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BBE/IEHUE

B nmaHHBIX METOIMYECKUX YKa3aHUSAX PacCMaTpUBAIOTCs JIabopaTOpHbBIE PaOOTHI,
MOCBSAIICHHBIE HW3YYEHHIO BOIPOCOB adpOra3oAMHAMUKH M JIUHAMUKH IOJETa
JeTaTeNbHBIX amnmapartoB (JIA).

AbsporazognHaMUKa SIBJISETCS pa3iesioM MEXaHUKHU JKHJIKOCTH M raza, B KOTOPOM
U3y4yaeTcs, JABMKEHHUE JKMJIKOCTH W Tra3a W HX B3aWMOJICMCTBUE C TPaHUYHBIMU
noBepxHocTsIMU. [ cTygeHToB cnennanbHOocTH 160400 »TOT pazgen sBIseTCS
CBSI3YIOIIUM 3BEHOM MEXIYy TAaKUMH OOLIETEOPETUUCCKUMHU NHUCIUIIMHAMH, Kak
dusnka, MaTeMaTHKa, MEXaHUKA ¥ MPOGUIUPYIOMUMHA KypcaMH, KOTOPBIE TTOCBSIICHBI
M3YYCHUIO JBUKEHUS TIOJIBIKHBIX OOBEKTOB M PabOYMX MPOIECCOB, MPOTEKAOIINX B
YCTPOMCTBAX aBTOMATUKHU Ta30BbIX CHJIOBBIX CHUCTEM YyIpPaBJEHUS M, B YaCTHOCTH, B
PEryJIUPYIOIIUX, Ta30pacIpeAeIUTENbHBIX U UCTIOTHUTEIBHBIX YCTPONUCTBAX.

[lenbto HACTOSIIMX METOAMYECKUX YKa3aHUM K JabopaTopHBIM padoTam
SIBJIIETCSL PACCMOTPEHUE TEOPETUUYECKUX BOIPOCOB a3POra3zoJMHAMHMKH U JTUHAMUKHU
MOJIETa, U3YUYCHUE HKCIECPUMEHTAJIbHBIX METOJIOB MCCJIEOBAaHUS Ta30BbIX W KHUJ-
KOCTHBIX TEUCHHH M IOJIYYCHHE MPAKTUYCCKUX HABBIKOB CAMOCTOSTEIHHON pabOThI C
U3MEPUTEIBHBIMU a3POra30IMHAMUYECKIUMU TTPUOOpaMH.

1. O0mme TpeGoBaHUS M METOANYECKHE YKAZAHUS

Ilepen  kaxpoil  jmabopaTopHOM  pabOTOM  CTYJIEHTHI  BHEAYAUTOPHO
MpopadaTHIBAIOT COOTBETCTBYIOIIUI TEOPETHUECKUN MaTEepHa, MOJIb3YsICh KOHCTICKTOM
JIEKIUN U y4eOHUKaMU 1O a’pora3ojuHaMUKe U JUHAMUKE MojeTa (Ha3BaHUE PaOOThI
JUTSI TIOATOTOBKM BBISIBJISICTCSL Y TIPENOJaBaTeNsl Ha TMPEAbIIYINEM 3aHSATHU WU T10
pacrucaHuio J1abopaTOpHbIX pabOT Ha CTEHE Kadeapsl).

K wu3yueHHI0o SKCIEpUMEHTAIBHONH YCTAaHOBKH CIIEYyeT MPHUCTYIHTh IIOCHE
OCBOCHHMS MMYHKTOB | ¥ 2 COOTBETCTBYIOIIIEH JIa0OpaTOPHOU PabOTHI.

JlabopaTopubie paboTel odopmisitorcs B TeTpanax. llepen  Haudamom
AKCIIEPUMEHTOB BCE HEOOXOIUMBIE UCXOAHBIC JAHHBIC, HE MOJICKANTUE U3MEPEHUIO B
X0JIe OSKCIEPUMEHTa, JODKHBI OBITh 3aHECEHBl B KypHald (CTYIEHTHI TOJYy4aroT
HEoOXoMuMyt0 HMHGOPMAIMI0 U3 CIPABOYHHUKOB, METOJUYECKHX YKa3aHUA K
COOTBETCTBYIOIIIEH TaOOpaTOpHOH padoTe, y MpernojaBaTes).

Jlst BBITIOJIHEHUS JTA0OPATOPHBIX PadOT CTYJAEHTHI JODKHBI MUMETh mpu cebe
BBIYHCIIUTEILHBIC CPEJICTBA.

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

[Ipubopbl W HIEKTPOYCTAHOBKH, HCIIOJb3yEeMble B JIa0OpaTOpPHBIX padoTax,
MUATAIOTCA OT CETU MEePEMEHHOro Toka HanpspbkenueM 220 B ¢ yactoroit 50 I'm.

Bxirouath HanpsiKEHUE MOKHO TOJIBKO TTPU MTOMOIIM IITENCETbHON BUJIKU MOCIIE
THIATEJIBHOW  TPOBEPKM  TPABWIBHOCTH  coOpaHHOM  cxembl.  HeoOxomumo
MIPETYCMOTPETh BO3ZMOKHOCTH OBICTPOTO OTKIIFOUEHHMS AJICKTPOAIIapaTyphl Ha Clydan
BO3HUKHOBEHUSI HEHOPMAJILHOTO PEXXHMa paOOTHI.



[lepen pabotoit HEOOXOAMMO OCBOOOAUTH pabodyee MECTO OT MOCTOPOHHHUX
HPEMETOB M HEHYKHBIX TPUOOPOB.

Kateropudecku 3amperiaercsi MpOBOJAUTh KaKOW-JINOO PEMOHT WIIM TOJHATIAIKY
npubopoB. [lpu oOOHapyXeHHMHM KaKuUX-THMOO HEHCIIPABHOCTEH B J1a0OpaTOPHOM
YCTAHOBKE HEOOXOJMMO HEMEIUICHHO COOOLIMTH JIAOOpPAHTY WM TPENoaBaTelIio,
HPOBOIAIINM 3aHATHE.

[lpy  BHE3amHOM  BO3HUKHOBCHHWU  HEUCIPABHOCTH  CIEAYeT  OBICTPO
OTKITIOYHTH TPUOOpP WM TIOJIHOCTBIO O0ECTOYHTH J1A0OpaToOpHio, IS Yero
UMEIOTCS aBTOMAThl OTKJIFOUCHHUS ITHTAHUS, PACIIOJIOKCHHBIC Ha PacIpelelIUTSIIBHOM
IIHTE.

3. lIpaBuia opopmiieHHS M CIa4U 0TYETOB IO J1a00PATOPHBIM padoTam.

JlabopaTopHas pabota akkypaTHO odopmisieTcs B TeTpansx. JlaHHbie
AKCIIEPUMEHTA, KOHCTAaHThl U TEIIO(PU3NYECKUEe CBOWCTBA BEIECTB, PE3YJIbTATHI
BBIYKMCIICHUN 3aHOCATCA B TETpaab pydkoil. ['paduiky BBHITOTHSAIOTCS KapaHAAIIoM.
CxeMa yCTaHOBKHM JOJDKHa OBITh HapHCOBaHA B TETPaaH ISl JIaOOPATOPHBIX pabOT
KapaHJaIioM, IPsIMbIE IMHUW MTPOBOJIATCS T10 JIMHEUKE.

Jlnst Toro 4ToOBI cAaTh TaOOpPaTOPHYIO PadbOTy, HYKHO
— IPOBECTH  OKCIEPUMEHT, TOJYYUTh HEOOXOJUMBbIE OSKCIEPUMEHTAIbHbBIE

JTAaHHBIC,

— caenath pacdyeT 1 opopMUTH pabOTy B TETpaau AJis JaOOpPaTOPHBIX paboT;

— U3YYUTh TEOPETHUECKHII MaTepuand COOTBETCTBYIOIIETO pasliena Kypca
JEKIMA M TYyHKTa 2 BBIOJHEHHOW J1a0OpaTOpHOW paboOThl, 3HATH YCTPOMCTBO
AKCIIEPUMEHTAJIFHON YCTAHOBKU W TMPHUHIUIT PaObOThI MPUOOPOB, MCIOIB3YEMBIX B
nabopatopHoit  pabotre, yMeTb OTBe4YaTh HA  KOHTPOJbHBIE  BOIPOCHI
COOTBETCTBYIOIICH J1Ta00paTOpHON pabOThl, a TaKKe Ha JOMOJHUTEIIbHBIC BOMPOCHI
MIPETNoIaBaTelisa 1Mo TEOPUH, SKCIEPUMEHTY W pacueTam, BBITIOJIHCHHBIM B jabopa-
TOpHOM paboTe.



JIABOPATOPHAS PABOTA Ne 1.

METO/AbI OIPEJAEJEHUA CKOPOCTH J1O3BYKOBOI'O IIOTOKA B
A3POIMHAMHNYECKOU TPYBE.

HEJIb PABOTbI:
N3yyeHnue MeTo10B ONpeIeeHUs] CKOPOCTU JO3BYKOBOI'O BO3IYIIIHOTO MOTOKA.
OCHOBBI TEOPUH U CPEJICTBA UCCJIEJJOBAHUIA.
1. Onpenenenrie CKOPOCTH MOTOKA ¢ TOMOIIBIO PUEMHHKA BO3YIIHOTO JaBJICHUS.
B HacTosimiee BpeMsa I M3MEPEHUS CKOPOCTH IIOTOKA rasza IIHPOKO
UCIIOJIB3YeTCSI  CIOCOO  M3MEpPEHHUs, KOTOPBhIi OCHOBaH Ha  HCMOJb30BAHHUU
HacajJKa,  Ha3blBAEMOT0  MpPUEMHUKOM  BosaymHoro  gaBieHuss  (ILB.JI).

Cxema Hacangka W KpuBas paclpelesicHusi [aBJICHUS Y €ro IOBEPXHOCTHU
npeAcTaBieHa Ha puc. 1.
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Puc. 1. Cxema Hacaaka

H&C&I[OK €CTh COUCTAaHHC pr6KI/I IIOJIHOT'O Haltopa W IPUEMHHKA CTAaTHYCCKOI'O

naBneHusi. OH  perucTpupyer pasHUIly MeXJIy TMOJHbIM  JaBiieHuem P, ,

BOCIIpUHUMACMBbIM LOCHTPAJIbHBIM OTBCPCTUCM, MW CTATHYCCKHUM JO4BJICHHCM PC,
BOCIIPUHHUMACMbIM OOKOBBIMH OTBCPCTHAMMU HaCaaKa. BGJ’II/ILII/IHy PH Ha3bIBAIOT TAKXKC

JaBJICHUEM TOPMOYKCHHUS.

Kaptuna oOrekaHus Hacagka MOXET OBITh CXeMaTHMYHO MpeJCcTaBieHa
cienyromuM oopazom. CTpyiky MOTOKa BOJIU3M HAcaJKa UCKPUBIISIOTCS, a CaM MIOTOK B
KPUTHUYECKON TOUKE pa3BETBISIETCA U NIEpE] HACAAKOM o0pa3yeTcs 3aCTOiHas1 30Ha.

Ecnuy B34Th 10CTATOYHO TOHKYIO, IO CPABHEHUIO C IMAaMETPOM HACA/Ka, CTPYUKY,
NOJIXOJSIIYIO 0 OCH HacaJKa K MECTy pa3BETBIIEHHUS MMOTOKA, TO MOKHO MPUOIMKEHHO
OPUHSATH, YTO BO3yX B 3aCTOMHON 30HE MOYTH HE JBHXKETCA, T.€. ckopocTh V = 0, a
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naBieHUEe OBICTPO BO3PACTACT W B KPUTHYECKON TOYKE JOCTUTAET IMOJHOTO JaBICHUS
P,. B Toukax, HaxoIdluxcsi HEAAJIEKO OT KPUTHUYECKOM, JaBJICHHE PE3KO MajacT.

Jlanee, o HaNpaBJIEHUIO MOTOKA TOXKE HAOJIIOIAETCS TIOHMKEHHUE JIaBJICHHUS, a 3aTEM I10
Mepe yAaJIeHus OT MepeJHeNd KPOMKH HAcaJKa J1aBJIEHUE OIATh MOBBIIIAETCS, ACUMIITO-
TUYECKH TNPUOMIKasCh, K cTatuyeckomy. llpucyTcTBHe [ep:kaBKH BBI3BIBACT,
TOPMOKE€HHE IOTOKAa M TEM CaMbIM IIOBBINIAET JaBJIEHHE. BOKOBBIE OTBEPCTHS IS
IpUEMa CTATUYECKOIO JABJICHHS HAaXOJATCA B CEUEHHH, MPOXOIAIIUM uyepe3 Touky 0.
Ha cxeme Hacagka TIpeACTaBICHbl palMOHAIbHBIE COOTHOIICHHS Pa3MEpOB,
oOecnieunBaroIye Haubosee TouHoe usmepenue P, u P..

CornacHo ypaBHeHUIO bepHysum Juisi HEC)KUMAEMOW Cpejibl, pa3HOCTh JaBJICHUMN

P, u P. paBHa CKOpPOCTHOMY Haropy pV%:

P,~P.=""/%,

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

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

HOCKOJIBKy BO3YyX IIOIIAAACT B TPY6y H3 Ha60paT0pHOFO IIOMCIICHU, TO IINIOTHOCTD
BO3JyXa B TPY6€ oe3 yucTa CKUMACMOCTH pPaBHA INNIOTHOCTH BO314yXa B aTMOC(l)epe u
OIIPCACIIACTCA C IIOMOIIBIO YPAaBHCHHA COCTOSHUA!

p=m=@§n (2)

rae P, —armocdepHoe maBieHue B moMmemnieHuu, [la,
T, — Temneparypa Bo3ayxa B momemienuu, K.

Takum oOpa3oM, MeTOIMKA OSKCIEPUMEHTAIBHOTO OIpPENETCHUs] CKOPOCTH
J03BYKOBOI'O MOTOKa C MOMOIIBIO HAcaJKa OCHOBAaHA HA MCIOJb30BAaHUU YPABHEHUS
bepHym, ycnoBHs HEC)KMMAEeMOCTH M YpaBHEHUsA COCTOsSHUSA. M3 3THX ypaBHEHHI
BUJHO, YTO JJI OIpPEAENICHUS CKOPOCTM HEOOXOAMMO 3aMEPUTh Pa3HOCTb MEXIY
ITOJHBIM U CTATUYECKHUM JABJIEHUEM, JTABICHUE U TEMIIEPATYPY B MOJOCTSX.

B NEeUCTBUTENBHOCTH LIEHTPAIBHOE OTBEPCTHE HAcCaJKa BOCIPUHMMAET HE
MOJIHOE JaBieHue P,, KOTOpoe HMMEeTcsl TOJbKO B OAHOW KPUTUYECKOW TOYKe, a

HEKOTOpPOE CpEeIHEE NABJIEHUE IOTOKA, UMEIOIIME MECTO Ha NEPEIHEW NOBEPXHOCTH
Hacajka, Tak Kak 3TO OTBEPCTHE, KaK Obl OHO HEe ObUIO Majlo, 3aHMMAET HEKOTOPYIO
KOHEYHYI0 00JacTh M He siBsieTcsl Toukoil. Kpome Toro, cratmueckoe JaBICHHUE MBI
U3MEpSiEM HE B TOW TOYKE, IJe H3MepsAeTcs MoiHoe aaBieHue. ClenoBaTesbHo,
Pa3HOCTh [JIaBJICHUW, KOTOPYIO MbI (DAKTUYECKH H3MEpsieM 3aBUCHUT OT (OPMBI U
pa3MepoB HacaJKa U HE paBHA Pa3HOCTH CTaTUYECKOTrO U MOJIHOIO JABJIECHUS B IIOTOKE B
OIHOM H TOM e Touke. YToObl ydecTh mnomnpaBky B ¢opmyny (1) BBoguTCs
kodpdunmenT &, HazbIBaeMblii KOd(h(UIIMEHTOM Hacajgka, Tocie dero Gopmyna

IIPUHUMACT BU/:
\Y =1’%(PH_PC)§ (3)



Bemuuuna & onpepaensieTcsi SKCIIEpUMEHTAIBHO TP TapUpPOBKe Hacaaka. [1o ombITHEIM
nanHbIM & koJeOnetcs B npenenax ot 1,01 go 1,04.

Jlns mu3MepeHus pasHocTH AasineHudl P, u P. B gaHHON pa®oTe Hcnomib3yeTcs
MukpomaHomeTp (puc. 2). OH npeacraBisieT coOOW JIBYXKOJICHHYHO TpYyOKYy,
3aMOJHEHHYIO KUAKOCThIO. K o0ouMm kojieHaMm mnpubopa Mpu MOMOIIM IUIAHTOB
NOJIBOJISATCA JABJIEHUS, PA3HOCTh KOTOPBIX HEOOXOAMMO U3MEpUTh. OIHO U3 KOJEH
MaHOMeTpa (0a4oK) J1eTaeTcsi CO 3HAYUTENbHO OOJIBIIMM MONEPEUYHbIM CEYECHUEM, YEM
napyroe (cTexisiHHas TpyOka). DTO MO3BOJIAET B OTIMYME OT oObryHOW U - 0OpaszHoM
TPYOKH OTPAaHUYUTHLCS MPU U3MEPEHUHU TIepenana JaBiICHU OTCYETOM TOJIBKO B OJTHOM
y3KOM H3MepuTenbHOM KosieHe. [loBbiieHHoe paaBnenue P, moaBoguTcs k Oauky
MaHOMETpa, MOHIKEeHHOe P. K cTekIsHHOHN TpyOke. B OGauke ypoBeHb MOHMKAETCS Ha
BenMunHy Ah, a B CTEKJITHHOM TpyOKe MOBBIIIaeTC HA @, =a—4a, .

3nass Ah u a,, MOXHO ONPEIeNUTh pa3HOCTh naBineHuid P, u P. mo ¢popmyre:

P,—P.=a,ysinp+Ahy, 4)
e ¥ = p,d — yACIbHBIN BeC KUIKOCTH B MUKPOMAHOMETPE TIPU TEMIIEPATYPE OIIBITA;
(@ — YroJ MEX]Iy OChbI0 HAKJIOHHOM CTEKJISHHON TPyOOUYKHM M TOPU3OHTAILHOMN

TTOCKOCTBIO;
P — INIOTHOCTb )KUIAKOCTH;

Puc. 2. Cxema MUKpOMaHOMETpA
Ah — U3MEHEHHE BBICOTHI JKMAKOCTH B IIMPOKOM KOJICHE MHUKPOMAHOMETpa BO
BpeMsl OIbITA; a, 4, — BEJIMUYMHBI TTOKAa3aHWUN, OTCUMTHIBAEMBIX IO IIIKaje Ha OOKOBOM
IMOBEPXHOCTU CTEKJISIHHOTO KOJIEHA MUKPOMAaHOMETPAa BO BPEMs OIBITA W JI0 ONBITA
COOTBETCTBEHHO.
PazHocTh paBiieHMN oOmpenenseTcss U3MEHEHUEM MOJIOKEHUS Kuakoctu. [lpu
JTaHHOW pa3HocTH naBieHuid P, —P. 310 u3menenue Oyner tem Oosblie, 4€M MEHbIIE

yroJl HakjioHa TpyOku MaHoMmeTpa ¢ . IlojiokeHrne HAKJIOHHOW CTEKJISHHOW TpyOOUKH
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(UKCHpyeTCs Ha CIICIMATbHOM KPOHIITEHHE, IPUYEM KaX/0€ TOJI0KEHHE KPOHIIITEHHA
uMeeT uppPOBOM HMHICKC, COOTBETCTBYIOIIMI 3HaueHHio SiNg. Takum o0paszom,
YMCHBIICHHE yIiia ¢ TMPHUBOIUT HEMOCPEACTBCHHO K YBEJIMYCHHIO OTCUUTHIBAEMON
BCJIMYMHBI, T.€. K MOBBIIMICHUIO TOYHOCTH OTCYETA, a 3HAYUT U TOYHOCTU H3MEPCHHUS.
OnHako, 3T0 BEPHO TOJBKO JIO OMPEACICHHOIO Mpeea, Tak  Kak mpu Sing=1/25 u
MEHbBIIIC HAYNHAIOT TOSBISATHCSA OMIMOKH, OOYCIOBJICHHBIC KAMMUIAPHBIMH 3aKOHAMH
KUJKOCTH, HATUTOW B MAHOMET.

Ecnu miomans 3epkana )HUIKOCTH, HATUTOW B 0a40K MHKPOMaHOMETpa, paBHA
F, a miomiaap NonepeyHoro CeueHus CTeKIsTHHONW TpyOouku f, To mpocroit moacuer
00bEMa KHUJIKOCTH, BHITECHEHHOW M3 IMIMPOKOTO KOJIEHA U BOMICIIICH B y3KOE KOJICHO,
NPUBOJUT K 3aBUCMOCTH:

Ah=fa,/F
[Moncrasisas Ah - dopmyny (4) momyyaem:
P,-P.=a,y(1+ #ﬂ(p)singp (5)
W3 3Toro ypaBHEHUs cilenyeT, 4To BennmuuHa Ah yduThIBaeTcs BBEICHUEM IOIMPABKH
f y
K =1+?n(p, Ha3blBaeMOW  KOA(p(UIIMEHTOM  MUKpoMaHOMeTpa. Benenue

KOB(l)(l)HHI/IGHTa K mo3Bojser IIpu ONpCACICHUN PAa3HOCTH IIaBJIGHI/Iﬁ OTPaHHUYUTHCA
TOJIBKO OTCUCTOM BCIIMYMHBI aH .

Takum 006pazom, padoyast (hopmMysia MUKPOMaHOMETPA MPUHUMAET BU/I:
Pr—Fe=(a—-a))yKsing (6)
U JUTS OTIpEISTICHUS] CKOPOCTH BO3IYIIHOTO TTOTOKa U3 Gpopmyi (3) u (6) momydaem:

V = %(a—ao)p%gKe‘Sincﬂ @)

OOBIYHO MECTO YCTAaHOBKH HacaJika U MECTO YCTAaHOBKH MCCIICTyEMOM MOJICIH HE
coBmaaarT (puc. 3).

Jlns moacdera ckopoctH V  HEBO3MYIIEHHOTO ITIOTOKA B TOM MECTE, TIJIE
HAXOJUTCS HCCIIeayeMasi MOJCIb, C TIOMOIIBI0 HacaJKa, yCTaHABJIMBAEMOI0 B JIPYrOM
MECTE, UCITOJIb3YEeTCs Clieayromas opMya:

V= %(a—ao)p;ngéﬂsinw ®)

rae f — KOdPQOUUMEHT TOYKH TMOJdsl CKOPOCTHBIX HAmopoB B padodeil wyacTu
a’pOJMHAMUYECKON TpYObl, paBHBIM OTHOIIEHUIO CKOPOCTHOIO HAmopa B TOYKE, IIe
YCTaHABJIMBAETCA MOJENb, K CKOPOCTHOMY HAIlopy B TOYKE, TJl€ YCTaHABJIMBAECTCS
HAcaJoK. DTOT KOA()(PUIMEHT MO3BOJISET, U3MEPSIsl CKOPOCTHOM HArop B TOYKE, TIe
YCTaHOBJIEH HACAJIOK, TOJIYYUTh CKOPOCTHOM HAOp B TOYKE, € YCTAHOBJIEHA MOJIEb.

Benmnunna p  onpepensercs SKCHEPUMEHTANIBHO IPU  HCCIEAOBAHUM OIS
CKOPOCTHBIX HAIIOPOB JIAaHHOW a’pOJUHAMUYECKON TPYOBI.
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[ Ky

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

2. OnpeniesieHue CKOPOCTH TOTOKA METOAOM Iepenaaa JaBJICHUN

B aspomuHamuueckux TpyOax, OCOOEHHO 3aMKHYTOTO THUIA, CKOPOCTb
BO3/YIIHOTO TOTOKA YacTO OIpPEAesSIOT METOIOM Tepemnafa aaBieHuid. s storo
BBIOMPAIOT JBE KOHTPOJIbHBIC IMJIOCKOCTU: OJHY BO BXOJHOW 4acTu TpyOsl (puc. 4), a
BTOPYIO B pabouei 4acTH.

B BwiOpannbix ceuenusx | m |l B crenkax TpyOwl nenmator 6 + 10 oTBepcTHid,
KOTOpbIE BO M30€KaHUE CIyYailHBIX OIMMUOOK MPU U3MEPEHHUH JIaBJICHUSI, OOBEAUHSIOT B
CaMOCTOSITENIbHBIE KOJIJIEKTOPHI (M7l KaXIOT0 CeYeHHUs: CBOM KoOJIEKTOp). [lockombky
P >P,, To pe3epByap MHUKpPOMAaHOMETpa IpPHU IIOMOIIM ULUIAHIA COEAMHSAETCS C

OTBEPCTHUSAMH, PACIIOJIOKEHHBIMU B ceueHuM I, a uamepurenbpHas TpyOka MUKpPOMAaHO-
MeTpa COSAUHSETCS C IPYTUMHU OTBEPCTUSAMH, PAcOIOKEHHBIMU B ceueHuu |l.

11



Vi B /V,pz,F; / VA

Puc. 4. K meTony onpeiesieHus CKOPOCTH BO3AYIITHOTO MOTOKA B a3POIMHAMHUYECKOU
TpyOe Mo nepenany AaBIeHUM

MeTonuka SKCIEPUMEHTAIBHOTO ONPENETIEHUs CKOPOCTH ATUM METOAOM
OCHOBaHa Ha UCIOJIb30BaHUU ypaBHEHUS! bepHyn:

V,? YA YA
P1+pl=P2+p22 +§p22 (9)
ypaBHEHUS HEPA3PHIBHOCTH:
PViS = pV,s, (10)

YCJIOBHSI HEC)KMMAEMOCTH U YPABHEHUSI COCTOSHHUS (2)
rae: ¢ — KOd(PPUIMEHT THAPABINIECKOTO COMPOTUBICHUS HA y4acTKe TPYObl MEXIy

paccMaTpuBaCMbIMH CCUCHUAMU, Sl,S2 — COOTBCTCTBCHHO ILIOHIaAU IICPBOT0 U BTOPOTO

CEYECHMUS.
W3 31X ypaBHEHMII BUAHO, YTO ISl ONIPEAEIIEHNS CKOPOCTH JI03BYKOBOT'O IIOTOKA
METOJIOM Tepenaja JaBieHUuH He0OX0AUMO U3MEPUTh PA3HOCTh CTATUYECKUX JaBICHUIN
B ceyeHusix [ u ll.
N3 ypaBuenuii (9) u (10) moxyyum 1uist nepenaja AaBIeHUM:

2
AP=P-P,= p\2/2 [1+¢—(s,/5)"]

Otcrona s ckopoctu V, UMeeM:

2 P-P 125
v2=\/;1+ 4_(52,31)2—\/[)(3 Py (1)
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rae
B 1

1+ —(s,/s)°
a’pOIMHAMUYECKYI0 TPyOy. DTOT KOI(PPHUIMEHT OnpeAeseTcsi TApUPOBKOM I KOHK-
PETHBIX YCJIOBUU PAcCIIOJIOKEHHSI OTBEPCTHUM, W3MEPAIOIIMX Iepenajs JaBJICHUMU.
VuuteiBast ¢Gopmyny (6) m kodpduuueHt nonas TpyObl 4, BKIIOUAOIIUN B ceOs

My — K03(GUIMEHT Tepernana, XapakKTepu3yIomuid JaHHYO

ko3 uuneHT nepenana 4, U K03PGUIUEHT NOTEPh 4, IO JUIMHE TPYOBbI OT CEUECHHUS

Il mo ceuenus Il (cm. puc. 4), momyuum Gopmyny IS CKOPOCTH HEBO3MYIIICHHOTO
MIOTOKA B CEYEHHH, II€ HAXOAUTCS HCCIIelyeMasi MOJIEIb:
2 .
V= J; (a—a,)px 9K sing (12)

B 3akmouenuun OTMCTHUM, YTO BTOpOﬁ MCTOJ OIPCACICHUA CKOPOCTH BO3AYLIHOI'O
IMOTOKA B OTJIMYHUE OT 1-T0 He IMPHUBOAUT K BO3MYIICHHIO JABMXXYIICTOCS IIOTOKA.

