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PACYET PAITHOHAJIBHBIX PEJKHMOB PABOTBI TSTOBBIX
IMOJACTAHITHH TOCTOAHHOI'O TOKA HA OCHOBE
IFEHETHYECKOTI'O AJITOPUTMA

Brenenmne

AXTyaneHas HayqRO-TeXHMYecKkas npoblieMa MOBMIICHHsS IHepreTudeckoil >pexTHBHOCTH cHCreM
3MCKTPOCHaGKCHNA KelnesHbx jopor (CX]) pemaercs Ha ocmose pa3paboTke B COBCPIMEHCTBOBAHNA METO-
ZIOB MONENHPOBAHAA DEKHMOB HX paboTEl,

Ha ocmone paspalioTaHHBIX OpHIHHANLHBIX TEXHOIOrHI Mozenuporanns [1] peanmsopan kommiexe Me-
TONOB H CPC/ICTB NOBLIIICHAL YHCPreTHYECKOH 3 EeKTHBHOCTH CHCTEM TSTOBOro 3MEKTPOocHabKEHAN; Tpe/Iio-
CHBI H anpoOMpOBAHKL ANTOPHTMBI KOHTPOJIA TOTeph SIEKTPOIHEPTHH, YIHTHIBAIOIIHE BEPOATHOCTHEIH Xapak-
Tep rpaHKa ABIKCHHS N0C3NO0B; pa3spaboTAHE! HOBBIE METOMNL MOHHTOPHHI'd TEXHWIECKOrO COCTOANMS, obec-
TICYHBAIOMHC NOBBIICHHE HATICAHOCTH BAKHEHIINX HTEMEHTOB TATOBOIO HEKTPOCHAGKEHTS,

Ipencrasnermie dyrkmin crouMocTn aekTpAYecKoi sHepruf [2] A 3agas onpeaenenns ONTHMATHHRIX
PEXHMOB IIPH OCYHIECTEICHAH TICPEBO30YHOTO NPOIiecea IIEKTPOTPAHCIIOPTOM HO3BOIMIIO HCCICOBATH COBME-
CTHO 3aJla¥H BHIOOpA BAPHAHTOB NIEPEBOA TATOBBIX IOACTARTHH Ha mudepermppoBanRkii Tapud onmNaTH
PACHETOB ONTHMAIILHBIX PEKHMOB BEICHHA NOC3I0B.

3amady onNTUMHE3AIME HATIPSKEHUH HA MONCTAHLIENX MOMKHO PeIaTh ¢ YIETOM JIMCKPETHON IPHPOIEL HX
PEryIHPOBOYHBIX MHOKECTB [3, 4]. M3MeneHHC BEIMYMHEI HAIPSKEHAS HA MIHEAX TMTOICTAHOHH NPCITOKEHO
OCYIECTBILATE C HOMOMIBIO MEPEKIMOIATENCH OTBCTBICHHIE CHITOBEIX TPaHC(HOPMATOPOB.

Bresiperine onroserx w muddepenunposannrx Tapudos Ha SHEPTOHOCHTENH TpebyeT nepecMoTpa NpHE-
LMI0B YOPaBICHHA 00OPY/IOBAHHEM CHCTEMBI BTEKTPOCHAGKeHHs, Perynuposka penMoB YBeIHIHBACT KOIH-
4CCTBO MEXAHHYECKHX NEPEKIIOUCHHE KOMMYTAaHONHOr0 060pYI0BAHNS, BIMMIOMIET0 HA HAXCKHOCTD HX pa-
6orvi. ToaToMy 3a1a9y NMOBBITEARS SKOHOMMYCCKOH M SHEPreTHIeckol 3QQexTHBHOCTH CHCTEMBI MCKTPO-
cHaGXeHIA HeOGXOMMO PacCMATPHBATE KOMIUICKCHO. :

TocTranoBka 3a0aum

Brauate Ba XapakTepucTHKH paboTH CHCTEMBI TAFOBOIG 3MEKTPOCHAOXERNA MOXHO nocpecTROM BEIGOpa
PAIHOHANLHON CXCMBI UTAHUA GHACPHOH 30K, PATHOHANLHOrO nepexosia Ha mapauienbHylo paboTy Tpamc-
(hopMaTOpOB H H3IMEHEHHS YPOBHA HANPIKEHMA Ha IIHHAX HOCTaHIIAA.
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PallHOHANBHEIC DEKUME GYHKUMOHER- .. .

