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BBEJAEHUE

BrinonHenue 1abopaTopHbIX padOT MpU U3YyYEHUM JUCHMIUIMHBI «Mexa-
HUKA JKUJKHX Cpea» TOJDKHO CIOCOOCTBOBATH 0oJiee TIyOOKOMY MOHUMAHUIO
CTYJ€HTaMU (PU3UYECKOW CYIIHOCTH H3yYaeMbIX THAPABINYECKUX SIBIICHUM,
OCBOEHHUIO MU METOJIOB UCIBITAHUS THAPOMAIIINH, YIIPOUYEHUIO CBSI3U TEOPHUU C
AKCIEPUMEHTAMHU, a TAK)Ke MPUOOPETECHUIO HABBIKOB B HAYUHBIX MCCIICIOBAHUSIX
U B pabOTe C HAYYHO-TEXHUYECKON U CIIPaBOYHOM JIUTEPATYPOIl.

B naGopaTopHOM Kypce onrcaHne KakI0i paboThl COMECPIKUT:

a) BBOJHYIO (TEOPETUYECKYI0) YaCTh, IJI€ B CKATOU (POpMeE H3JI0KECHBI
CBEJICHUS OOIIETO XapaKTepa M OCHOBHBIE TEOPETHUCCKHE TOJIOKCHUS, UMe-
IOIUE caMOe TPSMOE OTHOIIIEHUE K pacCMaTpUBAeMbIM B pabOTe BOIIPOCaM;

0) 1esnb padoThI;

B) CXEMY YCTaHOBKHU;

') TIOPSJIOK BBITIOJIHEHUSI PaOOThl M JAETATIbHO pa3paOOTaHHbBIC TAOJIMIIBI
JUTSL YIIPOILIEHUS U Y100CTBa 00paOOTKHU OMBITHBIX JAHHBIX;

J1) OCHOBHBIE KOHTPOJIbHBIE BOIPOCHI, MO3BOJIAIONINE CTYyACHTaM IIeJie-
HaIpaBJICHHO FTOTOBUTHCS K 3aIUTE OTYETA O KaXKJI0M padoTe;

€) HOMEpa PEKOMEHIYEMbIX JTUTEPATYPHBIX UCTOYHUKOB (MUX HA3BaHUS U
JIPYTHE CBEACHUS O HUX JIaHBI B CIHCKE JINTEPATyPhl, PUBEICHHOM B KOHIIE

Kypca).

B mocobuu chopMymupoBaHbl IEIH U COACPIKAHUE WCCIICIOBAHUMN, TaHBI
TEOPETUYECKHE OOOCHOBaHHMS pPabOT, NPHUBEICHBI OIMCAHMS JIA0OPATOPHBIX
CTCHJIOB W YKa3aHUs M0 TEXHUKE OE30MaCHOCTH, U3JI0KEHA METOJIMKA TIPOBEIe-
HUS SKCIICPUMEHTOB U 00pa0OTKH IMOJIyYCHHBIX JaHHBIX, COJCPKaHUE OTYETa U
ero ¢opMa, yKazaHbl KOHTPOJIBHBIC BOTIPOCHI U 3aJIa4M JIJIsl TTOJITOTOBKU K 3alllH-
Te paboT.



HNHCTPYKIMUA 110 TEXHUKE BE3OITACHOCTMH ITPHU BBIITOJIHE-
HHUU JIABOPATOPHOM PABOTHI

BrlnonHeHne cTyeHTaMu J1a0OpaTOPHBIX padOT MPUBOJUTCS KaK Ha BHUp-
TyaJbHBIX MOJEJSIX CO3/IaHHBIX Ha OCHOBE (PU3MUECKOTO M MATEMaTUYECKOTO
MOJICTUPOBAHUS C UCTOJIb30BAHUEM KOMIIBIOTEPHBIX TEXHOJOTUM, TaK U peab-
HBIX BAPUAHTOB YCTAHOBOK B COOTBETCTBUHU C MPABUIAMU:

1. K pabore Ha 5abopaTOpHOM YCTAHOBKE JOIYCKAarOTCS JIUIA,
IpOULIEIIINE MHCTPYKTaX MO TEXHHUKE OE30MaCHOCTH M O3HAKOMUBILHUECS C €€
YCTPOMCTBOM U OCOOCHHOCTSIMH.

2. Bce HeoOxoaumble onepanuu Ha Ja00paTOpPHON YCTaHOBKE CTY/IEHTHI
BBINIOJIHSAIOT O]l KOHTPOJIEM IIPENOJaBaTENs WM JIabOpaHTa.

3. TIlocne BKJIIOYEHUS YCTAaHOBKM HEOOXOOUMO  yOeauThcs B
NPaBUIBHOCTH €€ PadOTHI.

4. Bo Bpems nmpoBeaeHHUs JlabopaTOpHBIX pabOT BO u30exkaHHUE
HECYACTHBIX CIIy4aeB U TPABMHPOBAHUS 3aIPELIACTCS:

— KacaThCsl pyKaMHU TOKOBEYILIUX IIPOBOJOB, KJIIEMM, JI€Tajeil;

— mepenopydarb HaOmoJeHHMEe 3a paboTOM YCTAaHOBKM JIMIAM, HE
MIPOIIEIIITNM HHCTPYKTAXK;

— CaMOCTOSITENIbHO MepeMeIlaTh U3MEPUTENbHbIE MPUOOPHI, YTO MOMXKET
BBI3BaTh UX MOJIOMKY.

5. Tlpu oOHapyX€HHWU OINACHOCTU WJIM HEUCIPABHOCTU OOOPYIOBAHHUS
71a00paTOPHOI YCTAaHOBKM HEOOXOAUMO HEMEIJICHHO €€ OTKIIOYUTh OT CETH.

6. Ilocne BbIMOSHEHUs Ja0OPATOPHOM pabOTHl WM Ha BpeMs IepepbiBa
n1abopaTopHas YCTaHOBKA OTKJIIOYAETCS M BBIKIIOYACTCS PYOMJIBHUK CHIIOBOTO
nikada.

7. Ilpm HecyacTHOM ciy4ae HEOOXOJMMO OKa3aTh IMOCTPAJaBIIEMY
NEPBYIO0 MEIUIUHCKYIO IOMOIIIb.



OBIIHUE YKA3AHUA, KACAIOIMUECA BbIIIOJTHEHUSA

JIABOPATOPHBIX PABOT, PEKOMEHJAIIMM IO COCTABJIE-
HUIO 1 O®OPMJIEHUIO OTUYETOB O PABOTAX M HX
3AIIMTE

1. TekcToBYIO YacTh OTYETAa O KAKIOW JTaOOpaTOpHOM paboTe CTYIEHT
MOJKET MPEACTABIATH. Ha OTACIBHBIX JUCTax Oenol mucueit Oymaru ¢opmara
A4 (210x297 mMm), a Tpadudeckyro (CXeMy YCTaHOBKH U TpaduK, TOCTPOCHHBIHA
B MacmTabe Mo OMBITHBIM JAaHHBIM) - Ha MUJUIMMETPOBOW WM MOTPEOUTEIh-
CKOM Oymare B KJIETKY WJIM B CIICIIUAIBHBIX (DOPMAxX MPOTOKOIAX.

[Ipu sToM Bech rpaduyeckuii MaTepuall, B TOM YHCII€ HAJIMUCU U 000-
3HAUEHUS HA HEM, JIOJDKEH OBbITh BBIMOJHEH KapaHjamioM. [Ipu BeryepunBaHUM
rpaduKoOB Ha OCSIX KOOPAUHAT JOJIKHBI ObITH pa30UTHI IIKAJIBI, JaHBl 0003HAYE-
HUSI OTKJIQ/IBIBAEMBIX BEJIMYMH U UX PA3MEPHOCTb.

2. Kaxnaplili pUCYHOK B OTYETE JIOJKEH UMETh MOPSAIKOBBIN HOMEP U IO-
SCHUTEIBHYIO HAJIIHCh, PACIOJIAraeMbl€ MO PUCYHKOM.

3. K BbINOSIHEHUIO PabOThI JOMYCKAIOTCS CTYJAEHTHI, 0OOPMUBIIIE B CO-
OTBETCTBUHU C M3JI0KCHHBIMU HIKE TPEOOBAHUSIMU TMOATOTOBUTEIBHYIO YacTh
OTYETA, BKIIOYAKOIYIO:

a) Ha3BaHUE PaOOTHI U 11EJb €€ BBIOJTHEHNUS;

0) OCHOBHBIE TEOPETUYECKHE TOJIOKEHHSI PabOThl (B KOHCIIEKTUBHOM H3JI0-
KEHUHN);

B) CXEMY YCTaHOBKH, a TAKXKE€ PUCYHKH, MOSCHSIIOMNE (U3UUECKYIO KapTUHY
M3Y4aeMOro THJIPABIMYECKOTO SBJICHUS;

I') TaOJHIIBI 111 3ITUCH OTIBITHBIX JAHHBIX U PE3yJIbTaTOB BEIYMCICHHM.

4. Tlocne oxoH4YaHHWs pabOTHI Pe3yJbTAThl U3MEPEHUM W BBIUMCIICHUUN
JTOJDKHBI OBITh TPEIBSBICHBI MPEMOAABATEINIO IS TOAIHCH.

5. Jlns momydenust oneHkH (B 0aliax) 3a BBIMOJIHEHHYIO JTAOOPAaTOPHYIO
paboTy CTYACHT JOJIKEH MPEAbSIBUTH MPEMOaBATEII0 MOJIHOCTHI0 OPOPMIICH-
HBIM OTY€T, T.e. OTYET, JOMOJIHEHHBIM pe3yJbTaTaMHU BBIYMCICHUMU, rpadude-
CKUM MaTepualioM, a TaK’Ke BbIBOJAAMU (3aKJIFOUEHHEM) MO paboTe, OTBETaMHU Ha
KOHTPOJIbHBIE BOIIPOCHI, U 3AIUTUTH €TO.

6. 3ammTa oTtuéTta O paboTe MPOBOAUTCS B MUCHMEHHOW WJIM YCTHOU
dbopme. [lpu 3TOM CTyAEHTY MpeasiaraeTcsi OTBETUTh HA MATh BOMPOCOB, B TOM
qucJyie JIBa B BUJE YHUCIOBBIX MpUMepoB. Ha 3amuTy oTBOIUTCS OAMH aKaaeMu-
yeckuid yac. OpraHu3allMOHHO 3allliTa MPOBOAMUTCS OJHOBPEMEHHO ISl BCEH
IPYNIBI CTYACHTOB B paMKaX paclyCaHus JTa0OpaTOPHBIX 3aHSATHH.



JlaGoparophnas padora 1
NU3MEPEHUE 'MIPOCTATHYECKOI'O JABJIEHUS, DKCIIEPHU-
MEHTAJIBHOE HOATBEP KAEHUE OCHOBHOI'O YPABHEHUSA
I'NMAPOCTATHUKHU U 3AKOHA ITACKAJIA

1.TeopeTn4ecKkast 4acTh.

[MAPOCTATHYECKUM JIABJIEHUEM [) Ha3BIBAIOT HOPMAIIBHOE CKMMAIOIIEE
HaIpPSHKEHHE, BO3HUKAIOIIEE B MOKOSIIENCS KUAKOCTU MO IEHCTBUEM MOBEPX-
HOCTHBIX M MAaCCOBBIX CHII,

p=1im o ®
AS—0 AS
rae AP- anemenrapnas paBHOJEHCTBYIOIIAS TOBEPXHOCTHBIX U MACCOBBIX CHII
(rumpocTtatuueckas cuia), H;
AS - snemenTapHas mIomanka aeicTBys, M,

U3 dpopmyast (1) BUAHO, 9TO THAPOCTATHYECKOE JABIEHHE [ €CTH Ipe-
€Nl OTHOIIEHUS >JIEMEHTApHON ruapocrarudeckoil cuibl AP x snemenraproit
momanu aeicteus AS | korna nocaemHss CTpeMUTCS K HYIIIO.

3a eIMHMILYy 'MAPOCTATHYECKOTO JABJIEHUS IPHHATO PABHOMEPHO pPac-

npenenéHHoe JaBleHue, co3gaBaemoe cuinoii 1 H, ma mmomamun 1 M2, T.e.

2
p=1H / 1v =1/1a (onun nackans).
['mapocTatrdeckoe NaBIICHWE, OTCYMTHIBAEMOE OT a0COJIFOTHOTO HYJIA,
Ha3bIBAIOT a0COMIOTHBIM ( P, 5.), @ OTCUUTBIBaEMOE OT arMochepHoro (P,,) —

U30BITOYHBIM ( [0,,,5), CIIEN0BATENBHO,

pa6c - pam + pu36' (2)
OueBuIHO, YTO
pu36 = pa6c - pam' (3)
B ruapaBnuueckux pacyérax BETUYHMHY HOPMaJIBHOTO aTMOC(epHOro
JaBJICHUs cuuTaroT pasHon P, =98100 IIa.

N3 dopmynsl (3) BUIHO, YTO B 3aBUCHMOCTH OT COOTHOIICHHUS MEXIY
P.sc 1 P, H30bITOUHOE NaBneHHe P, s MOXKET ObITh U NOJOKHMTEIBHOM, U

OTpUIATEIBbHON BelMunHOW. IlonokurenbHOEe M30BITOYHOE JaBICHUE Ha3bIBa-
0T MaHOMETPHYECKUM, a OTPHUIIATeIbHOE — BaKyymMmeTpudeckuM. [Ipubopsl,

NpUMEHsAEMBIE 1 U3Mepenus +P, .- u - P, .5, Ha3BIBAIOT COOTBETCTBEHHO

MaHOMETPaMH U BaKyyMMETpPaMHU.
[To mpuHLUIy AEHCTBUS MaHOMETPHI U BaKyyMMETpBhI JIETSATCS HA JIBE
IPYIIIbL: )KUJIKOCTHBIE U MEXAHUYECKHE.
XKunkocTHbIi MaHOMETD (TTBE30METP) MPEACTABIISACT COOOM CTEKIISTHHYIO
TpyOKY, BEpXHUN KOHEI[ KOTOPOW OTKPBHIT B aTMocdepy, a HIDKHUNA - TPHUCO-
€IUHEH K TOUKE, IJI€ U3MEPSAETCI MAaHOMETPUUECKOE JaBIICHHE.



ManoMmeTpuuecKkoe AaBJeHHE, BBIPAKCHHOE uepe3 IMOKa3aHUs Ihe30-
MeTpa:
pu36 = Pghpm’ (4)
rae pJ = ¥ - 00beMHBIN BeC KUAKOCTH;
hp - - TIbe30METPHYECKas BBICOTA, T.C. BBICOTA, OTCUMTHIBACMAs OT TOUKH
us

NOJKIIOYEHUS Th€30METPA 10 YPOBHS KUJKOCTU B HEM.

JleiicTBre MeXaHMYECKUX MPHUOOPOB OCHOBAHO Ha JedopManuu MOJ
JNEHUCTBUEM [1aBJICHHUS YIPYroro 3jeMeHTa (Mpy>KUHbI UM MeMOpaHbl). 3ame-
THUM, YTO NPY>KUHHBIA MaHOMETP ITOKA3bIBACT JABJICHUE B TOUYKE KMIKOCTH HA
YPOBHE OCH BpAILEHUs €ro CTPEIKU. ECIM BBICOTHOE MTOJIOKEHUE OCH BPAILICHUS
CTPEJIKM U TOYKH MOJKJIFOYEHHS] MAaHOMETPA HE COBIAAACT, B IIOKA3aHUE MAHO-
metpa ( P,,) BBoAAT monpasky (£ ogY).

J{nst aToro ciyqas:

pu36 = pj\/l ipgy, (5)
r7ie Y - IpeBBIICHUE OCH BPAlIEHUsI CTPEJIKH MaHOMETpa HaJl TOYKOM €ro moj-

KIIIOUCHUS, M .

B nannoit naGopatopHoit paboTe MpeaycMOTPEHO U3MEPEHUE MAHOMET-
pHYECKOT0 AaBJIEHUS MPYKUHHBIMA MAaHOMETPaMHU.

Korga Ha mokosimiyrocsi KHJIKOCTh AEHCTBYET TOJBKO CHIIA TSIKECTH,
pacIpeieJieHie THAPOCTATHYECKOro AaBleHus [ no riyoune N omnmceiBaercs

OCHOBHBIM ypaBHEHUEM T'UJIPOCTATUKH:
p=po+ pgh, (6)
rie P - THAPOCTAaTHYECKOE JaBJIEHHE B KUAKOCTH Ha ray6une N, Ila;
Po- BHELIHEE JaBJIEHME, T.€. THAPOCTATHYECKOE JIaBJIEHHE Ha CBOOOHOM
MMOBEPXHOCTH KUAKOCTH, I1a;
h - ry6uHa norpy:xeHus B AKHUAKOCTh pACCMATPUBAEMOM TOUYKH, M ;
9N - BecoBoe nmaBneHMe, T.e. TUAPOCTATUYECKOE JABJICHHE, CO3ABAEMOE
Becom ctonoa h sxumkoctw, Ia.
U3 ypaBHenus (6) BunHO, 4to mpu Py = CONSt u pg = CONSt nase-
HUe P ¢ M3MEHEHHEM BEIMYMHBI N M3MeHseTcs Mo JMHEHHOMY 3aKOHY, 4TO
IPEACTOUT NOATBEPAUTH ONbITaMU. BeunciauB no ypaBHeHuo (6) naBieHue P

B JIByX TOUKaX, 3aTrTy0I8HHBIX Ha Pa3HYIO BEJINUMHY N, MOXKHO MOCTPOMTH 1Ha-
rpaMMy pacHlpeeieHUsT THAPOCTATHUECKOTO JIaBJICHUS IO TiyOWHEe, Ha3bIBaec-
MYIO STIOPOU TUAPOCTATUIECKOTO JaBICHUSI.

W13 ypaBHeHus (6) ciemyeT Takxke, 4TO BHEIIHEE JaBleHue Py B MOKOs-
niehcs JKUAKOCTU Tepenaércsi BO Bce TOUKH €€ o0béMa 0e3 M3MEHEHHs. DTO
CJIEICTBHE Ha3bIBAIOT 3aKOHOM [lackas.



“BHeniHee aBJIeHUE, NMPUIIOKEHHOE K MOBEPXHOCTU KHIKOCTH, HAXO-
JUILIENCS B paBHOBECUM B 3aMKHYTOM COCYZE, IEPENAETCS BO BCE TOUKU JKUJKO-
cTH 0€3 U3MEHEHUS .

CnopaBeIMBOCTh 3TOTO 3aKOHA MPEICTOUT MPOBEPUTH OIBITHBIM ITYyTEM
B JJaHHOMU paboTe.

2. OnucaHue yCTAaHOBKH. YCTaHOBKa IMPEACTaBISET COOON TOJICTO-
CTCHHBIN CHAIbHOU YUAUHOD (KOJIOHHA), YACTUYHO 3a0JIHEHHBIA BOJOH, YpO-
BEHb KOTOPOU U3MEPSAETCS 8000 MEPHOU MPYOKOU_ CO WKAIOU (TUHEUKOIL).
JlJis u3MeHeHus1 THAPOCTATUYECKOTO JaBJICHUs HaJl CBOOOJHOMN MOBEPXHOCTHIO

Kuakoctd (B T. 1) u B Toukax 2 m 3, 3arayOnéHHBIX MOJ YPOBEHb COOTBET-

cteenno Ha Ny u h3 , IOJKJIFOYEHBI IIPYKUHHBIE MaHomeTpsl M, M, M, .
1 2 3

B IMPOCTPAHCTBO HAJ CBO6OI[HOI>1 IMOBCPXHOCTBIO MOKHO IIOAaBAaTh CXKaTbIl BO3-
AyX OT Komnpeccopa 110 mpyoonpoeooy OTKPBITHCM 6€HMUIA.

CrajgbHO# u-
JIMHIAD (KO-

Bonao-
§ MeDpHas
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BenTuib aaa
T ST R, cOnoca cKaTo-
Puc.1. Cxema yCTaHOBKH [JISI SKCTIEPUMEHTATBHOTO OATBEPKICHUS OCHOBHOTO
ypaBHEHUS THAPOCTATUKHU U 3akoHa [lackas.



3. llesab padoThlI.

1. I3MepuTh ¢ MOMOIIBIO NPY>KUHHBIX MAHOMETPOB T'HAPOCTATUYECKOE J1aB-
JeHue B Tpéx Toukax (1, 2, 3), 3army0aE€HHBIX Ha pa3IMuHyI0 BEJIWYMHY 1101 YPOBEHb
KUJKOCTH, HAXOZSIIENCs B ADCOIFOTHOM IOKOE TOJT IEUCTBUEM CHJIBI TSKECTH.

2. lloaTBepauTh Ha OCHOBAHUU ONBITHBIX JAHHBIX OCHOBHOE YPaBHECHUE
TUAPOCTATUKHU U 3aKOH [lackais.

