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BBE/IEHUE

B maHHBIX METOIMYECKUX YKa3aHUSAX pacCMaTpPUBAIOTCS JIaOOpaTOpHbBIE PaObOTHI,
MOCBAIICHHBIE HW3YYEHHIO BOIPOCOB adpOTa3oAMHAMUKH M JIUHAMHUKH TOJETa
JeTaTeNbHbIX anmnapatoB (JIA).

AbsporazognHaMUKa SIBJISETCS pa3iesioM MEXaHUKHU JKHJIKOCTH M raza, B KOTOPOM
U3Yy4aeTcs, JABUKEHHWE J>KMJIKOCTH W ra3a W HUX B3aWMOJICMCTBUE C TPaHUYHBIMU
noBepxHocTsMHU. [ cryaeHtoB cnennanbHocT 160400 »TOT pazgen sBiIseTcCs
CBS3YIOIIMM DSBEHOM MEXIy TaKHUMH OOIIETCOPETHUCCKUMHU ITUCIHAILUIMHAMHA, KakK
¢bu3MKa, MaTeMaTUKa, MEXaHUKa U TPOOUIUPYIOMHUMH KypCcaMu, KOTOPBIE ITOCBSIIICHBI
W3YYCHUIO JBUKEHUS TIOJIBIKHBIX OOBEKTOB M Pab0OYMX MPOIECCOB, MPOTEKAIONIUX B
YCTPOMCTBAX aBTOMATUKHU Ta30BbIX CHJIOBBIX CHUCTEM YIpPaBJICHUS U, B YaCTHOCTH, B
PEryJUPYIONIUX, Ta30pacipeAeIUTENbHBIX U UCTIONHUTEIBHBIX YCTPOUCTBAX.

[lenbto HACTOSIIIMX METOAMYECKUX YKa3aHUM K JabopaTopHBIM padoTam
SIBJISIETCSL PACCMOTPEHUE TEOPETUUECKUX BOIIPOCOB a’POra3oqWHAMUKH WU JTUHAMHUKU
MoJETa, M3Yy4YCHUE OHKCIECPHMEHTAIBHBIX METOJIOB MCCJIEJOBAHUS Ta30BBIX W KHU/I-
KOCTHBIX TCUCHHUH M IMOJYyUYCHHE MPAKTUYCCKUX HABBIKOB CAMOCTOSITEILHOM PabOTHI C
HM3MEPUTEILHBIMU a3pPOTa30IMHAMUYECKUMU MTPHOOpaMHU.

1. O0mmue TpeOGOBAHUA M METOAMYECKHE YKAZAHUS

Ilepen  kaxpoil  jmabopaTopHOM  pabOTOM  CTYJIEHTHI  BHEAYAUTOPHO
MpopadaThIBAIOT COOTBETCTBYIOIINI TEOPETHUSCKUN MaTEPHa, MOIb3YsICh KOHCTICKTOM
JIEKIUN U y4eOHUKaMU IO a’pora3oquHaMUKe U JUHAMUKE MoyeTa (Ha3BaHUE paOOThI
JUTSI TIOATOTOBKH BBISIBJSIETCS Y TIPENOAABaTENsl HAa MPEIBIIYIINEM 3aHATHU WU T10
pacrucaHuio J1abopaTOpHBIX padOT Ha CTEHE Kadeaphl).

K wu3yueHHI0o SKCIEpUMEHTAIBHONH YCTAaHOBKH CIIEYyeT MPHUCTYIHTh IIOCHE
OCBOCHMSI MMYHKTOB | U 2 COOTBETCTBYIOIIIEH JIa0OpaTOPHOU pabOTHI.

JlabopaTopubie paboTbl odopmisitoTcss B Terpanax. llepen  Haudamom
HKCIIEPUMEHTOB BCE HEOOXOIUMBbIE UCXOAHBIC JAHHBIC, HE MOJICKAIUE U3MEPEHUIO B
XO0JIe OSKCHEPUMEHTa, JIOJDKHBI OBITh 3aHECEHBl B KypHal (CTYIEHTHI TOJYy4aroT
HEOoOX0oMMMyI0 HWHGOPMAIMI0O U3 CIHPABOYHUKOB, METOJUYECKHX YKa3aHUA K
COOTBETCTBYIOIIIEH TaOOpaTOpHOI paboTe, y MpernoaBarers).

Jlnst BBITIOSTHEHUS JTAOOPATOPHBIX PadOT CTYAEHTHI JOHKHBI UMETh Tpu cebe
BBIYHMCIIUTEIILHBIC CPEJICTBA.

2. IIpaBwia TexHMKH 0€30MIACHOCTH NPH BHINOJHEHUH JIA00PATOPHBIX
paoor.

[Ipubopbl W HIEKTPOYCTAHOBKH, HCIIOJb3yEeMble B JIa0OpaTOpPHBIX padoTax,
MATAIOTCA OT CETU MEPEMEHHOTro Toka HanpsbkenueM 220 B ¢ wactoroit 50 I'm.

Bxitouath HanpsKeHUE MOKHO TOJIBKO TTPU MTOMOIIM IITENCEIbHON BUJIKU MOCIIE
THIATENHHOW  TPOBEPKH  MPABWIBHOCTH  coOpaHHOW  cxembl.  HeoOxommmo
MPETYCMOTPETh BO3ZMOKHOCTH OBICTPOTO OTKIIFOUEHHMSI AJICKTPOAIIapaTyphl HA Clydan
BO3HMKHOBEHHS HCHOPMAJIBHOTO PEXHMa paOOTHI.



[lepen pabotoit HEOOXOAMMO OCBOOOIUTH pabodee MECTO OT MOCTOPOHHUX
HPEMETOB M HEHYXHBIX IPUOOPOB.

Kateropudecku 3amperiaercsi MpOBOJAUTh KaKOW-JINOO PEMOHT WIIM TOJHATIAIKY
npubopoB. [lpu OOHapyeHMHM KakKuUX-THMOO0 HEHCIIPABHOCTEH B J1a0OpaTOpHOM
YCTAHOBKE HEOOXOJMMO HEMEUICHHO COOOLIMTH JIAOOpAHTY WM TPENoIaBaTelio,
HPOBOIAIINM 3aHATHE.

[lpy  BHE3amHOM  BO3HUKHOBCHHWU  HEUCIPABHOCTH  CIEAYeT  OBICTPO
OTKJIIOUUTh TpUOOp WM TMOJTHOCTBIO 00ecTOuYuTh JabopaTopuio, ISl  Yero
UMEIOTCSI aBTOMAThl OTKJIFOUCHUS THUTAHUS, PACIIOIOKECHHBIC HA PACHPEICITUTEIIEHOM
IIHTE.

3. lIpaBuia opopMiieHHS U CIa4U 0TYETOB 10 J1a00PATOPHBIM padoTam.

JlabopaTopHas pabota akkypaTHO odopmisieTcs B TeTpansx. JlaHHbie
HKCIIEPUMEHTA, KOHCTAaHThl U TEIUIO(PU3NYECKUe CBOMCTBA BEIECTB, PE3YJbTAThI
BBIYMCIICHUM 3aHOCATCS B TeTpaab pydkoil. ['paduky BBIMOIHAIOTCS KapaHAAIIoM.
CxeMa yCTaHOBKHM JOJDKHa OBITh HapHCOBaHA B TETpaAu sl J1abOpaTOpHBIX PadOT
KapaHJalioM, MpsiMbIe JIMHUU MTPOBOJIATCA T10 JIMHEUKE.

Jlnst Toro 4ToOBI cAaTh TaOOpPaTOPHYIO PadbOTy, HYKHO
— POBECTH  OKCIEPUMEHT, TOJYYUTh HEOOXOJUMBbIE OKCIEPUMEHTAIbHbBIE

JTAaHHBIC,

— caenath pacdeT ¥ opopMUTH pabOTy B TETpaAM AJid 1JaOOpaTOPHBIX paboT;

— U3YYUTh TEOPETHMUECKH MaTepuand COOTBETCTBYIOIIETO pasliena Kypca
JEKIMA M TYyHKTa 2 BBIOJHEHHONW J1a0OpaTOpHOM paboOThl, 3HATH YCTPOMCTBO
AKCIIEPUMEHTAJIFHON YCTAHOBKU W TMPHUHIUIT PaObOThI MPUOOPOB, MCIOIB3YEMBIX B
nabopatopHoit  paboTe, yMeTb OTBEYaTh HA  KOHTPOJIbHBIE  BOIPOCHI
COOTBETCTBYIOIICH J1Ta00paTOpHON pabOThl, a TaKKe Ha JOMOJHUTEIIbHBIC BOMPOCHI
MIPENoIaBaTelisa 1Mo TEOPUH, SKCIEPUMEHTY W pacueTaM, BBITOJTHCHHBIM B Jlabopa-
TOpHOM paboTe.



JIABOPATOPHAS PABOTA Ne 1.

METO/AbI OIPEJAEJEHUA CKOPOCTH JO3BYKOBOI'O IIOTOKA B
A3POIMHAMHNYECKOU TPYBE.

HEJIb PABOTHDI:
N3yyeHnue MeTo10B ONpeIeeHUs] CKOPOCTU JO3BYKOBOI'O BO3IYIIIHOTO MOTOKA.
OCHOBBI TEOPUM U CPEJICTBA UCCJIEJJOBAHUIA.
1. Onpenenenrie CKOPOCTH MOTOKA ¢ TOMOIIBIO PUEMHHKA BO3YIIHOTO JaBJICHUS.

B HacToAmee BpCMA MJII HU3MCPCHHA CKOPOCTH IIOTOKAa TIa3a IMHPOKO
HCIIOJIB3YCTCA CIoco0 HN3MCPCHUA, KOTOpBIﬁ OCHOBAaH Ha HCIIOJIB30BaHHUH
HacaJKa, Ha3bpIBACMOTI'O IIPUCMHHUKOM BO3yHOIHOI'O JaBJICHHU (HBH)
Cxema HaCaaKa W KpHUBasd paclpecacIICHUA OaBJIICHHUA Y €TI0  IMOBCPXHOCTHU

MpeACcTaBlieHa Ha puc. 1.
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Puc. 1. Cxema Hacaaka

Hacanok ecth codyeTanue TpyOKH IOJTHOTO HAropa U MPUEMHHUKA CTaTUYECKOTO
napieHusi. OH  pETUCTPUpPYET pa3HUIy MEXKAYy TIOJHBIM  JaBieHuem P,

BOCIIpUHUMACMBIM LOCHTPAJIbHBIM OTBCPCTUCM, MU CTATHYCCKHUM JO4BJICHHCM PC,
BOCIIPUHUMACMBIM OOKOBBIMH OTBCPCTHAMMU HaCaaKa. BGJ’II/ILII/IHy PH Ha3bIBAIOT TAKXKC

JABJIEHUEM TOPMOKEHHUSI.

Kaptuna oOrekanus Hacaaka MOXET OBITh CXEMaTHMYHO IMpeJcTaBjieHa
cienyromuM oopazom. CTpyHkH MOTOKA BOJIM3M HAcaaKa UCKPUBIISIOTCS, a CaM TIOTOK B
KPUTHUYECKOM TOUKE Pa3BETBISETCS U NEpel HacaJKkoM 00paszyeTcs 3acTOWHas 30HA.

Ecnu B34Th 10CTaTOYHO TOHKYIO, IO CPABHEHMIO C IMAMETPOM HacaJika, CTPYHKY,
MOJIXOISIIYIO 110 OCH HacaJKa K MECTY pa3BETBIEHUS MMOTOKA, TO MOKHO MPUOIUKEHHO
OPUHSATH, YTO BO3AyX B 3aCTOMHON 30HE MOYTH HE JBHXKETCA, T.e. ckopocTh V = 0, a
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JaBJICHHUC 6BICTpO BO3pacCTacT U B KpHTH‘-IGCKOfI TOYKC OOCTHUTACT IIOJITHOT'O AAaBJICHHA
Pn' B TOYKax, HaXOIAIMMNXCA HCAAJICKO OT KpHTH‘IGCKOfI, AaBJICHUC PC3KO I1aaacT.

Jlanee, o HalpaBJIEHUIO MOTOKA TOXKE HAOJIIOIAETCS TIOHMKEHHUE JTaBJICHHUS, a 3aTEM I10
Mepe yAalleHus OT MepeJHeld KPOMKH HAcaJKa J1aBJIEHUE OIATh MOBBIIIAETCS, ACUMIITO-
TUYECKH TNPUOMKasCh, K cTathuyeckomy. IlpucyTcTBHE [ep:KaBKH BBI3BIBACT,
TOPMOKEHUE TMOTOKAa M TEM CAaMbIM IOBBIIIAET JaBJIEHUE. BOKOBBIE OTBEPCTHS IS
IIpUEMa CTATUYECKOIO JABJICHHS HAXOIATCA B CEUCHHH, MPOXOIAIIUM uyepe3 Touky 0.
Ha cxeme Hacagka TIpeACTaBICHbl palMOHAIbHBIE COOTHOLIEHUS Pa3MEpPOB,
oOecnieunBaromye Haubosee TouHoe usmepenue P, u P..

CornacHo ypaBHeHUIO bepHysum Juisi HEC)KUMAEMOW Cpejibl, pa3HOCTh JaBJICHUMN

P, u P. paBHa CKOpOCTHOMY Haropy pV%:

P,-P.=P"/%,

r7€ O — IVIOTHOCTh BO3yXa B paboueil yactu TpyOsl,
V - cKOpOoCTh BO3AYUIHOTO MTOTOKA.

Orcrona
V=y2(P,-P), (1)

HOCKOHBKY BO3YX IIOIIAAACT B TPY6y H3 Ha60paTOpHOFO IIOMCIICHUA, TO IINIOTHOCTD
BO31yXa B TPY6€ oe3 yducTa CKUMACMOCTH pPaBHaA INNIOTHOCTH BO314yXa B aTMOC(l)epe u
OIIPCACIIACTCA C IIOMOIIBIO YPAaBHCHUA COCTOAHUA!

p=m=?§n (2)

rae P, —armocdepHoe maBieHue B moMmenieHuu, [la,
T, — Temneparypa Bo3ayxa B nmomemienuu, K.

Takum oOpa3oMm, MeTOIMKA OSKCIEPUMEHTAIBHOTO OIpPENETICHUs] CKOPOCTH
JI03BYKOBOI'O MOTOKa C MOMOIIBIO HAcaJKa OCHOBAaHA HA MCIOJb30BAaHUU YPABHEHUS
bepHym, ycnoBus HEC)KMMAEMOCTH M YPAaBHEHUS COCTOsIHMA. M3 3THMX ypaBHEHUU
BUJIHO, 4YTO MJIA OIpPEACNICHUS CKOPOCTH HEOOXOAMMO 3aMEPUTh PA3HOCTh MEXIY
ITOJHBIM U CTATUYECKHUM JABJIECHUEM, TABICHUE U TEMIIEPATYPY B MOJOCTSIX.

B NEeUCTBUTENBHOCTH LIEHTPAIBHOE OTBEPCTHE HAcCaJKa BOCIPUHMMAET HE
MOJIHOE JaBiieHue P,, KOTOpoe HMMeeTcsl TOJBKO B OIHOW KPUTUYECKOW TOYKe, a

HEKOTOPOE CpeHEEe NABJIEHHWE MOTOKA, MMEILIME MECTO Ha IMEpPEeaHEl MOBEPXHOCTH
Hacajka, Tak Kak 3TO OTBEPCTHE, KaK Obl OHO HEe ObUIO Majlo, 3aHMMAeT HEKOTOPYIO
KOHEUHYI0 00JacTh U He sBJsieTcsl Toukoi. Kpome Toro, cratmueckoe AaBJI€HUE MBI
U3MepsieM He B TOW TOYKE, IZle M3Mepsercd NojHoe naBieHue. CrenoBaTelbHO,
Pa3HOCTh JIaBJICHUW, KOTOPYIO MbI (DaKTUYECKH H3MEpsSeM 3aBUCUT OT (OPMBI U
pa3MepoB HacaJKa U HE paBHA Pa3HOCTH CTaTUYECKOIO U MOJIHOTO JABJICHUS B IIOTOKE B
ONHOM H TOM ke Touke. YUYToObl ydecTh mnomnpaBky B ¢opmyny (1) BBoguTCs
kodd¢unmeHT <&, HazpiBaeMbli kod(dduimeHToM Hacaaka, mocie 4dero Qopmyma

IIPUHUMACT BU/:
\Y =1¢%(PH_PC)§ (3)



Benmuuuna & onpeaensieTcsi SKCIIEpUMEHTAIBLHO TP TapUpPOBKe Hacaaka. [10 ombITHEIM
nanHbeIM & koJeOnetcs B npeaenax ot 1,01 go 1,04.

Jlnst nu3MepeHus pasHocTH AasineHudl P, u P. B naHHON pa®oTe HcHoib3yeTcs
MukpomanomeTp (puc. 2). OH mnpeacTaBisieT co0Oll JBYXKOJEHHYIO TpPYOKY,
3aMOJHEHHYIO KUAKOCThI0. K o0oum kojneHam mnpuOopa MNpu MOMOIIM IUIAHTOB
MOJIBOJISATCA JABJICHUS, PA3HOCTh KOTOPBIX HEOOXOAMMO u3MepuTh. OIHO U3 KOJEH
MaHOMeTpa (0avoK) JIeJaeTcsi CO 3HAYUTENIBHO OOJIBIIMM MONEPEUYHBIM CEYECHUEM, YEM
napyroe (cTexisiHHas TpyOka). DTO MO3BOJIAET B OTIMYMe OT oObryHOW U - 0OpaszHoi
TpYOKH OTpaHUYUTHLCS NPU U3MEPEHUU TIepenaaa JaBjIeHUN OTCYETOM TOJBKO B OJTHOM
y3KOM H3MepuTenbHOM KosieHe. [loBblmieHHoe aaBnenue P, moaBoguTcs k Oauky
MaHOMETpa, MOHIKEeHHOe P. K cTeKIsHHOHN TpyOke. B Oauke ypoBeHb MOHMKAETCS Ha
BENMUUHY AN, a B CTEKIIHHOH TpyOKe MOBhIIIaeTCI Ha a8, =a—a, .

3nass Ah u a,, MOXHO OIPEIENUTh pa3HOCTh naBineHuid P, u P. mo ¢popmyse:

P,—P.=a,ysinp+Ahy, 4)
e ¥ = p,d — yACIbHBIN BeC KUIKOCTH B MUKPOMAHOMETPE TIPU TEMIIEPATYPE OIIBITA;
(@ — YroJ MEXIy OCbI0 HAKJIOHHOM CTEKJISHHON TPyOOUYKHM M TOPU3OHTAILHOMN

TTIOCKOCTBIO;
Py — INIOTHOCTb KUIAKOCTH;

Puc. 2. Cxema MUKpOMaHOMETpA
Ah — W3MEHEHHE BBICOTHI XKUJKOCTH B IIMPOKOM KOJEHE MHKPOMaHOMETpa BO
BpeMsl OIbITA; a, 8, — BEJIMYMHBI MMOKA3aHUM, OTCYUTHIBAEMBIX IO IIKaje Ha OOKOBOM

MMOBEPXHOCTU CTEKJISIHHOTO KOJIEHA MUKPOMAaHOMETPAa BO BPEMs OIBITA U JI0 ONBITA
COOTBETCTBEHHO.

PazHOCTh naBiieHMN ONpPENENseTCS W3MEHEHUEM MOJIOKEHUS XUIKOCTH. [Ipu
JaHHOW pa3HocTu naBieHuid P, —P. 310 u3meHenue Oyner TeM Oosibiie, 4EM MEHBIIE

yroy HakJioHa TpyOku MaHomerpa ¢ . [lojokeHre HaKJIOHHOW CTEKJISTHHOM TpyOOuKu
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buKcUpyeTcs Ha CHEIHUAIbHOM KPOHIITEHHE, MPHUYEM KaK10€ MOJI0KEHHUE KPOHIITEHHA
UMeeT IU(PPOBON HHIEKC, COOTBETCTBYIOIIMN 3HaueHUio SiN@. Takum o0paszom,
YMEHBIIICHHE YIJIa () TPUBOIUT HEMOCPEACTBEHHO K YBEJIMYECHHIO OTCUHUTHIBACMOM
BEJIMYUHBI, T.€. K MOBBIIICHUIO TOYHOCTH OTCYETA, & 3HAYUT U TOYHOCTH H3MECPEHHUSI.
OnHako, 3TO BEPHO TOJIBKO JIO ONPEICIIEHHOr0 Ipejena, Tak  Kak npu Sing=1/25 u
MEHBIIIE HAYHWHAIOT MOSBISATHCSA OMIMOKH, OOYCIIOBJICHHBIC KAWUIAPHBIMH 3aKOHAMU
YKUIKOCTH, HAJTATOH B MAHOMETD.

Ecnu miomiaas 3epkaia sKUAKOCTH, HAJIUTOW B 0a4O0K MHUKPOMaHOMETpa, paBHA
F, a miomaap monepevyHoro CeUeHus CTEKISTHHOM Tpybouku f, To mpoctoit moacuer

00BbEMa KUIAKOCTH, BBITECCHEHHOW W3 IIMPOKOr0 KOJIEHA W BOUIEAIIEH B Y3KO€ KOJIEHO,
MPUBOJNT K 3aBUCUMOCTHU:

Ah=fa,/F
[MoacraBnsas Ah - dopmyny (4) monyyaem:
P,-P.=a,y(1+ #ﬂ(ﬁ)sinq) (5)
W3 sToro ypaBHEHUs clenyeT, 4To BennmuuHa Ah yduThIBaeTcs BBEIEHUEM TOIMPABKH
f y
K :1+m, Ha3blBaeMOW  KO3(Q(UIMEHTOM  MHUKpoMaHoOMeTpa. Benenue

KOB(b(bI/IHI/IeHTa K mo3Bojser IIpu ONpCACICHUN PAa3HOCTH ,Z[aBJIeHI/Iﬁ OT'PaHHUYUTHCA
TOJIBKO OTCUYCTOM BCJIIMYHNHBI aH .

Takum 006pazom, pabouast hopmMysia MUKPOMaHOMETPA MPUHUMAET BU/I:
Pr—F.=(a—-a))yKsing (6)
1 JUISL OTIPEJICTICHUS] CKOPOCTH BO3IYIITHOTO TTOTOKa M3 hopmyi (3) u (6) moirydaem:

V = E(a—ao)p}l(gKésin(p (7)
yo,

OOBIYHO MECTO YCTAaHOBKH HacaJKa M MECTO YCTAaHOBKH HCCIEIYEMON MOJCIH HE
coBnaaaroT (puc. 3).

Jns moxacuera ckopoctd V' HEBO3MYIIEHHOTO IIOTOKA B TOM MeECTe, TJIe
HaXOJUTCSl MCCleayeMasl MOJIeb, ¢ TIOMOINBIO HAacajKa, YCTAaHABIMBAEMOI'O B JIPYTOM
MecCTe, UCTIOJIb3yeTCs Cleayromias ¢hopmya:

V- %(a—ao)p),(gKgusinqo ®)

rae f — KOdPQOUUMEHT TOYKH IMOJds CKOPOCTHBIX HAmopoB B padodeil wyacTu
a’pOAMHAMUYECKON TpYyObl, paBHBIM OTHOIIEHUIO CKOPOCTHOI'O HAmopa B TOYKE, TIe
yCTaHaBJIMBAETCA MOJENIb, K CKOPOCTHOMY HAamopy B TOYKE, TJl€ yCTAHABJIMBAECTCS
HAcaJ0K. DTOT KOA((UIMEHT MO3BOJISIET, U3MEPSAS CKOPOCTHOM HAmop B TOYKE, IJIe
YCTaHOBJIEH HACAJIOK, TOJIYYUTh CKOPOCTHOM HAOpP B TOYKE, II€ YCTAHOBJIEHA MOJIEb.

Benmnunna p omnpeaensercss SKCHEPUMEHTANIBHO IPU  HCCIEAOBAHUM OIS
CKOPOCTHBIX HAIOPOB IAHHOW a’pOAMHAMUYECKOMN TPYOBI.
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[ Ky

Puc. 3. K meTony onpeaeseHns CKOpOCTH BO3AYIIHOTO IOTOKA B a3pOAMHAMUYECKOM
TpyO€ IPUEMHUKOM BO3IYIIHOTO JABJICHUS

2. OnpeniesieHue CKOPOCTH OTOKA METOJIOM Tepenaaa JaBICHUN

B aspomuHamuueckux TpyOax, OCOOEHHO 3aMKHYTOTO THUIA, CKOPOCTb
BO3YITHOTO TOTOKA YacTO OMpEAENsIOT METOAOM TMepemnana aaBieHuid. [is 3Toro
BBIOMPAIOT JIB€ KOHTPOJBHBIE IJIOCKOCTH: OJHY BO BXOJHOW yacTu TpyOwl (puc. 4), a
BTOPYIO B paboyeii yacTu.

B BwiOpannbix ceuenusx | u |l B crenkax TpyOwl nenmator 6 + 10 oTBepcTHid,
KOTOpbIE BO M30€KaHNUE CIIYYaHBIX OMMUOOK MPU U3MEPEHHUH JTaBJICHHS], OOBEAUHSIOT B
CaMOCTOSTENIbHBIE KOJIJIEKTOPHI (M1 KaXXIOTO CEYeHHUs: CBOM KoJIEKTOp). [lockonbky
P >P,, To pe3epByap MHMKpPOMAaHOMETpa HpPH IOMOLIM LUIAHIa COEAMHSAETCS C

OTBEPCTHUSMH, PACIIOJIOKCHHBIMU B ceueHuU [, a u3MepuresbHas TpyOKa MUKpPOMAaHO-
MeTpa COEUHACTCS C APYTUMHU OTBEPCTUSIMH, PACTIONIOKEHHBIMU B ceueHuu |l.

11



Vi B /V,pz,F; / VA

Puc. 4. K MmeTony onpeiesieHus CKOPOCTH BO3AYIIHOTO IMOTOKA B a3POIMHAMHUYECKOU
TpyOe Mo nepenany AaBIeHUM

MeTonuka SKCIEPUMEHTAIBHOTO ONpPENENEHUsT CKOPOCTH ATUM METOIOM
OCHOBaHAa Ha WCIOJIb30BaHUU ypaBHEHUS bepHyIu:

PV Py Ny
P+ =P+ 52+ 9
Ty TR e ®)
YpaBHEHUS HEPA3PBIBHOCTHU:
PViS, = pV,s, (10)

YCJIOBUSI HEC)KMMAEMOCTU U YPaBHEHUS COCTOSTHUSA (2)
rae: ¢ — KOd(PQPUIMEHT THAPABINIECKOTO COMPOTUBICHHUS HA y4acTKe TPYObl MEXIy

paccMaTpuBaCMbIMH CCUCHUAMMU, Sl,S2 — COOTBCTCTBCHHO IUIOIIAAH IICPBOI0 U BTOPOTO

CEUYCHMUS.
W3 31X ypaBHEHMI BUJHO, YTO JJI ONIPEAEIEHUS CKOPOCTH JI03BYKOBOT'O IOTOKA
METO/IOM Mepernaja JaBJIeHUH He0OX0AMMO U3MEPUTh PA3HOCTh CTATUYECKUX JABICHUMN
B ceueHusix [ u Il
N3 ypauenuii (9) u (10) momyuum juist nepenaja gJaBieHUI:

2
AP=P-P,= p\z/z [1+¢—(s,/5)]

Otcrona s ckopoctu V, UMeeM:

2 P-P 125
v, =J;1+ NS —\//)(Pl P, )ty (1)
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rae
B 1

1+ —(s,/5)°
a’pOIMHAMUYECKYI0 TPyOy. DTOT KOIPPHUIMEHT OnpeAenseTcsi TApUPOBKOM I KOHK-
PETHBIX YCJIOBUU PAcCIIOJIOKEHHS OTBEPCTUM, W3MEPAIOIIUX Iepenan JaBJICHUU.
VYuuteiBast ¢opmyny (6) m kodpduuueHt nonas TpyObl 4, BKIIOUAOIIUI B cebs

My — K03 GUIMEHT Tepernana, XapakKTepu3yIIHi JaHHYIO

k03 unuenT nepenana 4, U K03PGUIUEHT NOTEPh 4, IO JUIMHE TPYOBbI OT CEYCHHUS

Il mo ceuenus Il (cm. puc. 4), momyuum Gopmynry IIsI CKOPOCTH HEBO3MYIIEHHOTO
MIOTOKA B CEYEHHH, [I€ HAXOAUTCS HCCIIelyeMasi MOJIEIb:
2 :
V= J; (a—ay)px 9K sing (12)

B 3akmiodyeHMHM OTMETHM, YTO BTOPOM METOA OMNPEACIICHUS CKOPOCTH BO3AYIIHOIO
MIOTOKA B OTJWYHUE OT 1-r0 HE MPUBOAUT K BO3MYIICHUIO ABUKYIIIETOCS MOTOKA.

IHPOI'PAMMA PABOTBI U OBPABOTKA PE3YJIBTATOB
IKCIIEPUMEHTA.

|. [TopsiaoK BeINOIHEHUST PAaOOTHI IO ONMPEAEICHUIO0 CKOPOCTH MOTOKA C HOMOUIBIO
MIPUEMHUKA BO3AYIIHOTO J1aBJICHUSA:

1. VY cTaHOBUTH HAcCaJ0K B KOHTPOJBHOM CEYEHUHU TPYOBI Tak, 4TOObI OCh Hacajka
COBNAJaJIa C HANpPABJICHHEM MOTOKA WJIH MNPOAOJBHON OCBIO TPYOBl; COECIUHUTH
OTBEPCTHSI HACA/IKa C MUKPOMAaHOMETPOM.

2. CHATh NOKa3aHUS MUKPOMAHOMETpPA JI0 SKCIEPUMEHTA, T.€. HYJIEBOM OTCUET 4,

IIpU [Iepenaje JaBJICHUN, PABHOM HYJIIO.

3. 3adukcupoBaTh MOKA3aHUSI MUKPOMaHOMETPA BO BPEMsI DKCIIEPUMEHTA, T.C. a.

4, Ilepen HawamoM W TOCJE TMPOBEACHHUS OIBITA OMPEASTUTH 0apOMETPUUYECKOE
nasneHue P, u temneparypy Bo3ayxa t, B pabo4yeM MOMELIEHUU.

5. PaccunTaTh cpegHee 3HaYCHHUE TUIOTHOCTH BO3yXa 1Mo popmyrie (2).

6. PaccunTaTh CKOpOCTH TOTOKA B paboueit yacTu TpyOsI o dopmyie (7).

HcxonHble TaHHEIE:
=45, K=11L p,=10°%; u=l
£=102; a-a,= M

Pacuetnbie popmyIb:

2 .
V= \/;(a —8,) P 9KSusing

p:pA:%TA

735,6 mm.pt.cT = 98100 Ila
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4.

1.

T,=t,+273
I1. [Topsimok BeIMOTHEHUS paOOTHI IO ONPEACIICHUIO CKOPOCTH MTOTOKA METOJIOM
nepernaja 1aBJICHHM:
CoenMHUTh KOJUIEKTOPHI, BEAYIIME K OTBEPCTHSIM B (opkamepe U K padboueit
4acTU TPYObl, C MUKPOMaHOMETPOM.
CHATH TOKa3aHMS MHUKPOMAaHOMETpAa A0 OKCIEpUMEHTa — @,, U BO BpeMs

OKCIIEPUMEHTA — a.
[lepen HauanmoM M mOCIE TPOBEACHUS OMbBITA OMPEACIUTH OapOMETpPHUECKOe
nasneHue P, m Temmeparypy Bo3myxa t, B pabodeM mnomemeHud. Paccuurath

CpeaHee 3HaYeHHE TUIOTHOCTH BO3AyXa 1Mo gopmyie (2).
PaccunTaTh CKOpOCTB TOTOKA B paboyeit yacTu TpyOsI o Gopmysie (12).

HNcxonHpie TaHHBIC:

9=455  K=1L = p,=10°%7 = pypy;
£=0,06; 5=240-10"n% s,=142-10"x7

My =1 oa—a,= M.

Pacuernbie popMybl:

2 .
V= ;(a—ao)p;KgKMSln(p

1
e (s, 18)

M =HxHg =

KoHTpoIbHBIE BOITPOCHI:

Ha wcrnionb3oBaHMM KakMX 3aBUCHUMOCTEM OCHOBaHA METOAMKA OMNPEICIICHUS
CKOPOCTH JI03BYKOBOI'O TTOTOKA C MOMOIIIBI0 Hacasika? KakoB MopsioK onpeaeneHus
CKOPOCTH BBITEKAET U3 3TUX 3aBUCUMOCTEMH?

Ha wcrnionp3oBaHMM KakuX 3aBUCHMOCTEHM OCHOBaHA METOAWKA OMNPEICIICHUS
CKOPOCTH METOJIOM Mepernaja aaBieHuii? KakoB Mopsmok ompeaeseHus CKOPOCTH
BBITEKACT U3 DTUX 3aBUCUMOCTCH?

