BBeneHune NpoTekaHMe MHOXeCTBa NPOMBbILLIEHHbIX TEXHOJIOMMYeCKUX rnpoL.eccos
COMPS>XEHO C NepeMeLLeHneM XnaKocten no Tpybonposogam Kpyriaoro ce4eHus.
Pa3Hoobpa3Hble XXUAKOCTN NnepemMeLLalnTcsa Ha 6oblune pacCTOAHNA NO
HedpTenposogam, Tpybonposogam Asasa nogayun sogbl, B Tpybkax TennoobMeHHNKOB, B
TOMJIMBHbIX CUCTEMaX BCEBO3MOXXHbIX ABUraTenen, NpoTO4YHbIX YacTaxX
TEeXHOJIOrNYeCKNX yCTaHOBOK U Tak fanee. Tpybonposoabl No TpeboBaHUAM
TEXHOJI0rnMmM MoryT ObiTb PacnosioXKeHbl FOPU30HTasIbHO, BEPTUKAILHO U MOA4 YIrioM K
NOBEPXHOCTN 3eMnn. [Na nepemMeLleHns XnaKoctm Heobxognmo co3pgaTh nepenag
[aBJIeHU, KOTOPbIA 3aCTaBUT ee nepemMewlaTbca. Ha napameTpbl TevyeHusa byneT
B/INATb MHOXXECTBO (paKTOPOB, BKJIOYAKOLWLMNX CBOMCTBA CaMON XUOKOCTU (MNOTHOCTb,
BA3KOCTb), XapaKTepUCTUKM Tpybonposoaa (COCTOAHMNE BHYTPEHHEN CTEHKMN,
LepOoX0BATOCThb, HAJIMYME 3ar PA3HAOLWMX OTJI0XKEHUA) N YCII0BUS CO30aHNS
OBVXKYLLEN CUNbI, TO €CTb PeXUMHbIE NapaMeTpbl TeXHONOrnyeckoro obopynosaHus.
C TOYKN 3peHUS YMeHbLUEHUS SHEpPreTUYeCcKux 3aTpaT uenecoobpasHo UCMoib30BaTb
TYPOYNEHTHbIN peXxxnum TeveHus. MNpu TypbyneHTHOM peXxmMe Te4YeHUs XNOKOCTen no
KaHaJlaM BO3HMKAaeT ABa APKO BbIPa>Ke€HHbIX y4aCTKa: Ha4vasibHbIA N y4aCTOK
OCHOBHOIO Pa3BUTOro Te4eHUs. Ha Ha4YasNlbHOM y4YacTKe M3-3a «NPUaInnaHusa» 4yacTtuu,
XXNOKOCTU K CTEHKE KaHaNa obpa3yeTcsa U pa3BMBaeTCHA TaK Ha3blBaeMbIN
MOrpaHUYHbIA CNI0N, TOJILWMHA KOTOPOro yBEJINYNBAETCHA BHU3 MO TEYEHUIO U Ha
HEKOTOPOM PacCTOSAHUM OT BXOOHOr0 ce4YeHUs CTaHOBUTCA PaBHOW pagnycy KaHana.
Mo Mepe NpoABMIXXEHNSA MOTOKA XNOAKOCTWN, BAOJIb KaHana TOLLMHbI
rMAPOAMHaMNYECKOro 1 TenJI0BOro NorpaHUYHbIX C/I0EB YBEINYNBAIOTCS, YTO
NPUBOOUT K YBEJIMYEHUIO AVNHAMNYECKOW TOJILLVHBI BbITECHEHUS, BO3PACTaHUIO
CKOpPOCTU B fiipe NoTOoKa N NafgeHnto CTaTU4eCcKoro gaBneHunsa no asnHe KkaHana. Mpu
yBeNNYEHUN TOJNWNHbI AUHAMNYECKOr0 MOrpaHNYHOro C/109 yMeHbLIaeTCs
rnornepeYyHbI rpagnNeHT CKOPOCTHU, Bbi3biBas 3aMEeTHOE YMeHbLUEeHMe KacaTe lbHbIX
Hanps>XeHUn Ha cTeHKe. MNMocne CMblIKaHUA NOrPaHNYHbIX CJI0EB B KaHasle Ha4YnHaeTCs
pa3BuToe cTabnnnsmposaHHoe TypOynieHTHOe TevyeHue. [Ing pacyeTa NnapamMeTpoB
