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COJIEPKAHUE

BBenenue

METOIII/I‘IGCKI/IC PEKOMCHOAWH 10 BLIIMTOJHCHUIO KOHTPOJIbHBIX 33I[aHHfI

3aaHud 715 JOMallHENd KOHTPOJIbHOM paboThI

Cnucok nuTepaTypsl

IIpunoxenue



BBenenue

BrlinonHenrue nuchkMeHHOM paboThl UMeeT OOJIBIIOE 3HAUCHUE B YUEOHOM IpoIiecce.
[lenb naHHOM KOHTPOJBHOU PabOTHI — HE TOJBKO YIIyOJIEHHOE U3yYeHHUE 00yJaromUMUCs
BOKHEHIITMX METOOJOTHYECKHX BOIPOCOB TCOPHH MEXAaHHWKHU KHJIKOCTH M Ta30B, HO U
MPUOOPETCHUE TMPAKTHUYECKHMX HABBIKOB pacyeToB. OTO JOCTUTACTCS JIMIIL TIPH
CaMOCTOSTEILHOM BBIMIOJTHEHUH 3a1aHHUS.

[lepedeHb MIIAHUPYEMBIX PE3YJIBTATOB O0YUCHUS 110 JUCITUIUIMHE yKa3aH B pabouei
MPOrpaMMe JTUCIHUILIAHBI.

MCTO}]I/I‘IGCKI/IB PEKOMECHIANUHA 110 BBINMOJHCHUIO KOHTPOJbHBIX 3a)1aHm71

B cooTBeTrcTBUU ¢ y4eOHBIM IUJIAaHOM MO JAUCHUIUIMHE «[ UapaBiIvKa» CTYIACHTHI
HarnpaBieHus noarotoBku 23.03.01 «TexHoJIOTUST TPAaHCIOPTHBIX MPOILIECCOBY» 3a0YHOTO
OTJICJICHUSI BBITIOJHSIOT MMUCHhbMEHHYIO KOHTPOJIbHYIO paboTy.

KontponbHbie 3amaHusi i CTYJAEHTOB 3a049HOM (OPMBI OOyUYEHHSI BKIIOUYAIOT
KOHTPOJIBHBIC 3aJad4d M BOMPOCHI, KAacarolIuecs OCHOBHBIX TOHSTHH, OMpPEICIICHH,
3aBUCUMOCTEH M pacueTHhIX (Gopmys. OTBEThl Ha KOHTPOJBHBIE BOMPOCHI CTYACHTHI
OPUBOJIAT B CBOEH paboTe mociie pelieHus 3aau.

Oopamums  énumanue: BapuaHT KOHTPOJBHOIO 3aJaHMsl  CTyAEHTA
onpeaeasiercss MU@PpPoM, COCTOAIIMM U3 TPeX MocaeaHuX Hudp Ne 3a4eTHOH KHUKKH
(msim Ne cTyieH4ecKoro 0uiaera) CTyJeHTa.

Tabnuma BapuaHTOB

1 2 3 4 5 6 7 8 9 10

o nepBoi
uudppe muppa | 3agaua | 1.1 1.2. 1.3. 1.4. 1.5. 1.6. 1.7. 1.8. 19. | 1.10.
(mepBas u3 Tpex Ne 1

nocieaHux up
Ne 3aueTHOI
KHIDKKH)

10 BTOPOii
uudpe muppa | zagaua 2.1. 2.2. 2.3. 2.4. 2.5. 2.6. 2.7. 2.8. 2.9. 2.10.
(mpenmocnenuss Ne 2

mudpa Ne
3a4€THOU
KHIDKKH)

no Tperbeii 3amawa | 2.11. | 2.12. | 2.13. | 2.14. | 2.15. | 2.16. | 2.17. | 2.18. | 2.19. | 2.20.
nudppe muppa Ne 3

(mocnennss 1,6, 2,4, 3,10, 41, 5,2, 6,3, 7,11, | 8,12, | 9,13, | 10,14,
magppa Ne 15,11, | 16,12, | 17,22, | 18,11, | 19,12, | 20,16, | 17,1, | 20,4, | 21,6, | 22,5,
3a4eTHOM 23,30 | 26,39 | 30,40 | 24,34 | 31,38 | 27,35 | 29,37 | 25,33 | 26,32 | 28,36
KHIDKKH)

BolnonHeHre KOHTPOJIbHOM paboThl HE CBOETO BapHaHTa HE 3aCUMUTHIBACTCS.
CamocTosTenbHyI0 pabOTy HaJl KOHTPOJIBHBIM 3aJlaHUEM IO KypCy ClielyeT HauMHaTh C
M3Yy4YeHUsI YUYEOHUKA B TOM MOCJIEA0BATEIILHOCTH, B KOTOPOM KypC M3JI0KEH B MPOTPaAMME.
Kontponbuyto paboTy 11€51ecO00pa3HO BBHIMOJNHATE MO Mepe U3y4YeHusi ydeOHOHU
JTUTEpaTypHI.
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[Ipy  BBINOJHEHUM  KOHTPOJIBHOM  PabOTBl  clHeAyeT  PYKOBOJCTBOBATHCS
CIEeIYIOUIMMU TPeOOBaHUAMM:

1. KontposbHylo paboTy HEOOXOAMMO BBINOJHATH M NPEACTABIATH B CPOK,
YCTaHOBJIEHHBIN Tpa)UKOM MpEeACTaBICHUS padoT.

2 KontponbHass paboTa OOJKHA BBIIOJHATHCS B TOW IOCJIEA0BATEIBHOCTH, B
KOTOpOM yKa3aHbl HOMepa 3aay.

3. Ilepen pemieHreM HEOOXOAMMO MOJTHOCTBIO IIPUBECTU YCIOBHS 3a4a4.

4. Ilpu pemienuu 3a1a4 HEOOXOJIUMO MOJI30BAaThCS pa3MepHOCTIMU cucteMbl CU,
pellieHusl 3ajad I[POBOAMTH IOJHOCTBIO. PelleHne 3amauy  ciaenyeT COINpOBOXKIATh
HEOOXOUMBIMU  (OpMyJIaMH, PA3BEPHYTHIMU pacueTaMu, KPATKUMU TMOSACHEHHUSIMHU.
3aauu, B KOTOPBIX JaHbl TOJILKO OTBETHI 0€3 pacueToB, OyAyT CUUTATHCS HEPEIICHHBIMU.

