Tpetuii aTan pecryOIuKaHCKON OJMMIMAABI 10 YdeOHOMY mpenaMeTry «Du3nkar

2024/2025 yuebHblit roj

PecnyOaukaHckas (pusnyeckas

oaumMnuana 2025 roga

(3 3Tan)

DKCNIEPUMEHTANIBHBIN TYP

Ycnoeusn u pewwenus 3aoay

3amaHus  OKCIEPUMEHTAIBHOTO  Typa  JAaHHOM  OJMMITHAJIBI
NPEIOCTaBIAIOT I  yYaCTHUKOB  OOJIBIIME  BO3MOXKHOCTH IS
CaMOCTOSITEJIBHOTO  BbIOOpa  MapaMeTpoB  YCTAaHOBOK,  JHMAala3OHOB
WCCIIEZOBaHUS, METOJOB M3MEpeHuil. VHBIMH CIOBaMH — TIPOSIBUTH CBOHM
TBOpUECKHe crnocobHoctu. Kpome Toro, pesynpTarbhl M3MEpPEHUH CHIBHO
3aBUCAT OT MPEJOCTABICHHOTO 000PYIOBAaHHS, KOTOPOE MOXKET Pa3IHyaThCs
B pa3HBIX obJnacTsx Hamer PecryOnukw.

[ToaToMy, OTHOCHTECH K TPHBEACHHBIM HIDKE PE3yJbTaTaM, Kak K
OpHEHTHUPOBOYHBIM. JKemarenbHO (WM Jake O0s3aTENbHO) TPOBECTH
coOcTBeHHbIE M3MepeHHs. [103ToMy 31ech MPHUBOISATCS TOIBKO OCHOBHEIC
TEOPETHYECKHE TIOJIOKECHUSI W PEe3ylbTaThl HEKOTOPBIX  M3MEPEHHH,
NOJTy4eHHBIE aBTOPaMHM JaHHbBIX 33aHuid. MeTo bl 00paboTKH pe3yabTaToB
U3MEPEHUH SBIISIOTCS B OOJIBIIMHCTBE CBOEM, CTAaHAAPTHBIMHU, MOITOMY
OAPOOHO HE OMUCHIBAIOTCA.

10 Kknacc
(Ona scropu)

OkcnepuMeHTaNbHBIHA Typ. 10 Ki1ace. YcnoBus u penieHus 3a1a4. biiank 1u1st xKopu.
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3aganme 10-1. Baaxxubiid Bo31yXx
Oob6opynoBanmue.
Jsi Kakaoro y4yacTHHKA: Ha0Op i UW3Y4YEHHMs Ta30BBIX 3aKOHOB B cOope
(KOMIUIEKTAIUs: K0JI0a C OTBOJOM, IPOOKA PE3UHOBASL C AIEKTPOHHBIM TEPMOMETPOM,
T-06pa3Hblil WITYIEp ¢ MIACTUKOBBIMU TPYOKaMU Ha JABYX Kpasx, MaHOMETp (Tpenen
n3mepeHuss 300MM.PT.CT), MINPHUIl TUIACTMACCOBBIN (60MII, MOpPIIEHb JTOHKEH OBIThH
YCTaHOBJIEH Ha OTMETKY «0»), B KoyOy mepeln COOpKOW YCTaHOBKH JOJDKHO OBITh
HaJIUTO 2 - 3MJI BOJIBI KOMHATHOM TeMIlepaTyphbl), KOHTEHHEp ImacTukoBbiil (1,81),
KpyxKka rractukoBas (1,0m), canderkn OyMa)KHbIe 1T yIaJICHUS Karellb BOIbI.
Ha kaOuner: Oapomerp, Beapo c¢ ropsueit Bomodt (2mr, mo 10m), yaliHUK
AJEKTPUYECKUH (211T), TEPMOMETP JJISI ONPEACIICHUSI TeMIIEpaTypbl BOAbI B BEIpax (B
BEIpax Temmeparypa BOJbI JOKHA ObITh 60 - 65°C), Ha KAKAOT0 yJ4aCcTHHKA JOJHKHO
OBITH MPUTOTOBJIEHO 1,011 rOpsiueii BOJBI.

Buumanue: Konba Oondicna HaxoOoumvcs uiu 8 KAPMOHHOU KOpoOKe uiu 8
niacmukogom Koumetinepe. Hu 6 xoem cnyuae ne cmagome xon16y npocmo Ha cmoi,
OHa He ycmouuusa, ynadém u pazoobémcs. INeKMpOoHHbIU mepMoMemp BKI04Uaemcs
U 8bIKIIOYAEmMcs Hadxcamuem KpacHou kHonku. Ilpu onumenvHoti pabome mepmomemp
Mmodicem cam eviknoyumcs. llosmopHoe 6KIOUeHUue 0Cyuecmeansemcs Haxcamuem
KPACHOU KHONKU.

Yacrte 1. Teopernveckasn

1.1 ITycTh B UMIAMHJPE 3aKPHITOM MOJBHKHBIM IMOPITHEM HAXOAUTCS UICATbHBIN Ta3.
B nHavanpHBIN MOMEHT naBieHue B muuHApPe P, 006EM raza /. [lycTs n3oTepMuyecku
00BEM LUIMHpA YBEJIWYWIICA Ha Mallylo BeauuuHy AV, a naBlieHHE W3MEHUIIOCh HA
manyio BeanuuHy AP. Ilomyuure ypaBuenue 3aBucumoct |AP|(AV). Iloockaska:
npou3Be0eHuemM Mavlx GelUdUH MONCHO npeHebpeus. Kakoll MaTreMaTHUYeCKU BHT
UMEET 3Ta 3aBUCUMOCTH?

