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Pa3paboTyuk MeTOANYECKUX YKA3ZAHU I

Pa3patorumk: %
Jlaut U.M., ipod., A.¢.-M.H., 7011 ;

(®HO, nomKHOCTH, YU€HAS CTETICHb, yIEeHOE 3BaHNUE) (mommcsk)



MeToanyeckue YKa3aHHsl CoOJAep:KaT 3aJa4yd MO0  Pa3jMyYHBIM  pasaeaM
pucunanabl «[Ipukaaaneie 3agaun Mexanukn». HazBanuss m HoMepa NMYHKTOB
COOTBETCTBYIOT padoueii mporpamme mno aucnuminHe «llpukiaagnepie 3amxaum
MEXaHHKH.

1. YpaBHeHUs1 MeXaHUKUN CNJIOLWHOMN cpeabl

1.1. Ocnognvie nonamus
1.2. /lu¢pgpepenyuposanue no epemenu
1.3. Mamepuanvhulii 060vem

I[BHKeHue cpelbl MPOUCXOAUT IO 3AKOHY
2
Ty =& (1+ %), Ty =& (1+2%), r3 = &3 (1+i—g), 7 = const.

EL) HauTun nons CKOpPOCTH U YCKOpPpeHHuSA B Jal'paHXeBOM ONHUCAHHUH.

6) ['me HaxoAuTCA B MOMEHT ¢ = 37 4acTHlla, KOTOpas B MOMEHT
t = 7 HaXo/JMIach B TO4YKe NPOCTPAHCTBA C KoopAuHaTamu (a, b, c)?

BBecTu JarpaHxXeBbl KOOPDAUHATEHL U HauTH 3aKOH JABHXKEHHUA
Cpenbl, eC/id OHO MPOUCXOAHUT C MojJeM CKOpPOCTH

1 _ 2t£l.'2 _ 3t2:l?3
3 v?‘“t2+1_27 U3—t3+7_31

7 = const > 0.

HauTu nTuHMM TOKa M TpPaeKTOPHH, €CIu JBHXKEHHE Cpelbl
IPOUCXOJUT C MOJIeM CKOPOCTH

a) U] = —WZI9, Vg =WTy, V3 = 1U, w,u = COHSt;
6) vy = —Azg, vy = Bz;, v3 =0, A=const >0, B=const > 0;

B) vy = —Vsinwt, vg=Vcoswt, v3 =0, w,V = const.



1.4. bBananc maccot
1.5. Bananc umnynsca
1.6. bananc Kunemuueckozo momenma

3anucaTh ypaBHeHHE HEPA3PHIBHOCTH [Jf OJHOMEDPHBIX JBH-
JKeHNH ¢ IJIOCKOH, INUIMHAPHIECKOH H cheprHiecKod CHMMeTpHEH.
[Ipu Tak¥X ABMXKEHHAX BCE MapaMeTphl 3ABHCAT JHLIL OT OJHOH NPO-
CTPaHCTBEHHOH TEepeMeHHOHW T ¥ BpeMeHH {, NpHYeM IOBEPXHOCTH
r = const B IepBOM cilly4ae — IUIOCKOCTH, BO BTOPOM — IUIHHJPHI,
B TpeTheM — c(epbl; KpOMe TOr'O, JJIf CKOPOCTH OTIHYHA OT HYyJA
TOJbKO COCTaBlslOas BAOJIb KOOPAHHATHOR JHHHHU T.

NUMeeTcs maockoe Tede-

HHe CJIOf OJHOPOJHOH HecKHMa-

eMOW XKMIKOCTH, OrpaHHIEeHHOI'O

C OJIHOW CTOPOHBI HEMOBHXKHBIM

T HEelPOHMI[aeMbIM JHOM z = —h(z),

I’;’ /7777777777,777 C pyroil CTOPOHBI —— CBO6OHOM

h(x) noBepxHocThio z = ((z,t), rae z,

Y, z — JEeKapTOBBI KOODIHHATHI.

B m1ockoM TedeHHH BCe ero XapakKTEepHCTHKH He 3aBHCAT OT OJHOH

leKapTOBOH KOOpIHHATHL J ¥ v, = 0. BBe1s cpeHioo MO rIyGuHe z

CKOPOCTH Uy = U, (,t) H CINTAs ee H3IBECTHOM, MOJYIHTh ypaBHEHHE

nas ((z,t), paccMaTpuBas 3aKOH COXpaHeHHA Macchl 1J1s obbeMa, 3a-
KJII0YeHHOT O MeXy AByMs GIH3KHMH NONEPeYHbLIMH CeYeHHAMH.

[lone TeH3opa HampsXXeHHHd B JeKAPTOBHIX KOOPJMHATAX
3aJaHO MaTpHIel
3zyy Sy*y 0
()= 5y>y 0 222y |, 5= const.
0 222y 0
KakuMu [oJXHBI GBITH MacCOBble CHIbI, YTOGHI Cpela C 3alaHHOH
IJIOTHOCTBIO p 6bl1a B paBHOBECHH !



