3aganus oTtéopouHOro 3rana Quumnuaabl MKoILHUKOB CIIOIY
2018-2019 y4yeOHOro roga mo KOMILIEKCY NMpeJIMeTOB
NuxenepHbIe CHCTEMBI

8-9 kaacc
(3amanus Ha 2 gaca).
3agaua Ne 1
Bapuanm 1.

Omnpenenure, KaKOH IUIONIAIN JOJDKHA OBITH JIbJMHA, YTOOBI BBIIEPKATh phidaka Maccoit 80 kr u
€ro MalrMHy mMacco 1 T, eclu M3BECTHO, YTO TOJIIMHA TOJBOJHOW YacTh JbIUHBI B 10 pa3
oonpmre HagsomHou? IlmoTtHOCTs, JAbma 900 kr/m3, mrotHocTs Boawsl 1000 kr/mM3, TommuHA
JIBIUHEL 77 CM.

Vkazanue: HEOOXOIUMO pPACCMOTPETh CHUTYAlMIO, KOrja TOJ JIEHCTBUEM Tpy3a JIbJAUHA
MOTPY3UTCS B BOAY; CIy4ail OMPOKHUIBIBAHUS JIBAUHBI U COCKAJIb3bIBAHWS IO HEW pblOaka u
MalIHbl HE paccMaTpuBaeTcs!

Penienne:

JIpauHA C pHIOAKOM M MAIIMHOW HE YTOHET, €CU JCUCTBYIONIAs Ha HEE CHJIa TSHKECTH He
MPEBBINIAET BHITATKABAIOIIYIO CHUITY
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[ToxcraBnsis NCXOHBIC TaHHBIE, TOJTy4aeM OTBET:
h =77Tecm = h _ =70cm=0.7 m,

JIbOUHBL noep.

S > 80 ke +1000 e 154,30,

B 0.7M(1ooo f%f,—l.l-goo f%f,)

Oteer: S >154.3M°.

Bapuanum 2.

Omnpenenure, KaKo# TMIJIOMIAIN JOJKHA OBITh JIbIUHA, YTOOBI BBIIEPKATh pbiOaka Maccoi 90 kr u
€ro MalmmHy Maccou 1.5 T, eciau W3BECTHO, YTO TOJIIMHA MOJBOJAHONW YacTh JibIUHBI B 10 pa3
oonpmre HamBoxuoi? IDmorHocte appa 900 kr/m3, mimotHocTth BoAwsl 1000 kxr/m3, TonmuHa
JIBIUHEI 88 M.

VYkazanue: HEOOXOJUMO pPACCMOTPETh CHUTYAllMIO, KOrja TOJ JIEHCTBUEM Tpy3a JIbJUHA
MOTPY3UTCS B BOAY; CIy4ail OMPOKHUIBIBAHUS JIBAUHBI U COCKAJIb3bIBAaHWS IO HEW pblOaka u
MAaIlIMHBI HE paccMaTpuBaercs!

Oteer: S >198.8M°.

Bapuanm 3.

Omnpenenure, KaKOH TJIOMIAIN JOKHA OBITH JIbIUHA, YTOOBI BBIIEP)KATh PhlOaKa Maccou 85 Kr u
€ro MailuHy Macco 1.2 T, ecliM W3BECTHO, YTO TOJIIMHA MOJBOJHOW YacTH JibIuWHBI B 10 pa3
oonpmre HamBoguoi? IDmorHocThe apga 900 kr/m3, mimotHocTh BoAnl 1000 kxr/m3, ToamuHa
JBEIUHEL 99 cM.

Vkazanue: HEOOXOIMMO pPACCMOTPETh CHUTYalMIO, KOrja TOJa JIEHCTBUEM Tpy3a JIbJAWHA
MOTPY3UTCS B BOAY, CIy4ail ONMPOKHUIBIBAHHUS JIBAUHBI U COCKAJIB3bIBAHWS IO HEW pbhlOaka H
MaIllMHbI HE paccMaTpuBaeTcs!

Otger: S >142.8M°.

3amaua Ne 2

Bapuanm 1.

B mepHyto konby oGbemom 200 i nomectuin 3.58 r kpucramtornapara Cr, (SO, )3-18HZO.

3arem B KOJ'I6y HaJInJIn HHCTHHHHpOBaHHOﬁ BOJHEI, ,Z[O6I/IJ'II/ICB INIOJIHOTO PACTBOPEHUSA COJIH,
JIOBEIIM BOJIOM 10 METKH U nepemMenaim. 3anummuTe YpaBHCHHEC JuCCoHaluu COJIM B paCTBOPC.

