CAHKT-IETEPBYPI'CKH TOCYJIAPCTBEHHBIII YHUBEPCUTET

Ouumnuana mxkoJabHUKOB CIIOI'Y «MH:keHepHBIE CMCTEMBI»
10 KOMILIEKCY NpeIMeTOB
(MmaTemaTuka, nHpOpMATHKA, PU3NKA U XUMHS)

IIpuMepsl 3a1aHUH 3aKIIOYUTEIHHOI0 3TAMA
2023/2024 y4eOHbIN IO

8-11 kJ1acchl



Onunmmnuana mkoiasHUKOB CIIOIY mo matemaTuke

[Iprmepshl 3a1aHAN 3aKITFOYUTEIBHOTO 3TAlla
2023/2024 y4yebHbIH TO

8-9 ki1acceel

3agaya 1
Bapuant 1.

CoTpynHuK (pUPMBI €3AUT Ha paboTy Ha aBTOMOOMIIE MO KOJIbIEeBOI nopore 40 kM.
OOBIYHO OH JIBUTA€TCA C HEKOTOPOM MOCTOSHHON CKOPOCTBIO, OTJIMYAIOIIEHCS OT
paspenieHHoil He Ooiiee, yeM Ha 20 %, u npuesxaer Ha padboty poBHO B 9:00.
(PazpemienHas ckopocTh Ha KOJIbIEBOM opore coctasiser 110 km/4). OqHax bl B
ropojie MOIIEeJ CHET, U BCEM aBTOMOOWIMCTAM MPUIILJIOCh CHU3UTH CBOKO CKOPOCTh
Ha 40 kM B uyac. Halinure, ¢ Kakoll OOBIYHOM CKOPOCTHIO MOXKET €37UTh
COTPYIHHK, €CIId B 3TOT JIEHb OH IpHexad Ha padoTy B 9 yacoB t MUHYT U He
orno3jan K Hadaimy paboTel B 9:30 (t — HaTypajbHOE YHCIIO; CKOPOCTh TaKkKe
CUMTAEM HaTypaJIbHbIM YUCIIOM, KaK OOBIYHO U [MOKA3bIBAET CIIUJIOMETP).

JlaiiTe aHaIMTHYECKOE pEUICHHWE 3aladd, a TaKKe COCTAaBbTE€ KOMIIBIOTEPHYIO
nporpaMMy, KOTOpasi HaXxOAUT OOBIUHYIO CKOpPOCTb COTPYIHHKA, BBIIOJIHSISA
HEIMOCPEJICTBEHHYIO IMPOBEPKY BCEX JOMYCTUMBIX YCIOBUEM 3a/layd 3HAYEHUU
ATON CKOPOCTH.

Otser: 100 wim 120 km/4.

Bapuanr 2.

CoTpyaHuk pupMbl €31UT Ha paboTy Ha aBTOMOOUIIE IO KOJIbLieBOM gopore 40 km.
OOBIYHO OH JBUTAETCS C HEKOTOPOU MOCTOSTHHON CKOPOCTHIO, OTJIMYAIOIIEHCS OT
paspeileHHoi He 0osee, uem Ha 30 %, u npuezxaer Ha padoty poBHO B 10:00.
(Pa3pemienHast CKOpoCTh Ha KOJIbLIEBOM gopore coctapiseT 110 km/4). OnHax bl B
rOpoJie MOMUIeI CHET, 1 BCEM aBTOMOOMIIMCTAaM MPUILJIOCh CHU3UTh CBOIO CKOPOCTh
Ha 20 kM B yac. Haitaure, ¢ kakoil OOBIYHON CKOPOCTHIO MOXKET €3/IUTh
COTPYJIHHK, €CJIA B 3TOT JICHb OH Ipuexaj Ha padoty B 10 yacoB t MUHYT U HE
ono3znaain Kk Hayainy padotsl B 10:30 (t — HaTypaibHOE YKCIIO0; CKOPOCTh TaKkKe
CUMTAEM HATYPaJIbHBIM YUCJIOM, KaK OOBIYHO M MOKAa3bIBAET CIIUIOMETP).

JlaiTe aHaIIMTHYECKOE PEIIEHHUE 3a7]a4l, a TAKKE COCTABbTE KOMITBIOTEPHYIO
porpamMmy, KOTOpasi HAXOJAUT OOBIYHYIO CKOPOCTh COTPYIHUKA, BBITIOJTHSISI
HEIIOCPEACTBEHHYIO IIPOBEPKY BCEX JOIYCTUMBIX YCIOBUEM 3a7a4U 3HAYCHUU
3TOM CKOPOCTH.



Otger: Tpu Bo3moxHbIX oTBeTa: 1=4 V=120 ; t=6 V=100 ; t=10 V=80 .

3anaya 2
Bapuanr 1.