1.7. bBananc ynepeuu

Hanucarh ypaBHeHUA DHEPTHH U MPUTOKA Telja IJA:
a) HIealbHOH HECXKMMAEeMOH XKHJKOCTH;
6) HAEATbHOH CXKMMaeMOH >KHJIKOCTH;

B) BA3KOH XKW IKOCTH;

1.8. Bmopoii 3axkon mepmoounamuxu

OTauygatoTcs 11 QYHKUNH, ONpefeisollie SHTPONUIO BA3-
KOT'O I'a3a B 3aBUCHMOCTH OT NapaMeTpPOB COCTOAHHUSA, OT aHAJOTHY-
HbIX (PYHKIHH, ONpefefAIolnX dHTPONHKIO HAeaJbHOI0 ra3a, COOT-
BETCTBYIOLEr0 pacCMaTPHBAaEeMOMY BA3KOMY ra3dy, T. €. ¢ TeMH Xe

cazamu p(p, T') u u(p,T)?

1.9. Hoeanvnwii 2as

HauTu cBA3b MeXy yAedbHBIMH TEHIOEMKOCTAMH B MpPO-
eccax ¢ MOCTOAHHBIM JaBleHHeM (c,) H B IPoIleccax ¢ NOCTOAHHBIM
06beMOM (cy) M HIeATHHOI'O COBEpUIEHHOrO ralza MY-

[lokasaTb, 4TO ecay A1 HEKOTOPOT'O HAealbHOI'O Ia3a Bhl-
noiHseTcs ypaBHeHue Kuanmeipona p = Rpl', To mioTHOCTH BHY-
TpeHHEeH DHEPrHH ¥ TOTO ra3a H V/elbHas TelIOeMKOCTh NMPH MO-
CTOAHHOM oObeMe ¢, ABIATCA PYHKIHAMH TOJIBKO TeMIepaTyphl
T, v A HAXOX JeHUA BHIPAKEHUA IS U TOCTATOYHO 3a5aTh ¢y (7).

1.10. Baszkuu 2a3

[Toka3aThb, 4TO B 061iieM clyvae IBHXKeHHA BA3KOIO COBep-
IIIEHHOI'0 I'a3da C HeMeHAIIHMcA 00beMCM 4YacTHL YlelbHasd Telao-
€MKOCTh He paBHa cy. [l Kakoro mnpoiiecca B BA3KOM I'a3e ¢y ABJA-
eTCH VIeJbHOH TelioeMKOCTbIo?



1.11. Ypaenenue mennonpoeoonocmu

CyHTaf, 9TO TEMIONPOBOJHOCTh MOAIHHAETCH 3aKoHy Dy-
pbe, IpuyYeM 3 = const, HanucaTh YpaBHEHUe JHEPruud U ypaBHEHHE
NpUTOKA Teljia AJAf CleJyIOUdX TelJonpOBOHBIX CPes:

a) MJealbHafd HECKHMMaeMas TelIONPOBOLHAA XKHIKOCTb;

6) nMHEHHO-BA3KMA COBEpIIEHHBIH TENIONPOBOIHBIA I'a3;

1.12. 3akon cocmoanusa y»cuokocmu
1.13. Hcnonv3oseanue pa3iuiHulx 3aKOH08 COCMOAHUSA

[TokazaTh, 4TOo MpHU ajguabaTHYECKOM [BHKEHHH Healb-
HOH HEeCXKHMaeMOH »KHIKOCTH TeMIilepaTypa OCTaeTCsi IMOCTOAHHOH,
a BA3KOH HECXKHMaeMOH KU IKOCTH-— B 06IIeM ciaydae pacTeT.

[lokazaTh, 4TO Aaf CKHMaeMbIX XKHAKOCTEH M I'a30B BHY-
TPeHHAA DHEPrufA % M JaBjleHHe p, pacCMaTpHBaeMble KakK PYHKIHH
NIOTHOCTH p U Temnepatrypsl 1, T. e. dyukuun v = u(p,T) u

p p(pg 1 ), CBAA3aHbI COOTHOIIIEHHEM

(@.) _r_T
dp)r P p?

2. 'nppocTtaTtuka

2.1. Ypaeunenusa cuopocmamuxu

HajiTu cuny P, AeficTBYOIIYIO Ha KBaApaTHYIO CTEHKY akBa-
puyMa, /0 KpaeB 3anoiHeHHoro Bojgoii. Ha kakoil BeicoTe H oT gHa
HAXOJHTCA TOYKA MPHJIOKEHUA 3TOH CHIBI?

2.2. Paenoesecue cnosn cyucumaemon dcuoKkocmu

3aMKHYTBIH cocyl, HalOJHeHHLIH OMHOPOJHOH TSXKeJOoH
JKH [KOCTh10, BPAlJaeTCA C NMOCTOAHHOH yIJOBOU CKOPOCThIO {2 OTHO-
CHTeJbHO ropu3oHTaabHod ocu. [lokazaTh, YTO MOBEPXHOCTH paB-
HOro JaBleHHs HpeJCcTaBIAOT co60H KpyroBble NUIAHHAPH, obiias
0Cb KOTODBIX PacnolioXeHa Ha BuicoTe ¢/2% Haj ocbio BpalLeHHUS.



2.3. Boimanxkusarowasn cuna

OHopo/HAA XHJKOCTb MOKOHTCA B OJHOPOJHOM IIOJe CH-
Jbl TAXKecTH. Telo Npou3BONbHOH (DOPMBI MOJHOCTHIO MOTPYXKEHO B
XHJKOCTh H OKPYXKEHO €I0 CO BCeX CTOPOH.
~ BruiBecTn dopmyny aas cuibl, JeHCTBYIOIEH Ha TEI0 CO CTOPOHBI
KUAKOCTH — 3aKOH Apxumeja.