Ha HCIIOJIb30BAHUU KaKHUX 3aBUCHUMOCTEH OCHOBAaHa METOIUKA
HKCIEPUMEHTAIBHOTO ONPEEIICHU nepenana nqasnenul P, u P.?

Uto yuuThIBalOT KO3(PPUIIMEHTH MUKPOMaHOMETpa K, MPUEMHHKA BO3TYIIHOTO
JABJICHUS &, TOYKH TOJII CKOPOCTHBIX HATIOPOB 4 W g4 ?

14



JIABOPATOPHAS PABOTA Ne 2.

AHAJIN3 TEYEHWSI HEC)KUMAEMOI )KUJKOCTH B
OTKPBITOM KAHAJIE NEPEMEHHO# HIUPUHBI. METO/I
T'A3OTUJPABJIMYECKOI AHAJIOTMM AJ151 UCCJEJOBAHMS 10
- 1 CBEPX3BYKOBBIX TEYEHUI T'A3A.

HEJb PABOTHDI:

TeopeTnyeckoe U SKCIEPUMEHTAIBHOE HCCIICIOBAHUE TEUYEHUS HEBA3KOU
HEC)KMMAEMOU KUJIKOCTH B OTKPBITOM KaHaJIe; ONPEICICHUE PACTIPEICIICHUS BBICOTHI U
CKOPOCTH ITOTOKA MO JUIMHE KaHaa.

OCHOBBI TEOPHMN.

PaCCMOTpI/IM ABHIKCHUC KHUJIKOCTH B OTKPBITOM KaHAJIC HepCMCHHOﬁ MU PHUHBL

(puc. 1).
i\

o a

Puc.1. Cxema Te4eHuUs1 KUJKOCTH B OTKPHITOM KaHaJie

JIBrkeHre KUAKOCTH B JIFOOOM pycle XapaKTepHO TeM, YTO HaJl €ro
HOBEPXHOCTBIO JABJICHUE OKA3bIBAETCS OJUHAKOBBIM, PaBHBIM JaBICHHIO cpeabl P.. B

3TOM Clly4yae ypaBHEHHUE bepHyIUIM, 3anIlMCaHHOE JJIsl CEUEHUN K — K U a — a, UMEEeT BUJL:
2 2
W, P W P
—*+h +%=—24+h +-2 (1)
29 y 29 Y
rae: W,h, P, 7 — ckopocTh, BEICOTA, JaBIIEHUE U YICIbHBIN BEC )KUIKOCTH.

Nunexcamu "a" u "k" 0003HAYCHBI ITApaMETPhI JKHJIKOCTH COOTBETCTBEHHO B CEUCHHMSIX

a—aHuK-—K.
[Tocnennue ciaraemble B KaKJI0M 4YacTh ypaBHEHHs (1) OAMHAKOBBI, O3TOMY

OHH B3aUMHO YHHUYTOKAKOTCA. Torz[a

W2 WA

£+hk:£+ha:Ho (2)
rne H, — nosHelii ruApoIMHAMUYECKUI HAMOP, T.€. BHICOTA KUJIKOCTH, KOTOpas OyaeT
HMCTb MECTO, CCJIN CKOPOCTD KUJIKOCTU YMCHBIIUTDL N0 HYJIA.

PaCCMOTpI/IM HEKOTOPLIC CBOMCTBa JOBUXKCHUA HeC)KUMaeMou KNUIAKOCTHU B
OTKPBITOM KaHaJIC.
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W3 ypaBHeHus (2) BHUAHO, YTO BCSKOE YMEHbBILIEHUE TIYOUHBI >KUIKOCTH
IPUBOJUT K YBEJIIMYEHUIO CKOPOCTH. MaKCUMallbHOE€ 3HAYEHHWE CKOPOCTU JOCTUTAETCA

npu h=0 u paBHoO:
W, =+[29H, (3)

Ecnii B HEKOTOpOW TOYKE MECTHas CKOPOCTh IOTOKAa CTAHOBUTCS pPaBHOMU
CKOPOCTH PAclpOCTPaHEeHUsI TIOBEPXHOCTHBIX BOJH C=./gh, To 3Ty ckopocth W, u
COOTBETCTBYIOIIYI0 TINIyOMHY h, ~ Ha3bIBalOT KpUTHYeCKUMH. B 3TOM ciydae

W, /29 +h =H, u nockonsky W, =c=,/gh, , To

Wk:\l%gHo’ hk:%HO (4)

HpH KpI/ITI/I‘IeCKI/IX 3HAUCHUIAX W U h 3HAUYCHUC HapaMeTpa KHUHCTHUYHOCTU (‘{I/ICJIO
®pyna)

Fr=—=— 5)

paBHO CAWHHUIIC.

3anuieM ypaBHeHHE bepHyun B BUIE:
2

W
C2+7:gHo (6)

N3 ypaBHenus (6) BUIHO, UTO C yOBIBAaHHEM CKOPOCTH MOTOKA, BOJHOBAsl CKOPOCThH C
BO3pPACTaeT U B TOUKax, rae W= 0, 7ocTUraeT MakCUMaJbHOI'O 3HAUCHUS:

Wmax
Crrax —a/gH0 = 72 (7)

OObeMHBI pacxod KUAKOCTH, MPOTEKAIOLIEH uepe3 HEKOTOPOE CEYeHUE KaHaja,
omnpenensiercs mo hopmyiie:

Q =whb =const (8)
Jlorapubmupys u nuddepeHupys To BoIpaKeHHE, MOTYIUM:
dh dw db
—+—+—=0
h w b

dw
W3 ypaBuenus bepuymu cnenyer: W— +dh =0

Hckimoyast U3 3THX COOTHOIICHHH TITyOuHYy h, mosydaem:

dw 1 db
2.2 ©)
w Fr-1 b
3aKOHOMEPHOCTb U3MEHEHMUS TJIyOUHBI JIETKO YCTAHOBUTH, YUHUTHIBAS, UTO
h gh W
CpaBnuBas ypaBHeHue (9) u (10) umeem:
dh___Fr_db )
h Fr-1 b

N3 ypaBaenus (9) u (11) BbITEKaeT ¢ 0OJIHON CTOPOHBI PA3IMYHbINA XapaKTep U3MEHEHUs
B IIOTOKE IIyOWH U CKOPOCTEM, a C IPYroM pa3IuuHbIA XapaKTep U3MEHEHUS YKA3aHHBIX
16



napametrpoB B OypHbix (Fr > 1) u cnokoitueix (Fr < 1) morokax oauHaKOBOTO
ouepranus. Tak, BI0Jb pacimpstometics ctpyiiku ( db > 0) Oypuoro nmoroka (Fr > 1),
ckopoctu Bospactator (dw > 0), a rayomnsl ymenbmarorcs (dh < 0); Bmomb
pacIMpsoNIeics cTpyiku criokoiHoro moroka ( Fr < 1) ckopoctu ymensinatores (dw
< 0), a rayounsl Bo3pacrator (dh > 0). Bmonb cyXHBalOIMXCcs CTPYeK H3MEHCHHE
yKa3aHHBIX BEJIMYWH OyAeT OOpaTHBIM.

Haiinem 3aBUCUMOCTSD IS ONIPEICTICHHS TapaMETPOB KUIKOCTH B TPOU3BOILHOM
CEUYCHHUH KaHajla MePEeMEHHOMN IITUPUHEI.

W3 ycnoBusi paBeHCTBA pacxoJOB M THAPOJWHAMHUYECKHMX HANOpPOB B
MIPOU3BOJIHPHOM U KPUTHYECKOM CEUCHUSIX KaHaIa HMEEM:

Q=bhw=Q, =bhw,, (12)
2 2
H:£+h:Hk:ﬂ+hk, (13)
29 29

rae W, u h, onpenenstorcs 1o 3aBUCUMOCTM (4).
Paspemas ypaBaenus (12) u (13) otHOcuTenbHO h, momyunm:

2 2
0= (h + Mypz o W By g (14)
29 20 b
Pasnenus ypasnenue (14) na h? u BBo1s 0603HaYEHMS:
=P (15)
h
— b
b =-*, 16
0 (16)
MIPUBEJIEM €T0 K 0e3pa3MepHOMY BUY:
— W2 — W2 —
h®—(1+—-)h*+—+-b?*=0. (17)
2gh, 2gh,
YuuTteiBas, 4To
w?/gh =Fr =1,
MOTYYUM:
h®-2h?+1b?=0. (18)

I'pacduk 3aBucumoctn h = f (b) nokasan nHa puc. 2.

C nomomipio, 3T0ro rpaduka MoxHo 3Hat b =b /b ompenemuts h u 3arem mno

3aBUCUMOCTH (15) HaliTH 3HAUYEHHE BBICOTHI CJIOS KMIAKOCTH B MPOM3BOJBHOM CEYEHUU
kaHana. [Ipu 3ToM, HEOOXOIMMO YUUTHIBAaTh, UTO B CYXKAIOLIEICs YacTH KaHaja, UMeeT
MecTo 00JacTh crokoitHoro Teuenust (Fr < 1), a B pacmmpsirorieiicss 4acTH KaHaja
obmacte OypHoro teueHus (Fr > 1). CkopocTh T€UEHHS KXUAKOCTH B MPOU3BOIHLHOM
CEYEHHUH KaHaja MOXKET ObITh HalJieHa C TOMOIIbI0 ypaBHeHus (12):
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12 Oo6nactn
= ' 5 CITOKOMHOTO
h:h/hk 13 1t TEYEHHUS
1,2 i N
11 - _ ~ 31 (F <1
LO b 1 ' * O6nacts
0.9 OypHOTO
0.8 T Te4YeHUs
0,7
0,6 T Y11 (FR>)
05 {1 ) vl M
04 +7F" ! ﬁ‘,{é*—
03 T T o411
! v, | .
02 o - 4'"_‘ ”
ol T2 T 1 17T 1y 1] -
0 P’ [ - . . b:b/bk
010203040506070809 1

Puc. 2. I'padux 3aBucumoctn h = f (b)
w=Q, /bh (12a)

TunuyHeld BUJI paclpeeleHus] BBICOTHI U CKOPOCTH IMOTOKA MO JUIMHE KaHaia
MOKa3aH Ha puc. 3.
nu
(44

. :H\ P

J’/ \\\ﬁﬂ— /1{ LT

g 12K 3 4 £
] a
2 3 4
X
A
g Te a

Puc. 3. I'paduxu h(x) u w(x)
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Onucanue IKCIEPUMEHTAIBHOH YCTAHOBKHU

JIIs1 DKCIIEpUMEHTAIILHOTO HCCIIECAOBAaHUS TEUEHUs HEC)KMMAEMOM KUAKOCTH B
TOPU30HTAJIBPHOM KaHaje MEpPEMEHHOM IIMPHUHBI B HACTOSIIEH paboTe MCIONb3YyeTCs
crenuaibHas YCTaHOBKA, IPUHIMIMAIbHAs CXE€Ma KOTOpOM IIOKazaHa Ha puc. 4.
VYcraHoBKa UMeeT B CBOEM cocTase: | — kopmyc, 2 — Hacoc, 3 — 3JIEKTpOABUTaTelb, 4 —
pe3epByap ¢ BOJOW, 5 — BaHHa C OTOTHYTBIMM OOpTamu, 6 — THIPOJOTOK, 7,8 —
pEryaupoBOYHbIE BUHTHI, 9 — kaHan, 10 — monens, 11 — nuratonuii Tpydonposox, 12 —
HaIOPHBIN 0aK, 13 — cTUBHON TPYOOTIPOBOI.

B nHanopHom 0ake 12 noanep:kuBaeTcsi NOCTOSHHBIA YPOBEHb BOABI IIPU TOMOIIN
Hacoca — 2, TOJAIONIETO BOAY W3 pe3epByapa — 4. Hacoc pabGoTaeT ¢ 3aBBIICHHON
MPOU3BOJUTEIILHOCTHIO, a M3JUIIKK BOJBI CIMBAIOTCSA U3 Oaka uepe3 TpyOy 13. Takum
o0pa3oM, NOAJEPKUBAETCS IMOCTOSIHHBIA pacxoJ BoAbl yepe3 Tpyoomposox 11.
Bennunnbl pacXo10B U3MEPSIOTCS ¢ IMOMOIIBIO pacxoAoMepoB. Boa yepes nuraroimuii
TpyOomnpoBo 11 mocrynaer B kaHan 9. Jlns obecrieueHusi, paBHOMEPHOIO MOTOKa IO
JUIMHE KaHaJla YCTaHABJIMBAIOTCS YCIIOKOUTEIbHBIE PELIETKH.

M3mepeHne BBICOTBI CIIOS JKUAKOCTM B PaCHIIMPSIOLICHCA 4YacTH KaHala
MPOU3BOJUTCS C MOMOIIBIO ypoBHeMepa. [Ipu kacaHum WUrioi moBepxHOCTU OypHOTO
NOTOKa 00pa3yeTcsi CUCTEMAa BOJIH, UCXOJIAUIMX OT OocTpHs Uribl. [lpu xacanum urioi
CIIOKOMHOTO MOTOKa B  BOJAE oOpa3zyeTcss MEHHUCK. VI3mMepeHue MOJIHOro
TUAPOJMHAMUYECKOIO HAmopa B IIMPOKOM BXOJHOW YAaCTH KaHAJIA NMPOU3BOIAUTCA C
ITIOMOUIBIO BEPTUKAIBHO YCTAHOBIICHHOW U3MEPUTEIIBHON METAIUINYECKOUN JINHENKH.

4

A

9 1

s

d| Y/

(1,__;_,[)=,_|T-ll. —
SV g

Puc. 4. Cxema ruipaBiIn4ecKoi yCTaHOBKU

AW
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IHPOI'PAMMA PABOTBI U OBPABOTKA PE3YJIBTATOB
IKCIIEPUMEHTA.

1. N3yunuth oO0mIue CBeAeHUS O TEUCHHHM HJICAUTPHOM HEC)KMMaeMOM >KHIKOCTH B
OTKPBITOM KaHaJie IePEeMEHHOM IIUPUHBI.

2. O3HAKOMUTKCS C YCTPOMCTBOM SKCIIEPUMEHTAIBHON YCTAHOBKH.

3. N3meputs [MHY W IMIUPUHY CYXKAIOWMIEWCS W PACIIMPAIOLICHCS 4YacTeu
KaHaJa.

4, Bxitouath yCTaHOBKY M M3MEPUTH BEIMYMHY IOJHOTO TUJIPOJAMHAMUYECKOTO
Harmopa BO BXOJHOM CEUCHHMHM KaHajla, TJI€ CKOPOCTh J>KHIKOCTH IMPEHEOPEIKUMO
Marna, a TaKXKe BBICOTY KUJIKOCTH B BBIXOJTHOM
CEUYEHUHU KaHaja.

S5. HapucoBaTh Ha BepxHEW MOJIOBUHE JIUCTa MWUIMMETPOBKA YMEHBIICHHBIM B
OTpeelICHHOM MacIiTade KaHal W BBIYUCIUTD JJIs 7-MU CEUCHUN KaHasa 3HaYeHUs
KOOpAMHATBI X ¥ MUpUHBI D. (B uYnciio Ha3BaHHBIX CEYCHUH HAMO 00S3aTCIBLHO
BKJIFOUUTH BXOJTHOE, KPUTUUYECKOE U BBIXOJHOE CEUCHU).

6. PaccunTath 3HaUeHUS b = b /b.

7. Haiith ¢ mnomompio Tpaduka, HPUBCICHHOTO HAa puc.2, 3HA4eHHs N,
COOTBETCTBYIOIITHE TIOTYYEHHEIM 3HaueHusaM b =b, /b.

8. Ompenenuth BbICOTY h,, CKOpOCTh W, U 00BeMHBbIM pacxox Q, XHIKOCTH B
CEYEHHH K — K MO 3aBUCUMOCT:M (4) u (12).

9. PaccunTtaTh BBICOTY M CKOPOCTb B BBIOPAHHBIX ceueHUsX mo ¢opmynam (15) u
(12a).

10. Iloctpoutrhb Ha HIKHEW TIOJIOBUHE JINCTA MWUIMMETPOBKH  Tpaduku

sapucumocteii h(x), w(x). (Ilpu moctpoeHuu rpadukoB HEOOXOAMMO COBMECTHTH

HAYaj0 KOOPJIUHAT CO BXOJTHBIM CCUCHHEM KaHaa).
11. Hawmectu Ha Tpaduk h(X) 3aMepeHHYIO BBICOTY CIIOSI JKHUAKOCTH B BBIXOJHOM

CEYCHHM KaHajla W  CcJejaTh, BBIBOJ O JOCTOBEPHOCTH TMPUBEIACHHOTO
MaTEMaTUYECKOTO OIMMCAHMS YCTAaHOBUBIIETOCS TEUCHHUS HEBSI3KOM HEC)KUMaeMOn
KUJIKOCTH B OTKPHITOM TOPU30HTAIBHOM KaHAJIE IEPEMEHHOM IMUPUHBI.

Pe3ynbpTaThl 3aMepoB U pacueToB 0(OPMHUTH B OTUETE MO JaOOpaTOpHOU padboTe B

BUJIE ClIeAyIoleH TabuIle.

Ne X b E:b—" ﬁ:ﬂ h w H, N, .
I b h,
cCM CM - - cM cM/c cM cM

1.

2.

3.

4,

5.

6.

7.
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rac

AEN

No ok

Hcxonuple TaHHBIE:

3Ha4YeHUS IMUPHUHBI KaHallIa B CCHCHUAX 0-0, K-K, 1 d-a:

b, =8 cMm, b, =1cm, b, =4cm
JlnvuHa cyxaromieincst 4acTi KaHana:
l. = 3,5 cm;
JInnHa pacmpsIomencs 4acT! KaHaja:
| =7cwMm;

p
yCKOpCHI/Ie CHIJIBI TAXKCCTU.
g =980 =

Pacuernbie popMybl:

3aBUCUMOCTD BEICOTEI IIOTOKA OT INIUPHUHBI KaHaJIa:
Ih3 32 1Rk2 _
h” — 0 h<+ 0 b-=0

po p2h
h b

BBIpa)KeHI/I}I JJI1 KpPITH‘-IGCKOﬁ BBICOTHI, KpPITH‘-IGCKOfI CKOPOCTH U KPUTHYCCKOI'O

00BbEMHOT0 pacxo/a:
hy = ;Hm Wy :\/%gHo’
Q. =bhw, =Q=bhw

CDOpMy.TIBI AJIs1 ONIpEACIICHUS BBICOTBI U CKOPOCTHU KHMAKOCTHU B IIPOM3BOJIBHOM
CCUCHUMU.

h=h-h, w=Q/hb

KoHTpoIbHBIE BOITPOCHI:

Kakne ypaBHEHUS MCHOJB3YIOTCS IUIsl ONPENEIICHUS MApaMETPOB JKUIKOCTH B
IPOU3BOJILHOM CEUYECHHMH KaHAJIa IEPEMEHHOM IMPUHBI?

Kak n3MeHsieTcss CKOpOCTh TEUEHHUS C K3BMEHEHUEM BBICOTHI )KUIKOCTU?

Uto Ha3bIBaeTCsl KPUTUUYECKON CKOPOCTBIO M KPUTHUYECKON TIyOMHOW MOTOKA
KUIKOCTHU?

Kak n3mensiercst BomHoBast ckopocts "C" mo JiiuHe kaHana?

Kakue moToku Ha3bIBalOT OYPHBIMU U CHOKOWHBIMU?

KakoBo yCTpOMCTBO UCIIONIB3YEMON TUAPABINYECKON YCTAHOBKHU?

KakoB mnopsmok omnpeneneHuss BBICOTBI M CKOPOCTH ITOTOKA KHJIKOCTH
B IIPOU3BOJIBHOM CEYEHUU OTKPBITOTO KaHAJIa NIEPEMEHHOM [LIMPUHBI?
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JIABOPATOPHAS PABOTA Ne 3.

NCCIEAOBAHUE YCTAHOBUBHIEI'OCA TEYEHUSA I'A3A YEPE3
COIJIO JIABAJIA.

HEJIb PABOTBDI:

N3yyeHne OCHOBHBIX IIOJOKEHUW TEOPUM OJHOMEPHBIX YCTAaHOBUBIIUXCS
TeueHui raza. OnpeaeneHue pacnpeaesieHui napaMeTpoB rasa 1o JjiiuHe coria JlaBamsi.
IIpoexkTMpOBOYHBIN pACUET COILIA.

OCHOBBI TEOPUU U CPEJCTBA UCCJIEJJOBAHMUIA.
1. Cpsi3p MEX]ly CKOPOCTBIO JBUKEHUS raza u (opMoil moToka

Cucrtema  ypaBHCHHIA,  OINMCBHIBAIOIIMX  OJHOMEPHOE  YCTaHOBHBIIHECS
M30PHTPONHMYECKOE [IBIDKEHHE Tra3a B KaHaJIEe IICPEMEHHOTO CEYCHHS, BKIIIOUACT
CIICAYIOIINE 3aBUCUMOCTH:

— ypaBHeHHUE Hepa3pbeiBHOCTH G = pVS |

V? k P Vv* . .
— ypaBHenue bepnyimmm —+———=—+1=1,=const,
2 k-1p 2

. P
— YpaBHCHHUC HUICATIBHOU agnadaTel — =V= const,

rae P, p,i,,V, G — naBnenue, mIOTHOCTb, OJIHAS SHTAIBIINSA, CKOPOCTh U PACXOJ ra3a

B HEKOTOPOM CEUEHUU KaHaja;
k = C,/Cg — OTHOLIEHHE TEIIOEMKOCTEN; S — IIIOINAAb CEUECHHS.

B pesynbrare npeoOpa3zoBaHUs ATOW CHUCTEMbl YPaBHEHHII MOXHO TMOJYYHUTH
ypaBHEHUE 00paIeHus: BO3ECHCTBUS:
1dv 1dS
__( M 2 _1) =22
V dx S dx
OTO ypaBHEHHME NOKAa3bIBAET, YTO IMOTOK YCKOPSETCA BJOJb KaHaja NEPEMEHHOIO

ceyeHus (T.e. d—V>O) npu M <1,d—S<O, a takxe npu M >1,d—S>O U TIOTOK
dx dx dx

TOPMO3HUTCSl BIOJIb KaHana  (T.e. ((jj_V <0) mpu M <1, Z—S >0, a Takxke Impu
X X
M >1 d_S <0.
dx

Takum 00pa3zom, IJis HENPEPHIBHOTO YBEJIUYEHHUS] CKOPOCTH Ta3a HEoOXOIuMO
CHayaja Cy»XaTbhb JO3BYKOBOW IIOTOK, IIOKa CKOPOCTb HE JOCTHIAET CKOPOCTH 3BYKa, a
3aTEM PaCIIMPSATh CEYEHNE CBEPX3BYKOBOT'O ITOTOKA.
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B y3kom cewenuum comra, rtae M =1, BemuuunHa d—:O. 210
X

HAaUMEHbIIIEE CEYEHUE COIUla Ha3bIBAlOT KpUTHYECKUM. [lapameTpsl, KOTOpbIE
UMEET Ta3 IMpU CKOPOCTM TEUYEHMsI Ta3a, PaBHOM CKOPOCTH 3BYKa, Ha3bIBAIOT
KPUTHUYECKUMHU [TapaMeTpamH.

2. ypaBHCHHH IJIA OIIPCACIICHUS JaBJICHHUA, INIOTHOCTH U TCMIICPATYPLI B
3aBUCUMOCTH OT CKOPOCTH I'a3a.

JIns mepeBoja raza W3 COCTOSIHUSI TIOKOSI B JIBUKEHHE CO CKOpOCThio V
HEO00XOJIMMO U3PACXOI0BATh YAaCTh €r0 SHTAIBIINU, PABHYIO:
v: o
5 " I, —1, (1)
rae i, =CpT,, i=CpT
3nech u ganee uHaekcoM "0" oTMeueHbI mapaMeTpbl TOPMOKEHUS.
Henss obe wactu ypaBHeHHs (1) Ha KBaapaT CKOPOCTH 3BYyKa a’=kRT wu
yuuThiBas, uto M =V /a, nomy4um:

_ 2
cplo=T _1V: Ly
kRT 2a 2

R
[Ipunumas Bo BHUManue, uto Cp = 1 OTCIOZIa UMEEM:

To-T k-1,
T 2

NI

=———=t(M), 2)

rae 7(M) — razoguHaMudeckast QyHKIUS TeMIIEPaTypPhl.
[Tonp3ysich COOTHOIIEHUSIMU ISl UACATBHON aanadaThl:
k 1
P (TY¥, p (T

P T Lo To
OTCIOJIa MOKHO TMOJYy4YUTh (DOPMYJbI JJISS BBIYUCIICHHUS JABJICHUS W TUIOTHOCTH B

HUJcaIbHOM MOTOKE C MOMOIIbIO TapaMeTPOB TOPMOKCHHUS:
k
k-1

S| | =av), ®3)
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ﬁ=% =&(M) (4)
Po 1+?|\/|2

riae 7(M) u £(M) razoauHamudeckre QyHKITUU TaBJICHUS U INIOTHOCTH.

B kputnueckoM pexrMMe CKOpPOCTh TEUCHHS ra3a paBHa CKOPOCTH 3BYyKa U U3
ypaBHeHuit (2), (3), (4) MOXHO MOJYYUTh CIICAYIOIINE BBIPAXKCHUS NI KPUTUUECKUX
3HA4YEHUM [TapaMeTpOB rasa:

k 1
TKp Pxp 2 k-1 Yo, (2 jkl
£ _ ), P [ 2 )T .
T, k A P (k+1) ) o k1 «@ 0

OTtcrofa Takke CIeAyeT, YTO CKOPOCTh 3BYKa B KPUTHYECKOM PEKUME TCUCHUS
omnpenensieTcs o hopmyiie:

—RT
k+1

["a3omunamudeckue Gyukmun (M), 7z(M), £(M) dacTo BCTpedaroTCs MPH PEIICHUN

3a/1a4 pacu€Ta BHEIIHETO OOTEKAaHUS Teja Ta30BbIM ITOTOKOM.
Mo>XHO XapakTepu30BaTh CTENEHb MPEOOPa30BaHUS SHTAIBIINKN B KHHETUYECKYIO
HHEPTHUIO €I1I€ OJHUM CTIOCOOOM.
Pa3nenuB ypaBHenue (1) Ha KBaapaT KpPUTHYECKOM CKOPOCTH 3BYyKa M BBOJS
TMIOHATHE TIPUBEICHHON CKOpocTh Tasa A=V /a,  mnonyuum:
Cp(T,—T) 1 12
2k B ’
N
k+1

kR
Otcrona, npuHUMasi BO BHUMaHue, uro Cp = PEEE NMEEM

k+1 1—l _a
k-1 T

T k-1
To (1—k—1/1 j—r(/l) , (6)

[Tonp3ysiCh COOTHOILICHUSIMHU [JIs UJI€aJIbHOW aauabathl U 3aBUCUMOCTBHIO (6),

MOKHO MOJTYYUTh (OPMYIIbI JUIsl 1aBJICHUS U MJIOTHOCTU:
k

HJIn

P k-1
P—O:(l—mﬂ, j —ﬁ(ﬂ') ’ (7)
ﬁz(l_u;ﬁj“ —£(]) | (8)
Po k+
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['azomunamuueckne Qyakmun 7(4), 7(1), £(1) Yacto BeTpedaroTcs NpU PEIICHUU

3a/1a4 pacu€Ta BHYTPEHHETO TCUCHHS ra3a B KaHaJax.

3HadeHMs] Ta30AMHAMUYECKUX (DYHKIMI 1O WM3BECTHHIM 3HaueHWsM A u M
MOTYT OBITh JIETKO OMPEEIICHbI C MOMOIIBI0 CIEIHATBHBIX Ta0IHIl (CM. IPUIIOKEHUE).
CBs13p MeXTy unciamMu A 1 M JIerko yCTaHOBHTH, CpaBHHUBAS BhIpakeHus (2) u (6):

9)

3nas 3Hauenme umcna A(M) wu mapamerper R, T, o, (P, T, p) c¢ mnomomsio
NPUBEJIEHHBIX COOTHOILIEHMH Jierko HaiWtu mapamerpsl P, T, p (R, T,, p,),

XapaKTEPU3YIOIINE COCTOSIHUE JIBUKYIIETOCS (3aTOPMOKEHHOTO) Ta3a.
[Ipm pemreHnn 3amadv, CBS3aHHBIX C TEYCHHSMH Tra3a BHYTPH KaHaJOB,
BcTpeuaercs: momumo 7(A), 7(1) u £(A) razoguHamudeckas (GyHKIUS pacxoja rasa.

CormacHo YPAaBHCHHUIO HCEPA3PBIBHOCTHU, KOJIMYCCTBO TIas3d, IPOTCKAOMICC YCpPC3
IMOTIICPCUYHOC CCUCHNC KaHaJIa, paBHO:

G=pVS
VYMHOKast ¥ Jels MpaByl 4acTb 3TOrO YPAaBHEHUs Ha a8,,, £(1), a Takxke yduTbIBas
COOTHOILICHHUSI
1
\Y P P k=1, k2
A=—0 po=—2,p=p,- €(A) =2 1- A°
2o PRy, PP EA) RTO( k+1 j
¥ BBOJIS Ta30IMHAMUYECKYIO (PYHKIIMIO pacxoiaa
1
— k-1
q(ﬂ)=iﬂ L , (10)
@) k+1
rae £(1) — MHOXHTENb, KOTOPBIA Mpu A =1 nenaer 3HaYCHHE Ta30MHAMHUYECKOM
(GYHKIMY paBHBIM €AMHUIIE, TOTYyYUM
G= eDRA(A)aS (11)
RT,

0
I'paduk 3aBucumoctu ((A) mpencrarieH Ha puc. 1. M3 pucyHKa BHIHO, YTO

oxHOMY 3HaueHHUIO (|(A) COOTBETCTBYIOT JIBa 3HAYCHUSA A : OJHO B J03BYKOBOM 00J1acTH
A<1, a npyroe B cBepx3BykoBoil A>1. Ilpu A =1 razomuHamuyeckas (yHKIUS
q(A)=1.  a(1)

1,00

074
050

025 / \
0,00 \‘

0,00 050 1,00 150 200 250 ﬂ,
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Puc. 1. I'padux 3aBucumoctu (1)

B nmpuHIuMne oHy ra30JMHaMUYECKyI0 (DYHKIIMIO MOXHO BCEr/ia BBIPa3UTh uepes
apyryto; [Ipu »ToM mosydaroTcsi HOBBIE Ta3oquHamMuueckue (QyHkiuu. Ha mpaktuke
HauOoJIbIlIee TPUMEHEHUE U3 HUX MOTYyUMIH PYHKIIHH:

(A) pi
y(2) =22 1 q(x)
7(4) 3(1)(1—:: j;tzj

Jlnst monmyuyenus mocnenHen (GyHkmum BocmodszyeMcs (popmymamu (7) u (10). U3
dbopmyisl (7) umeem

k-1 k-1

1—u'/12=7rk, A= wl—ﬂk :
k+1 k-1
[Toacrasnss 3t BeipaxkeHuit B popmyany (10), momydaem
2 k+1 2 k+1
Q(ﬂ')zi fk+1 f”k LK :i f 2k ,ﬂk_ﬂ »
e Vk-1 ko Vk-1

C yuerom mocienHed QopMysbl BBIpaXKEHHE JUIsI pacxoja Tra3a uepes
MIPOU3BOJIBHOE CEUCHHE IPUHUMAET CIEAYIOIINUNA BU:

rne 7=P/P,.

