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BBEJI[EHUE

Bremonnenune 1a0opaTopHBIX pabOT MpU HU3YYCHUH THIPABIUKH JOJHKHO
crocobcTBOBaTh Oosiee TITyOOKOMY MOHUMAHHUIO CTYJEeHTaMH (DU3HUUECKON CYIIHO-
CTH M3Y4YaeMbIX TMIPABIMYECKUX SIBJICHUI, OCBOCHHI0 WMHU METOJOB MCIBITAHUS
THIPOMAIIINH, YIIPOUEHUIO CBSI3U TEOPUHU C IKCIIEPUMEHTaMH, a Takke mpuolpeTe-
HUIO HAaBBIKOB B HAYYHBIX HCCIIEIOBAaHUSIX U B pabOTe C Hay4HO-TEXHUYECKOU U
CIIPAaBOYHOM JIUTEPATYPOH.

B npennaraemom 1abopaTOpHOM Kypce OINHCAaHUE Kaxa0H paboThl coaep-
KUT:

a) BBOJHYIO 4acTb, TJIe B C’KaTOM (hopMe M3JI0KEHBI CBEJEHUS O0ILEro xa-
paKkTepa U OCHOBHBIE TEOPETHUYECKUE IOJIOKEHUS, UMEIOIME CaMOE IIPSIMOE OTHO-
HIEHUE K pacCMaTpUBAEMBIM B pabOTe BOIpOCaM;

0) 11eJ1b paboTHI;

B) CXEMY YCTaHOBKU;

') OPSIIOK BBITIOTHEHUS pa0OThl U ACTAIBHO pa3paboTaHHbIC TAOJIUIIBI JJIsI
YOPOUIEHUS U yI100CcTBa 00paOOTKU ONBITHBIX JAHHBIX;

J1) OCHOBHBIE KOHTPOJbHBIE BOIMPOCHI, MO3BOJISIOLIME CTYJIEHTaM Li€JIEHa-
IIPaBJIEHHO FTOTOBUTHCS K 3aIIUTE OTYETA O KAXKI0M paborTe;

€) HOMEpa PEKOMEHYEMBIX JINTEPATYPHBIX MCTOUYHUKOB (MX Ha3BaHUS U
JIpYrUe CBEACHMS O HUX JaHbl B CHUCKE JIMTEPATyphl, IPUBEICHHOM B KOHIIE KYyp-
ca).

BeimonHenue cryieHTaMu J1a0OpaTOpPHBIX pabOT MPUBOJUTCS HA BHUPTY-
aJIbHBIX MOJIETISIX CO3JaHHBIX Ha OCHOBE (PU3MUECKOr0 U MaTeMaTUYECKOro MOJe-
JUPOBAHUS C HCIOJB30BaHUEM KOMIIBIOTEPHBIX TEXHOJIOIHMM, pa3pabOTaHHBIX Ka-
benpoii «I'napasnuka, TEIIOTEXHUKA, TUiponpuBo» TI'TY.

Kypc Hanucan Ha OCHOBE MHOTOJIETHETO HaAyYHO-METOJUYECKOTO U MPETO-
JaBaTENBbCKOrO OIBITA aBTOPOB € y4eTOM omnbiTa apyrux BY3oB Poccun n crpan
OJIMKHETO 3apyOeKbsl.

OBIIUE YKA3AHMSI, KACAIOIIUECS BBLITIOJHEHMS
JABOPATOPHBIX PABOT, PEKOMEHJALIMU IO COCTABJIE-
HUIO U O®OPMJIEHUIO OTUETOB O PABOTAX U HX
3AIUTE

1. TekcToBYIO YacTh OTYETAa O KAXKIOM Ja00paTOpHOl paboTe CTYIEHT
JOJDKEH TPEACTAaBIATh Ha OTIEIBHBIX JIUCTax Oesol mucued Oymaru opmara
A4 (210x297 mm), a rpadudeckyto ( CXeMy YCTaHOBKH U TpaduK, TOCTPOCHHBIH
B MaciTade Mo ONBITHBIM JaHHBIM ) - Ha MUJUIMMETPOBOM WJIM MOTPEOUTEINb-
ckoii Oymare B kieTky. [Ipu 3ToM Bech rpaduyeckuii MaTepuai , B TOM YHCIIC
HAAMUCHU U 00O3HAUEHUsI HAa HEM, JOJDKEH ObITh BBIMOJHEH KapanjpamoM. [Ipu



BBIYEPUYMBAHUU TPAPUKOB HA OCSX KOOPJMHAT JOJHKHBI ObITH pa30UTHI HIKAJIbI,
JaHbl 0003HAYECHUS OTKJIAJILIBAEMBIX BEJIMYUH U UX PA3MEPHOCTb.

2. Kaxplil pUCYHOK B OTYETE JOJKEH UMETh MOPSIKOBBIA HOMEp U TO-
SICHUTEJIbHYIO HAJITUCh, PACTIOaraéMbie Mo PUCYHKOM.

3. K BBINOSHEHUIO pabOThI JOMYCKAIOTCS CTYAEHTHI, OOPMUBILIE B CO-
OTBETCTBUHU C M3JIOKEHHBIMH HUXKE TPEOOBAHUSIMH TOATOTOBHUTEIBHYIO YaCTh
OTYETA, BKIOYAIOIYIO:

a) Ha3BaHUE PaOOTHI U 11EJTb €€ BHITIOTHEHUS;

0) OCHOBHBIE TEOPETUUYECKHE TOJIOKECHHS PabOThI (B KOHCIIEKTUBHOM H3JIO-
HKEHUN);

B) CXE€MYy YCTaHOBKH, & TAKKE PUCYHKH, MOSCHSIOMNE GU3HIECKYI0 KapTUHY
U3y4aeMoOro TUIpaBINdYEeCKOTO SIBJICHUS;

I') TaOJUIIBI JJIsI 3aITUCH OTBITHBIX JAHHBIX U PE3yJIbTaTOB BEIYMCICHHM.

4. Tlocne oxoH4YaHHs pabOTHI pe3yabTaThl U3MEPEHUU U BBIYUCICHUI
JOJDKHBI OBITh TPEIBSBICHBI MPENOAABATENIO JJIs TOAIHICH.

5. Jlist monmydeHus oleHKH (B 0ajuiax) 3a BHIIIOJTHEHHYIO JTaOOpaTOPHYIO
paboTy CTYACHT JMOJDKEH MPEIbSBUTH MPEMNOIaBaTeNi0 MOJHOCTHI0 0(OpPMIICH-
HBIM OTY€T, T.e. OTYET, JOMOIHEHHBIA pe3yJlbTaTaMU BBIYUCIEHUHN, rpadude-
CKMM MaTepualioM, a TaKXKe BBIBOJIAMH (3aKIIOUEHHUEM) 10 paboTe, OTBETaMU Ha
KOHTPOJIbHBIE BOTIPOCHI, 1 3aIIUTUTH €TO.

6. 3amura oT4éTa 0 paboTe MPOBOAUTCSA MUCHMEHHO ( B BUJE TECTUPO-
BaHus). [Ipu 3TOM CTyAeHTY mpeaaracTcsi OTBETHTh HA IISITh BOTIPOCOB, B TOM
YHUCJIC Ba B BUJC YMCJIOBBIX MpUMepoB. Ha 3amuTy OTBOAUTCS OUH aKajIeMU-
yecknid yac. OpraHu3alvoOHHO 3alluTa TPOBOAUTCS OJHOBPEMEHHO IS BCEH
IpYNIBI CTYACHTOB B paMKaX pacrucaHus J1abopaTOPHBIX 3aHSATHH.

JlaGopaTopHnas padora 1
N3MEPEHUE TNHAPOCTATHYECKOI'O JABJIEHUS, DKCIIEPH-
MEHTAJIBHOE HOATBEP KAEHUE OCHOBHOI'O YPABHEHUS
IT'NAPOCTATHUKHU U 3AKOHA ITACKAJIA

BBoanast yacThb.
I'mapocratnueckuM AaBieHHEM [0 HA3bIBAIOT HOPMAJIBHOE CHKUMAIOLIEE

HanpsHKEHWE, BOZHUKAIOIIIEE B MOKOAIICHCS KUIAKOCTH TOJ ACHCTBUEM MOBEPX-
HOCTHBIX U MAaCCOBBIX CHII,

. AP
P=1lim < (1)
AS—0 AS
rae AP- snemenrapnas paBHOAENCTBYIOIIAs TIOBEPXHOCTHBIX U MACCOBBIX CHII
(rumpocTtatuueckas cuna), H;

o 2
AS - OJICMCHTAapHaidA 1Ijaomajaka JCUCTBHA, M .



N3 ¢popmynsl (1) BUAHO, 4TO THIPOCTATUUECKOE JaBlIeHUE [) €CThb Ipe-

7Ie7T OTHOIIECHHS dJIEMEHTapHOU ruapoctarndeckoi cunbl AP k anemenrtapHoit
Iom@aau qeicteus AS , korjaa nociaenausis CTpeMUTCS K HYITIO.

3a eIMHHUIY THIPOCTATHUYECKOrO JABJICHUS MPUHATO PaBHOMEPHO pac-
npeaencHHoe JaBieHue, co3gaBaemoe cwiod 1 H, nHa momanu 1 M2, T.C.

2
p=1H / 1w =111a (opun nackans).
['uppocTtatrdeckoe MaBJICHHE, OTCYUTHIBAEMOE OT aOCOIOTHOTO HYJIA,
Ha3bIBAIOT A0COMIOTHBIM ( P, 5.), @ OTCUUTBIBAEMOE OT armMochepHoro (P,,,) —

U30BITOYHBIM ( 0,,,5), CIIEIOBATENBHO,

pa6c = pam + pu36' (2)
O4eBHUIHO, YTO
pu36 = pa6c - pam' (3)
B ruapaBnnueckux pacyéTax BEIUYMHY HOPMaJBLHOTO aTMOC(epHOro
JaBJICHUs cuuTaroT pasHon [, =98100 IIa.
N3 dopmynsl (3) BUAHO, UTO B 3aBUCUMOCTU OT COOTHOIICHUS MEXKIY
P.sc B P, W30bITOUHOE naBneHue [,,; MOXKET OBITH U IOJOKHUTENBLHOH, U

OTpHHaTGHBHOﬁ BennunHON. IloJtokuTeIbHOE M30BITOYHOE JaBJICHHMC Ha3bIBa-
IOT MAHOMCTPHUYCCKUM, a4 OTPHHOATCIBHOC — BAKYYMMCTPHYCCKHM. HpI/I60pI>I,

NpUMEHsEMBIE IS U3Mepenus + P, - u - P,.;, Ha3BIBAIOT COOTBETCTBEHHO

MaHOMETPAMH U BaKyyMMETPaMHU.

[To mpuHUUMIYy OEHCTBUST MAaHOMETPHI U BaKyyMMETpPBI JEISATCA HA JIBE
IPYIIIbL: )KUJKOCTHBIE U MEXAHUYECKHUE.

KunkocTHbI MaHOMETD (TTBE30METP) MPECTABIISAECT COOOM CTEKIISTHHYIO
TpyOKY, BEpXHUN KOHEI[ KOTOPOM OTKPBHIT B aTMOC(epy, a HUKHUN - TPHUCO-
€IUHEH K TOUKE, IJI€ U3MEPSIETCI MAaHOMETPUUECKOE JaBIICHHE.

ManomeTpruuecKkoe AaBICHUE, BRIPAXKEHHOE YEPE3 MOKA3aHUS TbE30MET-

pa:
pu36 = pghpu36’ (4)
rae PJ = ) - 00beMHBIN BEC KUIKOCTH;
hp .~ TIbE30METPUYECKas BBICOTA, T.€. BBICOTA, OTCYMTHIBACMAS OT TOUKH
us

NOJKJIFOYEHUS TbE30METPA 10 YPOBHS KUJKOCTH B HEM.

JleiicTBue MexXaHMYEeCKUX MPUOOPOB OCHOBAHO Ha Jedopmainuu moj
JICICTBUEM JaBJICHUS YIPYroro sjaeMeHTa (NMpYXUHbI WM MeMOpaHbl). 3ame-
TUM, YTO NPY>KMHHBIII MaHOMETp MOKAa3bIBAET JABJICHHUE B TOUKE KHJIKOCTH Ha
YPOBHE OCH BpaIlEHUs €ro CTpeakd. Eciau BBICOTHOE MOJIOKEHUE OCH BpAILlEHUS
CTPEJIKM U TOYKHU MOJKIIOYEHHS] MaHOMETpPA HE COBNAAAET, B MOKA3aHUE MAHO-

metpa ( P,,) BBoIAT monpasky (£ ogy).
st aToro ciyyas:



P.6 = P, £PAY, (5)
rae Y - NpeBBIIIEHUE OCH BPAILICHUS CTPEJIKM MAaHOMETpa HaJ TOYKOW €ro moj-
KIIFOYCHUA, M.

B nannoit maGopatopHoi paboTe MpeaycMOTpPeHO U3MEpPEHUEe MaHOMET-
PHUHYCCKOT'O JaBJICHHUA IIPYKMHHBIMHA MaHOMCTPAMMU.

KOFI[a Ha IIOKOAIIYIOCA XHIKOCTb HCﬁCTByCT TOJBKO CHJIa TAXKECTH,
PacpCaACICHUC TUAPOCTATHICCKOT'O AABJICHUSA p 10 I‘JIy6I/IHe h OIINCBIBACTCA

OCHOBHBIM ypaBHeHI/IeM FI/II[pOCTaTI/IKI/II
p=py + poh, (6)
rac p - FI/II[pOCTaTI/I‘{eCKOG AAaBJICHUC B ) KUJAKOCTHU Ha FJ]y6I/IHe h ) Ha;

po- BHCIIHCC HNABJICHUC, T.C. THAPOCTATUYCCKOC HAaBJICHUC Ha CBO60I[HOI‘/’I

MOBEPXHOCTH KUAKOCTH, [1a;
h - rny6uHa norpyskeHus B KUAKOCTh PACCMATPUBAEMOI TOUKH, M
9N - BecoBoe maBieHHME, T.€. THAPOCTATHIECKOE NABJIEHHE, CO3IaBAEMOE

BecoM ctonda N xmaxoctw, I1a.
W3 ypaBHenus (6) BunHO, uto mpu Py = CONSt u pg = const nasie-

HHe [) C U3MEHEHHEM BeIMuuHBI N W3MeHseTcs Mo NMHEHHOMY 3aKOHY, YTO
MPEACTOUT NOATBEPAUTH ONbITaMU. BeunciauB no ypaBHeHuto (6) naBieHue P

B IBYX TOYKax, SaFJIY6J'IéHHI>IX Ha Pa3HylO BCINYHUHY h ,» MOKHO IIOCTPOHUTH qHa-
rpaMmy pacrpeacCIICHUA T'MAPOCTATHYCCKOI'0 HABJICHUA IIO I‘J'IY6I/IHG, Ha3bIBac-
MYIO BHIOpOﬁ I'uaAPpOCTAaTHYCCKOT'O JAaBJICHUA.

W13 ypaBHeHns (6) ciemyeT TakkKe, YTO BHEIIHEE JaBIeHUE [)y B IOKOS-

niefcs JKUAKOCTU Tepenaércsi BO Bce TOUKU €€ o0béMa 0e3 M3MEHEHHs. DTO
CJIEJICTBHE HA3bIBAIOT 3aKOHOM [lackans.

“BHeniHee JaBlIEHHUE, MPUIIOKEHHOE K MOBEPXHOCTH KHIKOCTH, HAXO-
JSIIENCS B paBHOBECUM B 3aMKHYTOM COCYZE, IEPENAETCS BO BCE TOUKHU KUIKO-
cTH 0€3 U3MEHEHus .

CnpaBeyIMBOCTh 3TOr0 3aKOHA MPEACTOUT MPOBEPUTH OMBITHBIM MYTEM
B JIaHHOMU paboTe.

Onucanue yCTAHOBKH. YCTaHOBKA MPEJCTaBIsA€T COOOM TOJICTOCTEH-
HBI CIAIbHOU YUIUHOD (KOJIOHHA), YaCTUYHO 3aIlI0JHEHHBIN BOJOM, YPOBEHb
KOTOPOU U3MEPSAETCS 6000MEPHOU MPYOKOU CO WKAAOU (TUHEUKOU).

JInst u3MEHeHus: TUAPOCTATUYECKOTO JAaBJICHUS HaJl CBOOOJHOM MOBEPXHOCTHIO

xuakoctd (B T. 1) u B Toukax 2 u 3, 3arayONéHHBIX MO YPOBEHb COOTBET-

CTBEHHO Ha h2 u h3 , TIOJIKITFOYEHBI TIPYKUHHbIe MaHoMeTpsl M, , M,, M.

B npoctpaHcTBO Hag CBOOOIHOM MOBEPXHOCTHIO MOKHO MOJIaBaTh CKATHIN BO3-
IyX OT KOMHBpeccopa 1o mpyoonpoeody OTKPBITUEM GEHIMUIA.




CrajbHOM NMJIUHAP

(xos10HHA)
Ikamna

(MnHelKa)

Manomertp 1

BoxomepHnas
TpyOKa

Manomertp 2

Kommnpeccop

Bentuiib Uit mogaum
 CKATOrO BO3AyXa

e e et S g e |

.
Bentuin a4 copoca
CKATOT0 BO3yXa

Puc.1. Cxema YCTAaHOBKHU IJIAI OKCIICPUMCHTAJIBHOI'O IMOATBCPIKACHHUA OCHOBHOTO
YPaBHCHUA TUAPOCTATHKHU U 3aKOHA ITackans.

Hean padorsl. 1. I3MepuTh ¢ TOMOLIBIO NPYKUHHBIX MAHOMETPOB THIPO-
CTaTW4eCcKoe JIaBjieHue B TpEX Toukax (1, 2, 3), 3anTyOnéHHbIX Ha pa3IMuHyIO BEIU-
YUHY O]l YPOBEHb >KUIKOCTH, HAXOSLIEHCS B aOCOIIOTHOM TMOKOE TOJT JICHCTBUEM
CHJIBI TSDKECTH.