Pemenue 3agaun peKOMEHAYETCS MPUBOJUTH C TMOSCHUTEIbHBIM PHCYHKOM.
Borunciiennst 3anuchIBaloTCs B TAKOM MOCIEA0BATEIbHOCTH

— opmya;
— YHCJICHHbIC 3HAYEHUS B HEW;
— OTBET C YKa3aHHEM pa3MEpHOCTH.

Hanpuwmep,
V, = g V) = 0,02 1=4mlc.
d, 0,01

Brruncienne Heo6X0MMO MPOU3BOIUTE C TOYHOCTHIO 70 0,01.

Odopmasiroress 3axaum Ha JucTax nucyed oOymarm ¢popmarom A4 (210x297).
IlepBbIii JIUCT - TUTYJIbHBIM.

B koHue paboTel HEOOXOAMMO IMOCTaBUTh MOANHUCH U JaTy, a TaKXKe yKa3aTb
NepeueHb HCIOJIb30BAHHON JIUTEPATyphl, KOTOPHIM HEOOXOAMM MJi TOTO, YTOOBI TpHU
PEIEH3UPOBAHUHU TMPEMNoJiaBaTelib MOT JaTh CTYJAEHTY KOHKPETHBIE YKa3aHusi II0
TadbHEHIIIeMy U3YUYEeHUIO JUCITUTIIMHBI CO CCHUIKOM Ha YUeOHUK MIIM yuyeOHOe mocooue.

Ecnu B 3auteHHoOl paboTe PEIeH3eHTOM ClIeJIaHbl 3aMEYaHMsl, CTYJIEHT 00s3aH He
nepenuchbiBas paboTy, BHECTH HEOOXOAMMBIEC IOMOJIHEHUS W W3MeHeHus. HesauTeHHas
paboTa BBITIOJIHSICTCS 3aHOBO.

3auTeHHYyI0 pabOTy BMECTE C HCHIPABICHUSIMH WU JOMOTHEHHUSIMHU CTYICHT JTOJDKEH
MPEICTaBUTh IK3aMeHATOpy. be3 BBITIOJHEHHS ATUX TpeOOBaHUMN CTYJEHT HE JOMYyCKaeTCs
K 9K3aMEHY

CtyzneHThbl, HE MOTYYUBIINE 3aUeTa MO MUCBMEHHBIM paboTaM, MPeayCMOTPEHHBIM
y4eOHBIM TUIAaHOM, K 9K3aMEHY HE JIOITyCKAIOTCA.

3anaHus 1J5 JOMalIHeH KOHTPOJIbHOMH padoThl

Paznea 1.
3amauva 1.1.
VY nenbHblii Bec 6ensuna y = 7063 H/m>. Onpenenurs ero mioTHOCTb.
3agaua 1.2.

[110THOCTB AM3EILHOrO Ma3yTa o = 878 kr/m3. OnpenenuTs ero yaelbHbli Bec.



3agaua 1.3.
Mennsriii miap d = 100 mm Becut B Bozayxe 45,7 H, a npu morpy»eHuu B )KHUIKOCTb

40,6 H. Onpenenuth MIOTHOCTh XKUJIKOCTH.

Memoouueckue VKA3AHUA K peuerHuro 3a0ayu

Bec G u 00beM W BBITECHEHHOM KUIOAKOCTH MOKHO OIIPCACIUTbh Hd OCHOBAHUH

(bopMyIIbIL:
G = Gp- Gx;
P = Dot pQZo.
IUIOTHOCTb JKUJKOCTH MOXKHO HAaWTH U3 POPMYIIbI
G = pgW.
3agaya 1.4,

Cocy1 3amoiHeH Booi, 3aHuMaronieii 00beM W= 2 M3, Ha CKOJBEKO YMEHBLIUTCS U YEMY
OyZeT paBeH 3TOT O0BEM NpH YBEJIUYEHHHM JaBiieHus Ha BenuuuHy 200 Gap mpu
temnepatype 20°C ? Moayns 00beMHON YIIPYTOCTH JJIsi BOJBI IPH JaHHOW TeMIlepaType
E,=2110 MIla.

Memoouueckue VKA3AHUA K peueHuro 3a0ayu

N3meHeHne o0OBeMa KUIKOCTH:

AW = — pwW Ap.
Koadhumment 00beMHOT0 c:kaThs OnpeneuM U3 ypaBHEHUS:
BW = 1 /Eo.

VBenuuenue aasnenus Ap =200 6ap = 20-10° ITa.
Hckomerit 00beM OyIeT paBeH:
W, =W - AW.

3amauya 1.5.
Kanuctpa, 3anonHenHas O€H3MHOM, U HE COJIeprKalllas BO3AyXa, Harpejaach Ha COJIHIIE /10
temneparypbl S0°C. Ha CKOJIBKO MOBBICHIOCH OBbI JaBlieHWE OCH3WHA BHYTPH KaHUCTPHI,
ecnmi Obl OHa ObLia aOComOTHO kecTkor? HauanbHast Temmepatypa OeusmHa 20°C.

Moaynb 00beMHOM ynpyroctu OeH3uHa nNpuHsITh paBHbIM Eq =1300 MIla, xoadduiment
TemIepatypHoro pacmupenus St = 8-10% 1/rpan.



