hazpes npoeooos. Ham amo He HyHCHO, NOIMOoMY
He0bx00umo Oyoem Kakum-mo oopazom CHU3UmMs mox. 4Ymoodvl npu 00UHaKo8o
MOWHOCMU MOK CMAL HUMCE, HYHCHO COelamb HANPiCEHUE blule, YMo Mbl U
oenaem npu NOMOWU CuL08blx mpauncgopmamopos. Taxou mpancgopmamop
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npeocmasiet Ha pomo ceepxy mauwunnozo sana I’ IC u pacnonoscen cnpasa,
cepozo yeema, ¢ 66o0amu 154 kB.

Yem bonvue paccmosiHue, Ha KOMOPOE HYHCHO Nepedamsy 2JIeKMpPOIHEPIUI0, meM
gviule Haulemy mpancgopmamopy nompebyemcs npeobpa3oeams HANPA*CEeHUE.
Ho ecmv u obpamnas cmopona medanu - yem 8vluie HanpsicerHue, mem 00podice,
KpynHee u msagiceiee Cmanosumcs obopyoosanue 0jisi npeobpa308anus u nepeoavu
aHepauu. Komnpomuccrnvim pewienuem cmano 6sedenue pasiuiHblx K1accos
HanpsxceHul OJisl pA3HLIX PACCMOAHUL nepeoadu - 8 Macuimaobax nepeoaiu Ha
oueHb bonvuue paccmoanus 2mo BJI (6030yuinbie 1unuu) c6epxeulcoko2o
nanpsixcerust (750 unu 500 kunoonbm - mexncoy CMmpaHamu Uil 8 pasHvle KOHYbl
cmpanwl, 330 kB - medcdy 2opodamu u 3Hepeocucmemami), Ha paccmosHus.
nomenvute - BJI evicoxozo nanpscenus (220, 150, 110 kB - mesncoy copooamu,
UH020a BHYMPU 20P00Q), MeAHCOY PAUOHAMU 20p00a UL U3 20p00d 8 Oaudcaluiue
céna - cpeonee Hanpsidxcerue (35 kB), euympu pationa - 20, 10 unu 6 kB, enympu
keapmana uiu ooma - 0.4 kB (380 B), suympu keapmupuor - 0.2 kB (220 B).

lIpeobpa3zosanuem snepeuu u3 00HO20 KIACCA HANPANCEHUS 8 OPY 20l bINOTHAIOM
aneKkmpuyeckKue NOOCManyuu, a pacnpeoeienuem u KOMmymayueu 1uHu



27

8LINOIHAIOM pacnpedenumenvhvle yempoticmaa (PY) smux noocmanyuii. Eciu
pacnpeoenrumenbHoe YCmpOouCmeo PACnOLOHNCEHO HA OMKPLIMOM 8030)Xe, OHO
HA3bI8AeMcst OMKPLIMbIM pacnpedenumenvivim yempoticmeom (OPY), a eciu 6
30anuu - 3akpvimoim (3PY). 3aoaua smux ycmpoiicme - pacnpedenrums aunuu
PA3HBIX KILACCO8 HANPANACEHUS MeAHCOY CODOLL, NPOU3BECU USMEPEHUS. UX
Xapaxkmepucmuk, ux kommymayuio u 3awumy. Hanpumep, noocmanyus moscem
mpancghopmuposamo uz oonou aunuu 330 kB snepeuro 6 mpu aunuu no 110 kB,
unu uz 08yx aunutl 154 kB — 6 namo aunuii 35 kB. Ilpu smom nem KoHKpemnoz20
Hanpasiexus nepeoadu 3Hepeul - eciiu (018 NOCeOHe20 Cyyds) dHepeuu Ha
Jqunusax 35 kB Hedoocmamouno, ona myoa nanpaeisiemcs ¢ aunui 154 kB
(npeobpazosasuiuce 6 35 kB), a eciu snepeus 6 munuu 35 kKB 6 uzbvimke, mo ona
omnpasnsemcs Ha aunuio 154 kB (c npeoopazosanuem 35 kB 6 154 kB).
Hanpaenenue nepedauu npu smom modxcem MeHsamsvcsi 6n10Mb 00 HECKOJbKUX pa3
8 cekyHoy. Bom max evienaoum noocmanyus ¢ OPY:

Ilo yenmpy cnesa (npagee cmynenex) ycmanogien Cuio8ol mparcpopmamop.

Brympu amoezo oepomnozo neca npo6o0oos, onop u npoie2o 060py008anus ecmy
0080IbHO UHMEPECHble NPUOOPbLI, KOMOPbIE NOMO2AIOM COENaMb IHEP2OCUCTNEMY
YEMKO PYHKYUOHUPYIOUUM OP2AHUSMOM, CNOCOOHBIM KOHMPOIUPOBAMb U
pez2yauposams npoyecc pacnpeoenenus sHepeuu. Jlagatime nocCMOmMpum Ha HUX
nooaudxce na npumepe OPY noocmanyuu [uenpol IC-2.
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' BBiBOABIN 54(KB)

TPAHCHOPMATOP LY
q:aaa J/ HANPARCHHA
| o~ \ “

Yoice 6 3Hakomwill Ham cuno8ou mpauncghopmamop 3axo0am JUHUU NPSMO C
eeHepamopos. Eeo nanpsoicenue - 13.8 kB (13800 B). Ilocne 220 B 6 sawetl
po3zemke d3ma yuppa Karcemcs 02pOMHOU, HO IMO20 HeOOCMAMOYHO OJisl
nepeoauu 8celi MOWHOCMU HAUUX 2eHEPAMOpPO8 HA HYHCHOe HAM PACCMOsHUe.
Ham nysicrno nonyuumo 154 kB, a smo 6onee, uem 6 10 paz eviuie. Bom nomomy
Hawu 13.8 kB u 3ax00am 6 cuno8o mpanchopmamop - oH HOMOAICEeM HAM
NOyYUmMsb Ha 8bixo0e HydcHble Ham 154 kB. Bvinonnus ceotl nenézkutl, HO oYeHb
BAJICHBILL MPYO, MPAHCHOpMaAmop npeoaém 8 TUHUI, COCMOAWYI0 U3 Mpex (a3 -
A, B u C, gbipabomanuyro ecenepamopom mowHocms. Hanpsscenue medsrcoy
Gazamu - 154 kB. lanvue Ham HYHCHO UMEPUMb HaANPSNCeHUue, Ymoobl
y6e0umubcsi 8 NPABUILHOU pabome CUL08020 Mpancopmamopa. /s amoeo cpaszy
C He20 (haswl 3aX005m HA UMePpUmenbHble MPAHCHOPMaAMopbl HANPHCEHUS.
Janvuie, 0ns nonyuenus 3Ha4eHus BbIXOOHOU MOUHOCMU IHEP2OONIOKA HYHCHO
usmepums ewé u mok 6 cemu. [[isi 5moeo MuHUs 3axXx00um Ha usmepumeibHvle
mpancgopmamopst moka. Hanomnio, umo 6 yenu 6onbmmempol NOOKIOUAIOMCS
NapaienvHo, a AMnepmempysl - NOCIe008aAMeENbHO, NOIMOMY MPAHCHOPMAMOpPbL
Hanpssjcerusi Umerom 00Ut 6800 (BKIHOUEHbl NAPAJLIENIbHO), A MPAHCHOPMamopbvl
moKa - 08a, m.K. NOOKI0UeHbl nociedosamenvrho. Cmoum maxice ommemumo,
ymo Hawt 6OILULOL Cepblil CULOBOU MPAHCHOPMAMOP 3AUWUUEH OM NOAHCAPA
cucmemou a8MoMamu4ecKo2o noACApOmMyuleHus - 3mo po308as mpyoa 60Kpye
He20, U3 KOMOPOU 8bIX00m mpyOoUKU NOMeHblULE.

Tenepv uoém oanvuie u BUOUM IMO:



Macnomacnsuble
BLIKNOYATENH

Cnpasa om Hawux mpancghopmamopos moka pacnonodicenst gvikaovamen. OHu
N0360/110M ObLICMPO OMKAIOYUMb UL BKIIOUUMb MOK 6 yenu. Ilockonvky
Hanpscerue y Hac 8bLCoKoe, 30eCb 8 NPpoyecce KOMMYMayuu 603HUKAem
anekmpuyeckas oyea. llosmomy eHympu He2o ecmb YCMpOUCME0 0Y202aAUleHUs]
npu noMowu mpauncgopmamopro2o macia. Taxoi evikirouameins Ha3vl8AEMCs
manomacaauvim. bvisarom ewé 6030yuinvle, 21e2a3zo8vie, NPOCMO MACAAHbLE, HO
cetiyac He amo eadxcro. I[locmompume Ha He2o - pazee MONCHO NOHAMb, UOEM U
cetiyac mok oanvuie He2o? [ 5moeo cnpasa yCmanos8ieHvl cepbie
Ppasveounumenu, no380AOWUE, 3A3eMAUMb YeNb U 8U3YAIbHO NOKA3AMb, YMO
yens pazopseana. [locmompume @HUMaAmMeNbHO HA PA3beOUHUMENU - OHU COCMOSIM
u3 08yx nonosunok. Koeoa pazveounumens coeOunén u yenv 6K0YeHa, NOI0BUHKU
COeOUHeHnbl, Kak Ha Hawem pomo, som mak: ----. A koeoa oH paz3beOuHéH u yeno
Ppazopsana, NON0BUHKU pazotdymces 6om max: | |. Pazveounumenu ne obnadarom
HUKAKUMU CPeOCEamMu 0y202aueHusl, U Cysicam 08 6U3YailbHO20 KOHMPOIs HAO
COCOUHEHUEM YUACMKO8 IUHUU, KOMMYMAYUIO UX MONCHO OCYUWECMBIMb MOAbKO
npu omcymemeuu Hanpsiicenuss. Ilocie 6ce2o 3moco 31ekmposnepeust 8bIXxo0um Ha
WUHBL - 50 aszHble NPOBOOA, K KOMOPLIM NOOKIIOUAEMC sl HECKOIbKO (a3 ¢
HECKONbKUX CUNOBBIX MPAHCHOPMAMOPO8. Imo cOelano 0 mo2o, Ymodvl eciiu
0OUH MPAHCHOPMAMOP HAXOOUMCSL 8 PEMOHME, MO OPY20U U OdlbUle MOANCEM
no0asamuv HA TUHUIO JJIeKMPOIHEPIUIO, U CEM 8 OKHAX VIOMHBIX 00M0O8 20p00d
no-npesichemy eopum. /lanvuie ¢ wunsvl mpu ¢azvl vixoosm Ha JIOII ons
nepeoauu Ha paccmosnue. Takue mpu gaszvl oanree 6y0ym HA3b18AMbCS YENbHO
JIUHUU DTIeKMponepeoayu.

Tenepwv snepeus nepexooum Ha cmaouro nepeoadu. M mym mvi no2o8opum o
2NIAGHOM INEeMEeHme IMO20 36eHd - 0 8030yuinblx JIIII u onopax ons nux. Onopul
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MO2ym Hecmu Ha cebe Kak 00OHY, MaK u cpazy 08e mpéxgaszHvlx yenu - maxue
ONOPbL COOMBEMCMBEHHO HA3LIBAIOMCSL OOHOYENHBIMU U 08YXYenHbiMU. Bom
O0OHOYENHAs ONopa - Hecém Ha cebe mpu (hazHvlX NPoBoOa:

A 6om ama onopa - 08yxyenHas, Hecém uwecms a3Hvlx NPOBOOVE:
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Ilo nasnauenuro onopwl 0enamcs Ha aHKepHvle U Npomedcymounvie. AnkepHvle
oepoicam 8ec npo8oo08 U CO30arn HAMANICeHUe, NO38OJIAI0M 0elamb NOBOPOM
JUHUU (NOBOPOMHO-AHKEPHBLE ONOPbLL), NEPeBOOM TUHUL Yepe3 npecpaobl
(nepexoonvle onopwt). OmauvumenvHas 4epma AHKEPHLIX ONOP - SUPJISIHOA
U30AAMOPOo8 napanieivia zemie. llpomedxcymounvle onopvl NPOCmMo y0epHCUsaom
npoe00oa Hao 3eMaéll, He CO30a8as UX HAMSANCeHUe U He NPUHUMAsL Ha ceDsl 8CIO UX
maccy. Ilpomedsxcymourvle onopvl Cmosim mexicoy aHKepHbIMU, UX Modcem Obimb
MHO20 noopsod. Ha npomesicymounvix onopax supisinoa uzonsamopos

nepneHOUuKyIApHa N08ePXHOCMuU 3eMau. Bom ankepuas onopa, uzonamopwi
napaienvHol 3emie.
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A som NPOMEINCYMOUHBIE ONOPbL, U30/IAMOPbL CMOMPAN 6HU3.

|
Al

S

:.-A’?:AVAVAV

YV kaoicooii nunuu ecmo ceoul ynuxanvuwlil Homep, Hanpumep, J110, JI1229, u m.o.
Omu Homepa, a makaice NOPAOKOBbIlL HoMeP ONOPbL 0OLIYHO HAHOCAMCI HA CAMU
onopwl (Hymepayusi onop o0bIYHO UOEM 8 CHIOPOHY nompeoumers uiu
noHudcaroweli noocmanyuu). Mzonamopol Ha 0nopax HyJicHsl 071 Mo2o, Ymoovl
3aKpenums npo8ooa Ha Mpasepcax u He OONYCMUmMs 1eKMPULEeCcKOU Ce:A3U

G aznwix npoeo0os c onopoil. Yem 6onvuie u3011mMopoe6 6 cupaanoe, mem golule
HanpsdiceHue, Uil mem CUlbHee 3a2pA3HEH 8030YX 8 OAHHOU MECMHOCMU, UTU meM
bonbuUll 8eC NPOBOOOE NPUXOOUMCSL Oepicamb aHKepHot onope. [1o koruvecmay
U301AMOPO8 YOOOHO ONPeOeNamyb KIACC HANPANCEHUS, TUHUU - eCU U30aAmop 1,
mo smo aunus 6 unu 10 kB, eciu ux é eupisinoe om 3 00 5, mo 3mo JUHUSA C
Hanpsiscenuem 35 kB, eciu 6onee 5 uzonamopos (0o 10) - smo 110 kB, §-12
usonsamopos - 154 unu 220 xB. Hauunas c 330 kB nposooa 6 ¢azax
PAcuenaiomes Ha 06a, Yymoobbl He UCNONb308aMb 0OUH OYEHb MOJICMbIU U
MAACENBLU NPOB0O. Buiensioum smo max:
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Tax umo ecnu nposod osotinoul, mo amo 330 kB (3a peokum ucknrouenuem - mocym
pacwenisamoca u 154 kB, eciu mox 6 munuu ouenv 6oavuiotl). B runusax 500 kB
ga3zvl pacwennenvt Ha 3 unu 4 nposooa, a 6 aunusx 750 kB - na 5 nposo0os.
Ecmecmeenno, u camu onopvt mam maccuenee u kpyntee.

Tenepw 0asavime paccmompum CmpoeHue onopsl TUHUU IeKmponepeoay u

conymemsylowel el d1ekmpoapmamypwsl. Bom ona, onopa (omkpotime smo gpomo
8 HOBOIL BKIAOKE YMOObL OaNbULe NO HeM) OPUEHMUPOBAMbC).
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FpoaoTpoc

Facurenu A

r I
®aaHbie
npoBoaa

Onopvl 6v18arom dicene300emonHbvle U MemaiiuiecKue, Mvl paccmampueaem
Memaiiu4eckyo onopy, Hecyuyyro oony yeno 330 kB. Cama onopa cmoum na
QyHoamenme, 3arumom 6 semiue. Pasuvie NPo8OOA NPUKPENJIEHbL K MPA8epcam
Onopul uepe3 2UpAHObL U30AMOpPos. M301amopul npedomspawjarom
anekmpudeckutl npoboti ¢ hasHvlx NPOBOO0E HA ONOPY, NOIMOMY Hel0BEK,
NPUKOCHYBUUIICS K ONOpe 8HU3Y, He Oyoem youm moxkom om aunuu. Pasznvle
npPoB80Oa MexCOy MeCmamu KpenjieHusi K Onope Ha aHKEpHuIX onopax (a mul
paccmampusaem UMeHHO MaKyro - 8Uoume, U30IAmMopsl Napaniesbsl 3emue?)
00x005m mpasepcy no oyee, eCmecmeeHHo, Ymo 3ma 0y2a u3 nposoodos 0modaleHd
Ha be3onacHoe paccmosiHue om onopsvl U mpasepcvl NPU HOMOWU 8CE mex Jice
U30IAMOPO8, 8 MOM YUCTE BCNOMO2AMENbHBIX, CINOAWUX BEPIMUKATILHO U
VOepHCUBAOWUX OE30NACHBIL paouyc nposucanus oyeu nposooa. Ha nuscneti
npasotl mpagepce Hauell ONopvl Hem MaKoli CNOMO2AMENbHOU SUPTISIHObI
U30IAMOPO8, HA OCMANbHBIX - ecb. Camu U30IAMopPsl ObIBAIOM CMEKIAHHbLE,
Gapgoposvie u nonumepHole. CmexisiHHble - camvle MHCEnbie, Ha U0 OHU
npo3pautble ¢ 3e1eHOBAMbIM OMMEHKOM:
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Obpamume sHuMamnue, YmMo 6 HEKOMOPLIX MECMAX U30AMOPbL OMCYMCMBYION -
MO C8UDEMEeNbCMBO PA3PYULeHUst HeKOMOopbIX u3 Hux. Eciu 6 uzonamope
NOSGIAeMCs MANletulds mpewuna, ol cpasy JTONAemcs U naoaem Ha 3emJio,
ymooObL N0 0OPA30BABULEICS NYCIMOME 8 SUPTISIHOE MOJICHO ObLIO NOHAMD
HeoOX00UMOCMb 3AMeHbL U30IAMOPA HA HOBbLU. Pap@oposvie U30IAMOpPbl
HEMHO020 Jlecye CIMEKISIHHbIX, UX Yeem - MEMHO-KOpUu4Hessill. Bom na smotu onope
aunuu 35 kB cresa u no yenmpy pacnonodxcenst paphoposvie u301amopul, a
CNpasa - CMeKIsiHHble:
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IlonumepHvie uzonsimopul - camvle 1é2Kue, OHU COeNAHbl U3 Mamepuand,
HanoMuHarowe2o MacKuu niacmux. B omauuue om opy2ux U008 uzonamopos,
HOJUMEPHbBIE U320MABNUBAIOMCSL 8 8UOE 20MOBOU COOPAHHOU 2UPTIAHObI HA
HYJHCHBIU KIIACC HANPSICEHUS, 8 MO 8peMsl KaK 00blYHbLE U30AAMOPbL COOUPAlomcs
8 SUPTIAHOY, COEOUHSACH OpY2 C OPY20M NPU NOMOWU CNEYUATILHOU CUCTIEMbL
Kkpennenuu. IIpu pagnom nymu ymeuxu nojumMepHvie Uzonsimopvl UMerom He
MOJILKO MEHLULYIO MACCY, HO U 2A0ApUmMHbLE PASMEPDL - CaMd CUPIAHOA
CyujecmeeHHo moHvule, a KOIU4ecmeo péoep 6 2upiaHoe guluie, yem 0
AHANIO2UYHOU COOPHOU 2UPTAHOBL U3 CIEKISAHHBIX ULU PapdhoposbiX U0AMOPOS.
Bom mak éviensiosam noaumephvie uzonamopuvl Ha onope auHuu 35 kB:
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noaumepuule u3oasamopsvi Ha aunuu 154 kB:
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B mecmax kpennenus ghasnvix npo600086 K U301mopam Ha HeKOMopviX ONOpPax
YCMAHO8eHbl MeMAaiIuyecKue Koavyd, Hazvleaembvle 3auumHbIMU IKPAHAMU - OHU
CHOCOOCMBYIOM PABHOMEPHOMY PACNpeOeseHuI0 KOPOHHO20 paspsod,
BO3HUKAIOWLE20 8 IMUX MECMAX, U CHUICAIONM NOMeEPU 8 CeMmU Ha KOPOHY.
Kopounwiii paspso eviensoum xak caaboe ceeuenue, conpogoHcoaemoe mpeckom -
ona JIDII asmo epednoe sgnenue, u e2o cmaparomcs nooasiams Kak MOHCHO
cunvHee. 3auummsie IKPAHbL UMEIOM PA3HYIO POpMY, UX MHO20 8UO08 - ObI8AIOM U
8 gude KoJey, U 6 8uoe noIyKoaey, u 8 gude po2os. Bom, nanpumep, sxpamwi-
KOnbYa:
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Ha xonyax npo6o0os nedaneko om u3011mopos 4acmo pacnoloHCeHsl
KOHCMPYKYUU 6 8ude 2aHmenex - cacumenu subpayuu. Imo - koiebamenvHbwlil
KOHMYP, HACMPOEHHBIL 8 NPOMUBOPA3Y 8bICOKOUACTOMHBIM KOJLEOAHUSAM
NPOBOO0E, U CHUNICAIOWULL UX BUOPAYUTO, KOMOPAsL MOJCEM PA3PYULUMb
KPENENCHYIO apMamypy u cam nposoo 8 mecme Kpenienus. Bom kax onu
8bI2NIA0AM nooaudIICe:
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B camom eepxy 110601 8b1COK080NILMHOU ONOPLL NPUKPENTIEH MOHKULL NPOBOO,
Hazvieaemvli 2po3ompocom. OH 6ce20a pacnonodiceH viuie 6cex asHvlx
npPoB0008, U eciu MOJHUSL peuium y0apums 8 npoeood Uil 8 ONopy, OHA NONAOEM
UMEHHO 8 2PO30MPOC, U OyOem He30naACHO 3a3emiieHa yepes onopy 6 00xo0 gaszHvlx
npogo0os. I pozompoc modxcem 6vimb NPUKPENTIEH K Onope uepe3 00UH U30JISIMop,
8 HEKOMOPBIX CLYYASIX OH CPA3y KPenumcs Hanpsamyto K onope, a moytee K
CMATLHOMY NPYMY, UOYWEMY NO ONOpe 8 3eMII0 - 3a3eMIUMEIO.

Tenepwb mbl 3Haem Ha3HaueHUue OCHOBHBIX Inemenmos onop JIDI1. Hexomopwie us
HUX, Hanpumep, eacumenu sUOpayuu Uil SKpamsvl, GCMpPeyaomcs He Ha 6cex
onopax, opyaue e, maKue Kax mpasepcsl, U30JIAMopbl U 2PO30MPOC - HA 8cex Oe3
UCKTIIOUeHUSL, SBTIASICh HeOMBbEMIEMOU YACMbIO TUHUU dekmponepeday. Tlomumo
0ObIUHBIX OOHO - U 08YXYENHbLX ONnop Oviearom u cneyuaivhvie. Hanpumep, som
makue, Hecywjue cpaszy mpu yenu, 8 0AHHOM Cyyde 35mo cOelaHo, 4moonl
NOMEHsMb 08e Yenu MeCcmamu:
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buvisarom maxkoice cayuau, koeoa yenv He06X00UMO OMOENUMs 0M OCHOBHOLU
mazucmpanu, Hanpumep, 0jisi 66004 HA NOOCMAHYUIO UL 015 CO30AHUS eujé OOHOU
JIUHUU, 8 O 8PEMSL KAK OCHOBHAS TIUHUSL NOUOEém danvute. Takotl npoyecc
Hazvléaemcs OMmnAatKoll.

Ilocne moeo, Kak AuHUA BbICOKO20 HANPANCEHUS. NPOULLA HEKOMOPYbLU NYMb, OHA
oocmuzaem KOHeYHOU UL NPOMENHCYMOUHOU pacnpedeumenbHOU NOOCMAaHyull, U3
KOMOPOU 8bIX00AM Yace Opyeue JUHUU, KaK npasuio, boiee HU3K020 Kiacca
Hanpsicenus. Hanpumep, ¢ anexkmpocmarnyuu vtuina aunus Hanpsiicenuem 750
KB, u, npotios sHauumenvHyo meppumopuro Cmpamsl, 00Cmu2ia 0OHOU U3
NOOCMAaHYUll 8 KAKOM-HUOYOb KPYRHOM 20pode. M3 amoti noocmanyuu yice
861X0051m HecKkobKo auHuti 330 kB, u 00Ha uz Hux, npouos u3 00HO20 KPYNHO20
20pooa 8 opy20tl, 00cmueia NOOCMAaHYuu, U3 KOMopoul 8bLULIO HECKOJILKO JUHULL
Hanpsicenuem, Hanpumep, 154 kB. B ceoro ouepedw, ooua usz aunutl 154 B,
npotiosL yepes 8ecb 20p00 8 OPY2Ooll €20 patioH, 00Cmu2ia NOOCMAHYUU, U3
KOMOpOlti 8bIX00siM HeCKobKo aunull 35 kB. O0na u3 smux 1unuil npoxooum no
meppumopuu pationa 20pooa, 00Xooum 00 PatloOHHOU ROOCMAHYUU U MAM
npeoopaszyemcs 60 MHO#CECmMeo pacnpeoenumenvusix aunui Hanpsaxcenuem 10 kB.



42

Kaorcoas u samux nunuti uoém no keapmanam pationa (oo 3emiéll, eciu 3mo pauoH
8bICOMHBIX 3ACMPOEK, U NO 8030YXY, €ClU IMO YACMHbIL ceKmop). B ceoro ouepeds
Hawa nunua 10 kB yace 6 keapmarne nasnavwenus 1UHUS NPU NOMOWU
mpancgopmamoprou noocmanyuu (T11 - ecau smo keapman blcOMHbIX
3acmpoex), unu komniekmuou mparcgopmamoproti noocmanyuu (KTII - eciu
amo yacmuwiii cekmop) npeoopaszyemcsi 6 aunuto 0.4 kB (380 B). Oma
mpéxgasnas cemsv pacnpeoensienmcs no IMadxicam 00Mo8 Uiy o 0OMAM 8 YACHHOM
cekmope - no 00HOU ¢haze 6 Kaxcowlil 0oM, (hazvl uepedyomces NOCae008AMENbHO.
Huoice npusedena cxema, Ha Komopotl YCI08HO NOACHAEMCS, KAK PACNPeOensatomcs
JIUHUU PA3HBIX KIIACCO8 HANPSICEHUS HA NYMU OM IeKMPOCMAHYUU K KOHEYHbIM
nompeoumeJsim.

ANEKTPOCTAHLUWUA

< 750 kB >

ThICAYU KM

Obpamume @HUMAaHUe, YMO 8 PealbHOCMU HA NOOCMAHYUIO NPUXOOUM He 0OHA
JUHUSL 60JIee 8bICOKO20 HANPANCEHUS, a HECKOIbKO, NPUYEM 8CSl IHEP2OCUCmeEMA
3asucum He om 0OHOU INEKMPOCMAHYUU, A CPA3Y OM HECKONbKUX, U, MAKUM
00pazom, s6s1emcs HA0ENCHOU - 8 Cyyae 8bIX00d U3 CMPOst OOHOU U3 TUHULL UTU
oasice yenotl INeKMmpoCmanyuu, IHepeocHabIcene nompeoumenei He
NPeKpamumcsi.
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lasaume paccmompum Kpaiinee, HU3KOB0IbMHOE 36eHO SHepeocucmembl. OHO
cocmoum u3 pacnpeoeaumenvuulx aunull Hanpsxcenuem 10 unu 6 kB, u3
KOMNJIEKMHBIX U OJ0UHBIX MPAHCHOPMAMOPHBIX NOOCMAHYUL, A MAKHCE U3 TUHULL
0.4 kB, uoywux nenocpedcmeenHo Kk nompeoumenim 8 guoe mpexghazHot cemu
nanpsiceruem 380 B unu oonogasznoti 220 B. Iloznakomumces nobaudice ¢
onopamu IMux K1accos Hanpsaxcenuti. Bom maxk eviensioum oonoyennas aunus 6
KB:

O6pamume 6HUMAHUE, YUMO HA HU3KOBOJbNHBIX TUHUAX UCNOJIb3YIONICA U30JIAINOPbL
0py2020 muna, omjaudaruwiuecs ont mex, 4mo NPUMEHAONCA Ha JTUHUAX bonee
6bICOKO0O20 HANPAINCEHUAL. 30ecb mbl 8UOUM He nooBecHble U30JIslnopsl, U3 KOMopovlx
CKI1a0bl8aemcs eupﬂﬂHOa, a wmslpesgovle U307IAmopsvl, Konopbsle HAKPpY4uearonics Ha
cmailtbHble Ulmvlpu, npquei’lﬂéHHble K mpaesepcam Jicene300emonHbIX onop. Omu
U30JAIMOpbl ABNIAIOMCA OOMHaprlMM, U UUtb Ha AHKEPHBIX Onopax UCnoJjb3yrnics
noosecHovle uzoisimopsl, no 1-2 wmyKku 6 euszﬂHOe. bovisarom u ()eyxuengze JUHUU,
Xomsa u ecmpedaromcs OHU peaice OOHOI/fenglx.'
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Ecnu pacnpedenumenvras 1unus uOEm K HCUIOMY PAUOHY ¢ MHO20IMANCKAMU,
OHA, KaK Npasuio, YXooum noo 3eMai0 60m makum oopazom, u u3 6030VUHOU
npespawjaemcs 8 KabenvHyo:
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Kcemamu, na smotii onope suonvl pazpsaonuku (3nemenmol 8 8uoe YuIUHOPUKO8
cOOKY 0m KpauHux u3oasamopos U CHU3Y 8EPXHUX) - 9MO YCMPOUCmEd,
NO360JAI0WUE NPU NEPEHANDIIHCEHUU, BbI36AHHOM, HANPUMED, NONAOAHUEM MOTHUU
6 ghasuvie nposooa, cpasy dHce 3a3eMaUmy U30bIMOUHbBIL MOK, NPEOOMBPaAUas
nospesicoenue 000py008aHuUs, pacnoLOHNCEHHO20 Oaablie no Junuy. Paspaonuxu u
oepanudumenu nepenanpsaxcenus: (OIIH) ycmanasnuearomes nogcemecmuo Ha
YUacmKax npucoeouHeHus TUHUU K HOOCMAaHyuu, 8 Mecmax nepexooa u3
8030VUWHOU TUHUU 8 KAOETbHYI0 UU HA0OOPOM, U 8 OPY2UX BANCHBIX MOUKAX
anekmpuyeckou cemu. Mimak, 1uHus yuiia noo 3emio, U 3au0ém yice 803je
HCUTIBIX OOMOB HA MPAHCHOPMAMOPHYI0 NOOCMAHYUIO, 20e Oy0em npeobpazoeana
8 OOHY UNIU MHOMCECMBO MPexghasnblx aunul nanpsicenuem 380 B. Hanee kaxcoas
uz ghaz 6yoem nooana no ouepeou 8 Kaxicoyro Keapmupy 0oma emecme ¢ 0ouum
npoeodom - Heumpanvto, unu "nyném”. Tax nonyuaemcs oonopasnas cemo
nanpsicenuem 220 B, noscemecmno npumensiemas 6 ovimy.

Ecnu oce nunus 10 unu 6 kB uoém 6 uacmuwiii cekmop, oHa 00bIYHO HA BCEM
NPOMANCEHUU NPOXOOUM NO 8030YXY, U 3AXOOUM HA KOMNIEKMHYIO
mpancgopmamopuyro noocmanyuio (KTII), komopas evienaoum max:
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Hanee, onsamw dce no 6030yxy, no 6cem Yauyam Keapmaid uiu noCEuKd,
00CIYIHCUBAEMO20 OAHHOU NOOCMAHYUEL, NPOXOOUm noayueHHas Ha evixooe KTI1
aunust 0.4 kB (380 B), cocmosiwas uz mpéx gpasz u 00Hou 0dweti mouxu -
Heumpanu. B kascowviii 0om 3ax00um 06a nposooda - Helmpaiv U 00HA U3 ¢as,
npuyém Kaxcoas gasza yepedyemcs mexncoy 0omamu OJisi PABHOMEPHO20
pacnpeoeieHus Hazpy3ku mpéxgasnoi cemu. B pezyriomame 6 kaxcoom oome
ecmb yoice npugviuHvle Ham 220 B - 6bimosas 00HOGa3Has snekmpudeckas cems.
U yorce na smom smane nawia 31eKmposHep2usi HaKoHey docmueaem ceoell yeau -
INEKMPONPUOOPOS 8 HAUWUX OOMAX U KEAPMUPAX, OAIOUUX C8en, Menio U
KOMGhopm 0151 Kaxcoo20 U3 Hac.
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IIpotios doneuti u Henéakuti nymos om 31eKmpoCmanyuu 00 8aueli po3emKu,
INEKMPUeCcmeo npeoooaeio COmMHU, a Mo U MulCA4U KUTOMEMPO8, MHOHCECHBO
pas npeobpazosanocy, NPoOuIo MulcA4U eOUHUY PA3TUYHO20 000PYOO8AHUS, OM
mypbozenepamopa 31eKmpocmanyuy. 00 mpaHc@hoOpMamopHoOU noOCManyuu
gauie2o Keapmana - blKI0YAmMeNnu, pasbeOUHUmenu, CUI08ble U U3MepumenbHsle
mpancgopmamopul, paspsaOHUKU, WUHbL NOOCMAHYULL, pacnpedeiumenbHvle
yempoticmaa, u mulcayu pazHooopasusix anexmpoonop. CrodicHas, 3aMKHymas u
nepenyieménHasn sHepeocucmema obecneuugaem HaodéxcHoe QYHKYUOHUPOBAHUE
8ce20 IMO020 INEKMPUYECKO20 OP2AHUBMA, KAXHCObLLL e€ KOMNOHeHm obepezaem e2o
om nospedicoenull u cooes, umodvl becnepeboliHo 00CMasUmMb 8 KANCObll OOM, K
Kaxcoomy 3ae00y, pabpuke u npeonpusmuo maxk Heobxooumoe 6 Hauie 8pems
anekmpudecmso. M3yuue ocHoGHble KOMNOHEHMbl IHEP2OCUCTNEMbL U OCO3HAS
8ANCHOCMb U PYHKYUOHAILHOE HA3HAYEHUE KAHCO020 U3 HUX, Menepb Mbl No-
Hacmosuwemy NOHUMAaem, HACKOJIbKO CIONACHBIM, HO VEIeKAMENbHbIM U
PA3HO0OPA3HBIM AGNACNC MUD INEKMPUUECKUX cemell.

Jekyua Ne 3. Ocnosnbie xapakmepucmuKku KOHCMPYKMUGHBIX MAMEPUATIE
INNEKMPOoOOPy00sanusl.

Cooeporcanue nexyuu
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3.1 Bseodenue
3.2  Tpancgopmamopnoe macno.
3.3 Lenntonosza, nponumaruas mpasc@hopmamopHuimM MAacioMm.

3.4 Jlpesecuna, oenbma opegecuna, opeanuyeckue mamepuansl OJisi KpenieHus u
8A3KU KOHCMPYKYULL.

3.5 Ilpouue mamepuansl, npumensemovle 8 MPAHCHOPMAMOPOCMPOEHUU.
3.6  Dnecas

3.7 Aszom

3.1 Beeoenue

Pacemampusaromes ¢huzuko-xumuueckue c8otcmea OCHOBHbIX KOHCMPYKMUGHBLX
MaAmepuanos MAciOHANOIHEHH020 000PY008AHUS, UCHOAb3YEMO20 8 CUCEeMAX
anekmpocHabcenuss. Onucanvl OCHOBHbIE (ha3vl UBMEHEeHUN  UB0IAYUOHHBIX
Xapakmepucmux KOHCMPYKMUBHBIX MAmMepuaios 6 npoyecce IKCHAYAmayui,
GIUAHUE DENCUMO8, Hauboee 6eposmHvle NPUYUHLL NOBPENCOCHUL U Memoobl
nosvlulenusi pecypca obopyooearus. Jlexyus uintocmpupyemcs gomoepagusimu
000py00sanus, epaguxamu u hopmyaramu npoyeccos, NPOMeKarUUMU 8 U30IAYUU
eKmpomextuieckozo obopyoosanus. Ha wnacmoswem smane pazeumus
INEKMPOIHEP2EMUKU  NOOassaouiee  OOIbUUHCMBO — DJIeKMPOMEXHUYECKO20
000py0osanusi (Mpanchopmamopsl, a8MompaHcOOpMamopvl, peaKxmopwvl, 8600bl,
usmepumesnbHvle MPAaHcghopmamopsl, SbIKIOUAMENU) 8 Kauecmee U30AYUOHHBIX
Mamepuanos UCnoab3yIom Yeuntono3y (INeKmpoKapmoH, mMpaHcOoOpMamopHyo
oymazy, Xxaonuamooymadicuvle mKawu) u mpauncgopmamoproe macio. s
KpenjieHuss KOHCMPYKYUl UCNOIb3yemcst 0elbma-0pesecuta, X10nuamooymaicHole
JIEHMbL U 8 NOCTIeOHee 8PeMsl CMAU UCNOAb308AMbCS PO XUMUYECKU HeaAKMUBHBIX
CUHMemU4ecKux mamepuanos. Mzmepumenvrole mpancgpopmamopsit, 6600ul 110xB
U Gvlule CMAIU U320MABIUBAMb C NPUMEHEHUEeM OCHOBHOU UB0JAYUU U3
CUHMEMUYEeCKUX Mamepuaios uil ¢ npuMeHeHueM 6 Kauyecmee usoiayul d1e2asd.
Macno, xax 0yzoeacswas cpeoa y svikirouameneli CMaio 8bIMECHIMbCA U 2aueHUe
Oyeu 8 BLIKIIOUAMENISIX OCYUeCMBIISIeMCs 8 8AKYYMHOU cpede unu 6 snezaze. QOHaKo
6 Hacmosawee e6pems okoao 80% anexkmpomexnuueckoeo 060pyOo6aHus,
IKCNAYAMUPYeMo20 HA NOOCMAHYUSX, ABIAEMC MACIOHANOIHEHHbIM U mpebyem
MEeXHUYECK020 OOCTYHCUBAHUS, DPEMOHMO8, NPOPUIAKMUYECKO20 KOHMPOJIA,
npooneHus sKcniyamayuonHoeo pecypca. Ha Puc. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
u300pasiceno 06opyoosanue, IKCHIyamupyemoe Ha NOOCMAaAHYUsX.
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Puc. 1. Cunosoti mpancghopmamop 110 kB. Puc.2. Macnonanonnemnnwiii 6600
110 kB

4
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Puc.3. Macnonanonnennwiii Puc. 4. [IpoxooHvie macionanoiHenHvie 6600bl
mpancgopmamop moxa 110 xB. 110 xB.
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N

Puc. 5. O6vémuvie macnauvie evixnmouamenu 110 kB

RSO N [

AN
—

v

»

Puc. 6. Oowuii 6uo noocmanyuu 110 kB
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Puc. 8. Obwuii 6uo snecazosoco KPY 110 kB
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Puc. 9. Obwuii 6uo eopoocroii pacnpeoerumenvroti I1C 110/10 kB mownocmo
25000 KBA
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Puc.10. Bvicokosonbmuble s1e2a306vle 8bIKA0UAmMeny Ha MOHMUpyemou
NnOOCMAaHYUU.

3.2. Tpaucgopmamopnoe macno.

Tpancgopmamopnoe macno — Haubonee  pacnPOCMPAHEHHBIN  HCUOKULL
OUINEKMPUK, NPUMEHATOWUTICS 8 8b1COKO80NbMHOM 000pyoosanuu U,,.= 280 kB/cm
npu 50 I'y. Macno cayxcum 8 Kauecmee U30AAYUU 8 CUTOBBIX UUIMEPUMETbHBIX
mpancopmamopax, 8biICOKOBOIbMHLIX  6800AX, KAOENAX, BbICOKOBOIbIMHBIX
gviknouamensx. Tpancgpopmamopnoe macio sensemcs oxaazxcoarouell cpeootl,
0ME00s1 Menio om 0OMOMOK MPAHCHOPMAMOPO8 U INEKMPUYECKUX MAUUH 8
OKpydHCcarwyio cpedy. B eulkaouamensx Macio UCNoNb3yemcs 8 Kavecmee
dyeoeacauje2o U30NAMOpa: GblOENAIOWUEC 8 Npoyecce paspvléd INeKMPUUECcKOll
0yau 2aszvl CNOCOOCMBYIOM OXJIANHCOEHUI0 KAHANa Oy2Uu U ObICMpoMYy ee cAuleHuUro.
Tpancghopmamopnoe macno s6aaemcs OOHUM U3 NPOOYKMO8 nepepadbomru Hegpmu.
Hegpmu paznuunvix mecmopooicoenuii omauvaromes opye om o0py2a no C80EMY
Xumuyeckomy cocmagy. Xumuueckuti cocmag maceil 00YCloGileH He MOJbKO UX
NPOUCXOHCOCHUEM, HO MAKH#Ce U CNOCOOOM O4YUCMKU. Yoce 0asHo 6 npaxkmuke
OMMEYeHO,  4mo  IKCHIAYAMAYUOHHble  Kauecmea  macel,  OmJIU4ArOmCs
NPOUCXOJCOeHUEM U mexHoIocuel noayueHus. Medxcoy Xumuweckum cocmasom
MPAHCHOPMaAmopHbiX Macen U UX NOBeOeHueM 6 IKCNIYAMmAayuu Cyujecmsyem
onpedenénuas 3agucumocmo. Llgem ceexceco mpancghopmamopro2o macia o6614HO
COJIOMEHHO-JICENMBLI U Xapakmepuzyem 2nyouny ouucmku macia. Ilepexoo
MEMHO-JCENMOMY YBem) YKA3bI8AEMHeOOCMAMOYHO NOJHOe YOdaieHue U3 Macid
CMOUCMBIX COeOUHeHUll. B OoKuciéHuvix macnax, OvlwUX 6 3IKCHIyamayuu,
nomeMHeHUe C8A3AHO C HAKONIeHUeM NPOOYKMO8 OKUCIEeHUs: YeM Uux Oonvlie, mem
memHee macio. Bnpoyecce sxcniyamayuu 21eKkmpuyeckux annapamos 3aiumole 8
HUX Macia npemepnesaiom 2iy0OKue uMeHeHusi, 00)CI08JIeHHble NPOYeccamu
cmapeHus, NpUGOOSWUMU K YXYOULEHUIO XUMUYECKUX U INeKMPOoPU3U4eCcKUx
nokaszameneu macen. OCHOBHbIM HAKMoOpoM, GIUAIOWUM HA Cmapenue macei,
A6nseMcs go30elcmeaue KUciopooa 6030yxa - cuibHo2o okxucaumens. Ilpoyecc
OKUCNEeHUsl YCKOpAemcsi Npu  y8eluyeHuu memnepamypol, Hnoo  GIUsHUEM
INEKMPUYEeCcK020 NoJis, c6ema, a MakxdHce HeKOMOPbIX MAMeEpUanNos, A6IAIUUXCS
AKMUBHLIMU  KAMAIU3AMOPAMU  OKUCIEHUSI Y2lie8000po0os macaa. K makum
mamepuaniam — omHocumcs Medb U ee cnaasvl. Bce omeuecmeennvie
mpancgopmamopuvie MAacia, NHOCMynanuue Ha SHEPLoONnpeonpusamus, Co0epiIcam
UHUOUMOP OKUCTIeHUS. - AHMUOKUCTUMENbHYI0 NPUCAOKY UOHOT (cuHoHumbl - JIPK,
monaron - 0, kepobum). Kawecmeo mpancghopmamopro2o Macia xapaxmepusyemcs
CLeOVIOWUMU NOKA3amMeaMU: npodbusHoe HanpsoiceHue, kB, enacocodepaicanue, %
(2/m); maneenc yena ousiekmpudeckux nomepv, %, kucromuoe uucio, me KOH/2
macna, cooepicaHue  pacmeopumMbix  KUCIOM U wjeirouell;,  cooepaiicanue
MexaHudeckux npumecetl, % maccwl (2/m); memnepamypou 8CHbIUKU 8 3AKPbINOM
muene, °C; eazocodepocanue, % 00véma, Hanuuue pacmeopumoz2o uLlamd,
cooepoicanuem AHMUOKUCIUMENbHOLL npucaoxu, cooepoicanue 8
IKCNIYAMAYUOHHOM MACe
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@ypanosvlx npouzeooHvix 8 % maccel, He Oonee ( 8 mom uucie Qypgypona). B
Kauecmee Cblpbs O NOJNYYEeHUs MPAHCHOPMAMOPHLIX Macell UCNOJb3YIONCS
oucmunnamol, evikunaowue npu 280-420°C, u3 pazmuunvix Hegmel. B
MPanc@opmamopHom MAacjie YUCIOo AMoMO8 Y21e8000p00d 8 PA3TUUHBIX MOJIEKYIAX
V2ne8000po0os smoti  Gpaxkyuu cocmasisiem om 16 oo 25. I[lpu awnanuze
00CMamoyHo y3Kux Gpakyuii y0aioce YyCmaHosums npucymcemeue ¢ macie 0o 15
PA3IUYHBIX — MUNO8  MOJIEKYIL. DnekmpousonAYuoHHble ceolicmea
MPAncEhOpMamopHvIx macen yxXyoularomes npu Haauduu 8 Hux eirazu. Hanuuue 6
macne oadxce HeOOILUUX KOIUYECME0 61a2u 8 OUCNEePSUPOBAHHOM COCHMOSHUU
ABNAEMCA  NPUYUHOU — CHUNCEHUST  DJIeKMPUYECKOU NPOYHOCMU U  BbICOKUX
OUINIEKMPUUECKUX NOmepb, UMO MONCEm HNO81eUb NOBPEHCOeHUue annapamos
8bICOKO20 HANPAHCEHUS. Paccmompum gonpoc 2USPOCKONUYHOCMU
MpancgopmamopHvix macei.

Pacmeopumocmo 60061 6 mpancgopmamoprom macne, ecbma HUYMONCHA.
C mouxu 3penust MOAEKYIAAPHOU MeoPUU MO 00BACHACMCSL 2POMAOHBIM PA3IUYUEM
8 pasmepax MoJeKyl Yy21e8000p0008, U3 KOMOPbIX COCMOUM MAcCNo, U MOJEK)
600vl.  CymmapHoe none  MeNCMOAEKVIAPHBIX — CUl,  co30asaemoe  npu
83AUMOOCUCMBUU IMUX O8YX MUNOE MOJEKY], NPEensImcmeyem CMeueHUur 00oux
aocuokocmeti. Haepee macna npu HeuzmeHHOU memnepamype U 6AAHCHOCIU
OKpYIicaroue2o 8030yxa COnpogodcoaemcs ocyuikou maciaa. Ilpu oxnasxcoenuu
macna, uvanpumep, om memnepamypovi + 40 0o +20°C 6 macne nosesnsiemcs
u3oLImox enazcu u obpaszyemcsa smyavcus. Konuvecmeo enacu, 6vloenusuierics
onpeoensiemcsi  KOHYeHmpayuel 6800bl 6 Mdacle, COOMBEMCMBEHHO NpU
memnepamypax + 40 0o +20°C. Ilpu npoyux paguwix yCI08USLX 2USPOCKONUYHOCHb
MPAnchOpMamopHuIX Macesl 3a8UCUm OM UX XUMUYECKO20 COCMABA U 803pacmaem
C NOBbIUIEHUEM COOEPHCAHUS aAPOMAMUYECKUX Y2ne8000po0os. Hanuvyue 6
MPAHCcHOPMAMOPHLIX MACIAX NOJAPHLIX KOMHNOHEHMOG(CNUPMOS, KUCIOM, MblI U
0p.) 8€0ém K NOBbIUEHUIO 2USPOCKONUYHOCIMU MAcel U HAPYUIEHUIO JTUHEUHOU
3aeucumocmu no2uowarouieti CNoCOOHOCMU  OM BIANCHOCU 8030yXd. DMmum
OOBACHAIOMC  MPYOHOCMU, KOMoOpbvle HAOM00AOmMcss HA  NpaKkmuke npu
00€3602/CUBAHULU  IKCNILYAMAYUOHHBIX UIU HEOOCMAMOYHO OYULYEHHBIX CEEHCUX
macen. Hacviuenue macna 6000t, mak dfce Kak u 00pammwvili npoyecc - ucnapeHue
gnazu u3 Macia, npoucxooum c onpeodeneHHol ckopocmolo. Ckopocmu 3mux
npoyeccos, no-UOUMOMY, PABHble MedHcoy COOOU, 3asucim om Oelucmsus paod
Gpaxkmopos: MOMWUHbL  CNOSI  MACAA, GEIUYUHbL C80OOOHOU  NOBEPXHOCHU
CONPUKOCHOBEHUS C YBIANCHAIOWel Cpedoll (6030yX U Op.), COOMHOUEHUSL MeHCOY
YNpY20Cmblo NApo8 800bl 8 MAC]e U OKPYHCaroujem 8030yxe, memMnepamypsbl Maca.
H3yuenue konuuecmeeHHOU CMOPOHbL IMO20 BONPOCA NOKA3ANO0, UMO HAIUYUe
MACIAHO20 3aMB0paA HA MACIOHANOAHEeHHbIX 6600ax 110 kB nuww 6 2,5 pasa
3ameosisiem yenadcHeHue e20 U30IAYUYU 3a CUém 61azu U3 OKpyHcaroujeco 8030yxd.
Taxkum obpazom, npedcmaenenue O MOM, YMO MACIO HOTHOCMbIO 3aWuULaem
MBEPOYI0 UONAYUIO MPAHCHOPMAMOPOS U OPY2UX ANNaApamos Om YeiadCHeHUs U
Ymo 6004, HAXOOAWAACA NOO ClOeM MAcla, He UCHApsemcs, A61sAemcs
HenpasuibHbiM. OueduoHO, YUMo 8noJiHe HA0EXNCHAs
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sawuma mpch¢opMam0pH0ﬁ uzomiyuu om  YGJIANCHEHUA MooHcem ObImb
obecnevyena nuib npu NoJIHOU cepmemusayuu.

3.3 lenniwno3a, nponumannas mpanchopmamopHovim Maciom.

DnekmpomexHuuecKuti KapmoH Ha 0CHOBe YeJLNI0N03bl UCHONIb3YEMCsl 01 CO30aHUs
8 Mmacie 0Oapvepos, NOBLIUAIOWUX INEKMPULECKVIO NPOUHOCMb U30JIAYUOHHBIX
NPOMENCYMKO8  KOHCMPYKYULl  MACIOHANOIHEHHbIX —annapamos. M3  2moeo
mMamepuania U3eomasIusaom maxue O0emanu, KAk U30IAYUOHHbIe watidvl,
npoxnaoku u op. Kabenvnas 6ymaca - 0CHOBHOU UZ0JAYUOHHBIL Mamepuan OJis
MEOH020 0OMOMOUHO20 NPOBOOA, OMBOOOE BbLICOKO20 HANpAdCEHUA. B nekomopbix
MUnax mpaucgopmamopos 6ymaza uUcCnoab3yemcs 8 Kavecmee Us0IAYUU MeHcOY
0OMOMKAMU C PA3TIUYHBIM NOMeHYuanom. Konuuecmeo yenniono3Hvlx mamepuanos
8 MAC/IOHANOJHEHHbIX MPAHCHOPMAMOpax 6ecbmMa 3HAYUMENbHO. Yuumvleas
HOJHYI0 NOBEPXHOCMb UX CONPUKOCHOBEHUS C MACIOM, MOMNCHO 2080pUMb O
genuuunax nopaoka 05 - 1,0 cw? na 1 2 macra Ons paziuunblx munoe
mpawncgopmamopos. Jna ycuieHus mMexaHuieckol npouYHOCmu U30AYUU 0meo008
BbLICOKO20 HANPANCEHUs. U OpYeUx MOKOGeOyWuUx wacmel mpanHchopmamopos
NPUMEHSeMCsl TAKUPOBAHHAsL MKAHb UMW CHeYUaIbHO 00pabomanHbvle Ccopma
oymacu. C ygenuuenuem Koaudecmea oymazu 603pacmaenm KoJIU4ecmeao KUciopood,
no2nowaemo2o dmumM mamepuaiom npu okucieHuu. OKucieHue macia 8
mpancgopmamope conpogoicoaemcs paspyuleHuem meépoou U30aayul, OCHOGHYIO
Maccy Komopotl, COCIagsAom Mamepuaisl, U320MoeeHHble Ha OCHO8E YENTI0NI03bL.
DKCNIyamayuoHHvItl ONnvlm C8UOEmeIbCmayem, 4mo cpeou 3Mux U30IAYUOHHBIX
mamepuanos, pabomarnwux 8 macie, Hauboiee ObICMPO pPaA3PYULAIOMCSL
NEKMPOUSOTIAYUOHHASL OYMA2a - OCHOBHASL U3ONAYUS OOMOMOUHBIX NPOBOOOE U
xnonyamoodbymaxcuas mxausb. Cpok cayscovl mpauncgopmamopa 6 OCHOBHOM
onpeodensemcs pazpyuieHuem meepool U3oNAYUY, Mmaxk KaKk HCUOKUi OUINEKMPUK 8
meuenue 8ce20 Nepuooa IKCHIYAMaAyuu mpaHcohopmamopa Moxcem MeHImbCsl
HeooHokpamHo. K KoHyy sxkcniyamayuu dymaza npuoopemaemrkopuyHesslil ysem,
cmaunosumcsi  Xpynkou. Bosnukarowue 6 mpancgpopmamope npu pexcumax
KOPOMKUX 3AMbIKAHUL NPOOOTIbHbIE JJIeKMPOOUHAMUYECKUE YCUNUS Bbl3bLEAIOM
NOBbIUEHHOE CMAMUE USHOUWEHHOU OYMANCHOU U30IAYUU 8 MECAX ee NPULeCAHUSL
K Me}CKamyuleuHvlM NpoKiaokam. B pesynemame ysenuuusaemcs onacHocms
B03HUKHOBEHUSI MENCEUMKOBbIX 3AMbIKAHULL 8 0bOMomKe mpanchopmamopa,
npugoOsAWUX K aeapuu. s HaAxoxcoeHus nymeti NOGblUleHUs 00]1208€4HOCHIU
YELIIONIO3HbIX  MAMEPUANO8 BAICHO NPABUILHO OYEHUBAMb POJb  OMOENbHbIX
Gaxkmopos, maKux Kaxk: memnepamypa, d1eKmpuyeckoe nojie, KUciopoo, npooyKmol
OKUCNEeHUs1 MACAd, 8 MOM Yucie U 6004, OelUCmsus KOmopbvie 8 COB0KYNHOCMU
onpedensiom cmapeHue u3onAyuu npu pabome 8 cpede macia. OOHUM U3
peuarnwux paxmopos cmapenust U30IAYUL Cuumaiom memnepamypy. Yckopennoe
cmapeHue Yenoa03HoU U30AAYUU 8 MACTle 8 NPUCYMCMBUU KUCIOPOOad 00 CI08TIEHO
2NIABHLIM 00paA30M 6030elicmseuemM NpoOYKmMo8 OKuclenus macia. B cpaenumvlx
memMnepamypHvix YCI08usax cmapenue oOymazu 8 cpeoe KUCli020 MAcla 8 8aKyyme
npomexaem npumMepHo mak e, KaK u npu HaIuduu Hao
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maciom Kuciopooa. B nepsom ciyuae paspyuienue uzonayuu 6bi36anHo oeticmeuem
NPOOYKMOB OKUCIeHUSl, Ve COOePIHCAWUXC 8 MAce, 860 8MOPOM Crydae dmu
coeOuneHus 00pa308anUcy 8 npoyecce OKUCIEeHUs Yel1e8000p0008 Macid. 3amemnoe
oeticmaue Ha paspyuleHue OYyMaicHoU U30IAYUYU NPU pabome 8 Macie ONpeoeisemcs
colepoicawelicss 8 Hell 61a2ol. MuKpockonuueckull aHaiu3 NoKazvleéaem, Ymo
U30TAYUOHHBLE OyMazy npedcmasisiom coooll bonee uiu MeHee OpUeHMUPOBAHHOE
nepeniemenue mpyouamvix 60JOKOH, UMEIOWUX PA3IUYHYIO OIUHY U OUAMemp 8
3A8UCUMOCMU OM UCXOOHO20 CbIPb. B 653U ¢ nopucmuim cmpoenuem ux MO’CHO
omHecmu K paszpsaoy aocopbenmos. Ycmanosneno, umo Oymaza u KapmoH
0011a0a0Om 6HO BbIPANCEHHOU UZOUPAMENbHOU A0COPOYUOHHOL CNOCOOHOCMbIO NO
OMHOWEHUIO K pPACMBOPAM 6 MACAe pasiudnblx opeanudeckux xuciom. C
VeenuueHuem MoAeKyIapHo20 8eca KUCIOm No2ioweHue ux Oymazou u KapmoHom
ymenvuiaemces. Haubonee unmencueno noznoweHue HUKOMOAEKYIAPHLIX KUCTIOM
YeNIoNIO3HOU  U30JIAYUell npomeKaem 6 HAYalbHbull Nepuod, 6 OdalbHelulem
cKkopocmb  9mo2o npoyecca 3ameonsemcs. Kabenvnas oOymaca obaadaem
CNOCOOHOCMbIO noanowjams 0080.1bHO 3HauumesnvHble KOJIU4ecmaeda
HUZKOMOJLEKYISIPHBIX KUCIOM U3 UX pacmeopa 6 macie. Paccmampusas nocnowenue
Mbll, ciedyem OmMemums, 4mo HagmeHam meodu aocopoupyemcs Oymazcou u
KapmoHoM Ooiee UHMEHCUBHO, YeM Hapmenam dxceneza. Imu Hagmenamol 8 8010
ouepedb aoCcopoOUPYIOMCs U30JAYUel 3HAYUMeNIbHO Oobule, Yem HagpmeHnosbvie
KUCTIOMbL, U3 KOMOPbIX OHU noayuenvl. Mexanusm cmapeHus u3onayuu CJlOHCeH.
Ilpoyecc nauunaemcs ¢ eudponusa, danee NPOUCXoOUm OKUCTEHUE C Pa3pbleOM
MOJIEKVIIAPHLIX Yeneu U pPA3MbIKAHUeM 2II0KO3HLIX KoJley, GbloeNieHUueM 600bl,
obpazosanuem KUCiOmMHbIX  coeOounerull. Yem Oonvue o1youna cmapeHus
YeLI0NI03bl, meM O0Jblie CIeneHb pacujenienust 2II0KO3HbIX Yenel. Imom npoyecc
OYeHUBAemcs NO USMEHEeHUl0 MAaKux XUMUYecKux noxazameineu, KaK cmeneHbv
ROUMEPUAYUU YETIOTI03bL (YeNnu NOTUMEPUAYUU YELTIOTI03bL 8 IKCIILY ATMUDYEMBIX
mpancghopmamopax cocmasasrom 1200 - 200 eo.). dnexmpuueckas npouHocmo
bymaeu, nponumanHOUu mpaHcghopmMamopHuiM MAaciom, 8 pe3yivmame Cmapenus
NPAKMUYECKU He UBMEHsemcs, HNOCKONbKY pa3pyuleHHble Y4acmkKu oymazu
HeMeONeHHO 3anOoJHAIOMCA MPAHCHOPMAMOpHuIM Macliom. Ml dce oyenusaem
COCMOsIHUE YENNI0N03HOU U30NAYUU HA OCHOBAHUU USMEHEHUS MEeXAHUYEeCKUX
xapaxkmepucmuk. Ha cxopocmv cmapenus yeantono3Hou uzonayuu eiusom: 1azd,
HU3KOMOJIEKYISIPHbLE opeanuieckue KUCTIOMbl, Hanuyue cepul 8
mpancopmamopuom  macie, pocm memnepamypel. Haubonee cunbHvle
paspywaiowue oelicmeus Ha mMEEPOYI0  U3ONAYUIO  OKA3bleAem  O0CAOOK,
00pazyiowulicss npu OKUCTEHUU Yeneeo0opodos macia. Diekmpuieckoe noe
credyem cuumames OOHUM U3 (aKmMoOpos, YCKOPAIWUX cmapenue Yeinrolo3HOU
U30NAYUU 8 CPpede HCUOKO020 OUIIEKMPUKA.

OOnum u3z pewarowux akxmopos cmapenus yYeintoal03HOU U30AAYUU
cuumaiom memnepamypy. Mzeecmuno smnupuyeckoe npasuio, cnpaseoiugoe s
yeaosutl pabomul OYMANCHOU UZOAAYUU 8 MACTAHBIX MPAHCHOPMAMOPAX 0ObIYHO2O0
Muna, He2epmemuyHo20 UCNOJIHEHUs KOMopoe YKa3vleaem , 4mo
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kaxcovle 9 -11°C nosvluenue memnepamypsvl Oymacu ygeaudusaen cKOpocmy eé
paspyuienus 608oe. Eciu ycilo8HO npuHams, 4mo Cpox Ciayircovl mpancgopmamopa
(Ha ocHOBAHUU OAHHBIX NO U3HOC)Y KabenvHou Oymaeu) npu memnepamype 95° C
pasen 20 2o0am, mo npu memnepamype 120° on cocmasum monavko 2,2 2ooa, a npu
145° 6cezo 3 mec.

Dakmuyeckuil KoHey CpoKa CiyxicObl mpancgopmamopa (MOMEHM OOCHMUNCEHUS.
npeoesibHO20 COCMOSIHUS) ONPeOeisiom NPU HAIUYUU X0msi 6b1 00HO20 U3VKAZAHHBIX
HUdICe (PAKMopos: CHUMNCEHUe CMeneHu NOAUMEPUIAYUU OYMANCHOU UZ0AAYUU 00
200-250, Hanuuue Heobpamumvix Oeghekmos 6 KOHCMPYKYUU, IKOHOMUYECKAs
HeyenecooopazHoCms NPOOOJINHCEHUSA IKCIIYAMAYUU MPAHCHOPMAMOPA ¢ HUSKUMU
MEXHUKO-IKOHOMUYECKUMU XAPAKMEPUCUKAMU.

Locmamouno xopowio usyuen npoyecc no2ioweHusi Oymazou u 31eKmpoKapmoHOM
XUMUYECKU  YUCMBIX — OP2AHUYECKUX  KUCIOM.  HUBKOMOJEKYJAPHbIX U
8bICOKOMONEKYIAPHBIX, MblI U UX PACMEOPO8 8 MPAHCHOPMAMOPHOM MAacie.
THoecnowenue  uzonsyuelrl Mbll  CONPOBOANCOAEMCS  CHUNCEHUEM  MAHeeHCa
OUINEKMPUHECKUX NOMePb MACA, NPU 0OHOBPEMEHHOM POCme Nomepb 8 MEEPOOLl
usonayuu. OyesuoHo, ¢ NOOOOHO20 pPoOa SGIEHUAMU CB8A3AHbL Habadaemvle 8
aKCnyamayuu cayuau nosviuwenus tg 0 uzonrayuu mpancgopmamopos npu pabome
HOCACOHUX C MACIAMU, UMeIOWUMU 8blcOKUlL tg O . Ilpu omcymcemeuu Kuciopooa
2UOPONEPEKUCU He OKA3bleAIOM 3HAYUMENbHO20 GIUAHUSL HA MeXAHUYECKYio
npOYHOCMb MEEPOoU uzonayuu. Hanuuue 6 macne 8b1coOKOMONEKYIAPHBIX KUCIOM —
cmeapuHosou u cmecu HagmeHnosolx (npu kuciomuom yucie 1 me KOH /2) — ne
gnUsem Ha MexamuyecKue Xapakxmepucmuxu usonayuu. B mex ciyuasx, xo2oa 8
cpeoe OKUCTAIUe20Csl MAcla HAaxoouics cuiuxazenv (3% eecosvix), npoyecc
paspyuweruss u3oaayuu  3ameosiics 61a2o0aps  aocopoyuu  acpeccusHuvlX No
OMHOWEHUIO K U30JAYUU COeOuHeHuli curuxazenem. bvigaem, umo oea macia c
0OUHAKOBOU KUCTIOMHOCTNBIO 8bI3bI8AION PA3IUYHOE PA3PYUEHUE US0NAYUU UTU JHCe
npu  paznuyHol KUCIOMHOCMU Mdcell HAOI00aemcsi NPUMEPHO PABHbIN USHOC
yennonosvl. B ceeme ckaszannozo 6viuie maxue OmMKIOHEHUS MONHCHO OOBACHUMD
PA3IUYHOU  AKMUBHOCMbIO U KOHYeHmpayuelt NepeKucHvlx  cOeOUuHeHUll,
obpazyrowuxca npu OKUCIeHUU Macei, OMIUYAIOWUXC NO  Y2le8000POOHOMY
cocmagy. Ha npoyecc cmapenus yenntonosuvix mMamepuanog OCHOBHOE GIUSHUE
0Ka3vl8aom NPOOYKMbl OKUCIEHUS MACAA, 4 He NPOCMO mepmMuieckoe 6030elcmasue
UMY HenocpeoCmeeHHO OKUCIEeHUEe UYeNoN03bl MONEKYIAPHbIM  KUCIOPOOOM.
Haubonvwee paspywarowee oelicmsue Ha meépoyro u30aayuio oKkazvléaem ocaox,
0bpazytowulicss npu OKUCIEHUU Y2ne8000p0008 MACAd, 4 MAaKdce aKMUBHbLe
NPOOYKMbL, B03MONACHO, MHOLOAMOMHbBIE 2UOPONEPEKUCU, 0alouue NPU Pa3ioHceHul
HU3KOMONEKYIsipHble Kuciomvl. Cmapenue MAcIONPONUMAHHOU YeLlt0JI03HOU
U30AYUU 8 NPUCYMCMBUU INIEKMPULECKO20 NOJISL YCKOPeMCsL.

