BCEPOCCUNCKAY OJIMMIIMAIA HIKOJIBHMKOB
1O ®U3UKE 2019-2020 yu. .
MYHI/H_II/IHAHBHBIPI OTAII

10 kiacc

Pelnienusi 1 KpUTEPHH OLIEHUBAHUS

3agaua 1

Knun ¢ yriom HakiioHa o HauuHAET JBUXKCHHUE

C IOCTOSIHHBIM ~ YCKOPEHHEM @ B FOPU30HTAIBHOM

HampaBieHud (cM. pucyHok). Omnpenenure, ¢ Kakoi
-

CKOPOCTBIO U M ycKOpeHueM A Oyuer aBurarbcs Touka B
nepeceyeHust HaKJIOHHOM MIJIOCKOCTH KJIMHA
C HENOABW)XHOM BEPTUKAJIIBHOM NPSAMOM uepe3 Bpems t
IIOCJIE HaYaJla €ro IBUKECHUS.

Bo3Mo:xHoe pemienue

I[J'IH HariisiaHOCTHU MOXHO MpCaACTaBUTD, qTo HNMCECTCA HGHO,[[BH)I(HBII?'I
BepTHKaHBHBIﬁ CTCPIKCHb C HAHNU3aHHBIM Ha HCTO KOJICUKOM B, KOTOPOC ABUKCTCA
663 OTpBIBa oT HOBerHOCTI/I KJIMHA. Tak Kak KOJIEUKO JABUKCTCA 663 OTpBIBa
OT CTCPIKHA, TO CKOPOCTh M YCKOPCHHC KOJICYHKA HAIIPAaBJICHBI BEPTUKAJIbHO BBCPX.
Taxxe KoJedko ABUKETCS 0€3 OTPhIBA OT MOBEPXHOCTH KJIMHA, 3HAYHT, MPOEKIIUU
CKOpOCTI/I KOJICYHKA U KJIMHA Ha HOpMaJ'IB K HOBerHOCTI/I KJIMHA OAMHAKOBBI:
v COSa = u Sing,
rg€ v — CKOpPOCTb KOJE€YKa, U — CKOPOCTh KJIMHA. Tak kaxk kKJIuH JOBUIKETCA
PaBHOYCKOPCHHO, CJICOOBATCIILHO, CKOPOCTh KJIMHA paBHA
u = at.

3H3‘II/IT, TOYKa B HepeCG‘ICHI/IH HaKHOHHOﬁ IIJIOCKOCTHU KJIMHaA C HCHOI[BH)KHOﬁ
BEPTUKAJIBHOM NPSAMOM 4yepe3 Bpems t mociie Hayala €ro JBUKEHUS JBHXKETCS
110 BEPTUKAIIN CO CKOPOCTBIO UV U YCKOPCHUEM A, PaBHBIMHU 11O MOIYJIO:

v=at-tga = A=a-tga.

Kpurepuu olieHMBaHusA

CKopocTh U YCKOpeHHE TOYKH B HampaBieHbl BEpTUKAIBHO BBEPX .......... 3 0asia
1200 1T B Y1 Lo USSR 4 6amna
(Ao 1 USRI 1 6ana
2o A ([0 A PP PP TP PPPPPPPPPN 1 6ana
Y o A (0 [ OO PPPPPRPPPRPPPPPRIS 1 0aan

Bannvl, nonyuennvie 3a 6epro vinonnennwvle 0elicmsuss, CyMMupyomcs.
Maxcumym 3a 3a0auy — 10 6a110B.
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3agaua 2

B 1nBa cooOmaromuxcsi BEPTUKAIbHBIX IUIUHIPUYECKUX
cocylna ¢ IONEPEYHBIMU CEUCHHSIMU S1 M Sz TOMEIICHBI
OJIMHAKOBBIC JIbJIMHKW, YaCTUYHO TOTPYKEHHBIE B BOJY.
Opnna U3 JBAUHOK MpPUBS3aHA TOHKOM HUTHIO K JTHY COCY/a,
a JApyras MOJBEIIEHa HAa HUTU K HEMNOABUIKHOW OIOpe
(cM. pucyHok). Cuiibl HaTsDKEHHUsSI O0EMX HUTEH OJMHAKOBBI
nmo Moxyiato upaBHsl [ =1H. Ha ckoibko u3MEHUTCS
YPOBEHb BOJIbI B COCYAAaX MOCJIE TasHUSA OOEHX JIbJUHOK?
Kaxoit 00bEM BOJIBI U B KaKyl0 CTOPOHY MPOTEYET MPU UX
TassHUH uepe3 Tpyoky A? ITnotaOCTh Bogk! p = 1000 kr/m®,

