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OBILIAA XAPAKTEPUCTUKA PABOTBHI

AKTYAJIbHOCTh _ padoThl. _ ['aBHOI 3amadeil  reoMoposioTuun
SIBJISIETCS M3ydeHUe 3aKOHOMEPHOCTEI MMPOCTPAHCTBEHHOTO
nepepacIpee/ieHnsT BEIIeCTBA M €ro pesibehoo0pasyIoNInmX CASACTBUA.
Peirenne sToit 3agaun TpeOyeT KOJMYECTBEHHBIX OLIEHOK IMPOTEKAIOIINX
Ha 3eMHOI TIOBepPXHOCTU TiporieccoB. OOHMM M3 TJIaBHBIX areHTOB
9K30Tre€HHOro  pelibe(PooOpa3oBaHUs  CIOYXKAT BOAHBIE IIOTOKM, a
CO37aBacMblii MU KOMILIEKC PYCJIOBBIX W TOJMHHBIX (hOpM SIBJISIETCS
HauboJiee YCTOMYMBBIM BHEITHUM TIPOSIBICHMEM WX B3aMMOICHCTBYSI.

PasButne CUCTEMBI <«BOOHBIN TIOTOK - PYCIIO» TIPOMCXOAUT B
YCJIOBUSX JCHCTBUS Ha Hee MHOXKECTBA XaOTM3UpPYIOIIMX (hakTopoB. B
YACTHOCTHM, TIOCTYIICHUE BOObI B  PYCIOBYIO CE€Thb  SIBJISIETCSI
HEepaBHOMEPHBIM U B Pa3IMYHOI CTENEHW 3aBUCUT OT PEXMMa OCaIKOB
U Temreparypbl. KoJlM4ecTBO M KPYHMHOCTb IPOOYKTOB pa3pylIeHUs
TOPHBIX TIOPOJ BIOJb BONOTOKA TaKXe HE SBJSIETCS PETyISIPHBIM U
3aBUCUT OT TEOJIOTMUECKOrO0 CTPOCHUS peyHoro OacceiiHa U
pacripelie/ieHUs YKJIOHOB Ha ero Tepputopuu. HabGmiomaemass B 3Tux
YCJIOBUSIX BBICOKAsl CTENEeHb YCTOMYMBOCTM CHUCTEMBI IIpEIIojiaraet
HaJlMyue y Hee MEXaHW3MOB IPUCIIOCOOIEHUSI K MPOCTPAHCTBEHHON U
BPEMEHHOI CMeHe YCIOBUIA CBOEro (DYHKIIMOHUPOBAHUSI.

TakuM 06pa3oM, cHUCTeMa <«BOAHBINA TOTOK - PYCJIO» IPEICTaBIISIET
€000l ecTeCTBEHHBIM 00pa3oM (DOPMUPYIOIIMIICS TTPUPOIHBIA aBTOMAT,
JIEACTBYIOLINIA HA OCHOBE OOpPATHBIX MOJOXUTEIbHBIX U OTPULIATSIBHBIX
CBsI3el, JIeXalllMX B  OCHOBE MPOLECCOB  CaMOPETYJIMPOBAHMSL.
CamoperyIupoBaHie OCYIIECTBISIETCS 4Yepe3 B3auMOOOYCIIOBICHHbBIE
nmpouecchl  AeopMalli  pyclla, BbI3bIBAEMBIE WMM  JIOKAJIbHBIC
U3MEHEHHUS TIONSI CKOpOCTEW TeYeHWsl, Tepepaciipele/ieHre JTOHHBIX
OTJIOXEHU U M3MeHeHre MOopGOoJIorMy pycia B emoM. [Ipu saTtoM Bce
pyclio TIpUOOpeTaeT CIIOXKHOe MOP(MOJIOrMUECKOe CTPOSHUE, KOTOpOoe
OKasblBaeT OOpaTHOe [OeWCTBUE Ha OOIIYI0 CTPYKTYpY CKOPOCTHOTO
TOJISI ¥ TYPOYJIEHTHOCTD.

CKOpOCTHOE TIOJie PYCJIOBOTO IIOTOKA OIpeIeNsieT H3MEHEHUe
MOP(OJIOTMYECKUX TMapaMeTpOB pyclia Ha YpPOBHE CHUCTEMBbI <«ILIEC-
MepeKaT» U OTAEIbHOI M3IydrHbL. Ha 3TOM ke ypOBHE OCYILECTBIISETCS
B3aMMOJICHICTBUE PYCIOBOTO TMOTOKA C WHXKEHEPHBIMU COOPYKEHUSMU,




BO3BOJMMBIMU B T0JI€ BJIMSIHUA pycja: B CAMOM B PYCJIE, HA MOMMeE, Ha
PEUYHBIX Teppacax.

DTUM  omnpesensieTcsl OAHA W3 DIABHBIX 33a4a4 WCCIEIOBAHUS
mpolecca pyciaoBoil reoMophoIMHAMUKU - U3ydeHUE (HOPMUPOBAHUS
MOJII CKOPOCTEH TEYEHUS B PYCIOBOM BOOHOM IIOTOKE, BbI3BIBAEMOIO
3aKOHOMEPHBIMM W3MEHEHMSIMU (OpM pycida B TIONEPEYHOM U
npoaojbHOM cedeHusix. He pemnas maHHyto 3amady, BO-TEPBBIX, HEJb3sI
JIOOUTBCS YIOBJIETBOPUTEIILHOTO MPOrHO3a PYCJIOBBIX
nepedOpMUPOBAHUI KaK B €CTECTBEHHBIX YCIOBUSIX €TI0 Pa3BUTUS, TaK U
BCJIEZICTBME TEXHOTEHHBIX BO3JACWCTBUIA. BO-BTOpBIX, CTaHOBUTCS
HEBO3MOXHOU pa3paboTKa yMNpaBieHUsS CUCTEMON <«BOMHBIA TMOTOK —
pycJio». .

Hpyroii BaxHOW 3agadyeil B pelleHUU TMPoOOJIEM PYCIOBOM
reoMoppoIVHAMUKUA  SIBJISIETCSI ~ U3YyYEHWE  TPaHYJIOMETPUYECKOMN
nuddepeHIMaUU  AJUTIOBUSI,  OCYILECTBIISIIOIIENCST B pe3yJibTaTe
B3aUMOJICHCTBUSI BOMHOTO MOTOKA C OTAEAbHBIMM yacTuiiamu. Ctporas
TEOPETUYECKAs pealh3aliusd €€ UMEET BAXHOE MPUKIIAMHOE 3HAYCHUE, U
HE TOJBKO B OTHOIIEHUM OOpa30BaHMS MOBBIIIEHHBIX KOHIEHTpALUA
MOJIE3HBIX MUHEPATIOB C OOJBIIUM YIETbHBIM BECOM, HO U C TOYKU
3peHUs] JATBHOCTU U CKOPOCTU MepeHoca OOJOMOYHOTO Marepuaia u
PA3JIMYHBIX 3arPSI3HUTEIICH TI0 pyCIy.

PemieHrie maHHBIX 33[1a4 MMEET BaXKHOE MPAKTUYECKOE 3HAYEHUE, U
9TUM OINpPENENSIETCS aAKTYaIbHOCTh TUCCEPTALIMOHHOTO UCCIETOBAHMUSI.

OO0beKkT u_mpeaMer uccienopanus.  OOBEKTOM UCCIEIOBaAHUS

SIBJISIETCST B3aMMOJICHCTBYIOIIME MEXIYy COOOM BOIHBIN MOTOK W PYCIO,
KOTOpbIe  OOpasyloT IWHAMMYECKOE CTPYKTYpHOE  EAMHCTBO -
CaMOpPETYJIUPYIOIIYIOCS ~ CHUCTEMY,  OCYIICCTBISIONIyI0O  Hauboiee
aKTHBHOE IIpeoOpa3oBaHue peibeda M UTPAMOIIYI0 BakKHYIO pOJIb B
XO3SICTBEHHOM OCBOCHUY PEYHBIX JOJIMH.

B xayecTBe TipeaMeTa WCCIIEMOBAHMWSI BBICTYAIOT MEXaHHU3MBI
caMOpery/sIiMi B TIpOIecCe pa3BUTHS PEYHOIO pycida, a TakKkKe
B3aMMOBJIMSIHAE MOP(OIOTUU pyclia M TWHAMHYECKUX XapaKTepPUCTHUK
BOITHOTO ITOTOKA.

ge.m: EaﬁOTbI. OHI/IpaHCL Ha TCOPETUYCCKUEC n
OKCMEPUMEHTAJIbHBIC OOCTHMKCHUA B H3YYCHUU AOMHaAMHUKU PYCIOBBIX

notokoB [MakkaseeB B.M., 1961; Maxkkasees H.W., 1955, 1971; Yanos,
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1984, 1998; Cumopuyk, 1987, 1992], orpasuth BausiHMe MOpdOIOTUn
pycia B IMHAMMKE €r0 B3aMMOICICTBUS C PEUHBIM ITOTOKOM.

JIOCTIZKEHME 3TOi LieM MPEAIoIaracT pelieHre psaa 3amag.

- Omnucath MeXaHW3MBl CAMOPETY/SILUU Ha PasiUYHbBIX YPOBHSIX

CHCTEMBI «PYCJIO - TIOTOK».

