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[TomydyeHO aHATUTHUYECKOE BBIPAXKEHHE YTOYHEHHOTO 3akoHa ['yka s rasos,
CBSI3BIBAIOIIECTO M3MEHEHUE ABJICHUS C W3MEHEHHWEM IUIOTHOCTU. Y CTaHOBJICHO
BJIMSIHUE aKyCTHUECKUX BO3MYIICHUN MIOTHOCTH HAa YCTONYHMBOCThH JAMHHAPHOTO
pexuMa TeYEHUS BSI3KOTO TETUIOMPOBOJIHOTO T'a3a B TNIOCKOM KaHase. JTO BIHSHUE
YUUTBHIBACTCSI Yepe3 HEIMHEWHYIO JH00aBKy NaBJICHHS, BXOJAIIYIO B YTOYHEHHBII
3akoH ['yka W MOpOXJalollyl0 TMONEepeyHble TPAJUEHTHl JABJICHUS B KaHale.
[IpuBonsaTcs pe3yabTaThl BBIUUCIUTEILHOTO SKCIIEPUMEHTA.

KitoueBsie cnoBa: 3akoH ['yka, TypOyJIEeHTHOCTh, BS3KUN TEIIJIOMPOBOAHBIN Ta3.

BBEJEHUE

[TpoGiema BOBHUKHOBEHUS TypOyJIEHTHOCTH PUBJIEKAET BHUMAaHNUE HHKEHEPOB U YUEHBIX
¢ koHra XIX Beka, HO OKOHYATEJIBbHOIO PEIICHUS MOKa HE MOJydyeHOo. BOT 4To mumer mo
9TOMY TIOBOJY W3BECTHBIM uccaenaoBatesnb TypoOynenTtHoctn B. B. Crpymunckmii [1]:
«Jlpyrue BaxKHBIE WCCIIEIOBaHUSA, HAyaTble Takke eme PelHonbACOM, OTHOCATCS K
npobiieMaM yCTOWYMBOCTH TEYEHHs] KakK TMpoOjieMe BO3HUKHOBEHHUS TypOyJE€HTHOCTH.
BpiBoabl NMHEHHOW TEOpPHM  YCTOMYMBOCTH TOJBKO KAUYE€CTBEHHO COOTBETCTBYIOT
skciepumenTam lllybGayspa u Ckpamcrena. Pacdersl kputmueckux yucen PeifHonbaca 1o
JUHEHMHON TEOpHH MPHUBOJAAT K 3HAYEHUSM, KOTOPbIE MOYTH Ha JBa MOPsAKA OTIMYAIOTCS OT
JKCIIEpUMEHTaNbHBIX. HauaTele nccienoBaHus MO MPUMEHEHUIO HEJTMHEHMHON TeopHH IOKa
JajeKku oT 3aBepuieHus». B paborax Bmacosa, ['maeBckoro, [TomsikoBa, Kauanosa, Kosnoga,
Jleuenko [2,3,4] u gOp. YCTAHOBJIEHO BJIUSHHE AaKyCTHYECKUX BO3MYIIEHUWA Ha
BO3HUKHOBEHHE TYpPOYJIEHTHOCTH B IOTPAHUYHOM CJIO€, HO HESICEH MEXaHU3M BO3JICHCTBUS.
PaccmoTpuMm »TH (akThl € MO3UIUU YCTAaHOBJIEHHOTO B paboTax aBTOpa HapyLICHUS
JTUHEHHOTO 3aKkoHa ['yKa, CBSA3BIBAIOIIETO U3MEHEHHUE JIaBJIICHHUSI ¢ OTHOCHTEIIbHONW 00BeMHOMN
nedhopmarueit [5].
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1. TEOPETUYECKAS YACTD

[Tonyuyennas B pabote [6] popmyIa Ui CKOPOCTH 3ByKa B BI3KOM TEIIONIPOBOJHOM rase ¢
YYETOM AMCCUNAIMU PHEPTUU M TEIUIOOOMEHA CBUJETENILCTBYET O HAPYIICHUH JUHEWHOTO
3akoHa ['yka, CBS3BIBAIONIETO M3MEHEHUE JABICHHS C OTHOCHUTEIBHOH OO0BEMHOM
neopmanueii, 4to sBISETCS NMPUYMHONW BO3HMKHOBEHHs TypOysieHTHOCTH. [lokaxkem 3To.
[TonyuuMm yTouHeHHBIN 3aKk0H ['yKa.

