MockoBcknii rocyapcrBennblii yausepcuteT numenun M.B. Jlomonocosa
OnmMnrajia TKOJTBHUKOB «J/[OMOHOCOB»

[Tpocuns «Mmxkenepubie naykn». 10 — 11 Kracchr.
Pewerus u kpumepuu. Marxcumym 3a odny zadavwy: 25 barnos

Bamaua 1. Nmxkenep AnekcaHIp pemmi COOPYIUTH Y 10
ce0s1 Ha JIAYHOM ydacTKe Kapyceib Jjist jgereit. Y Ajex- |
caHJIpa Tpoe JieTeil, 1Boe MJIAIIINX — OJU3HENDBl. /I TO- m—— ) }
ro, 9To0ObI €ro JIETH MOTJIN KaTaThCs Ha Kapyce/d Bce BMe- L,
cTe, €€ NPUIILJIOCH CIIPOEKTUPOBATH HECTaHIAPTHOI'O BUIA
(cM. pHCYHOK). Kapyceib, Buj| cBepxy

3BecTHO, 9TO Macca crapiiero pebenka papHa mq = 50 Kr, a Macca KaxKJI0ro u3 0Jm3-
HeloB — mo = mg = 30 kr. [ymmHa 1ieda Kapycesn, Ha KOHIIE KOTOPOI'o OYJIET CUJIeTh
crapunii pedbeHox, oblia BolOpaHa L1 = 1 M. Ilpegnasnadennnie jijist OJIM3HEIOB ILJI€UN Ka-
pycenn AJleKcaHIp PemmnI ¢aelaTb CUMMETPUIHBIMI U OJNHAKOBBIMHI, & PACIIOJIOKUTH IX
TaK, ITO0BI yTOJI MEXK Iy HIMHU ObLT paBeH 2«, ipuaém tg o = 3/4. Kapkac kapycesn mjiamu-
pyeTCst H3rOTOBUTD M3 TOHKIX OJJHOPOJIHBIX CTEPKHEl JIMHEHOI 10THOCThI0 A = 20 Kr/M.

Kakyto jmny Lo HY2KHO BBIOpaTh JIJIsl ILJIed Kapyce/in, IIpeJHa3HadeHHbIX /11 KaTaH!s
OJIM3HETIOB, YTOOBI TPU OJTHOBPEMEHHOM KATAHUN BCEX TPOUX JleTell He BO3HUKAJIO TOPU30H-
TaJIbHOI HAIPY3KU Ha OCh BpalleHus Kapyceyn! Kaxkapiit pebeHOK BO BpeMsl KaTaHUsI CHIAT
CTPOr'O Ha IpeHA3HAYEHHOM JIJI HEIO MeCTe.

BosmoxkHoe penienue

1) st Toro, 9T00bI Kapycesib He MCHBIThIBAIA TOPU30HTAIBHBIX HAIPY30K MIPU UCIIO/ b
30BaHUN HYKHO, YTOOBI IEHTP MACC BCeii CHCTeMbI (Kapycesn BMecTe ¢ Pa3MeEéHHbIMI Ha
Heil IeThbMI) OKa3aJicsi HA OCH BPAIIEHUST KAPYCEJIH.
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Pucynok 1. Kapycennb, Bus cBepxy

2) Beegém cucremy koopauuat (cm. puc. 1). Ilpu takoM BeIGOpe cuCTEMBI KOODIMHAT,
IEHTP Macc Kapycesn JI0JIzKeH HaXoJuThesd B Touke O, T.e. Ty = 0 11 Yy = 0.
3) YeioBue Yy = 0 BBIIOIHAETCS B CHIIY CHMMETPUH CHCTEMDL.
4) BanuieM ycioBue Ty, = 0:
Ly Locosa
ml(—Ll) + Lg(mg + mg) cos o + )\Ll(—g) + 2\ Ly—

M — = 0.
= mi + mo + ms + ALy + 2A Lo

—2mq Ly + 4molocosa — /\L% + 2/\L% cosa = 0.
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5) 3ameTnum, 4To cos o = 4 / 5) (yron B €TUIIETCKOM TpeyFOJIbHI/IKe)
—2my Ly + 4mgLo(4/5) — AL + 2\L5(4/5) = 0.