3.4. /lpesecuna, oenvma opeeecuna, Op2anuieckKue Mmamepuasl 0711 KpenieHus
U 843KU KOHCMPYKUUIL
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eiicmeue Ha mpancgopmamopHoe macio Opesecunvl NPOAGIAEMCS AUUb NpU
HAIU4UU 8 eé cocmase 3HaAYUmenbHo20 KOau4ecmea camma - yeanonosvl. Onvimol
MEexXHOI0208 NOKA3AAU, 4Ymo OYKo8asi OpesecuHd, 2emuHaKc, MUKANeKC He
oxaszviearom 6nuAHUs Ha macino. Yem Oonvuie moz2o uiu uHO20 MAamepuanra u3
YeNoNo3bl, MmeM MeHee BblpadceHa e20 aodcopOYUOHHAsI CnocobHocmb. B
mpancgopmamopax 0epeso NpuUMeHsemcss 8 OCHOBHOM KAK KOHCMPYKIMUBHBIU U
omyacmu 31eKmpou3onayuorHull mamepuan. Haubonee uacmo ucnonwvzyemcs OyK.
1lo 0anHbIM KOHCMPYKMOPOS, KNEH U 6epé3a NpakmuyecKu He OKa3vbl8arom GIUsHUSA
Ha cmapenue macia. Hexomopas pasnuya 6 cmenenu 6030eUcmeus Ha MAacio SMmux
nopoo 0epeda Moxcem UMems Mecmo 3a CUém HeOOUHAKOBOU UX NOPUCTNOCHIU.
Jlpesecnuvie sonoxkna y byka 3anumarom 37,4% om o6véma Opesecurvl 6 mo 8pems
Kak y bepézvl OpegecHvle 6onokHa cocmasnsiiom 64,8%, y kiéna 75,9%. B céasu c
9MUM HOCNIeOHUe 001a0am MeHbuel No CPAGHEeHU0 ¢ OYKOM adCopOYUOHHOLU
CHOCOOHOCMbBIO NO OMHOWIEHUIO K NPOOYKmMAam oxucienus macia. llpu pewenuu
8ONPOCA O BO3ZMOICHOCMU UCNONIL308AHUS VNOMAHYMBIX NOpoO oOepesa 04
U320MOGNIeHUSl MeX WU UHBIX Oemaiel 8 MACIAHbIX MPAHCHopMamopax ciedyen 8
OCHOBHOM PYKOBOOCMBOBAMbCSL COOOPANCEHUAMU MEXAHUYECKOU NPOYHOCTIU.
Jlpesonnacmuxku u, 6 uacmmocmu, Oenbma-opedecuHa 8ecbMd NepPCneKmueHbll
Mamepuan 01a 3amenvl depega. Omcymcmesue 8pedH020 8030elCmeus Ha MAacjlo
no3eossem NnpumeHsms e€ 6e3 oeparudenul. Mexanuueckue ceovicmea Oeibma-
opesecunsvl 6 2-3 paza eviuie yem y Oyka. B ceasu c smum npu mex owce 3anacax
NPOYHOCMU MOJNCHO YMEHbUUMb cedeHue demaineu u3z 0eibma-opesecutvl bonee
9KOHOMUYHO, Yem Oepessaunvix. IIpu evibope copma Oenbma-opesecutvl ciedyem
obpawams HUMAaHUe, YMoObl OHA He pAacClau8aldchb Npu HASPe8amuu 6 cpeoe
macna.

3.5. Ilpouue mamepuansi, npumensaemoie 6 mpancghopmamopocmpoeHuu.

Ycemanoenen ¢oakm yckopennozo oxucnenus macia 8 npucymcmeuu 1akomkaiu. B
mpancopmamopocmpoeruy  pacuiupsemcs — 061acmv — NPUMEHEHUs.  HOBbIX
CUHMEMUYECKUX MAamepuanos, XJionuyamoOyManicHulX JjeHm, muxaiexkca. He
NPU2OOHOU 05l NPUMEHEHUs. 8 MAC/le OKA3ALACh XJIOPBUHUN08As NIEHKA.

OcHo6Hass macca u301amopos8 U U30IAYUOHHBIX NOKPLIULEK U320MABIUBAEMCS U3
Gapgopa. lupoxoe pacnpocmparnenue gappoposvie u3019mopvl U NOKPLIUKU
ROJYUUNU  ONa200aps BblCOKOU MEXAHUYEeCKOU U 3JIeKMmpUud4eckou npoYHOCmU,
0y20CMOUKOCMU, CMOUKOCMU K AMMOCEHEPHbIM B030€UCMBUIM U XUMUYECKU
azpeccusHvim cpedam. Hedocmamkxom ¢hapghoposvix usonasmopos saenisemcs ux
XPYNKOCMb U HU3KAS YOAPHAS NPOYHOCMb, d MAKIHCEe 3HAYUMENbHO MeHbUlUl
memnepamypHuiti  Kodgguyuenm JIUHEUHO20 PpACUUPEHUs N0 CPABHEHUI0 C
Memaniamu, 4mo OCNONCHAEM HAOEXNCHOe couneHeHue pappoposvix demaneti ¢
apmamypou.

Onexmpuueckas npounocms npu yacmome 50 [y kB /mm - 25-30;

Taneenc yena ousnekmpuueckux nomeps npu 20°C u 50 Iy, % - 2,5%);
Tepmocmotixocms, °C - 160 — 170;
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Dapgpop ouenv xopowo pabomaem Ha cxrcamue, 3HAYUMETbHO XyiHce - HA U32Ub u
Ha pacmsdicenue, NJIOX0 NpU YOApHuIX Hazpy3kax. Mexanuueckas npouHocmb
Gapgopa 6 uzdenusx 3agucum om KOHCMPYKYUU U3OJAMOPA, apmamypsl U
NPUMEHEHHDIX CEAZVIOUUX Mamepuaios. B mo sice epemsa mexanuueckas npouHocms
Gapgopa crudicaemcs ¢ ygeauueHuem niowaou NONepPeyHo20 ceuerus, NPU4EM 3mo
CHUDICEeHUE PA3IUYHO OJISl PA3HBIX U008 OedhopMayuu.

benvie enazypu 6orvue noguluiarom MexXamudecKyrlo npouHocms Gapghoposvix
uzoenuil. benou enazypvro nokpulBaomces, Kax npasuio, u30eius 0 6HYmMpeHHUX
pacnpeoerumenbHbiX YCmpoucms, a KOpuyHesou - 0 Hapyichvix. Dapgpoposvie
U307AMOpYL,  NpeOHA3HaueHHvle Ol pabomvl 8 palloHax ¢ NOBbIULEHHbIM
3aeps3HeHuemM ammocgepvl Uil ¢ NOBbIUEHHBIM POCOOOPA308AHUEM, NOKPBIBAIUCH
ROJYNPOGOOAWUMY 2na3ypamu. Takue 2nazypu noayuaromcs nymém 000asieHus 8
ux cocmas noaynpogodswux okucnos. Cocmag enazypu noooupaemcs maxum
0bpazom, umobsbl NOLYYUMb HYIHCHOE CONpOMuUBIEHUe, KOMopoe 3a CYEém MOoKd
NPOBOOUMOCMU HAZPpe8aem NOBEPXHOCMb U30JISIMOPA, NPENImMCmeyemKOHOeHCayuu
Ha Hell 61a2u U BblpasHusdaem pacnpeoeiienue HANPANCeHUss No dleMeHmam
u301amopos. B pezynomame 3mo2o pazpsaoHoe HANpsiceHue makux U3onsamopos
oasce npu Camvlx HeOIAONPUSMHBIX YCI0BUAX CPEObl OCMAEMCs 00CMAMOYHO
BbICOKUM, NOBLIUUACTNCSL BePOSMHOCHb 0e3a8apUHOU pabOOmbl.

3.6 Dnezas.

Onezaz SF6 ssnaemcsa upesgoluatino Xumuyecku uHepmuvim coeounenuem. OH He
83aUMOOeCMBYem C WeloYaMU, KUCIOMAMU, OKUCTUMENIMU, 80CCMAHOBUMESMU,
YCMOUYU8 K 0eticmeuio pacniaéieHHblx Memanios. Die2a3 max e oyeHb ciaoo
pacmeopsemcsi 8 600e U 83auMo0eticCmayem Jullb ¢ OP2AHUYECKUMU
pacmeopumenamu. Coedunenue pacnadaemcs npu memnepamype eviue 1100 °C.
T'azo06pasnvie npodykmul pacnaoa s1e2aza s008umovl, U 001a0AOM pPe3KUM,
cneyuguweckum 3anaxom. Ineeaz He Noodepicusdaem 20peHus U ObIXAHUSL.
Ilpedenvno oOonycmumasn xouyenmpayus (I1I/][K) 6 6030yxe paboueli 30HbI
npouzgoocmeennvix  nomewenuti 5000 me/m3.  Ilpedenvno  donycmumast
Konyenmpayusi 6 ammocgeprom 6o30yxe - 0,001 me/m3. 3asucumocms
HanpsiceHuss npooos. om oaeneHus npeocmasnero Ha Puc. 10.



60

Hanpsxexme npo6on (kB)
'y
200
160
SFe

- N /‘4

h...-"/
N, L~

"
0 I = p
0 01 02 03 04 05 06 07 (MPa)

Puc.10. Hanpsisicenue npobos (kB), oasnenue (Mlla)

Hanpsioicenue npobos u ynxyus oasnenusi 01 HEOOHOPOOHO20 INEKMPULECKO20
noasa. 3axeamwvias 91eKMPOHbl, 23le2a3 oopazyem MAalON00BUICHbIE UOHDL,
KOmopble MeONeHHO pPA32OHAIMCSA 68 JJeKMpUYecKkomM nole U  passumue
IIEKMPOHHBIX JIABUH 3AMPYOHEHO. SHAUUMENbHAS OUINEKMPULECKas NPOYHOCHb
anez2asa obecneyusaem blCOKYI0 Cmenensb U30NAYUU NPU MUHUMALbHBIX PAZMEPAx
U  paAcCmoAHUAX, UYMO  NO360JAem  YMEHbWUmMs Maccy U  2abapumol
INIEKMPOMEXHUUECK020 000pY008aHUsl, A XOPOulas CROCOOHOCMb 2auleHus: Oyeu u
oxnaxcoaemocms  3je2dasda  y8eIuyuaronm - OMKIOUAIOWYI0  CHOCOOHOCMb
KOMMYMAYUOHHLIX annapamos U YMeHbUAlom Hazpes MmoKo8edyWux ydacmell.
Ilpumenenue snezaza no3zeonsiem nNpu NPOUUX PABHLIX YCIOBUAX YBEAUUUNMDb
MOK08YI0 Hacpy3Ky Ha 25% u donycmumyo memnepamypy MeoHvlX KOHMAKmMo8 00
90°C (8 6030ywnou cpede 75°C) Onacooapsi Xumuueckou CMOUKOCMU,
Hezoprouecmu, noAHcapobe30nacHocmu U 0ovuell oxXaaxcoarwel cnocooHocmu
aneeasa. B anexmpuueckom none sneea3 obaadaem cnocoOHOCMbIO 3aX6aAMbIEAND
IEKMPOHDBL (KOAUUECNB0 HOCUmeell 3apsa0a YMeHbuaemcs), 4mo uooyciosiueaem
€20 BbICOKYI0 INeKMPUUECKYI0 NPOYHOCIb (HA npumepe CpasHeHusc azomom - Puc.
10). Ilpu yeeruuenuu Oasnenusi 3MeKMPUYECKas NPOUYHOCHb 371e2d3d 803PACmAaem
nOYMuU NPONOPYUOHANLHO OAGNeHUI0 U MOdcem Oblmb 8blule INEeKMPUUEeCKOoll
NPOYHOCMU JHCUOKUX U HEKOMOPbIX mMEEPObIX Oudniekmpurxos. OOHAKo 5mo
npeumMyuecmaeo CmaHo8Umcs HedoCmamKoM 371e2da3a NPU HUSKUXmeMnepamypax no
npuyuHe nepexooa e2o 8 HUOKoe COCMOosAHUe U nomepe U30NAYUOHHBIX CEOUCMS,
ymo onpedensiem OONOIHUMENbHbIE MPebOBAHUS K
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MEeMNEPAMYPHOMY — PENCUMY  91e2a308020 000PYO00BAHUS 8  IKCHIAYAMAYUU.
Temnepamypa coicudiceHuss 21e2a3a npu  U30bIMOYHOM OagleHuu  (0asieHuu
3anonHnenusi obopyoosarnus) 0,3 MIlla cocmaensem - 45°C, a npu 0,5 Mlla ona
nosviuaemess 0o - 30 °C. Takum obpazom, Hauborvuiee pabouee OasleHue U,
C1e008AMeNbHO, HAUDONLUUL YPOBEHb INeKMPUUECKOU NPOUYHOCMU 3le2d3d 8
UBOTAYUOHHOU KOHCIMPYKYUU — OCPAHUYUBAIOMCS  BO3ZMONCHOCHIBIO  CHCUNCEHUS]
afleeasa nMpu HU3KUX memnepamypax. Bapuanmom noesviwenus nadéxcrocmu
pabomul 31eKkmpoobopydosanus npu memnepamypax - 40°C u uuowce aensemcs
noooepes snecaza (bax s21e2a306020 GuIKIIOUAMeNs 60 U30edcaHue nepexooa
anez2asa 8 scuokoe cocmosiHue Haepesaiom 0o niioc 12°C). B neoonopooHnom noe
NOAGNAIOMCS  MeCmHble NePeHANPSNCeHUs. INeKMPUYECKO20 NOJis, KOmopvle
8bI3bIBAIOM KOpOHUpYIOwue paszpaovi. 1100 Oetlicmeuem smux paszpsooe 371e2a3
paznazaemcs, odpaszys 6 ceoeil cpede nusuiue @mopuowvt (SF2, SF4), epeono
oelicmgyowue  HA  KOHCMPYKYUOHHbIE — MAmMepuaivbl  KOMMYMAYUOHHO20
obopyoosanusi. Bo  uzbedcanue  paspsooe  nogepxHocmu - OMOENbHbIX
Memaiiuyeckux oemanei KOMMYmayuoHHo20 000py008aHUsL GLINOJHAIOMC 0COD0
2NIAOKUMU, OHU He OOJIHCHBL UMEeMb 3a2PA3HeHULL, UepoXo8amocmell U 3ayCceHyes.

3.7. Azom

A3ot N2 OeclBeTHBIN U HETOKCHYHBIN a3, 0e3 3amaxa U BKyca. A30T, CYIIECTBYET
B MPUPOJIE KaK HEBOCIUIAMEHSIIONIUICS Ta3 MPU HOPMAJbHBIX TeMIIepaTypax H
JABJICHUU. DTOT Ta3 HECKOJIBKO JIErde BO3/yXa, MOJTOMY €ro KOHIIEHTpaIus C
BBICOTOM TOBBINIAaeTCs. [Ipy oXJakIeHUH 10 TOYKHW KUIICHUS OH MPEeBpaIlacTcs B
OCCIIBETHYIO JKHUIKOCTh, KOTOpasl MPH ONPEACIEHHBIX TaBJICHUU W TEMIEpPaType
CTQHOBUTCS  TBEPABIM  OECIBETHBIM  KPUCTALUTMYECKUM  BEIIECTBOM. A30T
cmabopacTBOPUM B BOJIe M OOJBIIMHCTBE APYTHUX >KUAKOCTEH, SBIACTCS TLIOXUM
MIPOBOJTHUKOM JJICKTPHYECTBA M TEIUIa. BOJBIIMHCTBO MCHOJB30BAaHUIATOTO rasa
OOBSCHSIETCSI €r0 WMHEPTHBIMH CBOMCTBaMU. OJHAKO MPH BBICOKUX MABICHHUSAX U
TEeMIIepaTypax a30T pearupyer ¢ HEKOTOPHIMHU aKTUBHBIMU METAJIJIaMU, HATIPUMED C
JUTUEM B MarHueM, 00pa3yst HUTPUbI, @ TAK)KE C HEKOTOPBIMU Ta3aMU, TAKUMHU KaK
kuciaopond u Bojgopoxa. Ilpm oOOBIYHBIX yCIOBHSX TIa3 Oe3 IBeTa W 3amaxa,
BCTpEUYAETCS B CBOOOTHOM cocTosiHHH B Bo3ayxe (78% 1o 00bEMyY) U B CBSI3aHHOM
COCTOSIHUM B COCTaBE MPHUPOAHBIXHUTPATOB. XUMUYECKast CBSA3b B MOJICKYJIE a30Ta
pOYHasi, YHEPTHUsS JUCCOIMAIIMK BEJIMKA, M OH C TPYJOM BCTYIIaeT B XUMUYECKUE
peakimu. A30T UCHOJB3YeTCs TMPU KOHCTPYMPOBAHUU  A30THOM  3aIlMTHI
TpaHCHOPMATOPHOTO Maciia CUJIOBBIX TPAHC(POPMATOPOB.

Jexyun Ne 4 Tpaucgpopmamopnoe ooopyoosanue


http://www.dpva.info/Guide/GuideMedias/GuideAir/
http://www.dpva.info/Guide/GuideMedias/NitrogenN2/NitrogenN2MainProperties/
http://www.dpva.info/Guide/GuideMedias/NitrogenN2/NitrogenN2MainProperties/
http://www.dpva.info/Guide/GuideMedias/NitrogenN2/NitrogenN2MainProperties/
http://www.dpva.info/Guide/GuideMedias/NitrogenN2/NitrogenN2MainProperties/
http://sovety-tut.ru/novosti/prirodnyie-istochniki-uglevodorodov-neft-prirodnyiy-i-poputnyie-gazyi-kamennyiy-ugol
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Cooeporcanue nekyuu:

41 Obwue sonpocwl

Ipunyun pabomsi u ycmpoticmeo mpancgopmamopa

4 .2.

Aemompancgopmamopul

4.3.
4.4,
4.5.
4.6.

4.7.
48 Hsmepumenvnvie mpancgopmamopwl

" CospemeHnnoe cocmosinue, meHOeHYuu pa3eumus
4.9 MPanchopmamopocmpoeHus

Koncmpyxkyus mpancgopmamopa

Hzonayus 6 mpancgopmamopax

TIomepu u ko3gppuyuenm noneznoco delicmaus mpauncgopmamopa
Cmpykmypa ycn068Ho20 0003Ha4enusi muna mpancgopmamopa

4.1. O61mme BONpPoOCHI

J171s1 CBSI3U ¢ SHEPTOCUCTEMOM U OTPEOUTEIISIMU, a TAKXKE JIJISl TUTAHUS
COOCTBEHHBIX TOTpeOUTEINEeH CTaHIMU (COOCTBEHHBIX HYK]T) HA DJIEKTPUUECKUX
CTaHLMIX U MOJICTAHIUAX YCTAHABIMBAIOT MOBBIIIAIOIINE U MTOHKAIOIINE
Tpanc(opMatopsl. B cBsI3M ¢ TeM UTO B CETSIX SHEPTOCUCTEM CYIIIECTBYET
HECKOJIBKO CTyIeHel TpaHchopMaIiu, KOJIHIECTBO TPAaHCHOPMATOPOB B MX
MOIITHOCTh B HECKOJIBKO pa3 MPEBBIIIAIOT YUCIIO U YCTAHOBJICHHYIO MOIITHOCTD
reHepatopoB. CieyeT 3aMeTUTh, YTO Ha KaXJbI YCTAHOBJICHHBIA KUJIOBATT
reHEPATOPHOU MOITHOCTHU MTpuxoauTcst 7—~8 kB - A TpancopmaropHoii
MOIIIHOCTH, a4 Ha BHOBb BBOJUMSBII — 10 12—15 kB - A.

Ha kpynHBIX 3IEKTPOCTAHIIUSIX JIJISl CBSI3U JIBYX BBICIIUX HAIMPSKEHUM, KaK
MPaBUJIO, TPUMEHSIOTCS aBTOTpaHCHOpMATOPhI, 00JIaJAI0IIHNE CYIIECTBEHHBIMU
TEXHUKO-3KOHOMUYECKUMH MPEUMYIIECTBAMU B CPABHEHUH C OOBIYHBIMU
Tpancopmaropamu. CTOMMOCTh aBTOTpaHCc(popMaTopa, MOTEPHU SHEPTUU NTPU
AKCIUTyaTallMy 3HAYUTEIILHO HIKE, YeM Y OOBIYHBIX TPaHCPOPMATOPOB TOM ke
MOIITHOCTH.

Ha noacrannusx 35—750 kB aneprocucrem Poccuu paboraer okosio 2500
CHJIOBBIX TpaHC(HOPMATOPOB M aBTOTPAHC(HOPMATOPOB OOIIEH MOIITHOCTBIO OoJIee
570 teic. MB - A, 94T0 moYTH BTpOE OOJIBITIIE YCTAHOBIECHHOW MOIITHOCTH
3JIEKTPOCTAHIIM .

Pacnpenenenne tpanchopMaTopoB M aBTOTPaHC(POPMATOPOB MOITHOCTHIO

120 MB - A u Gonee 1o kj1accaMm HaPsKEHUS U UX J0J1s1 B 0011IeH MOIIHOCTH
mpeacTaBiieHbl B Ta0m. 4.1.

Pacnpeoenenue mpancgpopmamopos u
asmompaHncpopmamopos no Kiaccam HanpsaxiceHus u ux 00
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6 00well MouwHocmu

Tabnuya 4.1 5 )
Knacc nanpsiocenus, kB Hons obweii mowgnocmu, %
110 -
220 36
330 125
500 37
750 6
1150 15
60
RN ol
= w0l
g @
= 47
<z 20 |
; 10 24
SO 1 |
120—180 200—300 320—500 630 1 1000

Momnocts Tpatcopmaropor, MB - A

B rpaucpopmaropm [ arrorpancipopmatopsi

Puc. 4.1./[uaecpamma pacnpedenerus MOwWHOCMU MPAHCHOPMAMOPO8 U
asmompatcpopmamopos

Hanpsowcenue 1150 kB omeuecmeeHHbIX mpanc@opmamopos A615emcs
HAUBLICUIUM 8 MUpe.

4.2 IIpunyun pabomot u ycmpoiicmeo mpancghopmamopa

B mpancgopmamope nepedaua snekmpuueckotl dHepeuu U3 nepeULHOU 0OMOMKU
60 BMOPUUHYIO OCYUWECMBIACMCA, KAK U 80 8CEX INEKMPUYECKUX MAWUHAX,
nOCpeoCmeoM MacHUMHo20 nomoxa @, Komopulil AGNAEMCs NEPeMEHHbIM, M.e.
UBMEHAIOWUMCS 60 6PEMEH.
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Puc. 4.2. Dnekmpomacnumnasn cucmema 00Hoa3n020 08yX00MOMOUHO20
mpancghopmamopa.

1 — nepsuunas oomomrka; 2 — emopuynas oomomka, 3, 4, 5 — macHumonpogoo; 4 —
cmepoiceb MAZHUMoOnposooa, 3, 5 — sapma macHumonposooa

B ocnoge pabomuvl mpancghopmamopa nexcum sagienue 21eKmpomaHUmHol
UHOYKYUL, 8 COOMBEMCMBUU C KOMOPBIM 3HAYEHUE DTIEKIMPOOSUNICYULel] CUTb
(D4C), nasedennoti 6 Konmype, RPONOPYUOHATLHO CKOPOCHU USMEHEHUsSL NOMOKA
@, nponusvigarowe2o s3mom KoHmyp. Eciu 6 konmype umeemcs HecKOIbKO
NOCNe008aMeNbHO COCOUHEHHBIX BUMKO8 W, MO HagedeHHas & kamyuike I/[C
byoem 6 W pa3 bonbute.

Ipunyun pabomsi mpancgopmamopa paccmompum Ha npumepe npocmeuue2o
00HOa3H020 08YXOOMOMOUHO20 MPAHCPHOPMAMOpPA, 1eKMpOMASHUMHAS
cucmema Komopozo npeocmasgiena na puc. 4.2.

Tpancgopmamop cocmoum u3 3aMKHYMO20 MASHUMONPOB0Oa 3 u 08X 0OMOMOK ¢
YUCTIOM BUMKO8 W1 U Wo.

Obmomku mpanchopmamopa ciyxcam 0is CO30aHUsL MACHUMHO20 NOJIA,
nOCPeOCmBoM KOMOPO20 OCYUleCmeasnemcs nepeoaia 31eKmpudeckoll SHepeuu u
obecneuusaemcs Haseoerue 8 oomomrax I/]{C, mpebyemoii no ycioeusm
akcnayamayuu. OOMOMKY GbINOIHAIOM U3 MEOHBIX UNU ATIOMUHUECBLIX
U30IUPOBAHHBIX NPOBOO0G KPY21020 UNU NPAMOY2O0TbHO20 CeUEHUS.

Obmomky w1 mpancghopmamopa, Kk Komopou no0800UMCs dINeKMpUiecKas
9Hepaus (Hanpsdicenue uy), Ha3vl8arom nepsuiHoll, a 0OMOMKY Wo, OmM KOMOpou
9Hepaust Oomeooumcsi (Hanpsixcenue Uy), — 8mMopuiHoLL.
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Maznumonposod mpauncgopmamopa cuysicum O YCUieHUus MAeHUMHOL C853U
MedHcoy 0OMOMKAMU U ABNAEMCA KOHCMPYKMUBHBIM OCHOBAHUEM (0CMOBOM) Olsl
VCMAHOBKU U KpEeNnJieHusi 0OMOmMOK, 0meo008 u opy2ux demaineti
mpancpopmamopa (puc. 4.3).

Puc.4.3. Ocmoe mpancgopmamopa ¢ npecyrowumu WnuibKamu

1 — HudrcHue apmoguvle banku, 2 — cmepicenb Ma2HUMoONpo8ooa, 3 — ceaAsyruue
WNUTLKU C OYMAINCHO-0AKeNUMOBbIMU MPYOKAMU HA KPAUHUX CINEPIUCHAX, 4 —
8epxHUe ApMosble OAIKU, 5 — NOObEMHbBLE NAAHKU, 6 - NOIYOaHOadxdcu, 7 — BUHMbI
07151 nNOOnpecco8ku 0omomox; 8, 9 — cmazusaroujue WNUILKU MeHCOY CINEPHCHAMU,
10 — cmeknobanoaxcu; 11 — nusichee apmo, 12 — gpaconnvie noaku 0jisi ONOPbl
oomomox; 13 — cmanvHble OnopHvie naacmuHl

Maenumonposoo Habuparom u3 u301UPOBAHHBIX TUCMOE CNEeYUATbHOU
INEeKMPOMEXHUUECKOU CIMAU C OMHOCUMENIbHBIM COO0epHcanuem Kpemtus 00 5 %.
Tonwuny nucmos 8vlbupaiom u3 ycio8uti NOJLYYeHUs NPUEMIEMO20 YPOBHS NHOMeEPb
OmM UHOYKMUPOBAHHBIX 8 HUX BUXPEBBIX MOKO8 NPU 3A0AHHOU Yacmome
numarowe20 mpancghopmamop UCmoyHUKa nepemeHHo20 moxa u
MEeXHOI02UYEeCKUX YCA08UL NPU NPOU3BOOCMEe MazHumonposood. Ilpu uacmome
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50 'y 6 cospemeHnHbIX CUN08HIX MPAHCHOPMAMOPAX MOIUWUHA TUCTO8 PABHA
0,27—0,35 mm.

Yacmo macHumonposooa, Ha KOMoOpoU pacnoiazaemcs 0OMOmKa, Ha3vl8am
cmepoicHeM, a 4acmv Ma2HUMoONPo8ood, 3aMulKarOuwias CMepICHU, HA KOMOPbIX He
pacnoaazaromcs 0OMOMKU, HA3bIBACMCS APMOM.

Ecnu nepsuunyto obmomry mpancgopmamopa npu pazomKHymou mopuyHoll
BKIIOUUMb 8 CeMb NEPEMEHHO20 MOKA C HANPAXCEHUeM U1, Mo No Heli nomeyem
MoK i1 = lo, HA3bIBAEMBLI MOKOM X0A0CM020 X00a. Q0YCl06/1eHHAst MOKOM g
mazrnumoosudxcywas cuna (MIAC) nepsuunoti oomomxu igWi cozoaem 8
MA2HUMONpPo8o0oe Mparchopmamopa nepemenHull MazHummslli nNomox @,
Komopwlti HOYMU NOJIHOCMbBIO, 3d UCKTIOYEHUEM HEKOMOPO20 PACCEsIHUS, CYENeH CO
8CeMU BUMKAMU NEPBUYHOU U 6MOPUUHOU 00MOmOK. Macnumnblii nomok @ &
COOMEEemcmeul ¢ 3aKOHOM IJIEKMPOMASHUMHOU UHOVKYUU HABeOenm 8 NePp8UYHOT
oomomxe 3/[C camoundykyuu e1, 3Hayenue KOmopou NPONOPYUOHAIbLHO YUCTLY
8UMK08 W1, a 80 emopuunou oomomxe — I/]C e, NPONOPYUOHATILHYIO YUCTY
8UMK08 Wo.

OmHoweHnue UHOYKMuUpoBaHHvlX 8 nepsuunou u emopuurnou oomomrax 3/C,
PABHOE OMHOULEHUTO YUCe BUMKO8 dDMUX 0OMOMOK, HA3bIBAIOM KO3 (P duyueHmom
mpancpopmayuu K = ejle; = wilws.

Taxum obpazom, nodbupas 4Yucio UMK0O8 0OMOMOK, MONCHO NPU 3A0AHHOM
Hanpsxcenuu wy, komopoe npumepro pasno 3/{C e\, noryuums mpebyemoe
8bIXOOHOE Hanpsicenue mpancgopmamopa Uz = €3,

Ecau uy > uy (W) > W,), m.e. K> 1, mpancgopmamop naszwiearom noHuxicaouum, a
npu uy < Uz (W) < W) — noswiuiaiouum.

Llpu nooxnrouenuu 6mopudHOU 0OMOMKU K CONPOMUBTIEHUIO HA2PY3KU Z, N0 Hell
nomeuem nepemenHulil mox io. [lpu smom 6 nepeuunoli 06momre 603HUKHEM MOK
I1, Komopwiil noOdepIcUBaen MASHUMHBLI NOMOK NOCMOSIHHbIM. Beieocmeue
amoeo obecneuusaemcs pasrosecue meducoy I/[C e, HadedeHHOU 8 NePEUYHOU
obmomke, u Hanpsaxcenuem 6 cemu Uj.

Taxum obpazom, npu Hacpy3ke mpauncgopmamopa MacHUMHbIUL HOMOK CO30aemcs
COBMECMHBIM 0eUCmBUeM MASHUMOOBUINCYUUX CUT NEPEULHOU U 8MOPUYHOLL
0OMOMOK.

IIpu 3amMKHYmMOM MaAcHUMONPo8ooe, COOPAHHOM U3 NIACTNUH
INEeKMPOMEXHU4ecKol cmanu, ooaraoarujeil HeOONbUWUM MACHUMHBIM
conpomusnenuem, M/[C nepeuunoti oomomxu ioW1 (npu pazomMKHymou 6mopudHol
oomomxe) cocmasnsiem 0,2—3,0 % M[C obmomox npu HOMUHAILHOU HA2PY3Ke,
HOIMOMY MOACHO NPUHSAMb, umo i1W1 = 1;Wo. CredosamenvHo, moku,
npomexaroujue 8 NePEUYHOU U 6MOPUYHOU 0OMOMKAX, 0OPAMHO
NPONOPYUOHANLHBL OMHOUWEHUIO YUCeN UX UMKOE 11/ly = WalWy.

s cunosvix mpancgopmamopos ycmanosieHvl cmanoapmmusie 0003HaAYeHUs.
(Mapkuposka) Hauan u KOHYo8 (8b1860008) OOMOMOK.

B oonogpasnom mpancgpopmamope nauano u Koney 0OMOMKU 8bLCLLECO
nanpsoicenus (BH) obo3nauaemcs coomeemcmeenHo nponuchuvimu oykeamu A u X,
a obmomxu Huzuezo nanpsxcenus (HH) — cmpounvimu namunckumu 6ykeamu a u



67

x. Ilpu Hanuuuu mpemuveii 0OMOMKU C NPOMENCYMOUHBIM (CPEOHUM)
nHanpsocenuem (CH) nauano u xoney oomomrku 0603Hauarom coomeemcmaenuo Am
u Xm.

B mpéxgaznom mpancpopmamope nauana u xonyvl oomomox BH oboznauaromces
coomeemcmeenno A, B, Cu X, Y, Z u m.o.

B mpéxgasznvix mpancghopmamopax obmomru mo2ym ovims coeOuHeHbl no
cxemMam «36e30a», «mpeyeoIbHUK» UTU «3U23aey, KOmopwvle COOmMEemcmeeHHO
oboszHauarom pycckumu oykeamu Y u /[ u namunckoti Z. Ilpu evi600e om
Heumpanu (oowel mouxu 0OMomok ¢hasz) y cxemvl «36e30a» Uil «3ue3de» 0meood
(omeemenenus) eco oboznavarom (), 00646155 K OYKEEHHbIM 0003HAYEHUAM CXeM
coeOuHenus 0OMomox unoekc «u» (V).

Cxembl coeduHeHuss mpéxgazno2co mpancgopmamopa 0003HaA4amcs 8 8uoe
O0podu, 8 yucaumesne KOMoOpou cmagsam ob03HaAUeHUe cxembl COeOUHEHUs 0OMOMKU
BH, a 6 3namenamene — HH, nanpumep ona mpancgopmamopa ¢ oomomrou BH,
COeOUHEHHOU No cxeme mpey20abHuK, a HH — 6 36e30y ¢ 6visedenHoli Helimpavio
obosznauenue umeem euo /y,,.

Lpu obcnyosrcusanuu mpanchopmamopos kpome cxem coeOUHeHUs: He0OX00UMO
3Hamo 83aumHnoe nanpasierue 3/[C 6 oomomxkax BH u HH. Eciu 06e oomomxu I u
2 pazmewyeHvl Ha OOHOM U MOM Jice CMEPHCHE U NPOHULLBAIOMCS OOHUM U TeM
orce nomokom D, mo npu 0OUHAKOBOM HANPABTIEHUU HAMOMKU U 0O03HAYEHUU
66180008 (KOHY08) (puc. 4.4, a) naseoéuunvie I/[C oounaxoso nanpasienvi (om
KOHY08 K Hauanam) u, cnedo8ameibHo, CO8Naoarm no gase.

[/1-0 [/1-6 I/1-6
A @ @ A @ A @
o = + E. 12 Oy I2 Ot~ 4 72
L
I X 1 | 5 ! £, 1 L
x E, X x ¢ S
o 1—- !
a X d
Ot Ot E, O E,
2 2 ~ 2 -
X a (: ) X >

a) o) &)

Puc.4.4. I' pynna coedunenus 00HOasHvix mpancghopmamopos
A-0;06,6—6.

Il xapakmepucmuxu cosuea ¢gaz nunetinvix 3/{C oomomox BH u HH 6sederno
NOHAmMuUe 2PYnnvl COeOUHeHUs 0OMOmMOK mpauncgopmamopa.

I'pynna coedunenus 0603nauaemcs yeaivim Yuciom, KOmopoe noiy4eHo om
Oenenus Ha 30° yena cosuea medxcoy aunetinvimu 3/]C Ha 0OHOUMEHHBIX 8b1800AX
oomomox BH u HH mpancgopmamopa, npuwem omcyuém yaina npou3o0umcs om
sexkmopa I/[C oomomku BH no nanpasnenuto 0sudicenusi 4acosou CmpeiKu.
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Ha puc. 4.4, a cosue meoxcoy 3/[C E1 u E» oomomok AX u ax pasen nynio,
NO2MOMY 2pynna coeourenutl 0omomox obosnavaemcs kax l/1-0, 2oe «I» eosopum
00 oonoaznom sapuanme mpancgopmamopa, npu 3mom I3/]C gvicuteco
Hanpsxcenusi E1 accoyuupyemces ¢ MUHymHoU Cmpenkou Yacos u yCl08HO
Hanpasnsemcs Ha yugeporame yacos Ha yugpy 12. Yacosas cmpenka uacos
npeocmasnsiem cooou 3/]C nusuezo nanpsxcenus E> u oboznavaem epynny
COCOUHEHUSL.

Da3zosvlii cosue mexcoy gaswvimu IC oomomox BH u HH 3asucum xax om
0003HaYeHUs 8b160008, MAK U om HanpasieHus Hamomxu. llpu paszmeweHuu

0OMOMOK HA OOHOM CMEPICHE IMOM CO8US MONCem Obimb pasHbim aubdo 0, 1ubo
180°.

Ha puc. 4.4, 6, 6 npu uzmenenuu oboznauenuni konyos oomomxu HH (puc. 4.4, 6)
unu uzmeHenuu Hanpasienusi Hamomxu oomomxu HH (puc. 4.4, 8) 3/[C E»

nosopauusaemcs na yeon 180°, umo oaém epynny coeounenuii |/1-6.
A B C A B C

B mpéxgasznvix mpancgopmamopax
cxemvl coeounenus Y, J, Z moeym
00pazosvieamsv 12 paziuyHslx epynn
co cosucom ¢haz nunetinvix I/[C
yepes 30

a) ]

Puc.4.5. I'pynnet coeounenuti mpéxgasznvix mpanc@opmamopos

0(a) u 11(6)

Ha puc. 4.5 ons npumepa npusedenvi cxema coedurenus oomomoxk ¥Y/V u
COOMBemcmayouas 6eKMopHas OUApamMma OJis HyJieou epynnsl, KOMopast
oboznauaemcs Y/V-0 (puc. 4.5, a), a maxoice eexkmopnas ouazpamma OJis
0OUHHAOUAMOU 2pynnvl npu coeourernuu oomomox Y/ (obosnauenue ¥//1-11)

(puc. 4.5, 6).
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U3 6cex 603MOACHBIX 2pynn coeOuHeHUst MpEXQasnbix 08YX0OMOMOYHBIX
Mpancghopmamopos cmaHOapmu3uUpoBarHo moJibko oge epynnol: O u 11 — ¢
8b16000M 8 CIyUae HeoOX0OUMOCU HYNeBOl MOUKU «36€30bl» UIU «3U23azay, d
07151 00HOGa3HbIX mpanchopmamopos — movko ¢ coedunernuem 1/1-0.

s mpancgopmayuu mpéxghaznoco moxa u HanpsHCeHUst NPUMEHSIIOM UIU MpU
ooHoghazuwix mpancghopmamopa (puc. 4.6, a), unu 00un mpexghasnviii
mpancgopmamop (puc. 4.6, 6), 6 komopom odbwuLL 0151 MPEéX paz MacHUMonpo8oo
Modcem Obimb 00PA308aH U3 MPEX 0OHOPDAZHDIX.

B camom Oene, ecnu mpu oOnoghasHvix mpancghopmamopa pacnonoxcums, Kax
NOKA3aHO HA puc. 4.7, a, mo Cmepi#CHU MASHUMONPOBOO08, HA KOMOPLIX He
pasmeuernvt 00MOMKU, MOHCHO KOHCIPYKMUBHO 00beOUHUMb 8 00UH. Yuumoieas,
umo 6 mpexghaznou cucmeme cymma Gasnvix moxog la + lg +1c =0, a
C1e008amelbHO, U CYMMA NOMOKO8 PABHA HYII0, MO HAO0OHOCHb 8 00bEOUHEHHOM
cmepaicHe 8000we omnadaem. Ilonyuennvlil maxum oOpazomM MacHUMONPO800
(puc. 4.7, 6) a6151emcs nNPOCMpPAaHCmMEeHHbIM mpéxgaznvim. B peanvHvix
KOHCMPYKYUSX UCNOTIb3YION MACHUMONPOBOO, HA3bIBAEMbILL NIOCKUM
CMEPIAHCHEBLIM MPEXPA3HbIM, OH 00PA3yemcsl, eciu Yy NPOCMPAHCMBEHHO20
MazHUmMonposooa yopamso apma ¢aszvi B u 6ce mpu cmepoicHs pacnoioicums 8
oonotl nrockocmu (puc. 4.7, )
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Puc.4.6. Tpancghopmayus mpéxgasznvix moxos
a— epynna 00HoOpa3zHbIX Mpanc@opmamopos, 6 — mpéxgazuuvix
mpancghopmamopos
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Puc.4.7.06pazosanue npocmpancmeennoco (a,6) u niockozo( 8) mpéxgaznoco
MASHUMONPOB0OA U3 MPEX 0OHOPAZHDIX.

Tpéxgaznvie mpancghopmamopsi ¢ NIOCKUMU CINEPHCHEBLIMU MACHUMONDOB800AMU
ROJYYUNU HAUOOIbULEe PACNPOCMPAHEHUE, A CBOUCMBEHHAS UM MACHUMHAS
Hecummempus (haz cyujecmeeHHo20 3Ha4eHusi npu SKCNAYamayuyu ne umeem.

|’ “ \.vt\ N
(NS

v

a o
Puc. 4.8. I[lpocmpancmeenno n1eHmouHbll MAZHUMONPOBOO

a — Ma2Humonposoo 6 coope, 6 — cexyusi MacHUMoONPoB8ood

Ha puc. 4.8 npedcmasnena koncmpykyusi npocmpancmeenHo20 J1eHmMoYHO20
MAZHUMONPOB0OA, COCMOAWE20 U3 MPEX 0BANbHBIX CEKYUL, UMEIOWUX PACOHHYIO
Gopmy ceueHus U HABUMBIX U3 JIeHMbl XOJIOOHOKAMAHOU CINAIU NePeMeHHOU
WUPUHBL NPU 6€30MX0OHOM PACKPOe CIMAU U 8bICOKOM KO3 duyuenme
3aNOIHEeHUS CeYeHUs CMEPAHCHI AKMUBHOU cmanblo. OOMOMKU HAMAMbIEAIOMCSL
nocie cOOpKu cucmembl HeNOCPEOCMBEHHO HA CIMEPICHU HA CReYUAIbHOM CIeHOe.

4.3. Aemompancghopmamoput

s nepedauu snexmpuueckol SHepeul ¢ He3HaA4UmeaIbHblM U3MEeHeHUeM
HAanpssiceHusi U MoKa NPUMEHIIOMCS A8MOMPAanc@opmamopbsl, y KOMopbulx, 6
omauuue om 0bbIYHO20 MpancGopmamopa, 0OMOMKU UMEIOM He MOIbKO
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MazHuUmHvle, HO U dleKmpuyecKkue cesa3u. Aemompancghopmamop, Kax u
mpawncgopmamop, mozxcem 6bimb NOHUNCAIOWUM UU Nosblutarowum (puc. 4.9).
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Puc. 4.9. 0onoghaznvui nonuscarowuti (a) u nosvruarowuii (6)
asmompancgopmamopol

Onexmpomacnumuas (pacuémmas) MOWHOCMb ABMOMPAHCHOPMAMOPa MeHblULe
PACUEMHOU MOUWHOCU 08YX0OMOMOUHO20 MPAHCHoOpMamopa 6ciedcmasue moeo,
Ymo yacme MOUWHOCIU NePeoaémces 80 8MOPULHYIO CeMb 3d CUEM
HenocpeoCmeeHHOU IeKMPUYECKOU C8513U 0OMOMOK. 3a cuém yMeHbUEeHUS MACCbl
Memainia 0OmMomok u cmaau maenumonposooa KI1/[ asmompancgopmamopa
8bllle NO CPABHEHUIO C MPAHCHOPMAMOPOM MAKOU Hce HOMUHATILHOLU MOUWHOCHIU.
K uucny nedocmamrxoe asmomparncgopmamopos, 02paHudusaumux ux
npuMeHeHue, OMHOCUMCSL YCIIONCHEHUE UX PeIeUHOU 3auumbl U pe2yiuposanus
Hanpsisjcerust, a maxkice no8blULeHHAS1 ONACHOCMb AMMOCHeEPHbIX
NnepeHanpaNdCeHull U3-3a NeKmpuieckol cesasu oomomox. Aemompancgopmamop
umMeem, Kpome mozo, N0BblULEHHbLE MOKU KOPOMKO20 3AMbIKAHUAL.
Aemompancghopmamopsl ucnorb3yIOMCs OJisi COCOUHEHUS IIeKMPULECKUX cemell
8bICOK020 HANPSICEHUS, NYCKA 08ueamenetl nepemerHo20 moxka 060abulotl
MowHOCMU U M.O.

4.4. Koncmpyxyus mpancgopmamopa

Tpancghopmamop kpome axmusHoL Hacmu — MASHUMONPOBOOA U 0OMOMOK —
sKIIOYAem u KoncmpykmusHyio uacms (puc. 4.10).
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Puc. 4.10. Tpéxgpaznviii mpancghopmamop

1 — maenumonpogod; 2 — oomomra Huzkoeo Hanpsicenuss HH; 3 - oomomka
8bicoko2o Hanpsicenuss BH; 4 — 6600 BH; 5 — 6600 HH; 6 — 6ak; 7 — paduamopul;
8 — pacwupumens, 9 — nepexnouamenv oomomxku BH

B mownbix cunogvix mpancghopmamopax 6 kavecmee 0OMOmMoK HU3ULE2O
HANPsdiCceHUsl 8 OCHOBHOM NPUMEHAIOM 8uHmMosble oomomxu (puc. 4.11). Onu
mo2ym umems om 4 00 20 (u 6onee) napanienbHbix NPOB0O0S.
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Puc. 4.11. Bunmosas oomomxka Puc. 4.12. Henpepuvisnas oomomxa.
a- obwuti eud ,; 0, 8 - pacnonodicexue
KOHYO8 HeNnpepvi8HOl 0OMOMKU
npuU YEMHOM YUCTE KAMYULEeK

B kauecmee 0bmomox vicuie2o u HU3UIe20 HanpANCeHus: WUPOKO UCNOIb3VIOMCSL
HenpepuvleHble Kamyuieunvle 00MOMKU 66UV UX OOTbULOT MEXAHUYECKOLUL
npounocmu u Haoexcrnocmu (puc. 4.12).

B mex cayuasx, koeoa sampyonumenbHo 8blNOIHUMG 0OMOMKY HENPEPBIGHOU (N0
VCA08UAM COOPKU UNU UZOAAYUU 0OMOMOK), NPUMEHAEMC S OUCKO8ASE 0OMOMKA,
cooupaemas U3 KOMNIEKMAa OMOelbHO HAMOMAHHBIX O80UHBIX KAMYUIEK.
OOMOmMKY 6bINOIHAIOM OUCKOBOU, eCU ee KAMYWKU UMeIom OONOTHUMETbHYIO
USOTIAYUIO OJIsL 6CEX BUMKOB KAMYUIKU

B mpancgopmamopax knaccos nanpsisicenus 150 kB u eviuie npumensiom
nepennemennvle oomomku. Cxema coeOuHeHusi BUMKO8 nepeniemenHol 0OMOmKu
npeocmasneHa Ha puc. 4.13. B npoyecce namomxu obecneyueaemcs
nepenjiemerue 8UMKO8 COCEOHUX KamyuieK, Ymo npueooum K pagHOMepHOMY
EeMKOCMHOMY PACHPEOeNIeHUI0 HANPANCEHUS.

1]
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Puc. 4.13. Pacnonooicenue 8Umkos 8 nape coceOHuUx Kamyuiex nepenieméenHon 0OMomku (a) 6
sumxax (0)

Coedunenue paznuyHvlx wacmetl 0OMOMOK meHcoy cobol, ¢ 6600amu U
nepexkuamensamMu Hazvleaiom omeooamu mpaucgopmamopa. Ilpu pabome
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mpawncgopmamopa, a maxaice nPuU UCNbIMAHUAX OMOelbHble Yacmu (0OMOmMKU,
0meo0bl U Op.) HAXOOAMCS NOO BLICOKUM HANPAHCEHUEM OMHOCUMENbHO
MAZHUMONpPo800a, 6axa, KPuluKU U Opyeux 3azemieHuslx yacmeu. Ilpu smom
002ICHa ObIMb 0OecneyeHa deKMmpUYecKds NPOYHOCMyb 8cell KOHCIMPYKYUU
mparncgopmamopa. M301ayuonHble 0emanu blNOIHAIOM U3 PA3IUYHBIX MBEEPObIX
INEKMPOUSOIUPYIOWUX MAMEPUATO8 - ITIEKMPOUZOTAYUOHHO20 KAPMOHA, Oymazl,
oepesa u m.n. Kpome moeo, 015 u301ayuu OO16UUHCINBA CULOBHIX
MPancoopmamopos uCnoab3yIomces HCuoKue 31eKmpouU30IAYUOHHbIE MAMePUAbl,
2/IABHBIM 00pazom mpauncgopmamopuoe (Munepaivhoe) macio. Ilpu
IKCIILYamayuu mpanchopmamopos 603HUKaem Heooxo0UMoCmy U3MEHEHUsS UX
K0a(puyuenma mpancpopmayuu — pe2yiuposanus HANpsjicetus, Komopoe
obecneuusaemcs OO NPU OMKIIOYEHHOM OM cemu mpancgpopmamope,
ocyuecmensemom

nepekatouamenamu 6e3 6030yacoenust (II6B) 0ns noocoedunenus K pa3iuiHuvim
omnaukam ooMomxu, 1bo pecyruposanuem noo Hazpyskou (PIIH), komopoe
ocyuecmensaemcs npyu NOMowU CReyuaibHol annapamypbl, COCmoawen us
nepexaouamens (u3bupamens omnaex), KOHMAKmMopd, NPUBOOHO20 MEXAHUIMA U
Opyaux s1emMenmos (0Jis1 OmcoeOuHeHUsl U NPUCOeOUHeHUsl BblLOPAHHOU OMNAUKU
npU HOMUHATLHOM MOKe 00MOMKU). Yecmpoucmeo 015 pe2yiuposanis
HanpsdiceHuss NPeoCcmasisiem coooll camoCcmosmenbHblll KOHCMPYKMUSHbIU V3ell,
ycmanasausaemvlli Ha mpancgopmamope. /s npucoeourneHus 0OMomoxK K cemu
CyaHCam 8800bl, cocCmosuue uz moxogeoyweil vacmu, pappoposoii 06010uKuU U
onopnozo granya. Beoowl ycmanasnusaromes na kpvluike uiu cmenke oaxa. llpu
IMOM HUNCHASL UX YACb HAXOOUMCS 6HYmMpU 6axka mpancgopmamopa 6 maciue, d
8epxHss — 6He baxa 6 8030yxe. AKmMUBHas 4acms ¢ OMEOOAMU U NEPEKIOUAIOUUM
YCMPOUCMBOM NOMEUAemcs 8 OAK, CAYHCaujull pe3epeyapom 0is
mparncgopmamoprozo macna. Kpviuxy 6axa ucnonvsyrom ons ycmanosku 680008,
KpenueHusi pacuiupumeris, mepmomempos, nepexurodarowe2o ycmpoticmsa (I16B)
U Opyeux KOHCmMpYKmuenvlx oemaineu. Pacuupumens cuyscum 0t KOMREHCayuu
KOJeOAHUL YPOBHS MACAA NPU BCEX BOZMONCHBIX 8 IKCHIYAMAYUU KOJIeOAHUSAX
memnepamypol U NPeOOXpaHsienm Macio 8 bake om HenocpeoCmeeHHo20
CONPUKOCHOBEHUSI C OKpYHcatomum 6030yxom. Ha cmenke 6axa ykpennsaom
oxX1a0umenbHule YCmpoucmea mpancgopmamopa — paouamopul Ui
oxnaoumenu, KOHMAKMOPbl YCMPOUCEA Pe2yIUPOBAHUS HANPAIHCEHUSL NOO
Haz2py3Kou u m.n. B nexomopwix koncmpykyusx paouamopwl ycmanagiuearom Ha
OmMOeNbHOM PYHOAMEHmMe PAOOM C MPAHCHOPMAMOPOM.

4.5. H3onauusa 6 mpancghopmamopax

Hszonayusa 6 mpancghopmamopax onpedensiem cpok e2o cayicovl. Ona
obecneuusaemcs npasuibHbIM 8b100POM COOMBEMCMBYIOUUX US0NAYUOHHBIX
NPOMENCYMKO8, KOMOpble MO2YN 8bINOIHAMb 8 MPAHCHOopMamope poib
oxnaxcoarowux kananos. Mzonayus 6 mpancgopmamopax 0onxicHa oe3
NOBPeNCOEHUN 8b10EPIHCUBAMDb DTIEKMPULECKUe, Meniogble, Mexanuieckue u opyaue
8030€eliCmeusl, KOMopbvlM OHA NOOBEP2AEMCS 8 NPOYECCe IKCHAYAMAYUU.
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Tpancgopmamop nocmosaHHo HAxXOOUMCs 8 npoyecce IKCLYamayuu 60
BKAIOYEHHOM COCMOSHUU, U HA €20 U3O0JIAYUIO OTUMENbHO 8030€eLCmE)en
INleKmpuiecKoe noje, COOmeemcmayouee HOMUHANbHOMY pabodemy
Hanpscenuro. Imo 8030eucmaue u30aAYUs O0IHCHA BbLOEPIAHCUBANL
HeoepaHuueHHo onumenvHoe epems. Ilpu pabome mpancghopmamopa 6
9HepeocUucmeme 803MOHCHbL KPAMKOBPEMEHHbLE NOBbIUUEHUS HANPANCEHUS
(nepenanpsicenus), 603HUKArOUUe 8C1e0Cmeue HOPMAibHbIX KOMMYMAYUOHHbIX
npoyeccos 6 cemu (8KI0OYEHUE U OMKIIOYEHUE DONbUUX MOWHOCMELL) UTU
npoyeccos aBaputino2o Xapakmepd, a maKice UMnyibCHvle 80JIHbl
NepeHanpaNXCeHus, 603HUKAIOUUE U3-3d 2PO308bIX AMMOCHePHbIX pa3psa008.
Obmomku mpancghopmamopa u 8ce e2o mokosedywue yacmu npu pabome
Haepesatomcsl. Bozoeiicmeue 8bicokux memnepamyp npugooum K CmapeHuio
USOTAYUU, 8CTEOCMBUE Ye20 OHA mepsem INACMUYHOCb, CMAHOBUMCSL XPYNKOL,
CHUdICAemcsl ee d1eKmpudeckas npoYHocms. B npasunvro

CHNPOEKMUPOBAHHOM MPaHcGopmamope u npu nPasuibHOU dKCHIYamayuu
usonayusi moxcem cayxcums 20—25 nem u b6onee. Tennocmoiikocms u30aAYUlU,
no38oAIWAs 0Oecneuums be3asapulinyo pabomy mpancgopmamopa,
oocmuzaemcs npuMeHeHuemM U30IAYUOHHBIX MAMEPUATIO8 COOMBEMCMEYIOUe20
K1acca, a maxdce KOHCmpyKyuet 0oMoOmox u demaei u3onayul,
obecneuusarowell ux HOpMAaibHoOe OXJaAHCOeHUe.

B pezynbmame konmaxma uzonsyuu co cpeootl, oxaaxcoaroue 00MoOmKy
(mpancgopmamopubimM MACIOM UU OPYUM 3ANOTHUMENEM), BO3MOINHCHBL
HeO1a2onpusmmble 6030eticmausl Ha Hee, 0COOEHHO NPU HATUYUY 8 U30TAYUU
NOCMOPOHHUX npumecel, 8 uacmuocmu énrazu. 11osmomy 00HoU U3 8axCHeuuux
MEexXHOI02UYeCKUX Onepayuti 06pabomru U30AAYUU A611emcsl aKYYMHAS CYUIKA
mpancgopmamopa nociie OKOHYaHUsL COOPKU nepeo 3aIUsKoU mpancpopmamopa
MACIOM, A MAKIHCe 3aUuUma om YEIadCHeHUs npu SKCHLamayuiu.
Dnexmpuveckas npoyHOCHMb U30IAYUU — OOUH U3 OCHOBHBIX NoKazameliel,
ONnpeoensIowUx NPUco0OHOCmMs mpancgopmamopa K skcniyamayuu. Tpebosanue
INEeKMPUYECKOl NPOYHOCMU COCIMOUM 8 MOM, YO MPAHCHOPMAMOP OONHCEH
8b10EPAHCUBAMY HEOSPAHUYEHHO OJIUMeNbHOe 8030€eliCMBUe HANPANCEHUS
NPOMBLULTIEHHOU YACMOmMbl U UMNYTbCHblEe NePEHANPANXCEHUS, KOMOopble MO2YN
npesgvlulams paboyee HanpsHCeHue 8 HeCKOJIbKO pas.

IIposepxa snekmpuyueckol NPOYHOCMU USOTAYUU OCYULECMBTISIEMCS 8 NPOYecce
UCNBIMAHUU, BKIIOYAIOWUX, 8 YACMHOCMU, UCNbIMAHUSL HANPAXCEHUEM
NPOMBIULTIEHHOU YACMOMbL, A MAKHCE UMNYTbCHbIE UCNLIMAHUSL, UMEIoujUe Yelblo
NpoBepKy NPOYHOCIU 8 YCIIOBUSX IKCNILYAMayuu Npy NepeHanpsiCeHusIx,
8bI3BLIBACMBIX AMMOCHEPHLIMU nepeHanpsdicerusmu. (Hopmwvl u memooul
ucnvimaHnutl, Gopmol U AMNAUMYObL UCNBIMAMENTbHBIX HANPANCECHUU
YCMAHABIUBAIOMCS COOmMEemcmayowumu cmanoapmamu.) Tpancgopmamopoi
Kkaaccos Hanpsaxcenus 150 kB u eviue npoxooam ucnvlmanus npu ONUmMebHbIX
(0,5—1 u) npunoosrcenusix nanpsiscenus npomviuiiennou wacmomst (1,3—1,5
HOMUHANTbHO20 HANPANCEHUS) NPU OOHOBPEMEHHOM USMEPEHUU YPOBHS YACTNUYHBIX
Ppaspsaoos 6 u3oaayuu. Imu UCHbIMAHUS UMEION Yeablo 8bls8UMb YACTNUYHbLE
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NOBPEIHCOCHUSL 8 UONAYUU, KOMOPbLE MOSYN B03HUKHYMb 8 NPOYECcce UCHbIMAHUL,
a makace dehekmbl U30IAYUU, KOMOPbIe He BblAGIeHbl NPU UCHbIMAHUU
HanpsiceHuem npOMbIUIEeHHOU YACOMb.

Vposenv  nepenanpsiocenus Ha  3adxcumax — 0OMOmMOK — mpaHcghopmamopa
onpeoensiemcsi  CMeneHvlo  JIeKMpUYeckol  3auumsl,  OCYWECMBEILeMOll
paspsaoHukamu (unu opyeumu eudamu 3awumol, Hnpumep OIIH), a maxoce mem,
3a3emiena Ui U30IUPOBAHA HeUmpalb JJIeKmpu4eckou cemu, 6 KOMopou
pabomaem mpaucghopmamop

'
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Puc. 4.14 Bozoeticmsue na mpancgopmamop 80.,1Hbl NePeHANPAHNCEHUSL

Ha puc. 4.14 npueedena cxema 3auumol mpancgopmamopa npu 030eticmeun
nepeHanpsNiceHusi ammocgeproco xapakxmepa. Jis CHUMCeHus: nepeHanpsI’ceHus
mpawncgopmamop 3awuwiarom paspsaonukamu P, komopwie npobusaromes npu
nanpsoicenuu Unmo. Taxum obpazom, eciu 00 paspsoOHUKa 80aHA umeenm O0JIbULYIO
amnaumyoy, mo nocie paspsAOHUKa Hanpsoicerue, oocmuzarnuee 0OMOmKU
mpancgopmamopa T),, oxazvieaemcs cuudicenuvim 0o Un. [lepenanpsicenus
PAcnpocmpansaomcst 600J1b TUHUU JIeKMPOnepeoaiu co CKOpocmvio, OIUZKOU K
ckopocmu céema. Bozoeticmeue 6onHbl nepeHanpsaicenus Moxcem Obims
npeocmasieHo Kaxk KonebamenbHblll Npoyecc 8ecbMd 8blCOKOU yacmomsl. B amom
cayyae MOJNCHO CUUmMamy, 4mo moKu He NPOmeKaiom no GUMKam KamyuKu
gcredcmaue ux 60abu020 UHOYKMUBHO20 conpomusnenus. Tox npomexaem
MOJILKO NO eMKOCHHbBIM CONPOMUBNEHUAM, 00YCLOBNEHHbIM eMKOCIHbIMU CEA3AMU
Medncoy snemenmamu 0omomox (npooonvuvle emxocmu C'y) u medxcoy snemenmamu
06MOMOK U 3a3emieHHbIMU yacmsamu (nonepeunsie emxocmu C'y) (puc. 4.15).
CnedosamenvHo, 8 nepavlii MOMeHm 011 Habezarowell 80IHbl MPAanc@opmamop
ABNAEMCSE HEKOMOPOU eMKOCbIO, HA3b18AEMOU 6XOOHOLL.

Ao— EET q;T (u-——qw
QT G ¢ GT G

PSS S

Puc. 4.15. Emxocmnas yens o6momxu
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IIpu nepexooe 60.11bl HANPAIHCEHUS U3 YENU C MEHBUUM B0IHOBBIM
conpomuenenuem (MUHUs) 8 yenv ¢ 60IbUWUM conpomueienuem (mparcgopmamop)
HanpsdjiceHue Ha 3aXCUMax mpancgopmamopa yeeauiusaemcs u 6 npeoejie
nosviuiaemcs 00 08ykpamuozo snadenus 2Uy ee amnaumyost. Ilpu 3azemnennom
konye X oomomxku (Uyx = () nauanvHoe pacnpeoenenue nanpsaxcenus (npu t = ()
gecvma HepasHomepHo. Koneunoe pacnpedenenue nanpsiceHus (npu t = ©) 6
amom ciyyae 6yoem JTUHElHbIM.

U,
= 0<r<oo
0.8 \

0.6

0.4

Puc. 4.16. Pacnpedenenue nanpsiceHus 80071 0OMOMKU C 3A3EMAEHHbIM KOHYOM 8
nepexooOHoM pedcume.

IIpoyecc nponuxHogenust 60IHbL 6 0OMOMKY npedcmasisiem coboli nepexooHblil
npoyecc om HaYaibHO20 pacnpeoenenus K KOHeYHOMY (npu t = o) u Hocum
KonebamenvHulil xapakmep. Konebanus nocmenenno 3amyxarom ecieocmeue
nomepws 6 akmuenvix conpomugnenusx. Ha puc. 4.16 noxkazanwvl ocubaroujue
MAKCUMATIbHBIX HANPSCEHULL, B0ZHUKATOWUX 8 npoyecce KOIeOaHull 6 pa3iuiHblX
I/IeMeHmax no OnuHe 0OMOmKU.

Bcneocmeue xonebamenvho2o npoyecca nomenyuaibl OmoeibHbIX Mo4ex
0OMOMKU MO2YM 0KA3AMbCsl O0NbULe AMIIUMYObL BOTHYL, NEPEHANPIANCEHUS. B00b
00OMOMKU (MeHCOY COCEOHUMU KAMYUKAMU U BUMKAMU) MOSYM 3HAUUMETILHO
npesviuams pabouee HanpsiceHue.
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Jlns 3auumel mpauncghopmamopa om nepeHanpAdNCeHuli HeoOxXo00UMo He
oonyckams 8030€lUCMBUL HA He20 HANPANCEHULL C AMNIUMY OO, NPesbluLaloweli
3HayeHue, YCMaHosleHHoe 0Jisi OAHHO20 KAACCA HaANPANCeHUss 0OMOMKU. Imo
ycnosue obecneuusaemcs npasuibHbIM 8b100POM MPACCyl TUHULL ITeKmponepeoat,
uckaouaowell patoHvl, 0C0O60 NOOBEPIHCEHHbLE 2PO3AM, A MAKICE 3AUUMOT
MPAHCHOPMAMOPHBIX NOOCMAHYUL 3A3eMIIeHHBIMU MPOCAMU U PA3PAOHUKAMU.
Oonum uz meponpusmuii 015 8bIPAGHUBAHUSL HAYATIbHO2O PACNPedeleHUs
HANPANCEHUSL U CONUNCEHUSL €20 C KOHEUHbIM S18JISIeMCsl NPUMEHEHUe eMKOCHbIX
KoJley — 31eKmpoCmamuyeckux 3KpaHo8 8 8U0e pa3oMKHYMbIX uatibooopa3HbIX
Kozeu.

B cospemennvix mpancghopmamopax ons 3auwumosl 00MOMOK 0OM UMNYIbCHBIX
NepeHanpaNCeHUli UCNONb3YIOM 8 COUeMAaHULU C eMKOCMHbIMU KOJIbYaAMU
nepenjiemerHvle Kamyuieunvle oomomku. Ilepeniemenuem npo8o0oe coceonux
BUMKO8 U Kamyulek docmuzaemcs ygenuyerue npoooavou emxkocmu Cq, 4mo
npuUBoOOUM K pABHOMEPHOMY HAUATbHOMY PACNPEOENEeHUIO HANPIIHCEHUS

Il nanpsioicenust 110 kB u eviue modxcem Obimb UCNONB308AHA MHO2OCIOUHASL
YUTUHOPUYECKASl IKDAHUPOBAHHASL 0OMOMKA, CXeMamuiecku NOKA3aHHAas Ha puc.

4.17.