3. Iloctpouts 1o manHbM onbITOB Ne 1, 2 B macmrabe 3m0pbl  MaHO-
METPHYECKOTO JaBJICHKs 10 TiIyoune N .

4. TlopsinoK BbINOJIHEHHUS PA00THI H 00PA00TKA ONBITHBIX JAHHBIX
Heo6X0auMo BBIIOIHAUTE JBa OIbITa, 0Oecteuns B mepsoM P, =0, a Bo BTO-

pom - P, >0,

uzo

OnbiT Nel. OTKpBITh 6eHmub nodavu 600bl, HAMOJIHUTHh YCTAHOBKY /10 OTMET-
KM, YKa3aHHOH IIperojiaBaTesieM, U U3MEPUTH C MIOMOIIBIO 8000MEPHOU MPYOKU

U WIKA@bl TIIYOUHBI MOTPYKEHUS h2 u h3 TOYEK 2 U 3, a TaKXK€ MPEBBILICHUSA

Y, u Y3 oceil Bpamenus crpenok manomerpos M, u M, Han Toukamm mx
NOJKJIIOYEHUSI. 3aTeM HW3MEpPHUTh TI0Ka3aHUs BCeX TPEX MaHOMETPOB
(M, ,M,,My;). IlonyyeHHbIE TaHHBIC 3amucaTh B Tadauiy (rpadsi 4 u 6).

OmnbiT Ne2. 3akpbITh geHmuib_ 014 _cOpoca cxcamoz2o 6030yxa, a 8eH-
mMuib 071 ROOAYU CHCAMO20 8030YXa OTKPHITh U BKIIOYUTH Komnpeccop . Jlo-

BECTHU pO p J0 BCINYUHBI, y1(&38,HHOfI npernogaBaTciicM, IMOCJIC YCro Kkomnpec-
u3

COp OTKIIOUMTH. Jlanee, M3MEpPUTh OJHOBPEMEHHO IIOKa3aHWS MAaHOMETPOB
M, M, ,M,. Pe3ynbTaThl U3MEPEHHI 3anTUcaTh B rpady 5 TaOIUIBI.

BrinonHuTh BCE BBIUMCIEHUS, MPEAYyCMOTpeHHbIe Tabmuiel. laTh 3a-
KJIFOUEHHUE T10 pe3yJbTaTaM paboThI.

KouTtposbHbie Bonpocskl Kk padore Nel

=

UTo Tako€ rHAPOCTATUYECKOE AABIICHUE U KAaKOBBI €r0 CBOMCTBA?

2. TlosicauTe, 9TO Takoe aOCOMIOTHOE M M30BITOYHOE THAPOCTATUYECKOE J1aB-
JICHUE ¥ KaKOBa CBS3b MEXKTy HUMU?

3. OObsicHUTE, YTO TOHUMAIOT TOJ] TEPMUHAMU: «BHEIIIHEE JABJICHUE» U «Be-

COBOEC JaBJICHUE)?

HamummTe 1 mosCHATE OCHOBHOE YPaBHEHUE THAPOCTATHKH.

Chopmynupyiite 3akoH Ilackans.

6. HazoBute mpubopsl Jy1si M3MEPEHUS H30BITOYHOTO THIPOCTATUYECKOTO JIaB-

JICHUS ¥ TIOSICHUTE MPUHITUTIBI UX JEHCTBUS.

[TosicauTe, 9TO TaKOE MHE30METPUIECKas BHICOTA?

8. B uém cocTosio MpUHIMIIMAIBLHOE OTIUYHE B YCIOBUSX MPOBEACHUS MIEPBO-

r0 U BTOPOTO OIBITOB?

o b

=~



9. I[JISI 4YCTO0 HYXHO 3HATHh IIPCBBINICHUC OCU BPAIICHUA CTPCIIKU IIPYKHUHHOT'O

MaHOMCTpaA Hall TOYKOH €ro HO,Z[KJ'HO‘-ICHI/IH?

10. Dmropa ruAPOCTAaTUUECKOTO TABJICHUSI, KaK €€ CTPOST U C KaKoW Lebio?

Tabnuua 1. Pe3ynbrarsl 00pabOTKH KCIEPUMEHTAIBHBIX JIAHHBIX

PesynbTaThl u3-

N o 2 MEpPEHUH U BbI-
1o- HanmeHnoBanus 1 0003HaYCHHS U3MEPS- =5 = S P
3U- €MBIX M BBIUYHCISICMBIX BEITUYHH = § Omerr | Omre p
Ui S8
=1 Nel No 2
1 2 3 4 5 6
[Tokazanus  ma- Py, = Po ITa
1 | HOMeTpoB Py, a
M, M, M
! 2 3 ng ITa
W36bITOUHOE TH- Py~ Par, = Po ITa
o | pocratiyeckoe P, =P, + P9y, Ia
JIaBJIEHHE B TOY- 2 h = "
Kax 1, 2, 3 p3 = ng +my3 Ila h =
ho=...... M
Mpupamenne u3- | 21~ AP =Po, =Py | Tla hy=...... M
3 OBITOYHOTO  THJI- AD. — . — 0 B
POCTaTUYECKOTO P2 = Pa, = Py a Y, =i M
JaBJICHUS _ _ — "
Ap; = Py, — Py, Ia Ys
Cpennsis  BelIUYU- £ =1000 K2
Ha  IPUPALIEHUSA Ap. = Ap, +Ap, +Ap, 2
4 | nu30BITOUYHOTO @ 3 Ila M
THJIPOCTaTHYECKO- g=981—
TO JaBJICHUS
OtHocuTenpHble  |Eap = (APg ‘Apo)/ Ap,, -
pacxoxkIeHus
5 npupamennit nas- | Ey =(Ap, -Ap,)/Ap,, -

JICHUS B TOYKax 1,
2, 3 co cpenHei
BEJIIUYUHOM.

E,, =(Ap, —Ap,)/Ap,

“YueGnas 1uTeparypa K padore 1

1. (c.32...45); 2.(c. 24..26); 3.( c. 15...24); 4.(c. 23...34); 5.(c. 27...38)

*113 nepedyncieHHbIX Y4eOHUKOB CJIe1yeT BbIOpATh OJUH, PEKOMEHJOBAaHHBIM
MIPENOAABATENIEM, BEAYLIUM 3aHATHS.
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JlaGoparopnasi padora 2
N3YYEHUE OTHOCHUTEJIBHOI'O ITOKOA ZKUJAKOCTH ITPAU
BPAIIATEJIBHOM JIBUKEHUHN

1. TeopeTuyeckasi 4acTh.

B pabote paccmarpuBaeTcsi ciaydaid, KOrJa *UJIKOCTb, HAXOISAIIAsCS B
OTKPBITOM LWJIMHIPUYECKOM cocye (pHc.2), BpallaeTcsi BMECTE C HUM C IOCTO-
SHHOM YIJIOBOM CKOPOCTBIO (» BOKPYT €0 BEPTUKAIBHON OocH. J[es0 B TOM, 4TO
CTEHKH BPAILAIOIIETOCs UUIMHAPA OJarogaps cujaM TPEHUsl CHavdajaa IpUBOIST
BO BpallleHHE OJM>Kailliie K HUM CJIOM JKUJKOCTH, a 3aTEM, BCIEACTBUE BA3KO-
CTH >KMJIKOCTH, U BCIO €€ Maccy. Takum o0pa3oM, yepe3 HEKOTOpOE BpEMS BCE
YaCTHIIbl KUAKOCTH HAUMHAIOT BPAIATHCA C TOW K€ YIJIIOBOW CKOPOCTBHIO @),
YTO U CTEHKH, T.€. BCSI Macca )KUJAKOCTH OTHOCHTEJIBHO BPAIAOIIEroCs [IAJINH-
npa OyJeT HEeMOABM)KHA (HAXOAUTHCA B OTHOCUTEIILHOM IOKOE).

B 3TOM ciydae Ha KaXIyrO 4acTHLy >KMIKOCTH JIEUCTBYIOT JIBE Macco-

2
BBIC CUJIBI — CHJIA TSDKECTH, CO3JAI0LIasl YCKOpPeHHe ( = 9,81]1/1/ C~ , ¥ IEHTPO-

OeXkHasi cuiia, co3/aronias YCKOpeHUe a)zr . 31ech I - paanyc BpallleHUsI YaCTH-

7mn
bl )KUJKOCTU; (1 = —— - YIJIOBasl CKOPOCTh BpAILEHHs COCY.a, ]/ C, rme N-

YKCJIO0 000POTOB BpaAIlICHUSI COCYIa, 05/ MUH .

brnaronapsi nelcTBUIO HIEHTPOOEKHBIX CHUJI CBOOOJHASI NMOBEPXHOCTH
BPAIAIONICHCS KUAKOCTH B HUJIMHAPUYECKOM COCyle MpuHuUMaeTr (popmy
napatoJionna Bpamenusi. Kpusas, obpasyromascst oT nepecedeHus: Toro mna-
pabosonia ¢ BEpTUKAIBHOU MIIOCKOCTHIO, IPEACTABIISIET COO0M KBAAPATUUYHYIO
napaoo.y.

Jlist paccmMaTpuBaeMoro B padoTe ciiydasi OTHOCUTENBHOTO MOKOS 3aKOH
pacnpezesieHusl THAPOCTaTUYECKOTO AaBJICHUsI P B KUAKOCTU (OCHOBHOE ypaB-

HEHHE T'MIPOCTATUKH ) UMEET BU/I:
2
wr
pler’) ®
2g

rae Pg- BHEIIHee JaBieHue (B HameM ciaydae Po = P,,,); Zo U Z - IpeBbI-

P=Po+m(z0-2)+

IIEHUS. COOTBETCTBEHHO BEPINMHBI Mapadosnonaa spamenus (touka O') u mpo-
M3BOJILHOM TOUKHM A Bpalarolieics xKuIKoCTH HaJl INOCKOCThI0 oTcuéTa XOY.
Pasnenus ypasnenue (1) Ha pJ u nepenecs P B €ro JIEBYIO 4acThb, I10-

Jly4uM BBIpa)KeHHUE I OonpeseneHus 3arnyonenus N paccmarpuBaemoii Touku
BpAIAIOIICICS KUIKOCTH 1OJT CBOOOTHYIO TOBEPXHOCTH:

. 2
P=P p0:20—2+(a)r):h-
A9 29

11



2
3nech (or”) — ¢ - IPEBBIIICHUE TOYKU CBOOOIHON OBEPXHOCTH, PACIIOJIO-
29

’KEHHOM Ha paccTosHuu I' oT ocu Bpamienus, Haj Bepuaoin O' mapabonounaa
BpAILCHUS.

C yuérom BeIpaxenuii it N u a 3akon pacnpenenenus rugpocTaTude-
CKOTO JIaBJICHUS BO Bpalllatoeics )KUKOCTH (1) mpuHUMAeT TakoM e BUJI, KaK
U JJI ciiy4das abCOJIFOTHOTO MOKOS, 8 UMEHHO:

P = Po+p9(zg +a~2) = po + pgh. (2)
YpaBHeHUEe CBOOOIHOW MOBEPXHOCTH BpallalolIeUcs KUIKOCTH, MOJY-
4yeHHoe U3 ypasHenud (1), mpu P = Py = P,,,,, AMEET BUI;

2
Z ar

29

cw=Corst (3)
T IIpu r =R (Buece R - BHYyT-
' pEeHHUN paauyc LWIAHIpA) U3
ypaBHeHus (3) mojydaeM BbIpa-
N KEHHE JIJIS1 OTIPECIICHUS BHICOTHI
- — — | H mnapaGononna Bpamienus:

\ 2

N g, ot = @R (4)

3 4 29

0 2Y 3aBucuMoCTh (3) JIEKHT B
- OCHOBE pabOTHI KMIKOCTHBIX Ta-

S

) N XOMETPOB — NPUOOPOB IS U3ME-

penus 4ncia 060pOTOB Baja pas-

e, omevdpe 2 JMYHBIX MaluH. A camo sBIe-

NS

YA avd

HUE OTHOCHTEIBHOTO pPaBHOBE-

CHSI )KUKOCTH BO BPAIIAFOIIEMCS

IAHIPE UCTIOJIB3yeTCH,

SN HarpuMep, TpPU IEHTPOOEKHOM

" /7\ N JUTHE TPYO.

o 3HaHUEe 3aKOHA pacrpeeie-

x HUS JIaBJICHUS B KHJKOCTH,

HAXOJSAIICHCS B OTHOCHUTEIILHOM

MIOKOE, a TaKke BHUJa e€ cBOOO/I-

y HOM TIOBEPXHOCTH HEOOXOAMMO,

HampuMep, I TPOYHOCTHBIX

pacuy€ToB LHUCTEPH, B KOTOPBIX
TPaHCIIOPTHPYETCS KUIAKOCTb.

~
C

Puc.2 K oTHOCUTENIBHOMY MOKOIO KUAKOCTH
BO BpalIaroIIEMCs IAJIMHIPUYECKOM COCYIE

12



2. OnucaHue yCTAaHOBKHU. YCTaHOBKA MPEACTABIISECT COOOM OTKPBITHIN
6EePMUKAIbHBLI YUIUHOPUYECKUTL cOCY) C BHYTPEHHUM pajnycoM R HM3roTos-
JICHHBIN U3 OpraHUyYecKoro crekia (puc.3).

B cocyn HanuTta OuCTWIIMpOBaHHas BoAa ¢ J0OABIECHUEM KpacHUTENs
JUIsl KOHTPAacTHOCTH. Bpalienne cocyny nepenaercs ot gaia 31eKmpooguzame-
2a. Yucno o60poToB BpallleHUs COCYa U3MEPSETCS MAX0MEMPOM.

Jlns ompeneneHus koopauHat X W Z, TOYEK CBOOOIHOM MOBEPXHOCTH
Bpallaroueics )KUIKOCTH YCTAHOBKA CHA0XKEHA 20PU30OHMAIbHOU TUHEHKOU W
BEPTUKAJILHOM MEPHOU UTIION (uinuuenmacuimadom), siBIsOMENcs ypoBHEMe-
POM, TIO3BOJIAIONIEH TOYHO (PUKCHPOBATh BHICOTHOE MOJOKEHUE TOYEK CBOOOJ-
HOM ITOBEPXHOCTH.

I'opu3zoHTaabHAs

()
TN AT NTTAAO

———eeeee | OTKPBITHI BePTHKAJIb-
4 ' HbI HUJIMHIAPUYECKHH

N TENATA TN TN ITTNOATNA T ar

Peryasitop ckopoctu

MHMMNMOTITITNATTITaY

/ i N TTNATATINNATIIIT O

Puc.3. Cxema yCTaHOBKHM JIsI U3YYEHUSI OTHOCUTEIILHOTO MOKOS KUJKOCTH BO
BpalllaloIIeMCs [IMJIMHAPUIECKOM COCY/IE:

3. Hean padorsl. 1. [IponabirogaTs MpoIecc yCTaHOBICHUS PaBHOBE-
CHs BOJBI B OTKPBITOM LUIMHAPE, BPALIAKOIIEMCS C IIOCTOSSHHOW YIJIOBOM CKO-

13



POCTBIO (@ BOKPYT BEPTHUKAIBHOM OCH, 0OpaTHUB MIPH 3TOM 0CO00€ BHUMAHUE
Ha XapakTep CBOOOTHOM

MTOBEPXHOCTH, M K3MEPHUTH KOOPAUHATEI X U Z ISTH €€ TOYCK, PACIIOI0KESHHBIX
OT OCH BpaIleHus Ha paccTtosHusax X, paBHbix: 0,00 R; 0,25 R; 0,50 R; 0,75 R u
1,00 R.

2. Usmeputs Ha yCTaHOBKE BBICOTY Napabosiomna BpamieHus H ),

CpaBHUTH ¢€ ¢ TeopeTuueckoit F , BeuuCIeHHON Mo (Gopmyite (4), U ompee-
JUTHh OTHOCUTEIHHOE OTKIIOHEHHE.

3. IlocTpouTh 1O ONBITHBIM JAHHBIM B MaciiTabe mapadojouj Bpalle-
HUS ¥ JIBE JIIOPHl MAHOMETPUYECKOTO JaBlieHUs (MO TyOWHE KHUAKOCTH, Ha
paccrossHuE R oT ocu BpaleHust, ¥ 1o JAHY IHJIHHAPA).

N

. llopsinok BbINOJIHEHHsI pa0OTHI.
. M3meputs MepHoOI uriol (wnuyenmacuimadoom) - KOopAauHATy Z JTHA ITH-
JUHApA.

2. BKIIOYUTH 2ekmpodsuzameib, HaOII01aTh 3a BPAIAIOIICUCs KUIKOCTHIO
U, YyOEeAUBIIUCH, YTO MapabOJOu BpalllEeHUs IPUHSIT YCTOMYHMBOE TOJIOMKE-
HIIe, H3MEPHTh mMaxomempom ducio o6oporos [ Bpamenus mumuapa, a
MOMOIIBIO 20PU3OHMAILHOU JTUHEUKOU W MEPHOWU WIJION (wnuyeHmac-
wmaoom) - KoopauHatel X U Z TSATH TOYEK CBOOOIHOM MOBEPXHOCTH Bpa-
HIAOILIEHCS KUIKOCTH.

3. PesynbTaThl M3MEPEHHMIT 3aTTUCATh B TAOJIUILY, MOCIIE YETO BHIKIIOYUTH
AIEKTPOJABUTATEITb.

4. BbINOMHUTH BCE BRIUUCICHUS, TPETYCMOTPEHHbBIE TAOIUIICH.

[To maHHBIM TAOIUIIBI TOCTPOUTH B MacIITabe mapadoon 1 BpalieHus u

AMIOPHl MAHOMETPUUYECKOTO JABIICHUS 110 JHY UIMHAPA U MO BBICOTE €T0

CTEHKH, T.€. Ha pacCTOSIHUU R OT ocu BpalieHus.

6. JlaTh 3aKit0Ou€HUE MO pe3yabTaTaM paboThI.

[E—

93]

KonTpoabHbie Bonpocsl K padore Ne2

1. TlosicHuTe, YTO TaKO€ OTHOCUTEIbHBINA MOKOM KUIAKOCTH, U TIPUBEIUTE MPHU-
MepbI UCIIOJIL30BAHUS ATOTO SIBJICHUS B TEXHUKE.

2. Tlosicaute, 9TO MpeACTaBisieT COO0N CBOOOHAS MTOBEPXHOCTD XKUAKOCTH BO
BpAIIAIONIEMCS [IUIMHIPUYECKOM COCY/Ie, HANMIIUTE YPABHEHUE ATOM IO-
BEPXHOCTH.

3. HazoBute cwibl, AEUCTBYIONIME HA KXY YaCTHILY KHUIKOCTH BO Bpara-
IOIIEMCSl [TUWIMHAPUYECKOM COCY/JIE, YKAXKUTE YCKOPEHUS, BHI3bIBAEMBIE ITH-
MU cuiiamu. [losicHUTE OTBET CXEMOM.

4. Hanumure U MOSICHUTE 3aKOH pacCIpeleieHus TMIpOCTaTUYECKOro JaBJe-
HUS 10 TIyOWHE )KUIKOCTH BO BPAIIAIOIIEMCsI pe3epByape.
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5. HamuimuTe u nosicHuTe GopMyity JUisl ONpeesieHHs] BRICOThI Mapadosonaa

BpallCHUS.

6. HM300pa3uTe 1 NPOKOMMEHTUPYHTE SIIOPY T'HIAPOCTATUHICCKOTO AaBJICHUS TI0
JIHY BPaIaronIerocs HUINHPA C KUAKOCTHIO.

7. Hamummure ¥ MOSCHUTE 3aKOH pacHpeacieHUs TUAPOCTaTHYECKOIo JiaBiie-
HUS 110 JIHY [WJIMHIPA B KUAKOCTH, BPAILAOLIEKHCS BMECTE C COCYJIOM BO-
KpyI' BEPTUKAJIBHOU OCH.

8. Kakue cwmiibl neHCTBYIOT Ha XHUIAKOCTh, HAXOMSAIIYIOCS BO BpaIIAIOIMIEMCS
COCYJI€, KaK BBIPAYKAIOTCS 3TU CUJIBI?

9. OObsAcHuTE, Kak OyJeT HampaBleH BEKTOpP PaBHOJACHCTBYIOIIEH CHII, JECH-
CTBYIOIIMX Ha KaXIyI0 YaCTHUIy BPAIIAOIIEHCS )KUIKOCTH, IO OTHOLICHUIO
K CBOOOTHOM TTOBEPXHOCTH?

10. O6BscHUTE, TTOYEMY CBOOOIHAS MTOBEPXHOCTH KUAKOCTH BO BpaIIaroNIeMcs
HWIMHAPUYECKOM COCY/IE SIBJISIETCS] KPUBOJIMHEHHOM?