6) Perrerue mo/iydeHHOr0 KBaIpaTHOrO YpAaBHEHUST OTHOCUTEIBHO Lo:

;o “8mat \/82m3 + 8A\(10my Ly + 5AL?)
2 = pum—

8\
~ —4-30+4/16-900+2-20(10-50-1+5-20-12)
- 4-20 -
—92.
= 32_\/%20,951\4%11\/[.

OTtsert: 0,95 M.

3amada 2. Ha razopaciipeieTuTe/IbHYI0 CTAHIIIO 13 MAaruCTPAIbHOIO Ta30IPOBO/IA 34
Kask bl yac noctynaer Vo = 22 - 103 M® npupomnoro rasa (MeTana), MMEIOIIEro TeMIepa-
Typy 11 = 293 K, u nHaxoxsimerocs npu jgapiernn py = 5400 klla. Hrobs! mepes mogaueit
K KOHEYHOMY TTOTPEOUTEIO TIOHU3UTD JIaBJIEHHE T'a3a, ero MPOIyCKAIOT Yepes3 CIeuabHY 0
yCTaHOBKY — TypOojieTaniep. B Heit ra3 Bparaer TypOuny, NpUBOISIILYIO B JeificTBIE 3/1€K-
TPOreHEPATOP, U caM IIPU 3TOM OYeHb ObICTPO paciiupsieTcss. Ha BbIxojie n3 TypbojieTan ie-
pa naBjsienne raza coctasjigeT p, = 100 xlla. KIL TypOunbl BMecTe ¢ reHepaToOpoM paBeH
n = 80%. I'eneparop 3a ogun gac npoussogur W = 775 kBt - 4 snekrposueprun. MoJistp-

Has TEeIJIOEMKOCTh MeTaHa IPU ITOCTOAHHOM 00béMe paBHa ¢y = 26,54 ————— . I13BecTHO,
MOJIb -

9TO IIPU OBICTPOM PACIIMPEHUN ITPOTEKAIONINI depe3 TypOoIeTaH Iep ra3 COBEPIIAeT 3a Jac
pa6ory Apaem = 1,130 - 10M Tx.

CunTast MeTaH HJieaJIbHBIM Ta30M, OIIEHUTE, CKOJILKO KyDOMETPOB ra3a OyIeT exKedacHo
110/1aBaThCA U3 TypOoeTaH epa K I0TpednTe 107!

Bo3moxkHoe pernieHne

1) Pabora, coepiiaemast TypOuHOii 38 dac:

Avyps = E/n = T775-10° Br - 3600 ¢/0,8 = 2790 - 10° JIx/0,8 = 3487,5 - 10° /Ixx. (1)
2) arnmuiinemM 1epBblii 3aKOH TEPMOATHAMUKIA:
cyvily = ATyp6 =+ Apacm + CVVT27 (2)

rjie ¥ — KOJIMYECTBO Ta3a, MPOTEKAIOIIEro 3a Yac depe3 TypOoJIeTaHjep, ¢y — MOJisipHasd
TEIJIOEMKOCTD I'a3a IIPU IIOCTOSHHOM 00béMe, Apaem — paboTa rasa mpu OBICTPOM pacIIn-
PEHUH.