Kaxxaplii yepHbIil phIllapb MOYKET MPOBECTH MOEIUHOK JIMOO ¢ O€IbIM phIlapeM,
100 C IPYTUM YEpHBIM PHILIAPEM, IIPH 3TOM MOEAUHKH MEXKTY OCIBIMU PhIapsMu
HEeBO3MOXKHBI. [lycTh Bcero B rpymme 91 peiapp, npudeM Cpeld HHUX 3aBEAOMO
HaWIyTCs phIllapyu 000X I[BETOB.

1) Ilpy kakoM YMCIIE YEpPHBIX pPBHIAPEH CMOXET IMOJYYHUThCS HaMOOJIbIIEe
KOJIMYECTBO MOEIUHKOB MEX1Y YEPHBIMU U OEIIBIMU PhILAPSIMU?

2) Ilpu xakoMm ymcie OeNbIX phIApPel KOIMYECTBO MX BO3MOXKHBIX IMOEAUHKOB C
YepHBIMU phILAPSAMHU OyAET paBHO KOJMYECTBY BO3MOKHBIX MOEIUHKOB YEPHBIX
phILIapel Mexay coOoi?

Oteert: 1) 45 u 46; 2) 30.

Bapuanr 2.

Kaxxnp1ii uepHbIil phillapb MOKET MPOBECTH MOEIUHOK JIMOO ¢ OelIbIM PhILIApeEM,
100 ¢ JPYTUM YEPHBIM PhIIIApEM, IPU STOM MOETUHKHU MEX]Ty OCIIBIMU PhIIAPSIMU
HeBO3MOXHBI. [Iycts Becero B rpynne 101 peiaps, npudyemM cpeau HUX 3aBEIOMO
HalyTCs phlllapu 000X I[BETOB.

1) Ilpu xakom uwuciae OenbIX phlllaped CMOXET MOJYYUThCS HaubOoblIee
KOJIMYECTBO MOEAMHKOB MEXAY YEPHBIMU U OEJIBIMU phILApsIMU?

2) Ilpu xakoMm ymcie OeNbIX phIIAapel KOIMYECTBO MX BO3MOXKHBIX MOEAUHKOB C
YEpHBIMU pHILAPAMH OyAeT B TpU paza OoJbllIe KOJUYECTBA BO3MOKHBIX
NOEIMHKOB YEPHBIX phIllapeit MexXy co00?

OtBer: 1) 50 u 51; 2) 60.

3agada 3
Bapmanr 1.

ABponopT MOXKET NPUHUMATh CaMOJIEThl C UHTEPBAJIOM HE MEHEE 5 MUHYT — 32
3TO Bpems oOecredynBaroTcsi Oe30macHble YCJIOBHS MOCAIKH Ji CIIETYIOIIEro
camonera. Kaxzapie 6 MHHYT K a’pomopTy MOIJIETAeT HOBBIA CaMOJIET U Y
qucrneTyepa nosiBisiercs nHdopmanus:



1) Bo3MoxHOE BpeMs OXKHIAHWS B MHHYTaX — 3TO BpPEMs, KOTOPOE CaMOJIeT
MOXET >KJaTh, JieTas BOKpYr a’pomnopta. [lo ucTedeHun 3TOro BpeMeHU
caMoJIeT JOJIKEH YUTH Ha 3alacCHON a’spopPOM.

2) HeoOxomumoe BpeMs IS T0JIeTa K 3allaCHOMY a’poIpoMy.

NHdopmarius MosBisIeTCs B BUAE TAOIHITBI:

Homep Bpemsa nossnenus | Bpems oxxunanus | Bpemsa 1o 3amacHOro
caMoJIeTa uHbOpMaIuu a’poapoma

1 12:00 30 MUHYT 50 MUHYT

2 12:06 10 MuHyT 20 MUHYT

3 12:12 10 MuHyT 20 MUHYT

4 12:18 8 MUHYT 20 MUHYT

3 12:24 10 munyT 30 MUHYT
B 12:00 B asponopTy HW3MEHWIHCH IIOTOJHBIE YCIIOBHSI — BETEP HAHEC HAa

MOCAJIOUYHYI0 TI0JIOCY CHEr. A’pOJIpOMHBIE CIYKObI 3ampocuiii 15 MuUHYT Ha
OuuCTKy Tnosiocel. B 12:14 BeIsICHWIOCH, 4TO TOTpedyeTcs eme 5 MUHYT Ha
MPOBEPKY 000PY0BAaHUS U BBIMOJHUIN CBOM 00s13atenibeTBa. B 12:20 cen nepBbIit
camozet. Kakoit?

Jucneruep crapaeTcsi NOCaJUTh KaK MOKHO OOJbIlI€ CaMOJIETOB, T. K. yXOJ Ha
3alacHOM a’poJpoM — 3TO (PUHAHCOBBIE MOTEPH, MPSAMO MPONOPLUUOHATIBHBIE
BPEMEHH I10JIETA JI0 3aI1aCHOI'0 a’poIpoma.