NOrpaHU4YHOr o CN04, onpefensaLmnX JajbHellee TeYeHne XUAKOCTUN B KaHae,
Heobxoanmo BbIbpaTb ero Mmoaenb. Hanbonee n3BecTHbl ABYX- U TPEXC/IOMHaA MOAENN
MorpaHNYHoOro cnos, npuHagnexawme T. KapmaHy n J1. MpangTtno. TpexcnonHas
MoAeslb LOCTaTOYHO CNI0OXKHA U, B OT/INYME OT ABYXC/IOMHOWN, YYUTbIBAET B
MOrpaHU4YHOM C10e HasIM4Yne He TOJIbKO BA3KOro NMoAC/0SA N 30HbI C Pa3BUTbIM
TYPOYNEHTHbLIM A4POM, rPaHMYaLLEN C OCHOBHbLIM MOTOKOM, HO N Hann4yne nepexonHom
30Hbl MeXXAy HUMW. [IByXCNONHasa Moaenb, npensnoxeHHas MNpanarnem, 4OCTAaTOYHO
npocTa 1, BMecTe C TeM, XOpOoLLIO oTpa)KaeT PU3NKY NMPOTEeKaHNA CIIOXKHbIX
rMApoAVHaMNUYEeCKUX MPOLLeCcCoB MNpU TeYeHUU XUOKOCTEN B KaHalaxX KPyriaoro
cevyeHunsa. OHa oTBeYaeT 3anpocaM pasIMYHbIX METOAO0B UCCNeA0BaHNSA, MPUMEHAEMbIX
B COBPEMEHHOM HayKe A1 ONMUCaHNA HeCTaunOHapHbIX Te4eHNn. HecTaunoHapHbIM
Ha3blBAlOT Te€Y4EHNEe C USMEHALWMMCA BO BPEMEHM 3Ha4YeHMeM pacxoga. 3To
n3MeHeHue MoXeT BbITb NepnognyecknMm, T.e. NyabCUpYyoLLnUM, KOrga ogNHAKOBbIe



3Ha4YeHNs pacxona NMOBTOPAITCA C onpeaeneHHOW YaCcTOTOW, N HEMEPUOONYECKUM,
Korga noTok yckopsieTcsa nnm samennsetcda. Co3gaHne sBjieHUN HeCTauMOHAPHOCTH
NCNOoNb3yeTCsa AN MHTEHCUMPUKALUNKM TEXHONIOMMYEeCKOro npouecca Te4eHuns
XNOKoCTen. Pe)XXUMHbIe MeToAbl MHTEHCUPUKALMN 3aKH0YalTCA B USMEHEeHUN
rMAPOANHAMNYECKUX YCIIOBUN N PEXUMOB TEYEHUS XXNAKOCTEN B KaHanax. Ons
BHEOPEHUSA MHTEHCUpUKaUMUKM ANna gaHHOro npouecca HeobxoamMMo nccnenosaTb
rnpouecc, 3aBUCUMOCTb rMApPaBANYECKUX CONPOTUBNEHUN OT pexxmma
WHTEHCU(pnKaunm npouecca, HanTn Hanbonee sIKOHOMUNYHbBIA PEXNM NPOTEKAHUS
rnpouecca, NpoBeCcTn nccnenoBaHne BCeX NOJIOXKNTESIbHbIX N OTpULLaTeNIbHbIX
3(p(heKToB, BO3HNKAOLWUNX NPU UHTEHCU(pUKaL K. BCce 3TO NO3BOIUT onpenenmnTb
3(pPEKTUBHOCTb METOAA U HANTN ONTUMAJIbHbIE PEXUMbI €r0 oCyLlecTBieHns. MeToa
WHTEHCUMKaunmM npouecca MoXKeT BbiTb KOMMJIEKCHbIM, TO €CTb CO4eTaTb B cebe
0EeNCTBME HECKOJIbKUX MHTEeHCMpuumnpyowmx gaktopos. CyMMapHas CcTeneHb
MHTeHCUdUKaunm 3aBUCUT OT PU3NYECKON CYLLIHOCTN 3 HeKTOB N M3BpaHHOro
pexuma paboTbl ycTaHOBKU. CyMMapHbIN 3P HEKT MOXXHO NMpoaHaan3npoBaThb
TeopeTu4eckun, HoO caenaThb TOYHbIE NMpeacKa3aHUsa NPakKTUYeCKN HEBO3MOXHO. To