- atb  KOIMYECTBEHHYI0  XapaKTEPUCTHKY  3aBHCHMOCTH
[TOABMKHOCTU YACTUL[ JOHHBIX OTIOXCHUI OT MX TMAPaBIMYECKOM
KPYITHOCTH U (DOPMBL.

- PaspaGoraTh METOOMKY OLEHKM CKOPOCTHOTO IIOJNSI BOIHOIO
[IOTOKA HAa IIEPEXOOHBIX YYACTKAX C YYETOM IIPOMOJIBHOIO YKIOHA
BOJHOI MTOBEPXHOCTU ¥ MOP(OIOTHUECKUX OCOOEHHOCTE IOMEPEYHOrO
CeUeHMs pyca.

- OmucaTh MeXaHU3M OTDPBIBHBIX TEYEHHUM, ONpeessiOIIuX
MOpP(OJOrMI0  TOHHOTO peilbedha B  MeCTaX €CTECTBEHHOIO U
HCKYCCTBEHHOIO PaCUIMPEHHUSI IIOINEPEYHOIO CEUCHMSI PYCIOBOIO
[TOTOKA.

- OxapakTepu3oBaTh OCOOEHHOCTH (DOPMUPOBAHMSI —ILIECOBOIL
JIOXOUHBI ~ IIEPBOHAYAJIBHO  CBOOONHOM  CTIpyedd,  Harpy:KeHHOil
00JIOMOYHBIM MAaTEPUATIOM Pa3JIUYHON KPYITHOCTH.

Metonpl ___ucciaenoBanmg. [lpm  BBEIBome  3aBHCUMOCTE,
MIPEIUTOXKEHHBIX aBTOPOM pabOTHl IUIsT pacyeTa CKOPOCTHOTO TIOJIA,
WCITOJTb30BAJICST aIiapar pelieHus muddepeHINaTbHbIX YpaBHEHUA W
VITEHBI 3aKOHOMEPHOCTH, TTOJTy9eHHEBIC B pamKax
THAPOMOPMOTOTHUYECKOTo ITomXoaa K ONMMCAHUIO PYCIOBBIX IPOIIECCOB
[MTonstnuH, 1998; KoHnapatbes, [Tomos, 1982]. C uenbio MoaeaupoBaHus
IMBIDKCHUST BOIBI Ha TUTECOBOM YYacTKe OBbLTU TTPUMEHEHBI 3aBUCUMOCTHU
W3 TeOpur CBOOOAHOI TypOyneHTHocT [AGpamoBud, 1960; HImuxTuHT,
1974; IlIBa6, 1980; MuxameB, 1971]. Hnst mM3ydeHUsT OCOOCHHOCTEMA
5PO3MOHHO-aKKYMYJIITUBHOM  HESITETBbHOCTH  CTPYHHBIX — TeUYeHUM
TTPOBONMIINCH buzmaeckue SKCIEPUMEHTHI Ha OTKPBITOM
TMIPABIMYECKON TUTOIIAMIKE.

DakTnyecKmii ___Matepuaj. B OCHOBY IHcCCepTallMOHHOTO
WCCIICIOBAaHUS  TIOJIOKEHBI  pe3yJIbTaThl  COOCTBEHHBIX  HATYPHBIX,
SKCIEpUMEHTAIBHBIX, a TakkKe AaHAJIUTUYECKUX  HCCIIeMOBaHMIA,
MMPOBONMBINMXCSA TI0 IDIAHOBOM TeMmaThKe WMHCTUTYyTa ONTHYECKOTO
moHutopuHra CO PAH Ne01.20.0001885 - «Teopetnueckue u
SKCIEepUMEHTATbHBIE WCCIACIOBaHNUS aTMOC(HEPHBIX W 3KOCHCTEMHBIX



M3MEHEHUI TION BO3NEMCTBMEM TMPUPOOHBIX M  AHTPOMNOTEHHBIX
daktopoB». HMcronmb3oBaHbI TaKXKe  pe3ylbTaThl  MCCIEIOBAHUIA,
npoBoauBIIMXcs 1o TeMaM P®O®U: tpexrommunbiii (2001-2003 r1T.)
rpant Ne 01-05-65151 - «CamoopraHuzauys QIIOBUOIISLIMATbHbBIX
Katactpod», rpanHThl Ne02-05-06333 um Ne 03-05-06513 - MAC:
MpOBeJcHNE SKCIIEPUMEHTATbHBIX MCCIIEIOBAHUI PYCIOBBIX MTPOLIECCOB;
a takke no rpanty @I «MuaTerpauus» E 0242 - «DKceaAUIIMOHHBIE
HCCIIeI0BAHUS PYCIOBBIX MPOIIECCOB u TUHAMUKHA
penbeooOpa3oBaHUS».

3ampiaemMble OJIQKEHNS:
1. 3aKkoHOMEpHOE uepenoBaHME CYXEHWI M pacIIMpeHuid pycia,

o0pazoBaHMe W3IYYMH U dopMupoBaHHUe TypOYJNIEHTHBIX CTpYii,

MONOOHBIX  CBOOONHBIM,  SBJSIIOTCSI  B3aMMOOOYCIIOBIMBAEMbIMU
MPOLIECCAMMU.

2. Mopdonornyeckue OCOOEHHOCTH pyclia, €ro IWHAMUKA U
5PO3UOHHO-aKKyMYJISITUBHASI NIeATETbHOCTD ONPEAEISTIOT

MPOCTPAHCTBEHHOE  TOJIOXKEHUE JMHAMUYECKOM OCHM TIOTOKAa U
IPAIMEHTbl CKOPOCTEii TeUeHHsI.

3. CamoorpaHMuYeHHE paCIIUPSIONICHCS CTPYW, HarpyKeHHOR
00JIOMOYHBIM MaTepHalioM, IPOUCXOAWT C COXpPaHEHHEM XapakKTepa
pacnpele/iecHUs] CKOpOCTeil BIOJIb TIOTOKA, YTO OTpaXaeTcs B
MOPGONIOTUYECKUX ~ OCOOEHHOCTSIX  (POPMUPYIOLIMXCS  CTPYMHBIM
TeYeHUEM aKKYMYJISITUBHBIX 0Opa30BaHUIA.

Haygﬂaﬂ HOBUM3HA U NPAKTUICCKASA SHAYUMOCTD

1. PaspabotaHa MeToOMKa OLEHKU pAaCIpeneieHust CKOpOCTeil B
MOIEPEYHOM CEYEHMU PYCIOBOTO TOTOKA, YUUTHIBAIOIIAS 3aBUCUMOCTh
MOJIOXKEHUST CTPEXKHSI OT IIepOXOBATOCTU pycja B JaHHOM CEYEHUU W OT
HarpaBJIeHUsT TeYeHUST Ha BHIIIEPACITONIOKEHHOM YJacTKe.

2. JlokazaHa BO3MOXHOCTh NpuMeHeHus Teopuu lllnuxTtwHra mns
ONpele/ieHNs] MECTHBIX, a HE OCPEOIHEHHBLIX IO TIYyOMHE CKOpoCTeit
TE€YEeHUsI PeYHOTO MOTOKA.

3. YcraHOBJIEHO, 4YTO CaMOOTPaHUYCHUE CTPYWHBIX TEYEHUIA
MPOUCXOAUT C COXpaHEHUEM XapakTepa pachpeneieHus] CKOpOCTei
Te4eHUsI TI0 JJIMHE CTPYU UB TTONIEPEYHOM €€ CEUCHHM.

4. TlpakTnyeckoe 3HaYeHHWE WMEIOT METOABl  ONpeAesicHUs
JATbHOCTU  TepeMelleHUsT O0OJOMOYHOIO MaTepydaia B BOIHOM
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DPYCITIOBOM TIOTOKE 3a ONpEAEICHHBIM IPOMEXYTOK BpEMEHH IIpH
M3BECTHBIX THIPABINICCKIX YCIOBUSIX.

5.  PesymbraThl MCCICOOBaHWI  TO3BOJSIIOT — IIPOTHO3MPOBATH
IUHAMUKY  3PO3MOHHO-aKKyMYISITHBHOW  HESITETBbHOCTH  PEYHBIX
ITOTOKOB Ha y9acTKaxX TeXHOTEHHOTO BO3MEHCTBUAL.

Anpo6anusi. OCHOBHbIE pPe3ynbTaThl pPabOThl AOKJIANBIBAIMCH Ha
HayYHO-MPaKTUYECKOMN KoH(pepeHLIn «['mmpomormaeckue
uccienoBanusg B Cuoupu» (Tomck, 1997), Ha mepBoil permoHaIbHOM
HayYHO-TPAKTUYECKOW  KOH(pEepeHUUU MOJTOIEKU «[1pobnemsr
permoHanbHol 3Komormm» (Tomck, 1998), nHa III MexBy30BCKOit
Hay4yHO! KOH(EepeHIMU CTYyIeHTOB, aCUPAHTOB W MOJIOOBIX YUEHBIX
(Tomck, 1999), na MexayHapogHoM KoHrpecce «Hayka, oGpasoBaHue,
KyabTypa Ha pybexe Ttoeicsauenetuit» (Tomck 1999), Ha Bropoii
Baiikanbckoil mkone mo dyHaameHTanbHol (usuke (Mpkyrck, 1999),
Ha Hay4YHO-TPAaKTUYECKOM KOH(epeHIINH «[1poGmeMbI
ISALUMOTUAPOKIUMAaTooru CUOUpU M COMpPEAeSIbHBIX TEePPUTOPUI»
(Tomck 2002), a mTakke Ha XXVI m XXVII Ilnenymax
I'eomopdonormueckoin kommccun PAH. IlonoxurenbHas oIleHKa
pe3yabTaToOB HMCCAeqoBaHWi ObUla HaHa dkcrepTamu Poccuiickoro
¢doHma byHIaMEHTAIbHBIX HWCCASIOBAaHWM, TPUCYIMBIIMMU TPAHThI
MAC 3a 2002 1 2003 rr. OcHOBHBIE pe3yJIBTaThl OTUCCEPTALIMOHHOTO
HcCeoBaHUs U3/I0XKeHbI B 14 onmyOavMKoBaHHBIX paboTax.

