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YIOK 532.537
B. A. BJIAJUMHOPOB, B. @. TAPACOB
GOPMUPOBAHUE BUXPEBBIX ROJEILL
BBEJIEHILE

Opioit 13 BaKELIX 3a7ay B N3YYeNNH KOJbIEBBIX BHXpeil ABIAETCA BEBI-
SICHOHIC CBABII MEsRAy IlapaMeTpaMil BUXPEBOTO KOJNbLA M yCTPOiicTBA, U3
KOTOPOro OHO mofyuaetcst (remepatopa). JTOT BOIPOC IPUBTEKAET B MOCIEN-
Hee BpeMsl 0OJbINOE BHMMALLE.

B patore [1] mpemraraerea mojiensb (DOPMMPOBAHMSA BHXPEBOTO KOJBIA,
[I0JIYYACMOr0 MMITYJILCIBHBIM JIBIJKEHIIEM [HCKA B FRHIKOCTH C IOCIEXyIO-
M cro BhigeprusanmeM. Mojean ocloBaia Ha 3aKoHax COXpamerusi BHXpe-
Boro mMmyanea [2], onepru 1 wupryssamr. Ofnako BAXpeBbie KOIBIA 00BIY-
HO IOXYTAI0T TIPIL HOMOII reliepaTopa COBCEM JPYrOTO THIA. JT0 yCTpOHCT-
BO TIPEJICTABIACT COOOIT PesyIBLTaT ¢ OTBEPCTHEM, M3 KOTOPOro IPH HOMOIIM
JOPIIHA BHITATKIBAETCA HEROTOPDIT 00LeM AIIKOCTIL. IMpouece doprmuposa-
UM BIXPs B TaKOil IOCTAKOBKC BIEPBBiE PACCMOTDPEH B [3]. Ocmosoit musa
MOCTPOCTINA MOJICHI Tak/ke ABJISAINCH 3AKOMLl COXDABEGHISL. JKCIePIMenTalb-
moe WayUuemie cpaseil MeY IlapaMeTpaMm TeHeparopa M IIOJiy9aeMoro u3
HEro BIXPEBOr0 HOALIA IpoBejieHo B padore [4]. Ns sapyGeskmeix pabor,
OMYOAMROBAIILIX B HOCTE e Bpens, caefyer ormeruts [5, 6. B [5] mceae-
HyeTes MOnennias sajada (OPMHPOBATI BUXPEBOrO RKOJIBHNA ¥3 KOHETHOIO
OTpe3Ra LINIMHJIPITIeCcKoil BUXPEBOIl IIEeTEHBI B HEOTPAHEUYCHHON JRUTKOCTH.
Ilpu roM remepaTop OTCYTCTBYET 1 3aflada CINILHO YUPOIMAETCA. Opmaxo
pelnenie 3ajaui B TaKoil [IOCTAHOBRE JAET TONbKO rpyOyIo omeHKY mImapa-
METPOB BUXPEBOTO KOJILLUA I He ONMCHIBACT PEANbHLIE IPOTEce ero (hopmEpO-
Bammst BOJABH CTCHOK TeHepaTopa.

B nacrosmeit pafore 1m3IaraioTcs Pes3ydbTaThl 9KCIEPEMEHTOB [0 WCCIe-
foBanno nporecca (opMuponamisg BUXpeBbX Komer. IIpemraraerca Marema-
THUECKAsS MOJETL 9TOT0 IPOIEcca, OCHOBAHHAS HA WCIOIb30BAHNH 3aKOHOB
COXPAHEHNA M HeKOTOPBIX JOMLOIHATEILHEIX CO00PAKEHMIL. TIpmsopuTesa cpas-
HEeHme TEOPUH ¢ HKCHePIMEHTOM I 00Cy;REaoTca (DH3NYECKIEe CIeJCTBHA
noaydennsx pesyiasraros. Ipepmaraemas yareMarimyecKas MOJENb IPOLECCA
sBaseTca passnriem padors: [3].

