Penienust 3aganui 3aKJI1I0YUTEIBLHOIO dTana
Onumnuansl «JloMmoHOCOB» 10 HH:KeHepHBIM HaykaMm 2020/2021
8-9 Ki1acchl

3agaua 1 (20 0a1710B)

TBepaorenvHas akkymynupytomas osnekrpoctanius (TADC) — 310 oAMH U3 THUIIOB
AJIEKTPOCTAHLIUN, KOTOpPbIE MOTYT HCIIOJIb30BaThCS JUIsl CIVIAKMBAHUS HEPABHOMEPHOCTEW B
NOTPeOJIEHUU AJIEKTPOIHEPTUU B TeueHue cyToK. OCHOBHBIE €€ 3JIEMEHTHI — 3TO Ha0Oop IPy30B U
JJIEKTPOABUTATENN, KOTOpble MOryT paldoTaTh Kak B pexHUMe TIeHepaTopa, Tak U
anextpoasurarens. [lpunuun padotst TADC 10BOIBHO IPOCT: BO BpeMs MUKOBBIX HArpy30K Ha
AIIEKTPOCETh (MakcumanbHOE SHEPronoTpedIeHue) TPY3Bl, COETMHEHHbBIC C
AJIEKTPOJIBUTaTENISIMU, OITYyCKalOTCS BHU3, B PE3YJIbTATE YETO 3JIEKTPOJBUrATENN, KOTOPBIE B ATOT
MOMEHT palboTaloT B peKUME FeHEepaTopa, BeIPA0AThIBAIOT AIEKTPOIHEPTHIO, KOTOPask YXOAHUT B
cetb. Korma oHepronorpebiieHue cHukaercs (OOBIYHO ATO  MPOUCXOAUT  HOYBIO),
AJIEKTPOJIBUraTeNId MOJAHUMAIOT IPY3bl HaBEpX. 3a CUET TOr0, YTO B TEUEHUE CYTOK CTOMMOCTh
ANEKTPOIHEPIUM  MeHsieTcs, crpoutenbctBO  TADC MokeT okKa3aTbCs HKOHOMUYECKHU
pEeHTAa0EIbHBIM IPOEKTOM.

Ouenute nNpuOBLIL (0XOABI MUHYC pacxoibl, B pyousax) npu skcmnyatanuu TADC B TeueHue
MecsIa, €CIu MPO HEee U3BECTHO CIIEAYIOIIEE:

o KIIZ paGotTbl syeKkTpoABHraTenss M IpU IMOABEME Ipy3a, M HpU paboTe B pexHUMe
re”HepaTopa cocrasisieT 90%;

. CyMMapHasi Macca TIpy30B, KOTOpblE MOTYT omyckarbcsi U mnoaHumarbcss B TADC,
cocrasmser 10° KT}

o nepenaj BbICOT JUIsl MOJHATHIX U OMYHIEHHBIX Ipy30B coctapiseT 100 Mm;

. B TeueHne yaca TADC MOXKET NOAHSTH UM OITyCTUTh 107 kr IPY30B.

Cuuraiite, YTO CTOUMOCTbH JIEKTPOIHEPTUN B TEUECHUE CYTOK MEHSIETCSI B COOTBETCTBUU C
MPUBEJICHHON HUYKE TUCTOIPAMMON.
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Peuwienue:
OmnpenenumM, CKOJIBKO AJIESKTPOIHEPTUH MOXKHO TIOJYYUTh OT TBEPAOTEIHHONW aKKyMYIUPYIOMIEH
anektpoctanuun (TADC) 3a oauH yac, KOrja ee 3JEKTPOJBUTaTead paboTaloT B pEXKUME
TeHEePaTOPOB:

Erenvac =nMmgh =9+ 10° /1,
rae # = 0,9 — KIIJ] snextponBuraresns, m = 10" kr — Macca, KOTOPYI0 B TEUCHHE Yaca MOXKET
noausate TADC, g~ 10 m/c? — ycKopeHue cBoboaHoro maacuus, h = 100 M — mepemna BHICOT ISt
MOJHATHIX M OIMYIICHHBIX TPY30B.



Ecnm snexTpoaBuraTeny MCIONB3YIOTCS AU MOJHATHUS TPY30B, TO 332 OJUH Yac HEMPEPHIBHOM
pabotel TADC notpebisier

mgh
ESJIEKTp,ElB.‘-IaC = T ~11- 1010ﬂ7‘K

[Tpenmonoxum, 4To Ha MPOTSDKEHUH BCETO MPOMEXKYTKA BPEMEHH, KOT/Ia dJIEKTPUYECTBO CTOUT
2 py6./xBt-4, TADC noguumaer rpy3sl. Ha 3To moTpeOyetcs
ESJIEKTp,ElB. =8- E:-)JIeKTpLLB.‘{aC =88 1010ﬂ7‘K
ITpu 3TOM OyneT norpaueHo
pyo.

pyo.
PpaCXO,ZL.CyTKPI =2 W 8,8 1010,&)*( ~ 22— <Br.

OTaenpHO OTMETHUM, YTO CYMMapHOW Macchl I'py30B I[OCTB,TO‘IHO JUI. HETIPEPBIBHOM pabOTHI
TADC B TeueHME yKa3aHHOTO BPEMEHH.