[Tomorure pucneruepy cocTtaBUTh rpaduk mnocagku camoiaeToB. CocTaBbTe
KOMIIBIOTEPHYIO MpOorpamMmy, KOTOpasi HPOBOAWTH pPacdeT KaKIYyI0 MHUHYTY.
Pe3ynbTaT BhIBEIUTE B BUJIE TAOIUIIHI Clieytoiiero ¢hopmara:

Bpewms pabotel | Ouepens Ha nocaaky | Homep  camornera,

POrpamMMBbl KOTOpBIN yIlIeN Ha
3aaCHOM a’3poJIpoOM

12:00 X ...

12:01 X, s o

12:02 X, Y, Z, ...

12:03 X, Z, ... y

Ecnu camorner oTnpaBiisieTcsi Ha 3amacHON a’poJipoOM, TO OH BBHIOBIBACT U3 OUYEepPEIU
Ha MOCAJKY U Jajee HE pacCMaTpPUBAETCHI.

Baumanue!

1) IIporpammy HeoOxomumo Hamucath Ha s3eike Pascal, C, C++ wiu mo0om
JPYTrOM, HO HE MCTIONB3Yys BCTPOCHHYIO (DYHKITIO aBTOMATUYECKOW COPTUPOBKH.
2) IlporpaMma [OJKHA COAEPKAaThb KOMMEHTApHM, oOjeryaroue MOHUMaHUe
JIOTUKHU ACUCTBHSI MPOTPAMMHOTO KOJA.




Otger: IlepBbiM cagutcsa camoseT Ne3. Ouepenpr Ha nocanky: 4, 1, 5. Camorner
No2 yxoauT Ha 3anmacHO# a’poIpom.

Bapuanr 2.

ABponopT MOXKET NPUHUMATh CAMOJIEThI C UHTEPBAJIOM HE MEHEe 5 MUHYT — 32
3TO BpeMs 00ecHeuuBaIOTCsl Oe30MacHble YCIOBHS MOCATKU Ul CIEAYIOIIETo
camonera. Kaxzaple 7 MHMHYT K a’pomopTy MOIJIETAeT HOBBIM CaMOJIET U Y
aucrneTyepa nosiBisercs nHpopmManus:

1) Bo3mokHOE BpeMsl OKUIAHUS B MHHYTaX — 3TO BpPEMs, KOTOPOE CaMOJIET
MOXET JKIaTh, JIETas BOKpYr a’ponopta. Ilo wcTedeHnH 3TOro BpeMEHU
CaMOJIET JOJDKEH YHUTH Ha 3al1aCHOM a’spoapoM.

2) Heobxomumoe BpeMs [UIs TIOJIETa K 3a[IaCHOMY adpOJIpOMY.

Nudopmarus nmosiBasieTcs: B BUAE TaOIHIIbL:

Howmep Bpemsa mnosiBnenus | Bpems oxxunanus | Bpems no 3amacHoro
caMmoJeTa uH(popManuu a’poJipoma

1 12:00 30 MUHYT 30 MUHYT

2 12:07 15 munyT 20 MUHYT

3 12:14 15 MunyT 20 MUHYT

4 12:21 { MUHYT 30 MUHYT

5 12:28 6 MUHYT 20 MUHYT
B 12:00 B asponopTy H3MEHWIHChH IIOTOJHBIE YCIIOBHSI — BETEP HAHEC HAa

MOCAJIOUYHYI0 TI0JIOCY CHEr. ARpPOJpPOMHBIE CIYKObI 3ampocuiii 15 MUHYT Ha
OuuCTKYy Tosiockl. B 12:14 BeIsICHMIOCH, 4TO TOTpedyeTcs eme 5 MUHYT Ha
MPOBEPKY 000OPY0BAaHUS U BBIMOJHUIN CBOM 00s13atenibeTBa. B 12:20 cen nepBbIit
camoznet. Kakoit?

Jucneryep crapaercs MOCaauTh KaK MOKHO OOJIbILIE CAMOJIETOB, T. K. YXOJ Ha
3alacHOM a’poJpoM — 3TO (PUHAHCOBBIE TOTEPH, MPSAMO MPONOPLUOHATIBHBIE
BPEMEHH I10JIETA JI0 3aI1aCHOT'O a3poJApoMa.

[Tomorure aucneruepy cocTaBUTh rpaduk mnocaaku camoieToB. CocTaBbTe
KOMIIBIOTEPHYIO I[POrpaMMy, KOTOpass IPOBOAWTH pPACUYET KAXKIYI0O MUHYTY.
Pesynbrar BeIBeAUTE B BUJIE TAaOIHIIBI ClIeayoIero opmara:

Bpewms pa6otel | Ouepens Ha mocaaky | Homep  camornera,

IPOTrpaMMBbl KOTOPBIM yIlIeNl Ha
3aI1aCHOM a’poJIpoOM

12:00 X, ...

12:01 XY, ...

12:02 XY, 27, ...

12:03 X, 7, ... y




Ecau camoner OTIIPABJISACTCA Ha 3anacHoOM as’poapom, TO OH BBIOBIBACT U3 oucpcau
Ha MoCaaKy n AaJiIc€ HC pacCMaTpuBacTCA.

