OJIMMIINAJA HIKOJBbHUKOB «IIOKOPU BOPOBLEBBI I'OPbI» 10 ®U3UKE.
2014/15 yueonnriii ron, 3SAJAHUE 3AOUYHOI'O TYPA. 7, 8 u 9 kaacchl.
Yacts |I. BO3SMOYKHBIE PEHIEHUSA U OTBETHI.

1. («Terpaanbie usmMepeHus») BozpbMutTe TUCT U3 CTAaHIAPTHOM TETPaIu «B KIETOUKY». Kak,
HE MOJIb3YSCh HUYEM, KPOME HOKHHUII, IBYX J€PEBSHHBIX IIJIAHOK U CAMOT0 JIMCTA, U3MEPUTh €TI0
toauuHy? OnumuTe METOAMKY HM3MEPEHUH, BBINOJHUTE HMX ISl uUMeromerocss y Bac
noaxosiiero jgucrta. Kakoe 3Hadenuwe toiuuubl Bel momyunnu? KakoBa TouHocTh Bariero
pe3ynbTaTa (mocTapaiTech CAelaTh TakK, YTOObI OHA ObLIA IOCTATOYHO XOPOIICH W MCIOJIB3YyHTe
JUTSI 9TOTO BCE pa3peiieHHoe 000pyaoBaHue)?
Pemenne:

HoxHunamMmu MOKHO BbIp€3aTh U3 JIUCTA «IIOJOCKHW» IIUPUHOM B OAHY-ABE-TPU KIIETKU. Ecim
CKJIaJIbIBaTh TOJIOCKH MO «TapMOILIKOW», a 3aTeéM C MOMOIIBI0 IJIAHOK IJIOTHO MPUKUMATh
«TapMOIIKK» JAPYT K APYTY, TO PACCTOSHHUE MEXAY TUTAaHKaMU OYJIET COOTBETCTBOBATH TOJIIIMHE
00JBIIOro YKcaa JUCTOB Oymaru. MOXHO JAOOUTHCS TOTO, YTOOBI 3TO PACCTOSHUE OKAa3aJioCh
PaBHO CTOPOHE OJJHOM KJIETKH JIMCTA, KOTOPBIM HUCIIONB3YETCS €1Ie U KaK JIMHEHKa — JUIMHA 3TOU
CTOPOHBI TMPUMEPHO 5 MM. VICTOYHUKH OMIMOKM — OTJIMYME JUIMHBI CTOPOHBI OT 5 MM
(omyckaeTcs OLIEHKa YYaCTHMKOM BO3MOXKHOTO pasz0Opoca 06e3 creunuaibHOro OCHOBaHUS) H
pa3bpoc konuuecTBa ciioeB Oymarm B 5 MM. Jlydiie BCero mMOCTaBUTh 3KCIHEPUMEHT C
«TIpWKaTheM» XOTs Obl Tpu — mATh pa3. «PeamucTuyHbie) 3HAYCHHUS: CTOPOHA KIIETKH
a=(5%0,2) MM, KOJTHYECTBO «CJIOEB» B 5 MM BapbHpyeTcs Ha 4-8 OT U3MEpPEHHsI K U3MEPECHHUIO

(mpu JOCTaTOYHO Kaue€CTBEHHOM MpHkaThH). KOHKpEeTHOE KOJIMYECTBO CIIOEB 3aBUCUT OT COpTa
Oymarm — B M3y4YeHHBIX oOpasuax oHo konebamocb ot 80 mo 100. Hampumep: ecnu

a=(5x01)mm, a N =(94+3), To Tommuuua aucra d = % ~ 0,0532 mm. OmmbKy U3MepeHus

3

01
MO>XHO OIIEHUTh, 0OpaTUB BHUMAHUE, UYTO 5 =0,02 u " 0,03, Tak 9TO cCymMmapHas OmMoOKa
He npebiiraetr 5%: d = (0,053 +£0,003) mm. Ha camoMm jerne, ¢ y4eTOM 3aKOHOB CTATHCTHKH,
Ad
CTaH/JapTHOE OTKJIOHEHHUE il 0,036, u peanbHO TOYHOCTh JaXX€ HECKOJIBKO BBIIIE:

d = (0,053 £ 0,002) MM, HO Ha ypOBHE TPeOOBaHHI1 MIKOJILHON MPOrpaMMbl 00a MOAX0/1a CIACYET

CUHTATh MPABUILHBIMH.
OTBET: d = (0,053 = 0,002) mm.

