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OBILIASA XAPAKTEPUCTUKA PABOTBI

AKTYyaJIbHOCTb TeMbl. B Hacrosimiee BpeMsl BaKHBIM HalpaBJICHUE JaJbHEUILErO
Pa3BUTHI SHEPTETUKH SBIIAETCA OOJiee MIMPOKOE MPUMEHEHHE YHEPrOyCTaHOBOK Ha OCHOBE
BO30OHOBIISIEMBIX BHUIOB SHEpruu. OJHUM M3 MEPCIEKTUBHBIX BHUIOB BO300OHOBIISIEMOI
SHEPI'UU SIBJISIETCA BETPOBAs YHEPTHUA.

B Poccuiickoit ®enepaiuu  pa3paOoTaHbl MPEAJIOKEHUS IO TEPBOOUECPETHOMY
OCBOCHHUIO BETPOBOM HHEPruM isi pailoHOB MoOepexbs CeBEepHBIX MOpEH, OCOOEHHO
Konwsckoro momyoctpoBa, mpubOpexHoit moiocekl CeBepHoro JlemoButoro um Tuxoro
OKEaHOB, MOOePeXbs U 0cTpoBa banTuiickoro mops, modepexns Kacnus, FOr [Ipumopckoro
Kpas YW HEKOTOPBIX JAPYIMX, B KOTOPBIX CpPEIHET0J0BbIE CKOPOCTH BETpa IPEBBILIAIOT
BenuuuHy 6 mM/c. B CBSI3M ¢ 3TUM, BAXXHOE HAPOHOXO3SMCTBEHHOE 3HAYCHHUE MPUOOPETAIOT
Hay4yHbIe pa3pa0OTKH, HANpaBlIEHHbIE HA BOBJICYEHUE ATOrO MOTEHIMANA JUJIS MOJIE3HOTO
WCIIOJIB30BAHUS €r0 Pa3IMYHBIMU MOTPEOUTEIISIMH.

Bo muorom s¢g¢ekTuBHOCTH pabOTHl BETPOBBIX SHEPrOYCTAHOBOK 3aBHCHUT OT HX
KOHCTPYKIIMM U apaMETPOB OCHOBHBIX 3JIEMEHTOB.

B nocnegnee Bpems pa3paboTaHo OOJbIIOE KOJIMYECTBO MPEAJIOKEHUN IO
NPUMEHEHUIO B KOHCTPYKUHUAX BeTpoarperatoB (BDA) monmomHUTENBHBIX YCTPOWCTB
(KOHIIEHTPATOPOB TMOTOKA, MOTOKO(POPMHUPYIOIIUX DSJIEMEHTOB), MPU3BAHHBIX MOBBICUTH
3¢ (HEeKTUBHOCTh HUCIMOJI30BaHMS BETPOBOM HHeprur. OAHAKO OTCYTCTBYIOT JIaHHBIE O
BIUSIHUM KOHIICHTPATOPOB IIOTOKA HAa OCHOBHBIE JHEPreTUYECKHE XapaKTEPUCTUKHU
BETPOBBIX JHEPrOyCTAaHOBOK, a TaK € He JOCTaTOYHO pa3paboTaHbl METOJIUKH,
MO3BOJISIFOIINE BBIOPATh ONTUMATBHBIC TAPAMETPHI 3TUX YCTPOUCTB.

TakuMm 00pa3oM, aKTyalbHBIM SIBJISIFOTCSI UCCIIEIOBAHUSI BO3MOKHOCTEH MPUMEHEHHUS
KOHIIEHTPATOPOB TOTOKA ISl TOBBIMIEHUS A()(PEKTUBHOCTH BETPOBBIX IHEPrOYCTAHOBOK
MIPUMEHUTEIILHO K palilOHaM CO CPEHUM U MaJIbIM BeTpornoTeHiuaiom. [Ipu atom Hanbonee
1esecoo0pa3Ho UCOIB30BaTh KOHIIEHTPATOPHI MOTOKA ¢ ONTHUMAJIbHBIMU MapaMeTpamHu.

Heas auccepranMoHHON padOTBI — WCCIEAOBAaHUSA KOHLEHTPATOPOB IOTOKA
BETPOBBIX DHEPrOyCTAHOBOK JJIsi MOBBIMIEHUS 3(PPEKTUBHOCTH MX pabOThI B pailoHax co
CPEIHUM M MaJlbIM BETPOIOTEHIIMAIOM M pa3paboTka METOIUKH OOOCHOBAHUS OCHOBHBIX
rapaMeTpoB KOHLIEHTPATOPOB.

OcHoBHBbIE 3a1auM uccjaenoBanus. [ JOCTHXKEHUST OCHOBHOHM Iienu B pabote

pemaroTCA CICAYIOINMNC 3aJa4n:
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1. AHanmu3 KOHCTPYKTHUBHBIX PEIIEHUN W METOJOB MCCIICIOBAaHUI KOHIIEHTPATOPOB
MOTOKA BETPOBBIX YHEPrOyCTAHOBOK;

2. Pa3zpaboTka  HOBBIX  KOHCTPYKTHBHBIX  pEUICHUH,  COBEPIICHCTBYIOIINX
KOHIIGHTPATOPhl ~ MOTOKAa BETPOBBIX OJHEPTOYCTAHOBOK ¥  IOBBIMIAIONIUX
3 PEKTUBHOCTH UX PAOOTHI;

3. BosBiICeHHE BIWSHHUS MMapaMETPOB KOHIIGHTpATOpa Ha XapaKTEPUCTHKHU MOTOKA B
30HE pacHoJIOKEHHsI pPadodero Kojeca BETPOBBIX HHEProyCTaHOBOK, IyTEM
MIPOBENICHUS SKCIIEPUMEHTAIBHBIX HCCIIEIOBAHUN MMEPCIIEKTUBHBIX MOJIEIICH;

4. Pa3paboTka METOJUKHU BBIOOpAa OCHOBHBIX MAapaMETPOB KOHIIEHTPATOpa MOTOKA
BETPOBBIX PHEPIOYCTAHOBOK;

5. BoiaBnenne »¢G(EKTHBHOCTH BETPOBBIX HIHEPrOYCTAHOBOK, HCIIOIB3YIONIUX
ONTUMHU3UPOBAHHBIE TTAPAMETPHI KOHIIEHTPATOpa MOTOKA B pallOHaX CO CPEIHUM
Y MaJIBIM BETPOIIOTEHITUAIOM.