G= 5(1)Poq(7z')aKPS _ kOS R q(7), ko _

AT, JRT,

3. YcraHoBuBIIIEECS UCTEUCHUE Ta3a U3 coCy1a uepe3 corio JlaBans

L b

8

SG

——-
A

8

e
£
Puc. 2. Cxema ncreuenus raza u3 cocyaa yepes cormio Jlapas

bygem nmnpeamnosmarate, 4ro mapamerpsl TopMmMoOxenus P, T,, p, ra3sa,
HaAXOZAIIErocs B COCyHe, U JaBICHUE cpeabl P, moanepKuBaroTcs MoCTOSHHbIMU. [Ipu-
HATUE 3TOr0 YCJIOBUS IO3BOJSIET HAM CUMTATh IMPOLECC MCTEYEHHS Ta3a U3 COocyla

YCTaHOBHUBIINMCH.
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PaccMoTpuMm ciydaili KpUTHMYECKOTO HCTEUEHHs Tra3za u3 cocyaa Pkp > Pc

IIOCKOJIbKY HCIIOJIb30BaHME collia JIaBasis B ciaydyae JOKPUTUYECKOTO PEXKHUMA TEUECHUS
MMeEET MEHbIIEE TPAKTUYECKOE 3HAYCHUE.
[Ipu Pxp > Pc B KpUTHYECKOM CEYEHUU COILIA YCTAHABIMBAETCS CKOPOCTH rasa,

paBHasA CKOPOCTH 3BYKd, MU IIAPaMCTpbl B 3TOM CCUCHHUHU 6y,HYT KPUTUYCCKUMU,

OoIIpCACIIACMBIMU 110 CICAYIOIIUM 3aBUCUMOCTAM!
k

2 k1 2
Pxkp=Pr()=P| ——| ;Txkp=T,c1)=T,—;
kp =hr(1) O(k+1j kp =Ty7(1) k11
1 (12)
2 k1 2k
Pre = Pt L) = py (m) , Vkp = ayp = mRﬂ)'
PaCXOII ra3a 4epe3 KPUTHYCCKOC CCYUCHUC COILIa 6y,Z[eT PaBCH:
e(VPRa.,Skp P
Gkp = LK== =k, S,y ——— 13
P RT, 09 kP R, (13)

B ycraHoBuBIIEMCS peKUME TEUEHHUS pacxXoj ra3a depes JIIo0oe ceueHue coria OyaeT
OJIMHAKOB:

Gi=Gxp,
rne Gi — pacxop rasza yepe3 i-toe ceuenue. [loacrapiss ciofa Beipakenue it Gi u
Gkp B coorBercTBuM C ypaBHeHWsMU (11), (13) mosydnMm 3aBHCHUMOCTH IS
omnpenenenus ((A) B i-TOM ceueHUM coruia:

q(Ai) =Skp/ Si (15)

[To u3BecTHOMY 3Ha4YeHHIO ((A) MOXHO C TOMOIIBIO TAOJIUI] TA30JMHAMUICCKUX

¢byukuuii Haiitn A, 7(4), 7(A), £(1) u 3aTem napaMeTpsr:

Vi=li-a, =4 kz—jflRT0 , Pi=Rz(Al), Ti=T,z(4), p,=p,e(li) (152a)
B I-TOM CE€YCHHH COILIA.

[Mpu onpenenennu A, 7(Ai), e(A), 7(Al) 1o wu3BecTHOMYy 3HadeHuto ((Ai)
HEOOXOMMO YUHTBIBATh, YTO B Cy)Karolleics yactu comta Al <1, a B paciupsronieics
gactu Al >1.

PeakTuBHas cuia, co3gaBaemasi CTpyeu, UCTEKArOLIEn U3 coruia JlaBais, MOXeET
OBITH OmpesesneHa 1o Gopmyiie:

F =GkpVe + Se(Ps — Pc), (16)

rac GKp, Ve n Pes HaxXoOATCA 110 IIPUBCACHHBIM BbIIIC 3dBUCHUMOCTAM.

4. TlpoexktrpoBouHbIN pacuet coruia JlaBans.

C M3MEHEHHMEM CTEIECHU pacIIUpeHus coruia Se/Skp W3MeHseTcs W JaBJICHHE
raza B BBIXOJHOM ceueHuu. Eciu uccimemnoBath Gynkuuio F(Ps) Ha skcTpemyMm, TO
MO’KHO YBUJICTD, 9TO peaKkTUBHAs cuia PUHUMAET
MaKCHMaJIbHOE 3HaueHue nmpu Pe = Pc.
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Eciu npu Pxp > Pc oxaxercs Pe=Pc, TO roBOpsAT, 4TO COMmIO paboTaeT B

pPAacUETHBIX YCJIOBHUSX, a HCTEKAIONIyl0 CTpPYIO cuuTaioT pacuetHou. Ilpu Peg> Pc
UCTEKaloIas cTpys OyaeT HelopacIIMpeHHoM, a pu Pe < Pc mepepacmmpeHHon.

Ha mpakTuke 00bI9HO 00€CTIeYnBalOT CTENEHb PAacIIMpeHus cormia JlaBass Takoi,
4TOOBl CcOMIO pabdoTamo B pacueTHOM pexume. llpuBeneM 3aBUCUMOCTH JiA
OIpeeNICHNs] KOHCTPYKTHBHBIX ITapaMEeTPOB COIUIa, OOECTIEYMBAIONIETO IOTyYeHHE
3aJJaHHOM PEaKTHBHOMN CHJIBI IPU MHHUMAIIBHBIX 3aTpaTax rasa.

[Tpu Pc = Ps u3 popmysl (16) numeem:

F =GkpVe=GrpAs-a,, = )R Skp2ks (17)
k+1
[Tockonbky Peé=Pc, TO pacyeTHOe 3HAa4eHHE A6 MOXKHO HAUTH C TOMOUIBIO

ra3ouHaMu4eckoi pyHkiuu (1) :

Pe_&

A8) =— 18
7(26) PP (18)
HoOGaBnss k ypaBuenusim (17) u (18) 3aBucumoctb
q(Ae) =Skp/ Se, (14,a)

MOJIyYMM  3aMKHYTYIO CHCTEMY YpaBHEHHH, TIO3BOJSIIONIYIO TPU  HW3BECTHBIX
3HaueHusx F, Py, Pc, kK onpenenuts muomanu Skp u Sg comua JlaBans, paboTaromero

B PAcUETHOM PEKUME.
Jlnst pacueta Skp U S6 HEOOXOAUMO:

1) onpenenuts A6 mo Gopmyse (18),
2) BBIUUCTATH Skp 110 hopmyre (17),

3) naiitu Skp/Se no hopmyine (14,a), a 3aTeM, 3Hast Skp , ONPEACITUTH 3HAYCHHUE S6.

Ilpy wu3BecTHBIX 3HAauYeHUAX S6,Skp W S, [UIMHBI CyXHUBawOLIeHcs U
pacimpsouieiicss yacteil HenpoQUIMPOBAHHOIO COIUIA HAXOASTCS W3 YCIOBHUSA, YTO
YTIIBI PACTBOPA KOHYCOB 3TUX YacTeii cootBeTcTBeHHO paBHbl 90° 1 24° =+ 26°.

Onucanue sKCeprUMEHTATIbHON YCTAHOBKHU

CxeMa »KCIEpUMEHTaIbHOM YCTAaHOBKH, HCIIONB3YEMOW B HacTosleld padore,
MoKa3zaHa Ha puc. 3.
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Puc. 3. Cxema 3kcriepuMeHTaIbHON YCTAaHOBKU

Ha puc. 3 0003HaueHsI:

b, — b, — 6annoHHas Oartapes; K — komexrop;

KOM — kommpeccop; @, — OuibTpel TpyOOM M TOHKOM
B, — B; — BEHTHUIIH, OYHUCTKH BO31yXa;

DIIK — 31€KTPOIHEBMOKIIAIAH; P — pecusep;

P, ; — MAaHOMETpEI; PJ1 — penykrop;

C — comno JlaBans; I1 — momnocTs.

bannonnas Oatapes b, —b, 3ampasisercs udepe3 (QUIbTp IpyOOil OYMCTKH OT
KOMIIPECCOPA, U MOCIIE 3all0JIHEHUSI OTCEKAeTCsl OT HEro C MOMOIIbI0 BeHTHIs B . Ilpu
OTKPBITBIX BEHTWISAX B,, B, BO34yX u3 OasIOHHOW Oarapeu, depe3 (QUIbTP TOHKOH
ounctku @, mocrymaer B pecusep P, a 3areMm depe3 penykrop um OTKpbiThiii JIIK B

cocyn u comio C. JlaBjaeHue raza B COCy/€ PETYIUPYETCS C TOMOIIBI PEIyKTOPA.

Tpy6xu T, u T, ABIAIOTCS NaTYMKAMU MOJHBIX JaBJICHUN
P, — 3a penyktopom, u P, — B cocyge. Cratuueckoe JaBJIICHUE B

BBIXOJJHOM CCUYCHHH, COINJIa BOCIIPUHUMACTCA JaTYNKOM CTATHYCCKOI'O JaBJICHUS.

ITPOI'PAMMA PABOTBI U OBPABOTKH PE3YJIbTATOB

OKCIHHEPUMEHTA.
1. N3yunth 0O1IME MONOXKEHUS TEOPUU OJHOMEPHBIX YCTAHOBHUBIIMXCS TEUECHUN
rasa.
2. O3HaKOMUTBCS C YCTPOMCTBOM SKCHEPUMEHTAIILHON YCTAHOBKH.
3. Bxmrounts DK, yCTaHOBUTH € MOMOIIBIO peayKTopa Aaienue Py =5-10°Tla u

HU3MCPHUTDH JaBJICHUC Psskcn B BBIXOJHOM CCUCHHHU COIlIa JlaBas.

4, HapucoBath Ha BepxXHEH IOJIOBHHE JIMCTa MHUJUIMMETPOBKH YBEIWYEHHOE B
OIpeIeIEHHOM MacIiuTabe COIIo M JUIS CEMH €ro CCUYEHHH OMpeAeauTh 3HAYCHHE
muamerpa d W miomagd S (B YMCIIO HA3BaHHBIX CEUEHHM HAm0 00S3aTEIBHO
BKJIFOYHMTH BXOAHOE, KDUTHUECKOE U BBIXOJHOE CEYEHHE COILIA).

5. Paccunrath i 5tux ceuennii 3HaueHus (A1) =Skp/S.
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6.

10.

VYuuteiBas, 4To B Ccyxarolieics yactu comia A <1, a B pacluupsIolieicss yactu
A>1 HailTu ¢ TOMOIIBIO TAOIMI] Ta30JUHAMUYECKUX (PYHKIUNA IO H3BECTHBIM
3HadeHusM ((A) psaa snauenuii A, M u 7(A).

Paccunrats cooTBeTcTBytomue 3Hauenus V =a, A, u P=Pz(1).

[TocTpouTh Ha HUKHEHN MOJIOBUHE JIMCTA MUJUIMMETPOBKH TpadUKU 3aBUCUMOCTHU
V(x), P(x), M(x) (pu IOCTPOCHHUHU rpaduKoB
HEOOXOJIUMO  COBMECTHTh  HAuall0 KOOPAMHAT CO  BXOAHBIM  CEUECHHEM

COILIA).
Hanectm ©Ha rpadmk P(X) wu3MepeHHOEe [aBiCHWE Tra3a B  BBIXOJHOM

CEYeHUM COIJla M  CcHAelaTh BbIBOJA O  JOCTOBEPHOCTH  MPUBEIEHHOTO
MaTEMaTUYECKOT0 OMMCaHUs TeUeHHs ra3a B coruie Jlapais.

Omnpenenuth pacxoj rasa uepes corio Gkp U peakTUBHYIO CHIIy TIO (opMysiam
(13), (17).

Pe3ynbTaThl 3aMepoOB U pacyeToB 0OPMUTH B OTUETE MO JIa0OpPaTOPHOU padoTe B

BUJIE CIIEAYIOLIEH TaOIHIIbL:

Ne | x | d S qgA) | 4 | #(4) | (1) | V P | M| P, | Psokcn
Mo |

cM | oM | em® - - - - M/c | Ila Ila Ila
1.
2.
3.
4,
5.
6.
7.

HMcxongHblie 1aHHBIE:
KoHCTpyKTHBHBIE MapaMeTphl COILIIA:
d,=8-10"%,d, =1-10"% d;=4-107% 1., =35-10"% [, =7-1077
dusznyecKkue CBOMCTBA Irasa:
K
k=14, R= 28721— T, =293 K
kr-K |
Pacuernbie popmMybr:

1. VYpaBHeHHE, OTpakallue pPaBEHCTBO pAaCXOJ0OB Ta3a B KPUTHUYECKOM U

2.

IIPOU3BOJIBHOM CEYEHUU COILIA:
qg(1)=Skpl/S
[Mazopnnamuyeckue GyHKIUA

30



4.

1 1
K+1 k1 k-1, k1
P B ] F P L
e (zj ( 1 j

X
zw:i:[l—ﬂ%j“,rw:l:[ —Ef}
P, k+1 T, k+1

0
BI)Ipa)KGHI/IH JA - OIIpCACIACHUA CKOPOCTH, HOaBJICHHA Ta3da W CKOPOCTH

3ByKa

o s

’ 2K
V:ﬂ,aKP, aKP: mRTO, P:POﬁ(ﬂ,)

BBIpa)KeHI/I}I ML KPUTHYCCKOTI'O pacxola U pCaKTHBHOﬁ CHIIBI.

Grp = o) FI)SS_KPSKP , F'=GxkpVe + Se(Ps — Pc)
0

KOHTpOJ'IBHLIG BOIIPOCHI:

Kak 3aBHUCHUT CKOpOCTH JO- M CBEPX3BYKOBOIO NOTOKOB OT I'€OMETPHUYECKOTO
BO3JICHCTBUS HA HUX?

Kak wu3MeHsitoTCs [aBieHUE, IUIOTHOCTh W TEMIlepaTypa IpU HU3MEHEHUHU
CKOPOCTH J0- U CBEPX3BYKOBOI'O IOTOKOB?

KakoB mopsnok pacuera mapaMeTpoB ra3a B IPOM3BOJIBHOM CEUYEHHMM COILIA
JlaBana?

KakoBo ycTpoicTBO UCIIOIB3yeMOM B pabOTe IKCTIEPUMEHTATBLHON YCTAaHOBKH?
KakoB nopsinok pacuera mionaiaei KpUTHYECKOrO0 U BBIXOJHOTO CEYEHUH COILIa,
00€eCreynBaoIIero 3aJaHHyI0 PEAKTUBHYIO CUJTY MPU padoTe coIjia B paCYeTHOM
pexume?

Kak 3aBucar Gkp, Ve u F or remneparypsi raza T,?
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JIABOPATOPHAS PABOTA Ne 4.

HCCJIEJOBAHUE YCTAHOBUBHIET'OCSI HCTEYEHHWS T'A3A U3
COCYJA YEPE3 CYKUBAIOINNUCA HACAZIOK.

HEJIb PABOTBDI:

I/I3yquHe OCHOBHBIX ITOJIO0XKCHUU TCOPpUHN OAHOMCPHBLIX YCTAHOBHUBIIHUXCA
TCUCHUU rasa; OIpCACIICHUC IMapaMCTPOB rada B BbBIXOJHOM CCUCHHH CYIKHBAIOIICTOCSH
Hacajaka.

OCHOBBbI TEOPHMN.

PacuetHas cxema mcTeueHMs rasa U3 cocyaa 4c€pce3 CY)KPIB&I-OIHHVICH HaCaJoK
IIOKa3aHa Ha PHUC. I.

HpI/I dHAJIN3C pPAaCCMATPUBACMOI'0 TCUCHUA 6y,H€M CUuTaTrb, 4YTO IIAapaMCTPhI
TOPMOXCHHUA B COCYIC PO’ TO’ L, W HaBJICHUC CPCIbI F ¢ HNOOACPKHUBAIOTCA

MOCTOSIHHBIMU. B 3TOM ciyyae TeueHue rasza yepe3 Hacalok OyAeT yCTaHOBHBIIMMCS.
[Tomumo 3TOTO, OyiEM MpeHeOperatb NOTEPSIMU HAa TPEHUE U TEIUIOOOMEH NPU TEYEHUU
ra3a no Hacajaky. Torga mapameTpbl TOPMOXKEHHS B MPOU3BOJBHOM CEUEHUU Hacalika
OyIlyT paBHBI TapaMeTpaM rasza B COCy/le.

Ry To B Py Tss 0
G
Vo:O B cr Te

Puc. 1. Cxema ucreuenus rasa.

PaccmoTpumM, Kak M3MEHSETCS KapTHHA MCTEYEHUS ra3a 4epe3 CyKUBAIOIIUMICS
HACaJ0K IIPY U3MCHEHHUH JaBJIeHUs cpenbl P .

Ecom P. =P, 10 P,=PF. =P, V;=0, G; =0. Eciu HECKONBKO YyMECHBIIUTH
nasieHue P., TO BOJIHA pa3peXeHUs, BbI3BaHHAs IIOHW)KEHUEM JIaBICHHA, CO

CKOPOCTBIO 3BYKa IIPOMAET Yepe3 HACaIO0K B COCYH U IEPECTPOUT TaM MOJIEKYJIbI ra3a
TaK, 4YTO YCTAHOBUTCS IIPOLIECC UCTEUEHUs C HEKOTOPOM Majol CKOPOCTBIO V;, MEHb-

111 (S)5 CKOpPOCTH 3BYKa aB. HpI/I 9TOM, KaK CJIICAYCT M3 OIIbITa, JAaBJICHHC B BBLIXOJHOM
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CeUeHUH Hacaaka P, mpu 103BYKOBOM CKOPOCTU MCTE€YEHUsS paBHO AaBieHuio P.. Ilpu
JabHEUIIEM MOHWKEHUH JABICHUS CPelbl CKOPOCTh raza V, OyAeT yBeIMuuBaThCs, a
CKOPOCTh 3ByKa YMEHBIIATHCS, [IOKA IPU HEKOTOpOM 3HayeHun P. =P, =B, oHu He

cpaBHstoTcs. [Ipr 3TOM CKOpPOCTH BOJIHBI PA3pPEKEHUS] OTHOCUTEIBHO BBIXOJHOIO
CCUCHHUs HACaJKa CTAaHOBUTCS paBHOM Hymto. IIpy MeHbIIMX 3HaYeHUSAX P. BOJIHBI
BO3MYLIEHUS HE MPOHUKAIOT B COCY U HE U3MEHSIOT XapakTep TeueHus raza. CKkopocTb
ucTedeHus V, ocraercs paBHOM KpUTHYECKON CKOPOCTH 3BYKa @y, @ IapaMeTphl rasa B
CEYeHUH B—B  OyAyT paBHbl KpPUTUYECKUM 3HayeHUsM. [IpoBeieHHBIN aHAIU3
MTOKAa3bIBAET YTO MPU UCTEUEHUU T'a3a Yepe3 CYKUBAIOIIUIICA HACaJOK UMEIOT MECTO JBa
peXrMa TeUeHHs B CeYeHUH B—B (puc. 2):

1) moxputnueckuii: A; <1 nmpu 1>PF. > P, =7()R,,

2) xputnaeckuit: Az =1 mpu O<P. <P,.

B b, By Vy.a,.Gy

Gy =Gy
Vy=ag
5
By =Py
/i
Ll P
o,s\pm, 1P

Puc. 2. I'paduku 3aBucumocreit Py, P., By, a5, Vy, Gz = f(P. / R)

[IpuBeneHHas cKOpocTh A, naBieHue P,, remmeparypa T, CKOPOCTb 3ByKa @;,
CEKYHJHBII MaccoBblii pacxon G, M CKOpOCTb MCTeYeHHs V; B CEYEHHH B—B MOTYT
OBITH OTMPE/ICTICHBI 110 CJICTYIOITUM 3aBUCUMOCTSIM:

1) npu P, > P, (ZOKpUTHUYECKUI PEKIM):

A.)=—"L=-"C,
wl) = o=
P, =F.,
T, =Tr(4s), a5 = \ kRT,, (1)

2k
VB = ﬂ“BaKPB = ﬂ’B mRTO’
e(D)P,a(4s)akesSe P
= =k,S, ——2= ;
B RT, 0 B\/R—Toq(ﬂ's)

2) mpu P. <P, (xpuTHdeckuii pexum):
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/18 =1, VB = Ayp
P, =P, = PO7Z'(1),

Ty =Typ =Tz (D), (2)
Az = ap =a/kRTKP = 2—kRTO,
k+1
G, = £(@)RayeSg =k,S, P _
RT, RT,

Ha npaktuke 9acto 00beaAuHAIOT (hopMyiibl sl pacxona G, B 000HMX peKUMaXx C

MOMOIUIBIO JBYXPEXKUMHONU pacxonHoil (pyHkumu Y u BBOAAT Kod(hdUIMEHT pacxoia
Ug , YIUTBIBAIOLINN OTIMYUE IEHCTBUTEIBHOIO PACX0/1a OT TEOPETUYECKOTIO:

rac

ePa P
G, =u,S, 2 0%y _ gk 0
B B>~ B RTO B~ B0 RTO

1, npu Ui% < (1)

V=
g(A)=gln), npu ,«.Tm{% <1

HpI/IHHHHI/IaJ'II)HaH cXeMa MW OIIMCAaHHC HCHOHBSYCMOﬁ BKCHepHMeHTaHBHOﬁ

YCTaHOBKM ObUTH TpUBEACHBI B JabopaTtopHOil padote Ne 3. BeiBoa O IOCTOBEpPHOCTH
3aBUCUMOCTEH,  ONWCHIBAIOIIMX  YCTAHOBHUBINEECS  HCTCUEHHWE  raza  depes
CY)XUBAIOIIMICS HAcaJoK JeNaeTcss B pe3yibTaTe CpPaBHEHUS pacCYeTHOTO U
AKCIIEPUMEHTAILHOTO 3HAYEHUH JaBJICHUH ra3a B BRIXOJHOM CEUECHUN HACAIKa.

N

6.

INPOI'PAMMA PABOTDBI U OBPABOTKA PE3YJIBTATOB
IKCIHHEPUMEHTA.

N3yunth 001IME MONOXKEHUS TEOPUU OJHOMEPHBIX YCTAaHOBUBIIMXCS TEUYECHUH
rasa.

O3HAKOMUTBCS C YCTPOMCTBOM 3KCIEPUMEHTAIIBHON YCTAHOBKH.

Bxmounts OIIK ¥ ycTaHOBHUTH C MOMOLIBIO PEIyKTOpa TPeOYyeMYIO BEITUUYHHY
nasyeHus B .

M3mMensis ¢  NOMOIIBIO  BEHTWIA  JaBileHHe  P.,  u3Meputh  €ro
3HA4YE€HUs U JaBjcHUE P, B BBIXOJHOM CEYCHHH HACAJKa.

ITo 3aBucumoctsaMm (1) wimm (2) paccumnrars 3Hauenus Vg, By, a., T;, a5 n G,
UCTIONB3YsI TAOTUIIBI Ta30JMHAMAYECKUX (DYHKITHIA.

[TocTpouts rpaduku 3aBucumoctet Vg, By, Ty, a5, G = f(P./R).

Pe3ynbTaThl 3amMepoB U pacyeToB OPOPMUTH B OTYETE MO JIAbopaTopHOU padoTe B
BU/JIC CJICITYIOIIEH TaOIUIIbI
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Ne | Pooke | RR/R | 45 | 1 P Tg ag Vi Gg

Mo ]
I1a I1a K M/c | M/c | Kr/c

1.

2.

3.

Hcxonuple TaHHBIE:

d, 1w k=14 R=287-2%
Kr-K

9

H
T, = 293K; P,=n-10°—..

M
Pacuernbie popMyb:
1. BeipaxxeHue aJisi BBIYUCICHHUS KPUTUUECKOTO JaBJICHUS

Peo =R @

2. @opMynbl ISl ONpeeieHHs] TTapaMeTpOB ra3a B BBIXOJHOM CEYCHHH HacajkKa U
MacCOBOT0 pacxona:

— npu P. >P,, (43 <1):

P,=PF., Ty=Tr(4), a; = a/kRTB 7(Ag)=P. IR, ,

2k
V,=A1..[—RT,,
B "\Vk+1 °
e(DP,g(4Ay)a.,S P md? P
G — o\ 4e)qkp8 _ | g 0 z.), S, =218 _ o
B RT, 0°B ,—RT_O of B) B 4 Po RT,

— npu P. <P, (1z=1):
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Ps=Fe = P07Z'(l),
Tg =T = ToT(l)’

r— f 2k
a.B = aKP = kRTKP = mRTO,

2k
V, =,[—RT,,
° \k+1 °
e(1)Pa,,S P
G. = 0~"KP B:ks 0 ]
B RTO 0 B\/R_TO

KOHTpOJIBHBIe BOIIPOCHI:

1. Kakue pexuMpl TEUEHUS MMEIOT MECTO TMpU MCTEYEHUM Ta3a 4epes
CY’KMBAIOUIUICS HACaJ0K?

2. Kak W3MEHSIOTCS [aBlieHHE, TeMIeparypa, CKOpOCTb ra3a M CKOpOCTb

3ByKa B BBIXOJJHOM CE€YEHHH CYKMBAIOILIETOCS Hacaaka’?

KakoB nopsiiok pacuera CKOpOCTH ra3a B BBIXOJJTHOM CEUYECHHH HAcaaKa?

Kak 3aBucur ckopocts V, 1 pacxos oT TeMnepaTypsl T, ?

B~ w

5. KakoBo ycTpoiCTBO yCTaHOBKH, UCTIOIB3YEMOM JJIs1 SKCTIEPUMEHTAILHOTO
UCCIIEOBAHUSI PACCMATPUBAEMOIO TCUCHHUS?

JIABOPATOPHAS PABOTA Ne S.

NCCIEJOBAHUE OJHOMEPHOI'O YCTAHOBUBHIEI'OCA
TEYEHUSA I'A3A 1P HAJIMYUUA ITPAMOI'O CKAYKA YIINIOTHEHMUAL.
OINPEJAEJIEHHUE CKOPOCTHU CBEPX3BYKOBOI'O IIOTOKA C
HoMOHUmbIO TPYBKU «(IIUTO-ITPAHATJISA». OITPEAEJEHUE
IHAPAMETPOB TOPMOKEHUS I'A3A B 10- U CBEPX3BYKOBbIX
BO3AYXO3ABOPHUKAX.

HEJIb PABOTBI:

M3ydyeHne OCHOBHBIX TIOJIOKEHHW TEOPUM MPSIMOIO CKayka YIUIOTHEHUS;
ONPENEIICHUE IOJIHOIO JABJIEHUS M CKOPOCTH CBEPX3BYKOBOTO IIOTOKA C ITOMOIIBIO
HAacaJKa; OIpEeIeJICHHEe IapaMeTpoB Tas3a 3a NOPSIMBIM CKAadyKOM; OIpEeIeIeHUue
rnapamMeTpoB TOPMOKEHHUS B BO3AYX03a00pHHUKAX.

OCHOBbI TEOPHMN.

OngwIT IIOKa3bIBACT, 4YTO IIPpH TOPMOXCHHH CBCPX3BYKOBOI'O II0OTOKa B HEM
BO3HHUKAIOT IMOBCPXHOCTH, IIPU IMPOXOXKIACHUHU KOTOPBIX CKOPOCTH I'a3a CKa‘{KOO6paSHO
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YMEHBLIAETCS, a JaBJieHWe, IUIOTHOCTh M Temmeparypa yBenuuuBarorcsa. [lpu
YCTAHOBUBIIEMCS TEUEHHHM Tra3a 3TH MOBEPXHOCTH HEMOJBHXHBI M HAa3bIBAKOTCS
CKauyKaMH yIUIOTHEHHUsA. [IOBEpXHOCTh CKauka MOXET OBITh NEPHEHIUKYISIPHONH K
HaIPaBJICHUIO CKOPOCTH HAOEraromero MoTOKa, WKW COCTaBISATh C HEM HEKOTOPHIM
yroji. B nepBoM ciydae CKauoK yIUIOTHEHHS Ha3bIBAETCA MPSIMBIM, @ BO BTOPOM KOCBIM.
PaccMoTpuM 351eMEHTHI TEOpUU IPSIMOTO ckavka (puc. 1).

1. Onpenenenre napaMeTpoB rasa 3a NpMbIM CKauKOM

I[Tycts mapameTpsl moToka mo ckauka m3sects: V,, P, p;, T,. Tpebyercs

onpenenuts napamerpst V,, P,, p,, T, 3a ckauxom.

[IprMeHUM 3aKOHBI COXpPAHEHHUS K MaccCe ras3a, 3aKJI0UYEHHOr0 B IUIIMHIPE MEKITY
ceuenusiMu | u Il (momanps momepeyHoro cedyeHus IWIMHIpPA MEPHEHIUKYISIpHA K
HaIIpaBJICHUIO CKOPOCTH U PaBHA €AUHUIIE).

YpaBHeHUE HEPa3PHIBHOCTU MPUMEHUTEILHO K paccMaTpuBaeMOMYy OO0bEMY
MMEET BU/I:

pV.S, = pN,S,, um G, =G, (1)

PaCKpBIBaH B 3TOM YPaBHCHHUH pPACXOJbI, I10JIy4acM

Pqu (Al)akpl . PZOq (/12 )a;cpZ (2)
Ty Ty
VYpaBHEHHE KOJIMYECTBA JBWIKCHHS NPHMEHUTEIBHO K paccMaTpUBacMOMY
00beMy 3anuIIeTCs TaK:

2 2

PS, +pV,"S =R,S, + pV,’S, (3)

Jlns mpeoOpa3oBaHMs 3TOrO ypPaBHEHHS OyJeM HCIOJb30BaTh COOTHOILCHHUE
Kwuceena:

PS+GV =PS + pV?S = %Gakpz(ﬂ) (4)

rne Z(A)=1+ z - ra30lMHAMUYECKas (PyHKIMS.
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p1 p10 p20 p?

G
R A /D10 on 2—2*

4 Ti | oo [0 |7, &

/ P=p=p /

Puc. 1. PacueTHas cxeMa TedeHHs rasa qcpe3 HpHMOﬁ CKAQYOK YIINIOTHCHUA

C yuerom cootHomIeHus (4) u ycnoBust S, = S, ypaBHeHue (3) mpUMeT B

aKplz (11) = aKpZZ (ﬂz) (5)

YPaBHGHI/IG OHCPIUHU IIPUMCHHUTCIIBHO K 06T>€My MUJINHAPA 3alIUIICTCA TaK:

P VS P, V]
1 1y _ 2 2
,01\/181 (ul T+ 7) - pzvzsz (uz T+ _) (6)
A1 p, 2
N3 ypaBuenwii (1) u (6) cneayer, 4To MOJIHAS SHTAIBINS €IUHUIBI MAcChl Ta3a U
MOJIHasl TeMIepaTrypa MpU MEepexoAe 4Yepe3 MPsSMOW CKavyOK YIUIOTHEHHUS! pa3pbiBa HE
HUMEIOT:

. P V2 . P V2
by =CpTyo = (U +—t+ ) =ly =C, T, =(u, +—4+-2)
P 2 o, 2
Typ =Ty

Takum 00pazom,

f 2k / 2k
Ao = m RTzo =a, = m RTlO (7)

VYpaBuenue (5) ¢ yuetom (7) mpuMeT BUA:
1 1
Ayt —=4+— (8)
A A
Otcrozia umeeM J1Ba peUICHHUS:

1

A, = A, - IpH OTCYTCTBHH CKauKa; A, = — - IPH HAJIMYNH CKAUKa.

[Tocnennee penieHre MOXHO MPeoOPa3OBaTh K BUIY:
2

V _ . aKpl
2 ﬂZaKpZ - 7 (9)

1
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[TapameTpbl, XapaKTEpPU3YIOIIME COCTOSHHE Ta3a 3a MPsSMbIM CKAYKOM,
OTPEENSIOTCA MO CJIETYIONIUM 3aBUCUMOCTSIM:

[TapameTpbl TOpPMOKEHUS:

- TIOJTHAsI TEMIIepaTypa
T =T, (10)
- MMOJIHOE AaBJieHue (M3 ypaBHEHUs (2))

p _ hoa(4) _ Roa(4)
T ah,)  aWa)

P = 20/ RTy (12)

(11)

- ITIOJIHAA IMJIOTHOCTD

Cratuueckue IMapaMCTpPhI:

k_l 2
T, =Ty~ K +1ﬂ,2 ) =T5t(4,) (13)
k_l 2 %
P2=P20(1—k+122) = Pyr(4,) (14)
k_l 2 i
P2 = P (1_m/12) = Pxé(4) (15)

rac

A =12 (16)
HpI/IBeI[eHHBIe 3aBUCUMOCTU ITO3BOJIAOT HpI/I N3BCCTHBIX 3HAUCHUAX HapaMeTPOB
ra3da 40 CKadkKa OHpeI[eJ]I/ITB HapaMeprI ra3a 3a CKA4KOM.

2. OrmpeneneHne CKOPOCTH CBEPX3BYKOBOTO MOTOKA C IIOMOIIIBIO
ITHEeBMAaTUYECKOTO Hacajika (puc.2)

d
(4=51d 6-710_

|
1010 a A izl i
n
| A
"

Puc. 2.Cxema mHEBMATHYECKOTO HACAIKA
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B Hacrosdmeil yactu paOOThl MPOU3BOJAUTCS OIPENEIEHUE CBEPX3BYKOBOM
CKOPOCTH Tra3a B BBIXOJHOM ceuyeHuu comua JlaBand. IIpuHnmnuanbHas cxema U
OIHMCaHUE UCIOJIb3YEMON 3KCIIEPUMEHTAIBHON YCTAaHOBKU OBLIM JaHbl B J1a0OPaTOPHOIL
pabote Ne 3.

[Ipu ompeneneHnn CKOPOCTH HEOOXOAMMO YYECTb, YTO IPU CBEPX3BYKOBOM
0oOTEeKaHUU HacajKa Iepes HUM BO3HUKAET KPUBOJIMHENWHBIN CKAauOK yIjaoTHeHus. Ecnu
OCb CHMMETPHHN HAaCaJKa MapajulesIbHA HAIIPABJICHUIO TIOTOKA, TO LEHTPAJIbHAS ra30Bast
CTPYWKAa, MPETEPIIEBAIOIIAs [TOJTHOE TOPMOKEHHE, CHayajaa IMPOXOAUT 4Yepe3 NpPsIMYIo
4acTh CKayKa, € €€ CKOPOCTb CTAaHOBUTCS JO3BYKOBOM, 3aT€M  IPU NOAXOAE K
OTBEPCTHUIO CKOPOCTh IUIABHO YMEHBIIAETCA 10 HYJIA.