2. TloaTBepauTh HA OCHOBAHUU OTBITHBIX TAHHBIX OCHOBHOE ypaBHEHHE
TUAPOCTATUKU U 3aKOH [lackass.



3. TlocTtpouts 1o gaHHBIM ONbITOB Ne 1, 2 B MaciiTabe SMopsl MaHO-
METPHYECKOro JIaBJeHus 1o riryoune N.
ITopsinok BbINOJIHEHUSI PA00THI M 00PA00TKA ONBITHBIX JAHHBIX

Heo0X0auMo BBINONIHHUTE [BA OIbITA, OOECIIEUUB B IEPBOM Py = 0, a Bo BTO-

pom - Py >0,

u36

OmnbiT Nel. OTKpBITE 6eHmMUML HOOAUU 600bl, HATIOTHUTH YCTAHOBKY JO OTMET-
KM, YKa3aHHOH NpernogaBaTeiaeM, 1 U3MEPUTh € MIOMOILIBIO 6000MEPHOU mMPYOKU

U WKdajibl FJIY6I/IHI)I IMOTPYKCHUA h2 )41 h3 TOYCK 2 U 3, d TAaKXKC IMPCBLIIICHUA

Y, u Y3 oceit Bpamenus crpenok manomerpos M, u M, nHan Toukamm mux
MOJKIIOUEHUS. 3aTeM HW3MEpPUTh TMOKa3aHWs BCEX TPEX MaHOMETPOB
(M, ,M,,My;). IlonyyeHHsle JaHHBIE 3amUcaTh B Tabauiy (rpadsr 4 u 6).

OmnbiT Ne2. 3akpbITh geHmuib 014 coOpoca caucamozo 6030yxa, a 6eH-
mMuib 014 HOOAUU CHCAMO20 6030yXa OTKPBITh U BKIIIOUUTH Komnpeccop . J1o-

BCCTHU p J0 BCIIMYUHBI YKa3aHHOﬁ IIpCrnogaBaTCjicM, IIOCJIC UCTO Komnpec-
Ou36 ? ?

cop OTKIIOUUTH. Jlajee, M3MEPUTH OJHOBPEMEHHO IIOKA3aHWS MaHOMETPOB
MM, ,M, . Pe3ynbTaThl N3MEPEHHI 3aicaTh B rpady 5 TaOIHIBL.

BbINonHUTE BCE BBIUMCIEHUS, NMPEAYCMOTpEHHbIE Tabmuuel. /laTe 3a-
KIIFOUEHHUE T10 pe3yJbTaTaM paboThl.

OcHOBHBIE KOHTPOJIbHBIE BONPOCHI K padore 1

=

UTo Takoe THAPOCTaTHYECKOE JIaBICHUE U KaKOBHI €TI0 CBOMCTBA?

2. lTloscHuTe, 9TO Takoe aOCOJIIOTHOE M M30BITOYHOE THAPOCTATUYECKOE JIaB-
JICHHWE U KaKOBa CBS3b MEXKJIy HUMH?

3. OObscHUTE, YTO MOHUMAIOT IO TEPMHUHAMH: «BHEIIIHEE JABJICHUE» U «Be-

COBOE JIaBJICHHUEC) ?

4. Hanumure U MOSCHUTE OCHOBHOE YPaBHEHUE TUAPOCTATUKH.

5. Cdopmynupyiite 3akon [lackans.

6. HazoBute mpuOOpPHI 11t ©3MEPEHUS U30BITOYHOTO TUAPOCTATUYECKOTO JIaB-
JICHUSI U TIOSICHUTE MIPUHIIMITBI KX JTCHCTBHUSL.

7. TlosicHuTe, 4TO TaKOE MbE30METPUUECKasi BHICOTA?

8. B 4ém cocTosisio MpUHIIMTTHAIBHOE OTINYME B YCIOBUSAX MPOBEACHUS TTEPBO-
IO U BTOPOTO OIBITOB?

9. Jlns yero Hy»XHO 3HATh MPEBBIIICHUE OCU BPAICHUS CTPEIKU MPYKUHHOTO
MaHOMETPA HaJl TOUKOW €ro MOAKIOYEHUs?

10. Dmropa THAPOCTATHYECKOTO TABJICHUSI, KaK €€ CTPOSAT U C KaKOU 1ebi0?



No PesynbTaTel u3-
® | MEpCHUH U BbI-
nosu | Haumenoanust u obGo3HaveHus usmeps- | = E .
g o HUCJICHHUH [Ipumeuanus
BI/I-v €MBIX M BBIUHCISEMBIX BEIUYMH z g Omerr | OMBIT
it M2 Nl Ne 2
1 2 3 4 5 6
[Tokasanus  Ma- P, = Po Ila
1 HOMETPOB P Ma
2
M, M, , M, Py Ia
N36bITOYHOE TH- P = Pay, = Po ITa
pocTaTHyYecKoe _
2 Py =Py, P9y, | Ila
JABJIEHHE B TOY-
cax 1,23 D= Py, +/0%; | Ta M=t
h,=...... M
[Mpupamenne u3- | AP, = APy =Py, — Py, | Ila i
OBITOYHOIO  THJI- h3 T M
3 Ap, = P, = Py, ITa
0CTaTHYECKOTO _
p HICCKOT Y, = M
JIABJICHUS Ap; = Ps, — Ps, I1a
Vi = ereenM
Cpennsisi  Belnu4M-
Ke
Ha  IpUpaIIeHUsA Ap = Ap, +Ap, + Ap, p=1000 —
4 | U30BITOYHOTO Pey = 3 Ia
M
TUAPOCTATUYECKO- g=981 —
c
ro JaBJICHUS
Otnocurensubie  [E,, = (Ap,, —Ap,)/Ap,, -
pacxoKaCHUs
5 MpHUpaIieHuii 1aB- Ey, =(2p, 'Apz)/ Ap,, -
JICHUS B TOYKax 1,
2, 3 co cpenHei Ey, =(Apcp ~Ap,) /Apép .
BEIIMYIHHOM.
Tabnma

“YueGuas Jureparypa K paoore 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.




JlaGopaTopHuasi padora 2
N3YUEHUE OTHOCUTEJBHOI'O ITIOKOA ’KUJIKOCTHU IIPH
BPAIIIATEJIBHOM JIBUJKEHHUU

BBoanasi yactb. B pabote paccmaTpuBaeTcs ciydail, KOTaa )KUJIKOCTb,
HaxOJIAIIasACAd B OTKPHITOM HIJIMHAPUYECKOM COCYE, BpalllaeTCsl BMECTE C HUM
C TIOCTOSTHHOM YTJIOBOM CKOPOCTBIO (¥ BOKPYT' €r0 BEpPTHUKAJIBHOU ocH. Jleno B
TOM, YTO CTEHKHU BpaIllalOIIErocs MUIMHApPA Ojaroaps CujiaM TPEHHs cHadasa
MPUBOJISAT BO BpallleHWE OJIMDKAMIIME K HUM CJIOM YKHUJKOCTH, a 3aTe€M, BCIE]-
CTBHE BSI3KOCTH JKHUJIKOCTH, U BCIO €€ Maccy. Takum oOpa3oM, depe3 HEKOTOPOe
BpEMsI BCE YACTHUIIbI KUIKOCTH HAUMHAIOT BpallaThCs C TOU )K€ YTIIOBOM CKOPO-
CTBIO (@, UTO U CTE€HKH, T.€. BCS Macca >KUJIKOCTU OTHOCUTEIBHO BpalllatoIIEero-
Csl HWJIMHJIpa OyJIeT HEMOIBU>KHA (HAXOIUTHCSI B OTHOCUTEIHLHOM TTOKOE).

B »TOoM ciyuae Ha KaXXJIyl0 YacTHILy >KHAKOCTH JEUCTBYIOT JIBE MaccoO-

2
BBIE CUJIBI — CHJIA TSDKECTH, CO3/aroNias ycKkopenue ( = 9,81M/ C” , ¥ LIEHTPO-

2
OcKkHas CHJIa, CO3JaroMas YCKOpEeHUe r. 3I[GCI) r- paanycC BpallCHUA 4aCTH-

7mn
OBl KUAKOCTH, (¥ = —— - YIJIOBas CKOPOCTH BpAICHUA COCyAa, ]./C, rae N-

30

YuCI0 000pPOTOB BpalleHUs cocyaa, 06/ MUH .

brnarogapsi nelcTBUIO LIEHTPOOEKHBIX CHUJI CBOOOAHASI TMOBEPXHOCTh
BpalIaoniecs KUJAKOCTH B HUJIMHAPUYECKOM cocyle nmpuHuMaer ¢opmy
napaboJionaa Bpamenusi. Kpusas, oOpasyromascs oT nepecedeHus: 3Toro mna-
pabosonia ¢ BEpTUKAIBHOMU MJIOCKOCTBIO, TPEACTABIIAET COOON KBAAPATHYHY IO
napaoo.y.

Jlsist paccmaTpuBaeMoro B paboTe Citydasi OTHOCUTEIBHOTO TTOKOS 3aKOH
pacnpeziesieHusl THAPOCTAaTUYECKOTO AaBJIEHUsI P B KUAKOCTU (OCHOBHOE ypaB-

HCHUC FI/II[pOCTaTI/IKI/I) HUMECCT BU.

py(ar” )
29

rie [Pp- BHEIIHee JaBieHHE (B HameM ciydae Py = P,,,); Lo U Z - IPEeBbI-

p= po+,09(zo_z)+ (1)

IIEHUS. COOTBETCTBEHHO BEPINMHBI Mapabonounaa spamenus (touka O') u mpo-
M3BOJILHOM TOYKH A BpaIaIOMIENCs KUIKOCTH HaJI TUIOCKOCTHIO oTcuéTa XOY.
Pasnenus ypasnenue (1) Ha pJ u nepenecsa P B €ro JIEBYIO 4acTb, I10-

Jy4YUM BBIpQKECHHE JJIsl ONIpeIeTICHUs 3ariyOIeHus h paccMaTpuBaeMON TOUKHU
BpAIAIOIICICS KUIKOCTH 1OJT CBOOOTHYIO TOBEPXHOCTH:

~ 2
P=P _, —z+—(a)r):h.
~9 29
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(or 2

3nech = (I - IPEBBIIICHUE TOYKH CBOOOTHOM MOBEPXHOCTH, PACIIOJIO-

JKEHHOW Ha pacCTosHUM I OT ocu Bpaenus, Haj BepinuHoit O' mapaGononna
BpalICHUS.

C yuétoM BhIpakeHHil 111 N M @ 3aKoH paclpeeleHus IHApoCTaTuYe-
CKOTO JIaBJICHUS BO Bpalllaronieics sKuKocTH (1) mpuHUMaeT Takoi e BUJI, KakK
U JJI ciiy4das adCOJIFOTHOTO MOKOS, 8 UMEHHO:

P = Po+p9(zg +a—2) = po + pgh. (2)
YpaBHeHuEe CBOOOIHON MOBEPXHOCTH BpallalOlIECUCs KUIKOCTH, MOJY-
4yeHHoe u3 ypasHenud (1), mpu P = Py = P,,,, AMEET BUL;

2 (r)?

Z=25+——.

29

cw=Cornst (3)
Bclo T Ilpu r =R (3mecs R -
BHYTPEHHUN paguyc IUIMHIPA)
u3 ypaBHeHus (3) mosiydyaeM BBbI-
BN pa)K€HUE NJi1 OINpPEIECICHUS BbI-
corbl H mapa6ononna Bpare-
N 7 | o HUS:

§ 4 2
1IN i (@R

. 29
2 ! @ (4)

4 |

Soew omevdme = 3aBUCHUMOCTD (3) JEKHUT B
S " ocHOBe pabOThl KHJKOCTHBIX Ta-
XOMETPOB — MPUOOPOB ISl U3Me-
peHuss 4mcia oOOpOTOB Baja
pa3IMYHBIX MaliuH. A camo SIB-
- JICHUE OTHOCHUTEIIBHOTO paBHOBE-

1Y
C \ ™ -z CHs ) KUIKOCTH BO BpalllarOIICMCA
i

AN

UIHHIPE UCMOJIb3yeTCH,
HAmpuUMep, MpU I[EHTPOOESIKHOM
JUThE TPYO.

3HaHWE 3aKOHa pacmpe-
JICTICHHS TaBJICHUSI B JKUJIKOCTH,

2z

4

Puc..1 K OTHOCHTENIBHOMY MOKOIO )KHAKOCTH ~ HAXOJISIICHCS B OTHOCHUTEIBHOM
BO BpaIAfONIEMCs [IUJIMHIPUIECKOM COCyle  ITIOKO€, a TakkKe BUIa €€ cBOOO-
HOM TMOBEPXHOCTH HEOOXOAMMO,
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HaIpuMep, JI IPOYHOCTHBIX pACYETOB HUCTEPH, B KOTOPBIX TPAHCIIOPTUPYET-
Csl AKUIKOCTb.

Onucanue YCTAHOBKH. YCTaHOBKa MPEJCTaBISIET COOON OTKPBITHIN
6EePMUKAIbHBLI YUIUHOPUYECKUTL cOCY) C BHYTPEHHUM pajnycoM R HM3rotos-
JICHHBIN U3 OPraHUYECKOro CTEKIIA.

B cocyn HanuTta DuCTWIIMpOBaHHas BoAa ¢ J0OABIECHUEM KpacHUTENs
JUIsl KOHTPAacTHOCTH. Bpalienne cocyy nepenaercs ot gajia 31eKmpooguzame-
2a. Yucno o60poToB BpallleHUs COCY1a U3MEPSETCS MAX0oMEMPOM.

Jlist onpenenenust koopauHat X U Z, TOYEK CBOOOJHOW MOBEPXHOCTH
BpalIarouIeics )KUJIKOCTH YCTAHOBKA CHA0XKEHA 20PU30OHMAIbHOU TUHEHKOU U
BEPTUKAJILHON MEPHOU UTJION (nuueHmacuimadom), siBIsIONICHCS YPOBHEME-
POM, TIO3BOJIAIONIEH TOYHO (PUKCHUPOBATH BHICOTHOE IMOJIOKEHUE TOYEK CBOOO-
HOM ITOBEPXHOCTH.

I'opuszoHTaNBbHAS

(V)
TN YTNTTAAO

OTKpBITHIA BEPTHKAJb-
HBIA HUJIHHAPUYECKHH

N TENATATNATI N ITTNONA T e

Peryasitop ckopoctu

MMAOTITTNTITITaT

Puc. 2. Cxema ycTaHOBKH JJ1s1 U3yUYE€HUS] OTHOCUTEIBHOTO MOKOS KUJIKOCTH BO
BpalIaloEMCsl HIUIMHAPUIECKOM COCY/IE:



12

Hean padoTsl. 1. [IpoHabmroaaTh MpoIEecc YCTaHOBICHUS PaBHOBECHS
BOJIbI B OTKPBITOM ITWJIMHJIPE, BPAIIAIOIIEMCS C TIOCTOSTHHOM YTIIIOBOW CKOPO-
CTBIO (¥ BOKPYT BEPTUKAIBHOW OCH, OOPATHB MPHU 3TOM 0CO00€ BHIMaHHUE HA
XapakTep cBOOOIHOM
MTOBEPXHOCTH, M K3MEPUTH KOOPAUHATEI X M Z ISTH €€ TOYCK, PACIIOI0KEHHBIX
OT OCH BpaIleHus Ha paccTtosHuax X, paBHbix: 0,00 R; 0,25 R; 0,50 R; 0,75 R u
1,00 R.

2. V3MepuTh Ha yCTaHOBKE BBICOTY mapabonoupa Bpamenus H

CpaBHHTH €€ ¢ TeopeTndeckoi [ , BbUMCICHHOM Mo dopmyie (4), u ompese-

JIUTh OTHOCUTEIHLHOE OTKJIOHEHUE.

3. IlocTpouTh MO OMBITHBIM AaHHBIM B MaciuTade mapalboson] Bpamie-

HUS U JIBE SIIOPHl MAaHOMETPUUYECKOTO JIaBlieHUs (MO TIIyOMHE >KHJIKOCTH, Ha

paccrosauu R oT ocu Bpamenus, u 1o IHy IHIKHIPA).

IMopsok BbinoiHeHust padoThl. 1. M3meputs MepHO# urioil (wnuuenmac-
wimabom) - KOOpAUHATY Z JHA HUAIHH/IpPA.

2. Bxitouuth 21eKkmpodsuzaments, HAOMIOAATH 32 BPAIIAIOIICHCS KUIKOCTHIO
¥, yOeauBIIUCH, YTO NapabOIOU] BpaIllEHUs MPUHSIT YCTONYUBOE MOJIOMKE-
HIE, N3MEPHTh maxomempom ducio oboporos [ Bpamenns mummapa, a c
NOMOUIbIO 20PU3OHMANbHOU JUHEUKOU W MEPHON urio (wnuuenmac-
wmaoom) - kKoopauHaTel X U Z TATH TOYEK CBOOOIHOM MOBEPXHOCTH Bpa-
HIAOLIEHCS KUIKOCTH.

3. Pe3ynbTaThl U3MEpPEHU 3amucaTh B TA0IUILY, MOCIE YEro BHIKIIOUNUTD
AIIEKTPOBUTATEITb.

4. BBINOJHUTH BCE BHIYMCICHUS, MPETYCMOTPEHHBIE TaOIUIICH.

[To naHHBIM TAaOIHIIBI TOCTPOUTH B MacuITabe mapadoou1 BpauleHus: 1

AMIOPHl MAHOMETPUUECKOTO JABJICHUS 1O JTHY IUIUHIPA U IO BBICOTE €T0

CTEHKH, T.€. Ha pacCTOSTHUU R OT ocu BpareHusl.

6. Jlath 3akitoueHue Mo pe3yabTaTaM padboThI.

OCHOBHBIE KOHTPOJIbHbIE BONIPOCHI

1. TlosicHuTE, YTO TaKOE OTHOCHUTEIBHBIN MOKOM XKMIKOCTH, U TIPUBEINUTE TIPH-
MepbI UCIIOJIB30BAHUS ATOTO SIBJICHUS B TEXHUKE.