Memoouueckue VKA3AHUA K PeUEeHUuro 3a0a4u

OTHOCHTENBHOE H3MEHEHHE 00beMa OeH3UHA TIpH yBeaunueHuH Temiepatypbl Al Ha 30°C
(At = tz — t1 = 3OOC)Z

Aw [ w = St AL
Torna usmenenue aasinenus Ap npu yBennuerud temuepatypsl At na 30°C MoxHO

OIIPEICIIUTH:

Aw 1  Aw 5
Ap— W ﬁw W o*

3agaua 1.6.
ITnotHocTh Macna AMI-10 npu temneparype 20°C coctasnser 850 kr/m3. Onpenenuts
IUIOTHOCTh Macja MPH TMOBBIIMICHUH Temrepatypbl 10 60°C W yBeIWMYCHHH MABJICHUS C
atMmocgepHoro (p1=0,1 MIla) no p,=8,7 MIla. Monyns oObemMHOM ynpyroctu Macia E,

=1305 MlIla, remneparypubiit koapdunuent St = 0,0008 1/rpan.

Memoouueckue VKA3AHUA K peuleHuro 3a0ayu

[10THOCTH Macjia TpW TIOBBIIICHHH TeMmIieparypbl g0 3HaueHus [ = 60°C moxHO
BBIUUCITUTH 1O opMyIie:

p=p1l (1+ B -Al).

[InoTHOCTH Macia Mpu MOBBIIMICHUU AABJICHUS 10 3HaUeHus Pz = 8,7 MIla BeruucisieM:

pu= il (L fudp) = puf (- 2P

o

3agaua 1.7

IIpy  ruapaBIMYECKOM  HUCIBITAHUU CUCTeMBl  OOBEIMHEHHOTO  BHYTPEHHETO
MPOTHUBOIMOXKAPHOTO BOJIOCHAOKEHUS JOMYyCKAeTCsl MajeHue JaBjieHus B TeueHue 10 MuH.

Ha Ap = 4,97-10* I1a. OnpenenuTs HOMYCTUMYIO yTedKy AW IIPH MCIBITAHMM CHCTEMEI
BMecTuMocThI0 W = 80 M3, Kosdpuruent o6beMHoro cxarus fw=5 10710 Ta™,

Memoouueckue VKA3AHUA K peueruro 3a0ayu

Jonyctumyto yTeuky AW MOXHO ONpPeaeauTh U3 GopMyJibl

AW

Pu== WAp ’
Aw = S WAD.



3amaua 1.8.

Omnpenenuth BETUYMHY HW30BITOYHOTO namieHus (p, [la) Ha TOBEPXHOCTh KHUIKOCTH,
HaXOMSIIEHCs B COCYJE B COCTOSHHU IOKOS, €CIH B TpyOKe IMbe30MeTpa BO/A IOIHSIIACH
Ha BbicOTy h = 1,8 M.

Memoouueckue VKA3AHUA K peueHuro 3a0ayu

Hckomoe n30bITOUHOE aBIICHUE OTpeiesiseM 1o Gpopmyrie
p=7h
3agaua 1.9.
OmnpenenuTs U3MEHEHHE TUIOTHOCTH BOIBI IIpH HarpeBanuu ee ot 11 = 7°C go tp = 97°C.

3agaua 1.10.

IInoTHOCTH TepBOii sxuakocth pasHa 1000 kr/m3, Bropoit — 800 xr/m3, a ux cmecu — 850
Kr/M°. OnpeienuTh OTHOIIEHHE 00BEMOB KUIKOCTEH B CMECH.

Memoouueckue VKA3AHUA K peuleHuro 3a0ay4u

BLIpaxcaeM IINIOTHOCTHb CMCCH )KHI[KOCTGﬁ 4Cpe3 MIOTHOCTHU U 00BEMBI COCTaBJIAIOMINX

1
p, t+p
V+pV 1 2
o M, _m+m, PN TP, Y
v, VvV +v V +V v
12 12 141
\'
2

Orcrona HaxoauM oTHoleHue 006eMoB V1 / V2 JKUIKOCTEN B CMECH.



Pasznen 2

3apaua 2.1.

Onpenenuts 00bEMHBIM MOAYJIb YOPYTOCTHU >KMJIKOCTH, €CIIM MOJ JIEUCTBHEM TIpy3a A
Maccoii 250 kr nopiieHs nporiien paccrosaue Ah =5 mm. HavanbHast BeIcOTa TOJIOKEHUS
nopiHs (6e3 rpy3a) H = 1,5 m; nquamerp nopmas d = 80 MM u pesepyapa D = 300 mwm;
BeicOTa pe3epByapa h = 1,3 m. Becom mnopminas npeneOpedb. PesepByap cuutath
a0COJIIOTHO JKECTKUM.
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Memoouueckue VKA3AHUA K peuleHuro 3a0ayu

Cuna TskecTH, co3naBaema rpy3om A: F = mg.
JlaBneHue, co3maBaeMoe 3TOW CHIIOH (T.e. MpHUpalleHue naBieHus dp):

dp = F/ S,= 4F | nd?.
ITepBoHauanbHBIE 00BEM W KUJIKOCTH PaBEH:
w = S3h + So(H — h) = 2d?h /4 + 7d? (H - h).
N3meneHnne oObeMa paBHO:
dw = S; Ah = d?Ah / 4.
Monaynb 00BEMHOHN yIPYTroCTH ompesenseM no (Gopmye

dp
E,=w aw
3agauya 2.2.

Tpybonposon muamerpom d = 500 mm m mmuaOoM L = 1000 M HamoyiHeH BOAOW MpHU
nasienun 400 xIla, u remnepatype Boasl 5°C. Onpenenutsb, nmpeHedperas nedopmanusamu
U pacIImpeHrueM CTeHOK TpyO, JaBjieHUE B TPYOONPOBOAE PHU HATPEBAHUHU BOIBI B HEM JI0

15°C, ecnu ko>dpuuuent obbemHoro cxkatus Lw = 5,18:10° ITa?, a ko>dppuuument

TemmnepaTypHoro pacmupenus S = 150-10° 1/ rpan.

