JABOPATOPHAS PABOTA Ne MonT-01
1O U3YYEHUTIO MOIEJIEA ®PUZNYECKUX
MPOLIECCOB U AABJEHUN HA KOMIIBIOTEPE

Buvimexanue >xcuoxocmu u3 manozo omeepcmus

Ileny pabompl: u3yueHue SBICHUS BBITEKAHUS UICAIBHOW HEC)KUMAae-
MOM KUJIKOCTH M3 MaJOro OTBEPCTHUS U JBUKEHUE CTPYU KUIKOCTH MO JEH-
CTBUEM CHJIBI TsKecTH. OnpesiesieHne MIOoMaad OTBEPCTHUS, INIOTHOCTU KU I-
KOCTU Y KOHUEHTpAIMU NPUMECH B HEM.

1. TeopeTnueckoe coaepRanmue

B MexaHuke )KMAKOCTH pacCMATPUBAIOTCA KaK CIUIONIHBIE, HEMPEPHIB-
HO pachnpee/ICHHbIC B 3aHATOWM UMM 4acTH MpOoCTpaHcTBa. HeBsa3kas, HeTen-
JIOMIPOBOJIAIIIAS KUJKOCTh HA3bIBACTCS UdeanbHoul. VI3 onbiTa U3BECTHO, YTO
C’KUMAEeMOCTBIO JKHJIKOCTH BO MHOTHX 3ajadaX MOXXHO mpeHeOpeub. He-
CHCUMAEMOU CUUTAETCS KUJKOCTh, INIOTHOCTh KOTOPOW BCIOJy OJJMHAKOBA U
HE U3MEHAETCS CO BPEMEHEM.

JIBM>KEHHE )KUIKOCTH HA3bIBACTCS MeUeHueM, 3 COBOKYITHOCTh YaCTHII
JIBUKYIIEHCS )KUIAKOCTH — MOTOKOM. TedeHue KUIAKOCTH HA3bIBACTCS JaAMU-
HAPHBIM, KOT/Ia CONPHUKACAIOIIMECS CIIOU XKUJIKOCTH MepeMellatoTcs 0e3 me-
peMmeinvBanus. TedeHue KUAKOCTH Ha3bIBacTCs cmauuonapuvim (ycmamno-
BUBLUIUMCA), CCITH CKOPOCTh B KaXKJIOW €€ TOYKE HEe M3MEHSETCS CO BpeMe-
HEM.

1.1. YpaBHeHHne Hepa3pbIBHOCTH U YypaBHeHUe bepHyJin

Jlns cranpoHapHOTro TedeHHs 00beM AV HIIealbHOM HECKMMaeMOM
KHUIKOCTH, TPOXOSAIINIA Yepe3 I000e MONMepeyHOe CeueHue MIOMAAbio S 3a
BpeMsi Al, OJMHAKOB W TPOIOPIMOHAJIEH CKOPOCTH U TCUCHUS KUIKOCTHU
AV = SvAt. Torna uepe3 Ba pa3IMYHBIX CEUCHUS S; U Sy )KHUIKOCTHh OyaeT
JIBUTAThCSI C Pa3HBIMU CKOPOCTAMHU Uy M U, (puc. 1), COOTBETCTBEHHO, TaK,
yro AV = S;p,At = S,v,At. CnenoBaTenbHO, NPOU3BEACHUE CKOPOCTH U Ha
TUIOMIAAbh S CEUEHUS TIOTOKA CTAIMOHAPHOTO TEUCHHUS YKUIKOCTH — BEJIMYMHA
MIOCTOSTHHAS

Sv =const wm S, = S,v,.



JlaHHOE COOTHOLIEHUE HA3BIBACTCS YPAGHEHUEM HEPA3PbIGHOCHU TS
HECKUMAEMOM KUJKOCTU M SIBJISIETCA CJIEICTBHEM 3aKOHA COXPAHEHUS KOJIH-
YecTBa BEIIECTBA (3aKOH COXPaHEHHUST MacCChI).

CoryacHO 3aKOHY COXpPaHEHHMsI 3HEPTUU JUIsl HE3aMKHYTOW CHCTEMBI,
paboTa A BHEIIHUX CHJI [0 TIEPEMEIICHHIO KUIKOCTH Maccoi AM mpeBpaiia-
€TCsl B MEXaHWYecKylo sHepruto E xuaxoctu Ttak, uro E + A=const mus
J000T0 MONEPEYHOI0 CEYEHUS TEUEHUS KUAKOCTH.

Ecmm xuuakoctes Mac-
cou Am naBWXKETCS C IOCTO-
SHHOW CKOpPOCTBIO U; Ha BBI-
core Nh; Hajg TOBEPXHOCTHIO
3emin (puc. 1), To ee Mexa-
HUyeckas sHeprusi E; ckia-
IBIBAETCSI W3 KHUHETHYECKOU

Amu;?
2
Amgh, sHepruu

A TOTEHIIMAIBLHOU

Am v1

E, = +Amgh, . Puc. 1

PabGora A; BHemHuX cuil F; Mo mepeMenieHuto KUIKOCTH Maccoi Am
Ha paccTostHue Al; mponopIoHansHa BHEIIHEMY JaBICHHIO Py
A =FAl = pS; - Al,.
ITpu sToM 3a BpeMs Al ABMKYyIIasCs € IOCTOSHHOM CKOPOCTBIO Up
’KUAKOCTh IepeMecTuTcs Ha pacctosiHne Al = v)At. Macca Am xuaxoctuy,

npoTeKaromas 3a BpeMs At uepe3 cedyeHue S; ¢ MOCTOSHHOW CKOPOCTBIO U,
IPONOPLMOHANIBHA IUIOTHOCTH p kuakocth Am=AV, -p =pS;v, - At. Torna

3aKOH COXpaHEHUS SHEPTUHU HpI/IMCT BH]I
2

Al— Moy + Amgh, + p,Sv, - At =

= p21 +pgh, + p, |S;v; - At = const

WIn 021 +pgh, + p; S, - At = p22+pgh + P, |S,v, - At.