2. Tlosicaute, 4TO MpeACTaBIsIET COO0M CBOOOIHAS TOBEPXHOCTD KUJIKOCTU BO
BpallalONIeMCs HWJIMHIPUYECKOM COCYJE, HAIUIIUTE YPaBHEHHUE 3TOU MO-
BEPXHOCTH.

3. HazoBute cuibl, 1eUCTBYIONIME HA KAKIYIO YaCTHUILY >KHJIKOCTH BO Bpallla-
IOIIEMCS [TUIMHAPUYECKOM COCY/JIe, YKAXXKUTE YCKOPEHUS, BHI3bIBAEMBIC ITH-
Mu cuyiamu. [losicHUTE OTBET CXEMOH.

4. HanumuTre U MOSCHUTE 3aKOH pacIpejielieHUus TUIpPOCTaTUYECKOro JaBJe-
HUS 110 TTyOWHE KUJIKOCTH BO BpallalolieMcsl pe3epByape.

hd
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5. Hamumure u nosicaute GopMyity Uisl ONpeesieHus] BRICOThI napadonouaa

BpalliCHUA.

6. I/I306paSI/ITC u HpOKOMMeHTprﬁTC OIIIOPY THAPOCTATHYCCKOI'O OAaBJICHUS 110
JIHY BpaIlaroerocs MUJINHpa C )KUIKOCTHIO.

7. Hanummre ¥ NOSCHHUTE 3aKOH PacipCaAcCiICHus ruapoCTaTUICCKOro AaBJIC-
HUS 110 JIHY [WJIWMHIPA B KUAKOCTH, BPAIAOLICHCS BMECTE C COCYJIOM BO-
KpyI' BEPTUKAJIBHOU OCH.

8. Kakume cwmiibl neHCTBYIOT Ha KHUIAKOCTh, HAXOMSAIIYIOCS BO BpaIaOMIEMCS
COCYJI€, KaK BBIPAYKAIOTCS 3TU CUJIBI?

9. OObsAcHuTE, Kak OyJeT HampaBleH BEKTOpP PaBHOJACHCTBYIOIIEH CHII, JECH-
CTBYIOIIMX HA KaXIyI0 YaCTHUIly BPAIAIOUICUCs KUIKOCTH, IO OTHOIIEHUIO
K CBOOOTHOM TTOBEPXHOCTH?

10. O06BsicHUTE, TOYEMY CBOOOHAS TTOBEPXHOCTH JKMJIKOCTH BO BpaIaoIIeMCs
LHAJIMHIPUYECKOM COCYE SABIIAETCS KPUBOJIUHENHOMN?

Tabnuua

Ne mo3. | HaumeHoBaHus n3MepseMbIX U Enun. Pesynbprarel uamMepenuit

BBIYHCIISIEMBIX  BEJIWYHH u3Mep. | M BBIYHMCICHUI

1 2 3 4

1 BuyTpennuii paguyc nunmnsapa R M

2 Yucio 060poTOB BpalleHUs 1IH- 00/MUH
JTUHJIpA N

3 VYrioBas cCKOPOCTh BpallleHUs 11- 1/c
auHIpa o = wn/30

4 Koopaunarsr X u Z X1,21 M
TOUYEK CBOOOIHOM IMO- | Xp,Z2 M
BEPXHOCTH BpaIllako- X3,Z3 M
IeNcs XKUIKOCTH X4,24 M

Xs,Z5 M

5 Koopaunara zg qua munmmsapa M

6 [IpeBsbilieHre BepIIMHBI TapaboJI0- M
U/1a BpallleHus HaJl THOM LJIMHAPA
Z0=2Zs — 75

7 Bricora mapaGononia BpaiieHus M
1o onbITy Hoy = 25 — 71

8 Teopernueckas BricoTa napabdoso- M
W/a BpaleHHs
H = (oR)*/2g

9 OTHOCHTENBHOE OTKIOHEHNE --

e = (H-Hon)/H

Y4eOHas iuTepaTypa K padore 2

1.(c.51...53); 2.(c.41...45); 3.(c.31...34); 4.(c.41...42); 5.(c.39...42).




14

JlaGoparopHnas padora 3
OITPEJAEJIEHHUE OINIBITHBIM IIYTEM CJAT'AEMbBIX YPABHEHUA
JA. BEPHYJIJIM ITP YCTAHOBUBHIEMCSA HEPABHOMEPHOM
ABUWXKEHUUN KUAKOCTHU B HAITIOPHOM TPYBOITPOBO/E

BBoanasi yacth. /[ 1ByX NpPOM3BONBHO BBIOPAHHBIX KHUBBIX

ceuenuii |-l u  |l-1l cTpyiiku peanbHON KUAKOCTU TPU YCTAHOBUBIIEMCS JIBU-
KeHnM ypaBHeHue [1. bepHyiun nmeer BUI
U/ U’
zl+&+—1:zz+&+—2+hW _ (1)
M 29 M 29

Cnaraemsle, Bxozsue B ypaBHeHHe (1), MOKHO HCTOJIKOBATh C T€OMET-
PUYECKON U SPHEPIeTUYECKOM TOUEK 3PEHUS.

C reoMeTpuuecKkoi TOUKM 3peHHUs ciaraeMble ypaBHeHUs (1) sBistoTCS
BBICOTaMH (HAIoOpamHu) :

Z —reoMeTpuyecKkas BbICOTa (HAIOpP), T.€. MPEBBIIICHUE [IEHTPA TsHKe-
CTH pacCMaTpUBAaEMOI0 MONEPEYHOT0 CEUECHUs CTPYWKHU HaJl TUIOCKOCThIO CpaB-
HeHus 0-0, BbIOMpaeMoil TPOU3BOJIBHO;

P

— HObC3OMCETPUYCCKAsT BbICOTA, T.C. BbBICOTA IIOAbEMA KUAKOCTU B

A9

IIbE30METPE, MOJAKIIOUYEHHOM K LEHTPY TSXKECTH PAcCMaTPUBAEMOIO CEUYECHUS
CTPYWKH, OTBEYAIOIIAS THAPOANHAMUYECKOMY JTABJICHUIO P B 3TOM TOUKE;

U 2
29 — CKOpPOCTHAasd BBLICOTaA (HaHOp), OoTBCUHaromias MECTHOM CKOpOCTH

U ,T.e. CKOPOCTH B IIEHTPE TSHKECTU CEUCHUS;

Y .
Z+ E —THUJPOCTATUUYECKUI HAIop;

2

p

Z+——+——=H — nonuplif HaMOp B paccMaTpUBAEMOM CEYEHHH CTPYHKH;

P9 29
hy,, =H;—H, — noreps monnoro naropa, T.e. yacTs nonHOTO Haropa,

3aTpadyeHHasi Ha MPEOJI0JICHUE TUIPABINYECKUX COMPOTUBIICHUN HA TYTH MEXTY
ceuenusmu -1 u 11-11.
C sHepreTMueckod TOYKU 3peHUsi ciiaraeMble ypaBHEeHUsS (1)
MIPEICTABIISIIOT COO0M pa3sHOBUAHOCTHU yIECIBbHON YHEPTUHU, @ UMEHHO:
Z - ynenbHas MOTEHUMAJIbHAS SHEPrUsl MOJOKEHUSI KUJKOCTH B pac-
CMaTpUBAEMOM CEUEHUU CTPYUKH;

- YACJIbHAad MMOTCHIOUAJIbHAA SHCPI'UA JdaBJICHHA,

~9
U 2
- YACJIIbHAd KHHCTUYCCKASA SHCPIUSA;

29
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FlbBIOMEMPUYEEKTA ITUHLA Tk s NOrHOro HInopy
( UL ST 5/[7@/76}/. /70/7&‘/4/ . BHEPLLY / ( TUHU G TOTHOL yﬁ'&/}bhﬁ :9//5/9/" uy)
LAy :
A Slb‘ ﬁ: ; R
Y]
Q\_ i
o
N
Q Cropocmran
/77/’5/07(0’

[Ts&30MEMp

0 ‘

flrocuxacoms SpobreHu s

!

Puc. 1 Inarpamma ypaBuenus Jl. bepHyinuy 1uist CTpyWKM peaabHOM  KHJIKOCTH

a) HAITODHOE IBUKECHUE 0) OE3HAMODHOE NBUKEHUE KUIKOCTH
/7 Vad
NN
Ny
—_— M \
r7 d s
o | Jockocms | cpabesus L .

Puc. 2. K uzmepenuro ckopoctHoro Hanopa U / 20 TpH HaAIOPHOM
17} OE€3HANIOPHOM JIBUKEHUU KUJTKOCTH



16

2
p .
Z+—+—_—— — noJIHas yJieJIbHasl YHEPTHUS;
A 29

P

Z+— _ yjenbHas NOTEHIUAILHAS DHEPIHUS;

ot

h\NH - TOTEPS NOJIHOW YAECNBHOM DHEPTUU CTPYWKH, T.€. 4aCTh €€, 3a-

TpaueHHasl Ha MPEO0JI0JIEHNE pabOThI CHII BHYTPEHHETO TPEHUsl, 00yCIOBICHHOTO
BA3KOCTBIO JKUJIKOCTH.

VY nenbHOW 3HEprueil Ha3bIBACTCS SHEPIHsl, TPUXOAAIIAsICS HA €IUHUILY
BECa KHUIKOCTH.

Benuuunbl cinaraembix ypaBHeHUst (1) MOTyT OBITH OINpEAENICHbI OMNBIT-
HBIM ITyTEM CJIEAYIOIIUM 00pa3oM:

Z — reoMeTpUYECKUM HUBEIIMPOBAHUEM WJIM U3MEPEHUEM JIMHEUKOM;

P

_,og — C TIOMOIIIBIO MbE30METPUUECKON TPYOKHU (ITbe30METPa);

U 2
5_ 110 pa3HOCTI/I OTMECTOK ypOBHeI/I KUIKOCTHU B CKOpOCTHOI/I " IIbE30-
MeTqueCKOﬁ TPY6K3X, IIOAKJIKOUYEHHBIX K paCCManHBaeMOﬁ TOYKE KHUBOI'O CEC-

YEHUs CTPYUKH;

h\NH - 0 Pa3HOCTH OTMETOK YPOBHEH BOJBI B CKOPOCTHBIX TPyOKax,

noakroYeHHbIX K cedeHusiM |-1 u -1l cTpyiiku peanbHOM )XUIKOCTH.
CkopocTtHast TpyOKa IpencTaBisieT co0oi TpyOKy, BEpXHUI KOHEI] KOTO-
poil OTKPHIT B aTMoc(epy, a HIKHUI M30THYT HaBcTpeuy ckopoctu U B pac-
CMaTpUBAaEMOI TOYKE MOTOKA KUAKOCTU. brarogaps sToMy y BXoia B U30THY-
THI KOHEL[ CKOPOCTHOM TpPYyOKH KHHETHYECKas HHEPrusl YacTHUIIbl KHJIKOCTH
npeodpasyeTcs B MOTCHIUAIBHYIO YHEPTHIO TaBIECHUS CTOJI0A KUAKOCTH BBICO-

2

U

29 °
[TockonbpKy cpe3 HMKHETO KOHIIa CKOPOCTHON TPYOKH MepIeHIUKYIISIPeH
BeKTOpy CKOpOCTI/I, a Cp63 HMXHETI0O KOHIIA HB€3OMeTpa napanﬂeﬂeH, ypOBeHB
KUJKOCTU B CKOPOCTHOM TpyOKe BCErjaa yCTaHaBIMBAETCS BBIIIE, YEM B MHE30-

2

U

METpE, Ha BEJIMYUHY 29

TOU hu

[Tpubop, 0ObeNUHSIONMI KOHCTPYKTHBHO Mbe3omeTpuueckyto (I1) u
kopoctHyto (C) TpyOku, Ha3piBaeTcsi TpyoOkout [IuTo U mmpoko mpumMeHseTcs
JUISl U3MEpeHus CKOpocTH ABmkeHus sxuaxoctn U =,/2gh; |

JI7d IByX cedeHu OTOKa PEeAIbHOU )KUAKOCTU ypaBHeHue 1. bepHy-
JIA UMEET BUJ
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2
Zl+&+0[1'91 :zz+&+—%’92 +h, 2)
M 29 M~ 29 o

a9?

re o g CKOPOCTHOH Hamop, OTBEYAIOIIMA CpeHEl CKOPOCTU

Q

g _; MOTOKa KUJKOCTH B paccMaTpUBAaEMOM XUBOM ceueHuu (3aech Q -

pacxon 1mMoToKa XUAKOCTHU, @ - INIoIIaAb JKUBOI'0 CCUCHUA HOTOKa);

h\,\,l_2 - IOTEPs MOJIHOTO Haropa (IOJIHOM yIEIbHON 3HEpruu) Ha Ipe-

OJI0JICHHE pa0OThl CHJI BHYTPEHHETO W BHEIIHETO TPEHHS Ha IyTH MEXIY JKH-
BBEIMU ceueHUIMH MOoToKa kuakoct -1 u l1-11;

o - koddunuent Kopuonuca (KOPpEeKTHB KUHETHUYECKOW HHEPTUH),

y‘-II/ITBIBaIOH_[I/Iﬁ HCPAaBHOMCPHOCTDb PacCIIpCACIICHUA MCCTHBIX CKOpOCTeﬁ U I10
JKUBOMY CCUYCHHIO IIOTOKA, O6YCJ'IOBJ'I€HHYIO BA3KOCTBIO KUAKOCTH.

BenuuuHa Ol 3aBUCHUT OT PCXKHUMaA TCUCHUA JKUIAKOCTHU, a TAKXKC OT BHUJAA
JABHKCHMUS. TaK, IIpxun pPaBHOMCPHOM MABWXKCHHH [JId JIAMHHAPHOI'O PCKHMaA

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

Cnaraemble ypaBHeHUH (1) u (2) B pa3IMYHBIX KUBBIX CEYEHUAX MOXKHO
n300paxkath rpaduyecKy B BUJE AuarpaMMmbl ypaBHenus Jl. bepHysum, narommei
HarJIsiAHOE MPEICTaBICHUE O MEPEPACIPEICTICHUN 10 IMYTH ABUKECHHS JKUJIKO-
CTHU MOTCHIIMATBHON U KUHETUYECKON PHEPTUH, a TAKKE O XapaKTepe yObIBaHUs
TTOJIHOW SHEPTHUH.

Onucanne yCTAHOBKH. Y CTaHOBKA TPEACTaBIsiCT CO00 mpydonpoeoo
nEePEMEHHO20 CeUeHUsA C HANOPHLIM HAKoM, BOia B KOTOPBIM MOAAETCS M0 RU-
marowemy mpyoonposody OTKpbiTHeM genmuns. Hanopuolii_ 6ak cHaOXeH
HEPeIUBHBIM YCHIPOUCHI8OM [IJIsl TIOAICP>KaHUS YPOBHS BOJBI HAa MOCTOSTHHOM
OTMETKE, YTOOBI 00CCIICUUTh B MPYHONRPOBOOE NEPEMEHHO20 CeYeHUs yYCTaHO-
BuBIIeecsa aBrmxkenne xxuakoctu. K ceuenusm I-1...11-1l mpybonposeooa nepe-
MEHH020 CeYeHUus TIOIKITIOUECHBl nbe30Mempsbl W CKOPOCHMHbIE MPYOKU IS

2
p P
U3MEPEHUS BEIIMYUH Z +—g_u_ z +—g+5. Bennunna pacxona BOAbl B mpy-
p p

00nposode _nepemenHHo20 ceueHus perynupyercs genmuem. JIns vu3MepeHus
pacxojia BOIbl IMEIOTCS MEPHBLIL OAK W CEKYHOOMED.
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IuTarommi IuTaroumi HANOPHBII 0aK
TPyOONnpoBoOA BECHTHJ/Ib

HluT
IlepenuBHOe Nnbe30MeTpoB
YCTPOHCTBO

TPYOONPOBO/ NEPEeMEHHO-
ro cevyeHus

PerynpoBo4YHbIl

BeHTWIb
Ceuenus

-1 u 1l-1

|

e
| Cemymionep
|

=

. :
;

MEpPHBIN 0aK

Puc. 3 Cxema yCTaHOBKH JIJI SKCIIEPUMEHTAIBbHON WITFOCTPALMM CaraéMbIX
ypaBHeHus /. bepnyinu

2
Heanp padorbl. 1.OnpenenuTs ONBITHBIM IYTEM CIAracMble Z’E’Z
ypaBHenust JI. bepaymmm nns ceuwenuit I-1...11-1l, a Takke morepw momHOTO

Hamopa h‘NLZ MCIKAY CCUCHUAMMU.
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2.  BEIYHCTNTH CpemHME CKOPOCTH MOTOKA & U OTBEYaIOIIME UM
192
29 JUISl YKA3aHHBIX JKUBBIX CEUYEHHUM MOTOKA KUIKOCTH.
3. Tloctpouts B MacmTabe MO OMBITHBIM JaHHBIM ITEE30METPUUIECKYIO
JIMHUIO U JIMHUIO MOJHOTO HAaIopa.
Hopsaok BeimoJiHeHUus: padotThl. 1. [Ipu 3akpeiTom pecyruposournom eenmu-
Jle OTKPBITh RUMAIOWUIL 6eHM UL TSl 3aTI0JIHCHUS] HANOPHO20 DaKa W mpy-
oonposoda nepemenno2o ceuenusn Bonoi. [Ipu aToM cnexyer oOpaTUTh BHU-
MaHHE Ha YPOBHHU BOJIbl B HbE30MEMPUYECKUX T CKOPOCHHBIX MPYOKax. ITu
YPOBHH TIPU OTCYTCTBUM BO3/lyXa B CHCTEME JIOJDKHBI OBITH HA OJTHOM OTMETKE.
2. OTKpBITh pecyiupoeouUHblil 86eHMUIbL TaK, YTOObI MPYoOnPoeood ne-
PeMenno20 ceuenusn padoTal MOJHBIM CEYCHUEM, 4 YPOBEHb BOJIbl B HANOPHOM
fOake_ ObLI IOCTOSTHHBIM.
3. 3MepuTh ¢ IOMOLIBIO MepHO20 0aka 6 U ceKyHdomepa pacxo] BO-

CKOPOCTHBIC HAITOPhI

Jpl. 3aT€M H3MEPUTH F'€OMETPUYECKUE BBICOTBI Z IEHTPOB TSKECTH CEYEHUI
I-1...11-1l oTHOCHTENBHO TIIOCKOCTH cpaBHEHUs -0, OTMEUEHHOM HA YCTaHOBKE.