{. YRCIEPIMEHTAJILHLIE NCCIETOBAHIII

Paccmarpupaerca (hopMEpPOBaHIe BUXPEBOIO KOIBIA IPH TOMOIIM TeHe-
paTopa, COCTOAMIEro I3 MPAMOH TOHKOCTECHHOL KpPyraoil TpyOH M IOPIIHA,
KOTOPSIM T3 TPYOBl BHITANKMBAETCS 3aflaHHBII 00BeM KHAKOCTIL. IIpm aronm
Ha OCTPOil KpoMEKe TPYObI MPOMCXOMUT OTPBHIB MOTPAHWIHOLO CIOA, KOTOPBIA
¢pasy ke HAYHHAET CBOPATHBATLCSA B CHUPATE, TOCTENECHHO YHAIAIOILYIOCHT
ot cpesa TpyG6EL. dTa COMpAaNb, ABIAACH 30HOH KOHIEHTPUPOBAHEOH 3aBHXpPeH-
HOCTH, IIpefcTaBiger coboit ocHoBy OyyINero sifpa BHXPEBOrO ROJBIA. Ha
puc. 1 m300pasKeHO pACHOIOIREHTEe HOTPAHMYHONO CIIOA, TpyOBl W MOPIIHA
B CeUeHIE DOTOKA INIOCKOCTHIO, MPOXOJAMmeit uepes och cumMmMeTpEE. G mennio
m3yYeHnsa mpomecca (QOPMHPOBAHEA IIOCTABIEH PN DKCIEPUMEHTOB, B KOTO-
PHIX BU3YAID3amms IIOTOKA JOCTATANACh, HANEeCeHHeM IIONO0COYKH KPACKM HA
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BHYTPEHHIO IOBEPXHOCTE TPy~
Gp1 Boaman ee cpesa. Copaunm-
BaEWE B CINpPajib HOAKPAIIEH-
goro TakmM 00pasoM  cios
FRIIROCTII (PIKCIPOBANOCH HA
rumomnenky. CbeMKa ocyime-
crpuAgach Kumokamepoir Pen-
tazet-35 ¢ wacroroit 1000 x/c.
OupiThl TPOBOJIINCH B BOJIE.
; . Tunpuymags KHHEOTPAMMA IIPO-
L mecca (POPMIPOBAHMA KOIBIA
npupesieEa Ha pue. 2.
Puc. 1. OCHOBHBIMI TTAPAMETPAMI,
QM peIeAIOMIIME Iporece (op-
MIDOBAHHIS KOMBIA, ABIAOTCA CKOPOCTD [ABI/REINIA HOPITHS V(t), papmyc Tpy-

[

Ger R, Koa(uUIIenT ijlei\lanmecnon BA3KOCTH v, HOJHAA JUINHA BBEITOJKHY-
i 7 mras) lo-

7 (gxli)gr;oé?snn;?;?{enna nopmmsa V(i) cpasama ¢ Terymeir )I:TIHHOﬁ EBITOTK-

HyTOH CTPYH 1(¢) Tax, aro V(&) = dl/dt. Hn_g OIIpesies e s 36.1110IIEI TBHKe I

mopmEA B €ro IeHTpe gARPEIMAVICA TOHKMIL CTED/REHb, 32 KOHIOM RKOTOPOTO

MOEHO OBUIO CHENETh OAHOBPEMOHHO  C HAONIONEHNAMA 33 CHAPAIHIO

(cas. pme. 2). :

B mensx YNPOMEHIA KaR NOCTAHOBRIL DRCUCPIMCHTOR, TaK M IOCTPOE-
AOs TEOPETHIECKONT MOFCIH TEUCHNI BLIGPAE PABHOMEDHBIIT PE/KIM JIBIZKC-
{msr TIODHIEA. SABHCHMOCTD IYTH, NPOXOAUMOTO TOPIIHEM, or spemenn L(t)
B GespasMepHBIX KOODAUHATAX MPIBC/eNa Ha piic. o.

