Onumnuaga WKOAbHUKOB «JIoMoHOCOB». 2024/25 yuebHbil roa.
3apaHuNA 3aKNOYUTE/IBHOIO 3Tana No BbICOKMM TEXHO/IOTUMAM.
5 - 10 knaccbl. BapuaHt 1

“ARUM

3apaua 1. PorokaTtanusatop (8 6annos)

O,CLHa M3 COBPEMEHHDbIX TEXHONOMNIM OYUCTKU BOAbl OT OpraHUYeCKux 3anﬂ3HeHMl>'1 OCHOBAHa Ha
Mcnosb3oBaHUU (I)OTOKaTafIVBaTOpOB — BeLwecTs, CI'IOCO6CTBleLLI|MX OKUCNEHUKO OpPraHMKM nog
|Cl|el7ICTBl/1eM CBeTa.

1. OgHMM K13 nepcneKkTUBHbIX (OTOKATAIM3ATOPOB ABMAAETCA CMELUAHHbIA OKCuA, ABYX
meTannos V rpynnbl, B KOTOPOM aTomMoB 06OMX MeTannoB MOPOBHY, @ YMCAO ATOMOB
Kucnopoga — B2pas3a bonbwe obuero uymcna atomoB MeTannos. MaccoBas p[ons
Kucnopoga pasHa 19.75%. YctraHoBuTe ¢opmyny BellecTsa, MNOATBEpPAUTE pPacCYETOM
(ncnonb3yiTe LeNOYNCIEHHBIE aTOMHbIE MacChl).

2. ®oTokatanusaTop noag AeNCTBMEM CBeTa pasfaraeT BOAY, Ha OOAHOM W3 3N1EKTPoLOoB
obpasyeTcs CUAbHbIA OKUCAUTENb — cBOboAHbIM pagukan OH. Hanuwute ypaBHeHue
NoJlypeaKkLMmn N YKaXKUTE, Ha KAKOM 3/1EKTPO/IE — KaTOZEe UM aHOAE — OHa NPOUCXOAMUT.

PeweHue

1. O6o03Hauum metannbl X 1 Y, Toraa, no ycnosuto, npocteiiwan popmyna poToKaTanmsaTopa
— XYOa, a ero monapHas macca pasHa: M(XYOs) = 4-16 / 0.1975 = 324 r/monb, Toraa M(X) +
M(Y) = 324 — 64 = 260 r/monb. MNepebpaB metannbl V rpynmnbl, HaXoAMM, 4TO 3TOMY
yCnoBuio yaosnetsopsloT BaHaaui (51 r/monb) u BucmyT (209 r/monb). dPopmyna
KaTanusatopa — BiVOa. (5 6annos)

2. Okucnutenb o6pa3yeTCﬂ npn OKUCNEHUN BOAblI, a OKUC/IEHME NPOUCXOAUT Ha aHoA4e.

(1 6ann) YpasHeHue nonypeakuuun: H,O — e — H* + OH-. (2 6anna) OcHosHas owubKa 8
3Mom nyHKmMe — Ucrosnb308aHue aHuoHa OH™ emecmo ce0600H020 paduKana.

3apgaua 2. Metanaunueckui cnnas (8 6annos)

CtepKeHb 06uwei anuHbl | cocTouT 13 2-x YacTel, KOTopble cBapeHbl mexay coboi. AnnHa oaHoM
4acTu, U3rOTOB/IEHHOM U3 MeTaNa C NJIOTHOCTbIO P1, UMEET A/IMHY a. BTopasa YacTb U3roToB/IEHa U3
cnnaBa MeTannos. MoN0XKMUB CTEPXKEHb HA OMOPY B TOUYKE CBAPKMU, YAANOCb A40OUTbCA paBHOBECUS.
KakoBa nnoTHOCTb cnsiaBa P2? Maowaan cedeHmna YacTed OANHAKOBDI.
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PeweHune

MN306pa3mm Ha pUCYHKe CUAbl, AEMCTBYIOLME Ha CTep:KeHb. C OA4HOM CTOPOHbI, UX BEKTOPHasA
CYMMa A0NKHa ObITb paBHA HY/LO, @ C APYrol CTOPOHbI, JO/IXKEH ObITb PaBEH HY/II0 CYMMApPHbI
MOMEHT CU1 OTHOCUTENBHO TOYKM ONOPbI.
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a (l—a)
m1g§ = ngT

p1Sa® = pS(1 — a)?

P2 = P1 (lfa)z

MpasunbHO 8bipaxceHsl Mmaccel — 2 6anna,
Ucnon6308aHO Npasusao MomeHmos — 3 6anna,
npasusbHsIli omeem — 3 6anna.