3. NWpeanbHaa xuakocTb. OOLMe COOTHOLWEHUSA

3.1. Hcxoonvie ypasnenus

CpaBHMBaf MOPAAKH BeJHYHH Pa3jMYHBIX 4JE€HOB B ypaB-
HEHUAX IBHXKEHHA, HANHCATh YCIOBUA Ha MapaMeTphbl NOTOKa, NPH
KOTOPHIX B 3THX YPaBHEHHAX CHIY THXKECTH MOXHO He YYUTHIBATh.

I'a3 cuuTaTh HAEATbHBIM.

3.2. Ocnosnvle oonyuwienus

JlokazaThb, 9TO B IIOCKONapallelbHOM Te4eHHH H1eaJlbHON
HecXKHMaeMOH XXHJIKOCTH B MoJe OTeHIHaIbHBIX MaCCOBBIX CHJ
a) 3aBHXPEHHOCTb COXpaHfeTcs B KaXJOH XUAKOH YacTuue, T. €.
cnpaBejinBo ypaBHerue dw/dt = 0;

6) B ycTaHOBHBLIEMCSH TeYeHHN w = w(1), I'Ae 1) — (YHKUHAA TOKA.

3.3. Teopema Tomcona o éuxpsax

ZKuaxocTh 3amoNHAeT ABYTpaHHBIH yroi, o6pa3oBaHHBIN
B3aHMHO MepIleH/ uKyNapHbBIMHA INIOCKMMH cTeHKamu. HaiTu Tpaek-
TOPHIO M30JHPOBAHHON BHXPEBOH HUTH, NapalilelbHON pebpy yria.
CYMTaTh BHINOJIHEHHBIMH YCIOBHSA TeopeMbl ToMmcoHa.



3.4. Humeepan Jlacpansca

IlokazaTb, 4TO 418 yCTAaHOBHBIIAXCA [IOCKONAPAIeIbHbIX
TeYeHHH HIealbHON HECXKHMAEMOW XHUIKOCTH B MoJe NOTeHUHAlb-
HBIX MaCCOBBIX CHJ CIIpaBeJTHBLI HHTErPalbl:

2
a) T~j-——}-E——U+2cm/):const,
2 p
ecll¥ 3aBHXPEHHOCTH Te4YeHHs w NOCTOAHHA;

2
6) %+§-—U+m[):const,

ecln w = Ay, A = const.
3aecs U — nmoTeHIHAJT MacCOBBIX CHJI, 1) — (YHKIHA TOKA.

4. Mneaanaﬂ HeCXunmaemasa XXugkocCcTtb
4.1. Cucmema ypaenenuii

Mloka3aTh, YTO NOTEeHIHAILHOE TeYeHHe HECXKHMaeMOo# XKH I-
KOCTH B OJHOCBA3HON o6jacTH o6gajaeT MeHbIed KHHeTHYeCKOH
SHepruei, YeM BCAKOe APYroe TedeHHe C TAKUM XK€ pacipe/leleHHeM
HOPMAJbHOH CKOPOCTH Ha rpanuie obaactu (reopema KenbBiha).

ITokasaTs, uTO
a) M3 ypaBHEHHS HepPa3pLIBHOCTH [JIA OCECHMMETPHYHOIO [BHXKeE-
HHMA cle/lyeT cyllecTBoBaHne (pyHKInH ToKa CTOKCa;
6) noBepxHOCTH 1 = const ABIAIOTCA NIOBEPXHOCTAMH TOKA.

4.2. IInockue CmauuoOHapHbvle meuenui

BripasuThb Yepe3 QYHKUHIO TOKa ¥ (T, y) pacxo] XK IKOCTH
() dYepe3 KpHBOJNWHEHHYIO IYI'y, COeTHHAIOIUIYIO TOYKH C KOOp/JHHa-

Tamu (215 Y1) M (T2 Y2).



4.3. Oomekanue npoghunsn

Tpyb6a mocToAHHOrO MOMEPEYHOI'0 ceYyeHHs MIOTHYTa MO
NpAMBIM yIvioM. B omHO ee cedeHye BTeKaeT C MOCTOAHHOUA CKOPO-
CThI0, & U3 JPYroro BHITEKaeT HAealbHafd HeC)KHMaeMas HeBecoMas
Xuakoctb. McnbiTeiBaeT au Tpy6a culy peakuuu’ Kakyio?