POBAaHHA CHCTEM TATOBOTO MEKTpocHabkerHma | figsr
TIOCTOAHHOIO TOKa OyfeM ompeaensts ¢ yue- {7 ) A EE
TOM XapakKTepHCTHK Y94acTKa TATOBOH CeTH :
(puc. 1), B TOM YBCIE KOMHIECTRA NOACTAHIME
HA Y4acTKe; THIIA 0DOPYIOBAHAA [OACTARIIHIA
KOIHIECTBd Y3JI0B HA MEKIOACTAHIHOHHLIX
30HAX. )

VPOBCHE HATIPA/KCHHA HA [OHHAX OOT-
CTaHIIHH MOXHO ONPENCIVTE H3 BEIPAKEHHS
(ans cnywan ncnone3osanus PITH B xauccrre
PETYNHPORCGHHEIX YCTPOHCTB, A MONCTAHIIHIT
¢ ABOHHGH TpaHchopmanmei):

Ej =ugH (1)Hy(k), (1)

IIe ¥y — HanpmKeHHe XOIoCTOro XoJa TOM-
cranumn, H,(1) — xoadduument perynuposa-
HUA TACOBOro Tpascopmaropa (TT), momy-
YEHHBIH NpPH YCTAaHOBKE PEryISTOpa OTBETE-
neswi B monoxenne [; Hak) — xoobdmmuent G
PETYITHPOBaHHA NOHWKAIIIETG TpaHChOpMa- i 7 0 e o mms Nt A
Topa (IIT), nomyscrALN IpU ycTaHOBKE pery- Prc. 1. Cxema ynactka TaroBoit cety
IATOpa OTBETBICHUH B MONOKEHHE k;

By /A — 1y +1
By / BE =141

H(l)= (2)

e Epax — MAKCHMAILHOE NIEPBHTHOC HATIPOKCHAE HA TATOBOM TpaHchopMaTope; [p — monoxenme Tepelonoya-
TENs, COOTBETCTRYIOTES HANPSKCHHIO XOJIOCTOrO XOAA MOACTAHIMHE; / — HONOKEHHE TEPEKIIFOHaTeNA Ha TATO-
BOM TpanchopmaTope; 4E; — WAr peryiMpoBanus [0 HepBHIHOMY HaUpSKCHHIO Ha TATOBOM TpaHCcOpMaTope;

Ep e/ AEy iy +1
H-k )= 2 max 2 3
U= OB, kel )

T0e Ezygy — MAKCHMATBHOC IEPBHYHOS HANIPKCHHE HA MOHAKAIOIIEM TpaHchopMaTope; kp — HOIOKEHHE Hepe-
. KIIFOYATEeN%, COOTBETCTBYIOMEE HAIPSHKCHIIO XOOCTONO X0a NOACTAHIAH, k — NONOKEHHE TICPCKMIOTATENA Ha
TOHIDKAKONIEM TpaHcdopmMaTope; AE; — mar peryiMpoBaHHs 10 NEPBHIHOMY HANPSKCHHS HA TOHIKAIOMEM
TpaHCcHOpMaTope.

. Heneras GynKums 3auawy ONPENENCHES PAUHONATEHRX PEXAMOB CHCTEM TAFOBOTD ANEKTPOCHAOHCHHAL,
KOTOpad IPCACTABIACT CODOA CyMMY IIPHBEACHHBIX 3aTPaT, HMECT CHCAYIONHI BAN;

