MyHMUMNIAJBHBINA 3TAl BCEPOCCUIMCKOH OJTMMITMA/IBI IIKOJIBHUKOB 110 GU3MKe.
2024-25 y4e0nnlii roa. 8 kiaace. MakcumanbHbii 0as1 — 40.

3agaua Nel

KpecTpsiHuH n0BE3 Ha Tesiere ropox B coceqHee ceno Ha 6a3zap. K HecuacThlo, MEIIOK C TOPOXOM
OKa3ajcsl AbIPSIBBIM, M TOPOX Hayaj BbINAJATh Ha JOPOTY C MOCTOSIHHONW CKOPOCTBIO 3 TOPOIIMHBI B
CEKyHly (TOpOIIMHBI BBICBHINAIOTCSA MO OJAHOM). Waymuil cinenqoM MyTHHK 3aMeTWJ, YTO Ha JIOpore
pacchblllaH ropox, MPUYEM PacCTOSHUE MEKY COCETHUMH FOPOLIMHAMU PaBHO NPUOIN3UTEIBHO 45 cM.

Bomnpoc Nel. C xakoii CKOPOCTbIO IBUYKETCS TEJIEra ¢ TOpoXoM?

Korna kpectpsiHuH noexan 10 06azapa, To 0OHapyXuJl, YTo MO IyTH BbIckanoch 10 Kr ropoxa.

Bonpoc Ne2. KakoBo paccTosiHue OT POJHOM JIEpeBHU KpeCThsiHUHA 10 0a3apa, €Ciiu B OJTHOM
Kujiorpamme ropoxa B cpeHem 450 ropouin?

HenoOpocoBecTHBIN KpeCTbsIHUH MPOAA MEUIOK ropoxa ropoXKaHUHY, He COOOLIMB O TOM, YTO
MEUIOK JbIPSABBIA. [Opo’KaHUH MOJIOKUIJI MEIIOK Ha CBOIO TEJETy M OTIPABWIICS B FOPOA MO TOH ke
Jopore, o KOTOPOil B CeJ0 MpHexall KpeCThIHUH. [ 0poX MpHU 3TOM IPOI0JIXKaJl BBICHINATHCS U3 MEIIKa
C IIPEKHEN CKOPOCTHIO.

[TyTHUK, uaynui B Cello, MOBCTPEYAN TEJETY, EAyIIyI0 €EMY HAaBCTpPEUY, U3 KOTOPOU ChIMajics
rOpoX, U C YIUBJICHHEM OOHAPYXWJI, YTO JI0 BCTPEUYM C TEJETOW TOPOIIMHBI JIEKAIU Ha MPUMEPHO
PaBHBIX PACCTOSHUAX 45 cM Jpyr OT Jpyra, a 3a TEJIEroil pacCTOSHUS MEXIy TOPOIIMHAMHU CTalu
pa3HbIMH, a B HEKOTOPBIX MECTaX U BOBCE PSIOM JIEKAJO JIB€ rOpoIInHbL. [IyTHUK pemns 3apucoBarb
pacnojoXeHne ropoIlinH Ha JI0poTe, a Tak Kak 1o npodeccuu oH ObLI KapTorpadom, TO MO MPUBBIYKE
clienaj pUCyHOK B OIPEAEICHHOM MaciiTade, 0003HaYMB HA HEM HAIPaBJICHUS HA JAEPEBHIO U CEJIO U
MECTO, TI€ OH BCTPETHII TEJIETY.

Bonpoc Ne3. C noMoIIpi0 3TOr0 pUCYHKa OMPEETUTE CKOPOCTh BTOPOH TEJETH.
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Bo3moxHoOe pemieHue

Bomnpoc Nel.

[TockoJibKy ropox BhIIAJAET HA JOPOTY CO CKOPOCTHIO 3 TOPOIIMHBI B CEKYHIY, U PACCTOSHUE
MCXKAY ropomurmHaMu 45 CM, MOXXHO pacCuuTarb CKOPOCTb TCJICTH. Cuavaia HaI\/'II[eM PaCCTOsAHHC,
KOTOpOE TeJiera IMPOXOJUT 3a OJHY ceKyHay 3 - 45 cM = 135 cM, Torma ckopocTh TEIerH paBHA VU, =

135 cm — 1'35%

1c
Bonpoc Ne2.
Tak kak B OJHOM Kuiorpamme npumepHo 450 ropomuH, TO U3 MEIIKa 3a BpeMs JABUKCHUS

BbIchInanochk 450 - 10 = 4500 ropommH. Torga paccrosiHue MeXTy HAaceIeHHBIMU MYHKTAMU PaBHO
4500-45cm = 2025 m.

