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NOTOKY Ha JiHIiHi PO3MIpH Tijla, TNOAiJieHOMYy Ha MOAYJib B fI3KOCTI
noBiTpA:
vl
Re — —, (11)

e v— WBHIKICTb MOTOKY; [ — JIiHiHHI po3Mipu Tijla; v — MOMYJb B'I3KOCTI.
[TizcTaBuBIM v dopmyay (11) 3HaueHHs MOAy/# B'SI3KOCTi TIpA HOP-
MaJIbHHX YMOBAX, JiCTaHEMO MpOCTily GopMyJy:

Re = 65000 v/, (12)
ne WBHAKICTb TpeGa MiACTaBJAATH B MeTPax Ha CEKyHAY, a [ — merpax, abo
Re=69vt, ne mBuaKicTb Tpeba OpaTH B MeTpax Ha CEKyHIy, a [ —B Miai-
MeTpax.

[TpoBoasiun TEOPETHYHI PO3PaXyHKH JiTalouux Mopaese#, cJii MatH Ha
yBasi ix MaJi po3aMipH 1 HeBeJIMKi HWIBHAKOCTI NoaboTy. Tak, KiMHaTHa MoJelb
npu cepeiHift xopni 60 mm i

IIBHAKOCTI MOABOTY 2 M/ceK

Mae Re=8300; monmenp nna-

E!... , . }fgga A-2 3 cepeHBOIO )5(op11010
] ] N mm 1 WIBUAKICTIO S M/cek
] .‘. | Mae Re=56000, a moaesb Jil-
b"!liﬁ 10 T =. Taka 3 JIBUTYHOM BHYTpIillU-
.ii..k < N .. HbOTO 3rOPSIHHS TIPH  XOPAi
‘..'-E ~ -.-. kpusaa 150-+-160 mm i WIBHA-
PN o L kocti 20 m/cek Mae Re=
==!!= !. ) -!.. =206000. ToMy KOpHCTYBa-
__‘-’-;_t‘ < hs-“.h!. THCb aepOAHHAMIYHHMH Xa-
-N.E.W.!..L!!-. paKTepHCTHKAMH npodinis
=-..! ‘-..!.‘!.==_“ KPHJl CIpaBXHiX JiTakiB, fKi
&!!== .!-.-! 1] npofyBaloThesi  Npu  Re=
.-il"‘ ' Eig-..i-.! = 3400003000000, He Caix.
| 1] s ‘ -"=-!i [lix yac po3spaxyHKy MO-
-___'... 407000 ‘===..i.. geni TpebGa KOpPHCTYBaTHCH
A | i'l iii-i=== napaMeTpamy, 1o BignoBina-
i ] 000: Tt | | ] I0Th HIHCHHM YMOBaM I[OJIbO-
| T ...""~ " -.i Ty JiTaloyol MoOJeJi.
| | i—-i-.!!-.. Y 3B’sI3Ky 3 THUM, IO YHC-
-.iﬁii. Jo Re 3anexutb Bix MOLYJs
--............._.== B’I3KOCTi, TOOTO BiA TeMIe-
» | | paTypu INOBiTps, CJif Bpaxo-
HEN BYBaTH Le Mif "yac nobopy

0 30 40 50t qppodino kpuaa moxeni. Ha
puc. 6. mnojaHo HOMOrpamy

Puc. 6. Homorpama 3anexHocti uncna Re Bin Temne- 3aJexXHOCTi uHclia Re BiR
patypd mnositps. TeMIepaTypH NnoBiTps.
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Po3rJisTHYBIIM OCHOBHI IIHTAHHA OOTiKaHHS TIJI NOBITPSM, MOXKHa 3pOoGHUTH
neBHi BHUCHOBKH. AepcAHHAMiuHHU# cNeKTp OyAb-IKOIO Tijla CKJAJaeTbCsl 3
ge3bypeHoro i 36ypeHoro noroxiB. 30ypeHHH NOTIK CKJIaHa€TbCA 3 MOrpa-
HUYHOTO i MOTeHIiaJbHOrO wapiB. AepoauHaMiyHi CIEKTPH 3a CBOIM Xapak-
trepoM OYyBalOTh INJIABHI i BUXDOBi, CHMeTpHYHi i HecuMeTpuuHi. Ilna Ginb-
1ioil HAOYHOCTI pO3rJsIHEMO AesKi XapaKTepHi CIeKTpH TiJl.