Memoouueckue VKA3AaHUA K pelerHuro 3a0a4u




O06bvem Bonbl B Tpyde mpu t = 5°C Haxoaum:

w = 0,785 d°L;
yBeIMYEeHHE 00bemMa A W Npu U3MEHEHUH TEMIEPATYPBI:
AW
A=W At
HpnpameHI/Ie JTAaBJICHHUA B CBA3U C YBGJII/I‘IGHI/IGM O6L€Ma BO/JIBI.
Aw 1
Ap=""""""
w B,

3areM HaxoJlUM JIaBjieHUE B TPYOONPOBOE MOCIE YBEIUYEHUS TEMIIEPATYPhI

3agaua 2.3.

OHpG}ICHI/ITL KOS(l)(l)I/IIII/IeHT JIHHaMI/I‘IGCKOﬁ U KUHEMATHUYECKON BSI3KOCTH BOJbI, €CJIN

mrapuk d= 2 MM 13 360HuTa ¢ P = 1,2-10° kr/M® magaer B Boje ¢ MOCTOAHHOM CKOPOCTHIO

U = 0,33 m/c. [Tnotaocts Bogsl O = 10% kr/m®,

Memoouueckue VKA3AHUA K peuleHuro 3a0ayu

HpI/I ABHIJKCHHUU IIapuKa B KXKHAKOCTHU C IIOCTOSIHHOM CKOpPOCTBIO CHJIa COIIPOTHUBJICHUMA
PaBHACTCA BCCY IIapHKa. Cumna COIIPOTHUBJICHUA OIIPCACITACTCA 110 (bOpMy.TIG Crokca:

F=3-t-pn-u-d
Bec mapuka onpenensercs no Gpopmyiie
G=p-g-m-d°/6
Tak kak G = F , TO
o-g-m-d/6=3-w-pn-u-d
CrnenmoBarenbHO, KOA(POUIIMEHT TMHAMUYECKOU BA3KOCTH MOYKHO OIPEICITUTD
2

y=P g

18-u

KoapdunmeHT knHeMaTHIeCKON BI3KOCTH

I}:E
0

3anaua 2.4.
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B munuHapuyeckuil 6ak nuametpom 2 M 10 ypoBHS H = 1,5 M HanuTel Bojga U OCH3MH.
YpoBeHb BOJIBI B IbE30METpPEe HIDKE YpoBHS OeH3umHa Ha h = 300 mm. Onpenenuth Bec
HaXoJAmerocs B 6ake OeH3uHa, eciu pg= 700 Kr/m>,

il h

]
= —— %j

Memoouueckue VKA3AaHUA K peueHuro 3a0ayu

BecoBoe (u30bITOYHOE) AaBieHUE BOAbI U OeH3MHA B Oake OYJET pPaBHO BECOBOMY
JIABJICHUIO BOJBI B TLE30METpE:

psgh, + psghs = p,g(H - h).
ITOCKOJIBKY B 3TOM YpaBHEHHH €CTh [BAa HEM3BECTHBIX, BHIPA3UM
hs = H - he 1 mozcTaBisieM B ypaBHEeHHE

p=g (H—hs) + psghs = p,g (H—h).
[Tocne cokpateHus:
hé (Pn - I:’Eﬁ) = Pnh-
Torna BeicoTa OeH3MHA B OaKe:
peh
Ps—Ps
Bec naxojsmerocs B 0ake OeH3uHa

G=Mg= |:r.5.-g~5'h.5= pa'g'H'R: h.;

3agaua 2.5.

OnpenennuTh JaBIEHHE B Pe3epBYape Po M BHICOTY TMOABEMa ypoBHS N1 B TpyOKe 1, eciu
TMOKa3aHus PTyTHOro ManoMetpa: h, = 0,15 m; hs = 0,8 M; ppr = 13,6 /M, ps = 1 T/M*
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Memoouueckue ykazanusi Kk pewieHuio 3a0aqu
3anuiireM yciaoBHs PaBHOBECHS JUIS PTYTHOTO MaHOMETpPA IS INIOCKOCTH
a) O CTOPOHBI pe3epByapa

P=Py+pPs"9 'hS t0pm "9 'hZ

0) co CTOPOHBI MAHOMETPA

P = Pamm
TOT1a
Pammu = Po +Pe-9 N3 +Ppm'g'h2_

Haxomum po. ps.
U3 ycnoBust paBHOBecHsi TpyOku 1 BelpaxkaeM hj:

Po+0Pe 9" M= Pamm

3agaua 2.6.

OnpenenuTs MAaHOMETPUYECKOE JaBJICHUE B TPYOONpOBOAE A, €CM BhICOTA CTOJI0A PTYTH
o mbe3oMeTpy Ny =25 cm. Ilentp TpyOompoBoaa pacmoioxkes Ha hy =40 cM HIDKe JIMHUK
paszaena MeXay BOJIOW U PTYTHIO.

Memoouueckue VKA3AHUA K pelerHuro 3a0a4u
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Haxonuwm nasienue B Touke B. Touka B pacrnonoxkena Beie Touku A Ha Beln4uHy Ny,
CJIE0BATEIBHO, JaBJICHNE B TOUKe B OyneT paBHO

Pg =Ps—0gg-h
B touke C naBnenue OyAeT Takoe ke, Kak B Touke B, To ecTh
Pc =Pg =Pa—Pg"9h
Onpenenum nasienue B Touke C, moaxo/s, crpasa
Po = Pamm + L om g 'hE_
[IpupaBHuBas 00a ypaBHEHUs, MOJTydaeM

Pa—Ps"9 'h'l = Pamu Y Pom "9 'hE_
W3 ypaBHEHHS HAXOAMM MaHOMETPUYECKOE JaBJIEHUE

Pa = Pamm = Pu =ppm'g'h2 —Ps 'g'h’l_

3agaua 2.7.