IHPOI'PAMMA PABOTBI U OBPABOTKA PE3YJIBTATOB
IKCIIEPUMEHTA.

|. [TopsiaoK BeINOTHEHUST PAaOOTHI 1O ONMPEAEICHUI0 CKOPOCTH MOTOKA C MOMOUIBIO
MIPUEMHUKA BO3AYLIHOTO IABJICHHUS:

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

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, ITepen HawamoM W TOCJIE TPOBEACHHS ONBITA OMPEACITUTh OapOMETPUUYECKOE
nasneHue P, u temneparypy Bo3ayxa t, B pabo4yeM MOMELIEHUU.

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

6. PaccunTaTh CKOpOCTH TOTOKA B paboyeit wacTu TpyOsI o popmysie (7).

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

Pacuetnbie popmyIib:

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. [Topsinok BeIMOIHEHUS pAOOTHI [0 OMPEAECICHUIO CKOPOCTH TOTOKA METOJIOM
nepernaja 1aBJICHHM:
CoenMHUTh KOJUIEKTOPHI, BEAYIIME K OTBEPCTHSIM B (opkamepe M K pabouei
4acTU TPYObl, C MUKPOMaHOMETPOM.
CHATH TOKa3aHUS MHUKPOMAaHOMETpa A0 OKCIEpUMEHTa — a@,, 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 ITOTOKA B paboyeit yacTu TpyOsI o popmysie (12).

HNcxonHpie TaHHBIC:

p=45"  K=1L  py =102 sn =y,
£=0,06; 5=240-10"x% s,=142-10"x7

My =1 a—a,= M.

Pacuernbie popMybl:

2 .
V= ;(a—ao)py(gKMSIn(p

1
e, 1)

M= HxHp =

KoHTpoIbHBIE BOITPOCHI:

Ha wcrnionb3oBaHMM KakMX 3aBUCHUMOCTEM OCHOBaHA METOAMKA OMPEJICIICHUS
CKOPOCTH JI03BYKOBOTO TTOTOKA ¢ TOMOIIbIO Hacajika? KakoB MoOpsiIoK onpeaesieHus
CKOPOCTH BBITEKAET U3 3TUX 3aBUCUMOCTEMH?

Ha wcrnionp3oBaHMM KakuX 3aBUCHMOCTEHM OCHOBaHA METOAWKA OMNPEICIICHUS
CKOPOCTH METOJIOM mepernajaa aaBiieHuii? KakoB MopsioK ompeneseHus: CKOPOCTH
BBITEKACT U3 DTUX 3aBUCUMOCTCH?

Ha HCIIOJIb30BAHUU KaKHUX 3aBUCHUMOCTEH OCHOBAaHa METOIMKA
HKCIEPUMEHTAIBHOTO ONIPEEIICHU nepenana nqasnenult P, u P.?

Uto yuuThIBalOT KO3(PPUIIMEHTH MUKPOMaHOMETpa K, MPUEMHHUKA BO3TYIIHOTO
JABJCHUS &, TOYKH TOJII CKOPOCTHBIX HATIOPOB 4 W g4 ?
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JIABOPATOPHAS PABOTA Ne 2.

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

HEJb PABOTHDI:

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

OCHOBBI TEOPHMN.

PaCCMOTpI/IM ABHIKCHUC KHUJIKOCTH B OTKPBITOM KaHAJIC HepCMGHHOf/’I MU PHUHBI

(puc. 1).
)

o a

Puc.1. Cxema Te4eHuUs1 KUJKOCTH B OTKPHITOM KaHaJie

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

3TOM Clly4yae ypaBHEHHUE bepHyIu, 3aniMcaHHOe U1l CEUEHUN K — K U a — a, UMEeT BUJL:
2 2
W, P W P
—* +h +*=—2+h +-2 (1)
29 y 29 /4
rae: W,h, P,y — ckopocTh, BRICOTA, IaBJICHUE U YACIbHbIN BEC )KUIKOCTH.

Nunexcamu "a" u "k" 0003HaYCHBI MMapaMeTPbl )KUIKOCTH COOTBETCTBEHHO B CEUCHMSIX

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

OHH B3aUMHO YHHUYTOKAIOTCA. Torna

W2 W2

£+hk:£+ha:HO (2)
rne H, — nosHelii ruApoIMHAMUYECKUI HAMOP, T.€. BHICOTA KHUJIKOCTH, KOTOpas OyaeT
AMETh MECTO, €CJIU CKOPOCTh JKUAKOCTA YMEHBIIUTD 10 HYJIA.

PaccmoTpuM HEKOTOpBIE CBOWCTBA JBHXKEHHUS HEC)KUMAEMOM KUJIKOCTH B
OTKPBITOM KaHaje.
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W3 ypaBHeHus (2) BHAHO, YTO BCSKOE YMEHbBIIEHHWE TIYOHHBI >KUIKOCTH
IOPUBOJUT K YBEJIIMYEHUIO CKOPOCTH. MaKCUMallbHOE€ 3HAYEHHE CKOPOCTU JOCTUTAETCA

npu h=0 u paBHO:
W, =+/29H, 3)

Ecn B HEKOTOpOW TOYKE MECTHas CKOPOCTh IOTOKAa CTAHOBUTCS pPaBHOU
CKOPOCTH PAcCIpOCTPaHEHUs] 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, , T0

Wk:\l%gHo’ hk:%HO (4)

HpPI KpI/ITI/I‘ICCKI/IX 3HAUCHUIAX W U h 3HAUYCHUC HapaMeTpa KHUHCTUYHOCTU (III/ICJIO
®pyna)

Fr=—=— 5)

PaBHO CAMHUIIC.

3anuieM ypaBHeHHE bepHyun B BUIE:
2

W
C2+7:gHo (6)

N3 ypaBHenus (6) BUIHO, UTO ¢ yOBIBAHMEM CKOPOCTH IMOTOKA, BOJIHOBAsl CKOPOCThH C
BO3pPAcTaeT U B TOUKax, rae W= 0, 7oCTUraeT MakCUMaJbHOT'O 3HAYCHUS:

Wmax
Crrax —a[gH0 = 72 (7)

OObeMHBI pacxod XKUAKOCTH, MPOTEKAIOLIEH uepe3 HEKOTOPOE CEYeHUE KaHaja,
omnpenesieTcs mo hopmyiie:

Q =whb = const (8)
Jlorapubmupyst u nuddepeHupys TO BbIpaKeHHE, MOTYIUM:
dh dw db
—+—+—=0
h w Db

dw
U3 ypaBuenus bepuysu cnenyer: W— +dh =0

Hckimoyas U3 3THX COOTHOIICHHH TIIyOUHY h, mosydaem:

dw 1 db
2o ©)
w Fr-1 b
3aKOHOMEPHOCTh U3MEHEHHUS TJTyOUHBI JIETKO YCTAHOBUTH, YUUTHIBASI, UTO
dh__wdw_ _p dw (10)
h gh W
CpaBnuBas ypaBHeHue (9) u (10) umeem:
dh___Fr_do )
h Fr-1 b

N3 ypaBuenus (9) u (11) BbITEKaeT ¢ 0OJIHON CTOPOHBI PA3IMYHbINA XapaKTep U3MEHEHUs
B IIOTOKE ITyOUH U CKOPOCTEM, a C IPYTroM pa3INuHbIA XapaKTep U3MEHEHUS YKA3aHHBIX
16



napametrpoB B OypHbix (Fr > 1) u cnokoitueix (Fr < 1) morokax oauHaKOBOTO
ouepranus. Tak, BoJb pacimpsorerics ctpyiiku ( db > 0) Oypuoro nmoroka (Fr > 1),
ckopoctu Bospactatror (dw > 0), a rayomnsl ymenpmarorcs (dh < 0); Bomb
pacIMpsIoIIeiics cTpyiKu criokoiHoro moroka ( Fr < 1) ckopoctu ymensinarores (dw
< 0), a rayounsl Bo3pacrator (dh > 0). Bmonb cyXHBalOIMXCsA CTPYEeK H3MEHCHHE
yKa3aHHBIX BEJIMYWH OyAeT 0OpaTHBIM.

Haiinem 3aBUCUMOCTSD IS ONIPEICTICHHS TapaMETPOB KUIKOCTH B TPOU3BOILHOM
CEYCHHUH KaHajla MePEeMEHHON IITUPHUHBI.

W3 ycnoBusi paBeHCTBA pacxoJOB M THAPOJWHAMHUYECKHMX HANOpPOB B
MPOM3BOJIBLHOM U KPUTHUECKOM CEUCHHUSAX KaHaJIa UMEEM:

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, + e ynz 4 W Doz g (14)
29 20 b
Pasnenus ypasrenue (14) na h? u BBo1s 0603HaYEHMS:
=P (15)
h
— b
b =, 16
0 (16)
IpPUBEIEM €Tro K Oe3pa3MepHOMY BHULY:
— W2 — W2 —
h®—(1+—-)h*+—-b*=0. (17)
2gh, 2gh,
YuuTteiBas, 4To
w?/gh, =Fr, =1,
MOJIY4YHM:
h®-2h%+1b%=0. (18)

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

C nomormipto, 3Toro rpaduka MoxHo 3Hat b =b /b ompenemuts h u 3arem no

3aBUCUMOCTH (15) HaliTH 3HaUYEHUE BBICOTHI CJIOS KHUIAKOCTH B IPOM3BOJBLHOM CEUYCHUU
kaHana. [Ipu 3ToM, HEOOXOIMMO YUUTHIBAaTh, UTO B CyXAIOUICICs YacTH KaHaja, UMEeT
MecTo o0nacTh crokoitHoro Teuenust (Fr < 1), a B pacmmpsirorieiicss 4acT KaHaja
obmacte OypHoro teueHus (Fr > 1). CkopocTh T€YEHHs KHUAKOCTH B MPOU3BOJIHLHOM
CCUCHHUH KaHaa MOXKET OBbITh HalJIeHa ¢ TIOMOIILIO ypaBHEeHUs (12):
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12 Oo6nacrtn
= ' 5 CIIOKOMHOTO
h:h/hk 13 1t TEUYECHUS
1,2 i N
11 - _ ~ 31 (F <1
LO b ' * O6macts
0.9 OypHOTO
0.8 T Te4YeHus
0,7
0,6 T Y11 (FR>)
05 11 ) 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
0102030,40506070809 1

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

TunuyHbld BUJI paclpeelieHus] BBICOTHI U CKOPOCTH TMOTOKA IO JJIMHE KaHaia
NOKa3aH 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
TOPU30HTAJILHOM KaHaje MEPEMEHHOM IIMPHUHBI B HACTOSIIEH paboTe MCIONb3YyeTCs
crenuaibHas YCTaHOBKA, IIPUHLMIIMAIbHASA CXE€Ma KOTOpOM IOKa3aHa Ha puc. 4.
YcraHoBKa UMeeT B CBOEM cocTase: | — kopmyc, 2 — Hacoc, 3 — 3JIEKTpOABUTaTellb, 4 —
pe3epByap ¢ BOJOW, 5 — BaHHa C OTOTHYTBIMM OOopTamu, 6 — THIPOJOTOK, 7,8 —
pEeryaupoBOYHbIE BUHTHI, 9 — kaHan, 10 — monens, 11 — nuratonuii Tpydonposox, 12 —
HaIOpHBIN 0aK, 13 — CMTUBHON TPYOOTIPOBOI.

B nHanopHom 0ake 12 noanep:kuBaeTcsi NOCTOSHHBIA YPOBEHb BOABI IIPU TOMOIIN
Hacoca — 2, TOJAIONIETO BOAYy W3 pe3epByapa — 4. Hacoc pabGoTaeT ¢ 3aBBHIICHHON
MIPOM3BOUTENILHOCTBIO, a M3JIUIIKU BOJIbI CIMBAIOTCA U3 Oaka uepe3 TpyOy 13. Takum
o0pa3oM, NOAJEPKUBAETCS IMOCTOSIHHBIA pacxoJ BoAbl uepe3 Tpybomposox 11.
BennuuHbl pacxoA0B U3MEPSIIOTCS C TOMOIIBIO pacxoAoMepoB. Bosa yepes nurarommi
TpyOorpoBoz 11 moctynaer B kaHan 9. Jlns obecrieyeHusi, paBHOMEPHOIO MOTOKa IO
JUIMHE KaHaJla YCTaHABIMBAIOTCS YCIIOKOUTEIbHBIE PELIETKH.

M3mepeHne BBICOTBI CIIOS JKUAKOCTM B PaCHIIMPSIOLICHCA 4YacTH KaHala
IPOU3BOAUTCS C MOMOILBIO ypoBHeMepa. [Ipyu kacaHUM WIJION MOBEPXHOCTU OYPHOIO
OTOKa 00pa3yeTcsl CUCTEMa BOJIH, UCXOJALIMX OT OoCcTpus Uribl. [Ipu xacaHuu urioi
CIIOKOMHOTO IOTOKa B  BOoJE oOpa3zyeTcss MEHHUCK. VI3mMepeHue MOJIHOrO
TUAPOAMHAMUYECKOTO HAmopa B IIMPOKOM BXOJHOM 4YacTU KaHala MPOU3BOJUTCS C
ITIOMOUIBIO BEPTUKAJIBHO YCTAHOBIIEHHON U3MEPUTEIBHON METAININYECKON JIMHEUKH.

12
- /—

n
9 10

d| Y/

q,__;_,D=,_|T-ll. —
1/ 3 [2 8

Puc. 4. Cxema ruipaBir4ecKoil yCTaHOBKH

- o
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IHPOI'PAMMA PABOTBI U OBPABOTKA PE3YJIBTATOB
IKCIIEPUMEHTA.

1. N3yuuth o0mIMe cBeleHUs O TEYCHUHU HJICaTbHON HEC)KUMAaeMOW >KHUJIKOCTH B
OTKPBITOM KaHaJIe IEPEMEHHON IINPUHBI.
O3HaKOMHTBCS C YCTPOMCTBOM IKCHEPUMEHTAIBHON YCTAHOBKHU.

3. N3meputs [MHY W MIUPUHY CYXKAOWMIEHCS W PACIIUPAIOLICHCS 4YacTeu
KaHaJa.

4, Bxirouath yCTaHOBKY M W3MEPUTHh BEJIWYMHY ITOJHOTO THUIPOAMHAMHUYECKOIO
Harmopa BO BXOJHOM CEUCHHMHM KaHajla, TJI€ CKOPOCTh J>KHIKOCTH IMPEHEOPEIKUMO
Mala, a TaKKe BBICOTY JKHUJIKOCTH B BBIXOJTHOM
CECYCHUHU KaHaJja.

S. HapucoBare Ha BepxXHEH NOJIOBMHE JIMCTA MWUIMMETPOBKA YMEHBIIECHHBIN B
OTpeelICHHOM MacIiTade KaHal W BBIYUCIUTD JJIs 7-MU CEUCHUN KaHasa 3HaYeHUs
KOOpAMHATBI X ¥ MUpuHBI D. (B uYnciio Ha3BaHHBIX CEYCHUH HAMO 00S3aTEIBHO
BKJIFOUUTH BXOJTHOE, KPUTUUECKOE U BBIXOJTHOE CEUCHUS).

6.  Paccuntarts 3HaueHus b =b, /b.

no

7. Haiitu ¢ mnomomipto rpaduxka, 3Ha4YeHus N,

COOTBETCTBYIOIIME IIOJIy4YeHHBIM 3HaueHusaM b =b, /b.

IIPUBEICHHOIO Ha pHC.2,

8.  Omnpenenuts BbICOTY h,, CKOPOCTb W, M 00BeMHBIH pacxon Q, KHUAKOCTU B

CEUYEHUH K — K 10 3aBUCUMOCTSIM (4) u (12).

9. PaccunTtaTh BBICOTY M CKOPOCTb B BBIOPAaHHBIX ceueHUsX 1o gopmynam (15) u
(12a).

10. Iloctpoutrh Ha HIKHEW TIOJIOBUHE JINCTA MWUIMMETPOBKH  TrpaduKu
sapucumocteit h(x), w(x). (Ilpu mocTpoeHuu rpadukoB HEOOXOAMMO COBMECTHTH

HAYaj0 KOOPIUHAT CO BXOJHBIM CCUCHHEM KaHaJIa).
11. Hanmectu Ha Tpaduk h(X) 3aMepeHHYIO BBICOTY CIIOSI JKHUJKOCTH B BBIXOJHOM

CEYCHHM KaHajla W  CcJejaTh, BBIBOJ O JOCTOBEPHOCTH TMPUBEIACHHOTO
MaTEMaTUYECKOTO OIMMCAHMS YCTAaHOBUBIIETOCS TEUCHHUS HEBSI3KOM HEC)KUMaeMOn
KUJIKOCTH B OTKPHITOM TOPU30HTAIILHOM KaHAJI€ IEPEMEHHOM MUPUHBI.

Pe3ynbpTaThl 3aMepoB U pacueToB 0(GOPMHUTH B OTUYETE MO JTAOOpaTOpHOU padboTe B

BUJIE CIIeyIoNIeH TabnuIe.

Ne X b 5:b_k ﬁ:ﬂ h w H, . .
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

HMcxongHblie 1aHHBIE:

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

b, =8 cMm, b, =1cwm, b, =4 cm
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 IIXPHUHBI 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 = ;Hu’ W :\/%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 ypaBHEHHUS HMCHOJB3YIOTCS Ul ONPENEIICHUs MApaMETPOB JKUIKOCTH B
ITPOU3BOJIBHOM CEUYEHUH KAHAJIA IEPEMEHHOM IIMPHUHBI?

Kak n3MeHsieTcss CKOpOCTh TEUEHHUS C K3BMEHEHUEM BBICOTHI )KUIKOCTU?

Uto Ha3bIBaeTCsl KPUTHUUYECKON CKOPOCTBHIO M KPUTUYECKON TIIyOMHOW IMOTOKa
KUIKOCTHU?

Kak n3mensiercst BomHoBast ckopocts "C" mo JiiuHe kaHana?

Kakue moToku Ha3bIBalOT OYPHBIMU U CHOKOWHBIMU?

KakoBo ycTpoiCTBO UCIIOIB3YEMON TUAPABINYECKON YCTAHOBKHU ?

KakoB mopsmok omnpeneneHuss BBICOTBI M CKOPOCTHM IIOTOKA KUAKOCTH
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 PABOTDI:

N3yyeHne OCHOBHBIX IIOJOKEHUW TEOPUM OJHOMEPHBIX YCTAaHOBUBIIUXCS
TeueHuit raza. OnpezeneHue pacnpeaeieHui mapaMeTpoB rasa mno JjuHe coria JlaBans.
[IpoexkTMpOBOYHBIN pACUET COILIA.

OCHOBBI TEOPUU U CPEJCTBA UCCJIEJJOBAHMUIA.
1. Cps3p MEXly CKOPOCTBIO JIBUKEHUS raza u (opMoil moToka

Cucrtema  ypaBHCHHIA,  OINMCBHIBAIOIIMX  OJHOMEPHOE  YCTaHOBHBIIHECS
MU303HTPOIMYECKOE JBIKCHHE Ta3a B KaHAJE IEPEMEHHOTO CEYCHHUsS, BKIIOYACT
CIICAYIOIINE 3aBUCUMOCTH:

— ypaBHeHHE Hepa3pbeiBHOCTH G = pVS |

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

. P
— ypaBHEHHE HJICAUTHHOM aradaThl — =V =const,

rne P, p,i,,V, G — naBnenue, mIOTHOCTb, IOJIHAsL SHTAIBIINSA, CKOPOCTb U PACXOJ ras3a

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

B pesynbrare npeoOpa3zoBaHHs ATOW CHUCTEMbl YPaBHEHHH MOXKHO TMOJYYUTH
ypaBHEHHUE OOpalleHusi BO3ICUCTBUS:
1dv 1dS
——(M 2 _ 1):__
V dx S dx
DTO ypaBHEHHME IIOKAa3bIBAET, YTO IOTOK YCKOPSIETCS BAOJb KaHajla MEPEMEHHOIO

ceyeHus (T.e. d—V>0) mpu M <1,d—S<O, a Taxke npu M >1,d—S>O U TOTOK
dx dx dx

TOPMO3HUTCS BIOJb KaHama  (T.e. ((jj_V <0) mpu M <1, Z—S >0, a Takxke IMpu
X X
M >1, d_S <0.
dx

Takum o0paszoM, IJIsi HEMPEPHIBHOTO YBEIMYEHUS CKOPOCTH Tra3a HEOOXOJMMO
CHauYaJIa CyXkaTh JO3BYKOBOM MOTOK, MOKA CKOPOCTh HE JIOCTUTAET CKOPOCTH 3BYKa, a
3aTEM PACIIUPATH CEUEHNE CBEPX3BYKOBOTO MOTOKA.
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B y3kom cewenun comra, rtae M =1, BemuuunHa d—:O. 210
X

HavVMEHbIIIEE CEYEHUE COIUla Ha3bIBAlOT KpUTHYECKUM. I[lapameTpsl, KOTOpbIe
UMEET Ta3 IpU CKOPOCTU TEUYEHMsI Ta3a, PaBHOM CKOPOCTH 3BYKa, Ha3bIBAIOT
KPUTHUYECKUMHU [TapaMeTpamH.

2. ypaBHCHHH IJIA OIIPCACIICHUS JaBJICHHUA, INIOTHOCTH U TCMIICPATYPLI B
3aBUCUMOCTH OT CKOPOCTH Ira3a.

Jlns mepeBoja ra3a M3 COCTOSIHMSL TOKOSI B JABMIKEHHE CO CKOpPOCThIO V
HEO0XOJIMMO U3PACXOI0BATh YAaCTh €TI0 SHTAIBIINU, PABHYIO:
v
5 " o —1, (1)
rae i, =CpT,, 1=CpT
3nech u ganee uHaekcoM "0" oTMeUeHbI mapaMeTpbl TOPMOKEHUS.
Jlens o6e uactu ypaBHeHms (1) Ha KBajpaT cKopocTH 3Byka a° =KRT wu
yuuThiBas, uto M =V /a, nomydum:

_ 2
cplo=T _1VE Ly
kRT 2a 2

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

To-T k-1,
T 2

NN

=———=t(M), 2)

rae 7(M) — razoguHaMudeckast QyHKIUS TeMIIEPaTyphl.
[Tob3ysICh COOTHOIICHUSIMU TSI UICATBbHON aquabaTh:
K 1
P [Ty, p (T

P Ty Po T
OTCIOJIa MOKHO TMOJYy4YUTh (DOPMYIJBI JJIsI BBIYUCICHUS JaBJICHUS M IUJIOTHOCTH B
NACAJIBHOM ITIOTOKE C ITIOMOIIIBHO HapaMeTpOB TOpMO)KCHI/IH:

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

rae 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 MOTYYUTH CICAYIOIIUE BBIPAKEHUS ISl KPUTUUECKUX
3HAYEHUM [TapaMeTpPOB rasa:

k 1
TKp Pxp 2 kL P (2 jkl
_— 1 = = 1’ KP:— = 1 5
T, k 7=, P, (k+1j ) o \k+1 ¢ 0

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

—RT
k+1

['azomunamuueckune pynknuun (M), 7z(M), £(M) dacTo BCTpedaroTCs MPH PEIICHUN

3ada4 pacqéTa BHCIITHCT O O6T€KaHI/IH TEJIa I'a30BbIM ITIOTOKOM.
MO)KHO XapaKTepHSOBaTB CTCIICHDb Hp606p330BaHI/IH OHTAJIBIIUU B KHHCTH‘ICCKYIO
3HepFI/IIO ClIC OJHUM CHOCO6OM.
PasnenuB ypaBHeHue (1) Ha KBagpaT KPUTHYECKOW CKOPOCTH 3BYyKa M BBOJIS
OHATHE NIPUBEACHHON CKOpocTy raza A=V /a_ nomyuum:
Cp(T —T) 1 12
2k B ’
gt 2
k+1

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

k+1 1_l _a7
k-1 T

T k-1
TO (1—m/1 j—'l'(ﬂ) ) (6)

[Tonb3ysiCh COOTHOIICHUSIMU [IJIsi WJICAJIbHOW aauadaThl M 3aBUCHUMOCTHIO (6),

MO>KHO TIOJIYYUTh (POPMYJIBI JJI JABJIE€HUS U TIIOTHOCTH:
k

HNJIN

P k=1 _,

P—():(l - 11) —2(3) | (7)
ﬁ:(l—u/l ]k_lze(l) , (8)
Po k+

24



I'azomunamuueckue ¢Gyakmun 7(4), 7(1), £(1) Yacto BeTpedaroTcs NpU PEIICHUU

3a/1a4 pacu€Ta BHYTPEHHETO TEUCHUS raza B KaHaJIax.

3HadeHMs] Ta30MHAMUYECKUX (YHKIMI 1O WM3BECTHHIM 3HaueHWsM A u M
MOTYT OBITh JIETKO OMPEENICHbI C MOMOIIBIO CIEIUATBHBIX TAOIUI] (CM. MPUIOKECHHUE).
CBs13p MKy unciaMu A u M JIerko yCTaHOBHTH, CpaBHHUBAS BhIpakeHus (2) u (6):

9)

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

XapaKTEPU3YIOIINE COCTOSTHUE JIBUKYIIETOCS (3aTOPMOKEHHOT0) Ta3a.
[Ipm pemreHnn 3amav, CBS3aHHBIX C TEUYCHHSMH Ta3a BHYTPHU KaHAJIOB,
BcTpeuaeTcs nmomumo 7(A4), 7(1) n &(A) razogmramuyeckas QyHKIHS pacxojaa Trasa.