T N1 N
C=[E:Ce(rm)tm(z(APH+Anyi)+ZAPm)+}’_]~+mfr:,' (4)
m=1 i=1 i=l }

rae Ce(?) — TapudB Ha 31EKTPOSHEPTHIO, KOTOpad MOTpeOngeTcs Ha HepeB030YHEIR IIporece (OQHOCTABOYHLIC,
orrroesie, gaQdepeniupyemeie); 4Py TOTEPH MOIHOCTH B TATOBON CeTH i-i 30HE! He3 y9eTa YPABHHTCITHHBIX
TokOB; AP,; — IIOTEPH MOWHOCTH B TATOBOH CeTH i-} 30HEI, BEH3BARHEIC HEPABCHCTBOM 3IEKTPOIBRAYIITHX CHIT
(3AC) moacranumit; 4P; — noTepr MOIHOCTH B 06OPYAOBAHHH i~ TATOBOH MOACTAHIHK [5, 6]; Y —ymepb ot
CHIGKCHI HAJICKHOCTH TPAHCHOPMATOPOB M NIEPEKIOTAIONIHX YCTPOIcTB; T — MEPHOX BPEMCHH, 3a KOTOPOE
ONpPEIEIAOTCA 3ATPATEL _ '

YnpaBiieMbIMA TIAPAMETPAMH TIPH ONTHMU3AIAN (4) SBNMOTCH: KONMYECTBO OHOBPEMEHHO paboraro-
TIUX MOHINKAIONIAX H TATOBRIX TpaHCHOPMATOPOB Ha KaxkIol NOACTAHINAH, YPOBHN HaNpsKeHUH Ha ofopyLo-
BaHAH; CXEMBI MOAKIOYEHNA THHEHUH K y3iiaM.

Hennto paborsr smisercs paspaboTka u anpobaimas MeTolla ONPEENeHHs PErIaMCHTA TEPEKITOTCHHI
000pYAOBRHAA PHAEPHOrO YIACTKA ¢ MUHMMANBHEIME PACXOAAME Ha [IOTEPH INEKTPOIHEPTHH.
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IporpamMurIil KoMpaexc

Jl1s 1ax0MOCHUS PAUHOHANBHBIX PEHKHMOR (YHKUMOHAPOBAHHA CHCTEM TAIOBOTO 3JIEKTPOCHaO:KerHs
TIOCTOAHHOrO TOKA GBI pa3paGoTaB DporpaMMHLI KOMIIIERC, CTIPYKTYpHAS cXeMa KOTOpOTo NPHBELIcHA HA pHC. 2.

MognenHpoBaHHe HHTEHCHBHOCTH TIOTOKA [OC30B BENTONHSAETCS HA OCHOBC IUIOTHOCTH pacTipeNenenns
MEKIOC3AHEIX HHTepBanos |3, 4] W rpadiKkos uenomHeHHOro asmkerns [7 — 11].

TprHAMaercs fonylenne, 9To TOTOK T0E30B HA XETE3HONOPOKHOM TPARCIIOPTE ABNAETCH CTaLOHap~
HbIM OP/IHHADHEIM I0TOKOM OXHOPO)HLIX COOBITHH C OTpamMueHiLM nocneaelictanem [3]. CrammonaprocTs 1mo-
TOKA 33KIOYACTCA B TOM, ITO BEPOSTHOCTS NOMNANAHHA TON0 HIIH MHOTO YHCN2 COOLITHH Ha Y4aCTOK BPEMEHN IIpo-
AOCIXHTCILHOCTRIO f 3ABHCHT TONLKO OT NPOJOILKHTCALHOCTH Y4acTKa M HE 3aBHCHT OT TOI'O, I7I€ AMEHHO Ha OCH
BPEMEHM OH pacronoxeH. OpIHHAPHOCTE TOTOKA 3AKITIOYAETCS B TOM, UTO BEPOATHOCTE TIONANAHNAS HA DIEMEH-
TApFHbiii yIacTOK Af iByX Wi Gollee coORITHIT IPeHeOPEXIMO Mana 0 CPABHCLHIO C BEPOATHOCTRIO MOMAJAHHS
ONHOTO COOBITHA,

Torck panmonansheix 0 6
Tapupuranng B PCAHMOB CHCTCM TAFOUOTO T oot SRS
WCRTPOCHAGWCI S Y 5
F E 3
Pacuct noTeps B THroBodi ' Pucuer noTeps »
cerH obopy aosasul HOAC A
Moacanposamse gocImol
cuTyauun

