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OnaMmnuapa WKoNbHMKOB «J/IOMOHOCOBY MO BbICOKUM TEXHOI0MMAM
2024/25 yuebHbiit rog. OT60pouHbIi 3Tan. 5 — 10 Knaccbl
PeweHus 3agauy. Kpurepuu oueHmnBaHusA

3apaya no xumuu. MatpuoTnyeckoe crekno (6 6annos)

BapuaHt 1

Mepea 04HMM M3 OTEYECTBEHHbIX NPEeANPUATUIA NOCTaBNEHA 3343a4a U3rOTOBMTbL TPU BUAA CTEKNA B
uBeTax rocyaapcrtseHHoro ¢nara Poccuitickon depepaummn (1, 2, 3). 3a ocHoBy B3AT COCTaB
OKOHHOrO CTeKa.

Kakue pAononHUTeNbHble KOMMOHEHTbl HYXXHO MCNO/b30BaTb AAA NPUAAHUA  CTEKAYy
COOTBETCTBYlOWE OKpacku (ycnoBus Bapku 6yayT nopobpaHbl B KaXAom cayyae
MHAUBUAYANbHO)? [NA KaXKA,0ro LBETa YKaXKUTe TO/IbKO O4HO BELLECTBO.

A) CuO

B) Fey0s3
B) CrOs

I CdSe
A) AlFs

E) KMnO4

Mo 2 6anna 3a KaxcAvlii npasunvHblii ebibop. Bcezo — 6 6annos.

PeweHue BapuaHTta 1

[na co3paHMAa MONOYHOro (HEeMmpo3payHoro, rAyLWEHOro) CTekna HeobxoAMMO WCMNOJb30BaTh
rNyWwunTenb, TO €cTb BELWECTBO, KOTOPOe He byaeT pacTBopATbCA B CTeKne uam byaer u3 Hero
KpUCTannms3oBaTbcA. B 060MX cnyyasx Ha KpUCTannax Uam Kannax Bblaenstowenca HoBon ¢asbl
byaer npoucxoguTb paccesaHne ceBeTa. Jns 3Tux uenen noaxoaut GTopua antoMUHUA. 3aMeTUM,
YTO U3 BCEX BaPUAHTOB OTBETa OH €A4MHCTBEHHbIN, HE NPUAAIOLLMIA CTEKNY OKPACKY.

[Nna OKpalMBaHMA CTEKNa B CUHWUA MM ronyboli LBeT BO3MOXKHO WMCMONb30BaHMe meam. MoHbl
Mean NPMAAT OKOHHOMY CTEK/Y TaKYIO XKe OKPACKy, Kak U BOAHOMY pacTBOpY.

KpacHbIi LBET B CTEK/IE YAAETCA CO34aTb TONIbKO HAHOYACTULLAMM, TaK KaK coeamMHeHnn xpoma(+6),
MMEIoLME OPAHXKEBYIO MM KPACHYKO OKPacKy Mpu TemnepaTtype pasmaryeHus ctekna (bonblue
1000 rpagycoB) pasnaratoTca. KpacHbli LBET CTeKNy NpUAA0T HaHOYaCTMLUbl CeNeHMaa KagMmus.
MMeHHO OHM 1 OTBETCTBEHHbI 33 LIBET KPEM/IEBCKUX 3BE3A,
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BapuaHTt 2

Mepen ogHMM M3 OTEYECTBEHHbIX NPeAnpUATMIA NOCTaBAeHa 3a4a4a U3roTOBUTb TPY BUAA CTEKNA B
uBeTax rocygapcreeHHoro d¢nara Poccuitckoir depepaumm (1, 2, 3). 3a OCHOBY B3AT COCTaB
OKOHHOrO CTeKa.

Kakue pAononHUTENbHble KOMMOHEHTbl HYXXHO MCNO/b30BaTb ANA NPUAAHUA  CTEKAYy
COOTBETCTBYlOWE OKpacku (ycnoBus Bapku 6yayT nopobpaHbl B KaXAOM  ciayyae
MHAUBUAYANbHO)? [N KaXKA0ro LBETa YKaXKute To/IbKO OA4HO BELLEeCTBO.

A) MnO;

B) Co(NO3s);

B) NiO

r CaF;

) (NH4)2Cr207
E) K[AuCls]

Mo 2 6anna 3a KaxOblii npasunbHbiii 8biI60p. Bce2o — 6 6annoe.

PeweHune BapuaHra 2

[na co3paHMAa MONOYHOro (HEempo3payHoro, rAyLWEeHOro) cTekna HeobXxoAMMO WCMNOJb30BaTb
rNyWwuTenb, TO ecTb BELLecTBO, KOTOPoe He byaeT pacTBoOpATbCA B CTeKne uam byaer u3 Hero
KpUCTannmsosaTtbca. B 060Mx cnyyasax Ha KpUCTannax Wam Kanaax Bblaenstouienca Hoson ¢dasbl
ByaeT npomMcxoauTb pacceaHue ceeTa. [ina sTux uenei noaxoaut GTopua Kanbuma. 3amMeTum, 4to
N3 BCEX BapMaHTOB OTBETA OH eAMHCTBEHHbIW, HE MPUAAIOLLINI CTEKNY OKPACKY.

[AnAa oKkpawumsaHUA CTeKkna B CUHUI uBeT Ncnonb3yrwT coegnHeHunA KobanbTa. MMeHHO KobanbT
O6yCﬂaBI'IVIBaeT CUNHIOKO OKPACKY U NNUTMEHTA MKeNbCKON KepamMuku.

KpacHbIi LBET B CTEK/IE yAAeTCA CO34aTb TO/IbKO HaHOYACTULLAMM, TaK KaK coeguMHEeHUs xpoma(+6),
MMEIOLLME OPAHKEBYIO MM KPACHYK OKPacKy Npu TemnepaTtype pasmArdyeHus ctekna (6onblue
1000 rpapgycoB) pasnaratotcs. KpacHblii  UBET CTeKNy npuaalT  HaHoYacTMUbl  30/10Ta,
ob6pasyowmeca Npy PasnoKeHUN ero CoeaUHEHNN.
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BapuaHTt 3

Mepen ogHMM M3 OTEYECTBEHHbIX NPeAnpUATMIA NOCTaBAeHa 3a4a4a U3roTOBUTb TPY BUAA CTEKNA B
uBeTax rocygapcreeHHoro d¢nara Poccuitckoir depepaumm (1, 2, 3). 3a OCHOBY B3AT COCTaB
OKOHHOrO CTeKa.

Kakue pononHuUTenbHble KOMMOHEHTbl HY)KHO MCNO/b30BaTb ANA NPUAAHUA  CTEKAy
COOTBETCTBYlOWE OKpacku (ycnoBus Bapku 6yayT nopobpaHbl B KaXAOM  ciayyae
MHAUBUAYANbHO)? [N KaXKA0ro LBETa YKaXKute To/IbKO OA4HO BELLEeCTBO.

A) Cuz(OH),CO3
B) KMnO4

B) Casz(POa):2

I Cry03

) Ni(NOs3),

E) CdSe

Mo 2 6anna 3a KaxOblii npasunbHbiii 8biI60p. Bce2o — 6 6annoe.

PeweHue BapuaHTa 3

[na co3paHMAa MONOYHOro (HEempo3payHoro, rAyLWEeHOro) cTekna HeobXxoAMMO WCMNOJb30BaTb
rNyWwuTenb, TO ecTb BELEecTBO, KOTOpoe He byaeT pacTBOpATbCA B CTeKne uam byaer u3 Hero
KpUCTannmsosaTtbca. B 060Mx cnyyasax Ha KpUCTannax Wam Kanaax Bblaenstouienca Hoson ¢dasbl
byaeT nponcxoauTb pacceaHue ceseTta. Ansa aTux uenen noaxoaut docdat Kanbuma. 3amMeTum, YTo
N3 BCEX BapMaHTOB OTBETA OH eAMHCTBEHHbIW, HE MPUAAIOLLINI CTEKNY OKPACKY.

[Nna OKpalMBaHMA CTEKNa B CUHWUA MUK ronyboli LBeT BO3MOXKHO MCMONb30BaHMe meau. MoHbl
Mean NPMAAT OKOHHOMY CTEK/Y TaKYIO XKe OKPACKY, Kak U BOAHOMY pacTBOpY.

KpaCHbIVI UBEeT CTeKNYy NPUAAI0T HAHOYaCTULLbI ceneHnaa Kagmma. UMeHHO OHM 1 OTBETCTBEHHbI 3a
UBET KpEMNEBCKUX 3BE3 4.

Omeem.1-B),2—-A),3—-E)
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BapuaHTt 4

Mepen ogHMM M3 OTeYECTBEHHbIX NpeanpPUATMIA NOCTaBAeHa 3a4a4a M3roToBUTbL TPW BMAA CTEKNA B
uBeTax rocygapcreeHHoro d¢nara Poccuitckoir depepaumm (1, 2, 3). 3a OCHOBY B3AT COCTaB
OKOHHOrO CTeKa.

Kakue pAononHUTENbHble KOMMOHEHTbl HYXXHO MCNO/b30BaTb ANA NPUAAHUA  CTEKAYy
COOTBETCTBYlOWE OKpacku (ycnoBus Bapku 6yayT nopobpaHbl B KaXAOM  ciayyae
MHAUBUAYANbHO)? [N KaXKA0ro LBETa YKaXKute To/IbKO OA4HO BELLEeCTBO.

A) AlF3

B) Co(NOs)2
B) KiCr207
I NiSOa

) K[AuCls]
E) KMnOg4

Mo 2 6anna 3a KaxOblii npasunbHbiii 8biI60p. Bce2o — 6 6annoe.

PeweHue BapuaHta 4

[na co3paHMAa MONOYHOro (HEempo3payHoro, rAyLWEeHOro) cTekna HeobXxoAMMO WCMNOJb30BaTb
rNyWwuTenb, TO ecTb BELEecTBO, KOTOpoe He byaeT pacTBOpATbCA B CTeKne uam byaer u3 Hero
KpUCTannmsosaTtbca. B 060Mx cnyyasax Ha KpUCTannax Wam Kanaax Bblaenstouienca Hoson ¢dasbl
byaeT NnpoucxoanTb paccesaHue ceeta. [na aTux uenen noaxoamut GTopua aatoMUHUA. 3aMeTuMm,
YTO U3 BCEX BapMaHTOB OTBETA OH €AMHCTBEHHbIN, HE NPUAAIOLIUIA CTEKNY OKPACKY.

[na oKkpawmsaHUA CTeKkna B CUHUM UuBeT BO3MOXHO MUCNOJ/Ib30BaHUE KobanbTa. MMeHHO KobanbT
O6yCﬂaBI'IVIBaeT CUNHIOKO OKPACKY U NNUTMEHTA MKeNbCKON KepamMuku.

KpacHbIi LBET B CTEK/IE yAAeTCA CO34aTb TO/IbKO HaHOYACTULLAMM, TaK KaK coeguMHEeHUs xpoma(+6),
MMEIOLLME OPAHKEBYIO MM KPACHYK OKPacKy Npu TemnepaTtype pasmArdyeHus ctekna (6onblue
1000 rpapgycoB) pasnaratotcs. KpacHblii  UBET CTeKNy npuaalT  HaHoYacTMUbl  30/10Ta,
ob6pasyowmeca Npy PasnoKeHUN ero CoeaUHEHNN.

Omeem.1-A),2-6),3-1)
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3apgaya no xumun. NpnbHoii 3anax (9 6annos)

BapuaHt 1

OanH 13 camblX CbeaobHbIX rPMBOB B MUPE COAEPKUT Maxyyee BEL,ECTBO, MOJIEKYNA KOTOPOro
n3obpaxkeHa HUXKe. KenTbiMm LBeToM 0603Ha4YeHbl aTOMbl Cepbl, cepbiM — yriepoaa, 6enbim —
BO40POAA.

1. MNpeanoxute pasymHblit cnocob cMHTe3a 3TOro BewecTsa. (6 6asa108)
2. KakoBo TpuMBManbHOE Ha3BaHMe 3TOro BellecTBa U YeM OHO U3BeCTHO? (3 6asna)

Bcez2o — 9 6annos

PeweHue BapuaHta 1

1. Cnocob cuHTe3a — KOHAEHCALMA AUXIOPMETaHa C AU- U TPUCYIbGUAOM HATpuUA:
2CH,Cl; + Na2S; + Na2Ss — (CH2)2Ss + 4NaCl

2. TpuBMnanbHoe Ha3BaHMe — NEHTMOHWH. OCHOBa 3amnaxa MHoOrmx rpubos, NpousBoaHOE OT
Ha3BaHWA APEBHEro asnaTckoro rpuba wuutake, Lentinula edodes (neHTUHyNa cbeaobHasn),
3TO «rpubHOM dyHrMUMAY.

BapuaHT 2



https://olymp.msu.ru/file/test/question/8efe/8efed6f2-60d7-4fc1-bd36-786e384e1105/attach/770acb95-12ac-4746-bcf5-a912f03e0a43.jpg
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3anax HeKOTOpbiX MOMNynApHbIX FpuboB 0b6ycnoBneH nNpUCYTCTBMEM BelecTBa X, KOTopoe
coaepxut 2.1 macc.% Bogopoaa, 12.8% yrnepoga, octanbHoe — cepa.

Onpegenute MonekynspHyio ¢opmyny BewectBa (3 6aa1a) W ycTaHOBUTE  ero
CTPYKTYpY (6 6ann08), ecnu U3BECTHO, YTO: a) MOJIEKY/Na BKAlO4YaeT UMKA u3 7 atomos, 6) B
MoneKkyne — 3 KoBaJieHTHble HENONAPHbIe CBA3U, B) KaXKAblii aTOM cepbl cBA3aH He 6onee, yem ¢
OAHUM aTOMOM yrnepoaa.

Bce2o — 9 6annos

PeweHue BapuaHTa 2

1. H:C:S=(2.1/1):(12.8/12):(85.1/32)=2.1:1.07:2.66=2:1:2.5=4:2:5.

MonekynapHaa popmyna X — C4H;Ss.

/S\
H2C S\

2. Crpyktypa X —

3anax HeKoTopbIX CbegobHbIX rPMB0oB 06YCNOBNAEH NPUCYTCTBUEM BELLECTBA Z, KOTOPOE COCTOUT M3
yrnepoaa, cepbl 1 Bogopoza. Mpo BeLecTso N3BECTHO, YTO:

a) ero napbl B 94 pasa TaXKenee BoA0POA3,

6) umncno atomos cepbl B 2,5 pa3a 60/blue YMCaa aTOMOB Yrieposa,
B) MOJIEKYNA — UMKAMYECKaS,

r) B monekyne — 3 cBas3u S-S u 4 casum C-S, ceazelt S—H HerT.

Onpepenute MmonekynapHyw d¢opmyny BewectBa (3 6anna) w  ycTaHoBUTE  ero
CTPYKTYpPY (6 6ann0s).

Bce2o — 9 6annos


https://olymp.msu.ru/file/test/question/8efe/8efed6f2-60d7-4fc1-bd36-786e384e1105/attach/770acb95-12ac-4746-bcf5-a912f03e0a43.jpg
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PeweHue BapuaHTa 3

1. CGH,S,. M=94-2 =188 r/monb =12x+y + 32z.

MuHMManbHOe 3HaYyeHne z =5, Torga x = 2, y = 4. MonekynapHasa ¢opmyna Z — C4H,Ss.

/S\S
H,C
2é :CHZ
\S’S

2. CrpyktypaZ-

BapuaHt 4

3anax HeKOTopbIX NonynApHbIX rpubos obycnoBneH NpucyTcTBMEM BellecTBa Y, KOTopoe nmeet
obuwyto dopmyny (CH2)S,. Monekyna uMMeeT UMKAMYECKYHO CTPYKTypy, atombl C B UMKAne
M30/IMPOBaHbl APYr OT APpYra, a KaxAablii aTOM cepbl y4acTByeT XOTA 6bl B O4HOW KOBA/NEHTHOM
HenonsapHou ceaA3un. Mapbl Bewectsa Y umetoT naoTHocTb 4.00 r/n npun 300 °C u 1 aTm.

Onpeaenute mosiekynapHyto GopMyy BELWECTBA U YCTAHOBUTE €ro CTPYKTYpPY.

Onpepenute MonekynspHyro d¢opmyny BewectBa (3 6aa1a) W ycTaHOBUTE  €ro
CTPYKTYpY (6 6annos).

Bce2o — 9 6annos

PeweHue BapuaHTta 4

1. Y-CH,S;. M(Y) =pRT/P=4.00-8.314-573 / 101.3 = 188 r/monb = 12x + y + 32z.

PeweHune ypaBHeHus: z=5, x = 2, y = 4. MoneKkynapHaa popmyna Y — CoH4Ss.

/S\S
H,C
27 CH,
S /
\S’S
2. Crpyktypa Y —


https://olymp.msu.ru/file/test/question/8efe/8efed6f2-60d7-4fc1-bd36-786e384e1105/attach/770acb95-12ac-4746-bcf5-a912f03e0a43.jpg
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3apgaua no xumun. OKcua, ANA 3NEeKTPOXPOMHbIX maTtepuanos (10 6annos)

BapuaHt 1

OAHUM M3 MaTepuanoB ONA SNEKTPOXPOMHbIX YCTPOMCTB ABNAeTcA okcua X meTanna M. 3toT
OKCUZA, MOXeT ObiTb nonyyeH ABYmMA crnocobamu. epBblii 3aKAOYAETCA B CHMIaHUWU OMWUOK
meTtanna M Ha Bosayxe. B pesynbTaTte 06pa3yeTcs KenToBaTblii MOPOLIOK, @ Macca TBEPAOro
BEWecTBa yBeAnuymBaeTca Ha 26.1%. BTopolt cnocob cocTouT B TEPMMYECKOM PaA3/I0KEHUU
coeauHeHuna Y, B pe3y/sbTaTe KOTOPOro eAUHCTBEHHbIM TBEPAbIM NPOAYKTOM ABAAETCA oKkcua X.
Mpw aTom 13 0.01 monb Y obpasyetca 27.84 r okemnaa X.

1. Onpeaenute metann M u coctaB oKcupa X. Hanuwute ypaBHeHUe peakuun OKUCNEHUA
meTtanna M go okeuga X. (4 6anna)

2. Onpepenute coctraB coeguHeHuma Y, ecanm oHo cogepXuTt 1.37 macc.% Bopgopoaa,
4.57 macc.% a3ota, 72.11 macc.% metanna M, a octanbHoe — Kucaopoaga., (5 6annos)

3. Onpeaenute creneHb oKUcneHua metanna M s coeauHenun Y. (1 6ann)

Bce oTBeTbl noaTeBepxAanTe pacyéTamu. B pacyértax Bce aTOMHble MacCbl CYMUTalTe
LEeNoYNCAEHHbIMU.

Bce2o — 10 6annos

PeweHue BapuaHTta 1

1. Cxema oKucneHusa metanna M:

2aM+b0, —>2M,0,

CornacHo 3Toli cxeme, MOSAPHAA macca yeennuumnacb Ha 16b. yctb aTomHasa macca
meTtanna M pasHa m. Toraa

16b_ 0.261
ma
b
m=61.303-—
a

Mo a =1 un b =3 nonyyaem m = 184, yto cooTseTcTBYeT BO/bdpamy. 3Haumt, M —
Bonbppam W, a okemg X — WOs.


https://olymp.msu.ru/file/test/question/e70d/e70d2345-e072-473a-978f-398fda49163e/attach/6e1cb154-64f5-4d60-a722-90b683b30809.jpg
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2W+30, ——>2WO,

Memann M — 2 6anna, okcud X — 1 6ann, ypasHeHue peakyuu — 1 6ann. Bcezo — 4 6anna.

Konnyectso WOs3 npu pasnoxeHun 0.01 monb coegnHeHma Y paBHO

m(WO,) 27.84

= =0.12MoJ1b
M(WO,) 232

M3 0.01 monb Y obpasyetcs 0.12 monb okcuaa Bosibdpama, TO ecTb ogHa Gopmy/ibHan
egnHuua Y cogepxumt 12 atomos W.

B obwem suae dopmyny coegmHeHns Y MoXKHO 3anmcatb Kak HyNyW1,0;.
CopaepraHue Knucnopopaa B % pasHo: 100 — (1.37 + 4.57 + 72.11) = 21.95

o) 137-184  x
o(W) 72111 12
X =42

o(N) 457184 y
o(W) 721114 12
y=10

o(O) 21.95-184 _z
o(W) 721116 12
Z2=42

Takum obpaszom, 6pyTTo-Ppopmyna HazN1oW12042, a uctuHHaa dopmyna (NHa)10H2W1204,.
MpasuneHasa hopmyna — 5 6annos.

CTeneHb OKMUCAEHWMA a30Ta B KaTMOHE aMMOHMA paBHa -3, CTEeMeHb OKUC/IeHUsA BoAopoAa
+1, cTeneHb OKUCNEHUSA KUcnopoaa -2.

-3-10+1:42 +x-12 + (-2)-42 =0
X = +6. CTeneHb OKUCAeHUA BOAbPpama paBHa +6.

lpasunbHaa cmeneHob oKucaeHUA — 1 6ann.



BapuaHTt 2

OAHWM M3 MaTepManoB ANs 3EKTPOXPOMHbIX YCTPOMCTB ABAAETCA oKcua, X meTanna M.