CTpykTYypa U 00bEM _PadoThI. Jducceprauuss COCTOUT U3
BBEIEHUSI, TpeX IJaB, 3aKIOUYeHMs] M CIucKa Jurepatypbl u3 130
HamMeHoBaHuii. Pa0Oora m3noxeHa Ha 184 crpaHmiax, BKIo4as 25
PUCYHKOB M 13 TaOmiI.

ABTOp BbIpaxaeT TIJIyOOKYyI0 M MCKPEHHIOI O0JIarogapHOCThb
HaydyHOMY pPYKOBOIUTENO JOKTOpYy reorpaduueckux Hayk A.B.
ITo3nHsKOBY, OOKTOpPY TexHHMYeckumx Hayk A.M. JlutBuHy — 3a
KOHCYJIbTallMM B pa3paboTKe MaTeMaTUYECKUX MOJAENEH, a TakKXKe BCEM,
KTO CBOMMM 3aMEYaHUsSIMHU, COBeTaMU M  IOOpOXeIaTeJbHbIM
OTHOILIEHUEM COJEMCTBOBa IPOBEACHUIO HWCCIEeJOBaHUI, MOMOTal B
MOATOTOBKE U 0(hOPMIIEHUH AMCCEPTALIMOHHOMN paboTHhI.




KPATKOE COAEPXAHUE PABOTbI

I'naBa _mepBasg, «CTpyKTypHble 3jeMeHTbI M MeXaHH3MbI
B3aMMOJEICTBUSA PEYHOro MOTOKAa M pycjaa», IIOCBSIIEHA
PAacCMOTPEHMIO PYCJIOBBIX TTOTOKOB KakK CJIOXHBIX JAMHAMMUYECKUX
cucreM. HeoOXoaMMoCTh TaKOro pacCMOTPEHMsS] OTMeuYeHa B padoTax
M.A. Bemukanona [1958, 1964], H.U. MaxkkaseeBa [1955, 1971], A.B.
IMo3nnsikoBa [1988, 2001, 2002], H.C.3namenckoit [1992] u np.
BzaumoszaBuCUMOCTb IMHAMUKU MOTOKA U CUCTEMBI PYCJIOBBIX (DOpM Ha
JIIOOOM YYacTKe €CTECTBEHHOTO PYCJOBOTO MOTOKA MOAPOOHO pacKpbiTa
B pabotax P.C. Yamosa [1979, 1984, 1998] u apyrux HaydHBIX
COTpYAHUKOB JlaGopaTopuu 3p0o3uu U PYCAOBBIX mporeccoB MI'Y.

ITpuBoauTCS 0030p MMEIOIIMXCS Ha HAcTosilee BpeMsl CIOCcOOOB
pacuera paclpenejeHuss MECTHBIX CKOpPOCTeil II0 TOIMepeyHOMY
ceyeHnio B omHoMepHo# [Kapaymres, 1947, 1960; Iondapos, 1962] u
nByMmepHoii [PoryHoBuy, 1989] moctaHOBKe 3agauu.

BonHoBol XapakTep IBWXEHUSI BOAbI MO PYCIy PEeKWd BbI3bIBAET
corjacoBaHHbIe KojeOaHUsI TITYOMHBI PYCJOBOTO IMOTOKA U KojeOaHMs
HampaBJeHUs CTpPyil MOTOKa B IUIaHe. BHEIIHWM oOTpaXeHHeM 3THUX
KoJieOaHUl SIBJISIETCS] 3aKOHOMEPHOE uepeqoBaHue IO JJIMHE PEYHOro
MOTOKA YYaCTKOB YMEHBIIEHUS U YBeJWYEHUsT TIYOMHBI MTOTOKA, a TaKXke
¢opMUpoBaHUE M CAMOBOCIPOM3BEACHUE W3TYYMH IO [JIMHE DPEKU.
HMcTOYHMKOM  BHEpPruM 3TUX KoJieOaHUI SIBJsIeTCS MNOTeHUHaIbHAas
SHeprusi rpaBUTAlIMU.

CornacHo ormpenejieHuIo, IpuBeaeHHOMY B padore M.B. IlomoBa n
H.b. baproiiHukoBa [1988], camMoperyIupylolmyMuUcs Ha3bIBalOTCS
TakMe MeXaHUYeCKWe W TPUPOIHbIE CUCTEMbl, KOTOPbI€ CIIOCOOHbI
MyTeM BHYTpPEHHEW TMepecTpOKM MPOAOIKATh BBIMOJHEHUE CBOUX
(GyHKIMIA 0Opu OrpaHUYEHHBIX M3MEHEHMSIX BHEIIHUX YCJIOBUM, B
KOTOPBIX OHM pa3BuBaloTcs. JlaHHOE orpeneneHue OTpaxaeT IMpollece
MPUCTIOCOOEHUsI CUCTeMBbl TIyTeM YacTMYHOTO U3MEHEeHMsl CBoei
CTPYKTYpbI, HO HE YUYUTHIBAET BO3MOXHON HEWTpaIu3aluM MPUPOIAHBIM
00BEKTOM  MaJIbIX BO3MYILEHMI, BBIBOASIIMX €ro M3 COCTOSIHUS
NMHAMUYECKOTO paBHOBecUsl 0e3 M3MEHEHMSI CTPYKTYPbl CBSI3ei MeXTy
aJieMeHTaMu. VIMEHHO 3TOT MPOLECC CHIKEHUS CTENeHW BHEIIHEro
BO3IEUCTBUSI 0€3  CTPYKTYpHBIX  M3MEHEHMIl TMOHMMaeTcsl  Kak
camoperynupoBaHue. CaMoopraHuzalvs  Xe  IOHMMAaeTcsl  Kak
COBOKYIHOCTb MPOLIECCOB, B xofe KOTOPBIX cosiaercsl,



BOCIIPOM3BOIUTCS WM COBEPLIEHCTBYETCS] CTPYKTYpHAas OpraHM3alinst
CIIOXHOM AMHAMHUYECKOM crcTeMbl. CaMoopraHmu3alus Jro00il CHCTEMBI
MPOMCXOOUT 3a CYET TIPUTOKA BHEIIHEN VITOPSIOYEHHONM SHEPIUN
[Apmann, 1988; ITozgHskos, 1988; YUepsanes, [o3nHsikoB, 1996].

Puc. 1. Cxema cTpoeHHUS CUCTEMBI «ILiec-TiepeKaT». [1poaonbHbIif
npodmib pyciia B MexeHb (p.bupymika, .Bocrok) [[To3muskos, 1988].
1 - mepexartsl; 2 - TUIeCHl, 0Opa3oBaHHEIe CTpyel, (hopMUpYIOIIeiics Ha
TepekaTe B TaBOIOK; 3 - 1uiec, (POpMUPYIONIMIiCS B MeXeHb; 4 -
aKKyMYJIITUBHOE TeJIO (Ocepenok), (hopMUPYIOIINIICS Ha THE TUieca U
AoV HaYajIo Tporieccy OM(pypKaIliH.

CamoopraHuzaldsi Ha  YpOBHE  OTHENbHBIX  U3AYYMH U
COCTaBJISIIONINX 3TH M3IYYMHBI CHUCTEM «IUIeC-TIepeKaT» 3aKJIIoJaeTcs B
¢GopMHUpOBaHMM  TYpOYJIEHTHBIX CTPYMHBIX TEUEeHMl B  MecTax
€CTECTBEHHOTO CYXEHMSI TIOMEPEYHOro CeYEeHMUsS] PYCIOBOTO TIOTOKA.
OCHOBHOl MPUYMHOM, OOYCIOBIMBAIOIIEN CaMOITPOU3BOILHOE CyXKEeHUE
MOTOKa, SIBJISIETCS IBMKEHME TI0 PYCIy TIPSl M KOHLEHTpPALIMs OTOKa Ha
u3rubax B pesysibTare AeWCTBUSI LIEHTPOOEKHON CUIIBI.