Baumanue!

1) IIporpammy HeoOxoaumo Hamucath Ha si3bike Pascal, C, C++ unu mobom
JPYyroM, HO HE MCTIONb3Yys BCTPOCHHYIO (DYHKITUIO aBTOMATUYECKON COPTUPOBKHU.
2) Ilporpamma AOJKHA COAepKaTh KOMMEHTapuu, OOJierdaronye HOHUMaHHE
JIOTHUKHU ACUCTBUSI IPOTPAMMHOTO KOJA.

OTtBeT: nepBbIM Ha nocaaky 3aiiaer camosier No2. Crnenom 3a HUM Ned u Nel. Ha
3anacHol a’pojipom yuiyT camoseThl Ne3 u No5.

3amaua 4
Bapuanr 1.

B cB0OO/IHOM MpOCTpaHCTBE, aJeKo OT BCeX HEOECHBIX OOBEKTOB, JIBE YACTHUIIbI,
omHa ¢ Maccoil m; = 6 - 10712 xr u 3apsagom Q; = 2,43 - 10713 Kn, a npyras c
maccoit m, = 1,2- 10" kr u sapagom Q, = 2,43-10713 Ku, nBmxyrca c
MOCTOSTHHOW CKOPOCTBIO TakK, 4To paccrosiHue d = 1,5 CM MeXIy HUMH TaKkke
ocraeTcs NocTostHHbIM. Kak 310 Bo3MoxkHO? Omnpenennure CKOpOCTh YaCTHII.

OtBet: OnycaHHOE IBH)KEHUE BO3MOKHO, €CJIH B 3TOM cHCTEME OTCYETa /1B
YaCTHULIbI BBITIOJIHSAIOT PABHOMEPHOE KPYTrOBOE JBUKEHHE BOKPYT CBOETO
LIEHTpa Macc.

JluneitHast CKOPOCTH MepBOM YacTUilbl : 6.34 cm/c.
Jlnst BTOpO# YacTumbl: 3.17 cm/C.

Bapuanr 2.

B cBoOOHOE MPOCTPAaHCTBO BBHIMYCKAIOTCS JBE INMBUIMHKH Ha PAcCTOSHUU d; =
6 CM Jpyr OT JApyra ¢ HYJEBOW HayaJlbHOM CKOPOCTHIO, OJHa Maccout my = 1,7 -

107 kr u umeromas snexrpudeckuit 3apsag Q; = 1-107° K, apyras maccoii
m, = 1,3 - 1071 kr u umeromas >nexTpuueckuii 3apsag Q, = —5 - 107° K.

1) T'me BCTpeTATCS ABE MBUTMHKHU?
2) OnpenenuTbh CKOPOCTh, C KOTOPOH MBUTUHKH COJIMKAIOTCS IPYT C APYTOM,

KOTJIa OHU HaXOJATCs Ha paccTosiHuu d, = 1 cM.

OTBeT: /B¢ MBUIMHKKA BCTPEYAIOTCS B CBOEM IICHTPE Macc.
CkopocTb commkenuns aByx oonekto: 1009 m/c.



3agada 5
Bapuant 1.

CMech MeTaula M e€ro okcuja oOmei wmaccoil 6,74 rpamma 0e3 ocTaTka
pacTBOPWIIM B KOHIICHTPMPOBAHHOM pAacTBOpe TUApokcuaa HaTpus. [Ipu sToMm
BbIJIETMIICS Bogopoa o0vemoM 1,034 nutpa (H.y.). M3BecTHO, 4TO 3TOT 00BEM
BOJIOpoZia 0€3 OcTaTka MOXKET TOJHOCTBHIO BOCCTAHOBHTH METAJII M3 OKCHIA B
CMECH.

1. Onpenenure MeTaJuT U HOPMYITY €r0 OKCH/IA.

2. PaccuuraiiTe MaccoBbI€ JIOJIM METaJlJIa 1 OKCHJIa B CMECH.

3. 3anumunTe ypaBHEHHUS BCEX PEAKIMM, OMMMCHIBAIOIIMX MTPOLECCH B 3a1a4€.
OtBer: 1. Coequnenus B cMecH: IUHK U okcua maka ZnO. Macca nuaka: 3r1.

2. Ha ocHoBaHuu IMOJIYYCHHOI'O BBIIIC M MACChl CMCCH 6,74 rpamMma IO
YCIIOBHIO ITOJIY4a€M MAaCCOBBIC 1OJIM KOMIIOHCHTOB CMCCH:

®(Zn) = 44,5%, ©(Zn0O) = 55,5%.
3. YpaBHEHUS TpeX PEaKIIMiA:
Zn + 2NaOH + 2H,0 = Nay[Zn(OH)4] + H,
ZnO + 2NaOH + H,0 = Na,[Zn(OH),]
ZnO + H; = Zn + H,0

Bapuanr 2.

