Pemienus 3ajaHnuii 0O4HOI0 dTAna
Oamumnuaabl «JIomoHoCOB» M0 HHKeHEPHBIM Haykam 2017/2018

8-9 ki1accrl
3agaua 1.1.
TepmorpaBumerpudeckuii ananu3 (TI'A) — meron aHanmm3a, TP KOTOPOM PETUCTPUPYETCS

3aBHCUMOCTh HM3MEHEHHUS MAacChl HCCIEAyeMOro obOpasuma oT Temreparypbl. M3BecTHO, 4TO
KOMILUIEKCHOE coeauHeHne comu A ¢ p(A)=1067 ﬁ COIEPKUT B CBOEU CTPYKTYpE OJHY
MOJIEKYJTy pacTBopuTelis. B pesynbrare aHangn3a ObUIO MOIY4€HO, YTO PACTBOPHUTENb BBIXOAUT
U3 CTPYKTYpbl KomIiekca B nuamnasone 105—229 °C, mocnme uyero coeAMHEHHE ITOJHOCTHIO

paznaraercsi (M. pUCYHOK).
Hcxonst M3 NMaHHBIX TEPMOTPaBUMETPUUECKOTO aHAIM3a OMpPEACNIUTe, KaKOW W3 BO3MOMXHBIX

pactBoputeneii (H,O, CH3CN, CH3OH, C,FsOH) BxoauT B COCTaB KOMILIEKCHON COJIH.
[TpuBeayTe BO3MOXHYIO CXEMY CHHTE3a JAHHOTO PACTBOPUTEIIS M3 HEOPTaHMUYECKUX BEIIECTB.
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Pewenue:

W3 nmaHHBIX TEPMOTPAaBUMETPHUYCCKOrO aHAM3a HaWJAeM MOJICKYISIPHYI0 MAacCy MOJICKYJIbI
PaCTBOPHUTEIIS, COJCPIKAIICHCS B CTPYKTYpE COH A

u(p)=wA) - (1 -0,9615) =~ 41 r/monn
Jlasee HaiijieM MOJICKY/ISIPHBIC MACChI PACTBOPHUTEIICH, IPEACTABICHHBIX B 33/1a4e:

w(H20) = 18 r/moib

w(CH3CN) = 41 r/momns

w(CH3OH) = 32 r/momnb

w(C,FsOH) = 136 r/moib
OTcro/1a HaX0JIUM, YTO KOMIUIEKCHOE COCIUHCHUE COIM A COJEPKUT B CBOCH CTPYKTypEe OJHY
mosekyay areroautpuna (CH3;CN).
Jlanee nmpuBeeM OMH U3 CIIOCOOOB MOJYUYCHHUS Al[CTOHUTPHIIA U3 HEOPIaHUYECKUX BEIIECTB:
CaC; + 2H,0 = C,H,1 + Ca(OH),
CyHy + H,O = CH3CHO (ameranpaerna) — peakuusi IpOTEKaeT B MPHUCYTCTBUU COJH PTYTH
(Hg®") B kucioii cpene
2CH3CHO + O, = 2CH3COOH — peakius mpoTekaeT B MPUCYTCTBUH arlerata Maprania (1) mpu
HOBBIIICHHON TeMIIepaType U TaBJICHUN
CH3COOH + NH; = CH3CONH; + H,O — peakuus nporekaer B npucyrctBuu Al,O; mpu
HOBBILIEHHON TeMIIepaType
CH3CONH; = CH3CN + H,0 — peaknus mporekaet B npucyrctBun P20s

3anaua 2.2.

3akperuieHHass IepeBepHyTas JIMTpoBas OaHKa 3aroJiHeHa
KHCIIOPOJIOM M KacaeTcsl TOPJIBILIKOM ITOBEPXHOCTH KEPOCHHA

TaK, KaK I0Ka3aHO Ha PUCYHKE. YPOBEHb KEPOCHHA B COCYJE ©
MOJJICP’)KUBAETCS TOCTOSIHHBIM. BHYTpu OaHku coaepxurcs 1
IrpaMM HaTpus, KOTOPbIM MOKPBIT 3alUTHOM oOojoukoil. B
HEKOTOPBII MOMEHT BPEMEHHM OHA pPa3pyLIacTCs M HAYMHACTCSA
XUMHYecKass peakuus. Ha CKOIbKO TIOJHHMMETCS YpOBEHb
KepocHHa B 0aHKe Mocje TOro, Kak BeCh HaTpHUil mpopearupyer?
Bce mpoueccsl cunTath U30TEPMUYECKUMHU, IIPOXOAAIIUMU IIPU
KOMHATHOW TeMmIeparype © HOPMalbHOM aTtMoc(epHOM

napieHnr. OO0beM HATpHUsl U MPOAYKTOB XMMHUYECKOH peakiuu
CUMTAaTh MHOTO MEHBUIMM, YeM BHYTPEHHUH 00beM OaHKU.