€CTb MOXXHO COCTaBUTb NpeacTaBsieHne 0 pU3n4eckKonm Mmoagenm npouecca,
MaTeMaTMUYeCKYIO )Xe Moaesib, MOCTPOEHHY Ha OCHOBaHMKW Npencka3aHHoN
dursmnyeckon mogenun, HeobxognMMo NPoOBepPATb IKCNepnuMeHTanbHO. MNMpu Bbibope
ONTUMaJIbHbIX PEXMMOB KOMMIEKCHON NHTEHCUUKALNN OOJIXKHA YYNTbIBATbCA
3KOHOMMYecKas uenecoobpasHoCcTb Kaxaoro agdekTa. Obuwasa 3hPeKTUBHOCTb
MeToda onpenenseTca anrebpanyeckom CymMmon 3pPeKTUBHOCTU OTAENbHbIX
3(ppekToB. BCcecTopoHHee nccsiefoBaHne NapaMeTpoB Te4YeHUs B pe3yibTaTte
MHTeHCUnKaumm npenrnosaraeT Haanyme agekBaTHOM MaTeMaTn4eckon mogenu. B
pe3ysibTaTe MaTeMaTU4YeCKOro 3KCNnepmMMeHTa BO3MOXKHO MNoJly4yeHne Ka4yeCTBEHHOW U
KOJIN4EeCTBEHHOM MHMOPMaL MM MO BANAHUIO KoslebaHnsa pacxoda XXUAKOCTU Ha
MPOAOJIbHbLIA rpagueHT OaBNeHUs, KO3I(PPUUNEHT TPEeHUA, UHTerpajibHble U
KUHEMaTU4yecKme XxapakTepucTUKM NOTOKa, 3BOJIIOLMIO NX B (PYHKUUN NPOOOSIbHON
KoopaAuHaTbl. CywecTByeT ABa cnocoba pacyeTa HECTaUMOHAPHbLIX TEYEHUNI: MEPBbLIN
OCHOBaH Ha NPUMEeHEeHNN OAHOMEPHbIX MOAeNen Te4eHns, a BTOPOW UCNOoJb3yeT
OBYXWN TpexmepHblie mogenn. OgHOMepPHbIN cnocob onncaHnsa Te4eHUs NPUMeHaeTCs
npu pacyeTe HeCcTauMoHapPHbIX TYPOYNEHTHbIX TEYEHUN B C/TIOXKHbIX
TepMorasognHaMmyeckmnx ycnosusax. [1syx- n TpexmepHble MoLesn pacyeTa
rMOpPoOMexXaHNKKN MOTOKOB Ba3npyoTCss Ha OCHOBHbLIX MOJIOXKEHUNSAX TEOPUN
MOrpaHNYHOro CNoS 1 ABNATCA Boslee KOPPEKTHbIMK, YEM OAHOMEPHbIE Moaenn. B
KayecTBe NCXOOHON B 3TUX cnocobax ncrnosb3lyeTcsa cuctema anddepeHymanbHbIX
ypaBHEHUN, B KOTOPYIO BCerga BXoaUT YpaBHEHME KOJIMYeCcTBa OBUXKEHNSA. YpaBHEHUS
MOryT BbITb 3anMcaHbl OTHOCUTENbHO NIOKaJIbHbIX, YCPEOHEHHbIX KaKUM-nbo
crnocobom napamMeTpoB NOrpaHNYHOro cnos, Mbo NHTerpanbHbIX, HarnpuMep, TONLWWH
BbITECHEHUSA, MOTEPUN NMNYNLCOB U T. 4. ECnm meToabl NCNOMb3YIOT CUCTEMY
ypaBHEHMIN NepBOro Tuna, To OHN Ha3blBalOTCA aAnepeHUnasnbHbIMN, eCiv BTOPOro



- MHTEerpanbHbiMK. T. €. NpUHLKUNNANIbHOE OTAnYmMe anddepeHumnanbHbIX U
MHTerpasJibHblX MOAeNen COCTOUT B TOM, 4HTO B MHTErpaJsbHbIX MOLeNAX TeopeMa
MMNYNbCOB SABNIAETCH YOOBNETBOPUTENILHON /1 BCEro norpaHU4Horo cjos, a B
anddepeHUnanbHbIX - ewe U A9 KaXKA0N TOYKM NOrpaHNYHOro €108 B OTOE/IbHOCTN.