CMech MeTala M ero okcuga obmiet maccoir 11,23 rpamma 6e3 ocrarka
pacTBOpUJIM B KOHIIEHTPUPOBAHHOM pACTBOpE Truapokcuaa Hatpus. [Ipu stom
BBIZICIUJICS BOAOpO oOveMoMm 1,723 nutpa (H.y.). M3BecTHO, 4TO 3TOT 00BEM
BOJIOpOJia 0€3 OcTaTka MOXKET MOJHOCThIO BOCCTAHOBUTH METAJIJT U3 OKCHIA B
CMECH.

1. Onpenenure MeTaiuT U GOPMYITy €ro OKCH/IA.
2. PaccunTaiTe MaccoBbI€ 1OJIM METAJIA U OKCHUZIA B CMECH.

3. 3anuiinTe ypaBHEHUS BCEX PEAKIIMI, ONMKUCHIBAIOIINX MTPOIIECCHI B 3a/1a4€.



OtBer: 1. CoequHenus B cMecH — IIUHK U okcu uHka Zn0O. Macca nuHka: Srt.

2. Ha ocHOBaHMU MOJIy4EHHOT'O BhbIIIE U Macchl cmecu 11,23 rpamma 1o
YCIJIOBHIO TIOJTy4a€M MACCOBBIE JOJU KOMIIOHEHTOB CMECH:

®(Zn) = 44,5%, ©(Zn0O) = 55,5%.
3. YpaBHEHUS TPEX pEAKIINN:
Zn + 2NaOH + 2H,0 = Nay[Zn(OH)4] + H,
ZnO + 2NaOH + H,0 = Na,[Zn(OH),4]
ZnO +H;=2n+H,0



Onunmmnuana mkoiasHUKOB CIIOIY mo matemaTuke

[Iprmepshl 3a1aHAN 3aKITFOYUTEIBHOTO 3TAlla
2023/2024 y4yebHbIH TO

10-11 knacenl

3amaya 1

a) Haiimute xoTs OBl 0JIHY Mapy HATYPaJIbHBIX YUCEN X U Y JIJISI KOTOPBIX
BBINOJIHAIOTCA claemyromue yenosus: 2023% < x <y < 20242 u cymma
KBaJIpaToB TUX uKcen x2 + y? nenantes Ha 20232 + 1.

6) IIpemioxute anropuT™ (MK HAMMIIUTE IIPOrPaMMY), KOTOPBI IT03BOJIAET
HAXOJIUTh BCE BO3MOKHBIE aphl TAKUX YHCEJI, HO HE OCYILECTBIAET MIPOCTOil
TIOJIHBIH TepeGop Beex uncen u3 quanasona [20232; 20242].

OTBeT: penieHue T0KHbI ObITh HATYPAJIbHBIMU PEIICHUSIMU YPAaBHEHUI BUJIA'
n?+m? =k (20232+ 1),k =123,...,7.

Tlns k = 1: (1;2023), (497;1961), (779;1867), (1213:1619).

Tins k = 2: (406:2832), (1088;2646), (1464:2458), (2022; 2024).

Tlns k = 4: (2;4046), (1558:3734), (994;3922), (2426:3238).

Jlns k = 5: (309;4513), (807;4451), (967:4419), (2025:4045), (2955;3425).

3amaya 2
Bapuant 1.

Karep mnepeBo3uT macca)kupoB MeEXKIy [JIByMs MPHUCTaHSMH Ha 03€pe,
HaXOJAUMUCS Ha paccTostHUM 12 kM nipyr oT apyra. [IycTs ckopocTs kaTepa 6e3
naccaxupoB paBHa 10 km/4, a ecnu oH Be3eT N MacCa)KUPOB, TO €r0 CKOPOCTH
cocraBisieT 98 % ot ckopoctu karepa ¢ N — 1 maccaxupom Ha 6opty. B Teuenue
JTHSL KaTep clemai MsaTh PECcoB Ty/la U MATh 00paTHO, MepeBo3s mpHu dToMm 21, 6, 9,
15, 24, 12, 18, 27 u 3 naccaxupa, a nociaeaHui oOpaTHBIN peiic coBepiui 0e3
naccaxxupoB. Haiigute cpeHIor0 CKOPOCTh KaTepa 3a BCE BPEMS IBUKEHUS MEXKITY
MPUCTaHSIMU, BKJIIOYas B ATO BpeMsl TaKKe€ M BpeMs, KOTOpoe TpeOyeTcs s
MOCAJKU W BBICAAKU MAcCCaXUpOB. [IpUHATH, UTO HA MOCAJKY OJIHOTO MacCakupa
YXOJIUT OJJHA MUHYTA, a HA €r0 BHICAJAKY — IMOJIMHUHYTHI.

Oteer: 6,19 KM/u.



Bapuanr 2.