3apaua 3. KuchomonouHolie npoaykrbl (8 6annos)

Ewe B aHTUYHbIE BpemeHa Nau MCnosib30Basu buoTexHosiornyeckue MeToabl ANA NONyvYeHUA
PasfMYHbIX MNPOAYKTOB NWUTaHWA. Tak ANA NPUrOTOBAEHMA  KUC/IOMONOYHbIX NPOAYKTOB
MCNo1b30Ba/IMCb MNKPOOPIraHM3mbl, O CyWw,eCTBOBAHUM KOTOPbLIX HAWK NPEOAKN B TO BPpEMA €LLE He
3Hanu.

1. Kakue MUKPOOpPraHmn3mbl NCNONb3YOT NPU NOAYy4YEeHUN KUCZTOMOJTOYHbIX FIpO,D,yKTOB?

2. Kakue opraHMYecKue BelecTBa ABAAKTCA Cy6CTPaTOM 3TOro NpoLecca, a Kakue NpoayKTom
npy romopepmeHTaTUBHOM BPOXKEHNN?

Mpw romopepmeHTaTUBHOM BPOXKeHUM 3 MoIb cybcTpaTta noayunnmn 432 r npoayKTa.
3. PaccumTaitTe NnpaKTUYeCcKuit Bbixod (%) npoaykta (MonspHaa macca roKosbl = 180 r/monb).

4. B KaKWUX KNeTKax 4e/10BEYECKOro OpraHM3ma 3TOT NPOLLECC MPOUCXOANT NPU TMNOKCUYECKUX
YCNI0BUSIX B YCAOBUAX CUIbHON PU3MYECKOM Harpy3Ku?

PeweHue

1. Mpepacrasutenn  nopsakoB  Lactobacillales,  Bacillales, a  TakXe  cemencTBa
Bifidobacteriaceae. (1 6ann 3a npasunvHbIli omeem)



2. CybcTpatom ABAAIOTCA /1aKTO3a, APYrMe MOHO- M AMcaxapuabl, KOoTopble cbpaxkusatoTcs
yepes rmnKonm3. MNpoayKT — MoIoYHanA KncnoTta. Ecnm cybectpatom yKkasaHa 1toKo3a, TO 3TO
TaKXe 3aCYnTbIBAETCA 3a NPaBU/IbHbIN OTBeT. (2 6anna)

3. CeH1206 = 2C3H603
nTeop(C3H6o3) = 2n(CeH1206) = 6 monb,
mTeop(C3HGO3) =6-90=540r,
n= mnpaKT / mTeop =432 / 540=0.8= 80%.
(3 6anna 3a npasunvHbIli omeem)

4. 3TOT NPOLECC NPOUCXOANT B KNETKaX MblLLLL, B SPUTPOLMTAX, @ TAKKE B KJIETKaxX MuN.

(2 6anna 3a npasusvHblli omeem, ecAU YKA3AHbI MO/LKO KAemKu Mblwy U
apumpoyumsi, mo omeem 3ac4umoleaemcs)

3apaua 4. Cobupaem Bopay (8 6annos)

BOOXHOBMBLUMCL NPUCMOCOBNEHUAMMN MKUBOTHbIX M PACTEHUI 3aCyLIMBbIX PErMOHOB, KOTOpble
ymeloT cobupatb atmochepHyto Bnary w3 Bo3gyxa bnarogapa 0cCobbiM  MOBEPXHOCTHbLIM
CTPYKTypam, COYeTaloLLMM ABa TUNA 30H (NpuTarneatowme Boay 1 oTTanKkmBatowme 1 cobupatowme
ee B 6onee KpynHble Kaniu), y4eHble co3ganm rubpugHble KpUcTanabl (CM. PUCYHOK) U Ha3Banm mUx
Kpuctannamm flHyca 3a ABY/IMKOCTb UX NOBEPXHOCTU. ITU KPUCTaNbl NPEACcTaBAAOT COBOM NeHTbI
M3 MNOJIMMEPHOro MaTepuana, Ha 4YacTb MOBEPXHOCTM KOTOPbIX HaHeceHO ocoboe MOKpbITUE,
npeacrtasaswollee coboi  KOMOMHAUMIO M3 OTTaZIKMBAKOWMX U MPUTATUBAOWMX  BOAY
moaundukaTopos. KoHAaeHcaUMs BAarM Ha TakMx KpUCTannax He TpebyeT AONONHUTENbHbIX YCUNUNA,
Hanpumep, NPUMEHEHWNS 3NEKTPUYECTBA.
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a) Cxemamu4Hoe u3obpaxceHue ycmaHo8KU o cbopy 8006l HA Kpucmasnax AHyca.
6) ®omo ny4ka kpucmansaos AHyca 8 npouyecce cbopa 800bI.

1. PaccuuTtaiTe, CKONbKO NOHaA06UTCA BpemMeHu, 4Tobbl cobpatb 250 ma BoApl, eCau
N3BECTHO, YTO:
® KaxkablM Kpuctann umeet popmy feHTbl ¢ ganHoM L = 30 mm, wnpmHon w = 350 MKm 1
TonwmHom d = 50 mKm;
® rMbpuAHOE NOKPbITUE 3aHMMAET POBHO NONOBUHY AJIMHbI KPUCTANNA;



® KOHAEHCALMA UAET TONIbKO Ha NOBEPXHOCTAX He yxKe 100 MmKm;
CKOPOCTb KOHAEHcaLmMmn Boabl coctasnset 8 r/(cm?-u);

B cbope Boabl ogHoBpemeHHo ydacTeytoT N = 30 kpuctannos fHyca;
e MIOTHOCTb BOAbI paBHa 1 r/cm3.

