3ajaHud 3aKJII0YNTEIBLHOro Tana OauMnuaabl MKoJALHUKOB CIIOIY
2018-2019 yueOHOro roga mo KOMILIEKCY peAMeTOB
HNuxenepHbIe CUCTEMBI

8-9 kiacc

3amaua Ne 1

Bapuanm 1.

YeThIpe CEKpeTHBIC IMAXThI (MOXKHO CUHTATh UX TOYKAMH) PACTIOJIOKEHBI TaK, YTO HUKAKUE TPH
U3 HUX HE JIeKAT Ha OJHOW MPsAMOH (BPEMEHHO MPEINOJOXKHM, 4To 3eMisl riockas). s
3alIUTHI MAXT OT BTOP)KEHHUS MHOTIIAHETSH HY)KHO PACIIOJIORKHUTH CHUCTEMY JIA3€PHBIX MyIIeK (MX
TOK€ MOYKHO CYMTATh TOYKAMH) B BEPIIMHAX HEKOTOPOTO MPAaBUIBHOTO MHOTOYTOJbHUKA TAKUM
o0pa3omM, 4TOOBI BCE MIAXTHI HAXOMIJIUCh Ha CTOPOHAX STOTO MHOTOYIOJIbHUKA M HUKAKHE JIBE
[IaXThl HE TOMAJIM Ha OJHY CTOpOHY. [lymka He MOXXeT ObITh Hallo)keHa Ha maxTy. Kakoe
HaMMEHBIIIee YHCIIO MYIIEeK JOCTATOYHO JUTSI 3alIUThI IIaxT?

Penrenne:

CormnacHo yCJIOBHIO 3a7aud Ha KaXXJOW CTOPOHE MHOTOYrOJIbHUKA C MYIIKaMHU B BEpPIIWHAX HE
MOXET HaxoJIuTbcs Oojee oaHOM mmaxThl. [lockoapKy maxr Bcero 4 TO MUHUMAJIBLHOE
KOJIMYECTBO BEPIIMH Y MHOTOYTOJIbHHUKA (a 3HAYUT U CTOPOH) Tak ke 4. Ocraercs OTBETUTH Ha
BOIIPOC: MOKHO JIM TTIOCTPOUTH KBAJIPAT TaK YTOOBI yKa3aHHBIE MIAXTHI (TOYKH) OKA3aJIMCh HA €T
pPa3IMYHBIX CTOPOHAX.

[Tycts Touku A, B, C u D — maxts1, a K, L, M K A L
u N — Bepumnbl kBagpata K L M N, B ¢
KOTOPBIX Pa3MECTUM ITYIIKH.

PaccmoTpum aBa daxra: tB
a) JaroHalb KBajpaTa ABJIAETCS De
OHMCCEKTPHUCOM ero yrios;

0) BepuIMHA KBajJpaTa [OJDKHA JIEKaTh Ha
OKPY’KHOCTH, JAUaMETPOM KOTOPOU SIBISIOTCS
TOYKH DACIOJOKEHHbIE Ha MPWIeKAIIUX K
paccMaTpuBaeMoil BepIInHe CTOpOHAaX.

. 2
Ha ocHoBe »53Tux 1ByX (DakTOB COCTaBHM N C M
QIrOPUTM TIOCTPOEHUSI KBajpara B ciydae
KOTJ]a €r0 MOKHO MOCTPOUTb.

1) ITocTpoum OKpyKHOCTb @, Ha oTpe3ke AB kak Ha nuamerpe.
2) Iloctpoum okpykHOCTb @, Ha oTpe3ke CD kak Ha nuamerpe.
3) CoenunuM mnpsiMoil | cepeauHBl Iyr OKpYXKHOCTEH @ U @, MpPU 3TOM BBIOMpAeM Te AYrH

KOTOpBIE JIeXKAaT B TOW JK€ MOJYIJIOCKOCTH OTHOCUTENBHO AMAMETpa, YTO M LEHTP IPYyroi
OKPY’KHOCTH.
4) Ilpsamas | nepecekaeT OKPYKHOCTH @ U @, €lle B JOBYX TOUKaX, KOTOpbIE SBISIOTCS

MPOTUBOIIOJIOKHBIMHA BCPHIMHAMU UCKOMOTO KBaapara.



I[aJIee MOKHO COCAUMHUTD HaﬁI[GHHBIe BCPIIMHBI KBaJipaTa C 3aJaHHBIMH TOYKAMH.

Bapuanm 2.

InuoHy M3BECTHO, YTO YETHIPE CEKPETHBIE HIaXThl PACIIOJIOKEHBI B BeplMHAX KBajpara. OH
3HAET, YTO TPU U3 HUX PACIIOJIOKEHBI Ha PACCTOSHUU 5 KM, 6 KM U 12 KM OT TOYKH, B KOTOpPOU
OH B JAHHBIH MOMEHT HaxXOAUTCA. MOKET JM IIIHMOH OINPENCIIUTh PAaCCTOSTHUE OT HEro [0
YEeTBEPTOH 1IAaXThl U HAIIPaBJICHUE HA HEE OTHOCUTEIBLHO U3BECTHBIX EMY 1IAXT?