Ecnu He 3HaeTe Kak IMOJy4YUTh YPABHEHHUE HE TEPSUTE BpPEMs, IPUCTYIIAUTE K
BBITIOJIHEHUIO CJIIEAYIOLINUX ITYHKTOB.

[lorpemHOCTH B JaHHOM 3a7a4e BBIYUCIATH HE HYKHO. lIpoBepwTe ecTh n B
koJ0e 2-3ma Boabl. Eciiu HeT, oOparutech K OpraHu3aropam OJIUMIINAAbl, YTOObI OHU
100aBUIIM BOAY B KOJIOY.

OO0BEM BO3AyXa B SKCHEPUMEHTAIBHOW YCTAHOBKE IMPHU MOJOKEHUH TMOPIIHS

mrnpuna Ha otmeTke «0» V; = 710cm3, mnotHocTs pTyTH p = 13,6 — g =981 Cﬂz

cm3 '’

Yacrp 2. IKCIepUMEHTAIbHAS
2.1 Ompenenute atMocdhepHoe aaBieHHE Py, TemrepaTypy To M OTHOCHTEIHHYIO
BJIQXKHOCTH (0 BO3JIyXa B KOJIOE.

Buumanue! Ceiivac Bam nyscno 6yoem nposecmu 9KCnepumenmanibHoe
uccneoosanue. CHauanra oboymatime, 3a20mogvme maoauyy, a NOMoMm GblNOJHAUME..
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Tperuii sTan pecrny6IMKaHCKON OJIMMIIMAILI 10 yueOHOMY npeamery «Dusnkay
2024/2025 yuebHblit roj

2.2 Tlepen HayamoM 3KCIiepUMEHTa KoyI0a JOHKHA HAXOUTHCS B KAPTOHHOM KOPOOKe.
Hanonnure koutelinep ropsiueid Boaou (006Em Bobl 0,7 - 0,81). [Tlomectute Kos0y B
TOpSYYIO BOAY, TIPU ATOM TMpHAEpKUBaiTe K00y, oHa OyaeT BembiBaTh. Habmonaite
3a MoKa3aHusAMU MaHoMmeTpa u Tepmomerpa. (Ecnu mokazanus manomerpa uepes S - 10
C HE CTalld W3MEHATHCSA, 3HAUWT Bama ycraHoBka HeucrnpaBHa. OOpaTturech 3a
MIOMOIIBI0 K OpraHu3aropaM oyimMmmuazabl.) llporpeiite kom0y HECKOIBKO MHHYT.
Jloxaurech 9TOOBI TOKA3aHUS TEPMOMETpPA TEPECTald YBEIHMYUBATHCS (TIOKAa3aHWUS
MoryT MeHsaThcs Ha 0,1°C B OOJBIIYyI0 M MEHBIIYIO CTOPOHY BOJIM3M HEKOTOPOTO
3HauyeHus). [lox naBneHuemM BO3ayxa MOpUIEHb HIMPUIIA MOXKET CMECTUThCS. BepHute
MOPILIEHh Ha OTMETKY «0» M ynepxuBaiTe ero pykoi. Eciau nmokazaHus TepMoMerpa
HE PacTyT WM CTaJ HEMHOTO YMEHBIIATHCS, MOXKHO MPUCTYNaTh K U3MepeHusiM. Bam
HeoOxoauMo OyAeT MONy4YuTh JaHHBIE cpa3dy Al TpEX MapaMeTpoB, TO €CTh
UCCIIeZIOBaTh cpaszy JABe 3aBUcHUMOCTH. OOo3Hauum: P, - moka3aHusi MaHOMETpa
(MM.pT.cT.), AV - u3MeHeHHe 00bEMa ycTaHOBKH (00BEM Bo3ayxa B mmpuie (cm3), t -
Temriepatypa Bo3ayxa B kosoe (°C). Uccaenyiite 3asucumoctu P, (AV) u B, (t). s
ATOr0 TMOCIEJOBATEIBHO CMEIIATe TMOPIICHh IIMPHUIIA HAa HECKOJBKO JCIeHUN |
3alMChIBAiiTe 3HAYCHUs MapaMeTpoB. Eciu TOpIICHH MIPHUIA HE CMEMACTCS IO
JaBlICHHEM BO3AyXa, TO CIBUTAWTE €ro caMoCTOSTEIbHO. Pe3ymbrarel odopmure
TabmuaHo. Buumanue! Ilocie oxonuanus sKcnepumenma Kolby nocmasbme 6
KOpOOKY.

2.3 Brrancnute paboTy Bo3ayXxa Mpy pacIiIupeHun.

2.4 Onpenenure MatemaTndeckuii Bua 3asucumoct |AP|(AV), toe |AP| = Py, — Py,
P,;- ToKazaHus MaHOMETpa MpU HaubOoJblIed Temieparype, P,; - TOKa3aHUS
MaHOMETpa IMPH I-TOM W3MEpPEHHH. 3amuimuTe ypaBHeHue 3aBucumoctu |AP|(AV) c
qrcIOBEIME KOd(puimenTamu. CpaBHUTE TOJYYCHHOE YPaBHEHHE C ypaBHEHHEM,
nojiyaeHHbIM B m.1.1. MOXHO 1M cuUWTaTh MPOLECC, HCCIENOBAHHBIA B 11.2.2,
M30TEPMUYECKUM, €CITU MpeHeOpeys n3MeHeHneM temmeparypst? [louemy?