A
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Puc. 4.17. Cxema coedunenus MHO2OCIOUHOU IKPAHUPOBAHHOU OOMOMKU

s evipasHueanus Ha4aIbHO20 pAcnpeoeleHUs HanpsaXiceHus 60016 0OMOMKU
NPUMEHSAIONM JIeKMPOCMamuiecKue 3KpaHvl, Komopbule pasmeujarom y HauaibHo20
A u netimpanvroco X kouyos oomomxu (cm. puc. 4.17) (brazooaps 60avuion
NOBEPXHOCU CI0€8 U DIUSKOMY UX PACHONONACEHUIO eMKOCTU MeNHCOY CIOAMU
bonbuie, uem emkocmy Ha 3emio). Hauanvnoe pacnpeoenenue nanpscenus 6
IMoM caydae nouyyaemcs OIU3KUM K KOHeuHomy.l nasnas usonayusi cuioeuix
MACTAHBIX MPAHCHOPMAMOPO8 (U30NAYUA MeHCOY 0OMOMKAMU PASHBIX
HANpsACEeHUU U MeAHCOY 0OMOMKAMU U 3A3eMIIeHHBIMU YACTNAMU) UMeem
credyroujee UCNOIHeHUe.

o 1) macnobymasicnas bapvepuas uzonayus, 0opa3yiowancs npu nPonumKe
MpPancoopmamopHvim Maciom 6YMAarNCHOU U30IAYUU OOMOMOK U
NEKMPOUSOTIAYUOHHO20 KAPMOHA U 3ANOJHEHUU MACIOM U3OTIAYUOHHBIX
NPOMEINCYMKOB MEAHCOY INeMEHMAMU OOMOMOK, OCIMOBOM U ODAKOM,
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o 2) OYMAMNCHO-MACTAHASA, COCMOAWAs U3 OyMazu, NPONUMAHHOU MACIIOM,
KOmopasi A61semcsi OOHUM U3 NePCNEeKMUBHBIX 8UO08 U30TIAYUU, MAK KAK
oaem 803MOHNCHOCMb 3HAYUMENbHO COKPAMUMb U0IAYUOHHbBLE PACCMOSHUS,
Ymo no360Jsem 6 umoze YMeHbUWUmy Maccy u 2abapumsl akmueHoU 4acmu
u mpancgpopmamopa 6 yeaom (00HAKo npoyecc U32o0mosieHusi 0OMOmMoK ¢
OYMAAHCHO-MACTAHOU U30AYUEU ZHAUUMENbHO CTIONCHEE).

4.6. Ilomepu u ko3¢hpuyuenm noneznozo oelicmeus mpanchopmamopa

Baowcnou eenuuunotl, xapakmepu3syoujell 5KOHOMUYHOCMb pabombl
mpancgopmamopa, sasusnemcs Kosgguyuenm noneznozo oeticmsus (KIIA),
PABHBILL OMHOWEHUI0 AKMUBHOU MOWHOCMU, OMOABAEMOU MPAHCHOPMAMOPOM 80
emopuunyto cems Po, k axmuenou mownocmu P1, nompebnsemoti uz cemu:
Il =P,/ Py
llepsuunas akmuenas MOWHOCMb ONpPeoessiemcs CYMMOU, KOMOPasi GKI0YaAem
AKMUBHYI0 MOWHOCMb P, macnummnsle nomepu P,, (nomepu 6 cmanu),
aneKkmpuyecKue nomepu 8 NePEUHHOL U 8MopudHou oomomkax P, P,;:
P1=P; + P, +P,; + P5;
cogpemenHbix cunosvlx mparcgopmamopax KII/[ oocmueaem 0,98—0,995,
npuyem makcumanvrole 3uadenus KII/] nonyuaromes npu (0,45—0,65) P20, Taxas
Hazpy3Ka obbIYHO cOOmMeEemcmeayem cpeoHell Hazpy3Ke npu IKCHIYamayuu
mpancgopmamopa. Ommemum, umo 6 ouanazone naepy3ox (0,4—1,5) P20 KT/
mpancgopmamopa usmMeHaemcs OMmHOCUMENbHO MAJo.

4.7. Cmpykmypa ycioeHozo 0003Ha4eHus muna mpancgopmamopa

bykeennas uacmo ycioernoeo 0603uaverus cooepicum 0603Ha4enus: 8 cledyrujem
nopsioxe:
o A — asmompancgopmamop,
o Ounu T— o00no- unu mpexghasuwiii mpancgopmamop;
o P — pacwennennas oomomrka HH.
YVcnosroe 0b60o3nauenue 6u008 0xXnaxcoeHus:
o a) Macnauvle MpaHchHoOpMamopwi:
v M — ecmecmeennasn yupkyiayus 6030yxa u Macid,
v I — npunyoumenvras yupxyasayus 8030yxXa u eCmecmeeHHds
YUDKYTIAYUS MACTA;
v MI] — ecmecmeennas yupkyiayus 6030yxa u NpuHyOumeabHas
YUDKYTIAYUS MACIIA C HEHANPABIIEHHbIM HOMOKOM MACAA;
v HMI] — ecmecmeennas yupkyisayus 6030yxXa u NpuHyOUmeibHasl
YUDKYTIAYUSL MACIA C HANPABIEHHLIM NOMOKOM MACAA,
v JI] — npunyoumenvHas yupkyasayus 6030yxXa u Macida ¢
HEHAanpaeieHHbIM NOMOKOM MACA,;
v HJ[] — npunyoumenvuas yupkyasayus 6030yxXa u Macia ¢
HANpAaeieHHbIM NOMOKOM MACAA,
v ] — npunyoumenvHas yupKyaayus 600bl U MACla U HEHANPABGLEHHbIM
NOMOKOM MACA (8 0X1a0Umessax 600a 08UNCEMCs N0 mpyoam, a
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MACIO — 8 MeNCMPYOHOM NPOCMPAHCIEE, PA30EIeHHOM
nepe2opooxkamu);

v HIL] — npunyoumenvnas yupkyiayus 600bl U MACla ¢ HANPAGIEeHHbIM
HOMOKOM MACAA,

o 0) mparcghopmamopwbl ¢ HUOKUM HE2OPIOUUM OUITEKIMPUKOM.

v H — ecmecmeennoe oxnascoenue He2oprouum HCUOKUM
OUDTIEKMPUKOM,

v HJ[ — oxnascoenue necoprouum sHcuOKUM OUIIEKMPUKOM C
NPUHYOUMENbHOU YUPKYIAYUEl 8030VXa;

v HHJ[ — oxnasxcoenue ne2oprouum HcuOKUM OUINEKMPUKOM C
NPUHYOUMENbHOU YUPKYIAYUel 6030yXa U HANPABIEHHbIM NOMOKOM
HCUOKO20 OUDNIEKMPUKA,

s 8) cyxue mpancghopmamopbi:
v C — ecmecmeennoe 6030yUHOE NPU OMKPbIMOM UCHOJHEHUU,
C3 — ecmecmeennoe 8030yuHoOe NPU 3aUWULEHHOM UCHNOTHEHUU,
CI'— ecmecmeennoe 8030yUiHOe NPU 2epMemuUyHOM UCNOTHEHUU,
CI — 6030yunoe ¢ npunyoumenvHou Yupxyaayuel 6030yxa,
3 — ucnoaneHue mpauncgopmamopa ¢ ecmecmeeHHbiM MACIAHbIM
OXJIAAHCOCHUEM UTIU C OXTAHCOEHUECM HEe2OPIOYUM HCUOKUM
OUDNIEKMPUKOM C 3AUUMOLL NPU NOMOWU A30MHOU NOOYIUKU De3
pacuupumensi;
v T— mpexobmomounvlii mpancgopmamop;
v H— mpancgpopmamop c PIIH (c pecynruposanuem HanpsaxiceHus
no0 HA2PY3KOlL),
v C — ucnonneHue mpancgopmamopa codOCmeeHHbX HYHcO
INeKMPOCMAHYUU,
v JI — mpancgopmamop ¢ aumou uzonsyueti.
IIpumepul ycio6Hvix 0003HaAUEHULL:

o mpancopmamopa mpexgasHozo, cyxo2o, ¢ eCmecmeeHHbIM 8030V UHbIM
oxnax)coeHuem, npu 3auUeHHOM UCHOTHEHUU, 08YX0OMOMOUHO20,
mownocmoio 100 kBA, nanpsiscenuem 10 kB, ucnoanenusn ¥, kamezopuu 3
no I'OCT 15150-69: TC3-100/10-V3;

o mpancopmamopa mpexghasHo2o, MaciAHO20, ¢ NPUHYOUMETbHOU
YUPKYIAYUEU 8030YXA U eCMeCm8eHHOU YUpKyIayuel Macia,
08YX00MOMOYHO20, ¢ pacujenieHnol oomomxou HH, pecynuposanuem
HanpsiceHusi noo Hacpyskot, mownocmoio 32 000 kBA, nanpsisxcenuem
110 kB, ucnonnenus Y, kameeopuu 1 no I'OCT 15150-69: TP/{H-

32 000/110-V1.

4.8. H3mepumenvHole mpancghopmamopul

SR NEENERN

H3zmepumenvHvle mpancgopmamopst UChONb3YIOM, 2IABHLIM 00PA30M, 014
NOOKIIOYEHUS INEeKMPOUIMEPUMENbHBIX NPUOOPOS K Yenu nepemMeHH020 moKa
8bICOK020 Hanpsicenus. 1lpu amom snekmpousmepumesibHvle NPUOOPbL OKA3bL
8AIOMCS UOIUPOBAHHBIMU OM Yenell 8bICOK020 HANPAJICEeHUs, Ymo obecnedusaem
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bezonacrocmv pabomul obcaydicusaroweco nepconana. Kpomwe moeo,
usMepumenbHvle Mmpancghopmamopsbl 0aom 803MOHCHOCMb PACUUPANG Npedeibl
usmepenus npubopos, m.e. usmMepamy 60.1buIUe MOKU U HANPANCEHUS C NOMOUbIO
CPABHUMEILHO HECOHNCHBIX NPUOOPOS, PACCUUMAHHBIX OJIsl USMEPEHUS MATIbIX
MoK u HanpsiceHull. B psde ciyyaes usmepumeinbHvle mpaHc@hopmMamopbl
cayoicam Oist NOOKTIOUEHUs K YeNnsaM 8blCOKO20 HANPAXCEeHUsL 0OMOMOK peile,
0becneuusarowux 3auumy 2J1eKmpoyCcmaHo80K Om A8APUUHBIX PeHCUMOS.
H3zmepumenvHnvie mpancgopmamopsvl noopazoesom Ha 08a muna —
Mpanchopmamopsvl HAnpsANceHUus u mpancghopmamopst moxa. Tpancgopmamopol
HANPANCEHUS] CTLYHCAM O] BKAIOUEHUSL BOJILIMMEMPO8, A MAKICe OPYeUX npubopoa,
Peazupyrowux Ha 3HaYeHue HanpIXceHusl (Hanpumep, Kamyuex HanpsajceHus
8AMMMEmMpPO8, CUeM4UK08, (hazomempos u pasiudHsix peie). Bmopwie ciyscam
0151 BKIIOUEHUS AMNEPMEMPO8 U MOKOBbIX KAMYUEeK YKAZAHHBIX NPUOOPOS.
HzmepumenvHvle mpancgopmamopsi u320moseisaiom MOWHOCMbI0 Om NAmu 00
HeCKONbKUX COMeH 80lbM-aMnep, OHU paccyumansl 0Jisk COBMeCMHOU pabomul co
cmanoapmuvimu npubopamu (amnepmempamu Ha 1; 2; 2,5 u 5 A, sonemmempamu
na 100 u 100 ~ B).

Tpancghopmamop nanpsidicenusi 8bINOIHAIOM 8 8UOE 08YXOOMOMOYHO20
noHudxcarowe2o mparncgopmamopa (puc. 4.18). /lna obecneuenus bezonacnocmu
pabomwl 00CIYAHCUBAIOUIE20 NEPCOHANA BMOPUUHYIO 0OMOMKY MUAMENbHO
U30UPYIOM O NEPBUYHOU U 3a3eMsiom. Y clo6Hoe 0bo3HayeHue
mpancgopmamopa HanpaXiCeHuss makoe dxce, Kak 08yXxo0MomouyHo20
mpawncgopmamopa.

Tak kak conpomugnenus 0OMOMOK 80IbMMEMPOS U Opy2ux npubopos,
HOOKTIIOYAEMbIX K MPAHCHOPMAMOPY HANPANCEHUSL, BENUKU, MO OH NPAKMUYECKU
pabomaem 8 pexcume X010Cmo20 xo00d. B amom pesxrcume MOIHCHO ¢ 00CMaAmouHOU
cmenenbo MOYHOCMU CYUMAms, Ymo

U1= U2 K,

20e K — koaghgpuyuenm mpancgopmayuu.
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4.18. Cxema sxnrouenust 4.19. Cxema exnrouenuss mparcgopmamopa moxa
(a)

mpancgopmamopa HanpsdxceHus: U oowutl 6ud mpanchopmampa moka (0)

1 — nepsuunas oomomxa; 1 — meonwiii cmepoicens (nepsucHas 0oMomKa),
2 — emopuuHas 0oOMomKa 2 — emopuyHas 0omMomxa,

3 — MazHumMonpos8oo

Tpancgopmamop moxa 6blnoIHAIOM 8 UOE 08YXOOMOMOUHO20 NOBLIULAIOULE2O
mpancgopmamopa (puc. 4.19, a) unu 6 sude npoxoono2o mpanchopmamopa, y
KOMOpO020 Nep8udHOU 0OMOMKOU CILYAHCUM NPOBOOD, NPOXOOAUUL Yepe3 OKHO
MAZHUMONPo800Oa. B nekomopuvix KOHCMPYKYUAX MAZHUMONPOBOO U BMOPUUHAS
0OMOMKA CMOHMUPOBAHBL HA NPOXOOHOM UZ0JIAMOpPeE, CILYAHCaAueM 05 6600a
8bICOKO20 HANPANCEHUS 8 CULOBOU MPAHCHOPMAMOp UU OPY2YI0 INIeKMPUYECKYIO
yemanogky. Ilepsuunoti 06MomKol mpancghopmamopa cayrcum meouslil
cmepotCcerb, NPoxXoosuul 6Hympu uzoaamopa (puc. 4.19, 6).
Conpomugnenuss 0OMOMOK amMnepmempos u Opyeux npubopos, NOOKIUAeMbIX K
mpawncgopmamopy moxa, 0o6viyHo manvl. [losmomy on npaxmuvecku pabomaem 8
pedicume Kopomro2o 3aMbIKaAHUsL, Npu Komopom mok Iy 60 mMHo2o pas boavuue
MoKa X010cmo2o x00a Iy, u ¢ 0ocmamounol cmenenvo MOYHOCIU MONCHO
cuumamao, 4mo

lh=1/K
B oeticmsumenvrocmu u3z-3a Hanuuus moKa Xoa0Cmoz2o0 x00d 8 paccmMampusaemom
mpancgopmamope mexncoy eKmopamu 3mux moKos NepeutHol U 6MopuUYHoLl
00MOMOK UMeemcst HeKomopulil y2oi, omauuHwviti om 180° umo cozdaem
OMHOCUMENbHYIO MOKOBYIO (AMNIUMYOHYIO) U YeTLO8YI0 NOZPEUHOCHb.
B 3asucumocmu om 3uauenusi 00NycKkaemvlx nocpeuHocmell mpaHcghopmamopol
MOKA nOOpaA30eisilom HA NAMb KIACCO8 MOYHOCMU. CMAYUOHAPHblE — HA KIACCHl
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0,2;0,5; 1, 3u 10; rabopamopmnsie — na kraccot 0,01; 0,02; 0,05, 0,1, 0,2.
IIpusedennvie yugpor coomsemcmayiom 00nycKkaemotl 01 0AHHO20 KIacca
MOKOBOU NOZPEUHOCMU NPU HOMUHATLHOM 3HAYEHUU MOKA.

4.9. Cospemennoe cocmosanue, meHOeHUYUU PA36UM U

mpaucghopmamopocmpoenun

B snexmpuueckux cemsix Poccuu skcnityamupyromcest mpaucgopmamopul
Hanpsisicenuem om 6 0o 1150 kB u nomunanvrou mowrocmoto om 5 kB - A 0o
1200 MB - A; 0bwas MowHoCms yCMAHOBIEHHbIX CULOBLIX MPAHCHOPMAMOPO8 K
2000 2. cocmasuna 6onee 570 I'B - A. OcnosHnas uacme cuio8vix
Mpancghopmamopos umeem MacioOyMANCHYIO US0TAYUIO C eCINeCMBeHHOU WU
HanpasieHHol yupKyisayuel macia. B noscapoonacrnvix 30nax ucnonv3zyomcs
Mpanc@opmamopwl ¢ Cyxou (NOJUMEPHOU) UZ0TAYUECU U 8030V UIHBIM
oxXNIadCOeHUeM, a maKice ¢ 31e2a3080u uzonayuel. B nocieonee apems
paspabomarnvl mparcohopmamopuvl ¢ 0OMOMKAMU KAOEIbHO20 MUNA, UMelouUe
ROUIMUTIEHOBYI0 U30AAYUI0. Bonbuuue mownocmu mpancghopmamopos u ux
BLINOJIHEHUE HA CBEPXBICOKUE HANPINCEHUSL ONPeOensiom 3HAYUMEeNbHble
HANPSNCEHHOCU IIEKMPUYECKO20 U MACHUMHO20 NOAell NPU UCHOIb308AHUU
AKMUBHBIX MAMEPUATIO8, A MAKNHCE SHAYUMETbHbLE MEXAHUYECKUE 8030eUCMBUs
npu KOPOMKUX 3amblkanusx 6 cemu. Illoosmomy npu sxcniyamayuu
MparHc@HopmMamoprHo2o 060py008aHUsE HEOOXOOUMBIMU SGTISAIOMCIL HCECMKULL
KOHMPOJIb 34 MENI08bIM PEeHCUMOM pabomul (0Jis1 NpeOynpedcoeHus: USHOCA
UBONAYUU BCTIeOCMBUE CMAPEHUs NPU NOBLIULEHHBIX HA2pesax), nepuoouyecKas
noonpeccoska 0OMOmMoK, MuamenbHasl 3auWuma MAacia Om Ye1adiCHeHUS.
Hanpasnenus cosepuiencmseoarus cuioolx mpancghopmamopos
xapaxmepuszyromcs usmeHeHuem psioa mexHuveckux nokazameinetl u
COBEPULEHCBOBAHUEM dTleMeHmOo8 KOHcmpyKyuu. OOHA U3 CyuecmeeHHbIX 3a0ay
— YMeHbUleHUe NOmePb SHepeUul 8 MpaHchopmMamopax, m.e. NOMepsb X0J10CMo20
X004 u KOpOmKo20 3aMblKaAHUAL.

Vmenvuwenue nomeps xonocmoeo xoo0a (MAZHUMHBIX NOMeEPb) MOdCem OblMb
O00CMUSHYMO NPU UCNOIb308AHUU XOJIOOHOKAMAHOU 2JIeKMPOMeXHUYeCKou Cmaiu
¢ cooepoicanuem Kpemuus 3 % u eviuie, umerowjell U30MponurO MacHUMHbIX
c80UCcme (m.e. 0OUHAKOBbIE CBOUCNBA HE3ABUCUMO OM HANPABIIEHUS NPOKama) u
cHudicenHble yoenvHvle nomepu npu moawure aucma 0,23; 0,18 u 0,15 mm.
Coxkpawenue pacxooa usoIAYUOHHBIX MAMEPUATIO8, MPAHCHOPMAMOPHO20 MACIA,
Maccvl 0OMOMOK U MeMAllid, UCNOIb3YeM020 HA U320MOoGIeHUue OAK08 U CUucmem
OXNLANCOCHUSL MPAHCHOPMAMOPO8, Modicem OblmMb OOCMUSHYIO VMEHbULCHUEM
UBOTISIYUOHHBIX PACCMOSAHUL HA OCHOBE HOBbIX MEXHOI02ULL U NPUMEHEHUS HOBbIX
Ccpeocme 3auumol Om nepeHanpsdiceHull. SHavumenvbHulll 3 pexm 0 SIKOHOMUU
KOHCMPYKMUBHBIX MAMEPUATIO8 0aem NpumMeHeHue hopCcuposaHHo20 OXIAANCOEHUs
C HaNpasIeHHOU YUPKYIayuell Macid 8 KAHaiax 0oMomox u d¢hghekmuenvix
OXJIa0Umetsx.

s obecneyerus S5KOHOMUYHOU pabOmMbl cemell U HAdJledHcaue2o Kaiecmaea
SHepeUuU, OMnYcKaemou nompedumensm, m.e. 01 NOOOEPAHCAHUS NOCOSHCMEBA
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Hanpsicenusl, 603HUKAem HeoOX00UMOCHb 8 PACUUPEHUU 8bINYCKA
MpPancoopmamopos ¢ pe2yiuposaHuem Hanpsa;cetus noo Hazpy3Kou
(PIIH).Paspabomatnvie 8 mpanc@opmamopocmpoeHuu Memoobl UCCIe008aAHUS
nOJIA paccesiHus mpancoopmamopos u co30anue mo4Hblx Memooos8 aHaiu3a
pacnpeoeiieHus noJis pAcCesiHUs U 8bl3bl8AEMbIX UMU JJIeKMPOOUHAMUYECKUX CUI,
0elcCmeyIowux Ha 0OMOMKU NPU KOPOMKOM 3AMBIKAHUU, NO380IAI0M 00ecnedums
INEKMPOOUHAMUYECKYIO CIOUKOCHb U HAOEHCHOCb CUNOBBIX MPAHCHOPMAmopos
mowrocmoio 250—1000 MB - 4 u 6onee.

Hccnedosanue nosis paccesnus mpacpopmamopos umeem yeibto maxKice
obecneuums OnpeoeieHHyI0 OP2aHUu3ayuio U JT0KAIU3AYUIO IMO20 NOJIS 34 CYem
PAYUOHATILHO20 pazmMeujenusi 0OMOMOK U NPUMEHEHUs. MACHUMHbBIX IKPAHOB, YUMo
N0360.J15em CYWecmeeHHO YMeHbUUmMb 000a8ouHble Nomepu 6 0OMOMKAX U
KOHCMPYKMUBHBIX 0emaisiax mpancghopmamopa — CmenKax oaxa, npecco8aHHbix
oemansax oomomox u ocmosa. Coz0anue npocpamm pacuiema 31eKmpuyecko2o
noJisk 00MOMOK N0360.J151em pa3padbamuvléams KOHCMPYKYUIO U30IAYUYU 0OMOMOK
mpancgopmamopos nanpsixceruem 35—1150 kB ¢ yuemom eo3deticmaus
UMNYTIbCHBIX NEPEHANPIICEeHUl, He 00pawasacs K 00CMamo4Ho 00POUM Memooam
UCCe008aHUsI HAMYPATbHBIX MOOeell.

Jexyun Ne 5. Kommymauuonnsie u 3auiumnsle annapamolt 8blcoOK020
HanpsasceHus.

Cooeporcanue nekyuu:

51 Haszuauenue u maccud)ukauuﬂ annapamoe

Yenosus pa6OWlbl annapanios 6blCOK0O20 HANPAMNCEeHUA U 067/011/!6
5.2, mp€606‘aH1/lﬂ, npeabﬂeﬂﬂeﬂ/lble K HUM

Buixnouamenu 6blcoKk020 HANPANCEHUS
5.3. 5.3.1. Bosoywnvie gbikniouamenu
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5.3.2. Dnezazosvle gviknouamenu

5.3.3. Macnanvie gvikouamenu

5.3.4. Dnexmpomacnumnule gulKIIOUAMENU
5.3.5. Baxyymmoble gviknrouamenu

Pas’be()uHumeru, omdeﬂumeﬂu, Kopomkoszamblkameniu

5.4,

55 3au;umele U moxKkoozcparudusarowue annapamaol

5.1. Ha3nauenue u knaccugpuxayus annapamoe

Ilo ¢ynxyuonanvHomy npusHaxy saeKmpudeckue annapamsl 6blCOKO20
nanpsioicenus (ABH) noopazoensromces na credyroujue uobl:

o KOMMYMAYUOHHbIE annapamoi (6vlKIIOUAMeENU, pasveounumennt,
KOPOMKO3aMbIKamenu, omoeaiumen);

e 3awumHble U  OcpaHudusalOwue  annapamel  (npedoxpaHument,
MOKOOZPAHUYUBAIOUUE PeaKMOPbl, PA3PAOHUKU, HeTUHeliHbleo2PaHuYumenu
nepeHanpsaXiCceHull);

o KOMNJIEKmMHble pacnpedeaumenvhble ycmpoticmaa (KPY).

o Kommymayuonuvie annapamel  UCNOAL3YVIOMCA 015 QopMuposanus
He0OX00UMBIX CXeM nepeoayl IHePeUU Om ee UCMOYHUKA (IJIeKMPOCMAaHyULL)
K nompebumeio.

Paccmompum naubonee sasicnvie annapamot.

Buiknouwamenu npeonasHawenvl Oisi ONEPAMUBHOU U ABAPULHOU KOMMYMAayuu 8
SHepeocucmemax, m.e. GbINOJHEHUS Onepayull BKIOUeHUsT U OMKIIOUEHUs]
OMOEeIbHbIX Yenell npu PYyYHOM UL ABMOMAMUYEeCKoM YNpasieHuu. Bo exuouénnom
COCMOSIHUU  BbIKAIOHAMENU  OOJIHCHbL  OeCNPensimCcmeeHHo NPONYyCKamos MmMoKu
Haepy3ku. Xapaxkmep pedcuma pabomsl 3Mux annapamos HecKOJIbKO HeoOblUeH:
HOPMAIbHLIM OISl HUX CHUUMAemcsi KaK 6KIOYEHHOe COCMOosHUe, K020d OHU
00MeKaomess MOKOM HA2PY3KU, mMaxK U OmMKIUEHHOe, NpU KOMOpPOM OHU
obecneuusaiom HeoOX0OUMYI0 INEKMPULECKYIO UZ0TAYUIO MeNHCOY PA3OMKHYMbIMU
yuacmxamu yenu. Kommymayusi yenu, ocywecmensemas npu nepexioyeHuu
BBIKIIOYUAMEISL U3 OOHO20 NONONHCEHUSL 8 OpY2oe, NPOU3BOOUMCSL Hepe2YISIPHO, BPeMs.
om 8pemMeHU, d BbINOJHEeHUe UM chneyuguueckux mpedosaHutli no OMKIOUEHUIO
BO3HUKAIOULE20 8 Yenu KOPOMKO20 3AMbIKAHUS UPe38blHaliHO peOKo. Buikiouamenu
00.121CHbL HAOENCHO BLINOIHAMb C80U (DYHKYUU 8 MeyeHUe CPOKa Cayaicobl (25 n1em),
HAaxo05Ccb 8 JII0OOM U3 YKA3AHHBIX COCMOSAHULU, U OOHOBPEMEHHO Oblmb Bce20d
20MOBbIMU K MCHOBEHHOM)Y I(hheKxmueHoM) 8bINOIHEHUIO JIHOOIXKOMMYMAYUOHHBIX
onepayuii, Yacmo nocie ONUMeNbHO20 NpeObleaHUs 8
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HenoosudsicHoM cocmosinuu. Omcrooa ciedyem, 4mo OHU OO0JNCHbL UMEMb OYEHb
8bICOKULL  KOIuyuenm 2omosHocmu: Hpu  Manol  NPOOOIHCUMENTbHOCHU
npoyeccos KoMmMymayuu (HecKoibko MUHym 6 200) O0JdCHA Obimb obecnevena
NOCMOSIHHASL 20MOBHOCIb K OCYUIeCNBAEHUIO KOMMYMAYULl.

CekyuonHvle  @blKIIOYAMENU  NPUMEHAIOMCS 8  COOpHbIX  wuHax. B
pacnpederumenvuvix  ycmpoucmeax — (PY)  anexmpocmanyuii - ceKyuoHHbvie
8bIKIIOYAmMeENU NpU HOPMANIbHOU pabome 00bluHO 3amkHymbsl. OHU  OONHCHBI
ABMOMAMUYECKU OMKII0YAMbCS MONbKO NPU NOBPENCOEHUU 8 30He COOPHLIX WIUH.
Bmecme ¢ Humu 0012CHbL OMKAI0YAMbCA U Opyeue 8bIKIIOUamen no8pedcOEHHOL
cexyuu. Taxum obpazom, nogpedxcoénnas cexkyus PY 6yoem omxkniouena, a
0CMAaNbHAs Yacmb OCMAHemcs 8 pabome.

Paszveounumenu npumensiomcs 011 KomMMymayuu 006eCmo4eHHblX Npu HOMOUWU
8bIKIIOYAmMeNel YUACMKO8 MOK0BeOyWuUx cucmem, 0Jisi nepexmovenusi PY ¢ oonoii
eéemeu Ha Opyayi, a makdyce 0 OMOeleHUs HA 8peMs pesu3Uu UIU peMOHmMA
CUTI0BO20 DNIEKMPOMEXHUUECKO20 000PYO08AHUS U CO30aHU OE30NACHBIX VCIOBUL
OM CMEMNCHLIX Yacmell JUHUU, HAXOOAWUXCS N0O HanpsaxceHuem. Pazveounumenu
CNOCOOHbBL PASMBIKAMb INEKMPULECKYIO Yenb MOIbKO NpU OMCYMCMEUU 8 HEUmoKa
UIU npu 8ecbMa Maiom moke. B omauyue om evikiouamenel pasbeOuHumenu 8
OMKIIOUEHHOM COCMOAHUU 00pa3yiom euoumslil paspuie yenu. Ilocie omxnoyenus
pasveounumenei ¢ obeux CMOpPoH o00vbeKma, HaAnpumep vlKIoYamens uiu
mpancgopmamopa, OHu OONINHCHBL 3A3EMIAMbCS C 00eux CMOPOH U0 NPU NOMOUU
NEPeHOCHbIX  3a3emaumeneti, U0  CHeYUalbHblX — 3A3eMIAIOWUX — HOdCell,
8CMPAUBAEMBIX 8 KOHCMPYKYUIO PA3bEeOUHUME.

Omoenumens  cuyscum Ons OMKIIOYEHU 00eCmOYeHHOU Yenu BblCOKO20
Hanpsicerus: 3a manoe epems (ne bonee 0,1 c). On nodoben pazvedunumenio, Ho
CHAOHCEH ObICMPOOEUCMBYIOWUM NPUBOOOM.

Kopomrozamvikamens —cayscum 0na CO30aHUA  UCKYCCHMBEHHO20 KOPOMKO20
3amvikanus (K3) 6 yenu evicoxkoeo uanpsoicenus. Kowcmpykyus e2o nooobna
KOHCIMPYKYUU 3a3eMAAI0ULe20 YCMPOUCMBEa pazbeOUHUMmens, HO CHAOICEHHO20
bvicmpooeticmayrowum  npueodom. Kopomkozamvikamenu u  omoerumenu
YCMAHABIUBAIOMCSL HA CMOPOHe blcule2o Hanpsicenus PY manoomeemcmeennuvix
nompeoumeneu, Ko20a 6 Yeiax OdKOHOMUuU niowaou u cmoumocmu PV
8bIKIIOYAmMenu npedyCMOmpeHsl MOIbKO HA CIMOPOHe HU3UE20 HANPSHCEHUS.

Ozpanuyugarowjue annapamol NOOPA30ENAIOMCA HA Annapamsl 02paHudeHusi moKa
u  Hanpaxcenus. K mokoocpanuuusaiowum — annapamam — OMHOCAMCA
npeooxXpanumeny u peakmopuvl 8bi1COK020 Hanpscenus. Ilnaskue npedoxpanumenu



88

NpeoHa3Hawenvl O 3auumvl CUTOBbIX MPAHCHOPMAMOPO8 U USMEPUMETbHBIX
Mpancopmamopos  HaAnpsd’CceHus,  GO30YUIHbIX U KADeNbHblX  JUHUL,
KOHOEHCamopos.

Toxooepanuyusaiowue  peakmopwl npeocmassom coboti KamyuKy
UHOYKmusHocmu 6e3 cmanu u cayxcam Ol O2PAHUYEHUs MOKA KOPOMKO20
samevikanus (K3) u nododepoicanus nanpsscenuss Ha cobopuulx wunax PY.
IIpumeneHnue ux no3zeonsiem cyuecmeeHHO CHU3UMb MpedOo8aHUs K GbIKIIOUAMETIAM
no  2JIeKMPOOUHAMUYECKOU, MePMUUEeCKOl CMOUKOCMU U  OMKIoHaowell
CHOCOOHOCMU 8 CemAX C PeaKmopamu N0 CPABHEHUIO C AHANO2UYHBIMU CeMAMU, He
3auueHHbIMU peakmopamu. B kauecmee oepanuuumeneti 2p0308biX U 6HYMPEHHUX
NepeHanpsANCeHUull UCNONb3VIOMCSL PA3PAOHUKU U O2PAHUYUMENUNEPEHANDANCEHUS.
Onu  Oomdcubl  ObIMb  YCMAHOBAEHbI  GOIU3U  CUNOBBIX  NOBLLUAIOUJUX
Mpancopmamopos u 660008 8030yuilblx Junul ¢ PY. Onu noseonsiom cHuzumo
mpedo8aHus K NPOYHOCMU 2NeKMPUEeCKolt U30AAYUU annapamos u 060py008anusl
PV, ymenvuwumo 2cabapumnvie pazmepul 21ekmpuieckoii yCmaHo8KU U 3HAYUMENbHO
CHU3UMb ee CMOUMOCMb.

Komnnexmuvie pacnpeoenumenvusie ycmpoticmea (KPY) cocmaensaiomes u3
HOJHOCMbIO UIU YACMUYHO 3aKPbIMBIX WKAGDO8 UU OI10KO8 CO 6CIMPOECHHbIMU 6 HUX
ABH, ycmpoucmeamu 3aujumsl, a8MOMAMUKU, KOHMPOIbHO-USMEPUMETbHOU
annapamypsl U HNOCMAsIseMblX 6 COOpAHHOM HA 3a800e UMU NOJIHOCHIBIO
n0020MOBNIeHHOM 011 cOopKu 8ude. Paznuuarom pacnpedenumenvhvie ycmpoicmaa
BHYMpeHHeU U HAPYH#CHOU ycmanoexku. Komnaexkmuvie pacnpedenumenvhbvie
ycmpoticmea cmanosamcs Haubonee pacnpocmpanenHvim munom PY. B nocieonee
8peMsl HAuaAIU WUPOKO NpUMeHAmbcs 2epmemusuposannsvie PY (I'PY), 6 komopbix
gce mokogedyuwjue d1eMeHmvl U 6ecb KOMNIEKC annapamypul (8blKiroyamen,
PasveOuHumenu) pacnoyioHCeHvl GHYMpU 2epMemuyHol 000J0YKY, 3ANOTHEHHOU
corcamvim eazom (anecazom). Haubonee agpgpexmueno I'PY 6yoym npumensamvcs 8
KPYHHbIX 20p00ax, Ymo OAcm 3HAYUMETbHYI0 IKOHOMUIO 20pOOCKUX nioujadeu u
NOBLLCUM HAOEIHCHOCb IHEP2OCUCTNEM.

Komnnexmnas snecazosasn siueiika PY (KPY23), cobupaemas b6roxamu 8 3a800CKuUx
VCI08UAX NO 8bIOPAHHOU CXeme U3 CMAHOAPMHBIX dleMeHmos8, nokasana Ha Puc.

5.1. u KPY3 na Puc. 5.1a
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Puc. 5.1a Pacnpedenumenvroe ycmpoicmeo ¢ 31e2a3080u U30nayuel.
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Hj e
=
10634

5150

Anmnapatsl

10534

Puc. 5.1. KPY?D na nanpsoxenue 500 xB Bun cnepenu (a),
Buj cnesa (6):

| — cGopnas wnHa. 2 — WHHHLH pasbeInHnTeNb, 3 —
JA3EMIINTEINL, 4 — NOJC BbIKIKOYaTens; 5 — rpanchop-
MATOp TOKa, 6 — JIHHeliHbI pasbenHuTeb, 7 — ObICTPO-
AEHCTBY IO 3azemanTens; § — Tpancopmarop Hanps-
AKeHuA. 9 — BBOJ «BO3IYX-2/1€rasy

5159

5.2. YcjoBusi padoThl aNMapaToB BbICOKOT0 HANPSIKEHUsT ¥ 001IIue

TpeOOBaHMs, NPeAbsABJAsieMble K HUM

BBICOKOI'O  HAIPsKCHUS MOTI'YT YCTAHABJIMBATBCA KAaK BHYTPHU

MOMEILEHUS,, TaK W Ha OTKPBITBIX pacnpeieuTeNbHbIX ycrpoiictBax (OPY).
YcnoBus paboThl IPU STOM 3HAUUTEIBHO PA3IUYAIOTCS, M 3TO HAXOAUT OTPAKEHUE
B UX KOHCTPYKTHUBHBIX OCOOCHHOCTSIX. Bo Bpems skcrutyatanuu ammapatsl OPY
MOJIBEPTaloTCsl BO3ACHCTBHUIO OKPYKAIOMIEH CpeAbl. DTH BO3AEUCTBUS OCOOEHHO
BpPEHO CKa3bIBAIOTCS HA COCTOSIHUM MU30JISILMM anmnapaToB. [loaToMmy Bce anmaparsl
OPY paccuuTbIBarOTCS Ha BO3JEHCTBUE IOJIONENA, BETPA U 3arpsA3HEHUN.



91

3arpsi3HEHHsT W [epuoAMYecKre yBiakHeHus wuzomsiuu  ABH  TpeOytor
COOTBETCTBYIOIIETO PAa3BUTHSI MOBEPXHOCTH H30JATOPOB. [lOCKOIBKY yCIIOBHS
3arps3HeHusT Ha pasHbix OPY  CyllleCTBEHHO 3aBHUCST OT KOHKPETHBIX
KJIIMMaTUYECKUX YCIOBUM (OJMM30CTh BOJHBIX OAaCCEHHOB, IMYCTHIHHBIX 30H),
HaJIW4YUs BPEAHBIX BBIOPOCOB MPOU3BOJACTB B aTMocdepy, TO OHHU 3HAYUTEIHHO
paznmuuaroTca. [ M30I4ATOPOB HApPYKHOM YCTAaHOBKH MPEAYCMOTPEHBI TpHU
UCIIOJIHEHUS B 3aBUCUMOCTU OT JUIMHBI IMyTH TOKa yTeuku: kareropus | — 1,67
cM/kB, xareropus 11 — 2,5 cm/kB, kateropus III — 3,5 cm/kB. CornacHo 3tum
HOpMaM JIONyCTUMAas JJIMHA YTEYKHA COOTBETCTBYET YAECIbHON JIIMHE YTEUKH

— JyiuHe, oTHecéHHOU K 1 kB Hambonbiiero pabodero JUHEHMHOTO HAIMPSKCHUS.
Anmaparsl ~ BHEIIHEHM  YCTAHOBKM  OKa3bIBAlOTCSI  NOJX  BO3JACHCTBHEM
KOMMYTAIMOHHBIX TEPEHANPSKEHUM, 3aBUCAIIMX OT BHJIA KOMMYTallUM, THUIA
BBIKJIFOYATENIS, TapaMeTPOB JJIEKTPUUECKOM CETH W TPO30BBIX HMMITYJIBCOB,
BO3HUKAIOIIMX MPU BO3JEHCTBUHU TPO30OBBIX DPA3psAI0B HA DJIEKTPUUYECKYIO CETh.
[Ipupoaa mpoucxoxACHUS MepeHaIPSKEHUN onpeaenseT cneuduyeckyo Gopmy
UMITyJIbCa MepeHanpsbkeHuit. Tak, rpo3oBoii UMIyNbe uMmeeT obo3Havenue 1,2/50
MKC, YTO O3HayaeT KpyTu3Hy ¢poHTa mmmyibca 1,2 + 0,3 Mxc mpu oOmen
nutenbHocT 50 £ 10 Mkc. KoMMyTallMOHHBIE TIEPEHAIPSKEHUS] UMUTUPYIOTCS
anepuoIMYECKUM HMMITYJIbCOM C JIMTENBbHOCTBhIO (ppoHTa t = 250 + 50 mMKc u
JUTUTEIBHOCTRIO ojtycnaa the, = 2500 + 1500 mxec.

B mnpouecce skcrmyaTanuyd Mpd BO3HUKHOBEHUH KOPOTKOTO 3aMbIKaHUS BCE
TOKOBEAYIIME JJIEMEHTHl CETH UCIBITHIBAIOT MOIIMHOE TEPMUUYECKOE U
3JIEKTPOAMHAMUYECKOE BO3AEHCTBHE TOKOB K3, mpeBoCXOoadmmx HOMHHAIbHbBIC
TOKH B JecaTku pa3. Ilpm nmporekanum tokoB K3 temmeparypa TOKOBemyHImx
AJIEMEHTOB, TOBBIIIASCH, HE JOJKHA MPEBBIIIATh HOPMHUPOBAHHBIX MPEAEIbHBIX
JOMYCTUMBIX 3HAYEHUW IS HEM3OJUPOBAHHBIX IUHOMPOBOIOB, HANPUMEp IS
meaubix 300°C, gaga amomuaueBbIX 200°C.Toxkm K3 BBI3BIBAIOT MNOSBIICHHUE
3HAQYUTEIBHBIX  DJEKTPOAWHAMHYECKUX  YCWIMH,  BO3JACHUCTBYIOUIMX  Ha
IIMHOIIPOBOJIBI M KX HECYIIIME MEXaHUYECKHUE KOHCTPYKITUH (B YaCTHOCTH,OMOPHBIC
n30JATOphl). KpoMe TOro, KOHTaKTHBIE CUCTEMBI BCEX KOMMYTHUPYIOIIUX alnapaToB
JIOJDKHBI BBIZICP)KUBATh ATH HArpy3KH O€3 CBApUBAHUS WM CAMOIPOU3BOJIBHOTO
pa3MbIKaHHsI KOHTAKTOB. OJEKTPOJWHAMUYECKHE YCUJIUSI PACCUMTHIBAIOTCS IO
HanOOJIbIIEMy MIHOBEHHOMY 3HaueHHIo (ymapHoro) toka tpéxdasnoro K3 iy, ¢
y4€ToM (Ha30BOTO CABUTA MEXKTY TOKAMH.

5.3. Buiknrouamenu 6bicoOK020 Hanpssicenun

Cpedu OCHOG6HbIX napamempoe BbIKIIOYAMeJiell 8blCOKO20 HANpANCEeHUs Cﬂedyem
8bLOCIUMD cpynny  HOMUHAIbHbIX napamvempoes, npucywux ecem munam
gbIKIIOYameretl u Ol’lpe()eﬂﬂlOU/ﬂ/LX yciaosus ux pa60mbl.

K ochoéubiM HOMUHANBHBIM napamempam GblIKIouamenel 8 COOMEemcmeuu ¢
pexomenoayusamu  Medcoynapoonoii  snekmpomexuudeckot xomuccuu (MOK)
omHoCAMCA. HOMUHAIbHOoe Hanpaxcenue U,,,, Haubolvuee pabouee Hanpaxiceuue
U,.,; HOMUuHanwbHblll Ypo8ensb U30AAYUU 8 KUNOBOILINAX, HOMUHANILHAA 4ACMOMmA
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nony HOMUHATIHBLU MOK |,40,; HOMUHATBHBIE MOK OMKTIOYEHUS |4 1100; HOMUHATBHDILLL

mox  8kmoueHusi lguon; HOMUHANBHOE NEpexoOHoe  B0CCMAHABIUBAIOUEECS]
nanpsicenue (IIBH) npu K3 na 6bl600ax evikntouameris, HOMUHAIbHbIE NAPAMEMPYL
npu He yoanéunvlx K3; Homunanvnas Onumenvnocmv K3; HomMuHanvbHas
NOCNe008aMeNbHOCIb — Onepayuil.  (HOMUHANbHbIE — YUKIbL),  HOPMUPOBAHHbLIE
noxazamenu HaoéxicHocmu u op.

K napamempam, xapakmepHuim 0Jis1 8030YUHBIX GbIKAIOUAMENEl, Cledyem OmHecmu
HOMUHAIbHOE 0ds/ieHUe U Pacxo0 8030yXa, HeoOXooumble OJis1 NPO8edeHUs ONepayull
BKNIOYEHUSL U OMKIIOYEHUS, HUJNCHUU npedel 0aeleHus OJisi Npou3so0CcCmed
OMOENbHLIX ONEePayUll.

Paccmompum  nexomopwie naubonee eadicuvie napamempul. Homunanieroe
nanpsiicenue U,  (MuHeltinoe) — 5mo  OA3UCHOe  HANpsdCeHUe U3
CMAaHOapmMuU308aHHO20 PAOA HANPANCEHUT, Onpeodensauiee ypogeHb U30NAYUU Cemu
U anekmpuieckoeo 06opyoosanus. [lelicmeumenvhvie HANPAXCEHUSA 8 PA3TUUHBIX
MOYKAX CUCEMbI MOZYM OMAUYAMBCSL OM HOMUHATLHO20, OOHAKO OHU He 00NIHCHbL
npesvluams HauboabLuilue padboydue HAnpsiceHus (HOMUHATbHOE HANpsiCceHUue No
MOK), ycmamnoenennvie 0 npooondcumenvhou pabomel. Homunanvhoie
HANPsICeHUst bIKIIOUameneti CoOOmeemcmeyom Kiaccam Hanpsiicenus (maon. 5.1).

Homunanvuwiti yposensv uzonayuu 8ulKIOYAmMeNs Xapakmepusyemcs 3HaYeHUusmu
UCNBIMAMENbHBIX  HANPANCEHUL, B030€UCMBYIOWUX HA OCHOBHYIO  UZ0AAYUIO
BbIKJIIOYAMEJIA.

Homunanvuwiit mox — deticmeyioujee 3HaueHue Hauboabue2o moxka, 00Ny Cmumo2o
1O YCNOBUAM HA2PeBA MOKOBEOYWUX Yacmell 8bIKIIoUamens 8 npoooJiCUMeETIbHOM
peaxcume, npunumarowee cieoyrowue 3nadenus: 200; 400; 600; 800; 1000; 1250;
1600; 2000; 2500; 3150; 4000; 5000; 6300; 8000; 10000; 12500; 16 000;
20 000; 25 000; 31 500 A.

Knacc nomunanvuvix Hanp;mceuuﬁ

Tabauya 5.1 Haubonvuee pabouee
Hanpsivicenue (HOMUHATbHOE

Homunanvnoe
Hanpsoicenue no MOK),

meacoypasioe (runeinoe) Oeticmsytowjee 3Hayenue, KB

Hanp:s;oiceHue,
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Oelicmsyroujee sHayeHue, KB
3 3,6
6 7,2
10 12
15 17,5
20 24
35 40,5
110 126
150 172
220 252
330 363
500 525
750 787
1150 1200
Kommymayuonnas OMKII0YAOUas CnOCOOHOCMb BLIKAIOUAMEIIS

xapaxkmepusyemcsi HOMUHAJIbHbIM MOKOM OMKIIOYEHUA |0_H0M, K0m0pbllj moancem
OMKJIIO4YUmbs sblKouamenb  npu HauboIbUeM pa60qu HanpAiasiceHuu u
HOPMUPOBAHHBIX YCIOBUAX BOCCMAHOBIERUS HANDANICEHUA. Tox omxknouenus
xapakmepusyemcs aeiicmeyiou;ww SHAYEeHUeM e2o nepuoduqecmﬁ cocmaeﬂﬂmwed
|0,n, OMHECEHHOU K MOMeHNy BO3HUKHOBEHUA dyeu (MOMeHm PA3IMBIKAHUA
dyeoeacumeﬂbubzx KOHmaKn’IOB) U HA3bIBAEMOU HOMUHATLHBLIM MOKOM OMKIIOYEHUS
lonon (2,5; 3,25 4; 5; 6,3; 8; 10; 12,5; 16; 20; 25; 31,5; 35,5; 40; 45;

50; 56; 63; 71; 80; 90; 100; 112; 125; 140; 160; 180; 200; 224; 250 xkA4), a
makodice HOPMUPOBAHHLIM NPOYEHMHBLIM —cooepiicanuem [, anepuoouyeckoll
cocmaeﬂﬂiou;eﬁ, PABHbIM ONMHOULEHUIO anepuoduquKod COCI%CZ@]Z}ZIOM/;GIZ ia moka

omxmouenusi Kk amnaumyoe nepuoouueckou cocmasusiowein ( lo,, = lo.1i0xt)
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moeco oice moka 6 MOMEHN pPpAaA3IMbIKAHUA ayZOZCZCZ/lme]lele KoHmakmos. Tox
OMKIIO4YEeHUA BbIKJlloYamelis onpedeﬂﬂemCﬂ CyMMOZ:Z nepuoduquKozZ u
anepuoduqecmd cocmaeAromux.

io = IO.HOM + ia = IO.HOM (1 +,BH) (51)

Homunanvnoiii mok exinrouerus Ie.nom — HauboabLUIULL MOK, KOWZOpblZZ BblKJII0Yamelo
Mmoarcent 8Kirodums npu Haubovbuem pa6oqu HanpAs;itceHuu. Hpu 603HUKHOBEHUU
K3s yenu 3a epems OKojlo 10 mc mox docmucaem c60e2o0 MAKCUMAIbHO2O 3HAYEHUA,
HA3bl6AEMOCO ydaprZM moxom K3. HOQI’l’lOMy HOMUHAIbHBIL MOK BKIIOYEHUS
oonoicer Oblmb He MeHee yaapﬁoeo moka K3 us YCI08UA 603MOINCHOCMU 6KIIHOUYEHUA

Ha cywecmgyowee K3 6 yenu [6 pedicume asmomamuueckoco no8MOPHO2O
sxatouerust (AIIB)].

Homunanonas onumensnocms moxa K3 xapaxmepuzyemcs cnocobnocmuio
BBIKTIIOUAMEISL BLLOEPHCUBAMb 80 BKNHOUEHHOM NOJIONHCEHUU De3 NOBPEHCOeHUL MOK
INIEKMPOOUHAMUYECKOU cmouKkocmuy (yoapuvii mox) lyy = 2,55 louen u mok
mepmuyeckou cmouxkocmu I, = |, 0. Bpemsa npomexanus moka I,, cocmasnsem 1

unu 2 ¢ ona eviknrouamenei npu Uy, 330 kB u 1 unu 3 ¢ 014 svikaouameneti npu

Ilpu omknouenuu moka K3 Ha 6vbi600ax eviknouamesiss 603HUKAEH NEPEXOOHblll
npoyecc, KOMOpwIli Npu 2auleHuu Oyeu  Xapakmepuzyemcs nepexooHviM
soccmanasiusarowumcs Hanpscenuem (IIBH), 3aeucswum om cobcmeeHHbIX
napamempos omKuOuaemMou cemu.

Omxnouaowas  cnocoOHOCMb  0Y202ACUMENbHLIX — YCIMPOUCME — NO-PASHOMY
3asucum om xapaxkmepa usmernenus IIBH. Bozoywnbie u a1ecazosvie gulkaouamenu
oueHb yyscmeumenbHul Kk ckopocmu Hapacmanus [IBH (du/dt), a macnanvie — «
maxcumanvromy IHIBH. Dmum 00vsacusemces nopmuposanue |, ou.
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A dujdr

Puc. 5.2. IIpedenvruie pesicumol pabomol 8blKA0UAMeENs.

OTtkiroyaromasi  crmocoOOHOCTh  BBIKIIIOUATENS] MOXKET OBbITh 0XapaKTepU30BaAHA
3aBHCUMOCTBIO JIOIMTYCTHMOM CKOPOCTH BOCCTaHOBIICHUs Hanpspkerus du/dt ot Toka
otkimodeHus (kpuBas 1 Ha puc. 5.2). Touku nepecedyenus kpuoir 1 u mpsmoii 2,
ONMUCBHIBAIOIIEN 3aBUCUMOCTh CKOpocTH Hapactanus I[IBH Ha koHTakTax
BBIKJIFOUATENsl NPU OTKIKYEHUMM He yaan€HHoro K3 oT Toka OTKIIOYEeHWS,
OTPENENSAIOT TMPEeACIbHbIN TOK Iy, KOTOPBIA MOXXET OBITh OTKIIIOUEH BO3MYIIHBIM
BBIKJIFOUATEIeM 0€3 TerI0OBOro nmpooos.

[Ipu ycnenmrHoM mpeoAoJeHUU MEePBOTO MUK HAIpsKEHUs (TEMIOBON MpoOoW He
IPOU30IIENT) BO3MOXKEH MpoOOM Ha MaKCMMajIbHOM HampspkeHud. [[nst kaxaoro
TUIA BBIKJIIOYATENs MOXET OBbITh ONPENENICHO MpelesbHO JIOMYCTUMOE
MakcumanbHoe [IBH, 3aBucdiiee ot oTkirouaemMoro tToka — kpuBas 3. Kpusas 4
nokaspiBaeT MmakcuManpHoe [IBH cetun, koTopoe He 3aBucuT oT koMMyTanuu. Touka
UX MEPECEUCHHUS YKA3bIBAET IPEACIBHOE 3HAUEHUE TOKA OTKJIFOUEHUS BBIKIIFOUATEIIS
|,, BBI3bIBAIOIIEE BOBMOXKHBIN SJIEKTPUUECKUN MPOOOA.

Brikitouarenb He NOJDKEH OTKa3bIBaTh Kak MpPU MakCcUMasbHbIX 3HaueHusix [IBH
npu K3 Ha KOHTakTax BBIKJIFOYATENs, Tak W npu BosxaevictBuu [IBH ¢ BbIcOKOM
Ha4YaJIbHOM CKOpOCThIO pocTa npu ynanéuueix K3. 3aBucumoctun 3, 4,
XapaKTEepU3yIOIIUe PEKUM BO3MOMKHOTO AIIEKTPUUYECKOTO MPOoOO0s, OMpeneistoT
npeaenbHbiii ToK |,, KOTOpBIA OOJIbIe, YeM MpEeAeiabHBI TOK MPU BO3MOXKHOM
TerioBoM 1poboe I;. O6macTh mMpuMEHEHHs BBIKJIIOYATENsI OTpaHUYeHa IO TOKY
3HaYeHWeM |, a 10 HampsHKEHWI0O — KpUBOW (KpuBas 3) BO3MOXKHOTO
ANEKTPUUECKOTO MPOOOSI.

B GonbimmHCTBE citydyaeB (coriacHo cratuctuke a0 80 %) mpuyuHa, BhI3bIBAIOIIAS
K3, camonukBuaupyercs B pe3yabTaTe€ KpPATKOBPEMEHHOIO  OTKJIFOUCHMS
HanpspKeHus1, He npebimatoiero 0,3 ¢, He0OXOAMMOro AJIs JEMOHU3AlMN Y4acTKa
CYILIECTBOBAHUS OTKpbITOM ayru K3, W MOSABISIETCS BO3MOYXKHOCTH MOBTOPHOTO
BKJIFOYEHHUSI HANpsKEHUs cucTeMbl. OTCI0/1a BBITEKAET ONpEIeIICHHAs
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IIOCJIEI0BATENbHOCTh ONEpPAllii, BBIMNOJIHIEMBIX BBIKIIOYATEIEM, CBSI3aHHBIX C
orkiroyeHneM K3 u mocnenyromuM aBTOMATHYECKUM MOBTOPHBIM BKJIFOUEHUEM
(AIIB) sToro yyacTka ceTu. BoICOKOBOJIBTHBIE BRIKJIIOUATEIH IO CIIOCOOY TralieHus
OYTd TOAPA3JEISIIOTCS Ha BO3AYILIHBIE, 3JIEra30Bble, JJIEKTPOMAarHUTHBIE U
BaKyyMHBbIE

5.3.1. Bo3oywnusle éviknouamenu

Ulupoxoe npumeHnenue B030VWHLIX  BbIKIIOUAMENEU 6  IHEPLOCUCTNEMAX
00yCl061U8AEMCS  UX — BbICOKUMU, OISl CB0€20  BPEeMEHU,  MEeXHUYeCKUMU
xapaxkmepucmukamu. KoHcmpyKmusHo 6030yuiHble BbIKIIOYAMen OKA3AIUCH
XOpowio NpuUcnocoONeHHbIMU Ol PA3IUYHLIX YCI08UlL paOOmMbl  COBPEMEHHBIX
pacnpeoenumenbHblX YCmpOoUCmeE BblCOKO20 HANPANXCEHUs. NPU GHYMPEHHeU U
HapyosicHou  ycmaHoske. HedocmamouHno 6vlcokas dnexmpudeckas HpoOYHOCHb
6o30yxa (E = 20 kB/cm) He nossonsiem noayuamo mMooyau ¢ Hanpsixcenuem 350—
500 xB, umo u npueooum 6 nocieouee 6pemsi K UHMEHCUBHOMY PA38UMUIO
BbIKIIOUAmenell ¢ UCNOb308aKuem 0pyeoll Oyeozacsaueli cpedbl — d1e2asd.

11o naznauenuio 6030yuinble 8bIKIIOUAMENU PA30EIAIOMCA HA Cledyiowue cpynnbl:

o cemegvle 8bIKIIOYAmMeENU Ha Hanpsxcenue 6 KB u eviule, npumensemvle 8
INEKMPUHECKUX CemAX U NPEeOHA3HAYeHHble O NPONYCKA U KOMMYMAayuu
MOKA 8 HOPMANILHBLIX YCI08UAX pabombl yenu u 8 ycnogusax K3;

o 2eHepamopHvle 8bIK0Uamenu Ha Hanpaxcenue 6—24 kB, npumensemvie 0l
NOOKNIOUEHUs] 2eHepamopos U NPeoOHA3HaAYeHHble 018 NPONYCKA U
KOMMYmMayuu moKo8 8 HOPMAIbHBIX YCA08UAX, A MAKIHCE 8 NYCKOBbLIX
pedcumax u npu K3;

o  BbIKIIOUAMENU OJis INEKMPOMEPMUYECKUX YCMAHOBOK C HANPANCEHUAMU 6—
220 kB, npeonasznauenuvle 0151 pabomul KaK 8 HOPMANbHbLLX, MAK U 8
ABAPUTIHBIX PEHCUMAX,

o  BLIKIIOUAMENU CNEeYUANbHO20 HAZHAYEHUS.

1o 6udy ycmanosku 6030yuiHble BbIKIIOUAMENU MOICHO PA30eIUms Ha cledyioujue

cpynnasl.

o ONOpHbIE;
o noogecHwvie (N00BeUUBAIOMCS K NOPMATbHbIM KoOHcmpyKyusim Ha OPY);
o BbIKAMHbIE (UMetom NpucnocooieHus s eblkamku u3 PY);
o GCMpausaemvle 8 KOMNJIEKMHble pacnpeoeumenvhsle YCmpoucmed.

K o0ocmouncmeam 6030yuinbix @vikouamenei MONCHO OMHecmu Caedyrouue

noKazamenu: B6blCOKYI0 OMKIIOUAIOUWYI0 CNOCOOHOCMb, NONCAPOOE30NACHOCTb,
8biCcOKOe Oblcmpodeticmaue; cnocooHocms Kommymayuu mokos K3 ¢ 6onvuium
NPOYEeHMoM anepuooudeckol cocmagusauel (8n1oms 00 KOMMYMayuu yenetl
NOCMOSIHHO20 MOKQA).
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Heoocmamkamu 6030yuiHblx 8biknouameneil A81A10Mcs Haiuyue 00po2oCmoaue2o
HOCMOSIHHO ~ O0eUCmBYIouie20  KOMAPECCOPHO20 — 000PYO08AHUs,  BbICOKASL
YY8CMBUMENbHOCHb K CKOPOCIU 80CCMAHABIUBATOWE20CS HANPSNCEHUS NPU

ne yoanénnom K3; 6o3modcHocmv «cpeza» moka npu OMKIOYEHUU MAabixX
UHOYKMUBHBIX MOK08 (omkniouenue HEHA2PYHCEHHBIX CUTIOBBIX
mpancgopmamopos).

Ilpunyun  Oeticmeuss  Oyeozcacumcavnelx  ycmpoticme  (AY)  6030yuuHbix
sviknouamenei.  Cocamviti  6030yx  AgusAemca  3PGHeKmusHol  cpeoot,
obecneuusaowell HA0EHCHOe 2aulenue NeKmpuieckol oyeu. Imo 0ocmueaemcs
UHMEHCUBHBIM 8030€UCMBUEM C MAKCUMATLHO 803MONCHLIMU CKOPOCMAMU NOMOKA
6030yxa Ha Oyeoeoli Kawal. B JIV 6030ywmnbix ewviknouamenei eauienue
INEKMPUYECKOU Oy2u NPOUCXOO0UM 8 OYMbesblX KAHANAX (CONAAx), Komopwvle
KOHCMPYKMUBHO 8 COBOKYNHOCMU C OKOHEYHOU YACbl0 KOHMAKMO8 0)202ACUME]IS]
obpazyrom dymuesyio cucmemy. Cmono oyeu, 06pazoeasuieticsi Ha pa3mblKaouuxcs
KOHMAaxkmax, noo oeucmsuem 6030YUIHO20 NOMOKA pacmseuéaemcs u Ovicmpo
nepemewaemcs 8 Conia, 20e NpouUcxooum ee 2auleHue.

B 3asucumocmu om gopmul u 63aUMHO20 PACNONONCEHUS KOHMAKMOSE U CONJL
2auieHue oyau 8 makux yCmpoucmeax Moxcem npoucxooums npu.

o OOHOCMOPOHHEM (NPOOOJILHOM) OYymbe uepe3 Memaniiudeckoe conio (puc.
5.3,a);

e OOHOCMOPOHHEM (NPOOOJILHOM) Oymbe Uepe3 U30JAYUOHHOe CONLo (puc. 5.3,
0);

o 08YCMOPOHHEM CUMMEMPUUHOM (HPOOOJIbLHOM) Oymbe uepe3 COnlooopasHble
nosvle kKonmaxkmol (puc. 5.3, 8);

e 08YCMOpPOHHEM ACUMMEMPUUHOM (npooonvHoM) oymoe yepes
connoobpasHwvie nonvie Konmaxkmol (puc. 5.3, 2).

a) @) 6) ?)

Puc . 5.3. Cxemst npodonvrozo 6030yuno2o 0yms
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Hannydmme mnokasarend IIOJIY4Y€Hbl B BBIKIIOUATENSAX C JYrOracUTEIbHBIMU
CUCTEMaMH, UCTIOJIb3YIOIIUMH JIBYyCTOPOHHEE ACUMMETPUYHOE AYThE.

B wMexaHuW3sMe TrameHHs SJIEKTPUYECKOM JYIrM TECHO NEpEIUIETAlOTCS KAk
AJIEKTPUYECKHUE ITPOLIECCHI B CTOJIOE 1yTH, TaK U ra30TEPMOAMHAMUYECKUEIIPOLIECCHI
UCTEYECHMS Ta30BOU CTPYH.

CBoeoOpa3ue UCTeueHUs rasa U3 JyroracuTENIbHOIO YCTPOWCTBA 3aKIIIOUAETCS B
TOM, YTO ITOTOK I'a3a BCTPEYAET HA CBOEM IIyTH MOLIHBIA HCTOYHUK TETUIOTHL, KAKHM
ABJISIETCS Iyra U KOTOPBIM TOPMO3UT BO3AYILIHBIN NIOTOK, T.€. YMEHBIIIAETCS PACXOJ
BO3/lyXa, MPOTEKAOIIETO Yepe3 COIIO C AYyroil. ITO SIBJIEHUE, HA3bIBAEMOE
«TepMOJMHAMUYECKHN 3 (HEKT», MOKET NMPUBOAUTH K TOJHOM 3aKyMOpPKE COIUIA
ANEKTPUYECKON JTyrOM, YTO BBI3BIBAECT Pa3pyLICHUE AYTOTACUTEIBHOM CUCTEMBI.
Takum oOpaszom, pasmep (auameTp coria de Ha puc. 5.3, a, T) IyTh€BOW CUCTEMBI
onpeaensieT MaKCUMaJIbHO BO3MOKHBIA TOK OTKIIOUYEHUS BBIKITIOUATES.

Bricokas 3ppekTUBHOCTD OXJIaXKAEHUS KaHala CT0JI0A AYTH aKCUAJIbHBIM TOTOKOM
raza OOBSCHSETCS BOZHUKHOBEHHEM HHTEHCUBHOW TYpOYJIEHTHON KOHBEKIUH Ha
rpaHuIle ABYX TOTOKOB (puc. 5.4). VYBenndyeHUe CONPOTUBIICHUS IyrOBOTO
IPOMEXKYTKA, OIPEACIAIOMIET0 JJIEKTPUYECKYHD IPOYHOCTh B BO3AYIIHBIX
BBIKJIFOUATENISAX, B OOJIBILION CTENEHU 3aBUCUT OT OTKIIFOYAEMOI0 TOKA.