OnpenenuTs BCe BUIBI THIPOCTATUYECKOTO JIaBlieHUs B 0ake ¢ HeThio Ha riyoune H =3

M, eCJIi JaBjieHue Ha cBoOoHoM nmoBepxHocTtu HedTr 200 KIla. IlnotHocTh HEDTH p =

0,9 T/™°.

s i » Y
o

as

Memoouueckue VKA3AHUA K peueHuUro 3a0ay4u

1. ABcontoTHoe rmgpoctaTnyeckoe aasneHne y gHa
p=py+p-g-H
2. N36bITOYHOE (MaHOMETpUYecKoe) AaBfieHne y AHa
Pus6(m)y = P~ Pamm
3. N3bbITOYHOE JaBneHne co3gaBaeMoe CTON0OoM XKUAKOCTU
Puss =p-9-H

4. N30bITOUHOE AaBreHne Ha cBOo60aHON NOBEPXHOCTM
Pusb.ce.n. = Po0 — Pamm
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3agaua 2.8.

CranpHast TpyOa ¢ BHyTpeHHUM nuamerpoM 0 = 600 MM paboTtaeT mox gaBieHHEM p = 3
MITIa. Haiitu HE0OX0AMMYIO TOJIIMHY CTEHOK TPYOBI, €CIU TOMyCTUMOE HAIPSHKEHUE IS
cranu coctapisieT [o] = 150 MITa.

Memoouueckue VKA3AaHUA K peuerHuro 3a0ayu

W3 ycnoBusi NpOYHOCTH HAXOUM TOJILIMHY CTEHOK TPYOBI:

= ﬁ<
) 25 - [G]l
o= L<[o]
3agaua 2.9.

Omnpenenuth AaBIEHHE pO BO3JyXa B HAINOPHOM Oake 10 ITOKAa3aHHIO PTYTHOTO
maHoMeTrpa. Kakoii BbicoTel H J0/KeH OBITH MBE30OMETP IS HM3MEPEHHS TOrO JKE
nasienus po? Beicotel h=2,6 m; hi=1,8 m; h=0,6 m. ITnotHOCTE pTYyTH p= 13600 KI/M3,
BoAbI p= 1000 kr /m3.

parml

h,

Memoouueckue VKA3AHUA K peueHuro 3a0ay4u

AOcomOTHO® JaBNeHHe B 0aKe HA YpOBHe BBICOTH! hn OyIeT paBHO
A0COMIOTHOMY JABTeHHIO B PTYTHOM MAHOMeTpe Ha TOM e VPOBHe:

Fa=PoTP=8 (11 — hj) = DPar +pprg(hl - hE]
Po = Par +Ppg(hy — In) - pag (h - hy)
J19 HaXoXIeHHA BbICOTHI H PacCVyIKIeHHA aHATOTHYHBI:
Par TPsg H=p, +psg h,
Po+Ps8h—Dar
Psg

oTkyaa H =
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3agaua 2.10.

Onpenenuts cuny F, neficTByrolyto Ha MTOK THOKOM nuadparmsl, eciiu ee quameTp D =
200 MM, MOKa3aHUsI BAKYYMMETPA Prax = 0,05 MIla, BeicoTa h = 1 M. miomaasio mroka
npeHeOpeus. HaliTn aOCONMIOTHOE AaBJICHUE B JICBOM MOJOCTH, €CIU Nyry = 740 MM. pT. CT

h

L

|

O

)

Boma

Pary

Memoouueckue VKA3AHUA K peueHuro 3a0ayu

JeficTByiomee Ha INTOK JHadparMel JaBlIeHHE BaKyyMa Omnpelend-
€TCA MO MOKA3aHHIO BAKVVMMETpa ¢ VIeTOM BBICOTHI CT010a BoIH! h:

DPraxa = Pgh = Dsax

3nak "—" yKasplBaeT Ha TO, UTO JABISHHE B JISBOH MOJIOCTH IHIPOLIHIHHI-

Pa 1o OCH IITOKAa HHAXS anxocd)epnoro (:ma:xex-me BZU\'_\'}'MZ\).
ATMOC(bCpHOC JABJICHHS COCTAaBIACT!

Par = 740-133.3 = 98642 I1a.
AOCOTIOTHOS JaBISeHHE B JI€BOH MOTIOCTH (JaBiIeHHe ¢ yaeToM arMmocdep-
HOT'O JaBISHHA):

P35 = Par —Praxz
Cuta, geficTeyiomas Ha INTOK AHadparMel, paBHa:

nD*
F = Dsax ' 4
3agaua 2.11.

Ha mopiieHs 0JTHOTO W3 COOOMIAIONIMXCS COCY/I0B, HATIOJTHCHHBIX BOJIOM, ICHCTBYET CHjla
P1 =200 H, a na nopmens Broporo cocyaa P, = 300 H. onpenenuts pa3HOCTh YPOBHEH
KHUJIKOCTH B cocynax h, eciim quamerp nepsoro nopiss di1 = 0,1 M, BToporo noprras dy =
0,15 m.
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lpﬂ

I | HTHI D

by
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Memoouueckue VKA3AHUA K peuleHuro 3a0ayu

Haeaenue Ha cAHHHIYY TUIONMANA HA MOBEPXHOCTH XHAKOCTH MO nep-
BBIM MOPIITHEM
aP
P ]

-I=E|T

To A&e Ha NOBEPXHOCTH KHAKOCTH [IOL BIOPLIM NOPILHEM
4P,
Py = 4
xd;
Iuapoctatyeckoe aannenie Bo BTOPOM cocyae Ha rybuse h onpeae-
AACTCH N0 OCHOBHOMY YPABHEHMIO MMUPOCTATHEMN

Py = Py, + pgh
o1y da
- Pu-Po:
o4

FAC £ = NIOTHOCTH BOMLL, € « YCKOPEHHE CROGOAHOTO NA/ICHHA.

3agaua 2.12.

