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YK 621.182.44
AbGpamoB B.A.
OHMA

PA3PABOTKA PEKOMEH.EIA!.IMVI MO NPAKTUYECKOMY MUCIMOJIb3OBAHUIO
WHTEHCUOULNPOBAHHOW OYUCTKM TENNTOOBMEHHUKOB OT HAKWMU

Pe3ynbraThl 3KCIIEpUMEHTANBHBIX MCCIEIOBAaHUN PAacTBOPUMOCTH HaKu-
neoOpa3oBatesiell 1 HaTypalbHOW HAKUIM MPH UCHOJIB30BAHUU TPEIIIOKEH-
HOTO METOJ[a UHTCHCU(HUKAIIMKM OYUCTKH [1, 2] yKa3bIBalOT HA BO3MOXHOCTh
yIAJIeHNUs MUHEPAIbHBIX OTJIOXKEHUH M3 TEIUIOOOMEHHHUKOB B MPOHU3BOJICT-
BEHHBIX YCIIOBHSIX, YTO B CBOIO OYe€pelb BBI3bIBAET HEOOXOAMMOCTH paspa-
OOTKH TEXHOJOTHYECKUX PEKOMEHAAINH IO IPaKTHICCKOMY HCIOIb30Ba-
HUIO 3TOTO METOJ1a OYHCTKH.

[Ipenaraemple HIKE PEKOMEHAALMU OCHOBAHbI Ha pe3yJjbTaTax IpoBe-
JIEHHBIX HUCCIIEOBAHWN M Ha HMCIIOJIb30BAHUM TPHU AKCIUTyaTAlIMOHHBIX OYH-
CTKaX Cla0bIX PacTBOPOB CYJIb(aMHHOBOW KUCIOTHI MPH MOBHIIIEHHBIX JaB-
neanssx CO,, ¢ OCYIIECTBIEHNEM MHOTOKPATHBIX PE3KUX COPOCOB M TIOBBI-
LIeHUH JJaBJICHUS B TEIUIOOOMEHHUKE, a TaKXKe C MEPUOAMYECKUM OCYIIECTB-
neHreM (a3l BCKUMIAHHUS MOIOIIETO pacTBopa (Tipu cOpocax JaBiICHUS), UTO
COOCTBEHHO W MHTEHCH(DHUIUPYET MPOLECC yAAIEHUS HAKUITHBIX OTJIOKEHHUM
C TEITIOOOMEHHBIX IMOBEPXHOCTEH IO CPaBHEHHUIO C OOBIYHONH XUMHYECKOM
OYHUCTKOH.

TexHOMOrnst OYUCTKH TOTO THUIIA BKIIOYACT MOATOTOBKY 000PYIOBAaHUS
K OYHCTKE, IPUTOTOBJIIEHUE MOIOILIETO PacTBOPa, HEIOCPEACTBEHHO OUUCTKY
o0opyI0BaHMs, yaleHne OTpabOTaBIIEro pacTBOpa U MPOMBIBKY TETI000-
MEHHHKA OT OCKOJIKOB Pa3pyLICHHON HAKHIIH.

[punnummansHas cxeMa 10000pyIOBaHUS TEILTOOOMEHHUKA IS OCYIIIe-
CTBJICHHUS I/IHTCHCI/I(i)I/ILlHPOBElHHOfI OYUCTKH OT HAKUIIM MPEACTAaBJICHA Ha
puc. 1.

[Tepen ocyniecTBIeHHEM OYMCTKH TEIUIOOOMEHHBIN amnmapar OTKIIYaloT
OT OCHOBHOT'O TEXHOJIOTMYECKOr0 IIUKJIa U Yepe3 IITAaTHbIE CMOTPOBBIE JIIOY-
KH OYHINAIOT OT HHOPOIHBIX MPEAMETOB ISl 00ECTICUCHHUS TOCTYIIA MOIOIIEH
KHUJKOCTH KO BCEH MOBEPXHOCTH TEIJIO0OMEHa, TOKPHITON HAKHUITBIO. 3aTeM
3aMEpSIOT CPEAHIOI TONILIMHY CIIOS HAKUIM, MO KOTOPOW ONpEAEeNsioT ee
o0I11ee KOJIMYECTBO B TEIIIOOOMEHHHKE

B = 5Fy/1000,

rae B — Konmu4ecTBO HAKUMHU B TEINIOOOMEHHHUKE, KT & — CPEeqHss TOJIIH-

Ha CJIOSI HAKUIIH, MM; F — TIOBEpXHOCTH HarpeBa TEIIO0OOMEHHHKA (I10 Tmac-
2

MOPTY WITH CIPABOYHKKY, M*); ¥ = 2500 KI/M® — IUIOTHOCTH HAKHITH.
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Puc. 1. IlpuHnunmanbHas cxeMa YCTAHOBKM HMHTEHCH(HIMPOBAHHOH OYHCTKH
TEIUIOOOMEHHUKA OT HAaKWmu: | — TerooOMeHHBIH ammapar; 2 — TepMOMeTp; 3 —
MaHOMETp Ha TEIUIOOOMEHHHKE; 4 — penie IaBleHus; 5 — TyMOep A MOAaYH MTUTaHUs
HA peJie JIaBICHH; 6 — 3JIEKTPOMAarHUTHBIN KJIamaH AJsl COOOIIEHHs TeUI00OMEHHUKA C
aTMocdepoli; 7 — CUTHaJbHAs JIAMIIOYKa KJlamaHa cOpoca JaBleHHUS; § — CEKyIIHe
KIMHKETB; 9 — OJEKTPOMAarHMUTHBI KiIamaH Juisi COOOIICHHS TEeIUIOOOMEHHHMKA C
6amutonom co cxatoir CO,; 10 — curHanpHast ammouka kinanana momauud CO,; 11 —
KJIalaHBb! JUTs TTOIKITIOYEHHS HACHIIIAIOIIeH YCTAHOBKH K TEINIOOOMEHHUKY; 12 — Oak Juis
MIPUTOTOBJICHNST MOIOLIEro pacTtBopa; 13 — OaiimacHblid kiaman; 14 — kimamaHbel Juis
OTKITIOUEHHS KEKTOpa OT KOHTypa LUPKYISIHU; 15 — BOmOTra3oBeIl 3keKTOp;16 —
MaHOBaKyyMeTp KeKkTopa; 17 — ra3oBelii peaykrop; 18 — Oammon ¢ COp 19 —
HEBO3BpPaTHO — 3amopHbIi kiamaH i moaBoaa COz x 3xekropy; 20 — xiamaH Ui
MOJIBOJ]A MOIOIIETO PacTBOpa Ha BcackiBaHHME pabodero Hacoca; 21 — paboumii Hacoc
OYHMCTHOW YCTaHOBKH.

3Hast 00beM Bojbl B Teriooomennuke (V, M3) U KOJIMYECTBO HaXOAIIEH-
cs B HeM Hakum (B, xr), mo ux cootHOmenuto (B/V=Scaco,, I/1) U IO TOTY-
YCHHOMY YpaBHEHHIO perpeccuu [2] wimu rpadukaM Ha pHcC. 2 OIPENesoT
HEOOXOIMMYI0 KOHIEHTpanuio cyibpamunoBoir kuciotel (Cy, %), mocra-
TOYHYIO JUIS OJJHOPA30BOTO MPUTOTOBIICHHS MOIOIIETO pacTBopa. J[ist aToro
MPeIBAPUTEIBEHO BEIOUPAIOT TOT MM MHOHW CIIOCOO MPOBEICHUS OYUCTKH B
3aBUCHMOCTU OT KOHKPETHBIX YCJIOBUH M BO3MOXKHOCTEH Ha JaHHBIA MEPHO]
(1 — ¢ uCmoIp30BaHUEM TOJIBKO PACTBOPOB CYIb(HaMUHOBON KHCIOTHI, 2 —
C HCIIONIE30BAHUEM CYIb()AMHHOBON KHCIOTHI M (ha30d MEpUOAHIECKOTO
BCKHITaHUS MOIOIIETO PacTBOpa; 3 — C HMCIOJIb30BAHUEM DPACTBOPOB CYJb-
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(haMUHOBO# KHUCIIOTHI MPHU MOBBIMICHHBIX AaBieHUsXx CO, U ¢ mepuoanye-
CKUMH cOpPOCaMy W TOBBIIICHUSIMH JaBJICHUS; 4 — C UCIIOJIB30BAHUEM pac-
TBOPOB CYJIb()aMHUHOBOW KUCIOTHI MPH MOBBINICHHBIX AaBieHusx CO; u me-
PUOINYECKUMHU BCKUTIAHUSAMHU MOIOLIEr0 pacTBOpa mpu cOpocax JaBlIeHUs).

Seco, z

ey /
200 /\ :/
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Puc. 2. 3aBucHMOCTD KOJIMYECTBA YIAJICHHON HAKUITK OT KOHIEHTPAIMU CYJIb(paMHHOBON
kucnotel: 1 — mpu 35 °C ¢ HCIONIb30BaHHEM TOJNBKO PACTBOPOB CYIb(aMHUHOBOM
kucnotel, 2 — npu 105 °C (¢ da3oit BckumaHus) pacTBOPOB CyJIb(AMHHOBOU KHCIIOTHI;
3— mpu 35 °C ¢ ucnons30BaHHEeM PacTBOPOB cyibdamuHOBON kucinotsl 1 CO, mpu
nasnernu 0,2 MIla (co cOpocamu u moBbIIeHHAME naBieHns); 4 — mpu 105 °C (c dazoit
BCKUTIAHUS) PacTBOPOB Cynb(paMHHOBOH KHCIOTH M mpu nasieHun CO, 0,2 MIa (co
cOpocamMy ¥ NOBBIILICHUSIMU JJABJICHHS)

OnpeenuB KOHIICHTPAIHIO CYTb()aMHUHOBOW KHCIIOThI, HEOOXOAMMYIO JUIS
OCYIIECTBIICHUS KaKOTO-TM00 W3 CIIOCOOOB OYHMCTKH, HAXOIAT €€ pacXoj| JUIs
MIPUTOTOBJICHUS MOIOILIETO PACTBOPA HY>KHOW KOHIICHTPAIMU IO popMyIie

G, = 10VC,,

rae Gy — KomuMuecTBO Cyxoit cymbdamuHoBOi kucnotel (100 %), HEoO-
XOIMMOM ISl IPUTOTOBJICHHS MOIOIIETO PAcTBOpa HYXKHOW KOHIIEHTPAILlUH,
KT; V — BOJISHOMN 06beM TerooGMeHHnKa, M°; C, — HeoOXO0IMMas KOHICH-
Tpawus cyab(paMUHOBONW KUCIOTHI, %.

IIpumep pacuera

OmnpenenuTs KOJHMYECTBO CYNb()AaMHHOBOH KHCIIOTBI, HEOOXOIMMOM ISt
IIPUTOTOBJIEHUS MOIOILETO PACTBOPA HYKHOW KOHLIEHTPALUU AJI1 OUMCTKH OT
HAKUIH TEIUIOOOMEHHOTO ammapaTa WHTEHCH()UIMPOBAHHEIM CIIOCOOOM,
HaTpuMep, IPH OJHOBPEMEHHOM HCIIONB30BAaHUU PACTBOPA CYIb(MaMHHOBOIM
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kucnotel U gaBieHuu CO, 0,2 Mlla, a Taxke nepuoandeckux (azax BCKH-
MaHUs TIEPErpeToro OTHOCHTEIBHO TEeMIIepaTyphl HACHIIEHUS MOIOIIETO
pacTBopa.
Ucxonusie nannsie: & = 1,0 mm; F =10 MZ; v =2500 Kr/M3; V=20 M.
OmnpezenseM KOJTUYECTBO HAKUIIHN B TEIUIOOOMEHHHUKE:

B = 3Fy/1000 = 25 kr.

Omnpenensiem cootHomenue B/V, T.e. KOMMYECTBO HAKHITH, IPUBEACHHOE
K eTUHHIIC 00bEMa MOIOIIETO PacTBOpa:

CaCO; — = 12,5 Kkr/m (1/01).
S B/V = 12,5 kr/m(r/

[To kpuBoif 4 Ha puc. 2 ompenenseM HEOOXOIUMYIO AJISi 3TOTO Clydas
KOHIICHTPAIIHIO PAaCTBOpa CyIbhaMuHOBOM KUCIOTH Cy = 1,62 %.

B atom cirygae pacxopn Cyxoil Cynb(paMHHOBOH KHCIOTHI IS IIPUTOTOB-
neHust pactBopa ¢ konnentpanueit C=1,62 % cocraBut G=10VC,=32,4 xr.

Ecnu Obl poBoaMiIack 0ObIYHAS XUMHUYECKasi (KUCIOTHAs) OYMCTKA, TO
JUTS YAAJICHHs TOTO K€ KOJMYECTBa HaKUMHM (25 Kr) HEOOXOIUMO OBLTO OBbI
KCIIONB30BaTh CyNb(PaMHUHOBYIO KHCIOTY C KOHIEeHTpauuend 2,66 % (kpu-
Bag 1 Ha puc. 2), a ee pacxoAa Ui JaHHOTO TEMJI000MEHHHKA MPU 3TOM CO-
cTaBmiI OBl Oosee 53 Kr.

WnaTeHcnpUImpoBaHHyI0 OYHCTKY PEKOMEHIYETCS OCYIIECTBISTH Cie-
JyIoIUM 00pa3zom (cM. puc. 1).

[Nocite moTHOTO 3aMOTHEHMS TEIIOOOMEHHUKA 1 BOOH 3aKpBIBAIOT CEKY-
I¥e KJIMHKETHI 8, N30JIUPYs TaKKMM 00pa30M BOJISTHON 00beM TEIII00OMEHHUKA
OT WITATHBIX CUCTEM. [ OTOBSIT MOIOIIUI pacTBOP, /Ul YETO PaCTBOPSIIOT B pac-
TBOpPHOM Oake 12 pacueTHOEe KOJIMYECTBO CYXOH CyIb(haMHHOBOH KHCIOTHI H,
OTKpbIBas 3aTeM Kiananbl 11 u 13, 3amyckaroT padounii Hacoc 21, obecrieuu-
Basl IUPKYJLILUIO BOJBI yepe3 TerutooOMeHHuK. [IpuoTkpeiBas kiamas 20, mo-
JIAFOT MaTOYHBINA pacTBOpP KUCJIOTHI Ha BcackiBaHue pabouero Hacoca 21. Ilo-
CIIe TIOJIaY BCETO PacTBOpa B KOHTYP IUPKYIAINN 3aKPHIBAIOT KianaHsl 20 u
13 u otkpbIBarOT Kiananel 14, obecreynBarone MpoXoXaAeHHE BOABI Yepes3
BOJIOra30BbIN 3kekTop 15. YOeauBIINCh 0 MaHOBaKyyMeTpy 16 B HOpMauib-
HOH pabote 3kekTopa (T.e. CO3JaHUHM BaKyyMa BO BCACHIBAIOMICH Kamepe),
OTKpPBIBAIOT HEBO3BPATHO-3aIOPHEIH KiarmaH 19 u pexykropoM 17 Ha GammoHe
¢ CO; ycTaHaBIMBAIOT JIAaBJICHHE IMOJIA4M YTIIEKUCIIOTO Ta3a K KEKTOpy To-
pamka 0,03-0,05 MIla. Takum 00pa3oM MPOU3BOIAT HACHIIICHHE MOOIIETO
pacTBopa IBYOKHCEHIO yriepona. IIpoqomkuTeTbHOCTh HACHIIICHUS OIpere-
JIIOT BPEMEHEM TPEX-4EThIPEXKPATHOM 3aMKHYTOM LUPKYJSLUM pacTBOpa
gepe3 TeIUIO0OMEHHUK, MCXOJs M3 MPOM3BOAUTENFHOCTH pabodero Hacoca H
KOJIMYECTBA BOJBI B TEILIOOOMEHHUKE.
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3areM ocTaHaBJIMBaIOT pabounii Hacoc 21 u pemaykropom 17 ycraHaBiu-
BaroT gasnenue nonayn CO; B TerooOMeHHUK Ha ypoHe 0,2 MIla, HO He
BbIIIIE pabouero JaBiieHUs B TEIUI0OOMeHHUKe. KOHTponb naBieHUs B Tell-
J1I000MEHHUKE NTPOU3BOJAT IO MAHOMETPY 3.

[Toeimienne maBnenuss CO2 MHTCHCHUPHUIMPYET MPOLECC PACTBOPCHHS
HaKHITK C OJHOBPEMEHHBIM 00pa30BaHHEM PAcTBOPA ¢ M30BITOYHBIM I'a30C0-
JeprkaHueM. TernnooOMEeHHUK BBIAECPKUBAIOT MPH 3TOM JaBJICHUU JO cTaOu-
JM3alUH BEJMYUHBI PH ra30HaCHIIEHHOTO0 MOIOIIEro pacTBopa (OpHEHTHPO-
BOUHO 3-4 yaca). Bennunna pH npu 3ToM KOHTpoiMpyeTcs MO UHIUKATOp-
HOU Oymare.

IoBenenne u ganpHelas cradunu3anust Benuauasl PH Moromero pac-
TBOpA Ha MOCTOSIHHOM YPOBHE CBHUJIETEIBCTBYET O €r0 MCTOIICHUH U IpaK-
TUYECKOM IPEKpaIleHHH Ipolecca YUCTO XUMUYECKOTO paCTBOPEHUS HAKU-
. Ha 3ToM 3Tame npu KOHTakTe HaKUIK ¢ MOOIIMM PacTBOPOM IMPOHCXO-
IUT €€ JaCTUYHOE PAcTBOPEHHE M 3apO’KACHHE B KOHTAKTHPYIOLIEM CIIOE
HaKUIH IOBEPXHOCTHBIX Ae(eKTOB (TOpPHI, SI3BBI U T.II.), 4epe3 KOTOphIE Ta-
30HACBHIIIEHHBIN arpecCHBHBIM PACTBOpP MPOHHWKAET MOA CJIOW HAKHUIH K I0-
BEPXHOCTH Harpena.

Iocne BeIAEPKKH MOJ JABICHUEM 3aKPbIBAIOT KiIamaHb! 11, HEBO3BpaTHO-
3anopHBIH KianaH 19 u TymOGsiepoM 5 moaroT MUTaHKE Ha pene JaBieHus 4.

HeobxommMo oTMeTHTb, 9TO pere AaBieHHs 4, nMerolee IBe Maphbl KOH-
TakToB (P COOTBETCTBYIOLIEM MaBJICHUU B TEIJIOOOMEHHHUKE OHA Mapa
KOHTaKTOB 3aMKHYTa, a Jpyras pa3oMKHYTa), TOJDKHO OBITh HACTPOEHO Ta-
KAM 00pa3oM, 4TOOBI MPH JOCTIDKCHUH YCTAaHOBIICHHOTO JIaBJICHHUS TPOMC-
XOZIMJIO 3aMBIKaHWE KOHTAKTOB, MOAAIOIINX MUTaHUE HA JIEKTPOMAarHUTHBIN
Kjanad 6, KOTOpBIN cpa3y K€ OTKpbIBaeTcs. B To e BpeMs pa3MbIKaroTCs
KOHTAKTBI, YIIPABIIAIOIINE OTKPHITHEM JIEKTPOMArHUTHOTO KJamaHa 9, U OH
3aKpbIBaeTcs. [Ipy CHIDKEHUH MaBIeHUs B TEIUIOOOMEHHUKE 10 YPOBHS J1aB-
JICHHSI OKPY’KaloIeil cpeapl MPOUCXOAUT MepepactpeiesieHue Mo1auu MuTa-
HUS Ha 3JIEKTPOMAarHWTHBIE KJIallaHbl — KJIAlaH 6 3aKphIBaeTcs, a KiamaH 9
TYT € OTKPBIBACTCSI.

Taxum o0pa3oM, IIpu Mojade NMUTAHUS HA pejie AaBICHUS 4 MPOUCXOIUT
OTKPBITHE AIIEKTPOMArHUTHOTO KJlamnaHa 6, COOOIIAIONIEr0 TEMI000MEHHUK C
aTMoc(epoii, 9To MPUBOJUT K PE3KOMY cOpPOCY JTaBJICHHUS B TEINIOOOMEHHHKE
JI0 TaBJICHUSI OKPYXKAIOIIEeH cpelpl. 3a 3TUM ClieyeT MTHOBEHHOE Tra3oBbIe-
JICHHWE W3 MOIOIIETO PacTBOpa M B IEPBYIO OUYepeasb B MecTax Ae(heKTOB Ha-
KHIIY, YTO BBI3bIBAET €€ YACTUUHOE pa3pylLICHUE U OTCIAUBaHHUE OT MOBEPX-
HOCTH HarpeBa. B MOMEHT JOCTIDKEHUS B TETIIOOOMEHHHMKE YpPOBHS IaBie-
HUSI OKpY’KaroIeil cpeasl 3aKphIBaeTCs AIEKTPOMAarHUTHBINA KiIamaH 6 u TyT
)K€ OTKpBIBAaeTCs KjamaH 9, coOOIarIui TerI000OMEHHUK ¢ OammoHoM 18
co cxatoit CO,. [IporcxomuT pe3koe MOBBILICHNE JABJICHUS B TEINIOOOMEH-
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HHUKE JI0 TIEPBOHAYATIFHO YCTaHOBJICHHOTO 3HAUYCHHMS, YTO BBI3BIBACT CXJIOIBI-
BaHHE 00Pa30BaBIINXCS T'a30BBIX ITy3BIPHKOB, IPUBOISIICE K YIAPHOMY BO3-
JIEHCTBUI0O MUKPOOOBHEMOB MOIOIICH JKHUIKOCTH Ha HAKUIIHBIE OTJIOXKEHUS.
3TOT IPOIECC COMPOBOKAACTCS NATBHEUIIIMM OOIIUPHBIM Pa3pyIICHUEM Ha-
KHITH. 3aTeM BHOBH IPOHMCXOIUT OTKPHITHE KJIallaHa 6 W Tak jJajiee MHOTO-
KpaTHO.

Takum o0pa3om, mociie BKIIOUEHHUs TyMOiiepa 5 mpouecc pa3pylieHus
HaKUIH OCYIIECTBISIETCS 0€3 yJacTusi OOCITY)XHBAIOUIETO MEpCoHaa, T.€. B
ABTOMAaTHIECKOM PEKUME.

MOMEHTBI OTKPBITHSI COOTBETCTBYIOIIUX 3JIEKTPOMATHUTHBIX KJIAIlaHOB
MOHO KOHTPOJHMPOBATH MIPHU 3TOM 10 CUTHAJIBHBIM JJammnoukam 7 u 10.

Crnenyromuii 3Tan HHTEHCU(DUIIMPOBAHHONW OYMCTKH BO3MOXKEH JUIS TeTl-
JI0OOMEHHUKOB KHUTISILEro Tuia (HarpuMep, sl BCIIOMOTaTeNbHbBIX U YTHIIN-
3aHOHHBIX KOTJIOB). I 9TOTO MOIOMIMI PacTBOP MEeperpeBaloT MpH MOBHI-
IIEHHOM JaBJIEHHUH OTHOCHUTEIHHO TEMIEepaTyphl HACKHIIICHHS, COOTBETCT-
Bytomied atMocdepHoMy naBieHdto. KOHTpoib TemmepaTypbl B TEILIOO0-
MEHHHUKE OCYIIECTBIISIIOT MO TepMomeTpy 2. Ha BpeMs HarpeBa MOIOLIETO
pactBopa TyMOJep 5 OTKIIIOUAIOT. 3aTeM CEepHs IIMKJIIOB 10 PE3KOMY CHIKE-
HUIO ¥ TIOBTOPHOMY TOBBIIICHHUIO JIABJICHUS B TEINTIOOOMEHHUKE BO30OHOB-
nseTcst (MPU OCYIIECTBJICHWU IMOCTOSHHOTO HarpeBa MOIOILEro pacTBoOpa),
T.e. BHOBb BKJIIOUaeTcsi TymMOnep 5. DTo BBI3BIBACT IMEPHOANICCKOE BCKHUIIA-
HHUE MOIOIIEH KUIKOCTH (M B MIEPBYIO OYepeah Y HOBEPXHOCTH HArpeBa) MpH
CHIDKEHHUM JIaBJICHUS 10 aTMOC(EpPHOro U MpeKpalleHne mpolecca KUTeHHs
TIPY TIOBBIIICHUY ABJICHHS B TeIiooOMeHHUKe. Takas 00paboTKa MPHUBOIUT
K eme OoNbIIeMy pa3pyLICHHIO HAKUIH TCHEPHUPYEMBIMH Ha TTOBEPXHOCTH
HarpeBa MapoBBIMH MY3bIpbKaMH. [IpOMOHKHUTENBHOCTh 00PaOOTKU BHIOU-
ParOT AKCIIEPUMEHTAIBHO IS KaXKIOTO KOHKPETHOTO CITydasl.

[ocne moMHOH OYUCTKU TEINIOOOMEHHUKA OT HAKHUIIH MPEKPAIaloT Ha-
IPEB MOIOMIETO PACTBOPA M BBIKIIOYAKOT TyMOJIEp 5, 4TO MPUBOJIUT K 3aKpbI-
THIO DJIEKTPOMArHUTHBIX KJIAMAaHOB 6 U 9. 3aTeM OTKPBIBAIOT CEKYIUE KIa-
MaHbl 8 ¥ MPOMBIBAIOT TETIOOOMEHHHUK BOJOH OT MITATHOTO IHUPKYISIIHOH-
HOTO Hacoca IUIsl yAalleHWs OTpaOOTaBIIEro pacTBOpa M OCKOJKOB pas3py-
IEHHOW HaKUIIH.

B cnyyae xuciioil peakuuu MOIOLIET0 pacTBOpa HEUTPAIU3YIOT OCTATKH
KHUCJIOTBI €KUM HaTpOM J0 HEHUTpaIbHOU Cpeibl IO METUIIOPAHXKY COTJIACHO
HU3BECTHOM MeToauke [3].

[ocne okOHYAHWSI OYMCTKH BCKPHIBAIOT U OCMATPHBAIOT TEIUIOOOMEHHHIK
yepes3 CMOTPOBBIE JIFOUKH JAJISl OLIEHKH COCTOSIHUS €r0 TEIUIOOOMEHHBIX IO-
BEPXHOCTEH.

[pu opranm3anyy 1 IPOBENCHUH PabOT O OYUCTKE TEIUIOOOMEHHUKA OT
HaKWITH JOJDKHBI COOTIOIaThCS TIPaBmIIa TEXHUKH Oe3omacHocT. HecMoTpst Ha
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TO, YTO CyNb(haMUHOBAsI KUCTIOTA B CyXOM BHJIE O€3BpEIHA, €€ HY’)KHO CMBIBaTh
TIPH TIOTTaJJAHUU Ha KOKY W OJeKAy. Ee BOmHBINM pacTBOp (B OmpeneieHHON
KOHIIEHTpAIlMK) TPeACTaBIseT coO00i CHIbHYI0 MUHEpaIbHYIO KHUCIOTY. Ilo-
3TOMY JIMLIA, TPOBOSIINE OYUCTKY C HCIOJIb30BaHUEM CYIb(aMHHOBON Ku-
CIIOTHI, TOJDKHBI MMETh CIEHOASKIY U 3alIuTHbIE oukd. [Ipu momamaxnmn Ha
KOXKy KUCIIOTY HaJI0 CHSTh BaTHBIM TaMIIOHOM, MPOMBITH 2%-HBIM PacTBOPOM
MUTHEBOM COJIBI U CMa3aTh Ba3eIMHOM; MPH MOMAJaHUU KUCIOTHI B IJlaza —
HEMEAJIEHHO TPOMBITh UX BOZIOM M 00paTUThCS K Bpady. Ilpu ocymiecTBieHUH
cOpOCOB U TOBHIIICHUH TAaBICHMS B TCIUIOOOMEHHHUKE CIIETyeT PYKOBOICTBO-
BaThCs NPaBUJIAMH PaOOTHI C COCYAaMHU I10]1 1aBICHUEM.

OTnenpHBIE MOJIOXKEHUS MPUBEACHHBIX PEKOMEHAAINH 10 TMPaKTHIECKO-
My MPUMEHEHUIO HHTEHCH(HUIMPOBAHHOW OYHCTKH TEINIOOOMEHHHUKOB OT
HAKUIIA MOTYT YTOUHATHCS B COOTBETCTBUM C KOHKPETHBIMU YCJIOBUSMH H
TEXHUIECKUMH BO3MOKHOCTSIMH.
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VIK 621.431.74.03-57
Bborau B.M., 3amopoxusiit A.A., Komues 1U.J1.
OHMA

BbIEOP UMUTALMOHHON MOLENMW NMPOLIECCA MACIONOOAYM
B UMNUHOPLI CABC

B mocnenHee BpeMst B pa3MYHBIX 00JAaCTAX TEXHHMYECKHX HAyK WHTEH-
CHBHO Pa3BUBAeTCs BEIUHUCIUTEIFHOE SKCIIEpUMEHTHpoBaHKe. [Ipr 3ToM BbI-
JETSIOT B2 HamboJiee YeTKO ONpeNeNeHHBIX Kiacca SKCIEPHUMEHTOB. JKC-
MEPUMEHTHI, HCTIONIB3YIOIINE OITMCAHNE UCCIEIyeMOro 0OBEKTa C TOMOIIBIO
ypaBHeHH# (HeopMalbHOE ONMCAaHWE), U SKCHEPUMEHTHI, HCIIOJIb3YIOLIHE
HernocpencTBeHHoe (PopmabHOE) onrcanue o0bekTa. [1epBblii Kiace sKcre-
PUMEHTOB B KOHEYHOM CHUETE CBOTUTCS KO BTOpoMy. Tak, B HamieMm cirydae
pelaTh ypaBHEHHs, OIMCHIBAIONIME IBIKEHHE Macia B KaHajaX, MOXHO,
HaIpuMep, MOJEIUPYs (MMUTHPYs) OPOYHOBCKOE JBHXKCHHE MOJICKYJ, T.C.
BEIYUCIISS TTOCIIEOBATEIHHO MECTOTIONIOKCHUE STHX MOJICKYIT.

BbrunciuTeNnbHbIA SKCIIEPUMEHT POBOJMUTCS C 00BEKTaMU, UMEIOIIUMHU
HauOollee IOJHOE JeTalbHOe onucaHue. TakoW HSKCIepUMEHT Ha3bIBAIOT
UMUMAYUOHHBIM.

VIMHUTalMOHHBIN 3KCIIEPIMEHT MOXHO OXapaKTepHU30BaTh KaK BOCIIPOM3-
BesieHHe ¢ TomomIpio OBM Monenu (GyHKIIMOHUPOBAHMS HEKOTOPOW peab-
HOU cUCTeMBI. Moenu, u3y4eHne KOTOPBIX MPOBOAUTCS C MOMOIIBIO HMH-
TaIIMOHHOTO JKCIEPUMEHTa, OTIMYAIOTCS OT APYIHX Mopeied (Hampumep,
MoJiesied, JOMyCKaloIuX aHAIUTHYECKOe HCCIEOBaHNE) BO3MOXKHOCTBIO
HanboJee MOMHOTO y4eTa BceX (PaKTOPOB, CBSI3AHHBIX C JAHHBIM SBJICHUEM.

[epen mocTpoeHNEM IMHUTAIMOHHOW MOJEIH aHAM3UPYETCS UMEIOIIAsICs
nHMOpMaLHs 0 paboTe TEXHUYECKOH CHCTEMBI, €€ ITOJICUCTEM U JIEMEHTOB.

OOBIYHO TyOpUKATOpHAs CUCTEMa COCTOUT M3 OJHOU WJIM JABYX IHCTEPH
IUTSL XpaHEeHUs 3araca IITHHIPOBOTO Macia, PacXOIHON IUCTEPHBI ¢ MOIKa-
YHMBAIOIIMM HAaCOCOM, MHOTOIUIYH)KEPHBIX HAcocoB (JIyOpHKaTOpOB) C IpH-
BOJIOM, HArHeTaTCJIbHbIX MAaCJIOMIPOBOAOB U HITYIICPOB, BBUHYCHHbLIX B KaHa-
TBI THTHHIPOBHIX BTYIOK (LB). Kanansl cooOmeHsl B CBOIO ovepens ¢ Mac-
JIOpacIpeenuTeIbHBIMA KaHaBKaMU Ha 3epKajie BTYJIKH.

MoenupoBaHUI0 TOAJICKUT YJ9aCTOK CHCTEMBI Hacoc (ryOpukaTop) —
3epKao IWIMHAPA. DTOT y4acTOK, MCXOAS M3 XapakTepa NMPOTEKarolIuX B
HEeM THAPOANHAMHYECKHUX TPOIIECCOB, MOXET OBITh pasjerneH (puc. 1) Ha 1Be
PaCYCTHBIC YaCTH.

B HacTosmee BpeMs YaCTHYHO MCCIIEI0BAHbI TOIBKO HMHTAIMOHHBIE MO-
nenn 2-ro ydactka. OHaKO WCIIONB30BAaHHWE B 3THX HCCIEJOBAHUAX TIPH-
OJMM)KCHHBIX MaTEeMaTUYECKUX MOJICNIC OMTUMU3UPYEMBIX TOKa3aTeleu cy-
KaeT 3aJa4dy ¥ MPUBOJUT K OIIPEAEIECHHBIM NOTEPSIM HH(POPMAUHU: MOJIEIIH-
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pyeTcsl TONBKO MOCIEAHUM YYaCTOK CHCTEMBI B OTPHIBE OT BCEX OCTAIBHBIX
€€ COCTAaBIISIONIMX, YTO HE JaeT BO3MOXXKHOCTH OIICHWBaTh 3((HEKTHBHOCTD
MIPOBOAUMON ONTUMHU3ALIUH.

PACXOAHAS
UMCTEPHA

TMUTATENbHA
HACOC

—

LIUCTEPHA
3ANACA : : f
MACNA ' ; i

AKKYMYNATOR

I-ie | 2-oh i
PacHennn i | pacuemnori }
Yuacmox i VYuacmorx i

Puc. 1. CtpykTypHas cxema: a) IyOpHKaTOPHOH CHCTEMBI; 0) aKKYMYJISTOPHON CHCTEMBI

Uro e KacaeTcsl MOBEJCHHS Maciia B JIyOpHKaTOpe ¥ B HarHETATeIbHOM
TpyOOIIPOBOJIE, TO ATOT BOMPOC OCTACTCS COBEPIICHHO HEe M3ydeHHBIM. [lo
W3BECTHBIM JJAaHHBIM, Ha JTHX y4acTKaX WMEEeT MECTO JJaMHHApHOE TeUCHHE
0HO(a3HOU JKUJKOCTH, BA3KOCTh KOTOPOH HE 3aBHCUT OT HAMpPsDKEHUS
capura M BpeMeHd. JlehopManuy TakuX TN HA3BIBAIOTCS HBIOTOHOBCKHMU
TCUCHUSAMH, a CAMHU TeJIa — HbIOMOHOBCKUMU KUATKOCTIMH. ClIeToBaTeIbHO,
3/1eCh UMUTAIIMOHHAS MOJIENb JIOJDKHA 0a3UPOBATHCSI HA TEYCHUH HBIOTOHOB-
CKOM KUJIKOCTH.

g uccnenoBaHus 3TOr0 TEYEHUST MOXHO HMCIIONb30BaTh yPaBHEHHS He-
YCTaHOBUBIIECTOCS W30TEPMHUYECKOTO JIBMXKCHUS BS3KOH JKUIKOCTH (ypaBHE-
Hus CTOKca) W ypaBHEHHWE HEC)KMMAEMOCTH B IIWJIMHIPUYECKOH CHUCTEME
koopauHar (r, ¢, z) [1].
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Kak m3BecTHO, Iporiecc MacionoAauy B 3HAYUTEIBHON CTETIEHH OIpezie-
JSIeT TOCIEHAN YIaCTOK MacIIOMOABOISIIETO TPaKTa — KaHal B MITyLEpe U
B CTEHKE MJIMHAPOBON BTYJKH (PacIIOJOKEHHBIH MEXIy KJIAIIaHOM H 3ep-
KaJIOM HWIMHAPA).

3aMeTHM, YTO 3TOT CJIOXKHBIA Y4aCTOK COOOIIEH C MOJIOCTHIO IIIHHAPA
MIOCTOSIHHO, ¥ CJIEZIOBATEINIbHO, MTPOLIECC JBIKESHHS Maciia B HEM CYIIECTBEH-
HO 3aBHCHT OT IPOLIECCOB, IPOUCXOSIINX B IWINHIPE.

Jrst OonpIIMHCTBA CYIOBBIX IU3eNed 00bEM 3TOr0 yJacTKa B AECSITKU U
COTHH pa3 Oolbllle o0beMa IMOCTYIAIONIeH B HEro MOPIMK Maciia, KoTopas K
TOMY K€ IoJaeTcs ¢ nepepsiBamMu (0T 2 10 14 0060pOTOB) MeXIy MOAAUaMHU.
CrnemoBaTenbHO, 3Ta YaCTh KaHANIA SBJSIETCS] CBOCOOpA3HOM IpeIKaMepoid, KO-
TOpast Yepe3 HEBO3BPATHBIN KIIAIaH MEePUOANIECKH MOMONHIETCS MaclIoM, a CO
CTOPOHBI BBIXOJJHOTO OTBEPCTHs HOCTOSIHHO HCIIBITHIBAET BO3JIEWCTBHE I'a30B
W3HYTPH IWIMHIPA, T.€. BCEM, AaKe NPHHIMIHAIGHO Pa3IMIHBIM JTyOpHKa-
TOPHBIM CHCTEMaM U JIBUTATEIISIM OJHMHAKOBO CBOMCTBEH ITPOILIECC «METAHUSD»
YacTH Macja ra3aMy, PacIIUpSIONIMMUCS B INpeaKaMepe, BCIEACTBUE B3au-
MOJEHCTBUS LIWINHIPA U CUCTEMBI HE3aBUCUMO OT €€ KOHCTPYKIIUH.

["a3o-macisiHast cMech, IPUTOTOBIICHHAS B PE3yIbTaTe BO3BPATHO-IIOCTY-
MaTeJIbHOTO JIBMOKEHUSI B TpelKaMepe (aHAIOTMYHO B30aNTBHIBAHUIO), IIPU
«BBIOpOCE» €e B IOJIOCTD IWIMHAPA aKTUBHO paclISIUIIeTCsS Ha OTIeIbHBIS
KaIUTH, TPYIIIBI Kareib WX BBUISTAaeT 3a MPEelsl cpe3a KaHala B BHIE He-
CKOJIBKHAX KOPOTKUX CTPYH.

Takoe ucTeueHne xapakTepHO Ui KaHANOB nBurareseit «3ymbiep» RD,
MAN, TAJl, 3aBona «Pycckuii mu3enby», «I'étaBepken», duat u ap.

Taxum 0Opa3om, IpH B3aNMOJEHCTBIH Maclia ¢ Ta3aMu 00pa3yercsi MHO-
rogasHast (MUHUMYM JByX(a3Has) TUCIIepCHast cucTeMa (Teilb, 3MYJIbCHs).
OHa COCTOUT W3 OUCnepCuUoHHOU cpedbl — Maclia B ducnepcHoli gasvl (Ta-
30B, MEJIKUX YaCTHIl CaXH, MPOJYKTOB M3HOCA — METANIMYECCKUX YaCTUI] U
1.11.). [loBeieHre MHOTO(A3HOM CHCTEMBI U €€ CBOMCTBA MOJPOOHO OMHCAHEI
B pabotax OBunnHHKOBA [1.D. [2] u Kponussackoro I1.C. [3].

B Takoii cucreMe OOBIYHO JECHWCTBYIOT BHYTPHMOJICKYJISIPHBIC CBS3H B
JHCIIEPCHOH (ha3e M HaIMOJICKYJSIpHBIC CBSI3M MEXAY AUCHEPCHOH (a3oil
(razom, caxked, MPOJYKTaMU M3HOCA) C OJHOH CTOPOHBI U JUCIEPCHOHHON
cpenoi (MacioM) ¢ APYyroi.

Hanmo momarate, 4to paccMaTpuBaeMasi HAMH CHUCTEMa SIBIISETCSI CTPYK-
TYpHOI (cmpykmypupoganHoii), yauThIBas CTEIICHb B3aUMOICUCTBHA (TIepe-
MEIIMBAHKs) Maclia ¢ Ta3aMH B KaHaJe.

Taxue cucTeMbl 001aal0T OJJHAM CIIEIU()UUECKUM CBOHCTBOM — MIUK-
componueii — CNOCOOHOCTBIO CTPYKTYPBI OOpPaTUMO BOCCTaHABJIMBATH WIIH
pa3pymarh HaIMOJEKYIIPHBIC CBSI3U IO/ BIMSHHUEM Pa3IHYHBIX (HAKTOPOB,
B Ka4yecTBe KOTOPHIX Hallle BCETO BBICTYIAIOT MEXaHHMUYECKHEe BO3JECHCTBHUL.
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[ToaToMy THKCOTPOITHIO OMPEACISAIOT KaK M30TCPMHUYCCKHI, 0OpaTUMBIH BO
BpPEMEHH TEPEX0] CTPYKTYPHUPOBAHHOW WM CBSA3HOIAMCHEPCHOIN CHCTEMBI B
OECCTPYKTYPHYIO U CIab0 CTPYKTYPHUPOBAHHYIO (T€sl B 30Jb) CUCTEMY
MIPU MEXaHUYECKUX BO3ICHCTBUSIX.

JelcTBUTENFHO, CMECh Macya C ra3aMy B OTKPBITOM CO CTOPOHBI IHIIHH-
Ipa KaHaJle MpeacTaBisieT co0oii refb. [Ipu «BRIOPOCHOMY HCTEUEHUH B IU-
JIMHIP JABUTATENsl OHA PACIIBUIMBAETCA, IPEBPAILAsiCh YaCTUYHO B a3P030J1b —
COCTOSIHHE, B KOTOPOM YaCTHIIBI TUCTIEPCHON (pa3bl (KHIKOCTH) HE CBA3aHBI
MEXIy cO0OH B OHO LIEJNOE U CIIOCOOHBI HE3aBUCHUMO IIePEeMEIIaThCs B TUC-
MepcHoil cpene (rase) Mo BAUSHUEM TEIUIOBOIO JBMXKEHHUS WIIM CHJ TsDKe-
cti. OTHOBPEMEHHO 3[1€Ch MOXKET IMPOTEKaTh W OOpaTHBIA Ipolecc mepe-
X072 307151, CYIIECTBYIOIIET0 HaJl CBOOOTHOM MMOBEPXHOCTHIO Maclia B KaHale,
B I'ellb — CTPYIO BHIOPAachIBAEMOTO MacJa.

31ech THKCOTPOMIHSI IPOSBIACTCS B CHOCOOHOCTH CTPYKTYPHPOBAHHOMN
KHUIKOCTH (Ta30-MaciITHOM CMecH) cO BpeMEHEM CaMOIIPOM3BOJILHO BOCCTA-
HaBJIMBATbh CBSA3H, Pa3pyLICHHBIE MO BIUSHIUEM MEXaHUYECKUX BO3ICHCTBHIMA
(ymapHoro BO3IEHCTBHSI Ta30B B OOJacTH KaHalla, BUOpalMu JIBUTATENs,
OpOYHOBCKOT'O JIBHKCHHS). PaspylieHne W BOCCTAHOBJICHHWE CBS3C€H 3TOM
CMecH TPOMCXOJNUT KaK B MIOKOE, TaK U B ciay4ae ee TedeHus. [Ipu aTom rpa-
JTUEHT CKOPOCTH TE€YEHHUS 3aBUCUT OT CTEIIEHU BOCCTAHOBJICHHUS WM pa3py-
MIEHUS CBS3EH CTPYKTYPHI.

[Ipu pabote ABUTATENS B HEM BO3HHKAIOT CYIIECTBEHHBIC BUOPALINH, KO-
TOpble NIEHCTBYIOT U B pallOHE PACIIONOKEHHUS MACIOMOIBOAALINX KaHAIOB,
T.€. MUKCOMPONHAs CMPYKMYPUPOBAHHASL HCUOKOCMb B OTKPHITOM KaHAIe
MOJBEPraeTCcs BO3ICHCTBUIO BHOPAIMOHHBIX IPOILECCOB, KOTOPBIE TaKKe
CJICAYCT YUUTHIBATD.

[Tox BiMsHUEM BUOPAIIMOHHBIX BO3JICHCTBHHA BCE YACTHIIBI KOHKPETHOM
Cpembl YIacTBYIOT B OTHOCHTEIFHOM ABIKCHUHU (OpOYHOBCKOM JIHOO KOJIle-
6arenpHOM). DTO CIIOCOOCTBYET MEPEXOY CTPYKTYPHUPOBAHHOW CHCTEMBI B
OeccTpyKTypHYIO JH00 B c1ab0 CTPYKTypUPOBAaHHYIO C H30TPOITHO pas3py-
MIEHHOW CTPYKTYpor. CTereHb N30TPOITHOTO Pa3pyIICHUS CBSI3€H CTPYKTYPhI
3aBUCUT OT YaCTOThI U aMIUIMTYIbI BI/I6paHI/II/I.

BuOpanus moBsIIaeT CTENEHb PazkKMKESHHOCTH Maciia, TaK Kak MpoucC-
XOIHT pa3pylICHHUE CBSA3CH CTPYKTYPBI, 3TO OOJEervaeT mepeMenInBaHue Mac-
Ja ¢ Ta3aMH ¥ TaKuM 00pa3oM yCKOpsIeT MpoIecc oOpa3oBaHUs ra3zo-mMac-
nsHOH cMecH. IIpu 3TOM CTeNeHb Pa3KIKEHHOCTH ONpeeNseTcss Buopamu-
OHHBIM (POHOM M BPEMEHEM BO3ICHUCTBUS, T.€. (PAKTHUESCKH MPOIOIKUTEIb-
HOCTBIO ISHCTBHSI CABUTOBBIX HAIPSDKEHUNA M CKOPOCTHIO Ae(DOPMUPOBAHHUSL.

B cTpyKkTypupOBaHHBIX CHCTEMaX BSI3KOCTH 1] 3aBUCUT OT CBOMCTB TEKYy-
el JKUAKOCTH, OT HANpPsDKEHHS CIBUTAa M BPEMEHH, T.€. OHH SBILTIOTCS
HEeHbIOMOHOBCKUMU.



16 Cy0oeble snepeemuieckue yCmaHosKu 2002 — Ne 7

W3MmeHenne HanpspKEHUM CABUra MOXKET BBI3BIBATh Pa3pblB CIJIOLIHOCTU
CTPYKTYPHI TUOO MEpexol OT OJHOTO BHUIA TEYCHHS K APYTOMY.

Ecnu x XMOKOCTH TPUIIOKEHBI Ha-
MPSDKEHUS Py, HE TIPEBBILIAONIIE TIPeeia
MIPOYHOCTH IPOCTPAHCTBEHHOM CTPYKTY-
PBI, TO MPOUCXOAUT MEIJICHHOE TEUECHUE
C TIOCTOSIHHOM BSI3KOCTBIO 1o (pHC. 2),
KOTOpasi OTBEYAaeT CTPYKType, TIAe YUCIO
pa3pyLICHHBIX MO BJIMSHUEM BHEIIHUX
CHJI HAaJAMOJEKYJISPHBIX CBsi3ell MONHO-
CTBI0O BOCCTAHABIIMBACTCS 3a CYET Opo-
yHOBCKOTO ABMeHws [2]. Takas cTpyk-
Typa MOJIy4WIa Ha3BaHUE IPAKTUYECKU
Puc. 2. KpuBas >QpekTnBHOM BA3KOC- HE Pa3pyIIEHHOW CTPYKTYPHI, a BA3KOCTh
TH (Ha pUMepe GUTyMa Mapk 3) No — BA3KOCTH IMPAKTHYECKH HE paspy-

LICHHON CTPYKTYPBI.
IIpu moBbIIIEHNM HANPsDKEHUM CABHra paspylieHHE HaJAMOJIEKYISIPHBIX
CBSI3€il KOaryJsILMOHHOM CTPYKTYpPbl NPEBBIIAET MX BOCCTAaHOBJIEHHE: BS3-
KOCTh HaUMHACT MajaTh (3TO MaJicHUE ONMCHIBAETCSI KPUBOH C TOUKOH Meperu-
6a C) 10 HaMMEHBIIEH BEINUUHBI m=CONSt, BHOBb HE 3aBHUCSAILECH OT BEIUIH-
Hbl HamlpsOKeHUH capura. Bs3KOCTh My, OTBEUaeT Tak Ha3bIBAEMOW IMpenesbHO
Ppa3pyLIEHHON CTPYKTYpE.
B 3aBUCHMOCTH OT CTENEHHU pa3pyLICHUs] TUKCOTPOIHOM CTPYKTYpPHI 3h-
(eKTHBHAS BSA3KOCTh CTPYKTYPHPOBAHHOHN JKUAKOCTH MEHSCTCS B IIpeesax
Nm<T1 < Mo, KOTJa 3TO TEUEHHE OCTAETCS JJAMUHAPHBIM.
VYpaBHeHHEe KpUBOH 3((EKTUBHOM BS3KOCTH B YCIOBHSAX YCTOHUHBOTO
JAMHHAPHOTO TEYEHUS (peono2uueckou Kpusou 3Qhexmusnol 6:13K0Cmit)
3aMKCBIBACTCSI CIESIYIOIUM 00pasom: 1 = 1(p), Tie p — HaANpPsDKEHUE CIBH-
ra. Kpugas, nzo0paxaromias 3aBUCUMOCTb CKOPOCTH TEUCHHUS € OT HaIpsbKe-
HUS OIHOPOJHOIO CIIBUTA, HA3BIBACTCA PeO0NI0SUHECKOU KPUBOU MedeHus:
e = &(p).
C mo3unuu peosloTHUECKUX KPHUBBIX KOAryJSIIMOHHAs CTPYKTypa Ha3bl-
BAETCS MUKCOMPONHOU CMPYKMYPUPOBAHHOU HCUOKOCMbIO, €CIU Ul Hee
BBITIOJIHEHBI [IBA YCIOBUSL:
* TEYEHHE HAYMHACTCS NPH JIOOOM, CKOJIb YTOJHO MAJIOM HaNpsDKCHUH
C/IBUTA;

" YCTOHYMBOE, CTAIOHApHOE, JJAMUHAPHOE TeUYeHHE MOXKET OBITh OCyIIe-
CTBJIEHO 0€3 pa3pblBa CILIOIIHOCTU C BBIXOJOM Ha HBIOTOHOBCKOE Tede-
HHE C BSI3KOCThIO, OTBEYAIOIIEH MPEENTbHO pa3pyIIEHHON CTPYKTYpE.

Takum 00pazoM, OTIINYUTENBHON 0COOCHHOCTBIO TUKCOTPOIHBIX CTPYK-
TYpUPOBAHHBIX KHUJIKOCTEH SIBISETCS BO3MOXXHOCTb IOCTPOCHHUS IOJHOM
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Ppa3JINIHbIX

Puc. 3. Kpusble Teuenus xuakoctei: 1 —
HBIOTOHOBCKOW; 2 — THKCOTpONHOW; 3 —
TICEBIOIIIACTHYCCKOW; 4 — JMWIIaTaHTHOM

Kocmbio.

peonornyeckoil KpuBod 3ddek-
THUBHON BS3KOCTH WJIM TEUYCHHUS C
HaYyaJlbHOM M KOHEYHOM HBIOTO-
HOBCKOH BSI3KOCTSMH.

CpaBHEBasi KpUBbIE TEUCHUS
(puc. 3),
MOJKHO JIaTh CIJIEAYIOLIee orpee-
JIeHWEe CTPYKTYPUPOBAHHBIX HKHJI-
kocteit [2]. Ecimm B cucteme Te-
P2 Pm p YeHHe HauyuMHaeTCs MpHU JHoOoM,
CKOJIb YTOJHO MajoM HampsKe-
HHMH CIBHTIa, CHCTEMa Ha3bIBACTCS

CIMPYKMYPUPOSAHHOU JHCUO-

Ucxons 3 nprBeeHHBIX pACCyKIEHUH, B KAYeCTBE UMHUTAITMOHHONW MO-
JIeNI ABMKEHUS Macyla B 3aKJIallaHHOM TIOJIOCTH MOXKET BBICTYIIATh HEHBIOTO-
HOBCKasi CTPYKTypHUpOBaHHas >KHMIKOCTb, OOJIafarolas THUKCOTPOIHBIMH

CBOWMCTBaMH.

CIIMCOK JIUTEPATYPbBI
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KHUX KPUBBIX U UX MPUMEHEHHE JUIsl pacueTa TeueHus B Tpyoax: ABToped.
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VK 629.12-843.6
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3ABE3MEYEHHA HAQIMHOCTI NEPEQAYI MOTYXHOCTI
[0 CYAHOBWX A31nonais

CxeMa nepesadi HOTY>KHOCTI BiJ] CyJHOBUX JTU3€IiB JI0 TBUHTA (pikCOBa-
HOTO KpOKYy a3unoja HaBeleHa Ha puc. 1. Jlpa 4m Oinmblne Au3elb-
rerepatopis ([, CI') 3a0e3meuytoTh eIeKTPUIHOI SHEPTito Yepe3 MUHH To-
noBHOTO po3noxinsHoro mura (LTPIL) Tpudasuunii tpanchopmarop (Tp) Ta
nukiokonBeprop (II). LlukimokoHBepTOp 3MaTHUI 3MIHIOBATH YacTOTy Ta
HaIpyry XUBJICHHS enekTpuyHoro asuryHa (CAIIM), skuit obeprae rped-
HUH TBUHT asumnoja. PeryiroBaHHS 4acTOTH oOepTaHHS TpeOHOr0 TI'BHHTA
3a0e3MmeuyeThes 3a JOoMOTor KoMt 1oTepa (K) 3 BimoBiqHIM MTpOrpaMHAM
3abe3neyeHHsIM (Ny — 3aJaHe 3HAYSHHS 4acTOTH oOepTaHHA TBUHTA, O —
SNIEKTPUYHUH KYT IIOBOPOTY POTOpA EIEKTPHUYHOTO IBUTYHA).

WreLy

N\ o

Tp rr
O=C

Puc. 1. Cxema mepemaui TOTYXHOCTiI BiJ IH3EIb-TEHEPATOPiB IO rpeOHOTO TBHHTA
cynnosoro asumopa: [l M, — musemni; CI'y, CI', — TpudasHi cMHXpOHHI reHepaTopu;

LITPI] — mumHE TOJOBHOTO po3noaiibHOro mmuta; TP — Ttpanchopmarop; L —
LUKIOKOHBepTOop; K — KoMmm’roTep 3 aHaioroBo-IM(poBUMH Ta LIU(PO-aHATOTOBUMHU
neperBoptoBadamu; CJAIIM  — TpudasHuii CHHXPOHHWH JABUTYH 3 HOCTIHHUMHA

marHiTamu; ['T — rpeGHMIA TBUHT a3umoza.

3rigHo pesynsTaTiB [1, 2] Wi MiABUIEHHS HAAIHHOCTI Tepemadi MmoTyk-
HOCTI JI0 CYIHOBUX a3WITOJIB JOIUIGHO BCTAHOBIIOBATH TpU(a3HI CHHXPOHHI
JBUTYHU 3 TOCTIHHUMHK MarHiTamu. [1oCTiifHI MarHiTd BHPOOJSIIOTE i3 PiKO-
3eMENIbHUX MaTepialiB 3 TapaHTOBAHMM CTPOKOM eKCIUIyaramii 0 25 pOKiB.
Uepes BIACYTHICTh KOHTAKTHHX 3'€THAHB IIi IOTY>KHI JBUTYHH OUTBII HAIHHI 1
MAIOTh 33JJ0BLITBHI MacOra0apuTHI MOKa3HUKH.

Ane Oinbln HaJiHA OymOBa CyTHOBOTO OOJIQJIHAHHS € TLTBKH HEOOXis-
HOI0O YMOBOIO IiJBMIIEHHS €(EeKTHBHOCTI Mepeaadi MoTyXHocTi. TpudasHi
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CUHXPOHHI aBUryHI 3 nocTtiiiHuMu Marditamu (CIIIM) MoXHa BUKOPHCTO-
BYBaTH K 3BUYaliHI CHHXPOHHI IBUTYHH [3]. [Ipu 1IbOMYy B CYITHOBHX yMO-
BaxX ICHye BeJIMKa IMOBIpHICTh BUHMKHEHHS KOJHMBaHb POTOpA JIBUTYHa YU
BHXIiJI 13 CHHXPOHI3MY.

MerTotro poOOTH € TiABHUILNEHHS HAIIHHOCTI Tiepeadi MOTY>KHOCTI JI0 CY/-
HOBHUX a3WNOJIB 3 TpU(Pa3sHUMH CHUHXPOHHHMH IBHTYHAMH 3 IOCTIHHUMH
MarHitamu. J[is nsoro NoTpiOHO po3B'I3aTH TaKi OCHOBHI 3a/1a4i: CTBOPEHHS
aJITOPUTMY 3MiH HalpyT IUKIOKOHBepTOpa y (QYHKIIT KyTa TIOBOPOTY poTOpa
JBUT'YHA Ta OTPUMaHHS pe3yJIbTaTiB KOMIT FOTEPHHUX JOCIIKEHb *KUBICHHS
MUKIOKOHBEPTOPOM TpH(a3HOTO CHHXPOHHOTO ABHTYHA 3 HOCTIHHUMH Mar-
HiTaMH.

Bbymosy CAIIM npuiimaemo 3rigHo 3 pesyiapratamu [1]. [TocTiitai MarHi-
TH Ha POTOp1 CTBOPIOIOTh pajiadbHUN MarHiTHuil NOTIK. [ 1bOrO ABUTyHA
3a 3akoHOM Kipxroda a1 Hanpyr 3arnuieMo MaTpUIHe piBHSIHHS

d(;atbc =l - d(;'im IR )
Iy r, 0 0
ne 1. = |1, | — marpnus muTTeBux Qasnnx crpymis; ;=0 r, 0| —
i 0 0 r
L, -05L, -0,5L
MaTpHLs aKTUBHUX omopiB ¢asHux oomorok; L, =|-0,5L, L, -05L, | —
-05L, L -05L,
sin@
MaTpHILl iHIYKTUBHOCTeH (asHuX 0OMOTOK; W, = |SiN(0 —2m) | — mat-
sin(0 + 2 )

PHLS TOTOKO3YEIIEHB, sIKi CTBOPIOIOTh MArHiTHUH HOTIK (pa3sHUX OOMOTOK;
Ym — MaKCHMaJbHE 3HAYeHHsS MOTOKO3YCIUICHHS; § — eNeKTPUYHUH KyT
MIOBOPOTY POTOPA BiTHOCHO MarHiTHOI oci (a3Hoi 00MOTKH a; t — dac.

B matpumi ingykTHBHOCTEH Ls MaeMo

L,=L +L,.
ne Li — IHAyKTHBHICTB IJIsl MATHITHOTO IIOTOKY PO3CisTHHS (pa3HOI 00MOTKH;
2
L — z NS .
'm 1
3R,

Ns — KUIBKiCTh BUTKIB (ha3HO1 0OMOTKH;
Rm — panianbHUA MarHiTHARA OTTip.
V piBusnHI (1) Maemo
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® CoSsO
=y, |ocos(0-3m) |, 2
o cos(0 + 2 m)

dy,
dt

Jie ® — EJEKTPUYHA KyTOBa YacTOTa POTOpa.
11 BU3HAYCHHST MUTTEBOTO 3HAYCHHS SIEKTPUYHOI KYTOBOI YaCTOTH PO-
TOpAa 3aIUIIEeMO PIBHIHHS

do _ 0,5PJ'M, — B J™o — 0,5PJ*M,, (3)
dt e m |

ne P — gmcno MarHiTHUX NOMIOCiB; J — MOMEHT iHepitil; Bm — xoedimienT
TepTs; Me — MUTTEBHIA €NEKTPOMATHITHUH MOMEHT; M| — MHTTEBUI MoO-
MEHT HABAHTAXXCHHS HA BaJli IBUT'YHA.

B (3) MuTTEBUI €NEKTPOMArHITHHIA MOMEHT BU3HAYAETHCS BUPA30M

M, = 0,5Py,[i, cos6 + i, cos(0 — 2 m) + i, cos(O + 2 m)]. 4)
MurtTeBe 3HaYeHHS O 3HAXOAUMO 3 PIBHSHHS
do
— =0 5
ot ()

Pisrstans (1), (3), (5) momoBHIOIOTECS MOYaTKOBMME yMoBaMu. B (1) matpu-

s L', y BiIMOBITHOCTI 3 iHTEPANITOHHOO TEOpiEro MPOLECB [5], € cToXacTu-

YHOIO.
MaxkcuManpHe 3HAYCHHS ENEeKTPOMArHITHOTO MOMEHTY MiCHsl IIyCKY,
BpaxoBytouH (4), Oyzne npu Takux Gpa3HUX CTpyMax:

i, =1,00s6, (6)
iy, = Imcos(e—gn), (7)
i =1,cos(0+2m), (8)

ne lm — MakcuManbHe 3HauYeHHS (Pa3Hux cTpyMiB. J[ist omuHUYHOTO KOoedi-
Li€EHTA NMOTYXXHOCTI Tpeba MaTH Taki (a3Hi HapyTu:

u, =U_ coso, 9

u, =U, cos(6 - %n) , (10)
2

u, =U, cos(6 + 3 ), (12)

ne Un — MakcuManbHe 3Ha4eHHs (a3HUX HaIpyr.
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[Ipu kepyBanni CAIIM srigno (9), (10), (11) BTpa4aroThCsi BIACTUBOCTI
3BUYAHOTO CHHXPOHHOTO ABUryHa [1]. AJle MpH bOMY 3MEHIIYETHCS IMO-
BIPHICTh BUHUKHEHHS KOJMBAaHb POTOpA NPH HAaBaHTA)XKEHHSX, a TAKOX BUXO-
Iy 13 CHHXPOHI3My.

Hns pisaux HaBantaxenb CIIM asumona Baxkko Bu3Hadatu Um Ta 6 B
(9), (10), (11) 3 meTor0 3abe3MEUEHHS 3a1aHOT YaCTOTH 0OepTaHHS PoTOpa Ny
micist mycky. [Ipu mboMy MOBHHHI OyTH 33I0BUTLHUMH 3HAUYEHHS TPUBAIOCTI
IyCKY, €JICKTPOMAarHiTHOr0O MOMEHTY, CTpyMiB Ta Hampyr. lle moxHa peaii-
3yBaTu 3a JOIOMOTOK KOMII' IOTEPHOTO yIpaBiiHHs (auB. puc. 1). Ha anamno-
rOBO-II(POBUII MMEPETBOPIOBAY KOMII IOTepa MOJAIOTHCS CHTHAIH Bix Oat-
4ynKiB Xoua, sKi nponopiiiHi 0. Lle 1o3Bosse BU3HaYaTH KyTOBY IIBHIKICTH
or, 4acTOTy obepranHs Bana CIIIIM, a Takox TPUrOHOMETPUYHI (YHKIIII B
(9), (10) ta (11), sxi 3a7at0Th BUXIJAHY HAIPYTy [HUKIOKOHBEpTOpa. LlUKIO-
KOHBEPTOp NMPUHAMAETHCA 3 OJUHUYHUM KOe(illieHTOM KOpPHUCHOI il Ta 6e3i-
HEPIIHHNAM.

IIporpama ympasninas myckom CIIIM cyaHoBoro asumoja 3ammpcaHa
11 KoM1 1otepHoi o6ononkn MATLAB 6.0 Buny

e=n —n,
; de
u=ke+k|edt+k, —,
% K! T

U_ =u,

m

e Kp, ki, ke — mocriitni koedimieHTH.