Penienne:

ITycte Touku A, B, C u D — maxTel, a M — TOYKa B KOTOPOU HAXOUTCS IITTHOH.
BBenem cuctemy KoOpauHAT Tak Kak MOKa3aHO HA PUCYHKE.

¢B (0.a) 'C- (a,a)

o M(xy)

_T ‘
A(0,0) D (a,0)

HewusBecTHyto cTOpoHy KBajipaTa 0003HauUM 4epes3 a, TOora:
AM? = (x—0)* +(y—0)* = x* + y?
BM?=x*+(y—a)’
CM? =(x—a)* +(y—a)
DM? = (x—a)?+y?
CrpaseinBo paBeHCTBO: AM? +CM? = BM?* + DM ?
PaccmaTpuBasi pa3nuuHbBIE BapHaHTBl paclpelesIeHUs H3BECTHBIX DPACCTOSHHH, OMpenelsieM
paccrosinve d 10 YETBEPTOM BEPIIMHBI KBajpara. B cuity Toro, 4ro 12° > 5% + 6% nMeeM TOJIBKO
ZIB€ BO3MOXKHOCTH:
d?=12*+5"-6"=133
170171
d,> =12 +6°>-5° =155
CrnenoBaTenbHO, OJHO3HAYHO ONPEICIUTh PACCTOSHHE [0 YETBEPTOW WIAXTHI IIIMHUOHY HE
ynacrcsi. MOXKHO JIM OTIpe/IeTINTh HallpaBJIeHUE Ha MIaxTy?
Ecnu MBI cOCTaBUM cUCTeMY YpaBHEHUH Ui HAaxOXKICHHS CTOPOH KBajaparta ([Isi Hamepen
3aJJaHHOM TOYkM M B cHcTeMe KOOpJIMHAT, CBsizaHHOW ¢ KkBagpatoM ABCD), To MOXHO
yOeIuThCs, YTO ¥ CTOPOHA KBapaTa, 10 MMEIOIIUMCS 3HAYCHUSIM PACCTOSHUHN, OTIpENIeNsieTCsl He
OJIHO3HAYHO T.K. CUCTEMA!



X +y? =144
(x—a)?+(y—a)?=25 - (a®+108)*+(a’*+11)* =4a*-144
(x—a)’+y*=36
MMEET /IBa PEIIECHUS:
x, 10,406, y, 5,976, a, =10, 946,
"
X, =11,207,y, =~ 4,291, a, = 7,031.
PaccmoTpuM anropuT™m nocTpoeHus: KBajapara, UCMOJb3ys PacCTOSHUSA OT HEKOTOPOM TOYKH JI0
TPEX €ro BEpIHH.
1) OtknaapiBaeM oTpe3ok AM.
2) Ctpoum Touky M ' Takyto, 4To
AM'= AM
u yron M'AM — npsmoii.
3) OpoBOAMM  OKPYKHOCTH  C

LEeHTpOoM B Touke M' m paamycom
MB.

Touku nepeceyeHns OKPYKHOCTEH —
9TO JBa BO3MOXHBIX IIOJIOKEHUS \\““-—h

TOYEK BEpIIMHBI  KBagpata B,
COOTBETCTBYIOIIIME Pa3HbIM JUTMHAM
KBajpara. A

Nmes monoxkenne touek A, B u M
MOCTPOMM  BeCh  KBazmpaT (aBa

KBaJpara). D

1

3aMeTI/IM, 4TO CYHMECTBYIOT €HIC ABa KBajpaTra, YAOBJIICTBOPAIOIIHUX YCIOBHUIO 3aJadll — OHHU
CUMMCTPUYHBI ITIOCTPOCHHBIM OTHOCUTCIIBHO HpHMOﬁ AM.

COOTBETCTBEHHO oJry4acM, 4TO €CJIM IIIMHOH HAXOAUTCA B YHUCTOM IIOJIC U HUYCTO KPOMC TPEX
YUCCI HC 3HACT TO ONpPCACIINTDL, I'IC HAXOAUTCA YCTBCpPTAsd IaxTa, OH HC CMOIKCT. Ho ecnu
IIITMOH OPUCHTHUPOBAH XOTSIOBI OTHOCHUTEIBLHO ABYX MAXT, TO OH CMOKCT BBI6paTB nu3
HCCKOJIbKUX BO3MOJKHBIX KBaJP4aTOB KOTOpHﬁ €My HYXCH. HpI/I‘IeM IICPBBIM OH JOJDKCH
HCIIOJIb30BATh HAIIPABJICHUC Ha IIAXTY A, 3aTCM IMOCTPOHUTH BO3MOJXKHBIC KBaApaThl, a JaJICC, C
IIOMOIIIBIO U3BCCTHOI'O EMY HAIIPABJICHHA HA JPYTI'YIO IIAXTy COBCPIINUTH BBI60p.

3amaua Ne 2

Bapuanm 1.

DHepreTuyeckass yCTaHOBKAa  OXJIAKJAETCAs MNPOTOYHOM  BOJOWM, UUPKYJIUpYIOIIEH B
WIMHAPUYECKONH crupanbHOoil TpyOke muamerpom 30 MM. B pabouem pexume Boja
HarpeBaetcs Ha 30 °C. C kakol CKOpPOCTbIO JOJDKHA LIUPKYIUPOBATh BOJAA, €CIU HA €€ HarpeB
tpatutcs 50 kBT. TermoemkocTs Bojibl ¢ = 4200 JIx/(kr-°C).