4. OnpenenuTh MO IMIKadaM OTMETKA YPOBHEW BOJBI B Hbe30Mempax u
ckopocmublx_ mpyokax B ceueHusix I-1...11-1l. Pe3ynbraThl Bcex nusmepeHuii 3a-
nucath B TaOMUIly. 3aTeM BBINOJHUTH BCE BBIYUCIEHUS, MPEAYCMOTPEHHBIE

Ta0JHIIEH, U TOCTPOUTHh B MAacCIITA0€E MO MOJYYEHHBIM JAHHBIM JIMHUH MTOJIHOTO

HaIopa U Mbe30METPUUYECKYIO.

5. JlaTh 3aKIJIFOUYEHHE 10 pe3yJbTaTaM padbOThI.

OCHOBHBIEC KOHTPOJIbHBIE BOIPOCHI

1. TlosicHuTEe reOMETPUUECKHM CMBICI ciaraeMbIX ypaBHeHUs . beprymu.

2. TlosicHuTe PHEPreTUYECKUN CMBICI claraemMbix ypaBHenus J[. bepuyiu.

3. Kak naspiBaercsa koaddumueHT o, Bxoasmuii B ypaBHenue . bepnymim
JUTIsl IOTOKA PeaibHOM KUAKOCTH, YTO OH YUUTBIBAET, OT YEro 3aBUCUT €ro
BEJIMYMHA U KAKOB €ro PU3NYECKUI CMBbICH?

4. OObsicHUTE, YeM 00YCIOBIIEHBI IOTEPH MOJIHOTO HAIoOpa U KaKOB MX dHEpre-
TAYECKUN CMBICH?

5. TlosicauTe, 4YTO MOHUMAIOT TIOJT TEPMUHOM "ynenbHas sHeprus'?
: BSACHUTE TEPMHUHBI "MECTHAsS Th" | TTHSIST Th" | u-
6. OObBsicHuTe TE "MecTHas CKopocTh" U "cpe CKOPOCTB'" U yKax
T€, KaK OMPEICIISIIOT 3TH CKOPOCTH?
7. TlosicHuTe, 4TO TaKOE CKOPOCTHAs TpyOKa u Tpyoka [Iuto?
8. TlosicHuTe, YTO TaKOE JIMHUS TIOJIHOTO HAropa M Mbe30MeTprudecKas JIMHHS,

4yTO OYIyT NPEACTABIATH COOOM ATH JIMHUKU MPU PABHOMEPHOM  JIBHXKECHUU
peabHOM KUJKOCTH?

9. UYto mOHMMAIOT MOJI TEPMUHOM «KHUBOE CEUECHUE MOTOKA KUIKOCTH?

10. Oxapaktepu3yiiTe ABUKEHUE KUIKOCTU HAa MyTH MEXAy cedeHusmu |-l -
I1-11, ucxonst 3 KiraccubuKauy IBHKCHUHN KUIKOCTH.
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Ta0Omuma .
Ne | HammenoBaHus 1 0003HAYCHHS U3MEPAEMBIX M Bbunc- | En. | Pe3ynbrarel uamepenuii u
103 JSIEMBIX BEJIMYUH H3M. BBIYKCIICHUM
-1 1-11 HI-111
1 2 3 4 5 6
1 | I'eomeTprueckre BHICOTHI IEHTPOB TSHKECTU CEUEHHH Z | M
OTMeTKH YpOBHEH BOJIBI B ITbE30METPAX, T.€. TUAPOCTa-
2 p M
TUYECKHUE HATOPBI Z+—
~9
OTMETKH ypOBHEH BOJIBI B CKOPOCTHBIX TPYOKax, T.e.
2
M
3 MoJTHBIC Haropel H =z + P +—
P9 29
ITbe30MeTpHUUECKHE BBICOTHI
4 M
7+ P |—2
~9
CKOpOCTHBIE BBICOTHI
U 2
5 S N M
29 P9
[ToTepu momHOTO Hamopa Ha IMMyTH MEXAY COCETHUMU
6 YKUBBIMH CEUCHHSIMU CTPYHKAMH M
I'\/vi_(m) =H;-H,,
. CyMmMmapHbIe IOTEPHU MTOJIHOTO Haropa
_ M
h\N,,,“ - HI - HIII
8 O06wem Bozibl B MepHOM Oake W M
9 [TponomkuTeNnbHOCTh HAMTOJIHEHHS o0beMa W B Mep- c
HOM Oake t
10 Pacxon Bozsl B TpybonpoBoe Q=WI/t M/c
11 Jluamerp ceuernus d M
2
12 [Tomaas cedeHus @ M
13 Cpeusisi CKOPOCTh JBHKeHHUs BObI ¢ =Q/ @ M/C
CxopocTHas BbICOTa, OTBEUAIOIIAsl CPEAHEH CKOPOCTH,
2
14 9 M
29
uz g
15 | Pa3HOCTB CKOPOCTHBIX BBICOT 2— - 2— M
g g

IIpumeuanue k Tad1. 3
1. Jns ceaenus -1l (cm rpady 6) uucnoBbie 3HAaYCHUST BETUYHH (CM. MMO3H-
uuu S u 11...15) e xe, uro u aisa ceuenus |-1.
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2. Tlorepu momHOTO Hamopa th_z (cm. mo3unuio 6) mexay ceueHusimu 1l-11 u

[11-11l mpuHATE paBHBIMHU NOTEPSAM Hanopa Mexay cedeHusmu -1 u 11-11

3. Ocranbabie BenuuuHbl 115 ced. -1 (cM. mo3umuu 1...4) cnenyet onpee-
JUTH ¢ NpuBJieueHreM ypaBHenus JI. bepaymau (cM. ypaBaenue 1) u puc. 1,
BBIYEPUYEHHOTO B MacuITaoe.

YyeOHas iuTeparypa K padore 3
l.(c. 85...94, 97...114); 2.(c. 68...76); 3.(c.37...42); 4.(c. 61...64,
c. 68...69);5.(c.84...88,c.98...104).

JlaGopaTopnas padora 4
IKCHEPUMEHTAJIBHAA WJIJIIOCTPALIUA TAMUHAPHOT'O U
TYPBYJIEHTHOI'O PEXKUMOB JABUXEHUSA ’KUJIKOCTU, YCTA-
HOBJIEHUE 3AKOHOB I'MIPABJIMYECKOI'O COITPOTUBJIEHUSA
U ONPEJIEJJEHUE KPUTHYECKOI'O YUCJIA PEHHOJBJICA

BBoaHas yactb. MHOTOYMCIEHHBIMU SKCHEPUMEHTAIBHBIMUA HCCIIENI0-
BAHUSIMU YCTAHOBJIEHO, YTO JBH)KEHHUE KUIKOCTH MOKET IPOUCXOIUTh WIH IPH
JAMUHAPHOM, UJIU TIPU TYpOYJIEHTHOM pekuMe. JlaMuHapHbIid pexxuM HaOIroaa-
€TCsl IPU HEOOJIBILIUX CKOPOCTSX ABMXKEHHS. [Ipu 3TOM OKpalleHHble CTPYHKU
XKUJKOCTH HE NEPEMEIINBAIOTCSA, COXPAHSACH 10 BCEH JJIMHE MOTOKA, T.€. JIBHU-
KEHHUE KUAKOCTU MPU JIAMUHAPHOM PEXKUME SIBISICTCS CTPyWUYaThIM, IEpEMe-
IIMBAHUE YACTUL KUAKOCTU OTCYTCTBYET.

TypOyneHTHBIN pexuM HaOMI0aeTCsd MPU 3HAYUTENIBHBIX CKOPOCTSIX U
XapaKTEPHU3yeTCs] UHTEHCUBHBIM MEPEMENIMBAHUEM YaCTHULL )KUJIKOCTH, YTO 00Y-
CJIaBJIMBAET MYJbCALINIO0 CKOPOCTEN U JABJICHHSI.

Cpennsisi CKOpOCTbh ITOTOKA, IPU KOTOPOM MPOUCXOAUT CMEHA pexXUMa
IBKEHUS )KUAKOCTH, Ha3bIBAETCSl KPUTHYECKOH (U ). Bennunna ee, kak noxa-
3BIBAIOT OIBITHI B TPYOONPOBOJAX KPYIJIOIO CEYEHUS, 3aBUCHUT OT pPOJa KHUJIKO-
CTH, XapaKTEPU3yEMOT0 AMHAMUYECKOM BA3KOCTBIO |1 U INIOTHOCTBIO P, & TAKXKE
oT nmuametpa TpyoonpoBoaa d. OMHOBPEMEHHO ONBITAMU YCTAHOBIICHO, YTO BE-
Ju4YuHa 0e3pa3MepHOTro aNredpandyecKoro KOMIUIEKCa, OTBEUAIOIIEro KpUTHYe-
CKOM CKOPOCTH U (.

Repay = LipPd _ Lipd 2320 = const 1)
LL A%
OT U, p ¥ d HE 3aBUCHT.

Repa=2320, Ha3pIBaeTCss KpUTHYECKUM dncaoM Pelinonbaca. Y cTonuu-

BBIIl JTAMUHAPHBIA PEXUM HaOIIOJAeTCs MPHU 3HAUYCHUSX uucia PeiHombaca

ud
Re ) = ™ < Reyp(g) = 2320, a TypOynenthbiii — npu
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Re(d) > Rekp(d) ~ 2320 . Taxum oOpazomM, yncao PeitHosibaca

ud
Re gy = o (2)

SBJIICTCSI KPUTEPUEM, TTO3BOJIIOIINM CYAUTHh O PEKUME JIBYKCHHSI KUIKOCTH B
KpyTioil Tpy0e, paboTaroiiieil MoJHbIM CEYEHUEM.

Benmuuuny v :%, BXOAAIIYI0 B popmynbl (1) u (2), Ha3pIBalOT KMHEMA-
TUYECKUM KOIPPUIIUEHTOM BI3KOCTH JKUJIKOCTH.

W3 u3noxeHHOro cieayer, 4To ISl OMpeAesieHUs PEeKUMa JIBUKEHUS
KHUJKOCTA B KPYIJIOM TpYyOONpOBOJE MPU HAMOPHOM JBHXKEHUH JTOCTATOUHO
BBEIYHCIIUATH 110 opmysie (2) uncio PeitHombaca M CPaBHUTH €T0 C KPUTHICCKUM.

3HaHWE pEe)UMa JBUIKEHUS KUJIKOCTH HEOOXOIUMO JUIsl MPaBHIbHON
OILICHKH MMOTEPh HAIopa MpH THAPABINYECKUX pacyeTax. Kak mokas3bIBalOT OMbI-
ThI B KPYTJIBIX TPyOax Mpy HaOPHOM PaBHOMEPHOM JBUKEHUU (PE3YNIbTaThl UX
npecTaBiIeHbI Ha puc.l B Buje rpadyka 3aBUCUMOCTH TIOTEPh HAMOPA 10 JJTUHE
h oT cpemneli ckopocTr L), IpH JIAMUHAPHOM pEXHUME MOTepHu Hamopa h
MIPOTIOPIIMOHANIBHEI CPEJIHENW CKOPOCTH U B MEPBOM CTENEHU, a IPU TYpOYJICHT-
HOM - B cTenienn 1,79 <M <2 3amerum, uT0 C IOMOIIBIO STOTO rpaduKa onpe-
AETAIOT BEIMYMHY KPUTHYECKOH CKOPOCTU U, @ YEPE3 HEE - U KPUTUYECKOE
yucino Peltnonbaca o dopmyie (1).

Onucanue yCTAaHOBKH. YCTaHOBKAa BKJIIOYAECT B c€0s pacCIONIOKEHHYIO
TOPU3OHTANILHO cmekaaunuyto mpyoy (d=1,0 CM), B KOTOpPOH U H3ydaeTcs JABU-
KEHHE BOJBI MPH PA3TUYHBIX PEKUMAX, HANOPHBLIL OAK, eMKOCHIb _C DACHI80-
pom_Kpacumeins, 0AaBaeMOT0 OTKPBITUEM KPAHUKA TIO MpydKe BO BXOJIHOE
CEUCHHE CMEKIAHHOU mpyost. JlJis1 N3MEpPEHUs pacxoa BOJbl B CHIEKIAHHOU
mpyée CITyXaT MEPHAs eMKOCHb 1 CEKYHOOMED.

Bona B nanopnwtit 6ax monaeTcs Mo numaruiemy mpyoonpogoody ot-
KPBITUEM @eHmusA W3 pe3epByapa yabopatopuu. s moaaep:kaHusi ypOBHS
BOJIBI B HANOPHOM_0ake BO BPEMs ONBITOB HA MOCTOSHHOW OTMETKE UMEETCs
nepeaugHoe ycmpoiicmeo. Temneparypa BOAbl B HAROPHOM _fake N3MepseTcs
mMepMOMEMPOM.

PerynupoBanue pacxona BOJIbI, a CIENOBATEIbHO U CPEIHEN CKOPOCTH
ee JIBIKEHUS B CMEKIAHHOU _mpyde, ocyliecTBiseTrcs kpaHoM. Ha cmexnan-
HOU_mpyde UMEIOTCS nbe3oMempbl I ONPEeNIeHUs MOTEePh HANopa Mo JUTUHE
h) (o pasHoCTH HX MMOKa3aHuUi).
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Puc. 1. Ipaduk 3aBUCMMOCTH IOTEpH HAToOpa 1o AuHe N oT cpeaneii

CKOpOCTH U B JiorapudmMuieckoit popme
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Hean paGorel: 1. YOenuThcs Ha ONbITE MYTEM OKpAIIMBAaHUS CTPYHUKH
BOJIBI B CTEKJISIHHOW TpyO€ B CYIIECTBOBAHWW JIAMHHAPHOTO U TYpOYJIEHTHOTO
PEKHMOB.

2. BeIUucIHTE 10 JaHHBIM OTIBITOB, IPOBEJACHHBIX HA 3TOU TpyOe, Yrcia
Pelinonbaca pu JaMUHApHOM | TYpPOYJIGHTHOM PEKHUMaX, CPaBHUTH UX C KPH-
THYECKUM, YOCIUTHCS, YTO IPU JJaMHHApHOM pexkume Re< Rey, , a mpu TypOy-
NeHTHOM — Re > Re,,,.

3. [MoctpouTts o oneiTHEIM HaHHBIM rpaduk Igh,=f(lgv), onpenenuts ¢
€ro IOMOIIBI0 KPUTHUYECKYIO CKOPOCTh U, @ 4epe3 Hee BBIYUCIUTH KpUTHUE-
ckoe uncno  R€g) = M

kp(d) v
4. TlontBepauTh ¢ momoripio rpaduka lgh=f(Igv), uro npu mamu-
HApHOM PEXHME IOTEPU HAIopa 1o JUIMHE N mpormopiimoHaibHbI CPEeIHEH CKO-

POCTH B IIEPBOM CTEIEHU, a U TypOyJIIEHTHOM - B cTerneHu 1,75 <m < 2.

Kpacurean
“ MepHasi eMKOCTh

| a——
PeryJHpyomui |

BEHTHJIb

CTeRIsAHHAA
TPYOKa

.
- — -~ —

I = ’

Puc. 2. Cxema yCTaHOBKH JIJIsl U3YUEHUS PEKUMOB JIBUKEHUS KUIKOCTH.

i h.lllg’.
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ITopsinok BbINOJHEeHUs1 PadoThl. 1. OTKPBITh nOJArOWIUIL_8EHMUTb
HA numawuiem mpyoonpoeode 1 HAOJHUTH BOJOW HANOPHLLL HAK HACTOIb-
KO, 4TOOBI paboTaso neperusHoe ycmpoucmaeo.

2. OTKpbITh HE3HAYUTEIBHO PeYIUPYIOUIUIL 6EHNUIb HA CHIEKIAHHOU
mpyokKe, 4TOOBl CKOPOCTh JIBH)KCHHUS BOJLI B HeW OblIa HeOoJbIIONW (Boda
JOJKHA T€4Yb TOHKOW CTPYUKOM).

3. TIpUOTKpBITh KPAHUK HA eMKOCHmU ¢ Kpacumejem W HalpaBUTh B
CHEKIAHHYI0 _mpPYOKy HEOONBIIOE KOJWYECTBO PACTBOPA KPACUTENS, YTOOBI
OKpalleHHas CTpYyiKa BOAbI MPE/ICTABIIsIIA COOOM OTUETIUBO BHIPAKEHHYIO HUTh
10 BCEH JTMHE TPYOBI.

4. W3mepuTh C IOMOIUIBIO MEPHOU eMKOCHIU W CEKYHOOMEPA PACXO]]
Boabl Q B TpyOe.

5. W3meputhb TeMiiepaTypy BOJIbl B HAROPHOM DaKe MEPMOMENPOM .

6. Pe3ynbTaThl H3MEpEeHUIt 3anucaTh B Ta0uILy 1.

7. YBENUYUTb OTKPBITHEM PeYyIUpPYIOULe20 8eHmU1sA CKOPOCTh JBUKE-
HUS BOJIbI B CHEKIAHHOU mpyde , HO TaK, YTOObI OKpallleHHas! CTPYHKa KHUIKO-
CTH COXPaHsJIaCh, T.€. UTOOBI PEKUM OCTAJICS JIAMUHAPHBIM, U, BBITIOJIHUB T€ e
U3MEPEHUsI, YTO U B NIEPBOM OIIbITE, 3aMKUCATh UX PE3yIbTaThl B TAOIUILY 1.