HH nporpamMa 3J1aTHa KOXXHOMY 3a/JaHOMY 3HAa4Y€HHIO Ny BCTAaHOBJIFOBATU
sHaueHHst Um B (9), (10), (11). 3rimno (1), (3), (5) nporpama 3amucana y
MATLAB 6.0. B nporpami 3Ha4€HHS \Jm PO3pax0OBYBaIK 32 (OPMYIIO0

e = J2U n, coso,
" 2\/§anOM ,

ne Uy, — HoMiHanbHA JdiHiMHA gitoya Hanpyra CAIIM; Ny — HOMiHAJIBHUI
koeoinienT kopucHoi aii C/AIIM; COS ¢, — HOMIHATBHUN KOE]IIiEHT MOTY-
xuocti CATIM; fuon —HOMIHANBHA YacToTa Hanpyru CATIM.
MowmeHnT HaBaHTaxkeHHs1 M) B (3) po3paxoByBajH 3a BUPa30oM
M, = R, 5 o,
o,0;

ne Py — nominansHa notyxsicts CAIIM; o, — HOMiHaNbHA KyTOBA LIBHI-
kictb CAIIM; ©r — 3anaHe 3HaYeHHs KyToBO1 mBuakocti CIIM.
3uHavyeHHs onopy s Gpasnoi oomorku CAIIM Bu3Hauamm 3 Gpopmynu
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. _@-n)nU;
s PH

3HaueHHs KoedilieHTa TepTsa npuitmMany Takum [1]
PH

2 "
H

B, = 0.005
®

PesynbraTit KOMIT'IOTEpHUX PO3paxyHKiB IMyckiB orpumani s CHAIIM
notyxHicTio 20 MBT, HOMIHATBHOO JTiHIHHOIO Aifouoro Hampyrowo 6300 B,
HOMIHAJIBHOIO YacTOTOI0 Hampyrn — 14 I'm, KUTBKICTIO MarHiTHHX IOJIO-
ciB — 12, mexaniuHowo mocTtiiiHo0o wacy — lc, Li = 0,0031TH, Ln=
=0,0061'n, nr = 5...140 06/xB. ®aykryauii koediuientie marpumi rL'
3abesmnedeHo cranaapTaumMu Qyakiisma MATLAB 6.0.

5000

m— 0] 2
0 5 C.10 0 5 ¢. 10

Puc. 2. 3minn ¢azaux Hanpyr U, enekrpomMarHiTHOro MOMeHTY Me, pasHuX cTpymiB
4acTOTH 00epTaHHs N, KyToBOro nonoxkeHas Q min gac mycky CAIIM

PesynbpraTi y3araJbHEHHS KOMII'IOTEPHHX PO3PaxyHKiB MOKAa3ayid, II0
0COOJTMBO TIPY BEITMKUX 3HAYEHHSX Ny BUHUKAIOTh HEHOMIHANbHI 3HAYCHHS
HATpYT, a TAKOK HE3aJOBLUIBbHI 3MiHH €JIEKTPOMAarHiTHOr0 MOMeHTy. Tomy B
KOMIT I0TepHii mporpami ynpasininas myckom CIIIM uepes 0,1 ¢ npuiimanu
3aJlaHi 3HA4YeHHS 4acToTH oOepraHHs potopa piBHuUME 0,02n,, 0,04ny, ...,
0,98ny, nr. Hammpuknan, Ha puc. 2 HaBeIeHI pe3yIbTaTd KOMII IOTEPHOTO PO3-
paxyuky mycky CJIIM no ny = 14 06/x8. nipu Ky = 27,5; ki = 37,5; kg = 0.
IIpu myckax Ny < 14 006/xB. NOTPiOHI OUNBII CKITAAHI MPOTPaMH YIPaBIIiHHS
nyckoM CIIM.
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Takum ymHOM, 3ampornoHoBaHui kKoM totepuuii myck CIIIIM cynHoBo-
IO a3WI0/a Bi/MOBIa€ OCHOBHIM BHMOTaM JIO ITyCKOBUX PEXUMIB aBTOHOM-
HUX €HEPreTUYHUX YCTAaHOBOK.
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HEKOTOPbIE BOMPOCbI OPTAHU3ALIUM YYEBHOI'O MPOLIECCA
¥ NOBbILEHWA KAYECTBA OBYYEHWUA B BY3E

OcHoBOI opraHu3anuu y4eOHOTo Ipoliecca B By3e SIBISIOTCS paboune
yaeOHbIe IUIaHBl CHENHATBFHOCTEH M paboune mporpaMMbl TUCHUTUINH. [1is
MMOCTPOCHUSI 0OOCHOBAaHHOTO pabodvero y4eOHOTO IUIaHa WU TPOTPAMMBI
HEOOXOAMMO TMPEXAe BCEro TOUHO CPOPMYNHUPOBATH Lieib 00yueHus. Pop-
MYJIMPOBKA IIEH TOJDKHA OBITH OZHO3HAYHOM, TMATHOCTHYHOM (IOITyCKAaTh
MIPOBEPKY JOCTHKEHUS) ¥ KOJIMYSCTBEHHOU (BBIpaXxaTbcs yuciom). Ilpu ot-
CYTCTBUM TOYHOU (POPMYIHUPOBKH eI 00YUCHUST HEBOZMOXKHO MPEIbSIBUTD
TOYHBIC TPEOOBAHHUSA K YICOHBIM TUTAHAM M ITPOTPaMMaM.

Lempro yaeGHOTO TIpOIIEcCca B BY3€ SBJIAETCS YCBOCHUE CTYICHTOM OIIpese-
JICHHOH AEATENbHOCTH, IT03TOMY IeJb O0YyUeHHUS JOJDKHA (DHUKCHPOBATH Tpe-
OyeMylo CTeNeHb YCBOCHHS ATOH AEATENbHOCTH. JMAaKTHYECKOH XapaKTepH-
CTUKOH CTETIeHN YCBOCHUS ABJIAETCS YpOBEHb ycBOeHHs o.. [1o mikasne ypoBHeit
ycBoeHus1, pazpabotanHoi B.I1. becnanbko, pa3nuyaroT 4eThIpe ypOBHS yc-
BOCHUS JIEATENBHOCTH (Tabi. 1), KaXKIbId U3 KOTOPBIX XapaKTepU3yeTcs COOT-
BETCTBYIOIIUM 3HAYCHHEM CL.

Ta6muna 1. YpoBHHU ycBOCHHS

o | Ha3Banue ypoBHs XapaKTepUCTUKA JIESITEIbHOCTH JAHHOTO YPOBHS

1 (3nakomcTBO V3Hath M3yyaeMblii OOBEKT, BHIOpATh €ro M3 COBOKYIMHOCTH
00BEKTOB, MPOBECTH KIACCH(PHUKAINIO 0OBEKTOB MO U3BECTHO-
MY NPHU3HAKY

2 |Bocnpomssenenne |BocmponsBecTr W3ydeHHBII MaTeprall, PEIINTh THIIOBYIO 3a/1a-
9y N3y4eHHOT0 THIA

3 |Ymenue Pemnte HETHIIOBYIO MPAKTHYECKYIO 33/1ady Ha OCHOBE H3ydeH-
HBIX OOIIMX METOJIOB PEIICHUS
4 | TBopuecTBO Pewnte npakTHyecKylo 3a1auy 0e3 M3BECTHBIX METO/IOB pelle-

HHsA, CO31aTh HOBBII METOJ PCHICHUS

[Ipu mraHupoBaHUM y4yeOHOTO Mpollecca HE0OXOAUMO YUYUTHIBATEH CIIOXK-
HOCTh U3Y4a€MOI'0 MaTepuaia, KOTopasi 3aBUCHT OT MPUMEHSIEMOTO JIJIs JIaH-
HOI AMCLMIUIMHEI CII0c00a omucanus. B 3aBucHMOCTH OT criocoba OImUCaHMs
H3y4aeMOoro MaTepHala pa3jIndaroT YeThIpe CTYIeHN abCTpakium .

XapakTepucTuka CTyrneHel aOCTpaKIMK, XapaKTEePHU3YIOMIUX CIOXHOCTh
MaTepuana, IpuBe/ieHa B Ta0. 2.

O4eBHIHO, YTO JUIS KaXJAOH IUCIUILIMHBI HEOOXOIUMO OIPENEIHUTh
CJIO)KHOCTh MaTepuaa, T.e. ONPEACTUTh CTYIeHH aO0CTPaKIMH, HAa KOTOPBIX
OH JIOJDKEH OBITh OMHMCaH B KOHCIIEKTaX JICKIHMHA W Y4eOHBIX mocoOmsx. 1
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TOJIBKO IIOCJE ATOTO IIAHUPOBATH COOTBETCTBYIOIIME BUBI 3aHATHH, 00ec-
MEYNBAIOIINX COOTBETCTBYIONIHH YpoBeHb 0OydeHus. Tak, IUCIUILTHHEI
TYMaHUTAPHOT'O XapakTepa, IMO-BUAWMOMY, CJEeIyeT OTHECTH K KaueCTBEH-
HOU CTyIeHU abCTpPaKIMH, ISt KOTOPO# =2, TEXHHYECKHE — KOJINYECTBEH-
HOM, UIst KOTOpo# =3, a MaTeMaTHKy, PUIOCODHUIO ¥ HEKOTOPHIC Pa3ieiibl
JOPYTUX TUCHUILUIMH — aKCHOMATHYeCKOU, JUIsi KOTOphIX [=4. Pa3zymeercs,
HeJb3s 10JaraTh, YTO BCSA AUCHUILUIMHA MOXET HaXOAUTHCSA TOJIBKO Ha OJAHOM
crymenu abctpakiym. [lo Mepe pa3BUTHS 3HAHHSA OTHACIBHBIC (PAarMEHTHI
KaXIOW AUCIMIUIMHBI ITOCTEIICHHO IOAHUMAIOTCS Ha 0ojiee BBICOKYIO CTY-
MeHb a0CTpaKLUK, IPYTUe K€ — IOKa OCTAIOTCs Ha IpeKHEeH.

WznoxxeHune Bcerga IOMKHO BECTUCH 110 HAWUBBICHIEH BO3MOYXKHOU CTyIIe-
HU abcTpakiun. MHOT/Ia MeeT CMBICT CHU3HTh CTYIIEHb aOCTPaKIIUHU, YTOOBI
caenaTh M3NOoXKeHue Oosee noctymHbIM. CTyneHb aOCTpakIMu Ha3HAuaeTCs
UCXOs U3 3a]1a4 00yUeHHsL.

PaccMoTpeHHbIE XapaKTepUCTUKN — YPOBEHb YCBOGHUS O. M CTYIEHb a0-
CTPAKIMHK [3 ABIAIOTCS B3aMMHO HE3aBHCUMBIMH. [103TOMY HX mpou3BeaeHHE
MPUHATO B KadecTBe OOOOIIEHHOH IMIAKTHYECKOW XapaKTePHCTHKH, Ha-
3BaHHOM KauecTBOM 00yueHus h:

h=of3 1)
Ta6muna 2. Ctynenn abcTpakunu

B | HaszBanue cTynenu XapakTepuCTHKa CII0c00a OIMCAHNS CTYIICHN

1 [OmnucarenbHas Omnucanne (HakTopoB U SIBICHUH O3 Kakoro-Imbo TeopeTuyec-
KOT0 00BsICHEHHS

2 |KauectBeHHas OOBsicHEHUE M3ydaeMbIX (aKTOpOB W SBJICHUI Ha OCHOBE Ka-
YECTBEHHO! TEOpPHH 0e3 MPUMEHEHHs] MaTeMaTHIeCKOro anra-
para

3 |KommuectBennast  |OObscHeHHE M3ydaeMbIX ()aKTOPOB M SIBICHHII HA OCHOBE KO-
JTMYECTBEHHOW TEOPHH C LIMPOKMM IIPUMEHEHHEM MaTeMaTH-
YeCKOro amnnapara

4 |Akcnomatnueckass |OOBbsiCHEHME W3ydaeMbIX (JaKTOPOB M SIBICHHH Ha OCHOBE
CTOJIb CTPOroro (H)OpMaNbHOTrO ammapaTa, 4To B JaJbHEHIIeM
U3YYECHHbIH MaTepHall NPHHUMAETCS 32 aKCHOMY M HEePEHOCHT-
csl B IpyrHue o0nacTu 6e3 JONOIHUTEIBHBIX 000CHOBAHHUH

OaHUM M3 BOKHBIX BOIPOCOB OPTraHU3aIlMKM y4eOHOTO IMpoliecca sSBIsSeT-
sl olpenesIeHre TPYIHOCTH y4eOHOro Marepuana. B otianuue ot cioxxHoOCTH
TPYIAHOCTb HE ABISAETCS OOBEKTUBHON XapaKTEPUCTUKON U XapaKTepU3yeT He
yueOHBIN MaTepHuall, a OpraHM3alrio yaeoHoro mpoiecca. Ecnu npouecc op-
TraHU30BaH MPaBUWIBHO, CTYIEHT MOXET OCBaMBaTh BECbMa CIIOXHBIA MaTe-
pHuaJl, HE UCHBITBIBAS MPU 3TOM 3aTpyAHEHUH. B yacTHOCTH, OUY€Hb MHOTOE
3aBUCUT OT NPABUJIBHOT'O PACIIPCACIICHNA BpEMCHN HAa U3YYCHUE NUCUUIIINH,
YTO U SIBJISETCS TTIABHOM IIeTIbIO TUTAHUPOBAHMS y4eOHOTo mporiecca.
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[Ipu ompeneneHnn HEOOXOAMMOTO BPEMEHM Ha H3Yy4EeHHE MaTepHala
00J1bIII0E 3HAYCHHUE UMeeT (POpMaITbHBIN (0€30THOCUTEHHO K COJCPKAHHIO H
LEeNN U3y4YeHUs) 00beM H3ydaeMoro mMarepuana. Bemb o0ydaeMblid TOJKEH
HE3aBUCHUMO OT CYOBEKTHBHON U OOBEKTUBHON IICHHOCTH MH(GOPMAIUH TIPO-
paboTaTh BeCh TEKCT, B KOTOPOM OHa m3loxeHa. EcrecTBeHHO, 4eM OoJbiie
00BEM 3TOTO TEKCTa, TeM OOJIbIIE YCHUIIHN TOJDKEH 3aTPaTUTh CTYACHT Ha €T
yCBOGHHE M TeM OoJjblile BpeMeHH IMoTpedyeTcs eMy Ha paboty. [lostomy
BOIPOC TojicueTa o0beMa ydeOHOH WH(pOpMAIMH HMEET BaKHOE 3HAYCHUE.
AHaM3 MOKa3kIBacT, 4T0 00BEM MaTepHaa 1o Yucity 3HaKoB (OYKB) sSBISCT-
csl HanOoJiee TOYHBIM, TeM OOJiee YTO OH XOPOIIO COTJIACYeTCs C TeopHei
nHpopmanmu. Kak ciemyer u3 teopun nHGOpMaIuu, onHa OyKBa pyccKoro
as(aBUTa COOTBETCTBYET IPUMEPHO 2-M JBOWYHBIM €INHHULIAM HH(OPMALIUH
(6butam). [TosToMy asnis moacyera popMabHOTO 00beMa yueOHOH nHpopMa-
un H B OUTaX T0CTATOYHO YUCIO OYKB B TeKcTe b yMHOXHUTD Ha 2:

H=2b. 2

[Ipu mpaktudeckoM ompenencHun 00béMa H OGepeTcss TeKCT COOTBETCT-
BYyIOIIET0 yueOHNKA WK KOHCTeKTa. ECITi B TEKCTe BCTpeyaeTcs YepTeK Wil
(dopmyIa, ciuemyeT COCTaBUTHb UX CIOBECHOE OIMCAHWE M IIOJICYUTATH €ro
oovem H mo dopmyne (2). Torma ¢ yueToM BBEISHHBIX AUJAKTUYECKUX Xa-
pakrepucTuk 3¢pdexTuBHbI 00beM yueOHON nHpopManuu 2 B OUTaX MOX-
HO ONPeNeNTUTh 1Mo (hopMyie:

Q=hH=afjH, (3)
rae o U 3 — cpeqHue 3HAUEHHsI COOTBETCTBEHHO YPOBHSI YCBOCHHS U CTYIIE-
HU a0CTpaKIMK WU3ydaeMoro Matepuana; H — ¢GopMainbHbId 00beM HHPOP-
Malu¥ U3y4aeMoro MaTepuaa.

®opmyna (3) naet npuOIKEHHBIN, HO BIIOJIHE HAJIE)KHBIN pe3ybTar.
s Tounoro moxacyera 3¢ (GeKTHBHOr0 oO0beMa ydeOHOW HHMOPMAIUH
HEOOXOIMMO BBINEITUTH M3 MaTepHaia BCE COACpIKamuecs B HEM y4eOHBIC
aneMeHTs (YD), 3a1aTh 10 KKAOMY YD TpeOyeMble YPOBCHb YCBOCHUS O. U
cTyneHp abcTpakuuu P, moxcuutaTh (GOpMalbHBIE 00beM uHGpOpManun H
KaKA0T0 YO, MepeMHOXKUTh 3TH XapaKTEPUCTUKU IS Kaxaoro YO mo ¢op-
MyJjie, aHaJOTM4YHOH (3), HO ¢ TOYHBIMU 3HAYCHHUSAMH Ol U [, a MOJTyYCHHBIC
Pe3yNbTaThl HPOCYMMHPOBATH IO BCeM YD, coiep KallluMcsl B MaTepHaie.
3Hast 3 PeKTUBHBI 00bEM yueOHON WH(POPMAIMK, MOKHO OMpPEACITHTH
3¢ dexkTuBHBIN 00beM (aKTHUECKH M3YYCHHOTO MaTepuana. O4YeBUIIHO, 3TOT
00BEM OTIPEICIUTCS Pa3HOCTBIO KOHEYHOTO (TIOCiIe 00YYEeHHS) B UCXOIHOTO
(mo oOy4eHus1) 00beMOB yIeOHOH HH(POPMAITUH, YCBOSHHOH CTYICHTOM.
Crnenyer 0cob0 OTMETHTB, YTO WUTHOPHPOBATH HUCXOTHYIO ITOJITOTOBKY
CTyZIeHTa Henb3s. be3 ompeaencHuss NCXOMHOIO YPOBHS 3HAHHWU CTYIACHTOB
HEBO3MOJKHO IPABIIIBHO IOCTPOUTH oOydeHHe. OTKa3 OT ydeTa IpenBapu-
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TEJNBEHOU MOATOTOBKH CTYACHTA IPH IOJCYETe 00BEeMa H3y4aeMoro MaTepHua-
J1a IPUBOJUT K TPyOOMY HCKaKEHHUIO peajibHOM KapTUHBI OOyUeHIsI U HeTpa-
BUJILHOMY pacIipellelieHrI0 ydeOHoro BpeMeHu. Jjsi onpeaeneHus xapakre-
PHCTHK HUCXOAHOTO YPOBHSI MOATOTOBKH CTYICHTA Oy U By CIEMyeT Moib30-
BaThCs, BO-TIEPBBIX, MPOrpaMMoi 00y4deHHsl, a BO-BTOPBIX — TECTOBOU Me-
TOJMKOMN THArHOCTUKU UCXOIHOTO YPOBHS 3HAHUU.

Ha ocHoBe mopcuntaHHOr0 006BeMa ydeOHOTO MaTepHanta MOXKHO OIpe-
IeuTh Heobxomumoe BpeMs T ist ero ycBoeHus. [t 3Toro ciemyeT BOc-
MOJIb30BAThCSl TIOMYYEHHBIMHU TICUXOJIOTaMH 3HAYEHUSMH JIOMyCTUMBIX CKO-

pocTet ycBOeHHs MaTepuaia Cﬁ , IPUBEICHHBIMU B Ta0JI. 3.
Bce npuBeneHHbIe 3HaUYEHUSI CKOPO-

Tabmuua 3. Cxopoctu CTel BBIPDAXCHBI B OWTax B CEKyHIY.
YCBOCHMA Y4uThIBas, 9YTO 00BEM H3y4yaeMOro Ma-

B TepHajia oTpakaercs B OUTaX, pas3/eliiB

1 2 3 4 > eKTHBHBIH 00BEM yueGHOro Mare-

16 8 4 2

10 5 2,5 1.2
5 2,5 1,2 0,5
0,4 0,2 0,1 | 0,05

pHualia Ha IOIYCTHMYIO CKOPOCTh YCBOE-
HUSl MaTepuana, Mbl MOJYyYUM Heo0Xo-
IUMOE BpeMsl HM3y4YeHHsS MarepHhaia B
CeKyHOax Wi, paaenus Ha 60 u 45, —
B aKaJIeMMUYECKUX Yacax, 1o popmyre:

Alw|N][F-] R

T = % 60.45. @)
oL

B ToMm cnyyae, korna NpUXOAMTCS UMETh JIENIO0 C MPUOIMKEHHBIMU 3HA-
YCHUSMH XapaKTEPUCTHK O U [, 3HAUCHHE CKOPOCTH YCBOCHHS CIEIyeT WH-
TEPIOJIMPOBATh, HCXOJS U3 IIPUBEICHHBIX B Ta0J. 3 3HAUCHHI.

[IpemaraemMplii METON ONpECIICHUsT HEOOXOIUMOTO BPEMEHH H3YYCHUS
MaTepuana JaeT WHCTPYMEHTAIBHBIA MOAXO0J K PEUICHUI0 BTOPOW 3a1ayu
MJIAHUPOBAHUS Y4eOHOTO Mpolecca — ONpeIeICHUI0 000CHOBAHHBIX CPOKOB
M3y4YeHHUs yueOHOro MaTepuaia. HapyieHne 3THX CpOKOB MPUBOJIUT K CHU-
KEHHIO KauecTBa yueOHOTo mpoiiecca.

Ecnu BbIENneHHOE Ha M3y4YeHHE MpeaMeTa BpeMs OoJbiie HeoOXOoauMO-
r'0, TO WU3JIHIIEK BPEMEHH TepSAETCS BITYCTYIO, @ CTYJACHTHI CKyJalOT Ha 3aHs-
Tusx. Ecmm ke, Hao00poT, BBIZCTICHHOE BpeMsl MEHbIIE HEOOXOAUMOTO, TO
CTYACHTHl HE MOTYT YCBOWUTh MaTepHaj Ha 3aHATHAX W BBIHYXICHBI 3aHU-
MaTbCS JIOTIOJTHUTEIEHO, CBEPX HOPMBI.

UccnenoBanns Moka3bpIBaOT, YTO UMEHHO HA PACHpENEICHUH BPEMEHU
OCHOBBIBACTCS TPAJAMIIMOHHOE pa3JIeIecHHe MPEAMETOB Ha «TPYAHBIE» W
«ierkue». TpaauIMOHHO «TPYIHBIe» MPEAMEThI, TaKhe KaK MaTeMaTHKa,
(¢u3KKa, HaYepTaTeIbHAS TEOMETPHUS | T.II., CTPAAIOT XPOHHUYSCKUM HEAOC-
TaTKOM y4eOHOTr0 BpeMeHHU. AHanu3 HauOojiee TPYAHBIX TeM Kypca (DU3HKH,
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B YaCTHOCTH, ITOKA3aJl, YTO 3TH TEMbI HMEIOT B PSZAE CIIy4aeB BBOE OOJIBIIHI
00beM y4eOHOro MaTepHaia, YeM OCTalbHBIE, IPU OJMHAKOBOM BPEMEHH
usydeHusi. ECTeCTBEHHO, B 3TUX CIIydasx CTYIEHTbI UCHBITHIBAIOT 3aTpyIHE-
Hus. B To ke Bpems MHOr[a mpenojaBaTeld caMd BUHOBATHI B HEAOCTATKE
BpEMEHH, Meperpykas 3aHATH M3IUIIHUM MatepuanoM. [lostomy pacmope-
JeJieHue y4eOHOrOo BPEMEHH MOKET MPOBOAMUTHCA TOJBKO MO 3aBEPLICHUH
oTbopa MaTepuana 1 U3y4eHHs..

Pemenne Tpetbeii 3a1aun IIIaHUPOBAHKS — OIIPEACIECHHS TPEOYEMBIX IS
YCBOCHHSI MaTepHalia BUIOB 3aHATHI — BO3MOYKHO TOJBKO HAa OCHOBE TICHXO-
JIOTO-TIEJIATOTUYECKOT0 aHAIIN3a Tpolecca 00yueHUs. MexaHnIecKoe pacipe-
JeTICHNE YacOB MEXAY JIEKIIOHHBIMIE, NMPAKTHYECKUMH H JTA0OpaTOPHBIMHU
3aHATHSIMH, BOOOIIIE TOBOPSI, IMEET TOBOJIHHO MAaJO IIAHCOB OKA3aThCSI ONTH-
ManbHbIM. TeM OoJiee Hesb3si TOBOPUTH O €MHOM ISl BCeX MPEeIMETOB, He3a-
BHCHMO OT UX COICP)KaHUS U LeJIeH M3YUeHHs, HOJIe JIEKIMOHHBIX U MPaKTH-
YeCKUX 3aHATHH B Kypce. Pa3memenne 3aHSTHII TODKHO IpecienoBaTh IEib
00ecIevnTh CTYJIeHTaM BO3MOKHOCTh YCBOEHUS Kypca. [IpakTudeckas peanu-
3alus 3TOW LENM BO3MOXKHA TOJIBKO Ha OCHOBE TEOPHH TUIAKTHUECKHX CHC-
TeM, OCHOBBI KOTOpoil m3noxeHsl B.I1. becnanbko.

CornacHo 3TOi TeopuH, pe3yabTaThl 0OOyUEHUsS ONpeeNnstoTcss u30paH-
HBIM CIIOCOOOM YIIpaBJICHUS! YUeOHOUH NeATENbHOCThIO (IUIaKTHYECKON cHc-
TeMOH). DTH CIIOCOOBI YIpPaBICHHUS Pa3IUYalOT MO TPEM XapaKTepUCTHUKAM:
OUKIAYHOCTH, HANPaBICHHOCTH M CPEACTBY ympamieHUs. Kaxxmas u3 atux
XapaKTEePUCTUK MOXKET MPUHUMATh JIBA 3HAUCHUS:

" MKJIAYHOCTH: pazoMkHyTOe (P) n muxmmanoe (11);

" HampaBJIeHHOCTh: paccesiHHoe (P)u HanmpaBneHHoe(H);

® cpeacTBo ynpasieHus: pyuHoe (P) u aBromatudeckoe (A).

Bce TP XapaKTCPUCTUKU ABJIAKOTCA B3aMMHO HC3aBUCHMBIMH, a4 Ha OC-
HOBE Pa3IMYHBIX KOMOMHAIMK WX 3HAUYCHWU BBIACICHBI BOCEMb THUIOB CIIO-
COOOB ynpaBJieHU — AUTAKTHYECKUX CUCTEM, PUBEACHHBIX B Ta0II. 4!

Kaxnast 13 mpuBeeHHBIX B TaONl. 4 NUIAKTHYECKUX CHUCTEM oO0Jsagaer
OTIPENICTICHHBIMA BO3MOXKHOCTSIMH UTSL TOCTIDKEHHS PA3IUMYHBIX yPOBHEH
YCBOCHHS JCATEIFHOCTH CTyAeHTaMu. [IpHHIMIIIAIEHBIE BO3MOYXKHOCTH BCEX
munakTrndeckux cucteM (/.c.) mo oOecredyeHuIo AOCTIKEHUS Pa3iIuYHBIX
YpOBHE YCBOCHHS PUBEIEHEI B Ta0I. 5.

Ucxons u3 Tabm. 5, MOXKHO 0OOCHOBAaHHO BBEIOMpATH BHIBI 3aHATHH IS
YCBOGHUS Y4eOHOT0 MaTepHalia B COOTBETCTBHH C TpeOyeMbIM YpPOBHEM YC-
BoeHHs. Tak, eciu 1enpio 00y4YeHus M0 JaHHOMY IpeaMeTy (W TeMe) SB-
nsetcst 1-i unm 2-i ypoBeHb, TO JUIsl YCBOCHHUSI MaTepualia MOXHO OTpaHU-
YUTBHCA JICKIIUMOHHBIMHU 3aHATHAMU C HOCHC}ly}OH_lCﬁ CaMOCTOSTEILHOM npo-
paboTkoii yuyeOHUKa CTy/IleHTOM. B 3TOM ciydyae HeT HEOOXOIUMOCTH BBO-
JIUTH TPAKTHIECKUE 3aHATHS WX Ta00paTOPHBIE 3aHSTHSL
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Tabnuna 4. JlugakTHYeCKUe CHCTEMBbI

XapakTepucTuka Ne Dopmyna Haspamue cHCTeMbL Tpimep
yTIpaBJIEHHUS CHCTEMBI | CHCTEMEI
P P |1 PPP Kraccuueckas Jlekius
A |2 PPA AynuoBuzyajibHas Kunonexmus
P P I3 PHP Koncymprant (ruroxoit Otser Ha sompoc
H peneTuTop)
A |4 PHA YuebHuk YuebHuk
P |5 PP Maras rpynna I'p. 1o 10 yen
P A ls IIPA ABTOMaTU3UPOBaHHBIN ABT. KIACC
I KJacc
P |7 I[THP Penerurop (xopommii) | Penerurop
H [IporpammupoBanHoe
A |8 HHA yIpaRTeHHe IIporp. ympasin.

Tabnuma 5. Bo3aMOXKHOCTH JUAAKTHYECKUX CHCTEM

o . c.

1 2 3 4 5 6 7 8
1 X X X X X X X X
2 X X X X X
3 X X X X
4 X X

Ecmu menpio m3ydeHus mnpeamera (TeMBI) sSBIsIETCS 3-i ypOBEHb, TO €r0
OCBOEHHE MOXET OBbITh JJOCTUTHYTO TOJIBKO Ha MpakTHYecKuxX (M jabdopa-
TOPHBIX) 3aHATHUAX, UCTIONB3YIOIIUX JUIAKTUIECKHE CHCTEMBI C ITUKIUYHBIM
ynpasieHueM. B 3ToM ciydae orpaHMYMBATHCS JIEKIMOHHBIMU 3aHATHUSAMHU
HeNb3s, TaK KakK JIGKIUW He 00ecredrBaloT JOCTHXKEHUS YPOBHS yMEHUSI.
Henp3s HayunTh cTylneHTa MPaKTUYECKOH AESITeIbHOCTH MOHACIBIIIKE, MU-
HYs MaTepHaJIbHYIO (GOpMY IeHCcTBUSA U Koppekiuio. PasymeeTcs, mpakTude-
CKHE 3aHATHUS TOKE HE 0OECIIEUMBAIOT TOJTHON KOPPEKIMH, YTO OOBACHIETCS
BBICOKOH HAIOIHAEMOCTBIO TPYII, OJHAKO, KaKas-TO YacTh CTYIEHTOB Ha
KaXIOM MPAaKTHUYECKOM 3aHATHH IONy4aeT HEOOXOMUMOE NUKIMIECKOe
ynpasieHue. C 3TOM TOUKM 3pEHHsI OUYE€Hb BBIMIPBHILIHBIMU SIBIISIOTCS 3aHA-
THS B «MaJbIX Tpynmax» (10 10 genosek). Tem He MeHee pe3ylbTaTUBHOCTh
OOBIYHOTO 3aHATHUS C «OOJBIIONY TPYIIION TaKKe MOXXHO IOBBICUTDH, HC-
MOJIB3Ysl COBPEMEHHBIC TEXHUIECKUE CPEICTBA OOYUCHHS.

Joctmxkenue 4-ro ypoBHs (TBOpUYeCTBa), Kak BHIHO W3 Tabm. 5, obecre-
YUBAETCS JIUIIb CHCTEMON DPENETHUTOPCTBA, T.€. WHAMBHIYalbHOH pabOTOi
CTYZEHTa C MpenojaBareieM. Takas CUCTEMa MOXET NMPUMEHSATHCS MIPHU MO~
TOTOBKE MaruCTPOB U pabOTe aCIUPAHTOB C HAYYHBIM PYKOBOJUTEIIEM.

Takum ob6pasom, Ha ocHoBaHMH Teopun becnameko B.I1. mMoxHO 00oCHO-
BaHHO BHIOMpPATh HEOOXOAMMEIC BHABI 3aHATHHA U JOCTIDKEHHS TPeOyeMoro
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ypoBHS ycBOeHUs. [lpm 3TOM ciiemyer MOMHHUTB, YTO YCBOGHHE JAESTEIIHHOCTH
UZIET OT HUBIIMX YPOBHEH K BBICIINM, IO3TOMY HEOOXOIMMOCTBH JOCTVKCHUS
BBICIIIETO YPOBHS HE OCBOOOYKIIAeT OT HEOOXOANMOCTH YCBOHTH BCE MPEIBITY-
mue. CrieqjoBaTenbHO, MPH 1IeNN 00y4eHus — 3-if ypoBeHb — HeT HeoOXO/IH-
MOCTH OTKA3BIBATHCS OT JIEKIMH B TOJIB3Y MPAaKTUUECKUX 3aHATHUIL; HAIIPOTHB,
MIPaKTUYECKHE 3aHATHS 0 JIOCTIKEHHUIO 3-TO YPOBHS Lieliecoo0pa3HO HauMHATh
MOCJIC TOCTIKEHUS 2-TO YPOBHS, T.€. TIOCTIE MPOCITYIIINBAHKS COOTBETCTBYIOIIIX
JeKIwi 1 popaboTky yaeOHuka. Ho B TO jke BpeMs Helb3sl HalleaThCs, UTO T10-
CJIe 3TOTO CTYICHTHI U 03 MPaKTUUCCKUX 3aHATHI JOCTUTHYT 3-TO YPOBHS yC-
BocHMs. Ha mpakTuke 3aHATHS MPEACTABIIOT COOOM COYETAHUSI HECKONBKHX
IUIAKTUYECKUX CHCTEM, COOTBETCTBYIOLIHUX PA3IMIHBIM 3TaIlaM 3aHsITHS.

OnHUM W3 BOXHEHUINMX YCIIOBHIA MOBBINICHUS KayecTBa OOyUeHUS SIBJISI-
€TCs JUArHOCTHKA €ro Pe3ylbTaToOB, BO3MOXKHOCTh MPEABABICHUS K HHM
OTIpeNieNICHHBIX TpeboBaHuil. 1100, Kak W3BECTHO U3 TEOPHH YIPABICHUS, HE
MpebsBIsAs TPeOOBaHMIA K OLEHKE pe3yJabTaTOB IPOIecca, HEBO3MOXKHO
NPeAbSIBIATE TPeOOBaHUS K X0y 3Toro mpotecca. K Tomy ke memarormde-
CKas JeATeJIbHOCTh SBISETCS SIUHCTBEHHOW B CBOEM pOJie, I'Zle KayeCTBO
paboTHI OIIEHWBAETCSI CaMUM TPOHM3BOJUTENEM (IIeJarorom), 4to SBISIETCS
MOYBOM ISl HEeNOOPOCOBECTHOCTH IpernoaaBareneid. 1 naxe mnpu uckiroye-
HUH MOCJICHEr0, METOANKA IMAarHOCTUKH 3HAHWI, OCHOBAHHAs HA OIBITE U
WHTYHLUU TPENofaBaTelsi, HOCHT BEChbMa CHJIBHBIH OTHEYaTOK CyOBEeKTH-
Bm3Ma. [loaToMy coBepmieHHO HeoOXoauMa pa3paboTKa 1 BHEAPEHHE 10 Ka-
Kol mucuuiuiHe 3(G(EeKTUBHON CHCTEMBI KOHTPOJISA 3HAHUM CTYICHTOB,
MOCKOJIBKY TaKasl CHCTeMa OIPENeNsieT CTeIeHb NOCTIDKEHHS Ieneii obyude-
HUS, BBIIBIIIET OTHOIICHHE 00YJIaeMbIX K yaeOHOMY MPEIMETY, CTUMYIHPY-
€T UX CaMOCTOSTENbHYI0 paboTy. TpeboBanue pa3paboTKH U BHEAPEHUS d-
(DeKTHBHOM CHCTEMBI KOHTPOJISI 3HAHUH MO M3Y4aeMbIM AUCIUIUIMHAM OCHO-
BaHO TaKke Ha JalbHEHIeH CTaHTapTH3alWHU BHICIIETO oOpasoBaHu. OT
TOT0, HACKOJIEKO JICHCTBEHHA CHCTEMa KOHTPOJA, B 3HAUUTEIHHON CTEIICHU
3aBHUCHT YCIEX 00yUCHHUSI.

OCHOBHLIMI/I MPpUHIUIIAMHA CUCTEMbI KOHTPOJIA 3HAHUM SABJISIOTCS: IOJI-
HOTa, IJIAHOBOCTh, JU(PPEPEHIIMPOBAHHOCTD 10 YPOBHIO U OOBEKTUBHOCTD.
[lepBBie TpH MpUHIMIIA OUYEBUIHBI H HE TPEOYIOT JOIOIHUTEIBHBIX Pa3bsic-
HeHuH. [IpHHIMT 0OBEKTUBHOCTH MOKET OBITh pEaM30BaH IIyTEM HCIIOJIb-
30BaHMS TaK HA3BIBAEMOI TECTOBOM METOAUKH KOHTPOIIS 3HAHUM.

TecroBast MeTOAMKA KOHTPOJIS 3HAHUI OCHOBBIBACTCS HA MOHATHU TECTA,
MPE/ICTABIISIONIET0 cO00M 3a/laHKe Ha JISTENbHOCTh U 3TANOH oTBeTa. CUM-
BOJIMYECKH OIPECICHHE TECTa 3aHChIBACTCS B BUJIC

T=3+0.

O0s13aTeIbHOE HAaIUYME JTajJOHA OTBETa O0ECIeUYMBACT OJHO3HAYHOCTb
OLCHKH BBITIOJIHCHUA TCCTA.
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K Tectam mpeabsBISIOTCS [1Ba OCHOBHBIX TPEOOBaHHS: COJEpIKATEIbHAS
1 QyHKIMOHAIbHAS BATUJHOCTb.

TpeboBanue coaepKaTeIbHON BATUIHOCTH COCTOMT B TOM, YTO TECTOM
JIOJDKHBI TIPOBEPSATHCS TOJNBKO T€ ACUCTBHs 00y4aeMOro W Ha TeX Y4eOHBIX
0o0BeKTax (coaepikaHue), KOTOPhIe H3YYAITHCh B y4eOHOM Iporiecce.

OyHKIMOHATBHAS BAUIHOCTh TECTa 00ECIICUNBACTCSA TAKOH €ro KOHCT-
PYKLHEH, KOTOpask BBI3BIBAET HEOOXOAMMOCTh UCIIONB30BAHUS IETEIBHOCTU
TOJIBKO OJIHOTO YPOBH:I JJIsl €ro paspelieHus. [loaTomMy ompesesneHue TecTta
MOXKHO IeperucaTh B BUjie

T,=3,+ 0.

s mpoBepku KadecTBa ycBoeHUs uH(popmanmu Ha 1-oM ypoBHE (YpOB-
HE 3HAKOMCTBA) JIOJDKHBI HUCIIOJIB30BATHCS TECTHI, TPEOYIOIINE BBITOTHEHHSI
JeSTeIbHOCTH MO y3HaBaHHIO. Hamboree pacnpOCTpaHeHHBIMH SBIISIOTCS
TaK Ha3bIBACMBbIC «M30UPATEIBHBIC) WK «BEIOOPOUYHBIC» TECTHL. B 3TOM Ciry-
Yae CIUCOK BO3MOXKHBIX PEIICHUI COMEPIKHUTCSA B caMoM Tecte. Ecnu cHaua-
Ja mpejiaraetcs mpobiiemMa, a 3aTeM Mocliie peureHus U HOpMYyIHPOBKH KO-
HEYHOI'0 OTBETAa UCIBITYEMOMY MpEJIaraloTcs BapUaHThl OTBETOB IS CO-
MOCTABIICHHS C YK€ MOJMYICHHBIM OTBETOM, TO TaKasi METOJIUKA HE SBJISICTCS
BBIOOPOYHOM, TaK KaK B PACIOPSDKCHHH YYAIllerocsi HeT BhIOOpa peIIeHHid,
BeAyLIMX K JTAHHOMY HAa0Opy OTBETOB Uil HEMOCPEICTBEHHOTO PacCMOTpe-
HUS ¥ BBIOODA.

TecTbl [UIi KOHTPOJIS YCBOSHHS Ha YPOBHE «BOCIpOM3BeneHHs» (2-oi
YPOBEHb YCBOCHUS) TIO3BOJISIIOT BOCIIPOU3BOIUTH U 00CYKIaTh HHYOPMALIHIO
00 00BeKTax M3yueHHs 10 MaMATH. B 3ToM ciydae mpUMEHSIOTCS TaK Ha3bl-
BaCMbI€ «KKOHCTPYKTHUBHBIC)» TCCThHI. KOHCprKTI/IBHI)Ie TECTHI J151 BBISICHCHUA
2-r0 YpOBHSI YCBOCHUsI — 3TO HauboJyiee paclpOCTPAHEHHAS! U XOPOIIO H3-
BECTHAs IeqaroraM MeTOIHKa ompocoB. K KOHCTPYKTHBHBIM TecTam 2-TO
YPOBHS OTHOCATCA U BCE TUIOBBLIC 3a/1a4y, PCIICHUE KOTOPBIX U3BECTHO U HE
TpeOyeT KaKux-TM00 U3MEHEHUH

HHH AUArHOCTUKU TPCTHEIrO0 YPOBHA YCBOCHHSA HCIHOJIB3YIOTCs TECTHI, B
KOTOPBIX COJACPKATCA 3adadu, OTINYAIOIIHCCA OT THUIIOBBIX, HO MCETOJUKaA
pelieHus KOTOPBIX HE BBIXOAUT 3a MPeesbl U3yYeHHBIX CIIOCO00B NEHCTBHUI.
IMepen yuanmMcs KaxIplil pa3 Mpy PEIICHHH TECTOB 3-T0 YPOBHSI BO3HUKAET
HEeKOTOpast 3a/1a4ya CBE/ICHHs TecTa 3-r0 ypOBHsI K TUIIOBOMY CJIy4aro, a 3aTeM
MPUMEHEHUE MOIXOSIIETO CIOCO0a PEIIeHUs.

TecTsl TpeThero ypoBHS Beeraa 0€3yCIOBHO pa3pelinMbl H3YUYCHHBIMU B
yueOHOM mpeamere MeTofaMu. OHaKO BCAKUHN pa3 3TH METO/IbI HHIUBUIya-
JIU3UPYIOTCS] MPUMEHHUTENIFHO K KOHKPETHOM 3a1a4e. ITOro Helb3sl CKa3aTh O
TeCTax 2-r0 yPOBHS — HX peIICHHE He IPHHOCUT HUKAKOW HOBOH mMH(popMa-
UM PEIIAIOIIEMY, TaK KaK OH BOCIPOM3BOIUT YK€ H3BECTHOE EMY PEIlICHHE.
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TecTaMu YeTBEPTOrO YPOBHS BBISBIISIIOT YMEHHE yYaIUXCS OPUEHTHPO-
BaThCS M IIPUHUMATD PEILICHUS B HOBBIX, MPOOJIEMHBIX cHTyalusaxX. OJHUM U3
MyTeH CO3AaHuUs MPOOIIEMHBIX CUTYaIHi B TECTax 4-T0 YPOBHS SBJISCTCS HC-
MOJb30BaHNE B YUYCOHBIX IENIX MPOOJiIeM, pelIeHHe KOTOPBIX eIle MIMPOKO
HE ONyOJMKOBaHO (HAIIPpUMED, TOJBKO B CIECIUATBHBIX KypHaJlaX I cOop-
Hukax). Torma HaleHHOE U OMyOIMKOBAHHOE PEIICHHE MPOOIEMBI MOXKET
CTaTh ATAJTOHOM JaHHOTO TecTa 4-ro ypoBHs. Ecnmu ywamimiicss HaliieT HOBOE
pelIeHne, TO OHO MOXET OBITh COTOCTAaBJICHO (XOTsI OBbI TIO PE3YJbTATy) C
OIyOJIMKOBAHHBIM PEIICHUEM.

VY CHIenHoCTs BBIMOJIHEHHS CTYACHTOM TECTOB KaXIIOTO YPOBHS OMpeie-
nsietcst KO3 PUIMEHTOM YCIIEITHOCTH COOTBETCTBYIOIIETO YPOBHSL.

K - %
o - 1
na
e 8, — 9YHCIO MPABHIBHO BBIIONHEHHBIX CTYICHTOM TECTOB JAHHOIO

YPOBHSL, Ny, — YHCIIO TPEIOKEHHBIX CTYICHTY TECTOB JaHHOTO YPOBHSI.

JIns yCTOWYMBOrO OBJAJECHUS YPOBHEM JCSATENBHOCTH 3HaueHue K
IOJDKHO OBITE Ooibiie 0,7. Ha ocHOBaHWH TOrO BBICTAaBISIIOTCS OLECHKH (10
5-6anpHOI 1mIKane): 3a 1-it ypoBens — 3, 3a 2-i ypoBeHb — 4, 3a 3-ii ypo-
BEHb — O.

Ecin nens 00y4eHus! JISKHUT HIDKE 3-TO ypOBHS, LEIeco00pa3Ho OrpaHu-
YUTHCS 3a4€TOM 0€3 OLICHKH.
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VK 541.183.5:532.614
Humutpos C.B., Xanmamenos C.A.
OHMA

K MEXAHWU3MY CLIEMJIEHUA YNPYTUX YACTUL
C SNEMEHTAMW rMAQKWX TBEPAbIX NOBEPXHOCTEW
MPOTOYHbIX YACTEW CYAOBbIX TEMNOBLIX ABUTATENEN

B cynoBBIX TEIUIOBBIX ABHTATENSAX OTKPBHITOTO IHKJIA B ITOJABIISIOIIEM
OOJIBPIIMHCTBE CIIy4aeB B KauecTBE pabOvero Tena UCHONb3yeTcs atMocdep-
HBIN BO3YX, COACPIKAIIUHA Pa3IHIHbIC HHOPOIHBIC BKITIOYCHUS.

Bo3nyx Hag MopeM mpezacTaBisieT co00i MOPCKHE a3po30JId — CHCTEMBI,
cocrosimue U3 TBEPIBIX (COJNIEBBIX) W KHIKUX (BlIara, cojeprarias COJIH)
YaCTHI], B3BEIICHHBIX B BO3JyXe. A3PO30JH XapaKTepH3YIOTCS COJeCOAep-
JKAQHUEM B €IHMHUIIC 00hEMA MM MacChl BO3yXa, AMCICPCHBIM M XUMHYE-
CKHM COCTaBOM.

Bce BrIIIOYCHUS B BO3AYX MOXKHO Pa3[eUTh Ha JBE TPYIIIIHL:

1) BHemIHue, K KOTOPBIM OTHOCATCS €CTECTBEHHBIE (IBLIb, CHET, JTOKb,
TyMaH, MOPCKHE a’pO30JId W Jp.) M TEXHWYECKhe (caxka W IpyTue
MPOIYKTHI CTOPAHUS TOIUINBA, IPOMBIIUICHHBIE a3P0O30ITH);

2) BHYTpEHHHE (MACIO, MPOAYKTH KOPPO3UH, U3HOCA U T.11.).

B pesynbpraTe B3amMOZENCTBHS 3arps3HEHHOTO BO3MyXa B MPOTOYHBIX
9acTsIX KOMIPECCOPOB TEIUIOBBIX CYIOBBIX IBUTATENCH HAOIIOOAIOTCS OTIO-
JKEHUS, KOTOPBIC YBEIUYMBAIOT adPOJWHAMUYECKOE COMPOTHUBJICHUE KOM-
npecCcopoB, 4YTO NPUBOAUT K YBCIIMUCHUIO pacXoda TOIJIMBA TCIIJIOBBIM JBH-
raTeneM.

HpO,Z[yKTaMI/I CropaHusd TOIUIMBa 3arps3HAOTCSA MPOTOYHAA 4aCTb TYp-
6uH, kamepsl cropanus JIBC, xaHand ra3oBBITYCKHOTO TPaKTa, MPOTOYHAsI
9acTh YTHIM3AIHOHHOTO KOTiIA. BenmnunHa oTNOXEeHUi HA MPOTOYHBIX Yac-
TAX, 00yCTIOBIIEHHAS TPOMYKTaMH CTOpPaHUs, OIMpeNeNseTcsi MEepoi CoBep-
IIEHCTBA Mpolecca CropaHus TOIUIMBA, COPTOM TOIUTHBA, MPOJOKUTEIBHO-
CTBIO paboTHl U T.4. TakuM 00pa3oM, Ha TOBEPXHOCTSAX MPOTOYHBIX YaCTEH
TEIUIOBBIX ABHTATENEH B IPOIECcCe UX AKCIDTyaTallii HAOII0IAI0TCs OTI0XKE-
HYsI, 00YCIIOBJICHHBIE CHJIAMH aT€31H.

[enpto naHHOW paboOTHI ABHIJACH pa3pabOTKa METOJIUKH (popMUpoOBa-
HUS WHIWBUIYaTbHBIX KOHTAaKTOB MEXAY OTICIBHBIMH KPUCTAIIAMH U
CTAJIbHBIMU MOIJIOKKaMU B PA3JIMYHBIX YCJIOBHUAX U U3YYCHHUEC 3aBUCUMO-
CTeHl CHJI CHEIJICHHS OT YCIOBHH, B KOTOPBIX MPOUCXOIUIO BO3HUKHOBC-
HUE KOHTAKTOB.

CornacHo Teopuu aaresu [1] mpoiiecc aare3ny MPOUCXOAUT MO ACHCT-
BHUEM IMOBEPXHOCTHBIX CUJI U MOXKET paCcCMAaTpUBATHCA KaK TEpMOAUHaAMUYC-
CKUI PaBHOBECHBI M OOPAaTHMBIH MpPOLECC NMPU YCIOBHUU 3HAYUTECIHHOTO
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MIPEBBIIICHUS Payca KPUBU3HBI 00EUX MOBEPXHOCTEH HAJ PaluycoM Jei-
CTBUS MTOBEPXHOCTHBIX CHJI.

Teopus b.B. JlepssrnHa ocHOBaHa Ha MPEANOI0KEHUH, YTO CHIIa are3un
siBIIAeTCS (PyHKUMEH Benu4MHBI 3a30pa H, pasmenstomero cepuieckue mo-
BepXHOCTH KoHTakTupyromux cuia, F = f(H). Ilpu ncuesnoBenum 3a3zopa
(H—0) cuta aare3uu CTaHOBHUTCS PaBHOM

21
Jeey

TIe € U €1 — PaJMyCchl KPUBU3HBI COMpUKacaromuxcs nosepxuocteit; f(0) —
CBOOO/HAS HEPTUs IOBEPXHOCTH.
OHeprus cBOOOIHON MOBEPXHOCTH ONpPENEIUTCS KaK

F=-

fo0, Q)

f0=0,-0,;-0,, )

IJie G12— MOBEPXHOCTHOE HATsHKEHME Ha IrpaHulie a3 AByX TBEPABIX Ten 1 u 2;
©13; 02,3 — Ha TpaHHIle TBEPABIX Tel U (ha3bl 3, OKPYKArOIIeH TBEPIbIC Tela.

U3 Teopuu crnemyert, 4To cuiia aare3uy 3aBUCUT OT KPUBU3HBI KOHTAKTH-
PYIOIINX NOBEPXHOCTEW. BiusiHE CBOWCTB MOBEPXHOCTEN Ha a/Ir€3UI0 yUU-
TBIBaeTCS CBOOOIHOM PHEPTHEH.

HUccnenoanus npoBoamanchk Ha MoHokpuctamiax NaCl m NaxSOs me-
npaBuiIbHON popmbl pazmepamu 1 — 2,5 Mm.

14 mostydyeHusi KOHTaKTOB PA3JInYHOM MPOYHOCTH BapbUPOBAIUCH YCIIO-
BHSL X METOABI (POPMHUPOBAHUS U CO3[AHUSI KOHTAKTOB, YTO OCYIIECTBILIOCH
MyTEM MEXaHHYECKOTO TO/PKUMa KPUCTAJUIMKOB K METAITMYECKUM TTOATIOK-
KaM C pa3jMyYHbIMU YCWIMSAMH NP pa3IMyHbIX Temneparypax. OpueHTanus
MOKAMAEMOT0 KpUCTaia Oblla POU3BOJIFHOHM, a (popMa KPUCTAIIIOB He-
npaBuwibHOW. IIpu npoBeneHUM U3MEPEHMH KOHTAKT MEXKAY IOAJIOKKOH U
KPUCTAJUTMKOM KaXK]IbIi Pa3 OCYIIECTBIISIICS TI0 HOBBIM Y4aCTKaM.

[Ipubop, Ha KOTOPOM MPOBOAMINCH H3MEPEHHSI, TIPEICTABISIET TaIbHEH-
IIYI0 MOJU(HUKAIMIO W3BECTHOM METOJAWKHW [2] W mpeacTaBieH Ha puc. 1.
HarpyxatonmmM 31meMeHTOM 3TOro Npudopa SBJISIETCS MarHUTORJEKTpHUYe-
ckas cucreMa npubopa tuma M120. Kpuctamk a npuKiIeHBaiics K CIielu-
QIFHOU OTIpaBKe, KOTOpas (pHKcHpoBalach Ha CTPENKE MarHUTOXIICKTpUYC-
CKOM CHUCTEMBI Ha PACCTOSHUU 65 MM OT OCH BpalllCHHUS.

[InacTrHKA 6, BEITOJHEHHAS U3 UCCICIYEMOH CTaIH, KPEIWIACh K MaHH-
MyJIATOPY peilTtepa MUKpOCKONa 2 TakK, YTO MOIJIa MepeMeuiarbcs B ABYX
B3aMMHO MEPICHIUKYIISPHBIX HAPABJICHUSX.

[Ipu oTcyTCTBHM TOKa B LIENM paMKU 3 KPUCTAJUIMK IMOJIBOAMJICS K IJia-
CTHHE JI0 CONPHKOCHOBEHMS. MOMEHT COIPHKOCHOBCHHUS (PHUKCHPOBAIICS C
MOMONIBIO JITUHHO(POKYCHOTO 00beKkTHBa MUKpockomna 4. Omubka mpu on-
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peIeNeHN: CUJI CICIUICHHS, CBSI3aHHAS C HETOYHOCTBIO (pUKCaru MOMEHTa
CONPUKOCHOBEHUSI KPHUCTAJUIA, COCTaBIsIa (1+5)-10'3 JIUH. YCuiIus B KOH-
TakTe m3Mensuch oT 10™ 1o 10° auH 3a cuéT M3MeHEeHMs TOKA B LCMH paMm-
ku. TapupoBka npubopa MPOBOAMIACE IYTEM ypPaBHOBEIIMBAHUS MOMEHTA,
00YCIIOBIIECHHOTO HABECKOW, MOMEIIEHHON Ha CTpenKy raiabBaHoMeTpa. Ilo-
CTOsiHHAs MpuOopa, CBA3BIBAIOIIAsA KPYTSIIMHA MOMEHT C TOKOM, COCTaBMIIA
0,2 muH cM/MKA.

W3mepenue Toka B LM PaMKU OCYILECTBIIS-
JIOCH C TIOMOILBIO 3€PKaJIbHOTO TaJlbBaHOMETpA C
tounoctsio 10° A. Turanue npubopa OCyIIeCTB-
JIJI0Ch OT aBTOHOMHOI'O akkymyisTopa. Cuia To-

Ka peryaupoBanach ¢ MOMOLIbI Mara3uHa COMpo- (
THUBJICHUH.

[TomuMo perynupoBaHus yCHUJIMsS B 30HE KOH-
TaKTa U3MEHAJIach TaK)Ke TeMIlepaTypa B AHarazo- 1
He +20 + 120 °C, misg 4ero WCIoNb30Baics TPyO-
yaTeld Harpesarenb 5. Temmeparypy usmepsuid ¢
MOMOIIBIO TepMoOMapbl 6, KOTOpas BBOJIWIACH B
KOHTAKT CO CTaJbHOM MJIaCTUHKOM.

[Tocne momxuma KpUCTaJUIMKAa MU BBIIEPKKU
MIpY 32IaHHOM YCWJIMH B TE€YEHHE OIPENeIEHHOTO
BpEMEHM NPUIOKEHHYIO HArpy3Ky CHHUMalH, K
KOHTaKTy NPUKJIAAbIBAIA U [TOCTENIEHHO YBEIUYH-
BaJM yCWJIME OOpaTHOrO HampaBieHUS. MOMEHT
pa3pylIeHusT KOHTaKTa (PUKCHPOBAIU Yepe3 MHK- 4
POCKOII; OTMeUaIoCh 3HaU€HHE TOKa, a Jjajiee pac-
CUUTHIBAJIOCH YCUIINE, TIPH KOTOPOM MPOUCXOAUIIO
paspylieHue.

Ha pwuc. 2 npezacraBnensl paccuuTaHHble 3Ha- Puc. 1. Cxema mnpuGopa:
YEHHUS IIPOYHOCTH KOHTAKTOB B 3aBHCHMOCTH OT 1 — crpenka; 2 — mamu-
o MyJIATOp pelTepa MHUKpPO-

JTUQPEPEHIUATIBHON (PYHKIIUH paCIIPeaEICHUS
bdep by pactip ckoma; 3 — pamka; 4 —
dn dl . JTMHHODOKYCHBIH  06bek-
p=- n gP-f Igkh , THB, 5 — Harpesareb;

0

rae N U Np — COOTBCTCTBCHHO TCKYIECC U 06Luee

6 — Tepmomnapa; a — Kpu-
CTAJUTHK; 6 — TUIACTHHKA.

4YHUCIO0 U3MEpeHuil; P — NpoOYHOCTh KOHTAaKTOB,
BO3HMKAIOUIUX [IPH Pa3pyLICHUN KOHTAKTA.

W3 puc. 2 BUIHO, YTO 3HAUYEHNUE [IPOUYHOCTH KOHTAKTOB, IIOYYEHHBIX B OJI-
HHUX M T€X K€ YCIIOBUSIX, MIMEIOT OIPOMHBIH pa30dpoc B mpejenax LIEeCTH Ho-
psankoB. IlonokeHne MakCUMyMa paclpelelICHHH CIBUTaeTCs B CTOPOHY
OONBIINX 3HAYECHHH MPOYHOCTH KOHTAKTOB MPH YBEIHMUYCHUH CHIIBI TIOKHMA
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P A s KPUCTAJUIMKOB ¥ TTOBBIIICHAN
a

0.4 TeMIIEpaTyphbl B 30HC KOHTAaKTa.
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Puc. 2. KpuBble pacrmpeneneHds MPOYHOCTH
koHTakra: a — P=50pgun, t=20°C; 6 —

P=150 gun, t=20 °C; ¢ — P=50 nun, t=150 °C;
2— P=150 gun, t=150 °C;

XapakTep THCTOTpaMM MOKa3bl-
BaeT, 4TO pacrpeieicHus Oiu3-
KH K HOpMaJbHO-JIorapudmu-
geckuMm. M3 dKcrepuMeHTab-
HBIX JTAHHBIX JUI KOKIOTO pac-
npeaeneHnss ObUTH TTOJICYNTAHEI
CpenHHe 3HAueHHUs Jorapu(moB
MPOYHOCTH KOHTAKTOB M JIHC-
niepcus 3Toi BenuuuHbl. [1o mo-
JTyY9eHHBIM JaHHBIM OBUIM TIO-
CTPOEHBI COOTBETCTBYIOIINE
HOPMAJILHO - JIOTapu(hMUIECKHE
TuQpepeHIMabHBIE  KPHUBBIC
pacrpezneneHus, mpecTaBieH-
HbIe Ha COOTBETCTBYIOIIMX I'pa-
¢ukax. HopmasHo-Orapud-
MHYECKHI XapakTep pachpere-
JeHus HaOMogaeTcs Takke MpH
W3MEHEHHH CWI aire3ud TIpH
KOHTaKTe MHKpPOYACTHI] C pa3-
JMYHBIMU PAJNYCaMU KPUBU3HEI
1 IDTOCKAMH 00pa3laMH.

Hus caydas xkoutakra gactuiy NaCl ¢ miockuM oGpasioM, BBHIIOTHEH-
HbIM u3 cranu [IX15, nonxyyeHa nuHeHast 3aBUCUMOCTh CHJIBI ar€3ud OT

panuyca 4acTHIIBI.

Taxum oOpa3oM, pa3paboTaHa METOAWKA ISl UCCICIOBAHHUS WHIUBHIY-
QNBHBIX KOHTAKTOB YacTHI] C DJIEMEHTaMH MOBEPXHOCTEH MPOTOYHBIX YaCTeH

CYHOBBIX TCIIJIOBBIX HBHFaTeHeﬁ.

B HacrosimieM cOOOLIEHUH OMMCaHBI EPBBIE OMNBITHI 0 ONPEIECICHUI0
CWJIOBBIX IIapaMETPOB B3aUMOJCHCTBHUS MEXAY 4YacTHLIAMM, KOTOpbIE KOH-
TaKTUPYIOT C JIEMEHTaMM IIPOTOYHBIX YaCTEH BUTATENEH.

CIIMCOK JIMTEPATYPBI

1. JHepsrun b.B., Kporoa H.A., Cmuria B.I1. Anresus TBEpapix ten. — M.:

Hayxka, 1973. -350 c.

2. Wykwun E.JI., FOcymos P.K., Amenuna E.A., Peounnep [1.A. Dxcrepu-
MEHTAJILHOE HCCIICJIOBAHNE CUJI CLETUICHUS B MHAWBHIYaJbHBIX MHKDPO-

CKOTMYECKUX KOHTAKTaX MEXIy KPUCTATMKAMU TIPH MOJKUME M CIIeKa-
auu // Komnonnn. x. — 1969. — 31. — C. 913 - 917.
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VYIK 628.514
Hcromun B.H.
Cesl' TY

MPOBJIEMA IMYBEOKOW OYUCTKU HEGTECOMEPKALLMX BOA HA CYAX

Crioco0 ¥ TeXHOJIOTHS OYUCTKU HedTecomepskamux BoJ ONpeemsaeTcs, B
OCHOBHOM, HEOOXOJNMOH CTEIEeHBI0 OYHCTKH. MeEXAyHapOoAHBIE W HAIHO-
HaJIbHBIE TPeOOBAHMS MPEAIIONIATAIOT HAJIMYKE Ha CylaX (QUIBTPYIONINX yCT-
POWCTB C OYHCTHOM CIIOCOOHOCTHIO 15 M [1]. o 6 utonsa 1998 rona pas-
pemraicst copoc HedTecoaepKanux BoJ BHE OCOOBIX PaiiOHOB 3a JIBEHALA-
THMHIIBHO 30HOM ¢ KOHI[GHTpamueil Menee 100 MIH ', 0IHAKO mOCIE YKa-
3aHHOHM HaThl cOpoc ¢ cyaoB HedTecolaepikallux BOJ C KOHIIEHTpaluei
100 ™ 3arnperex.

CornacHo TpeOoBaHUsIM MeXIyHapOIHOW KOHBEHIMH 110 MpeAoTBpalle-
HUIO 3arps3HeHust ¢ cynoB MARPOL-73/78 BO3MOXKHBI CIICAYIOIINAE BAPHAHTHI
CYIOBOTO 00OPYIOBAHUS VISl YTIUIH3ALIH He(PTECOASPKAIINX BOI:

= CcOOpHBIC TaHKH;

= CcOOpHBIM TaHK ILTIOC (QHIBTPYIONIEE OOOPYIOBAaHHE CO CTETICHBIO

OUHCTKH HeTeCOIepKalmX Box MeHee 15 Min™ i mpubop KOHTPOIs
KOHIICHTPAIlNH W aBTOMaTHYECKOTO MPEKPaIIeHus ClIuBa 3a 00OpT 1pu
NPEBBIICHHH KOHIEHTpaIiK HeTH B copoce Gomee 15 mmn™.