O depeHumnanbHble N MHTErpaJibHble MeTo4bl MMeT CBOU NpenMyLecTBa U
HenoCcTaTKU. B anddepeHymnanbHbiXx MeTogax A0OMNYLWEHWUN, NCNOJIb3YEeMbIX 014
3aMblKaHUSA NCXO4HON CUCTEMbl YPaBHEHUW, MEHbLUE, HO NX aJIfOPUTMbl C/IOXXHbI, U
TPYAHO 00BNTLCA YCTONYNMBOCTU N CXOAUMOCTU Pa3HbIX CUCTEM. B nHTerpanbHbIX
MeToOaX NpuMeHseTcs bonbliee KONNYECTBO IMNNPUNYECKNX COOTHOLLEHUIN, HO OHU
obnapaloT NPOCTOTOM pacyeTa, YTO ABNAETCH KpalHe BaXkHbIM 418 MHXXEHEPHOM
npakTuKn. PeweHne B naHHOW paboTe NCNoib3yrTCA MMEHHO MHTEerpasbHble
MeToabl. Icnonb3ylTCa nonyamnupuyeckmne teopun typbyneHTtHocTn, Ha ba3se
KOTOPbIX MOCTPOEHbI NapamMeTpu4eckne MmeToabl pacyeta. MaTeMaTn4eckas moaesb
OCHOBaHa Ha KJlaCCu4eCckKon Teopuun norpaHnU4Horo cnoq [2]. PaccmaTpusaeTcs
HecTauuoHapHoe ABMXeHMe 04HO(pa3HOro HeEC)KMMaeMoro NoToka B
0CeCMMMETPUYHOM KaHasle. HecTauMoHapHOCTb TeYeHUs ABNAETCA pe3y/ibTaToM
N3MEHEeHUNA pacxoaa No rapMOHNYECKOMY 3aKOHY. Pacxon XXNOKoCTM Ha BXO4eE B
KaHaJl MeHSeTCa BO BpeMeHWn. MNMpodunm ckopocTen ocecMMmMmeTpuyHbl. Cuctema
angpgepeHUnanbHbIX YpaBHEHUA BKJKOYAET: YpaBHEeHMe ABUXXeHUS ; (1) ypaBHeHue
Hepa3pbIBHOCTU ; (2) ypaBHeHMe s3Heprun . (3) rae K - eAMHUYHbLIA BEKTOP,
HamnpaBNEHHbIN BepTUKaNbHO BBEPX. OH onpeaenseT 3HaK YieHa pgz npu ABUXKEHUN
XXNOKOCTN BBEPX UM BHU3. [laHHbIE YpaBHEHUSA MOXXHO 3anncaTbh B MHTErpasibHoOM
BUOE KaK ypaBHEHNE Hepa3pbIBHOCTU B NMJIOCKOM NpubnmxxeHun ; (4) ypaBHeHue
ABvxeHuns ; (5) c ycnosmnsamMm coBMecTHOCTU: (6) MNMonyyYyeHHasa cnctemMa MHTerpasbHbIX
YypPaBHEHUN pellaeTcsa YNACIEHHbIM MeTOAO0OM. [1Na YNCNEeHHOW peasin3aunm ypaBHEHNN
(4-5) BbllWeyKa3aHHbIM NMHTerpaJjibHbiIM METOA0M Ha NepBOM 3Tarne NpPoBOANTCH UX
WHTErpnpoBaHmMe C y4eTOM MPUHATBIX B TEOPUU MOrPaAHUYHOIr0 C/0SA NOHATUN TOJILLNH
BbITECHEHUA N NOTEPU NMIMYbCOB, YYNTbIBAOLMX CMEeLLeHne IMHUIA TOKa 13-3a
HaAN4Ynsa BA3KOCTU N NMOTEPIO KOJIMYECTBa ABUXKEHUSA Ha NpeofosieHne TpeHus
COOTBETCTBEHHO. 3aMblKaHNE CUCTEMbI YPaBHEHNN OCYLLLECTBASETCSA C MOMOLLbIO
Bblpa>eHnA 415 3aKOHA TPEHUSA. 3aKOHbl TPEHUSA 1 TensooTaavn, Heobxognmele ang
3aMblKaHUA CUCTeMbl ypaBHeHUN (1-3), MoryT 6bITb NONy4eHbl HA OCHOBE
napamMeTpmnyecknx Metonos, paspaboTaHHbix KytaTtenanse C.C. u JleoHTbeBbIM A.U.
NX cyTb 3akn04aeTCsa B U3YHEHUU BINAHNA Ha NOTPAHMNYHbIA CJION Ka)k4oro
OTAEeNIbHOro BO3MyLlalowero gakTopa € nocneayowmm nccnegoBaHnemM nx
COBMECTHOI 0 BJ/INAHNSA U YCTaHOBNEHNEM PYHKLMNOHANIbHbLIX CBA3EN MeXAY HUMMU.