Ecnu GokoBbIe OTBEpCTHSI HAXOJIATCS HAa PACCTOSIHUM HE MeHee 4-6 AMaMeTpoB
HacaJgka OT NEPEeIHEro €ro Kpas, TO KaK IOKa3bIBa€T ONBIT, JABJIECHUE B OOKOBOM

OTBCPCTHH PABHO CTATHYCCKOMY AABJICHHIO Ha6era}0mero ITIOTOKa RI. Takum 06p330M,
MaHOMCTpaMu, INPUCOCANHCHHBIMU K ICHTPAJIbHOMY U OOKOBBIM OTBCPCTHAM HacCaaka,
U3MCPAIOTCA COOTBCTCTBCHHO: ITIOJIHOC AABJICHHC 3ad IIPAMBIM CKAYKOM YILIOTHCHHSA on
U CTaTUYCCKOC AaBJICHUC Ha6era}omer0 IIOTOKa Pl

CraTnueckoe JaBJICHUC )51 CKOpPOCTb Ha6erammer0 ITIOTOKa CBA3aHbI

COOTHOIIICHUEM:
7(4) =R/R, (17)
CpaBHuBas 3TO COOTHOILIEHHE ¢ ypaBHeHUEM (11) , momyyaem

P = q(4) mpu A4, >1 (18)

R Z2(A)aW4)

Takum  00pa3oM, METOAMKA  JKCIEPHMEHTAIBHOrO  ompenencHus  V,

OCHOBBIBAETCSI HA UCMOJIb30BaHUM ypaBHEHHUS (18), MOTYyUYeHHOr0 ¢ MOMOIIbI0 HopMy

(8), (11), (17).
VYpaBuenue (18) MoxxHO pemuTh rpadgoaHanuTudecku. s 3Toro HeoOXoaumo,
3a7aBasch psoM 3HaueHnit 1< A <2,5 mo 3aBucumoctn (18) ompemenuts psix

snauennii Py, /P, n nocrpouts rpadux P, /P, = f (4,). ITpu pacuere uenecoobpasto
MCIIOJIb30BaTh TaONUIIBI Ta3oAuMHaMUYecKuX (QyHkuuid. C moMomipio 3Toro rpadukxa
MOHO 110 H3BeCTHOMY 3Hauennto P, /P, maiitu A, u 3atem M,.

[Tpu u3MepeHnu CKOPOCTH [BMKEHHUS Ta3a BHYTPU KaHAJOB OOBIYHO OBIBAaET
M3BECTHA TEMIIEPAaTypa TOPMOXEHUs |,, U KPUTHYECKasi CKOPOCTb 3BYKa a,,., a npu

M3MEPEHNH CKOPOCTH IIOJIeTa — CTaTH4ecKas TeMIepaTypa |, H CKOPOCTh 3ByKa

a, = /kRT,.

B nepsom ciryaae  V, ynoGHO onpenensith o hopmyie:

2k
V1 = ﬂlaxpl = /11 m RTlO ’ (19)

a BO BTOPOM TIO CIICAYIOIICH 3aBUCUMOCTH:
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V, =M., =M, /kRT,, (20)

IIpu usBectHbx 3Hauenusix P,,, P, u T, mapamerps raza ompenesnstorcs mo

dhopmynnam:
- JI0 CKauka
( P P
P,=—2%, =22 T =T,(4),
10 7(A) Pro RT,, 1 =T7(4)
$ b (21)
1
— 1 _ 5
k,01 RT, Proé(4)
- 32 CKAYKOM
Po

Ty =Tis Py = F’ P, = Py7r(4,) 1 1

20 y Az
T, =Tt(4,), p,=pre(d,)= Pz/RTz

3uas P, u P,, MoxHo onpenennts ko3 HUIMEHT BOCCTAaHOBICHHS JaBICHUS

(22)

o

rasa B IPSIMOM CKauKe:
Vg = 20/ Po (23)

Ilpu nossykoBoit ckopoctu moroka (M, <L, A <1) ckadok ymmorHeHus

orcyrereyer (P, =P,), uro mossonsier naiitn A, no msosHrpormueckoit dopmyie
(17), m noctpouTh yKazaHHbIN Bblle rpadguk npu 0 < 21 <1l

3. Ompenenenrie mapaMeTpOB TOPMOKECHHSI Ta3a B I0- U CBEPX3BYKOBBIX
BO3/1yX03a00pHUKAX.

B cucremax ynpapieHuss MajorabapuUTHBIMM JIETaTECJIbHBIMKU ammnapaTaMu
IAPOKOE IPUMEHECHHUE TMOJYYUIIM PYJEBBIE IPUBOABI, HCIIOJIB3YIOIIME B KauyeCTBE
pabouero Ttenma BO3AyX Haleraromiero mortoka. [lisi mpoBeneHHs] WCCIENOBaHUS U
MIPOCKTUPOBAHMS TAKUX TIPUBOJIOB HEOOXOAMMO OIPEACIATH TapaMeTPhl TOPMOXKCHHS B

BO3/yX03a00pHHKE 10 W3BECTHHIM 3HAYEHHMSM MapaMeTpoB OKpyxaromieil cpensr P,
T,, p, u cxopoctu nozera V.

Ipu ckopoctu mosera V,; menbmei ckopocty 38yka &, (M; <1, 4 <1) nepen

BO3/IyX03a00PHMKOM HE YCTAHABJIMBACTCS CKA4YOK YIUIOTHEHUS ¥ TapameTpbl
TOPMOKEHHUS MOTYT OBITh OIIPENEIICHBI 0 U30IHTPOMUYECKUM (PopMyIIam:

Ro=R/z(M,),
L :Tl/T(Ml)’ (24)

Po = 10/(RT10)
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e M, :V1/ai, a, =«fkRT1

Ilpu ckopoctH monera Oonbiiei ckopoctn 3Byka (V) >@) mepexn
BO3yX03a00PHUKOM, KaK U IIEPE PACCMOTPEHHBIM BBIIIE HACAIKOM YCTAHABIMBAETCS
ONMM3KUH K MPAMOMY CKauoK YILIOTHEHHS. B 5TOM cllydae TemmepaTypa TOPMOXKEHHs
IpH Tepexojie rasa yepes ckadok He uamensiercs: (T,, =T,,), a raBieHue U WIOTHOCTH

34aTOPMOKCHHOT'O IIOTOKa YMCHBIIAKOTCA. I[JI?I HX OHpPCACIICHUA MOI'YT OBITh
HCIIOJB30BaHbI IMOJYYCHHBIC BBIIIC 3aBUCUMOCTHU AJIA IPAMOI0 CKa4Ka YIVNIOTHCHHA:

P,  d(4)

P z(A)al/A)

Too =Ty =T,/7(My), (25)
0,0 = P
” RTy
k+1 k-1,
e A=, ——|1-1+—=M)"
k-1 2
Jlns pa3spaGoOTUYMKOB PYJIEBBIX MPUBOIOB OOJNBINOH HHTEPEC MPEACTABISIOT
P T
rpadukn sasucnmocteii ——2 (M,) 1 —2(M,), KOTOpbIC MOXKHO pacCumTaTh C
1 1

MTOMOIIBIO0 MPUBEJEHHBIX BBIIIEC POPMYII.

4. IIPOTPAMMA PABOTBI 1 ObPABOTKA PE3YJIbTATOB
OKCIIEPUMEHTA.

1. U3yunTh 0OIIME TOJOKEHUS TEOPUHU NPSMOr0 CKadyKa YIUIOTHEHHS M 3apHCOBaTh
cxemy Hacajaka (puc. 2).

2.3ajmaBasicb PAAOM CBEPX3BYKOBBIX 3HaueHuit A, B mpememax 1< A <21,
ONpeNeNINTh [0 Tabiuie rasoanHamuueckux GpyHkumii psn suauennit 77(4,), q(4,),
q(/4,) =q(A,) u paccuurars o popmyne (18) psin snauenuii Py, /B, .

3. Tloctpouts rpaduk 3asucumoctn Py, /B, = T (4) u moctponts ero npu 4 <1 ¢
nomotsio popmyist (17) . k. Py = Py ;

4. BKIIIOYHTH YCTAaHOBKY U U3MepUTh aasierHus P, P.

5. Boruncauts  otHomenne P, /P, wm  onpemenuts ¢ momompro  rpaduka
P,,/P = f(4,) uckomoe 3nauenue A, .

6. Paccunrath cKoOpocTh rasa V;, mapaMeTpsl raza J0 CKadka M 3a HHM, a TaKKe

K03((HIEHT BOCCTAHOBJIEHNUs OJIHOTO JaBjieHus vV, no dopmynam (19)-(23).
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7. PaccuntaTh M TOCTPOUTH TpapuKyd 3aBUCHUMOCTH JaBICHHUS M TEMIIEPATypbl
TOPMOJKEHHMSI BO3yXa B BO3yX03a00pHHKe B (pyHKIHHU OT dncia Maxa M, .
[Ipumeuanue: mpu BBHIMOJIHEHUHM MyHKTa 4 HEOOXOJUMO, U3MEHAA JaBJICHHE
nuranus Py = P, obecneunTs Kax10ro cTyAeHTa CBOUM BapHaHTOM pacuera.

Pe3ynbTaThl 3aMepoB U pacyeToB 10 1.1-6 opopMuTh B oTUETE MO Ja0OpATOPHOI
pabote B BUJIE Ta0JINIL 1, 2 " rpadukoB 3aBUCUMOCTH

Po/Pi=F(A), Ty /Ty=(A), 2= 2o = fOy) 222 ().

Tabmura 1.
Ne A 0 0,26 | 0,76 1,0 1,26 15 1,8 2,1
T
1| 7(4)
2| q(4)
3 |q/4)
4 PZO/Pl
S | T, /T,
6 | t(4y)
7 M,
8 | Po/P
Tabnumna 2.
Py, | R ﬁ A VL R | Ve | T | o | B [ A | T o | Vs,
IIa | Ila 1 M Ila K K2 Ila K K2 M
C M3 MS C
HcxonHble faHHBIC:
k=14; R-287 2P€ . T_203K. PR =10°la

ke K

Pacuernbie popmMyb:
1. YpaBHeHue ayig onpeneneHus MpUBEICHHON CKOPOCTH HAOETaloIIero MmoTokKa:

R
P A

2. Bwipaxenus 11t CKOpOCTH HaOETaIOIMIEro MOTOKa Vli
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2k
V1 = ﬂlalcpl = /11 m RTlO

3. @opmysl (21) ni1st onpeaeneHus MapaMeTpoB rasa 10 CKauka yrjIOoTHEHHUS.

4 . ©opmyitel (22) 1151 BBIYACIEHUS TAPaMETPOB rasa 3a CKaYKOM.

5.Breipakenne s kKod(h(UIEEHTa BOCCTAHOBJICHHS JIaBJIICHUS B TIPSIMOM
CKayKe.

6.Dopmynsl  (24), (25) onna  pacuera apaMeTpOB  TOPMOMKEHHS B
BO3/1yX03a00pHUKE.

KOHTpOIBHBIE BOITPOCHI:

1 . Kak u3MEeHSAI0TCS CTaTUYECKUE MapaMeTPhl, TapaMeTpbl TOPMOKEHUS U
CKOPOCTh T'a3a B MPSIMOM CKa4Ke YIUIOTHEHUSA?

2.Ha wucmonn30oBaHMM KaKWX 3aBHCHMOCTEH OCHOBaHA METOIHKA
SKCIIEPUMEHTAJIBHOTO OIPEJCICHUSI CKOPOCTH CBEPX3BYKOBOI'O II0TOKA IIpH
IIOMOIIM Hacaaka?

3.KakoB mopsimok ompeaeneHuss CKOPOCTH CBEPX3BYKOBOIO TOTOKA
BBITEKAET M3 DTUX 3aBUCHUMOCTEN?

4 .Kak 3aBUCUT KOA(DPUIMEHT BOCCTAHOBJICHUS TOJIHOTO JIaBJIICHUS B
MPSIMOM CKayKe YIJIOTHEHUSI OT CKOPOCTH HaOEeraroero noToxka?

5. B kakoM nopsiike onpeearoTCsa apaMeTphl raza 3a NpsSMbIM CKauKOM
YIUIOTHEHUS 110 W3BECTHBIM 3HAYEHUSIM MapaMeTPOB Ta3a mnepes] CKaukom?

JIABOPATOPHAS PABOTA. Ne 6.

NCCIEAOBAHUE HEPACYETHBIX PEKUMOB TEUHEHUS I'A3A B
JAPOCCEJIE PA3BA3KHU THUIIA COIVIA JIABAJIS.

HEJIb PABOTDI:

W3yyeHne HepacyeTHbIX pPEKHMMOB padOThl COIUIA, pacyeT pachpeneseHus
rmapaMeTpoB rasa mno JJIMHE coIula. Pacuer pacXxOOHOM M CHJIOBOM CTaTHYECKUX
XapaKTEPUCTHK.

OBLIME CBEJIEHMSI.

B cocraBe cuctem razocnabxenus CYJIA, paGoTaronmx Ha TBEPAOM TOILIMBE,
4acTO YCTAHABJIMBAETCS JAPOCCENbh Pa3BSA3KH, HMCKIIOYAIONIMN BIUSHUE W3MCHCHUS
JIABJICHUSI B pECUBEpE HA TOPECHHE TOIIMBA B MCTOYHHUKE Taza. [Ipm mcnonb3oBaHuU
CY’KaIOIIEeToCsl IPOCCelis JaBJICHUE B PECHUBEPE JOHKHO OBITh MEHBIIE KPUTHUYECKOTO

sauens P. <P, =P7z(1)=Pf,,, 4r0 npuBOIMT mpH NpPOEKTHPOBaHWM K
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00JBIIMM pa3MepaM NOTpeOUTENsl, HampUMeEp, Ta30BOT0 MPUBOJAA, MUTAEMOTO W3
pecuBepa.

[ToaTomy 00BIION MHTEpEC MPENCTABISAET UCIIOJIB30BAHNUE IPOCCENS Pa3BsI3KU B
¢dopme coruta JlaBaisi, MO3BOJSIOLIETO 3HAYUTENBHO YBEJIUYUTH JIaBJICHUE B PECUBEPE

no cpaBHeHuio ¢ P., mnpu HesaBucuMoM ropeHuu ToIUIMBa. B mpomecce 3amycka

CHCTEMEI Ta30CHA0KEHUS AAaBJICHUC B PECUBCPC U3MCHACTCA B IIUPOKUX IIpEACIax, 4TO
IMPUBOAUT K HAJIMYUIO B pacmnpmomeﬁc;l JaCTHU COIlNIa TPEX PCKHUMOB TEYEeHHUU raza
[2]:

a) CBEPX3BYKOBOT'O, MPHU KOTOPOM CKOPOCThH Ta3za MO BCEH UIMHE ITOM 4YacTH
0oJIbIIIE CKOPOCTH 3BYKa,

6) CMCIIAaHHOI'O, IIpU KOTOPOM TCUCHHC I'a3d B HAYAJIC pacmnpmomeﬁca qaCTu
710 TIPSIMOTO CKa4yKa YIUIOTHCHHUS CBEPX3BYKOBOE, a 32 CKaYKOM JI03BYKOBo€ (puc.l1,a);

B) A03BYKOBOI'O, KOI'/la CKOPOCTb I'a3a I10 BceH AJIMHC COIlIa JO3BYKOBAsd.

a)
Pe
6) .
3a
85|
S p
> B s
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Puc.1

[lepBbIil pexuM TeyeHUs raza HMMEEeT MecTo Ipu pabore comia ¢
HeJI0pacIIUpeHneM (aBieHne B BhIxogHOM ceueHun P, > P.), B pacuernom pexunme
(P, = P.) u npu neGonsiom nepepactupennn (P, < P.).

Bynem paccMarpuBarh coruia ¢ HEOOJBIIAM YIIOM PacTBOpPa PACHIMPSIOILECHCS
YacTH, KOIJa MNpW IEpepaciiupeHur MOTOK HE OTPHIBAETCS OT CTEHOK coIula 3a
CeuyeHHeM, IJIe JABIEHUE ra3a CTAHOBUTCS PABHBIM JaBJICHHIO cpeabl P., KoTopoil B
JIaHHOM cilydae sBisercs pecusep. OaHaKo, Mpu GOJBIIOM MEPEPACIIUPEHUH, KOTIa
nasienue P. craHoBuTCS paBHBIM HEKOTOPOMY 3HaueHHIO Ps, B BBIXOZHOM CEUCHHH
COIJIa YCTaHABIIMBACTCS OJM3KUM K MPAMOMY CKA4OK YIUIOTHEHHs. [IpH 3HAYCHHSX
cpensl P, 6ompnmx P,, ckadok cMernaercst BHyTph COILIA U IIPU HEKOTOPOM 3HAYCHHH
P. = P,, npu6an3uBImuch K KPUTHIECKOMY CEUCHHIO, HCUE3aCT.

Takum 00pa3om, TMEpBBI PEXHMM TEUCHHS Ta3a UMeeT MecTo npu Pr < Py,
sropoii mpu P, < P. < P,, a tpernit npu P. > P,. OueBnunuo, BnusHue naBneHus B
pecuBepe P. Ha ropeHne TommMBa B MCTOYHHKE ra3a OyeT MMETb MECTO TOJBKO B
TPETHEM PEKHMME, KOTJIa CKOPOCTh T'a3a B KPUTHUECKOM CEUCHUM COIUIA OYIET MEHBIIIE
ckopoctu 3Byka (A, <1, P. > P,).

Hasnenue P, 3aBHCHT OT KOHCTPYKTHBHBIX M 9KCIUTyaTALHOHHBIX IapaMeTpoB

coruia JlaBansg M MOXKET 3HAYUTEIBHO IMPEBBIIIAThE KPUTHUYCCKOC 3HAYCHHUC PED’ qTo

MO3BOJISIET TIPU MMPOCKTUPOBAHUH TIOTPEOUTEIIS CYIIECTBEHHO YMEHBIIIUTh €TI0 Pa3MephI.
[Ipy wW3ydyeHHH HEPACUYETHBIX PEKUMOB TEUECHHUS Tra3a PAcCMOTPUM CHadaia
CMEIIaHHBINA PEXKUM C IIPSAMBIM CKAaUYKOM B PACIIUPSAIOLICHCS YaCTH.
B mpocreliemM OZHOMEPHOM Cilydyae CUCTEMa YPAaBHEHUW I ONPEACIICHUS
IJIOIAMY S CEYEHHs, B KOTOPOM yCTAHABIMBAETCH CKAYOK YIIOTHEHHS, BKIIOYAET B
ce0s CIIeyIONTNe 3aBUCUMOCTH:
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1) ycnoBue paseHctBa pacxomoB raza G, =G, B cewenmsix 1-1 u 0-0,
KOTOPOE MOKHO IPe0Opa3oBaTh K BUJLY:

QC%)=%%§nueZ@>l; (a)

2) yCJOBHS Ha MPSAMOM CKauKe YIJIOTHEHHUS:

() =a(2) "o

1 (6)
Ay =—,
ﬁa
3) ycioBue paBEHCTBA PACXOJIOB ra3a B CEUEHHUSIX 3—3 U d—a.:
S
A(4) o~ =A(4), mme 4, <L (r)

a

4) ycioBHe PaBEHCTBA CTATHYECKOIO [IABJICHHS B BBIXOJHOM cedeHuH P,

nasnenuto cpeasl P, mpu A, <1:

r(3)=—c—te _To

I:)0 P30 I:)O P30 |

VYpaBHenus (a)-(1) MOXKHO PEeIIUTh rpadoaHaTUTHUYECKU. /{7151 3TOro HE0OX0AUMO,

LS .
3a/1aBaACh PANOM 3HAYECHMH 1 S < % <1, onpenenuts psix 3uavenuii q(4,), 4,,
a a

13’ P% A, ﬂ(ﬂ,a), l% U TIOCTPOUTH I'paUKH 3aBUCUMOCTH % = f(F%)
0 0 a 0

(puc. 1,6). C noMmouipto 3TOoro rpapuka MOXKHO, 3Has % , HATH OTHOCUTENBHYIO
0

(1)

IJiomaab % CCUCHUA, B KOTOPOM YCTAHABJIIMBACTCA CKAYOK YIINIOTHCHHA.
a

3Ha4YeHUA % u % ONPEAEISAIOTCS MO CIEAYIOIHAM 3aBUCUMOCTSIM,
0 0

TOJTyYEHHBIM IIPU MOACTAHOBKE B ypaBHeHus (a)-(x) S =S, u S = S| coorBercTBeHHO:
izﬂfjg:}f
R v(x) 2,

_ 8
g(i )= A,Aﬂ >1 J

(e)
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== 7()
0 . ()
Ak =54 4l <1
oy a(d) ’
YA
rmae - ra3oiMHaMu4eckast QyHKITUS,

*
H
;{h ﬂh - IPUBCACHHBIC CKOPOCTHU I'a3a B BBIXOJHOM CCUCHHUHU COIlJIa OO
CKavKa YIIUIOTHCHUA U 3da HUM IIpU P,:_— = 4,

B
A, -1oxenpu P, =P;.

Ilpu P- = P, mo Bcelt anuHe pacuMpsIrOIecst 4acTH COoIUia TeUeHHe ra3a Oyaer
CBEpPX3BYKOBBIM. MeToiKa pacuera TEUeHHs B COIUIC Il 3TOro ciydas Obiia

paccmoTpena panee. COTrIacHO ATOW METOJMKE JJIsl ONMpEeTICHHUs MapaMeTpoB Tas3a B
NPOM3BOJIILHOM |-OM CEYEHMH COIIa C IUIOMAABI0 S, HEOOXOAMMO CHayana

paccumMTaTh:
S
q(ﬂi) = S
a sareM mo Tabmumam maiitw A, 7(4), 7(4) w memmemmts V=4 -a,,
Qpp = kz—kl RT,, P=Px(A4), T. =T,z(4) u apyrue Bennaunsr. IIpu pacuere A
+

HEO0OXOJMMO YUYUTHIBATh, YTO B CYXKAIOIIEHCS YACTH COILIa /ll <1, a B pacmmpsromeiics
A >1.

Ilpu Py < Pr < P; Teuenwe B pacimpsiromieics yacti OyaeT CMelIaHHbIM. B
5TOM Cllydae YKa3aHHBIM BBIIIE O0pPa3oM OMpeessieTcsl IUIoMAnb S CeYeHHs, B
KOTOPOM YCTAHABJIMBAaeTCSd CKA4YOK YIUIOTHEHHs. Pacder TedeHHss 1O CKayka

IPOBOIMTCS AHAJIOTMYHO TIpeAbIaylieMy. J03ByKOBOE 3HaueHHe A B MPOM3BOIBHOM
CeUeHnH S, 3a CKAYKOM ONPEIEIUTCS [0 3aBUCHMOCTH:
q(4)S, =q(4;)S, 4 <1
rae /IQ paccuutbiBaeTcs 1o dhopmyiiam (a) u (B).
Ilo HaiimeHHOMY 3Ha4eHHI0 A MOXHO ¢ ToMombio Tabmun Hatu A, 7(A4),

7(4), a sarem ompenemnts Py mo dopmyme (6) m meramemute V, =4 -a

i =4 Agp
Qpp = 2k RT,, P =P,,z(4), T. =T,7(A) B npousBonsHOM ceueHnH coruia.

k+1 !
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IIpu P. > P, teuenne nmo Bceit mmuHe comma Oymer no3BykoBeiM: A <1,

P,=PF., P,=P,. IlpuBenenHas ckopocTh rasa B BBIXOZHOM CCYECHHUM COILIA

HafI,HGTCH 110 3aBUCHUMOCTH:
_ Pa _ I:)C
n(4,) = 5 = h
a0 0
I[OSBYKOBOG 3HAUYCHHC j‘i B IIPOHU3BOJbHOM CCUCHHHU COILJIa OIIPECACIINTCA U3

YCIIOBHUSI PABEHCTBA PACXO/IOB B BBIXOJHOM U TIPOM3BOJIBHOM CEYEHUSX:
q(4)S; =a(4,)S,. a(4)<1
Io HaiinenHomy 3naueHnio (A ) moxuo naittu A <1, 7(4), 7(4), a 3arem
onpenemuts V, = A - 8,,,, P =Fx(4), T. =T,7(4) B npoussonsHoM ceyenu.
[Ipu pacdeTe pacCMaTpPHBAEMOTO TEYEHUs HEOOXOAMMO CHavana 1o (Gpopmymnam
(e), (k) Haiitu nasieHus cpenst Py u Py, ¢ HOMOLIBIO MpHBEIeHHBIX BbILIE HEPABEHCTB
ONPENENNTh PEKUM pabOTBl COIUIA, a 3aTeM MO (GOpMyJiaM HAWJEHHOTO PEKUMa

paccuuTaTh TEUCHHE Ira3a B COILIE.
[Ipn mpoexkTHpoBaHWU JpoOcCCesi Pa3BsI3KH OOBIUHO M3 COOOpakKeHHWl 3araca

HaBJICHUC B PCCHUBCPC PC 00eCIIeYNBAOT HECKOJIBKO MEHBIIIE H&HBBIFOIIHeﬁmeFO

snavennst P,, uwame Bcero (0,8+0,9)P,. Mnomwans S, onpenensior u3 ycnosust

B>°
obecrieueHus 3aqaHHOro pacxoxa depes comno G, mpu A =1. [Tnomans BeIXOAHOTO
CEUEHHs COIIa S, OHMPEACISIOT C OMOLIBI0 (hopMyT (a-1), HecXos u3 3HaueHus P .

Cnenyer OTMETUTh, UTO HEPACUETHBIE PEKUMbI UMEIOT MECTO U MPU UCTECUYEHUU
rasza depe3 Comlia ra3oJJMHaMUYeCKUX UCHOJHUTENbHBIX ycTpoilcTB (ITY) mpu Manbix
JABJICHUSX B TPENCOIUIOBBIX MOJOCTSIX. B a3ToM ciywae OombInoil  HUHTEpEC
MPEJICTABIISIET PACUET pacxoa ra3a uepes CoIulo:

Gl — lulg(l)l:)olg-l(_ﬂi)ampsl _ G(PO, PC,Sl,Sa),
0

mapaMcETpOB I'a3a B BLIXOJJHOM CCUCHUU:

vV, =V,(R,,P.,S.,,S,), P,=P,(R,,P.,S.,S,)

Y PEaKTUBHOM CHJIBL:

Fa = lea + Sa(F)A o PC) = Fa(P ! P 'Sl’Sa)’
I7Ie BEITUYMHBI, BXOJSAIIME B OTH (PYHKIIMOHAIBbHBIC 3aBUCUMOCTH, OIPEACIISTIOTCS
yKa3aHHBIM BBIIIIE 00pa3oM MpH Si = Sa. TUNWYHBIM BHUJ JTUX 3aBUCUMOCTEMN

MpUBEJIeH Ha puc. 1,6.
[Ipu wuccnemoBannu ['MY 0OBIYHO pacCCUMTHIBAIOTCS pacXOAHAs W CHIIOBAs

CTaTUYCCKHUEC XAPAKTCPUCTHKH, YCTAaHABJIMBAIOIOWC 3aBHUCUMOCTb pacxoja Gl )51

peaKTHBHOI cHibl F, OT OTHOCHTEIBHOrO HaBJICHHsS Trasa % B IIPEICOIIOBOM
0

IIOJIOCTH.
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N

IMopsaok BeINOJTHEHUs] padOTHhI.

N3yuuth oOlIME TONOXKEHUS TEOPUH HEPACUETHBIX PEXKHUMOB pabOTHI CcoOILia
JlaBans.

YCcTaHOBUTh B  OKCIEPUMEHTAIBHOM ycTaHOBKe coruio JlaBans BMecTo
cy>karoterocs apoccens (cm. j1ab. pad. Ne 6).

H3Mmensst ¢ IMIOMOIIbKO KpaHa HOaBJICHUC PC U3MCPUTb COOTBCTCTBYIOIIUC

3HAa4YCHUA JaBJICHUA Pa B BBIXOAHOM CCUYCHHH COILJIA.

[lo mnpuBeneHHOW BBIIIE METOJUKE paccuuTaTh TpaduKu 3aBHUCHUMOCTEH,
IIOKa3aHHBIX Ha puC. 1,6, paCXOAHYIO U CJIOBYIO XapaKTEPUCTUKHU COILIA.
PaccuuraTe pacnpeneneHre napamMeTpoB Trasa [0 JUIMHE coIula  IpHU
P. =(0,8+0,9)P, u nocrpours coorsercTByromme rpapukm.

Pacuetnbie popmyIib:
3asucumoctu (a)-(K) 118 ONpeleleHUs IUIOMIAAM S CEYEHUs, B KOTOPOM

YCTAaHABJIIMBACTCA CKAYOK YIUIOTHCHHA, H I[aBJIGHI/Iﬁ CpCabl PA )51 PB .

@opmysbl  JUIsl pacyeTa TEUYECHHM Tra3a B CBEPX3BYKOBOM, CMEIIAHHOM M
JI0O3BYKOBOM PEXKUMAX.
YpaBHEHUS PACXOTHOU U CHIJIOBOM CTaTUYECKUX XaPAKTEPUCTUK COILIA.

Hcxonurie naHHbIE:

K=14 R=287 2P°. T _-203K; P =n-10°Ila
ke K

d, =... , d=.., d, =..

a

KoHTpoIBHBIE BOITPOCHI:

KakoBbl ycliOBUSI CylIECTBOBAHUSI PEXKMMOB TEUYEHHUS ra3a B PaCIIUPSIONICIUCS
4yacTu comna?

Kak onpeaennts MECTONONO0KEHNE CKAUKa YIIJIOTHEHHUS] B CMELMIAHHOM PEXUME?
KakoB mopsinok pacdera mapaMeTpoB ra3a B INPOM3BOJIBHOM CEYEHHM COIUIA B
KaXXJIOM peKumMe?

KakoB nopsiok pacuera pacxoHOW U CHJIOBOM XapaKTEPUCTUK coria?
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JIABOPATOPHAS PABOTA. Ne 7.

HNCCIEAOBAHUE IIVIOCKOT'O TEHEHUA I'A3A C KOCBIM
CKAYKOM YIUVIOTHEHUA

HEJIb PABOTBDI:

I/I3yquHe OCHOBHBIX MOJOXXCHUM TCOPHUHU KOCOI'0 CKa4dkKa VYINIOTHCHUA,
HCCIICOOBAHHUC 00TeKaHUs KJIMHA CBCPX3BYKOBLIM ITIOTOKOM.

OCHOBbBI TEOPUH

PaccMoTpuM 3amady pacdyera OOTEKaHHS CBEPX3BYKOBBIM ITOTOKOM ILIOCKOTO
KJIMHA ¢ yIJIoM nojiypactsopa 0 (puc. 1, a).

& \e
BT,
: 1,0, 2t . Ve “Vzc v, 2, Van
A

> §8
> } Pz. sz,Sz. vﬁ . llan. & Va
> 8 0 /> e Vin
v v

a) 0)

Puc. 1 PacueTtHas cxema TedeHUs

[Ipu 3aMeHe HyJEBOW JIMHUM TOKA TBEPIOM CTEHKOM pacCMaTpUBAaceMOE TEYEHUE
MOJKHO CBECTH K TCUCHMIO ra3a BHYTpH TyIoro yria (puc. 1, 6).

JInsi HaXOXKICHHS KOJMYSCTBEHHBIX M3MCHCHHMN IMapaMeTPOB IMOTOKA B KOCOM
CKauKe YIUIOTHEHUS Oy/IeM UCIOJIb30BaTh YPABHEHU S, OTPAXKAIOIINE OCHOBHBIE 3aKOHBI
coxpaHeHusi. Ecniu 0003HaunTh WMHAEKCaMHM N W 7 HOpPMalbHBIE W KacaTelbHbIE K
JIMHUHU CKayKa COCTaBJISIIOIIME CKopocTedl  (puc. 1, a) To monyuum:

1) ypaBHEHHE HEPa3PHIBHOCTH:

PV = PV, (1)
2) ypaBHEHHUE KOJMNYECTBA JABHKECHHUS
— B IIPOEKIMH HAa HOPMAJIb K JINHUU CKAYKa:

P+ oV =P+ pNs, (2)
— B TIPOCKIIMH HA KAacaTEJIbHYIO K INHUU CKAYKa:
PVIVIT = p NV V)T (3)
3) ypaBHCHHE YHEPTHUU:
Vi tVie kK B Vo +Ve kB ] @
2 k-1p 2 k-1p,

N3 ypaBnenuii (1) u (3) cineayer, 4To
51



vV, =V, =V, (5)

T.€. B KOCOM CKauyKe KacaTelibHasi COCTaBIISAONIAasi CKOPOCTU HE MIPETEPIIEBAET pa3phiBa.

