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TYPBYJEHTHOCTb!
T. Kapman

1. ONPEAEAEHHUE TYPBYJEHTHOCTH

Hauuwem ¢ paccMoTpenMsi ompemenesusi TYPOYJEHTHOCTH, HJAHHOTO
Tefinopom: «TypGyJNeHTHOCTh €CThb Hepery/spHoe [ABHIKeHAHe, Habaona-
eMoe B XKHJIKOCTAX M Ta3aX, KOIJa OHH TeKYT BIOJb TBEPIAWX IIOBEpX-
HOCTEH, HIM KOTAA ABA CJ10A TEKYT OINHH [0 HPYroMmy».

Ynapenrie B 9TOM ONpelIeNeHHH JIEXKHT Ha CJIOBE «HEperyjaspHoey.
Tetiziop mpuGasnsgeT nanee: «JllefcTBHTENbHOE IBHMKEHHE OOKWYHO CTOIb
HEPETyJISIPHO, UTO AETAJIH €ro MajJO H3BECTHHI».

EcrecTBeHHO HO3HHWKAET BOMPOC, NIOYEMY Ke MBI HHTEpecyeMcs CTOJb
HEpEeryJIsipHHM SIBJEHHEM H KakHe y HaC CCHOBaHHS HaNedThC], YTO €ro
H3yyeHHe NpPHUBEICT K NPAKTHYECKHM Ppe3ysibTaram?

Ho Bens TypOy.iaeHTHOCTh — NajJeKO He eIMHCTBEHHOE HeperyJspHoe
ABEHUE, KOTOpOe (H3MKa nhTaercs aHann3upoBaTh. Cxopee MOXKHO
YTBEPXAAThb, YTO pery/spHoe HABH:KEHHE BCTPEYaeTcd B NpHpOJde Kak
Hekmouenne. Jlaxke JamuHapHce HWJIH CTpyHHOe IBHXEHHE IPEACTaB-
JISIeTCH PEryaapHLIM TONABKO HabAI0AATeN0, PACCMAaTPHBAIOILIEMY MHD MoJe-
KYJ HAaCTOJIBKO HM3Jald H NUPH TIOMOIUM CTOJNb TPYOBIX HHCTPYMEHTOB,
4YTO OH B COCTOSIHMM BHIETh TOJbKG YCPENHCHHOE IBHIKCHHE MaTepPHH H
H3MEPATh TOJNBKO YCpelnHeHHble 3HaueHMs (uaudeckux Beswyuun. Torna
TOJIBKO, HECMOTPSI Ha HeperyJsapHBIH xapakrep HNeHCTBHTENBHOTO IBHAM(Ee-
HHA, HAXOIWT OH IIPOCTHE OTHOILEHHS MENIY YCPelHeHHBIMH (u3HUec-
KHMH B@JIHYHHAMH M NPOCTHIE 3aKOHB YCDEIHEHHOTO JABHKeHHs. Bmecto
CN0B «HECMOTPS Ha Hepery/lgpHHil Xapakrep» Mbl JOMKHH OHUIH Gbi
CKasaTb: «BCJAeACTBHE». VIMEeHHO BHICOKasi CTeNneHb HeperynsipHOCTH,
cnydyaliHEIl XapakTep MOMEKYASPHBIX NBWKEHHH, W TO3BOJISIET HAM HpH-
JIaTaTh CTATHCTHYECKHME METOIW W NOJy4YaTh NPCCTHIE CCOTHOIIEHHS, He
COBEPIIEHHO TOYHME, HO MMEIOIHE BLICOKYIO CTelleHb NPHOMMMEHHS H
YAOBJIETBCPHTE/IbHBIE TIOYTH BO BCEX CYYasiX, 3@ PeIKHMH HCKIIOYEHHUSIMI .

Co BpemenH HcclenoBanuii Pelnonbica MH 3HdeM, 4TO TYpOYJIEHT-
HOCTh €CTb CTaTHCTHYeckoe siBjieHHe. Brime 6m10 ckasado, uto Typoy-
JIEHTHOCTb BO3HHKAET NPH TEeYeHHH JKHIKOCTH BIOJNb TBEPILIX HOBEPX-
Hoctel. M3BecTHO, YTO eCiM WHIOKOCTH OOTEKAaeT Teno, HMewulee He-
HOCTATOYHO «oOTekaemylo» ¢oOpMy, TO 33 TEACM HEPEAKO BO3HHKAIOT
peryaspubie BUxpH. OcuuanorpadHpyd CKOPOCTb 34 TENOM, MW O0HA-
PY’KHBaeM nepHonHYeckue (AYKTyalHH ee, KaKk 3TO H306paeHo Ha

! Journ. Roy. Aeron. Soc., 41, 1102, 1937. Mepes. H. H. Anapeesa.
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BepXHeH YacTH OCUMIIOrpaMMel Ha puc. 1. Peinerxka B BHAe mMYeNHHHX
coToB, Hu300paxenHas Ha puc. 2, odpasyer MHOwectBo Buxpei. [lo
Mep2 yJa/lieHHs OT PelI2TKH BHXPH TePIOT CBOM peryaspablft xapaxTep,
H OCUM/IIOTPAMMBL B OGJACTH H2pRry/IIpHOCTH TaKKe BecbMa H2pery-
JApHK (HH)KHAS YacTe puc. 1). B 3T0#l obaactH ywe HeT ClA2XOB npa-
BHJIBHBIX CHCT2M BHXpeif, CYILECTBOBABIUKX HEMOCPEICTBEHHO 32 peIleT-
KOH, HeT M c/1e10B cavolf pamatkd. [lep2m HavH paBHOMEpHO pacnpe-
JIe/eHHOe BHXp2BOe [3MK2HHE; CTAaTHCTHYECKH B KawIOH TOouke 3TOH
061aCTH (IIIOKTYalHH CKOPOCTH OAHH H Te We, H HX KOMIIOHEHTH M0
PasHLIM HaNpaBJIEHHAM HMEIOT OJMHAOBLIe 3HaueHud. [[na Habmonarend,
JBHKYUIETOCA BMECTE C YCPEAHEHHBIM NMOTOKOM, BCE HANPABAGHHS MPEN-
CTaBJMIOTCA DaBHOUEHHWMH. Takofi THIN NOTOKa HMeST, Kak FOBOPAT,
KH30TPOMHYIO TYPOYNEHTHOCTb». B AaabdefiiaM MW yBHIHM, YTO 3TO —
npocTef4il cnyqyall TypSy/IeHTHOTO JBHKEHHA.

I'me 6o B -mpupose MB He HaGMIODIH JIBHMEHUA MHIKOCTH, MH
BCErIa NPHXOAMM K BHIBOLY, 4TO CTpyHHOe, T. €. He HMelome: Hepe-
TyJAApHOCT2H, ABHIKSHHZ ABJSETCH pPEAKOCThIO; TeYeHHE BOJ, B pexax,
JIBYNEHHS BO34yXa B armocepe — ABMMKEHHA TYPOYJIEHTHOTO XapaKkTepa.
JBrxenus KUAKOCTEH, C KOTOPHMH MPHUXOMUTCSI BCTPEYAaThCH HHKEHepY,
Takke B OOMbUIMHCTBE cay4aeB TypOyneHtHh. [IpHmepamu namuHapHOro
IOBHNEHHS SBIAIOTCH IBHKEHHA Macia INPH CMa3ke, BOIH HJHM Hapa de-
pe3 Majnei2 OTBepITHA H Y3KHe TPYOKH, MOTOKH BSCbMa BA3KHUX KHI-
KOoCTe#, KaK, HanpHMep, PacivIABJEeHHBIE METaNabsl H CTeKno,

EcTecTBeHHO BO3HHMKAST BOMPOC, KAKOB mnpaktudeckuil addexr na-
JHYHS HeperyJaspHOCTH B JBUKCHHH; TOYeMy MH TaK HHTepecyeMcst He-
perynspHHiM JBHIKEHHEM, HanaraoUHvcs Ha cpendee gsukenue., OTser
B TOM, YTO HaJAMYHE HEePEeryadpHOro IA3MMEHHA DaTHKAIbHO H3IMEHRST
TOPSANOK BEMHYHHBI BA3KOTO COMPOTHBISHHA, NMEPEfIUH TemIoTH H AUP-
¢y3uun B wuaxoctax. Takum o06pa3oM’ npoGneMa TypOYMEHTHOCTH BO3-
_HHKAaeT MNPaKTHY2CKH BO BceX o6JacTSX HHXEHepHOro Jena, B KOTO-
PHX HrpaOT POAb IBHXKEHHA KHAKOCTeH, 6e3pa3nuyHo, SABAASTCH JIH
HUAKOCTh CPerOif, B KOTOPOH H3MKETCH TeNO, WIM OHA caMa J3HKercs
BHYTPH Te€X HAA HHBIX HEMOU3HIKHHX TPIHHL, HIX KES B IKHIKOCTH
HMEIoT MeCTO mepenaua -Ttennaa, AHd¢yaus, cMelieHHe, pPacTBOpeHHE,
HCMapeHue, CropaHH: M T. .

2. MEXAHH3M JUHOGOYIHH

Bausinue HeperysnsipHOro IBIKEHHS HA TPEHHE MOXET GHTh HINIO-
CTPHPOBAHO CHASNYIOUIMM HaraansuM obpazov. [Ipzxctazum cebe Go#ioB,
MapIIHPYIOHHX [0 YAHLE TNPa3HIBHHMH MNapa/jie]bHHMH KONOHHAMH.
Ecnu kamnas koaoHHa HMeeT OfMH M TOT e Iliar, TO NMOPAZOK Mapiia
He wapymaerca. [lpencraBum Ttemepb c26e TaKoe e KOJHYECTBO JIOX&H,
KOTOpHE ABHUratoTCs HeperyadapHo Meway OoHuaMH, B cpexdeM fepeme-
HIasCb BM2CT2 ¢ mocaegHuMH. HecoMHeHHO, eciM oOXHA H3 KOJOHH MO-
JAYYHT NPHKA3 ONepeiHTh IpPYrHe, 3TO OGYIST I/1% He2 3aTPyXHEHO Ha-
JIHYHEM HENpasHAbHO J3MKYMMXcd MoAM, B atoMm cayyae cyurcrsyer
«BHYTp2HHEE TP2HHEe MexAy KoJoHHAMu», [Ipunaras 3Ty KapTHHY K
JBHXSHHIO Ta3a, COCTOA'UErO0 H3 MOJCKYJ, MW JSrKO NoHvem mnpouecc
BO3HHKHOBEHHS BHYTPEHHETO TPEHHA MEXIY ABYMS CJIOfIMH Ta3a, CKOJb-



K cmamse T, Kapmana

Yenexu dmusuveckux uayk, 7. XXI, nnn. 1,






TYPBYJEHTHOCTS 23

3AUWHMH OJHH MO ADYroMy, TaK KakK MOACKY/AH H3 OXHOro cjod 6yIyr
NPOHUKATb B cocenHye CJIOH. PaccMoTpHM, 0AHAKO, 3TOT MPOiecc Nnpo-
HUKaHusg nompoGueze. CrTpewieHHe K MEP2XOLY MOJEKYy/In H3 ClIos B
¢Noft 06YCNO3/M2HO HAMHYHEM HENPECTAHHOTO MOJISKYASPHOTO ABHXKEHHST,;
CTOJNIKHOBEHHST M2KAY MOJEKYIaMu 3aTpymHdloT 3ToT nepexox. [Ipocne-
JHUM 33 CyIbOOH HeXOTOPOH TPYNMH MOJEKYJ B ONHOM M3 CJAO02B; I
TIPOCTOTHI NPEIIONOKHM, UYTO MOJACSKYJAB J3UXKYTCA TOJABKO HepreHIH-
KyJ1apHO K C1010. DPPEKT CTOIKHO3RHHUA € JPYTHMH MOJISKYJAaMH Mbl
TIOOM2HUM  C/lenyio'2i CXeMoll: BCe MOJEKyJH IBHXYTCH PasHbIMH
fIPDBKKAMH Yep23 pasHhle TNPOMEXKYTKH BD23MEHH, HO MOHIeT JAd JAaHHaA
MOJIEKYJla BIPAaBO HJH BJEBO, 0OYC/AOBAGHO UHCTOH caydalHoCTbiO. Ecau
TOJbKO B H2HCTBUTRJbHOM COCTOAHHH ra3a CTOJKHOBEHUS CAydaiHH,
To nojobHas cxemMa JOBOJALHO XOPOLIO HMHTHPYET HX.
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Puc. 3

Iuarpamma Ha puc. 3 mpeacraBaser pacnpencasiue 100 Monexyn
AOC/IC HEKOTODOTO YMC{/MA MPLIKKOB H ABAASTCA Pe3yJabTATOM 3XCIEPH-
MEHTA: TIPHITHET JIH MOJISKY/a HAnpaBO HJIK HAJNSBO, PEUIAJIOCH METaHHEeM
MoHeTH. 3a mepy auddysHH monekya BuGepaM CpelHes KBaIPAaTOB HX
paccTOsIHHA OT MX HAYAJBHOTO NOJIOKEHHS 3a BpeMu R AL, rae Af —
TIPOMEXYTOK BpeMEHH M2XIy IBYMA MOC/AEIOBATEAbHBIMH NPBKKAMH, a
#—YHCI0 3THX npenkkos. OGO3HAYUM YHCIO MOMekyn uyepes N;
YHCIO MOJIEKYJ, MPOWEAUUX HA P INPHRKKOB B ONHOM HalpaBAEHHH,~—
4epe3 Np; HakoHel, MIHHY OZHOTO NPBIKKA — uepes A @. Torma cpen-
#ee KBanpaToB NpOHIEHHHX PAaCcCTOSHUH eCTb:

p=+n

T &SXE NP2, (1

p=—n
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Ny
OrHowernue P,,:I—V— Ha3HIBAETCSI BEepOSITHOCTBIO TOTO, MTO He-
KOTOpAass MOJEeKY7na, COBEPIIXB f INPHDKKOB, NPOJABHHETCH BNEPeX Ha
p npuxkoB. TeoperHyeckHe sHadedHss Pp, TOUHee TOBOpPS, NpeleibHHE
SHaYeHHA A BecbMa Oonpminx N, gaum B Taba. 1.

TABJIMLIA 1
n|—6—5—4—3—2—110|1[2]3|4]5]|6]| LP
1 1
1 2 |T !
1 1 !
? NEI A N 2
3 T3 (3| |® 3
4 L 4 6 AL
6| (16| |16 16 16 4

5 1 5 10 10 451 1 5

32 32| |32 32 32 32|

LS 15| |20 15 5 1 6

S\6] |oa| |®s |4 64 64 64

Sz
(Aa)®’
BHIIEOMHCAHHOTO ONBITA. MBI BHAMM, YTO I/ HEPBHX ISTH IPBHDKKOR
SKCNEepHMEHTANbHBE 3HAYEHHS 3TOH BeTHYMHE DABHH NPHOTH3HTENbHO
1, 2, 3, 4, 5, KaKx M yKa3aHo B NOC/AeNHeM CTOACUe HaueH TaGaHUH.
U meliCTBHTEAbHO, B TEOPHH BEPOSTHOCTeH JOKa3HBaerTcd, 4TO eClH

2

N
YHCJI0 MOJEKYN N H oTHOmIeHHE ;l- BEJIHKH, TO —(_ALZ_F BecbMa GJIH3KG

(Aa)?
Al

Puc, 3 nokasniBaeT, KaKOBH 3HAYEHHS HONYHAIOIWIMECS U3

K 7, T. . K 4uCaAy npebxkoB. Orcioma S% = f, T. e. mpHpaile-

HHEe cpeJHero KBAaJAPATHYHOTO IepeMelleHHd 3a eIHHHNY BPEMEHH €CTh-
NOCTOsIHHAsE BeJHYHHA, DaBHAas

§ A
T=arba @

B cay4yae Hepery/JgpHOTO IBIXEHHR MOJeKysn Tasa ¢opmyna 371a
MOXeT OHTh HCTOMKOBAHA CHELYIOUIHM OOpAa30OM: KBAaapaT pPacCTOSHUSA,
NPOHAEHHOTO B' ONpeNe/eHHOM HaNpaB/IeHHH 33 eIHHHLY BpPEMeHH, Ipo-

Aa
NOpLHOHA/IEH cpelHeil CKOPOCTH MOJIEKYJ, B HallleM ciayyae AF M JH-

He TIyTH MeXIY IBYyMsS CTOJAKHOBEHHSAMH, T. €. Ad. MH MOMeM TaKke
¢Ka3aTh, YTO CpeaHee KBAaIpaTHUHOE paccTosnue, npofiiensce 3a enw-
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HHUIlY BPEMEHH, IIPONOPLHOHAIBHO KBAAPaTy CPeIHEro CBOGOAHOrO MYTH,
YMHOMEHHOMY HA YHCIO CTOJKHOBEHHH 32 eNHHHIY BPEMEHH.
S?
Beauuuna — » TPOMOPIHOHANLHAT  CPeIHeMy CBOGONHOMY OYTH Ha

CpPeqHIOI CKOpPOCThb, €CTh MEePa CMEUIEHHS, H MOXHO [0Ka3aTh, 4YTO Ja-
MUHADHOE TPEHHE, MOJeKYIdpHasd Tel/IONPOBOMHOCTD W MOJIKYJApHAs
a1 Py3us NPONOPLHOHANLHE 3TOH BedHdHHe.

B xauectse mepsO# HJIIOCTDALHH pac-
CMOTpHM ZBa POIA MOJIEKYJ], HepBOHA4Yalb- A4 |8 _

HO PACMONONEHHHX NapayIelbHEMH KO- P:i: D SRR
JIOHHAMH U Tak, 4TO JuHugd BC pasnenser oie e oeoooo e
MONIeKY/IH OXROTO PONA OT MOJEKYJX Ipy- oo o o o 00 0 c
roro (puc. 4).[Ipenctasum cee, 4TOMONC- prjeie o o oo oo o
KYJIH KAk a0 KONMOHHH COBEPINAOT NPLRK- c'l. e s o!o o o o o
KH N0 TOMy e 3aKOHy, YTO H B Ipels- oo o o -{o 000 ojd
AyWieM OIHTe, H IMOJCYHTAEM YHCJO MO- ole o o ‘i° ° o o o
JIeKys, TIPOHHKAWLHX Ha YyXKYIO TeppH- -_A‘.l.'_i’_.'.jf_.‘_’_j_&ti -
TOPHIO 3a BpeMfl ! (MOIpA3yMeBAETCH, UTO ~ Ob—pta—iC

B CYeT HAYT TOABKO Te MOJGKY/IH, KO-
TOpHE TIO HCTEYEHUH BPEMEHH f OKaWyTCH Puc. 4
Ha 4YXKOH_.TEePPUTODHH).

