2016/2017 yuyebHoro roaa
XapbkoBckasi 00J1aCcTh

8 kaacce
Kaxxnas 3amaua — 5 Gasuios. Perienus B o01eM BUIE OLIEHUBAIOTCS BBIIIE, YEM TOJILKO B YHC/IAX.

1.Mexranaktuueckuit 3ymofeil npodeccop Pyruiyc oOHapy ui, 9ro Ui 3aBepIeHHs
MIOCTPOCHHUS €TO YKACAIOIIEro OPYKHsI HE XBaTaeT OJJHOTO KOMITOHEHTa — BEYHO CBEKEro CHOH/IBHYA
C HEW3BECTHOU MIaHeThl B cucteme [ opsimux Bbypputo-3. 3Be3m07ET HecE€Tcs C MOCTOSHHOM
CKOPOCTBIO IO THIIEPIIPOCTPAHCTBEHOMY TEUEHHIO M Jo0mpaeTcs oT 0Oa3bl mpodeccopa 10
HEOOXO MO TIIaHeThI 3a 2 yaca. OOpaTHBIN MyTh TPOTUB TeYeHUS 3aHsI 3 yaca. [lo okoHuanuto
MyTeecTBUS mpodeccop 3amaics BOIMPOCOM, BO CKOJBKO e pa3 CKOPOCTh 3Be370JETa OoIbIe
CKOPOCTH THUIIEPIPOCTPAHCTBEHOTO TCUCHHUSI?

Pemenune

[lyctbvr #40603HAUAIOT CKOPOCTH 3BE3/10JIETA U TEUEHUSI COOTBETCTBEHHO, a {7 U {2 — BpeMs
JIBUYKEHUS TI0 TEUEHUIO U IPOTUB HETO COOTBETCTBEHHO. V3 paBeHCTBA pacCcTOSHUM, PO IEHHBIX
10 TEYEHUIO U MPOTUB HETO, MOJIyYaeM clieAyIolee ypaBHEeHHUE:

v+t =(v-u)t,
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. BpeMSI CTPAaHCTBUSI B IOMCKAaX JPEBHETO MacTepa, 3BE3H0JET
; 2. Bo Bpems cTpanc OMCKa €BHEro MacTepa, 3Be3/10J1¢
4 rajakTuueckoro crpaxka Teyca Tuma 3actpsi B 6e3MaccoBbIX OoioTax
ATtnanToca. ['epoif, Heoiro aymasi, CoOOpyAri KOHCTPYKIUIO, ITOKa3aHHYIO
L Ha pucyHke cieBa. C Kakoil cujoi F HyXHO TOJIKATh pbIYar, 4TOOBI
VACP)KUBATh 3BE3MOJIET MAcCOd m OT JaJIbHEHINEro TMOTrpyKeHHUs?
F YckopeHnue cBOOOHOTO MaJIeHHs Ha IIJIaHEeTe PaBHO g.
Pemenne

PaccmoTpum yciioBre paBHOBECHS TIOABHIKHOTO OJIOKA:
mg =2T

rac T — cua HaTSHKCHUS HATH. B ¢BsI3H ¢ TEM, YTO HEIOABH>KHBIN 0JI0K He JIAaéT BBIUT pbIlIa B CUJIC,
TO ¢ cuyioil T HUTh HeﬁCTByeT Ha pbIYar B TOYKEC, Ha paCCTOSIHUN l 1 OT TOYKH OIIOPHI.

BBIHI/H_HCM HpaBI/IJIO pBI‘lal“a JJISI TOYCK HpI/IJ'IO)KeHI/IH CHUIJI:
Tll = F(ll + lZ)

N3 sTux AByX ypaBHEHU BhIpakaem F.
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3. Ognaxael mpodeccop PyTuiryc IMpoBOMUI ONBITHI [0 M3YYEHHIO 3aKoHAa Apxumena. OH
MPHUKJICHIT JIPYT K JAPYTY TPH IFIMHIPA, TaK, YTO UX OCH COBITAJU. PaqiyChl U BBICOTHI ITUJIMHJIPOB
ObT paBHBI 7;=1,5 cm u h;=0,5 cmr;=1 cm u hy = 2 cm, r3=I10cm u h3=24,5¢cm. Macca Bceit
KOHCTpyKnmu  coctaBmia m=0,5 «ke. Ilpodeccop Boapys3mi
r; MOJIYYCHHYIO KOHCTPYKIIMIO Haj IICHTPOM KPYIJIOTO OTBEPCTHS
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| = paauycoMR=] cm Ha JHE aKBapuyMmMa M Hadall 3aloJHSITh aKBaApUYM

hz‘ o rz _ BOJIO#, KaK IMOKa3aHO Ha pUCYHKe ciieBa. [[oHUMETCS JTH KOHCTPYKITUS

i T U, eClM Ja, TO TPU KAKOW MUHHMAJIbHON BBICOTE YPOBHS BObI?

h; .. il = | Atmocdeproe naBienue P=100 xlla neficTByeT Ha CHCTEMY M CBEPXY,

—— W CHH3Y IO IUIOINAAM OTBEPCTHSA, HO K JIHY aKkBapuyma IHIAHID

‘R MpHJIEraeT IUIOTHO, M MO IUIOM[aJXd KOHTAaKTa JaBJICHHS BO3ayxa HE
UCIBITHIBACT.