CooTHOLWeHne oNns 3aKoHa TpeHUs, NoJly4eHHOe Ha OCHOBE rmnoTes3bl
TypbyneHTHOCTM MNMpaHaTAa, Heobxognumoe a5 3aMblKaHUS UCXOAHOW CUCTEMBbI
ypaBHeHun: (7) Ana ero onpegeneHns C NCNosib30BaHUEM OBYXC/IOMHON MOAENN
MOrpaHNYHOro cnos HeobxoamMMo paccHuTaTb Be3pasMepHy0 CKOPOCTb (8) U TONLWNHY
Ha rpaHuue BA3koro noacsos (9): (8) (9) 3akoH TpeHusa B TypbysieHTHOM



MOrpaHN4YHOM cnoe MoXXeT BbITb NOJly4YEH Ha OCHOBE MPaHMYHbIX YCN0BUN. Bua
MnoJIMHOMA /19 ero pacyeTa onpenensaeTcsd 3HaKOM NPOM3BOLAHOW KacaTesibHbIX
HanNps>XeHUn Ha cTteHke. Ecnn>0,To NpuUMeHSAIT annpoKCMMaLunio, nNpeasioXeHHYo
depnsesckum K.K. [8]. (10) B cniyvae, korga 0, yyLwyo CXOANMMOCTb C 9KCNEPUMEHTOM
nmeeT nonmHoM dadypuHa A.B. [3]: (11) roe x = y/d - 6e3pa3mepHas nonepeyHas
KoopAWHaTa NorpaHU4YHoro cnosd. B ycnosnax tedeHmns, nccienyemMbolx B HaCTOALLEN
paboTe, Ha NapamMeTpbl MOTOKa OKa3blBalOT BAMAHME rMOpPOANHAMMNYECKAS
HeCTaLMOHAPHOCTb, MONIOXKUTENbHbLIA U OTpULATESNIbHbLIA MPOLAOJIbHbIE FPaaANEeHTbI
DaBJIeHNs, KOTopble No-pa3HOMY CKa3bIBAlOTCA Ha pacnpenesieHnn KacaTesbHbIX
HanNps>XeHun B npenesiax norpaHU4YHoro Caos 1 B LLesIOM Ha NMPUCTEHOYHOM TPEeHUM.
BansaHmne nepBbiX Tpex PakTOPOB YHYUTbIBAETCA MapaMeTpoOM TPEHUS , BEIMYMHA
KOTOPOro MoXeT ObITb onpefeneHa no 3asucumoctam (10, 11). Puc. 1 - Paszsutume
Ko3(hpuumeHTa TpeHus B TpybonpoBoae Kpyrioro ce4eHms B pesynbTaTe pacyeTa
OCHOBHbIX MapaMeTpoB NOTOKA MO MNPUHATON MaTeMaTU4YeCKON MoLeNn C y4eToM
3(hheKToB HECTaUMOHAPHOCTN, BO3SHUKAOLWNX MPN NHTEeHCUpUKaumm npoLecca
TeYeHUs XNOKOCTK, Bbln NoslyyYeHbl cnefyowme 3aKOHOMEPHOCTU U3MEHEHUSA 3TUX
rnapameTpoB: KO3 dUUNEeHT TpeHuns (puc. 1), TonwmHa BA3KOro Noacsios, CKOpoCTb Ha
rpaHnLe BA3KOro NoAcsios, napamMeTp rmgpoanHaMmyeckon HeCcTauMoOHapHOCTU B
Tpybe. N3 rpadhmkoB BUAHO, 4TO CTabunmsauns ruapoamHaMnyecknx n
KUHEMaTU4YeCKMX NnapaMeTpoB NMPonNCxoanT Ha paccTtosaHum 20-30 kanmbpos OT BXoAa
B KaHan. [lanee noTok nmeeT passutoe TypbyneHTHoe TedeHmne. OCHOBHOW napameTp,
onpenensowmnin sHepro3PEKTUBHOCTb NMpoLecca nepeMeLLeHns XnaKocten no
KaHaJsiaM, 3TO NoTepu AaBsieHNs Ha TpeHue. NoTepn gaBNeHNS MOXKHO pacCYnTbiBaTb
rno Tpem MeToamKaM: Nno CTauMoHaAPHOW C UCMNOJIb30BAaHNEM COOTHOLEHMA [apcu-
Bencbaxa, paccumTbiBas KOIPPMUMEHT conpoTmeaeHns no bna3snycy; no
KBa3nCTaLMOHApPHON, KOrga Te4yeHne paccMaTpmBaeTCa B BUAe nocnenoBaTes/ibHOCTU
CTaLMOHAPHbIX COCTOSAHUIN; MO HEeCTaUuMOHApPHON, Yy4nTbiBas gedopmMauunio
NPOCTPAHCTBEHHO-BPEMEHHbIX BEJIMYUH NPU USMEHEHUWN MPAHUYHbBIX YCJIOBUW BO
BpPeMEeHN No CooTHoweHuto: (12) Puc. 2 - NMoTepn gaBneHns Ha TpeHue npu
HerapMoHn4ecknx KosebaHmna B oCeCMMMEeTPUYHOM KaHase o pesynbTaTam paboThl
[1] ncnonb3oBaHMe onsg pacyeTa CTayuMOHAPHOW METOAMNKWN 3aHMKAET MOJTyHYEeHHbIN
rnokasaTeslb NoTepb AaBJieHUs 3a cHeT NMPUCTEHOYHOro TpeHnsa Ha 37%. lNo
HecTauuoHapHOW MeToaunKe Bblnn NoayyYeHbl cnegyowme pesynbTaThl pacyeTa
noTepb AaBJsieHUs Ha TpeHune (puc. 2). Kak BugHo n3 rpacduka, notepun gassieHus
pacTyT NO OJIMHE KaHasla, 4TOo corjacyeTcs C PU3NYeCKOn KapTUHOWN TeYeHUs
XNOKoCcTen. PesynbTaTbl, NpUBEAEHHbIE B NPUA0KEHUAX (1-6) Oblan nonyyeHbl npu
co3faHun B Tpybe Kpyrnoro ce4eHms HerapMoHuU4ecknx kKonebanmn. Puc. 3 - Notepn
OaBNeHNSA Ha TpeHne Npu rapMoHUYecknx KonebaHmsax B oCeCMMMETPUYHOM KaHane
NMpuMeHeHne rapMOHNYECKNX HN3KOYACTOTHbIX KonebaHnnm BefeT K CHUXKEHUIO
rnoTepb OaBJIEHNS Ha TPeHue no AJInHe KaHana npu vyactotax ot 0,05 My no 0,5 'y Ha
64% No CpaBHEHMIO C MOTEPAMU NpU YacToTe konebaHunm ot 1 'y n Boiwe (puc.3) [9].