3) Haiijiém remmeparypy rasa Th Ha BBIXOJE U3 TypOOIeTaH epa;

T2 = (CVVTI - ATyp6 - Apacm)/(CVV)> (3)



4) KosmmaecTBo BelecTsa rasa v, MOCTyTaolee KaxK/Iblil 1ac B TypOoIeTaniep, Haiiém
3 ypasuenus MeneneeBa — Kiameitpona:

pmVi = vRI, (4)
v = (pV1)/(RTY). (5)
5) ocse mogcranoBku (5) B BbIpaykeHue (3) HAXOIUM, UTO
1 =1 — BT A RT3
cvpiVi

6) Yrobbl HaiiTH, CKOJBLKO KyOOMETPOB ra3a 3a KazKJIblii Jac OyjIeT MojaBaThCsl U3 Typ-
boseTanIepa K IOTPEOUTEIO, BOCIOIL3YyeMCsI 00beIMHEHHBIM I'a30BbIM 3aKOHOM:

% _ p2Va (6)
Ty T’
OTKYJa BbIpa3uM Va:
piViTs
Vy = 2tz 7
? T1p2 (7)

7) TlojgcraHOBKA YHCIOBBIX JIAHHBIX TIO3BOJISIET ONPEJIe/INTh, KAKOH 00bEM rasa Oyjer
eXKeJacHo IojaBaThes 13 TypOoieTaH iepa K MOTPeONTEIO:

5,4-100-22-10° - 203

Vs 293 - 0,1 - 106

= 823-10% . (8)

OtBet: V, = 823 - 103 5.

Bamada 3. Ilepej cobuparoreit ToHKOi JH30it ¢ poKycHbIM paccrostarem F = 10 cMm
pacIo/ioykeH paBHobeperHblil TpeyroabHnk ABC Tak, 9To ero ocHoBanune AB JieXKuT Ha
[JIABHOM ONTHYECKO ocn JIMH3bI. BepmmHa A TpeyroJbHIKa pacio/ioyKeHa Ha PacCTOSTHUH
3F ot onTudeckoro mentpa JuH3bL. [Lmomans Tpeyronbauka ABC' paBHA IJIOMAN Tpe-
yroapanka A, B1Ch, roe Toukun Ay, By u C7 — 910 n300pazkKeHusi BepIInH TPEYTroJabHIKA
ABC, naBaemble juua30it. Haitaure minny ocnoBanust tpeyroibinka ABC.

Bo3MmoxkHoe penienne

1) BameTuM, 9TO B yCJIOBUM HE CKA3aHO, KaKasi U3 BEPIINH OCHOBAHUS HAXOIAUTCS OJIN-
ke K Jua3e. Paccmorpum mnepBbiit coydait: Omrke K JIMH3€ PacIojioykeHa BepiinHa B
(em. puc. 2). Bropoii ciryuait (korja 6JimKe K JIMH3e paciojiozkeHa Bepiinaa A) paccMoTpum
B X0/1e perierns. Takzke OTMETUM, ITO PHUC. 2 sIBJISIETCs JIUIIH NPUHIUITHAIBHON CXeMOI, 10~
SICHATOIIE X011 Jiydeii 1 (popMupoBaHne N300parKeHust, T.K. Ha PUCYHKE yCJIOBHE PABEHCTBA,
[JIOIIA/1eil HEe BBIIOJIHACTCH.

2) O6osnaqanm paccrosiaue ot Bepuinabl A Tpeyrosbauka AABC 10 J1uMH3bI Yepes3
x4 = 3F; paccrosinue ot Bepimabl B Tpeyroibauka AABC 10 IMH3BI Yepe3 T g, a BBICOTY
TpeyrobHUKa Kak H.

Tak Kak TpeyroJbHUK paBHOOEIPEHHBIN, TO paccTosiHue oT Bepuinibl C' TpeyroabHIKa
AABC 1o nmun3bl paBHo: xo = (x4 + xp)/2.



Pucynox 2

3) Ucnonb3yst hopMysry TOHKOI JINH3BI, HAlAEM paccTosuust oT JnH3bl 10 Ay, By, C4
— m3obpaxkenuit Touek A, B, C' (smu paccrostaust obosuadum fa, fp, fo):

1 N I 1 (1)
ra  fa F
A F
= , 2
fa py— (2)
Anajiornyso,
1 n 11 1 N I 1 3)
v fp F xc  fo F
rpF ol
pr— pr— . 4
fB ZL’B—F7 fC l’c—F ()
H o fe
4) Boipasum Boicoty H B Tpeyrosbhunke AAy B1Ch, npumenus dhopmyiry: = o
0o Zc
2F
H=H : 5
OxA +xp — 2F (5)

5) YesoBre Toro, 9To mioia s rpeyroibauka A Ay BiC paBHa IO N TPeyTroJIbHIKA
ANABC, sanuiiercs: B Buje:

%(xA—xB)HO:%(fB_fA)H' (6)

3/ech yaTeHo, 9to 1o (4) u3 ycjaoBusi x4 > xp caenyer fg > fa.