JnHamMuKa reca, 00yCJI0BJICHHAS o0pa3oBaHUEM u
CaMOOTPaHUYEHUEM CTPYWHBIX TYpOYJEHTHbIX TeUYeHWi, BBINISIUT
clenyromuM obpazoMm (puc.l). B maBogok Ha ydacTKe IepekaTa
dopMupyeTcs cxkarass TypOyJeHTHasl CTpysl, ABMXKYIIAsiCsd Ha Tiepekare
0€30TPbIBHO. DPO3MOHHO-aKKYMYJISITUBHBIN  TIpoliecCc OMpenesieTcs
COOTHOIIIEHMEM [OHHOW V, M HepasMblBaoomell V, ckopocreir. Kak
TONBKO V, >V, - HauMHaeTcs pasMbIB IHa U Oeperos, (opMUpyeTCs
yriyosneHue nHa - 1uiec. C 3TOro MOMEHTa BOJHBIN MOTOK, BBIXOAS Ha
IJIECOBBIMA YYacTOK, CTaHOBUTCSI SIAPOM 3aTOIUIEHHOUN TypOyJeHTHOM
CTPYU C SICHO BbIpak€HHBIMM IMapameTpaMu cBoOOOmHOI cTpyu. [Ipuuem
OTPbIB MOXET MPOUCXOAUTh HE TOJBKO OT JHa, HO U OT OeperoB. [lone
CKOpOCTeil TaKoro TeuyeHMsl Ooyiee ajeKBaTHO OyleT MOIEIMpPOBAThCS
3aBUCMMOCTSIMA ~ TEOPUU  CBOOOIHBIX  TYpOYJEHTHBIX CTpyid. A
rpaHyjoMeTpuyeckas nuddepeHunalusl B3BELIEHHOTO M BJIEKOMOTO



00JIOMOYHOTO MaTepHajia Ha Iiece OCYIIECTBISIETCSI B COOTBETCTBUU CO
CKOpOCTHBIM  TTojieM. TakuMm  oOpa3oM, Ha yd4acTKe Iijleca,
c(OpMHUPOBAHHOTO TABOAKOBBIM IIOTOKOM Ha CIaJe YPOBHS U B
MeXeHb, (OPMHUPYETCST aKKyMYJISITMBHOE TeEJIO, KOTOpoe obOpasyeT
BJIOKEHHYIO MOP(OJIOTUIECKYIO Tapy «Iliec-TiepeKars.

[Mpu mocnemyoleM CHKEHUN YPOBHEN M CKOPOCTEN TEUEHUSI 3TO
aKKyMYJIITUBHOE OOpa3oBaHWE BBI3BIBAET JeJIeHWE IOTOKAa B IIaHEe Ha
JIBE€ CaMOCTOSITEJIbHbIE CTPYM, pa3BUBAIOIIMECS B MEHbBIIEM MaciuTabe
Mo TeM K& 3aKOHOMEpHOCTSIM. IlosiBlleHWe B pycie OCTPOBOB
MpeaonpeaeaseT MOANOp U JIOKAJIbHOE TMOBBIIIEHUE YPOBHSI, KOTOPOE
YBEJIMYMBAET YKIOH BOOHOM ITOBEPXHOCTU U CKOPOCTh TEUEHMSI Ha
HIKesIeXalleM ITiepeKaTe, YTO MHULIMMPYET pa3BUTHE Ha CIEAYIOIIEM
iece MoJO0OHOrO Mpoliecca.

PasMbIBaeMOCTh  OGeperoB  CTAHOBUTCS TMPUYMHONW  KOJieOaHUS
pPYCIIOBOTO TOTOKa B IIaHe TiyTeM (POpMUPOBAHUS — U3JIYUUH.
VYBenuueHne yrja Toaxoda CTpyM K  TOAMBIBaeMoOMy  Oepery
MPOUCXOIUT B pe3yjibTaTe ISHCTBUS TOJOXUTEIBHOM OOpaTHOM CBS3U.
Cny4aifHO 00pasylolIMiicsl HadalbHBIA BBICTYI OJHOTO M3 Geperos
BBLI3LIBAET OTKJIOHEHWE CTPYil K TPOTMBOIOJIOXHOMY Oepery, U OH
pasmbiBaeTcsa. OTcTynmaHMe TIOOMBIBaEMOro Oepera  CrocoOCTBYeT
YBEJIMUEHUIO KPUBU3HBI pycia, elle OOJbIIeMY OTKIOHEHUIO CTpYi WU
JalbHENIIeMy HapacTaHWIO KPUBU3HBI M3IydydHBL. PopMHpOBaHKe
TypOyJIEHTHOM CTPYH TIPOMCXOAUT, KOTHA 3Ta CTPysd IOAXOAUT IIOJ
VIJIOM K OJHOMY U3 OeperoB pyciia ¢ TIOBBIIIEHHON CKOPOCTHIO.
Beixonsiimass u3 KopbITa IepekaTa IOI HEKOTOPbIM YIJIOM K Gepery
TypOyJIeHTHasl CTpysl, B pe3yJibTaTe pa3MbIBasi €ro U MPUMBIKAIOIIYIO K
HEMy YacThb pycia, (opMUpPYeT IUIECOBYIO JOXOMHY. B cuiy Toro, uro
CKOPOCTb TT0 JUTMHE CTPYU 3aKOHOMEPHO TafaeT, B HIXKHEN JacTy Tuieca
pa3BUBAETCS AKKYMYJISIIUSI BJIEKOMBIX HAHOCOB, UYTO KJIAJET HAYajo
dopMHUpoBaHUIO ClIeAyIolIero Tiepekata. Ha »ToM Tmepekare BHOBb
MPOMCXOOUT KOHIEHTpaLMs II0TOKa, (OPMHPOBAHKME KOPHITA U
TypOyJECHTHOI CTpYyH.

Takum oOpazoM (opMuUpyeTcss OOMH U3 CaMbIX [JIaBHBIX
IUHAMUYECKUX 3JIEMEHTOB pYCJIOBOrO IIOTOKA - CHUCTEMa <«ILieC-
nepekar». [lapamMeTpaMu 35TOil  CHCTEMBI SIBISIIOTCS:  HayallbHast
CKOPOCTh C(HOPMUPOBAHHOIO Ha TpeOHe TepeKaTa CTPYHHOIo TEeYeHUSI
(v,), AIMHA IUIECOBOTO YYacTKa M KPYIMHOCTb AOHHBIX OTJIOXEHUH.
JlaHHag cucTeMa HauyMHaeTcsl Ha rpeOHe TepeKkaTa, BKIIIOYAaeT B cebs
IJICCOBYIO JIOIIMHY W HATIOPHBINA CKJIOH CIIEAyIoIIero rnepekara (puc. 1).
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DyHKUMEN CHUCTeMBI «ILIeC-TIepeKaT» B PEYHOM pyclie ClIelyeT CUMTaTh
NepeBoJl YacTU KMHETUYECKOW SHEpIrMu JBWKEHUS B IMOTEHLMATBHYIO
SHEPIUI0O M OrpaHUWYeHHE OOJIACTM MHTEHCHBHOTO Pa3MbIBa y4acTKOM
pa3sBUTHSI BOJOBOPOTHOM 30HBI.

B nuMHamuke pycia BaXHOE 3HaY€HME MMEeT JaJbHOCTb IepeHoca
O0JIOMOYHOrO ~ MaTepuaja, 3aBMCSLIAs OT €ro  TUAPaBIMYECKOi
KPYIHOCTU U TyJIbCAllMOHHOH cKopocTH Ha nHe. MMy ompenensiorcs
NPOLIECCHI  IPaHYJIOMETPUYECKOH  auddepeHIMauun  06JOMOYHOIO
MaTepuaia Mo KPYMHOCTU U TJIOTHOCTH, YTO MMEeT BaXHOE TPUKJIaTHOE
3HauYeHUE B PACKPBITUM MEXaHM3MOB pocchieoOpazoBaHus. B pabore
HOyyeHbl — KOJMYECTBEHHbIE  AHAIUTMYECKME  3aBUCMMOCTU LIS
onpeJieieHs JalbHOCTU TepeMelleHns] OOJOMOYHBIX YacTUIl 33 CYET
Ka4YeHUs! U caJibTalliHm.

Jnst OLIEHKHM JalbHOCTH CaJbTAalIMOHHOIO TNEPeMEIEeHHs YacTHll B
OCHOBY OBUIO B3TO YpaBHEHUE

mi%:l:" “Pogg ﬂ'r_‘gﬂ., B KOTOPOM YUYMTBHIBA€TCA  IMOXLEMHAs
cuia, BeC OOJOMKOB M3BECTHO TIUIOTHOCTM W CHJIa CONMPOTHBIEHMS
JBUKEHUIO YaCTULIbI.

W3 peleHus ypaBHEHUs MOJTydeHa 3aBUCMMOCTD JUIS ONpeesieHus
JanbHocTU L mepemeltieHns: 06JI0MKOB 3a CYET calbTallum:

" [+ expl 24, - 2u, 72},

L. = dt =« - 13+ h
¢ a[v <y max ) nl 1+ exp{ -2u, fa})

AHanm3 GOpMyIIbl M YMCIIEHHBIE 9KCIEPUMEHTHI 110  OIpeIeICHUIO
BEJIMIMHBI TIepeMEIIEHUS OOJIOMOYHBIX JacTHll pasMepoM oT 0,002 M
1o 0,07 M B qmaMeTpe MO3BOJIWIN TTOJIYYUTh CJICAYIOIIE BBIBOIBI:

1. VYBequmuyeHue auaMeTpa 4YacTUI[ OO HEKOTOPOil BEIMYMHBI
BBI3bIBACT YBEIWYCHME MJIMHBI CcKauyka. [lpumueM [T  pa3imaHbIX
CKOpOCTEil TeYeHMsI 5Ta KpUTUYeCKas BeIMYMHA IUaMeTpa OymeT
pa3HOM.