@opMyna I CKOPOCTH 3ByKa B IIOTOKE BS3KOIO TEIUIONPOBOJHOIO ra3a € yd4eToM
JTUCCHUTIAIIMK YHEPTUU U TEIII00OMEHa 3anuiieTcs [6]:
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T — remneparypa raza; V — BEKTOp CKOPOCTH raza ¢ MHpPOEKUUsSMU U, V, W Ha OCH
JNEKapTOBOM CHUCTEMBI KOOpDJAWHAT X, ), Z COOTBETCTBEHHO; A — Ko3(duiueHt
TEIUIONPOBOAHOCTH; [ — KOI(PPUIMEHT NUHAMUYECKOW BSI3KOCTH; ! — Bpems; k —

[I0Ka3areib agnadaTsl.

TpaAWIIMOHHO CYUTAETCS, YTO CXKHUMAEMOCTh Ta30B JOCTATOYHO TOYHO OITUCHIBACTCS
JWHEHHBIM TIPUOJIKEHUEM, COTJIACHO KOTOPOMY HM3MCHEHHE [aBJICHUS CBS3aHO C
OTHOCHUTENbHON 00beMHOM AedopmManueit 3akoHoM ['yka

dv dv dp
d :—E—:—E—: _—,
P 7 5 o (2)

rae: p — JaBjieHue, £ — Moyl 00beMHON yNpyrocTH rasa, V,v,p — 00beM, yJeIbHbIN
00beM, MJIOTHOCTh Ta3a COOTBETCTBEHHO. Moaynb 00beMHOI ymnpyroctd E mpencTaBisier
coboii k03 pULMEHT TPONOPIUOHATIBHOCTH.

[ToMrMO MOZYJIsl yIPYTOCTH Ta3a AJsl XapaKTEePUCTUKH C)KUMAEMOCTH HCTIONB3YIOT TaKxkKe
KO3(pPUIIMEHT CKUMAEMOCTH M CKOPOCTh 3BYyKa, KOTOpBIE CIEAYIOIIMM 00pa3oM CBSI3aHBI
MEXTy COOOIA:

p=—»a =—, 3)

rae: B — Kod(pUIHEHT CKUMAEMOCTH, d — CKOPOCTh 3BYKa, P — IJIOTHOCTD.

C. C. BopoHkoB
O HapylweHnn NMHENHOro 3akoHa N'yka npy BO3HMKHOBEHUW TYpOyneHTHOCTH
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[ToacTaBmnsisi BeIpaXeHUE 1T MOIYJII OOBEMHOM YIPYTrOCTH 4epe3 CKOpOCTh 3ByKa (3) B
(2), nna 3akonHa ['yka momyuum

ap _
p

3anuieM yTOUYHEHHBbIN 3aK0H ['yka Kak cyMMy JIMHEHHOUN M HEITMHENHON COCTaBIISIONIMX,

dp=FE a’dp. 4)

MOJICTaBJISIS BRIPAXKEHUE I CKOPOCTH 3BYyKa (1) B (4):

dp =dps +dpn =a’dp+ (V . (afgradp — gradp)+ (k — I)CD)dt, (5)
e dps=a’dp — nuHeHHas COCTaBJAlOmIAas M3MEHEHUs JaBjieHus B 3akoHe [yka,
dpn = (\/ -(as2 gradp — gradp)+ (k - l)d))dt — HEJNWHEWHAas COCTaBJAOMAs HW3MEHEHUS

JaBJIeHUs B yTOUHEHHOM 3akoHe ['yka.

W3 Belpakenus (5) cleayer, 4TO B IOTOKE BS3KOTO Ta3a C TOMEPEYHBIM CABUTOM
HapyulaeTcs JUHEWHbIM 3aKOH ['yka HM3MEHEHHUs JAaBJICHHS B 3aBUCHMOCTH OT WU3MEHEHMS
WIOTHOCTU. Tak Kak HenuHelHas Jo0aBka B yTOYHEHHOM 3akoHe ['yka (5) sBmsercs
JIOKAIbHOM (YHKIMEW mMmapaMeTpoB TIOTOKA, Mayble BO3MYILIEHUS IUIOTHOCTH OyIyT
MPUBOIUTH K HEMPOTOPIIHOHATBHBIM U3MEHEHUSM JIaBIICHUS, TOPOXKIAIOUINM TypOYJICHTHbBIE
yJIbCAINH.

