NANO

OnMmnumapa WKONbHUKOB «JIOMOHOCOB» NO BbICOKMM TEXHOJ/IOTUAM
2024/25 yuebHbiit rog. OT60poUHbIi 3Tan. 11 Knacc
PeweHua 3apgay. Kpurepumn oueHmBaHun

3apgaua no xumuu. YMHbIii okeng, (5 6annos)

BapuaHt 1

YMHble CTeKna cnocobHbl 3aTEMHATLCA MAM HAOBOPOT CTaHOBUTLCA MPO3PaYHbIMK MPU Moaaye
3NEKTPUYECKOro TOKa UM NPU U3MEHEHUW TemnepaTtypbl. B nocnegHem cnyyae peyb uAeT o
CBOMCTBE CTEK/NA, HaA3biBAEMOM TEPMOXPOMMU3IMOM. YMHbIE CTEeKNa npeacTaBasaloT coboi
MaTepuranbl, COCTOALLME M3 HECKO/IbKUX C/I0EB, OANH U3 KOTOPbIX — 3TO M/IEHKA TEPMOXPOMHOrO
BewectBa. B KayecTBe OAHOrO M3 HMUX MUCNONb3YETCA OKCUA, XMMWYECKOro 3/IeMeHTa, B
bopMyNbHOM eANHULE KOTOPOTO CoAepPKUTCA 39 NPOTOHOB.

3anuwmute xumuueckyo d¢opmyny 3TOro oKcuaa (noarsepauTe pacyérom) M npusepute
ypaBHeHMe peakLuum ero nonyvyeHus.

Bcezo — 5 6annos: popmyna — 3 6anna (6e3 obocHosaHusa — 0 6annoe), ypasHeHue — 2 6anna.

PeweHue BapuaHta 1

Obuwan dopmyna okenaos — 3,0, ana He4yéTHoro n u 30,2 — ANs YETHoro. MNepBblit BAPUAHT He
NOAXOANT, TaK KaK B aTOMe KMCAopoaa — 8 3IeKTPOHOB, cnefoBaTesibHO, obLiee YMCno NPOTOHOB
B dopmynbHOM eanHuue 3,0, — YETHOe. MNpoBepAem YETHOE n:

n=2,30, yncno npotoHoB B atTome 3 =39 -8 = 31.

31-i anemeHT — Faﬂl’WIVI, HE NoAXo4AUT MO BaZIEHTHOCTU B OKCMAE U K TOMY XKe He ABAAETCA
nepexoaHbim MmeTaaioM.

n =4, 303, uncno npoToHoB B atome 3 =39 - 16 = 23.

23-i4 anemMeHT — BaHagMi, MO BaJNIeHTHOCTM noaxogut, okcng — VO,. Cnocob nonyyeHua —
HarpeBaHue cmecu okenaos BaHaauA(lll) n sanagma(V):

V703 + V205 = 4V0,.

Omeem. VO,
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BapuaHTt 2

INEeKTPOXPOMHbIe MaTepuanbl — "yMHble", OHU CNOCOBHbI M3MEHATb CBOWM OMNTUYECKME CBOWMCTBA
nog, AencTBMeM BHELWHero HanpaxkeHna. OA4HMM U3 BELLLEeCTB, NCNO/Ib3yeMbIX B TAKUX MaTepuanax,
ABNAETCA OKCWUA, nepexogHoro meTtanna. B dopmynbHOM eguHUue oOKcMAa COAEpPXKUTCA
98 npoToHoOB.

3anuwmte xumuueckyio dopmyny 3Toro oKcuaa (noarBepauTe pacyérom) M npusepute
ypaBHEHUE peaKkLun ero nonyvyeHus.

Bcezo — 5 6annos: popmyna — 3 6anna (6e3 obocHosaHusa — 0 6annoe), ypasHeHue — 2 6anna.

PeweHue BapuaHra 2

Obuwan dopmyna okenaos — 3,0, ana HedyétHoro n u 30,2 — Ana YyétHoro. MNoadbopom Haxoaum
pelleHne, yo0BNETBOpPAOLLEE BCEM YCNOBUAM — oKcua Bonbdpama(Vl) WOs.

Ymcno npoToHoB B GopmynbHOM eguHnue: 74 + 3-8 = 98.
Cambliit npocToit cnocob nonydeHma WOz — pasnoxeHne BoNbPPamMoBON KUC/OTbI:
H2WO4 = WO3 + H20.

Omeem. WOs3

BapuaHt 3

JNeKTPOXPOMHble MaTepuanbl — "yMHble", OHM CNOCOBHbI N3MEHATb CBOM ONTUYECKME CBOMCTBA
nog, AencTBMEM BHELWIHEro HanpaxKeHmna. OAHMM U3 BELLLECTB, UCMO/Ib3yeMbIX B TAKUX MaTepuanax,
ABNAETCA BbICLUMA OKCUA, NEepexogHoro metanna. B ¢opmynbHOM egnHMue OKCMAA COAEPXKUTCA
86 NpoTOHOB.
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3anuwuTe Xumuueckyo ¢opmyny 3Toro oKcuga (noaTeepauTe pacyétom) U npusegute
ypaBHeHMe peaKuuu ero nonyyeHus.

Bcezo - 5 6annos: popmyna — 3 6anna (6e3 obocHosaHusa — 0 6annos), ypasHeHue — 2 6anna.

PeweHue BapuaHTta 3

Obuwan dopmyna okenaos — 3,0, ana HedyétHoro n u 30,2 — Ana yétHoro. MNoabopom Haxogum
peleHne, yo0BIEeTBOPAOLLEE BCEM YC0BUAM — oKcka BaHaama(V): V20s.

Yncno npoToHOB B GopMynbHOM eanHmue: 2-:23 + 5-8 = 86.
Cambliit npocToii cnocob nonydyeHusa V,0s — pa3noxKeHne meTaBaHagaTta aMMOHUA Ha BO3AYXE:
2NH4VO3 = V305 + 2NHs3 + H,0.

Omeem. V,0s

BapuaHt 4

DNeKTPOXPOMHble MaTepuanbl — "ymMHble", OHM CNOCOOHbI M3MEHATb CBOM OMNTMYECKME CBOMCTBA
nog, AencTBMEM BHELWWHEro HanpaxKeHmna. O4HMM U3 BELLLECTB, UCMO/Ib3yeMbIX B TAKUX MaTepuanax,
ABNAETCA BbICLIMA OKCWUA, NepexogHoro metanna. B ¢opmynbHOM eguHULE OKCUaQ COAEPXKUTCA
122 npoToHa.

3anuwuTte Xxumuueckywo ¢opmyny 3Toro okcuga (nogTeepauTe pacyétom) U npuseguTe
ypaBHeHMe peaKuum ero nonyyeHus.

Bcezo — 5 6annoes: popmyna — 3 banna (6e3 ob6ocHosarua — 0 6annos), ypasHeHue — 2 6anna.

PeweHue BapuaHTta 4

Obuwan dopmyna okenaos — 3,0, Ana HedyétHoro n u 30,2 — Ana YyétHoro. Noadbopom Haxoaum
pelleHne, yaoBaeTBopAtoLlee BCeM yCNoBUAM — okcha HMobusa(V): NbOs.

Yucno npotoHoB B popmysbHOM eanHuLe: 2-41 + 5-8 = 122,

Cambliit npocToii cnocob nonydyeHua Nb,Os — ruaponns xnopuaa Hnobusa(V):
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2NbCls + 5H,0 — Nb>Os + 10HCI.

Omesem. Nb,Os

3apgaua no xumuun. Nlopauee nutaHue (8 6annos)

BapuaHt 1

B Kutae yacto HyXHO 6bICTpO pa3orpetb nnily, ANAa 3ToOro UCNOJNb3yrOT CneLlnasbHble NaKeTbl TUMa
TeX, KOTOPble NOKa3aHbl Ha PUCYHKaX:

HEATING BAG FOR FOOD dehunia,fggggﬂggga forfood g
' Nutm'"gm Particles, Sodium Bicarb onats':E
Date of. manufacture: See spray codes:
\et wei ht See spray ¢
ore nditions: Store i
PaWayfrom fireandwa ‘
ali y guarantee period: 12 months S
ge: Tearopen the plasticbagand
putttmtoroomtempﬁratl}gewa :
twater s strictly pro =

o

1. Mpepnonoxute, Kak MOXXHO UCNONb30BaTb NaKeT ANA pa3orpesa nuwMm. (2 6aana)

2. Hanuwwute BCe BO3MOXHble XMMWUUYECKME peaKuuu, KoTopble npu  3TOM
npoTeKator. (5 6annoe)

3. 3auem BMecCTe C 3TUM NaKeToM 06bIYHO K/1laAyT NaKeT ¢ 06bluHOM Bogoii? (1 6ann)

Bcezo — 8 6annos

PeweHue BapuaHTta 1

Ha nakeTe HanucaHo, 4YTO pa3oOrpeBaloLllas CMEeCb COLEPMKUT MOPOLIOK MEeTaN/IMYEeCKOro
ANIOMUHUA, OKCMA, Kanbuusa (“HeraweHyto ussectb”) u bukapboHaT HaTpuma (Nuuesyto coay).

1. [na Toro, 4Tobbl pa3orpeTb NULLY, HYXKHO, YTOObI NPOU30LIIO0 MAaKCUMANbHOE KOIMYECTBO
9K30TEPMUYECKUX PEAKLMUIN CO BCEMM KOMMOHEHTaMM NakKeTa (C BblaeNeHnem Tenna), npu
3TOM KenaTesnbHo, YTobbl A0b6aBnAeMbll peareHT bbin gelwesbiM 1 B CBOBOAHOM AOCTynNeE,
a TaKXe 4Tobbl OH He 6bla Bbl TOKCUMYHBIM. MaeanbHO NOAXOAUT MOZ 3TO ONUCaHMe BoAaA.
Taknm o6pasom, 4TOObl MpoLEecCc pasorpeBa MNUWM Ha4vanaca, MNakeT 6e3 BHelwHel
NoNMMEPHON 060N104YKM (BHYTPEeHHAs 060/104Ka npeactaBafeT coboit NpoHUUaemyto
TKaHb) 6bln NpocTo H6poLeH B Bogy. MOXKHO, KOHEYHO, BbICbINaTb COAEPKMMOE B BOAY, HO
Nyyle NOMeCTUTb B BOAY BHYTPEHHWUI BOAONPOHULIAEMbIN NAKET.

2. CBoAaoW nerye Bcero (1 cpasy ¥e) HauMHaeT pearmpoBaTb OKCUA KanbLmMaA, MPOMCXOAUT ero
rmgpartauma:
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NANO
Ca0 + H,0 = Ca(OH):

PacTBOp rMApoKCHAa KanbUMa B BOAE ABNSAETCA LLENOYbI0 W JIErKO CHUMAET OKCUAHYIO
N/IEHKY C MOPOLLIKa alOMUHUSA, KOTOPan BCeraa NPUCYTCTBYET Ha NOBEPXHOCTM aNtOMUHUA:

Ca(OH); + Al;Os3 + 3H,0 = Ca[Al(OH)a)2
(ycnosHaa ¢popmyna, COCTaB peasibHbIX MPOAYKTOB ropasao CAOXHee).

Mocne 3TOro anlOMUHWUI NErko pearMpyetr ¢ BoAOW (peasibHO — C PacTBOPOM LLENOYMU
Ca(OH)z)

2Al + 6H,0 = 2AI(OH)s + 3H,

Mpu pasorpese cmecu Bbile npumepHo 60 °C (Ha NpakTUKe CMEeCb Pa3orpeBaeTcs Bbllle
TemnepaTtypbl KUNeHus soabl!) HaunHaeT pasnaraTbca OMKapboHaT HaTpUA:

2NaHCO3 = NazCOs + CO; + H,0 (peakuusa sHaoTepmuyeckas)

Mpn aToM dopMmmnpoBaHMe KapboHAT-MOHA MOKET BbI3BaTb OCAXKAEHME MA/IOPACTBOPMMOTO
KapboHaTa Kasbums:

Ca(OH), + Na,CO3 = CaCOsd + 2NaOH

Mpwn HarpeBaHun (0cobeHHO B MPUCYTCTBUMU LLEeNoYMN) aMOPPHbLIN TMOPOKCUA, aNFOMUHUA
YaCTMYHO KPUCTAN/IM3YEeTCA U YacTUYHO Aernapatupyerca («ctapeet») ¢ obpasoBaHuem
Pa3NMYHbIX aMOPdHbIX, @ 3aTeM U Kpuctanaudeckmx ¢opm AIOOH (ckopee Bcero, NosHOM
noTepu BoAbl NPU 3TUX TEMNEepaTypax He NpousonaeT):

AI(OH)3 = AIOOH + H20

B KayectBe nO6GOYHOro BO3MOMKHO B3aMMOAEVICTBMe uenoun C rmapaTtUpoBaHHbIM
OKCMAOOM aNHOMUNHUNA, Hanpumep, TaKkoe:

AIOOH + NaOH = NaAlO; + H,0

Mpunaraowmninca  nakeT BOAbl  MOXeT OblITb  MCNONb30BaH ANA  pervapataumu
Cy6IMMMPOBAHHDBIX Nanliv WAM OTBAPHOTO puMca MPW HArpeBaHUM XUMWUYECKOW TPenKom
CHU3Y W BbIAEPKUBAHWUWN, UIN KE €ro MOMKHO MCNONb30BaTb A1A PaboTbl «XMMUYECKOM
rPenKm».
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BapuaHTt 2

B Kutae yacto Hy»XHO 6bICTpO pa3orpetb nuily, ANAa 3TOro UCNOJNb3yrOT CnelnasbHble NaKeTbl TUMa
TeX, KOTOpPble NOKa3aHbl Ha PUCYHKaX:

WERTING BAG FoR Fooo  (iRiigneme: Heatng agforfond
| ﬁ.‘;’{g'g?m 'a’gr&lfcle% Sodium Bicarb onatéE
let weight: Seaen ke e
ons Storei
eep aWa)’flfom fireand wa ‘
Ity guarantee period: 12 months 3
age: Iearopen the plastic bag and ‘
ﬂﬁvutitmtoroomtempﬁ _ keg
twater s strictly proh |b|ted'

1. Mpepnonoxute, Kak MOXXHO UCNO/b30BaTb NAaKeT ANA pa3orpesa nuwMm. (2 6aana)

<

2. Hanuwute BCe BO3MOXHble XMMWUUYECKUE peaKuuu, KoTopble npu  3TOM
npoTtekator. (5 6annoe)

3. KaKue 13 peakuuit ABNAIOTCA CUNbHO 3K30Tepmudeckumm? (1 6ann)

Bcez2o — 8 6annos

PeweHue BapuaHTa 2

Ha nakeTe HanucaHo, 4YTO pPa3oOrpeBalollas CMECb COLEPMKUT MNOPOLIOK MEeTaN/IMYecKkoro
ANIOMUHUA, OKCKA, Kanbumsa (“HerawieHyto ussectb”) n bukapboHaT HaTpuma (Nuuesyto coay).

1. [ns Toro, 4To6bl pa3orpeTb MUy, HY}KHO, YTOBbl MPOU3OLI0 MAKCMMabHOE KOMYEeCcTBO
3K30TEPMUYECKUX PeaKLnit Co BCeMM KOMMOHEHTaMM nakeTa (C BbiaeneHnem Tenna), npu
3TOM »enaTenbHo, YTobbl A06aBNAeMbI peareHT 6bin gelwesbiM U B CBOBOAHOM AOCTYynNE,
a TaKXe 4Tobbl OH He 6bln Bbl TOKCUYHbIM. MaeanbHO NOAXOAUT MOZ 3TO ONUCaHMe BoAa.
Takum ob6pasom, 4Tobbl MpoOLLECC pasorpeBa MWLM Hayanca, nNakeT 6e3 BHELWHeMN
nosMmepHon 060/104KM (BHYTpPEHHSAA 060n04YKa npeacTaBadeT cobol NPoHULAEMYHO
TKaHb) 6bln NpocTo 6polleH B Bogy. MOMKHO, KOHEYHO, BbICbiNaTb COAEPKMMOE B BOAY, HO
Nyylle NOMecCTUTb B BOAY BHYTPEHHWUI BOAONPOHULIAEMbIN NaKeT.

2. CBoAaoW nerye Bcero (1 cpasy ¥e) HauMHaeT pearmpoBaTb OKCMA KanbLmaA, MPOMCXOAUT ero
rmgpartauma:

CaO + H,0 = Ca(OH)>

PacTBOp rMApoKCHAa KanbUMsa B BOAE ABNSAETCA LLENOYbI0 M JIEFKO CHUMAET OKCUAHYI0
NNIEHKY C MOPOLLUKa alOMUHUSA, KOTOPan BCeraa NpUCyTCTBYET Ha NOBEPXHOCTM aNtOMUHUA:

Ca(OH); + Al;03 + 3H,0 = Ca[Al(OH)4]2
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(ycnoBHas ¢popmyna, coctaB peasbHbIX MPOAYKTOB ropasao CAOXKHee).

Mocne 3Toro aslOMWHWIA NErko pearnpyetr C BOAOW (peanbHO — C PacTBOPOM LLENOYM
Ca(OH)z)

2Al + 6H,0 = 2AI(OH)s + 3H,

Mpwn pasorpese cmecu Bbile NpumepHo 60 °C (Ha NpaKTUKe CMeCb Pa3orpeBaeTCs Bbllle
TemnepaTypbl KUNeHuns sogbl!) HauMHaeT pasnaraTbca 6MKapboHaT HaTpuA:

2NaHCO3 = NayCOs + COz + H,0 (peaKkuma sHoOTepmUYecKasn)

Mpwn aToM dopMmnpoBaHMe KapbOHAT-MOHA MOKET BbI3BaTb OCAXKAEHME MA/IOPACTBOPMMOTO
KapboHaTa Kasbums:

Ca(OH), + Na,CO3 = CaCOs4 + 2NaOH

Mpwn HarpeBaHun (0cobeHHO B MPUCYTCTBUWU LLEeNoYMN) aMOPPHbLIN TMOPOKCUA, aNIFOMUHUA
YaCTMYHO KPUCTAN/IM3YEeTCA M YacTUYHO Aernapatupyerca («ctapeet») ¢ obpasoBaHuem
Pa3NMYHbIX aMOPdHbIX, @ 3aTeM U Kpuctanaudeckmnx ¢opm AIOOH (ckopee Bcero, NosiHOM
noTepu BoAbl NpU 3TUX TEMNEpaTypax He Nponsonger):

Al(OH)s = AIOOH + H,0

B KayectBe nO6OYHOro BO3MOMKHO B3aVIMO£I,EI7ICTBV|e wenoyn C rmapaTupoBaHHbIM
OKCMAOOM aNHOMUNHUNA, Hanpumep, TaKkoe:

AIOOH + NaOH = NaAlO; + H,0

M3 BCeX BO3MOMKHbIX PeaKLUMi CambIX IK30TEPMMUYECKUX TONbKO ABe: rmapaTtauusa oKcuaa
Kanbuma

CaO0 + H,0 = Ca(OH);
N peaKkuus aloMUHUA C BOAOW
2Al + 6H,0 = 2AI(OH)3 + 3H;

O6e 3TK peaKumm No OTAENbHOCTU (a Tem 6onee COBMECTHO) MOryT AOBECTM BoAy A0
KUneHums.
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BapuaHTt 3

B Kutae yacto Hy»XHO 6bICTpO pa3orpetb nuily, ANAa 3TOro UCNOJNb3yrOT CnelnasbHble NaKeTbl TUMa
TeX, KOTOpPble NOKa3aHbl Ha PUCYHKaX:

WERTING BAG FoR Fooo  (iRiigneme: Heatng agforfond
| ﬁ.‘;’{g'g?m 'a’gr&lfcle% Sodium Bicarb onatéE
let weight: Seaen ke e
ons Storei
eep aWa)’flfom fireand wa ‘
Ity guarantee period: 12 months 3
age: Iearopen the plastic bag and ‘
ﬂﬁvutitmtoroomtempﬁ _ keg
twater s strictly proh |b|ted'

1. Mpepnonoxute, Kak MOXXHO UCNO/b30BaTb NAaKeT ANA pa3orpesa nuwMm. (2 6aana)

<

2. Hanuwute BCe BO3MOXHble XMMWUUYECKUE peaKuuu, KoTopble npu  3TOM
npoTtekator. (5 6annoe)

3. Mouyemy cogepkMmoe nakeTa 3anpeLLeHo cbinaTb B ropadyto soay? (1 6aan)

Bcez2o — 8 6annos

PeweHue BapunaHTa 3

Ha nakeTe HanucaHo, 4YTO pPa3oOrpeBalollas CMECb COLEPMKUT MNOPOLIOK MEeTaN/IMYecKkoro
ANIOMUHUA, OKCKA, Kanbumsa (“HerawieHyto ussectb”) n bukapboHaT HaTpuma (Nuuesyto coay).

1. [ns Toro, 4To6bl pa3orpeTb MUy, HY}KHO, YTOBbl MPOU3OLI0 MAKCMMabHOE KOMYEeCcTBO
3K30TEPMUYECKUX PeaKLnit Co BCeMM KOMMOHEHTaMM nakeTa (C BbiaeneHnem Tenna), npu
3TOM »enaTenbHo, YTobbl A06aBNAeMbI peareHT 6bin gelwesbiM U B CBOBOAHOM AOCTYynNE,
a TaKXe 4Tobbl OH He 6bln Bbl TOKCUYHbIM. MaeanbHO NOAXOAUT MOZ 3TO ONUCaHMe BoAa.
Takum ob6pasom, 4Tobbl MpoOLLECC pasorpeBa MWLM Hayanca, nNakeT 6e3 BHELWHeMN
nosMmepHon 060/104KM (BHYTpPEHHSAA 060n04YKa npeacTaBadeT cobol NPoHULAEMYHO
TKaHb) 6bln NpocTo 6polleH B Bogy. MOMKHO, KOHEYHO, BbICbiNaTb COAEPKMMOE B BOAY, HO
Nyylle NOMecCTUTb B BOAY BHYTPEHHWUI BOAONPOHULIAEMbIN NaKeT.

2. CBoAaoW nerye Bcero (1 cpasy ¥e) HauMHaeT pearmpoBaTb OKCMA KanbLmaA, MPOMCXOAUT ero
rmgpartauma:

CaO + H,0 = Ca(OH)>

PacTBOp rMApoKCHAa KanbUMsa B BOAE ABNSAETCA LLENOYbI0 M JIEFKO CHUMAET OKCUAHYI0
NNIEHKY C MOPOLLUKa alOMUHUSA, KOTOPan BCeraa NpUCyTCTBYET Ha NOBEPXHOCTM aNtOMUHUA:

Ca(OH); + Al;03 + 3H,0 = Ca[Al(OH)4]2



NANO

(ycnoBHas ¢popmyna, coctaB peanbHbIX MPOAYKTOB ropasfo CA0XKHee).

Mocne 3Toro aslOMWHWIA NErko pearnpyetr C BOAOW (peanbHO — C PacTBOPOM LLENOYM
Ca(OH)z,)

2Al + 6H,0 = 2AI(OH)s + 3H,

Mpwn pasorpese cmecu Bbile NpumepHo 60 °C (Ha NpaKTUKe CMeCb Pa3orpeBaeTCs Bbllle
TemnepaTypbl KUNeHuns sogbl!) HauMHaeT pasnaraTbca 6MKapboHaT HaTpuA:

2NaHCO3 = NayCOs + COz + H,0 (peaKkuma sHoOTepmUYecKasn)

Mpwn aToM dopMmnpoBaHMe KapbOHAT-MOHA MOKET BbI3BaTb OCAXKAEHME MA/IOPACTBOPMMOTO
KapboHaTa Kasbums:

Ca(OH), + Na,CO3 = CaCOs4 + 2NaOH

Mpwn HarpeBaHun (0cobeHHO B MPUCYTCTBUM LLENOYMN) aMOPPHbBIN TMAPOKCUA AaNtOMUHUA
YaCTMYHO KPUCTAN/IM3YEeTCA M YacTUYHO Aernapatupyerca («ctapeet») ¢ obpasoBaHuem
Pa3NMYHbIX aMOPdHbIX, @ 3aTeM U Kpuctanaudeckmnx ¢opm AIOOH (ckopee Bcero, NosiHOM
noTepu BoAbl NpU 3TUX TEMNEpaTypax He Nponsonger):

Al(OH)s = AIOOH + H,0

B KayectBe nO6OYHOro BO3MOMKHO B3aVIMO£I,EI7ICTBV|e wenoyn C rmapaTupoBaHHbIM
OKCMAOOM aNHOMUNHUNA, Hanpumep, TaKkoe:

AIOOH + NaOH = NaAlO; + H,0

Mpu B3aMMOAEWNCTBMM C ropAYert BOAOW peakumu MPOUCXoAAT CAULWIKOM 6ypHO, C
obpasoBaHMeM 60/bLIOrO KOMYECTBA BOASHOrO napa, OCOBEHHO CUAbHO YCKopseTcs
peakuusa B3aMMOLENCTBMA aNlOMMHUA C BOoAoW (pacTBopom wenoun). Kpome ToOro,
H6uKapboHaT HaTpMA HaAuMHAeT cpasy pasnaratbcA A0 KapboHaTa, r’MApPOKCcMA Kanbuua B
MEHbLUEN CTENEHN HEUTPann3yeTca A0 KapboHaTa Ka/ibLus, MO3TOMY KOHEYHbI pacTBop,
NMonyyaloLlmninca Npu HarpeBaHUM BOAbl “XMMMUYECKOM rpenikoi”, npuobpeteT CcuibHO
LLLe/IOYHOM XapaKTep M MOXKEeT BbiTb OnaceH ANA PyK W rna3 rofoAHOro Yyenoseka (npu
napoobpa3oBaHUM U MNPU CIMBAHUN KOHEYHOTO PacTBopa U3 Nocyabl).
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BapuaHTt 4

B Kutae yacto Hy»XHO 6bICTpO pa3orpetb nuily, ANAa 3TOro UCNOJNb3yrOT CnelnasbHble NaKeTbl TUMa
TeX, KOTOpPble NOKa3aHbl Ha PUCYHKaX:

ain | ients: Calcium Oxide. =
Alumlngm Particles, Sodium Bicarbonatet
Date of manufacture: See spray codes
Net weight: See spray ¢ »
orage conditions: Store iffla dol

lace, Keep away from fire and wa ‘
Juality guarantee period: 12 months 3
erully PUtitinto room temperature wate
, e twaterisstricty prohibited

HEATING BAG FOR FOOD mmi name: Heating B%? forFood &=

- -

1. Mpepnonoxute, Kak MOXXHO UCNO/b30BaTb NAaKeT ANA pa3orpesa nuwMm. (2 6aana)

2. Hanuwute BCe BO3MOXHble XMMWUUYECKUE peaKuuu, KoTopble npu  3TOM
npoTtekator. (5 6annoe)

3. Mpepgnonoxute, nouemy nNpu MUCMNO/b30BaHUU 3ITOro nNakKera o06bluHO cpabaTbiBaloT
NOTO/NI04HbIE NOXKapHble AaTunKku? (1 6ann)

Bcez2o — 8 6annos

PeweHue BapuaHTta 4

Ha nakeTe HanucaHo, 4YTO pa3oOrpeBalollas CMEeCb COLEPMKUT MOPOLIOK MEeTaN/IMYecKkoro
ANIOMUHUA, OKCKA, Kanbumsa (“HerawieHyto ussectb”) u bukapboHaT HaTpua (Nuuesyto coay).