TexHn4yeckme pakTopbl NlMapoanHaMmyeckas yCTOMYMBOCTb - 3TO CNOCOOHOCTb
Te4YeHUsA COXPaHATb CBOKO CTPYKTYPY N PEXUM NPU HAJIMYNN BO3MYLLAOLLNX
hakTopoB, TO eCcTb Byayyn nammHapHbIM, He TypbynnsnposaTbcs, a byayuu
TYPOYNEHTHbIM, HE TaMUHN3NPOBATLCA. Pe3ynbTaTbl UCCNefoBaHUN YCTONYNBOCTH
HecTauMOHapPHbIX TeYEeHUN He BCerpa coriacylTca Mexay cobom no npnynHe
CJIOXKHOCTU nUccsiefoBaHUN N UMEKT B OCHOBHOM aMNMpuyeckuin xapaktep[10,11].
AHanNn3 ycTon4mBOCTN HEeCTaUMOHAPHbIX TeYeHUN NPOBECTU 3HAYUTESIbHO CJ/I0XKHee,
4yeM aHa/IN3 YCTaHOBUBLLUUXCA TEYEHUN, TaK KaK U NapamMeTpbl TeYeHUs, n
BO3LENCTBYOLWME Ha HUX BO3MYLLEHNS MEHAIOTCA BO BpeMeHW. OCHOBHas TPYLOHOCTb
3akJ/it0o4aeTcs B Bbibope KpuTepmsa HeyCTOMYMUBOCTU, TaK KakK TOJIbKO POCT NMokKasaTens
BO3MYyLLaoLLEero pakTopa He MOXKET ABAATLCA LOCTAaTOYHbIM YCI0BNEM
HEeYyCTOM4YMBOCTUN TeYyeHnsa. Ecnnm HecTaunoHapHoOe Te4YyeHne HeyCTONYMBO, TO Aaxe
MaJible BO3MYLLEHUSA, HAHOCUMBbIE MOTOKY XUAKOCTN, HE 3aTyXatlT CO BpeMeHeM, a
HapacTaloT, Bbi3blBasd TakuM obpa3om HeobpaTuMble N3MEHEHUS B CTPYKTYpe MOoTOoKa.