4.4. llapaookc /lanamébepa

B 6eckoneyHon UUIHHIpPHYECKOHW TpPy6e, 3alloJHEHHOH
HeCXKUMaeMOH uIealbHOH XHIKOCTbIO, C IOCTOAHHOH CKOPOCTHIO ¥
nBuxetca TBepjgoe Teno. [laleko nepen W 3a TeNOM XHIKOCTH I0-
KOUTCH, IBHXKEHHE YXHIKOCTH B CHCTEMe, CBA3aHHOH C TeJoM, yCTa-
HOBHBILIEECHA, MACCOBBLIE CHJBI OTCYTCTBYIOT. [[eHcTByeT M Ha Telo
CHJIa peaKIuH >XXHAKOCTH: CONPOTHBIEHUE, NOAbeMHasA ciia’

4.5. Obmekanue Kpy208020 yuiunopa

[IpoBepHuTh, YTO KOMILIEKCHBIH MOTEHIHAN OOTeKaHUA KpPY-
roBOro UHJIMHApPA, 3a,]aHHOr0 ypaBHeHHeM T2 + y? = a?, umeeT Buj

2 2
W:U(z+-a;—) —iV(z—E—)—F—F—.lnE,

rae U, V u I' — geiicrBHTeabHbIe MOcTOsHHEbIE. Kakoil pu3ndeckuni
CMBICJI UMEIOT 3TH MOCTOSHHBIE?

4.6. Obmekanue aguayuonno20 npogunn

HajiTH KoMNIeKCHBIH Mo- y
TeHIHaJl OOTeKaHHUA IMJIACTHHKH
nauHb 2b mox yraom ataku a. [lo- o
nobparh nupkyaauuio ' no kon- -
TYpY, OXBaTbIBalolleMy IJacTHH-
Ky, TaK, YTOObl CKOPOCTbH XKH KO- B
CTH Ha 3ajJHed KpoMKe B Todyke B
Oblia KoHedHOH (nocmyasam 2Ky-
koeckozo-danavieuna). HalTn pacmpegenenne CKOpOCTH Ha IIa-
CTHHKe.




4.9. Hcmeuenue cmpyu u3z omeepcmus

[lo raagkoi (6e3 Tpe-
HUf) TOPU3OHTAJNBHOH MOBepX- T
HOCTH [BHXETCA TelexXxkKa, Ha P
KOTOPOH CTOMT 3aKPBHITHIH CO- T
CyX € HAJIUTOU B HEro XHUJKO- ; Po
CThIO, CM. pHC. O6uian R AL
Macca XXHIKOCTH, cocyla H Te- L
JeXXKu paBHa m. [laBieHue HaJ SRR T s
cB0O6OTHOM MMOBEPXHOCTHIO YXKH -
KOCTH B cOCy/[e pP;, JaBleHHe B T
OKpyXaloiien cpeje po < p1. B
3aj/lHed BEPTHKAJILHOU CTEHKe
cocylla HUMeeTcs OTBepCTHe, ye-
pe3 KOTOpOe BbLINBAaeTCA cTpysA ceuenneM So. Ilpenebperas uaMe-
HeHHeM MAacChl M ¥ CUMTAaf KMIKOCTb WIealbHOH M HECKHMaEeMOH,
BBIYACIHTD YyCKOPEHHE, C KOTOPHIM [BHKETCA TejlexKa Mo/ [eHCTBH-
eM BoITeKaoled ctpyd. Culy TAXKeCTH NPH BbHIYMCIEHHH CKOPOCTH
MCTeYeHHA CTPYH HE YUYHTHIBATh.

4.10. I'pasumayuonnsvle 60J1HbL HA NOGEPXHOCHU HCUOKOCMU

CuuTas nBH)KeHHE NMOTEHIHAIbHLIM, HAIHCATh YPaBHEHH,
rpaHHYHbIE W HAadalbHbIE YCIOBHA A 33j/la4d O IPaBHTANHOHHBIX
BOJIHAX B M €aJbHOM HEC)KHMAaEMOH OJHOPOJHO! XKH [KOCTH, BRI3BaH-
HBIX HaYaJbHBIM Bo3MylleHueM (3adava Kowu-Ilyaccona). IloBepx-
HOCTHHIM HATfAXKeHHeM IpeHe6Gpeyb.

10



4.11. Yeounennas eonna

IIporpeccuBHas BoOJHa
CTaHOHAPHOH (POPMBI C NPAMO-
JTUHENHBIMH I'peGHAMH Ha cBOGO/I-
HOM MOBEPXHOCTH THXKEIOH XKH/I-
KOCTH [IBHXXETCS ¢ MaKCHMAJbHO
BO3MOXKHOH (/10 ONPOKH /IbIBAHMUA )
amnaunTynod. MasecTHo, 4YTO Npu
3THX YCIOBHAX paccMaTpHBaeMas
BONHA BONM3M rpebHA MMeeT (OpPMY KIHHA C BepIUMHOW Ha rpeé-
He ¥ ¢ IBYMS IpaHfiMH, CHMMETPHYHBIMH OTHOCHTEJIbHO BepTHKAJH.
[Toka3aThb, YTO yrol @ MeXay UpaHfiMH 3TOro KinHa pased 120°.

4.12. Teopusa menkoii 600vl

IlokazaTe, 4To npu h = const cucTeMa o HOMepHBIX ypaB-

HeHHH TeopHH MelKolt BoAsl vy =0, d/0y =0 paB-
HOCHJIbHA CHCTEMe
aJ; dJ adJ_ aJ_
b 2t il
T T I TR P

rge Jy = vy £24/g(h + () — uuBapuanTs Pumana,
c+ = v; £ v/g(h+ () — ckopocTH XapaKTepHCTHK.