Bonpoc Ne3.

CKOpOCTh Teleru ropokaHuHa HE COBMANAET CO CKOPOCThIO TENErn KpecThsiHuHA. M3 prucyHka
BHUJIHO, YTO B MECTE, IJI€ MPOEIKAIU U KPECThIHUH U TOPOXKAHUH, PACCTOSHUE MEXIY TOPOIIMHAMHU
paBHo 1o 30, TO 15 cM, Tak ke U3BECTHO, UTO HEKOTOPbIE JeXaT rnapaMu. Takoe BO3MOXKHO, €CIU U3
TEJErn TopoKaHMHA TOPOLIMHBI BhIMaAalOT Kaxable 30 cM. B Takom ciaydae CKOpOCTb Telleru

45
ropo’XaHnHa MCHBHIC CKOPOCTU TCIICTH KPCCThbSIHHWHA B 5 = 1,5 pa3a. .HI/I60, MO>XHO BBIYUCIUTH

90 cM M
=09-.
c

CKOPOCTH TECJIETU TOpO)KaHNHA aHAJIOTUYHO PaCUETy CKOPOCTHU TECJICTHU KPECThbIHUHA V. = 1
c



Kpurtepuu onieHuBaHusl.

Kpurepuit Kou-o

Ne PHTEP 6aLIoB
1 | Bepnas unes i onpeaeneHusi CKOPOCTH TEJIETH KPECTbIHUHA 1
2 | BepHoe 3HaueHNE CKOPOCTH TEJIETH KPECThSIHUHA 1
3 | Bepnas uzes onpeaeseHus pacCTOSIHUS MEK/y HACEJIEHHBIMH ITyHKTaMU 1
4 | BepHoe paccTosiHHE MEX]ly HACEIIEHHBIMH ITyHKTaMU 1
5 | OnpeneneHsl pacCTOSHUS MEX/ly TOPOLIMHAMH Ha PUCYHKE 2
6 | OnpeneneHo, 4TO U3 TEJIETU TOPOKAHUHA TOPOIIUHBI JOJKHBI 2

BBICBINATHCS Kaxkiple 30 cM.

7 | Onpenenena CKOPOCTh TEJIETU TOPOKAHUHA 2
UTOI'O 10

3agaua Ne2

B meun ky3HuIpl HarpeBaroT Metaul. Jms Toro, uytoObl Harpeth 20-KUIOTPaMMOBYIO
METAJUTMYECKYI0 3aroToBKy oT Temneparypsl 30°C mo temmeparypsl 1400°C mpuxoautcst cxxedb 1 Kr
rasa. YiensHas TernoeMkocTs Metamia 460 [x/kr’C. YaenpHas Tenora cropanus rasa 4,4-107 x/kr.

Bonpoc Nel. Onpeaenute KITJ[ neun.

Bonpoc Ne2. Ecniu ObI meus TOMMIIACH HE Ta30M, a YIJIEM, TO CKOJBKO yIJisi OBl MOHAI0OMIOCH
IS HArpeBa TOM ke 3aroToBKu? YiienabHas TernoTa cropanus yrs 2,7-107 lx/kr. KI1J neun cumTaiite
HEHU3MEHHBIM.

ITocne xoBKH, 3aroTOBKY, OcThIBUIYIO 10 1200°C, onmyckaroT B BeApo ¢ 10 jmrtpamMu BoAsl IpU
temneparype 30°C.

Bonpoc Ne3. Onpenenute, Kakas MakCUMaJibHas Macca BOJbI MOXKET MPHU 3TOM HUCHApUTHCA. A
YyeMy paBHa MUHHMAaJIbHO BO3MOJKHAsI Macca UCTIapUBIIeHcs BOIbI?

VnenapHas Tem1oeMKOCTs, Boasl 4200 I[)K/KrOC, a yaenbHas TeIuioTa mMapooOpa3oBaHus 2,3
M Ix/KT.

Aemop: Kapmanoe Makcum Jleonuoosuu

Bo3mo:kHoe penienue.

Bonpoc Nel.

Haiinem ckonbko 3HEpruu moTpedoBanoch JIjIsl HarpeBaHusl MeTaslia
Quarp = CuMy (1400°C — 30°C) = 12 604 x/Ix

HaﬁHCM CKOJIBKO SHEPTUH BBIACIISICTCA B PE3YIILTATC CrOpaHusd ra3a

Qrasa = qrmr = 44 000 Kﬂm
Torma KITJI=22 = 0,29

rasa
Bomnpoc Ne2.
Ecnun KII/] neun HeusmMeHEH, TO B PE3YJIbTATE€ CTOPAHUS YIVIA JOJKHO BBIIEIUTHCS

q
CTOJIBKO JK€ SHEPIUH, 9TO U B PE3YJIBTATE CTOPAHHMS Ia3a. y My = M, OTKYAA My, = My —— =

Ayr
1,6 Kr.