B kauectBe GuIBTPOB HauboJIee EPCIIEKTUBHBIMUA U HMEIOLIMMH 3HAUH-
TeJIbHbIE BO3MOXXHOCTH IOBBIIIEHHs 3()(HeKTHBHOCTH pabOTHI SABISFOTCS KOa-
JIECIIUPYIOIIE DJIEMEHTBI, UMEIOIINe
HEKECTKYIO CTPYKTYPY, Y4TO TO3BOJISI-
€T NpPOM3BOAUTH HUX 3(PdeKTHBHYIO
perenepanuo. K Takmm Koaneciu- _9\ -l'__‘D
PYIOIINM SIIEMEHTaM MO>KHO OTHECTH
TKaHEBBIC (HIBTPOIIEMEHTHl U DIIe-
MEHTHI, BBIOJHEHHBIE B BHUIE CIIOS

rpaHyJ. ’
Hamu npennosxeHa KOHCTPYKUHS \
TKaHEBOTO PEreHepUpyeMoro (UiIbT-

pa Uil OYMCTKH HedTecoIepKaIux
BOJl, IIOKAa3aHHas Ha PHCYHKE. \

OuIbTp comepKUT Kopmyc 1 ¢ mar-
pyOkamu MOABOJA OUHILIAEMON
SMYJIbCUM 2, OTBOJA YKPYIHEHHOMU

SMYNbCUH 3 U MEXaHUUYECKHX IMpUMe- (
ceit 4, QUIBTPOBAIBHBIA MATPOH 5, l
COCTOSIINI U3 TKAHEBOTO (PHIIBTPYIO- 4/

IIEero 3jJIeMeHTa 6, IMOIBIDKHOW Iai-
Obl 7, HETIOBMKHOM MIAiObI 8, KpyT- TxaHeBbIil pereHepupyeMbIil GUIBTP
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JBIX Tep(OPUPOBAHHBIX AUCKOB 9, CBOOOJHO HacaKeHHBIX Ha MTOK 10, Ko-
TOPBIA COCNMHEH C TIOJABM)KHOW MIaii00N 7 W BBIXOJUT W3 Kopiyca 1 depes
yrutotHenus 11.

OunbTp paboTaeT crienyromuM oopazoM. OuuninaemMas SMyIbCHs TIOCTyTIA-
eT 4epe3 marpyook 2 B o0beM Kopmyca 1 ¥ MPOXOIUT CKBO3b (DHIIBTPYFOLITHIA
3JIEMEHT 6 BO BHYTPEHHIOIO YacTh (HMIBTPOBAHHOTO MarpoHa 5. [Ipoxozs ye-
pe3 KoaJeCcIUpYIOMMid MaTeprail (QHIBTPYIOIIETO 3JIeMEeHTa 6, SMYIbCUS
OYMIIIAETCS] OT MEXaHWYECKUX NpUMECEH U YKPYNHSIETCsl ee AUCTIEPCHBIN Co-
CTaB. 3aTeM OUMIICHHAs OT MEXaHUYECKUX IIPUMECEH U YKpyIHEHHAs SMYJIb-
CHsl BBIBOJUTCS U3 KOpITyca | M JIerKo pa3ziensiercsl B CTaHAapTHOM OTCTONHU-
ke. [latpybok 4 ams 0TBOAa MEXaHMYECKMX NpUMeceil 3akpbIT. B mporecce
paboThl (PUIbTpa MPOUCXOAUT 3aCOPEHUE IMOBEPXHOCTH TKAHEBOIO (DMIIBT-
PYIOILEro 3JIeMeHTa 6, UTO NMPUBOJUT K YBEIMUYECHUIO NEpenaja AaBICHUS Ha
HeM. [Ipu mOCTHXEHMHM KPUTHYECKOTO Meperana JaBleHUs Ha (IIbTPOdJIe-
MeHTe 6 aTpyOKr 2 v 3 3aKpBIBAIOTCS, PHIBTPOBAILHBIN TATPOH 5 HECKOJIBKO
pa3 cKUMaeTcs IpH IepeMerIeHn mToka 10 ¢ MOMOIIBI0 KYIauKOBOTO WA
KPHBOIIMITHO-IIIATYHHOTO Mexanu3Ma. [Ipu ckatnm matpoHa 5 ¢mibTpar u3
ero obbeMa IeperekaeT oOpaTHO B 00beM Kopryca 1 depe3 (HIbTPYROLTHA
AIIEMEHT 6, CMBIBAs ¢ HETO OT(IIIFTPOBAHHBIE MEXaHUIECKHE TIPIMECH, KOTO-
pBle BBIBOJATCS U3 Kopmyca 1 uepes marpybok 4. DdhekTUBHOCTH pereHepa-
IIUM TKAHEBOTO (PUIIBTPYIOIIEro 371eMeHTa 6 CHOCOOCTBYET TaKkkKe ero redop-
Manus IpH NEePUOANIECKOM CKaTuM (punbTpoBasibHOrO narpona 5. Ilocne pe-
reHepanuy nporiecc GUIBTPALK BO30OHOBIISIETCS.

[IpenBapurenbHble UCTIBITAHUS MpepIaraeMoro (pumbTpa MOKa3aad Ha-
JISKHOCTh €T0 padOThI U BHICOKOE KaYeCTBO PEreHepali TKAHEBOTrO (puibT-
poanemenra. Pereneparust ¢puiabTpa mpocTa, He TpeOyeT MHOTO BPEMEHH,
OCYIIECTBISIETCS 0€3 MPOMBIBOYHON BOIBI U Pa3OOPKH (IIBTPa M MOXKET
OCYIIECTBIIATHCS JTJaXKe B Mpoliecce paboThl PHUIIbTpa.

Jns naTeHCH(pUKaIK mporecca pasneseHus He(hTeBOASHON 3MYJIbCHH,
YKPYIIHEHHOH B TKaHEBOM pETreHEpHPYeMOM (QIIIBTPE, IeIecoo0pa3Ho HC-
MOJIb30BaTh HE Majo3(p(PEKTUBHBINA TPAaBUTAIMOHHBIA OTCTOWHHUK, a KoaJiec-
LUPYIOIIMKA 3JIEMEHT B BUJE CJIOS PaHyJl, KOTOPBIM, KaK MOKa3aJl CPaBHU-
TCIbHBIN aHaJIn3, 06nauaeT OOIBIINMH BO3MOKHOCTSIMH JJIs1 TTIOBBIIICHUA
3¢ HEKTUBHOCTH OYUCTKU HedTecoaep alux BoA. TkaHEBBIN pereHepupye-
MBI GUIBTP U TPaHYIHMPOBAHHBIN KOAIECHUPYIOIINI HAIOJIHUTENb B Kade-
CTBE OCHOBHBIX 3JIEMEHTOB CEMApaI[HOHHOM YCTaHOBKH ITO3BOJIUT pa3pado-
TaTh 3((EKTUBHBIN CENapaTop ¢ BHICOKOI CTEIEHBIO OYHNCTKH CYOBBIX HE(-
Teco/Iep KaIiX BOA, OTBEHAIOMNI TpeOoBaHMsIM MeXTyHapOIHOH KOHBEH-
WY 10 TIPEI0TBpaNIeHHUIO 3arps3aeHst ¢ cynmoB MARPOL 73/78.

CIIMCOK JIMTEPATYPBI
1. Oxpana okpyxaromieil cpeasl mpu dkciuryaraun cynos / C.I1. 3yopuios,
IO0.I'. Mmyx, B.1. Kocosckuit — JI.: Cynoctpoenue, 1989. — 256¢.
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YK 621.431.74:621.436
Kamyctun B.B.
CHTY

CHWXEHWE COLIEP)XAHUA SO B BbINYCKHbIX TA3AX
CYNoBbIX AU3ENEN

PaboTa nmopmHeBbIX ABurareneit BHyTpeHHero cropanus (JIBC) ocyme-
CTBIISIETCS TIO PA30MKHYTOMY LUKIY, IIO3TOMY BBIOPOC B OKPYKAIOIIYIO Cpe-
Iy oTpaboTasumx ra3os (OI') siBiIseTCS HEOTbEMIIEMBIM YCIOBHEM HX (YHK-
[IMOHUPOBAHHSI.

OI' nu3eneit — 3TO reTeporeHHasl CMECh Pa3jIMYHBIX BEIIECTB C Pa3HO-
00pa3HBIMH XMMHUYECKMMU U (puzndeckumu cpoifctBamu: Ha 99,75 % 3TO
Oe3BpeHbIe WM HEeHWTpalbHBIC BellecTBa (KUCIOpPO, a30T, BOISHOM map U
YTIEKHUCIEIH Ta3), octanbable 0,25 % (umm 2500 gacTeil Ha MIJUTHOH — TIPO-
MIILIE %0) CIUTAIOTCS BPEIHBIMHU, KOTOPEIC BKIIOYAIOT B €05l OKHCIIBI a30Ta
(NOx — 1500 %o), oxucek yriaepoma (CO — 60 %o), okucisl cepbl (SOx —
600 %o) u yraeBogopozsl (ChHm — 180 %o).

Kpome Toro, B coctaB BbIXJIONA JU3eIel BXOIAT TBEP/bIC YaCTUIIBI (OKO-
110 0,25 Mr/M’): caxa, MUHEpaIbHbIE YACTHIIbI 3 BO3ayXa (MBUIH) U 30JbHBIC
OCTAaTKH TOTUINBA.

Oxuch yriepoaa, caka M yriIeBOIOPOIBI SBITIOTCS OCTATKAMH TIPOIYK-
TOB CTOpaHMs TOILIMBA U B AM3ENAX MUX CPaBHHUTEIHHO MEHBIIE, YeM B JIPY-
rux mopmrHeBbix JIBC.

[To mccienosanusam, nposeaeHabiM IMO (Komuccueld mo 3amure Mop-
CKOM CpeJibl), B CPeIHEM BEIMYMHBI BPEIHBIX BBIOPOCOB CYIOBBIX [H3€-
e coctaBisaoT. NOx — 59; CO — 8; SOx — 2,4 u CpHm — 2,7 kr Ha
1 TOHHY C)KHTaeMOTO TOILTHBA.

Kak mpaBuno, rmaBHOe BHUMaHHE M0 OOpbOE C TOKCHYHOCTBIO T'a30BOTO
BBIXJIONA JIM3€NIell COCpeloToueHO Ha yMeHbleHnH cozepxkanus NOy. B Ha-
CTOsIIIee BPEeMs B Cy[JOBBIX AM3EISIX HAXOIAT IPUMEHCHHE CICAYIOIINE CIIO-
COOBI: yMEHBIIIEHHE MaKCHMAJILHOTO JaBJICHHS CrOPaHUs; YMEHbIICHHE MaK-
CHMaJBbHOW TeMIlepaTyphl IMKIIA; HCIOIH30BAaHUE BOIO-TOIUITMBHOM IMYITh-
cun (BTD); u3meneHne COOTHONICHUST MEXTy TOIUTMBOM H BO3IYXOM; IpH-
MEHEHHE Pa3JIMYHbIX BHUIOB albTEPHATHBHBIX TOIUIMB M MPHUCAJIOK, a TAKKE
CEJIGKTUBHOE KaTanuTuieckoe peaynupoanre (SCR) oTXomsIINX Ta30B.

Coxkparrenue BbIOpocoB SOy OCYIIECTBIISETCS JIMOO MOHMKEHHEM COJICPIKa-
HUSI CEPhI B TOIUIMBE, T00 MOKpo# ourcTkoi Ol B crielManbHbIX CKpyOOepax.

[Ipu noBeIIIEHHOM cozep)aHuu cepsl (6onee 1,5 %) B TommMBe mpuUMe-
HeHue cKpyOOepoB cTaHOBUTCS HEI(P(EKTHBHBIM M3-3a YBEIMYEHHUS Macco-
ra0apuTHBIX XapaKTEPUCTUK YCTpoiicTBa. Bo3HMKAIOT Tarke MHpPOOIEMb
XpaHEHHUs U CJa4uM 3arps3HEHHON KUCIOTaAMHU TEXHOJIOTHYECKOM BOIBI.
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[Toatomy cunrtaercs OoJiee pallMOHAIBHBIM YIAISTH CEpy M3 TOTUIMBA Ha
He(TeneperoHHpIX 3aBonax a0 1,5 %. CoOTBETCTBEHHO CIEIyeT OXKHUIATh
YBEJINYECHUSI CTOUMOCTH TOHHBI TSDKEJIBIX TOIUB Ha 50 ... 80 amepukaHCKUX
JIOJJIAPOB U B TOIUIMBHYIO IPOMBIILICHHOCTh TOTPEOYETCs BIIOKUTH 3HAYHU-
TeNIbHbIE HHBECTUIINM.

Pemenue 3Toit mpo0i1eMsl MoXeT 3aTsiHYThCs Ha 10-15 net. B 3101 cBSI3M
HMMEET CMBICJI PACCMOTPETh BO3MOXKHOCTh HCIIONB30BaHUS B KayecTBE MPH-
cayiok Kk TorumBy okuciioB NaO, CaO, MgO uinu BOJHOTO pacTBOpa aMMHa-
ka (NHz), koTopbIe IpH B3aUMOJEHCTBUU C OKUCIIaMHU CEPbl 00Pa3yIOT CyJib-
¢ater NapSOs, CaSO4, MgSOa, NapSO3, CaS0s3, (NH4)2SO3. OTr mpogyKTh
MOTYT JIeTKO yaansathes u3 Ol BMecTe ¢ 30JIbHBIMH OCTATKAMHU M YTHIU3UPO-
BaThCs 0€3 JOMOIHUTENBHBIX 3aTpar.

VYcerpoiictBoM anst 103u-
pOBaHUsSI U CMECIIWBAHHS C
TOIJITMBOM HEPAaCTBOPUMBIX
B HEM TIPHUCATIOK MOXKET
CIIY’)KUTh  THAPOJUHAMUYC-
CKMII TOMOT€HU3ATOpP-CME-
CHTEITb, TPOIICANINA HUCIIbI-

a)

= = Tagust B 1994-1995rr. Ha
6] I
Bl cymax CI'TI «ATmantuka» B
' R -~ CHUCTEMax  IPUTOTOBIICHUSA
o 3
BTD mna rimaBHBIX aBUTATE-
P o - JIe!, MOATBEPAUBIIHANA BBICO-
| | KYIO JUCTIEPCHOCThH TIPUCA/I-
v . KU TIPECHOM BOJIBI B TOTIJIIBE
FI/I)IpO,Z[I/IHaMI/I'-IeCKI/II/I TOMOT'€HHU3aTOP-CMECUTEIIb:
N (1o 5 MKM).
a— cXeMma YyCTpoWcTBa, 6 — TpaduK H3MEHECHUS B .
e — JAHHOM yCTpOICTBE

(aBropsl Kamyctun B.B. u
Pomnonos F0.I1.) naiimeno omrtumanbhoe cootnomenue d/D u /L, mo3so-
JIUBIICE pealli30BaTh PEXMM KaBHUTAIIMOHHOW 00pabOTKH paboueii cpemsl.
KonunuecTtBo pacxonyeMoil NpecHOM BOABI PErYIUPOBAIOCHh aBTOMATUYECKU
[0 Mepe U3MEHEHUs Pacxoia 3MYJIbCUU U cocTaBisuio oT 5 10 20 % ot mac-
COBOTrO pacxoja ToruuBa. [lpuroroBneHnas TakuMm criocodom BTD mopasa-
JlaCb HETIOCPCACTBECHHO K TOINIMBHBIM HACOCaM BBICOKOT'O IAaBJICHUA TU3CIIs.
115 Bcroabp30BaHus C IPYTUMHE MIPUCATKAME MOTPEOYETCs TOTOTHUTEIb-
Hasl peTyJIHPOBKA M MPOBEpPKa KauecTBA SMYIbCHHU.
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YK 621.892.096
Kanyctun B.B., Knumenko A.T"., [Ipucsxnaiok A.b.
CHTY

PABOTA CYAOBOIO AU3ENA MO HArPY304YHON XAPAKTEPUCTUKE
NPU NCNAPUTENBHOM OXNAXAEHWW HAQAYBOYHOIO BO3OYXA

Cpenneodopotasre quzenn YH16/22,5 Hanwm mmpokoe NpUMEHEeHHe Ha
CyAax TPaHCIIOPTHOTO M TEXHUYECKOro (hJI0Ta B KAUeCTBE IPHBOAOB BCIIO-
MOTaTEeNbHBIX JH3eIb-TCHEPATOPOB.

Beuny Huskoro Haagysa (pi= 0,135 Mlla) npoMexyTOYHOTO OXJIaXKACHUS
BO31yxa (upMoit He mpexycMoTpeHo. [ yeTpaHeHus: 3Toro HerocTaTka An-
semu 6UHCII16/22,5, paboTaromie Ha BHHT (DUKCHPOBAHHOTO INara, ObLTH
OCHAIIIEHBl CUCTEMOM HCIapUTEIBHOTO OXJIaXIEHUS HAJIYBOYHOTO BO3IyXa
[1] u mpoBeneHbI €€ KOMIUIEKCHBIE HMCCIEIOBAaHHUS HA CEPUHHBIX cyaax [2],
MOATBEpANBIITE 0OOCHOBAHHOCTD JAHHOTO TEXHIMUYECKOTO PEIIICHHISL

Ha Mopckux cynax NpUIOTOBJICHHE NMPECHOW BOXBI JUIS TEXHOJOTHMYE-
CKHUX IIPOIIECCOB HE SBIIETCS CEPbe3HOU MpOoOIeMOi Ipr HOPMAIBEHO (QyHK-
OUOHUPYIOMIEH OTPECHUTENFHONW YCTAHOBKE, a PACcXOZ BOABI LTS OXJIaXIe-
HUSI BO3yXa HEOOIBIION.

B cBsi3u ¢ 3amenoii razorypoonarnerarens (I'TH) PDH-16N na TKP-14H-
9a nmaBneHue HaIIyBa Bo3pocio A0 px = 0,165 MIla, uro mo3Bomio Gpopcupo-
BaTh nu3enb ¢ 133 kBT 10 170 kBT Ha HOMUHATIBHOM peXHME (nH=750MI/IH'1), HO
TTOBBICHJIO TEMIIEPATypHYIO HANPsDKEHHOCTH fetanei Ha 30...40 K.

HdoobopynoBanne peKymepaTuBHBIM TEIDIOOOMEHHHUKOM OCIIOKHEHO He-
00XOIUMOCTBIO PEKOHCTPYKIIMM CHUCTEMBI BO3AYXOCHAOXKCHMS AM3EIS
6UH16/22,5.

YdauTBIBas MOJMOXKUTEIBHBIN ONBIT MPUMEHEHHSI UCTIAPUTENBFHON CHUCTe-
MBI OXJIXKACHUS HAJIyBOYHOTO BO3AyXa Ha TJABHBIX ABurarensx [, 2],
MPECTaBISET UHTEPEC UCCIIEI0BATh IPIMEHEHNE TAKOH CUCTEMBI IPOMEXKY-
TOYHOTO OXJIAXKICHHS BO3IyXa U TSI CYIOBBIX TH3EIb-TCHEPATOPOB.

C »oTolf 1enpl0 OBUIM TPOBEACHBI CTEHAOBBIC WCHBITAHUSA AH3EIs
6UH16/22,5, ob6opynoBanHoro I'TH TKP-14H-9a u 3arpyxaemoro ruapo-
TOpMO30M TIpu Ny=CONSt. OTHOBPEMEHHO (HUKCHPOBATUCH TEMIIEPATYpPHI B
BO3AYLIHOM pECHBEpE Iociie KOMIpeccopa, Mepel U 3a ra30BOM TypOMHOM.
N3meHenmne naBieHus] B KOHTPOJUPYEMOM IWIIMHIPE 3alUCHIBAINCH MHHU-
karopoM MAU-2, u nanHble HCOBITaHUH 00padaTeiBarch Ha DBM.

[Mapametpsr okpyxatomieir cpensl (Po, To U (o) OBLTH OJHM3KH K HOpMa-
THUBHBIM, TT03TOMY KOPPEKTHPOBKA U3MEPSIEMON MOLTHOCTH (P,) HE MPOU3BO-
JITach.

[epen crienmaIbHBIMU HCIIBITAHUSMHE TIPOBEPSUIACh PadOTa TOILTHBHOM ar-
napaTypsl Ha CTeHAaX Mo pa3dpocy Ha MUHUMAIBHON M MAaKCUMAJIBHON Hojaye
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IUTsI BBIOPAKOBKH (POPCYHOK M TOIUIMBHBIX HAcOcoB. Jlanee m3MepsuIich Ha IH-
3ee pe U p;. OTKIIOHEHUE OT CPEAHEro 3Ha4eHHs He MpeBblaio 2,5%.

115 MOCIe Ay OIUX UCTIBITAHMA BEIOUPAIICS IIUITHHIP TU3EIs, B KOTOPOM
OTKIJIOHEHHWE T10 JABIICHUSAM U TeMIlepaType oTXonsamux ra3oB (Tor) OT cpen-
HETO 3HAUYCHUSI OBLI0O MUHUMAIBHBIM.

Taxo# 00pa3OBbI HWIMHAP CITYXKHII OBl 00BEKTOM BCEX MOCETYIONINX
TEIUIOTEXHUIECKUX UCIIBITAHUI U PacUIeTOB.

Hpurarens mccrenoBaics 0e3 OXJTXKICHUS HAATYBOYHOTO BO3IyXa M C
HCTIAPUTEIEHBIM OXJIAXIICHUEM, ONPEICISIeMbIM TI0 KOJIHYECTBY Pacxojye-
MoH npecHoi Boabl Gw B ITpoLIeHTaxX OT Macchl pacxogyeMoro Bo3ayxa G.

Pacxon Bo3ayxa onpezaessuics mo pacxomy Tornsa (Gy) mo ¢popmyie:

G; =14,30G;, (1)
rie o — Ko3(QPUIMEHT U30bITKA BO31yXa, U3MEPSIEMBbIH IO Ta30BOMY aHAJH-
3y Ha YCTaHOBHBIIIEMCS PEKUME.

Omnpenenus 1o BeipaxkeHuto (1) gaxTuueckuii pacxoa BO3ayxa, a Takke
YYUTHIBas PEKOMEHIAIUH TPEABITYIINX HCCIENOBAHUI M ONBIT BHEAPCHHUS
HCTIAPUTENHFHOTO OXJIAKACHUS, OBUIO Ha3HAYEHO JBa PEXHMMa IIPOMEXKYTOU-
HOTO OXJIQKACHHS HaTyBOYHOTO BO3/IyXa:

(Gw/Gs)=1,2u 1,35 %.

Uto6b1 n30exaTh MOSABICHHS KalelbHOW BJard B BO3AYIIHOM PECHUBEPE

JIM3€JIs1, BOCIIONB3yeMCS OIBITHOM (popmyJioit 1yist pacuera TOUkd pockl (Tp):

Tp=0,9(Two — 273)+ 0,3¢wo — 10p« — 22, 2
rae Tuo — TemIeparypa Bo3[ayxa B MAaIlUHHOM OTHENeHUH, K; Quo — OTHO-
CUTEJIbHAs! BJIIaXXHOCTh BO3/lyXa B MAIlIUHHOM OTJIEJIEHUH, %0; px — JaBIIEHUE
Haanysa, Mlla; 0,9; 0,3; 10 u 22 — onbITHBIE KO3 PHUIITUESHTHI.

Ecmu npunsate Two = 313K, @uo = 60%, p« = 0,17 MIla, Torna HaumeHsb-
1iee 3HaueHUe TEMIIepaTypbl B BO3AYLIHOM PECUBEPE, PACCUMTAHHOE 110 BbI-
paskenuto (2), nomxHo 66ITh Tp =303,3 K.

B Hamux omeiTax TemmnepaTypa Bo3ayxa Iociie KoMIIpeccopa Beeraa npe-
Boiuaia 313 K. OnHako BO3AYIIHBIA pecUBEp MEPUOAUYECKH MPOIYBAJICS
yepes CIIyCKHBbIC KJIalaHbl, YTOOBI M30€XKaTh MOMaJaHusl B IIUIMHIPLI HE UC-
TapUBLIEICS BOJBI.

Boxa nns BHyTpeHHero oxjaxkaeHus (McrapeHus) IojaBajlach BO Bca-
CBHIBAIONINI MAaTPyOOK KOMIIpeccopa Mo/ JaBlIieHHEM Yepe3 pachbuinTelb. Pac-
XOJI BOJIbI PETYIIMPOBAJICS JABJICHUEM pacIibljia U 3aMepsIICsS pOTaMeTpaMHu.

JIBUrateinb UCIIBITHIBAIICS HA HATPY304YHOM XapakTepucTuke (mpu N,=Const),

OXJI2XKJICHHE BKITIOYAJIOCh Ha pexkumax ot 0,5 mo 1,15 ISe ( |5e =P,/P,, ).

PesynbraThl cTeHIOBBIX UcHBbITaHUN au3ens 6UH16/22,5 npencraBiieHsl
Ha PUCYHKE.
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BiiusiHHe MCIApUTENBHOTO OXNAXACHHUS Ha TEMIepaTyphl: HaaayBouHoro Bosmyxa (Tx),
orxoasmux ra3oB (Tor) u apdexruBHocTs (D) pabotsr amzens 6UH16/22,5 mpu: Gyw=0
(—@—);:Gw=12% (- —O-=;Gy=1,35 % (———k——-)

Hy»XHO OTMETHTh BBICOKYIO OIEPAaTHBHOCTH BO3AEHCTBHS BIIPHICKA BOIBI
Ha OXJIXKJIEHUE HaJTyBOYHOTO Bo3nyxa (Tx) M CHIDKEHHE TeMIepaTyphl OT-
xomsmmx ra3oB (Tor) Jake HA JOJNEBBIX HArpy3kax. DKCIUTyaTallis AH3emIst

0e3 oxJakaeHHs HaJTyBOYHOI'O BO3AyXa Ha Harpy3kax Bbime 0,8P, Hexe-
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JaTenbHa W3-3a pocta Tor Bbilie 773 K. Ilpucaaka mpecHOW BOJBI BO BCEX
CIIydasiX CHHIKAeT JIBIMHOCTH M TOBBIIIAET 3((PEKTUBHOCTh PabOTHI JU3ens,
YTO MPUBOAUT K CHUKEHHUIO YIeIbHOTO 3 dhexTrBHOTrO pacxoaa Torusa (be)

Ha 4,0...7,5 % npu usmenenuu peskuma ot 0,8P, 1o 1,1P..

ITpu 5TOM GOJTBIIHIA PACXOJT BOABI OKa3bIBACTCS ONTHUMAIIbHBIM (De=>min)
pu OoJbIIeH (OPCUPOBKE MBUTATENS (CM. PUCYHOK).

TaxkuMm 00pa3oM, HCIApUTENbHOE OXJIaXIEHHE HaJTyBOYHOI'O BO3JIyXa
SIBIISICTCS. HauOoJiee MPOCTBIM CIIOCOOOM TIOBBINICHHS YKOHOMUYHOCTH U
CHW)KEHHSI TEIUIOHAIIPSHKEHHOCTH AM3elis, PabOTaloIero o Harpy304HOH
XapaKTEePHUCTHKE.

KaxmoMy Harpy3ouHOMY peXHMYy XapakTepHa ONTUMATbHAs IpHCaIKa
BOJIbI, OMpe/ielisieMasi CTEH/IOBBIMH HCIBITAHUAMHE 110 HauMeHblieMy 3ddek-
TUBHOMY PACXO/Iy TOILIUBA.

CITMCOK JIMTEPATYPBI

1. Kamyctun B.B. Pa6ota cymoBoro musens 6L160PNS ¢ ncnaputebHbIM
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YK621.431.74.038
Koneraes M.A., XaamamenoB C.A., Campuka O.JI.
OHMA

BblBOP 1 ®OPMUPOBAHWE KPUTEPUA CPABHUTENbHOW
JOOEKTUBHOCTU 3HEPTETUYECKOW YCTAHOBKW MOPCKOIrO
TPAHCMNOPTHOIO CYAHA

s omeHKH cpaBHUTENBbHONW 3(¢dekTrBHOCTH CDY HCHONB3YIOTCS pas-
JIYHBIE TTOKA3aTeNN: TePMOIMHAMUYECKHE, MacCcorabapuTHBIC, HAIEKHOCTH,
PEMOHTONPHUTOAHOCTH, SPrOHOMUUECKUE, OTHOCUTENBHOI AJIMHBI, CTOMMOCT-
Hble U np. Kaxkaplit U3 HUX OTpaXkaeT OJJHO WU IPYMIly KayeCTB CpaBHUBAcE-
MBIX OOBEKTOB M, KaK IPABUIIO, HE MOXET BBICTYNATh B pos Kputepws. [lox
KpUTEpHEM HaMM ITOHUMAETCS] HEKHI MHTETPaIbHbIA MOKA3aTellb, OHO3HAYHO
OIIpEe/ICIISIOIIUM HepapXUIeCKHH YpOBEHb PacCMaTpUBAEMON SHEPreTUUCCKOM
YCTaHOBKHA MOPCKOTO TPaHCHOPTHOTO cyaHa. Bo mMHOTMX mcrounmkax [1, 2]
YKa3bIBaeTCS HA BAXKHOCTh BEIOOPA KPUTEPHUS, YaCTO ITO paccMaTpUBaeTCs Kak
CaMOCTOSITeNIbHAs Tpo0IeMa IIPH UCCIEAOBAHUM CIIOKHBIX CUCTEM.

N3 MHOXecTBa TpeOOBaHUI K KPUTEPUIO CpaBHHUTENbHOH 3¢ddekTHBHO-
CTH TEXHHYECKUX ATBTEPHATHB OTMETHM CIICTYIOIIIHE:

" KpUTEPHUH IOJDKEH OBITh aJIeKBAaTEH IOCTABICHHBIM LIEJISIM U 3a/a4aM

CPaBHHUTENHHOTO aHAIN3A;

" MaTeMaTHYEeCKOE OMHCAHNE KPUTEPHS JOJDKHO OBITH JOCTATOYHO IIPO-
CTBIM, HO HE MCKJIFOYAIOUINM MPUHIMITHAIBHBIE B3aUMOCBSA3H MEKIY
QJICMEHTAMHU CUCTEMbI W TMO3BOJIAIOIINM aHAJIU3UPOBATH HNPOMEKY-
TOYHBIC W (PUHANBHBIE PE3YNbTATHl COOTBETCTBYIOIIUX pPACUETOB;
KpOME TOTO, OHO JIOJDKHO YUYHUTHIBATH BO3MOXKHOCTH IONYYCHHS TEX
WJIN UHBIX UCXOOHBIX JaHHBIX.

B nacrosmeit pabote npu BEIOOpEe KPUTEPHUSI CPABHUTEIBHOMN 3((HEKTHUB-
HOCTH MBI UCIIONB3yeM TOT (DaKT, UTO CYIHO SIBIISICTCS TPAHCIIOPTHBIM CPE.I-
CTBOM IJISl [IEPEBO3KH Ipy30B MopeM. IIpu mepeBo3ke rpy30B CyIOBIageNeI
MOJIy4aeT A0XO0J OT JESTEIBHOCTH CY/HA, a C APYroil CTOPOHBI HECET 3aTpa-
TBI, O0YCIIOBJICHHBIC SKCILTYaTAaIlHOHHBIMH PacXOIaMH.

Jdoxomel W 3aTpathl SBISIOTCS Pa3HOBPEMEHHBIMH, HE TOCTOSHHEI BO
BPEMCHHU, MMOOTOMY UX CYMMHUPOBAHHUE BO3MOXKHO IIOCJIC MPUBCACHUSA K SN~
HOMY pacyeTHOMY MOMEHTY BPEMEHH, MPEAMOYTHTEIFHO K Hada y dKCILTya-
Tauuu cyaHa To. CremoBaTenbHO, IPU PELIEHWH MOJOOHOrO Kiacca 3afad
PCUb UACT O NIPUBCACHHBIX JOXO0JaX, 3aTpaTax u HpH6BIHI/I.

[ockonbKy 3aTpaThl Ha MOCTPOHKY CyIHA 3HAYUTEIBHBI, MPAKTUICCKU
€MHOBPEMEHHbl U OIEPEeXaroT BO BPEMEHHU TEKYIIUE SKCIUTyaTalliOHHBIE
pacxoabl U JOXOZbI, OIIPCACICHNUEC HpI/IGI)IJ'II/I BO3MOJXHO JIMIOIb TPHU OXBAaTC
BCET0 XM3HEHHOTO IUKJIA CYAHA — OT 3aKJIQJAKH KIS 10 CITUCAHUSL.
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Takum oOpa3om, B KauecTBe KpHUTEpHs IS onpeaencHus 3dekTuBHO-
CTH DHEpPreTHYECKOH yCTAaHOBKHM CYAHA BBICTYIIAeT NPHBEIACHHAS K o MpH-
OBLIb B TEUCHHE HOPMATHBHOTO CPOKA CITYKOBI T U onpenensemMas Kak

Im= I[ - 3a (1)
rae J| — npuBenenHslil k To 1oxox 3a BpeMs T¢; 3 — NpuBeAeHHBIE K To 3a-
TPAaThl HA CTPOUTEIHCTBO U IKCILTYaTaIHIO CY/IHA.

B pabote [2] ucronb3yeTcs YaCTUYHO TAaKOH K€ TOIXO0J, HO 3aja4a Io-
JIOOHOrO Kilacca 6osiee MoIpoOHO pellieHa A TPaHCHOPTHBIX pedprxkepa-
TOPHBIX CYJOB, 3KCIUTYaTUPYIOIIUXCS B YCIOBHUSAX, OJM3KUX K JHHEHHOMY
TUTaBaHHUIO.

Hnst coxpamenuss o0beMa BEIYHCIICHNH, KOINIECTBA NCXOMHBIX TaHHBIX
Y TIOBBIIICHUS aJICKBATHOCTH CPABHHUTEIHLHOTO aHAIM3a B PsJIC CIy4aeB K
Ka4ecTBE KPUTEPHSI MOXKET HCIIONB30BAThCS Takke U3MEHEHHE ITOW MpUBe-
JICHHOHW MPUOBLTH TpH mepexojie oT ogHol COY, mpuHATON 3a 6a30BYIO, CO
3HauenueM Ils k moboi y-it COY co 3nauenuem I, T.e.

AIl =I5 — IT,, 2
rae s, IT,, — npuBeneHHas NpuObUIL COOTBETCTBEHHO JUIS CY/IOB C pa3jny-
HBIMH SHEPIeTHYCCKIMHU YCTaHOBKAMH.

[IpuBenenne pasHOBPEMEHHBIX 3aTpar OOYCIOBJIMBACT MOJEIHPOBAHUE
BpPEMEHHBIX ITapaMEeTPOB IIOCTPOHKH W IKCIUTyaTallnd cyaHa. J{oXomsl oT
MEPEBO3KH IPy30B, pacxoabl Ha [[CM u Ipyrue Tekymme 3KCILTyaTalliOHHbIC
3aTpaThl YEPEAYIOTCS C 3aTpaTaMH Ha CPABHUTEIBHO TPYAOSMKHE PEMOHTHI B
3aBOJCKUX yciIoBUsAX. C BBEIBOJOM CyIHA W3 HKCIUTyaTalldd IIPOBOIATCS IO-
KOBbI€ U MHBIE PEMOHTHI, KOTOpble HEBO3MOXHBI 0e3 crenu(puIHoro odbopy-
JIOBaHUsSI CYJIOPEMOHTHOTO 3aBOJIA.

Ha puc. 1 npencrapneH »KU3HEHHBIH [UKIT CyIHA C YKa3aHUEM XapaKTePHBIX
COOBITHIT 1 HEOOXOMMMBIX [T otperneieHust [1 BpeMeHHBIX TapaMeTpoB.

[IpuBenenHsIit ox0x

T

D=3 1+E° ©
i=1

rJie 7p — KOJHMYECTBO peiicoB 3a Bpems T, I[Ip — noxoJ; (abCOMOTHBIN)
cyaHa B i-M peiice; E — HOpMa quckoHTa BpeMeHH; T — IMOKa3aTelb CTere-
HU, YMCJICHHO PaBHBIM OTIAJICHUIO B rofax OT 1o MOJyYEeHHUS TOXOa.

HpI/IBe)leHHLIC 3aTpaTbl COCTOAT M3 KallMTaJIbHBIX Ku 9KCILTyaTalfuoH-
HBIX 3,, T.€.

3:K+331 (4)

Jiist mocTpodiKK cyaHa XapaKTepHO MHOXECTBO CXeM ee (DMHAHCHUpPOBa-
HUA. DTU CXEMBbI HE CBfA3aHbl ¢ napameTpamu COY, IOAITOMY B CpaBHUTENb-
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HOM aHaJIu3€ HEC NPUHOHUIIHAJIBHO, KaKasi cXeMa UMECT MECTO. HpI/IMCM, 4qTO
KaImuTaJIOBJIOKCHUA ABJIAKOTCA CAMHOBPEMCHHBIMHA U ITPOU3BOJATCA B HAYAJIC
HOCTpOﬁKH. Torna MPUBCACHHBIC KAITUTAJIbHBIC 3aTPAThl

1
K=1 1+E °, (5)
rae Lo — 1meHa cyaHa; to — OTJalleHHe B TOJax OT | 3aKJIAIKH KHIIS.
[ T
- ! )
- Ladl
3K 2 P. cc
> Tn Tc -
LY Ll
Puc. 1. ’KusHeHHbII UK CyaHA
3K — 3akmagka kwinst; BC — moamucanue mpueMOCHATOYHOTO akTa (BBOA CyOHA B

9KCIUTyaTaluio); Px — peMOHT cyaHa ¢ BBIBOAOM U3 dKciutyatanuu; HP — HaBuramm-
OHHBIN PEeMOHT 0e3 BBIBOJA cynHa U3 dKkcrutyaTanui,; CC — crnucaHue CyaHa; Tn— Mpo-
JOJDKHTEIBHOCTD MOCTPOMKH; To— JaTa Hagaua SKCIUTYyaTalUM; Tup— MEKPEMOHTHBIH
nepuo; Ti — OTAaJeHHE CEpEelMHBI i-r0 peiica; Tj — OTHaNeHHE CEPeANHBI J-TO roja
9KCIUTyaTaluu; ok — MPOJODKUTEIBHOCTh K-rO pEMOHTa C BBIBOJOM CyIHA U3
9KCIUTyaTaluH; T¢ — CPOK CITYXKOBI Cy/IHA.

OKCIUTyaTallMOHHBIE 3aTPAThl PACHWICHSIOTCS] 10 MHOTHM CTaThIM Pacxo-
JOB B 3aBHCHMOCTH OT pEIIAeMbIX 3a1a4. MeHee CyIeCTBEHHBIE 3aTpaTsl,
KOTOpBIE HE 3aBHUCAT OT BapbUPYEMBIX IIPH HCCIEJOBAHUU I1apaMETPOB, KaK
IIPaBUJIO, HE YUUTBIBAIOTCA. BBIAEIUM TpU OCHOBHBIE IPYIIIBI ITUX 3aTpar U
MIPEICTaBUM HUX KaK

33 = 3l"CM + 331( + 3p, (6)
rae mHuekcsl o3HayaT: ['CM — roproue-cMa3o4Hble MaTepHajbl; 3K —
JKHIAX; P — PEMOHTBI.

[TpuBenennsle 3arpatsl Ha I'CM 1 copepkaHne SKUIaka UMEIOT BULL

Np

Brem = Z3iFCM 1+E " ; (7)
i=1
np -
33K:23f'< 1+E ', (8)
i=1
rie 3irCM, 37 — 3zarpatel (aGCOMOTHBIE) B i-M peiice COOTBETCTBEHHO Ha

I'CM u skumnax.
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B nacrosmei pabote 3aTpaTsl Ha PEMOHT OIPEENsieM 3a MEePUOJ JKHU3-
HEHHOTO LUKJIA CYAHA, 3aKIIOYEHHBIA MEXIy IBYMs I1OCIEI0BATENbLHBIMU
pPEMOHTaMH ¢ JOKOBaHHMEM Cy[HA. 3aTpaThl HA PEMOHT B j-M MEKPEMOHTHOM
LUKIIE TOrJa OMPENeIIATCs CIEAYOUIM 00pa3oM:

P =P, + Py + P10, 9)
rae P — 3arparel Ha PEeMOHT CyqHa B j LMKIE; Py — 3aTpaTsl Ha PEMOHT
CyIlHa C JOKOBaHHEeM; Py — 3aTpaThl Ha HaBUT'AlIMOHHBIC PEMOHTHI 32 | LIUKJL;
Pro — 3aTpatsl Ha TexoOcnyxuBanue, 3UI1.

Torna cpegHecyTOUHbBIE PACXOABI B MEKPEMOHTHBIH IIEPHOA COCTABAT

P +P +Py
b, =———, (10)
pj
Tup

OTKYZa 3aTpaThbl HA PEMOHT

T

T .
3,=365> 1, 1+E ", (11)
i=1

rae Ll — cpemHecyToYHbIE pacXonbl Ha PEMOHT B TEYEHHE j-TO Tona dKc-
IUlyaTanuy; Tj — OTHAJCHHE B rojax j-ro roja SKCIUTyaTalld CyJHa OT
To.IlpuBenennas npuObLIb cyqHa ¢ anbTepHaTHBHOM COY 3a Bpems T¢ ¢
y4ETOM ypaBHEHUH OyJIeT HUMETh BH/I

H/Hrﬂax a
11
1.0 A%\ -;\k\
! L6
09 i X
M-
6 7 5 9 0 1 o

Puc. 2. 3aBHCHMOCTE OTHOCHTEIBHOM MPUOBIIHN UIS: @ — T/X THHa «Peim»
(omroBHHTOBO#, DW 3050 T, MommHOCTE COY 1500 ¥BT); 6 — 1/x DW 2960 T,
momHocTh COVY 2x450 kBt

Ha puc. 2 mpuBeneHbl pe3ynbTaThl pacdéra OTHOCHTEIBHON MpPUOBLTH
IUIg IBYX CYIOB — YHHBEPCAJIBHBIX CYyXOIpy30B, MMEIOIIUX OJWHAKOBYIO
Ipy30MOaBEMHOCTD, IKCILTyaTupyromuxcs B Oacceitne Uépuoro u Cpenu-
3eMHOT'0 MOpEH, IepeBO3SIINX TPY3HI IO OTUHAKOBBIM (PPaXTOBBIM CTaBKaM.
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W3 pucyHka BHIHO, 9TO OJHOBAIbHBIC YCTAHOBKH, MMEIOIINE OOJBIINI
3amac Ha CHenr(UKAIMOHHOW MOITHOCTH OKAa3BIBAIOTCS SKOHOMUYECKH 00-
nee 3¢ppeKkTUBHBIMUI. TakuM 00pa3oM, NMpeasIoKEHHBIH B padoTe KPUTEPHUi
3(QPEKTHBHOCTH YHEPreTHUECKON YCTAHOBKM MOPCKOTO TPAHCIIOPTHOTO CYA-
Ha MOXET OBITh HCIOJB30BaH ISl CPaBHEHHS aIbTEPHATHBHBIX YCTAaHOBOK
CY/ZIOXOIZHBIMH KOMITAaHMAMH TIpH OLEHKe 3(QQEKTHBHOCTH SKCIUTyaTaluu
Coy.

CIIMCOK JIMTEPATYPHI
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YK 629.12-815.001.891.593
Koxancknii A.W., Pemynos ['."M.
OHMA

WAEHTU®UKALINA CUCTEMbI CMA3KW TA3OTYPBUHHOIO ABUIATENSA
KAK OBbEKTA YMPABNEHUA

[oBpimenre Y3PEeKTUBHOCTH PabOTHI CYIOBBIX SHEPIETHICCKUX YCTAHO-
BOK — akTyajbHas 3ajaya, pelieHHEe KOTOPOM CBS3aHO C YJIYUIIEHHEM HX
JKCIUTyaTallMOHHBIX XapaKTepUCTUK. B mepByro ouepenb K HUM OTHOCHUTCS
Ha/Ie)KHOCTh U 06€3aBapuitHOCTb pabOTBHI.

B coctaB cynoB UMII Bxoauno uetslpe rasorypboxona («Kamuran
CvupHoBy, «Kanutan Mesenues», «mkenep Epmomkun» u «Bragumup
BaciseB»), Ha KOTOPBIX JKCIUTYaTHPOBAIHNCH § Ta30TypOWHHBIX arperaTtoB
tuna M25, obopynoBannsix asuraresnsmu JINU59. Ilpu skcmiyarauu raso-
TypOUHHBIX YCTAaHOBOK Ha 3THX CyJax HauOojee Cephe3HBIMU SIBIISUIUCH I10-
BpPEXACHMSI, CBSI3aHHBIE C pa3pylIeHneM MOAMUIMHUKOBBIX y310B (I1Y). Kak
MoKa3aHo B pabote [1], OONBIIMHCTBO OTKA30B JBHTATEICH MPUXOMUTCSA Ha
nepBbie 10 ThIC. 4acOB pabOTHI M B OCHOBHOM BBIXOZST U3 CTPOS Y3JIBI IPO-
MEXYTOYHOH OTIOpBI BHYTPEHHETO Bajia, TYPOMHBI BEICOKOTO U HU3KOTO JaB-
JIEHUs U KOMIIpeccopa BbICOKOTO AaBiieHus. [loaToMy aiis npenynpexaeHus
TSDKETIBIX aBapUil MpUXOIMWIOCh MPoBOAUTH depe3 10-15 Thic. 4acoB paboOTHI
PACCTBIKOBKY JBHUTATENICH 1 PEBU3HUIO MOAIITUITHUKOB.

HccnenoBanus, BRITIOTHEHHBIC B padoTe [1], momydeHHbIe TIpu 00padoT-
K€ JKCIUTyaTaI[MOHHBIX JaHHBIX PEHCOBBIX 3amaHuid 3a mepuoxa c¢ 1981 mo
1985 roel, mokazanu, 4To OONBIIMHCTBO OTKA30B MPUXOJIUTCS HA TOIIIHUII-
HHUKOBBIE Y376l (Ta0. 1).

Tabmuma 1. Yucno otkazos [1Y npu pa3nuvHEIX HapaOOTKax JBUraTeen

5 5 |
)
EEgERE S
seHegs g IIpuynHel BRIBOZA Yucno
Hanmenosanne cynna | 8§ 2 ('S 2 §
s 2|&m gl e U3 SKCIITyaTaluy OTKa30B
55 =S gzl S
T = =
Z5 ol &
£a | =
«Kanutan CMUPHOB» 5 11403 | 472 | Pa3py1ieHue HOUINITHIKOB 14
2 11259 | 473 | Pa3py1ieHue HOIINITHAKOB 32
«Kamuran Mesermen» 10 863 | 88 |PazpyrieHue MoAIIMITHIKOB CI;Z;
10 7281 | 329 | Pa3pymeHre MOANIMITHIKOB 6
«mxenep Epmorrkuny 13/12 | 3435 | 149 | Pa3pylieHne OAIIMITHAKOB 8
10 12580 | 609 | PaspymieHne noUIMITHUKOB 3

[Apyrue BbIHYXIeHHBIE OcTaHOBKM I'TJl 3a 3TOT mepuoxa dKCIUIyaTaluu
BBI3BaHbI HEWCIPABHOCTHIO CHUCTEMBI perynupoBaHus (29 oTka30B), Hewuc-
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npaBHOCThIO cucteM yrnpasneHus, KWUII n apromaruku (132 otkasza). Takum
00pa3zoM, Ha OTKa3Hbl, CBSI3aHHBIE ¢ paspymenueM I1Y, npuxomurcs 66,7% u3
o0IIIero yuciia 0TKa30B, KOTOpPble MPOUCXOAWIN B IIMPOKOM JIHana3oHe Ha-
pabotku ot 863 mo 11427 vacos.

JJ1s BBIACHEHUS! IPUYMH OTKa3a OCTAHOBUMCS Ha OJIHOM KOHKPETHOM CIIy-
Yae: BBIXOJl M3 CTPOs MOAIMUITHKKa nepeaneit omopsl THJ[ meuratens Ne 05
I'TX «Kamutan Cmuprosy [1]. Hopmmmnauk 321325 4-ro I'TI3 paauanbHblii ¢
KOPOTKHUMH IMITHHAPHYECKAMH POIHKaMH. [oqIIMITHAIK 3KCIUTyaTHpOBAajcs B
COCTaBe M3JIeNus TpH Yactote Bpamenus 6000 06/MUH U pauaIbHON HArpy3-
ke 10* H. CMaska 1 ox/1ax/IeHue TOMIMIHIKA OCYIECTBISIIICH MacaoM Ti-
46. I1pu HapaboTke 11403 9 U3-3a MOJIOMKH cerapaTropa IMOANIHITHUK BHIBEICH
U3 JKCIUTyaTauuu. B pe3ynbraTe uccienoBaHuil MOAIIMITHUKA YCTAaHOBJICH P
MPUYUH Pa3pyIICHUs, OTHOU M3 KOTOPHIX SIBISIETCSI Ooliee BBICOKWIT HAarpeB
BHEIIIHETO KOJIbI[a OTHOCUTEIBHO BHYTPEHHETO. AHaMU3 paboThl ABUraTeNns 1
€ro MacysiHON CHCTEMBI B IepuoJ| padoThl ¢ 25 o 28 ¢despains 1985 r. ykassbl-
BaeT Ha To, 4To IpH nepexoze mopT WimsnueBck — bocdop mocie mycka apura-
TeJs ¥ BBIBOJIA €70 HA HOMUHAIIBHBIN PEXXUM ObLIa HapyllleHa padoTa CHCTEMBI
OXJTKICHHS CMa3KH JBHTatesst. Hapymenue paboTsl 3aKI09aIoch B TOM, UTO
XOJIOAWJIBHUKAMH CHCTEMbI HE OCYLIECTBILLICS WIU ObLI CHIBHO HapyIleH
copoc teria B Tedenue 10... 20 muH. Takoe OTKIOHEHHE B PabOTE CHCTEMBI
OXJIKICHHS TPUBENO K JIOKAJHHOMY IIEperpeBy Maciia A0 TeMIepaTyphl
200...220 °C, 4To crIocoOCTBOBANIO MPOLECCY KOKCOOOPA30BaHUS U yXyIlIe-
HUIO TI01a9¥ Macia K MOJIINITHAKAM U Pa3orpeBy moamunauka. Kak mokasa-
M 3aMmepbl, TeroBbiieneHus B omnope KB/ cocraBunmu 74 kBT mpu n=
=7200 o6/muH. I1pn macce moammmanKa 4 Kr ero pasorpes 1o t=500 °C mpo-
ucxomut 3a 10...12 c. B mporecce ocMOTpa ABHTATENsE U €r0 CHUCTEM OBLIO
YCTaHOBJICHO, YTO CHCTEMa aBTOMaTHYECKOTO PEryIHMpOBaHUS TEMIIEpaTyphl B
CHCTEME CMa3KH padoTana HEYIOBIETBOPUTENHHO. DTOT CIydai, KaK ¥ MHO-
THe Jpyrue, TOBOPUT O HEYJOBIETBOPUTEIBHOM PabOTe CUCTEMBI PETyIMPOBa-
HUSI TEMIIEpaTyphl Maclia B TMHAMIYECKOM pexknMe. CructeMa peryianpoBaHuUsI
MPOEKTUPOBAIACH UCXOJSl U3 YCIOBUI YJOBJIETBOPEHHUSI CTATUYECKUX Xapak-
TEpUCTHK O€3 NETANBHOTO HCCICIOBAHMS IHHAMHYECKAX PEKUMOB pabOTHI
CHCTEMBI OXJTXKICHHUS KaK 00BEKTa PEeryIHpPOBAHUSL.

[ToaTomMy menblo AaHHOW PaOOTHI SBISETCS UIACHTU(DUKALUS CHUCTEMBI
CMa3K{ ra3oTypOMHHOM YCTaHOBKHM, paboOTarollei 1Mo maporazoBoMy LHKITY,
KaK 00beKTa peryJIMpOBaHHUS.

OKcnepuMeHTalIbHbIe uccinenoBanus nposoawinch Ha ['TX «Bmagumup
Bacnses» na nepexoze nopt Cunranyp — nopt Uneuyesck B 1989 r. Cyno-
Basi sHepretuyeckas yctaHoBka ['TX «B. BacnsieB» cocTouT u3 razoBoi u
mapoBoil TypOWH JleBoro 6opTa, pabOTAONIMX Ha BUHT JIEBOTO OopTa depes
peaykTop JieBoro 60opTa, M ra30BOM U MapoBOil TypOUH mpaBoro 6opTta, pado-
TaIOLIUX Yepe3 peAyKTOp Ha BUHT MpaBoro 6opra.
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CDY kaxmoro 60pTa UMEIOT aBTOHOMHBIE MACIISTHbIE CHCTEMBI CO CBOH-
MH XOJIOJAWIFHUKAMH. KOPMOBYIO MacisHyto cuctemy s ['TJ] mpaBoro
6opra 1 HOCOBYIO MacisHyto cuctemy i [T/ neBoro 6opra. O6e Macis-
HBIE CHUCTEMbI COOOILAIOTCS 4Yepe3 TPEThbI0 PE3EPBHYI0 MACISHYIO CHCTEMY
OXJIKIeHUST M cMa3ku. [lapoBast TypOmMHAa U PEAYKTOP COOTBETCTBYIOIIMX
0OpTOB MMEIOT aBTOHOMHEIC CHUCTEMBI cMa3ku. CHUCTEMBI CMa3Ky IapoBOU
TypOMHBI U peAyKTOopa JIeBOro 00opTa COeAMHEHBI C aHAJIOTHYHOM CUCTEMOM
CMa3KH{ IpaBoro OopTa.

MacnsHass cucTeMa cMa3Kd U OXJaKACHUS Ta30TypOMHHOTO ITBUTATEIIS
(puc. 1) coctout [2] u3 mMacnoOaka, HaBEIIEHHOTO MAcClIIHOTO Hacoca, Mac-
JSTHOTO HAcoca € DJIEKTPOIPUBOIOM, XOJOAWIGHUKOB Macia, MAaciSTHBIX
¢unpTpoB. KpaTHOCTh UPKYISIIMKA Maciia HA HOMHHAIBHOM pekume — 18.
Maciio U3 MaclioTOKa MOCTyIaeT Yepe3 CIBOCHHBIN (DUIBTP U XOJIOAUIBHUK
K HaBEIICHHOMY TPEXCEKIIMOHHOMY (QHIBTPY M Hajiee MOABOAMTCS K IOJI-
IIMITHIKOBBIM ONOpPaM W HaBEIICHHBIM MeXaHH3MaM. B CITMBHBIX MAaCISIHBIX
MarucTpasiX YCTAaHOBJICHBI TEPMOMETPHI M MAarHUTHBIC MPOOKH CHUTHAIN3a-
UM TOSBJICHUS CTPYIKKH.

I:g' I:E‘ [ Facxoanan
1 wpcnsums

Puc. 1. [IpunuunuansHas cxema cMaszku nogmunuaukoB ['TJ. Touku 3amepa mapameTpoB
I'T/]: 1 — Ha BBIXOZ€ U3 MEPEHEro KOpIyca; 2 — Ha BBIXOJIE U3 MEPEXOAHOTO KOPITyca;
3 — Ha BBIXOJIe M3 3aJHEero Kopmyca; 4 — Ha BbIX0Je M3 ornopHoro Bexna TBJ[; 5 — na
BbIX0ozie U3 onopHoro BeHua TH/[; 6 — Ha BbIXO/€ U3 OMOPHOrO BEeHLAa TypOMHBI BUHTA
(TB); 1x— Ha BBIXOJE H3 MAaCIIHOTO Oaka JBHTATeNli W BXOJAa B MACISHBIH
XOJIOJWIIBHUK; 2X — Ha BBIXOJIE M3 MAcisSHOTO XOJIOAMJIbHHMKA M BXOJE€ B JIBUTATElNb;
3X — TeMIiepaTypa BOABI Ha BEIXOJIE M3 XOJOIMIBHUKA; 4X — TIEpEMEICHHE PEryIUpPYyIo-
wero oprana (h) u3smMeHeHus pacxoia BoJbl HA XOJIOUIBHUK
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Bo Bpems crosinku B iopTy MitbrndeBck 5-8 urons 1989 1. Obuia 3aMeHeHa
ra3oBasi TypOWHA JieBoro OopTa. YcrtaHoBieH apuratens JM25J118. Beim
MPOBEJICHbl HCIIBITAHUS JBHUTaTeNsl Ha Ppa3iM4YHBIX pexumax paboTel. B
TabJI. 2 mpuBEACHBI TEMIIEpaTyphl Maciia Ha Bxoje U Beixoge [T/l Ha HOMU-
HAJIFHOM PEXUME U PEKUME XOJIOCTOTO X0a.

Tabmmma 2. [TapamMeTps! MOJIIMITHUKOBEIX y3710B auraters JJU25J118

PexxumM paboThI
ITapamerpsl Homunanszblit Xonocroi
oe3 I[ITY X0/

JaBneHre TOIUTMBA TEped HaCOCOM-PEryJs-

TOpOM, Kre/cm® 2,9 3,0

JaBnenue ToruuBa mepen pabouumu (opcyH-

KaMH, Kre/om? 49 11
& Ha Bxoje B qBHrarTenns 40 27
§ Ha BeIXOz€E U3 ABUTATEIA 86 36
= Ha BbIxo/ie U3 mepeHero Kopmyca 50 32
§ o |Ha BbIXOZIE M3 IIEPEXOAHOTO KOpITyCa 92 37
é ° | Ha BBIXOJI€ M3 3aJJHETO KOpITyca 110 39
2 Ha Beixone u3 onopuoro Benua TB/] 95 42
2 Ha Beixone u3 onopHoro Beniia TH/L 88 48
= Ha Beixosie u3 onopHoro Beriia TB 89 49

JlaBieHne Maciia Ha BXOJI€ IBUTaTeIs, Kre/cM? 50 3,6

B mpomecce skcnepuMenTa A 3aMepa mapaMeTpOB JBUTATENS UCIIONb-
30BaJICh IITATHBIE MPHOOPHI CHUCTEMBbI IIEHTPATU30BAHHOTO KOHTPOJIS
«Iunka 7-Y», pacnonoxenusie B LIIY, u TepMOMETpHI, pacnoioKeHHbIE
Ha nBuraTtene. BpeMs m3MeHeHHs mapameTpoB (pUKCHpPOBAJIOCH ¢ IOMOIIBIO
cexyHaomepa. Bo3mymenus nanocunucs ¢ LITY (npu pazomxayTtoit CAP) ¢
MOMONIBIO YCTPOMCTB JUCTAHIIMOHHOTO YIPABJICHUS HWCIOTHUTEIbHBIMU
MTHEeBMAaTHYCCKIMH MEXaHU3MaMH, a TaKXKe YCTPOUCTB M3MEHEHHS PEKUMOB
pabotel I'T/I. Touku 3amepa napamerpos I T/l moka3ans! Ha puc. 1.

OKCHEepUMEHT MPOBOAMIICS TOcie Bbixoaa u3 nopra ['onkonr 8.08.1989.
Temmnepatypa 3a00pTHOI Boas! 29,4 °C.

a) Pabotana sneBast razoBast Typouna. OG0pOTHI Ny, = 7630 06/MuH, 000-
potel TB — 3220 06/MuH. Bo3MylieHne HaHECEHO 3aKPBITHEM KiIalaHa IMo-
Ja4d BOABI Ha XojoxuibHuK. Kianan 6su1 npukpeiT Ha 90 %, T.e. Ah = 0,9
MOJTHOTO XOJia KianaHa. KpuBbie pa3roHa Mo BBIIICTICPEUUCICHHBIM Tapa-
MeTpaM, HadaJbHbIC 3HAYCHUS MMapaMEeTPOB B YCTAHOBHUBILEMCS pexkuMme (110
HaHECEHHs BO3MYIICHUS) M TepenaTodnbie QyHKnuu (00paboTka KPUBBIX
pasroHa) Mo COOTBETCTBYIOIIMM KaHajaM CBeleHbI B TaOu. 3. TlocTosiHHBIC
BpeMeHH 7 B epeqaToyHbX (QYHKIUSIX HMPUBEICHB B MUHYTaX, a K03hdu-
uenTsl ycunenus: ki=A0/h, roe AO — temmneparypa, °C; h — nonHsIif X0
KJIallaHa — B OTH. €]I.
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Tabmmma 3. Kpussle pasrona u nepenarounsie Gpynkmuu ['T/] npu yMeHbIIEHUH
[0Ja4y BOJIbI Ha XOJIOJUIIBHUK

KpuBele  pasroHa, HadanpHblE  3HAUCHUS
[epenatounsie GyHKIHN

I1apaMeTpoB
01=81 °C; 024,=36 °C; 05,=35 °C; 0,,=81 °C; | Kanar 3“33 . Ox
0,,,=36 °C; 03,,=35 °C; 0,,,=81 °C; 0,,,=36 °C; y 39€
03x:=35 °C; We(P) = 29,7p% +9,52p + 1
a,°C o~ Kanan h - B2«
W (p) = 520
3+ ) 9p° +6p+1
5 Kanan h - B3«
Wi, (p) = 2
v | | | * 12,25p* + Tp+1
() 5 10 15 20 1, mun
Kanan h - 01
6 1,1e %%
. 6 3 5 Wi(p) = 6,550% + 5p 1 1
o j Kanan , 2112 , 5p- 0,
<, W) = e
p° +6,66p +1
! Kanan h - 03
o W.(p) = 5,56€
2P) = 18,9p> +8,7p +1
Kanan h - 04
W) = 2
9,6p° +6,2p +1
Kanan h - 05
W,(p) = 4,44 %%
11,8p° +6,8p +1
Kanan h - 0O

W;(p) =W,(p)

0) Paborana neBas razoBas TypOuHa. TOT ke peskuM pabOThl — ITYHKT a.
Bosmyiienne — kiamaH mojadd BOABI (TOYKA 4X) OTKPBHIT MOJHOCTHIO
Ah = 0,9 nonHOro xona kianaHa (yBEJUYUIH MOAA4y BOJbI HA XOJOHIIb-
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HUK). HauanbHble 3HaUeHUs] HapaMeTpoB, MepeaTouHble QYHKIUHN 1 3HAaYe-
HUSA X K03 PHUIIMEHTOB CBEICHKI B TA0I. 4.

Ta6nuua 4. Kpusble pasrona u nepenarodnsie Gpynkiuu [T/ npu yBenudeHnn
HO/Ia4M BOJIbI HA XOJIOAMIBHUK

KpuBble  pasroHa, HayaJbHbIC  3HAYCHMS
IMepenarounsie GyHKINN

napameTpoB
01,4=84 °C; 0,,,=40 °C; 05,38 °C; 0,,=48 °C; | Kanan h- O e
0,789 °C; 05,7100 °C; 04,785 °C; 05,776 °Ci | \/ (1) — 2,22¢ P
06,=77 °C; x 1L77p* +2,74p +1
0 Kanan h - 0y,
4,44
1 \\\‘ AN Wa(P) = 5 72p% +17p +1
1% 2 \ “ T Kanan h - 03,
N 1x
@ -3 e . W, (p) = 3,33
4 e 2 | T a7 + 2.4p + 1
3x
-5 Kanan h-0;
0 3 6 9 12 15 :Lleflp
: W, =
F, mun () = 2 Z6p? + 3.88p + 1
Kanan h-0,
3,33
Wz(p) = 2
4,45p" +4,22p +1
0 = Kanan h -0, ‘55
A N o e @ | Wy(p) = .
o 2 }4\ 6 4 1 1,59p% + 2,52p +1
5 3 > Kanan h -6,
S = ] 4,44
B\ku W,(p) = 2
s] s N A 3,67p% +3,84p +1
6 3 Kanan h - 65
0 3 6 9 12 15 4. 44
W, = ’
£, mun 5(P) 1,85p° + 2,76p + 1
Kanman h - 0g
3,33
We(p) =

1p* +1,92p +1

B) PaGoranma neBas Typbuna. OOGOpoTBl N, = 7640 oO/MuH, Ny, =
= 3220 o6/mun. Temnepatypa 3abopTHOW Boabl 29,2 °C. Bosmymienne —
copoc o6opotoB KBJI An = 7100 — 7640 = -540 o6/muH. [Ipu 3TOM H3MeHU-
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muck obopotel TB n = 2800 — 3220 = -420 o6/mMuH. HauanbHble 3HAYCHUS
rapaMeTpoB, KPUBbIE Pa3roHa U NepeqaToYHble PyHKIUH CBEICHBI B Ta0. 5.
[ocTosiHHBIC BpeMeHH B IepeaaToYHbIX GyHKIusIX 7i— MuH, KoddduimeH-
ol yeunenus K;—°C/(06/mMuH).