KPUTEPUU OLUEHNBAHUA:

Hcnons3oBaHue uaeu HU3MCPCHUS TOJIIHUHBI MHOTHUX CJIOCB

Hcrnonbs30BaHue IIIAHOK ISl IPUYKATHUSA CIIOEB IPYT K IPYTy

Hcronp30Banne KISTOK JINCTA AJI1 U3MCPEHUA PACCTOAHUA

HpOBC,Z[CHI/IC HCCKOJBKHX I/ISMCpCHI/Iﬁ quciia CJI0CB

AINIDNIDNIDN

ITosryuenue pasymHoro orsera (auanasos ot 0,040 mo 0,065 Mmm) C «BBIXOAOM» JO

0,02 MM — 2 6as1a

Pazymnas onenka norpemrHoctu (quamnaszon ot 0,001 go 0,005 mm) 3 |Ilpu omubke 10
0,01 MM — 1 021
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2. («I'oHKHM 1O HakKJIOHHOIY) J/[Ba yuenuka 7 knacca — I[letp m Bacwimmii — mogHuManuce,
CTOSL Ha J3CKajaTtope, JBHUTaBIIEMCS CO CKOpPOCThi0 U. JloexaB 10 cepenuHBbI MOabeMa, OHH,
CTOBOPHBIIKCH 3apaHee, OJHOBPEMEHHO IepeOpociin CBOM MOpTHENH Ha MapauieIbHbIN
ACKaJIaTOP, KOTOPBINA JBUTAJICS BHHU3 C TAKOU e CKOpOCThI0. Cpa3zy mocie 3TOro OHM 1moodexanu
3a CBOMMH TOPTEIsIMA pa3HbIMU myTsMU. [leTp moOexkaln 1mo cBoeMy 3CKalIaTtopy BBEpX, T
OBICTPO MEPECKOYMII Ha CITYCKAIOMIMKCS 3CKaIaTop M MoOexan Mo HeMmy BClea 3a MOPTQesaMH.
Bacunuii mo6exan mo cBoeMy 3cKallaTopy BHH3, TJI€ TAK)Ke OBICTPO MEPECKOUNI HA BCTPEUHBIN
ACKAJIATOp U TOOEkKal 1o Hemy HaBcTpedy moprdensm. Ob0a Oexanu ¢ MaKCHMAaJIbHBIMH IS
ce0s1 CKOPOCTSIMH, KOTOPBIC TSI 00OUX MAJIbYMKOB OJJTHAKOBBI: TI0 HETIOJBMKHOMY 3CKaJIaTOPy
BBEPX OHU MOTYT OexaTb cO CKOpoCTblO V,, a BHU3 — co ckopocTeio V,. Ilpu kaxom

cootHoureHun mexay U, V, u V, Ilerp u Bacunuii oqHoBpeMeHHO n00eryT 10 mnoptdenet,

MpUYEM MX BCTpeUa MPOU30MAET Ha cycKaromeMcs sckanarope? [lepednciuts Bce BO3MOKHBIE

BapUaHTHI (MPUHSB BO BHUMAHHUE, YTO IO YCIOBHIO 33/1a4d BCE CKOPOCTH OTJIMYHBI OT HYJIsA!).
Pemenue:

Boruucnum Bpemst «moronn» mis Ilerpa. OHO cOCTOMT M3 BpPEeMEHH MOJIbeMa IO CBOEMY

L
sckanatopy t, = ——— (3aecb L — anmunHa sckanatopa, a U — CKOPOCTb €ro IBMXKEHHS) U

20V, +U)
BPEMEHH cITycKa t, M0 BCTpeYHOMY 3CKayaTopy A0 moptdeneil. [lockonbky 3a Bpems noabema

uL
[Terpa moptdenn ymammimmchk OT Bepxa dcKanaTopa Ha paccrosHue S=Ut, = ———, a [lerp

2(V, +u)

1(L L(V, +2u
JOorousieT moprdenu co ckopoctero V,, T0 t, =—|—+S —M

= . Ilonmnoe Bpems
VL2 2V, (Vl +U)

LV, +V, +2u)

noroun t, =t +t, =

. AHaJIOTMYHO MO’KHO BBIYHCIUTH U BpEMs IIOTOHH IJIid

2V, (Vy +u)
Bacwmus: t] = ;, s'=ut] = L, t, = i L—s’ = M CrnenoBartennHO,
2(\/2 _U) 2(\/2 —U) V1 2 2\/1(\/2 —U)
LV, +V, —2u)

ty =t +t, = MaJibYiKH OJHOBPEMEHHO J00eryT 10 mopTdenei, eciu

2\/1 (Vz - LI)
V,+V,+2u) (V,+V,-2u)
t, =t = =
VZ(\/l +U) Vl(\/2 —U)
u(v, -V, -V, - 2u) =0.
Ilo YCJIOBHUIO u# O , IO3TOMY BO3MOXXHBIC COOTHOMICHUA MCKIY CKOPOCTAMU, O6€CH€‘II/IB&IOH_[I/IC