2,4+ 10*kBT - 4 = 4,8 - 10*py6.

Kak BumHO u3 THCTOrpamMmbl, OTOOpa)karomleil HM3MEHEHHE CTOMMOCTH JJIEKTPOIHEPTHH B
TE€YCHHE CYTOK, Ha MPOTSHKEHUH 7 4acOB MOXKHO OIyCKaTh IPy3bl U MPOJaBaTh T'€HEPUPYEMYIO
IIPU 3TOM DJIEKTPOIHEPTHUIO MO 1eHe 5 py0./kBT 4. g TOro 4roObl MOJHOCTHIO OMYCTUTH BCE
MOJIHATHIE TPY3BbI, €Ille OJUH Yac 3JIEKTPOIABUTATENH JOJKHBI paboTaTh B PEKHUME T€HEPaTOPOB,
korna TADC omyckaet rpy3bl U IPOJAET SJACKTPOIHEPTHIO 110 1ieHe 4 pyO./KBT1 4.
TakuMm 00pa3om, OMMYCTUB BCE MOJHATHIC 32 HOUb IPY3bl, MOXKHO TOJTYYUTh T10XO]]

5. 6.
Proxoncyms = 5 Kgy 7 .9-10°Mx + 4 ?T' . 9-10%x ~ 8,8 - 10*py6. +10*py6.
~ 98- 104py6.

[TpuObLIb B TEUEHHE CYTOK MOXHO OMPEEIUTh KaK pa3HUILY MEXKAY 10X0/IaMHU U PACXOJJaMHU
Popussins.cyren = 9,8 - 10*py6. —4,8 - 10*py6. = 5 - 10*py®.

HerpynHo yOenutbcs B TOM, YTO MMEHHO PAacCMOTpEHHasl CTpaTerusi BbIOOpa HMHTEpPBAJOB

BPEMEHH, B TEUEHUE KOTOPBIX CIEAYET OIYyCKaTh M NMOAHUMATh IPY3bl, JACT MAKCUMAJIbHYIO

npuObUIb (IIOCKOJBKY MBI IMOJAHHMMAaeM TIpy3bl B TEUEHUE BCEro BPEMEHM, KOI/Ia CTOMMOCTh

AIIEKTPOPHEPTUHM MHUHHMMAJIbHA, & ONYCKaeM B TEUEHHE BCEro BPEMEHHU, KOrJa €€ CTOMMOCTh

MaKkCHMasbHa, TUTFOC OCTAaeTcs €lle OJMH Yac, KOrJa CTOMMOCTh MaKCHMallbHa B OCTaBLIEMCS

MHTEpBaJie BPEMEHN ).

3Hasi NpuObLIb B TEYEHHE OJHUX CYTOK, MOXXHO HAWTHU NMpUObUIL B TEUEHHE Mecsla (CUUTaeM,

yTo B Mecste 30 qHen):

Pnpnﬁbmb mecay — =30 Pnpnﬁbmb CyTKH — 1'5 ) 106py6

Omeem: MAKCUMAILHYIO RPUOBLIb 3A MECAU MONCHO oueHumb Kak 1,5 munnuona pyoneil.

3axaua 2 (20 6a,1710B)

B BacuHOl KBapTUpe HIET PEMOHT, MO3TOMY OJJIEKTPOIUIUTY WM JJIEKTPOYAWHHUK C KyXHU
IPUILIOCH MepeHecTH B KoMHATy. [IpoBosaa, mayline K KOMHATHBIM PO3E€TKaM, 3alUIIEHbI OT
MEeperpy3Ku CTapbiM aBTOMATHUYECKHUM BBIKITIOYATENEM, CpadaThIBAIONIUM, KOTJa MPOXOSIINI
yepe3 HEro TOK JOCTUTaeT CIMIIKOM OonpliMX 3HaueHud. Bpems ¢, yepe3 koTopoe
BBIKJIIOUATEb PA3MBIKAET LIETb, 3aBUCUT OT CHJIbI MPOTEKAIOMIETO Yepe3 HEero Toka [ Tak, Kak
nmokazaHo Ha pucyHke. Hampspkenue B cetn — 220 B. JlyxoBka B mute motpedsser 3,5 kBT,
yaitHuk — 2,4 kBT. Ckonbko BOoAbl Bacs MoxeT BCKUNSTUTh B YallHUKE 3a OJMUH pa3 IpHU
paboTtaromieil yXxoBKe, HE JOMycKas CpaldaThIBaHUS AaBTOMATHYECKOTO BBIKIIOYATENs?



Temneparypa 3anuBaemMol B 4allHUK BoJbl paBHa 10 °C, yaenbHas TEMJIOEMKOCTh BOJbBI —
4200 JIx/(kr-°C). TerutonoTepsiMu B YaifHUKE MTpeHEOpEYb.
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Pewenue:

[Mycts U = 220 B — mwnampsokenne B cetd, W; — MOIIHOCTh, TOTpedisiemMast TyXOBKOH
anekTporuuTel, a Wy — MomHocTh, noTpedisemas anekTpoyaiHuKoM. [lockosbKy nyXoBKa U
YalHUK TOAKJIIOYAIOTCS MapajuIesIbHO, MPU UX OJHOBPEMEHHOM paboTe MPOTEKAIoIIUN uepes
ABTOMATUYECKUI BBIKIIOYATEIb TOK PaBEH

=24 %2 ¢ 2%8A.