OHpeI[eJ'II/ITe YHCJIO MMPOTOHOB, a TAKIKEC KOJIMYCCTBO MOJIb HaCTUIL SOf_, KOTOPOEC COHCPKUTC B

OJIHOM JIUTPE TAKOT'O pacTBOpA.
Penienne:

Obwuil nooxoo:




1) Ilpu pacTBOpeHMHM KpUCTAJUIOTUIPATOB COJEM auccouuanus npoTekaer Haueno. IIpu stom
oOpa3yercs /iBa TUTIA MOHOB (KATHOHBI METAJIJIOB U aHUOHBI KUCIIOTHBIX OCTATKOB) M MOJICKYJIBI
BOJBI.

2) IIpoToHbI copepkarcs B siApax aTOMOB, 00pa3yIOIINX JJaHHOE coeMHeHue. Ynuceao npoToHOB
p+ B aromMe paBHO 3apsAy sapa aroMa U TMOPSAKOBOMY HOMEpPY XHMHUYECKOTO 3JEMEHTa B
nepuoandeckoit cucreme. Yucino Mosib mpoToHOB N(P+) CBS3aHO € KOJUYECTBOM IPOTOHOB
N(p+) uepe3 yrciao ABoraapo:
N(p+) =n(p+)-N,.

KonuuecTtBo BemecTBa NPOTOHOB JJIsi KaXJOTO COpTa aTOMOB B pPacTBOpPE CBS3aHO C
KOJIMYECTBOM BEIIIECTBA, B COCTAB KOTOPOTO BXOJAT 3THU aroMbl. Jlisi naHHOW 3amauu Hac
WHTEPECYIOT J[Ba BEIIECTBA — KPUCTAJUIOTUIpAT U JJs JH00aBlieHHas K HEMY B K0jOy Bojaa. B
0JTHOM MoJiekyie Bojbl (2+8)=10 nmpoToHOB, B 0HOUM (GOPMYIIBHOM €IMHHIIE KPUCTAIUIOTHIpATA,
nanpumep, B Cr,(SO,),-18H,0, Bcero (2:24+3-16+12:8+18:10) = 372 mporona. Takum

obpa3om, B 1 moab Boxbl comepxkurcs N, moxexyn Boasl u 10-N, mportoHoB. B 1 momb

KpucTayutoryapara n3 npuMepa 372-N, mporoHoB. O003HAYMM KOJIHYECTBO NMPOTOHOB B |

MoJekyine (hopmynpHOUM enuuuie) 3a Z. Torna obmuryro hopmyiy Ui pacdeTa yucia MpOTOHOB
B N MOJIb BENIECTBA MOKHO 3aIllicaTrh KaK

N(p+)=n-Z-N,.
KonmuecTBo BemiecTBa KpUCTAUIOTHAPATa U KOJMYECTBO BEIIECTBA BOIBI HAMIEM IO OOBIYHOM
bopmyre

m
n=—,
M
rae M — mMacca BCIIeCTBa, M — macca OHOTI'0 MOJIA BEIIECTBA.

Macca KpucTaJIOTHIpaTa JaHa B YCJIOBUHM; Macca J0OaBJIICHHOW BOJBl HEHW3BECTHA.
[Ipenmookum, 4To IIOTHOCTh KOHEYHBIX PAacTBOPOB paBHA IUIOTHOCTH BOJAbI — 1 r/cm® (31O
MPEIIOJIOKCHHE OIPaBIaHO, TaK KaK KOJUYECTBO COJIM HEBEIMKO OTHOCHTEIBHO OOBeMa
n00aBJIsIeMOM BOJIbI, M KOHIICHTPAIIUS TOJYYCHHOI'O pacTBOpa HHM3Kas). B 3ToM ciydae oObeM
KOHEYHOI'0 pacTBOpa B MHJUIMJIUTPAX YHCICHHO PABEH MacCe PacTBOPA, BRIPAKEHHOM B IpaMMax
(r.x. 1 r/em*1 mu = 1 r/em*1 cm® = 1 1). Toraa maccy 100aBIieHHONH B MEPHYIO KOJIOY BOJIBI
MO>KHO HAHTH CJIEAYIOIIHUM 00pa3oM:
m(Boabl) = M(pacTBopa) — M(kpucTamwtoruapara) = 200 — M(KpHCTaIOrHAPATa).

