3aKIIIOYUTEBHBIN 3Tal pecryOIMKaHCKON OJIMMITHAIbI 110 yueOHOMY npeamery «Dusukay
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Pecny0iukanckast pusnyeckasi 0JJUMIIMA/A
2024 rona

(3akar0unTEeILHBIN 3TAI)

DKCIIEPUMEHTAIIBHBIN TYP

Pewenusa 3aoau

YBaxxaemble WICHBI XKtopHu!

3amauv, TPENJIOKECHHBIE IIKOJIbHUKAM
JUIS PEIIEHUS] HA OJMMIIMAJE, HE CTaHIAPTHHIC
Y JI0CTaTOYHO CJ0HbIE. [Ipeaioxkennsie 30eCh
BAPUAHTHl IyTE€W pEIIEHUA HE SABISIOTCA
€OIUHCTBEHHO  BO3MOXXHBIMH. YuacTHUKH
OJIMMITUA]TBI MOTYT TIPEJIOKUTh CBOU CIIOCOOBI
pemiernsi. Ecam oTu  cmocoObl MPUBOIAT K

MPaBUIILHBIM OTBETaM u busnuecku
00OCHOBaHBI, TO 3ajaua (WK €€ OTIEeIbHBIC
ITYHKTHI) TIOJIKHBI OIICHUBATHCS

MaKCHUMaJbHBIMH OajlIaMH.

He 3a0mpBaiite, uto BBl  JODKHEI
OIICHMBATh HE TOJIHLKO KOHCUHBLIC OTBETHI, HO H
OT/EJIbHBIC TPaBWIbHBIE IIard B XOJIE
peenus!

9 Knacc
(012 Kcropu)

He jcaneiime 6annog (eciu, koneuno, ecms 3a umo!) 011 Hawux
3ameuamesibHbIX WKOJIbHUKO0B!

DKCIepUMEHTATLHBIN TYD.
9 knmacc. Pemenus 3a1a4. biank st )KiOpH.



3aKIIIOYUTEBHBIN 3Tal pecryOIMKaHCKON OJIMMITHAIbI 110 yueOHOMY npeamery «Dusukay
2023-2024 yuebHbIii ro1

3ananmue 1. 3ona 3acTos. (Pemenue)
Yacrs 1. Uncro TeopeTrnyeckas

1.1 Tak kak yaJMHEHHS IPY/KKH, KOT/Ia MIai0a HaXOJUTCS B MOJOKEHUH PaBHOBECHS, paBHbI Al
u Al,. Torna nu cmemeHny MaiObl HA BETMYMHY X YIUIMHEHUS NPYKUH CTaHYT PaBHBIMU

AL, = Al + X = —
. 1) F ; F.
AL, = Al, —x O == > 1 : o :.---wwvm@2
5 : k
1 | 2

Cre10BaTenbHO, CyMMapHasi POEKIINS CHJIbI —
ynpyroctu OyeT paBHa 0o X X

F, =F, - F =k,(Al, —x)—k,(Al, + x)= )

= (k,Al, —k,Al) - (k, + k, )x
IlepBoe caraemMoe B 3TOM BBIPaKEHUH PABHO HYJIIO, KaK yCIOBHME paBHOBecHs mpu X =0.
[T05TOMY OKOHYATEIHHO MOIYYaEM, YTO

Fx = _(kz + k1 )X . (3)

4TO COBHAAAET ¢ (OPMYIIOH, IPUBEIEHHOM B YCIOBHUH.

1.2 U3 dpopmyisl (3) ciiemyer, 9To )KECTKOCTh YCTAaHOBKU paBHA

k =k, +k,. 4)

1.3 3amuiem BBIPAXXCHHUC IJIs1 NU3MCHCHUA MOTECHIMAILHON OHCPIUur JABYX IIPYKUH U npeo6pa3yeM
€ro:

_ kl(AIl + X)2 _ kl(AIl)z + kz (Alz — X)2 - kl(All)z _

AU =
2 2 2 2
2 2
KAl x4 X —@N2m+k§ - . )
2
=&¢h—@Abk+ﬂi%?kL

[TepBoe crmaraemoe paBHO ONATH oOOpamiaercss B HyJdb (YCJIOBHE paBHOBecus!), MO3TOMY
OKOHYATENIBHO M0JIy4aeM

2 2
AU = (k, +2kz)x _ k; | ©)

4To 1 TpC6OBaJ'IOCB J0Ka3aThb.