BasxEbs 0e3PA3MEPHBIM HApPAMEerpoM, XapanTeprnsyIOLliM TEHeHne, b
rseTes wmeno Peimonbica Re = UR/v. B mammnx OTHITAX OHO H3MCHSITOCH or
35-10% mo 4,6 -10°. Iipum rawux Re MOrpammyHBLL CTO ABIACTCA TOHKIM,
COHPATE CBOPATHBACTCA ILIOTHO, 06pasys BIXPEBOE KOJIBLO C TONKIM AAPOM
3aBOXPEHHOCTH. 3

[lagEsle TPOBENEHHGIX OKCIEDUMEUTOB CBEJCHDI B tabauy. B meBoM
cToNGme 0003HAUEHMA COOTBETCTBYIOT JAMHOMY OKCLEDIMEHTY I rpapurax.
WaMeHeHIe v JOCTHTAIOCH H3MEIEHIIeM TeMIepaTypbl BOJIL.

B »rox ORCHEPEMEHTAX HBMEPAINNCH CIEJyIOIIue TEOMEeTPIICCKIe iapas
merpe: 1) It) — mouma BBITOJIKAYTOIl CTPYH, Z) L(t) — myTh, TPOILeHHbIiT
OpMIPYEMBIM KOIBIOM (pmc. 1), ompefeJeHHBI KAK DACCTOAHNC OT Cpe3a
TpyOBI 0 JIHMI IEHTPOB CIMpAI, 3) b(t) = Ro(t) — R, toe Ro(t) — pamrye
dhopMEpyeMOro KOJbIaA, ONpeJIeJICHNbI KaKr paccTogHie OT OCH (‘”(l\L‘)“'()TnPIH;

l T S
0 IEeHTpA COEpAM, 4) pajmyc CeJeHdsa CIIpAH a(t)y= - e

(pme. 1).
Benmamasr L(t) m b(¢) ompemesAioTcs mo KIHOTPAMMaM 0CTATOTHO TOT-

2
50. OMEGKE B WX H3MEPEHMI MHOLO MEHBIIE Pasdpoca dTHX BEITIH, 00ye-
MOBIEHHOTO PA3IAIHBIME CIygaiHpIMm (arTopaMiu, HAIpuMep, Te00IbITIMIT
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II3MEHeHIAMI B HAvadbHBIX I TpAHHTHbIX ycaosusx. Ilocrexmee B ocoGen-
HocTH crpaBeamuBo A alt). Dra yclnoBHas BelHYMHA, MaJafd IO CPABHEHUIO
¢ R, 3aBmcur OT TIOBEIEHNs CBOOOJHOTO IOTPAHHYHOTO CIOH (croa cMeme-
HITA) Ha Tpammie cTPyd. DTOT ClIoif, KaK H3BECTHO, ABIFCTCH HEeyCTOHIMBEIM.
Drenepuventanpmpie  sapmenvoern  L(2), b(¢), a(t), mpepcraBienmble Ha
puc. 4—06, npuBesiensl B 6e3pasMePHBIX KOOPAHHATAX.

Jlss1 TIOCTPOEHUS MOJ(eNH TeUeHns Hamboiee BaJKHLI CIefylOmHE KATeCT-
BCHHBIe DPe3YILTATH DKCIepHMenTos: a) BesmanHel ¢/R u b/R sBIAITCS Ma-

R, cm ly, CM U, cm/¢ Re R, cM lo, CM U, cu/c Re
A {575 3ih 200 3,5-104 1,75 10,5 400 7-104
v 1,75 7,0 200 3,5-10% |- 3,0 12 515 1,85-108
A 1,75 10,5 200 3,5:-10* | O 5 10 200 1.108
6! 145 3.0 390 6,82-101 || (D 5} 10 400 2.108
Y 1,75 7,0 400 7100 | @ 5 10 400 4,6-10°

JBIMIT A TPOTSZKEHINT Beero mporecca (popmuposanus; 6) Bo BpeMs ABHIKe-
HIA MOPINIs TPAHANA CTPYH OT cpesa TPYOBI JI0 HeROTOpoil Touxm B BOITH3A
compamn (puc. 1) ocraercs mapalIenbHOil cTemKaM TPYOR. ITO yTBepIHAe-
mue crpase/inBo npu ¢ > R/U; B) namepeHHbie BeINIHHEL L) u b(t) me za-
pucar or Re, alt) cmabo sapument or Re; T) HeycTOMYMBOCTH 33 BPEMS [IBH-
seenusa mopmus (npu BeIGpaunsix lo) passumpaiores ciabo.