Tabmuma 2. Pe3ynbratel 00pabOTKH 3KCIEPUMEHTATBHBIX TAHHBIX

Ne no3. | HaumeHoBaHus u3mMepseMbIxX U Enun. Pesynbprarel uzmMmepenui

BBIYHMCIISIEMBIX  BEJIMYHMH U3Mep. | M BBIYKMCIICHUH

1 2 3 4

1 Buytpennuii paguyc nunuaapa R M

2 Ywrco 060pOTOB BpALICHUS IIH- 00/MuH
JUHJpa N

3 VYTioBasi CKOPOCTh BpAIICHHSI ITH- 1/c
auHIpa o = wn/30

4 Koopaunarer X u Z X1,Z1 M
TOYEK CBOOOJHON Mo- | X2,Z2 M
BEPXHOCTH BpAIAr0- X3,23 M
ENCS )KUIAKOCTH X4,Z4 M

X5,Z5 M

5 KoopauHara z¢ aHa HUIHHAPA M

6 [TpeBbliieHUE BEPIIHHBI TAPAO0II0- M
naa BpallCHHA HaaQ JHOM HUJIMHAPA
20= 26 — Z5

7 BricoTa mapabonouia BpamieHus M
10 onbITY Hon = 25 — 71

8 Teoperuyeckast BbIcOTa MapaboIio- M
UJ1a BpaIIeHUs
H = (oR)%/2g

9 OTHOCUTENBHOE OTKIIOHEHUE --

en = (H-Hon)/H

Y4yeOHas qutepaTypa k padore Ne2

1.(c.51...53); 2.(c.41...45); 3.(c.31...34); 4.(c.41...42); 5.(c.39...42).
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JlaGoparopnas padora 3
OITPEJAEJIEHUE OIIBITHBIM ITIYTEM CJAT'AEMbBIX YPABHEHUA
A. BEPHYJIJIM ITPU1 YCTAHOBUBHIEMCA HEPABHOMEPHOM
ABUWXEHUU ' KUNJTKOCTHU

1. TeopeTnyeckasi 4acTh.

VYpaBHeHue bepHyum nmMeeT MMpoOKoe MPUMEHEHHE BO MHOTUX THJIPaB-
JMYECKUX pacyeTax U JJs OOBSICHEHHs MHOTHX THUIPABIMYECKUX sABICHUH. B
YaCTHOCTH, OHO MCHOJIb3YETCS MPU MU3MEPEHUU JIaBJIEHUS U CKOPOCTH JIBHXKY-
HIEICS )KUIKOCTH B THIPOMEXAHUKE U U3MEHEHUS SHEPTUH MTOTOKA.

JIist IByX MPOM3BOJIBHO BHIOpaHHBIX kUBBIX cedeHuit |-1 u 11-11 (puc.l)
CTPYMKHM peaslbHOM >KMJIKOCTH IPHU YCTAaHOBMBILIEMCS JIBUJKEHUU ypaBHeHue /.
bepHyiu umeer BUA!

2 2
zl+&+u—1:zz+&+u—2+hW : 1)
M 29 M 29

Cnaraemsle, Bxojsiue B ypaBHeHue (1), MOKHO UCTOJIKOBATh C T€OMET-
PUYECKOW U DHEPTETUYECKOU TOYEK 3PEHUSL.

C reomeTpuuecKoi TOUYKU 3peHMs ciaraeMble ypaBHeHUs (1) sBistorcs
BBICOTAaMHU (HAIOpaMu) :

Z —reoMeTpuyeckas BbICOTa (HAmop), T.€. MPEBBILIECHUE [IEHTpa TsxkKe-
CTH pacCMaTpUBAaEMOI'0 IONEPEYHOT0 CEUYEHUs CTPYHWKHU HaJl IUIOCKOCTBIO CpaB-
HeHus 0-0, BbIOMpaeMoi TPOU3BOJIBHO;

P
_g — MIbE30METPUUECKAs BBICOTA, T.€. BBICOTA MOABEMA KUIKOCTHU B IIbE-
o,

30MCTPC, INOAKIIOYCHHOM K MLICHTPY TKCCTH PACCMATPUBACMOIO CCUCHUA

CTPYMKH, OTBEYAIOIAsl TUAPOAUHAMUYECKOMY JABICHUIO P B 3TOU TOUKE;
2

5g ~ CKOPOCTHAd BHICOTA (mamop), oTBeUaromias MeCTHOM ckopoctu U
g

,T.€. CKOPOCTH B LICHTPEC TAXKCCTU CCUCHUA, Z+ % —FI/II[pOCTaTI/IIICCKI/Iﬁ HaI1op,

2+ P4 v = H — [IOJIHBIA HANlOp B PaCCMaTPUBAEMOM CEYEHUU CTPYHUKHU;
A3 29

h,_, =H;—H, — moTeps mojHoro Hamopa, T.€. 4aCTh MOJIHOI0 HaNopa, 3a-
Tpadye€HHas Ha MPEOJOJICHUE TUIIPABINYECKUX COMPOTUBICHUN HA MYTU MEKIY
ceuenusamd -1 u 11-11.

C sHepreTHuecKkoil TOYKM 3peHus ciaraemble ypaBHeHus (1)

MPECTABIIAIOT COOO0M PAa3HOBUIHOCTH yI€JIBHOM SHEPTUHU, & UMEHHO:

Z - yjenbHas MOTEHUHUAIbHASI YHEPrUs MOJIOKEHUSA XKUIKOCTH B pac-
CMaTPUBAEMOM CEUECHUU CTPYHKHU;

09 - YACJIbHAad MMOTCHIOUAJIbHAA SHCPI'UA JdaBJICHHA,

16



/16 830MEmpUYECKIA TUHLA

TUH G TOTHOCO HITOpS

(TUHUST YOCRBH. NOMEHl  SHEPUL)

/

/1

(TUHU G TOTHOL yo?.’ﬁbbﬂ PHEPIUY )

CraposmHan

Z

1|
I

/77/5/0“ lage4

[Tses0rE mp

0 ‘

Slrockacomn SpaSrerus

4

/Z“f/ -3

’

[T7OCHOLTS

Puc.1. Jluarpamma ypaBuenus J{.bepHymnu mist cTpyitHOM TpyOKH KUIKOCTH

0) OE3HAIMTODHOE IBUKEHHUE KUIKOCTHU

7
c’/oafﬂf_f Hes [

v

7%

22 A

Puc.2. K usmepenuio ckopoctHoro Harnopa U?/2¢ npu HanopHOM u 6€3HANIOPHOM
JIBYKEHUU KUJIKOCTH
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U 2
2—' YACIIbHAA KHHCTHUYCCKAA DOHCPI'UA,
g

2

Z+ P +_— —IIO0JIHasA yJeIbHas DHEPT U,
P9 29

7+
9 — yAeabHas NOTCHIIMAIbHAsA SHEPT U,

h\NH - TIOTeps MOJIHOW YJIebHOW SHEPIUuM CTPYWKH, T.€. 4acTb €e, 3a-

TpaueHHasl Ha MPEeO010JIEHNE pabOThI CHJI BHYTPEHHET O TPEHUs, 00YCIOBIEHHOTO
BSA3KOCTbBIO JKUJIKOCTH.

VY nenbHOW 3HEpruell Ha3bIBACTCS SHEPIHsl, TPUXOAAIIAICS HA €IUHUILY
BECa )KUJIKOCTH.

Benuuunel cnaraembix ypaBHeHUs (1) MOTyT OBITh OINpEAENICHbI ONBIT-
HBIM ITyTEM CJEAYIOIIUM 00pa3oM:

Z — reOMETPUYECKUM HUBEJIMPOBAHUEM WJIM U3MEPEHUEM JIMHENKOM;

P
g~ C TIOMOIIBIO NMbE30METPUUECKON TPYOKH (ITbe30METpa);
U 2
E— M0 Pa3HOCTU OTMETOK YPOBHEH >KHJIKOCTU B CKOPOCTHOM U MbE30-

METPUYECKON TpyOKax, MOJKIIFOUEHHBIX K pacCMaTpUBAaEMOM TOYKE KMUBOTO Ce-
YEHUsl CTPYMKH;

h\/\ll_2 - M0 Pa3HOCTU OTMETOK YPOBHEH BOJABI B CKOPOCTHBIX TpyOKax,

noakaoYeHHbIX K cedenusiM |-1 u ll-11 - cTpyiiku peanbHOM )KUIAKOCTH.
CxkopocTHas TpyOKa mpeJicTaBisieT co0oii TpyOKy, BEpXHUN KOHEI] KOTO-
poli OTKpBIT B aTMOc(epy, a HUKHUN HM30THYT HaBcTpedy ckopoctu U B pac-
CMaTpUBAEMOIl TOYKE MOTOKa >XHAKocTH (puc.2). braronaps atomy y BXoaa B
U30THYTBIA KOHEI] CKOPOCTHOW TPYyOKHM KMHETWYECKas SHEPrus YaCTHUIbl HKH/]I-
KOCTH IMpeo0pa3yeTcsi B MOTEHIMAIBHYIO SHEPTUIO AABJIEHUS CTOI0a KUIKOCTH

2

U

29 °

[TockonbKy cpe3 HMKHETO KOHIIa CKOPOCTHOW TPYOKH MepIeHIUKYIISIPeH

BCKTOpy CKOpOCTI/I, a cpes HMXHEI0O KOHIIA HB@SOMeTpa HapanneneH, ypOBeHB
YKUJIKOCTH B CKOPOCTHOM TPyOKEe BCETrJla yCTaHABJIMBAETCS BBIIIE, YEM B ITbE30-

2
U

METpE, Ha BEINYNHY _2g :

BBICOTOU hu

[Tpubop, 0ObeNUHSIONMNI KOHCTPYKTHBHO Mbe3omeTpuueckyto (I1) u
kopoctHyto (C) TpyOku, Ha3piBaeTcsi TpyOkout [IuTo u mmpoko mpumMeHseTcs

JUISL I3MEPEHUS CKOPOCTH ABMKeHUs xkuakoctn U =, 2gh, .

JI1d IByX cedeHui MOTOKa PEeAIbHOU )KUAKOCTU ypaBHeHue 1. bepHyi-
JIA UMEET BUJ]

18



2 2

U
Zl+&_|_al—1=22+ﬁ+m_|_hwlz’ (2)
Py 29 Py 29 )
alU?
re o g - CKOPOCTHOM HAaIop, OTBEYAIOIIMN CPEIHEN CKOPOCTH

_Q

U - ; IIOTOKA XKUIAKOCTHU B pPACCMATPHUBACMOM KHMBOM CCUCHHUU (BIIGCL Q -

pacxon IMOoTOoKa XUIKOCTH, O - INIOIIAaAb )KUBOI'O CCUCHHA HOTOKa);

h\NH - MOTEPS TOJHOTO Hamopa (MOJIHOM yNeTbHON PHepruu) Ha mpe-

0Jl0JieHHEe pa0OThl CUJI BHYTPEHHETO W BHEIIHErO TPEHHUS HA MYTH MEXIY KHU-
BBEIMU ceueHUIMH MoToKa kuakoct -1 u ll-11;

o - xkoapduuuent Kopuonuca (KOppEeKTUB KUHETUUECKOW ZHEPTUH),

YYUTBIBAIOIINN HEPABHOMEPHOCTh PACIIPEIEIICHNS] MECTHBIX CKOPOCTEMN U o
KUBOMY CEUEHHUIO MOTOKA, 00YCIOBICHHYIO BA3KOCTBIO )KHJIKOCTH.

BenuuuHa O 3aBHCHUT OT pPCKMa TCUCHUA JKUJIKOCTH, 4 TAKKC OT BHUAA
JABHKCHUS. TaK, IIpyu PaBHOMCPHOM JABHWXXCHHH [JIA JIAMHHAPHOI'O PCKHMaA

0=2,0, a nia typoynentHoro - o.=1,05...1,15.

Cnaraemble ypaBHeHUH (1) u (2) B pa3IMYHBIX KUBBIX CEYEHUSX MOKHO
n300paxkath rpaduyecKu B BUJE AuarpaMmel ypaBaenus Jl. bepHysm, naromei
HarJISiAHOE MPEJCTABICHUE O MEPepaclpe/eNIeHUH MO MyTU JABWXKEHUS >KUJIKO-
CTHU MOTCHIIMATBHON U KUHETUYECKON PHEPTUH, a TAKKE O XapaKTepe yObIBaHUs
TTOJIHOW SHEPTHUH.

YpaBHeHnue bepHYJIN, UCIIONB3YETCA MPU pacueTax B3anMOACHCTBUSA
CYJIOB C pa3JINYHbIMU MOPCKUMH THIAPOCOOPYKEHMSIMHU, TAKUMHM KaK KaHAJIbI,
Y3KOCTH, LIUTKO3bI U T. 1., CO3JaHHBIE KAK CaMOM MPUPOJON, TAK U YEJIOBEKOM.
[Tpu pacyere 1 NPOEKTUPOBAHUN MOPCKHX KaHAJIOB YUUTHIBAIOT 3G (EKT npuca-
CBhIBaHHUS JHUILEBOIO KOpIlyca CyAHa KO JAHY KaHaja, JUls 3Toro Oepercs 3amac
noA KuijeM paBHbId nopsaka 30 % OT MOTEHUMANBbHO-PA3pEIIEHHOW OCAIKH
CyJlHa, TaK K€ OTPaHUYMBAETCS CKOPOCTh JIBHXKEHHMSI 110 KaHAIy B 3aBUCHUMOCTHU
OT pa3Mepa CyIHa U XapaKTEPUCTHK MPUPOJHOTO WM CO3aHHOTO YEJIOBEKOM
Marepuaa.

Teopetnueckn Takoi 3amac Has3biBaeTcsa «CyMMapHBIA HaBUTAIMOHHBIN
3amnac rryounsl» [P/[31.31.47-88] u paccuutsiBaetcs mo popmyiie:

Zzo_3=zl+zz+zs+z0 , (3)

rie 71 — MMHUMAaJIbHBINA HaBUTAIIMOHHBIN 3aI1ac, HEOOXOIMMBIH i1 oOec-
TIEYEHHUS YIIPABISAEMOCTHU CYJHA, M;
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Z, — BOJIHOBOI! 3amac Ha NOTPyKEHHE OKOHEUYHOCTH Cy/IHA IIPU BOJIHE-
HUU, M;
Z3 — 3arac Ha U3MEHEHHE OCaJIKM Cy/IHA Ha XOAY Ha TUXOU BOJE 110 CpaB-
HEHUIO C 0caJKou 6e3 xoza, M;
Zy— 3amac Ha KpeH Cy/JiHa, BO3HUKAIOIIUI OT BO3IEUCTBUS paCUYETHOTO
BETpa U THAPOJMHAMUYECKHUX CUJI HA IIOBOPOTE, M.

UeM MeHbIIE MPOCTPAHCTBA MOJ JHHUILEM IS MPOXOAAa BOJBI, TEM BBIIIE
CKOPOCTb BOJIbI U OOJIBIIIE TIAJIEHNE TaBJICHUS 10T KOPITYCOM, @ COOTBETCTBEHHO
CUJIbHEE npocenanue cyaHa. [Ipu IBMKEHHM CyJHAa Ha MEJIKOBOJbE C OrpaHU-
YEHHOW aKBATOPHUEN HA MOJIE BBI3BAHHBIX CKOPOCTEM OKA3bIBAIOT BIIMSHUE HE
TOJBKO JHO, HO M CTEHKU KaHaia. B pe3yibTaTe 3TOro BO3ACHCTBUA MEPENAIbI
MOJISL JIABJICHUN BOKPYT CyJHA MUMEIOT OOJIBIIYI0 aMIUIUTYIy, YeM B YCIIOBHSX
HEOIPAHUYEHHON aKBaTOPHH.

JIOTOJIHUTENBHOE MMaJCHUE JABJICHUS ITPUBOJIUT K JOIMOJHUTEIBHOMY IIPO-
CeaHUI0. DTO Ke sIBJICHHWE HaOII0JaeTcs HE TOJIBKO MPH JBIKCHUH IO KaHa-
JlaM, HO ¥ Ha OTKPBITOW BOJIE B YCIOBHUSIX MEIKOBOJIbs. [Ipyu nBrkeHuU cynHa
110 MEJIKOBOJIBIO CUTYaIIHsI CKIIabIBACTCS aHAIOIHYHO (pHc.3).

—-
PV,

Puc.3. Cxema cyaHa npu ABUKEHUU 110 MEJIKOBO/IbIO

hJ

Boga moa mHuIeM cygHa OKa3bIBaeTCs Cy)KEeHa, CKOPOCTh MOTOKA YBEJH-
YUBAETCS, JABJICHHE IO CYJHOM YMEHBIIIACTCI — CYJTHO «IPUTSATHBACTCSI» KO
nuy. Bo nzbexxanue kacaHusi JHa, HEOOXOAUMO COPOCHUTH CKOPOCTh XOfa, UTO-
Obl MUHUMHU3UPOBATH ATOT 3P HEKT.

B pesynbrare T€OpeTHUYECKUX U IKCHEPUMEHTAIBHBIX MCCICIOBAHUM pa3-
paboTaHo 0OJIBbIIOE KOJUYECTBO METOJIOB U OMIHUPUUYECKUX 3aBUCUMOCTEH JIJIs
OTIpEICIICHUS TIPOCAKU CyIHA B PA3IUYHBIX YCIIOBUSX IJIABAaHUS M KOHCTPYK-
TUBHBIX OCOOCHHOCTEH CYJI0B.

HauGonee obiiee pereHue MMeeT «KJIACCUYECKUA METOJ», OCHOBAaHHBIN
Ha HEMOCPEJACTBEHHOM NMPUMEHEHUHU 3aKoHa bepHy/um u 3aKoHa Hepa3phIBHO-
CTH TIOTOKa XUAKOCTH. Moaubunupys ypaBHeHue bepHynnu m nmpuHuMas BO
BHUMAaHHE, YTO BEJIMYMHY JABJICHHUS P MOXHO BBIPA3UTh BHICOTON BOJISTHOTO

cToJji0a HaJl YCIOBHBIM ypoBHEM H, ypaBHeHUE pUMET BU:
2

H+ V- = const | 4
29
rae H — rmyOuna, Mm;
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U - ckopocTs moToka KHIKOCTH, OMBIBAIOLIETO CYAHO (CKOPOCTB
BCTPEYHOTO ITOTOKA), M/C;
J — YCKOpEHHE CBOOOHOTO MajeHus, M/c2,

Kpowme toro, cienyer ydutsiBaTh BO3AECHCTBHE THIAPOAMHAMAYECKUX CHUII
1 MOMEHTOB CWJI Ha CyJla B POLIECCE UX MAaHEBPUPOBAHMS, KOTOPBIE U3MEHSIET-
Csl 110 XapakTepy U MHTEHCUBHOCTH B 3aBUCHUMOCTHU OT IIOJIOKEHUS OAHOTO CYJI-
Ha OTHOCHUTEJIBHO APYTOro U OTHOCUTENBHO Oepera. IIocKoJIbKY 3TH CHIIBI IPO-
ABJIAIOTCS TEM ciabee, 4eM MEHbIIE CKOPOCTh CYAOB, OJTHUM U3 OCHOBHBIX Tpe-
OoBaHUH 11 0€30MIaCHOCTH PACXOXKICHUS SIBIIIETCS 3a0J1arOBPEMEHHOE CHUKE-
HUE CKOPOCTH CYJIOB, KOTOPOE CIEAyEeT HAYNHATh, YUYUThIBAas NHEPLUHUOHHbBIE Xa-
PAKTEPUCTUKH CYJIHA U BIMSIHUE Y3KOCTH HA MAHEBPECHHBIE XapAKTEPUCTUKH.

2.0nucanue yCTAHOBKH. YCTaHOBKa MPENCTaBIsET OO0 mpydonpo-
600 NEepemMeHH020 ce4eHUus C HanOPHLIM DaKom, BOJa B KOTOPBIN MOJAETCS 10
numaruiemy mpyoonposody OTKpuITUEM genmua. Hanopnulii 6ax cHaOXeH
HEPeIUGHBIM YCHPOUCH80M TSl TIOAJICP>KaHUS YPOBHS BOJBI HAa MOCTOSHHOM
OTMETKE, YTOOBI 00ECIICUUTh B MPYHONPOBOOE NEPEMEHHO20 Ce4eHUs YCTaHO-
BUBIIICecs aABwKeHHe kuakoctu (puc.4). K cedenusm I-1...11-1l mpyoonposoda
nepeMenno20 ceyenus TOIKIIOUEHL nbe30Mempbl U CKOPOCHHbIE MPYOKU

p p U*

JUIS. U3MEPEHUST BEJIIMUUH Z+p—g_u_2+p—g+5. Bennunnaa pacxoma Bojbl B

mpyoonpoeooe nepemeHHo20 cedeHus PETYIINPYCTCA 6€HmMU1EM. ,Z[JIH HU3MCPC-
HHA pacxoaa BOAbI UMCIOTCA MEPHbBLIL OaK N CeKyHooMeD.

3.TeopeTnueckasi 4acTh.
2

1.Onpenenuts ONBITHBIM MYTEM claraeémele Z,—,-— YypaBHeHus /l.
P9 29
bepnymum s cedenuit |-1...11-1l, a Taxxke nmorepum nonaHoro namopa hvv1_2

MCIKAY CCUCHUAMU.
2. Brruncnuts CpeaHnec CKOPOCTH IMOTOKaA U 1 OTBCYHAKOIIIMEC UM CKO-
U 2

POCTHBIC HAIIOPHBI 2 g JJI1 YKa3aHHBIX JKHUBBIX CEUYCHHUM MOTOKA KHNIKOCTH.