FKul0 Ha WJISXY NMOTOKY IOBiTps INOCTABHUTH MJIOCKY NPSIMOKYTHY IJja-
cTHHKY (pHc. 7), TO MOXHa GauuTH, fK Nepel HelO HaOiraloyui MNOTIK rajb-
MYETBCS | WIBHAKICTh YACTHHOK MOBITPS 3MEHLIYETbCsl. 32 3aKOHOM bephyu-

~ ) —
\.J‘)J‘))’J’ 3237237,
PORIE RN

Puc. 7. Xapakrep OOTiKaHHS NJOCKO} -Puc. 8. Xapakrtep oOrikaHHs Kpannaenomuio-
NJ1ACTHHKH. HOro TiJa.

Puc. 9. Xapaktep oOTikaHHs NJIOCKOI Mia- Puc. 10. Xapaktep o0O6TiKaHHs Kpaluiero-
CTAHKH, PO3MillleHO! Hijl KYTOM J0 IOTOKY. AiOHOro CHMETPHYHOrO TiJIa, PO3MIILEHOro
nif KyToM H0 IOTOKY.

JIl, THCK Iepel IJaCTHHKOIO, NMOPIBHAHO 3 THCKOM HABKOJHIUHBOIO HOTOKY,
3pocrae. O6Tikaloun Kpai NMJACTHHKH, YACTHHKH NOBIiTPsA 3PHBAIOThCS, 3rOp-
TAIOTBbCA Yy BHXOpi, YTBOPIOKOUYH BEJHMKHH BHUXPOBHH CJiJ, IKHiI BiIHOCUTBHCS
MOTOKOM IOBITPA, 11O OTOUYE MJIACTHHKY.

3aBAsAKH MiJCMOKTYBaJbHOMY BILUIMBY BHUXOpPIiB Ha 3BOPOTHOMY 6oui mJja-
CTHHKH yTBOPIOETHCS 30HA 3HHIKEHOIO THUCKY. TaKuM YHHOM, BHACAIIOK Pi3HH-
Ll THCKiB YTBOPIOETbCS CHJIA, SIKA HAMATra€eThCsl NepeMilllaTH MJIaCTUHKY Pas3oM
3 MOTOKOM NOBITPSA. JIKINO NJACTHHKY 3aKpilUTH, BUHHKA€E CHJA ONOpPY, TOUHI-
ure — cuJjia onopy ¢hopmu. BuHHKHEeHHs BUXOpiB i cuau onopy GopMH xapak-
Te€pHe He TIiJIbKH JJIs1 NPAMOKYTHOI MJIACTHHKH, a H 1451 6araThoxX iHIIHX TiJ 3
foranoo 06TiuHO0 hopMmoro.