Karep mnepeBO3UT maccaxupoB MeXAy JABYMs MPUCTAHSIMU Ha 03€epe,
HaxoAsIMMuUcs Ha pacctostHun 10 km npyr ot apyra. [lycth ckopocTh katepa 6e3
MaccaXupoB paBHa 8 KM/4, a ecid OH Be3eT N MaccakupoB, TO €ro CKOPOCThb
coctaBisieT 99 % ot ckopoctu karepa ¢ N — 1 maccaxupoMm Ha 6opty. B Teuenue
JTHSL KaTep clenall yeThbIpe peiica Tyaa U deThlpe 00paTHO, mepeBo3s npu 3tom 10,
5, 25, 15, 30, 35 u 20 maccaxupoB, a MOCJIECIHANA OOpaTHBIN peic coBepImi 0e3
naccaxupoB. Haiinure cpeHIo0 CKOpOCTh KaTepa 3a BCE BPEMs IBHXKCHHS MEXKTY
MPUCTAHSIMU, BKJIIOYas B ATO BpEeMsl TaKKe€ M BpeMs, KOTOpoe TpeOyeTcs s
MOCAJKU U BBICAJIKM MAcCaXupoB. [IpUHATH, YTO HA MOCAIKYy OJIHOTO MacCcakupa
YXOJIUT OJJHA MUHYTA, a HA €r0 BhICAJAKY — IMOJIMHUHYTHI.

OtBet: 5,16 kM/u.

3amaua 3

Bapuanr 1.

Hana xarymka ¢ N = 200 Butkamu u 1uromanpio Butka A = 0,02 M2, KOTOpas
pa3MelieHa psaaoM C MOIIIHBIM MarHUTOM Ha YHEpPreTUuecKoi ycraHoBke. Kartyrika
nmeer conpotuBiieHne R = 10 OM, unayktuBHocTh L = 0,1 'H u Bpamaercs ¢
MOCTOSTHHOW YTJIOBOM CKOpOCThI0 w = 50 paj/c B MarHUTHOM TOJI€ C WHAYKIIHEH
B = 0,5 Ti.

1) BelyviciuTe TMOJIHOE COMPOTHUBICHHE Z KATYIIKH, YYHTBIBasS Kak ee
COMPOTHUBJICHUE, TAK U HHIYKTUBHOCTb.

2) Omnpenenute TOK I, TeKyIIUi yepe3 KaTymKy Kak (yHKIIHIO BPEMEHHU.

3) Hamummwure nporpamMmHusbiidi kon Ha Python (wim Ha m000OM JIpyrom si3bIKe,
Hanpumep, Pascal, C wmu C++) naas mocTpoeHHss TpapuKOB Kak
nHayuupoBanHot IJ[C, Tak 1 TOKa B 3aBUCUMOCTH OT BPEMEHH.

Oteer: UunynupoBannas O/IC: e(t)=—N - B - A - o - sin(ot) .
3ameuyaHue: mporpaMMHasi peaan3alus J0/DKHA YYUTHIBATh YCIOBUS 3aIa4u.

Bapuanr 2.

Karymka ¢ N = 150 Butkamu u tuiomaapio Butka A = 0,01 M? TOMelieHa B
IIEPEMEHHOE MArHUTHOE TI0JIe, co3JaBaemMoe cosieHouaoM. Karymka wumeer

conpoTuBieHue R = 8 OM u unnyktuBHocTh L = 0,15 I'H. UHAyKIIMST MATHUTHOTO
TI0JIsI U3MEHSIETCS CO BpeMeHeM 1o 3akoHy B(t) = B, - sin(wt), rne B, = 0,4 Tnu

w = 30 pag/c.



1) Beipasure mnaynupoannyio JOJC e(t) B karymke B 3aBUCHMOCTH OT
BPEMEHM, YUNUTHIBasI U3MEHEHNE MATHUTHOT'O TOJIS.

2) Onpenenute mOJHOE comnpotuBieHue Z(t) KaTymkd Kak — (QYHKIHIO
BPEMEHH.

3) Hamummre mporpamMmusbiidi ko1 Ha Python (wim Ha m000OM JIpyrom si3bIKe,
Hanpumep Pascal, C wmm C++) 11 mocTpoeHHs TpaduKOB Kak
unaynupoBanHoit 9J]C, Tak U TOKa B 3aBUCUMOCTH OT BPEMEHH.

OTtBert: ITonuoe conporusnenue (Z(t)) karymku B e RL: Z () = \/ R?2 = + (wL)?.
3ameuanmue: IporpamMmHas peajin3anus JO0JDKHAa YIUTbIBATh YCIIOBUS 3ada4H.