2.5 Tloctpoiite rpaduk 3aBucumoctu Av(AV), rme Av =v; —V;, V; - KOJIHYECTBO
BEIIECTBA B JKCIEPUMEHTAIBHONW yCTaHOBKE IMPHU HauOONbIIEH Temmeparype, V; -
KOJINYECTBO BEIIESCTBA MPH I-TOM m3MepeHnn. Kak n3MEeHsUI0Ch KOJIMYECTBO BEIIECTBA
raza B 9KCIIEPUMEHTAILHON yCTaHOBKE B XOj€ JKcrmepuMeHTa? B uém Qusmueckas
IPUYMHA ITOTO U3MEHEHHUS?

Yactsb 3. 'unorernueckas

[Ipennonoxkum, 4To Kojioa Obla Obl 6€3 BOABI (C BO3yXOM BIIAXKHOCTU TaKOM
KaK B KaOuHETe).
3.1 Kakoe 05l qaBinenue P;{ ycTaHOBHIOCH OBl B KOJIOE €Clid OBbI BO3IYX MPOrPEcs 0
HanOoJIbIIEN TeMnepaTypsl B Bamem skcnepumenTe.
3.2 Onpenenute maremaTnueckuii Buy 3aBucumoctu |AP'|(AV), tne |AP'| = P — P/
P/- naBrnenue BO3ayxa Mpu 3HAYCHHH TEMIIEPATYphl U 00BEMa BO3/yxa B KOJIbOe IS i-
TOr0 M3MepeHus. 3anummre ypaBHeHue 3aBucumoctd |AP'|(AV) ¢ uucimoBbiMH
K03 PUITUECHTAMH.
3.3 CpaBaute rpaduku TocTpoeHHBIC B 1. 2.4 u 1. 3.2. UeM oTiaM4aroTCs 3TH Tpaduku
1 B 4€M (pu3HuecKas NpUIMHA ITUX OTIIMYUNA?
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3ananue 10-1. Baaxubiii Bo31yx

Pewenue

Yacrtel. Teopernueckas

1.1 YpaBHeHHe U30TEpPMUYECKOTO Mpoliecca JIJIs IBYX COCTOSIHUN BO3/1yXa B KOJIOE:
PV = (P —|AP)(V +AV) (D).

Packpoem ckoOku:

PV = PV — |AP|V + PAV — |AP|AV  (2).

B ypaBHenuu (2) mpencOperaem |AP|AV xak mNpoM3BeIE€HHEM MaJbIX BEJIHUYHH,

IMOJIy4YUM:

P
AP| =—=AV (3).
4P| = AV (3)

Yactp 2. IKCNIEPUMEHTAJIbHAS

2.1 Py, = (734 £ 1)mm.pT.CT., t; = (21,91 0,1)°C, ¢ = 100%.

2.2 2.3
Taoaumna 1.
3HaYCHUS TApaMETPOB I'padux 1. 3aBucumocts P, (AV)

Ne AV, Pw, 0 120 Pii,

ond mmpr.er | tC 110 MM CHL
L] o0 110 | 441 | 100 ‘
2 5,0 102 440 | o
3 | 100 9% | 44,0 \\
4 15,0 85 439 | %0 v
5 20,0 77 438 | 10 \=
6 25,0 70 438
7 | 300 60 437 |
8 35,0 50 433 | 50
9 40,0 43 430 |, \\'\
10 | 450 34 42,7 \\
11 | 500 24 424 | 30 =
12 | 550 16 421 | o S
13 | 60,0 8 41,8 \

10 Yo
AV, em?
0
0.0 10.0 20.0 300 40.0 500 60.0
4
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ITocTponm rpaduk 3aBucumoctd P, (AV). Buaum 9To 3aBUCUMOCTD JIMHEHHAS,
Ucnonp3ys npoctyio rpaduueckyto oopadotky (I1I'O) onpenensiem:
Pymax = 111MM. pT.CT., Pyypin = 8MM. pT.CT., AV, 4, = 60,0cM3.

PaboTy Bo3/1yXa npu pacliupeHu ONpeaeanuM Kak:

A= PMmax 'ZI' Pmmin

P, + Py
AVmax + POAVmax = ( - ) e + PO) AVmax (4)

JlaBieHue nepeBo UM B NacKaiu, 00bEM B METPBI KyOHMUECKHE, MOTYyYUM:

M (0,111M + 0,008m

KI'
A=136-103—"9,81—
3,610° 9,81 :

+ 0,734M> - 60,0 - 107°m3 = 6,4 /x.

2.4 Onpenenum 3uadenus |AP| u moctpoum rpaduk 3asucumoctu |AP|(AV).

Taoauma 2.
3aBucumocts |AP|(AV) I'paduk 2. 3aBucumocts |AP|(AV)
aPl, | 120
AV, e’ MM.PT.CT. |4P),
0,0 0 MM P CINL
50 8 100
10,0 14
15,0 25
20,0 33 20
25,0 40
30,0 50
35,0 60
40,0 67 60
45,0 76
50,0 86
55,0 94 40
60,0 102
20 /
0 AV, em?
0.0 20.0 40.0 60.0 80.0

N3 rpadpuka BuauM, 41O 3aBHCHMOCTH |AP|(AV), mnpsMo mOpomopiuoHaIbHasl.
Ucnionp3yss TII'O, ompenenum yriaoBor Kod(D@PUIIMEHT HAKIOHA YyCpETHSIONMEH
MPAMOM:
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MM. PT. CT.
k = 1,7 -3
CM

Vpasuenue 3aBucumoctu |AP|(AV) ¢ uncioBeiMu K03()HUIIMEHTAMA 3aIHIIETCS:
|AP| = 1,7AV  (Mm.pt.cT.) (5).