. 9TO COOTHOIIICHUE IMPUBOAUTCA K BUY:

OJHOBPEMEHHOCTH BcTpeur — 310 V, =V, u V, =V, +2u. JInd Toro, 4To6b! BCTpeya MpOU301LIa
Ha 3CKajatope, HeoOXoauMmo, uToObl Bacuimumil mocturan HMXKHEH TOYKM CBOETO 3CKanaTopa
paHbIe, 4yeM mopTdenu AoeqyT M0 HWKHEH TOYKH cBoero, To ectb V, —U>Uu=V, >2u.

[Tockonbky mo ycnoButo V, >0, to npu V, =V, +2U 3T0 TpeOoBaHME BBHINOJHEHO, a IMPH

V, =V, OHO orpaHMYMBaET BO3MOXKHbIE 3HAUCHHSI CKOPOCTEH.
OTBET: gomxso 6bITh V, =V, > 2U mbo V, =V, +2u.

KPUTEPUU OLNEHUBAHMUS:

3anucaHbl IPaBUIIBLHBIE COOTHOIICHUS, OMIPEACIISIONINE BpeMs TTOTOHU (1S ‘ 2 ‘ Bcero 4




Ka)XI0T0 U3 MaJIbYMKOB)

3anucaHo MpaBUJIbHOE YPaBHEHUE JJIsl YCIIOBUS OJJHOBPEMEHHOCTH BCTPEUHU 2

ITomyuensl ycnosus Ha ckopoct V, =V, 'V, =V, +2u 3 | 3a KaxI0€
VYureHo ycnosue V, > 2u 3
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3. («TernoBoii moabeMHHK») TamanTiuBbii wHKeHep CaBenuii YMKHH CKOHCTPYHPOBAI

MOBEMHUK, TMPEACTABISBIINN COO0N BEPTUKAIBHYIO TIAAKYIO TEILIOM3OIUPYIOUIYI0 TPYOy,
TEPMETUYHO 3aKPBITYIO C HIDKHETO KOHIIA, BHYTPH KOTOPOM HAXOIUTCS IOJBYIKHBIM
TOPU30HTAJIbHBIA JIETKUMH mopuieHb. [loa mopmHeM HaxoauTcs BOAAa, a NOABEM IOPIIHS
MIPOUCXOIUT 3a cYeT ee ucrapeHus. OqHaXIbl 3MMON MH)KEHEP BKIIFOUWIJI HarpeBaTellb CBOCH
MAaIIWHBI, KOTJa IO/ MOPIIHEM OBLTH PaBHBIC KOJWUYECTBA BOJBI M JIbJa B paBHOBecHH. B
npouecce Harpea Boibl 10 t; =100°C oH HOCTENEHHO Harpy:ajn MOPLIEHb TaK, YTOObI OH

ocraBanicsi Ha Mecte. [locrme TOro, kak TemrepaTypa JOCTHIIA 3TOTO 3HAYCHHS, WHXXCHEP
nepecTan HarpyXarb IMOpPIIEHb, M TOT Toexayl BBepX. [lopmieHs AOCTUT KOHIA TPYOBI, Tie
yIapwics O CHEIUAIBbHBIC YIOPBl U COPOCHII IPy3 TOYHO K TOMY MOMEHTY, KOT/Ia BCSI BOJA
ucnapuiack. Onpenenute KIIJ] mogbeMHNKa B OMUCAHHOM ITHKJIE, TO €CTh OTHOIICHHE PabOTHI
mapa HaJ MOpPIIHEM B IMpolecce MOoAbeMa K KOJUYECTBY TeIlla, COOOLIEHHOMY BOJE OT
HarpeBatend. lcmonp3oBaTh cheayrouie JaHHBbIC: yIelbHas TEIUIOTa IUIABJICHUS JIbJa
A ~ 334 xJ[>x/Kr, ynenbHas TeMI0eMKOCTh kKuaKon Boabl C ~ 4200 Jx/(xr-K), ynenpHas Temnora
napooOpa3oBaHus Bobl I' ~ 2480 kJ[K/Kr, MIIOTHOCTH HACKIIIICHHOTO BOAstHOTO mapa rnpu 100°C
p ~ 0,59 kr/M°, JaBIICHHE HACHILEHHOTO BOISHOTO napa mpu 3toit remmneparype p ~101«klla.
Pemenue:

