MMOJYIMIIMPUYECKUE COOTHOIEHHUA U I'NITOTE3bI
3AMBIKAHUA 1JIA YPABHEHUMSA BTOPBIX MOMEHTOB

[Ipu BbIOOpEe KOHKPETHOW MOJAEIM pacueTa TypOYJEHTHBIX TEUEHH,
BUJMMO 11€JIECO00pa3HO MPUBJIEKATh YPaBHEHUS U3 TE€X XapAaKTEPUCTHUK MOTOKA,
KOTOpBIE TMOJBEPraloTCs CHUCTEMAaTHUYECKUM HW3MEpPEHUsIM, Kak B HATYPHBIX
yCIOBUSX, TaK U JaOOpaTOpHBIX oOmbITax. Jlamee, XOTS B HacTofllee BpeMs
BBIUMCIIUTENbHAS TEXHUKA TMO3BOJSET HAWTU YHUCIEHHOE pEIICHHE CUCTEM
cofepKamux OOJbIIOe KOJMYECTBO YpPaBHEHHH, yBEJIMYEHHE HUX 4YHCIA HE
alleKkBaTHO OoJiee NEeTaTbHOMY M3YYEHHUIO CTPYKTYPhI T€UEHHSA. DTO CBS3aHO C
TEM, UYTO C YBEJIIMUCHHEM UYMCIIa YPABHEHUI PACTET U YUCIO MOTYyIMITUPUIECKIX
TUIIOTE3 M AMIMPUYECKUX KOHCTAaHT. M B Tex cuTyamusx, Korja B MOJEISX
UCIONB3YIOTCS ~ ypaBHEHHs  uid  CyOCTaHIMiA,  HE  HU3MEpSAEMBIX
HKCIIEPUMEHTAIbHO, BBEJECHHUE HOBBIX AMIUPUYECKUX KOHCTAHT O3HAUYAET IO
CYLIECTBY HCIIOJIb30BaHUE MOATOHOYHBIX (DYHKIHMHA, YTO OOECIEYUBACT caMy
Mojieb. Takum 00pa3oM, CI0KHOCTh MOJIETIEH pacyeTa TypOyIEHTHBIX TeUeHUI
JOJDKHA, B TIEPBYIO OYEpenb OIPENeNAThCS YPOBHEM SKCIEPUMEHTAIbHBIX
TaHHbBIX.

Kak wu3BecTHO, B pealdbHBIX YCJIOBUAX CHUCTEMATUYECKUM HU3MEPEHUSIM
MOJBEPratoTCs MOJISI OCPETHEHHBIX 3HAYEHUH CKOPOCTH M TEMIIEpaTyphl, MEHEe
JETaIbHO M3ydYaeTcs MyJIbCAllMOHHAsA CTPYKTypa TeueHuil. Mi3mepeHus mocieaHux
NPOM3BOIATCS B JAOOPAaTOPHBIX YCIOBHAX, W B HACTOSIIEE BpPEMs HMeEETCS
JOCTAaTOYHO ONBITHBIX JAaHHBIX, HAMPUMEp, MO PACHPEICICHUI0 Pa3THYHBIX
OJTHOTOYEYHBIX MOMEHTOB BTOPOTO MOpPSAKAa CKOPOCTH M  CKaJSPHBIX MOJIeH
(Temnepatypa 1 KOHIeHTpanus). Mcxoas u3 3Tux cooOpakeHuid, BEIOpaHHasi HAaMU
MOJIeJIb OCHOBaHa Ha JIETAIbHOM pacyeTe CKOPOCTH M CKAIAPHBIX MOJIEH Ha OCHOBE
COOTBETCTBYIOIIUX U PepeHnanbHbIX ypaBHEHUNW i pacueTa TEH30pOB
TypOYJIEHTHBIX HANPSKEHUN U MyJTbCAIIMOHHBIX XaPaKTEPUCTHK CKAJISIPHBIX MOJIEH.
B nmpunnune, ans uccneaoBanus TypOyJISHTHBIX CABUTOBBIX TEUCHUH MPU HATTUYUU

