Onumnuaga WKOAbHUKOB «JIoMoHOCOB». 2024/25 yuebHbil roa.
3apaHuNA 3aKNOYUTE/IBHOIO 3Tana No BbICOKMM TEXHO/IOTUMAM.
11 knacc. BapuaHt 1

3apgaua 1. MonmnbaeHoBas cuHb (5 6annos)

BocctaHoBNeHWEeM opTOMOAMOGAATA  Ka/iMA  MOMHO MOAYy4MTb  coeguHeHue A, KoTopoe
MCNONb3YEeTCA B KaYecTBe CMHEro NUIMEHTa UK KaTanusaTopa. TepmMmuYeckuii aHaamn3 nokasasn, Yto
HarpeBaHWe coeaWHeHMs A B MHepPTHOM aTmocdepe NPUMBOAUT K YMEHbLIEHMIO MaccChl
nccnepgyemoro obpasua Ha 2.5% u obpasoBaHuio OBWHapHOro coeamHeHus B. HarpesaHue
coeguHeHua B B aTmocdepe Boaoposa NPMBOAMT K YMEHbLUEHWUIO Maccbl obpasua ewé Ha 31.8%.
B 06omx cnyyasx Bblaensercs razoobpasHbiii NpoayKT C ¢ monspHoi maccoli 18 r/mons.

1. YcraHoBuTe dopmynbl MmonnbaeHoBoW cMHM A, a Takxe Belects B u C. Moatesepante
pacyeTom. ATOMHbIE MACCbl 3/1EMEHTOB OKPYrAaiTe A0 LenbiX.

PeweHue

CoeanHeHune C nmeeT MmonsapHyto maccy 18 r/monb n obpasyetca npu BoccTaHoBNeHWUM B BOAOpO-
Aom. MoxHo npeanonoxutb, 4to C — ato Boga H,0. ChegosatenbHo coeguHeHne B fonxHO co-
AeprKaTb KMCNOPOA, TO eCTb 3TO OKCUA moanbaeHa. Cxema peakLmMmn BOCCTAHOBNEHUA:
a 0,682a
Mo, 0, + yH, - xMo + yH,0
96x+16y 96x
MonsapHasa macca okenga M(Mox0,) = 96x + 16y r/monb. Macca obpasua ymeHbluaetca Ha 31.8%,
3HaumMT ocTaétca 100 — 31.8 = 68.2%. MycTb macca 0bpasya bbina pasHa a r, cnegoBaTeNbHO, Macca
meTanna pasHa 0.682a r. CoctaBym NPONOPLUIO U HANAEM COOTHOLLIEHUE X U Y.
96xa = (96x + 16y)-0.682a
2.8x=y
Mpu x =5 nonyvyaem y = 14. Takmum obpasom, coctas B — Mos014.

TaK Kak BO4a BblAENAETCA U NPU BOCCTAHOB/IEHUM OKCMAA, N NPU PA3NOKEHUN coeanHeHMA A, TO
OHO ABAAeTCA KpucTannornapatom. MonsapHaa macca okecnga M(MosOis4) = 704 r/monb. Macca
obpasua ymeHbliaeTcs Ha 2.5%, 3Haunt octaértca 100 — 2.5 = 97.5%. MNycTb macca obpasua 6bina
paBHa b r, cnegoBaTenbHO Mmacca okcnaa pasHa 0.975b r. Cxema peakumKn pasfoKeHuUsn:

b 0.975b
M05014 . ZHzo i M05014 + ZH20
704+18z 704

CoctaBvm Nponopumo n Hangem z.
704b = (704 + 182)-0.975b
z=1
Taknum obpasom, coctaB A — Mos014-H>0.

(2 6anna 3a popmyny coeduHeHua A (c pacuémamu), 2 6anna 3a ¢popmyny coeduHeHuUsa B (c
pacuémamu), 1 6ann 3a popmyny coeduHeHus C (c pacyémamu uau noscHeHuem)).



3apgaua 2. AamasHaa namaTtb (5 6annos)

lpynna y4yeHblX MCNONb30BaNa KPUCTaNI aiMasa 418 3aNUCU U HAAEKHOIo ANUTENbHOTO XPaHeHUA
nHdopmaummn. [Ona  3s10ro  GeMTOCEeKYHAHbIM  N1a3epOM  BHYTPM  KpWUCTaaia  co3aaeTca
ynopaaoYeHHblit maccuB muKponosocterr (MM) ¢UMKcMpoBaHHBIX pa3mepoB, KoTopble 3aTem
MOACBEUYMBAIOTCA eLle OAHUM /1a3epoMm, a pasmep («APKOCTb») KaxKaoi MI nocioMHO cunTbiBaeTcA
npy nomoLm MMKpockona (puc. 1.).

Puc. 1. Mpumep su3yanusayuu OaHHbLIX 8 KPUCMAsE aAMA3d, Noay4YeHHoU npu nomowu na3epa u
MuKpockona. Omeevarowjue 0aHHbIM MI pacnonoxceHs! caA0AMU, A UX YeHMpPosl 8Hympu Cs05
pasmeuweHsl Opy2 omHOCUMesnbHO Opyaa KaK 8epuluHbl Keadpama.

1. Kakoi obbem nHbopmauumn koanpyet ogHa M, ecnm Takol meTog No3BOAET 3anmcaTh U
Pa3NNYMTL NPU YTeHMM 8 pasHbix pazmepos MM (BKAtoYan HyneBol pasmep)?

2. PaccumnTaiiTe, cKONbKO MHPOpMaLmK (B rMrabaintax) nomecTutca B asimase Becom 1 Kapat
(200 mr), ecnn nnoOTHOCTL anmasa coctasnset 3.5 r/cm3, a paccTosaHMe mexay coceHUMM

cnoAamm mn ueHTpamm MM B ogHOM cnoe cocTaBaAatoT 1 mKm 1 460 HM, COOTBETCTBEHHO.

Cyutaiite, uto 1 K6 =1024 6,1 MBb =1024 kb, 1 6 = 1024 MbB, 1 Tb = 1024 I'b.

PeweHue
1. (16ann)

MocKoNbKy Kaxaasa M3 mukpononoctei (M) MoXKeT NpUHUMaATb OAHO U3 8 3HAYEHUI, TO,
cnepoBaTtesnibHO, OHa KogupyeT log,8 = 3 6uTa nHbopmaunm.

2. (4 6anna)
Ha npamoyronbHbIli Napannenenunen o6bemom
V=a’b=(460-107)%-1-10*=2.12-1013 cm3

npuxogutca ogHa MI (B Kaxaoh u3 ero 8 BeplIMH NeXuT ogHa MI, Ho Takas MI
NPUHAANEKNUT OAHOBPEMEHHO 8 TaKMM Napannenenunenam).

Toraa Ha anmas maccoi 1 KapaT npuxoauTca

N = (m/p)/V =0.2/3.5/((460-:107)%-1-10%) = 2.70-10* Takux M.



Takum obpasom, Bcero B OAHOKApaTHOM a/nmMa3e MOXKeT ObiTb 3akoaupoBaH ob6bem
nHGopMaLUMn, PaBHbIN

I =3N=3:2.70-10!! = 8.01-10!! 6ut =94.3 Ib.