[Tockonpky B HauajdbHOM COCTOSIHUM HAaXOAWJINCh B PAaBHOBECHH BOJAA M Jiell, TO HadajabHas
Temneparypa Obl1a paBHa t, = 0°C. Korga temneparypa gocturia t; =100°C, yacts Boabl yxke

UCTIApHUIIaCh, U JIaBJICHHE Ha MOPIICHb CO3/IaBaJl HACHIIIEHHBIN BOSHOH 1ap, JaBlieHHE KOTOPOTO
npu 3Toil Temneparype paBHo P; =101kIla. D10 naBneHue O6bUIO HEMHOTO OOIblIE BHEMIHEH
Harpy3ku (Beca rpy3a W BHEIIHErO JaBJIEHUS), U MOPLIEHb (KaK CKa3aHO B YCJOBHHU) IMOeXall
BBepX. B mporecce mogbpema mopiiHs JaBieHue (a 3HAYHT, U TEMIIepaTypa) BIUIOTh 10 MOJHOTO
UCTIAPEHUS KUJKOCTH TOIJICPKUBAIIOCH HEM3MEHHBIM. Ecin mpenebpedb 00beMOM BOJIBI U JIb/Ia

[0 CpaBHEHUI0O ¢ o00beMOM o00pa3oBaBLIErocs mapa, TO BBICOTA TMOABEMA IOPIIHS
V

napa m
h~ 5 = S5 rae S— MmiIou@aab cedeHus TpyObl, a M — oOias Macca BOJBI MOJ MOPIITHEM.
0
m
CremoBatenpHO, paboTa Mapa HaJ TNOpIIHEM B mporecce moxbemMa A= p,S-h= Py .
P

KonuyecTBo Temia, cooOIEeHHOE BOJIE OT HAarpeBaTess, COCTOUT W3 TEIUIOTHI TIJIABJICHUS JIb/a

m
Q = Eﬂ,, TEIUIOTHI HarpeBaHus Boasl Q, =cm(t, —t,) u TemnoTsl ucnapenus Boasl Q, =mr.
A
[Tootomy Q=Q,+Q,+Q;=m 3 +c(t,—t,)+r|. Temepp wMmoxno onpenenuts KIIJ

A_ 2p, ~ 0,0558 ~ 5,6%.
Q plA+2c(t,—t,)+2r]

NNOABEMHHUKA: 77 =




2p,

OTBET: n = ~ 0,0558 ~ 5,6%.
plA+2c(t, —t,) +2r]
KPUTEPUU OLIEHUBAHMUSA:
Onpenenena HauanbHas Temieparypa t, = 0°C 2
OmnpeneneHo AaBieHUE mapa B MpoIecce MoabeMa OPIITHS 2
Omnpezenena BHICOTA MOIbEMa TTOPIITHS 2
Brruncnena paboTta nopiHs 4
[TpaBUIILHO TIEpEUHCIICHBI TPH COCTABIISIONINX KOJTUYECTBA TETUIOTHI 2 | 3a Kaxmoe
Brerunciien KITJ{ 4
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4. («mpyxuna npotuB Apxumena») Ha aue OacceitHa nexxut KyO ¢ JUIMHONM pebpa a u3s

Marepuala, INIOTHOCTh KOTOPOTO B ISITh Pa3 MEHbIIE IIOTHOCTH BOAbI. K IEeHTpy HWKHEH TpaHu
Ky0a TNPUKPEIJICH KOHEI[ HEBECOMOW NpPYKWHBI, [UIMHA KOTOPOHW B HeaehOpMUPOBAHHOM
cocrossHuu paBHa | =4a. BTopoli KOHel NpYKWHBI 3aKpeIUICH Ha JHE OacceifHa (KoJblia
NPY>XUHBI JJOCTATOYHO MSATKHUE, a TPOBOJIOKA, U3 KOTOPOW OHA U3rOTOBJIEHA, JOCTATOYHO TOHKAs,
TaK 4TO KyO, HECMOTPsI Ha MPYXHHY, JCKUT HA JHE MPAKTUYECKH POBHO, NIPUIIOHIUMASCH HaJl
JTHOM Ha pacCcTOsSHHE, MHOrO0 MeHbliee a). B OacceiitH Hamwiu Bomy a0 ypoBHs H
(otHOCUTENBbHO aHa OacceiiHa). Kakas wacte oObema kyOa OyneT HaXOJUThCS IMOJA BOJAOH B
COCTOSIHUM paBHOBecHsi? MI3BECTHO, UTO MPH MOJBEIIMBAHUYU KyOa Ha ATOU MPYXHHE K MOTOJIKY