CornacHo ypaBHeHI/IIO HEpa3pbIBHOCTH S;V; = S,U,, CIE10BATEIILHO

2
p21+pghl+p1—p 2+pgh +p, wWm %+pgh+p:const.



JlanHOe BbIpa)K€HUE BbIBEACHO HIBeiapckuM ¢usukom 1. bepuymnu
U HasbIBaeTCA ypasnenuem bepuynnu.

B ypaBHenuun bepHyim BenuuuHy P HA3bIBAIOT CHAMUYECKUM 0a6-
2

pv

JleHuem, BCIINYNHY T — OUHAMUYECKUM daeﬂeuuem, d BCIIMYNHY pgh —

2UOpoCmamuyecKum 0ae1eHueMm.

1.2. UcTeyeHne :KUIKOCTH Yepe3 OTBEPCTHE B CTEHKE COCy/Aa

PaccMOTpUM IMIIMHIAPUYECKUH COCYH, IUIOLIAAb ITONEPEYHOIO cede-
HUSI KOTOPOTO paBHA S;, HANOJHEHHBIM HI€aJbHOW HECKUMAEMOU KUIKO-
CTBIO 710 BBICOTHI h; (puc. 2). B 60koBoii cTeHKe cocyna Ha BbicoTe h, OT mHa
COCy/la UMEETCSl MaJICHbKOE OTBEPCTHE IUIOUIanbl0 Sp. KUIKOCTh HaKphITa
nopiuHeM Maccoil M, KOTOpbIN MOKET JBUTAThCS B COCyJle O€3 TpeHUSI.

CornacHo ypaBHeHUIO bepHymm npu
JJAMHHApPHOM TE€YEHUH CYMMApHOE JABJICHUE 7
B CEUCHMHU S; Ha BBICOTE Ny W cymMmapHoe
I[aBJ'IeHI/Ie B CCUCHHH S, Ha BbICOTE N, paBHBI

pU pv;
21 +pgh1+p1—7+pgh , + P,

Ecan TeueHue sBasercs JJaMHUHap-
HBIM, M3 YPaBHCHHUS HCPA3PBIBHOCTHU JICTKO -

TOJIYYHTE. Uy = —21),.
Sy Puc. 2
Cratuueckoe naBleHHE P, M OT-
KpPBITOTO OTBEPCTHUSI paBHO aTMOoc(epHOMY Po: P2 = Po. CTaTUueckoe aaBiie-
HUEe P; OoJbIlie aTMOC(EPHOTO 3a CUET CHJIBI TsKecTH mopmHs Mg/S;:

Mg
Pr=Po+—<
Sy
Torna ypaBHenue bepnyium npuMer Bua
2
S v3
1| 22| [PY2 _ hg(h, —h,)+ M9
S, 2 S,
S 2
Ecmm S, << S;, Belpakenue 1— 8_2 ~ 1. Torma ckOpocTh U, UCTEUE-
1
HUS KUJIKOCTH U3 OTBEPCTHUSI ONIPEEIISCTCS CICIYIOMINM BhIpaKeHUEM

v =2g(h, —h,)+ 2Mg wm v, = [2gh+ ZMg
PS; pS;
rac h = hl - h2.



Eciu nopmens yopatre (M =0), nmomyuum ¢opmyny Toppuuennu

v, =4/20h .

[To Mepe BBITEKaHMS JKHIKOCTH BBICOTa N cTOn0a »KMAKOCTH Haj OT-
BEpCTHEM yMeHbIIaeTcsl. To eCTb CKOpOCTh U, UCTEUECHUS KUAKOCTH U3 OT-
BEPCTHS N3MEHSETCS CO BPEMEHEM.

3a mpoMexxyTok BpeMeHH 0t 00beM KUIKOCTH B COCY/E YMEHBIIUIICS
Ha BenmmunHy dV =-S;dh. B Toxe Bpems uepe3 OTBEpCTHE BBITEKIA JKH-
KocTh 00BeMoM S,vpdt. Cnenoatensho, — S;dh = S,v,dt. [logcraBuB BEHI-

paXkeHUE JIs1 CKOPOCTU U, TONYyUuM U PepeHiralibHOe ypaBHEHHE

S,dh =—S,./2g |h+ .
pS;
Pa3ieniiB riepeMeHHbIE ¥ IIPOMHTErPUPOBAB 110 BpeMenu ot 0 110 t, momydnm

h+ M — h(o)+£_s_zﬁ.t,
PS;y pPS; S, V2

riae h(0) = hy — h, — BeIcOTa cTONI0A )KMIKOCTH HaJ OTBEPCTHUEM B HAYaJIbHBIH
MOMeEHT BpeMmenH, h(t) — BeIcoTa ¢T0JI0a )KUIKOCTH B MOMEHT BPEMEHH t.