8. JlanpHENIIMM YBEITMUYCHUEM OTKPBITUS PEeYAUpyouLec0 6eHmuas co-
31aTh B CHIEKIAAHHOU mMpydKe TypOyJICHTHBIN pexxuM (00 3ToM OyAeT cBUje-
TEJILCTBOBATh MHTCHCUBHOE TNEpPEMEIIUBAaHUE C BOJON pacTBOpa KpacuTess) U
BBITIOJTHUTh TPETUN U YETBEPTHINA OMBITHI TaK, KAK OMUCAHO BbIlIE. Pe3ynbTarsl
U3MEpPEHUI 3anucaTh B Tadbauiy 1.

9. Jlns 3amoiHEHHS TaOIMIEI 2 CIeIaTh IECATh aHATOTHYHBIX OITBITOB,
YBEIIMYMBAs B KaXJOM OIBITE OTKPBITUE PEZYAUPYIOULe20 6EHMUIA B AUaTa-
3oHe OT 0 10 100% Tak, 4ToOBI 4-5 3aMepOB OBLIIM BHITIOJIHEHBI B JAMUHAPHOM
pexume, a 5-6 - B TypOyneHTHOM. Pe3ynbrarsl u3MepeHuii 3anucarh B Ta0II. 2.

10. BeITOJIHUTH BCE BBIYUCIICHUS, IPETyCMOTpEeHHbIe Ta0. 1 u 2.

11. Moctpouts B MaciuTabe 1o ganasiM ta6m. 2 rpadux Igh= f(lgo)

U ONPEIENIUTh C €ro MOMOIIBI0 KPUTUYECKYIO CKOPOCTh U, , a 4epe3 Heé u

Kp 2

v,,.d
R, _ Zxp-~ | a taxke nokaszarenu crenesu M, u My u xosddurmenTs!
KPon A\ %

nponopimonansHoctn B, u B
13. JlaTh 3akitoueHue Mo pe3yjabraTaM paboThl.

OcCHOBHBIEC KOHTPOJIbHBIE BONIPOCHI

1. HazoBuTe peXUMBI IBIKCHUS YXUIKOCTH M YKOKHUTE WX XapaKTEepPHBIC
OCOOEHHOCTH.

2. Tlosicaute, uTo Takoe KputTepuil PeitHonbiaca, n Ha3oBUTE (DAKTOPHI, OT
KOTOPBIX OH 3aBUCHUT, U YKAXUTE, B YEM 3aKITIOYAETCS €ro (PU3UUECKH
CMBICH?
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3. Tlosicaute, 4yTO Takoe KpUuTHUECcKoe unciio PeitHonbaca?

4. TlosicHuTte, KakuM O0Opa3oOM IMPHU THAPABINYCCKUX pacy€Tax ONpeestoT
PEXKHUM JBHXKEHUS )KUIKOCTH U, C KAaKOU 1IEJIbI0?

5. TlosicHuTe, 4TO TaKOE KPUTHUYECKAsT CKOPOCTh, OT KaKUX (PaKTOPOB OHA 3a-
BHUCHUT U KaK €€ OnpeaestoT?

6. Hamummmre v mosicHUTE aHAIUTHYECKUE 3aBUCUMOCTH IOTEPh HAropa o
JUTMHE OT CPEIHEW CKOPOCTH MOTOKA MPHU JaMHUHAPHOM W TYpPOYJICHTHOM
peXKUMAX JBUKECHHUS KUIKOCTH.

7. N3oOpasute rpaduk 3aBUCUMOCTH MOTEPh HAMOpPaA MO JJIMHE OT CPEAHEH
ckopocTu ( B JIorapu()MUUECKUX KOOpJIMHATAX) W JalTe MOSICHEHUS K

HEMY.
Taomuna 1
Ne o 6 Pe3. uaMepeHuii 1 BEIYUCIICHUI
oy | AAUMeHOBaHNS A o6osHa- | o
gy | ACHHSA M3MEPAEMBIX U BbI- HBM’ Jlamun. pesxum | TypOyir. pesxum
it HUCIIACMBIX BEJIMTNH " | Ompir 1 | Onprt 2 | OnbiT 3 |OmbIT 4
1 2 3 4 5 6 7
O0BEM BOABI B MEPHOM 3
1 CM
cocyne W
9 Bpems HanonHeHus 00BE- .
ma {
3 | Pacxox Boger Q =W / t eM/c
Bnaytpennuit IAamMeTp
4 5 cM
CTEKIIIHHON TpyO6HI
c [Imomane momeped. cede- )
cM
HUs TpYOBl @ = 710 2/4
CpenHsisi CKOpPOCTH [IBH-
6 cm/c
sxenns Boasl U = Q/w
7 | Temnepatypa Boasl T °C
Kunematnueckuii  kod(-
8 (UIIMEHT BS3KOCTH BOJIBI em?/c
V' (1o cripaBOYHHKY)
Hucio Peitnonbaca
9 g _U d ;
e ..
Kpurnueckoe YUCIIO
Peiinosbca R
10 Cxp(d) -
cnp
(MO CIIPaBOYHMKY)
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TaOmuma 2

Ne HaunmenoBanus En. Pesynbratsl uamepenuii
Ne u U3M. Y BBIYHMCIICHUN
no3u | 0003HaUYECHUS U3MEPSIEMBIX Homepa OIBITOB
3W- | W BBIYMCISIEMBIX BEIIMUNH
Ui 112(3|/4]5/6]7(8|9]10
1 2 3 [4]5]6|7]8|9]10 11|12 |13
1 O0BEM BOABI B MEPHOM ot
cocyne W
2 | Bpems nanonuenus { C
3 | Pacxom Bomst Q =W /t cm’/c
4 Bnaytpennun auamerp |
Tpy65! d
[Lnomane morepey. ceve- )
5 2 CM
Hus Tpyos1 @ = 710 /4
CpenHsst CKOpOCTh MOTOKA
6 _ cMm/c
v=Q/w
7 Jlorapudm cpeaneit cko-
poctu lg v )
OtmeTka YpOBHSI BOJIbI B
8 \V/ cM
nbezomeTpe 1, V1
OTMeTKa YpOBHSI BOJbI B
9 V CM
mbe3oMeTpe 2, Vv 2
10 [Toreps Hamopa 1o JyiuHe
cM
h=V,-V,
Jlorapudm norepu Hamopa
11 lah -
o amuae 19 N
12 | Temmeparypa Bogasl T °C
Kunemarnueckuii  Kod3¢-
13 | QUIHMEHT BSI3KOCTH BOXBI | cM°/c
V' (1o cripaBOYHHKY)

8. Tosicuute, kak onpenensiorcs Re n Re,, mns tpy6 Hekpyrioro cedenns?

9. IMosicuute, noemy rpapux Ny = f(:.9) CTPOST B JaropupMHECKUX KOOP-
nuHaTax?
10. TTosicauTe, TO TaKO€ TUIPABIMECKUNA PAINYC U TO OH XapaKTepU3yeT?




28

YueOHas suTeparypa Kk padore 4
1.(c.124...128, 140...144); 2.(c.147...152); 3.(c.62...65, c.69..72, c.82...84);
4.(c.76...81); 5.(c.110...118).

JlabopaTtopHnasi pabora 5
U3YUYEHUE T'HIPABJIUYECKHNX COITPOTUBJIEHUI
HAITIOPHOI'O TPYBOITPOBOJA C OIIPEAEJEHUEM
KO3®PUIHUEHTOB I'NIPABJINYECKOI'O TPEHUSA
U MECTHBIX COITPOTUBJIEHUI

BBogHasi yacTb. DKCIIEpUMEHTAIBHBIMU HCCIIEIOBAHUSAMH YCTaHOBJIE-
HO, YTO TIPU JIBM>KEHHUH >KUJIKOCTH YacCTh MOJIHOTO Haropa (SHEpPruu) 3aTpaynBa-
eTCsl Ha MIPEOA0JICHUE pabOThl CUJI BA3KOCTH M MHEPLIUH, T.€. BOSHUKAIOT MOTe-
pM Hamopa.

[Ipu paBHOMEPHOM JABM>KEHUU >KUJIKOCTH THIPABIMYECKOE CONMPOTHBIIE-
HUE, MPOSBIAIOIIECECS PAaBHOMEPHO IO BCEW UIMHE ITOTOKA, Ha3bIBAKOT COIPO-
TUBJICHHEM IO JIJIMHE, a BbI3bIBAEMbIC UM MOTEPU HAOpa - MOTEPSIMH HAmopa
no giune ( N ). DTu notepu B KpyriIbIX TPYOOIPOBOAAX, PAOOTAIOMIUX OJHBIM
CEUYECHHEM, BBIYUCIIIOT 110 Gopmyiie apcu-Beiicoaxa:

h =2 | v°
| = 651 (1)

rae A - 0e3pazMepHblid KO3QPUIMEHT, Ha3bIBaeMblil KOA(DPUIIMEHTOM TUapaB-
andeckoro TpeHus (koddgduuuentom dapcu). Benmmunna xodddunuenta A
XapaKTEepU3yeT TUAPABINYECKOE COMPOTUBIEHUE TPYyOONpPOBOAA W 3aBUCHUT B
oOueM ciayuyae oT uucia Peiinonbaca R€ m oTHOcHTENbHOM HIEpOXOBATOCTH
A,/d TpybonpoBoja, T.e. A=f(R, A,/d);

|, d — muHa ¥ BHYTpeHHUI AUaMeTp TPyOOmpoBoaa;

U — cpenHsisi CKOPOCTh JBMKEHHS TIOTOKA YKUIKOCTH.

Benunuuny kos3pdunmenta A npu rupaBInyecKUX dKCIEPUMEHTaX BbI-
YUCIISIOT 10 ONBITHBIM AaHHBIM U3 hopmyisl (1). Ilpu ruapaBanueckux xe pac-
YyeTax — MO0 SMIMPUUYECKUM U MOIYIMIUPUUYECKUM (popMyraMm, Harpumep, npu
JaMHUHApHOM pexume 4,=64/Re, a npu TypOyIEeHTHOM PEKUME JABMKCHHS U pa-
0ote TpyOOIpoBoia B 00J1aCTU TOKBAAPATUYHOTO COMPOTUBIICHUS — MO (POpMY-
ne A 1. AnbTinyss:

A, 68 0.25
A =011(—=2>+—)"
00K8. ( d Re) . (2)

Bennunny a0coJIl0THOM 3KBUBAJIEHTHOM 1IEPOX0BATOCTH A, TIpU pac-
yeTax OepyT U3 CIPaBOYHOM JIUTEpPaTyphl B 3aBUCUMOCTH OT MaTepuasia Tpyoo-
MIPOBOJIa U COCTOSIHHSI €r0 BHYTpEHHEH moBepxHOocTU. Hampumep, 1 TpyO us
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oprannyeckoro crekia A,=0,006 MM, a 1Sl CTAIBHBIX BOJIONPOBOJHBIX YMeE-
PEHHO 3apKaBiieHHBIX TPyO A,=0,20...0,50 mm.

OO6nacTh TUIPaBINYECKOTO COMPOTUBIICHUS TIPU pacueTax OIpeaesioT
win Henocpenactsenno no rpapukam A=f(Re,A,/d), nonyuennpiM onbrTHEIM
MyTeM JIJIsl TPyO M3 pa3IMUHbIX MaTepUalioB U MPUBEICHHBIM B CIIPABOYHOM JIU-

10d  500d
41

A3 A>
A.Jl. AnpTuryJaeM Ha OCHOBE HCIIOJIb30BaHHUS YIOMSHYTBIX I'padukoB. B mmo-

10d " 500d
Ad Ad

TepaType, WM XK€ ¢ MOMOIIBIO COOTHOLIECHUMN , TIPEJITIOKEHHBIX

CJICOHCM CJIydac BBIYHCIIAIOT COOTHOIICHUA

N CPAaBHHUBAIOT UX C

500d,

3

umcioM Peiinonbaca Re gy = — . Tlpu s1om, ecin Re 2 , Tpybompo-
|4

10d
BOJ paboTaer B 00JIACTH KBaApPATHYHOIO comporuBjieHusi. Eciu Re<—,

As
TpyOOnpoBOj paboTaeT B 00JaCTH THAPABJIMYECKH IJIagkux Tpyo. Ecim xe

10d 500d_
S Re < N TpyOOIIpOBOJ paboTaeT B 00JaCTH JOKBAAPATHYHOIO CO-
e} 2

IMPOTHBJICHUSA.
CJ'IGIIYCT HMCTb B BUAY, UTO IJIA Ka)KI[Of/'I oOnactn ITuapaBJINICCKOIoO CO-
IMPOTUBJICHUA IIPCAIOKCHBI W HCIIOJIIB3YIOTCA IIPU T'HAPABIMYCCKHUX pPacCdCTax

cBOM (pOPMYIIBI ISl BEIYKCIIEHHS Koo duienta A.
Jpyroi BUJ TUApaBIMYECKUX COMPOTUBIICHUM, BO3SHUKAIOIINX B MECTaX
PE3KOro M3MEHEHUs1 KOH(UTYpallK MOTOKa — U3MEHEHHUE CKOPOCTH MOTOKa MO
BEJIMYMHE WJIM HAIPABJIECHUIO, HA3bIBAIOT MECTHBIMHM COIPOTHBIICHUSMU, A BBI-
3pIBaEMbIE UMH TIOTEPH HANOPa - MeCTHbIMM noTepsivu Hanopa (N,,).
[Ipu npoxoxaeHnun yepes3 Jr00e MECTHOE COMPOTHUBICHUE MOTOK KU
KOCTH Je(OpMUpPYETCs], BCIAESACTBUE YEro JABM)KEHHE CTAHOBUTCS HEpaBHOMED-
HBIM, PE3KO U3MEHSIOIIHUMCS, 111 KOTOPOTO XapaKTEPHHI :
a) 3HAYUTEIIbHOE UCKPUBIICHNE JIUHUN TOKA U KUBBIX CEUYCHUN
NIOTOKa,;

0) OTPBIBBI TPAH3UTHOM CTPYH OT CTEHOK TpyOOIpoBOAa (BBUILY
NENCTBUA 3aKOHA MHEPLIMHM) Y BO3ZHUKHOBEHHUE B MECTaX OTPHIBA
YCTOMYHUBBIX BOAOBOPOTOB;

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

r) u3meHenue ¢popmsl ( mepepopMupoBaHue ) S0P CKOPOCTEH.

MecTHble TIOTEpU Haropa MpU TUAPABIMYECKUX pacyeTax BBIUUCISIOT
no ¢popmyie Beiicbaxa :

n, =c2 ©
M 2g !
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rae § - Ge3pasMepHblii KOADOUIMEHT, Ha3bIBACMbIi KOI(PPUIIHEHTOM MeCT-

HOT'0 COIMPOTUBJICHUS ,

U - cpcaHsaAaA CKOPOCTh IIOTOKAa B CCUCHHUU 3da MCCTHBIM COIIPOTHBIICHUCM,
T.C. HHUXKC 110 TCUCHHIO (GCJII/I CKOpOCTb ) , KaK UCKIIFOYCHUC, IIPUHUMACTCA IIC-
pPea MCCTHBIM COIIPOTUBJICHUCM, 9TO 00s13aTeNLHO OFOBapHBaeTCH).

Benmuuuna ko3¢ durmenta é/ 3aBUCHUT B 00IlIEM cllydae OT uucia Peii-

HOIBJACA R€ u oT KoHUryparuy, T.e. HOPMbI IPOTOYHO YACTH MECTHOTO CO-
npoTuBiieHUd. B dacTHOM ciydae, korjga TpyOOmpoBOJ, Ha KOTOPOM Pacroio-
YKEHO MECTHOE CONPOTHUBIIEHUE, paboTaeT B 00JIaCTU KBAJIPATUYHOTO COMPOTHUB-

neHus, BenmmurHa koddpuimenta { ot Re we zaBucwur.
Benuunny ¢ Ui KQKIOTO BHIA MECTHOTO COIPOTUBIICHHS OTPEIEIsi-

I0T 110 JAHHBIM THUIPABIMYECKUX SKCIEPUMEHTOB, MOJB3YSACh (popmynoit (3).
[Tosy4eHHble TakKuM 0Opa3oM 3Ha4YeHUs] KO3DPUIUEHTOB (Ui Pa3IMIHBIX
BUJIOB MECTHBIX COIPOTUBICHUM OEpyTCs TpPU TUIPABIMYECKUX pacdeTax
(0OBIYHO TIpU KBaJIpaTUYHON OOJACTH CONMPOTHUBIICHUS) U3 CHPABOYHOU U Crie-
HUAIBHOM TUTEPATyphl. VICKIIFOUEHHEM SIBIIAIOTCS PE3KOE PACHIMPEHUE U PE3KOE
CYy)KEHHE TpyOONpoBOJia, JJisl KOTOPBIX YUCJCHHBIE 3HAYCHUS KOA(DPUIIUEHTOB
¢ onpenensores mo GpopMyiaM, MOJTyYEHHBIM TEOPETHIECKU U TIOTyIMITHPH-

YCCKH. HpI/I PE3KOM paCIIupPCHUU Tp}I6OHp0BOI[a, Korga CpCaH:Asad CKOPOCTH B

(dopmye (3) B3aTa nepel MECTHBIM CONIPOTUBIIEHUEM, T.€. Uy,

' 2
4 pp:(l_a)l/COZ) : (4)
Ecim ske cKopocTh GEpPETCs 32 MECTHBIM CONPOTHBIIEHHEM, T.e. U2 | To
(A 2
pp — (a)2 /a)l -1 (5)

KoaddummenT conpotuBienus npu pe3KoM Cy)KeHUU TPyOOIpoBoia
(¢ p.c.) IPHHSATO OTHOCHTB K CKOPOCTH IOCe CyKeHus. [Ipu aTom

1
$,e =(=-17% (6)
&
1

1+ J1-w,/ o,

Onucanue yCTAaHOBKHM. YCTaHOBKA TPEJCTaBIsICT COOON HanopHblil
mpyoonpoeood ¢ TMOCIEIOBATEIbHO PACIOJIOKEHHBIMA HAa HEM THUPaBINYECKU-
MU COMPOTHBJICHUAMU (10 JITTMHE U MECTHBIMH). K KaK0My TUIpaBINYECKOMY
COMPOTHUBJICHUIO TIOJIKIIFOUCHO T10 JIBa nbe3omempa (Tiepen u 3a HuM). Bee mbe-
30METPHI JJIs1 yI0OCTBa paOOThI BHIBEICHBI Ha wium. {15 perynupoBaHus pac-
xona Boabl Q B cucreme ciyxut genmunb. Benvuuna Q usmepsiercs ¢ momo-

rae & = - KOO PUIMEHT CKATHUS CTPYH.