OL{EHKG CHUMXQnacsy 3a:

apugpmemuyeckue owubKu;

owubKu 8 nopAadKax eenu4uH (nepesod HAHOMEMPOS8 U MUKPOMEemMpos8 8 CaHmMumempeol
unu mempeol);

owubKu 8 hopmyne pacdyema Koau4ecmea UHEGOPMAyUU UCX00A U3 YUCAA 803MOXHbIX
cocmosaHul;

owubku pacyema 4ucaa MI, npuxodsuwezocs Ha eOuHUYHbIl obvem, Aubo obvema,
npuxodswezoca Ha 00Hy MI (Hanpumep, He yyumelganca mom ¢akm, ymo odHa MI1
NMPUHAOAeH UM cpa3y HECKOnbKUM eOUHUYHbIM 06bemam), Ymo npusoousno K HeeepHol
oueHke obujezo yucaa Mrl;

owubku e chopmyne pacyema obvema Ucxo08 U3 MAcchl U A0MHOCMuU Mmamepuana;
owubku npu nepegode u3z bum 8 balimel, Kuno-, meza- u 2ueabalimel.

3apaua 3. CnyTHUKK cBa3m (6 6annos)

CnyTHMKOBAA CBA3b CYLLECTBYET yKe aecatunetns. OgHako, B nocnesHee Bpems BblpOC MHTEPEC K
BbICOKOCKOPOCTHOMY CMYTHUKOBOMY MHTEPHETY. ITOT J0CTyN obecneynsaetca 601bLNM YUCIOM
CNYTHWKOB CBA3M, MMEIOLMX HU3KYIO OpOUTY.

1. Monaras opbuTy KpPyroeBom, HaliauTe nepmog obpalleHNa Takoro cNyTHUKa T, ecaum BbicoTa
opbuTbl Hag nosepxHocCTbo 3eman h = 500 km. Pagmyc 3emnam R = 6400 km. Macca 3emnu
Ms = 6.0-10%* kr.

2. Kakoe MWHMManbHOEe KOAMYEeCcTBO CNYTHUKOB N HyXHO BbIBECTM Ha 0pbuUTy, 4TOObI
obecneumBatb HenpepbiBHOe coeauHeHue? CYMTamTe, YTO CMYTHUMK HAXOAWUTCA B 30HE
BMANMOCTU T = 10 mUH.

3. Yemy paBHO BpemA pPacnpoCTpaHeHUA pPaAAMOCUIHANA A0 MNOBEPXHOCTU 3emaun OT
HM3KOOPOUTANbHOIO CNYTHUKA teurnana?

PeweHue
1. Mepuvop obpaLLeHMA MOXKEM HANTU, 3HAA AIMHY TPAEKTOPUM CMYTHUKA U €ro CKOPOCTb.

2n(Ry+ h
T=7T(0 )

v
(1 6ann)

Cvna rpaBmUTaLMOHHOTO NPUTSKEHNS 0becrneynBaeT LEHTPOCTPEMMUTENbHOE YCKOPEHME.

muv? mM

=G
Ro+h (R +h)?

(2 6anna)



OTcioaa Bbipaskaem nepuog obpaueHus (popmyna (1))

3
_— 2n(Ry + h)2
VGM
(1 6ann)
MopactaHoBKa gaet T = 5691 cek = 94.85 muH.
2. WUcnonb3ya (1), noay4mMm KONMYeCTBO CNYTHUKOB.
T
N =-—
T
Pacuetbl gatoT N = 9.485. 3HauuT, HY}KHO BbIBECTU MUHUMYM 10 cnyTHUKOB. (1 6an)

3. Bpems pacnpocTpaHeHusa curdana Hangem no popmyne:

h
t = -
CUrHaJjia c

MoacTtaHoBKa AAeT teyrnana= 1.6 mc. (1 6ann)

3apayua 4. Joporoi metann (6 6annos)

Metann X B 19 BeKe ueHMAcA gopoxe 30n0Ta. Ona nonydyeHma X MeTaN/IMYECKUI HATpUi
cnnasnAnu ¢ sewectsom Y, cogeprawmm 8.74% snemeHTa X no macce. Bewectso Y nonyyanu u3
NOBApPEHHOM CoNn 1 xnopuaa anemeHTa X, cogeprkawtero 20.22% X no macce.

1. Onpegenute HensBecCTHble BeLleCcTBa.

2. 3anuuwuTe ypaBHEHMA ABYX pPeaKLUii.

PeweHune

1. Hangém dopmyny xnopuaa. Myctb obwan dopmyna xnopuaa XCln, rae n — BaneHTHOCTb
metanna. MaccoBaa gonAa xnopa paBHa 100 — 20.22 = 79.78%, Ttorma M(XCl,) =
35.5n/0.7978 = 44.5n. Nepebopom Haxogmm: n = 3, X = Al. Bewectso Y = NasAlCls (o(Al) =
27/ (3-23+27+6-35.5) = 0.0874).

(4 6anna — no 2 6anna 3a popmynsi X u'Y)
2. YpaBHeHMA peakuuit:

3NaCl + AICl3 = NazAlCle

NasAlCls + 3Na = Al + 6NaCl

(2 6anna)



3apaua 5. M3otonbl (6 6annos.)

B npupoge yrneposa coctouTt M3 cmecn atomos, 98.9% KoTopbix — nerkuin usorton *2C, a 1.1% —
aTombl Taxenoro msotona 3C. [ns sewects ¢ He6OAbLWKMM YMCNOM aTOMOB yriepoaa, AONSA
«TAXENbIX» MOMIEKY/ (TO ecTb, cogepkalmx xota 6bl oamH atom 3C B cBOEM cocTaBe) HeBeNUKa,
HO C POCTOM YMC/Ia aTOMOB yriepoga B MONEKyne OHa BO3pacTaeT, U ANA TaKMUX MNONMMEPOB, Kak
6enku n AHK, «Taxkenble» MosieKy/bl CTaHOBATCA Npeobaagaowmmm.

1. Onpeaenute YMcno 3BEHbEB N ANA NPUPOAHOrO noaumepa — noavrnnumHa Glya, ecam
M3BECTHO, YTO [0/A ero MOJeKyn, He cogepkawmx 3C, pasHa P = 80%, a 04HO 3BEHO
COAEPXMUT Ba aTOMa yriepoaa.

2. PaccuuTaitTe, yemy [AONA 3TOrO0 3HayYeHUA N paBHa Aona Monekyn Glyn,, B KOTOPbIX
COAEPXUTCA POBHO 0aMH aTom 13C?

PeweHune
1. (3 6anna)
[ona monekyn Glyn, He copepxawmx 13C, paBHa BEpPOATHOCTM TOrO, YTO BCE 2n aTOMOB
yrnepoaa aBaaoTca erknumm nsotonamm 2C. MockonbKy BEPOATHOCTb TOrO, MPON3BOJIbHbIN
aTOM YI/1Iepoaa OKaXKeTCA «/Ierkum», paBHa 98.9%, To BEpOATHOCTb TOro, YTO Monekyna Glyn
COCTOMT TONbKO U3 HUX, paBHa P, = (0.989)2".
Torga, No ycnosuio,
n= 0-510g0.989P2n = 0'510g0.9890'8 = 1008 =~ 10
2. (3 6anna)

B cBoto oyepesnb, fons monekyn Glyn, copepskawmx oguH atom yrnepoga 3C, coctasnser
Py,—1 = (0.989)2"71.0.011 - 2n, NOCKONbKY 3TOT aTOM MOXET PaBHOBEPOATHO HaXOAMTCA
B O4HOM U3 2N NoA0XKeHUM B mosiekyne Glyn:

P, = (0.989)'°0.011 - 20 = 0.178.