2. OBIIA ST XAPARTEPHCTHRA ABJIEHNAA

TaxmM 00pa3oM, B 3ajade mMEIOTCA JBa Tapamerpa mamoctn o/R (mim
b/R) u 1/Re. Hame paccmorpenme GysieT OCHOBAHO HA IpPE[CTABICHHU pere-
Hus B BEAe pafga 1o a/R, npuaen OygyT yAep/KIBATHCA TONBKO IVIABHBIC die-
HBL COOTBETCTBYIOMuX pasioskenmil, Kpome Toro, Gymem mpemeGperats die-
paMum Topafka Re~ 2, 4ro cooTBeTcTByeT NpeHe0perkeHMI0 TONMHHAME II0-
rpapmuEsx  cxoes. Yz m. 1 ciepyer, uto B maweii 3ajade 3aBUXPEHHOCTH
CKOHIEHTPHpOBaHa Ha dersipex ydacrrkax (pme. 1): a) morpammImBIl ciofl Ha
CTEHKAX TpyOBl; 6) UPAMOIMHENHBIH yJacTOK CBODONHOr0 IOrPAHHIHOIO
cioa (cmos cMememus) oT cpesa TpPYOB [0 TOYKH B; B) KPHBOJIHHEIHBIX
yaacrox BC; r) obmacts BEyTpm 3amkmyroit kpusoit CQDC, cofepmamas
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g
aCTh TOTPAHMYIHOTO CJOsA, CBOPHYBITYIOCA B CHHEPAIL. ITYy 00TacTh MBI Ha-
BBIBaeM AAPOM OPMUDYEMOro BHXPEBOTO KOIbIA.

Bo BceM OCTATBHOM T (& T n
TIPOCTPAHCTBE eUeHme MO/mR qy
: MO/sRHO CHUHTAaTh IIOTEH-

6

3. 0 IIPUIIOPIIMEBOM PATIONE TEYEHIA

B eBSBI ¢ TOCTHETHMM YTBEPIKIEHIEM MOMKET BO3HHKHYTH BOIPOC O Xa-
paxTepe TEUEHHSA OKOJO NOPMIHs, KOTOPOe MOABISETCA H3-33 HaTUIHA YTIo-
BHIX TOUeK Ha mopmme. [l yxoGcTBa PaceMOTPHM Tewerie B CHCTEME KOOP-
IEHAT, CBASAHHON ¢ moprHeM. Ilocie Hadaia [BIKEHHsT Ha CTEHKAX TpyOBHI,
cKopocTh kotopsix U, ofpasyercs TOHKIIT IOTPAHIYHBIL €O, BROAL KOTO-
POTO HEPEeHOCUTCA HEKOTOPOE KOMHYCCTBO FRUNKOCTIL. B yraoBsoil ToYKe ATOT
HOTOK IT0BOPATMBAET I HAYAHAET TEYDL BJOIL TIOPIIHA, 06pasys TOHRYIO CTPYIO
JRMUROCTH, CXOJALLYIOCS K OCH CHMMETDHIL JTa CIPYA 3aTyXaeT IOCPeNCcTBOM
PasBUTHA IeyCTOMYMBOCTEIL, meilcTBHST BA3KOCTH ¥ TIONA MaBJICHHL. TloTen-
HEANLHOCTH TEYCHHS B IPHIOPIIHEBOM paifome Hapymaercs. T3 cra3aHHOTO
cIefyer, 9To TOJIIHEA ATOI 00IACTH TOPALKA Re~!/2, moaromy efo mpenedpe-
raeM 1§ OpPUEEMAeM, UTO BIUIOTH A0 NODIIHA CYMECTBYeT IOTeHIHALb=
HBIIT IIOTOK.

[IpmEsaToe NPHOIUFKEHNE AMAJIOTITHO PACCMOTPEHHI0O B PaMKaxX MOFeNH
HIeaThHoll FRONKOCTH, B KOTOPOIl 0coGeHHOCTell BOMHZE IMOPIIHS BOOOINE HE
BOSEmKAeT. B TO FKe BPEMs CTEKAHNE BUXDEBOIl NENEHBl C KPOMKE TPYOHL H
e CBOpAUNBANHE B CIEPATb MORET DACCMATPUBATLCT H AT HIeaJIbHOH
FRATKOCTH.