1. [na Toro, 4Tobbl pa3orpeTb NULLY, HYXKHO, YTOHbI NPOU3OLIIO0 MaKCUMaNbHOE KOIMYECTBO
9K30TEPMUYECKUX PEaKLMNIN CO BCEMM KOMMOHEHTaMM NakKeTa (C BblaeneHnem Tenna), npu
3TOM KenaTesnbHo, YTobbl A0b6aBnAeMbll peareHT bbin gelwesbiM 1 B CBOBOAHOM AOCTynNeE,
a TaKXke 4Tobbl OH He Bbln 6bl TOKCUMYHBIM. MaeanbHO NOAXOAUT NOA 3TO ONUCaHMe BoAa.
Takum obpasom, 4TObbI MpoLecc pa3orpeBa MWLM Havyanca, naket 6e3 BHewWwHeM
NoAMMeEpPHON 060/104KM (BHYTPEHHAR 060/104Ka npeacTaBnseT coboit npoHuuaemyto
TKaHb) 6bln NpocTo H6poLweH B Bogy. MOXKHO, KOHEYHO, BbICbINaTb COAEPKMMOE B BOAY, HO
Nyylle NOMeCTUTb B BOAY BHYTPEHHWUI BOAONPOHULIAEMbIN MAKET.

2. CBoAaoW nerye Bcero (1 cpasy ¥e) HauMHaeT pearmpoBaTb OKCMA KanbLmMA, MPOMCXOAMUT ero
rmgpartauma:

CaO + H,0 = Ca(OH)3

PacTBOp rMApoKcHAa KanbUMsa B BOAE ABNSAETCA LLENOYbI0 W JIerKO CHUMAET OKCUAHYIO
NNIEHKY C MOPOLLKa alOMUHUSA, KOTOPan BCeraa NPUCyTCTBYET Ha NOBEPXHOCTM aNtlOMUHUA:

Ca(OH); + Al;03 + 3H,0 = Ca[Al(OH)4]2


https://olymp.msu.ru/file/test/question/8103/81036dbd-ba15-4b5b-8ce8-829cde50d153/attach/b344afb9-e414-4cc9-aea5-ff21e4b256ad.jpg
https://olymp.msu.ru/file/test/question/8103/81036dbd-ba15-4b5b-8ce8-829cde50d153/attach/b344afb9-e414-4cc9-aea5-ff21e4b256ad.jpg
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(ycnoBHas ¢popmyna, coctaB peanbHbIX MPOAYKTOB ropasfo CA0XKHee).

Mocne 3Toro aslOMWHWIA NErko pearnpyetr C BOAOW (peanbHO — C PacTBOPOM LLENOYM
Ca(OH)z,)

2Al + 6H,0 = 2AI(OH)s + 3H,

Mpwn pasorpese cmecu Bbile NpumepHo 60 °C (Ha NpaKTUKe CMeCb Pa3orpeBaeTCs Bbllle
TemnepaTypbl KUNeHuns sogbl!) HauMHaeT pasnaraTbca 6MKapboHaT HaTpuA:

2NaHCO3 = NayCOs + COz + H,0 (peaKkuma sHoOTepmUYecKasn)

Mpwn aToM dopMmnpoBaHMe KapbOHAT-MOHA MOKET BbI3BaTb OCAXKAEHME MA/IOPACTBOPMMOTO
KapboHaTa Kasbums:

Ca(OH), + Na,CO3 = CaCOs4 + 2NaOH

Mpwn HarpeBaHun (0cobeHHO B MPUCYTCTBUM LLENOYMN) aMOPPHbBIN TMAPOKCUA AaNtOMUHUA
YaCTMYHO KPUCTAN/IM3YEeTCA M YacTUYHO Aernapatupyerca («ctapeet») ¢ obpasoBaHuem
Pa3NMYHbIX aMOPdHbIX, @ 3aTeM U Kpuctanaudeckmnx ¢opm AIOOH (ckopee Bcero, NosiHOM
noTepu BoAbl NpU 3TUX TEMNEpaTypax He Nponsonger):

Al(OH)s = AIOOH + H,0

B KayectBe nO6OYHOro BO3MOMKHO B3aVIMO£I,EI7ICTBV|e wenoyn C rmapaTupoBaHHbIM
OKCMAOOM aNHOMUNHUNA, Hanpumep, TaKkoe:

AIOOH + NaOH = NaAlO; + H,0

MoapHble AATYMKKM ObIBAIOT Pa3IMYHbLIX TUMOB, OBbIYHO OHWU pearnpyroT Ha MNPOAYKTI
ropeHusa (CO2), n3meHeHMe NPO3pPaYHOCTN BO3AYXA M3-3a HANIMUYMA B3BELIEHHbIX YacTUL, TO
€CTb AbIMa (MHOrAa pearnpyroT AarKe Ha CKOHAEHCMPOBABLUMECA B BO34yXe Napbl BOAbl U3
HOCMKa KUNALWEro YalHWKa). B nomelleHnsax ¢ rasoBbiIMW NAUTAMM CTaBAT CNeLMnasibHble
BbICOKOYYBCTBUTE/IbHbIE AATYNKK (0bbluHO TePMOKaTa/IMTUYECKne nnn
NoJIyNPOBOAHMKOBOIO TUNA), KOTOPbIE PearnpytoT Ha yTeuKy TonamBea (roptoyero rasa Tmna
meTaHa CHs) M TakXKe Nerko moryt pearMposaTb Ha HebosbliMe NPUMecn B BO3AyXe
JIEerkoro, NogHMMaloLWEroca K NoTosky (rae HaxoAuTCA AaTYMK) BOAOpPOAa (OH TOXe OYeHb
NNerko ropuT), To ecTb NpUYMHON cpabaTbiBaHUA AaTYMKa MOTYT BbITb Cieaytolme peakuuu:

2Al + 6H,0 = 2AI(OH)s3 + 3H,

2NaHCOs3 = Na,COs3 + CO; + H,0
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3apgaua no xumuu (12 6annos)

BapuaHTt 1. HaHoaeTeKTOp

BewectBo C B HAHOKPUCTAN/IMYECKOM Gopme MOXKHO MCNONb30BaTb B KayecTBe JeTeKTopa
ynbTpadmonetoBoro um3anydeHusa. OHO COCTOUT M3 TPEX 3N1EMEHTOB, NPUYEM MaACCOBaA [0NA
3N1eMeHTa C HaumeHblen aTomHoW maccon B C coctaBnseT 25.5%. BewectBo C MOXKHO NONYYUTL
TBEPAOdasHbIM crnekaHnem buHapHbix Bewects A n B. Mpu pobasnenun 0.400 r BewecTtBa A K
pacTBopy HUTpaTa cepebpa obpasyerca 0.353 r cBeT/IO-KENTOro ocagKka Beulectsa D, KoTopoe
MCNO/Ib30BaNOCh B NPOLLIOM CTONIETUM B KayecTBe GOTOUYBCTBUTENBHOrO Matepuana (peakyua 1).
BewecTtBo B nonyyatoT npu nponyckaHum rasa F yepes pacTBop, coaepKalmin MeaHbIn Kynopoc m
BelwecTBo E, aBnawouweecAa aHanorom xaopuga Hatpua (peakyusa 2). Mpu nponyckaHun 840 mn
(H.y.) rasa F uyepe3 usBecTkoBYlO BoAy obpasyercs 4.50 r ocagka Beuwectsa G (peakyusa 3).
BewecTtBo B oKkucnseTcs ropsayeit KOHLEHTPUPOBAHHON CEPHOM KUCNOTOM, NMPU 3TOM BblAENsA0TCA
6ypble napbl npocToro Beuwectsa H (peakuus 4).

Onpegenute Bewecrtsa A-H. Hanuwurte ypasHeHua peakuyuin 1-4.
(B pacuétax ncnonbsymTe LLeNOYNCAEHHbIE aTOMHbIE MacCCbl).

8 sewjecme u 4 peakyuu no 1 6anny — ecezo 12 6annoes.

PeweHune BapuaHta 1

A — CsBr, B— CuBr, C — CsCuzBr3 (o(Cu) = 2-64/501 = 0.255),

D — AgBr, E—KBr, F—S0,, G — CaS0s3, H — Br».

YpaBHeHUA peaKkuuit:
1. CsBr + 2CuBr = CsCu2Br3
2. 2CuSOg4 + 2KBr + SO; + 2H,0 = 2CuBr + 2H,S04 + K2S04
3. Ca(OH)z2 + SOz = CaSO3 + H20

4. 2CuBr + 4H;S04 = 2CuS0O4 + Brz + 2502 + 4H,0


https://olymp.msu.ru/file/test/question/e9fa/e9fa7c61-578b-493b-8810-e0f8db510bea/attach/55a3244c-ead1-4293-9532-1d622068e185.jpg

Bewectso C, KOTOpOe BO3MOXHO MCMO/Ab30BaTb B KayecTBe JIIOMUHECLLEHTHOro MmaTtepuana,
COCTOUT U3 TPEX anemeHTOB. MaccoBaAa [0NA 31emMeHTa C HaMMmeHbllen aTomHoM maccon B C
coctasnneT 13.8%. OaHUM M3 cnocoboB NOyYeHUs AaHHOrO BelLecTBa ABAAeTCA TBepAodasHoe
cnekaHne 6uHapHbIx Bewects A 1 B. Mpu gobasneHmnn 0.400 r BewectBa A K pacTBOpy HUTpaTa
cepebpa obpasyetca 0.353 r cBeTNIO-}KENTOrO Ocagka BewecTtBa D, KOTopoe MCMNO/b30BanoCh B
NPoW/aOM CTO/IeTUM B KavecTBe (OTOYYBCTBUTENbHOFO MaTepuana (peakyua 1). Bewectso B
NoNy4aloT NPM NPOMNyCKaHUM rasa F yepes pacTBOp, COAEPKALLNIN MeaHbIN Kynopoc v BewecTso E,
ABNAOLLEECA aHANOromM xnopuaa Hatpua (peakyusa 2). Mpu nponyckaHun 840 mn (H.y.) rasa F
yepes M3BECTKOBYHO Boay obpasyerca 4.50 r ocagka BeuwectBa G (peakyus 3). Bewectso B
OKUCNAETCA ropsaYen KOHLLEHTPMPOBAHHOM CEePHOM KMCNOTOM, NPU 3TOM BblAEeNATCA Bypble napsbl
npocToro BeuwecTtsa H (peakyus 4).

Onpegenute Bewecrtsa A-H. Hanuwurte ypasHeHua peakuyuin 1-4.
(B pacuétax ncnonbsymTe LLeNOYNCAEHHbIE aTOMHbIE MacCbl).

8 sewyecme u 4 peakyuu no 1 6anny — ecezo 12 6annos.

PeweHue BapuaHTa 2

A — CsBr, B— CuBr, C— Cs3Cu3Brs (o(Cu) = 2-64/927 = 0.138),
D — AgBr, E—-KBr, F—S0;,, G—CaSO0s, H — Br;.
YpaBHeHMA peakuui:
1. 3CsBr + 2CuBr = Cs3Cu3Brs
2. 2CuSOg4 + 2KBr + SO; + 2H20 = 2CuBr + 2H,S04 + K2S04
3. Ca(OH); + SO; = CaS0s3 + H,0

4, 2CuBr + 4H,S04 = 2CuSO4 + Brz + 2503 + 4H,0


https://olymp.msu.ru/file/test/question/e9fa/e9fa7c61-578b-493b-8810-e0f8db510bea/attach/55a3244c-ead1-4293-9532-1d622068e185.jpg

BewectBo C B HaHOKpuUCTanauMyeckorm ¢opme MOXKHO MCNONb30BaTb B KayecTBe JAeTekTopa
ynbTpadmonetoBoro usnydyeHna. OHO COCTOUT M3 TPEX IN1EMEHTOB, NPUYEM MaccoBaa [0NA
3NeMeHTa C HaumeHblen aTomHon maccon B C coctasnsaeT 19.9%. Bewectso C MOXKHO NONYy4UTb
TBepAodasHbIM cnekaHnem BuHapHbIx Bewects A n B. MNpu gobasneHmn 0.300 r BewectBa A K
pacTBopy HUTpaTa cepebpa obpasyetca 0.271 r }kentoro ocagKa sewectsa D, KOTopoe NpUMeHsIOT
Ana pasroHa obnakos (peakyua 1). BewectBo B nonyyatoT npu nponyckaHuu rasa F uepes
PacTBOp, COAEPKALLMIA MeAHbIM Kynopoc U BelwecTBo E, KOTOpoe Ucnonb3ytoT B KayecTse A06aBKM
K noBapeHHou conu (peakyus 2). MNpu nponyckaHnmn 840 mn (H.y.) rasa F yepes n3BecTkosyo BoAay
obpasyetca 4.50 r ocagka BewectBa G (peakyus 3). BeuwiectBo B okucnserca ropauyen
KOHLLeHTPMPOBAHHON CEPHOM KUCNOTOM, MPU 3TOM BblaenatoTca ¢GMoneToBble Napbl NPOCTOro
BewecTtBa H (peakyusa 4).

Onpegenute Bewecrtsa A-H. Hanuwurte ypasHeHua peakuyuin 1-4.
(B pacuétax ncnonbsymTe LLeNOYNCAEHHbIE aTOMHbIE MacCbl).

8 sewyecme u 4 peakyuu no 1 6anny — ecezo 12 6annos.

PeweHue BapuaHTa 3

A —Csl, B—Cul, C— CsCuals (®(Cu) = 2-64/642 = 0.199),

D —Agl, E—=KI, F=S02, G—CaS0s3, H - I».

YpaBHeHMA peakuui:
1. Csl+ 2Cul = CsCual3
2. 2CuSOg4 + 2KI + SOz + 2H;,0 = 2Cul + 2H,504 + K2S04
3. Ca(OH); + SO; = CaS0s3 + H,0

4, 2Cul + 4H,S04 = 2CuSO4 + |7 + 2507 + 4H,0


https://olymp.msu.ru/file/test/question/e9fa/e9fa7c61-578b-493b-8810-e0f8db510bea/attach/55a3244c-ead1-4293-9532-1d622068e185.jpg

BapuaHTt 4. HaHoauoA

BewectBo C B HaHOKpuCTanamMyeckon Gopme MOXKHO MCNONb30BATb B KayecTBe maTepuana AnA
cseToamMon0B. OHO COCTOUT U3 TPEX I1EMEHTOB, MPUYEM MACCOBaA A0NA 31EMEHTA C HAUMEHbLLEN
atomHou maccom B C coctasnaet 11.0%. Bewectso C MOXKHO NOAyYnTb TBEPAO0DA3HBIM CNEKaHNEM
6uHapHbIx Bewects A 1 B. Mpu gobasneHnn 0.300 r BewectBa A K pacTBOpy HUTpaTa cepebpa
obpasyetca 0.271 r xentoro ocagka sewectsa D, KoTopoe NpuMMeHAOT gasa pasroHa obsakos
(peakyua 1). BewectBo B nony4yatoT npu nponyckaHuMM rasa F uyepe3 pactBop, coaeprkalumi
MeZHbI Kynopoc 1 BelecTBo E, KOTopoe Mcnonb3ytoT B KavyecTBe A06aBKM K MOBapeHHOMN conun
(peakyusa 2). NMpwn nponyckaHun 840 mn (H.y.) rasa F yepes m3BecTkoByto Boay obpasyetcs 4.50 r
ocagKa BelectBa G (peakyus 3). BewectBo B okncnaetca ropaveit KOHUEHTPUPOBAHHOW CepHOM
KMCNIOTON, NpY 3TOM BblaenatoTca puoneTosble Napbl NpocToro Bewectsa H (peakyus 4).

Onpegenute Bewecrtsa A-H. Hanuwure ypasHeHua peakuyuin 1-4.
(B pacuétax ncnonbsymTe LLeNOYNCAEHHbIE aTOMHbIE MacCCbl).

8 sewyecme u 4 peakyuu no 1 6anny —ecezo 12 6annos.

PeweHue BapuaHTta 4

A —Csl, B—Cul, C—Cs3Cuzls (o(Cu) =2-64/1162 = 0.110),
D —Agl, E—=KI, F=S02, G—CaS0s3, H - I».
YpaBHeHMA peakuui:
1. 3Csl + 2Cul = Cs3Cuals
2. 2CuSOg4 + 2KI + SOz + 2H;,0 = 2Cul + 2H,504 + K2S04
3. Ca(OH)2 + SO, = CaSO3 + H,0

4, 2Cul + 4H,S04 = 2CuSO4 + |7 + 2507 + 4H,0


https://olymp.msu.ru/file/test/question/e9fa/e9fa7c61-578b-493b-8810-e0f8db510bea/attach/55a3244c-ead1-4293-9532-1d622068e185.jpg
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3apaua no ¢pusuke. PeHTreHoBCKOe 06cnepoBaHue (5 6annos)

BapuaHt 1
t
%\ :
S
|_|OFI'IOLLI,eHHaﬂ A03a O6I'Iyl-IeHMﬂ — 23TO KOJ/IMYECTBO 3HEPINMN UOHUSUPYHOLWLETO WU3NYYEHWUA,

OTHECEHHOEe K eAMHULUE MacCbl opraHM3ama. B pasHbiXx CTpaHax CyLecTBYHOT HOPMaTUBbI,
yCTaHaBAMBalOLWME AOMNYCTUMbIE YPOBHM 06AydeHUA Ana paboTHUKOB, Haxoaalwmxca B6AU3K
MCTOYHMKOB paamaumm, v ANa HaceNeHUa B LLe/IOM.

1.

NaumeHT NnopBepranca obnyyeHuto B TeueHue T = 8 ¢ BO Bpemsa oaHoro obcnepnoBaHumA.
MOLWWHOCTb NOr/IOWEHHOrO0 U3yyeHUa coctasnana P = 50 mk3s/c (MuKposusepT B
ceKyHay). Hailaute o3y o6nyueHua D. OTBeT Bbipa3uTe B 3useprax. (1 6anan)

CKO/IbKO TaKux obcnegoBaHuit kK nauMeHT MOXKET NPOXOAUTb eXerogHo, He npesbillas
CpeAHerofoByl0 AONYCTUMYIO A03y 06ayyeHMA ANA YenoBeKa, KOTopaA COCTaBAser
Dw =1 m38? (1 6ann)

Kakoe KonuuectBo KBaHTOB N pPEHTFEHOBCKOrO W3/lyYeHUA MOrN0TUIOCHL TKaHAMM
nayMeHTa BO Bpemsa OAHOro o6cnefoBaHUA, €CIM UCTOYHUKOM OblIo U3NyueHue C
A/HOM BonHbl A = 0.21 A? Macca nauueHTa m = 74 kr. (3 6anna)

Bce2o — 5 6annos

PeweHune BapuaHta 1

1.

MonyyeHHaa po3a D =P t= 0.4 m38.
. D
Ynucno obcneposanuii k = ?M = 2,5. OKpyrnas B MeHbLUYID CTOPOHY, MOAyYaem, 4TO

TOMIbKO 2 TaKuUX 06CNef0BaHUA MOMKET MPONTM NALMEHT, He MpPeBbllan CpeaHerofoByio
AONYCTUMYIO [03Y.

MonHan aHeprus c o4HOM CTOPOHbl E =D m, a ¢ gpyron cTopoHbl E = Nhv = N%

Takum obpasom, N = Dh—r? ~ 3-10%2.
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BapuaHTt 2

MornoweHHaa p[osa O6I'|y‘-IeHMﬂ — 23TO KOJ/IMHECTBO 3HEPINMN UOHUSUPYIOLWLETO WU3NYYEHWUA,
OTHECEHHOE K eauHunue macCbl OpraHunama. B Pa3HbIX CTpaHaxX CyWwecTByrOT HOPMaATUBHI,
yCTaHasaunBakouime aAonyctumblie YpPOBHU 06J'IY‘-IGHMF| AanAa pa6OTHMKOB, HaXoaAWwMmnxecaA B6/113K
MCTOYHUKOB paghauunn, n onAa HaceneHumAa B UEOM.

1. NauumeHT noasepranca 06ayueHUI0 MOLHOCTbIO P = 40 MmK3B/c (MUKpO3MBEPT B CEKYHAY)
1 nonyumn po3y D = 0.3 m3B. Hailgute Bpema obnyueHuma t. (1 6ann)

2. CKonbKO Takux obcnepoBaHuit k nauMeHT MOXKET NPOXO4UTb €XKEerogHo, He npeBbiwasn
cpeaHerofoByl0 AONYCTUMYIO 403y ObayyeHUA ANA 4YenoBeKa, KOoTopasa cocTaBaser
Dw =1 m38B? (16anan)

3. Kakoe KonuuectBo KBaHTOB N pPEHTreHOBCKOrO W3Ny4YeHUA MNOrNOTUAOCb TKaHAMM
nayMeHTa BO Bpems OAHOro o6cnefoBaHUA, €CIM UCTOYHUMKOM Oblo0 U3NyueHue C
ANWHOM BonHbl A = 1.20 A? Macca nauueHTa m = 74 kr. (3 6anna)

Bce2o — 5 6annos

PeweHue BapuaHTa 2

1. Bpems obnyyeHns t = §= 7,5¢c.

. D
2. Yucno obcnepoBaHui k =TM= 3,(3). OKpyrnas B MeHbLUYO CTOPOHY, NOJiyyaem, 4yTo

TOMIbKO 3 TaKuUx 06CNef0BaHUA MOMKET MPONTM NALMEHT, He MpPeBbllan CpeaHerofoByio
AONYCTUMYIO [03Y.

. . h
3. TonHas sHeprus c ogHoOM CTOpoHbl E = D m, a ¢ gpyroi ctopoHbl E = Nhy = NTC

Takum obpasom, N = Dh—n:'l ~1,3-1013,
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BapuaHTt 3

MornoweHHaa p[osa O6I'|y‘-IeHMﬂ — 23TO KOJ/IMHECTBO 3HEPINMN UOHUSUPYIOLWLETO WU3NYYEHWUA,
OTHECEHHOE K eauHunue macCbl OpraHunama. B Pa3HbIX CTpaHaxX CyWwecTByrOT HOPMaATUBHI,
yCTaHasaunBakouime aAonyctumblie YpPOBHU 06J'IY‘-IGHMF| AanAa pa6OTHMKOB, HaXoaAWwMmnxecaA B6/113K
MCTOYHUKOB paghauunn, n onAa HaceneHumAa B UEOM.

1. MauueHT noasepranca o6nyyeHuio B TeyeHne T = 10 ¢ Bo Bpems oaHoro ob6cnenoBaHus.
MOLWHOCTb NOrNOWEHHOro U3nyyeHna cocrasnana P = 30 mk3e/c (MukposusepT B
ceKyHay). Haiiaute ao3y o6ayuyeHua D. OTBeT Bbipa3uTe B 3uBepTax. (1 6anan)

2. CKo/NbKO Takux obcnepoBaHuit k nauMeHT MOXKET NPOXO4UTb €XKEerogHo, He npesBbiwasn
cpeaHeroAoByl0 AONYCTUMYIO 403y 0bayyeHUA ANA 4YenoBeKa, KOoTopaa cocTaBaser
Dw =1 m38? (16ann)

3. Kakoe KonuuectBOo KBaHTOB N pPEHTreHOBCKOrO W3Ny4YeHUA MNOrNOTUAOCb TKaHAMM
nayMeHTa BO Bpemsa OAHOro o6cnefoBaHUA, €CIM UCTOYHUMKOM OblIo U3NyueHue C
A/vHOM BonHbl A = 0.21 A? Macca nauneHTa m = 63 Kr. (3 6aana)

Bce2o — 5 6annos

PeweHue BapunaHTa 3

1. MonyyeHHasa po3a D=Pt1=0.3 m3B.

o D
2. Yucno obcnepgoBaHuin k =7M: 3,(3). OKkpyriaa B MeHbLUYO CTOPOHY, MOJIy4aem, YTo

TOMIbKO 3 TaKuUx 06CNefoBaHUA MOMKET NMPOMTM NALMEHT, HEe MPEBbIWAn CPeLHEroLoByH
AONYCTUMYIO [03Y.

. . h
3. TonHas sHeprus c og4HoOM CTOpoHbl E = D m, a ¢ gpyroi ctopoHbl E = Nhy = NTC

Takum obpasom, N = Dh—ncl'l ~ 2-10%2.


https://olymp.msu.ru/file/test/question/de08/de086db5-fd70-4e94-9df5-d0cde7f75039/attach/a842ec3e-5050-4833-8d8b-7c74e83a4cb2.png

BapuaHTt 4

MornoweHHaa p[osa O6I'|y‘-IeHMﬂ — 23TO KOJ/IMHECTBO 3HEPINMN UOHUSUPYIOLWLETO WU3NYYEHWUA,
OTHECEHHOE K eauHunue macCbl OpraHunama. B Pa3HbIX CTpaHaxX CyWwecTByrOT HOPMaATUBHI,
yCTaHasaunBawulme aonyctumbie YpPOBHU O6J'Iy‘-IEHMﬂ anA pa6OTHVIKOB, HaxoaAuwunxeca B86/113K
MCTOYHUKOB paghauunn, n onAa HaceneHumAa B UEOM.

1. MauueHT noaBepranca o6ayyeHUo B TedeHUe T = 8 ¢ BO Bpems oAHOro obcnenoBaHus.
MOLWHOCTb NOr/NOWEHHOro U3NnyyeHua cocrasnana P = 50 mk3s/c (MuKkposusepT B
ceKyHay). Haiiaute ao3y o6ayuyeHua D. OTBeT Bbipa3uTe B 3uBepTax. (1 6anan)

2. CKo/NbKO Takux obcnepoBaHuit k nauMeHT MOXKET NPOXO4UTb €XKEerogHo, He npesBbiwasn
cpegHeroAoByl0 AONYCTUMYIO A03y Ob6ayyeHUA ANA 4yenoBeKa, KOTopas cocTaBaser
Dw =1 m38? (16anan)

3. Kakoe KonuuectBOo KBaHTOB N pPEHTreHOBCKOrO W3Ny4YeHUA MNOrNOTUAOCb TKaHAMM
nayMeHTa BO Bpemsa OAHOro o6cnefoBaHUA, €CIM UCTOYHUMKOM OblIo U3NyueHue C
ANvHOM BonHbl A = 0.52 A? Macca nauueHTa m = 77 kr. (3 6anna)

Bce2o — 5 6annos

PeweHue BapuaHTta 4

1. MNonyyeHHasa po3aD=Pt=4-10%38B.

o D
2. Yucno obcnepoBaHwui k:FM=2,5. OKpyrnaa B MEHbLUYID CTOPOHY, MOAy4Yaem, 4To

TOMIbKO 2 TaKuUXx 06CNef0BaHUA MOMKET MPONTM NALMEHT, He MpPeBbllana CpeaHeroAoByio
AONYCTUMYIO [03Y.