Monpesiponsune yuacrse | §

. Dopynposanue HCH —

Puc. 2. CTpykTypHas cxema NPOrpaMMEOT0 KOMILIeKca

I'paduk mCHOMHEHHOrO JMBIKCHUA pa3OHBAETCH Ha MEKIOLCTAHIMOHHLIE 30HB ¥ paccMaTpHBAerc ¢
pa3bmekoif o Bpemenn (puc. 3).

s i:"' : L

Pac. 3. Ip

e

HMEp onpeie/icHHE HETEHCHBHOCTH OTOKA HOe3E0B

Hns kaxoH j-3 30HEI QUKCHpYeTCA BpeMs BXOJa i-Io TI0€3a f; B 30HY H BPEMA €10 BRIXOJA H3 30HH /7 B
nMpoMexkyTok Bpemenn k. Torza mms j- 30HEI B k-3 TPOMEXYTOK BpEMEHM MHTEHCHBHOCT: IIOTOKA TOE3NIOB

A ik Oyner uMeTs B
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i!

7»jk 32@2;’ —‘31")!{60. (5)

Ha npumepe (puc. 3) mns 3omm1 2 ¢ 5.00 go 6.00 konuuecTBo MOE30B B Yac AR YETHOTO HalpaBlIeHAs
A =05, mng HeyerHoro — A =0,65. '

A

Bup dyHxuan yenorHOH RHTCHCHBHOCTH IOTOKA NOS3/I0B NIPHBEEH Ha PHC. 4.
3 1 - il e, ot Set gt £

Pac. 4. Oﬁmnﬁ i].ll,}'[ (I)ynkl.l.n.l.i -j}c.um;.noﬁ HHTEHCHRHOCTH moToKka ﬁaeaﬁtm na yaaeTKe C—q
Meron pacuera COXI, paspaGorannrii B paGore[12], ZONONHCH PACIETHEIM GIIOKOM, TIO3BOIAIOMIAM
OMPEAEIHTS MOTEPH MOLHOCTH B 00OPY/OBAHAH TArOBEIX IONCTAHUMIE [6], co3mana MOnes HAREKHOCTH CHC-

TEMBI HICKTPOCHAGIKEHAA TATH TIOE3/{0B, KOTOpas IO3BONSET YIMTHIBATh HAJEGKHOCTH MEPEKTIOYAINIHK YoTI-
POICTB DA OCYIECTBICITHN PErYIHPOBARKAA DEAHMOB,

Mmpm.noncn PanHoOHAAPHEIX PeAKHMOB CHCTEM THTOROIO
IEKTPOCHAGKCHNR MOCTONHHOTO TOKa

Hns pemeHH 3ala%H PAMMOHAILHEX PCKHMOB (YHKIMONHPOBAHUA CHCTEM TATOBOI'O 3JIEKTPOCHAGH -
- HHA TIOCTOSHHOrO Toka 6511 BHIGPAH METOJ ¢ HCTONB30BAHAEM T'eHETHIECKOro anropaTMa [13].

_ Jln nawana pacderos HEOOXOIHMMO CMOJCIHPOBATEL YYaCTOK TATOBOI CETH (BECTH HH(OPMANHIO O KO-
YECTBE NMOACTABIMIA HA YYACTKE, HX HAYANBHLIC H KOHEYHBIC IHKCTHI, BRI 000pYAOBAHKS HA ITOCTAHITHIX,
9HCIIO IYTEH 1 Y3108 Ha 30HAX, CXEMBI MOJIKITIOUCHHA MyTel K y3iaM) i clopMHpOBATE HHGOPMAITHIO 0 MOe3-
Aax, JECKTPOBO3AX, NOHHKAIONIHNX H TANOBbIX TpaHC(HOPMATOPaX, BRIIPAMHTCILHEIX arPEraTax, ClIaKHBAIOIX
¢dunerpax. Jlna BeibpaAmoro yuactka onpenensercs KONMYECTBO MOACTAHIME, MEKITOACTAHIHOHHLIX 30H, &
TAKOKE KOIMIIECTBO Y3/I0B HA KAKJIOH MEKIIOCTAHITMORHOM 30HE H BO3MOXKHLIE YDOBHH HAITPSOKEHMH Ha obopy-
AOBaHAH nofcTaHmul. Ha ocHOBE NOMYYeHHEIX JAHHLIX PACCIMTRIBACTCA [ITHHA XPOMOCOM 0COBEH, ¢ KOTOpEI-
MH paboTaeT reReTHdeckuii aropaTM. B xpomocome ana KaxaoH MOACTAHUMA H MEKIIONCTAHIHONHON 30HE
OTBOJIHTCH OTIPEIEIICHHOE KOJIHYECTBO IeH (pHC. 5). '