3. Tloctpouts B macmtabe Mo ONMBITHBIM JaHHBIM ITEE30METPUUYECKYIO
JIMHUIO U JIMHUIO TIOJIHOTO HAMOpA.

4. IllopsinoK BbINOJIHEHUS PA0OThI.

1. Ilpu 3aKpbITOM pezyiuposounom eennune OTKPBITH RUMAIOULLT
geHmMub IS 3aTI0JHEHUSI HANOPHO20 faka U mpyoonposooda nepemenno20
ceuenua Bojou. [lpu sToM cienyer 0OpaTUTh BHUMaHHE HAa YPOBHH BOJIBI B
nbe30Mempuieckux 1 CKOPOCHHbIX mpPyoKax. OTH yPOBHU IIPU OTCYTCTBUU
BO3/lyXa B CHCTEME JOJKHBI ObITh Ha OJTHOM OTMETKE.
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IMuTaromuu IMuTaromuu HATIOPHBIN
TPYOONIPOBOX BEHTWIb
HluT
IMepeaus- NbEe30METPOB
HOE YCTPOii-

TpyOOonpoBoj nepe-
MEHHOI'0 CeYeHHs

Peryauposou4-

HbBIH BeHTHWJIb
CeueHnusn

I-1 u Il-

g
i
:

Puc.4 Cxema yCTaHOBKHM JJIs SKCIIEPUMEHTAIbHON WIITIOCTPALIMY ClIaraeMbIX
ypasHenus 1. bepnyiu

2. OTKpBITh pe2yiuposouHblii 6eHMUIb TaK, YTOOBI MPYOONP060o ne-
PeMEHH020 ceueHus padoTal MOJHBIM CEYCHUEM, & YPOBEHD BOJIbI B HANOPHOM
fOake_ObBLI TIOCTOSTHHBIM.

3. 3MepuTh ¢ IOMOIIbIO MepHO20 daka 6 v ceKyHdomepa pacxo] BO-

Ibl. 3aTeM HW3MEPUTh T€OMETPUYECKUE BHICOTHI Z TIEHTPOB TSKECTH CEUCHUI
I-1...11-1l oTHOCUTENBHO TUIOCKOCTH cpaBHeHUsI 0-0, OTMEUEHHON Ha yCTaHOBKE.

4. OnpenenuTh Mo MIKaJIaM OTMETKH YPOBHEW BOJIbI B HbE30MEemMpax u
ckopocmublx mpyokax B ceueHusix |-1...11-1l. Pe3ynbpraThl Bcex usmepeHuii 3a-
nucath B TaONMUIly. 3aTeM BBINOJHUTH BCE BBIUMCIIEHUS, MPETYyCMOTPEHHBIE
TaONHIIeH, ¥ TTOCTPOUTH B MAcCIITA0E MO MOJYYCHHBIM JAaHHBIM JIMHUH TTOJTHOTO
HAIopa 1 Mbe30METPUUYECKYIO.

5. JlaTb 3akiroueHue no pe3yabTaraMm padoThlI.
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Tabnuua 3. Pe3ynbrarsl 00padOTKH 3KCIEPUMEHTAIBHBIX JIaHHBIX

Ne | HaumeHnoBanus u 0003HaueHHs U3MepsieMbIX U Belunc- | Ex. | PesymbraTsl u3mepenuii u
o3 JSIEMBIX BEJIHYHH VI3M. BBIYUCIICHUI
I-1 1-11 HI-111
1 2 3 4 5 6
1 | 'eomeTpHrueckue BHICOTHI LICHTPOB TSKECTU CEYEHUH Z | M
OTMeTKH ypOBHEH BOJIBI B bE30METPax, T.€. THIPOCTA-
2 p M
THYECKUE HAIOPbI Z+—
9
OTMETKH ypOBHEH BOJIbI B CKOPOCTHBIX TPyOKaXx, T.e.
2
3 IOJIHBIC HAaropsl H =7+ P +— M
A 29
4 [Ipe30MeTpHUYECKUE BBICOTHI (Z + i} -z M
A9
i p
S CKOpOCTHBIE BBICOTBI — = H — (z + —} M
29 A9
[ToTepu MOIHOro HAMOPa Ha IIYTH MEXAY COCCTHUMH
6 KMBBIMU CEYCHUSIMH CTPYHKaMH M
hwi,(M) = Hi - Hi+1
. CyMmMmapHbIe IOTEPHU MOJIHOTO Haropa
M
hvvl,,” =H, -H,
8 OO6bem BosibI B MepHOM Oake W M2
g | TIpOMOmKHTETEHOCTE HANOTHEHUS oobema W B Mep- c
HOM Oake t
10 Pacxoj BoJisl B TpyOomnposoge Q=W/t Me/c
11 Jluamerp ceuernus d M
12 [Tnomaap ceueHuss @ e
13 Cpensisi CKOPOCTh JiBHXkKeHUs BOJIbI ¢ =Q/ @ M/c
CxopocTHast BBICOTa, OTBEYAIOIIast CpeTHel CKOPOCTH,
14 9° M
29
u? ¢
15 | Pa3HOCTB CKOPOCTHBIX BBICOT —_— M
29 29
IIpumeuanue k Tad1. 3
1. Jns ceuenus -1l (cm rpady 6) uncinoBbie 3HaUeHUs] BEIUYMH (CM. MMO3H-
mur S u 11...15) Te xe, uro u ansa ceueHus |-1.
2. ITloTtepu momHOTO Hamopa hWH (cMm. mo3unuio 6) mexay ceuenusimu -1l u
-1l mpuHATE paBHBIMU MOTEPAM Hanopa Mexay ceuenusimu I-1 u 11-11
3. Ocranbubie Beanuunbl 1yist ced. |1-111 (cm. mo3umuu 1...4) cnenyer onpene-

JUTH ¢ npuBiiedueHreM ypaBHenus J[. bepaymnu (cM. ypaBHenue 1) u puc. 1,

BBIYEPUYEHHOTO B MacuiTabe.

23




KonTposabHbie Bonpocskl K padore Ne3

=

[TosicHuTe TeOMETpUYECKUI CMBICI claraeMbix ypaBHeHus /. bepHysim.

[TosicHuTe PHEpreTUYeCKUil CMBICI claraembix ypaBHenus /. bepuyiu.

3. Kak naspBaercs kodpdumueHT o, Bxomsmuii B ypaBHenue [[. beprymmm
JUTSI TIOTOKA PeaTbHOM KUIKOCTH, YTO OH YYUTBIBAECT, OT YETO 3aBUCHUT €0
BEJIMYMHA M KAKOB €r0 (PU3NYECKUIN CMBICT?

4. OObBscHUTE, YeM O0YCIIOBIIEHBI IOTEPH MOJIHOTO HAIlOPa U KaKOB MX dHEpre-

TAUYECKUU CMBICH?

[TosicHuTE, 4TO MOHUMAIOT MO/ TEPMUHOM "yzenbHas sHeprus’?

6. OObBsicHUTE TEPMHUHBI "MeCTHas CKOPOCTh" U "CpemHsisi CKOPOCTh" U YKaXKu-

T€, KaK OMPEICIISIIOT 3TH CKOPOCTH?

[TosicHuTe, 4TO TaKO€ CKOPOCTHAs TpyOKa u Tpyoka [Iuto?

[TosicauTe, 9TO TaKOE€ JIMHUS MOJHOTO HAMOpa U MhE30METPUIECKast JTHUHUS;

4TO OYJIyT MPECTABIATH COOOM ATH JIMHUM TIPU PABHOMEPHOM  JIBHXKEHUU

pEATbHOM KUIKOCTH?

9. UYrto moHMMAIOT MO TEPMUHOM (OKHBOE CEYCHHUE TIOTOKA KUIKOCTH»?

10. OxapakTepusyiiTe ABUKEHUE KUJIKOCTU Ha MyTH MEXIy cedeHusimu I-l -

I1-11, ucxonst u3 kinaccupukanuu IBUKCHUHN KUIKOCTH.

no

o1

© N

YyeOHas ureparypa K padore 3

l.(c. 85..94, 97..114); 2.cc. 68...76); 3.(c.37...42); 4.c. 61...64,
c. 68...69):5.(c.84...88,c.98...104).
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JlaGoparopHnas padora 4
NCCIEJOBAHUE PEXXUMOB IBUXKEHUSA KNJAKOCTHU, YCTA-

HOBJIEHUE 3AKOHOB I'MIPABJIMYECKOT'O COITPOTUBJIEHUA
U ONPEJEJEHUE KPUTUUYECKOI'O YHUCJIA PEHHOJIBJICA

1. Teoperuueckast 4acTh.

[Tpu onucanuu QU3NIECKUX MPOLIECCOB, OOYCIOBIUBAIOIIUX COMPOTHUBIIE-
HUE€ BOJIBI ABIKECHHIO Cy/JHA, U B NIPAKTUYECKUX PACUYETaX XOAKOCTH, OCHOBAH-
HBIX Ha pe3yJbTaTaX UCIBITAHUN MOJENEH U HATYPHBIX CYJ0B, BOSHHUKAET HEOO-
XOJAUMOCTb UCHOJIb30BaHUS KpUTepueB noaodus. s obecrieueHns MexaHuue-
CKOTO M0JI00UsI CyJTHA U €r0 MOJENIN HEOOXOAUMO BbILIOJIHEHUE TPEX BHUJIOB I0-
no0ust — ceomempuyecko20, KUHEMAMUYecKo20 1 OUHAMUYECKO20.

l'eomempuueckoe nodobue coOMOAACTCS, KOTJIa COOTBETCTBYIOIIUE JIH-
HelHble pazmepsl Moaenu (Lm, Bm, Tm) n HatypHoro cyaHa (Ln, Bu, Th) Haxo-
JISATCS. B IOCTOSIHHOM COOTHOIIIEHUH .

LH/LM = BH/BM = TH/TM = k, (1)

ric K — I‘GOMeTpHLIeCKI/Iﬁ Macirao.

JIJ1s1 COOTBETCTBYIOUIUX IUIONIA/IEH HATYphl U MOJIEM OTHOILIEHHUE PaBHO
KBaJpaTy MaciiTada, a i1 COOTBETCTBYIOIIUX 00bEMOB — KyOy maciiTaoa:

Qu/Qu=x%Vu!lVu =1, (2)

Kunemamuuecxoe nooobue coba01aeTcsi B TOM ClIy4ae, KOTaa CXOJICTBEH-
HbIC TOYKH I'COMETPUYCCKH IMOJAOOHBIX CyJHA M MOJECIH MPOXOIAT IMOJOOHBIC
OTPE3KH TPACKTOPUI B TCUCHUE TIPOMEKYTKOB BpeMeHHU At, HaXOAIIMXCS B IO~
CTOSIHHOM OTHOILIEHUH

Ath/ Atm=T1, (3)
rJie T — MaciTad BpeMeHH.

COOTHOIIICHUE CKOPOCTEH B CXOJCTBECHHBIX TOYKAX IPH KHHEMAaTHUYECKOM
MOJI00MH TOCTOSTHHO:

VN/VM:k/T, (4)

Hunamuyeckoe nooobue cobionaeTcs, Korjaa npu HajJuuud KUHeMaThye-
CKOTO TTOI00MST OTHOIIIEHUE MAaCC CXOACTBEHHBIX 00bEMOB ITOCTOSHHO:

DH / DM = X. (5)

J{ns onrcaHusi OCHOBHBIX 3aKOHOMEPHOCTEN CONPOTUBIICHUS BOJIBI JIBHKE-
HUIO CYJIOB MCMOJb3YIOTCS Oe3pa3MepHble KPUTEPUHU JUHAMUYECKOTO MOA00uUs
MTOTOKOB KUJIKOCTH — 4McJi0 Ppyaa Fr v uncio PeitHoabaca Re.
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Yuciao Ppyna xapakTepu3yeT OTHOLIEHUE WHEPLUOHHBIX CHJI K CHJIAM
TsSOKECTH. B TMHaMu4ecku NmoJOOHBIX Cilydasx ABMXKEHUs uyucia Ppyaa paBHBI
Mexy co0oil. DTO 03HAYaET, YTO KApTUHBI BOJTHOOOPA30BaHUs ABYX CYJIOB IIPU
paBHbBIX unciaax ®Ppyna OyayT reoMeTpuueckd IMOAOOHBI, CHIIbI, BbI3BaHHBIC
BOJIHOOOpa30BaHueM, OyIyT OTHOCHTBCS Kak K°, a MOMEHTHI, Kak K*. Uwucio
@pyna ABIAETCS TAKKE MEPOM OTHOCUTEIBHOW CKOPOCTH CYJHA, KOTOPAsl BBI-
pa’kaeTcsi COOTHOLIEHUEM CKOPOCTH V HAOEraroIlero oToka Ha 3HAYUTEIBHOM
YAQJIEHUU BIIEPEIU TeNa WIA CKOPOCTU ABVIKCHHUSI TEJIa U OJHOTO U3 XapaKTeEp-
HBIX pa3MepoB cyaHa. JlId BOZOU3MEMAIOMNX CYA0B TAKUM Pa3MEPOM SIBISAETCSA
JUIMHA T10 BATEPJIMHKM; JUIsl CYIOB C JUHAMHUYECKUM MOIEPKAHUEM, Y KOTOPBIX
B IPOLIECCE ABUKEHUS JUIMHA IO BAaTEPJIMHUM U3MEHSAETCS, UCIOJIb3YIOT 3Hade-
HUE WWUPHUHBI B (mpeuMylecTBEHHO Ui TJIMCCEPOB) W, B Hauboyiee yHUBEp-
CaJIbHOM (opMe, KOpeHb KyOMuecKUid U3 OOBEMHOIO BOJOU3MELICHUS
3\—V. TTpH HCCIIeI0BAHNN ABIVKCHUS HA MEIKOBO/IBE XapaKTEPHOI BETHUNHOM
spnsiercss riyouHa Boasl H. Mcxons M3 KOHKPETHOM CHUTyallud HMCHOJIb3YHOT
pasnuusble Gpopmbl 3anucu yncia Opyna:

FrL =v/gL; FrB=V /\gB; FrV =v /g 3N V; Fr>H = v / VgH. (5.7)

Yucuao PeiiHobACa XapaKTEpU3yeT OTHOLIEHUE WHEPUHOHHBIX CUJ K CH-
J1aM BSI3KOCTHOM IIPUPOJBI:

Re =vL /v, (6)

rje V— CKOpPOCTh cyaHa, M/c; L — nimuHa, M; Y — KMHEMaTH4yeckasl Bsi3-
KOCTbB KHUIKOCTH, M?/C

B jnmHamudecku momoOHBIX cHCTeMax 4yucia PeiiHoJbJca paBHBI MEXKIY
coboit. Ilpu 3TOM KapTUHBI BHXpeoOpa3OBaHUS W TOTPAHUYHBIE CIIOU OYAyT
reOMETPUYECKH TT0100HBI. BMecTe ¢ TeM HeoOX0AUMO YYHTBIBATh, YTO B peallb-
HBIX YCJIOBHUSAX NOMHUMO 4mciia PeitHonb/ica Ha KapTHHE O0TEeKaHUs CYIICCTBCH-
HO CKa3bIBAIOTCS IIEPOXOBATOCTh MOBEPXHOCTU Tejia W HadaibHas TypOyJIeHT-
HOCTb MMOTOKA.

[TonHoe nuHAMHUYECKOE MOJ00ue SIBICHUN X0OKOoCmuU JOCTUTAETCS Jisl pac-
CMATPUBAEMBIX HAJBOAHBIX CYIOB IPU YCIOBUH OJHOBPEMEHHOI'O PABEHCTBA
yucen @pyna u uncen PeliHonpaca. OHAKO 3TO HOCTHXKUMO TOJIBKO B Cllydae
MOJTHOTO PaBEHCTBA MOJIEIU U HATYPHI, T. €. K = 1. [loaTOMy 00BIYHO OrpaHUYH-
BAIOTCS YaCTUYHBIM MMOJ100MeM — 1o yucity Opyna win 1o uuciy PeitHonbaca.
[lepBoe oOecrieunBarOT MPHU OMPEICICHUN XOJIKOCTH HAJIBOJHBIX CYJIOB, BTOPOE
— MPU U3YUYCHUU JBUKEHUS TTyOOKO MO MOBEPXHOCTHIO BOIBI PYJICH, BBICTY-
napnmx vacre u apyrux tei. [lo uucny PeliHonbpiaca oOecniednMBarOT TaKkKe
nogoOue NI CyJ0B, JABMXKYIIUXCS C MaJbIMU CKOPOCTSMH — B JIOBOJHOBBIX
pexXUMax.
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B naGopaTopHoii pabOThI, UCCIEIOBAHUE PEKUMOB TEUCHUS KUIKOCTU
OyaeT MpOU3BOIUTHLCS Ha BUPTYaTbHOM CTEHC-MOCIN B TPyOOIIPOBOIE.

MHOroYnCIEHHBIMU AKCIEPUMEHTAIbHBIMU HCCIIEI0BAHUSIMU YCTAHOBJIE-
HO, 4TO JIBUYKEHUE JKUIKOCTH MOXKET IMPOUCXOAUTh WM MPHU JJAMUHAPHOM, WUJIH
npu TypOyJIeHTHOM pexume. JlaMuHapHBIH pekuM HaOIIOAAeTCsl IpU HEOOIIb-
IIMX CKOPOCTSX ABWXEHUS. [Ipn 3TOM OKpamieHHble CTPYWKH JKUJIKOCTU HE Ie-
PEMEIINBAIOTCSI, COXPAHSACh IO BCEW JUIMHE MOTOKA, T.€. JBUKEHHUE KUAKOCTU
OpU JAMUHAPHOM pPEXHUME SIBIISETCS CTpyWUYaThIM, NEPEMELIMBAHUE YaCTHUIl
XKUIKOCTU OTCYTCTBYET.

TypOyneHTHbII pexuM HAOMIOJACTCs MPH 3HAUUTENBHBIX CKOPOCTSIX U
XapaKTEPHU3yeTCs] MHTEHCUBHBIM MEPEMENIMBAHUEM YaCTHULL )KUJKOCTH, YTO 00Y-
CJIABJIMBAET IYJIbCALUIO CKOPOCTEMN U 1aBJICHHUS.

Cpennsist CKOpOCTb ITOTOKA, IPU KOTOPOW ITPOUCXOJAUT CMEHA peXuMa
JBUKEHMSI JKUAKOCTH, HA3bIBAETCSI KPUTUYECKON (U ). BennunHa ee, kak noka-
3BIBAIOT OIBITHI B TPYOONPOBOJAX KPYIJIOIO CEYEHUS, 3aBUCHUT OT POJa KHUJIKO-
CTH, XapaKTEPU3yEMOT0 AMHAMUYECKOM BA3KOCTBIO |1 U INIOTHOCTBIO P, & TAKXKE
oT muametpa TpyoonpoBoaa d. OMHOBPEMEHHO ONBITAMU YCTAHOBIICHO, YTO BE-
Ju4YrHa 0e3pa3MepHOTro anredpandyeckoro KOMIUIEKCa, OTBEUAIOIIEro KpUTHYEe-
CKOM CKOPOCTHU U p:

R, qy = LoPd _ Lied 2320 = const 1)
LL A%
OT W, p 1 0 HE 3aBUCHT.

Rep@)=2320, Ha3pIBaeTCsl KpUTHUUECKUM 4nciIoM PeliHonbaca. YcToiun-

BBl JIJAMUHApHBIA pEeXUM HaONIOJAeTCs MpU 3HauYeHUsX uucia PeiiHonbaca

ud
RE(d) = 7 < Rekp(d) ~ 2320, a Typ6yneHTHBIﬁ — I[Ipu

Re(d) > Rekp(d) ~ 2320 . Taxum obpazom, yncjao PeiiHosbaca

ud
| 4
SBJIIETCSI KPUTEPUEM, MO3BOJIIIOIINM CYAUTh O PEKUME JIBHXKCHHSI KUIKOCTH B
KpyTJioil Tpy0e, paboTaroiieii MoJTHBIM CEYCHUEM.
Benmunny v =%, Bxomsyio B popmynsl (1) 1 (2), Ha3HIBAIOT KHHEMA-
Yo,

TUYECKUM KOIPPHUITUEHTOM BI3KOCTH JKHUIKOCTH.
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W3 U310KEHHOTO CIeAyeT, YTO ISl ONPEICICHUS PEKUMA JIBHIKCHHS
KUJKOCTH B KPYIJIOM TPyOONpOBOJAE IMPU HAMOPHOM JIBMXKEHHHM JOCTATOYHO
BBIYHUCIIUTD 110 hopmyie (2) uncno PeitHombca U CpaBHUTH €r0 C KPUTHUYECKUM.

