Omumnuana mxkoasaukoB CII6IY 2022/2023 yyebHoro roma
«HXECHEPHBIE CHCTEMBD)

OT60poUHbIH dTaM

8-9 kiacc

3apaual
PaccmoTpmm nocnenoBaTeNbHOCTb YMCEN

2022+ 1; 2-2022+1; 3-2022+ 1; ...; 2222-2022 + 1.

[oKaxknte, 4To Cpean YNeHOB JaHHOM NOC/eA0BaTE/IbHOCTN HAaNAETCA XOTA Obl OAMH TOYHbIN
KBaZpaT HaTypa/ibHOro Yncna.
OTBET: x2020 = 2020 " 2022 + 1 = 20212

3apaua 2
MN3BecTHO, YTO NNOTHOCTb 3eMHOM aTmocdepbl ybbiBaeT c BbicOTOW. [locTpoiiTe mopenb

aTMocdepbl, COCTOALLYIO M3 7T MNOCKMX CNOEB PaBHOM TOAWMHbI A TaKUX, YTO MAOTHOCTb
BO34yXa YbbiBaeT C BbICOTOM MO CAeAylolEeMy 3aKOHY: ec/in B NepBOM, CAMOM HUXHEM C/OE,
NNOTHOCTb PaBHa p, TO BO BTOPOM CNOE NMAOTHOCTb pasHa p/22, B Tpetbem — p/32, ..., B camom
BepxHeM cnoe — p/n? (TonwmHa Bceit atmocdepbl H = n - h).Mpu mogennposaHuu
HeobXxoAMMO HalTU TaKoe KO/MYECTBO C/0eB N, 4Tobbl 06Wa@s macca crosiba, KOTopbii
NPOXOAMT Yepe3 BCe C/IOM WM MUMEeT nAowaab nonepedHoro cedenws 1 m?, cosnagana 6bl ¢
M3BECTHOW MacCoM m TaKoro e ctonba B peasnbHoM atomcdepe 3emnm ¢ TodHocTbio 10 %.

B KauecTBe oTBeTa NpMBEAUTE TabBAMLY, COCTOALLYIO U3 TPeX CTONOL,0B:
1) Homep cnos (NepBbIf — CaMbll HUKHWUIA);
2) macca cnos;

3) macca cnos NAKC Macchbl Bcex NpeaplayLimx cioes (414 nepBoro c1os 34ecb NOBTOPAETCA ero
macca).

Yucnosble aanHble: H = 100 km, p = 1,225 k2/m3, m = 1,03 - 10* ka.

OtBer: n = 20.

3apaua 3
MycTb B 04HON POPMYIbHOMN eAMHULE HEKOTOPOro BMHAPHOIO 3/IEKTPOHENTPA/IbHOIO

coeanHeHnA A coaepuTca 28 HeVITpOHOB, NPU 3TOM OTHOCUTE/IbHAA MOJIEKYIAPHAA MacCcCa
coegnHeHnA paBHa 56 a.e.m. N3BeCTHO, YTO KONIMYECTBA 9/1IEKTPOHOB B aTOMaX 3/1IEMEHTOB,



BXOAALLMX B COCTaB A, OTHOCATCA APYT K APYry KaK 3:4, a MOJIbHble 40N 31EMEHTOB B
COeANHEHUN PABHbI.

1) Onpepenute dopmyny coegmuHeHus A.
2) NpusepuTte HeobXoAMMbIE pacyeTbl A5 YCTAHOBAEHUA GOPMYbl.
3) HasoBuTe coeanHeHue A.

4) PaccumTaiiTe, B KaKOM MaCCOBOM COOTHOLIEHMM HEOobXoAMMO B3ATb MPOCTble BELLECTBA,
4yTObbI CMHTE3MPOBATL cCoeanHeHne A maccor 112 rpamm, NpuU YCA0BUK, YTO UCXOAHbIE NPOCTble
BelLecTBa npopearvpytot 6e3 ocTaTKa.

Otser: 1) MgS; 3) cynbdua maruma; 4) 0,75.