Tabmuma 5. Kpussle pasrona u nepenarounsie Gpynkmuu ['T/] npu ymeHbIeHUH

ob6oporos KB/]
KpuBble  pasroHa, HadaJbHblC  3HAYCHHUS
HApaMCTpOB [epenatounsie GpyHKIHN
01,,:=80 °C; 0,,,=35 °C; 0;,,=34 °C; 0,,=44 °C; | Kanan h -0,
0,,=86 °C; 05,293 °C; 0,,=80°C; 05,=70 °C; 0,0148¢"
Bn=72 °C; WolP) = 6 17 5.12p 4 1
0 ,01p™ + 5, 12p +
Kanan h - 0y
B PN 0,00185¢ **
-4 1§ A W = !
s \. 3x 2P = g1 27p 21
e - L\s 1x Kanan h - 63,(
A il W3X(p) = WZx(p)
-10 Kanan h -0,
0 4 8 12 16 20 3
0,00185e°P
¢ W,(p) = !
> M (P) 0,85p° +1,84p + 1
z N ——5 g |Kanman h-6;
] 1 0,02
&) -4 4 6 Wz(p) = 2
& X\ ~ X 2,89p° +34p +1
s g b\)‘X‘ 4 ] |Kanan h-6;
XX —X 0,0185
-10 = W. = !
> et WP = e Lep
0 3 6 9 12 |Kanan h-0,
t, MUH 0,017
WA(p) = 2
1,51p° + 2,46p +1
Kanan h - 05
0,0148
WS(p) = 2
1,78p" +2,7p +1
Kanman h - 0g
0,011
W (p) =

1,5p* + 2,6p +1

r) Paborama neBas TypOmHa. OOGOPOTHI Nigr = 7100 00/MUH, Np=
= 2800 o6/mun. Temmeparypa 3aboptHOU Bomel 29,2 °C. Bosmymenune —
yBEIMYCHHE 000POTOB KOMIIPECCOpa BRICOKOTO AaBieHust An = 7620—7100 =
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=+ 520 o6/mun. IIpu 3ToM 060poTH! TypOHHEI BHHTa An = 3220 — 2800 =
=+420 o6/muH. HavyanpHple 3HAYECHHUS MapaMeTpoOB, TepeaaToyHble (HyHK-

U1, KPUBBIC pa3roHa CBEJCHEI B Ta0II. 6.

Ta6nuua 6. Kpusble pasrona u nepenarounsie Gpynkiuu I'TJ] npu yBenuueHun

o6opotos KB/]
Ef;iﬁp 0Bpaar0Ha, HayajbHbBIC  3HAYCHHUS Tepenatourse GyHKIHH
ele:73 OC; e2)(1-!234 OC; e}xH:?’S'S OC; Kanan h - elx
ell-l:4'4' OC; eZH:75 OC; 63H282 OC; 641-!:71 OC; 01 01346
05,=62 °C; 0,=66 °C; Wa(P) = 4,41p* +4,2p +1
g Kanan h - 6,,
- ] -1p
6 | w, (p) - 20009207
O 552p° +5p +1
7 4 # Kanan h - 03,
2 2x W3><(p) = W2x(p)
. oy 3x Kanan h -0, .
é -1p
. J . M s 20 | W,(p) = 0,00384e
t. MHH 11,9p2+6,9p+1
14 Kanan h-0,
1 | 23 0,02115e >
10 = WZ(p):864 24+588p+1
L g 7 X X X 0P+ 90P +
S . /Q{(’X 5.4 X, K | Kanan h-6;3
D v/ K
AL L] ) = o 20
> 4 S | 2,37p° +3,08p +1
0 x Kanan h-0,
0 3 6 9 12
0,0173
W = :
t, MuH L(P) 1,69p% + 2,6p + 1
Kanan h - 05
0,01346
W;(p) = Am2 L Am o1
4p° +4p +1
Kanan h - 0g
0,0112
Ws(p) =

4,7p + 4,34p +1

Kak yxe orMeyanoch BbIIIE, aBTOHOMHBIC CUCTEMbI CMa3KH U OXJIaX(e-
Hus [1Y mapoBwIX TypOUH H PEIyKTOPOB JIEBOI'O ¥ MPABOTO OOPTa CBSI3aHEI

MCXKIY cobOoii. MacisgHas cucTeMa IoKa3aHa Ha puc. 2.
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OKCIepUMEHTAIBHBIC HCCICIOBAHMS CUCTEMBI OXJIAXKICHHS MapOBOM
TypOuHBI 1 peykropa nposoauiucs 10.09.1989 roga B CpeguseMHOM Mope.
Temnepatypa 3a00pTHOI Bozbl 26 °C.

a) Pexxum pabotel. Ha penykTop mpaBoro 6opra paboTaeT ra3oBas TypOHHa,
a Ha JICBBIA peayKTop mapoBas TypOuHa. OOOpOTHI Ta30BOM TYPOHMHBI: Ny =
= 7380 00/MUH; Nz = 5450 00/MuH; Nw= 2650 06/MuH. JlaBrneHe BO3MyXa Ha
MUM oxnagurens neoro 6opta IITY u pegykropa Py, = =1,4 kr/cm’. Baecin
BO3MYIICHHE — YBEIMUMIN CKAYKOM JaBIeHHe Bosayxa Py=17 xr/eM’, T.e.
NPUKPBUTH KJIANaH, YMEHBIIWIN pacxof 3a00pTHOM BoAbl (cM. pHC. 2). MeM-
OpaHHBIN UCTIONHUTEIBHBIA MEXaHU3M 3aKPBIBACTCS MO JCHCTBHEM JABIICHHS
BO3/IyXa YNPAaBIICHHUS W OTKPBIBAaeTCs (IPU YMEHBLIEHUH Py) 3a cueT AeHCTBHs
npyKuHBL. HauaneHele 3HaYeHUs IapaMeTpOB TOYEK 3amMepa, KPUBBIE pasroHa U
TiepeaToYHble (PYHKIMH 110 TAaHHBIM KaHallaM CBeAeHHI B Ta0u. 7. [loctosHHBIE
BpEMEHH, BpeMsI 3aMa3bIBaHus B TIePENaTOYHBIX (PYHKIMSX MPUBEICHBI B MHU-
HyTax, a kodddurpenTsr yennerns Ki=AO/AP, °C/(kr-cum?).

0) Pexxum paboThl TOT xe. Harpy3ky Ha peaykTop mpaBoro 6oprta orpe-
JeTsieT ra3oBas TypOnHa. BHOCHM BO3MYyILEHHE CKAYKOM, M3MEHSIS TaBICHUS
Bo3nyxa Ha MMM xomomwibHHKAa TpaBoro Oopta. JlaBieHwe Bo3myxa
Py =13 Kr/cM%. VBenmunBaeM nasienne 10 1,8 kr/cm?. HauampHble 3HAUe-
HUS TApaMeTPOB TOYEK 3aMepa, KPUBBIC Pa3rOHa W IepeaaTodHble (DyHKITUH
CBelleHbI B Ta0I1. 8.

B) Tot xe pexxum padoTsl (1. 6). Ha penykrop npaBoro 6opta paborana
ra3oBasi TypbuHna. /laBnenue Bozayxa Ha MMM macisHOrO XOJOAWIbHHUKA
Py =1,6 kr/cm?. CKaukoM H3MEHHM JlaBjieHue Bozayxa a0 1,3 kr/cm?. Kia-
NaH OTKPBIBACTCA 3a CUCT IMPYXKUHBI U YBCJIUYNUBACT IMOJAAa4y BO/JBI. Hauains-
HBIC 3HAUCHHs NAapaMeTPOB, KPHBHIC Pa3rOHA W IEpeNaTOYHBIC (YHKITHH
cBeleHbl B Ta0i. 9.

r) TOT ke pesknm paboThl ra30BOM TYpOUHBI MpaBoro 6opTta. [Taposas Typ-
OWHa JIeBOro 0OpTa OIpeeNseT Harpy3Ky Ha peayKTop JieBoro 6opra. BHoCHM
BO3MYIIICHHE: U3MEHSIEM JaBJICHHE YIIPABIIIOIIETO BO3AyXa HA MAacIOOXIaa1-
tens IITY u pexykrop nesoro 6opta. Py, = 1,7 Kr/cM®. YMEHBIIAEM [IaBIICHHE
Bo3myxa o Py = 1,4 kr/em? . HauanbHble 3HAYCHUS MapaMeTpoB, KPUBbIE pa3-
TOHa ¥ TIepeAaTouHbIe (PyHKIMN cBeieHs! B Tadm. 10.

OKclepUMEHTaJIbHbIE KPUBBIE PAa3rOHA MOAUIMIHUKOBBIX y310B I'TY un
[ITY oOpabarbBanuch MO0 METOAY HAMMEHBIINX KBAJAPATOB IPU ITOMOIIH
cuctembl «OBprkay» [3]. Ouenka napametpoB Ki, 7i v Ti, XapaKTePU3YIOLIHX
JANHAMHUYCCKUEC U CTaATUYCCKUC CBOMCTBA MOAIIWUITHUKOBBIX Y3JI0B, BBIIIOJIHA-
JIach JJIs IePEAATOYHBIX (QYHKIMN 3aJaHHOM CTPYKTYPHI BHIA:
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Tabmuna 7. Kpussle pasrona u nepeaarounsie ¢pynkiuu [ITY u penykropa
IpU YMCHBIICHUH PACX0a BOABI HA MACIOXOJIOAMIEHUK

Kpussble pasrona, HauanbpHbIe 3HaUeHHs mapaMeTpoB | [lepenarounsle GpyHKIMN

05,=36,2 °C; 05,=39,2 °C; 04,=38,8 °C; 07,=52,7 °C; | Kanan P, - 05,
04, =48 °C; 0,5,=62,4 °C. 21,3

W, (p) =
(P) 11,7p® +6,84p +1
Kanan P, - 65,
4,3
WiP) =~ o
7 3 18,9p* +8,7p +1
N
Kanan P, - 6,
i i W,( )—' .t
/' B P ey 7. 7p 11
o 4 {/K/ 8 Kanan Py - 07,
= /V W (p) =
7 15 P =-s -
2 —~ X 22,3p +7p+1
14 Kanan P, - 6g,
5 11,3
0 = . Ws(p) = +
6,3p° +5p+1
0 6 12 18 24
t, MUH Kanan Py - 05,
5,8e *P
W15(p) =

18,1p” +8,48p + 1

Tabnuua 8. Kpuble pasroHa u nepenatoynble QyHKIMU MO/IIHITHIKOB
penykropa u I'YII npu yMeHbIIEHHH pacxo/ia BOABI Ha XOJIOIMIBHUK

KpuBsle pasrona, HadaJabHbIe 3HaUCHUS mapaMeTpoB | [lepemaTounsle yHKINH

03,=33,4 °C; 04,=41,4 °C; 05,=40 °C; 6,=57,9 °C; | Kanan P, - 63

e2711=62 OC' 9, 2872’)
WiP) = oo
5 1,79p" +2,68p +1
45 /I'_l == 3 B | Kanan P, -6, .
4 2P
"4 WP = oo
35 / 137p* +7,4p+1
3 I Kanan P, - 65
°© - 2,5 l7e75p
: WelP) = 7 o5 v 5 64p 71
26 14 21] IOP +5,09p +
1,5 I G T Kanan Py - 626
l ° 3e?
i W, =
0.5 1 e 5 2 (P) 17,99p? +8,34p +1
03 ' Kanan P, - 6y
0 6 12 18 24 -2
16eP
W. - -
t, MUH = (P) 16,8p> +8,2p +1
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Tabmmma 9. Kpusble pasrona u nepeatoynsle (QyHKIMU MTOIIHITHHKOB
peaykropa u ['YII npu yBenuueHuu pacxosia BOJbl Ha XOJIOAUIbHUK

Kpusble pa3roHa, HauaJbHbIE 3HAUEHUS] TApaMETPOB

[lepenaTounblie QyHKINH

03,=43,1 °C; 04,=44,5 °C; 05,=41,9 °C; 0,¢,=62,4 °C
627H:64,6 °C.

03 **'{g—n\ 5
2
\ o
o \X
S 26
) K
-6 ‘\

‘8 N— 3

-10

0 5 10 15 20
t, MUH

; | Kanan Py, - 63
30

W =
() 4,3p% +4,2p +1

Kanan P, -6,

7,33
W,(p) =

4,41p%* +8,2p+1

Kanan P, - 65

2,672
W;(p) =

18,9p? +8,7p +1

Kanan P, -6y

14e%
Wzs ( p) =

23,5p? +9,6p +1

Kanan P, - 67

6,67e2"
W27 ( p) =

54p? +14,7p +1

Ta6muna 10. Kpussle pasrona u nepenarounsie Gy [ITY u pexykropa npu
YBEJINYEHNH PAacXo/ia BOABI HA MACIOXOJIOAMIBHIAK

KpI/IBI)Ie pa3roHa, Ha4aJlbHbIC 3HAYCHUA TapaMETPOB

[Mepenarounsle QyHKINH

0,,=42 °C; 05,=41,5 °C; 04,=44,6 °C; 04,=51,5 °C;
0,5,=64 °C.

Kanan P, - 63

3L,7e
4,58p? +4,28p + 1

W;(p) =

0 X Kanan P, - 65
5 6
_ W, =
2 \ > (P = ot s 4.26p 41
4 \X_ g Kanan P, - 6
O \><'~-><;>< Wi(p) = 333e”
° 6 5 =
= 4,28p° +4,14p +1
8 ~ Kanan P, - 6g
3 18¢7°P
10 — g WP =
p 3,5p° +374p+1
_12 Kanan Py - 615
—5p
0 5 10 15 20 |Wy(p)=—1oTe

t, MUH

6,66p° + 5,16p + 1
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Wi(p) = 'fgil : )
3 kce*pro )
W (p) = Tp? +2Tp+1' @
ke ™
W,(p) = . 3
D)= e ympeD) )

TouHOCTB I/II[GHTI/ICI)I/IKaHI/II/I OLCHUBAJIACH CPCAHCKBAAPATUYCCKUM OT-
KJIOHCHHEM OIIMOKHU

o _ 13 Y-y
° nzl y,

rae N — 4YUCIIO AKCIEPUMEHTAIbHBIX TOUEK KPUBBIX PasroHa; Y, ,Y, — 3Ha-

YeHHS SKCIIEPUMEHTAIIBHBIX U TOJTYYEHHBIX 110 MojelsM (1, 2, 3) JaHHBIX.

Matemarndeckas Moaenb (2) SBJISETCS YacTHBIM ciydaeM Mmonaenu (3)
npu T =Ty = T,. AnnpokcuManus SKCIIepUMEHTaIbHBIX JaHHBIX IepeIaToy-
HOU ¢yHKIMeld (3) mo cpaBHEHMIO ¢ mepenaTouHoi ¢yHkumeit (2) maer
KpaifHe HEe3HAaYHTEeNIFHOE YIIydIIeHHe KadecTBa maeHTH(uKarmu. IloaTomy
MBI OCTaHOBWJIUCH Ha CTpYKType (2). TOUHOCTh MACHTHU(PHUKAIMH DKCICPH-
MEHTAIBHBIX JAHHBIX MEPEAATOYHBIMH (QYHKIUSIMHU, TPUBEICHHBIMU B
Tabi. 3 — 10, cocrasmima 0,02 ... 0,07.

CIIMCOK JIMTEPATYPHI

1. Pa3paboTka aBTOMAaTH3UPOBAHHBIX METOJIOB M CPEACTB JJISI ONpPE eI CHHS
TEXHUIECKOTO COCTOSHISI TTOMIIAITHUKOBBIX Y3JI0B T'a30TYpOMHHBIX BU-
rareneil. / Koxanckuit A.U., Bepba A.f., XaumamenoB C.A., CaBu-
HeIX A.A., bapmeukuit A.M. — Otuer o HUP, OBUMY, Ne roc. per.
01860019851, 1986. — 95 c.

2. CrnpaBOYHUK HMHXEHEPa-MEXaHUKA CYIOBBIX I'a30TYpOMHHBIX YCTAHOBOK.
/ Hon pen. B.Jl. Peuncrepa. — JI.: Cynoctpoenue. — 1985. — 366 c.

3. Hwaxonos B.I1. CnpaBounuk mo npumeHenuro cucteMbl EUREKA. — M.:
duszmariut, 1993. — 96 c.
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VK 621.431.74
JIyxosues B.C.
OHMA

ANrOPUTM NPOTUBOABAPUWHOIO YNPABNEHUSA
PA3rOHOM MMABHOI'O ABUTATENA NPU NMYCKE

Ecmu Bo Bpems mycka rinaBuoro asuratens (') He TOIBKO KOHTPOIHPO-
BaTh, HO W NPOTHO3MPOBATH (IIPEACKA3bIBATE) TPAEKTOPHIO €T0 Pa3roHa, TO
IO pe3ysbTaTaM MpOrHO3a MPH HEOOXOANMOCTH MOKHO TIPOM3BECTH KOPPEK-
THPYIOIIEe EHCTBUE C IEIbI0 YIPEKICHUS HEKEIATSIBHOTO Pa3BUTHS MIPO-
necca mycka '/l (HeymaBmmiicss mMyck, meperpyska), T.e. MOKHO OyneT ocy-
IIECTBIISITh MPOTHBOABapuitHOe yrpasnenue ['/] B ;anHOM pexnme.

g 3TOTO B cHCTEMY TMCTAHIIMOHHOTO aBTOMaTU3UPOBAaHHOTO YIpaBiie-
mus (JJAY) I'Jl cnenyeT BKIIOYMTH MTPOTHO3UPYIOIIEe yCTpOrCcTBO (puc. 1),
KOTOpOE I10 W3MEPEHHBIM 3HAUYEHHSM BBIXOJHOW KOOPAMHATHI TPACKTOPHUH
newkerns ['J] (4acToTa BpamieHUs Bajia ITU3ENs () HA OTpe3Ke BPEMEHH T,
OyZIeT CTPOUTDH SKCTPATIONIAINOHHEII TTOJIMHOM H C €TO ITOMOIIBIO IPOTHO3HU-
poBarh AanbHeHmMi pa3roH [’/ Ha oTpe3ke BpeMEHHU Ti+1 C LEIbI0 CpaBHE-
HUS €70 C TAIOHOM U IIOCIIeIYIOMIe KOPPEKITHH.

l Fit)
Hzapi (2) (Ilycrosoit 5osgys) elft)
=®—’ I'naeam#A @ (Y
Frap? (2) | (Tommeomogans) Y el ——

L IEHTATENE
Uy
Lo
h 4 ¥
GranoHHad YerpoHcTES SwcTpa-
MOGENE KOPREKITHE DOTATH
Fy
AF(N
Pt )
(1) .| Yerpoiicteo 5t
7| cpapuenna

Puc. 1.CtpykTypHas cxema CUCTeMbI TPOTUBOABApUITHOTO yripaBineHus ['/]

Janee Ha OTpe3Ke BPEMEHHM Ti+1 IPOTHO3aTOP YTOYHSET 3KCTPAIOJIALIH-
OHHBIM MOJIMHOM U NPOTHO3UpYeT ABMKeHUe I'J[ y>ke Ha OTpe30K BPpEMEHHU
Ti+2 M T.J. 0 IIOJIHOTO 3aBepleHus pasrona I'Jl.
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Jiist pereHust 3a1a9 SKCTPAOISIIH O0BIYHO MCIIONB3YIOTCS HHTEPIOIS-
nuoHHbIe popmyibl Jlarpamxka, Ctupnunra, beccens nim HerotoHa. OmHako
B ciydae Maiod WH(OpMAaIMH WK pa3dpoca KOHTpoIUpyeMod (DYHKIIHH,
BBI3BAHHOTO CIyYallHBIMH COOSMH WM OINMOKaMU W3MEPEHHH, KaK 3TO
00BIYHO UMEET MECTO B CyAOBbIX cuctemax JIAY I'Jl, skcTpamoisunoHHbIH
MOJIMHOM LIeJIecO00pa3Hee BCEro MoIydaTh M0 METOLy HAMMEHBIINX KBajapa-
ToB [1].

[locTpoeHHOe Ha TakOM NPHHLHUIE MTPOTHOZHUPYIOIIEE YCTPOHCTBO IO
W3MEpEeHHBIM MTapaM 3Ha4eHuH i, 0j Ha HHTepBajie BPEMEHH Ti JOJDKHO OymeT
uckath Gyukiuio f(t) B Bume anmpoKCHMHUPYIOIIETO MOIMHOMA!

Pm(t) —apt ait + axty + ... + amtm, (1)

KO3 GUITMEHTBI KOTOPOTO TOAOHPAIOTCS TakKuM 00pa3oM, 4TOOBI cymMma
KBaJJpaTOB OTKJIOHEHH ObllIa MUHIUMAILHOU.

IIpu moctpoernn Pm(t) mcxomsT W3 TOro, 4To BEIHYMHA S SBIISETCS
(yHKIHMEW mapamMeTpoB do, ai, 8z, ..., 8m. [IpH 3TOM HEOOXOIUMBIM YCIOBH-
€M CYIICCTBOBAaHHMS MUHHMYyMa S SBJISETCS PaBEHCTBO HYIIO €€ YaCTHBIX
MPOU3BOHBIX [0 MApaMeTpaM armpoOKCUMUPYIOUIErO MOJUHOMA:

o8, : 2

[Tocne muddepennpoanns mosmHoMa (1) o gopmyie (2) momydaroT
pa3peIIaloNIyl0 CUCTEMY JIMHEHHBIX aNreOpanvecKux YpaBHEHHH OTHOCH-
TEJILHO HEU3BECTHBIX MapaMeTpoB o, a1, 82, ..., &m, KOTOPYIO MPEICTABIISIIOT
B CIICYIOIEM BHUIE:

G& +Ga +6a, +..+¢.a, =d;
ca, +ca +¢ca, +..+¢,,,8, =d;
Ga, +Ga +¢6a, +...+¢,.,a, =0d,; (3)

G, + G

m-+1

a + G, ,8 +..+Cua, =d,.

3necs:
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¢=>t, j=0.2m;
- ) (4)
d, = Ztikmi k=0..
i—0

3agaBIIMCh 3HAYEHUEM M, BBIYUCISIOT 10 (opmyie (4) KoahuIreHTs!
c¢i u di, u peuuB cucteMy (3) OTHOCHUTENBHO KOIDDHUIMEHTOB @i, TOIYYatoT
aNIPOKCUMHUPYIOIHMH MOMUHOM Pm(t). CooTBeTCTBHE MOMYYSHHOTO MTOJIMHO-
Ma 3TAJIOHY OLIEHUBAIOT MO YCIOBHIO T < E0n, TIE: Exon — HEKOTOPAS 3aJaH-
Hasl (momycTHMast) BeNMYHMHA, | — CpeIHsAs KBaJpaTWYHas MOTPEITHOCTD,
BBIYHCIIAEMAs 110 hopMyIIe:

T= S (e, (5)

Ecmu Benwuuna 7' OyneT BBIIIE JOIMYCTUMOW MOTPEITHOCTH €q0n, TO CTE-
MeHb MOJMHOMA M YBEJNIMYHMBAIOT (I MPAKTHYECKUX Iiesiell 0OBIYHO orpa-
HUYHBAIOTCSA M = 3).

[pommmocTpupyeM paboOTy alropuTMa Ha IPHMEpEe YIPaBICHUS Pas3ro-
oM I'J] BO BpeMs ImycKa, BBIXOAHAs KoopauHata kKotoporo o = f(t) 3amamna
TabauyHo (Tabdm. 1).

Ta6muua 1 — 3aBucumocts 060poTos '] ot Bpemenu o = f(t) Bo Bpemst mycka
ti, c 0 05 |1 15 |2 25 |3 35 |4 45 |5 55 |6
i, mua” |0 05 (15 |35 |65 |10 |16,5|21 |26,5|33,5|455|50 |55

Paznenum unTepBan pasrona I'Jl Ha TpH paBHBIX ydacTka Tj (pHuc. 2) u 3a-
JaZuMcs CTENEHbIO MoJInHOMa M = 3. B aToM cilydae JUIsl OIpeAeacHUs KO-
3¢ (UITMCHTOB TMOJMHOMA 8i HEOOXOJUMO PEIINTh CUCTEMY H3 4YeThIpeX
ypaBHeHn# BUna (3), IpeABapUTEIFHO BBIYUCINB KOI(PQUIUCHTH CHCTEMBI
ci, di ¢ MOMOIIIBIO BhIpaXKeHH i (4).

Pe3ynbTaTh! BEIMUCITCHIN KOIQOHUIIMEHTOB CUCTEMBI Ci, Ui C TOMOIIBIO 3JIeK-
TponHbIx Tabmun Microsoft Excel ceenensl B Tabm. 2.

IMonuHoM Pm(t), mocTpoeHHsIi 10 mapamM 3Ha4eHHH i, (i, ©3MEPEHHBIX Ha
OTpe3Ke BpeMEHH Ty, OyJeT UMETh B!

P1(t) = 0,5001 — 0,9999t + 2,0007t* — 0,0001¢°. (6)

C moMomIpI0 MOJTYYEHHOTO BBIpaXKeHHsS (6) MPOTHO3aTOP PacCUUTHIBACT
(IpOrHO3HpYeT) TPAEKTOPUIO Pa3rOHa, KOTOPAs CPaBHUBAETCS C STAJIOHOM Ha
OTpe3Ke BpeMeHH Tp. IIpy HeoOXO0IUMOCTH cHCTeMa YIpaBJIEHHsS KOPPEKTHU-
pyet pasroH I'Jl Ha 3TOM HUHTEpBaie, 4YTOOB HE AOMYCTUTHh HEYJAuHOIO ITyC-
ka. Harpumep, m3MeHsIeT ycTaBKy IyCKOBBIX 000pOTOB cucTeMbl JAY.
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Tabnuua 2 — Pe3ynbTaThl BEIMHUCICHUH KOIPPUIMEHTOB CHCTEMBI YpaBHEHUIT

Ne

tio| tin | ti2 tis tia tis tis i tioi i tPoi
TOYKH
0 00 0 0 0 0 0 0 0 0 0
1 1(05(025| 0,125 | 0,0625 | 0,0313 | 0,0156 | 0,5 | 0,25 0,125 0,0625
2 111 1 1 1 1 1 15 15 15 15
3 1(15(225| 3,375 | 50625 | 7,5938 | 11,3906 | 3,5 | 5,25 7,875 11,8125
4 1]2 4 8 16 32 64 6,5 13 26 52
5 112,5]6,25| 15,625 | 39,0693 | 97,6563 |244,1406| 10 25 62,6 156,25
6 113 9 27 81 243 729 16,5| 495 1485 4455
7 13,5(12,25| 42,875 | 150,0625 |525,2188(1838,266| 21 | 73,5 257,25 | 900,375
8 114 16 64 256 1024 4096 |26,5| 106 424 1696
9 114,5|20,25| 91,125 |410,0625 |1845,281(8303,766| 33,5 | 150,75 | 678,357 |3052,688
10 [1{5]| 25 125 526 3125 15625 | 455| 2275 | 11375 | 56875
11 |15,5|30,25|166,375|915,0525 |5032,844|27680,64| 50 275 1512,5 | 8318,75
12 |16 | 36 216 1296 7776 46656 | 55 330 1980 11880
4
2 415|175 125 22,125 | 40,625 [76,40625| 12 20 35,5 65,375
n=1
8
2 8 (18| 51 162 548,25 | 1930,5 [6983,813| 86 274 927,75 | 32635
n=1
12
12|39 (162,5| 760,5 |3794,375[19709,63|105249,2| 270 | 1257,3 | 6236,125 |32202,44
n=1
ci,di [CojCi| C2 C3 C4 Cs Co do di d2 ds

T,
inl
70 ; . .
| | I
80 | | !/
| | 3—1
50 | | 4'}
I | 2_/5 I
40 ' | 2
| | //4 “a |
30 | | |
| 7 |
20 | //; |
| 1— | |
10 | - | |
A | |
U E| E—-I. T ! T T T ! T T T ! )
0 1 2 3 4 5 6 tc
Ty Ta T

Puc. 2. KpuBsle pa3roHa riaBHOTO ABHraTels: 1| — peanbHas 10 KOPPEKIUH;
2 — peanbHasl TOCTE KOPPEKIUH; 3 — aNIPOKCHMHPOBAHHAS Ha INIEPBOM
nHTepBaie; 4 — yTouHEeHHast Ha BTOPOM HHTEpBaJe; 5 — 3TaJOHHAs
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Hanee Ha oTpe3ke BPEMEHHU Tz MPOTHO3UPYIOLIEE YCTPOUCTBO YTOUHSET
ANMPOKCUMUPYIOLIUI IMOJIMHOM, KOTOPBIM B HaIlleM pUMEpPEe CTPOUTCS YXKe C
Y4€TOM BOCHMH W3MEPEHHBIX 3HAUE€HUI BHIXOJHON KOOPAMHATHIL.

VYTOUYHEHHBIH TOJINHOM UMEET BU:

P,(t) = 1,7854 — 4,1471t + 3,9599t° — 0,3432t>. 7)
B Tabn. 3 cBeneHbI 3HAUCHHS BBIXOJHOW (D)YHKIIMU, PACCUUTAHHEIC C T10-
MOILBIO MTPOTHO3UPYIOMIMX NOJIMHOMOB (6) u (7), mpUBeneHbl 3HAYSHHS pe-

aNBHOM ®j W ATajJoHHOW P,(t) KpUBBIX, a Takke MPUBEICHBI PE3YJIbTATHI
CPaBHEHUS IOJIyYE€HHBIX KPUBBIX C 3TAJIOHOM.

Tabmuma 3 — Pe3ynpTaThl BEIYHCICHUH CpeaHell KBagpaTHYHOH morpemHocTa 1’
anIpOKCUMHUPYIOLINX MOJTUHOMOB P(t)

N & g g,
T04- | ti | @i | Pa(t) W T1 Pa(t) W T2 | Ps(t) m T,
KU
0 0 0 | 0,5001 -2,0065 3,5079 | 1,7854 -0,7212 2,3784 | 2,5066 | 2,5066 |1,4238
1 05| 0,5 | 0,5003 -0,5071 0,66589 -0,3485 1,0074 | 0,5074
2 1115 15008 0,2613 1,2550 0,0155 1,2395 | -0,2605
3 15| 3,5 | 3,5015 0,4919 3,3162 0,3066 3,0096 | -0,4904
4 2 | 6,5 | 65023 0,3777 6,5852 0,4606 6,1246 | -0,3754
5 25| 10 (10,5032 -0,1119 10,8045 0,4133 10,3912 0,3912
6 3 (16,5 [ 15,5040 -0,1123 15,7168 0,1005 15,6163| -0,8837
7 35| 21 |21,5047 -0,1019 21,0646 -0,5420 21,6066| 0,6066
8 4 26,5 |28,5053 0,3363 26,5006 -1,5784 28,1690 1,6690
9 4,5 (33,5 36,5056 1,3954 32,0373 -3,0729 35,1102| 1,6102
10 5 |[45,5 |25,5056 3,2685 37,1474 -5,0897 42,2371 -3,2629
11 55| 50 55,5052 6,1488 41,6634 -7,6930 49,3564 | -0,64358
12 6 | 55 [66,5043 10,2293 45,3280 | -10,9440 56,275 1,2750

DrajoHHas KpHBas MOJyd4eHa C TOMOIIBIO aMMPOKCHMALMH PeaTbHON
KpuBoit pasrona I'J] Bo Bpems mycka. AMMPOKCUMHUPYIONIHI MONTHHOM Ps(t)
JUTSL TAHHOTO TIPUMEpa UMEET BHI:

P,(t) = 2,5392 — 4,9045t + 3,8629t* — 0,2591t%, (8)

W3 aHanmi3a OTKIOHEHWH HMPOTHO3UPYEMBIX KPUBBIX OT 3TAJOHA HA y4da-
cTKax Ti (Taba. 3) BHIHO, YTO MPOTHO3UpYyeMas KprBasi, OCTPOSHHAs C TO-
MOILBIO [IEPBOIO MOJMHOMA, Ha MHTEPBAJE BPEMEHHU T2 COOTBETCTBYET dTa-
JIOHHOHN KPUBOH M B KOPPEKIUHU HET HeoOxoauMocTi. OZHAKO MPOTHO3HUpYe-
Masi KpuBas, [IOCTPOEHHAsl 110 YTOUHEHHOMY IIOJMHOMY Ha MHTEpBaJle Bpe-
MEHH T3, CYIIECTBEHHO OTIMYACTCS OT ITAJOHHOM KpuBoii (gi >> T), a moTo-
My Ul TPEAOTBPALICHUS HEYNAYHOTO ITyCKa Ha 3TOM YYacTKe TpeOyeTcs
IIPOTUBOABAPUIHOE KOPPEKTHPYIOLIEE BO3ACUCTBUE, HAPUMED, YBEIUIECHUE
IycKoBoM nogauu Toruuea. Kpusas pasrona I'Jl nocie koppekuuu nokasasa
Ha PUC. 2 TOJICTOU HENPEPHIBHON JIMHUEN.
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[Monmyuenubie monnHOMBI Pm(t) 061amar0T TeéM HEIOCTATKOM, YTO MPH HY-
JIEBBIX 3HAUCHMAX { MX 3HAYCHUS HE PABHIIOTCS HYJIO, B TO BpeMs Kak IpU
t=0 ¢ynkus o = 0. OqHAKO HA TOYHOCTH IMPOTHO3a 3TO HE CKa3bIBACTCA —
MIPOTHO3UPOBAHHE OCYIICCTBIICTCSI B CEPEIUHE U B KOHIIE WHTEpBaja Bpe-
MEHH pa3roHa, rae mpuommkenne GpyHknun Hanbomsinee. K TomMy ke nanb-
Helflee TpUOTMKEHUE HEe BCET/Ia OIPAaBIaHO, MOCKOJBKY TPH CYIIECTBEHHO
BO3PACTAIONIMX 00bEeMax BBIUUCICHHN CPEIHEKBAAPATUYHAS MOTPEIIHOCTH
YMEHBIIIACTCSI HE3HAYUTEIbHO. [ MPaKTHYECKOTO MPUMEHEHHS TOYHOCTHU
MOJTYYEHHBIX TIOJIMHOMOB BIIOJHE TOCTATOYHO.

CIIMCOK JIMTEPATYPHI

1. PemeHvie WHXEHEPHBIX M 3KOHOMHYECKHX 3amad Ha OBM. // Jlucu-
uplH B.M., Antonenko B.M., Bemnuko E.C., JleBuenko T.M., Cumo-
pak JI.U. — K.: Buma mkona. ['onoBHoe uzn-Bo, 1984. — 248 c.
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CUCTEMA ABTOMATW4ECKOIO PET'YNIUPOBAHNA BO3AYXOCHABXEHUA
CYNoBbIX AU3ENEN

Pe3ynbTaThl 3KCIIEPUMEHTAIBHBIX M TEOPETHYECKHX HcclenoBaHui [1]
MOKA3aJIi, YTO MOIEPKUBATH SKCIUTYaTAIlMOHHBIA PEXUM CYIOBOTO TBUTa-
TeJs Npu TpeOyeMbIX MapaMerpax, U3MEHATh MOITHOCTh M 3(P(PEKTUBHOCTh
paboTHI ABUTATENS MOXHO ITyTeM M3MEHEHUs BIIarocofiepKaHus M TeMIlepa-
TYpHI HAJTyBOYHOTO BO3AYyXA.

CyliecTByronme CUCTEMbl aBToMaTHdeckoro peryimuposanus (CAP) c
W3MEHEHHEM 3KCIUTyaTallHOHHBIX YCJIOBHH pabOTHI IBUraTels MoJJIep KUBa-
IOT ITOCTOSHHBIMH YaCTOTY BPAIICHHUS JTHOO TEIIOBYIO HANPSDKEHHOCTE. TOT
U JpYyroi MOKa3aTeNld ONpPENeIIOTCS KadeCTBOM CrOpaHHs TOIUINBA, KOTO-
poe B CBOIO OYepe/ib 3aBHCUT OT COOTHOIICHHUS «TOIUTUBO-BO3IyX» B IIMJINH-
Jpe IBUrareis. JT0 COOTHOIICHHE BBIPAKEHO KaK CyMMapHBIH KOd(duIm-
eHT U30bITKa Bo3ayxa o [1]. [TockombKy ¢ U3MEHEHNEM HKCILTYaTallMOHHBIX
yCIIOBHH pabOTHI JBUTaTelsi BCEe MapaMeTpbl paOoThl JBHTaTelNs OyayT Me-
HATBCA, U B IIEPBYIO OUepesib O, TO B padore [1] co3maHa cuctemMa aBToMa-
THYECKOTO  PETYJIUPOBaHHSA  UIS
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CTBa OBLI UCIIOJIB30BAH METOJI CHHTE3a KOHEUHBIX aBTOMATOB W MEPEKIIroYa-
TEJBHBIX CXEM 0 3aJaHHBIM YCJIOBHUSAM pabOThl MCTIOJHHUTEIBHBIX 3JEMEH-
TOB. McxoqHol mH(pOpMaLueit s CUHTe3a JOTUYECKOrO YCTPONCTBA SBIIA-
FOTCS TOYHBIC MPEANUCAHUS ISHCTBUS YIIPABISIONICH CHCTEMBI pUC. 2.
— B cxeme maTymku: MOJIOKEHUS
[D%] —— KJamaHa oxjuaxparomeil Boael D1,
* TeMIepaTypbl MPOITYBOYHOIO BO3-
nyxa D2, natyuk 4acToOTHI Bparie-
wus ['J] D3, natumk maBneHus mpo-
nyBouHoro Bo3ayxa D4, nartuuk
TEMIIepaTypsl BBITYCKHBIX Ta30B
D5, natyuk mosioKeHUs pedKH To-
IIMBHEIX Hacocos D6.

B cimydae u3meHeHHs cymmap-
HOTO KO3(duIMeHTa n30bITKa BO3-
JlyXa peHaroliee yCTPOMCTBO OI-
pPEAENUT HamnpaBlIeHWE €ro M3MEHEHHs (YMEHBIICHHE WM yBEIWYCHHE) U
JIaCT COOTBETCTBYIOIIMI CHTHAJI Ha JIOTHYECKOE YCTPOMCTBO. Jlormueckoe
YCTPOMCTBO, BO3MIEHCTBYSl HA MEXaHHU3M PETYJIMPOBKH TOJIOKEHUS KIlaraHa
oxjaxmaronie Boasl M2, U3MEHUT IMOJIOKEHUE IOCIEIHETO 10 JOCTHKE-
HUS O, HEOOXOAUMOM BeTMUMHBL. ECITM JOCTHYB 3TOTO 3HAUYEHUS HE yaacTcs,
TOTJa JIOTHYECKOE YCTPOMCTBO Yepe3 MEXaHHM3M YIPaBICHHS PEUKOW TOTI-
nuBHBIX HacocoB UM1 ymensmmt nogady tormmmBa. Cuctema mpemgycMaTpu-
BaeT TAKXKE€ YBEIWYCHHE TMOJAa4YM BOJBI Yepe3 BO3IYyXOOXJIAJUTENh MPHU TO-
BBIIICHUN TEMIIEPATYphl BBITYCKHBIX T'a30B M cOpPOC MOAAYM TOIUIMBA TNPH
yBeJ'II/I‘IeHI/II/I YHaCTOTHI BpaHIeHI/IH.

OCHOBHBIE TTPHHITUTIB PA0OTHI CIICTYIOMIHE.

1. CI/ICTeMa HaxXoaAuTCA B COCTOSHHUHU ITOKOs, €CJIM COOTHOIICHUE «TOILIU-
BO-BO3/yX» HaXOJIUTCS B 3aJTAHHOM 3HAYCHHH Olc.

2. Tlpu yMEHBIICHUU O.ci HEOOXOIMMO YBEIUYHUTh KOJIMYECTBO OXJIAXK-
JIAtoled BOJIbI YEepe3 BO3IYXOOXJIAAMUTENb 10 JOCTHKEHUS Ol 33JJaHHOTO
3HAYCHUA.

3. Eciu UM2 nostHOCTBIO OTKPBIT KIIAMaH OXJIaXKIaloMIeH BOBI U TI0 HC-
TEUCHUU BPEMEHHU O.ci HE JIOCTUTHET 33JaHHOTO 3HAYCHHUS, TO HEOOXOAUMO C
nomouibo M1 yMEHBIINTh LMKIOBYIO [10J1ady TOIUIMBA O T€X IOp, IOKa
i HE JOCTUTHET 3aJaHHOT'O 3HAYCHHMU .

4. Tlpu yBETUYEHUU O.i HEOOXOAMMO YMEHBIIHUTh KOJIUYECTBO OXJIaXK-
JIAIOIIEH BO/IBI, €CITH TIPU 3TOM TEMIIEPATypa BBITYCKHBIX Ta30B HAXOJIUTCS B
JOIYCTUMBIX IIpEaeax.

5. Ecnu npu MOSTHOCTBIO 3aKPBITOM KJIAITaHE OXJIaXJAIOUIEH BOIBI Olci HE
JIOCTUTHET 3aJaHHOr0 3HAYEHHs, TO CUCTEMA OCTACTCS B TAKOM K€ COCTOSTHHH.

Puc. 2. IlpuHuMnuanbHasi cXema CHUCTEMbI
aBTOMATHYECKOTO yIpaBJICHUS
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6. Ecniu Temniepatypa BBITYCKHBIX Ta30B MPEBBICUT 33/IaHHBIN TIPEEN, TO
KJIanaH OXJIaXJIarollel BOJIbl OTKPBIBAETCS] HE3aBUCHMO OT BEJIMYHMHBI O 10
TeX I0p, TIOKa TeMIiepaTrypa He JOCTUTHET IOMYCTUMOTO 3HaUEHHSI.

7. Ecnu mpu NpeBbIIIEHUH TEMIIEPATYPhl BBIIYCKHBIX I'a30B KJalaH OX-
JAXKJAIOMIeW BOABI MOJHOCTBIO OTKPBIT, TO MO UCTEYEHUH BPEMEHU yMEHb-
miaetcs mojayda TOIUIMBA J0 JOMYCTHUMOM BEIMYMHBI TeMIepaTyphl BBITYCK-
HBIX I'a30B.

8. UM momxHBI comepkaTh KOHEUHBIC BHIKIIOUATEIH C IETBI0 OTKIIIOYe-
HUS TIPU TIPEAETbHBIX COCTOSIHUAX KJIAMIaHOB.

9. Ilpn yBenuueHUM 4YaCTOTHl BpALEHMs BbIIIE 3aJaHHOIO Ipenelsa
yMeHbLIAaeTcs [oJavya TOIJIMBa A0 TeX MOp, T0Ka 3HaYeHHUEe YacTOThl HE J0C-
TUTHET 33JJaHHOH BEJTMYUHBIL.

10. M nomKHBI KMETH CIEAYIOIIYI0 BPEMEHHYIO TIpOrpaMMy: ¢ MOMEHTa
MIOCTYIDICHHSI Pa3pellarolero CHrHaia Jro0ol MexaHm3M paboTaeTr ompene-
JICHHOE BpeMsI JTH00 MEHBIIIE, €CIH BOCCTAHOBIICHO 33IJaHHOE 3HAUCHHUE Olgi.

HaHHas cucTeMa aBTOMAaTHYECKOTO PETYIMPOBAHUS CHOCOOHA MOINIEp-
XKaTh ONTHUMAJIbHOE COOTHOIIEHHE «TOIJIMBO-BO3AYX» HE TOJBKO Ha HOMHU-
HaJIbHOM, HO W HAa YaCTUYHBIX pexxumax paboTsl ['/] ¢ uenbro moctuxeHus
ONTUMAIEHOTO TPOIIecca CropaHus, 4To OBUIO JI0Ka3aHo B padore [1].

B cynoBbIX yclI0BHAX 3aJJaHHOE 3HAYCHHE Olcj MOXKHO MOJACPKUBATH U3~
MEHEHHEM TeMIIepaTyphl U BIArocoJepKaHus HaIyBOUHOro Bo3ayxa. Oue-
BHJIHO, YTO ONTUMAJILHOMY 3HAUEHHIO Ol (KOTOpOE XapaKTepu3yeT KaueCTBO
noadopa COOTHOLICHUS! «TOIUIMBO-BO3IYX») COOTBETCTBYET ONTHUMAJIBHOE
3HaYeHHE TeMIEepaTypbl U BJIAroCcoAEpKaHusl, IPU JTOCTUKEHUH KOTOPBIX MBI
MOJIyYUM MaKCHMaJbHYI0 MOIIHOCTh M 4YacTOTy Bpamienus '/l mpu MuHU-
MaJILHOM pacxo/ie TOILIMBA.

Hcxozas U3 BBILIEN3I0KEHHOT 0, IIPEIaraeTcs CUCTEMa aBTOMaTHYECKOTO
PErylupoBaHus C 1EJbl0 MNOCTOSHHOIO KOHTPOJIA MU MOJJEpKaHUSA ONTH-
MaJbHOTO COOTHOIICHHUS YacTOThl BpamieHus ['Jl, TemmnepaTypbl U BIaroco-
JepXKaHMsl HaITyBOYHOI'O BO3/lyXa

ChopmymupyeM 3amady: cO3laTh CHCTEMY PETYIHPOBaHHS BO3IYyXO-
cHaOXeHHs CYJIOBOTO JM3ENs JI aBTOMATUYECKOTO BBHIOOpa ONTHMAaIbHBIX
3HaYeHUH MapaMeTpoB HAJUIyBOYHOTO BO3JyXa (TemIepaTrypa M BJaroco-
JepykaHue). 3a KpUTEPHU ONTHMAaTBHOCTH BO3IyXOCHAOKEHHS TIPHIMEM MaK-
CUMaJIbHOE 3HAYEHME YacTOThl BparieHus ['/[ mist JaHHBIX yCIOBHI IU1aBa-
HUS U JTaHHOTO peXHMMa IJIaBaHHS, JAHHOTO TeXHWYecKoro coctosHus /1.
Ha puc. 3. npencrasnena npuHuunuanbHas cxema CAP.

OcHoBuble TpuHOUIE paboTel CAP crnenmyromniue.

I'/] umeeT omnpeneneHHy0 4acToTy BpaulieHus. PY depe3 ucronHurens-
HBIA MexaHm3M MIM3, BO3AeHCTBYIOIINI Ha KJIaNaH MPOTOKA OXJIaXKTAIOIICH
BOJIbI Y€pe3 BO3ILYyXOOXJIAAUTENlb CUCTEMbI OXJIAKICHHUS HAJyBOYHOI'O BO3-
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JyXa, HAUMHAET €ro MPUOTKPHIBATh HA BENUYHUHY A3 C BBLAEP)KKON BpeMeHH
T3, MOHWKasg TeMIepaTypy HaJIyBOYHOIO BO31yxa. M3MeHeHue 4acTOThI
BpaieHus: Qukcupyercs natuukoM 1. Ecnmm gactoTta Bpamenus ['JI nmeet
TEHEHLIUIO pOCTa, TO OTKPBITUE KilallaHa NpPOJOJDKAETCsl CTYIIEHYaTo Ha Be-
JTUYUHY A3 C BBIIEPKKOM BpeMeHH T3. Eciu mpu nanbHeHImeM OTKpPBITHH
Kiamana yacrota BpamieHus: ['Jl ymensmmaercs, To UM3 mpekpariaer cBoe
JeiicTBHe W BO3BpallaeT KilamaH MoJadd BOJbl HA BO3IYyXOOXJIAJAUTENb B TO
MI0JIO’)KEHUE, IPU KOTOPOM JIOCTUTAETCS MaKCHMajbHasl 4acToTa BpAalLCHUs
I'I. JocTuraercs ontuMaibHOE 3HAYCHHE TEMIIEPATYPhl HAIAyBOYHOTO BO3-
nyxa. PY uyepe3 ucnomHUTENbHBIH MexaHusM MM?2, Bo3aeHCTBYIOLIMI Ha
KJIanaH MoJayud BOABI HA UUKIOHHO-UCIAPUTENBHYIO CUCTEMY OXJIAKICHHS
HaJIyBOYHOTO BO3/yXa, HAUMHAET €ro MPUOTKPBIBATh HA BEIUYHHY A2 C BbI-
JEPHKKOM BpEMEHHU Ty, IOHIKAs TEMIIEPATypy BO31yXa U U3MEHss €ro BJjaro-
comepkaHue. V3MeHeHHe 4YacTOTHI BpamleHHs (UKCHPYETCsS AAaTIAKOM 1.
Ecnu wacrora Bpamenus ['/] uMeeT TeHISHIINIO POCTA, TO OTKPHITHE KiIanaHa
MIPOJIOJKAETCSI CTYIEHYATO ¢ aroM Az M BBIIEP)KKON BpeMeHH T2. Eciu npu
JalbHEHIIeM  OTKPHITUM  KJlalaHa [oJa4d  BOABI HA  IMKJIOHHO-
WCTIApUTENIbHYI0 cHucTeMy vacTtoTa Bpamienus ['J] ymenbmmres, To M2
MpeKpaliaeT CBoe NEHCTBHE M BO3BpAlLlaeT KJIAllaH B TO IOJIOKEHHUE, MpU
KOTOPOM JIOCTUTAeTCs MaKcuManbHas yactoTa Bpamienus [JI. Jocturaercs
ONTUMAJIbHOE 3HAUYEHHUE TEeMIIepPaTyphl HAJAYBOYHOTO BO3JyXa M BJAaroco-
JepKaHUAL.
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Puc. 3. llpunnunuansuas cxema CAP

C momouipio 1aT4MKa 2 onpeaessieTca TeMIepaTypa BBIXJIONHBIX I'a30B,
MpU TOCTH)KEHHH MAaKCHMAaJIbHOTO 3HA4€HHs KOTOPOM Ha NaHENb yIpaBiie-
Hug ']l BeiBonutcs curHan u PY yepes M1 HauHeT ymMeHbIIATh ITUKIOBYIO
MoJiayy TOIUIMBA C IIAaroM Ari ¥ BBIJIEPKKOW BpPEMEHH Tri JIO TeX MOp TOKa
TEMIIEpaTypa BBIXJIOMHBIX T'a30B HE BOMAET B MpEJeiIbl HOPMBI, MOCIIE YEro
nmoadop mapamMeTpoB HauyHETCsl CHOBAa. Ecnu KiamaHBl MPOTOKa BOJBI Yepes3
BO3IyXOOXJaJUTEIb WU HA LUKJIOHHO-UCIIAPUTEIBHYIO CHCTEMY OXIaKIe-
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HUS [IPOJYBOYHOI'O BO3/1yXa HAXOAATCSA B IOJHOCTbIO OTKPBITHIX IOJIOKEHU-
SIX M IIPU UX OTKPHITHU ObLIa TEHIEHIHUS pocTa 4acToTsl Bpamienus I'J[, To
HNMI1 yMeHBIIUT NUKIOBYIO MMOa4y TOILIMBA HA BETUYUHY A1 C BBIICPKKOM
BpPEMEHH T1, IOCJIE YETO Mpolece Moadopa napaMeTpoB HauHeTcsl cHoBa. Ec-
JIM KJIamaHbl MPOTOKA OXJIAXKJAIOMIed BOABI Yepe3 BO3MYyXOOXJIAJAUTENb WU
Ha LMKJIOHHO-UCIIAPUTENIBbHYIO CUCTEMY HaXOASTCSA B MOJHOCTBIO 3aKPBITOM
MOJIOKEHUH ¥ TIPH MX HPUKPHITUN HAOMIOJAJICSI POCT YaCcTOTHI BPAIIEHUS, TO
HNMI1 yMEeHBIIUT NUKJIOBYIO T0Jady TOILIMBA C IIaroM Ai M BBIIEPIKKOH T1,
moadop mapaMeTpoB HauyHETCs cHOBAa. C yBENWYEHHEM YaCTOTHI BPAIICHUS
I'J] Ha Benuuuny B, xoTopas 3agaercsi, M1 yMeHbIINT NOAady TOIUIMBA Ha
mar C, KOTOPBIH 331a€TCsI, C BBIAEPKKON BPEMEHU T, 10 JOCTIIKEHUS 33J1aH-
HBIX TIpeAeNoB 4acTOThI BpamieHus /1, mporecc moadopa nmapameTpoB Hay-
HeTcsi cHoBa. OQYeBHIIHO, Yepe3 HEKOTOPOe BpeMs MPOILECC PeryaupOoBaHUs
MpUMET YCTaHOBUBLIMICA XapakTep, MOCiIe Yero NpU U3MEHEHMH YacTOTbI
BpalllecHUs BBINIC 3aJlaHHBIX MpenesioB +Y mporecc moadopa mapamMeTpoB
HayHeTcsi cHOoBa. CucTeMa BBIKIIOUYAETCS MPU U3MEHEHHUU peXuma padoThl
I'/1, mpom3BOAMOM OOCITYKHBAIOIIMM IEPCOHAIIOM, H 3aIlyCKaeTcs B paboty
nMm xe. UM1, UM2, UM3 nomkHBI IMETh KOHEYHBIE CUTHATN3aTOPEI U BBI-
KJIFOUaTENH.

Hcnonp3oBaHKue TaHHOW CHCTEMBI aBTOMATHYECKOTO PEryJIMpOBaHuUs IO-
3BOJISIET 3a/laTh ONTHUMAJIbHBIE MapaMeTpbl HAIyBOYHOTO BO3IyXa U HOJI-
JepKUBATh ONTUMAILHOE BO3IyXOCHAOXKEHUE CYNOBBIX AM3elNici B aBTOMa-
TUYECKOM PEKHIME.

CIIMCOK JIUTEPATYPHI

1. Benwiii B.H. HccnenoBanue IHKIOHHO-HCTIAPUTEIBHOTO OXJIAXKICHUS
HaJIlyBOYHOTO BO3yXa W MPUMEHEHHE €ro B CYINOBBIX nu3elsx: Juc. ...
kana. TexH. Hayk: 05.08.05. — Onmecca, 1976. — 125 c.
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OCHOBbI TEOPUM BOCCTAHOBEHWA U YNIPOYHEHNSA OETANEN
CYN0OBbIX TEXHUWYECKWUX CPEACTB KAK CUCTEMbI
MPU OrPAHUYEHHBIX PECYPCAX

BoccranoBnenne U yrnpodHeHHE AETalNeH CyTOBBIX TEXHHYECKHX CpPEICTB
(CTC) sBnsieTcst BaXXHEHINEH COCTAaBHOW YacThIO B CHcTeMe obecrieueHus (GroTa
3armacHeIMH YacTsiMu. [losromy He ciydaiino MuamMopgnorom CCCP B 1978
rory Ha 6Oaze OBHMMY (OHMA) Obuta co3maHa oTpacieBas HaydHO-
uccienoBarenbekas naboparopus, a ¢ 1981 r. Ha CP3 MM® opraHu30BaHO
LIEHTPATU30BaHHOE BOCCTaHOBIICHNE M3HOIIEHHBIX netaneii (BU/I). B pesyns-
TaTe 3THX MEPOIPHATHI YBEINYCHA HOMCHKIIATYpa U 00BEM BOCCTAHOBIICHHBIX
JeTaNei, MOBBICHIIACH UX JOJTOBEUYHOCTD M SKCILTyaTAI[MOHHAS HaTeKHOCTb.

OnHAKO HAJEKHOCTH BOCCTAHOBICHHBIX M M3TOTOBJICHHBIX Ha CyAOpe-
MOHTHBIX 3aBojax (CP3) nmeraneit 3auactyro He npeBsimana 30 % HalexHO-
CTH aHAJIOTHYHBIX (pupMeHHBIX aetaned [1]. TpeboBamuch nanpHEHIIAE UC-
CIIEIOBAHUS 10 pa3pa0dOTKe HOBBIX OPTraHU3AHOHHBIX (DOPM M TEXHOJIOTH-
YECKUX TPOIIECCOB BOCCTAHOBIICHUS M YIIPOUYHEHUs aetaineit. K Tomy ke us-
MeHeHHe (OopM COOCTBEHHOCTH, JallbHeHIIee cTapeHue GioTa U psit Jpyrux
MIPUYWH MMPHUBEIIM K HEOOXOIUMOCTH pa3pabOTKH HOBOW CHCTEMBI B obecrie-
YCHUU CY/IOB 3alaCHBIMH YaCTSIMH, MPUYEM aKTYaJlbHOCTh 3TOW MPOOIEMBI
BO3pAacTaeT B HACTOSIIEE BPEMs ISl KaXJA0W OTAEIbHOM CyTOXOJHOW KOM-
TIaHWUW W TPYIIIT KOMITAHWW B paMKax OJHOTO PErroHa WK rocyaapcTsa [2].

Ha npoTrspkeHun psia JIeT aBTOPOM IPOBOIATCS UCCISIOBAHUS 110 pa3pa-
6otke cuctembl BUJl CTC, Bkitovast pa3pabOTKy METOJIOB YIPOUYHEHHS Jie-
Tajel mpu UX BOCCTaHOBIEHUM W m3rotoBnennn Ha CP3. [lomyden psa mo-
JIOKUTCIIBHBIX HAYYHBIX U MNPAKTUYCCKHUX PE3YJIbTATOB, UCIIOJIB30BAHUEC KO-
TOPBIX MO3BOJIACT COBEPUHICHCTBOBATH CYHICCTBYIOIINUEC 1 pa3pa6aTLIBaTb HO-
BBIC OpraHW3allMOHHBEIE (DOPMBI W TEXHONOrmYeckue mporecckl BUJ[ mis
obecrieueHmst (IOTa 3aITaCHBIME YacTSIMHA COOTBETCTBYIOIIETO KadecTBa. B
paboTe IpeCTaBICHbI HEKOTOPBIE PE3yabTaThl UCCICIOBAHHUI U UX TCOPETH-
yeckoe 0000IIEeHuE.

AHaM3 TOKa3al, 4TO ISl PEIICHHS MPOOIEeMbI MOBBIMICHUS Y(PPEKTHB-
HOCTH HCIIOJIb30BaHUA HeTaﬂeﬁ, YBCIIMYCHUA UX 3KCHHyaTaL[I/IOHHOf/‘I HaaexK-
HOCTH ITyTeM BOCCTAHOBJICHUS U YIPOYHEHHS LeJIecO00pa3HO MCIIOIb30BATh
CHCTEMHBIA IOIXOM, a B KAa4eCTBE TIIABHOH IENH HCCICAOBAHHS IPUHSATDH
pa3paboTKy CHCTEMBbI, ONTUMH3ALMs COCTABIISIOIINX KOTOPOIl oOecreunBaa
ObI TIPU BBIICICHHBIX PECypcax MONTyYeHHE MAaKCHMAaIbHOTO 00beMa BOCCTa-
HOBJICHHBIX JICTAJICH ¢ HANOOJBIINM TEXHUKO-IKOHOMUYECKIM d(PPEKTOM.
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A5t mocTiskeHns yKa3aHHOH ey He0OX0AUMO PEIINTh PSII CIISTYIOITIX
OCHOBHBIX U YaCTHBIX 3a7ad.

1. Pa3paboTaTe METOJONOTUI0 CUCTEMHOIO MOAXO0JA K BOCCTAHOBIICHHIO
U3HOLICHHBIX JeTanel, BKIIOYAOUIYI0 (OPMYIHUPOBKY CUCTEMBI, OIpesele-
HHUE e CTPYKTYPHOU CXeMbI M IPHHINIOB (PYHKIMOHUPOBAHHUS, pa3paboTKy
MaTeMaTH4YECKOI MoJemnu.

2. BeiOpate Mozienu U pa3paboTaTh Ha UX OCHOBE COOTBETCTBYIOIINE Me-
TOJBI ONITHMU3AIIIH OPTaHU3AIIMOHHEIX (OPM KaK TapaMeTpPOB CHCTEMEL.

3. BriOpaTh MoJenu 1 pa3paboTaTth Ha HX OCHOBE COOTBETCTBYIOIIHE Me-
TOJbl OLICHKH, BBIOOpA U ONTUMU3AIMU CIIOCO0a BOCCTAHOBJICHUS Kak Mapa-
MeTpa CUCTEMBIL.

4. Pa3paboTaTh KOMIUIEKC B3aWMOCBSI3aHHOH HOPMATHBHO-TCXHHUYECKOM
JOKYMEHTALIUU U TEXHOJIOTHYECKHE TMPOLIECChl BOCCTAHOBICHUS M YIIPOYHE-
HUS AeTayeil A co3maHus W (PYHKIHOHHUPOBAHUS COOTBETCTBYIOIUICH CHC-
TEMEI.

Pewenue nepeoit 3a0auu IPOBOAMWIOCH Ha OCHOBE aHAIN3a CYLIECTBYIO-
IIUX OPraHU3AIOHHO-TEXHUYECKUX U IMPOU3BOACTBEHHBIX CUCTEM. B pesyinsb-
tate BU/| CTC copmynupoBaHo kKak cucTeMa ITPH OTPaHHYCHHBIX pecypcax,
MIPE/ICTABIIAIOIIAS COOOH COBOKYIHOCTh B3aMMOCBSI3aHHBIX OpraHM3AI[MOHHO-
TEXHUYECKUX U TEXHOJOTMYECKUX MEPONPUSTUH U CPEACTB, HEOOXOIUMBIX U
JIOCTATOYHBIX IIPU BBINENCHHBIX pecypcax Ui JOCTIDKSHUS TIaBHOU IIeNTN
CHCTEMBI: TIOJTYYCHHS MaKCHMAaJbHOTO 00beMa BOCCTAHOBJIECHHBIX IETalleld C
HaMOOJIBIIUM TEXHUKO-IKOHOMHYECKUM 3(dexToM. B ocHOBY BIOOpa AeiicT-
BUH IS JOCTIDKEHUS TJIABHOU LIENT CHCTEMBI TTOJIOKEHBI METOIOJIOTHIECKIE
MPUHIHUIEL [IEeIeCO00Pa3HOCTh, MPEEMCTBEHHOCTD, IMPEIIIOYTUTEIFHOCTD H
MO3TAIIHOCTb, a MTapaMeTPaMH CHCTEMBI ONIPEEICHb: HOMEHKIIATypa JeTalleH,
crioco6 BoccTaHoBiIeHus U crienuanmmsanust CP3.

Ucxons W3 ompemencHUs] CUCTEMBI, a TaKXKe YUIHTHIBas HEOIpEIeIICH-
HOCTh CBSI3ell MEXAY €€ COCTABISIOIMMM, pa3paboTaHa COOTBETCTBYIOIIAS
CTPYKTypHas CXeMa.

PasBuTHE cHCTEMBI Ha OCHOBE YKa3aHHBIX MTPUHIIUIIOB OCYIIECTBIISCTCS B
OTIpeJIeNICHHOM (Da30BOM IIPOCTPAHCTBE, XApPaKTCPHU3YIOIIEMCSI COOTBETCT-
BYIOIIMM (pa30BBIM BeKTOpoM cocTosiaust Vs(t), KOTOpbIil 3a7aeTcsi MHOXKECT-

BOM BEKTOPOB COCTaBJISIOIINX UM MapaMeTpoB cucteMsl V(1) , T.e.
Vs®) = Vi) .

roe K =i, j, I, W, ...— COOTBETCTBEHHO HOMEHKJATypa JeTallci, CIIoCOObI
BoccTaHoBIIeHMs, crieruainsanus CP3, pecypchl U T.11.

I/I3MeHeHI/Ie COCTOSAHHUA CHCTEMBbI, BBI3BIBAEMOC KakK BHyTpeHHI/IMI/I cc
CBOMCTBaMU, TaK U B3aUMOJICHCTBUEM C OKPYKAaIOLIEH Cpenoi, onpeenseT-
sl I3MEHEHHEM BO BpeMeHH (ha30BOr0 BEKTOPA COCTOSHHUS, T.€.
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dv, t
— =V, Vt =V VLV VY, 1)
dt

VYpasuenne (1) npeacrariser coboit 0000IIEHHOE YpaBHEHHE PA3BUTHS
CHCTeMBbI B BeKTOpHOi# (opme, a dynkuuu Vi(t), Vj(t) u T.0. — cootBerct-
BYIOIINME NOTEHIIHATIBL.