3HaHWE pe)UMa JBUIKEHUS KUIKOCTH HEOOXOAUMO JUIsl MPaBHIbHON
OLICHKH MOTEPh HAIllopa IpH TMAPABINYECKUX pacdeTax. Kak moKa3bIBalOT OMbI-
ThI B KPYIJIBIX TPyOax MpU HAIIOPHOM PAaBHOMEPHOM JABMKEHUU (PE3YJIbTATHI UX
Ipe/cTaBleHbl Ha puc.] B BUie rpaduka 3aBUCUMOCTH NIOTEPh HAIOPA 110 JJTUHE
h oT cpeaneli ckopocTr U), NpH JIAMUHAPHOM pEXKHUME MOTepH Hamopa h
IIPOMOPIIMOHAIIBHBI CPETHENW CKOPOCTH U B MEPBOM CTENEHU, a IPU TYpOYJIEHT-

HOM - B cTeneHd 1,75 <M <2 3ameTnm, 4TO ¢ MOMOLILIO 3TOTrO rpaduKa Onpe-

NS0T BEJIMYMHY KPUTHYECKOM CKOPOCTH U yp, @ YEPE3 HEE - U KPUTHUUYECKOE
yucio Pelinonbca o ¢popmyse (1).

Onucanne yCTAaHOBKHU. YCTaHOBKA BKJIIOUAET B c€0sl PacroIOKEHHYIO
TOPU30HTANILHO cmekasannyto mpyoy (d=1,0 CM), B KOTOpPOW M HW3ydaeTcCs JBH-
YKEHHUE BOJBI MPU PA3IUYHBIX PEKUMAX, HANOPHbLLI OAK, eMKOCHb _C DACHE0-
pom_Kpacumeis, 101aBa€MOT0 OTKPBITUEM KPAHUKA TIO mpydKe BO BXOJHOE
CCUCHUE CHMEKAAHHOU mpyosl. J1J1s1 U3MEPEHUsI Pacxoia BOAbl B CHEKIAHHOU
mpyoe CiyKaT MepHas eMKOCHb Y CEKYHOoMeD.

Bona B nanopustit 6ax mnonaetcs no numarouwiemy mpyoonpoeooy Ort-
KPBITUEM @eHmUA W3 pe3epByapa jladopatopuu. s momnepkaHusl YpOBHS
BOJIbl B HANOPHOM_0aKe BO BPEMs ONBITOB Ha IMOCTOSHHOM OTMETKE MMEeTCS
nepeausnoe ycmpoiicmeo. Temiieparypa BOJbl B HANOPHOM_OaKke N3MepsieTCs
MepMoMempom.

PerynupoBanue pacxoja BOAbI, a CJIEIOBATEIBHO U CPEAHENH CKOPOCTH
€€ JBWKCHUS B CHIEKIAAHHOU _mpyode, OCyllecTBIsAeTCs KpaHoM. Ha cmekuan-
HOUl_mpyde UMEIOTCS nbe30Mempul JIJ1 ONPEACICHUs TOTEPh HAIMlOpa Mo JIJIMHE
h| (Mo pa3sHOCTH MX TIOKa3aHU).

2. lleanb padoThI:

1. Y6enuThcs Ha ONBITE MyTEM OKpAIIMBAHUS CTPYHKHU BOJbI B CTEKJISH-
HOU TpyOe B CyIIECTBOBAHUH JJAMUHAPHOTO U TYpOYJIEHTHOTO PEKUMOB.

2. BoluucanuTh 10 1aHHBIM OIBITOB, IPOBEIEHHBIX HA 3TOW TpyOe, urcia
PeitHonb/ca IpY TaMUHAPHOM U TypOYJIIEHTHOM peXHUMax, CPaBHUTh UX C KpH-
TUYECKUM, YOEIUThCA, UTO NPHU JIAMUHApHOM pexuMe Re< Rey, , a mpu TypOy-
JeHTHOM — Re > Rey,.
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CKOpOCTH U B JiorapudmMuieckoit popme
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3. [Toctpouts mo onbITHEIM naHHBIM rpaduk Ighi=f(lgv), onpenenuts
C €r0 IOMOIIBI0 KPUTHUECKYIO CKOPOCTh U 4, @ Yepe3 Hee BBIUUCIUTh KPUTHYE-
U, d

ckoe uncio R€ipey = -

4. Moareepauth ¢ nmomoripio rpaduka Igh=f(lgv), uro npu namunap-
HOM pEeXHME MMOTEPH Haropa 1o JuimHe N MpONopIUOHATBHBI CPEAHEH CKOPOCTH
B IIEPBOM CTETEHHU, a MPU TypOyJIEeHTHOM - B cTenenu 1,75 <m < 2.

Kpacureas
i 4 MepHasi eMROCTH

S~

Peryaupyromu

BEHTHJIb

CTeRIsHHAS
TPyOKa
X

Puc.8. Cxema yCTaHOBKHM U1l U3YUEHHS PEKMUMOB JBUKEHUS )KUIKOCTH.

3. [lopsinok BBINOJIHEHUS] PA0OTHI.

1. OTKpBITh nHOdawuwiuil_6eHmu1b HA RUMAOUWEM MPYOOnPosode u
HAIOJIHUTh BOJIOM HAMOPHbI HaK HACTOJIBKO, YTOOBI padoTano nepeausnoe
YCmpoucmeo.

2. OTKpbITh HE3HAYUTENBHO PEeYAUPYIOULUTL 6EHMUIL HA CHLEKIAHHOU
mpyokKe, 4TOObl CKOPOCTh ABM)KEHMS BOJIbI B HeW Obuta HeOoOsbILIONW (BOJa
JOJKHA T€4Yb TOHKOW CTPYWUKOM).

3. IIpHOTKpBITh KPAHUK HA eMKOCmU ¢ Kpacumejiem Y HallpaBUTh B
CMeKNAHKYI0 _mpyOKy HEOONbIIOE KOJUYECTBO PACTBOpPA KpacUTENs, 4TOObI

OKpallleHHasi CTpyHKa BOJIbI MpEACTaBisia cO00M OTYETIMBO BBHIPAKEHHYIO HUTh
10 BCell TMHE TPYOBI.
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4. V3mMepuTh C NOMOILUBIO MEPHOU eMKOCHU W CEKYHOOMEPA PACXO]l
Bosl Q B TpyOe.

5. N3meputh TeMneparypy BOAbl B HANOPHOM OaKe MmepMOMEmpPoM .

6. Pe3ynbTaThl U3MEpEeHUIt 3anucaTh B Ta0uiry 1.

7. YBENUYUTDb OTKPBITHEM PeYIUPYIOULe20 6eHmMUIsA CKOPOCTh JBHKE-
HUS BOJbl B CHIEKIAHHOU mpyde , HO TaK, YTOObI OKpallleHHAas CTPYHUKa KHUJIKO-
CTH COXPAaHSIaCh, T.€. YTOOBI PEKUM OCTAJICS JAMUHAPHBIM, U, BHITIOJIHUB TE K€
W3MEPEHHUS, YTO U B TIEPBOM OITIBITE, 3aIUCATh WX PE3yIbTaThl B TAOIUITY 1.

8. JlanpHENIIMM YBEIIMUYCHUEM OTKPBITUS PEeYAUpyouLec0 6eHmuasa co-
31aTh B CHIEKAAHHOU mpydKe TypOyJICHTHBIN pexxuM (00 3ToM OyAeT cBuje-
TEJILCTBOBAaTh MHTCHCUBHOE IEpPEMEIIMBAaHUE C BOJOW pacTBOpa KpacuTens) U
BBITIOJIHUTh TPETUW U YETBEPTHIM OIBITHI TAK, KAK OMUCAHO BbIIIE. Pe3ynbTarsl
WU3MEpEeHUI 3anucaTh B Tabnuiy 1.

9. Jlnsa 3amofiHeHus TaONUIbl 2 clienaTh IeCATh aHAIOTMYHBIX OIBITOB,
YBEIIMYMBAs B KaXJOM OIBITE OTKPBITUE PEZYAUPYIOULe20 8eHMUIA B AUara-
3oHe OT 0 10 100% Tak, uToObI 4-5 3aMepOB OBLIM BHITIOJIHEHBI B JJAMUHAPHOM
pexume, a 5-6 - B TypOyneHTHOM. Pe3ynbrarsl u3MepeHuii 3anucaTs B Ta0II. 2.

10. BbIMOJIHUTH BCE BBIYUCIICHUS, IPETyCMOTPEHHbIE Tabm. 1 u 2.

11. HocTtpouts B Macirabe no aannsM Tabn. 2 rpadux Ighi=f(lgo)

U ONpPENENUTh C €ro MOMOIIbI0 KPUTUYECKYIO CKOPOCTH U

v,,d
R, — Zxp- | a taxke nokaszaremu crenenn M, u My u xosddurments!

KPon A %

Kp > a 4cpe3 HEC U

nponopuroHansHocTd B, n B .
13. Jlath 3akitoueHue o pe3yjabraTaM paboThl.

KonTposabHbie Bonmpocskl k padore Ned

1. Ha3zoBute kputepuu nojgo0us MCHOJIb3YEMbIE NIPU OMHCAHUU CONPOTUBIIE-
HUS BOJbI IBUKCHUIO CYyIHA.

2. Tlosicaute, uTo Takoe kputepuid PeitHonbaca, 1 Ha30BUTE (PAKTOPHI, OT KO-
TOPbIX OH 3aBUCHUT, U YKQXXWUTE, B YEM 3aKIYaeTcs ero (u3nuecKui
CMBbICIT?

3. Tlosicuure, uyto Takoe kpurepuit Opyna, u Ha30BUTE (HAKTOPBI, OT KOTOPHIX
OH 3aBHCHT, U YKAQXUTE, B YEM 3aKIIIOYACTCS €ro PU3MUYECKUM CMBICI?

4. TloscHure, kakuM 0o0Opa3oM MpPH TUAPABIMYECKUX pacUyETax OMpPENestoT
PEXKUM JIBUKEHUS KUJIKOCTH U, C KAKOU LIEJIbIO?

5. TlosicHuTe, 4TO TaKO€ KPUTHYECKAsE CKOPOCTh, OT KakuX (pakKTOpPOB OHA 3a-
BHUCHUT U KaK €€ onpeesstoT?

6. Hamumure m mosicHUTE aHAIMTUYECKHE 3aBUCUMOCTH TOTEPh HAIopa Io
JUIMHE OT CpeJHEl CKOpPOCTH MOTOKA MpHU JIAMUHAPHOM U TypOyJIEHTHOM
peXKUMAX JBUKEHHUS KUIKOCTH.
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7. N3o0pa3ute rpaduk 3aBUCUMOCTH MOTEph HAMopa Mo UIMHE OT CpeaHeHn

CKOPOCTH (B JJorapu(pMUUYECKUX KOOpJUHATAX) U JaiTe MOSICHEHHS K HEMY.

8. Toscuure, noemy rpapux Ny = f(v) crpost B norapudmuueckux koop-

nuHaTtax?

Tabnuua 4. Pe3ynbrarsl 00pabOTKH SKCIEPUMEHTAIBHBIX TAHHBIX

Ne

HaumenoBanus m 0003Ha-

Pe3. uaMepenuil 1 BBIYUCICHUI

En.
nos- | MCHNUS M3MEPSEMBIX M BbI- | - Jlamun. pexxum | TypOyi. pexum
I | qUCIIAICMBIX BEINYNH " | Omsprr 1 | Onbit 2 | OnbiT 3 |OmnbiT 4
1 2 3 4 5 6 7
O0bEM BOABI B MEPHOM 3
1 cM
cocyne W
5 Bpems HamonHeHus: 00bE- o
ma i
3 | Pacxox Bons Q =W/t em®/c
BryTpeHHuit TAAMETP
4 5 cM
CTEKJITHHOM TpyOHI
[Lnomane momeped. ceye-
5 2 cM?
Hus Tpy6s1 @ = 710 /4
Cpenssis CKOpPOCTb JIBH-
6 cMm/c
xeHust Bobl U = Q/@
7 | Temneparypa Bogsl T °C
Kunemarnueckuii  Kod3¢-
8 | uiMeHT BA3KOCTH BOJXBI | cM?/C
V' (1o cipaBOYHUKY)
Yucno Peitnonbaca
9 |p U d -
€4
Kputnueckoe YHUCIIO
PeitHonbaca R
10 Cp(d) -

cnp

(IO cIpaBOYHUKY)
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Tabnuua 5. Pe3ynbrarsl 00pabOTKH 3KCIEPUMEHTAIBHBIX JIaHHBIX

HaumenoBanus En. Pesynbratsl uamepenuii
Ne u U3M. Y BBIYHMCIICHUN
HOSEI- 0603HaquI/Iﬂ HU3MCPACMBIX HOMepa OIIBITOB
117071
Y BBIYUCIISIEMBIX BEJIMYUH >13lalsle6l7]819 0
1 2 3 5/6|7|8]9 (10|11 12 |13
ObEM BOJIBI B MEpPHOM
1 |© A p cm®
cocyne W
2 | Bpems nanonuenus { c
3 | Pacxox Bons Q =W /t cmi/c
BuyTpennuit AaMeET
4 yp A Y
Tpy6HI O
[Lnomane moreped. ceve-
5 2 cM?
Hus TpyOsI @ = 710 /4
CpenHsst CKOpOCTh MOTOKA
6 cm/c
v=Q/w
7 Jlorapudm cpeaneit cko-
poctu lgv i
OTMeTKa YpOBHSI BOJIbI B
8 V CM
nbezometpe 1, V1
OTMeTKa YpOBHSI BOJbI B
9 V CM
mbe3oMeTpe 2, Y 2
[Toreps Hamopa 1o JyiuHe
I — Y1 Va2
Jlorapudm norepu Hamopa
11 lah -
o jumHe 19 N,
12 | Temnepatypa Boabl T °C
Kunemarnueckuii  Kod3¢-
13 | ULIMEHT BA3KOCTH BOAKI | CM2/C

V' (110 cipaBOYHUKY)

Y4yeOHas quTepatypa K padore 4

1.(c.124...128, 140...144); 2.(c.147...152); 3.(c.62...65, ¢.69..72, ¢.82...84);
4.(c.76...81); 5.(c.110...118).
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JlaGoparopHnas padora 5
W3YUEHUE I'MIPABJIUYECKHUX COITPOTUBJIEHUM
HAITIOPHOI'O TPYBOITPOBOJAA C ONPEAEJEHUEM
KO®OOUIINEHTOB I'NIPABJIUYECKOI'O TPEHUA
W MECTHBIX COITPOTUBJIEHU

1. TeopeTruyeckasi 4acTh.

OKCIepUMEHTAIBHBIMU HCCJIEIOBAaHUSIMU YCTAaHOBJIEHO, YTO TPHU JIBH-
KEHHUH KHUIKOCTU YacTh MOJIHOTO Haropa (SHEPruu) 3aTpadyrBaeTcs Ha MPeojIo-
JeHue paboThl CHUJT BA3KOCTH U MHEPLIMH, T.€. BOSHUKAIOT MOTEPHU HANIOPA.

[Ipu paBHOMEPHOM ABM>KEHUU >KUIKOCTH THAPABIMYECKOE COMPOTHBIIE-
HUE, MPOSBISIONIEeCS PAaBHOMEPHO MO BCEH UIMHE MOTOKA, HAa3bIBAIOT COIpPO-
TUBJIEHUEM TI0 JJIMHE, a BbI3bIBAEMbIEC UM TIOTEPU HAropa - MOTePSIMU HANOPA
no giune ( N1 ). DTu notepu B KPyrIBIX TPYOONPOBOAAX, PAOOTAIOIIUX TTOTHBIM
ceYeHHUeM, BRIUUCIAIOT 1o ¢hopmyne lapcu-Beiicbaxa:

I 2

rae A - 6e3pasmepHblil KOADPUITMEHT, Ha3bIBaeMbIil KOA(GOUIIMEHTOM THApPAB-
andeckoro TtpeHus (koddgdunuenrtom dapcu). Benmmunna xoaddunmenrta A
XapaKkTepU3yeT TUJIPaBINYECKOE COMPOTHBIICHHE TPyOONpPOBOAA M 3aBHCHUT B
oOmieM ciydae or uucna PeifHonbaca R€ u oTHOCHTENBHOM NIEpPOXOBATOCTH
A,ld TpybonpoBoja, T.e. A=f(Re, A,/d);

|, d — muHa u BHyTpeHHUI 1UaMeTp TPyOOmpoBoOaa;

U — cpenssist CKOPOCTh IBUYKEHUSI TOTOKA KHIKOCTH.

Benuuuny koapdunuenta A npu ruApaBInyecKUX dKCIEPUMEHTaX BbI-
YHCIIAIOT 10 OMBITHBIM JaHHBIM U3 (popmyisl (1). Ilpu ruapaBarueckux xe pac-
YeTax — MO0 SMIUPUYECKUM U TOTYIMIUPHUECKUM (QopMysiaMm, HampuMmep, Mpu
JaMHUHApHOM pexume A4,—64/Re, a npu TypOyIEeHTHOM PEKUME JBHKCHHS M pa-
0oTe TpyOoIpoBoja B 00J1aCTH JOKBAJAPATUYHOIO COMPOTUBIICHUS — 10 (HopMy-
ne A 1. AnbTiryns:

A, 68
A, =011(=2+—)*
00K8. ( d Re) . (2)

Bennunny a0coJIl0THOM 3KBUBAJIEHTHON 1IEPOX0BATOCTH A, TIpU pac-
yeTax OEpyT M3 CIPaBOYHOM JTUTEPATYPhl B 3aBUCUMOCTH OT MaTepuaia Tpyoo-
MIPOBOJIa U COCTOSIHUS €r0 BHYTPEHHEH MmoBepxHOCTU. Hampumep, 1is Tpyo u3
opranuueckoro crekina A,=0,006 MM, a [JisI CTAIBHBIX BOJOMPOBOJHBIX yMe-
PEHHO 3apkaBjeHHBIX TPYyO A,=0,20...0,50 mm.

OO6nacTh rUIPaBINYECKOTO COMPOTUBIICHUS TIPU pacueTax ONpeaessioT
wi Henocpeactsenno no rpapukam A=f(Re,A,/d), nonyuennpiM onbrTHEIM
MyTeM JJI1 TPYyO M3 pa3IMuHbIX MAaTEPUATIOB U MPUBEICHHBIM B CIIPABOYHOM JTH-
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10d _ 500d

Teparype, WK K€ ¢ MOMOIIBIO COOTHOIICHHM U , TIPEUTOKEHHBIX
A3 A3

A.Jl. AnpTiryaeM Ha OCHOBE HCIOJIb30BaHUSI YIOMSHYTHIX TpadukoB. B mo-

10d . 500d
Ad Ad

CJICAHCM CJIy4dac BBIYUCIIIIOT COOTHOUICHUA U CPAaBHUBAIOT UX C

500d

yucioM Pelinonsaca Re, v = — . IIpu stom, ecmn Re > ——2, tpy6ormpo-
(d) y p Ao pyoorup

10d
BOJA paboTaeT B 00JacTH KBAAPATUYHOIO cONpoTuBJeHus. Ecam Re<—,

Ao
TpyOOIpoBo paboTaeT B 00JIACTH THAPaBIMYECKH Taaakux TpPyo. Eciou xe

10d 500d,
—<Re< o TpyOOIIpoBOJ, paboTaeT B 00JacTH JOKBAAPATHYHOIO CO-
9

As
NPOTHBJICHHS.

Crnenyer uMeTh B BUJY, UTO JJI KaXX0W 00JACTH TUAPABINYECKOrO CO-

IIPOTUBJICHUS TPEIJIOKEHBl U HCIIOJIB3YIOTCSA INPU THAPABIMYECKUX pacueTax

cBOM (pOPMYIIBI ISl BEIYKCIIEHHS Kod(uimenTa A.
Hpyroi BUJ rUApaBIMYE€CKUX COMPOTUBICHUN, BOSHUKAIOIINX B MECTaX
PE3KOro M3MEHEHHUs1 KOH(UTYpallK MOTOKa — U3MEHEHHUE CKOPOCTH MOTOKa MO
BEJIMYMHE WJIM HAIPABJICHUIO, HA3bIBAIOT MECTHBIMH CONPOTHBICHUSIMU, a BbI-
3pIBaEMbIE MMH TIOTEPH HAIIOpa - MecTHbIMH noTepsivu Hanopa (h,,).
[Ipu npoxokaeHun yepes3 Jr000e MECTHOE CONPOTUBIIEHUE MOTOK KU -
KOCTH Je(OpMUpPYETCs], BCIAESACTBUE YEro JABM)KEHHE CTAaHOBUTCS HEpaBHOMED-
HBIM, PE3KO U3MEHSIOIIHUMCS, 111 KOTOPOTO XapaKTEPHHI :
a) 3HAYUTEIIbHOE UCKPUBIICHNE JIUHUN TOKA U KUBBIX CEUYCHUN
MOTOKA;

0) OTPBIBBI TPAH3UTHOM CTPYH OT CTEHOK TPpyOONnpoBoaa (BBUAY
JENCTBUA 3aKOHA MHEPLIMKM) W BOBHUKHOBEHUE B MECTaxX OTPhIBA
YCTOMYHUBBIX BOAOBOPOTOB;

B) MOBBIIIEHHAA (10 CPABHEHUIO C PABHOMEPHBIM JABUKEHUEM )
ITyJIbCALNSI CKOPOCTEN U TABIECHUM;

r) u3meHenue ¢hopmsl ( mepeopmMupoBaHue ) S0P CKOPOCTEH.