3anauda 4
Bapuanr 1

[{uBunu3ausi B COCEIHEH TalaKTUKE COOUpAeTCsl OTMPABUTh MEXKIUIAHETHYIO
OKCIICTAIIAIO0, WCIIONB3Ys IS MOJACpKaHusS PabOThl 000pYIOBaHUS Ha CBOUX
KOpaOJIsIX SHEPTUI0, BBIICIAIONIYIOCS B XMMHUYECKHX peakinusx. M3 Hemp cBoei
IJIAHETHl OHU HAY4YWIUCh J00bIBaTh KapOoHwn xene3a Fe(CO)s u penmuim
WCITOJIB30BaTh €r0 B KAa4€CTBE MCTOYHMKA dHEpTrud. MHKEeHepaM HYXHO BhIOpATh
MEXIy JBYMSI BapUaHTaMU:

1. 6patb Ha OOpT KapOOHWJI 3Kejie3a M HCIOJIb30BaTh JHEPIHUI0 PEaKIUi
OKHCJIEHUS1 KapOOHMIIA JI0 YTIEKUCIIOTHI U BBICILIEr0 OKCUAA MeTaia B;

2. Opath Ha OOpPT TOJMBKO Ta3000pa3HbIM MPOMYKT D peakunu pasznoKeHHS
KapOOHMIIA kKeJe3a U UCII0JIb30BATh TOJIBKO YHEPTHIO €r0 OKUCIICHMUS .

OueHnTe, KAKOM U3 3TUX BAPUAHTOB MPEANOYTUTEIBHEE U BO CKOJBKO pa3, €Civ
paccMaTpuBaTh UX C TOYKM 3pEHUs YACIbHOM DHEPIMH Ha MacCy pEarcHTOB,
KOTOpBIE PAacXOAYIOTCS B XOA€ peakuui. Mcronb3yiTe 3HA4YEHUs] SHTAIBIAN
oOpa3oBaHUs:

AHfOcoz = —393 k/[x/MouJIb, AHfQFe(CO)S = —766 K/I>x/MoJ1b,
AHfp = —824 x/lx/mMonb, AHF, = —110 k/lx/Moub,
AHfcp, = —393 k/lx/Mob.

OTBeT: HKCIONB30BATH YrapHBIM ra3 BeIroiHEE (BTOPOW BAPUAHT).

Bapuanr 2

[{uBunuzanusi B cCOoCeAHEH TajakTUKE COOUpaeTcss OTHPABUTh MEXKIIJIAHETHYIO
AKCTICIUIINIO0, WCIIONB3Ys ISl TOJAepKaHusg paboThl 000pYyIOBaHUS Ha CBOUX



KOpaOJsIX HHEPrUI0, BBIICIAIOLIYIOCA B XUMHUYECKHX peakuusax. HHxeHepam
HY>KHO BBIOpATh MEXIY IBYMsI BApHAHTAMU:

1. mcnoan30BaTh KHucjopon u Kap6I/II[ A, MaccoBasa IO0JI1 yri€poga B KOTOPOM

2. UCTIONB30BaTh TOJBKO Ta3000pa3HbIi MPOAYKT B, momydarommuiicss B peaxiuu
KapOuzaa A ¢ BOJIOH, ¥ KUCIOPOI, @ TBEPAbIA MPOAYKT D, moTydaronuiicss B TOM xe
peakuuu kapOuaa ¢ BOJOH, OCTaBUTh Ha IJIaHETE.

N3BecTHO, 4TO BewiecTBO D cnocoOHO 00pa3oBbIBaTh CpPEAHIO coidb E C
YTIEKUCIOTOM — UMBWIM3AIMU OBUIO M3BECTHO, YTO DHTAJIBIIMA O00pa3oBaHUsA
CpPEIIHUX COJIed MEHbIIIe, YeM KHUCIbIX, MO3TOMY OHHM PEIIMIN HCIOJIb30BaTh
PEAKIHI0 C TOJYyYeHHEM cpeaHer coyid. CUuTaeM, 4TO HMMEETCS BO3MOXHOCTH
MOJIHOCTBIO MCIIOJIb30BATh DHEPTHUIO JIIO00M pPeaklud U HCHOJIb30BATh MPOIYKTHI
pEeaKIuy B KAYECTBE UCXOAHBIX JIJIsl TPOBEJCHUS HOBBIX PEAKIIMiA.

OneHnTe, Kako M3 ATUX BapHaHTOB 3(PGEeKTUBHEE M BO CKOJIBKO pa3, €Cld
paccMaTpuBaTh HUX C TOYKH 3PEHUS YICITBbHOW SHEPTHMM HA MacCy pPEarcHTOB,
KOTOPBIE PACXOAYIOTCA B XoJ€ peakiui. VcCronp3yWte 3HAYECHUs SHTAJIBIIUN
oOpa3oBaHus:
o __ o —_
AHF, = —58.9 k/lx/MoJIb, AHPy, o = —286 k]Ix/MoJb,

AHg, = —985 k/lx/Moub, AHgy = —1207 x/I» /Mo,
AHfp = 227 k[l /Moub, AHfcp, = —393 k/lx/Mob.

OtBert: 6osee 3¢ heKkTUBHO OpaTh HAa OOPT AIETUIICH U KUCIOPO (BapHaHT 2).

3amaya 5
Bapuant 1.