Knaccudukanusa Momexyn, KOTODHe 110 HCTEUEHHH BPEMEHH f== nAr
OKaXKyTCE Ha YYKOM TepPUTOPHH, MOWET OHTh NIPOH3BeleHa CleRYIVIHM
o0pazoM: Te, KOTOPHE HPOUUIM - OIMH TNPENKOK, Te, KOTOPHE NPOLIIH
ABA TpBDKKA, M TaK JAajdee, H, HAKOHEl, Te, KOTOPHE NPOUVIH 71 TPhIK-
koB, Te MOJeKyJb, KOTOpHe NPOLUIH p NPHEDKKOB Breped H [OMNaIH
Ha YYXKYI TEPPHTOPHIO, OYEBHIHO, OBUIH DAacrloJOXeHH B 10J0ce
¢ponta wupuHo#t pAa. Ecnm N o6o3nayaer 4HCIO MOJeKYs, pacno-
JOXeHHHX 10 (POHTY, TOo ofliee YHCIO MOJekyJa B noxoce ABCD
ectb pN,, a UUCAO TeX, KOTOpHe NPOABHHYIMCH HA p TPHIKKOE,
ecTs Py, CrenosarenbHo, NONHOE UHCIO MOJNEKYJ, NepecelUBIIHAXCs

"
Ha YYXKyiO TepPHTOPHIO 3a Bpems HAZ, ectb VY pP, Pacuer noka-

-+l
3bIBAeT, YTO A1 GOAbWIMX 3HavyeHHH [V BeIHYHHZ 3Ta NPOIOPUHOHANBHA
V/n, T. €. KBampaTHOMy KODHIO W3 TnpoTexurero BpemenH. OTciona
CJeRYET, YTO JNOAA Tiepece/icHIEB YMEHbIIAeTCHs NPONOPUHOHAILHO KOPHIO
n3 BpeMeHH. Herpynuo mpexncraButh cefe, YTO C TEUEHHEM BPEMEHH TO-
Joca (ppoHTa Hacendercs Bce Gojlee H Gojee CMEMIAHHHIM HaCe/CHHEM,
TaK 4TO najbHelimlee mepeceiienve B 06e CTOPOHH BCe MeHbIle H3Me-
HAET COCTaB ero, I'OBOpS HAYYHHIM A3BIKOM H Ha3HBAasg NPOLEHTHOE OT-
HOILCHHE OAHOTO COpPTa MOJIEKYA K OGWIEMY 9HCAY KOHIEHTpanmel, M
CKaWeEM, YTO KOHUEHTPAUUs YOHEBAET CO BpEMEHeM, a C/IeJOBATENILHO,
mudpdysus s3amenngercd.

Puc. ba, b, ¢, d, 130T HITIOCTPALMI0 STOTO IPOLECCA CMEIIEHHH,
Puc. 5a usobpamaer neppoHadanbHOe pachpeleieHue GelbX H YepHHIX
Moaekyan. Ha caexyromeM pHCyHKe IIpoLlecc M30GDAaMeH YIPOILEHHO,
B MNPEMNOJIONKEeHUH, 4TO KaWAafd KOJOHHA JBHKETCH 4yepe3 (POHT Kak
uenoe, HO N0 3aKOHy caydaifoctd, onpenesennomy Tta6a. 1. Illpu
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Puc. 5a

KaMIOM NPBOKKE KOJMOHHA NpOIBHraeTcss Ha 2 denaosexa. Puc. 56 mo-
Ka3WBaeT PACHONOMEHHE MOC/AEe TPSX NPHOKKOB, PHC. 5¢— HOCAE MIECTH
npenkkos. Ha puc. 5d xo/10HHH nepecTaBleds Tak, YTOGH OH/IO JAydyiue
BHIHO TIOJIyYHBHIeeCs pacrpefieneHue.

Ilas roro 4toGw HaliTu auddepeHnuanpHui 3axod nuddysun, pac-
CMOTPHM HAYaJbHOE COCTOSIHHE, B KOTOPOM TPafHEHT KOHIEHTPAItHK
MOCTOSHSH, KaK 3TO H306paweHo Ha puc. 6. B artom caywae zocra-
TOYHO PpAacCMaTpPHBAaTh IiepecefieHHe MOJIEKY/, PAacrojIOKEeHHHX B Tpe-

Puc. b
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Puc. 5c

JrOJAbHHX MPOCTPAHCTBAX, YKA3aHHHIX Ha PHCYHKe, TAK KaK 5TO €CTh
CTAaUHOHAPHOS COCTOAHHZ2, B KOTODOM IIepeceleHHe MOJeKysl B obe CTO-
POHH B33aWMHO YpaBHOBelUIMBAeTcs (PICMONOXKEHHEe MOJIEKy/l Ha 3TOM
PUCYHKE YIOPAZOYEeHO B TOM e CMBICIE, KAaK 3TO CHeNaHO HA PHC. §).

Monzkyasl, nepaxoaguide epa3 rPIHHILY 3a Bpemsi £ = nAf, MoOryr
OHTh H B 9TOM CJyude KJAACCH(GHUHMPOBIHH [0 YHCAY TNPHXKKOB, Ha
XKOTOpOe OHH IIPOJABHIaIOTCS 33 Bpemst RAL.
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H3 wmonexkyn, mnpozsuxesde KOTOPHX 32 3TO Bpems ecTb - PAG,
TONBKO T€ MOTYT NepeliTH TIpaHHIy, KOTOpHWe B MOMeHT =0 Haxo-
AHWJIHCh OT Hee OnMKe yeM p A g, T. €.Te, KOTOPHE pAacrnojiOKeHH B
tpeyroapauke ABC. Ecau unciao N MOidekyl OJIHOTO POAa BO3pacTaer

dN anN
Ha —— OT KOJOHHH K KOZOHHE, TO IMOWaib ABC papna p“’AaAb—aI.~

(rme A b ectb cpensee pacCTOsHHE MEXIAY MOJEKYJNaMH ONHOW KOJIOHHH),
. AN
a WHCIO MOJNEKYN Ha STOH IowWanu ecTb p? h CnenoaTeNbBO, NOJ-

HOe YHCIO MOJIEKYJ, NepexXosllHX TPaHHLy 3a Bpemsa nNAZ, paBHO
aN S Ko :
—— p?Pp. Ho wH BHIEH, 4TO —y == Z PP . Toatomy ' uncae
da (A a)?
1 p=—n
MOJIEKyJl, TepexoIuiHX TPAaHHIly 33
4 ~ 5% N a3aelnu
BpeMd £, paBHO § ————, 5 -
182 1 dN
HHIY BpeMeHH PaBHO————r -
, HHHy Bp PaBROT T (A a2 da
Pacnpoctpansig Halie paccyxae—
HHE HA 06DbeM H 06o3HayuB uepes N
OGBEMHYIO TUIOTHOCTh KaKoH-HHOYIbL
U (H3NYeCKON  BeMTHYMHH, NepeHOCH-
g MOt MosexyJlaMu, HaxodHMMm, UTG
Puc. § TIOTOK 5TOH BeJHYHHH Yepes enn-
1 St dN,
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NapaMeTp 5 -, Hasosem kosduumentom auddysnn uau obmeHa.
3aKoHH CTONKHOBEHHS MOJEKYJ peajbHOrO Trasa, KaK, Hampumep,
BO3AYyXa, MHOTO CJIONHEE, YeM BHIIENpPUBeAeHHbE YycnoBus. COOTBET-
CTBEHHO M pasiuynbie KO3¢dHUMeHTH OOMeHa, KakK, HanpuMmep, Ko3du-
HHEMT @epeHoca KOJMHYeCTBa IBHIKEHHS (TpeHHsH), TENNOMPOBONHOCTH,

s
nuddysHH B3BElIEHHHX YaCTHL, YHUCJIEHHO He PaBHHI 3f » OBHAKO BCe xe

TPONOPIHOHANLHH 3TOH BelHYHHE.

B cryyae MOMEKYNSAPHOTO MIIH JIAMHHAPHOLO TPEHHS KO3(HUHeHT
oOMeHa KOJIHYECTROM IBHEHHS eCTh He uTO HHOe, KaK KOS(HUHeHT
KHHEMATHUeCKON BS3KOCTH. MBI MOXKEM H3/ICHHTh pPe3y/JbTaTH OGCYH-
HEHHUS HAIMX JABYX DNPHMEPOB- creaylowuM obpa3om. Besme, rme mpo-
necc ¢OMEHa HAYHMHAETCd OT NPEPHBHOTO pacnpeliefieHHs, KaK B NepPBOM
npHMepe, KOJHYeCTBO TIPOAHP(YHIMPOBABINETO BEINECTBA NMPOIMOPUKO-

HampHo |/ f; Tam ke, THe, KaKk BO BTOPOM IpHMepe, MBL HMEEM CTalHO-

2

S
HapHOe COCTOSIHHEe, Mepo# NepeHOca fABASETCS BelMYHMHA GF» YMHOXeR-

Hafl Ha rpajHeHT NEPeHOCHMOH BeNHYHHH,
Ecan 6n  tennonpoBCAHOCTE H  AH(GPY3H? B3BeWIEHHHX HaCTHL
YNpaBJsS/IHCh TOJBKO MOJEKYNSIPHHM MEXaHHM3MOM, IS STHX INPONECCOE.
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coxpansnu OH CWiy nomoGuu2 e 3akonw. Ho B caygae typGynent-
HOTO JIBHMCHHA HOCHTRIH KOJMYeCTBa [BHMEHHS WIH Tellla He TaK
OTYETAHB0 ONP2I2M2HH, KAK B CAydae MOJEKY/IADHOrO MeSXaHH3Ma.
OfHAKO MH BCE 2 B COCTOSHHH BHMHCIHTH COOTBRTCTBEHHHS KO3 HuH-
enTH O0M2H1 M3 HAGMOL2HHHA KO3pHUM2HTOB TYPOYJISHTHOrO TPIHHA
TypOYNSHTHOR TRIVIONPOBOMHOCTH, TYPS3yJAeHTHOH XM PY3HH H HCXOMUM
U3 TP2ANONOKEHHA, YTO 3TH KOS(HUMEHTH SBALIOTCH M2POH cpelHero
KBAAPATAYHOTO DPAcCTORHHA, TPOXOAHMOrO MCHIKHMH MACCAMH, HAIDUMED
BUXPSAMH, SBTIOLHMICA II2PSHOCYUHKAMH HHTEDECYIOU[HX HAC BeJIWYHH
3 TypOylieHTHOM OOMzHe.

PaccmoTpdy, HAanmpuMep, TeH30p HANpPAXeHHA, PaBHHI KOIHYECTBY
ABMK2HHA, MEPSHOCHMOMY Yep23 eMuHMIy MOUIAH B eTHHHIY Bpe-
d(pu)

dy ?
CKOPOCTb, Y -— KOOPAWHATA, NEPNeHIMKYIAPHAA K 4, P — IIOTHOCTh
KUAKOCTH. Baiv4uHy £ Ha30B2M KO3(HUUHEHTOM TypGyleHTHOro o6Mena

o3

o’
WIH CTeleHb HX B3aWMHOIO NpOHMKHOBeHWsA., Kak ysuaum HuKe, BCARH-
CTBH2 GOJBUIMX P3I3M2PO3 OOGBIKTOB, ONP2AIAIOUIUX TYPOYISHTHHE
06MaH, 3AKOHH IOCTSIHEr0 G0/ee CAOKHH, YeM 33KOHM MOJEKYIIPHOro

MeHHd; HHTePECYIWAad HAC KOMIIOHEHTa T==¢ rae & — CpeAHnR

H OTOXEeCcTBUM €€ C rae S ecTh NpoXoJuMoO2 BHXDAMH DPAaCCTOAHHE,

2

S
n6meua, H BOOOILE rosop1, E‘t‘ HE TOJILKO MEHSeTCA OT SBJIECHUSA K HB-

MEHHIO, HO ‘M B OZHOM H TOM e SBMCHHH HE COXDAHsercs HeH3MeH-
idnm. TeMm He MeHee BBef2HHe KO3(uUUHEHTAa TYPOYJAESHTHOTO OOMEHa
pacbMa ofOaeryaeT oblulee NOHUMAaHHE SIBJIeHHS.

3. IPUMEPH TYPBYJAEHTHOTO OBMEHA

[lepBHIM pe3yabTaTOM B 3TOH o0OnacTH aBafercs Tor ¢akr, yToO
®oa(uIUHT TYPOY/MEeHTHOTO OOMEHa BO BCeX CNY4YafX, 32 MCKAIOYEHHEM
HenoCpeNCTBeHHONR OGAH30CTH CTEHOK, 3HAYHTABHO GOMee BHICOKOTO NO-
psiika, ueM KO3(HUHEHT MOJeKYJIIPHOro oGMeHa. :

JocTaro4HO0 H2MHOTHX IMPHM2POB, HYTOOH .[0KA43aTh, KAK BeAUKa
pasHHUA 3THX A3YX KO3(HUHEHTOB OGMeHa.

B KkadvacTae nepsoro HpHM2p2 PACCMOTPHM Toqeqﬂuﬁ HCTOYHHK rasa.
Ilycrb, HanpuMep, STOT Ta3 HeceT ¢ cOGOH Temio WM B3BRlICHHHE
gacTHUW — ObiM. KosuuecTBo Temna uad JBIM3, HCOYCKacMoe B eMIH-
HULY BpeMeHH, MYycTh OYN2T MOCTOSHHHM; BenH4HMHY Aupdysuu Ha we-
KOTOPOM PACCTOSIHHH OT HCTOYHHUKA GYAeM H3MepsiTh CedeHMSM, Yepes
KOTOPOe MPOXOmWT, ckaweM, 900/¢ HiTekamuizlf BedHYHHH; NYCTh,
HaKOHel, CKOPOCTh HcTeueHHR ecTh 30 ¢yr. B 1 cexk. B cayuae namu-
HapHo#t AU PY3HH paduyc cedeHHd CTPYH, comepwatiz#t 900/, o6uwezro
KOJNH42CTBA IOJIBIEMOTO CTPY2I0 TENIa HIH IbMA (THECTHI0 YaCTHI
AuMa npzHeGperaeM), 6yger 1/, oM. Ha paccrossmnu 30 $yr. H-5 om.
Ha paccrosiiuu 3 000 ¢pyr. Ho npu wmaasiimelt TypGyNeHTHOCTH CTPYH
Temno H JAuM OyAyT pacceuBaTbCs ropasno Owcrpee, 4YeMm JAAIOT 9TH
uudppu., OOGnaKo HuiMa, moaydalouieecs OT B3pH3a CHApsiga, WBAALTCH
ApYruM TakuM npumepoM. CyHTad B3PH3AIUMHACE CHAPAA TOYECUHHIM
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HCTOYHHKOM M H3Mepsst IHAMETP BHIMMOH 4YacTH ra3oBOTO KAy6a, Mbe
MOXEeM OIpele/HTh CcpeldHee KBAAPATHUYHOE PpACCTOSHHe, INIPOXOIUMOe
YaCTHUAMH, BHIODOLIEHHHIMH H3 nedtpa. Puc., 7 naer 3Havenus S?
B 33aBHCHMOCTH OT BpeMeHH, MOJydeHHBle W3 onura. [IYHKTHpHAT e

THHHA yxasbiBaeT S% B (DYHKUHH BPeMEHH A5 MOJIEKYAAprO# Anddy3un,

npu4YeM wKana opnnHaT yeenudeHa 8 10 000 pas.
flcHo, uTO TOMBKO TYPOYICHTHbIN
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WIH BO3IyXa INpHU BeTpe M COYCJIOBIHBAeT TIepemMellleHHE B peKe HAa,
a B Bc3nyxe — 06nakcB nwiad, Ilyctb ¢ ecTb cpeAHHH IHAMETD YaCTHI{
WJI3; MB MOXeM OUEHHTb, HCXOAS H3 [PeANCIONKEeHHA O BelUYHHE
kos(HuHeHTa TYpOYJIeHTHOFO ©OMeHa, KaK Janeko OyAyT repeHeceHHr
YACTHrH THUIH, TOAHSTHE BeTpcM [puc. 8 u 9 rpeacrasagior ¢oTO-
rpaduu DHABHBX Gypb, cuenaunsie Scil Conservation Setvice (Opra-
HH31UMsA s GCpbGH ¢ paspywenuem ncupel)]. F33ecTHo, yTO CKO-
pPOCTh MafeHHs Ma/JHX HIAPOBHX YaCTHI XOPOIUO NepeaaeTcs 3aKOHOM
Crokca \

5 %E (3)

R

rnel'r)zp‘:p ¢, a P, U P, — COOTBETCTBEHHO, MIOTHCCTH TBEPAHX Ya-
a

cTHl 1 Beanyxa. C apyrofi CTCpOHbBI, Cpejlee KBaApaTHYHOE pacCTOs-

HHE, Ha KOTOpCe NEepeHCCHTcs YacTHUB 33 BpeMsL ¢ BCJEICTBHE Typ6y-

JleHTHOCTH onpeensercs Kos(HUHEHTCM TypOyNedTHOrO COMeHa 110

¢opuyre
h=| Z2=2et. 4)
ITonoxus h = w £, Haxonum

2e 81 a® .
t= = Tga )
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u 11 (QopMyra JaeT Ham OLEHKY BpPEeVEeHH, B TeYeHHe KCTOPOro 4a-
CTH H OCTalOFCS B3z2leHHBIMH B BC3nyxe. Otciona, c6c3nayus yepes U
CPelHIOI0 CKOPOCTh BETPA, HAXOLHM M PaccTOfHHE NepeHoca

40 22U

Tizgz 4

[ = Ut ~ (6)

Kos¢duuuent typGyieHTHOro c6veHa H3VeHsieTcs B INHPOKHX Npelejax
B 31BHCHMCCTH OT CHJIB H CTPYKTYpH Berpa. Huecnenylo'iye sHYH-
cleHHsl OHAM ClAelaHbl B NpefnciacweduH €== 10%* u ¢ =105, 3naue-
HUC € JJs B2TPCB CpelqHell CHW/H JIEXHT HMEHHO B 3THX Ypelenax,

Puc. 9
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32 HCKJJOYEHHEM TNEPBHX HECKOMbKHX (PYTOB HAL MOBEPXHOCTHIO 3CMIH,
rae € y6aBasercd ¢ BHCOTOH (T Gi1. 2).

TABJIUIIA 2

L]
= o
72l 2 8 Paccrosnue B MH-|  noycuyanpami
&% | gz Bpema nosera AsX nmpH BeTpe

] i : M
= | &gn° 15 atjcex. noa»e
= = 2o R
St e

0,001 0,00824 9—90 xert 2,56—25-10% mMua» | 3,8—38 muamp

0,01 0,824 8—80 uac. 250—2 500 muap | 200—2 000 ¢yT.
0,1 82,4 0,3--3 cek. 150—1,500 ¢yr. | 2—20 dyr.
1,0 8,240 (0,0003—0,003 cex. | 0,2—2 miofim. 0,3—3 miofim.