5. OCHOBbI aKyCTUKHN
5.1. Jluneapuszayusn ypaeuenuit Jiinepa

HaiiTu cBa3b Mexy k ¥ w, IpH KOTOPOH (DYyHKIHA

© = o ei(k-r—wt)

ABISAETCH pellleHHeM BOJHOBOI'O YpaBHEHHSA

31ech g = const; w = const; r — pajauyc-BeKTOp TOYKH Habaione-
HUfA; Kk — nocTosHHBIA BeKTOp; ¢t = v/—1, Ay — oneparop Jlannaca.

11



5.2. Cxkopocmy 38yka; yucino Maxa; chepuueckue 60wl

N3BecTHO, YTO MaJjble BO3MYIIEHUA MIOTHO-
CTH W JaBJeHHA B HJIeaJbHOM ra3de paclnpoCTpaHAITCH MO a3y co
ckopocTblo a = /dp/dp. PacupocTpaHenue 3Byka — 3TO Ipouecc
paclpocTpaHeHHs MaJblX BO3MYIIEHHH, KOTOPHIH MOXHO CYHTATh
aguabarnvdeckuM. [lokazaTh, 4To B MAealbHOM COBEpLIEHHOM I'a3e
CKOPOCTh 3BYKa €CTh (DYHKIHAA TOIbKO TeMNepaTyphl.

5.3. Pacnpocmpanenue 36yKa 6 0suxicyuieiicsa cpeoe

OHOPOMHBIA NMOTOK ra3a JBHXETCA C MOCTOSHHOH CKOPO-
creio U B HampaBieHuu ocH . B MomenT Bpemenu t = (0 B Touke
O BHYTpH 3TOr'o NOTOKa HaYMHAET [IeHCTBOBATH MCTOYHHK MaJbIX
BO3MYILIEHHH JaBJeHHA.

HaiTu o61acTh, B KOTOPOH OTOK ABAAETCH BO3MYIIEHHLIM B MO-
MEHTH BpeMeHH

t=%t #u t:tg)tl,
eCJIH

a) U<ug; 6) U=uaq; B) U > a,
rjie @ — CKOPOCTb PaclpOCTPAHEHNS MAJbIX BO3MYUIEHHH 110 ra3y.

6. OgHOMepHOe ABUXKeHUe rasa

6.1. Cmayuonapuoe ogusxcenue 2aza; conno Jlasana

B cnabo uckpunennoi Tpy6e ¢ nIaBHO MeHAOIMMHUCH doOp-
MOH H IIOIAAbI0 NONEepPeYyHOro cedeHu, N POHC-
XOMHT CTallHOHapHOe afuabaTHYecKoe JBHKeHHe HJealbHOr'o rasa.
Maccosbix cun Her. HalTu cBfizb MeXay M3MeHEeHHEM CKOPOCTH
BAONb TPYOHl N M3MeHeHNeM IJIOLIa X ee TONepPeYHOro ceyeHu .

12



6.2. Hecmayuonapnoe osuixcenue 2aza 6 mpyoe noCmoAHH020 ce4eHus

HaiiTH nIuHY cTBOJMa pYyXbfi, HEOOXOAUMYIO IS pa3roHa
MyJd OO0 MaKCHUMAaJbHOH CKOPOCTH B 3aBUCHMOCTH OT Ha4aJdbHOI'O
COCTOSIHUSA NMPOAYKTOB CrOpaHUs MOpoXa C Y4eTOM JaBleHHs rasa
nepen nyied. WHepumed M BA3KOCThIO ra3a npeHebpednb. (CBfA3aTh
HavaJbHOe NaBjleHHe C TelIOTBOPHOH crocobHocThio nopoxa. Ilpo-
BECTH PacyeT, ecli NopoX HMeeT mioTHOCTH 1.6 r/cM® 1 TemroTBop-
HyIo cnoco6HocTh 3 MJIXX/Kr; anuHa 3apsajga 5 cM, gHamMeTp cTBoJa
1 cM; NpOAYKTH CropaHHf NOPOXa CYHTATh COBEPLIEHHLIM I'a3oM C
v = ¢,/cy = 3; NaBleHne nepex myJaeil paBHO 1 aTM.

6.3. IIpocmas éonna; oépazosanue yoapHoil 60 1Hbl

HaiiTu yacTHBIe pelieHHs CHCTEMBI ypaBHeHHH GapoTpoI-
HOI'O JBHXXKEHHA CXKUMaeMOH >XHUIKOCTHU C IJIOCKHMH BOJHAMH, B KO-
TOPOM U, P U p 3ABHCAT TONBKO OT O/IHON KoMGuHnamuy 0(z,t) Heaa-
BHCHMBIX NepeMeHHbIX T u t. Takue IBMXKEHUS HA3HIBAIOT 804HAMU
Pumana.
BsakocTh, MaccoBhIe CHIIBI M TPHTOKH TEIA HE YyYUTHIBATD.

7. YpapHasa BosiHa

7.1. Iloéepxnocmo pazpwiea; ycioeus Ha NOGEPXHOCMU PA3Pblea

YpaBHeHHe NMOBEPXHOCTH B DHIEPOBHIX NepeMeHHBIX HMeeT
Bug f(x!,22,23,t) = 0. HailTh CKOPOCTb [BMXXEHHA DTOH NOBepX-
HOCTH MO HOpMaJK K Hell, HalpaBlleHHOH B cTopony, rae f > 0.