Vpasuenus (3) u (5) BeIpakaroT MPSIMO IPOMOPIIHOHABHYIO 3aBHCUMOCTE |AP|(AV),
OJTHAKO, IPOLIECC UCCIIEAOBAHHBIN B 11.2.2 H30TEPMHUYECKUM CUMTAThH HENB3S, TAK KaK
B XOJ€ IpoIlecca H3MEHSETCS KOJMYECTBO BEIIECTBA, a 3TO KaK YBHAMM B
JajdbHEHIIEM CYINIECTBEHHO BIMSET Ha 3HAYEHHE YIJIOBOro  Kod(duiueHTa
YCPEIHSIOUIEN TPSMOI.

2.5 v; ompenenuM, uCnoib3ys ypaBHeHue Kianelipona-Menzeneesa:

_PV;  (Py+ Py)(Vy +AV))

ViTRT, T RQ73+t) ©).
Pe3ynbTarhl BRIYMCIEHUH MPECTaBICHBI B TabuIe 3
Tabauna 3.
3asucumocts Av(AV) I'padux 3. 3aBucumocts Av(AV)
Ne 3 0.20
AV, ear A;(;JIIS , 1V e
AV, e
1 0,0 000| % =
5 5’0 _0’07 0,0 N[D 20.0 30.0 40,0 50.0 60.0
’ ’ ™

3 10,0 -0,07 | -0:20
4 15,0 -0,26 \'\
5 20,0 -0,34 | .40 AN
6 25,0 -0,39 \
7 30,0 055 60 S
8 35,0 -0,69
9 40,0 -0,73 \
10| 450 -0,85 | 0-80 =
11 50,0 -1,02 \\
12 55,0 -1,11 | 1,00 (2
13 60,0 -1,20 \

-1,20

A,
140 MO

N3 Tabnuiiel 1 rpaduka BUAUM, YTO KOJUYECTBO BEIIECTBA ra3a B X0J1€ IKCIIEPUMEHTA
JMHENHO yObIBAJIO C YBeTUYCHUEM 00bhEMa ycTaHOBKU. Du3nyeckasi MpUIrHA STOTO B
TOM, YTO C yBEIHMUYECHHEM 00BEMA YCTAHOBKU YMEHBIIANACH U TEMIIEpaTypa BO3lyXa B

6
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KOJIOE, YTO MPUBOAMWIIO K KOHIEHCAIIMKM BOJSHOTO Mapa U YMEHBIICHUIO KOJWYECTBA
BEIIeCTBA JTAaHHOW KOMIIOHEHTEL.

Yacrs 3. 'unorernuyeckasn
3.1 C BO31yxXOM MPOUCXOIMJ Obl H30XOPHBIA MPOIECC, MOITOMY JHaBiicHue P;
BBIYHCIIUM HCIIONB3Ysl YPABHEHUE H30XOPHOTO MpOIECCa:

, T, (273 + 44,1)K
P = POT—O = 734MM. pT. CT.- 273 1 2L9)K = 789mm. pT.cT. (7).

3.2 3nauenus P; onpenenuM UCTIoNb3yst ypaBHenue Knaneiipona:

pr PV, (273 + t;)
ET Q73+ t)(V, + AV)

(8).

Boruncnum 3Hauenus|AP’|. PesyabTathl mpepactaBiensl B Tabmumie 4. IToctpoum
rpaduk 3aBucumoctu|AP'|(AV)

Taoauna 4.
3aBHUCHUMOCTD

|AP'|(AV) I'paduk 4. 3aBucumocts |AP'|(AV)
No 5.0

AV, AP’ P .

o MJJ.pT.LT. 45 mﬂﬂf’m_ //”
1] 00 00| +0 r’
2 | 50 04| 55 ./
3 | 100 08| /
4 | 150 12| 30 A
5 | 20,0 1,6 //
6 | 250 1,9 2.5 ~
7 | 30,0 2,3 /
8 | 350 2,7| 20 /
9 | 40,0 31] & ]
10 | 45,0 35| //
11 | 50,0 39| 10
12 | 550 43| //
13 | 60,0 471 05

AV, em?
0.0
0.0 10.0 20.0 30.0 40.0 50,0 60.0
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N3 rpaduka Buaum, d9ro 3aBucuMocTh |AP'|(AV), mpsiMo mpomopIrMoHaIbHas.
Ucnionp3yss TII'O, ompenenum yriaoBol Kod(D@PUIIMEHT HAKJIOHA YyCpEeIHSIONMEH

PSIMOM:
MM. PT. CT.
k =0,078 ———.
cM

Vpasuenue 3aBucumoct |AP'|(AV) ¢ uncnoBeiMu KO3 PHUIMEHTAMH 3AITHIIETCS:
|AP'| = 0,078AV (MM.pT.cT.) (9).