Hnppu mocnenHell CTPOKH HMEIOT TOJIBKO aKaeMHYecku#t HHTEpec,
TaK KaKk JJs TaKHx GOAbIIHX vacTHU 3axoH CTOKca yke TepseT CHIY.
CoMHHTENbHH H UHQPH NEpBOH CTPOKH, XOTH OBl HOTOMY, YTO V NpH-
HATO HE3ABMCHMHIM OT BHCOTH, Tem He MeHee TaGn. 2 jaeT spKoe
TIpEACTaBJEHHE O TOM, KaK CHJbHO MeHseTCd BpeMs NOJeTa B 3aBHCH-
MOCTH OT H3MEHeHHS BEJIHYMHH YacTHI. IJTHM OOBACHAETCS, NMOYeMy
BENMYMHA YACTHL, HAXOAHMHX B THJ/BHHX OypAX, JEKHUT B OTHOCH-
TeNbHO Y3KHX npefenaX. HoO Maibe YacTHUH OCTAlOTCH B33€IUEHHEIMH
BEChbMA IOJIrOe BpeMs, OTIHYHHM TNPHMEPOM YeMy SIBJASIeTCS H3BECTHHIH
<pakT, YTO YacCTHUH 30JH, BHOPOLIEHHHE NPH H3BepXEHHH BYJIKaHA
Kpakaroa, ocraBaquce B BHICOKHX 104X arMocdepH JOATHE FOAM H
ObiIH 3aHECeHH Jawe B AHIIHIO M ADKTHKY.

)

4, KOTJIA TYPBYJNEHTHOCTSB OIEUCTBYET BO BPEJ
ABHAHHXEHEPY?

[oBepxHOCTHOE TpeHHe SABIASTCH, MOXKaMyH, caMBM BaxHbIM (akTo-
pOM, OrpaHHYHBAIOUIUM CKOPOCTb COBPEMEHHOTO aspomniaHa. Hexortopwe
THUH COBPEMEHHHX KPHIbEB a3POAHHAMHYECKH HACTOJIbKO COBEPUICHHH,
4yTo He MeHee 600/y HX JOGOBOrC CONMPOTHBJIEHHS OGYC/IOBAEGHO TO-
BepxHOCTHHM TpeHHeM. Tor cdakT, 4TO compoTHB/IEHHE BO3AYXA BH3H-
BaeTcsl TOBEPXHOCTHHIM TPEHHEM H WHEPIHOHHHIM CONPOTHBJEHHEM CPElIN
(coBpemeHHOe HA3BaHHE €ro «COMPOTHBIeHHe (POPMH»), OHJI H3BECTeH
eute Holotony. Us coobpaxenn#t pasmepHocTH OH moKasa’d, HTO CONpo-
THBJICHHe TIOB2PXHOCTHOTO TPeHHS NPONOPUHOHATBHO NepBOH CTeneHM
CKOPOCTH, TOTAA KaK HHEPIHOHHAd 4acTh COMPOTHBJIEHHS MNPONOPLHO-
HajabHA BTOPOR cTemeHH ee. DKCNEPHMEHTaNbHHE HCCAeTOBAHHS HOBEPX-
HOCTHOTO TPeHHS oTfHocATcAd K 18-my croneruo. Bodya nepsuit npo-
A3BEeJ H3MEPeHHS TPeHHd ¥ IVIOCKHX MOBEePXHOCTeH; CHCTEMATHYECKHE
u3Mepenuss Ppoyma xopomo H3secTHH. Y10 XapakTepHCTHYeCKHM mapa-
MeTpOM TnpoGneMu sBiAgeTcs uuciao Pelfinonbaca (CKopocTb NMOTOKA Ha
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WHPHHY NJAACTHHKH, JieleHHas Ha KHHeMaTH4eckHH Ko03¢unueHT BA3-
K0cTH), Obl0 ykasaHo Joprom Pemeem. TeopeTHdYeckoe ke o6 BSICHEHHE
MEXaHH3Ma TIOBEPXHOCTHOTO TPeHHA OCTHOCHTCA K CPABHHTEILHO HOBOMY
Bpemend. Haie coBpeMeHHOE IipeACTaB/ieHHE O TIOBEPXHOCTHOM TPEHHH
COFJIaCHO C HBIOTOHOBCKMM B OTHOLIEHHH 3aKOHAa, MM YIPaBJSIOLIEro:
A8 AaHHOTO 1O ¢opMe MOTOKA TPEeHHe NeHCTBHTENBHO MPOMNCPUHO-
HanpHo ckopoctH. Ho cama ¢opMa 1oTokKa OKoJl0 Tela He 3dBHCHT
OT CKOPOCTH, TOJBKO TOKA CH/B HMHEpPIHH Majhl 110 CPaBHEHHIO C CH-
JaMH  B3KOCTH, T. €. TOJBKO B c/yuyae Masublx uucen PelHonbica.
B 3tom cnyuae 3akoH Croxca NpaBHNLHO OMpPEAEISIeT CHAY COMPOTHB-
Jenus. Korma e cunaMM HHepuMH IipeHe0peraTb Hesbasd,r KapTHHA
1I0TOKa pe3xo MeHsdercd. [lperncTaBuM cefe, Hampumep, IIOCKYIO Tia-
CTHHKY, CTOSIUIYIO 110 HANpA4BJEHHIO MOTOKAa, CKOPOCTh KOTOPOTO B OT-
CYTCTBHE TUIACTHHKH NPeANo/iaraeTcs NMOBCIOAY MOCTOSHHON MO BelHYHHe
{1 HampasiaeHWo. Mbr 3HaeM, uTO AGHCTBHE CHII BSI3KOCTH COCPENOTOYHM-
BAETC TOJbKO B 0O61aCTH, OGIH3KOH K TNaCTHHKe, B TaK HA3hIBAEMOM
forpaHdynoM caoe. CoOrjlacHO H3BeCTHOMY JAKOHY MeXaHHKH IoTepd
KOJHYECTBA JABMMKEHHS B MOTPAHHYHOM CJIOE PaBHA CHJIE BSIBKOTO COIPO-
Tupitenus. OGosHayum deped U CKOPOCTh MOTOKA OCTHOCHTEIIBHO MUId-
CTHHKH, Yepe3 6 — TOJMIMHY [OrPAHHYHOTO CJOS; TOFAA CHAA COMpO-
THRJICHHS, MHeHCTBYIOUIAS Ha eXHHHIY I[IHPHHH [UIACTHHKH  (CUMTas
HIMPHHY B HaMpaBJeHHH TOTOKa), paBHa

= a95U2,

rie p— IWIOTHOCTb WHIKOCTH H O — KOI(DHUIUMEHT, 3ABUCAIMH OT pacrpe-
Je/leHuss CKOPOCTH B IMOTPaHHYHOM clioe. Ecnd B norpaHudnoM cioe
TeUEHHE JAMUHAPHO, TO CH/JIAa TPEHHS Ha eIHHUNY IMHHH [POHOPHHO-
HANbHA TPANH2HTY CKOPOCTH NEPHeHAMKYISPHO IIIACTHHKE H paBHa

.
\‘U,,U .
'i‘raﬁ, rae B — HoBH K03dHuMenT BizkoctH. CrneqoBaTensHo,

.
F=puU % (7)
e .
1]
Us CpaBHeHHﬂ 3TUX JBYX Bh[pﬂ}i(eﬁﬂﬁ ceayer, 4utTo

o008 U
Ao =fvy

HIH

2 __ o ? X

?=2 VT (8)
C yBenMyeHHeM CKOPOCTH HOTOK <«NPHKHMAETCA» K TJIACTHHKE.

3 —_—
Cuna conpoTHBAeRHA nponopuxHonansia Ut u pr. , UTO YKa3nBaeT Ha
3aBHCHMOCTb TIOBEPXHOCTHOTO TPEHHS He TOJAbKO (\T CHJl  BfIBKOCTH,

x
WIH CHJ HHepUHH, HO OT o6oux. [IpuHsB BO BHHMaHHe, 4T 77 ecth

BpeMd £, B TedeHHe KOTOPOIO NGTOK NPOXOXHMT NO MIACTHHKE OT fepel-
Hell KDOMKH OO MeCTa X, Ml MCXeM Hanucath ypasHeHue (8) B BHIe

Yenexn dusnyeckux Hayk, T. XXI, Bhim. 1 3
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o :
+ ==v-const. {31ecb FPKO BHICTYNAET AHATONHA C OCHOBHBLIM AKOHON:

monekynsprHoit nuddyanun, pacemoTpennnM 3§ 1, a CleXOBATENbHO,
TOJIIHHA TNOTPAaHUYHOTO CJIOS MOXKET OHTh paccMaTpHBaeMa Kaxk Mepa
NIPOHHKHOBEHHS JeHCTSHA TIOBEPXHOCTHOTO TPEHHS BHYTPb HEBO3MYIUEH-
HOTO TIOTOKa.

YutaTenb, 3HAKOMBIA ¢ OOHYHOR TeopHell TMOrPaHUUYHOrO CJI0d,
JIeTKO OGHAPYKHUT 34eCh OCHOBHEIE Pe3yibTaThl 3TOH Teopuu. Omnpeleliue
3HayeHHe Ko3(dWnHenTOR GOPMH @ ¥ 3, TeOpHS NPHUBOXHT K BHpaHe-
HHIO KOS(HIMEHTa, CTOSUIErO B BBHIPAWEHHH

—c
F=C, =,
B BHIe
C,=133VR,, (9

U,
rie R, == —7’5 . Jins KpHIbeB COBpPeMEHHHX a3POIJIAHOB YHCI0 Pelivonpaca
b]

okono 25-108. CrenoBarenbHo, K0SHUHEHT NOBEPXHOCTHOTO TPEHHSH
y TaKux IOBePXHOCTEM- ecTb

C,=0,00053,

eClld TONBKO TYPOYNEHTHOCTH He BXOIMT B Mrpy. Ho mas toro xe
uncna Pefinonbaca nefcTBuTelbHOE 3HaueHHe C,, onpenensemoe HaiH-
ynem TypGynentHoctd, ectb C,=0,0025.

Teopust, KOTOpas JeXHT B OCHOBE HAlIEr0 COBPEMEHHOTO 3HAHKA
TYpOYJIEHTHOTO TPeHHH, HaneKo He TaK pa3paBOTaHa, KK TeOpHd JaMH-
HApHOTO TPEHHA.

Mu ompenmenseM NepeHOC KOMHYECTBA IRHXKEHH 4YepPe3d MI0CKOCTS, |
napanielbHyl0 BeKTOPY cpeRneHl CKOPOCTH, KdaK KOMNOHEHTY TeH3opa
HanpsoKeHHs, BHI3BAHHOTO TYPOYNEHTHHM TPEHHEM; er0 MaTeMaTHYeCKoe

BHIDAXEHHE €CTh — pUU, TAe UV — CPelHee NPOU3BeNEHHS KOMIOHEHThH
CKOPOCTH [0 HANPaB/JeHHIO NOTOKA Ha KOMIOHEHTY CKOPOCTH, HOp-
ManpHolf K Bumleyuomanyrolt maockoctu, OTCIona KOMIIOHEHTA MOJHOTO
TeH30pa TpPeHHs ecTh

du —
T=gy T puT- (10)
BBoag cioma xo3¢unueHT TYpPOYNEHTHOTO O6MeHa, HmeeM

- Pou
T—V—-}—E-g-)-,— (11)

IMonnas Teopus TYpOYJAEHTHOrO TPEeHHN HOMKHA Obila GH JaTh Kax
pacnpenenenue GIOKTYaUil CKODOCTH, TaK M pacnpeseseHHe cpelnHefi
CKOPOCTH, HJH, YTO B CYUIHOCTH TO e camoe, BeJHYHMHY H pacnpene-
neHuwe xodHUHEHTa TypOyJenTHOro obmeHa €. Her emwe HHU omHO#}
HACTONBKO pa3sHTOH TeOpHM, KOTOpasg morna OH JaTh 9TO, He NpHGe--
ragd K ‘TPOM3BOJILHHM M HHOTAA HEY/IOBJIETBOPHTEIBHLIM THIOTE3aM.
Onuako Hwkec/ienyloutHe (akTH MPeACTABMMIOTCH AOCTATOYHO HAEHHO
YCTAHOBACHHHMH COBMECTHHIM NPHMEHEHHEM DKCIIePHMEHTAIbHBIX H Teope-



OMEYATKA
110 BHHE NEPEBOAYHKA

CTP.| CTpOKa HaIeYyaTaHo creayer 4yarath

|

33 28 rae B — HoBbIif KO3pHLHeHT| TjAe B - HOBBI KO3(HIIIEHT,
CBEpXy | BA3KOCTH. a . —KO03$HUHENT BA3KOCTH.
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THYECKHX — 11O GOJbLIEHl YacTH M3 TeOPHH Pa3MepHOCTEN — I10I0KeHHI.
Hpe)}(ﬂe BCEro, MHI pAaCCMOTPHM c::yqaﬁ COBEPIICHHO TJAIKHX IINICCKHX
HOBEPXHOCTEH: )
a) B HemnocpeiacTBeHHOH GJH3CCTH CTEHH JIAMHHADHOE TPEHHE 3Ha4H-
TeAbHO TepeBeliHraeT TYPOYJAEHTHCE; 31ech
du

o5y > --puv.
Mm Oysiem Ha3HBATBL 3TOT CCi Jamuibapueim noacnoed. Ero Tosuiuna

VA
¢, HaXomMTCS H3 CCOTHOMWEHHS ;‘Vo—zconst, rle T -— TpeHue Ha

)
€IHHUIYY 1UIolany, Jefictpyioliee Ha creRy. OGC3HAUHMB CKOPOCTb MpPH
_)1:31 yepes U¥, MBI MOXeM NPHONHKEHHO HOJOKHTH

v,

A

nostoMy uuci1o PeftHonbaca B moxcnoe ects R, = M TOCTOSHHO

HO AJMHe TUIACTHHKH; 3HAYHT, OHO SIBASIETCS XapPAKTePHCTHUECKEM UH-
CJIOM ISl JIAMHHApHOTO moxcscd. 3Havenue ero R~ 200 — 300.

b) 3a navHHApHBEIM TOACACEM ClelyeT mepexonHas 06J]acTb HEKOTO-
polt TOMIMHB, 33 InpefelaMH KOTOPOH KO3(HIHEHT TYPOYIEHTHOro
o6MeHa TPONOPUHOHANEH PaccTOAHHIO or credl. ClenoBaTelbHO, T'paaH-

d .
eHT cpelHell CKODOCTH (T;l 06paTHO IMPCNCPIUOHAJNEH PACCTOSHHIO OT
cTedd. M3 onerta MBI HAaXOZHUM
ou 1 l/?
gy = =Y Ik (12)

THe R — yHHBepcajdbHast mnccTognHas, OGnuskas k 0,4. [lponnrerpupo-
Bae (12), #Haxoaum pacnpejenenue cpelHefl CKOPOCTH

— /= 1o ¥ .E
u"‘l/P A1 g2 = | (13)

Cpasuupas (12) ¢ (11), suaum, uto ¢usndeckuit cmuca (12) sa-
KJI0YaeTcss B TOM, 4TO KO3(QHUHEeHT TYpOyJNeHTHOrO cOmMeHa BO3pacraer
—

€ paccTosHMEM OT CTEHH. B camom mede, z-:::k_yl/ =
P

Ypasuenne (12) umeer cHay B 061acT, 're H3MEHEHHS T MAanH.
Ho ¢ Bospacralomium y T yOnBaeT M o6pallaercs NPaKTHYeCKH B HYJb
Na BHellHell TPaHHIEe NOTPaHHYHOTO clIcd. B HacTesimee Bpewms ellle He
CYWIECTBYET TEOPHH, KOTOpasd NO3BOJHJIa Obl HaM BLIYHCAHTL pacnpene-
NeHHe # BO BHEUIHEH YacTH ICrPaHMYHOrO cJios l.

¢) K cuacteto, ypasnennss (12) u (13) ACCTATOYHH I/ BHYHCIE-
HHE KOS(HUHEHTa NOBEPXHOCTLOTO TPERHA, a Tak¥e JId BHYHCACHHS

! [lonniTKky B 3TOM Hanpasienuu jenaetr Howarth, Proc. Roy. Sec.
A. 154, n. 364, 1936.

3.
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HpUOAHKEHHOH TOMUHHN {IOTPAHHYHOrO c108 B GYHKIHH 4YHcia Pe#-
Holpxca, Tak xak TeopHs TYpOyJeHTHOTO NOB2PXHOCTHOTO TPEHHH, OC-
HopauHag Ha (12) m (13), Geina noapoOHO paspaboTaHa B pSAE MOHO-
rpaduii 3a NocienHHe TOAB, KOCTATOYHO HB/IONHTb IONVYEHHHE pe-
3ynbrath. KO3HUMRAT MOAHOrO MOBEPXHOCTHOrO TpeHHs Haetcda ¢op-

MyI0#
0,242

T

rae R::——— (/ — npoTsKeHHe NOTOKAa 1O ero HampasieHHio). Ko-

=1g (RC)), (14)

3(PUIHEHT MECTHOrO NOBEPXHOCTHOrO TPEHHA (Ha eNHHHUY JUIHHBL Ha
PacCTOSHUH X OT nepefHell KPOMKH IVIaCTHHKHK) noayyaercs u3 (14)

¢, = —Sr__
1T 036y C,

rie C,— Benaudyuna, mnoayvaiowascs u3 (14), B HPEANONOWEHHH

= U

Y ¢

(15)

TOJILHHA TIOTPAaHHUYHOTO C/OH JIETKO BbLIYHCAAECTCH HW3 3Ha-

HUsd Cf

$=0,38xVc,.