Hayunasi HOBH3Ha pa0oThI 3aKJII0YAETCS B CIEAYIOIIEM:

e pazpaboraHa KjacCU(UKAUSA KOHIICHTPATOPOB TIOTOKA DHEPTrEeTUYECKUX
YCTaHOBOK, paOOTAIONIUX Ha OCHOBE BO30OHORBIISIEMBIX HCTOYHUKOB YHEPTHH;

e pa3paboTaHO HOBOE KOHCTPYKTHUBHOE PEIICHUE KOHIICHTPATOpPa MOTOKA BETPOBOMA
HHEProyCTaHOBKH, 0OeCTIeYHBArOIIee MOBHIIICHNE YPPEKTUBHOCTH €€ padoThI;

® [IOJIyYCHbl, HAa OCHOBE MOJICIbHBIX MCCIEAOBAHUNA, JAaHHBIE O BIHUSHUU
napamMeTpoB KOHIEHTPATOpPa Ha XapaKTEPUCTUKHU IOTOKA B 30HE pa3MEIICHUS
paboyero Koyieca BETPOBOM SHEPTrOYCTAHOBKH,

e pa3paboTaHa METOJMKa BbIOOpA OCHOBHBIX IMAPaMETPOB KOHIIEHTPATOPOB MOTOKA
BETPOBBIX YHEPTOYCTAHOBOK.

JInuHblii BKJIAA aBTOPA 3aKi04yaeTcsl B pa3paboTKe HOBBIX TEXHUYECKUX PEIICHUN
KOHIIEHTPATOPOB TOTOKA, HAIMpPaBJICHHBIX Ha TMOBBIIIEHHE J(OPEKTUBHOCTH pPaOOTHI
BETPOIHEPICTUYECKUX  yCTAaHOBOK. Pa3paboraHa wmeTomumka BeIOOpa  MmapaMeTpoB
KOHIIEHTPATOpOB ToTOoka BDA, Ha oOCHOBE KOTOpPOW TMpPOBEJAEHBI COMOCTAaBUTEIbHBIC
pacuetsl BDA Mamoii MOIIHOCTH C KOHILEHTpaTopoM u 0e3 Hero. Paspabotana
KJaccu(UKalMs KOHIIEHTPATOPOB MOTOKA SHEPTrOYCTaHOBOK.

JocToBepHOCT W  O000OCHOBAHHOCTb HAyYHBIX TIOJIOKEHUH U BBIBOJOB
MOJITBEPIKIAETCA HMCIOJIb30BAHUEM COBPEMEHHBIX TEOPETHUYECKUX U IKCIEPUMEHTAIBHBIX

MCTOA0B HCCHCHOB&HHﬁ, HpOBepKOﬁ paspa60TaHHoﬁ MCTOJUKHN Ha COIIOCTaBUTCIbHBIX
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pacueTax 1o ornpeneneHuio 3)(HEeKTUBHOCTH HCIIOJIb30BaHUS KOHIICHTPATOPOB MOTOKA IS
BETpOIHEproarperara Majioil MOUTHOCTH.

IIpakTH4yeckasi EHHOCTb PadOTBI COCTOMT B OOOCHOBaHHMM IEPCIEKTUBHOCTH
WCTIONB30BaHMSI BETPOBBIX OJHEPrOyCTAHOBOK B paliOHaX C MalblM H CPEIHUM
BETPONOTEHIMAJIOM; peaju3aliy pa3padOTaHHOW METOAMKM BbIOOpa IapaMeTpoB
KOHIICHTPAaTOPOB TIOTOKA B pacdeTax JHEPro-35KOHOMHUYECKOW A(PPEKTUBHOCTH BETPOBBIX
YCTaHOBOK; pe3yJbTaTbl HCCIEIOBAaHUNH MOTYT OBITh MCHOJB30BaHbI MpU pa3pabOTKu
MPAKTHYECKUX PEKOMEHIANKA N0 0O0OCHOBAaHMIO OCHOBHBIX HMapaMETPOB THAPABIMYECKUX
SHEProyCTaHOBOK, UCTIOJIB3YIOIIUX SHEPTUIO TCUCHUS.

Peasm3anusi pabGorbl. Pe3ynbprarhl MccieoBaHMM  BHEAPEHBI B paszzenax
WHBECTHUIIMOHHOTO TPOEKTa BETPOICKTPOCTAHIIMM MaJOd MOIIHOCTH B TOPOAE
[ToxBuctueBo Camapckoit obnactu; ucrnonb3oBanbl OAO «Bonrasnepromnpoext-Camapay
MpH yTOYHEHWHW TPOIYCKHOW CIMOCOOHOCTH BPEMEHHOTO BOJOBOAA Yepe3 COOPYKECHHUS
Upuxnunackoi I'2C; npuHATHI K pACCMOTPEHUIO M Pean3aliiyi Ha BOJOIPOBOASAIIEM TPAKTE
OAO «Xurynesckas ['OCy»; a Tak xe BHeapensl B yuedbHoM nporiecce ['OY BIIO CI'ACY.

Anpob6anusi pa6oTbl. OCHOBHBIC MOJOKEHHS PaOOTHI JOKIAABIBAIMNCH HA: HAYYHO-
npakTuyecko KoHgpepeHunn «ColnanbHO-3KOHOMHUYECKOE Ppa3BUTHE U SKOJOrHYecKas
Oe3omnacHocTh pernoHoB Poccum (Ha mnpumepe Cesepo-3anana)» (Cankt-IlerepOypr,
1998 1., 2000 r.); VI u VIII MexayHapoIHbIX KOHIpeccax «IKOJOTUS U 3J0pPOBbE
yenoBeka» (Camapa, 1999 r., 2002 r.); 57-0Hf Hay4HO-TEXHHYECKON KOH(pEpEeHIINH,
nocBsamennon 70-netuto HICACY (Hoocubupck, 2000 r.); V, VIII MexayHapoaHbIx
KoHTpeccax «OKpysKkaromiasi cpena sl Hac ¥ OyIyIIuX MOKOJCHHIA: HKOJIOTHs, OM3HeC H
sKoJornueckoe oodpazoBanue» (Camapa — Actpaxanb, 2000 r., 2003 r.); MexayHapoaHOM
Hay4YHO-TEXHUYECKOU KOH(EpEeHIINU «Hayunsle pooOIeMBbl HETPaJULIMOHHON
B0O300HOBIIIEMOM 3HepreTukn» (Camapa, 2000 r.); MexayHapoaHOH HayYHO-TEXHUYECKOU
KoHpepeHIMH  «[MapoTeXHWKa W THIPOIHEpPreTHKa: MpoOJEeMbl  CTPOMUTEIHCTBA,
AKCIUTyaTallluu, SKOJIOTUH U MOJAT0TOBKH crienuanuctoBy (Camapa — Boarorpan, 2002 1.).