Bonpoc Ne3.

JIns1 OLEHKM MAaKCUMAaJbHOM Macchl MCHapuBIIEWCcs BOAbl OyleM CUMTaTh, YTO BOJA,
BCTYMAIOIAs B KOHTAKT ¢ 3aroToBKoi, HarpeBaercs 10 100°C u ucnapsiercsi, He ycneBast OTIaTh
TEIJIO OCTaBIIEWcs Bojme. DTo OyAeT MpoAOKaThCs IMOKa 3aroToBka He ocThiHET 0 100
rpaaycoB. 3auileM ypaBHEHHE TEIJIOBOTrO OalaHca:



¢, M, (1200°C — 100°C) = ¢,m,(100°C — 30°C) + Am,

€My (1200°C—100°C)
Orkyna: m, = —— = 3,9 ke
Kya B ¢5(100°C—30°C)+ 1 ’

JJist OlleHKH MUHUMAJIbHON MAacChl HCTIAPUBIIEICS BOBI Oy/ieM CYUTaTh, YTO BCSI BOJA B
Beape HarpeBaercs 10 100°C u 3arem dYacTh mcmapseTcs. DTO OyaeT MPOIOKAThCs, MOKa
3arotoBka He ocThIHET /10 100 rpaaycoB. 3amnuiieM ypaBHEHHE TEILIOBOTO OallaHca:

¢, My (1200°C — 100°C) = ¢, - 10 kr(100°C — 30°C) + Am,

Cy My (1200°C—100°C) —c,-10 kr(100°C—30°C)
Otkyma: m) = — - 2 = 3,1xe

Kpurepun oneHuBanms.

Kpurepnit Kou-o
Ne puTep 0asIoB
1 Haiinena sHeprus, HeoOxoMMasi Ha HarpeB MeTasia 1
2 Haiinena sHeprus, BeIACISAIOMIASACS PU CTOPAHUU Ta3a 1
3 Onpenenen KII/I neukun 1
4 | Yka3aHO, 4YTO SHEPrHsl CropaHus yris JOJDKHA PABHATHCS SHEPrUU 1
CropaHusi rasa WIH SHEprus cropaHus yrig omnpeneneHa yepe3 KII u
SHEPruio, HeOOXOAUMYIO Ha HarpeB MeTalia
5 | Onpenenena macca yris 1
6 | I[IponeMOHCTpUPOBAHO MOHUMAHME ABYX MOJIEJIC HarpeBa U UCIapeHus 1
BOJIbI
7 Onpenenena MakCMMalibHasg Macca UCTapUBIIEHCS BOIbI 2
8 | OnpeneneHa MUHUMAaJIbHAs Macca UCTIAPUBLICHCS BOIbI 2
HUTOI'O 10
3agaua Ne3

Jlns vccnenoBaHusl MACATLHOTO pbluara Y4eHHMK IMOJBECHJI ClIeBa OT OCH €ro BpallleHUs Ha
paccrosinuu d; = 20 cM HekoTOpbIi Ipy3 M. 3areM cripaBa OT OCH BpallleHHs HA HEKOTOPOM PacCTOSHUU
d> oH moxaBecun rpy3 Maccoil My = 1 Kr, mpu 3TOM pblyar okas3ajcs ypaBHOBELIEH. 3aTeM Y4YEHHUK
YMEHBIINI MacCy KHUJIOrpamMmmoBoro rpys3a Ha 50% u A COXpaHEHHUs PaBHOBECHS €My IPHILIOCHh
M3MEHUTh PACCTOSIHUE OT 3TOTO I'py3a JI0 OCH BpaieHus Ha 10 cm.

Bonpoc Nel. Haitaure M u do.

Bo3moxHoe pemenue.
3anuumemM yclIoBHE PaBHOBECHSI ppluara Juisl IEpBOTrO OIbITA.

M,gd, = Mgd,
[Tocne ymeHbIIEHUSsI MacChl KMJIOTPaMMOBOTO I'py3a €ro NpUIeTcs OTOABUHYThH AAJbIIE OT OCH



BPAILEHUsI, YTOOBI MOMEHT €T0 CHJIBI TXKECTH OCTAJICA MPEeXHUM. B 3TOM citydae
1
Mlgdl = EMzg(dz + 10CM)
[IpupaBHsiem npaBble 4acTU ypaBHEHUN M,gd, = %Mz g(d; + 10cm), otkyna d, = 10 cMm.

d
IMoncraBum d, B mepBo€ ycIoBHE paBHOBECHS U BeIpasum M, = M, d_z = 0,5 kr.
1

Kpurtepun onenuBanus.