2. PE3VIJIBTATBI BIYMCIIMTEJIbBHOI'O SKCIIEPUMEHTA

B kadecTBe MaTeMaTHYeCKOW MOJEIU MPHU MPOBEICHUN BBIYUCIUTEIBHOTO SKCIIEPUMEHTA
MPHUHATA MOJEIb, TOJAPOOHO OMHCAaHHAas B [6]. DTO ypaBHEHUs: Hepa3pbIBHOCTH, HaBbe-
Crokca B MpOEKIMSAX HA OCH X M Y, DHEPrHM W COCTOsHUSA. B 3Toil cucreme U3 msITH
ypaBHEHUN HEU3BECTHBIX 5 BEeNWYUH: p, p, T, u, v — AaBICHUE, IUIOTHOCTb, TEMIIEpPATYypa,
IPOEKLUH CKOPOCTH MOTOKA HAa OCU X U y. MoaenupyeTcsi pacpOoCTpaHEHUE BO3MYILEHUS
IUIOTHOCTU B JIAMUHAapHOM IIOTOKE BSI3KOTO TEIUIONPOBOAHOIO Ta3a B IUIOCKOM KaHajle ¢
napaboIMIeCKUM MPOPUIEeM CKOPOCTH — puc. 1.

V' 7T VA 777
1 ; 101

Puc. 1. Ilmockwmii kaHal. 1 — HOMEp y371a KOHEYHO-PA3HOCTHOM CETKH 10 OCH X; ] — HOMEp
y3J1a KOHEYHO-Pa3HOCTHOM CETKHU IO OCH Y

C. C. BopoHkoB
O HapylweHnn NMHENHOro 3akoHa N'yka npy BO3HMKHOBEHUW TYpOyneHTHOCTH
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KonnuecTBo y3710B KOHEYHO-PAa3HOCTHOM MPSIMOYTOJBHOW CETKH MO OCH Yy NMPUHHUMAETCA
11, xomuyectBO y3710B 1o ocu x — 101. Illar KOHEYHO-pPa3HOCTHOM CETKH MPUHUMAETCS

PaBHOMEpPHBIM M0 ocsiM X 1 y: Ax =Ay =107 m. Illar mo BpeMeHN ONpeeINsIcs U3 YCIOBUS

YCTOMYMBOCTH ¥ TIpMHUMaNcs paBHBIM Af=2-10"°c. UucneHHOe pellleHHe CHCTEMbI
KOHEYHO-Pa3HOCTHBIX YPaBHEHUM OCYILECTBIIOCH IO ABYXIIAroBOW cxeme bpauinoBckow,
ONMCAaHHOM B [6].

JIOTIOTHUTENBHO aHATU3UPOBANICA 3aKOH HW3MEHEHHMsS HEJIMHEHHOW J100aBKku dpn B

yTOYHEHHOM 3aKkoHe ['yka — BbIpaxenue (5) — puc. 2
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Puc. 2. I3Menenue HenuHeHON 00aBKU JaBICHUS dpn TIO CEUCHUIO KaHalla IPU Pa3IMyHbIX

i=20, 30, 40; aMIINTY1a BO3MYIIEHHUS TNIOTHOCTH cocTaBsna pamp =10"""kr/m’;
MaKcHMalbHasi CKOPOCTh MOTOKA Ha ocu kaHana Um = 10m/c