1.4 Ha rpanumax 30HbI 3acTosi (mpu X =+h) MakcMManbHO BO3MOXHAs CUJIa TPCHUS IOKOSI
YpaBHOBEUIMBAET CUJTY YIPYTOCTH, TO3TOMY

pmg =kh, (7)

OTKYyJa CJICAYET, UTO MOJYIHIMPHUHA 30HBI 3aCTOA paBHA

DKCIepUMEHTATLHBIN TYD. 2
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h=#"

(8)

1.5 OueBugHo, 4TO QYHKIUS X (XS) SIBJIIETCS HEYETHOW: MPH M3MEHEHHHM 3HaKa HayalbHOMN

KOOPANHATH U3MEHSETCS 3HAK KOOPJMHATHI TOYKH OCTAHOBKH. [103TOMY 10CTaTOYHO paccMOTpeTh
ciyuaii X, > 0. Ecli HauanbHas KOOPIAMHATA X, JIEKHT B 30HE 3aCTOA Xg € [~ N, + h], To maii6a ne

CIABHUHETCA C MECTA, IIOOTOMY B 9TOH 00JIacTH
Xe = Xg

Paccmotpum cityuait, korga Xg > h .

3anuiueM ypaBHEHHUS 3aKOHA COXPAHEHUS SHEPTUU MEXY
Ha4aJIbHbIM M  KOHEYHBIM  IIOJIOKEHUEM
(U3MEHEHNE NOTEHLUUANbHON 3HEPTUU INPYKUHBI PaBHO

paboTe CUJIbI TPEHUS):

kx  kxZ
— — — = = ymg(Xx, — X ).
5 5 H g( 0 s)
U3 sTOrO YypaBHEHUS CIENYET, YTO
F=2$—x5:2h—x5. (11)
T.e. OTKJIOHEHHE oT HOJOKEHUA

PaBHOBECHSI yMEHBIIACTCS HAa MIMPUHY
30HBI 3actosd 2h. DTO COOTHOIIEHUE
MOXXHO 3aIIiucaTtb B BUJIC

X —h=h-—x; . (12)
910 BBIPpAXXCHHUEC IIOKA3bIBACT, YTO TOYKa
OCTaHOBKH 3CPKAJIBHO OTpaxxact
Ha4YaJIbHYIO TOYKY OTHOCHUTCIIBHO

rpaHuipl 30HBI 3actos. [loaromy mpu
MOCTPOCHUU TpaduKka MOXKHO MPOBECTU
TaKoE e OTpakeHue!

®opmyna (11) Oyaer cnpaBeninBa 10 Te€X IMOD,
IOKa KOOpJMHATa TOYKH OCTAHOBKM HE CTAaHET
MEHbIIIE JICBOM I'paHUIIbI 30HBI 3acTOsT X > —h,

WJIM YTO PaBHOCHIBHO X < 3h.

Ecin HauanpHas KoopauHaATa IPEBBICUT 3TO
3Ha4YeHHe X¢ < 3h, To maiiba B mporecce IBIKEHHS NMPOCKOYUT 30HY 3aCTOS M OCTAHOBUTCS B

~h

9)
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IO ' !
(10)
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HadalnbHaA KoopdauHaTta
—0 x
X, : X
1 X 0

h

HEKOTOpOW TOUKe ¢ KoopauHaroil X;. Ilocie aToro oHa HauHeT NBHUYKEHHE B MPOTHBOIIOIONKHOM

HaIlTpaBJICHUU. He MOBTOPAA INPOBCACHHBIX paccyxcz[eHHﬁ, 3aMCTUM, YTO KOOpAHUHATa CJ'IC,I[YIOH_IGI\;I
OCTAHOBKHU 3CPKAJIBbHO OTPA3UTCA OTHOCHUTCIBHO JIEBOM I'paHUlbl 30HBI 3aCTOs. Hpouecc 6YI[€T

IPOJIOIKATBCS IO TeX IOop,
IOKa OdYepeaHas  TOYKa
OCTaHOBKM HE OKaXETCS B
30HE 3aCTOsl.