2. Kakaa pons noBepxHOCTU KPUCTaNNa y4acTByeT B KOHAEHCaLMnN BOgbl?

PeweHune
1. (5 6annos)

1) WM3BECTHO, YTO KOHAEHCAUMA NPOUCXOAUT TONbKO Ha NoBepxHocTax wupe 100 MKm, 1 B
npegenax obnactn, mmerowen rmnbpugHoe noKpbiTe. CnepgoBaTenbHO, NAoOWaAb
NOBEPXHOCTU KPUCTaNNA, Ha KOTOPOM NPOUCXOANT KOHAEHCALMA, COCTAaBAAET:

Sicond = 2:0.5Lw = Lw = 3-0.035 = 0.105 cm?
1 6ann - 3a evibop npaesunbHbiX 2paHeli Kpucmanna AHyca, HaG Komopbix udem
KOHOeHcayus.
1 6ann - 30 yyem moz20 akma, Ymo noKpbimue 3aHUMaem rosa08uUHy OfUHbI

Kpucmasnna AHyca.

2) (1 6ann) Ona N KpuctannoB flHyca obuwasa naowaab NOBEPXHOCTU, HA KOTOPOW
NPOUCXOAMUT KOHAEHCALMA, COCTABAAET:

Scond = NSlcond = 300105 = 315 CMZ
3) (1 6ann)3a oanH Yac Ha 3TOI NOBEPXHOCTU CKOHAEHCUPYETCS

m = tvScond = 1-VScond = 1:8:3.15 = 25.2 rpamma Boapl,
roe v = m/(Scondt) — ckopocTb KoHaeHcaumm (r/(cm?-y)

370 oTBEYaeT ob6bemy Vi =m/p =25.2/1 = 25.2 mn.
4) (1 6ann) Toraa, 4tobbl CO6pPaTh 250 MA BOAbI, NOHAaA06UTCA
t=250/V = 250/25.2 = 9.92 yacos.
2. (3 6anna)
1) (1 6ann)Paccumtaem naowanb NOBEPXHOCTM OAHOW NEHTbI:

S:=2Llw + 2Ld + 2wd
S;=2-3-0.035 + 2-3-0.005 + 2:0.035-0.005 = 0.24 cm?

2) (2 6anna) To ecTb, Aons «paboyein» NOBEPXHOCTM paBHa

Slcond/Sl = 0105/024 =0.44



OHEHKG CHUMXQnacsy 3a:

apugpmemuyeckue owubKuU 8 pacyemax;

owubKu 8 NopAOKAx 8enu4UH (nepesod HAHOMempPos8 8 CAHMUMeMPpPbI Uau Mmempbl);
pacyem obvema eMecmo raou,aou nogepxHoCmu;

nomepro yMHOXEHUA Ha obuwee Yucao Kpucmasnos AHyca 8 obpasye;

oWuUbKuU 8 hopmysne pacyema CKOPOCMuU KOHOeHcayuu;

owubKu 8 gpopmyne pacdiema obvema ucxo0a U3 Maccol U NA0MHOCMU Mamepuana.

3apaua 5. Chepuuecknin BonHosop, (17 6annos.)

Jlyu cBeTa nonagaeTr B MpPoO3payHbii chepuyeckuin c/loit € MokasaTenem npesomiaeHua n.
BHYTPEHHWIA N BHELWHWI paguycbl cnos oTanyatotca B k = 2 pasa. OTpasMBLLUNCL OT BHYTPEHHEN
3epKa/IbHOM MOBEPXHOCTM, NIy4 BO3BPALLAETCA K BHELUHEM, rae MUCNbITbIBAET MONHOE BHYTPEHHee
OTpa*KeHwue.

1. Hanaute HaMMeHbLW WA NOKa3aTelb NPENOMIEHUA N, ECAN Ny4Y BepHYACA 6e3 noTepb B

MEeCTO BbIX04a, 6 pa3 KOCHYBLIMUCb BHELUHEN NOBEPXHOCTH.

2. Kakum gonxeH 6biTb NOKasaTesib NPEOMIEHUA N, €C/IN 3TOT LWAap NOMECTUTb B BOAY, a JIyd
TaKXe 6 pa3 OoTpasuTCcA OT BHeLlHel noBepxHOCTU? [loKasaTenb NpPesloMAEeHUA BOAbI
nBOAH = 1.33.
\-._
PeweHue
1. Cpenaem Heobxoammble nocTpoeHnsa. O603HaYUMM MECTO BXOAa 1yda TOYKOM A.