MecTHblEe TIOTEpU Haopa NpHU THAPABIMYECKUX pacyeTax BBIUMCISIOT

no ¢popmyie Beiicbaxa :
2

h, =§§—g, )

rae § - O6e3pa3MepHbIil KO3DGUIMEHT, HA3bIBACMbI KOI()(PUIHEHTOM MeCTHO-

ro CONPOTUBJICHUHA
U - CpeaHAaAaA CKOPOCTh IIOTOKAa B CCUCHHMHM 3a MCCTHBIM COIIPOTHBIICHHUCM,

T.C. HUXKC 110 TCUCHHIO (CCJII/I CKOpPOCTb v , KaK UCKIIIOYCHUC, IIPUHHUMACTCA IIC-
p€a MCCTHBIM COIIPOTHUBJICHHUCM, 3TO 00s13aTeNLHO OFOBapI/IBaeTCSI).

35



Benuuuna kosddunuenta é/ 3aBUCUT B OOIlEM ciy4ae OT 4YHCIa

Peitnonsaca Re u ot KOHUrypauuu, T.e. GOpMbI MPOTOYHON YACTH MECTHOTO
conpoTuBiieHUs. B dacTHOM ciydae, korja TpyOOIpoOBOA, HA KOTOPOM PacIio-
JIO)KEHO MECTHOE CONMpPOTHUBJICHHE, pab0oTaeT B 00JIACTH KBAJPaTUYHOTO COMPO-
TUBJIEHWS, BeNnuMHa Kodpduuuenta ot Re me 3aBucur.

Benuunny ¢ ISl KQKIOTO BHIA MECTHOTO COIPOTUBIICHHS OTPEIEIsi-
0T TI0 JaHHBIM THAPABINYECKUX SKCIEPUMEHTOB, MOJB3YyICch (popmynoit (3).
[TonyueHHbIe TakuM 00pa3oM 3Ha4yeHHs KOIMPUIUCHTOB ¢ [UIS Pa3IUdHBIX
BUJIOB MECTHBIX CONPOTUBJIEHMH OepyTCs NpH TUAPABIMYECKUX pacuérax
(0OBIYHO MpHU KBaJAPATUYHON 00JACTH CONPOTUBIIEHMS) U3 CIIPABOYHOM M CIie-
UaNbHON nuTepatypsl. VICKII0UeHHEM SIBIISIFOTCS] PE3KOE pacIIUpPEHUE U PE3KOe
CyXEHHE TpyOOIpoBOJa, AJi1 KOTOPBIX YHCIEHHBbIE 3HAUeHUs KO3()(PUIINEHTOB
¢ ompenenstoTes Mo GopMyiaM, TOTYYSHHBIM TEOPETUYCCKH U TOIYIMITUPHU-

yecku. [Ipu pe3kom pacmmpeHun TpyOOnmpoBOJa, KOI/Aa CPeaHss CKOPOCTh B

(Gopmyie (3) B3sATa 1IEpe]] MECTHBIM COIIPOTUBIIEHHEM, T.€. Uy,

' 2
4 pp — (1_601/0)2) : (4)
Ecin e CKopocTh OepeTcst 3a MECTHBIM COMpOTHBICHHEM, T.¢. U9, To
1] 2
pp — (0)2 /0)1 _1) ' (5)

KoadduimenT conpotuBienus npyu pe3KoM Cy>KEHUU TpyOOIpoBoa
(¢ p.c.) TIPUHATO OTHOCUTE K CKOPOCTH ociie CyKeHus. Lpu sTom

1
gp.c = (; o 1)2 ' (6)
1

1+ J1-w,/w,

2. OnucaHue YCTAHOBKM. YCTaHOBKA IMPENCTaBISET COOOW HAnopHblil
mpyoonpoeod ¢ MOCIEN0BATEIbHO PACIIONOKEHHBIMU Ha HEM THAPABIMYECKU-
MU CONPOTHUBICHUAMH (TI0 IJIMHE U MeCTHBIMK). K KakoMy rHApaBINYecKOMY
COIPOTHBIICHUIO MOAKIIOUEHO MO0 JBa nyezomempa (niepea u 3a HUM). Bee nbe-
30MeTphI 1751 ya1o0cTBa pabOThl BBIBEACHBI Ha wqum. J{1s peryiaupoBaHus pac-
xozna Boasl Q B cucreme ciyxkut genmuns. Bennunna Q usmepsiercs ¢ nmomo-

rae & = - KOO PUIIUEHT CKATHUS CTPYH.

IO MEPHO20 oaka u cekvnoomepa. Ho;laqa BOJAbI B CUCTEMY OCYLICCTBJIIACTCA
U3 numawouie2co pesepesyapa 110 mpvﬁe OTKPBITHEM 3a0euxcku. I1ocTOSHHBIN
YPOBCHL BOJLI B numairouiem pesepeyape ( JJIsA obecrieyeHus YCTaHOBHBLICTO-
CiA ABMIKCHUA B CI/ICTGMG) MOAACPIKUBACTCS nepeilu6HbIM YCHPOUCH BOM.
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5 IlepeTHBHOE YCTPOHCTBO
IIuTa0muH pesepeyap
II{aT ¢ mbe3oMeTpaMH P
/] fanop et 62
CexyHaoMep

CXEMA NABOPATOPHOW YCTAHOBKMU

il

ni2 n nio n9

13 12 11 10

g0, 8
1 - HaNOpHbLIN NUTarOWMIA 6ak l l l

4 321

2 - BeHTUNb ANA perynupoBaHus
pacxopa BoApbl

3 - MepHbIN 6ak

4 - nbe3omeTphbl

3m
0,08 m 0,15m

Puc.10. PacueTHasi cxema YCTaHOBKHM JIJIsI U3YUEHUS THIPABIMUYECKUX COMPO-
TUBJICHUU
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3. lleab pa6oThI:
1. OnpenenuTh MO OMBITHBIM JTAHHBIM, BOCTIOJB30BABIIUCEH (hOpMyIaMu

(1) u (3), 3nauenus kodpPuiMeHTa TUAPABINYECKOTO TPECHHUS ﬂon Y BEJIMYMHBI

koahuienTa é/ JUTSl TPEX BUJOB MECTHBIX CONPOTHUBIICHUI;

2. YCTaHOBUTH, BOCIIOJB30BABIIMCH COOTHOIICHUSIMU A.Jl. AnbTiryss
00JIaCTH THAPABIMYECKOTO COMPOTUBICHUS, B KOTOPBHIX paboTald y4acTKu
HAIopHOTO TPyOOIpOBOAA;

3. Beruncauth 3HaueHUs KO3()PUITUEHTOB THAPABIUICCKOTO TPCHUS A
110 COOTBETCTBYIOLIUM AMITUPUUYECKUM (popmyam;

4. Haiitu cripaBodYHBIE 3HAYCHUS KOA(P(HUIIMEHTOB MECTHBIX COMPOTHUB-
JICHUH;

5. OueHHUTH CXOAUMOCTh A, U C UX PacUYeTHHIMU (CIIPABOYHBIMU)

on
3HAa4YCHUAMM.

6. IlocTpouTh MO OMBITHEIM AaHHBIM ( B MaciiTade) rpaduk HamopoB
JUIS y9acTKa MPEAI0KEHHOTO MPENOJaBaATEIIEM.

Iopsinok BbInoJiHeHUus1 PadoTbl. OTKPHITH HUMAIOWYIO 3A08UNCKY W
HaIOJHUTh YCTaHOBKY Booi. Ilociie HamoysiHeHUsT BOJION pe3epByapa U crabu-
JU3aIUU YPOBHSI BOJIBI B HEM ( HEpeAUBHOE YCHIPOUCHI80 TOTIKHO TIPH 3TOM pa-
00TaTh) CIEIyeT OTKPHITHEM PeYIAUpyouiez0 6eHmua 1oaaTh BOAY B CHUCTe-
My TpyOomnpoBojoB. Jlanee, HEOOXOAUMO U3MEPUTH: OTMETKH YPOBHEHN BOJBI B
nbe30Mempax, pacxol BOJbl B CUCTEME ( C MIOMOIIBI0 MEPHO20 HAKA W CEKYH-
Jdomepa), a TaAKXKE €e TeMIepaTypy (mepmomempom B numaiouiem pesepeya-
pe). PesynbTaThl n3MepeHuil 111 OJHOTO OMbITa (IIPU OJHOM PACX0]ie BOJIbI) 3a-
MMcaTh B TAOJIHITY.

O06paboTaTh ONMBITHBIEC TAHHBIE M PE3YJIbTaThl MPEACTAaBUTH B BUJIE TA0-
suiel. ChOpMyIHpOBaTh BHIBOJIBI 110 PE3yJIbTaTaM padoThI.
[Ipu 3akpbITOM BEHTHIIE 2 U 3aJIBUXKKE 6 BKIIFOUUTH HACOC U 00ECIICUNTh

KoHnTpoJibHbIE BOIPOCHI K padore NeS

1. Hanummwre u nosicaute hopmynsl Jlapcu-Belicoaxa u Beiicoaxa.
2. TlosicHMTE, KaK ONBITHBEIM IYTEM ONPENEISIOT BEINYUHEI KO3 puireaTos A

wi
3. Yro xapaktepusyooT Kodpdumuentsl A u ¢, oT Kakux (GakTopoB B 00IIEM
CIlydae OHM 3aBHMCAT M KaK UX ONPEAEIISIOT IPU TMAPABIMYECKHX pacueTax?

4. O6mwacuure, uto Takoe A, u A,/d, kak naiiTn Benuuuny A, npu ruapaBIu-
YECKHUX pacyeTax?

5. HasoBure 00JaCTH THIAPABIUYECKOTO COMPOTHBICHUS TPYOOIPOBOIOB H
OOBSACHUTE, KaK OIMPEAEIISIOT 00JaCTh CONMPOTUBIICHHS MTPU THAPABIMYECKHUX
pacuerax.
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6. HM300pa3ute cxeMbl ABHKECHUS KHUIKOCTU MPH PE3KOM MOBOPOTE TPYOBI Ha
90°, a Takke IPU PE3KOM PACIIMPEHHU M PE3KOM CYKEHHHU TPYOOIpPOBOIA U
JlaiiTe TOSCHEHHUS K HUM, yKa3aB, YTO XapaKTEPHO IS TBMXKCHUS TOTOKA
TP TMIPOTEKAHUH €T0 Yepe3 JIF000e MECTHOE COTPOTHBIICHHE.

[13

o N

IloscHuTE MOHATHA
TpyOa”.

b

)51

N300pa3ute cxemy rpaduka Hukypansze u gaite mosicCHCHHUS.
TUIPABINYCCKHU TIIaIKas Tpyoa

“mepoxoBaras

9. HazoBute (daxTop, 00yciaBIuBarONIMe MOBBIIICHHE MOTEpU HAmopa Mpu
MPOXOXKJECHUHU MTOTOKA KUJIKOCTH Y€pe3 MECTHBIE CONTPOTUBIICHUS.
10. Jlokaxxute, Bocnosb3oBaBiuchk Jlapcu-Beiicbaxa u bnasuyca, uro mpu pa-

60Te TPYOOIPOBOJIOB B 00JIACTH I'MAPABINUECKH TIagKuX Tpyo N = f(V1’75)

YuyeOHasi 1uTepaTypa K padore Ned

1.(c.159...167, ¢.186...193), 2.(c.147, c.168...174, ¢.201...213), 3.(c.48...57,

c.87..91,
c.189..198)

€.93..96, ¢.100...101), 4.(c.98..106),

5.(c.160..166,

c.174...176,

Tabnuua 6. Pe3ynbrarsel 00pabOTKH 3KCIEPUMEHTAIBHBIX JIAaHHBIX

PEgyIETATE BEMHCIEHIA

111;5_ Hammesopamie H 0002HAYEHH A HIMEPAEMED, ESIIMH EI%EI Cgﬂﬁgemg ?’llmf{; pegmmnegc_m%eegcl{uonepggmnmpgl{ge
EOpOT WEHHE  |pAcCINHpeHHE
1 2 3 4 5 f 7 ] 10 [11 |12 |13
1T | Homepa cedenmt - [ 10 | 11 [ 12 S i m |11 [ 12 [ 13
2 | Moxasanud meesoMeTpop 2908 (© TOUHOCTRIO [0 MM ) I
3 | Mepuedt obeeM Bogrr e
4 | Bpen: HanoMmHeRA MepHOT 0 0fEeMa { C
5 |Paczogeomm ()= Wi e
i | Juamerp cedenns d M
7 | Mnompge nonepessoro cevenms moyie @ = sk /4 e
8 | Cpemas cxopocte motoka 4= (Y@ w'c
g

CropocTHol Hamop #/2g

=

TMonmete Banops & ceustmem  z-+p/og+ 87 2g

—_ |
—

ToTepH HamOpa N0 GIHEE &j 0 MECTHEIE 7, (10 PR3HOCTHE NOJHEX HAaro-
POE HEPEN M 23 COMpOTHETEHHENM)

PaccToaHis Mek gy TODKaNH IR0 HEHHA [EES0MET) 0B | JIHHEL ¥HACT-
KO0E) {

KDBL‘]JL‘]JPH.IHEHT SgpaBmmecxuru TREHHA [0 OIEITHED AHHELL

=y di$ig )

I{nachchrauuem MECTHOTO COMPOTHETIEHHA 0 ONEITHED JAHHETI

gor:: hM/( /28)

F i emanmHecof ko3 G GHIEeHT BA2K0CTH BOIEL ¥ (TI0 CIPABOHHHEY)

MG

Yncno PefiHomaca Fe=3dN

CIBNMACTE THEPARMYECKOr 0 COMpOTHENEHHA (TIATRIT THYD, TOKEATA:
THUHAJ, FEATPATHNHAL )

K oathQIIHEHT THIPARTMECKOTD TPEHHA A TI0 AMITPHE ECEIM D OpMyTAn

Koatdearsent MecTHOr O COnpoTHENSEA ( (00 CIPABOEINY B TE0p STH-

YECHHM HOpMYIAN)
£1= i o)/

OTHOCHT. OTHJIOHEHHE EiH £F

Ec = (;mp - ;ox)f;mp
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JlaGoparopHasi padora 6
N3YYEHUE NCTEYEHUSA KUIKOCTHU
YEPE3 MAJIBIE OTBEPCTHS B TOHKOM CTEHKE
N HACAJKMU ITPU ITIOCTOAHHOM HAIIOPE B ATMOC®EPY

1. Teoperuyeckasi 4acTh.

ManbeiM cuuTaeTcs OTBEPCTHE, BhICOTa KOoToporo He mpessimaer 0,1 H
(puc. 1). 3aecy H - mpeBbllieHre CBOOOIHOM MOBEPXHOCTH KUAKOCTU HAJ| IICH-
TPOM TSDKECTH OTBEPCTHSI.

CTeHKYy CUMTAIOT TOHKOM, eciu ee tonmmmuaa O < (1,5..3,0)d (puc.l1l).
[Tpu BBITOIHEHUH 3TOTO YCIOBHS BEIMYMHA O HE BIUSET HA XapakTep UCTede-
HUS KUIKOCTH M3 OTBEPCTHsI, TAK KaK BBITCKAIOMIASI CTPYS JKUIKOCTH KacaeTcs
TOJIBKO OCTPOU KPOMKH OTBEPCTHSI.

[TockoMpKY YaCTHIIBI KUIKOCTH IABHUXKYTCS K OTBEPCTHIO MO KPHUBOJIH-
HEWHBIM TPAEKTOPHSIM, TO 32 CUET CHJI MHEPIIMH CTPYS, BBITEKAIOIIAs U3 OTBEP-
CTHSI, C)KUMaeTcs. brarogapsi elCTBUIO CHII UHEPIIMH CTPYSI MPOJIOJKAET CHKU-
MaThCs U TIOCJIE BbIXOJIa U3 oTBepcTHs. Hanbonblnee cxxaTue CTpyH, Kak MmokKa-
3bIBAIOT OIBITHI, HAONIOAACTCS B CEYEHHH C-C Ha PACCTOSIHUM MPUMEPHO
(0,5...1,0)d ot BxomHOW KpoMkH oTBepcThs (puc.ll). DTO ceueHue Ha3hIBAIOT
ckaTtbiM. CTETEeHb CKaThs CTPYU B 3TOM CEUCHHUH OIEHUBAIOT BEJIMUUHON

ko3 puuuenra cxaTus & !

&=—=, (1)
[0}

r1€ W U (@ - COOTBETCTBEHHO IUIOLIAb CHKATOTrO KUBOTO CEUYEHUSI CTPYH U
IJIOIIA/Ib OTBEPCTHSI.

Cpennioro ckopocth cTpyu Uc B CKaTOM CEYEHHUH C-C TPU Po = Pam BBI-
YUCJISIIOT 10 opMyIie, TIoJydeHHON u3 ypaBHeHus Jl. bepHyinu, coctaBieHHO-
ro s ceyenutid I-1 u c-¢ (puc.11):

U.=9¢y20H 2)

rre @ - KoO3QPUIMEHT CKOPOCTU OTBEPCTHSI.

B 1 _ 1 3)
(D_\/a+g“~\/1+§'

Hcxonst u3 ypaBHEHUsI TPAEKTOPHUM CTPYH, BBITEKAIOLIEH U3 OTBEPCTHS,

MOJIYYE€HO €€ OJJHO BhIpaXKeHUe JJis KodpuimeHTa ¢:
X

(DZW- (4)
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I g lonst l/%:/’mn 7

:Y’ \ \> %=(05.10)d
0 \\ \E};A

§<(18--39)d

/
T 207l

Puc. 11. Ucreuenue )XUIKOCTH U3 MAJIOTO OTBEPCTUS B TOHKOM CTEHKE B aTMO-

chepy
N gconst \2Pom 1 Zr
/ [- /
f 7 N 4y=@5.50)a |
/] - B >
B - 2o=(05..1,0)d
< Vol
7 —_ M N AAAANARARRNN | l/%f”
; a k! Rr<lfoym l%% 0\
— —— T
; - SSSSUSSIENS \\
/ > "
/
p v
% ” &
] = —-_=\Q
C////////// A —_

Puc. 12. VicTeuenune »UIKOCTH U3 BHEIIHETO UJIWHIPUIECKOTO HAacaIKa B aTMO-
chepy
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B dopmynax (3) u (4) « - kospduuuent Kopronuca, ¢ - ko3pdpumu-
€HT CONMPOTHBJIEHUsI OTBePCTHsA, Xj U Yj - KOOPAMHATHI TIPOU3BOJIHHO B3ATOU
TOYKH TPACKTOPUU CTPYH.

[TockonbpKy Harmop TepsieTcs TIaBHBIM 00pa3oM BOJIM3U OTBEPCTHS, TIIE
CKOPOCTH JOCTAaTOYHO BEJHMKH, MPH HCTCUCHUH W3 OTBEPCTHS BO BHHUMAHHE
MPUHUMAIOT TOJIBKO MeCTHbI€ NMOTEePH HAIMopa.

Pacxon xuaxoctu QQ yepes oTBepCTHE BBIYUCIIIEM KaK

Q=¢pecw\29H, (5)
Trac
pE=H. (6)
3necy U - K03(pPUIMEHT pacxoja OTBEPCTHUS, YUUTHIBAIOIIUIN BIUSHUE
IuApaBIMYCCKOIO0 COIIPOTHUBIICHHA M CXKATHA CTPYH Ha pacxod KHAKOCTH. C

y4€TOM BbIpakeHus 11 M popmyna (5) IpUHUMAET BUJ

O = uw\2gH. (7)

Benuuunbl kooQQUuueHTos & &, @, L UL OTBEPCTUI ONPEENAIOT
OTIBITHBIM ITyTE€M. Y CTAHOBJICHO, YTO OHH 3aBUCAT OT ()OPMBI OTBEPCTHS U YK C-
na Peiitnonsaca. Onnako mpu 6ospmux uncnax Peinonsaca (Re > 10°) ykasan-
Hble Kod(GduimenTsl oT RE He 3aBUCAT W 11 KPYTIbIX W KBaJPaTHBIX OTBEP-
CTHIi TIpH COBEpIIEHHOM Ckatuu cTtpyu pasHbl: &= 0,62..0,64, (£=0,06,
¢=0,97...0,98, 1=0,60...0,62.

Hacanaxol HaseiBaroT matpyook mmnok 2,5d < Ly < 5d (puc. 2), npuco-
€IMHEHHBIM K MajoOMy OTBEPCTHIO B TOHKON CTEHKE C LIEJbI0 M3MEHEHUS THU/I-
PaBIMUYECKUX XapaKTEPUCTUK MCTeUeHUs ( CKOPOCTH, pacxoja >KHIKOCTH, Tpa-
EKTOPHUH CTPYH).

Hacanku ObIBatOT HMIMHAPUYECKHE ( BHEITHUE U BHYTPEHHUE), KOHUYE-
CKue (CXOAsIIMecs U pacXoJslIvecs) U KOHOMJANIbHbIE, T.€. OUYEPUYEHHBIE IO
(dbopMe CTpyH, BBITEKAIOLIEH U3 OTBEPCTHSL.