Iyoaukanun. OCHOBHBIE pe3ybTaThl U MOJOKEHUS AUCCEPTAIMH OIMyOJIMKOBAaHbI B
25 paborax, BKJItoYas 3 maTeHTa Ha U300peTeHHE.

OcCHOBHBIE M0J105KeHNs], BBIHOCHMbIE HA 3aIIUTY:

1) xmaccudpukanus KOHIEHTPATOPOB MOTOKA M MOTOKO()OPMHUPYIOUINX 3JIEMEHTOB

OHCProyCTaHOBOK Ha OCHOBC BO300HOBIISIEMBIX BHJI0B DHCPTHH,
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2) pe3ynbTarbl 3KCHEPUMEHTAJIBHBIX HCCIEIOBAaHUN MOJEIE KOHIIEHTPATOPOB
IIOTOKA IO ONPEAEICHHUIO BIUSIHUS TaPAMETPOB KOHIEHTPATOpa HAa XapaKTEPUCTUKH ITOTOKA
B 30HE PacIoyIOKeHUs pabouero Kojieca BETPOBOW HHEPrOyCTaHOBKHY;

3) Meronuka BbBIOOpAa OCHOBHBIX I[MAPaMETPOB KOHILIEHTPATOPOB MOTOKAa BETPOBBIX
HHEProyCTaHOBOK, pabOTAIOIIMX HA OCHOBE BO30OHOBIISIEMON SHEPTUU.

CrpykTypa n 0o0bemM padoThl. /uccepranusi COCTOUT U3 BBEJIEHUS, YETHIPEX IJIAB,
3aKJIIOYEHMsI, OMOIMOorpaduIeckoro CIUCcKa MCIOJIb30BAHHOM JIUTEPaTypbl M MPHIOKEHUI.

PaGota conepxut 164 cTpaHuIlbl IEYATHOTO TEKCTA, BKItOUast 38 PUCYHKOB U 3 TaOJIHIIHL.

OCHOBHOE COJIEPKAHUE PABOTbI

Bo BBeaeHun chopmynrpoBaHa aKTyalbHOCTh TEMBI pabOThI, CPOPMYJIUPOBAHBI €€
LEJIM U 3a7a4M, T0OKa3aHa €€ MPAKTUYECKasi 3HAUMMOCTb, METObl UCCIIEIOBAHUI U Hay4YHas
HOBM3HA.

B nepBoii riaBe npuBoAsTCsS OOIIME CBEACHUS MO OOBEKTY UCCIEIOBAaHUMN; MaeTcs
0030p KOHCTPYKTHBHBIX PEIICHHUN YHEPrOyCTAHOBOK Ha OCHOBE BO30OHOBISIEMBIX BHJIOB
SHEPruu; MPUBOAUTCA KPATKUI 0030p McclieqoBaHUI MOTOKO(GOPMHUPYIOUIUX 3JIEMEHTOB U
KOHIIEHTPATOPOB  TMOTOKA SHEPrOyCTaHOBOK TMOJOOHOTO THUMA; pPacCMaTPUBAIOTCS
CYyHIECTBYIOIIHE METOIUKU 000CHOBaHUS 3KOHOMUYECKOU s pexTuBHOCTH
SHEProyCTaHOBOK, a TAKXKe aHAIM3UPYIOTCS METOJNbI BbIOOpAa U OOOCHOBAHUS OCHOBHBIX
MapaMeTpoB IHEPTOYCTAHOBOK, UCIIONIB3YIOIMIUX YHEPTUIO TEUCHUSI.

Bonbmioit Bkiaxm B pa3BUTHE U HCCIEAOBAHHE SHEPrOYCTAHOBOK HCIOJIB3YIOIIHUX
BUD Buecnn AndepoB X.M., ApebpveB H.B., banszannukoB M.U., bepkosckuii b.M.,
borycnasckuit  2.M., Bacuise [0.C., Buccapuonos B.U., I'puimuxec B.A.,
Emuctpatos B.B., XKXykoBckuit H.E., Munun B.A., O6pesko B.U., ®arteer E.M.,
Xapuronos B.IL., llledrep A.U. u ap. yueHsie.

B Hacrosimiee BpeMss B BETPOIHEPTeTUKE IMONYYarOT Pa3BUTHE OBICTPOXOIHBIC
BETPOYCTAHOBKH KOJUIMHEAPHOTO U OPTOTOHAIBHOTO THUIOB C MPOPUIMPOBAHHBIMHU
JOMacTAMU. DTH YCTAaHOBKU JIOCTAaTOYHO 3(PQEKTUBHBI B pailloHax €O 3HAYUTEIbHBIM
BeTponoTeHmaioM. OJHaKO, MX HCIOJb30BAaHME B pailloHaX €O CPEAHUM U MajbIM
BeTponoTeHImanioM HedpdextuBHo. Takum oOpazom, Ajis Ha3BaHHBIX BBIIIE YCIOBUM
HEOOXOMMO TPUMEHEHHE KOHCTPYKIMA BETPOBBIX JHEPrOyCTAHOBOK C YIyUYIICHHBIMH

OHCPIreTUICCKUMU XapaKTCPUCTUKAMM.
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B pe3ynbrare nmpoBeeHHOTO aHaJIn3a KOHCTPYKTUBHBIX PEIICHUN SHEPrOyCTaHOBOK
Ha ocHoBe BUD ormedeHo, uTto oOIIeH XapaKTepHOW OCOOEHHOCTBIO ITHUX YCTAaHOBOK
ABJIIETCA ~ HCIIOJIB30BAHUE  KOHIIEHTPATOPOB ~ NOTOKA W PA3IMYHOIO  THUMA
MOTOKO(OPMUPYIOLIUX YCTPOMCTB, AJi1 OpraHU3alUU IOABOJA M OTBOJA BOJHOTO WM
BO3AYIIHOIO NOTOKa K paboueMy Kojecy M OT Hero. Poib KOHIEHTpaTOpPOB IMOTOKA B
SHEProycraHoBkax Benauka. C OJHOW CTOPOHBI OHU B 3HAUMTEJBHOI CTENEHH OINpPEACISAIOT
CTOMMOCTh Bcei ycrtaHoBku. C Jpyroil CTOpPOHBI TakKHe YCTpOWMCTBa, HX (OPMBI H
FEOMETPUYECKUE  IMapaMeTpbl, OKAa3bplBAlOT BECbMa 3HAYMTEJIBHOE  BIUSHUE Ha
SHEPreTUYECKUE XapaKTEPUCTUKU YCTAHOBKU. {151 onmpeneneHus BIUSHUS STUX YCTPOUCTB,
TpeOyercss NpPOBEACHUE HKCIEPUMEHTAIBHBIX MCCIEI0BAaHUM, pe3yJabTaThl KOTOPBIX
MO3BOJAT CYAWTh O BIMSHUM T'€OMETPUYECKMX pPa3MEPOB  KOHIEHTpaTropa Ha
XapaKTEPUCTUKH SHEPTrOyCTaHOBKH.