JDoctpoum TpeyronbHMK AAOB. Touka O — LeHTpP. Tak KaK KacaHW C BHeLLIHel chepnyeckomn
NOBEPXHOCTbIO 6, TO TpeyronbHMK AAOB — paBHOCTOPOHHWMI. 3HauuT, LAOB = 60°.
0O603HauYnMm yron nageHuns £CBO Kak B.

5 6ann06 — 3a pUCyHOK € NpasusbHbIM yKazaHuem 2padycHoli Mepbl y2s108.
Mo ycnoBuio 3agayu, Paguvycbl BHEWHENW M BHYTPEeHHen cdepuyeckorr NOBEPXHOCTU
oTanyatotca B 2 pasa. OA = OB = 2-:0D = 2-:0C. 0603Haumm OC Kak a. Hangem sinfB. Ana

aToro paccmoTtpum ACOB, B KoTopom ZCOB = 30°. CnepBa 0603Ha4Mm CB KaK b 1 Bbipasum
3Ty CTOPOHY NO Teopeme KOCUHYCOB:

b? = a? + (2a)? — 2 - a - 2acos(30°)

Otciopa b = av'5 — 2v/3. (3 6anna)

Tenepb BOCNO/Ib3yeMCs TEOPEMOI CUHYCOB:

b _a
sin(30°)  sin(p)

(2 6anna)

Yron B — 3To yron nageHua nyya CBeTa Ha BHeLWHIo chepuyeckyto NoBEpPXHOCTb, rae, No
YCNOBUIO 33Jayu, Ny4 WCMbITbIBAET MNOJSIHOE BHYTPEHHee OTpakeHue. 3anuem 3aKOoH
npenoMaeHUs:

sin(y) _n
Sin(ﬁ) B Nair

(3 6anna)

MoCKONbKY NoKasaTtesb NPenoMaeHma Bo3ayxa Nair = 1, yron Ly = 90°, To

__ 1 _ b —2/5 2V3 ~ 2.47
n_sin(ﬁ)_asin(30°)_ oo

MokasaTenb NnpenomneHuns chepmyeckoro cnos gonKeH bbiTb paseH n = 2.47. (2 6anna)

Ecnm wap Haxoautcs B BoAe, TO AR BbINONHEHMA YCNOBUI 33434M 3aKOH MPENOMAEHUS
O6yaeT TakMm:

sin(y) _n
sin(B)  nu,o

MokasaTtenb npenomneHuna sogbl nuzo = 1.33, yron y = 90°,

nu,o  1.33b /
= = =266 |5—2V3 = 3.29
T v3

2

MokasaTenb NpenomneHus chepmnyeckoro cnos AoMKeH bbiTb paseH n = 3.29. (2 6anna)



3apgaua 6. MatuHuposaHmne moHer (17 6annos.)

Ona pectaBpaumm MeaHbIX MOHET MOXKHO MCNONb30BaTb BOAHbLIN PACcTBOP, coaeprkawmin 3 r
nepmaHraHata Kaama u 10 r neHTarngpaTta cynbdata meam (1) (meaHoro Kynopoca), pacTBOPEHHbIX
B 500 mn Bogbl. MOHETY ONyCcKatoT B MOAYYEHHbIN PacTBOp, KOTOpbI nogorpesatot go 90 °C. B
pe3ynbTaTe OHA MOKPbLIBAETCA TOHKOW, HO A0BO/IBHO MAIOTHOM MNEHKOW KOPUYHEBOIO WU YEPHO-
KOPWYHEBOrO LBETa, KOTOpPaA He CMbIBAeTCA C MOBEPXHOCTM MOHETbl M 3aluuiaetr eé oT
JanbHenLero oKncaeHus.

1. Onpegennte MONAPHYIO KOHLEHTPALUMIO NepMaHraHaTa Kaauvsa M neHtarmapaTa cynbdarta
meau (Il) B pactBope. KakoBO MObHOE COOTHOLIEHWE KOMMOHEHTOB B pacTeope?

2. Hanuwwute ypaBHeHWE peaKkuun, NPoucxXoadAller MNpwW HarpeBaHWM BOAHOrO pacTBopa
nepmaHraHaTta Kanms. Kak nsmeHsetca pH pactBopa B pe3ynbrate peakuuu (nogkmcasercs

nnn noglenavmsaerca)? OTBET NOACHUTE.

3. Hanuwwute ypaBHEHWE peaKuuu, NPOUCXOAALLEA NPU HarpeBaHUM BOAHOrO pacTBopa
cynbdata meau (1), noseaéHHoro Ao pH 13 npeablAyLIero NyHKTa?

4. KaKoB cocTaB NIEHKM, 0bpasyoLllenca Ha NOBEPXHOCTU MOHETbI? OTBET NOSACHUTE.

PeweHune
1. KoHueHTpauma pasHa C = v/V = m/(MV). MonapHaa macca KMnOs paBHa 158 r/monb,
monApHaa macca CuSO4-5H,0 paBHa 250 r/monb. CnepmosaTtenbHo, C(KMnOs) = 0.038
monb/n, C(CuSO4-5H,0) = 0.08 monb/n. To ecTb KOMMOHEHTbl B3ATbl B COOTHOLIEHUM
npumepHo 1:2.