BHCIIHHUX  CHIJI H€O6XOI[I/IMO HCIIOJB30BAaThL pa3IMYHBIC MCTOAbI pacucTa



TypOyJeHTHbIX TeueHUuN. OUeBUIHO, YTO aHAJIUTHYECKAsK TEOpUsl TYpOYJIEHTHOCTH
JUISl pacCMaTPUBAEMOM 3a1a4M HE IPUMEHHNMa, IIOCKOJIBKY OHA pa3BUTa B OCHOBHOM
Ui OJHOPOJHOM TypOysieHTHOCTH. Kak y»e TOBOPHIOCH, MPSMOE YHCICHHOE
MHTETPUPOBAaHUE HecTalMOHapHbIX ypaBHeHuil Habre-Ctokca Ha OBM B
HACTOSAIEE BpPEMsl BCTPEYAET II0KA HENPEOJOJIMMBbIE TpyAHOCTH. IloaTomy,
OCHOBHBIE YCIIEXH B pacuere TypOyJEeHTHBIX TE€UEHHUU CBS3aHBI C MOCTPOCHHUEM
MOZEJNEN TEUEHUI OINUCHIBAIOIINX MOBEICHUE OCPEAHEHHBIX MAapaMETPOB MOTOKA
(CKOpOCTH, CKAJSIPHBIX IOJEH U IyJbCALIMOHHBIX XAPAKTEPUCTUK). DTH MOJAEIN
Pa3IMYAOTCA AETANBHOCTBIO IPEACTABICHUS NOJISI TEYEHUSL, TOUHOCTHIO ONUCAHMS
pa3IMYHBIX KJACCOB TEYEHHM M CIIOKHOCTBIO pacuera. llepBoii u ycmemHo
MIPUMEHUMON B HacTosllee BpeMs sBisiercss moaenb [Ipanans-Kapmana, ocHOBY
KOTOPOM COCTAaBIISIIOT YPAaBHEHHUS MOTPAHUYHOTO CJIOS M TEOPUS IIyTH CMEUICHUS
[MpannTns. Ota Monmenb W ee MOAU(DHUKAIUU IO3BOJSIIOT PAacCUMTaTh OIS
OCPEHECHHBIX CKOPOCTEU U paclpeAesieHue HANpsHKeHUM PerHonbaca pa3sinuyHbIX
TUIIOB TYypOYJICHTHBIX TEUEHHUU, MyTeM MOoA0Opa psaa IMIUPUUECKUX KOHCTAHT.
VYKa3zaHHOE HaIlpaBJEHUE, HA3BAaHHOE MOJY3IMIUPHUYECKUM METOAOM, MOIYUYUIIO
pa3BUTHE B TMOCJEIHUE JECATUIIETHS OJlaroiapss OCHOBOIOJATalOIIMM  HAESIM
Konmoroposa-Ilpannrns-Porra /23,24,67/. I3BecTHO MHOTO paboT, pa3BUBAIOIINX
9TH WJIEW TPUMEHUTETHLHO K pacueTy KOHKPETHBIX 3amau /68,69,72,73,74/. Kaxk
MIPABUJIO, B YHCIIO ONPEACIIAIOIINX YPABHEHU, HAPSAY C YPABHEHUSIMU JABUKEHUS,
BKJIFOYAIOTCS] YPABHEHUS 17151 PA3IMUHbBIX MYJIbCALIMOHHBIX XapAKTEPUCTUK (KUHETH-
yecKkas dHEprus, BUXpeBas BS3KOCTb, HAMpsbKeHUs: PeifHosbaca U T.J.), KOTOPBIE
3aMBIKAIOTCA MPUMEHEHUEM IOIY3MIUPUYECKUX TUINOTE3 ISl MOSABUBIIMXCS B
YPaBHEHUSIX HOBBIX HEU3BECTHBIX BEIUMYMH ( TEH30pPHBIE BEJIWYHUHBI TPETHETO
nopsiJika, KOppelsilMMd TyJbCalluid JaBJIEHUsT W CKOpOCTM U j1p.). Bcee
NOJIyDMIIMPUYECKUE TUIOTE3bl, B KOHEYHOM CHYETE€ CBOJSTCS K BBIPAKEHUIO
BXOJSIIIMX B YPaBHEHHS MEPEHOCA CIOXKHBIX KOppEJSIIMii uepe3 OoJiee MpOCThIE,
KOTOPBIE BXOJIAT B YUCJIO UCKOMBIX BEJIUYUH WM OTHOCUTEIBHO KOTOPBIX JIErde
BBIIBUHYThH JOTIOJHUTEIbHBIE COOOPa)KeHHUs, 3aMBIKAIOIINE TMOCTAHOBKY 3aJayu.