MoXHO moJarath, 9YT0 BCSIKOE M3MEHEHUE COCTOSHHS BBHI3BIBACTCS M3ME-
HEHHEM TOTEHIIMAIBHON SHEPTUH, 3aJI0’KEHHON B cucteme. Benmmunna 3toit
SHEPrUH MOXKET CIYXKHUTb MEPOH, T.e. MOTEHIIMAIOM CUCTEMBI, a €€ U3MEeHe-
HHE BO BPEMEHH — (PYHKIHEH COCTOSHHS IapaMeTpOB HIIM MX ITOTEHIIHA-
noM. Ha ocHOBaHHMHM 3TOTO NOTEHIHAIBI CUCTEMBI M €€ MapaMeTpoB, Ipea-
CTaBJISIIOIIUE COOON COOTBETCTBYIOIINE Oe3pa3MepHBIC YUCIIA, IPUHSITHI B Ka-
yecTBe OIeHKH 3((HEeKTUBHOCTH (DYHKIIMOHUPOBAHUSA CUCTEMBI M ONpezene-
HUS HallpaBJIeHUS ee pa3BuTus. ClemoBaTeNbHO, IS TOCTIDKEHUS TTIaBHOM
LIeIH CHCTEMBl HEOOXOAMMa MaKCUMHU3allUsl 3HAYCHHU MMOTEHLMAJIOB ee Ma-
pameTtpoB. [Ipu 3TOM B KaxIIblii IEPUOJ BPEMEHHU OHA JO0JKHA MPOXOJIUTH 110
AKCTPEMAJIH B COOTBETCTBHH C HX MAaTEeMaTHIECKUMH MOJICIISIMH.

Takxum o6pazom, pyaknmonnpoBanue cucremsl BUJ] CTC onpenensiercs
MPeJIOKEHHBIMUA TIPUHIUIIAMHY, a COCTOSIHHE W 3(PPEeKTUBHOCTH — €€ Mo-
TEHIIHAIOM ¥ MOTCHIHATAMH ITapaMeTpPOB, MAaKCUMU3AIWS 3HAUYECHUH KOTO-
PBIX OOecreurnBaeT IPH BBIIEIEHHBIX pecypcax MOCTIDKCHHE TIaBHOM NN
CUCTEMBI.

B ciyuae mpuHATHS MEXIy 00HEMOM BOCCTAHOBJIICHUS M IIPOU3BOICT-
BEHHBIMH 3aTpaTaMy JIMHEWHON 3aBHCHMOCTH, KaK 3TO 4acTO JAeiaeTcs B
MNPOMBINUICHHOCTH, O Y€M CBUACTCILCTBYCT U HpOBeJIeHHLIﬁ HaMH aHaJIu3
9KOHOMHKO-MaTEMaTUYECKIX MOJIeNiel, B KaueCTBe MaTeMaTH4eCKON MOIeTT!
CHCTEMBI TIPEUIOKEeHA TIeTieBast (GYHKIHS, COPMYIHpPOBaHHAs B BHIE 3aa-
YM JIMHEHHOrO MPOrpaMMHUpPOBAHUS C OIpaHMYCHUSIMH 1O pecypcam [3]. B
9TOM CIIydae, ONpeIeNTUB BUIbI PECYPCOB M HAMPAaBICHHUS UX ONTHMU3AIINH,
3¢ (HEeKTUBHOCTh (PYHKIIMOHUPOBAHUS CUCTEMBI OYET ONMPENeNsIThCs 10 KO-
HOMHKO-MaTEMaTUIECKON MOJEIIH.

Pewenue emopoit 3a0auu OTHOCUIIOCH K BRIOOpY Mojienel u pa3paboTke Ha
UX OCHOBE COOTBETCTBYIOIINX METOJOB ONTHMH3AINH HOMEHKJIATYPHI JeTaneit
ULl BOCCTAHOBJIEHUS U cnienmanu3aiuy CP3 kak mapamMeTpoB CUCTEMBI.

Br16op onTUMansHOW HOMEHKIIATYpPHI JieTalieil, COOTBETCTBYIOIICH Mak-
CUMaJIbHOMY 3HAYEHHIO €€ MOTEeHIIMaja, MPOBOAMICA KaK C YYETOM THUIIOB
CTC u ux Mapok, TaKk U HEMOCPEICTBEHHO AJIS BCEro MaccuBa jaeraieil. B
MEPBOM ClTy4ae 3a/iadya peliajiach Ha OCHOBE TEOPUH MOJIE3HOCTH U TIPUHSATHS
peUIeHN, BKITIOYAIOIIECH MpeIBapUTENbHBIA U CTPYKTYPHBII aHAIW3bI Tapa-
MeTpa, aHaJIU3 ero HeOMPeJeIEHHOCTH U MOJIE3HOCTH U MPOLEAYPY ONTUMHU-
3aruu. OmpenenuB TakuM 00pa3oM 3HA4YCeHHUsT (GYHKIMHU TOJIE3HOCTH KaxXJ10-
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ro tuna CTC u ux neraneil, oHM MPOPAHKUPOBAHBI B MOPSIAKE MPEANOUTE-
Husa. Mapku CTC paHXHpOBaJIUCh 110 KPUTEPHUSIM MAaCCOBOCTH M MOIITHOCTH,
B pe3ynbTaTe 4ero OIpefiesieHa 30Ha MX LEHTPAIM30BAHHOIO BOCCTaHOBIIE-
HUS 10 KakaoMy kputeputo [3]. s BTOporo ciydasi, He3aBUCUMO OT THUIIOB
CTC u ux mapok, 3(GeKTHBHOCT OT BOCCTaHOBIEHUs I-i metann (Jgi)
MpeJicTaBlieHa KaK (yHKLIHUS OT ee MmoKazaTesei

3gi = f(Ci, M;, Ri, ni, Nj),

rae Ci, Mi, Ri — COOTBETCTBEHHO CTOMMOCTB, Macca U HOpMa pacxojia HOBOM
netany; Ni, Ni — KOJWYeCTBO LMIUHIPOB U CPEIHsS LUIUHIPOBAsS MOII-
HOCTB JIBUTATElls, HA KOTOPBIA YCTaHOBJICHA JIETAlb.

Ha ocHoBe aHanm3a CyIIHOCTH TOKa3aTeNei, a Takke CYLIECTBYIOLIUX
MaTeMaTU4YecKUX Mojnejeld M METOAMK HMX BbIOOpa, B KauecTBE IENIEBOM
(yHKIIMH B KPUTEPUAILHOM BHUC MPHHATA CPEAHETCOMETPUIECKAst BEITHYH-
Ha YKa3aHHBIX TIOKa3aTesel ¢ y4eTOM UX Beca, T.€.

Dgi =
rae Dgi — noTeniman i 000OIICHHBIH MOKa3aTens I-ii aeranu B 6e3pas-
MEPHOM BHjE; N — YHCIO TOKa3aTeliel; Aj — MKATUPYIOUHMHA KO3hPHIH-
SHT, YYUTHIBAIOIIUI BeC J-ro mokasarens; Ogij — Oe3pa3MepHOe 4KCiIo, Xa-

pakTepusylollee j-i mokaszatesp i-il [etanu, onpeaenseMoe o hopmysie

Y.
dy; =e " ;

Y;j — Oe3pasmepHas BENMYMHA MOKA3ATENs JETalM, JIMHEHHO CBA3aHHAs C
COOTBETCTBYIOLIMM HATYPAJbHBIM Y/, ONpEAeNseMas no crueayromei ¢op-

mye [4]:

" _ 3 2yij - (yJ max T 01 8y] min) .
! yj max 01 8y] min

IMocne ompenenenus dgij onpenensiercst Dy, KOTOpOe W SBISETCSA YacT-
HBIM ITIOTEHLIAJIOM WM O00OIIEHHBIM [IOKA3aTeNIEM I-1 1eTalln.

Takum 00pa3oM, MpUBEACHHAS MOJIENb MO3BOJIMIIA OTPEACTUTh YUCICH-
HBIC 3HAYCHUS ITOTCHIIMAIOB Ka)KIOW NETald W OICHHUTH €€ 3HAYUMOCTDH C
Y4EeTOM BECOMOCTH KaXJOT0o (haKTOpa: CTOMMOCTH HOBOM JICTallH, €€ MacChl,
rojoBoit morpedHocTH 1 3HaunMoctH CTC, Ha KOTOpBI OHA yCTaHABIUBA-
ercst. CymMMUpysl 3HAUECHHSI TIOTEHIIUAIOB JIETAICH B TIOPSIKE MPEATIOYTEHUS,
OTIPEJIENSIIACH IS BBIJIEIICHHBIX PECYPCOB ONTHUMabHAas HOMEHKIIATypa Je-
TaJIEW 11 BOCCTAHOBIIEHUS.
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st onpenenenust HoMeHKIaTypsl Aetanen ¢ yaerom tuna CTC u ux ma-
POK MOXHO HCIIONB30BAaTh CIWHYI0 MOZETb, CHOPMYITHPOBAHHYIO B BHIC
3a/1a4M JIMHEHHOTO IPOTPaMMHUPOBAHUS

IIpY OTPaHUYECHUSIX

M:
M=
<
AN
_El)
M:
NgE
O
X
A
>

Il
[N
lj
=N
Il
iy
I
5N

rae Cij — cToMMOCTh BOCCTAaHOBIICHUS i-if netanu Ha j-m CP3; rij — cpenHe-
CTaTUCTUYECKUI pecypce i-if neTany, BoccTaHOBIECHHOH Ha j-M CP3; Xjj— Kko-
JIMYECTBO BOCCTAHABIMBAEMBIX AeTaieil; Pix — CTOMMOCTh JOCTaBKH H3HO-
IIEHHOM aeTann K-TOro mapoxojcCTBa; i — KOJIMYECTBO M3HOIIEHHBIX IeTa-
Jiel, HaKOIJICHHBIX MapoxojcTBaMu; Aj — cpencTBa, BoeinenseMmbie CP3 Ha
BOCCTaHOBJICHHE; Bij — MakcHManbHO 1ielecooOpa3Has CTOMMOCTh BOCCTa-
HOBJICHUS; [0 — MHUHHUMAJIBHO JOMYCTUMBIA pecypc. DTa MOJENb MOXKET
CIIY’)KUTh B Ka4ecTBe LIeJIeBON (PYHKINHU MOACUCTEMBI AJIS TONTyYEHUS KOJH-
YECTBEHHOTO ITOKAa3aTeNs IeJIecO00Pa3sHOCTH BOCCTAHOBJICHUS JFO00H iera-
U U YIyYIIUTh TUTAHUPOBAaHHE 3a CUET WCIOJIB30BAHUS IEJIOUYHCICHHOTO
JIMHEMHOTO IPOrpaMMUPOBaHHUS.

Onrumuzanus cnermanm3anuu CP3 npoBoannack Ha OCHOBE TEOPHH TI0-
JIE3HOCTH WM TPUHATHS PEIICHUH 110 aHAJOTHH C BEIOOPOM ONTHMABLHOW HO-
MEHKJIaTyphl Jetajeid. [Ipu 3ToM BHavane onpeAensics YPOBEHb IICHTpallu-
3aIliH, a 3aTeM IIeJIeCO00Pa3HOCTh 3aKperuieHus AeTanel 3a kaxasiMm CP3 ¢
pa3paboTKON COOTBETCTBYIOIIUX CTPYKTYPHBIX CXEM PEIICHHUsS 3THX 3a1a4. B
KauecTBe MOTEHIIMAa ATOTO MapaMeTpa CUCTEMbI MPUHATO OTHOIIEHUE 00b-
eMa IIEHTPAJIN30BaHHO BOCCTAHOBIICHHBIX JICTAJICH K 00IIeMy.

I onpenerienyst (oHIa U3HOMICHHBIX JeTallei, HEOOXOMIUMOTo IS TUIa-
HUPOBaHUS 00BEMOB MPOM3BOJICTBA, OIMPEICISIICS COOTBETCTBYIOMIUN KOI(-
(HULMEHT, XapaKTCPU3YIOIUHA U3 Yicia Je(eKTyeMbIX AeTajeil JOJII0 TOHBIX
JUTS BOCCTAHOBJICHUS. 3a YHCIICHHOE 3HaUYeHHEe 3TOro ko3 uUIMeHTa mpuHsTa
COOTBETCTBYIOIAsI BEPOSATHOCTH COOBITHI, OTIpeNieieHre KOTOPOi MPOr3BOIHU-
JIOCh M3 YCJIOBUS PacIpeIeTICHHs] OTKa30B TI0 HOPMaJIbHOMY 3aKOHY.

Takum 00pa3oM, COBOKYITHOCTh MPEAJIOKEHHBIX MOJIeTIE 1 pa3paboTaH-
HBIX Ha MX OCHOBE METOJIOB ONTHMH3AIMK OPraHU3allMOHHBIX (OpM Tpen-
CTaBJIACT COOOM COOTBETCTBYIOIIYIO MOJCUCTEMY, OOECIICUUBAIONIYIO TOJTY-
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YCHUE U MOJACPKaHNe MAKCHMAIFHOTO 3HaUCHHS ITOTCHIINAJIOB €€ apaMeT-
POB AJIs1 TOCTYIKEHUS TIaBHOMN IIETH CHCTEMEL.

Pewenue mpemueii 3a0auu BBHIIOIHIIOCH 110 aHAJIOTUH C OJHOM M3 Xa-
PaKTepHBIX 3aJa4 CHUCTEMHOIO MOAXO0Ha — 3aJadd «4depHoro suuka». [Ipu
3TOM Ka)XIIOMy Ha0Opy YpOBHEH BXOJOB CHCTEMBI OTBEYAIOT OIpE/ICICHHEIE
3HAY€HHsI BBIXOJIOB, KOTOPhIE Yepe3 COOTBETCTBYIOLINE MOTEHIIHAIBI OLIEHH-
BaIOT YPOBEHb CPABHUBAEMBIX CIIOCOOOB BOCCTAHOBJICHHUS.

Ha ocHoBanmm aHanmsa CyHOIHOCTH ITOKa3aTeseil crocoba BOCCTaHOBIIE-
HUSI, MaTeMaTHYECKUX MOJEIEH U METOIUK €ro OLEHKH U BEIOOpa st ompe-
JIeJIeHUs] yKa3aHHBIX MOTEHIMAJIOB, 110 aHAJIOTUHU C BHIOOPOM HOMEHKJIATYPHI
JeTaneil, IpUHsITa CIeIyonas 3aBUCHMOCTb!

r1e Desj, Desjk, esjik — Oe3pazmepHbie umcna (TOTEHIUANbI), OLCHUBAIOIIIE
COOTBETCTBEHHO j-ii CIT0CO0 IO BCEM IIOKa3aTesiM C YYETOM MX Beca, j-if
crmocob 1Mo KOMITIEKCY MmoKaszaTeneit u i-if mokasarenb j-ro cmocoda BoccTa-
HOBJICHHS; N, Nk — KOJIMYECTBO COOTBETCTBEHHO BCEX IOKa3aTeNneil U B KOM-
TUIeKCe, 3HaYeHUs KOTOPhIX B HEM HE OTNIMYaloTcs Oonee yem Ha 10 % wmmu
CBsI3aHBI OOIIHOCTBIO NPU3HAKOB; Ai — INKATHPYIOIMKI K03(hDHUIMEHT, yIu-
TBIBAIOIHI BEC i-T0O MOKa3aTes.

OTa MOJeNb MO3BOJIMIA HE TOJILKO OLIEHUTh CIIOCO0 BOCCTAHOBJICHHUS KaK
rapameTp CHCTEMBI, HO ¥ HarJIsTHO [T0Ka3aTh, KAKOW U3 MoKa3aresiel WM KO-
3 PUIIEHTOB, C YIETOM UX 3HAYUMOCTH, SBJISCTCS MUHIMAIBHBIM U CHIDKAET
MIOTEHIIHAI CTIOCc00a, YKa3hIBasi TEM CaMbIM HAIIPABIICHUE €T0 MaKCHMHU3AIINH.

IIpy HanuuuM CTATUCTUYECKH IOCTOBEPHOM TEXHHKO-IKOHOMHUYECKOU
WHpOPMAINH, HE3HAYNTEIFHOM BIHMSHUM KAaueCTBEHHBIX ITOKa3aTeled Ha
BEIOOp crioco0a BOCCTAHOBIICHUSI MOKHO HCIOJIB30BaTh IENEBYIO (DYHKIIHIO,
chOpMYJIMPOBAHHYIO B BUJIC 3329l TUHEHHOTO IIPOTPaMMHUPOBAHHMS

>

1 j=1 k=

¢]
i=

G Xjj = min
1
IpH OTPpaHUYCHUAX

n [¢]
z; uijkxij 2 Py, ZZ hjs X < by
j=

n
i=1j-1
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X; =20,
rae Cijk, ik — cebecTonMoCTh BOCCTAHOBJICHHS U IieHa K-ro HAaMMEeHOBaHHS
JieTasiei TIPH UCIOJIb30BAHUU j-i TEXHOJOTHH I-T0 MPeAnpusiTus; Xij — KO-
JMYECTBO BOCCTAHOBIICHHBIX AeTaleil; Pik — mpuObLIb, IOTydeHHAsT OT BOC-
CTAHOBIICHUS JeTaneil; bijs — HOpMa mOTpeOJieHUs! S-TO BHAa pecypca Ha
BOCCTAaHOBJICHHE OJTHOH AeTain; Ds — KOJIMUeCTBO BBIICICHHBIX PECYPCOB.

Uccnenosanusamu onpeneseH psaa KaueCTBEHHBIX U KOJUYECTBEHHBIX I10-
KazaTeneil crnoco0a BOCCTAHOBJIEHUS U COOTBETCTBYIOLINE 3aBUCUMOCTH IS
OTIPEJICICHNs] X YWCIICHHBIX 3HadeHHWi. [lepeBoa HaATypallbHBIX 3HAYCHHU
mokasaresieii B Oe3pasMepHBIE YMClia MOXKHO IIPOM3BOAWUTEH T'PahUIECKUM
WM aHATUTHYECKUM IyTeM. JlJisi 5TOro MOCTpOEHbI COOTBETCTBYIOIIKE HO-
MOTPaMMBbI U TIOJTYYEeHbI aHAJTUTUYECKHE 3aBUCUMOCTH [3].

Cpenn MHOTOYHCIICHHBIX MOKa3aTellel, XapaKTepu3yIoIuX crocod Boc-
CTaHOBJICHHUS, HAUOOJIBIIHIA BeC UMeeT KOX(PUIIMEHT JOJATOBEYHOCTH, OTpe-
JIeJIIeMBI OTHOIIIEHUEM JIOJITOBEYHOCTH BOCCTAHOBJICHHOM JeTald K HOBOH.
[MoaTromy npruMeHeHHE METOJNOB YHIPOUHEHUS, YBEIMYMBAIOIIHUX JI0JIFOBEY-
HOCTb BOCCTAHOBJIGHHOW JIETalH, SIBJIAETCS OJHUM U3 Hambosee >p¢eKTuB-
HBIX MyTe MaKCUMU3alluH MOTEHIIMANIa CII0c00a BOCCTAHOBIICHUSI.

s BHEIPEHUs] METOIOB YIIPOYHEHUS B TIPOU3BOACTBO HEOOXOINUMO BBI-
MIOJIHEHUE ONPENETICHHBIX MCCIIeI0BaHUNM COOTBETCTBYIOILEH CTpaTeruy WK
MOJICIM YIIPABJICHUSI KAa4eCTBOM YIMPOYHEHHOTO CJIOS. DTH HCCIEeIOBaHUA
BBIIIOJIHEHbl HaMHU [UIsl METOJa IOBEPXHOCTHOIO YIPOYHEHHUS TPEHUEM
(ITYT), umeromero HanOGONBIIYIO 3 (HEKTHBHOCTS.

Hcnonb3yst METOAbI MaTeMaTHYECKOTO TJIAHUPOBAHHUS SKCIIEPUMEHTa, TI0-
Jy4eHbl MaTEMaTHIECKUE MOACIH TSl ONTUMH3AINN TIyOHHEI YIPOYHECHHOTO
CIIOSI M IEPOXOBATOCTH 0OPa0OTaHHOW ITOBEPXHOCTH, KOTOPHIE B COBOKYITHO-
CTH C IPYTMMH TOJYYEHHBIMH 3aKOHOMEPHOCTSIMH MPEACTABISIOT CO00H Teo-
PETUYECKYIO TIPEATNOCHIIKY MPUMEHEHUSI METOIOB YITPOUHEHHUS JII MAKCUMH-
3aIi{ IOTEHIINAJIOB COOTBETCTBYIOIINX CIIOCOOOB BOCCTAHOBIICHHUS JeTaICH.

Takum 06pa3oM, COBOKYITHOCTh MPEAJIOAKEHHBIX MOJIeTIe 1 pa3paboTaH-
HBIX Ha UX OCHOBE METOJIOB OIICHKH, BHIOOpA W ONTHUMM3AIIUU CIIOcCO0a BOC-
CTaHOBJICHUSI MPEICTABIICT COOOH COOTBETCTBYIOIIYIO METOIOJIOTHIO, 0Oec-
MEYHMBAOLIYIO MOJyYeHHE U MOAJEPKAHUE er0 MaKCUMaJIbHOTO MOTEHIHAaa
JUTSL IOCTMDKEHUS TIIABHOM 1IEJTH CUCTEMBI.

Pewenue uemegepmoil 3ad0auu TPOBOJUIOCH HA OCHOBE HAy4HBIX pe-
3yIBTaTOB M MX OOOOIICHUH, IMONyICHHBIX TP PEIICHUU MPEIBIIYIINX 3a-
nad. B pesynbpTare 3TOro omnpeneneH KOMIUIEKC B3aUMOCBSI3aHHOM OpraHu3a-
OUOHHO-TEXHUYECKON U TEXHOJIOTHYECKOM TOKYMEHTALNH, pa3paboTaHHOI B
BuAe pykoBomsmmx mokymMentoB (PJl), oGecneumBarommx 3dGheKTHBHOE
¢yHKIMOHNpOoBaHue cucteMbl BI/I py BRIIETICHHBIX pecypcax.
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Ha ocHOBaHNM BBHITOJTHEHHBIX MCCIIEIOBAHUM M UX aHAJIM3a MOXHO CIE-
JIaTh CIICIYIOINE BBIBOIBL.

1. Pemenne otpacneBoil mpoGiemsl nossimeHus s¢dexrnsHocTn BUJ]
CTC kak cucTeMbl IpH OTPAaHUYCHHBIX Pecypcax B YCIOBHUSIX IKCIUTyaTalu-
OHHOT'O BEJOMCTBA SBIACTCS 3(PPEKTUBHBIM U TEPCIICKTHBHBIM.

2. COBOKYITHOCTh HAy4YHBIX TOJOXKEHUH U pe3yabTaToB, MOJYYEHHBIX Ha
OCHOBE BBITIOJIHEHHBIX MCCIIEIOBaHUH, B TOCTATOYHON Mepe OTpaXKaeT OCHOB-
Hble 3akoHoMepHocTH pa3BuTus BUJ] CTC kak cucteMbl Ipy OrpaHUYEHHBIX
pecypcax u IpeacTaBiseT cO00H OCHOBBI COOTBETCTBYIOIICH TEOPHH.

3. OCHOBHBIMH HOBBIMH HAayYHBIMH pE3yJdbTaTaMH pa3paOOTaHHOH Teo-
PHH SBIISIOTCS:

" CTPYKTypa, MaTeMaTH4ecKass MOIENb W NPHHLIUIE (HyHKIHOHHPOBA-

HUS CHCTEMBI IPU OTPaHUYEHHBIX PECYpCax;

"  MOJIENIM OLIEHKU U ONTUMH3AINHN 3P PEKTUBHOCTH IIapaMETPOB CHCTEMBI;

" MOJENb YIpPaBICHUSI KAYeCTBOM YIIPOYHEHHOTO CIOSI.

4. Kommeke B3ammocBszanHor HTJl mo opraHmzannm ¥ TEXHOJIOTHH
BUJI CTC, pa3zpaboTaHHBIX Ha OCHOBE MPEIJIOKEHHON TeOpUH, IpeACTaBIs-
€T co00if COOTBETCTBYIOIIYIO CHCTEMY, 00ECIICUHBAIOITYIO IIPH BBIICICHHBIX
pecypcax IOCTIKEHHE €€ TTIaBHOM IIeITH.

5. Tlpennaraemasi Teopus MO3BOJISIET pa3pabaThiBaTh (COBEPIICHCTBO-
Bath) cucteMbl BUJI CTC kak i1 OTAETBHOM CYyJ0X0MHON KOMIAHUH, TaK U
orpaciu B nenoM. [t aroit menmu 8 OHMA umeercs HeoOXOAUMBIA HHCT-
pPYMEHTapuii U COOTBETCTBYIOIIHE KaphI.
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[Tucknor B.T., Komues W./1.
OHMA

MOAEJIb T’MAPOCUCTEMbI MUTAHWUA NOMACTHOIO NPUBOLAA
BETPOIMPEOBPASYIOLLINX YCTPOUCTB CYI0B C BETPOABMXEHNEM

B paborte [1] 66111 060CHOBaHbBI TPEOOBAHUS K MPUBOIY yCTpoOiicTBa MO-
Bopota (YII) xomruIekca MadyTa-mapyc CyAOB CO BCIOMOTATEIILHOW BETpPO-
SHEPTEeTUYECKON YCTAHOBKOM.

Kak moxa3an aHanu3, BECOBbIE U TrabapUTHBIC IOKA3aTENIU JIOMACTHOTO
MPUBOAA, a TaKKe NMPOTHKEHHOCTh BHYTPEHHHX 33a30pOB (IIEIEBBIE 3a30pHl,
gepe3 KOTOophle padodvasi )KUAKOCTh IMPOHHUKACT W3 HAMIOPHBIX MTOJIOCTEH IMpH-
BOJIa BO BCACBIBAIOIIME) CYIIECTBEHHO 3aBHUCAT OT COOTHOIIECHMS BBICOTHI U
IIUPHHEI JIoriacTu H/B; pabodero mepenana NaBIeHUH U KPYTSIIETO MOMEHTA
npuBona (puc. 1). Tlokazatenem 3pPEKTUBHOCTH NMPHBOAA B DKCILTyaTAITUH
CITYKUT OOLIMI K.II.J., OTIpeessieMblil Kak Mpou3BeieHIe 00bEMHOTO U MeXa-
HHYECKOTO K.ILJ. MexaHudeckuif K.JIIJA. JAaHHBIX [PUBOJOB BBICOK:
0,96...0,98, uT0 OOBSACHSIETCS OTCYTCTBHEM CIIOXKHBIX IIAPHUPHO-CKOJIB3AIINX
COCIMHEHMH, KaK y APYTUX THUAPOJBUraTeNe, a caM poTop JIOMACTHOTO MpHU-
BOJIa paboTaeT B yCIOBUSAX OOMIBHON CMa3KH IO IaBJICHUEM, YTO MpaKTHie-
CKH UCKITFOYaeT BO3MOKHOCTB ITOTYCYXOTO WIIH CyXOTO TPEHUSL.
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Puc. 1. Cxembl pacnpoCTpaHEHHBIX KOHCTPYKLHMH JIOMACTHOTO TPHUBOAA Pa3IHYHBIX
¢upm: I — POI' — OBUMY; I — FRYDENBO (Hopgerus); 11l — AEG (I'epmanus)
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Bcé aT0 mo3BoMsieT caenaTh BBIBOX O LIENECOOO0Pa3HOCTH NPUMEHEHUS
JIOTIACTHOTO THAPONIPUBOJA B cucTeMax ynpasieHus YII kommiekca mayra-
Hapyc Cy0B C BETPOJBIKCHUEM.

JlonacTHOH ruapaBIMYEeCKUl NMPUBOA, 001ajasi BHYTPEHHUMHU IIepeTed-
KaMu pabodedl KUIKOCTH, WMeeT IBe BakHbIC ocoOenHocTH. [lepBas —
neMrnQrpoBaHHe BHEIIHHX AMHAMHYECKUX HArpy30K Ha HPHBOJ, 00YyCIIOB-
JICHHBIX MOPBIBAMH BETpa U Maccoil BeTpoaBmkutesns (BJI) B ycloBusx kad-
KM CyIHA, IPEJOXpaHsIOIee IPUBOA OT paszpymeHus. Bropas oco6eHHOCTD
3aKJII0YaeTCA B TOM, YTO POTOP JIONACTHOIO MPUBOJA MO AeHiCTBUEM BHEI-
HUX JUHAMHUYECKHX Harpy3ok '"croizaer" ¢ 3aJJaHHOTO TMOJIOKEHUS, YyTo Oy-
JIET CKa3bIBaThCs Ha TouHOCTH ympasneHus BJl. [TosToMy Bo3HHMKaeT HEOO-
XOJUMOCTh Pa3pabdOTKA METOIUKU pacdera yrioB "croi3aHus" B 3aBUCHMO-
CTH OT BeTpOoBOil Harpy3ku Ha B/I, a Takxe TpeOOBaHUMH K CHCTEME yrpaBJie-
HUS IOBOPOTOM MadThL. JIJIs 3TOr0 HEOOXOANMO 3HATh: XapaKTEPUCTHKH Ca-
MOT0 TIPUBOJIA; XapaKTEPUCTHKH CUCTEMEI IINTAHUs (Hacoca U OOpaTHOM CBSI-
3M); 3aKOH M3MEHEHMs BHEUIHEH NMHAMUYeCKOW Harpy3ku Ha mpusopn YII
KOMIIJIEKCAa MayTa-Tapyc, onpeessieMblii H3MEHEHHEM CyMMapHOI0 MOMEH-
Ta CONPOTHUBJICHUS M5 BO BPEMEHH.

OOBeMHBIH K.II.A. JIOACTHOTO IPUBOAA SIBISETCS OJHOM M3 BaKHEHUIINX
XapaKTepPUCTUK, TaK KaK €ro BeJIMYMHA ONpeAessieT He TOJIbKO 3KOHOMMY-
HOCTB IIPHBOJIA B AKCILTyaTallli, HO U ero pabotocmocoOHocTh ("'cron3anue”
poTOpa NPUBOAA C 33JaHHOTO MOJOXKEHUs). MeTox NpeaBapUTENbHON OIeH-
K 00BEMHOT0 K.IL.J. PYJIEBBIX JIOMACTHBIX MIPUBOJIOB, pa3pabOTaHHEIH 1.T.H.,
mpo¢d. B.B. 3aBuieii, mo3BosiseT pacCyUTaTh K.IL.J. TPUBOJIA B 3aBUCHIMOCTH
OT BEJINYMHBI MOHTXXHBIX 3a30POB, BSI3KOCTH M JaBJICHUS pabodeit >KUIKO-
CTH, a TaKKe TEOMETPHUCCKHX pasMEpOB NPUBOJAA. YKa3aHHBIH METO] B
JaJbHEHIIeM ObUT yTOYHEeH J.T.H. nmpod. B.M. XapuHbIM ¢ y4ETOM BIUSHUS
Ha BEJIMYHHY OOBEMHOTO K.IIJ. TAKUX (PAKTOPOB, KaK COOTHOILICHHE OCHOB-
HBIX pa3MepoB IPHUBOJA M BO3MOXHBIC HM3MEHEHUS BHYTPCHHUX 3a30DOB
MpUBOJIa B pe3ynbTare AeOpMalU €ro dJIEMEHTOB, HMEIOIIUX MECTO IPU
MOBBIIICHHBIX JABIEHUSIX paboueit skuakocT [2]. C uenbio BBISIBICHUS IPHU-
YHH, CBSI3aHHBIX CO "CIIO3aHHEM" POTOpa NPUBOJA, U MyTeH UX YCTPaHEHHUS
Obuta 00OCHOBaHAa MOIENh THUAPOCHCTEMBI IHUTAHWS TPHBOAA BO BPEMS
"cnon3anusa" M BoccraHoBieHUs B/ Ha BenMuMHY, COOTBETCTBYIOLIYIO OII-
TUMAJIFHOMY 3HAYCHHUIO YIJIa aTakK{ €ro K HaIllPaBICHUIO BETPOBOTO MOTOKA.
Mognens BKIrovaeT B cebs JBa Hacoca (puc. 2): oquH H,y — umeer noaauy,
COOTBETCTBYIOLIYIO 3aKOHY U3MEHEHHs BO BPEMEHU BHYTPEHHHX yTEUeK pa-
004eif )KUKOCTH B JIONIACTHOM TIPUBOJIE, KOTOpast cosnaet "cron3zanue” B/I;
apyroii H, — siBnstercs pabouum HacocoM ¢ oOpaTHOil cBssblo. Cronsaro-
it potop (BJI) ¢ nomomsio 06paTHOl cBA3M BKiIoyaeT pabounit Hacoc H,
CHCTEMEI INTaHKsA NPUBOJA, U BJ ¢ yrmoBoli CKOPOCTEIO (&, BO3BPAIIAETCS K
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3a7aHHOMY IOJO)KeHHI0. HampaBneHus sneMeHTapHBIX ITOTOKOB paboueit
KHUIKOCTH Ha CXeMe IOKa3aHbl cTpenkamMu. OO0bseM pabodeil JKHIKOCTH, MO-
JaHHbI HacocoM H,, 3a nepuoj neiicTBrs BHEIIHEN Harpy3ku Ha BJI, oka3kl-
BaeTCa MeHbIe o0beMa yTedek (nmomada Hacoca Hyy), mostomy B/ He mon-
HOCTBIO BO3BpAILlA€TCs B UCXOJHOE NonoxeHue. IIpu noeropsromuxcs ¢ on-
peneneHHbIM IEpUOJIOM BHEIIHUX Harpyskax Ha B/I B ero nonoxenuu 0yaer
BO3HMKATh HEKOTOpas OIuOka (ocTaTouHoe "croi3aHue") OTHOCHUTENBHO
3a7JaHHOTO TIOJIOXKEHUS. B TakoM ciydae paboTy rHAPOCHUCTEMBI MOXKHO OITH-
caTh cienyrmuM nudepeHITuaIbHbIM ypaBHEHUECM:

dg =ddq,, —ddq,, 1)

rae dg — anmeMeHTapHas pe3yNbTUPYIOIIas Mojaya, MOCTYMAoas B JIomna-
CTHOU TIPUBOJ M BBI3BIBAIOIIAs dIeMeHTapHoe cromsanue BJI; dd,, dg, —
JJIeMeHTapHas rnojgada Hacocos Hyy u H,,, cooTBeTCTBEHHO.

T

]
4,
%\ H,
LY ==

Puc. 2. Mozenb rumpocucTeMsl TUTAHUS JIONACTHOTO MPHUBOJA: | — IMIMHAP TPHBOJIA;
2 — potop; 3 — BeTPOIBMXHUTENb; 4 — 0OpaTHas CBs3b; 5 — HaNpaBJICHUE BHEIIHEH
Harpysku; O, — 3aJaHHBIA yron aTakk BeTpoaBwxkurens; H,— paboumit Hacoc ¢
aneMeHTapHOi mnomaueit dg,; H,, — Hacoc c¢ oanemeHTapHOM moxmaueit  dQ,y,
COOTBETCTBYIOIICH 3aKOHY M3MCHEHHs BHYTPEHHHX yTeueKk B mpuBone; dq—
9NIEMEHTapHas pe3yJbTHPYIOIas I0jaya, BbI3bIBAIOLIAs 3JeMEHTapHoe croisanue dd;
BETPOABIKUTEIIS

Benuuna noznaun Hacoca Hy, BKI0o9aeMoro o0OpaTHoii CBsA3bI0, a cleso-
BaTeNbHO, U BpeMs Bo3BpauleHus BJ] B ucxogHoe MONOXKEHUE 3aBUCAT OT
XapakTepucTHKH (K03 UIreHTa yemieHus) o0paTHOH CBSI3M, TUIIA H HOMU-
HaJbHOHM Tojaun pabodero Hacoca. CienoBareibHO, ONpeNeIeHNUe BEIHYH-
HBI OmHOKH (yrita octarouHoro "cnom3anus” BJl) cBs3aHO ¢ HCCIieTOBaHUEM
€€ 3aBHCHMOCTH OT XapaKTEPUCTHK JIEMEHTOB CHCTEMBI IMHUTaHHS pabodei
YKUJIKOCTBIO JIOMACTHOTO MIPUBO/IA.

U3BecTHO, UTO

dq, =dq, t dt, @)
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riue q;y t — mpousBomHAd OT 3aKOHA M3MEHEHMA mojadu Hacoca H,y, To

€CTh 3aKOH U3MEHEHUs BHYTPEHHUX yTE€UeK B JIOMIACTHOM IPUBOJIE.
B cBoro ouepens,
qu

dqp = th -deﬂp, 371€Ch th = ~ 3)
Hp

3
rzae h,, — xapakrepuctuxa Hacoca H, 1M”/c-MM; O, — HOMHHAIBHAS OJa4a
3
Hacoca H,,, ntvm7/c; ey, — skcuenTpucutet Hacoca Hy, M.
Bripazum Benmmauny dey, (CM. pHc. 2) cIeayromumM o0pa3oM:

q
de, =C-dd, =C-odt = C\7 dt, 4)
rae dS, — amemeHTapHbIi yron moopota B/, pan; ®,— yrioBas cKOpocTh

BpallleHHs poTopa NpH ero "croi3anuu” (BOCCTAHOBJICHHH), Paji/C; (| — pe3yib-
3

TUPYIOIIAs 1o1aya, TOCTYITHBIIAs B IIPUBOI, M /C; V — 00BeMHast TIOCTOSTHHAS

B0y €

eH
JIOMACTHOTO NpuBoza, aM/pax; C = I dqg = I de, = =~ — XapakTepucTHKa
0 0 8on
(xoodduument ycunenus) oopaTHoi cBsa3u Hacoca Hy, mm/pan, rae 8, — yron

MoBOpoTa NprBoaa BJI, COOTBETCTBYIOIMINI PA3BUTHIO MOJHOTO 3KCLIEHTPUCHTE-
Ta (mojaum) Hacoca Hp, pan.

XapakTepuctuka o0patHoi cBsa3u C MOKa3bIBaeT, HACKOIBKO IMepeMec-
THTCS CKOJIB3SIIINN OJIOK Hacoca peryIupyeMOr TOJavd 1Mo ACHCTBUEM 00-
paTHOM CBs3M Npu oBopoTe npuBoja B/l Ha ogun panuas.

[Mocne moacranoBku B auddepeHnaibHOe YpaBHEHHE, ONMCHIBAIOIIEE
paboTy MOAENTH THIPOCHCTEMBI IHTAHUS JOMACTHOTO IPUBOIA, MOIyJIacM
CJIeyIOLIEe:

dg=dq, t dt—hﬁpc\%dt (5)
NN
dg h,
Lt =—+-2C-q. 6
Chy Ty cd (6)

OGosnauum ¢, t =B,,a Vl—'pC = A, Torza:

!
g+ Agq=B,. (7
B nmomydenHoM ypaBHeHHH KO3 HLIEHT Ay — BEIUINHA TOCTOSHHAS, a
ko3 unment By — cioxnas ¢pynknus. [Ipu pereHny n1aHHOTO ypaBHEHHUS
MOXXHO BOCIIOJIB30BaThCSl METOJIOM, TPEUIOKEHHBIM JI.T.H., Tpod. B.M. Xa-
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PHUHBIM IIpYU MCCIEN0BAaHUM UM [1apaMETPOB U 3KCILTyaTallMOHHBIX II0Ka3aTe-
JIel CyIOBBIX PYJIEBBIX JIOMACTHBIX MPUBOIOB [2].

AHanu3 4ieHOB YPaBHEHHS, OMHCHIBAIOIIETO PabOTy CUCTEMBbI MUTAHUS
MPHUBOJA, TO3BOJISIET CHENaTh CIEAYIOIIME BBIBOABI. YMEHBIICHHUE YTJIOB
"cron3aHus" poTOpa JIOMACTHOTO MPHUBOAA (TO €CTh OOecreueHue 3a1aHHOM
TOYHOCTU ynpasieHus BJl) oT neiicTBUA BHeIIHEH BETpPOBOW M JAWHAMHUYE-
CKOH MHEPLUMOHHON HArpy30K, AEUCTBYIOIIUX Ha MPHUBOJ B YCIOBHUAX KauKH
CyIHa Ha pPeaTbHOM MOPCKOM BOJIHCHHH, MOXKET OBITH 00ECIECUCHO IyTeM:
YBETUUEHHS MTapaMeTpa Ao, 9T0 MOKET OBITh JOCTUTHYTO YBEINICHHEM yTIIa
HaKJIOHA XapaKTepPUCTHKM Hacoca (3aMEeHa Hacoca MEpeMEHHOMN Mojayu Ha-
cocoM OoJbIIeH IMOAaYN WM HACOCOM ITOCTOSIHHOW ITONa4W) WM yIJia Ha-
KIJIOHA XapaKTEPUCTHUKH OOpATHOH CBS3M pabodero Hacoca (peryJimpoBKa HilH
HEKOTOpasl TepecTpolika KMHEMAaTHKH CEepBOMOTOpa C LEIbI0 HW3MEHEHHS
kod(dumnreHTa ycwieHus obpaTHoi cBs3u C); CHIDKCHHEM TeMIIepaTyphl
paboueil KUIKOCTH B CHCTEME NMUTAHUS IPHBOAA; 0OeclicUeHHEM HanMEHbB-
X, B COOTBETCTBUU C TEXHOJOTMYECKHMMH BO3MOXKHOCTSIMH, JHO(TOB B
cucTeMe 0OpaTHOM CBSI3M Hacoca.

Kpome nomacTHOTO THAPONPHUBOIA, IUIS MTOBOpoTa Oamtepa Madthl BJI
MOXET OBITh IPUMEHEH THIPOABUraTellb (3MEMEHT THIPONPUBOIA) C BBICO-
KO 4acTOTOH BpallleHHs BBIXOJHOTO BaJia, HO C MOHWKAIOIINUM PEIYKTOPOM.
He uckirouaercs Takxke BO3MOXHOCTh IPUMEHEHHUS U 3JIEKTPONPHUBOAA KaK
aneMeHTa YII komIuiekca Madta-napyc.
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TEMNOHANPSXEHHOCTb AETANEN CYOOBOI0 CPEQHEOEOPOTHOIO
OW3ENA MPU PABOTE HA PA3ITUYHBIX TOMNMNBAX

OnHuM n3 Hambonee CYIIECTBEHHBIX 3KCILTyaTallMOHHBIX MapaMeTpoB
IH3eTIsl SIBISICTCS TeMIIEpaTypHBI YPOBEHb IETaleH, CONPHKACAIOIINXCS C
rasamMud B INUIHHApE. lcronp3oBaHME TOIUIMBA C XYAIIMMH IOKa3aTEIISIMU
MOJXXET BBI3BATh IMOBBIIICHHE TEIUIOHANPSKEHHOCTU U, KaK CIEACTBUE, IO0-
TpeOOBaTh Pa3pabOTKH KOHCTPYKTHBHBIX W OPraHW3AIlMOHHBIX Mep IS
obecrieueHNsI yJOBICTBOPUTEILHON paObOTHI JBUTATEIIS.

C uenpro KOHTPOJIS TeIUIoHanpsHkEHHOCTH aBuratens 6UH25/34 npu ne-
PEBOZE €T0 ¢ IU3ENHFHOTO Ha CPEIHEBI3KOE TOILUTUBO IMPOBEACHO TEPMOMET-
pUpOBaHUE PACTIBELTUTENS (POPCYHKH W LIMHAPOBOU BTYIKH. M3mepeHwms
BBITIOJIHEHBI B MIEPUOJl CTEHJOBBIX JOBOJOYHBIX HCIBITAaHUHN nu3ens. Jpura-
TeJb ObLJT YKOMIUIEKTOBAH MITATHBIMU HEOXJIKAAeMbIMH (DOPCYHKAMHU.

B nunmaapoBoi BTyIKE yCTaHOBIIGHO 12 Tepmomap [Uisi U3BMEPEHUS TeM-
nepatypsl BHyTpeHHEH U HapykHOU noBepxHOCTH. OHH ObUTH pa3MelleHbl B
IUIOCKOCTH Ka4aHUS IIATyHA U B MPONOJIBHOI mockocTH nsuratens. [1o BbI-
COTE MeCTa 3aJeNIKH pacioiaraimuch Ha paccrosHuu 10, 68, 78 MM OT Bepx-
Hel TIocKoCcTH 1 B 30 MM OT HWXKHEH TIOCKOCTH BTYJIKU. [IpencraBneHHbe
Ha TOCIEAYIOUMX TpaduKax JaHHBIE OTHOCSTCS K CIEAYIOIIUM TOYKaM H3-
Mepernst: Ne 1 — Ha paccrosHun 10 MM OT OypTa cO CTOPOHBI BBHIITYCKa;
Ne 4 — ¢ TpOTHBOMONOXKHOW CTOPOHBI (B paliOHE BITYCKHOTO KJIallaHa);
No 8 — B HMXKHel yacTh Ha paccTosHUU 30 MM OT TOpIIA.

Ans u3MepeHHs TeMITepaTyphl pPACIBUTUTENIS] HCIOJIb30BaHA XPOMENb-
koneneBas tepmonapa auamerpoM 0,2 mm. Crail nmpuBapeH K KOpIycy B
paiione comnoBbix orBepcTuid. M3mepenne DJIC mpoBeeHO MOTEHIIMOMET-
powm III1-63.

dopcyHka ¢ TpenapupOBaHHBIM PACHBUINTENIEM YCTaHABIMBAIACH HA
nmrHape Ne 4. VI3MeHeHne Tuna 3anupaHus (c MEXaHUYECKOro Ha TUAPAB-
JIMYECKOE) OCYIIECTRISUIOCH 0€3 Mo rbeMa (POPCYHKHU: BMECTO JieTallell Mexa-
HUYECKOTO 3alupaHus Ha (POPCYHKY YCTaHABIMBAICS IITYLEP, KOTOPBIHA
MOJICOEAMHSIICS K KOJUIEKTOPY THApaBIndeckoro 3anupasus (I3).

Jnst 00paboTKy Mmoka3aHuii TepMOTap MCHOIb30BaHbI OOIICTIPUHATEIEC Ta0-
nyHble 3Hayenus ynensHoil DJIC. KpoMe Toro, XxapakTepucTHKU TEPMOIIaphl,
YCTaHOBIICHHOW B pacmbpimnTeNe (OPCYHKH, OBUTH TPOBEPEHBI KOHTPOIBHOM
TapupOBKOU ITyTeM HarpeBa B TepMocTaTte Bcel hopcyHkH B coope. Pacxoxne-
HHUE TeMIleparyp, WU3MEPEHHbIX PTYTHbIM TEPMOMETPOM U OIPENENICHHBIX IO
TepMOIIape ¢ IIOMOIIBIO TadHIHbIX 3HaueHui DJIC, coctapmio 0,5 %.
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[Ipu mpoBeACHUN NCTIBITAHUH CTABWIINCH CIEAYIOIINE 3a0aun:

" COIIOCTAaBUTH TEMIIEPATYypPHI AeTayeil Ipu paboTe Ha TU3EITHHOM U MO-
TOPHOM TOIUIMBE HAa Pa3IMYHBIX pEXHUMax HArpy304HON XapaKTepH-
CTHKH JIBUTATENSI OT XOJIOCTOr0 X012 10 HOMUHAIIbHOM MOIITHOCTH;

" ONpeAenuTh BIUSHHUE CTEIICHHW IIOIOTPEeBa MOTOPHOTO TOIDIMBA Ha
TeMIIepaTypy JeTallel;

" OIpelNeNuTh Pa3HUIy B TeMIEpaTypax pacHbUIMTENs MpHU THIPaBIU-
YECKOM U MEXaHMUYECKOM 3allMPaHUU UIJIBI POPCYHKH.

[lo maHHBIM TEpPMOMETPHPOBAHHS U 3aMEPOB TEMIIEPATYPHI BBITYCKHBIX
ra30B, IPUHATHEIM Hapsoy ¢ MOITHOCTHIO B KaUeCTBE ITOKA3aTeNsl TEIUTOBOM
HATPY3KHU JIBHUTATENS U ONBITHOTO IMJIMHAPA, TOCTPOCHBI TpauecKue 3aBu-
CUMOCTH, TIpeJICTaBIICHHBIC Ha puc. 1-6.

Jlnana3zoH H3MEHEHUsI TeMIle-

tys paTypsl paclbUIMTENs IpU paboTe
°C Ha JW3EIGHOM TOIUIMBE COCTaBHII
260 145...245°C mnpu yBeIWYCHHUU
Harpy3ku 0 (XomocToit xom) 10
220 HOMUHAJIBHOM M1 (OPCYHKH C
THIPaBIMYECKAM 3alypaHueM Wr-
asl (puc. 1). Ha aToM pucyHke Ha-
180 HECCHa TaKKe 3aBUCHUMOCTb TEM-
mepaTypa pacmbUIMTENsT OT Ha-
Ipy3KH IpH paboTe Ha MOTOPHOM

25 50 75 % N. TOIIJIMBE C TeMHepaTypoﬁ mnoaor-

0,
Puc. 1. 3aBucumocTh Temmeparypsl pacibl- pesa 65...70 °C. Kax u crrenosano

nWTEns OT Harpysku muis amsensHoro (1) m  OKWIATh, TIEPEXON Ha MOTOPHOC
MOTOPHOTO (2) TOTLTUB TOIINIMBO M CBA3aHHOC C 3TUM IIO-

BEIIICHUAE TEMIIEPATyphl TOILIHBA,
MOCTYHAIOMIETO B (DOPCYHKY, IIPUBOAUT K POCTY TEMIIEPATYPHI PACIIBLTATEIS.
HauGonbiiee yBenuueHHe TeMIEpaTypbl PacHbUINTENS MOIYYEHO MpPH IOJI-
HOU Harpy3ke u coctaBwio 43 °C. C yMeHbIIIEHHEM Harpy3Kd 3Ta pa3HUlla
yOBIBaeT, M MpH paboTe IBUTATEIS HA XOJIOCTOM XOIy TeMIlepaTypa paciibl-
JIUTENS MPAaKTHUECKH OJUHAKOBA IJISi 0OOMX COPTOB TOIUTHBA. Y MEHBIICHHUE
PasHHIBI TEMIEPaTypsl PACIBUIMTENS B JaHHOM Cilydae OOBSCHIETCS CO-
KpallleHHUEeM [UKJIOBOW MMOAa4YM TOIUIMBA M, KaK CJIEJCTBHE, HE3HAUUTEIbHBIM
BIIMSTHUEM TOIUIMBA HA TEIUIOBOE COCTOSIHUE PACHIBUINTEIIS.

AHaNornyHbIe TaHHBIC MTOJY4YeHB! HA (OpCcyHKE, 000pYyIOBaHHON Mexa-
HUYeCKUM 3anupanueM (puc. 2). OnHako HauboJbILIas TeMIeparypa Ha Mo-
TOPHOM TOIUIMBE OblJla MEHbLIIE, YeM B mpenplayiiee cirydae (255 °C BmecTo
290 °C), ¥ COOTBETCTBEHHO YMEHBIIMIIACH pa3HUIla TemmepaTyp (Ha 17 °C
BMecto 43 °C).
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Puc. 2. 3aBHCHMOCTD TeMIIepaTyphbl PacIbl-
JIUTENS] ¢ MEXaHUYECKUM 3alipaHueM OT
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Puc. 3. Temmeparypa pacmbUIATENs NPH
U3MEHEHUM Harpysku: | — ruapaBipuec-
KO€ 3alupaHue, 2 — MEXaHWYECKOE 3aIlH-

JM3eNbHOE TOIUIMBO; t. — Temmeparypa paHue
oTpaboTaBIIMX ra3oB, t, — Temmeparypa
pacnbLIATENS

[omy4ennsrit pe3yapTaT (yMEHBIICHHE TEMIIEPATYPBI PACIIBUIATEIS TIPU
nepexojie ¢ TUAPABIMYECKOT0 Ha MexaHudeckoe 3amupanHue Ha 35 °C u
11 °C myist motopHoro AT u TU3enbHOTO TOIIMBA) MOJYYHIT KOCBEHHOE TTO/I-
TBEpIKICHHUE B XOJI¢ UTNTEIBHBIX WUCIIBITAHUHA IBUTATEN Ha cTeHae. Hanéxk-
HOCTh (opcyHOK ¢ ['3 okazanach HUXKe, YeM C MEXaHHUECKUM 3alpaHHeM.

CpaBHeHHE TeMIeparyp PacHbUINTEINS Ui IBYX BapHAaHTOB 3allUpPaHUSL
npu paboTe Ha AU3EITHHOM TOIUTHBE (pHC. 3) HE BBISIBIJIO 3aMETHOU Pa3HUIIBI
Mexay HUMH. TemmepaTypa pacnsuiutess ¢ ['3 Ha Bcex pekumax BhIIIE Ha
10...11 °C.

3aBHCHUMOCTD TEMIIEPATYPhl PACTIBLUIUTENS OT CTEIICHH OAOTPEBA TOILIH-
Ba MCCJIEI0BaHA Ha (OPCYHKE ¢ MEXaHMUYECKUM 3alupaHueM Uriibl (puc. 4).
TemmnepaTtypa MoTOpHOro TomimBa u3MeHsack ot 34 °C mo 100 °C. Uzme-
peHus mpoBoamiIKch Ha Harpy3kax 75 u 100 % ot HomunansHOU. [Ipu sTOM
YBEJIMYEHHE TeMIepaTypbl pacnbuintessa coctaBuiio 26 °C (¢ 236 °C npo
262 °C) na noxnoit Harpyske u 40 °C (¢ 218 °C no 258 °C) mna 75 % mnon-
HOH Harpy3kKH.

Pe3ynbraThl MpOBOAMBLIMXCS OJHOBPEMEHHO H3MEPEHUIl TeMIlepaTyphl
BTYJIKW [WJIMHIpPA MPEACTABICHBI Ha pUC. 5. 3aMETHOTO BJIMSHUS TeMIepa-
TYpBI [IOIOTPEBA MOTOPHOT'O TOINIMBA HE OOHapykeHo. Jlnana3oH U3MEHEHUS
TeMIeparyp BTynkH coctaBui §...10 °C.
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Puc. 4. 3aBucuMocTh TeMIepaTrypsl pac-
MBUIATENS C MEXAaHWYECKHM 3allpaHueM
OT TeMIIepaTypbl MOTOPHOTO TOILUIUBA: 1 —
TeMIeparypa rasos, 2 — TeMIeparypa
pacneuuTens; A Harpy3ka 100 %;
® — Harpyska 75 %
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Puc. 6 .Temmeparypa IMJIWHAPOBOMH

BTYJIKHM TP Pa3IMYHON Harpyske: —&- —
MoTOpHOe, —O— — nu3enbHOE TOIUIHBO;
1— remneparypa razos t.; 2, 3, 4 —
TemIieparypa BTyJkH t,, B Toukax 1, 4, 8

Puc. 5. 3aBucumMocCTh TemMmepaTyphl MHIKAH-
JPOBO# BTYJKH OT TEMIEPATYpPhl HOAOTpe-
Ba MoTopHoro TormBa: B — 75 % Neyow,
A — Newow; 1, 2, 3 — TOUKH H3MEpEHHUS

Ha puc. 6 mokazaHbl 3aBUCUMOCTH
TeMIIepaTypbl BTYJIKUA LITMHApA B pa3-
JUYHBIX €€ TOYKax OT Harpy3Ku JUist
JIN3EJIbHOTO ¥ MOTOPHOTO TOTUIMBA.

Haubonpmee yBennueHne TeMie-
paryper (13 °C) mpu mepexome Ha
MOTOPHOE TOIUIMBO MOJIYYE€HO B HHXK-
HEel 4acTu BTYJIKH M CYLIECTBEHHOTO
BIMSHUS Ha pa0OTy OBUTATENs OKa-
3aTh HE MOXKET. B OCTalIbHBIX TOUKax
(1, 4) TemmepaTypa BTYJIKH IPaKTH-
YECKM OAMHAKOBa JIsi 000MX COpPTOB
TOrMBa (pa3HHMIIA HE MPEBBIIIAET
5...10°C).

B 3akitoueHne ykaxeM OCHOBHbBIE
pe3yabTaThl TEPMOMETPUPOBAHMUSL.

[Ipu mepeBone nBuratens c Au-
3eJIbHOI0 Ha MOTOPHOE TOIUIMBO YBe-
JUYEHUE TeMIIepaTypbl HEOXJaxaae-
MOT'0 pachbuIMTeNs cocTaBisieT 17...
43 °C. TemmepaTypa MOTOPHOTO TOT-

JIMBa CYIIECTBEHHO BIMSACT Ha TEeMIIepaTypy pacmburutens ¢opcyHku. [Ipu
HOMUHAJIBHOM Harpy3ke pocT TeMIepaTypsl pacusuintenst cocrasiseT 40 %
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OT VYBEJNMYCHUS TeMIepaTypbl TOIUIMBA, Mpu Harpyske 75% or
HOMUHaIBHON — 60 %.

TemmepaTypa BTYJIKH IWIMHIpA TPU MEPEXOAe Ha MOTOPHOE TOILIHBO
He3Ha4yHuTeNbHO yBennuuBaercd (Ha 5...10 °C). He oka3bIBaeT CylecTBEHHO-
rO BIIUSHUS Ha TEMIIEpaTypy LWJIMHIPOBOW BTYIKH M U3MEHEHHE TeMIlepa-
TYpHI MOJIOTPEBAa MOTOPHOTO TOIUTHBA (UANA30H M3MEHEHHUS TEMIICPATYpHI
BTy’KH §8...10 °C).
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VK 621.431.74
ITonoBunka 2.M.
OHMA

AKCMNYATALMOHHbIE XAPAKTEPUCTUKA HEOXNAXXAAEMbIX ®OPCYHOK
CyoBOIro CPEAHEOBOPOTHOIO AU3ENSA NPU PABOTE HA MOTOPHOM
TOMIUBE

OCHOBHEBIE KCIUTyaTallHOHHBIC ITOKA3aTeNN, CBSI3aHHBIC ¢ HAIEKHOCTBIO,
onpenersuuch sl GopcyHok apuratens 6UH 25/34 mpu wucmonn3oBaHUH
MoTopHoro TorumBa JIT B mepros CTeHI0BBIX UCTIBITAHWHN Ha 3aBO/IE-U3TOTO-
BUTEJIE.

Omnpenensrorye mapameTpsl apurarens 6UH25/34 npu HOMUHATBHOM
MoinHocTH 441 kBT 1 yactote Bpamenus 500 06/MUH cocTaBIsUIH:

= cpennee d3pdexTruBHOe naBienue 1,06 MIla;

= MaKcHMaJIbHOE JaBiieHue cropanus 7,85 Mlla;

® [pejenbHAs TeMIepaTypa oTpaboTaBIINX ra30B 3a kKiarmanamu 480 °C.

JBurarens ObUI HarpyXeH THIAPOTOPMO30M. Harpyska wu3MeHsach
[UKJIAMHU OT HyJis1 (Xo0cToro xo/a) 10 110 % HOMHHAIBEHON MOIIHOCTH.

B cocTaB TOmMBHOM anmapaTypbl IBUTaTelNsl BXOAUIN HACOCH BEICOKOTO
nasnerns (THBJI) 3010THUKOBOTO THIIA ¢ PETYIMPOBAHUEM TI0 KOHILY ITO1a-
9M W 3aKPBITHIE HEoXJaXaaeMble (OpCyHKH. Jlmamerp W XOXm IUIyHXKepa
THB/ coctraBnsumi 16 mm. Pactibuiurens GopCcyHKM UMEN OJTHO IIEHTPAIbHOE
otBepcTre nuametrpoM 0,2 MM U JeBsATh oTBepCcTU quamerpoM 0,35 MM moa
yraom 140°. JlaBienue mogbéma uribl coctasisuio 20,6 MIla. Mcnbitans
IIBa BapuaHTa (POPCYHOK: ¢ MpyKUHHBIM (Mexanndeckum — M®) u ruapas-
auueckuM (I'3®P) 3amupanueM UriIbl. B mocienneM ciydae daBicHHE 3allv-
paromieit KUAKOCTH (IM3eIbHOrO TOILIMBA) paBHsIoChH 16,7 MI]a.

3aBOJICKHE CTEHJIOBBIE MCTIbITaHus apuraterst 6UH25/34 Ha MoTopHOM TOTI-
ymBe [T ObUTH KOMIIJIEKCHBIMH U IIPOBOJMIIMCE B HECKOJIBKO 3TaroB. OCHOBHOE
BpeMsl Iu3elb paboTal Ha MOTOPHOM TOIUTMBE. [IM3eNbHOE TOIUTMBO HCTIONB30-
BAaHO TP OCTaHOBKax M Ui IyckoB. Kpome Toro, Ha ogHOM (6a30BOM) 3Tare
WCIIBITAHYS BHIIIONHEHBI HA TU3EIGHOM TOIDIHMBE. JlaHHBIE 10 HAaA&KHOCTH (op-
CYHOK TIOJTy4EHBI 3a YeThIpe dTama OOIIeH MpoaoKUTENbHOCTRI0 2733 u. Jlu-
3€IIFHOE TOILTHBO B ATOT MIEPHO]] UCTIONB30BAHO TIPH MyCKaX, Mepe OCTaHOBKOM
1 JUTS IPOBEACHUS OCIMIIOrpadpOBaHus PabOUNX MPOIIECCOB.

OcHoBHbIe xapakTepucTHkH Tomams. ausensHoro JI (I'OCT 305-62) u
motopHoro JIT (TOCT 1667-68) npuBenens! B a0 1.

B nauane onucsiBaeMoro nepuoza ucnsiTanuii 6sut 3amenensl THB/L ¢
LENBI0 CHIDKEHHS TEMIIepaTypsl 0TpaboTaBIINX ra3oB. B cBs3u ¢ 3THM Ipo-
BEJICHO KOHTPOJIFHOE OCIHJUIOrpadupOBaHie PabovnX MPOLECCOB H TEPMO-
METPUPOBaHUE JeTajeil ABuraTelisi. B 4acTHOCTH, U3MEPEHBI TeMIIEPaTyphI
pacnbuATENs (HOPCYHKH C MEXaHUUECKUM 3alIMPAaHUEM UTJIbL.
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Tabmuma 1. XapakTepucTHKH TOIUTUB

CopTt TormBa JuzensHoe | MotopHoe
IInotHOCTH 0,831 0,905
(1pu 20 °C), r/em®
Bs3kocth 4.4 16,2
kuHemarmdeckas, cCt | (mpu 20 °C) | (mpu 50 °C)
Conepxanue cepsl, % 0,17 19
ConepxaHue Kokca, % 3,3
CoaeprkaHue 30761, % 0,035
Beikunaer g0 250 °C 13 %
50 % neperonsierca npu | 269 °C
96 % neperonsierca npu | 360 °C

1p.°C - !

. bl

z - 281

A e L
mpL ~ 240

/ | — S LIEOC TOIL MO
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Puc. 1. 3aBUCHMOCTD TeMITEpaTyphl PACHBUIATEIS
OT Harpy3K{
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Puc. 2. 3aBucHMOCTb TEMIIEPATYPHI PACIIBLUIUTEINS OT
TeMIIepaTyphl TOILTHBA

JlaHHBIC 3TOTO HCCIIENO-
BaHUS IPEACTABICHBH Ha
puc.l, 2. 3aBuUCHMOCTH
TEMIIePATYPhl PACIBLIUTEIISI
t, mpu paboTe Ha IU3ETHLHOM
U MOTOPHOM TOIUTUBE OT
HArpy3KHd JBUTATENs JaHa
Ha miepBoM U3 HUX. Ha HEM
JKEe TOKa3aHO HW3MEHCHUE
TEeMIIepaTypsl  OTpaboTaB-
mux ra3os .. Puc. 2 cocras-
JeH U3 KpuBbIX [, u { mpu
pa3IU9IHON TeMIeparype
MOJIOTpeBa MOTOPHOTO TOTI-
nuBa ;.

Jnama3oH  u3MEHEHHs
TEMIIepPaTyphl PaCIBLIATEIIS
(GOpCYHKM Ha JU3EIBHOM
TOIIUBE  cocTaBuin  162-
243°C mpu  yBEeITUYCHUH
Harpy3ku ot 0 (xomocrtoit
X0) 10  HOMHUHAJIBHOU
(puc. 1), a Ha MOTOPHOM
tormee 150-276 °C. Ilpm
MOJIOTPEBE MOTOPHOTO TOII-
auBa oT 36 no 80 °C temie-
patypa pacnbuIHTeNs (TIpH
100 % warpy3ku) MOBBICH-
macb ¢ 261 go 288 °C
(puc. 2).