2. JlanmpHeitiee yBeIMYEHUE IIOMEPEYHBIX pa3MEpPOB YaCTUIIBI
MPUBOIUT K CHIDKEHUIO JAJbHOCTH TEpEeMEIeHWsI BIUIOTh IO
OTCYTCTBHUS CaJIbTAllMOHHOIO IBIDKEHUS, B ClIydae CHIDKEHUS CKOPOCTU
TeYCHMUSI [0 3HAYCHMII HIDKE pa3MbIBalOIIEll CKOPOCTH IS NAaHHOM
KPYITHOCTH.

3. JlaHHBIE 3aKOHOMEPHOCTH OOYCIIOBIICHBEI 00Jiee OBICTPBIM POCTOM
MOXBEMHOI CWJIBI 3a CUET YBEJIMYEHMS TUIOIIAIM BO3MEUCTBMS B TIEPBOM
ciaydae W OoJiee 3HAYUTETBHBIM POCTOM MAcCChl YacTHMIIBI BO BTOPOM
cyyJae.
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OOl BLIBOA, CIAEAYIOIIMI KaK M3 3aBUCUMOCTH, OIMMCHIBAIOLIEN
KauyeHue, TaK W U3 (GOpMYIbl IS CalbTALMOHHOIO JIBUIKEHUSI,
3aKJIIOYAETCd B HEPABHOMEPHOCTM JBMXKEHMS YacTHLIBl Jaxe TPy
ITOCTOSIHHOM CKOPOCTH TEYEHMs, a TaKXKe B IUCKPETHOM XapaKTepe
Takoro ABmkeHus. Takum 00pa3oM, IMPU OTHOCUTEIBHO HEOOJBIINX
pasiMuusX B pa3Mepe, OOMHAKOBBIX TMAPABIMYECKUX YCIOBUSIX U
IJIOTHOCTM HAHOCOB, YacTULA C MEHBIIMM IUAMETPOM IIEPEMECTUTCS
Ha MeHbIlee paccTosiHue. BeposiTHO, 3TO OOYCIOBJIEHO MEHbILEH
IJIOIAALI0 TMAPOAMHAMUYECKOTO BO3JEHCTBUSA ITOTOKA Ha YacTHLL.
TMocnenHuii BBIBOA, HE PACIPOCTPAHSIETCH, pasyMeeTcs, Ha CiIydaid
OOJIBLION Pa3HULIBI B THAPABIMYECKON KPYITHOCTH.

UsznoxeHHble B IEpBOM  [aBe  MaTepuaibl  MO3BOJISIOT
chopMynupoBaTh TMepBOE 3aIUIIACMOE TOJOXEHUE - 3aKOHOMEpHOe
yepedosanue CyiceHull u pacuiupeHuil pycaa, oopazoéanue u3iy4un
u copmupoeanue mypoyieHmuvix cmpyii, ROO0OHBIX C80O00HBIM,
AGAAIOMCA 83AUMOO0BYCA0CAUBACMBIMU NPOUECCAMU.

[naBa BTOpas. «PopMUpoBaHHEe MEPEKATHOIO y4acTKa pycia u
NOJIsi CKOPOCTEH TeYeHUs B MONEPeYHoOM CEYEHHH BOIHOrO MOTOKA»,
MTOCBSAIIIEHa PACKPBITUIO CBOMCTB pacIpeieiicHUsT CKOPOCTE B XHBOM
CEYEHMM pYCJIOBOrO TIOTOKA TIpH  OE30TPHIBHOM  JIBVIKCHUH.
PackpbiBaeTcst OCHOBHAsE 0COOEHHOCTD CAMOPETYJISIIIUN PEYHOTO MTOTOKA
M pyciia, KOTopas 3aKJIIo4aeTCss B YCTAHOBJIEHWM KBa3WPaBHOMEPHOTO
peXuMa JBMKEHHMS TI0OTOKa II0 €ro JUIMHE Ha OTHOCHUTEIIBHO
MIPSIMOJTMHEMHBIX MEePeKATHBIX YIaCTKax.

KaptuHa pacrnpeneieHUsT MeECTHBIX OCPEIHEHHBIX CKOPOCTEi
TEYEHMsS] B TOMEPEYHOM CEUCHUHU SIBJISICTCS PE3yJIbTaTOM BO3ICHCTBUS
Ha MacChl PEYHOl BOOBI BCEX OMNPENEISIONIMX IIPOIECC CTCKAHMUS
(dakropoB. K 3TiM hbakTopaM OTHOCSATCS: MPOIOJIbHAS COCTABISIOIIAST
CWIBI TSKECTU, OOYCJIOBJCHHAsI MaAeHWEeM OTMETOK IHA MOJWHBI, a
TaKKe HaJM4ue PYCIOBBIX (DOPM, OCYIISCTBISIOINIMX 4epe3 CO3IaHHe
JOTIOTHUTEIBHBIX CONMPOTUBIICHUI VI JIOKATbHOE YBEIMYCHUE YKIOHOB
00paTHYIO CBs3b MOIABMIKHOTO pycjia ¢ IMOTOKOM. TeM He MeHee camo
IoJie  OCPENMHEHHBIX CKOPOCTEl  MpENCTaBIsieT  KOJMMYECTBEHHOE
BBIpaXXEHUE TMPSIMOTO BO3IEHCTBHMS DPEYHOrO IOTOKA Ha CBOE JIOXKeE,
ITOCKOJIbKY THAPOAMHAMUYECKOE IaBJICHKME Ha KaKoe-T1MbO0 TBEPAOE TEJIO
MPOIIOPLIMOHAIBHO ~ KBaIpaTy CKOPOCTH TEYEHHMS B OKPECTHOCTSIX
JAHHOTO TeJa.
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PaccMoTpeHBl OCOGEHHOCTH CAMOPETYJISILUA PEYHOro IMOTOKAa U
pyciia Ha ydJacTKaX Oe30TpBIBHOTO TeuyeHHUs. [IIaBHO WM3MEHSIONIUIACS
XapakTep ABMXKEHUs pealu3yeTcsi B PYCIOBBIX IIOTOKaX OGiarogapst
CO3JAHMIO Ha JHE M CTEHKax TYypOYJIEHTHOTO TIOTPaHUYHOIO CIIosl,
KOTOPBIi COCTOUT U3 MHOXECTBA JIOKAJTbHBIX 30H OTPhIBA MPUIOHHBIX
CTpYyi M UX TIpUCOeOIUHEHUs. BclemcTBue HaloOXeHUs CIIEAOB 3a
pasIMYHBIMKA BBICTYIIAMU M WX OOJBIIOrO KOJMYECTBA, W3MEHEHMUSI
MECTHBIX OCPEIHEHHBIX CKOpOCTeil 10 [UIMHE HUBEJIUPYIOTCI U
CTAHOBSATCS 3aMETHBIMHU TOJIBKO HA HEKOTOPBIX PACCTOSIHUSIX OT JaHHOTO
CTBOpa, CPaBHUMBIX C pasMepamMu Me30(opM. DTO MO3BOJSIET HaM
BOCITIOJIb30BaThCSI YpaBHEHWEM PaBHOMEPHOIO IBIKeHUS |[MakkapeeB

. af , ov. ), af, &)
B.M., 1961]: E(Aay]+6z["\61) 1, KOTOpO€ MPUBOAUTCS K

o o 2 2
YpaBHCHHIO HyaCCOHa C NMOCTOAHHOM IIpaBOMU YaCTbIO ?+?=—ZE, C
Z

ygeToM rumiore3sl B.M. MakkaBeeBa, cOIIaCHO KOTOPO KO3(GGUIINEHT
TypOyJIeHTHOTO OOMeHa A TIpOITOpLIMOHaJieH MecTHO# ckopoctu C:

h
A=% V.

P ACCMATPMBAETCS HECKOJBKO TIIyTeHM pacyera pacnpenciceHust
CKOPOCTEM T10 TOINEPEYHOMY CEYEHUIO PEKM. OnuH U3 HUX - JeJeHUe
IOMEPEYHOro CEYCHUA Ha O6J'[aCTI/I, B IIpE€acjax KOTOPLIX KapTHUHa
pacripeieieHnsT CKOpPOCTEH ITO0 TIIyOMHE ocTaeTcs ITocTosgHHONW. Torma
JOITYCTUMO MCIIOJb30BaTb OOAHOMCPHOC YpaBHCHUE, PCIHICHUE KOTOPOI'O

MOJIydaeTcs B BUAE MapaboIbl:

U@ =-E@")+Cy(2)+C2, v2)=V-u(z), (1)
MC I e . oty +E-Uy; Cr=U,; M=07.C46; I - i

Vi » =l ns L2=Ug, s YKIIOH BOAHOU
noBepxHoctu Ha Beprukanu, C - koadpduumenrt Illesu; U, v, -
COOTBETCTBEHHO KBaapaThl 0Oe3pa3MEepHBIX BEIWYMH TMPUIOHHONH U
MMOBEPXHOCTHOM CKOPOCTM Ha JAHHOW BEepTUKAIM TIOTOKa; V(z) -
3HAYEHUE CKOPOCTU TEUEHUSI B TOUKE C BEPTHKAJILHON KOOPIWHATOM Z,
KOTOpasl OTCUMTHIBAeTCS B [JAHHOM CJIydae OT IIOBEPXHOCTH, V -
CpelHsISI CKOPOCTh TeYeHUST Ha BepTUKalu. DTa hopMmyiia, B OTIUYUE OT
dopmynel A.B. KapayiieBa, He MCIOJIb3yeT allPMOPHOrO OOMYIIEHUS O
MOJOXKEHUM MaKCHUMyMa CKOpocTH. OJHAKO [aHHBIA ITyTh BJeYeT
00JIbIIOE KOJWYECTBO WM3MEPEHMII, KOTOphIe HE BCErma BO3MOXHO
MMPOM3BECTH.