CormacHO ypaBHEHHIO HEPa3pBHIBHOCTH, KOJIHYECTBO Tasa, MpOTEKalomee uepes
HOTIEpeYHOe CEUCHNE KaHaa, paBHO:

G=pVS
VYMHOXast ¥ Jels MpaByl 4acTb 3TOrO YpPAaBHEHUs Ha a8, £(1), a Takxke yduTbIBas

COOTHOIICHUA
1

v P P o[, k-1,
A= g == p=p-e(l)=—[1- K2
2 PRy PP EA) RTO( K1 j

" BBOJA I'a30JUHAMHNYCCKYIO (i)YHK]_II/IIO pacxoaa

1

— k-1
Q1) =212 |7 (10)
(@) k+1
rne £(1) — MHOXHTENb, KOTOPBIA Mpu A =1 nemaer 3HaYCHHE Ta30MHAMHUYECKOM
(GYHKIIUY paBHBIM €IMHHUIIE, TOTYYUM
G= eDRA(A)aS (11)
RT,

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

onHOMY 3Ha4YeHHUIO (|(A) COOTBETCTBYIOT JIBa 3HAYCHUS A : OHO B JO3BYKOBOMW 00JIacTH
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 3aBucumoctr (1)

B nmpuHIune oHy ra30qMHaMUYecKyI0 (DYHKIIHMIO MOXKHO BCETJa BBIPA3UTh Yepes3
apyryto; [Ipu »3ToM monydaroTcsi HOBBIE Ta3oguHamMuueckue QyHkiuu. Ha mpaktuke
HauOoJIbIlIee MPUMEHEHNE U3 HUX MOTYyUMIH QPYHKIIHH:

(A) A
y(2) =222 = n q(r)
7(4) 3(1)(1—t jzzj

Jlnst monmyuenus mocnennen (yHkmuu BocmoaszyeMcs (popmymamu (7) u (10). U3
dbopmynel (7) umeem

k-1 k-1

1—E/12=7zk, A= u'1—7zk :
k+1 k-1
[Toacrasnss 3t BeipaxkeHuit B popmyany (10), momydaem
2 k+1 2 k+1
Q(ﬂ')zi fk+1 /ﬂk Lk :i / 2k fﬂk ok
e k-1 ko Vk—-1

C yuerom mocienHed QopMysbl BBIpaXKEHHE JUIsI pacxoja Tra3a uepes
IPOU3BOJILHOE CEYEHHUE MPUHUMAET CIEAYIOINNA BUA:

rne 7=P/P,.

k+1

G= 5(1)Poq(”)aKPS _ kOS R

2 Yk
ko= k| —=—
RT, ,\/R_Toq(ﬂ) 0 (k+1)

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

byaem nmnpeanosarate, 4ro mapamerpsl TOopMmMoOxenus P, T,, p, ra3sa,
HaXOMAILErocs B COCye, U JaBICHHUE cpeabl P, moaaepKuBaroTcs NOCTOsSHHBIMU. [Ipu-
HSTUE 3TOr0 YCJIOBHUS IO3BOJSIET HAM CUMTATh IMPOLECC MCTEYEHHS Ta3a U3 cocyla

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

IIOCKOJIbKY MCIIOJIB30BaHME coIlia JlaBasis B ciayyae JOKPUTHUYECKOTO PEXKHMMA TEUECHHUS
MMEET MEHbIIEE TPAKTUYECKOE 3HAYECHUE.
[Ipu Pxp > Pc B KpUTHYECKOM CEYEHUU COILIA YCTAHABIIMBAETCS CKOPOCTH rasa,

paBHasA CKOPOCTH 3BYKd, U IIApaMCTpPpbl B 3TOM CCUCHHUU 6y,ZIYT KPUTUYCCKHUMU,

OIIpCACIIACMBIMU I10 CIICAYIOIIUM 3aBUCUMOCTAM!
k

2 k1 2
Pxkp=Pr(Q)=P| ——| ;Txp=T,c()=T,—;
kp =h(1) 0(k+1j kp =Ty7(1) k11
1 (12)
2 k1 2k
Pre = PoE) = py (mj , Vip = ayp = mRZ)'
PaCXOII ra3a 4¢pc3 KpUTHICCKOC CCUCHUC COILIa 6y,[[eT PaBCH:
e(PRa,,Skp P
Gkp = LK== =k, S,y ——— 13
P R, 0 kP RT, (13)

B ycraHoBuBIIIEMCSI peXUME TEUSHHS pacXoj rasza 4epes JIF000e ceueHue coria OyaeT
OJIMHAKOB:

Gi=Gxp,
rae Gi — pacxop rasza yepes i-toe ceuenue. [loacraBisis ciofa Beipaxkenue it Gi u
Gkp B coorBercTBuUM C ypaBHeHWsMU (11), (13) mosyumMm 3aBUCUMOCTH IS
omnpenenenus ((A) B i-ToOM ceueHUM coruia:

q(Ai) =Skp/ Si (15)

[To u3BecTHOMY 3Ha4YeHHIO ((A) MOXHO C TOMOIIBIO TAOJIUI] TA30JMHAMUYCCKUX

byukiuit Haita A, (1), 7(A), £(1) u 3aTeM mapameTpsI:

Vi=li-a, =4 kZ—JIr(lRTO , Pi=Rz (A1), Ti=T,z(4), p,=p,e(li) (15a)
B I-TOM CCUEHHUH COILIA.

[Mpu onpenenennn A, 7(Ai), e(A), 7(A) 1o wu3BecTHOMYy 3HadeHuto ((Ai)
HEOOXOIMMO YUUTHIBATh, YTO B Cy’)Kalollekcs yactu comta Al <1, a B paciupsronieics
gactu Al >1.

PeaxktuBHas cuna, co3gaBaeMasi CTpyel, UCTEKarolen U3 corvia JlaBais, MOXET
OBITH ompeseseHa o hopmyie:

F =GkpVe + Se(Ps — Pc), (16)

rae Gkp, Ve n Peé HaxomsTcs 1o IpUBEICHHBIM BBIIIIC 3aBUCUMOCTSIM.

4. TlpoexktrpoBouHbIN pacuet coruia JlaBans.

C M3MEHEHHMEM CTEICHU pacIIUpeHus coruia Se/Skp W3MeHseTcs W JaBJICHHE
raza B BbIXOJAHOM ceueHuu. Eciu uccrnemnoBath Gynkuuio F(Ps) Ha skcTpemyMm, TO
MOHO YBUJIETb, 4TO peakTuBHas cuia MPUHUMAET
MaKCHUMaJIbHOE 3HadYeHue 1pu Pe = Pc.
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Eciu npu Pxp > Pc oxaxercs Pe=Pc, TO roBopsAT, 4TO COMmIO paboTaeT B

pPacUeTHBIX YCJIOBHUSAX, a MCTEKAIOUIyI0 CTpPYyl0 cuMTaioT pacuetHou. Ilpm Pe > Pc
UCTEKalomas cTpys OyaeT HelopacIIMpeHHOH, a pu Pe < Pc mepepacmpeHHON.

Ha mpakTuke 00bI9HO 00€CTIeYnBalOT CTENEHb PAacIIMpeHus cormia JlaBass Takoi,
9TOOBl cOMmIo paboTalio B pacueTHOM pexume. I[lpuBeneM 3aBUCUMOCTH IS
OIIpeZIeTICHNs] KOHCTPYKTHBHBIX IIapaMETPOB COILIA, OOECIEUMBAIOIIETO ITOyYCHHE
3aJJaHHOM PEaKTHUBHOMN CHJIBI IPU MHHUMAJIBHBIX 3aTpaTax rasa.

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

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

ra3oJMHaMu4eckoi pyHkuuu (1) :

Pe_&

w(Ag)=— 18
(16) PP (18)
HoOGasnss xk ypaBuenusim (17) u (18) 3aBucumocTb
q(Ae) =Skp/ Se, (14,a)

MOJIyYMM  3aMKHYTYIO CHCTEMY YpPaBHCHHMM, TIO3BOJISIONIYI0 TIPH H3BECTHBIX
3HaueHwsx F, By, Pc, kK onpenenuts muomanu Skp u Seé coma JlaBans, paboraromero

B PaCUETHOM PEKUME.
Jlist pacueta Skp U S6 HEOOXOAUMO:

1) onpenenuts A6 mo Gopmyse (18),
2) BBIUUCIHATH SKkp 110 dhopmyre (17),

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

[lpn wu3BecTHBIX 3HaueHUSAX S6, Skp W S, [UIMHBI CyXHUBawoOLIeHcs U
paciupsouieiicss yacteil HenpoQUIMPOBAHHOTO COIJIa HAXOIATCA U3 YCIOBUS, UTO
YTJIBI PacTBOPA KOHYCOB ITHX uacTeif cootBercTBeHHO paHbl 90° n 24° + 26°,

Onucanue sKCeprUMEHTATIbHON YCTAHOBKHU

CxeMa »KCIEpUMEHTaIbHOM YCTAaHOBKH, HCIIONB3YEMOW B HacTosleld padore,
MOKa3zaHa Ha puc. 3.
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Puc. 3. Cxema skcriepuMeHTaIbHONU YCTAaHOBKU

Ha puc. 3 00603HaueHsI:

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

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

DIIK — 51€KTPOITHEBMOKIIAIAH; P — pecusep;

P, ; — MAaHOMETpEI; PJ1 — penykrop;

C — comno JlaBans; I1 — momnocTs.

bannonnas Oatapes b, —b, 3ampaBisercs udepe3 (QUIbTp IpyOOil OYMCTKH OT
KOMIIPECCOPA, U MOCIE 3aM0JHEHUS OTCEKAETCsl OT HEro C MOMOIIbI0 BeHTUIs B . Ilpu
OTKPBITBIX BEHTWIAX B,, B, BO34yX u3 OasIOHHOW Oarapeu, dyepe3 (QUIbTP TOHKOU
ounctku @, mocrymaer B pecusep P, a 3arem yepe3 pemykrop u oTkpeiThii OIIK B

cocyn u comio C. JlaBieHue raza B COCy/€ PETYIUPYETCS C TMOMOIIBI0 PEIyKTOpa.

Tpybxu T, u T, ABIAIOTCA NaTYMKAMU MOJHBIX JaBJICHUN
P, — 3a penykropom, u P, — B cocyge. Cratuueckoe JaBJIICHUE B

BBIXOJJHOM CCUYCHHM, COINJIa BOCIIPUHUMACTCA JaTYNKOM CTATHUYCCKOI'O JaBJICHMA.

ITPOI'PAMMA PABOTBI U OBPABOTKH PE3YJIbTATOB

SKCIIEPUMEHTA.
1. N3yuuth oOIIME TOJNIOKEHUS TEOPUU OJHOMEPHBIX YCTAHOBMBIIMXCS TEUYEHUN
rasa.
2. O3HaKOMUTBCS C YCTPOMCTBOM AKCHEPUMEHTAILHON YCTAHOBKH.
3. Brxmrounts OIIK, ycTaHOBUTH ¢ IOMOIIBIO PEAYKTOpPA AaBieHUE P =5.10°Tla u

HU3MCPHUTDH JaBJICHUC Psskcn B BBIXOJHOM CCUCHHHU COIlIa JlaBas.

4. HapucoBarh Ha BepXHEH IOJOBHHE JUCTA MHLIUMETPOBKH YBEIMYECHHOC B
OIPENICIICHHOM MaciuTabe COIUIO M JUISi CEMH €r0 CCUYCHUI ONpEeACIUTh 3HAYCHHE
auamerpa d W riomamu S (B YMCIO HA3BaHHBIX CCUCHHH HAI0 00S3aTENbHO
BKJIIOYUTH BXOJHOE, KPUTHYECKOE U BBIXOJHOE CEUCHHUE COILIA).

5. Paccunrtath i 3tux ceuenuii 3HaueHus (A1) =Skp/S.
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6.

10.

VYuuteiBas, 4To B Ccyxarouieicsa yactu comia A <1, a B pacluupsIolieicss yactu
A>1 HallTH C TOMOINBIO TAOJHWIl Ta30JMHAMHYECKUX (QYHKIHMA TO H3BECTHHIM
3HadeHusM ((A) psaa 3nauenuii A, M u 7(A).

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

[TocTpouTh Ha HIKHEH MOJIOBUHE JTUCTA MIJITUMETPOBKH TPaQUKH 3aBUCUIMOCTH
V(x), P(x), M(x) (pu IOCTPOCHHUHU rpaduKoB
HEOOXOJMMO  COBMECTHUTh HAdajlo KOOpJWHAT CO  BXOJHBIM  CCUCHHEM
COILIA).

Hanectm ©Ha rpadmk P(X) w#3MepeHHOEe [aBiCHHE Tra3a B  BBIXOJHOM
CEUYCHHWH CcOIla W CcHaelaTh BBIBOJA O  JOCTOBEPHOCTH  IMPHUBEACHHOTO
MaTeMaTHYECKOTO OMMCaHUs TeUSHUs Ta3a B coruie JlaBais.

Omnpenenuth pacxon raza depes comio Gkp W peakTHBHYIO CHITY MO GopMyiam
(13), (17).

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

BHJIE CIIEAYIOLIEH TaOIHILIbL:

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

cM | cM | 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
dusznyeckue 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
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4.

1 1
K+1 k1 k-1, k1
P B ] LSy L b
e (2j ( 1 j

s
n(ﬂ)i:[l—ﬂfj“,f(z)iz( —Ezf}
P, k+1 T, k+1

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

3ByKa

o s

, 2k
V:laKP, aKP: mRTO, P:POﬂ'(ﬁ,)

BI)Ipa)KCHI/IH I KPUTHYCCKOT'O pacxolda U peaKTHBHOﬁ CHIIBI.

Grp = £d) IT%?_KPSKP , F'=GkpVe + Se(Ps — Pc)
0

KOHTpOJ'IBHLIG BOIIPOCHI:

Kak 3aBUCHUT CKOpOCTH JO- M CBEPX3BYKOBOI'O IOTOKOB OT I'€OMETPHUYECKOIrO
BO3JICHCTBUS HA HUX?

Kak wu3MeHstoTCs [aBieHUE, IUIOTHOCTh M TEeMIleparypa IpU HU3MEHEHUU
CKOPOCTH J0- U CBEPX3BYKOBOI'O IOTOKOB?

KakoB mopsnok pacuera mapaMeTpoB ra3a B IPOM3BOJIBHOM CEUYEHHMM COILIA
JlaBana?

KakoBo ycTpoicTBO UCIIOIB3yeMOM B pabOTe IKCIIEPUMEHTATLHON YCTAaHOBKU?
KakoB nopsinok pacuera miomaiaei KpUTHIECKOTO U BBIXOHOTO CEYEHUN 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 TCOpUKN OAHOMCPHBIX YCTAHOBHBIIHNXCH
TCUCHUH raza; ONIpCACIICHUC IMapaMCTPOB rada B BbBIXOJHOM CCUCHHH CYKHBArOIICTOCSH
Hacajgka.

OCHOBBbI TEOPHMN.

PacuetHas cxema mcTeueHMs rasa U3 cocyaa 4c€pce3 CY)KPIB&I-OIHHVICH HaCaJoK
ITIOKa3aHa Ha pHucC. I.

HpI/I dHAJIN3C pPAaCCMATPUBACMOI'0 TCUCHUA 6y,H€M CUnuTaTb, 4YTO IIapPaMCTPbI
TOPMOXCHHUA B COCYIAC PO' TO’ Ly, W HaBJICHUC CPCAbI P,;_— MMOAACPKNBAIOTCA

MOCTOSIHHBIMU. B 3TOM ciyuyae TeueHue rasza uepe3 Hacalok OyAeT yCTaHOBUBIIMMCS.
[Tomumo 3TOTO, OyEM MpeHeOperaTb NOTEPSIMU Ha TPEHUE U TEIUIOOOMEH NpPU TEYEHUU
ra3a no Hacajaky. Torga mapameTpbl TOPMOXKEHHS B MPOU3BOJBHOM CEUEHUU Hacalka
OyIlyT paBHBI TapaMeTpaM raza B COCyJie.

Ry To B Pes Tss 0p
G
Vo =0 B cr Te

Puc. 1. Cxema ucreuenus rasa.

PaccmoTpumM, Kak M3MEHSETCS KapTHHA MCTEYEHUS ra3a 4epe3 CyKUBAIOIIUMICS
HaCaloK IIPY U3MEHEHUU JABJICHUS cpelsl P, .

Ecom P. =P, 10 P,=PF. =P, V;=0, G;=0. Eciu HECKONBKO yMECHBIIUTH
nasieHue P., TO BOJIHA pa3peXcHUs, BbI3BaHHAs IIOHW)KEHUEM JaBICHHA, CO

CKOPOCTBIO 3BYKa MPOMUAET Yepe3 HACANOK B COCYJ U MEPECTPOUT TaM MOJEKYJIBI ras3a
TaK, YTO YCTAHOBUTCS IPOLECC UCTEYEHUSA C HEKOTOPOU MAJIOW CKOPOCTBIO V;, MEHb-

H_Ieﬁ CKOpPOCTH 3BYKa Ad,. Ilpn 3TOM, KaK CJICAYCT U3 OIIbiTa, IABJICHHUC B BBIXOJHOM
B ° )
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CeYeHMHU Hacaaka P, mpu 103BYyKOBOM CKOPOCTH MCTE€YEHUs paBHO nAaBieHuio P.. Ilpu
JalbHENIIEM TOHUKEHUH JABICHUS CPEebl CKOPOCTh raza V, OyAeT yBeIuuuBaThCs, a
CKOPOCTh 3BYKa YMEHBIIATBCS, [IOKA NP HEKOTOpOM 3Hayenun P. =P, =B, oHu He

cpaBHstoTCs. [Ipr 3TOM CKOPOCTH BOJIHBI PAa3pPEKEHUS OTHOCUTEIBHO BBIXOJIHOIO
CCUCHHUs HACaJKa CTAaHOBUTCSA paBHOM Hymto. lIpy MeHbIIMX 3HaYeHUSAX P. BOJIHBI
BO3MYLIEHUS HE MPOHUKAIOT B COCY U HE U3MEHSIOT XapakTep TeueHus raza. CKopocTh
ucredeHus V, ocraercs paBHOM KPUTHYECKOU CKOPOCTHU 3BYKa @y, @ IapaMeTphl rasa B
CEYeHUH B—B  OyAyT paBHbl KpPUTHYECKUM 3HayeHUsM. [lpoBeieHHBIN aHAIU3
MTOKAa3bIBAET UTO MPHU UCTEUEHUH 'a3a Yepe3 CYKUBAIOIINIICA HACAaJOK UMEIOT MECTO JBa
pexXrMa 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,.

BB By Vpaay, Gy

Gy =Gy

Vy =ag

%)

Puc. 2. I'paduku 3aBucumocteit Py, P., By, a5, Vy, G; = (P, / R)

[IpuBeneHHas cKOpocTh A, naBieHue P,, temmeparypa T, CKOPOCTb 3ByKa @;,
CEKyHJHBIM MaccoBblii pacxon G, M CKOpOCTb MCTe€YeHHsS V; B CEYEHHH B—B MOTYT
OBITH OTIPEJICTICHBI 110 CJIEAYIONTUM 3aBUCUMOCTSIM:

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

2‘ :—B:_C’
72-( B) PO PO
PB:PC’
TB :TOT(;I«B)I ag :\/ﬁ, (1)
2k
Vo = Aa8ps = Agy|—— RT,,
B BYKPB B\ k +1 0
DP,A(4s)aye S
GB:5() 0d(45)8psSs :kOSBLQ(ﬂ-B);
RT, JRT,

2) npu P. <P, (KpUTHYIECKUH pexKUM):
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/18 =1, VB = ayp
P, =P = P07Z'(l),

Ty =Ty =Ty (D), (2)
Ay =ap = a/kRTKP = 2—kRTO,
k+1
G, = £(@)RaypSg =k,S, P _
RT, RT,

Ha npaktuke yacto 00beauHAIOT (hopMyiibl sl pacxona G, B 000HMX peKUMaXx C

MOMOIUIBIO JBYXPEXKUMHONU pacxonHoil pyHkuuu Y u BBOAAT Kod(hdUIMEHT pacxoia
Mg , YAUTBIBAIOIIUN OTJINYKE JIEHCTBUTEIBLHOTO PacXoa OT TEOPETUYECKOTO:

rac

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

1, npu Ui% < (1)

V=
g(A)=gln), npu ,«.Tm{% <1

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

YCTaHOBKU ObUIM MPUBEACHBI B J1abopatopHoil padoTe Ne 3. BriBoa O JIOCTOBEPHOCTH
3aBUCHUMOCTEH,  ONMHUCHIBAIONIMX  YCTAHOBUBIIEECS  HMCTEYEHHWE  Tra3a  uepes
CY)KUBAIOUIUICSA HAacaJoK JeJaeTcsi B pPE3yJbTare CpaBHEHUS PACUYETHOIO U
AKCIIEPUMEHTAIILHOTO 3HAYECHUM J1aBJICHUN T'a3a B BBIXOJHOM CEUEHUU HACaJIKa.

N

6.

INPOI'PAMMA PABOTDBI U OBPABOTKA PE3YJIBTATOB
IKCIHHEPUMEHTA.

N3yunth 0O1LIME MONOXKEHUS TEOPUU OJHOMEPHBIX YCTAHOBHUBIIMXCS TEUECHUH
rasa.

O3HaKOMHTBCS C YCTPOMCTBOM SKCHEPUMEHTAILHON YCTAHOBKH.

Brotounts OIIK ¥ yCTaHOBUTH C TIOMOIIBIO PEAYyKTOpa TPEOyeMylO BEIHMYUHY
nasienus Py .

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

ITo 3aBucumoctsaMm (1) wimm (2) paccuurars 3Hauenus Vg, By, a., Ty, a3 n G,
MCIOJIB3YS TaOJIUIIbI Ta30IMHAMUYECKUX (DYHKIIUHA.

[Toctpouts rpaduku 3aBucumoctet Vg, By, Tg, a5, Gy = f(P./R).

Pe3ynbTaThl 3amMepoB U pacyeToB OPOPMUTH B OTYETE MO JIAbopaTopHOU padoTe B
BUJIE CJICYIOIIEH TaOIUIIbI
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Ne | Fooge | /R | 45 | G Py T ag Vi | Gg
I

I1a I1a K M/c | M/c | Kr/c
1.
2.
3.

I/ICXOI[HI)IC JaHHBIC:

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

b

H
T, = 293K; P,=n-10°—..

M
Pacuernbie popMyb:
1. BeipaxxeHue aJisi BRBIUUCICHHUS KPUTUUECKOTO JaBJICHUS

Peo =R @

2. @opMynbl ISl ONpeeTeHs] TapaMeTPOB ra3a B BHIXOJHOM CEUCHHH HacajKa U
MacCOBOT'0O pacxoja:

— npu P. >P,, (43 <1):

P,=P., T,=T,r(4), a,=+kRT,,7z(1)=P./P,,

2k
V, =, [—RT,,
® P\k+1 °
e(Pa(1.)a,.S P 7dg X
GB: (1) oq( B) KP B:koSB 0 q(ﬂ'B)' SB:_B’ poz—o_
RT, JRT, 4 RT,

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

_ g(l)POaKPSB :koSB R .

RT, N

KOHTpOJIBHBIe BOIIPOCHI:

1. Kakue pexuMpl TEUEHUS MMEIOT MECTO TMpU MCTEYEHUM Ta3a 4epes
CY’KMBAOUIUICS HACAJ0K?

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

3ByKa B BBIXOJJHOM CE€YEHHH CYKMBAIOLIETOCS Hacaaka’?

KakoB nopsiiok pacuera CKOpOCTH ra3a B BBIXOJJTHOM CEUYECHHH HAcaaKa?

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

B~ w

5. KakoBo YCTpOﬁCTBO YCTaHOBKH, HCHOHBBYGMOﬁ I OSKCIICPUMCHTAJIBHOTI'O
HCCIICAOBAHUA pPaACCMATPUBACMOI'0 TCUCHUS?

JIABOPATOPHAS PABOTA Ne S.

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

HEJIb PABOTDI:

M3ydyeHne OCHOBHBIX TIOJIOKEHHW TEOPUM MPSIMOIO CKayka YIUIOTHEHUS;
ONPENEIICHUE TOJIHOIO JABJIEHUS U CKOPOCTH CBEPX3BYKOBOI'O IIOTOKA C ITOMOIIBIO
HAacaJKa; OIpEIeNICHHE IIapaMeTpoB Ta3a 3a IMpPsAMBIM CKA4KOM; OIPEIEIICHHUE
napamMeTpoOB TOPMOXKEHUS B BO31yX03a00pHUKAX.

OCHOBbI TEOPHMN.

OmnpIT IMIOKa3bIBACT, 4YTO IIPpW TOPMOXCHHH CBCPX3BYKOBOI'O IIOTOKa B HEM
BO3HHUKAIOT IMOBEPXHOCTHU, IIPHU MPOXOKIACHUHN KOTOPBIX CKOPOCTH I'a3a CK&‘IKOO6pa3HO
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YMEHBLIAETCS, a JaBJIEHWe, IUIOTHOCTh M TeMmueparypa yBenuuuBarorca. llpu
YCTAHOBHUBUIIEMCS TEUEHHM Tra3a 3TH MOBEPXHOCTH HEMOJIBHXHBI M HAa3bIBAKOTCS
CKauKaMHu yIUIOTHEHHUA. [IOBEpXHOCTh CKauka MOXET OBbITh NEPHEHAMKYISIPHON K
HAIpPaBJICHUIO CKOPOCTH HAOEraroliero MoTOKa, WM COCTaBISITh C HEM HEKOTOPHIM
yroji. B nmepBoM ciiydae CKauyoK yIUIOTHEHHS Ha3bIBA€TCA MPSIMBIM, @ BO BTOPOM KOCBIM.
PaccMoTpuM 351eMEHTHI TEOpUU IPSIMOTO ckavka (puc. 1).

1. OnpeneneHre napaMeTpOB rasa 3a NpsSMbIM CKAaYKOM

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

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

[IpuMeHuM 3aKOHBI COXpAHEHUS K Macce rasa, 3aKJII0YEeHHOTO B IUJIMHAPE MEKIY
ceuenusimu | u Il (momanp momepeyHoro cedyeHws IWIMHIPA MEPHEHIUKYISIpHA K
HAIPaBJICHUIO CKOPOCTU U PaBHA CAUHHUIIC).