AHanu3 MOJYyYEeHHOTO 3aKOHA M3MEHEHHS HEMHEHHOW M00aBKH dpn MO CEYCHUIO KaHaia
MOKa3bIBAET, UTO 3aKOH OJIM30K K MapaboIMuyecKoMy U MPH MaJIbIX aMIUTUTYaX BO3MYILEHUS
IUIOTHOCTH OJJMHAKOB B PA3IMYHBIX CEUCHUSIX KaHasa. 3aKOH U3MEHEHHs dpn B 3TOM Cly4yae
omnpejensercs MapamMeTpaMd TIOTOKa B YCTAaHOBUBIIEMCS TEUEHUUM — 3HAYCHUSIMU
TPaueHTOB CKOPOCTEH, [aBJICHWH, IUIOTHOCTH © TeMmmeparyp. Ilpu yBeamyeHun
MaKCHUMaJIbHOW CKOPOCTH MOTOKA HAa OCH KaHajla M3MEHEHHUE pa3Maxa HEJIMHEHHOHN JT00aBKH
naBlieHus dpn (pa3HOCTh MEXIy 3HAYeHUsAMH dpn B TOYKax j=2 W j=6 — puc. 2)
YBEJIMYUBAETCS 10 CIEIyIOIIEMY 3aKOHY — pHC. 3

AHaJIN3 MOJYYEHHON 3aBUCUMOCTH Ha pUC. 3 TIOKA3bIBAET, UTO MPHU YBEIUYECHUH CKOPOCTU
MOTOKa YBEJIMYMBACTCS M HENMHEWHas no00aBka dpn B yTOYHEHHOM 3akoHe ['yka —
BBIpakeHHe (5).

B BBIYMCIUTENBHOM AKCIEPUMEHTE aHAIM3UPOBAJIOCh BIUSHHE TapMOHUYECKOTO
AKyCTHMYECKOr0 BO3MYUICHHSI TUIOTHOCTH Ha BXOJ€ B KaHaj Ha yCTOWYHMBOCTH JJAMUHAPHOTO
notoka. Bo3mylieHne mioTHOCTH 33/1aBajioCh Ha BXOJIE€ 1O BCEMY CEUEHHUIO KaHalla B BUJE
pamp-cos(2nn/ NTP), rae n — Iar mo BpeMeHHW (KOJMYECTBO IIAaroB B TMPUBEICHHOM

pacuere npunHumanocs 100), NTP=40000 — mnepuoa BO3MYIICHHS, COOTBETCTBYIOIIUN

C. C. BopoHkoB
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yacrore 12,5 T'u. Yucno PeitHonmbaca coctaBimsmio 2205. Ha nocnemyronmx pucyHKax
MPUBOAMUTCS CPAaBHEHHE JABYX PEKHUMOB IIPH 3HAUYCHUSX aMIUTMTY/IbI BO3MYIIEHHUS TUIOTHOCTH

pamp =107 kr/M’ ¥ IpH OTCYTCTBHH BO3MYIIEHUs panmp =0 .

Adpn

110

Homenenrte pasvia & gapm e, [Ta

Tm
I apcERMATEHAR CKOPOCTE IIOTOKS, MC

Puc. 3. I3MeHeHne pa3maxa HETMHEWHON 1O00ABKU JaBJICHUS dpn

Ha pucyske 4 B ceuenusx i=60—80 HaOmr01a€TCSl BOSHUKHOBEHHUE TYJIbCAIMI TaBJICHHS TIO
JIUIMHE KaHana. M3 cpaBHEHHs pPUCYHKOB 4-5 M PHUCYHKOB 6-7 CIEQyeT, 4YTO aKyCTUYECKHE
BO3MYIIIEHHUS TUNIOTHOCTH MOPOXKJIAIOT MyJIbCALIUU JIaBJICHUS KaK BJIOJIb KaHaia — puc. 4, Tak
u momnepek — puc. 6. Kak ciemxyer u3 cpaBHEHHs] PUCYHKOB 8-9, mpoduiab CKOPOCTH IO
CEUYCHUIO KaHaja MPaKTUYECKA He U3MEHHIICA M ocTaeTcs napadonmueckum. Ha pucynke 10 B
ceyeHusx i=60—80 HaOMOMaeTCSI BOSHUKHOBEHUE TTOTIEPEUYHON COCTABJISIONIECH CKOPOCTH V TIO
JUTMHE KaHalla MOoJ JEWCTBUEM BO3MYUIEHUS IUIOTHOCTH, B OTJAW4Yue OT puc. 11, rme
BO3MYIIEHUE MIOTHOCTU OTCYTCTBYET. M3 cpaBHeHMs puCyHKOB 12-13 0TUETIMBO BUIHO: MO
JIEHCTBHEM BO3MYIIEHUS IUIOTHOCTH Ha pucyHke 12 B ceueHusx 1=60-80 naGmromaetcs
BO3HMKHOBEHHUE ITyJIbCAIllUii HETMHEHHOW M00aBKHM NaBlIeHHWsl dpn TO JyiMHE KaHaja. Kak
CleayeT W3 CpaBHEHHs PUCYHKOB 14-15, mapabonuveckuii 3aKOH M3MEHEHHsI HEJIMHEHHOMN
N00aBKU NaBJICHHWsS dpn 10 CEUEHHI0 KaHalla HapymmaeTcss mpu 1=65-70 W BO3HUKAIOT
myJbcalii dpn 1O ce4yeHuio kaHana — puc. 14. U3 pucynka 16 cimeayer, B OTIWYHE OT
puc. 17, 4yTo co3naHue BO3MYILIEHHS MNIOTHOCTH Ha BXOJE MOPOXKAAET B MONEPEYHOM CEUEHHUH
ka"Hama (1=10) Mexmy ToukamMu j=2 W j=3 TpagueHT NaBJICHHUsS 3HAYUTEIHHOW BEIMYHHBI
Ap=11la ¥ BbI3BIBAIOIIMN MyJbCAlMK TIOTOKA B TIONEPEYHOM HAINPABICHUU —