3apava 4
3apaeHHada uacTMua nbiam  maccoir m = 10"%r mHaxogutca B OAHOPOAHOM

3NEKTPOCTAaTMYECKOM MOJsiIe MeXAy ABYMA FOPU3OHTaNbHbIMK NAACTUHAMWU. HMXKHAA nnacTuHa
3apaeHa A0 noTeHumana +3 KB, a BepxHAA 40 noTteHumana -3 KB. PacctoaHue mexay
nnactmHamm d = 5 cm. Haxopfacb nepBOHaAYaNbHO Ha pacctosHuM dy = 1 cm OT HUKHen
MNacTMHbI, 4YacTMUA AOCTUraeT BepxHEM nAacTuHbl 3a Bpema t = 0,1c. Hahgute 3apag
yactmupbl q. Kakon pomkeH ObiTb y Hee 3apag, (g, 4TOObl 4YacTMuLA@ OCTaBanacb Mexay
NAacTMHaMM B paBHOBECUMN?

3aparkeHHasa YacTnua macco m = 107 {-8} r HaxogMTCcA B OAHOPOAHOM 3NEKTPOCTATUYECKOM
nose mexay AByMA ropu3oHTaNIbHbIMW NAACTUHAMMU. HUIKHAA NAACTUHA 3apAXKeHa A0
noTeHumana +3 KB, a BepxHsaa Ao noTeHumana -3 KB. PaccTtoaHne mexay naactmHamm d =5 cm.
Haxoasacb nepBoHa4anbHO Ha pacctoaHMm d_0 = 1 cm OT HUXKHEeN NNaCTUHbI, YacTULa AOCTUraeT
BepPXHeN nnacTuHbl 3a Bpema t = 0.1 c. Hanagute 3apag yactmupl. Kakol gonkeH 6bITb y Hee
3apag, 4Tobbl YacTMLA OcTaBanacb B paBHOBECUU?

Otset: ¢ = 1,5- 1075 Kn; g, = 0,8+ 1071 Ku.

3apaua 5
ABTOMOOMW/IbHAA Aopora UMeeT MaKCUMMa/ibHY0 NPONYCKHYy cnocobHocTb 30 aBTomobunei B

MUWHYTY. MaKcMmanbHbI NOTOK aBTOMobMel (KoTopbii Tak:Ke cocTaBaseT 30 aBTO B MUHYTY)
pocturaetca B 17-00, M1 B 3TOT MOMEHT NPOMUCXOAMT aBTOMObOUAbHAA aBapuA. lMponyckHas
CNocobHOCTb Cpa3y CHWMXKaeTca Ao 5 aBTomobunen B MUHYTY, a nNpubbiBatowme aBTomobman
HauyMHaloT 06pa3oBbiBaTb NPob6Ky. B 18-30 aBapuiiHble MalMHbI OTTAWMAM BAMNKe K Kpato
[0pOoruK, Nocse Yero NPonyckHas cnocobHOCTb cpasy yBenmumaacb Ao 15 mawmH B MuHyTy. Ewe
yepes 30 MUHYT AOPOrY NONHOCTHIO 0CBOBOAMIM U ee MAKCUMa/IbHaAA MPOMYCKHAA CNOCOBHOCTb
30 aBTO B MMHYTY MOJIHOCTbIO BOCCTAHOBMACD.



A) onpepnennTte, CKONbKO MaLWWH cTosNo B Npobke B 18-30 1 annHy Nnpobku npm ycnosmm, yto 1
MallMHa B cpegHeM MMeeT A/IMHY 5 MEeTPOB U MeXAy MawuHamu no 1 meTpy (Bce maluuHbI
CTOAT B A4BYX NON0OCAX, NapannenbHo Apyr apyry)

B) Ha ckonbKko MawmH yBennymnacb npobka c 18-30 go 19-00

B) C 19-00 noToK mawwuH (30 aBTO B MUHYTY) HaYMHAET YMEHbLUATbCA: KarKable 5 MUHYT Ha 1
MawuHy (T.e. B 19-05 noToK paBeH 29malumH B MUHYTY, B 19-10 — 28 1 1.4.). CKOoNbKO npoinaeT
BpemeHu (HaumHasa ¢ 17-00) Ao Toro MomeHTa Korga npobKa NOMHOCTbIO MCYE3HET M Npoess,
6yaet cBoboAHbIN.