3a BpeMs HCHOBITaHUI
BCce (DOPCYHKH OCMaTpHUBa-
much 1o 13 pas. [Ipu ocMoT-
pax MNpOBOAWIHCH HMX IPO-
BEpKa Ha aKKyMYJSTOPHOM
creHne. opcyHkH, HEYIOB-
JCTBOPUTEIBHO pabOTaBIIHUE
Ha CTeHJIe, Pa3OupaTuCh IS
peMoHTa pacIbUIATEICH.
OcHoBHEIMH ~ Jedekramu,
BBI3BABIIUMH HE00X0aH-



94 Cy0oeble snepeemuieckue yCmaHosKu 2002 — Ne 7

MOCTb Pa300pKH, ObUIH IUIOXOE KaueCTBO PACIBUIMBAHMS, [IPUXBAThIBAHHE
WTJIbl, 3arOpPaHKe [IEHTPAILHOTO OTBEPCTHSL.

Ecmu myTéM OYMCTKH pacHBUIMTENS W MPUTHUPKU pabodero KOHyca BOC-
CTaHOBHTH pabouue mapamMeTphbl He yIaBajoCh, PACHBUINTENh 3aMEHSUTH HO-
BbIM. Bce ciydan pa30opku cunTaroTcs oTkazamu. OTIeNbHO yUITEHBI Hepe-
0opku 0e3 3aMEHBI PACIBUTHTENEH W COOCTBEHHO 3aMEHBI PACIBLIATEICH.
OTKa3bl OTHECEHBI K HECKOJIBKUM TPYIIIIaM: BCE HEUCIIPABHOCTH 110 JIBHTATe-
o (TIepeOOPKHU U 3aMEHBI BMECTE), 00IIHe HEUCIIPABHOCTH 110 (POpCYHKaM ¢
THPABIMYECKUM H MEXaHUUYECKUM 3alIMPAHUEM UTJIbL.

Jus pacdera mokasaTelnell HaJIeXKHOCTU BpeMsl 0€30TKa3HO# paboTHI pas-
outo Ha wHTepBaIBl Atj 0 400 YacoB Kaxablid. OnpeaencHbl CISAYIONIHe
9KCIUTyaTallMOHHBIE XapaKTEPUCTHKH (POPCYHOK:

= No— oO11ee KoJIM4eCcTBO OTKA30B;

» {j— cpenHee Bpems HapabOTKH JJIsi UHTEpBajia BpEMEHH, U,

= AN — KOJHMYECTBO OTKa30B, COOTBETCTBYIOUINX JaHHOMY HHTEPBAY;

* N(t) — pacuérHoe (YCIIOBHOE) KOIMYECTBO JETajieh, OCTABIINXCS B

paboTe B cepeiMHe HHTEPBAIIa,

* P(t) — BeposTHOCTB Ge30TKa3HON paboThl, pasHas P t = N(t)/N, ;

» T — cpeansist HapaOOTKa Ha OTKAa3:
— 1 No
T=2>1t,
m =
rje M — CyMMapHO€ KOJIMYECTBO BBIXOIOB M3 CTPOS UCCIEAYEMBIX y3II0B (Y
Hac M = Np).
B kauectBe mpencTaBiieHusl HAAEKHOCTH (OPCYHOK HMCIIONIb3YeM MHTECH-
CHUBHOCTbH IIOTOKA OTKAa30B
AN
NO

SN

[lepeuncnennsie MoKa3zaTenn HaAE&KHOCTH (POPCYHOK IPEJICTABICHBI B
Taby. 2 u Ha puc. 3, 4.

Ha nepBom 13 HEX npexcrasiena 3aBucumocts ON = f(t) mst Bcero aBura-
Tens. Haubonplee 3HaueHNE UMEET HHTEHCUBHOCTh OTKa30B B mepBbie 400 1
paboThl GOPCYHOK Mociie 00CTYKUBAHUS WA 3aMEHBI pactbututens. Ha stot
OTpe30K BpeMeHHu npuxoautcs 43 % Bcex HewcnpaBHOCTEH. MHHHMAaNbHBIH
ypoBeHb ON cooTtBercTByeT MHTepBany 1200-1600 4 u coctapnser 11 %.

CpaBHeHHE HaA&KHOCTH (DOPCYHOK C PA3TMIHBIMU CIIOCOOAMH 3ammpa-
HUS BBIITOJIHEHO HA puc. 4. B3anmHoe mosioxeHyne JTMHAN Ha TpaduKax M-
JIIOCTPUPYIOT NaHHBIE TaOll. 2, CBHAETEIHCTBYIONINE O 3HAYUTEIHHO MEHbB-
el HaA&KHOCTH THUAPO3ANOPHBIX (OPCYHOK. JlefiCTBUTENBHO, B TEUCHUE
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nepsoro uutepsana (0-400 1) otkazos ['3® BuBoe Gosbiie, deM y HOPCYHOK
C MeXaHW4YeckuM 3armupanueM uriel, — 28 % u 14 % coorBercTBeHHO. Ha
OCTAJIbHBIX ydYacTKax rpaduka 3TO pa3iuve HEBEIMKO M HE MPEBBIINIAET
5 %.

Tabmmma 2. XapakTepHCTUKH HaJeXHOCTH (opcyHOK nBurarenst 6UH25/34
npH pabote Ha Toruee MoTopHoe [T

N . AN N() P(D)

- »% [O6u,. | T30 | M® | O6m. | 13® | M® | O6m. | I3d | Md
0-400 200 12 8 4 22 12 10 0,571 (0,5 0,666
400-800 |[600 |7 4 3 125 |6 6,5 0,321 (0,25 0,416
800-1200 |1000 |6 3 3 6 2,5 3,5 0,107 |0,0625(0,166
1200-1600 (1400 |3 1 2 15 0,5 1 0 0 0

No |28 16 12
8N, % aN. % |
—C PIPIRTIRCCOKTIN
l.llllthllll‘.‘\l
4() L8 - o MCXANNMCCENM
/ \ Jarnapane s
20
30 \\
/ e e
20 — "
/ \ 10 +
[
\ :
10 -4 3
{ '\
{) 4 800 12080 T, 0 0 400 |00 1200 .9

Puc. 4. XapaxrepucTuku Ha&KHOCTH

Puc. 3. ITapamerprr HanéxHOCTH GOPCYHOK
(OpCYHOK C pa3IUYHBIM 3aUPAHUEM HIJIBI

Cpennsis HapaOOTKa Ha OTKa3 OINpeIelieHa sl CIEeAYIOMUX Tpynn dhop-
CYHOK:

IO BCEMY JIBUTATEITIO T =584 q;

JUTS THITPO3anopHBIX (popcyHOK (rmuHApSH 1...3) T =512
Uil (OPCYHOK € MEXaHWYECKUM 3amupaHueM (IMIMHApPH 4...6)

T =683 u.
[IponomkuTensHOCTE O€30TKa3HONW pabOTHI (OPCYHOK € TPYKUHHBIM
(MexannveckuM) 3anupaHueM Oosbiie B cpeaneM Ha 171 4, wiu Ha 33 %.
g cpaBHEeHUA € dKCIUTyaTallMOHHBIMH JaHHBIMH, MOJTY4YE€HHBIMHU aBTO-
pom mytéM obcienoBanus apurateneit 6UH 25/34 ¢ HoMuHaIBEHONW MOIITHO-
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ctpto 331 kBT mpu paboTe Ha AM3ENLHOM TOIUIMBE, ONpEAeicHa CpPeaHsis
HapaboOTKa Ha OTKa3 B XOJ€ WCIBITAHUH, CBSI3aHHAS C 3aMEHOH pacIbUINTe-

neir. B aToMm ciydae mms Bcero neuratens (okpyrinéuno) T = 1600 dwacos,

st 30 T = 1400 wacoB u M® T = 2200 yacos. B 9KCIUTyaTaluu y CyaI0-
BBIX JTU3€JIb-TEHEPATOPOB CPEIAHUM CPOK CIYKOBI (10 3aMEHBI) PACIIBUIUTEIIS

coctaBmw1 T = 4600 gacos.

TakuMm 00pa3oM, CHIKEHHE HAJEKHOCTH, BBI3BAHHOE IOBBIIICHHBIM
TEMIIepaTypHBIM YpOBHeM W mpuMeHenuem torutuBa T, cocrammser mns
CpOKa CITy>KObI HEOXJIaXKIAEMbIX PaCIbUINTEINEH B CPeTHEM I10 ABUTATEII0 —
2,9, g ragpo3anopHbXx GopcyHok — 3,3, a 1 (OPCYHOK C MPYKHHHBIM
3anupanueM — 2,1 paza.
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VK 621.431.74:621.436-4
ITonoBunka 5.M.
OHMA

CPABHUTENbHbIE UCNbITAHWA CMA304HbIX MACEN NPU PABOTE
CyoBOIro CPEAHEOBOPOTHOIO AU3ENA HA MOTOPHOM TOMNJUBE

Br100op copTa HUPKYJISIHOHHOTO Macia JUisl paboThl CyAOBOIO CpeaHE-
00OPOTHOTO AM3ENsI Ha TOIUTMBAX ITOBHIMICHHOW BSI3KOCTH TPEOYeT OICHKH
SKCIUTyaTallMOHHBIX MOKazaTenei apuraresss. C LENbl0 TONyYeHUS TaKuX
JAHHBIX OBUIM BBIMOJNHEHBI 3aBOJICKUE CTCHIOBBIC HWCIBITAHUS JBUTATENS
6UH25/34 npu ucrons30BaHUH MOTOpPHOTO TorumBa JIT W pasmu4HbIX cop-
TOB OUPKYISIHMOHHBIX Macenl. PaboTa mpoBeneHa B COOTBETCTBHH C PEKO-
Merpammamu OCT 24.060.09 "Metoanka OLEHKH KOMIUIEKCA MOTOPHBIX
(PU3UKO-XUMIYECKUX CBOMCTB Maclia B TU3EISIX IPU CTCHIOBBIX HCIBITAHUSIX
Ha 3aBone".

IIpu HoMuHaNEHOM MomHOCTH 441 KBT 1 yactore Bpamenus 500 o0/MuH
neuratenb 6UH25/34 umeer cpennee sddextuBHOe nasneHue 1,06 MIla
(10,8 kI'/em?), MaKCHManbHOE AaBMeHue cropanus P; = 7,85 MITa (80 x[/em?),
NpeeIbHY 0 TeMIlepaTypy OTpaboTaBIIMX ra3oB 3a kianaHamu tr = 480 °C.
JlBurarenb ObUT Harpy>xeH THIPOTOPMO30M. B Xoje WchbITaHUN TapameTphl
Ha peKUMax HOMHHAIFHOM MOIIHOCTH M3MEHSUINCH B CIEAYIOUINX Tpenesax:
p:=7,62...7,91 Mlla, t. = 367...464 °C.

st onpeneneHust U3HOCOB UCTIONB30BAHEI MUKPOMETPHUPOBAHUE eTanei
U METOJ WCKYCCTBEHHBIX 0a3 (Hape3aHWe IYHOK), a TaKKe B3BEIIMBAHHE.
[IpousBoaunack orneHka HarapooOpazoBaHus. OOMepsUIMCh, OCHOBHBIC JIeTa-
JI1 JBUTATENS: IUIMHAPOBBIE BTYJKH, KOMIPECCUOHHBIE U MacloChEMHBIE
KOJIbI[a, BKIIABIIIN MIATYHHBIX TOIINITHAKOB, KJIaMaHbl (BBITYCKHBIC U BITY-
CKHBIC) M UX HAIMPAaBISIONINE BTYJIKH, TOPITHH.

HWcnerransr cneayronme Macia: M10T (TY31-1-211-68); M10T'TIC (ombit-
Hoe); M10B, (TY38-10-278-72); MIGE-30 (TY38-101-53-72). IIpomomku-
TENBHOCTh OTIEJBHBIX DTAMOB UCIBITAHUNA cocTaBuia st Macia M10T" 651 ,
MI10I'HC — 523 y, M10B; — 520 u, M16E-30 520 4. [TactiopTHBIC XapakTe-
PHUCTHKH 3THX Macen naHbl B Tabm. 1. KawectBo motopHoro tommsa [T, Ha
KOTOPOM TIPOBOAMIIMCH UCTIBITAHUS, M3MEHSIIOCH 33 BCE BpeMs HE3HAYUTEIIHLHO
U CpEAHHUE TIOKAa3aTeH ero MPeCTaBIeHBI B Ta0I. 2.

[Ipn ucnpiTanusx pabodee 3HaYEHHE BSI3KOCTH TOILIMBA COCTABIISJIO B
cpennem 9 ¢Cr, 4To 0GecneynBanoch TeMreparypoii mogorpesa 60...65 °C.

Kaxxnp1it aTan ucnplTaHU IO HArpy3Ke JBUTATENST COCTOSAN U3 MATHAECS-
TUYACOBBIX ILIUKJIOB C PACHpPEACICHHEM BPEMEHH PadOTHI MO MOIIHOCTH OT
xousoctoro xona 10 110% HomuHanbHOU MOMHOCTH (Neuov). BOIBIIYIO YacTh
BpeMEHHU JBHUratens padotan mpu Harpyskax 50, 75 m 100 % Ne wom.
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[To oxoHUaHWU Ka)KIOTO 3Tara MPOBOAMIIACH PEBU3MUS ABUTATENS C OLCHKOM
COCTOSIHHS OCHOBHBIX JI€TaJICH.

Tabmuna 1 — XapakTepucTuku Macesn

okasaten Macno | Macno Macino Macno
MI0B, | Ml0I' | MIOTTIC | M16E-30

[Ipucagxu:
BHUMHII - 360 (370), % 5 6,2 8
IMC, % 0,005 |38 25
JA0-11, % 2,2 0,5 16
IIME-200A, % 0,0003 0,5
ITnotHocts mpu 20 °C 0,8887 |0,905
Bsskocts kuHemarnueckas mnpu 100 °C
(cCr) 10,93 |11,15 10,83 16,88
30JILHOCTB C NMPHUCATKOH, %o 0,96 1,8 1,42
Temnepatypa Bcnbiniku o bpenkeny, °C ~ |214 218
Temmeparypa BCHBIIKH (OTKPBITBIA TH-
reis), °C 224 236
Temneparypa 3acteiBanus, °C -15 -15 -14 -12
Iénmounocts, Mr KOH 3,50 7,35 10,1 33,8
Wupekc BSI3KOCTH 89 85 92 88
CopepxaHne MexaHndeckux npumeceid, % |0,0065 |0,024 0,01 0,01

Tabmuma 2 — XapakrepucTuku MOTOpHOTO TorutiBa T

Hoxasarem HWcneiTeiBacmoe TpeboBanus
torumBo [T I'OCT 1667-68 k TorumBy AT

[TnotHOCTH TIpH 20 °C 0,905
Bsizkocts npu 50 °C, cCt 134 He 6onee 36
TemnepaTypa BCcmblIKM B 3a-|82 He HIKe 65
KpbITOM THIIE, °C
Copeprxanue Boabl, % CIIEABI He 6onee 1,0 (2,0)
Copmepxanne  mexanudecknx |0.046 He Gonee 0,1
npumeceit, %
Copeprxanue 30561, %o 0.033 ne 6oxnee 0.04
Coneprxanue cepbl, % 1,28 He 6onee 1,5(2,0)
CopeprxaHue KOkca 2,92
Temneparypa 3acteiBanus, °C  |-5 -5(+10)

N3HOC IMIUHAPOBBIX BTYIIOK XapaKTEPU3yeTCs JJAHHBIMH, MTOTYICHHBIMA
MHUKpPOMETPUPOBAHUEM H TIPUBEJICHHBIMY B Ta0I. 3.

MaxkcumalibHbIe 3HAY€HHWs M3HOCA BO BCEX CIy4asX COOTBETCTBYIOT
BEpXHEMY TOSICY 3aMepa Ha PACCTOSIHUM 75 MM OT Topua BTyinku. OHu B 2-
6 pa3 MPEBBINAIOT U3HOC BO BTOPOM IOSICE 3aMEPOB, PACIIOJIOKEHHOM Ha
paccrostauu 355 mm. Paznuune B M3HOCaX MO «XOAY» U OCH JBUTATENsl, BbI-
3BIBAOIIEE AJUIUNTHYHOCTD, HEBEJIMKO U cocTaBiseT okoyio 0,01 mM.
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Tabnuna 3 — MakcuMaIbHBIH U3HOC MITHHIPOBBIX BTYJIOK

N i Ipos W3HoC B MM Ha Macine
M-10B, M-10I" | M-10r'iC | M-16E-30
1 0,02 0,13 0,1 0,04
2 0.04 0,09 0,03 0,02
3 0,04 0.09 0,03 0,02
4 0,09 0,08 0,05 0,02
5 0,11 0,08 0,07 0,02
6 0,03 0,10 0,07 0,02
CpeHuii 10 TBUTATeIIO 0,055 0,095 0,058 0,023

MuHnManpHBIE 3HAYCHUS! W3HOCA IMJIMHAPOBBIX BTYIOK MOJTYYEHBI HA
Macie M-16E-30. Ecau npunste 3TH BenuuuHsbl 3a 100 %, nmomyuum cie-
Ioylomuye mokasarenm: Macio M-10B, — 239 %; M-10I' — 413%;
M-10I'LHC — 252%.

[IpuBeneHHbIE MOKA3aTEIU OTHOCATCS K YCPEAHCHHBIM BEIUYMHAM IS
Bcero nsurateins. [10 OTHeNbHBIM IAIMHAPOBBIM BTYJIKAM HMEIOTCS OTKIIO-
HEHUS OT 3THX BelawuyuH. Tak, y BTYJIOK OWivHIpoB 1, 2, 3, 6 yBenudeHue
JTUaMeTpa 3a BpeMs UcnbITaHui Ha macie M-10B, numeer npuMepHo oavHa-
koByto BenuuuHy 0,03-0,04 MMm. Y BTys0K 1HmuHAPOB 4, 5 H3HOC COCTABHII
coorBerctBeHHO 0,09 1 0,11 MM.

[Ipu pabore nBurarens Ha Maciie M-10I" H3HOC BTYJIOK IHJIMHIPOB 2, 3,
4, 5, 6 oTnnyaeTcs He3HAUUTEIbHO U Kosebnetes ot 0,08 no 0,1 mm, a BTy:-
ku mnHapa 1 — 0,13 mm. [pu ucnonszoBanun macina M-10I'LC cpennuii
W3HOC TIPUMEPHO TakoW jke, kak W Ha Mmacie M-10B,, u cocraBuseT
0,058 MM. MuHMMAaNbHBIN W3HOC, KAaK OTMEUEHO BBIIIE, MOTYYEH MPU UCIIBI-
TaHuU nBurareis Ha macine M-16E-30. M3Hoc BTynku 1-ro munuHapa co-
ctapyiser 0,04 MM, a Bce ocTanbHBIC BTYJIKA UMEIOT H3HOC 0,02 MM.

3aMepbl U3HOCA, MOJYYCHHBIE MUKPOMETPUPOBAHUEM M METOJIOM HaHE-
CCHUS JTYHOK, HECKOJIBKO OTJIMYAIOTCS U IS Pa3HbIX Macej UMEIOT CICAyo-
nye 3HaYeHus (CpeqHue mo ABuratento): macio M-10B, MukpomeTpax JTyH-
ku 0,055...0,059mm; M-10I" (cootBerctBenHo) 0.095-0,063mm; M-10I'LIC
0,058-0,064mm; M-16E-30 0,023-0,019mm. Hanbonbmas pasauna (0,032mm)
nmoJrydeHa Jutst padbotel Ha Maciie M-10T.

Uro kacaeTcss MOPHIHEBHIX KOJEI, TO WX HM3HOC MO BCEM ITOKA3aTeNsIM
(pazuabHOM TOJNIIKMHE, BECY, YBEIMUYCHUIO pa3Mepa 3aMKa) MEHBIIIE Ha Mac-
ne M-16E-30, yem Ha npyrux maciax. Tak, moTreps Beca HEpBBIX KOJEI O
cpaBuenuio ¢ macioMm MIGE-30 Gonbine Ha apyrux maciax B 1,53 (M10B,),
4,15 (M10I') u B 3,4 (M10I'lIC) pa3a. CpenHsist Beu4rHA AJIsI BCETO JIBUTa-
TeJs MOTEPH Beca MEePBBIX MOPIITHEBBIX KOJIEI COCTaBWIN Ha Maciie M16E-30
1,21 r. 3MeHeHne ynpyrocT Koyel 3a BpeMs paboTel Ha Macie MIGE-30
TaKXKe MEHbIIIE, YeM Ha IPYTUX Maciax, YTO MOXKET ObITh BBI3BAHO MEHBIIICH
BEJIMYMHON M3HOCA KOJIEII.



100 Cy0oeble snepeemuieckue yCmaHosKu 2002 — Ne 7

N3HOC cTep)kHEH KIIalaHOB XapaKTEpHU3YeTcs CIEAYIOIIMMHU JaHHBIMHU.
Jlyis BIycKHBIX KiarmaHoB Ha Macie M-10B; B 4,5; M-10I" B 2,0; M-10I'LIC B
1,2 pa3a Gosnelire, yem 3a dtam Ha Macie M-16E-30, uzHoc 3a xoTopsblit co-
crapmn 0,011 mm. BrimyckHble Kiamanel U3HOCHINCH Ha Macie M-10B; B
2,8, M-10I' — B 1,5 paza Gonpme, yem Ha Macie M-16E30, a Ha macne
M-10T'TIC B 1,2 pa3a MeHbIIIE.

W3HOC HampaBisIOMUX BTYJIOK BITYCKHBIX KJIAIIAHOB MMEET CIICAYIOIINE
cooTHomeHus: Ha Macie M-10B,B 1,8; M-10I" — B 2 pasa Gomblie, ueM Ha
maciie M-16E-30, a na maciie M-10I'TIC B 1,4 pa3a menbire. CooTHOIIEHUE
M3HOCA HANPABJISFOIIMX BTYJOK BBITYCKHBIX KJIAMIAHOB CIICAYIOIIee: Ha Mac-
ne M-10B, — B 1,3; M -10I" — B 1,5; M-10I'TIC — B 2,2 pa3a MeHEbIIE, 4YeM
Ha Mmacie M-16E-30.

CooTHOIIIEHNE BENMWYMH M3HOCA TOPIITHEH Clemyroee: Ha Maclie
M-10I"' — B 2,6, M-10T'LIC — B 3,2 pa3a meHbIle, a Ha Macie M-10B, — B
1,9 paza Gosneblie, yeM Ha macie M-16E-30. [IpuBeneHHbIC JaHHBIE OTHOCAT-
Cs K CPEIHUM I10 TBUTATEII0 3HAYCHUSIM U3HOCA.

OreHKa HM3HOCA MIATYHHBIX MOJIIIWITHHUKOB IPOBEACHA 10 H3MEHEHHUIO
Beca BKIafpIe. YMenbinenue Beca cocrasuno 0,05...0,0083 r mis Bepx-
Hux 1 0 (He 3a¢uKcUpoBaHO) ... 0.15 T MO HIKHUM BKIAbIIIAM.

OrieHka HarapooOpa30BaHMs Ha MOPIIHSX JBHUTATENs MPOBOAMIACH IO
OTpHIaTENbHON cucTeme, pekoMmennoBanHo OCT 24.060.09, B cootBercr-
BHH C 3TOM METOJUKOW YYUTHIBAETCS OTHOCUTENbHAs IJIONIAb, MTOKPHITAS
OTJIOKEHHSIMU, IIBET U TBEPJOCTh HATAPOB, a TAKXKE UX TOJIIIMHA.

[Ipu ucnonszoBanuu macen MI'-10 u M-10I'LIC obpa3yeTcs MeHbIIE OT-
JOXXEeHUH Ha mopiiHe, yeM Ha Maciuax M-10B, u M-16E-30. Cpenuuii 6amn
M0 BCEM MOPIIHSM JUIsl pa3HbIX Macel cleayromuid: macio M-10B, — 9,3;
macino M-10I" — 5,87; macimo M-10I'lIC — 5,4; macio M-16E-30 — 9,62.
[Ipu padote apuratens Ha ausenbHoM Torwmee JI TOCT 305-82 m macne
M-10B, MHTEHCHBHOCTh HarapooOpa3OBaHUs CYIIECTBEHHO HUXe (CpemHUit
Oarut 1yt nopiHei coctaBui 3,05).

O06001IeHHbBIE TTOKA3aTENN COCTOSHUS IBUTATENSI TIOCTIE UCTIBITAHUNA pas3-
JIUYHBIX COPTOB Macell JaHbl B Ta0j. 4. B Ta0imie cpaBHHUBAIOTCS JTaHHBIE
ucnpITaHui Macen ¢ TommBoM [T u ¢ au3ensHbIM TOTUIMBOM. Kpome Toro,
M3HOC IWIMHAPOBBIX BTYJIOK M TEPBOr0 KOMIIPECCHOHHOIO KOJIbIA COMOC-
TaBJISIOTCS € DKCIUTYaTAllMOHHBIMU JTAHHBIMH, MOJyYeHHBIMHU [1] Ha JaBUTa-
teasix 6UH25/34 nomuuanbHoi MomiHocThio 331 kBT. Cpennsist BenuunHa
9KCIUTYyaTallMOHHON HAarpy3KH COCTABIIsUIA JUIs 3TUX ABUrateneit 75...80 %.

JlanuMm UTOTOBYIO OIICHKY pabOTHI IBUTATENS HA Pa3IHYHBIX Maciax. Hu
OJTHO W3 Maces He SBIsETCS JIYYIIMM IO BCeM IokaszaTeisM. HauOosbiiee
KOJINYECTBO TIOJIOKUTEIBHBIX XapaKTepHCTHUK mMeeT macio M-16E-30, Ha
HéM l'[O.]'IyLIeHBI HAaNUMCHBIINEC N3HOCHI BCEX OCHOBHBLIX ﬂeTaﬂeﬁ (KpOMe HU3HO-
ca MOPIIHS [0 HAPYKHOMY AraMeTpy). Bripoyem, abCco0oTHAS BETUYHHA H3-
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HocoB nopiiHel Hesenuka (0,01 MM/1000 4) 1 ycTynaeT TOJNBKO pe3yiibTa-
Tam, rorydeHHbIM Ha macie M10T'TC.

Crenyer OTMETUTh, YTO TIOKA3aTeNy, OTHOCAImecs K Macmy M10B; u au-
3€JIbHOMY TOIUIMBY, JIMIIb 10 BECOBOMY H3HOCY IEPBOTO KOMIIPECCHOHHOI'O
KOJTbIIA JIyYIlle pe3ysIbTaToB padoThl Ha Macie M-16E-30 u Tormse /[T (MeHb-
e Ha 30 %). OcTanbHbIe BEMMYMHBI U3HOCA HA JU3EIbHOM TOIUTUBE OOJIbIIE.

Taxkum oOpazom, JTydinwe pe3ynbTaThl IMogy4eHsl Ha Macie M-16E-30.
CrenyromuMu 1O BeTHYMHAM H3HOCOB OOJBIIMHCTBA IETANEH SBIITIOTCS
macia M10B,, M-10I'LIC, M-10I". Haunbosiee MHTEHCUBHBIE H3HOCHI COOT-
BETCTBYIOT Maciay M-10I".

[To HarapooOpa3oBaHuio KapTHHa oOpaTHas. HaumOousblee KOJIHMYECTBO
HarapoB Ha IIOpIIHE, KaK yKa3aHO BBIIIE, OBIIO mMocie paboTel Ha Macie
MIGE-30. OcranpHble Macia pacroliaraloTcs B CICAYIOIIeM Hopsiake (1o
YMEHBIIIEHUIO HarapooOpasoBanus): M10B,, M-10I", M-10I'LIC. Crenyet
OTMETHUTb, YTO a0COJIIOTHAS BEJMYMHA HArapooOpa30BaHUs HEBEITHKA.

Hapsiny ¢ unbopMaiuei 0 COCTOSHUM JBUraTeNs IS OLUEHKH SKCIUTya-
TAI[MOHHBIX CBOMCTB Macej HeOOXOIUMO 3HAHWEC TUHAMUKU M3MCHCHHUS Xa-
PaKTEPHUCTUK caMHuX Maceld. UToOBl moMyduTs 3Ty HH()OPMAILNIO, B COOTBET-
ctBun ¢ pexomerganusivMu OCT 24.060.09 B xone WCHBITAaHWNA BUTATENS
MPOBOJMIOCH PETYIIAPHOE ONpEACIeHUE TeKYIUX 3HAYCHUH OCHOBHBIX Xa-
PaKTEepPHUCTHK Macell.

[TosryueHHbple JaHHBIC TIpEACTaBICHBI B rpadudeckoi popme Ha c. 103,
KaK 3aBUCHMOCTh XapaKTEPUCTHK MAacell OT BpEMEHH PabOTHI T.

Bs3kocTe Bo3pacTaeT st BceX copToB Macen. Hambonpiee yBemude-
Hue Bs3kocTH v (6omee 10,2 cCr, unu 47 %) Habmonanock npu pabore Ha
Mmaciie M16E-30, munumansusiii poct (0,8 ¢cCr, 0,7 %) monyden y macia
M-10T".

JIpyroii BakHBIM MOKa3aTeab — MIETOYHOCTE (Xi) Y BCex Maceln B pabo-
Te CHIDKaercs. M3 UCIBITaHHBIX COPTOB HaMMEHBIICH MIETIOYHOCTHIO 00Ia-
naet macino M-10B, (ucxomnas Benmmumua 4,8 mr KOH/T), y xotoporo 3a
BpEeMsl HCIBITAHUN MPAKTUYECKU BECh 3amac MICJOYHOCTH CpabaThiBacTCs
(xoneunoe 3Hauenue 0,45 mr KOH/T). ¥ macen M-10I" u M-10T'LIC ucxon-
Has W KOHEYHas IeNodHocTh: 6,29-3,40; 11,2-6,33 mr KOH/r coortBercT-
BEHHO. B TO ke BpeMs 1enouynocts Macia M-16E-30 yMmeHbIMnach He3Ha-
yurenbHo: ¢ 30,6 no 27,8 mr KOH/I.

Becpma BemMKO HAKOIUICHHWE B MaciaX MEXaHHYECKUX IpUMeceH Xy: K
KOHITY HUCIIBITAHUN COMEPKAHUE MEXaHUYECKUX MPUMECEH COCTaBHJIO B Mac-
e M-10B; — 3,82 %; M-10I" — 1,8 %; M-16E-30 — 1,58 %; M-10T'LIC —
0,90 %.

N3menenune comepikanuss MEXaHUYECKUX mpumeceit B macne M-10B, Ha
AWU3CJIIbHOM TOIUIMBC TMIPAKTHYCCKU COBIAAa€T C JaHHBIMHA Ui Maciia
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M-10I'IC na torumse [T, T.e. COOTBETCTBYET MHHIUMAJIBHONH CKOPOCTH Ha-
KOIIJICHUSI MEXaHUUYECKUX MpUMecel, momyueHHou Ha Toruse [ T.

Xy, %
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| X

X 1 2 3
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N i &A —
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Wsmenenue cBOMCTB cMa3o4yHbIX Macen: 1 — M-16E30; 2 —
M-10B,, 3 — M-10I'lIC, 4 — M-10I", 5 — M-10B, (au3enpHoe

ToruBo JI)

Hnoe, yem Ha MoTopHOM TorumBe [T, MOIy4eHO HM3MEHEHHE BSI3KOCTH
Ha U3EeIFHOM TOoImuBe — Juisi Macna M-10B, mpoumsomiio Hekotropoe eé
cumkenue: ¢ 11,46 1o 9,64 ¢Cr mpu 100 °C.

TemrmiepaTypa BCHBIIIKA Macel 3a BPEMsl MCIBITAHUN YMEHBIIIIACH Ha
10...48 °C.
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VYK 629.12:66.067
ITuenmuanes J.B.
CeBl TY

rMAPOAUHAMMKA NPOLIECCA PA3LENEHNA HEGTEBOAAHOW IMYNIbCUK
B OB bEME ®UINbTPA C TPAHYNUPOBAHHbIM HANOMHUTENEM

B ocHOBY aHanmMTHUYECKOTO OMHMCAaHUS Ipoliecca pa3aeiaeHus IByXda3HoM
KUJIKOCTH, JTBIKYIIEHCS B TIOPOBOM oObeMe anuddepeHInpoBaHHOIO Koa-
JIECIIMPYIOIIETO AJIeMEeHTa, TojokeHbl ypaBHeHus: HaBbe-Ctokca. [Ipu atom
TPUHAT P JOMYIICHUH, CBSI3aHHBIX ¢ HEU30CKHOW HIeann3aiueii CBOUCTB
HCCTIEAYEMOM KUIKOCTH.

JABIKymmascs XKHUIKOCTh pacCMaTPUBAETCS KaK €AWHAs CHUCTEMa, CO-
CTOsAIIasl U3 JBYX KOMIIOHEHTOB: TUCTIEPCHON CpeAbl M JUCTIEPCHOHHOH da-
351, BOJIBI 1 HE(PTU COOTBETCTBEHHO.

[Ipenmonaraercs, 4YTo OUCHEpCHAS Cpella U TUCTIEPCHOHHAS (a3a paBHO-
MEpHO pachpeieNieHbl B BBIICTICHHOM OO0beMe U SBJISIFOTCS CIUIOIIHBIMHU, a
pazzensemMasl CUCTeMa UMEET Pa3HUIly CKOPOCTEH OTIEeNbHBIX KOMIIOHEHTOB,
MPEIONPEACIAIONIYI0 UX B3aMMOIIPOHHUKAOIIEE IBIKEHHE, KOTOpPOe pac-
cMaTpuBaeTcsd Kak JBH)KEHHE MEXaHUYEeCKOW CMECH, a ypaBHEHHE IMepeHoca
MAacchl pa3JieNisgeTcs Ha Ba He3aBUCHUMBIX YpaBHEHUS MEpeHOca MacChl Kaxk-
JIOTO KOMIIOHEHTa CMECH:

du
=F - —gradP v,AU +R;
dt o)
@)
dv
—=F, - —gradP2 -v,AV - R,
dt P2
rae U — BEKTOp CKOPOCTH JUCHEPCHOM cpefibl; V — BEKTOP CKOPOCTH JIUC-
nepcHoHHOM ¢a3bl, Fi, F2 — BEKTOpBI MacCOBBIX CHJI COOTBETCTBYIOIIHX
¢$a3; p1, p1 — IUIOTHOCTH TIepBOH U BTOpo# (a3; P1, P> — ruaponnnammye-
CKoe JaBiieHue ¢a3; Vi, V2 — KHHEMaTH4decKue KO3((HUINEHTHI BSI3KOCTH

¢a3; R — BekTop cuiubl B3auMoJeHCTBUS MexAy (azamu, oTHECEHHOH K
enuHuLEe 00bEMa CMECH.
C ydJeToM KOHIIEHTpaluH ABYX (a3 cucreMa ypaBHeHHH (1) IpHHAMAET BHI:

du
1- (ppldtzl ¢ p,F, —gradP, + ph,AU + R;
qv (2)
op, — = ¢p,F, —gradP, — W, AV - R,

dt

IJie () — KOHIIGHTPalUs HeTEPOAYKTOB Ha BX0/Ee B QHUIBTP.
Bekrop R umeet crnenyromuii BUI:
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R=¢l-¢ U-V B, (3)
rne B — koo pULneHT, paBHbINA
1
5 1o
d;,
L — IuHAMHYecKHi KOI(pOUUUEHT Bsa3kocTH (Ba3; Ory — dGheKTHBHBIH

JTUaMEeTp YacTHUI] JUCTIEPCHOM (a3bl. J{isi cTaOMIN3UPOBaHHON SMYIbCUH [2]
dop = (700 + 2,5)-10°° m.

C y4eToM MacCOBBIX CHJI ypaBHEHHs CHUCTEMBI (2) 3amuIIyTCA B Clie-
IYIOIIEM BHE:

Y 1o PPy L gadp s vAU+ L 1-9 BU-V

dt P p P

dv 1 ) 1 )
oo 1-9 227P2g 2 gradP, +v,AV+—¢ 1-¢ B U-V ,

dt P1 P2 P2

Cucrema ypaBHeHHUH (4) TIO3BOJIAET OMHCAThH HPOIECCH, IPOTEKAIOIINE B
JBIDKYIIEHCS NBYX(a3HOH >KUIKOCTH, B3aUMOAEHCTBYIOILEH C TBEpIBIMU
TeJaMH, BCTPEYAIOIUMUCS Ha €€ MyTH. AHAIMTUYECKOE PEIICHHE CUCTEMBI
(4) He mpencraBisieTCsl BO3MOXKHBIM, ITOITOMY Ul HACTOSILETO HCCIIEH0BA-
HUS 11eJIeCO00pasHBIM M JAOCTATOUHBIM SBJISIETCSl YCTAHOBICHHUE IMOTY3MIIU-
PHUYECKHX 3aKOHOMEPHOCTEH, OCHOBAHHBIX HAa KPHUTEPUANIbHBIX 3aBHCHMO-
CTSAX ¢ KO3 UIMEHTaAMH, ONpeAcIsIeMbIMH B ONbITax. MckoMas (yHKIus
JUISL 3TUX IIeJIed MOXKET OBITh 3allMCaHa B CIEAYIOIIEM BUC:

K,, = F=x — f Fr,Fr,Eu,Eu,Re,Re,C,C, , )
¢
rae Fri, Fry, Eus, Euz, Re1, Re; — kputepun ®pyna, Diinepa u PeitHonbca;
C1, C2 — 6e3pa3MepHbIe CUMIUIEKCHI; Ky — K03¢hdHuuneHT 3ppekTuBHOCTH;
P — KOHIIGHTPALMS He(TENPO/IYKTa B OUNIIICHHOI BOJIE, MITH
N3 eHOMEHOMOTHYECKNX COOOpaKEHHH ISl y4eTa BIHSHHUS BHIAa HedTe-
MPOAYKTOB Ha K03 duuumeHT 3¢ dexTuBHOCTH K>y B KPUTEPHATEHOE YpaBHEHHUE
JOTIOJTHUTENHHO BBeIECH Oe3pa3MepHsbiil cuMinieke C3, B KOTOPBIN BXOIST KUHE-
Marudeckue Ko3(QPUIMEHTHI BA3KOCTH He(DTENPOayKTa Vo 1 BOJbI Vi: Ca=vi/va.
B pesynbTaTe, HCKOMOE pacyeTHOE KpUTEpPHATEHOE YPaBHEHHE I CTaTH-
YeCKHX CEIapaTopoB ¢ IPaHyJIMPOBAHHBIM HAINOIHHUTEIEM OyIeT UMETh BUI:

b d f h
K,, = K- FrP-Fry- Eul- EuS- Rej- Re)- CP - C) - CT, (6)
rae K — mocTostHHBIN MHOKUTENB; b, C, d, €, f, h, p, n, m — mokazarenu

CTCIICHU ITPU COOTBCTCTBYIOIIUX KPUTCPUAX HOI[O6I/I5[ n 663p33MepHBIX CUM-
TIJICKCaXx.
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@Dopmyibl A1 KpUTEPUEB U CUMIUIEKCOB IOJIydeHbl U3 ypaBHeHusa Ha-
Bbe-CTOKCa MOCIIe ero NpuBeIeHHs K 0e3pa3MepHOMY BUY:

9,81L A
Frr=¢ 1-9¢ 5 —p;
us p (7)
S X
V® o,
R P
Eu, = —, Eu, = —2%; (8)
' pu° ’ e
0,75m + 2,5 0,75m + 2,5
RQZL, ReZZL; (9)
ud, vd,
18p 1-¢ Lv,
Q= udz
18p 1-¢ Lv, (10)
C =7 e,
ud;,
v
G =3,
V2

rie L — mirHa akTHBHOM 30HBI cenaparopa; U, V — ckopocTu GpuimbTpaniu
BOJBl U HE(TENPOLyKTa COOTBETCTBEHHO; P| — IUIOTHOCTh BOJIBI, P2 —
IJIOTHOCTh HeTenpoaykTa; Ap — pa3HOCTh IIOTHOCTEH; P1, P> — naBie-
HHE BOASHON 1 He(TstHOU (ha3; dr — auameTp TpaHylT 3aChITKU; M — MOPHUC-
TOCTb HAIIOJTHUTEIIS.

CkopocTH (puabTpaIiu OTACNBHBIX (ha3 HAXOIATCS 10 (popMyiam:

U =q(1 - ¢)/n — mnsa Boasr, V = qo/n — a5 HebTEnpoayKTa,
rae N = 0,13 — npocBeTHOCTh (GMITBTPYIOIIETO CIIOS HATOIHUTEIIS.

JlaByieHust BOASHOW ¥ He(TIHOW (a3 HaxoaATCs 1Mo GopMysiaM COOTBET-
CTBEHHO:

P1=AP(l-9); P2=APg,
rae AP — nepenan gaBneHus Ha cemaparope.

J7nst TIONMydeHus CTaTUCTHIECKOTO MaTepHaia UCTIONB30BAJICS SKCIIEPHUMEH-
tanbsHbIA Maker cenaparopa OHNUJI COB CeBacToronbCKoro rocyJapcTBeHHO-
IO TEXHHYECKOTO YHHUBEPCHUTETA, & TAKXKE PE3YIBTATHI 3aBOJICKHX PETHCTPOBBIX
UCIIBITAaHUM cenapalliOHHOM ycTaHOBKU «OxoMapuH-0,6» Ha crenualiu3upo-
BaHHOM CTeH/Ie J1abopaTopru Ta3oBoi quHamukn HUMMM uM. akan. CmupHO-
Ba CankT-IletepOyprckoro rocyJJapcTBEHHOTO YHUBEPCUTETA.

O6macTh epeMEHHBIX TAPaMETPOB s ypaBHeHus (2) mpuBencHa B Ta0-
JIUIIEe TPUMEHUTETBHO K OYHCTKE He()TeCOIep KAIIHUX BOI.
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Tabnuia nepeMeHHBIX TapaMeTpoB

Mpunumane- | Makcumans-
Ne Haunmenoanue napamerpa
HOE 3HaueHHUE | Hoe 3HaueHHe
1. | KonuenTpanus He(TenpoIyKTOB 10 OYHCTKH (p, MIIH 500 300000
2. |KoHnenTtpamuss HedTepoxyKTOB MOCIE OYHCTKH
Proixy wat 0,1 10,0
3. | Bs3koCTh HEPTENPOAYKTOB Ly, CCT 1,5 265
4. [TInotHOCTE HETEIPOAYKTOB Py KI/M° 800 980
5. | pomnycknas cnoco6roCTs cemapatopa Q, M>/uac 0,6 10

OO6paboTKa OMBITHBIX JaHHBIX MO3BOJWIIA MOJYYUTh KPUTEPHAIBLHOE
YpaBHEHUE B CICAYIOIIEM BH/IE:

Kp _ 141 88 Fr14,29 Fr£4,73 EuIO,Gl EU;2’54 Re;l,SB Re;O,GZ qS,OSqS,SC;,67 . (11)

[IpencraBuB ypaBHenue (11) B mapamerpax W TIOJCTaBHB 3HAUYCHHE
IUTIOTHOCTH, BSI3KOCTU HE(PTEIPOAYKTa M BOIBI, a TAKIKE MOPUCTOCTH HAIIOJI-
HUTEIS U KOHUEHTpAK HeTeNPOIyKTa B UCXOIHOM AMYIIbCUH, TTOTydaeM:

(.P — 279q9,83L—0,89AP—3,15 . (12)
C yueroMm dopmyisl apcu
Ap = dtp
mp

rae Kuyp — K03(GUIHEHT MPOHUIAEMOCTH; L — IUHAMUYECKUH KO3 PHIn-
€HT BA3KOCTH, [TOCIE TIPOBEACHUS Psijia MPeoOPa3oBaHMi IOy IHMM:

Q= 8, 56 A 10711 L74,04q6,68 .

Brrmeykazanaass MoJenb mporecca pa3feicHus He(QTEBOISHOW IMYIb-
CHH B 00BEMeE cemaparopa ¢ rpaHyJIMPOBaHHBIM HAIOJIHHUTENEM pa3padoTaHa
OHIJI COB CeBI'TY u anpobuposana ¢ yuactuem HUM marematuku u
Mexanuku CIIOIY mms pacdera XapaKTepHUCTHK aKTUBHOH dacTh HedTeBO-
JSAHBIX q)HHb"I'paHI/IOHHI)IX YCTaHOBOK.

CIIMCOK JIMTEPATYPBI

1. Pa3paGoTka METOAWKH WH)XCHEPHOTO pacyeTa THIIOPa3MEpHOro psjia
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B.M. Xamaes. — NeI'P 01890077475. — CeBacronomns, 1989. — 30 c.

2. TMuemunnes /1.B., Xamaes B.M. Paznenenue smMynbCcHid ¢ y4eTOM THIPO-
JUHAMUYECKOT'O B3aMMOJICHCTBHS YACTHIl JUCTIEPCHOH (a3bl / BecTHHK
CeBI'TY: C6. Hayu. Tp. — CeBactononb, 1998. — Beim. 6.

3. HcnpiTanust HE(TEBOMIHBIX (QIIIBTPYIOMIMX YCTAHOBOK «DKOMAapHH IS
nonydenust CeugerensctBa TUnoBoro onodpenuss PMPC. Oryer mo OKP. —
IOxHOE Mopckoe nmapoxozcTso; uHB. Ne 26. — CI16, 1998. — 40 c.
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YK 629.12-843.6
Pamuenko A.Il., bynexam bpaxum
OHMA

MEPCMNEKTUBHUN NEPETBOPIOBAY YACTOTH
Ana CYAHOBOIO A3UMOAA

Cynnosi asunomu (azipod — azimutting podded drive) notyxuictio 10
10 MBt 006nanHytOTh TpH]a3HUMH aCHHXPOHHHMH ABHUTYHaMH 13 KOPOTKO-
3aMKHEHUMH POTOPHUMH OOMOTKaMu. 1[i JBUTYHM a3UIIONIB KHUBIATHCS Bij
NEePeTBOPIOBAYIB YACTOTH pPi3HUX THUMIB. YacTOTHI NEpeTBOprOBaYl udepes
TpuasHi TpaHcHOPMATOPH MiAMUKAIOTHCA A0 LIIUH FOJIOBHOTO PO3MOJLIBHO-
0 IIMTa CYJAHOBOI €JICKTPOCTAHIIII.

[TepeTBOprOBadi 4acTOTH 3BUYAMHO CKJIAIAOTHCS 3 HAITIBIPOBITHHKOBO-
ro BUMpsMIsiYa, QinbTpa eJIeKTPUYIHOI HAMpyrH Ta iHBepropa [1]. DimbTp
BHKOPHUCTOBYIOTH ISl 3MEHIICHHS ITyJbCAlliil BUXITHOI HAPYTH BHUIIPSIMILS-
qa. [ oTprMaHHS HAIPYTH 33JaHO] YaCTOTH BUKOPHCTOBYIOTH iHBEPTOPH,
SIK1 IEPETBOPIOIOTH MOCTINHY HAIIPYTy Ha 3MiHHY.

JlJ1g mepeTBOprOBadiB 3 KEPOBAHUM BUIIPSAMIISYEM, (QLTBTPOM Ta iIHBEPTO-
POM CTBOpEHO 6araTto MaTeMaTHYHHX Moxenei [2, 3]. Ane iX BUKOpHCTaHHS
JUISL CyTHOBOTO €HEPreTUYHOI0 KOMILIeKCY (TpudasHuii renepaTop, Tpudas-
HUH TpaHc(hopMaTop, TEpeTBOpIOBaY YacTOTH, TpH(pasHUN aCHHXPOHHHH
JIBUTYH Ta TPEOHUI TBUHT a3WITO/a) YCKIIaIHEHO.

Mertoro po60OTH € OOIPYHTYBaHHS NMEPCIEKTUBHOTO MEPETBOPIOBAaYA Yac-
TOTH JIJIS1 )KMBJICHHSI aCHHXPOHHHUX JIBUTYHIB CYJHOBHX a3HIIOJIIB.

3rinHo 3 gaHuMu, HaBeaeHuMH y Mepexi [ateprer (http://www.abb.com,
http://www.power-conv.alstom.com, http://www.vacon.com rtormo), mis cy-
JTHOBUX a3UIOJIIB HAMOUIBII MEePCIeKTUBHUMH € MEepPEeTBOPIOBAaUi YaCTOTH 3
BHIIPAMIITYAMH 3 THPUCTOPaMH, (DUTbTpaMH i3 CTATHYHUX KOHJCHCATOPIB Ta
imBepTopiB Ha Tpamsucropax tumy IGBT (Insulated Gate Bipolar Transistor)
abo na tpamsuctopax tumy GTO (Gate Turn Off). Cxema moaiGHoro mepet-
BOpIOBaua 4acToTH HaBejeHa Ha c. 109, ne B —sumnpsamissy, ® — ¢iabTp,
I — inBeprop, IIKT — npuctpiii kepyBaHHs TpaH3ucTtopamu, AJ] — Tpuda-
3HUH ACHHXPOHHHUI JBUTYH 3 KOPOTKO3aMKHEHOIO POTOPHOI0 OOMOTKOIO,
I'T — rpe6uuit rBuHT a3unoga, U — TpudasHa Hampyra Ha BXOJi MEpeTBO-
proBaya 4acTOTH.

OLiHIOEMO HABaHTAKYBAJIbHY 3[aTHICTH iHBepTOpa [1] 6e3 BuKOpHCTAH-
HS TIOCJIIIOBHOTO M TMapajIeIbHOTO 3’ €IHAHHS TpaH3UCTOpiB. [loBHY BHXi-
HY TOTYXKHICTD Syas IHBEPTOPA PO3PAXOBYEMO 32 (POPMYIIOIO

U zas*
e 1)
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ne Ugeo — Hampyra KoJISKTOp-eMiTep NpU HYJILOBOMY CTpyMi 023 TpaH3HUC-
Topa; lom — aMmIDIiTyaHe 3HAYEeHHS CTPYMY KOJEKTOpa TpPaH3UCTOPa;

U,ee = U /Us 5 Unas — mitoua BuXinHa Hampyra iHBepTOpa JUisi OCHOBHOI
rapMmoHiky; Us — mocriiiHa Hampyra Ha BUXOJI (iIbTpa NepeTBOprOBaua
gactor; | = 1,2, /J; | Zo — TnoBHUIT OMp HABAHTAKEHHS JUIsl OCHOBHOT

TapMOHIKH BUXIJHOI HAIIPYTH iHBEPTOpa; 0. — KOEPIIi€HT 3amacy 1o Hampy-
31 TpaH3UCTOP-IHBEPTOPA.

B [ KT |

A

Ly axlg =
b

K
( A
2T T S5O

X X X L« sl nmlg =©

N

Cxema NIEpETBOPIOBaYa 4YaCTOTH IJIA JKUBJICHHA aCHHXPOHHOTIO JIBUT'YHA a3UIoaa

Hns  xoedilieHTiB  MmOTyXHOCTI HaBaHTaxkeHHa 1,0...0,5 Maemo
Unas* = 0,75, lem= = 0,69 [1]. Ilpuiimaemo xoedimienT o = 1,5. Po3paxyHku 3a
dopmynoro (1) ms tpanzucropiB tumy IGBT (Uge = 3000 B, Icy = 1000 A)
JAIOTh Syap = 2,6-106 BA. JIns OIiHKM HaBaHTaXKYBaJIbHOI 34aTHOCTI TPaH3H-
CTOPHOTO iHBEPTOpa BU3HAYAIBLHUM € T0OYTOK Ucgeolcm = 3-10° BA, sikuii 30i-
TBIIYEThCA MPU BUKOPUCTaHHI ITOCTIJOBHOTO Ta TApalieIbHOTO 3’€JHAHHS
TPaH3UCTOPIB IHBEPTOPA.

Jns kepyBaHHSI TPaH3UCTOpPaMH YU THPHCTOPAMHU iHBEPTOpA AOLIIBHO
BukoprctoByBaru npunin PWM (Pulse Width Modulation). TToni6ui nepe-
TBOPIOBAYi YaCTOTH JO3BOJIAIOTH Y INHPOKHX MEXKax 3MIHIOBATH aMILTITyLy
Ta YacTOTY HANPYTH )KUBJICHHS aCHHXPOHHOTO IBUTYHA CYHOBOTO a3MIIOJA.

Baaxaemo, 1110 epeTBOPIOBAaY YAaCTOTH MPUIHATOI OyH0BHU € Oe3iHepIii-
HUM JIAHIFOTOM B €HEPreTHYHOMY KoMITIekci 3 azunoaoM. [1pu PWM kepy-
BaHHI TpaH3UCTOpaMy 4u TUpucTopamH iHBepTopa B IIKT mry4dHo cTBOpIO-
IOTh TaKi HaMpYTH:

u, =U.sin 2zft (2)

, 2
u, =U,,sin (anpt ~3 nj , (3)
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U, =U,,sin (anpt + %nj , 4)

u, :8U—2"“ —sin 2=ft +lsin Erft —isin 10=ft +...[, (5)
T 9 25

1e Unp, Unt — MakcuManbHi 3HaUeHHS HanpyT; f, — "actora Hanpyru xus-
JICHHSI aCHHXPOHHOTO JBUTYHA; f{ — wacrora Hanpyru nopiBHsHHS; t — yac.

JUist npUIHATOrO MPHHIMITY KepYBaHHS TPaH3UCTOPAMU YU THPHCTOPAMHU
IHBEpTOpa MaEMO

uaf = uf npu uap 2 ut ! (6)
Uy =W  1pa U, =4, (7)
Uy =U, mpu U >U, 8)

1€ Ugs, Ups, Ues — HATIpYTH Mixk By3iamu af, bf, cf mepersoproBaua yacroru.
Ipu HeBrkoHauHi YMOB (6) — (8) HAPYTH U, Upf, Uct JOPIBHIOIOTE HYITIO.
3HaueHHS Hapyr Ha BUXOJI MEPETBOPIOBAYA YacTOTH, TOOTO JIiHIHHI Ha-

MPYTH JKUBJICHHS aCHHXPOHHOTO JBUI'YHA a3MII0/1a, BU3HAYAIOTHCS TaK:

Ugp = Ugp = Uy ©)
U = Uy — Ug (10)
Uy = Uy — Uy, (1)

Bignosigao 1o (2) — (11) 3ammcana mporpama Uit KOMIT IOTEPHOI 0060-
noukn MATLAB 6.1. Pe3ynbTaTd KOMIT'IOTEpHUX PO3pPaxyHKiB TOKa3aly,
IO MpH 3MiHax 3Ha4deHb Hanpyr U 3MIHIOIOTHCS aMIUTITYAM HAIpPYT >KUB-
JICHHSI aCHHXPOHHOTO JIBUTYHA Y NOTPiOHMX MexaX. 3MiHaMu 4actotd f, B
(2) — (4) orpuMyrOoTECS IOTPiIOHI MEXKi YaCTOT HANPYT JKUBJICHHS aCHHXPOH-
HOI'O IBUT'YHA.

TakuM YWHOM, TEpPETBOPIOBAYI YacTOTH Ha 0a3i TPaH3UCTOPIB THITY
IGBT MaroTh 3aI0BUIbHI HABaHTAXKYBAIBHY Ta KepYyrOUy 37aTHICTh IS CY/I-
HOBMX a3UIOIB 3 TpU(a3HUM aCHHXPOHHUM JBUTYHOM.
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2002 — N 7 Cyoosbie sHepzemuieckue yCmaHoKu 111

YK 620.193:[621.181:629.12]
Pomamxo B.H., Cypun C.M.
OHMA

CPABHEHME PE3YNIbTATOB TENNOTEXHUYECKUX UCTIbITAHUNA
YTUNN3ALNOHHBIX KOHTYPOB C KOTJIOM «DIESECON»

TernoTexHUYecKUEe HCMbITAHUS YTWIM3ALMOHHOTO KOHTypa € KOTJIOM
«DIESECON» 06pumi BriepBbIe IpoBezieHs! Ha T/X «Antalina» B 2000 roxy [1].
Pe3ynmpTaThl 3THX WCTIBITAHUI CBUACTENBCTBYIOT O OOJBIINX MOTEPSIX B yTHIIH-
3arrioHHOM KoTJIe (YK) u3-3a 3arps3HeHus Hapy)KHBIX IOBEPXHOCTEH, a TaKKe O
HHM3KOM KO3((UIIEHTe MCIOIB30BaHMs TEIUIOTHl YXOIINX Ta30B, KOT/a HC-
HOJIB3YIOT B KQUECTBE CellapaTopa Mapa BcroMoraTenbHelit kotén (BK).

Jliis mpoBepkr BHIBOJIOB [ 1] OBLIH MPOBEACHBI TEINIOTEXHUICSCKHE UCITHI-
TaHUs YTHIN3AIMOHHON YCTaHOBKH TaKOTo e THIa Ha T/X «Hai Ji». B oTiin-
yue OT [1] YK Ha ykazaHHOM T/X ObLI ¢ OOJbIIEH MOBEPXHOCTHIO HArpeBa
(562 M%) 1 ¢ TaKHM Ke Hapy>KHBIM opeOpeHneM TpyO; B KaueCcTBE CEeNnaparo-
pa mapa Ha 1/X «Hai Ji» ucnonp30Baicst OTHETPYOHBIH KOTEN, B OTIHYHE OT
koTia «VX» Ha T/x «Antalinay.

B mporecce ucnbITaHui NpeycMaTpUBaIoCh U3MEPEHUE ABICHUS ITapa
mTaTHBIM MaHoMmeTpoMm ¢ morpemHocTeio 0,025 MIla. Temneparypy Boab
Ha Bxoze B YK, B TEmiIoM smmmKe, TeMIeparypy razoB mepen u nocie YK
TaKXKe W3MEpSUIM IITAaTHBIMH HM3MEpUTENIBHBIMU Ipubopamu. IlorpemrHocts
TepMOMETpOB He mpeblmana 1,5 %. Yactorta Bpamenus u Harpyska I'/] omn-
PEIeNSIINCH ¢ TTOMOIIBIO AIIEKTPOHHBIX MPHOOPOB ¢ morpemHoctsio 0,5 %.
Jlis KOHTpOJI pexkuMOB padoThl '] 3amMChIBAIMCH TaK)Ke 9acTOTa Bpalle-
Hus I'TH, temneparypa no u nocine I'TH. Ilpu naHHBIX U3MEPEHUAX TaKKe
HCTIONB30BAJIOCH IITATHOE U3MEPUTEIFHOE 000pYIOBaHHUE.

AHanu3 pe3yJbTaTOB HMCIBITAHUI MOATBEPAUI JOCTOBEPHOCTH JaHHBIX,
3a MCKIIIOYEHHEM TeMIlepaTyphl BOAbI Ha BXxone B KOTEN. [loaTomy, B masib-
HeifmeM mpu 00paboTke HKCIIEpUMEHTa TeMIlepaTypy BOJBI Ha BXOJE B KO-
TE1 NPUHMMAIM CPEIHEB3BEUICHHOM MEXAy TeMIlepaTypaMu BO3BpaTHO-
LUPKYJSILMOHHON M nuTaTenbHOU Boabl. KoHaeHcaluio napa Ha MOBEPXHO-
CTH TIepEOXITaXIEHHOIN BOIBI B cemaparope mapa (BCIOMOTaTeIIEHOM KOTIIE)
HC YYUTBIBAJIA U3-3a BBICOKOM KPAaTHOCTH LUPKYJIALNUA.

[TepBoHaYanbHO TEIIOBOM OanaHc 1o aHajoruu ¢ [1] cBoawIu 1Mo mapo-
MPOU3BOAUTENILHOCTH KOTNIA, TEMIIEPATypaM Ta3oB Mepes U 3a KOTJIOM, pac-
X0y TOILIMBA:

Qg = ¢Be(lg1 — I2); 1)
Qp =D(ls — lw). )
Pacxop TomMBa Ha IIaBHEIH IBUraTesb Be onpenessuiy ¢ IoOMOIILI0 poTa-

LIMOHHOTO HITaTHOTO pacx0110Mepa ¢ abcomoTHOM morpemHocThio 100 Mi/y,
II0THOCTH TomBa 915 Kr/M> (mpu Temneparype 130 °C). DHTaIBINM Ta30B
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1o u nocie YK lg1 1 lg onpenensuin mo TemmepaTypaM ra3oB ¥ peKOMEHAAIH-
sim [2]. IlorpemHoCcTh pacuéra sHTANBNHK ObUTa MeHee 1 %. DHTanbnuy Ha-
CBIIIEHHOTO Mapa W MHUTATeIbHOM BOJBI OMPENeNsId M0 COOTBETCTBYIOLIUM
TeMIIepaTypaM U JaBJIEHHUIO C OTPEIIHOCTBIO MeHee 1,5 %

Pacxon mupKyISIMoOHHONM BOJIBI, KOTOPBINA cocTaBisul 1,8 Kr/c, mpuHUMa-
1 TI0 TpaKy-XapaKTepUCTUKE MUPKYISIIIMOHHOTO Hacoca. [Ipu 3Tom kpat-
HOCTb IIUPKYJISIUN BO BpEMsl OMBITOB KoJiebaack oT 4 1o 6. [Tapompousso-
JUTETBHOCTh KOTJIA OIpENeNisid MO0 M3MEHEHHWIO YPOBHS BOABI B TEIUIOM
SIITAKE C ITOTPENTHOCTRIO MeHee 2 %.

Pe3ynbraThl TEIUIOTEXHUYECKUX HCIBITAHUN yTHIIM3AIIMOHHOTO KOHTYpa
Ha T/X «Hai Ji» npeacraBiensl B Ta0iuile, a CXeMa HCIbITAHUH MOKa3aHa Ha

pHUCYHKE.
Dr /f]\ Tg: Pp Ps

P

N

p—
LR
“II||

Z
N
)

1 2 3
CxeMa HUCIIBITaHUN: | — YTHIM3aIHMOHHBIA KOTEN; 2 — OUPKYJISAHOHHBIN
Hacoc; 3 — cemapaTop mapa (BCoMoraTeNbHbIi KoTén); 4 — KOHIEHCATOp
napa; 5 — NnuTaTeabHbIN HacoC; 6 — TETUIBIN SIUK

O6paboTka pe3ynabTaToB 1o [1] u [2] moka3zana, 4To B OTJIUYHE OT PEKO-
MEHyeMbIX K03(p(HUIIMEHTOB coXpaHeHHs Teria ¢ B [2] pacdérsl o Gpopmy-
ne (2) maroT cTabMIBHO 3aHIDKCHHBIE pe3ynbTarThl, 4eM no Qopmyne (1). B
TaOJIMIe TIPUBEICHBI PEe3yNbTaThl pacuéToB 1o [1] u [2] mpu ycioBuH, 4TO
¢ = 1. 3mech Ke MpeICTaBICHBI ONBITHBIC KO3((UITMEHTH! COXpaHeHHS Tell-
J1a, KOTOpBIE OAHOBPEMEHHO YYHUTHIBAIOT HE TOJBKO MOTEPIO TEIUIOTH 0T YK
(p= 0,95), Ho u norepro Temna oT BK, HapykHas MOBEPXHOCTH KOTOPOTO
CYILECTBEHHO OOJIbIIe, YeM Y OOIIETPHHATHIX BEIHOCHBIX CEIapaTopoB Iapa.