O,Z[HI/IM N3 OCHOBHLIX BBIBOJOB Portel coctour B TOM, 4YTO IIOICPCUHLIC



KOMIIOHCHTHI Z/lz u Z/l3 BO3pacCTaroT 3a CUCT OCEBOM KOMIIOHEHTBI Z/ll 6J1ar011ap51

IIEPEHOCY DHEPIUM 4Yepe3 NOCPENCTBO KOPPEISALMH IPUBOIUT K BHIPABHUBAHUIO
BCEX TPEX KOMIIOHEHT CKOPOCTH, T.€. K TOMY, YTO TYpOyJIE€HTHOCTb CTAaHOBUTCS
MU30TPONHOM. JIOTHYHO MPEAIIONOKNTh, YTO IIEPEHOC SHEPTUUA OT KOMIIOHEHTHI C
00JbIlIEll UHTEHCUBHOCTBIO K KOMIIOHEHTE C MEHBIIEH HMHTEHCUBHOCTHIO Uepe3
IIOCPEICTBO KOPPEISINUU  JTaBJICHUE-TPAJUEHT CKOPOCTH IIPONIOPLIMOHAIIEH
Pa3HOCTH MHTEHCUBHOCTEM, U MPOU3BENA KOJIUYECTBEHHYI0 OLIEHKY KOpPpPEIsALNA

U HCIOJIb3Ys COOOpaKeHUs pa3MEpHOCTH, PoTTa mosyuu cienytoiiee BbIpakeHue
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CootHomrenue (1.22) Porra oka3ano CyHmIECTBEHHOE BIUSHUE Ha pa3BUTHUE
MOJYIMIUPUIECKON TEOpUH ISl pacuera CTPYKTYPhbl TypOYJIEHTHBIX TCUCHHH,
MOCKOJIbKY ~ TeNepb  OThICKAHWME  KacaTeJbHBIX HampsokeHui PeiiHomnbaca
paccMaTpUBaeTCA Kak 4acTh OOIIEH 3aJayd pacyeTa MOMEHTOB BTOPOTO MOpPsJIKa.
B nanpHeiimem rumore3a PoTTa moaBeprajiach pa3iaudyHbIM - MOAUDUKAIUSIM,
BBI3BAHHBIM CTPEMJICHUEM YJIYUIIUTh COBIAJICHUE PACUETOB C SKCIIEPUMEHTOM.

Pe3ynbTaThl, mOJIydeHHBIE BBINIE, IMOKA3bIBAIOT, YTO TypOyJIEHTHOE
HaMpsDKEHWE CJIBUTAa MOJXKET BO3HUKHYTh TOJBKO B TOM  Cllydae,  Korja
OCPE/JIHEHHBIN TMOTOK SBIAETCS HepaBHOMEpHbIM. [Ipu  3TOM  KOppensus
JaBJICHUE-TPATUEHT “CKOPOCTH HMMEeT TEHACHIMIO OCJIa0UTh HEU30TPOITHOCTh
MyTeM BBIPABHUBAHUS BCEX TPEX KOMIOHEHT TypOYJICHTHBIX MyJIhCallui
CKOPOCTHM M YMEHBIICHUS HANpSHDKEHUsT TpeHus. TeHAeHUUs K H30TPOIMHOCTU
CUJIbHEE BCEro IMPOSBIAECTCS B 30HE MeEJIKOMAacIITaOHOW TypOyJeHTHOCTH. B
CBSI3U C TE€M, YTO BIMSHUE BA3KOCTH Yepe3 JUCCUINALMIO C YBEJIUYECHUEM
WHTEHCUBHOCTU TYypOYJEHTHOCTH BO3pacTaeT, HO IpU  HEWU30TPOITHOMN
TypOYyJIEHTHOCTU OHO JOJDKHO TMPUBOAUTH K  0OoJiee OBICTpPOMY 3aTyXaHHUIO
KOMITOHEHT C BBICOKON HWHTEHCHBHOCTBIO, HWHA4ye€ TOBOPS, STOT (PAKTOp TaKke

HMECCT TCHACHIMIO K BEIPABHUBAHWIO KOMIIOHCHT. B sTom CiIy4dac paCCMOTpCHHBIﬁ



adpdexkr B auanazoHe OONBIIMX BOJHOBBIX YHCEN (MM MajbIX 3JIEMEHTaXx
YKUJKOCTH) TOXKE TPOSIBISETCS CUIIbHEE.