U U

W3 mpuBeneHHoro rpaduka BUAHO, YTO Ipu Toke I = 26,8 A BbIKIIOYATENIb PAa30MKHET IIETlb
yepe3 Bpems t =~ 100 c. 3a 3T0 BpeMmss B 4YallHMKE MOKHO BCKUIATUTH (Harperb OT
temneparypbl T; = 10 °C mo tremnepatypsl T, = 100 °C) Boxy maccoit

Wt

= mz635r,

3mech ¢ = 4200 Jx/(xr-°C) — ynenbHast TEMI0EMKOCTh BOJIBI.

Omeem: 0K0.10 635 2.

3amxaua 3 (20 0a/1710B)

Nuxenepy Aunekcero IletpoBuuy panum 3agaHue paccuuTarh TEXHOJIOTHYECKYIO CXEMY
MOJIYYeHHUS] YUCTOrO BOAOPOJAA MyTEM HEMOJIHOTO OKUCIEHHUS METaHa, COJAEPKAalllero MpUuMecu
cepoBoJiopoa u xjopa (peakuus 1):

1
CH4+§02 - CO +2H2

OO6muit 06beM MeTaHa ¢ npumecsiMu — 11,2 11 ipu H.y., IpU 3TOM CoJIep’KaHHe MeTaHa, XJiopa U
cepoBoAopoaa paBHO 87, 4 U 9 MOJIBHBIX MPOILIEHTOB COOTBETCTBEHHO. [lonydeHHYI0 Ta30BYIO
CMeCh MPOMYyCKaloT yepe3 BojsiHoM nap npu temneparype 800 °C nan katanmuzatopom (CoO wim
FeO) (peakmus 2), mpu 3TOM OAWH W3 MPOIYKTOB YKa3aHHOW peaklMd COBMAAACT C OJHUM W3
MPOJYKTOB PEAKIIMN B3aUMOJICHCTBHUSI CEpOBOIOpOAa U KapOoHaTa kamus (peakmus 3). 3aTtem



JUISL OYUCTKUA OT MPUMECEH CEPOBOAOPOA U XJIOpa a3, MOJIYYEHHBIA B PEaKIU 2, TPOITYCKAIOT
yepe3 ropsunii KOHIIEHTPUPOBAaHHBIA pacTBOp KapOoHara Kanus (peakuus 3 M peakuus 4).
[Tocnennsist cragus — OYMCTKAa BOJOPOJA OT YIJIEKUCIIOro ra3a (peakuus 5) MyTeM MpoyBaHUs
MPOJIYKTOB TOCIEAOBATEIIbHO MPOBEICHHBIX peakuuid 2, 3 u 4 dyepe3 KOJIOHKY, KOTOpas
MPEJICTaBISIET COOOW COCY/I, 3aIMOTHEHHBIN MOPOIIKOM OKCHJA KabIus pHu Temmepatype 500 —
800 °C. Ilomorute Anekcero I[leTpoBuuy ¢ pacueToM TEXHOJOTMYECKONU CXEMBbI:

1. 3aMUIIATE YPaBHEHUS peakiuii 2 — 5;
2. Ha CKOJIBKO NU3MEHMIIACh Macca KOJIOHKH, 3aII0JITHEHHON OKCHUIIOM KaJIbIUs?
Pewenue:

CoO usm FeO, 800°C
1. Peaknus 2: CO + H,0 CO, +H,

Takum oOpa3om, mociie peakiiuu 2 razoBas cMech coctouT u3 COy, Ha, HoS u Cly.

Peaknus 3: H,S + K,CO; —» H,0 + CO, + K,S

Peaxus 4: 3CL, + 3K,C05 — KCIO5 + 5KCI + 3CO,

Takum obOpa3om, mocie peaknwmii 3 u 4 razoBas cmech coctout u3 CO, u Ho.
Peaknus 5: CaO + CO, — CaCO;3

Takum 06pa3om, mocie peakuu S5 U3 ra3000pa3HbIX MPOAYKTOB OCTAJICS TOJIbKO Ha.

2. ITycte X = v(CHy4), y = v(Cl,) u z = v(H,S) — konudecTBO BelecTBa METaHa, Xjopa H
CepoBOZIOpPOAAa COOTBETCTBeHHO. B peakumsax 2, 3 u 4 Bwigensercs CO,, KOTOpSIA
B3aumozeicteyer ¢ CaO B peakumu 5. U3 peakmmii 1, 2, 3 u 4 cnemyer, 4TO KOJHMYECTBO
BemtectBa CO; paBno v(COy) = X + y + z = 0,5 mons. Torna u3MeHEHHE MacChl KOJOHKH,
3aMOJTHEHHOMN MOPOIIKOM OKCHJIA KaJbILUs, MOXHO PacCUUTaTh Kak Maccy noromeHHoro COy,
T.e. KaK W(COy) - v(CO,) =22 1, rae W(CO,) — monsipuas macca COs.

Omeem: macca KOJAOHKU yeeauuuaacs na 22 2.