Kpurepuit Kou-o
Ne putep 6aLIoB
1 | 3anucaHo ycioBHE paBHOBECHS pbluara B IEPBOM OIIBITE 2
2 | O0OCHOBAHO, YTO BO BTOPOM OIIBITE I'PY3 HY>KHO CABHHYTbH JAJbIIE OT 2
ocH
3 | 3anucaHo yclloBHE paBHOBECHS pblyara BO BTOPOM OIIBITE 2
4 | Ompeneneno d, = 10 cm 2
5 Omnpenenena M; = 0,5 kr 2
NUTOI'O 10
3anaua Ned

Oobopyoosanue: ctakaH ¢ BoOAOW, mmpui, o0bémMoM 10MiI cO CHEMHON WIVION, JECATH
NIepEeBSIHHBIX 3yOOUNCTOK, can(eTKa WK Tpsnodka (Ui MIPOTUPaHUS pa3IUBIICHCS BOBI).

Opraauzatop B ayIuTOpPUHM JOJDKEH BaM COOOIIUTH 4YeMy paBHA JJIMHA IIKaJIbl IIMIPUIA
(paccrostaue ot genenus «0» mo aenenus «10») B caHTUMETpax.

Bomnpoc Nel. Onpenenute nuameTp 3yOOUUCTKU B €€ IEHTPaIbHOM YacTH.

Bonpoc Ne2. Onpenenute UeHy ASJICHUS WIPHUILIA.

Bomnpoc Ne3. Viconb3ys MIpHUIl KaK MEPHBIN ITUIHHJP, ONPEAETUTe 00bEM 0THOM 3y0O0UNCTKH,
U BBIPA3UTE €ro B KyOMYECKUX CAHTUMETPAX.

Bonpoc Ne4. Onpenenute mioiiaab BHYTPEHHETO CEUEHUs KopIyca IIImpula.

BAXKHO!! Ilpu pemenun 3ama4yd MOXHO MCHOJIB30BaTh TOJBKO YKa3aHHOE B 3ajia4ye
obopynoBanue. Ecnu Bel Oyaere HCIONIBb30BaTh 00OpPYIOBaHUE, OTCYTCTBYIOIIEE B CIUCKE, TO Ballle
peuieHue OyaeT OleHeHO B HOJb OamioB. Ilpu odopmiieHnn pemieHus: OMUIINTE, KaKU€ OMBITHI BbI
BBITIOJIHSUIM, KaK BBIIVISiZiENIa Ballla YCTAaHOBKA, MPHUBEAWUTE U3MEpeHHs, HeoOxoaumblie (OpMynbl U
pe3yNbTaThl PacyeToB.

Aemop: Heanoe IOpuit Braoumupoeuu

Bo3moxkHoe pemenne.

Bonpoc Nel:

Jl11s u3MepeHust paccTosTHUI Oy/ieM HCIOIb30BaTh KAy Inpuia. HaMm u3BecTHa THMHA MIKAIbI
mnpuna L, ona coorsercrByeT 10 mui. Torma juiMHa ydyacTka LIKajibl, COOTBETCTBYOIIas 1 M paBHa
L/10.

JlnameTtp 3y0OUHMCTKH OTIPENeNsieM ¢ MOMOIIIBIO MeToia pIoB. JlecsaTh 3yOOUUCTOK pacroiaraeM
IJIOTHO JPYT K APYry U € MOMOIIBIO HIKaIbl IIMPUIA U3MEPAEM LIUPUHY psAla B «MWLIHIUTpax» V,
3aTeM MepecYuThIBaEM B CaHTUMETpHI. [lomyueHnyto 1uny psaa aenuM Ha 10.