(6 6annoe — no 2 6anna 3a monapHsie KOHUeHmpayuu u 2 6anna 3a coomHoweHue)

2. MNpwn HarpeBaHWW MepMaHraHaT Kanusa pasnaraetca Ha MaHraHat (V1) Kanua, oKkcua
mapraHua (1V) n kucnopog,

2KMnO4 = K;MnO4 + MnO; + O2 (npw HarpeBaHum)

OfHaKo B BOAHOM pacTBope MaHraHart (VI) Kanus AMcnponopuyMoHMpyeT Ha nepmaHraHaT
Kanus u okemng, mapradua (V). Takke B pesynbtaTte peakumm obpasyeTca ruapoKcua Kanums.

3Ka2MnOg4 + 2H20 = 2KMnO4 + MnO3 + 4KOH

CyMMapHO nMpouecc MOXHO onucaTb O0bWUM ypaBHEHMEeM, obbeauHAWMM [Be
npeablayline peakumn. B pesynbtate 0b6pasyeTcs KOPUYHEBBIA 0CaZlOK — OKCUA, MapraHua
(V).

4KMnOgs + 2H,0 = 4KOH + 4MnO; + 302 (npu HarpeBaHUK)

MoCKONbKY B pe3y/ibTaTe peaKkummn TakKe obpasyeTca ruapoKcua Kaaus, cpesa CTaHOBUTCA
bonee Weno4HoOM.



(5 6annoe — 4 6anna 3a cymmapHoe ypasHeHue peakyuu unu rno 2 6anaa 3a Kaxyro u3
dsyx cmaduli u 1 6ann 3a peakyuro cpedbi)

3. CuSO4 + 2KOH = CuO + K3S04 + H,0 (npw HarpeBaHuK)

Mapokeng meam (ll) cmHero uBeTa pasnaraetca npu TemnepaType Bbiwe 70°C, nosTomy
obpasyeTcs YépHbIit ocafok — okena meam (). (3 6anna)

Tunu4Hele owubKu — mepmu4vecKoe pasnoxeHue cynbghama meou (Il) 0o okcuda meadu (11),
oKkcuda cepsi (IV) u Kucnopoda (8 800HOM pacmeope MAaKaA Peakuyusa npomexkams He
MoXem, OHa npoucxodum mosabKo 6 meépooli ¢haze) unu obpaszosaHue o0caoKa
2udpokcuoa meou (1), komopesili umeem cuHto oKpacky u npu 90°C pasznazaemcs.

4. B pe3ynbTaTe peakuumit M3 nyHKToB 2 U 3 obpasytoTca ocagkm MnO; n CuO, KoTopble
0oCeZlaloT Ha NOBEPXHOCTU MOHETbl. Taknm obpasom, NaéHKa cocTouT ns okenaos meam (l1)

n mapraHua (IV).

(3 6anna — 3a eepHbliii noaHbIli omeem ¢ noacHeHuem)

3apaua 7. PasBepTKa yrnepogHoit monekynbl (17 6annos)

a) 6)
Puc. 1. a) Pazeepmka mHozoepaHHuUKa X. 6) Pazsepmka yenepodHol moneKysnol Y

Ecnu pasBepTKy, NPeACTaBNeHHY0 Ha PUCYHKe 1a, Bbipe3aTb N0 KOHTYPY, CNOMUTb U CKNEUTb MO
JIMHUAM pa3pesa, To NOAYYUTCA HeKaa reomeTpuyeckas purypa — MHOTrorpaHHuK X.

1. Onuwute X: yncno BeplwKH, pebep, CKONbKO W KaKMX rpaHel B ero CTpyKtype. Kak
Ha3blBaeTCA TaKas reomeTpuyeckaa ourypa? KombuHaumel KaKuMx AOBYX BbINYyKAbIX
MHOTOrPaHHMKOB MOXKET bbITb nosyyeH X?

Tenepb paccmoTpuM pa3BepPTKY MHOrorpaHHuKa X, HanoXeHHy Ha rpadgeHoByt0 MAOCKOCTb Tak,
4yTO6bl BepwMHbl X OblAM PAcnoNOXKeHbl B LEHTPAX LWeCTUYroNbHUKOB M3 aTOMOB Yraepoaa
(puc. 16). Mpun Bbipe3aHMM U CKNEMBAHUW 3TOWM Pa3BEPTKU NOMYYAETCA HEKOTOpas YrnepoaHas
monekyna'y.

2. Mo pucyHKy 16 HallanTe, CKONIbKO aTOMOB yriepoga B monekyne Y.
3. OnuWwnTE MHOFOYroNIbHUKK, KOTOPble 06Pa3yOTCA B MECTax CKNENKM, OTMEYEHHbIX CBET/O-

CepbIM U TEMHO-CEPbIM LBETOM Ha puc. 16. CKONIbKO MHOrOYyro/fibHMKOB, OTBEYAMOLLUX
KaXKaoMy LBETY, B CTpyKType Y?