Jnsa onpeneneHus BUAA KUHETUYECKOIO YPaBHEHMS PEAKLHUHM B3aUMOJCHCTBUSA
BelecTB A U B ObUIO MPOBEAEHO TPU AKCIEPUMEHTA, B KOTOPHIX BapbUpPOBAIU
KOHIICHTPAIIMY BEILIECTB U U3MEPSUIH CKOPOCTh PEAKIIUH.

B nepBom 3kcniepuMeHTe Mpu KoHIeHTpauuu BemecTs A u B pasabiM 0,2 Moub/n

1 0,1 MOJIB/T COOTBETCTBEHHO, CKOPOCTh peakiuu coctaBmia 2,524 mosb/(J1 - ¢).
Bo BTOpoM sKcliepuMEHTE KOHIIEHTPAIMIO BENIECTBA A YBEIMYMIM B TOJITOpPA
pasa, a KOHIICHTpAIMIO BeliecTBa B ocTaBUIM MpexXHEH; CKOPOCTh PEAKIMH TIPH
’TOM TOXE BO3pOCia TOXE B TMOJATOpa pa3a. B TpeTbeM HKCIIEpUMEHTE
KOHIICHTPAITUIO A YBEJIIMUMJIU B JIBA pa3a OTHOCHUTEILHO TIEPBOTO IKCIICPUMEHTA, a
KoHIleHTparuio B — B Tpu pasa. CKOpocTh peakiuu TpU ATOM COCTaBHIIA

18,864 moub/ (11 C).



1. 3anummnTe KHUHETUYECKOE YpaBHEHHUE ISl ONMCAHHON peaKIuu;
2. UeMy paBeH 0O TTOPSIIOK peaKIuu?

3. Paccuuraiite, yeMy paBHa CKOPOCTbh 3TOM pEaKIMU, €CIU KOHUEHTpauu A u B
OoynyT coctaBisaTh 0,25 u 0,5 MOJIb/JT COOTBETCTBEHHO.

. 1,2
OtBer: 1. KMHETHYECKOE YpaBHEHHUE B KOHEIHOM Buje: ¥ = 200 * Cf * Cy

2. O0uuii MOpsAIOK — CyMMa YacTHBIX MOPSIKOB PEAKIIUU IO BEIIECTBAM
(cTeneHu TpH KOHIEHTpAIMSIX BEHIECTB B ypaBHEeHUU). B nanHOM citydae
OH paBeH 2,2.

3. CxopocTtb paBHa 21,76 Mons/(;1*c).

Bapuanr 2.

Jnsa onpeneneHus BUAA KUHETUYECKOIO YPAaBHEHMS PEAKLHUU B3aUMOJCHCTBUSA
BelecTB A U B ObUIO MPOBEAEHO TPU IKCIIEPUMEHTA, B KOTOPHIX BapbHUPOBAIU
KOHIICHTPALIUU BEILECTB U U3MEPSUIA CKOPOCTh PEAKLIUM.

B nepBoM 3KClepUMEHTE NpH OJWHAKOBBIX KOHUEHTpAlUAX BemectB A u B

paBubix 0,1 Monb/1 ckopocTh peakiuu coctasuna 1,23 1073 moan/(1- c). Bo
BTOPOM JKCIIEPUMEHTE KOHIICHTPAIMIO BemiecTBa B yBenmmumiam B 1Ba pasa, a
KOHIICHTPAIMIO BEIIECTBA A OCTaBWJIM MPEXHEH; CKOPOCTh MPH 3TOM BO3pOCIa B
nBa paza. B TpeThbeM sKCnEeprMEHTE KOHIICHTPAIMIO A yBEJIMYUIU B TPU pasa
OTHOCHTEJIHLHO TIEPBOTO KCIIEPUMEHTA, a KOHIeHTparus B Obuta, Kak B mepBoM
skcriepuMenTe. CKOpPOCTh  peakIMM TPH OTOM  OTHOCHUTEIBHO TIEPBOTO
HKCIIEPUMEHTA BO3pociia B 4 pasa.

1. 3anuirMTe KHUHETUYECKOE YpPaBHEHUE JJIsl OMMCAHHOM PEaKINu.
2. UeMy paBeH 0011 TOPSIIOK peaKiuu?

3. PaccumraiiTe, uyeMy paBHa CKOPOCTb pPAacCMaTpMBAEMOM pEAKLHH, €CIU
koHleHTparuu A u B 6ynyt cocraBnats 0,25 u 0,5 MOJIB/TT COOTBETCTBEHHO.

Otser: 1. Kunernueckoe ypaBaenue v = 0,224 * C j’% * Cp

2. O0mwMii MOpsIIOK — CyMMa YacTHBIX MTOPSIIKOB PEaKIMK 10 BEIIECTBAM
(cTemeHu TIPW KOHIICHTPAIIUSAX BEIICCTB B ypaBHCHMH). B maHHOM cirydae
OH paBeH 2,26.

3. Cxopocts 0ynet paBHa 0,0195 momw/(1*c).