1. Mpu BocctaHoBNeHUM X Ao M BoAOpPOAOM NOTepa Maccbl TBEPAOro Bew,ecTsa COCTaBnsAeT
20.7%. YcraHoBute ¢opmynbl X u M. (4 6anna)

2. OKcupa X nony4vyalotT TepMUYECKMM pasnoXKeHuem coeanmHeHusa Z, npu atom us 0.01 monb
Z obpasyetca 27.84 r okcuga X. Onpegenunrte coctaB coeAMHEHUA Z, ec/ii OHO COAEePKUT
1.60 macc.% Bopopopa, 4.47 macc.% asora, 70.45 macc.% metranna M, ocranbHoe —

Kucnopoga. (5 6annos)
3. Onpeaenute creneHb oKUcneHua metanna M s coeauHenun Z. (1 6ann)

Bce oTtBeTbl HOATBepH(AaVITe paC‘-IéTaMI/I. B pacqéTax BCE QATOMHble MacCCbl CYMUTanTe
uenovyncneHHbimun.

Bce2o — 10 6annos

PeweHune BapuaHra 2

1. Cxema BoccTaHOBAeHUA OKcuaa X 4o metanna M:
MO, +bH, —aM+bH,0
CornacHo aToM cxeme, MOJApPHaA Macca ymeHblmaacb Ha 16b. ycTb aTomHas macca

meTtanna M pasHa m. Toraa

16b

————=0.207
ma+16b

m:61.3-E
a

Mo a =1 un b =3 nonyyaem m = 184, yto cooTsetcTBYeT BOJbdpamy. 3Haumut, M —
Bonbppam W, a okemg X — WOs.

WO, +3H, ——>W+3H,0

Memann M — 2 6anna, okcud X — 1 6ann, ypasHeHue peakuyuu — 1 6ann. Bcezo — 4 b6anna.


https://olymp.msu.ru/file/test/question/e70d/e70d2345-e072-473a-978f-398fda49163e/attach/6e1cb154-64f5-4d60-a722-90b683b30809.jpg
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2. Konunuectso WO3 npu pasnoxkeHum 0.01 monb coegnHeHua Z paBHO

m(WO,) 27,84

= =0.12 moiumb
M(WOQO;) 232

N3 0.01 monb Z obpasyetca 0.12 monb okcuaa BonbdPpama, To ecTb ogHa opmynbHanA
eanHuua Z cogepxut 12 atomos W.

B o6wem Buae popmyny coeanHeHna Z MOXKHO 3anmncatb Kak HxNyW120,.
CopeprkaHue Kmucnopoaa B % pasHo: 100 — (1.60 + 4.47 + 70.45) = 23.48

o(H) 1.60-184 x

o(W) 70451 12
x =50

o(N) 447184y
o(W) 70.45.14 12
y=10

o(0) 2348184 1z

o(W) 7045.16 12
Z2=46

Takum  ob6pasom, 6pyTTOo-dopmyna Hs0N10W1204s, a NUCTUHHasA dopmyna
(NHa4)10H2W12042-4H,0.

MpasunvHas hopmyna — 5 6annos.

3. CreneHb OKMC/AEHMA a30Ta B KaTMOHE aMMOHMUA paBHa -3, CTeneHb OKUCAEHWs BOAOPOAa
+1, cTeneHb OKUCNEHUA Kucaopoaa -2.

-3-10+ 142 +x-12 + (-2)-42 =0
X = +6. CTeneHb OKUCAeHUA BoAbPppama paBHa +6.

lpasunbHaa cmeneHs oKUcaeHUA — 1 6ann.



BapuaHTt 3

OAHWM M3 MaTepManoB ANs 3EKTPOXPOMHbIX YCTPOMCTB ABAAETCA oKcua, X meTanna M.

1. Mpu okucneHmn M po X B KuUcnopoge macca TBEPAOro BeLLECTBA yBe/IMUMBAETCA Ha
26.1%. YcraHoBute popmynbl X u M. (4 6anna)

2. OKcup X nonyyaroT TepMUYECcKUM pasnoKeHnem coeamHeHusa Q, npu stom us 0.02 monb
Q obpasyerca 55.68 r okcuga X. Onpeaenure cocraB coeguHeHna Q, ecaiM OHO cogepPXKUT
1.70 macc.% Bopopopa, 4.42 macc.% asora, 69.65 macc.% meranna M, ocranbHoe —
Kucnopoga. (5 6annos)

3. Onpeaenute cTeneHb oKUcneHna metanna M B coeguHenuun Q. (1 6ann)

Bce oTtBeTbl HOATBepH(AaVITe paC‘-IéTaMI/I. B pacqéTax BCE QATOMHble MacCCbl CYMUTanTe
uenovyncneHHbimun.

Bce2o — 10 6annos

PeweHue BapuaHTa 3

1. Cxema okucneHuna metanna M:

2aM+b0O, —2M,0,

CornacHo 3TOM CxemMe, MOAPHAA Macca yBeauuymnacb Ha 16b. MycTb aTtomHaa macca
meTtanna M pasHa m. Toraa

16b_ 0.261
ma
b
m=61.303-—
a

Mpn a =1 um b =3 nonydaem m = 184, 4yTo cooTBETCTBYeT BOo/bdpamy. 3Haumt, M —
Bonbppam W, a okemg X — WOs.

2W+30, ——>2WO0,

Memann M — 2 6anna, okcud X — 1 6ann, ypasHeHue peakuuu — 1 6ann. Bcezo — 4 6anna.
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2. Konunuectso WOs3 npu pasnoxkeHnm 0.02 monb coeamHeHna Q paBHO

m(WO,) 55.68

= =0.24 moib
M(WO;) 232

N3 0.02 monb coeanHenna Q obpasyetca 0.24 monb okcuaa Bonbdppama, TO ecTb ogHa
bopmynbHaa eanHuua Q copepkut 12 atomos W.

B o6wem Buae popmyny coeagnHeHmna Q MOxKHO 3anmncatb Kak HyNyW120,.
CopeprkaHue Kucnopoaa B % pasHo: 100 — (1.70 + 4.42 + 69.65) = 24.23.

o(H) 1.70-184 _ x
o(W) 69.65:1 12
X =54

o(N) 442184y
o(W) 69.65-14 12
y=10

o(0) 2423184 z

o(W) 69.65-16 12
Z2=48

Takum  ob6pasom, 6pyTTOo-dopmyna Hs54N10W1204s, a NUCTUHHasA dopmyna
(NHa4)10H2W12042-6H20.

MpasunvHas hopmyna — 5 6annos.

3. CreneHb OKMC/AEHMA a30Ta B KaTMOHE aMMOHMUA paBHa -3, CTeneHb OKUCAEHWs BOAOPOAa
+1, cTeneHb OKUCNEHUA Kucaopoaa -2.

-3-10+ 142 +x-12 + (-2)-42 =0
X = +6. CTeneHb OKUCAeHUA BoAbPppama paBHa +6.

lpasunbHaa cmeneHs oKUcaeHUA — 1 6ann.



BapuaHTt 4

OAHWM M3 MaTepManoB ANs 3EKTPOXPOMHbIX YCTPOMCTB ABAAETCA oKcua, X meTanna M.

1. Mpu BocctaHoBNeHUM X Ao M BoAOpPOAOM NOTepa Maccbl TBEPAOro Bew,ecTsa COCTaBnsAeT
20.7%. YcraHoBute ¢opmynbl X u M. (4 6anna)

2. OkKkcup X nonyyaloT TepMUYECKUM pasnioXkeHunem coeguHeHua R, npu atom 3 0.02 monb
R o6pa3yetca 55.68 r okcupga X. Onpegenute cocraB coeguHeHua R, ecim oHo cogepkur
1.91 macc.% Bopopopa, 4.32 macc.% asora, 68.11 macc.% metranna M, ocranbHoe —

Kucnopoga. (5 6annos)
3. Onpeaenute cTeneHb oKUcneHna metanna M B coeguHenum R. (1 6ann)

Bce oTtBeTbl HOATBepH(AaVITe paC‘-IéTaMI/I. B pacqéTax BCE QATOMHble MacCCbl CYMUTanTe
uenovyncneHHbimun.

Bce2o — 10 6annos

PeweHue BapuaHTta 4

1. Cxema BoccTaHOBAeHUA OKcuaa X 4o metanna M:
MO, +bH, —aM+bH,0

CornacHo aToM cxeme, MOJApPHaA Macca ymeHblmaacb Ha 16b. ycTb aTomHas macca
meTtanna M pasHa m. Toraa

16b

————=0.207
ma+16b

m:61.3-E
a

Mo a =1 un b =3 nonyyaem m = 184, yto cooTsetcTBYeT BOJbdpamy. 3Haumut, M —
Bonbppam W, a okemg X — WOs.

WO, +3H, ——>W+3H,0

Memann M — 2 6anna, okcud X — 1 6ann, ypasHeHue peakuyuu — 1 6ann. Bcezo — 4 b6anna.
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NANO

2. Konunuectso WO3 npu pasnoxkeHum 0.02 monb coegmHeHusa R paBHO

m(WO,) 55.68
M(WO,) 232

=0.24 moub

N3 0.02 monb coegmHeHna R obpasyetca 0.24 monb oKcuaa Bosbdpama, TO eCcTb ogHa
dopmynbHaa eguHuLa R cogepxut 12 atomos W.

B o6wem Buae popmyny coegnHeHma R MmoxHO 3anmcatb Kak HxNyW1,0;.

CopeprkaHue Kucnopoaa B % pasHo: 100 —(1.91 + 4.32 + 68.11) = 25.66.

o(H) 191184 x

o(W) 68111 12
X =62

o(N) 432184y
o(W) 68.11.14 12
y=10

o(0) 2566-184 z

o(W) 681116 12
z=52

Takum  obpasom,  6pytro-dopmyna  HeN1oW120s;, @ uCTMHHaa  dopmyna
(NH4)10H2W12042-10H0.

lMpasunvHasa popmyna — 5 bannos.

3. CreneHb OKMC/AEHMA a30Ta B KaTMOHE aMMOHMUA paBHa -3, CTeneHb OKUCAEHWs BOAOPOAa
+1, cTeneHb OKUCNEHUA Kucaopoaa -2.

-3-10+ 142 +x-12 + (-2)-42 =0
X = +6. CTeneHb OKUCAeHUA BoAbPppama paBHa +6.

lpasunbHaa cmeneHb oKucaeHuUAa — 1 6ann.



NANO

3apgaua no ¢pusuke. NMonet K gpyrou nnaHete (9 6anno.)

BapuaHt 1

CywiecTByloT nporpammbl ocBoeHusa Mapca npegnonaratowme 3anyck KOCMUYECKOro Kopabns.
MpeanonoXum, Yto Kopabnb nognetut K Mapcy no napabonnyeckoin TPaeKTopuu, BepLuMHA
KOTOPOW HaxoamuTtca BOAM3WM «KPACHOM» NAaHeTbl. B MOMEHT MaKCMManbHOro cONMMKEHUA C HeW
KOpab/ib NepexoAnT Ha HU3KYI KPYroByro OpbuUTY, CTaB MCKYCCTBEHHbIM CMYTHUKOM. [nsa 3Toro
BK/1IOMAETCA TOPMO3Has cMcTemMa Kopabns, BbibpacbiBatoLLan CTPYHO ra3os.

1.

Onpeaenntb Ha CKO/IbKO A0/1)KHa U3MEHUTbCA CKOPOCTb Kopabna oTHocuTenbHo Mapca
npu TopmosxkeHun. Macca Mapca M = 6,42-:10% kr, paguyc Rv = 3390 km. (6 6ann08)

Kakaa macca TtonnuMBa HeobxogmMma p[nsa TaKOro MaHeBpa, €CAM  CYMuTaTb, 4TO
nepBOHayanbHaa Macca Kopabna m = 1 T, a NpPoAyKTbl cropaHusa BbibpacbiBatoTCA
MrHOBEHHO M BbINETAIOT CO CKOPOCTbio v = 4.35-10% m/c oTHOCUTEeNbHO Kopabna Baonb
HanpaBaeHUA CKopocTu. (3 6anna)

Bcez2o — 9 6annos

PeweHue BapuaHta 1

1.

Mpu ABUXKEHMM Mo NapabonyecKolr TPaeKToOPUM KOCMUYECKUIA KOpab/ib MMeeT B BepLUUHe
napabosbl TaKyl0 MUHUMANbHYIO KMHETUYECKYIO SHEPTUIO, KOTOPas NO3BONAET EMY YAETETb
3aTem 6eckoHeYyHo pJaneko oT Mapca. Ha 6eckoHeyHom paccTosHuM oT Mapca
NnoTeHUManbHas sHeprusa Kopabns pasHa HyNO E« = 0 (M3 ycnoBUS HOPMUPOBKHK). TaKKe U
KMHETMYEeCKan 3Heprus Kopabna paBHa HyAw Ha 6eckoHeyHocTn (cnepyetr w3
napaboMYHOCTN TPAaeKTOpPMM). ITO O3HAYAET, YTO Ha BECKOHEYHO HONbLLIOM PACCTOAHMM OT

Mapca 6yaeT paBHa HyAlO M NOMHAA MEXaHW4YecKas 3Heprua Kopabnsa. M3 3aKoHa

my?

COXpaHEeHNA aHeprnun cnenyet, 4To N B BEPLUMNHE napa60nb| CyMMa KMHETUYECKON n

o mM o
NnoTeHLManbHOU -G R_ SHEPIrnn TaKkxKe A0/1KHa 6bITb PaBHa HYAIO. CnepoBaTentsHo,
M

mv? mM
-G— =0,
2 Ry

0TCH4a CKOPOCTb NogseTa K Mapcy (2 KocMuyeckaa MapcuaHcKas):

Vi = /zcﬂ ~5-10% m/c.
Rym
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B npouecce TOpMOXKeEHUA CKOPOCTb KOpabna [OOMKHA YMEHbWWUTbLCA A0 MepBOW

KOCMWUYECKO CKOPOCTU Vik ABUXKEHWA NO KPyrosoi opbuTe paguyca Rw. Tak Kak mpu
9 VZ

ABVKEHWM N0 KPYTOBOW OPBUTE LEHTPOCTpeMMUTeNbHOE YCKOPeHMe a = —— Kopabiio
M

coobuaeT cuna TaroteHus, To no Il 3akoHy HbloToHa:

mv: _ _ mM
Ry Ry '
OTKyAa
M 3
Vik= |G— =3.5-10°m/c.
Rm
CnepoBatenbHo

AV =V, — Vi = 1.5 - 10% m/c.

2. [nA BbluMcneHMA maccbl Am TonanMBa HEOHXOAMMOro 1A TAKOro MaHeBpa NPeAno0XKUM,
YTO BpeMs CropaHMA TOMIMBA OYE€Hb Masio, U YTO NPOAYKTbI CrOpaHUA BblIN BbIGPOLIEHDI
oAHOI nopumen. Mo 3aKOHY COXPAaHEHWs MMMyAbCa B CUCTEME OTCYeTa, CBA3AHHOM C
Kopabnem:

(m-Am)AV — Amv =0,

OTKYyAa ON1A4 MacCCbl TOM/1IMBaA MNOJIY4YUM BblpaXKeHUNE!

AV
Am =
v+AV

m = 0.25m = 250 Kr.

Omeem: AV = 1.5-10°>m/c, Am =250 Kr.

BapuaHTt 2

NccnepoBaHue BeHepbl NPOBOANTCA C MOMOLLbIO aBTOMATMYECKOW MEXKNNAAHETHOM cTaHuuu. na
3TOr0 KOCMMYECKan CTaHUMA noasieTaeT K BeHepe Mo aN/MNTUYECKON TPAaeKToOpUM, NPoXoaALLen
B6/AM3KN NNaHeTbl. B MOMEHT MaKCMMaNbHOTO CONMMKEHMA C HEW CTaHUMA NEPEXOAUT Ha HU3KYH
Kpyrosyto opbuty (h = 100 Km OT NOBEPXHOCTU), CTaB WMCKYCCTBEHHbIM CNyTHUKOM. [na 3Toro
BK/1HOYQETCA TOPMO3Has CUCTEMA CTaHUMK, BblBpacbiBaloLLasA CTPYHO ra3os.
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1. Onpepgenntb CKOPOCTb CTaHLUKU OTHOCUTENbHO BeHepbl nepes TopmorxkeHnem. U3BecTHO,
4TO B NpoLecce TOPMOXKEHUA usmeHeHune ckopoctn AV = 2-10° m/c. Macca BeHepbl M =
4,85-10%* kr, paauyc Rg = 6050 Km. (6 6as108)

2. Kakaa macca TonnuMBa Heob6xogMma ANAa TaKOro MaHeBpa, €CAM  CYuTaTb, 4TO
nepBOHayasbHaAs Macca CTaHuMM m = 1 T, a NPOAYKTbl CropaHuMAa BbibpacbiBatoTCA
MrHOBEHHO M BbIJIETAIOT CO CKOPOCTbIO V = 4.35-10° m/c OTHOCUTENbHO CTaHLUUW BAONb
Hanpas/ieHUsa CKopocTu. (3 6anna)

Bcez2o — 9 6annos

PeweHue BapuaHTa 2

1. Ha HuM3KoW KpyroBon opbute paguyca (Rg+h) Ha MeXNNaHETHYIO CTaHUMIO AeACTBYET CUNa
nputaxeHus. Mo Il 3aKkoHy HblOTOHa ypaBHEHME ABUXKEHUA CTaHLUUU UMEET BUA:

myv? G mM
Rp+h - (Rp+h)?

OTKyga

M
(Rp+h)

V= |G = 7.25- 103 m/c.

CnepoBaTesibHO
Vo=V +AV=9.25-10% m/c.

2. [ns BbluMCNEHUA maccbl Am TonNMBa HEOHXOAMMOTO A5 TAKOro MaHeBpa NPeAnoNoXKUM,
YTO BPEMS CropaHuA TOMN/MBa OYE€Hb Maao, U YTO NPOAYKTbI CropaHuaA Bbinn BbIOPOLLEHbI
oAHOW nopumen. Mo 3aKOHYy COXpPaHEeHMA MMMy/bCa B CUCTEME OTcYeTa, CBA3aHHOW CO
CTaHUMENn:

(m-Am)AV — Amv =0,

OTKYAa 014 MacCCbl TOM/1IMBaA MOJIY4YUM BblpaXKeHUNe:

Am = A—Vm = 0.315m = 315 kr.
v+AV

Omeem: Vo= 9.25-10%m/c, Am =315 kr.



NANO

BapuaHTt 3

NccnepoBaHe Mapca nNpoBOAMTCA C MOMOLLbIO aBTOMATUMYECKOM MEeXNAaHEeTHOW CTaHuuu. Ona
3TOro KOCMWYECKas CTaHuua nognetaet K Mapcy no anAunTUYECKOM TpaeKkTopuu, npoxoadllen
B6/1M3M NNaHeTbl. B MOMEHT MaKCMMaNbHOIO CONUMKEHMA C HEW CTAHUMA NEPexoamuT Ha HUBKYIO
Kpyrosyto opbuty (h = 200 KM OT MOBEPXHOCTU), CTAaB WUCKYCCTBEHHbIM CNyTHUMKOM. [ns 3TOro
BK/1HOYQETCA TOPMO3HAs CUCTEMA CTAaHUMK, BblOpacbiBaloLLLAsA CTPYHO ra3os.

3. Onpeaenutb CKOPOCTb CTaHUUKU OTHOCUTENbHO Mapca nepeg TopmoxKeHnem. U3BecTHO,
4YTO B npouecce TOPMOXKEHUA M3MeHeHue ckopoct AV = 1-10° m/c. Macca Mapca
M = 6,42-10% Kkr, paguyc Rv = 3390 kM. (6 6aan08)

4. Kakaa macca Ton/imMBa HeobxogMma ANA TaKoOro MaHeBpa, €C/IM  CYMTaTb, UTO
nepBOHAYa/ibHAA Macca CTaHUMM m = 1 T, a NPOAYKTbl CropaHMA BblbpacbiBalOTCA
MrHOBEHHO M BbINETAIOT CO CKOpPOCTbO Vv = 4.35:10° m/c OTHOCUTENbHO CTaHUUWU BAONb
HanpaBAeHUA CKopocTu. (3 6anna)

Bce2o — 9 6annos

PeweHune BapuaHra 3

1. Ha Hu3KOWM KpyroBoit opbute paguyca (Rv+h) Ha mexXnnaHeTHYO CTaHUMIO AeNCTBYeT cuna
nputaxeHua. Mo |l 3aKoHy HblOTOHA ypaBHeHWe ABUXKEHUA CTaHLUKM MMeeT BUA;:

mv? G mM
RM+h_ (Rp+h)2

OTKyga

- _M . 103
V= G(RM+h) =3.45- 103 m/c.

CnepoBaTenbHO
Vo=V +AV=4.45-103m/c.

2. [Ona BbluMcCneHUs maccbl Am TonamMeBa He0bXoAMMOro AN TaKOro MaHeBpa NPeAnoOKUM,
YTO BpPEeMS CropaHusa TOM/IMBA OYEHb Mafo, MU YTO NPOAYKTbl CropaHMa Oblan BbIOpPOLLEHbI
oaHon nopuuen. Mo 3aKOHY COXpPaHEHWA MMMy/AbCa B CUCTEME OTcYeTa, CBA3aHHOM CO
CTaHUMen:
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(m-Am)AV — Amv =0,

OTKYyAa 014 MacCCbl TON/1IMBa MNOIY4YUM BblpaXKeHUNE!

AV
Am =
v+AV

m = 0.187m = 187 Kr.

Omeem: Vo= 4.45-10°>m/c, Am =187 kr.