YpaBHeHUE HEPa3pHIBHOCTU MPUMEHUTEIBHO K PacCMaTpUBAEMOMY OO0BEMY
UMEET BUJ:

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

PaCKpBIBaH B 3TOM YPaBHCHHUH pPACXOJbI, I10JIy4acM

Pqu (ﬂ’l) a;cpl . PZOq (2’2 )aKpZ (2)
Ty Ty
VYpaBHEHHE KOJIMYECTBA JBWIKCHHS NPHMEHUTEIBHO K paccMaTpUBacMOMY
00bEeMy 3alUIIeTCs TaK:

2 2

PS, +pV,"S =PRSS, + p,V,’S, (3)

Jlnsg 1peoOpa3oBaHUs ATOr0 ypaBHEHHS OyJeM HCIIOJb30BaTh COOTHOLIECHHE
Kwuceesa:

PS+GV =PS + pV?S = %Gakpz(l) (4)

1

e Z(A)=A1+ ’ razouHaMudecKas (QyHKIH.
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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) = aszz (/12) (5)

YpaBHeHUE SHEPTUU TPUMEHUTENBHO K 00beMY HUITUHIPA 3aMHUIIETCS TaK:
P VS P, V]
1 1y _ 2 2
,01\/181 (u1 T+ 7) - /02\/282 (Uz T _) (6)
P P, 2
N3 ypaBuenwii (1) u (6) cneayer, 4To MOJIHAS SHTAJBINS €IUHUIIBI MACCHI Ta3a U
NOJIHASl TEMIIEpaTypa MpHU MEPEXOo]e Yepe3 MPSMON CKAYOK YIUIOTHEHHs pa3pbiBa HE
UMEIOT:

: P V2 . P, V2
by =CpTy = (U +—+-2-) =1y =C, Ty = (U, +—-+-2)
P 2 o, 2
Tzo :Tlo

Takum 00pazom,

/ 2k / 2k
Ao = m RT, = A1 = m RTy (7)

VYpasaenue (5) ¢ yuerom (7) mpuMeT BUA:
1 1
Ayt —=4+— (8)
4 A
Otcroia UMeeM J1Ba PEICHHUS:

1

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

[Tocnennee penieHre MOXHO MPeoOPa3OBaTh K BUIY:
2

a
V,=Ala -fl 9)

Kp 2 =
1
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[TapameTpbl, XapakTEpPU3YIOIIME COCTOSHUE Ta3a 3a TMPAMBIM CKayKOM,
OMPENENSIIOTCA MO CIETYIOIIUM 3aBUCUMOCTSIM:

[TapameTpbl TOpPMOKEHUS:

- TIOJTHAsI TEMIIepaTypa
T =T, (10)
- MOJIHOE JaBJieHue (13 ypaBHeHUs (2))

P.a(4)  Rya(4)

P, = = (11)
©a(4)  q@Aa)
- MTOJIHAS TUIOTHOCTD
P = 20/ RTy (12)
Crartuyeckue napaMeTphl:
k-1
T, =Ty (1_—%) Tyt (4,) (13)
k-1 .5
=Py (1- k 1 ) 1 =Pyr(4,) (14)
k 1 2 k—l
= Pyl /1 )< = pye(y) (15)

rac

A =12 (16)
HpI/IBeI[eHHBIe 3aBUCUMOCTU ITO3BOJIAOT HpI/I N3BCCTHBIX 3HAUCHUAX HapaMeTPOB
ra3da 40 CKadkKa OHpeI[eJII/ITL HapaMeTpBI ra3a 3a CKAUKOM.

2. OmnpeneneHne CKOPOCTH CBEPX3BYKOBOTO MOTOKA C IIOMOILBIO

MTHEBMAaTUYECKOT0 Hacajka (puc.2)

d
(4-5d 6-7d

=

Puc. 2.Cxema mHEBMAaTUUECKOTO HacagKa
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B Hacrosmeil wactu pabOThl MPOM3BOJAUTCA OINPENEIEHUE CBEPX3BYKOBOM
CKOPOCTH Tra3a B BBIXOJHOM ceuyeHuu comua JlaBamd. [IpuHnunuanbHas cxema H
OINHCAaHUE UCIOJIb3YEMOM SKCIIEPUMEHTAIBHON YCTAaHOBKU OBLIM JJaHbl B JIAOOpATOPHOU
pabote Ne 3.

[Tpu ompeneneHnn CKOPOCTH HEOOXOAHMMO YYECTb, YTO IPU CBEPX3BYKOBOM
0oOTEeKaHUHU HacajKa Mepes HUM BO3HUKAET KPUBOJIMHENWHBIM CKAa4OK yrjaoTHeHus. Ecnu
OCb CHMMETPHHN HACaJKa MapajulesIbHA HAIIPABJICHUIO IIOTOKA, TO LEHTPAJIbHAS ra30Basl
CTPYMKa, MPETEpIIECBAIOIIAsl MTOJHOE TOPMOXKEHHE, CHadala IPOXOAUT YeEPe3 MPSIMYIO
4acTh CKayKa, € €€ CKOPOCTb CTAHOBUTCS JO3BYKOBOM, 3aT€M  NPHU MHOAXOAE K
OTBEPCTHUIO CKOPOCTh IUIABHO YMEHBINAETCA 10 HYJIA.

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

OTBEPCTUH PABHO CTATUYECKOMY JaBJICHHIO Haberatomero nmoroka P,. Takum oOpasom,
MaHOMETpaMH, MPUCOCAMHEHHBIMHU K IICHTPAJIBHOMY W OOKOBBIM OTBEPCTHSM HacaJka,
M3MEPSIOTCS COOTBETCTBEHHO: MOJIHOE JABICHUE 38 HPSAMBIM CKaYKOM YIUIOTHEHHS P,
H CTaTHYECKOe JaBlIeHue Haberaromero motoxka P .

CraTtudeckoe JaBJICHHE M  CKOpPOCTh  HaOeraromero II0TOKa  CBS3aHBI

COOTHOIIIEHUEM:
7(4) =R/R, (17)
CpaBHuBas 3TO cCOOTHOLIEHHE ¢ ypaBHeHUEeM (11) , momyyaem

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

R 72(A)al i)

Takum  00pa3oM, METOAMKA  OKCIEPHMEHTAIBHOrO  ompepeieHus  V,

OCHOBBIBAETCS Ha MCIIOIB30BaHUH ypaBHeHUs (18), momydeHHOro ¢ moMOIb0 hopMy
(8), (11), (17).

VYpaBuenue (18) MoxxHO pemuTh rpadgoaHanuTudecku. s 3Toro HeoOXoaumo,
3a7aBasch psjoM 3HaueHmit 1< A <2,5 mo 3aBucumoctn (18) ompemenuts psix
snauennii Py, /P, n nocrpouts rpadux P, /P, = f (4,). ITpu pacuere uenecoobpasto
MCIIOJIb30BaTh TaONMIBI Ta3oAuMHaMUYeckux (QyHkuuid. C moMomiplo 3Toro rpaduka
MO’KHO TI0 H3BECTHOMY 3Hauenmto P, /P, maiitu 4, u 3atem M.

[Tpu u3MepeHun CKOPOCTH [BMIKEHHUS ra3a BHYTPU KaHAJIOB OOBIYHO ObIBAaET
M3BECTHA TEMIIEPATypa TOPMOXKEHHUS |, ¥ KPHTHYECKas CKOPOCTH 3BYyKa a,,., a npu

M3MEPEHUN CKOPOCTH IIOJIeTa — CTATHYeCKas Temmeparypa |, M CKOpOCTb 3ByKa

a, = \/kRT, .

B nepsom ciryaae  V, ynoGHO onpenensith o hopmyie:

2k
V1 = ﬂlakpl = ﬂl m RT10 ’ (19)

d BO BTOPOM IIO cneny}omeﬁ 3aBUCUMOCTH.
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V, =M., =M, /kRT,, (20)

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

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

Ty =Tios Py = RT P, =Py7(4,) 1 1

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

3uas P, u P,, MoxHo onpenennts k03 HUIMEHT BOCCTAaHOBICHHS JaBICHUS

(22)

o

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

IIpu nossykoBoit ckopocru moroka (M, <L A <1) ckadok ymmorHeHus

orcyrereyer (P, =P,), uro mossonsier naiitn A, no msosHrponmyeckoil hopmyiie
(17), m nocTpouTh yKazaHHbIN Bblle rpaduk npu 0 < ﬂl <1l

3. OmpeneneHrie mapaMeTpoOB TOPMOKECHHSI Ta3a B I0- U CBEPX3BYKOBBIX
BO3/1yX03a00pHUKAX.

B cucremax ynpapieHuss MajorabapuUTHBIMM JIETaTECJIbHBIMKU ammnapaTaMu
IIMPOKOE IPUMEHEHHUE IMOJYYUIIM PYJIEBbIE MPUBOJABI, HMCIOJIb3YIOIIME B KayeCTBE
pabouero Ttena BO3AyX Haleraromiero mnortoka. [lis mpoBeneHHs] UCCIENOBAHUS U
IPOEKTUPOBAHUS TAKUX MPUBOJIOB HEOOXOAMMO ONPENEISATh MapaMeTpbl TOPMOKEHUS B

BO3/1yX03a00pHUKE MO M3BECTHBIM 3HAYCHHUSAM MMApaMeTpoB OKpyxkaromei cpersl P,
T,, p, u ckopoctu nozera V.

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

BO3/TyX03a00pHHUKOM HE YCTAHABJIMBACTCS CKA4YOK YIUIOTHEHUS © TapameTpbl
TOPMOXEHUS MOTYT OBITh OTIPE/ICTICHBI TT0 U30IHTPONMUYECKUM (HOpMyJIaM:

Ro=R/7(M,),
T :Tl/T(Ml)’ (24)

P = 10/(RT10)
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e M, :V1/a,l, a, = kRT,

IIpu ckopoctH monera Oonbiuei ckopoctn 3Byka (V) >@) mepen
BO3yX03a00PHUKOM, KaK U IIEPE PACCMOTPEHHBIM BBIIIE HACAIKOM YCTAHABIMBAETCS
ONM3KUH K MPAMOMY CKadoK YILIOTHEHHS. B 5TOM cllydae TemrepaTypa TOPMOMKEHHs
pH Tepexojie rasa depes ckadok He mamensiercs (T,, =T,,), a naBieHue u WIOTHOCTH

34aTOPMOKCHHOTO IIOTOKa YMCHBIIAKOTCA. I[JI?I HUX OHpPCACIICHUA MOI'YT OBITh
HCIIOJB30BaHbI MMOJYYCHHBIC BBIIIC 3aBUCUMOCTHU IJIA MPAMOTO CKa4YKa YIIJIOTHCHHUA:

P,  a(4)

P z(A)a/4A)

Too =Ty =T,/7(My), (25)
0,0 = Py
” RTy
k+1 k-1, 5
e A=, ——|1-1+—=M)"
k-1 2
Jlns pa3spaGoOTUYMKOB PYJIEBBIX MPUBOIOB OOJNBINOH HHTEPEC MPEACTABISIOT
P T
rpadukn sapucnmocteii ——2 (M,) 1 —2(M,), KOTOpbIC MOXKHO pacCunTaTh C
1 1

MTOMOIIBIO MPUBEEHHBIX 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,
ONpeeNINTh [0 Tabiuie rasoanHamudeckux GyHkumii psx suauenniit 77(4), q(4,),
q(/4,) =q(A,) u paccuurars o popmyne (18) psin snauenuii Py, /B, .

3. Tloctpouts rpaduk 3asucumoctn Py, /P, = f (4) u moctpouts ero npu 4 <1 ¢
nomosio popmyist (17) 1. k. Py = By;

4. BKIIIOYHTH YCTAaHOBKY U U3MepuUTh aasienus P, P.

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

6. Paccuntath cKOpoCTh rasa V), mapaMerpbl rasa A0 CKauka M 3a HHM, a TakKe

K03()(HIIHEHT BOCCTAHOBJIEHNU IOJIHOTO JaBjieHus vV, no dopmynam (19)-(23).
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7. PaccuntaTh M TOCTPOUTH TpapuKyd 3aBUCHUMOCTH JaBICHHUS M TEMIIEPATypbl
TOPMO’XKEHHMS BO3/[yXa B BO3yX03a00pHHKe B (pyHKIHHU OT dncia Maxa M, .
[Ipumeuanue: mpu BBHIMOJIHEHUM MyHKTa 4 HEOOXOIUMO, U3MEHsSA J1aBIICHHUE
nutanus Py = P, obecneunTs Kax10ro cTyeHTa CBOUM BapHaHTOM pacuera.

Pe3ynbTaThl 3aMepoB U pacyeToB 110 1.1-6 opopMuUTE B 0TUETE 1O JTa0OPATOPHOI
pabote B BUJIE Ta0JINIL 1, 2 " rpadukoB 3aBUCUMOCTH

Po/Pi=T(A) T/ Ty=F(2), 2= 2o = fuy) 2222 ().

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(l/4)
4 PZO/Pl
S | T, /T,
6 | t(4y)
7 M,
8 | Po/P
Tabnumna 2.
Py, | R i A VL R | Ve | T | o | B | A | T | o | Vs,
IIa | Ila 1 M Ila K K2 Ila K K2 M
C M3 M3 C
HcxonHble faHHBIC:
k=14 R-287 2. T_203K. PR =10°la

ke K

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

Po__ AA)
P A

2. BeIpakeHUs 1711 CKOPOCTH HAaOEraromero moToka Vl:
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2k
V1 = ﬂlakpl = 11 m RTlO

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

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

5.Beipakenne s kKod(duIEEHTa BOCCTAHOBICHUS JIaBIICHUS B TIPSIMOM
CKadJKe.

6.Dopmynsl  (24), (25) onng  pacuera apaMeTpOB  TOPMOMKEHHS B
BO3yX03a00pHHUKE.

KOHTpOIBHBIE BOITPOCHI:

1 .Kak u3MEeHSAI0TCA CTaTHYECKUE MapaMeTphl, TapaMeTpbl TOPMOKESHUS U
CKOPOCTh T'a3a B MPSIMOM CKa4Ke YIUIOTHEHUSA?

2.Ha wucmonn30BaHMM KaKWX 3aBHUCHUMOCTEH OCHOBaHa METOJIHKA
AKCIIEPUMEHTAJIBHOTO OIPECICHUs CKOPOCTH CBEPX3BYKOBOI'O TIOTOKA MPH
IIOMOIIM Hacaaka?

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

4 .Kak 3aBUCUT KOA((PUIIMEHT BOCCTAHOBIICHUS TOJHOIO JaBJICHUS B
MPSIMOM CKayKe YIJIOTHEHUSI OT CKOPOCTH HaOEeraroero noToxka?

5. B kakoM nopsiike onpeeNssioTCsa napaMeTphl raza 3a NpsSMbIM CKauKOM
YIUIOTHEHUS 10 U3BECTHBIM 3HAUCHUSIM MapaMeTPOB Ta3a mnepes] CKaukoMm?

JIABOPATOPHAS PABOTA. Ne 6.

NCCIEAOBAHUE HEPACYETHBIX PE;KUMOB TEUHEHUS I'A3A B
JAPOCCEJIE PA3BA3KHU THUIIA COIVIA JIABAJIS.

HEJIb PABOTDI:

W3yuyeHue HepacueTHBIX pEXKMMOB pabOThl COIUIA, pacyeT pachpeneseHus
MapamMeTpoB rasa Mo JJIMHE coruia. PacyeTr pacxogHOM W CHJIOBOM CTaTUYECKUX
XapaKTEPUCTHK.

OBLIME CBEJIEHMSI.

B coctaBe cuctem razocnabxenuss CYJIA, paGoTaronmux Ha TBEPAOM TOILIUBE,
4acTO YCTaHABIMBAETCS JPOCCETb Pa3BA3KU, HWCKIIOYAIONIMNA BIWSHUE W3MEHEHUS
JIABJICHUSI B pECHBEPE HA TOPEHHE TOIIMBAa B MCTOYHWKE Taza. [Ipm mcmosb3oBaHuU
CY’KaIOIIerocsl IPOCCelis JaBJICHUE B PECHUBEpPE JOHKHO OBITh MEHBIIE KPUTHUYECKOTO

sauens P. <P, =P7z(1)=Pf,,, 410 npuBOIMT mpH NpPOEKTHPOBaHWH K
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0OJBIIMM pa3MepaM NOTPEOUTENs,, HAMpUMeEp, Ta30BOTO MPUBOAA, MUTAEMOTO U3
pecusepa.

[ToaTomy 00BIION MHTEpEC MPENCTABISAET UCIIOJIB30BAHNUE IPOCCENS Pa3BsI3KU B
¢dopme comia JlaBans, MO3BOJSAIONUIETO 3HAYMTENBHO YBEJIUYMUTDH JIaBJICHUE B PECUBEPE

no cpaBHeHuio ¢ P.j npu HesaBucuMoM ropeHuu ToIUIMBa. B mpomecce 3amycka

CHCTEMBI Ta30CHA0KEHUS AaBJICHUC B PECUBCPC U3MCHACTCA B IIUMPOKUX IIpEAcCIax, 4TO
IMPUBOAUT K HAJIMYUIO B pacumpmomeﬁca JaCTHU COIlIa TPCX PCKUMOB TEYEeHHUU raza
[2]:

a) CBEpPX3BYKOBOI'O, IMPU KOTOPOM CKOPOCThH raza MO BCEW JJIMHE ATON YacTh
0oJIbIIIE CKOpPOCTH 3BYKa,

6) CMCIIAaHHOI'O, IIpU KOTOPOM TCUCHHC I'a3d B HAYAJIC pacmnpmomeﬁca qaCTu
JI0 TIPSIMOTO CKa4yKa YIUIOTHEHHS CBEPX3BYKOBOE, a 3a CKAYKOM JI03ByKOBo€ (puc.1,a);

B) A03BYKOBOI'O, KOI'/la CKOPOCTb I'a3a I10 BceH AJIMHC COILIa JO3BYKOBAs.

a)
Pe
6) .
3a
85|
S p
> B s
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e TR ;._;

Puc.1

[lepBbIil pexuM TeyeHUs raza HMMEEeT MecTo Ipu pabore comia ¢
HeJopaclupeHneM (JaBiieHue B BhIXOAHOM cedenun P, > P.), B pacyerHOM pexume
(P, = P.) u npu neGonsimom nepepaciupennn (P, < P.).

Bynem paccMarpuBarh coruia ¢ HEOOJBIIAM YIIOM PacTBOpPa PACHIMPSIOILECHCS
YacTH, KOIJa MNpPW IEpepaciiupeHrr IOTOK HE OTPHIBAETCS OT CTEHOK COIUia 3a
CeYeHHEM, I/ JaBJICHHE ra3a CTAHOBHTCS PABHBIM JaBICHUIO cpeibl P., koTopoil B
JaHHOM cilydae sBisercs pecusep. OaHako, Mpu GOJBIIOM MEPEPACIIMPEHUH, KOTIa
nasienue P. craHoBuTCS paBHBIM HEKOTOPOMY 3HAueHHIO Ps, B BBIXOZHOM CEUCHHH
COIJIa YCTaHABIMBACTCS OJM3KUM K MPSAMOMY CKAdOK YIUIOTHEHHs. IIpHW 3HAUCHHUSIX
cpensl P, 6ompnmx P,, ckauok cMemaercst BHyTph coIIa ¥ IIPH HEKOTOPOM 3HAUCHUH
P. = P,, npu6an3uBIuch K KPUTHIECKOMY CEUCHHIO, HCUE3aCT.

Takum 00pa3om, TMEpBBI PEXHMM TEUCHHS Ta3a UMeeT MecTo npu Pr < Py,
sropoit mpu P, < P, <P,, a tpernit npu P. > P,. OueBunno, BiusHue napieHus B
pecuBepe P. Ha ropeHme TomumMBa B HCTOYHHKE rasa OyIeT MMETb MECTO TOJBKO B
TPETHEM PEXHUME, KOT/Ia CKOPOCTh Ta3a B KPUTHUECKOM CCUCHUH COIUIA OYIET MEHbIIIE
ckopoctu 3Byka (A, <1, P. > P,).

Hasnenue P, 3aBHCHT OT KOHCTPYKTHMBHBIX M 9KCIUTyaTALHOHHBIX IapaMeTpoB

coruia JlaBansg M MOKET 3HAUUTEIBbHO IMPCBBIMIATh KPUTUUCCKOC 3HAUCHHUC PED’ qTo

MO3BOJISIET TIPU MPOSKTUPOBAHUH TIOTPEOUTEIIS CYIIECTBEHHO YMEHBIIIUTD €r0 Pa3MephI.
[Ipy wW3ydyeHHH HEPACUYETHBIX PEKUMOB TEUECHUS Tra3a PACCMOTPUM CHayaia
CMEIIaHHBINA PEKUM C IIPSAMBIM CKAYKOM B PACIIUPSIOLIECUCS YaCTH.
B mpocreliemM OZHOMEPHOM Cilydyae CUCTEMa YPAaBHEHUW I ONPEACIICHUS
IJIOIAAY S CEYEHUs, B KOTOPOM yCTAHABIMBAETCS CKAYOK YIUIOTHEHHs, BKJIIOYAECT B
ce0s CIIeyIoINe 3aBUCUMOCTH:
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1) ycnoBue paseHctBa pacxomoB raza G, =G, B cewenmsx 1-1 u 0-0,
KOTOPOE MOKHO IPe0Opa3oBaTh K BUJLY:

QC%)=%%§JmeZ@>1; (a)

2) yCIOBHS Ha MPSMOM CKauKe YIIJIOTHEHHUS:

() =a(2) "o

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

a

4) ycioBHE PaBEHCTBA CTATHYECKOIO [IABJICHHS B BBIXOJHOM cedeHuH P,
nasnenuto cpeasl P, mpu A, <1:
P P P. P
_c_Tc_TecH
e T TRy
0 30 0 30

VYpaBuenus (a)-(1) MOKHO pelIUTh rpadoaHaTUTHUYECKU. /{71 3TOro He0OX0AUMO,

.S y
3a7aBasACh PAJIOM 3HAYCHUH & 5 < % <1, onpenennrs psn 3Hauennit q(4,), 4,,
a a

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

(puc. 1,6). C nomouipto 3TOoro rpapuka MOXKHO, 3Has % , HATU OTHOCUTEIBHYIO
0

(1)

IIomaab % CCUCHUA, B KOTOPOM YCTAHABJIIMBACTCA CKAYOK YIINIOTHCHHA.
a

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

TOJTYy4CHHBIM [IPU [OJCTAHOBKE B ypaBHEeHHs (a)-(1) S =S, U S = S| COOTBETCTBEHHO:
izﬂfjg:}f
R v(x) A,

_S
g(i )= A,Aﬂ =1 J

(e)
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== 7(A)
0 - (x)
A =54 28 <1
oy a(d) ’
YA
rie - ra3oJuHaMu4ecKas PyHKITHS,

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

B
A, -toxenpu P, =P;.

ITpu P- = P, mo Bceit anuHe pacuMpsIrOIeicst 4acTH COoIlia TeYeHHe ra3a Oyaer
CBEPX3BYKOBBIM. MeToauKa pacdera TEUeHHsS B COIUIC Ui 3TOro ciydas Obiia

paccmoTpena panee. COTJIaCHO ATOW METOJWKE JJIsl ONMpEeICHUs MapaMeTpoB Tas3a B
NIPOM3BOJIILHOM |-OM CEYEHMH COMIa C IUIOMAABI0 S, HEOOXOAMMO CHavana

i) =% .

n(A), 7(A) wu Beumcmnts V, =4 -a

1 1 1 Kp !

paccuymnTaTh:

a 3areM 10 TabmumaMm HaitH A

1!
2K
Qp = P RT,, P=Px(A4), T. =T,z(4) u apyrue Bennaunsr. IIpu pacuere A
HEOOXOMMO YIUThIBATH, YTO B CyXKaromeiics yactu comna A <1, a B paciumpsioweiics

A >1.

Ilpu Py < Pr < Py teuenue B pacummpsiolieiics 4yactu OyaeT cMellaHHbIM. B
9TOM Clly4ae YKa3aHHBIM BBIIE O0pa3oM OmpejesieTcsl IUIoMAnb S CeYeHHs, B
KOTOPOM YCTAHABJIMBACTCS CKAYOK YIUIOTHEHHs. Pacder TedeHHs /0O CKadka

IPOBOIMTCS AHAJIOTHYHO TIPeAbIaylieMy. J03ByKOBOE 3HaueHHe A B MPOM3BOIBHOM
CeYeHNH S, 3a CKAYKOM ONPEIEIUTCS [0 3aBUCHMOCTH:
q(4)S, =q(4;)S, 4 <1
rae /IC paccuutbiBaeTcs 1o dhopmyiiam (a) u (B).
Ilo HaiimeHHOMY 3Ha4eHHI0 A MOXHO ¢ moMompbio Tabmun Haiitu A, 7(A4),

7(4), a sarem ompenemnts Py mo dopmyne (6) m Bermenuts V=4 -2

i =4 Agp
2k
& =,——RT,, P=P,yw(4), T. =T,z(A) B npoussonsHoM ceyeHuu coruia.

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

P,=PF., P,=P,. Ilpusenennas ckopocTh rasa B BBIXOJHOM CEYECHHUM COILIA

HaﬁHCTCH I10 3aBUCHUMOCTHU:
P P
_ a _ C
T (ﬂ’a) - - '
P, P

a0
I[OSByKOBoe 3HAYCHHC j‘i B IIPOMU3BOJBbHOM CCUCHHHU COILIIA OIIPCACIIUTCA U3

YCJIOBUS PAaBEHCTBA PACXO/I0B B BBIXOJHOM H IIPOU3BOIBHOM CEUEHHSAX:
a(4)S; =a(4,)S,, a(4) <1
Io HaiinenHomy 3naueHno (A ) moxuo naittu A <1, 7(4), 7(4), a 3arem
onpenemuts V, = A - 8,,,, P =Fx(4), T. =T,z(4) B npoussonsHoM ceyenn.
ITIpu pacyere paccMaTpHUBAaeMOro TedeHHs HEOOXOAMMO CHauana 1o (opmysam
(e), (k) Haiitu nasieHus cpenst Py u Py, ¢ HOMOLIBIO pHBEIeHHBIX BbILIE HEPABEHCTB
ONpENEIUTh PEKUM paboThl COIUIA, a 3aTeM Mo (opMylaM HaMJEHHOro peKHMa

paccuuTaTh TEUCHHUE I'a3a B COILIE.
[Ipn mpoexkTHpoBaHWU JpoOcCCesi Pa3BsI3KH OOBIUHO M3 COOOpakKeHHWl 3araca

HaBJICHUC B PCCUBCPC PC 00eCIIeYNBAOT HECKOJIBKO MEHBIIIE H&HBBIFOIIHeﬁmeFO

3HaueHus P,

obecrieueHus 3agaHHOro pacxoxa depes comio G, nmpu A =1. ITnomans BeIXOAHOTO

game Beero (0,8+0,9)P,. Ilnomans S, ompexenstor u3 ycnosus

CEUYEHHs COIIa S, OHPEACIIOT C OMOIIBIO (hopMy (a-1), Hecxoas u3 3HaueHus P .