3.3 I'paduku moctpoennpie B 1. 2.4 u m. 3.2. OTAWUYAIOTCA 3HAYCHUEM YTIIOBBIX
KO3 (UIIUEHTOB yCPEIHSIIONMX NpsiMbIX. [IpyunHa HaHHOTO OTAMYMA B TOM, YTO B
AKCIIEpUMEHTE 11.2.2 B Ta30BOM CMECH, coJiepKalleiicst B K0i10e, OJJHON U3 KOMIIOHEHT
SBIISICTCS HACBHIIIEHHBIM BOASHOW TMap, YTO MPUBOAUT K OOJBIIEMY 3HAYEHUIO
JaBJICHUS B KOJIOE€ M K OONbIIEeMy M3MEHEHHIO JaBICHUS B PE3ylIbTaTe KOHACHCAIIUU
napa.
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3ananue 10-2. Tpenne u BpaieHue

Oo6opynoBanme: lunamomertps! (2,5H, 5,0H, 10,0H), nomeuka (pazmepsr 10x45¢cm),
rpy3bl (10mT. mo 100r. 6e3 kproukoB), juHeWka JjepeBsiHHas (40cM), KHOIKa
KaHmemspckas (lmT), deTbipe Kycouka IUIacTHiAMHA (Ui KPEIUICHHUS JOUICYKH K
CTOJICIIIHMIIE), TETeJIbKa M3 HUTH (Ui 3alerna JIMHEHKH JUHAMOMETPOM), CKOTY
TOHKUMN, HOKHHUIIBI.

Yacrs 1
3akpenuTe JOIIEYKY Ha CTOJEIIHMIE C TOMOILIBI0 KYCOYKOB IUIACTUJIMHA.
[Tonoxxute Ha TOIIEUYKY JTMHENWKY, KaK IIOKa3aHO Ha pucyHKe 1. B gomeuke 3akpenmure
KHONKY. O He€ NOJDKEH OmupaTbCs OAWH Kpal JuHeWku. Ha nuHenky momecture
rpy3bl B ctonbuk (10mT), eciu CcTonOMK HE yCTOWYMB, CKpENnuTe ero ckordem. B
JAHHOM 4YacTW 3ajayud Bam mnpencrout wnccimenoBarb 3aBUCHMOCTh  CUIbL  F,
pUJIaraeMoi K 0JJHOMY U3 Kpa€B JTMHEHKH C TIOMOIIBI0 JUHAMOMETPA, HEOOXOAUMOMN
JUISL CIIBUTA JIMHEWKH, OT PACCTOSIHUS X MEXIY I'pPy3aMH Ha JJUHEUKE U TOYKOW OMOpPHI
(puc.l).
1.1. IMomyuute 3aBHCHMOCTb F(x) |
TEOPETHYECKH. '
1.2. TlpoBeppTe  moOdydeHHy0O  Bamwu &
3aBUCUMOCTh  3KCHEPUMEHTAIBHO. 9] I
Pesynabratel  odopmure B BHUIE ~ I l
dotieura

|
|
X ZPy3nl !

F

KHONKGQ -
TaOIMLIBI ¥ TpadUUECKU. AuHelKa

1.3. HUcnonw3ys pPE3YNbTATHI
AKCIIEPUMEHTA, BBIYHCIIUTE Pucynox 1.
KO3 ((ULIMEHT TPEHUS [y

JIMHEWKH 0 OCKy. Paccunraiire morpemuoctu. g = (9,81 + O,Ol)cﬂ2

Yacrsb 2
B nanno#t wactu 3amauun Bam mpenctout uccienoBaTh 3aBUCUMOCTh CHIIBI F,
HEOOXOIMMOM JIJIsl CIIBUTA JIMHEHKH, TIPUIaraeMo K OJTHOMY U3 €€ Kpa€B, OT MacChI
rpy30B M. ['py3sl pa3mMeriaiite oT TOUkH onopsl Ha paccrosiHuu [; = 0,81 (puc. 2).
2.1. Tlomyuwure 3aBHCHMOCTD F(m) | f |
TEOPETUUYECKHU. : !
2.2. TlpoepbTe MOJIYYEHHYIO Bamu & :
3aBUCUMOCTD AKCIIEPUMEHTAJILHO. | I
PesynbraThl opopmuTe B BUAE TaOIUIIBI I l
u rpaduuecku. B yensix sKoHOMUU
epemeHnu 8 mabauyy cpazy 3anucviéatime Pucynok 2.
cpeonee 3HaUeHUe CUTbL.
2.3 Vcnonb3ys pe3ynbTaThl SKCIIEPUMEHTA, BEIYUCIUTE KOADDUITMEHT TpEeHUs Ly
JIMHEWKH O TOCKY. PaccunTaiite morpemHocTu.

I

el

OkcnepuMeHTaNbHBIHA Typ. 10 Ki1ace. YcnoBus u penieHus 3a1a4. biiank 1u1st xKopu.



Tperuii sTan pecrny6IMKaHCKON OJIMMIIMAILI 10 yueOHOMY npeamery «Dusnkay
2024/2025 yuebHblit roj

Yacrtp 3

B nanHOM yactu 3amaun Bam mpencTtouTt ucciienoBaTh 3aBUCHMOCTD CUJIbI F|
HEOOXOAMMOW i1 CABUTA JMHEHKH, NpHjaraeMol K OJAHOMY H3 €€ KpaéB, OT
pPacCTOSHMS X MEXK]ly TOUKOM OMOphI U JIMHUEN aeicTBus cuibl (puc.3). Ha nuneiiky
MOMECTUTE TPy3bl B cTONOMK (10mmT), ecaum CTOJOMK HE YCTOWYHMB, CKPEMUTE €ro
CKOTYEM.