Cratncrideckas o0pabOTKa pe3ysIbTaTOB MCIIBITAHMI ITOKa3ana, 4To TpH
OPHUEHTUPOBOYHO OJMHAKOBOHU Harpy3ke YK Ha msiTu pasHbIX nepexojax cyn-
Ha k03¢ dumuent ¢ = 0,9 co cpenHekBagpaTnaHOi orpemrHocTeio § = 0,06.
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Pe3ynbTarhl TEMIOTEXHHYECKUX HCITBITAHUI
Ha T/X «Antalina» u 1/x «Hai Ji»

Jlau mocite | Pp, Ps, Tg, | Tg2, | Th, D, Be, Nme, Qq, Qp,
ounctku |kr/em?|kr/em?| °C | °C |°C| xr/a kr/c |o0/mun| kBt | kBt ¢
T/X «Antalinay
1 6,8 | 59 |295|225|62|1256,7|0,279 | 110,7 | 937,4 |815,6| 0,87
1 6,8 | 59 |280|220|58|1236,9|0,279 | 110,7 | 803,5|802,8| 0,999
1 6,8 | 59 |280|220(64|1231,9|0,279 | 110,7 | 803,5|799,5| 0,995
1 6,9 | 6,0 |295|230(68|1242,8| 0,279 | 110,7 | 870,5|806,9| 0,93
1 6,9 | 6,0 |290|225(63|1288,6| 0,279 | 110,7 | 870,5|836,6| 0,96
1 54 | 45 |315|230(65|1449,1| 0,286 | 109,0 |1166,9|936,1| 0,80
1 55 | 4,6 |315|230(67|1375,5| 0,286 | 109,0 |1166,9|888,9| 0,76
1 55 | 45 |315|230(59|1398,5| 0,286 | 109,0 |1166,9/903,7| 0,77
1 56 | 45 |315|230|60|1415,3|0,286 | 109,0 |1166,9/914,9| 0,78
1 55 | 4,6 |315|230|59|1480,7| 0,286 | 109,0 |1166,9/956,8| 0,82
1/X «Hai Ji»
1 7,0 | 48 |284|220|72|1485,4|0,355| 84,0 |1090,6/945,5| 0,87
1 6,9 | 4,9 |274|215|64|1424,3|0,352 | 84,6 |996,9 |906,6| 0,91
1 6,9 | 48 |280|218|70|1464,7|0,350 | 83,9 |1041,6/932,3| 0,90
1 6,8 | 48 |285|215|68|1471,3|0,370 | 84,2 |1243,2|/936,5| 0,75
1 7,0 | 48 |280|220|65|1459,2|0,365| 84,3 |1051,2/928,8| 0,88
1 7,0 | 52 |271|210|66|1470,5|0,329 | 81,3 |963,3|936,0| 0,97
1 6,9 | 50 |274|212|70|1480,1|0,335| 81,4 |997,0(942,1| 0,94
1 6,8 | 51 |272|213|72|1468,8|0,340| 81,2 |962,9(934,9| 0,97
1 7,1 | 52 |270|208|68|1430,6|0,338| 81,0 |1005,9/910,6| 0,91
1 70 | 4,9 |271|210|65|1446,4| 0,340 | 81,3 |995,5(920,7| 0,92

AHaNOTHYHBIE pacUEThl OBLTH BBIITOTHEHBI 110 PE3yIbTaTaM TECIUIOTEXHH-
YECKUX HMCITBITAHUI YTHIIM3alMOHHOTO KOHTYpa Ha T/X «Antalina» [1]. B pe-
3yIbTaTe CTATHCTHUECKUX PACUETOB OKAa3aJOCh, YTO U YTHIIN3AIOHHOM
ycTaHoBKH [ 1] uncnennas sennuuna ¢ = 0,87 npu = 0,14.

JlaHHOE CONOCTaBJICHUE CBHUJIETENILCTBYET O TOM, 4TO Kod(duImeHT co-
XpaHEeHMsl TEIUIOThl NIPY KOHJEHCALMU apa B KOTIE «VX» HHUXKE, 4eM JUls
YCTaHOBKH C OTHETPYOHBIM KOTIIOM.

PesynpraTel ucnbITaHWA O 000MM CyIaM XOPOIIO COTTACYIOTCS M HX
MOJKHO HCHOJIB30BATh MPH pacuére padOTHl YTHIN3AIMOHHOTO KOHTypa Ha
MEPEMEHHBIX Harpy3Kax IJIaBHOTO ABHUTaTens o 0000IEHHON Moieny.
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YK 629.12.004.67.02
Tapamara B.B.
OHMA

MATEMATUYECKAS MOJEIb NEPEHOCA BELLIECTBA
MPU XUMUKO-TEPMUYECKOWU OBPABOTKE IETANEN CTC
noa AEMCTBUEM MPAOUEHTA OABNEHUA

Kak mokasano npoBenenHoe oocienosanue, s CP3 VkpauHsl U cTpan
CHI" B Bompocax BOCCTAaHOBJICHHS U YIIPOYHEHHS JI€TAIEH CYIOBBIX TEXHU-
gyeckux cpeactB (CTC) xapakTepHa cepbe3Hash TEXHONOTMYECKas OTCTa-
nocTb. IloaToMy Ipu MozepHHU3alMU IPOU3BOJCTBA HEOOXOAUMBI pa3padoT-
Ka U BHEAPEHHE NIPOrPECCUBHBIX TEXHOJIOTUH, UCIIOIB3YIOIIUX ISl IEpeHoca
HaHOCHMOTO BEIIECTBA OJJHOBPEMEHHO HECKOJBKUX TpagueHToB. K ux uncmy
otHocutcs U XTO.

Metonpt XTO xapakTepusyloTcs CIOXKHBIMHA TPOIECCAMH, B KOTOPBIX
OJTHOBPEMEHHO MOTYT JeMCTBOBATh TEMIIEpaTypHBIE, JIEKTPHUUECKUE U TIPO-
yue nois [1, 2, 3]. B pesynbrare oHu GOpMUPYIOT HaNpaBICHHBINA K MOBEPX-
HOCTH YIPOYHSIEMOU JeTaN pe3yabTUPYIOIINI MMOTOK BemecTBa Jm (Yriaepo-
Jla TIpU IIeMEHTAllMH, a30Ta MPU a30THPOBAHUU U TIP.), KOTOPBIN C MO3UIHIA
HEPaBHOBECHON TEPMOIWHAMHUKH MOXHO TMPEACTaBUTh CIEAYIOIIUM (EeHO-
MEHOJIOTHYECKIM ypaBHEHUEM [4]:

Jo =+ Iy + I Jmp +J

re Jme, Imt, Jmu, Jmp @ Jmh — JTOKaITBHBIE TIOTOKH, CO3AaBaeMbIe TPAJHEHTOM
KOHIICHTpAIUH, TCTJIOBBIM H 3JICKTPUYCCKUM IIOJISAMH, I'PAJUCHTOM JaBJIC-
HHUS U MAarHUTHBIM I10JIEM COOTBETCTBCHHO.

OTCyTCTBHE MaTEeMaTHYECKOrO OIHCAHUS Ui OOJBIIMHCTBA COCTaB-
JISIIOINUX TIOTOKA 3aTPYAHSAET KaK OLCHKY MX BKJIaJa B OOLIMH MOTOK, TaK M
MocTpoeHue oOmeil kapTuHel nepeHoca BemiectBa npu XTO. Llensio Ha-
CTOSIIIIETO aHAK3a SIBJSUIACH pa3paboTKa JOKATBHOW MOJENH, OTpaKaroei
BIMSIHUE IIPUHYAUTEIBHOIO NIEPEMELIEHHS Ta30BOM Cpebl 3a CUET TpajuecH-
Ta AaBieHus. Tak Kak cO3/1aBacMbIid MPHU STOM IMOTOK BEIIECTBA MOXKET OBITH
BEIpKEH TPOU3BEACHHEM (peHoMmeHoaorndeckoro kodddumuenta Kmp Ha
TpaaguCHT JaBJICHUA

oP

Jmp = —Kmp & ) (1)

TO Tt (POPMYTUPOBAHUS €0 MATEMATHYECKOTO BBIPAKEHUS HEOOXOIUMO U
JIOCTATOYHO YCTAaHOBUTH CBS3b (PM3UKO-TEXHUYECKUX MapaMeTpPOB IMpoliecca
CO 3HaYEHUAMH BXOASIIMX B (1) COMHOXKUTENEH.

[Ipoananu3upyem ¢ STHUX MO3UIUN MUPKYISIHOHHOE HACHIIICHUE — TEX-
HUYECKH HauboJiee COBEPIICHHBIM U CIOXHBIA METOJl M3 YMCIIa MCIOJIb3YIO-
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IIUX TPaTUCHT AaBICHUS. Y CTAHOBKY UL OCYIIECTBIICHHMS MPOIEcca MOXKHO
MPEICTAaBUTh B BHAE 3aMKHYTOH CHCTEMBI, B COCTaB KOTOPOI BXOAWT CO3-
JAOIUK JaBieHne BeHTHIATOp (puc.). C TOUKH 3peHrsl a9pOAUHAMUKH TPY-
OOIPOBOJl COCTOUT U3 MPSIMBIX YYaCTKOB U MECTHBIX COIPOTHUBIICHUH, MPH-
BOJSIINAX K IOTEPE CTATHUECKOTO NaBICHHA. OIIOpa AaBICHUH (pa3BepTka
o JITHHE TPpyOOoIpoBoaa) OyAeT COCTOATh U3 YYACTKOB C PABHOMEPHBIM I1a-
JneHueM JaBieHus (tuma 1) u ceueHuit ¢ pe3kuM mnajaeHueM (tuma 1-2), oTse-
YaOIINX MOBOPOTaM, M3MEHEHISIM CeueHHs W T.I. B mampHelimem Oymem
CUMTATh: a) CEUCHHE TPYOOIPOBOAA U IIEPOXOBATOCTh €r0 BHYTPEHHEH IO-
BEPXHOCTH 110 BCEHl ATMHE HEU3MEHHBIL, 0) AJTMHA Y4aCTKOB MECTHBIX COIpPO-
TUBJICHUH Maa, B) IBWKEHHUE ra3a M0 MaruCTPajd SBISETCS TYpOYIeHTHBIM
[2], T) COMPOTHUBIICHUS B MECTAaX PACIIOJIOKECHUSI HCTOYHHKA BEIECTBA M YII-
pOYHSIEMOH JIeTalli He3HAUUTEIbHBI.

< >~/
<

4-1

Tocr 1-2
(N—= ] 4
N
Herounmk semecrna
4 1 2
Herans
v V.
P —
3-4 Taer 2-3
p-. 3 -
Hagzenue, P
A
L o AP,
f /.'.\/)1..1
i
LT,

Paccrognme ot sentiasropa, X

CxeMa HUPKYJIALUOHHON YCTaHOBKH U 3IIOPAa U3MEHEHHS
JIaBJIEHMS 110 JUTHHE MaruCTpaiy

Toraa cozmaBaeMoe BEHTWIATOPOM AaBIEHHUE Pyexr (Haop) OyaeT paBHO
CyMMe ero najeHuid APjHa BceX y4acTKax MarucTpalu:

k
Pem = > AP, = AR, + AR_, + ... + AP, + AP, ;. )
i=1
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C y4eToM CKa3aHHOTO CYMMapHOE MaJCHUE TABJICHHs Ha BCEX MPSIMOJIU-
HEHHBIX y9acTKax OyIeT paBHO Pa3HOCTH HAIIOPa, CO3aBa€MOI0 BEHTHIIATO-
POM, ¥ CYMMBI TIaJICHUI HAa MECTHBIX CONPOTHBICHUAX (M3rHOax, IOBOPOTaX
u 1.1.). [ToaTOMy rpajiueHT AaBICHUS ISl UCCICIYEMOU CXEMBI €r0 MOKHO
OTIPENICIUTD CIICAYIONTIM 00pa3oM:

a_P_ PeeHm_zPMecm
ox L+l +L+L,

3)

du3HUECKY0 HHTEPIpPETAUI0 (HeHOMEHOIOTHYECKOTo KO3 pumnmeHTa
Kmp ¥ aHaTUTHYECKOE BBIPAXKEHUE I HETO MPOM3BEICM Ha OCHOBE aHa-
JU3a ypaBHEHHsI Pa3MEPHOCTH MOTOKa BeiecTBa Jm. COrIacHO BBIKIIAJ-
kaM, [Kmp] = C, 4TO COOTBETCTBYET OTHOIIECHHIO CYMMApHOMN JJIHHBI I Si-
MOJIMHEHHBIX YYaCTKOB TPYOOIPOBOAA K CKOPOCTH ra30BOr0 MOTOKA W:

Zk: L dpmi L
_ i=1 _ i=1
Kmp - w - Renm ! (4)

rine Re — xputepuii PefiHonbaca, oTBeyaromuii TypOyJICHTHOMY TEUCHHIO
n

razoBoii cmecy; 0 — IuameTp MarkcTpai, M; 1y, = Zni — IWHAMHYECKast
i1

n

BA3KOCTh T'a30BOi cmecw, Ila/c; p,, = Zpi — IUIOTHOCTh T'a30BOH CMECH,
i=1

KF/MS; pi u Tli — HaleI/IaJ'ILHI)IG IIJIOTHOCTU U JUHAMUYCCKHUE BA3KOCTHU KOM-

MOHEHTOB Ta30BOM CMECH.
[Mocne moacranoBku (3) u (4) B ucxonHoe ypasHenue (1), momydaem Bbl-
paXxeHue s Ta30JMHAMUYECKON COCTaBIISIONIEH MMOTOKA BEIIECTBA:

dp

_Knmx PseHm_meecm

mp:

C ero moMoIIbI0 MOYKHO OIICHUBATh HE TOJIBKO POJIb TPAJANEHTA JaBICHUS
B YK€ pa3pabOTaHHBIX TEXHOJIOTHIX XUMHKO-TEPMUIECKOH 00pabOTKH, HO U
MPOTHO3UPOBaTh 3((HEKTUBHOCTH €T0 BBEACHHUS B HOBBIE, pa3pabaThiBacMble
niporiecchl XTO.
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VK 621.822.5
Xaumamenos C.A. Boakos A.B.
OHMA

MPOLIECCHI TPEHWA B HOMWHAIIbHO HENOABUXHOM ®PUKLIMOHHOM
KOHTAKTE BKNAOBILEW NOALWWNHUKOB CKONbXEHUA ABC

JeiicTBUe HAarpy30K B MOJIIMITHUKOBBIX y3J1aX KPUBOILUITHO-IIATYHHOTO
MEXaHHU3Ma BbI3bIBAECT B3aMMHOE IEPEMEILEHUE JIEMEHTOB HOMUHAJIBHOTO
HETOJIBMKHOTO (pUKIHOHHOTO KoHTakTa (HH®K) Brimagsiiei mommIiiHu-
KOB CKOJIbXXEHHS BJIOJIb KPWUBOJIMHEHHON MOBEPXHOCTH LIATYHA WU KPBIIIKH
MOJIIUITHAKA, YTO SBISACTCS MPUIMHOW (PPETTHHI-MOBPESKACHUI KOHTAKTHU-
pyIoLLIEl MOBEPXHOCTH BKJIABIIIIA.

Jns porHO3UpOBaHUST (PPETTUHT-TIOBPEXKICHAN M MX MpPEIOTBPAIICHUST
HEOOXOJUM KOHTPOJIb 33 aMIUTUTYJOW B3aUMHBIX TEpPEeMEIICHUI SJIeMEHTOB
KOHTaKTa (BKJIQJIBIIIEH) MOJIIMITHAKA CKOJILKEHHsL. DTy 3a/1a4y Mpearaercs
pelmnTh TyTéM MaTeMaTUIECKOT0 MOAEIHpoBanus mporecca Tperust B HHOK
C TOCTeqyIomel ampobanuell U CONMOCTABICHHEM PE3yIbTaTOB Ha peabHBIX
noamMnHUKOBBIX y3nax JIBC. Takoe MoaenupoBaHue mporecca TPeHUs ocy-
LIECTBIISACTCA ISl CITy4ast, KOrJia MepeMeIleHrs] BKIIAbIa OTHOCUTENBHO TI0-
CTEJM LIaTyHa HE BBIXOJUT 3a Ipelenbl MOJHOIO MpeIBapUTeIbHOTO cMellie-
HUSL.

JanHas myOauKanus sSBIsIeTCsl JaTbHEHIINM pa3sBUTHEM U JleTalu3aluei
paHee onyOJIUKOBaHHOM paboThI [1].

B ocHoBy Mozenu 11 UcCiaeIOBaHUs TPEHUS MOJI0XKEHA PEOJIOTHYecKast
mozenb FO.A. MnummHckoro [2]. OHa COCTOMT M3 MHOXKECTBa IOCIEIOBA-
TCJIbHO COCAWMHCHHBIX DJICMCHTOB HpaH,Z[TJ'[H 1 YYUTBIBAET OCHOBHBLIC CBOM-
ctBa HH®K (ympyrue, GppuKIHOHHBIE), & TAK)KE YCIOBHE OTIEPSIKEHUS pOCTa
neopMalii IO CPaBHEHUIO C POCTOM TAHTCHIHAIBHOTO HANPSDKEHUS B
koHTakTe (puc. 1). Hactosmast Mogens mpeacTaBiseT nalbHenIIee pa3BuTHe
peonoruueckoit monenu Koctorpeza C.I'. [3]: BKkIaabIl NOJIIMITHAKA Mac-
COM M, M IIATyH M; KOHTAKTUPYIOT MEXIy CO0O0¥ M0 HOMHUHAJIBLHOM TUTOMIA-
m A.

Ha cnenumanbkHO M3rOTOBICHHOM TpuOOMeTpe Oblia MoJydyeHa 3aBUCH-
MOCTb «HanpspxeHune — aedopmarus» st HHOK cranu 45, u3 kotopoit us-
TOTaBJIMBAIOTCA BKJIABIIIN HOJIIMITHUKOB, B J1ara30oHe HOMUHAJIBHBIX JaB-
nenuit 120...180 MITa 6e3 cma3ku. 3aBucumocth T = f(X) HawyanpHOrO Ha-
rpyxennss HHOK, BemonnenHoro u3 cramum 45, mpeacTaBieHa Ha puHc. 2.
HHO®K Harpyajcs TaHT€HIMAJIbHOW Harpy3koil, Ipu 3TOM IPOBOAMIIACH
perucTpanus TaHT€HIUAIBHOTO HANPSHKEHUS U B3aUMHOI'O MEPEMELIEHUS OT
MOMCHTA, KOTrJa TaHICHIIUAJIIbHOC HAIIPS)KCHUEC B KOHTAKTE T = 0, J0 MOMCH-
Ta, Koraa T = (fi, T.e. Koraa mpou30MAET CPHIB KOHTAKTHPYIOIIMX IOBEPXHO-
cTeit 1 HauHETCS (PPUKIIMOHHOE TIPOCKAIB3bIBAHHUE.
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Puc. 1. Peonoruueckas mogens HH®K ansa uiccnenoBanus
3aKOHOMEPHOCTEH M XapaKTepHUCTHK BHOPALIMOHHOTO Tpe-
HUS B y3JIe BKJIAJBIN TOANIMITHUKA — IIATYH JBUTATEIS
BHYTPEHHETO CTOPaHHUS
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qf /
10 /
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Puc. 2. DxcniepuMeHTa bHas KPHBasi Harpy>KeHUs, MOJTydeHHas
Ha MUKPOTpUOOMETpe Al HeTepMooOpaboTaHHOI cTanmu 45 pu
HOpMaJbHOM JaBieHHH B nuamazone 120...180 MIla 6e3
cMmaski. Touka C — BeTMYMHA YHPYroi aeopMaliu KOHTAKTa,
TOYKA & —CpPbIB (PPUKIMOHHOTO KOHTAKTA.

3neck MPUHATO (| — HOMWHAIBHOE KOHTYpPHOE JaBIEHHE B KOHTAKTe,
MIla; f; — crarnyeckuii KO3(GHUIUCHT TPEHHUS CTAJIH 110 CTAIN 0€3 CMa3KH.

JedopmupoBaHre 371eMEHTOB KOHTakTa AX, MKM, paccMaTpuBaeM B Ha-
MPABJICHNH C/IBUTAIONICH CUIIBI C TOMOIIBIO HHIYKIIMOHHOTO JaT4yhKa.

O6paboTka KpUBOH HArpy:KEHHs MO3BOJISIET YCTAHOBHUTH IapaMeTp Iuia-
CTUYHOCTH KaK COOTHOIIIEHHE

r]:AX—Ay.
Ay
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PesynbraThl HccneoBaHUs HAYAJIbHOTO HATPYKEHHUS JIUIS CTalu 45 Obln
HCTIONB30BAHEl B PEOJIOTHUSCKONH MOJAENH puc. | IUIs MCclenoBaHUS Iepe-
MEIIeHHs BKJIA bl TOANIUITHAKA OTHOCUTEIBHO IIATyHa JBUTATENs BHYT-
PCHHEr0 CrOpaHHus.

K BrimagpImy mpriioxXeHa MepHOIMYSCKH MEHSIOIIAsICS YaeNbHas CIBH-
rafomias cuia T = f(t). Ona BO MHOrOM 3aBHCHT OT KHHEMATHKH KPHBOIIIHII-
HO-IIATYHHOT0 MexaHu3Ma. Vcnonbs3ys npeobpazoBanmne Oypbe U yIUTHIBAS
B JAIBHEWIIEM TOJBKO IEPBYI0 TAapMOHHKY, CABHTAIONIYI0 CHIIy MOXKHO
MPEICTaBUTh KaK:

T = T1,C050t, (1)

Il To — AMILIMTYHOE 3HAYEHHE YEIbHOM CIBUTAIONIEH CHIIBL, » — IIUK-
JIM4YECKas 4aCTOTa BpalllCHUA KOJICHYATOI'O Bajla IBUTAaTCIIA.
Tax, I MOTBUIEBOTO TIOJALIUITHHKA 3Ta CUIIa MOKET OBITh IIPEICTABICHA
S ©
AS
rae P, — makcumansHoe nasienue cropanus JIBC; S, — Iuiomans HOpIIHS;
f — ko3 puIMEHT TPeHHUS CKOBKEHNS B IIape BKIAIBIII — lIeHKa Bana; S —
IIomaab HOHepellHOI‘O CCUCHHA BKJIaAbIIIA MMOAIINITHUKA CKOJIB)KCHUSA.
KOHTaKT BKJIaAbIllla ITOJIIUITHUKA UMCECT prer'HHaCTI/IquKI/Ie CBOﬁ'
CTBa, KOTOpLIe OIIUCBIBAKOTCA I10 I[yre BKJIaJdbIIIIa Q)yHKHHeI?'I TaHI'CHIIMAJb-

HOM KECTKOCTH E(X) npu HavanpHOU xecTkocTH C,. [Ipu 3TOM TaHTeHIIH-
aJbHAas KECTKOCTh OTHECEHA K €IMHHUIE HOMUHAJIBHON INIOMAAA KOHTAKTa
BKJIafbIIa A.

BcenencTeue mocienoBaTebHON0 COSAMHEHHS DJIEMEHTOB KOHTAKTa MO-
JICITH B3aUMHOE TIePEMEIICHHE KAKIOTO U3 MOCICAYIOIIUX KOHTAaKTOB Ove-
BHJTHO OyZeT yObIBaTh, T.C.

AX| > AX, > AX; > AX ©)

[Ipu pacuére nedopmanyu AXi 3eMeHTa, OTCTOSIIETO HA PACCTOSHUH Xij
OT 3aMKa, HEOOXOMMO C OJTHOW CTOPOHBI YUECTh CXKMUMACMOCTh BKJIABIIIA

- i
Mgy = =25 (4)
rae £ — Monynb ynpyrocT cTaay BKJIAABIIIA MOIINITHAKA.
BenmmurHa cxxumaronei Cuiisl (To)j B JTE000H TOUYKE BKIIA/BINA MOXKET
OBITh Hal{JICHa C MCIIOJIb30BAaHUEM W3BECTHOT'O YpaBHEeHHUs Diiepa [7]
%o

TOJ = eflaj _1’ (5)
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IJIe Olj — Yrojd JYTU 1O BKIAJBIITY OT 3aMKa JI0 paccMaTpuBaeMoro Xj siie-
menta HHOK.

C yu€rom 3TorO, AN MOASTH, N300pakEHHON Ha puc. 1, nuddepeHnu-
QIFHOE YPaBHEHHUE JBMYKEHUS BKJIAJBIIIA OTHOCHTEIHHO IIATYHA 3aIIHIIEM B
BHJIC:

2
m ddg() + AC(X)X(t) = Ary, - cosot , (6)
rge m — npuBEACHHAA Macca,
m=_"te 7)
m +m,

rae M; — Macca [1aTyHa, BOBICYEHHOIO BO BpaIlaTeIbHOE IBIDKCHHE, My —
Macca BKJIaJbIIIa HOIIINITHAKA.

B3aumHoe mepeMelneHne 3IEMEHTOB KOHTAKTa BBIPA3HMM Yepe3 OTHOCH-
TENPHOE B3aUMHOE MEPEMEIIICHHE € U YIPYTYIO YacTh MOJHOTO MPEIBAPHUTEIb-
HOTO cMenieHus Ay:

X(t) = Ays(t) . )

Bocmnons3yemes ypaBaenueM u3 [3] aiis onucaHus 3aBUCHMOCTH MEX/Ty Ha-
MIPaBJICHUEM CIIBUTA ¥ B3aMMHBIM OTHOCHUTEJIBHBIM [IEpeMEIIEHUEM DIIEMEHTOB:

t=(f S—LM'SMI, 0<e<n+1l )
(n+1)n
T = (f, e>n+1.
VYpaBuenue (6) mpeodpasyeM K BULY:
2 1
d—f+A% 1—;1,-@ e = 2% cosot. (10)
dt m (n+1"" mAy
B ypasuenun (10) 0603HauMM:
COOCTBEHHAsl 4YaCTOTa TaHI'eHIIMAIBHBIX Konebannit HHOK
o =A% (11)
m
a TaKkXKe BBEIEM 0003HAUCHUS
K = i; (12)



122 Cy0oeble snepeemuieckue yCmaHosKu 2002 — Ne 7

n+1
(DU

XK(s) (13)
rae XK(g) — dbyHKUMOHAN, XapaKTePH3YIOLINIA PACCESIHUE SHEPIUH B KOHTAKTE.

C yuerom Beipaxkennii (11) — (13) auddepennmanstoe ypasuenue (10)
proOpeTaeT BU:

2
49

dt?

[Tonmy4yennoe ypaBHeHue (14) onmuchBaeT CBOOOIHBIC KOJNCOAHNS MOBEPX-
HOCTEH ¢ HEJMHEWHOW BOCCTAaHABJIMBAOLIEH CHIION. JJaHHOE ypaBHEHHUE B3au-
MozaericTBus opepxHocted B HHOK monHocThi0 TOBTOPSET U3BECTHOE YPaB-
Henune Kocrorpea C.I'. [3] 1 no cBoeli cTpykType u opMme 3amuicu aHajo-
rM4YHO MU depeHIanbHOMY YpaBHEHHIO Ipoliecca fe(opMUpOBaHuUs TBEPIO-
IO Tefa ¢ TUCTepe3ucHbIMU noTepsiMu sHepruu [lucapenxo I'.C. [4].

PaccmotpuM Tereph pUOIIDKEHHBIA METO U3YUIEeHUS YCTaHOBUBIIIETOCS
mporecca KorebaHuii B CHCTEMe IIATyH — BKJIAIBIIT MTOJIINIIHAKA TIPH JCH-
CTBMH BHEIIHEH BO3MYIIAIOIIEH CHUIIBI.

[TycTh mom NEHWCTBUEM CXKHMAFOIICH CHITBI, OOYCJIOBICHHOW KHMHEMATHKOM
KPHMBOIIHITHO-IIIATYHHOTO MeXaHu3Ma, Mpoucxoaut nedopmupoBanne HHOK
TIO CIIEIYIOIEMY 3aKOHY

+ O |:8+)K(8):| = Kt,cosot. (14)

et =g,Cc08 0ot —¢ , (15)

i€ € — aMIUINTY/Ia OTHOCHUTEIHHOI0 B3aUMHOTO IEPEMEIICHHS 3JIEMEHTOB
KOHTAKTa; () — yroJ casura (asz mexay rporeccamu g(t) u t(t).

Oo6ee perenrie ypasHeHus (14) npu ycnosuu (9) HensBecTHO. Benencraue
HEJIMHEHHOTO XapaKTepa YpaBHEHHS, CIEAyeT CUMTaTh HENPHIOIHBIM METOI
HaJIOJKEHHS KOJIEOAHMI, IIOCKONIBKY €CITM JIaXKe YAacTCsl TOUHO ONPENEIUTEL CBO-
60,Z[HI)Ie 1 BBIHYXXJICHHBIC KOHe6aHI/I$I CUCTEMBI, TO CyMMa 3TUX JABYX ,HBHH(GHHﬁ
HE JIaeT AEHCTBUTEIBHBIX PE3YIbTUPYIOMMX KOTCOAHHIA.

Jist yrpoIneHust 3a1a4i PacCMOTPHUM TOJIBKO YCTAHOBHBILEECS COCTOSI-
HUE BBIHYKICHHBIX KOHG63HHﬁ, HC AaKLOCHTUPYS BHHUMAHUC Ha CBO6OJ1HI)IX
KOHe6aHI/I${X, 3aBUCALIINX OT HAYAJIbHBIX YCHOBHﬁ.

Ipencrapum byrxumonan XK (g) psmom dypee:
XK(e) = )K[gacos ot —¢ ]: Ag, +

- (16)
+> A g, COS[k ot —¢ ]+Bk g, COS[k oat—(p].
k=1
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U3 (16) BUIHO, YTO 3TO paBEHCTBO HE MOXKET OBIThH YIOBIETBOPEHO LIS BCEX
3HaueHH t ¥ yAOBIETBOPSAETCS TONBKO MpH t=NT/2®, rae N — 1enoe 9ucio. 1o
3HAYUT, YTO IIPHU HAIEKAIIEM BEIOOPE aMIUTUTYIBI €3 B (ha30BOTO YTIIA (p TIpes-
JIOXeHHoe peleHue (14) MOXeT yIOBIETBOPUTh YPAaBHEHUIO JBIKEHUS B Kpaii-
HHX W CpEIHEM TOJIOKEHHH IBIDKEHHST BKJIA/IBIIIIA.

Bynem yunThIBaTH B JaNbHEWIIEM TONBKO IEPBYIO TAPMOHUKY BEBIpaKe-
Hus (16) wu, BemonHss auddepennupoBanre 3apucuMoctu (15), caemaem
COOTBETCTBYIOILIME MOACTAaHOBKH B ypaBHeHHE (14)

—0%, cosot cose — o’s, sinotsing + Q%c, cosmt cose +
+Q%_ sinotsing + ’B, ¢, sinotcose + B, &, cosotsing +(17)

+Q2A &, cosotcose + Q?A &, sinotsing = Kt, cosot.

[IpupaBauBaeM ko3 GUIHMEHTH ypaBHEHUS (17), OTASTBHO CTOSIIHE MTPH
cosot u Sinot, ToayYrM cHcTEMY IBYX alnreOpandecKix ypaBHEHHMIT

g, QO -0’ cosp+ QA e, cosp— B g, sing=Kr,; 18)
g, ¥ -0 sing+Q’A &, Sing—Q’B, &, cose =0.

PaznmenuB BTOpoe ypaBHeHHe cucteMbl (18) Ha COS¢ 1 BBOAS 0003HaUe-
Hue Oe3pa3MepHOil YacTOThI BRIHYKIECHHBIX KoJebanuii o = @/CQ), momydum

BEIpa)KEHHE JIJIS yTIIa cIBUTra (as:

= arctg ~OuB, v ; (19)
*= L OP -0 +OA e,
B
¢ = arctg 1 o . (20)

g, 1-a’ +A g,

YMHOXHUM IepBOe ypaBHeHHE cucTeMbl (18) Ha COS @, a BTOpoe ypaBHe-
HHE Ha SiN @ U MPUIEM K CHCTEME YPaBHEHHIA

g, - cos’ o+ QA &, cos’ - Q’B, &, Sinpcose = Kt, cosg; (22)

€4 Qz — o Sinz(P""QiAi €a Sinz(p_QiBl €a singcose = 0. (22)

CnoxuB ypaBHeHus (21) u (22), nonyuum
g, V-0 +QPA &, =Kt Cosp. (23)

B ypaBuenuu (18) Beipazum COS @, uepes tg ¢, Toraa moryanm



124 Cy0oeble snepeemuieckue yCmaHosKu 2002 — Ne 7

2 2 2
g, 0L —0° + LA &, =

a

K |:8a -0’ + QA s, T (24)
=Kr

o

> .
2 2 2 2 4
(6. Q2 —0® +QIA 5, | +B 5, O
Bo3Bozst B KBajipat JeBYIO U IIPaBYIO YacTH ypaBHEHUs (23) U mpou3Beas
COKpAIICHHUs, PUAEM K BBIPRXKEHUIO

2
[sa Q-0 +FA e, ] +B g, Q =K1, (25)
C yueTom Oe3pa3MepHOl YacCTOTHI 0L 3TO BBIPAKEHHUE MOIYUUT BUJL
2 KZ 2
[ea1-0" +A e, | +B] & = Qfa (26)

®dopma 3amucu BeIpaxeHus (21) He coBceM ymayHa, Tak Kak B 3HAMEHa-
Tesle TIPaBoii 4acTH NpucyTcTBYeT Q7. UTOOBI M36aBUTHCS OT TOTO, PACKPO-
€M COOTHOILICHHE

KTZa _ At, - At, _ T2 27)
Q. mAQT c A df

B 3TOM COOTHOLIEHMH YYMTBHIBAJIOCH TO, YTO YIpyras 4acTh IOJHOIO

fA
npeaBaputenbHoro cMemieHus: B HHOK Ay = Cllal .

0
Ob6patHast BeTMUUHA MTOCTICHETO WICHA B YpaBHEHUH (27) mpeAcTaBiIseT
co00ii cTaTuYecKuii KO PHUIIMEHT 3araca CHUIIbI TPSHUS

==, (28)

Jst MIaTyHHOTO TIOAIIMITHHKA cKonbxeHnuss JIBC BenwuuHa Ac MOXKET
OBITh OTpeIelicHa CIICIYIOIUM 00pa3oM

PZSH f
a _ A *_f
}\'C = — = = =, (29)
1, PBS i f
A

IMockonbky Bennuuna f1 ~ const = 0,3...0,35, a BenuunHa koadunmenTa
f=0,005...0,15 3aBucHUT OT peskuMa pabOThHI OAIIMITHHKA, €0 TEXHHYCCKO-
IO COCTOSIHUSI M COCTOSIHMS CMa304HOT'O MaTepHaia, TO 3Ha4eHHE CTaTHde-
CKOTO0 KO3((HIMEHTA 3araca CHIbI TPEHUS COCTaBUT
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Ae =2...60.
YuuteiBas cootHomenus (27) u (28), 3anumem ypaBHenue (26) B Buje
|:8a 1-o® A g, TJrBlz €a :%. (30)

Ha ocHoBe ypaBHeHusi (24) moiay4uM BBIpRXKEHHE Ui aMIUTUTYIHO-
YaCTOTHOHM XapaKTepPUCTUKH BBIHYKJCHHBIX Koyiebannii B HHOK

ocf2:1+8i A e, F %—Bf gy |- (31)

B cootBeTcTBHM ¢ IPHHATOM cXeMOii pelienus ypasHenus (14) u orpanude-

HISIMH, HaoskeHHBIME Ha dynkimonan K (g) (16) B mociemseit Gopmyre, 3a-
J[aBasiCh TOCJICIOBATELHO BEJIMUMHAMU Ea U COOTBETCTBYIOLIMMH UM 3HAaue-
HsIMA Ag(8a) 1 By(ga) 1S KaKI0r0 (DMKCHPOBAHHOTO 3HAYEHUS Ao (0OYCIIOB-
JICHHOTO PE&KUMOM PabOThI MOAIIMITHIKA CKOJIBKEHHUS), PACCUUTHIBAIOT 3HAUC-
HUS Ol M Ol2 M TIO 3THM 3HAYEHHSIM CTPOSIT PE30HAHCHYIO KPHBYIO (puc. 3).

Hanee Oonee mMOIpPOOHO paccMOTPUM ompenesieHne Kod(pHUIMEHTOB
Ai(ea) u Byi(ea) B ypaBuenun (31) u ypaBueruu (16).

Ecmu 0603naunTh B = ot — ¢, TOrma € = £,C0S B, a KO3QPHUIHEHTHI psma
®dypbe MOXKHO MPEJICTABUTH B 00IIIel (opMe 3armnicu

2n

A 5, == [ XK &,cosp coskBdp, (32)
T 0
1 2n

B, . =—j)f< g, sinp coskBdp . (33)
T 0

VYpaBuenue (14) MOXXHO paccMaTpuBaTh Kak ypaBHEHHE PaBHOBECHS, B
KOTOPOM CHJIa UHEPIUH YPaBHOBEIICHA CHJIOH HEYIPYroro COMPOTHBICHUS,
YIPYrow CUIIoi ¥ BO3MYINAtoMIel cumoid. Pabora, coBepmaemast 3Toi cucre-
MOH CHJI Ha JIFOOOM BHPTYQJIBHOM TepeMemieHuH AXi, JTOJDKHA PaBHATHCS
HyJr0. JpyrumMu clioBamu, MOCKOJBKY IOABIHTETpaIbHAS (HYHKIUS B ypaB-
HeHusx (32) — (33) mpencrasiisieT coboil paboTy, TO MHTErpUPOBAHUE HEOO-
XO0AMUMO MPOU3BOAUTH 3a TOJIHBIN UK ICPpEMEICHM A BKJIaabllla, T.C.

)?{gdgzsa}}gngrsa)?{gdg. (34)
e do= [ dbr |

C y4eToM MUKINYECKOW MEepeMEeHHOH € = €,C0S § mHTerpan (24) MOXKHO
3amucaTh B BUJIE
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0 2 fa
[_]]}K g Os = I)K g,C0sP d g,cosP + I)K g,CcosB d s, cosP . (35)

~%a ~%a

C yuerom Beipaxenuit (13), (31), (32), (35) ycTaHOBHM aHaIUTUYECKHE
3aBUCHMOCTH JIJIsi KO3 GuIreHToB psaaa dypbe, COOTBETCTBYIOMUX (HYHK-

[HOHAITY X (e):

n+1

Ace =- o T
Tn+ln
. f[_“zosﬁj cos coskBdp + j[ﬂ] cospcoskBdp = (36)
- _L {Icos" BcosBcosdeBJrISIn” BCOSBCOSdeB}
2
mn+ln Lo
Bk & == San T
T n+1ln
: f(—l“z:osﬁj cosBskadBJrI(ﬂ] cospsinkpdp: = (36)
_ 8aT _{TcosiEcosBsindeBJr]EsinsECOSBSindeB}
- 1 2 2 |
Tn+ln Lo °

AHaIUTHYECKHE BBIPQKEHHS UL TIEPBOW TapMOHHMKH KOI()(OHIMEHTOB
psina @ypse, k=1

Al €a :_a—1‘]a n.; (38)
T Nn+ln

2n EB 2n EB
J n = |cos"=cos’Bdp + | sin" =cos’ Bdp ; 39
, j , 00s’ polp j , 0os’ fap (39)
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net

Sn

Bl €, =—a—1Jb n; (40)
TnN+ln
2n EB 2n EB
n = | cos" =sin’ BdP + | sin" =sin2pdp . 41
3, j , Sin’® pp j 5 Sin2pdp (41)

Jlnst npescrasienus kodddumnmentos Ai(g,) u Bi(g,) B sBHOM Bue Tpe-
ctaBuM HHTErpai Ja(N) Kak CyMMY JIBYX HHTETPAJIOB

Jn=J,n+J,n. (42)
2n 2 2n L
J, n = IcosH %cos2 Bdp + I (%jn cos’ Bdp . (43)
0 0
IIpousBeneM 3aMeHy IIEPEMEHHBIX, BBOASA 0003HAYEHUS

_ (@jn cosf; dV =cospdp; V =-sinp;

| ALY (LS00 (L g

n 2 2

a a
V4uThIBacM, ‘lTOIUdV =uv|y —IVdu , TOrAa
0 0
2n

1
J. n = —(1+ZOSBT cosfsinf |-

0

1

—T —sinp %(1“;08[3]” [—SigﬁjcoSB—(—1+;Osﬁjnsin[3 dp =

(44)

2

f[lJrCOSB] sinff —sinf dp.

BhImonHUM 3aMeHy MepeMeHHbIX, 0o0o3Haudast COSP=z; -Sinfdf=dz. TIpu
B=0; z=I. TTpu p=2m; z=I.

:iT(lJFCOSBT sinfcosB —sinf dp +
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1 1
1e(l+z) " o l+zy o7
Jla n 2%1(7] 1-2z ZdZ+I( ] 1-2z° zdz.

. n T(M] cos’ Bdp = In/cos cos’ Bdp =
7 n, 2BY(1 a2 P _
= ! (l sin j(l 2sin 2] dp = (45)

p

n 2 dsin—
= ZI [1 SIHZBJKI—ZSH’]Z E] 2
; 2 2 ( sz

(&

1-sin
2

IMpoussenem 3aMeHy MepeMeHHbIX, 0003HauuB t = SiNp/2. TIpu B=0; t = 0;
mpu B =2m; t = 1. C ydeToM 3TOTO

1 dt 1
J.n =2[W1-t? 1-2* " =[1-¢
i ! Ji-t2 !

: 111-2 t -2 11
J, N :I l1-sn Z—Sds:js2 l-sn2ds-
0 \/g 0
1 1 11 13 11
—4Is2 1—3?5ds+4132 l1-snads=
0 0
11 11 13 11
:jszl 1-sh 5]*1ds_4jszl 1-s 2 ds s (46)
0 0

+4B El+1
2n 2

B Beipaxenunn (40) cumBosioM B o0o3HaueHa OeTa-(QyHKIHUSA, KOTOPYIO
MO>KHO BBIPa3HTh 4Yepe3 ramma-(QyHKITHIO
'pTz

Bpz =———. 47
Pz I'p+z (41
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C y4eToM H3II0KEHHOTO BBIIIE 3AMUIIEM OKOHYATEIIFHOE BHIPAKEHUE TS
kodddurmenta Ai(e,) psima Pypbe

2 G e
&," 2 n 2) , \2 n 2

Ai €2 = 1
mn+1ln F(l+1j F[2+1j
n n

+

(48)

Jus monydenust BeIpakeHnst kodhdunrenra Bi(e;) B 3aMKHyTOM BHIE
npencTaBuM uHTerpai (41) B Bune

Jn=J3n+J,n;

J, n = fcosIi %sin 2Bdp = f[@]n sin23dp; (49)

=

Jy N _Ism" Bsm2BdB I(ﬂ] sin 2Bdp.

Paccmorpum muTerpan Jip(n), MpoM3Beas B HEM 3aMEHY IMEPEMEHHBIX
cosPB=tdt=-sinpdp;mpu P =0;t=1;mpu=n=>t=-1,mpu f =2n =t
=1

Jy N ——2](@] cosP —sin2pdp —2](1”} tdt =0. (50)

Paccmotpum Tereps uHTErpai Jao(N).

2n _ 1 1
N :—ZI[%j cosp —sin2pdp = _2 Il—t ntdt.
0 1

[TpousBenem 3ameHy nepeMeHHbBIX, MTOJI0KUB
1-t=u"; dt =nu"'du.
Hpeuenbl HUHTETPHUPOBAHUA
t=4+1=u=0
t=-1=u="42.
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2 1 V2
2n = 2n
Jyn=-—| Uun"nl-u uvidu=-—| u" -u" du=
S 7
- (51)
__ngumt o owm oy 4
Y2 n+1 2n+1] n+1 n+1°

C yuerom coorHorrenuii (40) u (51) 3amuiieM OKOHYATETFHOE BBIpaKe-
Hue it kodddunuenra Bi(e,)

nel

Bl €2 =~ 2nsa n+l * (52)

n2n+1 n+1 n

Takum 00pa3oM, MOTyYEHHI B SB-

B \ HOM Buje BhIpaxkeHus (48) u (52) mis
koohdurmentor Ai(e,) u Bi(e), uto

15 IIO3BOJIACT pPACCYUTBIBATH aMIIIUTY/I-

\
’ HO-YaCTOTHYIO XapaKTEpUCTUKY BBI-
HYXXJEeHHbIX Konebanuit B HHOK.
Ha pwuc. 3 npuBenens! pe3ynbTaThbl

1.0 pacuéTa aMIUIMTYIHO-4YaCTOTHOM Xa-
PAKTEPUCTUKM BKIAABIIIA IIATyHHOTO
\ MOAIIMITHAKA CPEIHEO0OpPOTHOTO JABH-

0.5 rareyii BHYTpeHHero cropanus. Kax

>

\ BUJIHO W3 PHUCYHKA, MPHU YBEIHMUECHUU
\\1 ko3(puIMeHTa TPEHUS CKOJBKCHHUS
A 4 I~2 MEXIy BKIAABIIIEM W IICHKON Baja B
0 0,5 1,0 1,5 o  TIONUIMITHUKE CKOJIBXCHHUSA IMPOUCXOIUT
Puc. 3. AMIuMTyiHO-4acTOTHBIE Xxapak- PC3KOC YBCJIMYCHHUC aMILIUTYJbl KOJC-
TEPHCTHKM  I[IePEeMCINCHNs  BKIAIBIIa OaHWH BKIIAJbIIIA OTHOCHUTEIBHO IIATY-
TO/IINNHMKA  OTHOCHTENBHO IWIATYHA B Ha; MPOMCXOIAMT CPBIB (DPHKIMOHHOTO
3aBHCHMOCTH OT Kod(¢umuenTa 3amaca KOHTAKTa, HAYMHAET MHTEHCHBHO TPO-
;I:JT:TJ?ETH}:\,::;) he=22 =0 =5 3 rerar, npouece (hbpeTTHHT-KOPPO3UH Ha
THUTLHOW CTOPOHE BKJIA IBIIIA.
Habmonenre 3a MOAMUITHUKAME CKOJILXEHHS TIOKA3alld, YTO B CiIydae
nepexona pexkuMa paboThl MOMIIUITHUKA ¢ THUAPOJMHAMHYCCKON CMa3Ky Ha
TPaHUYHBIA PEXUM cMa3KH yxe dyepe3 10 MUHYT paboThl Ha THIIIBHOHM CTOPO-
HE TIOJIIUITHUKA HAOJIF0IaeTCsl MPOTEKaHHE TPOIIECCOB (PPETTHHT-KOPPO3UU
C MHTEHCHBHOCTBIO M3HammBanus Ih = 10°°,
N3 puc. 3 cnenyer, 4TO aMIUIUTYIHO-4aCTOTHBIE XapAKTEPUCTUKH HOCSAT
APKO BBIPAYKCHHBII PE30HAHCHBINA XapakTep M UMEIOT BHUJI, TUINWYHBIN [UIs
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PE30HAHCHBIX KPUBBIX HENMHEHHBIX KOJICOATENBHBIX CHCTEM C MSTKOH Xa-
PaKTEpUCTUKOM BOCCTAHABIMBAIOIIEH CHIIBI.

Pe3oHaHCHYI0 aMIIMTYy onpenenuM u3 yciosus (38), MOJCTaBUB B He-
ro Bi(e,) u3 hopmyist (52) u A1(e,) u3 dpopmyist (48),

n+1
n+1 n
m2n+1 n+1 n
= . 53
SaR 2n7\. ( )

C

W3 dopmynsl (53) crnemyer, 4To Ha aMILIUTYy NepeMeLIeHUi BKIabIIa
KpoMe Kod(duIueHTa 3amaca CHIbl TPEHUS TaKXKE OKa3bIBACT CHUIIBHOE
BIIMSTHUE TIapaMeTp IUIACTHYHOCTH KOHTAKTa, MPUYEM, ECIIH TIEPBOE BIHSIHUC
00YCIIOBIICHO PEXUMOM paOOTHI IMOAIIUITHUKA, TO BTOPOE — TEXHUIECKIM
COCTOSTHMEM LIAaTyHa, IPABUIBHOCTBIO COOPKH U 3aTSKKU MOIIUITHUKA.

W3 paboTel [1] U3BECTHO, YTO TIpeeIbHOE 3HAUCHHE aMILIUTYIbI OTHOCH-
TENFHOTO B3aMMHOTO TIEPEMEIIECHHS SIIEMEHTOB KOHTAKTA €a max, IPU TIPEBBI-
HIEHUH KOTOPOTrO HAauMHAeTCs (PPUKIIMOHHOE CKOJIBKCHUE 10 BCeil IIomanu
KOHTAKTa, €amax = N + 1. Ecimi €a < €amax, TO BUOpPAIMOHHBIC TIEPEMEIICHIS
BKJIaJpIIa OyAyT IPOUCXOANUTH B OONACTH ITOJHOTO MPEIBAPUTEIHFHOTO CMe-
HIeHUs. YCTAHOBUM BBIp@XEHHE Ui Kod(duimeHta 3amaca CHIIBI TPEHUS
(IpemenbHOro), MPU KOTOPOM aMIDIUTYAA OTHOCHTENFHOTO IIepeMenIeHus Ha-
XOIUTCS B TIpenesiax IOJHOTO IMPeABApHUTENbHOrO cMemenus. ms storo B
dhopmyiie (49) noaokuM €ar = N + 1 1 onpeaenuM U3 Hee Ac = Ac mp.

2 :n2n+l . (54)
® 2n

OTcrona ciexyeT, 4TO MPENeNIbHO TOMYCTUMBIA KOA(QUIMEHT TpeHHs
MEX]Ty BKJIQJIBIIIIEM U IIEHKOW KOJICHYATOro Bajia ¢ yuéToM (29) cocTaBuT

f,-2n

=1 (55)

g 2n+l

[oncrasmnsst B ypasaenue (25) BeipaskeHue (50) u BBINOTHUB MpeoOpaso-
BaHWs, IOyYNM YpaBHEHHE ISl IPENEIFHON aMIUTUTYJHO-9aCTOTHOH Xapak-
TEPUCTHKH OTHOCUTEIHFHOTO MIEPEMEILICHHUS HIIEMEHTOB KOHTAKTa

(56)

2n+2
n+1l n

[IpenensHOM OyneM Has3bIBaTh TaKylO aMIUIMUTYTHO-YaCTOTHYIO XapakTe-
PHUCTHKY, IIPM KOTOPOM PE30HAHCHAs aMILIUTYAAa OTHOCHTENBHOIO IIEpEMe-
LIEHUS BKJIA/IbIIIA PABHA NPEJEIbHOMY 3HAYEHUIO €amax = N + 1.
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Ha puc.4 wu300paxeHbl mpeneib-
HbIC aMILUTUTYIHO-YaCTOTHBIC XapaKTe-
PUCTUKH, pACCUMTAHHBIC IO YpaBHE-
HUIO (56) Tpu pa3lUYHbIX 3HAUYEHUSIX
napaMerpa TuactTuuyHoctH. OHHM Ha-
DIAIHO WUIFOCTPUPYIOT BIMSHHE ITa-
paMeTpa IDIACTUYHOCTH Ha PE30HAHC-
HbIC XapaKTEPUCTHUKW BKJIAJbIIIA TOJ-
munHuKa. B cimydae, xorma A, < kc"p ,

6~—n

3,0

>

S—

25

>

2,0
—

1.5

>

pPE30HAHCHAs aMIUIUTyJa IHPUHUMAET
3HAa4YCHME, IIPEBBIIIAIOIIEE IPEAECIBHOE
€Rr = N + 1. DT0 3HAYWT, YTO pe30-
0,5 HAHCHAsl aMIUIUTyJa OTHOCUTEIBHOTO
_/% & MIEPEMEIIECHNS BBIXOJUT 32 TMPEIEibl
— MIOJIHOTO IPEBAPUTEIBHOIO CMelle-
0 0,5 1,0 1.5 o HUSA W MPOUCXOJIHUT Tporecc PpeTTHHT -
Puc. 4. TlpenenbHblC aMINIHTYAHO-yac- KOPPO3UM. Takum oOpa3oM, TeXHHUUe-
TOTHBIC XApaKTCPUCTHKK  IEPEMECIICHHA  ckoe COCTOSIHHUE ITIOCTENH IIaTyHa OKa-
BKJIaJbIllia IIOJUIMITHUKA OTHOCHTCIIBHO 3BIBACT BIIMSHHE HA HpOTeKaHHe HpO'
maTyHa B 3aBUCUMOCTH OT BECJIMYHHbBI
nmapamerpa mactuanoct: 1 — n = 0,25; Liecca (peTTHHI-KOPPO3HH.
2 nN=053—n=10:4—n=15 IIpencraBisger uHTEpPEC BOIPOC O
5—n=20,6—n=25. TOM, IIPU KaKUX YCIOBUIX PE30HAHCHAast
amIuuTyna OyZeT HaXOIUThCs B TIpejie-
JlaX YIOPYTroil 4acTH MOJHOTO MpeABapUTENbHOrO cMelleHus. st 3Toro Ha
ocHoBaHUM (hopMyibl (53) yCTaHOBUM BBIpKEHHE I OCTATOYHOM (TUTACTH-
YeCKOi) YacTH pe30HAHCHOM aMILIMTY/IbI, BRIUUTAS CITUHHITY U3 GOpMYJIbI (53)

1,0

>

SBE pamun=

n+1
n+l |
T 2n+1l n+1 n
Erp = o ~1. (57)

IIpupaBHUBas JeByIO 4acTh BBIpaXEHUs (57) Hymo, OmpeAeauM Ko3¢-
(ULMEHT 3araca CHIbI TPEHHUS, [IPU KOTOPOM IUIACTHYECKas YacTh PE30HaHC-
HOHM aMITIUTY/BI paBHA HYJIIO:

n+1

i n2n+1 n+1 n
hep 2 on - (58)
B cootBercTBUHM ¢ 3THM, YTOOBI M30€XAaTh OCTATOYHBIX IEPEMEINCHUI
BKJIaJblllIa MOAUIMITHUKA IIPHU PE30HAHCE, HCO6XOI[I/IMO NOoAACPKUBATL B IO~
IIUITHAKE THAPOJMHAMUYCCKAN PEXKUM TPEHHS ¢ KO (UIIMEHTOM TPpEHHS
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f,-2nk,

f < (59)

n+l °

n2n+1 n+1 n

Takum oOpa3om, paszpaboTaHHas MaTeMaTWdecKas MOJENb T03BOJISET
OIKUCHIBATh IIPOLIECC B3aMMHOIO MEPEMEINeHUs] BKJIAJBINIA HOALIMIHAKA
CKOJILKEHHSI OTHOCHUTENIFHO IMOCTENN IIaTyHa. Y CTAHOBJICHO BIIUSHHUE PEKU-
Ma pabOThI MOAMIUITHUKA U €T0 TEXHHIECKOTO COCTOSHHS Ha MHTeHCH(UKa-
IO MPOLECCOB (PETTHHI-KOPPO3UH HA THUIBHOW CTOPOHE BKIAJbIIICH
MOIIITUITHAKOB. [loka3aHa MpUHIMITHATBEHAS BO3MOXHOCTE YIIPABICHHS MIPO-
TEKaHHEM MPOIECCOB (PETTUHT-KOPPO3UH HA THUILHON CTOPOHE BKJIAJIBIIIA
3a CUéT MoJIeprKaHusl 3alaHHBIX PEKUMOB TPEHHUS B MOIIUITHUKE CKOJIbIKE-
HUS IBUraTeNsl BHYTPEHHETO CTOPaHUSI.
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YK 629.12-8:629.12.037
Slposenko B.A.
OHMY

ONTUMANBHOE YNPABNEHUE ACUHXPOHHbLIMWU MPEBHBIMU
QNEKTPOABUIATENAMU

Pabounit MarHUTHBIA TOTOK U OCHOBHBIE XapaKTEPUCTHKH aCHHXPOHHOTO
JJEKTPOJBUIATENS NPU 33JaHHBIX 3HAUEHUAX YACTOTHI U HArpy3KH olpene-
JIAIOTCS OTHOILLEHUEM HaIlpsDKeHHUs K yactoTe. Vcnoiabp3yeMslil pu 4acToT-
HOM DEryJIMpOBaHHH MPONOPLHHUOHATIBHBIN y/0L = cOnst (Y — OTHOCHTEINB-

HOE HalpsDKEHHUE; oL — OTHOCHUTENIFHASI 9aCTOTa) 3aKOH YIIPABIICHHUS BEIET K
CYLIECTBEHHBIM YXYALIEHHUIM XapaKTepUCTHUK ABUraTesieil B HIKHEM Juara-
30HE 9acToT. OTCI0/Ia BRITEKAET HEOOXOIUMOCTD B pa3padOTKe CIICIIHATBHBIX
3aKOHOB PETyIHPOBAaHUS OTHOLICHHUS HANpsDKEHUS K dactoTe. OHHU JTOIDKHEI
o0ecreynTh ONTUMANIBHBIC YCIIOBUS Pa0OTHI AIEKTPOABUraTeIeH B IIMPOKOM
JIMaIa30He M3MEHEHMs CKOPOCTH BPALICHUS NPH Pa3IMdHOM MOMEHTE CO-
MIPOTHUBJICHHUS Ha BAJy.

[IpuMeHHTENEHO K CYJIOBBIM IpeOHBIM 3MekTpoasuraTensm (I'D]1) B om-
peneneHHoil Mepe M3MeHsIeTCsl camMa IMOCTaHOBKA 3ajaud. [IpuunHa B TOM,
YTO IpeOHbIC IEKTPOABUTaTEIN SBISIFOTCS COCTABHON YacThIO €AMHOIO CY-
JOBOTO TIPOIYJIECUBHOTO KOMIUIEKCA. B CBSI3M ¢ 3TUM HOA ONTHMAIIEHBIMU
YCIOBHSMH WX pabOTHI ClemyeT MOHMMAaTh HE CTOJBKO PEKUMEI, o0ec-
MIEYNBAOIIUE HAWIY4IIee UCTIONb30BAHUE CAMOI'0 3IEKTPOIBUTATENS, CKOJIb-
KO PEXHUMBI, CIIOCOOCTBYIOIIE MOBBIIICHUIO 3((EKTUBHOCTH (DYHKIIMOHHU-
POBaHMUSI BCETO MPOITYILCHBHOTO KOMILIEKCA.

[NompITaeMcs HATH ONMTHMANBHBIE ¢ TOYKH 3PEHUS IOBBIMICHUS dPQeK-
TUBHOCTH pabOTHI AIEKTPOXOJIOB Ha MaHeBpax 3akoHb! ynpasienus ' /1. [o-
KazaTemsIMH KadeCTBa MaHEBPHPOBAHUS NPUMEM: NPOAODKUTENBHOCTh Ma-
HeBpa — T, 3aTpaThl TOILTUBA Ha ero BeinoHeHHne — G, BbiOer cymHa — X.

B ocHOBy MareMaTH4eckoro ONHCAHUS ACHHXPOHHOTO T'PeOHOrO 3NeK-
TPOABUIATEJISI HA MAaHEBPEHHBIX PEXUMAaxX 3aKJIaJbIBACTCS €r0 KIIacCHYECKas
TOYHAs cxeMa 3aMelieHus. HanpspkeHrne Ha 3a)XuMax CTaTopa MPUHSITO CH-
HYCOUIANbHBIM, HACHIIIIEHUE CTAJIM HE YIUTHIBACTCS.

VYpasuenue nmwxenus ['D]]

do
I dtM =M, - M, =My,
rae Jy — TpUBEACHHBINA K BATy TPEOHOTO AJIEKTPOIABUTATEISI MOMEHT HHEP-
[IUA €T0 POTOPa, BAIIONPOBO/A U TPEOHOTO BUHTA C TIPUCOEIUMHEHHBIMH Mac-
caMH BOJIbI; () — YIJIOBas CKOPOCTh BpallleHUs] TPeOHOTO AJIEKTPOIBUTATE-
ns1; My, — newkynuid MomeHT ['9]]; Mp — MOMEHT CONPOTHBIICHHUS TPeO-
HOTO BUHTA; Mty — CyMMapHBI!i MOMEHT CUJI TPEHHUSI.
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Jsmwxymuit moment ['D]]
My = Ky®@y 1 v COSP,y ,

rie Ky, — MoCTOsHHBIA KOHCTPYKTUBHBIN KO3 duiment; Oy, — MarHuTHBIN
motok I'DJ]; Iy — Tok anekTpomBuratens; COS ¢y, — KoddduueHt mor-
HOCTH pOTOpA.

MarsuTHbIN TOTOK YaCTOTHO-yTpaBisieMoro "2 ]]

U
_ M
CDM B Cl Y 2 ! !

M 2 2 2 2 2 2 o Mom

by +cya” + dy +eya 28+ 2n, 0

M M
rae Uvm — HanpspkeHue IBuratens; Cim — MOCTOSIHHBIM KO3 QHUIHEHT;
I,y — HPHBEIEHHOE aKTHBHOE CONPOTHUBIEHHE POTOPA; X,,, — IPHUBEICH-
HOE PEaKTHBHOE COIMPOTHUBICHUE POTOPa; By — abCOIIOTHOE CKONBKEHHE

poropa; bwm, Cm, du, €M — mocTostHHBIE KO3()(HUIIMEHTH YaCTOTHO-YIIPaBJsie-
Moro I'D/1; rim — aKTHBHOE COMPOTUBIIEHHUE CTATOPA.

Toxk amekTponBHUraTesns
Ut

Iy =

2 '

r, r
By + o’ + df + €0’ My 200 2
M M

Koa¢ddumment mourHocTr poropa I'D]]

COSPyy =

MareMaTH9IecKoe ONMMCAaHNe MAaHEBPCHHBIX PEKUMOB OCTAIBLHBIX COCTAB-
HBIX YacTel MPOITyIbCHBHOTO KOMILIEKCa (TIEPBUYHBIX JBHTATENCH, CHHXPOH-
HBIX TEHEpaToOpoB, MpeoOpa3oBaTelieli YacTOThI, CUCTEMbl aBTOMATHYECKOTO
peryimmpoBaHus, TPEOHBIX BHUHTOB, KOpITyca CYAHA), TO3BOJISAIOIICE OMpere-
JUTh BXoJHbIe (HanpsbkeHue Uwn), BBIXOJHbIE (MOMEHT cONpoTUBIeHUs Mp) n
yrpasisirorume (dacrora o) napamerpsl I'D]1, npuBeneHs! B padore [1].

Kak mokaspiBaeT aHaNW3 pe3ydbTaTOB PACUYeTOB, OCHOBHAS NpPUYHMHA
YXYALICHUs] MAHEBPCHHBIX CBOWCTB 3JIEKTPOXO/I0B B HIKHeM (mpu o < 0,5)
JMAna3oHe 4acTOT NPH HPOIOPLUMOHAIBHOM Y/oL = CONSt 3aKoHe yrpasiie-
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HUS COCTOUT B TOM, YTO TpeOHBIC DIEKTPOABUTATENM PabOTAIOT MPH 3TOM
TIOJT YpE3MEPHO 3aHMKEHHBIM HAIPSHKEHUEM.

B pabore [2] mpeanokeHO OTBICKHBATH ONTHMAJIbHBIC 3aKOHBI yIpaBlie-
HUs ¥ = Y(0l) B BHIE TOJUHOMA

v =ka + ko’ + ko, (1)

rae Ki, ko, ks — ontumusupyembie Ko3hPUIHESHTEL.

[ponmmocTtprpyeM 1erecoo0pa3HOCTh ONTHMI3AIMN 3aKOHOB YIPaBICHUSI
I'S]] y(o) mo mokazarensM Cy/iHa IPUMEHUTEIEHO K MaHEBPEHHBIM PEXHMaM
paboThl 3NeKTPoXoA0B. [lokazaTensiMi ONTHUMAIBHOCTU IPUMEM, B KaueCTBE
TprMepa, 3aTpaThl TOINIMBA Ha BhIONHEHHE peBepca — G. Ha puc. 1 npusene-
HBI Pe3yJbTaThl PacueTa OCHOBHBIX PEXUMHBIX IOKa3aTesiel aeKTpoxoa npu
YIpaBICHHUN TPEOHBIMU DJIEKTPOABUIATEISIME 10 peKoMeHmayemomy [3] mpo-
MOpLUMOHATBHOMY ¥ = o (pHc. la) u paccuuTaHHOMY onTuMaibHOMY Buaa (1)
3akoHaM ympasiieHus: (puc. 16). I[loMrMO mepedncneHHbIX BBIIIE PEKUMHBIX
TIOKa3aTeNei, 31ech TakKe IPHBENCHBI TEKYIIHEe 3HAUCHHS YTIIOBOH CKOPOCTH
BpalleHus ®p U MOUTHOCTH Pp nepBUYHbIX nBuUrateneit, HanpsoxeHus Uc 1 Toka
I CHHXpPOHHBIX T'€HEPAaTOPOB, CKOPOCTH JIBIKEHHUS CyHA V B (DyHKIMHU Oe3pa3-

MEPHOTO BpeMeHU T = V%_ (L — mmHa cyaHa, t — Tekyiee Bpems).

b
T

Pexmumure MoEasaTelH, O.e.