JlaBieHueM mapoB KepocuHa npeHeopeub. [L1oTHOCTh KepocuHa
pasHa 0,8 r/em’. Jnst mpocTOoThl 0aHKY CUMTATh MIJIMHIPOM C
BbICOTOM 20 CM.

Pewenue:



https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A0%D1%82%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D1%86%D0%B5%D1%82%D0%B0%D1%82_%D0%BC%D0%B0%D1%80%D0%B3%D0%B0%D0%BD%D1%86%D0%B0(II)
https://ru.wikipedia.org/wiki/%D0%90%D1%86%D0%B5%D1%82%D0%B0%D1%82_%D0%BC%D0%B0%D1%80%D0%B3%D0%B0%D0%BD%D1%86%D0%B0(II)

[lycrb my, = 1 0 — Macca HATpPHd, [na = 23 I'/MOJIb — MOJADHAA Macca HATPHS, VN, =
mNa/ Una = 1 / 23 — uwnciao MoJieil HaTpus. Peakims B3amMojeiicTBUs HAaTpHUs C KHCJIOPOIOM OIIH-

ChIBaeTCs ypaBHeHueM
2Na+02 — Nag()g; (1)

[I09TOMY JIJIs TOIO, 4TOOBI IpOpearupoBasl Bech HaTpHil, HyxKHO 1/46 MOJIbL Kucjiopoja; B TO »Ke
BpeMs B 1 J1 1Py yesioBHsX, OJIM3KIX K HOPMaJIbHBIM, cojgepzKuTes nourn 1,/20 Mosb rasa, T.e. nocie
TOI'0, KaK HATPHIl IIpopearupyeT IIOJHOCTHIO, B DaHKe OCTAHeTCH eIlE IPUMEPHO IIOJI0BHHA HCXOIHOIO
KOJIMYeCTBa KUCJIOPO/IA.

[Tycrs py — armocdepHOe naBieHne (COBIAIAIONICE ¢ HAYAIBHBIM JaBICHIEM KHCJIOPOa B DaHKe),
P1 — JaBJIeHHe KHUCJI0poJa B OaHKe B KOHEYHOM COCTOSIHHH, fig — HOJIHAs BbicoTa DaHKH, fii; — BbIcOTA
croJi0a KepocuHa B OaHKe B KOHEYTHOM COCTOsIHUM. 10Or/1a yCjI0BUe PABHOBECHSI B KOHEUHOM COCTOSTHUU
3alUCBIBAETCS] B BUJIE

Po = p1 + pghi, (2)
rje p — IUIOTHOCTb KEPOCHHA, & ¢ — yCKOpeHue cBOOOIHOIO I IeHUSI.
[Iyers 1y = p;;“ U vy — HavaJdbHOE U KOHEYHOe UMCJIO MOoJjeil Kuciopomaa (3xech Vy — 0ObéEM

Gauku, 7' — TemuepaTypa, IpH KOTOPOI IIPOBOJNTCS 9KCIEPUMEHT |B JajbHeiieM Oy/ieM CUHTaTh,
aro 7' = 298 K|, R — ynusepcaibpHasi rasoBasi nocrosinaas). Torma w3 ypasHenusi peakmun (1)
cIeyer

1
vy =y — éyNa- (3)

[TocKo/IbKY B HAYAJBbHOM U KOHEYHOM COCTOSSHUM TEMIIEPATYPbl KHCJIOPOJA PaBHbLI, U3 ypPABHEHH
MeniesieeBa-Kiiamneiipona cieiyer, 1To

vy ho
— _— 4
n pOVoho—hf (4)
TaK 4TO ypasHenue (2) npuobperaer Bu
" h,o
—_—— — h . 5
Do = Po Py (5)

Ymmuozkast 0be cToponsr 3roro ypasuenus na (hg — hy) 1 #CIONB3ysT PaBEHCTBO (3), €ro MOXKIO 1epe-

IIMCaThb B BUJIE KBa/I[PATHOI'O YpaBHEHWZA Ha OTHONIEHUE :—;Z

2

h h v
paho [ =) = (po+ pgho) | — | + pos— = 0. (6)
ho ho 21/0
Breonst ganee obosHa1eHHs1
Po hy UNa
A — s T = s — —’ 7
pgho ho 21 (7)
MoJIyvdaeM KBaJIpaTHOe YpaBHEHUE Ha I
7 — (A+ 1)z + An =0, (8)