Ime E=
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bonee 000CHOBaHHBIM MOAXOMOM K  OLEHKE CKOPOCTHOTO
pacripefieiecHusI B TIOMEPEYHOM CEUYEHWM PYCIOBOTO ITOTOKA CIEMyeT
CYUTaTh pa3pabOTKy METONWKMU, KOTOpas oTpaxaia Obl BIWSIHUE
MOPGhOJIOTUM TIONIEPEYHOTO CeYeHUs] M TUTAHOBBIX OYepTaHUi pycia Ha
IBUXKEHWE BOAHOro mortoka. [lpm 3TOoM TpeOyeTcsl y4ecTh CIEmyronue
00CTOSITENIBCTBA:

1. JIBmXeHME BOOHOTO TIOTOKA HAa TepeKaTe B MPUOPEKHBIX
00NacTIX TMPOUCXOOUT 3a CUET NBUXKEHUS 0ojee TMOABMKHBIX Macc
CTpexXHeBoM o0jacTh. TeueHue B CTPEeXHEBOU 00JIaCTM B HaMOOJbIIEH
CTETEHU OTPEAENISIETCSI YKIOHOM BOJHON MOBEPXHOCTH.

2. [lonoxeHue CTpeXHs B MOMEPEYHOM CEYEHUHU TTOTOKa B OOJIbIIei
CTETEHU 3aBUCUT OT HAIMpABJICHUS ABVKEHUS MMOTOKA HA BBIIIETIECXKAIEM
Y4YacTKe, a He TOJIbKO OT IIEPOXOBATOCTH PyClia B JTAHHOM CEUYECHWH.

3. [elicTBUTENbHOE TIOJIOXKEHUE CTPEXHS B TOIMEPEUYHOM CEYeHUU
MOTOKA MOXHO YYECTh OTCUYETOM KOOPAWHAT OT AWHAMUYECKOW OCH
MOTOKA, a He OT MOBEPXHOCTHU €ro JioXa (IHa U OeperoB pycia), He Bce
3JIEMEHTBl KOTOPOTO BIMSIOT Ha OOIIyI0 KapTUHY pPacIpeneeHUs
CKOPOCTEMN.

YdecTh BBILICOMICAHHbIE OOCTOSITEIHCTBA MOXHO IIYTEM DELICHIS
JIBYMEPHOTO YpPaBHEHUsI PABHOMEPHOTO JIBIDKEHUWS B BUIIE MHOTOYICHA,
MapaMeTpbl KOTOPOTO JIOKHBI  OMPENETSATECSI C  MCIOTb30BAHUEM
W3MEPEHHBIX CKOpPOCTEI Ha CTPEXHEBOW BEpTUKAIA W  BOIU3N
TMOBEPXHOCTH JIOXa PYCIOBOTO MOTOKA.

OO01iee pellleHUWE HAXOAWIOCh B BUIE MHOrowieHa TpeTheil

CTETICHMU.

PacueTHast 3aBUCHMOCTh UMEET B

UG2=CiF? -2+ C0E T - PG+ D -7 +3D)+ U,

v=v-um.2), )
roe U7y - Oe3pa3MepHasl BeMYMHA KBaapara MECTHOW CKOPOCTHU B
TOUKE C Oe3pa3MEepHBIMU TMPOCTPAHCTBEHHBIMUA KOOPAWHATAMU ¥
(F=y/H,p; T=2/H,); U=v/V?, [I€ V - 3HAYEHUE CKOPOCTU TEYEHUS B
TOYKe ¢ KoopauHaTamu (y,z). IlocTossHHBIE MHTErpupoBaHud C,, C,, C,
OTPENETSIIOTCST UCXONSl W3 TpaHWYHBIX yciaoBuil. B obmiem cmydae
HaXOXJAEHWE TMOCTOSHHBIX KO3(QdULIMEHTOB C,, C, U C, CBOAWUTCI K
PELIEHUIO CUCTEMBI IMHEWHBIX alreOpandecKuX YPaBHEHUA:

220, + TGy + Ty = Uy - Uy +0.5E- 225

B2C, + 50, = U, —U, +0.5E6%; (3)
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(@ -R3)C, + 0T, —HIC, + (@ + hgdCy = U, - U, +§.(a'2 +iD,

M.C-I-H,

i 5 I- YKJIIOH BOJIHOM ITIOBEPXHOCTU B U3Yy4Ya€MOM CTBODPE,;

e E=

C - 3HaueHue koadpduumeHta Ille3u, xapakrepHoe IS CTPEXXKHEBOM
BEPTUKAIN; %, - 0€3pasMEpHOE 3HAYEHWE BEPTUKAIbHOW KOOPIMHATHI
TOYKM Ha CTPEXKHEBOI BEpPTUKAIM, B KOTOPOUl M3MepsieTcs MpUAOHHAas
CKOpOCTh (3Ta BEJIMYMHA AOJDKHA OBITh MO BO3MOXHOCTH OJM3KONM K
€IVHULE); b=b/H,, - 0€3pasMEPHOE pPACCTOSHUE OT CTPEXHEBOM

BEpPTUKAIM OO Oepera Mo IMOBEPXHOCTH, HOPMHMPOBAaHHOE Ha IIIyOMHY
CTpEXXHEBOW  BEPTUKAJIH; d- Oe3pasaMepHOC TOPU3OHTAIBHOE
pacCcTosTHME OT OCeBOM BepTHKAIM OO Oepera mo OHY pycia (B ciaydae
OTCYTCTBHUSI WJIM HEBBIPAXEHHOCTH Ilepernba JMHUA CMOYEHHOIO
IepuMeTpa TIpH Tepexoae OT AHA K GeperoBOMYy CKIIOHY, 3Ty BEIMYMHY
MOXHO TIPUHSTH paBHOW ITOJIOBMHE pAcCTOSIHUSI OO0 Oepera IIo
MMOBEPXHOCTH); hy - Oe3pa3MepHOe 3HaueHWEe TIJIyOMHBI IIOTOKA Ha
pacCTOSIHUM  dOT CTPEXHS; U0 =U,- KBagpaT Oe3pa3MepHOM
ITOBEPXHOCTHOM CKOPOCTH Ha CTPEXKHE;

U(0,%,,)=U, - KBagpar 6e3pa3sMepHOii MPUIOHHON CKOPOCTb Ha CTPEXHE;
ulb,0)= U, — KBampaT Ge3pazMepHOil CKOPOCTM TEUEHUs HA MOBEPXHOCTH
BO/MM3M Oepera; u,— KBagpaT Oe3pa3MEpHON BEIMYMHBI CKOPOCTU

TeueHUs B TOUKe {d, hy).

ITockonbKy CKOPOCTHOE TIOJIe PEeYHOro IOTOKa, KaK MpaBWo, He
SIBJISIETCSI CUMMETPUYHBIM OTHOCUTEJIbHO CTPEXHEBOM BEpTUKAIU, TO
pacyeT mMapaMmeTpoB ¢, C, M C, NMPOM3BOAMTCS OTIAEIbHO U 0OEUX
yacTeil MoNepeyHOro ceueHusl.

B ciyyae OoTCyTCTBUMSI YETKOTo Tepernda Jjioxka MoToka OT CKJIOHOB
Oepera Ko JHY pycja 4yeTBepTasi TOUKa BBIOMpAaeTcsl Ha MPOU3BOJIbLHOM
PAcCTOSIHUM OT CTPEXHEBOM BepTUKaiu. [Ipu 3TOM B TpeTbe ypaBHEHUE
cuctembl (3) TIOACTaBIsIeTCS BEpTUKAbHAS KOOpAWHAaTa (MIyOuHA)
VIMEHHO 3TOM TOYKHU. B LiejoM ajiroputMm pacyeTra mapameTpos c,, C,, C,
U MECTHBIX CKOPOCTeil TIOToKa He MeHsieTcsl. Eciu mojloXKeHue CTpexHs
He (uKkcupyercsi BUBYaJbHBIMU HAOMIOAEHUSIMU  (CIIOKOWHOE U
MEIJICHHOe TeYEeHHME), €ro TMOJOXEHWe MOXKET OBITh HalmeHO ¢
TOMOIIIbIO U3BECTHBIX TUAPOMOPGHOIOTMYECKUX 3aKOHOMEPHOCTEN.