. . h
3. TonHas sHeprus c og4HoOM CTOpoHbl E = D m, a ¢ gpyroi ctopoHbl E = Nhy = NTC

Takum obpasom, N = Dh—ncl'l ~ 8-10%2.
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3apgaua no ¢pusuke. Hepgocrarowana nmMH3a (10 6annos)

BapuaHt 1

B MMKpocKone paccmaTpuBaeTca npeameTt, a ero msobpaxkeHwe Gopmupyetcs Ha maTpuue 13
CBETOYYBCTBUTE/IbHbIX 3/IEMEHTOB. Ha pucyHKe npeacTaBneHbl npeameTr (cnesa) M ero
nsobparkeHue (cnpasa), cosgaBaemoe cobupatoLLeN NMH30N.

HYTEM nocTpoeHunAa onpeaennTb NNOCKOCTbL, B KOTOpOﬁ pacnonaraeTca JInH3a. PeweHue
NOACHUTb COOTBETCTBYHOLLMMU 3aKOHAMU I'GOMETpM‘-IeCKOﬁ ONTUKMU. (6 60/1/103)

OueHuTb GOKYCHOE paccToAHUe NINH3bI F, eCU CTOPOHA KNEeTKU paBHa a = 20 mm (oTBeT
OKPYIUTb A0 L,eNoro, AonycKaeTca NorpewHoctb 2 mm). (4 6anna)

Bce2o — 10 6annos

PeweHue BapuaHTa 1

1.

N3 06wmx npaBun NOCTPOEHUA U306paXKeHUI B IMH3AX CaeayeT, YTo cobupatowas AnH3a
MOKeT [aBaTb AEeNCTBUTENIbHOE NepeBepHyToe M3obpaxkeHne npeameTa, U Npu 3TOM OHA
cama byaeTt Haxo4uTbCA MeXay NpeaMeToM U ero nsobpaxkeHnem (B OT/iMuMe OT ciyyas
paccevBatowen AuH3bI). [nA onpeaeneHns NAOCKOCTM, B KOTOPOM pacnonaraerca
HeAOCTaloWana IMH3a, AOCTAaTOMHO HalTK ABe NpUHAaA/AexKalme el TOYKU. BHavane Hangem
ONTUYECKUW LLEHTP /IMH3bl, UCNONb3YA CAEAYIOWMA 3aKOH TeEOMETPUYECKON OMNTUKU: NIyun,
nayume yepes ONTUYECKUM LEHTP JIMH3bI, HE WUCMbITbIBAOT MnpenomaeHusa. [na atoro
COEANHUM COOTBETCTBYHOLLME TOYKM OOBEKTA UM €ro M306parkeHUs - Hayasla U KOHLbI
BEKTOPOB. TOYKa nepeceyeHuns E 3TUX ABYX OTPE3KOB U ByAEeT ONTUYECKMM LLEHTPOM JINH3bI
— TONbKO MPOXOAA Yepe3 Hee J/lydM OCTaHyTcA NpAmMbIMU. [aAa HaXOXAEHWA BTOPOro
OpPUEHTMpPA AN NOCTPOEHMA NIOCKOCTU INH3bI NPOBeAEM Nyd AB, COEANHAOLWMI KOHeL, U
Hayas0 nNpeameTa, M NPOAIMM ero 3a npeaenbl npeameta B 061acTb Npeanosiaraemoro
HaXOXAEHUA NUH3bl WAM  ee MPOAO/IKEHUA (MpaBuna MNOCTPOEHUS U300paXKEHWUM
NO3BONAIOT NPOANEBATb MJIOCKOCTb JIMH3bI U CYMTATb €e HEOrpaHUYEHHO MPOTAXKEHHOM,
ecnm 3to TpebyeTca ANnA NOCTpoeHus xoaa aydei). Paktuyecku, nyd AB MOXKHO
paccmaTpuBaTb KaK [Ba COBMNAAAIOLWMX Ny4a, OOMH U3 KOTOPbIX UCXOAUT M3 TOYKM A, a
BTOPOM — M3 TOYKM B, n oba oHM byayT NpenomnATbCA B SIMH3E OLMHAKOBO B CUAY
COBMaZeHMA B NPOCTpPAHCTBe. [locne NpenoMieHna B IMH3E KaxAabl U3 3TUX ABYX Ny4ven
[AOJIKEH NPOMTU Yepes3 COOTBETCTBYHOLLME N300parkeHMA (Havyano u KoHew, npeamerTa), T.e.
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yepe3 ToukM C M D. EAMHCTBEHHbIN BO3MOXHbIM BapMaHT Xo4a [ABYyX COBMaZatoLLUX
NPENOMJIEHHbIX NIy4eill B 3TOM C/lyd4ae — 3TO Npsamas, coeamHatowaa Toukn C n D. Touka

nepeceyeHua F npogonkeHuns nydven AB n CD yKasbiBaeT TakMm ob6pa3om Ha NIOCKOCTb
NINH3bI.

L]_/
-

2. [lna oTeeTa Ha BTOPOWN BONPOC AOCTAaTOMHO NOCTPOUTbL FNABHYIO ONTUYECKYIO OCb SINH3bI U
npoBecTM A06OM NyY, MAYLWMIA NapanienbHO en: nocne NPesoMaeHMa OH NPONAET Yepes
dokyc. M3 yepTerka oueHKa GOKyCcHOro pacctoaHma F: F=1.06 a = 21 £2 mm.

BapuaHTt 2

B onTuueckom MMKpOCKoNne paccmaTpuBaeTca npegmeT. Ha pucyHKe npeactaBieHbl npegmer
(cneBa) u ero nsobparkeHue (cnpasa), cosgaBaemoe cobupatoLLeit IMH30M.

1. MyTtem nocTtpoeHua onpepennTb NNOCKOCTb, B KOTOPOW pacnonaraetca nMH3a. PewweHue
NOACHUTb COOTBETCTBYIOLMMMU 3aKOHaMM reoMeTPUYECcKoi onTUKKU. (6 6annos)


https://olymp.msu.ru/file/test/question/2fc4/2fc4b941-67f6-4dfa-91b7-d712392b29af/attach/f4c50d4a-deae-483c-86da-092f357ec1d3.png
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2. OueHutb POKYCHOE paccTosiHME NINH3bI F, ecnn CTOPOHa KAeTKU paBHa a = 30 mm (oTtBeT
OKPYIuUTb A0 L,eNoro, AoNycKaeTca norpewHoctb 3 mm). (4 6anna)

Bce2o — 10 6annos

PeweHue BapuaHTa 2

1. W3 0bwmx npaBun NOCTPOEHMA U306parKeHU B IMH3AX CaeayeT, YTo cobuparowas AnH3a
MOKEeT [aBaTb AEeNCTBUTENIbHOE NEPEBEPHYTOE M306paXkeHne npeameTa, U Npu 3TOM OHa
cama byaeT Haxo4uTbCs MeXAy NpeaMeToM U ero nsobpaykeHnem (B OT/IMuMe OT cyyas
paccevBatowein AnuH3bl). [Ona onpegeneHua MJIOCKOCTM, B KOTOPOW pacrnoJsiaraerca
HeAOCTalowWan IMH3a, 40CTaTOYHO HalTK ABe NpUHaa/exKalwme el ToYku. BHayane Hangem
ONTUYECKUN LEHTP JIMH3bI, UCNONb3YA CNeAYIOWMUIA 3aKOH reOMETPUYECKON ONTUKU: NIyun,
naywme 4yepes ONTMYECKUM LLEHTP JIMH3bI, HE WCMbITbIBAOT MpenomneHus. Ons 3toro
COEANHUM COOTBETCTBYHOLLME TOYKM OOBEKTA UM €ro M306parkeHus - Hayasa U KOHLUbI
BEKTOPOB. ToYKa nepecevyeHns E 3TUX ABYX OTPE3KOB M ByaeT ONTUYECKUM LLEHTPOM JINH3bI
— TONbKO MNPOXOAA Yepe3 Hee /y4uM OCTaHyTcA NpAmbIMU. [N HaxXxoKAEHWUA BTOPOro
OpUeHTMpPa ANA NOCTPOEHMA NIOCKOCTU INH3bI NpoBeaeM Nyd AB, COEANHAIOWMNI KOHeL, U
Hayano npeameTa, M NPOASIMM €ro 3a npeaensl npeamera B 061acTb nNpeanosiaraemoro
HaXOXAEHUA /UH3bl WAM ee MPOAO/IXKEHUA (MpaBuna MNOCTPOEHUA U306parKeHUM
No3BO/IAIOT NPOANEeBaTb MAOCKOCTb /IMH3bl U CYNTATb €€ HEeOrPaHWYEHHO MPOTANKEHHOW,
ecnn 3to TpebyeTca AnA noctpoeHus xoaa aydei). Paktuuecku, nyd AB  MOXKHO
paccmaTpuBaTb KaK [iBa COBMagaloWmx y4a, OAMH U3 KOTOPbIX UCXOAMUT M3 TOYKM A, a
BTOPOM — M3 TOYKM B, M 0ba OHM ByayT NPenomnAaTbCcA B /IMH3E OAMHAKOBO B CUAY
coBnageHns B NpocTpaHcTee. Mocne NpenomMieHns B IMH3E KaXKablid U3 3TUX ABYX /iyyei
[O/IKEH NPONTU Yepe3 COOTBETCTBYHLME N30bparkeHna (Hauyano u KoHew, npeamerta), T.e.
yepe3 ToukM C M D. EAMHCTBEHHbIN BO3MOXHbIW BapuMaHT Xo4a [ABYyX COBMaZatoLLIMNX
NPEeNOM/IEHHbIX NIy4eill B 3TOM C/lydae — 3TO Npsamasn, coeamHatowaa Toukn C u D. Touka

nepecevyeHma F npogomkeHma nydyen AB n CD yKasbiBaeT TakKMm 06pa3om Ha MIOCKOCTb
JINH3bI.
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2. Ona oteBeta Ha BTOpOH BONPOC 40CTAaTOYHO NOCTPOUTb FMaBHYHO ONTUYECKYHKO OCb JIMH3bI U

nposectn NboM Ny4y, QYN NapanienbHoO ein: Nocae NPefoMIeHUA OH NponaeT yepes
¢dokKyc. M3 yepTerka oueHKa GOKYCHOro pacctoaHma F: F=1.06 a = 32 £3 mm.

BapuaHTt 3

B MMKpocKone paccmaTpuBaeTca npeameTt, a ero msobpaxkeHne Gopmupyetcs Ha maTpuue u3
CBETOYYBCTBUTE/IbHbIX 3/IEMEHTOB. Ha pucyHKe npeacTaBneHbl npeameTr (cnesa) M ero
nsobparkeHue (cnpasa), cosgaBaemoe cobupatoLLen NMH30M.

I'Iy'reM nocTpoeHunAa onpeaennTb NNOCKOCTb, B KOTOpOﬁ pacnonaraeTca IMH3a. PeweHue
NOACHUTb COOTBETCTBYHOLLMMU 3aKOHAMU reomeTquecxoﬁ ONTUKMU. (6 60/’1106)

OueHuTb GOKYCHOE paccToAHUe NINH3bI F, eCn CTOPOHa KNEeTKU paBHa a = 50 mm (oTBeT
OKPYIUTb A0 L,enoro, AonycKaeTca NorpewHocTb 5 mm). (4 6anna)

Bce2o — 10 6annos

PeweHue BapuaHTa 3

1.

N3 06wmx npaBun NOCTPOEHMA U306parKeHUI B IMH3aX CaeayeT, YTo cobupatowas AnH3a
MOKET [aBaTb AeNCTBUTENIbHOE NEPEBEPHYTOE M306paXKkeHne npeameTa, U Npu 3TOM OHa
cama byaeT Haxo4MTbCs MeXKAy NPeaMeToM U ero nsobpaykeHuem (B OT/IMume OT ciyyas
paccevBatowen AuH3bI). [nAa onpeaeneHns NAOCKOCTM, B KOTOPOM pacnosaraercs
HeAOoCTalowWwan MH3a, 0CTaTOYHO HalTK ABe NpUHaAexKalme el ToYku. BHayane Hangem
ONTUYECKUN LLEHTP /IMH3bI, UCNONb3YA CAEAYIOWMA 3aKOH TEOMETPUYECKON ONTUKU: NIyun,
noywme yepes ONTUYECKUWA LEHTP JIMH3bI, HE WUCMbITbIBAOT NpenomaeHusa. [na atoro
COEANHUM COOTBETCTBYHOLLME TOYKM OOBEKTA U €ro M306parkeHUs - Hayasna U KOHLUbI
BEKTOPOB. TOYKa nepeceyeHus E 3TUX ABYX OTPE3KOB U ByAeT ONTUYECKMM LLEHTPOM JINH3bI
— TONbKO MPOXOAA Yepe3 Hee /ly4uM OCTaHyTcA NpaAmbIMU. [N HaXoXKAEHWUA BTOPOro
OpUEeHTMpPa ANA NOCTPOEHMA NIOCKOCTU INH3bI NPOBeAEM Nyd AB, COEANHSAIOWMNI KOHEL, U
Hayano npeameTa, M NPOASIMM €ro 3a npeaenbl npeamera B 061acTb nNpeanosiaraemoro
HaxXOXAEHUA /NMH3bl WAM ee MPOoAO/XeHUs (npaBuna NOCTPOEHUSA U30BparKeHU
No3BO/IAIOT NPOANEBaTb MNOCKOCTb /IMH3bl U CYATATb €€ HEeOrPaHMYEHHO MNPOTAMKEHHOMW,
ecnn 3to Tpebyetca AnA noctpoeHus xoaa aydeit). Paktuuecku, Ayd AB  MOXKHO
paccmaTpuBaTb KaK [iBa COBMagalowmMx sy4a, OAMH U3 KOTOPbIX UCXOAMUT M3 TOYKM A, a
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BTOPOM — M3 TOYKM B, M 0ba OHM ByayT NPenomnaTbCA B MH3E OAMHAKOBO B CUAY
CoBMNageHns B NpocTpaHcTee. Mocne NPenomMieHns B IMH3E KaxKablid U3 3TUX ABYX /yyei
[OJI)KEH NPONTU Yepes3 COOTBETCTBYHOLME N30bparkeHna (Hayano u KoHew, npeamerta), T.e.
yepe3 ToukM C M D. EAMHCTBEHHbIM BO3MOXHbI BapuMaHT Xo4a [ABYyX COBMaZaloLLIUX
NPENOMJIEHHbIX NIy4eilt B 3TOM C/lyd4ae — 3TO Npsamas, coeamHatowaa Toukn C n D. Touka

nepeceyeHua F npogonkeHus nyyveint AB n CD yKasbiBaeT TakMm obpa3om Ha NIOCKOCTb
NINH3bI.
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2. [lna oTeeTa Ha BTOPOWN BOMNPOC AOCTAaTOMHO NOCTPOUTbL FNABHYIO ONTUYECKYIO OCb SINH3bI U
npoBecTM A06OM NyY, MAYLWMIA NapanienbHO en: nocne NPesoMaeHMa OH NPOMNAET Yepes
doKyc. N3 yepTeka oueHKa POKycHoro pacctosiHuaA F: F=1.06 a = 5315 mm.

BapuaHTt 4

B onTuueckom MMKpOCKoNne paccmaTpumBaeTca npegmeT. Ha pucyHKe npeactaBieHbl npegmer
(cneBa) u ero nsobparkeHme (cnpasa), cosgaBaemoe cobupatoLeit IMH30M.
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MyTem noctpoeHus onpepenuTb NNOCKOCTb, B KOTOPOW pacnonaraerca /MH3a. PeweHue
NOACHUTb COOTBETCTBYIOLMMM 3aKOHAaMM reOMeTPUYECKO ONTUKKU. (6 6annos)

OueHuTb GOKYCHOE paccToAHUe INH3bI F, e CTOPOHa KNeTKU paBHa a = 70 mm (oTBeT
OKPYFUTb A0 LLeNIoro, A0NYCKAETCA NOrpewHocTb x7 mm). (4 6anna)

Bcez2o — 10 6annos

PeweHue BapuaHTta 4

1.

N3 obwmx npaBmna NoCcTpoeHua n3obpaxkeHni B IMH3axX cneayeT, YTo cobumparowan INH3a
MOXET [aBaTb AENCTBUTENbHOE NepeBepHyToe n3obpaxkeHrne npegmeTa, U NpuM 3TOM OHa
cama byaeTt HaxoAUTbCA MeXAay NpeameToM U ero nsobpaxkeHmem (B OoT/IMYME OT Cayyas
paccemBatowein AnuH3bl). [Ona onpedeneHua MJIOCKOCTM, B KOTOPOW pacrnoJsiaraerca
He[0CTaloWwan MMH3a, AOCTaTOYHO HAaWTU ABe NpUHAANeKalLMe el TOYKM. BHavane Halaem
ONTUYECKMUN LEHTP NIMH3bI, UCNONb3YA CeAYIOWMIA 3aKOH reOMETPUYECKON ONTUKKU: Nyun,
naywme 4yepes ONTUYECKUN LLEHTP /IMH3bl, HE WCMbITbIBAOT MpenomneHus. Ons 3toro
COeAMHUM COOTBETCTBYHOWME TOYKM OOBEKTA M ero M306parKeHWA - Hayana M KOHLbI
BEKTOPOB. TOYKa nepeceveHns E 3TUx ABYX OTpPe3KoB M byaeT oNnTUYECKMM LLEHTPOM JINH3bI
— TONbKO MNPOXOAA Yepe3 Hee JlyYn OCTaHyTCA NpAMbIMU. [NAa HaxoXKAEHWA BTOPOro
OpMEHTUPA ANA NOCTPOEHMA NNIOCKOCTU IMH3bI NpoBeaeM Nyd AB, COeAMHAOWMIA KOHEL, U
Ha4yano npegmeTa, U NPoOAAMM ero 3a npeaenbl npeameTa B 06aacTb Npeanosiaraemoro
HaxOoXAEHUA JIMH3bl WU ee NpoAo/KeHUA (npaBuna MNOCTPOEHMA U306parkeHui
NO3BONAIOT NPOAJEBATb MJIOCKOCTb JIMH3bI U CYMTATb €€ HEOrpaHMYEHHO MNPOTAMKEHHOMN,
ecnm 3To TpebyeTca ANAa NOCTpoeHua xoaa nydei). dPakTnyecku, nydy AB MONKHO
paccmaTpuBaTb KaK [Ba COBMNafatoWMX /y4ya, OAMH U3 KOTOPbIX UCXOAUT U3 TOYKM A, a
BTOPOI — M3 TOYKM B, n o0b6a OHM OyayT NpenomnAaTbca B /IMH3E OAMHAKOBO B CUAY
COBMaZeHMs B NpocTpaHcTBe. [locne NpenoMIeHMa B IMH3E KaXKAabli U3 3TUX ABYX Ny4ven
[O/IKEH NPOUTU Yepes COOTBETCTBYOWME N306paxKeHMa (Hayano u KoHew, npeameTa), T.e.
yepe3s ToYkM C M D. EQMHCTBEHHbIA BO3MOMHbIA BapuMaHT Xo4a ABYX COBMagaloLLIMX
NPesIOMIEHHbIX Iy4el B 3TOM C/lydae — 3TO npAmas, coeanHawwaa Toukm C n D. Touka
nepeceveHma F npogomkeHua nydyein AB n CD yKasbiBaeT TakMM 06pa3om Ha MIOCKOCTb
JINH3bI.



2. [lna oTeeTa Ha BTOPOWN BOMNPOC AOCTAaTOMHO NOCTPOUTbL FNABHYIO ONTUYECKYIO OCb SINH3bI U
nposectn NboM Ny4, QYN NapanienbHO ei: Nocae NPeNoMIEHMA OH NPoNaeT Yepes
¢dokyc. M3 yepTerka oueHKa GOKyCHOro pacctoanma F: F=1.06 a = 74 £7 mm.

3apaua no pusuke. MexaHusm c npyxxuHou (10 6annos)

BapuaHt 1
fo
pr
o<
ﬂpy)-KVIHbI — HeoTbemsiemaa 4acCTb 6OJ1bLUMHCTBa MexXaHUNn4YeCKnx yCTpOVICTB. Ha BEPTUKA/IbHO

PaCMNo/IOXKEHHOM MpPYXKUHE BUCUT rpy3 maccbl m = 1 r. Jepopmaumns B 3TOM Cayyae HeBenuKa.
YT106bI NOTOYHEE OMNPEAEeNnNTb KECTKOCTb MPYXKUHbI k 6bl10 NPeasoXKeHo Bo3byanTb KonebaHus.
[na aToro ceBepxy 6pocatoT BTOPOI TaKoM e rpy3 m = 1 1, KOTopbl NpUAMNaeT K nepsomy. MNocne
3TOro MPYXMHA C rpy3ammn HauMHaeT KosiebaTtbeca. ITOT NpoL,ecc NPOAONKAETCSA A0/r0, NOKa rpysbl
He 3aliMyT paBHOBECHOE NoJioXKeHue. Yactota KonebaHuii v =2 Iy,

1. Yemy paBHa HayanbHaa CKOPOCTb rpy3oB Vi, ecam CKOpocTb nopgnetarowero rpysa
HenocpeacTBEHHO nepes conpMKocHoBeHuem pasHa Vo= 10 m/c? (2 6anna)

2. Yemy paBHa }KeCTKOCTb NpyXuHbl k? (3 6anna)
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3. Haiitn makcMmanbHylo amnanutygy Konebanuia A. (5 6annoes)

Bce2o — 10 6annos

PeweHue BapuaHTta 1

1. ﬂpM noanete rpysa no 3aKOHy COXpaHeHnA MMMNybca: mVO = szI,OTKYﬂ,a
V.
V1 = ?0 = 5 M/C

w 1 k

2. Yactota KonebaHum onpenenaeTca XKeCTtkoCTbio U NOAHOM MacCCOM: V:E—ZTL_ "

CneposatensbHo: k = 2m(2nv)? = 0,32 H/m.

3. Mocne cannanHma rpysbl 6yp,yT KonebaTbCA OTHOCUTE/IbHO HOBOIO MOJIOMKEHUA paBHOBECHA,

2m m m
KOTOpOEe HUXe UCXOOHOro Ha: Ay = Tg - Tg = Tg Ecnn PacnonoXnTb Ha4vya10 OTCYETa

MO OCM y B HOBOM MOJIOKEHUM PaBHOBECUA, TO 3aKOHbl M3MEHEHUA KOOPAMHaTbl W
CKOPOCTU 3aNuLyTCA cneayowmm obpasom:

y(t) = Acos(wt + @)
vy (t) = —Awsin(wt + @)

-mg

B HauanbHbIi MomeHT BpemeHn 1, (0) = vy, a y(0) = -4y = p

MoactaHoBKa AaeT:

m
Tg = Acos(¢p)

v; = —Awsin()

Bo3BoaA B KBagpaT, U UCMO/Ib3YyA OCHOBHOE TPUTOHOMETPUYECKOE TOXKAECTBO, NOJAYYUM:

4= (%)Z(%)zzo/m

BapuaHT 2

-
-
»
»
-
:
-
-
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Bo3BpaTHbI MexaHM3M paboTaeT C MCMoAb30BaHWEM MPYXKUH. YTOObI NMOTOYHEe onpenenuTb
YKECTKOCTb NPYXWHbI k BblI0 NpeanokeHo Bo3byaAnTb KonebaHMA rpysa, BUCALLErO BEPTUKANbHO
Ha 3ToM npyKuHe. Macca rpysa m = 1 r. lebopmauma B 3TOm c/y4ae HeBennKa. YTobbl NoToYHee
onpeaennTb }KeCTKOCTb NPYKUHbI k Bbl10 NpegioxKeHo Bo3byauTb KosnebaHua. [lna aToro ceepxy
HpocatoT BTOPOI TaKow e rpy3 m = 1 r, KOTopbIl NpUAUNAET K nepsomMy. MNocsie 3Toro Npy*KMHa ¢
rpy3amMmm HaumMHaeT KonebaTbcA. ITOT MPOLLeCC NPOAO/IKAETCA AO0Ar0, MoKa rpysbl He 3anmyT
paBHOBeCHOe NosoXeHue. YactoTa konebaHui v = 2 ',

1. Yemy paBHa HauyanbHasA CKOPOCTb rpy3oB Vi, ecnM CKOpOCTb NOANETaloWero rpysa
HenocpeacTBEHHO Nepeps, CONPUKOCHOBEHUeM paBHa Vo= 10 m/c? (2 6anna)

2. Yemy paBHa XKeCTKOCTb NpyXuHbl k? (3 6anna)
3. HaiiTu makcumanbHylo amnautyay Konebauuii A. (5 6annoes)

Bce2o — 10 6annos

PeweHue BapuaHTa 2

1. Mpwv nogneTe rpysa no 3aKOHy COXpaHeHUs umnynbca: mVy = 2mV;, oTkyaa

V
V1=70=5M/C

1 k

o o o w
2. Yactota KonebaHwuit onpenenAaeTtca MXeCTtkoCtbio U NOJIHOM MaCCou: V=;=§ %

CneposatensbHo: k = 2m(2nv)? = 0,32 H/m.

3. Mocne cavnaHma rpy3sbl ByayT KonebaTbCa OTHOCUTENIbHO HOBOTO MOJIOXKEHMA PAaBHOBECKS,

2m m m
KOTOpO€Ee HnXxe UCXOO4HOro Ha: Ay = Tg - Tg = Tg Ecnun PaCno/1I0OXKNUTb HAa4Ya/10 OTCYETA

no oCcn y B HOBOM NOJIOXKEHUN paBHOBECHUA, TO 3dKOHbl U3MEHEHWMA KOOPAWUHATbl U
CKOPOCTH 3annyTca cnegyrowmm o6pa30M:

y(t) = Acos(wt + @)
v, (t) = —Awsin(wt + @)
—mg

B HauanbHbIit MoMeHT Bpemenn vy, (0) = vy, a y(0) = -4y = —=.