Bo3moxHoe pelmeaue

[lepenecém (MBICIEHHO) OJHY U3 JBAMHOK B JpYyroil cocya (BmecTe
C YyIepXUBAIOUIEeH JIbAUHKY HUTHIO) M PACMHOJIOKUM 00€ JIbJUHKUA PSJIBIIIKOM.
OT Takoro mnepemMmelieHus: ypoBeHb BOJbI B COCy/laX HE M3MEHUTCS. MBICIECHHO
o0OBeIMHUM JB€ JIBJIMHKU B OJHY. K monyduBIIeMycs KyCKY JibJla MPUKPEIIICHBI
JIBE HUTH, KOTOPBIE TSHYT €r0 C OJIMHAKOBBIMU IO MOAYJIIO M MPOTHBOMOJIOKHBIMU
[0 HampaBJIEHUWIO cuwiamMH. TakuM oO0pa3oMm, cCymMMapHas cuia, JeicTByronas
CO CTOPOHBI ABYX HUTOK Ha JI€, paBHA HYJIO. [I03TOMY MOXHO CUMTATh, YTO JEN
IPOCTO CBOOOJHO TJIaBaeT B Boje. Kak M3BECTHO, MpU TasHUU JIbJIa, MJIABAIOIIIETO
B COCY/I€ C BOJIOM, YPOBEHB BOJIbI B 3TOM COCY/IE HE U3MEHSETCS.

OTOT K€ pe3yldbTaT MOKHO TMOJYYUTh U AHAIUTUYECKU. 3alulleM YCIOBHE
PABHOBECHS COJEPKMMOIO COCYIOB 110 TasgHMA nbaa: mg =F +T, rae m — macca

BCETr0 COJIEPKUMOTO (BOJa U JIBE JbJMHKH), @ F1 — cuiia, ¢ KOTopoi AHO JeHCTBYET
Ha conepxkumoe. Cuna F1 mo tperbemy 3akoHy HbloTOHa paBHa cuiie, ¢ KOTOPOH
comepskumoe nercrsyer Ha aHo: K =rgh(S,+S,)-T, roe h; — nauanbHas
BBICOTa CT0JIOA BOJABI B COCY/IaX.

[Tocne TasHus JbJa aHAJIOTWYHBIC YypaBHEHHs nOpuMyT Bua: Mg =F,, rme
F2 — HoBas cuna peakiuu fHau F, = rgh,(S, +S,).

Pemas cucremy, noaydum Dh =h, - h=0. YpoBeHb xu1kocTi He H3MEHHUTCSL.

Jlyis oTBeTa Ha BTOPOM BOMPOC 3aJaud MPEINON0XKHUM, YTO TpyOka 4 BPEMEHHO

3aKppiTa KpaHoOM. lIOBTOpHMB BBIIENPUBEAEHHBIE PACCYKICHUSA UISI KaXIOTO
COCyZla B OTACIIBHOCTH, MOJYYUM, YTO B JIEBOM COCYJZI€ YPOBEHBb BOJbI IOHU3HUTCS

Ha Dh = T , @ B TIpaBOM — IOBbIcUTCA Ha Dh, = T :
S, rgs,

Jlsist Toro 4ToOBl YPOBHU BOJBI B COCYJaX OCTAIMCh MPEKHUMH, depe3 TpyOoKy A

U3 MPABOTO COCY/Ia B JIEBBIN JI0JKEH TPOTEYh 00BEM BOJIbI:

DV =DhsS, = Dh,S, = ——= 100 w.

rg
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KDI/ITeDI/II/I OLICHHWBAaHUA

3anucanbl YCJIIOBHA PaBHOBECHS JIbJIMHOK

(MUTH COJTEPIKIMOTO COCYIIOB ). vtvveeissrreesssssreesssssessssssssssssssesssssssssssssesssnssneens 2 6aa
CBsI3b CUJI peakny THA C BBICOTOM YPOBHEW BOJIBI