Tina, mwo matote KoGpy 06TiuHy opmy (puc. 8), YTBOPIOIOTb 30HY MiIBH-
LUEHOr0 THCKY Mepen TiJIoM i 30HY 3HHXKeHOro — 3a tijgom. 1li 3onu 3BeneHl
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g0 MimiMyMy. BHacainok uboro omip 3MeHINYeTbcs B KiibKa pasie. ['osoBRy
poJib TYT NOYHHAE BilirpaBaTH TepTs MIX IapOM NMOBITPSl i MOBEPXHEIO TiIA.
SIKU10 NJOCKY NPAMOKYTHY MJACTHHKY BCTAHOBHTH IiJi MEBHHM KyTOM AC
Ha6iraroyoro noToKy (puc. 9), To cnekTtp 0OTiKaHHA Oyne HeCHMETPHYHHH i
anpomm [Tpu UpOMY CTPYMHHKH NeOPMYIOTbCH TaK CaMo, fiK i MpH OOTi-
KaHHI NJACTHHKH, pO3MillleHO1 NMepneHIUKYyJspHO N0 MOTOKY, aJjle CTyNiHb Je-
¢opMauii i NiABHIIEHHS THCKY Nepej MJIACTHHKOIO OyAyTb MEHLIHMH.
CrpymeHi, mo oOTikaiooTh nJjaa-
CTHHKY 3HHU3Yy, BIIXHJAKTHCA Helo
BHH3 1 HAMAaralmTbCs pyXaTHChb Aani
3 1Hepuii. Tomy BHXpoBa 30Ha
3a IJIACTUHKOIO BiAXUJASTHMETHCH
BHH3, 3aXOIVIIOIOYH 3 CO0010 1 BepXx-
Puc. 11. Xapakrep o6tikaHHs KpamnJjenoni6- HI CTPYyMEHL OT,}Ke’ OTIK 3a mJja-
HGro HecHMeTPHYHOro Tijla, Bichb sikoro napa- CTHHKOIO Mae€ CKIC. Inakine kaxyuy,
NeJbHa [0 OCi MOTOKY. B HbOMY pasi NJlacTHHKa Hib6H BiZ-
KH/3€ TNOTiK MNiJi TNeBHHM KyTOM
BHH3. Te came BinOyBaerbca mpH
00TiKaHHI CHMETPUYHOrO KpalJeno-
ni6HOro Tijla, pO3MiIlleHOro ik
NeIKHM KyTOM 10 nortoky (puc. 10}.
IIpn oOTiKaHHi HeCcHMETpPHYHHX
TiJI HaBiTb TOMi, KOJH BiCcb TiJa
napajiejJbHa [0 [MOTOKY  (puc.

] 11), yTBOpIOIOTBCS aepoAHHaAMIiUBi

Puc. 12. Bunpkuenns nosHoi aepoputa- CIIeKTPH, TaKOXK HecHMeTpuuyHi. lle

Mi4HO1 CWJIH MNpPH CHMEeTPHYHOMY OOTi- . -

KAHHL TOMY, IO OOTiKaHHA BepXHBOl I

HUXHbO1 I[OBEPXOHb pi3HE BHAC-

JILEOK pisHHX AedopMalliil BIANOBiAHUX cTpyMeHiB. CTpyMeHi, 110 0OTIKAIOTD

RePXHIO YaCTHHY, 3BYXYIOTbCH OiJibllle, Hixk HUXHiI cTpyMeHi. ToMy WIBHA-

KiCTb BEpPXHiX CTpyMeHiB Oisipllla, a THCK HaJ TiJIOM MEHIIHH, HIXK Mijg HHM.

3a TinoM NHOTiK Mae MeBHUH cKic, K i npu OOTiKaHHI CHMETPUUHHUX TiJx,
PO3MIiIlIEHHX Mig KyTOM 10 Habiraroyoro noTokKy.

OT1xke, 3a JONOMOroI0 aePOJHHAMIYHHX CIIEKTPiB MOXHa BCTAHOBUTH, fe
CTPYMEHI 3BYXKYIOTbCSl, a [le PO3LIMPIOIOTbCA. 3HAIOUH Lle, HA mijacTaBi Binxc-
MHX HaM BJIaCTHBOCTed NOBITpsA i 3akoHy DepHyJsJli MOXHa BH3HAUYUTH, e
THCK Oyne OinbLuuii, a 1e MeHWHH, To6TO 3pO3yMiTH Npollec yTBOPEHHS aepe-
OIUHAMIYHHX CHJI.
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OBTIKAHHA TIJI NOBITPSAM

Bigomo, o nix yac pyxy Oynb-sKoro Tijia B noBitpi (piauHi) BHaCHiZOK
B3aeMOAil iX, BHHHKaWTb cuiu onopy. llo6 BH3HAYMTH BeJIMYHHY i HanpsiM
A€PONHHAMIYHHUX CHJI, KOPDHCTYIOTbCSI METOLAMHU eKCIEePHMEHTAJIbHOI aepojiu-
HaMmikd. 1li Meromu AarTh 3MOTy 3a JONMOMOrOI0 CHEeLiaJIbHUX YCTAaHOBOK
(aepoaMHaMiYHUX TPYO) TOYHO BH3HAYHMTH CHJIM B3aEMOMIl TiJ i MOBITPA, siKe
PYXaeThCs 3 BIANOBIAHOKW WIBUAKICTIO.