2

Takum obpa3zom,
TEOPETHYECKUI rpaduk
3aBHCUMOCTH  KOOPAMHATHI

KoopAnHaTta OCTaHOBKU

TOYKHU OKOHYATEJIHLHOU 3 7

-1 0 1 2 3 4 5 6 7 8

Ha4vanbHas KoopaunHaTa

DKCIepUMEHTATLHBIN TYD.
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OCTAaHOBKM Iai0bl OT €€ Ha4daJlbHOW KOOPAWHATHI TPEICTABISICT COOOW JIOMaHYIO JIMHUIO,

X
IOKAa3aHHYIO Ha pPUCYHKE. Ha Fpa(bI/IKaX 10 OCSAM OTJIOXKCHBI 3HAYCHUA H .

Yacrs 2. JKCniepuMeHTAIbHASA - NOATOTOBUTEIbHAS.

2.1 Macca maiiba paBHa m = (10,0 + 0,1)2 .

M3MepeHus mapaMerpoB YCTAHOBKH MOXKHO HPOBOAMTH PA3UYHBIMH CHOCOOaMH, HO BO

BCEX OKCIEPUMEHTAaX HEMOCPEICTBEHHO HM3MEPSIOTCS KOOPAMHATHI IeHTpa maiiosl. I[ToaTomy
pHOOPHAs MOrPEIIHOCTh ATUX U3MEPEHUI MOKET OBITh IPUHATA PABHOM LICHE JACIICHUS JINHEHKN

AX, =1um. (13)

p
Hanuune ciydaitHol omiOKHM MOXKET YBETUYUTH MOJIHYIO MTOTPELIIHOCTD
IIpennaraercs cieqyromas nocaea0BaTeIbHOCTb IPOBEACHHUS U3MEPEHU.
Pacnionaraem npu0op TrOpH3OHTAIbHO M, cMellas a0y 1o JMHEHKe HaXOJUM TI'PaHHULbI 30HBI
3acTosl (T.e. MpeneNnbHble IOJO0XKEHUs IIai0Obl, KOorja OHa MOXET HAaXOJUTCS B IOJOXEHUU
paBHOBECHS):
X, = (144 +1)um
X, = (164 +1)um
Touka NOJNIOKEHNsSI PaBHOBECUSI HAaXOIUTCS HAa CEPEIMHE 30HBI 3aCTOs, IIO3TOMY €€ KOOpAMHATa
paBHa

. (14)

X, = 225 %2 _ (149 + )auns. (15)
ITonymmuprHa 30HbI 3aCTOsI paBHA
h =% _ (15+ L)wun. (16)

Pacromaraem mpuOOp BEPTUKAIBHO, HU3MEpSieM CMEHICHHE IIai0bl  OTHOCHUTEIBHO
MOJIOXKCHHST paBHOBecHs AX = (225—149)MM = (76i2)MM. 3arem mo Qopmyiie, Cleayromen u3
YCJIOBHS PAaBHOBECHS MIAOBI, pacCUNThIBAEM KO(DGHUIIMEHT )KECTKOCTH

mg H
k=—==(1,3+0,2)—. 17
L =(18+02)— (17)

Ipumeuanue. MoocHo nonvlmamscs usmMepums CMeujeHus waubvl npu 08yx 8epMUKAIbHbIX
nonoxcenusix. Ilo smum uzmepenusm Haumu KOOpOUHaAmy mMoOuYKU paeHosecusi (no @opmyne
ananocuunou (15)), a s3amem paccuumamv rod3ppuyuenm oxncecmkocmu. OQOHAKO 8 MAKOM
IKCHEepUMEHMmMe BO3MOJICHO, UMO KOPOMKASL NPYHCUHA NOJHOCHbIO CONCMEMCs, Ymo coeidaem
8MOpoe usMepeHue HeBO3MONCHBIM.

Koadduument TpeHHs MOXHO paccUMTaTh, 3HAs TPaHUIBI 30HBI 3aCTOS U HaWJEHHOE
3HAYECHUE )KECTKOCTH YCTAaHOBKH

U= kX, =X,) _ 0,20+ 0,08. (18)
2mg

Ipumeuanue. /Jonycmumo npogedenue 3KCRePUMEHMO8 ¢ HAKIOHHBIM NOJIONCEHUEM
npubopa.