BapuaHTt 4

CyuwiecTByloT Mporpammbl MpegnonaratowmMe 3anyck KOCMMYEcKoro Kopabna K BeHepe.
MpeAnonoXum, 4yto Kopabsib noanetut K BeHepe no napabosiMyeckor TpaeKTopuW, BepLUMHA
KOTOpPOWN HaxoauTcA BOAM3M N/iaHETbl. B MOMEHT MaKCMMasibHOrO CONMMKEHUA C Hel Kopabsb
NepexoAmuT Ha HU3KYIO KPYroByto OpbuTy, CTaB MCKYCCTBEHHbIM CNYTHUKOM. N5 3TOro BKAOYaeTca
TOPMO3Has cuctema Kopabida, BbibpacbiBatoLLan CTPYHO ra3os.

1.

OnpeaennTb Ha CKOIbKO A0/IXHA U3MEHUTLCA CKOPOCTb KOpabna oTHOcMTeNbHO BeHepbl
npu TopmokeHnun. Macca BeHepbl M = 4,85-10%% kr, paguyc Res = 6050 km. (6 6ans108)

Kakaa macca TtonnuMBa HeobxogmMma p[nsa TaKOro MaHeBpa, €CAUM  CYuTaTb, 4TO
nepBOHayanbHaa Macca Kopabna m = 1 T, a NpPoAyKTbl cropaHusa BbibpacbiBatoTCcA
MrHOBEHHO M BbINETAIOT CO CKOPOCTbio v = 4.35-10% m/c oTHOCUTeNbHO Kopabna Baonb
HanpaBAeHUuA CKopocTu. (3 6anna)

Bcezo — 9 6annos

PeweHue BapuaHTta 4

1.

Mpu ABUXKEHMN NO NAaPabONNYECKON TPAEKTOPUN KOCMUYECKNIM Kopabab MMeET B BEPLLMHE
napabonbl TaKyt0 MUHUMANbHYIO KMHETUYECKYIO SHEPTUIO, KOTOPas NO3BOAET EMY Y/ETETb
3aTem 6ecKoHe4yHO paneko OT BeHepbl. Ha 6HeckoHeyHOm paccToAHuM OT BeHepobl
NOTEHUMANbHAA 3HePrua Kopabnsa paBHa HyO E« = 0 (M3 ycnoBua HOpMUPOBKHK). TaKke U
KMHEeTMYecKaa 3Heprua Kopabna paBHa HyAw Ha 6HeckoHeyHocTn (cnepyetT w3
napabonnMYHOCTN TPaeKTopMM). ITO O3HAYAET, YTO Ha BeCcKOHeYHO HONbLIOM PACCTOAHMM OT

BeHepbl 6ygeT paBHa HyAlO M MNOMHAA MexaHM4YecKasa 3HeprMa Kopabns. M3 3aKoHa

my?

COXpaHEeHNA aHEePrnMn cnenyet, 4To N B BEPLUMNHE napa6onb| CyMMa KMHETUYECKOMN n

. . mM .
noTeHunanbHon —G — dHepruii Takxe foMKHa 6bITb paBHa Hyno. CheaoBaTeNbHO,
B
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mv? G7nM

=0,
2 Rp

oTCloZa CKOPOCTb NoA/eTa K BeHepe (2 Kocmuyeckan BeHepuaHcKasn):

Vi = /26ﬂ ~10.3 - 103 m/c.
Rp

B npouecce TOPMOXKEHMA CKOPOCTb Kopabns [o/MKHA YMEHbWWUTbCA A0 NepBoW

KOCMMWYECKOM CKopocTu Vik OBUMNKEHMA NO KpyroBoh opbute paguyca Rs. Tak Kak npwu
v V2

OBUXKEHUM MO KPYroBon opbuTte LEHTPOCTPEMUTENIbHOE YCKOPEHWe a = = Kopabnto
B

coobuaeT cuna TaroteHus, To no Il 3akoHy HbloToHa:

-G
Rp Rp
OTKyAa
M 3
Vik= |G— =7.3-10°m/c.
Rp
CneposaTesibHO

AV = VZk_Vlk =3- 103 M/C

2. [ns BbluMCNEHUA maccbl Am TonMBa HEOHXOAMMOTO A5 TAKOro MaHeBpa NPeAnoNoXKUM,
YTO BPEMS CropaHuA TOMN/MBa OYE€Hb Mano, U YTO NPOAYKTbI CropaHuaA Bbinn BbIOPOLLEHbI
oAHOW nopuuei. Mo 3aKOHYy COXpPaHEeHWA MMMy/bCa B CUCTEME OTCYeTa, CBA3AHHOM C
Kopabnem:

(m-Am)AV — Amv =0,
OTKYZ4a ANA MacCbl TONIMBA NONYYUM BblpaXKeHMUe:

AV
Am =

= m = 0.408m = 408 Kr.
v+AV

Omeem: AV = 3-103m/c, Am =408 kr.

3apgaua no ¢pusuke. braropogHble rasbl (8 6annos)

BapuaHt 1

Krypton




NANO

[na cBapKM UBETHbIX METAN/I0B MOXKET UCMO/Ib30BaTbCA CMECh ABYX 61aropoAHbIX ra3os - resina u
aproHa. MonbHOe COOTHOLWEeHMe ra3oB onpeaenseT NapameTpbl CBApKWU, MO3TOMY BAaXKHO 3HaTb
coctaB cmecu. [lna ero onpeaeneHvMa NpoBenu CneayloWwmii dKCNEPUMEHT: ABa OANHAKOBbIX
UMANHOPUYECKMX COCYAA C MACCMBHBIMW MOPLWHAMMW, ABMXKYWMMUCA 6e3 TpeHMUA, 3anonHUAK
YMUCTbIM APFrOHOM M MUCCNeayeMOW CMecbio renma u aproHa. B oboux cnyvaax macca nocne
3anoNHeHUs ysBenmuunacb Ha Am = 5.00 kr. 3aTem Kaxgomy uuavHApy usobapHo cooblmam
OAMHAKOBOE KO/NIMYeCTBO TenaoTbl Q, B pe3y/abTaTe Yero Temnepartypa rasa B NepBom UUANHAPE
yBenmumnacb Ha AT: = 2.58°C, a Bo BTOpom — Ha AT, = 2.00°C. MonspHble maccbl renua
HHe = 4 r/MoNb 1 aproHa par = 40 r/monsb.

1. Yemy paBHo Q? (2 6anna)

2. Onpepenute OTHOLIEHME KONMYECTBA aTOMOB resiMA K KO/NMYECTBY aTOMOB aproHa BoO
BTOpOM cocyae n. (6 6annos)

Bcezo — 8 6annos

PeweHue BapuaHTa 1

1. No nepBomy Hauyany TepmogmHamukn:Q = A + AU, c yyeTom BblpaxkeHua paboTbl npwu
nsobapHom npouecce: A = p(4V), a TakKe WCNONb3ya BbIPAXKEHWE ANA BHYTPEHHeW

3
SHEPIrnMn naeanbHOro o4HOATOMHOrIO ra3a U= EVRT' nonyvymm gnAa YnCtoro aproHa:

Am

3 5 5
Q = pAVl + Evl,ATRATl = Evl,AT'RATl = 2 RATl =~ 67K,£l>K

Ar

2. o aHanornm c NMYHKTOM 1 Bblpa3nM KOJZINYECTBO TEN/10Tbl NO/Ty4EHHOE CMECbHO:

3 5
Q =p 4V, + > (Vz,Ar + VHe)RATZ =3 (Vz,Ar + VHe)RATZ

MprpaBHUBAA BbiparkeHUa ans Q M3 1-oro n 2-oro NyHKTa, NOJyYnMm NepBoe ypaBHEHME, a
y4nTbIBas, YTO Maccbl ra3oB B cocyAax 1 M 2 OAMHAKOBbI, MONYYMM BTOPOE ypaBHEHUe
cucTemsl.

V1,4r4T; = (V1,Ar + vHe)ATZ
Vi,arbar = V2, arlar T VielHe

Pelwmm cuctemy m BbIPasuUM V2, ar, VHe. 18 UX OTHOLEHMA N NOAYYUM:

VHe _ par (AT, — AT,)
Vouar  MarAT; — py ATy

n=



BapuaHTt 2

s
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Krypton

B MMKpPO3NEKTPOHMKE YacTO UCMONb3YeTCA CMeCb AByX 6/1aropogHbIX ra3oB — KCEHOHA W aproHa.
OaHaKo AnA NpakTUYeCcKOro MpUMeHeHUA BaXHO 3HaTb cocTaB cmecu. [1na ero onpeaeneHms
NPoBenun CneayroLlmnii sKCNepumMeHT. [JBa 04MHAKOBbIX LUUAMHAPUYECKUX COCyAa C MACCUBHBIMM
NOPWHAMM, ABMKYWMMUCA 6e3 TpeHUA, 3aNO0NHUAN YUCTbIM apPrOHOM M UCCAeAYyEMOIN CMEeCbio
KCEHOHa M aproHa. B oboux cayyasax macca nocse 3anosiHEHMA yBennumnacb Ha Am = 4,00 Kr.
3aTeM Kaxgomy UMAMHAPY M306apHO coobWuMaAM OAMHAKOBOE KOMYeCcTBO TennoTbl Q, B
pe3ynbTaTte 4Yero TemnepaTtypa rasa B MepBOM UMAMHAPE yBenuuunacb Ha AT1 = 1,77°C, a BO
BTOPOM — Ha AT = 3,00°C. MonsipHble Maccbl KCEHOHA xe = 131 r/monb 1 aproHa par = 40 r/mons.

1. PaccuuTaiite Konnuectso Tennotbl Q. (2 6anna)

2. Onpeaenute OTHOLWIEHUE KONMMYECTBA aTOMOB KCEHOHA K KOAMYECTBY aTOMOB aproHa Bo
BTOpOM cocyae n. (6 6annos)

Bcezo — 8 6annos

PeweHue BapuaHTa 2

1. Mo nepBomy Hayvany TepmoamHamukn: Q = A + AU, ¢ yyeTom BblpaxkeHuAa paboTbl npu
nsobapHom npouecce: A = p(4V), a TakKe WCNO/Mb3ya BbIPAXKEHWE ANA BHYTPEHHeW

3
HEPrnMn naeaanbHOro o A4HOATOMHOrIO ra3a U= EVRT' nonyvymm gnAa YMCTtoro aproHa:

Am

3 5 5
Q = pAVl + Evl,ATRATl == Evl,AT’RATl == 2 RATl =~ 3.7KA>K

Ar

2. Mo aHanorun c NYHKTOM 1 Bblpa3nm KOAMYeCcTBO TeNNOTbI NOJIyYEHHOE CMECbHHO:

3 5
Q =p AV, + > (Vz,Ar + VXe)RATZ =3 (Vz,Ar + vXe)RATZ

MpupaBHMBana BbipaxKeHna ana Q n3 1-oro U 2-oro NyHKTa, NOJAy4YMM nepeBoe ypaBHeHMUe, a
Yy4nTbIBaA, YTO Macchl ra3os B cocygax 1 u 2 ogMHaKoBbl, MOAy4YMM BTOpPOE ypaBHEHUe
CUCTEMBbI.

V1,4r4T; = (V1,Ar + VXe)ATZ
Viyarbar = Va2 arlar T Viellxe



NANO

Pelwmm cuctemy m BbIPasmm Va, ar, Vie. 19 UX OTHOLEHMA N NONYYUM:

v AT, — AT
n = Xe _ Par (AT 2) ~ 0,44
Voar  MardTy — Ux AT,

BapuaHTt 3

&

gk:.

Krypton

B xpomaTorpadumn B KayecTBe KPMOreHHOro rasa 4acTo MCMONb3yeTcA CMecb AByX 61aropoaHbix
rasoB — KpUNTOHA M aproHa. OgHaKo ANA NPaKTUYECKOro NPUMEHEHUA BaXKHO 3HATb COCTaB CMecCH.
Ona ero onpepeneHva NpoBenun CAeAyloLWnii IKCNepUMeHT. [1Ba OAMHAKOBbIX LUAUHAPUYECKUX
CoCyZa C MAaCCMBHbIMW MOPLIHAMMK, ABMKYWMMUCA 6e3 TpeHUA, 3an0oJHUAM YUCTbIM aprOHOM U
nccnesyemom CMecbid KpPUNTOHA M aproHa. B oboux cnyyaax macca nocne 3anosHeHuA
yBenmumnacb Ha Am = 6,00 Kr. 3aTem Karkgomy UMANHAPY M306apHO coobwman ogmHakoBoe
KONMYecTBO TenaoTbl Q, B pe3ysbTaTe Yero Temnepartypa rasa B nepsBom LUAUHAPE yBean4ynnacb
Ha AT; = 2,47°C, a BO BTOpOM — Ha AT, = 3,50°C. MonsApHble Maccbl KPUNTOHA Ukr = 84 r/MmoNb U
aproHa par = 40 r/mone.

1. Yemy pasHo Q? (2 6anna)

2. OnpepenuTte OTHOLIEHUE KO/IMUYECTBA aTOMOB KPUNTOHA K KO/IMYECTBY aTOMOB aproHa Bo
BTOpOM cocyae n. (6 6annos)

Bcezo — 8 6annos

PeweHue BapuaHTa 3

1. Mo nepBomy Hayany TepmoamvHaMukun:Q = A + AU, c yyeTom BbiparkeHusa paboTbl npu
nsobapHom npouecce: A = p(4V), a TakKe WCNO/Mb3ya BbIPAXKeHWE ANA BHYTPEHHeW

3
HEepPrmn naeanbHOro 0o 4HOATOMHOrIO ra3a U= EVRT' nonyymm gnAa YnCtoro aproHa:

Am

3 5 5
Q = pAVl + _Vl,ArRATl == Evl,AT’RATl == 2 RATl =~ 7.7KA>K

2 Uar

2. o aHanormmc NYHKTOM 1 BbIpa3nm KOAMYeCTBO TeNNOTbI NOJIy4EHHOE CMECbHO:

3 5
Q = p AV, + 5 (Vz,Ar + VKr)RATZ =5 (Vz,Ar + VKr)RATZ



NANO

MpupaBHMBaA BblpaxkeHUs ana Q 13 1-oro 1 2-oro NyHKTa, NOAYy4MM NepBoe ypaBHEHUE, A
YUUTbIBAA, YTO MacCbl ra3oB B cocyaax 1 m 2 oAMHAKOBbI, NONYYMM BTOPOE ypaBHEHUE
CUCTEMBI.

Vy,4r4T, = (V1,Ar + VKr)ATz
ViarMar = Vo arlar + Virlkr

Pewnm cuctemy 1 BbIPasnM V2, ar, VHe. 1A MX OTHOLLIEHMA N NONYYUM:

n = Vkr par (AT, — AT,) N

= = ~ 0,61
Voar  MardTy — pgr ATy

BapuaHt 4

&
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Helium Krypton

Ons noacseTkn n3obparkeHU 1 BbIBECOK YAaCTO UCNOIb3YeTCcA CMecb ABYyX 61aropogHbix rasos —
HeoHa 1 aproHa. O4HaKo A1A NPaKTUYECKOro NPUMEHEHUA BaXHO 3HaTb cocTas cmecu. [na ero
onpeaeneHna NPoBenu CNeayloWnin SKCnepMmeHT. [1Ba 04MHAKOBbIX LUAMHAPUYECKUX cocyaa C
MAaCCMBHbIMW MOPWHAMM, ABMKYWMMUCA 6€3 TpeHua, 3anoNHWAW  YUCTbIM  APTFOHOM U
nccnesyemon CMecbto HeOHa M aproHa. B oboux cnyyaax macca nocne 3anoNHEHUA yBeIMYMNACh
Ha Am = 3,00 Kr. 3aTem KaxXgomy UMANHAPY M306apHO COOBOWMAM OAMHAKOBOE KONMYECTBO
TENnN0Tbl, B pe3ynbTaTe Yero TemnepaTtypa rasa B NepBOM UuAnHAPE yBennymaacb Ha AT; = 2,50°C,
a BO BTOpOM — Ha AT, = 1,50°C. MonapHbie Mmaccbl HeoHa HUne = 20 r/monb M aproHa
Uar =40 r/monb.

1. Yemy paBHo Q? (2 6anna)

2. Onpeaenute OTHOLIEHME KO/IMYECTBA aTOMOB HEOHa K KOJIMYECTBY aTOMOB aproHa BO
BTOpOM cocyae n. (6 6annos)

Bcezo — 8 6annos

PeweHue BapuaHTta 4

1. Mo nepBomy Hayany TepmoamvHaMmkun:Q = A + AU, c yyeTom BbiparkeHusa paboTbl npu
nsobapHom npouecce: A = p(4V), a TaKkKe WCNO/Mb3ya BbIPaXKeHWE ANA BHYTPEHHeW

3
SHeprum naeanbHoro ogHoatomHoro rasa U = EVRT, NONY4YMM ANA YUCTOroO aproHa:



-NANO >
54m

3 5
Q = pAV:L + Evl,ATRATl = Evl.ATRATl = ZluAr

RAT;, = 3.9x/lx
2. Tlo aHanorum c NyHKTOM 1 BbIpa3nm KOAMYECTBO TENI0Tbl MOJYYEHHOE CMEChIO:
3 5
Q = p. AV, + 5 (vaar + Ve )RAT, = 5 (vzar + Vwe )RAT,

MpupaBHMBana BbipaxKeHna ana Q n3 1-oro U 2-oro NyHKTa, NOJAy4MM nepeBoe ypaBHeHMe, a
YUMTbIBAA, YTO MACCbl ra3oB B cocygax 1 m 2 ogMHAKOBbI, NOJyYMM BTOpPOE ypaBHeEHMue
CUCTEMDI.

Vy,4r4T; = (V1,Ar + VNe)ATZ
Viarbar = V2, arlar T Vnellne

Pewmnm CNCTemy 1 BblpasnM Vz, ar, VHe. 0na nx oTHoweHuAa n nonyvYnm:

n = VNe _ par (AT, — AT,) N
Voar  MardTy — pye ATy

4,0

3apgaua no ¢pusuke. OtparkeHus (8 6annos)

BapuaHt 1

3epKana BXOAAT B cocTaB pedaeKTopHOro Tesneckona. KOHbIA acTPOHOM C/AOXUA ABa NIOCKUX
3epKasna, a 3aTem CTasl MeHATb YroN MeXAyY NJOCKOCTAMM 3epKal.

CKOnbKo co6CTBEHHDbIX M306pame|-mﬁ OH YBUAMUT, KOrga yron mexay 3epKaJibHbiMU
NOBEPXHOCTAMM CTaHET paBeH

a) é=n/2,(36anna)
6) ¢ =n/4. (5 6annos)

Bcezo — 8 6annos


https://olymp.msu.ru/file/test/question/96b6/96b68064-4e49-4031-8487-a337506b59d4/attach/27d7bb46-a217-4823-aab6-5af942d52c07.jpg

PeweHue BapuaHTta 1
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a) 6)

Cxema pacriosnioMeHus KHO20 ACMPOHOMA U e20 U306paxeHuli omHocumesibHo 08y2paHHO20
yena . a) ¢ =mn/2, 6) @ = /4.

3epKkana nnockve. byaem nocnepoBaTeNbHO OTpaXKaTb M306paKeHWe HOro acTpPoHOMa
OTHOCUTE/IbHO NMOBEPXHOCTEN KaXKA0ro 3epKana. M3ob6parkeHma pacnosiorKaTcAa Ha OKPYXKHOCTU C
ueHTpom B TouKe O.

Omeem: OHbIN acTpoHOM YyBMAUT: a) 3 COOCTBEHHbIX W3006paxkeHusi, 6) 7 COBCTBEHHbIX
n3obparkeHnn.

BapuaHTt 2

KOHbIA acTpoHOM, pa3bupadcb ¢ NpUHUMNOM PaboTbl pedaeKTOPHOro Tesieckona, CAOXWMA ABa
N/IOCKMX 3epKasa, a 3aTeM CTa/l NJaBHO U3MEHATb Yroa MEXKAY NNOCKOCTAMM 3epKal.

CKONIbKO CO6CTBEHHbIX M306paXKeHUi OH YBUAMT, KOTAa YroN MeXKAay 3epKanamm CTaHeT paBeH
a) é=n/2,(36anna)
6) ¢ =n/3. (5 6annos)

Bcezo — 8 6annos


https://olymp.msu.ru/file/test/question/96b6/96b68064-4e49-4031-8487-a337506b59d4/attach/27d7bb46-a217-4823-aab6-5af942d52c07.jpg

PeweHue BapuaHTa 2
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a) 6)

Cxema pacrosioxeHuUs KHO20 ACMPOHOMA U e20 U30bpaxceHuli omHocumesibHo 08y2pPaHHO20
yena . a) ¢ =m/2, 6) ¢ =mn/3.

3epKana NOCKHeE. Ey,a,eN\ nocnenoBaTte/sibHO OTpaxKaTb M306pa)-KeHM€ IOHOro acTpoHOMa
OTHOCUTENIbHO I'IOBerHOCTel;'I KaX>XA0ro 3epkana. V|306pa)-KeHMﬂ pacnonoxXatca Ha OKPYXKHOCTU C
LEHTPOM B TOYKE 0.

Omeem: OHbIA acTpoOHOM YyBUAWUT: a) 3 cObBCTBEHHbIX W306pakeHusi, 6) 5 CcOOCTBEHHbIX
n306parkeHuii.

BapuaHTt 3

3epKkana BXoAAT B cocTaB pedrieKTopHOro tesneckona. KOHbIM aCTPOHOM CNOXWA ABA MNAOCKUX
3epKana, a 3aTeM CTaN MEHATb Yroa MeXAy NN0CKOCTAMM 3epKan.