13



7.2. Yoapnasa aouabama

W geanbHBIN COBEPIIEHHBIH I'a3, B KOTOPOM
p=pRT, u=cy+ const,

npoTeKaeT CKBO3b MOBEPXHOCTH Pa3phiBa, Ha KOTOPOH HET BHEIUHUX
IPHTOKOB MacChl, HMIyJlbca U dHepruu. CUUTafg MOTOKA TeNIa ¢n)
H Gn2 PABHBIMH HyJI0 (21a6aTUYHOCTD), @ 3HAYEHUSA P = p1, p = P1
0 OJHY CTOPOHY NMOBEPXHOCTH Pa3pbiBa U3BECTHBIMM, HAUTH:

a) py Kak QYHKUHIO p2, I'Je MHAEKC 2 OTHOCHTCA K BelHYMHAM MO
APYTYIo CTOPOHY NMOBePXHOCTH pa3pbiBa (aduabama [ozonuo);

6) M3MeHeHHe DHTPONHHA Sy — S KakK QYHKIHUIO po.

B) B kakux cilyyasx crpaBeLInBO COOTHOUIeHHe Sy — 51 = 0 7

7.3. H3menenue napamempos 2a3za npu nepexooe uepes hponm yoapHoil 60J1HbL

EL) Ucnon b3yf 3aKOHBI COXpaHEHHUA MaCChl, KOMHYeCTBa IBH-
XKeHHd, MOMEeHTa KoJindecTBa IBUXXEHHUA U OHEPrHH BBIBECTH COOT-
HOIlIeHHUA Ha IMOBEPXHOCTH pal3pbiBa.

6) HanmcaTh ux B cMCTEMe KOOPAMHAT, OTHOCUTENIbHO KOTOPOH MO-
BePXHOCTh pa3phiBa IBHXKETCH C 3ajaHHOi ckopocThio D = Dn.
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9. CBepx3BYKOBOW NOTOK BHYTPM Tynoro yrna

9.1. Kocoii ckauok yniomuenus
9.2. Céa3b medxncdy XapaxmepucmuKkamu nOMoKa 00- u 3a KOCbIM CKAYKOM YRI0MHEHUA

Teno B BuUgé Geckoneu-

HOT'O KJIHHA C YIJIOM TNpPH BeplilH- 4
He 260 06TekaeTcs CTallHOHAPHBIM
CBEepPX3BYKOBBIM NIOTOKOM H 1€ab- Yo 7/!
PR —— v
1

HOT'O COBEpIIEHHOr0 ra3a, Kak mno- / )
Ka3aHo Ha pHC. CkopocTb, v, M
JlaBleHde W NJOTHOCTHL Haberaio- -

lero nNoToKa paBHBI COOTBETCT-

BEHHO Yo, Po H Po;
Mo = k) > 1, (L% = _’Y_P_o
ao - Po

ITokazaTs, yTo ecan § < 0., TO
pellleHHe HMeeT CAeAYIOIUN BHA:
nepej KIMHOM HaXOJAHTCA NpUcoenHeHHas K ero HocHKY O (Bepuin-
He) ynapHas BoarHa AOB, o yjapHO# BOJHBI IOTOK HEBO3MYILIEH, B
yapHOU BOJIHE CKOPOCTh CKAYKOM MEHfeTCH TaK, YTOOLl CTATH Ma-
pajlellbHOU [I0BEPXHOCTH KIHHa. B 06.1acTi MeX Iy yAapHOH BOIHOM
M KINHOM MMeeTCs NMOCTYNaTelbHBIH MOTOK CO CKopocThio v;. Hai-
TH CBA3b MeX/Jy YIJIOM HAKIOHA (¢ YJapHOH BOJHHLI K CKOPOCTH g H
yrioMm KIHHa 6, BeTHYUHY ¥ U NpefedbHblil yrod Opax. O6BACHATS,
noyeMy Takoe peuleHne HeBepHO, ecan Mg < 1.

10. Mnockoe cTaunoHapHoe TeYyeHue rasa

10.1. Obmexanue aguayuonno20 nPopuia; MuHeapu3aAuUA ypasHeHuil
10.2. /lo3syxoeoe oomexkanue

IIycTs noTok mo3BykoBoil, vg < ag, Mg < 1. IlpuBecTH 3aga4y
06 ompejieleHHH NMOTEHIHala CKOPOCTH K 3ajade 06 onpejeleHHH
MOTEeHI[HANA IOTOKa HEC)KUMAEMON XHIKOCTH, 06TeKaloIeH TO e
Kpbino. HalTH cBA3bL MeXIYy CHIaMH, AeHCTBYIONUMH CO CTOPOHEI
IOTOKa Ha KPBLIO B ClyYafiX CXKAMAEMOr0 H HEC)KHMAEMOI'0 [I0OTOKA.
YeMmy paBHO CONMpOTHBIEHHE Kpblaa?
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10.3. Csepx36yko60e oomexkanue

Tonkoe KpBIIO O6TEKaeTCA CBEpPX3BYKOBHIM IOTOKOM,
Vg > ag. HaiTe noresn-
IHaJ M CHNY CONPOTHBIEHHA Kpblia, €Cli OHO NpeJCTaBIfieT cO60M
IIOCKY 0 IJIACTHHKY.