4. o puUcyHKy 16 HanauUTe, CKONbKO LLIECTUYTONIbHUKOB BXOAMUT B CTPYKTYPY MONEKYAbI Y?

5. OueHuTe pasmep monekynbl Y Kak anametp cepbl, ONUCAHHOW BOKPYr OTBEYALOLLErO el
MHororpaHHuMka X. [avHy pebpa yrnepogHOro LWeCTUYroNbHUKA CYMTANTE pPaBHOM
a=0,14 um.

PeweHue

1. (56annos)

MHororpaHHuk X umeeT 24 sepwwuHbl (0.5 6anna), 36 pebep (1 6ann) v 14 rpaHeii:
6 Manbix NpPAMOYyronbHuKoB (0.25 6anna), 6 6onblunx NpamoyronbHUKos (0.25 6anna) v
2 rpaHn B dpopme wecmuyzonbHuKos (0.5 6anna) c wecTuyronbHbIM omeepcmuem no
ueHTpy (0.5 6anna). MHororpaHHuK X nmeetr popmy mopa (cm. puc) (1 6ann) n moxet
6bITb nonydyeH nytem ydasneHusa (0.5 6anna) w3 uUeHTpa wecmuy20abHOU npPU3Mbl
(0.5 6anna) meHbluel WECTUYroNIbHOM NPU3Mbl TOM 3Ke BbICOTbI.

)
)

2. (3 6anna)
Ob6uwee yncno atomos yrnepoga B Y cOCTaBAAET:

6:(26 + 4-0.5) (npnxoanTCA Ha Ma/ible NPAMOYIO/IbHUKM Pa3BEPTKU)
+6+(78 + 12:0.5) (npuxoauTca Ha 6onblIne NPAMOYTONbHUKN Pa3BepTKU)
+12:(16 + 16:0.5) (npuxoauTca Ha Tpaneumn pa3sepTku) = 960

MoNOBMHKAaMM MOCUYUTAHbI aTOMbI, MPUHAANEXKAWME AAHHOM TPAHWU TONbKO HaMONOBUHY,
MOCKONbKY 3TV aTOMbI /ie}KaT Ha pebpax X.

3. (2 6anna)

B mecTax CKnelku pasBepTKM 06pasyloTca NATU- U CEMWUYTONbHUKKU. [ATUYTONbHUKM
Pacno/sioXKeHbl HANPOTUB BEPLUMH «B6ONbLLON» MPU3MbI, @ CEMUYTOIBHUKN — KMaZIoN».

4. (3 6anna)

Obuwee uncno natTuyronbHUKos B Y — 12 (BeplwmHbl «bonbwoi» npusmbl) (0.5 6anna),
obuee Yncno cemuyronbHUKoB — 12 (BepwuHbl «manoi» npusmsl) (0.5 6anna), obuee
YMCAO LECTUYTONbHUKOB:



6:(7 + 12:0.5) (npnxoamTCca Ha masible NPAMOYTO/IbHUKM Pa3BePTKU)
+6:(33 + 16:0.5) (npmuxoanTca Ha 6onbluMe NPSMOYTroNbHUKM Pa3BEPTKN)
+12:(9 + 4-0.5) (npuxoanTca Ha Tpaneunn pa3sepTku) = 456 (2 6anna)

MONOBMHKAMM NOCYUTaHbI WECTUYTONbHUKKN, Yepe3 cepeauHy KOTOpbiX NpoxoauTt pebpo
pa3sepTkn X.

5. (4 6anna)

Ovnametp cdepbl, OTNUCAHHBINA BOKPYr MHOrorpaHHuka X, paBeH pguameTpy coepbl,
OMWCAHHOW BOKPYr LECTUYroNbHOW NPU3Mbl TOro ke pasmepa. Ero, B cBol ouepesp,
MOXHO paccumTatb no Teopeme [Mudaropa, 3Has A[AMHY 6ONbLIOK  AMAroHaNM
LeCTUYyroNibHOro ocHosaHua 2A (rae A — ANMHA CTOPOHbI OCHOBAHMA) U BbICOTY 3TOW

npusmsbl H:
D=v 4A2+H?,

A =9a (yuntbiBaem, 4to 60/bLLIAA AMATOHANb MPABMALHOIO WECTUYTO/IbHUKA PaBHa 2a),
H = 7aVv3 (roe av3 - gnvMHa masioit AnaroHa v NPaBUIbHOIO LECTUYIONIbHUKA),

D=V4 -81a? + 49 - 3a2 = 21.7a = 3.04 Hm

OueHKa CHUXanace 3a:

® apugpmemuyecKkue owubKu 8 pacyemax;