Beauyuua ¢, cn1a6o yOHBAaeT ¢ X; MOITOMY TOMHHA TYPOYAEHTHOrO
IOIDAHHYHOTO  ¢J10M BHPACTACT IOYTH IPONOPLUHOHANBHO X, TOrJA KaK
TO/MIHHA JIAMHHAPHOTO TNOTPAHHYHOrO CJIOS PACTeT HPONOPLHOHAL-
"oV x.

dopmyna (14) BhneprRHe naHa aBTOPOM 3ITHX CTPOK; NOCTOSIHHAs B
aroft ¢popmyne Obia Bwuucaena Hleureppom (Schonherr). 1lnuxtuur
{Schlichting) wamen, uto sMmHprueckas dopmyna

0,455
= 16
f (lg R)?,)g ( )

xopowo 3amenseT (14) Bo Bcelt 06MacTH MPAaKTHYECKW BaXKHBIX YHCEN
Petinonnnca. Ee mpenmylecTso — B ABHOH 3aBUCHMOCTH C OT 4YHCIa
Peftnonsaca. ~

PesynbraTh, H370XKeHHMe B NMyHKTax a), b) H c), nosesHs NpH pas-
JHYHHX pacyeTax M B OCOGEHHOCTH T@PU SKCTPANOASUUH MO JaHHHM
HCOWTAHHE B aspojHHaMH4yeckKHx tpybax. Eciu, Hanpusep, M3BeCTHa
J0JI1 TIOBEPXHOCTHOTO TPEHHS B HOJHOM CONMPOTHS/AEHHUH, YMeHblleHHe
MoCeTHero, 3aBHCAII2e OT uHeaa PefiHonbiaca, Moxmer OBTb OLEHEHO
no ¢opmyne, npuseseHnolt suniwe. Ilpaga, ecTh eule W HEYYTeHHHE
A0 cHX nop <paKTOpH, HEHCTBYIOUIHE BMECTe C YkKe H3BECTHHMH, H
4TOGH JaTh BEPHYI0 KapTHHY BCErO HAUIEro 3HAHMSA O IOBEPXHOCTHOM
TpeHHH, 06 3TOM CJIENyEeT YIOMSIHYTh. \

[Tonxoe conporuBieHH2 TPeHHA Y TJIALKUX IOBEPXHOCTEH COCTOMT
H3 TpeHHA B MepeaHell 4acTH NOREPXHOCTH, TAe MOTPAHHYHHWA CaOH
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JaMMHApEH, W TPeHwWsd B 3adHel, re MH WMeeM [el0 C TYPOYAEHTHHIM

Ul
norpaiudnbiM  cioem. Ecmn R = — (rae/ — nonHas WHPHHA 0BepX-

HOCTH B HANPaBJACHMHM TOTOKA) BEJHKO, TO MOXHO NpeHeOpeub TPEHHeM
B samuHapHo# wacti cios. ns medbwnx 3Hagennit (10° <R < 109)
06a CONpPOTHBJIEHHS OAHOFO IOPSAKA, M, BHDpAXas CONPOTHBJACHHE B
¢yskuud yucaa PefiHosbjaca, MH BCTPETHM TaK Ha3HBAEMYI NEPEXon-
HYI0 067acTh, B KOTOPOH KOS(HIHEHT CONPOTHBICHHS, BHPAKAEMEH
kpHBOH (9), mepexoaut B Ko3dHuMenT, Bepawaembid (14). Ilparia.

Uf T

0,007

TypByresmysill mozpanusdsid crod |
vt (Kapmar 7530)

v

4008

' NN I
XQ o Susenselepzep 1927

4005 < <
\ [(a/f/iﬁ# N

qo04 bR

Ppayi 1975 0 bogya 7783

& oL BNL i 1872 9
BN c%@}rﬁ = ﬂ{ua’w’ﬁ s
oozl 2/}4 Tebege 1913187 el (Hemntp 1929)
"\ Hamunap- —

HAA MEGPUR.
400 /ﬂﬂﬂl/i/feﬂb -brasuye 7544,
N O A

e

~

w25 wt i 5 ow 2 5 w2z 5w
Puc. 10

nepexoJ OT JIAMHHAPHOTO K TypOYJIEHTHOMY CONPOTHB/CHHIO HE BO
BCEX C/Iyyasx cosepllaeTcss B OGJACTH OIHHX M Tex ke uucen Peit-
HONBJICA, HO BECbMa 3aBHCHT OT ()OPMH mepeiHe# KPOMKH, WHA4e ro-
BOpf, OT XapakTepa HaGeraluiero NOTOKA, U B OCOOEHHOCTH OT CTere-
HH Typ6yneHaTHOCTH nocaeqHero. OOBMHO NOJAYYalOT H3 ONHTA He Ofi-
HY DEPexXOHHYI0 KPHBYIO, HO llesoe cemeitctBo hx (puc. 10). Wmento
TaKHe 3KCINEPHMEHTH, IIPOBENEHHHE B MOCAeJHHE TOIB M BeChMa
GoJbinnx uHcen PelfiHosblca, BHACHHIM TOJHYK KapTHHY 3TOrO nepe-
xo0xa. B npeHHX e ONBITaX KPHBHIE NepeXOTHOH o061acTH Kasalvch
3anyTaHHBIMH H TIPOTHBOPEUHBHIMH.

Jng aspanmXeHepa OTCIONA BHTEKAET BAXHLIN NPAaKTHYECKHA BHBOX:
H3MepeHHs: N000BOTO CONPOTHBIEHHS KHMEIOT Maiyio IEeHHOCTh, €CJH
MONE]IH HJH CKODOCTH B aspOAMHAMHYeckoil Tpybe HACTOABKO Majh,
yTo yHcJA0 Pelinonbaca nomazaer B nepexoiHylo 061acTh,— NOTOMY,
YTO BENHYHMHA II0BEPXHOCTHOTO TPEHHWS B 3TOM CJIyyYae CHJIBHO 3aBHCHT
OT cTeneHH TypOYJAEHTHOCTH NMOTOKAa B aspoxuHamuyeckoll Tpyoe.

Benuunna TypGYJGHTHOTO TPEHHS Y TJAaAKOH IVIACTHHKM  SIBASIETCH
HIDKHHM TIPEJEIOM BO3MOKHOTO JIOGOBOTO CONPOTHBJIEHHS C€aMoJieTa H
NpeACTARIAET B HACTOALUEe BpeMd TJIABHOE NpENATCTBHE K YBENHYEHHIO
CKOpOCTH noJera. ECTeCTBEHHO BO3HHKAET BOMPOC, HET JH KaKOro-HH-
6ymb cnocoba «OGOHTH NMPHPORY» H KAKHWM-HHOYAb XHTDHM CIOCOGOM
VYMeHbINHTb MOBEPXHOCTHOE Tpenue. ExBa sau  oCylecTBHMO, OXHAKO,
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cTaBuUAM3HPOBATh norpanuyHbil c1off wis Tex uwucen Pelinonpaca, xo-
TOpBIE OTHOCATCH K COBPEMeHHBIM camoseraM. TeM He MeHee, MOWeT OhiTh
YAACTSA NMPEAYUPENHTh NEPEXON NOBEPXHOCTHOTO C/I0S B HECTAOUABHOC
cocToffre, yOupas ¢ MOBePXHOCTH H3IMIIHHE BO3AyX. KoauuecTso
HOIIOKANETO YOOpKe BO3NYX3a HPUOHKEHHO Onpeselsercd uepes
¢ s,
TOPOE HALICHKHT HNOLMEPHHBATL COOTBETCTREHHHM IpHEMOM, a & — 110-
BEPXHOCTb, Ha KOTODPOHM STO HANISKHT CrenaThb.

Ecan cumrats, uro C, TOXIECTBEHHO C KOI(DHUUEHTOM MECTHOrO
JIAMHHAPHOTO TpEHMS JO Tiepexoia focjaeldero B TYpOY/AeHTHOE, TO
MOXHO nonoxuts C; pasHeiM 0,00115-—0,002. o cux nop He onys-
JUKOBAHO ellle HMKAKKWX TPAKTHYECKHX pe3yabTaTOR B BTOM Hampasne-
HHH.

Cneayoutaii BONpOC, HACKOABKO CMOMKEM MBI TPHOAM3UTbCH K TIpe-
JIeNy CONPOTHBJEHHS, JABAEMOMY IJIaZKOMH 1IacTHHKOH. 3dech MBI BCTpe-
qaeMcs ¢ MPOSNEMOH I1epox0BaTOCTH. [ToABONA HTOTH HCCIENOBaHHAM
MOC/IETHET0 BpeMeHH MO 3TOMYy BOIPOCY, MH MOXKeM CKas3dTh ¢ JOCTO-
BEPHOCTBI0 Clexyioluee:

a) [MoBHHHMOMY, BJHSHHE LIEDOXOBATOCTH HA NOBEPXHOCTHOE TPEHHE
HE3HAYHTENbHO HHXE HEKOTOPOro 3Hadenud uucaa Pefinonbica. PuaH-
YeCKOH NPHYHHOH TAaKOro IIOBENEHHS LIEPOXOBATOH NOBEPXHOCTH SB-
JASIETCA, MOBHIHMOMY, TO OGCTOATENBCTRBO, YTO 3JEMEHTH IIEPOXOBATOCTH
B 9TOM CJy4ae Madul 1O CPABHEHHIO C TOJNILMHOH JaMHHAPHOro TMOX-
crosyt. Yike GHIO CKA3a3HO, UTO TOJNIUMHA MOCAEJHEr0 3aZaerci COOTHO-

rxe C, — BeJMYHHA KOS(HUHEHTA JAMHHAPHOTO TPEHHS, KO-

- T 0
LIeHHEM ; ]/—P . —Vl::const, a Tax KaKk TPeHHe BO3PACTaeT C YHC/IOM

LBobodusn — e
70mok \{——>,’ = 3

— — e
__»_,._,_____)_.__»}/ > 5
R - > T =

= T/

P N0 N T R B B B S N (T R R S RS T
));1))))’32’5%’;,‘;2’5[’5”&’5}””[{)));;)))
23222322222 Slamuraprey 2 220 3 5 2
T, SIONINEI NGB o o
%epﬂ.za%ammm HE USMENREIM lepozobamocme '
Bemrvuny mpesus Ylenuvubaem mpenie
Puc. 11

Peitnoneaca, 10 51 npu pocre 4ucaa Pefinonbaca yowsaer. Takum o6pa-
30M C BO3pacTaHHeM YHCIa PefHOMBICA SJEMEHTH HEPOBHOCTH IOIBI-
MAlOTCH M3 JIAMHHApHOTO IOACAOA HA MOXOGHE TrOp, MOXNMAOUIHXCH
3 TYMaHa mo Mepe Toro, kak oH ocenaer (puc. 11).

b) Korma BubicoTa 3/1eMEHTOR HEPOBHOCTH BelIHKAa MO CDABHEHHIO
C TOMIMHOH NaMHHADHOTO NOJCIOS, IMOBEPXHOCTHOE TPEHHE, TOBHIH-

! 1o nopTBepkAaeTcH -HccaefoBaHHeM [oapamTeiina, Rep. a. Mem.

1763. On oGHapyui, 4TO COOTHOLIEHHE: vh) = > /R, ects ycaoshe to-

ro, 4TO 3JEMEHT HEPOBHOCTH BLICOTOW A He OKa3blBAET BAMAHMA HAa TJAaB-
upil moTok. R, 3aecy mopaaka 30—50. '
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MOy, onpeaensercs GPOHTANBHBIM  CONPOTHBAGHUEM 3THX 5/1EMEHTOB;
COOTSEICTBeHHO 3TOMY CaMO IIOBEDXHOCTHOE TpeHue npd uuciaax Pei-
HOJMBICA BHIME H3BECTHOTO UPEAMA  CraHOBHICA [POMOP (HOHALLHBIM
KBAJAPATY OTHOCHTEJLHOH CKOPOCTH Cpelbl H HBHXKYLLTOCSI B Heil Tsep-
JAOrO Teda. IJTOT NpEI/IbHHHA ciaydalh Obli H3Y4eH MHOIHMH HCCIEHO-
BATEISIMM: B YaCTHOCTH H3MepPsJachk MOTCPS NABJAEHHN B a9POAUHAMHUE-
CKMX TPYOax 1I0CTOSHHOrO CRUEHHS H IIPH HCKYCCTBEHHOH ISpPOXOBATO-
CTH CTeHOK. DhII0 Haiizewo, 4TO UPH NOCTOAHHOH CTEneHH LepoXoBa-
rOCTH (W15 OUHHX H TeX e €TeHOK) KO3(DHIHEeHT NOBEPXHOCTHOI O TPEHHS
1POMNOPIHOHAJNEH J10rapHdMy TAK Ha3bLIBAGMOH OTHOCHTENBHOH IL2POXOBa-
TOCTH, T. €. OTHOUIZHHIO BHICOTH 3JIEVEHTOB IU2POXOBATOCTH K pamuycy
TpyOul. Ko3(HilMeHT 10BepXHOCTHOrO TPEHHS OMpeNeadeTcss YpaBHe-
HHeM

1 r
= A4 Y g W (a7

9
V¢
ATKY A

4

T bl ()

{7 — JuHeliHbl pa3Mep, HANpHMeEp THIAPABIAHYeCKHH pamuyc Tpy6H,
/A — BLICOTA SJEMEHTOB HEPOBHOCTH). YpaBhenue (17) maHO Brepsue
anropom B8 1929 r. Ilocrosnnas k BecbMa G/M3Ka K KOHCTanTe, 0Go-
AHayeHHoOl Toi e OykBoi B ypaBHeHun (13) mist pacmpeneseHust cko-
poct. Ypasueuue (17) nesaeT BO3MOMKHBIM YCTAHORNEHH2 [IKaJkl Lle-
poxopatoctd. OUeBHIHO, YCTAHOBHB /2 NPOH3BOJBHO M KaKOTO-HH-
HyAb LIEPOXOBATOTO NPEAMETa, HANPUMED WIS LWIKYPKH ONpeleleHHOrO
HOMepa, M U3MEePHB KO3(HIHEeHT NOBEDPXHOCTHOTO TpeHus B Tpybe, 06-
JOWEHHOH BTOH UIKYPKOH, MB MOXKEM Onpene/ldTbh Mo ypasHeHuio (17)
BEHYHHY A AJS [OBEPXHOCTH /06Oro BUIA.

M3 BhIEH3MOWEeHHOTO MOXKHO CIeMaTh HECKO/IbKO BAMHBIX 3aK/I0Ye-
Huil. BO-NEepPREX, CTAHOBHTCH BO3MOMXKHBIM OLEGHHTb IS QAHHOH CKODO-
CTH M JAHHBIX PA3MEPOB TOJILHHY JaMHHADHOTO MOrPAHHYHOIG HOAC/OsN
H IOACYUTATh B2PXHHWH Ipexesl AONYCTHMOH (IepOXOBATOCTH, T. €. On-
pexe/iiTh TPSASAnl WISPOXOBATOCTH, MPH KOTOPHIX OHA He BJAHACT 3a-
METHO HA BEIH'UHHY NOBEPXHOCTHOrO TpenHd. CrelyeT HMeThb B BH-
Ay, YTO MM OTHOCHTEALHOH UIEPOXOBATOCTH TOJIIMHA IIOTPAHHYHOTO
CNOSL UTPaeT TY K€ pOJb, 4TO DajHyC TPYOBl ¢ I1IEPOXOBATHIMH CTEH-
HKaMH.

Orciona caexyer, YTO NOCKOJIbKY KO3(PULIHEHT MOBEPXHOCTHOrO Tpe-
HUs eCTh (PYHKIUMSA OTHOCHTE/NBHOH 11epOXOBATOCTH, OAHA H Ta e Ile-
DOX03aTOCTb Gyl2T OKa3wBarTh OO/bluee BAHIHKHE TOGMH3OCTH NepemHeit
KPOMKH, THe NOTPaHHYHHIH C/AOH TOHOK, ueM B 3alHeHd 4YacTH Kphiaa,
1€ TOJMUIWHA IOrPaHHYHOrO CJIOST 3HAYHTeNbHA.

Teopetiyeckoe npejpckadaHHe BeJHYHHBI [TOBEPXHOCTHOTO TpPEHHA Y
AOBEPXHOCTH, HMEIOIEH Onpele/eHHyI0 IIepOXOBATOCTh, A0 BOJBHO 3a-
TPYAHUTRILHO, H TPYIHOCTb JIEXHT B NECPEMEHHOCTH OTHOCHTJILHON uie-
POXOBATOCTH MO AJMHHE MOBEPXHOCTH, 4YTO B CBOIO OYepedb BLI3BAHO
TIePEMeHHOH TOIUMHOH NOTPAHHIHOrO CI0S. 3HAYHT, HeoOXOAMMO onpe-
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OeNHTh HAapacTaHHEe ero TOJUIMHB, 4YTOGH HMETb BO3MOMHOCTH HCOJb-
3osars $opmyay (17) mis pacueTa, HATErPHDPYS 1O IOBEPXHOCTH B Ha-
npaBieHHH TOTOKaA.

Kpome Toro HmeeTcs ellle OZHA HeEONPENEIEHHOCTb, OGYCIOBJEH-
Has ciregyioumM. Ypassesue (17) repHo mna Gonbmux yucen Pehi-
nonpaca. Ho B morpaHuunoM ciaoe uucno PeifHoapaca uaMeHmETCd OT
Hy/Isi, HaYHHas OT NepenHeHd KPOMKH, u, TakuM OO6pa3oM, MH HMeeM
JeNo CO BCceM JAHana3oHoM uHucen PeifHoapica 110 Mepe YTOJIMIEHHS 110-
TPAHMYHOTO C/IOSE BIOAL IO DOTOKY, B OCOOGHHOCTH B NEPeXOXHOH 06-
JAaCTH, THEe BHICOTA JEMEHTOB IIEPOXOBATOCTH H TONUIHHA JAMHHAPHOr O
NOAC/I0S OJHOrO NOpsAzKa. Brupaxas x03QHIHEHT NOBEPXHOCTHOTO Tpe-
nus 8 Gynxunu uyucna Pefinonbaca, mMu nonyvaem cemeHcTBO NOROGHBIX
KPUBHX I T€OMETPHYECKH NOMOGHHX opM LIEPOXOBATOCTH; €ClH ke
reOMeTpHYeCKH (POPMH 3JIEMEHTOB ILEPOXOBATOCTH pa3/HYHB, TO pas-
JAMYHH W KpHBHe. Hanpumep OHH 3aBHCAT OT OTHOLIGHHS MEXJIY BHI-
COTOH W PACCTOSHHEM B/IEMEHTOR IUEPOXOBATOCTH, T. €., OT «OTHOCH-
TeJBHOW JJIMHH BOJIHE» 1epOXOBATOCTH. KpHBHEE MOBEPXHOCTHOrO Tpe-
HUS, TOJAYYaeMble IV TAaK HA3HBAEMBIX «BOJHHCTHIX» IOBEPXHOCTEH,
T. €. TaKHX, Y KOTOPHX BHICOTa JIEMEHTOB Masla 1O CPaBHEHHIO C MX
paccTOSIHHEM, COBCeM HHOTO BHAA, 4YeM KpHBHE IS NOB2PXHOCTER
C «OCTPHIMH» 3JeMEHTaMH L1epOXOBAaTOCTH. 3Zech OTKPHBAaeTcs GOJbIIOR
nosie s HOBHX SKCIEPHMEHTAIbHBIX H TEOPETHUECKHX HCCASHOBAHMH.