Kocoli ckauok YIUIOTHEHHS] SBJISIETCS MPSIMBIM CKAa4YKOM i1 HOPMAJIbHBIX
COCTaBJIAIOIMX cKopocTel (puc. 1, a). [loaToMy HOpManbHasi COCTABIAIONIAS CKOPOCTH
B KOCOM CKAaUKE€ YMEHBIIIAETCS OT CBEPX3BYKOBOI'O 3HAUYECHUS JI0 J103BYKOBOro. OHaKo,
3a CUET HEU3MEHSIOLICKCS KacaTeIbHOW COCTABISIONIEH B ILEJIOM CKOPOCTh Ta3a B
KOCOM CKa4yKe YMEHBIIIAETCSI MEHBIIIE, YEM B MPSIMOM, U OCTAETCSI CBEPX3BYKOBOM.

VYpaBaenue (4) ¢ yuetrom dhopmyiisl (5) MOKHO IpeoOpa3oBaTh K BUIY:

2 2 2
Vo, K B Vo kB .V
= +— + =1, —
2 k-1p 2 k-1p, 2
[locnennuii BHUJ ypaBHEHHsS SHEPIMM W YypPaBHEHUS, NPUBEICHHBIC BBIIIE,
MPEACTABIIAIOT COO0ON CUCTEMY YpaBHEHUH, OMUCHIBAIOIINX KOCOW CKAYOK YIIJIOTHEHUS.

OTa cucrema ypaBHGHI/Iﬁ HMCCT TOT JKC BHUI , YTO U IJIA IIPAMOIO CKa4dKa C TOM JIMIIIb
pa3HHueﬁ, qTO 34CCh BMCCTO IIOJHBIX CKOpOCTeﬁ JO M IIOCJIC CKadKa BXOIAT

HOPMAJIbHBIE COCTABIISIIOIIHE CKOPOCTEH, @ BMECTO SHTAIBINK |, B ypaBHEHHE SHEPIUH

(4a)

- 2
BxoauT BeimunHa |y —V) / 2. OTMeudeHHOE CXOJICTBO TO3BOJSIET BOCHOJIB30BATHCS
HOJy4eHHBEIMU paHee (cM. mabopaTopHyro pabory Ne5) pemreHMAMH Ut HPSMOTO

2
ckauka yriotHenus. Tak B dopmyne VV, = a,, I NpsAMOro CKayka HE00XO0AMMO

2 Z(K _1)lo o
samenuts V,, V, Ha V,, V,, ¥ BMecTo BeqnuuHEI a,, = —1, BBIYHCJICHHOM
K+

HUCXOAS M3 JHTAIBIIHHN io, MOJICTABUTh HEKOTOPYIO BEJIIMYUHY a;f, BBIYUCJICHHYIO
uexoms u3 —VT2 / 2:
o 2k=D( VE) L, k-1,
T k+1 (0 2 Pok+1 7
Torma monyunm
V,V,, =a2 ———V? (5)

CkopocTh, JaBlICHHE, TEMIEpaTypy M IUIOTHOCTh Ta3a 3a CKayKOM MOKHO
ONPENETUTD MO CIECAYIOLIUM 3aBUCUMOCTSM, MOJyYa€MbIM U3 YPABHCHUN (1) - (4):

V, = «/\_/; +V? (6)
- V /V2n (7)

P,=R +pv2 AV (8)
T,=T,+—— R — (V2 -V, ) 9)

Bemmunnet M, , A,, Py, T,y 1 p,, HaxomsTCs ¢ moMoOMIBIO HOpMyIT:
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M, =V,/a,; a, :a/kRTZ,

V. V.
A =—2=—2 P = 7(4), 10
17 a a 20 2/ (2) (10)

Kp 2 xkpl

P P
Tzo:Tz/T(/ﬁtz)’ P = R-IZ-O :g(;)'
20 2

st onpenenenus V,, , V,, p,, P, u T, no 3aBucumoctsm (5) — (9) HeoOxoxumo

3HATb YI'OJI HaKJIOHA CKa4YKa YINIOTHCHUA ﬂ .3 pI/IC1 BHUJIHO, YTO

tg(ﬂ—@) :VZn/Vr

Tak kak cormacHO ypaBHEHUIO (5)

V2n :i(afp _uv j

V,, k+1 °
a
V,, =V;sin g, (11)
V_=V,cos S, (12)
TO

: ~ VsinBcosf

[Tocneantoro hopMyity MOKHO Hp€06pa30BaTB K Bm:[y'

1——/11 cos’ 3

oy k+1
9(5-9) ﬂlsm pcospf (13)

I'padukn 3aBucumoctd 5 ot @, paccynTaHHble NPH Pa3IMYHBIX 3HAYCHUSIX

gncina A, u K =1,4, nokasassr Ha puc. 2.

W3 anammza TpaduKkoB BHAHO, YTO MPU yIiax KIWHA, MEHBIIUX HEKOTOPOTO

MaKCHUMAaJIbHOTO 3HaueHus O

max » OAHOMY 3HAYCHHIO 9 COOTBCTCTBYCT [Ba 3HAUCHMIA

ﬂ . OnmIT IIOKAa3bhIBa€cT, 4YTO HpI/ICOGIH/IHCHHBII\/'I K BCPIONMHC KJIIMHA CKa4OK

YCTaHaBJIMBAETCS MOl MEHBIIUM YTJIOM.

BepxHue BeTBU KpPUBBIX COOTBETCTBYIOT (DM3MUYECKH HEBO3MOXKHOMY CIyyalo
TEUYCHHSI Ta3a C MPUCOCINHEHHBIM K KIIMHY KOCBIM CKauKOM, TaK KaK YMEHbBIIIEHUE yTia
€ 110 HyIsl He MOXKET PUBECTH K yBeuueHuto yra [ 10 90° (mpsmoii CKadok).

IIpu 6@ >0, CKAYOK YIUIOTHEHHS OTPHIBACTCS OT BEPIIMHBI KIMHA |

CTAHOBUTCS KPUBOJUHEUHBIM (puc. 3).
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HCHTpaJIBHa}I YacThb CKadkKa INCPINCHAUKYIISAPHA K HAIIPaBJICHHUIO CKOPOCTHU Vl’ u

MO3TOMY B 3TOW 00JacTH 3a CKAYKOM CKOpOCTh OyzaeT n103ByKoBoH. Ilpu ynanenuu ot
OCH CHUMMETPUH YTOJ MEXAYy HANpaBICHUEM CKayka W HAIPaBICHUEM CKOPOCTH
YMEHBIIAETCS W B 3TOM OOJACTH 3a KOCBIM CKauKOM CKOPOCTb MOXET OBbITh
CBEPX3BYKOBOM.

[TonoxxeHne GppoHTa KPUBOJIMHEHHOTO CKayKa YIJOTHEHHUS M MapaMeTphl ra3a 3a
HUM MOT'YT OBITh OIIPENEIEHBI TOJIBKO C IOMOIIBIO YUCIEHHBIX METO/IOB.

B %0

- \ RN
60 7 }”9“ /} } f/
50 4 %:3/ 4}%254///

i
&

e
A

40

-

30 = T 3 !
20 ///:/
=i
10
0 G°

5 10 15 20 25 30 35 40 45
Puc.2. I'paduxu 3asucumocreit = f ().

Puc.3. KpuBoJIMHENHBIN CKaYOK YINIOTHEHUS.
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OBBEKTbBI 1 CPEACTBA UCCIJIEJOBAHMAL.

HacTrosmas pabora nocasieHa:
1) WM3ydeHHIO METOAMKHU pacueTa MapameTpoB ra3a 3a KOChIM CKAa4KOM YILIOTHEHUS
T10 M3BCCTHBIM 3HAYCHUAM yTJIa KIMHa € U mapaMeTpoB rasa rnepeji CKaukoM;
2) OIpeeIIeHUI0 BO3MOXXHOCTH MCIIOJIb30BAHMSI TIOTYYCHHBIX BBIIIEC YPABHEHUH JIIIs
pacdera pacCMaTpUBacMOI0 TEYCHHUS;
3) ompeneseHnIo BIUSHIS YIJia KJnHa € Ha apaMeTphl ra3a 3a KOCHIM CKauKOM.
OOTekaHre IUIOCKOTO KIMHA IPOU3BOJUTCSA IOTOKOM, OOpa3yrouuMmcs Ipu
HMCTEUYCHUM Ta3a W3 CBEPX3BYKOBOrO coruia. [IpuHnmMnmuanpHas cxema M ONMCaHUE
UCIIOJIb3YEMOM HSKCIIEPUMEHTAJIbHON YCTAaHOBKHM OBLUIM NPUBENECHBI B J1TA0OPATOPHOM

pabote No3. CxopocThb Haberaromero MOTOKAa
OTpEJENSIETCS C TMOMOINBI0 HAcajgka MO METOJUKE, U3JIOKEHHOW B JabopaTopHOI
pabote Nos. BriBonx 0 JOCTOBEPHOCTH TEOpUU KOCOI'0 CKaykKa

YILIOTHCHHUA ACIACTCA B PC3YIILTATC CPABHCHUA PACUCTHOI'O M IKCIICPHUMCHTAJIBHOI'O
3HAYCHUM HAaBJICHUS I'a3a 3da CKAYKOM YIINIOTHCHHA.

HHPOI'PAMMA PABOTDBI U OBPABOTKA PE3YJIbTATOB
IKCHHEPUMEHTA:

1. N3yunth 00mIME TOJIOKEHUS TEOPUH KOCOTO CKayka YIUJIOTHEHHS U
3apUCOBaTh  PACYETHYIHO CXeMy OOTEeKaHus IUIOCKOTO  KIJIMHA
CBEPX3BYKOBBIM IOTOKOM (puc. 1,a).

2. VCTaHOBUTH KJIMH M HACAJ0K JUI M3MEPEHUS CKOPOCTH CBEPX3BYKOBOTO
IMOTOKA Ha BBIXOJ€e comJia JIaBas.

3. BKJIIOYNTH YCTAaHOBKY M H3MEPHUTH CTATHYECKOE JaBJICHUE Y OOKOBOM
MOBEPXHOCTH KimHAa P, ., a Takke JaBICHHS N

P, BociprHnMaeMble EHTPaIbHBIM i GOKOBBIMH OTBEPCTHSIMH HACA/IKA.

4, [To meTonuke, U3M0XKEHHON B JabopaTtopHoil padote Ne5, onmpeaenuThb
NPUBEICHHYIO CKOpocth A, umcio Maxa M, crarmueckyro
Temmeparypy ,, cratndeckoe pmasieHne P, u  ckopocts V)
HaOerarouiero noToka.

S5. C nomorisio TpaduKoB, TPUBEIACHHBIX HA PUC. 2, HAWTH 3HAYCHUE yTiia
HAKJIOHA CKa4Ka yIuioTHeHus [3 .

6. Boruncants V,, =V, Sin S uV_ =V, cos 3.

7. Haiitu no d¢opmynam (5) - (10) 3HaueHuss mapameTpoB rasza 3a
CKa4KOM.

8. Ioctpouts rpaduku 3asucumocreii P, (8), V,(6).
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Q. CpaBHUTH TEOPETUYECKOE U SKCIEPUMEHTAIBHOE 3HAYCHUS JaBJICHUM
raza IocCjJ€ KOCOr0 CKauyka YIUIOTHEHUS U CAenaTh BbIBOA O
JIOCTOBEPHOCTH HUCIOJIB3YEMOU TEOPUHU.

Pe3ynbpTaThl 3aMEpOB U pacyeToB 3aHECTH B Tab.1 u 2.

Tabnuma 1.
Pzrép, P11 /11 Ml Tl’ Prs Vl’
H/ M H/ K K2/ m® Mfc
Tabmuma 2.

HOMep 6 , PZBKC , 2 pZ ) V2 y P20 ) T20 ) ,020 ) M 2 2/2
peKrnMa rpanu.

H/y® | HIm® | K | ke/a® | mfc | HIx® | K| ke/ s

—

~No o, owN -

HNcxonnpie TaHHBIC:

k=14. R=287 2P° . T _203K. 6=nzpao.
ke K

Pacuetnbie popmyIib:

1. ®opmyna amnst ompeeNieHrs CKOPOCTH HaOeraromero Mmoroka (cM. rpaduxu B
pabote No5):
P,r
—;O = T(4)
1
2. 3aBUCHMOCTH JIJIs OTIpEICTICHHSI ITapaMeTPOB Ta3a Mmepe CKauKoM:

T,=Teyr(4); P =PR; p= Pl/RTl;
2k

—RT
k+1

V1 = ﬂlaxpl; A = 10 *
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3. dopmyrna st onpesiesieHust yriaa [ (CM. rpa(bHKH Ha pHUC. 2):

1——21 cos® ,B

oy k+1
9(45-9) A/ sin Bcos B

4. CoorHomrenus st onpenenenus Vy,, V. :

V,, =V,sin g, V_=V,cospS.

5. 3aBHUCHMOCTH A OIIPCACIICHUA ITApaMCTPOB I'a3ad 3d CKAYKOM:

1 k-1 v\
V - a2 __V2 ,V — 2+V2 1 1n’
2n V Kp k+l T 2 2n T p2 V2

1in n

k-1
2 2 2
P, =P +pV2—pV2. T, T+2kR(vln—v2n).
6. Ypasuenus s onpenenenus M,, A,, Py, Toy, Oy
_V,/a,, 8 = JKRT, , 4, =2 = V2
aKpZ a‘Kpl
P T P Jo,
Po=—— Tp=—2r, Py =— =— 2.
7(4,) 7(4,) RT,, &(4,)

KoHTpoJibHBIE BOIIPOCHL.

1. Kak n3MeHsoTCs mapaMeTphl ra3a B KOCOM CKauKe YIUIOTHEHUS?
2. Kak ¢ momompio rpagukoB, MPHUBEACHHBIX HAa PHC.2, OMPEICIUTH IO

3aJaHHOMY 3Ha4eHuo uucia M, nHaGeraromero mnotoka yron kiamHa 6, TpH
KOTOPOM CKAUOK OTCOEIUHSAETCS OT BEPIINHBI KJIMHA?

3. Kak m3mensiercss yroa HakjioHa KOCOTO CKayka YIUIOTHEHHS TIPU U3MEHEHUU
anciaa M, HaGeraromero Ha KIuH HoTOKa?

4. B KakoM TOpAIKE OMPENESIOTCS MapaMeTpbl Tra3a 3a KOChIM CKauyKOM
YIUIOTHEHUS 110 U3BECTHBIM 3HAYEHUSAM MapaMeTPOB Ta3a Mepes] CKAaukoM ?

5. Tlouemy cKOpoCTh Tra3za 3a MOPHUCOCAUHEHHBIM K KIHWHY KOCBIM CKauyKOM
YVIUIOTHEHUS OCTAETCSI CBEPX3BYKOBOM?

6. KakoBo yCTpOMCTBO YyCTaHOBKM JUJII TIPOBEICHUS DSKCIIEPUMEHTAIHLHOTO
MCCIIEIOBAHUS PACCMATPUBAEMOTrO TEUEHUS?
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JIABOPATOPHAS PABOTA Ne 8.

WCCJIEJOBAHME MJIOCKOT'O TEUEHMS PACIIUPEHUST «TPAHATJISA-
MAMEPA». ONPEJAEJEHUE MTAPAMETPOB IJIOCKOT'O
CBEPX3BYKOBOI'O COILIA. ONPEJEJEHUE CUIBL, AEMCTBYIOUIE
HA ADPOJMHAMUYECKHU PYJIb B CBEPX3BYKOBOM IOTOKE.

HEJIb PABOTBDI:

N3ydyeHne OCHOBHBIX IIOJIOKEHHM TEOPHUM IUIOCKOTO TEUYEHHsI PACIIMPEHUS;
UCCJIENOBAHUE CBEPX3BYKOBOI'O IIOTOKA rasa, ABMXKYILIEroCs BIOJIb IIIOCKOM CTEHKH C
M3MEHECHHEM HAIPaBJICHUS; pAacUeT JIMHUM TOKA TEYCHMsS PACIIMPEHS W KOHTypa
IIJIOCKOT'O OTKPBITOTO CBEPX3BYKOBOI'O COIUIA, OIPEAEICHUE CUIIBI Ia30AMHAMUYECKOTO
BO3JICMCTBHS Ha TUIACTUHY B CBEPX3BYKOBOM ITOTOKE.

OCHOBBI TEOPHMN.
1. IToHsATHE O XapaKTEPUCTUKAX CBEPX3BYKOBOI'O TEUECHHUSI.

PaccmoTpum cHauana 001acTh pacnpoCTpaHEHUsl CIa0bIX BO3MYIIEHUM, KOTOPbHIE
BBI3BaHbl HEMOJABW)XHBIM MCTOYHHUKOM, HAaXOJSALIMMCS B MOTOKE ABMXKYILErOCs raza u
BO3MYILAIOLIMM €ro ¢ yactoToit 1/ .

Ha puc.l moxkasaHel Haxomgsmuiics B Touke M HCTOUHMK M TOJNOXKEHUS
chepruuecKux BOJIH, BBI3BaHHBIX 1, 2, 3 u 60j1ee CeKyH 1 Ha3al.

o v o
% v v
yd P
— _
LT a
Vea d \ V=a V>a
& - M — M
2
~ a
2a
a) 0) B)
Puc.1

[Ipu ckopocTH ABWKEHWS ra3a V , MeHbIIEH CKOpPOCTH 3Byka &, 00JacTh
pacnpoCcTpaHEHHs] BOZMYIIECHUN MPECTaBIAET COOON BCE MPOCTPAHCTBO, OKPYXKAlolIee
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ucrounuk. [Ipu V > a oGnacte pacripocTpaHeHus orpaHMYeHa KOHYCOM, 00pa3yromime
KOTOPOT'O Ha3bIBAIOTCS JUHUSAMHU BO3MyIleHHMss Maxa. Yron momypactBopa KOHyca
MOJKET OBITh OIIPEIEIECH U3 COOTHOILIECHUS:

sing = % - %A (1)
rie M - gucno Maxa.

Takum 00pa3oM, B KaXJI0i TOYKE IUIOCKOTO CBEPX3BYKOBOI'O ITOTOKA IO yIJIOM
O K BEKTOPY CKOPOCTH MOKHO ITPOBECTH JIBE JTMHUHU BO3MYIIICHUS Maxa, OT/ICIISIOIINe
HEBO3MYIIECHHBINA TIOTOK OT BO3MYIIEHHOI0. [I0CKOJIbKY B 00IIIEM Cllydae HalpaBICHHE
BEKTOpa CKOPOCTH W YUCJIO Maxa B pa3JIMYHBIX TOYKAX OTIUYAIOTCS APYT OT JIpyra, TO
HaIpaBJICHUE JTUHUK BO3MYIICHUS B dTUX TOYKAX TAK)KE OKa3bIBACTCS pas3IUYHbIM. B
CBSI3M C 3THM B T'a30JJMHAMHKE BBEJCHO BEChMa Ba)KHOE IMOHATHE XapaKTepUCTHK. OHH
MPEJICTABJISAIOT COOOM JIMHUU, KAacaTeIbHBIC K KOTOPHIM B KaXJIOH TOYKE COBIAIAIOT C
JUHUSAMH BO3MYIIEeHHs Maxa. XapaKTepUCTHUKH, HaXOSAIIMECs CJieBa M CIpaBa OT
BEKTOpa CKOPOCTH, OTHOCATCSA K NEPBOMY M BTOpoMy cemeiicTBam. Ecim mapamerpsl
ra3a BO BCEX TOYKax OJMHAKOBBI, TO XapaKTCPUCTHKU IPEICTABIISIOT COOOM IMpsSMbIC
auHud. OCHOBHOE CBOMCTBO XapaKTECPHUCTHK, KaK M JIMHUKA BO3MYIIICHUS, 3aKIF0YACTCS B
TOM, YTO HOpPMaJIbHasl K HUM COCTaBJISIONIAs BEKTOpa CKOPOCTH paBHA CKOPOCTH 3BYyKa
a(cM. puc. 1, B).

2. Cucrema ypaBHEHUM, onuchiBatomux Teuenue [lpanaris-Maiiepa.

PaccMoTpyM paBHOMEpHBIN, MOTYOECKOHEUHBI CBEPX3BYKOBOM IIOTOK rasa,
JIBWKYIIErocss BIOJb TUIOCKOW cTeHku AQO, kotopas B Touke O HU3MEHSET CBOE

HampasJieHHe Ha yroi O, (puc. 2).

B pesynprate moBopoTa Ha yroa O, ra3 pacUIUPSETCs, BCICACTBHE 4YEro

CKOpPOCTbh T'a3a YBEJIMYUBAECTCA, a TEMIIEPATypa, JABJIICHUE U IUNIOTHOCTh YMEHBIIAKOTCS.
VYrinoBas Touka O sBISETCS HMCTOYHUKOM BO3MYIIEHHUS HAOEraroImero IMoToKa.
HeBo3mymennbiii  Haberaromuii TMOTOK OyAE€T OTACNIATHCS OT  BO3MYIIEHHOTO
xapakTepuctukoii OB mepBoro cemeiictsa, KoTopas B cuiy Toro, 4ro uucio M Bo
BCEX TOUYKaX HaOEraromiero mNoToka OAMHAKOBO MPEICTABIIsAET COO0H PSIMYIO JIMHUIO.
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v P.P, —— / 5
I.1, , Vs
go S s 7 .
_ V
P, Po b/ /7 ’
7 /.//I‘ a2 &, | I_/:’PZ’];:pz
TZTTT T T 7777777777 P X
e

Puc.2
JIuans OB pacmonoskeHa MOA YIIIOM @ K Bektopy ckopoctd V. Yroa o

onpezensiercs u3 cootHomenus Siney, =1/M; .

C npyroii CTOpOHBI, Pa3BEPHYBIIHIICS CBEPX3BYKOBOU MOTOK OyAET OTIAEISATH OT
30HbI pazBopota BO/] muaus O/, koTopas Takke SABISETCS XapaKTEPUCTUKOU MEPBOTO

ceMelcTBa M MPEACTaBIsieT co00i MpsIMyIo JIMHHIO, B CHIy TOro, 4ro uucio M, Bo
BCEX TOYKAxX pa3BEpHYBLIErocs MOTOKa oauHakoBo. Jlmnmsa O/ pacnosoxkeHa mnon
YIIOM O, K BEKTOpy ckopoctd V,, rae «, ONpemesisercss W3 COOTHOLICHHS

sina, = ]/ M, . 3ameTnm, 4TO BCe NPsIMBIC JIMHUH, BBIXOJSIINE U3 yIiI0BOit Touku O u

HaxoJImecs B 30He pazBopota BOJI, Taxke SBISIOTCA XapaKTEPUCTHKAMU.

3amauell pacdeTra pacCMaTpUBAEMOI0 TEUYEHUS SIBISACTCS OMpPENCNICHUE TPAHMII
30HBI pa3BOPOTa U MAPAMETPOB ra3a B 3TOM 30HE.

BBeneM mNoOnspHY!O CHUCTEMYy KOOpAMHAaT ¢, I, B KOTOpPOH yroi @

OTCUUTBIBAETCS OT OCH Y BIpaBo, a paguyc I - oT yriaoBoit Touku O 10 NpOU3BOJIBHON
TOYKHM, HaxXojsencs B 30H¢ pa3Bopota. (O003HAYMM COOTBETCTBYIOIIHE
COCTABJISIFOIINE BEKTOPA CKOPOCTH V(p uV..

[TockonbKy BCE XapaKTEpUCTUKH, HCXOoAsume u3 yrioBoil Touku O,
NPSAMOJIMHEWHBI, TO BJIOJb Ka)KJIOM XapaKTEPUCTUKHU MapaMeTpbl rasa OJWMHAKOBBI U

oV, Jor =0, &V, Jor =0.

PaccmarpuBaemoe TedeHHE SIBISETCS TUTABHBIM YCKOPEHHBIM U O€3BUXPEBBIM.
[Tostomy tmpkynsuus | BEKTOpa CKOPOCTH IO JIH000OMY 3aMKHYTOMYy KOHTYpy L,
HaXOJAILIEMYCS B 30HE pa3BOPOTA, paBHA HYJIIO:

= ¢ Var.
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[Ipumenum 310 ycnoBue k anemeHtapHoMy KoHTYpy MRNK, cocrosmemy u3
OTPE3KOB JIBYX PaJinyC BEKTOPOB U JIBYX IYyT, 00XOAsl KOHTYp I10 4aCOBOM CTpeJIKe (pHUc.
3):

v, oV,
Al'==V rAp+V.Ar+|V + Ar (r+Ar)Ag0— V. + o0 A@ |Ar=00rc

or
8V¢, ov, ov, dv,
10/1a, YYUTHIBAS, YTO =0, =0, = —, HoJIy4aeM
or or op do

()

Puc.3
[IpumeHnM 1711 KaXXJIOW JJIEMEHTAPHOU CTPYHMKM pPacCMaTpUBAEMOrO TEUECHUS
ypaBHeHUE bepHyun:

Vi kP
__|___:0
2 k-1p
YuuTbeiBasi COOTHOIICHUS:
VZ=VZ+V? a’=kP/p =L g
o 0 2k-1)

npeoOpa3yem ypaBHeHne bepHym kK BUAY:
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2
V? +V¢, N a®  k+1 .
2 "2 k-1 2k-1

[TockonbKy HOpMajibHas K XapaKTEPHCTHKE COCTAaBISIONIAas BEKTOpPAa CKOPOCTH
paBHa CKOpPOCTH 3BYKa, TO

3)

V¢ =a
Torna u3 ypaBHenus (3) HaXoUM
2
V2 _ k+1 a2 _\/_¢(1+ 2 J
2 2k-1) " 2 k-1

Otcrona

[Toncrasmuss V(p B ypaBHEeHHUE (2), UMeeM

dVr :\/aZ _Ev2
do

P&?;I[GJI}IH MMEPEMCHHBIC 1 UHTCTPUPYS IMOCIICAHEC YPABHCHUC, 3aIIMChIBACM

,k+1 : V,
@+C=, |——arcsin————,
k-1 k+1
,/a
k-1

WU
k+1 : k-1

V,=——-a_siIn|,[—(¢p+c 4

k1w { r1? )} @

Cocrasinstomas V(p OTIPEJICIUTCS C IIOMOIIIBIO ypaBHEHUH (2) 1 (4):

k-1

V. =a=a_cos|,[—(p+c)]|, 5

,=8=23, { 1\ )} ©)

a CKOpOCTb Tra3a — ¢ moMotibio hopmyn (4) u (5):

1. k-1 ) k-1
VZ=v2ay2=g2 I8 gzl 720 oy [ 1sin?] 22 (o +
"V “”{K—1 ety o)

Otcrona

e ] 0
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Jlnis onpeneneHus MOCTOSHHOM MHTErpupoBaHus nmpeolOpa3dyem ypaBHeHHE (6) K

BUJTY
k+1 i k-1
+C=.[—=arcsin, [(1? -1)—=

7 1/k_1 \/( ) >

T
VYuuteiBas, 4to @ = E —a+ O (cM. puc. 2), 3aIUChIBAEM

sina=1/M, a:arcsinﬁ, M=1(1).

Otcrozia mosry4num

c+5=,/warcsin\/(iz—l)ﬂwrcsin : Z=0().
k-1 2 M(1) 2

[TocTostHHYIO MHTETpUpPOBaHUs C HaWJEM U3 YCIOBUS, UTO MPU

=0, 6=0, 1=4,
c= k)

VYpaBuenus (6) u (7) ¢ yuerom Gpopmysl (8) IpuMyT BUA

. ,k—
A= 1+ésm { ﬁll[go+a)(ﬂl)]} 9)

5 =w(2)-o(h). (10)

Jlnst pacueta teuenus [Ipanaris-Maiiepa He0OX0OAUMO:

(8)

1) 3Has OKOHYATENHHBIN Yrol pa3sBOpPOTA IOTOKA O.,, Haitu mo ¢gopmyne (10)
dyuxmmo @(A,) usarem A, u M,;

2) onpenenurts @, U @, 1o (Gopmynam:

-

72- . H .
0 =5 smal:}{/ll,

T o
\¢2:E—a2+52, smazz%/lz.

3) 3amaBasch pAJIOM 3HAUYEHHH @ B npeenax @, < @ < @, Haitu no Gopmynam

(9) u (10) psan Texymux 3nauenuit 4 u &, 7(4), 7(1), (1), a 3arem paccuurars
psin 3uavennii P, T, puV:
P=Rz(1), T =T,z(4), p=pye(4), V =44
[Ipu pacyere paccMaTpUBaeMOTO TEYCHHUS YIAOOHO HCIIOJIB30BATH TAOJMILY HIIH
rpaduk razoauHamuueckoit pynxmun @(A).
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3. Pemenune npukiaaHbIX 3a1a9 OOTEKaHUS TE.

PaccmoTpuM  mpuMepbl MPaKTUYECKOTO HCIOJIb30BAaHUS TOJYYEHHBIX BBIIIE
ypaBHEHUH, onuckiBaromux TteueHue llpannrns-Maiiepa, sl penieHUs: HEKOTOPBIX
NPUKJIAJIHBIX 3a7a4.

[Ipumep 1: Pacuer nuHUI TOKa B CEKTOpE BO3MYIICHUS MIPU MOBOPOTE MOTOKA Ha

3a[aHHbIH yroa O, .
[Ipu penieHny psjia MPAKTHYECKU BAXKHBIX 33/1a4 HEOOXOAMMO UMETh YPaBHEHUE

HJI pacucTa JIMTHUH TOKa B CCKTOpPC BOSMYHICHHﬁ.
PacuetHas cxema pacCMaTpuBacMOro TCUCHU II0KAa3aHa Ha pUC. 4,

V1>a.l yh ¢

R

————

""—-—-c-

e

£y

Puc. 4. PacuetHast cxema T€YEHHs ITPU ITOBOPOTE MOTOKA.

Tak Kak MacCOBBIM pacXxoJ MEXKIY CTEHKOW M pacCMAaTPUBAEMOM JIMHHUEN MOTOKA
IIOCTOSIHEH, TO U3 YPABHEHUS HEPA3PBIBHOCTH UMEEM

pvgp rl:plv(plrll

YuuTeIBas, 4TO le =@, (ycJI0BHs Ha XapaKTEPUCTHUKAX ), OTCIOJA MOy4UM

r_np3
n o pa
Henst uncnurens M 3HAMCHATeNb NPABOH 4YacTH Ha o8, W Y4UThIBas
COOTHOINIICHUA
KRT Tz(4) [k+1 .. a
ai = 2k 1 = 02 Al = 2 2'(/11)’ a— =
Kp 7RTO —T, Kp
k+1 k+1
P = pe(A); p=pee(A),
MOJTYyYNM

r_s() |z(4) (1)
noe() V(4
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Pacuert nuHMM TOKA TPOU3BOJIUTCS B CIEAYIOIIEM MOPSAKE:
1. Jlns 3amaHHBIX IapaMeTpOB HaOeraromero IMOTOKa IO IyHKTaM I1.1-+1m.3
IPUBEACHHOM BbIIe MeToauKy onpenenuts C, ¢, u @, .
2. 3anaBasich pANOM 3HAYE€HWH () B mpenenax @ <@ <@, 1o ypasHeHuio (9)
Haiity 3Hauenus A, a satem £(A) u 7(1).
3. Ilo cootHomenuto (11) HaliTu psig 3HAYCHUI r/ I}, a 3aTe€M COOTBETCTBYIOLIHE

3HaueHud I IIpu W3BECTHOM BEJIMUHUHE rl.

[Ipumep 2: Pacuer IMHUK TOKA B CEKTOPE BO3MYILIEHUS IPU PACIIUPEHUN MOTOKA
B cpeny ¢ maBieHueM P.. PacueTHas cxema paccMaTpUBaeMOro TEUCHHs MOKa3aHa Ha
puc. 5.

- V17 Q4 | )

P,
T

5

Puc. 5. PacuetHas cxema TeyeHus pU PACIIMPEHNHN B CPENlY C 3a1aHHBIM
JIABJICHUEM.

IIpu ucTeYeHHH ra30BOro MOTOKa, Meromiero aasienue P, > P., touka O taxke
SIBJISIETCSI ICTOYHUKOM BO3MYILEHUW U MOTOK IOBEPHET HAa HEKOTOPBIM YTrOJI 52. ITpu
3TOM, KaK M B CiIy4ae OOTEKaHHs TYIOrO yIia, CKOPOCTb MOTOKa yBenuuutes 10 V,, a

nasneHue B HeM ymensmures 10 P, = P..