3amauya 4 (20 6a1710B)

bronornuecknii OTCEK KOCMHYECKOTO KOpaljs TepBOHAYAIBLHO 3aIlOJHEH BO3IYXOM IPH
JaBJICHUU 1 aTM. HOCHC BO3HUKHOBCHHUS B O6H_II/IBKC OTCCKa MI/IKpOTpeHH/IHI)I OTCCK CTall
eXecyTouHo TepATh 0,5 KT BO3/1yXa, 94TO MPUBEJIO K MAJCHHUIO JABJICHUS CO CKOPOCTHIO 1 MM pT.
CT. B yac. [[y1s1 BBIOTHEHUS 3aIVIaHUPOBAHHOM MPOTPaMMBI UCCIEIOBAaHUI HENb3sl JTOMYCTUTh
naJeHus MaplUuaTbHOTO JABJICHHs KUCIopoJa B oTceke Oonee yem Ha 30% OT ero MCXOIHOTO
ypOBHSL. 3amac KUCIopoa AJisi OMOIIOTHYECKOTO OTCeKa Ha KOCMUYECKOM KOpaldiie COCTaBIseT 5
kr. KakoBa omnTumanbHasi CTpaTerus pacxoJOBaHUS KHUCIOpOAA [Isl KOMIICHCAIIUU YTEUYKU
Bo3ayxa? OIIEHWTE, B TEUCHHUE KAKOTO BPEMEHU INPHU TAKOHW CTPATETHH MOXHO TOJICPKUBATH
MUHUMAJIBHO JIOMYCTHMOE TapIialbHOE JaBieHHe Kuciaopona. Kakoe maBieHue OyneT B
OMOJIOTHYECKOM OTCEKEe K MOMEHTY HMCYepIlaHus 3amaca kuciopoaa? Temreparypa B OTCEke
MOJIICPIKUBACTCS TIOCTOSTHHOM.



Pewienue:

IIpy nOCTOSIHHOM TeMIepaTrype B KaKIbli MOMEHT BPEMEHH CKOPOCTb NAaJEHUs IMapLHUAIBHOIO
JIaBJICHUS JIF0OOOT0 BXOJSILETO B COCTaB BO3AyXa rasa (B 4aCTHOCTHU, KHCIOPO/1a) MOXKHO CUUTATh
IIPONOPUMOHAIBHON KOHIICHTPALMK MOJIEKYJI 3TOT0 ra3a, TO €CTh €ro TEKYyIIEMY NapLHaIbHOMY
nasineHuro. IlosTtomy onTumanbHas CTpaTerus MNOAJEPKAHUS IMApLUUAJIBHOIO  JaBJICHUS
KUCIIOpO/Ia Ha YPOBHE HE HUXKE Dy = NPy = 106 MM pr. cT., tie n = 0,7, a p§ = 0,2 atm —
HayaJbHOE NaplUaibHOE JaBJIEHUE KUCI0poa (U1 OLEHKU CUUTAEM, YTO BO3IAYX COCTOUT U3 20
% xucnopona u 80 % azora, U MpeHeOperaeM paziInYueM MacC MOJEKYJ KUCIOpola U a30Ta),
COCTOUT B TOM, YTOOBI CHAYasla JaTh JABJICHHUIO KUCIOPOJA YIACTh JIO Diyin, HE KOMIICHCUDPYS
yTEUKy KHCIOpOJa, a 3aTeéM MaJbIMU HOpLUSMHU (HAIpUMeEp, €XKECYTOUYHO) pacxoioBaTh
VIMEIOILMICS 3arac KUCIOpOoa IS TOAJCPIKaHUs JaBJICHHS Ha YPOBHE BOIM3H Dy iy, -

HYCTB Po = 1 arM — HayaJpbHOE AaBJICHUE BO3AYyXd, a pq — HABJIICHUEC BO3AYyXa YCPE3 CYTKH
IMOCJIC BOBHUKHOBCHUA YTCUKHU. IIo YCIOBUIO, B TCUCHUC CYTOK HABJICHUC IMAaAacT Ha 24 MM PpT.

Po—Dp 24
CT., T.€. OTHOCHUTEJIbHOE U3MEHEHHE JABJICHUS 33 CyTKH paBHO [ = —°p L= e 0,0316 K 1
0

(mockonbky po = 1 atm = 760 mm pt. c1.). Torma p; = apg, rnie @ = 1 —F =~ 0,9684. Tax
KaK CKOPOCTh TaJICHHsI MapIHaIbHOTO JABICHHUS KHCIOPOJa IMPOIMOPIUOHAIBHA €ro TEKYyIIeMY
HapLHalbHOMY JaBJICHHIO, Py = APj_q = Q"'Pg, TAe Pj — MaplHalbHOE JaBJICHUE KUCIOPOaa
B OMOJIOTMYECKOM OTCEKE K KOHILY I-X CYTOK ¢ MOMEHTa BO3HMKHOBEHHS yTeukd. [Tycte N —
HOMEp CYTOK, B KOHIIC KOTOPBIX JaBJICHHE KHUCIOPOJA YHAICT 0 Pyyin; TOTAA UL HAXOXKICHUSI
N HYXHO pelIuTh ypaBHEHUE

a’ = .