O0630p NPOBEIEHHBIX HMCCIEIOBAHUN KOHIIEHTPATOPOB MOTOKa MO3BOJIMJ BBISIBUTH
NPUYMHBI, MPENSATCTBYIOUIME IIUPOKOMY HCIIOJIB30BAHUIO HHEProyCTaHOBOK Ha OCHOBE
BHD, B 4acTHOCTH BETPOBBIX 3HEProycTaHOBOK. OJHON M3 HUX SIBJISETCS HEAOCTATOYHAs
pa3paboTaHHOCTh METOJ0B OOOCHOBAHUSI UX OCHOBHBIX TaPAMETPOB.

Bo BTOpoOii riaBe paccMaTpUBalOTCSA IyTH HOBbIMIEHUS 3()()EKTUBHOCTH PabOTHI
BETPOBBIX HHEPrOyCTAHOBOK 33 CYUET MCIOJb30BAHUS KOHIIEHTPATOPOB IMOTOKA, a TaK K€
IPUBOJUTCS HOBOE KOHCTPYKTUBHOE PEIICHHUE, COBEPLICHCTBYIOIIEE KOHLIEHTPATOP NOTOKA
1 nosbimaroiniee 3pHEKTUBHOCTh pabOThl BETPOBOM HIHEPrOyCTAHOBKH, Pa3paOOTaHHOU C
y4acTHEM aBTopa.

Ha puc. 1 mpexacraBieHa cxemMa KOHCTPYKLMHM BeTpoarperara ¢ KOHLUEHTPAaTOpOM
notoka. [lonoxurenbHblii 3QQPexT OT HCMOJIb30BaHUS 3TOr0 TEXHUYECKOTO pELICHUs
3aKJII0YaeTCs B TOM, YTO 3a CUET BIUSHUS KOHIIEHTpATOpa MOTOKAa B 30HE paboyero kKojeca
YBEJIMYUBAIOTCS CKOPOCTH BO3AYLIHOTO MOTOKA. JTO MPUBOAUT K MOBBIIIEHUIO MOIIHOCTH U
YBEJIIMYEHUIO BBIPAOOTKH 3JIEKTpodHepruu. KOHCTpYyKIMs KOHLIEHTpaTopa BeTpoarperara
oOecreynBaeT aBTOMATUYECKUN Pa3BOPOT BETPOKOJIECA MO BETPY, TEM CaMbIM IO3BOJIET
Oonee 3(PGEeKTUBHO HCMOIB30BaTh KOHIIEHTPATOpP, a 3TO CIOCOOCTBYET MOBBIIIEHUIO
KO3 UIEHTa HCIIOIb30BaHUS BETPOBOTO MOTOKAa U 3((HEKTUBHOCTH BCEil ycTaHOBKU. B
KayecTBe 000JOYKM KOHIIEHTpATOpa PEKOMEHIYEeTCsl MCIOJIb30BaTh JIETKUNA Marepuall, YyTo
MO3BOJIUT OOECHEYUTh YMEHBIIEHUE MaTEpUATIOEMKOCTH MO CPAaBHEHHIO C W3BECTHBIMU

KOHCTPYKIMSIMU KOHIIEHTpaTopoB BOA.
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Puc. 1. Berpoarperar ¢ KOHLIEHTPATOPOM MOTOKA

bonbmoe pa3zHooOpa3ue KOHCTPYKTHBHBIX PEIICHUH KOHIIEHTPATOPOB IOTOKA M
HOTOKO(QOPMHUPYIOIIUX 3JIEMEHTOB SHEPrOyCTAHOBOK M OTPOMHOE KOJIMYECTBO HOBBIX
MEPCHEKTUBHBIX MPEAIOKEHUN 110 UX COBEPILIEHCTBOBAHUIO ITO3BOJIMIIO CUCTEMATU3UPOBATH
KOHIEHTPATOPbl TOTOKAa © MNOTOKOGOPMHUPYIOIIME JJIEMEHThl U pa3pabdoTaTh HX
KJIaCCH(HKAIIHIO 110 CIECAYIOIIUM MpU3HaKaM (puc. 2):

1. TTo Ha3nauenuto. IIpenmnaraercss pa3aenuTh KOHIIEHTPATOPHI HA: a) U3MEHSIONINE
THJIPABIMYECKHE YCJIOBHUS IOTOKA; O) YJIyYllAKoLUe SHEPreTHUYECKUE XapaKTepPUCTUKH;
B) oOecrneunBaroliie MPUPOJOOXPaHHBIN d3(PdeKT; T) clayxamme s YIydIIeHHs
COIIMAJIbHBIX YCIOBUM U T.II.

2. B 3aBUCHMOCTH OT HCHOJB3yeMO#l pabodeil cpenpl, B KOTOpOW pa3MelieHa
SHEProyCTaHOBKA C KOHIEHTPATOPOM: JKUKAsl WM ra3000pa3Has.

3. Tlo pacmonoXeHHi0 OTHOCHUTENBHO IBMXKYIICHCS Cpeabl. 3/1eCh LEIecoo0pa3Ho
BbIIEIUTh  YCTPOMCTBA: BHEIIHHME, BHYTPEHHHME W KOMOWHHUpOBaHHbIC. BHemiHue
pa3MelaTcs TakuM 00pa3oM, YTO BECh IMOTOK MEpEeMEIaeTcs] TOJbKO BHYTPH TaKuX
HaIpaBJSIIOIIMX YCTpOUCTB. BHyTpeHHHEe, HAoO0OpOT, pacronararTcs TOJIbKO BHYTPH
NOTOKA.