[ToyicTaBUB MOTYYCHHOE BBIPOKEHUE B (POPMYITY JIUIST CKOPOCTH Vs, TIO-
JYYMM 3aBUCUMOCTH CKOPOCTH MCTCUCHHS KMIKOCTH M3 MaJIOr0 OTBEPCTHS
OT BPEMEHHU

v, =29 Ih®) + M- = v, =29 |h(0)+ M- — D2 gt
PS; PSS
M S,
W v, =v,—at, tne v, =,/29 . [h(0)+—,a=—=g.
pS, Sy

Kuakocts, BbITEKAass U3 OTBEPCTHUSI B COCYAE, UMEET TOPU30HTAIBHO
HaIpaBJICHHYIO CKOPOCTh. ECIM TIomaas MomepeyHoro ceueHus S, OTBEp-
CTHS MaJla, U COMPOTUBIIEHUEM BO3yXa MOXKHO MpPEeHEeOpeUh, CTPYIO KHUJKO-
CTH, TIOKUHYBIIIYIO COCYJ, MOXHO OMHUCATh KAK COBOKYITHOCTh HE3aBUCHUMBIX
MAaTEpPUANIbHBIX TOYEK, BBUICTAIONIMX U3 OTBEPCTUS C TOPHU3OHTAIBHO
HANpaBJICHHON CKOpOCThIO. Torma moa JOEWCTBHUEM CHUJIbI TSKECTH CTPYS
KUJIKOCTH OyneT aBuratbes mo napaoose. Torna Bpems t,,, OT MOMEHTA BbI-
X0J1a )KUJKOCTH U3 OTBEPCTHUS JI0 MAJICHUS Ha TOPU30HTAJIbHYIO TTOBEPXHOCTh

paBuo t,, = |—%. Paccrostaue X =u,t, , OT coCyna JO TOYKH MAjIEHHUS

(maIbHOCTH MAJEHUSA) CTPYH KUAKOCTU 3aBUCHUT OT BPEMEHU

X=0,t,,, =0, lzgﬂ:vo /%hz—a /zgﬂt =



X = 2\/h(0)h2 + Mn, —% 2h,g -t
1 1
- X = x(0) — Ut , re x(0)=2\/h(0)h2+MThZ, u:z— 2h,g .
1 1

Taxkum oOpa3om, pacCTosiHHE 10 TOYKH IAJCHUS CO BPEMEHEM YMEHb-
maercs. MakcumanbHas JaIbHOCTh MAafgeHUs X, = X(0) Tem Oombure, uem

Oopllle Macca IMopIIHsA, 4Y€M BBIIIC PACIIOJIOKCHO OTBCPCTUC, U YCM MCHBIIC
IINTOTHOCTD KUIKOCTH.

2. PaGouue ¢popmyJibl

2.1. Onpenenenue NJIOIIAAA OTBEPCTHUS

B nponecce s3xcnepuMenTa KUJIKOCTh, BBITEKAS W3 COCyAa, MaJaeT Ha
TOPU30HTAIBHYIO MOBEPXHOCTh, OCTaBJIAA CIIE, JIIMHY KOTOPOTO MOYKHO W3-
MepuTh. Eciin )KUIKOCTh BBITEKANa B T€UEHHUE BpeMeHu Al, TO JiauHaA ciena
AX ompezemnsieTcsi Kak pa3HOCTh MEXKIY MaKCUMaJIbHBIM X, = X(0) n mu-

HUMAQJIBHBIM X, = X(0) —UAt paccrosHMAMU

AX = X

max

— Xrrin =uAt:% 2h,g - At.

3aBHUCUMOCTb PACCTOSIHHUSL X OT
BPEMEHHU HE YYUTHIBAET TOJIIHUHY
CTpyu (ABMKEHUE MaTepUalbHOW TOY-
k). OHa ONKCHIBAET IMOJOXKEHUS LEH-
Tpa cTpyu. EciM )XHIKOCTh HE pacre-
KaeTcsl 0 TOPU30HTAIBHOW MOBEPXHO-

CTH, TO HaOJromaeMas IjiuHa ciega AX X I\X

i min max
Oynetr Oonbliie TeopeThueckol AX Ha AX
nuametp otBepctus 2R, (puc. 3) Xmin Xmax
AX:AX+2R2:% 2h,g - At + 2R, . Puc. 3

1
BeipazuMm mutomany oTBepcTust S; U MOMEPEeYHOro CeueHus cocyna S;

uepe3 ux pammychl R, m Ri: S, = nRZ, S, = nR’. B pe3ynbTare Mmomydnm
KBaJ[PaTHOE YpaBHEHHUE, C MOMOIIbI0 KOTOPOIO MOKHO ONPENEIUTb PaIIyC
OTBEPCTHUS

RZ %,/ng +2R, —AX =0

1



, 2R} A AX - R}

WIn Ry + ————R, ———=—=
At,/2h,g At,/2h,g
R2
BBons 0603HauyeHHe Z = ————, nomyunm RS +27R, — zAX =0.
At,/2h,g

YpaBHEHHE UMEET JBA KOPHA, OJIUH M3 KOTOPBIX OTpUllaTEIbHbINA. [lom0xku-
TeJIbHBIA KOpEeHb uMeeT BHI R, = Jz (’\/Z +AX =z ) Torma rromanb OT-

2
BepcTHs paBHAa S, = MRS = nz(\/z +AX —+z ) . IlopcraBuB Z u cnenas an-
rebpanyeckne mpeoOpa3zoBaHus, MOKHO 3aITUCaTh IUIONIAIb OTBEPCTHS B BH-
e

S, = nR? Ry + AR R
? ' At,/2h,g Aty2h,g  At,/2h,g

Takum 00pa3oM, 3Hasg BpeMsl BBITEKaHMS KUAKOCTU At U JUIMHY cliena
AX, OCTaBJIE€HHOI'O >KUJIKOCTbIO Ha TOPU30HTAIbHOM IMOBEPXHOCTH, MOYKHO
OTIPEACTUTH TUIOIIAh OTBEPCTHS S;.