Pacuer paccMaTpuBaeMOro TEYCHHs MOXKET OBITh MPOBEACH IO MPUBEIACHHBIM
BBIIIIE 3aBUCHMOCTSIM B CIICYIOIIEM TOPSIKE:

1. JIns m3BeCTHBIX NapamMeTpoB B HabOerawlleM MOTOKE IO 3aBUCUMOCTH ()
onpenenuTh Benuunny C .

P
2. Tlo usBectubM 3Hauenusm P, = P. u P, Berancoums 7(4,) =" C p » @ 3aTeM
0

1o Tabiuiam razoanHamMudeckux Gyskumii 3Hauerns A, u M,
3. Ilo coornomenuo (10) HaliTH yroa moOBOPOTa IOTOKA O,, ONPENEIHB
HpeBapUTEIBbHO 3HAYCHUS (A, 1 w(A;).

4. Tlo nyHktaM 1m.2+1.3 METOAMKUA MpuMepa | paccuutarh JIMHUM TOKa
paccMaTprUBaEMOro TEYEHHUSI.
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[Ipumep 3: OmpeneneHue mapaMeTpoB IJIOCKOTO OTKPBITOTO CBEPX3BYKOBOTO
coruia, paboTaloLIEr0 B paCUETHOM PEXKUME.

B cucremax ynpasiieHus JeTaTeIbHBIMU anmapaTaMu Hapsly ¢ coruiamu JlaBans
U KOJIBLIEBBIMM COIUIAMHU TOJYYWJIM NPUMEHEHUE IUIOCKUE OTKPBITHIE CBEPX3BYKOBBIE
CcoIlIa, KOTOPbIE MO3BOJISIIOT O0JIee MPOCTO PETYJIMPOBATh Pacxo] ra3a 4epe3 COIUIO U
pEaKkTUBHYIO Cuily. B Takux comiax yBEJIMYEHHE CKOpPOCTHU raza OT KPUTHUECKOIO

3Ha4YeHUss V, 10 PacueTHOro CBEPX3BYKOBOrO 3HadeHWs V, IPOMCXOAUT 3a CUET

pacumpeHus MOTOKa BONU3M YrioBOW Touku A 10 maBieHus HapyxHOU cpemsl P
(puc. 6).

a) &PQ 6)

I
Y
T

Puc. 6. K PacuCTy IIOCKOI'O OTKPBITOI'O COILIA.

[Ipyu mpOEKTUPOBOYHOM pacueTe CoIjla OOBIYHO OBIBAIOT M3BECTHBI MapaMeTPhI
rasa B IIPEACOIUIOBOM MOJIOCTH M 3HAYEHMS PEaKTUBHOM cuubl F, coszmaBaemoit mpu
HMCTEUCHUM rasza uepe3 corio. B pesynprare pacyera HEOOXOAUMO HAWTH 3HAYEHUS
KOHCTPYKTHBHBIX I1apaMETPOB COILIA, OOECHEYMBAIOIIETO 3aJaHHyI0 cuily F  mpu
MHUHUMAJbHBIX 3aTpaTax raza. KomuuecTtBo moTpedsisieMoro raza OyAeT TEM MEHBbIIIE,
YeM MEHbIIIE€ BOJHOBBIE MOTEPU TMOJHOTO [ABJIICHHS Ha CKaykax YIUIOTHEHHS,
MOSIBIISIIONIUXCSL TP Pa3BOPOTE MOTOKAa B coruie. BoiHOBbIE moTepu OyayT paBHBI
HYJII0, €CJIM KOHTYp coruia OyAeT BBINOJHEH MO JIMHUM TokKa TeueHus l[lpanmris-
Maiiepa (cM. puc. 6,0). [loaToMmy NMpOEKTUPOBOYHBIN pacyeT paccCMaTPUBAEMOI0 COILIa
MOYKHO IIPOBECTH B CIEAYIOLIEM MOPSIKE:

1. Onpenenuth pacxoj ra3a uepes Corio mo GopMmyiie:

F
G1=\/—a,
rac
P P
V,=24a, #n(l)="==-—=, a_=
P Po Po p

2. BeraucinThb omaab KPUTHICCKOI'O CCUCHU COILIA:
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— Gl RTO
lulOg(l) POaKp |

1

y y S
3. 3amaBasch MMPHUHOIL corula &, Haiitu BeicoTy 0, = 7% a, ;

4. o dopmysne (10) BpraucauTH yron nosopora noroka 8, mpu 4 =4, =1,

A =4, By=PR, T, =T, u 3arem onpeaemuTs yroa mpeaBapuTenbHOrO MOBOPOTA

cormia 92%—5;

5. yKa3aHHBIM BBIIIE CIOCOOOM pPAacCUMTaTh JIMHUIO TOKAa TedeHus I[lpaHaris-
Maiiepa, KOTOpasi OTCTOMT OT yIJIoBod Toukr A Ha paccrosauu I, =0, u npunsre eé

34 KOHTYP IINIOCKOI'0 OTKPBITOI'O COIlJIA.

[Ipumep 4: OnpeneneHue CUIlbl, ASUCTBYIOIIEH HAa a’pOJMHAMHYECKUN PYIib B
CBEPX3BYKOBOM IIOTOKE.

PaccmoTtpum ciywail, korga pyib uMmeeT (opMy IUIACTHUHBI, PACIONIOXKEHHON B
CBEPX3BYKOBOM ITOTOKE 101 HEGOIbIIUM yriioMm 6 (puc. 7).

Puc. 7

B stom cimydae Haj miacTMHOM oOpasyeTcsi TEUEHHE ra3a C KOCBhIM CKauyKOM
YIUIOTHEHUS, a MO/l INIACTUHOW T€YEHUE PACIIMPEHUS. 3a TIACTUHON MOTOK MPUHUMAET
MepBOHAYAJIbHOE HaIpaBJIeHWE, U B BEPXHEH €ro 4actu OyAeT HaOIIoAaThCs TEUEHUE
paclIMpeHus, a B HUKHEHN - TEUEHHUE C KOCBIM CKauKOM.

Cuiy ra3oaMHaMU4eCcKOTO BO3JEHUCTBHUS Ha TJIACTUHY Fm MOKHO OIPEICIIUTh B
CJIEYIOIIEM TTOPSJIKE:

1. [To ypaBHEHUMSM, ONHUCHIBAIOIIMM TEYEHHUE Ta3a C KOCBIM CKadKOM

YIUIOTHEHUS, HANTHU JaBJICHUE HaJ TUIACTUHOU PH .

2. [To ypaBHEHUAM, ONKCBHIBAIOIIMM TEUEHUE PACUIMPEHHS, BBIYMCIUTH

nasieHne nox wiactuaoit P, npu 0, = 6.

67



3. Berauciuth cuiy ra30IMHaMHYECKOTO BO3JICUCTBHS Ha TUIACTHUHY I10
dbopmyie
F.=35,.(F—-F)

rme Sm— IUIOIAAb IIACTHUHEL.

OBBEKTHI 1 CPEACTBA NCCIIEJOBAHUA.

Hacrosias nadbopatopHasi paboTa MocCBsIleHa:
1. U3yueHnro METOAMKHN pacyeTa TPaHHI] 30HBI pa3BOpOTa U MapaMeTPOB
rasa B 3TOU 30HE.

2. OnpeiesIeHHIO BIUSHUS yIia [OBOPOTA MOTOKA O, Ha MapaMeTpsl rasa

B 30HE PaCIINpPEHUSI.
3. OmpesenieHUI0  MapamMeTpoB  IJIOCKOTO  CBEPX3BYKOBOTO  COILIA,
paboTaroIIero B pacuYe€THOM PEKHUME.
4. OnpeieNieHuIo CUITBI Ta30JMHAMHYECKOTO BO3ICHCTBHSI HA TIACTUHY.
Oo6tekanue crenkn AOC (puc. 2) mpoU3BOAUTCS MOTOKOM, 00pa3yrolmuMcs Mpu
HCTEUYCHUU Ta3a W3 CBEPX3BYKOBOro cormuia. lIpuHIMMUanbHAs cxemMa W OMNHCAHHE
HKCIIEPUMEHTAJIBbHON YCTAHOBKM OBLIIM MPUBEJEHBI B 1a00opaTopHOil padote Ne 3.
CkopocTh Ha0erarero IOTOKAa OIpeNeseTcss C TMOMOIIbI0 Hacajaka Mo
METO/IMKE, U3JI0KEHHOH B JJabopaTopHoil pabote No 5.
BbIBO O TOCTOBEPHOCTH TEOPUHU IJIOCKOIO TEUEHUS PaCIIMPEHMs JENaeTcsl B
pe3ysibTaTe CpPaBHEHUS PACUETHOIO M HKCIEPUMEHTAJIBLHOTO 3HAYEHUN JIaBJICHMS
pacIIMpeHHOro MOTOKa rasa.

IHPOI'PAMMA PABOTBI U OBPABOTKA PE3YJIBTATOB
IKCHHEPUMEHTA:

1. M3yuuTh 0OIIME MOJOKECHUS TEOPHH TJIOCKOTO TEUCHUS PACIIMPEHUS W 3apHUCOBAThH
pacueTHyo cxemy(puc. 2).

2. YCTaHOBUTH IJIOCKYIO CTEHKY M HAacaJOK JJIi U3MEPEHUS CKOPOCTH B HaOeTaroIeM
CBEPX3BYKOBOM TOTOKE.

3. BximtounTh yCTaHOBKY M M3MEPHUTh CTaTUYECKOE JIaBJIICHUE PACIIMPEHHOTO IMOTOKA.
R,
OTBEPCTHSIMHU HacaJIKa.

4. Tlo wMeromuke, W3JI0XKEHHOM B jaboparopHoit pabore Neo 5, omnpenenutsb

e @ TAKKE JaABIICHMS P,y uP; , BocpuHMMaeMble IEHTPAILHBIM U GOKOBBIM

MpUBEICHHYIO CKopocTh A,, umcno Maxa M,, cratnueckyro temmeparypy I,

CTaTHYCCKOC JaBJICHHUC R'_ U CKOPOCTH V1 Ha6erafomero ITOTOKaA.

5. Ilo mpuBeneHHOM BbIlIE METOAUKE paccuuTaTh TeueHue [Ipanarns-Maiiepa, npuHsB
B Ka4yeCTBE MapamMeTpoB HAOETalomero MmoTOKa MapaMeTphl ra3a Tepen MPSMbIM
CKaYKOM YTUIOTHEHUS.
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Pe3ynbpTaThl 3aMEpOB U pacyeTOB 3aHECTH B TAOJIUIIBI 1 1 2.

Tabmura 1.

H H ) V )
PZO ! Pl ! ﬂi M 1 Tl ! pl ! PZaKc !

a | Ila K K%d ; f% Ia

Tabmma 2.
Ne /1 2 ﬂ ﬂ 5’ T, P, /0’ V;
|0 2] 0@ | 70) 2D ) | D /|
1
2
3
4
5
6
7
8

6. Paccuntath KOHCTPYKTHBHBIC TMapaMeTpbl IUIOCKOTO OTKPBITOTO  COIIA,
00ecTeunBaoIIEro TPeOyeMyI0 PEaKTUBHYIO CUITY.
/. Ilo mpuBeneHHON BBIILIE METOJMKE PACCUUTATh CHIIY BO3ICHCTBUSA Ta3a Ha

IUIACTUHY ¥ nocTpouTh rpaduku 3asucumoctn F (M, >1,60).

HUcxonupie naHHBIC:

k=14, R =287 Aoxe ; 0, =N rpafp,.; S, =1m°.
ke K

Pacuetnbie popmyIib:

1. 3aBUCUMOCTB ISl ONIPEIeNICHUsI CKOPOCTH HaberarIero moroka (cMm. rpadux
K padote Ne 5):
LUBON
- 1
5}
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2. 3aBHCUMOCTH JUIS OIIPE/IEIICHUS TapaMETPOB I'a3a B HAOETraroIEM MOTOKE:
T, :TOT(Al); P = Pl/RTl; P = P1/7T(/At1)a
2k

Pl = P].H’ Vl = aKplﬂl; aKpl = m R-I-O '

3. 3aBucumoctb 11t onpexencHus @(A,):

(4,) = () +6,

4. ®opMyIBI I ONIPEACIEHHUA () U @,

( 72- . H .
0 == smal:}/Ml,

7T o
k¢2=5—a2+52, smazz}{/lz.

5. 3aBUCUMOCTH 18 onpeaeNeHus A u O :

| k-
A= 1+ésm '/k—i[¢+w(ﬂl)] 0 =w(l)-w(l,).

6. ®opmysr st .onpenenenust P, T, p, V:
P=Px(A), T=Tt(A), p=P/RT, V = a_A,

7. IlpuBeneHHsie B jabopatopHOil paboTe No 7 ypaBHEHUs AJisl ONpeAcsiCHUs

JaBJICHHUs HaJl TIacTHHOU P, .

8. @opMmyna [js ONpEAENeHHs] CHJIbI Ta30JIMHAMHYECKOTO BO3ACHCTBUS Ha
MJIACTUHY:

F.=S_ (P, —P).
KOHTpOIBHBIE BOIIPOCHL:.

Uto Ha3bIBAETCS TUHUEH BOZMYIICHHUS ?
KakoBO OCHOBHOE CBOMCTBO XapaKTEPUCTUK?
KakoB nopsnok pacuera teuenus [Ipanarnsa-Maiiepa?

Kak MeHsFOTCsI mapaMeTpsl rasa 1ocJjie IoBopoTa IIOToKa Ha yron o, ?

o ~wbhE

KakoBo ycTpoiicTBO YCTaHOBKH JJIsI TPOBEICHUS SKCTIEPUMEHTATBHBIX
HUCCIeI0BaHUN?

[ToueMy ckOpOCTh ra3a MOCe PACHIMPEHUST OCTACTCS] CBEPX3BYKOBO?

KaxoB mopsitok mpoeKTHPOBOYHOTO pacyeTa MI0CKOT0 OTKPHITOrO Coria?

8. KaxoB mopsiiok pacueTra cuibl BO3ICHCTBUS Ta3a HA TUIACTUHY, MOMEIIEHHYTO
B CBEPX3BYKOBOM MMOTOK?

~N o
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JIABOPATOPHAS PABOTA Ne 9.

HCCJEJTOBAHUE ITIOTPAHUYHOTI'O CJIOA Y IIJIOCKOW CTEHKH.

HEJb PABOTHDI:

Teopernyeckoe M HKCIEPUMEHTAIBHOE MCCIIEJOBAHUE MOTPAHUYHOTO CJIOS Ha
Tiockoi ctenke. Onpeaenenue npoduisi CKOPOCTH U PEKUMA TEUCHUS B IOTPAHUYHOM
CJI0oe, TOJIIMUHBI TOTPAHUYHOTO CJIOSl, TOJIIMHBI BBITECHEHUS, TOJIIMUHBI TOTEPU
UMITYJIbCA U CUJIBI TPEHUS, ACUCTBYIONIEH Ha OJHY CTOPOHY IJIOCKOW CTEHKH.

OCHOBBI TEOPHMN.

Bcro o65acTh TeueHus ra3a 0KoJIO TBEPJOTo Teja MOXKHO pa3AeiiuTh Ha JIBE 30HBI:
HETMOCPEACTBEHHO MPHUMBIKAIOIIYI0 K TeNly, TJe CKa3bIBaCTCAd BIMSHHUE BS3KOCTH, U
BHEIITHIOIO 30HY, TJI€ CHUJIAaMH BSI3KOCTH MOXHO TMpeHeOpedb W paccMaTpUBaTh MOTOK
Kak HeBs3Kui. O0acTh MOTOKA, HETIOCPEICTBEHHO MPUMBIKAIOIIAS K TEITy, HA3bIBACTCS
NOTPAaHWYHBIM CJI0O€M. B 3TOM cjoe ra3 moj JAEWCTBHEM CHJI BSI3KOCTH IO MeEpe
npuOIMKEHNsT K HEMOJBIKHOM CTEHKE MOCTEIEHHO MPUTOPMAKUBAETCA, a Ha CaMOM
CTEHKE CKOPOCTh I'a3a YMEHBIIAETCS N0 HyJsl. BHEMHENW rpaHuIel IOrPaHUYHOTO CIIOS
O TPUHATO CYMTATH Ty JIMHUIO, HA KOTOPOH CKOPOCTb OTJMYAETCS OT MECTHOM
CKOpPOCTH BHEILHET0 MOTOKAa Ha OAWH NpoueHT (puc. 1). ToamumHa norpaHu4yHOro Ciost
HEBEJIMKa [0 CPAaBHEHUIO C pa3Mepamu Tefa. TeueHue BA3KOro ra3a B 3TOM CJI0€ MOXKET
OBITH JTAMUHAPHBIM (CIIOMCTBIM) U TYpOyJeHTHBIM (OecropsiaouHbiM). B mociennem
cityuaae npouns ckopoctu V (Y) oxasbiaercs 6osee BHITYKIBIM.

NHTerpupoBaHne ypaBHEHHI, ONMCHIBAIOIIMX JIBM)KEHUE  BSA3KOrO  rasa
B MOTPAaHUYHOM CJIO€, CBA3aHO C OOJIBIIMUMH TPYAHOCTSIMU B CHIIy UX HEJIMHEWHOCTH.
[loaTOMy Ha TpakTHUKE YacTO HMCHOJIb3YIOTCS MPUOJMKEHHBIE METOIbl pacuera. ITH
METO/Ibl OCHOBaHbIHA KCIIOIb30BAHUHU OMBITHBIX JJAHHBIX N0 BUY MPO(UIIL CKOPOCTU B
ITIOIPAHUYHOM CJIOE.

Y y

o/

E—
Vs

Puc.1. K onpenenennio TOMMMHBI TOTPAHUYHOIO CIIOS;
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I[JISI JJAMUHAPHOT'O IIOT'PAHUYHOTO CJI0A PACIpPeCACICHUC V (y) MOJKHO BbIPA3UThb
MHOTI'OYJICHOM:

V y yY yY
v Ab+A15+A2(5j +A3[§J +... (1)
O06o03HaUYNM
Vv, Y,
Vv, o
" OIpaHUYIUMCA YCTBIPbMS YICHAMU ITOJIMHOMA.
Torna

-

V= A+ An+ AR’ + A+,
dv
- A +2An+3An°%
7
o
d \g =2A, +6A7.
dn

N

S

Hemssectnole koapdummentsr A,, A, A, A, mHalizem u3 crenyromux
IPAHUYHBIX YCIOBHUM:

— v
—mpu =1,V =1u (;—:O, A+A+A+A =1 A+2A +3A,=0;
n
— o dV 0 |
-mpu =0,V =0, an =0 (r.e.mpu y=0,V, =V, =0):
A =0, 2A =0.
5 3 1
Otrcroga Haiinem, uto A = > A = > U ypaBHEHHUE paCIpelesIeHHs] CKOPOCTH B
JIAMMHAPHOM TIOTPAHUYHOM CJI0€ OYIeT UMETh BHI:
X_E _E 3 (2)
v, 27 2"

st TypOyJIEeHTHOTO TOTPAHUYHOTO CJIOS MPOQHIH CKOPOCTH OMPENETSIOT IO
cieayromiel mpuoIMKeHHON 3aBUCUMOCTU

Vo (yY
v, _@ ©

ra€ mokasarejb CTEIeHH N HaxXOoIAT ONBITHBIM ITyTEM. OH B OCHOBHOM 3aBHCUT OT
qucia PCﬁHOHBﬂC&, OIpCACIICHHOT'O IO TOJIMHE IOIPaHUYIHOI0 CJIOA 5 .
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PV Vo
u 1%

rne (Uunv-— KOB(l)(I)I/IHI/IeHTBI HHHaMquCKOﬁ 1 KUHEMaTHUYECKOM BA3KOCTH.

Re, (4)

Xopoliee COBMaJCHUE pe3yJbTaTOB pacyeTa Mo ypaBHEHHIO (3) C OMNBITOM
MOJTy9aeTcCsl, €CII TTOKa3aTelsb crernenu N Opath u3 Tadm. 1.

Tabnuma 1.
Re, | 10° 10° 10° 10’
n
AR A
V n
I'paduku 3aBUCHUMOCTH \7 = (Ej , IOCTPOCHHBIC JIJIS Pa3TUYHBIX 3HAYCHUHA N,
0
MOKa3aHbl Ha puUC.2.
v _ .
Yo ;
as \\
% %o
95 /] n:"/"l
M/
gz
0

oz of 08 ¢F T/

V n
Puc.2. I'paduku 3aBUCUMOCTH — = (%j .

0

~ —_— ﬂ
Kosddurment xkuHematndeckoil BSI3KOCTH V = — JUIsl BO3JyXa MOXKET OBITh

o,

ompeseneH mno rpadukam puc. 3.
[ToMHMO BEIUUYMHBI O IS TIOTPAHMYHOIO CIOS BaXKHOE 3HAYEHHE UMEIOT TaKUe

XapaKTCPUCTUKHU CJIOS, KaK TOJIIIWMHA BBITCCHCHMHA 5 M TOJIIOWHA IIOTCPHU HMITYJIbCa

5™
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*
TOJ'IH_II/IHa BBITCCHCHUA 5 XapaKTepu3yeT CMCIHICHUC JIMHUK TOKa BIA3KOI'O
IMIOTOKa OT JIMHUHK TOKa, KOTOpPas nMcCJiia OBl MECTO IIpHU ABUKCHUHU HCBA3KOI'O I'a3a (pI/IC

4).

o’

? ¢

rﬁ’:/z er
0,16 o

720 R | ]

0,14 r—-“/;//jb:T"f ,_,—-
/___.._—- ___._—//

0,12 ———‘___;,._..f-——-“‘:———-— 750 | 780
El ——-.---____-—
0,10
.20 -12 4 4 12 20 28 #£°C

Puc.3. I'paduku 3aBucUMOCTH KO3(PPUIMEHTa KHHEMAaTUYECKOW BA3KOCTH BO3lyXa
V 0T 6apoMETPUUECKOro IaBiIeHus U TeMiepaTypsl I Bo3myxa.

J
/

Vg d

i

Puc.4. K onpeniesieHuIo TOJIIUHBI BHITECHEHUS
1- nuHUA TOKa; 2- rpaHuUlla MOTPAHUYHOTO CJIOS.

OTCIOJIa CJIeayeT, 41O 4YCpE3 TOIIMHUHY IMOIrpaHUYHOrO CJIOA IMPOXOIUT Ta XKC

*
Macca BA3KOTO Ia3a, YTO M 4Yepe3 ClIoi O —O NpH TEUYEHUM MAEAIBHOIO ra3a. JTo
YCJIOBHE MOYKHO 3aITUCaTh CIICAYIONUM 00pa3oM:

o
pVo(8-38") = [ pvdy
0

Tak xak
5
PoVo0 = _[povody’
0
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TO
1
5*=5j( PV jdn (5)
0 PVo

TonmuHy BBITECHEHHS ¢  MOXHO ONpPEAECIMTh B JOJNAX OT TOJIHHEI
HOrPaHUYHOrO ciiog O . HaliieM 3Ty BeIMUuHy I JAMUHAPHOTO IOTPAHMYHOTO CIIOS

HECKMMAeMOii kuaKocTr. Jlis aToro mopcraBuM B ypasHenue (5) snauenne V /V, n3

1
. 3 1,), 3 1
5 _5j(1—§77+577 )dn_§(1—z+§j

ypaBHeHus (2):

Otcroma
o =0,3755 (6)

*k
TOJIHII/IHOﬁ IIOTCPU HMIIYJIbCA 5 Ha3bIBACTCA TaKasd YCJIIOBHas TOJIOWHA, B
KOTOpOfI KOJIMYCCTBO MABHMKCHHUS HCBA3KOI'O I'd3a PABHO IIOTCPAHHOMY KOJIHUMYCCTBY
ABHIKCHHUA B ITIOTPAHUYIHOM CJIOC 5 , T.C.

5
5**/00\/02 = IPV (Vo —V)dy
0

Orcrona
j (1——]0'77 (7)
2 PoVo
OnpenenuM TONIIKUHY TOTEPU UMITYJIbCA S B nomsix IIOrPaHUYHOIO cIos 0.
Haitnem a1y BenuuuHy U1 JaMUHAPHOTO  MOTPAHUYHOTO cios HEC)KUMaeMOun

KHUIKOCTH. J[JIs1 3TOr0 MOJACTaBMM B MOJUHTErpajbHOE BbIpakeHue ypaBHeHus (7)

snauenne V /V, u3 (2):
o 77 77 5 n 5 no|an

5 =0,1465

OnpesienuM TOIMMHY BHITECHEHHS O s TypOYJICHTHOTO MOrPAHMEHOTO CJIOS TPH
p=const. Tloncrasnss B ypasuenwe (5) suauenme V/V, wu3 ypasnenmsa (3),

Orcrona

MOJIy4aeM:
1

N 0 B B 1 ) n
5" =8[(1-n )dn—5(l n+1j_n+15 9)

0

Orcrona npu N = ? (3aK0OH OJTHOM ceTbMOM)

S5 =0,1255
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Kak BugHO, B TypOyJ€HTHOM TOTPAaHUYHOM CJIO€ TOJIIMHA BBITECHEHUS B TPHU
paza MeHbIlIe, YeM B JJAaMUHApPHOM. DTO OOBSCHSAETCA TE€M, 4TO MPO(dUIb CKOPOCTU B
TypOyJICHTHOM MOTPAaHUYHOM cJioe OoJiee HAMOJIHEH, YeM B JaMUHApHOM (puc. 1).

OnpenenuM TOMMIUHY IIOTEPH UMITYJIbca O IS TypOYJIEHTHOTO HOTPAHMIHOTO
CHOSL:

1_1
n+1 2n+1

1
5" =5[n"A-1"dn=5 (10
0

11 n 1
uhn=—
Ty

5 =0,0976
Xapaktep MOTPaHUYHOTO CJI0sA, 00pa3yeMoro npu OOTEKaHWM TUIOCKON CTEHKH
(CTeHKH a’pOoAMHAMHUYECKON TpyObl), CYIIECTBEHHO 3aBUCHUT OT peXuUMa OOTEKaHWUS,
onpezesstomierocst unciaom Re;. IMpu cpaBHuTenbHO HeGobmUX unciaax Re; Bmomb
BCEil CTeHKU oOpaszyercsl JJaMHUHApHBIM MOTPaHUYHBIM cioil. TonuHa JaMUHAPHOTO

IIOTrpaHU4YHOI0 CJI0A Ha PACCTOAHUU X OT Ha4vajla CTCHKH OIIPCACIICTCA II0
3aBUCHUMOCTH.

5=4,64 [“2 (11)

0
IIpu odyens GousblIMX 3HaueHUsIX RE; mpakTUYecku BIOJIb BCeH CTEHKH 0Opasyercs

TypOyJICHTHBI MOTPAaHUYHBIN clIoi. ToJsuHA CIIOSt B 9TOM Cllydae OMpEeesieTCs 1Mo

3aBUCHUMOCTH.
0,2

|4
0=037 — mpu N=— (12)
V, X 7
B nmamasoHe 3Hauenuit uncen Re; or 10° no 5-10° B nauane crenku o6pasyercs
JJAMUHAPHBIA TIOTPAHUYHBIM CJIOHW, KOTOPBIM B HEKOTOPOM MECTE€ pa3pylIAeTCi U
MEePEXOUT 3aTe€M B TypOYyJICHTHBIN TOTPAHUYHBIN CJI0M (pHC. 5).
Eciu moctpouts kpuByio O = f(X) B kxoopammarax X (abcmmcca), O

(opauHaTa), TO IUIABHBINA XapaKTep KPUBOM B 00J1aCTH IEPEX0/a HAPYLIUTCS, TaK Kak O
B 3TOM obOnact pe3ko Bo3pactaeT (puc. 1). OToT ¢dakT W HUCHOJB3YETCS A

SKCIEPUMEHTAJIBHOIO OMpeeeHus 3HaueHus X npu  KOTOPOM HAOIIOIaeTCs

Kp?
HepeXO,}I oT HaMI/IHapHOFO HOFpaHI/ILIHOFO CJIOA K Typ6y.]'IeHTHOMy.

Koopnunara ceuenus: mepexonaa XK , B Clydae IUIOCKOM CTEHKU MOYET OBITh
MPUOIMKESHHO OIpe/ieieHa ¢ IIOMOIIBI0 KpUTHYECKOro unciia PeitHonbaca:

Re _ Yo%y

Xxp
| 4

Kputnueckoe uncno PeliHobACa MOKHO ONPEAETUTD IO TOJIIIMHE TOTPAHUYHOTO CIIOS

O
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V.S
Re. =-2" _ 2740

OKp

0 A B X
/

Puc. 5 CmemaHHbBIM TOrpaHUYHBINA CJION Y TUNIOCKOW CTEHKH.

[lonnas cuna me ) I[GﬁCTBYIOHI&?I Ha OJHY CTOPOHY CTCHKH aBPOI[I/IHaMI/I‘-IGCKOI‘/II

TpyOBI, onpeaenseTcs no Gopmyle:

\/ 2
Xow = Comy Pl g (13)
re
S =Dl - mromans crenxu;
b - mmpuna crenky;
| - nnuna crenku.
Koaddurment conporusnennst tpermst C, p ONPENEIACTCA MO CICAYIOUINM
3aBUCUMOCTSIM:
a) JIJIsl TAaMUHAPHOTO TTOTPAHUYHOTO CIIOS
CXTIJ.HEI}I — i:;i; (14)
0) m1st TYpOYJICHTHOTO MIOTPAHUYHOTO CJOS
_oo2 1 1)
Xmpmyp6 — =
p myp (R e, 02 7
60 1o ¢popmysne lllnnxtunra:
0,455 (16)
Xmpmyp6 — (| R )2,28 ’
X
rne
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V, X
-~

Pacuet cubl TPCHUA B CJIydaC CMCINAHHOIO ITIOTPaHUYIHOTO CJIOA MOKHO ITPH
OIIPCACIICHHBIX JOIIYIMICHUAX ITPOU3BOJUTD 110 3aBUCUMOCTHU !

X,, =X X + X

Re, =

mp OB myp6 - mp OAmypo mp OA nam (1 7)
Trac

meOBmyp6 - CHJIa TPpCHHUA I'a3a O INIACTHUHY, OIPCACIICHHAA B IIPCAITIOJIOKCHUH,

YTO MOTPAHUYHBIN CIION HA BCEM €€ MPOTSHKEHUU TypOYJIECHTHBIH;

mp OdmypG cuna TpeHusi raza Ha ywactke OA, omnpeaelneHHas B

MIPEANOI0KEHUU, YTO TOTPAHUYHBIN CJIOM HAa TOM y4acTKe TypOyJIeHTHBIN;

X

[IOrPAaHUYHBIN CJIOW Ha 3TOM y4aCTKE JaMUHAPHBIM.

B nannoii paboTe uccieaoBaHHE MOTPAHUYHOTO CJIOS MPOBOAMUTCS Y TIJIOCKOM
CTEHKH JO03BYKOBOH a’dpoJUHaMHUecKoil TpyOwl (puc. 6). AspoauHamuyeckas TpyOa
paboTaeT 3a cueT pacHIMpeHUs aTMOC(EpHOro BO3AyXa, KOTOPBIM uepe3 BXOIHOE
YCTPONCTBO MOCTYyMAaET B pabouyro yacth TpyObl. Bo3ayx depes TpyOy mpokaduuBaeTcs
BEHTWIATOPOM.  3aCJIOHKA, YCTAHOBJIEHHAs Ha BBIXOJHOM MaTpyOKe BEHTUJIATOPA,
MO3BOJISIET M3MEHATh PACXO0] M, CIIEIOBaTEIbHO, CKOPOCTh MOTOKAa B paboyell yacTu
TpYOBI.

mpOAnau ~ CHTIA TPCHUA Ha ydacTke OA, onpeJie/icHHas B IIPEATIONOKEHNH, YTO

INPOI'PAMMA PABOTDBI U OBPABOTKA PE3YJIBTATOB
IKCIHHEPUMEHTA.

1. V3y4uTh OCHOBHBIE MTOJIOKEHUSI TECOPUU TTOTPAHUIHOTO CIIOSI.

3apucoBaTh CXeMy SKCIIEPUMEHTAILHON YCTaHOBKH.

3. Usmeputh OapoMeTpHuecKOe aBJICHHEC W TeMmIeparypy B J1a0OpaTopHOM
MOMEIICHUH, HAUTH KOI(PPUIIMEHT KHHEMATUYECKON BSI3KOCTH V MO rpadukam
(puc. 2) ¥ IIOTHOCTH BO31lyXa O IO GopmyIe

p=p,=P,/RT,

3necy P, moxcrasnsercsa B [la.

no

4. YCTaHOBHTH HACaJOK TIOJHOTO JaBJICHUS B HYJEBOE TMOJOXEeHHE (TpyOKa
MOJTHOT'O HAaIlopa KacaeTcsl CTEHKH).
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~ * N

Puc.6. Cxema J103ByKOBOI a3pOJIMHAMUYECKON TPYOBI.

5. CHATh MOKa3aHus a, MUKPOMaHOMETpPA JIO OIBITA.

6. 3amycTHTh YCTaHOBKY W, TepeMeIias TpyOKy ITOJTHOTO Hamopa B MOTPaHUYHOM
cnoe, cHath uepes kaxasie 0,5 MM mokasanms @ MUKpoMaHOMETpa BO BpeMs
OTIBITA.