TouHoe peleHne 3TOro ypaBHEHUsI OTHOCUTENIBHO N MOKET ObITh HAalEHO C UCIOJIb30BAHUEM
norapupmuueckoit pynkuu (N = log, n = 11,1154 =~ 11) wimm nogdbopom. OgHAKO € OYECHB
XOpoUIed TOYHOCTBIO NPUOIMKEHHBIH OTBET MOXKHO TOJYYUTh C TOMOIIBIO CIEIYHOIIUX
npocTeiX coobpaxenuil. [lycte Ap;, — maaeHue mapruaIbHOTO JAaBICHUS KUCIOpoAa 3a N-e
CYTKU. SIcHO, 4yTO camoe rpy0Ooe NpUOIMKEHHE COCTOMT B TOM, YTOOBI CUMTaTh, YTO Ha
npoTspkeHuH Bcex 1...N cyTok Ap, OcCTaBaloCh HEM3MEHHBIM M PaBHBIM CBOEMY 3HAYECHHUIO
cpa3y mocie MOSBJICHUS YTEUKH, T.e. ApY; OMHAKO SCHO TAKXKE, YTO ITO MPUOIMIKEHHE MOXKHO

CYIIECTBEHHO YIyYIIHTh, €CIH MO-NPEKHEMY CYHTATh CYTOYHOE TMAJCHHUE JaBJICHHS
K Api+Apy

HEM3MCHHBIM, HO IPHMHATH €r0 PaBHBLIM HE APy, a CpeHeMy apuMeTHuecKOMy ———- =

147

- Apsf = 0,854pf. Torna u3 ypaBHeHHS

1+
N—" Apf = (1 - n) p§

HaxoguMm N = 11,1765, t.e. omsate N = 11.

B MOMeEHT mosiBJIeHUs] TPEIIMHBI CYTOYHAas yTeuka KHUCIOopoaa Obula paBHa Amg = c Am =
0,1 kr, tie ¢, = 0,2 — maccoBas Joii1 Kuciaopoja B Bo3ayxe, a Am = 0,5 xr — cyro4yHas
norepsi Bo3ayxa. Il09TOMy TOCie MaACHUS aBICHUS KUCIOPOAa [0 Py, B Ipolecce
MOJICP)KaHuUs €r0 Ha ATOM YPOBHE CYTOYHAs MOTeps KKCIopoaa Oyaer paBHa Am* = nAmg =

0,07 kr. CrnenoBarenbHO, €CIM Macca 3amaca KHUcJiIopoaa paBHa M, To mociie najeHus AaBJICHUS
M

- AmK
71,43 = 71 cyrok. Takum o0Opa3om, MOJHAas MPOJOHKUTEIBHOCTh MHTEpBajla BPEMEHH, Ha
KOTOPOM MO>XHO 00€CHeunTh MapluuaibHOe JaBJIeHUE KHCIOPOAa Ha YpOBHE, HE MEHBIIEM YeM

DPmin» PaBHAa 1 = N + N; = 82 cyrkam. K KoHIly 3TOro meprona JaBieHHE a30Ta ymajieT

~

KUCIIOPO/A JI0 Pyy,iy, TOAICPIKHBATH €r0 HA 3TOM YPOBHE MOXHO Oyner B TedeHue N;



JI0 Ploneunce = CaPo™ = 44 ™M pr. cT. (31ech ¢; = 0,8 — MmaccoBast 10 a30Ta B BO3/AyXe), a

MOJTHOE JIABJICHHE Ta30BOM aTMOC(ephl B OMOJOTUYECKOM OTCEKE CTAHET PABHBIM Dyopeunce =
K a ~

Pmin + Pkoneunoe =~ 150 mm pT. CT.

Omeem: ¢ meuenue 82 cymox;, 150 mm pm. cm.

3amauya 5 (20 6a1710B)

[IpennpusTie mMOIy4aeT aMMHAaK B3aMMOJICHCTBHEM a30Ta M BOJOPOJA C INPHUMEHEHHEM
KaTanu3aropa. llocrme Kakaoro mpoxona Karaau3aropa OOpa3oBaBIIMICS aMMHAK YHAJSIOT
oxnaxkaeHueM. [Ipm kaxIoM mnpoxoje KaTanu3aTopa B PEAaKIUI0 C BOJOPOAOM BCTYIACT
YeTBEPTh MMEIOIIETocss a30Ta. [3-3a HECcOBEpIIEHCTBA TEXHOJIOTHUYECKOTO IIpolecca IpH
KaKIOM YIAAJICHHUM aMMHaKa M3 30HbI PCAKIWM TaKXKC YIAIACTCA 1 xr a3oTa, KOTOpr\/JI HE
Y4aCTBYCT B IIaJII;HeﬁHIHX MMPEBPALICHUAX. CKOIBKO aMMHaKa MOKET MOJIYUUTHh MIPECATIPUATUC U3
100 kr a3oTa? Bonopoa Bceraa NpuCyTCTBYET B U30BITKE.