Puc. 5.4. Cxema TedeHHA X0I0JHOIO
rasa u Nuasmel cTonda ayru B
CHCTEME MPOACIBHOTO AYTEA
OYTOTACHTENLHOTO YCTPOICTRA:

! — odnacrte NOTOKA XOIN0OAHOTD
raza; 2 — obnacte cToba myTm;

3 — rpaHuvHas TypOyJeHTHasA
00nacTs

Konctpykimss  BO3AyIIHBIX — BbIKIFOUaTesneil. OTIWYUTENHHOM OCOOCHHOCTHIO
COBPEMEHHBIX BBIKIIFOYATEJICH BBICOKOTO HAINPSIKEHUS SBISIETCS MOIYJIbHBIN
MNPUHIUIT  TIOCTPOEHUs. OIJTO  obOecrmeunBaeT BO3MOXKHOCTh  MPUMECHEHHS
OJIHOTHUITHBIX 3JIEMEHTOB (MOAYJEN) JIJIsl CO3/IaHUS BBIKIIOUATEICH HA HATIPSAKEHUS
110—1150 «B. Illupoko pacrnpocTpaHeHbl BO3AYLIHBIE BBIKIIOYATEIU C
METAUIMYECKUMU ~ AYTOTaCUTEIbHBIMA  KaMepaMH, 3alOJIHEHHBIMU  CKAThIM
BO3lyXOM. B 1ensx yBenuueHus OTKIHOYAIOMEH CHOCOOHOCTH MOBBIIIAIOT
JaBJIEHUE CKATOro Bo3Ayxa. B Hacrosiiee Bpemsi 3TO JaBJCHHUE JOCTUTaeT 6—
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8,5 MIla. Ha puc.5.5.mpeaccrapien oOuuii BUa BO3IYIIHOTO BhIKItouatTesns BBb-
220-12.
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Puc.5.5. Obwuii 6uo 6o30yuinoeo swviknouyamensi BBH-220-12:

1 — pama; 2 — wxagh ynpasnenus; 3 — onopHulil uzonamop, 4 — 86030yxXonpoeoo u3
cmekioniacmuka, S — ok, 6 — wywmupyowuii Kowoencamop, 1 —
NPOMENCYMOYHBIU ONOPHBIU U30amop, 8 — mokosedywas nepemvruxka, 9, 10 —
Memanuuyeckas 0ye0eacumenvbtas kamepa

Ha puc. 5.5 npeacrasnen oOuuii Bux Beikitouarens BBb-220-12 ¢ HoMuHabHBIM
HanpsokeHUueM Uyey = 220 kB, HOMUHATBHBIM TOKOM OTKITIOUEHHUS Lo hon = 31,5 KA,
HOMHUHAIBHBIM TOKOM lyou = 2000 A. BeikitouaTenb yCTaHOBIEH Ha pame 1, K
KOTOpOW KpemsaTcs Immkad ympaBiaeHHsS 2 W ONOPHBIA H30IATOp 3 C ABYMS
METaJUIMYECKUMHU  TyroracuTeNbHbIMA Kamepamu 9, 10, pa3beauHEHHBIMH
IPOMEKYTOUYHBIM OIOPHBIM H30JATOpOM 7. BHyTpu nyroracutenbHas kamepa
COICPKUT JBa TJIABHBIX KOHTAKTa, COCIMHEHHBIX E€IUHON TpaBEpCcOil, W JBa
BCIIOMOTATEIbHBIX KOHTaKTa. KaKIblii W3 TIJIaBHBIX KOHTAKTOB 3allyHTHPOBAH
pesuctopoM corpoTtusieHueM 100 OMm, ciykarum st 00JIerdeHUs raleHus TyTu
B IJIABHBIX KOHTAKTaX, BEIPABHUBAHUS HAIIPSKEHUS] MKy pa3pblBaMU B IIPOILIECCE
OTKJIFOUECHHS] M CHUKEHHSI CKOPOCTHM BOCCTAHOBIJICHMS HampsbkeHus. Jia Tex ke
Iejei MCIONB3YIOTCS W IIYHTHUPYIOIIME KOHACHcCATOphl 6. BermomorarenbHbIe
KOHTAaKThl OTKJIIOYAIOT TOK, MPOTEKAIONIUMNA Yepe3 UIyHTUPYIOIIUE PE3UCTOPHI.
Buytpu dapdopoBoro omopHoro u3oisTOpa U B MPOMEXKYTOUYHOM H3OJATOPE
MPOXOJIAT JBa BO3yXOMPOBOJA M3 CTEKJIOIJIACTHUKA

4. OnuH CIyKUT JIJIs1 IOCTOSIHHOM MOJIaud CXKAaToOro BO3/lyXa B JIyTOTaCUTEJIbHBIC
KaMepbl, BTOPOW — I UMITYJIbCHOM MOJA4YM CKATOr0 BO3AYyXa B CUCTEMY
ynpasyienus. Kamepsl cHaOXeHBI JIIOKaMU 5, peTHa3HAY€HHBIMU TSl IPOBEJCHUS
PEBU3UM M PEMOHTA KOHTAKTHOM W JAyTOTACHUTEIBLHOW CUCTEM. JlyroracuresbHbIC
kamepsl 9, 10 BKIIIOUEHBI TOCIEA0BATEIBHO TOKOBEAYIIIEH IEPEMBIUKOM 8.
BayTpenHue 1OJIOCTM HMEIOT HE3HAYUTENbHBIA Tepernaj JaBJeHUs 10
OTHOIIEHUIO K oOkpyxkaromeil cpege (6—12) - 10°Ila. Drtum gocruraercs
HEOoOXoauMasi JUAJICKTpUYECKass TMPOYHOCTh IO BHYTPEHHEH MOBEPXHOCTHU
bapdopoBBIX 2JIEMEHTOB, HE UMEIOIIUX MMPOYHOTO TJIa3ypPOBAHHOTO MOKPHITHUSI.
[TosToMy Bce BO3AYIIHBIC BBIKJIIOYATEIN JOJDKHBI HMMETh COOTBETCTBYIOIIEE
KOMITPECCOPHOE X031 CTBO, 0OECTIeunBaroIiee HEMTPEPHIBHBIN pacxo] Bo3ayxa (10
1500 11/49) Ha BEHTUJIALIHIO.

Ha ¢oto. 5.1 mpeacraBnens! Bo3ayiiHbIe BhIKTIouaTe I Ha Hanpsikenue 330 kB.
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@omo. 5. |. Bvicokosorvmuule gviknouamenu Hananpsicerue 330 kB

5.3.2. Dnezaszoewie eviknrouamenu

Quzuxo-xumuueckue ceolicmsea snezasa. Lllecmugpmopucmasn cepa SFe — sneeas,
OMHOCUMCA K «IJIeKMPOOMPUYAMETIbHBIMY 2A3aM, NOJYYUSUUM MAKOE HA36AHUE
U3-3a CNOCOOHOCMU UX MOJEKYl 3ax6amvl@amsv C800O00HbIE  IIEeKMPOHDL,
npespawasco 8 msicensvle U Maiono08UNCHble OMPUYAMETILHO 3APHCEHHbLE UOHDL.
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Onezasz npu nopmanvrot memnepamype (20°C) u oasnenuu 0,1 MIla npedcmasnsiem
cobolti 2az 6e3 ysema u 3anaxa. [lnomunocms e2o noumu 8 5 paz eviuie NIOMHOCHU
6030yxa, ckopocms 38yKa 6 Hem npu memnepamype 30°C — 138,5 m/c (330 m/c 6
8030yxe). Dnecaz obraoaem HU3KOU MENIOEMKOCMbIO 8 KaHale cmonba oy2u u
NOBBIUUEHHOU MENJIONPOBOOHOCbIO 20PAUUX 2A308, OKPYIHCAIOUUX CMONO Oyeu
(2000 K). Omo xapaxmepuzyem s1e2a3 Kax cpeody, 001a0arouyio 6blCOKUMU
menionpogoosiuumu ceoticmeamu. K neoocmamxam anezasa cnedyem omuecmu e2o
HU3KY10 memnepamypy cocudxcenus (- 64°C) npu oaenenuu 0,1 Mlla, komopas c
nosvlueHueM o0asieHuss nogviuaemcs. Yucmolli d1e2a3 He2oproy, UHEPMEH,
nazpesocmoek 0o 800°C. I[lo0 enusinuem 3neKmpudeckou Oyeu uiu KOPOHHO2O
Pasps0a npoucxooum pasiodceHue 31e2a3da ¢ 00pa308aHuem XUMUdecku aKmueHbix
coeOuHeHUll, KOmopble MO2YM  6bl36AMb  pPA3PYUleHUe  U30JAYUOHHBIX U
KOHCMPYKYUOHHBIX Mmamepuanos. OQOHAKO cmeneHb pasiodiceHust d1e2a3d noo
8030eticmauem dleKmpuieckou dyau 8 0y202acumenbHoUKamepe HU3Ka us-3a mozo,
ymo bonvbuioe KOJIUYECmE0  pPA3N0ACUBULESOCSL easa HeMeONeHHO
goccmanagnueaemcs 8 anezase. 1azoobpasuvivMu  NpoOOYKMAMU  PA3LOHNCEHUS.
aenaomes Huzuwue gmopuowvt cped SFo, SF4. Xoms smu eazvl camuno cebe e
MOKCUYHbL, HO J1€2KO 2SUOPOAUZYIOMCS NPU 63AUMOOCUCMBUU C 61a20U, 00pazysi
@dmopucmo-6000pOOHYI0  KUCIOMY U O08YOKUCL cepbl. [ ux noeloujeHus 8
971e2a308ble GLIKNIOUAMENU BKIIOYAIOMCA (UIbmMpPbl, COpOEPLL U3 AKMUBUPOBAHHO20
amomunus  AOz, Komopwie nozrowalom Kak — 2a3000pazHvie NPOOYKMbl
pasnodxcenus, maxk u eiazy. Kpome axmusenvix 2azo8 60 8pems copeHus oyeu 6
pe3yibmame peakyuu ¢ napamu  Mamepuaniog KOHMAKMO8 0)202acumelis
obpa3zyromces memaniudeckue hmopuosl 8 sude monko2o cios nopouika. Obaaoas
HU3KOUL 2JIeKMPONPOBOOHOCIbIO, OHU He CHUNCAIOM INeKMPUUECKyI0 NPOYHOCIb
uzonayuu annapama.

Jlyeocacumenvrvle ycmpoticmea. B 3ne2azo8vbix @wviKIOUamensx eauienue oyeu
npoucxooum makx dice, KAk U 6 B030VUIHBIX BbIKIIOUAMENAX NPU UHMEHCUBHOM
oxnaxcoenuu oy2u nOmokom 2asa. [[yzoeacumenvuas cnocooHocms ne2asa 8 4—
4,5 paza sviuie, yem 8030yXa npu CONOCMABUMBIX YCIOBUAX. DMO NPEUMYULECTBO
00BACHAECMCA pAIUYUAMU MeNopuU3UIecKUx ceolicme sneeaza u 6o3oyxa. Kanan
cmonba dya2u 6 snezase 061adaem MeHbUWUM MeNni10CO0EPHCAHUEM HO CPABHEHUIO C
8030YXOM U BbICOKOU CNOCOOHOCMbIO 2leea3d 3axeamvléams — C80000HbIE
9eKmponsl. B pezynemame Kkonuuecmeo Hocumeneti MoOKa — CB0O0OHbIX
INEeKMPOHO8 — & cmojibe O0yeu BCle0Cmeue d2mo20 yMeHvbuaemcs, O0alanHc ux
Modfcem cmamv OmpuyamenbHbiM U dy2a 2acHem. feieHue 3axeama 271€KMpPOHO8
0COOEHHO ONaA2ONPUSMHO CKA3bIBAEMCsl NOCle nepexooa moKa uYepe3 H)ib,
gceocmaue ue20 3i1e2a3osvle GbIKIIYAmenu Maio 4y8CmeumeibHbl K 4acmome
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goccmanasnusaouecocs Hanpsaxcenus. Kax nokaszanu ucciedosanus, 6 sjezase
NpaKmuyecku 00 eCcmeCcmeeHHO020 Nnepexooa MoKd uepe3 Hylb He NPOUCX0Oum
paspyuierus Kauana cmoada oyau, 001a0arouje2o 8blCOKOU NPO8OOUMOCHbIO. MO
UCKTIOYaem B03MOJCHOCMb NOSAGIEHUSL NEPEeHANPINCEHUl NpU  OMKIIOYEeHUU
HEHACPYHCEHHbIX — mpaHcopmamopos U JuHull  daekmponepeday. B
NPOMUBONOJIONCHOCIIL  IMOMY 8 B030VUIHLIX BLIKIIOYAMENAX UHMEHCUBHBIMU
MYpPOYIEHMHbIMU NPOYECccamu Cmoab OyeU MOMCem paspyuamvcs paHvlie
eCcmecmeenHo20 nepexood moKa uepe3 HYlb, YUMo HNPUBOOUm K HOAGIEHUIO
nepeHanpaxceHull, Ol O02PAHUYeHUs KOMOPbIX B030YVUIHbIE  BbIKIIOYAMENU
CHADAHCAIOMCA ULYHMUPYIOWUMU CONPOMUBTIEHUSAMU.

B anecazosvix oycocacumenvuvix yempoticmsax ([Y) 6 omauvue om 6030yuiHblX npu
eauleHuu dyeu ucmedenue 2aza uepe3 CONio Npoucxooum e 6 ammocgepy, a 8
3AMKHYMbLIL 00beM Kamepol, 3aN0JTHEeHHbI 271e2a30M NPU HeOOIbUOM U30bIMOYHOM
oasnenuu. Ilo cnocoby cawenus oyeu 6 snezaze pasiuuarom ciedyowue J[V:

o C cucmemotl npoooIbHO20 OYMbs, 8 KOMOPYIO NPed8apumenbHO CHCAmblil
2a3 nocmynaem usz pesepeyapa ¢ OMHOCUMENIbHO 6blCOKUM Oa6ieHUemM
anezasza (/Y ¢ 08yms cmynenamu 0asieHus);

o ABMOKOMNPECCUOHHbIe ¢ OYymbeM 6 Jjleadsze, CO30A8AeMblM NOCPeOCmMEOM
BCMPOEHHO20 KOMNPECCUOHHo20 Yycmpoucmea (Y ¢ oonot cmynenvio
oaesnenus);

o C INEKMPOMACHUMHBIM OYMbeEM, 8 KOMOPOM 2aulenue 0yeu 00ecneuusaencs
6 pesyibmame ee nepemeujeHusi ¢ 8blCOKOU CKOPOCMbIO 8 HeNnOOSUNCHOM
anezase No KOIbUEGbIM IAeKMpooamM Noo 6030elicmeuem paoudibHO20
MACHUMHO20 NOJA, €030A8aeM020 OomKmodaemvim moxom (Y ¢
INEKMPOMASHUMHBIM OYIbeM);

o C cucmemou npoooabHO20 0YMbsl, 8 KOMOPOM NOBbIUEHIUE OABNEeHUS 8
anezase npoucxooum npu pazozpese 0y20u, 8pawaroulelics 8
CneyuanbHoll Kamepe noo 8030elcmeuem MacHUMHO20 NoJisl.

Humencusnoe eazoounamuyeckoe 6030elicmsue NOmMoOKa 3je2a3a Ha Cmojo

INeKMPUYECKol 0yeu aeasaemcs Hauboee 3¢hhexmusHviM cnocobom cauieHus 0y2u.
Ilosmomy oHO ucnonv3yemcs 8 OONLUWUHCMBE COBPEMeHHbIX KoHcmpykyuu JY
ane2a308vix eviKouameneu. Iawenue oyeu mnpoucxooum 6 conaax (puc. 5.6)
nomoxom snezasa evicokoeo oasaerus (0,5—0,6 Mlla) kax npu oOHocmopoHHem
(puc. 5.6, a), max u npu 08YCMOPOHHEM HecumMmempuiuHom (puc. 5.6, 6) eazoeom
oymoe.
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Puc. 5.6. Cxema npodonvHozo 31e2a308020 0ymwsi.

OCHOBHBIMH TapaMeTpaMu CHCTEMbI TPOJOJBHOTO AYThsl SIBISIIOTCS: ILIOIIA]b
cedeHUs S¢ WM auameTp dc TOPJIOBHHBI COIJIa, OTHOCHUTEIBHOE PACIIOJIOKECHUE
KOHTaKTOB, OIPEACIIIEMOE PACCTOSTHUEM Zg, TEOMETPUYECKHUE pa3sMepbl (HOpPMBI
1 y30poB 1 KOHPY30pOB TyThEBOH crcTeMbl. ONTUMAJIBHBIC YCIIOBUS TalllCHUS
Iyrd B TaKUX CHCTEMaX BO MHOTOM OIPEACISIOTCS, KaK M B BO3IYIIHBIX
BBIKITIOUATEIISAX, TEOMETPUUSCKUMH TapaMeTpaMU TYThEBBIX CHUCTEM M OCOOCHHO
BXOJHOM "acTH (koH(py30pa).

B nHacTtosiee BpeMst B 3apyOeKHBIX SHEProcUcTeMax OOJIBITUHCTBO MPUMEHSIEMbIX
BBIKJTIOUATEJICH BHICOKOTO HAIPSIKEHUSI — 3Jiera3oBbie. KOHCTPYKIIMK 3J1€Ta30BbIX
BeIkIitouatesneii. dupma Merlin Gerin paspabotana 3J1era3oBblii  BBIKJIIOUYATEIb
Fluarc FB4 na nanpspkerne Uyoy = (7,2—36) kB, HOMHHAIbHBIN TOK OTKIFOYCHUS
losiow = 25 KA, HOMUHATIBHBIN TOK lyon = (630—1250) A. JlaBneHue BHYTpH KopIiyca
1,5 MIla, Bpems ramenus 1yru 15 mc, mosHoe Bpemst oTkitrodeHust 60— 80 mc, cpok
ciyx6n1 — 20 mer.

Ha pwuc. 5.7 mnpexacraBieHbl MOJIIOC aBTOKOMIPECCHOHHOTO BBIKIIOUATENS U
MOJIO)KCHUE MEXaHM3Ma, COOTBETCTBYIOIIECE Pa3UYHBIM JTanaM OTKIFOUYCHUS.
[TonoxxeHne a COOTBETCTBYET HOPMAJILHOMY BKJIIOYECHHOMY COCTOSIHHIO. TOK
NpOTEKaeT IO TJIABHBIM KOHTakTaM 1, 2, ayroracuTeilbHble KOHTaKThl 3, 4
3aMKHYTbl. BBUy TOrO YTO OHHM W3TOTOBJIEHBI U3 AYTOCTOMKON METAJUIOKEPAMUKHU
(CuW), TokoBemymiuii KOHTYp 0OjamaeT OOJBIINM CONPOTHBICHHEM. [loaTOMY
gyepe3 JAyroracsiiyue KOHTAKThI, KaK MPaBWIO, MPOXoaUT TOK He Oomee 15—20 %
lion. TlONOKEHME © COOTBETCTBYET Haualy mpoliecca OTKItoYeHUs. [1oaBMKHBIN
MOPIIEHh 5 COBMECTHO C TOABWKHBIM TJABHBIM KOHTakToM 1 u comiom 6
MepeMeniaeTcs Mmoj] BO3JACHCTBHEM MPUBOJIHBIX phIYaroB 7/, 8. DTuM co3maeTcs
U30BITOYHOE JaBJICHUE B MOJOCTH HaJ MOPIIHEM IO CPABHEHHIO C 00BEMOM MOJ
nopurHeM. TOK U3 IIaBHBIX KOHTakTOB 1, 2 mepedpachiBaeTcs B JyroracUTENbHYIO
nenb KOHTakToB 3, 4. Ilpu nanpHelieM nepeMelneHuy MnopiiHs (TOJ0XKEHHE B)
IPOUCXOJIUT pa3MbIKaHUE KOHTAKTOB 3, 4 ¢ OJHOBPEMEHHBIM BO3HHKHOBEHUEM
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IYThbsl U€pe3 BHYTPEHHUE MOJIOCTU KOHTAKTOB 3, 4 — IBYCTOPOHHEE CUMMETPUYHOE
nyThe. [Ipu 3TOM BBIAESAIOMIASICS SHEPTHS IyTH PAa30IPEBAET 3JI€ras, YTO MPUBOIUT
K TIOBBIIICHUIO TEpenaja AaBJICHHUS W YCWICHHI0 WHTEHCHUBHOCTH HCTEUYECHHS
razoBou ctpyu. llocne ramenus nyru npu JajgpHEWIIEM NEPEMEIIECHUH MOPIIHS
(mojoXeHue TI) MpOoJOJDKAETCs BEHTWIILMS MEKKOHTAKTHOTO IPOMEXKYTKA,
o0ecnieunBaroIas HeOOX0UMYIO JIEKTPUUECKYIO TPOYHOCTb.

/AT LIRS SN R
Ll L i it

\‘

%

i

1
Ll ol AL L LY 2T TTTT

[
%
g
g
rA
A
7
5
7
2
g
7
2
%
%
s
T
7
g
‘4 B
7
A
7
g
/
¢
3
Q

O >

\

Puc. 5.7. Dnezazoswiii asmoxomnpeccuonnslii svikirouameins gupmor Merlin-Gerin

Ha puc. 5.1 npuBemen paspe3 oTedecTBeHHOro BboikitouaTenss 110 kB Ha
HOMUHAJIBHBIN padounii Tok 2000 A 1 HOMUHAIBHBIN TOK oTKIFOYeHUs 40 kKA cepuu
aJIeTa30BbIX 0AKOBBIX BhIKIIOUaTeneil Tuna BI'b ¢ aBTOHOMHBIM THIpaBIdYE€CKUM
MIPUBOJIOM ¥ BCTPOCHHBIMU TpaHC(HOpMATOpaMH TOKa.
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®omo 5.11. Dnecaszoswiii baxoswiii evikntouamens BI'BY-110-40/2000Y 1

1 — 6600, 2 - koumakmuas niacmuna, 3 — 610K mparcgopmamopos moxa, 4 —
2acumesibHoe yCmpoucmeo, 5 — nepedamouHwlil Mexanusm, 6 — puromp, 7 —

Pazvém 3anonneHus: sne2azom,; 8 — auoponpugoo, 9 — ykazamenwv noaodicenus; 10 —
pama; 11 — wxagh knemmnoix coopox; 12 — wxagh annapama

5.3.3. Macaanesie éviknrouamenu

Ilpunyun  oeticmeusi  dy2oeacumcivnvlx — ycmpoticmse. B OdyeoeacumenbHbix
YCMpoucmeax  mpaouyuoOHHbIX — MACSHbIX

gbIKIIOUameiel

eawenue  oyau
ocywecmensaemcs nymem d¢)gheKmusHo20 ee oXaAadNCOeHUss 8 NOMOKe 2a30Napo6ou

cmecu, 8vipabamuléaemoli 0yeol 6 pe3yibmame pasiodHCceHus U UCNAPeHUs Macia.
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B 3asucumocmu om nasznauenus Macia MOANCHO 6blOEIUMb 08€ OCHOGHbLE cpynnbol
MACTIAHBIX BbIKAIOYAMENnell:

e Oakxoevie (MHOZOO6’b€MHbl€) MACJAIHblLE GblKllouameiu, 6 Komopsvlx Macio
ucnoJjibzyemcs ons  eauieHus u uzoiAyuu I’I’lOKO@BayWMX yacmeil om
3A3EMIIEHH020 6611(61,'

e MAIOMACIAHbBIE (MCUZOO6'b€MHbl€) MACJIZIHblEe  B8bIKIOYameslu, 6 KOomopblx
MACIO UCNOJTb3Yencs nolbKo o1l 2auleHus ()yeu u usojiiyuu Me:)fcdy
PA3OMKHYMbIMU KOHMAKMAMU 00H020 nonioca.

B cocmas 2a30nap080ﬁ cmecu, 6’03HMKCI}OM4€1/7 6 pes3yiomame pa3loHCEeHUA Macila

noo oeticmsuem oyeu, exooum 0o 10 % sodopooa H,, obradaroweco no cpasHenuro
¢ 8030yxom 6 8 pas bonee 8blCOKOU MEeNnIONPO8OOHOCbIO, HO MEHbULEUNPEOeNbHOUL
anekmpudeckol npounocmoio. [lomox eazonapoeoil cmecu 8 30He 20penus oyau
oonaoaem svicokou memnepamypou 800—2500 K. Mexanuszm oxnasxicoenus cmonoa
o0yau npu 6oabuux (0oviuno eviwe 100 A) u manvix 3HaueHusIx moxa Oyeu pasiuyeH.
Ilpu 6orvuiux mokax oxnasicoeHue O0YeUNPOUCXOOUM 2NABHbIM 00PA30M 34 Cuem
NPUHYOUMENbHOU KOHBEKYUU 8 NOMOKE 2A30NAPOBOL CMeCU NPU OOIbULOM OABTIeHUU.
C ygenuuenuem moka UHMEHCUBHOCb KOHBEKMUBHO20 OXJIAXCOCHUSL U OABIeHUE 8
30He eautenus oyau yseauuusaromcs. llpu nedonbuiux mokax KOH8eKyus u 0asieHue
2a3a 8 30He 2aulenust 0y2u CHUNCAIOMCS, YCI08USL OXAANCOeHUs Oy2U YXYOULArOmMCs U
8pems eautenus oyeu samszugaemcsi. IlosviueHue 0asnenus 6 30He 2auletus 0yeu 8
pe3yibmame NPUHYOUMETbHOU N00a4U MACIA MOXNCEm CYUeCMEEHHO YIyYULUmb
VCR08Us 2auleHus 0y2u npu OMKI0OYeHUU HebOTbUUX MOKOS.

Moowcno cuumamo, ymo OCHOBHBIMU YCA08UAMU O Hauboree 3¢hhexkmusHoco
2auenust Oyeu s8IsII0McsL:

o UHMEHCUBHOE OYyMbe 2a30NaApos8oli cMecu 8 30He Jy2U, 0COOEHHO 8 MOMeHM
moxa, O1U3K020 K HYII0,
o MAKCUMAIbHO 803MONCHOE BbICOKOE 0dBIeHUe 2A30Napo8oU cMecu 8 obaacmu
dyau 6 KOHYe Noynepuooa moxa.
Jlyeoeacumenvuvle cucmemvl ¢ agmomamuieckum Oymvem ROJAYYUIU Haubolee

WuUpokoe npumeHeHue Onazooaps ceoel IPhekmusHocmu U npocmome
KOHCmpyKkyuu. B 3asucumocmu om KOHCMPYKYyuu 0y202acumenbHblX Kamep
paziudarom npoooiivHoe oymve (puc. 5.8, a), koeoa nomox 2azonaposol cmecu
Hanpasiex 80016 cmoaba dyeu, nonepeunoe (puc. 5.8, 6), koecoa nomoxk HanpasieH
NEPNEeHOUKVIAPHO UYL NOO HEKOMOPbLIM V2JIOM K Cmoa0y oy2u, u ecmpeuroe (puc.
5.8, 8), K020a nomok Hanpasier NPOMUBONOJIOHCHO NO OMHOULEHUTO K HANPABILEHUIO
08UDICEHUsL NOOBUIICHO20 Kommakma ¢ oyeou. Yacmo 6 0OyeoeacumenvbHbix
YCMPOUCmM8ax UCnoIb3yemcst ux KOMOUHAYusL.
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.8. IIpunyunvel opeanuzayuu agmoodymos 0y2a2acumeibHulX Kamep 8

MACJAHBIX 6bIKTIOYAMETIAX.
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.9. Omanwl cawenus Oyeu C aemodymbé’M 6 MACJIAIRbIX BbIKJIIOUamelisix.

T'awenue dyeu moosicem 6vimv pazdoumo na mpu ocHosHuIx 2mana (puc. 5.9):

nepewiti sman (puc. 5.9, a). Ilocne pasmvikanus KOHMaKmos dyaa 2opum 8
3AMKHYMOM, KAK NPAsuio HeOOIbUIOM, NPOCMparHcmee, co30aeas 3a cuem
PAa3nodicenuss Macia 3HadumenvHovle 0asleHus. Imo makK HAaA3blaembll
«pPeNCUM 3AMKHYMO20 Ny3vlpsy. B meuenue smoeo smana 6 pesynromame
svloeisirowelics 8 oyee dHepeul 8 3AMKHYMOM obveme co30aemcs
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(akxymyaupyemcst) evicoxoe dasnenue (0o 10 MIla), komopoe ucnonv3yemcs
Ha cleodyowem dsmane 2aueHus 0yeu,

o 6mopou sman (puc. 5.9, 6) nacmynaem ¢ MomMeHmMa HAYALA UCMEYEHUs]
2a30naposoll cmecu U3 0OaACmu 3aMKHYMo20 00vema yepes pabouue KaHauvl,
OmKpvlBaeMble NPU NepemMeujerutt NOOBUNCHO20 KOHMAKMA 34 npeoevl
npeoKkamepHo2o obvema. dman Xapaxmepusyemcs usmeHeHuem O0as1eHUs.
2a30naposoll cmecu 8 Kamepe u pabouux KaHauax, Kyoa samsaeusaemcs oyaa,
a makce UHMEHCUBHO20 UCMEYeHUsl 2a30NaApO8Oll CMeCU U 3A8ePULAeNCS]
npoyeccamu pacnaoa cmonba oy2u U 80CCMAHOBNEHUs INeKMPUYECKOU
NPOYHOCU MEHCKOHMAKMHO20 NPOMENCYMKA,

o mpemuii oman (puc. 3.9, 8). Ilpoucxoosm yoanenue uz kamepwvl 0CMAGUIUXCSL
nocie eauleHuss O0yau 20pAYUX 2a308, NPOOYKMO8 pPA3N0NCEHUs MACld U
3anonHeHue GHYmMpeHHell NOJA0CMU Kamepvl ceedxcum maciom. Ha smom
amane nNpPouUcxooum noO20MoBKa Kamepvl 0Jis NOCIEOVIOUie2o ee GKI0UEeHUs]
U HOB020 OMKIIOUEHUsl. B Macisnvix gulkaouamensx, npeoHasHAYeHHbIX 05
pabomwi 6 yuxne AIIB, smom sman umeem o4enb 8aiCHOE 3HAYEHUE.

Appexmusnocme Y u pecypc macisanvix vikaouameneli 8 3HAYUMENbHOU Mepe

00YCI06IUBAIOMC  (PUBUKO-XUMUUECKUMU NPOYECCAMU, NPOUCXOOAWUMU 6 30HE
eopenus oyeu. Obpazyrowuecs noo euuaHuem oyeu nPoOyKmol pa3ioHceHus Macid
(Hz, C u 0p.), UOHU3UPOBAHHBII 2A3, NAPbI MAMEPUANA KOHMAKMOB NOHUNCAIOM
ommouarowyio cnocoonocms IV u oepanuuugarom KOMMYMAYUOHHLUL pecypc.
C600600Hble uacmuuxku yenepooa, o00pazysi KOJLIOUOHVIO 638€Cb, CHUICAIOM
NEKMPULECKVIO NPOUHOCTb USONAYUOHHO20 NPOMENCYMKA U VINANCESIOM NPOYecc
exnouenusi K3 6  peowcume AIIB  uz-3a  npeoswcoespemennozo  npob6os
MENCKOHMAKMHO20 npomexcymra. IIpooykmul paznosxiceHus Macia u u30IAYUOHHbIX
mMamepuanos kamepwvi /Y enusiom na cocmosiHue KOHMAKMO8, UX CMpYKmypy u
nepexoonoe conpomueieHue. Bpems ecopenus Oyeu e6o3pacmaem no mepe
HAKONJIeHUust NPOOYKMo8 pasiodicenus 6 macie. Bce smo, ecmecmseenno, mpebyem
HOCMOSIHHO20 KOHMPOJIsL 34 COCMOsAHUeM Kadecmea macia, e2o yposHeme V.
Kommymayuonnwiti pecypc 6 6onvwioli cmenenu 3asucum om moxa louon
BbIKAIOHAMENSL U PealbHblX mokoe omkmouenus. Tax, npu l,,on = 20kA 0ns
MANOMACIAHO20 BbIKIOYAmens Ha Hanpsidcerue 35 kB konuuecmeo omxnouenuti N

10, a npu moxe 1, 0, = 10 kA donycmumoe wucio omxuroueHull 6o3pacmaem 00
N 30. Bouweusnodcennvie ocobeHHOCmu mpeOyiom NOCMOSAHHO20 KOHMPOIs 3d

MexXHUYEeCKUM COCMOSHUEM MACIAHBIX 8bIKII0YAMENEll.

Koncmpykyuu macnaueix eviknouamenei. Macaauvle evikmoyamenu 6aazooaps
npocmome  KOHCMPYKYUU  ABUAUCH  NEPEbIMU  GbIKAIOYAMENAMU  8blCOKO2O
HanpsaoiceHus. Ho ommeuennvie 6blue mexHuueckue CA0HCHOCMU No  Ux
IKCHILyamayuu, a makice noSblULEeHHbIE 3PbIE0- U NOACAPOONACHOCNb,
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HeobX00UMOCHb 8 CILONCHOM MACAAHOM XO035Ucmee Npugeiu K 3HAYUMenNbHOMY
8bIMECHEHUIO IMUX MUnog ewvikmoyameneu. B nacmoswee epems MOMCHO
scmpemums 8 dSKcnayamayuu baxoevle svikmovamenu Ha Hanpsxcenue 220 u 110
KB. Manomacnanvle @viknouamenu MOoxcHO pazoeiums Ha 0ge epynnol. llepsas,
bonee MmHozouucleHHas, — ¢ ycmanoskou [V 6 HudcHet uacmu ¢asel u
nepemewjenuemM noOBUNCHO20 KOHMAKMA HA 8KIIOYEHUe C8epXy 6HU3 (cM. puc. 5.8,
8). Bmopas — c nepemewjenuem noosudicno2o KOHMAaKma Ha 6KII0UEeHUe CHU3) 86epx
u ycmanosrou Y 6 eepxueii wacmu noatoca. Bvikmouamenu émopoti epynnviooiee
ahpexmuenvl, MaKk Kax 8 HUX NOBLILAIOMC OMKIIOYaeMble MOKU U YIIyYULAIOMCSL
ouHamuyecKue npoyeccvl Npu OMKIOYEHUU.

Ha puc. 5.10 npedcmasnena oona ¢aza (nonoc) KOIOHKOBO2O MANOMACAAHO20
svixmouamensi BK-10. Own evinycxaemcs na nanpsicenue 10 kB, Homunanvhbie
moxu 630, 1000 u 1600 A, Homuuanvuvle moxku omkiaouernus 20, 31,5 kA.
Buikmouamenu BK-10 ¢ npyscurHbiM npuso0oM npeoHazHavenvl Ot pabomvl 8
wxagax KPY enympenneti u Hapyscrotl ycmanosku, a maxaice 8 pexcume AlIB.
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Puc. 5.10. onroc macnanoeo svikntowamens BK-10 (a) u eco dyeoeacumenvras
kamepa (6)

Tpu mointoca BBIKITIOYATENsI YCTAHABIMBAIOTCA Ha JIMTOE OCHOBAaHUE, B KOTOPOM
pacrojiokKeHbl pblYard MEXaHHW3Ma, CBSA3aHHBIE CO BCTPOEHHBIM MPYKHUHHBIM
npuBogoM. Ilomoc Beikmtouatens (puc. 5.10, a) oOpa3oBaH H3OJSIUOHHBIM
MUIHHIPOM 1, BHYTPH KOTOPOTO MPOXOISAT TOKOBEAYIIIHE AJIEMEHTHI, COSAMHECHHBIC
C BEpPXHHM HEMOJBMXHBIM pPO3ETOUYHBIM KOHTakTOM 2 U o0Ooimoil 3,
MPUCOSAMHEHHON K HamNpaBISIOMUM CTepKHSIM 4. TOKOMOABOI K TMOABHKHOMY
KOHTAaKTy O OT HampaBiSIOMIUX CTEPKHEH OCYIIECTBISIETCS POJIMKOBBIM
ycTpoiictBoM 6. [loABMXKHBIM KOHTAKT S MNPUCOEAMHEH K pblyary MeXaHu3Mma
yopasienuss 11 mocpeactBom wuzonsiumoHHo Tsaru /. Ha oOoitmy 3 cBepxy
YCTaHaBJIMBAETCA PACIOPHBIN HMIMHAP §, a HA HETO TyrOoracuTENbHOE YCTPOUCTBO
9. Macnoyka3zatenu 10 moniaBkoBOro Tuma pacnoJioKeHbl HaBepXy MOJIOca.

Ha puc. 510, © mnpencraBieHa KOHCTPYKIMS TyrOracUTENBbHON Kamepsl
KOMOMHHPOBAHHOTO MACISHOTO AYThsl, COCTOSIIEH W3 MaKeTa H3OJIALUOHHBIX
IUTACTUH Pa3HOM KOH(UTypaluu, CTSHYTHIX HIMNWIbKamMu. BepxHss meperopojka
UMeeT KoJbllo 12, M3roToBieHHOE M3 JYrOCTOMKOro MaTrepuana ((droporiacTa).
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Kamepa umeeT neHTpanbHOE OTBEpCTUE Ul MPOXOJAa MOABUXKHOIO CTEpkHA. B
BEpXHEI 4YacTU KaMmepbl M3OJSLMOHHBIE IUIACTUHBI 0Opa3ylOT TPHU IMOINEPEUHBIE,
pPacIoJIOKEHHBIC OJHA TIOJA JAPYTrOd, AyTheBbie menu 13 ms OOJBIINX TOKOB,
CBA3aHHBIE BEPTHKAJIbHBIM KaHaioM 14 ¢ moa KaMepHbIM M HaJKaMEpHBIM
IPOCTPaHCTBAMHU.

B HmxHel yacTu KaMepbl UMEIOTCS J1BA MTYXUX MACsHBIX KapMaHa 15 uist ramenust
MasbIX TOKOB. llpu ramieHum MasbIX TOKOB BBHUJY HEIOCTATOYHOCTH JIABJICHUS
ra3ornapoBoil CMECH, CO3JaBa€MOro B TEUEHHE MEPBOT0 ATara, 1yra He TaCHET MpH
JBUKEHUU CTEP’KHS BJIOJIb JYThEBBIX LIenel 13 u qocTuraer riryxux kapMaHoB 15.
B sTOM ciydae BciieCTBUE HE3HAUUTEIBHOCTH OOBEMOB ITHX IOJIOCTEW Macio,
coJepKalleecs: B HUX, JaXe IIPU HE3HAYUTEIbHOM TOKE OTKJIFOUEHHS UCIapseTCs
B3pBIBOOOpPA3HO. ODTO NPHUBOJUT K IMONBITKE OTPbIBA CTOJ0A JYyrd 3a CYET
MMITYJIbCHOTO TOBBIIIEHUS J1aBJICHUS OT TOKOBEIYILETO CTEPKHS, TaK KaK BbIOpOC
ra3onapoBoi cMecu OyJeT IPOUCXOIUTh BBEPX B 30HY, CBOOOIHYIO OT KOHTAKTHOM
cBeuu. KonycHas BTyJiKa, YCTAaHOBJIEHHAs! B CPEAHEN 4acCTH KaMephbl, CIYKUT IS
MPEeA0TBPALIEHUS] YPE3MEPHOTO Pa3roHa MOJBUKHOTO CTEPXHS MO BO3IEHCTBUEM
BBICOKOT'O IaBJICHUS], BOSHUKAIOIIETO B KaMepe NP OTKII0YeHHH TOKOB K3.

B Hacrosiiee Bpemsi MacisHbIE BBIKJIIOUATENIM 3a pyOEKOM MpPaKTUYECKH He
BBIIIYCKAIOTCSl, HO B OTEUYECTBEHHBIX CETSX BCE €€ BCTPEUAIOTCS.

5.3.4. DJIeKTPOMATHUTHBIE BHIKJIHOYATETH

HecmoTpst Ha orpaHUuYeHHYI0 00JIaCTh MCIIOJIB30BaHMs 10 HampspkeHuto (6— 20
kB) BbIKITIOYATENM 3TOr0 THUIA HALLIM MHUpokoe npumeHeHue B KPY, ocoOeHHOB
cucremax BHyTpeHHUX Hyx1 Ha TOLl u ADC. HomuHanbHbIe TOKM BBIKJIFOYATENEH
nocturatroT 3150 A, a HomuHanbHBIE TOKA OTKItoUueHUsT — 40 KA. IIpu sTOM B
OTJIMYME OT MACISIHBIX WM BO3IYIIHBIX BBIKIIOYATENEH SKCIUTyaTallMOHHBIE
pacxopl HA HUX OTHOCUTEJIBHO HEBEIINKH.

[IpyHIMIT 1EWCTBUS 3JEKTPOMArHUTHOIO BBIKJIIOUATENS 3aKIIOYAETCS B TOM, UYTO
pY BO3JAEHCTBHUM MAarHUTHOIO IOJII HA AYT'y OHA YJUIMHSETCS W HalpaBIISIETCS B
AyroracuTeNibHyr0 kamepy (puc. 5.11) y3komieneBoro Tuma, Tae, TECHO
B3aMMOJICEUCTBYS CO CTEHKAMH Kamepbl (IUaMeTp Ayryd 3HAYUTENbHO MPEBOCXOAUT
mMpuHy e d, > dy), OHa oXJIaKIaeTCs.

VYca0oBus raiieHus Iyry B y3KOIIEJIEBOM AYTroracuTese OKa3blBalOTCS 3HAYUTEIBHO
0oJiee JIETKUMH, YeM B APYTHX TUIAX BBIKIIOYATENEH.
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Puc. 5.11. Ilpoyec eawenus oyau 8 wenesot dycoeacumenbHou Kamepe.

Ha puc. 5.12 npeocmasneno oyzoeacumenvrnoe ycmpoucmeo 31eKmpoMacHUMHO20
svikatowamensi BOM-6 wna wuanpsowcenue U,,, = 6 kB, HomunanvHblli mox
omxntouerusi 1, o0, = 38,5 kA, HomunanvHwii mox ,,, = 1600 4
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Puc.5.12. Jl[ycocacumenvrnoe ycmpoucmeo 21eKmpomMacHumHo20 GbIKII04ameris
BOM-6

Ha cranpHoit pame 13 mpu momoiy H30JATOpOB 12 yKpEmIeHbl TacHTENIbHAS
kamepa 14 u karymka MarHutHOro AyThs 11 ¢ marHuTHeIMH momtocamu 10,
OXBATHIBAIOIIMMH KamMepy C OOKOB (TIOKa3aHbl INTPUXOBBIMU JIHHHUSIMHU).
[TonBuxHBIM KOHTAKT 2 BpalllaeTCs HAa OMOPHOM H3oJATOpe 1 Tpu IMOMOIIH
M30JISIHUOHHON Tru 18. BhIKIt0UaTe b UMEET TJIABHBIN 3 M IyroracUTENbHbBIC 5, 6
KOHTaKThl. B 3aBUCMMOCTH OT Ha3HaueHHs (YHKIMU UX Pa3JIMYHbBL TJIABHBIN
CIIY)KUT JJIsl TIPOBEJICHUS TOKA BO BKJIIOUEHHOM COCTOSIHUM U MMEET CepeOpsHbIe
HaKJIaJKd JJI1 CHUXEHUSI TIePEXOJIHOTO COMPOTUBJICHUS; JAYroracUTEIbHBIN
00ecreynBaeT pesKuM KOMMYTAIMU U ApDMUPOBAH TyTOCTOMKOIN METalIOKepaMUKOM
7. ITpu pa3MbIKaHUM TyTOTaCUTEIBHBIX KOHTAKTOB 5, 6 BOZHUKAIOMIAS MEXKIy HUMHU
Jyra Toj, BO3JEHUCTBUEM HJIEKTPOJAMHAMUYECKUX CHII IMepemeriaeTcss BBepX. Ilo
Mepe pa3BUTHUS JyTd Ha PUCYHKE MMOKa3aHbl PA3JIMYHBIE TAIbI €€ MPOMEKYTOUHOTO
monoxkeans (A, b, B, I', /I, E). HemomBmwkHblii KOHTakKT 6 OTACIEH OT
JyTOTACUTEIILHOTO pora 9 M30JSIMOHHBIM MPOMEKYTKOM,
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HEOOXOAUMBIM JUIsl TOro, YTOOBI KaTylIKa MarHUTHOro nayThs 11 Bkmrodanachk
MOCPEACTBOM CBsSI3M 8 JHMIIb B MOMEHT IIEpexojla OCHOBaHUS Jyrd Ha
OYTrOTracuTeNbHbIN por 9 (ydyactok ayru E myHTHpyercs KaTylnIKOH MarHUTHOIO
nyThst 11). IIpoiiast aTanel mocnenoBaTeabHOTO ramenus 1yru A—E—b—B—I'—
JI B MarHMTHOM 110JI€, OOPa30BaHHOM KaTYyIIKONH MAarHUTHOIO AYThsl, CBSI3bI0 16 U
AyroracuTelbHbM poroMm 15, nyra npuoOperaer oueHb OOJIbLIME JIMHEHHBIE
pa3Mepsl (10 2 M), YTO IPUBOJUT K HEOOXOIMMBIM YCIIOBUSIM IS €€ TalleHMUS.
Cnenyer OTMETHUTH, YTO HPU OTKIIOUEHUH HEOOJBIIUX TOKOB (AECSATKH aMmIiep)
ANEKTPOJIMHAMHAYECKHE CHJIBI HA HAYAJIBHOM JTale Pa3BUTUS JYyTM HEJOCTATOYHBI
st ee BxoxaeHus B Y. g ycTpaHEeHHs JTOrO HEJNOCTAaTKa HMEETCs
aBTONHEBMaTuyeckoe ycrpoictBo 17. IlopmieHb ero cBsi3aH C MOJABHKHBIM
KOHTaKTOM 2, YTO HPHUBOJUT K BBIOPOCY CTPYU CKATOrO BO3Ayxa Mo TpyOke 4
ABTOITHEBMATHYECKOTO YCTPOMCTBA HA KOHTAKTHYIO ITOBEPXHOCTH HEIOIBUKHOIO
OYyTrOTacUTENIbHOTO KOHTakTa O U oOJierdaer yclioBUd Iiepexoia Iyrd Ha
IAyTOracUTeNbHBIN por 9.

5.3.5. BakyymMHbIe BBIKJIIOYATEIH

B nocnenHue roApl OTMEYAaeTCs HWHTEHCUBHOE HCHOJIB30BAHME BAKYYMHBIX
KOMMYTaToOpoB B 00JacTH HampsbkeHuid 6—35 kB st co3ganus BakyyMHBIX
KOHTAaKTOPOB, BBIKJIFOUATENIEW HArPY3KH, BaKYyMHBIX BbIKIIFouateneit it KPY.Oro
00BSICHSIETCSI PSIAOM OECCIOPHBIX JIOCTOMHCTB: BBICOKOE OBICTPOJCHCTBUE,TOTHAS
B3pPBIBO- U MOXKap0o0OE30MacHOCTb, SKOJOTMYECKasi YMCTOTA, WIMPOKHUI J1Hara3oH
temnepatypsl (ot +200 no -70°C), HageKHOCTh, MUHUMATbHBIE YKCIITyaTal[MOHHBIE
3aTparbl, MUHHUMAJIbHbIE Ta0apUTHBIE pa3Mepbl, MOBBIIIEHHAs CTOMKOCTh K
YAApHBIM W BUOpPAllMOHHBIM Harpy3kam, BBICOKas H3HOCOCTOMKOCTh IpHU
KOMMYTalldd HOMHUHAJIBHBIX TOKOB M TOKOB HArpy3Kd, MPOHU3BOJIBHOE pabouee
NOJIO)KEHUE ~ BAaKyyMHOIO  JIyTOraCUTEJBHOIO  YCTPOWCTBA. [TpuHIMD
UCIIOJIb30BAHUS BAKyyMa JUIsl TAIIEHUs IyTH IPU BBICOKUX HANPSDKEHUSX U3BECTEH
J0CTaToO4YHO JaaBHO. Ho mpakTuyeckas peanu3anus crajga BO3MOYKHA JIMIIb ITOCIE
MOSIBJIICHUS TEXHUYECKUX BO3MOXKHOCTEH — CO3JaHMsI BaKyyMHOUHCTBIX COOPOK
MaTEPHAIOB M MOJy4eHHUs BBICOKOTO Bakyyma 10 1,3 (102—107) Ila. Ha puc. 5.13
II0Ka3aHa 3aBUCHMOCTb HANPsUKEHUH pa3psiga B OAHOPOIHOM IMOJIE OT PacCTOSHHUS
MEXAY KOHTAKTAMHU ISl Pa3IMYHbIX U30JIILUOHHBIX CPE/I.
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Puc. 5.13. 3aBucumocts HanpsixeHus paspsaa Uy B 0THOPOAHOM MOJIE OT
PACCTOSTHHSL MEXAY KOHTaKTaMU |y [Tl pa3iudHBIX U30JISIIUOHHBIX CPEI:

1 —Bakyywm; 2 — macno; 3 — aneras; 4 - BO3ayx

du3nyeckre OCHOBBI CYIIECTBOBAHUS JAYTU B BaKyyme. YCIOBUS CYIIECTBOBAHUS
U TalleHus Ayr'M B BakKyyMe HMEIOT CBOM ocoOeHHOcTH. [lpu pacxoxaeHuu
KOHTaKTOB B BakyymHOU ayroracurensHoil kamepe (B/IK) B mociaennuii MoMeHT
MEXAy HHUMH O00pa3yercss KHAKOMETAUIMYECKUH MOCTUK, KOTOPBIM 3aTeM
paspymaetcs. [IporncxoauT noHM3aIus MapoB MeTalila KOHTAKTHOTO MOCTHKA MO/
BO3JICHICTBHEM MPHIIOKEHHOTO HAMpPsDKEHUS CETH, MPUBOASIIAS K 0Opa30BaHUIO
nyru. Takum o0Opa3oM, Jyra B BaKyyMe CYIIECTBYET H3-32 HOHHU3AIMU MapoB
KOHTaKTHOTO MaTepuaja BHAayaje 3a CUeT Marephajia KOHTAKTHOTO MOCTHKA, a
3aTeM B pe3yJibTaTe UCMIapeHUs MaTepuraa JIEKTPOIOB MO BO3ACHCTBUEM SHEPTUU
ayru. Iloatomy, eciu moCTymieHHE NapoB KOHTAKTHOIO Marepuana Oyzer
HEJ0CTaTOYHO, BaKyyMHasi ayra JoJbKHa moracHyTh. [Ipu moaxone Toka K HYJO
TEIUIOBAsi SHEPT UL, BBIICISIONIASICS B IyTe, TOKE YMEHBIIAETCS, KOJUYECTBO MMapOB
MeTajjla COOTBETCTBEHHO CHIDKAETCS, M Jyra JOJDKHA MOTacHyTh Ha IEPBOM
nepexozie Toka 4yepe3 Hyib. Bpems ropenus nyru B BJIK He mpesbimaer 10 mc.
Kpome Toro, myis BakyyMHOM Jyrd XapakT€pHa OUYEHb BBICOKas CKOPOCTb
JenoHu3aIuu ctoyida nyru (nuddy3Has 1enoHu3alus HoCUTeNled TOKa AIEKTPOHOB
Y MOHOB), 00ecrieurBaroias ObICTPOE BOCCTAHOBIIEHUE AJIEKTPUUECKOU TPOYHOCTH
1oCJIe IOTaCaHusl IyTH.

B BakyyMme anekTpuueckasi ayra CylIeCTBYET JUOO0 B pacCestHHOM, «aAu(Pphy3HOM,
Bujie npu Tokax 10 5000—7000 A, mu60 B KOHIIEHTPUPOBAHHOM, «CXKATOMY, BUJIC
npu OONBIINX 3HAUEHHUSX TOKa. | paHWYHBIA TOK Tepexojga AYrH W3 OJHOTO
COCTOSIHUSI B JPYroe 3aBUCHUT B 3HAYUTENIBHOM CTENMeHW OT MaTepuana,
reoMeTpuuecKkoil (POpMbI 1 pa3MEpOB KOHTAKTOB, a TAK)KE OT CKOPOCTH U3MEHEHHUS
Toka. «Jluddysnas» mgyra B BakyymMe CYIIECTBYeT B BHJIE HECKOIBKUX
napajuIeNbHBIX IyT OJJHOBPEMEHHO, Yepe3 KXyl U3 KOTOPhIX MOXKET MPOTEKaTh
TOK OT HECKOJIbKHX JECSATKOB JI0 HECKOJBKHUX cOoTeH amrep. [Ipu 3Tom karonHbie
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M5ITHA, OTTAJKHUBASCh JPYr OT Jpyra, CTPEMATCS OXBAaTUTh BCIO KOHTAKTHYIO
MOBEPXHOCTH. [Ipy HEOOMBIIMX TOKAX M 3HAYUTEITHLHOU IJIOMA KOHTAKTOB CHJIBI
AIIEKTPOMATHUTHOTO B3aWMOJICHCTBUS 3THX MPOBOJHUKOB C TOKOM (TOKH OJHOTO
HaIpaBJICHUS MPUTATUBAIOTCS ) HE MOT'YT MPEOO0JIETh CHJI OTTAIKMBAHUS KATOTHBIX
nsATE€H Jpyr OT Apyra. Tak Kak uepe3 KaxJoe KaTOJHOE MATHO MPOTEKaIoT
HEOOJBIITNE TOKH, 3TO MPUBOAUT K HEOOJIBIIUM pa3MepaM OMOPHBIX MSATEH JyTU Ha
karoge. [lo Mepe yBelnMYEHHS TOKa CHJIBI 3JIEKTPOMArHUTHOTO MPUTSKEHUS
IPEOJI0JIEBAIOT CUJIbI OTTAIIKUBAHUS U MIPOUCXOUT CIUSHUE OTIETBHBIX AYT B OJIUH
KaHaJl, YTO MPUBOAUT K PE3KOMY YBEJIMYECHUIO Pa3MEPOB KaTOJHOTO OIOPHOTO
nsiTHa. BenencTBue 3TOro MmosiBISIOTCS 3HAUYMTENbHBIE TPYIHOCTH TallleHUs TyTd
au00 TPOUCXOJUT TOJHBIM OTKa3 Kamepbl. [losTomMy 3amauu, cTosiue MpH
pazpabotrke BJIK, 3aknroyaroTcs B CO3JaHUM YCIOBUM, NHPHU KOTOPBIX JOyra
cyuiectBoBajia Obl B AU dy3HOM BUAE JIMOO BpeMs BO3IECUCTBHS

«CKATOW» JYyTH HA DJACKTPOABl OBLI0O OBl MUHUMAJIBHBIM. OTO JTOCTUTACTCS
CO3/TaHUEM paJUAJIbHBIX MAarHUTHBIX TMOJEH, O00eCIEeUUBAIOIINX MEPEMEILCHHE
OTIOPHBIX TOYEK IYTM C BBICOKON CKOPOCTBIO MO 3JeKTpoaaMm. [ns mosyyeHus
pagvaNbHBIX W aKCHAJIbHBIX MATHUTHBIX TIOJICH pa3paboTaHbl pa3IMIHbBIC
KOHCTPYKIIMHM KOHTakTHBIX cucteM (puc. 5.14). B BJIK Ha HOMHHaIBHOE
HanpspkeHue 10 kB n HoOMuHalbHBIE TOKM OTKJIFOYEHUs 10 31,5 A mpuMeEHSIOTCS
KOHTAaKTHBIE CHUCTEMBI C IMOMEpPEYHbIM (10 OTHONICHHIO K Jyre) paauaibHbIM
MarHUTHBIM T0JieM (puc. 5.14, a). KoHTakThI 2 O CiupaIbHBIMU JICTIECTKAMUUMEIOT
BU/I JUCKOB, Y KOTOPBIX Mepu(epuitHbIe YUYaCTKU pa3pe3aHbl CIUPaTbHBIMUIIA3aMU
3 Ha CerMEHTHI, COCIMHECHHbIE B LIEHTPAIHHOU 4YacTU. B 3aMKHYTOM COCTOSIHHH
KOHTaKThl CONMpPHKACAIOTCS MO KojblleBoMy BeicTynmy 1. Ilpu pasmbikanuu
KOHTAKTOB JyTa MoJ] BO3JICHCTBUEM AJICKTPOAMHAMUUECKUX CUJI, BOSHUKAIOIIUX U3-
3a ICKPUBJICHUSI KOHTYpa TOKa, IIepeMeniaeTcs Ha nepudepuitapie yaactku 4. [Tpu
ATOM M3-3a CIUPAICO0pa3HBIX MPOpEe3eil BOZHUKAET paJaiIbHOE MAarHUTHOE TOJIE,
MO/ BO3JICHCTBUEM KOTOPOTO JIyra MepeMeNiacTcs mo nepudepuitipiM ydyacTkaM ¢
BBICOKOW CKOPOCTBIO, YTO HE BBI3BIBAET MOSIBJICHUS OOJIBIIMX PaCIJIaBJICHHBIX 30H
Ha onekrpogax. C yBenmdueHueM Toka 10 S50 KA TIpU  OTPpaHUYECHHOCTH
T€OMETPUUYECKUX PA3MEPOB AIEKTPOOB CKOPOCTH JIBMKEHUS AYT CTAHOBSITCS CTOJh
BEJIMKH, YTO Jyra BCE- TaKW YCIeBaeT 00pa3oBaTh 3HAYUTEIIbHBIC OILIABIICHUS
0COOEHHO OCTPBIX KPOMOK JICTIECTKOB. DTO U OOYCIOBUJIO MPEei OTKIIOUYAOIIeH
BO3MOKHOCTH KOHTAKTHBIX CHCTEM Takoro tumna — 10 50 kA.
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Puc. 5.14. KoHCTpyKIMS KOHTAKTHBIX
cucreM BJIK ¢ monepeunsim (a) u npo-
JONBHBIM (6) MarHUTHBIMH TTOJIAMHA

HoBble pa3paOOTKu KOHTAKTHBIX CHCTEM HaIlpaBJeHbl Ha CO3/IaHUWE aKCHUAJIbLHOTO
(IpOAOIBLHOTO MO OTHOILIEHUIO K Jyre) MarHUTHOTO MOJisA, 00pa30BaHHOTO TOKOM
OTKJIFOYEHHUS.

CxeMa KOHTaKTHOW CHCTEMBbI, TpeJCTaBlieHHas Ha puc. 5.14, 6, mo3Bosser
koMMmyTupoBaTh TOKM 200 KA. Co3maHMe MarHWTHOTO IIOJIS, AKCHUAJIbHOTO
napajuieIbHbIM AyraM, HE JAeT UM BO3MOKHOCTH COEJUHUTBCS, YTO COXPAHSIET OYTy
B i dy3Hom Buae. TOK OT LIEHTPAILHOTO TOKOMIOABO/IA 5 PACTEKAETCA 110 YETHIPEM
paanaIbHO PACTIONOKEHHBIM TOKOIPOBOISIIIUM «CIULAM» 6, OKaHYMBAIOIIMMCS Ha
nepudepun TMPOBOJHUKAMHU KOJBUEBOM (OPMBbI, HO OrpPAHUYEHHBIMHU JIUIIb
YETBEPTHIO OKPYXKHOCTH Kaxkaasi. B 1eom 3T0 co3/aer 0oMH BUTOK, 0OTEKaeMBbIii
TOKOM  OTKIHO4YEeHHA. OKOHEYHOCTH ATHX KOJIBLIEBBIX AYI' COEIUHSIOTCS
HENOCPENCTBEHHO C DJJIEKTPOJOM 7, Ha KOTOPOM U MPOUCXOIUT MPOLECC
BO3HMKHOBEHUS W TamleHuss Jyrd. HemocpencTBEHHO — KOHTaKTUPYIOLIUE
IIOBEPXHOCTU AJIEKTPOAOB 7, 8 MMEIOT pajualibHblE IPOPE3H, NPENATCTBYIOIINE
CIIMSIHUIO JYT.
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Kak ormeuanoce Belillle, 1yra BO3HUKAET U CYLIECTBYET B PE3yJIbTaTe€ MOHHU3ALUU
[IapOB MaTepuajia KOHTAKTOB. [Ipn HETOCTaTOYHOM MX MOCTYIUIEHHHA OHA JOJIKHA
racHyTb. Ho OkaspIBaeTcs, 4To ayra MOXKET MOTAaCHYTh PAaHBLIE €CTECTBEHHOIO
[Iepexo/1a TOKA 4epe3 HyJlb — SIBJIICHUE «Cpe3a ToKa». M Torma MOryT BO3HUKHYTH
ONacHbIE Kak JUId ammapara, TaKk W i1 OTKIFOYaeMOM IENU IEpEHAIPSKECHUS.
WccnegoBanust Tmokaszaliy, 4YTO MaKCHUMallbHBIH TOK cpe3a HaOmogaeTcs Ha
KOHTaKTax u3 mojubaeHa — 14 A, ponbdppama — 9 A, meau — 2 A, BUCMyTa —
0,3 A. [loaToMy B KauecTBe KOHTAaKTHOT'O MaTepuaia He MOKET ObITh HUCIIOJIb30BaH
KaKoM-TuO0 OJMH METal, @ UCIIOJIb3YETCsl CIIOKHAsT KOMITO3UIIMs Ha O6a3e MeTaia
C BBICOKOH TEILIO- U 3JIEKTPONPOBOAHOCTHIO (CH), a TaKkyKe HEOOJbUINX BKIIOUCHUIM
JIETKOJIETYYMX KOMIIOHEHTOB — BHCMYTa, CypbMbI, XpoMa U 1ip. Takum oOpazom
YAAETCA YMEHBIINTh TOK «CPE3a» 10 MUHUMAIbHOTO 3HAYEHUS.

Konctpykiun ~ BakyyMmMHBIX  BblIkjtodaTened.  KOHCTpyKUMM — BaKyyMHBIX
BBIKJIOUATeNed ONMM3KH K MaJOMACISHBIM U YacTO OTJIMYAIOTCS TOJBKO TEM, YTO
UMEIOT BaKyyMHYIO AYTOTaCUTEIbHYIO KaMepy.

CymiecTByeT MHOIO pPa3jIUYHBIX KOHCTPYKLHMI BaKyyMHBIX JYTrOraCUTEIbHBIX
kamep. OjHa |3 pPACIPOCTPaHCHHBIX KOHCTpyKIui (puc. 5.15) umeer nBa
U3OJISIIIUOHHBIX IMWIMHAPUYECKUX KOXyxa 1, 2, CHaOXKEHHBIX IO TOpIaM
Metaummaeckumu  daanmamu 4 , 15. HemonBmwkHbIN KOHTakT 12 mpu momorim
TOKOBBOJa 13 ’xecTko kpenutcs K ¢iaHy 15, moaBukHbI KOHTaKT 11 cBsizaH ¢
dbnanuem 4 npu nomouu cwibpoHa 5. TokonoaBos 7 MOABUKHOTO KOHTakTa 11
MepeMeIaeTcsl B Hampapisitomux 6 kopnyca 8, coenqunenHoro ¢ ¢anuem 4. Kak
npaBwio, B kKoHCTpykunn BJIK mmerorcs skpansl 3, 9, 10, 14, BemonHsromue
(GYHKIIMU MOBBIIICHUS YJIEKTPUUECKON MPOYHOCTH KaMephl 3a CUET BhIPaBHUBAHUS
IpaJME€HTa HANPSHKEHHOCTH DSJIEKTPUYECKUX TMOJEHd M 3allUThl BHYTPEHHUX
U30JISLIMOHHBIX YaCTEH OT METAJIM3allMU PACIIbUICHHBIM KOHTAKTHBIMMATEPUAIOM.
Kak cnenyer u3 puc. 5.13, anekrpudeckas IpOYHOCTh KOHTAKTHOTO MPOMEXKYTKA
OYEHb BBICOKA. DTO MPUBOJIUT K TOMY, UTO PACCTOSHUE MEXAY KOHTAKTaMU MHpH
HanpspkeHusix 710 35 kB He mpesbimmaer 5 mM. Hecmotpst Ha To 4TO CUib(hOHOM
CO3/1al0TCSI OMpEEICHHbIE YCHJIMS HAa KOHTaKT, OOIlee KOHTAKTHOE YCUJIME C
yuerom TokoB K3 40—100 xA B BJIK moxet nocturars 1000—4000 H.
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Puc. 5.15. Baxyymnas oyzoeacumenvras kamepa B/{K-10-31

BakyyMmHBIC BBIKITIOUATEIH HAXOIAT Bce OoJiee IMMPOKOE MPUMEHEHHUE, YacTo
3aMeHsIST UM BBITECHSS MEHEe HaJCKHbIe M 0oJee METaio- U MaTepPHATIOEMKHE
MacisiHble W DJEKTPOMArHUTHBIC  BBIKIIOYATENU. BBIMYCK  BaKyyMHBIX
BBIKJTIOUATEJICH CPETHEr0 HANpPsDKEHHsI OT OOIIEro BBITYCKAa B HACTOSIIEE BpeMs
noctur B SAnonun 50 %, B Benukobpuranuu 30 % u B CIIHA 20 %.