DKCIepUMEHTATLHBIN TYD. 4
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Yacrs 3. JkcnnepuMeHTAIbHAS — 30HA 3aCTOS.

3.1 Pe3ynpTaThl U3MEPEHUH 3aBUCUMOCTH KOOPAMHATHI TOYKH OKOHYATEILHOM OCTAHOBKU X

3aKIIIOYUTEBHBIN 3Tal pecryOIMKaHCKON OJIMMITHAIbI 110 yueOHOMY npeamery «Dusukay
2023-2024 yuebHbIii ro1

HA4yaJIbHOM KOOpJIMHATBI X, INpuBeacHbl B Tabmuie 1.

Tabauna 1. PesyabTaTsl H3MepeHni

KOOpAMHATHI TOYEK (MM)

Xs X, X, X Xs Xg S, MM AU
139 139 139 139 -10 -10 0 0
129 136 136 136 -20 -13 7 0,23
119 141 141 141 -30 -8 22 0,84
109 149 149 149 -40 0 40 1,60
99 160 160 160 -50 11 61 2,38
89 166 162 162 -60 13 81 3,43
79 180 157 157 -70 8 124 4,84
69 188 153 153 -80 4 154 6,38
59 195 147 147 -90 -2 184 8,10
49 205 137 137 -100 -12 224 9,86
39 213 132 132 -110 -17 255 11,81
169 163 163 163 20 14 6 0,20
179 158 158 158 30 9 21 0,82
189 151 151 151 40 2 38 1,60
199 144 144 144 50 5 55 2,48
209 135 135 135 60 -14 74 3,40
219 123 138 138 70 11 111 478
229 116 144 144 80 5 141 6,38
239 110 153 153 90 4 172 8,08
249 100 156 156 100 7 205 9,95
259 90 164 164 110 15 243 11,88
269 86 176 163 120 14 286 14,20
279 77 180 169 130 20 316 16,50
289 65 190 156 140 7 383 19,55
299 57 200 148 150 1 437 22,50
309 48 210 142 160 7 491 25,55
319 39 218 134 170 -15 543 28,68

B Tabnuue npuBeneHs:

XS - Ha4YaJIbHasA KOOpAHuHAaTa MIAaKOBI 10 IIIKaJIe HHHCﬁKH;

X;, X, - KOOpAMHATHI IPOMEKYTOUHBIX OCTAHOBOK (E€CJIM OHH €CTh) 110 LIKaJIe JTHHEHKH;

Xg - KOOpIMHATa OKOHYATEIbHON OCTAHOBKH I10 IIKAJIE THHEHKHY;

XS’ XF - KOOpJAWHAaThbI HavaJIbHOM ¥ KOHEYHOM TOYEK OTHOCHUTEIHLHO ITOJI0KECHHUS paBHOBECHUA XO .

(19)

DKCIepUMEHTATLHBIN TYD.
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3.2 I'paduk mMOIy4eHHOH 3aBHCUMOCTH C HAa0OPOM aNMpPOKCUMHUPYIOIIUX OTPE3KOB MPSIMBIX
IIOKa3aH Ha PUCYHKE.
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3.3 KagectBeHHO rpaduk TOX0X Ha TpadUK TEOPETHUECKOW 3aBUCHMOCTH — YETKO BHIHA
«3Ur3aroo0pasHash) JTUHUSL.

CaMbIM CYyIIECTBEHHBIM OTCTYIUIEHHEM OT TEOPETUYECKOW 3aBUCHMOCTH SIBJISIIOTCS CYIIECTBEHHbIE
OTKJIOHEHUS «TOYEK U3JIOMOBY». TeopeTH4ecKy OHU AOJKHBI OTCTOSATh HA IMIMPHHY 30HBI 3aCTO4, T.€.
15 mm. Ha skcniepuMeHTalIbHOM rpauKe pacCTOSHUS MEXAY 3TUMHU TOYKAaMH 3HAYMMO OOJblle
(mpeBbimaroT 20 MM, MakcuMasbHoe — gaxe 60 mm). TeopeTuuecku 3TO pacCTOSIHUE PABHO LIUPUHE
30HbI 3acTOsl. OIHAKO AKCIEPUMEHT HE MOATBEPHKAAET ITOT BHIBO.