3.1 Ionyuure 3aBHCHUMOCTh F(X) TeopeTnyecKu. |
3.2 IIpoBeppTe nosiydyeHHYy0 BaMu 3aBUCHUMOCTh @ |
JKCIIEpUMEHTaIbHO. Pe3ynbrarsl opopmure B ? |
BUJIE TaOMULBI U rpaduuecku. B mabauyy cpasy I-x CX
3anucwigéatime cpeoHee 3HaA4eHue CUbl. Pucynox 3.

3.3 Hcnonb3ys pe3yiabTaThl SKCIIEPUMEHTA,

BBIYUCITUTE KOADMDUIIMSHT TPEHUS (3 TUHEHKU O TOCKY. PaccumTaiiTe morpenrHocTH.

=

3.4 CpaBHHTE 3HAUCHUS U1, [y U i3 TTOTydeHHBIE B 11.1.3, 11.2.3 1 n1.3.3. MoxHO 11 ux
CUUTATh OAMHAKOBBIMH, MOYEMY? YKaXKUTE BO3MOXKHYIO IPUUYUHY OTIUYUN UX
CpEIHUX 3HAYCHUU.

10
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Tperuii sTan pecrny6IMKaHCKON OJIMMIIMAILI 10 yueOHOMY npeamery «Dusnkay
2024/2025 yuebHblit roj

3ananue 10-2. Tpenne u BpaieHue

Fl = ymgx + M

Pewenue

Yacmo 1
1.1 Tlpu caBure nNMHEWKHM HAa He€ NEHUCTBYIOT MOMEHT cwuibl Fl, mpumaraemoil co
CTOPOHBI JMHAMOMETPAa U MOMEHTHI CWJ TpeHus. [IpaBuao MOMEHTOB 3amMILETCS
CIeAYIOIIUM 00pa3oMm:

(D),

rie umgx - MOMEHT CHWIbl TPEHHUs OOYCJIOBJIEHHOW BECOM IPYy30B (CUMTAEM, 4TO
IUIEYO JAHHOW CHIIBI paBHO X), M - cyMMapHBI MOMEHT CHJI TPEHHS HEKOTOPHIM
00pa3oM pacrpeeaEHHbIX 0 TOBEPXHOCTH JTUHEHKHU, 00YCIIOBIEHHBIX B TOM YHUCJE U
BECOM JINHEWKH.
N3 (1) nomyuunm:

F

pmg
= Tx

M
+T (

1.2 1 =(40,2+0,1)cm, m = (1,00 + 0,01)xkr.

Tabauna 1. DxciepuMeHTaNbHBIE

NaHHbBIe 3aBUCcUMOCTH F(X).

Ilokazanms JUHAMOMETpaA

IToBTOpHBIE
usmepenus F;, H (F),

1 2 3 H X, M
0,20 | 0,20 |0,20 0,20 0,040
0,45 (045 |045 0,45 0,070
0,70 | 0,65 |0,75 0,70 0,100
0,90 (0,80 |0,85 0,85 0,130
1,00 | 1,10 |1,05 1,05 0,160
1,15 11,25 | 1,20 1,20 0,190
1,45 11,40 |1,35 1,40 0,220
160 | 155 |1,60 1,58 0,250
195 /190 |1,90 1,92 0,280
2,10 | 2,20 | 2,15 2,15 0,310

cpen | 1,15 | 0,175
mucr | 0,354 | 0,007
koBap | 0,051
N b1 ai
10 | -0,05 6,9
A b1 A a;
0,08 0,5

2,50

1,00

0.00

2).

I'padux 1. 3aBucumocts F(X)

EH

F=6,9% - 0,05

inted

i

Ed

Fas

‘/

X,

0.000 0,050

0.100 0,150 0200

0,250

0300 0,330

[ToctpouB Tpaduk 3aBucuMoctd F(X) BUIMM, YTO JaHHAs 3aBUCHUMOCTH OJHM3Ka K
npsiMmo npornopuroHansHoil. Mcnonb3dys MHK onpenenum yrimoBoit kosdduimeHT

OkcnepuMeHTaNbHBIHA Typ. 10 Ki1ace. YcnoBus u penieHus 3a1a4. biiank 1u1st xKopu.
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Tperuii sTan pecrny6IMKaHCKON OJIMMIIMAILI 10 yueOHOMY npeamery «Dusnkay
2024/2025 yuebHblit roj

HAKJIOHA YyCpenHsmomed npsMOd M CBOOOJHOE cllaraéMoe JIaHHOM 3aBHUCHUMOCTH,
BBIYHMCIIUM a0COJIIOTHBIE TOTPEIIHOCTH JaHHBIX BETUYHH (Tadm. 1).
VYrioBo# k03h(HUIIMEHT HaKJIOHA YCPETHSIONIEH MPSIMOi

H
a,;=(69+0,5)—

CBo0OoHOE cilaraeMoe
b, = (—0,05 £+ 0,08)H.