[MwmHIpHYECKUN COCy T 3an0JHEH BoAol Ha BeicoTy h = 0,6 M. TnameTp cocyna D = 40
cM, auametp ropioBuHbl d = 10 cM. Ha ¢cBOOOIHYO TOBEPXHOCTH KUIKOCTH TIPH ITOMOIIN
nopiHs npuioxena cuna P = 50 H. Onpenenuts cuiy JaBlI€HHS] p1 HAa JHO COCYJa,
a0COIOTHOE JTaBJICHUE B TOYKE, JICJKAIEH Ha TIOJIOBUHE BBICOTHI COCY/IA.
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Memoouueckue VKA3AaHUA K peueHuro 3a0ayu

Cuily AaBIIeHHUs p1 Ha JTHO COCY/1a MOKHO ONPEICIIUTD I10 CAeaAyIoNieH Gopmyie:
1= (poty-he) -w,
rae po=4P /nd?* h.=h; w=nD?/4.

Torzxa a0COJIFOTHOE JaBJICHUC B TOYKC Ha ITOJIOBHMHC BBICOTHI
_ h
D =DPoty 5"

3agaua 2.13.

[Tpu ruapaBIMYECKOM HCIBITAHUK TpyOompoBoaa auamerpoM d = 200 MM u amuHo# 250
M J1aBjicHHE B TpyOe Obu1o moBbiieHo g0 3 MIla. Uepes vac maBieHue CHH3WIOCH 10 2
MIlIa. CxoapK0 BOABI BBITEKJIO Ye€pe3 HETUIOTHOCTH ?

Memooduueckue yKkazanus K peueHuo 3a0ayll
d?
O6beM BOIBI B TPYOOIIPOBOIE MOKHO OIPEAECIUTE: W= 2 l.

M3MeHeHue NaBIeHUs 3a BPEMSI UCTILITAHUS:
Ap = p1— P2
4 1
[Ipuaumas koddpuument obbemHOro cxarus soxel B, =5-10 T Haxomm
a

KOJIMYECTBO BOJIbI, BRITEKAIOIIEH Yepe3 HEMJIOTHOCTH, 0 (popmyrie
A o =By W-Ap.
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3axaua 2.14.

OmnpenenuTts ycuirne, KOTOPOe pa3BUBAcT TMAPABIMUSCKUN Tpecc, uMetommii Oy = 250
MM, 1 =25 MM, a =1 mu b=0,1 M, ecti ycunue, NMPUIOKEHHOE K PYKOSTKE pbluara
pabounm, N = 200H, a KIIJ] pasen 0,8.

Memoouueckue VKA3AaHUA K peuerHuro 3a0ayu

Ycunue B TuaApaBIIMYCCKOM IIPECCC MOKHO OIPCACIIUTD I10 q)OpMy.TIC:

a+b d
P.=1n-N- (22)2.
2 =1 b (dl)
3amaua 2.15.

I'Ipvl rmgpasjin4ecKkom nCnblTaHNN CUCTEMDbI O6'beLl,I/IHeHHOFO BHYTPEHHEro
NPOTUBOMNMOXapHOro BO,ELOCHa6)KeHI/I9| AonycKkaeTcd nageHne gaBJieHNA B Teé4eHUne 10

MUH. Ha Ap = 4,97104 Ma. OnpegenuTb gonyctumyto yteuky AW npu ucnbitaHum
cuctembl BMecTUMocTbio W = 80 M3, KoadhdpuumeHT o6beMHOro cxatms [3W: 5.10710
Ma.

Memoouueckue VKA3AHUA K peuleHuro 3a0ayu

Oonyctumyto yreuky AW onpeaensiem n3 cpopmynsi

AW
By =~
W-Ap.
AW =8, -W-Ap.
3agaua 2.16.

B OokoByro cTeHKy cocyda A, HaIOJHEHHOTO BOJIOM, BCTaBJICHA ITbE30METPHYCCKAS
TpyOka B. Onpenenuts abCOMOTHOE AaBICHHUE p HA CBOOOHON MOBEPXHOCTH KUIKOCTH B
COCyie, €CIIH IO ACHCTBHEM 3TOr0 JaBJICHHUSA BOJa B TPYOKe MOAHsIACH Ha BhICOTY h =
1,5 m.
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Memoouueckue VKA3AaHUA K peuerHuro 3a0ayu

I[&BJICHI/IC Ha CBO6OI[HOI71 MOBCPXHOCTH KUAKOCTU B COCYAC PABHACTCA NABJICHUIO B
CCUCHHH a MbE30MCTPa U OMPCACIACTCA 110 OCHOBHOMY YPABHCHUIO T'MAPOCTATHUKH:

P =po+yh

Otcrona, 3Has faBieHue Ha CBOOOHOM MOBEPXHOCTH Po = Parw U YJCIBHBIA BEC BOJIBI Y
HaXOJIUM p.

3apava 2.17.
Cocy1 3amoHed BOJIOM, 3aHUMaroIel 00beM Wi= 2 M°. Ha CKOIBKO yMEHBIIUTCSA U 9EMY
Oyner paBeH 3TOT 00BbEM MNpH YBEIWYEHWU MAaBieHUs Ha BenuuuHy 200 Gap mnpwm

temmeparype 20°C ? Moayib 00beMHOM yIPYroCcTH JJIs BOJBI IPU JJAHHOM TeMItepaType
E,=2110 MITa.

Memoouueckue VKA3AHUA K peuleHuro 3a0ay4u

N3meHeHne o0beMa )KUJIKOCTH MOKHO OMPENEIUTh U3 YPaBHEHUS

AW = — BuW Ap.
3atem ompenensseM KodQPUIMEHT 00bEMHOTO CXKATHS U3 YPaBHEHHUS :
pw=1/E,

VBenuuenue aasnenus Ap = 200 6ap = 20-10° Ia.
Haxomum Aw.
Torma uckombiii 00beM OyAET paBeH:

W2 = W1 — AWw.

3agaua 2.18.