Pemienne:

PaccmoTpuM HeKoTOphI HEOOJBIION OO0BEMYMK BOJBI B OXJaxjaromei cucreme. Ero
HarpeBaHHe MPOMCXOIUT BCE BpEMsI, ITOKa OH JIBMXKETCS B TpyOKe. O4eBHUIHO, 3TO BPEMsI €CTh

r=1/v, (1)
rae | — miuHa TpyOKH, V — CKOPOCTh JIBUYKEHHSI BOJIBI (110 YCIIOBUIO OHA TIOCTOSIHHA).
Ecmu p — nmmotHoCTh BOBI, @ V' — 00BEM TpyOKH, TO Macca BOJIbI B HEH

m=p-V.
[MockouibKy TpyOKa HMIMHAPUYIECKAs C 33aHHbIM quameTpoM d , To

V=IS=1zd*/4

(3mecy S — TUIOIIAAK MOTIEPEYHOTO ceueHus Tpyoku). Takum oOpazom,

. plzd?  pvrzd?

, 2
A 1 )
rjae yuteHo cootHomieHue (1). 3a BpeMst 7 3Ta BoJa B TpyOKe MOJIYYUT TEIJIOTY

Q =mcAt, (3)

rae At — u3MeHeHHe TeMIepaTyphbl BOBI B pe3yibTare ee HarpeBa. COOTBETCTBEHHO,
MOIITHOCTh, KOTOpast TPATUTCS HAa HarpeB BOJIbI B TPYOKe, paBHA
N=Q/rz.

[Toacrasnss (3) u (2) u cokpaniast Ha BpeMs 7 , IOJy4UM

N = pVﬂdZCAt.

4
OTcros1a HaX0IUM UCKOMYIO CKOPOCTD

. 4-50-10°
prd*cAt 1000.7-(3-107%) -4200-30

~ 0.56 m/c.

OtBer: V= 0.56 m/c.

Bapuanm 2.

DHepreTuyeckas YCTaHOBKA OXJIAXKAAETCS MPOTOYHOM BOJOH, IUPKYIUPYIOMIEH CO CKOPOCTHIO
0.5 m/c B nMIMHApPUYECKOU cniMpaibHOU TpyOke nuamerpoM 50 mm. B pabouem pexume Boga
HarpeBaercs Ha 25 °C. Kakasg MOIIHOCTb TpaTUTCS Ha HarpeB BoJIbl B TpyOke? TemmoeMkocTh
BoJibI ¢ = 4200 JIx/(xr-°C).

OtBer: 103 xBrT.

Bapuanm 3.

OHepreTuyeckass yCTaHOBKA  OXJIAXZAETCS INPOTOYHOM  BOJOW, LMPKYJIUPYIOLIEH B
LWIMHAPUYECKON crupaibHOil TpyOke co ckopocThio 1 wm/c. B pabouem pexume Boja
Harpeaercs Ha 19 °C. U3BectHo, uTo Ha HarpeB BoAsl Tpatutrcs 100 kBt. Uemy paBeH nuametp
TpyOku? TemmoemkocTs Bojibl ¢ = 4200 [Ix/(kr-°C).



OtBer: 40 MM.

3amaua Ne 3

Bapuanm 1.
Snpa ypana-235 npu morionieHny cBOOOTHBIX HEUTPOHOB MOTYT pacrafarbcsi Ha OoJiee JIETKHe
anpa. Ilpu sToM Kaxawii pacman 2°°U nmpuBOAMT K BBIENEHHIO B cpeaHeM E0=180 MsB

SHEPrUM ¥ K TOSBIEHMIO JIBYX MIH TpeX CBOOOAHBIX HeiTponos (180 M5B =180-10° 2B,

12B=1.6-10" [{ic— >neKTpOH-BONLT, BHECHCTEMHAs EMHKIIA M3MepeHns sHeprun). Takum

o6pasom, Kaxmbli pacmaz 2°U maeT BO3MOXKHOCTH ISl OCYIIECTBJIEHMS emle 2-3 peakiuii
pacmaga apyrux sgep 2°U, B KakmOH M3 KOTOPHIX MOSBJISAIOTCA 2-3 HEHTpOHA HOBOTO
nokonennss u Beigensercs sHeprus EO0. Ecim smep 2°U 10cTaToyno MHOTO, TO UHCIIO
HeWTPOHOB, a, 3HAYAT, M YHCIO peaKnmii pacmaga 2°U HapacTaeT IJIaBHHOOOPasHO —
pa3BHUBaeTCs TaKk Ha3blBaeMas LeIHas siiepHas peakiusl.