JIO U TIOCJIC TASTHUSL JIBJIIHOK ...cevneivnietnieniienessnsesnsensssssesnsssnsssnsssnsesnsssnseanss 2 0ajL1a
JIoka3aHO, YTO YPOBHU BOJBI B COCYAAX HE UBMEHSIITCH ...vvvvreerrnnrrenreennnnes 2 0ama
Haiinens! «100aBiIeHHBIIN U «HENOCTAIOINI» 00HEMBI

B COCYAX TTOCIIE TASTHUSL ... uuuuvrrnreeeeeeeeeeeeaessssssaassnnnnsnnsnneesseseessssssssansnnnnnnes 2 0ajL1a
Hatimen 00BbEM BOIBI, MPOTEKITUH YEPE3 TPYOKY ...vvvveeriririeeiiieresiinneesnnenns 1 6aa
[TonydeHO YMCIEHHOE 3HAUCHUE OOBEMA .....vveereiieiiiee it 1 62

Bannwvi, nonyuennvle 3a 6epro 8binoaHeHHble 0elicmaus, CyMMUpyomcs.
Maxcumym 3a 3a0aqy — 10 6a110B.

3agaua 3

JIBe  Tenexxkum ~ MaccamMu  mi1 U M2

C  YCTaHOBJICHHBIMM HAa HHUX  JETKUMH r r
KaTylIKaMu  paauycamu r COCIMHEHBI 552/*03 - - ) ®

) v 1
HEBECOMOU 151 HEPaCTSIHKUMOU HUTHIO,

HAMOTAaHHOM KOHIAMM Ha OTH KaTYUIKHU.

B Kkakoi-TO MOMEHT BpPEMEHM KATYIIKM HAYWHAKOT BPALIATHCS C MOCTOSHHBIMU
VIJIOBBIMU CKOPOCTAMHU  (CM. PUCYHOK), a OJIHY U3 TEJEkKEK HAUUHAIOT TAHYTh
C TOPU3OHTAJILHO HampaBieHHOM cuiiol F. Haiinute BenuunHy cuibl HaTsKeHUs: T
HUTHU. TpeHUEe OTCYTCTBYET.

Bo3Mo:xHOe pemieHue

3anumieM BTOpoi 3akoH HeroTOHA 1Sl TeTeKEK B MPOESKIUAX Ha TOPU3OHTAIBHYIO
OCh X (HarpaBJieHa BIIPaBO):

F—T=ma,,

T =mya,,.

Bpamienue karyniek NpuBOJNUT K YKOPAUMBAHUIO HUTHU C 10CMOSAHHOU CKOPOCTBIO.
OTO BBI30OBET pa3jiMyue BEIUYHMH cKopocmeti Ten mi W mp. Ho CBsI3b Mexay
VCKOpeHUusMuy OCTAHETCSl TaKOM K€, KaK M B Cllydyac HHUTH IMOCTOSSHHOW JUIMHBI,
TO €CTh!

Aix — Aox = 0.
Pemrast nojiy4eHHYIO CUCTEMY YpaBHEHU, OJIydaceM:

m;
T =—F.
my; +m,
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KDI/ITeDI/II/I OLICHHWBAaHUA

F =T S MMy oo 2,5 das1a
T = MMy 2,5 dana
Ay = Ao = Do s 4 panaa
e OO 1 6amn
mq+m,

Bannvl, nonyuennvie 3a 6epro 8vinonnenHwvle 0elicmsuss, CyMMUpyomcs.
Maxcumym 3a 3a0auy — 10 6anJ10B.