PeIennss KOTOPOTO JatoTcs (hopMyIoi

A+1+ \/(A+1)2—44n
5’31’2 = 9 . (9)

Ouenum reneps Ge3pasmepusiii napamerp A B dopmyste (9). [lpunumast hy pasasiv 20 e, a p = 0.8
r/em®) moyuaem A ~ 65 > 1. [Tockosbky 110 embicy 3agaau 0 < x < 1, B dopmyite (9) HaM HY2KHO
B34TE 3HAK “— 1epej| KopHeM (BTOPOil KOPeHb OKa3LIBAETCS CYIIECTBEHHO PEBOCXO/ISIIIM €IHHHIILY,
Ty ~ A), TaK 9TO OKOHYATEILHO IOy TaeM



A+1—\/(A+1)?—44n

5 ho ~ 10.55 cm. (10)

ha
3aMeTHM, YTO BOCIHOJIB30BABIINCH HepaBeHCTBOM A > 1, MOXKHO OBLIO OY€Hb HPOCTO IMOJIYIHTH
npub/zKenHoe pernenne 3aaqu. leiicrBurenbHo, HepageHcTBO A 3> 1 o3Havaer, 9To masieHue pghy,
cozzaBaemMoe (IOKa emé HeM3BeCTHBIM) CTOJI00M KepocuHa BeicOTON (hy < hy) B DGaHKe, 3aBEIOMO
OYeHb MaJjIO II0 CPaBHEHUIO ¢ arMOoc(epHBIM JaBIeHHeM. DTO O3HadaeT, YTO JaBJIeHHe KHCI0POAa
U B KOHETHOM COCTOSIHUH OYJIeT HPAKTHIECKH COBIAJIATH ¢ aTMOChEpPHBIM JIABJIEHHEM, YTO B CBOIO
o4epe/b O3HA4YaeT, YTO

ho — h
o ﬂ: (11)
ho 4
OTKY/la Cpa3y I0JIyvYaeM OTBEeT
UNa
hy = hg =~ 10.63 cv 12
1 2, 0 cM, (12)

KOTOPBIH ¢ TOYHOCTBIO JIO MPOIEHTA COBINAJACT ¢ TOYHBIM oTBeTOM (10).

3anaua 3.3.

C HacTymjieHHeM 3UMBbI Ilepe/l KOMMYHAJIbHBIMU CIIyK0aMU OCTPO CTOUT BOIIPOC: YTO JAEaTh C
BbIMABIIUM CHEroM? Ero MOXHO BBIBO3UTh Ha CHEHHUAJIbHbIE IUIOUIAJKM MWJIM IUIABUTH B
CHETOIJIaBWJIbHBIX YCTaHOBKAaxX HpsAMO B ropoje. OneHHUTe, HA KaKOM PACCTOSIHMM JIOJDKHA
HAXOJUTHCS CTeNUANbHAS TUIOIIA/KA, YTOOBI BBIBO3UTH CHET OBLIO BHITOJIHEE, YeM IUIABHUTH €T0,
C HCHOJb30BaHMEM HambOoisiee BBITOJAHOrO Buaa TomumBa. OTBer mosicnure. VI3HOCOM TEXHUKU
npeneOpeub. Kakue 10CTOMHCTBA U HEJOCTATKU €CTh Y Kaxa0ro u3 Mero1oB? Ipenioxure cBou
WU YTUIN3ALNUN CHETA.

VY nenbHas IInotHOCTH Croumocts KIIJ] ycraHOBKH,
TeIIoTa paborarornieit Ha
CrOpaHHUs JTAHHOM BH/JIE
TOTIJIBA

[TpuponHsIii ra3 33,5 MJIx/kr | 0.8 kr/m° 6 py6/m° 98%

JuzenpHOE 42,7 MJIx/kr | 840 kr/m° 40 py0/n 98%

TOIIJIMBO

benzun 44 M JIx/kr 750 kr/m° 41 py0/n 98%

Hpesecusiit yrons | 31 MJDx/kr 900 xr/m° 6000 py6/T 83,5%

Pacxon TormnuBa ams myctoid MamuHbl: 36 11/100kM

Pacxon TormmBa a1 rpyKeHO#M MalmHbL: pacxo myctoi +1,31/100km Ha KaXIyro TOHHY Tpy3a

O06beM cHeroraBmwiIbHOM ycTanoBku: 100 M

VnenpHas Temnora miasiaeHus cHera: 330 kJx/kr

[TnoTHOCTH cHera npuHATH paBHOM 500 Kr/M°
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ABTOMOOUIE JJIs1 BBIBO3a CHETra