MoAacTaHOBKa AaeT:

% = Acos(¢p)

v; = —Awsin(p)

Bo3BoasA B KBagpaT, U UCMNO/Ib3yA OCHOBHOE TPUTOHOMETPUYECKOE TOXKAECTBO, NOMYYUM:

a= () + (%) ~ o



BapuaHTt 3

MPy*XMHbI — HEOTbem/seMan 4YacTb OONbLUMHCTBA MEXaHWYEeCKMX YCTpPoWMcTB. Ha BepTUKanbHO
PACMONOMKEHHOW NPYKMHE BUCUT rpy3 maccbl m = 2 1. Jedopmauuns B 3TOM CNyyae HeBesuKa.
YT06bl NOTOYHEE ONPEAENUTb KECTKOCTb MPYXUHbI k 6bIN0 NpesoXKeHo BO3byauTb KonebaHus.
[na aToro ceepxy 6pocatoT BTOPOM TaKoW e rpy3 m = 2 1, KOTOpbIi NpuAnnaeT K nepsomy. Nocne
3TOro NPYKMHA C rpy3amMmn HauyMHaeT KonebaTbeca. ITOT NPOLLECC NPOAOIKAETCA A0NT0, NOKA rpy3bl
He 3alMyT paBHOBECHOE NoNoXKeHue. YacToTa KonebaHuii v = 4 Iu,.

1.

3.

Yemy paBHa HauvaZbHaA CKOPOCTb rpy3oB Vi, ecau CKOpocTb nopseTtalowero rpysa
HenocpeacTBEHHO Nepepn, CONPUKOCHOBEHMEM paBHa Vo = 8 m/c? (2 6anna)

Yemy paBHa XKeCTKOCTb NpyXuHbl k? (3 6anna)

HaiiTn makcumanbHylo amnantyay KonebaHuuii A. (5 6annoe)

Bce2o — 10 6annos

PeweHue BapunaHTa 3

1.

2.

Mpu nogneTte rpy3a no 3aKoHy coxpaHeHua umnynsca: mV, = 2mV;, oTkyaa

V
V1=70=4M/c

1 k

o o o w
Yactota KonebaHui onpegenaeTca XKecCctkoCtbko M NOJIHOU MACCOU: V=§=§ E

CneposatensHo: k = 2m(2nv)? = 2,53 H/Mm.

Mocne cannaHua rpysbl 6yayT KonebaTbca OTHOCUTENILHO HOBOTO MOJIOXKEHMSA PAaBHOBECKS,

2m m m
KOTOpO€e HWnXe UCXOO4HOro Ha: Ay = Tg - Tg = Tg Ecnun PaCcnoN0OXNUTb HAa4Ya/10 OTCYETA

no ocn y B HOBOM MNOJIOXKEHUN pPaABHOBECUA, TO 3aKOHbl U3IMEHEHUNA KOOPAWHATbI U
CKOpPOCTU 3annulyTca chegyrowmm o6pa30N\:

y(t) = Acos(wt + @)
v, (t) = —Awsin(wt + @)

B HauasnbHbI MOMeHT BpemeHn v),(0) = vy, a y(0) = —Ay = _kﬂ_

MNoacrtaHoBKa faerT:
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m
Tg = Acos(p)

v; = —Awsin(p)

Bo3soas B KBagpaT, h NCNOoJ1b3yA OCHOBHOE TPUTOHOMETPHUYECKOE TOXKAOECTBO, MOYHYUM!

A= (%)2 + (%)2 ~ 0,16M

BapuaHt 4

Py s
WLE

AN

"I
v 1))

v
.
.

Bo3BpaTHbIM mMexaHM3m paboTaeT € MCNONb30BaHMEM MpPYXUH. YTObbl noTouHee onpenennTb
YKECTKOCTb NpPYKWHbI k BbIN0 NpeanorkeHo Bo3byanTb KonebaHma rpysa, BUCALWLETO BEPTUKANBHO
Ha 3ToM NpyunHe. Macca rpysa m = 2 r. Jedbopmaumsa B 3TOM Caydyae HeBennKa. YTobbl noTouHee
onpeaenuTb }KeCTKOCTb NPYKWHbI k 6b110 NpeanoxeHo Bo3byauTe konebaHua. na aToro ceepxy
6pocatoT BTOPOM TaKoM e rpy3 m = 2 , KOTOPbI NpMANNAaeT K nepBoMy. [locie 3Toro npyuHa ¢
rpysamum HaumHaeT kKonebaTtbcA. ITOT Npouecc NPOAO/IKAETCA AOAT0, NOKa rpy3bl HE 3ahmyT
paBHOBECHOE NoJsioXeHue. YactoTa KonebaHunn v =4 Iy,

1. Yemy paBHa HauyanbHaA CKOPOCTb rpy3oB Vi, ecnM CKOpPOCTb NOAJETAoOWEero rpysa
HenocpeAacTBEHHO Nepepn, CONPUKOCHOBEHMEM paBHa Vo = 8 m/c? (2 6anna)

2. Yemy paBHa }KeCcTKOCTb NpyXuHbl k? (3 6anna)
3. Haiitn makcMmanbHylo amnanuTtygy Konebanuia A. (5 6annoes)

Bce2o — 10 6annos

PeweHue BapuaHTta 4

1. Mpu nognete rpysa No 3aKOHY COXpaHeHUs umnynbca: mVy = 2mV,, oTkyaa

Vo
4] =7=4M/C

1 k

o o o w
2. Yactota KonebaHumn onpenenaeTca XKecCctkoCtbko MU NOZIHOU MACCOU: V=E=§ %

CneposatenbHo: k = 2m(2nv)? = 2,53 H/m.
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3. Tlocne cavnaHuA rpysbl 6y,c|,yT KonebaTbCA OTHOCUTE/IbHO HOBOFO MOJIOMKEHUA paBHOBECHUA,

2m m m
KOTOpOE HUXe UCXOOHOro Ha: Ay = Tg - Tg = Tg Echun pPacnonoXnTb Ha4vyal0 OTCYETa

MO OCM y B HOBOM TMOJIOXEHUM PaBHOBECUA, TO 3aKOHbl M3MEHEHUA KOOPAMHAaTbl U
CKOPOCTU 3anuLyTCA cneayowmm obpasom:

y(t) = Acos(wt + @)
vy, (t) = —Awsin(wt + @)

B HauanbHbIi MomeHT BpemeHn 1, (0) = vy, a y(0) = -4y = "kﬂ.

MoacTaHOBKa AaerT:

m
Tg = Acos(¢p)

v; = —Awsin()

Bo3soaa B KBagpaT, h NCNoJsib3yA OCHOBHOE TOPUTOHOMETPHUYHECKOE TOXKAOECTBO, MOYHYUM!

A= (%)2 + (%)2 ~ 0,16M

3apaya no matemartuke. LleonuTtHblii ny4yok (6 6annos)

BapuaHt 1

OpHa n3 pa3HOBUAHOCTEN LEONTOB — 3PUOHUT — NpeacTaBnineT coboil COBOKYMHOCTb OYEeHb
TOHKMX U AJ/IMHHbBIX BONIOKOH, COBPaHHbIX B MAOTHbLIE MYYKMU.

OueHuTe CpeaHU AMamMeTp Nop B TAaKOM MNy4YKe, eC/IM Ha OA4MH FPaMM MaTepuana npuxoauTca
naowaab nop, pasHaa S = 20 m?, n 06bem nop, pasHbiii V = 0,15 m.

Bce2o — 6 6annos
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PeweHue BapuaHTta 1

Ons oueHKn byaem cumTaTb, YTO BCe MOpbl MMelT dopmMy UMAMHAPA. Ha ogMH rpaMm 3pUMOHUTA
nPUXoAUTCA naowanb, pPaBHad OOKOBOM MOBEPXHOCTU UUAMHAPUYECKUX MOP COBOKYMHOM
aAnnHom L:

S =ndL,
a Takxke obbvem
V = nd?L/4.
MX oTHOWeEHME paBHO

V/S = (rd?L/4)/(ndL) = d/4.

Torpa
d=4Vv/s
d =4-0,15-10° m3/20 m2=30-10° m = 30 HM.
BapuaHTt 2

OpHa n3 pa3HOBUAHOCTEN LEONTOB — 3PUOHUT — NpeacTaBnineT coboil COBOKYMHOCTb OYEeHb
TOHKMX U AJ/IMHHbBIX BONIOKOH, COBPaHHbIX B MAOTHbIE MYYKMU.

OueHunTe cpeaHUn AnameTp Mop B TaKOM My4yKe, eCAn Ha OAWH rpPamMm maTepuana NpPUXoamuTcA
naowaab nop, pasHaa S = 25 m?, n o6bem nop, pasHbiil V = 0,20 mA.

Bce2o — 6 6annos

PeweHue BapuaHTa 2

Ons oueHKkn byaem cumTaTb, YTO BCe MOpbl MMeoT GopmMy UMANHAPA. Ha oAWH rpamm 3puoHUTA
NPUXoAUTCA nAowagb, pPaBHaa OOKOBOM MNOBEPXHOCTU UMUAMHAPUYECKMX MNOP COBOKYMHOM
anvHom L:

S = ndL,
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a TaKkXe obbem
V = nd?L/4.
MNx OTHOLWEHNE paBHO

V/S = (nd?L/4)/(ndL) = d/4.

Torga
d=4V/s
d=4-0,2-10°Mm3/25 M2 =32:10° m = 32 HMm.
BapuaHTt 3

OfAHa M3 pasHOBMAHOCTEM LEONNTOB — 3PUOHUT — NPeAcTaBAsaeT coboli COBOKYMHOCTb O4YEHb
TOHKMX U AJIMHHbIX BOJIOKOH, COBPaHHbIX B M/IOTHbIe Ny4ykn. OueHUTe CpeaHuin AnameTp nop B
TaKOM My4Ke, eCNN Ha OAMH FPaMM MaTepuana NpPMXoAMTCa naowanb nop, pasHaa S = 20 m?%, u
06bem nop, pasHbI V =0,20 mn.

Bce2o — 6 6annos

PeweHue BapuaHTa 3

[na oueHKkn Byaem cuuTaTbh, YTO BCE NOPbI UMET popmy LMAMHAPA. Ha oAUH rpamMmm 3puUOoHUTa
npUXoamuTca naowagb, paBHaa 6GOKOBOW MOBEPXHOCTM UWMAUHAPUYECKMX MOP COBOKYMHOM
ANMHOM L:

S =ndl,
a TakKe obbvem
V = nd’L/4.
Mx oTHOLWeEHMe paBHO
V/S = (rd?L/4)/(ndL) = d/4.

Torga
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d=4V/s

d =4-0,2-10°Mm3/20 M2 = 40-10° m = 40 HM.

BapuaHTt 4

OaHa m3 pa3sHOBUAHOCTEN LLEO/IMTOB — 3PUOHUT — MNpeacTassiseT coboit COBOKYMHOCTb OYeHb
TOHKUX U AJIMHHbIX BOJIOKOH, COOpaHHbIX B NAOTHble NMy4YKWn. OueHUTe cpeaHui guameTtp nop B
TaKOM MyYyKe, eciv Ha OAMH rPaMM maTepuana NPUXoaMTCA NAoWaab nop, pasHaa S = 25 M2, 1
06bem nop, pasHbI V =0,15 mn.

Bcez2o — 6 6annos

PeweHune BapuaHTta 4

Ons oueHKn byaem cumTaTb, YTO BCe MOpbl MMeT Gdopmy UMANHAPA. Ha oAWH rpamm 3puoHUTa
npPUXoAnUTCA naowanb, pPaBHad OOKOBOM MOBEPXHOCTU UUAMHAPUYECKUX MOP COBOKYMHOM
AnvHom L:

S =ndL,
a TaKkxke obvem
V = nd’L/4.
Mx oTHOLIEHWE paBHO
V/S = (rd?L/4)/(ndL) = d/4.
Torga
d=4v/s

d =4-0,15-10°% m3/25 m? = 24:10° m = 24 HM.
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3apgaua no matematuke. Mapagokc JleBuHtana (8 6annos)

BapuaHt 1

o ¥ g
: /“’/z

B 2024 roay Hobenesckoit MNMpemunen no xumumn 6bian OTMEYeEHbl UCCNea0BaHUA, NOCBALWEHHbIE
npesackasaHuio MTorosoi ¢opmMbl NPU CBOPaUMBaHNM BENKOBON LLENOYKM.

OAHoM U3 TeopeTUYECKUX Npobaem, BO3HMKAKOLWMX MPU PACCMOTPEHUMU NPOLLEcca CBOPaYMBaHUsA
6enka, anserca Napagokc /leBuHTans. OH COCTOUT B TOM, Bpems, Heobxoanmoe, 4Tobbl 6enkoBas
LenoYyka Hallna CBOK ONTMMANbHYH CTPYKTYpy nNyTem MosHoro nepebopa Bcex BO3MOMKHbIX
BapMaHTOB, 3HaUNTENbHO 6o/blIe Habl0AaEMOro BpeMeHM CBopaunBaHua 6enka (MUANUCEKYHAbI
WIN CEKYHAbI).

1. BenkoByl MOJIEKY/ly MOXHO NMPeACTaBUTb KaK LLeNoYKYy U3 aMUHOKUCIOTHBIX OCTaTKOB.
PaccuutaiiTe, CKONIbKO BApPMAHTOB CTPYKTYpPbl CyliecTByeT Ana 6enKoBo moneKybl
a/mvHoi 100, ecnn Kaxkabli U3 ee aMMHOKMUC/IOTHbLIX OCTAaTKOB MOXET He3aBUCMMO
NPUHMMaATb 8 NPOCTPAHCTBEHHbIX BAPUAHTOB CTPYKTYpbI? (4 6anna)

2. Cumtas, uyto 6ENOK MOXKET MEHATb CBOI NMPOCTPAHCTBEHHYIO CTPYKTYPY Kakable 10713
CEeKYHA, paccuuTaiiTe, CKOJIbKO BPEMEHM 3aiiMeT MOJIHbIM nepebop BCeX BO3MOMKHbIX
KoHdopmaumii ana 6enka M3 NyHKTa 1, ecnm uenoyka nocneposatenbHO nepebeper Bce
BO3MOXHble BapMaHTbl CBOEW MPOCTPAHCTBEHHOW CTPYKTYpbl? CpaBHUTE MONYYEHHYH
BeJIMUMHY C BpeMEeHEeM cyLlecTBoBaHUA BceneHHow (13,8 munnnapaa nert). (3 6anna)

3. Kak usmeHutca Bpemsa nepebopa Bcex BO3MOXKHbIX KOHpopmauuit 6enka, npu
yBennuyeHuun ero gavHbl sasoe? (1 6ann)

Bcez2o — 8 6annos

PeweHue BapuaHTta 1

1. TOCKONbKY BapuaHT CTPYKTYpbl Ka)XAOro M3 aMUHOKMCAOTHbIX OCTaTKOB B 6enkosoi
monekyne gamHon A = 100 MoKHO BblibpaTb oaHUM U3 8 cnocobos (B = 8), To obuiee uncno
BAPWAHTOB CTPYKTYypbl 6enka P paBHO uncny 8, ymHOXKeHHOMY camomy Ha ceba 100 pas:

P=B-B-B-B-....B-B=B”

To ectb, P = 8109= 2,0-10%.
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2. CymmapHoe Bpema, T, Heobxoaumoe ana nepebopa BCEX BO3IMOMKHbIX BapWAHTOB
CTPYKTYpbl, COCTaBAAET

T=BAt
T = 8100.1013 (¢) = 810.1013/(60-60-24-365) = 6,5-10%° net
(npubamkéHHbIn pacyet T = 2,0-10°°-10713/(60-60-24-365) = 6,3-10%° ner)
Yto B 6,5:10%°/13,8-10° = 4,7-10°° pa3 6oblue, 4em BO3pacT BcesieHHOM.

3. Mpu yBennyeHun ANvHbI GENKOBOW MOJEKyNbl B ABa pa3a, Bpems, Heobxogumoe Ha
nepe6op BCex BO3MOMXKHbIX BapMaHTOB CTPYKTYpbI, T2, yBennuutca 8 BA = 2,0-10% pas:

T,=T1-BA=B?At

BapuaHTt 2

B 2024 ropy Hobenesckoit MNMpemunen no xumnmn 6bian OTMEYEHbI UCCNed0BaHMSA, NOCBALLEHHbIE
npeackasaHuio MTorosoi ¢opmbl NPU CBOPaUnMBaHNM BENKOBON LLENOYKM.

OpgHoOM U3 TeopeTMyYecknx Npobaem, BO3HMKAOWMX NPU PAaCCMOTPEHMM NpoLEecca CBOpaYMBaHUSA
6enkKa, senaetca Mapagokc JleBuHTana. OH coCcTOUT B TOM, Bpems, Heobxoammoe, 4yTobbl 6esnkoBan
LEenoYka Hall/a CBOK ONTMMANbHYIO CTPYKTYpy MyTeM MNOAHOro nepebopa BCEX BO3MOMHbIX
BAPWaAHTOB, 3HAYMTENbHO H6oNblle HabNA4aEeMOro BpeMeHM CBOpaunBaHma benka (MUAANCEKYHAbI
NN CEKYHAbI).

1. BenKkoByl MOJIEKY/ly MOXHO NPeACTaBUTb KaK LLeNoYKYy U3 aMUHOKUCIOTHbIX OCTaTKOB.
PaccuMTaiiTe, CKONbKO BAapMAHTOB CTPYKTypbl cyuwiecTByeT AnA 6enKoBOW MOJIEKybl
AnnHoWU 150, ecnn KaxKAablii U3 ee aMMHOKMUCNOTHbIX OCTaTKOB MOMKET He3aBUCUMO
npuHUMaTb 10 NPOCTPaHCTBEHHbIX BAPUAHTOB CTPYKTYpLbI? (4 6anna)

2. Cuutan, yto 6eN0K MOXEeT MEHATb CBOIO MPOCTPAHCTBEHHYIO CTPYKTYpPY Kakable 10713
CEeKYH/A, paccuuTaiiTe, CKOJIbKO BPEMEHU 3aliMeT MOJIHbIM nepebop BCceX BO3MOMKHbIX
KoHdopmauuit gna 6enka n3 nyHkTa 1, ecam uenouka nocnegosaresibHo nepebeper Bce
BO3MOXXHble BapMaHTbl CBOEW MPOCTPAHCTBEHHOW CTPYKTYpbi? CpaBHUTE MOAYYEHHYH
BeJIMUMHY C BpeMeHeM cyliecTBoBaHuA BceneHHow (13,8 munnnapaa nert). (3 6anna)
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3. Kak usmeHutca Bpemsa nepebopa Bcex BO3MOXKHbIX KOHPopmauuit 6enka, npu
yBennuyeHuun ero gavHbl sasoe? (1 6ann)

Bcez2o — 8 6annos

PeweHue BapuaHTa 2

1. TOCKONbKY BapuMaHT CTPYKTYpbl Ka)KAOro M3 aMUHOKMCAOTHbIX OCTaTKOB B 6enkosoi
monekyne anvHoin A = 150 moXKHO BbibpaTb ogHMm M3 10 cnocobos (B = 10), To obuiee
4YMCNIO BapMAHTOB CTPYKTYpbl 6enka P pasHo uncay 10, ymHOXKeHHOMY camomy Ha cebs 150
pas:

P=B-B-BB-....B-B=B”
To ectb, P = 1010,

2. CymmapHoe Bpemsa, T, Heobxoaumoe panAa nepebopa BcCex BO3MOMKHbLIX BapPUAHTOB
CTPYKTYpbl, COCTaBaAeT

T=BAt
T = 10%50.1013 (c) = 10%37/(60-60-24-365) = 3,2-1012° net
Y1o B 3,2:1012°/13,8-10° = 2,3-10*° pa3 6osbLue, yem Bo3pacT BceneHHoin.

3. MMpu yBennyeHun AnvHbl 6EN1KOBOW MONEKyabl B ABa pa3a, Bpems, HeobxoguMmoe Ha
nepebop BCex BO3MOMKHbIX BaPUaHTOB CTPYKTYpbI, T2, yBennuutca 8 BA = 10%°0 pas:

To=T1BA =Bt

BapuaHTt 3

B 2024 rogy Hobenesckol Mpemuein no xumum Bbian OTMeUYeHbl UCCNea0BaHUA, NOCBALLEHHbIE
npeAcKkasaHuio MToroso Gopmbl NPU cBOpauymMBaHUM 6eNKOBOM LENOYKM.

OAHOM U3 TEOPETUYECKUX NPOBAEM, BOZHMKAIOLWMX MPU PACCMOTPEHUU NPOLLECCa CBOPAYMBaHUSA
6enka, anserca Napagokc JleBuHTansa. OH COCTOUT B TOM, Bpems, Heobxoanmoe, 4Tobbl 6enkoBas
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LLenoYyka Halina CBOK ONTMMANbHYH CTPYKTYpy MNyTem MosiHoro nepebopa Bcex BO3MOMKHbIX
BapWaHTOB, 3HAUNTENbHO Bosblie HabloAaEMOro BpeMeHM CBopaunBaHua 6enka (MUANUCEKYHAbI
WAN CEKYHAbI).

1. BenkoByl MOJIEKY/lY MOXHO NPeACTaBUTb KaK LLeNoYKYy U3 aMUHOKUCIOTHbIX OCTaTKOB.
PaccuuTaifTe, CKONbKO BapMAHTOB CTPYKTypbl cyuwiecTByeT anAa 6enKoBOW MOJIEKYbl
AnvHoU 150, ecnn KaxKAaplii U3 ee aMMHOKMUCNOTHbIX OCTaTKOB MOMKET He3aBUCUMO
NPUHUMATbL 8 NPOCTPAHCTBEHHbIX BAPUAHTOB CTPYKTYpbI? (4 6anna)

2. Cuutas, uto 6eN0K MOXKET MEHATb CBOI NPOCTPAHCTBEHHYIO CTPYKTYPY Kaxkable 10713
CEKYHA, PaccuuTaiiTe, CKONbKO BpemMeHM 3aliMeT NOJIHbIN nepebop Bcex BO3MOMKHbIX
KoHpopmaumii ana 6enka M3 NyHKTa 1, ecnm uenoyka nocneposatenbHo nepebeper Bce
BO3MOXHble BapMaHTbl CBOEW MPOCTPAHCTBEHHOW CTPYKTYpbl? CpaBHUTE MOJNYYEHHYHO
BE/INYUHY C BpeMeHeM cyLiecTBoBaHuA BceneHHoit (13,8 munnunappga ner). (3 6anna)

3. Kak usmeHutca Bpemsa nepebopa Bcex BO3MOXKHbIX KOHpopmauuit 6enka, npu
yBenuueHuu ero gavHbl sgsoe? (1 6ann)

Bcezo — 8 6annos

PeweHue BapuaHTa 3

1. TOCKONbKY BapuMaHT CTPYKTYPbl Ka)KA0ro M3 aMUHOKMCAOTHbIX OCTaTKOB B 6enkosoi
mosiekyne anvHoi A = 150 mokHO BbIGpaTb ogHMM K13 8 cnocobos (B = 8), To obuiee uncno
BapMaHTOB CTPYKTYpbl 6enka P paBHO uncny 8, yMHOXXeHHOMY camomy Ha ceba 150 pas:

P=B-B-B-B-..-B-B=B"
To ectb, P =810 = 2,9-10"3>,

2. CymmapHoe Bpemsa, T, Heobxogumoe ana nepebopa BceXx BO3MOMKHbIX BapWMaAHTOB
CTPYKTYpbIl, COCTaBnseT

T=BAt
T = 81501013 () = 8150.1013/(60-60-24-365) = 9,2-10114 siet
(npnbnumskéHHbIn pacyet T = 2,9-1013°-1013/(60-60-24:365) = 9,2-10%* ner)
Yto B 9,2:10'14/13,8-10° = 6,7-10°* pa3 6osbLie, yem Bo3pacT BceneHHoin.

3. lpu yBeanyeHun AnvHbl H6€1KOBOM MONEKY/Abl B ABa pas3a, Bpemsi, HeobxoauMmoe Ha
nepebop BCex BO3MOMKHbIX BAPUAHTOB CTPYKTYpbl, T2, yBennuutca 8 BA = 2,9-103° pas:

T.=T1BA =Bt



BapuaHTt 4
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B 2024 ropy Hobenesckon Mpemuert No xumum HbIaM OTMEYEHbI UCCNeA0BaHMA, NOCBALLEHHbIE
npeAcKasaHuo MTOroson Gopmbl NpU cBOpaumMBaHUn 6e1KOBOM LENOYKM.

OaHoM U3 TeopeTUYecKnx Npobaem, BO3HMKAKOLWMX MPU PACCMOTPEHUMU NPOLLEcca CBOPaYMBaHUsA
6enka, anserca Napagokc /leBuHTansa. OH COCTOUT B TOM, Bpems, Heobxoanmoe, 4Tobbl 6enkoBas
LenoYyka Hallna CBOK ONTMMANbHYH CTPYKTYpy MNyTem nosiHoro nepebopa Bcex BO3MOMKHbIX
BapWaHTOB, 3HaUNTENbHO 6o/blle HabloAaEMOro BpeMeHM CBopaunBaHua 6enka (MUANUCEKYHAbI
WAN CEKYHAbI).

1. BenKoByl MONEKYNYy MOXKHO NPeACcTaBUTb KaK LLeNoYKY U3 aMUHOKUC/IOTHbIX OCTAaTKOB.
PaccuuTaiiTe, CKONbKO BapUaHTOB CTPYKTYpbl CyliecTByeT AN 6enKoBoOii MoneKy/bl
AnvHoi 100, ecnn KaxKAbl M3 ee aMUHOKMUC/IOTHbIX OCTaTKOB MOXKET He3aBUCMMO
NPUHMMAaTbL 10 NPOCTPAHCTBEHHbIX BAPUAHTOB CTPYKTYpbI? (4 6anana)

2. Cuutan, uyto 610K MOXET MEHATb CBOI0 MPOCTPAHCTBEHHYIO CTPYKTYpPY Kakable 10713
CEeKYHpA, paccuMTaiTe, CKOJIbKO BpeMeHU 3aiimeT MOJIHbIM nepebop Bcex BO3MOXKHbIX
KoHdopmaumii gna 6enka M3 NyHKTa 1, ecam uenouyka nocneposatenbHo nepebepert Bce
BO3MOXHble BapuaHTbl CBOel MPOCTPAHCTBEHHOW CTPYKTypbl? CpaBHUTE MNOJIyYEHHYIO
Be/IMYNHY C BpeMeHeM cyLiecTBoBaHuA BceneHHoit (13,8 munnnappga ner). (3 6anna)

3. Kak usmeHutca Bpemsa nepebopa Bcex BO3MOXKHbIX KOHpopmauuit 6enka, npu
yBennuyeHuun ero gavHbl sasoe? (1 6ann)

Bcez2o — 8 6annos

PeweHue BapuaHTta 4

1. TOCKO/NbKY BapWaHT CTPYKTYPbl KaXKAoro M3 aMUHOKWUCIOTHbLIX OCTAaTKOB B 6E€/IKOBOM
mosnekryne annHon A = 100 moxKHo BbibpaTb ogHuUMm 13 10 cnocobos (B = 10), To obliee
YMCNO BaPUAHTOB CTPYKTYpbl 6enka P paBHO uncay 10, ymHOXeHHOMY camomy Ha ceba 100
pas:

P=B:B-B-B-....B:-B=B"

To ectb, P = 101,


https://olymp.msu.ru/file/test/question/8d3a/8d3aa6c9-12ef-4a7b-8f38-3a1010453d4f/attach/7120fed6-d158-47da-89b8-69aef9fdeec6.png
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2. CymmapHoe Bpema, T, Heobxoaumoe ana nepebopa BCEX BO3IMOMKHbIX BapWAHTOB
CTPYKTYpbl, COCTaBAAET

T=BAt
T=10%0-10"13 (c) = 10%7/(60-60-24-365) = 3,2-107° net
Yto B 3,2:107°/13,8-10° = 2,3-10°%° pa3 6onblue, 4em BO3pacT BcesieHHOM.