[TycTe B simepHOE TOIUIMBO, COCTOSIEE M3 fAlep ypaHa-235, B HayaJdbHbIA MOMEHT BpPEMEHHU
nomnagaeT NO=100 neitrpoHoB. Kakoe HamMmeHBIIEE YHCIIO ATANoOB IEMMHOW PEaKIUM JCTICHUS
235U 10IKHO MPOM30UTH ISl TOTO, 4YTOOBI BBIAETHIIOCH Oosnee Et=0.078 mukpomkoynein
SHEPTHUH, €CJIM K PEaKIUHU MPUBOIUT KaKIbIM MMEIOIUNUCS B TOTUIMBE CBOOOHBIN HEHTPOH?
Cuuratb, 9YTO

1) mpu kaxaoM pacrage sapa 2>°U Belensercss B cpemHeM 2.47 HeWTpoHa (IpU OTIAETEHOM
pacmajie MOXKET IMOSBUTHCS, KOHEYHO, TOJBKO I1€JI0€ YUCIO HEHTPOHOB — OOBIYHO 2 WJIU 3, HO
YCPEIHEHHE YHCIIa TOSBIISIONIUXCS HEUTPOHOB MO MHOXKECTBY pacnajoB JaeT APOOHOE YMCIIO
2.47);

2) Bce HEUTPOHBI HOBOTO IMTOKOJICHUS MOSBIISIOTCS OJTHOBPEMEHHO;

3) BCE HEUTPOHBI OJTHOTO TIOKOJICHHUS MOTJIONIAIOTCS sIApaMu ypaHa-235 0JHOBPEMEHHO.

Pelnenmne:

Boipasum nBe 3amanHbie B ycioBuu sHeprun EO u Et B kakux-HuOynp ogHUX eauHUIIAX,
Hanpumep, B MaB:

Et =0.078-10"° Jic = w =4.875-10" 5B = 4.875-10° MsB.
1.6-107 [oc
Haiinem, ckosibko peakuuil pacmnazna 235U nomxkHO MPOU30MTH ISl TOTO, YTOOBI BBIAETHIACH
SHeprus, paBHas Et:
Et 487500
EO 180
[Toatomy miis TOTO, UTOOBI MPEBBICUTH dHEPTHIO Et, momxHo mpouzoittu NU=2709 pacnanos.

~ 2708.3.

Ha mepBom stame mpowusoiiner NO peakmnuii pacnana, Ha Bropom — 2.47-N0O, Ha TpeTbeM —
2.47-(2.47-N0),... Ha oranie m — 2.47™*-NO peakuuii. Bcero 3a m 3Tanos npou3oiger

Nm = No-(1+ 247 +2.47% +..+ 2.47"‘*1)



pacnaznoB. TakuMm o0pa3oM, JUIsl peLIEeHUs 3aaud HYXKHO HalTH HauOoJiplliee YMCIO M Takoe,
gro Nm < NU. Torga Heo6xoaumMoe 4HCIO ITAmoB IeNMHOW peakmuu Oyaer M+1. Pemras 3to
HEPaBEHCTBO MepeOOpOM BO3MOKHBIX 3HAUCHUN M, HaXoauM, uto m+1 = 5:

100 % (1+2.47 +2.47° + 2.47°) ~ 2464 < 2708.

OTBeT: 5 3Tanos.

3ameuanue: Vicnons3ys Gopmyity Aiast CyMMbI T€OMETPHUYECKON MPOTPECCHH, a TAKXKE CBOMCTBA
norapudma (MaTepuai, KOTOPbIH MPOXOJAT B CTApPIIMX KIACCAX IIKOJIBI), MOYKHO TPHU PEIICHUH
9TOM 3a/1auu 000UTHCH U 6e3 mepebopa BO3MOKHBIX 3HAUEHUH M

Nm:NO-(1+2.47+2.472+...+2.47m*1):No._2'47 —1_ o 24771

247-1 1.47
Tax xak goymxHO 661 NM < NU, TO mosyyaem ciieyroniee HepaBeHCTBO JJIsl OLIEHKH M:
2.47" <1.47-w+1
NO
WK, Jorapupmupys,
In(1.47NU /NO+1
m < ( ) ~4.1.

In2.47
Haubonsmiee nenoe uncio, kotopoe Mensbiie 4.1 — 3to 4. [lostomy m+1 = 5.

Bapuanm 2.
SAnpa ypana-235 npu MorJIONIEHUU CBOOOIHBIX HEHTPOHOB MOTYT pacnajgaThCs Ha 0oJiee JIeTKHUe
sapa. Ilpum sToM Kaxkablid pacmaj 235y MPUBOJUT K BBIICIECHUIO B cpeaHem EQ=180 Mb>B

SHEPrHMH M K TOSBJICHHIO JBYX HIM TpeX CBOOOIHBIX HeiiTpoHoB (180 M>B=180-10° 5B,

-19
15B=1.6-10"" /]oxc— >1EKTPOH-BOJIbT, BHECUCTEMHAs €IMHUIIA U3MEPEHUsS dHEpruu). Takum

0o0pazoM, Kaxaplid pacraj 235 maer BO3MOYKHOCTB IS OCYILECTBJICHHUS elle 2-3 peakuuit
pacmaga apyrux sgep 2°U, B KakmOH M3 KOTOPHIX MOSBISAIOTCA 2-3 HEHTPOHA HOBOTO
nokoneHuss u Bbigensercs osHeprus E0. Ecim sgep 2°U 10CTaToyHo MHOTO, TO YHCIO
HEHTPOHOB, a, 3HAYUT, M 4YUCIO peaknuii pacmaga 2°U HapacTaeT IIaBUHOOOPAasHO —
pa3BHUBaeTCs TaK Ha3blBaeMas IEeIHAas siIepHasl peakiusl.