CKOnbKo co6CTBEHHDbIX M306pame|-mﬁ OH YBUAMUT, KOrga yron mexay 3epKaJibHbiMU
NOBEPXHOCTAMM CTaHET paBeH

a) é=n/2,(36anna)
6) ¢ =n/6. (5 6annos)

Bcezo — 8 6annos


https://olymp.msu.ru/file/test/question/96b6/96b68064-4e49-4031-8487-a337506b59d4/attach/27d7bb46-a217-4823-aab6-5af942d52c07.jpg

PeweHue BapuaHTa 3
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a) 6)

Cxema pacrosiomeHus H020 ACMpPOHOMA U e20 U30bpaxceHuli omHocumesbHo 08y2paHHO20
yena . a) ¢ =mn/2, 6) @ = /6.

3epKkana nnockve. byaem nocnepoBaTeNbHO OTpaxKaTb M306paKeHWe HOro acTpPoHOMaA
OTHOCUTE/NIbHO NMOBEPXHOCTEN KaXKA0ro 3epKana. M3obparkeHma pacnosiorKaTca Ha OKPYXKHOCTU C
ueHTpom B TouKe O.

Omeem: HOHbIA acTpoHOM YyBMAMT: a) 3 cOOCTBEHHbIX M306pakeHua, 6) 11 cobcTBEHHbIX
n3obparkeHnn.

BapuaHt 4

FOHbI acTpoHOM, pas3bupasncb C NPUHUMNOM PaboTbl pedpNEKTOPHOro Teseckona, CNOXUA ABa
NIOCKMX 3epKana, a 3aTem CTa/l NAaBHO U3MEHATb Yo MeXKAy NA0CKOCTAMM 3epKan.

CKONbKO CO6CTBEHHbIX M306paXKeHuii OH YBUAMT, KOTAa Yyrol MeXay 3epKanamm CTaHeT paBeH
a) ¢=n/2,(36anna)
6) ¢ =n/4. (5 6annos)

Bcez2o — 8 6annos


https://olymp.msu.ru/file/test/question/96b6/96b68064-4e49-4031-8487-a337506b59d4/attach/27d7bb46-a217-4823-aab6-5af942d52c07.jpg
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PeweHue BapuaHTta 4
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a) 6)
Cxema pacriosnioMeHus KHO20 ACMPOHOMA U e20 U30b6paxceHuli omHocumesibHo 08y2paHHO20
yena . a) ¢ =1/2, 6) ¢ =n/4.

3epKkana nnockve. byaem nocnepoBaTeNbHO OTpaXKaTb M306paKeHWe HOro acTpPoHOMa
OTHOCUTE/IbHO NMOBEPXHOCTEN KaXKA0ro 3epKana. M3ob6parkeHma pacnosiorKaTcAa Ha OKPYXKHOCTU C
ueHTpom B TouKe O.

Omeem: OHbIN acTpoHOM YyBMAUT: a) 3 COOCTBEHHbIX W3006paxkeHusi, 6) 7 COBCTBEHHbIX
n3obparkeHnn.

3apgaya no matematuke. Mpusmobl (5 6annos)

BapuaHt 1
v n = N \‘\ \\
» » N
e L g - D
» > Q = , L)

£f

Ecnn B3aTb Knactep B dopme KBagpaTHOW NPU3Mbl, Ha Pebpo OCHOBAHMA KOTOPOWM NpuUxoauTca
a = 3X aTOMOB MeTanna, a Ha 6bokosoe pebpo — b = X + 4 aTOMOB, TO U3 BCEX COCTABAAIOLINX €ro
aTOMOB MOHO cobpaTb 6e3 ocTaTka HOBbIV KnacTtep B Gopme TPeyrosibHOW Npu3mbl, Ha pebpo
OCHOBAHMSA KOTOPOM NPUXOAMUTCA € = X aTOMOB MeTa/INa, a Ha 6okoBoe pebpo —d = 27x aTOMOB.

Haitgute X, a Takxe obuiee Ynucio aTomoB B UCXOAHOM Knacrepe. CBOii oTBeT nmoarsepgute
pacueTtom.

O6uiee unMcno aTomos B KBagpaTtHol npusme: N = a’b
ObLee yncno atomoB B TpeyrosibHoi npusme: T = cd(c + 1)/2.

Bcez2o - 5 6annos


https://olymp.msu.ru/file/test/question/7e29/7e29d44f-0319-4d3d-815e-8319215a6c80/attach/9fab9b59-e490-4f60-9971-d835b42afd3b.png
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PeweHue BapuaHTta 1

Y1o6bl HANTK X, 3aNWLLIEM YCIOBUE B BUAE YPABHEHUA:
N=T
a’b=cd(c+1)/2
(3%)%(x +4) = x-27x(x + 1)/2
COKpaTUM OAMHAKOBbIE MHOMMTEIN U YIPOCTUM YPaBHEHME:
Ox?(x +4) =27x*(x +1)/2
X+4=3(x+1)/2
2x+8=3x+3
X=5

O6Lee Yncno aToMoB B UCXOAHOM Knactepe pasHo N = (3x)%(x + 4) = 152.9 = 2025.

BapuaHTt 2

Ecnn B3ATb Knactep B dopme KBagpaTHOM NPU3Mbl, Ha pebpo OCHOBAHMA KOTOPOM NpUXoaMUTCA
a = 3x aToMOB MeTanna, a Ha 6okoBoe pebpo — b = X + 4 aTOMOB, TO U3 BCEX COCTABMAOLINX EFO
aTOMOB MOXHO cobpaTb 6e3 ocTaTka HOBbIN KnacTep B ¢OpmMe TPEYyrosbHON Npu3Mbl, Ha pebpo
OCHOBaHMA KOTOPOW NpMxoamTca € = X + 4 aToMOB MeTanna, a Ha bokosoe pebpo —d = 9x aTomos.

Hailgute X, a Tak)e obuiee uMcno aTOMOB B UCXOA4HOM KnacTepe. CBoii oTBeT noaTeepaute
pacuetom.

O6uee unMcno aTomos B KBagpaTtHoi npusme: N = a’b
Obuiee yncno atomos B TpeyronbHon npusme: T = cd(c + 1)/2.

Bce2o — 5 6annos

PeweHue BapuaHTa 2

YT106bI HAWTK X, 3aNMLIEM YCNOBUE B BUAE YPABHEHUA:

N=T


https://olymp.msu.ru/file/test/question/7e29/7e29d44f-0319-4d3d-815e-8319215a6c80/attach/9fab9b59-e490-4f60-9971-d835b42afd3b.png
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a’b=cd(c+1)/2
(3x)%-(x +4) = (x + 4)-9x(x + 4 + 1)/2
COKpaTUM OLMHAKOBbIE MHOMMUTEAW U YNPOCTUM YPABHEHUE:
Ox3(x +4) = (x + 4)-9x(x + 5)/2
x=(x+5)/2
x=5

O6Lee YMCN0 aTOMOB B UCXOAHOM Knactepe paBHo N = (3x)%(x + 4) = 152.9 = 2025.

BapuaHTt 3

Sy
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4
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Ecnn B3aTb KnacTep B Gopme KBaZpaTHOM NPU3MbI, Ha pebpo OCHOBAHWA KOTOPOW MPUXOAUTCA a =
X + 4 atomoB meTanna, a Ha 6bokoBoe pebpo — b = 5Xx aTOMOB, TO U3 BCEX COCTABAAKOLIMUX €ro
aTOMOB MOHO cobpaTtb 6e3 ocTaTka HOBbIV KnacTtep B Gopme TPeyrosbHOW Npu3mbl, Ha pebpo
OCHOBAHMA KOTOPOW NpMxoamTca € = X + 4 aToMOB MeTanna, a Ha bokosoe pebpo —d = 9x aTomos.

Hailgute X, a Tak)Ke obuiee uMcno aTOMOB B UCXOA4HOM KnacTepe. CBoii OTBeT noaTBepaute
pacuetom.

O6uee yncno aTomos B KBagpaTHoi npusme: N = a’b
Ob6uee umcno atomos B TpeyronbHoi npusme: T = cd(c + 1)/2.

Bcezo — 5 6annos

PeweHue BapuaHTa 3

Y10bbl HAliTU X, 3aNULLIEM YC/IOBME B BUAE YPABHEHUA:
N=T
a’b=cd(c+1)/2
(x +4)25x=(x+4)9x(x +4 +1)/2
CokpaTMM OAMHAKOBbIE MHOXWUTENN U YNPOCTUM YpaBHEHME:!

(x + 4)2-5x = (x + 4)-9x(x + 5)/2


https://olymp.msu.ru/file/test/question/7e29/7e29d44f-0319-4d3d-815e-8319215a6c80/attach/9fab9b59-e490-4f60-9971-d835b42afd3b.png
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(x+4)5=9(x+5)/2
10x + 40 =9x + 45
x=5

O6Lee YMCNO aTOMOB B UCXOAHOM Knactepe pasHo N = (x + 4)2-5x = 92:25 = 2025.

BapuaHTt 4
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Ecnun B3aTb Knactep B dopme KBaZApaTHON NPM3mMbl, Ha pebpo OCHOBAHUA KOTOPOW NPUXOAMTCA A =
X + 4 aTomOB MeTasn/sa, a Ha bokoBoe pebpo — b = 5x aToMoB, TO M3 BCEX COCTaBAAOWMUX E€ro
aTOMOB MOXHO cobpaTtb 6e3 ocTaTka HOBbIN KiacTep B GOpMeE TPEYyrosbHOW MpPu3Mbl, Ha pebpo
OCHOBaHWA KOTOPOM NMPMXoAMTCA € = X aTOMOB MeTa//ia, a Ha bokoBoe pebpo — d = 15(x + 4)
aTOMOB.

Haitigute X, a TakXe obuiee yncno atTomoB B UCXOAHOM Khaactepe. CBoii oTsBeT noarsepaurte
pacueTom.

O6uee yncno aTomos B KBagpaTHoi npusme: N = a’b
Ob6uee umcno atomos B TpeyronbHoi npusme: T = cd(c + 1)/2.

Bce2o — 5 6annos

PeweHue BapuaHTta 4

Y106bl HANTU X, 3aMULIEM YCNOBME B BUAE YPABHEHUA:
N=T
a’b=cd(c+1)/2
(x +4)%5x = x-15(x + 4)(x + 1)/2
COKpPaTUM OZMHAKOBbIE MHOMMUTE/IN U YIPOCTUM YPaBHEHME:
Xx+4=3(x+1)/2
2x+8=3x+3
x=5

ObLee Yncno aToMOB B UCXOAHOM Knactepe pasHo N = (x + 4)2-5x = 92.25 = 2025.


https://olymp.msu.ru/file/test/question/7e29/7e29d44f-0319-4d3d-815e-8319215a6c80/attach/9fab9b59-e490-4f60-9971-d835b42afd3b.png
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3apgaua no matemaTtuke. Cywka rugporens (8 6annos)

BapuaHt 1

fvaporenn — 3TO NOAMMEPHbIE MaTepuanbl, OT/IMYAlOLWMECA CMOCOBHOCTbIO MOrowWwaTs W
yAEpKMBaTb BOAY B KO/IMYECTBAX, B pasbl NPEBbILAOWMX UX COOBCTBEHHYIO MaccCy, a TaKKe
MONHOCTbIO TEPATH 3TY BOAY NPU TEPMUYECKON MAN BaKYYMHOW CyLLKE.

O6paseL, HEKOTOPOro rugporena maccor 10 rpamm ¢ M3HaAYaNbHOW MaccoBon gonen Boabl 98%
noc/ie YacTUYHOM CYLUKKN coaepKut 96% Boabl No macce.

1. Yemy paBHa macca rugporena nocae YacTUYHOM CywKu? Bo CKONbKO pa3 oOHa
yMmeHblmnacb? (2.5 6anna)

2. Yemy paseH 06bem NONHOCTbIO 06€3B0OXKEHHOro ruaporens (B cm3), ecam ero NNOTHOCTb
cocrasnser pr = 1,4 r/cm3? (2 6anna)

3. Yemy paBHa nNAOTHOCTb MUCXOAHOro o6pasua ruaporensa, ecan NAOTHOCTb BOAbI
pe=1,0r/cm3? (3 6anna) Bo cKONbKO pa3 Npu CylWKe ymeHbliaetca obbem 3TOro
rugporena? (0.5 6anna)

Bcez2o — 8 6annos

PeweHune BapuaHta 1

1. Kak cnegyet u3 ycsioBuA, macca NornoTUBLLEN BO4Y 4acCTuubl paBHa Cymme MacC BOAbl U
maTtepuana rmgporena:

mi1=m;+ Mgi.
MaccoBasd A014 BOAbl MPU 3TOM paBHa
® = Ms/m-100%.

Mpwn YacTUYHOM CywKe macCCa matepuana rmaporena He MmeHAeTCA, YMEHbLIAETCA TOJIbKO
Mmacca I'IOI'I'IOLLI,GHHOVI BObl:

Mr=MmM1— Meg1

Ms2 = W2m>2/100%
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MopacTaBnAs B BbiparkeHWe ana maccbl 0bpasua nocne Cywku, Noayvaem:
M2 = M + Mg2 = M1 — Me1 + M2 = M1 — W1M1/100% + w2m>2/100%
Torga
m; = mi(1 — w1/100%)/(1 — w2/100%)
m; = 10-(1 — 98%/100%)/(1 — 96%/100%) = 10-0,02/0,04 = 5 rpamm
To ecTb, Npu cywKe macca ymeHbwmnnace B 10/5 = 2 pasa.
O6bem 06e3BOXKEHHOIO rMaporens paseH
Vi = my/pr = (M1 — w1m1/100%)/pr
V: = (10— 98%-10/100%)/1,4 = 0,2/1,4 = 0,14 cm®
MnoTHOCTb ncxoaHoro obpasua rmgporens, No onpeaeneHuto, paBHa
p1=m1/V1

Mpn 3TOM 06bEM UCXOAHOrO ruaporensa paBeH cymme o06bemoB 006e3BOXKEHHOro
rTMApPorensa v NornoLeHHoON UM BoAbl:

Vi=Vi+ Vg = mr/pr + mBl/pB
V1= (mi1— wim1/100%)/pr + w1m1/100%/ps
Vi=mi(1/pr+ w1/100%(1/ps — 1/pr))

ml (p3+w1/100%(pr_ pB))
Va= PsP

_ 10(1+98%/100%(1,4-1)) _ 10(1+0,980,4)
- 11,4 - 1,4

4] =9,94 cm3

Torpa p1=10/9,94 = 1,006 r/cm3.
Mpw nonHoM cywke o6bem ymeHbluaetca B V1/V = 9,94/0,14 = 71 pas.

(Tak»Ke NpMHUMaETCA OTBET: NPWU YaCTUUYHOM cyllKe 06bem ymeHbluaetca B V1/Va = mi/m; =
2 pasa)
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BapuaHTt 2

Mmpgporenn — 3TO NOAMMEpPHble MATepuanbl, OTAMYAOWMEcAs CNOCOOBHOCTbIO NornowaTtb W
yOepKnBaTb BOAY B KOAMYECTBAX, B Pa3bl NpPeBblWAOWMX MX COBCTBEHHYID Maccy, a TakKXke
MOJIHOCTbIO TEPATL 3TY BOAY NPU TEPMUYECKOMN UM BaKyYYMHOM CYLLKE.

Obpasey, HekoToporo ruaporena maccoi 10 rpamm c M3Ha4YaNbHOM MaccoBol gonein Boabl 98%
Nnocae YacTUYHOW CYLLIKK coaepKuT 92% Boapbl MO macce.

1. Yemy paBHa macca rupaporens nocne YacTMyHOM CywKu? Bo CKOAbKO pa3 oOHa
yMmeHblwmnaco? (2.5 6anna)

2. Yemy paseH 06bemM NoNHOCTbIO 06e3B0XeHHoro ruaporens (8 cm?), ecam ero nnoTHOCTL
cocrasnsert pr = 1,4 r/cm3? (2 6anna)

3. Yemy paBHa nNAOTHOCTb MCXOAHOro o6pasua ruaporensa, e€can NAOTHOCTb BoAbl
pe=1,0r/cm3? (3 6anna) Bo cKONbKO pa3 NpU CylKe ymeHblliaeTca obbem 3TOro
rugporena? (0.5 6anna)

Bcez2o — 8 6annos

PeweHune BapuaHra 2

1. KaKk cneayeT U3 ycioBus, Macca MorioTUBLLEN BOAY YacTUUbl PaBHA CYMMeE Macc BOAbl U
mMmaTepuana rmaporens:

mi1=mr+ Mg.
MaccoBas 405 BoAbl NPy 3TOM paBHa
w = Mmg/m-100%.

Mpwn YacTUYHOM CywKe macCCa matepuana rmaporena He MmeHAeTCA, YMEHbLUAETCA TOJIbKO
Mmacca I'IOI'I'IOLLI,GHHOVI BOAbl:

Mr=MmM1— Meg1
Ms2 = W2m>2/100%

MoacTaBnAs B BblpaxKeHWe ANA Maccbl 06pasLa Nocie CyLwKM, NolyYyaem:
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M2 = M + Mg2 = M1 — M1 + M2 = M1 — W1M1/100% + w2m>2/100%
Torga
m; = mi(1 - w1/100%)/(1 — w2/100%)
m; = 10-(1 - 98%/100%)/(1 — 92%/100%) = 10-0,02/0,08 = 2,5 rpamma
To ecTb, Npu cywKe macca ymeHbwnnacs 8 10/2,5 = 4 pasa.
O6bem 06e3BOXKEHHOrO rMaporensa paseH
V: = m/pr = (M1 — wim1/100%)/pr
V: = (10— 98%-10/100%)/1,4 = 0,2/1,4 = 0,14 cm®
MnoTHOCTb UcxoaHoro obpasua rmgporens, No onpeaeneHuto, paBHa
p1=m1/V1

Mpn 3TOM 06bEM UCXOAHOrO ruaporensa paBeH cymme o06bemoB 060e3BOXKEHHOro
rTMApPorensa v NornoLeHHoON UM BoAbl:

V1 = Vr + Vsl = mr/pr + mBl/pB
V1= (mi1— wim1/100%)/pr + w1m1/100%/ps
Vi =mi(1/pr+ w1/100%(1/ps — 1/pr))

_ ml (p3+w1/100%(pr_ pB))
- PeP:

1

_ 10(1+98%/100%(1,4-1)) _ 10(1+0,98-0,4)
- 11,4 - 1,4

Torpa p1 = 10/9,94 = 1,006 r/cm3.

4 =9,94 cm3
Mpw nonHo cywke o6bem ymeHbluaetca 8 V1/V, = 9,94/0,14 = 71 pas.

(TakKe NpUHMMAETCA OTBET: MPM YaCTUYHOM CcylKe 06bem ymeHbliaetca B Vi/Va = mi/m; =
4 pa3a)
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BapuaHTt 3

Mmpgporenn — 3TO NOAMMEpPHble MATepuanbl, OTAMYAOWMEcAs CNOCOOBHOCTbIO NornowaTtb W
yOEepKuBaTb BOAY B KOAMYECTBAX, B Pa3bl MpPeBbiAOWMX UX COBCTBEHHYIO MacCy, a TaKe
MOJIHOCTbIO TEPATL 3TY BOAY NPU TEPMUYECKOMN UM BaKyYYMHOM CYLLKE.

Obpasey, HekoToporo ruaporena maccoi 10 rpamm c M3Ha4YaNbHOM MaccoBol gosein Boabl 96%
NMocne YacTUYHOW CYLLKK coaepKUT 92% Boapbl MO macce.

1. Yemy paBHa macca rupaporens nocne YacTMyHOM CywKu? Bo CKOAbKO pa3 oOHa
yMmeHblwmnaco? (2.5 6anna)

2. Yemy paseH 06bemM NoNHOCTbIO 06e3B0XeHHoro ruaporens (8 cm?), ecam ero nnoTHOCTL
cocrasnsert pr = 1,4 r/cm3? (2 6anna)

3. Yemy paBHa nNAOTHOCTb MCXOAHOro o6pasua ruaporensa, e€can NAOTHOCTb BoAbl
pe=1,0r/cm3? (3 6anna) Bo cKONbKO pa3 NpU CylKe ymeHblliaeTca obbem 3TOro
rugporena? (0.5 6anna)

Bcez2o — 8 6annos

PeweHune BapuaHra 3

1. KaKk cneayeT U3 ycioBus, Macca MorioTUBLLEN BOAY YacTUUbl PaBHA CYMMeE Macc BOAbl U
mMmaTepuana rmaporens:

mi1=mr+ Mg.
MaccoBas 405 BoAbl NPy 3TOM paBHa
w = Mmg/m-100%.

Mpwn YacTUYHOM CywKe macCCa matepuana rmaporena He MmeHAeTCA, YMEHbLUAETCA TOJIbKO
Mmacca I'IOI'I'IOLLI,GHHOVI BOAbl:

Mr=MmM1— Meg1
Ms2 = W2m>2/100%

MoacTaBnAs B BblpaxKeHWe ANA Maccbl 06pasLa Noc/ie CyLWwKM, NoayYaem:
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M2 = M + Mg2 = M1 — M1 + M2 = M1 — W1M1/100% + w2m>2/100%
Torga
m; = mi(1 - w1/100%)/(1 — w2/100%)
m; = 10-(1 - 96%/100%)/(1 — 92%/100%) = 10-0,04/0,08 = 5 rpamm
To ecTb, Npu cywKe macca ymeHbwmnnace B 10/5 = 2 pasa.
O6bem 06e3BOXKEHHOrO rMaporensa paseH
V:=m/pr=(m1— wim1/100%)/p:
V: = (10 -96%-10/100%)/1,4 = 0,4/1,4 = 0,29 cm®
MnoTHOCTb UcxoaHoro obpasua rmgporens, No onpeaeneHuto, paBHa
p1=m1/V1

Mpn 3TOM 06bEM UCXOAHOrO ruaporensa paBeH cymme o06bemoB 060e3BOXKEHHOro
rTMApPorensa v NornoLeHHoON UM BoAbl:

V1 = Vr + Vsl = mr/pr + mBl/pB
V1= (mi1— wim1/100%)/pr + w1m1/100%/ps
Vi =mi(1/pr+ w1/100%(1/ps — 1/pr))

_ ml (p3+w1/100%(pr_ pB))
- PeP:

1

_ 10(1+96%/100%(1,4-1)) _ 10(1+0,96:0,4)
- 11,4 - 1,4

4 =9,89 cm3

Torpa p1=10/9,89 = 1,011 r/cm3.
Mpw nonHo cywke o6bem ymeHbluaetca B Vi/Vr = 9,89/0,14 = 34,3 pasa.