® HeBepHYy OUEHKY (hopmbl MHo20epaHHUKa X, ocobeHHO 3a mom ¢hakm, Yymo mpaneyuu
06pa308bI8a71U  YCEYEHHYIO WECMUYy20/bHYIO nupamudy emecmo MaA0CKoU ¢uaypsl —
wecmuyaoabHUKA € Wecmuy2oibHbIM omeepcmuem (Y4mo O00noAHUMEAbHO Npusoouso K
HesepHoMmy rodcyemy 4ucaa pebep u 2paHeli);

® OWUbKuU 8 onpedeneHuuU hopmMbl MHO20Y20/1bHUKO8, 30KPAWEHHbIX CepbiM 48emom;

® OwWUubKuU 8 Nodcyeme Yucna 8epuiuH U epaHeli 8 MHO202paHHUKe Y;

e  OwWubKu 8 8bibope hopMysbl 018 OUEHKU pa3mepad MHO202PaHHUKA X;

® OowubKu 8 pacueme 0auUH Ouaz2oHanel MpPasusbHO20 WEeCMuUy20/1bHUKA UCX00A U3 Os1UHbI
€20 CMOpPOHHI.

[TyHKMebI 1 u 5 3a00aHusa ouyeHusasuCb Hesasucumo, mo ecme, OUEHKa 34 HerpasusibHyro dJopmy

MHO0202paHHUKA X CHUXQA/0aCb MOsbKO 8 NMyHKme 1, a 8 nyHKme 5 oueHusasca mosbKo pacyem
pasmepa npedcmasneHHoU 8 peweHuU guaypebl.

3apaua 8. PasBegeHue ceuHeiu (17 6annos.)

CBMHbU — OA4HM M3 MEPBbIX XUBOTHbIX KOTOPOE OAOMALUHUIO YeN0BEeYecTBO, OAHAKO B Pa3HbIX
perMoHax Mupa 3TOT MPOLLEeCC NPOUCXOAWU B Pa3HOe BPemMs M C PasIuMYHbIMW noasuaamu, a
MHOTAa WM Jake BMAaMu CBMHel. Tak, B EBpone M3HayanbHO OAOMALLHWMAM OUKYIO CBUHbLIO
(MBOTHOE, HaAO CKasaTb, HE C CaMbiM MPUATHbIM XapakTepom). Mpu 3TOM KMBOTHble Mano
OT/INYANIUCL OT OAUKUX U COAEPKANUCb Ha CBOOOAHOM Bbiryne Man B 60/bWIMX 3aroHax. TONbKO K
KOHLY CpeAHEBEKOBbA M3-32 M3MEHEHUIM KAMMATUYECKUX U XO3SAUCTBEHHbIX YCNOBWUW, A TaK¥Ke
noasneHua aApyrux, bonee noaxopAwmx ANA pasBefeHUs Nopos CBUHEW, CBMHOBOACTBO CTasio
HanoOMWHaTb COBPEMEHHOE.

OfHaxabl B 04MH U3 PErMOHOB CpeaHEeBEKOBOM EBpOMbl, B KOTOPOM COAEpPXKann CBUHEN, Mano
OT/INYAIOLMXCA OT AMKUX (OHM MMENM OrpOMHbIE KbIKM W XapaKTepHoe CTpoeHue Tena,



MYCKY/IUCTOE U C Pa3BMTON TO/SIOBON M MepeaHel 4YacTblo Tena), NPUBE3NIM CBUHEWN Yy KOTOPbIX
OTCYTCTBOBA/NN K/NbIKKU, @ CPEAHASR U 3aHASA YacTb Tena bbinv 6onee pasBuTbl, YemM NepeaHss, YTo
Nno3BosANO0 Nydle HabupaTb Bec, AaBas MACO M cano. Kpome Toro, CBUHKM obnagann 6onee
MOKNAAMCTbIM XapaKTEPOM. BbIACHNNOCH, YTO NPUBE3EHHbIE XKMBOTHbIE NPEKPACHO CKPELLMBAKOTCA
C MecCTHbIMKW, NepeaasBasa NoO HACc/NeACTBY OTCYTCTBME K/bIKOB M CTPOEHME Tena, MpUYem 3Tu
NPU3HaKK HaCcNeAoBaNUCh CLUEMNEHO M 3TO He 3aBMCENO OT MNoJa KMBOTHOTO. K coXKaneHuto, npu
CKpeLWMBaHMM 3TN MPU3HAKU MONHOCTbIO MOAABAANMCL AHANOTMYHBIMU MPU3HAKAMM MECTHbIX,
XOTA MOTOM OHM MOIIM NPOABAATLCA B MOTOMCTBE. HecMoTpsi Ha 3TO KUTENM O4YeHb
3aMHTEPECOBa/INCb HOBbIMW KMBOTHbIMM U CTAapPaNMUChb 3aN0NYUYUTb UX.