11. Teopusa pasmepHoOCTU U noagoo6uma

11.1. llonamue pazmeprnocmu; ananus pazmeprHocmeii
11.2. II-meopema; noooovue

Ucnoawaysa Il-Teopemy, [I0Ka3aTh, YTO BEJIMYUHA
CHIBI COMPOTHUBICHUA Tela B YCTAHOBMBIIEMCH MOTOKE BA3KOW XXM JI-

KOCTH UMEeT BHJ
F = pv2 d*C(Re),

rie Re = v,d/v, v = u/p; d — xapakTepHHIl pa3Mep Teia;
Voo — CKOPOCTb NMOTOKa Ha GeckoHeuHocTH; C(Re) — Gespasmep-
Hafd (pyHKUHUA yucaa Peiinoabaca Re u ¢opmsl Tena (xoacpdunuerT
conpoTuBienus). MaccoBeIMu cuiaMu npeHeGpeds.

11.3. Ilapamempot no00oOUA; ABMOMOOEILHOCHIL; ABMOMOOEILHOCHIL NO RAPAMEMPY

YnapHas BoJHa, pacnpOCTpaHSAIOUIAACA C NOCTOAHHOH CKO-
pocTbio D mo nokosueMycs rady, B MOMEHT BpeMeHH to JOCTHIaeT
orpaHMYMBaIOILEH a3 YKECTKOH CTEHKH.

[TokazaTh, 4To ABHXKEHHE r'a3a npu t > ty aBTOMOIEIbHO.

12. Ba3kas Hecxnmaemas XXUOKOCTb

12.1. Ypasunenus Hasve-Cmokca 6 6e3pazmeproii popme; uucio Peitnonvoca

Taxenas ogHOpPOIHASA BA3KAA XKHIKOCTD, IEIUKOM 3aMOJHA-
jolllafg MOJOCTH B HENOJBUXKHOM TBEPJOM Tejle, IPUBOJAUTCA B JBH-
)KeHHe W Tallee NpelocTaBaseTca caMoi cebe. [loka3aThb, 4TO KHHe-
THYecKad dHeprus XHJIKOCTH yOLIBaeT CO BpeMeHeM.
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12.2. Hecmayuonapnoe meuenue 6 6ucKkozumempe

PaccmoTperh Tedenne KynTTa — crausoHapHoe TedeHHe
JNHEHHO-BA3KON XXHIKOCTH MeXAy ABYMS OeCKOHEYHBbIMH Mapal-
JeJbHbIMU IJJACTMHAMH, OHA W3 KOTOPLIX MOKOUTCH, Apyraf ABHU-
XeTcd ¢ NOCTOAHHOH CKOpOCThio vg. PaccTofnne mMexay miacTuHa-
M paBHO h, naBreHHe p = const. CKOpPOCTh XKUJIKOCTH Ha MIACTH-
HaX paBHa CKOPOCTH MJACTHH, CM. YPaBHEHHSA U I'PAaHUYHBIE YCIOBUA

12.3. IInockoe u ocecummempuunoe mevenus Ilyazeiina

Cnoil BA3KOH KHMJIKOCTH OrpaHMYeH JIBYMS COPH3OHTAlb-
HBIMH GeckoHe4HbLIMH NapallielbHBIMH MlacTHHaMH A # B, paccro-
aune H Mex 1y koTopbIMH (PHKCHPOBaHO.
HaiiTn pacnpefenenne ckopocTed W HAlpPSXKeHHA CHJI TPeHHS T4
H T Ha MJIACTHHAX, €ClH:

a) MIacCTHHA A MOKOWTCA, MIAcTHHA B IBHXeTCHA €O CKOPOCTHIO U
H JaBleHHe BJOJb INIACTHH MOCTOAHHO (meuenue Kyamma);

6) o6e MIAaCTHHBI MOKOATCH, a JBHXKeHHe XXHIKOCTH BbI3BIBAaeTCA 3a-
JaHHBIM I'PajHeHTOM [aBleHHA BJOJb IIACTHH (ILIOCKOE TeueHue
[Tya3zetian);

HaliTu cTanuoHapHOe [BHXXeHHe BA3KOW HecXKHMaeMoOH
KUJIKOCTH B [JIMHHOH MOPH3OHTANbLHOH [UIHHIPHYECKOH TpybOe moj
lTedcTBHeM 3aJaHHOrO MOCTOSHHOI'O NMPOJOJbLHOIO Nepenaga JaBie-
Hua ip = —O0p/0z (meuenue [lyasetias), ecin cedeHHeM TPyGH
ABIAETCA:

Kpyr pajlHyca a

12.4. O6mexanue wapa npu mansix yucinax Peitnonvoca

Trepabiii map paguyca R 3 COCTOAHHUA NMOKOSA HAaYMHAET
IBUTATHCA B BA3KOH XXHMJIKOCTH C NMOCTOAHHBIM yCKOpeHHeM @. [lo-
Ka3aTh, YTO CPeJHAA Ha MYTH S BeluYHHa CHIBI CONPOTHBICHHSA He
MeHbllle [1pOM3BeJeHUs MPUCOeTHHEHHON MAacCHI HIapa U ero yckope-
Huf, T. €.