(Tak»Ke NpMHUMaETCA OTBET: NPWU YaCTUUYHOM cyllKe 06bem ymeHbluaetca B V1/Vo = mi/m; =
2 pasa)
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BapuaHTt 4

Mmpgporenn — 3TO NOAMMEpPHble MATepuanbl, OTAMYAOWMEcAs CNOCOOBHOCTbIO NornowaTtb W
yOEepKuBaTb BOAY B KOAMYECTBAX, B Pa3bl MpPeBbiAOWMX UX COBCTBEHHYIO MacCy, a TaKe
MOJIHOCTbIO TEPATL 3TY BOAY NPU TEPMUYECKOMN UM BaKyYYMHOM CYLLKE.

Obpasey, HekoToporo ruaporena maccoi 10 rpamm c M3Ha4YaNbHOM MaccoBol gonein Boabl 98%
nocae YacTUYHOW cyLKK coaepRuT 90% Boapbl MO macce.

1. Yemy paBHa macca rupaporens nocne YacTMyHOM CywKu? Bo CKOAbKO pa3 oOHa
yMmeHblwmnaco? (2.5 6anna)

2. Yemy paseH 06bemM NoNHOCTbIO 06e3B0XeHHoro ruaporens (8 cm?), ecam ero nnoTHOCTL
cocrasnsert pr = 1,4 r/cm3? (2 6anna)

3. Yemy paBHa nNAOTHOCTb MCXOAHOro o6pasua ruaporensa, e€can NAOTHOCTb BoAbl
pe=1,0r/cm3? (3 6anna) Bo cKONbKO pa3 NpU CylKe ymeHblliaeTca obbem 3TOro
rugporena? (0.5 6anna)

Bcez2o — 8 6annos

PeweHue BapuaHTta 4

1. KaKk cneayeT 13 ycioBMs, macca NorioTUBLLEN BOAY YacTULbl paBHA CYMMe Macc BoApl U
mMmaTepuana rmaporens:

mi1=mr+ Mg.
MaccoBas 405 BoAbl NPy 3TOM paBHa
w = Mmg/m-100%.

Mpwn YacTUYHOM CywKe macCCa matepuana rmaporena He MmeHAeTCA, YMEHbLUAETCA TOJIbKO
Mmacca I'IOI'I'IOLLI,GHHOVI BOAbl:

Mr=MmM1— Meg1
Ms2 = W2m>2/100%

MoacTaBnAs B BblpaxKeHWe ANA Maccbl 06pasLa Nocie CyLwKM, NolyYyaem:
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M2 = M + Mg2 = M1 — M1 + M2 = M1 — W1M1/100% + w2m>2/100%
Torga
m; = mi(1 - w1/100%)/(1 — w2/100%)
m; = 10-(1 - 98%/100%)/(1 — 90%/100%) = 10-0,02/0,10 = 2 rpamma
To ecTb, Npu cywKe macca ymeHbwnnacs 8 10/2 =5 pas.
O6bem 06e3BOXKEHHOrO rMaporensa paseH
V: = m/pr = (M1 — wim1/100%)/pr
V: = (10— 98%-10/100%)/1,4 = 0,2/1,4 = 0,14 cm®
MnoTHOCTb UcxoaHoro obpasua rmgporens, No onpeaeneHuto, paBHa
p1=m1/V1

Mpn 3TOM 06bEM UCXOAHOrO ruaporensa paBeH cymme o06bemoB 060e3BOXKEHHOro
rTMApPorensa v NornoLeHHoON UM BoAbl:

V1 = Vr + Vsl = mr/pr + mBl/pB
V1= (mi1— wim1/100%)/pr + w1m1/100%/ps
Vi =mi(1/pr+ w1/100%(1/ps — 1/pr))

_ ml (p3+w1/100%(pr_ pB))
- PeP:

1

_10(1+98%/100%(1,4-1)) _ 10(1+0,98-0,4)
- 11,4 - 1,4

4] =9,94 cm3

Torpa p1=10/9,94 = 1,006 r/cm3.
Mpw nonHoM cywke o6bem ymeHbluaetca B V1/Vr = 9,94/0,14 = 71 pas.

(Tak»Ke NpMHUMaETCA OTBET: NPWU YaCTUUYHOM cyllKe 06bem ymeHbluaetca B V1/Vo = mi/m; =
5 pas)
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3apgaya no matemaTtuke. MatemaTuKa gMaTomoBbix Bogopocnei (12 6annos)

BapuaHt 1
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Hayano, 1 wr 1nokonenne, 2 wr 2 noKonenme,
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Puc. 1. Cxema nocaedosamesbHO20 pocma rnonyaayuu ouamomossix sodopocneli. Ha pucyHke 8
Kayecmeae npumepa npusedeHa cmaodus ayKcocrnopsl, MPoxoo0awaa Mexcoy 8mopsiMm U mpemoum
nokoneHuamu. 30eco D; — duamempol naHyupel duamomed.

MaHuMpM AMATOMOBBLIX BOAOPOCNEN NPeACTaBAAOT COobOM ABe B/IOXEHHble Apyr B Apyra
NONOBUHKK. [pU OeNeHUM KarKaas [OO4YepHAs KNeTKa MNoaydaeT MoJIOBUMHY MaHuupsa oT
POOUTENbCKOM, a HedocCTalolMe MOMOBUHKM  [A0CTPAMBAOTCA KaK  BJ/IOMKEHHbIE B YKe
cywecrtsyowme (puc. 1). Takum 06pa3om, B KaxKAoOM cC/leaylolemM MOKONEHUU MNOABAATCA
ANaTOMEN BCe MEHbLIero M MeHbllero pasmepa. Ytobbl M3bexkaTb MOMHOrO M3MesibYaHuA,
HEKOoTopble BUAbl AMATOMEN NPU AOCTUKEHMUM HEKOTOPOro MMHUMANBHOIO pPasmepa Hay4yuaucb
BOCCTAaHaB/IMBaTb Pa3mMep MaHUMPA 00 MAKCMMalibHO BO3MOMKHOMO MyTEM MPOXOXKAEHUA yepes
CTaAMI0 ayKcoCnopbl.

1. Hexkotopaa nonyaauMa AuaToMel CTApTOBaNa C E€AUMHCTBEHHOW BOAOPOCAM
MaKcumanbHoro pasmepa Do. CKonbKo gnatomeit Kaxkgoro U3 pasmepos byaert B Takoil
nonynauum uepes:

e 5 nokonenuis; (3 6anna)
e 11 noKoneHun, (4 6anna)

ecn  NpPOoXOXAeHue uepe3 CTaAuI0 ayKcocnopbl BhepBble MNPOUCXOQUT nocne
4 nokoneHua?

CunTatb, YTO [0 3aBeplleHMA MNPOLLecca BOCCTAHOBJEHMA pa3mepa 4yepes ayKcocnopy
HOBaA CTaauMa AeNeHuA B NONyaauMM He NPOUCXOAUT M BCE CHOPMMPOBAHHLIE TaKMUM
06pa3om AMaTOMEN MAKCMMabHOTO pasmepa TaKKe y4acTBYHOT B Aa/lbHENLWNX NpoLeccax
AeneHus.

2. Hekotopasa 6onbwas nonynauMa AMatomen MmeeT MaKCMMa/bHbI pasmep NaHuupein
Do=50 MKkm u cpeaHun pasmep D = 43 mKm. lMocne KaKoro NOKoseHUs Bnepsble
npousowno obpasoBaHne aykcocnopbl ANA 3TOM NONynAUUM, €Cn OHA CTapToBana oOT
OAHOW eANHCTBEHHOM KNeTkn guametTpom Do MKM, a pasmep NaHUMPA Ha KAXKAOM Liare
yMmeHbLanca Ha d = 1 mKm? O6ocHyiiTe cBoit oTBeT. (5 6ann08)

Bceeo — 12 6annos
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PeweHue BapuaHTta 1

1. O603HaYMm Kak Dn MUHUManNbHbIA AMaMeTp NaHUMps guaTtomen (To ecTb, AMamMeTp
6onblwel MNOMOBUHKM NAHUMPA), BNepBble BO3HWKAKOWMIA B NOKoNAeHuMM n, a Do —
MaKCMMa/ibHbIM AMaMeTp NaHUMpPA, OTBEYAlOWMIA CaMOW NepBOM K/eTKe BOAOPOCHM,
AaloLer HaYaI0 PaccMaTPMBAEMOM NONYAALMMN.

Torpa, Npu OTCYTCTBMM CTagMM ayKCOCMOPbl, COCTAB MOMyAAUMM B MOKOAeHUsAx byaer
BbIFNAAETb TaK:

0: No (Do) =1
1: N1 (Do) = 1, N1 (D1) =1
2: N> (Do) = 1, N (D1) = 2, N> (Dz) =1

3: N3 (Do) = 1, Ns (D1) = 3, N3 (Dz) = 3, Ns (D3) =1

n:Nn (Do) =1, Nn (Di) =C. (1<i<n)

Echn e B NOKONEHUMM M camMaA ManeHbKada aunatomes npoxoaunt 4epes Ccraguio
ayKcocnopsbl, TO

cpasy nocne AeneHus pacnpeaesieHne no pasmepam BbIrIAANUT KaK
m: Nim (Do) =1, Nm (Di) = CL, (1<i<m),
a noc/e 3aBepLUEHUA CTagMKN ayKCoCcnopsl -
m’: N’y (Do) = Nm (Do) + Nm (Dm) =1+1=2,
N'm (D) =CL (1<ism-1).

Torpa B cnefyowem 3a HUM NOKOIEHWM MOCae CTaaun aenexus byaet
M+ 1: Nm+1 (Do) = N’m (Do),

Nm+1(Di) = N'm (Dic1) + N'm(Di) (1 <i<m-1),

Nm+1(Dm) =N'm (Dm-1)
nocne aykcocnopbl B m + 1:
N’m+1 (Do) = Nm+1 (Do) + Nm+1 (Dm) = N’m (Do) + N’m (Dm-1),
N’m+1(Di) = N'm (Di-1) + N'n(Di) (1 <i<m-—1).

Nnn, ana npounssonbHoro k > m (obwein Gopmynbl HET, MOXKHO 3anucaTb TONbKO Yepes
3HaYeHun, oTBevatoLme npeablayemy nokonenuio, k — 1):

k: N (Do) = N’k-1 (Do),

Nk (Di) = N'k-1 (Di-1) + N'k1(Di) (1 €i<m—1),
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Nk (Dm) = N’k-1 (Dm-1)
nocne aykcocnopsl B k:
N’k (Do) = Nk (Do) + Nk (Dm) = N’-1 (Do) + N’k-1 (Dm-1),
N’k (Di) = N'k-1 (Di-1) + N'ia(Di) (1 €ism—1).

Paccuntaem 3HayeHus N gnsa m = 4 (ana n > m cpasy npuseaeHbl 3HayeHma N’, ymcno
KNEeTOK, NoweALlwnx CTagmio ayKcocnopbl yKa3aHo B CKOOKax):

n Nn(Do) Nn(D1) Nn(D2) Nn(Ds) Nn(Da)
0 1 0 0 0 0

1 1 1 0 0 0

2 1 2 1 0 0

3 1 3 3 1 0

4 2 4 6 4 (1)

5 6 6 10 10 (4)

6 16 12 16 20 (10)

7 36 28 28 36 (20)

8 72 64 56 64 (36)

9 136 136 120 120  (64)
10 256 272 256 240  (120)
11 496 528 528 496  (240)
12 992 1024 1056 1024  (496)
13 2016 2016 2080 2080 (1024)
14 4096 4032 4096 4160  (2080)
15 8256 8128 8128 8256 (4160)

Torgpaphan=5

Ns (Do) =2 +4 =6, N5 (D1) = 6, N5 (D) = 10, N5 (D3) = 10, (Ns (Ds) = 4).

Odnan=11

N11 (Do) = 256 + 240 = 496, N11 (D1) = 528, N11 (D2) = 528, N11 (D3) = 496, (N11 (Da) = 240).

Kak MorKHO BMAETb 13 Tabanubl, NpMBeAEHHOM B OTBETE Ha NEpPBbIN BONpoc, Ana 60nblmX
HOMEPOB TMOKO/IEHUIA KO/NMYecTBa AMAaTOMEN KaXKaoro U3 pasmepoB CTaHOBATCA
NPaKTUYECKN pPaBHbIMKW, C/leAOoBaTeNIbHO, CpeaHWM pasmep nNaHUMpA AuaTtomen B
nonyaauMn paBeH 3HA4YeHU cpeaHero apuPmMeTMyYecKoro Mo BCemM pasmepam, OT
MMWHUMANIBHOTO, 40 MAaKCMMaNbHOrO:

m-1
2,°
D= =
m .
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Kpome Toro, us ycnoBus pocta NaHUMpen AMaTOMOBbLIX BOAOPOC/EN NErko NOHATb, YTO C
KaKZbIM MOKOJIEHWEM pa3Mep NaHUMpA YMeHbluaeTca ¢ warom d:

Di=Di.1—d.
To ecTb,
Dk = Do — kd.
Torga
(DO _|d) mDO d
Z Z’ m(m D= by- d(m-1)2
mm=2(Do—D)/d+1
m=2(50-43)/1+1=15.
BapuaHTt 2
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Hayano, 1 wr 1nokonenne, 2 wr 2 noKoneHme,

NDO=1 —N1(D0)= 1, N1 (01)= N2 00) = 1 N3 Ly <2 No 02)= 1

Puc. 1. Cxema nocnedosamesnbHO20 pocma nonyaayuu 0uamomossix sodopocnell. Ha pucyHke 8
Kauecmese npumepa rpusedeHa cmaous ayKCoCropbl, poxooau,aa mexcdy 8mopbiMm U mpemoum
nokoneHuamu. 30eco D; — duamempol naHyupeli duamomed.

MaHuMpu A[MaTOMOBbLIX BOAOPOC/AEN NpeacTaBnatloT coboit fABe B/IOXKEHHble Apyr B Apyra
NONOBUHKK. [pU L[eNeHUM KarKaas [OOYEepPHsA KNeTKA MNOoJy4yaeT MoJIOBUHY MaHuupsa oT
POOAMTENbCKOM, a HepocCTalolwMe MOJIOBUHKM — AOCTPAMBAOTCA KaK  BJ/IOMKEHHblIE B YKe
cywecrtsyowme (puc. 1). Takum obpasom, B KaxKAOM C/leaylowemM MOKONEHUM MNOSABAAOTCA
ANATOMEN BCE MEHbLIEro M MeHbllero pasmepa. Ytobbl m3bexkaTb MOSHOrO M3MeNbYaHUA,
HEeKoTopble BUAbl AMATOMEN MPU AOCTUNKEHUM HEKOTOPOrO MMHUMAIBHOIO Pasmepa Hay4yuaucb
BOCCTAaHaB/MBaTb Pa3mMep MaHUMPA A0 MAKCMMaNibHO BO3MOMKHOIO MyTEM MPOXOXKAEHWUA yepe3
CTaAMI0 ayKCcoCnopbl.

1. HekoTopaa nonynAuvAa Auatomed CraptoBana C €AUHCTBEHHOW BOAOPOCAM
MaKcumanbHoro pasmepa Do. CKOIbKO AnaTomeit Kaxkaoro u3 pasmepos 6yaeT B TaKoW
nonynauumn yepes:



NANO

e 5 noKonenwis; (3 6anna)
e 11 noKoneHun, (4 6anna)

ecn NpPoOXOXAeHUe uepe3 CTaguMIo ayKcocnopbl BhepBble MNpoucxoaut nocne 4
nokoneHua?

CuMTaTb, YTO [0 3aBEpLUIEHMs MPOLLecca BOCCTAHOB/AEHMA pasMepa 4yepe3 ayKcocrnopy
HOBaA CTaaus Ae/leHMA B MOMyAAUMM He NpoucxoauT UM Bce cHOpPMUPOBAHHbIE TaKUM
06pa3om gMaToMeN MAKCMMAIbHOTO pa3sMepa TaKKe y4yacTBYIOT B Aa/IbHEMLLMX NpoLeccax
AeNneHus.

2. HeKotopasa 6onbwaa nonynauua guatomeil MMeeT MaKCMMaJIbHbIM pasmep naHuupei
Do = 60 MKMm n cpegHuii paamep D = 53 mKm. Mocne Kakoro noKoseHusa Bnepsble
npousowno obpasoBaHne ayKcocnopbl ANA 3TOM NONyAAUMM, €CIn OHA CTapToBana OT
OAHOW eAUHCTBEHHOI KNeTkn guametpom Do MKM, a pasmep NaHUMpPA Ha KaXKAOM Liare
ymeHbwanca Ha d = 1 mkm? O6ocHyiiTe cBoi oTBeT. (5 6ann08)

Bce2o — 12 6annos

PeweHune BapuaHra 2

1. O603HaYMM Kak Dn MWHMMAaNbHbLIN AMAMETP MNaHUMpPA AnaTomeRn (To ecTb, AMameTp
6o/blieit MONOBUHKM MNAHUMPSA), BrepBble BO3HMKAOWMA B MNOKOAeHUU n, a Do —
MaKCMManNbHbIM AMameTp NaHUMPs, OTBEYAlOWMIN CamMol NepBOM KNETKe BOAOPOCAM,
AatoLLer Ha4ano paccMaTpPUBAEMOM NONYAALUMN.

Torga, nNpu OTCYTCTBMM CTaAMM aAyKCOCMOPbl, COCTaB MOMyASALMM B MOKONEHUAX byaeT
BbIFNALETb TaK:

0: No (Do) =1
1:N1(Do)=1,N1(D1) =1
2: N (Do) =1,N; (D1) =2,N (Dz) =1

3:N3(Do)=1,N3(D1)=3,N3(D2)=3,N3(D3) =1

n:Nn (Do) =1, Nn (Di) =C} (1<i<n)

Ecnv e B NOKOMEHMM M camas ManeHbKas AuaToMes MPOXoguT 4Yepes CTaamio
ayKcocnopbl, TO

Cpa3y nocne geneHuna pacnpenesnieHne no pasmepam BbIrNALUT KaK
m: Nim (Do) =1, Nm (Di) = CL, (1<i<m),
a Nnocne 3aBepeHnAa CtTagnm ayKcocnopbl -

m’: N’m (DO) = Nm (DO) + Nm (Dm) = 1 + 1 = 2,



NANO

N'm (D) =CL (1<i<m-1).

Torpa B cnefytoliem 33 HUM NOKONIEHUW NocAe CTaauu geneHuns byaert
m + 1: Nm+1 (Do) = N’m (Do),

Nm+1(Di) = N'm (Di1) + N'm(Di) (1 €i<m—-1),

Nm+1 (Dm) = N'm (Dm-1)
nocne aykcocnopbl B m + 1:
N’m +1 (Do) = Nm+1 (Do) + Nm+1 (Dm) = N’m (Do) + N’m (Dm-1),
N’m+1 (D) = N'm (Di-1) + N'm(Di) (L <i<m—1).

Nnun, ans npoussosibHoro k > m (obuweir dopmynbl HET, MOXKHO 3anmMcaTb TO/IbKO 4Yepes
3HaYeHuA, oTBeYatoWwMe npeaplaylemy nokonenumto, k —1):

k: Nk (Do) = N’i-1 (Do),
Nk (Di) = N'k1 (Di-1) + N'k1(Di) (1 £i<m—-1),
Nk (Dm) = N’k-1 (Dm-1)
nocne aykcocnopsi 8 k:
N’k (Do) = Nk (Do) + Nk (Dm) = N’k-1 (Do) + N’k-1 (Dm-1),
N (Di) = N'icx (Dia) + N'iea(Di) (1< i< m - 1),

Paccumtaem 3HavyeHms N ana m = 4 (gns n > m cpasy npueegeHbl 3HadeHua N’, uncno
KNETOK, NoweaLwmnx CTaamio ayKcoCnopbl YKa3aHO B CKOBKax):

n Nn(Do) Nn(D1) Nn(D2) Nn(Ds) Nn(Da)
0 1 0 0 0 0

1 1 1 0 0 0

2 1 2 1 0 0

3 1 3 3 1 0

4 2 4 6 4 (1)

5 6 6 10 10 (4)

6 16 12 16 20 (10)
7 36 28 28 36 (20)
8 72 64 56 64 (36)
9 136 136 120 120  (64)
10 256 272 256 240  (120)
11 496 528 528 496  (240)
12 992 1024 1056 1024  (496)




NANO

13 2016 2016 2080 2080 (1024)
14 4096 4032 4096 4160 (2080)
15 8256 8128 8128 8256  (4160)

Torpagnan=5

Ns (Do) =2 +4 =6, N5 (D1) = 6, N5 (D) = 10, Ns (D3) = 10, (Ns (Ds) = 4).

Onan=11

N11 (Do) = 256 + 240 = 496, N11 (D1) = 528, N11 (D2) = 528, N11 (D3) = 496, (N11 (Da) = 240).