O6mee KOJIMYCCTBO IPOTOHOB B PACTBOPC HAXOAUTCA CYMMHPOBAHHEM KOJIMYCECTB IPOTOHOB,
COACPIKAIMHUXCS B BOAC U B KPUCTAJLJIOTHApPATE.

3) KomuuectBo Moub BemiecTBa B 1 JUTpe pacTBopa — 3TO MOJISIpHAs KOHIIGHTPALUS JaHHOTO
BemiectBa. I[loaToMy MoJIsipHYIO KOHLEHTpaiuio cynbdar-uona B 200 ma (0.2 1) pactBopa
HaiieM 1o cienyromieit hopmyrne:
n(SO;") n(SOZ
o nls0f ) _nfso?)
\Y 0.2

pacTBopa

HCHOJ’ILByﬂ paCCMOTpCHHHﬁ O6H.[I/II71 noaxon, peiurMm UCXOIHYIO 3a/1avy.

1) BeinuieM ypaBHEHHE TUCCOIMAIHN:



Cr, (S0, ), -18H,0 = 2Cr* +3507 +18H,0.

3ameuanue: 3J€Ch BOSMOXCH HOCJICI[YIOH_II/Iﬁ ruapoJjin3, HO OH B YCJIOBHUH 3aJla4v HC YKa3daH.

2) Macca 100aBJICHHOM B KOJIOY BOJIBI
m(Boab1) = M(pactBopa) — M(kpuctautoruapara) = 200 — 3.58=196.42 r.

Torma
m 196.42
Mo = — = ————— =10.9 moxs,
M 18
m 3.58
nKpucmszoeu&pam =1, = 0005 MO,
M 716
OO0111ee yncIo MPOTOHOB B pacTBOpE:
+
N ( p ) = NA ' neodbl : Zeot)bl + NA : nKpucmermeudpama ) Kpucmaniocuopama *

HOHCT&BJ’ISISI YU CJIOBBIC 3HAUCHMS, ITOJTYUYNUM
N(p*) =6.022-10”-[10.9-10+0.005-372] = 6.68-10” wimyx
— TaKo€ 4uciio MpoToHOB conaepxkurcs B 200 mu pactBopa. COOTBETCTBEHHO, B OJHOM JIUTPE

pacTBOpa IIPOTOHOB COAEPKUTCA B 5 pa3 Gonpmre: 3.34-10%° mryk.

3) Ilo ypaBHeHMIO nucconuanuu U3 1 Moyib KpHcTayuioruapara obpasyercsa 3 Moib cyiabdar-
HOHOB. 3HAYMT,

n(SOZ .
C, = (so )= o.cz)o;s 3 0.075mom/x.

pacrtBopa

Orser:
1) ypasuenne muccounamuu: Cr,(SO,), -18H,0 = 2Cr* +350;” +18H,0;

2) 4ncio poToHoB B 1 muTpe pactopa: 3.34-10%° mTyk;

3) konu4ecTBO MoJIb yacTur SO B 1 nutpe pactsopa: 0.075 Mok,

Bapuanum 2.

B mepHyto k0510y oobemom 200 M momectuin 4.58 T kpuctawtoruapara NaAl (SO4 )2 12H,0.

3areM B KOJ'I6y HaJInIn HHCTHHHHpOBaHHOﬁ BOJHbI, I[O6I/IJ'II/ICB IIOJIHOT'O paCTBOPCHUA COJIH,
JIOBEJIU BOAOM 10 METKU U nepemMceuialiu. 3anummuTe YpaBHCHHEC JUCCONHUAIUU COJIM B paCTBOPC.

OHpeI[eJ'II/ITe YHUCJIO IIPOTOHOB, a4 TAKIKC KOJIMYCCTBO MOJIb YaCTHUI] SOf_, KOTOPOC COACPIKUTCA B

OJJHOM JIMTPC TAKOI'o pacTBOpa.

OTBeT:

2) umcio mpoToHOB B 1 ymTpe pactBopa: 3.36-10%° mryk;

3) kommdecTBO Mo yacTur SO; B 1 nutpe pactBopa: 0.1 MOIb.

Bapuanm 3.

B Mepnyto kondy o6semom 200 mut nmomectunu 5.03 © KpucTamioruapaTa KFe(SO4 )2 -12H,0.



3areM B KONOy HaNWIM TUCTUUIMPOBAHHON BOJBI, NOOWINCH IOJHOTO PAcCTBOPEHHUS COJIH,
JOBEJIH BOJOM 10 METKH U NIEpeMeEIlaN. 3alHuIIUuTe YPpaBHEHUE JUCCOLMALUK COJIU B PaCTBOPE.