2.2. Onpenenenue MJIOTHOCTH KUAKOCTH

JIanpHOCTB MAaieHUS CTPYH KUJIKOCTH MAKCUMAJIbHA B HA4YAJIE BBITEKA-
HUs (B HadaJlbHBI MOMEHT BpeMmeHH t=0) M 3aBUCHUT OT MAacChl MOPIIHS

Xmax = X(0) =2 \/ h(0)h, +MThZ. OTtcrola BUIHO, YTO KBaJApaT MaKCHUMaJlb-

P91
HOfI JAJIBHOCTHU IMaJACHUSA CprI/I HpSIMO HpOHOpLII/IOHaJ'IeH Macce HOpIHHS[
4h
x:. =4h(0)h, + —2 M .
pS;

To ects ynkimsa X, (M) 3aBHCHMOCTH KBajgpaTa MaKCHMAalbHOM

JABHOCTH TAJCHHUS CTPYH OT MacChl MOPIIHS JMHEHHA. TaHreHc yria
HakyoHa tQg o rpaduka 3ToM (YHKIMH 3aBHCHUT OT IJIOTHOCTH JKHUIAKOCTH
4h
tgo = —2 . Toraa mIOTHOCTh KUIKOCTH MOKHO ONPEEIUTh KaK
pS,
p = i
S, tga
Ipu noctpoenuu rpaduka GyHKmMH X (M) cremyer mOMHUTE, 4TO

CTPYS JKHJIKOCTH UMEET TONmuHy. [103ToMy sKCriepuMeHTaIbHOE 3HAYEHUE
MaKCUMaIbHOU TaTbHOCTH MAICHUS Xmax OYZET OOJIBIIE TEOPETHUECKOTO Xmax

8



Ha paauyc otBepcTHs Ry (puc. 3): Xmax = Xmax — R2. CiienoBatenbHO, U3MEpUB
Xmax AJISI IOPIIHEHN pa3znuuHoi maccel M, HE0OX0AMMO CTpOUTh rpaduK 3a-

BrcuMocTH Bemuunssl (X, — R,)? o1 M.
Ecnu uccnemyemMas sKUAKOCTb COACPIKUT MPUMECH (HAIIPUMeEp, KpacH-
TEJIN ), MOYKHO OTIPEICIUTh KOHIICHTPALUIO IPUMECEH 1):
_P~Po
.

IZie Po — IUIOTHOCTh YMCTOW KHUJKOCTH, 0€3 ImpHUMecel, 3HaueHHe KOTOpOu
MOKHO HaWTH B (PU3MUECKUX CIPABOYHHKAX.

n

3. Moaesb IKCIIEPUMEHTAJILHOM YCTAHOBKH

B nanHoii paboTe ¢ MOMOIIBIO CPEACTB KOMITBIOTEPHON I'padUKu MO-
JENUPYETCST NPOLECC BBITEKAHUS WACAIBHONW HECKUMAEMOM KUIAKOCTH M3
HWIMHAPUYECKOTO COCYJIa Yepe3 KPyriloe OTBEPCTHE MAJIOTO auamerpa (Jia-
MuHapHoe TeueHue). COnpoTHBIEHHE OKpPYXAloIIeW cpenbl OTCYTCTBYET.
JIBMKEHUE )KUJKOCTU BHE COCY/Ia MOJEIIMPYETCS KAK JIBUKEHHUE COBOKYITHO-
CTH HE3aBHCHUMBIX MaTepUaIbHBIX TOUYEK. JKUAKOCTh HAKPHITA IMOPIIHEM, KO-
TOpBI MOKET mepeMeriarbes 0e3 TpeHus. Macca MopiIHs A pa3IndHbIX
OTIBITOB MOET OBITh BhIOpaHa u3 nuama3ona S0—400 r u He MOXKET OBITh M3-
MEHEHa BO BpeMs TPOBEACHHUS OIbITA.

Ha ropu3oHTaNBHOW NOBEPXHOCTH NEPEA COCYJIOM JICKUT JIMHEMKA
JUTSL OTIPEAENICHHs] TAbHOCTH TMAJEHUS CTPYU KUIAKOCTU. JlJIs MOBBIIEHUS
3 PEKTUBHOCTH SKCIEPUMEHTA B KUIKOCTb J100ABJIEH KpacUTeb, MOBbIIIA-
IOIMM €€ TUNIOTHOCTh Ha 3—7%. BriTekast u3 cocyna, CTpys KUIAKOCTHA MagaeT
Ha JIMHEIKY 1 BIUTHIBAETCS B HEE, HE PACTEKASCh.

Jlnia onpenenenrs BpeMEHHU BbITEKaHUs! )KUJIKOCTH B pabOTe UCIIONb3Y-
€TCsl CHHXPOHHU30BAHHBIN CEKYyHAOMEp, CIIOCOOHBIM M3MEPSITh BpEMs C TOU-
HOCTBIO 10 1 MuumcekyHabl. IIpu yka3aHHBIX YCIOBHUSIX IOTPELIHOCTh
omnpenesieHus miuomaau orsepctus He npebimaet 0,2—0,8%, a morpemHocTb
ompeeeHUs] KOHIIEHTPAIMK puMecH (KpacuTess) He npesbiiiaet 1-2%.