3agaua 4

B cocyn, HamoJIHEHHBIN 10 Kpa€B BOJOW Ipu Temrieparype t; = 36 °C, akKypaTHO
OmyCcTUSIM KyOuK Jibja. [locne ycTaHOBIEHUS TEIJIOBOTO PaBHOBECUS TEMIIEpaTypa
BOJbI B cocyle mnoHusunach Ha At; =11 °C. Ilpu akkypaTHOM MOrpyKXEHUU
B COCyJ emi€ OJHOTO0 TaKOro ke KyOWKa JibJa TeMmIepaTypa MOHU3WIACh ellé Ha
At, =10°C. Ha xakyro BenuuuHy Atz e€mé NOHU3UTCS TeMIeparypa BOAbI
B COCYJI€, €CJIM aKKypaTHO OMYCTUTh B HETO TPETUH TOYHO TAKOH K€ KyOWK Jibja?
Jlensuple KyOMKM TIepe]] TOTPYKEHHEM HUMEIOT OJMHAKOBYIO TEMIIepaTypy
M TpUd TIUIABAHMM HE KacalTCAd JHA cocyda. TemnoéMKOCThIO cocyaa
U TEIUIOOOMEHOM C OKPYXKAaIOIEeW Ccpeaod MOXKHO TMpeHeOpedb. Y aenbHas
TEIUIOEMKOCTh  BOJBI ¢y = 4200 [bx/(xr- °C), yaenbHas TEIUIOEMKOCTh JIbJa
c, = 2100 Ixx/(xr-°C), ynmempHas TeIOTa IUIaBieHUd Jbaa A = 336 x/kr.
[InoTHOCTH BOJBI U JIbja paBHbl 1 r/em® u 0,9 r/em®,

Bo3Mo:xHoOe pelieHue

Haiiném 00BEM BOABI, BBITECHEHHOW JIEASHBIM KyOMKOM Vs IIpH ILIABaHMU.
O10T 00BEM BOABI V. BBUIBETCS U3 COCYNa MPU NOTPYKEHUU KyOuKa U He Oyner
y4acTBOBaTh B TermiooOMeHe. [IoCKOIbKY MIOTHOCTH JibJa U BOJbI OTIMYAIOTCSA
B p,/p; = 0,9 paz, To
pBVBbITg = pJIVKy6g = OlngVKy6g'
Orcrona Ve = 0,9 Vigye.
Korpa xyOuk pacraer, ypoBeHb BOJAbI B HEM HE U3MEHHUTCS, TO €CTh COCYJ OMSTh
OKQ)KETCSl HAmOJIHEHHBIM BOJOM 10 KpaéB (T.K. MO 3aKOHY ApxuMeJa Macca
BBITECHCHHOM TIUIABAIOIIUM TEJIOM JKMJIKOCTHM paBHA Macce JTOro Tena).
AHaJNOTMYHbIE PACCYXACHUS CIPABEUIMBBI M ISl MPOLECCOB, MPOUCXOIAIINX
1ocye MOrpy>KeHUs] BTOPOTo U TpeThero kyoukos. Ilycte 00bEM cocyna paseH V.
3anuiieM ypaBHEHUs TEIIOBOTO OajlaHca Jjisi TIEPBOTO U JIJIT BTOPOTO MPOIIECCOB
TeIIO0OMEHa:
CBPB(VC - 09 VKy6)At1 = pJIVKy6(CJI(O - t) +A+ Cs (tl - Atl))a
CePs (Vc -09 VKy6)At2 = pJIVKy6(CJI(O - t) +A1+ Cs (tl — Aty — Atz)),
r7ie t — HadaJlbHas TeMIepaTypa KyOuKoB JibJia.
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HO)ICJ'II/IM BTOpOe BBIpa}KeHI/IC CUCTCMBI Ha HCpBOC:
At,  ¢,(0—1t) + A+ ¢y (8 — Aty — Aty)

Aty c,(0—1t) +A+c,(t; —At;)
NnIn
10 —t+ 160 + 2(36 — 11 — 10)
11~ —t+160+2(36—11)
OTKyJla
t = —10 °C.

AHAJOTUYHO JUISI BTOPOTO M TPETHETO MPOIECCOB TEIIO0OMEHA 3aIUIIIEM:
Aty Atz c,(0—1t) + A+ c(t; — Aty — At, — Atz)

At, 10 ¢, (0—1t)+ A+ c,(t; — At; — At,)
10+ 160 +2(36 — 11 — 10 — At;)

10 + 160 + 2(36 — 11 — 10)

Otcrona

100 .
At; = 11 ~ 9,1 °C.