OnpejieNUTe YUCII0 MPOTOHOB, & TAKKE KOJMYIECTBO MOJIb yacTHll SO.~, KOTOPOE COAEPKUTCS B

OJTHOM JIUTPE TAKOTO PacTBOpa.

OTtBerT:

2) 4mcno npoToHoB B 1 mutpe pacteopa: 3.33-10%° mTyk;

3) koaudecTBO MoJIb yactull SO~ B 1 nutpe pactsopa: 0.1 MoJb.

3agaua Ne 3

[Ipu nenenum siapa ypana-235 (B peakuuu jAeneHus) Bwiaensiercs sHeprust 200 MoB, a npu
CIMSTHUU JIBYX siiep aeutepus (B peakiuu cuHTe3a) — 3.6 M»aB. IlycTh B peakuusx neneHus u
peakiusx CHHTE3a Cropeiio mo l rpaMMy COOTBETCTBYIOIIETO SIEPHOrO TOIIMBA. B KakoMm
ciydae BBIIETIIIOCH Oombie sHepruu? (Jleitepuii — sSApO TSDKEIOTO BOJOPOJA C aTOMHOMU
Maccoii 2; 1 3B (31eKTpoH-BOIbT) — BHECHCTEMHAs €IUHUIA U3MEPEHUs SHEepTun paBHas 1.6°

10 ™ Ix).
Pelnenmne:

ITycte B 1 r ypana-235 comepxutcs N siep, CTOJIBKO K€ MPOU30NIET U PEaKIUi ACICHUs, B
KaXJ0M M3 KOTOPBIX CrOPUT aTOMHas Macca, paBHas 235. Ilpu 3ToM B cymMMe BBIACIUTCS
sHeprus, pasHas 200-N M»aB.

B onHoli peaknuu cuHTE3a cropaeT aToMHas Macca, paBHas 4. COOTBETCTBEHHO, B OJHOM
rpaMme SJIEPHOTO TOIUIMBA, COCTOSIIET0 W3 AeuTepus, mnpousoiaer (235/4)'N  peakuuid, u
BBIJICIUTCS CymMMapHas sHeprusi, paBHas (235/4)-N-3.6=211.5‘N M»sB, T.e. Gombine, yem npu
nenennu 1 r ypana-235.

OTtBeT: B PCaKIUAX CUHTE3a.



2018-2019
OTOOPOYHBIH ATaI

8-9 kiacc

(3amanus Ha IOM).
3agaua Ne 1

s pororpadupoBaHus KBaJAPATHOTO YUaCTKa 3eMIIH TUIOMA b0 20 COTOK HCIOJIB3YETCS APOH,
KOTOPBI PaBHOMEPHO MOJHUMAETCS BBEpX C LEHTpa ydacTka co ckopocTtbio 0.5 m/c. Kakoe
MUHUMAaJIBHOE BpeMsl 3aliMeT MOoabeM JIpoHa s (poTorpadupoBaHHs BCETO Y4aCTKa, €CIU Yo
0030pa ero kamepsl cocTabisier 60° ?
3ameuanue: (oxanbHas OCb OOBEKTHMBA MEPHEHIUKYJISpPHA MOBEPXHOCTH M IMPOXOJUT uepe3
OHMCCEeKTpHCY yriia 0030pa 00HEKTUBA.

Penienne:

VY4acTok NOBEPXHOCTH 3€MJIM, KOTOPBIN MOMAAAET B M0JIe 3pEHUS KaMepbl IpoHa, uMeeT Gopmy
Kpyra — OCHOBaHHE KOHyca, B BEpIIMHE KOTOPOTO HaxoauTcs Kamepa. [lo ycmoswio,
dhoTorpadupyeMplii KBaIpaTHBIA y4aCTOK JIOJDKEH IEJTMKOM OKa3aThCs B IMOJIE 3PEHUST KaMephl,
T.€. BHYTPH 3TOro Kpyra. O4eBHIHO, MUHUMAaJbHas BBICOTA MOJbEMA JIPOHA, ITPU KOTOPOH ITO
OyZeT BBINOJIHEHO, COOTBETCTBYET CIIy4aro, KOrJa KBajJpaT — TpaHHIla paccMaTpUBaeMOIo
y4acTKa, BIIMCAH B OKPYKHOCTh — I'PaHUILY TOJIs 3pEHUS KaMephl.