4. Ilo wmarepuamy: MeTasIM4eckue M HeMmetaumueckue. Cpeau MOcCieIHuX
HauOOoJIbIIIee PaCIPOCTPAHEHUE MOTYYHIIM OETOHHBIE KOHIIEHTPATOPbl U KOHIIEHTPATOPHI U3
MOJINMEPHBIX MaTepuanoB. KpoMe 3Toro, Tak € MOIyT MCIOJIb30BaTbCA W JApPYyTHE

MaTepUAIIbI.
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Puc. 2. KJIaCCI/I(bI/IKaLII/IH KOHIOCHTPATOPOB IIOTOKA U HOTOKO(bOpMHpYIOHH/IX 3JICMCHTOB




5. Tlo KOHCTPYKTMBHBIM TpHU3HAaKaM. 3JeCh IMPEAINoNaraeTcsi paccMaTpuBaTh
KOHIICHTPATOPhl MO BUAY (TUIOCKHE W OOBEMHBIE); MO CHUMMETPUU (CUMMETPUYHBIC H
aCHMMETPHUYHBIC); TIO CTENIEHW CBOOONBI (CTAaTUYECKHE W TUHAMUYECKHE); TI0 KOJIUYECTBY
COCTABJISIFOIINX 3JIEMEHTOB (MOHOCHCTEMHBIE, OMCHCTEMHBIE, TOTUCUCTEMHBIC); TIO CTETICHU
KECTKOCTH (KECTKUE, THOKHE U AJTACTUYHBIE).

6. Ilo ¢pynkumoHanbHbIM ocoOeHHOCTSM. Hanbosniee xapakTtepHble OCOOCHHOCTH IO
3TOMY TPU3HAKY OTPaXCHBI B CICAYIOUINX MO3UIUSAX: TIO MPUHIMITY PabOTHl MOTYT OBITH
aBTOMATUYECKH BKIIOYAIONIMECS B Pa0OTy W C MPHBOJAHBIM MEXaHHU3MOM; IO BPEMEHH
BO3JCHCTBUSL PaA3IMYAIOTCS IOCTOSHHO JCWCTBYIONIUE, MEPUOUYECKU JIEUCTBYIOIIME U
JEMCTBYIOIIME MO ONpPEIEICHHOMY PEXHMY; B 3aBUCUMOCTH OT HU3MEHEHHs] CKOPOCTH U
KHBOTO CEYCHHS TIOTOKA BO3MOYKHBI KOHIIEHTPATOPHI U MOTOKO(GOPMUPYIOIIHE dJIEMEHTHI,
YBEIUYUBAIOIINE CKOPOCTh, YMEHBIIAIONINE CKOPOCTh U JCHCTBYIONINE KOMOMHUPOBAHHO;
1O BIMSHUIO Ha HANpaBJICHHE MOTOKAa MOTYT OBITh HE HW3MEHSIONINE HaIpaBlcHHE,
W3MEHSIONINE HANIPABIICHHUE U 3aKPYUYUBAIOIIHE MOTOK.

Takum oOpa3oMm, pa3paboranHas Kiaccuukamus TMO3BOJSIET OoJjiee  TOJHO
NpPEJCTaBUTh BCE pa3HOOOpa3We KOHIIGHTPATOPOB TIOTOKA W IMOTOKO(OPMHUPYIOUINX
YCTPOMCTB M OOJIETYUTH UX BHIOOD.

Tperbsi rj1aBa MOCBSIICHA OMMCAHUIO SKCIIEPHUMEHTAIBHOTO CTEHAAa M METOJIUKU
HPOBEICHUS IKCIICPUMEHTA.

OKCINEPUMCHTAIBHBIC ~WCCICIOBAHUS 1O  BBISBICHUIO BIMSHHS — [TapaMETPOB
KOHIICHTpATOpa Ha XapaKTEPUCTUKU TIOTOKA MPOBOAMINCH HA TUAPABIMYECKOM cTeHae. Ha
CTEH/JIE UCCIIEAOBAINCHh MOEIN KOHIICHTPATOPOB MOTOKA: KOH(Y30pHOTO, T1((HY30pHOTO U
KOMOMHUpPOBaHHOTO THUIOB. OOIIME CXeMBbl HUCCIEAYEMBIX MOJENCH TpPEICTaBICHBl Ha
puc. 3. B Monensx 31eMeHT, MOJEIUPYIOMUN CTEHKY KOHIICHTPATOpa, YCTAHABIUBAJICS C

BO3MOXKHOCTBbIO M3MEHEHHUs1 yria AuQQy30pHOCTH « U KOH(GYy30pHOCTH [. YTIIIBI
m3MeHsuiuch B guanazoHe ot 0° mo 50°.  Takke BapbHpyeMbIM TapaMeTpoM Oblia

OTHOCHUTEJbHAS JAJUHA / KOHIEHTpaTopa. Takas MOOMIBHOCTh MOJIENN MO3BOJIMIIA U3YUHUTh
00JIBIIOE KOJMYECTBO KOHCTPYKTHBHBIX pEIICHMI KOHIIEHTpaTopa IMoToka. B mpouecce
UCCIIEA0OBAaHUM BBIABIISUIACH KAPTUHA TEYCHUS ITOTOKA HA MOAX0/€ K MOJEIU KOHLIEHTpaTopa

U B IpPEaAciiax CaMOro KOHLCHTpPATOpPA, ONPCACIIAIACH OTHOCUTCIIbHAA INHUPHHA pa6oqer0

MoToka s Ha mnoaxoae K wmoaend. [lo momydeHHBIM JaHHBIM — PAaCCUUTHIBAIMCH



6)

11

10 m

12m

10 m

12 M

Puc. 3. Cxema Mozenu KOHIIEHTpaTopa: a) KOH(PY30pHOTO THIIA;

0) muddy3opHOro THNA; B) KOMOMHUPOBAHHOTO THUIIA
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OTHOCHUTEJIbHbIE CKOPOCTU MOTOKA BO BXOJHOM, BBIXOJHOM CEUYEHHUSX U 30HE Pa3MEIICHUS
pabouero koseca.

[IpoBeneHn0  OCHOBHOM  CEpUM  HCCIENOBAHUM  NPEALIECTBOBAIM  CEPUU
MPEeABAPUTEIBHBIX METOJWYECKUX OIBITOB, MO3BOJUBIINX OOOCHOBATH MECTOMOJOKECHHUE
MOJIeTU B paboueM KaHalle SKCIIEpPUMEHTAIbHON YCTAHOBKH U 0011IMe pa3Mepbl MOJIETH.

B oCHOBY MeTOAMKH MCCIEOBAHUN MOJENIEN KOHIIEHTPATOPOB IMOTOKA IMOJ0KEHBI
NPUHIMIIBL M PEeKOMEHJAIlMu, Hameamue oOocHoBaHus B Tpyaax Jleeu W.N.,
JIatxepa B.M., IIpynosckoro A.M., Ilosxa N.JI. u ap. yueHBbIX.