IO MEPHO20 oaka u cekvnoomepa. Ho;:[aqa BOJAbI B CUCTEMY OCYLICCTBIIACTCA




U3 numairouielo pesepeyapa 110 QZ OTKPBITHEM 3a06udicku. 110CTOSHHBIM
YPOBCHL BOALI B numarouiem pesepeyape ( JJI1 obOecreueHus YCTAaHOBHBIICTO-
Ci ABMKCHUA B CHCTGMG) IMOoAACPKUBACTCA nepeiu6HbIm cmoﬁcmeom.

IlepeTHBHOE YCTPOHCTBO

IuTaomui pesepeyap

\ ' fanop ae 64

I1{HT ¢ mbe30MeTpaMH

CexkyHaomep

1312 11 10

1 - HaNOpPHbLIN NUTaroWMK 6ak

2 - BeHTUIb AN perynupoBaHusa
pacxopa BoAbl

3 - MepHbIN bak

4 - nbe3oMeTpbl
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Puc.1. Cxema ycTaHOBKH /1JI51 M3YYE€HUS] THIPABJIHYECKUX CONPOTHBIEHUIA

Hean padorei: 1. Onpenenuts MO OMBITHBIM JTAHHBIM, BOCIIOJIh30BaB-
muck popmynamu (1) u (3), 3HadeHUs KodPphuUlIMeHTa THAPABIMYECKOTO TPEHHUS

Aon " BCIIMYMHBI KOB(l)(bI/IHI/IeHTa 4’ I TPEX BUIOB MCCTHBIX COHpOTHBJIGHPIfI;

2. YCTaHOBUTH, BOCIOJIB30BABIINCH COOTHOIIEHUAMU A.[[. AnpTirymns
00JaCTH THAPABIMYECKOTO COMPOTHBIICHHS, B KOTOPHIX padOTAIM YYaCTKH
HaIopHOTO TPyOOIpoOBOIA;

3. BeruucauTh 3Ha4eHUST KO3(PHUIIMEHTOB THAPABIMICCKOTO TPEHHS A
0 COOTBETCTBYIOIUM IMITUPUICCKUM (DopmyTiam;

4. Haiitu cripaBo4HbIC 3HaYeHUS KOI(POUIIMEHTOB MECTHBIX COMPOTHB-
JICHUM;

5. OueHuth cX0AUMOCTb A, 1 C UX PacyeTHBIMU (CIIPABOYHBIMH)

on
3HAYCHUSAMU.

6. IlocTpouTh MO ONBITHBIM AaHHBIM ( B MacmiTade) rpaduk HaoOpoB
JUTSl yJacTKa MPeAJIoKEHHOTO MPENoAaBaTEIeM.

IHopsinok BbimogHeHUst padoTbl. OTKPBITE RUMAIOWYIO 3A08UNCKY U
HAIOJHUTh YCTaHOBKY BojoM. [lociie HamomHeHust BOJoM pe3epByapa U cTaOu-
JIM3allAK YPOBHS BOJBI B HEM ( nepeiueHoe yCmpoucneo NOIHKHO IIPU 3TOM pa-
00TaTh) CIEyeT OTKPBITUEM Pe2YAUpylouie20 6eHmuaa 1oaaTh BOAY B CHUCTe-
My TpyOonpoBosioB. Jlanee, HEOOXOIMMO U3MEPUTh: OTMETKH YPOBHEH BOJBI B
nve3oMempax, pacxo BoJbl B CUCTEME ( C MOMOILBIO MEPHO20 DAKA W CEKYH-
domepa), a TaAK)XKE €e TeMIepaTypy (mepmomempom B numaiouiem pesepeya-
pe). Pe3ynbTaThl U3MEPEHUN JIs1 OJTHOTO OIbITA (IPU OJTHOM PACX0JIe BOAbI) 3a-
nYcaTh B TAOJIHILY.

OO6paboTaTh ONBITHBIE TAHHBIE U PE3YJIbTaThl IPEACTABUTh B BUJIE
TaOJIUIIBI. CdopmynupoBaTh BEIBOJIBI IO pe3yJibTaTaM padOTHI.

[Ipu 3akpbITOM BEHTHIIE 2 U 3aJIBUKKE 6 BKIIFOUUTHh HACOC U 00ECIIEUNTh
OcCHOBHBIEC KOHTPOJIbHbIE BOIIPOCHI

1. Hanumwre u nosicaute ¢popmynsl Jlapcu-Belicoaxa u Beiicoaxa.
2. TlosicHWTe, KaK ONBITHBIM IIYTEM ONPEAEIISIOT BENUUMHBI KOdGuinenTos A

ng.
3. Yro xapaktepusyror Kodpduuuentsl A u &, oT Kakux (HakTopoB B 00IIEM
CIydae OHM 3aBMCAT M KaK UX ONPENEISIOT IPU MMAPABIMYECKHX pacueTax?

4. O6bsachute, uto Takoe A, u A,/d, kax Haiitu Benmuuny A, npu rUApaBIK-
YeCKHUX pacuerax?

5. HazoBute 005acTé THAPABINYECKOTO COMPOTUBICHUS TPYOONMPOBOJOB U
00BSCHUTE, KaK OMPEACIISIIOT 00J1aCTh CONPOTUBIICHUS MPU THAPABINY CCKUX
pacuerax.

6. HM3o0pa3ure cxeMbl ABUKEHUS KUIKOCTU MPHU PE3KOM MOBOPOTE TPYOBI HA
90°, a TaxKe PU PE3KOM PACIIMPEHHH U PE3KOM CY)KESHHH TPyOOIpoBOIa U
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JaiiTe TIOSCHEHUS K HUM, YKa3aB, YTO XapaKTEPHO /ISl JIBIKEHUS MOTOKA
IIpU MIPOTEKAHUU €T0 uepe3 JII000e MECTHOE COMTPOTUBIICHHUE.

7. W3o0pasute cxemy rpaduka Hukypanaze u naiite mosSCHEHUS.

8. IlosicHuTe MOHATHS “‘ TUAPABIMYECKH TIaaKas Tpyda ” u  “mepoxoBatas
TpyOa”.

9. HazoBute (akrop, oOycrnaBiIMBAIOIIME MOBBIIICHHE MOTEPH HATopa MpH
IPOXOXKJICHUU TTOTOKA )KHUIKOCTH Ye€pPe3 MECTHBIE COMTPOTUBIICHHUS.

10. Tokaxkute, Bocnosib3oBaBiuchk Jlapcu-Beiicbaxa u bnasuyca, uro mnpu }?5 -

60Te TPYGONPOBOIOE B 06acTi ruapasmiuecky ramknx tpy6 hy = f(V")

Y4yeOHas 1utepatypa K padore 5

1.(c.159...167. ¢.186...193). 2.(c.147. c.168..174. c.201..213). 3.(c4R...57.

13
15
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JlaGoparopHnas padora 6
N3YYEHUE NCTEYEHUSA KUIKOCTHU
YEPE3 MAJIBIE OTBEPCTHS B TOHKOM CTEHKE
N HACAJIKU ITPU ITOCTOAHHOM HAIIOPE B ATMOC®EPY

BBoaHas yactb. ManbiM CUMTAETCSl OTBEPCTHE, BBICOTA KOTOPOTO HE
npesbimaer 0,1 H (puc. 1). 3necs H - npeBbiieHne cBoOOOAHONW MOBEPXHOCTH
KHUJKOCTU HAJ LIEHTPOM TSDKECTU OTBEPCTHSL.

CreHky cuMTaloT TOHKOW, ecim ee ToimmuHa O < (1,5...3,0)d (pumc. 1).
[Ipy BBIMOJHEHUHU ATOTO YCIOBUS BEJIMYMHA O HE BIMSIET Ha XapaKTep ucTeye-
HUS )KUJIKOCTH U3 OTBEPCTHS, TaK KaK BBITEKAIOIIASl CTPYS XKUAKOCTU KacaeTcs
TOJIBKO OCTPOU KPOMKHU OTBEPCTHSI.

[TockonbKy 4acTULBI KUJKOCTH JIBUXKYTCS K OTBEPCTHIO IO KpPUBOJIH-
HEIHBIM TPAEKTOPHUSAM, TO 3@ CUET CHJI UHEPLIUU CTPYs, BBITEKAIOIIas U3 OTBEp-
CTHsI, CKMMaeTcs. biaronapst JEHCTBUIO CUIT MHEPIIMM CTPYS MPOJIOJIKAET CHKU-
MaThCsl M MOCJIE BbIX0/Aa U3 oTBepcTus. Hanbonpliee cxaTue cTpyu, Kak MoKa-
3bIBAIOT OIBITHI, HAOIIOAAETCA B CEUYEHWHU C-C HAa PACCTOSSHUM TPUMEPHO
(0,5...1,0)d ot BxOmHOW KpOMKH OTBepcTHs (pHC. 1). DTO CeUeHHE HA3BIBAIOT
ckaTbIM. CTENEeHb CKaTHsI CTPYU B ’TOM CEUEHUU OLIEHWBAIOT BETMYMHOMN

ko3¢ duiuenTa cxaTus & :

£=—5, (1)
@

rine W, 1 @ - COOTBETCTBCHHO INIOMIAAb CXKATOI'0 >XHBOI'O CCYCHHUA CTIPYH H
miIomanab OTBCPCTHS.

CpemHIOI CKOPOCTh CTPYH J¢ B CHKATOM CEUEHHU C-C TIPH Py = Py BbI-
YUCJISIIOT 10 opMyJie, TToJydeHHON u3 ypaBHeHus Jl. bepHyinu, coctaBieHHO-
ro st ceuenuit I-1 u c-c (puc. 1):

&, = 20H 2)

rie @ - Ko3QPUIMEHT CKOPOCTU OTBEPCTHS.

1 1
gp_\/a+§~\/1+§' ()

Hcxonst u3 ypaBHEHUs TPAEKTOPHUM CTPYH, BBITEKAIOLIEH U3 OTBEPCTHS,

TIOJIYYEHO €I1I€ OJTHO BBIpaXeHUE s KodduimeHTa ¢:
X

(022—%- (4)
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Puc. 2. McTeuenne KuUIKOCTU U3 BHENTHETO IUJIMHAPUYECKOTO HAcaJaKa B aTMO-
chepy
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B dopmynax (3) u (4) « - kospdunuent Kopronuca, { - ko3ppumu-
€HT CONMPOTHBJIEHUSI OTBEPCTHA, Xj U Yj - KOOPAMHATHI TIPOU3BOJIHHO B3ATOU
TOYKH TPACKTOPUU CTPYH.

[TockonpKy Harmop TepsieTCs TIaBHBIM 00pa3oM BOJM3U OTBEPCTHS, TJIC
CKOPOCTH JOCTAaTOYHO BEJHMKH, MPH HCTCUCHUH W3 OTBEPCTHS BO BHHUMAHHE
MPUHUMAIOT TOJIBKO MeCTHbI€ NMOTEePH HAIMopa.

Pacxon sxuakoctu QQ yepes oTBepCTHE BBIYUCIIIEM KaK

Q = pan \/2gH, (5)
Trac
pE= M. (6)
3neck U - K03(pPUIMEHT pacxoja OTBEPCTHUS, YUUTHIBAIOIIUIN BIUSHUE
IuApaBIMYCCKOIO COIIPOTHUBIICHHUA M CXATHA CTPYH Ha pacCxod KHUIAKOCTH. C

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

0= pw~2gH. (7)

Benuuunbl kooQQUuueHTos & &, @, L UL OTBEPCTUI ONPEENAIOT
OTIBITHBIM ITyTE€M. Y CTAHOBJICHO, YTO OHH 3aBHUCAT OT (DOPMBI OTBEPCTHUS U YHUC-
na Peitnonbaca. OnHaxo mpu Gombimx uncnax Peitnomsaca (R€ > 10°) ykazan-
Hele KodpduuueHTs oT R He 3aBHCAT M A1 KPYINIBIX U KBaJPaTHBIX OTBEP-
CTUI TNpU COBEpIIEHHOM Cxatuu cTtpyu paBuel: &= 0,62..0,64, (£=0,06,
¢=0,97...0,98, 1=0,60...0,62.

Hacaaxol 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, pacxoia >KUIKOCTH, Tpa-
EKTOPHUH CTPYH).

Hacanku ObIBatOT HMIMHAPUYECKHE ( BHEIIHUE U BHYTPEHHUE), KOHUYE-
CKue (CXOAsIIMecs U pacXoJslIvecs) U KOHOUJAJIbHbIE, T.€. OYEPUYEHHBIE IO
(dbopMe CTpyH, BBITEKAIOLIEH U3 OTBEPCTHSL.

Hcnonp3oBanne Hacazka JIIOOOTO THUIMA BBI3BIBAET YBEIMYCHHE pacxoia
xunkoctu Q Gnaromaps BakyyMy, BO3HHMKAIOLIEMY BHYTPHM Hacajka B 001acTu
CKATOTO ceyeHHus c-¢ (cM.puc. 2) U 00ycClaBIMBAIOIIEMY TOBBIIICHUE HAopa
UCTCUCHUSI.

CpemHIOI CKOPOCTh MCTEUCHUS KUIKOCTH M3 Hacaaka & m pacxon Q
OMpeeNsioT 1Mo ¢popmysiaM, MOJIy4eHHBIM U3 ypaBHeHus Jl. bepHymiu, 3anucel-
BaeMoro it ceueHuit 1-1 u B-B (puc. 2):

$=¢,4/20H (8)
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1
3neck @y = ———— - K03(QOHUIUCHT CKOPOCTH HACAJIKA,
Ja+Cy

(- KOO OUIUEHT COMPOTHBIICHUS HACA KA.

JIJist BBIXOJTHOTO CEYEHHMs B-B KOIPHUIIMEHT CKaTHs cTpyn & = 1, Tak
KaK HacaJloK 3/iech paboTaeT mojHbiM ceueHueM. [loaTomy koaddunumeHt pac-

X0JIa HAacazlKa Uy = Q.
Pacxoj >KMIKOCTH, BRITEKAIOIINI U3 HACAJKa, BRIYUCIIACTCS 10 OpMYy-
e, ananmoruaHoi dopmysne (7):

O = pym\2gH. (8)

Onucanue ycTaHOBKH. YCTaHOBKA MPEACTaBIsAET OO0 HanopHwlii pe-
3epeyap, B OOKOBOW MOBEPXHOCTH KOTOPOIO UMEETCS omieepcmue, 3aKpblBae-
Moe poluaxycubim_knananom. Ilepen omeepcmuem ( cHapyxu peszepeyapa )
CMOHTUPOBAaH HOGOPOHIHbLI Kpy2 C KPYIJIBIM OTBEPCTHUEM M HACAJKaMH pas-
JUYHBIX TUNOB. [loBOpaunBas Kpyr, MOYKHO YCTAHOBHUTH IIPOTHB OTBEPCTHS
HacaJIoK HY>KHOTO THIIa WM OTBepcTue Tpedyemoit ¢popmbl. Boga B pesepByap
MOAAETCSA IO MPYOOnPo8oJdy OTKPBITUEM 3a06udicKu. I10CTOSHHBI YPOBEHb
BOJIbI B pe3epeyape BO BPEMS OIBITOB MOAJEPKUBACTCS HePeugHol mpyooil.

Jlnst onpesiesienust Haropa uctedeHus [ pesepeyap cuabxeH godomep-
HOUl_ MpYOKOUW CO WIKA10U, HYJlb KOTOPOIl COBMEIIEH C LIEHTPOM OmeEepcmusl.
Pacxon BOJIbI IPU UCTEUYEHUH U3 OTBEPCTUHN U HACAJIOK U3MEPSETCS C TOMOIIIBIO
NEePEABMKHOTO MePHO20 baka W cekyndomepa. Koopaunatel X u Y MpoOU3BOIIb-
HBIX TOUYEK TPACKTOPUHU CTPYH U3MEPSIOTCS C MOMOIIBI0 KOOPOUHANHOU CeH-
KU, HAHECEHHOM HA IIUT.

Heas padorsi: 1. OnpenenuTs MO ONBITHBIM JAaHHBIM BEJIMYUHBI KO3 (-
GUIHEHTOB: Loy Pony Eony Gony TPH HCTEUCHHH BOIBI YEPE3 MaJoe KPYIiioe
orBepcTre auametpoM O = 2 CM IpH MOCTOSHHOM Harope B aTMoc(epy U Be-
JIMYUHBL KOOQPUIHCHTOB Lo = QPon ¥ CHon MU BHENIHETO WIHHIPUYE-
CKOr'0 M KOHMYECKUX ( CXOJSIIEerocs U pacxoasiierocs) HacaakoB mpu H= Const
B aTMocdepy.

2. CpaBHUTH 3Ha4YeHUS] KOI(P(PUIIUEHTOB, MOJYYCHHBIC B OIbBITAX, CO CIPABOY-
HBIMH U TOJICYUTATh OTHOCUTEIIbHBIC OTKJIOHECHHUSI.
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HanopHbii

Tpybonporoa pezepByap

IlepeanBHaA
Tpyba — : I10BOPOTHBIH
3 Kpyr CexyHaoMep

BojomepHasi
TPYOKa H
MKAaJa

KoopauHaTHas
CEeTKA

MepHbii 6aK

Puc. 3 Cxema YCTAaHOBKH AJIA1 U3YUCHUA UCTCUCHHUA JKUAKOCTH 4YCPC3 OTBCPCTHUA
N HaCaJKH.

IHopsinok BbINOJIHEHUS PAOOTHI.

1. OTKPBITH 3a08UHCKY, 3ATIOJTHUTH BOJIOH pe3epsyap HACTOIBKO,

yTo0bI padoTalia neperusnas mpyoa.

2. Ilogopomom _Kpyza YCTAaHOBUTH INEpE] omeepcmuem Kpyrioe oT-
BepcTue quameTpoM 0 = 2 ¢M ¥ 3aKpenuTh Kpy2 B 3TOM MOJIOKEHHUH.