Pewenue:

3anuiieM ypaBHEHHE PEaKIHH:
N, + 3H, = 2NH3

[TycTh X, KI — Macca a30Ta, OCTABIIETOCS MOCJE N-0ro MPOXoja KaTtajau3aropa; Mpu 3TOM Xg =
100. Torma x,,44 = 0,75x, — 1. Ilycts y, = x,, + 4, TOrAA Vi1 = 0,75y, yo = 104. O1crona

3 n
MOJIy4aeMm, 4To y, = (Z) - 104. Peakuus uzer, noka y, = 4, o ectb n < 11. Takum o6pazom,

IIPOXOJ] KaTajau3aTopa ocylectsisercs 12 pa3, npuueM 11 pa3 ynansercsa 1 kr asora, nocie 12-

11
oro mpoxona — ocratok 0,75x;; = 0,75-((2) -104—4) ~ 0,3 kr. Takum o0pasoM, He

88,7 Kr
28 Kr/KMoJIb
KMoib a3oTa. [lomywsaem 3,17 xmonp - 2 = 6,34 xkMonb ammuaka, To ectb 6,34 kmonb - 17
Kr/kmoib = 107,7 Kr aMMHaKa.

npopearupyror ¢ BopoponoM 11,3 kr asora, a mpopearupytoT 88,7 Kr wuiu = 3,17

Omeem: 107,7 K.
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3agaua 1 (20 6a1710B)

NS

B 6ubmmotexe xuBytr 4 Mmpimonka (Bypuk, benuk, I'pusnuk u [lanauk) u kot
57 [Tymueruk. OnpHaxapl KOT OTIYYWICS Ha 5 MHUHYT, M MblIIaTa pELIWIN
d

: \./) MOJIAKOMUTBLCSL CTapbIMU KHUTaMH. MpblllaTaM OYeHb HE HpPAaBUTCA BKYC
w TUNIOTPaCKOM Kpacku, MO3TOMY OHHU
' HAYMHAIOT TPHI3Th KHUTH C TMOJIEH M HE ofﬁce. Adinkiet
ePexXOaT Ha TEKCT, MOKa moms He |aserOP' ¥

3akoHuaTcsi. bypuk ect co ckopoctbto 3 r 3a 36
cexkyHn, benuk — 1 r 3a 20 cexynp, I'puznuk — 3 r 3a 45
cekynn, Ilannuk — 2 r 3a 40 cexyHn. Ycmeror Ju
MbIIIaTa ChECTh IOJI OJHOM KHUTIH, rmoka [lymmuctux
OTCYTCTBYeT, eciu B KHure 350 mucroB, 0010XKKa
KHUTU yTepsHa, a noss 3aHuMaroT 10% momanu

ctpanuibl? Kakyio 4acTh KHUTH HE YCIEIOT ChECTb /m

. 2 N
mepimaTa? CuuTaiite, 4To MIOTHOCTH OJHOTO JKcTa Oymaru — 80 r/M”, pa3mepsl cTpanuisl — 200

MM X 150 mm.
OTBeT MOATBEPAUTE pacUeTaMHu.

Pewenue:

1. 3a | MUHYTY MBIIIIaTa ChEJAIOT CIeyolIee KOJIMYECTBO IPaMMOB Oymaru:
bypuk:

36 : 3 = 12 (cex) — motpeOyercs, uTOOBI ChecTh 1 TpaMM Oymaru

60 : 12 =5 (pa3) —no 1 rpamMy ycreer cbecTb 3a | MUHYTY

1 5=5(r)—cwect 3a Munytry bypuk

benuk:

60 : 20 = 3 (pa3a) — mo 1 rpaMMy ycreeT cbecTb 3a | MUHYTY

1 - 3 =3 (r)—cwect 3a Munyry benuk

I'pnsnuk:

45 : 3 =15 (cex) — motpebdyercs, 4ToObI ChbecTh 1 TpamMm Oymaru

60 : 15 =4 (pa3a) — o 1 rpaMmMy ycreer cbecTb 3a 1| MUHYTY

1-4=4(r) - cpect 3a Munyry ['puznux

IMannuk:

40 : 2 =20 (cex) — moTpebdyercs, 4ToObI ChbeCcTh | TpamMm Oymaru

60 : 20 =3 (pa3a) — o 1 rpaMMy ycreer cbecTb 3a | MUHYTY

1 - 3 =3 (r)—cwect 3a Munyty [lanauk

B o0meit cnokHocTH MbImarta cbenar S + 3 +4 + 3 = 15 r Oymaru 3a 1 MuUHYTY.
2. 3a Bpems orcyrcTBus KoTa [lymuctuka (5 MuHyT) MbIara ceenar 15 - 5 =75 r Gymaru.
3. PaccuuraeM Maccy Bcell KHUTH U MacCy IOJIEH.

200 - 150 =30000 (MMz) — Iomaak 1 cTpaHuUIlsl



30000 - 350 = 10500000 (MMZ) =10,5 (Mz) — TUJIOIA/h BCEX CTPAHMI]

10,5 - 80 =840 (r) — Macca Bceit KHUTH

10% ot maccel Beet kuuru (840 r) cocrapnstor 84 r. Takum ob6pa3zom, Macca Bcex MoJieii paBHa
84 r. 3HauuT, MBIIIATa HE YCIEIOT ChECTh BCE MOJIs, oka [lymucTuk oTcyTcTBYET.

HaiineM, kakyro 4aCTb KHUI'M HE YCIICIOT ChECTh MBIIIATA!
840-75 _ 765 _ 51

840 840 56
Omeem: He ycneiom.