Cnenyer OTMETUTh, UTO HEPACUETHBIE PEKUMbI UMEIOT MECTO U MPU UCTECUYEHUU
ra3a 4epe3 Coruia ra3oJMHaMUYEeCKUX MCTOJHUTEIbHBIX ycTpoicTB (ITMY) npu manbix
JABJICHUSX B TIPENCOIUIOBBIX TOJOCTSIX. B 3TOoM ciyuyae OOmbINOi HUHTEpEC
IIPEJCTABIISAET PACUET pacxo/aa ra3a yepes CoIulo:

Gl — Mg(l) Pos_l(_ﬂl)aKPsl — 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 PEAKTUBHOW CHJIBIL:

Fa = lea + Sa(F)A o PC) - Fa(P ! P ’Sl’Sa)'
I7Ie BEIUYHUHBI, BXOJAIIME B OTH (PYHKIIMOHAIBHBIC 3aBUCHUMOCTH, OIPEACISTIOTCS
yKa3aHHBIM BbIIIIE 00pa3oM IMpu Si = Sa. TUNWYHBIM BHUJ JTUX 3aBUCUMOCTEMN

MpUBEJIeH Ha puc. 1,6.
[Ipu wuccnenmoBanuu ['MY 0OBIYHO pPACCUUTHIBAIOTCS PACXOMHAS W CHIIOBas

CTaTUYCCKHUE XAPAKTCPUCTHKH, YCTAaHABJIMBAIOIIMWC 3aBUCHMOCTL pacxoaa Gl )51

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

II0JIOCTH.
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N

IMopsaok BeINOJTHEHUS] padOTHhI.

N3yuuth oOlIME TOJNOXKEHHS TEOPUM HEPACUETHBIX PEKHUMOB pabOTHI CoOILIa
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 CCYCHHHU COILJIA.

[lo mnpuBeneHHOW BBIIIE METOJUKE paccuuTaTh TpaduKu 3aBHUCHUMOCTEH,
MOKa3aHHBIX Ha pUcC. 1,6, paCXOAHYIO U CHJIOBYIO XapaKTEPUCTHKH COILIA.
Paccunrare pacmpeneneHue mapaMeTpoB raza o JUIMHE COIUIa IpU
P. =(0,8+0,9)P, u nocrpours coorsercrByroume rpapuxm.

Pacuetnbie popmyIib:
3asucumoctu (a)-(K) 11 ONpeleleHUs IUIOMIAAM S CEYeHUs, B KOTOPOM
YCTaHaBIIMBACTCS CKa4OK YIUIOTHEHHUs, ¥ JaBieHuit cpenst P, u Py.

@opmysbl  JUIsl pacyeTa TEUYEHMM ra3a B CBEPX3BYKOBOM, CMEIIAHHOM U
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 ycCliOBUSI CylIECTBOBAHUSI PEXKMMOB TEUYEHHUS ra3a B PaACIIUPSIONICHUCS
4yacTu comna?

Kak onpeaennts MECTOMON0KEHNE CKAUKa YIIJIOTHEHHUS! B CMELIAHHOM PEXUME?
KakoB mopsinok pacdera mapaMeTpoB ra3a B INPOM3BOJIBHOM CEYEHHM COIUIA B
KaXXJIOM peKumMe?

KakoB nopsiiok pacuera pacxoIHOW U CUIJIOBOM XapaKTEPUCTUK coruia?
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JIABOPATOPHAS PABOTA. Ne 7.

HNCCIEAOBAHUE IIVIOCKOI'O TEYHEHUA I'A3A C KOCBIM
CKAYKOM YIUVIOTHEHUA

HEJIb PABOTDI:

I/I3yquHe OCHOBHBIX MOJOXXCHUM TCOPHUHU KOCOI'0 CKa4dkKa VYINIOTHCHUA,
HCCJICOO0OBAHHNC 00TeKaHUs KJIMHA CBCPX3BYKOBLIM ITIOTOKOM.

OCHOBbBI TEOPUH

PaccMoTpuM 3amady pacdera OOTEKaHHS CBEPX3BYKOBBIM ITOTOKOM ILIOCKOTO
KJIMHA ¢ yIJIoM nojypactsopa 6 (puc. 1, a).

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

> ¥8
> & Pz. ;T:,Xz. vﬁ . llan. & Va
> 8 0 /> e Vin
v v

a) 0)

Puc. 1 PacueTHas cxema TeyeHusd

[Ipu 3aMeHe HyJEBOW JIMHUM TOKA TBEPIOM CTEHKOM pacCMaTpUBAaceMOE TEYEHUE
MOJKHO CBECTH K TCUCHMIO Ta3a BHYTpH TyIoro yria (puc. 1, 6).

JInsi HaXOXKICHHS KOJMYSCTBEHHBIX M3MCHCHHMN IMapaMeTPOB IMOTOKA B KOCOM
CKauKe yIUIOTHEHUS! Oy/IeM UCIIOJIb30BaTh YPABHEHUS, OTPAKAIOIINE OCHOBHBIE 3aKOHBI
coxpaHeHusi. Eciu 0003HaunTh WMHAEKCaMHM N W 7 HOpPMaJbHBIE W KacaTelbHbBIE K
JIMHUYU CKayKa COCTaBJISIIOIIME CKopocTell  (puc. 1, a) To monyuum:

1) ypaBHEHHE HEPa3PHIBHOCTH:

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

P+ oV, =P+ pNy, (2)
— B TIPOCKIIMH HA KAacaTEJIbHYIO K INHUU CKAYKa:
PVIVIT = PNV, Vo T (3)
3) ypaBHCHHE YHEPTHUU:
VintVie kK B _Vau+Ve kB ] @
2 k-1p 2 k-1p,

N3 ypaBuenutii (1) u (3) cnenyer, 4yto
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V, =V, =V, (5)

T.€. B KOCOM CKayKe KacarelibHasi COCTaBIISONIAasi CKOPOCTH HE MPETEPIIEBACT pa3phiBa.

Kocoli ckauok YIUIOTHEHHS] SBJISIETCS MPSIMBIM CKAa4YKOM i1 HOPMAJIbHBIX
COCTaBJIAIOIMX cKopocTel (puc. 1, a). [ToaToMy HOpMabHasi COCTaBIAIONIAS CKOPOCTH
B KOCOM CKAQUKE€ YMEHBIIIAETCSA OT CBEPX3BYKOBOI'O 3HAYEHUS 10 103BYKOBOro. O/IHAKO,
3a CUET HEU3MEHAIOLICHCS KacaTeIbHOW COCTABISIONIEH B ILEJIOM CKOPOCTh Ta3a B
KOCOM CKa4yKe YMEHBIIIAETCSI MEHBIIIE, YEM B MIPSIMOM, M OCTAETCSl 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 YpaBHEHHsSI SHEPIMM W YypaBHEHMS, NPUBEICHHbBIC BBIIIE,
MPEJCTABIIAIOT COO0ON CUCTEMY YpaBHEHUH, OMUCHIBAIOIINX KOCOW CKAYOK YIIJIOTHEHUS.

OTa cucrema ypaBHeHHﬁ HMCCT TOT JKC BHUA , YTO U JIA IIPAMOIO CKadka C TOW JIUIIb
paBHHHGﬁ, qTO 3JCCh BMCCTO ITIOJHBIX CKOpOCTeﬁ JO M IIOCJIC CKadKa BXOIAT

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

(4a)

- 2
BxoauT BernunHa |y —V) / 2. OTMedeHHOEe CXOJICTBO TO3BOJSET BOCIOJIB30BATHCA
HOJly4eHHBEIMU paHee (cM. nabopaTopHyro pabory Ne5) pemreHMAMH U HPSMOTO

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

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

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

CkopocThb, JaBlieHHWE, TEeMIepaTypy M IUIOTHOCTh Ta3a 3a CKauyKOM MOYKHO
OTIPEICIUTD TI0 CIICAYIOIIMM 3aBUCUMOCTAM, MOJydaeMbIM U3 ypaBHenuit (1) - (4):

V, = «/\_/; +V? (6)
- V /V2n (7)

P,=P+ pV2 —p V7 (8)
k-1, 2
T,=T,+—— R (V2 -V2) 9)

Bemmaunet M,, 4,, Py, T,y 1 p,, HaxomsTCs ¢ moMoOMIBIO HhOpMyIT:
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M, =V,/a,; a, = /kRT,,

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

Kp 2 xkpl

P P
Ty :Tz/f(ﬂz)’ P = R-|2-0 = g(; )
20 2

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

3HATb YI'OJI HaKJIOHA CKa4Ka YIINIOTHCHUA ﬂ .3 pI/IC1 BHUJIHO, YTO

tg(ﬂ_g) :V2n/vr

Tak kak cormacHO ypaBHEHUIO (5)

V2n :i(afp _uv j

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

: ~ V.sinBcosf

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

1——]1 cos’ 3

oy k+1
9(5-9) ﬂlsm pcosp (13)

I'padukn 3aBucumoctd [ ot @, paccynTaHHbIe NPH Pa3IMYHBIX 3HAYCHUSIX

grcia A, u K =1,4, nokasansr Ha puc. 2.

W3 ananmuza rpaduKkoB BHAHO, YTO MPHU yIiax KIWHA, MEHBIIUX HEKOTOPOTO

MaKCHMAaJbHOTO 3HaueHus &

max » OAHOMY 3HAYCHHIO 9 COOTBCTCTBYCT [Ba 3HAUCHMHA

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

YCTaHABIIMBAETCS MOJI MEHBIIIUM YTJIOM.

BepxHue BEeTBU KpUBBIX COOTBETCTBYIOT (DPU3MUECKH HEBO3MOXKHOMY CIIydalo
TEUYCHHUS Ta3a ¢ MPUCOCTNHEHHBIM K KIIMHY KOCBHIM CKauyKOM, TaK KaK YMEHbBIIICHHUE yTiia
€ 110 HyIsl He MOXKET PUBECTH K yBeNnueHuto yra [ 10 90° (mpsAamoii ckadok).

IIpu 6 >0, CcKaYOK YIUIOTHEHHS OTPHIBACTCS OT BEPIIMHBI KIMHA |

CTAHOBUTCS KPUBOJMHEUHBIM (puc. 3).
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HCHTpaJIBHa}I JaCTb CKa4dKa MNCPICHAWKYJIAPpHA K HAIPaBJICHUIO CKOPOCTHU Vl’ 151

MO3TOMY B 3TOM 00JacTH 3a CKAYKOM CKOpOCTh OyzaeT 103ByKoBoH. Ilpu ynanenuu ot
OCH CHUMMETPUH YTOJ MEXIy HalpaBJICHUEM CKayka W HAIPaBICHUEM CKOPOCTH
YMEHBINIAETCSI W B JTOM OOJACTH 3a KOCBIM CKAa4KOM CKOPOCTh MOXKET OBITh
CBEPX3BYKOBOM.

[TonoxxeHne GppoHTa KPUBOJIMHEHHOTO CKayKa YIJOTHEHHUS M MapaMeTphl ra3a 3a
HUM MOTYT OBITh OIIPENEICHBI 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(6).

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 3HAYCHHUSAM YTJIa KIMHA € U mapaMeTpoB rasa repeji CKaukoM;
2) OIpeeIIeHUI0 BO3MOXXHOCTH MCIIOJIb30BAHMSI TIOTYYCHHBIX BBIIIEC YPABHEHUH JIIIs
pacdera pacCMaTpUBacMOI0 TEYCHHUS;
3) ompe/eneHnIo BIUSHIS yIJia KinHa @ Ha mapaMeTphl ra3a 3a KOCHIM CKAuKOM.
OOTekaHre IUIOCKOTO KIMHA MPOU3BOJUTCS IMOTOKOM, OO0OpasylomuMcsa MOpu
HMCTEUYCHUM Ta3a W3 CBEPX3BYKOBOIrO coruia. [IpuHmmMnmanpHas cxema M ONMCaHUE
UCIIOJIb3YEMOM A3KCIIEPUMEHTAJIbHON YCTAaHOBKHM OBUIM NPUBENCHBI B J1A0OPATOPHOM

pabote No3. CxopocThb Ha0eraroIero MOTOKa
OTIpEeNsICTCS C TMOMOINBI0 HAacajka IO METOAMKE, H3JIOKEHHOW B JabopaTOpHOMN
pabote Nos. BriBox 0 JOCTOBEPHOCTH TEOpUU KOCOI'0 CKayka

YILIOTHCHHUA ACIACTCA B PC3YIILTATC CPABHCHUA PACUCTHOI'O M ISKCIICPUMCHTAJIBHOI'O
3HAYCHUM JaBJICHHUS I'a3a 3da CKAYKOM YIUIOTHCHHA.

HHPOI'PAMMA PABOTDBI U OBPABOTKA PE3YJIbTATOB
IKCHHEPUMEHTA:

1. N3yunth 00mIME MOJIOKEHUS TEOPUH KOCOTO CKayKa YIJIOTHEHHS WU
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 HU3MEPHUTh CTATHYECKOE JABJICHUE Y OOKOBOM
MOBEPXHOCTH KimHAa P, ., a Takke JaBICHHS N

P, BocniprHnMaeMble LEHTPaIbHBIM 1 GOKOBBIMH OTBEPCTUSIMU HAca KA.

4, [To meTonuke, U3M0XKEHHOUN B JabopaTtopHoil padote No5, onmpeaenuTh
NPUBEICHHYK CKOpocth A, umcio Maxa M, crartmueckyro
Temmeparypy ,, crathdeckoe 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 IocCj€ KOCOr0 CKauyka YIUIOTHEHUS U CcAenaTh BbIBOL O
JIOCTOBEPHOCTH HUCIOJIB3YEMOU TEOPUHU.

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

Tabnuma 1.
P{ép, P11 /11 Ml Tl’ Prs Vl’
H/ M H/ K xe/ m® Mfc
Tabmuma 2.

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

H/x | HIm® | K | ke/s® | mfc | HIx® | K| ke/ s

—

~No o~ owN -

HNcxonnpie TaHHBIC:

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

Pacuetnbie popmyIb:

1. ®opmyia ajs onpeaesIeHrs CKOPOCTH HaOeraromero moroka (cM. rpaduku B
paboTte Ne5):
P’
o f(h)
R
2. 3aBHCHMOCTH JIJISl ONIPEICICHHMS TapaMeTPOB T'a3a Mepe CKauKoM:
T,=Teyr(4); P =PR; p= Pl/RTl;
2k
V1 = ﬂlaxpl' A = K+1 RTlO :
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3. ®opmyrna st onpesiesieHust yriaa [ (CM. rpa(bHKH Ha pHUC. 2):

1——]1 cos® ,B

oy k+1
9(4-0) A/ sin Bcos B

4. CoorHomrenus st onpenenenus V,,, V. :

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

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

1 k-1 oV
V, =—a’ -——=V? |V, = VE +V2 i
2n V Kp k+l 2 2n T pZ V2

1n n

k-1
2 2 2
P, =P+ pV2:—pV2. T, T+2kR(vln—v2n).
6. Ypasuenus s onpenenerus M,, A,, Py, Toy, Oy
_V,/a,, 8 = JKRT, , 4, =2 =Yz
aKp2 a‘Kpl
P T P o,
Po=—2— Tp=—2r, Py =—=— 2.
7(4,) 7(4,) RT,, &(4,)

KoHTpoJibHBIE BOIIPOCHL.

1. Kak n3MeHsoTCs mapaMeTphl ra3a B KOCOM CKauKe YIUIOTHEHUS?
2. Kak ¢ momompio rpadukoB, TPHUBEACHHBIX HAa pPHC.2, OMPEACIUTH IO

3aJaHHOMY 3Ha4eHmo uucna M, nHaGeraromero mnotoka yron kiamHa 6 ., TpH

KOTOPOM CKA4YOK OTCOCAHHACTCA OT BCPIINHLI KJIHa?
3. Kak m3mensercs YI'OoJI HAaKJIOHAa KOCOI'O0 CKa4YKa YIINIOTHCHHSA IIPpU U3MCHCHHUHU

quciaa Ml Ha6era10mero Ha KJIMH NoToKa?

4. B KakoM MOpsAKE OMNPENENAIOTCS MapaMeTpbl rasa 3a KOChIM CKauKOM
YIUIOTHEHUS 110 U3BECTHBIM 3HAYECHUSIM [1APaMETPOB Ia3a Mepel CKAaYKoM ?

5. IloueMy cKOpoCTh raza 3a MNPUCOECIMHEHHBIM K KJIMHY KOCBIM CKauKOM
YIUIOTHEHHUS OCTAETCsl CBEPX3BYKOBOM ?

6. KakoBo yCTpOHCTBO YyCTaHOBKM JJii TMPOBEACHUS HKCIEPUMEHTAIHHOIO
UCCIIEOBAHUS pacCMaTPUBAEMOTr0 TEUEHUS ?
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JIABOPATOPHAS PABOTA Ne 8.

UCCJEJOBAHME MJIOCKOTO TEUEHMS PACIIUPEHUS «ITPAHITJISA-
MAMEPA». ONMPEJAEJEHUE TAPAMETPOB IJIOCKOT'O
CBEPX3BYKOBOI'O COILIA. ONPEJEJEHUE CUIBL, AEMCTBYIOUIE
HA ADPOJMHAMMWYECKHU PYJIb B CBEPX3BYKOBOM IOTOKE.

HEJIb PABOTDI:

N3ydyeHne OCHOBHBIX IIOJIOKEHHM TEOPHUM IUIOCKOTO TEUYEHHsI PACIIMPEHUS;
UCCIIENOBAHUE CBEPX3BYKOBOI'O IIOTOKA rasa, ABHXKYILErOCs BIOJIb IIJIOCKOW CTEHKH C
M3MEHECHHEM HAIPaBICHUs; pacyeT JMHUMA TOKA TEUYCHHsI PACIIUPEHS M KOHTYypa
IIJIOCKOTO OTKPBITOTO CBEPX3BYKOBOI'O COIUIA, OIPEIEICHUE CUIIBI Ia30AMHAMUYECKOTO
BO3JCHCTBHS Ha TUIACTUHY B CBEPX3BYKOBOM ITOTOKE.

OCHOBBI TEOPHMN.
1. IloHsATHE O XapaKTEPUCTUKAX CBEPX3BYKOBOI'O TCUCHMUS.

PaccmoTpum cHauana 001acTh pacnpoCTpaHEHHUs ClIa0bIX BO3MYIIIEHUM, KOTOPbHIE
BBI3BaHbl HEMOJABM)XHBIM MCTOYHHUKOM, HAaXOJALIUMCS B MOTOKE JABMXKYILErOCs raza u
BO3MYIIAIOLIMM €ro ¢ yactoToit 1/ .

Ha puc.l moxkasaHel Haxomsmuiics B Touke M HCTOUHMK M TOJNOXEHUS
chepruecKux BOJIH, BBI3BaHHBIX 1, 2, 3 1 60Jee CeKyH 1 Ha3al.

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

IIpu ckopocT aBMKeHHs ra3a V , MeHBIIEH CKOpOCTH 3ByKa &, o00JacTh
pactpocTpaHEHUsI BO3MYIIICHHUM MPEACTABISIET COO0N BCE MPOCTPAHCTBO, OKPYKAIOIIEE
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ucrounuk. [Ipu V > a oGnacte pacipocTpaHeHus OrpaHHIeHa KOHYCOM, 00pa3yromiue
KOTOPOTO Ha3bIBAIOTCS JIMHUSAMHU BO3MYyILleHHMss Maxa. Yros mojaypacTBopa KOHyca
MOJKET OBITh OIIPEIECIECH U3 COOTHOILIECHUS:

sing = % - }I/v' (1)
rie M - gucno Maxa.

Takum 00pa3oM, B KaX[I0i TOYKE IUIOCKOTO CBEPX3BYKOBOI'O IMOTOKA IO YIJIOM
O K BEKTOPY CKOPOCTH MOKHO ITPOBECTH JIBE JTMHUHU BO3MYIIICHUS Maxa, OT/ICIISIOIINe
HEBO3MYILIEHHBINA TIOTOK OT BO3MYIIEHHOTO. [T0CKOJIBKY B 00IIIeM cllydae HarpaBjICHHE
BEKTOpa CKOPOCTH W 4UCJIO Maxa B pa3IMYHBIX TOYKAX OTJIMYAIOTCS JIPYT OT APYyTa, TO
HaIpaBJICHUE JTUHUM BO3MYIICHUS B dTUX TOYKAX TAK)KE OKa3bIBACTCS pa3IUYHbIM. B
CBSI3M C 3THM B T'a30]JMHAMHKE BBEJCHO BEChMa Ba)KHOE IMOHATHE XapaKTepUCTHK. OHH
MIPEJICTABIISIOT COOOM JIMHUH, KacaTeIbHBIE K KOTOPHIM B KaX/JIOH TOYKE COBIAIAIOT C
JUHUSAMH BO3MYIIEeHUs Maxa. XapaKTepUCTHKH, HaXOSIIMeCs clieBa W CIpaBa OT
BEKTOpa CKOPOCTH, OTHOCATCS K NEPBOMY M BTOpoMy cemeiicTBam. Ecim mapamerpsl
ra3a BO BCEX TOYKaxX OJIMHAKOBBI, TO XapaKTCPUCTHKU IPEICTABIISIOT COOOM IMpsSMbIC
auHud. OCHOBHOE CBOMCTBO XapaKTEPUCTHK, KaK U JIMHHH BO3MYIICHHS, 3aKIII0UACTCS B
TOM, YTO HOPMaJIbHass K HUM COCTABJISIFOIIAs BEKTOpPa CKOPOCTH paBHA CKOPOCTH 3BYKa
a(cM. puc. 1, B).

2. Cucrema ypaBHEHUM, onuckiBatonux teuenue [lpanaris-Maiiepa.

PaccMoTpuM paBHOMEpHBIN, MNOMYyOECKOHEUHBIM CBEPX3BYKOBOM IIOTOK Tas3a,
JIBWKYIIErocss BIOJb IUIOCKOM cTeHkHu AQO, kotopas B Touke O HM3MEHSIET CBOE

HaIpaBJIeHUE Ha yroi 0, (puc.2).

B pesynprate moBopoTa Ha yroia O, ra3 pacIIUPSeTCs, BCICACTBHE 4YEro

CKOPOCTBh T'a3a YBEJIMYUBAECTCA, a TEMIIEPATypa, JABJICHUE U IUIOTHOCTh YMEHBIIAKOTCS.
VYrinoBas Touka O SBISETCS MCTOYHUKOM BO3MYIIEHHUS HAOEramwIiero ImoTokKa.
HeBo3myiennbiit  Haberaromuii MOTOK OyAeT OTHACIATHCS OT  BO3MYIIEHHOTO
xapakTepuctukoii OB mepBoro cemeiictsa, KoTopas B cuiy Toro, uro yucio M Bo
BCEX TOYKAX HAOEraroIero rmoToka OJIMHAKOBO MPECTaBISET COO0M MPIMYIO 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
u
JIuans OB pacmonoskeHa MOA YIIIOM @, K Bektopy ckopoctd V. Yroa o

onpesensiercs u3 cootHomenus Siney, =1/M; .

C npyroii CTOpOHBI, Pa3BEPHYBIIHIICS CBEPX3BYKOBOU MOTOK OyAET OTIAEISATH OT
30HbI pazBopota BO/] muansa O/, koTopas Takke SABIAETCS XapaKTEPUCTUKOW IIEPBOTO

ceMelCcTBa M MPEACTaBIsieT coOO0i MPsIMyIO JIMHHIO, B CHJIy TOro, 4ro uucio M, Bo

BCEX TOYKAaxX pa3BEpPHYBUIErOCs IMOTOKA oAauHakoBo. JIlunmsa OJ] pacmosmokeHa mon
(¥ 7}

YIIOM O, K BEKTOpy ckopoctd V,, rae «, ONpemesisercss W3 COOTHOLICHHS

sina, = ]/ M, . 3ameTnm, 4TO BCe NPsIMBIC JIMHUH, BBIXOJSIUNE U3 yIiI0BOil Touku O u

HaxojsmMecs B 30He pazBopora BOJI, Takke SBISIOTCS XapaKTepUCTUKAMHU.

3amauell pacdera pacCMaTpPUBAEMOTO TEUYCHHS SIBIISICTCA OMNpPENENICHUE TPaHMII
30HBI PA3BOPOTA U TIAPAMETPOB raza B ITOM 30HE.

BBeneM mNoOnsApHY!O CHUCTEMYy KOOpAMHAaT ¢, I, B KOTOPOH yroa @

OTCUUTBIBAETCS OT OCH Y BIpaBo, a paguyc I - oT yriaoBoil Touku O 10 IpOU3BOJIBHON
TOYKH, HaXojslencs B 30H¢ pa3Bopora. (O003HAYMM COOTBETCTBYIOIIKE
COCTABJIIOIINE BEKTOPA CKOPOCTH V(p uV,.

[TockonbKy BCE XapaKTEpPUCTUKH, HCXOoAsume u3 yrioBoil Touku O,
NPSMOJIMHENHBI, TO BIOJb KaXJIO0HW XapaKTEPUCTUKU MapaMeTpbl raza OJMHAKOBBI U

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

PaccmarpuBaemoe TedeHHE SIBISETCS TUTABHBIM YCKOPEHHBIM U O€3BUXPEBBIM.
[Tostomy tmpkynsuus I BEKTOpa CKOPOCTH IO JIH000MY 3aMKHYTOMY KOHTYpy L,
HAaXOJAILIEMYCS B 30HE pa3BOPOTA, paBHA HYJIIO:

[= ¢ Var.
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[Ipumenum 310 ycnoBue Kk anemeHtapHoMy KoHTYpy MRNK, cocrosmemy u3

OTPE3KOB JIBYX PalyC BEKTOPOB M JBYX YT, 00X0JIs1 KOHTYP 10 YaCOBOM CTpesKe (puc.
3):

v, oV,
Al'==V rAp+V. Ar+|V + Ar (r+Ar)A(p— V.o+ o0 Ap |Ar=00r1c

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

()

Puc.3
[IpumeHnM 171 KaXXJIOW 3JIEMEHTApPHOU CTPYMKM pacCMaTpUBAEMOrO TEUECHUS
ypaBHeHue bepHysu:

Vi kP
__|___:0
2 k-1p
YuuTbeiBasi COOTHOIICHUS:
VZ=V2+V? a’=kP/p =L g
o 0 2k-1)

npeoOpa3yem ypaBHeHHe bepHym kK BUAY:
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2
A +V¢ N a®  k+1 o2
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 —V—(”(l+ 2 j
2 2k-1) " 2

Otcrona

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

dVr :\/aZ _Ev2
do

P&?;I[GJI}IH IMEPEMCHHBIC 1 UHTCTPUPYS ITOCIICAHCC 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

, =<2, { L )} ©)

a CKOpPOCTb T'a3a — ¢ momoIbio Gopmyi (4) u (5):
1. k-1 i k-1
V2=V24v2—g? K g 02 ,/— +c)|+1-sin’| [—=(p+c
S 7| k+1(¢ ) k+1((p )

Otcrona

12=—5=1+E219n{:E:L(¢+cﬂ (6)
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Jlnis onpeneneHus MOCTOSHHOM MHTErpupoBaHus nmpeolOpa3dyem ypaBHeHHE (6) K

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

7 ‘/k—l \/( ) >

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

sina=1/M, a:arcsinﬁ, M=1(1).