OnpeneMBIKCE ¢ JUTHHOR XPOMOCOM, BRITOIHSETCS (hOpMHPOBAHHe HATANLHOH IOMYIAIAR. XPOMOCo-
MBI KaK/I0H 0COOH 3aN0MHAFOTES CIYIaiHeM 06paszoM.

~ Orbop, ouenxa u dopMupoBanue XpOMOCOM A MOCHEXYIONTHX TOKONCHHH TOMYIANUH BEIIONAACTCA

. CISXYIONIHM 00pazoM.
' W3 cymecrpyromeii nomyianum 1ge nanfonee MPHCIOCOGNEHHRIE 0COOH EPEHOCITCH B HOBYRO TIOMYIIA-
ko 663 wIMEHEHMN, 4To0bI He JOMYCTHTS MOTEPI0 MYUINX PEmieHHI BCIEACTBHE KPOCCHETOBEPA HIH MYTa-
wn. W3 ocramsueix ocobeli oTOHPAIOTCS POXMTENLCKHE TIaPH! UL HOPMHPORAHNA CIIEAYIOMIEro Tokonemis. K
orbopy RoIryckaroTes ocobu, KOTOpHE 1ie IPHEAMAIH YIaCTHs B Ipouecce $OpMHPOBAHIA NOBOTO TIORONEHAA.
H3 raxnx ocobeii orfuparorcs mo ape ocolH ¢ HamIydmel NPHCIOCOGAEHHOCTEIO | Jlajiee GOPMUPYIOTCH POTH-
TETRCKHE NaphLL. :

Ocobn ounenmBaloTes Mcpoii mpucnocodienHoctH (4).
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PrC. 5. (jﬁmuii BH[ XPOMOCOMEI

C 3aaHH0l BEPOATHOCTBIO POHCXONHT KPOCCHHTOBED — OOMEH TeHaMH MEXIY POIMTENLCKUMU Tapa-
mH. DA paspaboTaHHOTO reHeTHIECKOro aNrOpUTMa BBl BRIOPAH MEOrOTOIEdHENA KpoccHATOBED (pHcC, 6), s
KOTOporo crydaiiHo sEOHpacTca N Touek paspesa. Kaxuas HOACTARIAS M MEKIIOACTAHLIMOHHAS 30HA Npej-
CTAaBAIOTCA B XpOMOCOME OTIpe/IEeHHBIM KOJIHYecTBOM reHoB. J{nd Kawol moAcTauiHd M MERTIONCTARIIHO
HOH 30HEI BHIOHPAETCH CBOA TOYKA Pa3pe3a W MPOHCKOOHUT oOMeH reHaMu MeXHY IBYMS PONMICIBCKHMH 0CO-
Gsman.

Jns yeenpdeRna BapAaGenLHOCTH HONYIALHA ¢ Hexoropon BEPOSTHOCTRIO REIOMHASTCH MYTaluMs {M3-
MEHEHHE OJHOT( NeHa B XpOMOCOME OCO0H).

Pm: 6. ITpontecc xpoccnm'oncpa C ToUKaMH paspesa 4, 2, ...,

Kprreprem oxowdanma mpouecca (HOpMHPOBARHS HOBHIX MOKOJNEHAI TONYIIAIHKA NBIHETCH OTCYTCTRHE
YTyIUICHHAH B TeICHHE NATH HOKONEHHH MM NPEBHIIEHAS 33 ]aHHOTO KOJIMYECTBA MTepalniil (Kommiecrea dap-
MWPOBAHHA HOBBIX TIOKOICHHMIA).