=

Puc.1. 3aKoHEBI H3MEHEHUS PEKUMHBIX IoKa3artenen IpU pEBEPCE IIEKTPOXOJa

CpaBHEHHE PE3yJIbTaTOB PACUETOB MOKA3BIBAET, YTO YIPABICHHE IO OTI-
THMAJIBHOMY 3aKOHY JIaeT BBIMTPBIII B OTHOCHUTENBHBIX 3aTpaTax TOILIMBA
nopsinka 14,6 %, 4To monTBEpIKIaeT AIKOHOMHYECKYIO BBITOAY TEpexojaa K
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ynpaeneHuro ['9]J] mo 3akoHam Buaa (1). AHaOrH4yHbIE Pe3yJIbTATHI TOTY-
YafoTCs MIPHU ONTHMHU3AINN YIIPABICHHUS IO IMTOKa3aTesiM 1 (TIPOIOIDKHUTEIb-
HOCTH MaHeBpa) U X (BBIOETY Cy/HA).

Iloucku onTUMaNbHBIX 3aKOHOB YIpaBieHUs Buaa (1) cOmpsiKeHsI ¢ om-
peneneHHBIMH TPYXHOCTSIMU. llombITaeMcsl yIpOCTHTH 3TH 3aKOHBI C TEM,
YTOOBI, C OJHON CTOPOHBI, YIYUIIUTH (II0 CPABHEHUIO C TPAJAUIMOHHBIM 3a-
KOHOM) MHTEpPEeCYIOUIMH HAc MOoKa3aTeslb KayecTBa, ¢ JApyroi, n3dexaTp He-
00XOIUMOCTH TOCTAaTOYHO T'POMO3IKHX ONTHMH3AIMOHHBIX DPACUETOB IPH
rmorickax 3akoHoB Buaa (1). Pe3ynbraToM Takoid MOMBITKY SBIISETCS 3aKOH

ko, mpu 0<a<a

yer?
v = <<l (2)

Oy, TPH O, S <,
rae Ko — ko3(pdUIHEHT TPOMOPUHOHATBHOCTH (ONTHMH3UPYEMBIH Mapa-
MeTp); Olycr — YCTAHOBHBIICECA 3HAYUCHUC OTHOCHUTEIBLHON YacTOTHI O (B

o0lLIeM cilydae — TaKke ONTUMH3HPYEMBI MapaMeTp), OlpeaenseMoe Mo-
JI0)KEHUEM PYKOSITKH II0CTa yIPaBICHHS.

On nonyvaercst u3 ypaBHeHus (1) mpu GopManbHOM yCIOBUH, YTO IPU
BBIXOJIC Ha YCTAaHOBMBIIMHCSI PEKUM PabOTHI HaNpsDKEHHE Ha BXOJE DJICK-
TpoxBHraresns He OyHeT NpeBHINIaTh HOMHHAIBHOTO. TpamMIlIOHHO peKo-
MEHIYEeMBIHi  IPOHOPIHOHAb-

Helit (7 = kyou, mpu Ko = 1), ym- i

pouleHHbIl "onTuManbHbI" (2) 1

u ontuManbHb (1) 3aKOHBI 08 3
VIOpaBIeHUsT  [OKa3aHBl  Ha A

pHC. 2 COOTBETCTBCHHO 3aBHCH- 0,6

MocTaMHu 1, 2 u 3. U3 pucyHka 04 1

BHIHO, YTO W YIPOIIEHHBIA

"onTHManbHEIN" (KpuBag 2), U (2

ONITUMAJBbHBIN (KpuBast 3) 3aKo-

HBl YIPAaBIEHHUS CYIIECTBEHHO () 0,2 0.4 0,6 0,8 o
OTIMYA0TCA OT PEKOMECHIYEMO- Puc. 2. 3akonsl ynpasnenus [D]]

ro (3aBucuMoctb 1) mpomnop-
[MOHAIIBHOTO 3aKOHA.

ITonbiTaeMest OLEHHUTD LIENIECOO0Pa3HOCTh MEepexoaa OT MPONOPLUOHANb-
Horo (v = ko, ipu Ko = 1) x ynpomenaomy "ontuMansHoMy" (2) M K ONTH-
MasnpHOMY (1) 3akoHam. JIjist 3TOro CpaBHUM pe3yJbTaThl PacyeToB, HAIPH-
Mep, Mpolecca peBepca AIIEKTPOXOa TP YIIPABICHHH TPEOHBIM 3IEKTPO-
JIBUTATENIEM 110 PACCMATPUBACMBIM 3aKOHaM. B Tabiuile mpeacTaBieHbl Ta-

KHE Pe3yabTaThl, MOJYYCHHBIC JUJIS Pa3IMYHBIX IMMOKa3aTelled ONTUMaIbHO-
ctn: G, Tu X,
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ITokazaTesn Ka4ecTBa PeBEPCHPOBAHUS

IToxa3aTen Ka4ecTBa PeBEPCHPOBAHUS

3aKOH yIpaBICHUA (KpUTEpUH ONTUMATBHOCTH)
G T X
v = koo, mpuko=1 17,95 6,05 4,03
ko, mpu 0<o <o,
Y= o<l 14,15 4,70 3,44
Oy, TpH O, S <1,
v = ka + ko’ + ka® 9,27 3,83 3,19

W3 Tabmuipl ciieyeT, 94To C MepexoioM K YIpOIIeHHBIM "ONTHMAaIbHBIM"
Y ONTUMAJIbHBIM 3aKOHAM YIpaBJeHHsS OCHOBHBIE MOKa3aTeNd KayecTBa Ma-
HEBPHUPOBAHUSA CYIIECTBEHHO YNyYINAIOTCSA: TI0 3aTpaTaM TOIUIMBA, COOTBET-
ctBenHo, Ha 21,1 % u Ha 48,4 %; 1m0 TPOAOHKUTENTHFHOCTH MaHEBpa Ha
22,3 % wn Ha 36,6 %; 1o BenM4MHE BBIOETa 31eKTpoxona Ha 14,6 % u 20,8 %.
DTo MOATBEPXKIAET 1EIecO00Pa3HOCTh UCIONb30BAHUS ONITUMANIBHBIX 3aKO-
HOB BHa (1) IpH ympaBJIeHUH TPeOHBIMH JJIEKTPOIBUTATEIIIMU 3JIEKTPOXO-
JIOB Ha MaHEBpax.

B 10 ke BpeMs MpoBeIeHHbIE UCCIIEAOBAHMS [TOKA3aJIH, YTO Ha ONTUMAIIb-
HBIE 3aKOHBI ynpanieHus (1) Biauser Oonpinoe yuciao (HakTopoB, onpenesnse-
MBIX KOHCTPYKTHUBHBIMH IapaMeTpaMy CY/IHA, YCIOBHSMH BBIIOJHEHHUS Ma-
HEBPOB, OrPAaHUYCHUSIMHU, HAKJIAJIBIBAEMBIMH Ha PEXKUMHBIE TTOKA3aTeNu CYA0-
BOW »HepreTHyeckoi ycraHoBKH. He cymiecTByeT Hekoero "eIMHOro ONTH-
MaJIbHOTO" 3aKOHA yIpaBieHUs. JIJIs KaXI0ro KOHKPETHOTO 3JIEKTPOX0/a 3TO
Oyzet "cBoii" 3aKOH, B OOJIBILIEH WM B MEHBIIIEH CTEIEHN TPUOIKAIOIIHICS
K KpuBoi 3. Onpenensats ero HeoOXoaUMO MPHUMEHHUTEIBHO K KaKIOMY KOH-
KPETHOMY MaHEBPY M B 3aBUCHMOCTH OT KPUTEPHS ONITUMAJILHOCTH.

CIIMCOK JIMTEPATYPBI

1. fAporenko B.A. Matematndeckas MOJAeIb EPEXOTHBIX PEKUMOB PabOTHI
JNIEKTPOIHEPTETUIECKIX YCTAHOBOK OJIIEKTPOXOJOB C aCHHXPOHHBIMH
rpeOHBIMU 3MeKTpoABUTaTensiMy // IIpunHIIpOBCEKNIT HAYKOBUM BiCHHK.
—1998. — Ne 27(94). — C. 22-29.

2. Slposenko B.A. OnrtumanbHOe ympaBiieHHE CHIIOBBIMH YCTaHOBKAMH
JJIEKTPOXOJOB C IIETBI0 COKpANICHHs BBIOETa CyqHA MpPU AKCTPEHHOM
TopMokeHun // CynoBble SHEPreTHIECKUEe YCTAaHOBKH: HAayd.-TeXH. 0. —
1999. — Bem. 4. — Onmecca: OTMA. —C. 151-155

3. T'opbynos B.A., CaBun A.C., Cepxxanto B.B. CoBpeMeHHBIE U TepCIIeK-
TUBHBIE TPEOHBIC ANEKTPUIECKUE YCTaHOBKH cynoB. — JI.: Cynoctpoenue,
1979. - 180 c.



2002 — N 7 Cyoosbie sHepzemuieckue yCmaHoKu 139

VK 621.431.74
Aobonemkun C.E., ®pacunrok 1.1.
OHMA
OLIEHKA TOMNMBHON 9KOHOMWYHOCTU TYPEOKOMMAYHOHOIO

CYA0BOro An3ens

OnmHUM U3 CIIOCOOOB TOBBIIICHUS TOTUTUBHOW YKOHOMUYHOCTH JH3EIS SB-
JISIETCS. €r0 KOMITAyHAUPOBAHHUE C YTHIM3AIMOHHON CHJIOBOW Ta30BOM TypOH-
HOM, KOTOPOE CTaI0 BO3MOKHBIM OJ1arogapsi UCIOIb30BaHUIO ((HEKTHBHBIX
HaITyBOYHBIX TypOokommpeccopoB ¢ KITJI Mrxy = 65 %. HauuHas ¢ Harpy3ku
nuzenst 50 % u BbIme, mapamMeTpsl Ha/ITyBa — JIaBJICHUE U PACXO]] BO3AyXa —
00ecneunBaroTCsl PU HEKOTOPOM H30BITKE SHEPTHHU BBIMTYCKHBIX Ta30B, YTO U
MO3BOJISIET YaCTh MAacCOBOTO MOTOKA ra3oB (1o 10 %) oTBeCTH B CHIIOBYIO TYp-
OWHY WIX HCIONB30BaTh B CHIIOBOM TypOWHE BBHITYCKHBIC Ta3bl C TApaMEeTpaMu
3a TypOHHOIi TypOOKOMIIpeccopa.

CrnenoBaTenbHO, MOJAKIIOYEHUE CHIIOBON TYpOWHBI MOXET OBITh OCYIIIe-
CTBIICHO TapaJUIeTBHO ¢ TypOUHON TypOOKOMIIpeccopa WIIH IOCIIEeI0BATEIb-
HO, 33 Ta30BOH TypOMHOI HajIyBa TU3EIs.

CBocoOpa3ue Takoi CHCTEMbI YTHJIM3AIWU BBIMYCKHBIX T'a30B IU3CIS B
TOM, YTO MOIIHOCTH CHJIOBOW TypOWHBI depe3 COOCTBEHHBIM pPEIyKTOp H,
HaIpuMep, THAPABINIECKYI0 My(PTy MOXKET IepeaaBaThCs HEMOCPEICTBEHHO
Ha BaJI TJIABHOTO JIBUTaTelisd WIM Ha BalloreHepaTop, T.e. paboTaTh Ha 3aMme-
IICHHE BCTIOMOTATENILHBIX TU3ele (puc.).

B sTOM ciydae TomMBHAS 3KOHOMHUYHOCTH JH3EIIS MOBBIMIACTCS OIaro-
Aaapsi CHKCHHIO pacxoda TOIUIMBA Ha BEJINYUHY

AB.=B -B, (1)

TOJIBKO BeneAcTBHUE NoBbiieHus 3¢ dexrusaoro KI1/{ rmasHoro auzens.

3nmeck 0003HaueHO: By — wacoBoi pacxoj TOruMBa mpu padoTe TU3els
6e3 cuoBoi TypOuHEI, Kr/4; Bre — uacoBoil pacxon TommuBa mpu padote
JU3eNs C CUJIOBOM TypOWHOU, kr/4; ABr. — BenmnumMHa CHHMXEHHSA pacxoja
TOTIMBA JIU3EJIEM TIPH €ro paboTe ¢ CUIIOBOM TypOUHOM, KI/4.

OreHKa TOMIMBHOW 3KOHOMHYHOCTH TypOOKOMIAYHJIHOTO JTU3EIs Mpo-
W3BOJIMTCS HCXOJSL M3 YCIIOBHS, YTO 00Iast MOIIHOCTb, OT/aBaeMas Ha Tped-
HOW BUHT IIpH paboTe U3eIIs ¢ CHIIOBOM TypOMHOI, OCTaeTCs HEM3MEHHOH H
PaBHOI ero MOITHOCTH IpHU pabOTe HAa PACCMATPHUBAEMOM PEKUME O€3 CHIIO-
BOM TypOMHBI

Ne = Nec + NTcD' (2)
rac Ne — MOIINHOCTH TJIaBHOI'O AHU3ECJII Ha pacCMAaTpuUBAE€MOM PEKUME IIPU
€ro pa60Te 663 CHJIOBOU Typ6I/IHBI, KBT; Nec — MOIIHOCTH I'NIaBHOI'O AHU3CJIA
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mpu ero pabore ¢ cuiaoBoil TypOuHOH, KBT; N7cp — MOIIHOCTB CHIIOBOWA
TypOHHBI, IepelaHHasl Ha Ball Ju3eis, KBT.

O4eBUIHO, MOLTHOCTh TJIABHOTO JH3EJs IPU ero paboTe ¢ CHIOBOU Typ-
OuHOI OyneT

N, =N, —N;p, @)
HWJIN B OTHOCHUTCIIPHOM BUJIC
& — 1 _ NTcD
Ne Ne ,
2
3
/
11 / 4
—»r--1 10 B
— HOOOY
: & A
x <

F

CxeMa MOAKITIOUEHHS CHIIOBOH TypOMHEI K qu3enro: 1 — TypOuHa; 2 — Kommpeccop; 3 —
BBINTYCKHOM KOJIIEKTOp; 4 — IJIaBHBII U3eIib; 5 — BO3IYIIHBIN pecuBep; 6 — MeXaHU3M
orbopa MOIIHOCTH Ha BajloreHeparop; 7 — ruapomydra; 8 — pemykTop cuiioBoH
TypOHHBI; 9 — cuioBas TypOuHa; 10 — 3aciioHKa 1OJBOJA ra3a K CHIOBOW TypOWHE;
11 — xmamaH meperycka rasa.

OTHOCI/ITeHLHy}O BCJIIMYMHY MOIITHOCTH CHUJIOBOM Typ6I/IHBI 0003HaAYNM
NTc

8T(: = ’

N

e

rae Ni. = Ny /My — MOIMHOCTB CHIOBOH TYpOuHBI, KBT; Mpre — KIIJ

peaykTopa (repenaun).
Torna
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NT(:D

=M pTCSTC

e

N

e _
=1- incsTc .
e
OTHOCI/ITGHLHYIO BEJIMYUHY MOIIHOCTH OH3CJIA IIPU €T0 pa60Te C CHJIOBOM
TypGI/IHOI\/'I MOXHO 3aIucaTb 4€pe3 YHCIIOBOHU pacxo/ ToruiuBa B BUAEC

Nec ec Brc ic mc Brc
_Mee B _ Mic Mme . Bre (@)

N e ne Br ni nm Br
I7Ie Me, Nec— 3¢ dextusHblii KITJ[ nusens npu ero padore 6e3 cunoBoil Typ-
OHMHBI 1 COBMECTHO C CHJIOBOW TypOWHOM; Mi, Mic — WHIMKaTopHbIi K1/ -
3€J1s1 TIPU TeX )K€ YCIIOBHUAX €r0 pabOThI; Mm, Mmc — MexaHudeckuit KI1J1 auze-
JIs1 TIpH paboTe 06e3 CHUITOBOM TYpOHHBI U COBMECTHO C CHIIOBOM TYpOUHOIA.
Ans nuzeneit, paboTalOMMX 110 BUHTOBOH M HaTPY309HON XapaKTEPHUCTH-
KaM, OTHOCUTeNbHas BennunHa mexanndeckoro KI1J[ onpenensercs 3aBucu-
MOCTBIO, TipeioskenHoi mpod. Konakosbim I'.A. [1]:

Nme _ 1

M CNe(nY
R o Ty

ec

rje N — YacToTa BpallleHUsl Bajia AW3eIs MPU pa3dere CUIIOBOM TYpOHHBI, N —
YacTOTa BPAIICHHS BaJla U3 ITPU padoTe ¢ CHIIOBOW TypOHHOM (Tipu paboTe
JM3ENTs TI0 Harpy304HOM XapaKTEepUCTHKE N = N); B — Iokasaresib CTEIEHH,
XapaKTEePHU3YIOIIHI KPUBU3HY XapaKTEPUCTUKH MEXAHUYECKHX TTOTEP:

n.yn
B=|14+2% |,
n/)3n
IMocne mpeoOpaszoBanuii hopmyiisl (4), BKIFOUYAIONIEH Y4aCOBBIE PACXOJIbI

TOILIVMBA, C YIETOM paHee MOJTYUYCHHBIX 3aBUCHMOCTEH HalJieM BBIpayKCHHE
YacOBOT'0 pacxoja TOIUIMBA JH3eIeM IIpu paboTe ¢ CHIIOBOM TypOMHOM:

B
_ ni nc
Brc = Br | M 1- inCSTC + 1- M | — : (5)
ic n

Otnomenne uamukaropHoro KI1J{ mpu pabore auzens 6e3 CHIOBOM Typ-
OMHBI K €TO 3HAUECHUIO NPpH paboTe ¢ CHIIOBOW TypOMHOI B AMATIa30HE PEKU-
MOB Pa0OThI JU3ENS C CHIOBOM TypOMHOM C IOCTATOYHOH JOCTOBEPHOCTHIO
MO>KHO IIPHHATH PABHBIM €MHHUIIE, T.€. Ni/Mic = 1.

DKOHOMHS TOTUIMBA MPH PadOTe JAU3EIS C CUIIOBOM TypOUHOM COCTaBUT
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AB, = 1—% -100% . (6)

rc
r

OmnpenenuTs OTHOCHTENIBHYIO BEIWYMHY MOIIHOCTH CHIJIOBOH TYpOWHBI
MO>KHO I10 BBIPAKEHUIO

5 — Nre _ 9r %G +1 Heenye
TN, Qe

e g, =1- — JIOJISl MacCoBOTO pacxoja rasa, oTOu-

Heomren | 1+
TH KH (X,ZGO

paeMoro Ha CHJIOBYIO TypOHHY MpH MapajuielbHOM ee MoAKIroueHnt; Hre, Hrh,
Hk — cooTBeTcTByIOIIME aauabaTHBIC HAIMOPHI CHJIOBOM TYpOHHBI, TYpOWHBI
TypOOKOMITpeccopa u Komrmpeccopa, kKJ/Kr; Mte, NTkH — 3 dextrBHbIi KI1/]
cunoBod TypOuHbl 1 obmuii (3ddexrusnsiii) KI1J[ Typbokxommpeccopa; oy =
= oupa — CyMMapHbIi KodduimeHT M30bITKa BO3MyXa; O — KOAPQHUITHESHT
n30BITKA BO3JyXa IPU CTOPaHHU TOIUINBA; Pa — KOI(QUIMEHT IMPOIYBKH;
Go — TeopeTnyeckr HeoOX0MMOe KOJIMYECTBO BO3/LyXa JUIS COKUTAHUS TOTUTH-
Ba B IIWIMHJPE, KI/KT; Qn — HU3IIAs TEIIoTa CrOpaHust TOIUTHBA, KJK/KT; Ne —
a¢dexruBnbiii KITJ auzens mpu momHOCTH Ne.

AnmabaTHbIe HAIOPBI KOMIpEccopa U TypOWHBI BEIPAKAIOTCS 3aBHCAMO-
CTAMU

K b
Ke—1 |

T
Rs, Rt — rasoBas nmocTosiHHasi COOTBETCTBEHHO BO3/1yXa M BBITYCKHBIX T'a30B,
kJx/(kr-K); To, Tt — Temmeparypa Bo3ayxa Iepejl KOMIIPECCOPOM U Ta30B
nepen TypOuHoO#, K; Mk, 1 — CTEleHb MOBHINICHHUS AaBICHUS BO3AyXa B
KOMIIpeccope M TIOHIDKCHUS JaBlieHHs ra3oB B TypOune; K, K1 — amnabaTer
ckatus Bo3ayxa B kommpeccope (K = 1,4) u pacmupeHus ra3oB B TypOuHe
(Kr = 1,34).

OnpenenuTh BEIWYMHY MOIIHOCTH CHJIOBOW TYpOHWHBI MPH TOCIEI0OBA-
TEJIHHOM €€ MOAKIIOYEHUH MOXKHO ITyTeM €€ pacyuera Mo napaMeTpaM BbIIy-
CKHBIX Ia30B 3a TypOMHOHI TypOOKOMIIpeccopa:

NTC = Gr HTchc ! (7)
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rie Gt — CeKyHIIHBINH pacxoJ] ra3oB uepe3 TypOuHy, Kr/cC.

B Tabnuiie npuBeeHbI pe3yIbTaThl PACYETOB TOIUTMBHON 3KOHOMHYHOCTH
YETHIPEXTAKTHOTO JU3EIs, pabOTaIOIIETO ¢ MOCICAOBATENIHHO TOAKIFOUSHHOMN
CHJIOBOM TypOHMHOW IO Harpy3o4HOW xapaktepucrtHke. [luzenb umeer Ne =
=397 xBt mpu n = 500 06/Mun; nm = 0,87; ax = 2,1; nxH = 0,59. Tomnuso
Qn = 41863 x/Ix/kr; Go = 14,34 xr/kr; By = 92,5 kr/u. KI1I crmoBoii TypOUHEI
nte = 0,8; KIIJ] peaykropa npre = 0,92.

Pesysprarsl pacueTra TOMIMBHOI SKOHOMUYHOCTH YETHIPEXTAKTHOTO JIM3EIIs
¢ cutoBoit TypouHOU: Ne = 397 kBT, n = 500 00/MuH

Har}g/im(a, Ne, kBT | By, kr/4 | N1c, kBT T{TBC? Nec, kBT | Bre, Kr/94 if/z ABy, %

100,0 397,0 | 92,50 6,38 587 391,13 | 91,30 1,19 1,29

85,5 3389 | 79,15 4,50 4,14 | 334,76 | 78,15 1,00 1,26

50,3 203,5 | 51,30 2,24 2,06 | 201,44 | 50,69 0,61 1,19

25,0 1050 | 35,38 0,35 0,35 | 104,64 | 35,38

W3 Tabnuiie! crexyer, 4To NpHU UMEIOLMXCS Y TU3eNs apaMeTpax ra3oryp-
OWHHOTO HAIUTyBa WCIOJIB30BAHHE CHJIOBOW TYpOWHBI AT CPaBHUTEIBHO Ma-
B 3()(EKT TOITMBHON SKOHOMIYHOCTH, He TipeBbimaronmii 1,3 %. [nanazon
BO3MOYKHOTO HCIIOJIb30BaHMS BHITYCKHBIX Ta30B B CHJIOBOW TypOWHE IIPH CHU-
YKEHUHU Harpy3Kku JexKUT B npeaenax 50 %. [TopblieHre TOIUTMBHOM 3KOHOMUY-
HOCTH IH3eNs ITyTeM HCIIONB30BaHUS BBIMYCKHBIX Ta30B B CHIIOBOW TypOHHE
MOKET OBbITh OCYIIIECTBIICHO NPUMEHEHHUEM JIONATOYHBIX MAIlIMH U PEAYKTOpA C
BBICOKMMH K03(p(hHULIIEHTaMu TTOJIE3HOTO JISUCTBHS, He Hibke obrmero KII/ Typ-
6oxommpeccopa MTkH = 0,65 u cumoBoi Typounsl nte = 0,8 — 0,85. dupma
“Komatsu” co3mana cunoByio Typouny ¢ KITJ[ = 0,86 [2].

B mHactosmee Bpems HMEIOTCS PEOYKTOPH, KOA(PQHUIMEHT IOJIE3HOTO
JeUCTBUS KOTOPBIX pocTuraet 93 % [3].

Ecmu ucrons30BaTh TypOOKOMIIPECCOp, CHIIOBYIO TYPOHHY U PEIYKTOP C
JOCTHTHYTBIMU TIPAKTUKOW 3HAYCHUSAMH KOA(PPHUINEHTOB HX IOJIE3HOTO
JeUCTBUS, TO, IIPU MPOYHUX PABHBIX YCIOBHUSX, MOKHO Ha paccMaTpUBacMOM
JU3esie MOJHSTh TOIUTMBHYIO SKOHOMUYHOCTE Ha 1-1.5 % BbIIIe nosy4eHHOM.
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PE®EPATDI

V]IK 621.431.74

Abonrewrun C.E., ®pacunrox U.M. OnieHKa TOIUIMBHONW YKOHOMHUYHOCTH TypOOKOMITAYH/I-
Horo cynoBoro au3ens // CynoBble SJHEPreTHUecKue YCTaHOBKU: Hayd.-TexH. 0. — 2002. —
Beim. 7. — Onmecca: OHMA. — C. 139-143.

W3noxkeHa MeTOIUKA OLEHKU TOIUIMBHOH 3KOHOMHYHOCTH TYypOOKOMIAyHIHOTO AW3ENS.
JInst OIeHKH OCTOBEPHOCTH Pa3pa0OTaHHOW METOIWKH IPHBEACH IPHMep pacdyéra Uit
qusenst 6UH25/34, pe3ynbTaTsl KOTOPOTO XOpPOILO COBHAJAIOT C ONBITHBIMH JAHHBIMH,
noJTydeHHbIMHU Ha qu3ensix pupm “MAH-Bypwmeiictep u Baiin” u “3yibuep”.

Ta6n.1. Un. 1. Cimcox nuT. 3 Ha3B.

Aboleshkin S.Y. Frasiniuk I.1. The Estimation of Fuel Economy of Turbo Compound Marine
Diesel // Ship Energy Plants: Sc.-Tech. Col. — Odessa: ONMA. —2002. — No 7. — P. 140-144.
The method of fuel economy estimation of turbo compound marine diesel is stated. To
estimate the trustworthiness of the worked out method the example of calculation for
6YH25/34 diesel is presented, which results coincide well with experimental data that
were obtained on MAN-B&W and Sulzer diesels.

Tabl. 1. 11I. 1. Bibl. 3.

V]IK 621.182.44

Abpamos B.A. Pa3zpaboTka peKOMEHIANi M0 MPAKTUIECKOMY HCIIOIB30BAHUIO HHTECHCH-
GUIMPOBaHHOM OYHCTKH TEIMII00OMEHHHUKOB OT Hakumu // CynoBble SHEPreTHYECKUE yc-
TaHOBKH: Hay4d.-TexH. 0. — 2002.— Boim. 7.— Omecca: OHMA. — C. 5-11.

JlaHbl NPaKTHYECKUE PEKOMEHIALMH 110 MPUMEHCHUI0 MHTCHCU(HUIIMPOBAHHOH OYMCTKH
TEIJIOOOMEHHHUKOB OT HAaKHIY, IPUBEAEHA CXeMa YCTAHOBKU M TpaMKU JUIs OIpeIeIeHHs
KOHIICHTPALHHU CYIb(aMUHOBON KHUCIOTHI.

Wn. 2. Crucok mur.: 3.

Abramov V.A. Development of the Recommendations on Practical Usage of Intensified
Clearing of heat Exchangers from Encrustation // Ship Energy Plants: Sc.-Tech. Col. —
Odessa: ONMA. — 2002. — No 7. - P. 5-11.

The practical recommendations on application of intensified clearing of heat exchangers
from encrustation are given; the plant scheme and schedules for definition the concentra-
tion of sulfanic acid are presented.

1l. 2. Bibl. 3.

VK 621.431.74.03-57

bozau B.M., 3aooposrcnviii A.A., Konues HU./]. Bb1O0op IMUTAIIMOHHON MOJENH Tpolecca
macnonogadn B mwaHApPE! CABC // CynoBble 3HEpreTHUECKHE YCTaHOBKH: HAyY.-TEXH.
¢0. — 2002.— Brin. 7.— Omecca: OHMA. - C. 12-17.

O06ocHOBaH BEIOOp HMHUTAIIMOHHON MOJIENH Ipoliecca Macionoaayn B mumuHapsl CIABC,
B KauecTBE KOTOPOH MOXKET BBHICTYNAaTh CTPYKTYPHPOBaHHAas JXKHMAKOCTB, 00Jajarornas
TUKCOTPOITHBIMU CBOMCTBaMHU.

Wn. 3. Cnucok mnwr.: 3.

Bogach V.M.,Zadorozhny A.A,.Koliyev I.D. Choice of imitative model of oil feeding proc-
ess to marine diesel cylinders // Ship Energy Plants: Sc.-Tech. Col. — Odessa: ONMA. —
2002. —No 7. —P. 12-17.

The choice of the simulation model of oil feeding process in the cylinder of a marine in-
ternal combustion engine is justified, as which the structured fluid possessing thixotropic
properties can appear.

1l. 3. Bibl. 3.
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V]IK 629.12-843.6

byoa Pawuo, Paouenko A.I1. 3abe3neueHHs HagitHOCTI Nepeaadi MOTYKHOCTI IO CYAHO-
Bux a3unofis // CynoBble SHEPreTHYECKHE YCTAaHOBKH: Hayd.-TexH. ¢6. — 2002, — Bp. 7.
— Opnecca: OHMA — C. 18-23.

Jnst migBHINEHHS HaJIHHOCTI Iepenadi HOTY>KHOCTI JIO CYZAHOBOTO a3UITOY HMPOIOHYETh-
Csl aJIFOPUTM YIPaBIiHHSA LUKJIOKOHBEPTOPOM TPU(A3HOrO CHHXPOHHOTO JBUTYHA 3 IOC-
TIHHUMHU MarHiTaMH.

In..: 2. Crucox miT.: 4.

Buda Rashid, Radchenko A.P. Increase of Reliability of Power Transfer to Ship Azipods //
Ship Energy Plants: Sc.-Tech. Col. — Odessa: ONMA. —2002. — No 7. — P. 18-23.

In order to increase the reliability of power transfer to shipboard azipode control algo-
rithm of cycle converter of three-phase synchronous motor with permanent magnet is
proposed.

1. 2. Bibl. 4.

V]IK 378.14

Tonybes B.K., Monooyoe H.C. HexoTopble BOIPOCH OpraHU3aIMU y4eOHOTr0O mporecca u
MOBBINICHUST KauecTBa 00y4deHus B By3e // CylOBbIC SHEPICTHUCCKHE YCTAHOBKHU: HAyY.-
TexH. ¢6. — 2002. — Beim. 7. — Onecca: OHMA — C. 24-32.

H3noxeHsl OCHOBHBIC TPEOOBAaHUsSI K OpraHU3alMd y4eOHOTrO MpoIecca, pacCMOTPEHBI
OCHOBHbIE YPOBHU YCBOCHUSI y4eOHOTr0 MaTepuaia U CTYIeHH abCTPaKIUK €ro OMUCAHHS.
IIpuBeneHbl OCHOBHBIC AWAAKTHYSCKHE CHCTEMBI M HX BO3MOXXHOCTH AJIS Pa3IHIHOTO
ypoBHsI ycBoeHHs. [loka3aHa BO3MOXKHOCTh M LeJeCOO0pa3HOCTh BHEIPEHUS] TECTOBOM
METOMKU KOHTPOJISI 3HAHU#T Ha BCEX YPOBHIX YCBOCHHUS.

Golubev V.K., Molodtsov N.S. Some Questions of Organization of Educational Process
and Improvements of Quality of Study at an Institute // Ship Energy Plants: Sc.-Tech. Col.
— Odessa: ONMA. —2002. — No 7. — P. 24-32.

Main demands to the organization of the educational process, basic levels of consumption
of educational material and levels of abstraction of its description are overlooked. Main
didactic systems and their possibilities for different levels of mastering are given. The
possibility and expediency of introduction test method of knowledge control are shown.

VJIK 541.183.5:532.614

Jlumumpos C.B., Xanmameoos C.A. K MexaHU3MY CLEIUIEHHS YIIPYTHX YacTHI] C dJIeMEH-
TaMy TJIQKUX TBEPJABIX MOBEPXHOCTEH MPOTOYHBIX YacTel CyJIOBBIX TEIJIOBBIX JIBUTraTe-
neii // CynoBble DJHEPTeTHYECKHE YCTAaHOBKH: Hayd.-TexH. ¢0. — 2002.— Brim. 7.— Opnecca:
OHMA. - C. 33-36.

Pazpaborana MeToanKa onpeneneHus CHiI CLETIeHHs HHANBUAYalbHbIX dacTull. IToka3za-
HO, 9TO CIEIUICHNE JaCTHUII, TIOTAAAIONINX B IPOTOYHYIO YacTh CYAOBBIX TEIIOBBIX J{BUTa-
Tenel, noguuHsercs reopun aaresuu b.B. Jlepsaruna.

Un. 2. Criucok auT. 2.

Dimitrov S.V., Khanmamedov S.A. To the Mechanism of Elastic Particles Cohesion with
the Elements of Smooth Surfaces of Settings of Marine Heat-Engine // Ship Power Plants:
Sc.-Tech. Col. —2002. — No 7. — Odessa: ONMA. — P. 33-36.

The method of adhesion test of individual particles is elaborated. It is shown that adhesion of
particles that come into setting of marine heat engines is under Deriagin adhesion theory.

1l. 2. Bibl. 2.
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V]IK 628.514

Hcmomun B.J. TIpobnema riyOoKol odncTKH Hedreconepkammx Box Ha cynax / CynoBble
SHEPreTUYECKHE YCTAaHOBKU: Hayd.-TexH. ¢0. — 2002.— Bomm. 7.— Onecca: OHMA. — C. 37-38.
Pa3pabotana HOBast KOHCTPYKIHS cemrapaTopa Iyl OYUCTKH CyIOBBIX He(hTECOAEpIKAIIUX BOTI,
KOTOpast 001ajaeT BHICOKOH OYMCTHOM CIIOCOOHOCTHIO M GOJIBIINM PecypcoM paboTEL.

Wnn.:1. Coucoxk mut.: 1.

Istomin V.I. Problem of Deep Clearing of Oil Containing Waters on Ships // Ship Energy
Plants: Sc.-Tech. Col. — Odessa: ONMA. — 2002. — No 7. — P. 37-38.

New construction of separator for ship oily water purification is designed. The construc-
tion is of high purifying ability and long work time.

1.1, Bibl. 1.

VIIK 621.431.74:621.436

Kanycmun B.B. Cumxenne comepxanus SO, B BBINYCKHBIX Ta3ax CyIOBBIX au3eneit //
CynoBble JHEpreTHYeCKHe YCTaHOBKM: Hayd.-TexH. ¢6. — 2002.— Bem. 7.— Opecca:
OHMA. - C. 39-40.

[puBenen anamm3 crioco6oB cHIKeHHs conepkanust SOy B 0TpabOTaHHBIX ra3ax CyJIOBBIX
nu3eneid. PazpaboTaHo yCTpOWCTBO /ISl BBEACHHS MPUCAIOK B TOILTURO.

Wnn.:1.

Kapustin V.V. Decreasing of SO, Concentration in Exhaust of Marine Diesels // Ship En-
ergy Plants: Sc.-Tech. Col. — Odessa: ONMA. — 2002. — No 7. — P. 39-40.

The ways of decreasing SOy content in diesel is analysed. An injecting device for fuel
additives is proposed.

1.1

VK 621.892.096

Kanycmun B.B., Knumenxo A.I., Ipucsscniok A.b. Pabota cygoBoro am3ems 1Mo Harpy-
3049HOI XapaKTepHCTHKE IPH HCIAPUTEIHFHOM OXJIAXKACHHH HAATyBOYHOTO BO3myxa. [/
CymoBble dHEPreTHYeCKUe YCTaHOBKU: Hayd.-TexH. c0. — 2002. — Bemm. 7. — Opecca:
OHMA. — C. 41-44.

[pencraBneHsl pe3ynabTaThl HMCCICAOBAHHS BIMSHHS WHTEHCHBHOCTH HCIAPUTEIBLHOTO
OXJIAJK/ICHUST HAJUTyBOYHOTO BO3/yXa Ha 3()(EeKTUBHBIE IMOKA3aTENN SKCIUTyaTalud Cyao-
BOTO JAW3eNb-TeHepaTopa, paboTaromiero Mo Harpy304HO# Xapakrepuctuke. Iloka3aHo
BJIMSIHHE 3TOTO Coco0a OXJIAKAEHHS HA TEMIEPaTypy HaJyBOYHOTO BO3IyXa U OTXO-
JUSIIUX Ta30B. PEKOMEHJOBaHbBI HHTEPBAIbI HATPY30K UIS BKIFOUCHHUS OXJIAKIACHUS HaI-
JyBOYHOTO BO3/lyXa M COOTBETCTBYIOIIE ONTUMAIBHBIE PACXO/IbI IIPECHOM BOIBIL.

Wn. 1. Cnucoxk mwr. 2.

V. Kapustin, A. Klimenko, A. Prysyazhnyuk. Marine Diesel Operation on Full Load Char-
acteristic at Scavenging Air Evaporating Cooling. // Ship Energy Plants: Sc.-Tech. Col. —
Odessa: ONMA. — 2002. — No 7. — P. 41-44,

The results of investigation of influence of evaporating cooling of scavenging air intensity
on effective parameters of operation of the ship diesel engine generator, working accord-
ing to the load characteristic is given. Influence of this method of cooling on the tempera-
ture of scavenging air and exhaust gases is shown. Load intervals for the actuation of
scavenging air cooling and corresponding optimum consumption of fresh water are ad-
vised.

1. 1. Bibl. 2.
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Y]1K621.431.74.038

Konecaes M.A., Xanmameoos C.A., Canpuxa O.JI. Beibop n popmupoBaHHe KpUTEpHUs
CPaBHUTENBHOH 3 (EKTHBHOCTH IHEPreTHIECKOH yCTAaHOBKM MOPCKOTO TPaHCHOPTHOTO
cyana // CynoBble SHEpreTHUecKMe YCTaHOBKH: Hayd.-TexH. ¢0. — 2002. — Bpm. 7. —
Opnecca: OHMA. — C. 45-49.

B xauectBe kpuTepus Ui OeHKH 3()(EKTUBHOCTH SHEPTETHIECKOI YCTAHOBKH MOPCKOTO
TPaHCIOPTHOTO CyAHA TpeUIoKeHa MpUBEIeHHAas IPHOBUTb, OTHECEHHAs K JaTe Hadaia
9KCIUTyaTal[H CyHA.

Wn. 2. Cucok jmr. 2.

Kolegayev M.A., Khanmamedov S.A., Saprika O.L. Choice and Forming the Criteria of
Comparative Effectiveness of Sea Freighter Power Plant // Ship Power Plants: Sc.-Tech.
Col. —2002. — No 7. — Odessa: ONMA. — P. 45-49.

The indicated profit referred to a date of commencement of operation of a vessel may be
used as a criterion for an estimation of efficiency of power plant of a sea transport vessel.
1. 2. Bibl. 2.

VK 629.12-815.001.891.593

Koxanckuui A.U., Peoynos .M. VIneHTUDHUKALIUSA CHCTEMBI CMa3KH ra30TypOUHHOTO JBH-
rareist Kak o0bekTa ynpasieHus / CynoBble sHepreTuueckue yctanoBku: Hayd.-TexH. ¢6.
—2002. — Bpim. 7. — Onecca: OHMA. - C. 50-62.

Ha ocHOBe 3KCIepHMEHTaNbHBIX HCCIeNOBaHUil pa3paboTaHa MaTeMaTH4ecKas MOENb
CHCTEMBI CMa3KH [apora3oBoil TypOHHHO YCTaHOBKH KaK 0OBEKTa yIpaBIeHUSL.

Tab6m.: 10. Un.: 2. Cucok auT.: 3.

Kohansky A.l., Redunov G.M. Identification of Lubricating System of Gas Turbine Engine
as Control Object // Ship Energy Plants: Sc.-Tech. Col. — Odessa: ONMA. — 2002. — No 7.
—P. 50-62

On the basis of experimental research the mathematic model of lubricating system of
steam-gas turbine plant as an object of control is designed.

Tabl. 10. 1. 2. Bibl. 3.

YK 621.431. 74

Jlykosyes B.C. ANropuTM NMpOTHBOABAPUIHOIO YIPAaBJICHUS PAa3rOHOM TJIABHOT'O JIBUTa-
tens npu nycke // CymoBple dHepreTudeckue ycranoBkd: Hayd.-texs. c¢6. — 2002. —
Bem. 7. — Ogecca: OHMA. - C. 63-68.

IpuBeneHs! pe3ynbTaThl MOACIUPOBAHNUS AITOPHTMA MPOTHBOABAPHHHOTO YIPABICHHUS Pa3-
TOHOM T'JIABHOTO JIBUTATEIIsI TIPH ITyCKE, B OCHOBY KOTOPOTO TOJIOXKEHO HCIOJIb30BAHHE IKCT-
PATOJISLMOHHBIX OJMHOMOB, TOCTPOSHHBIX C IIOMOIIBI0 METO/Ia HAMMEHBIIIMX KBaPaTOB.
Tab6m. 3. Wn. 2. Cnucok nur.: 1 Ha3B.

Lukovtsev V.S. Algorithm of Anticrash Control of Main Engine Acceleration at Start Period
I/ Ship Energy Plants: Sc.-Tech. Col. — Odessa: ONMA. —2002. — No 7. — P. 63-68.

The results of modelling the algorithm of anticrash control of main engine acceleration at
start period based on the use of extrapolation polynomials, built by means of least squares
method are submitted.

Tabl. 3. 11l. 2. Bibl.: 1.

V]IK 621.436-53:629.5

Mazommeoos A.M. Cucrtema aBTOMAaTHYECKOT'O PETYJIUPOBAHUS BO3IYyXOCHAOXKEHUS CY-
noBbix guseneit / CymoBble sHeprermueckne yctaHoBkd: Hayud.-texm. ¢6. — 2002. —
B, 7. — Onmecca: OHMA. — C. 69-73.
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[IpencrasiieH 0630p BHIMOIHEHHBIX PaHEEe MCCIICAOBAHNUN U IaH HOBBIN BaApHAHT PCIICHUS
MPOOJIEMBI aBTOMATH3AIIAH MPOIECCOB BO3YXOCHA0KEHUS CYIOBBIX TU3EICH.
Uin.: 3. Coucoxk ymr.: 1.

Magommedov A.M. Automatic Control System of Air Supply of Main Diesel // Ship En-
ergy Plants: Sc.-Tech. Col. — Odessa: ONMA. — 2002. — No 7. — P. 69-73.

The review of previously carried out researches is submitted and the new variant of the
decision of a problem of automation of air supply processes of main diesels is given.

1l.: 3. Bibl.: 1.

V]IK 621.431.74.004.67

Monooyos H.C. OCHOBBI TEOpHU BOCCTAHOBJICHHS M YIPOUHEHHS ACTANICH CYIOBBIX TEX-
HUYECKUX CPE/ICTB KAaK CHCTEMBI IIPU OTpaHHYEHHBIX pecypcax // CymoBble HEpreTu-
YeCKHe YCTaHOBKH: Hayd.-TexH. 0. — 2002. — Beim. 7. — Omecca: OHMA. — C. 74-81.
V3noxeHbl pe3ysibTaThl MCCICAOBAHHI MO Pa3pabOTKEe CHCTEMbI, OTPaXKalOIME OCHOBHBIC
3aKOHOMEPHOCTH ee pa3BUTHs. CHopMyIHpOBaHbI OCHOBHBIC Hay4HBIE TTOJIOKEHHsI, COBOKYTI-
HOCTB KOTOPBIX HPECTaBIsIeT co00i OCHOBBI COOTBETCTBYIOIIEH TeopHH. [loka3aHa BO3MOXK-
HOCTB Pa3pabOTKU CHCTEMBI KaK ISl CYIOXOIHON KOMITaHUH, TaK M OTPACIIH B LIEJIOM.

Criiicok Jmrt.: 4 Has3B.

Molodzov N.S. Bases of the Theory of Reconditioning and Strengthening of the Parts of
Ship Technique Means as a System at Limited Resources // Ship Energy Plants: Sc.-Tech.
Col. — Odessa: ONMA. — 2002. — No 7. — P. 74-81.

The results of research on system working up reflecting basic regularities of its development
are explained. The basic scientific positions are formulated that represent bases of the appro-
priate theory. The possibility of system engineering for shipping company as well as for a
branch as a whole is shown.

Bibl.: 4.

YK 629.123.03

Tucknoe B.T, Konues H./[. Mopaenb ruipoCUCTEMBI TUTAHUS JIOTIACTHOTO IPUBOA BETPO-
peoOpa3yonX yCTPOHCTB CyJ0B ¢ BeTpoaBmkeHneM // CymoBble SHEpreTHYecKHue yc-
TaHOBKH: Hay4.-TexH. c0. — 2002. — Beim. 7. — Omecca: OHMA. — C. 82-86.

IpemioxKeH METOM MOCTPOSHUS MOIENH THAPOCHCTEMBI MUTAHUS JIOMACTHOTO MPHBOIA
BETPOIPE0oOpasyIoIINX YCTPOUCTB CYI0B C BETPOABIKCHHEM.

Wn. 2. Cniucok uT.: 2 Ha3B.

Pisklov V.T., Koliyev 1.D. Model of Hydraulic Feed System for Impeller Drive of Wind
Transforming Devices for Wind Driven Ships // Ship Energy Plants: Sc.-Tech. Col. —
Odessa: ONMA. — 2002. — No 7. — P. 82-86.

The method of model construction of hydraulic feed system for impeller drive of wind
transforming devices for wind driven ships is proposed.

1l. 2. Bibl.: 2.

YJIK 621.436.038.8

Ilonosunka 3.M. TeroHanpsKEHHOCTh JeTanell CyIOBOTO CPeJHEOOOPOTHOIO IM3EN
npu paboTe Ha pa3nu4HbIX ToruBax // CyHoBbIe SHEPreTHYECKHUE YCTAHOBKH: Hayd.-
TexH. ¢6. — 2002. — Bpin. 7. — Omecca: OHMA. — C. 87-91.

PaccMOTpeHBl pe3ynbTaThl TEPMOMETPUPOBAHMS LIMIMHAPOBOM BTYJIKH U PACIbUIUTENA
¢dopcyHKH Tpu paboTe IBUTATENs HA JU3EITGHOM M MOTOPHOM TOIUIMBE. TemmepaTypa
IMJIMHAPOBOH BTYJIKH MPH IIepexo/ie Ha MOTOPHOE TOILUTHBO M3MEHMIIACh HE3HAUHTEIIBHO.
PocT TemmnepaTyphl pacnbuinTeNs mpu 3ToM cocTtaBuil 43 °C u npu pa3auyHoil Temiepa-
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Type MoJ0rpeBa MOTOPHOTO TOILUIMBA COOTBETCTBYIOIEE W3MEHEHHE TEMIIEPaTyphl pac-
neutETes [octuraet 60 % nepernana TeMIepaTyp TOIUINBA.
Ui 6.

Polovinka E.M. Calorific Intensity of Parts of Marine Medium Speed Diesel at Running
on Different Fuels // Ship Energy Plants: Sc.-Tech. Col. — Odessa: ONMA. — 2002. —
No 7.-P. 87-91.

The results of temperature keeping of liner and fuel nozzle atomizer at running engine on
diesel oil and petrol are discussed. The temperature of liner changed slightly at changing
diesel oil with petrol. But the growth of atomizer temperature was 43 degrees by Celsius
and at different temperatures of petrol corresponding change of atomizer temperature
reaches 60 per cent of fuel temperature difference.

1. 6.

VK 621.431.74

Tonosunka D.M. DKCIUTyaTallMOHHBIE XapaKTEPHCTHKA HEOXJIAKAAEMBIX (HOPCYHOK Cy-
ZIOBOTO CPEIHEOOOPOTHOrO AU3eNsl U padoTe Ha MOTOPHOM ToIuuBe // CynoBbIe HEp-
TeTHYEeCKUe YCTaHOBKH: Hay4d.-TeXH. 0. — 2002. — Beim. 7. — Omecca: OHMA. — C. 92-96.
IpuBOASATCS PE3yNbTAThl TEPMOMETPHPOBAHUS PACIIBUIHTENST (POPCYHKH Ha U3EIBHOM H
MOTOPHOM TOIUTHBE. B pe3ynbTaTe MOBBIICHHS TEMIIEPATyPHOTO YPOBHS M MEpexo/a
Ha MOTOPHOE TOIUTHBO PECYPC PacIbUINTENEH CHIDKAETCs B 2-3 pasa.

Tabn. 2. Un. 4

Polovinka E.M. Operational Performance of Non Cooled Fuel Nozzles of Marine Medium
Speed Diesel at Running on Petrol // Ship Energy Plants: Sc.-Tech. Col. — Odessa:
ONMA. — 2002. — No 7. — P. 92-96.

The results of temperature keeping of fuel nozzle atomizer at running engine on diesel oil
and petrol are discussed. Atomizers’ life decreases 2-3 times as a result of increase of
temperature level or use of petrol.

Tabl. 2, 111. 4.

VK 621.431.74:621.436-4

Tonosunxa D.M. CpaBHHUTENbHBIE MCHBITAHUS CMa304YHBIX Macel NMpH paboTe CyI0BOTrO
CpeiHeoOpOTHOrO AN3elsl Ha MOTOpHOM ToIutiBe // CynoBBIE SJHEPTeTHIECKHE YCTaHOBKH:
Hay4.-TexH. ¢0. — 2002. — Bemm. 7. — Ogecca: OHMA. — C. 97-103.

IIpuBOASATCS JaHHBIC MO M3HOCY OCHOBHBIX JieTalleil U HarapaM Ha MOPIIHSX ABUraTess
6UH25/34 nipu pabore Ha MotopHOM TormBe JT. Mcrnonp30BaHbl pa3indHble TUPKYIIS-
LIMOHHBIE Macia. PaccMOTpeHO M3MeHeHne XapaKTepUCTHK Macel B XO/€ HCIbITaHUH.

WUn. 1. Tabmn. 4. Cnucox . 1.

Polovinka E.M. Comparative Testing of Lubricating Oils at Running Marine Medium
Speed Diesel on Petrol // Ship Energy Plants: Sc.-Tech. Col. — Odessa: ONMA. — 2002. —
No 7. —P. 97-103.

Data on wear of main parts of diesel 64H25/34 and scale on its pistons at running on DT
oil are presented. Different luboils were used. The change of lubricating oil performance
during testing is considered.

1. 1. Tabl. 4. Bibl. 1.

YK 629.12:66.067

ITuenunyes J].B. TuapoanHamMuka nporecca pasaeiaeHus HeTeBOAIHOI IMyIIbCHU B 00b-
eMe QUIIbTpa ¢ rpaHyIMpoBaHHBIM HaroaHuTeneM // CynoBble SHEPreTHUECKUE YCTAHOB-
KH: Hayd.-TexH. ¢0. — 2002. — Bemt. 7. — Onecca: OHMA. — C. 104-107.
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PaccmatpuBaercs runpoArHAMUYECKask MOJIENb IBIKCHHS ABYX(a3HOU KUAKOCTH (HEed-
TEBOJITHOM 3MYJIbCHHN) B 00BEME CemapaTopa ¢ rpaHyIMPOBAaHHBIM KOAJIECIUPYIONIHM Ha-
monHuTeNeM. Ha 0CHOBE SKCIIEpHUMEHTAIBHBIX JaHHBIX BBIBOJMTCS KPUTEPUATBHOEC ypaB-
HEHHUE pacyera CTaTHICCKUX QUIBTPOB C TPAHyIHPOBAHHBIM HAMIOJTHUTEIIEM.

Tab6mn. 1. Crucok nurt.: 1.

Pchelintsev D. Hydrodynamics of Oil-water Emulsion Separation in the Volume of Gran-
ulated Filter // Ship Energy Plants: Sc.-Tech. Col. — Odessa: ONMA. — 2002. - No 7. — P.
104-107.

Hydrodynamic model of two phase liquid movement (oil-water emulsion) in the separator
volume with granulated coalescent stuff is considered. On the basis of experimental data
criterial equation for calculation of static granulated filter is obtained.

Tab. 1. Lit.: 1.

V]IK 629.12-843.6

Paouenxo A.Il., Bynvxam Bpaxum. IlepcrieKTUBHUH NEPETBOPIOBAY YaCTOTHU AJISI CYZHOBO-
ro asunoza // CymoBele SHEPreTHYECKHUE YCTAHOBKU: Hayd.-TexH. ¢0. — 2002. Bpim. 7. —
Opecca: OHMA. — C. 108-110.

HaBezneHo pe3ynbTaTé MOJEIIOBaHHS MEPCIEKTUBHOTO NEPETBOPIOBaYa YaCTOTH JJIS Cy /-
HOBOTO a3UIOJA.

In.. 1. Coacox mir.: 3.

Radchenko A.P. Bulham Brahim Modelling of Frequency Shifter for Ship Azipod // Ship
Energy Plants: Sc.-Tech. Col. — Odessa: ONMA. — 2002. — No 7. — P. 108-110.

The results of modelling perspective frequency shifter for ship azipod are discussed.

1. 1. Bibl. 3.

YK 620.193:[621.181:629.12]

Pomawro B.H., Cypun C.M. CpaBHEHHE DPE3YJIbTATOB TEIUIOTEXHUYECKUX HCIBITAHUH
YTHIN3AMUOHHBIX KOHTYpOB ¢ KOoTiIoM «DIESECONY. // CynoBbie sHepreTHuecKkue ycra-
HOBKH: Hay4.-TexH. ¢0. — 2002. Beim. 7. — Omecca: OHMA. — C. 111-113.
[IpoaHann3upoBaHbl pe3ysbTaThl HCIBITAHUI YTHIN3AIMOHHOTO KOHTypa. [IpoBeneHo
CpaBHEHHE C HCHBITAHUAMH aHAJIOTHYHOTO KOHTypa. PaccMOTpeHBI MPHYMHBI HU3KOH
MTApONPON3BOAUTETFHOCTH YTHIIN3AMOHHOTO KOTIA.

Ta6n.: 1. Wn.: 1. Ciucox nur.: 2.

Romashko V.N., Sourin S.M. Comparison of the Results of Thermotechnical Test of
Waste-heat Loop with the “DIESECON” Boiler. // Ship Power Plants: Sc-Tech. Col. —
2002. — No 7. — Odessa: ONMA. —P. 111-113.

Test data of a waste-heat loop are analyzed. The comparison with the test data of analogi-
cal loop is made. The reasons of low capacity of the exhaust gas boiler surveyed.

Tabl. 1. 111. 1. Bibl. 2.

VK 629.12.004.67.02

Tapanama B.B. Matematndeckasi MOJEJb IEPEHOCA BELIECTBA TPU XMMHUKO-TEPMUUECKOMN
obpabotke neraneit CTC mon mefictBuem rpaaneHTta aasieHus // CynoBble SHEpreTHde-
CKHe YCTaHOBKH: Hayd.-TexH. 0. — 2002. — Ne 7. — Omecca: OHMA. — C. 114-117.
I[NpensoxeHa NoKaabHAs MOJENb, YIUTHIBAIOLIAS COCTABIIIONIYIO IOTOKA BEILECTBA, HAHO-
CHMOTO B TIPOLIECCE YMPOYHEHHS] U BOCCTAHOBJICHHMS A€Talell, BOHUKAIOUIYIO PH TIPUHY-
JIUTENBHOM TIepeMelIeHUH ra30Boil cpenpl. [loydeHbl aHANMTHYECKUE BBIPAKCHUS IS
(heHOMEHONOTHYECKOT0 KO3 puIMeHTa 1 rparieHTa qaBJeHNs B YpaBHEHUH MIEPEHOCa.

Un. 1. Cuucok muT. 6 Ha3B.



2002 — Ne 7 Cy0oeble snepeemuieckue yCmaHosKu 151

Tarapata V.V. Mathematical Model of Substance Transfer at Chemicothermal Treatment
of Parts of STM under Influence of Pressure Gradient // Ship Power Plants: Sc.-Tech. Col.
—2002. — No 7. — Odessa: ONMA. — P. 114-117.

The local model is presented that takes into account the component of a matter flow that is
being brought during strengthening and restoring parts and appears at forced movement of
gaseous medium. Formulas for phenomenological coefficient and pressure gradient in the
transfer equation are obtained.

1. 1. Bibl. 6.

YK 621.822.5

Xanmameoos C.A. Boaxos A.B. TIpoueccsl TpeHUsS B HOMHHAJIBHO HETIOJBIKHOM (pHK-
[IMOHHOM KOHTaKTe BKJIAJIBIINICH MOMIIUITHUKOB ckonbxernus: [IBC // CynoBbie SHEpreTH-
YeCcKHE YCTaHOBKU: Hayd.-TexH. ¢0. — 2002. — Bem. 7. — Onecca: OHMA. — C. 118-133.
Jna nmommunHUkoB ckonmkeHus JIBC mokazaHa B3aUMOCBSI3b MEXIY Ipoleccamu
TPEHUS, MPOTEKAIOIUMH Ha BHYTPEHHEH U THUIbHOWH CTOPOHE BKJIA/IBIIIA.

Wn. 4. Cniucok nut. 7 Ha3B.

Khanmamedov S.A., Volkov A.V. Friction Processes in Nominally Immovable Frictional
Contact of Split-Shell Bearing of Combustion Engine // Ship Power Plants: Sc.-Tech. Col.
—2002. — No 7. — Odessa: ONMA.. — P. 118-133.

The correlation is shown between the processes that take place on inner and reverse sides
of split shell bearings of combustion engine.

1. 4. Bibl. 7.

V]IK 629.12-8:629.12.037

Aposenko B.A. OnTUMalibHOE YIPAaBICHHE aCHHXPOHHBIMH I'DEOHBIMH 3JICKTPOJBHIATE-
msimu // CyoBbI€ SHEPreTHUecKrne YCTaHOBKU: Hayd.-TexH. ¢0. — 2002. — Bem. 7. — Onec-
ca: OHMA. — C. 134-139.

PaccMOTpeHBI pa3iNMYHbIE 3aKOHBI YNPABJICHHUS YaCTOTHO-PEryJIHPYEMBIMH TPEOHBIMH
aNeKTpoaBUraTeNsiMA. Jloka3zaHa mernecoo0pa3HOCTh ONTHMHU3amu yrnpasienus ['D]/] o
nokasareJisiM cyzHa. [IpesioxkeH crnocob Moucka ONTUMAIBHBIX 3aKOHOB YIPABIICHUSL.
Wn. 2. Ciucox sut.: 3 Ha3B.

Yarovenko V.A. Optimal Regulation of Asynchronous Rowing Electric Engines // Ship
Power Plants: Sc.-Tech. Col. — 2002. — No 7. — Odessa: ONMA. — P. 134-139.

Different laws of control of frequency-regulated rowing electric engines are considered.
Expediency of optimization of regulating rowing electric engines in accordance with the
factors of the vessel is proved. The method of finding optimal regulation laws is proposed.
1l. 2. Bibl. 3.
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MPABUNA
o(hOopMIIEHHS 1 TIPENICTABIICHNS PYKOIIHCEH 1J1sl COOpHHKA
«Cy0BBIE SHEPTreTHYECKHE YCTAaHOBKI

COopaHK Hay4HBIX TpyAoB OIeccKOi HAIMOHANBHOW MOPCKOH aKaIeMhu
«CynoBbIe YHEPTETHUECKHE YCTAaHOBKID SBIACTCS HAYYHBIM M3JaHHUEM, B KOTO-
poM B COOTBETCTBMM C IocTaHoBieHHeM llpesunnyma BAK VYkpaunsl moryr
myOIMKOBaThCSI OCHOBHBIC PE3YyJIbTAaTHl AUCCEPTAIMOHHBIX PAabOT MO MPOQIITIO
CYZIOBOI SHEPTE€TUKHU.

Pykonuce mpezacTaBisercsi B peJakIMOHHYIO KOJUISTHMIO Ha Auckere 3,5” B
dopmare «Microsoft Word» ¢ komueit Ha Gymare gopmara A4 (210x297). Ilo-
Js1 — 1o 23 MM €O BceX CTOpOH. TekcT Habupath uepe3 | mHTEpBaAI MIPUPTOM
Times New Roman, kersnb 14 or; s tabnui — xerts 12 nr. [epen Hazsanuem
PYKOIIUCH JIOJKHBI OBITh yKa3aHbl uHjekc YK, dpaMuinm u MHUIMAIEl aBTOPOB
U COKpallEHHbIe HAMMEHOBaHUS YyUPEKACHUI, Tae padoTaroT aBTophl. K crarse
00s3aTenbHO Mpuiaraercs pedepar 0o6bémMoM 10 300 mevaTHBIX 3HAKOB Ha pycC-
CKOM W aHTJIIHICKOM si3bIKaxX. Komus pykonwcn MoibkHA OBITH MOIITHCAHA BCEMHU
aBTOpaMU C yKa3aHHEM aJipeca U IMEePEeNruCKA U KOHTAKTHEIX TeneoHoB. O0b-
€M cTaThH He NOJDKeH mpeBsimath 0,5 aBTOpckoro jwcra (¢ y4€ToM HILTIOCTpPa-
Ui 1 TOAPUCYHOUYHBIX MTOIITHCEN).

WnmocTpaTHBHEI MaTeprall, TAOIUIBI PACIONAraloTCsl Ha OTACIBHBIX JIHIC-
TaxX B KOHIE cTaThH. JlOMycKaeTcs pa3MelieHNe HECKOJIBKUAX TAaOIUIl Ha OJHOM
ycte. Ha Bce TaOJUIIBI M PUCYHKH JIOJDKHBI OBITh CCBUIKM B TEKCTE CTaThU.

PucyHkH BBHINOMHSIOTCS TyIIbIO Ha Oejoil Oymare AOCTATOYHOW IUIOTHOCTH
¢dopmara A4 (210x297). Ha obopoTe yka3bpIBacTCS HOMEpP U MPHUHAAICIKHOCTD K
cratbe. Ha momsx pyKonmucH ykas3pIBaeTcs JKeJIaeMoe MECTO pa3MeIIeHUs] PUCYH-
ka. KauecTBO PHCYHKOB MOJKHO OBITh AOCTATOYHBIM Ui IyOnaukamuu. Bos-
MOXHO TIpejicTaBieHne pUCYHKOB B (opmare Corel Draw. OGsi3atenbHO Hau-
4He B TEKCTE CChUJIOK Ha pUCYHKH (puc.). Bece Tabnuiipl 10KHBI UMETh 3arojoB-
ku. CCBUIKH Ha TaOJIMIBI JAIOTCS B COKPAIIEHHOM BHUe (Ta0L.).

[lepemennble, PYHKINH, BEKTOPHI, MATPHIBI U T.I. OQOPMIISIOTCS mIprdTOM
Antiqua. IlepemMeHHbIE BBIMOIHIIOTCS HAKIOHHBIM MPUPTOM, BEKTOPBI — TIOJTY-
KUPHBIM, Oe3 HakJIoHa. Bo Bcex cirydasx pa3merka (pOpMyN B KOMUH PYKOIHCH
oOs3arenpHa. HymepyroTcss TOTBKO T€ (OPMYINBI, HA KOTOPHIE €CTh CCHUIKH B
Tekcre. EnuHUIEI Qusnueckux BemmIrH JODKHBI cooTBeTcTBOBaTh ['OCT 8.417-
81 «EnuHAIBI GU3NIECKUX BETMUUH» U UMETh OOIIETIPUHATHIE 0003HAUCHISI.

Bubmmorpadudeckne onucanus 1omxHB cooTBeTcTBOBaTh 'OCT.

Konraktasie Tenedonsr penaximn (048) 733-49-24, 733-23-52.