Pemenune
Ha nopienb BHUA3 AEHCTBYIOT TaKUE CUJIBI:

®  CHJIA TSDKECTHMZ;
e  cula JIaBJeHHUs BOJBI M BO3yXa HA BEPXHIO IpaHb HIKHero mumunapa w(rf — r2) (P +

(h = h)pg);
[ ] CHUJia JaBJICHUSA B03z[yxa Ha BerHIOIO FpaHB BerHeF (0] I_[I/IJ'II/IHI[paTTP 7"32 .

BBepx AeiCTBYIOT CUJIBI:

e JlaBlIeHHE BO31yXa yepe3 oTBepcThenPR?;
e cuJIa JIaBJIeHHUs BOJIBI U BO3yXa HAa HUKHIOI IpaHb BepxHero mumnapa w(rs — r2) (P +

(h —hy — hy)pg);
e  CHJIa HOPMAJIGHOI PEaKIIHH ONoPbI IHA N.

VYcioBue paBHOBeCHUS OPIIHS:
mPR? + t(r? —r$)(P+ (h—hy — hy)pg) + N = tPrZ + n(rf — r2)(P + (h — hy)pg) + mg
[Topmens HayHET npHOABIMaTECS, Koraa N = 0.Iloxydaem ypaBHEHHE [UIS BBICOTHI, PEIIIa€M €T0 U

HaXOJTIM:
, _ TPGE = R + mpg((rF = 120 + (oF = rP)y) + mg

=17 cM
npg(rf — 1)

DTa BbICOTa MEHBIIIE CYMMApPHON BBICOTHI KOHCTPYKIUU (27 cM). 3HAYUT, KOHCTPEKIIUS BCIUIBIBET
npu h = 17 cm.

4. Kaxapii 3j10/€eH, 4T00Bl YCHENIHO MPOTUBOCTOSTH TEPOSIM, TOJKEH
Bcer/ia ObITh B Xopore pusudeckoii popme. Y mpodeccopa Pytuiryca Tpenaxep
COCTOWT W3 OJIOKa, IMOJBENICHHOTO Ha TPYXKUHE KECTKOCTBIO k, depe3 KOTOPBIM
NEepeKNHYTa HUTh M TPUKPEIUICHA K 3aKPEIUIEHHON MpYXUHE C JKECTKOCTBIO K.
MakcumarnpHass CcWia, KOTOPYIO MOXET NpPWIOKUTh Pyrtminyc, paBHa F.
OmpenenuTh, Ha KaKoe pacCTOSHHUE OIYCKAeTCsi KOHEIl HUTH (TOo4YKa A Ha pHC.
cipaBa), Korja PyTuiyc TSHET ero BHU3 30 BCEX CHIL A



Pemenune

BrinuiieMm ycioBue paBHOBecus OJ10Ka:
T=F+T,
F=T,

rae T) —9To cuia ynpyroctu B BepXHel mpyxuse, a 1o — cuiia ynpyroctu B HUKHEH MpYKHUHE.

2F

Taxum oOpazom, I, = 2F [Ipumenss 3akoH ['yka, nomydaem X = ——, x;- 3TO BBICOTA, Ha

k

KoTOpyto omyctuiicst 670k. Tornma BeicoTa, Ha KOTOPYIO OMYCTUTCS TOYKA A B CBSI3H C OIYyCKaHUEM
6110ka Oyzaet 2x;.

F

C npyroii croponsl, X, =, X; — BBICOTa HAa KOTOPYIO OIYCTHJIACh TOYKA A OTHOCHUTENIbHO 0JIOKA B

k

CBSI3M C YJIMHEHHEM BTOPOU MPYKUHBI.