3. OTKpBITh K1anan W 00ECIICYUTH C TMOMOIIBIO 3A08UNHCKU WCTECUCHUE
BOJIbI TIPH TTIOCTOSTHHOM Harope H, u3MepuTh €ro, a Takxke KoopAuHaThl Xy U Yy
MPOU3BOJIBHO BEIOPAHHON TOUKH K TPaeKTOpUHU CTPYH.

4. smeputs pacxon Boabl Q ¢ moMoLIbo Meprnozo baka v ceKyndome-
pa (n3MepsieMbIii 00beM BOJBI JOJDKEH OBITh He MeHee 50 JTUTPOB).

5. Pesynbrarel uamepenuii 3anucarh B Ta0. 1.

6. YcranaBnuBas ¢ MOMOIIBIO TTIOBOPOTHOTO Kpy2d TIPOTUB OHLEEPCHIUSA
MOOYEPETHO BHEIIHUNA HWJIMHAPUYECKUN U KOHUYECKHUE (CXOISIIUNCS U Pacxo-
JAMIUICS) HACAKH, M3MEPHUTH JUIS KaXKJ0T0 U3 HUX pacxox Boasl Q u mamop H (
MOCJIEAHUN JOJKEH MOJIJIEPKUBATHCS B ONbBITAX MTOCTOSIHHBIM U PaBHBIM HAIoOpy
MIPY UCTEUEHUHN U3 KPYTJIOTO OTBEPCTHS).




7. Pe3ynbpTaThl m3MEpeHUH 3amucath B Ta0. 1.
8. O6paboTaTh OMBITHBIC JAHHBIC, BHIIIOJHUB BCE BBIYMCIICHUS, MPETY-
CMOTpEHHBIC Ta0II. 1.
9. laTh 3aKIIFOYCHHE I10 pe3yJIbTaTaM PaOOTHI.

OcHOBHBbIE€ KOHTPOJIbHBbIE BONIPOCHI

1. Yrto moHMMAIOT MO MajbIM OTBEPCTHEM B TOHKOW CTCHKE IMPHU HWCTCUCHUU
XKUJKOCTH U3 OTBEPCTUIA?

2. (Cxaroe ceueHue, MPUYUHBI CKATUS CTPYH, YEM OIICHUBAIOT BEIUYNHY C)Ka-
TUA CTPYH?
YTo Ha3BIBAIOT HACAJIKOM, THIIBI HACAJIKOB, UX Ha3HaueHHUE?

Koaddumment pacxona. YTo OH yuuThIBaET, KaK ONpeesieTcs?

3
4. KoadpodumueHt ckopoctu. YTO OH yUUTHIBAET, KaK OMpeAeseTcs?
5
6
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. KoadummenT conporupnenns (otBepcTus, Hacaaka). Kak on onpenensercs
10 ONBITHBIM JAHHBIM?
7. OObBICHUTE, MOYEMY MPU UCTEUSHUM U3 HACaJIKa Pacxo/1 KUIKOCTH OOJIbIIIE,

YeM IIPU UCTEUEHUH U3 MAJIOTO KPYTJIOrO0 OTBEPCTHS B TOHKOM CTEHKE?
abmumna 8

Pesynbrarsl n3amepeHuil u BbI-

N YUCIJICHUI
o
HO_ HaumenoBanus u3MepsieMbIX U Bbl- En. | Kpyr. Hacanxn
YHCIISIEMbIX BETUYHH U3M. | OTBEP Ko-
3HI. Buemn. Konnu.
BEp- HUY.
ctme | WMMHL pacxon
1 2 3 4 5 6 7
NaMCTPhI OTBEPCTHUA U HACAAKOB HA BbI- R _ R _
g | /MameTpetoTsep M | 2010720107 | 2,0107 2,6-102
xoze d
[Tnomaan Kpyrjioro OTBEpPCTHS U )
2 2
HacaJaKOB Ha BBIXOIE () = 7Zd / 4 .
3 | O6bem Bosbl B MepHOM Gake W s
4 | Bpems Hanosinenus { C
5 | Pacxox Bomsr Q =W/t Ms/c
6 | Hanop ucreuenus H M
Koopaunatel  mpoM3BONBHON | X u
7 | TouKH «K» TpaekTopuu crpyu, K
BBITEKAIOIIEN M3 KPYIJIOro OT- s
BEPCTHS k | M
Koaddurmentsr pacxoaa oTBepcTus U
g | HacajaKoB (IO OMbITY) .
U, = Q/degH
KoadduiimeHTsl CKOpOCTH HAcaIKOB
9 -

(Mo omebITy) Pu, =Hy,,
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[Tponomkenue TabauIbl 8

1 2 3 4 5 6 /

KoaddurmeHT ckopocTu oTBEpCTHS
10 | (o ombITy) }

Pon = XK/(Z'\/yK H)

KoaddurmeHnt conpoTuBieHus oT-
11 | BEPCTHs U HACAAKOB (IIO OINBITY)

é/on ::I/gpzon -1

Kosddunuent cxarust orBepctus u

12 | HacaaxoB (o OTIBITY)
807’1 = ILIOYL/¢OI’I
CripaBouHbIe 3HaYe- Henp -
HUS KO3 (HULIUEHTOB

13 | pacxola, cxopocTy, Penp ]
COTPOTHBIICHUS ¢ }

cn

U CKaTUs TSl OTBEP- P
CTHS U HAacaJIKOB Ecnp -

OtHocu- A = (:ucnp o luon)

TEJIBHBIE OT- H u

KJIOHEHHUA cnp

KO (PULH- _

G (Penp = Pon)
€HTOB pac- A = )
1 o Pon
> B —

IMPOTHUBJIC- A, = (é/Cﬂp gon) i

HUSI M CXKa- ¢ é’
cnp

TS I OT-

BEPCTUS U A = (8cnp — &,

HacaakoB e ° -
cnp

8. Hamumute u nosicuure (HOpMyJibl ISl ONpPENeIeHHUs] CKOPOCTH M pacxoja
IIPU UCTEUEHUU >KUJIKOCTU U3 OTBEPCTHI M HAcaJKOB B aTMocdepy mpu mo-
CTOSIHHOM Harope.

9. HM3o0pa3ure cxembl UCTECUECHHS KUIKOCTH U3 MAJIOTO OTBEPCTUS B TOHKOMU
CTEHKE M 4Yepe3 BHEIIHUM [WIMHAPUIECKUN HacaJ0K B aTMochepy.

10. Kakoe ypaBHEeHHE JIEKUT B OCHOBE (POPMYJI JUIsl BBIYUCICHUSI CKOPOCTHU HC-

teuenns ¢ u pacxona xuakocty QQ mpu McTeUeHMHU M3 OTBEPCTHI M HACA-
KOB? Hamuiure u mosCHUTE 3TO YpaBHEHHUE.
YuyeOHas iureparypa K padore 6
1(c.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, ¢.215...220, c.222...225).
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JlaGoparopHnas padora 7
IKCHEPUMEHTAJIBHOE U3YYEHMUE ITPAMOI'O THIPABJINYE-
CKOI'O YIAPA B HAIIOPHOM TPYBOIIPOBO/JE

BBoanas yactb. [wapaBinueckuM yJaapoM Ha3bIBAETCS HW3MEHEHHE
(TIOBBIIIEHNE WM TIOHIKEHHUE) JTaBICHUS B HAIIOPHOM TPYOOIIPOBOAE MPH pe3-
KOM M3MEHEHHH CKOPOCTH JIBIKEHUS JKUIKOCTH (HampuMep, B pe3ybTaTe pes-
KOT'O 3aKpBITHUS UM OTKPBITUS 3aTBOPA).

[loBpillieHWE JaBICHHS TPH THUAPABIMYECKOM yJaape MOXET ObITh
HACTOJIBKO OOJIBIIIMM, YTO CITOCOOHO MPHUBECTH K Pa3phIBY TPYOOIIPOBOIA.

[Tpu OBICTPOM 3aKpPBITHH 3aTBOpa CHAaYala OCTAHOBUTCS HE BCS Macca
KUJIKOCTH, 3aKJIIOYCHHAss B TPyOONpOBOJNE, a JIMIIb YacTh €€, HaXOJIIIasiCs
HEIMOCPEICTBEHHO Tepe] 3aTBOpOoM (puc. 1). DTo nmpoucxoauT Oarogaps UHEp-
[IMA U YIIPYTUM CBOMCTBAM HUIKOCTH W Marepuaia TpyObl ( OCTaHOBUBIIASACS
Macca JKMJIKOCTH HECKOJIBKO CXKMMaeTcs, TpyOa pacimpsiercs, a JaBJICHUE B
KHUJKOCTU PE3KO BO3pPACTACT). 3aTe€M IOBBIIICHUE JAaBJICHHS BeCbMa OBICTPO
pacnpocTpaHsieTcsi o TpyOonpoBoay OT 3aTBopa K pezepByapy. CkopocTh pac-
IIPOCTPAHEHUS TOBBIIICHUS JABJICHUSI HA3BIBAIOT CKOPOCTHIO pacnpocTpaHe-
nus yaapaoi Boanbl C. ITociie Toro Kak Bo BceM TpyOOIIPOBOJIE JaBJIEHHE 10~
BBICUTCS, KHJIKOCTh HAYHET BBIXOJIUTH W3 30HBI MOBBLIIMICHHOTO JIABJICHUS 00-
paTHO B pe3epByap, JAaBJICHHE B TPYOONpPOBOJEC HAYHET MOHMKATHCS. 3aT€M B
30HY TOHIKEHHOTO JIaBJICHHUsI CHOBA MOWMJIET >KUJKOCTh U3 pe3epByapa, U JiaB-
JICHWE CHOBa MOBBICUTCS. brmaromaps ynpyruMm CBOWCTBaM XHAKOCTH U CTEHOK
TpyOONpoBOAa ATOT MPOIECC AOBOJIBHO ObICTpO 3aTyxaeT. Hambonee onacHbIM
SIBIISIETCS TIEPBOE TIOBBIIIICHUE JABICHMUS.

VYnapHas BojHA HpOHJIET MO BCceMy TpyOOmpoBoay (OT 3aTBopa A0 pe-
sepByapa) 3a Bpemsa t = |/C (3necs | — mmna tpy6onposona). Bpemst ogmoro
[IUKJIa, BKIIOYAIOIIETO TOBBIIIICHUE U TIOHWKCHHE TaBIICHUS, Ha3bIBaeTcs a3oi
ynapa T = 21/C.

Ecnu Bpems sakpeitus 1, 3atBopa Menbine wmu paBuHo dase ymapa 1

(t, <T), ynap Ha3bIBaeTCs MPSIMBIM.

Yaap MOXeT BO3HUKHYTh, HalpuMep, MPU BHE3AMHOM BBIKIIOUEHUU
Hacoca, MOJAIIEr0 BOAY MO HAarHeTareabHOMY TPyOONpOBOAY B pE3epByap.
KuakocTe mocie BBIKIIOYEHUSI HAacoca MO WMHEPIUMU HEKOTOpOoe BpeMs OyaeT
JBUTATbCSA, U B TPYyOONPOBOAE BO3HUKHET MOHWKEHHOE [aBJIEHUE. 3aTeM
HayHeTCsl 00paTHOE ABMKEHHUE XKUIAKOCTH U3 pe3epByapa B 001acTh MOHMKEH-
HOTO JIaBJICHUS B TPYOONpPOBOJE, U JIaBJIEHUE 3[1€Ch TOBBICUTCS MOJA00HO TOMY,
KaK 3TO Ha0JII01aI0Ch MIPH MPSIMOM yaape.

W3 13510)KE€HHOTO SICHO, YTO MapaMeTpbl ABMXKEHUS KUAKOCTU MPU TU-
PaBIMYECKOM YyJape M3MEHSIOTCS C TedyeHueM BpeMeHH. CiieoBaTeNbHO, IPH
THJIPaBIMYECKOM yape ABM)KEHUE KHUIKOCTH SIBJISIETCSI HEYCTAaHOBUBILIUMCH.
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JI71st oTIpeiesIeHusI MOBBIMICHUS qaBicHUs AP Ipu MPSIMOM THAPaBIHYEC-
ckoM ynape H. E. XKykoBckum B 1898 r. mpenoxkena popmyna

Ap =pC4, (1)
rne O - IDIOTHOCTH KUAKOCTH;
C - CKOPOCTh PaCIPOCTPAHEHHS YIAPHOM BOJIHBI;

3 - cpenHsis CKOPOCTh JIBHKEHHUS JKUIKOCTU B TPyOOIIPOBOJIE 10 3aKPhI-
TUsA 3aTBOpA ( IPU yCTAHOBUBLIEMCS JBUKEHUN ).

Bennmuuny C BBIMHCIAIOT 110 GOpMYyIIe

ED/
_ P

E, n Emp — MOJYJU YIPYTOCTH COOTBETCTBEHHO JKHUIKOCTH W Marepuaja
Tpy6omposoa ( mist Boxsr £, ~1,96 - 10° ITa, nna cramm E,,,~1,96 - 1011Ha);
d - BHyTpeHHHUil IuamMeTp TPyOOIPOBOAA; O - TOMIIUHA CTEHKH TPYOOIPOBO-
za.
OnucaHue yCTAHOBKH. Y CTaHOBKA COCTOUT U3 FOPU30HTAJIBLHOTO CTaJbHO-
0 mpydonpogoda, IPUCOCTNHEHHOTO K HANOPHOMY pe3epeyapy , B KOTOPOM
YPOBEHH BOJIBI BO BPEMs OTMBITOB MOJACPKUBACTCS HA MOCTOSHHON OTMETKE C
IIOMOIIIBIO Hepeauenozo ycmpoiicmeda. B KoHIIC mpybonposoda wmMeeTCs 8eH-
muip IS PEryJIUPOBAHUS CKOPOCTH  JBWKCHHUS BOJBI B HEM, KAANAHHLLIL
3ameop, TO3BOJISIONINN PAKTUICCKA MTHOBEHHO TEPEKPBIBaTh TPYOOIIPOBO/I,
HPYHCUHHBLIL MAHOMEmp, C TIOMOIILI0 KOTOPOTO U3MEPSETCS AaBICHUE B KHU/I-
KOCTH JI0 U B MOMEHT 3aKpBITHS 3aTBOpa.
JIiist u3MepeHust pacxoaa BOAbI CIIYKUT MePHbLL OaK, CHAOKEHHBIN 8000-
MEPHOU MPYOKOU CO WKAI0U, U CEKYHOOMED.
eanb padoThl: OnpeeauTh ONBITHBIM MTYyTEM BETUYHNHY TOBBIIICHUS

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

BOJIE, CPABHUTD €€ ¢ BeauunHo# Ap, Berurciennoi mo ¢popmysie H. E. XKykos-

|Ap - Apon

CKOr'0, X IIOJICYUTATh OTHOCUTEIIBHOE OTKIIOHEHHUE &,, = . -100% .
p

IMops10K BHINOJTHEHHUSI PA0OTHI.

1. W3meputh MO MaHomMempy NaBICHUE B mMpPydonpoeode 10 yaapa
(TIpu 3aKPHITOM Pe2yIUpPo8oOUHOM 8eHmuUIIE) U PE3YIbTaThl U3MEPEHHUS 3aIuCcaTh
B TaOHILY.
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HpyAHHEHBIH
MaHOMETP

HanopHbii
pesepeyap

o il . '-. . R "_ g = P g : =S 2 ,7 7= 3 v o ”. = o ..‘, s
y - — - F A ¥ . —— o -
- - S < > . - 1 Mepn
- A - - P & P . . rd P ) 3 ~ '.‘ b B U\
- . - 3 -",A-.. \- . \\
I A - > p X o S . - o S T S ;

= B ) Dt sonon:. N i » N

Puc.1. Cxema yCcTaHOBKH 1JI U3yUYECHUS THAPABIMYECKOTO yaapa.

2. OTKpbIB (HE TOJIHOCTHIO) pecyiupoeouHblil_8eHmMuU1b, 00CCTIICUUTh
MPOMYCK 0 MPydonpoeody HEKOTOPOTrO pacxoaa BOJBI.

3. Usmeputs pacxon Boasl Q ¢ MOMOIIBIO MepHOZ0 Daka W ceKyHOo-
mepa. llpu 3TOM M3MepseMbIii 00beM BOJBI JOJDKEH ObITh HEe MeHee S50 JuT-
pOB.

4. IlepekpbiTh KI1ANAHHbIM 3AMEOPOM MPYOONPO60O W U3MEPUTH TI0

MAHOMempy BEIUYMHY MAaKCUMAJIbHOTO JIaBJICHUS IIPU yIape.

5. 3anucaTh B Ta0NMIly NOJYyUYEHHBIE IPU U3MEPEHUSIX JTAaHHBIE.

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

7. OOpaboTaTh ONBITHBIE JaHHBIE TaK, KaK YKa3aHO B TaOJHIIE.

8. JlaTp 3akitoueHue 1o pe3ynbraraM padoThl.

OcHOBHBIE KOHTPOJIbHbIE BOIIPOCHI

ChopmynupyiiTe NOHATHE TUAPABINIECKOTO yaapa.
[Ipsimoli 1 HEMPSAMOUW TUIPABIMYECKUN yAap.
Urto takoe ¢aza ynapa?
OOBbsicHUTE TpollecC U3BMEHEHUs JaBlieHUs B TPyOONpPOBOJE, MUTAEMOM M3
pe3epByapa, pu MpsIMOM TUIPABINYECKOM yIape.
4. Hanumure u nosicaute popmyny H. E. XKykoBckoro amns onpeneneHus mo-

i



BBIICHWA JAaBJICHUSA ITPU yAape.
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5. Hamnumute u noscaute GopMyity A OIpeaesieHrs CKOPOCTH pacipocTpa-

HEHUs yIapHOUN BOJIHBI.