1.3
VYoot kK03hGHUIIMEHT HAKIIOHA YCPETHSIONIEH MPSMOi
Himg
I =aq (3)
N3 (3) momyuum:

H
C(a)l) 695 0402m
(mXg)  1,00kr - 9,81Cﬂ2

OTHOCUTENBHAS OTPELUTHOCTH [iq

2 2 2 2
= (@) (@) +6) + @) ©

[TorpentHoCThIO Beu4rH [ 1 g MOKEM MPEeHEOPEUb, MOTYIHM:

= 0,28 (4).

(1)

2

H
B (Aal)z N (Am)z ~ O’Sﬁ N (0,01KF>2 = 0,073 =73% (6)
“u = (ay) (my) 6 9E 1,00xr/ S ’
"M

Apy = (i) €, = 0,280,073 = 0,02 (7),
{1 = 0,28 £ 0,02.

OTtmeTuM, YTO aOCOJIFOTHAsK MOTPEIIHOCTh CBOOOJHOTO CJIaraéMOro IMPEBBIIAET €ro
CpelHEEe 3HA4YeHWE. OJTO 3HAYUT, YTO Hayajio KOOPAMHAT MO BEPTUKAIBHOW OCH
NOMaJaeT B HWHTEpBaJl Aa0COJIOTHOM MOrPEIIHOCTH CBOOOJHOIO ClIAraeéMoro. JTo
MOATBEPKAAET MPSIMO MPOMOPIMOHANBHYI0 3aBUCHMMOCTh F(X). CrnemoBarelbHO,
BTOPBIM CJIaraéMbIM B YpaBHEHHH (2) MOKHO NMpeHeOpedb U 3alucaTh €ro B BUJIE:

F=Tx (8)

DTO 3HAYUT MOXKHO mojararb, 4YTO CHIIA TPCHUA, ,HeﬁCTBYIOHIaH Ha HI/IHeﬁKy
IMPUIIOKCHA 110 I'Py3aMHU.

12
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Tperuii sTan pecrny6IMKaHCKON OJIMMIIMAILI 10 yueOHOMY npeamery «Dusnkay
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Yacmo 2

2.1

B manHOM ciydae npaBuiIo MOMEHTOB CHUII 3AIIMIIETCS CIEIYIOIUM 00pa3oM:
Fl=umgl,+M (9),

OTKYyJ1a

l M
Y e P T))

F l l

22 1=(40,2%+0,1)cm, [, =(32,0+0,1)cm.

Taoaunna 2.
DKCIepUMEHTAJIbHBIC JIAHHBIC

3aBucumoctu F(m). I'padux 2. 3aBucumocts F(m)

Macca Y T EE Fl=1,30m-10,01 (F)
TPy30B
m, K& (F),H 1.40
0,100 010 ., / ‘
0,200 0,20 s
0,300 040 | 100 ot
0,400 0,55 /
0,500 0,75 | 0.80 jaaass
0,600 0,90 /
0,700 0,95 | v
0,800 1,15 | 40 /
0,900 1,20 peaat
1,000 1,30 | 0.20 //’
cpen 0,550 0,75 * Emga
et 0,083 0,162 | 0:00
KOBap 0,115 0.00 0.60 0.80 1.00
N dp b,
10 1,39 -0,01
Aa Abz
0,13 0,08

[ToctpouB rpaduk 3aBucumoctd F(m) BumuMM, 4TO NaHHAs 3aBUCUMOCTh TaK JKe
Oimm3ka K TIpsMO mpornopruoHanbHor. Mcmonb3dys MHK  ompenenum  yrioBoi
K0A((DUIIMEHT HAKJIOHA YCpPEAHSIOmEH MpsIMOM W CBOOOJIHOE cjaraemMoe JIaHHOMU
3aBUCUMOCTH, BBIYUCIIUM a0COTIOTHBIE MOTPEITHOCTH JIAHHBIX BEJIMYUH (TabII. 2).
VYrioBo# K03hOUIIMEHT HAaKJIOHA YCPETHSIONMICH MPSIMOM

H
a, = (139 +0,13) —.

CBo0o1HOE cilaraeMoe
b, = (—0,01 + 0,08)H.

13
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Tpetuii aTan pecryOIuKaHCKON OJMMIMAABI 10 YdeOHOMY mpenaMeTry «Du3nkar

2024/2025 yuebHblit roj
2.3
VYrioBo# k03h(HUIIMEHT HaKJIOHA YCPETHSIONIEH MPSIMOi
l
“Zf L_a, @11)
N3 (11) nmomyuum:
H
a-W1) 1,39—-0,402m
(12) a2l _ i =0,18 (12).

(L9 0.320m- 9,81%

OTHOCUTENBHAS TIOTPELTHOCTD U,

2 2 2 2
= () ) @) @) 0

[TorpentHocthio BenuuvH [, [; 1 g MokeM npeHeOpeb, MOTYIUM:

H
Aa,\* Aa, 013 —

£, = (—2) = —=—"=0094=94% (14),
(az) (az) 1’395

Aty = (i) - &,, = 0,180,094 = 0,02 (15),
1, = 0,18 £ 0,02.

Taxke oTMeTHM, YTO aOCOJIFOTHASI TOTPEITHOCTh CBOOOTHOTO CIAaraeéMoro MpeBbIaeT
€ro cpe/iHee 3HayeHue. DTO 3HAYUT, YTO HAYAJIO KOOPAMHAT MO BEPTUKAIBHOU OCH
nomaaaeT B WHTEpPBad aOCOJIOTHOW TMOTPEIIHOCTH CBOOOJHOTO ClIaraeMoro. JTO
HOJATBEPXKIAET MNPSIMO MPONOPIHMOHAIBHYI 3aBucuMocTh F(m). CremoBaTenbHO,
BTOPBIM CJIaraéMbIM B ypaBHEHUH (2) MOKHO IIpeHeOpedh U 3amucaTh ero B BU/IE:

l
F=“‘gllm (16).