B ypaBuenmii (5, JIEK-3) wumeercs JUCCHMIIATUBHBIA 4IEH, KOTOPBIA
XapaKTepu3yeT BIUSHUE BSI3KOM JUCCUTNIAIMM HA CTPYKTYpY HanpsiKEeHUN
PertHonpica. [Ins kaueCTBEHHOrO aHaiv3a ATOr0 IMPOLECCa BBIACIUM B 3TOM

BBIPAXXCHUHU ABC €I0 COCTABJIAIOIINEC BCIIMINHBI
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MOCKOJIBKY B TMPEIEIbHOM Clly4ae H30TPOIMHON TypOYJIEHTHOCTH 3HAUEHHUE ITHX
cllaraeMblIX pas3IMyaroTCs.

JIns monmydeHusl BBIPAKEHUSI 3TUX UYIEHOB PAaCCMOTPUM JIBA MPEACIIbHBIX
cityyasi: 0ECKOHEYHO OOJIbIINX U OECKOHEYHO MaJibIX 3HaueHuH unceln PeliHonbaca,
BBIYHCIICHHBIX TI0 CPEIHEKWHETHYEeCKOW sHepruu. [Ipyu oueHb OONBIIMX YHCTaX
PeitHonbaca TypOyJIeHTHOE ABUKEHUE COCTOUT U3 AJIEMEHTOB, pa3Mephbl KOTOPBIX
paznuMyaroTcs  Ha  MHOro mnopsakoB. KuHeTmyeckas sSHepruss B OCHOBHOM

COJIEPIKUTCS B OONBIINX TYpOYJIEHTHBIX 3JIEMEHTaX, B TO BPEMsI KaK OCHOBHOM
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TypOyJIEHTHOCTh 00JIaJaeT CBOMCTBOM JIOKAJIbHOM M30TPOMHOCTH, T.€. MyJIbCallUU
BEKTOpa CKOPOCTH B MPOMU3BOJBHON TOYKE M30TPOIIHBI, €CIIM paccMaTprUBaeMbie
TOYKH PACIIOI0KEHBI BHYTPHU JOCTATOUHO MaJiol obsactu. [laxe, eciau AeiCTBYIOT
BHEILIHUE  BO3JIEUCTBUS, TO OHM JIEUCTBYIOT B OCHOBHOM Ha  OOJbllKe

Typ6y.]'IeHTHI)Ie JICMCHTBI, TaK 4YTO MaJbIC 3JICMCHTbBI MOXHO CUHTAaTb

ou.
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HN30TPOITHBIMMU. HOSTOMy, B BBIPAKCHUC [ — BHOCHUTCA OHHHaKOBBIﬁ BKJIazj
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npu pasnuuHbix uHAekcax (i=1,2,3). Cormacuo rumnote3se A.H. Koamoroposa,
JVICCHUTIAIINY HA €IMHUILY MAacChl XUAKOCTA M JPYTHE OMPEACIISIONINEe BETHUNHBI

3aBUCAT TOJBKO OT OCPEIHEHHOM IyJIbCAIMOHHON SHepruu F W Benmuunsl [



MPOTIOPLIIMOHAIIBHON “HEKOTOPOMY CpeHEMY MacilTaly BUXpel B TaHHOW TOYKE™ .