Hcnonp30BaHne Hacaaka JII0OOro TUIA BHI3BIBACT YBEIMYECHUE pacxoja
xunkoctu Q Gnaromaps BakyyMy, BO3HHMKAIOLIEMY BHYTPHM Hacajaka B 001acTu
C)KaToro ceyeHusi c-c (CM.pUC. 2) U 00yCIaBIMBAIOIIEMY MOBBIIIEHUE HANopa
UCTCUCHUSI.

CpemHIOI CKOPOCTh MCTEUCHUS KUIKOCTH M3 Hacaaka & m pacxon Q
OMpeeNsioT 1Mo ¢popmysiaM, MOJIy4EeHHBIM U3 ypaBHeHus Jl. bepHysum, 3anuckl-
BaeMoro it ceueHuit 1-1 u B-B (puc. 2):

U=d¢,4J20H (8)
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1
3neck @ = ——— - KO3()()UIHEHT CKOPOCTH HACAJIKA,
Ja+ Sy

CH - KOO HUIUEHT COMPOTHBIICHUS HACA KA.

JIJist BBIXOJTHOTO CEYEHHMs B-B KOIPHUIIMEHT CKaTHs cTpyn & = 1, Tak
KaK HacaJoK 3/iech paboTaeT MmojHbiM ceueHueM. [loatomy koaddunueHt pac-

X072 HAacaiKa Uy = Q.
Pacxoj >KMIKOCTH, BRITEKAIOIINI U3 HACAJKa, BRIYUCIIACTCS 10 OpMYy-
e, ananmoruaHoi dopmysne (7):

O= pyw\2gH. (8)

2.0nucanue YCTAHOBKM. YCTaHOBKa IPEJICTABISIET COOON Hanopuuli
pesepeyap, B OOKOBOW MOBEPXHOCTU KOTOPOTO UMEETCS omgepcmue, 3aKpbiBa-
eMoe poluadcHbim knananom. Ilepen omeepcmuem ( cHapyxu pesepsyapa )
CMOHTUPOBAaH HOBOPOMIHBLIL KPY2 C KPYIJIBIM OTBEPCTHEM U HACAaJKaMU pa3-
An4uHbIX TUnoB. IloBopaunBas Kpyr, MOXKHO YCTAHOBHUTH HPOTHB OTBEPCTHUS
HacaJIoK HY>KHOTO THIIa WM OTBepcTue TpeOyemoit ¢opmbl. Bona B pesepByap
MOAAETCA IO MPYOOnPOo8oJdy OTKPBITUEM 3a06udicku. I10CTOSHHBI YPOBEHb
BOJIbI B pe3zepeyape BO BPEMS ONBITOB NOAJEPKUBACTCS HEPEAUSHOU MPYDOOIL.

Jlist onpeneneHusi Haropa uctedenusi H peszepeyap cHabxeH godomep-
HOU_mpYOKOU CO WKAA0U, HyJIb KOTOPOH COBMEUIEH C LICHTPOM OMIGEPCHIUA.
Pacxon BOJIbI IPY UCTEUEHUH U3 OTBEPCTUN U HACAIOK U3MEPSETCS C TIOMOLIBIO
NEePEABIKHOTO MePHO20 baka W cekyndomepa. Koopnunatel X u Y MpOU3BOIIb-
HBIX TOYEK TPACKTOPHH CTPYH M3MEPSIIOTCS C MOMOIIbIO KOOPOUHAMHOU _Cent-
KU, HAHECEHHOM HA IIUT.

3.Heab padorsi: 1. OnpeaenuTs Mo OMBITHBIM TaHHBIM BETMYUHBI KO-
GUUMEHTOB:  Uon, @ony Eony Cony, TPU UCTEYEHHMH BOJBI YEPE3 MAJIOE KPYIJIOE
orBepcTre auametpoM O = 2 CM IpH MOCTOSHHOM Harope B aTMoc(epy U Be-

JIMYUHB KOOQPUIHCHTOB LHon = (PHon W CHon U BHENIHETO [MIMHIPUYE-
CKOr'0 M KOHMYECKUX ( CXOJSIIerocs U pacxoasiierocs) Hacaakos npu H= Const
B aTMocdepy.

2. CpaBHUTH 3Ha4YeHUST KOA(DOUIIMEHTOB, TTOJIYYCHHBIC B OMBITAX, CO CIpa-
BOYHBIMU U TTOJICUUTATHh OTHOCUTEILHBIE OTKIIOHEHUS.
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HanopHbiH

TpyoonpoBoa pe3epByap

IlepeauBHast \
Tpy6a — - II0BOpPOTHBIH
: Kpyr Cexynaomep

BogomepHas
TpyYOKa H
MKAaJa

KoopauHaTHas
CeTKA

IuTaromas !
3AABHAKA N e, - MepHbli 6aK

Puc.13 Cxema ycTaHOBKHM JUJIs1 N3yYEHHS UCTEUEHUSI JKUIKOCTH YEPE3 OTBEPCTHS
Y HaCaJKH.

4.1lopsAI0K BBINIOJTHEHUsI padoThI.

1. OTKPBITH 3a08UKHCKY, 3ATIOJTHUTH BOJIOH pe3epsyap HACTOIBKO,

yTo0bI padoTalia neperusnas mpyoa.

2. Ilogopomom _Kpyza YCTAaHOBUTH IE€pE] omeepcmuem Kpyrioe oT-
Bepctre auameTpoM 0 = 2 cM U 3aKpenuTh Kpyz B 5TOM HOIOKEHUH.

3. OTKpBITh K1anan W 00ECIICYUTH C TMOMOIIBIO 3A08UNHCKU WCTECUCHUE
BOJIbI TIPU MTOCTOSIHHOM Harope H, u3MepuTh €ro, a Takxke KoopauHaTsl Xy U Y
MIPOU3BOJIBHO BHIOPAHHON TOUKH K TPaeKTOpUU CTPYH.

4. Vsmeputs pacxon Boabl Q ¢ moMomipio mMepnozo baka v cekyndome-
pa (u3MepsieMblil 00beM BOJBI JOJIKEH ObITh HE MeHee S0 TUTPOB).

5. Pe3ynbratel u3mepenuii 3anucath B Ta0m. 1.

6. YcranaBnuBas ¢ MOMOIIBIO TTIOBOPOTHOTO Kpy2d TIPOTUB OMLEEPCHIUSA
MOOYEPETHO BHEIIHUNA HWJIMHAPUYECKUN U KOHUYECKHUE (CXOISIIUNCS U Pacxo-
JSIIANACS) HACAKH, H3MEPUTD [UIS KAXXI0ro U3 HUX pacxon Boasl Q u mamop H (
NOCJIETHUI JOJDKEH NOAJIEP)KUBATHCS B OIBITaX MOCTOSIHHBIM M PaBHBIM HAIlOpy
IIPU UCTEYEHUU U3 KPYTJIOro OTBEPCTHS).

7. Pe3ynbTaThl U3MepeHui 3anucaTh B Ta0. 1.
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8. O6paboTaTh ONBITHBIC AaHHBIC, BBHIIIOJIHUB BCE BBHIYMCICHUS, MPEAY-
CMOTpEHHBbIE TabII. 1.
9. laTh 3aKIIIOUYEHHE 10 pe3yJIbTaTaM padbOoThI.

KonTposabHbie Bonmpocsl k padore Neb
1. Yto moHMMAIOT MOJ MajbiM OTBEPCTUEM B TOHKOW CTCHKE MPH MCTCUCHUHU
XKUJKOCTH U3 OTBEPCTUIA?
2. (Cxaroe ceueHue, MPUYUHBI CKATUS CTPYH, YEM OIICHUBAIOT BEIUYNHY C)Ka-
TUA CTPYH?
Yrto HA3BIBAIOT HACAIKOM, THITBI HACAJKOB, NX Ha3HAUYCHHE?

. Koaddunment pacxona. Uto oH yuuTHIBAET, KaK Onpeaensercs?

. Koadpdumment conporusnenus (otBepctusi, Hacaaka). Kak on onpenensercs
10 OTBITHBIM JJAHHBIM?
7. OOBsicHUTE, MOYEMY MPU UCTCUCHUH W3 HACAJKA PACXO]I )KUIKOCTH OOJIBIIIE,
YeM IMIPU UCTEUEHUH U3 MAJIOTO KPYTJIOrO OTBEPCTHS B TOHKOW CTEHKE?

3
4. KoadpodumueHt ckopoctu. YTO OH yUUTHIBAET, KaK OMpeAeseTcs?
5
6

Tabnuua 7. Pe3ynbrarel 00pabOTKH 3KCIEPUMEHTAIBHBIX JIAaHHBIX

PC3y.]'IBTaTBI H3MepeHHI>i N BBIYMCIIC-

HUH
Ne mo-| HauMeHoBaHUs U3MEpSIEMBIX U BbI- En. | Kpyr. Hacanku
3Ull. YUCIISIEMBIX BEINYUH M3M. | OT-
Bep- Buemn. | Konnu. | Korud.
crue | WAJIMHIL | CXOZL. pacxon
1 2 3 4 5 6 7
HaMEeTPBl OTBEPCTHS U HACAJKOB HA BEI-
1 | /waveTper otsep . M |2,01072,0102 |2,010? | 2,610
xoze d
[Inomaau Kpyrioro oTBEpCTHsl U Hacai- 5
2 2
KOB Ha BBIXOJIE () = 7Zd / 4 M
3 OO0BeM BOBI B MEPHOM Oake W M3
4 | Bpems nanonaenus { C
5 Pacxon Bozbl Q =W / t M3 / C
6 Hamnop ucreuenus H M
KoopanHatel Ipon3BOJIBHON TOY- X, M
7 k1 «K» TpaekTopuu CTpyH, BbITE-
Kalollel U3 KPyrjioro OTBEPCTUs 8 M
KoadduimenTst pacxona oTBepcTus U
8 HAca/IKoB (10 OMBITY) .
Hon = QJ @/2gH
KoadduimenTsl ckopocT HacagkoB (IO
9 -

OnbITY) (P H,, = 7] H,,
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[Tponomkenue Tabauibl 7

1 2 3 4 5 6 7
0 Koadduuuent ckopoctu orBepctus (1o
1 -
ombITY) @, = XK/(ZW/YK -H)
Koadduument conporusienus oTsep-
11 | cTHd M HacaxKoB (o omBITY) )
_ 2
é/on - ]/(D on 1
Koadduiment cxatust OTBepCTUS U
12
HacajKoB (1o oneity) &,, = U, / Don
CrnpaBouHble 3HauU€HUs ,ucnp ;
ko3 puImeHToB pac-
13 | XOMa, CKOpOCTH, comnpo- Penp i
TUBJICHUS é’ _
U COKaTHUs - cnp
111 OTBEP
CTHSI U HACAJIKOB Eenp -
A = (/ucnp B luon)
OTtHOCHUTEIB- u - -
HBIE  OTKJIO- Henp
HEHUsS Kod3(-
(¢uLueHToB A = ((pcnp - ¢on)
pacxoja, » @ }
14 | ckopocrw, P
COTPOTHBIIC- (é“cnp <)
HUS ¥ cKaTtus A i — -
JJIsL OTBEp- gcnp
CTHS u
HACaJKOB A = (gcnp B 80'1)
. = -
gcnp

10.

1(c.

Hanumure u nosicaute GopMyiibl i ONpeneseHuss CKOPOCTH U pacxoja
IIPU UCTEUEHUU >KUJIKOCTU U3 OTBEPCTHM M HACAJKOB B aTMocdepy mpH mo-
CTOSIHHOM Hariope.

N300pa3ute cXxemMbl UCTEUEHHUS KUJKOCTH U3 MaJOro OTBEPCTUSI B TOHKOU
CTEHKE M Yepe3 BHEIIHUM [WIMHAPUIECKUN HacaloK B aTMochepy.

Kakoe ypaBHeHUE JI€KUT B OCHOBE (POPMYJI JIJISI BBIYUCIICHUS] CKOPOCTH HC-

teuenns ¢ u pacxona xuakocty QQ mpu McTeUeHMHU M3 OTBEPCTUI M HACA[-
koB? Hanuivre v mosiCHUTE 3TO ypaBHEHUE.

YuyeOHas iuTeparypa K padore 6

379...385, ¢389..393, ¢.398,399), 2(c.284...288, ¢.291..297), 3(c.106...109,

c.115), 4(c.106...112), 5(c.199.210, c.215...220, ¢.222...225).
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JlaGoparopHnasi pa6ora 7
IKCHEPUMEHTAJIBHOE U3YYEHMUE ITPAMOI'O THIPABJINYE-
CKOI'O YIAPA B HAIIOPHOM TPYBOIIPOBOJE

1. TeopeTuueckasi 4acTh.

['uppaBnudeckuM yaapoM Ha3bIBAETCS W3MEHEHUE (ITOBBIICHHUE WIIH TI0-
HIKEHUE) JaBJICHUS B HAIIOPHOM TPYOOMPOBOAE MPH PE3KOM M3MEHEHHH CKO-
POCTH JABWXKEHUS JKUIKOCTH (HampHUMep, B Pe3yibTaTe PE3KOTO 3aKPBITHS WU
OTKPBITHUS 3aTBOPA).

[ToBbIIeHWE M@BIEHUS TPU THIPABIMYECKOM yIape MOXKET OBITh
HACTOJIBKO OOJIBIIIMM, YTO CITOCOOHO MPHUBECTH K Pa3phIBY TPYOOIPOBOIA.

[Tpu OBICTPOM 3aKpBITHH 3aTBOpa CHAaYala OCTAHOBUTCS HE BCS Macca
KUJKOCTH, 3aKIIIOUEHHAss B TPyOOINpOBOJE, a JUIIb YacTh €€, HaXOMSIIascCs
HEIMOCPEJICTBEHHO Tepe] 3aTBOpoM (puc. 1). ITo nmpoucxoauT oiarogaps uHep-
[ U YIPYTUM CBOWMCTBAM KHUIAKOCTH U Marepuaia TpyObl ( OCTaHOBUBIIASCS
Macca JKUJIKOCTU HECKOJIBKO CXKUMaeTcs, TpyOa pacumupsiercs, a JaBJCHUE B
KUJKOCTU PE3KO BO3paAcTaeT). 3aTeM IMOBBIIICHWE JaBJICHUS BeCbMa OBICTPO
pacnpocTpaHsieTcsl o TpyOonpoBoay OT 3aTBopa K pesepByapy. CkopocTsb pac-
MIPOCTPAHEHUS TOBHIIICHUS JaBJICHUS HA3bIBAIOT CKOPOCTHI0 pPaclpocTpaHe-
Hus yaapuoi Boaubl C. ITociie Toro Kak Bo BceM TpyOOIPOBOJIE JIaBIEHHUE IO~
BBICUTCS, KHJIKOCTh HAYHET BBIXOJIUTH W3 30HBI MOBBLIIMICHHOTO JIABJICHUS 00-
paTHO B pe3epByap, JAaBJICHHE B TPYOONpPOBOJEC HAYHET MOHMKATHCS. 3aTe€M B
30HY TIOHMKEHHOTO JIaBJICHHUSI CHOBA MOWMJIET >KUIKOCTh U3 pe3epByapa, U JiaB-
JICHUE CHOBA IMOBBICUTCS. biaromaps ynpyrum CBOWCTBaM >KHIKOCTH M CTCHOK
TpyOOIpoOBOAa ATOT MPOIIECC JOBOJIHHO ObICTpO 3aryxaeT. Hanbosnee onacHbiM
SIBJISICTCSI TIEPBOE TTOBBINICHHUE JTABJICHU.

VYnapHas BojHA HpOHJIET MO BCceMy TpyOOmpoBoay (OT 3aTBopa A0 pe-
sepByapa) 3a Bpemsa t = |/C (3necs | — nmuna tpy6onposona). Bpems ognoro
IIMKJIA, BKJIFOYAIOIIETO MOBHIIIICHUE W TTOHWKEHUE JaBJICHUS, Ha3bIBaeTCs (a3oi
ynapa T = 21/C.

Ecnu Bpems 3akpbitus {; 3atBOopa Menbine wiu paBHo (asze ymapa 1

(t; <T), ynap Ha3bIBaeTCs MPSIMBIM.

Yaap MOXeT BO3HUKHYTh, HalpuUMep, MpPU BHE3AMHOM BBIKIIOYEHUH
Hacoca, MOJAOIIEr0 BOAY MO HAarHeTateIbHOMY TpyOONpOBOAY B pe3epByap.
KuakocTh mocie BBIKIIOYEHHUs HAcoca MO0 MHEPIUU HEKOTOpoe BpeMs OyAeT
JIBUTaTbCSA, U B TPYyOONpPOBOAE BO3HUKHET MOHWKEHHOE [aBJIEHUE. 3aTeM
HayHeTCsl 00paTHOE ABMKEHHUE KUIAKOCTH U3 pe3epByapa B 00JaCTh MOHUKEH-
HOTO JIaBJICHUS B TPYOONpPOBOJE, U JIaBJIEHUE 3[1€Ch TOBBICUTCS MOJA00HO TOMY,
KaK 3TO Ha0JII01aI0Ch MIPH MPSIMOM yaape.

W3 131105K€HHOTO SICHO, YTO MapaMeTpbl ABMXKEHUS KHUAKOCTU MPU TH-
PaBIMYECKOM YyJape M3MEHSIOTCS C TeueHHeM BpeMeHH. ClieqoBaTelnbHO, MPHU
THJIPaBIMYECKOM yape ABM)KEHUE KHUIKOCTH SIBJISIETCSI HEYCTAaHOBUBILIUMCH.
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JI71st oTIpeiesICHusI MOBBIMICHUS TaBIcHUS AP IpU MPSIMOM THAPaBIHYC-
ckoM ynape H. E. XKykoBckum B 1898 r. mpenoxkena popmyna

Ap=pC¥, (1)

rie O - IWIOTHOCTh KHJIKOCTH;
C - CKOpPOCTH PACIPOCTPAHEHHUS YAAPHON BOJIHBL;
9 - cpenHss CKOPOCTh IBMKEHUS KUIKOCTH B TPyOOIPOBOAE 10 3aKpHI-
TUS 3aTBOpa ( P YCTAaHOBUBILIEMCS JIBUKEHUH ).
Benmuuuny C BeIMUCIAIOT 110 GOpMYyJIe

‘T Ead’ )
1+
E,0
E. .
rne |[—=C 46 -~ CKOPOCTB 3BYKa B )KHMJKOH cpene (171 BOAbI Cs6~1425 m/c);
yo,

Eye v Epp — MOAyaHM YyIPYrocTH COOTBETCTBEHHO XKHUAKOCTH M MaTepuaia
TpyGonposoaa ( aus Boasl Es~1,96 - 10° [Ta, ms cram E,, ~1,96 - 10M11a);
d - BuyTpennuii nuameTp Tpy6onIpPOBOaa; O - TOMIIMHA CTEHKU TPYOOIPOBO-
na.
2.0nmncaHue yCTAHOBKH. Y CTaHOBKA COCTOUT U3 TOPU3OHTAIBHOTO CTallb-
HOTO MPY#Onposoda, NPYCOCTNHECHHOTO K HAROPHOMY pe3epsyapy , B KOTOPOM
YPOBEHb BOJIbI BO BPEMs OTBITOB MOJACPKUBACTCS HA MOCTOSHHON OTMETKE C
MIOMOIIILIO HepeausHo20 ycmpoicmaea (puc.14). B xonue mpydonposoda nme-
€TCS @eHMUIb IS PETYJIUPOBAHUS CKOPOCTH  JBWKEHHS BOJIbI B HEM, KJid-
HAHHBLI_3ameop, TO3BOJSIONINN MPAKTUUECKH MTHOBEHHO MEPEKPHIBATH TPY-
OOTIPOBOI, HPYHCUHHBLIL MAHOMEMP, C TIOMOIIBIO KOTOPOT'0 U3MEPSIETCS JIaBJie-
HUE B )KHUIKOCTH JI0 1 B MOMEHT 3aKPBITHS 3aTBOPA.
Jiist u3MepeHust pacxoaa BOAbI CIYKUT MePHbLL OaK, CHAOKEHHBIN 8000-
MEPHOU MPYOKOU CO WKAI0U, N CEKYHOOMED.
Hean pa6orbl: OnpeeTuTh ONMBITHBIM MMYyTEM BEIMYNHY MOBBITIICHUS

nasierust Ap,, Tpu IPSIMOM THAPABIMIESCKOM yIape B HATIOPHOM TPYOOIpo-

BOJIE, CPABHUTD €€ ¢ BeauunHoi Ap, Berumciennoi mo ¢popmyste H. E. XKykos-

|Ap - Apon
CKOrO, ¥ IIOJICYUTATh OTHOCUTEIIBHOC OTKIIOHCHUE &,, = — -100% .
p

3.ITopsiAoK BBINMOJHEHUST PA0OTHI.
1. W3meputh MO MaHomMempy NaBICHUE B mMpPydonpoeode 10 yaapa
(TIpu 3aKPBITOM Pe2yIUpPo8oOUHOM 8eHmuUIe) N PE3YIbTaThl U3MEPEHHS 3aITUCaTh
B TaOHILY.
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HpyKHHABIH [_Cﬁ'_\'ﬂ,]_o:uep |

» MaHOMeTp
HanopHbni
pesepeyap

tl' " SR TR N ,-

Pucl4. Cxema ycTaHOBKHM JIJIsl M3YyUCHHS THIPABIMUECKOTO yaapa.