Kak MOKHO BMAETb 13 TabinLbl, NpUBEAEHHOWN B OTBETE Ha NEpBbIi BONPOC, ANA 60/bLLINX
HOMEPOB MOKO/NIEHUA KONMYECTBA [AMATOMEN KaXKAoro W3 pasMepoB CTAaHOBATCA
NPaKTUYECKN pPaBHbIMW, CNEAO0BATE/IbHO, CPEeAHWI pasmep naHuMpAa AuaTomen B
nonynAuMM paBeH 3HayeHulo cpegHero apudmeTMyeckoro Mo BCEM pasmepam, OT
MUWHMMaNbHOIO, 10 MAaKCMMabHOrO:

m-1
2,°
D:I:—
m .

Kpome TOro, U3 ycanosuAa pocCta I'IaHLI,MDEVI ANATOMOBbIX Bop,opocneﬁ NEerko NOHATb, 4YTO C
KaXXAblM NOKOJNIEHNEM pPa3sMepP NaHUUNPA YMEHbLUAETCA C WWarom d:

Di=Di1—d.
To ecTb,
Dk = Do — kd.
Torga
m-1 m-1
Dy—id) mD,—d i
2 Ot mmd )y

mm=2(Do—D)/d+1

m =2(60—-53)/1+ 1 = 15.
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BapuaHTt 3
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Puc. 1. Cxema nocnedosamesbHO20 pocma rnonyaayuu ouamomossix sodopocnaell. Ha pucyHke 6
Kauecmee npumepa rnpueedeHa cmaous ayKCoCropbl, npoxooauw,as mexcdy 8mopbiMm U mpemosum
nokosneHuamu. 30eco D; — duamempol naHyupeli duamomed.

MaHUMpKU AMATOMOBbLIX BOAOPOCNEN MPeACTaBNAT CoOOW [ABe B/OXEHHble Apyr B Apyra
MONOBMHKU. [pU [eNeHUM KaxK4as [OYEepHAs KAeTKa noayyaeT MOoAOBMHY NaHUMPA OT
POAUTENbCKOM, a HepocTalolMe MNONOBUHKM  AOCTPAMBAIOTCA KaK  BNIOXKEHHble B YyiKe
cywecTeyowme (puc. 1). Takum 06pasom, B KaKAOM creaylolemM NOKOJSeHUU MNOoABAAOTCA
[MAaTOMeN BCE MeHbLEro W MeHblero pasmepa. Ytobbl M3bexkaTb MONHOrO M3MesbYaHus,
HeKoTopble BUAbl AMATOMEN NPU AOCTUMKEHMM HEKOTOPOrO0 MUHMMA/IbHOTO pasmepa Hay4yuamchb
BOCCTaHaB/NMBATb pasmep MaHUMPA A0 MAKCMMa/JbHO BO3MOXHOMO MyTeM MPOXOXAEHWUA yepes
CTaZMIo ayKcocnopbl.

1. HekoTopaa nonynAuMA AMATOMENA CTapToBana C €AUHCTBEHHOW BOAOPOC/M
MaKcuManbHoro pasmepa Do. CKOIbKO AMaTomeit KaXKaoro M3 pasmepos byaer B Takoii
nonynsauum yepes:

e 5 noKoneuwis; (3 6anna)
e 12 noKoneHwii, (4 6anna)

€C/IN  MPOXOXKAEHMEe uepe3 CTaauI0 ayKCcoCnopbl BMepBble NpPoucxogut nocnae
4 nokoneHuna?

Cyutatb, 4TtO A0 3aBepuweHna npouecca BOCCTAHOBNAEHUA pPa3mMmepa 4Yepe3 aykcocnopy
HOBaA CTaguMAa AgeneHma B nonyaaumnm He nponcxogut U BCe C(bOpMVIpOBaHHbIe TaKUm
o6pa30N\ ANaTOMEN MAKCMMAJIbHOTO pa3mepa TakKxKe y4aCTByroT B ﬂ,aﬂbHeVlLUMX npoueccax
AeneHunA.

2. Hekotopasa 6onbwaa nonynauua guatomeil MMeeT MaKCMMAJIbHbIUM pasmep naHuupei
Do=50 MKkm u cpeaHun pasmep D = 39 mKm. lMocne KaKoro NOKoseHUs Bnepsble
npousowno obpasoBaHue ayKcocnopbl ANA 3TO NONyAALMU, €C/IM OHA CTapToBana oT
OAHOW eANHCTBEHHOM KNeTkn guametTpom Do MKM, a pasmep NaHUMPA Ha KAXKAOM Liare
yMmeHbLanca Ha d = 1 mKm? O6ocHyiiTe cBoi oTBeT. (5 6ann08)

Bce2o — 12 6annos



NANO

PeweHue BapuaHTa 3

1. O603HaYMm Kak Dn MUHUManNbHbIA AMaMeTp NaHUMps guaTtomen (To ecTb, AMamMeTp
6onblwel MNOMOBUHKM NAHUMPA), BNepBble BO3HWKAKOWMIA B NOKoNAeHuMM n, a Do —
MaKCMMa/ibHbIM AMaMeTp NaHUMpPA, OTBEYAlOWMIA CaMOW NepBOM K/eTKe BOAOPOCHM,
AaloLer HaYaI0 PaccMaTPMBAEMOM NONYAALMMN.

Torpa, Npu OTCYTCTBMM CTagMM ayKCOCMOPbl, COCTAB MOMyAAUMM B MOKOAeHUsAx byaer
BbIFNAAETb TaK:

0: No (Do) =1
1: N1 (Do) = 1, N1 (D1) =1
2: N> (Do) = 1, N (D1) = 2, N> (Dz) =1

3: N3 (Do) = 1, Ns (D1) = 3, N3 (Dz) = 3, Ns (D3) =1

n:Nn (Do) =1, Nn (Di) =C. (1<i<n)

Echn e B NOKONEHUMM M camMaA ManeHbKada aunatomes npoxoaunt 4epes Ccraguio
dYKCOCNOpPbl, TO Cpa3y nocne geneHna pacnpegeneHmne no pasmepam sbirnagnT Kak

m: N (Do) = 1, Nm (Di) = C}, (1 <i<m),
a nocne 3aBepLUEHUA CTagMKN ayKCoCnopsbl -
m’: N’y (Do) = Nm (Do) + Nm (Dm) =1+1=2,
N'm (D) =CL (1<ism-1).
Torza B cnefytolem 33 HUM MOKO/IEHUM NoCAe CTaauu aeneHus byaert
m + 1: Nm+1 (Do) = N’m (Do),
Nm+1(Di) = N'm (Dic1) + N'm(Di) (1 <i<m-1),
Nm+1(Dm) =N'm (Dm-1)
nocne aykcocnopbl B m + 1:
N’m+1 (Do) = Nm+1 (Do) + Nm+1 (Dm) = N’m (Do) + N’m (Dm-1),
N’m+1(Di) = N'm (Di-1) + N'n(Di) (1 <i<m-—1).

Nnn, ana npounssonbHoro k > m (obweinn dopmynbl HET, MOXKHO 3anucaTb TO/NbKO Yepes
3HaYeHun, oTBevatoLme npeablayemy nokonenuio, k — 1):

k: Nk (Do) = N’k-1 (Do),
Nk (Di) = N'k-1 (Di-1) + N'k1(Di) (1 €i<m—1),

Nk (Dm) = N’k—l (Dm—l)



NANO

nocne aykcocnopbl 8 k:
N’k (Do) = Nk (Do) + Nk (Dm) = N’k-1 (Do) + N’k-1 (Dm-1),
N’k (Di) = N'k-1 (Di-1) + N'ia(Di) (1 i< m—1).

Paccuntaem 3HayeHus N gns m = 4 (ana n > m cpasy npuseaeHbl 3HayeHma N’, ymcno
KNETOK, NoweAwnx CTagmio ayKcocnopbl yKa3aHo B CKOOKax):

n Nn(Do) Nn(D1) Nn(D2) Nn(Ds) Nn(Da)
0 1 0 0 0 0

1 1 1 0 0 0

2 1 2 1 0 0

3 1 3 3 1 0

4 2 4 6 4 (1)

5 6 6 10 10 (4)

6 16 12 16 20 (10)

7 36 28 28 36 (20)

8 72 64 56 64 (36)

9 136 136 120 120  (64)
10 256 272 256 240  (120)
11 496 528 528 496  (240)
12 992 1024 1056 1024  (496)
13 2016 2016 2080 2080 (1024)
14 4096 4032 4096 4160  (2080)
15 8256 8128 8128 8256 (4160)

Torga pnan=5
Ns (Do) =2 +4 =6, N5 (D1) =6, N5 (D2) =10, Ns (D3) = 10, (Ns (D4) = 4).
Adnan=12

N1z (Do) = 496 + 496 = 992, N1z (D1) = 1024, N1z (D2) = 1056, N1z (D3) = 1024, (N12 (Ds) =
496).

Kak MorKHO BMAETb 13 Tabanubl, NpMBeAEHHOM B OTBETE Ha NEpPBbIN BONpoc, Ana 60nblmX
HOMEPOB TMOKO/IEHUIA KO/NMYecTBa AMAaTOMEN KaXKaoro U3 pasmepoB CTaHOBATCA
NPaKTUYECKN pPaBHbIMKW, C/leAOoBaTeNIbHO, CpeaHWM pasmep nNaHUMpA AuaTtomen B
nonynsiuMnM pPaBeH 3HAYEHUID CpeaHero apudMeTUMYecKoro no BCEemM pas3mepam, OT
MMWHUMANIBHOTO, 40 MAaKCMMaNbHOrO:

m

m-1
2,°
D:IZ—
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Kpome Toro, us ycnoBus pocta NaHUMpen AMaTOMOBbLIX BOAOPOC/EN NErko NOHATb, YTO C
KaKZbIM MOKOJIEHWEM pa3Mep NaHUMpA YMeHbluaeTca ¢ warom d:

Di=Di.1—d.
To ecTb,
Dk = Do — kd.
Torga
(DO _|d) mDO d
Z Z’ m(m D= by- d(m-1)2
mm=2(Do—D)/d+1
m=2(50-39)/1+1=23.
BapuaHt 4
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Hayano, 1 wr 1nokonenne, 2 wr 2 noKoneHme,

NDO=1 —N1(D0)= 1, N1 (01)= N2 00) = 1 N3 Ly <2 No 02)= 1

Puc. 1. Cxema nocnedosamesnbHO20 pocma nonyaayuu 0uamomossix sodopocnell. Ha pucyHke 8
Kauecmese npumepa rpusedeHa cmaous ayKCoCropbl, poxooau,aa mexcdy 8mopbiMm U mpemoum
nokoneHuamu. 30eco D; — duamempol naHyupeli duamomed.

MaHuMpu A[MaTOMOBbLIX BOAOPOC/AEN NpeacTaBnatloT coboit fABe B/IOXKEHHble Apyr B Apyra
NONOBUHKK. [pU L[eNeHUM KarKaas [OOYEepPHsA KNeTKA MNOoJy4yaeT MoJIOBUHY MaHuupsa oT
POOAMTENbCKOM, a HepocCTalolwMe MOJIOBUHKM — AOCTPAMBAOTCA KaK  BJ/IOMKEHHblIE B YKe
cywecrtsyowme (puc. 1). Takum obpasom, B KaxKAOM C/leaylowemM MOKONEHUM MNOSABAAOTCA
ANATOMEN BCE MEHbLIEro M MeHbllero pasmepa. Ytobbl m3bexkaTb MOSHOrO M3MeNbYaHUA,
HEeKoTopble BUAbl AMATOMEN MPU AOCTUNKEHUM HEKOTOPOrO MMHUMAIBHOIO Pasmepa Hay4yuaucb
BOCCTAaHaB/MBaTb Pa3mMep MaHUMPA A0 MAKCMMaNibHO BO3MOMKHOIO MyTEM MPOXOXKAEHWUA yepe3
CTaAMI0 ayKCcoCnopbl.

1. HekoTopaa nonynAuvAa Auatomed CraptoBana C €AUHCTBEHHOW BOAOPOCAM
MaKcumanbHoro pasmepa Do. CKOIbKO AnaTomeit Kaxkaoro u3 pasmepos 6yaeT B TaKoW
nonynauumn yepes:



NANO

e 5 noKonenuis; (3 6anna)
e 12 noKonewnuw, (4 6anna)

eCIN  NPOXOXKAEeHMe uepe3 CTaguI0 aAyKCoCnopbl BMepBble MNPOUCXOAUT nocnae
4 nokoneHua?

CuMTaTb, YTO [0 3aBEpLUIEHMs MPOLLecca BOCCTAHOB/AEHMA pasMepa 4yepe3 ayKcocrnopy
HOBaA CTaaus Ae/leHMA B MOMyAAUMM He NpoucxoauT UM Bce cHOpPMUPOBAHHbIE TaKUM
06pa3om gMaToMeN MAKCMMAIbHOTO pa3sMepa TaKKe y4yacTBYIOT B Aa/IbHEMLLMX NpoLeccax
AeNneHus.

2. HeKotopasa 6onbwaa nonynauua guatomeil MMeeT MaKCMMaJIbHbIM pasmep naHuupei
Do=60 MKM 1 cpegHun pasmep D = 49 mkm. lMocne KaKoro NOKoseHUs Bnepsble
npousowno obpasoBaHne ayKcocnopbl ANA 3TOM NONyAAUMM, €CIn OHA CTapToBana OT
OAHOI eAUHCTBEHHOM KNeTKn guametpom Do MKM, a pasmep NaHUUPA HA KaXKAOM Liare
ymeHbwanca Ha d = 1 mkm? O6ocHyiiTe cBoi oTBeT. (5 6ann08)

Bce2o — 12 6annos

PeweHue BapuaHTta 4

1. O603HaYMM Kak Dn MWHMMAaNbHbLIN AMAMETP MNaHUMpPA AnaTomeRn (To ecTb, AMameTp
6o/blieit MONOBUHKM MNAHUMPSA), BrepBble BO3HMKAOWMA B MNOKOAeHUU n, a Do —
MaKCMManNbHbIM AMameTp NaHUMPs, OTBEYAlOWMIN CamMol NepBOM KNETKe BOAOPOCAM,
AatoLLer Ha4ano paccMaTpPUBAEMOM NONYAALUMN.

Torga, nNpu OTCYTCTBMM CTaAMM aAyKCOCMOPbl, COCTaB MOMyASALMM B MOKONEHUAX byaeT
BbIFNALETb TaK:

0: No (Do) =1
1:N1(Do)=1,N1(D1) =1
2: N (Do) =1,N; (D1) =2,N (Dz) =1

3:N3(Do)=1,N3(D1)=3,N3(D2)=3,N3(D3) =1

n:Nn (Do) =1, Nn (Di) =C} (1<i<n)

Ecnv e B NOKOMEHMM M camas ManeHbKas AuaToMes MPOXoguT 4Yepes CTaamio
ayKcocnopbl, TO

Cpa3y nocne geneHuna pacnpenesnieHne no pasmepam BbIrNALUT KaK
m: Nim (Do) =1, Nm (Di) = CL, (1<i<m),
a Nnocne 3aBepeHnAa CtTagnm ayKcocnopbl -

m’: N’m (DO) = Nm (DO) + Nm (Dm) = 1 + 1 = 2,



NANO

N'm (D) =CL (1<i<m-1).

Torpa B cnefytolem 33 HUM NOKO/IEHUW NocAe CTaauu aeneHuns byaert
m + 1: Nm+1 (Do) = N’m (Do),

Nm+1(Di) = N'm (Di-t) + N'm(Di) (1 £i<m-1),

Nm+1 (Dm) = N'm (Dm-1)
nocne aykcocnopbl B m + 1:
N’m +1 (Do) = Nm+1 (Do) + Nm+1 (Dm) = N’m (Do) + N’m (Dm-1),
N’m+1 (D) = N'm (Di-1) + N'm(Di) (L <i<m—1).

Nnun, ans npoussosibHoro k > m (obuweir dopmynbl HET, MOXKHO 3anmMcaTb TO/IbKO 4Yepes
3HaYeHuA, oTBeYatoWwMe npeaplaylemy nokonenumto, k —1):

k: Nk (Do) = N’i-1 (Do),
Nk (Di) = N'k1 (Di-1) + N'k1(Di) (1 £i<m—-1),
Nk (Dm) = N’k-1 (Dm-1)
nocne aykcocnopsi 8 k:
N’k (Do) = Nk (Do) + Nk (Dm) = N’k-1 (Do) + N’k-1 (Dm-1),
N (Di) = N'icx (Dia) + N'iea(Di) (1< i< m - 1),

Paccumtaem 3HavyeHms N ana m = 4 (gns n > m cpasy npueegeHbl 3HadeHua N’, uncno
KNETOK, NoweaLwmnx CTaamio ayKcoCnopbl YKa3aHO B CKOBKax):

n No(Do) Nn(D1) Nn(D2) Nn(Ds) Nn(Da)
0 1 0 0 0 0

1 1 1 0 0 0

2 1 2 1 0 0

3 1 3 3 1 0

4 2 4 6 4 (1)

5 6 6 10 10 (4)

6 16 12 16 20 (10)
7 36 28 28 36 (20)
8 72 64 56 64 (36)
9 136 136 120 120  (64)
10 256 272 256 240  (120)
11 496 528 528 496  (240)
12 992 1024 1056 1024  (496)




NANO

13 2016 2016 2080 2080 (1024)
14 4096 4032 4096 4160  (2080)
15 8256 8128 8128 8256  (4160)

Torpagnan=>5
Ns (Do) =2 +4 =6, Ns (D1) = 6, Ns (D2) = 10, Ns (Ds3) = 10, (Ns (D4) = 4).
Onan=12

N1 (Do) =496 + 496 = 992, N1 (Dl) = 1024, N1 (Dz) = 1056, N1 (D3) = 1024, (N12 (D4) =
496).

Kak MOKHO BMAETb 13 Tabnubl, NpUBEAEHHOMN B OTBETE Ha NMEPBbIN BONpOC, ANA 60bLINX
HOMEPOB MOKO/NIEHWA KONMYECTBA AMATOMEN KaxKAoro W3 pasMepoB CTAHOBATCA
NPaKTUYECKN pPaBHbIMW, CNEAO0BATE/IbHO, CPEeAHWI pasmep naHuMpAa AuaTomen B
nonynAauMM paBeH 3HayeHulo cpegHero apudmeTMyeckoro Mo BCEM pasmepam, OT
MUWHMMaNbHOTO, 10 MaKCMMabHOTO:

m-1
2,°
=1=9
m

Kpome TOro, us ycnosus pocTa naHumpein AMaTOMOBbIX BOAOPOCAEN NErKo NOHATb, YTO C
KaXk4,bIM MOKONEHMEM pa3mep NaHLMpPsA YMeHbLUaeTcs ¢ warom d:

Di=Di.1—d.
To ecTb,
Dk = Do — kd.
Torga
D,—id) mDgy— d
Z (Do ) 0 Z gmm=1)_

> Do— d(m- 1)/2

mm=2(Do—D)/d+1

m = 2(60 —49)/1 + 1 = 23.



NANO

3apaua no 6uonornn. Haneuaraiite mHe cepaue! (5 6annos)

BapuaHt 1

- Haneuataiite mHe cepaue! — Tak, HaBepHoe, Mor bbl CKas3aTb KenesHbl [poBoceK, ecan bbl
obpaTunca He K BonwebHWUKY TyaBMHY, @ B COBPEMEHHbIM LEeHTp umnnaHTauuun. A Ctpawuna
nonpocun 6bl HaneyaTaTb MO3ru. [leMcTBUTENIbHO, MeToAbl BUONPUHTUHIA NO3BOASAIOT BOCCO3A4aTb
TPEXMEPHYIO CTPYKTypy opraHa npu nomouwm 3D-npuHTepa. O4HAKO, AN 3TOr0 HYXKHO 3HaTb He
TO/IbKO TPEXMEPHYH CTPYKTYpy OpraHa, COCTaB W CTPYKTYpy BHEK/JETOYHOro MaTpMKCa, HO U
MOHMMaTb, KaKMe MMEHHO KNETKU NOAXOAAT AR TOrO, YTOObl MCMONb30BaTb TaKyH TEXHOOTUIO.

BbibepuTe NpaBu/ibHbIE BapUaHTbl OTBETA U 06BACHUTE CBOM BbIGOP.

1. Kakue KNneTKu 4enoBevyecKoro opraHM3ma He ABAAIOTCA CNeuuann3upoBaHHbIMU U MOTYT
npu cneyuanbHOM BO34ENCTBUM Pa3BUTLCA B KAETKK toboro nam noutu aboro tuna?

a. HenpoHsbl.

6. UMMYHHbIE KNeTKMU.
B. PakoBble KneTku.

r. CTBON10BbIE KNETKM.
A. lNonosble KNETKW.

2. Y KaKunX KJIeTOK HeT Agpa U MUTOXOHAPWIA?
a. HelipoHbl.
6. PakoBble KneTku.
B. DpUTPOLMUTLI.
r. leHAPUTHbIE KNeTKM.
A. Monosble KNETKMU.

Bcezo — 5 6annoes, no 2 6anna 3a npasusnvHsili omeem u 1 6ann 3a 06vsAcCHeHus.