HOG)TOMy JJIA OOJIBIINX YHCEI PeﬁHOHBI{C& MOKHO 3aIIMCaThb.
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[Ipu manbix yucnax PeliHonbaca TypOyJE€HTHOCTb COCTOUT M3 3JIEMEHTOB,

B€CbMa MaJI0 OT/IMYAOMIUXCSA JApyr OT Jpyra. 3J’ICM€HTLI, OIpCACIIAOIINC
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MIOBEJICHHE — 3aKII0YAl0T B ce0e 3HAYMTENbHYIO [IOJII0 JHEpPruu.
ox,

[Toatomy DHEPrHs pacCcessHHas KOMIIOHEHTOH U, MPONOPLUOHATBHA

coJepxalieiicss B Hell KuHeTH4ecKoi 3Hepruu. CieaoBaTelbHo,
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B oxoHuaTenbHOM BU/IE HHTEPIOSIMOHHYIO (POPMYITY ISl JUCCUITATUBHOTO YJICHA

3alIMChIBAOT B BUAC CIICAYIOIMICTO COOTHOMICHU

ou ou. uu, 2 EY?
2 v———~=ve,—++—-cd —
ox, Ox, r 3 "

)

B nmanpHeitmem Hapsgy € THAPOAMHAMUKOM — Pa3IMUHBIX  TEUEHUH OyayT

paccMaTpruBaTLCA BOIIPOCHI TEIJI0MaccooOMeHa B IMOTOKAx, a TAKXKC TCMIICPATypPHO-



HeonHOpoiHbIe cpeabl. [loaToMy B 3TOM paznene OyayT pacCMOTPEHbI TMIIOTE3bI
JUIsl ypaBHEHUs MepeHoca Temia B TypOyJeHTHbIX MMOoTokax. UYTo Kacaercs
TypOyJIEHTHOI'O IE€PEHOCAa BEIIECTBA, TO  MOJYy3MIUPHUYECKAs TEOPUS  ITHX
IPOLIECCOB COBIAJAET C AHAJOTMYHOM TEeopuel MPOLECCOB PaCIpOCTPaHEHUs
TeIIa.

PaccmoTpum ypaBHEHUsI AJisi BTOPBIX MOMEHTOB MOJiI  TeMIEpaTypbl U
CKOpOCTU. B HUX, Kak 1 B TUHAMUYECKUX YpaBHEHHUSIX, HEOOXOAMMO IIPUBJICUCHUE
JOTIOJIHUTENBHBIX THUIOTE3, MO3BOJSIONIMX BBIPA3UTh  HOBBIE HEU3BECTHBIC
BEJIMYMHBI Yepe3 MEpBbIE M BTOPHIE MOMEHTBI. TO BBINOJIHAETCS 110 aHAJIOTUU
¢ runore3amu Porra-Konmoroposa.

[IpocTedmuM MpEaIoNoKEHUEM O  CBS3M  KOppelnsuuu  “TyJIbCaluu

JaBJICHUE-TPAZMEHT IyNbCAllMd TEMIIEPATYphl” CO BTOPBIMM MOMEHTaMH Ut

ABJISICTCA JOITYHICHHC 00 ux IMPONOPHUOHAIIBHOCTH
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JInsi BbIpa)K€HHWSI JTUCCUIIATUBHBIX YWICHOB, KaK WU paHEe, pPacCMOTPUM
npejebHble Ciaydyan OOJIBIIUX M MajblX 3HAYEHUM TypOYJIEHTHOTO  YHCIIA
Peninonpca.

B mepBom ciyuae, mpuHUMas MOPHUOJMKEHHO CIPABEIIUBYIO THIIOTE3Y

A.H.KonmoropoBa, 0 JIOKadbHON HM30TPONHUU M HCIMOJB3Ysl YCIOBUE PABEHCTBA

HYJIIO B M30TPOMHOM TYpOYJEHTHOCTH KOPPEISILUOHHOTO TEH30pa EPBOro paHra
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ou ot o o8 JE-
2020, =
ox, Ox, ox, Ox, [
B obOmactm wmameix umcen Re JUCCHITAIAIO IpeaInoaararoT
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Cynepno3unusi AUCCUNATUBHBIX A()@PEKToB Mpu OOJNBIIKUX U  MajbIX
3HaUYEHUSIX TYypOyJeHTHOro uucia PeliHolbaca NPUBOAUT K  CIEAYIOIIUM