CyLecTBYOT NOHATNA abCONOTHONM U KOHBEKTUBHOW HEYCTOMYMBOCTU. Mpn
abCONOTHOM HEYCTONYMBOCTM NPOLLECChl HapacTaloT BO BpeMeHU, NoCTEeNeHHO,
OXBaTbIBas BCIO CUCTEMY, MPUN KOHBEKTUBHOM - B MPOCTPAHCTBE, TaK Kak
HapacTaLme BO3MYLLEHNA CHOCATCS K BbIXOAY U3 CUCTEMBI. [pn OTCYTCTBUN
OTpa>KeHHbIX BOJIH BCE BO3MYLLEHNA MOIyT NMOKUHYTb CUCTEMY, HE OOCTUTHYB
KPUTNYECKOWN BeNIn4YnHblI. HapacTaHue BO3MyLLEHUA BO BPEMEHU pacCMaTpuBatoT
06bI4HO C TEOPEeTMYECKON TOYKIN 3peHns. Ha NpakTnke peanusyoT nepmogmnyeckme Bo
BpeMeHu Bo3MyLleHnsa. Hanbonbliee 3HavyeHmne Yucna PenHonbAca, Npy KOTOPOM BCe
BO3MYLLEHNSA 3aTyXaloT, Ha3blBaeTCA KPUTUYECKUM. PacyeT KpUTUYECKOro 4ymcna
PenHONbACa - 04Ha U3 Ba)KHENLWNX 3a4a4 Teopun ruapoanHaMmnyeckomn
YCTOMYMBOCTU, TaK Kak OHO onpepenseT 06,1acTn, B KOTOPbIX MapaMeTpbl TeYEHUS
TaKOBbl, 4TO OHO obnafaeT CBONCTBOM r’MAPOANHAMUYECKON YCTONYUBOCTU MpK
MasiblX BO3MYLLEHUAX. B Knaccnyeckonm rmapasrinke Te4eHne cHMTaeTCs
TypbyneHTHbIM Npn Re=104.Ha npakTuKe pexxnum Te4eHus MoXKeT ObITb
TYpOyNeHTHbIM Npu 3Ha4nTeNbHO 6onee HNU3KMX Yncnax Re. bespasmepHoe 4ncno Re
3aBUCUT OT MapaMeTpoB NOTOKA, B TOM YUCAE, OT €ro CKOpocTu. Mpun TypbyneHTHbIX
Te4yeHUAX yBeJIn4eHNe CKOPOCTN TeYeHNA XULKOCTU B sApe NoTOKa NPUBOAUT K
TOMY, 4TO NMPOdUSb CKOPOCTU CTAaHOBUTCA Bosiee 3aNOSHEHHBIM N «NOAXKMMaET»
MOrpaHUYHbIN CNON, yBENNYMBASA KacaTesibHble Hanps)XeHUs, a 3Ha4YuT, U notepu
OaBNeHNA Ha TpeHune. YCTONYNBOCTb TYPOYNIEHTHOIrO peXxmmMa Te4eHns nNpu Masbix
CKOPOCTAX NOTOKa MOXXHO NMoanep>XmsaTb NyTeM CO34aHMA NyJsbCcauum pacxona
XXNOKOCTU. DHEPrmna MmexaHn4yeckmnx konebaHmm moxxet coobuwaTtbca obpabaTbiBaemomn
cpefe n3BHe No-pa3HoMy. [1719 3TOro MOXXEeT UCNoIb30BaTbCA: 1) BeCb annapar; 2)
4acTb annapaTa (AHo, CTeHKa u ap.); 3) pabo4ynin opraH, NOMELLEHHbIN BHYTPb
annapaTa; 4) NnopLHeBOW nan MembpaHHbIN NyNbCAaTOP, HaXoAALWMNCA BHE annapaTa,
N coefnHeHHbIN ¢ HUM. Cnocob co3pgaHna konebaHnim CyLeCTBEHHO BAMSET Ha
XapaKTEPUCTUKN 3TUX KonebaHnn, nx apPeKTUBHOCTb M 3aTpaTbl IHEPIrUN Ha UX



reHepaunto. Ytobbl UCKNOYNTb HEOHXOANMOCTb NCMONb30BaHUA pabovero opraHa co
3HAYNTENbHON Maccon n 60NbWNMN MHEPLMNOHHBIMU Harpy3kamm, orpaHn4ynBaloLWLmMMm
AnanasoH KosiebaHnm 1 yBeNNYMBAOLWMMIN PaCcXon SHEPIUN Ha UX FreHepauuto,
uenecoobpasHo anga cozgaHusa konebaHum paboyvyen XNOKOCTN NPUMEHATL
NybCaLMOHHbBIA annapaT C YaCTOTHbLIM MPOrpaMMHbIM yrpaBieHNeEM
3/1eKTponpmBoha Hacoca. Takoe anmnapaTHOe NCMNOJIHEHME NO3BOJISIET co3haBaTb
konebaHnsa 6e3 NoTepb SHEPrUmM Ha NPEOAO0IEHNE CUJIbl TPEHUSA, BO3HMKAIOLWEN NpKn
nepemelleHnn paboyero opraHa. PnHaHCOBble hpaKTopbl NpnMeHeHne
HWN3KOYaCTOTHbIX FTAPMOHUYECKNX MysibCaulnin, MOMUMO BbIUIpbILLa MO NOTEPSM