3amxaua 2 (20 6a/710B)

Ha pucynke m3o0paskeHa Tuiamika JJisi Hape3aHusi pe3pObl. BhImonHuTe 3CKU3bl (PPOHTANTBHOM,
TOPU3OHTAIILHOW W TPOQHUIBLHOW Npoeknwid 3Tod mmamku. Cuutaiite, 4TO (pOHTAIBHAS
HPOEKIHS — 3TO BUJ| CIIEpe, TIaBHbII BUJI; TOPU30HTANIbHAS — BUJI CBEPXY; NPOdUIbHAS — BUA
cOOKYy clieBa.

O0HO U3 803 MONCHBIX peuwienuii:

O O O 1O

[IpodunbHas nmpoekus OpoHTaNBHAS TPOCKIUS

['opu3oHTaNBHAS TPOEKLYS



3amxaua 3 (20 0a/L710B)

Y xummka Bacuiaus ecTb HECKOJBKO YIAKOBOK OJMHAKOBBIX TaOJETOK M CIOMaHHbIE
AJIEKTPOHHBIE BeChl. C OMOIIBIO ATUX BECOB MOKHO OINPEIEIINTh, B KAKUX INpeeaX HaXOAUTCS
Macca B3BELIMBAEMOro oopasia: MeHee 2 rpaMMoB, 0ojiee 9 rpaMMoB WM OT 2 10 9 rpaMMOB.
YroOsl ompenesnTh Maccy 0HOM Tabnerku, Bacunuii cHavyana kiazieT Ha BEChl OJHY TabJETKY,
a 3aTeM MooyepesHo no0aBisgeT 1Mo oAHOM Tabierke. Ilocie TOro, kKak OH HOJOXMJ Ha BECHI
IATYI0 TabJIeTKy, OHM IEpBbId pa3 IOKa3ald, yTo Macca npeBbicuiaa 2 rpamMma. CKOIbKO
TabJeToOK OBIJIO HA BecaX, KOTJla BECHI MEPBHIi pa3 MOKa3aiH, YTO Macca MpeBbICHIa 9 TpaMMOB,
€clu 1ociie 3Toro Bacumuii cMoOr ycTaHOBHTH MacCy OJIHOW TaOJNEeTKH C OIIMOKOH, He
IPEBBIIAIOIIEH 5 MUJUIUTPAMMOB?

Pewenue:
[Tyctp x rpaMMOB — Macca OJIHOI TaOieTku, a Macca TaOJEeTOK MEepBBIA pa3 MmpeBbicuia 9
rpaMMOB, KOTJia Ha Becax Obu1o n TabneTok. M3 ycnoBus moiydaeM JBa IBONHBIX HEPABEHCTBA!

2 1 9 9
4x <2<5x mw (n—1)x <9 < nx, orkyna s<x¥s-mo<xs-——. [Tepeceuenue aBYX

2 1 9 9
MOJIYUHTEPBAJIOB (E ; 5] u (; ; E] 3a/1aeT IUara3oH, B KOTOPOM MOKET HaXOJUThCS 3HAUCHHE X,

a TI0JIOBMHA JITMHBI ATOTO TEPECeUeHHsI — BO3MOKHAS OIIMOKa OMpeAeTIeHUs MacChl TabJIEeTKH.
I[Ipu n < 18 unu n = 24 nonyuHTepBalibl HE nepecekaroTcs, mostomy 19 <n < 23. Ilpu
n < 22:

9 9

9 _ 2 9 1 9
- >-u — <=, IO3TOM JIMHA IIepeCcCUYCHUA IOJIYUHTEPBAJIOB paBHA —— — — = =
n~ 5 n-1 2 y A p yu p p n-1 n nn-1)

9 . .
——— > 0,01, u B 3TOM ciiydyae Bacunuii He CMOXET OIpeneauTh Maccy TabJETKU ¢ OLIMOKOM, He

2221
IIPEBBILIAIONIEN 5 MUIUTUTPAMMOB.
IIpun = 23:

9 2 9 2 1
— <3, TO3TOMY JUIMHA NEPECEUEHUs MONYMHTEPBATIOB paBHa — — = = - < 0,01, u B sTOM

ciaydae Bacunmuii CMOXKET ONpenenuTh Maccy TaOJeTKH C OUIMOKOM, HE MPEBBIMIAIONICH 5

9 2
MUJUTUTPAaMMOB  (HampuMmep, Ha3BaB B KadyeCTBE MAacChl TaOJIETKU (Z+—):2 ~ 0,405 =

5
405 mr).
Omeem: 23.

3amaua 4 (20 6a,1710B)

[TepBokmnaccHuk Ilerss XoueT KynmuTh MajleHbKYIO MAIIMHKY, KOTOpas cTouT 125 pybmeit. Cto
pyOiieil y Hero yxe ecTb, a YTOObl HAKOIUTh HEOCTAIOIYI0 CYMMY, OH COOMpaJl B MJIACTUKOBOU
KOpOOKE BCE MOHETBI, KOTOpPBhIE €ro POJUTENH MOIydald Kak 4acTh CAAYd IpU IMOKYIKax B
MarasuHe M oTjaaBayiu emy. Yepes3 Tpu Mecsna [leTHa Konmmiika oka3auach IMOYTH MOJHOM (CM.
¢doro). Ouenute, XBaTuT Ju Teneps y Iletu aeHer Ha MOKyNKy MamuHKU. OTBET MOSICHUTE.