7. Ompenenuts psan 3HaveHuii ckopoctu V' (cM. mabopartopuyro pabory Nel) mo
bopmyie

V= E(a—ao)po,cgkfsinqo,
Yo,

rIe
& - Ko UIHEHT Haca KA TIOJIHOTO JIABICHUS;

K - K03(p(PULIHUEHT MUKPOMaHOMETPA;
(0 - yroJl HaKJIOHa U3MEPUTEIBLHOU TPYOKH MUKPOMAaHOMETPA.

IocTtpouts skcrepumentanbhbii rpaduk V NV, = T ().
9. Paccuntars O, Re; n ompesenuts pexxuM TedeHHs B MOTPAHMYHOM CJI0€ (IIPH

Re,; <2740 crenyer cunraTh HOrpaHUYHBIH CIIOH JIAMHHAPHBIM).

10.ITo 3aBUCMMOCTH COOTBETCTBYIOIIETO PEXKUMA ONPEAESTUTL O , O W, PACCUUTAB

teoperuueckuii rpapuk — = f (), cpaBruTS €ro ¢ skcnepumenTanBHEIM.
0
11.0Onpepenuts  cuily ~ TpeHHs,  JEUCTBYIOILYHD  Ha  OOHY  CTOPOHY
MJIOCKOM CTEHKH, 10 JOpMyJIaM COOTBETCTBYIOIIETO PEKMUMA.
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Pe3ynbTaTel 3aMepoB U pacyeTOB 3aHECTU B MPOTOKOJ 10 dopMe:

Homepa | Y, | a),| @, | a-a,, V.,V |y |0, |Re |5 |8, | Cxpl| Xpi|(V
3aMEpoB | 4 | L | M u M \T g M M M Iy \7
c
1
2
3
HUcxonable nanHbIe:
£=1,02; b=0,12 u; | =0,6 m; k=117;
g =45 P, = T, =

C

Pacuetnbie popmyIb:

p:pa:Pa/RTa;

2 .
=\/;(a—ao)pmgf<§sm¢:

- I JIAMUHAPHOI'O IIOTrPaHU4YHOI0 CJI0A:

X_E(zj_i(zj"’.
v, 2\5) 2\s

5 =0,3755; o6 =0,1466;
1,328 \"A
== - Re, =—2;
Xmp nam \/R_el | v
2
X - CmeJzaM p\2/0 S’

- 7151 TypOYJI€HTHOIO MMOrPAaHUYHOTO CJIOS:

*x

%, %)

:—5
n+1

(n+1)?2n+1)5

eciu N =%, 5 =01255:

ecim n:%, 5" =0,0975;
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1100

N

0,072 ot N 1
= U = —
Xmp myp6 (Rel )0,2

- Ji1 CMCIIAaHHOI'O ITIOTPAHUYHOI'O CJI0A:

X,, =X X +X

mp OB myp6 - mp OAmyp6o mp OA nam

IOA = XKp’ IOB =1;

\ﬁ=3-105+5-105.
1%

Re

Xkp =

KOHTpOJIBHI)Ie BOIIPOCHI:

UTo Ha3bIBAETCS TOJIIMHON MOTPAHUYHOTO CJIOS, TOIIIMHON BBITECHEHUS U
TOJIIUHOW MMOTEPU UMITYJIbCA?

Kak onpenenuTs pexxuM TeYeHUs ra3a B IOTPaHUYHOM clioe?

KakoBbl npoduiii CKOpoCTH B TAMUHAPHOM U TYPOYJIEHTHOM MOTPAHUYHBIX
cnosx?

Kak onpenenuts cuimy TpeHus ra3a o IacTUHY NpU HATMYUK JJAMUHAPHOTO,
TypOYJEHTHOI'O U CMEIIAaHHOTO MOTPAHUYHBIX CIIOCB?

B dem cymHOCTh METOIMK SKCHEPUMEHTAIBHOTO OMPEAEIEHUS TOIIINHBI
MOTPAHUYHOIO CJIOS U KOOPAMHATHI TOUKHU NEPEX0/ia JTAaMUHAPHOTO CJIOA B
TypOyJIEHTHBIN?
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JIABOPATOPHAS PABOTA Ne 10.

IMMOCTPOEHUE HEJITMHEHHOU MATEMATHYECKOH MOJEJIN N
AHAJIA3 MPEJIEJIBHOI'O YCTAHOBUBIIETOCSI COCTOSIHUS
T'A30JUHAMUWYECKOTI'O HCHOJIHUTEJBHOI'O YCTPOMCTBA (TILY)

HEJIb PABOTbI:

N3yuenue ycrpoiicTBa, NpUHIMNA HAEUCTBUSA, HEIMHEMHOW MaTEMaTH4YECKOU
MOJENN  YCTAHOBHUBIIETOCS  COCTOSIHHSI ~ Ta30JMHAMHYECKOIO  HCIOJIHUTEIBHOIO
ycrpoiictBa (I'Y); mpoBeneHue uccie10BaHus BIAUSHUS IUIONIA/IEH BITyCKa U BBIITYCKa
Ha JIaBJICHUS PAa3BETBIEHHON CHUCTEMBI MPOTOYHBIX IOJIOCTEM U MAapaMETPUUYECKOIO
CUHTE3A.

OBIIUE CBEJAEHMUSI.
1. YerpoiicTBo n npunuun aeiicteust F'NY.

B razomumHamuueckux cuctemax aBromatudeckoro ymnpasieHus (I'CAY)
JeTaTeNbHBIX anmnapaTtoB (JIA) Ha HaYaIbHOM YYacTKE TPACKTOPUU MPEANOYTUTEIILHBIM
ABJIIETCS UCIOJIb30BaHUE JBYXCTOpoHHMX [MY, koropble uMeroT 0Oojee BBICOKOE
OBICTPOACHUCTBUE 10 CPABHEHHIO C OJHOCTOPOHHUMH YCTPOWCTBAMHU, BCIIEACTBHE
MEHbIIIEH CUJIOBOW HArpy3Ku Ha peryaupyromuii oprad. [loaTomy B kauecTtBe 00beKTa
MCCJICIOBaHMUSI M TPOEKTHpPOBaHUA BhIOepeM KianaHHbli [MIY, KOTOpBI MOTydYns
Habonbiee pacnpoctpanenue B ['CAY. Jlns mepemMeneHus peryaupyroliero opraHa
MOTYT  OBITh ~ HMCHOJI30BaHbl  MPU  MAJbIX  YIOPABISIOMIMX  YyCWIUAX — —
aleKTpoMexaHnueckue mnpeobpazoarenu (OMII), a npu OoONBIIMX YHIPaBISIONINX
YCUJIUSX DIEKTPUYECKUI WU Ta30BbINA IPUBOJ.

Cxema paccmaTpruBaeMoOro yCTpoMcTBa MPEACTABIECHA HA PUCYHKE 1.

1 — ucTouHUK rasa,

2 — pecuBep,

3 ¥ 5 — N0JIOCTH BBICOKOTO JIaBJICHUS,

4 1 6 — TIOJIOCTH HU3KOT'O JIaBJICHHUS,

{ — IOPIIHEBBIE AUCKH - 3aTBOPHI,

8 — MOBOPOTHBIN phIYAT,

9 mu 10 — neBbii u mpaBbii ['JIPJ[ (ra3oBblil JgBHUratesib PEeaKTUBHOTO
JEeUCTBUS)
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/Dq 7;5 L 7 2
Sw

A, 7;1,9,9

S S0 g‘\ L,E S5

== B Sis — j};ﬁ a

i /4/%
g 4 4

Puc. 1. Pacuétnasa cxema T1Y.

g 6

Jannoe nBycroponHee ['MY mnpegHasHaueHO 11 CO34aHUs  YIPABISIOLIETO
YCWIMS 32 CUET IMOJa4h M OTCEYKHW rasa B mpasbid U jeBbi ['JIPJl. Pacnpenenenue
pabouero Tena mexnay [JIPJI ocymecTBiasercs ¢ MOMOIIBIO JBYX OJHOCTOPOHHHX
KJIAITAaHOB C MOJBUXHBIMU IIJIOCKUMU 3aTBOPAMU Y HEMOABH>KHBIMU LIUJIMHAPUYECCKUMU
CEIIIaMU.

[Ipunuun pevictBua MY 3akmiouaercs B ClEAylOUIEM: IPU  HEUTPAITBHOM
MOJIO’KEHUH PETYIUPYIONIETo oprana / naByieHust paBHbl: P,=Pg, Pg=Pr 1 B NIpaBblii U B
nespit  ['JIPJI momaércs oaMHAakoBO€ KOJMMYECTBO Tra3za. Ilpu  OTKIOHEHUU
PETYIMPYIOLIEr0 OpraHa B MOJIOKUTEIbHOM HarpaBiieHuu (+X) miomaas MpoXoaHOTro
CEUCHMSI TMPABOM KJIANAHHOM TApbl «3aTBOP — CEMJIO» YMEHBIIAECTCSA, a JIEBOM
YBEIIMUMBAETCSA. JTO MPUBOJIUT K YBEIWUYEHHUIO JABIICHUS Pg U pacxoa raza B JIEBBIH
I'AP/1, a Taxke K yMEeHbIIIEHHIO AaByieHus P u pacxona B npasbiil ['JIP/l, B pe3ynbrare
Yero co34a€Tcsl yIpaBISIOLIEe YCUITHE:

Fynp — FB - FF )
rae Fpu Fr— peakTuBHBIE CHIIBI, CO3/TaBAEMbIE TIPU UCTEUEHUU T'a3a uyepes
CBEPX3BYKOBBIE COILIA U3 nojiocteri B u I

2. Heauneiinag maremaTnueckas moaeian I'NY.

B cOOTBETCTBMM C CHUCTEMHBIM NOAXOJOM K HM3YYEHHIO TEIIOMEXAHUYEKUX
cucteM, MatemaTudeckass mojens 'Y Bkirodaer B ceOsi ypaBHEHHUS, OMHCHIBAIOIIHEC
€ro OT/eNbHbIC (PYHKITMOHATHHBIC FJIEMEHTHI.

1. YpaBHEHUS IBMOKEHHUS PETYINPYIONMIETO OpraHa:
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dv

M E =PS,+PS, —PS; —P.S, +Fyy —Fpp, (1)
dX
o @

rac

T
SA = SE :Z(dIZY —dg),

sB:srzsC:%d;

F,, =hV + FCTsign\7 - CHJ1a TPEeHUs,

FCT — CHJIa CyXOro TpCHHU,

Fsy — BHEIIHAA CHIIa,
| — npuBenennas macca NOPUIHEBBIX AUCKOB M CBSA3AHHBIX C HUMU JIETaNEH,

X, V —koopauHaTa 1 CKOPOCTH MEXAHMYECKOMN MOACHUCTEMBI,
{ — Texyee Bpems,
S, — momaak cea Kianasa,
P, , — naBnenus B monoctsix AT,
h — ko3 PHUIIEHT KUAKOCTHOTO BAZKOTO TPEHHUSI.
2. YpaBHEHHUS OPOLECCOB B MOJOCTAX A U b.

d‘;f :ng (s =G = Pas dVZ—t) 3)
dl;’i,g _ \‘7\/‘1 (Gpapsip ~Gapsriss — & Py d\g’—t vQS) @
P.s = PusRTs
rre
lp a5 = L PP’A'E
T k=1pp s

PP,P,A,E Y

GPA,PE,AB,EF - Gij (R’ PJ , Sij) = :uPA,PE,AB,EFSPA,PE,AB,EF ko PA,PE ,AB BT
RTP,P,A,E
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Y =
2
PA,Pb,AB,bI’ A

2
_ ”dPA,PE,BC,FC

W5 WAO 5o £ (S =Sc)X, SPA,PB,BC,FC = 4 ,
dw
d,f’E =+(S; SV, Supsr =S T 7d:X,
”d127 Sp=7d X
SIY T,

Gij = Gij (P,P j ,Sij) - CeKyHIHBII MacCOBBIN pacxoj1 ra3a u3 i-Tol MOJOCTH B j-TYIO,

Sij — IUIomaab MUHUMAJIbHOT'O IIPOXOJHOI0 CCUYCHUA MCKAY 3TUMU ITOJIOCTSAMMU,

U5 =0T, 5, TS’ 52841+ Ssiy) - YACTBHBII TEIIOBO! OTOK OT Ta3a B MOJIOCTAX A

u b B cTeHKH,
! o
S 519 41+ Oy - IUIOMATM BHYTPEHHUX M HAPYKHBIX OBEPXHOCTEH CTeHOK A 1 B,

Sp — HaYaTbHOE 3HAUEHUE TUIOMIAJICH PETYIHPYEMbIX IPOCCETUPYIOMUX OTBEPCTHIA,

Yij — AByXpeXMMHas ra3ogMHaMu4ecKas (QyHKIUSA pacxona,

ljj — MOJTHAsI SHTATBIINA Ta3a B CEYEHUU C IUIOMAAbI0 Sjj,

ku R - oTHOIIEHUE TEIIIOEMKOCTEH 1 ra30Bast MOCTOSIHHAS,

W, 5 — Texyue o0bembl rosiocteid A u b,

W.10,50- HadasibHble 0O0BEMBI MOJOCTEN MPU HEUTPATHHOM IMOJIOKEHUH PETYIUPYIOIIETO
oprana (X=0)

3. YpaBHeHus nporeccoB B nonoctax Bu I

do 1 dw
dB';IF = W, , (Gus.5r =Gae.re = Pa.r df 3 ), (5)
dP; » k-1 i : k dw

dt :WB - (GAB,EFIA,E _GBC,FCIE,F _ﬁ. PB,F %_FqB,FS;?,F)’ (6)
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PB,F =Ps.r RTB,F’ iB,F = a RTB,F
dw
W, - =W, £S.X, dff =SV,
Py rd(Asc rc)
GBC,FC = ﬂBc,rcSBc,rcko 2L RTBC’FC = GBC,FC(PB’ P ’SBC; Pr’ P ’Src)’
B.T
ﬂd 2
Sperc = Tkp’ Az =T Ter Sp v Sans Srw)

FaBOIII/IHaMI/I‘-IeCKI/IC q)YHKIII/II/I q(/lg ) paBHBI CAUMHHUILIC B CJIIy4aC CBCPX3BYKOBOI'O

C,2C
D D
N CMCIHIAHHOI'O PCKHMOB pa6OTI>I coiia, T. €. IIpu PB F>PB r» TAC PB r HAaBJICHUS B

MMPCACOIINIOBLIX IIOJIOCTAX, IIPU KOTOPBIX CKA4YOK YINIOTHCHHA IMOAXOAWUT K Y3KOMY
CCUCHHUIO M BBIPOXKAACTCA, BCIICACTBHHU YCTO0 TCUYCHHC TIada3a IIO BCEH JJINHC COIlIa

D
CTaHOBHTCS 103BYKOBbIM. 3Hauenue P, onpenemnstercs no hopmymnam:
D
P B, I 1 Sgc
= 5 ’
P T ()LB,F) S

8

qug,r) = npu A (1

Ipn Py - SPZ?, r» T. €. B JO3BYKOBOM peXnMme paboThl comia (yHKouu

q(A,. ..)MOTYT GBITH HaliIEHBI C TOMONIBIO CIEMYIONIMX 3aBUCHMOCTEH:

k-1

S k
g = k+ll_ P,

S “ k=1 | P,

6c,ec

A(Aee..c) =0(4, )

4. YpaBHEHUS MIPOIECCOB B PECUBEPE.

86



dp, 1

dt :\N_P(GHP_GPA_GPE)’ (7)
dP, k-1 : -
d—tP:W—P(GHPII/I_GPAIP_GPEP qP P) (8)
P, = p.RT i JLRT
p=PpRlp, P k -1

md?Z,

GI/IP :GI/IP(PH’PP’SHP)1 Sp[p = 4
=0(T5.Tc,Sp,Spy)

5. YpaBHEeHUE TS VIIPABJIAIOIIETO BO3IEUCTBUS.

VYnopasnsoomee ycuiaue, Cco3JaBaeMoe TMpPH HCTEUEHUH Trasza dYepe3 COoIuia,
omnpenensieTcs o hopmyiie:

F =F,-F,
- (9)
FB,F:GBCFC +See( .~ Pe),
r7ie
V = A’e ZaKpB r
P@,z = B,Fﬂ.( 6,2)’
2k
aKpB,r = m RTB,F
B oCcHOBHOM KpUTHYECKOM peKUME PabOThI COTeN (C](ﬂ,m ) =1):
S
Q(/Ie 2) _ _s6cec ’ (10)
| S@,Z
A, >1,

e

q(A), 7(A) - rasopunamudeckue GyHKIUUU pacxoa U JaBJIeHus,

Vv

A = —— - npuBenéHHas CKOPOCTH rasa.

Cle

B cnydae cMemaHHOro U CBEPX3BYKOBOT'O PEXKUMOB ISl OIIPEICIICHUS FB, ; YI0OHO

MCIIOJIb30BATh MPUOINKEHHYIO JTMHEHHYIO allpPOKCUMHUPYIOIYIO 3aBUCUMOCTH:
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BéF (PB,F o Pc)

A
B, Pc

FB,F =

npu PB,F < Pz?,r

A
Trac P — HJABJICHHA B ITOJIOCTAX B, I', npu KOTOpBIX IIpHU 3aJaHHOM AAaBJICHUHN CPCIObI
B, I s Ly

A
PC B BBIXOIHBIX CCUCHUAX COIICT YCTAHABJIMBACTCSA CKAYOK YIINIOTHCHHA, a B —

o A
COOTBCTCTBYIOIIUC STUM JABJICHUAM PCAKTHUBHBIC CHIJIBI. 3HaueHUS JaBJICHUHN P BT

OIIpCACIIAIOTCA C IOMOIIBIO COOTHOIIICHUM:

Py a4
P z()a(A) vy
Trac
1 S
A= )=, AN
8,2 16’2 q( 6,2) SB,Z 6,2>

[IpuBea€HHBIE 3aBUCUMOCTH COCTABJISIIOT 3aMKHYTYIO CHCTEMY YpPaBHEHHI,
MO3BOJISIONIMX TMPU U3BECTHBIX 3HAYCHUSX KOHCTPYKTUBHBIX M OIKCILUTyaTal[MOHHBIX
[apaMeTPOB PACCUUTATh CTATUYECKUE U TUHAMUYECKHE XapakTepucTuku ['NY.

3. Anaau3 YCTAHOBUBHIECTOCH COCTOAHUA CUCTEMbBI ITPOTOYHbBIX

MOJIOCTEH CO CTPYKTYPOH THIIA «AEPEeBO».

VYcranoBuBieecss cocrtosiune MY  xapaktepu3yercss paBEHCTBOM — HYJIHO
MIPOU3BOJIHBIX, BXOISIIIINX B MATEMAaTUUECKYIO MOJICTIb:

do_, R_, dT_,
dt dt dt
| > A4,6,B,,P

VY cTaHOBUBIIKECS 3HAYEHUSI MEPEMEHHBIX BEJIUYMH OINPEICISIOTCA C MOMOIIBIO
CUCTEMbl HEIMHEWHBIX ajareOpanvyecKkux YpaBHEHUH, MOJIy4aeMbIX MPU IMOJCTAHOBKE
JTUX YCJIOBUM B MaTeMaTU4eCcKyro Moaesb [ 1Y

X =const, V =0,
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A:G,, =Gy, P,=p,RT,, T, =T,,
B:Gp; =Gy, Py = pyRT, Ty =T,,
B:G,, =Gy, P, =p,RT,, T,=T,, (11)
Gy =G, P.=p.RT,, T, =Tj,

P Gy =Gpt,Gpy P, = p,RT,, I, =Ty,

Takum oOpazoM, Temreparypa B MOJOCTSIX MPU OTCYTCTBUU TEINIOOOMEHa paBHA
TeMIepaType ra3a B ICTOYHHUKeE, T.e. 1, =T ,,. [IIIOTHOCTb Ta3a B OJIOCTH ONpEIeNsAeTCs
10 YPaBHEHUIO COCTOSIHUSL:

il
RT.

P = (12)

s pacué€ra naBiIeHUN COCTaBUM CXEMY TEPMOJMHAMUYECKONU CUCTEMBI (pucC. 2).

P
a Gp
l Sup
iGPA PP iGPB‘
Sy Sps
P P,
SAB l l SEF
P, P

r
GBC GF C
% l \\ A l SFC_\
PC PC
Puc. 2. Cxema TepMOIMHAMUYECKON CUCTEMBI.

P

B
JlJ1s1 oTIpeeNieH st OTHOCHTEIIBHOTO AaBieHnss —— packpoeM pacxomsl: G, u Gy,
4
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G,z =Gye

Ha5S 48P Y up = pcSpcPpYpe +...(ymeuxa), (13)
Py _ M55 45 _

YigPy  HycSpcYpe + -

AB?

rac
_ Mz 45 _
Hpc SBCYBC +..

B ceuenun AB MoryT ObITh J1Ba pexxuMa T€UEHUs: KPUTHUECKUN U NoKpuThyeckuil. Ha
IPaHULIE PEKUMOB:

a,p

Y=1
P, :
PA _ﬂxp

N3 (13) momyuum:
ay, =p,=7Q1).

OueBugHo, 4YTO HpH A ,p< ,BKP B ceueHMM AB ycTaHOBUTCS KpPUTHUYECKOE
TCUCHHE, a IpH A > i ~ AOKPHTHYECKOE.

B kpurnueckom pexumeY ,, =1 u3 ypasrenns (13) nmomyunm:

L =a,. (14)

B nokputnueckoM pexume U3 ypaBHeHus (13) numeem:

P 1
P_AYAB =
B a,p

PackpsiBast Y, HaxoquM:
2 K+
ANEN (AGNTARNES
P, k, Vk-1\ P, P, a,
P

BHecéM —2 11071 KOPeHb U BO3BEAEM 00€ YaCTH YPABHEHHS B KBAIPAT:
4
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i B & k k2 k-1
P, P, ajB 2k
WIn
k-1 1k
i k B & k k2 k-1 0
P, P,) a 2k
Pemas 310 ypaBHEHHE, [OTyYaEM:
k
i jr=l
P 2 P
& = =_B(aAB) =f(aAB)' (15)
PA k2 k 1 PA
1+ |1+ 2——
i aAB k

B nokputndeckoM pexxume Y ,, onpezersercs o Gopmyie:

2 K+
2k PA P i’

i et L A A )
0 o A A
P, .
['paduk 3aBUCUMOCTM —— OT OTHOCUTEJIbHOM IJIOLIAAM BIyCKAa M BBIIYyCKa
P,
MoKasaH Ha puc. 3.
P, u,,S
Anamms rpapuka —2| —22—48 Inoka3pBaet:
1\ MpcSe
5 b . — M5 45
1) YBEIIMYEHUE OTHOCHUTEIIbHOW IJIOMIAAN - ABC S Oonble 2+3 He
HpcOpe
NPUBOINT K CYIIECTBEHHOMY YBEIMYCHHIO TaBIICHUS Ta3a B MPEICOTIOBOM
MOJIOCTH;
2) npu bABC <1 o6ecneunBacres Guuskmii K JMHENHOMY 3aKOH MU3MCEHEHUS

JaBJICHUSA B HpCI[COHJ'IOBOfI ITOJIOCTH.
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2
1.0 F<4a T A f4afa
x | Pyl taeSae
0,8 7

0.6 %/ e =1
=) Y|
04 ;f %

\% 5

— Pol Bt s

#Bcgm]

0.2 /
| Haeaz f Hpel g

1 12 3 4 5 Haol s/ H e 4
(1)

Po [ #4555 | Ps [ HacSse
P\ tpeSse ) Pp\ 158 45

Puc.3. 'paduku 3aBucumMocTu

P, [ 4,5
Anamms rpapuka —2| —22 48 Inoka3pBaet:
4\ MpcSpe
5 b . — Ha5S 45
3) YBEIIMYEHUE OTHOCHUTEIIbHOM IJIOMIAN ~ABC S Oonble 2+3 He
HpcOpc
MIPUBOJMT K CYIIECTBEHHOMY YBEJIMYCHUIO JaBJICHUS ra3a B MPEICOTUIOBON
MOJIOCTH;
4) npu bABC <1 o6ecneunBaercs 6Gau3KHil K JIMHEMHOMY 3aKOH M3MEHEHHS
JABJICHUS B MIPEICOILIOBOM MOJIOCTH.
Pr
OTHOCUTENIbHOE JaBJICHHE —— OIpESIseTCsS aHAJOTUYHO NPEABIIYIIEMY, B
5
LS
3aBMCUMOCTH OT BEJIMYUHBI -y = b bT .
HreSreYre + e
PA
OTHOCHUTENIbHOE JAaBIICHHE —— OMNPEACIASTCS 110 aHAJOTHUYHBIM 3aBUCHMOCTSIM:
P

® B KPUTHYECKOM PEXKHME TEUCHHUS Ta3a B CCYCHHUH Sp,, T.C. IpH A ,, < ,BKp

o ¢opmye (14) nmeem:

P, _ HpiSp, _

PA?
Py S i+
Yo, =1
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¢ B JOKPUTHYCCKOM PCXKHMC TCUCHHUSA TIasa B CCUYCHHH SPA’ T.C. IIpH

a,,> ﬁKp o ¢opmyie (15) umeem:

=
A
P flap,). (15, a)
P
AHaJIOrnYHO ONpeeNsIOTCs AaBIeHHs ra3a B oJocTH b npu
a HosS ps
Pb

Hgr SEFYEF +...
U B PECHBEDE:

P

® B KPUTHUYECKOM PEKMME TECUYCHMS, T.€. IPU A ,;p < ,BKP, —L onpenensercs

74
CJIETYIOIIUM 00pa3oM:

P, _ HypS p _
Py ppSpYpy + HppSpsYps

¢ B JOKPHUTHYCCKOM PCIKUMC, T.C. IIpU a HP>

Ayp-

o » AIMCCM:
P

"L = f(a,,). (15, 6)
PH

P

4

P,

['paduiku 3aBUCHMOCTEH OTHOCHUTENBHBIX JaBICHUI OT OTHOCHUTEJIbHBIX

TJIOIIAJICH BITyCKa U BBIIMYCKA MOKa3aHbl HA puUC. 4:

G
_PP

0.8 i 2 Moo Sae
I /7 N 4N 2l
0.6 4>

0,4 'I:"I":r/

1.0

R

0.2

HpgSpy
2 3 4 5 Heds

=4

P, ( M50,
Po\ 1S 15

Puc. 4. I'paduku 3aBuCUMOCTH
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C momomipio TpaduKOB, MPEICTABICHHBIX Ha pHUC. 3 W 4, MOXHO TMOIYYUTh

P

Fpa(l)I/IKI/I 3aBUCHUMOCTH OTHOCHTCJIBHOI'O AAaBJICHUSA £ OT OTHOCHTCJIbHBIX HHOIH&I[Gﬁ
P

BITyCKa U BBIIycKa (pUc. 5), KOTOpBIE MO3BOJISIOT CPAaBHUTH JaBieHue P;c nasnenuem B

pecusepe P, :

5
4
3
1‘0 ///"2
0.8 ——— -— 1,0
| —+-——1 0,8
0.6
Al — 06
0,4 A o 0,4
A5 g2
0'2 HMzeSge
0 HppSpa
3 4 5 Mgz e
P S
Puc. 5. 'paduku 3aBECUMOCTH —2 Hea“ea
Pp\ 158 45

AHanu3 rpaduKoB, MIPEACTABICHHBIX HA PUC.S, MOKA3BIBAET UTO JJIs 00€CTICUCHUS
BBICOKOI'O BOCCTAHOBJIEHHUSI JABJICHUS B IIPEACOIJIOBOM MOJIOCTU TOCTATOYHO IPH

_ MHpy SPA

bABC = 2+3 obecneunts bPAB = ——— paBHOH 1+2 , A IpHU bABC =1. paBHOU
ABS AB
bPAB =2+3
Pacuér maBneHHil B MPOTOYHBIX MOJIOCTSIX TEPMOTa30JIMHAMUYECKOW CHUCTEMBI,
MOKAa3aHHOW HA PUC. 2, MOKHO MPOBECTH B CIEAYIOLIEM MOPSIKE:
1) 1o W3BECTHBIM 3HAYCHHUSAM IUIOINAJACH BIYCKA W  BBIMYCKAa ONPEACIUTH
OTHOCHUTEJIbHBIE TJIOMIAAH JJIsl BCEX MPOTOUYHBIX MOJOCTEN;
2) Ha4yMHAsA C KpaWHUX MPEJCOIIOBBIX MOJOCTEH ONMPEACIUTh PEKUMbI BTEKaHHS T'a3a
Pj
B IOJIOCTH, CPAaBHUB aij C :Béa , 4 3aTE€M HAWTH OTHOCHUTECJILHBIC TAaBJICHUSI — U Yij TUTS
i
nonoctert B, A, I', b, u P.
3) 1o W3BECTHBIM 3HAYCHMSM I1apaMETPOB ra3a B HCTOYHHKE rasa: PH,T Py 1

OTHOCHUTCIIbHBIX I[aBJ'IeHI/Iﬁ OIIPCACIINTG MHaBJICHHA TIa3a B IIOJOCTAX, a 3aTcM IIPpH

" R
T. =T, naiitu mioTHOCTH P, = ——.

RT.
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4. UcciieoBanue BJIUSIHUS APAMETPOB Ha y/eJIbHOe yIIpaBJsiolee

yeuaune 'Y

OpHuM U3 OCHOBHBIX (YHKUHMOHANBHBIX Mokazateneil [V saBngercs yaenbHOe

=P . .
YOPABIIAIOLICE YCUIIUE ~ yo — G > CO3MaBaeMOC CAMHMIICH MACCBI rasa NpH KpaHHEM
BC

ToJoXkKeHH: peryiupyomero oprara ( X = X . ) B C4eTHOM peXHMe HCTEUSHHs rasa

U3 CBEPX3BYKOBOIO coruia ( P = PC). [IpoBeneM aHanmu3 BAUSIHUS KOHCTPYKTHUBHBIX U
AKCIUTyaTallMOHHBIX TMapameTpoB [MY Ha jaHHBIM TOKa3aTenb YCTAHOBHUBIIETOCS
pexrMa padoThl.

W3 dopmynbl ais ynpapisioOmIero YCHUJIMS MPU YKa3aHHBIX BBIIMIE YCIOBUSX

HMEEM.:
max
_ Ny _ 4 .
Fya T~ max _Ve _j’e aKp'
BC
OTCI’OI[a, Pa3aciinB 00e yactu PaBCHCTBA Ha aw , IOJIYUHUM:
0
Fo=—2="e —
]
a,, a,
rIe Clelg = —RT =da = —RT

k+1 ° PP k+1 7
A

Pacuetnas INPHUBCACHHAA CKOPOCTb MCTCUCHMHA ¢ OIPCACIIACTCA C IMOMOIIbIO

COOTHOIIICHMUA .
k-1 ,.5 P PP
7(Ae)=(l-——A)tl=—t=—c=_c P f(p b
(A6) =(d= — &) P, P, PP, S (Bragsbpc)

rac bPAB u bABC - OTHOCHUTCIIbHBIC IUIOINAAHW BITYCKAa H BbIITYCKA IIPOTOYHBIX

HOHOCTeﬁ, BJIMWAIOIIKUC HAa OTHOCHUTCIIBHOC OaBJICHUC PB / Pp .

LS S
by, = T |y = FaBV4b

a5 45 HpcSpe
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Takum o6pazom, 6e3pazMepHOe yAEIbHOE YIPABISIONIEE YCUITUE Fya 3aBUCHUT OT
Ge3pasMepHbIX ~ KOHCTPYKTHBHBIX — mapaMetpoB  Dpp,0c 1u  Gespasmeproro
sKcruTyaTanpontoro mapamerpa Fp / P . Pasmeproe ynenbHoe ympasmsomiee yemmme

Fya KPOME TOI'0 3aBHCHUT OT TEMIIEPATYpPhI rasa 1, p» BXOJIAIIEH B BRIpOKEHUE It G, .

['paduku  3aBUCUMOCTH Fy or KOHCTPYKTHUBHBIX mnapamerpos [NV,
paccuntanssie npu P / B, =10,30,60,90, nokasansl Ha puc.6.

Fya.
18 I , FyA.

yA. Fya.
21 T T a1
5
1205
2
195
19
185
P P
PC‘ PC

Puc. 6. I'paduku 3aBuCUMOCTH Fyo = f(8p:6.5c) .

96



AHanu3 1aHHbBIX rpadUKOB MOKa3bIBaET, uTo yBenudenue D, =2+3 u

0, 21 e MPUBOJIUT K CYIIECTBEHHOMY YBEJIMYEHUIO YIEIBbHOIO YIPABIISAIOIIETO
YCHIIUAL.

[Ipu b  BC = 2+3 y prB =1 o6GecneunBaercst GU3KHIT K JIMHEMHOMY 3aKOH

V3MEHEHUS JABJICHUS B IIPEICOILIOBON MTOJIOCTH M JOCTATOYHO OOJIBIIOE yIIEIbHOE
YIPABIAIOLIEE YCUIIHE.