OueHKa cHuUXcanaco 3a:

apugpmemuyeckue owubKu;

pacyem O0onu «nezKux» 38eHbesd 8 Mosekyne Gly, emecmo pacdema 00aU «/1e2KUX»
monekyn Glyn cpedu monekyn noaumepa pasHoli OauHbl (camas pacnpocmpaHeHHas
owubKa, MakcumanbHaa nomeps 6ans108);

nomepro MHoxcumena 2n npu pacyeme 0oau mosnekyn Glyn, codepucawyux 0OUH amMom
yenepoda 13C.

3apgaua 6. 9k3ocombl (7 6annos)

B KNeTkn aHA0TeNnA MbIWN FTeHHOMHMXKEHEPHbIM CNocobom bbin BCTPOEH reH xumepHoro b6enka,
06beanHAWMI aHTUTENO K 6enky A 1 3eneHblit payopecueHTHbIN 6enok (GFP). XumepHbii 6enok
aHTMA+GFP 3aAakopuBaeTcA BO BHYTPEHHEM MOHOC/N0€ M/1Ia3MaTUYEeCKOM MeMOpaHbl KNETOK.
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M3BECTHO, YTO KNETKWU 3HAOTENUA MOryT 06pa3oBbiBaTb 3K30COMbl — HAHOPA3MEPHbIE BE3UKY/bI,
KOTOpble OTMOYKOBbIBAIOTCA BHYTPb 3HA0OCOM, GOPMUPYSA MYNbTUBE3UKYNAPHOE Tenble, KoTopoe
3aTemM C/AMBAeTCs C MJa3MaTMYeckon MeMOpaHol KNeTKW, BbibpacbiBas cogeprKalimecs B Hem
9K30COMbI HapPYKY.

1. Cpeay uHKybauuu, coaeprKallylo 3K30COMbl, pobasuam K dubpobnactam Mmblilu,
MMEIOLWMM Ha BHELIHEeN MOBEPXHOCTU Ma3maTuyeckon membpaHbl 6enok A. bygeTt nu
HabnoaaTbca dayopecueHuma pubpobaacToB NpU OCBELEHUN UX CUHUM CBETOM (A/MHA
BONHbI 473 HM)? O6bACHUTE OTBET, ONULINUTE, KaKMe CObbITUA MPOUCXOAAT WU rae
NNOKa/IN30BaH XMMepPHbI 6enok aHTMA+GFP Ha Bcex 3Tanax sKcnepumeHTa.

PeweHune
CuHMI cBeT MOKeT Bo3byxaaTb pnyopecueHumto GFP. (3 6anna)

PazsepHymbili omeem, 8 KOMOPOM CKA3AHO, YmMo OaHHASA O/UHA 80/HbLI C8emMa MeHbWwe, Yem 06-
aAacme noznoweHua GFP, u nosmomy He Moxcem 8bi3bI86aMb hs1yopecyeHYyuo, Moxe cyumancs
npasuabHbIM, XOMSA, CKopee 8ce20, 0/1UHA 80sHbI 473 HM 8ce-maKu npusooum K ghayopecuyeHyuu.

HecmoTpsi Ha TO, YTO CMHUIA CBET MOXKET BO36yKaaTb dayopecueHumio GFP, pnyopecueHuum ¢ub-
pobnacTtoB He 6yaeT, MOCKO/IbKY 3K30COMbl He ByAyT CBA3bIBATLCS NMOBEPXHOCTbIO PUbpobnacTos.
XUMepHbIA 6eN0K, PacnooXKEHHbIN Ha BHYTPEHHEN CTOPOHE MnaasmaTUYeckon membpaHbl, npu
OTMOYKOBbIBAHUM 3HAOCOMbI ByAeT pacnosaratbCA Ha ee NOBePXHOCTU. 3aTeM, Npu 06pa30BaAHUM
9K30COM, OHM BNSAYNBAIOTCA BHYTPb IHAOCOMbI, U MPU 3TOM XMMEPHbI Be/10K OKa3blBaeTCcA BHYTPU
9K30COM. DK30COMbI NONAAAlOT BO BHEK/IETOUHYIO Cpeny, KOTOPY BHOCAT B Ky/AbTypbl pubpobna-
CTOB, OAHAKO aHTUTENO K 6enKky A He MOXKeT cBA3aTbca ¢ 6enkom A Ha noBepxHocTn ¢pmnbpobna-
CTOB, T. K. 9KCMOHMPOBAHO BHYTPb 3K30COM. IK30COMbl HE CBA3bIBAOTCA C NMOBEPXHOCTbIO KAETKU
(nnn cBA3bIBalOTCA, HO B NPEHEOPEKMMO MaNiOM KONMYECTBE), XMMEpPHbIA 6enoK He nonagaert B
¢dnbpobaacTbl N He CBA3LIBAETCA C UX NOBEPXHOCTbIO, U Mbl HE MOXeM Habnaate dayopecueH-
uunto GFP. lMpasunbHbIM cyumasnca omeem, 20e yrnomMaHymo, 8 KAKOM U3 MOHOC/10e8 Haxooumcs
XumepHsll 6es10K Ha Kax0om amare popmMupoB8aHUS IK30COM U 8 CAMUX 3K30comax. (4 6anna)

3apava 7. bnaropogHble rasbl (7 6annos)

Monbit unMnnHapuYeckuii cocys obvémom V = 1.331 n pa3genéH KECTKOM HenpoHULaemown
neperopojikoi, KoTopas MOMKET nepemellatbca 6e3 TpeHus BAoAb ocu. [losnocTb cneBa oOT
neperopoakn 3anonHunu aproHom (Ar), a cnpasa — reamem (He). Macca Kaxporo rasa paBHa
m =0.198 r, temnepatypa T = 298 K.

1. Onpep,enMTe 06BEM NosocTu Var, 3aMno/IHeEHHOM dpProHOM, nocsie yCtaHoB/IEHUA B CUCTEME
paBHOBECHA.

2. PaccuuTaiiTe gasneHue renus PHe NOCNE YCTAHOBNEHNA B CUCTEME PaBHOBECHUA.

PeweHue

1. (5 6annoe) MNocne yctaHOBNEHMA PAaBHOBECUA AABNEHMA CEBA M CMIPaBa OT NePeropoaKm
6yAyT paBHbl, 3HAYUT MOMKHO, UCNOb3YA YPaBHEHWE COCTOAHMA MAEaNbHOrO rasa, 3anucaTb
nepBoe paBeHCTBO. BTopoe — cBA3bIBAET CYMMY C NOHbIM 06BbEMOM:



VueRT  VarRT

VHe VAr
V = VHe + VAI‘
Ons o6bbema aproHa Var nonyyaem:
HHe 4
Vo =V————=1331—-+-=0.1211
Ar Hue T Uar 4+ 40

(1 6ann 3a ycnosue pasHosecua (par = pre), 1 6ann 3a konuyecmso 2enus, 1 6ann 3a
Kosuyecmeo apeaoHa, 2 6anna 3a 06vém ap2oHa)

TunuyHas owubka — ycsoeuem pasHoeecuA 6bl6pCIHO paseHcmaeo O6'béM08, 3aHumaemeslix
easamu.