6) 3aMeTHM, YTO eCJ/IU BBIMOJIHACTCS YCJIOBUE T4 < Tp (BTOPOI ciydait — Touka A pac-
roJjiaraeTcs OJimKe K Jima3e, 94eM Touka B), o fp < fa. [lonydaem, ato B mpaBoii u jieBoii
qacTAX Bbipazkerust (6) GyJyT CTOSITH ILIOMAM TPEYTrOJIBHUKOB, HO ¢ OOPATHBIM 3HAKOM.
CrenoBatesbro, ypasaerue (6) crpaBeIuBO U 7T CJIydasi, Korja Todka A pacrosaraercs
OJKe K JIMH3e, 9YeM Tovka .

7) oacrasnss B (6) Beipaxkenns (2), (3) u (5), mosy<mm:

1 B F3Hy (x4 — xB)
5 (T4 —xp) Ho = (24t 25 — 2F)(2p — F)(za— F) (7)
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Yipornasi Bbipazkenue (7), moJrydaem:
(xa+ap —2F)(xp — F)(vy — F) = 2F°, (8)
8) [Moxcrasisisi B (8) x4 = 3F, Haiigém xp:
(3F +xp — 2F)(2p — F)(3F — F) = 2F°,

(F+zp)(zp—F)=F*= 25 =FV2. (9)

Mpr ostyaunu, 9To xp < T4, CIEJI0BATEILHO, HA PHUC. 2 PACIIOJIOKEHNE BEPIITTH TPEYTOJIb-
nnka AABC 0THOCHTEIBHO JIMH3BI BLIOPAHO BEPHDIM.
9) Jdmuna ocnosanus AB tpeyronbanka AABC pasHa:

L=(zxg—xp)=3F—FV2=F(3—-v2)~16F =16 cu.

Otser: AB =L = F(3 —+/2) ~ 1,6F = 16 cwm.

OH
NaOH 1.CO, MeOH, H,SO, 1. NaNO,, HCI
— = A G » H =
2. HCI 2. H,0, H,S0,
CH3Il
B CZHSCOCL C NaBH4 D H3PO4 E NaOH

AICI;

Pucynox 3

Bamadya 4. Muorue BemiecTBa, UCIOJIb3yeMbIe KAK apOMaTH3aTOPbI, OTHOCSTCS K apo-
MaTHIeCKUM COeJInHeHusIM. Bbiiie (¢M. pHCYHOK 3) HpHUBeJeHa IelovKa IIpeBpalleHuii, ¢
MIOMOITBIO KOTOPOiT 13 (perosia MOYKHO MOJYUUTH PasHoodbpas3Hble OTHAYIIKN, ¢ KOTOPHIMA
MBI BCTPEYAEMCsI €2K€JTHEBHO.

BermectBo B nazBano B 4ecTh annca n MOXKeT OBITH TOJIyUIEHO 110 peaknuu A ¢ MeTHIH-
oauyioM. IIpn nocnenoBarenbaoM anuymmposanun 1o Opuesnio-Kpadrcey, BocctanoBaeHnEM
HATPUIOOPIUAPUJIOM U jJeruapaTaiueii (pocopHOil KUCIOTO MOXKET OBITH IOJIYUYEHO CO-
equaenne E, koropoe obirajiaer 3ammaxom anuca. Ero nzomep F rmaxHer mojbiHbO U 130Me-
pusyercs B E nipu jefictBun ménoun.