5.4. Pazveounumenu, omoeaumesnu, KOpOmMKO3AMblKameiu

Kax ommeuanoce eviue, pazveounumenu cayxcam audb 018 KOMMYmMayuu
0becmouenHbIx Yenetl 8 yensax nposedeHus pemonma unu pesusuu ABH, a maxoice
0151 @vinoniHenuss nepekiiouenui PY na pezepsenoe numanue. Ilpu nposedenuu
pesusuU Ui peMOHmMa mozo Uil UHO20 I1eKMPOMeXHU4ecKo2o 000py0068aHus Ha
8bICOKOM HANPANCEHUU HeODX0OUMO NOCe OMKIIOYeHUsl MOKA 8 OAHHOU Yenu
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npou3eecmu OMKIUeHUe OAHHO20 00beKma ¢ 00eux CmopoH ¢ CO30aHUeM
suoumoeo paspuisa yenu. Kpome moeo, ob6vexm c obeux cmopon 3azemnsemcs oo
NEPEeHOCHBLIMU 3A3eMAUMENIMU, U0 3a3emMaumens npedycMompeH 8 KOHCMPYKYUuu
pasveouHumensi u CONOKUPOBAH C MEXAHUZMOM NPUBOOA HOMCA PA3beOUHUMEIs.
Hcxo0s uz 3a0auu obecneuenuss 6€30nacHOCmMuU 00CIAYHCUBAIOWE20 NEPCOHANA NPU
npoeedenuu pabom HaA JUHUU, A MAKICE OCYuWecmeieHus becnepebolinozo
INIeKMpPOCHabIIceHuss  nompedbumeneu, pazvbeouHumenb  OO0JICeH  OmBeuams
cnedyrowum mpedo8aHusIM:

o ObOecneyusamv GUOUMDBLIL PA3PbI8 MOKA 8 Yenu Npu OMKIOYEHUU,
o ObIMb MepMU1ecKU U IeKMPOOUHAMUYECKU YCIOUYUB,
o UMemb mpebyemvlil YPoseHb U30NAYUU NPU TH0OBIX AMMOCHEPHBIX YCLOBUX,
o UMemb NPOCMYIO U HAOENHCHYIO KOHCIMPYKYUIO C Y4emoM CAMbIX MANCENbIX
yenosutl pabomsl (0bedeHenue, 6empogvie Haspy3KiL).
Ilosmomy paszvedunumenv umeem mMaxKum o6pPA30M OP2AHUZ0BAHHYIO UBOIAYUIO,

Ymo nNpu NOAGNEHUU HeOONYCMUMO OONbUIO20 HANDSNCEHUs. HA  NOJIOCe
OMKIIOYEHHO20 PA3beOUuHUumens npooou 00JICeH NPOU30UmMU MexHcoy Noacom u
3emaell no e20 ONOPHOU U30JAYUU, A He MedHcOY pPa36e0eHHbIMU HONCAMU.
Pasveounumenu uapysrcnoii ycmano6ku, Kax Npasuiio, uMerom 3azemaument u
MO2Ym CHAOHCAMbCA 0)Y202ACUMENbHIMU POSAMU OIS 2AULEHUSI EMKOCTNHBIX NMOKO08
U npucnocobreHusMU, paspyuaruwumu Kopky avoa. bonvwioe paznoobpasue
VCR06UUl IKCHIYaAmayuu 31eKmpoyCmano8oK onpeoeisiem U KOHCMPYKMUBHbLE
paznuuus pazveounumeneu. Ha puc. 5.16a nokazan pazveounumenv na 220 kB ¢
ONOpHO-cMepIHCcHesbIMU uzoaamopamu, a Ha Puc. 5.16. uzobpasicén uepméic
971€2A308020 pazbeOuHumesi Ha HanpsiceHue 362 kB.
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Puc. 5.16a Pazveounumensv 220 kB ¢ onopHo-cmepiicrhesbimu U3011mMopamu,
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Puc. 5.16. Pazveounumenv wiunnoiii Ha 362 kB:

1 — pesepsyap, 2- uzonamop, 3 — HeNOOBUIICHBLIL KOHMAKM, 4 — NOOBUICHDBILLL
KOHmakm; 5 — msaea,; 6 — 3azemaumens

Omoenumenu u KOPOMKO3AMbIKAMENU YCMAHABIUBAIOMCSA HA CMOPOHE BbLCULE2O
HanpsdiceHus 8 Menee omeemcmeeHHvix PY 6 yensix skonomuu xanumanvhwix
3ampam u mecma. Bwikmouamenu npu 3mom npeoycmMampuaromcs moibko Ha
cmopone Hu3wie2o nanpsicenus. llpu nepezpyskax cunoeo2o mpaucgopmamopa,
NOBPENHCOCHUU €20 GHYMPEHHel U30JNAYUU, NOBbIUEHHOM 2a308bl0eleHUU 6HYMPU
baxka npoucxooum cpabamviéarue peie 2a30aAHAIUIAMOPA CPeobl U0 pee
oughgepenyuanvrou 3awumsl. CpabamvieaHue >mux pene oOaem KOMAHOY HA
agmomamuieckoe cpabamvi8aHue KOPoOmKO3aAMblKamens, nposoyupyouLe2o
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oelicmeumenvhoe K3 na cmopone evicuieco nanpsaxicenus. B yenu npomexanus
moka K3 xopomkozamvikamensn yCmano81eHbl Mpancghopmamopvl moKd, Komopule
0aiom KOManoy o Ype3mMepHOM MOKe 8 CUCEM) PeNleUHOU 3aumsl, 8 C8010 0Yepeddb
gKAIOUAIOUlell  CUCMeMY  YApAGNeHusi  8vlKuouameneM  HA — OMKIOYeHue
sviknouyamens. llocne omxnouenus uckyccmeenHno cozoannoz2o K3 nunetinviv
BbIKNIIOYUAMENEM, YACMO HAXOOSAUWUMCA HA 3HAYUMENbHOM YOdleHUU om OAHHO20
PV, ucuesnosenue moxa K3 daem xomanoy na omkiouerue omoenumesnsi OAHHO20
PY. Ilocne uyeco 6 coomeemcmeuu c pexcumom AIIB numanue nuHuu 6HOGb
80300H0GNIAIeMCA, M.e. obecneuusaemcs OmKIOUeHue mpancgopmamopa 8
aA8apuiinomM cocmosiHuu 6e3 UCHOIb308AHUS GbIKIIOUAMENSL HA CIOPOHE BblCULE2O
Hanpsiscenusi. Omraouenue KOpOMKO3aAMbIKAMEN OCYUjeCmensemcs NpusoooMm,
BKIIOUEHUE — C NOMOWbIO 638€0eHHbIX npyxcun. Omoenumens OMKIOUAEMCS
aABMoOMamu4ecKku, BKIIOYAemcs 6PYYHYIO Ol UCKIIOYEHUS  803MONCHOCHIU
OUWUOOUHO20 aA8mMoMamu4ecKoco BKIIOYEHUS] npu HEOMKIIOYEeHHOM
KOpomKo3amvikamesne.

5.5. 3(1M4MMHbl€ U moKoozparnuuuearouiue annapambal

s 3auumel u3019YUOHHBIX KOHCMPYKyutl PY om 2po306bix u KOMMYMAYUOHHBIX
NEePEeHanpsNCeHUll NPUMEHSIIOMCS  PA3PAOHUKU U HETUHCUHbIe  02PAHUYUMEU
nepenanpsiocerus (OIIH). U3zmenenue HanpsidiceHus u MoKa CONpo8OANCOeHUsl HA
paspsonuke npu e2o npoboe (cpabamuvleanuu) nokazauwo Ha puc. 5.17, a.

u, ik _%_
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Puc. 5.17. HaMeneHus TOKa W HANpsKEHHs Ha L
pazpajaHuKe nNpu ero npodoe (a), NexTpruYeckan |
CXeMa COeIHHEeHHS HCKPORBIX MPOMEKYTKOB (0)
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OCHOBHBIMM  DJIEMEHTAMHM BEHTUJIBHBIX Pa3pAJHUKOB SBISIOTCS HCKPOBBIC
IIPOMEXYTKH, IIOCIEAOBATEIbHO COCIWHEHHBIE C PE3UCTOPOM, HMEIOIIUM
HEJIMHENHYIO  BOJIbT-aMIEpHYIO0  xapakTepuctuky (BAX). B HekoTopbIx
paspsIHUKaxX TMapajieIbHO HCKPOBBIM MPOMEXYTKaM 2, 3 MPHUCOEIUHSIOTCS
LIYHTUPYIOIIE pe3UCcTOpbl 1 (JINHEHHBIE) ¥ KOHJEHCATOPBI, JAIOLIe BO3MOKHOCTb
YIPABIIATH PACIIPEICICHUEM HANPSHKEHUN Pa3IMYHON JUIMTENBHOCTH 10 UCKPOBBIM
nmpoMmexxyTkaMm (puc. 5.17, 0).

Ha puc. 5.18 mpexncraBineH BEHTWIBbHBIM pa3psaHUK Ha HampspkeHue 33 kB,
cocrosimui U3 GpapPopoBOi MOKPBHILIKK 1, KOJIOHKM HEIMHEWHBIX PE3UCTOPOB U3
BIWJINTA 2 1 OJIOKA MOCJIEI0BATEIbHO COEMHEHHBIX HCKPOBBIX IIPOMEKYTKOB 3.
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Puc. 5.19. Henuneluslii orpanuuuTes
NepPEeHANPAXKCHUH

L)

Puc. 5.18. BeHTHIIbHBIH paspsagHUK

Konctpykius OIIH noxazana na puc. 5.19. OcHoBHbiMEH s3neMeHTamu OITH
ABISIIOTCA  pappopoBbiil  Kopnyc 2, ¢uaHipl 4, HMEOUME YCTPOWCTBO 3,
o0OecreynBaoIiee TepMETUYHOCTb, HApPY>KHbIA TOPOUAAIBHBIA JKpaH 6 cC
JepKaTensiMu 5, 00ecreurBaronil BBIpaBHUBAHUE paCIpeiesieHUs HAPSHKEHUSI 110
BapucTopam 7. BapucTopsl IMEIOT BHYTPEHHIOO MOJO0CTH 1, ciyskariyto Jijist copoca
U30BITOYHOTO  JIABJIGHMS  MpPU  aBapUHHOM  peXMME  4Yepe3  KJiamad
B3pbIBOOE30nacHOCTH 3. TemoBas mpocioiika 8, mepeaaromniasi M30bITOK TETUIOTHI
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OT BapHCTOPOB Ha KOPHYC, OJHOBPEMEHHO HWCHOJIB3YETCA JUISl KpPETUICHUS
BapucTopoB /. B nocnegnee Bpems it u3rotoriaeHus kopmycos OITH cranu
IIPUMEHSATDH MOJIMMEPHBIE MATEPHUAIIBI, HAIIPUMEDP CTEKIIOIUIACTHK, YTO ITO3BOJIAET
CYILLIECTBEHHO CHU3UTh MACCY aIlllapaToB U yHIpOCTUTh KOHCTpyKuuio OITH.
OOHUM U3 OCHOBHBIX HEOOCMAMKO8 8EHMUNILHLIX PA3PAOHUKOS ABNAENICS 8bLCOKOE

3HaueHue Kodg@uyuenma HeIUHeUHOCU MAMepualos (mepsuma u eUIUMa) =
(0,2—0,4), a maxxce HecmaburbHocmeb Hanpsdicenuit. npobos. Ilosmomy
3HaUUMeNbHLIL npocpecc Ovll O0CMUSHYM NOcle paspadomKu HOBbIX OKCUOHO-
YUHKOBbIX 8apucmopos ¢ koapguyuenmom neaunetinocmu = 0,02. Dmo noszsonuno
paspabomams annapamol 3awumsi Oe3 UCKPOBbIX npomedcymkos. Ilpu pabouem
HAnpsdiCeHuu MOKU 4Yepe3 B8apucmopvl COCMAGIAIOM  MULIUAMAEPbl, a Npu
NEPEeHANPINCEHUSX COOMBEMCMBEHHO COMHU U MbICAYU AMNep.

Ozcpanuuumenb nOOCOeOUHeH K cemu 8 meyeHue 8ce2o0 Cpoxa cuyxcovl. Ilosmomy
yepe3 6apucmopvl Henpepvieno npomexkaem mok. Ozpanuuumens CcOXpaHsem
pabomocnocobHocmb 00 mex nop, NoKa 8030elcmeuem paboue2o HAnPsHCeHus u
UMNYIbCO8 NEePEeHANPANCEHUl aKMUBHASL COCMABNAIOWAs MOKA He NpedblcUm
HEKOmopo20 KpUmu4ecko20 3HAYeHUs, Npu KOMOPOM HAPYUWAEemCs Menio8oe
pasHogecue annapama.

THocnowenue oepanuuumenem »3Hepeuu U3 cemu npeoulecmeyem noblULEHUIO
nepenanpsixcenus. Kpamunocme ocpanuuenus nepenanpsiocenuti OIIH umeem
nopsaodox 1,75 (ona rommymayuouusix) u coomeemcmeenno 2,42—1,8 (Ons
2P03086bIX), YUMo 3HAYUMENbHO HUdICe, YeM OJisl BEHMUNbHBIX PA3PSAOHUKOS, U, CAMOE
2/1a8Hoe, obecneuusaemcs CmabuIbHOCMb 9M0o20 KO3 huyuenma.

Toxooepanuuusaowum peaxmopom HA3bIBACMC JIeKMPUHeCcKull  annapam,
BLINOJIHEHHDIU 68 GUOEe KAMYWKU HEUZMEHHOU UHOVKMUBHOCMU, NPEOHA3HAYEHHbLU
ons oepanuvenuss moxkos K3 u nooodepoicanus uanpsigcenuss Ha wunax PY 6
asaputinom pedxcume. Omkyoa credyem, umo npu 603HukHogenuu K3 na oonou u3z
OMXO0AWUX JUHUL HU3K020 Hanpsixcenuss moxk K3 6Oydem oepanuuusamvcs
PeaKmusHbIMU CONPOMUBLEeHUAMU 2eHepamopa X, u peakmopa X:

le = Unou! (X +X,) (5.2)

Obviuno peakmueHoe ConpomuejieHue peakniopa eblpasicaronm 6 npoyenmax.
Xp% = IHOM.p Xp 100 / UHOM (5-3)

Tox ecenepamopa MHO20 OONbULE HOMUHANLHO20 MOKA OMXOOAWUX NUHUL, NpU
amom X, >> X .. Takum obpasom, peanvHo peakmugHoe conpomusiienue peakmopa
ocpanuyueaem yposenv oxcuoaemozco moka K3. Hcnonvzoeanue
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peakmopa no3eossaem blOpamv KOMMYMAYUOHHYIO annapamypy Ha 6o.iee JiecKue
pedxcuMbl N0  HOMUHANLHOMY MOK)Y OMKIIOYEHUSA U MOKAM MepMUYeckou u
ounamuueckou cmouxkocmu. Kax uzeecmmno, 8 HOMUHAILHOM peXCUMe HA peaKxmope
0yoym Habaodamscsi NOCMOsiHHble nomepu Hanpsaxcenus. I[loomomy yeenuuenue
UHOYKMUBHO20 —~ CONpOmMuUGNeHusi  peakmopa  Xpo; — NpU8OOUmM K pocmy
OONONIHUMENIbHBIX NOMePb HANPAXCEeHUs HA HeM. Yeenuuenue umOyKMUGHOCMU
nozeonum 6onee 2nyooko ozpanuuums mok K3 u ucnonvzosamsv 6 cemu Oonee
npocmole u deutegvle annapamol. Mcnonwv3ys Kpumepuu MuHumyma sampam oas PY
8 YeioM, MOJNCHO 6blOpamsv peakmop ¢ ONMUMANbHLIMU JJIeKMPU4ecKUMU
napamempamu.
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Puc.5.20. Oonogpaxsznwiii bemonnuwlil peakmop

s obecnewenus MUHEUHOCMU BOJLM-AMNEPHBIX XAPAKMEPUCMUK DPeakmopa
NPUMEHSIOMCSL KOHCMPYKYUU 6e3 eppomacHumuo2o macHumonposooa. Haubonee
npocmoul U Oeulegvble KOHCMPYKYUU cyxux OemoHHulx peaxmopos. Ha puc. 5.20
npeocmasnena KOHCMPYKYUS 00HOpazHo20 bemonHo2co  peakmopa.
Mmuocoorcunvrolti kabenv 1 (MeOHblll unu anoMuHueswvlll) Npu U320MOGIeHUU
3anueaemcs 8 cneyuaibHvle Qopmvl U Kpenumcs npu nOMowu OEmoHHbIX CHOeK-
Konoun 2. OCHOBAHUSL KOJIOHH Kpensamcsi K Onopuvim usonsmopam 3. s
NOBbIUEHUS.  INEKMPUUECKOU — NPOYHOCMU  nocle  omeepoeHuss  Oemon
NPONUMBIBAEMCS CNeYUATbHLIM JAKOM. Medcoy sumxamu KamywkKu peaxmopa
UMEIOMCsl 3HAYUMENbHble PACCMOANHUS, KOMOpble HeoO0X0O0UMbl OJisl CHUNCEHUS]
aneKkmpoouHamuieckoco ycunus npu K3 u oxnasxcoenusi peakmopa 8 HOMUHATbHOM
pexcume. Omoenvhvle MOOYIU (hasHvle) peakmopos mMocym pacnonazamuvcs
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BEPMUKANBLHO U 20PU3OHMATILHO, HO 003AMeNbHO 8 3aKpbimbulx nomeujenusx. K
HeooCmamKkam peakmopog Kpome OO0NbuUX MAcCbl U 2aOAPUMHbLIX PA3MEPOS,
credyem omuecmu U co30anue 3Ha4umenbHblx MaeHUMHbIX noJeti paccesHusl.

Jlexnus Ne 8. UcTOUYHHKH peaKTUBHOM MOIIHOCTH.

Cooeporcanue nekyuu

8.1. PeakxmugHas MOWHOCMb 8 IIEKMPUUECKOU Cemu

8.2.  Hcmounuxu peakmugHou MOWHOCMU U UX HAZHAYEHUE

8.3.  Tunvi ucmounuxoe peaxmueHou MOuHOCMuU

8.4.  Cumnxponmnvie cenepamopbl 31eKmMpOCmMaHyull

8.5.  CumxporHble KOMNneHcamopbl

8.6.  Kownoencamophwvie bamapeu

8.7. Cmamuuecxkue mupucmopuwvie komnencamopwl Ha 6ase Kb

8.8.  Peaxmopvl, Kommymupyembie 8bIKII0Hamensimu

8.9. Hacwvuyarowuecs peakmopbi

8.10. Peaxmopbl, KomMmymupyemvie Mmupucmopamu

8.11. Komobunuposannwvie UPM

8.1. Peakxmuenasn MOUIHOCM Db 6 9ﬂeKmpull€CKOﬁ cemu

Inekmpuueckas 9Hepausl, svipabamuleéaemast 2eHepamopamu
INEKMPOCMAHYUU, XAPAKMEPUZYEeMCsL UX AKMUBHOU U PeaKmueHOU MOWHOCIbIO.
AxmusHas MmowHOCMb nOmMpebaiemcs d1eKmpONPUEMHUKAMU, NPeobpa3ysch 8
MeNnosyr0, MexaHudeckylo u opyaue 6uovl dHepeuu. Peaxmuenas mowHocmo
xapaxmepuszyem 3J1eKmpOIHEPIUI0, NPeoopasyemMyio 8 SHepeUo 1eKMpUYeckux u
MacHUmHbIX noneu. B anexkmpuueckoti cemu u e€ 21eKmponpuémHuUKax npoucxooum
npoyecc 00MeHa dHepauel MeHcoy NEeKMPUUECKUMU U MASHUMHBIMU NOJAMU.
Yempoiicmea, komopwle yenenanpagienHo yuacmeyrom 6 dmMoM  Hnpoyecce,
Hazvléarom  UcCmouHukamu  peaxmuenou  mowmocmu  (MPM).  Takumu
YCmMpoucmeamu mMo2ym Oblmb He MOJIbKO 2eHepamopuvl INeKMpUYecKux CmaHyull,
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HO U CUHXPOHHblEe KOMNEHCAMOPbl, DPeaKmopvl, KOHOEHCAMOpbl, PeaKmusHOU
MOWHOCMbIO KOMOPBLIX YNPABIAIONM N0 ONPeOesiEHHOMY 3aAKOH) pPe2yIuUpo8aHus ¢
HOMOWBIO CHeYUATIbHLIX CPEOCMa.

MONIHOCTB 3JIEKTPOOOOPYIOBAHUS IIIEKTPOIHEPTETUICCKON CUCTEMBI(TEHEPATOPHI,
JUHUU  3JIEKTporepenady, TpaHcPOopMaTopbl, AIEKTPONPUEMHUKHM U T. II.)
OTIPEACIISACTCS €T0 110.1HOU MOUHOCHbI0. [oTHAsS MOIITHOCTH S TIPY CUHYCOUIATBHOM
dopMe HampsHKEHUS W TOKa CBS3aHA C aKTUBHOW P M peakTMBHOWQ MOIIHOCTSIMH
KBaJPaTHYHOM 3aBUCUMOCTBIO S2 = P2 + Q2. Ilpu »ToM mosaHas MomHocts S = U,
aktuBHas P = Ul cos u peakruBHast Q = Ul sin, rae U u | - neficTByrolme 3HaYCHHS
CUHYCOUJIAJILHOTO HAMNPSDKCHHSI M TOKA; - YIoJl MEXKIY BEKTOpPaMH HANpPSDKCHHS U
TOKA.

B konneHcaropax, xabenix W APYrHX BHJIAX DJIEKTPOOOOPYAOBAHUS, KOTOPOE
XapaKTepu3yeTcsi EMKOCTHBIM COMPOTUBJICHUEM Xc, peaKTUBHOM MOITHOCTHIO Q =
U?/Xc, onpenenseMoli IpUIoKeHHbIM HanpsikenreM U, CO3Iar0TCAdIeKTPUYECKHE
TOJIA.

B MHAYKTUBHBIX 3JIEMEHTAX CHCTEMBI, HAIPUMED B peakTopax, TpaHchopmaTopax,
AIEKTPOJIBUTATENSAX, CO3/IAlOTCSI MarHUTHBIE TOJIA. B 3TOM ciydae peakTHBHAsS
momuocTs Q = 12X ompenensierca TOkoM | M MHIYKTHMBHBIM COIPOTUBICHHEM
yeMeHTa X .

EMKOCTHOI TOK B HMAeanbHOM KOHIEHCATOPE ONEPEKaeT MPUIOKEHHOE K HEMY
Hanpspkenue Ha 90 31. rpan. Torna MomHOCTh 3Toro KonaeHcatopa Qc = Ul sin (—
) (Ul umeet oTpunaTenbHbIl 3HAaK). B 3TOM ciiy4ae roBopsT, 4TO KOHIEHCATOP
TCHEPHUPYET PEAKTUBHYIO MOIITHOCTb.

NHayKTUBHBIA TOK B WJCATBHOM PEAKTOPE OTCTAET OT MPUIIOKEHHOTO K HEMY
HanpspkeHuss Ha 90 a1 rpaa. MomHocTte peaktopa QL = Ul sin umeer
MOJIOKUTENIBHBIM 3HaK. B »TOM cllydyae TOBOpAT, 4YTO pPEaKTOp MOTpeOIseT
PEAKTUBHYIO MOIITHOCTb.

Od4eBUIHO, YTO B TOHATHAX «TCHEPHPOBAHUE» M «IOTPEOJICHUE» PEaKTHBHOM
MOIITHOCTH 3aJI0kKeHa OTpe/eiEHHas YCIOBHOCTh, HO TEM CaMbIM TTOTUEPKUBACTCS,
YTO B3aUMOJICHCTBUE EMKOCTHBIX W WHIYKTHUBHBIX DJIEMEHTOB B JJIEKTPHUECKOU
cetu umeeT komrencupyromuii 3¢pdekt Qs = QL — Qc. ITO CBONCTBO JIEMEHTOB
IITUPOKO UCTIOIB3YETCS Ha MPAKTUKE JIJIs1 KOMIICHCAIINH PEaKTUBHON MOIITHOCTH, TEM
CaMbIM CHIDKAsI TTaJICHUE HATIPSHKEHUS B CETH, IIOTEPH DIIEKTPOIHEPTUH.
[IpuBenéunpie Boile BeMUYUHBI S, P, Q mpuUMeHSI0TCS Mpu pacuérax peKUMOB B
AIEKTPOIHEPTETUUECKHUX CUCTEMAX, IPOCKTUPOBAHUH u BBIOOpE
AIEKTPOOOOPYI0BaHUS. 3HAUEHUS ITHX BEJIMUMH MPUHUMAIOTCS KaK HE3aBUCHUMbBIC
OT BPEMEHH, YTO MTO3BOJISET CYIMECTBEHHO YIIPOCTUThH PACUETHI.

dakTHYECKH K€ M0 IEMH MPOTEKAeT NMEPEMEHHBIM TOK, MIHOBEHHOE 3HAYCHHE

KOTOPOTO OMpeaesieTcs BeipaxenueM i = I sin ( t— ). I[lox meficTBreM 3TOro TOKa
Ha 3JICMEHTaX LIENU YCTaHaBIUBAaeTCsS HampsokeHue U, = Um COS Sin (t —
) - aktuBHas coctaBispomas U U, = Up Sin sin( t — + /2) — peakTuBHas

coctapisitomasi. 3aech Uy U |y — aMIuIMTybl CHHYCOMIANBHBIX HANpPsDKEHUS U
Toka. Ilpm »5>TOM MoOmIHOCTB, MOTpeOssieMas aKTUBHBIMU  DJIEMEHTaMHU
AJIEKTPUUYECKOMN IIETIH, OTIPEIEISIeTCs KaK (YHKIIMS BPEMEHH BBIPAKECHUEM P, = IU,
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= Ul cos ¢ [1L — cos(2 t — @)], a peakTHBHAsS MOIIHOCTbH, IMOTpeOIITEMAast
(reHepupyemasi) peaKTHUBHBIMU 3JIeMeHTaMu, — (, = iU, = £ Ul sin ¢ sin2( t — ¢).
JIuHelHbIE AMarpaMMbl, OTOOpaKarollie MTHOBCHHBIC 3HAUCHUS HAIMPSDKCHUS U
TOKa B aKTUBHO-MHIYKTHBHOM IIEMHU, a TAKXKE COOTBETCTBYIOLIHME MM MOIIHOCTH
npuBeeHbI Ha puc. 8.1,

AMIUIMTYIbI aKTMBHOM W PEAKTUBHOM MOIIHOCTEH, W3MEHSIOMUXCA 110
CHUHYCOUJQJILHOMY 3aKOHY C IBOMHOM 4acTOTOM (2 ), COOTBETCTBEHHO COCTABIISIOT
P = Ul cos ¢ u Q = Ul sin ¢, T.e. Te caMble 3HaAYCHUSI MOIIHOCTCH, KOTOPHIMHU
MOJIB3YIOTCS TPH pacyeTax peXKUMOB U BbiOOpe obOopynoBanus. I[lpu sTom
MTHOBEHHBIC 3HAUCHHSI «IOTPEOIISIEMOI» B MHIYKTHBHBIX JJIEMEHTAX U
«TEHEPUPYEMOi» B EMKOCTHBIX DJIEMEHTaX PEaKTUBHOM MOITHOCTH B KaXKIbIi
MOMEHT BPEMEHH HUMEIOT MPOTUBOIOJIOXKHBIA 3HAK, B 4eM, KaK ObLIO OTMEYEHO
BBIILIE, U ITPOSBIIETCS UX B3aMMOKOMIIEHCUPYIOLIEE JIEHCTBUE.

U, iy, p

Puc. 8.1. I3MeHeHNe MTHOBEHHBIX 3HAUEHUN OJTHOM S, aKTUBHOU U
PEaKTUBHOM  MOIIHOCTU B L€ C aKTUBHO-PEAKTUBHOU HArpy3KOM

(0 < ¢ < ml2)

8.2. UCTOYHMKM PeaKTUBHOI MOIIHOCTH M UX HA3HAYEHH e

[Tonsitue mcrounuku peaktuBHOW MouiHOCTH (MPM) 00BIYHO OTHOCAT K
JTH00BIM YCTPOMCTBAM, CIIOCOOHBIM LI€JIEHAIIPaBICHHO BO3JEHCTBOBATh Ha OasiaHc
PEAKTUBHOW MOIIHOCTU B 3JIEKTPOIHEPIETHUECKOW CHUCTEME. DTO BO3ACHCTBUE
MOJKET OBITh JOCTUTHYTO YBEJIMUYEHHEM (YMEHBIIEHUEM) KaK TeHEpUPYEMOil, TaK U
notpedsieMoil peakTuBHOM MomHOCTH. UPM — 3T0 00s13aTenbHO peryaupyemoe
YCTPOMCTBO, MOIIHOCTb KOTOPOIO HM3MEHSETCS BPYUYHYIO WM aBTOMATUYECKH,
JUCKPETHO (CTYMEHSIMH), MJIABHO WJIM IUIABHO - cTyneH4ato. OCHOBHBIM
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napameTpoM peryiaupoBanus HMPM  sBusercs HamnpsokeHHE B TOYKE €0
ITOJKIIFOYEHUS WMJIM PEAKTUBHAS MOIIHOCTh HAarpy3KH, I KOMIICHCAIIUM KOTOPOU
NPM mnpennasHadyeH, wid M TO, U JPyroe OJHOBPEMEHHO. /[l IMOBBIICHUS
YyBCTBUTEJIBHOCTH peryiupoBanus B perymstop HWPM  BBomar kanausl,
pearupyromue Ha CKOpoCTb U3MEHEHUS HANPSKEHUS WM PEAKTUBHOW MOIIHOCTH.
Crpykrypa opranoB peryaupoBanus IPM u peanu3yeMblil 3aKOH PETyJIHPOBaHUSA

OIPEICIISAIOTCS ero Ha3HAYECHUEM. B EJIOM NPM SIBJISIETCS
MHOTO(QYHKIIMOHAJIBHBIM ~ YCTPOHCTBOM HMMEHHO Ojarojapss BO3MOXXHOCTH
pPETYJIMPOBAHUSI PEAKTUBHOW MOIIHOCTHU — OJIHOTO W3 OCHOBHBIX PEXHUMHBIX

apaMeTPOB IIEKTPUUECKON CUCTEMBI.
B snektpuueckux cucremax MIPM mpumensitor B cetsax HanpsbkeHueMm 110 kB u
BBIIIE ISl PELICHMS CIEAYIOIMX 3a0a4:

e CHWXXCHUA IIOTEPb AKTUBHON MOIITHOCTH U DJIEKTPOIHEPIUU;

e PpErylMpOBaHUS HANPSKEHUS B y3J1aX HAIPY3KH;

e YBEJIMYEHMS MPOMYCKHOM CIIOCOOHOCTH AJIEKTpOIEepeaay;

e YBCJIMYCHMUS 3allaCOB CTATHYECKOW YCTOMYMBOCTH DJIJIEKTpONEpPENAd H

IE€HEPATOPOB DJIEKTPOCTAHIINM;

e YIYYILICHUS JUHAMUAYECKON YCTOMUYMBOCTH BJIEKTPOIIEPENAY;

e OIPaHHUYECHUS NIEPEHANPSKECHMUI;

e CHMMETPHUPOBAHUS PEKHUMA.
B cucremax nsnexrpocHaGxkenuss (COC) mpomblnuieHHbIX mpeanpustuii PM
MPUMEHSIOT C LEJIbI0 KOMIIEHCAlMM PEaKTMBHOM MOIIHOCTH, MOTpeOiIsieMoit
MOIIHOM PE3KONEPEMEHHON HArpy3KoW, U CHMMETPUPOBaHUs Harpys3ku. Kpome
Toro, B COC ¢ HennHeHOW (HECUHYCOMJAIbHOW ) HATPY3KOH, TeHEPUPYIOLIEH TOKH
BBICIIMX rapMOHUK, IPM MOTYyT BBINOJHATH U pOib (GUIBTPO-KOMIIEHCUPYIOIIUX
YCTPOMCTB.

8.3. Tunbl HCTOYHUKOB PEAKTUBHONH MOIIIHOCTH

Perynupyemass komneHcanus peakTHBHONM MOIIHOCTH OOECIEYMBACTCS C
NOMOIIBIO IIYHTOBBIX YCTPOMCTB, NMOAKJIIOYAEMBIX K IIMHAM MOJCTAHIUU WIH
Harpy3KH{ NapajuiesIbHO. DTH YCTPOMCTBA MOKHO Pa3AEIUTh HA IBE MPUHLIMITHAIBHO
OTJIMYHbIE Jpyr oT napyra rpynnel. K mepsorr rpynne HMPM  oTHocsaTcs
BpAILAIOIIMECS CHHXPOHHBIE MAIIMHBI: CHHXPOHHBIE T€HEPATOPHI JIEKTPOCTAHIUH,
CUHXPOHHBIE KOMIIEHCATOPBI, CAHXPOHHBIE IBUTATENN. DTH YCTPOMCTBA O3BOJISIOT
IJIAaBHO PETYJIMPOBATh PEAKTUBHYIO MOITHOCTH, KAK B PEKUME T€HEPUPOBAHUS, TaK
u notpednenus. Ko Bropoii rpynime otHocsaTcs ctatnueckue MIPM unu cratuueckue
KOMIIEHCATOPbl PEAKTUBHOW MOIMHOCTH. K HHMM OTHOCATCS KOHIEHCATOPHBIE
Oatapew, peakTOpbl, HO HE TOKOOIpaHWYMBAIOIIME, YCTpoilcTBa Ha 0ase
npeoOpa3oBareseil (BBIMPSIMHUTENN, WHBEPTOPHI) C UCKYCCTBEHHON KOMMYTAIIHEH
TUPUCTOPOB WIIK UX KOMOUHAIIIH.

Konzaencaropuelie 6ataper ciocoOHbI peTyJIUpOBaTh FTEHEPUPYEMYIO UMUMOIIIHOCTD
TOJIBKO CTyneH4aTo. /[ uXx KoMmmyTanuuu (BKIKOYEHUS, BBIKIIOUEHUS) IPUMEHSIOT
B ceTsX 10 1 kB — oObIYHBbIE KOHTAKTOPHI, B ceTsAx 6—10 kB u BoIie
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- BBIKJIIOYATENM MO0 THPUCTOPHBIE KIIIOUM (JIBa TUPHUCTOpA WM TUPUCTOPHBIX
0JI0Ka, BKITFOUCHHBIX BCTPEUHO-TIAPATIICIIBHO).

PeakTuBHYI0O MOIIHOCTb, MOTPEOISIEMYIO PEAKTOPaMH, MOKHO PEryJIMpOBaTh Kak
CTYIIEHYaTO, MCIOJB3ys MU OTOrO TakKyl e, KaKk M Uil KOHJAECHCATOPOB,
KOMMYTaLlMOHHYIO aNiapaTypy, Tak U IUIABHO € MOMOIbI0 TUpUCTOpOoB. K ocoboii
Ipynne OTHOCSTCS HaChILIAIOIIMECS PEAKTOPbl, CIHOCOOHBIE IUIABHO H3MEHSAThH
NoTpeOJIsIEMyI0 PEAaKTHUBHYI0 MOIIHOCTh IapaMeTpuuecku 0e3 peryiniaropa B
3aBUCUMOCTH OT IPWJIOKEHHOTO K HEMY HAIIPSKEHUS B TOUKE MOJKIFIOUYCHHUS.

B GonbmIMHCTBE CHCTEMHBIX 3324 U TeM OoJiee ISl CUCTEM JJIEKTPOCHA0KEHHUS
MPOMBINUICHHBIX MPEINPUATHN  JOJKHBI npuMeHATbess MPM, cnocoOHbie
TEHEpHUPOBaTh PEAKTUBHYIO MOIMHOCTh. K Takum MPM OTHOCATCS CMHXPOHHBIE
MalllMHbl U KOHAEHcaTopHble OaTapen. OgHAKO mepBble, 00ianas COCOOHOCTHIO
IJIABHO PETYJIMPOBATh PEAKTUBHYIO MOILHOCTB, YTO SBIISIETCA UX TOCTOMHCTBOM,
o0janaT OOJBIION HHEPLUUOHHOCTHIO, OOYCIIOBIEHHOM IOCTOSSHHOW BpEMEHH
CUCTEMBI BO30YKIEHMUsI, UTO ABJsIETCS MX HeJocTaTtkoM. KoHneHcaropHble 6arapen,
0COOEHHO KOMMYTHPYEMbIE€ THPUCTOPAMH, 00JIaJal0T BBICOKUM OBICTPOJECHCTBIEM
(10—20 Mc) mpu CTYNEHYaTOM PETYJIMPOBAaHHH PEAKTUBHOW MOIIHOCTH. B psine
3aja4, HampuMep oOecleyeHUs] CTaTUYECKOW YCTOMYMBOCTH DJIEKTpOIepeaad,
CTYIIEHYAaTOE PEryJIMpOBAaHUE MpPAKTUYECKU Herpuemsemo. PemieHune mpoOiaemsl
HaxoJIAT B MNPUMEHEHUU KOMOMHUpPOBaHHBIX MPM, KOTOphIE CIOCOOHBI TpH
BBICOKOM OBICTPOJEHCTBUHU TIJIABHO PEryJIUPOBATh PEAKTUBHYIO MOILIHOCTh. Takue
NPM 00OBIYHO COCTOSIT U3 PETYIUPYEMOM CTYNIEHYATO KOHAEHCATOPHOU OaTapeu u
IJIABHO PETYJIMPYEMOTO PEAKTOPA, BKIIFOUEHHBIX MMAPAIIIENBHO.

B ornuune oT KOHOEHCATOPHOM OaTapeu, T.€. YCTPOMCTBA NPsIMOI KOMIIEHCAIUH,
KOoMOuHUpoBaHHble VMPM Ha3bIBaIOT yCTPOMCTBAMU KOCBEHHOW KOMIIEHCAIUH,
UMesl B BUJY, UTO peakTop B TakoM MPM BBINIOJHAET BCIIOMOTaTEIbHYHO POJIb,
oOecrieunBasi TJIABHOCTh PETYJIMPOBaHus, Toraa, korna MPM B 1iesom renepupyer
peakTuBHY0 MOIIHOCTh. Ho MPM KOCBEHHOW KOMIIEHCAIMA B 3aBUCUMOCTH OT
COOTHOILIEHHS YCTAHOBJICHHBIX MOILIIHOCTEN KOHIEHCATOPOB U PEAKTOPOB MOKETHE
TOJILKO T€HEpUPOBaTh, HO M MOTPEOJATh PEAKTUBHYIO MOIIHOCTb MPU IJIABHOM
nepexojie 0T OJHOrO pexxuma K Apyromy. OAHAKO MpPU OTHOCUTENIBHO OOJIBLION
MOIIIHOCTH PETYJIUPYEMbIX THPUCTOPAMH PEAKTOpOB KoMOMHHpoBaHHble NPM
CTAHOBSTCS MCTOYHMKAMHM BBICHIMX TapMOHUK TOoKa. M 3TO - MX HEZOCTaToOK,
YCTPAHEHHE KOTOPOIro BO3MOKHO MYyTEM YCTAaHOBKH (DUILTPOB BBICIIUX FAPMOHHUK
Toka. OOBIYHO POJb  (PUIBTPOKOMIICHCUPYIOUIUX  YCTPOMCTB  BBIMOJIHSIOT
CEKIIMOHMPOBaHHbIE KOHJAEHCATOpHbIe Oarapeu. i1 3TOro mocienoBaTeabHO C
KOHJIEHCATOpaMHU BKJIIOYAIOT HEOOJNbIINE PEAKTOPhI, oOecreunBasi yClIOBUS, MPHU
KOTOPBIX COMPOTUBIIEHUE 1IENU KOHAEHCATOP-PEAaKTOP OJU3KO K HYJIIO HAa 4acTOTe
HAaCTPOMKU Ha KOMIICHCUPYEMYIO TAPMOHHUKY.

8.4. Cunxponnuvie cenepamoput 31eKmMpoOCmManHyuil

CHHXpDOHHBIE T€HEpAaTOpbl KaK OCHOBHBIE HCTOYHUKHA  pPEAKTHBHOM
MOIIHOCTH SBJISAIOTCS TAKXKE OJHHUM U3 OCHOBHBIX CPEICTB PEryJIMPOBAHUSA



132

HanpspKeHUs. BO3MOXHOCTH TreHepatopa Kak pEryaupyHOLIEro yCTpOWCTBa
ONpENENSIeTCS €ro MCHOJHEHHEM (THApPO- WM TypOOreHepaTrop), TEIMIOBbIM
pPEXKUMOM, CHCTEMOM  BO30YXIEHHUS W  aBTOMAaTUYECKUM  PETYISITOPOM
Bo30OyxkaeHuss (APB). PerymumpyembiM mapameTpoM TreHepaTopa  SIBISETCS
HalpsOKEHUE Ha €ro 3akKMMax, KOTOpoe Uil OOJBIIMHCTBA T€HEPATOPOB MOXKET
u3MmeHsAThes B npeaenax 0,95Ug < Ur < 1,05Uy0, 3aaHHOE HANpsOKEHUE MOYKET
MOJIIEP>KUBATHCS TOJIBKO B TOM CITydae, €Clii BIpab0TKa TeHepaTopoM pEeaKTUBHOM
MOIITHOCTH HAaXOJIUTCS B AOIMYCTUMBIX Tipeaenax: Qmin < Qr < Qmax.

His  TypOOreHepaTOpoB  BCIEACTBHE HX  KOHCTPYKTHBHOH  OCOOEHHOCTH
PEryJIMpPOBOYHBIM JMAIa30H II0 PEaKTUBHOM MOIIHOCTHM MOYKHO IPHHMMAaTh B
3aBHCHUMOCTH OT €ro Ko3(ppuirenTa MOITHOCTH COS¢, Kak OKa3aHO Ha Juarpamme,
MpUBENEHHON HA pUC. 8.2. ISl TMApPOreHepaTopOB MOJIHASI MOLIHOCTh,KaK MPABUIIO,
HE 3aBHCHUT OT cOS®. ['maporeHeparopsl B OOJBLIIMHCTBE CIIy4aeB MPOECKTUPYIOTCA

JJIsA pa6OTBI B PCIKUMC CUHXPOHHOI'O KOMIICHCATOpA, T.C. IJIs1 HUX Qr = SI‘.HOM'
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Puc. 8.3.Cxema npocToi CBA3U 3JIEKTPOCTAHIIUU
c cucrtemoii C (a) ¥ CTaTUYECKUE XapaAKTEPUCTUKH
redeparopa ['(0)

Kak BunHo u3 puc. 8.2, TypOoreHeparop MOXKET HE TOJbKO F€HEepUpOBaTh, HO U
NOTpeONISITh PEAKTUBHYIO MOIMHOCTh. HeoOXxoauMocTh B 3TOM CBSi3aHA C
peryiaupoBanreM (TOIJEpKAaHUEM) HANpsOKeHHUsT Ha 3aKUMax reHepartopa (Ha
IIMHAX FEHEPAaTOPHOTro HalpspkeHus ). CoCOOHOCTh FeHEpaTOpa B STOMOTHOIIEHUU
WLTIOCTPUpPYETCS ero crarndeckoil xapakrepuctukor U, = f(Q,) (puc. 8.3) u
obOecneunBaercsa ero APB nmyrem u3meHeHus: Toka Bo30yxaeHus. C yBenTndeHHEM
TOKa BO30YXIEHHUS PEaKTHBHAs MOIIHOCTb BO3PAacTaeT, U3MEHSICh
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IIPYU 3TOM B JOMYCTUMBIX Mpeaenax oT Qr min 10 Qr max. Ecniu npu ymenbsmenuu Q,
peaKkTUBHAsT MOITHOCTh T€HEpaTopa yMeHbIIaeTcst 10 Qr min, HAPSDKEHUE HA €T0
IIMHAX Ha4yuWHAeT Bo3pactarb. M HA00OpOT, eciau peakTUBHAs MOIIHOCTh
yBeIMIHBAETCS 10 Qr max, HANIPSDKEHHE HA €TO IMWHAX CHIKaeTcs. Ha yaactke ot Q.
min 10 Qr max HAIIpsDKeHHE Onarogaps nercteuio APB nomiepkuBaeTcs ¢ 3aJaHHBIM
CTAaTU3MOM, ONPENETIIEMbIM HAKJIOHOM €ro CTaTHYEeCKOM XapakTepucTuku. Takoe

PETYIIMPOBAHUC HAIIPSKCHHUA BO3MOKHO, KaK YK€ OTMCYAJIOCh, B OHUAIIA30HC
(0!95_1105)UH0M'

8.5. Cunxponnsle Komnencamopul

Cunxponnbie komneHcatopsl (CK) npenHasHayeHsl AJis CTaOMIM3aNUN

HanpsokeHus: B Touke mnoakimodeHuss CK B mpeaenax +£5 % HOMUHAIBLHOTO
3HAYEHUS, a TAKXKe JIJI TCHEPUPOBAHUS U MOTPEOJICHUS] PEAKTUBHOM MOIIHOCTH,
YeM OHHM M BIMSIOT Ha PEXKUM dJIeKTpodHepreTuueckoil cucremsl (23C).
CHUHXpOHHBIE KOMIIEHCATOPhl yCTaHaBIMBalOTCs B Tex Toukax I2C, rae rpaduk
HAarpy3Kd MEHSETCS B UIMPOKUX TNPEAeNax, B CBA3M C YEM CYIIECTBEHHO
U3MEHseTCs OallaHC peakTUBHOU MoIIHOCTU. Kak mpaBuiio, 3To noacranimu 330—
500 kB, rne CK npucoenunsercs K muHaM Hu3iiero Hanpsbkenus 10—20 kB.
CUHXpOHHBI ~KOMIIEHCATOp — DJJEKTpUYECKas Bpallarolascs MalllHa,
paboTtaolias B pEeXUME XOJOCTOr0 XOJa, T.e. 0€3 aKTMBHOM Harpy3KH.
CHHXpOHHBI KOMIIEHCATOP, BKJIIOYEHHBI B cucTeMy 0Oe3 BO30YKIEHUS,
MOTPEOISET PEaKTUBHYIO MOIIHOCTh (MHAYKTUBHBIN pexuMm). [lorpebnsemas B
ATOM PEXKUME PEAKTUBHASI MOIIHOCTh MOKET ObITh MPUOIMKEHHO OTIPE/Ie/ICHa KaK
Qck = U2/Xq, TIIe Xg — CUHXpPOHHOE peaktuBHOE conpotusicHue CK. [Ipu
BKJIFOYEHUU BO30YKJICHUS U MOCTEIIEHHOM YBEJIMUYeHUHU Toka potopa CK
MEPEXO/IUT B PEXKUM T€HEPUPOBAHUS PEAKTUBHON MOITHOCTHU (€EMKOCTHOM PEKUM).
MunumanbHas JIUTENBHO TOMyCcTUMasi peakTuBHas MomHocTh CK, kak mpaBuio,
He Hmwke 50 % HomMuHaIbEHON MomHOCTH. CHIDKEHHE TTOTPeOIIeMO B 3TOM
PEXKUME MOITHOCTH COMPOBOXKAAETCSI CHMKeHUEM JJ[C CUHXpOHHOM MaIllWHBI, H,
KaK CIEJCTBUE, CHIDKAETCS 3amac yCTOWYMBOW pabOTHI, YEM W OTPAHUYMBACTCS
MUHHUMAJIbHBIN YPOBEHBb OTPEOISIEMON PEAKTUBHOM MOIITHOCTH.
B pexume renepupoBaHus peakTUBHOW MOIMIHOCTH Qmax = Spowm JOIMYCKAIOTCS U
KpaTKOBPEMEHHBIE Ieperpy3ku mytem hopcupoBku Toka Bo30yxaeHust CK. Tak xe,
Kak M JJs reHepatopoB, cBoiictBa CK ompenenstorcs W €ro peryiastopom
B0o30yxneHus. JloctomactBom CK sBISIETCS TONOXKUTENBHBIA PETYTUPYIOIIHMA
3¢ (dexT, T.e. CTOCOOHOCTh YBEIUYMBATH TEHEPUPYEMYIO PEAKTUBHYIO MOITHOCTD
MpU CHUKEHUW HamnpspkeHus Ha ero muHax. [lapamerpamu perynupoBanusi CK
SBJISIFOTCSl PEAaKTUBHAS MOIIHOCTh W HAIpPSKEHUE, OTPAaHUYEHHBIE JOMYCTUMBIMU
nuranazoHamMu M3MEHEHHS Qmin < Qck £ OQmax, 0,95Unon < Uck £ 1,05Uj0m.
Cratuueckas xapaktepuctuka CK aHamornuHa xapakTepUCTUKE, TPUBEIEHHON Ha
puc. 8.3 151 CHHXPOHHOTO TeHepaTopa.

8.6. Konoencamopnuie 6amapeu
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Konpnencaropusie Oatapeu (Kb) sBistoTcss mTpocThIM M HaAEKHBIM
CTaTU4EeCKUM ycTpoiicTBoM. KoHaeHcaTopHble OaTaper COOMparOT U3 OTAEIbHBIX
KOHJIEHCATOPOB, KOTOPBIE BBIITYCKAOTCS HA Pa3JINYHbIE MOIIIHOCTH Y HOMHUHAJIbHBIE
HaIPSKEHUS.

Konnencarop — 3TO yCTpOHCTBO, KOTOPOE COCTOMT U3 JABYX IPOBOJHHUKOB,
pa3nenEHHbIX quaeKTpruKoM. KoHaeHcaTop, eciiu K HeMy MPUII0KEHO HaTpsHKEHUE,
CrocoOEH HaKaIlJIMBaTh JJIEKTPUUECKHUI 3apsii (3apskaThCs) U OTHaBaTh €ro
(pa3pspkatbesi). B mpocTpaHcTBE MeXy MPOBOJHUKAMHU, KOTOPHIE MOTYT MMETh
m00yto hopmy, Tpu 3apsiie KOHAEHCaTopa 00pa3yeTcs EeKTpUIecKoe moje. 3apss
KOHJIeHCaTopa TeM OoJblle, yeM OoJbllIe ero €MKOCTb M IPHIOKEHHOE K €ro
NPOBOJHUKAM HANpsKEHHE. EMKOCTh KOHJEHCATopa, B CBOIO OuYepelb, TeM
Oospie, yeM OOJblll€ BHYTPEHHSISI MOBEPXHOCTh MPOBOJAHHKOB, OOpa3yroLIUX
KOHJIEHCATOp, U YEM MEHBIIIE PACCTOSSHUE MEXAY STUMHU TPOBOJHUKAMH.
[IpocTpaHCTBO MEX Ty TPOBOTHUKAMU 3aMIOJIHEHO JUAIEKTPUKOM, T.€. MATEPHAIIOM,
00J1a1ar01TUM BBICOKUMHU H30JISILIMOHHBIMU CBOMCTBAMU WJIH, MOYKHO CKa3aTh, OYCHb
HU3KOM 3JIEKTPONPOBOAHOCTBIO. K TakuMm MaTepuasiaM OTHOCSITCS, HaIlpuMep,
BO3/lyX, KOHJIEHCATOpHAas Oymara, KepaMmuka, CAHTeTHIecKas Ti€HKa. JIUdIIeKTpuK,
OPUMEHSAEMbII B KOHIEHCATOpPax, JOJDKEH 00JalaTh BBICOKOHM 3JIEKTPUUYECKOM
OPOYHOCTBIO, T.€. COXPAHATHh CBOM M3OJIMPYIOLIME CBOMCTBA IPU BBICOKOM
HanpsHKeHUU U HeOombinoi Tommae (10—15 mxm). KadectBo auanekTpuka st
KOHJIEHCATOPOB TEM BBIIIIE, YEM BBILIE €0 AUICKTPUUYECKAS] IPOHULAEMOCTD, T.€.
CIIOCOOHOCTh AKKYMYJIMPOBATh AJEKTpUUECKUi 3apsaa. Hampumep, oTHOCUTENbHAS
IURJIEKTpUYECKasi MPOHUIAEMOCTh KOHJEHCATOPHON Oymaru, MpONUTaHHOU
MacjioM, cocTaBiisieT 3,5—4, a MOTUCTUPOIBHON TIEHKH - 2,5—2,7.,

Takum oOpa3zom, EMKOCTb KOHJIEHCATOpa, U3MepsieMas B Mukpodapagax (MkD),
cocrasiser C = €S - 10%/d, rne € — nuonekrpuueckas nponunaeMocts, O/M; S -
IJIOWaNb IOBEPXHOCTU OOKIamoK (IIPOBOJHUKOB) KOHueHcatopa, M2, d -
paccTosiHue MeXJy OOKIaaKaMHu (TONIIMHA AUAJIEKTPUKA, Pa3JeSIONIer0 3TH
oOkmanku), m - 107,

Kongencarop, kak u J000H 3JIEMEHT 3JIEKTPOIHEPreTHUECKOW CHUCTEMBI,
XapaKTepU3yeTcsl MOTEPSIMM aKTUBHOM MOIIHOCTH, KOTOpbIE MPHUBOIAT K €ro
HarpeBy. JTU MOTEpU TeM OOJbIlle, YEM BbIIIE MPUIOKEHHOE HAIPSKEHUE, €ro
4acToTa U EMKOCTh KOHJEeHcaTtopa. [loTepu B KOHJIEHCATOpE 3aBUCST U OT CBOMCTB
IUDJIEKTPUKA, ONPEENIIEMbIX TAaHT€HCOM yTia JUAJIEKTPUYECKUX MOoTeph (tgd) u
XapakTepu3yrmx yaeiasHbie norepu (B1/kBap) B koHneHcaTope. B 3aBucumoctu
OT TUIA U HAa3HAYEHMs] KOHAEHcaTopa MOTepU B HUX MOTYT cocTaBisaTh oT 0,5 1o
4 Bt/kBap.

B snextposHepreTike Ajii KOMIICHCAIIMM PEAKTUBHOW MOIIHOCTU MPUMEHSIOT TaK
Ha3bIBAEMbIe KOCHMHYCHBIE KOHJCHCATOPHI, MpEeAHA3HAYEHHBbIC ISl pabOThl TpH
yactore HampspkeHus 50 I'n. X MoniHOCTh, M3Mepsemas B KUJIOBOJbT-aMIlepax
peakTuBHBIX (KBap), coctaBisieT ot 10 o 100 kBap.
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KOHCTpYKTUBHO KOHAEHCATOP MPEACTaBISET COOOM METaUIMYecKHil (CTaabHOM
WU  aIOMUHUEBBIN) KOpPIYC, B KOTOPOM pa3MEIIAIOTCS CEKUHUH (TIaKeThl),
HAMOTaHHBIE W3 HECKOJBKHX CIIOEB QIFOMUHUEBON (POJIBIH, MPOJIOKCHHBIX
KOHJICHCATOPHON Oymaroi WM CHHTETHYECKON TUIEHKON TommuHor 10—15 MM
(0,01—0,015 wmm). CoenuHEHHBIE MEKIYy COOOM CEKIHMH HMEIOT BBIBOJIBI,
pacnoJioKeHHbIE CHapyu Koplyca, B €ro BepxHed uactu. TpéxdasHbie
KOHJIEHCATOPbI UMEIOT TpU (papdopoBhIX BbIBOAA, OAHO(DA3ZHBIE — OJUH.
[[Ixama HOMUHAIBHBIX HANpPsDKEHUN KoHAeHcaTopoB oT 230 B go 10,5 kB, urto
MO3BOJISIET COOMpPATh U3 HUX YCTAHOBKH JIJIsi ceTel HanpspkeHreM ot 380 B uBbiie.
Konnencaropsl 00a1ar0T X0opoIiiel neperpy30uHoi cnocoOHOCTHIO 1Mo TOKY (110 30
% oT HOMUHaANIBHOTO) U o HanpspkeHuto (1o 10 % ot HommHanbHOTO). ['pynmy
KOHJICHCATOPOB, COCIMHEHHBIX MEXK1y COOOM MapajuieIbHO WUJIU MOCTIEA0BATEILHO,
WJIY TIapaJuieNIbHO-TIOCIEI0BATEIbHO, HA3bIBAIOT KOHICHCATOPHOU OaTapeei.
Kongencatopnas ©Oaraped, o00OpyIOBaHHAas KOMMYTAalMOHHOW ammaparypoi,
CpeACTBaMH 3alUTHI U YIIPaBJICHUs, 00pa3yeT KoHeHCcaTOpHYI0 yecTaHoBKY (KVY).
Monnocts, renepupyemas Kb, npu ee 3amanHon émxocti C mponopuroHaabHa
KBaJIpaTy IIPUIIOKEHHOTO HanpskeHus 1 ero yactore Qxs = U2nC.
U

A A

U

0,+0,+0; 0,+0, 0

HOM

"HOM min

l’|:'J||

GIEm-:-.j gmjn Q
a) a)

Puc. 8.4. Cratuueckue xapakrepuctuku KY:
@ — COCTOSIIEH U3 OTHON CEKIIMH; O — COCTOSIIICH U3 TPEX CEKIUN

[TosTomy Heperynupyembie Kb 001amaroT oTpuIIATEBHBEIM  PETYIHPYIONIAM
a(ddexkTom, 4YTO, B OTJIIMUME OT CHHXPOHHBIX KOMIICGHCATOPOB, SIBISETCS UX
HEJOCTAaTKOM. OJTO 3HA4YuUT, 4TO MomHOCTh Kb cHmXaeTcs co CHHKEHUEM
MPUJIOKEHHOTO HAIpPSKEHUS, TOTJa Kak IO YCJIOBHUSAM PEXHMa 3Ty MOIIHOCTH
HEO0OXOUMO YBEIUYUBATb.

Perymupyrommii apdext KY no peakTuBHON MOIIHOCTH MOKa3aH Ha puc. 8.4, a, a
KV, cocrosmumii 3 HECKOJIBKUX CeKiuid, — Ha puc. 8.4, 6. Kak BuaHo u3 puc. 8.4,
a, Ipu CHIKEHUU HaNPsKeHUS! OT Uyoy 10 Umin peakTHBHAS MOIIIHOCTh CHUYKAETCSI
MIPOTIOPITMOHAIBHO KBaApaTy HAMPsHKEHUS OT Qo 10 Qmin.

[Ipeononenune 3toro HemoctaTka HaxoAsT B gopmupoBanuu Kb u3 Heckombkux
CEKIIMM, KaXKJasi U3 KOTOPBIX, yIpaBiseMas peryasiTopoM HaNpsLDKeHUs W/ Hd
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MOIIIHOCTH, TMOJKIIOYAETCs K CEeTH 4Yepe3 CBOM BBIKIIIOYATENh, HapalluBas TaKuM
oOpa3oMm EMKOCTb OaTaped B IIEJIOM. JTO U MO3BOJSIET YBEIUYUBATh CYMMapHYIO
MomHoCcTh Kb npu cHm:kenun HanpsbkeHus. Tak momHocTs KY npu cHukeHnn
HarnpspKeHus: Bo3pactaet crynersamu Qi, Q1 + Qz, Q1 + Q2 + Q3, Kak MOKa3aHO Ha
puc. 8.4, 6 nna KY, cocrosimieit u3 tpéx cexumii Kb.

CrynenyaTtoe peryivpoBaHue TpeOyeT BBEIEHUS B peryisTop HampsbkeHus KY
30HBI HeuyBcTBHUTENbHOCTH AU. B mpeaemax »Toil 30HBI MPU CHIKCHUH
HaIPSDKEHUST TOJMKIIIOYCHUE OYEePETHON CEeKIMU HeAomycTuMo. HeBwimoaHeHue
ATOTO YyCIOBUA TpuBENO Obl K HeycToiumBoil padore KY. Illupwra 30HBI
HEYYBCTBUTEIBHOCTH JOJKHA OBITH OOJIBINE, YeM TMPHUPAIICHHE HAMPSHKCHUS,
BBI3BAHHOE TMOJKIIOUYeHUEM ouepenHon ceknuu KY. B mnportuBHOM ciiyuae
HanpsbkeHue Ha KY  JIOCTUTHET HanpsDKeHHS YCTaBKH CcpaOaThIBaHUS Ha
OTKJIFOYEHHE 3TON CEKUIUU Cpa3y IOcie €€ BKIYEHUs. BeposSTHOCTh TaKoro
sbdexra Tem Oosbliie, 4eM OOJIbIIE MOIIHOCTh MOJKIIIOYaeMOW CEKIIMH U YeM
MEHbIIIE 30Ha HEUYBCTBUTEILHOCTH perynaropa KVY.

KoHneHncatopHass ycTaHOBKa COCTOMT, KakK TMPaBWIO, W3 HECKOJBKHUX CEKIUH,
UMEIOIIUX 00IIyt0 cucteMy yrpasieHus. HuskoBonbtabie KY Hanpsbkenunem 380
B coOuparorcsa u3 TpexdaszHbIX KOHIEHCATOPOB, BKIIOUEHHBIX MapauienbHo. s
3amuThl Takux KY 0T KOpOTKMX 3aMbIKaHUH U TEpPerpy3kd MPUMEHSIOT
npenoxpanutenu (puc. 8.5, 6). BBICOKOBOJBTHBIC KOHJICHCATOPHBIC YCTAHOBKH
cobuparoTcs U3 OJAHO(PA3HBIX KOHACHCATOPOB, BKJIIOYEHHBIX MOCIEA0BATEIBLHO-
napauiensHo (puc. 8.5, a).

6—I10 xB 380—000 B

ET.-I

Puc.8.5. llpunnunuanbaas cxema ogHou TpéxdaszHoit cexruu KV
a — s cetu 6-10 xB; 6 — g cetn 380 B

Brmtouenue KV compoBoxkmaercss OpockamMu  TOKa, a OTKIIOYEHHE —
NepeHanpsskeHUeM, UYTO  OTPULIATENIbHO — CKa3bIBAETCSI HA  CPOKE  CITY»KOBI
KOHJIEHCATOPOB M KOMMYTallMOHHOM anmnapatypsl. [loaromy KV, o6opynoBannyio
BBIKJIFOYATEISIMA (KOHTAKTOpaMu), HE PEKOMEHAYETCSI BKIIFOUaTh-BhIKIIIOUATh
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0osee 2—4 pa3 3a cytku. [[is orpaHnyeHus OPOCKOB TOKA KOHIEHCATOPHI MePe]
BKIIIOYCHHEM O0A3aTCIIbHO TOJKHBI OBITH Pa3psOKCHBI C MOMOIIBIO Pa3psSIHBIX
pesuctopoB R wim tpanchopmaropor Hanpspkerus TV (puc. 8.5). OObIUHO ATH
YCTPOHCTBA MOCTOSIHHO MOAKIIOYCHBI K KOHACHCATOPaM, a PE3UCTOPHI MOT'YT OBITh
BCTPOCHBI BHYTPU KOHICHCATOPA.

B aroii cBs3u Takme KY mnpuromHsl TOJABKO IS PEryJIHMpOBaHUS PCaKTUBHOM
MOIIIHOCTH C IICJIbI0 oOecreueHus e¢ OajgaHca B TOH MIIM MHOW TOYKE CETH WU B
y35e Harpy3ku. B atom pexxume KY npuMeHsIoT 1151 CHHKEHUS IIOTEPhHAMPSKCHHS
B Mepearolieil CeTH, a TaK)Ke MOTEPh MOIIHOCTH U JCKTPOIHEpruu. DPGeKT U B
TOM, U B JPYroM cllydyae NpPOSBIAETCA 3a CUYET KOMIICHCAIIMM PEaKTHBHOM
MOIITHOCTH, TIPOTEKAOIIEH 110 JTUHHUH, TTUTAIOICH HArPy3KYy.

Konpmencaropsl B CHIIy MX MapaMETPUYECKMX CBOMCTB OYEHb UYBCTBUTEIbHBI K
UCKA)KEHUSAM CHHYCOMIAIbHOW (DOPMBI KPHMBOH HANpsHKEHHUS, T.€. K BBICIIAM
rapMoOHHMKaM Toka. JIeficTBUTeNbHO, conpoTuBiIeHne KoHaeHcaropa Xc = 1/(nw(C)
TEM MEHBIIIE, YeM BBIIIC YacTOTa N® TaAPMOHUKHA B HECHHYCOUAAIBLHOW KPHBOMH
OPUIOKCHHOTO HampsbkeHHs. B pesynpTare 3a C4€T BBICHIMX T'apMOHHUK,
MPOHHMKAIOIIUX B KOHAEHCATOP, PE3KO BO3PACTAIOT M IOTEPU MOIIHOCTH AP B
KOHJICHCATOPaX, YTO MPUBOMT K UX JOMOJHUTEIBHOMY HarpeBy:

q 2
AP=Y% U, noC tgd,
n=1

rae Un) — HanpsbkeHue rapMOHUKH; N —IOpsA0K rapMoHUuKH; C — EMKOCTb
KOHJIeHCaTopa; ® = 21 f — 4yacToTa HanpspokeHus cetu (f = 50 I'm); tgd —
XapaKTEPHUCTHKA AUAJIEKTPUKA KOHIEHCATOPA.

Kak yxe oTmedanoch, napamMeTpUYECKOE CBOWCTBO KOHAEHCATOPOB UIIMPOKO
UCIIOJIB3YIOT MPU CO3JIaHUHU (PUITBTPOKOMIICHCUPYIOIUX YcTaHOBOK (DKY).
YysctBuTenbHOCTh Kb K BBICIIMM TapMOHUKAM BCETAa JIOJKHA YUYUTHIBATHCS IIPH
IIPUMEHEHUHN KOHJIEHCATOPOB B dJeKTpuueckux ceTsax. [ I[pumenenune Kbconpsxeno
C BO3MOKHOCTBIO PE30HAHCHBIX SIBJICHUI Os1aroapsi 00pa3oBaHUIOMHAYKTUBHBIMU
U EMKOCTHBIMHM DJIEMEHTAMU CETH MOCIEAOBATENIbHBIX U MapajlieldbHBIX IEnei.
Pe3oHaHCHbIE $SIBIIEHHUS CONPOBOXKIAIOTCA YCWICHHEM HaNpsHKeHU (pe3oHaHC
HAINpsHKCHUH ) WK TOKOB (PE30HAHC TOKOB) Ha 4acTOTax BhIIe HOMUHAIBHOH (50
I'11), 06ycOBIEHHBIX HAJIMYMEM B CETH MCTOYHHMKOB BBICHIMX TapMOHMK Toka. Ha
PE30HAaHCHOM YaCTOTE UHAYKTUBHOE X| (n) U EMKOCTHOE Xc(n) COIIPOTUBIICHUS PABHBI,
1.e. NoL = 1/(nwC), toe X ;) = NoL — BXOAHOE CONPOTUBIICHHUE CETH B TOUKE
noakmodenust Kb, conporusienue kotopoit Xcn) = 1/(nwC). [Tosromy Bcerna npu
BbIOOpe MomHoct Kb u, ciemoBaTenbHO, €€ CONPOTHUBICHUS, a TaKXKe MecTa
nonkitoueHus: Kb HeoOxonumo yOenuTbess B TOM, YTO PE30HAHCHBIC SIBJICHHS
UCKITI0YeHbl. JT0 TpeboBanue otHocutes U Kk Kb, Bxonsammm B coctaB OKYVY.