2. (2 6anna) NaBneHune renna:

_ VyeRT mRT 0.198-8.31 - 298

_ _ ~ 101300 11
Ve Hne(V —Va)  4-(1.331—0.121) 4

3apaua 8. MNonynauum (8 6annos)

Ha nnaHete X2345-L 10 TbicAY neT Hasag M3-3a 3eMNETPACEHMA BO3HUK MepeLleek mexay AByMA
KOHTMHEHTamK. B pesynbtate ¢ matepuKa 3ea Ha maTepumk NaHauea nepecenmnocb okono 20000
oBuebbIkoB (nonynauma A). Yepes rog, B pesynbTaTe BTOPOro 3eMNETPACEHMA NepeLleeKk onycTuacs
HU¥XKe YPOBHA MOpA, U Nonyaauma oBLebbikoB Bbina oTpesaHa OT OCHOBHOM nNonynaumu. B TeyeHune
nepsbix 10 net Habnwaanca poct nonynauum Ao 160000 ocobeit. OgHaKo 3aTem B pesysibraTte
pPe3Koro NoTensieHMA 1 3acyxm Ha MaHauee KonmMyecTBo 0BLEObIKOB COKpaTuaock Ao 1000 ocobeir.
Yepes 100 net nocne atoro cobbITMA nonynauma osLebbikoB Ha MaHauee HacuYMTbIBana y*Ke OKONO
32 MmnH ocobelt (nonynauma b).

1. Kakve K3 onucaHHbIX (aAKTOPOB MNPUBENIN K PE3KMM UIMEHEHUSM YUCAEHHOCTU
nonynaumm? O6bACHUTE.

2. Kak Bbl cuMTaeTe, BbIPOC MAM COKpaTUAcA reHodOHA MNONynAuMM, KOrda OHa cTana
HacumnTbiBaTb 32 M/IH ocobei (nonynauua b), no cpasHeHuto ¢ 20000 oBLEOLIKOB, KOTOPbIE
nepeceknu nepeweek (nonynauma A)? ObbacHuTe.

3. Kakasa u3 atux gsyx nonynauuii (A unu b) 6onee yctonumsa K 6onesHam? O6bsacHUTE.

4. W3Ha4yanbHO nonynAaumsa oBLEDObIKOB MMeNa TONbKO OAMH GEeHOTMM MO LBETY LWepcTu -
Cepylo OKpacKy. 3atem, yxXe Ha [laHauee, nosBuAcA BTOpOM ¢eHOTUN OBLEObLIKOB, Y
KOTOpbIX Habnwaanucb 6onbluMe HeOoKpalleHHble 06nacTu (BbirnAAeBlUME KaK benble
nAaTHa), copMmnpoBaHHbIe, rMaBHbIM 06pa3om, B 061acTu XKuMBOTa (6enoe nysnyko), Kpome
TOro, CyL,ecTBYIOT HEMOATBEPKAEHHbIE AaHHble CyL,eCTBOBAHUA OYEeHb peaKon ocobu —
6enoro oBuebbika. B nonynaummn b Habaogann 1000 oBUEOLIKOB, U3 HUX TOILKO 1 6bin
cepo-6enbim, a ocCTanbHble cepble. He 6bl10 OO6HAPYXKEHO 3HAYUMMbIX OTANYMA B
¥KM3HEeCnocobHOCTN 0BLEDOLIKOB C Pa3HOW OKpPaCKOMW. ABAAETCA NI AaHHAA MONynAumA
nAaeanbHOM UK o4eHb 6AM3KOM K Helr? OTBEeT NosicCHUTE.



PeweHune
1. K pe3Komy M3MeHeHU0 YNCNEHHOCTM NPUBENN pe3Koe noTenseHne 1 3acyxa. (2 6anana)

2. B pesynbrate TOro, 4tOo nNonNynAuMA cokpatunacb o 1000 ocobei, npousowen TaK
Ha3biBaemMbli 3GdEKT «OYTbINOYHOIO FOPAbIWKA», KOTOPbIM NpUBEN K pe3Komy
COKpaWeHMto reHopoHAa O0BULEOLIKOB MO CPaBHEHWIO C TreHOGOHAOM OBLEDObLIKOB,
M3HAYaNIbHO MUTPUPOBaBLUMX Ha [laHaueto. leHodpoHm nonynaumm b cokpatunca no
CpaBHEHMIO C reHopoHAOM nonynAumm A (M3HAYaNbHO NepecenvBLIENCA NONYyAALMUK).
(2 6anna)

3. Monynaums osLebbiKoB B 32 MAH ocobeit (nonynauns b) meHee ycTolumea K 6o1e3HAM, TaK
KaK, HECMOTPA Ha YNC/IEHHOCTb, ee reHeTu4Yeckoe pasHoobpasme bbi10 CoKpaLLeHo, TO ecTb
CHUXKEHA YCTOMUYMBOCTb MONYAALMU K HONIE3HAM U BHELWHUM yrpo3am. (2 6anna)

4. Tlo ycnoBuaAM 33434M 3TOT OTBET TpebyeT nosacHeHuA. Ecam npeanonoKutb, 4To nonynsuma
0BLLEObIKOB — MAeasibHasA, TO eCTb U3MEHEHME OKPACKM MOXKHO OMMcaTb COOTHOLUEHMEM
Xapan-BaiHbepra, To 3a cepyto OKPaACKy M U3MEHEHWE ee pacnpeneneHns OTBeYaeT TONbKO
OAWH TreH (uanM rpynna reHos, AEWCTBYHOWMX Tak, Kak byato oH oauH). Mpu 3tom
CYLLEeCTBYIOT ABa a//leNns: p — OTBETCTBEHHbIN 33 HOPMAJIbHYIO Cepyr OKpacKy, U q —
KOTOPbIMA BbI3bIBAET HApyLWeEHMA 3TOM OKpPacKW, npuyem p+g=1, a ux pacnpegeneHuve B
NONYNALMM ONUCHIBAETCA KaK p2+2pg+g%=1. MOHO NpeanonoXuTb, 4tTo GeHoTUMNbI cepo
n cepo-6enoi OKpacku — 3TO FOMO3UTOTbI, P> U g%, Toraa p+q=1; 8 Hawem cayyae p= 0.9995
(kopeHb 13 0.999), a g= 0.032 (kopeHb M3 0.001), TakMm obpasom cymma 6onble
eaMHULbI, U TUMNoTe3a HeBEPHa.

MycTb TOraa cepas OKpacka — romo3nroTa, a cepo-6enaa — reteposunroTa, Toraa p= 0.9995
(kopeHb 13 0.999), a g= 1-p = 0.0005, B 3TOM C/ly4ae MOXKHO CYMTaTb benbin dpeHoTmn
peasibHbIM, MPOCTO OYeHb peaknm (okono 0.25-107%, To ecTb B 32 MUANIMOHHOMN NONYAALMM
Bcero 8 ocobeit — HeyaAMBUTENbHO, YTO MX He MOryT OBHapyKuTb). C TaKMMKU YMCNamu
MOXHO CYMTATb, YTO NoNynALMA 6M3Ka K naeanbHOM (KOHEYHO, 3TO HEMNI0XO NOATBEPANTD
CTaTUCTUYECKMMM pacyeTamMu, HO KaK MpPaBW/bHO 3TO CAenatb, Bbl y3HaeTe B BY3e, u,
HaZleemcs, Y4TO B HaLWEM).