3. Mpu yBennyeHun ANvHbI GENKOBOW MOJEKyNbl B ABa pa3a, Bpems, Heobxogumoe Ha
nepebop BCex BO3MOXKHbIX BapMaHTOB CTPYKTYpbI, T2, yBennuutca 8 BA = 10109 pas:

T,=T1-BA=B%At

3apgaua no matemaTtuke. Potonamartb (11 6annos)

BapuaHt 1

AMeEpPUKaHCKME y4YeHble MPUMEHUAN Nexalme B OCHOBE MONyYeHMA YepHo-6eno doTorpadum
npoueccbl ANA 3anvMcuM U [ONTOBEYHOTO APXMBHOIO XpaHeHMA undpoBor MHPopmMauuu. OHM
MCNONb30BanKn TOT GaKT, YTO NpU ocseleHUN GOTONNACTUHKM, NPeacTaBAAoWeNn coboi 3epKano,
NOKpbITOE 3mysibcuen cepebpa, B ee ob6beme obpasyeTca cuctema "nosocok”, pacctoaHne mexay
KOTOPbIMM CTPOro 3agaeTca AJ/IMHOW BO/HbI (UBETOM) WMCTOYHMKa cBeTa (puc. 1). Mocne
nposAsaeHunna Takol "dotorpadumn" pacctoaHme mexay NONOCKamMM NO3BOAAET TOYHO ONpeaennTb
LBeT, KOTOpbIA Obln ucnonb3oBaH Npu 3anucu. YTobbl fo6uTbcA 6osblien NAOTHOCTU 3anucH
MHPOPMaLMM, BCIO MOBEPXHOCTb GOTONNACTUHKM Pa3bMBAtOT Ha MaNEHbKME AYENKN, B KaKAyHO U3
KOTOPbIX MOYHO «CBETUTb» OAHOBPEMEHHO HECKO/IbKUMM UCTOYHMKAMM CBETA Pa3HbIX LBETOB.

doTonnacTtuHKa,
Bua c60Ky Ha caoin,
XpPaHAWMUNA AaHHbIE

3epKano

LilBeTHble NCTOYHUKMU CBETA
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Puc. 1. 3anuce uHgpopmayuu 8 omoesnbHyto a4eliky namamu npu NomMowu UCMoYHUKO8 ceema
(npumep 014 08yx usemos), 8ud cboky. [pu 3anucu U CYHUMbIBAHUU UMeem 3Ha4YeHUEe MOosbKO
haKmM HaAAUYUA UAU OMCYyMCcmaeus Kax0o20 U3 usemos 8 s4elike, HO He UX 83AUMHOe
pacrnonoxceHue uau nopsao0oK 3anucu 8 a4elike.



NANO

1. CKONbKO BO3MOXHbIX COCTOAHUN (BapuaHTOB LBETOBbIX KOMOUHaLUMKA) cywecTByeT ans
TaKoW AYENKMU NamATU, ecin ansa 3anucu B 11060 Auelike MOXHO Ucnoab3osBaTtb oT 0 go
4 Npoun3BOJIbHbLIX LBETOB U3 32-uBeTHOI Nanutpbl? (6 6aa108)

lModcka3Ka: nocnepoBaTeNbHO PACCMOTPUTE YMCNO COCTOAHUI AYENKM NPU MCNONb30BAHNM
0, 1, 2, 3 nnun 4 pasHbix LBETOB M3 3TON NAAUTPBI.

2. CKonbKo 6UT MHPOpMaLMM MOXKHO 3aKOAMUPOBATb B OA4HOW AYeliKe NpU Takom cnocobe
3anucu? (3 6anna)

3. CKO/IbKO BCero AueeKk MOXKHO pa3mecTuTb Ha poTonnactuHke paamepom 10x15 cm, ecnu
pa3smep ogHou aueiikn 10x10 mkm? (1 6anan)

4. KaKoit cymmapHblii obbem wuHbopmauuu (B merabaitax) MOXKHO 3anucatb Ha
doTonnactuHKe Takum cnocobom? (1 6ann)

Cymntatb, yto 1 Kb =1024 6, 1 MB = 1024 KB.

Bce2o — 11 6annos

PeweHue BapuaHTta 1

1. [ns Karkaon A4erKn cylecTBYET CTOJIbKO KOMOWHALUMN LBETOB, CKO/IbKO BCErO CYLLLEeCTBYEeT
BapuaHTOB 3anucatb cioBo anmHon 0, 1, 2, 3 nan 4 6yksbl, NoNb3yacb andasutom us 32
O6YKB Tak, UTobbl HM OZIHA OyKBa B 3TOM C/I0BE HE NOBTOPSA/IACH:

My =1+C3+C5+C3,+C5y

32! 4 32! 4 32! 4 32!
31!1!  30!2! 29131 28!4!

M1:1+

31-32+30-31-32+29-30-31‘32
2 2-3 2:-3-4
=1+ 32+ 496 + 4960 + 35960 = 41449

My=1+32+

2. Mpn paccmaTpMBaemom B 3afade crnocobe KogupoBaHWA MHPOPMaLMKU, KONNYECTBO
nHpopMaLMnN, KOTOPOE MPUXOAUTCA Ha OAHY AYerKy (MHOOPMALMOHHbLIN BeC AYENKM),
paBeH norapuemy (Mo 0CHOBAHMIO 2) KONMYECTBA BO3SMOMXKHbIX COCTOAHUM:

I1 = log2(M1) = log2(41449) = 15,34.
3. Mnowaap OTONNACTUHKM COCTaBNAET
S¢n = 10-15 = 150 cm?,
naowanb o4HOM AYENKN paBHa
S1=10-10 = 100 MKMm2,

Torpa obliee YNCNO AYEEK PaBHO



NANO

N = S¢n/S1 = 150 cm?/100 mkm? = 1,50-108,

4. Obbem UHOOPMALMM, KOTOPbLIK MOMKHO 3anucaTb Ha POTOMNNACTUHKY  LENUKOM,
onpeaensetca OOWMM UYMCNIOM BO3MOMKHbBIX COCTOAHWUWA Ha Bcel $oTonNacTMHKe
O4HOBPEMEHHO U cOCTaBNsAET

|06u.|, = |0g2(M06u.|,) = |OgZ(M1N) =11-N
log, = 15,34+1,50-108 = 2,30-10° (6uT).

[anee, nonb3ysacb cooTHoweHuammn 1 b = 8 6ut, 1 Kb = 1024 b, 1 Mb = 1024 KB,
nepeBoAMM NONYYEHHYIO BENNMYNHY B MerabanTbl, losy = 274,3 (MB).

BapuaHTt 2

AMEpPUKAHCKNE YYEHbIE MPUMEHUIN NeXKallMe B OCHOBE MOJIy4eHUs YepHo-6enon dotorpadum
npoueccbl AN 3anuMcuM U A0ATOBEYHOTO APXMBHOTO XpaHeHusa uuébposoir MHbopmauun. OHu
NCNO/1b30Ba/In TOT $aKT, YTO Npu ocBelleHnM GOTONNACTUHKN, NPeacTaBaatowe coboi 3epkano,
NMOKpbITOE aMy/ibcuen cepebpa, B ee obbeme obpasyeTcs cuctema "nonocok”, pacctoaHme mexay
KOTOPbIMM CTPOro 3agaetcA AJ/IMHOM BOAHbI (UBETOM) WCTOYHMKA cBeTa (puc. 1). Mocne
npossaeHns Takon "¢doTtorpadumn" pacctoaHme mexay NoOAOCKamuM NO3BOAAET TOYHO onpeaennTb
LBeT, KOTOpbIA Obln Mcnosib3oBaH Npu 3anucu. YTobbl AobuTbca bonblUer MAOTHOCTU 3anucu
MHPOPMaLMM, BCIO MOBEPXHOCTb GOTONNACTUHKMN Pa3bMBatOT Ha MaNleHbKME AYENKN, B KaKayHo U3
KOTOPbIX MOYKHO «CBETUTb» OAHOBPEMEHHO HECKO/IbKUMM UCTOYHMKAMM CBETA Pa3HbIX LBETOB.

doTtonnacTuHKa,
Bua c60Ky Ha caoin,
XPaHAWMUN AaHHbIE
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Puc. 1. 3anucb uHghopmayuu 8 omoesnbHyro AYeliKy namamu npu NoMowu UCMOYHUKO8 caema
(npumep 015 08yx ysemos), sud cboky. lpu 3anucu U CHUMbIBAHUU UMeem 3HaYeHUe MosbKO
hakm Hanu4ua uau omcymcmeus Kaucooe2o u3 ysemos 8 svelike, Ho He UX 83aUMHOe
pacnosnoxeHue unu nopsooK 3anucu e a4elike.

1. CKONbKO BO3MOXHbIX COCTOAHMIA (BapUAHTOB LBETOBbIX KOMOMHALUMA) cylecTByeT Ana
TaKoW AYelKn NamAaTu, ecam ana 3anucu B Noboit Aueiike MOXHO Mcnonb3oBatb oT 0 Ao
4 Npoun3BOJIbHbIX LBETOB U3 32-uBeTHOI Nanutpbl? (6 6aa108)



NANO

lModcka3Ka: nocnenoBaTe/IbHO PACCMOTPUTE YNCNO COCTOAHUIN AYENKM NMPU MCNOTb30BaHNU
0, 1, 2, 3 nnun 4 pasHbix LBETOB M3 3TON NAAUTPBI.

2. CKonbKo 6UT MHPOpMaLMM MOXKHO 3aKOAMUPOBATb B OA4HOW A4YeliKe NpU Takom cnocobe
3anucu? (3 6anna)

3. CKO/IbKO BCero AYeeK MOXKHO pa3mecTuTb Ha poTonnactuHke pasmepom 10x15 cm, ecnum
pa3mep ogHou aueiiku 20x20 mkm? (1 6anan)

4. Kakoi cymmapHbii obvem wuHPopmaumn (B merabaiitax) MOXKHO 3anucaTb Ha
doTonnactmHKe Takum cnocobom? (1 6anan)

Cuymtatb, yto0 1 Kb =1024 B, 1 Mb = 1024 KB.

Bce2o — 11 6annos

PeweHue BapuaHTa 2

1. [ns Karkoon s4erKu cyecTBYET CTOJIbKO KOMOWHALUMN LBETOB, CKO/IbKO BCErO CYLLLECTBYeT
BapuaHTOB 3anucatb cioBo anvHon 0, 1, 2, 3 nan 4 6yksbl, Nonb3yacb andasutom us 32
OYKB Tak, UTobbl HM OZHA OyKBa B 3TOM C/10BE HE NOBTOPSA/IACH:

My =1+C3+C5+C3,+Csy

32! 32! 32! 32!

My =1+ 31!1! * 30!2! * 29!3! * 284!

31-32+30-31-32+29-30-31‘32
2 2-3 2:-3-4
=1+ 32+ 496 + 4960 + 35960 = 41449

My=1+32+

2. Mpn paccmaTpMBaemom B 3afade crnocobe KogupoBaHWA MHPOPMaLMKU, KONNYECTBO
nHpopMaLMnN, KOTOPOE MPUXOAUTCA Ha OAHY AYErKy (MHOOPMALMOHHbLIN BeC AYENKM),
paBeH norapuomy (Mo 0CHOBAHMIO 2) KONMYECTBA BO3SMOMKHbIX COCTOAHUM:

I1 = log2(M1) = log2(41449) = 15,34.
3. Mnowaap OTONNACTUHKM COCTaBNAET
S¢n = 10-15 = 150 cm?,
naowanb oAHOM AYEeNKN paBHa
S1=20-20 = 400 MmKkm?.
Toraa obuiee yncno a4eek paBHO

N = S¢n/S1 = 150 cm?/400 mkm? = 3,75-107.



NANO

4. O6bbem uvHOOPMALUMKM, KOTOPbIK MOXKHO 3anucaTb Ha (OTONMACTUHKY LLEIMKOM,
onpeaenaeTca O6LWMM YUCAOM BO3MOXKHbIX COCTOSHUA Ha BCel (GOTOMNACTUHKE
OAHOBPEMEHHO U COCTaBNAET

|o6u.|, = |0g2(Mo6u.|,) = |OgZ(M1N) =11-N
logw, = 15,34-3,75-107 = 5,75-108 (6u).

[anee, nonb3ysacb cooTHoweHuammn 1 b = 8 6ut, 1 Kb = 1024 b, 1 Mb = 1024 KB,
nepeBoAMM NONYYEHHYIO BENMYNHY B MerabainTbl, losy = 68,6 (MB).

BapuaHTt 3

AMEpPUKAHCKNE YyYEHbIE MPUMEHUIN NieXKallMe B OCHOBE MOJIy4eHUs YepHo-6enon doTtorpadum
npoueccbl ANs 3anuMcuM U A0ATOBEYHOrO0 APXMBHOMO XpaHeHua uudposoir nHbopmaumm. OHM
NCNO/1b30Ba/In TOT $aKT, YTO Npu ocBelleHnM GOTONNACTUHKN, NPeacTaBaatowe coboi 3epkano,
NMOKpbITOE 3My/ibcuen cepebpa, B ee obbeme obpasyeTcs cuctema "nonocok”, pacctoaHme mexay
KOTOPbIMM CTPOro 3agaetcA AJ/IMHOM BOAHbI (UBETOM) WCTOYHMKA cBeTa (puc. 1). Mocne
npossaeHns Takon "¢doTtorpadumn" pacctoaHme mexay NoAOCKamu No3BoAAET TOYHO onpeaennTb
LBeT, KOTOpbIA Obln Mcnosib3oBaH nNpu 3anucu. YTobbl AobuTbcA 6onblUen MAOTHOCTU 3anucu
MHGOPMALMK, BCIO NOBEPXHOCTb GOTOMNNACTUHKM Pa3bMBAOT HAa MaNeHbKUE AYENKM, B KAXKAYHO U3
KOTOPbIX MOYKHO «CBETUTb» OAHOBPEMEHHO HECKO/IbKUMM UCTOYHUKAMM CBETA Pa3HbIX LBETOB.

doTonnacTuHKa,
BuAa c60Ky Ha cnon,
XpaHAWMN faHHDbIE

3epkano
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Puc. 1. 3anuce uHghopmayuu 8 omoesnbHyro AYeliKy namamu npu NoMowu UCMOYHUKO8 caema
(npumep 014 08yx usemos), 8ud cboky. [pu 3anucu U CYHUMbIBAHUU UMeem 3Ha4YeHUEe MOosbKO
GhaKM HaAAUYUA UAU OMCYyMCMBUA Kax 0020 U3 ysemos 8 a4elike, Ho He UX 83QUMHOe
pacnosaoxeHue uau NopAa0oK 3anucu 8 Aavelike.

1. CKONbKO BO3MOXHbIX COCTOAHUN (BapuaHTOB LBETOBbIX KOMOUHaLUMKA) cywecTByeT ans
TaKoW AYENKM NamATU, ecin ansa 3anucu B N1oboi Auelike MOXHO ucnonb3osaTtb oT 0 oo
4 Npoun3BOJIbHbLIX LBETOB U3 32-UBeTHOI Nnanutpbl? (6 6aaa08)

lModcKa3Ka: nocnenoBaTeNlbHO PACCMOTPUTE YUCIO COCTOAHUM AYEKN NPU MCNONb30BaHUN
0, 1, 2, 3 nnn 4 pasHbIX LBETOB M3 3TOMN NAAUTPLI.



NANO

2. CKonbKo 6uT nHpopmaumum MOXKHO 3aKOAMPOBATb B O4HON AYelKe NMpu Takom cnocobe
3anucu? (3 6anna)

3. CKONbKO BCEro A4eeKk MOXHO pa3mecTuTb Ha potonnactmHke pasmepom 9x12 cm, ecnm
pa3mep ogHou aueiikn 10x10 mkm? (1 6anan)

4. Kako cymmapHbii obvem wuHPopmaummn (B merabaiitax) MOXKHO 3anucaTb Ha
doTonnactmHKe Takum cnocobom? (1 6anan)

Cuyutatb, yto0 1 Kb =1024 B, 1 Mb = 1024 KB.

Bcez2o — 11 6annos

PeweHue BapuaHTa 3

1. [ns Karkoon s4erKu cyecTBYET CTOJIbKO KOMOWHALUMN LBETOB, CKO/IbKO BCErO CYLLECTBYeT
BapMaHTOB 3anucatb cioBo anmHon 0, 1, 2, 3 nan 4 6yksbl, Nonb3yacb andasutom us 32
OYKB TakK, UTobbl HM OZHA OyKBa B 3TOM C/1I0BE HE NOBTOPSA/IACH:

M1=1+C§2+C§2+C§2+C§2

32! 4 32! 4 32! 4 32!
31!1!  30!2! 29131 28!4!

M1:1+

31-32+30-31-32+29-30-31‘32
2 2-3 2:-3-4
=1+ 32+ 496 + 4960 + 35960 = 41449

My=1+32+

2. MNpu paccmatpuBaemom B 33agayve cnocobe KoaMpoBaHMA WHOOPMALMK, KONAMYECTBO
MHbOPMALMK, KOTOpPOE MNPUXOAUTCA Ha OfHY AYerKy (MHGOPMALMOHHBLIA BEC AYEerKu),
paBeH forapudmy (Mo OCHOBAHUIO 2) KOIMYECTBA BO3MOXKHbIX COCTOAHWIA:

I1 = log2(M1) = log2(41449) = 15,34.
3. Mnowaap OTONNACTUHKM COCTaBNAET
Son = 9:12 = 108 cm?,
naowanb o4HOM AYEeNKN paBHa
S1=10-10 = 100 MKm2,
Toraa obuiee Yncno AYeek paBHO
N = S¢n/S1 = 108 cM?/100 mkm? = 1,08-108,

4. Obbem WHPOPMALUKM, KOTOPbIM MOXKHO 3anucaTb Ha OTONNACTUHKY LEINKOM,
onpegensetca OOWMM 4YMCIOM BO3MOXHbIX COCTOAHMM Ha Bcerl ¢GOTONNACTUHKE
OAHOBPEMEHHO U coCTaBnseT

|06m, = IOgZ(MOGUJ,) = |Og2(M1N) =11-N



NANO

losw, = 15,34-1,08-108 = 1,66-10° (61T).

[anee, nonb3yacb cooTHoweHuammn 1 b = 8 6ut, 1 Kb = 1024 b, 1 Mb = 1024 KB,
nepeBoAMM NONYYEHHYIO BENNMYNHY B MerabanTbl, losy = 197,5 (MB).

BapuaHTt 4

AMepUKaHCKNE y4YeHble MPUMEHUIN NeXKallMe B OCHOBE MOoJly4eHUs YepHo-6enon doTtorpacdum
npoueccbl ANsA 3anuMcuM U A0ATOBEYHOrO APXMBHOTO XpaHeHusa uuébposoirt MHbopmauun. OHu
NCNO/1b30Ba/in TOT GaKT, YTO Npu ocBelleHnM GOTONNACTUHKN, NpeacTaBaatowelt coboi 3epkano,
NMOKpbITOE 3My/ibcuen cepebpa, B ee obbeme o0bpasyeTcs cuctema "nonocok”, pacctosHne mexay
KOTOPbIMM CTPOro 3agaetcA AJ/IMHOM BOAHbI (UBETOM) WCTOYHMKA cBeTa (puc. 1). Mocne
npossaeHns Takon "doTtorpadumn" pacctoaHme mexay NoAOCKamu No3BoAAET TOYHO onpeaennTb
LBeT, KOTOpbIA Obln Mcnosib3oBaH nNpu 3anucu. YTobbl AobuTbcA bonblUen MAOTHOCTU 3anucu
MHbOPMALMK, BCIO NOBEPXHOCTb GOTOMNMIACTUHKM Pa3bMBAOT HAa MaNeHbKUE AYENKM, B KAXKAYHO U3
KOTOPbIX MOYKHO «CBETUTb» OAHOBPEMEHHO HECKO/IbKUMM UCTOYHMKAMM CBETA Pa3HbIX LBETOB.

doTtonnacTuHKa,
Bupa c6oKy Ha cnoi,
XPaHAWUNA AaHHbIE

3epkano

o O

LiBeTHble NCTOYHUKMU CBETA

=
o x
6%
b
x m©
A
gl:
25

-

Puc. 1. 3anucb uHgopmayuu 8 omoesnbHyro AYeliKy namamu npu NoMowu UCMOYHUKO8 caema
(npumep 015 08yx ysemos), sud cboky. lpu 3anucu u CHUMbIBAHUU UMeem 3HaYeHUe MosbKO
(haKmM HaAUYUA UAU OMCYymMCcmMeUAa Kax 0020 U3 ysemos 8 a4elike, HO He UX 83aUMHOe
pacnosnoxeHue unu nopsa0oK 3anucu e a4elike.

1. CKONbKO BO3MOXHbIX COCTOAHMIA (BapuaHTOB LBETOBbIX KOMOMHALUMA) cyliecTByeT ana
TaKOM AYENKU NaMATU, eCIn aNA 3anucK B 110601 AueiiKe MOXHO Mcnoab3osatb ot 0 Ao
4 Nnpou3BO/bHbIX LBETOB U3 32-uBEeTHOM NanuTpbl? (6 6annos)

lNodcka3Ka: nocnenoBaTeNbHO PACCMOTPUTE YNCIO COCTOAHUI AYEMKM NPU MCNOb30BAHUU
0, 1, 2, 3 nnun 4 pasHbix LBETOB M3 3TON NAAUTPBI.

2. CKonbKo 6UT MHPOpMaumMM MOXKHO 3aKO4MPOBaTb B OOHOW AYelike Npu Takom cnocobe
3anucu? (3 6anna)

3. CKONbKO BCEro A4eeK MOXHO pa3mecTuTb Ha potonnactmHke pasmepom 9x12 cm, ecnm
pa3mep ogHoMU aueiikn 20x20 mkm? (1 6anan)



NANO

4. Kakoi cymmapHbii obvem wuHPopmaummn (B merabaiitax) MOXKHO 3anucaTb Ha
doTonnactmHKe Takum cnocobom? (1 6anan)

Cuymtatb, yto0 1 Kb =1024 B, 1 Mb = 1024 KB.

Bcez2o — 11 6annos

PeweHue BapuaHTta 4

1. [ns Karkgon s4erKu cylecTBYeT CTO/IbKO KOMOWHALUM LBETOB, CKO/IbKO BCErO CyLLecTByeT
BapMaHTOB 3anucatb ciioBo anuHon 0, 1, 2, 3 nan 4 6yksbl, NoAb3yacb andasutom us 32
OYKB TakK, UTOObl HM OAHA OyKBa B 3TOM C/10BE HE NOBTOPSAIACH:

M1=1+C§2+C§2+C§2+C§2

32! 32! 32! 32!

M =1
! * 31!1! * 30!2! * 29!3! * 284!

31-32+30-31-32+29-30-31-32
2 2-3 2-3-4
=1+ 32+ 496 + 4960 + 35960 = 41449

M, =1+32+

2. MNpwn paccmatpuBaemom B 3agaye crnocobe KoaMpoBaHMA WHOOPMaLMK, KOAMYECTBO
MHbOPMaLMK, KOTOpOoe MPUXOAUTCA Ha OAHYy AYenKy (MHOOPMAUMOHHbLIA BEC AYeirKu),
paBeH forapudmy (Mo OCHOBAHUIO 2) KOIMYECTBA BO3MOXKHbIX COCTOAHWIA:

I1 = loga(M1) = log,(41449) = 15,34.
3. Mnowagb GOTONNACTUHKM COCTABAAET
Son = 9-12 = 108 cm?,
niowWazb O4HOM AYEMKM paBHa
S1=20-20 = 400 MKMm?.
Torpa obuiee 4MCNO0 AYEEK PaBHO
N = S¢n/S1 = 108 cm?/400 mkm? = 2,70-107.

4. O6bbem uvHOOPMALMKM, KOTOPbIK MOXKHO 3anucaTb Ha GOTONMACTUHKY LLEIMKOM,
onpeaenaeTca O6LWMM UYUCAOM BO3MOMKHbIX COCTOSHUA Ha Bcel (OTOMNACTUHKeE
OAHOBPEMEHHO U COCTaBNAET

lobw = |0g2(M06UJ,) = |ng(M1N) =11'N
losw, = 15,34-2,70-107 = 4,14-108 (6mT).

JDanee, nonb3ysacb cooTHoweHuamn 1 6 = 8 6ut, 1 Kb = 1024 B, 1 MB = 1024 KB,
nepeBoAMM NONYYEHHYIO BENMYUHY B MerabaiTbl, losy = 49,4 (MB).



NANO

3apgaua no 6uonornun. Onpeaenu nonmnentug (5 6annos)

BapuaHt 1

MNocnenoBaTenbHOCTb HYKAEOTUAOB M3 CcepeauHbl Koaupylouwero ydactka MPHK copgepkut
MHOOPMALMIO O HEKOEM NOIMMNENTUAE, BKAKOYAA CTAPTOBbLIN U CTOM KOAOH.