Pa6ora BeimoaHsercss Ha |BM-coBMecTHMOM TepcoHaIbHOM KOMITBIO-
Tepe B Buje camocrostenbHoro Windows-npunoxkenus. s ymoOcTBa BbI-
MOJIHEHHSI pabOThI B IPOrpaMMe IPEyCMOTPEHBI TPH pa3jiesia: KpaTKoe OIHU-
caHue paldoThl; MOPSAOK BBIMOIHEHUS pabOThl U KcIepuMeEHT. llepexitoue-
HUE MEX]y pa3JeiamMu OCYHIECTBISETCS C MOMOLIBI0 KHOMOK «X0/a padoThD»
u «OkcrepuMeHT». Hakatve 3TUX KHOMOK B 3aBUCHUMOCTHM OT KOHTEKCTa
OPUBOAUT JIMOO K BBI30BY COOTBETCTBYIOUIUX PA3fesioB, JIMOO K BO3Bpallle-
HUIO B pa3/iell OMMUCAHMUS.

Paznen «OkcnepuMeHT» CONEPKUT IMOJ3YHOK I U3MEHEHUS] MacChl
MOPUIHS, MaHEeU WHCTPYMEHTOB C KHOMNKaMU JUIsl BbIOOpa cocyia, pacKphl-
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BAIOLIMICS CIUCOK JUIsi BHIOOpA JKUAKOCTHU, CEKYHIOMEp Uil H3MEPEHHs
BPEMEHU BBITEKAHU KUAKOCTH, & TAKKE BCIIOMOTATENIbHBIE KHOIIKH, ITOMO-
ralollNe YIPAaBILATh JKCIIEPUMEHTOM. KpomMe TOro NpHUCYTCTBYET CUETUHK
«Macmta0y», To3BOJIAIOMINN U3MEHITh MacITad 0TOOpakeHUs: 00IaCTH IKC-
MIEPUMEHTA, YTO J1a€T BO3MOKHOCTh 0OJ€€ TOYHOrO M3MEPEHUS AAIBHOCTH
MTaJICHUS] CTPYU KUJKOCTH.

BapuaHThI BbINOJIHEHUSI PA0OTHI

Bapuanr Cocyn Kuakocthb

1 Cocyn 1 benzun

2 Cocyn 1 benson

3 Cocyn 1 Bona

4 Cocyn 1 HutpoOenzon
5 Cocyn 1 Xnopohopm
6 Cocyn 2 Bensun

7 Cocyn 2 benzon

8 Cocyn 2 Bona

9 Cocyn 2 HutpoOenzon
10 Cocyn 2 Xnopohopm
11 Cocyn 3 beusun

12 Cocyn 3 benzon

13 Cocyn 3 Bona

14 Cocyn 3 Hutpobenson
15 Cocyn 3 Xnopohopm
16 Cocyn 4 beunsun

17 Cocyn 4 benzon

18 Cocyn 4 Bona

19 Cocyn 4 Hutpobenson
20 Cocyn 4 Xmopohopm

4. TlopsinoK BHINOJHEHHSI Pa0OTHI

4.1. KpaTtkoe onucaHue xoaa padorsbl

1. BriGepuTe cocy (1o yka3zaHUIO MPETogaBaTes).

2. BeibepuTe XuaAKOCTh (10 YKa3aHUIO MPEToiaBaTessl).

3. YcTaHOBUTE MUHUMAIBLHOE 3HAYCHUE MACCHI TTOPIITHS.

4. VI3amepbTe BpeMs BEITCKaHUS KUIKOCTH.

5. N3mepbTe MaKCHMaJIbHYI0O U MHHHMAJIBHYIO JajdbHOCTH TaJACHUS

CTpYH.
10



6. PaccuuraiiTe nnmuHy ciena U miIomaab OTBEPCTHSL.

7. OnbIT noBTOpUTE 4 pasa.

8. YBenuubTe MaccCy MOPIIHS U TOBTOPUTE OIBIT, HAUMHAS C ITyHKTA 3.

9. IloBTOpHUTE ONBIT 11 BOCBMU 3HAYEHUN MACChI MOPIIHS.

10. Brruncnure cpeHee 3HaYEHUE IUIOIMIAAA OTBEPCTHS.

11. Tloctpoiite Tpaduk 3aBHCHMOCTh KBajJpaTa MaKCUMAJILHOW Tajlb-
HOCTHU MaJEHUSI CTPYH OT MACChl MOPIIIHS.

12. Tlo TaHreHcy yria HakjaoHa rpadyka OnpeaeauTe MIOTHOCTh KU/I-
KOCTH.

13. Onpenennre KOHUEHTPAIUIO TPUMECEH.

14. Beruuciaute aOCOMIOTHYIO U OTHOCUTEIBHYIO MOTPENTHOCTh OIpe-
JEJICHUS TIIONIA OTBEPCTHUS U KOHLICHTPAUU IPUMECEH.

15. Bpluucinure TEOPETUYECKOE 3HAYEHHUE IUIOLMIAJAN OTBEPCTHUS U
CPaBHUTE €r0 C SKCIIEPUMEHTAIBHBIM.

16. Cnenaiite BEIBOJI.

4.2. IllonpoOHOe onucaHue X04a padoThI

IIpu BBIOJNIHEHNN PAOOTBHI PEKOMEHIYETCS CIEAylolas IOCIeNI0Ba-

TEJIbHOCTD JICUCTBUM:

1. C nomonib0 KHOMOK MaHeIu HHCTPYMEHTOB «Cocyo» BbIOEpHUTE COCYl, C KOTO-
pBIM OyJeT MPOBOAMTHCS SKCIEPUMEHT (T10 yKa3aHHIO IpenoaaBarens). PsmoM ¢ KkHoOmKa-
MU aBTOMAaTHYECKH YKa3bIBAIOTCS: AUAMETP COCya U JUaMeTp OTBEPCTHUS, a TAKKE BBICO-
Ta, Ha KOTOPOU PacoJIOKEHO OTBEPCTHE, OTCUMUTHIBaeMasl OT JHA cocyda. DTU JaHHBIC
HEOOXOUMBI JJIsl PACUYETOB.