B nunuaape nmoa mopmiHeM HaxOAUTCS BO3AyX NPpU MaHOMeTpuueckoM aaiieHuu 0,02
MIla. Omnpenenuts nEpeMelIeHWE TMOPIIHS W JAaBICEHHWE B KOHLE Ipolecca
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A30TEPMUYECKOT0 CHKATHS, €CIM HA NMOPLIEHb JOIOJHUTEIBHO IEUCTBYET IPy3 MAcCou 3
kr. lnamerp mopuras d = 100 mm. Beicota HauanbeHOTO moJtoskeHust mopiras h = 500 M.

Memoouueckue VKA3AaHUA K peulerHuro 3a0ayu

JIOTIOMHUTENBbHYIO CUITY, CO3/IaBAEMYIO IPY30M, MOXXHO HAWTH CIAEAYIOLIUM 00pa3oM:

F=mg.
TOFIIa AOIIOJTHUTCIIBHOC JAaBJICHUC OT I'py3a:
Ap=2F
d 2

Koneunoe naBneunue:

P2 =pP1 + Ap = Parm T Puvan + Ap

O06beM Bo3ayxa B IWJIMHPE 0 HadYayia ICUCTBUS Tpy3a:

1 4 '
O6’beM BO321YXa TITIOCJIC I/IBOTCpMI/I‘IGCKOI‘O CXKaTui.
P
v, :Vl_l
P,
Toma, BBICOTA ITOJIOXKCHUA HOpH.IHﬁI IIOCJIC CXKaTusa

Vv,

2 o 2
[lepeMelienre MOPLIHA B IUIMHAPE B PE3YIILTATE CHKATHS

Ah = h1— hz.

h

3agaua 2.19.

Nmeercs Tpyba ¢ mnepeMEHHBIM TMONEPEYHBIM CEYEHUEM M HAMOPHBIM JIBHKEHUEM
kuakoctd. ONpenenuTs CPeJHIOI CKOPOCTh B MIEPBOM CEUCHUH Vj, eciau U3BECTHO, 4TO

nuametp nepsoro ceuenus dq=200.mm, nuamerp Broporo ceuenus do =100rm n
CpelHsisl CKOPOCTh BO BTopoM ceuernu Vo =1m/c.

Memoouueckue VKA3AHUA K peuerRuro 3a0ayu

HaxoanMm moniaau >KUBBIX CEYCHUN:

Ttd12 nd22
4 4
[ToncraBnsig 3TH 3HAYEHUS B YPABHEHUE HEPA3PBIBHOCTHU
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MNOJIy4YUM
Vi _dj

Vo d?
T. €. IJIs ciay4asi Kpyrjiol TpyObl, CIUIOUIb 3alOTHEHHON KUIKOCTBIO, CPEAHHE CKOPOCTH
o0paTHO NPOMOPLMOHATIBHBI KBaJpaTaM JIUaMETPOB COOTBETCTBYIOIIMX BHYTPEHHUX
CEUYECHHI TPYOBI.

CKopocCTh B IEPBOM CEUEHUU OYyJET paBHA, M/C

2
W=%%’
dj
3amaua 2.20.

Omnpenenuts a0COTIOTHOE JaBJICHHUE B COCY/C MO MOKA3aHUIO KUIAKOCTHOTO MaHOMETpa,
eciu u3BectHO: hi=2m; hy = 0,5 m; h3 = 0,2 M; py, = 880 kr/m>,

Far v

Macno _
hg MUHED.

Memoouueckue VKA3AHUA K peueruro 3a0ayu

JlaBienue B Toukax A M B paBHO, Tak Kak OHHU Je€XaT B OJHOW TOPU30HTATIBLHOU
TUIOCKOCTH, TPOXOASIIEH B OJTHOPOTHOM KUAKOCTH, IOITOMY
Par T ,OMghS +,0pTgh2 = paoe T pthl,
T€ pPpr - IUIOTHOCTB PTYTH, ppr = 13600 Kr/M°;
ps — INIOTHOCTB BObI, pp = 1000 Kr/m°,
Torna abcontoTHOE AaBJIEHUE B COCYI€ MOXKHO OINPEETUTh

Pa6ec = par t nghs +,0pTgh2 - pthl
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KoHTpoJibHBIC BOIPOCHI:

1. Uto Takoe BA3KOCTb JKUJIKOCTH M YTO OHA XapaKTepu3zyer?

2. B ueM coCcTOuT 3aKOH Bsi3KOCTH HbroTOHA?

3. Kakas CBsI3b CyIIECTBYET MEXKJIYy KHUHETHYECKMM U JUHAMHUYECKUM
K03 pULIEHTaMH BSI3KOCTH U KAKOBA UX Pa3MEPHOCTH?

4. Yto Takoe mbe30MeTpUIecKas BbICOTa?

5. Uro Ha3bpIBaeTCs THUAPOCTATUYECKHM JABJICHUEM? YKAXKUTE €ro OCHOBHBIC
cBoiicTBa?

6. Kak onpenensiercs cyMMapHOe JaBJICHHUE KUIKOCTH Ha KPUBOJMHEHHBIC CTCHKU?

7. UTo Takoe UEHTp AaBJIECHUA?

8. B uem cocrourt 3akoH Ilackans?

9. B xakux eAMHUIIAX U KAKUM MPUOOPOM H3MEPSIETCS TUAPOCTATUUECKOE JTaBIeHUE ?

10. [IpakTrveckoe MPUMEHEHUE OCHOBHOTO YPaBHECHHS THIPOCTATHUKH.