B ogHoOI aepeBHe yAanocb 3anonyymTb Napy CBMHOK, Y KaXKAOM U3 KOTOPbLIX OAMH U3 poauTenei
Obl1  YNCTOKPOBHbIM MNPUBE3EHHbIM KMBOTHbIM, @ BTOPOM pPoOAMTENb Obll YUCTOKPOBHBLIM
YKMBOTHbIM M3 3TOTO pPervoHa. B pesynbraTe CKpewmBaHWA y HUX pogunocb 20 nopocat, 14 u3
KOTOPbIX MOJIHOCTbIO MOXOAWAM HAa MECTHbIX CBMHEMN, 4 MONHOCTbIO MOXOAWIM Ha MPUBE3EHHbIX
YKMBOTHbIX, OAMH NMOPOCEHOK HE MMEN K/IbIKOB, HO CTPOEHMEM Tesla NOXOAM Ha AWKYHO CBUHbIO, A
OOMH MOXOAMN Ha MPUBE3EHHYI0, HO MMeN KAblkK. Onpeaennte pacctoaHue (B CaHTMMOpraHax)
MeXAy reHaMu, OTBEYAOLLMMM 33 POCT K/bIKOB M popmy Tena. OTBET NOACHUTE.

PeweHune

3T0 NOJIHOCTbIO BblAYyMaHHaA 3ap,aqa! [eHeTUKa CBMHeﬁ — 3TO He TaK I'IpOCTO!

HecnoxHo Aoragartbcd, 41O Mbl Mmeem [geno C HecBA3aHHbIM  C NOJIOM  CUen/eHHbIM
HacnegoBaHMem (a BOMPOC Npo pPacCToAHMEe B CaHTUMOPraHax noApasymeBaeT Haan4dme

pekoMbuHaumm).

Myctb A U B — reHbl, oTBeYalOWMe 33 HaAMYME KAbIKOB M Popmy Tena. [MOCKONbKY CBUHKMK
NOABMIUCD B PE3Y/IbTaTe CKPELLMBAHMA YNCTOKPOBHbIX 0CO6EN UX reHoTUN byaeT Takum: (3 6anna)

a b
A B

A rameTbl AB 1 ab. Ecam 6bl 6b1510 Tak, TO ¥ Hac 6bls10 6bl ABa peHOTUNA U TPU FeHOoTMNa:

AB ab
AB AABB AaBb
ab AaBb aabb

3eneHbit — GeHOTUN MEeCTHOW CBUHbW (AaBaiTe AnA yAo6CTBa Ha3biBaTb €€ AMKON); KenTbid —
npuBe3eHHOM (gaBainTe ans yaobcTBa HasbiBaTb €€ AOMaLLHeN).

Echv npeanonoXutb, YTO npousowana pPeKombuHaums, TO KOAMYEeCTBO rameT, GpeHOTUMNOB U
reHOTUNOB Y Hac CyLWecTBeHHO yBennunutca: (4 6anna)



AB ab Ab aB
AB AABB AaBb AABb AaBB
ab AaBb aabb . aaBb
Ab AABH |AGBH AaBb

aB AaBB aaBb AaBb aaBB

3eneHbln — GEHOTUN AUKOM CBUHbW; KENTbI — AOMALUHEN, INNOBLIN — €CTb K/bIKW, HO pPa3BuTa
3a4HAA YacTb Tena (AOMaLLHAA C KAblkamu), GUPHO30BLIN — HET K/bIKOB, HO pa3BWUTa nepeaHAs
YyacTb Tena (guKasa, Ho 6e3 KabikoB). PacwenneHne no ¢eHotuny 9:3:3:1? 310 coBnageHue, Mbl
3HaeMm, YTO reHbl CLLen/IeHbl, a YacToTa apyras.

Takum o06pasom, y Hac npeacTaBAeHO YeTbipe GeHOTUNA, HO C PA3HOM YacTOTOM BCTPEYAaEeMOCTH:
14:4:1:1. 3HaunT y Hac 90% (14+4) deHOTMNOB, TaKUX Ke, KaK y poauTenei u 10% (1+1) -
PEKOMOWHAHTHbLIX. Ecnn Bbl 3HaeTe GOPMyNly OUEHKM A0AM  PEKOMOMHAUMKM, TO MOMKHO
BOCMO/Ib30BaThcA el: [(mona pekombuHaHTHbIX noTomKos)/(Bce notomkn)]*100 % =
[(1+1)/(14+4+1+1)] * 100% = 10%, uTo AaeT Ham 10 caHTUMOpraH. (10 6annos)

Ecnan Bbl He 3HaeTe popmyny, TO OAUH U3 BAapPMAHTOB peleHna — 3TO paccyMTaTb M3 dpeHoTuna
[OMaLUHMX (OH Ke JaeT O4HO3HauYHbIN BapuaHT reHoTuna) gonto ramet ab. 4/20=0.2 u 370 [ab].
Taknum obpasom, gons ramet ab = 0.45. [lons rameTt AB paBHa gose ab = 0.45. Takum obpasom,
0N PEKOMBUHAHTHbIX rameT coctasnaeT 10%. (10 6annos)

MakcumansHoe Konudyecmeo 60108, KOMOPOE MOXHO NoaAy4uUMo 3a amy 3adavy — 17.