[Iycth B sepHOE TOIUIMBO, COCTOSIIEE U3 sAep ypaHa-235, B HayaJlbHBIH MOMEHT BPEMEHU
nomnagaeT N0=200 neirpoHoB. Kakoe HamMeHBbIIIEE YHMCIIO ATANOB IEMMHONW PEaKIUH JCICHUS
25U 10mKHO MPOM3OUTH JUIA TOro, 4ToObl BblAenuiIochk Oonee Et=0.144 muxpomxoynein
SHEpPruM, €CIU K pPeaklud MPUBOIUT KaXIbI MMEIOIIUNCA B TOIUIMBE CBOOOJHBIM HEUTPOH?
CuuTarth, 4TO

1) mpu xaxaoM pacmage sapa 2>°U Bbiensercs B cpepHeM 2.47 HeWTpoHa (pU OTAEILHOM
pacmajzie MOKeT MOSBUTHCS, KOHEYHO, TOJIBKO IIEJI0€ YUCIIO HEUTPOHOB — OOBIYHO 2 WiH 3, HO
yCpEIHEHHUE YHCIIa MOSBIISIONIMXCS HEUTPOHOB MO MHOECTBY pacmaioB JaeT APOOHOE YHCIIO
2.47);

2) Bce HEHTPOHBI HOBOTO MOKOJICHUS TOSIBJISIOTCS] OJHOBPEMEHHO;

3) Bce HEUTPOHBI OJTHOTO MOKOJICHUS MOTIOMIAIOTCS SApaMU ypaHa-235 0THOBPEMEHHO.



OTBeT: 5 3Tanos.

3anaua Ne 4

Bapuanm 1.
[TycTh naHa HEKOTOpasi XMUMHUYECKask PeaKIus:

nX, +n0, =n,X,0,
rae n, N, ny, kK, k; —mensie uncna.

Hanmmmnre nporpammy Juid HaxoxIeHHs Kod(D(OUIMEHTOB N, N, W N,, YpPaBHUBAIOLUIMX
IPHUBEICHHYIO PEAKIUIO JUIS IIPOU3BOJIBHOTO BemecTBa X; uncna K, u K, sBIAI0TCS 3aJaHHBIMH
BXOJHBIMH JIaHHBIMH JUIs PaGoTel mporpammsl (K, — crerneHb oxkucnenns B okeune X,0 ).
[Ipenmnonaraercsi, 4T0 MOTyT 00pPa30BBIBATHCS TOJIBKO OKCUBI (HO HE TIEPOKCHUIbI).

Ipumeuanue: Ilpoepamma Oondicna codepicamv KOMMEHMapuu, 0ObACHAIOWUE bINOTHAEMbLE

oeticmsust. Omcymcmeue KoMmenmapues eiedem 3a COOOW CHIDKEHHUE TOJTydaeMBIX 3a 3aJaqy
OaiutoB!

Pelnenmne:

3aKOH COXpaHEeHHs MacChl BEIIeCTBA B IPUMEHEHUHU K pacCMaTpUBAEMON PEaKIH JTaeT

Kk =2-n n,=n-k /2
;1 R S N (VI N (P}
N, =n, -k, n,=n,-K,/2

[ToacraBuM HaiiIeHHbIE BBIPKEHUS U1l KOOQPUIUEHTOB N, U N, B ypaBHEHUE PEAKLUH

n.k.k nk
n1Xk1 +( 1; 3}02 =(%szok3.

B ypaBHEHHAX XUMHUYECKHX PEAKIMil MPUHATO COKpamaTh KOd(PPHUIMEHTH Ha HAUOOIBIINN

O6H.IPII>1 ACIINUTECIIb, IMIO3TOMY IOACINM BCEC TPpHU KOS(I)(I)I/II_[I/ICHTB. Ha nl , 4 TaKOKC IOMHOXHM HX Ha
4, IMMOCKOJIBKY B YPABHCHUAX XUMHYCCKUX peaKHI/Iﬁ KOB(I)(I)HHI/ICHTBI JOJI2KHBI OBITH OCJIBIMHU.
Takum O6p830M, MOJIYYUM YpAaBHCHHC B CIICAYIOLIECM BUJIC:

4X,, +kkO, =2k X,0, .
OTCIO,[[a SICHO, 4YTO KOB(l)(l)I/II_II/IeHT nl MOZKCT NPUHUMATL TOJIbKO 3HAYCHUA 1, 2 nm 4, a KaKoc€

HUMCHHO — OTO OIIPCALIACTCA YCTHOCTHIO YN CECIT kl 151 k3.