0aBNeHNsA Ha TpeHue, BeAeT K CHUXKEHUIO MOLWHOCTM Hacoca, Tpebyemon ons
nepekaykm XnOKoCTun, a TakKXXe CHMXXAET YaCcToTy UCNosib3oBaHMs o6opynoBaHus,
obecne4ymBatloLlero nepnognyeckoe naMeHeHne pacxoga. Npu HanoXxeHnm nynbcaunin
M3BHE, pacxo dHepruun, 3aTpavrMBaeMon HaCOCOM Ha NPoKayYMBaHMeE XULKOCTU Mo
TpybonpoBoay, yMeHbLIAETCA Ha BEIMYNHY, KOTOPasa pacxonyeTcs NysbCaTOpPoOM Ha
reHepauuto nyabcaunin, 3a Bbl4eTOM HeobpaTuUMbIX NOTEPb, KOTOPbIE Ha NPaKTUKe
OKa3blBalOTCA HebobWMMN. TakuM 0bpa3oM, 3HaYUTEeNIbHAs YaCTb SHEPruu,
3aTpayvYeHHOM Ha reHepauuto nysabcaumm, KOMNEeHCNPYEeTCA YMEHbLUEHWEM pacxoda
3HEPrnm HacoCcoM, NMPOKavYMNBaOLLMM XUAKOCTb Yepe3 annapaT. C NOMOLbIO
NynbCaunin MOXXHO HE TOJIbKO YBEJIMYNTb NPOM3BOANTENBHOCTL U 06ecneynTb
KOMMNaKTHOCTb annapaTypbl, HO U 3HAYNTEJIbHO MOBLICUTb Ka4eCTBO BblMyCKaeMOoW
NPOOYKUWWN 3a CHET COKpalleHnsa BpemeHn obpaboTku [4, 5, 6], a TakXe yBENNYnUTb
MEeXPEMOHTHbIV MHTepBas 3a4eMCTBOBAHHOIO B TEXHOJIOMMYECKOM npoLecce
obopynoBaHuA. CTONT OTMETUTb elle 0ONH NOJIOXXNTESIbHbIN PaKTOP, MMEIOLLNIN
6osiblIOE 3Ha4YeHMe Npu TPAaHCMOPTUPOBKE KamnesbHbIX XXNOKOCTEN: NpUMeHeHne
nysibCaumn yMeHbLIAeT KOJINYECTBO OTJIOXKEHNN pa3IMYHOro BUAa Ha NOBEPXHOCTH
annapaTtoB u Tpybonposonos [7]. Taknm o6pa3om, COBOKYMHOE BO3OENCTBME BCEX
BblLLEeYKA3aHHbIX MOJIOXKUTENIbHbIX SPPEKTOB BEAET K CHUXEHUIO KannTasbHbIX
BJIOXKEHUN U CpOKa OKynaeMocTun obopyaoBaHusa. BeiBogbl 1. NpoBeneHune
COBpPEMEHHbIX Hay4YHbIX nccrenoBaHnm TpebyeT ncnosib3oBaHUA oas MoLeMPOBaHNS
afeKBaTHOW MaTeMaTU4YeCKoN Moaesin, Aalowen XopoLy CXO0AMMOCTb pe3y/ibTaToB
MO e/ IMPOBaHNSA C OMNbITHBIMU AAaHHbIMW. [IByXC/IOMHaaA Mogesib NOrpaHUYHoOro cios B
[OCTATO4YHON Mepe oTpa)KaeT PU3NKY NPOTEKAHUSA CITOXKHbIX
rMApPorasoanHaMmyecKmnx npoueccos. 2. Beibop onTManbHbIX PEXXNMOB KOMMJIEKCHON
WHTEeHCUUKaLNN OOSIKEH YYNTbIBAaTb SIKOHOMUYECKYIO Lenecoobpa3HOCTb KaXXa4oro
apdekTa. CymMmMapHasa cTeneHb MHTEHCUpUKaLMM 3aBUCUT OT (PU3NYECKON CYLLLHOCTHU
3pekToB 1 n3bpaHHOro pexxkmma paboTbl yCTaHOBKW. 3. IcNoNb30BaHMe
WHTEerpasibHbiIX METOL0B COBMECTHO C MOJIyIMNUPUNYECKON Teopuen TypbyneHTHOCTH,
Ha Ba3e KOTOopbIX MOCTPOEHbI NapaMeTpmnyecKkme MeToabl pacyeTa, NMO3BONAIOT
KOJIN4EeCTBEHHO OLEHUTb AENCTBME KaXK40ro MHTeHCcduumpyrowero gakTopa v
YCTAaHOBUTb PYHKLMNOHAIbHbIE CBA3N MeXAY 3pPeKTaMn UHTeHCUpuKaummn. 4. PacyeT
noTepb OaBNeHNs C y4eToM 3PPEKTOB HECTALLMOHAPHOCTM NO3BOASET BbiOpaTh



TexHonormnyeckoe obopynosaHue o oNTUMasIbHOMO OCYLLECTBJIEHNS KOHKPETHOro
NnPoOn3BOLACTBEHHOro npouecca. 5. NpuMmeHeHne oA MHTEeHCUUKaunn
rapMoHM4YeCcKnx KonebaHmm no cpaBHEHUIO C HEFAPMOHUYECKMMN NO3BONSET
CYLLeCTBEHHO COKpaTUTb NoTepn AaBJsieHUs Ha TpeHne Nno AJIMHe KaHana.