Aepomvnamiuna tpy6a (puc. 3) sBaAsie cO00I0 YVCTAHOBKY AJsl YTBOPEHHS

3 d'.‘ ’ 9 U

B |HHBHHEEEH,
'y NOUOMVNASANY

Puc. 3. Aepoaunamiuyna tpy6a:

I — nudysop; 2 — poboua gacTHHa; 3 — Mojenb Jitaka; 4 — KOJSKTOp; 5 — eNeKTPOABHUIYH,
6 — BeHTHAATODP: 7 — HANPHAMHI JoMAaTKH;, B8 — peiitiTka; 9 — AaTUHK ILIBULKOCTI.
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nosiTpsinoro noToxy. Ha Mozens, sIKy BCTaHOBJIIOIOTL Y poOOYill yacTHHI TPY -
6u, filoTb TaKi caMi CHJIH, WO H MiJl Yyac noJiboTy, aJjle B TpyOi 1X MOXKHAa BV¥3-
HA4YUTH 3a AOMOMOIOI0 creyiajbHHX aepoaHHaMiyHUX Baris.

JlesikuM HeZOJIKOM BHNPOOYBAHHA B aepoNUHAMiUHHX Tpybax € MiABH-
ieHa TypOOJEeHTHICTh NOTOKY, ajle OIIbIIICTL MOoAeell MalKe 3aBXKAY JiTat
y HeCNOKiHHOMY MOBITPi, i TOMy MOKHa NPHUIYCTHTH, 10 YMOBH B TpyOi Bll-
[IOBilal0Th YMOBaM INOJbOTy MoZeJi B NOBiTpi. Besauunra aepoaunamiuny:

Headypernau 3dupemuu  nomIK
B —— o

nomix
&, Noepanuykug wor

\Buxu '

MTomenyia nppiuy wap

é
f Momenuarerug war
» ——- Moepar.sHuy wag

Puc. 4. AeponuHaMiyHui cnekTp oOTikaHHsi i HOTO OCHOBHiI YacCTHHH.
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CHJ1 3aJleXXHTb BiJl Xapakrtepy oOrikanHsi Tin noBiTpam. LIlo6 3’dcyBaTth di-
3HYHY CyTb INpouecy OOTiKaHHsA Tia, Tpeba 3pobUTH KapTHHY OOTiKaBEA
BUAUMOIO, TOOTO CTBOPUTH aepOAUMIUHUM cniekTp. s 1bOTO B MOTIK NMOBITpPS
BNIyCKAalOTh TOHKiI CTPYMHHKH JHUMY i3 crHewiaJdbH#X NpHCTPOiB. CrHekrTpu
OOTiKaHHSI JaloThb 3MOTYy NPOCTEXHTH 3a XapakrepoM oOrikauHsi. S$kumic B
NOTONI MNOBITPSI MOMICTUTH Tino (puc. 4), To Ha NEeBHIN BigCTaHi Bil HbOTO
CTPYMHHKHM TeUyyThb MNPAMOJIHIHHO 3 OJHAKOBOW IIBHIKICTIO, TOOTO TOTIK
piBHOMipHM# y cBOeMY nepepisi i He fedopMOBaHUH NPUCYTHIM Yy HbOMY Ti-
JoM. Taxkwuit motik HasuBaeTbcss He360ypeHHUu M. [lobnudy Ttina norik
nedopMmyerbcsi, TOOTO CTPYMHHKH 3MIiHIOIOTH HaAmnpsM PyXy, BHACJiJOK YOTO
3MIHIOETHCS | IJIOIa monepeyHoro nepepisy. 3a 3akonom bepHyaai B Takomy
NoTOoUi 3MIHIOBAaTUMYTbCA HIBHIAKICTh i THCK. [TOTiK, CTPYMUHKH SIKOTO nedop-
MOBAaHI, Ha3HBAIOTbCSt 30y P EH U M.

Posrasinatoun 3miny mBugKocTell 36ypeHOro MOTOKY B GYIb-AKOMY Mepe-
Pi3i, Hanpukaan y nepepisi a—6 (puc. 4), MOxKHa nMOGAYNTH, 1@ HA NOBEP)H]
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Tijla YACTHHKH NOBITpsi HIOM «IPHJAMNAIOTHY O HbOrO BHACJIAOK B3aEMHOLC
syenJieHHA. ToMy HIBUAKICTb UMX YAaCTHHOK JNOPIBHIOE HYJIIO.