2. PackpsiBaromuiics ciucok «Kuodkocmuy coAepXUT HAOOp KUAKOCTeH, obna-
JAIONIUX Pa3IUYHBIMU TUIOTHOCTSIMU: OC€H3WH, OEH30J1, BOAA, HUTPOOEH30I, XJI0podopM.
Kaxnas )xuaKocTh OKpaleHa cBOUM KpacuteneM. M3 3Toro crnucka BbIOEpHUTE JKUIKOCTh
JUIS BCEX MPEACTOSALIUX SKCIEPUMEHTOB (IO YKa3aHUIO npenojaBatens). [ BeiOpaHHOM
KHUJIKOCTH TOJ] CIIUCKOM aBTOMAaTHUYECKH YKa3bIBae€TCs 0OBEM HCIOIb3yeMOl B 3KCIepH-
MEHTE XKHUJIKOCTH, a TAKKe IUIOTHOCTh YNCTON HEOKPAIICHHOH KUKOCTH (TabIMIHOE 3HA-
YeHue). ITU JJaHHbIe HEOOXOJUMBI [Tl PacYeTOB.

3. [omynok «Macca nopuinsy MO3BOJSET H3MEHITH Maccy nopirHs oT 50 10 400
r. [lepemernias moa3yHOK, YCTAHOBUTE MUHUMAJIBHO BO3MOKHOE 3HAUEHUE MACChl MOPIII-
Hs1. TouHOE 3HAUYEHNE BHIOPAHHON MACChI IOPIIHS YKA3bIBAETCS HAJI MOJI3YHKOM.

4. Haxxmute kHOTIKY «Hauams 3xkcnepumenmy. OTKPOETCSI OTBEPCTHE U HAYHETCS
BbITEKaHUE XUIKOCTH. OJHOBPEMEHHO BKIIOUYHMTCA ceKyHIoMep. CHHMCOK XKHAKOCTEH,
KHOTIKH TIaHEIH HHCTPpyMeHTOB «Cocym» M TMOI3yHOK «Macca MOpUIHS» CTaHyT HEHO-
CTYIHBIMH.

CTpyst )XUAKOCTH, BBUIETEB M3 OTBEPCTHUS, MAaeT HA TIOBEPXHOCTh CTONA, HAa KO-
TOPOM pacIojio’keHa JuHelka. OKpalleHHas )KUJAKOCTh BIUTHIBACTCS, OCTABIISIS e/ Ha
JINHEHKE.

DKCIepUMEHT MPOJOJDKAeTCs A0 TeX MOp, MoKa BCA KHUIKOCTb, MOMEIIABIIASICS
BBIIIIE OTBEPCTHS, HE BBITeUET. [locie 3Toro ceKyHI0Mep aBTOMaTHYECKH OCTaHOBHTCS, a
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CIIMCOK >KMJIKOCTEH, KHOIKH MaHeIN UHCTPYMEHTOB «Cocy» U moi3yHoK «Macca nopii-
HSD» CTaHYT JOCTYITHBIMHU.

Ecnn B mpouecce skcnepuMeHTa Bbl BCIIOMHWIN, YTO HENPABUIBHO YCTAHOBUIIU
KaKyro-Tu00 BeMUYHHY (BBIOpAIA COCY/I, KHUIAKOCTh WM MACCy TOPIIHS), HAKMHUTE KHOTI-
Ky «Ocmanoeums 3xcnepumenmy. OTBEPCTHE 3aKPOETCs, CEKYHIOMEP OCTAaHOBMTCH.
Cnucok XuAKOCTEH, KHONKM NaHEJW HHCTpyMeHToB «Cocyn» M moi3yHok «Macca
MOPILIHA» CTAaHYT AOCTYIHbIMU. [lociie 3Toro MOXXHO czienath He0OX0AMMbIE U3MEHEHUS U
BHOBb BBITIOJTHUTH OIBIT.

N3MEPEHHBIE 3BHAYEHW A 3AITMIINUTE B TABJIUILY.

5. Ilocne oxkoHUaHUS IKCIIEPUMEHTA PACKPBIBAIOLIUIICS criucok «Macuimaoy cra-
HOBMUTCS AOCTYNHBIM. C MOMOILBIO 3TOr0 CIHMCKAa MacTad M300paKeHUs SKCHEPUMEH-
TaJIbHOM yCTAaHOBKU MOKHO yBenuuuTh oT 100% no 500%. Ha nunelike u noa cnuckom
«MaciTa0» yka3bplBaeTCsl LieHa AeJIeHUs JIMHEHKH B BbIOpaHHOM Maciitade. C oMoIbio
cnucka «Macuwimaé)» MakCUMaJIbHO yBEIUYbTE M300paKeHHE SKCIIEPUMEHTAIbHON ycTa-
HOBKHU. YUMTBHIBas LIEHY JEJICHUs JIUMHEHKH, [0 ClIely, OCTaBIIEMYCs Ha JIMHEIKe, onpese-
JIUTE MUHAMAJIbHYIO U MAaKCHUMaJIbHYIO JAIbHOCTD NAJACHUS CTPYH KUJIKOCTH.