8.7. Cmamuueckue mupucmopHsle Komnencamopbul Ha o6aze Kb
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Ilpumenenue KY 6 3adauax, 20e mpebyemcs Ovicmpooeticmayioujee
pe2ynuposanue peakmu8HoOU MOwHOCmY, Yacmoe nepexmoyeHue cekyuti KB
NPAKMUYECKU — HEBO3MOJCHO U3-3a  CUCMeMAmudyeckux OpoCcKo8 moKa U
nepexanpsaxceHull,  6o3HuKarowux — npu  kKommymayusx KB obviuHbiMu
gbIKIIOUamensamu. st 0epanudenuss Smux A6neHull, npaKmudecky ux yCmpaHenus,
8 60-x 2co0ax XX 6. 8 MOU Oviniu npednodicernvl cnocoowl, no3eoausuUiUe CHU3UMD
opocku moxa npu exmovenuu Kb u nepenanpsascenus npu ux omrurodeHuu. Imo
NO360JUNO CHAMb O02panuyeHusi no udacmome kKommymayuii KB u npuoamo
yempoticmeam maxue C80UCM8a, Npu KOMopvLX UX CIMAI0 B03MONCHO NPUMEHIMb 8
3a0ayax KOMHEHCAyuu peakmusHOU MOUWHOCIU C Yeabl0 YIyYUeHUs CIAMUYecKoll
U OUHAMUYECKOU YCMOUYUBOCMU IleKmMponepeoay, KOMNEeHCayuu KoaeOaHull
HAanpsdCceHUs, 8bI36AHHbIX PAOOMOU Pe3KONepeMeHHOl HacPY3KU.

VkazanHblil 3Q¢QeKT ObLI JOCTUTHYT 3a CUET MPUMEHEHHS BMECTO OOBIYHBIX
BBIKJIOUATENEd TUPUCTOPHBIX Kirouel, oOecrneuuBarommx kommyrauuio Kb B
ornpenenéHHbIA MOMEHT BPEMEHH.

TupucTOpHBIA K04 COCTOUT W3 JABYX TUPHUCTOPOB, BKIIIOUEHHBIX BCTPEYHO-
napaJijiesibHO, KaK TTOKa3aHo Ha puc. 8.6, a.

WX mpuMeHSIOT AJi1 peryjJupoBaHUs KOHIEHCATOPHBIX OaTapedl u peaktopoB. B
CIIIy CHeIU(PUKA KOMMYTAIIMOHHBIX CBOMCTB KOHAEHCATOPOB U PEAKTOPOB
YIpaBIEHUE UX MOIIHOCTHIO C MOMOIIBI0 THPUCTOPOB MPUHITUITHAIBHO PA3TUIHO.

const .
- . i

IIEli.“':."'[ 41

t |[’:J VTIp = 20
AY) AV :
i K o|u, —f :
‘l x [:T & [+
- iy L0/ , 90
VIID - : L'Eu]p
Iy
—— {_.'- =
: C
X
C
L’_ _ ”f.'l:m
1) o)

Puc 8.6. Tupucropuslii BeIkITtouaTe b a5t kommyTaruu Kb:
a — TpUHIMINHAIbHAS cxema onHou (a3el; 6 — Tok u HampsbkeHue Ha Kb B
YCTAHOBHUBIIEMCSI PEKUME.

Tax, 1y orpaHn4eHHst OpOCKOB TOKA TUPUCTOP CIEAYET OTKPhIBATh B TOT MOMEHT
BPEMEHH, KOIJla MI'HOBEHHOE 3HaueHue HanpspkeHuss ceth M Ha Kb paBHBI
(uneanbHBIM cilydail) Wi OMU3KU. A Ui OTpaHMYEHUS] TEepEeHANpsLKeHUN Tpu
orkiroueHur Kb TupucTop ciienyer 3akpblBaTh IPHU NEPEXOJE TOKA B HEM YEpPE3
HYJIEBOE 3HAYECHUE.
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Cnenyss STOMy MpPHUHIMILY, MOKHO IPAKTUYECKH HCKIIOYUTH OpPOCKH TOKa H
NIEPEHAIPSHKEHUS, CHSB TaKUM 00pa3oM OrpaHUYCHHE Ha YacTOTY MEPEeKITIOUYEHUs
Kb. Opnodasnas cxema Kb, komMmyTupyemoii TupucTOpamu, MpuBEIeHA HA PUC.
8.6, a. Kak BunHo u3 puc. 8.6, 6, pabota yCTpOHCTBa B YCTAHOBHBIIIEMCS PEXUME,
KOTOpBIA HAcCTymaeT mocie OTKpeiTus Tupucropa dvepes 0,01—0,02 c, nHe
COIIPOBOXAAETCA HU OPOCKAMM TOKA, HU NIEPEHAIIPSHKCHUSMHU.

Ha puc. 8.7 mnokaszan craruueckuii tupuctopHbiii kommeHncarop (CTK) B
0JIHO(a3HOM HUCHOJIHEHHH, cocToAmmil u3 Tpéx cexuuil Kb, kaxnas u3 KOTOpbIX
KOMMYTHUPYETCS CBOMM THUPHUCTOPHBIM KIIFOUOM. CTaTHYECKHME XapaKTEPUCTUKU
TaKUX YCTPOMCTB aHaJIOrM4Hbl NpuBeAEHHbIM Ha puc. 8.4. CoxpaHsiorcs U
TpeOOBaHUsI, IPEIbSABISIEMbIE K PETYJISTOPY IO 30HE HEUYBCTBUTENBbHOCTU. OJHAKO
YHUCJIO BKIIFOYEHUHM M OTKIoYeHur cekunid Kb 31ech He orpaHndeHo 1 OHUMOTYT
OCYIIECTBIIITECS Too4epEAHO vepe3 kKaxable 0,02 ¢, T.e. yepe3 OAUH MEePHO.
MPOMBIIUIEHHOW YaCTOTHI.

U

o

VCT

Perymarop [«

T AU{zoHa
HEUVBCTEHTEIEHOCTH )

Puc.8.7. Ilpunuunuansuas cxema CTK, cocrosimas u3 tpéx cekuuii Kb,
KOMMYTHPYEMBIX THPHUCTOPOM

8.8. PeakTOopbl, KOMMYTHpPYeMble BbIKJIIOYATEISIMHU

OOBIYHO peaKTop MOAKIIOYAETCS C TOMOILBIO BBIKJIIOUATENS] WM OTIACIIUTENS
HEMOCPEJCTBEHHO Ha IIMHBI JJIEKTpPONepeayd WM K TPETUYHOW OOMOTKe
TpaHchopmaTopa. BEICOKOBOJIBTHBIN peakTop, KaK U TPaHCHPOPMATOP,MOKET OBITH
OJIHO - WK Tpex@azHbIM. CepIeYHUK peaKTopa BBIIOJIHAETCS JIHO0 ¢ 3a30poM, 100
OponeBoro tumna. Craruyeckas XapakTepUCTUKA peakTopa JUHEHHA, T.€. PEaKTop
00J1a1aeT MOCTOSIHHBIM PEAKTUBHBIM COMPOTUBIICHUEM X| =
oL, rie L — MHAYKTUBHOCTBH peakTopa. HU3KOBOJIBTHBIE peakTOpbl OOBIYHO HE
MMEIOT CTAJIBHOIO  CepAeYHMKa. BpIkmrouarenu, IpeaHa3sHAYEHHbIE IS
KOMMYTAaIlUd PEAKTOPOB, MOTYT OBITh OOOPYAOBaHBI BHEITHUMH PE3UCTOpPaMU, a
CaMU PEaKTOPBI - pa3psAHUKAMU JUIsl OTPAHUYEHUS NEPEHANPSIKEHUN, BbI3BAHHBIX
OTKJIFOYEHHUEM IEKTPOIIEPENAYN.
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Puc.8.8. Cratnueckas XxapakTepUCTHKA IyHTHPYIOIIETO pPeaKTopa:
1 — 6e3 cepaeUHUKa; 2 — CO CTALHBIM CEPJICYHUKOM

Cratudeckasi XapakT€pUCTUKa PEAKTOpa CO CTAIbHBIM CEPACYHUKOM JIMHEWHA B
paboyeM JHarasoHe, a 3a ero npejesiaMi OHa MOXKET OBITh U HeJTMHEeHHOH (puc. 8.8).
bricTposelicTBue peaktopa, T.€. BpeMs BbIX0/1a HAa YCTAHOBUBIIUNCS PEKUM MOCTIE
ero BKJIIOYEeHMs, coctaBisgier okoio 100 mc. Takoi peaktop, (QyHKIHOHHUPYS B
pabouem Juaria3oHe, He SIBJISIETCS UCTOYHUKOM BBICIIMX TAPMOHHUK TOKA, OJIHAKO
BBICIIME TAPMOHHUKM MOTYT BO3HHUKAaThb B TOKE pPEAKTOpPa B TOM CIIy4yae, €CIIH
MOBBIIICHUE HANPSKEHUS HA HEM BBIBEAET €ro XapaKTEPUCTUKY HA HEJIHMHEHHYIO
YacTh WJIM B TaK HA3bIBAEMBIH PE)KMM HAChIeHNs (ydacToK 2 Ha puc. 8.8).

[ToTepu B peakTope TOCTATOYHO HEBETUKHU U 00bIYHO cocTaBisitoT 0,2—0,4 % ero
HOMUHAJIBHOW  MOIIHOCTH. Takue  peakTopbl  HEYYBCTBUTEIBHBI K
MEPEHANPSKEHUSIM U CBEPXTOKaM, T.€. HE BBIXOJAT W3 CTPOS B ITUX CIIydasix.
PeakTopbl 005amaloT  TMOJIOXKHUTENBHBIM  peryaupylommM  dddexrtom, T.e.
YBEJIUYUBAIOT MOTPeOJEHWE PEAaKTUBHOM  MOIIMHOCTA TPU  YBEJIMYCHUH
HaIpsDKeHUs, 4YeM U CHOCOOCTBYIOT €ro orpaHuueHuro. I[losTomy peakTopsl
MPUMEHSIIOT IS PETYJIUPOBAHUS HAIPSDKEHUS B IPOTSHKEHHBIX AJIEKTpOIepeaadax
HanpspkeHueM 220 kB u BbIIIIe, a TakKe 711 KOMIIEHCAIUU 3apsIHON MOIIIHOCTH B
TeX K€ DJJIeKTpolepesayax. YCTAHOBJICHHAasE MOIIHOCTh pPEakTopa MOXKET
cocTaByiATh OT 10 MBap B pacnpenenuTenbHbix cetsax a0 150 MBap B cetsix 750
kB. PeakTophl ycTaHaBIMBAIOTCA HA KOHUEBBIX U MPOMEKYTOUHBIX MOJICTAHIUSAX.
Nx BKIIOUYEGHHWE W OTKIIOYEHHE OOBIYHO OCYIIECTBISIETCS SKCIUTYyaTallMOHHBIM
MIEPCOHAJIOM IO PACTIOPSKEHUIO JUCIIETYEPA CUCTEMBI.

8.9. Hacviuarowuecs peakmopbul

Hacpimaronmmcst Ha3pIBalOT peakTop, padouMii Auana3oH PeryJIupOBaAHUS
KOTOPOI'0 HAXOJMTCSI UMEHHO B HACBIIIEHHOW YaCTH €ro CTaTUYECKON
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XapaKTEpUCTUKU. biaromaps 3TOMy TakoOM peakTOp MOXHO paccMaTpHuBaTh Kak
apamMeTpUYecKOe YCTPOWCTBO [JIsl PETYJIMPOBAHUS PEAKTUBHOM MOIIHOCTH.
ConpoTHUBIIEHHE pPEaKTOpa B HEJIMHEWHON YacTH XapaKTEPUCTUKH H3MEHSETCS B
3aBUCUMOCTH OT IPHJIOKEHHOTO K HeMY HanpsbkeHusl. C yBeJIMueHNEM HalpsHKCHHS
TOK B PEAKTOPE MHTEHCUBHO BO3PACTAET, YBEINYUBAs MOTPEOISIEMYIOPEAKTUBHYIO
MOIIIHOCTh U, TEM CaMbIM, CIOCOOCTBYSl CTAOWJIM3ALMM HANPSDKEHUSB TOUKE €ro
HOIKJIFOYCHMS.

B cBs3u ¢ Tem, 4TO paboumil Auana3oH peakTopa HaXOAWUTCSA B HEJIMHEWHOHN YacTu
XapaKTEPUCTHKH, €r0 CIEAYeT pacCMAaTpUBATh KAK MCTOYHHUK BBICIIMX T'APMOHUK
ToKa. JlJI1 UX KOMIIEHCALlUY IPUMEHSIOT CIIOKHBIE 6- U 9-CTEpKHEBBIE CEPACUHUKH
U CHEIHUaJIbHbIE CXEMbl COE€IUHEHHs OOMOTOK. [IpuMeHeHue Takux peakTopoB
BBUJIY CIIOKHOCTH UX KOHCTPYKIIMM BECbMa OTPAHUYEHO.

Ha puc. 8.9 nmpusenena npuHiunuaibHas cxema MPM Ha 0a3e Takoro peakropa.
3nech nmapajuieabHO BKIHOYEHHAs KD TO3BONSIET O0ECHEUHTh MapaMeTpUYECKOe
pEryJIMpoBaHKe, KaK B peXUME NOTpPeOJeHUs, TAK U F€HEPUPOBAHUS PEAKTUBHOM
MOIIHOCTH. COOTBETCTBYIOIIME CTATUYECKHE XapPAKTEPUCTUKU IPUBEACHBI HA TOM
ke pucyHke. [Ipu srom momHOCcTe Kb, KOTOpas, Kak IPaBUJIO, BBIIOIHIET U
(GyHKIIMM (QUIBTPOKOMIIEHCUPYIOIIETO YCTPOWCTBA, BHIOMPAETCS TaKUM O0pa3oM,
4TOOBI IPU HOMUHAJILHOM HaIPsDKEHUU cyMMapHasi MomHocTs IPM Obuia paBHa
Hyto. Torna mpu yBenuyeHuu HanpspkeHus Boiiie Uy, UPM motpebinser, a npu
CHIKEHUU HIKE Uy — FEHEpUPYET PEAKTUBHYIO MOIIHOCTb.

—— LIIHD?.I | _— ’FE

a) ay

Puc.8.9. Ilapamempuueckuurt UPM ¢ Hacviwaowumcs peakmopom.
a — NPUHYUNUATIbHAS cXeMa, O — cmamucmuieckas xapakmepucmuka, P —
peaxmop, Kb — konoencamopuas 6amapes

8.10. Peaxkmopbt, KoMMymupyemole mupucmopamu

Peaktopbl, paccMoTpeHHble B § 8.8, NPUMEHSIOT Ui CTYNEHYaTOro
peryupoBaHusl IMOTPeONIIEMON peakTUBHOM MolHocTH. Henocratku Takoro
peryaupoBanus nmpuBeAeHsl B § 8.3. JIns MIaBHOTrO peryjJupoBaHUsl pEaKkTOpPbI, B
OTJINYME OT KOHAEHCATOPOB, MOYKHO BKJIFOUATh YE€pe3 TUPHUCTOPHBIE KIIFOUU,
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M3MCHSIOIINICS yroJl YIIPaBICHUsSI KOTOPHIMH M 00eCIIeYnBaeT N3MEHEHNE TOKa B
peakTope.

[TpuHIMTIMaTBHAS CXeMa TaKOTO IJIABHO PEryJIUPYEMOro peakTopa MpUBEICHA Ha
puc. 8.10. PerynupoBaHnre MOIITHOCTH peakTopa oOecreunBaeTcss U3MEHEHHEM TOKa
B HEM IyTE€M YBEJIMYEHUS WA YMEHBIICHHS YIJIOB YINPABICHUA O U O
COOTBETCTBYIOIMUMH TUpHUCTOpaMu VS; u VS,, KOTOphIC BKIIOYEHBI BCTPEYHO -
napayuiensHo. [Ipu 3ToM Bcerma o = op. Ecim o = 7/2, THPUCTOPBI OTKPHITHI
MOJHOCTBIO, TOK B pPEaKTOpPe MAaKCUMAIbHBIH W CHUHYCOWAAIBHBIA (MU
CUHYCOUJIAJIbHOM HaNpsDKEHHH). DTOT TOK MOKa3aH MyHKTUPHOM JIMHUEH Ha puC.
8.10, 6. [To Mepe yBeIMYCHHS O, M €TI0 U3MEHEHHs B auana3oHe 1/2 < oo < T TOK B
peakTope YMEHBIIAeTcs, TEPSs MPH STOM CHHYCOMAAIbHYIO Gopmy. Dopma 3TOTo
Toka Ha puc. 8.10, 6 mokazaHa cruiomHOM auHUEH. [lepBasg rapMoHUKa 3TOro TOKa
10 OTHOIICHHIO K MmojiHOMY TOKy | = U/X| coctaBinser:

I

) /I = (I/m)[2(r — o) + sin2a].

' I, I &

Vsl Perynarop
S e

K52

i | JoL =X;

a)

Puc.8.10. Peaktop, KOMMyTUPYEMBIil THUPUCTOPAMH:
a — IPUHINIHAIBHAS cXeMa 0JTHOH (ha3bl; 6 — AuarpaMMa TOKOB M HAIPSKCHHMA

900°( m )

CraTudeckas XapaKTepUCTHKa peakTopa B 3aBUCUMOCTH OT [IEPBOM TapMOHUKHU TOKA
|1y moka3zana Ha puc. 8.11. Cratusm XapakT€pUCTHKH, T.€. YroJl €€ HakJOHa B
pabodyem nuamazoHe (y4acTok 1), ompeaesieMOM HACTpOMKaMu peryisTopa,
BbIOMpaeTcsd TakUM 00pa3oM, 4YTOObBI C POCTOM HAMNPSKEHUS TOK B PEAKTOpPE
BO3pacTal, 4To U 00eCreynBaeT CTA0MIN3ALINIO HAMIPSKEHUSI B paboueM IUana3oHe
peryaupoBanus ot o = 1/2 10 o = 7. [Ipu a0 < m/2 peaktop TepseT ynpaBiasieMOCTh
(TUPUCTOPBI OTKPHITHI TOJTHOCTHIO) U MMEPEXOAUT HAECTECTBEHHYIO XapaKTEPUCTHUKY
(ygacTok 2), ompeensieMyr0 €ro COOCTBEHHBIM COITPOTHUBIICHUEM X| .
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OCHOBHOI HEIOCTATOK peakTopa, ynpaBisieMOro THPUCTOPAMHU, CBA3aH C TEM, YTO
MIPH yIi1ax o > /2 OH CTAHOBUTCSI HCTOYHUKOM BBICIITUX TAPMOHHK TOKa. [Topsimok
FapMOHUK M MX 3HAYEHHUS OJM3KM K TapMOHUKAM, T€HEPUPYEMbIM O-ITyJIbCHBIM
npeoOpazoBareneM. JlJis MX KOMIIEHCAIIMU PEAKTOPhl BKIIOYAIOT TaK K€, KaKk U
npeoOpazoBateny, dYepe3 TpaHchopmaTopbl €  pACIICIUIEHHON OOMOTKOM,
cobpanHoii o cxeMe Y/A/Y. Kpome Toro, kak rmpaBuiio, B coctaB IPM Takoro tuna
BKJTFOYAIOT (UIBLTPOKOMIICHCHPYIOIUE ycTpoicTBa. IPM, coOpaHHBIE 1O TakKoOM
CXEeM€E, MOXHO OTHECTH K KOMOMHUPOBAaHHBIM UCTOYHUKAM PEAKTUBHOMMOIITHOCTH.

Uy

Puc 8.11. Crtatnueckasi xapakTepUCTHKA PEAKTOPA MPH MIJIABHOM YIIPABJICHUH 110
puc. 8.10.
8.11. Komobunupoeannvie HPM

KomOunupoBanueie WPM  npuMeHstoT Torjga, Korja HeoO0XOoauMo
00ecrneYnTh IJIABHOE PETYyJIMPOBAaHUE PEAKTUBHOW MOIIMHOCTH B PEKUME KaK €€
noTpedneHusi, Tak W reHepupoBaHusi. Takue NPM coctosT U3 ynpaBiisieMbIxX
TUPUCTOPAMU PEAKTOPOB WJIM HACBHIMIAIOLIUXCA PEAKTOPOB U KOMMYTHUPYEMBIX
BBIKJTIOUATEIISIMU WJIM TUPUCTOPAMU KOHJIEHCATOpHBIX Oartapeil. [IpuHnunuansuas
cxema Takoro MPM, KOTOpbIi U3BECTEH KaK CTATUYECKUWA TUPUCTOPHBIN
komriercarop (CTK), npuBenena Ha puc. 8.12.
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Puc.8.12. [Ipunnunuanshas cxema komouauposannoro CTK:
1 — kommyTtupyemas BoikitouarensimMu Kb; 2 — kommyTtupyemas tupucropamu Kb;
3 — yIpaBiisieMble TUPUCTOPAMH PEAKTOPHI

PabGounii nuama3oH peryivpoBaHUs PEAKTUBHOM MOITHOCTH, YCTAHOBJICHHAS
MOIIHOCTh HEPETYJIMPYEMON WJIM CTYIIEHYaTO PETYJIUPYEMOW KOHIECHCATOPHOU
OaTtaper, MOIIHOCTh PEryJIUPYEMbIX THUPUCTOPAMU PEAKTOPOB BBIOUpAIOTCS B
3aBucuMOCTH OT HazHaueHust CTK.

Bo3moxHBI, HanmpuMep, CIEAYIOIUEe COOTHOIIeHUsT 3TUX MmornHocTer st CTK,
cocTroslIero u3 Heperyiaupyemoun cexuun Kb m perynmpyemoro Tupucropamu
peakTopa:

ycTaHoBlIeHHbIe MoIHOCcTH peakTopa u Kb pasubr Qp = Qks,

yCTaHOBJIEHHAsI MOLITHOCTH peakTopa Oombiie MomHoctu Kb, Hanpumep Qp = 2Qxs.
B nepBoM ciywae Onaromapsi TOMY, YTO MOIIHOCTb PEaKTOpa pEryjaupyercs B
nuanazone 0 < Qp < 1, a Qkp = -1, cymmapnas MmomHocTh CTK MOXKET U3MEHATHCS
B auana3zoHe -1 < Qcrx < 0. Pabouunii auana3zoH peryJdpoBaHUs T€HEpUPYEMOU
PEaKTUBHOM MOIIHOCTH PACIOJIaraeTcsi B 00JIACTH PEKUMOB OT TE€HEPUPOBAHUS
MOIIIHOCTH, PaBHOW YCTaHOBJIEHHOM MOIIHOCTU Kb, 10 Hyss, KOrma TUPUCTOPHI
peaKTopa OTKPBITHI MOJHOCTHIO. Cratndeckass xapakrepuctuka Takoro CTK
npuBelieHa Ha puc. 8.13, a.
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L4 L 4

p Kk

a)

Puc. 8.13. Cratnueckue xapakrepuctuku komOuuupoBanHoro CTK:

a—1pu Qp=Qxs 6 —npu Qy=2 Qxs

Bo BTOpOM ciiyyae MOIIIHOCTh PeaKkTOpa MOKET U3MEHSATHCS B TUATIa30HE

0 < Qp <2, a mouHocTh Heperyaupyemoii Kb ocraércs paBnoit Qg = -1. Takoi
CTK moxet paboTaTh B peKMMe T€HEPUPOBAHUS U IOTPEOJICHUSI PEaKTUBHOU
MOIITHOCTH TakK, uTo -1 < Qcrk < 1 (puc. 8.13, 6).

Jlexyus No 9. Koncmpykyuu 6030VUHBIX TUHULL eKMponepeoaiu.
Cooepoicanue nekyuu.

9.1 OcHosHbie nousmus u onpedeieHus

9.2 Obwas xapakmepucmuxka 6030VWHOU JUHUU U YCIAO0BUIL ee paOOmbl
9.3 Ilposooa u epo3ozauumusvle mpocwi

9.4 Knaccugpuxayus onop

9.5 Uzonamopwl u nunelinas apmamypa

9.6 [eomempuueckue xapakmepucmuxu

9.1. OcHogHble nOHAmMUA U OnpedeleHUs

1991 2. snekmpomexHuku u 21eKmMpOIHEPSEMUKU BCE20 MUPA OMMemUuIu
cmojiemue Hayaia 3pvl nepeoayu dIeKmposHepeuu Ha oarvhue paccmosinus. OHo
ObL10 nonodiceno cozoaruem 6 I epmanuu 6o30ywnol aunuu (BJI) mpéxgasnoco
nepemennoco moxa 28,3 kB om [OC Jlaygpen oo e. Dpanxgypm-na-Maiine
npomsxcénnocmoio 170 km, umo no mem epemenam OvLIO OeliCMBUMENLHO
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svloarowumcs oocmudcenuem. llpumeuamenvro, umo 8 mom sice 200y 6 Jlonoone
bvLia coopydicena nepeas cunosas oonogaznas kabenvnas aunus (KJI) 10 kB
onunou 12 xm, paccuumannas Ha nepedavy mownocmu 3,2 MBm, ¢ nonudsicaroweit
noocmanyueu 10/2,4 kB, om komopoti numanacs pacnpeoeiumeibHas cemov. Imy
JIUHUIO MOJMCHO DPACCMAMPUBAmMb KAK NpooObpa3 COBPEMEeHHbIX 2l1yOOKUX 880008
INEeKMPOIHEP2UL HA MEPPUMOPUL 20POO0S8 U NPOMBIULTIEHHBIX 30H. Takum obpaszom,
NPAKmMu4ecKku O0OHOBPEMEHHO GO3HUKIU U 3ameM HPOOOANCANU PA3BUBAMbCS 8
meueHue 6om yoice bonee 110 nem 06a HanpasieHus 8 pazsumuy MexHuKU nepeoayu
OOLUUX KOTUYeCm8 dlleKmpodnepauu (I3) Ha paccmosnue:

o JIUHUU OMKPBIINO2O MUNA (8030VUIHbLE),

o JIUHUU 3aKPbIMO20 muna (KabeibHbie).
B naubonee obwem nnane nunus snexkmponepeoauu (JISI1) onpedensemcs kax
«9NleKmpudecKkas JUHUs, BbIX00AWas 3a npeoenvl  NeKMpOCMAaHYuu Uil
noocmanyuu U npeoHasHadyeHHas Ol nepeoayu IeKMpUYecKou IHepeuu Ha
paccmosiHue». Imo onpeodeiieHue KoHKpemuzupyemcs, 20e JI2IIxapaxmepuzyemcs
KaK «3J1eKmpoyCmano8Ka, COCMoAwas u3 nposooos, Kabenell, U30IUPYIOUUX
INEeMEeHmMOo8 U  HeCyWux KOHCMPYKYUll, NnpeOHA3HaueHnHas O nepeoayu
INEKMPUYECKOL IHeP2UL MeAHCOY 08V M NYHKMAMU IHEP2OCUCEMBL C BO3MONCHBIM
NPOMENCYMOYHBIM OMOOPOMY.

Knaccugpuxayua nunuit snekmponepeoauu

Tabnuya 9.1
4 Tun runuu Paznosuonocmu
Ilpusnax
Ilocmosnnoeo moka —
Tpéxgpaznozo
Poo moxa nepemMeHHo20 moKa
Mmnozeogasznozo Lllecmugasnas
nepemenno2o moka | Jlgenaoyamughasnasi
Huskosonemuas (0o
1 kB)
CH (3—35 «B)
Homunanvnoe BH(110—220 kB)
Hanpsidcenue Buvicokosonvmuasn

CBH (330—750 kB)
YBH (csviue 1000

(ceviuie 1 kB)

kB)
Koucmpyxmusnoe Bosoyuinas —
8bINOJIHEHUE Kabenvnas —
Oonoyennas —

Yucno yenei
Jleyxyennas —
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Mnozoyennas —

Paouanvnas —
Tononocuueckue

Maeucmpanvuas —
Xapaxmepucmuxu

Omeemenenue —

Pacnpeoenumenvuasn —

Dyukyuonanvroe Ilumarowas —

Hasnavenue Mexccucmemnuas
C8513b

B nocneonem onpedenenuu  ompagicaemcs aulb  00UH U3 NPUSHAKOS
kaaccughuxayuu JIOII, a umenno ux xoncmpykmugroe ucnoamerue. QOHaxko 0.
Xapakmepucmuky  8cell.  COBOKYNHOCMU UX PA3HOBUOHOCMEN 5MO020  S6HO
Hedocmamouno. CoepemeHnnas Kiaccuguxayus 6asupyemcs Ha psoe NpU3HAKOs,
Komopuvie npeocmasnenst 6 maon. 9.1.

Ha nepgom mecme 30ece cmoum poo moka. B coomeemcmeuu ¢ smum npusHaxom
PA3IULAOMCA TUHUU ROCMOSIHHO20 MOKA, a Makice mpéxghasHo2o u MHO20(pa3Ho2o
nepemenno2o moxa. JIunuu nocmosiHno20 moka KOHKYpUpyom ¢ 0CMaibHbIMU TULULb
npu  00CMAamourHo OOIbUWION NPOMANCEHHOCIIU U  Nepeddasaemoll. MOWHOCMU,
NOCKONIbKY 6 00wel CmouMoCmu 3JeKmponepeoauy 3HAYUmMenNsHyo 000
COCMAGNAIOM 3ampamvl HA  COOPYIHCEHUe KOHYEBbIX Npeodpazo8amebHbix
noocmanyuu. Haubonvwee pacnpocmpanenue 6 Mmupe NOMYYUIU  JTUHUU
MpEXQasHo2o nepemeHHo20 MmMoKd, NPUYEM N0 NPOMANCEHHOCMU CPeOU HUX
JUOUPYIOM UMEHHO 8030YUiHble MUHUU. JIuHuu MHO20¢ha3H020 nepemenHo2o moxa
(wecmu - u 0genaoyamughaszuvle) 8 Hacmosujee 8pemMs OMHOCAMCSA K Kamezopuu
HempaouyUOHHUbIX.

Haubonee sasxcnvim npuznakom, onpeoensiomum paziudue KOHCMPYKMUBHLIX U
anekmpudeckux xapakmepucmux JIDII, aensemcs HOMUHATIbHOE HANPAXHCEHUE
Uion. K Kameecopuu HU3KOBONbMHBIX OMHOCAMCA JUHUU C HOMUHATLHBIM
Hanpscenuem mernee 1 kB. Jlunuu ¢ U,,, > 1 kB npunaonexcam k paspsoy
BbICOKOBOILIMHBIX, U CPeOU HUX 8blOENAIOMCS TUHUU cpedHe2o Hanpscenus (CH) ¢
Uiow = 3—35 kB, swvicokoco wnanpsocenus (BH) ¢ U, = 110—220 kB,
ceepxevicoxozo Hanpsdicenus (CBH) ¢ U,y = 330—750 kB u ynismpasgvicoxoco
nanpsisicenus (YBH) ¢ U, > 1000 kB.

Ilo KoHCmpyKmMuUHOMY UCNOIHEHUIO pA3IUYAlOm 8030YUIHbIE U KabelbHble TUHUU.
BoszoywHnas nunus — 23mMo  «IUHUAL daeKmponepedavu, npogooa KOMOpou
NO00EPAUCUBAIOMCSL HAO 3eMIEN C NOMOWBIO ONOP, U30JIAMOPO8 U apmamypuly. B
CB0I0 0yepedb, KabelbHas JUHUS ONpeOelsiemcs KaK JUHUS dlleKmponepeoail,
8bINOJIHEHHASL OOHUM UJIU HECKOJIbKUMU KADeAMU, VIONHCEHHbIMU HenOCPeOCMBEeHHO
8 3eMJIF0 UNIU NPOTOIHCEHHBIMU 8 KADETILHBIX COOPYAHCEHUSIX (KOJLIEKMOPAx, MyHHEX,
Kkauanax, oaroxax u m. n.). Ilo xomuuecmsy napannenvhvix yeneu (Ny),
npoKnadvlgaemMvix no obdwel mpacce, pasudaiom ooHoyenuvie (N, = 1),
osyxyenuvie (N, = 2) u muozoyenuvie (N, > 2) aunuu. Ilo



148

T'OCT 24291-90 ooHoyennas 6030yuiHas TUHUSL NEPEMEHHO20 MOKA ONpeOesencs
KaK JUHUS, UMerowas 00UH KOMNIeKm QazHbix nposooos, a ogyxyentas BJI — osa
komnnekma. Coomeemcmeenno mHozoyennou BJI Hazvieaemcsa nunus, umerowas
bonee 08YX KOMNIEKMO8 (DA3HBIX NPOBOO0S. Omu KOMNIEKMbL MO2YMm UMemb
00UHAKOBblE UMW PA3IUUHbIe HOMUHAbHblE HanpsceHus. B nocneonem cuyuae
JIUHUSL HA3bI8AEMCSl KOMOUHUPOBAHHOLL.

OoHoyentvie 6030y UIHbIE TUHULU COOPYHCAIOMCS HA OOHOYENHBIX ONOPAX, M0o20d KaK
08YXYentovle MO2YM COOPYHCAMbCSL IUOO ¢ NOOBECKOU KANCOOU Yenu HA OMOENbHbIX
onopax, 1bo ¢ ux noodgeckoll Ha ooweli (08yxyentoit) onope. B nocieonem ciyuae,
0UEeBUOHO, COKPAWAEMCSL NOJIOCA OMYYIHCOCHUSI MePPUMOPUU NOO MPACCY JTUHUU, HO
go3pacmaiom eepmukaibHvle eabapumel u macca onopwvl (cm. § 9.4). Ilepsoe
06CmMoAMeNbCME0, KAk Npasuio, AGIAEemcs peuaowum, eciy JUHUs npoxooum
2YCMOHACENEHHBIX PAlIOHAX, 20€ 0ObIYHO CIOUMOCTb 3eMIU OOCMAMOYHO 8bICOKA.
I1o smoii sice npuyune 8 pside cmpan Mupa UCNOIL3YIOMC UMHO2OYENHble ONOPbl C
nooseckou yenet 00HO20 HOMUHANbHO20 HanpsaxceHus (ooviuno ¢ N, = 4) aubo
PaszHvix Hanpsicenutl (¢ N, 6).

Ilo mononocuueckum (cxemuvim) XApaKmepucmuKam pasiudarom paoudibHble U
Mazucmpanvisie aunuu. Paduanvhoil cuumaemcs 1uHus, 8 KOMOPYIO MOUWHOCHb
nocmynaem moJabKO C OOHOU CHMOPOHbL, M.e. Om eOUHCMBEHHO20 UCMOYHUKA
numanus. Masucmpanvuas aunus onpedensiemcs I OCT kax aunusi, om Komopou
OMX00Um HeCcKoabKko omeemeneHul. Ilo0 omeemeneHuem NOHUMAEMCs JUHUA,
NpUCOeOUHEHHASL OOHUM KOHYOM K Opyeou JIDII 6 ee npomescymounot mouxe.
llocneonuti npusnax kKraccugukayuu — @QYHKYUOHAIbHOE HA3HAYeHUe. 30ect
BbIOENAIOMCA  pacnpedenumenvuvle U Numaruue JAUHUU, a maKice JUHUU
MedccucmemHou cea3u. Jlenenue auHUll Ha pacnpeoenrumenvuvie U NUMAOUUe
docmamoyro ycloeéwo, ubo u me, u opyaue cayycam Osl 0becneyeHus
INIeKMpu4eckoll dHepeuell nyhkmos nompeoaenus. ObvluHO K pacnpeoerumenbHbim
OMHOCAM TUHUU MECMHbBIX JNeKMPUYEeCKUx cemet, a K NUMarowum — JUHUU cemell
PAUOHHO20 3HAYEHUs, KOMOpbvle OCYWeCmESAIOm JIeKmpOoCHAb’CEHUEe YEeHMPOs
numaHusi  pacnpeoeiumenvuvlx — cemeu. Jlunuu  medxccucmemHou  ceA3uU
HEenocpeoCmEeHHO COEOUHSIOM PA3Hble IHEP2OCUCeEMbl U NPEeOHA3HAYEeHbl OJisl
83AUMHO20 0OMEHA MOUWHOCMbIO, KAK 8 HOPMATIbHBIX PEHCUMAX, MAK U NPU A8APUSIX.
llpoyecc snexmpugurxayuu, cozoanus u obveduHenus dHepeocucmem 8 Eounyio
IHEP2OCUCTNEMY CONPOBONCOANCS NOCMENEHHbIM VBeIUYeHUeM HOMUHATbHO2O0
Hanpsxcenus JIDII ¢ yenvio nogviuieHuss ux nPonycKHou cnocoonocmu. B smom
npoyecce na meppumopuu ovigueco CCCP ucmopuuecku cioxcunucy ogecucmemyl
HOMUHANbHLIX Hanpaxcenul. llepeas, Haubonee pacnpocmpanénuas, exkuodaem 6
cebs cneoyrowuil pao 3navenui U,,,: 35—110—220—500—17150 kB, a smopas —
35—150—330—750 kB. K momenmy pacnaoa CCCP na meppumopuu Poccuu
Haxoounocw 6 sxcnayamayuu 6onee 600 moic. km BJI 35— 1150 kB. B nocreoyowuti
nepuoo pocm HNPOMANCEHHOCMU NPOOOINHCANCA, XOMs U MeHee UHMEHCUBHO.
Coomsemcmayroujue danHvle npedcmasnenvlt 6 maon. 9.2.
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Jlunamuxa uzmenenusn npomsaxcénnocmu BJI 3a 1990—

1999 ze.
Tabnuya
9.2 Ilpomsocénnocmo BJI, moic. km
UHOM! KB

1990 2.119952.11996 2. 1997 2. 1998 2.| 1999 2.
35 1949 | 219,4 | 225,0 228,0 230,0 | 233,0
110 278,0 | 289,9 | 290,8 | 290,8 | 292,6 | 292,1
150 2,6 2,6 2,6 2,6 2,6 2,6
220 96,1 | 99,8 100,8  101,3  102,1 1021
330 9,5 9,9 9,9 9,5 9,6 9,7
500 335 | 373 | 36,7 365 364 | 368
750 2,2 2,7 2,8 2,8 2,8 2,6
1150 0,5 0,5 0,5 0,5 1,0 1,0
Bceco | 617,3 | 662,1 | 669,1 672,0 6/7,1| 679,9

Hapsaoy ¢ munosvimu KOHCMPYKMUBHbIMU PeUleHUIMU, KOMOpble 68 OCHOBHOM
06yoym  paccmampusamvcs — Oajee,  COBPEMEHHAs.  MeXHUKa  nepeoavu
INeKMpodIHepeuy No  JUHUAM OMKDbIMO20 MUna pacnoiazaem u psioom
HeMpAaoUYUOHHBIX OPUSUHATIBHBIX NPEeON0NCeHUl, HANPAGIeHHbIX HA YeeludeHue
NPONYCKHOU CNOCOOHOCMU U YMEeHbULEHUE NOJIOCHL OMYUYHCOEHUS NOO MPACCy TUHUMU,
Ha Oonee NOAHOe Y008lemBopeHue mpedOBaAHUIM MEXHUYECKOU ICMemuKu u
CHUDICEHUEe OMPUYAMENbHO20 8030eticmaust diekmpomaciumusix noneu BJI CBH u
ocobenno YBH na okpyaicarowyio cpedy, a maxice Ha nogvluleHue IKOHOMUUHOCMU
npoyecca nepeoayu 3eKmpoIHePeUl.

9.2. Oobwan xapakmepucmuka 6030YUHOU TUHUU U YCTI06UIL ee padombl

B «llpasunax ycmpoticmea snexkmpoycmanogoky (I1Y3) codepoicumces ewé oono
onpeoeneHue 8030YWHOL TUHUU, HECKOIbKO OMIUYAroueecs om npugeoéHHozo 8 §
9.1 6 coomeemcmeuu ¢ I'OCT. Ono enacum, umo «B8030YUWIHAS JAUHUSL — 3IMO
ycmpoticmgeo 01 nepeoavu  9NeKMPUYecKol — dHepeuu  no  HpPO8OOAM,
PACNOJNIONCEHHbIM HA  OMKPLIMOM 8030yXe U HNPUKPENIEHHbIM Npu  NOMOWU
U30AMOPO8 U apmMamypsbl K ONOpAM UNU  KPOHUIMEUHAM  UHHCEHEPHbIX
coopydceHuiy. 30ech nepeyucienvbl noumu 6ce ocHosHvle dnemenmol BJI (onopeui,
npogooa, U30AMOpdl, ApmMamypa), 3a UCKIIOUEHUEM 2PO303AUUMHBIX MPOCO8 U
@ynoamenmos. Haensonoe npeocmasnenue o cocmase KOHCMPYKMUBHBIX
anemenmog BJI oaém puc. 9.1



Puc. 9.1. Koncmpyxmuenvie snemenmot BJI
1 - nposooa ga3z munuu (A, B, C); 2 — epozozawumnwsle mpocwl (T-1, T-2); 3 — onopa,
4 — cupnanoa uzonamopos; S — anemenmol apmamypsvi, 6 — hynoamenmol

Ecmecmeenno, enasnvimu snemenmamu asisaiomces npogooa ¢gaz aunuu A, B, C,
HENnoCpeoCmeeHHo  ocywecmensiowue  nepeoavy  ajnekmposnepeuu.  Hx
PAasHo8UOHOCMU U KOHCMpYKyuu onucauwvl 6 § 9.3. Jna 3awumol npoooos om
NPAMBIX YOAPO8 MOJIHUU CILYHCAM MPOCHl, MOHMUPYEMble 8 EPXHEll HaCmu ONop Ha
mpococmotuxax. Onopuvl npeoHasHauenvl OJisl HA0EHCHO20 NOOOEPIHCAHUANPOBOO0E
U Mpoco8 HA ONpeoeléHHOl 6blcome HAO0 HNOBEPXHOCMbIO 3eMIU KAk, npu
HOPMAIbHOU KCHYamayuy JTUHUY, MAaK U 6 Pa3IUiHbIX ABAPUUHBIX CUMYAYUSX.
Cnexmp KOHCMpPYKYuii Onop U3 pAaziudHblX MAamepuaios O0CMAmoyHO
pasznoobpazen (cm. § 9.4). Uzonsmopvl 0ondicHbl 0becneuums HeoOX0OUMbI
NPOMENCYMOK MEHCOY HAXOOAUUMCS NOO HANPIIHCEHUEM NPOBOOOM U 3A3EMIEHHbIM
menom onopwl (cm. § 9.5). Jluneiinas apmamypa — 3mo KOMNHIEKC YCMPOUCMS, C
NOMOWbIO KOMOPBIX NPOB0Od COCOUHSIOMC, 3AKPEnisaomcs HA U30JSAmopax, d
usonamopvl — Ha onopax (cm. § 9.6). Haxomey, ynoamenmuol ciuysxcam 0
obecneyenus: yCmouyu020 NoJI0NCeHUss ONOp 8 NPOCMPAHCMEe.

[
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Puc.9.2. Ockuz ankeprnozo nponéma
1 — noodeporcusarowas cupnsinoa; 2 — HAMANCHAS 2UPTIAHOA, 3 — NPOMENHCYMOUHAS
onopa; 4 - ankepHas onopa

Ha puc. 9.2 noxasan yuwacmox oOHoyenHou 6030YWIHOU JTUHUU MeHCO) ONOpaMu,
Komopvle no eudy omaudaiomcs om nokazawnou Ha puc. 9.1. Omu onopul
HA3bIBAIOMCSL AHKEPHLIMU, A paccmosiHue Ly medicoy nHumu no mpacce — aHKEPHbIM
nponémom. Takue onopvl, 6 oOmauyue OmM PACNOTONCEHHLIX — MeHCOY HUMU
NPOMENCYMOUHBIX ONOP, PACCUUMANBL HA NPOMUBOOCUCBUE SHAYUMETIbHBIM CULAM
O0OHOCMOPOHHE20 MSNCEHUSI NO NPOBOOAM, BOZHUKAIOWUM NPU UX 00pvlee 6
NPUMBIKAIOUWEM K AHKEPHOU ONope NPOMeNCymounom npoieme oaunoul L, a maxoice
npu MOHmMadsice nposooos u mpocos. 1lposooa Ha aHKepHbIX ONOPaAx MHCECMKO
3AKPEnIIOMCss HA HAMAICHBIX CUPTISITHOAX U3OJSAMOPO8, A HA NPOMENCYMOUHBIX
ONOpPax — HA N0OOePIHCUBAIOWUX cUPTAHOAX, umeiowux Onuny |.. Jnuna eupasanov
mem 6oJvbule, UeM 8blile HOMUHANbHOE HANPANCEHUE TUHUU.
B npomesicymounom nponeme, nposooa u mpocel nposucarom. Paccmosnue no
BEPMUKANU MeHCOY MOUKOU nooseca HA onope u Hu3uieli Moukol 8 npoJieme
Haswieaemcs cmpenoii npoeeca. Ha puc. 9.2 cmpena nposeca nposoda 0bo3nauena
f., a mpoca — f,. Paccmosinue om nuzweii mouku npoooa 00 3emiu, 600bl Ul
nepecexaemvix 00vekmos h, nazvieaemces cabapumom aunuu. Ono onpeoensemcs 6
11V3 6 3asucumocmu om U, Xapakmepa MeCMHOCMU U MUNa nepecekaemozo
Jaunuett coopyxcerus u o BJI ¢ U,y 500 kB, coopyicaemvlx 6 He HacenéHHOU
Mecmuocmu, cocmagnsem 6—38 .
Onemenmol BJI pabomarom 6 CIOMCHbIX U PASHOOOPA3HBIX 2e02papuyecKux u
KIUMAMUYECKUX  YCIO8UAX,  PA3IUYAIOWUXCA — CE30HHbIMU — UBMEHEeHUIMU
memnepamypuvl U GIANCHOCMU 6030yXd, HAIUYUEM 6 HeM NPUPOOHBIX U
UHOYCMPUATbHBLIX 3aepsa3HeHull. Kpome moeo, OHU O00dICHbL NPOMUBOCMOSMb
8030€UCMBUI0 CU, OCHOBHbIMU U3 KOMOPBIX ABNAIOMCSL:

o 8eC 8cex IIeMEeHMO8 TUHUL,

o 8eC 20/10]IE00UIMOPO3EBbIX OMIIONCEHULL HA NPOBOOAX, MPOCAX U ONOPAX,

o OaslleHue eempa Ha NPO8oOAa, MPoCcwvl U ONOPbL;

o MIADICEHUSI NO NPOBOOAM U MPOCAM.
Obycros1eHHble MACCOU KOHCMPYKMUBHBIX 2JIeMEeHMO8 TUHULU CUJIbL, Oelicmyroujue
Ha 00HY onopy, mo2ym docmueams comeH muicsiy Hoiomonos (1 H
= 0,102 xec), u nposooa, mpocwvl u ONOPsl O0IHCHBL ObIMb PACCHUMANHBL HA MAKUE
Haepysku. Ilpu onpedenénnvix no2ooHuIX YCI08USAX (0OLIYHO Npu memnepamype
6030yxa om - 3 0o - 5 °C u ckopocmu éempa 0o 10 m/c) npoucxooum obpazosamue
JIe0AH020 NOKPO8a HA npoeodax, mpocax u onopax BJI ¢ maccoii 900 xe/m>. Bec
mako2o NOKPOBA, NPUXOOAWULCS HA OOHY ONOpPY, MOMCem O0CMu2amsv muvlcay
HbIOMOHO08. UHmeHcusHocms  20101€0000pA306aHUS HEOOUHAKOBA 8 DA3IUYHBIX
pecuonax cmpanvl. Bca meppumopus Poccuu Oenumcs Ha 80cemMb pauioHOS,
PA3IUYAIOUWUXCSL BOZMONCHOU MAKCUMATILHOU MOJUUHOU CIMEHKU 207101€04d.
3Hauenus MaKkCcUMAaIbHbIX MOAWUH CIMEHOK 201071€0a U MAKCUMATIbHBIX 8eMPOBbIX
oaenenutl 0na BJI onpedenstomes na evicome 10 M HAO NOBEPXHOCHIBIO 3eMIU C
nosmopsiemocmoio 1 paz 6 25 nem (nopmamusHvie 3nauenus) Kapmeol
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PAUOHUPOBAHUSL CIMPAHBL NO 20JI0AEOHbIM YCa08uam npugoosmcesa 6 11V, Jlannvie
maoba. 9.3. xapakxmepuzyom npUHYUn mako20 pauoHUpOBAHUsL.

Tabauya 9.3. Pationuposanue no moawjure CmeHKu 2010.1€0a

Paiion no 2ononéoy Hopmamuenas monwuna cmenku
eononéoa b, mm

I 10

I 15

11 20

Y 25

Vv 30

\4 35

VII 40

Ocoouiii Boviwe 40

Ananoeuunvim obpazom meppumopusi Poccuu oenumcsi Ha 6ocemb patioHo8 ¢
PA3IUYHOU MAKCUMAILHOU CKOPOCMbI0 8empa. Bemposvie Hazpysku (CKopocmHoll
Hanop 6empa) makdice OOJNHCHbI BOCHPUHUMAMbCA 6CEeMU KOHCMPYKMUSHLIMU
anemenmamu BJI. Obviuno cuumaemcs, umo Oaélenue 8empa HANPAGIEHO
napanieibHo NOBEPXHOCMU 3eMIU U NEPNeHOUKYIAPHO HPOOOJbHOU OCU JIUHUL.
Cunvl, obycnosieHHvle Oelicmeuem empd, 8 pacuéme HA OOHY ONopy Mo2ym
oocmueams COMeH MblCAY HbIOMOHO8 U 005A3aMeNbHO  YYUMbBIBAIOMCA  NpU
npoekmuposarnuu  mexaruveckou yacmu BJI. B mabn. 9.4 npusedenvl
Xapaxkmepucmuxkyu YKA3aHHbIX 6ocoMu pauionos. M3 mabn. 9.4 euowo, umo
MAKCUMATILHAS PACUEMHASL CKOPOCb 86empa modicem dvims eviue 49 m/c (Ocobuiil
paiion), a3mo coomeéemcmeyem no oasnenuio 6onee 1500 Ia (1 Ia = 0,102 xec/m?).
OmnodiceHus 20101€0a y8eIUIUBaom niowaou NOBepXHoOCmell NPo80008 U MpPOCo8,
Ha Komopbvle o0Kasvléaem OdGleHue 6emep, uUmo NPUGOOUM K 603PACHMAHUIO
20pu3oHmanbhblx Hacpy3ok. Teppumopus esponetickou yacmu Poccuu ¢ 0cHO8HOM
omuocumcs k II—III pationam no econonédy u k I—II pationam no eempy,
meppumopus Mocxoeckou obnacmu — ko Il pationy no eononéoy u x I paiiony no

8empy.
Tabauya 9.4. Pationupogarue no CKOpoCMHbIM HANOPAM 8empa

Pation no séempy Hopmamusnoe éemposoe
oaenenue W, Ila (ckopocmbw
sempa\l., m/c)

| 400 (25)
I 500 (29)
Il 650 (32)
IV 800 (36)
Vv 1000 (40)
Vi 1250 (45)

VI 1500 (49)
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| Ocobulii | Bouue 1 500 (sviwe 49) |

eticmsue sempa obycnosnusaem u 08a HeHcelamenbHblX A6IeHUS,
OMPUYAMENLHO GIUAIOWUX HA KOHCMPYKMUBHYIO Yacmb BJI.

Bo-nepsvix, smo subpayus npoo0o8 u mpocos, 03HUKAIOWAS NPU
PABHOMEPHOM 08UdHCEHUU 8030yXa co ckopocmbto 4—8 m/c. Ona
Xapakxmepuszyemcs 4acmomou KoneOauuii 8 0ecamKu 2epy U amniumyoamu 00
0ecsimKo8 MULIUMempos. Bubpayus evizvlieaem MHO2OKpamuble nepecudvl
NPOBOJIOK NPOBOOOE U MPOCOB, YUMO 8 KOHEUHOM CYEme NPUBOOUm K Ux U3iomy,
0CNaONIeHUI0 NPOYHOCMU NPOBOOA UNIU MPOCA U K 803MONCHOCIU UX 0OpbIBA, M.e. K
asapuiHou cumyayuu.

Bo-emopuix, npu cxopocmsx eempa 15—30 m/c modxcem 603HUKAMb MAK
Hazvigaemas nisicka npoeooos u mpocos. QoviuHo 3mo sAeienue Habaoaemcs 6
nepuoo, K020a npoeooa u Mpocsl NOKPbINbL 20101€00M. DMuU KOJ1eOaHus Xapakme-
PU3VIOMCA 4aCmomou 8 eOUHUYbL 2epy, OOHAKO UX AMNIUMYOA MOdHCenm 00Cmu2ams
BeIUYUHDBL, PABHOU CmMpelie nposeca npo8ooa Uiy mpoca. Bosnuxarowue npu s3mom
OuHamMuyeckue 8030elicmeusl Ha V3Ibl KpenleHuss npoeooos K 2UpPJIAAHOAM
UB0TIAAMOPO8 U NOCAECOHUX K ONOPAM HACMONILKO 3HAYUMENbHLI, YMO MO2Ym
npUBOOUMb K NOJOMKAM apmamypul u oemaneti onop. Kpome moeo, npu nisacke
B03MOIICHBL KACAHUS U CXeCMbIBAHUS NPOBOO0E MeHcOy cOO0U U ¢ MPOCaMuU, Ymo
8bI3bIBACN KOPOMKUE 3AMbIKAHUS U A8aApULIHOe OmKIoYeHue TuHuu. /[ns 6opvowl ¢
subpayuell 8030yuiHble JUHUU OCHawjaomcs euopozacumenimu. Eouncmeennvim
cpeocmeom 0emMn@uposanus KoieobarHui npu NisAcKe A8Isemcs nideKd 20J01€0d,
ocywecmeniaemas ¢ NOMOWbI0 CHEeYUuaibHo20 000py008anus, obecneyusanulezo
npoxodHcoeHue no JTUHUU OOTLUUUX MOKO8 U MAKOU Hazpes npoeooos, Npu KOmMopom
NpouUCX00sm masHue u copoc 1e0siHOU KOPKU.

9.3. Ilpoeooa u zpo3o3auwummnsie mpocol

IIposoonurogvle mamepuanst, U3 KOMOPbIX U320MAGIUBAIOMCS NPOBOOA 8030V UIHBIX
JIUHULL 9NeKmponepeoayu, m.e. Ux 21AGHble dJIeMEeHMbl, OO0IHCHbl YO08IemEopamy
PAO0Y MEeXHUYecKuUx u dKOHoMuyeckux mpebosanuil. Ilpescoe ececo, oHu O0NIHCHBI
001a0amb  He@bICOKUM VOEeNbHbIM INeKMPUUECKUM CONPOMUBIeHUEeM , 4moobl
nomepu akmueHOU MOWHOCMU HA HA2PE8 NPOBOO08 U NOMEPU HANPIAHCEHUS 8 IUHUU
npU NPOYUX PABHBIX YCIOBUAX ObLIU NO BO3MONCHOCU MUHUMAILHBL.

IInomrocms amux mamepuanog maxace He 00IHCHA ObIMb BbICOKOMU, NOCKONILKY NPU
3a0aHHOM nOnepeyHoM cedeHuu npogooHuKa I ona onpedensem yoenonyio HazpysKy
om cobcmeeHHo20 6eca nposooa. Ewé oonum mpebosanuem sasnsiemcsi 8vbiCOKas
MeXaHUu4ecKkas npouHoCmb, OYeHUBaeMdas no npeoeny NPOYHOCMU HA PA3PBIE pusp.
OoHospemenHo NPOBOOHUKOBLIU Mamepudnl 00JdceH 001a0amb CMOUKOCIbIO K
ammocgepHbiM  8030€UCMBUAM U XUMUYECKUM PeazeHmdam, HAX00AWUMC 8
6o30yxe. Haxowney, smom mamepuan ne 0ondcen 66imb 0e@PUYUMHBIM U OOPOSUM,
YMoObL CIMOUMOCHb BO30YUIHBIX JTUHULL ObLIA Obl NPUEMAEMOU NPU UX MACCOBOM
cmpoumenscmee. Paznuunvie mamepuanst 6
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PA3HOU CmeneHu Y0081emeopson dMomy HAbopy mpebo8aHuli, u cpeou HUx He
cywecmsyem maxko2o, KOmopulil Oblll Obl 6He KOHKYPEHYUU NO 8CeM NOKA3AMENM.
Ha cezoous 6 npakmuxke coopyaicenus BJI ucnonv3zyiomes makue mamepuansl, Kak
MeOb, ANIOMUHULL U e20 CHasbl, a maxdce cmaiv. B mabn. 9.5 npeocmasnenvi ux
Xapakxmepucmuku, YNoMsaHymuole 8bluie.

Ceolicmea mamepuanos, UCHOIb3YEMbBIX O/ U320MO06ICHUA
npoeoooe BJI

Yﬁgjzg;uflj Om * uM?/kcm | Y, Ke/M® | Gpaspy H/MM®
Meow 17,8—18,5 8700 390
Anromunui 30,0—32,5 2750 160
Cnnaé AB-E Toorce 2790 300
Cmanbs — 7850 1200
Cmexknonnacmux — 2000 1200

U3 conocmasnenus oannvix mabn. 9.5 credyem, umo yoeinvbHoe d1eKmpuyeckoe
conpomueienue anoMunus 6onvue, yem meou npumepro Ha 65 % ( ., 1,65 ), no
macce ou npumepto 6 3 paza necue meou (Yo,  0,3Y,), a no npounocmu — 6 2,5
paza xyixce ( pap ar 0,4 pasp 1). Omeuvecmeennovlii. mepmoobpadbomanmwlll cnias
AB-E, cooepocawuti oxono 2 % npucadox macHusi, KpemHus u oicene3d, no
CPABHEHUIO C YUCMBIM AIOMUHUEM NPU NPUMEPHO OOUHAKOBHIX NIOMHOCIU U
INEKMPUUECKOM — CONPOMUBTICHUU — UMeem  CYWeCMmBeHHO 0Oojlee  BblCOKYIO
npounocms, Komopas auwb Ha 23 % menvwe, uem y meou. Meov sensemcs
0ocmamoyro OepuyumusviM U  O00POUM MEMAIOM, NOIMOMY COBPEMEHHAS.
MexXHUKA 8 0CHOBHOM DA3UPYemcsi Ha NPUMeHeHUU npoeooos BJI uz anomunus u e2o
cnnasos.  Ha — 6030ywnblx  IuHUAX — NpeuMyujeCmeeHHo  NPUMEHSIOMCS
HeUu301UposaHHble Nposooda u mpocvl. Bmecme ¢ mem 6 nocieonue mpu
oecamunemust 3a pyoexcom u 6 90-e co0vt XX 6. 6 Poccuu na nunusx 0,4 u 6—
20 kB cmanu 00801bHO WUPOKO NPUMEHAMbCA CAMOHecywjue U30IUpPOBaAHHbIE
nposooa (CUII). CoopyaceHue Tunuil ¢ maKumu nposooamu 3HaA4UmMeIbHO00PoIice
no cpaeuwenuro ¢ BJI ¢ HeuzonuposamHviMu  npogodamu, O00HAKO — UX
nO8peNCOaemMocms cyuecmeeHHo Hudxice. [locieonum 8 0CHO8HOM U 00BACHAEMCS UX
8ce pacuupsroujeecs npumMeHeHue.

a) a)
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Puc. 9.3. Koncmpykyuu ne uzonuposaHHulx npoeooos:
a — OOHONPOBONOYHDIU, O — MHO2ONPOBONOUHBIU U3 OOHO20 Memaild (Cniasa); 8 —
MHO20NPOBOJIOUHDBLLL U3 08YX MEMANN08 (CMALealtoOMUHEBbIN), 2 — PACUUPEHHBLI, O
— nycmomenulii;
1 — anromunueswiii; 2 — cmanw,; 3 — HANOJIHUMENb

Pasnosuonocmu koncmpykyuu Heuzonupo8aHHvIX NPOB0008 NpeOCmAsieHbl Ha
puc. 9.3. OHu éxnoyarom Kak MOHOMemaiiudeckue (U3 meou, anoMUHUs, Cmaiu),
mak u Oumemaniudeckue (cmaneanromunesvie) nposooa. (OOHONPOBoOIOUHbIE
npoeooda OONYCKArmcs K npumeHnenuro auws Ha BJI nanpsoicenuem 0o 1 kB. Ilpu
Oonee BbICOKUX HOMUHANbHBIX HANPANCEHUSX UCHOAb3VIOMCA  UCKIIOUUMENbHO
MHO20NPOBOI0UHbLE KOHCmMPYKYuu. M3 monomemannuueckux 6 Poccuu oepanuienno
NPUMEHSIOMCA  AIIOMUHUEBble NPo800a — 2IA8HbIM 00pa30M 6 MeCmHbIX
anekmpuyeckux cemsix 0,4 u 6—10 kB, 20e onunvl nporémos ne npesviuiarom 100—
150 m. 3a pybesicom monOMemaniuueckue npoooa U3 CHIABO8 ATIOMUHUSA
(«anopeuy, «anvmenek») UCHOIL3VIOMCS HA JUHUAX 6CeX KIACCO8 HOMUHANbHBIX
HANPANCEHUU.

Pacwupennvie u nonvlie nposooa paszpabamwviéanuce O0isi npumeHenus Ha BJI
Hanpsiocenuem 220 kB u evie ¢ yYenvlo YMEHbUleHUs OMPUYAMETbHBIX
nocie0cmsull 16J1eHUs KOPOHHO20 paspsaoa HA npo8ooax (nomepsb 31eKmpoIHepeUl,
aKyCmu4ecKo20 wyma u nomex paouo- u meiesusuoHHoOMY npuémy). Imo asieHue
BO3HUKAEM NpU ONPEOeNéHHOU HANPANCEHHOCMU DJIeKMPUYECKO20 NOAA  Hd
nogepxuocmu nposooa (okono 30 kB/cm), komopas obpamno nponopyuoHaibHa
BHeUHeMy Ouamempy nposood.

IIpumenenue npo6o006 06bIUHOU MHO2ONPOBOIOUHOU KOHCMPYKYUU C Y8ETUYEHHBIM
1o 3Mou npUYUHe OUAMEMPOM HEIKOHOMUYHO, NOCKOJILKY CeueHUue maxKozo npoeood
U3-3a A6/1E€HUsL NOBEPXHOCMHO20 ¢hhekma npu npomexanuu no Hemy nepemeHHo20
MOKA UCNONIb3YeMCs He NOJHOCMbIO, Mm.e. KAKoe-mo KOJIU4ecmeo Mamepuana He
pabomaem u sensiemcsa Kaxk oOvl auwiHum. llycmomenas koncmpyKyus no3eossem
usbesicamsv nepepacxooa YeemHo20 memania u yoopoxcauus BJI. Ananocuunvie
yenu npecneoo8anrucb U npu CO30aHUU PACUUPEHHBIX NPOB0008 34 CUEéM
pasmeweHus 8HYmpu MHO20NPOBOJOYHOUKOHCMPYKYUU KAPKACHBIX CRUpaneu uiu
CMEKIONIACMUKOBBIX HANOIHUMENEU.