OtBer
A) 3a 1 yac 1 30 MUHYT HabepeTca 2250 malumH
B) 3a 30 MMHYT NpobKa yBennumnacb Ha 450 maLnH.

B) 2 uyaca 1 42 muHyTbl (c 21-42 npoespg no gopore byaet ceobogeH).



10-11 kaacc

3apaval
MycTb 4aHO cneaylowee BblpaXKeHue:

1 1 1 1 1
A = + + + Fo .
"14V2 V243 V3+VE VA4S vn+Vn+1

Onpepaenute, CKobKO Apobeit MoxKeT bbITb B 3TOM Cymme A1A TOro, YTO6bl BbINONHANOCH
HepaseHcTBO 2022 < 4, < 2023.

A) CocTaBbTe KOMMbIOTEPHYIO NPOrpPaMmMy, KOTOpPas NO3BOAET BbIYUCAATb 3HaYeHMe A ans
KOHEeYHOro KoanyecTea Apoben 1 AaeT oTBET Ha NOCTaB/IEHHbI BOMNPOC.
B) PewnTe 3aga4y aHaIMTUYECKMU.

Otsert: ot 20232 g0 20242 — 2 npobeit BKAIOUYUTENBHO.

3apaua 2
Mpeanonoxum, 4To 3emHasa aTmocdepa npeacrasaseT cobon chepuryeckmin cnom TonwmHsl H,

KOTOpPbIM nNpuneraer kK 3emne — wapy paauyca R. M3BecTHO, 4TO NAOTHOCTb aTmocdepsl
ybbiBaeT ¢ BbicOTOM. [ocTpoiiTe Mmoaenb aTmocdepbl, COCTOALLYO U3 N chepuyeckux cnoes
PaBHOW TONWMHbI h TaKWX, YTO MJOTHOCTb BO3AyXa YyObiBaeT C BbICOTOW MO CAeayloLliemy
3aKOHY: ecnn B MepBOM, CAMOM HUXKHEM Cnoe, MAOTHOCTb paBHa p, TO BO BTOPOM cloe
nnoTHocTb pasHa p/23, B Tpetbem — p/33, .., B camom BepxHem cnoe — p/n3. Tlpwu
MOAENUPOBaHNN HEOBXOAMMO HaWTU Takoe KoaMyecTBO cnoes n (npu atom nh = H), ytobbl
obLas macca BCex C/I0eB COBMagasia C U3BECTHOM MNOJIHOM Macchl aTmochepbl M ¢ TOYHOCTbIO
10 %.

B KauecTBe oTBETA NpMBEAMUTE TAabBAMLY, COCTOALLYIO U3 TPeX CTONOL,0B:
1) Homep cnos (NepBbIf — CaMbll HUKHWUIA);
2) macca cnos;

3) macca cnos NAC Maccbl Bcex NpeaplayLmx cioes (414 nepBoro cnos 34ecb NOBTOPAETCA ero
macca).

Yucnosble aaHHble: H = 100 km, R = 6370 km, p = 1,225 k2/m3, M = 5,2 - 1018 k.

Otset: n ~ 15.

3apaua 3
MN3BeCcTHO, YTO B 04HON GOPMYNbHON eAUHULIE BUHAPHOTO 3/IEKTPOHENTPA/IbBHOrO COeAMHEHNS

A copepuTca 36 HEMTPOHOB, @ OTHOCUTE/IbHASA MOJIEKYNAPHANA Macca CoeaMHEeHUs paBHa 72
a.e.M. M3BeCTHO, YTO KOZIMYECTBA 3/IEKTPOHOB B aTOMax 3/IEMEHTOB, BXOAALLMX B COCTaB A,



OTHOCATCA APYT K APYry Kak 4:5. TakKe U3BECTHO, YTO MO/IbHbIE A0/M 3IEMEHTOB B
COeANHEHUN PABHbI.

1. Onpegenute dopmyny coegmnHeHma A
2. NpuBeanTe HeobxoaMMbIe pacyeTbl ANA YCTaHOBNEHUA GOPMY bl
3. HasoBuTte coegmHeHune A.