YcnoBus MoaenupoBaHUsS ObUIA BBIOpAHBI MPU COOJIOJCHUM TE€OMETPHUUYECKOTO,
KMHEMAaTU4YECKOTO M JMHAMHuYecKoro mnojaobus. KputepuanbHoe ypaBHEHHE MO00uUS

(bU3UYECKOTO MOJETUPOBAHUS B O0IIIEM BHUJIE 3aMMUCHIBACTCS KAK:

f(Eu;Re; Sh; Frib;b,;..b,) =0, (1)
rae b,;b,;..h, - oTHOCUTENLHBIE TAPAMETPEL.

Omnpenensironyii KpUTepuil moJ00usi BIOMPANCSl B 3aBUCHMOCTH OT KOHKPETHOTO
YCJIOBUSI KCIIEPUMEHTa. B KadecTBe OMpeessionero Kpurepusi BeiOpano uucino Eu  wu
KpPHUTEPUATIbHOE YPaBHEHHE MIPUHSATO B BUJIC:

Eu = (Re;b,;b,;..b,) . (2)

B paboTte ObLia Ol[eHeHA MOTPEITHOCTh H3MEPEHHI 1 BBIYUCIICHHIA.

YerBepTasi IJaBa [OCBSIICHA aHAIU3Y pPE3YJIbTATOB 3KCICPUMEHTATbHBIX
MCCIICIOBAaHUN ¥ pa3paboOTKe METOAMKH 1O BbIOOPY OCHOBHBIX apaMeTpoB
KOHIIEHTPATOPOB MMOTOKA JIJIsl BETPOBBIX SHEPTOYCTAHOBOK.

Pe3yabpTaThl WCCIEIOBAHUN MO BIUSHUIO MApaMETPOB KOHIICHTPATOPOB MOTOKA
KoH(y30pHOTO, AU(P(HY30pHOrO U KOMOMHUPOBAHHOTO TUIIOB HA XapaKTEPUCTUKU MOTOKA

00paboTaHbl B BUJIe Tpad)KOB 3aBUCUMOCTEN OTHOCUTEIHHOM IIMPUHBI pabodero moToka #

OT yrma pacTpyOHOCTH M OTHOCHTENHHOH IIMHBI KOH(py3opa h = ¢(,B;17) u nuddyzopa
h= ¢(a;l_0). Pe3ysibTaThl pacueToB OTHOCHTEIBLHOM CKOPOCTH MOTOKA V, BO BXOJHOM CEYCHUU
KOHIIEHTPAaTopa M B 30He Pabovero Kojeca ¥ IpeCTaBIeHbl TaK e B BHE rpaQuKoB: JIs
xoH(y30pa V, = ¢(ﬂ;l_“), 17:¢(ﬂ;l”); wis nuddysopa Vi :¢(a;10), quﬁ(a;l"). Ha puc. 4

MPEICTaBICHbl TPUMEPHl T'paUKOB PpPE3yibTaTOB HWCCIEJOBAHUNA M PacCyeTOB IS

KOHIICHTpaTopa KOH(PY30pHOTO THIIA.
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B uyacTtHOCTM TOJNly4eHO, YTO TMPU MCHOJIB30BAHUM KOHIIEHTpATOpa MOTOKA
KOH()Y30pHOTO THIA OTHOCUTEIHLHOU JUTMHBI [*=3u pU U3MEHEHHH yTJia pacTpyOHOCTH
£ ot 15° 1o 35°, ckopocTh BO BXOJIHOM CE€YEHUHU KOHLIEHTpATOpa 71 yMeHnbiaercs ¢ 0,87
no 0,76. OmHako B 30HE pa3MENIEHUS BETpakojeca B 3ITOM XK€ CIydae CKOPOCTh
YBEJIIMYUBAETCS U JOCTUTAET 3HAYCHUI V B Iuanasone 1,5-2,1.

Bp160p OCHOBHBIX MMapaMeTPOB KOHIIEHTPATOPOB MOTOKA BETPOBBIX YHEPTOYCTAHOBOK
PEKOMEHAYETCsl OCYIECTBIATh MO U3JI0KEHHON HUXKE METOAUKHU C YUYETOM BBIPAXKECHHUS:

Lo &l 3)
=1

20, =YY P+Y YD,

i=l t=1 j=1 t=l1

rame  D3;- DJHepro-sKoHoMuueckuii 3¢¢dekr; [- KOIMUYECTBO PaCXOIHBIX
COCTABJISIFOIINX MO CTOMMOCTH BOA ¢ KOHIIEHTpaTOpOM MOTOKA; Q- KOJIMYECTBO JTIOXOIHBIX

COCTaBIAAIOIIMX ITO CTOMMOCTH BDA ¢ KOHIICHTPATOPOM IIOTOKA, f- paCCManI/IBaeMHﬁ

I T _
nepuoJ BpeMeHH; 7T - pacueTHbId NEPHOJ BPEMEHHU; ZZP- JTUCKOHTUPOBaHHAs
i=l t=1

CTOMMOCTb CYMMBI BCCX pPaCXOJHBIX COCTABJIAIOMIUX 3a pvaeTHBIﬁ nepuoa BpPCMCHH,

o 1
Y > D- IMCKOHTHPOBAHHAS CTOMMOCTH CYMMBI BCEX JOXOJHBIX COCTAaBISIONUIMX 34

j=1 t=1
pvaeTHBIﬁ Iepuoa BpEMCHHU.
O603Han/IB HapaMeTpBI B3A C KOHHeHTpaTOpOM II0TOKA, KaK KOMIIOHCHTHI BeKTOpa

X, neneBast QyHKITUS MOXKET OBITH 3aIiMcaHa B BUJC:

29 (x,,%,,...x, ) = 99, (X) - max . 4)

Takum  oOpasom, 3agadya BbpIOOpa ONTUMAaJbHBIX MmapameTpoB BDA ¢
KOHIIEHTPaTOpOM IIOTOKa COCTOUT B YJOBJIETBOPEHUHM KpuTepus (4) HpH NPHUHATHIX
OrpaHUYEHHUSIX.