1. WUcnonb3ya Tabauuy KOAOHOB, onNpeaenuTe 3aKOAUPOBaHHbIN noaunentua. (3 6anna)

2. OnpeaenuTte 3apapg nonavnenTuga B HEUTpanbHOU cpeae. (2 6anna)

AUAUGAAGGAUCAAGACUAAAG

Tadauma KoI0HOB

e 2-e OCHOBAHHE
OCHOBaHHE U C A G

UUU ®ennnanangn UCU Cepun UAU Tupo3un UGU Iucrenn

U UUC ®ennnanasgn UCC Cepun UAC Tupo3un UGC Iucrenn
UUA Jledinue UCA Cepun UAA Cron-koaoH (Ochre) UGA Cron-kogon (Opal)
UUG Jlefinun UCG Cepun UAG Cron-konoH (Amber) UGG Tpunrodan
CUU JledinuH CCU IIponan AU I'nctaaHH CGU Aprusasn

C CUC JleldinuH CCCIIponan [CAC I'ncTHIHH CGC Aprasusa
CUA Jleiinun CCAIlponan CAATnyTaMHH CGA Aprusss
CUG Jlefinun CCGIIponas CAG IlmyraMHH CGG Apraamn
AUU Hzoaedinan ACU Tpeonnrn AAU Acnapargs AGU Cepun

A AUC H3oseinas ACC Tpeonun AAC Acnapargs AGC Cepun
AUA HM3oneiinna ACA Tpeonnn AAA JIn3un AGA Aprasns
AUG MetnonuH, CTapTOBBIH ACG Tpeonnn AAG JIu3an AGG Aprunmn
GUU Banun GCU Anagas  GAU AcnaparasoBasi kaciora (GGU Ilmunun

G GUC Banun GCC Anagas  GAC AcnaparasoBasi Kaciota (GGC Ilmunun
GUA Banun GCA Ananae  GAATnyramaHOBas KHCI0Ta |GGA Ilmanas
GUG Bannn GCG AimaraE  GAG IlmyramasoBag KHCI0Ta |GGG IanuH

Bce2o — 5 6annos

PeweHue BapuaHTa 1

AU AUG [EG B cAA B UAA AG

NHnummnpytowmm KogoHom sensetca AUG, Kogupyowmint aMMHOKUC/IOTY METUOHWH, HallgemM ero
(BblAgNEH XenTbiM), Noc/e Yero pasaenvMm nocseayolne HyKNeoTuapl Ha TPOMKKU U onpeaenmm
nocseg0BaTeIbHOCTb NOANMNENTUAOB:

Kentbit — CTapTOBbIVI M CTOMN KOAOHbI, KpaCHbIVI — MONTOXUTENbHO 3apAXeHHbleé aMUHOKWUCNOTbI,
CUHWNI — oTpunuaTenbHO 3apAKeHHble aMUHOKUCNOTbI.

MeTMOHWH-ANU3NH-acnaparmMHoBasa KUCNOTa-rnyTaMuH-acnaparmHoBasa KMCNoTa.

Nn3nH nmeet 3apag +1, AcnaparMHoBas KMCAOTA -1, METUOHWUH U TNyTaMUH HeUTpasbHble. O6LWnit
3apag —-1.


https://olymp.msu.ru/file/test/question/1215/1215fe0c-f131-4322-a291-fc6977962fcc/attach/8e04399d-c28e-42eb-8f7c-15a529e9e985.jpg
https://olymp.msu.ru/file/test/question/1215/1215fe0c-f131-4322-a291-fc6977962fcc/attach/8e04399d-c28e-42eb-8f7c-15a529e9e985.jpg

NANO

MpaBuabHO onpegeneHHas NocC/ief0BaTENbHOCTb
paccyMTaHHbIM 3apag, +2 6anna. Makcumym 5 6annos.

aMWHOKUcnoT +3  6anna. [MpaBuabHO

BapuaHTt 2

NocnenoBaTenbHOCTb HYKNEOTMAOB W3 cepeauvHbl Kogupylowero ydactka MPHK cogepKut
nHpopmaLMio 0O HEKOEM NOAUNENTUAE, BKIOYAA CTAPTOBbLIN U CTOM KOAOH.

1. WUcnonb3ya Tabauuy KOAOHOB, onNpeaenuTe 3aKOAUPOBaHHbIN noaunentua. (3 6anna)

2. OnpeaenuTte 3apapg nonavnenTuga B HEUTpanbHOU cpeae. (2 6anna)

AAUGCCGAAAGAUUCGUGAUA

Ta0una KoIoHOB

1-e 2-e OCHOBaHHEe
OCHOBaHHEe U C A G

UUU dPennnalanal UCU Cepun UAU Tuapo3HH UGU Ilacrenn

U UUC Pennnalanal UCC Cepun UAC Tupo3as UGC IlucTenn
UUA Jleiinan UCA Cepun UAA Cron-komgoH (Ochre) UGA Cron-kozon (Opal)
UUG Jleiinan UCG Cepan UAG Cron-koxoH (Amber) UGG Tpuntodan
CUU Jledinun CCU Ilpomas [CAU I'mcTaaHH CGU Aprusus

C CUC Jlelinan CCCIIponmas [CAC I'mcTaHH CGC Aprusms
CUA Jleiinun CCAIlpoman [CAATnyramMaH CGA Apraans
CUG Jledinun CCGIlpoman [CAG IlmyraMHH CGG Aprusgs
AUU M3oaeiinun ACU Tpeonan AAU Acnaparsn AGU Cepnn

A AUC M3osefinuH ACC Tpeonan AAC Acmapargs AGC Cepun
AUA H3o/1elinue ACA Tpeonnn AAA JIn3HH AGA Aprasas
AUG MetHonHH, CTapTOBBIH ACG Tpeonun AAG JIu3HH AGG Aprusnn
GUU Banun GCU Anange  GAU AcnapararoBas kaciora |(GGU I'lmanun

G GUC Banun GCC Anaggs  GAC AcnaparanoBas kaci1ora |GGC I'lmanun
GUA Banun GCA Ananae  GAA I'myramuHOBasi KHCI0Ta |GGA IlAnus
GUG Baiun GCG Anmaaae  GAG ImyramuHoBag KacI0Ta |GGG Itanune

Bceeo — 5 6annos

PeweHue BapuaHra 2

A AUG ccG [SEH BBl uCG UGA UA

NHuummpylowmm KogoHom sasnfeTca AUG, KoanpyroLWmMii aMMHOKUCAOTY METUOHWH, HaldeM ero
(BblAeneH XenTbiMm), NOCNe Yero pasgevum nocaeayrolme HYKNeoTuabl Ha TPOMKM U onpeaennm
nocnenoBaTeIbHOCTb NOANNENTUAOB:

Kentbit — CTapTOBbIVI M CTONM KOAOHDbI, KpaCHbIVI — MONTIOXKUTENbHO 3apAXeHHbleé aMUHOKWUCNOTbI,
CUHWNI — oTpunuaTenbHO 3apAKeHHble aMUHOKUCNOTbI.

METVIOHVIH-I'IpOJ'IVIH-I'IVI3VIH-aCI'IapaI'VIHOBaH KNCNOTa-CepUH.


https://olymp.msu.ru/file/test/question/83b2/83b24c46-cd03-4bf7-b838-9f266224021b/attach/ff8431dd-124e-4322-a8bc-7d0639d328d7.jpg
https://olymp.msu.ru/file/test/question/83b2/83b24c46-cd03-4bf7-b838-9f266224021b/attach/ff8431dd-124e-4322-a8bc-7d0639d328d7.jpg

NANO

NIn3nH umeer 3apag +1, AcnaparMHoBas KMCAOTa -1, NPOANH, CEPUH U METUOHUH - HEWTPA/bHbIE.
O6wmin 3apsag — 0.
+3  6anna.

I'IpanmbHo onpegeneHHaa nocnenoBatesibHOCTb  aMUHOKUCIOT

paccyMTaHHbIM 3apag, +2 6anna. Makcumym 5 6annos.

MpasunnbHO

BapuaHTt 3

NocnenoBaTenbHOCTb HYKNEOTMAOB W3 cepeauvHbl Kogupylowero ydactka MmPHK cogepkut
nHpopmMaLMo 0O HEKOEM NOAUNENTUAE, BKIOYAA CTAPTOBbLIN U CTOMN KOAOH.

1. WUcnonb3ya Tabauuy KOOQOHOB, onpegenuTe 3aKOAUPOBaHHbIN nonunenTtug,. (3 6anna)

2. Onpeaenute 3apapg nonavnenTuga B HEUTpanbHOU cpeae. (2 6anna)

UAUGACAGGGAAUAGGUGAAU

Tadauna KoI10HOB

1-e 2-e OCHOBAHHE
OCHOBaHHe U C A G

UUU PennIaIaHEH UCU Cepun UAU Tupo3un UGU Iucrenn

U UUC Penniajangl UCC Cepnn UAC Tuposun UGC IlacTenn
UUA Jleiinun UCA Cepun UAA Cron-koxoH (Ochre) UGA Cron-koxon (Opal)
UUG Jledinun UCG Cepun UAG Cron-konon (Amber) UGG Tpunrodan
CUU JlednaH CCUIlponman CAU I'mcTaaHH CGU Apruane

C CUC JledinaH CCCIIpoman CAC I'HcTHIHH CGC Apruane
CUA JleHnuH CCAIlponmas CAATInyramMEH CGA Aprunss
CUG Jleiinun CCGIlponan [CAG InyraMHH CGG Aprusmn
AUU H3os1ednuH ACU Tpeonun AAU Acnaparas AGU Cepun

A AUC H3oaednun ACC Tpeonarn AAC Acnapardas AGC Cepun
AUA M3onedinun ACA Tpeonnn AAA JIuzun AGA Aprussn
AUG MetnonnH, CTapToBbIi ACG Tpeonnn AAG JIuzun AGG Aprunmn
GUU Bainmn GCU Anagas  GAU AcnaparasoBas kaciora |GGU Ilmanun

G GUC Bainmn GCC Anagas  GAC AcnaparaHoBas kaciora |GGC Ilmanun
GUA Banun GCA Ananae  GAATnyramasoBas KHCI0Ta |GGA IlmEnue
GUG Bannn GCG Anamie  GAG ImyramuHOBasg Kacjaora |GGG Itanun

Bcezo — 5 6annos

PeweHue BapuaHTa 3

U AUG ACA GGG AAU BB UGA AU

NHuummpyowmm KogoHom sasndeTca AUG, KoanpyrowmMini aMMHOKUCAOTY METUOHWUH, HalZeMm ero
(BblAeneH XenTbiMm), NOCNe Yero pasgevum nocaeayrolme HYKNeoTuabl Ha TPOMKK U onpeaennm
nocnenoBaTeIbHOCTb NOANNENTUAOB:

Kentbit — CTapTOBbIl\;I M CTON KOAOHbI; KpaCHbIl‘;I — NONOXKNTENbHO 3apAXKeHHble aMNUHOKNCNOThI.


https://olymp.msu.ru/file/test/question/b962/b962bd92-6152-43ec-8d33-82c2c7ee7c4c/attach/f661f790-676d-4c9f-b220-2cd08ee68ecd.jpg
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NANO

MeTUOHUH-TPEOHUH-TANLNH-acnaparmH-apruHuH.

ApPruHuUH mMmeeT 3apag +1, acnaparvH, TPEOHUH, TMULUMH U METUOHUH - HenTpanbHble. O6wui
3apag — +1.

MNpasBuibHO onpegeneHHada noc/aenoBaTeIbHOCTb +3  6anna.
paccynTaHHbIV 3apAg, +2 6anna. Makcumym 5 6annos.

dMUHOKUCNOT I'IpanmbHo

BapuaHTt 4

NocnenoBaTenbHOCTb HYKNEOTMAOB M3 cepeauvHbl Kogupylowero ydactka MPHK cogepkut
nHPopMaLMIO O HEKOEM NOUNENTUAE, BKIOYAA CTAPTOBbLIN U CTOMN KOAOH.

1. WUcnonb3ya Tabauuy KOAOHOB, onpegenuTe 3aKoAUPOBaHHbIN noavnenTtug,. (3 6anna)

2. OnpeaenuTte 3apapg nonavnentTuga B HEUTpanbHoMU cpeae. (2 6anna)

AAAUGACUCAGCUACAUUGAAG

Tadauna Koa1o0HOB

1-e 2-e OCHOBaHHE
OCHOBaHHe U C A G

UUU ®ennnanangs UCU Cepun UAU Tupo3nn UGU Ilacrenn

U UUC ®ennnanangn UCC Cepun UAC Tupo3nn UGC Ilucrens
UUA Jleiinan UCA Cepur UAA Cron-koxoH (Ochre) UGA Cron-kopoH (Opal)
UUG Jlefinun UCG Cepun UAG Cron-konon (Amber) UGG Tpunropan
CUU JlednuH CCU IIpotar  CAU I'acTaanE CGU Aprunnn

C CUC JlednHH CCCIIpotar  CAC I'ncTHIHH CGC Aprasuse
CUA Jlelinun CCAIlponmar [CAATIyTaMHH CGA Aprasns
CUG Jleiinun CCG Ilponman [CAG I'myraMHH CGG Aprasun
AUU H3osefinun ACU Tpeonnn AAU Acnaparas AGU Cepun

A AUC H3ou1efinun ACC Tpeonun AAC Acnaparas AGC Cepun
AUA H3onelinue ACA Tpeornn AAA JImzun AGA Aprasnn
AUG MetnonnH, CTapToBbIH ACG Tpeonan AAG JIn3aH AGG Apruasss
GUU Banun GCU Anagas  GAU AcnaparasoBas kacjora |GGU Ilmanun

G GUC Banun GCC Anaaas  GAC AcnaparasoBas kacjora |GGC Ilmanun
GUA Bannn GCA Anagas  GAA I'myramuHOBasi KHCI10Ta |GGA IlmEnuHe
GUG Baann GCG Anamae  GAG ImyramuHOBas Kucjaora |GGG Itanun

Bcezo — 5 6annos

PeweHue BapuaHTta 4

AA AUG ACU CAG CUA BBl UGA AG

MHnummnpytowmm KogoHom sensetca AUG, Koampyowmint aMMHOKUCIOTY METUOHWH, Halldem ero
(BblogneH XentbiM), Noc/e Yero pasaenvm nocieayolmne HyKNeoTuapl Ha TPOMKKU U onpeaenmm
nocnenoBaTeNbHOCTb NOANNENTUAOB:



https://olymp.msu.ru/file/test/question/242b/242b842e-00d7-4798-b308-c04e498edab9/attach/d40c4095-6ab9-45a2-90ea-51366c33742e.jpg
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NANO

Kentoit — CTapTOBbIﬁ M CToN KOAOHDLI; KpaCHblﬁ — NONOXUTENDBHO 3apAXKEHHbIE aMNHOKNCNOThI.
MeTMOHMH-TpeOHMH-I'ﬂyTaMMH-HEI;'ILLMH-FMCTMAMH.

fMcTMgmH nmeet 3apag +1, TPEOHWH, TYyTaMWH, NENUUH U METUOHUH - HelTpanbHble. O6wmi
3apag — +1.

MpaBuabHO onpegeneHHas NocC/NefoBaTENbHOCTb  AMUHOKMCAOT +3  6anna. [MpasBuabHO
paccyMTaHHbIM 3apag, +2 6anna. Makcumym 5 6annos.

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

BapuaHt 1

HacmoAujee
epemMs

KOMUYeCMeo My mayuy

A

xommecmeo pacxowdesuii werdy I 4 [ = (F-B)+([-5)

xomuvecmen pacxowderuir wewdy I 1 B = (-A)+{B-A)

MoneKynapHble 4acbl — MeToZ, AATUPOBAHUA PACXOMKAEHUMA BWUOOB WAM APYrUX TAKCOHOB BO
BPEMEHW, OCHOBAHHbIA Ha FMNOTe3e, COr/IaCHO KOTOPOM CKOPOCTb HAKOMAEHWA HEWTpPasbHbIX
reHeTU4eCKUX myTaumi (3ameHbl HykneoTuaoB B monekynax AHK n PHK) noctosaHHa, TOo ectb
BpemMsa, npollealiee ¢ MOMEHTaA PaCXOXAEeHWA napbl POACTBEHHbLIX TFPynn, NPOMOPLUOHANLHO
YUCNY MONEKYNAPHbIX 3aMEH.

MeToa umeeT pAag, orpaHquHMﬁ, 0cobeHHOo npun ero nMcnosib30BaHMM Ha 6onbLInx BpemeHax oT
pacxoxaeHna mexay rpynnamum m OLl,eHKOl\;I HEPOACTBEHHbLIX TAKCOHOB, NMOCKOJIbRY: 1) CKOpPOCTb
mMyTareHesa 3aBuUCUT OT 6osbloOro ymcna AONONHUTENbHbIX yCIIOBVIVI N MOXKeT ObITb pPas3nnyeH y
pa3HbIX rpynn, 2) 4acTo H606X0,£I,VIMO MCNonb3oBaTb AOMNOJ/IHUTE/IbHbIE MA/IEOHTO/1I0TNYECKHNE,
dpPXEO0/ZIOrM4YeCKMNE N NHblE daHHble ANA YTOYHEHUA OaTUPOBOK.

Tem He meHee, B HEICTOFILLLVIVI MOMEHT MEeTO4, MOZIERKY/TAPHbIX YaCOB HE MMEET a/IbTEPHATUBDI.

Mpw 3TOM NpPeAnoNaraeTca, YTO CKOPOCTU HAKOMAEHUA HENTPA/bHbIX MyTauUii B NONyAAUMA U B
oTAeNbHOM 0coby oaMHAKOBbLI. HakonaeHna MyTaunin B npoLecce pasaeneHuns rpynn aaauTuBHbI,
TO eCTb eCNN UCXoaHanA rpynna A (cm. pUcyHOK) pasgenunacb Ha age (b v B), a ogHa 13 3Tux rpynn
ewe pas pasgenunacb (Ha rpynnbl I 1 [l), TO B MAEaNbHbIX YCNOBUAX K HACTOAWEMY BPeMEHMU
KONIMYECTBA HAKOMNEHHbIX HEeMTPanbHbIX MyTaumii (3a BpemAa pasgeneHusa) B rpynnax B wn [
[AOJ/IKHbI COBMafaTth, TaK e Kak M B rpynnax B u I. Mpu 3Tom pasnnuve mexagy rpynnamu



NANO

COOTBETCTBYET CYMME HAKOMNEHHbIX MyTaUuMiA OT MOMEHTA Pas3fefieHUa MCXOLHOW rpynnbl
(pasnunumne mexgy rpynnamu [, u B coctaBnset cymmy myTaumin, HakonaeHHbIX [, u B ¢ MomeHTa
pasgeneHua rpynnbl A, npuyem obliee KONMYECTBO HaAKOMIEHHbIX MyTauuin B rpynne [ pasHO
CYMMe MyTaumi, HaKONEeHHbIX B rpynne b ¢ MOMeHTa oTaeneHuna ot A, U KOANYEeCTBY MyTauuii B
rpynne [l, Hakon/ieHHbiXx nocne otgeneHns ot B). CKOpoCcTb HaKon/ieHus MyTauuii (CKOpocTb
MyTareHesa), v, onpegenseTca Kak KONMYECTBO HeWTpanbHbIX pacxoxkaeHui, N, geneHHoe Ha
yZBOEHHOE (MyTaLMM HE3aBMCMMO HAKanJMBaAWUCh B ABYX rpynnax) spems, t, npowezawee nocne
pacxoxaeHua (4acTo onpeaenseTca B NPOLWeALWNX NOKOEHUAX):

v=N/2t

1. OueHuTe BpemA pacXOoXKAEHUA ABYX UYe/IOBEYECKUX Trpynn, ecam pasivume B
mutoxoHapuanbHom AHK cocrasuno 1000 HyKneotuaHbix nap. CKopocTb myrtareHesa
mutoxoHapuanbHon AHK coctasnsaer 6-10% mytauuii Ha napy OCHOBaHMii B roa, a Aona
mutoxoHapuanbHo OHK coctaender 5%  uyenoseuecKkoro reHoma (ogHa
MUTOXOHApPUanbHaa monekyna AHK cogepxut 16000 nap ocHosaHuii). (5 6annos)

2. CpaBHuUTe pe3y/bTaT CO BPpEMEHEM PACXOXKAEHUA, PACCUNTAHHOIO NO AAEPHOMY FeHOMY,
NPU TaKOM XXe KOJIMYECTBE PACXOXKAEHWI, ecin CKOPOCTb MyTareHesa — 1 myTauua Ha
100000000 nap HykneoTnaoB, a Becb reHom coctasasaeT 3 200 000 000 nap HyKNeoTUAOB.
(5 6annos)

OAnTenbHOCTb NOKoNeHMA NpUHMMaem 3a 20 net. CYnTaem, YTO Ha HAKOMJIEHUEe MyTaluMin HUYEro
He BAMANO, a MyTauuMuM MOABAAAUCL CAyyvaWHo. OTBeTbl npeacTaBbTe B BMAE KOAMYECTBA
MOKOJIEHUI, OKPYI/INB pe3ynbTaTbl 40 LeNblX.

Bcezo — 10 6annos

PeweHue BapuaHTa 1

3nle
BapuaHT pacyera.

1. lNepecuntaem CKOpPOCTb  MyTareHesa B  4YenoBeyeckme  nNOKojaeHuA.  Pasmep
MWTOXOHAPMANLHOTO  reHoma coctasnAetr 5% oT obwero KoaudyectBa, T.e.
3 200 000 000x0,05 = 160 000 000 nap ocHoBaHWiA. TakMm 0bpa3om, CKOPOCTb MyTareHesa
MUTOXOHAPUWI 3a rof cocTasaseT (6-108 x160 000 000) 9,6 myTaumit 3a rog uam (9,6x20)
192 myTaymu 3a noKoneHue.

2. Otnunumne coctanaeT 1000 HYKNeOTUAHbIX Nap, TaKMM 06pa3om BpPemsa B MOKOAEHUAX C
MOMEHTa pa3geneHus Ayx rpynn coctasnsaeT (1000/(2x192)) 2,6 unn, nocne oKpyrieHus,
3 noKoneHwus.

3. 1 myTtauma Ha 10® nap Hykneotnpos cootsetcrteyer (3,2x10°/10%) 32 myTaumm 3a
NOKO/MEHHUE.

4. Otnnume coctasnaet 1000 HyKNeoTUAHbIX Nap, TakMm obpa3om Bpemsi B MOKONEHUAX C
MOMEHTa pasaeneHuns Asyx rpynn coctasadet (1000/(2x32)) 15,6 nnum, nocne okpyrneHus,
16 nokoneHwmi.



NANO

BapuaHTt 2

Hacmosufee
epemss , B r a

ROAUISCNe0 Mymayuy

B-A=[1-A
B-A=I-A
r-B+=0-B

A

xommiecmeo pacxowdesui werdy I 4 [ = (I'-B)+(4-5)

xamnecmen pacxowdenuir wawdy I 11 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



NANO

1. OueHuUTe BpemMA pacxXxoXKAEHUA ABYX UYenoBeYeCKUX rpynn, ecam pasauvyume B
mutoxoHapuanbHom [HK cocrasuno 1500 HyKneotuaHbix nap. CKOpocTb mytareHesa
mutoxoHapuanbHou AHK coctasnser 6:10°8 mytauuii Ha napy ocHOBaHUiA B rog, a A4ons
mutoxoHgpuanbHo OHK coctasnfaer 5% uyenoBeuyeckoro reHoma (ogHa
MUTOXOHApPUanbHaa monekyna AHK coaepxut 16000 nap ocHosaHui). (5 6annos)

2. CpaBHuTe pe3ynbTaT CO BpeMeHeM PaCX0XKAeHUA, PACCYUTAHHOIO MO AA4EPHOMY FreHoMy,
NPU TaKOM XKe KOJIMYECTBE PACXOXAEHWI, eCn CKOPOCTb MyTareHesa — 1 myTtauua Ha
100000000 nap HykneoTnaoB, a Becb reHom coctasaset 3 200 000 000 nap HyKneoTMAaoB.
(5 6annos)

OAnTenbHOCTb NOKoNeHMA NpuHMMaem 3a 20 net. CunTaem, YTO Ha HAKOMNJEHUE MyTaLMn HUYEro
He BAMANO, @ MyTauuMuM MOABAAAUCL CAyyvaWHo. OTBeTbl npeacTaBbTe B BMAE KOAMYECTBA
MOKOJIEHUI, OKPYI/INB pe3ynbTaTbl 40 LEeNbIX.

Bce2o — 10 6annos

PeweHue BapuaHTa 2

4n23
BapuaHT pacuerta.

1. MepecuMtaem CKOpPOCTb MyTareHesa B  YesoBeyeckMe  nokosieHuA.  Pasmep
MMWUTOXOHAPWANbHOro reHoma cocrtasnaeT 5% oT obuiero konmyecTsa (3 200 000 000x0,05)
160 000 000 nap ocHoBaHMN. TakMm 06pPa3OM CKOPOCTb MyTareHe3sa MUTOXOHAPWI 3a rog,
cocrasnsaet (6-1078x160 000 000) 9,6 myTaumit 3a rog wam (9,6x20) 192 myTaumm 3a
NOKOJIEHUE.

2. Otnunume coctaBnaeT 1500 HyKneoTUAHbIX Nap, TaKMM 06pa3om Bpema B MOKOAEHUAX C
MOMEHTa pasaeneHuns Asyx rpynn coctasaneT (1500/(2x192)) 3,9 unn, nocne oKkpyrneHus,
4 noKoneHus.

3. 1 myrtauma Ha 10® nap Hykneotnaos cootsetcreyer (3,2x10°/10%) 32 myTaumm 3a
nokosneHue.

4. Otnnume coctasnnaetr 1500 HyKkneoTMAHbIX Nap, TakMm ob6pa3om Bpems C MOMEHTA
pasgeneHua AByX rpynn cocTaBuMno 4to cocTtasaser (1500/(2x32)) 23,4 wau, nocne
OKpyrneHua, 23 NoKoneHus.



NANO

BapuaHTt 3

Hacmosufee
epemss , B r a

ROAUISCNe0 Mymayuy

B-A=[1-A
B-A=I-A
r-B+=0-B

A

xommiecmeo pacxowdesui werdy I 4 [ = (I'-B)+(4-5)

xamnecmen pacxowdenuir wawdy I 11 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



NANO

1. OueHuTe BpeMA PACXOXKAEHUA [ABYX UYe/IOBEYECKMX Trpynn, ecau pasavuve B
mutoxoHapuanbHom AOHK cocrtasuno 4000 HykneoTugHbix nap. CKopocTb myTareHesa
mutoxoHapuanbHou AHK coctasnser 6:10°8 mytauuii Ha napy ocHOBaHUiA B rog, a A4ons
mutoxoHgpuanbHo OHK coctasnfaer 5% uyenoBeuyeckoro reHoma (ogHa
MUTOXOHApPUanbHaa monekyna AHK coaepxut 16000 nap ocHosaHui). (5 6annos)

2. CpaBHuTe pe3ynbTaT CO BpeMeHeM PaCX0XKAeHUA, PACCYUTAHHOIO MO AA4EPHOMY FreHoMy,
NPU TaKOM XKe KOJIMYECTBE PACXOXAEHWI, eCn CKOPOCTb MyTareHesa — 1 myTtauua Ha
100000000 nap HykneoTnaoB, a Becb reHom coctasaset 3 200 000 000 nap HyKneoTMAaoB.
(5 6annos)

OAnTenbHOCTb NOKoNeHMA NpuHMMaem 3a 20 net. CunTaem, YTO Ha HAKOMNJEHUE MyTaLMn HUYEro
He BAMANO, @ MyTauuMuM MOABAAAUCL CAyyvaWHo. OTBeTbl npeacTaBbTe B BMAE KOAMYECTBA
MOKOJIEHUI, OKPYI/INB pe3ynbTaTbl 40 LEeNbIX.