ByjieM CuuTaTh, 9T0 CKOPOCTH SRIJIKOCTII Ha MOPIIHE HOpPMAaJlbHA K He-
My. DTO HpEJIOOFKeHNe CIPABEJIIIBO, eCII MOPIIEHb HAXOMUICHA JOCTATOTHO
mameso or cpesa TpyOnL. IIpaxrmieckn AOCTATOTHO YIATCHHA Ha HECKOIBKO
pagmyco R, MOCKOJBKY W3BECTHO, €TO HEOIHOPOIEOCTH IOTOKA B TPYyGe
odeHDb GBICTPO (IKCIOHEHIMAIBHEO) 3aTYXAIOT ¢ PACCTOSHHEM BIOXL OCH TPY-
6. Jlna moxasarenbeTBa JOCTATOTHO PACCMOTPETD COOTBETCTBYIOIMYI0 (PyHE-
oo 'prma.

4. IPMMENEHIE 3AROHA COXPAHEHIA IMIIYJIbCA

e

I3 saxoma COXpAHENHs BUXPEBOTO IMIYIbca £ W CHPABEIHBOCTH B 30-
e MOTeHIATLHOCTII TeUeHis HITerpaia Komn — Jlarpamxa GyfeT IOIyZe-
Ha eBA3b MeNLy HUpRYJsueil ¢opMupyemoro BEXDEBOI0 KOIBIA M €ro pa-
mycom. s yrpOIIeHILT OymeM CUUTATh YRETKOCTH HeQrpAaHHIEHHOM HA
GecKONEYHOCTI, Tk UTO eJUIHCTBEHHBIMII €6 IPAHINAMI SBIAIOTCH CTEHHIL Te-
yepartopa. IlomsaTne BUXPEBOrO MMILyJIbca UL Tedenuil KITKOCTH, 3aI0JHAI0-
fleit BCe TPOCTPATICTBO, BBEICHO B [2]. B mamey ciaydae, DOCKOALKY IpHU-
CYTCTBYIOT CTEHKI Temeparopa, 110GXOTIMO  1I0TH30BATLCS 0000IMEeRmeM 9Toil
pemmaunsr L7]. Ilycrs Bes 3aBMXpPEHHOCTL COCPENOTOYEHA B obmactu {2, BHE
Q pevenme morennuanrbmo. Torga BIXPEBOIl MMITYILC npeoGpasyercs K BI-

my [7)
p = g odV — gndS. : (1)

— —_— - -
3necr 9Q — rpanuma Q, v =v(r, {) — HoTe CKOPOCTH, = @l(r, t) — moTeHIE-
Ay Tedenus Bue $, 7 — BIENIT HopMams ’ 08

B xauecrBe 0Q BBIOHpAeM HOBEPXHOCTDL, CEIEHIE KOTOPOIl IIOCKOCTBIO,
IPOXOJIAIIEil gepe3 OCh CHMMETPHIL TCYeHNA Z, o6osmageno ma puc. 1 mTpm-

<oBoif Jmmmeil. EAMHCTBEHHOIl HEMTYJIEBOIL rommonenToit P asuserca P..
MosKHO TOKa3aTh, 9TO TEpBBle JiBa WIEHA B IIPECTABIEHIT P, B Bupie paAma
mo crememsaM a/R m b/R mmeror BUL

P, ~ — @S + 2nRbT. (2)
3pech @) — SHAVCHEE TOTeNTUANA TEYEHU: WA TOPINHE, BHITMCICHIOR IpH
yexosmu @(r, £) = 0 mpn 7] = o0, S — mnomanp moOpmEA, I' — MUPRYIATHA
Boxpyr smpa (e, 1. 2). OrGpourenHbe WICHE! MMEIOT MOPANOK (b/R)? u BBITG.
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e Benmunsa P, cornacgo [7], ynosmer-
~|  Bopser [UEAMHTECKOMY YDABHEHHIO
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”6_—‘#4 Biech Ox; — KOMIOHEHTE! TeH30pa Halps-

L skemmit. Murerpan GepercA IO rpaHUIAM
srnnroct: (cremram remepatopa). Ilepe-
mmensag  (3) ¢ Hameit  TOYHOCTBRIO,
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dP./dt = ApS. (4)

Yepes Ap obozEadeHa PasHOCTh JABIEHMH
Ha mopuIHe 1 Ha 0eCKOHETHOCTH.