SF

CxnazpiBast 9TU J1Ba U3MEHEHUS BBICOTHI, TIoJydaem: X = 2x1 +X, =—

5. Yro6hl 3ampaBUTh CUCTEMY OXIQXKIEHHsS CBOEro 3Be3noiéra, Teyc Tum ¢ MOMOLIBIO
TeJICKWHE3a OXJaXmaeT v=/ Mmoib BO3AyXa OT HavdainbHOW Temmeparypbl 1=20°C 10 >KHJIKOTO
COCTOSIHUSL, OTBOJISI OT HETrO TEIIo ¢o ckopocThio P=100 /oc/c. Bo3ayx, B OCHOBHOM, COCTOUT U3
80% atomoB azota (N;) u 20% artomoB kuciopoga (O;). 3a kakoe BpeMs BeCh OXJIaXKIaeMbIi
BO3/IyX TpeBpaTUTCs B XUIAKOCTH? [locTpoiiTe rpaguk 3aBHCUMOCTH TeMIiepaTyphl JaHHONH CMecH
OT BpeMEHH MW TosicHUTe ero. Temmeparypa kumeHus azota 1y;=-196°C, ynenbHas TemioTa
napooOpazoBanus azota Ly,=198 «l[oc/xe, MmonspHas Macca azota My,=28 &/monw, yaelbHas
TEIUIOEMKOCTE a30Ta cyy=1,05 xl[ic/(ke'K), ynenbHas TEIIOEMKOCTh JKHJKOTO a30Ta Cyn2=2,1
kllic/(ke'K) Temmepatypa KareHus kuciiopoaa 1p,=-183°C, yneiapHas TeIUIoTa MapooOpa3oBaHUs
kucnopona Lp,=213 «l[ic/ke, ™MonspHas wmacca kuciopoga Mp,=32 2/mone, yAelbHas
TEIIOEMKOCTH KUCTOpoa cor=0, 92 k/oc/(ke'K), ynenbHas TETIOEMKOCTb.

Pemenune
I[J'If[ Ha4vaJia BBIIIUIIICM KaKUEC MaCChI y a3oTa u KI/ICJ'IOpOI[a COOTBCTCTBCHHO:
m, =M, *v*0.8=224c
2 2
m, =M, **(0.2=6.4¢2
2 2

Haiiném 3akoH, Mo KOTOpoMy OyJIeT MEHSThCS TEMIIEpaTypa cO BpeMEHEM, KOT/ia a30T U KUCIOPO/T
HAXOJIATCS B Ta3000pa3HBIX COCTOSHUSX. PaciuiieM KOJHYECTBO TEILIOThI, KOTOPOE YXOJIUT Ha
OXJIKJICHUE TAaHHON CMECH Ta3oB:

O=Pt=(cymy +c, m, JAT

Bripaxkaem oTcrosia Temmeparypy:



P

(ch my +c,, moz)

T=T,-

ButHO, UTO 3TO NMMHEIHHAS YHKIMS OT BpeMeHH. JlaHHEIH mporiece OyIeT MPOUCXOUTh, TOKa MBI
He JIOCTHTHEM TeMIIepaTyphl KOHIEHCAIIMH OTHOTO U3 Ta30B. I10cKoNBKY TeMmepaTypa
KOHIEHCAITMH KUCJIOPO/Ia BBIIIE, TO HPOIECC OXIAKIEH s OyIeT IPOUCXOIUTE 10 TEMIIEPaTyphl
To>

t_ﬁc%mm+f@m@X1rJ@)_axﬁ*zz4+21*64xzo+uﬁ)

: =75.03¢
P 100

Bo BpeMs KOHJCHCAIINU KHUCJIOPOJa TEMIIEpaTypa HE 6yz[eT MCHATBC. O,Z[HaKO MBI MOKEM HaAWTH
BpEMs, KOrga KOHACHCAIUA 3aKOHYNUTCH.

L, m *
P(t,—t))=L,m, =t,=t, +% = 75.03+% = 88.66¢

AHAJIOTMYHO HOCJIE KOHACHCAI[UHN 6y,[[eT OXJIAXKACHUEC CMECHU U3 JKUJIKOI'O KUCJIOPpOJda U a30Ta.

P
T=T, - (t—t,)

o
’ (CN2 My, +C,0, moz)

Janusiit mporecc OyieT IpoucXOoAUTh 10 TEMIIEpAaTypbl KOHIeHcalnu azora. Haiiném Bpems, koraa
HAYHETCS KOHJEHCAIIUU a30Ta:

com, +c m, (T, —T, * * _
+(M N, m@}o)(@ ”)=8866+G*B 224+74Hg4x(1&n+1%»

t,=t, =98.04c

Bo BpeMs KOHJICHCAIIUU a30Ta TEMIICpaTypa HC 6yz[eT MCHSATBHCA. HaﬁﬂéM BpEMs, KOToa
KOHACHCAIUA 3aKOHYUTCH.

L, m, 198*22.4
P(t,—t)=L,m, =>t,=t, +—2—2=98.04+———=142.39¢
(4, 1) v, My, 4 =1 P 100
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