Bce2o — 10 6annos

PeweHue BapuaHTa 3

10mn 63
BapuaHT pacuerta.

1. MepecuMtaem CKOpPOCTb MyTareHesa B  YesoBeyeckMe  nokosieHuA.  Pasmep
MMWUTOXOHAPWANbHOro reHoma cocrtasnaeT 5% oT obuiero konmyecTsa (3 200 000 000x0,05)
160 000 000 nap ocHoBaHM. TakMm 06pPa3oOM CKOPOCTb MyTareHe3sa MUTOXOHAPWI 3a rog,
cocrasnsaet (6-1078x160 000 000) 9,6 myTaumit 3a rog wam (9,6x20) 192 myTaumm 3a
NOKOJIEHUE.

2. Otnnume coctasnsetr 4000 HyKNeOTMAHbIX Nap, TakMm ob6pa3om BpemsA C MOMEHTA
pasgeneHva AByX rpynn coctaBuMao 4To coctasnset (4000/(2x192)) 10,4 wau, nocne
oKpyrneHus, 10 noKoneHu.

3. 1 myrtauma Ha 10%® nap Hykneotmgos cootseTcTByeT (3,2x10°/10%) 32 myTtaumm Ha
nokosneHue.

4. Otnnume coctasnnaer 4000 HyKneoTUAHbIX Map, TakMm ob6pa3om BpPems C MOMEHTa
pasgeneHua AByX rpynn cocTaBuMAo 4YTo cocTasnseT (4000/(2x32)) 62,5 wau, nocne
OKpyrneHua, 64 nokoneHus.



NANO

BapuaHTt 4

Hacmosufee
epemss , B r a

ROAUISCNe0 Mymayuy

B-A=[1-A
B-A=I-A
r-B+=0-B

A

xommiecmeo pacxowdesui werdy I 4 [ = (I'-B)+(4-5)

xamnecmen pacxowdenuir wawdy I 11 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



NANO

1. OueHuTe BpeMA PACXOXKAEHUA [ABYX UYe/IOBEYECKMX Trpynn, ecau pasavuve B
mutoxoHapuanbHom [HK cocrasuno 2000 HyKneoTuaHbiX nap. CKOpocTb mytareHesa
mutoxoHapuanbHou AHK coctasnser 6:10°8 mytauuii Ha napy ocHOBaHUiA B rog, a A4ons
mutoxoHgpuanbHo OHK coctasnfaer 5% uyenoBeuyeckoro reHoma (ogHa
MUTOXOHApPUanbHaa monekyna AHK coaepxut 16000 nap ocHosaHui). (5 6annos)

2. CpaBHuTe pe3ynbTaT CO BpeMeHeM PaCX0XKAeHUA, PACCYUTAHHOIO MO AA4EPHOMY FreHoMy,
NPU TaKOM XKe KOJIMYECTBE PACXOXAEHWI, eCn CKOPOCTb MyTareHesa — 1 myTtauua Ha
100000000 nap HykneoTnaoB, a Becb reHom coctasaset 3 200 000 000 nap HyKneoTMAaoB.
(5 6annos)

OAnTenbHOCTb NOKoNeHMA NpuHMMaem 3a 20 net. CunTaem, YTO Ha HAKOMNJEHUE MyTaLMn HUYEro
He BAMANO, @ MyTauuMuM MOABAAAUCL CAyyvaWHo. OTBeTbl npeacTaBbTe B BMAE KOAMYECTBA
MOKOJIEHUI, OKPYI/INB pe3ynbTaTbl 40 LEeNbIX.

Bce2o — 10 6annos

PeweHue BapuaHTta 4

5un31
BapuaHT pacuerta.

1. MepecuMtaem CKOpPOCTb MyTareHesa B  YesoBeyeckMe  nokosieHuA.  Pasmep
MMWUTOXOHAPWANbHOro reHoma cocrtasnaeT 5% oT obuiero konmyecTsa (3 200 000 000x0,05)
160 000 000 nap ocHoBaHM. TakMm 06pPa3oOM CKOPOCTb MyTareHe3sa MUTOXOHAPWI 3a rog,
coctaBnaeTt (6-1078x160 000 000) 9,6 mytauui 3a rog wmam (9,6x20) 192 mytauum 3a
NOKOJIEHUE.

2. Otnnume coctasnsetr 2000 HYKNeOTMAHbLIX Nap, TakMm ob6pa3om BpemA C MOMEHTA
pasgeneHuMa AByX rpynn cocTaBMAo 4YTo cocTasaseT (2000/(2x192)) 5,2 wau, nocne
OKpyrneHus, 5 nokoneHun.

3. 1 myrtauma Ha 10® nap Hykneotnaos cootsetcreyer (3,2x10°/10%) 32 myTaumm 3a
nokosneHue.

4. Otnnume coctasnnaer 2000 HyKNeoTUAHbIX Map, TakMm ob6pa3om BpPemMs C MOMEHTa
pasgeneHva AByX rPynn coctaBuMno 4To coctasnset (2000/(2x32)) 31,25 wau, nocne
OoKpyrneHus, 31 nokoneHue.



-NANO >

3apaua no 6uonornun. Kak ysupeto KoHHekTom? (10 6annos)

BapuaHt 1

Ons TOro, 4ytobbl AeTaNbHO M3yYMTb PabOTy MO3ra, Ba)KHO YCTAHOBWTb, KaK HEpPBHbIe KNETKU
CBA3aHbl ApPYr C APYrom, nocTpouUTb MOAPOBHYI KapTy HepBHbIX cBsA3ei. COBOKYMHOCTb BCeX
HEePBHbIX CBA3EN B MO3re Ha3blBaeTcA KOHHEKTOM. OAHMM M3 cnocoboB BM3yanm3auum HEPBHbIX
KNEeTOK aABnseTca GpayopecueHTHass MUKPOCKOMNUA.

dnyopecueHLMA — NPOLLECC Nepexona MOEKY bl NPU OCBELLEHUN B BO3DYKAEHHOE COCTOAHME, a
3aTem M3 BO3OYXKAEHHOIO COCTOAHUS B MCXOAHOE C UCNyCKaHWeM cBeTa. Mpu 3TOM AJ/IMHA BOJHbI
BO3bY»KAaloLWero cBeTa, Kak NpaBu/io, MEHbLLE, YEM UCMYCKAaeMOoro. 3To AB/IEHUE XapaKTepPHO ANA
MHOTMX  BMONIOrMYECKUX CcOoeguHeHMA. B yacTHocTM, Yy Meay3bl eCTb  ChneuuasnbHbln
dnyopecumpyowmii 6e10K, KOTOpbIA NPU OCBELLEHUU CUHUM CBETOM WCMYCKAEeT 3e/eHbli CBET.
Ero n gpyrve noaobHbie 6eN1KN WMPOKO MCNO/b3YHT B BUONOIMUYECKUX SKCNEPUMEHTAX ANA TOro,
4yTObbI NONYYNTb M306pPaXKEHUS BbIOPAHHbBIX CTPYKTYP MU OTAENbHbIX KNETOK. TaK, eCAn B KNEeTKy
reHHOMH)XeHepHbIM cnocobom BCTPOUTL reH Takoro ¢ayopecumpytouero 6enka, To aToT 6enok
byAeT aKCNpeccnpoBaTbCs U KNeTKa byaeT BMAHA B KOHDOKaNbHbIN GyopecLeHTHbI MUKPOCKON
NPV OCBELLLEHMM CBETOM B 061aCTV NOTNOLWEHUS.

Bo3bmem Habop Takux dsiyopecueHTHbIX 6enKkoB (Ha camom aene nx bonblue):

CFP makcmmym nornouieHua ceeta npu gamHe BoaHbl 433 Hm, dayopecueHums — npu 475 Hm
GFP makcumym nornouienma 475 Hm, dayopecueHums 509 Hm
YFP makcumym nornouwenma 513 Hm, dnyopecueHumna 527 Hm
OFP makcMmym nornoueHua 543 Hm, dnyopecueHumna 567 Hm
RFP makcumym nornoueHma 587 Hm, dnyopecueHumnsa 610 Hm

1. Kak pacwudposbiBaeTtca HasBaHue 6enka GFP? (2 6anna)

a. Giant Fly Protein — 6en0K ruraHTCKon myxm

6. Golden Fish Protein — 6enok 30107101 pbIbKM

B. Green Fluorescent Protein — 3eneHbii payopecueHTHbIN 6enoK
r. Growth Factor Peptide — nentua paktopa pocta


https://olymp.msu.ru/file/test/question/3c6a/3c6ae0ba-b04c-4820-9ec7-d3de1e3ea35a/attach/ba51ed20-b338-4cba-9419-061437b99c3c.jpg
https://olymp.msu.ru/file/test/question/3c6a/3c6ae0ba-b04c-4820-9ec7-d3de1e3ea35a/attach/ba51ed20-b338-4cba-9419-061437b99c3c.jpg
https://olymp.msu.ru/file/test/question/3c6a/3c6ae0ba-b04c-4820-9ec7-d3de1e3ea35a/attach/ba51ed20-b338-4cba-9419-061437b99c3c.jpg

NANO

2. B Kakue uBeTa OKpaAcATCA KAeTKU, aKknpeccupyowme 6enok GFP, ecnm mbl nocmoTpum Ha
HUX BO GNyopecueHTHbIA MUKPOCKON? A KaKMM CBETOM HY)KHO OCBETUTb 3TU K/ETKM,
4yT06bI MbI UX YBUAENU? (2 6anna)

a. Knetkmn OKpacAaTcAa B 3e/1EeHbIN UBET Npun oCcBeleHnN B CUHel obnactu CneKTpa
6. Knetkun OKpPacCATCA B CUHNI LLBET Npn ocBeLWEHNN B 3eneHon obnactm CneKTpa
B. KneTtku OKpacAaTcAa B KpaCHbI[;I LBET Npn ocBeWEHNN B 3eneHon obnactu CneKTpa
r. Knetkm OKpacATCA B 3€/1eHbI UBET Npun ocBeleHn B KpaCHOl‘a obnactu CneKTpa

3. OAHaKo, ecnn Mbl BCTPOMM B FeHOM BCEX KNETOK OAMH M TOT e (pIlyopecuUeHTHbIN 6enok,
BCE OHM OKPACATCSA OAMHAKOBbLIM LLBETOM U Mbl HE OT/IMYMM OAHY KNETKY OT ApYroi. A ecau
coenatb TaK, YTOObl pasHble KAETKM OA4HOro OpraHusma (Hanpumep, HeMpOHbl MO3ra
NA040BON MYLLKK) CBETUAUCH Pa3HbIMU LiIBETAMU?

Coenaem reHeTUYecKMe KOHCTPYKLMW, COCTOSWME M3 NMPOMOTOPA M HECKOJIbKMX FeHOB
dIyopecLeHTHbIX 6enkos, Hanpumep RFP, CFP n YFP.
Meay cobolt Bce reHbl 6e/IKOB pa3aeneHbl 0CoOObIMM KOPOTKMMM NOCNEA0BaTE/IbHOCTAMU
cemerictea loxPn Takum obpasom:

MpomoTop - loxP1 - loxP2 - loxP3 - stop - loxP1 - RFP - loxP2 - CFP - loxP3 - YFP
MpomoTop - loxP4 - loxP5 - loxP6 - stop - loxP4 - RFP - loxP5 - CFP - loxP6 - YFP

MpomoTop — aKTUBMPYET TPAHCKPUMLMIO BAMKAMLIErO K HEMY reHa.
Stop — cMrHan OCTaHOBKMU TPAHCKPUMLUW.

o1n KOHCTPYKUMUHN BBOOAT B reHOM IMHUU NN1040BbIX MyLWEK U BblAENAIOT IMHUIO C
reHoOTUMNoOMm:

MpomoTop - loxP1 - loxP2 - loxP3 - stop - loxP1 - RFP - loxP2 - CFP - loxP3 - YFP
MpomoTop - loxP4 - loxP5 - loxP6 - stop - loxP4 - RFP - loxP5 - CFP - loxP6 — YFP

CywecTtByeT TakKe ¢epmeHT Cre-pekombuHasa, KOTOPbIA B3aMMOAEMNCTBYET TOJIbKO C 2
NOEHTUYHBbIMKU |OoXP-caliTaMK, pacnosiaraeT MX NapansiesibHO M COHanpasieHO (B 0AHOM
HanpaB/lieHUN) U OCYLLECTBAAET BbIpe3KM uan uHeepcumn AHK mexay Humu. YTo6bI
npousowna pekombuHauma, ase monekynbl Cre, cBA3aswueca ¢ ogHUm camtom |oxP,
AOJ/KHbI BCTPETUTLCA C ABYMSA APYTMMU MoieKynamu Cre, CBA3AHHbIMMU C APYTMM TaKUM XKe
cantom loxP (1. e. loxP1-loxP1 n T. A.). CaliTbl loxP npu aTom pacnonaratoTca B OAHOM
Hanpas/ieHUW. 3TO nNpuBedeT K paspe3aHuto caiitoB loxP nocepeanHe u obmeHy
NONYyYMBLIMMUCA KOHUAMU. (MocnegosaTenbHOCTb loxP moxKeT 6biTb pacnonokeHa ciesa
HanpaBo WAM HAObOPOT, 3epKasibHO cnpaBa HaneBO, HO B Hallel KOHCTpyKuuKn Bce loxP-
CaNTbl COHaMNpPaB/EHbl).

KOHCTPYKUMIO, NO3BONAIOLLYIO 3KCrpeccupoBaTh Cre-peKombuHasy, BBOAAT MOJNyYeHHOWM
NMHUU NN0[0BbIX MYLLEK.

PaccmoTpmm MO3r B3pOC/IbIX MyX MO MUKPOCKOMNOM.

3.1. Yto npowusoiiger, ecim Cre-peKkombuHasa He paboTtaer (UM Mbl B3AIN TONIbKO
JIMHUIO MYLUEK CO BCTPOEHHOM KOHCTpyKuuen n 6e3 Cre-pekombuHasbl)? Kakumm
uBeTamu 6yayT CBETUTLCA HEelPOHbI 3TUX mywek? (2 6anna)

3.2. Kakoii Habop reHoB MOXHO MOJIyYUTb Yy B3POC/bIX MyLleK C aKTuBHOK Cre-
pekombuHaszoi? (2 6anna)



3.3.

NANO

MO>XHO I NONYYUTb HEUPOHDI, CBATALLMECA 3e/1IeHbiM uBeTom? Ecnu ga, To KaKoii
y Hux 6yget reHoTun? CKONbKO pasHbIX LBeTOB (plyopecueHLMn HEMPOHOB MOXHO
nonyuutb? (2 6anna)

Bcez2o — 10 6annos

PeweHue BapuaHTta 1

1. GFP —green fluorescent protein, 3eneHbiit dpnyopeLeHTHbI 6enok

2. a. KneTku okpacaTca B 3e/1eHbIN LBET NPU OCBELLLEHMM B CUHEN 061acTu cnekTpa

3.

3.1.

3.2.

3.3.

dnyopecueHTHble 6enku He 6yayT 3KCMpeccupoBaThbCs, T. K. TpaHKpunuua byaet
OCTaHOB/NEHA NOCNeA0BaATENbHOCTbIO Stop

MpomoTop - loxP1 - loxP2 - loxP3 - stop - loxP1 - RFP - loxP2 - CFP - loxP3 - YFP (ecnmn
pekombunHasza He cpaboTasia, TaKOe TOXKe MOXKET ObITb)

MpomoTop - loxP1 - RFP - loxP2 - CFP - loxP3 — YFP

MpomoTop - loxP1 - loxP2 - CFP - loxP3 — YFP

MpomoTop - loxP1 - [oxP2 - loxP3 - YFP

MpomoTop - loxP4 - loxP5 - loxP6 - stop - loxP4 - RFP - loxP5 - CFP - loxP6 — YFP
MpomoTop - loxP4 - RFP - loxP5 - CFP - loxP6 — YFP

MpomoTop - loxP4 - [oxP5 - CFP - loxP6 — YFP

MpomoTop - loxP4 - loxP5 - loxP6 — YFP

MoKa3aHbl 2 XPOMOCOMbI B HEMPOHE Nocae peKoMbUHauuu:

MpomoTop - loxP1 - loxP2 - CFP - loxP3 - YFP
MpomoTop - loxP4 - loxP5 - loxP6 - YFP

MpomoTop - loxP1 - loxP2 - loxP3 - YFP
MpomoTop - loxP4 - loxP5 - CFP - loxP6 - YFP

dkcnpeccupytotca CFP n YFP, ugeT 3eneHbii

Bcero BO3MOHO 6 pasHbIX LBETOB



NANO>

BapuaHTt 2

Ona TOro, 4ytobbl AeTaNbHO M3y4UTb PaboTy MO3ra, Ba)KHO YCTAaHOBUTb, KaK HEPBHblE KAETKU
CBA3aHbl ApPYyr C APYrom, nocTpouTb MOAPOOHYI0 KapTy HepBHbIX cBA3eil. COBOKYMHOCTb BCEX
HEepPBHbIX CBA3EN B MO3re Ha3blBAaeTCA KOHHEKTOM. O4HMM M3 cnocobos BM3yanusaLmm HEPBHbIX
KNeToK aBnsetca GpayopecueHTHas MUKPOCKONUA.

dnyopecueHLMA — NPOLLECC Nepexona MOEKY bl NMPU OCBELLEHUN B BO3DYXKAEHHOE COCTOAHME, A
3aTem M3 BO3OYXKAEHHOIO COCTOAHWUA B MCXOAHOE C UCNyCKaHWeEM cBeTa. Mpu 3TOM AJ/IMHA BO/HbI
BO3DY)KAatoLWeEero cBeTa, Kak NpaBuo, MeHbLLE, YEM UCMYCKAaeMOro. TO ABIEHNE XapaKTEPHO ANA
MHOTMX  BMONOrMYEeCcKUX coeguHeHMA. B yacTHOCTM, Yy Medy3bl eCcTb  CheuMasbHblf
dnyopecumpyowmnii 6€10K, KOTopbl NPM OCBELLEHUM CUMHUM CBETOM WMCMYCKAET 3eNeHbl CBET.
Ero n gpyrve noaobHble 6€NKN WMPOKO UCNOb3YIOT B BUONOTMYECKUX SKCNEPUMEHTAX ANA TOrO,
4yTObbI NONYYNTb M306PaKEHUA BbIBPAHHDBIX CTPYKTYP MAN OTAE/bHbIX KAETOK. TaK, eCn B KNeTKy
reHHOMH)XEeHepPHbIM cnocobom BCTPOUTL reH Takoro dayopecumpytouero 6enka, To aTotT 6enok
byaeT aKcnpeccnpoBaTbCa U KNeTKa byaet BMAHa B KOHPOKaNbHbIN GAyopecLeHTHbI MUKPOCKOMN
Npw OCBEeLLLEHMM CBETOM B 061aCTV NOTNOLWEHUA.

Bo3bmem Habop Takux diyopecueHTHbIX 6enKkoB (Ha camom Aene nx bonblue):

CFP maKkcMmym nornouleHua ceeta npu gamHe BoaHbl 433 Hm, dayopecueHums — npu 475 Hm
GFP maKkcumym nornouienma 475 Hm, dayopecueHums 509 Hm
YFP makcumym nornouweHuna 513 Hm, payopecueHumna 527 Hm
OFP makcumym nornouweHuna 543 Hm, payopecueHumna 567 Hm
RFP makcumym nornouweHuna 587 Hm, payopecueHumna 610 Hm

1. Kak pacwudposbiBaetca Ha3BaHue 6enka RFP? (2 6anna)

a. Red Fly Protein — 6en0K KpacHo myxu

6. Rapid Fusion Protein — 6enoK bbicTporo cavaHus

B. Red Fluorescent Protein — KpacHbI payopecueHTHbIN 6enokK
r. Raspberry Flavored Pie — nupor co BKycom manuHbl

2. B KaKue LBeTa OKPaAcATCA KNEeTKH, sknpeccupyowme 6enok RFP, ecam mbl nocmoTpum Ha
HUX BO ¢yopecueHTHbIM MMKPOCKON? A KaKMM CBETOM HYXXHO OCBETUTb 3TU KNETKW,
4yT06bI MbI UX YBUAENU? (2 6anna)
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a. KneTKkn okpacaTca B 3e/1eHbIN UBET Npun oCcBeleHNN B CUHel obnactu CneKTpa
6. Knetkun OKpPacCATCA B CUHWI LLBET Npn oCcBeLWEHNN B 3eseHon obnactm CneKTpa
B. Knetku OKpacAaTcAa B KpaCHbI[;I LBET Npn ocBeWEeHNN B »)enton obnactu CNeKTpa
r. Knetkm OKpacATCA B 3€/1eHbIM UBET Npun ocBelleHn B KpaCHOl‘a obnactu CneKTpa

OQAHaKo, ecnu mMmbl BCTPOMM B FeHOM BCEX KNETOK OAMH U TOT Ke (G/IyopecuUeHTHbIN 6enok,
BCE OHM OKPACATCSA OAMHAKOBbLIM LLBETOM U Mbl HE OT/IMYMM OAHY KNETKY OT ApYroi. A ecau
coenatb TaK, yToObl pasHble KAETKM OA4HOro opraHusma (Hanpumep, HeMpoHbl MO3ra
NNI0A0BOI MYLLKKN) CBETUNUCL Pa3HbIMU LBETAMW?

Caenaem reHeTMYeckMe KOHCTPYKLMKM, COCTOAWME M3 NPOMOTOPa M HECKOSIbKMX FeHOB
dnyopecueHTHbIX 6enkos, Hanpumep RFP, YFP 7 CFP.
Meay cobolt Bce reHbl 6e/IKOB pa3aeneHbl 0CoOObIMM KOPOTKMMM NOCNEA0BaATE/IbHOCTAMU
cemerictea loxPn Takum obpasom:

MpomoTop - loxP1 - loxP2 - loxP3 - stop - loxP1 - RFP - loxP2 - YFP - loxP3 - CFP
MpomoTop - loxP4 - loxP5 - loxP6 - stop - loxP4 - RFP - loxP5 - YFP - loxP6 — CFP

MpomoTop — aKTUBMPYET TPAHCKPUMLMIO BAMMKAMLIErO K HEMY reHa.
Stop — cMrHan OCTaHOBKMU TPAHCKPUMLUW.

o1n KOHCTPYKLU MU BBOAAT B reHOM JIMHUN NN040BbIX MYyLLeEK U BblAENAOT IMHUIO C
reHOTUNom:

MpomoTop - loxP1 - loxP2 - loxP3 - stop - loxP1 - RFP - loxP2 - YFP - loxP3 - CFP
MpomoTop - loxP4 - loxP5 - loxP6 - stop - loxP4 - RFP - loxP5 - YFP - loxP6 — CFP

CywecTtByeT Take ¢epmeHT Cre-peKoMbObWHA3a, KOTOPbIN B3aMMOAENCTBYET TOMbKO C 2
NOEeHTUYHbIMK |loxP-caliTamm, pacnonaraet uMx MapannenbHO U COHanpaBieHO (B ogHOM
HanpaB/feHUN) U OCYLLECTBAAET Bblpe3kn uam uHeepcun AHK mexay Humu. Ytobbl
npousowna pekombuHauma, ase monekynbl Cre, cBA3aswueca ¢ ogHUM camTom |oxP,
AO/IKHbI BCTPETUTLCA C ABYMA APYTMMU MoieKynamu Cre, CBA3AHHbIMM C APYTMM TaKUM XKe
cantom loxP (1. e. loxP1-loxP1 n T. g.). CaitTbl loxP npu 3Tom pacnonaratoTca B OAHOM
HanpasieHMn. IOTO npuBeaeT K pa3pesaHuto cainToB loxP nocepeguHe u o0b6meHy
NONYyYNBLIMMUCA KOHUAMU. (MocneposaTenbHOCTb loxP moxKeT 6biTb pacnonoeHa ciesa
HanpaBo WAM HAObOPOT, 3epPKasibHO cnpaBa HaneBO, HO B Hallel KOHCTpyKuuKn Bce loxP-
CaNTbl COHaMNpaB/EHbl).

KOHCTPYKUMIO, NO3BONAIOLWLYIO 3KCrpeccupoBaTh Cre-peKombuHasy, BBOAAT MOJNyYeHHOWM
JNMHUW NNOL0BbIX MYLLEK.

PaccmoTpmm MO3r B3pOC/IbIX MyX MO MUKPOCKOMNOM.

3.1. Yto npowusoiiger, ecnu Cre-peKombuHasa He pabortaeTr (MM Mbl B3SAIU TONbKO
NIMHUIO MYLUEK CO BCTPOEHHOW KOHCTpyKuuei n 6e3 Cre-pekombuHasbl)? Kakumu
uBeTamm 6yayT CBETUTLCA HEMPOHDbI 3TUX MyLwekK? (2 6anna)

3.2. Kakoh Habop reHOB MOXHO MNOAY4YUTb Y B3POCAbIX MyLIEK C aKTuBHOU Cre-
pekombuHaszoi? (2 6anna)

3.3. MOXXHO M NONYy4YUTb HEMpPOHbI, ceeTawMneca dpuonetosbim usetom? Ecam pa, 10
KaKoi y HUX byaet reHotMn? CKO/IbKO pa3HbiX LBeToB ¢piyopecueHUun HelipoHoB
MOXHO noayuuTb? (2 6anna)



NANO

Bcez2o — 10 6annos

PeweHue BapuaHTa 2

1. Red Fluorescent Protein — KpacHbI dnyopecLeHTHbIN 6enok

2. B. KneTku oKpacaTca B KPAcHbIM LLBET NP OCBELLLEHMN B }KenTon 061acTm cnekTpa

3.