Tlwa semmamasr ¢ B (2) ms ypasme-
ang Komm — Jlarpasska HoixydaeM COOT-
HOUIenne
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Puc. 7.
dei/dt + Ap = U?/2. (5)

Hemomsaya (2) um (5), ms (4) moaywaem
bT = U?Rt/4. (6)
Iockoxsry b= b(f) mPocTo I HajEKHO ONPEAEIACTCA N3 DKCICPUMEHTa, 13

(6) maxopgmres mupkyasuus soxpyr sapa I'(2), xoropas apmsiercs mandonee
BA;KEBDM IIApaMeTpoM (IOPMUPYEMOro KOJLIEBOr0 BIXDS (cm. pue. 7).

5. BAR0H COXPAHEHILI SHEPTHII

Ilas moxygemua Oolee IOIHOTO AHATATHIECKOrO ONUCAHIA SBICHIT
paccMOTpHM BaKOE coXpameHms smeprum Z. i omeprunm ypapHeHHsd, aHa-
aormgusre (1) m (4), mveror Buj

dE/dt = ApSU, (7)
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Herpynmo moxasarh, 970 OCHOBHOII WIGH B IIPEJICTABICHIIN IOBEPXHOCT-
1 :
Horo maTterpasa B (8) B Bume psama pasen ——7(p1US. IIpepmonaras, uro

mose cropoctu (cBAZammoe ¢ BaBUXPEHHOCTLIO B Sfipe) ANTPOKCAMIPYETCH
HEeKOTopoll (byEKIHell, 3aBHCAINEll TONBLKO OT PACCTOSHUA I' 0 TEHTPa AApA,
HMEeM

r

1 SR arz(r) .
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I'(r) — pacupepenerne NupKyJANAN B ALpE.
JA BBIYHCICHNS HOCIE[HEr0 WHTErpala HEeOOXOJEMBI CBEJCHHA O 3aK0-

Ee ceopasusarmsa cumpamn. [Tycrs I'(r, ¢) = T'o(2)(r/a)". Ucmomnays a1o mpefi-
cTaBieHNe, IOTyIaeM

' 1 RT2
Iopcramosxra (9) B (7) ¢ memombzoranmenm (5) maer

dI?/dt = 2xnUR(Ap + U%/2).

B s1o ypasHennme Bxomut memssectHas Pymxnus Ap(t). Onmako @3 mpo-
CTHIX COOOpasKeHHH cJefyeT, 4T0O B HANIHX DKCIEPHEMEHTaX Ap < U? pna
t > R/U. JleicTBHTONFHO, B TPOTHBHOM CIydae Mbl HE HMeNH Obl IPAMOIH-
HOHHOr0 y9acTKa TPAHEINE CTPYH, NOCKONBKY y cpesa TPYOH BO3HEKaad GBI
OonpImne mMOmepeYHEIe IPafEeHTHI [aBICHHA.

Veaosme Ap =0 Mommo moxywars muas > R/U rtaxike n3 HWHTerpaia
Hommn — Jlarpamka. [aa aToro Hafgo paccMOTperh 3HAYEHHA 9TOTO HHTErpa-
Ja B OBYX OJHBKEX TOYKAX, JEKAIEX IO PasHEle CTODOHEL CTEHKH TPYOBI
TOCTATOYHO HAJIEKO OT ee cpe3a. B aToM cirydae HeoOxommmo Tpe(oBaTh BEI-
IONHEHHNS YCIOBHS HE3aBHCHMOCTE OT BPEMEHHE CKODOCTH HA BHYTPeHHeH
cremke Tpy6m (Bme morpamcuos). TaxmM obpasom, mpm £>io=R/U mmeem