a
(B BO311yX¢) yUTMHEHUE IPYKUHBI Al = 2

Pemenne:
BaxxHo mocnenoBaTenbHO MPOCIEIUTh, YTO OyAET MPOUCXOAUTH C KyOOM MpH MOBBIIICHUU
ypoBHs Boabl. [loHauany, mpu AOCTATOYHO HU3KOM ypOBHE, KyO OyneT JexaTh Ha AHe. B aTom
clydyae TIOJ BOJIOM OyJeT HaxXOQuUThCAd 4YacTh O0ObeMa,

4 V., a’H H
COOTBETCTBYIOIIasl TJyOHWHE CIJIOSI BOJBI: Vo a
a a

H OTtpeIB KyOa OT 1Ha OacceliHa MPOU3OMIET, KOT/Ia BeIMYHHA

CUJIbl ApXuUMea CpaBHIETCS C BEIMYMHOW JEHCTBYIOLIEH Ha

P>

ky6 cunel Txectn: F, = pa’Hg =mg = §a3g =H, = %_

a
Taxkum obpazom, npu H > s KyO OoTOpBeTCs OT JHA U OyJeT BCIIbIBaTh BMECTE C MOABEMOM

ypoBHS KUAKOCTH. [loka mpykuHa He HaTSHETCs, OyAeT MOJAIEp’KUBAThCS PAaBHOBECHE CHI
ApxuMena U TSDKECTH, U TIO3TOMY TlTyOrHa morpykeHus kyoa

X vV, 1
Oymer ocraBaThbcs HEW3MeHHOW, W — =—. [Ipyxuna
K- V. 5
B U W HaTSHETCs, KOIZJa BBICOTA YPOBHSI CPAaBHSETCS C CYMMOH

21
I | =4a w ryOuHbl morpyxkeHwus, To ectb npu H, ZEa.

[anee ycinoBue paBHOBECHUS CUJI IPUHUMAET BU:



F, = mg + kAl = pa’xg =§a3g+k(H —4a-x),

rae X— nyOuHa morpykeHus kKyo0a, a K — xod(hdUIUMEHT KECTKOCTH NPYKUHBI, yUIMHEHHUE

kotopoir Al =H —1—x=H —4a—x. [lockosibKy, COIrJacHO YCIIOBHIO, k% =mg = §a3g , TO
4
k= gpa g, ¥ IO3TOMY
- Vv
X=E+E(H _4a_x):> X:M:_n:ﬂ_g_
5 5 9 V. 9a 3
[To cmbIcoy 3TOH BENWYMHBI OHAa HE MOJXET OBITH OOJBIIE €AMHUIIBI, MOITOMY 3Ta (Gopmysa

4H 5
MIPUMEHNUMA TOJIBKO JI0 YPOBHS, IIPU KOTOPOM 92 3 =1= H, =6a. IIpu GonbiieM ypoBHe

BOJBI MpYKHWHA YXKE LEIUKOM YyaepkuBaeT KyO moa Boaod. OObeauHssl Bce pe3yibTarhl,
MOJTy4aeM OTBeET.

a 5
1 a 21a
OTBET:\£= g’ npug<Hg? |
Vi l4H 5 21a
——-—, npu—<H <6a
9a 3 5
1, npu H > 6a
KPUTEPUU OLIEHUBAHMUNSI:

Hcronb30BaHO yCIOBHE pPaBHOBECHsS CHJI B Cllydae HEHATAHYTON 1
IIPY>KUHBI

Hcrons30BaHO yCIIOBHE pPABHOBECUS CHJI B Clydae HATSIHYTON 1
IPYKUHBI

Mcnonb30BaHO ycJIOBHE PaBHOBECUS CUJI B Cllyyae MOJBEHIMBAaHUSA | 2
KyOa Ha Ipy>XKuHe

[Tomy4yeHue Kaxj0ro U3 OTBETOB 3 | Bcero 12
Haxoxnenue rpaHul] IpUMEHUMOCTH KaX10r0 U3 OTBETOB 1 Bcero 4
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MakcuMaiibHbIi 62/ 3a yacth |1: 70 6atos.