N3MEPEHHBIE 3HAYEHUW A 3AITMIINTE B TABJIMLLY.

6. PaccunraiiTe JyIMHY ciela U IUIOIIAlb OTBEPCTHSL.

Jljig BbIYMCIIEHUS JJIMHBI clieia HEOOXO0AMMO HAalUTH pa3HOCTh MEX1y HauOoJbIIei
U HauMeHbIIEeH AanbHOCTBIO MafeHus cTpyd AX = Xmax — Xmin. PaccunrtaiiTe BenMUMHY

U =.2hg. VYckopeHue CcBOOOTHOTO TIAJACHUA PEKOMEHIYETCI OpaTh pPaBHBIM
2 p p Y p p

g = 981 cm/c?.
HJ‘IOHla,I[B OTBCPCTUA BBIYUCIIAIOT I10 Q)OpMYJ'Ie

R, jz AX R,

S, = nR; ( + -
U - At U-At U-At

rae At — Bpems BbITEKaHUs )KUAKOCTH, a R1 — paauyc cocyna.

VY4uThIBas TOYHOCTb U3MEPEHMSI AJIMHBI Cllea, TUIOIIAAb OTBEPCTUS PEKOMEHIY-
€TCsI BBIYMCIIATH C TOYHOCTBIO JI0 YETHIPEX 3HAYAIUX HUPP.

7. C nomompto kKHonku «Hanonnume cocyd» BOCCTaHOBUTE MEpPBOHAYAIbHBIN
o0beM xkunkoctu B cocyne. [Ipu aTrom Maciitad n3o0pakeHus: SKCIEPUMEHTAILHON yCTa-
HOBKM aBTOMAaTH4eCKH cTaHeT paBHbIM 100%, ciiell Ha JTUHEHKE MCYE3HET, a MOKa3aHus
cexkyHiomepa oOnynarcsa. Knonka «Hauames 3xcnepumenmy CTaHET TOCTYITHOM.

BrimonHuTe M3MEpeHns U pacdeThl Kak B MyHKTax 4—6. OmeIT moBTOpUTE 4 pasa.

8. C momouipto non3zyHka «Macca nopuinsay BbIOEpUTE HOBOE 3HAUEHHE MAcCChl
nopiHs, 6ombine npeapiaynero Ha 50 r. TouHoe 3Ha4YeHHE BBHIOPAHHOW MacChl MOPIITHS
YKa3bIBaeTCs HaJl NOJA3YHKOM. [IoBTOpUTE OMBIT, HAUMHAA C ITyHKTa 3.

9. [loBTOpPUTE OMBIT JUII BOCBMH 3HAYEHUI Macchl MOpHIHs. Pexomenmyercs n3-
MEHSTh MacCy MOPIIHs paBHOMepHO (Ha 50 ).

10. ITo moay4YeHHBIM MPH BBIMOJHEHUH ITYHKTA 6 IS KaXKJ0TO OMBITa 3HAYEHUSM
IUTOIIAM OTBEPCTHUS BBIUMCIUTE Cpe/HEe 3HAUE€HUE ATOM BEJMYMHBI (IJIOLIATU OTBEp-
ctusi). UToObI BBIYHCIIUTH CPEHEE 3HAYCHHE SKCIIEPUMEHTAIBLHO MOJYyICHHOW BETHYUHBI
HAJ0 CJIO)KUTH BCE DKCIIEPUMEHTAIIBHO TOJIyUEHHBIE 3HAaUEHUS, a TIOJYyYEHHBIN pe3ynbTaT
pa3enuTh Ha KOJIMYECTBO SKCIIEPUMEHTOB.

YuuteiBas, 4TO OTBEPCTUE KPYIJIOE, C IIOMOILIBIO CPEAHEr0 3HAYECHMS ILIOLIALU
oTBepcTusi < Sy > BBIYHCIHTE CpPEenHUI paaumyc oTBepcTHs < R; >. CpenHee 3HavyeHHe
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IUTOIIAN OTBEPCTHS PEKOMEHAYETCsl BEIYUCIATH C TOYHOCTBIO JI0 MATH 3HAYaIuX nugp, a
CpeiHee 3HaueHHUe pajuyca OTBEPCTUS — 0 TpeX 3Havalux nudp.

11. JIng xaxnoro 3Ha4eHUs MacChl MOPIIHS BBIYUCIUTE CPEJHEE 3HAUCHUE MAKCH-
MaJbHON JANbHOCTU TaAeHUS CTPYH < Xmax > (BCE IKCIIEPUMEHTATIbHBIC 3HAYEHUS Xmax
HEOO0XOAUMO CIIOKUTh M Pa3/eNIUTh Ha KOJIMYECTBO HKCIEPUMEHTOB) C TOYHOCTHIO 0
TPEX AECATUYHBIX 3HAKOB I10CJIE 3aMSATOM.

Ilepen BO3BeneHHEM B KBaJIpaT YMEHBIIUTE MAKCHUMAJIbHYIO AAJbHOCTh MAaJCHUS
cTpyH < Xmax > Ha CpeHUI paanyc otBepctus < Ry >.