V*L/10
d=—"—
10
Bomnpoc Ne2:
J1is onpeieneHus IICHbI IeICHUS IIMPUIIa HEOOX0AMMO HAWTH JBa ONMKAMIINX OLH(PPOBAHHBIX

ACJICHUS IIKaJIbI, HAIIPUMCP OMnul MJI, MCXKAY HUMHU 5 IlCJ'ICHI/II\/’I, SHaA4YUT II€Ha ACJICHUA paBHa C =

1 Ma
. = 0,2 mJ1.

Bonpoc Ne3:

Tak kak 3Y60‘{I/ICTKI/I JUIMHHBIC, TO IS TIOMCIICHHA B INIIPUIL HUX HCO6XOI[I/IMO pas3jioMarb




nomnoJyiaM. BozbMeM 7 3y0OOUUCTOK, B pa3jioMaeM ux normnoJsiaM. HabGepem B mmmpuir Boty IpUMEpPHO TPETh
o0bema. 3aTKHEM KOHYMK IIMpHUIla 3yOOUMCTKOW WM MajiblleM W W3BJIEYEM M3 IIIPUIIA TOPIIEHb,
yAep>KHUBasi MIMPUIl BEPTUKAIBbHO. B pe3ynbprare moiyduM MEH3YpKy YaCTUYHO 3alOJIHEHHYIO BOJOM.
N3mepum o0beM BOabI V|, HaXOIAIIWICS B MEH3YpKEe HM3HA4YaJbHO. 3aTe€M IOMECTHUM B IIMPHUIl 7
3yOOUMCTOK, pPa3JIOMaHHBIX MomnojaMm. HeoOxomumo cpaenath Tak, 4TOObl OHU OBUIM TMOJHOCTHIO
MOTPYKEHBI B BOY. DTO MOXHO CAENaTh JUOO0 C MOMOIIBIO OCTABIINXCSA 3yOOUHCTOK, THOO C MOMOUIBIO
HITOKA OT MOPIIHS, TPEIBAPUTEIHHO CHSB C HEr0 PE3MHOBBIN YIUIOTHUTEb.

Omnpenenim o0beM V; BOBI BMECTE ¢ 3y0OUNMCTKaMu. Pa3HOCTh 3THX 00BEMOB paBHA 00IIEMY
Vi—Vo

00BbeMy 3y00UHCTOK, MOATOMY 00BbeM OAHOM 3ydouncTku V = -

Bonpoc Ne4:
Hawm u3BecTHa AnuHa IIKajibl MINPHUIA U U3BECTEH 00beM BHYTPEHHEW MOJOCTH MIMpHUIAa Ha

orpeske ot aenenus «0» 1o genenus «10», on pasen 10 ma = 10 cm3. Togenum 10T 06BEM Ha JUTUHY
IIKAJIBl ¥ TIOJIy9MM B TOYHOCTH ILIOLIAh BHYTPEHHETO cedeHus Kopiyca mmpuna. S = 10 cm3 /L

HpI/IMCLIaHI/ICI B ABTOPCKOM pCHICHUHN HC MPUBOAATCS YUCJIICHHBIC 3HAUCHU A, TAK KaK OHU 3aBUCAT

oT O60py710BaHI/ISI, HCIIOJIb30BABHICTOCA B TOYKC ITPOBCIACHUS. >KIOPI/I HeO6XO,Z[I/IMO CaMOCTOATCIIbHO
mpoacyiatb SKCIICPUMCHT Ha O60py,Z[OBaHI/II/I, BbIJIaBABHICMCS YUaCTHUKAM.

Kpurepun ouenuBanms.

Kpurepuit Kour-so
Ne pHTep 0a/uIoB
Bonpoc Nel
1 | IIpemioskeHo UCTIONB30BATh IIKATY IIMPUIIA B KAUE€CTBE JTMHEHKU U HalJeH 1
K03 GUIIUEHT TIepecyeTa
2 | HUcnonk30BaH METOJ PSIIOB AJIsl OTIPEACTICHUS AUaMeTpa 0,5
3 | [TomyueHo 3HaYeHHE TUAMETPA, OTIIMYAIOIIeecs OT 3TaJOHHOTO He OoJee, 0,5
yeM Ha 15%
Bompoc Ne2
3 | [IpaBuibHO Haii/ieHa IIeHA JIEIeHUs MIIpUIa 1
Bompoc Ne3
4 | Unes ucnionp30BaHMsl MIMPHIIA B KAUECTBE MEH3YPKH 1
5 | B mmpui nomeniaercs He MeHee 4 3y00YNCTOK (METO PSA0B) 1
6 | OnpeneneH oO0beM OJHOW 3YOOUMCTKH, OTIHYAIOIIMICS OT ITAJIOHHOTO HE 2
6ounee, ueM Ha 20%
Bomnpoc Ne4
7 | Unes BeIpaskeHUs TUIOIIAIA CEUCHUS Yepe3 00bheM MITIPHIA U JITUHY [TKAITBI 2
8 | OnpeneneHa 1iomM@aab BHYTPEHHETO CEYEHHUS IINPHUIA, OTIUYAIOIIAACS OT 1
STAJIOHHOH He OoJiee, yeM Ha 5%
UTOro 10