Y4yeOHas qureparypa K padore 7

1.(c.356...362), 2.(c.260...264), 3.(c.140...147), 4.(c.155...160),
5.(c.279...283, ¢.289...293)
Tabnmia
Ne HanmenoBanus u3MepsieMbIX U En. | PesynbraTel uamepenui u
03. BBIYHCIISIEMBIX BEJTUYHH U3M. BBIYHCIICHUN
Onpit 1 | OneiT 2 | OneIT 3
1 2 3 4 5 6
1 | Buyrpennuii tuametp Tpyoorposoaa d
2 | Tonmuua cTeHKH TpyOOmpoBoaa O M
3 [Imomaaps NONEpPeYHOro CEYeHus Tpy- 2
OompoBoga @ = d?/4 M
4 | O6beM Bozabl B MepHOM Oake W M
5 | Bpems HanonHeHus: oobema t c
6 | Pacxox Boasl B Tpy6onposoge Q = W/t | wP/c
Cpennsisi CKOPOCTh JIBFKCHHSI BOJIBI B
7 _ M/c
tpyoOompooze ( A0 yaapa) V= Q/w
CKOpOCTh pacnpoCTpaHEeHUsI YAapHOU
BOJIHBI
8 B 1425 m/c
J1+ E,d/Ep,-0
[ToBbImIeHNE TaBIICHUS TIPH YJape 10
9 | dopmyne H. E. ’Kykosckoro Ia
Ap = pCV
JlaBnenue B TpyOOINpoOBOIE 10 yaapa
10 | ( mo manomerpy) p: Ia
Haubonrwiiee naBneHue B TpyoonpoBo-
11 | ge npu ynape (o MaHOMETPY) P I1a
[ToBbITICHNE TaBICHUS TP yaape (1o
12 1 onwiram) Ap,, = po - p1 ITa
OTHOCHUTEIIBHOE OTKJIOHCHUE
Ap—-A 0
13 |, _ lae-ap, | o0 %o

Ap

Ap
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JlaGoparopHnasi padora 8
N3YUYEHUE ®UJIBTPALIMU B IECHAHOM I'PYHTE
HA YCTAHOBKE JAPCH

Beoanas vacte. Ilog ¢unbTpanueil NOHUMAaIOT IBUKEHUE BOJBI B IO-
pax BOJOHACHIIIEHHOTO TPYHTA. 3HaHWE 3aKOHOB (DUIBTPALIMU HEOOXOIUMO MPHU
IIPOEKTUPOBAHUH, CTPOUTEIBCTBE U IKCIUTyaTallud MMPOU3BOACTBEHHBIX, KHIIBIX
U OOIIECTBEHHBIX 3/IaHUN, TUIPOTEXHUYECKUX COOPYKEHUH, BXOISAIIMX B CHU-
CTEMBI IPUPOJONOIB30BAHNS U HHKEHEPHON 3KOJIOTHH.

B uacTHOCTH, 3HaHHE 3aKOHOMEPHOCTEH (PUIbTpaluu HEOOXOIUMO IS
ONpEIENCHHs] MTPUTOKA TPYHTOBOM BOABI K KOTJIOBAHAM CTPOSIIUXCS 3JaHHM,
JPEHaXHBIM U BOJI03a00pHBIM yCTPOMCTBAM, I pacuéToB Ocaaku (yHIaMEH-
TOB M BBIYMCIICHUS TIOTEPb BOJIbI YEPE3 3EMJISIHBIE IIJIOTUHBI U JaMOBI.

JIBU>KEHHE TPYHTOBBIX BOJ TaK €, KaK U MOTOKOB B HAIOPHBIX TPyOoO-
IPOBO/AX M OTKPBITHIX KaHalaX, MOXET ObIThb YCTAaHOBUBLIMMCS M HEYCTaHO-
BUBILIUMCS, PABHOMEPHBIM U HEPABHOMEPHBIM, HAIIOPHBIM U O€3HAIIOPHBIM.

Pexum IBH)KEHUS TPYHTOBBIX BOJ MOXET OBbITh JaMHUHAPHBIM U TypOy-
JICHTHBIM.

B nanHoli paboTe M3y4yaeTcs yCTaHOBUBILIASACS HamopHas (QuibTpauus
IIpY JAMUHAPHOM PEKHUME, ONHChIBaeMas 3aKkoHOM Jlapcu. AHaIUTHYECKOE BbI-
pakeHHEe 3TOr0 3aKOHAa OOBIYHO 3aIMCHIBAIOT B JIBYX BUAAX:

v=kJ (1)
Q=akJ. )

3n1ech U - CKOpOCTh (PUIIBTPALIMHY, T.€. aIaNTUBHAS CKOPOCTh, paBHAs

029, 3)
@®

rae Q- nelictBuTeNbHBIN ((paKTHUECKUIT) QUILTPALMOHHBIA PACXO;
(0~ TUIOWAJb TOBEPXHOCTHOTO CEYEHUS (PUIBTPAMOHHOTO TOTOKA,

CKJIQJIBIBAOIIASICS U3 CYMMApHOMU TUIOMIAAN ceYeHUs Top (@, ) M YacTHIl CKe-

nop

JeTa IpyHTa (W) ), T.C. O = Oy, + Dy

K - KO3 puimeHT GuapTpaluy, HMEIIHA pa3MEpPHOCTh CKajsipa
(0OBIYHO B cM/c WA M/Cym) U XapaKTEePU3YIOIIUN BOJONPOHUIIAEMOCTb IPYHTA.

Bennuuny K OMPEIEISIOT JJIs KaXKJ0r0 BUAA TPYHTA OINBITHBIM MyTEM
(mpu MOCTOSIHHOW TeMIiiepaType puibTpyromieil xxuakoctu). B cripaBoyHol Ju-
TepaType BeJIMuuHbl KordduirienTa GuiabTpaluu TPyHTOB OOBIYHO Tat0TCS MPH

temneparype 1 =10 C. Jlna nepexona ot Bennuunel ko>dpumeHTa kt , Ho-

[e] [e]
nygennoi npu temneparype 1, ormuanoit or 10 C | k Bemuunne ero npu 10 C
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(kqp) mpumensieTcs popmyna

Kq
Kyg = —, (4)
T
r1e 7 - TEeMIIepaTypHas MMOMPaBKa, BEIYKMCIISIEMAst TI0 SMITUPUIECKON Gopmyre:
r=0,7+0,03t, °C. (5)

J- IPaMEHT HAIOpa — OTHOIICHHE PA3HOCTH IIOJNHBIX HAIOPOB
H, —H, =h,_, B 1Byx Toukax rpyHTOBOro MOTOKA, JEKAMX HA OJHOU JIH-

HHH IIOTOKA4, K PACCTOSAHHUIO MCXKIY HUMHU I1_2, HU3MCPACMOMY II0 ATOM JINHHUH,
T.C.

J _ Hl B H2 _ h1—2
1-2 1-2
B cnydae ¢uiabTpaiiu CKOPOCTHBIM HAIIOPOM MPEHEOPETaroT, O3TOMY
HOHHBIﬁ HaHOp CUUTAOT paBHBIM FI/IJIPOCTaTI/I‘—IeCKOMy, T.C.

(6)

H=z+—. (7)
3akoH /lapcu moka3bIBaeT, 4TO CKOPOCTh (PUIBTPALIMH MPOMOPIUOHAb-
Ha TPaJUEHTy HaIopa, WiM, IPYTMMH CJIOBaMH, MOTEPU HAopa JIMHEWMHO 3aBU-
CSIT OT CKOPOCTH (PUIIBTPALIUU.
3aMeTHM, 4TO peajbHasi CKOPOCTh JIBHIKEHHUS )KUIKOCTH B MOpax IrpyHTa

Uy paBHa

Uy =——
‘ a)nop . (8)

Ckopoctu Uy 1 U CBA3aHBI MEXKY COOOM OTHOIICHUEM

by =1, ©

rie N=0a@,,, / @ - IOPUCTOCTH IPYHTA.

Bripaxkenue ( 9) monydeHo B pe3ynbTaTe COBMECTHOTO PELICHUS 3aBU-
cumocrtett ( 8) u ( 3).
Onucanue yCTAHOBKM. Y CTaHOBKAa MPEJCTABISET COOOM BBINOJIHEHHYIO
13 IPO3PAYHOr0 OPraHUYECKOTO CTEKIIA 6EPMUKANbHYIO KOJIOHHY KBAIPATHOTO
CE€UEHMSI C BHYTpeHHUMH pazMepamu 10X10 cM, 3aMOJIHEHHYIO OATHIO CIOSIMU
MIECYAHOI0 TPYHTA PA3JIMYHOM KPYMHOCTU. TOJIIMHA KaXXAOro CJIOS OJTHOPOA-
Horo rpyHra — 10 cm. Ha rpanunax cio€B uMeroTCs IITYyUEphl, K KOTOPBIM 4epe3
PE3UHOBbBIE LIUTAHTU TOJCOEIUHEHbI cCheKiAnnble nbezomempsl (Ne 1...6) nns
WU3MEPEHUS HAIOPOB.
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Bona B k0JI0HHY TOCTyTaeT U3 numarouwiezo 6axka 1o mpyde. J{ns nonaepxa-
HUS TIOCTOSIHHOTO YPOBHS BOJIbI HaJl MOBEPXHOCTHIO TPYHTA B YCTAaHOBKE (C 1ie-
JbI0 00€cTeueHrs YCTAaHOBUBIIETOCS JIBMXKEHHSI (DPHIIBTPALIMOHHOTO IMOTOKA)
UMEETCSI hepenusnan mpyokd.

M3MeHeHre B ONBITaX BEIMYMHBI TpajueHTa Hamopa J (a ClienoBaTellbHO W
¢unsTpanuonnoro pacxoxa Q) mocTuraercs M3MEHEHHEM BBEICOTHOTO IOJIOXKE-

HUSl CIUGHO20 YCMPOUCMEA, COCNUHEHHOTO 20(h)puposanHbvim_pe3uHosvim
wiaHzoM C HDKHEW 4acThlo KoJ1oHHbl. VI3MepeHune (QuibTpalMoHHOTO pac-
xona Boasl QQ OCYIECTBIAETCS MepHbLM cOCYOOM C HAHECEHHOW Ha CTEHKE

wikanou (B CMS). Bpemst U 3amonHeHnst mpouIbTPOBAHHON BOIOW HYKHOTO

(o)
oobema W ormepsiercs cexyndomepom. Temmeparypa Bogsl U C usmepseres

mepmomempom.

ITuTaromuii pesepeyap

IlepeHBHOE YCTPOHCTBO

IIbe30MeTphbl

CexyHaomep

TepmomeTp

MepHbIi CTakaH

Puc. 3. Cxema QpuiabTpalluoOHHON YCTaHOBKH
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Heab padoThi: 1.YOeauThcs B CrpaBeyIMBOCTH 3akoHa Japcu myTém
NOCTpOEHUs1 B MaciuTabe (10 JaHHBIM ISATH ONBITOB) T'paUKOB 3aBHCHUMOCTU
CKOPOCTH (pMIIBTPALMM U OT rpaaueHta Hamopa J, T.e. rpagukos U = f(J)
JUISL TISITH BUJIOB MIECYAHOTO TPYHTA, OTIMYAKOUIUXCSI KPYITHOCTBIO YacTull (puc.
1).

2. Onpenenurs 1o rpapuky U = f(J) mna omsoro Buma mecuanoro
rpyHTa (yKa3aHHOTO TMperojaBaTelIeM) CPEIHIO BEIWYUHY KO3 dUIIMEeHTa
dunbrparmu K, u ykasars eé na rpaduke (puc. 1).

3. [TocTtpouThs B MacmTabe Mo JaHHBIM OJHOTO OIbITA, YKA3aHHOTO Mpe-
1ojiaBaTesieM, SIropy Haropos, T.e. rpapuk H = f(z) usmenenns nanopa H

1o nyTH ¢puasTpanuu (puc. 2).

1. Tlopsinok BbImosiHeHusi padorsl. [Ipu Hanbonee BHICOKOM IOJO-
KEHUU CAUGHO20 ycmpolicmea , TpOBECTU onbIT Ne 1: ompenenuts OTMETKH
YPOBHEN BOJBI B nbe3zomentpax, T.€. Hanopsl H B Toukax 1...6 puabsTpanuon-
HOTO MOTOKA; U3MEPUTh TPEBBIMICHUS Z 3THX TOYEK HAJ MIOCKOCTBIO CpaBHE-
HUSI; U3MEPHUTH B MepHom_cocyde o6beM W Boxbl, mpoduisTpoBaBLIei Yepes

TPYHT, MNPOAOJKUTEIBHOCTh HAIOJHEHHUS O00BbEMa U TEMIIEPATYpPy BOJBI

o
. I[lomyyenHsle JaHHBIE 3aTMCcaTh B Ta0JI. 1.
{ C [Tomyu omn.1

2. OnycTtuth caugnoe ycmpoiicmeo Ha 5...10 cMm, U, BBDKIAaB HEKOTOPOE
BpeMsl, UTOOBI peXUM (UIBTPALIUUA YCTAHOBUJIICS, BBIMIOIHUTE ONBIT Ne 2, uzme-
pUB U 3anucaB B Ta0y.1 Te ke BeTUYHHBI, 4TO U B ombiTe Ne 1.

3. Bcero HeoOxomuMo cnaenaTh MSATh OIBITOB, OIYCKas CAUGHOE
YCHIPOUCH180 B KAXKJIOM MOCIEAYIOMEM OmbITe Ha 5...10 cm.

4. TlogHATh cnuenoe ycmpoiicmeo B HauboJee BBICOKOE MOJIOKEHUE U
MEPEKPHITh KpaH Ha TpyOKe mMuTaroniero Oaka.

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

6. IocTpouts B Macmrade 1o gaHHbIM Tabn.2 rpapuk U = f(J) nna
BCEX MMATH BUOB HCCleAyeMoro rpyHta (puc.l), a mo ganueiM Tabn.1 — smropy
nanopo H = f(z) nnsa omnoro u3 onwitos, ykasannoro mpenogasatenem  (

puc. 2)
7. J1aTh 3aKJIFOUYEHHE 110 pe3yJibTaTaM padoThI.

OcCHOBHBIEC KOHTPOJIbHBIE BOIIPOCHI

1. Hanwummrte u nosicHute 3akoH Jlapcu.

2. Hanmwmmre u MOSICHUTE 3aBHCHMOCTb, CBSI3BIBAIOIIYIO CKOPOCTh (PMIIBTPAIIHH
C ACUCTBUTEIBHOU CPETHEH CKOPOCTHIO ABUKEHUS KUIKOCTH B ITOPaxX IPyH-
Ta.

3. Mzo6pasute rpapux 0 = T(J) u 0ObsAcHUTE, KAk ¢ €ro MHOMONILIO MOKHO

OTNPEIENNUTh CPEAHION BEIMUMHY KO3 dUlieHTa PUIbTpaluu rpyHTa?
4. Tloscuute, yTo Takoe KOd(pPuiueHT puabTpanuun?
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Puc. 2. Dmropa Hanopos
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5. Chopmynupyiite HOHATHE I'paJEHTA HAIlOpa U TOSICHUTE, KaK OINpeeseTcCs
€ro BeJInYnHa?

6. W3o6pasure smopy nanopos H = f(2) u naiite koMmmenTapwmii k Hell.

7. OObBsicHUTE, TOYEMY BeauurHa KoddduireHnTa GuiabTpauy rpyHTa 3aBUCHUT
OT TeMIEpaTypbl PUIBTPYIOUIEH KUIKOCTH?

8. Kax maiitm Benmuuny kod(pdumuenta ¢punsrpamuu K rpynra mpu 10°C,
G(SII/ICI/ISBGCTH.’:I ero BenuuMHa Tpu Temmeparype U, ormiamuaromerics ot
10°C?

9. Ot xakux ¢$akTOpoB 3aBUCUT QUIBTPAIIMOHHASA CTOCOOHOCTh TPyHTA?

Y4yeOHas qutepatypa K padore 8
1(c.535...534); 5(c. 535...542); 7(c. 379...384); 8(c. 443...448);

9(c. 255...258)

Tabmuma 1
YucneHHbIE 3HAYEHUS
Ne HaunmenoBanue u o603HaueHue u3- | EnuH.
03. MEpSEMbIX BEJINYUH U3M. Homepa ombiTos
1 2 3 4 5
1 2 3 4 5 6 7 8
H 1 CM
Hamnops! ( 0oTMETKH ypOBHEN Ho| oM
BOJIbI B ITb€30METPaXx, MOJAKI0- | Hz | cm
1 YEHHBIX B TOYKax 1...6) Hi| cm
Hi = zi+pil pg Hs | oM
He| cm
2 | O6wem npodunsrposasieii Bogsl W | cm”
3 [TponomkuTensHOCTD GubTparuu { Cc
Z cM
IIpeBbiienne Touek 1...6 moa- Z, oM
KITIOHEHHS IIEE3OMETPOB Hall - oM
4 MJIOCKOCThIO CpaBHEHUS (T€0-
METPUYECKHE BBICOTHI) Z4 M
Zi Z5 CM
Zg CM
5 | Temneparypa BojpI °C
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Tabmuma 2

YucieHHBIE 3HAYCHUS

No HanmenoBanue u 0003HaYCHHUE Enun. H
oMepa OIBITOB
I103. BBIYMCIIIEMBIX BEIUYNH H3M.
1| 2 3 4 5
1 2 3 4| 5 6 7 8
1 dunpTpannonHsii pacxon Q=W/t cm/c
2 Ckopoctb puibrparmu L =Q/® cMm/c
h1_2 cM
h,.3 cM
[loTepu Hamopa
3 h ) — H _ H h3 4 CM
-1+l i i+1 h4_5 cM
hs_g cM
Ji2 -
I'panuenT Hamopa Jas -
4 =Nl Jsg | -
-1+l = -+l J _
45
Js6 -
ko | cm/c
Koadduument ¢punprpanuu ks | cm/c
5 — o kt3_4 cM/c
kti—i+1 v/ J I-i+1 Kus | cMm/c
Kiss | cMm/c
6 Temnepamyphas nonpaska
7=0,7+0,03{<C )
Kospdunuent Gpuaprpanmm Kioi: | ow/e
npu 10°C k102-3 cM/c
7 K154 cM/c

kloi—i+1 = kti—i+1 / T Kioes | cm/c

K10s.6 cM/c
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