[To-BuaMMOMY, OCHOBHOM NPUYMHOM TaKMX Pa3IUYUil ABISETCA pa3iuyue Mexay Ko3dduuueHtrom
TPEHUsI TOKOSI (MMEHHO OH M3MEPSUICS B ONHCAHHBIX BBIIIE HKCIEPUMEHTaX) U KOA(PPHUIMEHTOM
TPEHUSl CKOJBbKEHHs, KOTOPBIM oIpenenseT MyTh MIalObl MeXAy IBYMs IOCIIEJOBAaTEIbHBIMU
octaHOBKaMU. OOBIYHO KO3(DPHUIIMEHT TPEHUS CKOJIbKEHUSI MEHbIIIE KO3 PUIIEeHTa TPEHUSI TOKOS,
4TO U OOBSICHSAET MOTy4YEHHBIE TaHHbBIC.

3.4 MakcuManbHOE yCKOpEeHHe Miaiiba MMeeT NpU MaKCUMaJbHOM CMEIIEHUH OT IOJIOKEHUS
paBHOBecHsl. B mpoBeneHHBIX AKCIIEPUMEHTAX 3TO OTKIOHEHHE paBHO X, . =170mm, modtomy Ha

OCHOBAaHHHU BTOPOT'O 3aKOHA HrroTona MOXHO pacCcuUuTaTh:

e = 20 _ gy 2022 (20)
m c

4TO B JIBa pa3a NpeBbIIIACT YCKOPECHUC CBO6OI[HOI"O naacHus.

3.5 [lyTs, npoiiieHHbIH M1aii00i 10 MOIHON OCTaHOBKH, MOKHO PacCUUTaTh 10 Gopmylie

S= Z|Xi - Xi—1| : (21)

rae X; - KOOpPAMHATHI TMOCJEI0BaTeNIbHbIX OCTAaHOBOK INAiObl. Pe3ynbTaThl TakMX pacyeToB
npuBesieHsl B Tabmuie 1.

3.6 M3MeHeHMe NOTEHIMAIbHOM SHEPTHH IPYKUH CIIEAYET PacCUUTHIBATh MO (hopMyIe

AU :g(xg —x,'i), (22)

DKCIepUMEHTAIBHBIN TYP. 6
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B kadecTBe m3aMeHEHUS OHEPIUH B OTHOCHUTCIBHBIX CAWMHUIAX, MOXXHO B3ATH PAa3HOCTH KBaApPaTOB

HAYaJLHOTO U KOHEYHOTO OTKJIOHEHHH. B Tabiuile mpuBeieHbl pe3yabTaThl PACYETOB BETUYHH
2 2
~ Xg—X
u=-—S_"F (23)
1000

Mp1 paznenunu Ha 1000, 4ToOBI OIEPHPOBATH C MEHBIIIMMHU YHCIIAMHU.
I'paduk 3aBucumoct AU OT IpoiIeHHOTO MyTH S TMOKa3aH Ha PUCYHKE.
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3.7 U3 3aKkoHa COXpaHEHUs DHEPTUH CIIEIYET, YTO

K (.2 2 2 2 umg

E(XS—XF):/ngS = (XS—XF)ZZTS. (24)
W3 moctpoeHHoro rpaduka Mo>kKHO Haiith kodddunment HaxmoHa rpaduka a =0,053. IIpocroit
mepecueTr K OJHMM €AMHHIAM HM3MEPeHHsl JaeT Cleaylollee 3HadeHue Kod(duimeHTa

MPOMOPLUOHATEHOCTH B QyHKIUU (24)
2 % — 53un. (25)

DTa BeIMYHHA IMMOKAa3bIBACT, Ha CKOJIBKO YMCHBLIIACTCA OTKJIIOHCHUC OT IMOJIOKCHUS PABHOBCCHUA
MCKAY ABYMS TOCIICAOBATCIIbHBIMHA OCTAHOBKaMU [1af0OBI.

OKCHEpUMEHTAIIBHBIN TYDP. 7
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