CocraBuM TabnuIy Ui BBIYUCIEHUS KO UIEHTOB N, N, U N,



3a4a€TCA BBIYMCIIACTCA
kl k3 r.Il n2 n3
HEYETHOE | HEYeTHOe 4 k; -k, 2-k,
HEYCTHOE | YETHOE 2 K, -, k,
ky =2-1j,
I, —
menoe
YeTHOE | HEYEeTHOE 2 i -k, K,
k =2-i,
i, —
menoe
4eTHOE 4eTHOE 1 Iy -y I
k=2-i, | ky=2-i,
L, — I, —
melnoe menoe

CooTBeTCTBYIOIINE BRIYUCICHHS 110 3aJaHHBIM K, u k; marot:

3a4a€TCA BBIYUCIISIETCA YpaBHCHHUEC pCaKIINn
k, Ky n, n, n, n1Xkl +n,0, =n, X 20k3
1 1 4 1 2 4X +0,=2X,0
1 2 2 1 1 2X +0, =X,0,
2 1 2 1 2 2X,+0,=2X,0
2 2 1 1 1 X,+0, =X,0,

[Tporpamma pa3duBaeTCs Ha CIEAYIOIIUE STAIIbI:

1) BBox umcen Kk, u k;;

2) B 3aBUCUMOCTH OT UX YETHOCTH BBIOMPACTCS COOTBETCTBYIOIIAS CTPOKA U3 TaOJIHIIbI,
3) BbruucieHue kodpduuuentos N, n,, Ny;

3) BBIBOJI MOJTy4EHHBIX KOI(PPUIIMEHTOB HA IKPaH.

I[1pu 3TOM crietyer ydecTb, 4To K, He MOXeT ObITh OOJIBIIIE CTENIeHN OKHUCIICHUS aTOMa dJIeMEHTa
pazaeneHHoi Ha 2, TO €CTh OTPAaHUYEHO YMCIIOM BaJICHTHBIX 3JIEKTPOHOB.

C koo durmenToB K, cuTyalys UHas: JUIsl TBEPIBIX BELIECTB U XKHUAKOCTEH Beeraa 6epyr 1, Tak
KaKk TpU HOPMAJbHBIX YCIOBHUSX COOTBETCTBYIOIIME MPOCThIE BemiecTBa Ans 11 sneMeHToB
apistotest razamu (H, He, N, O, F, Ne, Cl, Ar, Kr, Xe, Rn), ans 2 — xxuakoctsmu (Br, Hg), nns
OCTaNbHBIX JJIEMEHTOB — TBEPABIMU TelnamMu. V3 MpHUBEACHHBIX Ta30B MOXET OBITH TOJBKO
cayyait k =1, 2, 3.



Moryr ObITh KIACTEphl, Bpoae ¢ymiepenoB C60 u mpodee, HO 3TH ClIydyau B 3ajade He
paccMaTpruBarOTCA (CCJII/I OHM YYTCHBI B PCHICHUH YYAaCTHUKA TO BO3MOKHO HAYUCIICHUC
JOHOJHUTEIBHOTO 0ajlia 3a OpUTHHAIBHOCTH ).

3ameuanue: O YCIOBHIO 3a/1a4d HE0OX01uMO paccMmarpuBaTh okcuasl XO, ogHAKO B TabmHIle
MOXKET MOIyuuThes nepokcun X,0,KOTOpbIi JIOKEH ObITh MCKIIIOUEH U3 paccMoTpeHus. [l

OKCHJIOB B 001meM cirydae BosmoxkHo: X,0, XO, X,0,, XO,, X,O,, XO,, X,0,.

Bapuanm 2.
[TycTh naHa HEKOTOpasi XUMUYECKask PeaKIus:

n1Xkl +n,S = n3X28k3,
rae N, n,, n, K, k; —messie uncna.

Hannmwnre nporpammy uid HaxoxIeHHs Kod(QGUIMEHTOB N, N, U N,, YpaBHUBAIOLUIMX
IPHUBE/ICHHYIO PEAKIHUIO JUIS TIPOU3BOJIBFHOTO BemecTBa X; uncna K, u K, sBIfIoTCS 3aJaHHBIMH
BXOJIHBIMH JITAaHHBIMH JUI paOOTHI IporpaMMmel (K, — cTereHb OKHCIEeHHS B Cynboue XSk, ).

[Ipenmonaraercsi, 4T0O MOTYT OOpa30BBIBATHCSA TOJNBKO CYIb(GUIBI (HO HE OPyrue COeAWHEHUs
cephl).

Hpumeuanue: [Ipoecpamma 0onxcHa codepircams KOMMEHMAapuu, 00bIACHAIOWUE BbINOIHIAeMbLE
oeticmsus. Omcymcmeue KoMmenmapues eiedem 3a COOOW CHIDKEHHUE TOJyJaeMbIX 3a 3aJady
OaiutoB!

Pelnenmne:
Pemenne anamoruyHo (CM. PEABIIYITYIO 33/1a9y ).

3anaua Ne 5

Bapuanm 1.

Ha ppluaxspix Becax ypaBHOBEIICHBI [Ba CTakaHa, COJEpXKAllUX OJUHAKOBBIE MAacChl
pactBopoB, paBHbie 10 r. B nepBom crakane Haxoautcsi pacTBop cyiabdarta meau(ll), B kotopsrit
OMYILEHbI J1Ba TpadUTOBBIX JJIEKTPOJA, U OHU MPHU 3TOM HE KacaroTcsl CTEHOK cTakaHa. Bo
BTOPOM CTaKaH€ — pacTBOpP CEPHOM KHUCJIOTHI, COAEPXAIIMl TaKKe HECKOJIbKO Karelb
denondranenna. Haxg crakaHoM ¢ KUCIOTOW HaxoAWTCS OIOpeTKa, 3aloJHEHHAas pPacTBOPOM
TUAPOKCUAA HATpHsI ¢ TWIOTHOCTHIO 1.1089 r/mi.