AnvmeprHamugol npumeHeHus MaxKux OOCMAMOYHO CIONCHBIX 8 U320MOGIeHUU
KOHCMPYKYULl AGNIAemcss maKk Hazvleaemoe pacujenieHue @aszvl HA HECKONbKO
cocmasnarowux N, wupoko npumersemoe 6o ecem mupe o BJI CBH u YBH. Tak,
Ha omeyecmeenHvlx MuHUAX 330 kB ucnonvzyemcs pacwennenue gazvl Ha 06a
npoeooa, uxcupyemuvlx Ha paccmosinuu a = 40 cm opye om Opy2a Mmemaniuyeckumu
pacnopxkamu. Ha BJI 500 kB npumensemcs «nyyok» u3 mpéx nposooos,
HAX0O0AUWUXCS 8 BEPUIUHAX PABHOCMOPOHHE20 Mpey2oabHUKa co cmopoHot 40 cm.
Takoti nyuok sxeusaienmer 0OUHOYHOMY NPOBOODY C GHEULHUM OUAMEMPOM OKOJO
27 em. Jlna BJI 750 kB N = 4—5, a ona BJI 1150 kB N = 8—10 npu a = 40—60 cm.
B Poccuu ocnosHbim ucnonvzyemvim munom npoooos ons BJI 35—1150 kB 0o
Hacmosawe20 8pemenu Aeaaomces cmaneanomunesvie. OHU UMEOM CMAIbHOU
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cepoeunux uz 1, 7, 19, 37 unu 61 nposonroku (coomeemcmeenno 1, 2, 3, 4 unu 5
noeusos). Ha amom cepoeunux naxnaovisaromesi om 1 0o 4 no6usos anomunuessix
nposoaox. B coomseemcmeuu ¢ I'OCT 839-80 [9.10] cmaneantomunesvie nposooa
svinyckaromes 8 uemuipéx moougpuxayusx (mapox AC, ACK, ACKC u ACKII).
Hanuuue 6 mapxe 0yxevl «K» cumeonuzupyem KoOppO3UOHHYIO YCMOUYUBOCHD
nposooa. Takue npo8ooa NPUMEHAIOMCS 8 PAUOHAX C «3A2PA3HEHHOU amMochepoiiy
(Ha nobepedicbax Mopel, CONEHbIX 038D, 6 NPOMBIUICHHBIX PAUOHAX U M. N.).
Cmouxocms npomug Kopposuu 0becneyu8aenmcs, 80-nepaulx, U0AYUuel CMmaibHO20
cepOeuHUKa O8YMs IeHMAMU U3 CUHMEMUYeCcKoU NAEHKU U, 80-8MOPbIX, HAHECEHUEM
Ha €20 NOBEPXHOCb HEUMPAIbHOU CMA3KU NOBLIULEHHOU MEePMOCOUKOCIU (MapKa
ACK) unu 3anonnenuem et cepoeunurxa (mapka ACKC)unu éceco npogooa (mapka
ACKII). Mexanuueckue (npouyHocmHbvle) Xapakmepucmuky CmanreariomuHesozo
npogooa onpeodestomcs COOMHOUWEHUEM CYMMAPHO2O0 NONEPEUHO20 CeUeHUs]
AIOMUHUEBBIX NPOBONOK Fo, K CyMMapHOMy ceueHuro NpoBOJIOK CMANbHO20
cepoeunuxa F,. I[lo coomnowenuro FlF., = Ke paziuuaiom nsame ucnoanenuil
maxux npo8odos (mabn. 9.6).

Bapuanmot ucnonnenus cmaneantomMuneswblx npo8oo0s
Tabnuya 9.6
Henonmene Fo/Fon Homenxnamypa
CneyuanvHoe 12,2— 330/27; 400/22; 500/27;
obnecuénnoe 18,1 1000/56
Obrezuénnoe 7é7é4_ 150/19—800/105 (15 mapox)
6,00—
Hopmanvhoe 6.95 35/6,2-400/64 (10 mapox)
4,29-
Vcunennoe 439 120/27—400/93 (6 mapox)
Cneyuanvhoe 0,65— 70/72; 95/41:; 185/128;
ycuneHnoe 1,46 300/204; 500/336

Hcnonvzosanue mozo uiu uH020 UCHOIHEHUS NPOBOOOE ONPEOeNaemcs 8 Nepeyio
ouepedb MANCECMbIO KAUMAMUYECKUX YCIO08UU, M.e. HASPY3KAMU, KOmMopbile
ucnvimuvleéaem npo8oo NOO OelcmeUeM MAaccvl 2010NE0HbIX 00pPA3068aHUL U NOO
oasnenuem eempa. Ilomumo msdcecmu KIUMAMu4eckux yCio8uil 8bl00p mozo uiu
UHO20 UCNOJIHEHUs Np0800A UHO20A4 CBA3AH U C HeoOXOOUMOCMbIO NOGbIULEHUs
Haoéxchocmu npu nepecedenusx BJI ¢ ocenesHvimu 0opozamu u agmocmpadami,
npu nepexooax oonvuiux pex u m. n. B coomsemcmeuu ¢ 'OCT 839-80 o6o3nauenue
CManeantoMuHesbix npoeooos cocmoum uz oooznavenus mapku (AC, ACK, ACKC,
ACKII) u HoMuHanbHBIX CeueHUll altoMUHUEBOU Yacmu U CIMAlbHO20 CepOeUHUKA,
nanpumep AC 150/24, ACK 240/56 u m. n. B xauecmee npumepa ¢ maon. 9.7
NPUBOOAMCS XaAPAKMePUCMUKU npo8o0o8 mapku AC ¢ HOMUHATbHBIM
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cevenuem anomunuesol yacmu 185 mm? Ons uemvlpéx pasiuyumblx UCNOAHEHUIL.
Ecnu conocmasums makoil npogoo 001e24éHHO20 UCNONHEHUS C NPOBOOOM
CNeyuanrbHo20 YCUNIeHHO20 UCNONIHEHUs, MO HOCIeOHUll XApaKmepusyemcs
npumepHo 6 2 paza bonvuel maccou u 8 3 paza 601ouum paspulHbim ycunuem Fpqsp.
U3 oannvix mabn. 9.7 cnedyem maxaice, umo paxmuueckoe ceweHue anoMUHUesoU
yacmu npoeooa cosnadaem ¢ HOMUHATbHLIM JUWb 01 NPOB0O0Ad YCULEHHO20
UCNONHEHUSl, 4 CMATIbHO20 cepoedHuKa — auub 0Jist nposooa mapku AC 185/128. B
OCMANILHBIX CYUAAX OHU PA3TULAIOMCS, XOMS U He3HAYUMETbHO.

Xapaxkmepucmuru npo60006 ¢ Fau. non = 185 mm?

Tabnuya Daxmuueckue
Macca, ke/km

2
9.7 | ceuenits, ux Fpasp ke | Hcnonnenue
Mapxa H
) Fu Fen |antomunus cmanu nposooa
npoeooa
1;%?24 187,0 24,2 515 190 705 604 | 7,73 Obnecuénnoe
AC 11810 200 | 500 | 228 728 | 648 6,24 H
185/29 ’ ' : opMabHoe
AC 11850 431 509 | 337 846 808 4,29 V.
185/43 ’ ' : cunenHoe

AC Cneyuanvhoe
185/128 187,0  128,0 517 1008 = 1525 |1837/1,46 Jeurennoe

I'pozozawumnvie  mpocwbl  8bINOIHAIOM U3 CHMIAIbHBLIX  OYUHKOBAHHBIX
MHO20nposoNounblx Kanamos mapku TK ceuenuem 35, 50 u 70 mm?. Ecnu
2p0303auummusle mMpocvl UCHOIL3VIOMCS O/l OP2AHU3AYUU  BbLCOKOUACTOMHBIX
KAHANO8 653U, MO OHU OOJIHCHbI BbINOIHAMBCA U3 MAMEPUAnd ¢ 6blCOKOLU
91eKmponpo8ooHocmulo. Iloomomy 6 maxom ciyuae npumeHsiom nposooa Mapox
AC 70/72 u AC 95/141. Haunyuwumu Xxapaxmepucmukamu ¢ MOYKU 3PeHUs.
NPOXOHCOEHUSL ~ BbICOKOYACMOMHO20 — CUSHANA  0061aoarom  mpocvl U3
CMANeanioMUHe8ou NpoBOJIOKU MUNA «ATIOMOBEN0», K020d Kaxcoas Npo80SOKd
uMeenm MOoHKULL CMAIbHOU cepOeuHUK, NOKPLIMBLI ATIOMUHUEBOU 000JI0UKOILL.

Ha BJI nanpsioicenuem oo 110 kB mpocvl npumensiom mMoOabKO HA NOOX00aX K
nOOCMAaHyusaMm, Yymoobbl YMEeHbUUUMb 8EPOSAMHOCIb 2PO308bIX NEPEHANPANCEHU 8
HenocpeoCmeenHol Oau3ocmu om noOCMAaHyuonHo2o obopyoosanus. Ha BJI c
HOMUHATbHBIM Hanpsadxcenuem 110 kKB u eviwe, coopyscaemvix HA CMATbHBIX U
JHCeNe300emMoHHbIX  ONopax, mMpocsbl NOOBewUBarOm 6001b 6celi JIuHuu. Hx
Koauuecmeo (0OuH uiu 08a) onpeoensiemcsi munom onopsl U pacnoiodiceHuem Ha
Hell nposooos. Coopyoicenue aunuti 110—330 kB 6e3 mpocos donyckaemcs auuls 8
PatioHax ¢ Manol UHMeHCUBHOCbIO 2P030801LL OesimenvHocmu (menee 20 2po306bix
yacos 8 200y), a makdyice 8 0cob0 20a0NE0HbIX palloHax. Bo3zoywnbie nunuu
nHanpsidicenuem [10—220 kB Ha OepessuHbiX onopax mpocamu He 3aujuyaromcsi.
Cywecmsyrom mpu cnocoba noosecku mpoca. Ilo nepgomy cnocoby mpoc
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noosewiusaemcs 6e3 U30AAMOPO8 U 3A3eMJIAEMCSA HA KAHCOOU NPOMENCYMOUHOU
onope. Jluwiv Ha MemMAaNIUYecKux U Hcene300emoHHbIX aHKEePHbIX ONopax OH
kpenumcs na uzonsmopax. Coenacro I1YD smom cnocob O0ondxicen npumeHsmvcsl
Ha ecex BJI nanpsiowcenuem 150 kB u nuoce. Ha nunusx 220 kB u eviwe
UCNONIL3Yemcsi  8MOPOU  CHOCOO, CO2NACHO KOMOPOMY MpOC KPEenumcs Ha
U30TIAAMOPAX, WLYHMUPYEMBIX UCKPOBLIMU NPOMENCYMKAMU, Ha 6cex onopax. llpu
9MOM MPpOC O0eNUMCs HA YYACMKU, CO8NAOAujue ¢ AHKEPHLIMU NPOAEmamu, U
Kaxcowlll makou yuacmox 3a3emisnemcs 8 00HoU mouke. B ciyyae ucnonv3oeanus
mpoca 0nsa ombopa MOWHOCMU UMY BbICOKOYACMOMHOU C8A3U NPUMEHemCsl
mpemuii cnocod, K020a mpoc NOJHOCMbIO U30IUPYEemCcs NO 8cell OUHe JIUHUU U
U30IIMOPLL UWLYHMUPYIOMCSL UCKPOBLIMU NPOMENCYMKAMU.

9.4. Knaccugukayus onop

MHnozoobpazue npumensemvix 6 1eKMPOCEMe8OM CMPOUMENbCMEe MUNO08 ONop
e1euém 3a coool HeoOX0OUMOCHb UX KIACCUDUKAYUU O YeoMm)y psady NPUSHAKOS.
Onu npusedenvt ¢ mabn. 9.8, ede makce npedcmasienvl COOMBEMCMEYOUjUE
KAdNCOOMY NPUBHAKY PA3HOBUOHOCMU ONOp, 4 MAKJCe HEeKOmopvle Kpamkue
KOMMeHmMapuu.

Knaccugpuxayusa onop 6030yuinplx 1unuil

Tabnuya 9.8
Tun onopwi Ilpumeuanue
Ilpusnax
Konuuecmeo Oonoyennas Bcex nanpsorcenuii
mpexgaznvix Heyxyennas 35—330 xB
yeneu Mnoeoyennas —
3aosrcumol
Ilpomeosicymounas 00
Cnocob kpennenus noooepoicusarowjue
npo8ooos 3ascumol
Ankepuas
HAmMsACHbLE
Ilonoocenue na B mouxax
Yenoeas
mpacce no8opoma mpaccwl
KOHcmpmeugHOe C80600HOC'm0ﬂmaﬂ —
8bINOIHEHUE Ha ommsockax —
o 220 kB
llepesannas
BKIIOUUMENILHO
Mamepuan 0 500 kB
P Kenesobemonuasn A
BKIIOUUMENILHO
Memannuueckaa | Bcex nanpsocenuu
Cneyuanvnoe 1lo xonyam

TpaHCI/l03LlI4u0HHCl}Z
HA3HA4YeHue yuacmkoes yuxkia
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Puc.9.4. Onopa mnozoyennoti kombunuposannot BJI-380-220-110 kB

HUmarx, no xonuuecmsy mpéxgasznulx yenetl pazmudaiom onopbl.;

o 0O0HOUenHvle, KOmopble NPUMEHAIOMCA npu coopyicenuu BJI nobvix Homu-
HANbHBIX HANPSNCEHULL,

o O8yxyenuvle, komopwvie 6 Poccuu npumensromes ons BJI 35—330 kB, a 3a
pyoesicom u na aunusax 380—500 xB;

o MHO2OUENnHble, KOMopbvle NPUMEHSIOMC 3d PYOercom 8 2YCMOHACENEHHbIX
PAUOHAX C BbICOKOU CMOUMOCMbIO 3eMIU Ol IKOHOMUU Meppumopul,
omuyxcoaemoui noo mpaccy BJI. B kauecmee npumepa maxou KOHCMpPYKYuu
Ha puc. 9.4 noxazama memaniuyeckas wWecmulyentHos onopa
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KoMmoOuHuposannoil BJI, 20e Ha 6epxXHux 08yX Apycax pacnoiodxiceHvl asvl
08yx yeneti 380 kB, noo numu pazmewensvt 0ge yenu 220 kB, a Ha HudcHel
mpasepce noogeutenvl 06e yenu 110 kB. BepmuxanvHulii pazmep 3moti onopol
cocmasnsem 63,4 m, 3amo eopuzommanvuvili 2adbapum — MmMoabLKO34 M.
OcHosanuem 6mMopo20 NPU3HAKA CILYHCUM CHOCOO KpenjieHus Nnposoooas.
30ecv 6 nepgyro ouepedb BbLOENAIOMCA NPOMENCYIMOUHbIE ONOPbl, HA
KOMOPbIX NP0B800A 3AKPENTAIOMCA 8 HNOO00EPHCUBAIOUIUX 3AHCUMAX. MO
OCHOBHOU mun onop, cocmasasaowuti okono 90 % ux obwezo yucna. Kpome
HUX 8blOENAIOMCA AHKEPHble ONOPbl, HA KOMOPBIX NPOB0OA 3aKPENIsilOmcs 8
HAMSAACHBIX 3AXACUMAX. DMU ONnopvl pacnoioHCeHbl O KOHYAM AHKEPHO20
nponéma (aHKepoBaAHHO20 Y4acmKa), 2CKU3 Komopozo Obll NOKA3aH HA PUuc.
9.2.
Ilo nonoowcenuio na mpacce pasauyaiom Onopwvl, PacnON0NHCEHHbIE HA NPAMbIX ee
yuacmkax, u y2noevie (Ui aHKepHble Y2l08ble), DACHON0NCeHHble 6 MOYKAX
U3MeHeHUs HanpasieHus (noeopoma) mpaccwl auHuu. B smux moukax Ha onopy
oelicmeyem cuia msdxiceHus npoeooos U mpocos, HanpaeleHHas no ouccexmpuce
e6HympenHezo yena. Iloomomy 6 omauuue om 0ObIYHOU NPOMENCYMOUHOU ONOPbLI
yenoeas O00JCHA UMemb pPACKOChbl, NPOMUBOOeUCmeyowue onpoKuoblearoujemy
MOMeHm)y 6 HanpaeleHuu Oelicmeus smot cunvl. Illpu yenax nosopoma,
npesviuarowux 20 °, ycmanagiusaom aHKepHole yeio8vle ONopbl.
Ilo xoncmpyKmueHOMY 8bINOIHEHUIO ONOPbL OEIAMCA HA C80O00HOCMOAUUE U HA
ommsckax. Ilpumenenue memaniuyeckux mpocoBblX OMMANCEK, KOmopbie
Kpensimesi ¢ 0OOHOU CMOPOHbL K 8EPXHUM HYACMAM ONOPbl, A ¢ OpY20U CMOPOHbL K
AHKEPHLIM  NAUMAM, 3a2nyOnéHHbIM 6 2pyHm Ha 2—3 M, obecneyugaem
YCMOUYUBOCMb ONOpPbl U NO CPABHEHUID CO CB0OO0OHOCMOAWUMY ONOPAMU
no36078em 3HAYUMENbHO COKPAMUmMb pacxoo Mamepuanda, u3 KoOmopozo
U320MABIUBAIOMCS INEMEHMbL ONOPbl, A C1e008AMENbHO, U ee CMOUMOCHb.
B kauecmee mamepuana 015 uU320MO6NEHUS ONOP UCHONL3YIOMCS OpeBecUnd,
Jrcene3obemon u cmanw. /lepesannvie onopel 6 Poccuu npumensrom ua BJI ¢
HOMUHANbHBIM HanpsdceHuem 00 220 kB sxatouumenvro, xoms 6 CLIIA ecmb onvim
cmpoumenvcmea BJI 345 kB ua onopax us kneénoti Opesecunvl. B xauecmee
npumepa Ha puc. 9.5 nokazana 0OHoOYyenHas c8000OHOCMOAULAS NPOMEHCYMOYHAS
oepessannas onopa BJI 110 kB. Huoxcnue wacmu onopwl (nacvinku) 3aenyonensvl 8
3emaro Ha 2,5 m. [na nosviuenus npoyHocmu 3a0eiKy Onop 8 epyHme K NACbIHKAM
Kpensimecs, nonepeuHvle puzeiu. B nacmoswee 8pemsi npuMmeHsiomcs Onopvl ¢
JHcene300emoHHbIMU NACLIHKAMU, YMO CROCOOCMEYem Y8eIUdeHU0 CPOKa CyHcoObl
onop. Bce ocmanvbhvie s1emenmvl 0epessaHHOU Onopbl — CMOUKU, mpasepca U
PAcKocyl (Unu nepekpecmuble 8empoguvle C653uU) NPONUMbIEAIOMCA AHMUCENTNUKOM.
s ux uzeomoenenus ucnonb3yemcs Opeeecura IUCmeeHHuybl unu cocovl. Cmouxu
COCOUHSAIOMCS C NACBIHKAMU NPOBOTOYHBIMU DAHOANHCAMLU.
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Puc. 9.5. JlepeBannas npomexxyrounas oropa  Puc. 9.6. XKenezoberonnas

110 xB: MIPOMEXKYTOYHASL OJHOLICITHAS
1 — maceIHOK; 2 — CTO¥Ka; 3 — TpaBepca; CBOOOHOCTOSIIIAS OTOpa
4 — packoc; 5 — 6aHgax; 6 — purenb BJI-220 xB

YHuduuupoBanubie kene300eToHHbIE Omopbl B Poccuu mNpuUMEHSIOTCS ISt
coopyxxenusa BJI ¢ HoMmuHaneHbiM HamnpsbkeHueM 10 S00 kB BxmrounTensHo. OHU
MMEIOT METAJUIMYECKUE TpaBepchl M TPOCOCTOMKH. CTONWKH H3TrOTOBISIIOT U3
BUOPUPOBAHHOTO WJIM IEHTPU(YTrUpOBaHHOTO 3Kele300eToHa. B mepBoM ciydae
OHU HMMEIOT ABYTaBPOBOE, KBAJIPATHOE WM MPSIMOYroibHOEe ceueHue. CTONKH u3
LHEHTpU(PYrUpOBAaHHOTO  KeJIe300€TOHA  MMEIT  KOJIbLIEBOE  CEUeHUue M|
MUTUHAPUYECKYI0 JIMOO KOHMYecKyro ¢Gopmy. JIByXIiemHbIE€ OJIHOCTOCUYHBIC
KeJIe300€TOHHBIE OMOpbl NPUMEHSIOT Tpu  Hanpsokenusx 110—220 kB,
oJHOLIeHbIE (OJHO - W AByXcToeuHble) Ha JuHUAX 35—500 kB. B kauectBe
npuMmepa Ha puc. 9.6 mokazaHa NPOMEXKYTOUYHAs OJHOLEIMHAs CBOOOIHOCTOSIIAS
xene3zo0eronHas onopa BJI 220 kB ¢ TpeyroyibHbIM pacnoyokeHueM NpoBOAOB(HA
pucCyHKe He Toka3zaHbl). Ee crolika nMeer aimHy 26 M U 3ariayOssieTcss B TPyHT Ha
3,3 M.

Merannuyeckue OMNOpbl  MPUMEHSIOTCS BO BCEM JUala3oHe HOMUHAIBHBIX
HanpspkeHudd (35—1150 kB). MIX OCHOBHBIMHU 3JIEMEHTaMH SIBJISIFOTCS CTBOJ (Y
CBOOOJHOCTOSIINX OMOp OAIIeHHOTO THMA) WIW CTOWKHM (y MOPTaIbHBIX H V-
oOpa3HbBIX OI0p), TpaBepchl B (hOpME MPOCTPAHCTBEHHBIX (HepM, TPOCOCTOUKHU H
OTTSI’KKH, €CIIM OHM MPETyCMOTpEHbl KOHCTpykuue. Ha puc. 9.7 npencraBieHsl
MPUMEPHI MPOMEKYTOUHBIX METAJUNIMYECKUX OMOpP MEPEYUCIEHHBIX BBHIIIE THUIIOB
(6ameHHOTO, MOPTATBHOTO B V-00pa3HOTO).
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Puc.9.7. Tunvl npomedcymounvix Memaiiuyeckux onop:
a — osyxyenHas c60600nocmosawas bauenuasn 220 kB, 6 — ooHoyennaanopmanvras
500 kB na ommsockax; 6 — oonoyennas V — oopasuas 1150 kB na ommsidckax

Cmeon OauieHHOU Onopvl COCMOUm U3 4Yemvlpéx GePMUKAIbHbIX NOACO8 U3
CMANILHLIX Y2ONbHUKOB, CBA3bIBANOUUX COCEOHUe NOSCA PACKOCO8, 00pa3yViouux
pewémxy, u ouagpacm (20puU30OHMANLHBIX KPecmooOPA3HbIX C8s3ell NOoSC08),
npuoarowux onope Hcécmkocms U ycmouuusocmo. Ilo cnocoby coopku
Memanauyeckue onopvl mo2ym ovimv ceapuvivu u Oonmossvimu. CeapHvle onopbvl
U320MOBTISIIOMCSL HA 3A800€ CEKYUAMU, Pa3MepPbl KOMOPLIX TUMUMUDYIOMCSL
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VCI0BUAMU MPAHCNOPMUPOBKU HA MpAccy, 20e SMu CeKYyuu COUJeHAIOMCS C
nomowwto 601mos. boamoegvie onopwr nonnocmoeio codbupaiomes Ha mpacce. Hx
npeumywecmeamu AAA0mcs bovuiee y00o6Cmeo mpaHcnopmuposKy COCMAGHbIX
INEeMEHMO8 U YNPOujeHue mexHoI02UU 3auumsl O KOppo3uu (2opayei OYuHKOBKU)
IMUX DNeMeHmOo8 8 3a800CKuUx yciosusx. Illomumo nepevucienHvix @viuie
gblOenaemcss 2pynna Onop CHeUUanbHo20 HazHavenusa. K Hum omuocamcsa
MPAHCNO3UYUOHHbBIE, OMEemBUMebHble U Nepex00Hble ONopbl. I panHcno3uyuoHHble
ONOPbL YCMAHABIUBAIOMCSL NO KOHYAM YUACMKO8 yukaa mpancnosuyuu (puc. 9.8).

A C B
B A C
C B A

Puc. 9.8. Cxeme yuxna mpancnozuyuu gas A, B, C 6030yuinotl iunuu

Ilo0 mpancnozuyuell nonumaemcs YukIuueckass nepecmanHoska ¢az ¢ yeivio
CHUDICEHUSL HeCUMMEMPUL CUCIEM BEeKMOPO8 MOKO8 U HANPANCEHUN 8 KOHYe IUHUU
(Mpu  CUMMEMPUYHLIX CUCMEMAX 2MUX BEKMOpOo8 6 ee Haudjle), 6vl3bleaeMou
pasiuduem peakmueHbvlX napamempos Gasz (uHOyKmusHocmel u emxKocmetl)
8clle0cmaue HeCUMMEMPUYHO20 PACNON0NHCEHUS NPOB0008 Ha onopax. Ha nunusx
onunotl 0o 100 km 00b14HO OCyUlecmenLemcs 00U YUK MPAHCRO3UYUU, eClU IO
00NYCMUMO NO YCNOBUAM GIUAHUSA HA NPOGOOHbLIE JIUHUU C853U, NPOKIAObI8AEMble
napannenvno BJI.  Omeemeumenvhvie  onopvl  cayxcam Ol 8bINOJHEHUs
OmeemeeHUull Om OCHOBHOU JUHUU, d NepexooHble — OJisl OCYUIeCMEIeHUs]
nepexo0o0s uepes pexu u opyaue 800Hble NPOCMpancmasd. Boicoma nociedHux 6 psioe
cayuaes oocmuecaem 100 m. Ha oouoyennvix onopax 6 Hacmosujee 6pems
NPUMEHSIOM 08a PACNOJIOHCEHUS NPOBOO0E — NO 8ePULUHAM mpey2onbHuKa (Ha BJI
35—330 kB c sicenez30bemounviMu U CMAILHLIMU ONOPAMU) U 2OPUZOHMATbHOE (HA
eécex BJI nanpsoicenuem 220 kB u eviwe u na BJI 35—110 kB ¢ Oepesanuvimu
onopamu). Ha osyxyennvix onopax pekomerHoyemcsi pacnonodicerue npoeooos no
BEPUILUHAM ULeCMUY20IbHUKA (MUna «6ouKay).

9.5. M3oasTOpHI U JIMHEITHASI apMaTypa

Nzonstoper BJI n3roraBimnBaroT B o0CHOBHOM U3 dapdopa win 3aKkai€HHOTO CTEKJIa.
Bwmecre ¢ Tem, B ociienHuE Ba AECATUIETUS BCE MIMPE HAYMHAKOT IPUMEHSTHCS U
MOJIMMEPHBIE M30JITOPEL. Daphop U cTEeKsI0 00JIaTar0T BHICOKOW CTOMKOCTHIO K
aTMOC(DEpHBIM  BO3ACHCTBHUSAM,  JOCTAaTOYHO  BBICOKOM  MEXaHHYECKOW W
ANEKTPUIECKON MPOYHOCTHI0. CTEKIISTHHBIE U30JIATOPHI JieTdue (hapPOopOBhIX, JTyUIIe
IPOTUBOCTOST yIAPHBIM Harpy3kam M HE pACTPECKUBAIOTCS, a PACCHINAIOTCS MPH
npoboe, 4Tro o0O0JieryaeT BU3yalbHOE HAXOXKACHHE MeCTa MOBPEXICHUS NpU
OCMOTpAaxX JINHHH.
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Puc. 9.9. Buowi nuneiinvix uzonsimopos:
a — wmovlpesoll, 6 — N00BeCHOU MapeIbyamo20 Mund, 8 - NOJUMepPHbL
1 — wanka; 2 — uzonupyrowas oemanv (mapenka); 3 — cmepoicenvb. 4 — yeMeHmuas
3a0e1Ka;, 5 — 3aMOK U30AAmMopa

\

Koncmpyxkmusno paznuuaromest 06a 6u0a cmeKkisiHHbIX U hapghoposvix uzonamopos
— wmvipesvie u noosecruvle. [llImvipesvie (puc. 9.9, a) npumensiomes na BJI oo 35
kB  exmouumenvno. Kopnyc usonamopa umeem GHYMPEHHIOW pe3bdy U
HABUHYUBAECMCS HA MEMANTUYeCKUll wmulpb uiu kpiox. 1Ipooo yknaovieaemcs @
yenybnenue Ha 207106Ke U30AMOPA U 3aKPENJIsiemcsi NPOBOJIOYHOU 653K0U. B mapke
uzonamopa npucymcmeyem ooosnauenue muna (L), mamepuana (C umu D),
HOMUHANIbHO20 HanpsdiceHus (6 Kuiosoavbmax) u ucnoaunenus (A, I' u op.). Tax,
Hanpumep, uzoasmop LIICI0-I" (epsazecmotikoeo ucnoanenust, m.e. OJisi pAUOHO8 C
3aepszHenHou ammocgepoti) umeem evicomy 145 mm, ouamemp kopnyca 160 mm u
maccy 2,1 ke.
Iloosecnvie uzonamopul (puc. 9.9, 6) npumensromes na BJI nanpsoicenuem 35 kB u
sviute. Mapra uzonamopa codepicum oykewl 11 (nodsecrotii), C (cmexnsannbiil) unu
@D (hapgoposvur), I (epazecmotikuii) u A , b, B, /] (o6o3nauenue mooughuxayuu).
Lughpoti obo3nauaemcs maxcumanvHas (paspyuarwas) mexaHuieckas Hacpy3Ka
6 kunonvtomonax (kH), nanpumep I[1D70-B, [ICI'120-A, IIC400-4 u m. n.
Koncmpyxyus noogecnozo mapenvuamozo u3onsamopa cCoOCmoum u3 mpéx 0CHOBHbIX
IIEMEHMO8
o CMEKIAHHOU UIU happoposotl uzonupyrouleli 0emaii 8 uoe meid 8PaujeHust
¢ péobpamu Ha HUNCHELl NOBEPXHOCIU U C BHYMPEHHeU NOJIOCMbI0 KOHUYECKOU
UU YUTUHOPUYECKOU (hOpMbL,
o WANKU U3 KOBKO2O YY2YHA, 8 8EPXHELl YaCMU KOMOPOUL UMeemcsl chepuieckas
nONOCMb  (2HE300), NPeOHA3HAYeHHAsl OJisl WAPHUPHO20 CONPSNCEHUsl C
Opy2um U3019MOpPOM;
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o CINEPIHCH, HUNCHAS 20JI06KA KOMOPO2O UMeem c@hepuiecKyro N08epXHOCHb,
COnpsicaemyro ¢ COOmeemcmeayowel N0GEPXHOCMbIO § 2He30e UANKU.

IIpounoe coedunenue memaniuyeckux oOemaneu MNOOBECHO20 UZOJAMOPA C
usonupyroueli 0emanbio 00CMU2aemcs 3a Cuém KOHUYecKou opmul conpseaemvlix
yacmell WANKU, U30aUpyrowen oemaiu U 8epXHell 20108KU  CIMEPIHCHA,
NPOCMPAHCMBO  MeHCO0y KOMOPLIMU 3ANOJHAEMC  YEMEHMHbIM  PACMBOPOM
(nozuyus 4 na puc. 9.9, 6), obecneuusarowum ux npouHoe coeouHeHue.
Iloosecnvle uzonamopovl cooOuparomcs 8 2upJisiHObl NYMeém 66e0eHUsl 8 chepuyeckoe
2He300 WAaNKU 201068KU CMEPIHCHS CMENCHO20 uzoaamopa. /s npedomepaujenus
pacyenienus cpepuyeckuii WapHup u301amopos 3anupaemcs 3amkom M- obpaznoii
UU WNIUHMO0Opa3Hol popmul (nosuyus S Ha puc. 9.9, 6).
Konuuecmeo uzonamopos 6 noooepowcusaroweti cupiisinoe Ny, onpeoensiemcs 8
OCHOBHOM 3HAYEHUeM HOMUHAILHO20 HANPANCEHUs NUHUU, d MAaKd)ice CHEeneHblo
3aepA3HeHHOCMU amMocepol, Mamepuaiom Oonopsvl u munom usonsimopa. llpu
ucnoavzoganuu  uzonamopoe mapox IIC70-b u I[IP70-B ux uucio &
noooeparcusaiowell 2upiisanoe, ee OUHA C apMamypotl om mpasepcvl 00 NPosooa
Ao u macca eupasnovl ¢ apmamypou m, onsi BJI 35—330 kB, coopyosicaemvlx na
MEMAauIuyeckux U JHcene300emoHHbIX ONopax 6 pauoHax ¢ HOPMATbHbIMU
ammocgepuvimu yciosuimu, npusedenvl 6 maon. 9.9 .

Xapaxmepucmuxu no00epHcUBAOWUX SUPIAHO UZ0AAMOPO8
BJI 35—330 kB

3uauenue napamempa npu
Tabnuya 9.9 Mapxa U, kB

lapamemp  |usonamopa 35 110 150 220 330
n I1D70-B 3 7 9 13 19
X I1D70-B 069 125 15 2,2 3,0
o M 11C70-5 068 135 16 23 3.2
- I1D70-B 19 38 47 72 118
. K2 [1C70-5 16 36 45 67 111

Iloooeporcusarowue eupaanowvr BJI 500 kB npu ucnonvzosanuu u3o11mopos mapxu
1ID120-A cooepocam 21 maxou uzonamop (npu 11C 120-A — 24 uzonamopa). Ilpu
Uon = 110—220 kB 6 uucno n,; 6xo0um no 00HoM)y pe3epeHoM) U30IAMOopY, d npu
Uson = 330—500 kB — no o0sa. /s BJI 35—220 kB, coopycaemvlx Ha OepessiHHbIX
ONopax, YUcio U30JAMOPO8 8 2UPIAHOe HA OOUH MeHbule yKasanHoz2os mabn. 9.9
011 BJI coomeemcmayrowe2o HanpsiceHus.

Cmeporcnesvie  nonumepuvie  uzonamopwsl  (IIM)  npedcmasnsarom — coboi
OMHOCUMENbHO HO80e nokogeHue uzonrayuu BJI. Ux paspabomka u eénedpenue 6
npaxmuxy coopyxcenus BJI nauanuce 6 CCCP 6 70-e 20061 XX 6. B nacmoswee
epems 6 Poccuu 6 sxcnayamayuu naxoosmes 6onee 400 moic. I1U. Ocrogoti ux
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koucmpykyuu  (puc. 9.9, 6) sas6ugemca  CcmMeKIONIACMUKOBHIIL  CIMEPIHCEHD,
BOCNPUHUMAIOWULL 8CIO MeXaHu4ecKylo Hazpy3ky. Ha xonyax cmeporcusa umeromes
Memannuyeckue oKonyesamenu U (Qaanysvl 018 KpenjieHus K mpagepce onopul u
COEOUHEHUS] C 3ANHCUMOM NpOo800a. IIEeKMPUYECKYI0 NPOUYHOCMb U30AAMOpA U
HeoOX00uUMyH0 ONUHY Nymu ymeuku moka obecneuugaem peopucmas 0007104Ka U3
KPEeMHULUOP2AHUYECKOU 2]IACMOMEPHOU KOMNO3UYUU (Pe3uHvl) Uil CUIUKOHA,
3AUUWArOWas CmepiIceHb om ammocQepHvix 6030elCmEUll U 3aKPenIEHHAs HA HeM
C NOMOUDBIO KIee8020 2epMemuKa (2epMeHuna,).

OcHosHvimu  docmouncmeamu [IH  sensaromes, npedcoe 6ceco UX 6blCOKAA
IKCNIYAMAYUOHHAS HAOEHCHOCMb, MANds Maccd, YCMOUYUBOCMb K YOAPHbIM
MeXaHu4ecKuM Hazpy3kam U aKkmam 6aHOaIu3Mda (8 mom ducie K paccmpenam),
Y000CmE0 MpAHCNOPMUPOSKU U NPOCMOMA MOHMANCA, A MAK}CEe ICMEemUYHbIL
eHewHuti 6ud. Omeyecmeennvie 111 mapkupyromes oyxeamu JIK, nocie xomopwix
yKaswvleaemcs paspyuwiarowas Hazpyska npu pacmsxceruu (om 70 oo 300 kH) u
yepes 0pobb — suauenue U,,,. Tax, nanpumep, uzorsmop JIK 70/110 umeem
eabapumnwli pazmep 1278 mm, oauny uzonayuonunou yacmu 1020 mm, ouamemp
pébep obonouxku 85 mm u maccy 3,3 ke, m.e. Ha NOPAOOK MEHLULYIO NO CPABHEHUIO C
UPTAHOOU CIMEKISIHHBIX UIU Papdopossix U30IAmMOpPO8 MAKUX HCe HANPANCEHUS. U
npounocmu (cm. maon. 9.9).

Tepmun nuneiinas apmamypa 00veOuHsiem yCmpoucmed, obecnedusaroujue, 60-
nepevlx, HAOENCHOE COoulleHeHlUe OMOeNbHbIX 2]IeMeHmo8 KoHcmpykyuu BJI, a
makoice 3awumy SUpisHO NO0BeCHbIX uzonamopos (unu IIH) om nogpesicoenus
INeKmpuyeckol 0y20u npu npoboe u Qurcayuio 83auUMHO20 PACHONONCEHUS 8
npocCmpancmee npo8o008 PACUlenieHHbIX (ha3 U cOCeOHUX (haz no OMHOWEHUIO OpYe
Kk Opyey. B maon. 9.10 npeocmasnenvl nsame paziudarouuxcs c60UM HA3HAYEHUEM
OCHOBHBIX 2PYNN 2NIEMEHMO8 apMamypbl, a MaKice Ux munvl U Moougurayuu 6
Kaxcool epynne.

Knaccugpurxayus nunevnot apmamypoi

Tabnuya 9.10
Kamezopus

Tun Paznoeuonocmu

I nyxou

C npockanvsvleanuem
Quxcupyrowas Knunoesou

3asicum HamaNCHOU bonmosoti
IIpeccyemvblu

3asicum nodoeparcusarowuil

Ckoba (cuprsanoa-onopa)
Cepvea (ckoba-uzonsmop)
Yo (uzonamop-3asxcum)
Kopomvicno (n cupnsano)
IIpomescymounoe 36eHo
V3en kpennenus x onope

Cyennas DnemeHm conpsiHceHus.
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3awumnoe Koavyo

Sawumnasn Onemenm 3auumaol Sawummusiii o8a
Paspsonvie poea
OsanvHblll
Coeounumenvrnas | Coedunumenb .
Ilpeccyemuviti
Jucmanyupyrowas | Pacnopra Memannuuecras
Hupyion P Hzonupyrowas

DQurcupyrowas —apmamypa — npeocmasieHa O08yMs  BUOAMU  3AINCUMOB —
noooepxcusarowumu U Hamsxcuvimu. [loodeporcusarowjue 3axcumvl cyxcam OJist
Kpenienus nposooo8 Ha NpomedscymouHvlx onopax. OHu cocmosm u3 J10004KU, 8
KOMOpYIo VKIA0wleaemcs. npoeoo, 3axcumuvlx niauiex u U-obpaznvix Oonmos,
3aKpeniaowux npoeoo 6 1odouke (puc. 9.10, a). B ocnosnom npumensiiom 06a muna
NO00EPACUBAIOUUX 3ANCUMOB — 2TIYXUE U C OSPAHUYEHHOU NPOYHOCHbIO 3A0€NKU
nposooa.
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Puc. 9. 11. OcrosHbie 3nemernmobl cyenHou apmamypobl.
a — oouHapHas cxkoba,; 6 — 080UHAS NIOCKASL CKOOA, 8 — cepbed C YeaeHOPUHEeCKOl
NPOYWUHOU, O — OOHOAANYAMoe YUIKO, € — 08YXJ1andamoe Yuiko
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Puc.9.12. V3nv1 kpennenus k mpagepce onopbl.
a — noooepacusarowers 2UpIsIHObL; O — HAMANCHOU SUPTITHObL

K xareropum 3ammTHON apMaTypbl OTHOCATCS 3allUTHBIC KOJIbIIAa (OBAJbI) U
pa3psiiHbIE pora. 3allUuTHBIE KOJIbla (OBaJibl) YCTAaHABIMBAIOTCA B HUYKHEU 4acTH
NOJAIECPKUBAIOIINX U HATSHKHBIX TUPJISHI H30JISITOPOB U CTEP>KHEBBIX MTOJTUMEPHBIX
nzossitopoB BJI nanpspkenuem 330 kB u Bbimie. OHM CiyKaT [Jigs OTBOJA
AIEKTPUYECKON JyTrd, BOZHUKAIOUIEH MPU NEPEKPBITUSAX TUPISIHA, OT TOBEPXHOCTH
MOCJEIHUX, a TAKXKE JJIs1 YIYUYLICHHUs] PABHOMEPHOCTHUPACTIPEICTICHUS HATTPSAKEHUS
MEXK]ly U30JISTOpaMu TUPJISHIBI. BepxHue u HuKHUEpa3psiIHbIE pora CIy»Kat s
CO3JIaHUsI  UCKPOBOI'O  NPOMEXYTKa TMpPU  U30JHMPOBAHHOM  KPEIJICHUU
IPO303aIUTHEIX TpocoB Ha omopax BJI 220— 1150 xB. Onu ycranaBimBaroTCs
Ha TUPJIIHAAX, TPUYEM BEPXHHUE pora 3aKperuisitoTCsl Ha cepbhrax, a HUKHUE — Ha
YIIIKaX.

CoenunuTtenbHas apMatypa CIY>KUT JJii COSIUHEHHS ABYX CTPOUTENIBHBIX JJIMH
OpoBOAa, T.€. €ro OTPE3KOB, KAXKIbIA U3 KOTOPBIX YMEIIAETCS Ha OJHOM
TpaHcriopTHOM Gapabane. st mpoBOAOB ¢ ceueHusIMH 10 240 MM? BKIFOYHTEILHO
WCIIOJIB3YIOT OBAJIbHBIE COEAMHUTENN, KOTOPBIE MPEACTABISIIOT CO00M TPYOKy ¢
pa3BaJblIOBAHHBIMU KPAasiMU U3 TOTO K€ MaTepuaia, 4YTo U MPOBOJI, B KOTOPYIO C
JIBYX CTOPOH BCTaBIISIIOTCS COEIMHSIEMBbIE KOHIBI mpoBoja. HanéxHbril
ANEKTPUYECKUN KOHTAKT W JIOCTaTOYHAs MEXaHWYecKass MPOYHOCTh MECTa
COCNMHEHMSI OOECIIEUYMBAIOTCS TMPU MOHTaXEe NyTEM OOXKATUS COCAUHUTEIS
CIICHMAIBPHBIMM  KJICIIIAMU HWJIM TIpeccoM, JIMOO TyTEM CKpY4YHMBaHUS BMECTE C
MIPOBOJIOM CIICIIUATIBLHBIM ITPUCIIOCOOJICHUEM.

J{nsi coenMHEHUs CTaleaIFlOMUHEBBIX MPOBOJIOB ¢ ceueHusamu 300 MM? 1 GoJtee, a
TaKKe CTAIbHBIX TPocoB ceueHneM 50—150 MM? 1 Gojiee MPUMEHSIOTIIPECCYEMbIE
coenuuuTenu. OHU COCTOAT W3 JBYX DJIEMEHTOB — aJIlOMHHHUEBOTO KOpIyca,
OXBAaThIBAIOIIETO BHEIIIHIOK MOBEPXHOCTH MPOBO/A, U CTAJILHOU TPYOKHU, B KOTOPYIO
BCTaBJISIFOTCSI KOHIIbI CTAJIbHOTO CEpJICYHUKA.

Jluctanuupyroiiasi — apmaTypa  HpEACTaBlieHa JIByMs BUJAMHU  PaCIOpPOK.
Merammueckue pacriopky CIyKat I (PUKCAIluU B3aUMHOTO PACIIOJIOKECHUS
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npoBojioB pacmemieHHpIx (a3 BJI 330—1150 xB. HaubGonee mpocrtas mapHas
pacnopka, COeIMHSIoNIas JBa MPOBOAA, COCTOMT W3 JABYX KOMIUIEKTOB ILIAIIEK,
KOTOPBIE 3aKPEILISIIOTCS Ha MPOBOAax OOJTaMu, U TITH, YCTAHABIMBAEMOU MEXK]Y
IJAlIKaMUd M 3aKperuisieMoil KECTKO (TIyXoe KpEIUICHWE) WM TOABUKHO
(mmapaupnoe kperuienue). Ha BJI 500 kB ¢ pacmieniienuem ¢a3bl Ha Tpu IpoBoaa
TaKhe PACHOPKU YCTAHABIMBAIOT IpynnaMu 1o 3 mTyku Ha pacctossHuu 40—50 m
MEXAy coceHUMHU rpynnamu. [Ipu yucie nmpoBojoB B ¢aze O6ojee TpEX HAPALY C
NapHBIMU MOTYT OBITh MCIOJIb30BaHbl MHOTOJIYYEBBIEC M PaMHBIE PaclopkH, Ooiee
HSKOHOMUYHBIE C TOUKH 3PEHHS pacxojia MeTasuia.

W3onupyromue pacnopku CIOyKaT Ui JUCTAaHIUPOBaHUS CONMXKEHHBIX (a3
koMnakTHeIX BJI Ha omopax OXBaThIBAIOIIETO THUIA M OMNOpPax C BaHTOBOM
TpaBepcou, a Takxe g gukcanuu a3z Muorodazueix BJI. C 3Toil 11€1610 MOTYT
OBITH HUCTIOJB30BAHBI MOJIMMEPHBIE U30JISITOPHI CO CTEKJIOMJIACTUKOBBIM CTEPIKHEM,
OTMCAHHBIEC BHIIIE, a TAKXKE OMIOPHO-CTEPKHEBBIC MOJTUMEPHBIE U30JISATOPHI.

9.6. 'eoMeTpHYecKHe XapaKTePUCTHKH

I'eomerpuyeckue pazmepsl onop BJI KOCBEHHbIM 00pa3oM ONpEAENSIIOT €€
HEKOTOPBIE YKOHOMUYECKUE XapaKTepUCTUKU. OT 3HAYEHUU BBICOTHI U IIMPUHBI
OTOPHI MPHU MPOYUX PABHBIX YCIOBUAX 3aBUCUT 00BEM MaTepualia, U3 KOTOPOTO
M3TOTOBJICHBI 3JIEMEHTHI OINOPBI, a CIEA0BATEIBHO, U €€ CTOMMOCTh. Kpome Toro,
HIMPUHA OMIOPBI YACTUYHO OMPEEIAET U MOMEPEYHBIA pa3MEP MOJIOCHI OTUYKICHUS
TEPPUTOPUU MOJ TPACCY JIMHUU, YTO B YCIOBUSAX PBIHOYHOW SKOHOMHUKHU TIPHU
BBICOKOM CTOMMOCTH 3€MJIM SIBJISIETCS MTOAYAC MPUYMHOM 0TKa3a OT coopyxenus BJI

B 10J1b3Y BapHaHTa KaOEIbHOU JJUHUU C CYILIECTBEHHO MEHbIIEH IIUPUHON TPACCHI.
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Puc. 9.13. I'eomempuueckue napamempul 6030YUHOU TUHUU
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Bepmuxkanvhuiti u 2opuzonmansbHwuili 2abapumol 6030YUHOU JUHUU ONPeOelsOmCs
83AUMHBIM PACNOTIOHCEHUCM.
o ee MOK0BedyWuUx d1eMeHmos (npoeooo8) u 3a3eMIEHHbIX Yacmell (mpasepc
U CIoeK Onopbl);
o NPOBOOOS U 2PO303AUWUMHBIX MPOCOS, eClU NOCIEOHUE NPedyCMOMpPeEHbl
KOHCMPYKYUeu,
o NPOBOO0S 8 HUMNCHEI MOUKe UX NPOBUCAHUS 8 NPOJieme OMHOCUMETbHO
HOBEPXHOCU 3eMIIU.
Paccmompum ycnosus evibopa coomseemcmeyiowux 3mum yCio08Uim pacCcmosHull
Ha npumepe 0OHOYENHOU NOPMAIbHOU C80O0OHOCMOAWEU MEMAIUYEeCKOU ONopbl
c 08ymMs mpocamu, cxemamuyecku uzoopaxcéunou ua puc. 9.13, 20e marxowce
NOKA3ambl UHMepecylouue Hac 2eomMempuiecKue pasmepbol.
Bepmuxkanvhuiti cabapum nunuu, m.e. evicoma onopvt H,,, kak 3mo 8uoHo u3 puc.
9.13, onpeoensiemcs evipasicenuem

Hon= hr+ fH6 + A+ hT (91)
20e N — nopmupoeannwiii 2abapum aunuu 0o semnu; T, — naubonvwas cmpena

npoeeca nposooda; hr— OnuHa 2UpiAaHObL U30AMOPoE ¢ apmamypoii, Ny —
8blCOMA KpenieHust mpoca Hao mpagepcoul (8b1COmMa mpocoCmMoUuKu).

Kax yoce 206opunocy 6 § 9.2, cabapum nunuu, m.e. eenuquna N: |, onpedensemes
VCA08UAMU OE30NACHOCIU NEPEedBUNCEHUS OO NPOBOOAMU JTUHUU MPAHCHOPMHBIX
cpeocme u mexarnuzmos. OHaA HOpMUPYEMCs 8 3ABUCUMOCHU OmM Xapakmepa
MecmHoCmU (HACEeNEHHAs, HEeHACEeNEHHAs, MPYOHOOOCMYNHASA) U HOMUHANLHO2O
Hanpsiocerus: BJI.

Benuuuna cmpenvt nposeca f 6 npomesicymounom nponeme onunoti L onpedensiemest
OONYCMUMBIM MEXAHUYECKUM HANPSANXCEHUEM 6 HU3UWLel MOouKe Npo8ood i NpU
KOHKDEMHBIX KIUMAMUYECKUX VCI08USAX U COOMBEMCmMBYouell YOelbHOU Haspy3Ke
Y-

f=yL2/ (8 oon) (9.2)

Haubonvwas cmpena nposeca umeem mecmo aub0 npu Gvicutell pPacyeémHoll
memnepamype 8030YXa 5 34 CUEM MEPMUHECK020 VOIUHEHU Nposooa, aubo npu
Haubobwell 8epMUKAIbHOU MeXAHU4eCKOl Hazpy3Ke om MAaccvl nposooa,
NOKPbIMO20 20JI01€00M Npu coomeemcmeyowel memnepamype son= - 3°C u
omcymcemeuu empa.

Jlnuna  upaamnobl  U30AAMOPOE € apMamypoli M- onpeodensemcs  munom
UCNONIL3YEMbIX UZ0JAMOPOE U UX KOJIUUECMBOM 8 3a8UCUMOCIU OM HOMUHANbHO20
nanpsiicenusi BJI (cm. mabn. 9.9).

Tonoocenue  epozozawumuoco  mpoca, m.e. evicoma mpococmouxu hr,
onpeoensiemcs no YCiosUusaM 3auumsl RPO8OO08 OM NPAMbIX YO0apos Moanuu. /s
obecneyeHuss MAaKou 3aAUWUmMvl 3AUWUMHBLIL V20l O; 00JJceH Ovblmb He 0ojee
yemanosnentvlx 11V eco donycmumblx 3navenuil Qoon. s onop ¢ 00OHUM Mpocom
QLoon. = 30°, ¢ 08yma mpocamu — 20°.
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Ilpu o = Qon, Kak credyem uz puc. 9.14, paccmosinue no eepmuxanu mexnicoy
npoB8oooM u mpocom My, pagHo

hn-m = hm + 7\42 = (O,SDBC - Ay ) / tgaaon (9.3.)

Ilpu uzsecmubix 3HAUEHUSAX Oloon, PACCMOAHUSL MexcOy coceonumu gazamu Degc,
ONIUHBL 2UPTISITHOBL

) o]

Puc. 9.14. K onpeseneHuio BbicoThl
NOJBECA IPO303aLIMTHOTO TpOCa

U PACCTOSIHUS 10 TOPU30HTAIU OT OCHU CTOMKHU IO TPOCa ar U3 3TOrO BBIPAXKEHUS
OJIHO3HAYHO OTpEAeIeTCs] HCKoMasi BeTu4nHa h.

HanmeHnbliee m0mMycTUMOE M3OJSLUHUOHHOE PpPACCTOSIHUE MO  BO3AYXy OT
TOKOBEIyIIMX 10 3a3eMIIEHHBbIX 4Yacted BJI ygo omnpepensercs ycnoBusmMu
HCKJTIOUEHHUS MPOO0sI BO3AYIIHOTO MPOMEXKYTKA MpU padoueM HampsHKEHUH, MpU
IPO30BBIX U BHYTPEHHUX TMEPCHAMNPSDKEHUSAX, a TaKXKE YCIOBHEM O€30I1acHOro
noabéMa PEMOHTHOrO MEPCOHAJa Ha OMNOpPY, KOrjaa JIMHUS HaXOOUTCA TOJ
HanpspkeHueM. [lociienHemMy yCJIOBUIO COOTBETCTBYET HAMOOJIbIIEE 3HAYCHUE Y xon,
kotopoe mis BJI 35—500 kB cocrasnser ot 1,5 10 4,5 ™.
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Puc. 9.15. K onpeznenenuto paccros-
HuA mexty Qasamu Bl
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[Ipu wucnonp3oBanuu Ha BJI kKak NOABECHBIX TUPISIHI CTEKISHHBIX U
baphopoBBIX H30JATOPOB, TaK M CTEPKHEBBIX TOJMMEPHBIX H30JATOPOB
paccTOsTHUE OT MPOBOAA JO CTOWKHU OMOPBI Y ONPEAEISIETCS ¢ Y4ETOM BO3MOKHOIO
OTKJIOHEHUS MPOBOJIA IMOJ JIaBjieHUueM BeTpa (puc. 9.15) Ha yron ¢, 3aBUCAILIUNA OT
COOTHOIICHHS YIEJNbHBIX HArpy30K — BEPTUKAJIBLHON OT COOCTBEHHOW MACChI
npoBojaa 6e3 rononéna Gy, U rOpU3OHTAIBHON OT AeicTBus BeTpa F,, KoTOpbIe
(opMUPYIOT PE3YIBTUPYIOLINI BEKTOP CHIIbI Fpes, AEMCTBYIOLIEH HA TPOBOA.

Lpu smom MuHuMAanLHO OONyCMuUMoe paccmosiHue mexcoy Qazori IUHUY U CMOUKOU
Onopul

qu min = Yoon + }\42 sin o, (94)
20e Sin @ = F/Fpe.

3uauenue Dy min ciyorcum 0as onpedenenus paccmosnus medxncoy gasamu D,y [lpu
UX 20PU3OHMANLHOM PACHONOACEHUU
D,.p = Dus = Dpc = 2Dy min + bem, (9.5.)
20e Doy — wupuna cmotixu onopul.
B mab6n. 9.11 oanwvl 3nauenus xoncmpyxmusnoix napamempog BJI 35—750 kB, o
KOMOPBIX WLIA peddb @blille, d UMEHHO!
o ONUHBL npomedcymournoz2o nporéma L npu coopyscenuu BJI 6 pasnunmot
MeCmHOCmU
o paccmosiHus medxcoy gazamu D, npu ux copusonmanvrom pacnonodircenuu
Ha onope,
e ONUHBL NOOBECHOU 2UPIAHObL UZ0NAMOPOE C APMAMYPOU A,
s BbICOMbL NPOMENCYMOYHOU onopuvl H,y;
o cabapuma TuHUU 00 3eMIU 8 HeHacenénHou mecmuocmu h,;
e Yucaa nposooos 8 gaze N;
o Ouanaszonos ceuenuli F cmaneanomunesvix nposo0os (ux antomunuesou
yacmu,).

Koncmpyxkmuenwie napamempuot BJI 35—1750 kB

Tabnuya Homunanvnoe nanpsiowcernue, kB

?7'11 35 110 220 330 500 750
apamemp
L 150— [170— 250— 300- ' 350- |450—

200 250 350 400 450 750
Dug, m 3,0 4,0 6,5 9,0 120 17,5

12— 45— 16,/—
Aoy M 0,7 14 2,2-2,3 3,0-3,2 4.9 75
Hon, 1 10 13—14 122—26 25—30 |27—32 | 30—41
h., m 6—7/ 6—7 7—8 |[75—8 |8 10—12

N 1 1 1 2 3 4
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F. o 50— |70— 240- 240— 300— /400,
185 240 400 500 500 500

Hannvie maon. 9.11 ceudemenvcmeyrom o mom, umo BJI CBH (330—750 «B)
Xapakxmepuszylomcs 6ecoMa GHYyWUMENbHbIMU pazmepamu. Hx eepmuxanvHblil
eabapum cocmasnsem 25—41 m, a wupuHa onopul, eciu NPUHAMb ee PABHOIU
0BOUHOMY MeHCOYPAZHOMY pacCmMOsHUIO, HAX00Umcs 6 npeoeiax om 18 0o 35 m.
Hecmomps na mo umo 6 npoyenmnom OmHOUEeHUU K CYMMAPHOU NPOMANCEHHOCTIU
BJI nanpsoicenuem 35 kB u eviue maxue aunuu 8 Poccuu cocmasnsiom nebovuiyro
oono (menee 10 %), meppumopus, 3aHumaemas uMu, O0Ka3vleaemcsi 00BOJILHO
3HauumenvHou. B cesa3u ¢ smum 60 6cem Mmupe NpoOBOOAMCs UCCAe008aHUS,
HanpaejienHvle Ha Cco30aHue 6ojlee KOMNAKmHulx Koucmpykyuu BJI, komopuie
00HOBpeMeHHO  00aadanu  Obl  NOBLIUEHHOU NPONYCKHOU  CHOCOOHOCMbIO,
NOHUJICEHHbIM ~ GIUSHUEM HA OKPYICArowyro cpedy u 6 Oolvuiell cmenenu
yoosnemeopsnu 6vl mpebo8aHUAM MEXHUUECKOU ICMemuKy

Jleknus Ne 10. KaGesin u mpoBoa 1Jif1 3JIEKTPOIHEPTeTUKH.
Cooepoicanue nexyuu
10.1 Cunosvie kabenu nuzxozo nanpsxcerus (0o 1 kB)
10.2. Cunosvie kabenu cpeoneco HanPAAHCEHUs.
10.3. Cunosvle kabenu 8blCOKO20 HANPSAHCEHUSL
10.4. Cunosvle kabenu Ha 8blCOKOE NOCMOSHHOE HANPNCEHUE
10.5. Apmamypa cunogvix kabeneii
10.6. [Ilposooa 0151 6030y uHbIX TUHULL DTIeKMPONnepeoayu
10.7. BoaokoHuo - onmuueckue kabenu 0Jisi N008ecKu Ha 8030yuinbix JIDIT

10.8. Csepxnposoosawue kabenru 0 MUHUL d1eKkmponepedayu - kabeau 6yoyuje2o

B snekTposHepreTHyeckux cuctemMax MPUMEHSIOTCS TOYTH BCE M3BECTHBIC
BUJIbI KaOETbHON MPOYKIIMH, OJHAKO 0A30BBIMH, KOTOPBIE U OYIyT pacCMOTPEHBI
HUKE, SIBJIIOTCS CUJIOBBIE KaOelu M YaCTMYHO MPOBOJA JJISi BO3IYIIHBIX JUHUN
anektponiepenaun  (JISII). bBymyr Takke  pacCMOTpPEHbI  CaMOHECYIIUE
M30JIMPOBAHHBIE MIPOBOJIA U BOJIOKOHHO-ONTUYECKUE KA0OEIU, KOTOPhIE HAYMHAIOT
MPUMEHATHCS B AJeKTpodHepreTnke. CHiioBble KalOeau NpeIHa3HAYarOTCs s
nepeayu 1 paclpefeicHus SJIEKTPUYECKOM SHEPruu U SIBJISIOTCS OAHUM U3
BOKHEUIUX BUIOB KabenbHbIX wu3fenuil. Knaccuukamuio cuioBbIX KaOenei
MIPUHATO MPOBOJUTH MO 3HAYCHUIO HAMIPSKEHUS SJIEKTPUUECKUX CETEH, B KOTOPBIX
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OHU HcCHONB3YyOTCA. [IpuMepbl KOHCTPYKIMI CHIJIOBBIX KaOenell pa3indHOro
HanpsbKeHus npuBeneHs! Ha puc. 10.1.

10.1. Cunoevie kabenu nuzkozo nanpsasyicenusn (0o 1 kB)

IIpeumywecmeenno smu Kabenu HNPUMEHAIOMCA 8 MPEXQA3HbIX CUCEMAX C
3a3zemaénHou Heumpanvio npu Hanpscenuu 220/380 B u uzeomoensiomcs 6
OCHOBHOM 8 YemblPEXHCUTbHOM UCNOJHeHUU (mpu ha3ubiX NPOBOOHUKA U OOUH
HYNesol OJisi coeduneHusi ¢ 3azemaénnou Heumpanvio — puc. 10.1), xoms
8LINYCKAIOMCA U MPEXIHCUNIbHbIE Kabenu. B kauecmee snexmpuueckou uzonsayuu
HCUL U 3aWUMHBIX  000704eK  Kabeneu  NPUMEHAIOMCA — NIACMMACCHL
npeuMyuecmeeHHo Ha ocHoge nonusunHuixiopuonvlx (IIBX) niacmuxkamos. @opma
MOKONPOBOOAWUX HCUT YALfe 8Ce20 CEKMOPHAsL, MAK KAK OHA NO360JAemNOyYUNb
KOMNAKMHYIO U COOMBEMCMEEHHO IKOHOMUYHYIO KOHCmMpYKYuto kabens. Oonako
cunosvle Kabeau mako2o muna 8blNyCKaomes u ¢ Kpyaavimu scuramu. Mamepuan
JHCUTL — MeOb, ATTOMUHUI.

IMBX-0bonouka TIBX-usonsmnst AlOMIHMEBAs KA
Puc. 10.1. TunoBast KOHCTPYKIIUSI CUIIOBOTO Kabesist Ha HanpsikeHue 110 1 kB

1o ycnoBusiM 3KCIUTyaTaluu KaOeiau pas3aemsitoTcs Ha 1BE TPYIIbL:
¢ a) IS IOJI3EMHOM MPOKIIAIKH;
« 0) U1 MPOKJIAJKKU B KAOCIBHBIX COOPYKEHUSIX (KaHallax, TYHHESX,
ACTaKkagax), MPOU3BOJACTBEHHBIX TOMEIICHUIX, B TOM unciie Ha TOLI,
ADC u apyrux o0bekTax (MPOKIaaKa B BO3AYXE).
KabGenu nnst moa3eMHON MPOKIAAKKA B TOPOACKUX YCIOBHSIX MPUMEHSIOTCS IS
MOJBOJIa TMHTAHKMS K JKHJIBIM W TPOW3BOJICTBEHHBIM 3IaHUSAM OT KBapTaJIbHBIX
noactanuuii 10/0,4 kB, nis ynmuuHoro ocBemenus. M3-3a BEICOKON HACBHIIIICHHOCTH
TPYHTOB pacTBOpaMHU XJIOPUIOB B psA/e PETHOHOB Poccum B TOCIEAHHME TOJIBI
OpPUEHTHUPYIOTCS Ha pUMEHEHHue Kabemeil ¢ MeTHBIMHA TOKOIIPOBOISIIIMMH >KUIIAMH,
TaK KaK aJIOMUHUEBBIE XWIbl Ka0Oejael (0COOCHHO IJisi YJIUYHOTO OCBELICHUS)
paspymatotcs 3a cuét auddys3un xaopunos depe3lIBX-000m0uky U uzomsmuio, a
JUTSI TIOJIBOJIA IUTAHUS K JKWJIBIM JJOMaMITPEUMYIIIECTBEHHO HUCTIOIB3YIOTCS KaOenu
C TMPONMUTAHHOM OYMa)KHOW W30JIAIMEH B CBUHIIOBOM KOPPO3MOHHO-CTOMKOM
oOonouke. IlepcrieKTUBHBIMU  SIBJSIIOTCS. KOHCTPYKIMHM — KaOejaell  HU3KOTro
HanpspKeHUs ¢ u3oianued u3 cmurtoro nosmudtwieHa (I1D) ¢ moBbimeHHOM
Harpy3049HOM CIOCOOHOCTRIO TI0 cpaBHeHuto ¢ [IBX-u3omsmueit (mpumepno Ha 17
%), B TOM YHCIIe KOPPO3UOHHO 3aIMIIEHHBIC KaOenu A MOJ3EMHON MPOKIaAKH
B arpeccuBHBIX rpyHTax. Koppo3uonHas
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3amuTa Kabened oOecneuynBaeTcs NMPUMEHEHHEM IOJIMATHIIEHOBOM M30JSLIUU U
000JI0YKH, UIMEIOIINX TOHKEHHBIE K03 puimenTs audy3un BOIHBIX paCTBOPOB,
B 8—10 pa3 menbiue no cpaBHenuto ¢ [I1BX-uzosnsiueit. YcinoBus sKCIutyaTtaiuu
Kaleneil, TMPOKIAIbIBAEMBIX B KAOETbHBIX COOPYKEHHUSX, HAKIIAJIbIBAIOT
TpeOOBaHUs 0 MM0Kapo0E30NaCHOCTH K KOHCTPYKIMSM Kalenel U MpUMEHSEMbIM
matepuaiam. [lo ycioBusiM noxxapo0e30nacHOCTH KaOeIUKIaCCU(PUIMPYIOTCS 1O
ISITH TPYIIIIaM B COOTBETCTBUH CO CXEMOI1, MoKa3aHHoi Hapuc. 10.2.

l KaGe civioBeic I

/ \

| FAJIOTEHOCOAEPKALLME | | BE3rAIOrEHHBLIE |
I Fpynna 1 I I pynna 4 I
Hopaib
KaGeni, He paciipocTpaH s ionme Kadeau, ve pacnipocrpamsiione | MK 60332-3
TOPCHNHC, MO HOPMaM UIA O~ _HQD.“H TOPCHHEC B INYUKAX, HC BBLIC 151~ KATCIOpIi
HOuHOro obpasua (ebuenpo- M3K 60332-1 KOUIMC KOPPOIHOHHLIX IA30B A.B.C:
MEIUUICHHOE HCIOMHCHIC) (vcnonvcumue HF) MK 60754-2:

MDK 1034-1 1 2

)

)

Ipynna 2 I Fpynna S
B = Hopabet
KaGens, He pacnpocTpat sonse ng.\u,l KaGcam, He pacnipocrpansionne | MoOK 60332-3
IFOPCHHC B NY'UKAX M3K 60332-3 FOPCHHC B IVUKAX, C HHSKHM Karcropst A;
(tcrnionersie HI) KATCrop ABIMOFAZOBELIC/ACHMCM, M3K 60331
Au orvecrosikie (ucnonuenne FR) | M9OK 60754-2;

M3K 61034-1 12
I Cpynna 3 I

HopMbt
KaGeiu, He pacnpocrpaHsaonme ) 122
TOPCHHC B NYUKAN, € MOHMACH~ M3K 60332-3

HBIM ABIMOTA30BLLICICHHCM 1:‘1&;2‘(2;'7'2461 Puc. 10.2. Knaccudukaumus noxapo-
Gemoisaes 1) MK 61034-1 12| GesonacHbix kadesei

10.2. Cunoevie kabenu cpeonezo Hanpax;ceHus

Omu xabenu NPUMEHAIOMCS 6 pPACNPeOeNUmeNbHbIX Cemsax ¢ U30IUPOBAHHOL
neumpanvto Ha Hanpsxcenuss 6, 10, 20 u 35 kB. Ochoéubim Hanpsdicenuem
pacnpeodenumenvHvix cemeil dHepeocucmem Poccuu u cmpan CHI' sensemcs
Hanpsiocenue 10 kB. B kauecmee anexmpuueckou usonayuu kaoenei cpeoHeo
HanpsjceHusi N(pUMeHsemcs OyMaXiCHas NPONUMAaHHAas U NAACMMACCO8as U30TAYUSL.
Cunosvie kabenu ¢ nponUMAaHHOU OYMAaNCHOU uzonsayuel Ha nanpsicerue 6 u 10 kB
U320MOBIAIOMCA MPEXAHCUTbHLIMU. B kauecmee ¢hasnoti u noscHou uzonayuu
npumeHsemcs oOymaza, NPONUMAHHASL MACIOKAHUGONbHLIM cocmasom. Takue
Kabenu 8blnycKaromces ¢ MEOHbIMU U ANIOMUHUEBLIMU HCUNAMU CEKMOPHOU h)OPMbL.
Jna 3awumul 2uepockONUYHOU U30IAYUU 8 KOHCMPYKYUU Kabels npedycmompena
Memaniuyeckas 0007104Ka u3 ceunya unu antomunus. lloeepx memannuyeckux
0007104eK  HAKIao0bIBAIOMCA  3auummusle  NOKpOGbl Ol  MeXAHU4ecKou U
KOppO3UOHHOU 3awumul. Koncmpykyus mpéxcunivho2o xabensi ¢  HNOACHOU
usonayuel nokazara Ha puc. 10.3.
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Puc. 10.3. TpexaxuibHblii kabensb
C NOACHOH H30asUHe 1
CEKTOPHBIMH YILIOTHEHHBIMU
KWIAMH!
] — TOKONPOBOAA LA KNIA,
2 — (azunas n3onsuus, 3 —
noscHas n3onsuns, 4 — 3a-
NOJIHEHHE, 5 — CBUHLOBas

o0os0uka; 6 — noayuka

10,1 OpoHeit, 7 — Opoust u3

JABYX CTA/IbHBIX JICHT

[Tpou3BOACTBO CHIIOBBIX KaOeel ¢ mponuTaHHOW OyMaxkHOM u3ossiueit B Poccun
Ob110 Hauato B Havale XX B. [103TOMy B KPYNHBIX 9Hepeocucmemax HaXOAUTCS
3HAUUTENbHAs J0JIs1 Kabeel mo13eMHOM MPOKIAAKU, MPaKTHYECKUBBHIPAOOTABIINX
pecypc. COOTBETCTBEHHO, Y/ebHas ITOBPEKIAEMOCTh TaKuX KabOele (Jucio
otka3oB Ha 100 kM B roj1) UMeeT NMoBbIIeHHbIE 3HaueHus1. HanOonbine nokazarenu
10 yJIeJIbHOM MOBPEKIAEMOCTH MPUXOATCS Ha KaOeIUB aTFOMUHUEBBIX 000JI0UKaX
M3-3a UX KOPPO3UOHHOTO pazpyuieHus (10Jisi kaOelaeiB allfOMUHUEBBIX 000JI0UKax
cocraBisier okojgo 50 9%). IlokazaTens yaeiabHOW MOBPEKIACMOCTH HMEET
TEHACHUMIO K NOBBIIEHUIO ¢ 1972 1. OH pacT€r M BHaAcTOSIIEE BpeMs. IDTO
CBUJIETEIBCTBYET O JCTPajallii pacrpeaeIuTeILHON cucTeMbl Ha HanpsbkeHue 10
kB. IlosToMy B mnociegHue TrojAbl MPUHATO TE€HEpPAJIbHOE HaIpPaBJICHUE Ha
MIPUMEHEHUE ISl PaCIPENCIIUTENIbHBIX CETE CPEIHETO HAIPSKEHHSI COBPEMEHHBIX
kabenel ¢ u3ousueit u3 crmtoro [19, nomyckaroiiero NoBbIIEHHBIE TEMITEPATYPhI
skcrutyartaiuu (tads. 10.1.).