B nepBoe cnaraemoe BeipaskeHus (3) 1eaecooOpa3HO BKIIOUNTD:

I T _ 5
ZZPzCA+CK+C9A+C3K, )

i=l t=1

rae C, — CTOUMOCTh arperara ¢ y4eToM €ro JOCTaBKM U MoOHTaxa; C, — TO XKe,
KOHLEeHTpaTropa; C,, — TOAO0BbIE 3KCIUIyaTal[MOHHBIE PACXOJbl, OTHOCSIIMECS K arperary;
C,; — TO e, MO KOHUEHTparopy mnoroka. CTOMMOCTb arperara 3aBUCUT OT MHOTHX

mapamMeTpoB, OCHOBHBIM M3 KOTOPLIX MABJECTCA CIr0 MOIIHOCTD. O,Z[HaKO (1)I/IpMI>I-
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HU3TrOTOBUTCIIM arpCratoB y>KC Ha MNPCABAPUTCIIBHOM O3TallC BIIOJHC OIIPCACICHHO MOTYT
npeaAcCcTaBUThL CBCACHHUA O CTOMMOCTHOM pPAAC BBIITYCKACMBIX arperaTtosB. 33TpaTbI Ha

YCTPOﬁCTBO KOHOCHTpATOpa II0TOKA B O6H_[eM BHUAC MOI'YT OBITH OIIPpCACIICHBI KaK

Tac ﬂpk — dUaMCTpP pa60qer0 KOJICCa OJOHCPICTHYCCKOro arperarta o — YIOll
pacTpyOHOCTH BXOJHOH KOH(Y30pHOH YacTH KOHIIGHTpaTopa arperara, [ — Yroi

1 y30pHOCTH BBIXOAHON YacTH, L — AJMHA KOHIIEHTPATOpA.

Btopoe cnaraemoe BoipaxkeHnus (3) cOCTaBISOT:

(7

rae /[, — TOMOBOW JOXOI OT peanM3allu DIEKTPOdHEPTUH, /[, — JAPYyrHe BHABI

JI0XO0JI0B, HAIIPUMeEp, OT peaau3allii LIEHHbIX OyMar, y4eTa aMOpTHU3alMOHHBIX OTYUCICHUM

U T.II

Hy=me 3, (8)

rne m — Tapup Ha ormyck 1 kBr.u osmexktposHeprum; O — BbIpabOTKa
3JIEKTPOIHEPTUU:

9= [Ndt, )

rie N — OCHOBHOM SHEPreTMYecKWi MmapamMeTp arperara — MOILIHOCTb, BEJIMYMHA

KOTOpOﬁ IIOACUYHUTBIBACTCS KaK

3 10
N:CN°77M°773JJ°W°/0°V79 (19)

rae C, — KO3 UIIUCHT HUCIIOJB30BaHUA OSHCPIrHHU IIOTOKaA (BOAHOI'O, BO3AYIIHOIO),
N

3aBUCSIIMA OT THma, (OPMBI M TEOMETPUUYECKUX XapaKTEPUCTHK pabouero Kojeca
JHEProyCTaHOBKH; 77,, — Mexanunueckuui KII; 7,, — snexkrpuueckun KIIJI; W — miomans
MOBEPXHOCTH cOOpa SHEPTUU TEUCHHUSI; p - INIOTHOCTh MOTOKA; ) — CKOPOCTh MOTOKA B 30HE
pabouero kosneca.

Ecau Tum v OCHOBHBIE pa3Mepbl arperara ONpeneieHbl WIM 3aJaHbl 3apaHee (B
YaCTHOCTH, pa3Mephbl pabouero Kosieca, KOJIUYECTBO JIOMACTEH U T.I1.), TO, Kak ClIeayeT u3
BBIIIECKA3aHHOTO, €r0 MOIIHOCTh OYyIET ONPEIEISIThCS CKOPOCTHIO TIOTOKA B 30HE pabodero

Kosieca. B CBOrO odepenp, CKOpPOCTh IMOTOKa B 30HE pPabOUYero Koiyieca OIpenessieTcs
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CKOpOCTbIO IIOTOKAa V0 BHC arperaTa M, KaK II0Ka3aJIi BBIIIOJIHCHHBIC BKCHepI/IMeHTaJIBHI)Ie
HCCIICA0BaHUA, 3aBUCUT OT FCOMeTpI/I‘leCKI/IX HapaMeTpOB KOHL[eHTpaTOpa IIOTOKaA.

Vo =¢(Vyso5 L), (11)

rme o« U f — yribl pacTpyOHOCTH COOTBETCTBEHHO BXOIHOW KOH(MY30pHOW U

BBIXOJHOM n(pdy30pHOI YacTeil KOHLEHTpaTopa arperara, L — JUIMHA KOHLEHTpaTopa.

3aBHCHMOCTD 3Ta MOJIy4eHa HAMU B pe3yJibTare 00pabOTKH SKCIIEPUMEHTATbHBIX JaHHBIX.
Ha sTame onTtuMu3anuy reoMeTpU4YecKUX MapaMeTpoB KOHIIEHTpAaTOpa MOTOKAa IS

M3BECTHOT'O WJIM 3a/IaHHOTO arperaTa OCHOBHBIMU BapbHUPYEMBIMHU TapaMeTPaMHU SIBISIFOTCS

pa3Mepsl KOHLIEHTpaTopa — JuIMHa L u yribl @ U f. CodyeTaHue BapbUPyEMbIX pa3MepoB

KOHIIEHTpAaTOpa JaeT m BapUaHTOB JUIs PEIICHUs 3aJladyd BbIOOpAa OCHOBHBIX pPa3MEpPOB
KOHLIEHTpaTopa.

PaccmarpuBass Haubosiee 1enecooOpa3Hble BapUaHTbl U OMNpEAeNsis KaxAbld pas,
JTUCKOHTHUPOBAHHBIE CTOMMOCTH PACXOJHBIX M JOXOJHBIX COCTABJISIFOIIMX 32 PACUETHBIN
MEepUO BPEMEHHU, MO KPUTEpHio (4) MPOM3BOIUTCA BHIOOP OCHOBHBIX T'€OMETPUUYECKHUX
apamMeTpoB KOHLEHTPATOPA.

Jlig pa3paboTaHHONW METOIAMKH COCTaBjeHa OJIOK-CXeMma ajJropuTMa ONTHUMH3ALUU
napameTpoB KoHIeHTpaTopa Ha [IDBM.