2. OTKpbIB (HE TIOJIHOCTBHIO) Pecyiupo8OUHbL _8eHMUb, 00CCIICUYUTh
IPOIYCK M0 MPyodonpoeody HEKOTOPOTO Pacxoja BOAbI.

3. Usmeputsb pacxon Boasl Q ¢ IOMOIIBIO MepHO20 Haka W ceKynoo-
mepa. llpu 3TOM M3MepseMblii 00beM BOJBI JOJDKEH ObITh HEe MeHee S50 IuT-
pOB.

4. llepekpbiTh KAGNAHHBIM 3AMEOPOM MPYOONPOE0J W U3MEPUTH MO
Manomempy BEIWYMHY MAKCUMAJILHOTO JIABJICHUS MIPU yAape.

5. 3amucath B TAOIUILy MOTYUYEHHBIE PU U3MEPEHUSIX JaHHBIC.

6. Caenath enie ABa aHAJOTMYHBIX OMbBITA MPU JPYTUX PACXOaX BOIBI.

7. O6paboTaTh ONMBITHBIEC IAHHBIE TaK, KAK YKa3aHO B TAOJIHIIE.

8. JlaTh 3akitoueHue Mo pe3yabTaTaM paboThI.

KonTposbHbie Bonpockl k padore Ne7

ChopmynupyiiTe moHATHE THAPABINYECKOTO yaapa.

[Ipsimo¥i 1 HEMPSAMOW TUIPABIMYECKUHN yAap.

Urto takoe ¢aza ynapa?

OOBbsicHUTE TpolleCC U3BMEHEHUs JaBJIEHUsI B TPyOOINpoBOJiE, MUTAEMOM M3
pe3epByapa, py MpsIMOM TUIPABINYECKOM yIape.

4. Hanummure u nosicaute dpopmyny H. E. XKykoBckoro jj1s onpenenenus mo-

PO E
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BBIIICHWA JAaBJICHUA IIPU yaape.

5. Hamnumute u noscaute GopMyity A OIpeaesieHrs CKOPOCTH pacipocTpa-

HEHUs yIapHOUN BOJIHBI.

YuyeOHas qurepatypa k padore Ne/

1.(c.356...362),  2.(c.260...264),  3.(c.140...147),
5.(c.279...283, ¢.289...293).

4.(c.155...160),

Tab6muia 8. Pesynbprarel 00pabOTKH SKCIIEPUMEHTATBHBIX JTAHHBIX

Ne HanmenoBanus nuzmepseMsIx U En. Pesynbrarsl u3aMepeHui u
103. BBIYHCIIIEMBIX BEJIMYNH U3M. BBIYHCIICHUI
Ompit 1 OnpiT 2 | Onpit 3

1 2 3 4 5 6
1 | Bayrpennwuii quametp Tpyoonposoaa d
2 | Tommmaa cTeHKH TpydOTIpOBOAA O

[Tomane momnepeyHoro ceyeHus: Tpyoonpo- )
3 Bona = nd?/4 M
4 | O6bem Boasl B MepHOM Oake W M3

Bpewms HanonHeHust oobema t c
6 | Pacxon Bozsl B TpybomnpoBoae Q = Wi/t M3/

CpenHssi CKOPOCTb ABHKEHUS BOJBI B TPYOO-
7 npooze ( 10 yaapa) V = Q/w M/c

CKopoCTh pactpoCTpaHeHHs YAAPHOH BOTHBI
8 = sy Mm/c

\/1+ E,d/Epyd

[ToBeilIeHUE NaBiICHUS IPH yaape mno Gopmy-

ne H. E. )Kykosckoro
9 Ap = pCV ITa

JlaBneHue B TpyOONpOBOJIE 10 yiapa
10| (o manomerpy) p1 Ia

HawuGonpmiee naBienue B TpyoOnpoBoae Ipu
11 | ymape (o manometpy) p2 ITa

[ToBbiIeHNE MaBieHUs TP yaape (o OIbI-
12 | Tam) Apon = p2- p1 ITa

OTHOCHTEIBHOE OTKIIOHEHHE

Ap—-A 0
Ap
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JlaGoparopHnas padora 8
N3YUYEHUE ®UJIBTPALIMU B IECHAHOM I'PYHTE
HA YCTAHOBKE JAPCH

1. TeopeTuueckasi 4acTh.

[Ton ¢unbTpanueil MOHUMAIOT IBUKEHHE BOJABI B MOPaxX BOJIOHACHIIICH-
HOTO TPYHTa. 3HaHHE 3aKOHOB (PHIIBTpAIIMK HEOOXOAUMO TP MPOSKTUPOBAHNUH,
CTPOUTENBCTBE M IKCILTyaTallud MPOU3BOJCTBEHHBIX, KUJIBIX U OOLIECTBEHHBIX
3JTaHUN, TUAPOTEXHUUYECKUX COOPYKEHUN, BXOASAIIMX B CUCTEMBI IPUPOJONOIb-
30BAHMS U HH)KEHEPHOM 3KOJIOTHH.

B yacTHOCTH, 3HaHUE 3aKOHOMEPHOCTEH (PHIbTpalMu HEOOXOAUMO IS
OIIpE/ENICHUs] IPUTOKA TPYHTOBOW BOJBI K KOTJIOBAHAM CTPOSILIUXCS 3/IaHUM,
JPEHaXHBIM U BOJI03a00pHBIM yCTPOMCTBaM, Ui pacuéToB ocaaku (yHIaMEH-
TOB U BBIYHMCIICHUS TIOTEPb BOJIbI YEPE3 3EMJISIHBIE IIJIOTUHBI U JaMOBI.

JIBU>KEHHE TPYHTOBBIX BOJ TaK e, KaK U MOTOKOB B HAIOPHBIX TPyOO-
IPOBO/AX M OTKPBITHIX KaHalaX, MOXET ObIThb YCTAHOBUBLIMMCS M HEYCTAHO-
BUBILIUMCS, PABHOMEPHBIM U HEPABHOMEPHBIM, HAIIOPHBIM U O€3HATIOPHBIM.

PexuMm IBH)XKEHUS TPYHTOBBIX BOJ MOXET OBITh JAMHHAPHBIM U TypOy-
JICHTHBIM.

B nanHOli paboTe HM3yyaeTcs yCTAaHOBUBILIASACS HamopHas (UIbTPALMS
IIpU JAMUHAPHOM PEKHUME, ONHChIBaeMas 3aKkoHOM Jlapcu. AHaIUTHUYECKOE BbI-
pakeHHE 3TOr0 3aKOHAa OOBIYHO 3aIMCHIBAIOT B JIBYX BUAAX:

v = kJ (1)
Q=wkJ. (2)

3n1ech L - CKOpOCTh (PUIBTPALMH, T.€. aIaNTUBHAS CKOPOCTh, paBHAs

L=—, (3)
@

rae Q- nelictBuTeNbHBIN ((akTHUECKUIT) QUIBTPALMOHHBIA PACXOI;

(- TUIOIMIaAbh ITIOBEPXHOCTHOTO CCYCHHS (PUIBTPAIMOHHOTO IOTOKa,
CKJIAJIbIBAIOIIASCS U3 CYMMapHOMW TUIONIAAN CEYCHUS MOp (a)nop) Y 4acCTHIl CKe-

neTa rpyHTa (@, ), T.e. @ = 0y, + Dy ;

K - ko3huieHT GuabTpalui, WMEKIIUA pPa3MEpHOCTh CKajsipa
(0OBIYHO B cM/c WA M/Cym) U XapaKTEePU3YIOITUH BOJONPOHUIIAEMOCTb IPYHTA.

Bennuuny K OMPEIENSIOT JIs1 KaXKJ0r0 BUAA TPYHTA OMNBITHBIM MyTEM
(mpu MOCTOSIHHOW TeMIiepaType GUIbTpYIOIIeH Kuakoctr). B cripaBouHOi -
TepaType BeJIMuuHbl KordduirienTa GuiabTpaluu TPyHTOB OOBIYHO TatOTCS MPH

temneparype { =10 C. [na nepexona or Benuuuubl KodpduimenTa kt , TIO-

[} o]
nydennoi npu temmneparype t, ormanoii or 10 C, x Benmnuune ero npu 10 C
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(kyo) npumensiercs: popmymna:

kt
klO - (4)
T
r7ie 7 - TeMIIepaTypHas MoMpaBKa, BIYHCIsAEMas IO SMIUPUUIECKON GopmyIe:
7=0,7+0,03t, °C. (5)

J - TPAaJAMEHT HAlopa — OTHOIIEHHWE PA3HOCTH MOJHBIX HAIOpPOB
H 1— H2 = hl—2 B JIByX TOYKax IPyHTOBOrO MOTOKA, JISKAIIUX HA OJIHOW JIM-

HHH IIOTOKA4, K PACCTOAHHUIO MCXKIY HUMHU |1_2, HU3MCPACMOMY I10 ATOM JINHHUH,
T.C.

Hi—H, M,
Jio= I =1 (6)
1-2 1-2
B ciyuae (uibTpanMu CKOPOCTHBIM HAMOPOM HPEHEOPEraroT, MOITOMY
TIOJIHBIN HAMOP CYUTAIOT PABHBIM THIPOCTATHYECKOMY, T.€.

H=z+F : (7)
3akoH /lapcu moka3bIBaeT, UTO CKOPOCTh (PUIBTPALMH MPOMOPIUOHAb-
Ha TPaJUEHTy HaIopa, WK, IPyTUMHU CIOBaMH, MOTEPU HAMOpa JIMHEIHO 3aBU-
CSIT OT CKOPOCTH (PUIIBTPALIUU.
3aMeTHM, 4TO peajibHasi CKOPOCTh JIBHIKEHHUS )KUIKOCTH B MOpax IrpyHTa

Uy paBHa

Uy T, (8)

nop
Cxopoctu Uy 1 U CBSA3aHBI MEXKY COOOM OTHOIICHUEM

L v
d — 9
n )
rie N=0,,, / @ - IOPHUCTOCTH IPYHTA.

Bripaxkenue ( 9) moiayyeHo B pe3yjbTaTe COBMECTHOTO PEUICHUS 3aBU-
cumocrteit ( 8) u ( 3).

2.0nncaHue YCTAaHOBKH. YCTaHOBKAa TMpPEACTaBISET COOOM BBINOIHEH-
HYI0 U3 IPO3PAYHOTO OPraHUYECKOTO CTEKJIA GePHMUKAIbHYI0 KOJIOHHY KBaJ-
paTHOro cedyeHus ¢ BHyTpeHHUMH pazMmepamu 10X10 cMm, 3amOJHEHHYIO MATHIO
CJIOSIMU TIECYAHOTO TPYHTA PA3JIMYHOM KPYNMHOCTH. TOJIIMHA KaKI0TO CIOSI OA-
HopoaHoro rpyHTa — 10 cM. Ha rpanuniax cio€s uMeroTcst ITyUEphl, K KOTOPbIM
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Yyepe3 PE3MHOBBIE NUIAHTH TOJCOCAUHEHbl CcHieK1AnHble nbe3omenpbl (Ne
1...6) w1t U3MEpeHUs: HAaIOPOB.

Bona B kKoJ0HHY mOCTymnaeT u3 numarwuie2o daxa 1o mpyode. 1 noanepxa-
HUS TIOCTOSIHHOTO YPOBHS BOJIbI HaJl TOBEPXHOCTHIO IPYHTA B YCTAHOBKE (C I1e-
JbI0 00€CTieueHUs YCTAaHOBUBIIETOCS JIBIXKEHMSI (PMIIBTPALIMOHHOTO IMOTOKA)
UMEETCs nepenusnan mpyoka.

M3MeHeHHE B ONBITAX BEIMYMHBI IpagdeHTa Hamopa J (a ciiemoBarellbHO M
¢unsTpanonnoro pacxoaa Q) mocTuraercs U3MEHEHHEM BBHICOTHOTO MOJIOXKE-
HUSl CAUBHO20 YCMPOUCMEA, COCTUHEHHOTO 20(pUPOBAHHBIM PE3UHOBHIM
W1aH2OM C HUKHEH 4acThio KoaouHubl. V3MepeHue QuibTpallMOHHOTO pac-
xona Boasl Q ocyluecTBIsAETCS MepHbIM COCyOOM ¢ HAHECEHHOM Ha CTEHKE

wkanoi (B cm®). Bpemsa { 3anonHenus npoduubTpoBaHHON BOJOH HY’KHOIO

o
o6vema W ormepsercs cexyndomepom. Tevmeparypa Boas! L C U3MepsieTcs

mepmomempom.

IInTaromuil pezepByap

Bepmxaabnaa KROJIOHHAa

IepeuBHOE YCTPOHCTBO

IIse30MeTphl

CexkyHaoMep

MepHbIH cTakaH

R e =
e e

Puc. 3. Cxema QpuiabTpalinOHHON YCTaHOBKH
3. lean padoThI:

1.YOenuthcst B cripaBeJIMBOCTH 3akoHa Jlapcu myTéM MOCTpoeHuUs B Mac-
mTade (Mo JaHHBIM ISATH OMBITOB) rpaUKOB 3aBUCUMOCTH CKOPOCTH (PribTpa-
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UMM U OT TpagueHTa Hanopa J, T.e. rpadukos v = f(J) mma matm Bumos
MIECYAHOTO TPYHTA, OTIMYAIONIUXCS KPYIMHOCTRIO YacTuil (puc. 1).

2. Onpenemuts 1o rpapuxy O = f(J) ang ommoro BMma mecuanoro
rpyHTa (yKa3aHHOTO TIPEMojaBaTeiieM) CPEIHIOI BEIMYMHY KoddduimeHTa
dunbrpatmu K, u ykasars eé ua rpaduke (puc. 1).

3. [TocTpouThs B MacmTabe Mo JaHHBIM OJHOTO OIbITA, YKA3aHHOTO Mpe-
nojaBareseM, >opy Harnopos, T.e. rpapuk H = f(2) nsmenenus nanopa H

1o nyTH ¢uasTpanuu (puc. 2).

4. llopsaaok BoINOJHEeHUs1 padoThl. [Ipy HanboIEe BRICOKOM MOJIOKEHUU
CLUGHO20 ycmpouicmea , TpoBeCTH ONbIT Ne 1: ompenennTts OTMETKH YPOBHEU
BOJIbI B Bbe3omempax, T.. Hariopsl H B Toukax 1...6 GuibTparimoHHOrO MOTO-
Ka; U3MEPUTh IIPEBBIMICHNUS Z 3TUX TOYEK HaJ IUIOCKOCTBIO CPAaBHEHHUS; U3Me-
puth B mepuom_cocyde o0bem W Bombl, poduIbTPOBaABILEH Yepe3 TPYHT,

. o]
MMPOAOJIKUTCIIbHOCTE HAIIOJTHCHU A 00BEMa U TCMIICPATYypPy BOJLI t C . Io-

Jy4YeHHbIE JaHHbIE 3anUcaTh B Ta0J. 1.

2. OnycTuth ciuenoe ycmpoiicmeo Ha S...10 cM, U, BBIK/IaB HEKOTOPOE
BpeMs, 4YTOOBI pexXUM (UIbTPALIMU YCTAHOBUJICS, BBIIOJIHUTH OMBIT Ne 2, u3zme-
pUB U 3anucaB B Ta0a.1 Te ke BeJIMYUHBL, UTO U B ombITe No 1.

3. Bcero HeoOxomuMo cnaenaTh MSATh OIBITOB, OIYCKas CAUGHOe
YCHPOUCHI80 B KAXKIOM MOCIEAYIOIIEM OMbITE HA S...10 cM.

4. TloguATh clueHoe ycmpoiicmeo B Haubojee BHICOKOE MOJIOKEHUE U
MEPEKPBITh KpaH Ha TpyOKe MuTarouiero 0aka.

5. O6paboTaTh ONBITHBIE JAHHBIE U PE3YJIbTaThl 00PaOOTKU MPEACTABUTH
B BHUJIE Ta0JI.2.

6. Iloctpouts B Macimrabe no gaHHbM Tabn.2 rpadux O = f(J) ma

BCEX MMATH BUOB HCCleAyeMoro rpyHta (puc.l), a mo ganueiM Tabn.1 — smropy
naniopos H = f(z) nna omsoro us omeiTos, ykasanHoro npenonasatenem  (
puc. 2)

7. JlaTh 3aKJIFOUYEHHE 110 Pe3yJibTaTaM padoThI.

KoHnTpoJibHBbIE BOPOCHI K padore Ne§

Hanummre u nosicaure 3akoH Jlapcu.

HanummuTe ¥ NOSCHUTE 3aBUCUMOCTb, CBA3bIBAOILYI0 CKOPOCTh (DHILTPAIHH
C JIeHCTBUTENBHOMN CpeTHEH CKOPOCTHIO JIBUKEHMS KUIKOCTH B ITOPaX IPyH-
Ta.

3. Uzo6pasure rpaguk U = f(J) n o6bAcHHUTE, Kak ¢ €ro MOMOLIBLI0 MOKHO

OTPEIENHUTh CPEAHION BEIMUMHY KO3 dUlieHTa GuiIbTpaluu rpyHTa?
[TosicauTe, uTo Takoe KO3PGULIKUEHT GUIbLTpaAUU?

CdopmynupyiiTe NOHATHE TPAIUEHTA HAIIOPA U MOSCHUTE, KAK ONPEIEsIeTCs
€ro BeJIn4uHa?

6. W3o6pasure smopy nanopos H = f(2) u naiite kommenTapwuii k Heii.

7. OObsicHUTE, TOYEMY BeauurHa KoddduirenTa GuiabTpaluy rpyHTa 3aBUCUT
OT TeMIIepaTypbl PUIbTPYIOLIEH KUAKOCTH?

N =

ok
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8. Kax Haiitu Benuuuny kod(¢uuuenta ¢uisrpanuu K rpynra mpu 10°C,
eClTi M3BECTHAa €ro BeJMYMHA Npu Temmneparype l, ormudaromeiics ot
10°C?

9. Or kakux ¢$akTOpoB 3aBUCUT (PUILTPAIMOHHAS CIOCOOHOCTH IPyHTa?
Y4yeOHas uTepatypa K padore 8

1(c.535...534); 5(c. 535...542); 7(c. 379...384); 8(c. 443...448);9(c. 255...258)

2 o
cM _

\)
60 3&‘\//4

9__&77/
40 00@9(_

20 o

077720 4 60 80 Heg+Fpgein

Puc. 1. I'paduk 3aBUCHMOCTH CKOPOCTH (GUIBTPAIMK U OT FpaJueHTa Hamopa J

Tabnuua 1 — Pe3ynbTarhl NpOBEIEHHBIX SKCIEPUMEHTOB

No u 6 E YuciieHHbIEC 3HAYCHUS
HO;' aHMeHOBaHHI\fBII/IXOBe(f;?;;HHe HU3Mepsiac- HiI;I/IH HOMepa OIIBITOB
1 2 3 4 5
1 2 3 4 5 6 7 8
H 1 cM
Hamops! ( ormetku ypoBreit | H2 | cm
BOJIBI B IIbE30METpax, MojakIo- | Hz | cm
1 YEHHBIX B TOYKax 1...6) His| cm
Hi = zi+pi/ pg Hs | oM
He| oM
2 | O6wem npodunsrposasiueii Bogel W | cm?
3 | TlpopomxurenbHoCTh pusbTpanuu { C
21 CM
IIpeBbimenue Touek 1...6 monu- Z, oM
KITIOYEHHS ILE3OMETPOB Hall [~ oM
4 MJIOCKOCThIO CpaBHEHUS (T€0-
METPUYECKHE BBICOTHI) Z4 M
Zi Zs5 CcM
g CM
5 | Temneparypa BojpI { °C
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A

0 a1 02

Puc. 2. Dmropa Hanopos

4,3

o4

’5

1
g

Ta6nuna 2 — Pe3ynbpTaThl 00pabOTKH JAHHBIX

YucneHHbIe 3HAYCHU S

Ne Haumenosanue u 0003HaYeHUE Ennn. HoMeba OLLITOB
I103. BBIYHCIISIEMBIX BEJIMYHNH HU3M. P
1] 2 3 4 5
1 2 3 41 5 6 / 8
1 dunpTparmonHbsiii pacxon Q=WI/t cm’/c
2 Ckopoctb puiabtparmu O =Q/w® cm/c
h1_2 CM
ho-
3 [ToTepu Hamopa h2 > zx
hi - i+1 = Hi- Hixa >~
4-5 M
h5_6 CM
Ji2 -
I'panuent nHamopa J2 -
4 Ji i =hi . il J34 -
- i+l -0+l ]
4-5 -
Js.6 -
Kia | cm/c
Koshdurment unbrparum ks | cm/c
5 k - / J kt3-4 cMm/c
tisiaa i—i+1
kt4-5 cM/c
kiss | cm/c
5 Temnepamypuas nonpaska
7=0,7+0,031<C
Kioo | cMm/c
Kosdhdurment punbrpamum :2102»3 cm/c
7 k — k / 103-4 cM/c
o = T
mpu 10°C Rag, tiia K10es cM/c
Kioss | cm/c
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