PeweHue BapuaHTa 1

1. r — CTBO/MIOBble KAETKWU, T.K. 3TO HECNeumanu3anMpoBaHHbIE K/ETKM, COXpaHAKLMe
BO3MOXHOCTb AnddepeHUMpoBaTbCa B APYrne TUMbl KNETOK

2. B—3puTpOUUTLI. AAPO Y 3penbiX 3PUTPOLIUTOB yAaNAETCA B MPOLLECCE UX Pa3BUTUA.


https://olymp.msu.ru/file/test/question/fdf1/fdf15c98-248e-4fa2-b909-c1da3cfd4fbf/attach/9586186b-4b46-4eee-985a-5c7d03451491.jpg

BapuaHTt 2

- HaneuyaTtante mHe cepaue! — TaK, HaBepHoe, Mor bbl CKasaTb *KenesHbiii poBocek, ecnun bbl
obpatuica He K BOAWEOHUKY yABMHY, @ B COBPEMEHHbIA LUEHTP umnaaHTauuu. A Crpawwuna
nonpocun 6bl Hane4yaTaTb MO3ru. [lencTBUTEeNbHO, MeToAbl BUONPUHTMHIA NO3BOAKOT BOCCO34aTb
TPEXMEPHYIO CTPYKTYpY opraHa npu nomowm 3D-npuHTepa. OAHAKO, AN 3TOr0 HY*KHO 3HATb He
TO/IbKO TPEXMEPHYIO CTPYKTYpPYy OpraHa, COCTaB WM CTPYKTYPY BHEK/IETOMHOIO MaTpUKCa, HO U
NMOHMMATb, KaKMe MMEHHO KNETKU NoAXOoAAT ANs TOro, YTobbl MCNONb30BaTh TaKyld TEXHONOTUIO.

BbibepuTe NpaBu/ibHbIE BapUaHTbl OTBETA U 06BACHUTE CBOM BbIGOP.

1. B KaKuX TKaHAX U OpraHax B3pOC/0ro 4yesnoBeka O5HaPY)KMBalOTCﬂ KN1eTKU, KOTopble He
ABNAKOTCA cneunaansnmposaHHbiM U MoryT npu cneynasjibHOm BO3AeﬁCTBMM Pa3BUTbCA B
KNeTKu nroboro unm noutu nroboro tuna?

a. lonoBHoOI mo3r.

6. CucTema KpOBETBOPEHMUS.

B. BblaenntenbHas cuctema.

r. Koxka u gpyrve noKpoBHble TKAHM.

2. Kakme KneTkM oOpraHM3ma OT/IMYAKOTCA OT  CBOMX  CNEeLUanu3MpoBaHHbIX
npeALwecTBeHHMKOB No MoOpdonorum U GyHKLUU U MOTYT HEKOHTPOIMPYEMO AENUTbCA,
BbI3blBaA 3abonesaHua?

a. HelipoHbl.

6. UMMYHHbIE KNETKMW.

B. PaKoBble KNeTku.

r. CTBONOBbIE K/ETKMW.

4. Monosble KNETKM.

€. ANUTennanbHble KNETKMN.

Bcezo — 5 6annoes, no 2 6anna 3a npasusnvHsili omeem u 1 6ann 3a 06vACHeHus.

PeweHue BapuaHTa 2

1. a, 6 U r — rofIOBHOM MO3r, CUCTEMA KPOBETBOPEHMWA, KOXKa U ApPYrMe MOKPOBHbIE TKaHW. B
CUCTEME KPOBETBOPEHMUS 3TO CTBOJIOBbIE KNETKWU, M3 KOTOPbIX Pa3BMBAKOTCA Pa3/INYHbIE
KNeTKM KpoBu. CTBO/NOBbIE KNETKM €CTb M B FOIOBHOM MO3re, M3 HUX pPa3BMBatOTCA
HEMPOHbI U KNETKMU FNUMN.

2. B — paKoBble KAeTKU. B pe3ynbrate WM3MEHEHWN TreHEeTMYEeCKOM NpOorpaMmbl OHM
npuobpeTatoT cNOCOBHOCTb K HEKOHTPOAUPYEMOMY AENEHNIO U UHTEHCUBHOMY POCTY.
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BapuaHTt 3

- HaneuyaTtante mHe cepaue! — TaK, HaBepHoe, Mor bbl CKasaTb *KenesHbiii poBocek, ecnun bbl
obpatuica He K BOAWEOHUKY yABMHY, @ B COBPEMEHHbIA LUEHTP umnaaHTauuu. A Crpawwuna
nonpocun 6bl Hane4yaTaTb MO3ru. [lencTBUTEeNbHO, MeToAbl BUONPUHTMHIA NO3BOAKOT BOCCO34aTb
TPEXMEPHYIO CTPYKTYpY opraHa npu nomowm 3D-npuHTepa. OAHAKO, AN 3TOr0 HY*KHO 3HATb He
TO/IbKO TPEXMEPHYIO CTPYKTYpPYy OpraHa, COCTaB WM CTPYKTYPY BHEK/IETOMHOIO MaTpUKCa, HO U
NMOHMMATb, KaKMe MMEHHO KNETKU NoAXOoAAT ANs TOro, YTobbl MCNONb30BaTh TaKyld TEXHONOTUIO.

BbibepuTe NpaBu/ibHbIE BapUaHTbl OTBETA U 06BACHUTE CBOM BbIGOP.

1. Kak Bbl AymaeTe, KakKne KZ1eTku ayyiue scero nOAOﬁAYT Ana Toro, 4YTOObI BbIPACTUTb U3

HUX cepaue?

a. HepoHbl.

6. UMMYHHbIE KNEeTKMW.
B. PaKoBble KneTku.

r. CTBONI0BbIE KNETKM.
4. Nonosble KNeTku.

Kakue Knetkum otcnexkmsarwT U YAJANAKOT KJ/EeTKU
HeOorpaHn4YeHHbIm p,elleHMEM?

a. UMMyHHble KneTku.

6. dpuTpouuThI.

B. KepatnHouuTol.

r. NUTeNnanbHbIE KNETKMU.
4. Nonosble KNETKN.

C HapyweHHoOW ¢yHKUMeid un

Bceeo — 5 6annoes, no 2 6anna 3a npasusnvHsili omeem u 1 6ann 3a 06vsACHeHus.

PeweHue BapuaHTa 3

1.

I — CTBONOBblE KNETKU. M3 cneumanmn3mpoBaHHbIX KNETOK MOYTU HEBO3MOXKHO BbIPaCTUTb
CNeTKU ApYroro Tuna. A HecneuMann3npoBaHHbIE KNETKU-NPeALEeCTBEHHUKM MPU NOMOLLN
cneunanbHblX BO3AEUCTBUIA MOXKHO HanpaBUTb Ha NOYTM Nt060M NyTb pPa3BUTHUS.

a — UMMYHHble KneTkn. OHWM pacnosHaloT Henknu-mapKepbl Ha NOBEPXHOCTU OMyXONEBbIX

KNEeTOK 1 ybMBatOT MX, NPENATCTBYIO PAa3BUTUIO OMYXON.
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BapuaHTt 4

- HaneuyaTtante mHe cepaue! — TaK, HaBepHoe, Mor bbl CKasaTb *KenesHbiii poBocek, ecnun bbl
obpatuica He K BonWEOHUKY yABMHY, @ B COBPEMEHHbIA LEHTP umnnaHTauuu. A Crpawwna
nonpocun 6bl Hane4yaTaTb MO3ru. [lencTBUTEeNbHO, MeToAbl BUONPUHTMHIA NO3BOAKOT BOCCO34aTb
TPEXMEPHYIO CTPYKTYpY opraHa npu nomowm 3D-npuHTepa. OAHAKO, AN 3TOr0 HY*KHO 3HATb He
TO/IbKO TPEXMEPHYIO CTPYKTYpPYy OpraHa, COCTaB WM CTPYKTYPY BHEK/IETOMHOIO MaTpUKCa, HO U
NMOHMMATb, KaKMe MMEHHO KNETKU NoAXOoAAT ANs TOro, YTobbl MCNONb30BaTh TaKyld TEXHONOTUIO.

BbibepuTe NpaBu/ibHbIE BapUaHTbl OTBETA U 06BACHUTE CBOM BbIGOP.

1.

Kakue Knetku COBEepPWEeHHO TOYHO He Cnoco6HbI K AEHEHMIO?

a. HepoHbl.

6. DpUTPOLMTSI.

B. dNUTENINANbHbIE KNETKWN.
r. FnnanbHble KNeTKu.

YTO MOXKET NpUBECTU K Nepexoay HEKOTOPbIX CNeLMann3npoBaHHbIX KNETOK K notepe
mopdonorum u GyHKLUU U Nepexosy K HEeKOHTPOIMPYEMOMY AeNeHUuo?

a. CMHTE3 AT® B MUTOXOHAPUAX.

6. HekoTopble BMpYCbl.

B. HapyweHune meKKNeToUYHbIX B3auMoaeNnCTBUA.
r. [lectBne OHKOTeHHbIX XMMMUYECKUX BELLLECTB.

Bceeo — 5 6annoes, no 2 6anna 3a npasusnvHsili omeem u 1 6ann 3a 06vsAcCHeHus.

PeweHue BapuaHTta 4

1.

2.

a — HEMpPOHbI U 6 — 3PUTPOLUTBLI. DPUTPOLUTLI HE UMEIOT AAPA U HE MOTYT AE/IUTHCA.

6 — HEeKOTopble BUPYCbl; B — HAPYLUEHUE MENKKIAETOYHbIX B3aUMOAENCTBUI; I — AeNCTBUE
OHKOTEHHbIX XMMUYECKMX BeullecTB. [lepexos, K HEKOHTPO/NMPYEMOMY AENEHUID W
TpaHCPOPMALMA KNETOK B OHKOTEHHblE MOMET MPOUCXOAUTb MNPU  PasnYHbIX
nospexaatouwmx Bo3aenctsusax. CuHTes ATP B MUTOXOHAPUAX — 3TO HOPMa/bHbIX
NPOLLECC, M K NOBPENKAAIOLIMM BO34EACTBUAM HE OTHOCUTCS.
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NANO

3apgaua no 6uonornn. MonekynsapHboie 4yacbl (10 6annos)

BapuaHt 1

Hacmosiyee
epemMs

ROAUYISCMe0 My mayuy

A

xomriacmen pacxoxcdesii merdy I 4 [] = (F-B)+{-B)

xomiecmas pacxowdenuit wendy It B = (F-A)+(B-A)

MoneKynapHble 4acbl— MeTOZ, AATUPOBAHUA PACXOMKAEHUMA BWUOOB WAM APYrUX TAKCOHOB BO
BPEMEHW, OCHOBAHHbIA Ha FMNOTe3e, COM/IaCHO KOTOPOM CKOPOCTb HAKOMAEHWA HEWTPaSbHbIX
reHeTUYeCKUX myTaumin (3ameHbl HykneoTuaos B monekynax AHK n PHK) noctosHHa, TOo ectb
BpemMA, npouwejliee C MOMEHTa PacXxoXAeHMA napbl POACTBEHHbIX TFPynn, NPONOPLMOHANBHO
YMUCNY MONEKYNAPHbIX 3aMEH.

MeTtoa umeeT pAg, orpaHUYeHUn, 0COBEeHHO NpU ero UCNob30BaHUN Ha BONbLWINX BPEeMeHax oT
PACXOXAEHUS MEXAy rpynnaMmu U OLLEHKOM HepoACTBEHHbIX TAKCOHOB, MOCKOMbKY: 1) CKOpoCTb
MyTareHesa 3aBMCUT OT BONbLIOTO YMCNA AOMONHUTENbHBIX YC/I0BUIA U MOKET ObiTb Pas/IMYeH y
pasHbIX rpynn; 2) 4yacto HeobxoAMMO WCMONb30BaTb AOMOJHUTE/NbHbIE MaNEOHTONOTNYECKUE,
apXeo0/IorMYecKkme N MHble AaHHble ANA YTOYHEHUS 4aTUPOBOK.

Tem He meHee, B HaCTOFILLI,Mﬁ MOMEHT METO MOJNTIEKYNAPHbLIX HaCOB HE MMEET a/ZIbTEPHATUBDI.

Mpwn 3TOM NpeanonaraeTca, YTO CKOPOCTM HAKOMIEHMA HENTPaANbHbIX MyTaLMi B NONYyAALUN U B
oTAeNbHOM 0cobu oanHaKoBbI. HakonaeHna MyTaunin B npoLecce pasaeneHuns rpynn aaauTuBHbI,
TO eCTb ecAun ucxogHasa rpynna A (cm. pucyHok) pasgenunacb Ha age (b v B), a ogHa 13 3Tux rpynn
ewe pas pasgenunacb (Ha rpynnbl I 1 []), TO B MAEaNbHbIX YCIOBUAX K HACTOAWEMY BPEMEHMU
KOMIMYECTBA HAKOMNEHHbIX HENTPaNbHbIX MyTaumii (3a BpemAa pasgeneHusa) B rpynnax B wn [
OO/KHbI COBNagaTb, TaK e Kak m B rpynnax B u I. Mpun atom pasnmuve mexay rpynnamu
COOTBETCTBYET CYMME HAKOMAEHHbIX MyTaUMM OT MOMEHTA pasfeNeHUA MCXOOHOM rpynnbl
(paznunume mexay rpynnamu [ n B coctaBnseT cymmy MyTauui, HakonieHHbIX [ M B ¢ momeHTa
pasgeneHuva rpynnol A, npuyem obuiee KOAMYECTBO HAKOMNEHHbIX MyTauui B rpynne [l paBHO
CyMMe MyTaLMi, HAKONNEHHbIX B rpynne b ¢ momeHTa oTaeneHuna oT A, U KOAN4ecTsy MyTauui B
rpynne [, HaKonneHHbIX nocne otaeneHua ot b). CKopocTb HakonieHuAa myTauui (CKopocTb
MyTareHesa), v, onpeaenaeTca Kak KOMYECTBO HEWTpasibHbiX pacxoxaeHuin, N, geneHHoe Ha
yABOEHHOE (MyTaLuMM He3aBMCMMO HaKanauMBasUCb B AByX rpynnax) Bpems, t, npoweawee nocne
pacxoXaeHua (Yacto onpepenseTca B Npoweawnx NoKONEHUAX):

v=N/2t



NANO

OueHuTe CKOPOCTb MyTareHes3a, ec/iu C MOMEHTa pasAeneHus ABYX NONyAAUMiA, COrNacHo
He3aBMCMMbIM UCTOYHUKaMm, npowno 350 net. Pasnuume B reHome ABYX NONYASLUIA COCTaBUNO
4200 HyKneoTuaHbiX nap. Cuutaem, uto B reHome 2 500 000 000 nap ocHoBaHuK. Cuutaem, 4TO
Ha HaKoNJIeHNe MyTaLuii HAYEro He BAIUANO, a3 MyTaLUM NOABAANUCD Cy4aiiHO.

OTBeT gaiTe B KonmuyecTse myTaumii Ha 108 nap HyKNeoTUAHbIX OCHOBaHMI B NOKONEHUE (0AMH U3
0bWwenpuHATbIX cnocoboB oTobpakaTb pe3ynbTatbl). [ANUTENbHOCTb NOKOJMIEHUA NMPUHUMaEM 3a
5 ner.

Bcez2o — 10 6annos

PeweHue BapuaHTta 1

1,2

BapunaHT pacueta. 3a Bpema pasgeneHua npowno (350/5) 70 noKoneHuit. ITO 3HAYUT, YTO B
TeyeHWe nokoneHus Habnwganocb (4200/(2x70)) 30 mytaumit. To ecTb CKopocTb byaet
30 myTaumii Ha reHom (2,5x10° nap ocHoBaHwMiA), Toraa UcKkomblit oteeT byaeT (30x(1x10%8/2,5x10°)
1,2 myTaumm Ha 10% HykneoTuaHbIX nap.

BapuaHTt 2

Hacmosufee
epems

HOMUYeCmMao My mayuy

A

xomriecmen pacxowderd wercy I U [] = (F-B)+{-5)

xomuvecmen pacxowdenuil wewdy I U B = ([-A)+(B-A)

MonekynapHble 4acbl — METOL AAaTUPOBAHMA PACXOKOAEHWN BUOOB WAM APYrMX TAKCOHOB BO
BPEMEHW, OCHOBAHHbIA HA TMMNOTE3€e, COr/IaCHO KOTOPOWM CKOPOCTb HAKOMAEHMA HENTPasibHbIX
reHeTU4eCKUX myTaumin (3ameHbl HykneoTuaoB B monekynax AHK n PHK) noctosHHa, TO ectb
BpemMs, npollealee C MOMEHTA PaCXOXAEHWA Napbl POACTBEHHbIX TPynmn, NPOMOPLNOHANBHO
4YMCAY MONEKYAAPHbIX 3aMEH.

MeToa nmeeT pag orpaHUYeHUn, 0COBEHHO MPU ero UCNoab3oBaHUKU Ha BONbWKMX BpeMeHax OT
PACXOXKAEHUA MEXAY rpynnamm M OLEHKOM HepOACTBEHHbIX TAKCOHOB, MOCKObKY: 1) cKopocTb
MyTareHesa 3aBMCUT OT BONbLIOrO YMCNA AOMONHUTENbHbIX YCIOBUMA U MOXKET ObiTb pa3nnyeH y



NANO

Pa3HbIX rpynn,; 2) 4acTo HGO6XO,£I,MMO Mcnonb3oBaTb AOMNOJ/IHUTE/IbHbIE MA/TIEOHTONOINM4YECKHNeE,
apxeosiorm4eckmne n nHole gaHHble anAa yrodHeHUA 4aTUPOBOK.

Tem He meHee, B HaCTOﬂlJ.I'Mﬁ MOMEHT MEeTO, MOJZIERKY/NTAPHbIX YaCOB HE MMEET a/IbTEPHATUBDI.

Mpn 3TOM NpegnoaaraeTca, YTO CKOPOCTU HAKOMAEHMA HEUTPANAbHbIX MyTauuii B NONyAAUMK U B
oTAenbHoM ocobu oanHaKoBbI. HakonneHmna myTaumin B npouecce pasgeneHuns rpynn aagutuBHb,
TO €CTb eCn UcxoaHana rpynna A (cm. pucyHOK) pasgenunacb Ha age (b n B), a ogHa 13 aTux rpynn
eute pas pasgenunacb (Ha rpynnbl [ v [), TO B ngeanbHbIX YCNOBUAX K HACTOALLEMY BPEMEHMU
KONMYECTBA HAKOMNEHHbIX HENTpPanbHbIX MyTauui (3a BpemaA pasgeneHusa) B rpynnax B u [
OO/MKHbI COBNaJaThb, TaK e Kak u B rpynnax B u I. [pn aTtom pasanume mexay rpynnamm
COOTBETCTBYET CYMME HAKOMAEHHbIX MyTauui OT MOMEHTa pasgenieHua WCXOAHOW rpynmbl
(pasnnume mexay rpynnamu [1 n B coctasnser cymmy myTaumin, HakonseHHbIx [ 1 B ¢ momeHTa
pasgeneHua rpynnbl A, npuyem obliee KOMMYECTBO HaKOM/EHHbIX MyTauui B rpynne [ paBHO
CyMMe MyTaLWiA, HaKOMJIEHHbIX B rpynne b ¢ momeHTa oTaeneHusa ot A, N KOAMYECTBy MyTauuii B
rpynne [, HakoOM/EeHHbIX nocne otaeneHuns oT b). CKoOpocTb HaKonneHua myTauuii (CKOpocTb
MyTareHesa), v, onpeaensieTca Kak KONMYeCTBO HeWTpanbHbIX pacxoxaeHun, N, neneHHoe Ha
yABOEHHOE (MyTauumM HE3aBMCMMO HaKanauMBanAMCb B ABYX rpynnax) spems, t, npoweawee nocne
pacxoxaeHus (4acTo onpeaenseTcsa B NPOLEAWnNX NOKOIEHUSAX):

v=N/2t

OueHUTe CKOPOCTb MyTareHe3a, ec/iu ¢ MOMEHTa pasgeseHUA ABYX NONyAAUUNA, COrNacHo
He3aBMCUMbIM UCTOUYHMKam, npowso 420 net. Pa3nnuuve B reHome ABYX NONyAALUi COCTaBUNO
5880 HykneoTuaHbIX nap. Cuutaem, yto B reHome 2 500 000 000 nap ocHoBaHUiA. CuMTaem, 4To
Ha HaKOMJIEHME MYTaLuUii HUYEro He BAIUAO, @ MyTaL UM NOABAAAMUCD CAYYAHO.

OTBeT gauTe B Konnuectse myTaumii Ha 108 nap HyKNEeOTUAHbIX OCHOBAHMI B NOKOAEHUe (0AMH 13
obwenpuHATbIX cnocoboB oTobpakaTb pe3ynbTatbl). [ANUTENbHOCTb NOKOJMIEHUA NMPUHUMaEM 3a
5 ner.

Bce2o — 10 6annos

PeweHune BapuaHra 2

1,4

BapuaHT pacueta. 3a Bpems pasgeneHua npowso (420/5) 84 nokoneHuA. ITO 3HAYUT, 4YTO B
TeyeHWe nokoneHusa Habnoganocb (5880/(2x84)) 35 mytaumit. To ecTb CcKopocTb 6yaer
35 myTaumin Ha reHom (2,5x10° nap ocHoBaHWMIA), Toraa Uckombli oteet byaeT (35x(1x108/2,5x10°)
1,4 myTaumm Ha 108 HyKneoTUaHbIX nap.



NANO

BapuaHTt 3

Hacmosuiee
epema , B r a

KOMUYecmned My majuy

B-A=[-A
B-A=T-A
r-6+=0-6

A

xomriecmen pacxoxcdert merdy I U [] = (F-B)+{-5)

xomuvecman pacxowderult wexdy I tf B = ([-A)+({B-A)

MonekynapHble 4acbl — METOL AAaTUPOBAHMA PACXOKOEHWUN BUAOB WAM APYrMX TAKCOHOB BO
BPEMEHW, OCHOBAHHbIA Ha TMMNOTE3€, COr/IaCHO KOTOPOM CKOPOCTb HAKOMAEHUA HENTPasbHbIX
reHeTUYeCcKUXx MyTaumn (3ameHbl HyKneoTnaos B monekynax AHK mu PHK) noctosHHa, TO ecTb
Bpems, npolealee C MOMEHTA PaCcXOXAEHWA Napbl POACTBEHHbLIX TFPynn, NPOMOPLUUOHANBHO
YNCNY MONEKYNAPHbIX 3aMEH.