[Toctpoiite rpaduk 3aBUCUMOCTb KBajJpaTa MaKCUMAaJIbHOM NalbHOCTU IaJCHUS
ctpyH (< Xmax > — <R2 >)? 0T Macchl nopuiHs M. 3aBUcHMOCTB KBaJgpaTa MaKCUMaJbHOU
JAJIbHOCTH MAaJIeHNs CTPYH OT Macchl MOPIIHA JOJKHA UMETh JIMHEHHBIHN XapakTep.

12. Tlo nocTpoenHoii B myHkTe 11 3aBHCHMOCTH ONpenenuTe TAaHTeHC YIila HaKJIo-
Ha rpaduxka tg o. I1o TaHreHcy yria HakjgoHa rpaguka ONnpeaesnTe MIOTHOCTh KHUJIKOCTH:

4h .
p = ——=—, rae h, — BblcOTa, HAa KOTOPO! HAXOMUTCS OTBEPCTHE B COCYIE; S1 — IIIOMIALb
S, tga
HOIIEPEYHOr0 CEYeHUst cocya. [IIIOTHOCTb KUAKOCTH PEKOMEHIYETCsl BBIYHCIATE C TOY-
HOCTBIO 10 TPEX AECATHYHBIX 3HAKOB IIOCJIC 3AIIATOMH.
P—P

13. OnpenenuTe KOHLEHTPALUIO IPUMECEH: 1) = ° rhe p — IUNIOTHOCTb KUJ-

KOCTH, pacCUMTaHHasi B MyHKTe 12, pp — MJIOTHOCTh YUCTOW HEOKPAIIEHHOMN XKUAKOCTH,
KOTOpasi aBTOMaTHYECKU YKa3bIBAETCS MO/ PACKPHIBAIOLIMMCS CIIUCKOM <« KHUJIKOCTBY MpU
BBIOOPE KUAKOCTH (CM. ITYHKT 2).

14. Beruuciaute aOCONIOTHYIO M OTHOCUTENIBHYIO IOTPEIIHOCTb ONPEesICHUS
IUIOLIAIA OTBEPCTHUS U KOHLIEHTPALMK ITPUMECEH.

15. Bpluucnure TeOpeTUUECKOe 3HAYEHUE IUIOIIAIU OTBEPCTUS U CPaBHUTE €ro C
9KCIIEPUMEHTAIBHBIM. /151 BBIUMCIIEHUS TEOPETUYECKOTO 3HAYECHMsI IUIOIIAJU OTBEPCTHUS
HCIOJIb3YITE 3HAUEHUE AMAMETpa, KOTOPOE aBTOMAaTHYECKH YKa3bIBa€TCs PSJIOM C KHOII-
KaMU Ha NaHeau MHCTpyMeHToB «Cocyn» mpu BbIOOpe cocyaa (cM. myHKT 1). s xop-
PEKTHOTO CpaBHEHUs 00a 3HAYEeHHs (TCOPETUYECKOE W IKCHEPUMEHTAIBHOE) JTOJDKHBI
MMETh OJINHAKOBOE KOJMUYECTBO 3HAYAIIMX LU PP.

16. CremaiiTe BBIBOLL.

Kak BpeMs BBITEKaHUSA )KUJIKOCTH U3 COCYJ1a 3aBUCUT OT MacChl OPUIHS?

Kak MakcuManbHas U MUHHUMajbHasl AaJbHOCTh NAJECHUS CTPYU JKUJIKOCTH 3aBU-
CHUT OT Macchl OPIIHA?

SIBnsiercs 1M 3aBUCUMOCTb KBaJjpaTa MaKCUMaJIbHON JaIbHOCTH MaJleHUsl CTPYH OT
Macchl MOPUIHS TMHEHHON (QyHKIHEH?

CoBrafaet 1M 3KCIEPUMEHTAIbHOE CpeIHEE 3HAUECHUE TUIOIIAIU OTBEPCTUS C €T0
TeopeTndyeckuM 3HaueHueM? Ilouemy?

Ha ocHoBanuu Teoperndyeckux GopMys MpoaHATU3UPYHTE, KaK BIUSET MJIOTHOCTD
KHJIKOCTH Ha JAJIbHOCTh NajeHus cTpyd. Kakue otimums HabGmonanuck Obl B SKCIEpH-
MEHTE, €CI1 Obl OH MPOBOJUJIICS C YUCTON HEOKPAIIEHHON KHUJIKOCTHIO?

5. KOHTpOJ’ILHbIC BOIIPOCHI

1. Kakyro KUJIKOCTh CUMUTAIOT UJealbHOW? HecxknumaeMon? Kakoe TeueHue
CUMTAIOT JJAMHUHAPHBIM? YCTAHOBUBIIUMCS?
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YyebHoe n3gaxue

PEBWMHCKAA Onbra NeHHagbeBHa
KPABYEHKO Hapexna CtenaHoBHa

BbITEKAHUE XUOKOCTW U3 MAINOIro OTBEPCTUA

YuebHo-MeToanyeckoe nocobue no n3yvyeHnto Mogenen
(OU3NYECKMX NPOLIECCOB W ABMEHWUN HA KOMMBbIOTEPE C MOMOLLBH
nabopatopHoit pabotbl Ne MoaT-01
ONS CTYAEHTOB BCEX CreuuanbHOCTel

OtnevataHo B U3pgaTtenbctBe TMY B NONHOM COOTBETCTBUM C Ka4eCTBOM

npenoctaBieHHOro opurMHan-makeTa
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