BHacsiloK B’I3KOCTI MOBITPSA PO3MilleHi NOPA]] H1apy NOBITPAHOIO NOTOKY
B3aEMHO TajibMyloThest. [anpmyloda fmisi Tina Ha WIBHAKICTL pyXy mapis
noBiTpsl B Mipy BigfajeHHs IX Bif TiJla MOCTYNOBO 3MEHIUYETHCH | HA MEBHIil
BiJlCTaHI 30BCiM 3HHKAE.

Otrxe, npd OOTIKAHHI TiJla VTBOPHOEThLCS TOHKHM IIap HOBITPS, LWIBHI-
KiCTb $IKOI'O 3MIiHIOETHCSI Bif HYJS A0 BEJUYHHH, L0 AOPIBHIOE WBHAKOCTI MNoO-
toky. Lleli map HasuBaeTbcd moOrpaHuuyHuM Iapom. llap nosirps, B
SIKOMY Bi[CyTHi CHJIH BHYTPIIUHBOrO TePTH, HA3HBAETbC NOTEHUIiAMdb-

AMaminepra Typéunenmia
mevis mevis

Puc. 5. Buau obrikanus Ttina.

HU M mapom (puc. 4). ToBuuHa mapy 306iJbLlIyETbCS B HANpPAMi 3aaHBOI
YaCTHHH Tijia. TOBUIMHA NOrPAaHUYHOro 1Aapy HABKOJIO TiJla 3aJeXHTb Bil
po3MipiB, (OpMH i NOJOXKEHHsI TiJla B IOTOLi, CTaHy HOro noBepxHi, Bil
TYCTHHH, B’SI3KOCTi i IIBHIKOCTI IIOTOKY NOBIiTPs. 3MiHa LWIBHAKOCTI B IOTrpa-
HHYHOMY Luapi 3aJieXuTb Bijg Xapakrepy oOrTikaHHsl. CnpaBa B TOMY, 1O €
IiBa BUIU OOTiKaHHA TiJ: JlaMiHapHe i TypOyJieHTHe (pHcC. 5).

JlJamMminapHe 006TikKaHHS$ —Ile Take OOTIKAHHS, NIPH SIKOMY TOBIT-
psi PyXaeTbcsl napaJjenbHUMU IapaMu 6e3 nepeMillleHHsT YACTUHOK y Halps-
Mi, neprnesaukyasipaomy (abo mig KyroM) a0 noToky. He BHKJIIOUEHA MOXKJIH-
BICTb OOepTAaHHSl YAaCTHHOK, IO MAalTh NOCTYNAaJbHUI PVYX, TOGTO MOKJIHBHI
BHUXPOBHN PVX.
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Has TypOyaneHTHOro o0OTiKaHHS XapakTepHHI Takuil pyx, NpH
SIKOMY, KpIM IIOCTYNaJIbHOTO i BHXPOBOro pyXy YacCTHHCK, € Ge3jlanlHHH IX
pPyX ynonepek NOTOKy. BHachaimok Lboro cepefnsi WBHIAKICTbL YACTHHOK IO
BITPSI 3pOCTaE, 10 B CBOIO Yepry NPH3BOIUTD N0 36iJbIIEHHS TepTH.

Hucaenni nocaigum MokasaJ, 1O Xapakrep OOTiKaHHs B NOTpaHHYHOMY
mapi Moxke OyTH JaMiHapHHUM, TypOyJeHTHHM i 3MimanuM. JlaMinapHui Wwap
31e0iJbIIOro YTPUMYEThCSI Ha TEBHIH NOBXKHHI Tija, a NOTIM NEepPeXOAHTb Y
TypOynentHuii. ITonoxkenHs Mexi nepexony BiJ JlaMiHapHOro 10 TypOYJIEHT-
HOro OOTiKaHHA 3aJIe’KUTh Bif GOpPMU Tina, CTaHy MOBEPXHi i Bix TaK 3BAHOTO
yncja Peiinosnbnaca. Uucsno Pefinonbnca Re nopiBHIOE n06YTKY I1UBHIKOCTI