Tabnuua 1. Tlapamerpsl mMoToka B 9-M CTBOpe M3IYyYMHbI
p. IlomoMeTh

O6macth | h, C I b,Mm| d, M [vl, M/c]v2, m/c| V3, | V4, M/c
MOTEPEYHO | M ..."-‘?c M/c
[0 CEUCHUs

IpaBasg 3 1196 10,00147| 10 | 3,3 15 08 108 0,6
4acTh

JleBast 3 [ 19,6 |0,00147] 8,5 | 6.8 15 08 (08| 08
4acTh

B kavectBe Marepuasa Uil anpoOalMu  TIPeJIOKEHHOM
3aBUCUMOCTHU MPUBJICYESHbI pe3ybTaThl JeTaTbHBIX ChEMOK
CKOpOCTHOTO mosisg B cedyeHusx p. I[lomomers y c. 3eneHbiit bop.
HarypHble ucciaenoBaHus CKOPOCTHOTO TIOJNSI Ha Pa3IMYHBIX ydacTKax
M3Iy4yruHBl ObUM TpoBeaeHbl B.A. BunorpamoBeim [1970]. Hamu Obu1O
B3STO TomepeuHoe ceueHue B 9-m crTBope. [lapamerpbl moTOKa,
Tpebyemble IJis1 pacueTa, OTpaXeHbl B Taba. 1, a 3HaUeHUs TTOCTOSTHHBIX
K03(hdULMEHTOB - B Ta0J. 2. M30JMHUM CKOPOCTEH, PacCUMTAHHBIX IO
MOJIMHOMUAJIbHOM (hopmylie, oTpaxkeHbl Ha puc.3. CucreMa JHMHEHHBIX
anreOpaMyeckux ypaBHEHWI pelllajach MaTpUYHBIM ~ METOIOM  C
HCITOb30BaHMeM makera Mathcad.

Ta6muua 2. 3HaueHUsT TOCTOSIHHBIX KO3((UIIMEHTOB B
MOJIMHOMUANILHOI (popMyiie

O61acThb C, o G I
TOIEPEYHOTO
CeueHUsT
IIpaBas yacThb 04 |-0,004f -0.056 | 7.1
JleBas yacTb 04 0,04 1-0.0167} 9.5

CpaBHeHME  3HAYeHMII  MECTHOM  OCpEeIHEHHON  CKOPOCTH,
MOJIyYEeHHBIX IIyTeM pacdyeta no ¢opMmyre (2) ¢ (PaKTUIeCKUMU
3HAYCHUSIMU MECTHBIX CKopocTeid (Tabm. 3, 4) oOHapyxXuBaer
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YAOBJIETBOPUTEIBHOEC COOTBETCTBME HATYpHbBIM OaHHBIM KakK BOJIU3U
JUHAMUYECKON OCH, B 00J1acTU IEeMCTBUSI 3aKOHOB HEBSI3KOI AKHMIOKOCTH,

TaK W BONM3M TBEPABIX TpaHUIl IOTOKA,

e

HaOIomaeTcsl UX

Topmo3siiee BausHue. CliefyeT TakXKe OTMETUTb HE3aBUCHMOCTh BHIA
(opMyIbl OT MapaMeTpPOB, XapaKTepU3YIOIIUX MEJKUE OeTaau TBEPIOit

T'paHUIIBI ITOTOKaA.

A)

b)

Puc. 2. M3onuHum ckopocreit TedeHust B pycie p. [Toomets - ¢ . 3enensiit bop (9-i cTBop):
A) - paccuMTaHHbIE 11O MOJMHOMUAIbHOM 3aBUCUMOCTH; B) — hakTUUECKUE CKOPOCTHU IO
u3mepeHusim Bunorpanosa [1974]

Tabnuua 3. OTKJIIOHEHHUE pacCUMTAaHHBIX 3HAYEHUI CKOPOCTH OT
dakT4eckoro ee 3Ha4YeHUs (IIpaBast YacTh ITOIIEPEUYHOTO CEUCHUS P.

ITonomeTs - c¢. 3eneHslii bop)

M M (ug, 1A%, u,, 14,%lv,M u,, 1A, %lvu |u,, |4,%
Mic  |oT M/c |oT M/c oT M/c |OT

daxT daxy daxc baxT

0,0 |4,68 t1,4 |-2,7 183 11,2 |-11,999,19 |1,0 |-3,5 ]10,0 |O0,8 10,0
03 |48 (1,4 |42 80 [1,2 |-11,298,35 |1,0 [2,2 [9,6 (0,8 {3,6
0,6 4,68 |1,4 |53 17,5 |1,2 9,7 18,35 {1,0 2,5 [9,2 10,8 5,0
09 (4,68 11,4 |-8,0 |6,6 [12 |58 (7,52 |1,0 12,7 |9,1 0,8 |-2,8
1,2 14,18 11,4 -9.2 |63 |1,2 |-8,4 {7,001 }1,0 |19 |8,2 |0,8 {59
15 {3,67 |14 |-11,4(58 1,2 {-10,5(6,7 11,0 |2,9 17,4 10,8 }9,1
1,8 13,34 11,4 -15,544,9 1,2 |-10,91(5,85 |1,0 {2,7 |6,7 10,8 |7,6
21 10,0 (14 [F41[45 [12 [26,7]500 |10 [51 6.0 10,8 13,3




Ta6mmna 4. OTKIOHEHHE PACCUMTAHHBIX 3HAYEHUI CKOPOCTU OT
(bakTHUECKOTO ee 3HaUYeHUs (JieBast YacTh MOMEePeYHOro

ceueHust p. [lomomers - ¢. 3enensiii bop)

ZMIYM [ ug, [8,%] Y. M | ug, [4,%] Y. M [ u,, [4,%] Y™ | u,, |8, %
Mm/c | OT M/c | OT Mm/c | OT M/c | OT
dakT daxr daxr
0,0 [084] 14166 [251 [ 12120,6] 511 1,0 1285] 8,5 ] 08142
03 (0841 14162130112 }188]64 ] 1,0(182]9,0]| 0,8 {-20
0,6 [084 1 14 |51 [334] 12 (168] 67 1.0 [ 171]'9,8~ 0.8 |-12,4
09 [ 1,67} 1422|4181 12 |122] 761} 10 ] 9,5]106] 0,8 |-22,5
121207 1,4 [-0911468 1,2 | 8,1 802} 1,0 { 6,5 |11,0] 0,8 [-19,2
L5 15| 141-381501 | 12139835 1,0/39](11,5]0,8-17,8
1.8 | 1,67| 1,4 ]-8,6[501| 1,2]-0,218,35 1,0 | 3,1 [11,0] 0,8 {0,43
21100714+ - {334/ 1214,0(7,52) 1044 (10,6]0,8!9,0
13,5

Takum o6pa3oM, Ha y4acTKaX ¢ 0€30TPBIBHBIM JBMXXEHHEM PEUYHOTO
MOTOKA TIOJIe MECTHBIX CKOPOCTE TeUeHUS BOIOLI B Pycjie HAXOOUTCS BO
B3aMMHO OOYCITOBJIEHHOI CBSI3U C TapamMeTpaMU IIEPOXOBAaTOCTU pycCia.
Y4yer CBOMCTB PaBHOMEPHOIO peXWMa TEUCHUS ITO3BOJISIET IOIYYUTh
MOJUHOMUAIbHBIE (POPMYJIBI, OTpaxKalollleé OJHOBPEMEHHOE BIMSHUE
BEPTUKAJIBLHOH W TOPU3OHTAJILHOM YHAJEHHOCTU 3aJaHHOM TOYKHU
MOIEPEYHOr0 CeUeHUs OT AMHAMUYecKoil ocu. Pacuer monst ckopocteit
mo STuM ¢dopMmyjaM JOIMYyCKAaeT MCIOJb30BaHUE WHTETPATIbHBIX
XapaKTePUCTUK IIIEPOXOBATOCTU U He TpeOyeT CTpOroro AejicHUs pycia
Ha THO U CKJIOHEI 6eperoB.

PesynbraThl, W3JI0XEHHBIE BO BTOPOM  TIJlaBe,  ITO3BOJIMIN
copMyIUpoBaTh BTOpOE 3allMIIaeMoe MOJOXEHUE -
Mmopgporozuneckue ocobeHrHocmu pycaa, e2o OUHAMUKA U 3PO3UOHHO-
AKKYMYASIMUGHASL 0€sIMEAbHOCMb ONPEOeAsIOm NPOCMPAHCMEEHHOE
noaoxcenue OUHAMUMECKOI OCU NOMOKA U 2padueHmuvt CKopocmell
meuenusi.
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B 1maBe Tperheii, <«Teopus cBOOOAHON TYypOYJEHTHOCTH M
BO3MOJKHOCTh €€ NpHMEHEHHsI K pacyeTy TMOJsA CKOpPOCTeil Ha
miecax», OIMMCHIBAETCS pacyeT CKOPOCTEe B PYCJIOBOM ITOTOKE, Tle Ha
CTpYHHBIC TeUeHWs HAKIAIbIBAIOTCd OTpaHWYCHMUsI, CBS3aHHBIE C
HaJIMYMEeM B €CTECTBEHHBIX TIOTOKAaX OeperoB M mAHa. [loKa3pIBaeTcs, 4TO
IJIaBHBIM ~ YCJIOBUEM TPUMEHEHWUsS TEOpUU TYpOYJIEHTHBIX CTpyi
SIBIIIETCS] OTPBIB OCHOBHOTO ITOTOKA OT OeperoB WM THA W ITOIePEeIHBIN
pa3pelB B CKOPOCTSIX COCETHMX CIIOCB ITOTOKA. M3maraloTcsl pe3yIbTaThl
SKCIEPUMEHTATBHBIX ~ MCCIIEMOBAHUMN,  TPOBENEHHBIX  aBTOPOM U
ITONTBEPXKIAIONINX TIPABOMEPHOCTh BBIBOIIOB, CIEIAHHBIX B paboTe.