Pewenue:

1. Omnpenenum Maccy cCHera, BHIBO3UMYIO 3a | pa3 OHUM I'pPy30BUKOM:
Merera=p -V =p-abh= 10T

2. BblpaSI/IM pacxoJ TOIIMBa I'Py30BHUKa HAa BBIBO3 10 T cHera u BO3BpaIlllCHUC €I'0 O6paTHOZ

(R'S+l,3'mcHera'S)+R‘S:2'R‘S+1,3'mc1-lera's:(2'36n+ 13H)'S:1§(5)EM'

100 kM 100 KM

S, re S — paccrosiHUEe 0 CIICHAIBHON TIIOIIAIKH.

Tloscrnenue.

I'py3osux edem Kk cneyuanibHol nIOWAOKe, 2PYIHCEHHBIU CHE20M, d 0OpAmMHO 8038paujaemcs
nyCcmotl.

3. OmpenenuM HanbosIee BRITOAHBINA BUJ] TOTUTHBA JUTs pactuiaBku 10 T cHera.

Am-100%
qpn%

A\ — yZenbHas TEeIIoTa IJIaBJIEHUS CHEra;

M — mMacca CHera;

g — yAenbHas TEIIoTa CTOPaHus TOILINBA,

p — IUIOTHOCTH TOILINBA;

n — KII/] ycraHoBKw;

Cm,; — CTOMMOCTbH TOTLIUBA.

Hrtorosasa croumMocts = -Cm,, roe

Hrorosast crouMocTs (yrons) = 765 pyo

Htorosasi crouMocTh (IpUpOIHBIi ra3) = 754 pyo

Hrorosas croumocts (6eH3uH) ~ 4184 pyo

Hrorosast croumocts (au3ens) = 3755 pyo

Herpyano 3ametuTh, 4T0 Hanboliee BHITOJHBIM BHIOM TOIUIMBA SIBISIETCS MPUPOIHBIN

ras.

Torna:

Am - 100% 851

Tam% CMrasa > 100 kM S+ CMyypsen,

Pemass manHOe HEpaBeHCTBO, HaxomuM, uto S < 22,2 kM. Takum oOpa3om, cHeruaibHas
MJIOMIAKA TOJKHA HAXOAUThCA He najee 22,2 KM OT ropoJa.



3anaua 4.2.

Y4acToK 1enu COACPKUT COSTUHEHHBIE MTOCIEI0BATEILHO PE3UCTOP C COMPOTUBICHUEM R = 2
OM ¥ 1ONOJTHUTENbHYIO HArPYy3Ky, TOK Yepe3 KOTOPYIO CBSA3aH C HAPsDKEHHWEM Ha Heill Tak, Kak
[I0Ka3aHO Ha pUCYHKe. 1I3BeCTHO, YTO Ha IONIOJHUTENBHOM Harpy3Ke pacCeMBaeTCs B TP pasa
MEHbIIIasi MOIIIHOCTh, YeM Ha pe3uctope. UeMy paBHO NajJieHUE HAIPSKEHUSl Ha pe3ucTope?
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Pewienue:

[Tycts U(I) — HanpsbKeHUE HA HArpy3Ke, KOT/a Yepes3 Hee mpoTekaet Tok I. Bocmons3yemes tem,
YTO MOIIHOCTb, paccerBaeMasi Ha MPOU3BOJILHOM 3JIEMEHTE LIEMH, Yepe3 KOTOPhId TedeT ToK I,
paBHa npousseneHuto Ul, rne U — majeHue HanpspDKEHHMsT Ha pacCMAaTPUBAEMOM DJIEMEHTE.
CrnenoBarenbHO, TIOCKOJIBKY TOKHM 4Ye€pe3 BKIIOUYEHHBIE IIOCJIEN0OBATEIbHO PE3UCTOp U
JIOTIOJTHUTEIBHYIO Harpy3Ky OJMHAKOBbI, HAIPSDKEHWE HA Harpy3ke B TPU pa3a MEHbIIE, YEM Ha
pesuctope, T.e. U(I) =IR/3. Drto ypaBHeHHe Ha TOK | MOXHO NPHOIMKEHHO PENIMTH
rpaduuecku, Haiins Touky mnepeceuenus kpuBoit U(I) m mpsimoit muuum U = IR/3 (cm.
pucyHok). Takoe nmoctpoenue naet I = 2,25 A, U = 2,0 B. [losroMy nageHue HanmpsuKeHUST Ha
pesucrope paBHo IR = 4,5 B.
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Omeem: 4,5 B.