S
1 2mpR3a
=— | Fd |
(F) = 0] s> 28

MaccoBrle cullbl He YYHTHIBATh.
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13. MorpaHnyHbIN cnown

13.1. llonamue nozpanuunozo cnosa; ypasnenusn Ilpanomns

BoiBecTu n3 ypaBHenu# [IpaniTas MHTerpajibHOe ypaBHe-
HHE KOJNMYeCTBa JIBHXKEeHH A

13.2. 3adaua bnazuyca 00 o0mekanuu NOAYOECKOHEUHOU NAACMUHKU
napanneIbHblM NOMOKOM 6A3KOU HCUOKOCIU

[loka3aTb, 9TO NpPH yCTaHOBHBLIEMCA OO6TeKaHHH CO CKO-
pocThio U = const nony6eckoHe4YHOM MIaCTHHHI, NOCTaBIeHHOH MO
MOTOKY, GDYHKIHA TOKa [Jjf TedeHHS B MOTPaHHYHOM CJIo€ MOXKeT
OBITH peJcTaBleHa B BHIE

= Vs f(m), rapen= y\/g-

Ha4ano koopAMHAT pacnofoXeHo B HOCHKe MIACTHHBI, OCh T Halpa-
BlleHa BIOJb MiIacTHHBL. [lony4uTs 3 ypaBHenu# [lpangTas ypas-

14. TypbyneHTHOCTb

14.1. Aenenue mypoyrenmuocmu

nJ0CKO-

14.2. 3aposicoenue mypoynenmunocmu; 3a0aua 00 YCMOUYUEOCMU OBUNCEHUA 6A3KOU

Hcuoxocmu

B 1HHeHHOH NHOCTaHOBKe YCTOHMYHBOCTH HJIH HEyCTOHYH-
BOCTb CTalHOHAPHBIX TedeHHH ompejeinseTci MOBeleHHEM BO Bpe-
MeHH MaJblX BO3MYILEHHH IapaMeTpOB 3THX TeYeHHH.
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a) Iloay4nTs nMHeapu3oBaHHOe ypaBHEHHE s MajbIX BO3MYIIEHHH
Y1(z,y,t) GyHKIHN TOka B CTAIHOHAPHOM IIOCKONIAPAJIETbHOM Te-
YeHHH BA3KOHW HECXKHMaeMOH XXHIKOCTH C NpodHIeM CKOPOCTH

v, = u(y), vy =0,
rie vy ¥ v, — JIEeKapTOBbl KOMIOHEHTH CKOPOCTH.

6) Iloka3aTs, YTO 3To ypaBHeHHe HMeeT pellieHHe BH/a
1(z,y,t) = P(y) €™, k = const, w = const,

rjie xzv(y) yaoBaeTBopseT ypaBueHHio Oppa—3omMepdensia
V(151V _ 2,{:21];”_'_ k41];) =ik ((u _ %) (,J)-u _ kz@ — ”) )

CcdopMmyanpoBaTh KpaeBble YCIOBHA A1 9(y), COOTBETCTBYIOLINE
TeYeHUI0 MeX /Iy NMJIOCKMMHM TBepIbIMH CTeHKaMu y = *d.

14.3. Pazeuman mypoyrenmuocmo; ypaeuenusa Peiinonvoca; uzomponnas 00Hopoonasn

mypoyieHmunocmas

Ocpefiass ypaBHeHHA HEPa3PLIBHOCTH M JBHXKEeHHSA [ He-
CXKHMaeMOH OJHOPOJHOH BA3KOH >KHJKOCTH, NONYYHTh YPAEHENUSA
Petinoavdca

do; : :

. ~ _ 2 A T

dive = 0, P = =Vip+ V7 + V75,

rjpe 7;; — CpejlHHEe BA3KHE HallpsXKeHHf, Ti}_ = —pu;v; Ha3HIBAIOT-

ca mypbysenmuovimu nanpaxcenuamy Petlinoavdca. Kakomy ycioBuio
yAOBleTBOpsAeT U Ha HENpOHHIaeMOH rpaHuue S7

14.4. Ilomoxk c nonepeunvim cO8U2OM, YHUGEPCAbHBLIL 102APUPMUYECKUILL 3AKOH

PaccMoTpuM TypOy/ieHTHHIA MOTOK OHOPOJHOH HEC)KHMa-
€MOH KHJIKOCTH BJ{0/Ib 6ECKOHEYHOH HENO/[BHXXHOH IIOCKOCTH Y = ()
B OTCYTCTBHE MAacCCOBHIX CHJI — BeTep Ha,/I MOBEPXHOCTHIO JeMIIH.
[IpennonaraeTcs, 4To BCe cpeJiHHE XapaKTEPHCTHKH TeYeHUs 3aBH-
CAT TOABKO OT Y, ¥y, = 0, = 0, ¥, = 0(y). Ha rpamuune y = 0
3a/[aHO KacaTelbHOe Hanpsxenue 7o = const. s TJ NpUHHAMAETCS

eunomeza lpandmax: 7} = pv7(do/dy), rae kosdduunent Typ-
6yneHTHOH BA3KOCTH V' = 32y?(dd/dy), = 0.4 — smnupryeckas
KOHCTaHTA.

Hasitu 0(y) B o6nactu y > d > 0, B KOTOPOH MOXHO NIpeHeOpeyb
MOJIeKyIfipHOH BA3KOCTbIO N0 CPaBHEHHIO C TypOyIeHTHOM.

19