OnHOBpPEMEHHO 3aIlyCKalT JiBa Mpoliecca: OTKPHIBAIOT KpaH OMOPETKHM M MOJKIIYAI0T
ANIEKTPOBI K LEMH MOCTOSHHOTO ToKa. IIpu 3TOM CKOpOCTh MCTEUEHUS KUAKOCTH U3 OIOpETKU
cocrasiser 0.02 mi/c, a cuna Toka B nenu 0.6 A. Yepes HeKOTOpoe BpeMs pacTBOP BO BTOPOM
CTaKaHe MPUOOpPETaeT MAIMHOBBIM I[BET, M B 3TOT K€ MOMEHT AJIEKTPOIbI OTKIIOYAIOT OT IIETIH.
IIpu 5TOM Macca pacTBOpa BO BTOPOM CTaKaHE OKa3bIBaeTCs B JIBa pa3a 00JIbIIE, YEM B TIEPBOM.



Ompenenure:

1) Bpemsi, uepe3 KOTOpOEe pacTBOP BO BTOPOM CTaKaHE OKPACHJICS B MAJIMHOBBIN LIBET;
2) o0beM THIIPOKCHIA HATPHSL, KOTOPBIH 3a 3TO BpeMsl BBITEK U3 OIOPETKH;

3) oObeM ra3a (Ipu HOPMaIBHBIX YCIOBUSX) BBIICIUBIIETOCS BO BPEMSI AJIEKTPOJIH3A.
3anuumTe ypaBHEHUS IPOTEKAIOMNUX XUMUYECKUX PEAKIIUM.

Pemienne:

3anuiieM YpaBHEHMsSI XMMHYECKUX peakluii, MPOTEeKarolMX B CTakaHax. B mepBoM crakaHe
MIPOUCXOJUT IIEKTPOJIU3 PACTBOPA HA MHEPTHBIX AIEKTPOJIAX:
2CuS0O4 + 2H,0 = 2Cu + Oz + 2H2S04
[Ipm sTOM Ha KaroAe NHPOUCXOIUT BOCCTAHOBJIECHHUE HMOHOB MEAM JI0 METAUIMYECKOW MENH,
KOTOpasi OCelaeT Ha 3JEKTPOJE, Ha aHOJAE BBIJIEIAETCS KHUCIOPOJA. DIEKTPOJHBIE IPOLIECCHI
371€Ch CIIEAYIOIIHE:
Karon: Cu?t +2& = Cu®
Anon: 2H,0 —4e=4H"+ O,
Bo BTOpOM cTakaHe UAET peakius HEUTpAIU3aUN KHCIOThI HIEI0YbIO:
2NaOH + H2SO4 = Na S04 + 2H,0
Hcnonp3yem gaHHBIE O IPOLECCAX, KOTOPBIE MMPOTEKAIOT B IBYX cTakaHaX. CKOPOCTb UCTCUCHUS
THJIPOKCUA HATPUsS U3 OIOPETKU ONpPENeNseTcs OTHOIIEHUEM BBITEKIIEr0 00beMa U BPEMEHEM,
3a KOTOPOE 3TO UCTEYEHHUE MPOU30LLIO:

(fr0p) <L (NOH)

VpaBuenue dapanest 114 370€KTpoJin3a JaeT
m(Cu) |-t ot m(Cu)-z-F

_V(NaOH)

' V(6;0p)

M(Cu) z-F I -M(Cu)
(3mece m(Cu) — macca meau, BelaenuBIIekcs Ha karoge, M (Cu) — ee MosspHas macca, Z —
YKCJI0 DJIEKTPOHOB, YUYACTBYIOIIUX B IMPOLIECCE BOCCTAHOBJICHUS HOHOB MeaH, | — cuma Toka, F —

nocrosiHas Papanes, paBHas 96500 Ki/moub).

O6a nporuecca (BbITEKaHHE THAPOKCHIA HATPUS U DIEKTPOIU3) MPOTEKAIOT B TEUEHUE OJHOTO U
TOTO K€ BPEMEHH, MOATOMY MOXXHO TMPHPABHSATH IpaBble YacTH OOOWX BBIpAKEHUN ans 1,
3aMMCaHHbIE BBIIIE,

t:V(NaOH) _ m(Cu)-z-F
V(6}0p) I-M(Cu)
HO,[[CTaBI/IM CrOga N3BCCTHBIC BCIIMYNHBI.
V(NaOH) _m(Cu)-2-96500
002 0664

Orcrona
V(NaOH) =100.5- m(Cu),

rac 00beM THUAPOKCHUAA HATPUS BBIPAKCH B MUJIJIWJIUTpPAX.



Jlamee HCIIOJIb3yeM HW3BECTHBIE W3 YCIOBHS COOTHOUICHHS MEXIYy MaccaMd CTaKaHOB C
pacTBOopamu B Hauase (M) 1 nocsie okoxuanus mpoueccos (MP u m?). Ifo nauana nporeccos
Maccel pacTBOPOB B OOOMX CTakaHax OAMHAKOBHI: M;=10 r. Macca nepBoro crakaHa mocie
3aBEpILEHUS IEKTPOIN3a paBHA
m =m, —m(Cu)-m(0,).