3a omeem 6e3 noscHeHusA noaHeil 6aan He cmasumcs. (2 6anna)

3apgaua 9. Nannorpynnbi (10 6annos)

lannoTMn — 3TO COBOKYMHOCTb OnpeaefieHHbIX yvyacTkoB JHK Ha oaHOM Xpomocome, KoTopblie
HacnegytoTca BmecTe. [nA uccnegoBaHM B 061acTU FeHETUYECKOM WMCTOpUM 4YenoBevecTBa
06bI4HO MCMONb3YIOT y4yacTku Y-xpomocombl (Y-AHK-rannotmn) u mutoxonapuanbHon [OHK
(mTOHK-rannotun). Y-AHK-rannotun Hacneayetca no OTLOBCKOW NMHUM U NepeaaeTca OT oTua K
CblHY B HeEM3MeHHOM Buae. MTHK-rannotTMn HachegyeTca CTporo No MaTePUHCKON TNHUMN.

Fannorpynna — rpynna ranaoTMnos, MMerLWmx obLero npeaKa, y KOToporo npounsoLwna mytaums,
yHac/negoBaHHaAA BCEMM NOTOMKaMKU. CKOPOCTb HAKOM/IEHUS MyTauuii He OYeHb BesiMKa, 3aBUCUT
OT BblBpPaHHbIX MapKepoB M nocTtosiHHa. COOTBETCTBEHHO, KayK4ana HOBaA ranjorpynna CoAepKuT
MyTauuK, NOABMBLUMECA B rannorpynnax-npeawecTBeHHNKax, T.e. Yy HOBbIX raniorpynn 6onblue
MyTauMin. 3aMeTUM, YTO BCE OCHOBHbIE ranaorpynnbl cGOPMUPOBAZINCL HECKONBKO TbICAY NIeT
Ha3aZ, XOTA MOABAEHWE HOBbIX MyTaUUA PErncTpupyeTca MocToAHHO. J1lo6onbITHO, 4TO nNpwu
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MCNONb30BaHNMN CTAHAAPTHbLIX NPaBUA MAPKUPOBKU Ha3BaHMA Y-AHK n mtOHK moryt cosnagats,
XOTA OHWU UCMONb3YHOTCA ANA COBEPLUEHHO PA3HbIX ranaorpynmn.

ConocTasnsan MH(I)OpMaLI,MI-O O MyTauuAax B ranaorpynnax ¢ apxeonorm4eCKMmMmn nccnegoBaHMAMM,
MOXHO NONYy4YUTb MHd)OpME]LI,VHO O MUrpaumnax 4enoBevyeCknx HOHyﬂﬂLl,Mﬁ.

1. Y myxuumHbl ¢ rannorpynnov Rlala (Y-AHK) v rannorpynnoit N1A (MTOHK) mn KeHWwuHbI ¢
rannorpynnoi R1ala poaunuce 6aM3HeUbl — ManbuymK U AeBOYKA. YTO Bbl MOMKETE CKa3aTb O
rannorpynnax ux aetein? Cymtaem, 4Yto y OEeTel He BO3HUKNO CEPbE3HbIX HaPYyLIEHWN B
ranaorpynnax.

2. CpeaHas CKOPOCTb MyTauMW Ha rannotTun Ha nokoneHue coctasnset 0.15. PaccumTaiite
KONMYECTBO Nap HYKNeOoTUAOB B ranioTune, ecim CKOPOCTb MyTareHe3a Ha NOKoJeHue Y
3TUX ocobeir coctasnana 1 mytaumio Ha 10% nap HykNeoTMaos, a BeCb reHOM COCTaBAseT
3.2:10° nap HyKIeOTUAOB (HaNmOMMHAEeM, YTO CKOPOCTb HaKOMIEHWUA MyTauuin, V,
onpeaensaetca no popmyne v = N/2t, roe N - KoamyecTso myTaumii, t - Bpemsa, npowealee
Nocae PacxoXaeHus).

3. [Ba ransoTvna pasnuyaloTca mexapy coboit Ha 3 mytaumu. OnpegenvTe, CKOMbKO et
Ha3ag, OHW Pa3oLW/IMCb OT 0bLero npeaKka (4AUTEeNbHOCTb NOKoNEeHUAa — 25 feT, CKopocTb
MYTaLMM ranioTMna MOXHO B3ATb U3 NpeablayLelt 3a43a4m).

4. OpHaxabl Ha CeBEpPe apXeosiorn OOHapPYXKUAM XOPOLIO COXPaHMBLUEECA MOCeNeHne, B
KoTopom 6bino obHapy*KeHOo 6onblioe KonmyecTBO HenorpebeHHbIX Ten Aoaen pasHbiX
BO3pacToB M nona. HesaBmncmmasa gaTUpoOBKa MOKasana, YTto 3TO MPOU3OLLIO OKOO TbiCAYU
neT Hasag,. Yganocb nonyuntb AHK atux nopen. OHa coaeprkana rannorpynny A (Y-AHK) n
rannorpynny O (mTAHK). YyeHble Takxke caenanyM TecT Ha ransorpynnbl B HeboJblIOM
CEeNleHUN HedaNeko OT MeCT pPaCKOMOK W YCTaHOBUAM, YTO B MNOCENKE Yy XuUTenew
npucytcteytoT rannorpynnbl I (Y-AHK) n A (mTAHK). Bpema pacxoxaeHua rannorpynn
NMOKa3aHO Ha PUCYHKe.

I

A

500 nem 1000 nem
epemMsi

Kax sb! HasepHoe Goeadanuce, 8 DEANLMOCT MAKUE Na3BAHLS 2aro2pyrit
He UCronb3yromes

ECTb 1M KaKaA-TO CBA3b MEXKAY KUTENSIMU COBPEMEHHOIO M PAaCcKOMaHHOrO apxeosioramu
nocesnkos?

PeweHue

B uenom, BONpoCbl 3TOro 3ajaHWA [OBONbHO TMPOCTble, OAHAKO HEAOCTaTOK BPeMeHu W
Ma/ZlI03HAaKOMaA TeMaA 3HAYUTENBbHO YCNOKHAKOT HaxXxoXXAeHe NPaBU/IbHOIo OTBETaA.



1. Tannorpynna Rlala, HocuTenem KOTOPOWM ABNAETCA MYXKUYMHA, MAPKUPYET reHeTUYeCKyto
MHPOopMaumIo, HaxoaAawyoca Ha Y xpomocome. Takum obpasom, nepeaatbca AeBOYKe(am)
3TO raniorpynna He moxet, 6onee Toro, y *eHwwmH Y-AHK otcyTtctByeT. lanaorpynnbl N1A u
Rlala (o6Hapy)KeHHOW Y XEeHLWMHbl) MApPKUPYIOT MUTOXOHApUanbHyto [AHK, KoTopas
nepenaeTca TONbKO OT MaTepu. TakMm obpa3om [eTam gocTaHeTcA ranaorpynna Rlala
(MTOHK). 3HaunT y manbumKka 6yayt rannorpynna Rlala (Y-OHK) v rannorpynna Rlala
(mTOHK), a y aesouku rannorpynna Rlala (mtAHK). To, yto rannorpynnsl, Kogupytowme Y-
AHK n mtOHK, nmeloT oauHaKoBble Ha3BaHWA, HM O YeM He roBOpPMUT, NPOCTO M3-3a
0COBEHHOCTEN MAPKUPOBKM TanAoOrpynn OHWU MOFYT WMMETb OAWHAKOBble Ha3BaHUA
(ocobeHHO ecnn He NMcaTb UX NONHOE Ha3BaHMe).