OcHoBHbIE TepMHUYeCKHe TapaMeTPbl CHJI0BBIX KaleJell cpeiHero
HANPSKEHHUS! ¢ MPONUTAHHOM OYyMasKHOM U30/I0HMeld M U301 el
u3 cuuroro I19
Nzonsanusa
Tabmua 10.1 -
TMapamerp MIPONUTaHHAS CIIUTBII
OymakHas 115
JlnurensHO gomycTuMas paboyas 70 90
temneparypa, °C
MakcuMallbHO 1OITyCTUMast 75 130
TeMmInepaTypa npu neperpyskax, °C
MakcuMalibHO TOMyCTUMAsT
o 200 250
temnepatypa npu K3, °C
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3a cuéT MOBBIIIEHUS padOUUX TEMIEPATYp U30JALMU U3 cuuToro 11D nmurensHo
JOIyCTUMbIE TOKM Harpy3ku kabeneil yBennuuBarorcs Ha 17 % mpu mpokiagke B
semie u Ha 20 % mpu mpoKIagKe B BO3AYyXE MO CPAaBHEHUIO C KaOEIsIMH C
MIPONUTAHHON OyMakHOHM u3ossiueil. [loBblmeHne TemiocTokocT cmuroro 119
JOCTUraeTCs 3a CYET MONEPEYHON CIIMBKM JMHEHHBIX MOJeKyJ [ID gyepe3 aTomsl
yriepoia Wiau LENOYKH KpeMHu—kuciaopoa. Kabenn cpegHero HampshkeHUs C
u3ossuuen u3 ciuroro 119 nonyunnu mupoxoe pactpocrpanenue ¢ 80-x rogos XX
B. B MpoMbIluieHHO pa3BuThbix crpaHax (CLUHA, Anonus, @pannus, ['epmanusau
1p.), TZ€ OHU TOJHOCTBIO BBITECHWIM KaOenu ¢ NPONUTAHHON OyMaKHOIl
U30JIALIMEH B CBHMHILOBBIX 000J0ukax. OJHAKoO cjlelyeT Y4YuThIBaTh, 4YTO K
TEXHOJIOTMM M3TOTOBJICHHUS M KOHCTPYKLIMHM TakuX KaOenel MpeabsBIsIIOTCS
BBICOKHE TpeOOBaHHA. DTO HEOOXOAMMO, YTOOBI HCKIIOYUTh BO3HUKHOBEHUE M
pPa3BUTHE B MOJUITUICHOBOM U30JSLNN TaK HA3BIBAEMBIX «BOJHBIX TPUUHIOBY» —
JIPEBOBUAHBIX 00pa30BaHUil UM 00pa3oBaHuil Apyrux (Hopm, CHOCOOHBIX IPUBECTH
IpU 3KCIUTyaTauuu K mpoboro kadens. M3omsauus w3 cmmrtoro 11D He pomkHa
coJiepKaTh BO3AYIIHBIX, TA30BBIX U IPYTUX HHOPOJHBIX BKIIOYEHUH (JIOIYCKAIOTCS
BKJIFOYEHUS TOJIBKO HA MUKPOHHOM ypoBHE). Crtoco0 M3rOTOBIEHUSN KOHCTPYKIIHS
Kabenst JOJDKHBI — oOecreyuBaTh  OTCYTCTBHME BJIard B M3OJSILIMM  JUIA
IPEAOTBPAIIEHU pPOCTAa BOJIHBIX TPUHUHIOB. Makpo- U  MHKPOCTPYKTypa
AKCTpYAUpoBaHHOU [1D-n301411MK HE TOJKHA COIEPKATD CIIA0BIX B 3JIEKTPHUUECKOM
OTHOLIEHUM YYACTKOB, B W3O0JALMU HE JOJDKHBI BO3HUKATH 3HAYUTEIIbHBIC
MEXaHUYECKUE HAIIPSDKEHUS. YPOBEHb TEXHOJIOTMYECKOU KYJBTYPBI U KOHTPOJIb
KayecTBa MPH U3rOTOBJICHUM Kalesel JOKHBIYIOBIETBOPSITh CTPOIMM HOpMaM M
o0OecneunBaTbCcsi COOTBETCTBYIOIIMMU TEXHUYECKHUMH CpPEICTBAMHU: CHCTEMOM
KOHTPOJISl M PEryJIMPOBAHUS T€OMETPUNKAOETIsl, CHCTEMOM KOHTPOJIst YUCTOTHI 1D 1
1.11. Ha puc. 10.4 nokazana TumoBasi KOHCTPYKIMS OJHOXUJIbLHOTO Kadens ¢ 13-
m3oysinuer Ha HanpsbkeHue 10 xB. KoHcTpyknms mpensiTcTByeT pOCTY BOJHBIX
TPUUHTOB B pPaJuajIbHOM W OCEBOM HAIpaBJICHUM IMpHU padboTe B YBIAKHEHHBIX
IpyHTax.

Puc.10.4. TunoBas koHCTpyKIus kadens ¢ 11D - uzonsmueit Ha HanpsokeHuel0 kB:
1 — amroMuHMEBAs TOKONPOBOSIIAS JKHIIA; 2 — 3IEKTPONPOBOASIINE
AKCTPYAUPOBAHHBIE SKPAHBL; 3 — U30JSLUUS U3 CUIMTOTO MONMUAITHIICHA; 4 —
AIIEKTPOINPOBOISAIINE BIAarOHA0YXAIOIIHE JICHTHI; 5 — 3KpaH U3 MEAHBIX TTPOBOJIOK;
6 — pa3znenuTenpHAas OOMOTKA JICHTOM; / — 000JI0YKa U3 TIOJMITHUIICHA
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10.3. CunoBble kadei BHICOKOTO HANIPSIZKEHUS

K sTomy Kimaccy otHocsiTes kabenu Ha Hanpsbkerne 110, (150), 220, (380) u500
KB NpUMEHUTETbHO K HOMHUHAJIBHBIM HANpPsDKEHHUSIM CHCTEM 3JIEKTpONEpErayH,
npusaThiX B Poccun n crpanax CHI'. Hampspkenus 150 u 380 kB ucnonb3yroTces
B OTIENbHBIX chyyasx. KaOemu mpenHasHaueHbl g TEpeqayd KpPYMHBIX
MOIIHOCTeH 3nekTpodHeprun (60—620 MB - A) Ha yka3aHHBIX HAINPSHKCHUSX.
O6mactu mpuMeHeHus kabenen ciaenyronme:

o DIyOOKHME BBOJBI K LIEHTpaM IMOTPEOJICHUSI 3JEKTPOIHEPTUU B YCIOBUAX
KPYITHBIX TOPOJIOB (MpUMEHSIOTCS Kabenu Ha Hanpsbkenue 110—220 kB nis
MUTaHUsl PAaHOHHBIX TOPOJCKUX MOICTAHIINN );

e BBIBOJIBI MOIIHOCTH C KPYHHBIX THUAPO - U TEIUIOBBIX 3JIEKTPOCTAHLUHN
npeumMyIiecTBeHHo npu HanpspxeHusx 220 u 500 kB;

o IMHUTAHHE DHEPro€MKUX HPOU3BOJICTBEHHBIX KOMIUJIEKCOB (aBTO3aBO/IbI,
METaJUTyprU4eCKHe U XUMUYECKUE MTPEATPUATHS ).

K snekrpuyeckoil u3omsuu KaOeiaed BBICOKOIO HANPSKEHUS MPEIbIBISIIOTCS
BBICOKHE TPEOOBAaHUS B YaCTU AIEKTPUUECKON MPOYHOCTHU, BEICOKON HaJAEKHOCTH B
TCUCHHUE JUIMTEIBHBIX CPOKOB ciykObl (35 m Oomee ner). HampsxéHHOCTH
AJIEKTPUYECKOTO MOJISl B U30JISILIMM TakuX Kabenel cocTaBisitoT oT 7 a0 15 kB/mwm,
T.€. SIBJISIIOTCS HauOoJiee BBICOKUMU I10 CPaBHEHHUIO C HANPSHKEHHOCTSAMU IMOJS B
TOOBIX  BJIEKTPOTEXHMUYECKUX —ammapaTtax W ycrpoiictBax. HampskxéHHOCT
AJIEKTPUYECKOTO MOJIS SIBJIAETCS OJHUM U3 IJIaBHBIX TapaMeTPOB, 00ECIICUNBAIOIINX
MpUeMIIeMble KOHCTPYKTHBHBIE pa3Mephl (AuameTpbl) kadeneld. Boicokue padoune
HaIpPsSOKEHHOCTH AJIEKTPUYECKOTO TIOJISI CTaBAT CEPhE3HBbIE HAYUYHO-TEXHHUUYECKHE
po0JIeMbl C TOYKH 3peHUsI 00ECTIEUeHUSI BLICOKOTO pecypcapaboThl kadene. ITu
MpOOJIEMBI YCIEIIHO PEIICHBI ISl ABYX BUAOB JJIEKTPUUECKOW M3OJISILIMK KaOemeil:
OYMa)KHO-TIPONTUTAaHHOM, paloTaromeid MojJ HU30BITOYHBIM JIaBJICHHEM Macja
(macnonanosnnenubie kabemun — MHK) w w3 cmmroro I1D ¢ nmpuMeHeHneM
COOTBETCTBYIOIINX TEXHOJIOTH, 00ECIEUNBaAIOIINX YUCTOTY U TpeOyeMoe KauecTBO
U30JISLUH.

B xoHcTpykuusx u TtexHosnorun wusrotosiieHus MHK npunarsr mepsl s
oOecnieueHrs HAAEKHOM pabOThl M3OJALMKA TPU BBICOKMX HAMPSKEHHOCTIX
AIEKTPUUECKOTO TOJIS:

o UM30JAIUA KaOels B MPOIECCE IKCIUTyaTallii HaXOAUTCS 0T
MOCTOSTHHBIM M30BITOYHBIM JIABJICHUEM H3OJISIIMOHHOTO Maca JJist
IPENOTBPALIEHNS YACTUYHBIX Pa3psI0B B CTPYKTYPE U30JIALINY;

¢ TEXHOJIOTHS U3TOTOBJICHUS KaOess mpeaycMaTpuBaeT TIIATEIbHYIO
TEPMOBAKYYMHYI0 00paObOTKYy M3OJISIMH U Macia sl 00ecTieueHus
MHUHHUMAJIbHBIX TUAJIEKTPUYECKHUX ITOTEPh B U3OJISIUN, KOTOPBIE
OTIPEJIEIISIOT BBICOKUN pecypc paboThl KaOesl.

Ha puc. 10.5 npusenena kouctpykuuss MHK Huzkoro nasnenus, a Ha puc. 10.6 —
MHK BbICOKOTO 1aBJ€HUS B CTAIBHOU TpyOe.
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Puc.10.5. KoHCTpyKIust MacIOHANOIHEHHOTO Ka0essi HU3KOTO JIaBJICHUS Ha
Harnpsokenue 110 kB:

1 — xaHaJs 115 MUPKYJSIUUK Macia; 2 — ZoOpa3Hble TPOBOJIOKH TOKOTIPOBOISIIICH
YKUJIbI; 3 — CETMEHTHBIE ITPOBOJIOKH KUJIbL, 4 — CIIOW U30JISIUU U3 YILIOTHEHHOU
OyMmary; 5 - cJoi U30JILHUH U3 HEYTIJIOTHEHHOU Oymaru; 6 — 3KpaH U3
AIEKTPONPOBOISIIICH OyMaru; 7 — CBUHIIOBasi 000JI04Ka; 8 — YIJIOTHSIOIINE
JIEHTHI; 9 — 3aIIUTHBIE TOKPOBBI
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Puc.10.6. KoHcTpyKIHsi MAaCJIOHANIOJIHEHHOTO Ka0elisi BRICOKOTO JaBJICHUS B
CTaJbHOM TpyOe:

1 — 6ymakHast U30JISIIIUS IPOMTUTAHHASI MAcCJIoM; 2 — cTajlbHas TpyOa; 3 — sKpaH u3
MEJIHOM JIEHTBI; 4 — MeHAasl MPOBOJIOKA CKOJIBKEHUS; 5 — TOKOMPOBOISIIAS KUJIA;
6 — aHTUKOPPO3UOHHOE MTOKPHITHE

KabGenu BbicOKOTO HampsikeHusi co cuuToi [1D-uzonsuei UMEIOT Psij BaXKHBIX
MPEUMYLIECTB B DKCIUTyaTaluu 1o cpaBHeHuo ¢ MHK:

HE TPeOYIOT CHCTEM MOJAMMTKUA MAacjJOM M CUTHAJIHM3allUU JABJICHHS, YTO
CHUKACT TPYHOEMKOCTh OOCIYXKMBAaHUS M KamuTaJlbHbBIE 3aTpaTbl Ha
COOpYX’eHHE KaOeIbHBIX JTMHUIA;

MO3BOJISIIOT  OCYIIECTBIISITh MPOKIAAKy 0€3 OrpaHMuYeHUs pa3HOCTen
YPOBHEM Ha Tpacce;

CHUKAIOT TPYAOEMKOCTh MOHTAXHBIX pa0OT IPU COOPYKEHUH KaOETbHBIX
JIMHUU;

9KOJIOTHYECKH Oe30mMacHbl (OTCYTCTBYET yTeuka Macjia B TPYHT, 4YTO
HaOmogaeTcs npu skcruryatanuu MHK);

UMEIOT MOBBIIICHHYIO HAarpy304HYI0 CIIOCOOHOCTh M CTOMKOCTH K TOKaM
KOPOTKOT'O 3aMBIKaHU 3a CYET O0JIee BBICOKON TETNIOCTONKOCTH U30ISIINH
u3 cuutoro [19 no cpaBHEHUIO ¢ MPONUTAHHONW OyMarou.

Hanpsx€HHOCTH AJIEKTPUUECKOTO TOJIS B TIACTMACCOBOM M3OJISAIINKM HAXOJIUTCS Ha
YpOBHE HAMPSHKEHHOCTH B OyMa)KHO-TIPOTTUTAHHOM M30JISIIIAKA U COCTABJISAET OT 610
15 kB/MM B 3aBUCMMOCTH OT HOMHHAJILHOTO HampsbkeHus kadenei. Tumosas
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KOHCTPYKIUSI KaOessi BBICOKOTO HANpsDKEHUs ¢ u3oysuued u3 cmmroro 119
noka3ana Ha puc. 10.7.

8 7 6 5 4 3 2 /

Puc. 10.7. KoHCTpyKIHs CHIIOBOTO Ka0essi BRICOKOTO HAMPSKEHUS ¢ U30JISIUEH U3
cumroro I19:

1 — TokomnpoBoIAIIAs KHUIA; 2 — IKPAH 110 TOKOTPOBOSIIEH KUJIe; 3 — U30JISIIHS;
4 — sKpaH 1o U30JIALMHY; 5 ,7 — BOJOHA0yXaroIast JIEHTa; 6 — MPOBOJIOYHBIN IKPaH;
8 — Hapy»xHast 000J1049Ka

HecmoTtpst Ha Bce mocTomHCTBa KaOeseil mepeMeHHOTr0 HampsHKeHUsl, UMEETCsl TI0
KpaitHel Mepe oJiHa 0071acTh, I/I€ UX UCIOJIb30BaHUE MPAKTUYECKU HEBO3MOXKHO, a
MMEHHO — Mepeiada dJIEKTPOIHEPTUHN Ha OOJIBIINE PACCTOSIHUS. 3apsiAHbIA TOK |,
(TOK yTeykH 4Yepe3 M3O0JISIUI0 Kalbelis) YMEHbBIIAeT Mepe/laBaeMyl0 MOIIHOCT,
npu4éM 3HaueHue |;, a 3HaYUT, ¥ 0OTOMPaeMON MOIITHOCTH MPOTIOPITMOHAIIBHO JIJTUHE
| kabeapHOMN TMHUM:

I3=U C,l (10.1.)

rae U — dasHoe HanpspkeHue; o — yriioBas yactota; Co — ayekTpuueckas
€MKOCTh (ha3bl KaOess Ha EUHUILY JJTHHBI.

[To mocTvkEeHUM HEKOTOPOM, TAaK HA3bIBAEMOW KPUTHUYECKOM IJIMHBI |Kp TOK |4
OKa)KETCsl paBHBIM JIOMTYCTUMOMY TOKY Harpy3ku Ha Ka0elib, 4TO cliefiaeTnepenady
JHEPruM HEBO3MOXKHOH. 3HaueHHs |, OPHEHTHPOBOYHO COCTaBJISIOT HECKOIBKO
JIECATKOB KUJIOMETPOB.

Jlns kabenelt moctossHHOTO ToKa |, = 0, 4To U AenaeT UX MPUBJICKATSIHFHBIM U 9YaCTO
€IMHCTBEHHO BO3MOKHBIM TEXHUYECKUM PEIICHUEM I MEPEJadyl dHEPTrUM Ha
OOJIBIIINE PACCTOSIHUS, B TIEPBYIO OUYEPEabh — IMPU MEPECEUSHUN OOJIBIIINX BOTHBIX
npoctpaHcTB. Ha cerogHsmHuil O€Hb E€OUHCTBEHHOM  M30JALMEN, YCIEIIHO
MPUMEHSIEMOMN JUIsl JaHHBIX U3JCIHM, SBISETCS TPaJAUIIMOHHAs, T.€. OyMakHas,
MPONHUTAHHAs BSA3KMM COCTABOM MJIM MAacjJOM ToJ JAaBlicHueM. llomnbiTku
UCIIOJIb30BaTh I Kabesiel MOCTOSSHHOTO TOKA MJIAaCTMACCOBYIO M3OJISILIMIO 10 CHX
nop ycrnemHbsIMU He ObutM. [lpuumHa 3akiro4aeTcs B TOM, YTO TIPH JACHCTBUH
IIOCTOSTHHOTO HAIPSOKEHHWS HA IUIACTMACCOBYIO M3OJSIIUIO B TOCIEIHEW TOJ
JeHUCTBUEM OOBEMHBIX 3apsaa0B (GOPMHUPYETCS KpaitHe
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HEOJIaronpusaTHOE pachpelesieHue aJeKTpuueckoro mojsi.  HampsikéHHoCcTH
OKa3bIBAIOTCS HACTOJILKO OOJIBIIUMH, YTO JaXKe MPU YMEPEHHBIX 3HAUYCHUSIX
HaIpsSOKEHUH B H30JILHMHM OBICTPO PA3BUBAETCSA JJIEKTPUYECKH MpoOOoH, T.e.
AJEKTpUYECKass MPOYHOCTh IJJACTMACCOBOM  M3OJISIIMM  TPU  HOCTOSITHHOM
HaIpPsKEHUH OKa3bIBAETCS HU3KOM.

JlnutenbHO JonmycTuMble pabodyne Hanps>KEHHOCTH DJIEKTPUYECKOrO TOJIS IS
Ka0esell MOCTOSIHHOTO TOKAa 3HAYMTENIbHO BBIIIE, YeM JIJIsl Kabesel mepeMeHHOro
ToKa, U coctaBisitoT 30 kB/MM miist kabeneit ¢ Bsa3koi nponutkoit u 40 kB/Mm mist
MHK. ITomumo (akTU4ecKoro OTCYTCTBUSI OIpAaHMYEHUN MO JJMHE TMepeaadyu
Ka0eau MOCTOSHHOTO TOKa HMMEIOT ILEJNbI psAJl IPEUMMYIIECTB MO CPAaBHEHUIO C
Ka0ensiMU MEPEMEHHOI0 TOKa. DTO OoJiee BBICOKAsT HAIAEKHOCTh, O0YCIIOBICHHAS
OTCYTCTBUEM HEKOTOPhIX MEXaHM3MOB CTapeHusi, MPUCYIIUX H3OJISIHH,
paboTaroiieid Nnpu TMEPEeMEHHOM HAMPSHKEHUH, BO3MOXKHOCTH peBEpca IOTOKA
MOIITHOCTH U TEpPENauyd OYEHb OOJIBIIUX MOIIHOCTEH. YKa3aHHbIE MPEUMYIIECTBA
BeChMa CYIIECTBeHHbI s  Poccuu, KoTopass OTAMYaeTcs  OOJIBIIMMU
MPOCTPAHCTBAMH, 3HAUYUTEILHOW HEPABHOMEPHOCTBIO pa3MEIIEHUs] ICTOUHUKOB U
MOTPEOUTENEH AIEKTPOIHEPTHH, & TAKKE OOTBIITUM IKCIIOPTOM 3Heprun. HecMotpst
Ha BCE I[IEPEUYUCIICHHbIE MPEUMYIIECTBA, IIUPOKOE MPUMEHEHUE TNEpeaadu
MOCTOSIHHOTO TOKa CIIEPKUBAETCA TeM (PaKTOpoM, UTO ceilyac MPOU3BOJICTBO U
NPUMEHEHUE DJIEKTPOAHEPTUM OCHOBAaHO Ha CHUCTEMax H  00OpYyJAOBaHHUU
NEePEeMEHHOT0 HanpsbKeHHs. IT0 TpeOyeT ocHamenus: kaxaout JIDII mocTossHHOTO
TOKa TIpeo0pa3oBaTENbHOM U UHBEPTOPHON MOACTAHIIMSIMU,YTO PE3KO YIOPOKAET
nepenauy. [loaToMy kabGenu MOCTOSIHHOTO TOKAUCTIOIB3YIOTCS MPAKTUYECKH JIHUIIIb
TaM, T71e 0e3 HUX Hellb3sl 000OUTHCH, B TIEPBYIO Ouepelb B TeX ciayuasx, koraa JIDII
JIOJDKHA TIEpeceKaTh OOJIbIINE BOJIHBIC TPOCTPAHCTBA.

10.5. ApmaTypa cH/10BBIX Kadeei

B Hacrosimiee BpeMs B 3HEprocucreMax NpUMEHSIOTCS pa3InYHbIE BHJIbI KaOEIbHOM
apMmatypbl. 13 HuX HambOosee M3BECTHBI KOHIIEBbIE M COEIUHUTENbHBIE MY(THI,
PA3HOBHUJIHOCTSIMU KOTOPBIX JUISI KOHUEBBIX MY(T SBISIOTCS MY(Thl KaOEIbHBIX
BBOJIOB, @ JJII COCAMHUTENIbHBIX MY(PT — IMEpPEXOHbIE M CTOMOPHbIE MY(THI.
OcHOBHBIE KOHCTpYKUMH My()T mnpuBeaeHsl B Tabdba. 10.2. MuorooOpasue
KOHCTPYKTUBHBIX (DOpM apMmaTypbl U OCOOCHHOCTEW €€ MOHTa)xa ONpEHeNsoTCs
TUNIAaMU KaOemeH, NIl KOTOPhIX OHAa MCIOIb3YETCS M YCIOBHUSMHU SKCILTyaTalUH.
KoHcrpykuus coeguHuTenbHOU My(dThl Ui kabenei Ha Hanpsbkenue 110 kB ¢
n3osinuet u3 cumroro 119 npusenaena Ha puc. 10.8, a KOHCTPYKIHS KOHUEBOU
MybThI 17151 kabens Ha HanpspkeHue 500 kB ¢ mponuranHol OyMakHON M30JsAIIUEH
- Ha puc. 10.9.

OcHoBHbBIC THIIBI Ka0€JIbLHOH apMaTypbl

OCHOBHEBIE

Texnomo-
Tabmuma 10.2 JKCILUTyaTa-
.| Ob6nactb KoHncTpykTus- THYECKUE [Tpumeuanu
Bup xabenpHOMI AOHHEIE
MIPUMCHCHHUS HBIE DJIEMEHTEI | OCOOEHHOCTH e
apMaTypsl XapaKTEPUCTHK
MOHTAaXa

n
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Konnenbie Hnst Paboune dapdopoBbrit Hamortka u3 B Poccun
mydTel (KM) | coenuuenus | HanmpspKeHUs H30JITOD, PYJIOHOB WJIH | MOTYT OBITh
kabems ¢ (1,6, 10,110,220, 3amonHeHHBIA JICHT, U3TOTOBJIEH
HIIEMEHTaMH 500 B; W30JIALMOHHON | TIPECCOBaHHBIE | BI I BCEX
JIDII KJIMMAaTH4YECKOe| KHIKOCTBIO, COETUHEHUSI BHUIOB
ucnonHenue Y| ycunuBaromias JKHJIBI U KaOenei
u XJI (ot -60° W30JISIIHS, HAaKOHCYHUKA,
10 + 40°C) |TOKOBBIii BHIBOJI| BAKYYMHUPOBaHHE
KabGenbubie Hns B snerazoBoe Mertannu- Hamortka u3 B
BBOJIbI B 3akpeiToro |PY Ha pabGouee | ueckuii KOKyX,| PYJOHOB W/WIM | HAacTOsALICE
9JIeTa30BbI€ | COCAMHEHUS | HAIpPSKEHUE | SMOKCHUJIHBIN JICHT, BpeMs JIst
pacrpenenu- kabemsi ¢ | xkabenei 110 u WJIn npeccoBaHHble | Kabeneil ¢
TEJIbHbIE HIMHON 220 xB, dapdoposrit COEIMHEHUS 1acT-
YCTPOMCTBA | BJIEra30BOrO (KIMMAaTUYECKOe| HU30JSATOP, [KUJIBI M HAKOHEY-| MacCOBOU
(PY)u PY wmm  [ucnonmenue VY| 3amoHEHHBIN HHUKA, HU30JISIIIUCH B
Tpancopmarop| OOMOTKOH [HO Mpu TemIe- U30JAIMUOHHOM | BakyymupoBanue| Poccun
BI TpaHchop- [paType He HUXKE| KUAKOCTHIO, | M BYJIKAHHU3AIUS | MOI'YT OBITh
Maropa -25°C, B YCWIMBAIOWIAS | HW3OJISILIUK JIJIs1 HU3TOTOB-
TpaHchop- W30JIS1IMs, |BBOJIOB KaOeJeH ¢|JIEHbI BBOJBI
MAaToOpbl HA  |TOKOBBIM BBIBOJ| IUIACTMACCOBOW | TOJIBKO Ha
pabouee WJIM TOKOBAs M30JISIIMEeH  [HampspkeHue
HallpsDKEHUE IepeMbluKa 110 xB
110,220 u 500
kB
Coeaunu- s Pa6oune Merannu- [IpeccoBanHbIe, B
TeNbHBIE My(PTHI| COETUHEHUS | HAMPSOHKEHHs | YeCKUU KOXKYX [ CBapHbIe UM | HACTOsLIEE
(CM) ornensHbIX | 1,6, 10,110, |wmm repmoyca- nasiHble BpeMsI JUIs
ctpoutensubl| 220, 500 kB, JKABaeMasl  |coeqUHEHH Kuil,| Kaberei ¢
X JUIUH YCTaHOBKA B TpyOKa, HaMOTKa U3 acT-
kaOerneii 3eMJie WM | YCUJIMBAIOIIAs | PYJIOHOB WIIH MaccoBOM
MO/I3€MHBIX W30JISLIUS, JICHT, BAKYyMH- | U30JIALUEN
COOPYKEHUSIX |COEOUHUTEIbHA|  POBAHUE U CMB
npu sI TUJIb3a BYJIKAaHU3aIUA Poccun
TeMIlepaType M3OJISIIMM JUIST | MOTYT OBITh
OKpYXaromen CM kabeneii ¢ | H3roToB-
cpensl -10°C MJ1aCTMAacCOBOM JICHBI
A30AIIHEH TOJIBKO Ha
HanpsDKEHUE
110 kB
Cronopsble u Jlst Pabouee Merannu- Hamotka u3 IIepexoaubl
MepexXoHbIe | COSAMHEHUS | HAIpsDKEHUE |9EeCKUU KOXKYX,| PYJIOHOB W/Uiu | € My(dThI
My(TBI IBYX 110 kB, AIOKCHUIHBIN JIEHT, HIMPOKO
kabenel, B [KIIMMaTHYECKOE|  H30JISITOP, MIPECCOBAHHBIC |MCIOJIB3YIOT
TOM YHCJI€ C | UCHOJHEHUE | YCWJIMBAIOWIAS [ COEAMHEHUS cs IIpu
paszHoit VXIJI 3 npu H30JISIHA, HAKOHEYHUKOB, | PEKOHCT-
M30JISILUEH U | Temmeparype TOKOBBIE BYJIKAHH3AIUS PYKIIUHU
c OKpY>KaroIIen BBIBO/IBI, W30JISIUN U | KaOeTbHBIX
pasnenenueM | cpensi -10°C | snekTponsl, |kabeneit ¢ minact-| auHMA 110
KUJIKUX peryJmpyonme MaccoBOM KB BT.
H30JIS1U- HaIpsOKEHHOCTB|  U30JIALIUEH, Mocxkse
OHHBIX CPE]I, AIIEKTPUYECKOT | BAKYYMUPOBAHHUE
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Puc. 10.8. KoHcTpyKuHs cOequHUTENBHON MY(ThI 1J1s1 KaOessl ¢ U30MsIue u3
CIIUTOTO MONMATHUIICHA Ha HanpshkeHune 110 xB:

1 — o0omnouka kabens; 2 - TepMETHK; 3- BOCCTAaHABIUBAEMBIN dKpaH; 4 —
MeTaJuIMuecKasi BOCCTaHaBIMBAEMas CETKa; 5 — 3JIEKTPOU3OISILIMOHHAS JIEHTA; 6 —
TEepMOYyCcaKuBaeMasi TpyoOka; 7 — 3KpaH Kabeis; 8§ — 5KpaH COeAUHUTEIbHON
MyQThI; 9 — U30JISIHS COCTUHUTETLHON My(ThI

6265

T

Puc. 10.9. KorcTpykiust KOHIIEBOM My(THI JIsl MAaCJIOHATIOJITHEHHOTO Kabess
Ha Hanpspkerue 500 kB:
1 — sKkpan; 2 — U30JIATOP U3 BEICOKOTPOYHOTO (papdopa; 3 — MPOMEKyTOUHbBIE
AKpaHbl; 4 — ONOpHAas MJIUTA

HeoOxonumocTh BBIBOJIA JKWJIBI W3 KaOeysl JUisl TPUCOEAUHEHUS] K TOKOBOMY
HAKOHEYHUKY B KOHIIEBOM My(]Te WM IJIs COEIMHEHMS KU B COCTUHUTEIHHOU
My(pTe NMPUBOJUT K HEOTHOPOJAHOCTHU JIEKTPUUYECKOTO TOJIA B U3OJISIIUU MY(ThI U
MOSIBJICHUIO TPOJOJIbHON COCTaBIISIONICH HANMPSHKEHHOCTU JIEKTPUUYECKOTO TOJIS.
[ToaTOMY B JOTIOTHUTENBHOM (YCHIIMBAIOLIEH ) U30JSIMN TPUMEHSIOTCS pa3IMuHbIe
CIOCOOBI MPUHYAUTEIBHOTO PETYIUPOBAHUS JIEKTPUUECKOTO MOJIS,
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O6€CH€‘-II/IBaIOHII/Ie HCO6XOI[PIMI)II>1 YPOBCHb Hal'IprKéHHOCTI/I QJICKTPUYCCKOT'O I10JIA
B U30JII0UH.

¢ C IIOMOILBIO HAPY>KHBIX U BHYTPEHHUX SKPAHOB U 3JIEKTPOOB;

e C IIOMOIIbIO KOHJIEHCATOPHBIX OOKJIAaI0K WJIM KOHJEHCATOPHBIX AJIEMEHTOB.
[ToTpebutenu Mo 3KOHOMUYECKUM HJIM IPYTUM COOOpaKEHUSIM HE BCEIZla UMEIOT
BO3MOXKHOCTb OBICTPOMl M TMOJHOM 3aMEHbl BCEM JUIMHBI CYLIECTBYIOIINX
KaOeJbHBIX JIMHUI Ha OCHOBE MAcCJIOHAIIOJHEHHOTO KaOessi Ha COBPEMEHHBIE
kabenu ¢ uzonsuueil u3 cumroro I19. IlosToMy sHEprocucTeMsl 3a4acTyro
BBIHYKICHBI MEHATh MACJIOHAMOHEHHBIN Ka0elb M0 y4acTKaM (110 CTPOUTEILHBIM
nMHaM). B 3Tol CBSI3W BO3HMKAET 3a/adya COEAMHEHUs Kabeseil ¢ pa3HOPOIHOU
ANEKTPUYECKOM  M30JSIOMEH, KOTOpas  pelmaercs IMyTEM  HCIOJb30BaHUS
COEIMHUTEIBHBIX MEPEXOIHBIX MY(T.

10.6. ITIpoBoaa aJisi BO3AYIIHBIX JJUHUI dJIeKTPONiepeaaun

JIist  BO3NYIIHBIX JMHUW dJEeKTponepenayn Ha Hampsibkenue 35—1150 xB
IPUMEHSIOTCS. HEU30JIMPOBAHHBIE ATIOMHUHHUEBBIE M CTAJCATIOMHUHEBBIE MPOBOJA.
OCHOBHBIE KOHCTPYKIIUH 3TUX MPOBOAOB MoKa3aHbl HA puc. 10.10. AnroMuHueBbIE
U CTAJCATIOMHHEBBIE TPOBOJA SBISAIOTCA MHOIONPOBOJOYHBIMM, IPUYEM
AJTIOMUHHUEBBIE IIPOBOJIOKU  ONPEHCISAIOT  JJIEKTPUYECKUE  XapaKTEPUCTUKHU
MPOBOJIA, a CTAJIBHOM CEPACUYHUK O0OECTeUnBACT MEXAaHUYECKUE XAPAKTEPUCTUKH.
MHOronpoBOJIOYHBIN CEPACYHUK COCTOUT U3 CTAJIBHBIX OLIMHKOBAHHBIX ITPOBOJIOK U
ITOKPBIBAETCS CII0EM HEUTPAIBHON CMa3KH.

Daznpie NpoBoJia l'[xnmmunml,lc TPOCH

Puc. 10.10. KoHCTpyKIIMM YIIPOUHEHHBIX CTaJCaTIOMUHEBBIX MPOBOAOB Auist JIDII:
K, — oTHOIIEHHE CeYEeHUM alTFOMUHUS U CTalld: | — CTaIbHOM CEepJICUHUK; 2 —
AJFOMUHHEBBIA CEPICUHUK

Yem Oosbliie HApYKHBIM AMAMETp MPOBOJA, TEM BBIIIE MOTEPU HA KOPOHHBIN
paspsan. llosromy nns HanpspkeHud, npesslmarommx 220 kB, mpuxomgurcs
BbIOMpaTh MpoBOJAa OOJIBLIETO CEYEHHUS] MO CPAaBHEHHUIO C ONTHMAJbHBIM, YTO
HECKOJIBKO YXYJIIAeT dKOHOMHUeckue mnokaszarenu JIDIIL. JIns yMeHblIeHHs
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oTeph MpH nepeaaue dekrposnepruu B JIDII 00b14HO Hcnoib3yeTcspacienieHue
¢a3, KOTOpoe HE CBSI3aHO C U3MEHEHUEM KOHCTPYKIIHH IMPOBOIOB.

IIpu BO3aEHCTBUM arpecCUBHOM aTtMoc(epbl WU aTMOC(eEpbl C IMOBBILIEHHOU
BJIQKHOCTBIO ~ BO3MOXKHA  MHTCHCHBHasi  KOpPpO3us  QJIOMHUHUEBBIX U
CTaJICATIOMUHEBBIX MPOBOJIOB, YTO MPUBOIUT K BbIXoay u3 ctpos JIOII 3a 4—8
net. IlosToMy 17 MOBBIIEHUS CpPOKa CIYKOBI MPOBOJOB B TaKHUX YCIOBUAX
AKCIUTyaTalliM Ha IIOBEPXHOCTh CTAJbHOTO CEpJCYHMKAa M 10 IIOBHBaM
QIIOMUHHEBOW MPOBOJIOKM HAHOCUTCSA CIIeLMajIbHasl 3allUTHAsl cMa3Ka, OOBIYHO Ha
OCHOBE YIJIEpOAHBIX MarepuaioB. Kpome allOMUHUEBBIX U CTaJ€ATFOMUHEBBIX
1poBo10B B JIDIT ncnonb3yroTes TakKe NpOBOJa U3 CIUIABOB ATFOMUHHUSA, KOTOPBIE
MpU JOCTaTOYHO BBICOKOM 3JIEKTPUYECKOW MPOBOJMMOCTH HUMEIOT BBICOKHE
MEXaHUYECKNE XAPAKTEPUCTUKH, IMO3BOJSIONINE B PsJie CIUIABOB OTKA3aThCA OT
MPUMEHEHUS CTAJIBHOIO CEpJICYHUKA U YMEHBIIUTH MacCy MPOBOJIOB.
AmoMuHMEBBIE cIUIaBbl HA ocHOBE Al-M(Q-Si 1ocTaTo4HO MKUPOKO MPUMEHSIOTCS 32
pyOeKOM J17151 U3TOTOBIIEHUS TPOBOJOB i1 Bo3AyIHbIX JIDII. Xumuueckuit coctan
CIUIABOB M MX CBOMCTBA B CTAHJAPTaX Pa3HbIX CTPAH Pa3Iu4arOTCs HE3HAYUTEIIBHO.
3a 6a30BbI€ CIIaBbI IPUHUMAIOTCS 00BbIYHO ciuiaBbl 110 cranaapTy CLIA, numeromniue
g posoe ob6o3Hauenue 6101 u 6201. B oTeyecTBEHHOI MPAKTUKE UCTIONB3YIOTCS
POBOJIa M3 YIPOYHEHHOTO CIUIaBa cedeHHeM 1o 185 MM?aByX MOAM(UKAIMii:
OpOBOJa M3 HETEPMOOOpPaOOTaHHOrO CIUIaBa C€ TMOHW)XEHHBIM  YPOBHEM
IOPOYHOCTHBIX XapaKTEepPUCTUK W TPOBOJAAa U3 TEepMOOOpabOTaHHOrO CIjIaBa,
pa3pbIBHAsI POYHOCTH U AJEKTPUUYECKOE COMPOTUBIEHUE KOTOPBIX COOTBETCTBYIOT
TpeOOBaHMSIM cTaHfapTa MexayHapOoJIHON BJIEKTPOTEXHUYECKOH KOMUCCHUHU.
OnHako MpUMEHEHNE UX B OTEYECTBEHHOM NPAKTUKE OTPaHUYEHO. B TOXe Bpems
CpPaBHEHUE XApPAKTEPUCTUK CTAJCATIOMUHEBBIX MPOBOJAOB U TMPOBOJOB U3
AIIOMUHUEBOrO CIUIaBa CBUAETENIBCTBYET B TMOJb3Yy IMOCHENHUX. Tak, eciu
CpPaBHUBATH CTAJCATIOMUHEBBIE MPOBOJA C HOMUHAIBHBIM CEYEHUEM MOATIOMUHUIO
525 MM? ¥ 3aMEHSIOIIETO €ro aHajiora — IPOBOJA H3 yHPOYHEHHOTO
QJTIOMUHHUEBOTO CILIaBA CEYEHMEM 585 MM?, TO POBOJI U3 CILIABA ATFOMMHHMSA HUMEET
Mmaccy Ha 20 % MeHblIe, pa3pbiBHOE ycuieHHe Ha 18 % Bblle MANEKTPUUYECKOE
conpotuBieHue Ha 5 % wnwmxe. [lpum sTOM sKOHOMHUYEecKas S(PPEKTUBHOCTH
JOCTUraeTcs 3a CUET YBEIUYEHHS JUIMHBI IPOJETOB HYMEHBUIEHUS KOJUYECTBA
onop Ha JIDIL.
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Puc.10.11. KoHCTpykuusi camMOHECylIero M30JaupoBaHHOro mnposoja s JIOII
HanpsbkeHueM 10 1 kB:

1 — ToKOTIPOBOIATIIIAS YKUJIA U3 ATFOMUHUEBOM MMPOBOJIOKH;, 2 — H3OJISIIHS U3 CIITUTOTO
MOJUATUIIEHA; 3 — W30JUPOBAHHBIA MPOBOJ OCBELICHUS; 4 — HyJieBash Hecyllas
KUJIA; U3 CIUIaBa aJlOMUHUS

Camonecymue nzonupoBanHele nposoja (CUII) npumensitorcs uisi BO3AYIIHBIX
pacnpeleITeNbHbIX CETe HU3KOTO U CPEIHEro  HaIpsDKEHHs — B3aMEH
HEU30JIMPOBAHHBIX AaTIOMUHUEBBIX W CTaJICaJJIOMUHEBBIX MPOBOAOB. baszoas
KOHCTPYKILIMSI TMPOBOJAa HA HHU3KOE HANpSHKEHHE: TMYYOK  CKPYUYCHHBIX
M30JIMPOBAHHBIX CBETOCTAOMIM3UPOBAHHBIM CIIUTHIM 1D (a3HBIX MPOBOTHUKOB C
HECYIIIUM HYJIEBBIM TPOBOJOM U TPOBOJOM MEHBILIErO CEUCHHUS ISl YIUYHOTO
ocBemiennss (puc. 10.11). Hecymmii HyneBoW NpPOBOJ BBIOJIHSACTCS W3
AIIOMUHKEBOrO ciiaBa Ha 0aze Al-MQ-Si ¢ pa3pbIBHOW MPOYHOCTBIO HA €AMHUILY
ceueHus He MeHee 295 MIla (nns cpaBHEHUsI — pa3pbIBHAS IPOYHOCTH ATFOMUHUS
okono 165 MIla). [IpoBoa noasemmBaercs Ha onopax JIDII. CUII Ha HanpsikeHus
10—20 kB umeeT TOKONPOBOIAIILYIO KUY U3 aTFOMUHUEBOTO CIIaBa U U30JISILIHIO
U3 CBETOCTA0MIN3UpOBaHHOTO cuutoro 1.
DKCIUTyaTallMOHHbIE MPEUMYILECTBA U30JIMPOBAHHBIX CAMOHECYIIUX MPOBOJOB IO
CPaBHEHHUIO C HEU30JIMPOBAHHBIMHU:
 IIOBBILICHHAS HAJAEXKHOCTD B DKCIUTYaTallMH 32 CUET 3HAYUTEIILHO
MEHbIIIEH BEPOSTHOCTH KOPOTKOTO 3aMbIKaHUs (ITPOBOIHUKH (a3
U30JIUPOBAHBbI);
¢ CTOMKOCTH K aTMOC(EPHBIM BO3JICHCTBUSIM (TOJIOIE, BETPOBBIC
Harpy3Ku);
¢ CHIDKEHME MHIYKTHUBHOI'O CONPOTUBIICHHUS B 3,5 pasa, 4To MO3BOJISIET
COKPAaTUTh IMOTEPH AMEKTPOIHEPTUH U YBEIIMUUBAET TOKH HATPY3KU;
e 3allUTa 3eJIEHBIX HacAXKIeHUN (He TpeOyeTCsl BEIPYOKH JIEPEBHEB U
KYCTApHHMKOB I10 TPacce MPOKJIIAIKH).

10.7. BoJIOKOHHO-ONITHYECKHE Ka0eu /il MOABeCKH Ha BO3XymHbIX JIIII

B nocnennue 10—15 net B MUpOBO#l MpaKTUKE HaYaIu MIMPOKO HCIOJIb30BATHCS
BOJIOKOHHO-OTITUYECKHE KAOEIH CBsI3U, KOTOPHIE IO CPAaBHEHUIO C
TPaJAUIIMOHHBIMU MEIHBIMA UMEIOT PSIJT TPEUMYIIECTB:
« BO3MOXXKHOCTH TIEpEAavH OTPOMHOT0 OTOKA MH(pOopMaIuu;
¢ BBICOKAS 3AIMIIEHHOCTh OT BHEIIHUX 3JICKTPOMArHUTHBIX MTOMEX;
¢ OKOHOMMS MEIY U JPYTUX MAaTepUAJIOB, TaK KaK OJMH BOJIOKOHHO-
ONTUYECKHI KaOelb 3aMEHSIEeT HECKOJIbKO MEIHBIX;
¢ MaJioe ocJiabJIeHHE MePe1aBaeMOro CUTHaJIa U HE3aBUCUMOCTD €r0 OT
4acTOThI B IIMPOKOM JIHAIIa30HE YacToT.
HaunbGonee mmpoko mpumeHsieMoe B KaOessX OJTHOMOJIOBOE ONTHYECKOE BOJIOKHO
(BOJIOKHO, TI0 KOTOPOMY MOXKET PACIpPOCTPAHITHCS TOJBKO OJWH  THII
AJIEKTPOMArHUTHOM BOJIHBI) UMEET cepAeHYHUK auamerpoMm 6—10 MM, mo
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KOTOPOMY B BHUJE Jiydya M pacnpocTpassercs curHai. OOonouka (Hapy>KHBIH
AuaMeTp 0ObIYHO 125 MKM) U CO3AaET TyUIlNe YCIOBUS OTPAXKEHUS Ha TPAHUIIE
CepIeYHUK—O00JI0YKa U 3al[MIIAeT OT H3Iy4YeHUs DSHepruu (IOTepb) B
OKpy>Karolee mpocTpancTBo. Eciau nmpu nepegade nHGpOpMaIMK MO EKTPUIESCKIM
KabensiM  CBSI3M  HEOOXOAMMO YCTAaHABIMBATh YCUJIMTENIM YEpe3 HECKOJBKO
KWJIOMETPOB, TO MpU Mepefadye CHUrHaja IO BOJOKOHHO-ONTHYECKUM KaOessiM
paccTosiHue Mexay ycuuTensiMu coctaisieT 120 kM u 6oiee. Maesucnonab3oBaHus
IIOJIBECHBIX BOJIOKOHHO-ONTHYECKUX KaOenei B JIDII Bo3HMKIIA B CBSI3U C TEM, UTO
JIDII ye CymecTBYIOT, UX XapaKTEPUCTHKUA U BO3MOKHOCTH XOPOILIO H3y4YECHBI,
OHU 001aJalT BBICOKOM Haa&XHOCThIO. [Ipoknanka e OTIENbHO BOJOKOHHO-
ONTUYECKUX Kabesnel 00XOAUTCS 3HAYUTENbHO JOPOXKE, B PsAE CIydaeB BOOOIIe
HEBO3MOJKHA, HAallpUMEp, B TOPHBIX palOHaX WIH JAPYTUX TPYAHOJOCTYITHBIX
Mectax. CoBpeMEHHbIE TOJIBECHBIE BOJOKOHHO-ONTHYECKUE KaOeIu B OCHOBHOM
pa3NeNA0TCs Ha CIEAYIOIUE TUITBI.

a) BCTPOEHHBIE B I'P0303aIUTHBIN Tpoc (B Poccum npunsara abopesuarypa OKI'T,
3a pyoexxom OPGW). KoncTpykiuu Takux kabenei mokazansl Ha puc. 10.12. B
MupoBoi npaktuke 80—90 % Bcex MOABECHBIX BOJIOKOHHO-ONTUYECKUX KaOeseH,
coBMmeniaemelx ¢ JIOII, BcTpanBaroTcs B IpO303alllMTHBIA Tpoc. B 1menTpe Tpoca
pacnoJiaraeTcsi MOAyJb, BHyTPH KOTOPOI'O M HaXOAATCS ONTHYECKHE BOJIOKHA. Kak
OpaBUJIO, MOAYJIb MPEACTABISAET COOOH IUIACTMACCOBYIO WM METATTMYECKYIO
TpyOKy. LleHTpanbHbIN 37€MEHT MOKET ObITh MHOIOMOAYJIbHBIM, T.€. HECKOJIBKO
MOJlyJIell CKPYYHMBAIOTCS BMeECTE, 00pa3ys IOBHB, OOBIYHO BOKPYT CHJIOBOTO
aneMeHTa. Bo Bcex Takux Kabensix moBepx TPYOKH C ONTHYECKHMMM BOJOKHAMH
PacrojIoKeHbl OJJUH WK JABa OBUBA METANIMYECKUX MPOBOJIOK, 00pa3yOIIUXTPOC.
[IpoBOJIOKKM MOTYT OBITH CTaJIbHBIC; CTalbHbIC, [JIAKUPOBAHHBIEC ATIOMUHUEM; U3
AIIOMUHHUEBOIO CILJIaBa; aJlOMUHKHEBBIE. B IBYXIOBMBHOM TpOCE BHEIIHUN MOBUB
COCTOUT U3 MPOBOJIOK MOBBIIIEHHON 3JIEKTPONPOBOJHOCTH, & BHYTPEHHUN — U3
IPOBOJIOK C BBICOKOM MEXaHMYECKOM MNPOYHOCTHIO. IIpOBONOKM BHYTpPEHHETO
MOBMBA, O00ECHEeUMBAIOUIME MEXAaHUYECKYI0 NPOYHOCTh TpPOCa, 3AUIUIIEHBI OT
BO3JICHCTBUS TIPU yJlapax MoJIHUK. Bo BHENIHEM MMOBUBE TeMIEpaTypa MpOBOJIOK B
3TOM CJy4yae IIOBBIIIAETCS, HO BHYTPEHHHW ITOBUB HE HCHBITBIBAET 3TUX
BO3JICUCTBUM M Kak Obl DJKpaHHpPYET OT HarpeBa OINTHYECKHE Moayiu. B
OJIHOTIOBUBHOM TPOCE COYETAIOTCS 00a TUIA MPOBOJIOK;

Puc. 10.12. Ka6enu OPGW pa3znuyHOoro KOHCTPYKTUBHOT'O UCIIOJTHEHUS:

1 — onTHyYecKkoe BOJOKHO; 2 — ONTUYECKUA MOAYJb; 3 — LEHTPaJbHBIA CUIOBOM
AJIEMEHT (CTEKJIOIIACTHUK); 4 — TUAPO(OOHBIN KOMITAYH/I; 5 — CKPEIUIAIOIIas JICHTA,;
6 — asroMUHUEBBIN TPOPUIMPOBAHHBIN CEPACUHUK; { — aTIOMUHHUEBAs
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TpyOka; 8 — TpyOka u3 HepxkaBewouied crtanu; 9 — crajgpHas IMPOBOJIOKA,
MIaKupoBaHHas amoMuauem; 10 — aroMuHAEBas IPOBOJIOKA

6) CaMOHECYIIIHE C TPOCOM WM NepudepuiiHbIM HeCcyluM 3iemMeHToM. OaHa u3
KOHCTPYKIIMH TaKUX CaMOHECYIIMX Kabenell — 3TO Tak Ha3bIBaeMbld KaOenb
BOCBMEPOYHOTO THUIIA, KOTJIa B IOMEpPEeYHOM ceueHuu (opma kabenst oOpasyer
udpy «8», a cepIeYHUK Kabels U CTAIbHON HECYIIHI TPOC 3aKII0YEHBI B OOIIYIO
MOJIMATUIICHOBYIO ~ 0005I0uKy. OnTuyeckas 4acTh  Kabens  (aKkTUUECKH
yIEPKUBACTCA 32 CUET CHUIIOBOTO AJIEMEHTA, B Kaue€CTBE KOTOPOTO UCIOIb3YIOTCA
MPYTOK U3 CTEKJOIUIACTUKA W BBICOKONPOYHBIE HUTH W3 apOMaTHYECKOIro
noiMaMuaa (TUma Kepiap). OTH KaOenu Kpemarcs C HOMOIIBI0 CHUPAIbHBIX
3aKMMOB, KOTOPBIE MIPEACTABIISIOT COOOW MPOBOJIOYHBIE CIUPAJIA, HABUBAEMBIE HA
Kabeb;

B) HaBMBaeMble Ha (pa3HbI PoBOJ JIMOO HA TPO303aLUTHBIN Tpoc (HaBUBHbIE). B
KauyecTBe MOJu(UKAIUU TakuX KaOelned MOXKHO paccMaTpHBaTh BOJIOKOHHO-
ONTHYECKHE KaOenu, MPUKPEIUISIEMbIE K IPO303aUUTHOMY TPOCY IIyTEM OOMOTKHU
JEHTOM WIM TIOCPEACTBOM  CHEHHMAIbHBIX  OaHJaxe. OTO  HauMeHee
pacnpocTpaHEHHBI BOJIOKOHHO-ONTUYECKUN Kabenb, XOTA BHEUIHE Hauboiiee
npoctoii. OcHOBHas mpoOjemMa TakuxX Kalenell — B3aMMHOE BIIMSHUE Kalens U
Tpoca (WM MpPOBOAA), Ha KOTOPBIM OH HaBUBaeTcs, mpu HarpeBe. Harpes mpu
KOPOTKHUX 3aMbIKaHUSIX MOXET ObITh BecbMa 3HauuTenbHbIM (200°C u 60mee), u 3a
CU€T pa3HOCTH KOA((OUIIMEHTOB TEMIIEPATYPHOTO pacIIMpEeHus HATsHKeHUE Kabems
Oynet ocnabeBath. ECTh U HEKOTOpBIE Apyrue npoodsiemMbl (TOJ0JEN, BO3ICUCTBUE
BUOpanii u T.0.). B 1e10oM COBEpIIEHHO OYEBUAHO, YTO HCIOJb30BAHUE
BOJIOKOHHO-ONTHYECKUX KalOenel B 3HeprocucTeMax OyJeT paclIupsThCs, Kak 3TO
CHEJIaHO U JIETAeTCs 3a PyOexKOoM.

10.8. Ceepxnposoosawue kabenu 01 nuHUil 1eKmponepeoasu — Kaobeau
o0yoyuiezo

WNness co3maHusi CBEpXNPOBOASIIMX KaOenew mjig mnepenayd 3iIeKTPOIHEPIHH
BO3HHMKJIa BCKOPE TOCJI€ OTKPBITUS SIBIEHUS cBepxmpoBoaumoctu B 1911 r. B
YIPOILEHHOM BUJE SIBJICHUE CBEPXIIPOBOJIMMOCTH B METAJUIAX MOYKHO IPEICTABUTh
cienyomuM obpazomM. Mexay 5SIEeKTpOHaMH KaK  MEXIy OJHOMMEHHO
3apsPKEHHBIMU YaCTULAMH JIEUCTBYIOT KYJIOHOBCKHE CHJIBI OTTAJIKMBaHUs. OIHAKO
IIPM CBEPXHHU3KHUX TEMIIEpaTypax g CBEPXIPOBOIALIMX MaTepHayoB (a 3To 27
YHUCTBIX METAJJIOB U OOJIBIIIOE KOJIMYECTBO CHEIMANBHBIX CIUIABOB M COEIMHEHUI)
XapakTep B3aWMOJICUCTBUSL IJIECKTPOHOB MEXIYy COOOW U C aTOMHOM peméTKoi
CYLIECTBEHHO BHUIOU3MEHsETCSI. B  pe3ynaprare CTaHOBUTCS BO3MOKHBIM
OPUTSITUBAHUE OJJIEKTPOHOB M OO0pa3oBaHHWE TAaK HA3bIBAEMBIX 3JIEKTPOHHBIX
(kynepoBckux) map. Bo3HMKHOBEHHME ASTUX Map, UX YBeJIUYeHHe, 00pa3oBaHUE
«KOHJICHCATa» DJIEKTPOHHBIX Map U 00BICHSAET MOsIBIEHUECBEepXnpoBoauMocTU. C
MOBBIILIEHUEM TEMIIEPaTyphl YacTh SJEKTPOHOB TEPMHUYECKHM BO30YXKIAETCs MU
IIEPEXOUT B OAMHOYHOE cocTosiHue. Ilpm HekoTopoW Tak  Ha3bIBAEMOM
KPUTUYECKOM TEMIIEpAType BCE BJIEKTPOHBI
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CTAHOBSITCSI HOPMAJIBHBIMM M COCTOSIHUE CBEPXIIPOBOAMMOCTH HcYe3aeT. To ke
MPOUCXOJUT U MPH MOBBIIICHUH HANPS)KEHHOCTH MarHUTHOTO noiisi. Kpurnueckue
TEMIIEpaTypbl CBEPXIPOBOIAIIMX CIJIABOB M COEAUHEHHWH, HCIIOIb3YEMBIX B
TexHuke, cocTaBisaoT 10°—18° K, 1.e. ot —263° 10 —255°C.

[lepBble TPOEKTHI, IKCHEPUMEHTAIbHBIE MOJEIM M OIBITHBIE OO0pa3lbl TaKUX
kabenei ObutH peanuzoBanbl Juinb B 70—80-e ronsr XX B. K 3TOMYy BpemeHu u3
BCEX BO3MOKHBIX BAPMAHTOB B0300J1a1a1a KOHIEIKS TOJIHOCTBI0 THOKOTO Kades
B THOKMX TOQPUPOBAHHBIX KpUOCTATHpyIOMUX oOonoukax. B kadectBe
CBEPXITPOBOJHUKA HCIIOJIb30BAINCH JICHTBI HAa OCHOBE HWHTEPMETAILNINYECKOTO
COEIMHEHUSI HUOOUS C OJIOBOM, OXJIAKJAEMBbIE KUJKUM T€ITUEM.

B 1986 r. 6pUI0 OTKPBITO SIBJIEHUE BLICOKOTEMIIEPATYPHOU CBEPXIIPOBOAMMOCTH, U
yke B Hauasie 1987 r. ObuIn Noy4yeHbl MPOBOJIHUKYU TAKOTO POJIA, MPEACTABISIOINE
co00Ol KepaMHuYeCKHEe MaTepuaibl, KpUTHUYECKas TeMIlepaTypa KOTOpbIX ObLia
nosbimieHa g0 90° K. IlpumepHslif cocTaB MHEpBOro BBICOKOTEMIIEPATYPHOTO
ceepxnpoBognuka YBayCusO7. ( <0,2). Takoii CBepXNPOBOJHUK IMPEICTABIIACT
co00l HEYNOPSAOYEHHYIO CUCTEMY MEJKUX KPUCTAILIOB, UMEIOLIUX pa3mep oT 1 1o
10 MKM, HaXOASAIIUXCS B CIA00M AJIEKTPUUECKOM KOHTAKTE APYT C APYTOM.
OTKpBITHE BBICOKOTEMIIEPATYPHBIX CBEPXITPOBOJHUKOB M MPOrpecc B 00MaCTH HX
pa3pabOTKU BO3POJWIA UHTEPEC K CO3JAHUIO CBEPXIIPOBOASAIINX KaOelel K Hayary
90-x rogoB XX B. B CIIIA, SInonuu u crpanax 3anagHoit EBponsr B1987—1990 rr.
ObUIM HayaThl U HA CEroJHS JIOCTAaTOYHO MPOJBUHYTHI PabOTHl MO CO3AAHUIO
CBEPXIPOBOASAIIMNX Kabenen Ha OCHOBE BBICOKOTEMIIEPATYPHBIX
CBEPXIIPOBOAHMKOB. Takue KalOeiau MNPUHIUMIHAIBHO OTIMYAlOTCI OT CBOUX
IIPEAIECTBEHHUKOB. JKUAKHUI a30T, IPUMEHSAEMBbIH 1T OXJIAKICHUS, Ha HECKOJIBKO
HOPSAKOB JIEUIEBJIE TeNus, a €ro 3amachl MpakTU4ecKu Oe3rpaHuyHbl. OYeHb
BAJKHBIM SIBJIIETCS. TO, YTO JKMJKHU a30T mpu padoumx nasienusax 0,8—1 Mlla
ABJISIETCSI MPEKPACHBIM JUAJIEKTPUKOM, MPEBOCXOMSIINM [0 CBOMM CBOWCTBaM
MPOMHUTOYHBIE COCTABbI, UCIIOIb3YEMbIE B TPAIULIMOHHBIX KaOEsIX.
TexHUKO-3KOHOMUYECKHE UCCJIEI0BAHUS MOKa3bIBAIOT, 4TO
BBICOKOTEMIIEPATYPHBIE CBEPXMPOBOAsIINE Kadenu OyayT Oonee 3DPpeKTHBHBIMU
[0 CPAaBHEHHUIO C APYIMMH BUJAMHU 3JIEKTpOINEepefadyd yx e NpH IepelaBacMoin
momHocth Oonee 0,4—0,6 B - A B 3aBUCHMOCTH OT peajbHOTO OOBEKTa
IIPUMEHEHUS.

BricokoTeMmiepatypHble CBEpXIPOBOASIIUE KaOenu mpernosiaraercs B OyaylieM
WCIIOJIb30BaTh B JHEPre€TUKE B KAyeCTBE TOKOIPOBOJOB HA 3JIEKTPOCTAHLUAX
MoIHOoCThIO cBbie 0,5 I'BT, a Takke ryOOKHUX BBOJIOB B METaroIMChl U KPyITHbIE
SHEPrOEMKHE KOMILIEKCHI.

EctecTBeHHO, 4YTO mNpW BHEAPEHUU CBEPXIPOBOASAIIMX Kabeyneld B MPaKTHUKY
HSHEPrOCUCTEM HEOOXOAMMO peajJbHO OLICHUBAaTh SKOHOMHUYECKHE aCIEKThl U
IPOBECTH KOMIUJIEKC paboT 1o oOecrneueHuto HaAE&KHOCTH Takux Kabened B
AKCIUTyaTaluu.