MeTog, UMeeT psaj, OrpaHMYeHUi, 0cCObeHHO NPU ero MCNosib30BaHUN Ha 6ONbLIMX BPeMeHax OT
PACXOXAEHUA MeXKAOy rpynnamu U OLEHKOW HepoACTBEHHbIX TaKCOHOB, MOCKO/bKY: 1) CKOpOCTb
MyTareHesa 3aBUCUT OT 6O/IbLIOTO YNCNA AOMONHUTENbHBIX YCIOBUA U MOXKET ObiTb pas/iyeH y
pasHbIX rpynn; 2) 4acto HeobXoAMMO MCMNONb30BaTb AOMNONHUTENbHbIE MANEOHTONIOTMYECKHUE,
apXeoorMYeCcKMe U UHble AaHHble AN YTOYHEHUA 4aTUPOBOK.

Tem He meHee, B HaCTOFILLI,Mﬁ MOMEHT METO MOJNTIEKYNAPHbLIX HaCOB HE MMEET a/ZIbTEPHATUBDI.

Mpw 3TOM NpeanonaraeTca, YTo CKOPOCTU HAKOMAEHUA HEeNTPasibHbIX MyTauuii B NONyAAUUN U B
oTAeNbHOM 0cobU 0AMHAKOBbLI. HakonaeHna MyTauuin B npouecce pasaeneHuns rpynn aaauTueHbl,
TO eCTb eCAn UcxogHanA rpynna A (cm. pucyHok) pasgenunacb Ha gge (b v B), a ogHa 13 aTux rpynn
ewe pas pasgenunacb (Ha rpynnbl [ 1 [l), TO B UAEaNbHbIX YCIOBUAX K HACTOALWEMY BPEMEHU
KONIMYECTBA HAKOMNEHHbIX HEeMTpanbHbIX MyTaumii (3a BpemAa pasgeneHusa) B rpynnax B wn [
[OJIKHbl COBMaAaTth, Tak e Kak U B rpynnax B u I. Mpu aTom pasnnuve mexagy rpynnamu
COOTBETCTBYET CYMME HAKOMMEHHbIX MyTauuMii OT MOMEHTa pas3fesieHuMA WCXOAHOW Tpynnbl
(pasnuume mexay rpynnamu [ n B coctaBaseT cymmy myTauuid, HakonaeHHbix [ n B ¢ momeHTa
pasgeneHua rpynnbl A, npyyem obuiee KONMYECTBO HAKOMAEHHbIX MyTauui B rpynne [l paBHO
CyMMme MyTauMi, HaKONAEHHbIX B rpynne b ¢ MomeHTa oTaeneHus oT A, U KOANYeCcTBY MyTaLUi B
rpynne [, HaKonneHHbIX nocne otaeneHua ot b). CKopocTb HakonaeHua myTauuii (CKOpocTb
MyTareHesa), Vv, onpeaensetcs Kak KONMYEeCTBO HeWTpasbHbIX pacxoxkaeHun, N, geneHHoe Ha
yABOEHHOEe (MyTauuMM HEe3aBMCMMO HaKanauMBa/WUCb B AByX rpynnax) Bpems, t, npoweauwee nocne
pacxoxKaeHua (4acto onpeaenaeTca B Npoweawmnx NoKONEeHUAX):

v=N/2t

OueHuTe CKOpPOCTb MyTareHe3a, ec/iu C MOMEHTa pasgeneHusa AByX Nonynauuii, COrnacHo
He3aBMCMMbIM UCTOYHMKaM, npowno 400 net. Pa3nuume B reHome ABYX NONYAALUIA COCTaBMNO



NANO

6400 HykneoTuaHbIX nap. Cuntaem, yto B reHome 2 500 000 000 nap ocHoBaHuii. Cuutaem, uto
Ha HaKOMJIeHUe MyTaluii HUYEro He BAUAIO, @ MyTaL MU NOABAAIUCDL CYyYalHO.

OTBeT AaiTe B KonmuyecTse myTaumii Ha 108 nap HyKNeoTUAHbIX OCHOBaHMI B NOKONEHUE (0AMH U3
0bWwenpuHATbIX cnocoboB oTobpakaTb pe3ynbTatbl). ANUTENbHOCTb NOKOJMIEHUA NMPUHUMaEM 3a
5 ner.

Bcez2o — 10 6annos

PeweHue BapuaHTa 3

1,6

BapuaHT pacueta. 3a Bpems pasgeneHua npowno (400/5) 80 nokoneHuAa. ITO 3HAYUT, 4YTO B
TeyeHWe nokoneHua Habnoganocb (6400/(2x80)) 40 myTtaumin. To ecTb CKopocTb 6yaet
40 myTaumit Ha reHom (2,5x10° nap ocHoBaHMIM), Toraa UCKOMbI oTeeT ByaeT (40x(1x108/2,5x10°)
1,6 myTaumm Ha 10% HykneoTuAHbIX Nap.

BapuaHt 4

Hacmosilee
epema 4 B r a

KOMUYeCmMao My mayuy

B-A=[-A
B-A=l-A
r-6+=-6

A

xomriecmen pacxowdesii excdy I 4 [ = (F-B)+{(-B)

xomvecmao pacxowderuit wexdy I t B = (F-A)+(B-A)

MonekynapHble 4Yacbl — METOL AAaTUPOBAHMA PACXOKOAEHWN BUOOB WAM APYrMX TAKCOHOB BO
BPEMEHW, OCHOBAHHbIA HA TMMNOTE3€, COr/IaCHO KOTOPOWM CKOPOCTb HAKOMAEHMA HEWTPasbHbIX
reHeTU4eCKUX mMyTaumin (3ameHbl HykneoTuaoB B monekynax AHK n PHK) noctosaHHa, TOo ectb
BpemMsa, npollealiee ¢ MOMEHTaA PacXOXAeHWA napbl POACTBEHHbLIX rpynn, NPOMOPLUOHANLHO
YUCNY MONEKYNAPHbIX 3aMEH.

MeToa nmeeT pas orpaHUYeHUn, 0COBEHHO MPU ero UCNoab3oBaHUKU Ha BONbWIMX BpeMeHax OT
PACXOXKAEHUA MEXAY rpynnamm M OLEHKOM HepOACTBEHHbIX TAKCOHOB, MOCKObKY: 1) cKopocTb
MyTareHesa 3aBMCUT OT BOMbLIOrO YMCNA AOMOJHUTENbHbBIX YCIOBUMA U MOXKET ObiTb pa3nnyeH y
pasHbIX rpynn; 2) 4yacto HeobxoAMMO WCMONb30BaTb AOMONHUTENbHbIE MANEOHTONOTUYECKUE,
apPXeosIorMYecKMe N NHble AaHHble ANA YTOYHEHUA 4aTUPOBOK.



NANO

Tem He meHee, B HaCTOﬂIJ.I,Mﬁ MOMEHT MEeTO MOJZIEKY/TAPHbIX YaCOB HE UMEET a/IbTEPHATUBDI.

Mpu 3TOM NpesgnoiaraeTcsa, YTO CKOPOCTU HAKOMIEHUS HEeWTPasbHbIX MyTauuii B NONynaLMU U B
oTZeNbHOW 0cObU 0aMHAKOBbI. HakonieHns myTaumii B npouecce pasgaeneHus rpynn agamuTuBHbl,
TO eCTb €C/IM UCXOAHaA rpynna A (CM. pUCYHOK) pasgenunack Ha age (b 1 B), a ogHa 13 aTux rpynn
ewe pa3 pasgenunacb (Ha rpynnbl [ v [1), TO B MAEANbHbLIX YCAOBUAX K HACTOALLEMY BPEMEHMU
KO/IMYEeCTBA HAKOMJ/IEHHbIX HEWTPasibHbIX MyTauuin (3a Bpems pasgeneHus) B rpynnax B wn [
[LONKHbI COBMaAaTb, TAaK e Kak W B rpynnax B u . Mpu 3ToM pasnvune mexay rpynnamu
COOTBETCTBYET CYMME HAKOMNEHHbIX MyTauMi OT MOMEHTA pas3fefieHUa WMCXOL4HOW rpynnbl
(pasnunumne mexgy rpynnamu [, u B coctaBnset cymmy myTaumii, HakonaeHHbIX [, u B ¢ MomeHTa
pasaeneHua rpynnbl A, npuyem obuiee KONMYEeCcTBO HaKOM/IEeHHbIX MyTauuin B rpynne [ paBHO
CYMMe MyTaumii, HaKOMNEHHbIX B rpynne b ¢ MOMeHTa oTaeneHuna ot A, U KOANYECTBY MyTaLuii B
rpynne [l, Hakon/ieHHbix nocne otaeneHus ot B). CKOpoCcTb HaKoM/AeHUs MyTauuii (CKOpocTb
MyTareHesa), v, onpeaenaeTca Kak KO/NMYECTBO HeWTpasbHbIX pacxoxkaeHui, N, geneHHoe Ha
yABOEHHOE (MyTauMM HE3aBUCMMO HaKan/MBanAWUCb B ABYX rpynnax) spems, t, npoweawee nocne
pacxoXxaeHua (4acTo onpeaenseTca B NPoLWeAWnX NOKONeHUAX):

v=N/2t

OueHUTE CKOPOCTb MyTareHesa, e€c/iu C MOMEHTa pasAeneHuAa ABYX NONyAAUMIA, COrNacHo
He3aBMCMMbIM UCTOYHUKaMm, npowno 325 net. Pasnnume B reHome AByX NONyAALMIA COCTaBUNO
3250 HyKneoTuaHbIX nap. Cuutaem, yto B reHome 2 500 000 000 nap ocHoBaHUiA. CuuTaem, 4To
Ha HaKOMJIEHUne MyTaLuii HUYEro He BAUAIO, @ MyTaL MU NOABAAIUCD CIyHalHO.

OTBeT gauTte B Konnuectse myTaumii Ha 108 nap HyKNEeOTUAHbIX OCHOBAHMI B NOKOAEHUe (0aMH 13
obwenpuHATbIX cnocoboB oTobpakaTb pe3ynbTatbl). [ANUTENbHOCTb NOKOJMIEHUA NMPUHUMaEM 3a
5 ner.

Bcezo — 10 6annos

PeweHue BapuaHTta 4

1,0

BapuaHT pacyeta. 3a Bpems pasgeneHua npowno (325/5) 65 nNoKoneHWin. ITO 3HAYUT, 4YTO B
TeyeHWe nokoneHusa Habnoganocb (3250/(2x65)) 25 myTtaumin. To ecTb CcKopocTb byaet
25 myTaumin Ha reHom (2,5x10° nap ocHoOBaHWMIA), Toraa UCKombl oTeeT byaeT (25x(1x108/2,5x10°)
1,0 myTaumit Ha 108 HyKneoTUAHbIX Nap.
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3apgaua no 6uonornun. HebessawutHble pacteHus (10 6annos)

BapuaHt 1

SRR Y B

pucyHok 1 PUCYHOK 2 PUCYHOK 3 PUCYHOK 4 PUCYHOK 5
O._OH ML
Pouindy
2
HO OH ol
AT OH W’
PUCYHOK 6 PpUcyHoOK 7 PUCYHOK 8 PUCYHOK 9

o]

pucyHok 11 pucyHok 12 pucyHok 13 pucyHok 14 pucyHok 15

PacTeHus, B OT/IMYME OT }KUBOTHbIX, HE MOTyT yberaTb OT Bparos, NO3TOMY B NpOL,Ecce 3BOOLUMU Y
HWX BbIPaboTaNMCb Pa3NnYHble MEXaHU3MbI 3aLLUTbI.

Hanuwwute HOMepa KapTUHOK, 4yTObDbI nonyvyunca paa:

pacteHMe — cnoco6 3awWwuTbl (HaNUWIKTE KaKOW, Hanpumep, MeXaHUYECKUWU, XUMUYECKUiA,
CMMOMO03, MUMMUKPUA U T.4.) — KTO YrpoXKaeT pacTeHUIo.

Bcero nomKHO nonyunTsbea 5 papos.

Ha pucyHkax ¢ 1 no 5 — pacteHus.

Ha pucyHKkax ¢ 6 no 10 — BapuaHTbl 3aLLUTbI.

Ha pucyHkax ¢ 11 no 15 — Te, KTO yrpoKaeT pacTeHuto.

Bcezo — 10 6annos (no 2 6anna 3a npasunbHolii psad)

PeweHue BapuaHTta 1

PucyHOK 1 akauma — pUCYHOK 7 TaHMHbI (XMMUYECKnii) — pucyHoK 14 aHTunona Kyay.


https://olymp.msu.ru/file/test/question/a949/a949ff4d-2195-4418-b5fa-ba37c692b739/attach/11748f8a-8304-439e-84d6-75751231e051.jpg
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PUCYHOK 2 ropunua — PUCYHOK 8 CUHUIPUH (XMMWYECKUI) — puUcyHOK 12 (KOpoBbl M npouyne
TpaBoAgHble).

PucyHoK 3 pabuunk [lenasea — pUCyHOK 6 psabunk [enasea B KamypaaKHOM OKpacke — pUCYHOK 15
yesoBeK.

PUCYHOK 4 KaKTyC — pUCyHOK 10 KOMOUYKM (MeXaHUYeCKMiA cnocob 3almTbl) — pUCYHOK 13 nekapwu
(TakyKe 3acumTbiBaeTcA OTBET PUCYHOK 12, puUCyHOK 14 He 3acyMTbiBAeTCs, TaK KaK pasHble
reorpaduyeckme 30Hbl).

PucyHok 5 aksunerua (Aquilegia eximia) — pucyHoK 10 nayk-oxpaHHWUK Mecaphesa schlingeri —
pucyHoK 11 ryceHuubl 6aboukun Heliothis phloxiphaga.

BapuaHT 2

>/..;...

pUCYHOK 6 PUCYHOK 7 PUCYHOK 8

N7

-

pucyHok 11 pucyHok 12 pucyHok 13 pucyHok 14 pucyHok 15

PacteHuA, B oTANYMNE OT KUBOTHbBIX, He MoryT y6eraTb OT Bparos, n0O3ToMy B npouecce asoatounmn 'y
HUNX Bblp360TaJWICb pa3invYHblE MeXaHU3MbI 3aLLUUNTbHI.

Hanuwwute HOMepa KAapTUHOK, yTObbI nonyvyunca paa:

pacteHnme — cnocob 3awuTbl (HanuMWMUTe KaKoOW, Hanpumep, MeXaHUYECKU, XUMUYECKUi,
CMM6MO03, MUMUKPUA U T.4.) — KTO YrPOXKaeT PpacTeHUIo.

Bcero gomxHoO nonyymntbca 5 papos.


https://olymp.msu.ru/file/test/question/bfaf/bfaf3e46-2f15-40f3-bf84-affaf69c5a79/attach/e9c960d8-b87c-426f-8037-c387eaa1e0bd.jpg
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Ha pucyHKkax ¢ 1 no 5 — pacteHuA.
Ha pucyHKax ¢ 6 no 10 — BapMaHTbl 3aLWKTLI.
Ha pucyHkax ¢ 11 no 15 — Te, KTO yrpoKaeT pacTeHuto.

Bcezo — 10 6annoe (no 2 6anna 3a npasunbHbsiii psad)

PeweHue BapuaHTa 2

PUCYHOK 1 3BKanUNT — PUCYHOK 7 IMMOHEH (XMMWYECKUI) — PUCYHOK 14 TEPpMUTDI.

PUCYHOK 2 ropunua — pUCYHOK 8 CUHUTPUH (XMMMUYECKUIA) — pUCYyHOK 12, 13 (KopoBbl M npoyne
TpaBoAgHble).

PucyHoK 3 pabuunk [lenasea — pucyHoK 6 psabuunk [enasea B KamypaaKHOM OKpacke — pUCyHOK 15
YyesioBEK.

PucyHok 4 KpanuBa AByAOMHaA — pUCYHOK 10 XKryume BOJIOCKM Ha cTebie Kpanusbl (XMMNYECKUIA)
— pUCYHOK 12, pucyHok 13.

PucyHoK 5 aKauua mypaBbMHaAA — PUCYHOK 9 mypaBeh — pUCYHOK 11 ryceHuupl M npoyue
HaceKomble.



BapuaHTt 3

pucyHok 1 PUCYHOK 2

i

PUCYHOK 7 pucyHok 8 PUCYHOK 9

pucyHok 11 PUCyHOK 12 pucyHok 13 pucyHok 15

PacTeHus, B OT/IMYME OT }KMBOTHbIX, HE MOTyT yberaTb OT Bparos, NO3TOMY B NpoOL,Ecce 3BOOLUMU Y
HWX BbIPaboTaNMCb Pa3INYHblE MEXAHU3MbI 3aLMUTbI.

Hanuwute Homepa KapTUHOK, YTO6bI NONYUUANCA PAL,:

pacteHMe — cnoco6 3awuTbl (HaNUWIKTE KaKOW, Hanpumep, MeXaHUYECKUMWU, XUMUUYECKUA,
CMM6MO03, MUMMKPUA U T.4,.) — KTO YrpOXKaeT PacTeHUIo.

Bcero gomKHO nonyynTtbca 5 pagos.

Ha pucyHkax ¢ 1 no 5 — pacteHus.

Ha pucyHKkax ¢ 6 no 10 — BapuaHTbl 3aLLUTbI.

Ha pucyHkax ¢ 11 no 15 — Te, KTO yrpoKaeT pacTeHuto.

Bcezo — 10 6annoes (no 2 6anna 3a npasunvHoiii psao)

PeweHue BapuaHTa 3

PUCYHOK 1 3BKanuNT — PUCYHOK 7 IMMOHEH (XMMWYECKUI) — PUCYHOK 14 TEpMUTBI.

PUCYHOK 2 ropumua — PUCYHOK 8 CUHUIMPUH (XMMWYECKUi) — pucyHok 12, 13 (KopoBbl M npoune
TpaBoAgHble).


https://olymp.msu.ru/file/test/question/6835/6835e7d8-1f2b-4777-ab00-a312c08b14b0/attach/5c85d822-a525-4799-9651-580418a75011.jpg
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PucyHoK 3 pabuunk [lenasea — pUCyHOK 6 psabuunk [enasea B KamypaaKHOM OKpacKke — pUCYHOK 15
yesloBeK.

PucyHOK 4 KpanvBa ABYAOMHAA — pUCyHOK 10 »Kryunme BONOCKKU Ha cTebne KpanmBbl (XMMUYECKNI)
— PUCYHOK 12, pucyHoK 13.

PUCYHOK 5 ropowek — puCyHOK 9 oca-Hae3gHULa — PUCYHOK 11 TAA.

PUCYHOK 2 PUCYHOK 4 PUCYHOK 5
LN
\ /\ : !,
PUCYHOK 6 PUCYHOK 7 PUCYHOK 8 PUCYHOK 9 pucyHok 10

pucyHok 11 pucyHok 12 pucyHok 13 pucyHok 14 pUCYyHOK 15

PacteHunAa, B oTAn4YNE OT }KUBOTHbIX, HE MOTYT y6eraTb OT Bparos, n0O3TomMy B npouecce apontounn 'y
HUX Bblpa6OTaJ'IMCb pa3inyHblE MEXaHU3MbI 3aLlLNTDI.

Hanuwute Homepa KapPTUHOK, YTO6bI NONYUUNCA PAL,:

pacteHMe — cnoco6 3awuTbl (HaNUWKUTE KaKOW, Hanpumep, MeXaHUYECKUWU, XUMUUYECKUA,
CMM6M03, MUMUKPUA U T.4.) — KTO YrPOXKaeT PpacTeHUIO.

Bcero fonkHO nonyumTbea 5 pagos.

Ha pucyHkax ¢ 1 no 5 — pacteHus.
Ha pucyHKkax ¢ 6 no 10 — BapuaHTbl 3aLlLUTbI.

Ha pucyHKkax ¢ 11 no 15 — Te, KTO yrpoKaeT pacTeHuto.


https://olymp.msu.ru/file/test/question/57e2/57e272c3-1774-486b-8b94-d8f3c41ef803/attach/4b68488c-9699-454c-a55b-8ba4157398f1.jpg
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Bcezo — 10 6annoe (no 2 6anna 3a npasunbHbili pad)

PeweHue BapuaHTta 4

PUCYHOK 1 3BKanMNT — PUCYHOK 7 IMMOHEH (XMMUYECKNI) — PUCYHOK 14 TepMUTbI.

PUCYHOK 2 ropynua — PUCYHOK 8 CUHUIPUH (XMMWYECKUI) — pUCYHOK 12 (KOpOoBbl M npoune
TpaBoAAHbIE).

PucyHOK 3 sicHOTKa 6enas — pUCYHOK 6 KpanuBa, Ha KOTOPYH ACHOTKA OY4eHb NOX0XKa (MMMUKpUA)
— pUCyHoK 12, 15 tpasoagHsble.

PUCYHOK 4 KaKTyc — pMCYHOK 10 KONOYKM (MexaHW4ecKMi cnocob 3awmTbl) — pUCYHOK 13 neKapwu
(Takxke 3acunTbiBaeTCA OTBET PUCYHOK 12 1 15).

PucyHok 5 aksuneruna (Aquilegia eximia) — pucyHOK 9 nayk-oxpaHHWUK Mecaphesa schlingeri
(cMmburos) — pucyHok 11 ryceHmubl 6aboukn Heliothis phloxiphaga.