MpasunvHo yKazaHHasa 2annozpynna Rlala (Y-AHK) — 1 6aan; npasunbHO YyKA3aHHAA
2annoepynna Rlala (MmAHK) — 1 6ann, makcumym 2 6anna.

2. CkopoCcTu myTauum Ha rannotmn v Ha 100000000 nap HYK1eoTUA0B AO0AXKHbI COBMaAaThb, a
BE/IMYMHBI PaA3NMNYALOTCA, NMOTOMY YTO B raniotune Apyroe KOANYecTBO Hykneotuaos. U3
UMEIOLLIMXCA AAHHbIX MOXHO OUEHWTb KOIMYECTBO Nap HYKAeoTMAOB B ranjoTune,
Hanpumep, 13 nponopumn (0.15-100 000 000/1). BeanumHa rannotvna byaet cocTaBnATb
15 000 000 nap HykneoTMaoB (B peanbHOCTU, pasymeeTca, UMdpbl HECKO/IbKO Apyrue).

MpasunvHoe peweHue u omeem darom 2 6anna.

3. PaccuMTaem KoAMYecTBO NeT, NpoLeamnx nocae pasaeneHuns nNokoneHui no npuBeseHHoM
dopmyne: 3/(2:0.15) = 10 nokoneHmi, 4to cootBeTcTByeT 25-10=250 ner.

MpasuneHoe peweHue u omeem darom 2 6anna.

4. [aHHbIA BOMPOC HE MMEeT YeTKOro OAHO3HAYHOro OTBEeTa W AO0MNyCKaeT pas/ivyHble
BapuaHTbl. OTBeT 6yAeT 3acyuTaH, €c/iv OH He NPOTMBOPEUYUT COBPEMEHHBLIM HAYUYHbIM
npeacTtaBneHnamM. Tem He MmeHee, ONMPasncb Ha NPeACTaB/leHHble AaHHbIE, MOXHO cAenaTh
HeKoTopble BbiBOAbI. MOCKOAbKY raniorpynnbl My»KUMH, OBHapYKEHHbIX apXeosoramu, U
¥UTeneln nocesika NosIHOCTbIO Pa3nnYaloTca (To YTO BpemsA Mexay M rmbenbio nocesnka u
HaCTOAWMM BpPEMEHEM, a TaKKe BpemA PacXOXAeHWs rannaorpynn coBnagaloT -
CNYy4aMHOCTb, rannorpynnbl cGOPMMPOBANINCL MHOFO TbIiCAY NET Hasad), TO MOXKHO
YTBEPXKOATb, UYTO MYMKCKOE Hace/feHMe B COBPEMEHHOM MOCENKE HUKAaK He CBA3aHO
POACTBEHHbIMU OTHOLUEHUSMU C KUTENAMU Pa3pPyLIEHHOrO MocefneHua (3a Haau4ue
makKkoz20 060CHOBAHHO20 8bi600A 8 omeeme MOMCHO noay4Yume 00 2 6annos). A BoT
Hanuume noxoxkmx MTAHK rannorpynn y »kuTtenei nornbwero U COBPEMEHHOIO NMOCENKOB
MOMKET 03HayaTb, UYTO KUTENM NOrMbLIero Nocesika ABAAOTCA NPeAKaMn UKW OaNbHUMU
POACTBEHHUKAMM MO PKEHCKOW NIMHUW ONs KUTENell COBPEMEHHOro nocenika (Haau4ue
Mo0o0b6HO20 3aKAYeHUA MmakKkie 6dem B803MOMHOCMb noay4Yums 00 2 6annos). Yto
NPOM30LWW/I0 B Pa3pyLUeHHOM MOCE/IKEe: arpecCUBHbIE MPULLENbLbI YOUAN BCEX MYXKUYMH U
NPaKTUYHO 3abpanu cebe BCE MMYLLECTBO W JKEHLMH MAM PaspyLIeHHOe MnoceneHue
3aCeNunu JanbHue POACTBEHHUKM MO XKEHCKOW /IMHMWU, Ha OCHOBAHMU CYLLECTBYHOLLUX
FeHETUYECKMX [AAaHHbIX YCTAaHOBUTb Henb3a. ITo TpebyeT 6Gonee rnybokoro wusyyeHue
mapkepoB MTOHK (4Tobbl 6onee TOYHO YCTAHOBWUTL CBA3b HOcuTenen rannorpynnbl [y
KUTeNel COBPEMEHHOIO U Pa3pyLUEHHOrO MOCENKOB), @ TaKKe U3y4YeHUs UCTOPUYECKUX U
apPXe0N0rMYECKNX UCTOYHUKOB A1 YCTAHOBNEHUA UCTUHDI.

MaKkcumanbHaa oyeHKa 3a smom HOOGOHPOC -4 6anna.
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3apgaua 10. Paguoxupyprua (12 6annos)

OpHon 3 obnacteit coBpeMeHHON MeAMUWHbI ABAAETCA PaAMOXMpYyprua, To ecTb obayveHue
BbICOKOM [030M M3/y4EHUA MaATONOTMYECKOTO Yy4yacTKa C LEeNnbo ero  AecTpykuumn 6es
TPAAULMOHHOTO XMPYPruyeckoro BmellaTenbersa. 1o TMNy MCnoib3yemoro nusayyeHusa pasanyatot
nBe cuctembl: faMma-HOXK U KnbepHosK. UCTOUHMKOM u3nydeHnsa B famma-Hoxe asnsaetca 0Co,
pacnajgaloLmiica ¢ BblaeneHnem y-keaHTa (nepuog nonypacnaga ®°Co pasen T = 5.27 nert, sHeprua
y-KBaHTa paBHa W, = 1.33 M3B). KunbepHox noapasymeBaeTr o06/y4yeHME YCKOPEHHbIMM
3NeKTPOHaMW.

1. CKONbKO MecALEeB MOXeT npopaboTtaTb famma-HOXK 6e3 3aMeHbl MCTOYHUKOB Y- U3/TyYeHus,
eCc/IM MMHUMaJIbHO AonycTumoe cogepskaHue %°Co pasHo m = 21.21 mr? CogeprkaHue Co

B HOBOM UCTOYHUMKe paBHOo M = 25.00 mr.

2. Onpenennte CKOPOCTb 3N1EKTPOHOB B KNbepHoKe v, ec/iv ycKopAtoLee HanpsaKeHne paBHo
U=1.33 MB.

3. PaccuuTaiite ANNHY BOMIHbI Y-KBaHTa B laMMa-HoXe Ay, A/1MHY BOMHbI Ae bpoinns anekTpoHa
B KnbepHorke Ae 1 HalianTe nx otHoweHume k = Ay/Ae.
PeweHue

1. (3 6anna) Ona oTBeTa Ha 3TOT BOMNPOC cAedyeT UCNOAb30BaTh 3aKOH Nosypacnaaa.

t
N(t) = N,2°T

OTcioaa BblpaXkaem Bpems:
. log, ™
= —Tlog, — = 15Mec.
M

TunuyHas owubka — npeodnosnoxeHue AUHelHO20 YMeHbWeHUA  COOepHCaHUs
paduoakmueHo20 3nemeHma (peweHue 4epe3 MpPONOPuUK, a He 4Yepe3 30KOH
paduoakmueHo2o pacnada).