PeayanTarst wecie 0B A

B pesymbTare paGoThl IpOrpaMMHOTO CPEICTBa PACCUHTHIBACTCS PEITIAMEHT TEPEKTIOUEHHA 0GopynoBa-
HUA NOJCTAHIMA M MEXIIOJICTAHIHOREEIX 30H, KOTOPEI 0GecTieduT CHIDKEHAE 3aTpaT Ha MOTEPH INEKTPOIHED-
I'AY B BRIGPAHAOM y9acTKe TATOBOH CCTH.

BRINOMHEHB HCCIENOBAHHA Hd TATOBOM ydacTke CHHenbHPKOBO-YarimHo IMpumaenpobekod xene3Hol
foporH. B pesynprare pacueros GhITO YCTAHOBICHO, YTO OpHEMERAEMad CXeMa TOKITIOUCHHAS TYTeH K y3uaM Ha
HCCTICAYEMOM YIACTXE ABJACTCA ONITHMANTEHON H €€ M3MEHEHHE MOXCT IPHBECTH K CHIDKEHHIO YPOBHS HACKHO-
CTH.

B xagectse npumepa B Tabn. 1 ¥ 2 MpHBEAEHE] PEKOMEHIAIMH K 1ICPEKIIOYERHIO TATOBKIX H IOHIDKAK-
WX TPAHCHOPMATOPOB, a TAKKES HANPAAKCHIH TOJCTai Ha HpoMexyTok BpemerH 14.00 — 15.00.
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W3MenenAe pernaMenTa NepekmocEnii oBopyioBaHyS NOACTAULAH MOSBONACT CHM3HTH PacxXombl Ha
SMEKTPOOHEPrHIO Ha 2,5%, Kak BHAHO Ha pHC. 7.

Tabnuua 1
PacvieTHEIC MOMITIOYERES TATOBLIX M NOHIAKAIONEX TPaRcd0pMaTOPOB
JelicTBy101Mce KOIHIECTRO PexoMennyemoe KOTHYECTRO
HoncTannus TOIKIHYEHHBIX TPaRCHOpMATOPOR HOIRIHYEHALIX TpauchopMaATOpoB
TAroBLIX Hosmxaomux Tarosnix - Hoamwaawmmx
I C1 ' 2 2 1
2 1 1 1 2
3 1 2 2 1
4 1 1 2 2
5 1 1 2 1
Tabmuna 2
YpoBHEH HanpsuReRni NoIcTANHH ;
Thiisicramni HelicTeylomuii yposens ~ PexomennyeMslii ypoBens
HAOpsCReHHd HoACTARTUIE, KB HANPAACHES MoXcTannui, KB
1 3,3 3,7
2 33 3,6
3 3.3 37
4 3.3 3,4
5 3,3 3,4

Pnc 7. SaBHc:«mocm CTOMMOCTH no'mps 3ne1rrpoanepmn Ha THTOBOM yqacme C T{ or Bpemerm CYTOK
anunm

PaspaGotan Meroa pacuera peraMeHTa NepeKmoucHui 06OpYROBaEHA HAEPHOID YadeTKa, B KOTOPOM
YUHTBIBAIOTCA COBPEMEHRbIE BO3MOXHOCTH OILTATH 32 3NEKTPOSHEPTHIO [0 ABYX-, TPEX3OHHEIM TapApaM | ofl-
TOBBIM [EHAM, LIOTCPH HA[EWHOCTH O0OPYNOBAHHMA NPH TIEPEKTIOUENHAX, a TAKKE COOTBETCTBYIOMES TPO-
TpaMMHoe ofecTieqenye. Brmomaermas anpobangs Ha peanbHOM 00LeKTe — TATOBOM ydacTke CHHEILHHKOBO-
Hamumano TpraHenposckol KelesHOH JOPOTH ABNETCA OCHOBAHHEM UL HX BHE/IPEHHA.
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