OTO 3HAYUT, YTO B JAHHOM CJIy4a€ TOXKE€ MOKHO CYUTaTh, YTO CHWJIA TPEHUS,
JNEUCTBYIOIIAS HA JINHEHMKY MPUJI0KEHA 1101 TPY3aMHU.

Yacmo 3

3.1 ITpaBuI0 MOMEHTOB CHJI 3AITUIIIETCS CISAYIOIINM 00pa3oMm:
Fx =umg(l—x)+M (17).

ITocne mpeoOpa3oBaHUi MOTYUHM:

1
F = (umgl + M) i umg (18).

14
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2024/2025 yuebHblit roj
32 1=39+1)cm, m = (1,00+0,01)xr.
Taoauna 3. 1
3aBucumocts F(X) I'pa¢uk 3. 3aBucumocts F (;)
x,m | 1Ux I/m |(FMH
0,35 29| 0,35 | 10.00 J
0,32 31| 0,60 EH F=0,94/x-2,3 (H) e
0,29 34| 085! ¢4 /
0,26 38| 1,20 /
0,23 43| 1,70 /
0,20 50| 230| .00
0,17 59| 370 o
0,14 71| 4,80 /
0,11 91| 6,30 400 o7
0,08 13| 9,20 /
cpen 572 | 3,10
JHCTT 8,54 | 7,58 2.00 e
KOBap 8,02 /
N as b 0.00 xt
10 0,94 2,3 00 20 40 60 80 100 120 140
A az A b3
0,05| 04

[Toctpous rpaduk 3aBucumoctu F(X) BuaMM, 4TO JaHHAs 3aBUCHMOCTH JIMHCHHAS.
Ucnons3ys MHK onpenenum yrinoBoi K03 (pUUIUEHT HAKJIOHA YCPEIHSIOMIEH MPAMON
1 cBOOO/IHOE CcllaraeMoe JaHHOW 3aBUCHUMOCTH, BBIYUCIUM a0COIOTHBIC MTOTPEITHOCTH
JAHHBIX BEJIUYUH (Tab. 2).
VYrnoBoit k03hPUITUEHT HAKJIIOHA YCPETHSIOIIEH TpsIMOi

a; = (0,94 + 0,05)H - m.
CBobOoHOE ciaraemoe

b; = (—2,3+ 0,4)H.

3.3 B nanHoMm citydae ko3 pUIMEHT TpeHHs] HAXOAUM Yepe3 CBOOOHOE ciaraemoe bs.

usmg = |bz| (19),

bl 23H
(m)g) 1,001(1“-9,81(%

OTtHocuTeNnbHAS IMOTPCIIHOCTD Ug

2 2 2
e, = (<Ab_l:3>) +(<%m)) +(%) 1),

OkcnepuMeHTaNbHBIHA Typ. 10 Ki1ace. YcnoBus u penieHus 3a1a4. biiank 1u1st xKopu.

OTKyJia

(13) =0,23 (20).
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[TorpemHoCThIO BEIUUUHBI g MOKEM MPEHEOPEUb, MOTYUUM:
_ (Ab3)2 s (Am>2 _ <0,4H)2 s (0,01Kr>2 017 = 17% (22)
fus = \(pyy) T\my) T J\23H 1,00er) — 0T A0 e

A = (us) - &,, = 0,23-0,17 = 0,04 (23),
iz = 0,23 + 0,04

OTmeTuM, 4TO aOCOIOTHAS MOTPEIIHOCTh CBOOOIHOTO CJIAraéMOr0 HE MPEBBIIIAET €To
cpenHee 3HayeHHe. DTO 3HAUMT, YTO HAYaJl0 KOOPAHMHAT MO BEPTHUKAIBHONW OCH HE
MOMaaeT B HHTEPBaJ aOCOJIOTHOM MOTPEIIHOCTH CBOOOJHOTO CIAraeéMoro. JTo

o 1
IMMOATBECPKAACT JIMHCHUHYIO 3aBHUCHUMOCTD F (;), a CJICOOBATCIbHO M CIPAaBCIJIIMBOCTDb

ypaBHeHust (18). B gaHHOM ciydae SKCHEPUMEHT IOJTBEPKIAET TEOPETUUYECKYIO
MOJEJb.

3.4
1, = 0,28 4 0,02
u, = 0,18 + 0,02
s = 0,23 + 0,04

AHanu3upysl pe3ynbTaTbl BUAWM, YTO CpPEJHUE 3HAYEHHS [y, [ U U3 HE
NOMagaloT B OO0JIACTH TEPEKPBhITHS HHTEPBAJIOB MX AOCOIIOTHBIX MOTPEIIHOCTEH,
3HAYUT 3TU BEJIMYMHBI pa3iauyHbl. OTIMYME B 3HAYCHUSX U1, MUy U U3 TIOTPEIIHOCTHIO
U3MepeHuil OOBSCHUTH Henb3sl. ONHON U3 MPUYMH MOXKET OBITh TO, YTO B Pa3HBIX
00JacTAX MOBEPXHOCTH JTUHEHKN KOIPPHUIIMEHT TPEHUS UMEET pa3Hble 3HAUCHHUS.
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