Baxkneitmiee B hapmarieBTuke coenunenne G — caauiuaioByi0 KUCJIOTY — B IIPOMBIIII-
JIEHHOCTH TOJIyJaloT 110 peakiuu A ¢ yryiekucabiM razoM. [Ipu eé srepudukannm MeTano-
JIOM C WCTIOJIb30BAHNEM CEPHON KUCJIOTHI B KAUeCcTBE KaTaJIN3aTOPa MOYXKET OBITH MOJTyUeHO
BerectBO H — ocHOBHOI KOMIIOHEHT 3(UPHOIO Mac/ia JIEKAPCTBEHHOI'O PACTEHUsT TayJIbTe-
pun. DTO YKe BEIIeCTBO MOXKeT ObIThH MoJyueHo 3 amuna I nmpu ero peakium ¢ HUTPUTOM
HATPHUSI B KUC/BIX YCIOBUSIX Ha XOJIOJIE; MOJIyUeHHAs HEyCTOWINBasi COJIb pearupyer ¢ BO-
JI0i B IPUCYTCTBUU cepHOil KucaoThl ¢ obopazoBannem H. Bemectso I obsiagaer 3amaxom
BUHOTPA/Ia U UCIOJIb3yeTCsd B Ka9ecTBE apoOMaTH3aTOPa Ta3npOBAHHBIX HAITUTKOB.

[Tpusenure crpykTypHbIe (hopmysibl BerecTB A — I u ypaBHEeHUST XUMUYECKUX PEAKIIHIA,
OIUCHIBAIONTIX YIIOMAHYTHIE TTPEBPAIICHUS .



OH ONa OH O NH, O

1. NaNO,, HCI
NaOH Lo og _MeOH 80, OCH; <277 OCH,
EXchl 2. H,0. H,80,
A
(_‘11311

OCH; OCH3 OCH,

CH,0
CaH5COC _NaBH, _ _HPO, _NaOH_
A, 1
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B

Bo3moxkHoe pernieHune

[Ipu peakiun dpenosia ¢ rUJAPOKCUIOM HATPUS MOJIyIaeTcst PEeHOJIST HATPHsI, KOTOPbIi
3aTeM MOXKHO METUJIMPOBAThH METUJIMOIUJIOM ¢ oOpazoBaHumeM aHuzoja. IIpoaykr ammim-
poBanust annzosa 1o Opugeno — Kpadrey ceeKTUBHO BOCCTaHABINBAIOT OOPIHUIPUIOM
HATPUsI JIO BTOPUYIHOrO cuupta. IlojydeHHblil ciiupT gernapaTupyior ¢ odOpasoBaHueM 00-
Jlee 3aMeIEHHO JBOMHOI CBA3M. DTO »Ke BEIeCTBO MOXKET ObITh IIOJIYUYEHO U3 ero N30Mepa
C TepMUHAJIBHON JIBOMHON CBA3BIO.

DeHosaT HATPHUS KapOOKCUIMPYETCs YIVIEKUC/IBIM T'a30M ¢ 00pPa30BaHUEM CaJIMINIaTa,
HATPHUsl, KOTOPBIIl 3aTeM pearupyer C COJISTHON KHCJIOTOH ¢ oOpa3oBaHUEM CaJIUIINJIOBOI
Kuca0Thl. CaJInuIoBasl KUCI0Ta 3aTeM BCTYIIAeT B PEAKINIO 3TepuUKaINN ¢ METAHOJIOM
B IIPUCYTCTBUU CEPHOIl KUCJIOTHI. JTO K€ BEIIeCTBO MOYKHO IOJIYYHUTH IIPU Pa3JI0yKEeHUN
JIMA30HUEBOI COJIM, TIOJIYYEHHON 110 peakIuu MeTUuJaHTpaHuaTa ¢ HUTPUTOM HATPUAd B
cpejie COJIAHON KUCJIOTHI.

OTBeT: ypaBHeHUs peakInii 1 CTPYKTYypHbIe (POPMYJIbI COIMHEHMIT TIPeJICTaB/IeHbl Ha
puc. 4.