Muoro ofetaer A NPOSCHEHHA 5TOTO BOMPOCA NPSAMOE M3Meperue
1060BOr0 CONPOTHBJEHHS B TI0JIeTe, NPOH3B2IEHHOE IepPMAaHCKHUMH HCCIe-
: JoBaTeJaMH H paspaGoTaHHOe HO BLICOKOH cTemeHH

*y f . toynocTH JmoncoM B Aurnwu. OHO SIBASIETCS M07€3-
HbIM JOMOJIHEHHEM K ONbITaM B a3pOJHHAMHYECKHX
_ 43 Tpy6ax, B OCOOEHHOCTH B TpPy6ax C CHKATHM BO3-
4./ 5  pyxom.
; [Toa3oast UTOTH BRCeMy BHILUIECKA32HHOMY, MEl IpHU-

HYXIEHH YCTAHOBHTb, UYTO IIpH COBPEMEHHOM CO-
CTOSHHMH HAIUMX 3HAHHH OIpeJeAeHHe 10 ONLTaM
B A9DOAMHAMHYECKHX TPyOax neHCTBHTENBHOIO CO-

% TIPOTHR/IEGHHS TPEHH KPbUIbEB W APYTHX 4acTeH ca-
- MOJieTa He CBOOONHO OT INMPOU3BOJA, B OCOBEHHOCTH
Puc. 12 M0 MPHYHHE HeROCTaTOYHOCTH HAUIMX 3HaHHH B BO-

1Ipoce O IMepOXOBATOCTH.
Jo cHx nop MH paccMaTpHBaaH TypOy.IeHTHOE TpeHHe MHIKOCTH,
ABMKyllelics 1o TBeproMy Teay. Heo6xomIMMO Tenepb OCTAHOBHTbCH Ha
BONPOCE O TYPOYJIEHTHOM TPEHUH MEWAY HBYMS KUAKHMH cnosmu., [las
storo cayvas Ilpasntib BBOIMT TepMHMH «CBOGOAHAST TYpOYJEHTHOCTbY .
Paccmotpum ToabKO mpocrefiinii  cayvait. Ilycth B MoMeHT £==0 1ge
MacCH BO3AyXa, COTIpPHKAcalouiuecs N0 IVIOCKOCTH y =10, HAYMHAOT
PaBHOMEPHO HBHTaThCH OAHA NO JApYyroH, npuuem npu y > 0 HavadbHas
CKOpPOCTb IBIWKeHHT ecTb~~ U, a mis y< 0 HavajpHas CKOPOCTb
ectb — U (puc. 12), TlpeanonoxkuMm cHavazna, 4TO TOTOK JIaMHHAapeH,
Herpyano HafiTu TOYHOe MaTeMaTHueCcKOe pelleHHe g 3TOro ciayyasiy
HO I/1aBHHE De3y/JbTAThl MBI MOXKeM NOJYYHTb H3 CJAEIYIOUIEr0 NPOCTO-~
ro DacCyxJaeHHS.
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BBexeM cHOBa TOJUIHHY JIAMHHApPHOTO C1OA, KOTOPYIO GrpemesHy
COOTHOLIEHHEM :

5 — Uig (U — u)dy.
]

Torna, Kak /erKko BHAETb, 3aKOH KOJHYECTB ABHIKEHHS IaeT Bupame-
HHE QA CHJAB TpeHHd depes U 8, a 3aKoH 3HEPrHH onpexgensieT Py
g ¢yHxuud ppemenH. OGO3HAuYHB T, Ccpe3aiollee HaIpKEHHe TPH
y =0, MOXeM U3 3aKOHA KOJHUECTB IBHXEHHH HaHTH BHpaKeHHe

a6
o’
rae o — 4YHCJAeHHHH K03¢ulueHT POpMH. 3aKOH 3HepTHH TOBOPHT, YTO

noTepss KMHETHYECKOi SHeprid paBHa paGoTe ¢Hi TpemMs. OueBuuHoO,
3Ta ToTepsl SHEprHy BHIpAaMaeTcs uepes §PU28, a pabora CHJI TpeHus

To=0aplU—- (19)

”

b u Y — GespasMepHbie KOs(HUHeHTH. OTCIO

t
2
ecTs Y U fg- Sdt, vre
0

o Teopeme DHEPruH HaxXOoIUuM

3 d
73:”S'§ (20)

HIIH »
0% = const-v £ (21)

IonoGsnie e pe3yNbTaTHl HAXOIHM MHE IS CTALHOHAPHOTO MOTPaHHY-
HOTO CJIOs BAOMB MO IIACTHHKE.

OGparuMmcs Teneph K ClIydalo TypOYJEHTHOCTH. 3a HCK/I0YeHHeM
CAMOTO Hayana ABHEHHS, CH/bl JAMHHAPHOTO TPEHHSl MalH MO CpaB-
HEHMIO C CHiaMH TypOyJledTHOro TpeHHs. DTO 03Ha4yaeT, YTO MOTeps
KHHETHYECKOH 3HEPrHH YCPeIHEHHOrO MOTOKA NMPOHCXONHT 3a CYeT yBe-
JIMYEHHST KHHETHYeCKON 3Heprud ¢UrRokTyauHH. 3HauyHT, BBEls 0603Ha-
YeHHe

. q":“_ ,2—}—'0’0“{—'&)"’

ans cpenseifl CKOPOCTH TYypOY/CHTHBIX (DIIIOKTYaUHi, Mbl HOJAYYHM

7

) *QP' 2 w)dy = 5 S‘fdy (22)
b

C Ipyroft cTOPOHHI, TOTeps KOJHYeCTBA ABHMCEHHS] 34 Bpemd ¢ pae-
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dusnvecKkoe HCTONKOBAHHE 3THX YDABHEHHH COCTOMT B TOM, 4YTO
061acTh Nepexofa pachnpocTPaHsercd ¢ MOCTOSHHOH CKOpPOCTBIO, IIpO-
NOPUHOHANLHOH HaYalNbHOH CKOPOCTH OTHOCHTENHHOTO JABHMKEHHS BepXHeH
W HmiHeH Macc xuakoctH. TypGyneHTHOe ke TpeHHe MeXAY STHMH
MAacCaMH NPOMOPIHOHANLHO KBAAPATY HX OTHOCHTENbHOH CKOPOCTH. 3a-
MEYaTeNbHO, YTO KOI(HIHEHT TPEHHS XHIKOCTH N0 KUIKOCTH €CTh OI-
pEIIEJIEHHaﬁ INNOCTOsTHHAA BeJH4YHHA, TOrxa Kak KOBQ)HILHEHT TpeHHus
JHIKOCTH TO TBEePAOH TNaakoi cTeHKe ecTh (yHxuus uucna PeliHonb-
ICa M CTPeMHTCS K HYMIO, Koraa R - co. YucieHHOe 3HAUEHHE 3TO-
TO TPEHHSA XHIKOCTH HpElICTaB.TIFieT HeManu# uHTepec. ns HecTauuo-
HApHOTO cay4asd, PacCMOTPEHHOTO HAMH IO CHX IIOp, y HAac HeT eule
;nOCTaTO‘lHHX ONBITHBIX JAaHHHX. BO BCAKOM caydyae B3TH pESYJ'IbTaTbl
MOryT OHITh IE€pEHeceHbl Ha CJy4yal CTAUHOHAPHOTO TPEHHH LBYX Macc
XKHUAKOCTH, HUMEIOIIMX KOHEYHYIO PA3HOCTh CKOpPOCTeH IO MOBEPXHOCTH WX
conpukocHoBeHHs. Eciu npouecc TypOyJeHTHOTO CMeIlleHHs HayuHaercs
IIpH X =0, TO MH HaxOIHM, 4YTO AJ4HA OGJ4ACTH CMELIEHHS NpPONOp-
I[HOHa/AbHAa X (NOZOGHO TOMY, KaK B HECTAlMOHAPHOM C/Iydae MEl HMme-
M TPOMOPUHOHANBHOCTh £). DTOT ciAyyall H3yueH SKCIepHMEHTaNbHO;

2 :
KO09(DULUHMEHT TPEHHS NpH P gz_(U—— OTHOCHTEJILHASL CKOPOCTH O06OUX MO-

(,
b



TYPBYJAEHTHOCTD 43

TOKOB) — MOPAAKA C ==0,02. Takol xe KO3IDHUUHEHT TPEHUA HMeIA
OBl BecbMa Hl“pO‘{OBaTaH MOB2PXHOCTb. TakuM 06pa3oM MB BHAUM, YTO
BOOOLIE TFOBOPS, TPeHHE KUIKOCTH IO KHAKOCTH OOoJblie, yeM TPeHHe
WHIKOCTH MO ThepaoMy Tely (puc. 13). ITHM OOBICHACTCS XOPOIIO
H3BECTHHIA Napagokc, YTO HHAHHADHYECKOE TRIPOOS TeAO, IUILByuUlee
110 peKe TaK, YTO ero OCh NapAJJIeNbHA HANPABASHHIO MOTOKA, HMeeT
CKOpOCTh B0AbIIYI0, deMm caM Notok. OGbICH2HHE — B TOM, 4YTO ec/H
3aMEHHUTh TBEPABH IMAHHIAD MHIKUM, TO TYPOYJIEHTHOe TpPEeHHe BO3pa-
€0 Ghl.
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Puc. 13

C TpeHHEeM KHIKOCTH 110 JKHIKOCTH MH HMEEM JeJ0 BO MHOrHX
JIPAKTHYECKH BaXHHIX clydasx. Bonmpoc O mnocTeneHHoM oOc/iaGeBaHHH
110TOKa, 06pasyeMoro nponeiepoM, PACHIHPEHHH CTPYH JKHAKOCTH BIPHI-
CKHBAeMOH B XKHIAKOCTb, 3aTYXaHHH BHXpeH, 00pa30BABUIHXCH 34 JBHKY-
UIMMCSL TeAOM,— fiBJeHHdA 3Toro tuna. [Ipanaras, Toanmuu, HIauxrHHr
H JIp. Mand MOJYSMIIHPHYECKYI0 TEOPHIO 3THX CAy4deB, OCHOBAHHYIO HA
NepeHoce KOMMYeCTBA JBHweHHd. Tafinop u MarTeonu Takwke paccMa-
TPHBAJMH HEKOTOpHE NMOJOGHBEIC CYy4aH, HCXONS M3 HHHEIX B3PAAAOB HA
npobnemy typOyientHoctd. Ilo MueHHI0 aBTOpa 3TOH CTaThH, YZOBIE-
TBOPUTENBHOE PeHIeHHE MOXST OLITh HOJIYyUYEeHO TOJbKO H3 DPaccMOTpe-
HHA OOMEHa BCeX BXOAfIUUX B HICPY MeXaHHYeCKHX BeJIHYHH: KOJIHYe-
CTBA JBWKEHHMS, SHeprufi u BHXped. DBbllueHameveHhHoe npocToe - pac-
CMOTpDeHHE pa3MepPHOCTeH MOMXeT MNOCNYXKHTb OCHOBOH 60nee NOJIHOH
TEOPHH. :

D. KOTIA TYPBYJEHTHOCTbL CJ/AYXHUT HA LHOJIb3Y
ABHAHHXEHEPY

Xotsi TYpOyAGHTHOCTp H IPEACTABISCT HEKEIATENbHY!O XOGABKY
¥ IOBEPXHOCTHOMY TPEHHIO, HO He cJieayer 3a0blBaTh, YTO CTpyiiHOE
O0TeKaHHe NMPAKTHYECKH HEBOSMOKHO Ge3 HEYCTOHYMBOCTH JaMHHAPHO-
ro ppuwxedus. [Ipencrasliende O NOTPAHMYHOM CJI0€ BHECAO SCHOCTh B
ase npobaemel. OHO CAenano IOHATHBIM MEXAHH3M NMOBEPXHOCTHOrO TPR-
HUS, MEXaHH3M OTAL/IEHHS BHXpeH H oO6pasoBaHHe BHXPEBOH objacTH
3a Tenom. Jlopa Peneit pacemarpusan conporusrienHe GOpPMBI MIACTHH-
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KM, HCXOZS H3 TEOPHH PA3PLIBHOrO TOTEHUHANLHOTO INBHMKEHHS, Pa3BH-
toli Kupxroddom u [enapmronblieM. B HeMHOrHx ciayuasx, KOTOpHe
yAan0ch HCCIAEIOBATH NPH IOMOIUH 3ITOH TeopHH, 0O6pa3OBaHHE BHXpe-
Boli O6GNacTH 3a Te/IOM OGBIACHANOCH H3 HajJHuusi OCTPHX YIJ10B. OaHa-
KO, KPYroBOH WM 3IIMNTHYeCKHH HMJAHHAD He HMEIOT OCTPHX YIJIOB,
a TeM He MEHee OTCJIOeHHe CyllecTByeT. TeOpusi MOBEPXHOCTHOTO CJOS
OOBACHANA 3TO, HCXOAA H3 HaAHUHSI OOPAaTHOTO TPAXHEHTA HAaBJICHHS.
Ho #3BecTHO, MTO JaMHHapHBIH NOTpaHHYHHH CJAOH HMeeT CTOAb Majoe
CONPOTHBJIEHHE 1O CPABHEHHIO C OOpaTHLIM TPaZHEHTOM MNAaBJEHHS, YTO
TONBKO ANA CEUSHHHM BechbMa MaI0M OTHOCHTENBHOH TOJNIUMHHL MOMKHO
HCNO/JAb30BaTh BHIOAHW cTPYRHOro teyenust, Kak 6biio OTKpHTO 6iaro-
TPHATHOE BIIHIHHE TYPOY/IEHTHOCTH IIOTPAHHYHOTO &IOS Ha 1060BOE Co-
TIPOTHBJIEHHE, XOpPOHIO M3BECTHO. Jlen0 HAualoch C PacXOXIAEHHS B H3-
MepeHHsiX KO3(HIHEeHTa N1060BOTO CONPOTHBIEHHS Iuiapa B 1aGOPATOPHH .
diipdens u B nabopatopun [Ipangras. MamepeHus G6hIIH NpOBEREHH
Ui pa3AHYHBX yucesn PefiHonbAca B ABYX pasiHYHBIX a3pONHHAMHYe-
ckux 1pyGax. Torma Siiddens pacnpocTpaHHI CBOH H3MEpEHHs Ha 60-
nee WMPOKHUH nuanazon uMcen PefiHonpAca ¥ HameA BHE3anHoe YO-
BaHHE KO3(HUHEHTa a0OOBOrO CONpPOTHBJEHHUS, HAGMIOIABLIeecs, Kak
ykazall jopa Penelt, scerza mpH oxHuX H Tex e uyHcaax PefiHombaca.
Haxonen, Ilpadarib OGBICHHA 3TO BHE3aNHOE MNaIcHHe IIePeXOJOM OT
JIAMHHAPHOTO K TypOyJeHTHOMY forpaHduHoMmy caoio. [losxxee Gwino
Ha#meHo, uyTO KpUTHYECKOe 3HadeHHe yucla PelHONbIACA CHIBHO 3aBH-
CHT OT CTeneHd TypOYJeHTHOCTH BO3IYIIHOTO IIOTOKA, 4TO H HBHJOCH
HHAHKATOPOM CTEMeHH TYpOYJEHTHOCTH BO3JyXa B 43POAHHAMHYECKHX
TpyGax.

Tlono6GHoe ke BAUSHHE TYPOYJISHTHOCTH BO3AYLIHOTO NOTOKA HA CO-
NPOTHB/IEHHE KPHJIbeB CaMOJeTa GBIIO OTKPHTO HECKONBbKO JeT Ha3ai.
Hccnenosanne sTo#t mpobieMsl ObJIO BHI3BAHO TAKXe PACXOXIEHHEM
3KCINEPHUMEHTAJIbHHIX Pe3y/lbTaToOB, HAa 3TOT pa3 MeXAY H3MepeHHSIMH B
Tpy6e nepemeHHoro naenenuss N. A. C. A. v B T1pyGe ¢ OOGHYHHEM
atMmocdepHuM JaeieddemM KanudopHHACKOTO TEXHOJOTHYECKOTO HHCTH-
Tyra. Ilocnemnuii TyHHeab HMMeeT BecbMa MajJul# ypoeenb TypOyleHT-
HOCTH TOoTOKa (oKono 0,40/; GMOKTYyaUMH CKODOCTH), mepexoxn OT Jja-
MHHAPHOTO K TYpOY/JeHTHOMY COCTOSIHHIO 3aTATHBAeTCHd H IIOTepS CKO-
pocTH HaGaAaercd NpH MeHbUIHX 3HAYEeHHAX KO3(HUHeHTa NMOXbeMHOH
CHAH, YeM B TpPYGe ¢ GoJsiee BHICOKUM YpOBHeM TypOyneHTHOCTH. Bse-
JeHHeM HCKYCCTBEHHOH TypOy/iM3auuM YIAaloch TPHBECTH B corjacHe
pesynbTaTel M3MepeHHs B 0Geux TtpyOax. CilemoBaTe/lbHO, MaKCHMAasb-
Had MONBEMHAs CHAA KpHJIa OKA3LIBAETCS 3aBHCAWEH OT TypOyJieHTHO-
CTH HAGeramoilero NOTOKA; OHa sBasgercs ¢yHkuWe#i H yucna Pel-
HOJBJACA U YPOBHS TypOyJneHtHocTH. 3710 nano [lpalizewy ocuoBanue
HA3WBATh TYPOYJIEHTHOCTh «CHYTHHKOM YHCIa Pelnoabaca».

SIsnesHe 3TO BecbMa caoHO. TYpOGY/NeHTHOCTb, KAK MH YBH/IAHM B
crepyomieM naparpage, eure He XapakTepH3yercss BINOJIHE YPOBHeM
TYp6YAE€HTHOCTH, T. €. OTHOCHTeAbHOH penuuuHOH duroKTYauuh cko-
pocti. Jomkna OHTb, no kpafiHeft Mepe, MpHHATA BO BHHMaHHe elie
HeKoTOpas A/IMHA, COOTBETCTRYIOLIAS MPOTMKEHHOCTH OTAEGNbHBIX BHXpeil,
HHaye Helb3sl GyIET omucatbh AeHCTBHA BHewHell TYpOyJAEeHTHOCTH Ha
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MEeCTO Mepexona MOrpaHHYHOro CI0sS H3 JAMHHAPHOTO B TYPOY/JASHTHHIK.
BuIO SICHO IMOKA3aHO B BHINEYNOMSHYTHIX HCCAEIOBAHHSX, YTO B OINBI-
Tax, UPOBOAHUMBIX B CBOGOZHOH aTMocdepe, MOPHIBUCTHIE MOTOK He
NPOM3BOANT TOTO HeHCTBHH, KAaKOZ2 IPOH3BOAMT MOBLILICHHAS TYPOYIEHT~
HOCTh B a9POAHHAMHYECKHX TpyOax. WupIMM cl10BaMH, KpymnHas typ6y-
MEHTHOCTh JNelcTByeT MHaye, vyeM Meaxas. Hemaeno Taiiop nawen, uro
KpuTHIeCKOe uHcI0 PelfHonbaca Re AOMKHO YIOBIETBOPAThH COOTHOILIRHH )

u\({D\*
R(,' =F (‘J)(T »

rae u — BeaudyuHa ¢moKTyaun#t ckopoctH, D — nuamerp chepw u L —
JVIMHA, XApaKTepH3YoWas «KPYMHOCTb» TYPOYIeHTHOCTH.