Otcroz1a mosryunum

C+J= —k+1arcsin\/(;tz—1)E+arcsin = Z=0).
Vk-1 2 M) 2

[TocTostHHYIO MHTErpUpOBaHus C HaiiIeM U3 YCIIOBUS, YTO IIPU

=0, 6=0, 1=4,
c= ol4)

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

. /k—
A= Lﬁgign{ K:%@+wwo&, 9)

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

Jlnst pacueta teuenus [Ipanaris-Maiiepa He0OX0OAUMO:

(8)

1) 3Has OKOHYATENLHBIN yroj Pa3sBOpOTa IOTOKA O.,, Haiitu mo ¢opmyre (10)
dyuxmmo @(A,) usarem A, u M,;

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

-

72- . H .
0 =7 smalz%/ll,

T o
\%ZE_%+@'Sm%=}ﬁ{

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

(9) u (10) psan Texymux 3nauenuit 4 u o, 7(4), 7(1), (1), a 3arem paccuurars
psin 3uavennii P, T, puV:
P=Rz(1), T =T,z(4), p=pe(4), V =4, 4.
[Ipu pacyere paccMaTpUBaEMOrO TE€YEHHS yIOOHO HCIIOJIB30BaTh TAOJIHUILY HIIH
rpaduk razoauHamuueckoit pynxmun @(A).
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3. Pemenune npukiaaHbIX 3a1a9 OOTEKaHUS TE.

PaccmoTpuM mpuMephl MPAKTUYECKOTO HCIOJIb30BAaHUSL TOJYUYEHHBIX BBIIIE
ypaBHEHUH, onuckiBaromux TteueHue llpannarns-Maiiepa, sl penieHUs: HEKOTOPBIX
NPUKJIAJHBIX 3a7a4.

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

3aJaHHBIH yroa O, .
[Ipu penieHny psa NPAKTHYECKU BAXKHBIX 3a/1a4 HEOOXOJMMO UMETh yPABHEHHUE

HJIL pacucTa JIMHUU TOKa B CCKTOpC BOBMYIHGHHﬁ.
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 pacxoJl MEXKy CTEHKOM U pacCMAaTpPUBAEMOM JIMHUEH MOTOKA
IIOCTOSIHEH, TO U3 YPABHEHUS HEPA3PBIBHOCTH UMEEM

N, r-l=pV, 11

1% ¢l

YuuTeIBas, 4TO le =@, (ycI0BHs Ha XapaKTEPUCTHUKAX ), OTCIOJA MOy4UM

r_p,a
L pa
Jlenss yucnauTenr W 3HAMEHATEIb IIPaBOM YacTH Ha Pod,, U Y4UTBIBas
COOTHOIIICHUS
kRT. T,7(1,) k+1 a k+1
ai: 2k - - 02 /’11 - 2 z-(21)1 - = 2 T(ﬂ‘)y
Kp B RTO —T, a‘xp
k+1 k+1
P = pe(A); p=pee(A),
MOJTYIUM

r_ed) [t
o e(d) \ ()

(11)
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Pacder nuHMM TOKA TPOU3BOUTCS B CIEAYIOIIEM MOPSIAKE:
1. Jlns 3amaHHBIX TapaMeTpOB HaOeraromero IMoTokKa IO MyHKTaMm I1.1-+1m.3
NIPUBEACHHOM BbIIe MeToauku 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

3HaucHus I IIpu W3BECTHOM BEJIMUMHE rl.

[Ipumep 2: Pacuer IMHUK TOKA B CEKTOPE BO3MYILIEHUS IPU PACIIUPEHUN MOTOKA
B cpeny ¢ masieHueM P.. PacueTHas cxema paccMaTpUBaeMOro TEUCHHMS IIOKa3aHa Ha
puc. 5.

- V17 Q4 | )

P,
T

5

Puc. 5. Pacuetrnas cxema TeyeHus pU PaCIIMPEHNHN B CPENLY C 33 1aHHBIM
JIABJICHUEM.

IIpu ucTeYeHHH ra30BOro MOTOKa, Meromiero aasienue P, > P., Touka O taxke
SIBJISIETCSI UICTOYHUKOM BO3MYILEHUM W MOTOK IOBEPHET HAa HEKOTOPBIM YTrOJI 52. ITpu
3TOM, KaK M B ClIy4ae OOTEKaHHs TYIOrO yIia, CKOPOCTb MOTOKa yBenuuutes 1o V,, a

nasneHue B HeM ymensmures 10 P, = P..

Pacuer paccMaTpuBaeMOro TEYCHHsS MOXKET OBITh MPOBEACH IO TMPUBEACHHBIM
BBIIIIE€ 3aBUCUMOCTSIM B CIIEAYIOIIEM TOPSIKE:

1. JIns m3BECTHBIX NapamMeTpoB B HaOErawlleM MOTOKE IO 3aBUCUMOCTH ()
onpenenuTs Benuunny C .

P
2. Tlo usBectubiM 3Hauenusm P, = P. u Py Berancmars 7(4,) =" © p » @ 3aTeM
0

1o tabnuiam razoauHamMudeckux Gynkumii sHauernst A, u M,
3. Ilo coornomenuo (10) HaliTH yroa moOBOpOTa IOTOKA O,, ONPENEIHB
MpeIBAPUTENBLHO 3HAYCHUS W (A4 1 w(A;).

4. Tlo nyHktaM 1m.2+1.3 METOAMKUA MpuMepa | paccuutarh JIMHUM TOKa
paccMaTpuBaeMOro TEYEHHUSI.
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[Ipumep 3: OmpeneneHre mapaMeTpoB IJIOCKOTO OTKPBITOTO CBEPX3BYKOBOTO
coruia, paboTaroLIEr0 B paCYETHOM PEKUME.

B cucremax ynpaiieHus JeTaTeIpHBIMU anmapaTaMH Hapsly ¢ coruiamu JlaBams
U KOJIBLIEBBIMM COIUIAMU TOJYYMJIM NMPUMEHEHUE IUIOCKHUE OTKPBITHIE CBEPX3BYKOBBIE
coIlIa, KOTOPbIE MO3BOJISIIOT O0JIee MPOCTO PETYJINPOBATh Pacxo] ra3za 4epe3 COIUIo U
pEaKkTUBHYIO CHily. B Takux comiax yBEIMYEHHE CKOPOCTH Ta3a OT KPUTUYECKOTO

3Ha4YeHUs V, 10 PacueTHOro CBEPX3BYKOBOrO 3HaueHWs V, IPOMCXOAUT 3a CHET

pacumpeHus MOTOKa BONU3U YrIoBOW Touku A 10 maBieHust HapyxHOU cpemsl P
(puc. 6).

a) &PQ 6)

I
Y
T

Puc. 6. K PacCuCTy INIOCKOI'O OTKPBITOI'O COILIA.

[Ipyu mpOEKTUPOBOYHOM pacueTe CoIjla OOBIYHO OBIBAIOT M3BECTHBI MapaMeTPhI
rasa B IPEICOILUIOBOM IOJOCTH M 3HAYEHUS peakTHBHOU cuibl F, co3maBaemoit mpu
HMCTEUCHUM rasza uepe3 corio. B pesynpTare pacyera HEOOXOAMMO HAWTH 3HAYEHUS
KOHCTPYKTHBHBIX I1apaMETPOB COILIA, OOECHEYMBAIOIIETO 3aJaHHyI0 cuily F  mpu
MHUHUMAJbHBIX 3aTpaTax ra3a. KomuuecTBo moTpediisieMoro raza OyJeT TEM MEHBbIIIE,
YeM MEHbIIIE BOJHOBBIE MOTEPU TOJHOTO [ABJIICHHS HAa CKaykax YIUIOTHEHHS,
MOSIBJISIONIMXCSL TP Pa3BOPOTE MOTOKAa B coruie. BomHOBbIE moTepu OyayT paBHBI
HYJII0, €CJIM KOHTYp coruia OyAeT BBINOJHEH MO JIMHUM Toka TeueHus l[Ipanmris-
Maiiepa (cMm. puc. 6,0). [loaTomy MpOEKTUPOBOUYHBIN pacyeT paccCMaTPUBAEMOTO COILIa
MOHO MPOBECTH B CIEAYIOIIEM MOPSAKE:

1. Onpenenuth pacxo rasa 4epes3 coio 1mo Gopmyie:

F
Gl:\/_a’
rac
P P
V,=24a, #n(l)="==-=, a_=
P Po Po P

2. BeraucinThb miomaab KPpUTHICCKOI'O CCUCHMA COILIA:
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— C;1 RTO
lulOg(l) POa'Kp |

1

y y S
3. 3amaBasch MMPHUHOIL coruta &, 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 3areMm onpenemuTs yroa mpeaBapuTenbHOrO MOBOPOTA

coria 92%—5;

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

3a KOHTYP IINIOCKOI'O OTKPBITOI'O COIlIA.

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

PaccmoTtpum ciywail, korga pyiab umeeT (opMy IJIACTUHBI, PACHOJIOKEHHOW B
CBEPX3BYKOBOM ITOTOKE 101 HEGOIbIIUM yriiom 6 (puc. 7).

Puc. 7
B stom cnydae Haj miacTMHOM oOpa3yeTcss T€UEHHE rasa C KOChIM CKauKOM
YIUIOTHEHUS, a T0J1 IJIACTUHOW T€YEHHE paclIupeHusi. 3a TIIaCTUHON MOTOK MPUHUMAET
NepBOHAYaJbLHOE HaIpaBieHUE, U B BEPXHEH €ro dactu OyAeT HaOMI0AaThCsl TEUCHUE
pacIlIMpeHus, a B HIDKHEHN - TEYEHUE ¢ KOCBIM CKauKOM.

Cuiy ra3oaMHaMU4eCcKOTO BO3JEHUCTBHUS Ha TJIACTUHY Fm MOKHO OIPEICIIUTh B
CJIEYIOIIEM MOPSJIKE:
1. [To ypaBHEHUMSIM, ONHUCHIBAIOIIMM TEYEHHUE Ta3a C KOCHIM CKa4KOM
YIUIOTHEHUS, HANTHU JABJICHUE HAJ TUIACTUHOU PH.
2. [To ypaBHEHUAM, ONKCHIBAIOIIMM TEUEHUE PACIIMPEHHUS, BBIYMCIUTH
nasieHne nox wiactuaoit P, pu 0, = 6.
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3. BeraucinTh cuiay ra3oIMHaMHYECKOTO BO3JCUCTBHS Ha TUIACTHUHY I10
bopmyie

rmae Sm— IUIOIAAb IIACTHUHEL.

OBBEKTHI 1 CPEACTBA NCCIIEJOBAHUA.

Hacrosias nadbopatopHasi paboTa MocCBsIleHa:
1. I3yueHnro METOAMKHK pacueTa TpaHHI] 30HBI Pa3BOpOTa U MapaMeTPOB
rasa B 3TOU 30HE.

2. OnpeiesieHHIO BIUSHUS yIJia [OBOPOTA [OTOKA O, Ha MapamMeTpsl rasa

B 30HE PaCIINpPEHUSI.
3. OmpesenieHUI0  MapamMeTpoB  IJIOCKOTO  CBEPX3BYKOBOTO  COILIA,
paboTaroIIero B pacuYe€THOM PEKHUME.
4. OnpeieNieHn o CUITBI Ta30JUHAMHYECKOTO BO3ICHCTBHSI HA TIACTUHY.
Oo6Ttekanue crenkn AOC (puc. 2) mpoU3BOAUTCS MOTOKOM, 00pa3yroluMcs Mpu
WCTEUYCHNU Ta3a M3 CBEPX3BYKOBOro coruia. llpuHIMNUanbHAs cxemMa W OMNHCAHHE
HKCIIEPUMEHTAJIbHONW YCTAaHOBKM OBLIIM MPUBEJEHBI B 1a00opaTopHOil padote Ne 3.
CkopocTh Ha0erarouero IOTOKAa OIpeIesieTcss C IMOMOIIbI0 Hacajaka Io
METOJIMKE, U3JI0’KEHHOM B 1abopatopHoii padbote Ne 5.
BbIBO O TOCTOBEPHOCTH TEOPUHU IJIOCKOIO TEUEHUS PaCIIMPEHMs JENaeTcsl B
pe3ysibTaTe CpPAaBHEHUS PACUETHOIO M SKCIEPUMEHTAIBHOTO 3HAUYEHUM J1aBIICHUS
pacIIMpeHHOro MOTOKa rasa.

IHPOI'PAMMA PABOTBI U OBPABOTKA PE3YJIBTATOB
IKCHHEPUMEHTA:

1. W3y4nTh OOIIHE MOJOKEHUS TCOPHH IJIOCKOTO TCUCHHUS PACIHIMPEHHS U 3aPHCOBATh
pacueTHyro cxemy(puc. 2).

2. YCTaHOBUTH IJIOCKYIO CTEHKY M HAacaJOK JIJIi U3MEPCHUS CKOPOCTH B HaOeTaroIieM
CBEPX3BYKOBOM TOTOKE.

3. BKJIIOUHTH YCTAaHOBKY M M3MEPUTH CTATUYECKOE JIaBJICHUE PACIIMPEHHOTO IOTOKA.
R,
OTBEPCTHSIMHU HacaJIKa.

4. Tlo wMeromuke, W3JI0KEHHOM B JjabopartopHoit pabore Ne 5, ompenenutsb
MpUBEICHHYIO CKOopocTh A,, umcno Maxa M, cratnueckyro temmeparypy I,

. @ Tatoke nasineHus Prg uP; , BocnpuHMMaeMble LEHTPAIBHBIM H OOKOBBIM

CTaTHYCCKOC JaBJICHHUC RI. U CKOPOCTH Vl Ha6erafomero ITOTOKaA.

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

Tabmura 1.

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

a | Ila K K%d ] f% Ia

Tabmuma 2.
Ne /1 l ﬂ ﬂ 5’ T, P, /0’ V;
|9 2] 0@ | f) | 7@ e | s T e/, |/
1
2
3
4
5
6
7
8

6. Paccuntath KOHCTPYKTHBHBIC TMapaMeTpbl IUIOCKOTO OTKPBITOTO  COIIA,
00ecTeunBaoIIEro TPeOyeMyI0 PEaKTUBHYIO CUITY.
7. Ilo mpuBeneHHON BBIILIE METOJUKE pPACCUMTATh CHIIy BO3JCMCTBUS rasa Ha

IUIACTUHY ¥ nocTpouTh rpaduku 3asucumoctn F (M, >1,6).

HUcxonupie naHHBIC:

k=14, R=287 2% 5 _nrpan. S, =1
ke K

Pacuetnbie popmyIib:

1. 3aBUCUMOCTB JIJIs1 OMPEACIICHUSI CKOPOCTH HAOETalIIero MoToka (cM. rpaduk
K pabote Ne 5):
™ fa)
- 1
)
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2. 3aBHCUMOCTH JUIS OIIPE/IEIICHUS TapaMETPOB I'a3a B HAOETraroIEM MOTOKE:
T :Tof(ﬁq); P = Pl/RTl; P = Pl/”(%)’
2k

Pl = H.H’ Vl = aKplAl; aKpl = m RTO '

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

(4,) = () +6,

4. ®opMyIBI I ONIPEACIHEHHUA () U P,

-

72- . 3 .
0 == smal:%/ll,

7T o
k¢2=5—a2+52, Sln(lz:%ﬂz-

5. 3aBUCUMOCTH 18 onpeeNeHus A u O :

| k=
A= 1+%sm ,/k—i[(p+a}(ﬂi)] 0 =w(l)-w(l,).

6. ®opmysl 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 JJisI ONpeAcsiCHUs
JaBNCHHUs HaJl TIAacTHHOU P, .

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

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

UTo Ha3bIBAETCS JTUHUEH BOZMYIICHHUS ?
KakoBO 0CHOBHOE CBOVMCTBO XapaKTEPUCTHUK?
KakoB nopsnok pacuera teuenus [Ipanarnsa-Maiiepa?

Kak MeHsIOTCsI mapaMeTpsl rasa 1ocJjie IoBopoTa IOToKa Ha yroi o, ?

o ~wbhE

KakoBo ycTpoiicTBO YCTaHOBKH JJIsI TPOBEICHUS SKCTIEPUMEHTATBHBIX
HUCCIeI0BaHUN?

[ToueMy cKOpOCTP Ta3a MOCe PACHIUPEHUS OCTACTCS CBEPX3BYKOBOM?

KaxoB mopsiiok mpoeKTHPOBOYHOTO pacyeTa MIOCKOT0 OTKPBITOTO coruia?

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

~N o

70



JIABOPATOPHAS PABOTA Ne 9.

HCCJEJTOBAHUE ITIOTPAHUYHOTI'O CJIOA Y IIJIOCKOM CTEHKM.

HEJb PABOTHDI:

Teopernyeckoe M HKCIEPUMEHTAIBHOE MCCIIEJOBAHUE IMOIPAHUYHOrO CJIOS Ha
TiocKkoi ctenke. Onpeaenenue npoduisi CKOPOCTH U PEKUMA TE€UECHUS B TOTPAHUYHOM
CJI0€, TOJIIHUHBI TOTPAHUYHOTO CJIOSl, TOJIIMHBI BBITECHEHUS, TOJILIUHBI IOTEPU
UMITYJIbCA U CUJIBI TPEHUS, ICUCTBYIONIEH HA OJHY CTOPOHY INIOCKOW CTEHKH.

OCHOBBbI TEOPHMN.

Bcro o65acTh TeueHus ra3a 0KoJIO TBEPJOTo Teja MOXKHO pa3AeiiuTh Ha JIBE 30HBI:
HEMOCPEACTBEHHO MPHUMBIKAIOIIYI0 K Telly, TJe CKa3bIBaCTCAd BIMSHHUE BS3KOCTH, U
BHEITHIOIO 30HY, TJI€ CHJIAMH BSI3KOCTH MOXHO MpPEHEeOpeYh U paccMaTpUBaTh MOTOK
Kak HeBs3Kui. O0nacTh MOTOKA, HETIOCPEACTBEHHO MPUMBIKAOIIAS K TETy, Ha3bIBACTCS
MOTPAaHWYHBIM CJIO€M. B 3TOM cjoe ra3 moj AEWCTBHEM CHJI BSI3KOCTH IO Mepe
npuOIMKEHNsT K HEMOJBIKHOW CTEHKE MOCTEIEHHO MPUTOPMAKUBAETCA, a HA CaMOM
CTEHKE CKOPOCTh I'a3a YMEHBIIAETCS 10 HyJs. BHEmHeN rpaHniiell MOrpaHuyHoOro Clos
O TPUHATO CYMTATH Ty JIMHUIO, HA KOTOPOH CKOPOCTh OTJMYAETCS OT MECTHOM
CKOPOCTH BHELIHETO MOTOKAa Ha OAMH IpoueHT (puc. 1). ToamuHa norpaHUYHOro Cilos
HEBEJIMKa 110 CPAaBHEHUIO ¢ pa3MepaMH Teja. TeueHue BA3KOro raza B 3TOM CJI0€ MOYKET
OBITH JJAMHUHAPHBIM (CIIOUCTBIM) U TYpOyJeHTHBIM (OecnopsimouHbiM). B mociemnnem
cityuaae npopuns ckopoctu V (YY) oxasbiaercs 60siee BHITYKIBIM.

HNHTerpupoBaHne ypaBHEHHM, ONMCBHIBAOIIMX JBHKEHHME BSI3KOTO Tasa
B MOTPaHUYHOM CJIOE, CBSI3aHO C OOJIBIIMMH TPYJHOCTSIMU B CUJy MX HEIHMHEHMHOCTH.
[ToaTOMy Ha TpakTUKE YacTO HMCHOJIb3YIOTCS MPUOIMKEHHBIE METOJbl pacuera. IDTH
METO/Ibl OCHOBaHbIHA KCIIOb30BAHUHU OMBITHBIX JJAHHBIX N0 BULY MPOQUIIL CKOPOCTU B
IIOTPAaHUYHOM CJIOE.

Y y

E—
Vs

Puc.1. K onpenenenuto TOMIMHBI TOTPAHUYHOTO CJIOS;
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I[J'I}I JAMHUHAPHOI'O IMOIrpaHnuYHOI0 CJIOA paCinpCacICHHUC V (y) MOJKHO BbIPA3UThb
MHOTI'OYJICHOM:

V y yY yY
v Ab+A5+A2(5j +A3(5j R (1)
O0603HaYNM
Vv, Y,
V, )
" OIpaHUYIUMCA YCTBIPbM: YJICHAMHU ITIOJIMHOMA.
Torna

-

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

N

S

Hemssectnole koaddummentst A,, A, A, A, Halizem u3 crenyromux
IPAaHUYHBIX YCIOBHUM:

. V
—mpu =1,V =1u (;—:O, A+A+A+A =1 A+2A +3A,=0;
n
v RY 0 _
—mpu =0,V =0, an =0 (r.e.mpu y=0,V, =V, =0):
A =0, 2A =0.
5 3 1
Orcroga Haiinem, uto A = > A, = —— 1 ypaBHeHHEe pacCIpe/eICHHsI CKOPOCTH B
JTAMMHAPHOM TIOTPAHUYHOM CJI0€ OYIE€T UMETh BHI:
X_E _E 3 (2)
v, 27 2"

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

Vo _(yY
v, _(5] ©

r7ie MokasaTesib CTelneHW N HaXoJAT ONbITHBIM myTeM. OH B OCHOBHOM 3aBUCHUT OT
ypcia PeliHonbica, ONpeIeIeHHOro 0 TOIIUHE IIOTPAHUYHOTO CIIOS O
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PV Vo
u 1%

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

Re, (4)

Xopoliee COBMaJCHUE pe3yJbTaTOB pacyeTa Mo ypaBHEHHIO (3) C OMNBITOM
MOJIy4YaeTcsl, €CJIM MoKasaTeyb cTeneHu N Opath u3 Tad.l.

Tabmuma 1.

Re; | 10° 10° 10° 10’
"B K K

Vv

I'paduku 3aBUCHMOCTH — =
Vo

n
(—J , TOCTPOCHHBIE IS PA3JIUYHBIX 3HaYECHUU N,

MOKa3aHbl Ha puUC.2.

v ] ,
Yo ;
N,

a8 ) < "

a6 /1 ns 4/"( ﬁ N
M/
(/12

0

oz of 08 ¢F T/

V n
Puc.2. I'paduku 3aBUCHUMOCTH — = (%J .
0

~ — ﬂ
Kosddurment xkuHematudeckoil BSI3KOCTH V = — JUIsl BO3JyXa MOXET OBITh

o,

ompeneneH mno rpadukam puc. 3.
[ToMHMO BETMYHMHBI O I TIOTPAHMYHOTO CJI0S Ba)KHOE 3HAUECHHE UMEIOT TaKHe

XapaKTCPUCTUKU CJIOA, KAaK TOJIIIKWMHA BBITCCHCHMSA 5 M TOJIIOWHA IIOTCPHU HMITYJIbCa

P
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*
TOJ'IH_II/IHa BBITCCHCHUA 5 XapaKTepu3yeT CMCIHICHUC JIMHUK TOKa BIA3KOI'O
IIOTOKA OT JIMHUHM TOKa, KOTOpPas nMciia 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 3aBucuMocTy KodhHUllieHTa KHHEMATHYECKOM BA3KOCTH BO3yXa
V 0T 6apoOMETPUUECKOro ITaBIeHus U TeMiepaTypsl I Bo3myxa.

J
/

Vg d

i

Puc.4. K onpeniesieHuIo TOJNIIUHBI BHITECHEHUS:
1- nuHUA TOKa; 2- rpaHuUIla MOTPAHUYHOTO CJIOS.

OTCIOI[& cJaeayeT, 4T1o 4Cpe3 TOIIUHY IMOIrPaHUMYHOrO CJIOSA HIPOXOJUT Ta KC

*
Macca BA3KOTO Ia3a, YTO M 4Yepe3 ClIoi O —O NpH TEUYEHUM HMACAIBHOIO ra3a. JTo
YCJIOBHE MOYKHO 3aIMCaTh CICAYIONIUM 00pa3oM:

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

Tak kak
5
PoVo0 = Ipovody’
0
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TO
1
" oV j
o =0 dn (5)
'([[ PoVo

TonmuHy BBITECHEHHS ¢  MOXHO ONpPEAECIMTh B JOJNAX OT TOJIMHEI
HOrPaHUYHOrO ciiog O . HalifieM 3Ty BelUUUHY A/ JTAMHHAPHOIO [TOMPAHUYHOIO CIIOS

HeCKHMAaeMoii kuaKocTr. Jlis aToro moacrasum B ypasHenue (5) suauenne V /V, n3

1
. 3 1.,), 3 1
S _5j(1—§77+§;7 jdn_5(1—z+§j

ypaBHeHus (2):

Otcrona
o =0,3756 (6)

*k
TOJIHII/IHOﬁ IIOTCPU HMIIYJIbCA 5 Ha3bIBACTCA TaKasd YCIIOBHas TOJIIIIKMHA, B
KOTOpOﬁ KOJIMYCCTBO MABHKCHHUSA HCBA3ZKOI'O I'd3a PABHO IIOTCPAHHOMY KOJIHMYCCTBY
ABHIKCHHUA B ITIOTPAHUYIHOM CJIOC 5 , T.C.

5
5**/00\/02 = I,OV (Vo —V)dy
0

Orcrona
j (b—jdn (7)
2 PoVo
OnpenenuM TONIIHUHY TOTEPU UMITYJIbCA S B nonsix MOTPAHUYHOTO cios 0.
Haitnem a1y BenuuuHy U1 JaMUHAPHOTO  MOTPAHUYHOTO cios HEC)KUMaeMOun
KHUIKOCTH. J[JIs1 3TOro MOJACTaBMM B MOJUHTErpajbHOE BbIpakeHue ypaBHeHus (7)
snagenne V /V, u3 (2):
1
" 3 1 3 1
5" =68[|=n-n" | 1-zn+=n® |dn ®)
2" 2 2" 2
Orcrona
S5 =0,1465

OmnpesienuM TOIMKHY BHITECHEHHS O s TypOYJICHTHOTO MOrPAHMEHOTO CJIOS TPH
p=const. Tloncrasnss B ypashenue (5) suauenme V/V, wu3 ypasnenmsa (3),

[OJTy4aeM:
1

. N B B 1 ) n
5 =8[(1-n )dn_é(l n+1j_n+15 9)

0

Orcroga npu N = 7 (3aKOH OJTHOM ceIbMOI)

S5 =0,1255
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Kak BugHO, B TypOyJ€HTHOM MOTPAaHUYHOM CJIO€ TOJIIIMHA BBHITECHEHUS B TPHU
paza MeHbIe, YeM B JJAMUHApPHOM. DTO OOBSCHSAETCA TEM, UYTO MPOGUIb CKOPOCTH B
TypOyJICHTHOM MOTPAaHUYHOM cJioe 00Jiee HAMOJIHEH, YeM B JTaMUHApHOM (puc. 1).