Macca BTOpOro cTakaHa IocIIe mporecca HeUTpaIu3auu:

m® =m, +m(NaOH ) =m, + p(NaOH )-V (NaOH ),
rae p(NaOH) — mutoTHOCTB pacTBOpa ruipokcuaa HaTpus. [1o ycrmoBuio nmeem

2.m® =m®.

Torma

2(m, —m(Cu)—-m(0,))=m, + p(NaOH)-V (NaOH).

s YpaBHCHHA HpoHecCa JJICKTPOJIn3a U3BCCTHO, KAK CBA3AHBI KOJIHMYECTBA BCIICCTBA MCIU U

KHUCIIOpOJIa:
n(Cu) 2 o _n(Cu) .
n(o,) 1 (0:)=73
m(Oz): m(Cu) . m(o):M(oz).m(Cu)
M(0,) 2-M(Cu) ? 2-M(Cu)

Takum 00pa3oM, ypaBHEHHE CBS3H MacC CTaKaHOB TMOCTIE MpoIecca ecTh

z(m0 _m(cu)- f,zv?'(ngﬁ?u)} m, + p(NaOH )-V (NaOH )

WJTH, TIpeoOpasys,

Z(m0 —m(Cu)-[lJrMD: m, + p(NaOH )-V (NaOH ).

2-M (Cu)

[ToacTaBUM KM3BECTHBIE BEIMYUHBI U PACKPOEM CKOOKHU:
10-25- m(Cu) =1.1089-V (NaOH )
CoBMeCTHOE pellIeHHUE IBYX YPaBHEHUH
V(NaOH) =100.5-m(Cu)
{10 —2.5-m(Cu)=1.1089-V (NaOH))
MO3BOJISIET OMPECTUTh HEM3BECTHBIC BETMYHUHBI, IMEHHO,
V (NaOH) =8.82 mu,
m (Cu) =0.0878r.

VYuTeM, 4To MpH HOPMAJBHBIX YCIOBUSAX OJUH MOJIb ra3a paseH V., =22.4 n/moins. Torna o0bem
KHCJIOPOJa, BEIACIUBIICTOCSA BO BPEMS SJICKTPOJIN3A,
v 2)=Vm(02)-m(Cu) _ 22.4-0.0878
2-M (Cu) 2-64
BpeMH MMPOTCKAHUA IPOLECCa TCIICPh TAKKC MOKHO HaWTH:
¢ V(NaOH) _8.83
V(6}0p) 0.02

=0.01537 n=15.37 mu1.

=4415c.




OrBert:

1) Bpems poTekaHus npoueccos: 441.5 c;

2) 00beM BBITEKILEro THAPOKCHIa HATpust: 8.82 mi;

3) 00BeM BBIICIHMBILETOCS MIPH ICKTPOIH3E rasa: 5.37 MiL

Bapuanm 2.

Ha pblyaxHpIX Becax YpaBHOBEIICHBI JiBa CTaKaHa, COJEPKAIIUX OJMHAKOBBIE MAacChl
pacTBopoB, paBHbIe 15 . B mepBom crakane HaxomuTcs pactBop cynbdarta meau(ll), B koTopsrit
OMYILEHbI J1Ba TpaUTOBBIX JJIEKTPOJAa, U OHU NPU 3TOM HE KacaroTcsl CTEHOK cTakaHa. Bo
BTOPOM CTaKkaHE — pacTBOP CEPHOM KHCIIOTHI, COAEPKALIMH Takke HECKOJBbKO Kareib
¢enondranenna. Hag crakaHoM ¢ KUCIOTOW HaxoAuTcs OIOpeTKa, 3aloJHEHHas pacTBOPOM
TUAPOKCUAA HATpHs € IIOTHOCTHIO 1.1089 r/mit.

OnHOBpPEMEHHO 3alyCKalT JBa IIpoliecca: OTKPHIBAIOT KpaH OMOPETKHM M MOJKIHYAIT
ANEKTPOJbI K LenH, cwia Toka B koTtopod 1 A. YUepe3z 1000 ¢ pacTBop BO BTOPOM CTakaHe
npno6peTaeT MaJIMHOBBII OBET, 1 B 3TOT K€ MOMCHT JJICKTPOJAbI OTKIIFOYAIOT OT LCIIH. HpI/I 3TOM
Macca pacTBOpa BO BTOPOM CTAKAHE OKa3bIBAETCsI B YETHIPE pa3a OoJIbLIe, YEM B IIEPBOM.

Onpenenure:

1) cKOpOCTh UCTEUYCHUS )KUAKOCTH U3 OIOPETKH;

2) 00beM THAPOKCHUIA HATPHUSI, KOTOPBIHA 32 3TO BPEMS BBITEK U3 OIOPETKH;

3) 00beM rasa (Mpu HOPMAJIBHBIX YCIIOBUSX) BBIJICTUBIIETOCS BO BpeMsl AJIEKTPOJIH3A.
3anuiuTe ypaBHEHHs MPOTEKAIOIINX XUMUYECKUX PEaKIUHl.

Otser:

1) ckopocth ucteuenus: 0.039 mi/c

2) o0bem ruapokcuaa HaTpus: 39.1 mu
3) 00beM BeIIeTUBIIErOCS raza: 58.0 mi.