Ha ocHoBe 0030pa  CYIIECTBYIOIIMX  METOOMK  pacyeTra
pacTpeneleHrs] CKOpPOCTe B TEYeHWAX, TOHOOHBIX CBOOOTHBIM
TYpOYJIGHTHBIM CTPYsIM, IIOKa3bIBaeTCSI ILIOMOTBOPHOCTH IPUMEHEHMUS
dopmyn HInuxTrHTa TSI OTIpeeNIeHUST TIOJIsT CKOPOCTEei B TTOTIEPEUHBIX
CEUEHUSX TYpOYJICHTHBIX CTPYil M CIICHOB.

CKOpOCTHOM TpodWiIb KaK IDIOCKOW, TaK M OCECHMMETPHIHOMN

CTpyM MOXeT OBITh omucaH KpuBoil lllnmxTmHTa B BUIE:
i

1z
v=vm1r:l-—(-f—'] ], IT€ Vg~ CKOPOCTh Ha OCH CTPYW B 3amaHHOM

CeYeHNH; Y - TIONepeYHasl KOOpIMHATa, KOTOpasl OTCUYUTHIBAETCS OT OCH
ctpyn; L - TiomepeuyHBIf pa3Mep CTPYMHOTO TeUeHWs B 3aTaHHOM
TTOTIEPEYHOM CEYCHWH, PaBHBIM ITONYIIMPUHE OOJAaCTU CMEIICHMS IS
IDIOCKOM CTPYM W pamhycy CTpyH B cJydae OCECHUMMETPUIHOTO
CTPYIHHOTO TEYCHUSI.

BuiBombI, TOJTydeHHBIE B 3TOM TIaBe, ITOOTBEPXKIAIOTCS pacyeTaMHU
(puc. 3), TpoBeIEeHHHIMM Ha OCHOBE pe3ylIbTaTOB (DU3MUECKOTO
SKCIIepUMEHTA, TTOCTABJICHHOTO B YCIOBHSX, ONM3KMX K €CTECTBEHHBIM
[[To3nHsikoB, 1984], m HammMu 3KcnepuMeHTamu [XoH, Marsees,
2002].

IIpoBeneHHOe HaMU SKCIHEPUMEHTATbHOE WM3YYCHHE pa3BUTHS U
CaMOOTpaHWYCHNST CBOOOMHBIX TYPOYIEHTHBIX CTpPYM, HarpyKeHHBIX
B3BEILEHHBIMU U BIEKOMBIMU HAaHOCaMU, [10Ka3ajo:

1) COXpaHeHWe OCHOBHBIX YepT MaJeHUsT OCEBBIX CKOPOCTEHl IT0
IUTHHE TTOTOKA, CBOMCTBEHHBIX CBOOOTHBIM CTPYSIM;

2) BO3MOXHOCTh HMCIOJb30BaHUs ¢opMyiabl IllnmxTtunra mis
ONMMCAHNS CKOPOCTHOTO TIONII B IIONEPEYHOM CEYECHWM II0TOKAa B
mpeneiax TUICCOBBIX JIOIMMH WM TIPM  WCKYCCTBEHHO YBEJIMYCHHBIX
pa3Mepax TMOMepeyHOro CCUYCHMsI pycCia.
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Puc. 3. Driopbl pacrpe/esieHusi MECTHBIX CKOPOCTE#i MO yOuHe Ha
OCHOBHOM Yy4acTKe TypOYJIEHTHOW CTpyu

TakuM 06pa3oM, pacKphIBACTCS TPEThE 3alUIIaeMOe TOJIOKCHHUE -
camoozpanuvienue  pacuupsirouerics cmpyu, HazpyxceHHou
0040 MOUHBIM MaAmMepUaIom, NPOUCXO0UM C COXPAHEHUEM XapaKmepa
pacnpeodeaenust cKopocmell 6004b NOMOKA, MO OMPANCACMC 6
Mmopghoaoeuneckux 0CobGeHHOCMAX QOPpMUPYIOWUXCA CMPYUHbIM
meueHueM AKKyMyAstmueHbIX00pa3o6anuil.

Boieodut

1. TypOyneHTHblE  CTpyM,  HarpyXeHHble  B3BELIEHHLIMU U
BJIEKOMbIMM HAHOCAMM, SIBJISIOTCS CTPYKTYPHBIMU 3JIEMEHTaMU
pEYHOro MOTOKa. CriocoOHOCTh  TypOY/IEHTHBIX cTpyit
nIBYX(ha3HOTo peYHOro MOTOKA K paCTEKaHMIO M CAaMOOTPaHUYEHUIO
JIEXUT B OCHOBE 00pa30BaHMs B PYCJIE CUCTEM <«IUIEC-TIEPEKAT.

2. MakcuMmanbHasg M CpedHsIsI CKOPOCTM B XKHMBOM CE€YEHUU B
HauOOJIbIIE CTENEHU OIPENESAIOTCS IPOIOJBbHBIM  YKJIOHOM
BOIHOM MOBEPXHOCTH. Mopddosiornueckue rnapaMeTpbl
MOMEPEYHOro CEYEeHMUsI pycia U MapaMeTphl €ro IIEpPOXOBAaTOCTU B
IAHHOM CEYEHMU OIIPENEISIIOT IPaIUeHT CKOPOCTU OT CTPEXHS K
OeperaMm, a IIIaHOBblE O4YEPTAHMS pycja 3aJaloT IOJOXEHUE
CTPEXHEBOU 0O0JIACTM B JaHHOM IIOIIEPEYHOM cedyeHUU. B 3rom
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COCTOMT OOpaTHOe BIWAHWE Ha  TypOYJACHTHBIA  TIOTOK
MOP(MOTOTMIeCKIX 0COOEHHOCTEM pycia.

3. Hammume mHbopManmm o CKOPOCTH Ha OCHU CTPYHHOTO TEYEHHMS, a
TaKke O ero IOIepeyHOM pa3Mepe B 3aTaHHOM CTBOPE PYCIIOBOTO
ITOTOKA ITTO3BOJISIET C OOJBIION CTEIEHBI0 TOYHOCTH OIPEAETISITh
CKOpPOCTHOE TITOJIe pPYCIOBOTO ITOTOKA Ha YYacTKe pPe3KOro
VBEIMUYEHUST TUTOIIAMN TTOTIEPEYHOTO CeYeHUS PyCia.

4. Ctpyd XWOKOCTW, TIOJTHOCTBIO TIpWieramolias K TBepHoi
TTOBEPXHOCTU CBOETO JIOXa, KaK M KlacCuecKass CBOOOIHAs CTPYH,
SIBJIAIOTCST  TIPEACTBHBIMUA ~ COCTOSTHUSIMH ~ PYCJIOBOTO  TTOTOKA.
EctecTBeHHBINI  pYCTOBOM  TIOTOK  HE  XapaKTepU3yeTcs
nmpeobamaHueM  KaKoro-imbo W3  HHX IO TIpWIUHE
HEYCTOMYMBOCTH 3THX TPEOeTbHBIX COCTOSHMIA. [opasmo wdare
MOXHO HaOmomaTh codyeTaHWe W YepelIOoBaHUE YCJIOBHMA U
3aKOHOMEPHOCTEl, IIPUCTEHOYHOTO U CBOOOTHOTO TEYCHMIA.

5. CyimecTByeT MOMOMHUTEIBHBIA MEXaHU3M IPOCTPAHCTBEHHOM
nuddepeHMalu  YacTULl  BJIEKOMBIX  HAHOCOB,  KOTODbIi
3aKJTI0YaeTC B TOM, YTO OKATAaHHOCTh KPYITHBIX OOJIOMKOB W
VIJIOBAaTOCTh MENIKOTO MaTeprhaja YBEJIWYMBacT pasHHUIy B
TMOPABINYECKON KPYIMHOCTH M TIOABWDKHOCTM YacTHIl JOHHBIX
oTioxeHWil. JlaHHas7 OCOGEHHOCTb TPAHCIIOPTa  BJICKOMBIX
HaHOCOB OTpakeHa B pa3pabOTaHHON METOIMKE OIpeneIeHUs
MABHOCTA TIepeMEIleHUsT OTHEIbHBIX dJacThll. OHa yIUTHIBAET
THOPABIMYECKYI0 KPYITHOCTh OOJIOMKOB, CWJIy WHEPIUU TIPU
TmombeMe MEJIKOTO MaTepuaja CcO 1Ha, HepaBHOMEPHOCTh
IBIDKCHMS] YacTUIl Hake B YCIIOBHSAX PaBHOMEPHOTO IBIDKEHUS
ITOTOKaA.

6. MeTonmbl ompemeieHUsT NAJTBHOCTH IepeMEIIeHUsT 0GJIOMOYHOTO
MaTepraja B BOIHOM pYCIOBOM IIOTOKE WMEIOT IPaKTHIECKOe
3HaUYeHWE B PACKPBITUM MEXaHU3MOB POCCHITIE00pa30BaHMS.
PesyibraTh VICCIIEMOBAaHWII  TIO3BOJISIIOT ~ TIPOTHO3MPOBATH
MUHAMUKY SPO3HMOHHO-aKKYMYJISITUBHOM HESTETBPHOCTH PEYHBIX
MOTOKOB Ha y4aCcTKaX TEXHOIEHHOTO BO3NEHCTBUSL.
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