T (t) = [nnUR (t — 1) + T3] V2. (10)

Iocroseras Iy paBma MUDKYJIANED BIXPEBOTO KOMbIA B MOMEHT ¢ = fo.
Temeps mz (6) m (10) moaywaem amammrmYeckyio sasmemmocts miaa b(¢), ko-
TOPYIO MOKHO CPAaBHHBATEH C HKCIEPHMEHTOM

b(t) = U?Rt/4 [wnU°R (t — t;) + T2]12, (11)

Hamryamee cormacme ¢ dKCHepOMenToM mHabmogaerca mpm nn=1/3
(cmmomrmas mmwEms ma pue. 5). Ho sromy daxty memnsss mpmpmaBaTh 60IBIIOrO
3HAUEHNA, TOCKOJLKY OTODOIIeHHBIE WIEHHI B 3aKOHAX COXPAHEHHA IO3BO-
JAI0T U3MEHAThL 1 B BechbMa IIUpPOKnX npepexax (or 1/4 mo 1/2), coxpamsasa
XOpomiee corjiacie TeOPHI ¢ HKCIEPIMEHTOM.

6. ABTOMOJEJIBHOCTD

Ilockombry 1pm ¢ << ¢, Benmunmmy Ap ONpeNeINTh HE YRAETCH, TO I
nogydennsg amaiurugeckoro uma I'(2) m b(¢) meobxommMo IpHBIEUL OION-
HATENBLHBIE COOOPAKETUS.

[lerecTBeno 03RUIATL, 9TO Ha HATAILHON cragmi (OPMHAPOBAHHSA KOIB-
ma teuemme BOXNB3M KPOMKEH TpPYObl OyHeT AaBTOMOJEIbHEIM, ONPEHelAsch
eIUIICTBEHHOI BeJITIHIOIl — ROIPEOUIIMEHTOM B TIABHOM WIEHE IPefCTABIEC-
s rorennuana revenua [6]. Ora penrmunma A crydvas 6ECKOHETHO TOHKEX
cTenok TpyOBI mMeeT pasmepmocTh eM¥?/c. Feam mpm ¢ <7, mueer MecTo aB-
TOMOJIIBABIIT PEIKHM, TO TOMKALI BRITIOIHATHCA COOTHOTICHHS

a8 SR A S T (12)
T— L2, (13)

ITposepra moxasama, uwro coormomenus (12) mua e m b cormacyiorcs
¢ aKcmepuMentoM, B To Bpemsa rark (13) me smimonmsercsa. ITocmemmee cBm-
JeTerbCcTBYET O TOM, 9TO B PAaccMaTPHBAEMOII IIOCTAHOBKE 3afada HE SBIA-
eTca aBTOMOZENnbHOIL, OfHAKO dTY TPYAHOCTH MOYKHO IPEOROJNETh NPH IIOMO-
Iy Tepexofila K JBIRyIeitcss cuereMe Koopaweat. (s BEISCHEHHS CMBICIA
TAKOro IIePeX0Jja PACCMOTPHM INTOCKHWIT amajor mameit samagm. Om xopom
TEM, UTO B 9TOM CIyIae CYIMIEeCTBYeT TOYHOE PEeIleHne 3a[add O MOTeHIHAJb-
HOM HCTEIEHHNH JKUpKocTH H3 menum [8], m MBI MOMeM HOXYdHTH IpencTaBie-
HOe HOoJNs TeJeHusa BONW3N KPOMKE INeNN B BHAE pAfa. Pax miIa mons CKo-
pPOCTH B TePMHHAX KOMILIEKCHBIX BeJHIMH HOTEHIHANA W m mpocrpamcTBeH-
HOI NePeMEHHOM Z BBITVIAMAT TaK:

%xu_au=y[u%+3+owz‘)], (14)
1 . 1
= aan il

3meck u T iv — KOMIUIEKCHAS CKOPOCTh, U MapaIeNbHA OCH CHMMET-
PEE TedeHHA, U — NepPHeHAEKYIAPHA; U — CKOPOCTH RALKOCTE B INEIM HA
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