4. PaccumTanTe B KAKOM MACCOBOM COOTHOLWEHNN HEOHXOAMMO B3ATb MPOCTbIE BELLECTBA,
4yTObbI CMHTE3MPOBATL CoeamHeHMe A maccoi 144 rpamma, NpPU YCI0BUU, YTO UCXOAHblE
npocTble BelwecTsa npopearnpytot 6e3 ocTaTKa.

OTBeT:
1-2. Cas.
3. Cynbduma Kanbums.

4,54

3apava 4
INEeKTPOH C KNHeTMYeckon aHepruen W = 107 {-16} [I>k BneTaeT B NPOCTPAHCTBO MeXAy ABYyMSA

rOPU30HTa/IbHbIMM KBAaAPATHbIMW METa/JIMYECKUMM NNACTUHAMM (B TOYKE PAaBHOCTOALLLEN OT
Kaka0M U3 NNacTMH) napansie/ibHO OAHOM CTOPOHE NAacTUH. PacctoaHue mexxay naactmHamm d
= 0.4 m, a CTOPOHa Kaxkaon naactuHbl b = 0.5 m. HUXKHAA nnacTUHa 3a3emneHa, a BEPXHAA
nnacTMHa MmeeT 3apag g = 2 HKA. HaliTM CKopocCTb 31eKTPOHa B MOMEHT BbIXOAa 3a Npeaenbl
NNacTMH. Ha KaKom PacCTOAHUM OT HUXKHEW NAACTUHbI OH ByAeT HaXoAMUTCS B 3TOT MOMEHT?
3apsag anekTpoHa e = 1.6 x 10-19 Kn, a ero macca m = 9.1 x 107{-31} kr.

OTeeT: V=15.8*%10"6 m/c; h =29.0 cm.

3apaua 5
ABTOMOOMWbHAA A0pOra UMeeT MaKCMMasibHYO NPONYCKHYyt cnocobHocTb 30 aBTomobunei B

MUHYTY. MaKcumanbHbI MOTOK aBTOMObUIEN (KOTOpbIN TakxKe cocTaBaseT 30 aBTO B MUHYTY)
pocturaetca B 17-00, 1 B 3TOT MOMEHT NPOMCXOAWUT aBToMObOWAbHas aBapuA. MponyckHasa
CNOCOBHOCTb Cpasy CHWMKaeTca Ao 5 aBTomobunent B MUHYTY, a NpubbiBalOLME aBTOMOOUAU
HauyMHalT obpasoBbiBaTb NPobKy. B 18-30 aBapuiiHble MallMHbI OTTaWMAM BAMXKe K Kparo
[0pOoruK, Nocae Yero NPonyckHas cnocobHoOCTb cpasy yBenmumaacb Ao 15 mawmH B MuHyTy. Ewe
yepes 30 MUHYT Z0POry NOSIHOCTbIO OCBOOOAMNM U ee MAaKCMMabHAA NPONYCKHAA CNOCOHBHOCTbL
30 aBTO B MUHYTY MOJIHOCTbIO BOCCTAHOBMACD.

A) onpepgennTte, CKONbKO MaLWWH cTosNo B Npobke B 18-30 1 annHy Nnpobku npm ycnosmm, yto 1
MallMHa B cpegHeM MMeeT A/IMHY 5 MEeTPOB U MeXay MawuHamu no 1 meTpy (Bce maluuHbI
CTOAIT B ABYX N0JIOCax, NapaanenbHo Apyr Apyry)

B) Ha cko/bKo MallnH yBenndmnacb npobka ¢ 18-30 go 19-00



B) C 19-00 notok mawuH (30 aBTO B MUHYTY) Ha4yMHaeT YMEHbLUATbCA: Kaxkable 5 MUHYT Ha 1
MaLmnHy (T.e. B 19-05 notok paseH 29malivH B MUHYTY, B 19-10 — 28 1 1.4.). CKoNbKo npoigeT
BpemeHu (HaumHasa ¢ 17-00) Ao Toro MomeHTa Korga npobKa NOMHOCTbIO MCYE3HET M Npoess,

6yaet cBo6boAHbIN.

OTtset

A) 3a 1 yac 1 30 MUHYT HabepeTca 2250 mawuH

B) 3a 30 MMHYT NpobKa yBennumnacb Ha 450 maLmH.

B) 2 uyaca 1 42 muHyTbl (c 21-42 npoespg no gopore byget ceobogeH).