M3 atoro KopoTKOro 0630pa YCTAHOBIEHHBIX 3KCIIEDHMEHTOM (hak-
TOB C/EAYET, UTO W IepeXOf OT JIAMMHAPHOrO K TYPOYIAGHTHOMY CO-
CTOAHHIO M OTpPHIBAHHE TYPOYJIEHTHOTO IOrPAHMYHOrO CJIOA B3AUMHO
RAKSIOT JAPYr Ha JApYyra BO MHOTHX BecbMa BawHbIX ssieHusix. Hemasdo
nposan ckopoctd (tip stalling), oGyc/oBleHHHIH YBeqHYeHHHIM 3a0CTpe-
HHEM KpbUIbEB, BbI3BAT HOBOE BHHMaHHe K npobieme oTphiBaHud, Iaas-
HEHWIUMH BONIPOCAMH, Ha KOTOPHIE Ml ellle HE MOWKeM OTRETHTh, TIpei-
CTABJAMIOTCA aBTOPY CHAENYIOLIHE:

a) BAWRHHE KPHBHU3HLI W TPAAHCHTA HABJEHHT HA MOJOMEHHE Mecra
nepexoaa CJ0s U3 JAMHHADHOTO B TypOYyJeHTHHI;

b) BAufHHe BHellHell TypOy/eHTHOCTH Ha IOJOKEHHE MecTa Iiepe-
X0Aa;

e C) BAWSHHMZ KPUBH3HL M TPAAHCHTA IABJEHHS HA OTPHIBAHHE TYp-
HVJIEHTHOrO TIOFPAHHYBOrO CJ0H;

d) BrHAHHE W2POXOBATOCTH HA Te e SIBJIGHHA.

IMonwitka Bypu # I'pymisHiua pelidTh HPOOAEMYy OTPLIBAHHA 1OJdY-
IMIOUPUIECKHM METONOM He TNPEOCTABASRTCA HAM INIOLOTBOPHOH. AsTop
vOeKAeH, 4TO BHECeHde SCHOCTH B 3TOT BONPOC BO3MOMXKHO TOJIBKO Ye-
pe3 ycTaHOBJIEHHE OCHOBHBIX 31KOHOB TypOyJeHTHOro oGueHa.

B OIHOM OTHOIIEHUH MHl HAXOMHMCS B JydlIeM IOJOMEHHH, ueM
B cayuae ABJACHHAN MOMEKYIIPHOrO OOMeHA; 6Jarozapsd MaxpOCKOIHYHO-
CTH HMHTEP2CYIOUIMX HAC FBJICHHI BO3MOXHO HX HEIOCPeJICTB2HHOE Ha-
HaoxzHuz. TeM He MaHee, KaK ywe ObUIO CKa3aHno, TeOpeTHYeckas dop-
MVJIHDORKA MPOG/AeMbl MHOTO 3aTPYyAHMTNbHeH, uYeM B Clydae MOJeKy-
JAPHLIX SBN2HHA; aTOMBl U MOJIEKYJb SIBJSIOTCH  YCTOMYHBHIMH  CHCTe-
MAMH, KOTOpHIE MOM¥HO DPa3pyWiUTb TOJbKO I'POMalHBIMH CHIaMH. BUxpH
e JIeTKO POKAAITCS H JIErKO pa3pyllialoTcd; WMEHHO IO3TOMY MPHIO-
JKEHH2 K HHM CTATHYECKOH TeOPHH TpefyeT 60/ee TOHKHX PACCYXISHHH,
yeM KHHETHYECKas TeOpHs Tasos.

B Hactosuize Bpemsl Mbl HMeeM elle JeTCKHe TOLB CTATHCTHYECKOMH
TeOpHH TYpPOYJNEHTHOCTH, €e TEpBbIe NOMHTKH XOXHTh. TeM He MeHee
s TIy6OKO yBepeH, 4TO WMeTOAM H pe3yabTathl STOH TeopHM OYAyT
MMeTb TaKOe Ke BJIHSHHE Ha 1IPAKTHYECKYI a3pOJHHAMHUKY, KaKOe B
CBOe BpeMSl MMeJH Ha Hee TeopHd Kpwuia Jlandecrepa — [Ipadaras, u
B H3BECTHOH Mepe TeOPHH I[IOTPAHHYHOIO CJIOS, SBASIOWAACT HEOTAL/IH-
MOH YacThl0 COBPEMEHHOH TpakTHYeCKOfl aspoAuHaMHkH. Bor mnouemy
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MB COWIHM TNOJIe3HBIM JATh KODOTKHH 0630D OCHOBHELIX TOJOMEHHH cTa-
THCTHYECKOrO MeTOJd.

6. POXIOEHHE, XH3HDL M CMEPTDHL TYPBYJEHTHOCTH.
OCHOBHBE HOJOXKEHHYS CTATHCTHYECKON TEOPHHU

Kak ywxe GOm0 CKAa3aHO BO BBRICHHH K 3TOMY JOKJany, TYpGyaeHT-
HOCTh XAPAKTEPU3YETCH CMEIIeHHeM H MepenyThiBaHHeM GOJABLIOr0 YHC-
JNa OTHeNbHHIX BUXpeil. B mocjeaHHx HCcenoBaHusax TYpOYAEHTHOCTH,
npousseaeusnx 1 B Auraun u B CIIIA, 119 moaydexus OZHOPOAHOTO
TypGYJAeHTHOTO NOJS B NOTOKE YNOTPeOJASNHCh petnerku. B arom cay-
yae sHeprus TYpPOYIeHTHHIX (IIOKTYyalM# moayyaercs 32 cueT meHcTBUS
OTHENbHLIX CTePHHeH HAM NPOBOJOK, H3 KOTOPHIX ~COCTOMT pellieTKa.
HenocpencTeeHHO 3a CTEPXKHSIMH HAGIIONAIOTCA OTIE/bHBEE TIPABHJAbHBEIE
CHCTEMH BHXpeil; HO Jajlee OT PeIIeTKH OHM CKOPO HCYe3aloT, H Clle-
AN OT CTepXHel COCTOST M3 HEpery/asipHO 3aBMXPEHHOH MKHIKOCTH; ellle
Janee HCYE3AIOT, H RCe CJIeln pelleTKH H Typ6yneHTHHe (IIOKTYauuH
CTAHOBATCA DPABHOMEDHO DACHpeAeleHHBIMH 110 BCEMy CEYEHHIO TIOTOKa.

Ecnu wuaKocth CKOJB3HT MO TBIPAOH NMOBEPXHOCTH, TO TYPGYJIeHT-
HOCTh HEMPEpPHBHO CO3X2eTCH H3 BHXPeH, NMPOH3ZOMHUMBIX HEPOBHOCTSAMH
TIOBEPXHOCTH, HJ/IH BO3HHKAET BCIENCTBHE HEYCTOHYHMBOCTH JIAMHHApPHOTO
noACNOs. 3ameyarte/bHO, KAK B 9TOM CIyyde CKOPO UCYe3al0T BCSKHE
c/lens NMPOHUCXOMIEHHS TYPOYJIEHTHOCTH, — YXKe Ha MaldoM PacCTOSHHH
OT Mecra powneHusi Buxpefi. Hanpumep, B cayyae TpyOH C HEpOBHHIMH
CTeHKaMy Mbl YKe Ha PACCTOSIHHH, BIBOe OOnbuieM, YeM BBICOTa HepOB-
HocTel, BHIMM, YTO YPOBeHb TYPGY/IEHTHOCTH CTAHOBHTCS MOCTOSTHHBIM
MO CpenHeMy HanpaB/IeHHK) NOTOKAa, BHE 33BHCHMOCTH OT TOTO, HaxoO-
ANTCA JHM MECTO HAGAIONeHUs HaNpOTHB JONWHK HAH HANpoTHs ropba
HEPOBHOCTH.

Wamepenue TypGy/eHTHHX (DAOKTYaUU MOKHO NPOM3BOJAUTH Ppas-
JHYHBIMH  COCOGAMH — aHEMOMETPAMH  THNA  TEMJIOBOTO aHEMOMETPaA,
0COGEHHO MPHTOMHOTO IS 31MHCH KoJdebaHU#t ckoHOCTH, HAH HKe BH-
3yanbHuM HaGmoneHueM. JIs OCYUISCTBIGHHS MOCNEIHErO B KHAKOCTH
B3BEIIUBAIOTCS KAKH2-HHUOYAbL YACTHIH HAH JKe HCIOMB3YIOT PAa3HHILY
B NOKAa3aTendxX TPETOMIEHHS Harperoft M xonomxo#t xuaxoctd. B cro-
Gomnolt atmocepe M B peke BHXpH OOHYHO HACTONBKO BEUKH, a Cile-
ROBATE/IBHO, CKOPOCTh H3MeHeHHd (JIOKTYalMu HACTOJABKO Mana, d4To
CTaHOBHTCS BO3MOMNHEIM NPHMEHEHHE JJIf 3alMCH WX OGHIYHBIX aHEMO-
MeTpOB, BOOOUIE TOBOPS, HUMEIOIHX GOJbIIYI) WHEPIHIO.

- O6oznaunm depes u;, Up, uz—— QIIOKTyanMH CKOPOCTH B Tpex
B3aUMHO TIEPNEHAMKYASPHRX HAMPABICHHAX, X, Xy, Xi, 4 CpEIHHE

KBaApaTHuHHe ux—vuepes .2, u,%, wu,®; nox cpenneft KuHeTHYe--
ckoft 9ueprueft Ha emMHUIYy MaccH 6yaeM TOHHUMATh BHPAMEHHE

1, —
.- —_— 2 2 ; 2

2 (”1 u® + ug ) ’
. Pefluoabac ykasan, YTO BeAMYHHB

T 14—

o pul 5 ULt o pusT;
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NPECTaBAAIOT KOMIOHEHTH JAABJICHHS Ha C€AMHHUY IIOW@AH, nepneH-
TUKYISIDHOH COOTBETCTBEHHO K X, X, Xg, & BEIHYHHBI

ULy plglyy o pugly

HPENCTABASIOT CIOBHIOBLIE YCHAMS; ME Ha3LIBAEM HX KOMIOHEHTaMH
TypOY/AEHTHOrO TpeHHsl. DTH LIecTh KOMIOHEHTOB ONpPEREASIOT TEH30p
TypOy/neHTHHX HAanpspKeHHH. «YpOoBeHb TYPOYJIEHTHOCTH» XapaxTepH-
3yeTcs CPeIHMM 3HayeHHeM KBaapaTa (pAOKTYauHH CKODOCTH.

[epsast BesnunHa, KOTODPYIO MH MOKEM ONPENENHTh M3 3amuced
(MOKTYAlHH, €CTh 4YacToTa, ¢ KOTOPOH IOAB/ISETCS ONpefeNeHHasl Be-
JAu4YHHa CcKopocTd. [TOBHIMMOMY, 3KCIEpHMEHT BCErja MOKA3WBAeT, UTO
pacnpeneneHHe CKOpocTeil pa3Holl BeNHYHMHB COOTBETCTBYET JOBONLHO
TOYHO 3aKOHY owHbox (puc. 14).

[Tpocreitupm  ciaydaem  TypOy- ; gﬂ}
JIGHTHOLO TIOJSl SIBJSETCH TAK Ha3bl- < 7
BaeMast U30TPOMHad TYPOYJIEHTHOCTD, XA
BHOEPBHE JeTaAbHO u3ydyeHHas Tsit- Q77

aopoM. Ilo onpenenennio, sTo Tako#H
BuI TYPOYJIEHTHOCTH, MPH KOTOPOM
HeT pa3iauyus B (PIIOKTyalUHsIX CKO-
POCTH TIO DPa3HbLIM HaMpaBJEHHUSM,

Tak yTO HaGmoxaTenb, HecyuwmHcs 7 ‘ A ]
BMECTE C YCPEAHCHHBIM IIOTOKOM, . H3bsmbenon chopocms
37O pasHHUM He Haxonaur. Takos,
HampuMep, ciaydadl  paBHOMEPHOTO
HCKYCCTBEHHOrO BeTpa ¢ [OCTOSIH-
HHM YpPOBHEM TYDOY/IEHTHOCTH [0 CEYEHHIO IIOTOKAa, a B H3BeCTHOM
CTelleHU U ecTeCTBeHHbI! DaBHOMEDHBIH BeTep Ha IOCTAaTOYHOH BhHICOTE
OT YPOBHS 3€MJH.

UsortponHast TypOY/NeHTHOCTh B HM3BECTHOH CTeneH:d aHaNOTHYHA MO~
JIeKYJISIPHOMY COCTOSIHHIO TIOKOsillerocst rasa. B Takom rase Bce Ha-
NpaBjIeHHs] PABHOLESHHH, H B pe3yAbTaTe MOJEKYJSDHHX CTOJKHOBEHHI
MBl uMeeM TPH DaBHHIX KOMIIOHEHTa JaBJeHHs; CHABHIOBHIE YCHJIHS PaB-
HH Hyao. Takke H B clydae H30TPOMHOH TYPOYJIEHTHOCTH TPH HOp-
MaJbHHX HaNpsSXeHHS DPABHH, a TPH CABHUTOBHIX, ONpCHCHSEMHX Yepea

Puc. 14

CpelHMe 3HAYEHHS TPOM3BEJEHHH BHIA U, Uy, HyndH. B camom mene,

ec/iH OWl &, 4, ObIM OTAHYHL OT HYJAf, YCAOBHE H3OTPONHH He ORIIO
6u cobaoaeno. Eciad Mbl, RanpHMep, H3MEHHM HAMpaBJGHHE OCH Xo

na oGparHoe, TO H3MEHHTCH Ha OOCPATHHH H 3HAK NPOH3BENCHHS U, Us,
a CIeXOBATENBHO, OKAa3ajach OHl Pa3HHUA B HANPABAEHHAX + Xy H — X,
4TO MPOTHBOPEYU/IO OH OmNpengieHHio H30TPOHHH.

Bce e MeXIy MOJEKYJADHHM I0JIeM HOKOSIIIErOoCsl Ta3a H  HOJEM
U30TPOMHONH TYPOYJIEHTHOCTH CYUIECTBYET CYILECTBeHHOE pa3aHune, Ecan
np2rebpedp H3/NydyeHHEM U mepeladel TEMIOTH OT CTEHOK, TO MOJEKY-
Jgpuasg CHCTeMa He IHCCHMATHBHA, T. €. CPelHAsd KHHeTHYeckas 3Hep-
THf MOJEKyA (NpeiacTaBisionlas HE WYTO HHOe, KaK 3amac Tenioso
3HEPTHM B ra3e) ocraercs HeusMmeHHOH. Ho B TypGyau3upOBaHHOH WHA- -
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KOCTH, 1I0CTOSHHO HCIHTHBAIONIEH XeidicTBHE CH  Tpenus, TYpOy/eHt-
HOCTh MO3TOMY YMeHbINAeTCs, H MaKpPOCKONHYECKAd KHHETHYECKas IHep-
THsi TYpOyJeHTHHIX (DMOKTyauuii npespaiaercss B KHHETHYECKYIO 3HEp-
THIO MOJIEKY/ASIPHOTO JIBHMWEHHHA, T. €. B TEO.

VcraHoBaeHHe 3aKOHOB THOeaH TypOYJEHTHOCTH BCAEACTBHE TpeHHH
¥ CTEPECHO € TOYKH 3DeHHs M TeOPHY H NPAKTHKH AAS MHOFUX TIpH-
JI0WEHUH B MHMEHEPHOM JTede M MeTeoposnordH. KOMIIOHeHTHI TeH3opa
TPEHUs: NPOMOPIHOHA/IBHE 1IPOCTPAHCTBEHHHM TIPOM3BOIHBIM CKOPOCTEH,
4 109TOMY IMCCOLMAIHH 3aBHCHT HE TONBKO OT yPOBHS TypOy/eHTHO-
CTH, HO M OT CTENEHH 3ePHUCTOCTH TypOYyJIeHTHOro nojd, T. €. OT
pa3MepoB BUXpeli.

[Ips u3yueHHH CTPYKIYpH TypOY/JEHTHOCTH MOXKHO yrOTpeGaIiTh
AU60 onucaTenbHHH, AHGO cTaTHeTHYecKu# meToA. Ilepsnil ucnonn3o-
-pamd UImuar v Hemapuo Illepaok B WX HMHTEPECHBIX HCCIENOBAHHAX
CTPYKTYpH cHAbHHX BeTpos (gales) (puc. 15, AHHHH paBHOH CKOpPOCTH
B (QYHKIMH BHICOTH H BDEMEHH).

ey 14! 190 o 083 737//r ‘99 , /,‘?F 797 1398 i 198 200 207 202 253
el iy LJKI 4« Il ‘ , s lglsr | ”u ls ! /) Q BT (21 |2z, ___JIIJJF 92, UJJ
g RINE 1 T
7 FLrt 2R y A !
5 il o)
E2

DR R AR R AV A RO R

, e oy 2br i rum & PRI 2 «7!/\ 4
, M 5 orates e 551 3] 5 R s % ”)W'j/ '
, AT,

Puc. 15

" B CTATHCTHYECKOM METOJNE MBI H3yddeM CpeldHHe 3HAadYeHHs H CTpe-
MHMCH ONpPENSMHThL pa3Mephl BHXpel MO KOppeNAlHH MEXIy KOMIOHEH-
TAMH cxopocreﬁ -BeIroga CTaTucTHYECKOTO MeToja B TOM, 4YTO BCe Xa-
PaKTepHHE BEIWYHHH MOrYT OHWTb ONPENE/ICHH MaTeMaTHYECKH; HO,
KOHEYHO, OT/g/NbHHE COOLTHS H KOH(HWrypanuu CTHPAIOTCSt B TIpolecce
yCpelHeHHS.