Kpurepuu olieHMBaHusA

3anucaHo BeIpaXeHHE ISl 00bEMa BOJIBI,

BBITECHECHHOM TUIABAOIIIMM KYOHKOM, 1..vuvvvreisirreessstreeesssreeesssseesssssnnessnseees 1 6ana
VYka3zaHo, 4yTo mocje TassHUs KyOuKa ypOBEHb BO/IbI

B COCYIIC HE MEHSIETCS, 1 uvvvvereeessnurreeesssssssssesesssassssneesssssnssssssessssnssssesssssnnses 2 0as11a
VYpaBHeHHE TEMIIOBOTO Oatanca Jiuisl TpEX CiiydaeB

TEr1000MeHa (10 2 0aJ1J1a 32 KAKI0E€ YPABHEHHUE) ....ccevveerrererireeanneenneens 6 6as10B
UMICIIEHHBIM OTBET ..c...uvveieiusreressstreeesaiseeeessnseeessssseeesasseeessnseeesasneeessnsnesssssnnes 1 6ann

FBannvl, nonyuennvie 3a 86epHo 8bIN0IHEHHbIE OEUCBUSL, CYMMUPYIOMCAL.
Maxcumym 3a 3a0auy — 10 6asJ10B.

3amaua 5

Kak 3aBucaT moka3zaHus BOJBTMCTpPA UV B IICIIH,

cxeMma KOTOpOHM IMpHUBE/IeHa Ha PUCYHKE, OT 3HAUYCHUS
conpotuBiieHuss peoctata Ryx? ComnpoTuBieHue
BOJIbTMETPA COBIAJAET C COMPOTUBICHUEM PE3UCTOpaA
u paBHo R. ComnportuBnenue peocrata Ry MoxeT
m3MeHATbCs B auama3zoHe oT 0 mo 4R. Ilocrpoiite
kauectBeHHO  rpaduk  3aBucumoctd  Uy(Ry).
Onpenenute, BOIM3M KakOTro 3HadyeHUs Ry MmokazaHusi BOJbTMETpPa M3MEHSIOTCS
obicTpee Bcero. Hampsibkenue uaealibHOr0 MCTOYHMKA paBHO E.

Bo3Mo:xHoOe pelieHue
RyR
R+R,

5

ComnporuBieHne nenu paBHo ¥ = R +
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Cuna Toka, TEKYyIIEro yepe3 UCTOYHUK, paBHA

I_E_ E
T r T . RR
R+ 73T,
HOKaBaHI/ISI BOJII)TMCTpaC
U =E—IR=E ER =E Ry =E R-/R
v B R\ R~ "R+2R,  ~1+2(R/R)
R +
R+R,
UV/E &
030N “/
i Fd
020 .rj/
£ Iln'.llr
010 II"IIJ
y Rd/R

0,00 0,50 1,00 1,50 2,00 2,50 3.00 3,50 4,00 i, 50

Ha pucynke npuBenén rpaduk 3aBucumoctd otHomeHus Uv/E or oTHomenus
Rx/R (mo Buay o coBmamaer ¢ rpadukom 3aBucumoctd Uy(Ry) mpu E=1B
u R=1 Om). U3 storo rpapuka BumHo, 4To BONMM3U Ry =0 OM mnoxazaHus
BOJIbTMETPA U3MEHSIOTCS OBICTPEE BCETO.

Kpurepuu olieHMBaHus

RxR
r=R+RfR ................................................................................................ 1 6ama
X
E E
| o o o R R ———————————————— 1 6ana
r R+xf
R+Ry
ER R
UV:E—W:ER_F# ......................................................................... 2 basia
R+ﬁRx x

I'paduk — KauyeCTBEHHBIA WM KOJHYECTBEHHBIM B OTHOCHUTEIBHBIX E€IMHUIAX
(Bcero 4 6aJL1a):

TIOJITHCDH OCEH . ...ttt ettt et et et e eeeee e 1 6ayn
13 (10] o J0.Y £210) 11 ir: 1 TR 0,5 6an1a
1000L:1:37 001920502y 0:111) 41 PP 2,5 danua

Bo6musu Ry = 0 OM nokazanusi BOJIbTMETpa U3MEHSIOTCSL ObICTPEE BCETO ... 2 fajia

Bannvl, nonyuennvie 3a 6epro vinonnennvle 0eicmsus, CyMMupyomcs.
Maxcumym 3a 3a0aqy — 10 6a10B.

Bcero 3a padory — 50 6as710B.
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