COCTaBJISIIOILAsi CKOPOCTH Vv Ha puc. 10.

[TpoBeieHHBI ~ BBIYHACIHUTENBHBIA  OKCIIEPUMEHT  CBUACTEINBCTBYET O  BIUSHHUH
aKyCTUYECKHX BO3MYIICHHH IIOTHOCTH HAa YCTOWYMBOCTH JTAMUHAPHOTO PEXHMMa TECYCHUS
BSI3KOTO TETUIONPOBOJHOTO Ta3a B IUIOCKOM KaHayle. JTO BIUSHHE OCYIICCTBISICTCS depes
HEJIMHEHHYI0 J00aBKy HaBJICHHsI dpn, BXOAAIIYI0 B YTOYHEHHBIM 3akoH ['yka (5), u
MIOPOXIAIONIYI0 TIOTIEPEYHbIE TPAMCHTHI AaBJICHHS B KaHAJIE.

C. C. BopoHkoB
O HapylweHnn NMHENHOro 3akoHa N'yka npy BO3HMKHOBEHUW TYpOyneHTHOCTH
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JaBJICHUS dpl’l I10 CCUCHUIO KaHaJIa B MOMCHT

Bpemenn 7 =100, pamp =10~ kr/m’
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Puc. 16. 3meHeHune pa3HOCTH 1aBJICHUI B Puc. 17. U3meHeHne pa3HOCTH AaBIECHUI B
TOYKaX j=2 ¥ j=3 BO BPEMEHHU B TOYKaXx j=2 ¥ j=3 BO BpEMEHH B
(UKCUPOBAaHHOM CEUYEHHHU KaHaja ¢dukcupoBaHHOM ceueHnuu kanana i=10,40,67;
. 4 3 _
i=10,40,67; pamp =10"*kr/m pamp =0

3AKJIIOYEHUE

[TomydyeHO aHANUTHYECKOE BBIPAXKEHUE ISl YTOUHEHHOTO 3akoHa ['yka, CBSI3bIBAIOLIETO
M3MEHEHUE JAaBJICHUS C U3BMEHEHHEM IUIOTHOCTH B IIOTOKE BSI3KOT'O TEIUIOMPOBOJIHOTO ra3a.
[IpoBeneHHBIM  BBIYMUCIUTENBHBIA  AKCIEPUMEHT  CBUACTECIBCTBYET O  BIUSHUU

AKyCTUYECKMX BO3MYIIEHUHN IUIOTHOCTU HAa YyCTOWYUBOCTD JIAMUHAPHOIO PEKUMa TEUCHUS
BA3KOTO TEIUIOIPOBOAHOIO Ta3a B IUIOCKOM KaHaje. DTO BIIMSHUE YYUTHIBAETCS 4eEpE3
HEJIMHEHHY10 100aBKy JaBJeHUs, BXOAALIYIO B YTOUHEHHBIH 3aK0H ['yKa 1 OpOXK a0y 0
IIONIEPEYHBIE TPAJUECHTHI JaBJICHUS B KaHAJIE.

JIUTEPATYPA

l.
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