3.1. ®dnyopecueHTHble 6enkn He OyAyT 3KCNpeccupoBaTbCA, T. K. TpaHKpunuua byaer
OCTaHOB/IEHA NOC/NeA0BaTENbHOCTbIO Stop

3.2. MpomoTop - loxP1 - loxP2 - loxP3 - stop - loxP1 - RFP - loxP2 - YFP - loxP3 - CFP (ecnun
pekombunHasza He cpaboTasia, TaKoe TOXKe MOXKET ObITb)
MpomoTop- loxP1 RFP- loxP2-YFP - loxP3 — CFP
MpomoTop - loxP1 - loxP2 - YFP - loxP3 — CFP
MpomoTop - loxP1 - loxP2 - loxP3 - CFP .
MpomoTop - loxP4 - loxP5 - loxP6 - stop - loxP4 - RFP - loxP5 - YFP - loxP6 — CFP
MpomoTop - loxP4 - RFP - loxP5 - YFP - loxP6 — CFP
MpomoTop - loxP4 - [oxP5 - YFP - loxP6 — CFP
MpomoTop - loxP4 - loxP5 - loxP6 - CFP

3.3. TokasaHbl 2 XPOMOCOMbI B HEMPOHE Nocae PeKoMbunHaumu:
MpomoTop - loxP1 - RFP - loxP2 - YFP - loxP3 - CFP
MpomoTop - loxP4 - loxP5 - loxP6 — CFP
MpomoTop - loxP1 - loxP2 - loxP3 — CFP
MpomoTop - loxP4 - RFP - loxP5 - YFP - loxP6 — CFP
dkcnpeccupytotca RFP u CFP, ueT ¢punonetoBbii
Bcero BO3MOXHO 6 pa3HbIX LLBETOB.

BapuaHt 3

Ona Toro, ytobbl AeTanbHO M3y4nTb PabOTy MO3ra, Ba*KHO YCTAHOBMUTb, KaK HEPBHbIE KAETKM
CBA3aHblI APYr C APYrom, MOCTPOUTb MOAPOOHYH KapTy HepBHbIX cBA3el. COBOKYMHOCTb BCEX
HepBHbIX CBA3€lM B MO3re HasbliBaeTcA KOHHeKToM. OgHMM U3 cnocoboB BU3yanusaLmm HEPBHbIX
KNeToK ABnsaeTca GpayopecLeHTHaA MUKPOCKOMNUA.



dnyopecueHLMA — NpoLLecc Nepexona MOEeKy bl NP OCBELLEHUN B BO3OYXKAEHHOE COCTOAHME, A
3aTem M3 BO36YKAEHHOIo COCTOAHUA B MCXOAHOE C UCNyCKaHWeMm cBeTa. lMpu 3TOM A/IMHA BO/HbI
BO3Dy»KAatoLwwero cBeTa, Kak NpaBuJio, MeHbLLE, YEM UCMYCKAeMOro. ITO ABNIEHME XapaKTepHo ANA
MHOTMX  BMONOrMYECKUX CcoeguHeHMA. B yacTHocTM, Yy Meay3bl eCcTb  CheuuasbHbIn
dnyopecumpyowmii 6€10K, KOTOpbIA NPU OCBELLEHUM CMHUM CBETOM WCMYCKAET 3e/1eHbIN CBET.
Ero n gpyrve noaobHble 6€NKN WMPOKO UCNOb3YIOT B BUONOTMYECKUX SKCNEPUMEHTAX ANA TOrO,
4TObbI NONYYNTb M306PaKEHUA BbIOPAHHDBIX CTPYKTYP MAN OTAE/bHbIX KAETOK. TaK, eCan B KNeTKy
reHHOMHXEeHepPHbIM cnocobom BCTPOUTL reH Takoro ¢ayopecumpytouero 6enka, To aToT 6enok
byaeT aKcnpeccnpoBaTbCa U KNeTKa byaeT BMAHA B KOHPOKaNbHbIN GayopecLeHTHbIN MUKPOCKON
NpW OCBELLLEHMM CBETOM B 061aCTV NOTNOLWEHMS.

Bo3sbmem Habop Takmx dnyopecueHTHbIX 6enkoB (Ha camom gene ux bosnblue):

CFP maKkcumym nornoweHuns ceeta Npu gamHe BoaHbl 433 Hm, payopecueHuma —npu 475 Hm
GFP makcumym nornoweHns 475 Hm, payopecueHuma 509 Hm
YFP makcumym nornouwenma 513 Hm, dnyopecueHumna 527 Hm
OFP makcMmym nornouenuna 543 Hm, dnyopecueHumna 567 Hm
RFP makcumym nornoueHma 587 Hm, dnyopecueHumna 610 Hm

1. Kak pacwudposbiBaeTtca HazBaHue 6enka OFP? (2 6anana)

a. Orange Firefly Protein — opaH»eBblt 610K CBeTAAYKA

6. Octopus Fluorescent Points — ¢nyopecueHTHble NATHA OCbMWHOTA
B. Orange Fluorescent Protein — opaH»eBblil yopecuLeHTHbIN 6enokK
r. Orange Flavored Pie — nupor co BKycom anesbcuHa

2. B Kakue uBeTa OKpaACATCA K/ETKU, IKnpeccupyrowme 6enok OFP, ecnim mbl nocmoTpum Ha
HUX BO GNyopecLeHTHbIA MUKPOCKON? A KaKMM CBETOM HY}KHO OCBETUTb 3TU K/IETKM,
yTO06bI MbI UX YBUAENU? (2 6anna)

a. Knetkn oKpacaTtcA B 3eneHblid UBET NpU OCBELEeHUMM B CcuMHel obnactu cnektpa
6. KnetkM oKpacATcas B CMHUA LBET NPU OCBELLEHUW B 3e1eHON 06nacTu cnektpa
B. KNneTkn oKpacatca B OpaH)KeBblit LBET NPU OCBELLEHWW B 3e/1eHOM 061acTu crneKkTpa
r. KneTku okpacATca B 3en1eHblli UBET NPW OCBELLLEHMM B OPaH»KeBOW 061aCTM CNeKTpa
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3. OAHaKo, ecnn Mbl BCTPOMM B TeHOM BCEX KNETOK OAMH U TOT Ke (G/IyopecueHTHbIN 6enok,
BCE OHM OKPACATCSA OAMHAKOBbLIM LLBETOM U Mbl HE OT/IMYMM OAHY KNETKY OT ApYroi. A ecau
coenatb TaK, yTOObl pasHble KAETKM OA4HOro opraHusma (Hanpumep, HeMpoHbl MO3ra
NNI0A0BOI MYLLKKN) CBETUNUCL Pa3HbIMU LBETAMW?

Coenaem reHeTMYECKYID  KOHCTPYKUMIO, COCTOALWYIO W3 NpoOmMOTOpa W  reHOoB
dNyopecLeHTHbIX 6enKos, Hanpumep OFP 7 GFP.
Mexay coboi Bce reHbl 6eNKOB pasgenieHbl 0CO6bIMM KOPOTKMMM MNOCNEA0BATENBHOCTAMM
cemerictBa loxPn Takum obpasom:

MpomoTop - loxP1 - loxP2 - stop - loxP1 - OFP - loxP2 - GFP - MpomoTop - loxP3 - loxP4 - stop
- loxP3 - OFP - loxP4 — GFP

MpomoTop — aKTUBMPYET TPAHCKPUMLMIO BAMMKAMLIErO K HEMY reHa.
Stop — cMrHan OCTaHOBKM TPAHCKPUMLUW.

3Ty KOHCTPYKL MO BBOAAT B reHOM JIMHUKN NN0A0BbIX MyLIeK U BblAENAIOT TOMO3UTOTHYIO
JIMHUIO C TEHOTUNOM:

MpomoTop - loxP1 - loxP2 - stop - loxP1 - OFP - loxP2 - GFP - MpomoTop - loxP3 - loxP4 - stop
- loxP3 - OFP - loxP4 — GFP

MpomoTop - loxP1 - loxP2 - stop - loxP1 - OFP - loxP2 - GFP - MpomoTop - loxP3 - loxP4 - stop
- loxP3 - OFP - loxP4 — GFP

CywecTtByeT Takxke ¢epmeHT Cre-peKomMbWHA3a, KOTOPbIM B3aMMOAENCTBYET TOMbKO C 2
NaeHTUYHbIMK |loxP-caliTamm, pacnonaraet uMx MapannenbHO U COHanpaBieHO (B ogHOM
HanpaB/feHUN) W OCYLECTBAAET Bblpe3kn uam uHeepcumn AHK mexay Humu. Ytobbl
npousoLwia pekombuHauma, ase monekynbl Cre, cBA3asBwueca ¢ ogHUM caiiTom |oxP,
OOJ/IKHbI BCTPETUTLCA C ABYMA ApYyrnmu monekynamu Cre, CBA3aHHbIMU C APYTMM TaKUM XKe
cantom loxP (t1. e. loxP1-loxP1 v 1. a.). Caitbl loxP npun 3Tom pacnonaratoTca B OAHOM
HanpasieHMn. IOTO npuBeaeT K paspesaHuto cainToB loxP nocepeguHe u o06meHy
NONYyYNBLIMMUCA KOHUAMU. (MocneposaTenbHOCTb loxP moxkeT 6biTb pacnonoeHa ciesa
HanpaBoO WUAM HAObOPOT, 3epKa/IbHO CNpaBa HaJIeBO, HO B HAalen KOHCTPyKuumn Bce loxP-
CaliTbl COHANpaB/EeHbI).

KOHCTPYKUMIO, MO3BONAIOLWLYIO 3KcnpeccupoBaTb Cre-pekombuHasy, BBOAAT B TEHOM
APYroi AMHUWM NAOAOBbLIX MyLUEK. DTU UHUW CKPELLMBAIOT, U Y NOTOMKOB MMEETCA U FeH
Cre-pekombuHasbl, U BCTPOEHHAA KOHCTPYKLMA.

PaCCMOTpVIM MO3rI MOTOMKOB 3TOlo CKpewunsaHMA nog MMKPOCKOMOM.

3.1. Yto npowusoiiger, ecnu Cre-peKombuHasa He pabortaeTr (MM Mbl B3SAIU TONbKO
NIMHUIO MYLUEK CO BCTPOEHHOW KOHCTpyKuuei n 6e3 Cre-pekombuHasbl)? Kakumu
uBeTamm 6yayT CBETUTLCA HEMPOHDbI 3TUX MyLweK? (2 6anna)

3.2. Kakoh Habop TreHOB MOXHO MOAYYUTb Y MylleK C aKTuBHoii Cre-
peKom6buHasoii? (2 6anna)

3.3. A CKONbKO pasHbiX LBETOB ¢ayopecueHUUM HeMpoOHOB MOXKHO MNOAYYUTb Y
B3pOCAbIX MmyweK? (2 6anna)

Bcez2o — 10 6annos
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PeweHue BapuaHTa 3

1.

2.

3.

B. Orange Fluorescent Protein — opaH»KeBbii GyopecLEeHTHbIN 6enokK

B. Knetku OKpacAaTcAa B OpaH)'KeBblﬁ LUBET Npun ocBeweHnn B 3eneHon obnactu CneKTpa.

3.1.

3.2.

3.3.

dnyopecueHTHble 6enKkM He ByayT IKCNpPeccMpoBaTbCs, T. K. TPaHKpunuus 6yaet
OCTaHOBJIEHa NOCNEeA0BATENbHOCTbIO Stop

Ha pasHbix nocnegoBatenbHocTax loxPn pekombuHasza 6yaet pabotaTb HE3aBUCMMO.
TakmMm 06pa3om NoONy4YMM XPOMOCOMbI C KOHCTPYKLMEN:

MpomoTop - loxP1 - loxP2 - stop - loxP1 - OFP - loxP2 - GFP - NMpomoTop - loxP3 - loxP4
- stop - loxP3 - OFP - loxP4 - GFP (ecnin pekombuHasa He cpaboTana, Takoe Toxe
MOXKET ObITb)

MpomoTop - loxP1 - OFP - loxP2 - GFP - MNpomoTop - loxP3 - loxP4 - stop - loxP3 - OFP -
loxP4 - GFP

MpomoTop - loxP1 - loxP2 - GFP - MpomoTop - loxP3 - loxP4 - stop - loxP3 - OFP - loxP4
— GFP

MpomoTop - loxP1 - loxP2 - stop - loxP1 - OFP - loxP2 - GFP - NMpomoTop - loxP3 - OFP -
loxP4 - GFP

MpomoTop - loxP1 - loxP2 - stop - loxP1 - OFP - loxP2 - GFP - NMpomoTop - loxP3 - loxP4
- GFP

MpomoTop - loxP1 - OFP - loxP2 - GFP - MpomoTop - loxP3 - OFP - loxP4 — GFP
MpomoTop - loxP1 - loxP2 - GFP - MpomoTop - loxP3 - loxP4 — GFP

MpomoTop - loxP1 - OFP - loxP2 - GFP - MpomoTop - loxP3 - loxP4 — GFP
MpomoTop - loxP1 - loxP2 - GFP - MpomoTop - loxP3 - OFP - loxP4 - GFP

MpenacraB/iieHHblIe Bblle reHOTUMbl COOTBETCTBYIOT TakuM LgeTam (O — opaHKeBblin, G
- 3e/1eHblN):

O MNpomoTop - loxP1 - OFP - loxP2 - GFP - MpomoTop - loxP3 - loxP4 - stop - loxP3 - OFP
- loxP4 - GFP

G MpomoTop - loxP1 - loxP2 - GFP - NMpomoTop - loxP3 - loxP4 - stop - loxP3 - OFP -
loxP4 — GFP

O MNpomoTop - loxP1 - loxP2 - stop - loxP1 - OFP - loxP2 - GFP - MpomoTop - loxP3 - OFP
- loxP4 - GFP

G MpomoTop - loxP1 - loxP2 - stop - loxP1 - OFP - loxP2 - GFP - MpomoTop - loxP3 -
loxP4 - GFP

OO0 MpomoTop - loxP1 - OFP - loxP2 - GFP - MpomoTop - loxP3 - OFP - loxP4 — GFP
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GG MNpomoTop - loxP1 - loxP2 - GFP - NMpomoTop - loxP3 - loxP4 — GFP
OG MNMpomoTop - loxP1 - OFP - loxP2 - GFP - NMpomoTop - loxP3 - loxP4 — GFP
GO MNMpomoTop - loxP1 - loxP2 - GFP - NMpomoTop - loxP3 - OFP - loxP4 — GFP

Mo*KHO cumTaTb, YTo uBeT OO byaet apye O, n GG — apuye G, Toraa Bcero byaet 5
He3aBUCUMbIX oTTeHKoB — O, 00, G, GG, OG (ckopee Bcero aTo byaeT BbIrNAAeTb Kak
XenTbin)

BapuaHTt 4

Ona Toro, ytobbl AeTaNbHO M3yYMTb PaboTy MO3ra, Ba)KHO YCTaHOBUTb, KaK HEPBHbIE KAETKU
CBA3aHbl ApPYyr C APYrom, MOCTPOUTb MOAPOBHYI KapTy HepBHbIX cBA3eil. COBOKYMHOCTb BCEX
HEPBHbIX CBA3EN B MO3re Ha3blBaeTcA KOHHEKTOM. O4HMM M3 cNocoboB BM3yannsaumm HEpPBHbIX
KNeTok aBnsetca GpayopecueHTHaA MUKPOCKOMNMUSA.

dnyopecueHUMA — NpoLLecC Nepexona MONEKY bl NPW OCBELLEHUN B BO3OYXKAEHHOE COCTOAHME, a
3aTem M3 BO3OYXKAEHHOIO COCTOAHWUS B MCXOAHOE C UCNyCKaHWEM cBeTa. Mpu 3TOM AJ/IMHA BO/HbI
BO30Y)KAaloLWeEero cBeTa, Kak NpaBu/io, MeHbLLE, YEM UCMYCKAaeMOro. 3To AB/IEHUE XapaKTepPHO ANA
MHOTMX  BUMONIOrMYECKUX CcOoeguHEeHMA. B yacTHocTM, Yy Meay3bl eCcTb  ChneuuanbHbln
dnyopecumpyowmii 6e10K, KOTOpbIA NPU OCBELLEHUU CUHUM CBETOM WCMYCKAET 3e/eHbIN CBET.
Ero n gpyrne noaobHbie 6eN1KN WMPOKO MCNOb3YHT B BUONOTMUYECKUX SKCNEPUMEHTAX ANA TOrO,
4yTObbI NONYYNTb M306PaXKEHUS BbIBPAHHbBIX CTPYKTYP MU OTAENbHbIX KNETOK. TaK, eCAn B KNETKy
reHHOMH)KeHepHbIM cnocobom BCTPOUTbL reH Takoro dayopecumpytouero 6enka, To aToT 6enok
byAeT aKCNpPeccnpoBaTbCs U KNeTKa byaeT BMAHA B KOHDOKaNbHbIN GyopeCcLEeHTHbIA MUKPOCKON
NPV OCBELLLEHMM CBETOM B 061aCTV NOTNOLWEHUS.

Bo3bmem Habop Takux psiyopecueHTHbIX 6enKkoB (Ha camom aene nx bonblue):

CFP maKkcMmym nornouleHua ceeta npu gamHe BoaHbl 433 Hm, dayopecueHums — npu 475 Hm
GFP maKkcumym nornouienma 475 Hm, dayopecueHums 509 Hm
YFP makcumym nornouweHuna 513 Hm, payopecueHumna 527 Hm
OFP makcumym nornouweHmna 543 Hm, payopecueHumna 567 Hm
RFP makcumym nornouweHuns 587 Hm, ayopecueHuma 610 Hm
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Kak pacwudposbiBaeTca Ha3BaHue 6enka YFP? (2 6anna)

a. Yellow Frog Protein — 6en10K KenTton narywKkm

6. Yellow Fluorescent Protein — xenTblit pnyopecueHTHbIM 6enok
B. Yeast Fusion Peptide — nentug, canaHua gpoxkKen

r. Yummy Fresh Pudding — BKYCHbI CBEXWUI NyAUHT

B KaKue uBeTa OKPacATCA KNeTKM, aKknpeccupyowme 6enok YFP, ecnm mbl NOCMOTPUM Ha
HUX BO GNyOpeCLEHTHbI MUKPOCKON? A KaKMM CBETOM HYXXHO OCBETUTb 3TU KJIETKM,
4yT06bI MbI X YBUAENU? (2 6anna)

a. Knetkn oKpacaTtcA B 3eneHbld UBET NpU OCBELEeHUMM B cuMHel obnactu cnektpa
6. KneTknM oOKpacaTcs B CMHMIA LBET NPU OCBELWEHUM B 3eneHoM obnactu cnekrtpa
B. KNneTkn oKpacatca B Kentbld LUBET NMpU OCBELEHUW B 3e/ieHOM 06s1acTn cnekTtpa
r. KneTkn okpacartca B 3e/1eHbIN LBET NPU OCBELLEHUM B KPACHOM 06/1aCT cnekTpa

OfHaKo, ecnm mbl BCTPOMM B FTeHOM BCEX KNETOK OAMH U TOT Ke (GJIyopecuUeHTHbIN 6enok,
BCE OHW OKPACATCA OAMHAKOBbIM LIBETOM M Mbl HE OT/IMYMM OAHY KNETKY OT Apyroi. A ecau
coenatb TaK, YTOObl pasHble KAETKM OA4HOro OpraHusma (Hanpumep, HeMpoHbl MO3ra
NA040BON MYLLKK) CBETUAUCH Pa3HbIMU LIBETAMU?

Coenaem reHeTUYeCKYo KOHCTPYKLMIO, COCTOALLYIO M3 NMPOMOTOPA M HECKONIbKUX FeHOB
dIyopecueHTHbIX 6enkos, Hanpumep YFP, GFP, CFP " RFP.
Meay cobolt Bce reHbl 6e/IKOB pa3aeneHbl 0COObIMM KOPOTKMMM NOCNEA0BaTE/IbHOCTAMU
cemerictBa loxPn Takum obpasom:

MpomoTop - loxP1 - loxP2 - stop - loxP1 - YFP - loxP2 - GFP - NMpomoTop - loxP3 - loxP4 - stop
- loxP3 - CFP - loxP4 — RFP

MpoMmoTop — aKTUBUPYET TPAHCKPUNLUMIO BAMMKANLLEro K HEMY reHa.
Stop — cMrHan oCTaHOBKMU TPAHCKPUMLUW.

3Ty KOHCTPYKL MO BBOAAT B reHOM JIMHUKN NNOoA40BbIX MYLWEK U BblAENAKOT TOMO3UTOTHYIO
JIMHUIO C TEHOTUNOM:

MpomoTop - loxP1 - loxP2 - stop - loxP1 - YFP - loxP2 - GFP - MpomoTop - loxP3 - loxP4 - stop
- loxP3 - CFP - loxP4 — RFP

MpomoTop - loxP1 - loxP2 - stop - loxP1 - YFP - loxP2 - GFP - MpomoTop - loxP3 - loxP4 - stop
- loxP3 - CFP - loxP4 — RFP

CywecTByeT Takxe ¢epmeHT Cre-pekombuHasa, KoTopas B3aMMOAENCTBYET TO/IbKO C 2
NOEHTUYHBbIMKM |OoXP-caliTaMn, pacnosiaraeT MxX NapansiesibHO M COHAnpasBaeHo (B OAHOM
HanpaB/ieHUN) U OCYLLECTBAAET BbIPE3KNM WAM uHBepcun AHK mexay Humu. YTo6bI
npousolwna pekombuHauma, ase monekynbl Cre, cBAsaBwMecs ¢ ogHUm canTom loxP,
AOJ/IKHbI BCTPETUTLCA C ABYMA APYTMMU MoieKynamu Cre, CBA3AHHbIMM C APYTMM TaKUM XKe
cantom loxP (1. e. loxP1-loxP1 n T. A.). CaliTbl loxP npu aTom pacnonaratoTca B OAHOM
HanpaBieHMW. ITO nNpuBeAeT K pa3pesaHuto cainToB loxP nocepeguHe u o06meHy
NoNyYMBLIMMUCA KOHUAMU. (MocnegosaTenbHOCTb loxP moxkeT 6biTb pacnonoeHa ciesa
HanpaBo MAM HAObOpPOT, 3epKasbHO CNpaBa HAaNEBO, HO B Hallel KOHCTpyKuuu Bce loxP-
CaliTbl COHanNpaB/eHbI).



NANO

KOHCTpyKUMIO, NO3BONAIOLLYIO 3KcrnpeccupoBaTb Cre-pekombuHasy, BBOAAT B TEHOM
APYron IMHUN NAOAOBbLIX MYLLEK. DTU IMHUM CKPELLMBAIOT, U Y MOTOMKOB MMEETCS U reH
Cre-pekoMbuHa3bl, U BCTPOEHHAA KOHCTPYKLUMUA.

PaCCMOTpMM MO3r MOTOMKOB 3TOlo CKpewunBaHMA nog MUKPOCKOMOM.

3.1.

3.2.

3.3.

Yto npousoinpgert, ecnm Cre-pekombuHasa He pabortaeT (MAn Mbl B3ANAU TONBKO
JIMHUIO MYLUEK CO BCTPOEHHOM KOHCTpyKuuen u 6e3 Cre-pekombuHasbl)? Kakumu
uBeTamm 6yayT CBETUTLCA HEMPOHDbI 3TUX MyLleK? (2 6anna)

Kakoh Habop reHoB MOXHO MNOAYYUTb Y MylleK C aKkTuBHou Cre-
pekombuHasoun? (2 6anna)

A CKONbKO pasHbiX UBeTOB ¢NYyOpeCcUEHUUN HEUPOHOB MOXKHO MOAYUYUTb Y
B3pOC/bIX MmyLweK? (2 6anna)

Bce2o — 10 6annos

PeweHue BapuaHTta 4

1. Yellow Fluorescent Protein — »kenTbili dpnyopecueHTHbIN 6enokK

2.

3.

B. KneTku oKpacaTtca B KEeNTbIN LIBET Npn oCcBeWEHNUN B 3es1eHol obacTu CneKkTpa

3.1.

3.2

dnyopecueHTHble 6enKM He ByayT SKCMpeccupoBaTbCs, T. K. TPaHKpunuua 6yaet
OCTaHOB/NEHA NOCNeA0BaTENbHOCTbIO Stop

MpomoTop - loxP1 - loxP2 - stop - loxP1 - YFP - loxP2 - GFP - NpomoTop - loxP3 - loxP4
- stop - loxP3 - CFP - loxP4 - RFP (echn pekombuHasa He cpaboTana, Takoe ToXKe
MOXeT bbITb)

MpomoTop - loxP1 - YFP - loxP2 - GFP - NMpomoTop - loxP3 - loxP4 - stop - loxP3 - CFP -
loxP4 — RFP

MpomoTop - loxP1 - loxP2 - GFP - MpomoTop - loxP3 - loxP4 - stop - loxP3 - CFP - loxP4
— RFP

MpomoTop - loxP1 - loxP2 - stop - loxP1 - YFP - loxP2 - GFP - MpomoTop - loxP3 - CFP -
loxP4 — RFP

MpomoTop - loxP1 - loxP2 - stop - loxP1 - YFP - loxP2 - GFP - NpomoTop - loxP3 - loxP4
— RFP

MpomoTop - loxP1 - YFP - loxP2 - GFP - MMpomoTop - loxP3 - CFP - loxP4 — RFP
MpomoTop - loxP1 - YFP - loxP2 - GFP - NpomoTop - loxP3 - loxP4 — RFP
MpomoTop - loxP1 - loxP2 - GFP - MpomoTop - loxP3 - CFP - loxP4 — RFP

MpomoTop - loxP1 - loxP2 - GFP - MpomoTop - loxP3 - loxP4 - RFP



3.3.
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MpepacTaBieHHble Bbile FreHOTUMbl COOTBETCTBYIOT TakuM LBeTam (Y — xentbln, G —
3eneHbit, C — CUHUN, R — KpacHbIi):

Y MpomoTop - loxP1 - YFP - loxP2 - GFP - MpomoTop - loxP3 - loxP4 - stop - loxP3 - CFP
- loxP4 — RFP

G MpomoTop - loxP1 - loxP2 - GFP - MNpomoTop - loxP3 - loxP4 - stop - loxP3 - CFP -
loxP4 — RFP

C MpomoTop - loxP1 - loxP2 - stop - loxP1 - YFP - loxP2 - GFP - MpomoTop - loxP3 - CFP
- loxP4 — RFP

R Mpomotop - loxP1 - loxP2 - stop - loxP1 - YFP - loxP2 - GFP - NMpomoTop - loxP3 -
loxP4 — RFP

YC NpomoTop - loxP1 - YFP - loxP2 - GFP - NMpomoTop - loxP3 - CFP - loxP4 — RFP
YR MpomoTop - loxP1 - YFP - loxP2 - GFP - NMpomoTop - loxP3 - loxP4 — RFP

GC MNpomoTop - loxP1 - loxP2 - GFP - MpomoTop - loxP3 - CFP - loxP4 — RFP

GR MpomoTop - loxP1 - loxP2 - GFP - NMpomoTop - loxP3 - loxP4 — RFP

Bcero 6yaetr 8 HesaBucumbix otteHKkoB — Y, G, C, R, YC (3eneHbiin, ckopee BCEro,
Apyroro oTteHka, yem G), YR (opaHxkeBbii), GC (cuHe-3eneHbin), GR (kentbii,
APYroro oTTeHkKa, yem Y).