Yro e Taxkoe koppensuua? Byldem oTMeuaTh NOsBAEHHE ONpene/eH-
HOrO cOGHTHE B IBYX TO4YKax A u B npocTpaHCTBa; INPECANOIONKHM
TaKme, YTO HACTyIUIeHHE COOLITHA H ero HeHacTyIJieHHe HMEIOT OIMHa-
KOBYIO BeposiTHOCTH. Ecnu coOHITHe HacTymaer, Mbl OTMeYaeM 3TC B
HAIIMX 3andciX -+ 1; B MpPoTHBHOM ciayyae nuiueM — 1. Hanpuwmep,
a =1 o38ayaeT, 4TO COGHTH2 HacTynaer B Touke A; b =1 osnauaer,
UTO TO ke COGHTHe HacTymaerT B TOYke b. OueBHIHO, YTO eciy CoOH-

TUS STH HE3aBHCHMH, TO CpelHee 3HauYeHHe NPOM3BeNEHHA @b pasHO
HYNIO; eCIi cOOHTHY B8 A U B HAacTynawT HenpeMeHHO 064 HAH o6a

He uacTynaiot, To ab=1, ecaH, HaKOHel, HacTyIeHHe cOOHTHA B A
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BJgUET HeHacTyIJIeHHe €ro B B u Hao6opor, 10 ab—=— — 1. Ecnu we
C3s13b MWy COOHTUAMH B A u B nenosmasi, T. €. HMERTCH JHIIb

wroppeysiusy, 10 0 < ab < 1. OueBHAHO, 4T0 NOJLOGHBIM e 00pa-
30M H3MepsieTcsl KOPPe/slHs MEKAY JIOOBIMH JBYMS pas3sJHYHBEIMH CO-
OutuaMH B A U B. :

[NpeacraBum Temepb ceGe, YTO MBI H3MepseM JBe KaKUX-HHGYIb
KOMIIOHEHTH CKOPOCTH &, 4, B HOBYX Pa3HLIX TOUKaX H30TPONHOTO
TypOYAEHTHOTO NOJAs, YroGH YCTAHOBUTH, CYWIECTBYET IH KOpPpeldlus
Mexxny QUoxTyaudsMi B A H B, COCTaBHM cpefiHHe 3HAUYEHHs] NPOH3-

ReleHH u;4 upp; OymeM ux 0003Ha4aTh ¢,,. OUYEBHIHO, TaKHX BEeJH-
YHH — AeBATH; TPH U3 HHX MONAPHO paBHH BCIEACTBUE SKBHUBAJIEHTHOCTH
BCEX HANpABACHHH, HANPHUMED, WUi4 Upp == UpA U;B, MIH (=g, UTO
Kacaercs OCTaJbHBIX IIECTH, TO JJs OAHOPOJHOrO HEOTPaHHYEeHHOro
MO/ MBI MOXEM BHIOpaTb A TPOH3RONBHO, M TOLAA ¢, ABATCA (hyHK-
uuamMu  B. BreOpaB A 3a Hayado KOOPAHHAT X,, X, X5, BHIHM, HTO
9,z CYTh QYHKIMH X,, Xo, X3. [IpH G0abLIOM paccTOfHHH Mexay A U B,
T. €. npd OGOABLIOM pagHyce

r=V %2} xs* + x3°

CpelIHME 3HAYEHHS ¢, Majel, OCHYHO OHM NpaKTHYeckH uyau. Ecan
A u B_c_osnanaxor {(r=0), cpennue 3HAUCHUS (), (0, G33 PABHH
4%, rae u®—o0ulee 3HaueHHe BEMHYHH 4,2, 4,2, u3% gio == (o3 ==
g5, =0, MOTOMy 4YTO, KaK CKa3aHO BHILIe, CIBATOBBIE HaMpSXeHHs
HCYe3aI0T.

Pa3snenus niecTh BelMHYHH ¢, Ha 4, Ha30BeM I0JIyYEHHbIE YaCTHHE
KOppEJSIUMOHHLIME (QYHKLUHAMH R;,. B cayuae M30TpONHH 3TH WECTh
¢ynkuuil MOryT OHTh BhipaweHH duepe3d ABe GYHKuMH R (r) u Ry(r).
Tleprast M3 3THX (QYHKUME eCTh KOPPE/SIUHS MENKAY KOMIIOHEHTAMH CKO-
poctell no mpsamolt AB, coexuusiouefft Touku HabawgeHus A u B;
BTOpas (YHKUUS ecTb KOppeidalHsd MEeXAY KOMMOHEeHTaMM, MeprneHIu-
KyaapsbiMd ¥ AB M napamienpHeMH Mexnay coGoi. [losTomMy Mol Ha-
aniBaem R, mponossHofl, R —— nonepeynoft koppeasuueit. Ecnw mun-
KOCTb MOXHO CHHTATh HECHKHMAEMOH, TO ITH BeJAHYHHBI CBA3AHBI COOT-
HOLI2HHUEM

ARy
dr

+2(R, —Ry) =0, 29

NPeACTABIAIOUMM He YTO HHOe, KaK YypaBHEHHe HempepLiBHOCTH. Ha-
NMMYHE STOTO COOTHOUIEHHS MOXKHO CUHTATh KPHTEPHEM H3OTPONHOCTH
TypGyaeHTHOro nois. Kamepenus Cummonca (Simmons), B aspoiuHa-
muyeckoft TpyGe Hauunounanbnoit ¢usuueckoit naGopaTopuH MOKa3ajH,
49TO 3TOT KPHTEPHH OdYeHb XOpoMIO yaosiaersopsercs (puc. 16).

Mu mpencrasasem ceGe TypGyJeHTHOE HBHKEHHe KaK ciaydakHoe
ABHXeHHe OOJBUIOrC YHC/Aa BHXPEBBIX CIYCTKOB HJIH KOMbEB; XapaKTep
KPHBOH KOPpesaUHH AaeT HaM NpPEACTaBJEHHEC O Pa3M2pe 3THX KOMbEB.
ITocmotpnM, Hanmpuvep, Ha KpuBYi0 R, NpOAO/AbHOH KOPpeIslHH Ha
puc. 16, Hns r=1 (8 mofimax) mu Haxomum R,==0,36. 3Hauwur,

Yenexn duanyeckux ﬁayx, T. XXI, Bum. 1 &
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HMEETCH CPABHUTENBHO OGOJbINasi BEPOSTHOCTb, YTO IB2 YACTHIE MKHI-~
KOCTH, HaxONAUHecss Ha PaccTOsiHHH B 1 OM, IBHXYTCS B OJHOM Ha-
npapaeHud. OTCIONa MBI 3aKJIOM4EM, YTO B MOTOKe, M3ydeHHOM CHMMOH-
COM, CYTECTBY2T 3HAYMTENLHOE
7 KOMHUECTBO BHXpPEH MNONOGHREIX
Pa3MepoB; B CaMOM Jene, eciu
6u Gonbiast yacTb BUXpeH Guia
, MeHbiie 1 O, TO ABMKEHHS B
]
\

&

-7 A n B BecbMa Mano 3asMcenw
Ol Apyr OT japyra, M KOppe-
nauds 6blaa 6bl 6K3Ka K HYNIO,
Taxum 06pa3oM paccmMoTpeHHe
KPHBLIX KOPPEAsSUHH, NOJYYeH-
s HBIX NPH Pa3HBIX VCAOBUAX, M03-
. . BOJIIET HaM ACNaTh 3aK/MIOUYEHHS

7 \ 0 «(HU3HYCCKHX pa3Mzpax» (M
4 GyaemM rOBODHTD «32PHUITOCTHY
ey

g — %c_ TYpOYNeHTHOTO MOTOKA.
KpuBHsHa xpuswx Keppe-
. IS0HA B TOYKe r =0, THAeOHH
T Y A T A A HUMEIOT MaKCHMa/bHOE 3Ha4eHHe,
Lot npaacTasaser CcoGuit MHTEpec,
Puc. 16 B cavom nene, kBampaTsl H no-

NapHBie NPOU3BENEHUS MPOH3=
BOAHHIX (DJIOKTYaumMid CKOPOCTH

)

Hospuauewm koppensuuy
= S
o 2N
1
V.

ngl d2R2
3aBUCAT TOJNBKO OT Ey " e npu  r=40. Paccmotpum, Ha-

du \2
npumep, <E}- . OTO NpeACTaBAseT HHTEPEC, NOTOMy 4uTO CyMMa
X

du, \2 "

Zy.(i—‘ npeicTaBngeT paGoTy CHA TPEHHS 3a eNUHHIY BpPEMEHH,
Xr

T. €. MepYy paccesHMfl KMHETHYECKOH SHEDTHH LPHU TYPOYNEHTHOM IBH-

wenny, Ho

ou, 2 . (El;‘” Vun)z
(5;) =lim e

rue Z—Bennquﬂa daoKTYauUHH CKOPCCTH B TOYKE X, u,—B TOUKE
X,", a npexen Gepercs TPH Xp" = X,. OTCIONA HAXOLHM

-

Ty
0x, (" — x,)*

Ho u'?>=u?2, uu’=R.u?, a notomy

‘u)\2 -y 1'—R
gy 1R |
( ) “ (s — x,)?
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Paznoxum Teneps» q)yHKU,HIO KOoppeadiiu B pAd 1O CTENEHAM le—-—-
_xz—‘:r

R)——-l "“—‘— re <dd£ | A
OueBunno
72
2(1—Ry)=— \dd,[i2> rf—

a nepexons K npegeny, r==0, x,’-» x;, Haxomum

Gy =—w (5%
= .
0Xy dar? Jo

Talizop ykasan 1DpocTOE reOMETPUYECKOe  OpPEICTAaBJeHHE st
d’R,

e . B 06nacTH MaxcHUManbHOTO 3HAYEHHS KPHBOH KOppensuud

r

r=90

Ry (r) wmH Moxen NpUOAMKEHHO CYHTaTe €€ mnapa6onoil #u IHcath

Ry=1—

rue )\—paCCTOQHHe OT Hawajda KOODIUHAT JO mepeces

A2’
yeHHs Mapabonu ¢ ocklo a6euuce. O4Y2BUAHO
/dZ? ) 1
dart I

H MH HMEEM

(i &
0x, o

HpOHBBelIH MOACOHBIE e BLIUMCHEHHH JAs1 OCTaAbHEIX YJIeHOB

L {du, \?
CYMMH L;L(Ex—* , M HaligeM BaXHOe YpaBHEHHE Iis 3aTyXaHHf
. .

Typ6yAeHTHOCTH

g

e 10\»212 . 30)
npuuem g% = u 2-1-u,2} 2, T. €. YIBOeHHCe cpejHee 3HAUEHHE KH-
HeTHYeCKOH SH2prHH TYLOYMEHTHCCTH, CTHECEHHOE K €IHHMIE MAacCH,
y — k0= dHuunHeHT KHHEeMaTHYeCKOH BA3KCCTH H X — JUIHHA, XapaKTepH~
3yomas KpYTH3HY TIDaJHEHTa CKOPCCTH B TypOYJAEHTHOM noToke. Taii-
JIOp Ha3HBAST A Pa3MepoM «HAHMEHBUIHX BHXpel»; TOYHOE onpeieseHUe
A 6HNO maHO BHILLE. »

Buuvande uccnencparteneft, paboTaloOmMMX R HACTOAUICE BpeMS Hax
CTATHCTHYECKOf TeCpuzii TYpOYNeHTHOCTH, COCPEACTCYERO KaK pPa3 Ha
ypaBreuun (30). JlaWHa A, Kak CKe31HO, ecTb «JHHEHEHI pa3mep Ma-
AHX BHXp2Hi», TOTAA KaK IUHPHHA KPHBHLIX KODPEJSIUHH, H30GPaXeHHHIX
Ha puc. 16, naer cpemnnit pasmep «Boabpmx» Buxpedh. Bechbma cy-
DECTBEH BONPCC, UTO Orp2laensieT JanbHeHlIce Pa3BHTHE Pa3MEpOB
Buxpeit A? Eca mu npencraBuMm cebe takce TYpOy/eHTHOe noJe, s

4*
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KOTOpOr0 A NOCTOfiHHA, TO B TAKOM [OJ]e sueprad OyXeT yOHBaTh A0-
BOJILHO GHLICTPO H MPONOPUHOHAIBHO SKCHOHEHHX/I&.’IBHOH DYyHKUHH Bpe-
menn. Hano owumath, YTo A BO3pACcTAaeT CO BPEMEHEM, TAK KaK Mamaui2
BUXpH THOHYT CKopee, 4em Goabiuxe, BeieacTBue 3TOro mpouecca A2
BO3pacraer, 1o Bceil BEPOSITHOCTH, MPOMOPUHOHANBHO BPeMEHH, TAK YTO
€ama 8SHeprus NpONOPHHOHANbHA HEKOTOPOH OTPHMUATENRHOH CcTemeHd
gpemend, Ho B Hacrosiigee BpeMmst HeJb3st elfe IaTh OMNpeneNeHHOTO
OTBETA HA 3TOT BOMPOC, OH eule NOMIEKAT NalbHeHmeH THCKYCCHH.
TMonoGuoe we paccywmeHHe MOMET OBITH NPHMEHEHO K DACCESHHIO
cpenHero 3asHxpeHHs #HAKocTH. OG603HAYHB TPH KOMIOHEHTA BeKTOpa

3aBHXPEHHOCTH 4epe3 ,;, ), 3, MOXEM IOKa3aTh, YTO O == w2 |-
Wy2- (w32 YAOBIETBOPSAET CAEAYIOIIEMY YPaBHEHHIO: ‘

de® 10 —
A 10952 o 2, o0

THe A,— ANMHA, aHaNOTHYHAas A, XapakTepHayioulas NpOCTPAHCTBEHHOE
‘u3MeHenHe (uoxTyaun#d 3apuxpenu#. Ilep3nft wien crnpaBa npencTas-
AeT pacCesiHde 31BHXpeHHl, OOGYCNOBJEHHOE TpeHHeM; BTOpOH uieH
MIPenCTaBASeT H3MEHEHHE CcpelHell 3aBHXPEHHOCTH, OGYCIOBIEHHOE H3Me-
HeHMeM pasmepoB BHXpeH. PaccMOTpHM, HanpHMép, KOHEYHYI0 YacTh
‘BUXPEBO# TPYOGKH, €c/IH YMEHbLHAeTCSl JTHaMeTp TPYOOK, TO YBeJIHYH-
BACTCSI M CPEAHAA 33BUXPEHHOCTb; €CJH IUIHHA LMJAMHIPA COKpaulaercsd,
TO YMeHBIIAETCS H CpeNHA 3aBHXPEHHOCTb, B KakoM e HanpaBleHHH
pasBuBaeTcA STO sABJIAHHE B TYpOY/NeHTHOM npmieHrH? OTBET Ha 3TOT
¥ NOJOGHHE BONDOCH TMOMOMKET B MOHCKAX oxonqarenbﬂoﬁ topuu oc-
HOBHHX YpaBHeHHH TypOy/IeHTHOrO MOTOKa.

A

25 ‘ kS
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gz 43 g g5 g 47 44 w Vu’/a,,,az}
Puc. 17

DKCNepUMEHTaNbHOR MCCANOBAHHE YHKUHE KOPpeNsiUHd HMeer
TPOMAJHOE 3HAYEHHS He TO/JbKO IAd pa33MTHA TEOPHH, HO H AN Yydc-
HeHHT PAN3 OPHUKIVIHEIX  BOMPOCOB METEOPOJIOTHH, oKeaHorpadum,
THAPABAHKH H B JPYrHx 064acTax.
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Puc. 17—21 pawor npuMepd pacnpene/neHusi Beludud IIOKTyanmi
CKOPOCTH H (DYHKUHH KOPpe/SlHR 10 H3MEPEHHSM T aSpOIHHAMHYECKOH
TpyGe, B pexe (Muccucunu) M B cBoGoxHOB atMocdepe.

TIpuMepoM HemocpeAcTBEHHOrO HHKEHEPHOrO NPHIOKEHHS H3MEepeHHit
KOPPeASUHH SIBJSETCS OLeHKa BE/HYHHB BHXPEBHX KOMBEB, UeHCTBYIO-

Lpedusn chapocme qym/cek
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Puc. 18
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Puc. 19

UIMX HA CAMOJIET WM Ha 4YacTh ero. Ecam pasmep 3Toif uactH Maa no
CPABHEHHI0 C pa3MePOM KOMbEB, TO IPHXOIMTCA IPEANOJNOKHTb, YTO
OTHOCHTENbHAs CKOPOCTE M YTON aTaKH MEHAIOTCA CO BpPEMEeHEM, HO
NMPaKTHYECKH MOCTOAHHHE [0 pa3Maxy KpBUJIbeB HIH AJHHE CaMOJeTa.
TakoOe 3axmoueHHe OO OH, OJHAKO, Y€ HEBEPHHM Iyl BO3AYUIHEIX
Kopa6Gne#t W, moxanyif, ¥ IJsi CTPOSLIMXCH B Hacrosilee Bpemsi THTaHT-
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cxux caMmoseror. HeoGxomumo mostomy paspadoTarh yKasanus Jans Be-
POATHOTO pacmpere/icHMs JaBJenHil; OHH HPUTOJWJIHCH OB HE TONbKO
NpH pacyeTdx NPOYHOCTH, HO M NPH H3YYCHHH JHHaMH4ecKoro 3 dexra
BUXPEBBIX KOMbeB. lM3vepenma KoOppendudd H CTaTHCTHYECKHH aHanu3
BHXPEBLIX KOMBSB MOTYT JaTb NMPOYHOE OCHOBAHHE I/l MOJOGHOro poja
HCcaenoBanuit noZoOHO ToOMy, KaKk FPH pacyeTe KOpadnd NPHXOAUTCH
3axasaTbcst (GOPMOH BOJIH,
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Y A A £ 55 8 M5 723 v
Paccimasrue am cmers ‘
Puc. 20

&7 TlonsiTHe KOPPE/SAUHM MrpaeT TakuM OGPA3OM CYLIECTBEHHYIO DOAB
B NMOHHMaHHH TpoLecca TypOyJAeHTHOro o6MeHda, KOTOPHI, MOXKHO CKa-
3aTb, U BASETCE T/IdBHHM OOGBZKTOM INPH TEOPETHYECKOM M 3KCMEpH-
MEHTaJIbHOM H3YYeHHUH TypOy/leATHCCTH. B HamMxX npensapurteibHHX
PACCYXAEHASTX MBI HCXONW/IH H3 NMP2INONOKEHHS, YTO 3aKOH, YNPaBAsIOWHi
MmonekyiaapHoft auddysuzit, coxpa-
neer cuay ¥ ans nuddysnn ruxped,
HO ¢ yBeNHYEHHHIMH KO3(pHUMeHTa-
mu. Ho 3akon monexynspuo#t nud-
¢dy3ux OCHOBaH Ha TOM (haKTe, YTO
cpegHuil KBaagaT pACCTOSAHUS, HpPO-
XOJHMOTO HacTHUAMH, pacTer JHHeH-
Ho co BpeMereM. [Ipuioxus 3TOT

o Aeremaiban 31KOH K C/AYy4al0 Tak Ha3HBaEMOTO
A, __amH, GpOYHOBCKOrO NBHXEHHd, JAHIITERH
\C\\ \ cMOr f0OKa3arb, 4YTO KO3 (PHIHEHT
N7 S2
. 2 O . Anddysun uactun pasex 530 e
N, W H
. ™ ftcetwidy ~ S® — CpexHMH KBaIpaT pacCTOSHHS,
Zr NPOXONUMOTO YACTHIAMH 33 BpeMs .
Puc. 21 OnHako npu yriayGieHHOM pac-

CMOTPEHHH NIPOG.1eMBI MH Yo aaeuce,
YTO 34KOH STOT JHING NMPHOIUIUTE/EH W HENPUMEHHUM JIf MaTHX Bpe-
Men HaGmoxeaus. CrelywruHe PaccywIeHHS NpHHALIEKAT JlamkeneHy;
OHH H3/4rafoTcs 3A3Ch [OTOMY, YTO II0 MOGMY YOSHICHHIO OHH OKAKYT
CYyUIeCTBEHHYIO TIOMOWb B Hamel npobnewve.
L PaccMoTpuM cpendee JBHXeHHe O60/BIIOrO 4YHC/IA YacTHI H TOA-

cumTaeM 3HaueHHe SZ, T. e. CPENHErO KBampata TyTH, NPOXOAMMOTO
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YacTHIEH B HEKOTOPOM HAMNPABNEHUH 31 HEKOTODHH IPOMENYTOK Bpe-
senn £ Jludepediuansioe ypaBHsHue IBHKEHHA ecTb

ar

&S __ P KdS
m m

&‘ﬂ.