[Iycts apoH, mogHumasick u3 Touku C, "epe3 HEKOTOpOe BpeMsi oKazalics B Touke B (cwm.
pucyHok). O603Haunm vepe3 A u D BepImHbI KBaJparTa, BIUCAHHOTO B OKPY>KHOCTD, T.e. AD —
9TO JUAroHallb KBaJPpaTHOTO y4acTKa.

W3 ycnoBus 3a1aun U3BECTHO, YTO IUIOMAAb POoTOrpadupyeMoro yyacTka

S = 20 comox = 2000 .

yuacmxa

ITpu 3TOM cropoHa ydactka: a=+/2000 = 44.72 m, cnegoBarensuo: AD = aN2~63.2.u.

B
a D
60°

a

C

A
A C D
Beruucnum Beicoty BC B paBHOOeipeHHOM TpeyronbHuke ABC:
AC AC 63.2/2
= ~54.7 m.

C = = =
tg Z/ABC tg30° y 5



[ToabeM npoHa ¢ MOCTOSIHHOM cKOpocThio 0.5 M/c Ha BBICOTY 54.7 M Oy/eT OCYIIEeCTBIICH 32
BpeMs
_ 54, 7m

0,5%

t ~109.4 c.

Otser: 109.4 c.

3agaua Ne 2

[IycTh B aKTUBHOW 30HE SIEPHOTO pEaKTOpa COACPKUTCS ypaH, NpPU JEICHHH KOTOPOTO
BBIJICIISIFOTCS. HEUTPOHBI TAKUM 00pa3oM, 4To
a) YMCII0 HEUTPOHOB, BBIJEISIONINXCS B K&KIOM KyOMUECKOM CAaHTHMETPE aKTUBHOW 30HBI 32
OJIHY CEKYH/IY, OJTMHAKOBO;
0) 4nCII0 HEUTPOHOB, BRIJICTAIONINX 32 OJHY CEKYH]y Yepe3 KaXK/Iblii KBaJpaTHBIA CAHTUMETP
MOBEPXHOCTH aKTHBHOM 30HBI HAPYXKY, TAKKE OJTMHAKOBO.
N3BectHO, uTO peakTop paboTaeT TeM 3PdekTuBHEE, YeM OOJbIINe BBIACIUBIINXCS HEUTPOHOB
OCTaeTcsi BHYTPHU aKTUBHOM 30HbI. Pacnonoxure B nopsinke yObiBaHUS 3 PekTuBHOCTH pabOThI
peakTopa mpeUIosKeHHBIE HIKE TeOMETpUIecKre (pUrypbl, KOTOphIe MOKHO TPHIATh aKTHBHOM
30He, coaepxkaieit 100 kr ypaHa:
1) xy6 c pedpom a=17.41 cwm;
2) mapatenenuren ¢ pedpamu a=b=16.24 cm, ¢=20.0cwm;
3) mapamtenenunen ¢ pedpamu a=b=18.03 cm, c=16.24cwm;
4) e ¢ paguycoM ocHoBaHUs R=9.16 cm u oOpa3yromieit h=20.0 cwm;
5) map pagumycom R=10.8 cm.

Pelnenmne:

[lo ycnoBuio, Macca ypaHa B aKkTHUBHOI 30HE BO BCEX CiIy4asX OJHA U Ta K€, a, 3HAUUT,
OJIMHAKOB U O0BEM 30HBI, M, COOTBETCTBEHHO, YMCIO BBIICISIOMIMXCS B 30HE 3a CEKYHIY
HelTpoHOB. [losToMy sicHO, uTO 3 (eKTUBHOCTH PabOThl peakTopa TeM OoJibllle, YeM MEHbIIEe S
— IJIOLIAb MOBEPXHOCTH aKTUBHOM 30HBI. Haiiiem S Bo Bcex MpeuioKEeHHbBIX CayJasiX:

1)S=6a"=1818.65cm";
2)S=4act2a =1826.68 cm’;
3)S=4act2a =182139 cm’;
4) S = 2-wR-(R+h) = 1678.27 cm” ;
5)S=4mwR"=146574cum .

Takum oOpa3om, MpaBUIIbHBIN MOPSIOK GUTYp Takou: 5, 4, 1, 3, 2.

3ameuanme: B BriciIeil MaTeMaTHKe TOKA3bIBACTCS, UTO MPH 33laHHOM 00beMe oTHOLIeHHe S/V
Oy/ieT MUHUMAaJIbHO, €CJIM TeJly MpuaaHa Gopma mapa.

Otser: 5,4, 1, 3, 2.