IIPOCTENIINM BBIPAKEHUAM
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I'mnoressr  (1.22) - (1.26) mo3BOSAIOT 3aMKHYTh CUCTEMY YPaBHEHUN IS
ONpezeNieHUsl MOJEe CKOPOCTH, TEMIIEpaTypbl U HUX OAHOTOUEYHBIX MOMEHTOB
BTOpOro mopsiaka. Kak M3BECTHO, XapakTepHOH OCOOEHHOCTBbIO  LIMPOKO
pacmpoCTpaHEHHBIX OCHOBHBIX THUIIOB TypOYJEHTHBIX TEUEHUN SBISAETCA PE3KOE
U3MEHEHUE pa3JINYHbIX [IONEPEYHBIX TIPAJUEHTOB XapaKTEPUCTUK CPEIHErO
JBWKEHUS IO CPABHEHHUIO C NPOJOJIBHBIM TPAJUEHTOM 3TUX K€ BEIMYHMH. OTO

IMMO3BOJIICT IPUHATL B KAaUCCTBC MO,Z[GJIeﬁ YKa3aHHBbIX I[BI/I)KGHI/Iﬁ KNUIKOCTH YHUCTO

CABUI'OBOC TCUCHUC. HpI/I 9TOM B YPABHCHUAX IJIA Ml- uj BBIITAJaOT KOHBCKTHBHBIC

YJIEeHbI, 3aMEYeHO, YTO T[IOCJI€ JOCTATOYHO MPOJOJIKUTEILHOTO BPEMEHH
BBIPOXKACHUS] SHEPTUU TYPOYJIEHTHOCTH YOBIBAET, KaK BpeMs B CTeneHu — 5/2. 9T1o
00CTOSITENTLCTBO OOBSICHIETCS KaK OAHO U3 CIEACTBHI MPEHEOPEeKUMO MajoCTU
HEJIMHEWHBIX MHEPUMOHHBIX WieHOB / 76 /. Jludbdy3noHHBIH dWIeH OMUCHIBACT
nepepacnpeeieHie SHEPruu  3a CueT BSA3KOM M TypOyneHTHOM nuddysum u
mubdy3un  SHeprum — MyJdbcanuil maBieHus.  JIsS ero oOmucaHus 9acTo
yHnoTpeossieTcsi TpaJueHTHas MOJIeJb, OJHAKO OHAa HE SBISETCS TEH30PHO
wHBapuaHTHOH. Tem He MeHee, Jake MPOoCTeiIas TeH30pPHO WHBapUaHTHAs GopMa
MOJIEJId OKa3bIBAECTCS CYIIECTBEHHO CIIOKHEE, a MPU BBIYUCICHUSX MO TaKoOu
MOJIeNIA pe3yJibTaThl HE yhydaroTcs. [lo 3TuM mnpuuMHaM npu PaccMOTPEHUU
CIABUTOBBIX TEUCHUH JIsI TPUOIMKEHHOTO pacyeTa MmyJIbCAIMOHHBIX XapaKTEPUCTHK
nuPy3MOHHBIM YIEHOM MOXHO TMpeHeOpeub. [IpeHeOpekeM Takke U BA3KOU
mubdysmeit. ITo cBI3aHO C€ TeM, UTO BszKas audys3us mybcamnuu, Kak

IMOKa3bIBAKOT OIILITHI, MPOABJIACTCA JIMIIb B BECbMad TOHKOM CJIOC Yy CTCHKH (B



JaMUHApPHOM IOJCIOE M MNPUMBIKAIOMIEH K HEMY YacTH MEPeXOoHON 001acTh).
B OonpmMHCTBE MPAaKTUYECKH BAXKHBIX CIy4yasX BKJIIOYas TEMIOoOOMeH WU
mudpoys3uto npu uyucnax [Ipaparnsg u llmunra (He npeBBILAIONMX HTPUMEPHO
10),  Bsaskas nuddys3us He3HauuTenbHa. [Ipu OPUHATBIX  TOMYyIIEHUSX
npeHeOpekeHne  KOHBEKTHBHBIMH U JAUQPPY3MOHHBIMH WICHAMH CHCTEMA
nuddepeHIanbHbIX YPaBHEHHM MJI1 OJHOTOYEYHBIX MOMEHTOB MEPEXOAUT B

anredpanyecKyro 1 MnpuoOpeTaeT JIOKaJIbHBIN XapakTep.
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[IpuBeneHHbie ypaBHEHHs OyIyT Jajnee  HUCIOJb30BAaThCA  MHOTOKPATHO B

nocnenyromux JIEKIUAX .