>, 32)

d .
rae P — cayuafinast cuna, u Kd—t——conpommeﬂﬂe TPEHHST YaCTHUL

o cpeny. IToMHOWHM ©Ge YacTH 3TOr0 ypasHeHHd Ha S M TNPOH3BENEeM
ycpeadende g GObUIOrQ WHCJA YacTHL; TaK Kak BEJHYHMHA M Ha-
npapieHdie P u3MeHsioTcs NO 3aKOHY cayvalHocTH, To Mexay P u S

KOoppelMsuMH Her, a cpegHee PS paeuo Hymo. C  Apyroffi CTODOHH,
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[pennonoxkuM Tenepb, 410 Ccpexuee (Ft—) , T. €. cpenuufl KBas-

‘paT KOMNOHEHTH CKOPOCTH B HampaBJeHHH S, MOCTOSHHO U DPAaBHO u2-
Torna namle ypaBHeHHe Pa3peLIMMO OTHOCHTENBHO ~5s W M HAXOXHM

—_ ___Kt —_
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Beenem teneps BpeMst peflaKCalMy £y ==—-, PaBHOE BpeMeHH, 3a KO-
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TOpO€ CONpOTHBJIEHHE TPEHHUSA YMEHbIaeT CKOpOCTh YacTHUW 10 m
’
‘€€ TIEPBOHAYAJIBHOTO 3HA4YeHHd.
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" Toraa ypaeaende (36) raachr

L
S? =217 tf( e b -1 ) -urtt,,. 37}

Mpeanonoxum, manee, yto # << t,. Torna

S%u?(® -useHH BHCIIMX MOPIIKOB, (38)
T. €. 6;—2, BO3PACTAIOT NPONOPUHOKANBHO Bpemenn, C ApYro# cTOpoHH,
ecnH > 1y, TO
52~ 202t t (39)
H/H
T~ 2wt (40)

B 6pOYHOBCKOM HBHIXEHMH BA3KOE COIPOTHBIEHHE HACTONBKO BEIHKO,
yTO 'f, BCerma Menbimie 10— cex., W MH HMeeM JIeJ0 TOJbKO CO BTOPHM
cayuaeM.

[lepenocss HMACID 3TOTO pacCyXIEHUS ‘HAa HHTEpecylIH#t Hac cay-
yaii,— OPOYHOBCKOe JBHXXeHHe GOJbIIHX BHXPel B TYpOYJISHTHOM mnoOJe——
MH, HO/KHH CYHTAThb BpEMS £, CyUIeCTBOBAHHMsSi BHXpeH GOIbIIHM
(nampumep, 100—1000 cex. mas TypOyneHTHOCTH B cBOGOZHOM aTMo-
chepe); H IHeHCTBUTENbHO, Mu HaGawogaeM o6Ge Gasw nponecca mud-
dysuu. '

Totfinop mepsBHH TOKA3a/, OCHOBHIBANCH HA ONBITAX, NMPOH3BENEHHHX
B Diopo C¢raHmapToB, 4YTO pacHperse/eHHe TeMMepaTyp 3a HCTOUHHKOM
TEersa, NOMEWEHHHM B TYPOYNEHTHHI BO3AYIMHBIE TNOTOK, He Clexyer

sakony S? nponopuHOHAaNbHO f; HO N0 BBENEHHU NONPABKH HA MOne-
KYAADHYIO TeIVIONPOBOLHOCTL HMEET MECTO 33aKOH S NPOMOPLHOHAMBHO £.
3HayuT, 06JacTh 3a HCTOYHHKOM, B KOTOPOH HaXOJHTCA KaKas-TO 4acTb
MOJYYEeHHOr0 OT HCTOYHHKA Temna, Hmeer ¢opmy He napa6osnouga, a
KoHyca. DT0 nerko cefe NPeACTaBUTb, €CAH JOMyCTHTh, YTO TEIIO
HepPeHOCHTCA BHXPSMH, PaaMephl KOTOPHX BEIHKH IO CPaBHEHHIO ¢ pas-
MepaMH MCTOYHHKA Temja; 3TH BHXPH HECYT TO TeI10, NOJYYeHHOe
HMH, NPaKTHYECKH C HOCTOAHHOH cxopocThio. Knaccuueckas nudoysns,
paccMoTpeHHas HaMy B epBOf 4acTH 3TCH CTaThH, HACTYART, KOTJA nepBul
BHXpb HCUE3 BCJIEACTBHE TPEHHH H CKOPCOCTH YACTHI BO3JyXa, HEeCYLIMX
TEMIO0TY, HCNHTHBAIOT COJBINOE UHCAO H3MEHEHHH H [0 BelHYHHE W
10 HANPaBJICHHIO.

Huddysus BToporo THnHa NHOABAZETCH HA GOJLIIOM PACCTOAHMU OT
HCTOYHHKA, a Takke B CAy4afx, KOrAa TenJO HJIH KOJHYECTBO IBHIKe-
HUS TIEPERaeTcsl MPH TNapajlieJIbHOM HJIH OPHOMH3HTENBHO napanjiebHOM
TEUYEHHH CJIOEB XHAKOCTH H CpPEIHEe TEYCHHE €€ IMOCTOSHHO HIH Majao
H3MeHseT s,

ApTop Hacrosieft CTaTbH MOJAraer, 4YTO SIBAEHHS TaK Ha3bBaeMOH
cBO6OXHOH TypOyneHTHOCTH, Hanpumep, o6pasosanHe oOnacTel,.yepes
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KOTOPH2 COBEpUIAETCS Mepeayd HHTEPeCYIOWHX Hac BeIHYHH MCEWILY
MaccaMM KUIKOCTH, HMEI'HMMH pPasHH2 CKOPOCTH,— COOTB2TCTBYIOT
nepBoMy THIY TypOynentsol Aud@ysud, TOrAa Kak cAyyaH Crau{o-
HAPHOTO INOTOKA M2KIAY TBEPALIMH CTEHKAMH M TEUeHHe B TMOTPAHHYHOM
¢710e COOTBETCTBYIOT BTODOMY THMY.

Craenyiotie 3avMeyaHdsl OTHOCITCH K NOCTOSHHOMY NOTOKY no 67H-
30CTH TB2PAOH NOB2PXHOCTH.

P

S J— .
Ypasueuue (40) noxasuBaer, yTO + Onpeieserca uepes ut u t.

Bennunna u? maetca YpoBHeM TYPOYJEHTHOCTH; T/aBHas TPYIHOCTh
NeXUT B MHTeprpeTalHu fo. ECTb OCHOBaHHS MpP2ANONarath, 4TO fy—-
ITHTENBHOCTD JKH3HH BHXPSA — ZOMMKHA OHTb KAK-TO CBSI3aHA C Xapak-
TePUCTHYECKHUMH CBOHCTBAMH cavo#i TypOynentnoctd. Ecauw npeanosno-
HHTb, 4TO 9Ta JUHTENbHOCTb ONPENENSETCA CHAAMH BASKOCTH, TO HaH-
Gollee BEPOSITHHM SBASETCH HOMYLIEHHE, YTO f, NPONOPIHOHANBHO z’ ,
rae A —pasvep MaieHX BHXpeH M Y — KHHEMAaTH4eCKas BA3KOCTb.

B camom nene, CHAM BA3Y¥OCTH, ASHCTBYIONIME HA SMEMEHT KHIKO-
CTH, JuHeHHHH pa3vep KOTOPOro ecTb A, NPONOPUHOHANBHH & & A
(saxon Croxca); macca TOro e ssjementa nponopuuonansia pAd. Ilo-

vu

STOMY 3aMeIUIEHHe CKOPOCTH MPONOPUHOHANBHO », , & IUIHTRIBHOCTH
22

KHU3HH NPONOPUHOHAILHA —. Otcrona BuguM, 4T0 Ko3dHUUHEHT aud-
yLI i

¢y3un nponopuUUOHAaNSH 5 2 Tor xe pe3ynapTaT NONYYaeTCAd NpH

NOACYETE BPEMEHH OCNaGneHHsi BUXPH OT BSI3KOCTH.

CpaBHHM 3TO paccy¥IeHHe ¢ TaK HA3HBaeMOH TeopHel «NyTH cme-
UIeHHs», TNpeTO¥eHHOH U 3aluuiaeMolt, riapisi 06pasowm, [lpanarinem.
Mbr moeM BReCTM B Halle pACCMOTPEHHE MOHATHE NYTH CMEIISHHS,

oroxectsus uf, ¢ [/ (nyrem cumewenus). Torma H3 COOTHOWEHMS
2 2

X s
fy = - HaXO@MM, YTO NYTh CMEUIEHHy NPOCOPHHOHANIEH e Pe3yns-

TaT 9STOT NOIAKPEIIFeTCS CIAYIOLMM TMPOCTHIM paCCyKACHUEM. Hpezk
craBuM cefe OOGHIUHOE CIBHTOBCE IIePEeMEIIEHHEe KUIKOCTH, B KOTODPOM
32 €IHHUUY BpEeMEHH TMepenaetcst OT CJI0g K CJI0K MNOCTOAHHOE KO-
YCCTBO IBHiKeHHs. B atom cllydae eCTECTBEHHO NPEHANONOKHTh, YTC
B KaXJIOM CJACE€ eIHHHYHOH TONIIHHBI paccenBaeTCcd BCJICACTBHE BI3KO-

CTH NOCTOSIHHOE KOMHYECTBO _ KHHETHYECKOit SHEPryUH. Taﬂnop nokKasadi,
2

u
MTO OHO MPOTIOPUHOHANBHO 5 Orciona nmonyvaeMm NPaBWIbHBIE Ganauc
3HEPTrHU, TIONOWHE

ouU u?
T W:const'pv 5 (41}
oU
FAe T — CABMIOBOE HamnpskeHHe, u —Oy—rpannem cpeItHel CKOpPOCTH.
C m#pyrofi croposH, Tak Kaxk Ko3GUIHeHT OOMeHa NponopuxoHaieH lu,

U

T==const-/u p' 3y (42}
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Uckmovas —d_} H TIPHHSIB RO BHHMAHHE, 4YTO T NOCTOSHHO, HAXOIHM

)\2
COOTHOWeHHe [ — const Lz

ITpunoxum Tenepp 5TH pacCyXIeHHS K TMOTOKY y TBEPAOH CTEHKH,
XaKk 3T0 Hab/moXaeTcs B INOrpaHHYHOM cjoe. B 9TOM clydYae OnHT
1 i

oU 'l/-:—
TOBOPUT Ham O —— =— —- -—« —, T — CCTOAHHUE OT CTEHKH
p » 4TO 3y 3 0y ne y-—pa »

W kR ——ynhBepcanbHad nOCTOfHHAs. MBl 1OsaraeM, YTO 3TOT OOUIME
3aKOH OGYC/IOBJEH TeM OGCTCATENbCTBOM, YTO MEXaHH3M TypOyJNeHTHOTO
©oGMeHa ONMHAKOB IpPH pasunx y. Ha s3niKe CTaTHCTHYECKOHW TeOpHH
3TO 03HAYAET, YTO KOPPENSUHH MeXXY KOMIOHEHTAMH CKOPOCTH MOBCIOLY

onuHakorbl. Tak Kaxk CABHrOBOR HampsiKenue T pasHo puv (&, U-—
KOMNOHEHTH  (MIIOKTyalHW CKOPOCTH B HalpaBlReHusx X, V), TO U3

uv —
NPUHUHANA TONOOHS ClexyeT, 4TO bl const H T == const p 42, [TosTo-

‘ . )
My Haxomum u3 (41), uro g—ff 1—v=const, HITH

vy
AZ=const V;
»

TlonyuaeM rakyo xapTusy ssnenus. Pa3vepn ManHX Buxpell pactyr
MPONOPIHOHANLHO KOPHI0 KBAJAPATHOMY PAacCTOAHHMS OT creHbl. [lyTh
CMellenHsl NPONOPUHOHANEH 3TOMY PACCTOAHMIO; OH HE 3aBHCHT OT YHCIA

. T
Peftnonenca, ‘Torka Kak A 3aBHCHT OT V H - y6uIBaeT ¢ BO3pa-

cranueM yucna Pefisonbaca. Hpyrumu cioBaMH, 3epHUCTOCTD TypOyNeHT-
HOTO IOJISi CTAHOBHTCA MeJibye ¢ YRSJIHYeHUEM CKODOCTH.

[lenHOCTh TEOpHM HOBHICHAACH Obi, eCIH OBl OHA CMOTJA IMPexcKa-
-3aTh CTEMEHb TYPOYJIEHTHOCTH M pacapenejleHHe cpenHeldl CKOPOCTH NpH
IBHXEHHH JXHAKOCTH B TpyGe NOCTOSHHOrO cevenus. Janee M Takue
sIBJICHHS, KAaK B/HSAHHE KDHBH3HH, pPACUIADEHUS U CYKeHHH TPYOH,
TIEPEMEHHOA TIOTHOCTH H T. 1., JOMKHH Ob OHTb BKJIOYEHH B 06uHe
YpaBHeHHS.

Hu omsa u3 Teopuit TypGyneHTHOCTH He pa3suTa IO Takofl cTemedH,
4YTOOH OHA MOFJAa JATh Dacfpeneliesue cpefHedl CKOPOCTH MO CEUSHHIO
MJIH ypoBeHb TypOy/leHTHOCTH. [IpakTHyeckH Kasblil HMccnexosarelb,
3aHHUMAIOUHICA TeopHe# TYPOYNEHTHOCTH, MOCTPOHA cebe TeOpHIO Typ-
6yneHTHOIO O0Ovena; HauboJlee H3BECTHHIMH NPHMEPaMH ABISIOTC TEOPHS
UIpanaTas nepenayd KOJMHYECTBa iBHXeHus u Teopus Tafincpa mepenaun
3aBHXpeHHOCTH  (vorticity). Matreonu (Matteoli) npemioxua TeopHio,
ABASIOUYIOCT KoMGHHauMel sTHX nBYx, a [eGeneftn (Gebelein) nerrancs
HaATH pelleHHe, CTAB HA BHICOKYIO TOYKy 3peHHf OOwgH TeopHuH Bepo-
ATHOCTeH; s Onacaioeh, 4TO 3TAa TOYKZ 3PSHHA PACIOJONEHA CAHIIKOM
BHICOKO, 4YTOOH ¢ Hee BOSMONHO OHIO PACCMOTPRTh NMPOoCTHe (akTH,
O KOTOpHX wu/JeT peyb. Bepne (Wehrle) u ero cOTpYAHHKH caenann
BECbMa MHTEPECHYIO TIONMMLTKY NPHJIOKHTH NPHHUHI MAaKCHMyMa BEpOST-
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AOCTH K TIOAYYeHHI0 OOWHX YPABHSHHI A ONHOTO THUMA TYPOYNEHTHOrO
voToxa. TaKk Kak s M CaM MHTAKCh NOCTPOUTH TEOPHIO TYPOYJISHTHOCTH,
TO Jydllle MHE BO3ASPWATLCS OT KDHTHKHM TPRJONKEHHHX TEOpHH.
KonzuHo, s MUTAI0 HAASWAY, YTO SKCICDPHMEHTA/IbHHIE U TeOpeTHYeCcKHe
MCCISIOBAHUA HACTOJIBKO NPOABMHYTCH R OKaiiliHe TOAB, YTO MEXAY
PA3NHYHLIMY  OCHOBHHIMH COOTHOIUSHHSIMH OYAYT YCTaHOBJAEHH AOCTa-~
TOYHO HAADKHLIE CBI3H; UTO KE KACAETCSl MOJHOrO MATeMaTHYECKOTo
000CHOBIHHA TEOPHH H BK/IIOYEHHS] B HEe OCHOBHLIX YACTHHIX C/YYaeR,
TO TO MOCTAHSTCA HA JOJIO TeX, KOTOpHE MPHIYT MOCIE Hac.

HeMano coBpeMeHHBIX HHXEHEDOB CHHTAOT npobiaeMy TypGyJdeHTHO-
€TH JMillb HHTEpeCHOM raasof marematHueckoit ¢u3ukuH. Moxer OHTH
0HH M mnpasu. Ho wmy ciaexyeT TNOMHUTR, YTO €cAd MBI BCTpedaeMmcs
¢ KaKHM-HHOYIb MPAKTHUSCKHM BONPOCOM a5pOAMHAMHYECKOTO pacyera,
Ha KOTOpHIl MH HE MOXeM OTBETHTb, TO NOYTH HaBepHiKa 5Ta HERO3-
MOKHOCTh INPOHCTEKAET M3 HAilIerd HEeJOCTATOYHOTO 3HAHUA TypOYAeHT-
HOCTH. " A TMOTOMy s mO0JIaraip, 4YTO HECMOTPS HAa MAaTeMaTHYECKYi0 H
HAIUIECKYIO CAOKHOCTh ITOH NpOGASMH, Y4YeHHIH HUMEeT MPaBO CKA3aTh
wixenepy: Tua res agitur (mns Tebs menaercs).

I'naBho# 3amaueit moell sekuvu M GBUIO TOKA3aTh 3TO.