Pewenue:

Ucxons u3 dortorpaduii, mpuBeACHHBIX B YCIOBUU 3a7aud, JAIUHY KOPOOKH MOXXHO TPUHATH
paBHOi L = 15 cM, a mMpUHY W B34Th paBHOM 6 cM. /[ OLEHKM MOXHO CUMTaTh, YTO BCE
MOHETHl UMCIOT OAWHAKOBBIA auamerp d = 1,5 ¢cM u tommuuy t = 1,5 mm. Torma BeICOTY
KOpPOOKM MOXKHO OIIEHMTh Kak h = 3 cM (aBa amamerpa MOHETHI). YHCIO BHUIUMBIX
OJTHOKOTICEUHBIX MOHET N, MPHOIM3UTEIBHO PABHO YHCITY MSTHKOIEEYHBIX MOHET Mg M YUCITY
MSTHIECATHKONIEEUHBIX MOHET M5g, @ YUCIO JCCATUKOIECYHBIX MOHET Nqg MPHOIMU3HUTEIBHO B
Tpu paza Oonbllle 4eM N, = Ng = Ngy, T.6. Ny9 = 3ny. Ha dororpadusx BUIHO, YTO
HE3aTOJTHEHHBIC MTPOMEXKYTKH MEXITY MOHETAMH 3aHMMAalOT 00BbeM, CpaBHHMEIH ¢ oObeMoM V,
3aHMMAaeMbIM CcaMUMHU MoHeTamu. [loaTomMy i OLIEHKM pa3yMHO CYUTaTh, YTO MOHETHI

v
3aHMMAIOT IOJIOBUHY BCero oObema kopoOku V, = Lwh = 270 cM®, 1.e. V = 70 =135 om’.

N 4
Torma kopoOKka COIEPKUT B OOIIEH CIOXKHOCTH N = o 510 momer, rae V; = md?t/4 ~
1

0,265 cM>— 0GbeM OHOI MOHETHI (TTOCKOJIBKY MBI JIeJlaeM TpyOyr0 OIIEHKY YHCJIa MOHET, HE
OyfeT OMMOKOH NPUHATH 00BEM OJHOI MOHETHl M paBHBIM dt, T.e. 3aMEHHTh MOHETY

IPSMOYTOJIBHBIM MapaIeICUIICIOM C KBaJAPaTHBIM OCHOBAaHHEM CO CTOPOHOM d ¥ BBICOTOM t).
n

3HAYUT, N; = Ng = Ngy = = 85, a n;y = 3n,; = 255. D10 o3Hayaer, 4to oOmMIas cymMma

JeHer B KopoOke coctaBmsier 1'ny + 5ng + 10'nyg + 50'n55 = 7300 xomeexk = 73 pyOus.

Takum 06pa3oM, COOpaHHBIX JICHET Ha MOKYIKY MamiHKu [leTe XBaTuT.

Omeem: denez na nokynky mawunku Ileme xeamum.

Ilpumeuanue:
Ha camom nene B kopoOke 0bu10 66 pyoOsieit 27 komeek, a 00beM MyCTOro MPOCTPAHCTBA MEXKIY
MOHETaMHM COCTaBIIAET MpuOIU3NTENsHO 46% Bcero 00bemMa KOpOOKH.



3agaua 5 (20 6a1710B)

Kurenu mmaneTsl AcTepa UCTIONB3YIOT HEOOBIYHBIE Yachl ¢ IByMs crpenkamu C u M, KoTopbie
PaBHOMEPHO JBHXXYTCS B MPOTHUBOIOJOKHBIX HampaBieHUSX (CM. pUCYHOK). IIpomexyTox
BpEMEHH, B TEUYCHHE KOTOPOrO0 OJWH IOJHBIA 000poT coBepmaer crtpenka C, Ha3bIBaeTCs
acTEepUaHCKOW MHHYTOH, a TIPOMEXYTOK BPEMEHH, B TEUCHHE KOTOPOTO OJWH IOJHBIA 000pOT
COBEpIAaeT CTpeska M, Ha3bIBaeTCs acTepuaHCKUM dYacoM. CKOJIBKO acCTepUaHCKHUX MHUHYT
COAEP>KUT OJINH aCTEPUAHCKU yac?

Pewenue:

OpauH yac — 3TO OJUH MOJIHBIM 000pOT MUHYTHOM cTpenku. Y manoi mectepHu 10 3yOwes, y
6omnbmoit — 100. D10 03HAuYaeT, YTO OJUH IMOJIHBIM 00OPOT MHUHYTHAas CTpenka craenaer 3a 10
MOJIHBIX 00OPOTOB CEKYHJIHOM cTpenku. OauH 000pOT CEKYHIHOM CTPENKH — 3TO OJIHA MUHYTA.
CrienoBaTenbHO, B OJJHOM acTepruaHCcKoM 4dace 10 acrepuaHCKMX MUHYT.

Omegem: 00un acmepuanckuii uac codepicum 10 acmepuanckux Munym.