2. (3 6anna) neKTpPoOH, YCKOPEHHbIM B TAKOM NoJsie, UMEET KMHeTu4eckyto aHepruio Wi =elU =
1.33 M3B, cpaBHUMYIO C SHEPTUEN NOKOA

, 9.1-1073'.1.33-10°
N 1.6-10-19

mc = 5.1 M»3B.

Moatomy cneayeT MONb30BATbCA PEAATUBUCTKUM  BbIPAXKEHUEM A1 KUHETUYECKOM
aHeprum:

OTctoaa nosyyaem BblpaxKeHue ans CKOPOCTH:
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mc? 2 o
= 1-|———=) =288:-1 =~ 09
v=c (Wk g 88-10°Mm/c = 0.96¢

Tunu4yHaa owubka — pacyém 6e3 y4éma pensmusucmkoli nonpasku (8 makom cayvae
CKOpOCMb 371eKMPOHA nosy4yaemcs 6oabuwe CKopocmu ceema, Yye2o bbime He Moxcem).

(6 6annos) nviHy BONIHbI FAMMa KBaHTa MOXHO paccynTaTtb no popmyne:

s _hc  6.6-1073*.3-10°
W, 1.33-10°-1.6-10"19

i =9.3-10"1% M= 0.93 1M

o h
[NvHy BONHbI fie Bpoinsa anekTpoHa paccumTbiBaem no ¢opmyne: A, = _ TA€ p — Mny/be

3/1EKTPOHaA. |/|MI'Iy1'IbC Haﬁp,em, MCNoNb3yA Bblpa*KeHUe:

Wy + mc? = \/p2c? + m2¢*

OTKyAa
/sz
D= w2 + Zka.
OKOHYaTenbHo:
h 6.6:10734 -
Ae = = = ~70-10"3m = 0.70 nm
2 .106. .10—19
Wi omw, (133100161077) 5 §1.10-31.1.33-106-1.6-10-19
C2 (3.108)

(2 6anna 3a 0auHy 6osHbI y-KeaHma, 2 6anna 3a 0aAuUHy 80sHbI 0e bpolina aneKkmpoHa, 2
6anna 3a coomHowieHue)

Tunu4yHas owubka — 01UHA B80s1HbI 0e bpolina 3neKkmpoHa paccyumeol8asnace MakK e, Kak
015 pomoHa (yacmuuypi ¢ Hynesoli maccol).

3apaua 11. YceueHHbIM TeTpasap (14 6annos.)

PaccmoTpum Takol dynnepeH’, uto:

MHoOrorpaHHuk X, oteevarowmin emy, umeet 2024 WECTUYTrONbHbIX FPaHW;
LEeHTPbl NATUYTONbHbIX FpaHen X nexaT B BepLIMHax ycevyeHHoro TeTpasgpa Y;

v _ 2 2 **_
obLee Yncno0 aTOMOB yrnepoaa B 3Tom dynnepeHe 3agaetca popmynoit N = 4ny° —8ny* ;
ni + nz = 39.

CKONbKO NATUYTONbHbLIX rpaHen B X? Yemy paBHo obuiee yncno sepwnH N B X?

KaKoBbl 3HauyeHUs NapameTpoB Ny U nz?

Yemy paBHbl AAUHbI pebep (B HM) yCEKAaeMOro U OTCEKaeMblX TeTPasaApos, GopMupyoLwmx
Y? Cuutaite, yto annHa ceasm C—C coctasnset a = 0.14 Hm.
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4. OueHuTe pasmep (B HM) BHYTpeHHeW nonoctn ¢ynnepeHa Kak MaKCMMaibHbIA gUameTp
cdepbl, KOTOPYO MOXKHO pasmecTuTb BHyTpM Y. OBOCHyiTe, noyemy MmeHHO 3Ta cdepa
ABNAETCA MaKCMMaNbHO BO3MOXHOM pans Y. Pasmepamu aToMOB YriepoAa MOMKHO
npeHebpeyb.

*dynnepeHsl — yrnepoaHbie MoAeKysbl, MMmetoLe GOpMy BbiNYKAOrO MHOTOrPaHHMUKa, COCTOALLErO
M3 NPaBUbHbIX MATU- U LIECTUYTONIbHUKOB, B BEPLUMHAX KOTOPOrO CXOAATCA MO TP pebpa.

“MapameTpbl N1 M N2 ABAAIOTCA KOOPAMHAaTaMM [BYX OTPe3KOoB Ha rpadeHosBom aucte” . ITu
OTpe3kn oTBeyaloT pebpamM yceKaemoro W OTCEeKaeMbix TeTpasapos, dopmupyowmx Y,
cooTBeTcTBEeHHO: [(n1,0) (n2,0)]. Onupasck Ha 3T KOOPAMHATbLI, MOXHO NOCTPOUTL pa3BepTKy X Ha
nucte rpadeHa.

X

Puc. B3aumHoe pacrnosoxceHue napsi Wecmuy2oabHUKo8 (Ux ueHmposl ommedeHbl moykamu O u X)
Ha 2pageHOBOM auUCmMe onucelsaemca 08YMA UenbiIMU HeompuuyamesnbHeIiMu Yucaamu (n, m),
Komopele ABAAMCA KOOPOUHAMAMU UYeHmpPa 00HO20 U3 WeCcmuy20/1bHUKO8 OMHOCUMesnbHO
ueHmpa opy2020 8 «CKoweHHol» cucmeme KoopouHam. Ha pucyHKe npusedeH npumep 01 (4, 3).

BcriomozamesnbHAs UHGOPMAYUA:
Teopema ditnepa ANA BbINYKAOrO MHOTOrPaHHUKa:

V-E+F=2,
rae V, E, F— 370, COOTBETCTBEHHO, YMNC/O BEPLINH, pebep 1 rpaHeit MHOrorpaHHm1Ka.

PeweHune

1. (3 6anna)

Hangem obuiee umcno atomos B X, A1 3TOro BOCMO/ib3yeMcsi Teopemoit Iinepa.

Ob6uee uncno rpaHeit X:
F=Fs+Fg

Obuwee uncno pebep X:
E=1/2:(5Fs + 6Fg)

Ob6uwee yncno BepwmH X:
V =1/3:(5Fs + 6F¢)

Torpa, noacTasnAs B TeopemMy dinepa, NoNyvaem:
1/3:(5Fs + 6Fg) — 1/2-(5Fs + 6Fg) + F5 + Fs = 2

Ynpouas, nosyyaem obluee ypaBHEHWE, CBA3bIBAIOLLEE YNC/IO FPaHe pasHoro TMna:
Fs =12.
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BTopoit noaxoa: pacyeT ymMcna NATUYroNbHUKOB yepes yncno sepwunH Y (cm. puc) — 12.
(1 6ann)

Torpa obuiee umcno sepwmnH: N =V =1/3-(5-12 + 6:2024) = 4068. (2 6anna)

(4 6anna)

Tenepb Halaem 3HauyeHMA UHAEKCOB, A4 Yero COCTaBUM U PELNM CUCTEMY YPaBHEHWNA:
(3 6anna)

4068 = 4n1% — 8ny?
1017 = n12 — 2ny?