6. IHopsiAoK BHINOJIHEHUSI PadOTHI.

1) TIpoBectu nmpoekTupoBoUHEIA pacuer [TY.
2) paccuntath npu X=(0 (HeWTpaspHOE YyCTaHOBUBIIEecs coctosiHue [UY)
P, PP B P o
OTHOCHUTEJIbHBIE JaBJICHUS] —,——,——,—— M1 ——, a 3aT€M HalTU aOCOJIIOTHbHIE
P,'’P,’P,'P, P,
JaBJICHUS B TOJIOCTSX MPH 3HAYEHUAX KOHCTPYKTHUBHBIX M SKCIUTyaTallMOHHBIX
napaMeTpoB, NOJYyYEHHBIX MPU NIPOEKTUPOBAHNUN YCTPOUCTBA.

HMcxonHpie 1aHHbBIC:

oic
k=14, R=287 ﬂ—[{ P,=6MIla, T, = 293K P.= 0,1 Mlla, F, = nH
KZ. ¥

KoHTpoIBHBIE BOITPOCHI:

1. Kakue ypaBHeHUs BKIIOYAET B ce0s HeMHEWHas MaTemaTuueckas moaens [ MUY u

KaKOB CMBICJI BXOJSAIIUX B HEE BEIIMUNH?

KaxoBbI yc10BHUS M ypaBHEHHUs YCTaHOBUBIIETrocs pexuma padotsl [TY?

3. KakoB mopsAnok pacu€ra YCTAaHOBUBILMXCS 3HAYEHUN TMapaMeTpoB rasza B
MPOTOYHBIX TOJOCTIX MPU X=Xy 1 X=07?

4. KakoBbl palMOHAJIbHBIE COOTHOLIEHUS OTHOCUTENBHBIX IUIOIIAJAEH BIIyCKa M
BBIITYCKa, 00€CMEUNBAIOIINX BBICOKOE BOCCTAHOBJICHHE JIABJICHUM B MPOTOYHBIX
MOJIOCTSAX M OJTM3KHUE K JTMHEHHBIM CTaTUYecKue XapaktepucTuku Y ?

N
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JIABOPATOPHAS PABOTA Ne 11.

OINPEAEJIEHUE KOHCTPYKTUBHBIX TAPAMETPOB U AHAJIN3
YCTAHOBUBHIEI'OCA PEXKUMA PABOTDI.

HEJb PABOTHDI:
N3yunts MeTOABI MPOEKTUPOBOYHOI'O pacuyeTa U pacyeTa CTaTUYECKUX XAPAKTEPUCTUK

Ta30JMHAMHUYCCKOI'O UCITOJIHUTCIBHOI'O YCTpOﬁCTBa.
1. Aaroputm napamerpuuyeckoro cuaresa I'NY.

[Ipu mapamerpuueckoM cuHTe3e paccmarpuBaemoro ['MY oOGBIYHO W3BECTHBI
[MapaMeTphl ra3a B HCTOYHHUKE NHUTAHUSA M MAKCUMAaJbHOE 3HAYEHUE YIIPABIIOLIETO
yemmusa F,,, = Fp - Fp, co3maBaeMoro mpm KpalHEM IIOJNOKEHMH DPErYJIHPYIOILETO
Oprasa.

Pacuér koHcTpykTHBHBIX mnapameTpoB [MY, oOecneunBaromero 3agaHHbIC
TEXHUUYECKHE TPEOOBaHMSI, MOXKHO TIPOBECTH B CIEAYIOLIEM MOPSAKE:

1. Ucxonst u3 ycnoBus oOecliedeHMs, HampuMep, JHMHEWHOCTH CHIJIOBOM
CTaTUYECKOM XapakTepucTHkU F,,(X), mpuHATS:

ST
Spe
e ST =nd.2X

2. U3 ycnoBus oOecnedeHus BBICOKHMX 3HAYCHUM JaBJICHUH B moJiocTsax A u P
MIPUHSATH:

Sei _p.3 Sw _p.3

max
SAB SPA

M y4ecTh, YTO TMPH KpallHEM IMOJOKEHHH  PETYJIUPYIOMIEr0  opraHa
nasnenust P. u P, pasusr: P. =P., P, =P,.

3. Ilpu 3a1aHHBIX 3HAYEHUSAX OTHOCHUTEIBHBIX IUIOMIAZEN BIIyCKa M BBIIYCKA IO
NPUBENEHHON BBINIE METOAMKE ONPENEINTh MAKCUMAJIbHBIE 3HAYEHUS
OTHOCHTENBHBIX TaBJICHUI NPH 3HAYCHUSIX L4j, YKA3aHHBIX MIPEMOIaBaTeIIeM:

BB R
] ] ]
P, P Py,
) max max
a 3aTeM HaiiTu AaBieHus B 9tux nonocrsix: P, P, , P, npu n3sectHom P,

(P-=P.,P,=P.npu X=X_,).
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B wacrroctn, ipu P =6Mlla, T =293K umeem:

PM"™* = 4.666 MIla, P™ =5.779 MI1a,

4. OmnpenenuTh pacyETHYIO CKOPOCTh HCTEUEHHS Tra3a U3 coruia mo opmymnam:

k
7(4,) =(1——k_1/162jk1 _b_F
k+1 P, P,

/2k
VnggaKp,asz mRTB, TB:TH

V, = 626.337 m/c, a,, =313.219, A, =1.999

U 110 TaOJIHIIaM Ta30JMHAMHYECKUX (DYHKITUHN - ﬂ,g " q(/lg) .
5. BpramciauTh pacxo]1 raza yepes COIio B pacuETHOM PeKUMeE:

F
.y __ K2
Gye =~ =0.798 2/

8

6. OmpeneanTh IUIOMAIN KPUTHYECKOTO S5 U BBIXOAHOIO S, CEUCHHIl coma ¢
MTOMOIIIBI0 (PopMYyIT:

P
—_Y,., npu Y,. =1, T,=T,

G, = S,k
BC ﬂgcgco\/ﬁg

a(4,) = S’Sﬂ =0.188, S, = 72.456.01, S, =386.18311.°

8

7. C moMoImipl0 MpHUBEAEHHBIX BBIIIE PATMOHAIBHBIX COOTHOIICHUH IIIOIIAICH
HaWTH OCTaJIbHBIC ITJIOIAIH:

max _
SMX S =S.:,Sep.
8. OmpenenuTb Xmax ¥ 0. ¢ TOMOIIBIO YCIOBHS PETYIHPYEMOCTH:

X 1
e <=0 X =1.2mum, d. =9.6mm°
d 8
C .
2 2
STy =xd.2X ., =72.456Mmm", S,, =144.912 um
OcranbHbie napametpsl [ Y onpenensitorcs U3 KOHCTPYKTUBHBIX COOOpaXEHUM.

ITporpamma mapamerpudeckoro cunre3a 'Y, pazpaborana ¢ MCIIONIB30BaHUEM MTAKETa

Mathcad npuBenena B npunoxxeruu 3.1.
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2. Pacuét cratuuecknx xapakrepuctuxk 'NY.
HOI[ CTaTUYCCKUMU XAPAKTCPHUCTUKAMHU IMOHHMMAIOT 3aBUCHUMOCTH IICPCMCHHBIX

BEJIMYMH OT KOOPAMHATHI PETYIUPYIOIIEr0 OpraHa B yCTAHOBUBIIEMCS PEXXUME paOOTBHI.

Baxxueiimmmu u3 Hux sBiasgercs: cuiosas F,,(X), pacxonHble GAN, (X)) m

Harpy3ouHas R(X) craTmueckue xapakTepUCTUKH.

Pacuér XAPAKTCPUCTHK IMPOU3BOAUTCA B CIICAYIOIICM ITOPAOKE:

1. 3apaBasce psagoM 3Hagenuii X B npegenax 0 < X < Xmax OTIPEICIIUTh TUIOIIAIH:

SAA,AA:”dC(X +X)

max —
2. OHpCI[CJ'II/ITB OTHOCHTCIIbHBIC IIOIA/N BITYCKAa U BBIITYCKaA ITPOTOYHBIX TTOJIOCTEH:

Si Sen Su Ses

S Sm Swv Sax

3. Tlo HpHBGHéHHOﬁ BBIINIC MCTOJHUKC, IIPH IIOJIYUYCHHBIX 3HAYCHUAX

OTHOCUTCIIbHBIX HJ'IOHI&I[Cﬁ, paccunuTaTrb psa 3HAQYCHUN OTHOCHUTEIIbHBIX I[aBJ'IeHI/Iﬁ B

MOJIOCTSIX, a 3aTeM HalTH aOCOJIIOTHBIC JTaBiicHus (Ta0u.1-2):

TaoOmumna. 1
X, TSw | Su | Sw [P | Yu [P | Va
10° m | 107 2 S, Sse P, P,
0 36.199 4 0.5 0.5 1 0.986 |0.246
0.2 42.232 3.431 0.583 0.579 |0.994 0.981 |0.284
0.4 48.266 3.002 0.666 0.646 | 0.969 0.976 |0.315
0.6 54.299 2.669 0.749 0.699 | 0.933 0.972 |0.34
0.8 60.332 2.402 0.833 0.743 | 0.892 0.969 |0.36
1.0 66.365 2.184 0.916 0.778 |0.85 0.966 |0.376
1.2 72.398 2 1 0.807 | 0.808 0.963 |0.389
Tabmuma.2
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X, Spri Ssr | Ses| Pr | Yar & Yps | Pr|Ps(X) PA (X)
100 | 1079, Sre | Ser| Py Py

0 36.19 0.5 4 0.5 110986 |0.24 | 6 | 5913 | 5.913

0.2 | 30.16 | 041 | 48 | 041 1| 0.99 02 | 6 | 594 | 5.884

04 | 2413 | 0.33 6 | 0.33 110994 |0.16 | 6 | 5.961 | 5.857

0.6 18.1 | 0.25 8 | 025 11099 |0.12 | 6 | 5978 | 5.883

0.8 | 1206 | 0.16 | 12 | 0.16 110998 |0.08 |6 | 599 | 5.812

1.0 | 6.033 | 0.08 | 24 | 0.08 1 1 0.04 | 6 | 5.998 | 5.794

1.2 0 0 o | 0.01 1 1 0 |6 6 5.779

4. PaccuuTtaTh pacxXxoAHBIC, CHJIOBYIO, U HArpy304YHYI0 CTaTHYCCKHUEC

xapakrepuctuku [ MY (Tabun. 3): ¢ moMOIIbIO CIETYIONUX 3aBUCUMOCTEH:

F,(X)=F,—F,

P, (X)
GBC(X):IUBCSBCKO r Yocr  Ype =1
JRT,
P.(X)
GFC(X) = UreS ek FRT Yoo Ype=1

r

RH (X) = PA(SH - Sc) + PBSC - PE (SH - Sc) - PFSC

Tabnuna.3
X,

10_3 i PB (X ) GBC FB Pr (X ) GFC FF ynp RH (X )
0 2.954 | 0.481 | 287.47 | 2.954 0.481 |287.476 0 0
0.2 3.41 0.556 | 337.74 | 2.473 0.403 | 252.38 85.37 55.76
0.4 3.781 | 0.616 | 378.69 | 1.985 0.324 | 202.64 | 176.049 | 107.352
0.6 4.078 | 0.664 | 411.47 | 1.493 0.243 | 152.41 | 259.061 | 155.606
0.8 4316 | 0.703 | 437.77 | 0.998 0.163 | 101.81 | 335.955 | 201.616
1.0 4509 | 0.735 | 458.99 | 0.499 0.081 | 50.96 408.02 | 246.177
1.2 4.665 0.76 500 0.1 0 0 500 282.616
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5. Tloctpouth rpaduKu CTATHUECKUX XAPaKTEPUCTHK U TpaduKd 3aBUCUMOCTEN
OTHOCUTEJIbHBIX JaBJICHUI B IIOJIOCTAX OT KOOPAUHATHI X.

[TporpamMma pacyera craTuueckux xapaktepuctuk I['MY, paspaboraHHas c
ucronp3oBanueM rmakera Mathcad, npuBemena B mnpwioxkenmn 3.2. ['paduku
CTaTUYECKUX XAPAKTEPUCTHUK, PACCUUTAHHBIE IIPU 3HAYEHUSAX KOHCTPYKTHUBHBIX M
DKCIUTyaTallMOHHBIX I1ApaMETPOB, NPUBEICHHBIX B JTOM IPUJIOKEHUH, TOKAa3aHbl Ha

puc. 1.

P, MMNa P, MMa

Ly e
PB PB LT

[ b

-1

-1 -0.5 0 0.5 1 -1 05 "0 0.5 1
X, MM X, MM
F,H R, H
Fs .. R
it - S Jﬂ\ |~
- AT
Fynp
] (uin} El_
< 1 -05 ] 03 |
Bt -5 0 is X, MM
X, MM
B i
]
/ A

Puc. 1. Cratnueckue xapakrepuctuku ['NY.
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JIABOPATOPHAS PABOTA Ne 12

NCCIEAOBAHUE NEPEXOIHBIX PEXKUMOB PABOTbBI
T'A30JJUHAMUYECKOI'O UCIIOJIHUTEJBHOI'O YCTPOUCTBA (TLY).

JluHamMuueckue XapakTepUCTHUKU OTpaxaroT (¢GyHKiuuoHnupoBanue [UY B
IIEPEXOIHBIX PEKUMaX, BBI3BAHHBIX I10JJaY€H TOTO WJIK MHOTO KOHTPOJIBHOTO BXOJIHOI'O
curHana. IIpoBemeM aHanM3 MEPEXOMHBIX PEKHUMOB, BBI3BAHHBIX MIHOBEHHBIM
nepedpocoM MOPIIHEBBIX TUCKOB C YIIOpa Ha yIop, C yIopa Ha HEUTpaJlb U ¢ HEUTpau
Ha yIop, YTO COOTBETCTBYET PEJICHHBIM JBYX M TPEXIO3ULIMOHHBIM pEKUMaM padOThI.
Kpome Ttoro paccmorpum peakuuro ['MY Ha cuHycoMzaabHOE T'apMOHUYECKOE
Bo3zciicTBue. HauanbHble 3HAUeHHMsS NEPEMEHHBIX BEIMYMH OyIUM OIPEAEsATh C
IIOMOLIBIO MOJYYEHHBIX BBILIEC YPABHEHUM YCTAHOBUBILIETOCS PEXKUMA.

HauaneHbpie 00beMBl MPENCOIUIOBBIX MosiocTel nmpu X=0 ompenenum HU3 TOro
yCIIOBUS, YTO U1 00eCIeYeHHss PAaBHOMEPHOCTH Ta30BOT0O IOTOKA Ha BXOZE B COILIO

JUIMHY TIOJIOCTH MPUHAMAIOT paBHEIM 3+ 4 muamerpa cena:

o =S Xy T4+,

Jlns onpezneneHus HavaldbHBIX 00BEMOB monocteil A u b HeoOXoaumo 3HATH
auameTp mopiuHeBoro jucka O, KOTOpeIi O0OBIMHO HAXOMAT B  pe3ysbTare
IIPOEKTUPOBOYHOI'O pacyeTa pyjaeBoro npusoja. I1o aToMmy 3aece s ONpeneIeHHOCTH

IIPUMEM d o= ZdC. Kpome Toro, HeoOXOIMMO y4ecTb, YTO B KpailHEM MOJIOKEHHUH
IIOPIIHEBOM JUCK HE JOJDKEH IIEPEKpbIBATh BIIYCKHBIE OTBEPCTHUSA JIUAMETPOM

d P4 = d ps - TaKUM 00pa3oM, ¢ y4eTOM JIBOMHOTO 3araca HadajabHbIe 00BEMBI TTOJIOCTEH
A u b MoxxHO onipenenuTs 1o hopmylie:

;,CZ{ — (SH _ SC) . Xmax + 2(817 — Sc) . dPA

[Ipn ucronb30BaHUM TBEPAOTOILUIMBHOIO HMCTOYHMKA ra3a JABJICHHE INHUTaHUS
3aBUCHT OT TEMIIEPATypbl TOIUIMBA W IPU W3MEHEHHHM TEMIIEPATYPBl OKPYKArOLIEH
cpensl B mpegenax 50°C wm3mensiercs B mpegenax ot 3 mo 6 Mlla. [lostomy
11eJ1Ieco00pa3HO PacCMOTPETh Mepexoanbie mpoiecchl B MY npu gaBnenusx 3, 6 u 9
MIlIa. I'paduku mepexoHbIX MPOILIECCOB, BHI3BAHHBIX MOJAYEH Pa3IMUHBIX BXOIHBIX
CUTHAJIOB MOKa3aHbl Ha puc. 8-16. C MOMOIIBIO JaHHBIX TPA()UKOB MOXKHO ONPEIETUTh
BpeMsi cpabaThiBaHUs U SKBUBAJICHTHOTO 3ana3abiBanus [ Y.

[Tporpamma pacuera nepexoHbIX MPOIECCOB, pa3padOTaHHAsI C UCIIOJIb30BAHUEM
naketa Mathcad, npuBenena B npuoxenuu 3.3.
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Puc. 8 [lepexoansbie nmpouecchl Mpu ABYXMO3UIIMOHHOM BXOJHOM CUTHAJE U

naBJICHUU B ucToyHuKe 3 MIla.

104



. X, MM
410° 1
PB T2
e [ I .
2.10° r’/r— ¥ - )
Pr 0
0 0.001 0002 o003 tc 0004 0.005 0006 0007
11
-2q0f 4
P, Ma
3.05-10°
] P6
3.0 p------- 4..7.-----------,"
295 10° - -,
Pa i :
2910 :
285-10° l/—
28-10°
' 0 0.001 0.002 0003 ¢, 0004 0.005 0.006 0.007
F, H
, X, MM
6001 14
13
200+
/ﬂB Fynp
ot S \ IS T — L
X e ]
Fr I \_
: ; ; } i : : ' i F - i : 0
0 510% 0001 00015 0002 00025 0003 00035 OOp4 00045 0005 00055 0006 00065 0.007
t,c ' | 11
2wt TR T T T T T T
1-2
_4':":'__

Puc. 9 [lepexoanbie npouecchl Npu TPEXMO3UITMOHHOM BXOJAHOM CUTHAJIE U JIaBJICHUU B

ucrounuke 3 Mlla.
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Puc. 10 IlepexoaHble MpoIEeCChl IPU FTAPMOHUYECKOM BXOJHOM CUTHAJIEC U JIABJICHUU B

nctounuke 3 Mlla.
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Puc. 11 Ilepexoanpie mpoueccsl MpH ABYXHNO3UIIMOHHOM BXOJHOM CHUTHAJIE U JABJICHUU

P, MNa

a-10" T

2-.100 T

B uctounuke 6 Mlla.
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Puc. 12 Ilepexoanble MPOUECCHl TP TPEXITO3ZUITMOHHOM BXOJHOM CUTHAJIE U JIABJICHUU

B uctoyHuke 6 MIla.
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Puc. 13 IlepexoaHble MPOIECCH] TPU TAPMOHUYECKOM BXOJHOM CUTHAJIE U JIABJICHUU B

ucrounuke 6 Mlla.
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Puc. 14 Ilepexoanble MPOUECCH TP ABYXMO3UIIMOHHOM BXOJHOM CUTHAJIE U JaBJICHUU

B uctoununke 9 Mlla.
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Puc. 15 HCpCXOIIHBIe IIPOLECCCHI IIPHU TPEXITOSUIHUOHHOM BXOJHOM CHUTHAJIC U JaBJICHUHU

B uctounuke 9 Mlla.
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Puc. 16 Ilepexoansie mporecchl MpU rapMOHUYECKOM BXOJTHOM CUTHAJIE U JABJICHUU B
ucrounuke 9 Mlla.

4. ITopsAIOK BHINOJIHEHUS PA0OTHI:

1) u3y4uTh OOIIKE MOJIOKCHUS TCOPHH M 3apUCOBaTh pacuéTHyio cxemy 'Y u ero
TEPMOTa30IMHAMUYECKOH MOJICUCTEMEI (pHC. 2);
2) 3amucarh pacy€THbIC (HOPMYIIBI ISl ONPEICIICHHSI ITAPaAMETPOB T'a3a B MPOTOYHBIX
MOJIOCTSIX;
P P, P
3) paccuuTaTh M TIOCTpOUTH rpaduku 3aBucumoctn —>,—L u —£ g cnywas
'+ Pr J2
KPUTHYECKOTO MCTEUEHHUs Ira3a B OKPYKAIOLLYIO Cpey IPU OTCYTCTBUU TEUCHMS
ra3za yepe3 nojioctu I' u b (X=Xax — peaenbHoe yCTAaHOBUBIIEECS COCTOSIHUE
rmnyy;
4) BBISIBUTH PAIMOHAIBHBIC COOTHOIICHHS OTHOCHUTENBHBIX IUIOINAACH BIyCKa WU
BBIITYCKa, 00ECIIEYNBAIOLINX BBICOKOE BOCCTAHOBJIEHUE JABJIECHUN B MPOTOYHBIX
HOJIOCTSX U ONM3KKE K JIMHEUHBIM cTaTudeckue xapaktepuctuku [NY;

Hcxonnrlie naHHbIEe:

oHC
K:1,4’ R = 287 ﬂ—K’ 'P']:I = 6 Mna’ TP = 293 I{, PI'_',= D,]. Mna, FVHP = ﬂ,H
Ke - )
- TMpU BBHINOJHEHUU MyHKTOB 1 — 4 BaphUpoOBaTh OTHOCHUTEJBHBIMHU ILIOMIAASIMU
BITyCKa U BbITycKa oT 0 110 5;
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no

KoHTpOoIBHBIE BOITPOCHI:

Kakue ypaBHeHus: BKJIIOYAET B ce0s HeNMHEWHass MmaTemaTuieckas moaens [ Y u
KAKOB CMBICII BXOASIIUX B HEE BEJIIMUNH?

KaxoBbl yc10BUS U ypaBHEHUsI YCTaHOBUBIIErocs pexuma padotsl [1Y?

KakoB mnopsgok pacuy€ra yCTaHOBUBIIMXCS 3HAQYEHUM MapamMeTpoB Trasa B
IPOTOYHBIX MOJOCTAX MPU X=Xnax 1 X=07?

KakoBbl panuoHaIbHBIE COOTHOIIEHUS OTHOCUTEIBHBIX IUIONIAJCH BIyCKa M
BBIMTyCKa, 00ECIIEUYNBAIOIINX BBICOKOE BOCCTAHOBJICHHE JABJICHUA B MPOTOYHBIX
MOJIOCTSIX U OJM3KUE K JIMHEHHBIM cTaTUYecKue xapakrepuctuku [T1Y?
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[TPMJIOKEHUE.

TABJIMLIA TA3OAUHAMWYECKIX ®YHKIINIA.

k=14
; . . . g M y(1<1)
w(A>1)
0,00 1,0000 1,0000 1,0000 0,0000 0,0000 0,0000
0,02 0,9999 0,9998 0,9998 0,0315 0,0183 0,0316
0,04 0,9997 0,9990 0,9993 0,0631 0,0365 0,0631
0,06 0,9994 0,9979 0,9985 0,0945 0,0548 0,0947
0,08 0,9989 0,9903 0,9974 0,1259 0,0731 0,1263
0,10 0,9983 0,9942 0,9959 0,1571 0,0914 0,1580
0,12 0,9976 0,9916 0,9940 0,1882 0,1097 0,1879
0,14 0,9967 0,9886 0,9918 0,2190 0,1280 0,2216
0,16 0,9957 0,9851 0,9893 0,2497 0,1460 0,2551
0,18 0,9946 0,9812 0,9866 0,2801 0,1650 0,2873
0,20 0,9933 0,9768 0,9834 0,3102 0,1838 0,3196
0,22 0,9919 0,9720 0,9799 0,3401 0,2016 0,3521
0,24 0,9904 0,9668 0,9762 0,3696 0,2201 0,3823
0,26 0,9887 0,9611 0,9721 0,3987 0,2386 0,4148
0,28 0,9869 0,9556 0,9677 0,4254 0,2573 0,4475
0,30 0,9856 0,9485 0,9630 0,4557 0,2760 0,4864
0,32 0,9829 0,9415 0,9579 0,4835 0,2947 0,5135
0,34 0,9807 0,9342 0,9525 0,5109 0,3134 0,5469
0,36 0,9784 0,9265 0,9469 0,5377 0,3322 0,5864
0,38 0,9759 0,9183 0,9409 0,5640 0,3511 0,6142
0,40 0,9733 0,9097 0,9346 0,5897 0,3701 0,6482
0,42 0,9706 0,9008 0,9281 0,6149 0,3892 0,6826
0,44 0,9677 0,8915 0,9212 0,6394 0,4083 0,7172
0,46 0,9647 0,8819 0,9142 0,6633 0,4275 0,7521
0,48 0,9616 0,8719 0,9067 0,6865 0,4468 0,7874
0,50 0,9583 0,8616 0,8991 0,7091 0,4663 0,8230
0,52 0,9549 0,8509 0,8911 0,7309 0,4858 0,8590
0,54 0,9514 0,8400 0,8829 0,7520 0,5054 0,8953
0,56 0,9477 0,8287 0,8744 0,7724 0,5251 0,9321
0,58 0,9439 0,8172 0,8657 0,7920 0,5450 0,9692
0,60 0,9400 0,8053 0,8567 0,8109 0,5649 1,0009
0,62 0,9359 0,7932 0,8475 0,8288 0,5850 1,0449
0,64 0,9317 0,7808 0,8380 0,8459 0,6053 1,0842
0,66 0,9274 0,7681 0,8283 0,8623 0,6256 1,1226
0,68 0,9229 0,7553 0,8183 0,8778 0,6461 1,1622
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0,70 0,9183 0,7422 0,8082 0,8921 0,6668 1,2024
0,72 0,9136 0,7289 0,7978 0,9001 0,6876 1,2431
; . . . g M y(4<1)
(A >1)
0,74 0,9087 0,7154 0,7872 0,9189 0,7086 1,2845
0,76 0,9035 0,7017 0,7764 0,9368 0,7298 1,3265
0,78 0,8986 0,6878 0,7655 0,9418 0,7511 1,3692
0,80 0,8932 0,6738 0,7543 0,9518 0,7727 1,4126
0,82 0,8879 0,6597 0,7429 0,9640 0,7944 1,4567
0,84 0,8824 | 06454 | 10,7314 | 09691 | 08163 | 15018
0,86 0,8768 0,6310 0,7197 0,9764 0,8384 1,5473
0,88 0,8709 0,6165 0,7079 0,9826 0,8608 1,6038
0,90 08650 | 06019 | 06959 | 09879 | 0,8833 1,6412
0,92 0,8589 0,5873 0,6838 0,9923 0,9062 1,6895
0,94 0,8527 0,5720 0,6715 0,9957 0,9292 1,7388
0,96 0,8464 | 05579 | 06591 | 09981 | 09526 | 1,7891
0,98 0,8399 0,5431 0,6466 0,9993 0,9761 1,8404
1,00 0,8333 0,5283 0,6340 1,0000 1,0000 1,8929
1,02 0,8266 0,5136 0,6212 0,9995 1,0241 0,00289
1,04 0,8197 0,4987 0,6064 0,9980 1,0486 0,008159
1,06 0,8127 0,4848 0,5955 0,9957 1,0734 0,01488
1,08 0,8056 0,4693 0,5826 0,9924 1,0985 0,02282
1,10 0,7983 0,4540 0,5694 0,9880 1,1239 0,03169
1,12 0,7909 0,4400 0,5564 0,9829 1,1496 0,04140
1,14 0,7834 0,4255 0,5432 0,9768 1,1758 0,05192
1,16 0,7757 0,4111 0,5300 0,9698 1,2025 0,06309
1,18 0,7679 0,3989 0,5168 0,9620 1,2292 0,074896
1,20 0,7600 0,3827 0,5027 0,9531 1,2566 0,087324
1,22 0,7515 0,3687 0,4895 0,9435 1,2843 0,10024
1,24 0,7437 0,3548 0,4762 0,9331 1,3126 0,113735
1,26 0,7354 0,3412 0,4629 0,9217 1,3415 0,127685
1,28 0,7269 0,3275 0,4497 0,9096 1,3705 0,142102
1,30 0,7183 0,3142 0,4374 0,8969 1,4002 0,156953
1,32 0,7096 0,3010 0,4241 0,8831 1,4305 0,172261
1,34 0,7007 0,2880 0,4110 0,8688 1,4613 0,187947
1,36 0,6917 0,2753 0,3980 0,8538 1,4927 0,20403
1,38 0,6826 0,2628 0,3850 0,8380 1,5248 0,22055
1,40 0,6733 0,2505 0,3720 0,8216 1,5579 0,23742
1,42 0,6639 0,2358 0,3592 0,8046 1,5909 0,25466
1,44 0,6544 0,2267 0,3464 0,7869 1,6250 0,27264
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1,46 0,6447 0,2125 0,3338 0,7687 1,6598 0,29019
1,48 0,6349 0,2040 0,3212 0,7499 1,6955 0,30853
; . . . g M y(4<1)
(A >1)

1,50 0,6250 0,1930 0,3088 0,7307 1,7321 0,3273
1,52 0,6149 0,1824 0,2965 0,7110 1,7694 0,34624
1,54 0,6047 0,1720 0,2844 0,6909 1,8078 0,36565
1,56 0,5944 0,1619 0,2724 0,6703 1,8471 0,38537
1,58 0,5839 0,1522 0,2606 0,6494 1,8875 0,40547
1,60 0,5733 0,1427 0,2489 0,6282 1,9299 0,42592
1,62 0,5626 0,1336 0,2374 0,6067 1,9716 0,446695
1,64 0,5517 0,1248 0,2261 0,5850 2,0155 0,46785
1,66 0,5407 0,1163 0,2150 0,5630 2,0667 0,48937
1,68 0,5296 0,1081 0,2041 0,5400 2,1073 0,51125
1,70 0,5183 0,1003 0,1934 0,5187 2,1555 0,53355
1,72 0,5069 0,0928 0,1830 0,4965 2,2053 0,55623
1,74 0,4965 0,0856 0,1727 0,4771 2,2567 0,57926
1,76 0,4827 0,0787 0,1628 0,4520 2,3100 0,60272

1,78 0,4709 0,0722 0,1530 0,4296 2,3653 0,6266
1,80 0,4589 0,0660 0,1435 0,4075 2,4227 0,650898
1,82 0,4479 0,0602 0,1343 0,3855 2,4824 0,675643
1,84 0,4357 0,0546 0,1253 0,3638 2,5449 0,70097
1,86 0,4234 0,0494 0,1167 0,3423 2,6094 0,72651
1,88 0,4109 0,0445 0,1083 0,3211 2,6772 0,75268
1,90 0,3983 0,0399 0,1002 0,3002 2,7481 0,77935
1,92 0,3856 0,0356 0,0923 0,2797 2,8225 0,80656
1,94 0,3727 0,0316 0,0868 0,2596 2,9007 0,83434
1,96 0,3597 0,0279 0,0776 0,2400 2,9831 0,86272
1,98 0,3466 0,0245 0,0707 0,2209 3,0701 0,89172
2,00 0,3333 0,0214 0,0642 0,2024 3,1622 0,92137
2,02 0,3198 0,0185 0,0579 0,1845 3,2603 0,95488
2,04 0,3064 0,0159 0,0529 0,1662 3,3642 0,98282
2,06 0,2927 0,0136 0,0464 0,1507 3,4759 1,01481
2,08 0,2789 0,0115 0,0411 0,1348 3,5951 1,047482
2,10 0,2650 0,0096 0,0361 0,1198 3,7240 1,08119
2,12 0,2509 0,0079 0,0315 0,1055 3,8633 1,11585
2,14 0,2367 0,0065 0,0273 0,0921 4,0150 1,15161
2,16 0,2224 0,0052 0,0233 0,0795 4,1791 1,18814
2,18 0,2079 0,0041 0,0179 0,0678 4,3642 1,22685
2,20 0,1933 0,0032 0,0164 0,0570 4,5674 1,26656
2,22 0,1786 0,0024 0,0135 0,0472 4,7954 1,30795
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2,24 0,1637 0,0018 0,0116 0,0408 5,0533 1,35114
2,26 0,487 | 0,00127 | 0,00813 | 0,0290 | 53494 | 1,39649
2,28 0,1336 | 0,00087 | 0,00652 | 0,0234 | 56940 | 144427
A T T & q M y(/1 : l)
(A >1)

2,30 0,1183 0,00057 0,00482 0,0175 6,1033 1,49499
2,32 0,1029 0,00035 0,00340 0,0124 6,6008 1,54922
2,34 0,0874 0,00020 0,00226 0,0083 71,2254 1,607849
2,36 0,0717 ]0,0000988| 0,00138 0,0051 8,0405 1,672182
2,38 0,0556 |0,0000413| 0,00074 0,0028 9,1882 1,744092
2,39 0,0480 |0,0000242| 0,00050 0,0019 9,9624 1,783966
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