OnpenenuM TOJMIMIUHY IIOTEPH UMITYJIbca O IS TypOYJIEHTHOTO HOTPAaHHIHOIO
Cl10:

1_1
n+1 2n+1

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

11 n 1
nhn=—
g

5 =0,0976
Xapaktep MOTPaHUYHOTO CJI0sA, 00pa3yeMoro mnpu OOTEKaHWHW IJIOCKOM CTEHKHU
(CTeHKH a’poAMHAMHUYECKON TpyObl), CYIIECTBEHHO 3aBUCUT OT peKMMa OOTEeKaHUS,
onpezesstomerocst unciaom Re;. IMpu cpaBHuTenbsHO HeGobmuX unciaax RE; Bmomb
BCEil CTeHKU oOpaszyercsl JJaMHUHApHBIM MOTPaHUYHBIA cjioi. ToJlMHA JaMHUHAPHOTO

IIOTPAHUYIHOTO CJIOA Ha PpPaCCTOAHHUHA X OT Ha4vajla CTCHKH OIIPCACIICTCA II0
3aBUCUMOCTH.

5=4,64 [“2 (11)

0
IIpu odyeHs OoubIIMX 3HAUCHUSIX RE; mpakTUYecku BIOJIb BCeH CTEHKH 0Opasyercs

Typ6yn€HTHLIfI HOFpaHI/I‘{HBIﬁ CIIOM. TOJIH_[I/IHa CJIosA B 3TOM CJIydac OIIpCACIIACTCA IIO

3aBUCUMOCTH.
0,2

|4
0=037 — mpu N=— (12)
V, X 7
B nmarasoHe 3nauenuii uncen Re; or 10° no 5-10° B nauane cremku obpasyercs
JJAMUHAPHBIA TIOTPAHUYHBIM CJIOW, KOTOPBIM B HEKOTOPOM MECTE€ pas3pylIACTCS U
NEPEXOAUT 3aTEM B TypOYyJICHTHBIN OTPaHUYHBIN ciIoH (puc. 5).
Eciu moctpouts kpubyto O = f(X) B kxoopammarax X (abcmmcca), O

(opmuHaTa), TO IUIABHBINA XapaKTep KPUBOM B 00J1aCTH TIEPEX0/ia HAPYLIUTCS, TaK Kak O
B JTOM oOjactu pe3ko Bo3pactaeT (puc. 1). DTOT (akT U HUCHOAB3yeTCsS s

SKCIEPUMEHTAILHOIO ONpeeleHus 3HaueHus X npu  KOTOPOM HAOIIOIaeTCs

Kp?
HepeX0)1 oT HaMI/IHapHOFO HOFpaHI/I‘IHOFO CJIOA K Typ6y.]'I€HTHOMy.

Koopnunara ceuenus: mepexonaa XK , B clydae IUIOCKOM CTEHKU MOKET OBITh
MPUOIMHKEHHO OIpe/ieieHa ¢ IIOMOIIBI0 KpUTHYECKOro urcia PeliHombaca:

Re _ Yo%y

Xxp
| 4

Kputnueckoe uuncno PeliHobaca MOKHO ONPEAETUTH MO TOJIIIAHE MOTPAHUYHOTO CJIOS

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

OKp

0 A B X
/

Puc. 5 CmemanHbIi TOTPaHUYHBIN CIION Y INIOCKOW CTEHKHU.

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

TPyOBI, OIIpenenseTcs o GopMyJe:

\/ 2
Xow = Comy o g (13)
r7ie
S =Db-l - mromans crenxu;
b - mmpuna crenky;
| - nnuna crenku.
Koaddurment conpornsnennst tpermst C, p ONPEIEIACTCA MO CICAYIOLINM
3aBUCUMOCTSIM:
a) JIJIsl TAaMUHAPHOTO TTOTPAHUYHOTO CIIOS
CXTIJ.HEI}I — i:;i; (14)
0) st TYpOYJICHTHOTO TIOTPAHUYHOTO CIIOS
_oo2 1 15)
Xmpmyp6 — =
pmyp (R e, 0.2 7
60 1o ¢popmysne lllnnxtunra:
0,455 (16)
Xmpmyp6 — (| R )2,28 ’
X
rae
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V, X

| 4
Pacuet cunbl TPCHUA B CJIydaC CMCIIAHHOI'O IOIrPaHNIHOIO CJIOS MOKHO IIpH
OIIPCACIICHHBIX JOIIYIMICHUAX ITPOU3BOJIUTD 110 3aBUCUMOCTHU !

X,, =X X + X

Re, =

(17)

mp OB myp6 o mp OAmypo mp OA nam
rac

mpOBmyp6 ChJla TPCHUA Ira3a O INIACTHUHY, OIIPCACIICHHAA B IIPCAIIOJIOKCHUN,

YTO MOTPAHUYHBIN CJION HAa BCEM €€ MPOTSHKEHUU TypOYJIEHTHBIH;

mp Odmyp cuna TpeHusi raza Ha ywactke OA, omnpeaelneHHas B

IPEANOI0KEHNH, YTO TOTPAHUYHBINA CJIOW HAa ’TOM y4acTKe TypOyJICHTHBIN;
X - cuia TpeHus Ha ydyactke OA, onpejeneHHas B NpeaoI0KEHUH, YTO

IIOIPAaHUYHBIN CJIOW HA 3TOM y4YaCTKE JIAMAHAPHBIM.

B nannoii paboTe uccieaoBaHHE MOTPAHUYHOTO CJIOS MPOBOAMUTCS Y TIJIOCKOM
CTEHKH JO3BYKOBOH a’dpoJMHAMHUEcKo TpyOwl (puc. 6). AspoauHamuyeckas TpyOa
paboTaeT 3a cueT pacHIMpeHUs aTMOC(EepHOTrO BO3/ayXa, KOTOPBIM Yepe3 BXOAHOE
YCTPONCTBO MOCTyMAaET B pabouyro yacth TpyObl. Bo3ayx depes TpyOy mpokauuBaeTcs
BEHTWJIATOPOM.  3aCJIOHKA, YCTAHOBJIEHHAs Ha BBIXOJHOM MaTpyOKe BEHTUJISATOPA,
MO3BOJISIET U3MEHATh PAaCXO0]l W, CIIEIOBAaTEIbHO, CKOPOCTh MOTOKAa B paboyell 4yacTu
TPYOBI.

mp OA nam

INPOI'PAMMA PABOTBI U OBPABOTKA PE3YJIbTATOB
IKCIHHEPUMEHTA.

1. V3y4uTh OCHOBHBIE MTOJIOKEHUSI TECOPUU TTOTPAHUIHOTO CIIOSI.

3apucoBaTh CXeMy SKCIIEPUMEHTAILHON YCTaHOBKH.

3. Usmeputh OapoMeTpHuecKOoe JaBICHHEC W TEMIIEpaTypy B J1aboOpaTOpPHOM
MOMEIICHUH, HAUTH KOI(PPUIIMEHT KHHEMATUYECKON BSA3KOCTH V 1O rpadukam
(puc. 2) ¥ IIOTHOCTH BO31lyXa O IO GopmyIe

p=p,=P,/RT,

3necy P, moxcrasnsercsa B [la.

no

4. YCTaHOBHUTH HACaJlOK TOJIHOTO JaBJCHUS B HYJEBOE TOJIOKEeHHEe (TpyOka
MOJTHOT'O HAaIlopa KacaeTcsl CTEHKH).
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NG

~ * N

Puc.6. Cxema 103ByKOBOM a3pOJIMHAMUYECKON TPYOBI.

5. CHATh MOKa3aHus a, MUKPOMaHOMETpPA JIO OIBITA.

6. 3amycTHTh YCTaHOBKY W, TepeMerias TpyOKy ITOJTHOTO Hamopa B MOTPaHUYHOM
cnoe, cHATh uepes kaxasie 0,5 MM mokasanms @ MukpomMaHoMeTpa BO BpeMs
OTIBITA.

7. Ompenenuts psan 3HaveHui ckopoctu V' (cM. maboparopuyro pabory Nel) mo
bopmyie

2 .
V= ;(a—ao)pwgkfsmco,

rIe
& - Ko UIHEHT Haca IKa TIOJIHOTO JIABIICHUS;

K - K03(p(ULIHUEHT MUKPOMaHOMETPA;
(0 - yroJl HaKJIOHa U3MEPUTEIBHON TPYOKH MUKPOMAHOMETPA.

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

Re,; <2740 crenyer cuntaTh HOrpaHUYHBII CITOI JIAMUHAPHBIM).

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

teoperuueckuii rpapuk — = f (), cpaBruTs €ro ¢ skcnepumenTanbHEIM.
0
11.0Ompenenuts  cuily ~ TpeHHsA,  JEHUCTBYIOIIYKD  HAa  OJHY  CTOPOHY
MJIOCKOM CTEHKH, 10 JOpMyJIaM COOTBETCTBYIOIIETO PEKMUMA.
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Pe3ynbTaThsl 3aMepoB U pacyeTOB 3aHECTU B MPOTOKOJ 10 dopme:

Homepa | Y, | a),| @,|a-a, |V, |V |y |0, |Re |5 |8, | Cupl| Xpi | [V
3aMEpoB | 4 | L | M u M \T g M M M Iy \7
c
1
2
3
HUcxonupie faHHBIC:
£=102; b=0,12 u; | =0,6 m; k=117;
@ =45° P, = T, =

Pacuetnbie popmyIb:

p:pa:Pa/RTa;

=\/£(a—ao)pmgf<§8in¢:
0

- I JIAMUHAPHOI'O IIOTPaHUYHOI0 CJI0A:

X_E(zj_l(zf.
v, 2\s5) 2\s

5 =0,3755; & =0,1466;

C

Xmp nam =

1,328
Re,

Re

Vol .
| 4

2
X, = Cyypon 2205

Xmp nam 2

- 17151 TypOyJI€HTHOIO MOrPAaHUYHOTO CJOS:

*x

%, %)

:—5
n+1

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

eciu N =%, 5 =01255:

ecim n:%, 5" =00975;
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1100

A

0,072 oot N 1
= IIpu = —
Xmp myp6 (Rel )O,2

0,455

Xmp mypo - 2,28 ;
(lgRe,)

mp ~—  Xmpmypo 2

2
X Ao .

- Ji1 CMCIIAaHHOI'O ITIOTPAHUYHOI'O CJI0A:

X,, =X X +X

mp OB myp6 - mp OAmypo mp OA nam

IOA = XKp’ IOB =1;

&:3-105 +5.10°.
1%

Re

Xkp =

KOHTpOJIBHI)Ie BOIIPOCHI:

UTo Ha3bIBAETCS TOJUIMHON MOTPAHUYHOTO CJIOS, TOJIIINHON BEITECHEHHUS U
TOJIIUHOW MMOTEPU UMITYJIbCA?

Kaxk onpenennTs pexxuM TeYeHuUs ra3a B IOTPaHUYHOM clioe?

KakoBbl npoduiii CKOpoCTH B TAMUHAPHOM U TYPOYJIEHTHOM MOTPAHUYHBIX
cnosx?

Kaxk onpenenuts cuity TpeHus ra3a o iacTUHY NpU HATMYUU JJAMUHAPHOTO,
TypOYJEHTHOI'O U CMEIIAaHHOTO MOTPAHUYHBIX CJI0CB?

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 HEJIJMHEHHONU MATEMATHYECKOH MOJEJIN U
AHAJIA3 MPEJIEJIBHOI'O YCTAHOBUBIIETOCSI COCTOSIHUS
T'A3OJUHAMUWYECKOTI'O HCHOJIHUTEJBHOI'O YCTPOMCTBA (TILY)

HEJIb PABOTbI:

N3yuenue ycrpoiicTBa, NpUHIMNA HAEUCTBUSA, HEIMHEMHOW MaTEMaTH4YECKOU
MOJENN  YCTAHOBHUBHIIETOCS  COCTOSIHUSI ~ Ta30JMHAMHYECKOTO  HCIOJIHUTEIBHOIO
yctpoiictBa (I'NY); nmpoBeaeHue uccien0BaHus BIUSHUS TIJIOIIAICH BITyCKa U BBITyCKa
Ha JIaBJICHUS PAa3BETBIEHHON CHUCTEMBI IMPOTOYHBIX MOJIOCTEM U MApaMETPUUYECKOIO
CUHTE3a.

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

B razomumHamuueckux cuctemax aBromatuueckoro ympasieHus (I'CAY)
JeTaTeNbHBIX anmnapaToB (JIA) Ha HaYaTbHOM YYacCTKE TPACKTOPUU MPEANOUYTUTEIIbHBIM
ABJIIETCS HCIOJIb30BaHUE JBYXCTOpoHHMX [UMY, kotopble umeroT 0Oojee BbICOKOE
OBICTPOACHCTBUE 10 CPABHEHHIO C OJHOCTOPOHHUMH YCTPOWCTBAMH, BCIIEACTBHE
MEHBIIEH CUIIOBOM Harpy3KH Ha perynupyroomuil opratd. I[lostomy B kauecTBe 00beKTa
UCCJICIOBaHUSI M TIPOSKTHPOBaHUsA BhIOepeM KianaHHbii MY, KOTOpBIA MOTydns
HaOonbiee pacnpoctpanenue B 'CAY. Jlns mepemenieHus peryjaupyromero oprata
MOTYT  OBITh ~ HMCHOJIb30BaHbl  MPU  MAJbIX  YIOPABISAIOMIMX  YyCHIHAX — —
aleKTpoMexaHuueckue mpeobdpazoarenu (OMII), a npu OoONBIIMX YHIPaBISIONINX
YCUJIUSAX DIEKTPUYECKUI WU Ta30BbIN IPUBOJ.

Cxema paccmaTpruBaeMoOro yCTpoMcTBa MPEACTABIECHA HA PUCYHKE 1.

1 — ucTouHUK rasa,

2 — pecuBep,

3 1 5 — 0JIOCTU BBICOKOTO J1aBJICHUS,

4 1 6 — IOJIOCTH HU3KOT'O JIaBJICHHUS,

{ — IOPIIHEBBIE AUCKH - 3aTBOPHI,

8 — MOBOPOTHBIN phIYAT,

9 mu 10 — neBbii u mpaBbii ['JIP/I  (ra3oBblil JgBHUratesib PEaKTUBHOTO
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. PacuétHasa cxema [N1Y.

g 6

Jannoe nBycroponHee ['MY mnpegHasHaueHO 11 CO34aHUs  YIPABISIOLIETO
YCWIMS 32 CUET IOJa4yh M OTCEYKHW rasza B mpasbid U jeBbi ['JIPJl. Pacnpenenenue
pabouero Ttena mexay ['JIPJI ocymiecTBiasieTcsi ¢ MOMOIIBIO JBYX OJHOCTOPOHHMX
KJIAIIAHOB C MOJBVKHBIMU IUIOCKMMU 3aTBOPAMU U HETIOJABUKHBIMU LIUINHIPUYECKUMU
CEIJIaMU.

[Tpunuun pevictBua MY 3akmiouaercs B ClEAylOmIEM: IPU  HEUTPAITBHOM
MOJIO’KEHUH PETYIUPYIONIETo oprana / naByieHust paBHbl: P,=Pg, Pg=Pr 1 B 1IpaBblii U B
neBpii  ['JIPJI momaércs oaMHakoBO€ KOJMMYECTBO Tra3za. Ilpu  OTKIOHEHUU
PEryJIUPYIOIIEr0 OpraHa B MOJIOXKUTEIbHOM HarpaBieHuu (+X) Mmiomaas MpoXoaHOro
CCUCHMSI TPABOM KIJAMMAHHOM TMAapbl «3aTBOP — CEMJIO» YMEHBIIACTCSA, a JIEBOM
YBEIUYUBACTCSA. DTO MPUBOAUT K YBEIMUYEHUIO JABIICHUsS Pg W pacxoja raza B JIEBBIH
I'’AP/1, a Taxke K yMEHbIIIEHHIO AaByieHUus P v pacxona B npasbiid [ JIP/I, B pe3ynbrare
Yero COo34a€TCs yIPaBIIIOLIECE YCUIIUE:

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

2. Heauneiinag maremaTnueckas moaeian I'NY.

B COOTBETCTBMM C CHUCTEMHBIM NOAXOJIOM K H3YYEHHUIO TEIMJIOMEXaHUYEKHX
cucteM, MatemaTudeckass mojuens MY Bxirowaer B ceOsi ypaBHEHHsI, OMUCHIBAIOIITUE
€ro OT/ENbHbIC (PYHKITMOHATHHBIC FJIEMEHTHI.

1. YpaBHEHUS IBM)KEHHUS PETYINPYIOMIETO OpraHa:
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dv

M -EzPASA+PBSB—PESE—PFSF+FBH—FTP, (1)
dX
EZV’ (2)

rac

T
SA = SE :Z(dIZY —dg),

S,=S, =S, :%dé,

F,, =hV + F.;signV - ciia TpeHus,
Fcr — cuna cyxoro TpeHus,

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

X, V —xoopauHara u CKOpOCTh MEXAHUYECKOM MOJCUCTEMBI,
{ — Texyee Bpems,

S, — momank cea Kianasa,

P, , — naBnenust B nomoctsix AT,

h — ko3 PHUIIEHT KUAKOCTHOTO BAZKOTO TPEHHUSI.
2. YpaBHeHHs npoueccoB B nonoctax A u b.

dp 1 dw

d:,E = WA,B (GPA,PE — GAB,EF ~Pus ds’E ), (3)
dP,, k-1 . . k dw :

di’E B WA,E (GPA:PBIP - GAB,EFIA'E a m PA'E ﬁ " qA’ESA‘E)’ 4)

PA,E =P RTA,E’

rie
i . K PP,A,B
PAB —
k_lpP,A,B
G =G.(P,P.,S.)= S k —PP‘P‘A’E Y
PA.PE,AB.5" — ij( TANT ij)_luPA,PE,AB,EF PA,PE 4B .5 N0 PA,PE,AB BT !
RTP,P,A,E
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1 npu 0< 2250 < B,
P.P,AB
YPA,PE,AB,EI" = % kit )
1 2k PA,E,B,F A,5,B, PA,E,B,F
— - npu p,, < <1
L k0 k-1 PP,P,A,E PP,P,A,E PP,P,A,E
) y) e ) K
o (k+1] ' P (k+1j '
2
W, 5 =W, 50 £(S; —Sc) X, S 1 pis 1 = 705, b5 se.rc |
dw, , 4
dt, Zi(SH—SC)V, SAB,EF:SOiﬂ-dCX7
2 SO = 7Z'dCX max *
S, zd;, |

4
Gij = Gij (P,P j ,Sij) - CEKyHIHBII MacCOBBIN pacxoj1 ra3a u3 I-Tod MOJOCTH B j-TYIO,

Sij — IUIomajib MUHUMAJIbHOTO IIPOXOJHOI0 CCUHCHUA MCKAY 3TUMU ITOJIOCTSIMMU,

A, =97, ;TS 5,S ;;+Ss,) - yaenbHbI TEMIOBOI MOTOK OT Ta3a B MONOCTAX A

U b B CTCHKH,
! o
S 519 41+ Oy - IUIOMATH BHYTPEHHUX M HAPYKHBIX IOBEPXHOCTEHt CTeHOK A 1 B,

Sp — HavaIBbHOE 3HAYCHUE TUIOIIAICH PETYIHPYEMBIX IPOCCETUPYIOMNUX OTBEPCTHH,

Yij — AByXpeXMMHas ra3ogMHaMu4ecKkas QyHKIUSA pacxona,

ljj — MOJTHAst SHTAJBIINA Ta3a B CEUEHUH C IUIONIAbI0 Sjj,

k1 R - oTHOIIEHME TEIIOEMKOCTEN 1 ra30Basi IOCTOSHHAS,

W, 5 — Tekymue o0beMbl iosiocTeit A u b,

W 0,50~ HauanmbHbIe 00BbEMBI MOJOCTEH IPU HEUTPATILHOM TOJIOKEHUH PETYIUPYIOIIETO
oprana (X=0)

3. YpaBHeHUs nporeccoB B noaoctsax Bu I

do 1 dw
dB';,F = W, , (Gs.5r =Gse.re = Pa.r %)1 )
dP, - k-1 : K dWp

dt WB,F (GAB,EﬂA,E _GBC,FCiE,F _—k 1 PB’F T + qB,FSJIS,FL (6)
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PB,F = pB,FRTB,F’ iB,F = a RTB,F
dw
W, - =W, £S.X, df*f =SV,
Py rd(Asc rc)
GBC,FC = /uBC,FCSBC,FCko 2L RTBC'FC = GBC,FC(PB’ P ’SBC; Pr’ P ’Src)a
B.I
ﬂd 2
Sperc = Tkp’ A =AM TerSp v Sans Srw)

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

C,2C
D D
U CMCIIAHHOT'O PCKUMOB pa6OTBI coiia, T. €. IIpu PB F>PB > TAc PB r AaBJICHUS B

MMPCACOIINIOBBIX ITIOJIOCTAX, IIPWM KOTOPLIX CKA4YOK YINIOTHCHHA IIOAXOAUT K Y3KOMY
CCUCHHUIO M BBIPOXKAACTCA, BCIICACTBHH UYCTO0 TCUYCHHC TIa3a IIO BCEH JJINHC COIlIa

D
CTaHOBHTCS 103BYKOBbIM. 3Hauenue P, onpenemnsercs no opmymnam:
D
P B, I 1 S@c
= 5 ’
P T (;LB,F) S

8

q(/Ig,r) = npu Ay (1

Ipn Py - SP}? r» T. € B JO3BYKOBOM peXnuMme paboTsl comia (yHKOuu

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

k-1

S k
R k+1 1_ P
S ! k-1 Py 1

6c,ec

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

4. YpaBHEHUS MIPOIIECCOB B PECUBEDPE.
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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?,

GI/IP :GHP(PH’PP’SHP)’ Sup = 4
=q(T5,Tc,Sp:Spy)

5. YpaBHEHHE I VIIPABISIONIETO BO3AEWCTBUS.

VYnopasnsoomee ycuiane, COo3JaBaeMoe IpH HMCTEYCHHH Tra3za dYepe3 COoIuIa,
omnpenensieTcs mo hopmyiie:

F =F,-F,
- (9)
FB,F:GBCFC +See( .~ Pe),
9IS
V = ﬂ“@ ea;ch I
P@,z = B,Fﬂ.( 6,2)’
2K
aKpB,F - mRTB’F
B 0CHOBHOM KpUTHYECKOM pexumMe paboTsl comen ( (A, o) y=1):
S
Q(/IM) _ _s6cec ’ (10)
| SG,Z
A>T

rae

q(A), 7(A) - rasopunamuyeckue GyHKIUU pacxoia U JaBIeHus,

vV

A = —— - npuBenéHHas CKOPOCTh rasa.

Cle

B cnydae cMemaHHOro U CBEPX3BYKOBOT'O PEXKUMOB ISl OIIPEICIICHUS FB, ;- YA00HO

UCIO0JIb30BaTh MPUOIMKEHHYIO JIMHEWHYIO alllPOKCUMHUPYIOIIYIO 3aBUCUMOCTbD:

87



BA,F (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 BBIXOIAHBIX CCUCHUAX COIICT YCTAHABJIMBACTCA CKAYOK YIUIOTHCHHA, a B —

o A
COOTBCTCTBYIOIIUC OTUM JdABJICHUAM PCAKTHBHBIC CHIJIBI. 3HadyeHUS JaBJICHUHA P BT

OIIPCACIIAIOTCA C IOMOIIBIO COOTHOIICHUM:

Py G4
P z()d(A vy
Tac
1 S
A= ) =ae, AN
8,2 28’2 q( 6‘,2) SG,Z 6,2>

[IpuBea€HHBIE 3aBUCUMOCTH COCTABJISIOT 3aMKHYTYIHO CHCTEMY YpPaBHEHHI,
MO3BOJISIIONIUX TPU HM3BECTHBIX 3HAYCHUSX KOHCTPYKTHUBHBIX M OKCIUIyaTaI[MOHHBIX
napaMeTpOB PACCUYUTATh CTATHYECKUE U TUHAMUYECKHUE XapakTepucTuku ['NY.

3. Anaau3 YCTAHOBUBHIECTOCH COCTOAHUA CUCTEMbBI ITPOTOYHbBIX

MOJIOCTEH CO CTPYKTYPOH THUIIA «AEPEeBO».

YcranoBuBieecss cocrtosiune [MY  xapaktepu3yercss paBEHCTBOM — HYJIIO
MIPOU3BOJIHBIX, BXOISIIINX B MATEMAaTUUECKYIO MOJIETIb:

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

YcTaHOBHUBIIMECS 3HAYEHUS] TEPEMEHHBIX BEJIUYMH OMPEACISIOTCA C MOMOIIBIO
CHUCTEMBbl HEJIMHEWHBIX ajareOpanueckux YpaBHEHUM, MOJy4aeMbIX TPH IOJICTAHOBKE
ATUX YCJIOBHUM B MareMaTtuyeckyro moaens [ NY:

X =const, V =0,
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A:G,, =Gy, P,=p,RT,, ry=T1,,
B:Gp; =Gy, Py = pyRT, Ty =T,,
B:G,, =Gy, P, = p,RT,, T,=T,, (11)
I Gy =G, P.=p.RT,, T, =T,
P G =Gp+,Gpy P, = p,RT,, I, =1,

Takum oOpazoM, Temreparypa B MOJOCTSIX MPU OTCYTCTBUU TEINIOOOMEHa paBHA
TeMIIepaType rasa B UCTOYHHKE, T.e. 1, =, . [IIIOTHOCTB Ta3a B OJIOCTH ONpeeNseTCs
110 YPaBHEHHUIO COCTOSTHUS:

il
RT.

P = (12)

Jlns pacu€Ta maBiICHUN COCTaBUM CXEMY TEPMOJIMHAMUYECKOM CUCTEMBI (puc. 2).

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

S e

Puc. 2. Cxema TepMOIMHAMUYECKON CUCTEMBI.

P

B
JI1st onpesiesieH st OTHOCHTENBHOTO AaBieHusT —— packpoeM pacxoasl: G ,u G,
4
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G5 =G
U5S 53PY g = S g Pyl +...(ymeuka), (13)

Py _ Mz 43 _
YigPy  HycSpcYpe +-o

AB?

rac
_ M5 45 _
MycSpcYpe T

B ceuenun AB MoryT OBITh J1Ba pekUMa TCUCHUS: KPUTUUECKUN U JOKpUTHYecKuil. Ha
IrPaHULIE PEKUMOB:

a,p

Y=1
P, :
PA _ﬂKp

N3 (13) momyuum:
ay, =p,=7Q0).

OueBuaHo, 4yTO IpH A ,p< ,BKP B ceueHMM AB yCTaHOBUTCS KpPUTHYECKOE
TEUCHHUE, a Ipu A 5> i ~ AOKPHTHYECKOE.