Mo ycnoswuto, n1 + nz = 39, Toraa

1017 = (39 — ny)2 — 2n52
1521 —-78n2 + n22—2n22-1017=0
n22 +78n;—-504=0
D = 78% +2-504 = 8100
n;=(—78++8100)/2 = (- 78 +90)/2 = 6. (0.5 6anna)
n1=39-6=33. (0.5 6anna)

(3 6anna)

Haligem anvHy pebep ANA Kaxkaoro us TeTpasapos, 60/bWOIO0 M Manoro, Kak AOJNHY
oTpesKa c KoopauHatamu (n, 0): L = n-V3a (1 6anaa), To eCTb, A/IMHA TAKOro OTPE3Ka paBHa n
AJIMHAM MaiblX AMaroHanen yrnepoaHbIX WeCTUYroNbHUKOB.

Bonbwon Tetpasap: L1 = n1-v3a =33:0.14-Vv3 = 33:0.14:1.73 = 7.99 um. (1 6ann)
Manbiii TeTpasap: L = n2:vV3a = 6:0.14-V3 = 6:0.14:1.73 = 1.45 um. (1 6ann)

(4 6anna)

Paccuntaem BbicOTy Y M CpaBHMM ee C AMAaMETPOM cdepbl, BNUCAHHOM B YyCEKaeMbli
TeTpasap:

2 2
H= |5(Li— L) = |3(7.99 —145) =534 um

Onametp cdepbl, BNUCAHHOM B YyCEKaeMblil TeTpasap:

V6L, V6-7.99
6 6

D = = 3.26 HM
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Mockonbky 3.26 < 5.34, cnefoBaTenbHO, NAOCKOCTU TPEYro/ibHbIX FPaHel He nepecekatoT
chepy, BMMCAHHYID B YCEKaemMblii TeTpasap, MNO3TOMy paHHaa coepa ABnseTcA
MaKCMMANbHO BO3MOXHOW M3 TeX, KOTOpble MOXHO MOMeCTUTb BO  BHYTPb
paccMmaTpMBaemoro yceyeHHoro tetpasgpa Y.

OueHKa CHUMXanace 3a:

® apugpmemuyecKue owubKu;

® OWUbBKU 8 NOPAOKAX 8e/UHUH;

® paccmompeHue yceyeHHOU mpey20abHOU NUPAMudsbl 8Mecmo yceyeHHO20 mempasopa
npu nodcyeme 4ucaa sepwuH Y, pagHo20 Yucsay namuyaosnsbHUKos 8 X (npocmas nposepka
noocmaHo8KoU MosayvYeHHbIX 3HaYeHUll Yucaa eepuluH, pebep u epaHeli 8 meopemy Jiinepa
0717 8bIMYKAbIX MHO202PAHHUKO8 MOKaxem, 4ymo 048 6 nAamuy20/bHUKO8 OHA He
8bIMNoAHAeMcs);

o OwWuUbKy 8 hopmyne pacyema 4ucaa sepuwiuH (pebep) ucxods u3z yucaa 2paHel PA3HbIX
munos;

® Heuesble 3HAYEHUA 8eAUYUH UHOEKco8 N1 U Nz n1ubo 3Ha4YeHus, npomusopeyaujue ycio8uro
ni+n;=39;

® owubKu 8 pacueme 0auUH Ouaz2oHanel MPasusabHO20 WEeCMUy20abHUKA UCX00A U3 Os1UHbI
€20 CMOpPOHbI;

e pacyem Oduamempa 8MuUCAHHOU cgepbl 8 npubnauxeHuu paseHcmsa mnaowWaou
nosepxHOCMU yceyeHHo20 mempasaopa u naou,adu cgepsi (Hedonycmumoe npubnuxceHue,
CUsIbHO 3a8bIWAKOWeEe 0ay4aemyro 8enU4UHY);

e omcymcmeue 00KA3amesnbCmea, 4Ymo 8blbpPaHHAA cghepa £[68a9emcs MAKCUMAbHO
803MoxcHoU enucaHHol cghepoli.

3apaua 12. Kepamuka u cmasouHbii matepuan (14 6annos)

HaHocTpykTypupoBaHHoe Bewectso X, 10.0 r Kotoporo cogepxut 2.91-10% 3neKTpoHOB,
MCNONb3YIOT ANA MPOU3BOACTBA BbICOKOTEMMNEPATYPHON KEPaMUKU U BbICOKOTEMMNEPATYPHbIX
CMa3o4HbIX maTepuanoB. [na nonydyeHuna X BbICOKOTEMNEPATYPHOMY CXHUFaHWIO nogsepranu
cmecb npoctoro BewectBa Y, BewectBa Z, ABAAKOWErocA MNPOAYKTOM OKucaeHua Y
KOHUEHTPUPOBAHHOM a30THOW KUcnoTon, M peareHTa M, npeacrtasnsawouwero coboit buHapHoe
coeamnHeHune. Bewectsa Y, Z n M BCTynatoT B peakLUo B MOJIbHOM OTHOWeHun 17:1:6. N3BecTHO,
yto M npu HarpeBaHMU B MHEPTHOM aTmocdepe pasnaraerca co B3pbiBOM, npuyem u3 1.000 r M
obpasyetca 0.354 r HaTpua n 517 mn (H.y.) rasa Z.

1. YcraHosute ¢opmynbi Bewects X, Y, Z u M. NMoaTteBepamTe pacyeTom.

2. HanuuwwuTe ypaBHEHUs Tpex peaKkuni.

PeweHune
1. Onpeaennm popmyny Beltectsa M.

n(Na) =0.354 / 23 = 0.0154 monb, monspHaa macca M B pacuéte Ha oauH HaTpuii: 1/0.0154
= 65 r/monb, 3a BblYETOM HaTpuA OCTaértca 42 r/MoNb, YTO COOTBETCTBYET TPEM a30TaM.

Takmm o6pasom, M — 370 asng HatpuAa NaNs, n Z —asot Na.
n(e) =2.91-10%*/ (6.02-10%3) = 4.834 monb.
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m(X) / n(e) =10.0 / 4.834 = 2.07,

3HaunT B coctase X 3/iemMeHTbl ManblX Nepuoaos, ANA KOTOPbIX YNCAO NPOTOHOB PaBHO
4yncny HelTpoHoB. Mo onncaHuto X n Y, ¢ yueTtom Hanmuma asota B M, Haxogum Y — 60op B, X

— HUTpuA 6opa BN.
2. YpaBHeHUsA peaKkuuii:
2NaNs3 = 2Na + 3N;
B + 3HNOs = H3BO3 + 3NO;
17B + H3BO3 + 6NaN3 = 18BN + 3Na;0 + 3/2H;

®opmynei M, X, YuZ -no 2 6anna 8 6bannoe
YpaeHeHua mpéx peakyuii no 2 6anna 6 6annos

CnnCOK KOHCTaHT

CropocTb cBeTa ¢ = 3.0-10% m/c

MoctoaHHana MnaHka h = 6.63-10734 Ik -c

3apag anektpoHa: e = 1.6:107° Kn,

Macca anektpoHa: me = 9.1-10731 kr

Macca HyknoHa: my = 1.7-107%7 kr

MpaBUTaLMOHHAA NOCTOAHHAA G = 6.7-1071 m3/(kr-c?)
YHuBepcanbHasn ra3zosan noctoaHHasa R = 8.3 [x/(monb-K)
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