Pa3paboranHas MeTOAMKa MO3BOJIMIIA TPOBECTU PSiJ] COITOCTABUTENBHBIX PACUETOB 110
BbIsIBIICHUIO 3 (EKTUBHOCTU paboThl BOA C KOHIIEHTpaTOpOM TOTOKa M 0€3 Hero s
paliOHOB CO CpPETHUM M MaJIBIM BETPONOTEHIIMAIoM. B pacderax paccmaTpuBaIUCh, B
YaCTHOCTH, BETPOBBIC YHEProyCcTaHOBKU Majiod MouHoctd ABDVY6-4M u Myccon @-30.
PacueTsl mokazanm, 4TO HCIMONB30BAHUE KOHIIEHTPATOPOB BETPOBOTO MOTOKa st BOA
BEChbMa CYIIECTBEHHO TOBBIAIOT BBIPAOOTKY OSJEKTPOIHEPTHH, H  O00ECIEeYHBAIOT

¢ dexTuBHYIO0 paboTy BETPOBOIl PHEpProycTaHoBku. Tak, A palloHa cO CpeIHEeroI0BOM
CKOpOCTBIO BeTpa V' = 4,4 M/C IIpu UCIIONB30BaHUK KOHIeHTpaTopa ¢ [“ = 3 u B = 30°

BbIpa0OTKa BETPOBOM YHEPrOyCTAHOBKHM YBEJIMYUBAETCA B 5,5 pasa.
B 3akiiouyeHum cHOpMyITUpOBAHBI OCHOBHBIE PE3YJIbTaThl W BBIBOABI IO

BBITIOTHEHHOM padoTe.
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BBIBO/IbI IO JMUCCEPTAIIMOHHOM PABOTE

OcCHOBHBIC pe3yJbTAaThl BBIOTHEHHON IUCCEPTAIMOHHON PabOTHI KPAaTKO MOKHO
chopMyJIUpPOBaATh CAEAYIOLUIMM 00pa3oM:

1. B pesynapraTe aHaiM3a I€J€COOOPA3HOCTH  KCIOJb30BAHUS  BETPOBBIX
SHEProyCTaHOBOK IOKa3aHO, YyTo olecreueHre ux 3(PQPeKTUBHOW pabOThl B palioHax co
CPEIHUM M MaJIbIM BETPOMOTEHIMAJIOM BO3MOXKHO 32 CUET MPUMEHEHHUs KOHLUEHTPATOPOB
NOTOKA.

2. PazpabGortana xkinaccuukanys KOHIIEHTPATOPOB TIOTOKA HHEProyCTaHOBOK,
UCHOJIL3YIOIIMX SHEPrul0 TEYEeHMs, KOTopas JaeT BO3MOXKHOCTh Ooyiee TMOJHO
CUCTEMAaTU3UPOBaTh BCE pa3HOOOpa3ue KOHIEHTPATOPOB MOTOKAa U OOJErdyuTh BBIOOP HX
THUIIA JJIs1 KOHKPETHBIX YCIOBUM.

3. Pa3pabotaHbl HOBBIE MEPCIEKTUBHBIE TEXHUYECKUE PEUICHUS MO KOHCTPYKIIHSIM
HauOojiee BaKHBIX DJIEMEHTOB SHEPrOyCTAHOBOK, HCIOJB3YIOMIMX HHEPrUI0 TEUECHUS
MOTOKA, KOTOpbIE 3alIUINEHbl MAaTEHTAMH HAa HU300pEeTeHHs. DTH TEXHUYECKUE pPELICHUs
JAl0T BO3MOXXHOCTH TMOBBICUTH 3((HEKTUBHOCTH pabOThl 3HEproyctanoBok. Hosoe
TEXHUUYECKOE pelIeHUE MPUMEHUTENBHO K BOY oTKpbIBaeT BO3MOKHOCTH 00Jiee IIUPOKOTO
UCIIOJIb30BAHMSI BETPOBBIX 3HEPrOYCTAHOBOK B pallOHAX CO CPEIHUM U MajbIM
BETPOINOTEHIMAIOM, B 4aCTHOCTH, B CpenHeM [loBomxkee.

4. IlpoBeneHHbIE HSKCIEPUMEHTAJIbHBIE  UCCJIEAOBAaHUS  BBIIBWIA  BIIUMSHHE
rapaMeTpoB KOHIIEHTPATOPOB KOH(GY30pHOTO, TU(PHY30pHOTO U KOMOMHUPOBAHHOTO THUIIOB

Ha XapaKTePUCTHKH IOTOKA B 30HE pa3MelieHusi pabodero kojeca. B wactHocTH, mpu

NPUMEHEHHH KOHIIEHTpPAaTopa KOH()Y30PHOrO THIIA OTHOCHTEIbHOW mHbBl [“ = 3,
CKOPOCTh IIOTOKa B 30HE pabouero kojeca nosbimaercs B 1,5 — 2,0 paza (nmpu U3MeHEHUH

yrna pactpybnoctu S ot 15° mo 35°). IlomydeHHble AaHHBIE TO3BOJISIIOT OMPEICNAThH

MOIIHOCTE U BBIPAOOTKY  AJIEKTPOIHEPrHMM Ui paA3IMYHBIX THUIIOB  BETPOBBIX
SHEProyCTaHOBOK B KOHKPETHBIX MECTHBIX YCIOBUSX.

5. Pa3zpaboTtana MeToauka BbIOOpa OCHOBHBIX NMapaMeTpOB KOHIIEHTPATOPOB MOTOKA
BETPOBBIX SHEPrOYCTAHOBOK U AJITOPUTM €€ peann3aluu.

6. IlpoBeneHbl CONOCTABUTENBbHBIE pacyeThl IO ONpPEAENICHUI0 3((EKTUBHOCTU
paboTBl BETPOBBIX YHEPrOyCTAHOBOK MaJOW MOIIHOCTH C KOHIEHTPATOPOM MOTOKa U 0e3
Hero. Pacuersl noarsepamin, uto BOY Manoii MomHocTH oka3biBatoTcsa 3QpQeKTUBHEE TIPU

IMPUMCHCHHUHN KOHIOCHTPATOPOB IIOTOKA C OIITUMAJIbHBIMU IIapaMCTpaMHU.
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OCHOBHBIE PABOTbI, OTYBJINKOBAHHBIE 11O TEME ITUCCEPTAIIMMN:

1. banp3anaukoB M.U., EBgokumoB C.B. DddeKkTUBHOCT, HUCHOIB30BAHUS
BeTpodHepreTndecknx yctaHoBok B Cpennem [loBomxkbe//Pernonansuas sxomorusi. — 1999.
— Ne 1-2. — C.113-116.

2. banszannukoB M.U., EBgokumoB C.B. HMcnosb3oBaHuE KOHIIEHTPATOPOB MOTOKA
Ui TOBBIMEHUS  A(P(GEKTUBHOCTH  BETPOIHEPTETHUECKUX  yCTaHOBOK/TexHomorus
SHEprocOepeKeHusl, CTPOUTEIBCTBO W OIKCIUTyaTalusi WHXEHEPHBIX cuctem//Marepuaibl
MEeXIyHapoHO# Hayd.-mipak. koHd. — C-116.: CII6I'TY, 2000. — C.28 —30.

3. banp3annukoB M.U., EBmoxumoB C.B. DHeprocOepexkeHne Ha ACHCTBYIOIIHUX
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