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

—=a,,. (14)

B nokputnueckoM pexume U3 ypaBHeHus (13) numeem:

P 1
P_AYAB =
B d,p

PackpsiBast Y, HaxoquM:
2 k+
ENES AN TAREY
P, k, Vk-1\ P, P, A,
P

BHecéM —2 11071 KOPeHb U BO3BEAEM 00€ YaCTH YPABHEHHS B KBAIPAT:
4
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P (P)F T K k-1
P, P, ajB 2k
HNIn
k-1 1k
P | _(Pe)* ke k-1,
P, P, ajB 2k
Pemast 310 ypaBHEHME, MMOJIy4acM:
k
i Ta
P 2 P
P_B: k2 1 :P_B(aAB) :f(aAB)' (15)
S I R A 4
| aAB k

B nokputudeckoM pexxume Y ,, onpezersercs mo Gopmye:

2 K+
2k PA P K

s et L A A )
0 - A A
P, .
['paduk 3aBHCUMOCTM —— OT OTHOCUTEJIbHOM IIOIIAAM BIIyCKa M BBIIyCKa
P,
MoKa3aH Ha puc. 3.
P, u,,S
Anamms rpapuka —2| 2248 Inokas3pBaet:
'+ MpcSpe
5 b . — M5 45
1) YBEIIMYEHUE OTHOCHUTEIIbHOW TJIOMIAAN - ABC S Oonble 2+3 He
Hpcpc
MPUBOJIUT K CYIIECTBEHHOMY YBEJIIMUYEHUIO JABJICHUS ra3a B MPEACOIIIOBOM
MOJIOCTH;
2) npu bABC <1 oGecneunsaercs Gnuskuii 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 [ HpcSse
P\ tpeSse ) Pp\ 158 45

Puc.3. 'paduku 3aBucumMocTu

P, [ 4,5
Anamms rpapuka —2| —22—48 Inokas3pBaet:
4\ HpeSpe
5 b = Ma5S 45
3) YBEIIMYEHUE OTHOCHUTEIIbHOW IJIOMIAAN ~A4BC S Oonble 2+3 He
HpcOpc
MIPUBOJMT K CYIIECTBEHHOMY YBEJIMYCHUIO JaBJICHUS ra3a B MPEICOTUIOBON
MOJIOCTH;
4) npu bABC <1 o6ecneunpaercs 6GnusKuii K JIMHEMHOMY 3aKOH M3MEHEHHS
JABJICHUS B MIPEICOILIOBOM MOJIOCTH.
Pr
OTHOCUTENIbHOE JaBJICHHE —— OMNpEISIsieTCS aHAJOTHUYHO NPEABIIYIIEMYy, B
5
LS
3aBMCUMOCTH OT BEJIMYUHBI -y = B b .
HreSreYre + o
PA
OTHOCHUTENIbHOE JaBIICHHE —— OMPEACIASTCS 10 aHAJOTHYHBIM 3aBUCHUMOCTSIM:
P

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

o ¢opmye (14) nmeem:

P, _ HpiSp, _

PA
Py 1S, i+
Yo, =1
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¢ B JOKPHUTHYCCKOM PECKHUME TCUCHHUA TIasa B CCUYCHHHU SPA’ T.C. IIpH

a,,> ﬂKp o ¢opmyie (15) umeem:

P
4 _
F = f (aPA)' (15, a)
P
AHaJIOTUYHO OTpEEAI0TCS JaBJIeHUs ra3a B MojaocTu b mpu
a HosSps
PE

/uEFSBFYEF +...
U B PECHBEDE:

P

® B KPUTHYECKOM PEKMME TECUYCHMS, T.C. IPH A ,;p< ,BKP, —L onpenensercs

u
CJIETYIOIIUM 00pa3oM:

P, _ HypS p _
Py tpSpYpy + HppSpsYps

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

Ayp -

p > AMECM:
P

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

P

A

P,

Fpa(i)HKI/I 3aBUCHUMOCTEH OTHOCHUTEIBHBIX I[aBHeHI/Iﬁ OT OTHOCHUTCIIBHBIX

IJIOIIAaIel BIyCKa M BBIMTYCKa MOKa3aHbl Ha puc. 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,
P\ 1,58 4

Puc. 4. I'paduku 3aBuCHUMOCTH
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C momomipio TpadUKOB, MPEACTABICHHBIX Ha puUC. 3 W 4, MOXHO TOJY4YUTH

P

rpadUKH 3aBHCHMOCTH OTHOCHTEIBHOTO JABICHHUS —- OT OTHOCHTEIBHBIX IUIOMIAICH
P
BITyCKa U BBIIycKa (pUC. 5), KOTOpBIE MO3BOJISIOT CPAaBHUTH JaBieHue P;c nasnenuem B

pecusepe P, :

5
4
3
1.0 //,;;
0.8 11 1,0
. +-——] 05
0.6
P — 08
0,41 .‘ | — 0,4
HasSas _ 0,2
02 HacSe
0 HpaSpy
3 4 5 M apS 4z
P S
Puc. 5. I'paduKu 3aBHCHUMOCTH —2 Hpapa
Py t4pS 45

AHanu3 rpaduKoB, MIPEACTABICHHBIX HA PUC.S, MOKA3BIBAET UTO JJIs 00€CTICUCHUS
BBICOKOT'O BOCCTAHOBJIEHUSI IABJICHUS B PEACOIIIOBOM MOJOCTH JOCTATOYHO MPU

Hpy SPA

AB™~ AB

bABC = 2+3 obecneuntsb bPAB = paBHOM 1+2 , A TIpA bABC =1. paBHOU

b, =2+3
Pacuér maBneHHil B MPOTOYHBIX MOJIOCTSIX TEPMOTa30AMHAMUYECKON CUCTEMBI,
ITOKA3aHHOW HA pUC. 2, MOKHO MPOBECTH B CJIEAYIOIIEM MOPSIAKE:
1) 1o W3BECTHBIM 3HAYCHUSAM IUIOIIAJCH BIYCKAa W  BBIMYCKAa ONPEACIUTH
OTHOCHUTEJIbHBIE TIOMIAAN ISl BCEX MPOTOUYHBIX MOJOCTEN;
2) HauyMHAS C KpaWHUX MPEACOIUIOBBIX MOJOCTEH ONPEACIUTh PEKUMbI BTCKAHHUS ra3a
P
B IOJIOCTH, CDAaBHUB aij C :Béa , 4 3aTE€M HAWTH OTHOCHUTECJILHBIC TAaBJICHUSI — U Yij TS
i
nonoctei B, A, I', b, u P.
3) Mo W3BECTHBIM 3HAYCHMIM I1APAMETPOB ra3a B HCTOYHHMKE rasa: PH,T Py |

OTHOCHUTCIIbHBIX I[aBJ'IeHI/Iﬁ OIIPpCACIINTG JAAaBJICHMA TIa3a B IIOJOCTAX, a 3aTcM IIPH

" R
T. =T, naiitu miotHOCTH P, = ——.

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

yeuaune 'Y
OpHuM M3 OCHOBHBIX (PYHKUMOHANBHBIX Mokazateneil [V saBngercs yaenbHOE

= . .
YOPABIIAIOLICE YCUIIUE ~ yo — G > CO3MaBacMOC CAMHUILICH MACCBI rasa NpH KpaHHEM
BC

nosoxkeHn: perymupyomero oprasa ( X = X, . ) B C4EeTHOM peXHMe HCTEUSHHs rasa

U3 CBEPX3BYKOBOIO coruia ( P = Pc). [IpoBeneM aHanmu3 BAUSHUS KOHCTPYKTHUBHBIX U
AKCIUTyaTallMOHHBIX TapameTpoB [MY Ha paHHBIM TOKa3arenb YCTAHOBUBIIETOCS
pexrumMa paboThI.

W3 dopmynbl ais ynpapisioOmIero YCHUJIMS MPU YKa3aHHBIX BBIIMIE YCIOBUSX

NMECCM.:
F max
.y _ .
Fo=Zmm = Ve =4, a,,-
BC
OTCI’OI[a, Pa3aciinB 066 4aCTH paBCHCTBA Ha aw , IOJIYUHUM:
0
F = B 8 — ﬂ,
” A a o
Kp
rIe Clelg = —RT =da = —RT

k+1 ° b k+1 7
A

Pacuetnas INPHUBCACHHAA CKOPOCTb MCTCUCHMHA ¢ OIpCAcCIACTCA C IMOMOIIBIO

COOTHOILLICHUA:
k-1, P P PP
7(Ae)=(1———A2)tl=—t=—c=—c P_ g b
(16) =(d— — &) P, PP S Braprbsc)

rac bPAB u bABC - OTHOCHUTCIIbHBIC IUIOINAAHW BITYCKAa H BbIITYCKA IIPOTOYHBIX

HOHOCTCfI, BIMUAIOIIIKUC HAa OTHOCHUTCIIBHOC OaBJICHUC PB / Pp .

My S S
by, = T by = FaBSab

Ha5S 45 HpcSpe
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Takum 06pazom, 6e3pazmMepHOe yAEIbHOE YIPABISIONIEE YCUITUE Fya 3aBUCHUT OT
Ge3pasMepHbIX ~ KOHCTPYKTHBHBIX  mapaMetpoB  Dpp,0c u  Gespasmeproro
skerutyatanuontoro mapamerpa Pp / Py . Pasmeproe yaensHoe ynpasmsomiee ycmmme

Fya KPOME TOI'0 3aBHCHUT OT TEMIIEPATYpPhI rasa 1, p» BXOJIAILIEH B BRIpOKEHUE Uit G, ;.

['paduku  3aBUCUMOCTH Fyw or KOHCTPYKTHUBHBIX mnapamerpoB [NV,
paccuntanssie npu P, / P, =10,30,60,90, nokasans 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. [paduku 3aBucumoctn Fyo = f(6p15:6.15c) .

96



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

bPAB >1 ue MIPUBOJIUT K CYILIECTBEHHOMY YBEIIMUYCHUIO YJICIIBHOTO YIPABISIOMIETO
YCHJIHUSL.
[Ipu b  BC = 2+3 y prB =1 o6ecneunBaercs GH3KHIT K JIMHEMHOMY 3aKOH

V3MEHEHUS JAaBJICHUS B IIPEICOILUIOBOM MTOJIOCTH U JOCTATOYHO OOJIBIIOE yIIEIbHOE
YIPABIAIOLIEE YCUIIHE.

6. IopsiAoK BbINOJIHEHHUSA PAOOTHI.

1) TIpoBectu nmpoekTupoBoUHEIA pacuer [TY.
2) paccuntath npu X=(0 (HeWTpaspHOE yCcTaHOBUBIIEecs cocrosiHue [UY)
P, PP B P o
OTHOCHUTEJIbHBIE JABICHUS ——,——,——,— U , @ 3aTeM HaWTU aOCOJIOTHBIE
P, P P P Py
JABJICHUS B IOJIOCTSX MPHU 3HAYEHUSX KOHCTPYKTHUBHBIX U HKCIUTyaTal[MOHHBIX
napaMeTpoB, NOJYyYEHHBIX MPU NIPOEKTUPOBAHNUN YCTPOUCTBA.

HMcxonHpie 1aHHbBIC:

oic
k=14, R=287 ﬂ—[{’Pp = 6MIla, T, = 293 K, P. = 0,1MIla, F,,, = nH
Ke. ¥

KoHTpoIBHBIE BOITPOCHI:

1. Kakue ypaBHeHUs BKJIIOYAET B ce0s HEeJMHEWHass MmaTemaTuieckas moaens [ Y u

KaKOB CMBICJI BXOJSAIIUX B HEE BEIIMUNH?

KaxoBbI yc10BHUS M ypaBHEHHUs YCTaHOBUBIIETrocs pexuma padotsl [TY?

3. KakoB mopsmok pacuéra yCTaHOBMBIIMXCA 3HAYCHUU TMapaMeTpoB rasa B
MPOTOYHBIX MOJOCTIX MPU X=Xnax 1 X=07?

4. KakoBbl palMOHAJIbHBIE COOTHOLIEHUS OTHOCUTENBHBIX IUIOIIAJAEH BIIyCKa U
BBIITYCKa, 00€CMEUNBAIOIINX BBICOKOE BOCCTAHOBJICHHE JIABJICHUM B MPOTOYHBIX
MOJIOCTSAX M OJTU3KHUE K TMHEHHBIM cTaThudeckue xapakrepuctuku [Y?

N
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JIABOPATOPHAS PABOTA Ne 11.

OINPEAEJIEHUE KOHCTPYKTHUBHBIX TAPAMETPOB U AHAJIN3
YCTAHOBUBHIEI'OCA PEXKUMA PABOTDI.

IEJb PABOTHDI:
N3yunts MeTOABI MPOEKTUPOBOYHOIO pacyeTa U pacyeTa CTaTUYECKUX XAPAKTEPUCTUK

Ta30JMHAMHUYCCKOI'O UCITOJIHUTCIBHOI'O YCTpOfICTBa.
1. Aaroputm napamerpuyeckoro cuaresa I'NY.

IIpn mapamerpuueckom cuHTe3e paccmatpuBaemMoro I[I'MY oObIMHO W3BECTHBI
[IapaMeTphl ra3a B MCTOYHHMKE NHUTAHUSA W MAKCUMAaJbHOE 3HAYEHUE YIIPABIIOLIETO
yemmusa F,,, = Fp - Fp, co3maBaeMoro npm KpalHEM IIOJNOKEHMH DPETYJIHPYIOILETO
oprasa.

Pacuér koHcTpykTHBHBIX mnapameTpoB [MY, oOecneunBaromero 3agaHHbIC
TEXHUYECKUE TPEOOBAHUS, MOKHO MPOBECTU B CIEAYIOIIEM MOPSIJIKE:

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

ST,
Spe
e ST =nd.2X .

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

Sps =2+3 %:2+3

max
SAB SPA

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

3. Ilpu 3amaHHBIX 3HAYECHUSAX OTHOCHUTEIBHBIX IUIOMIAEN BIIyCKa M BBIIYCKA IO
NPUBENEHHON BBINIE METOAMKE ONPENEINTh MAKCUMAJIbHBIE 3HAYEHUS
OTHOCHTENBHBIX TaBJICHUI NPH 3HAYCHUSIX L4j, YKA3aHHBIX MIPEOIaBaTeIIeM:

BB PR
] ] ]
P, P Py,
) max max
a 3aTeM HaiiTu 1aBieHus B 9tux nonocsix: P, P, , P, npu n3sectHom P,

(P-=P.,,P, =P, npu X=X

)
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B wactroctn, ipu P =6MIla, T =293K umeem:

PM"™* = 4.666 MIla, P™ =5.779 MI1a,

4. OmnpenenuTh pac4€THYIO CKOPOCTh HCTEUCHHS ra3a U3 coria mo popmymnam:

k
r(4,) =(1——k _1/162jk1 _L_ L
k+1 P, P,

,2k
Vg:/lgaKp,Cle: mRTB, TB:TH

V, =626.337 m/c, a,, =313.219, 4, =1.999

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

F
. Jymp _ K2
Gye =~ =0.798 2/

8

6. OmpeneanTh IUIOMAIN KPUTHYECKOTO S ;5 U BBIXOAHOIO S, CEUCHHIl comma ¢
MTOMOIIIBI0 (PopMYyIT:

o)
—=_Y,., npu Y. =1, T,=T,

G, = S,k
BC luBCBCO\/ﬁB

a(4,) = S’Sﬂ =0.188, S, = 72.456.00°, S, =386.183x1°

8

7. C moMoInipl0 NMpUBEAEHHBIX BBIIIE PATMOHAIBHBIX COOTHOIICHUH IIIOIIAICH
HaWTH OCTaJIbHBIC TUIOIIAIH:

max _
ST S . =S_.,S.p.
8. OmpenenuTb Xmax ¥ 0. C TOMOIIBIO YCIOBHS PETYIHPYEMOCTH:

X 1
—max < =0 X, =1.2mm, d. =9.6mm°
d. 8 .
2 2
Sty =nd.2X . =72.456mm", S,, =144.912 um
OcranbHbie napametpbl [ Y onpenensitorcs U3 KOHCTPYKTUBHBIX COOOpaKEHUHU.

[Iporpamma mapamerpudeckoro cunre3a 'Y, pazpaborana ¢ HCIIOIB30BaHUEM TTAKeTa

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

BEJIMYMH OT KOOPJAMWHATHI PETYIHUPYIONIET0 OpraHa B yCTAHOBUBIIEMCS PEXKUME paOOTHI.

Baxkneiimmmu u3 Hux sBiusgercs: cuioBas F,,(X), pacxomHble GAN, (X)) m

Harpy3ouHas R(X) craTmueckue xapakTepUCTUKH.

Pacuér XAPAKTCPUCTHK IMPOU3BOAUTCA B CIICAYIOIICM ITOPAOKE:

1. 3apaBasce psagoM 3Hagenuii X B npegenax 0 < X < Xmax OIPEIECIUTD TIIOIIA/IN:

SAA,AA:ﬂ-dC(X +X)

max —
2. OHpeIIeJ'II/ITB OTHOCHTCIIbHBIC IIOIIA/IN BITYCKAa U BBIITYCKaA ITPOTOYHBIX MMOJIOCTEH:

Si Sen S Ses

Sav Sm Swv Sax

3. Tlo HpHBGHéHHOﬁ BBIINIC MCTOJHUKC, IIPH IIOJIYUYCHHBIX 3HAYCHUAX

OTHOCHUTCIIbHBIX HJIOH.I&I[GfI, pacCuuTaTrb pana 3HAQUCHUM OTHOCHUTEIIBbHBIX I[aBJIGHI/Iﬁ B

MOJIOCTSIX, @ 3aTeM HalTH aOCOJTFOTHBIE 1aBiieHus (Tad.1-2):

TaoOmuna.
X, Sip See | S | P Yo | P Ya
10° m | 1078 4?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
Ta0muma.2
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X, Spri Ssr | Ses| Pr | Yar & Yps | PelP(X) PA (X)
100 | 1079, Src | Ssr 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 pacxXOJHBIC, CHJIOBYIO, U HArpy304YHYI0 CTaTHYCCKHUC

xapakrepuctuku MY (Tab:m. 3): ¢ mOMONIbIO CIEIYIONUX 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 CTAaTUUECKUX XAPAKTEPUCTHK U TpapUKy 3aBUCUMOCTEH
OTHOCUTEJIBHBIX AABJICHUM B IOJOCTIX OT KOOpAUHATHI X.

[TporpamMma pacyera craTuueckux xapaktepuctuk I['MY, paspaboraHHas c
ucronp3oBanuem makera Mathcad, npuBenena B mnpwnoxkenmn 3.2. [paduxu
CTaTUYECKUX XAPAKTEPUCTHUK, PACCUUTAHHBIE IIPU 3HAYEHUSAX KOHCTPYKTHUBHBIX M
JKCIUTyaTallMOHHBIX I1APAMETPOB, NPUBEICHHBIX B JTOM IIPUJIOKEHUH, IOKa3aHbl Ha

puc. 1.

P, MMNa P, MMa

Ly e
PB PB LT

[ b

. oF 58
/ P g ™
‘-.\-ﬁ

-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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JIABOPATOPHASA PABOTA Ne 12

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

JluHamMuueckue XapakTepUCTHUKU OTpaxaroT (¢GyHKiuuoHnupoBanue [UY B
IIEPEXOIHBIX PEKUMaX, BBI3BAHHBIX IMOJAYEH TOTO WJIM UHOTO KOHTPOJIBHOTO BXOJIHOT'O
curHana. lIpoBemeM aHanmM3 MEPEXOMHBIX PEKHUMOB, BBI3BAHHBIX MIHOBEHHBIM
nepedpocoM MOPIIHEBBIX TUCKOB C YIIOpa Ha yIop, C YIopa Ha HEUTpaJlb U ¢ HEUTpalu
Ha yIop, 4TO COOTBETCTBYET PEJICHHBIM JBYX M TPEXIIO3ULMOHHBIM peXUMaM padOThlI.
Kpome Ttoro paccmorpum peaknuro ['MY Ha cuHycouMmanpHOE TapMOHHYECKOE
Bo3zciicTBue. HauvanbHble 3HAUEHHMsS NEPEMEHHBIX BEIMYMH OyIHUM OIPEAEATh C
IIOMOILBIO ITOJTYYEHHBIX BBIIIE YPAaBHEHNUN YCTAHOBUBLIETOCS PEKHUMA.

HauaneHbpie 00beMBl MpPEACOIUIOBBIX MosiocTed npu X=0 ompenenum H3 TOro
YCIIOBUS, YTO U1 00€CIEYeHHs] PaBHOMEPHOCTH T'a30BOr0 IOTOKA HA BXOJE B COIUIO

JUIMHY TIOJIOCTH MPUHUMAIOT paBHEIM 3+ 4 muamerpa cena:

o =90 Xy +4S.-d,

Jlis onpezneneHuss HayalbHbIX 00BEeMOB mosnoctel A U b HeoOxonumo 3HATH
auameTp mopiuHeBoro jucka Oy, KOTOpeIl O0OBIYHO HAXoOIAT B  pe3yibTare
IIPOEKTUPOBOYHOI'O pacyeTa pyaeBoro npusoja. [1o aToMy 3aece s ONpEeneIeHHOCTH

IIPUMEM d o= ZdC. Kpome Toro, He0OXOMMO y4ecTh, YTO B KpailHEM MOJIOKEHHUH
IOPIIHEBOM JUCK HE JOJDKEH IEPEKPhIBaTh BIIYCKHBIE OTBEPCTHSA JIUAMETPOM

d P4 = d ps - TaKUM 00pa3oM, ¢ y4€TOM JIBOMHOTO 3araca HadajabHbIe 00BEMBI MTOJIOCTEH
A u b MoxHO ompenenuTs 1o hopmyIie:

ch — (SH _Sc) . Xmax + 2(817 _Sc) ’ dPA

[Ipn ucronb30BaHUM TBEPAOTOILUIMBHOTO MCTOYHMKA Ta3a MABICHHUE IMHUTAHUSA
3aBUCHT OT TEMIIEPATypbl TOIUIMBA W NPU W3MEHEHUHM TEMIEPATYpPbl OKPYKarOIIEeH
cpenst B mpenenax 150°C wm3mensiercs B mpegenax ot 3 mo 6 MIlla. [lostomy
11eJ1Ieco00pa3HO PacCMOTPETh nepexoaHbie mpoiecckl B MY npu naBnenusx 3, 6 u 9
MIIa. I'paduku mepexoHbIX MPOIIECCOB, BHI3BAHHBIX MOJAYEH Pa3IMUHBIX BXOJHBIX
CUTHAJIOB MOKa3aHbl Ha pUC. 8-16. C MOMOIIBIO JaHHBIX TPA()UKOB MOXKHO ONPEIETUTh
BpeMsl cpabaThIBaHUs U SKBUBAJICHTHOTO 3ama3biBanus [ Y.

[TporpamMma pacuera nepexoJHbIX MPOLECCOB, pa3paboTaHHAs C UCIIOJIb30BAHUEM
naketa Mathcad, npuBenena B npunoxenuu 3.3.
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Puc. 8 [lepexoansbie nmpouecchl Mpu ABYXMO3UIIMOHHOM BXOJHOM CUTHAJE U

naBJICHUU B ucToyHuKe 3 MIla.
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Puc. 9 Ilepexoanbie mpo1ecchl NPy TPEXMOZUITMOHHOM BXOJIHOM CHUTHAJIE U IaBJICHUH B

ncrtounuke 3 Mlla.
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Puc. 10 IlepexoaHble MpOIECCHl TPU FTAPMOHUYECKOM BXOJIHOM CHTHAJIEC U JIaBJICHUU B

ucroydnuke 3 Mlla.
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Puc. 11 Ilepexoanbie mpoLECCHI MTPU JBYXIIO3ULIMOHHOM BXOJITHOM CUTHAJIE U JIaBJICHUN

P, MNa

a-10" T

2-.100 T

B uctounuke 6 Mlla.
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Puc. 12 [lepexoanble MPOUECCHl IPU TPEXITO3ZUIITMOHHOM BXOJIHOM CUTHAJIEC U JIaBJICHUU

B uctoyHuke 6 MIla.
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Puc. 13 IlepexoiHble TPOIECCHI TPU TAPMOHUYECKOM BXOJHOM CUTHAJIEC U JJABJIICHUU B

ucrounuke 6 Mlla.
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Puc. 14 IlepexoiHble TPOIIECCHI MPH JIBYXITO3UIITMOHHOM BXOJHOM CUTHAJIEC U JIABJICHUU

B uctoununke 9 Mlla.
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Puc. 15 HCpCXOIIHBIe IIPONLCCCHI ITPH TPEXIIOZUIIMOHHOM 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) 3ammcarh pacy€THBIC (GOPMYIIBI TS ONIPEICIICHUS TTapaMeTPOB ra3a B IPOTOYHBIX
MOJIOCTSIX;
PP P
3) paccuuTaTh M TIOCTpOUTH rpaduku 3aBucumMocTH —>,—L u —£ g cnywas
'+ Pr P
KPUTHYECKOTO UCTEYEHHUs ra3a B OKPYKAIOLIYIO CPeAy IPU OTCYTCTBUU TECUYECHUS
raza uepe3 nojoctd I' u b (X=X« — TIpeeibHOe YCTaHOBUBIIIEECS COCTOSTHUE
rmnyy;
4) BBISIBUTH PAIMOHAIBHBIC COOTHOIICHHS OTHOCHUTENBHBIX IUIOINAACH BIyCKa WU
BBIITyCKa, 00ECIIEYNBAIOIIMNX BBICOKOE BOCCTAHOBJIEHUE JABJIECHUN B MPOTOYHBIX
MOJIOCTSAX W OJM3KHUE K JTUHEHHBIM cTaTUYecKue xapaktepucTuku [V

Hcxonnrlie naHHbIEe:

oHC
](‘:1,4’ R = 287 ﬂ—R" 'P']:I = 6 Mna’ TP = 293 I{’ PI'_',= D,]. Mna, FVHP = ﬂ,H
Ke- )
- MpU BBHINOJHEHUU MYHKTOB 1 — 4 BapbUpoBaTh OTHOCHUTEIBHBIMHU ILIOIIAASIMU
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 pacu€ra yCTaHOBUBIIMXCS 3HAQUYEHUN MapamMeTpoB rasa B
MPOTOYHBIX MOJOCTAX MPU X=Xnax U X=07?

KakoBbl panuoHaIbHBIE COOTHOIIEHUS OTHOCUTEIBHBIX IUIONIAJCH BIyCKa M
BBIMTyCKa, 00ECIIEUYNBAIOIINX BBICOKOE BOCCTAHOBJICHHE JABJICHUA B MPOTOYHBIX
MOJIOCTSIX U OJIM3KUE K JIMHEHHBIM cTaThuuecKkue xapakrepuctuku [1Y?
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[TPMJIOKEHUE.

TABJIMLIA TA30IJMHAMUYECKUX ®YHKIWN.

k=14
; . . . g M y(1<1)
(1 >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 | 07314 | 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 | 11,7891
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

116




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 : 1)
(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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