11. Yto Takoe paBHOMEPHOE U HEPABHOMEPHOE JIBUKEHUE?

12. B uem coctout npuHuun padboTel Bogomepa Bentypu?

13. Yto Takoe ruipaBIuydeCcKuil pajnyc, TUAPABINICCKUN YKIOH?

14. Kakue cymiecTBYIOT OrpaHUYEHUs JIJIsl MPUMEHEHUs ypaBHeHus bepHymm?

15. Yto Takoe paBHOMEPHOE U HEPABHOMEPHOE JABUKEHUE?

16. Uto Takoe xuBoe ceueHue noroka? Cpeaussi ckopoctb? Pacxon xxuakoctu?

17. Kakoe COOTHOLIEHHE CYHIECTBYET MEXKIAYy THAPABINYECKUM paJUyCOM H
IUaMEeTPOM TPYObI?

18. Kakoe nBUKeHHE HA3BIBAIOT JIAMUHAPHBIM, TYPOYICHTHBIM?

19. Uto Takoe uucio PeiiHonbiaca, B ueM ero (pU3MYECKUN CMBICT U MPAKTUYECKOE
3HaueHue?

20. Kak omnpenenstorcs IOTEpU Hamopa Ha TPEHUE MPU JIAMUHAPHOM JABUKCHUN?

21. YUto Takoe OTHOCHUTEIIbHASI U a0COJIFOTHAS IIEPOXOBATOCTH?

22. Kakue TpyObl Ha3bIBAIOTCS THAPABINYCCKUMU TIIAJIKUMU?

23. YUto Takoe KBajpaTudHasi 00JaCTh COMPOTUBJICHHUS ?

24. Yto Takoe MmecTHble compoTtuBieHus? Ilo kakoit (opmyne HaXoAsAT MOTEPH
Haropa Ha MECTHbIE€ CONTPOTUBJICHUS ?

25. Ot kakux (akTOpoB 3aBUCUT KOAPDPUIIMEHT TUIPABIUYECKOTO TPEHUS TPHU
TypOyJIEHTHOM JABUKCHUH ?

26. Kak BpIpakaroTcsi IOTEPU HAIMIOPA MPHU BHE3AMHOM PACIIMPEHUH OTOKA?

27. I'padux Hukypanze.

28. ®opmyia JKe3u u ee npUMEHEHUE.

29. Kakumu npu3HaKaMH XapaKTepHU3yEeTCs OTBEPCTUE B TOHKOM CTEHKe?

30. Yro Takoe KodDPUIUEHT CIKATHUS CTPYH?

31. Kakoe BnusHHME OKa3bIBae€T HAMOp Ha BENWUMHY Kod(dQUIMEeHTa pacxoja Mpu
MCTEUEHUHU Yepe3 LWINHAPUIECKUE HACAIKU?

32. Kakue (hakTophl BIUSAIOT HAa BBICOTY U JIaJIbHOCTD MOJIETA BHITEKAIOIIEH U3 Hacoca
cTtpyu?

33. BerpoBas Harpy3ka Ha 3JaHHs, PACIPEICICHUE HAarpy30K MO MOBEPXHOCTH.

34. OunbTpanys KUIKOCTH YEPE3 MOPUCTHIE CPEIBI.

35. CKOpOCTh BUTAHUS, €€ POJIb B TUAPOTPAHCIIOPTE.

36. Kak HailTu NOBBILLICEHHE TABJICHUS B TpyOE MPU BHE3AMTHOM 3aKPBITHH 3a]IBUXKKHU?



37. Kak onpeaenstoTcsi CKOpOCTh U pacxoj Npu (GUIbTpaLiiu?
38. CocTtapnstoliue v mpupojaa JIOOOBOTO COMPOTUBIICHUS.
39. SBnenue ruapoyaapa, popmyna XKykoBckoro.

40. OcoOEHHOCTH UCTEUYEHHUSI Ta30B YEPE3 OTBEPCTHSI.

22
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2. 'mppaBnuka, ruApOMalIuHbl U TUIPOIIPUBO/IBI B PUMEpaxX pelieHus 3aaad : yueo.
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3. 3yiikoB A.JI. I'mppasnuka. Tom 2. HanopHble u OTKpbIThIE MOTOKH. ['MapaBiuka
coopyXeHu# [DneKTpoHHbIN pecypc]: yueoHuk/ 3yiikoB A.JI., Boaruna JI.B.— DnekTpoH.
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IIpuiaoxenue 1

3HaueHue KOIPPUIMEHTA KHHEMATHYECKOH BAZKOCTH KHIKOCTEH v
B 3ABHCHMOCTH OT TeMIepaTypbl

Bsizkocthb Kunematnueckuii Kod(hOHUIMEHT BI3KOCTH, M2/ C
Bopna yucras | Boga crounas Macno bensun PryTn
npu MUHEPAIbHOE
TeMIieparype
0 1,79-10°° 2,67-10° 6,5-10° 0,95-10° 1,2-107
5 1,46-10° 1,65-10° 5,2:10° 0,9-10° 1,17-107
10 1,31-10°° 1,50-10° 3,9-10° 0,85-10° 1,15-107
15 1,14-10° 1,3-10° 3,1:10° 0,80-10° 1,13-107
20 1,01-10° 1,11-10° 2,5-10° 0,75-10° 1,10-107
30 0,81-10° - 1,7-10° 0,60-10° 1,05-107
40 0,60-10° - 1,3-10° 0,50-10° 1,00-107
50 0,56-10° - 1,0-10° 0,40-10° 0,95-107
Hpuio:xenne 2
Q Q Q Q SN SN S
= = = = = 2 2
8 3 3 3 3 3 8
ol E% | o 5% | o 2% | o 5% | o te ol Es |of B
] ] @] Qo ] o ]
slce | |28 | 26 | |86 |5 |28 |26 |28
0 | 999,87 40 992,24 50 988,07 60 983,24 70 977,81 | 80 | 971,83 | 90 | 965,34
41 991,86 51 987,62 61 982,72 71 977,23 | 81 | 971,23 | 91 | 964,67
4 1000 42 991,47 52 987,15 62 982,2 72 976,66 | 82 | 970,57 | 92 | 963,99
43 991,07 53 986,69 63 981,67 73 976,07 | 83 | 969,94 | 93 | 963,3
10 | 998,73 44 990,66 54 986,21 64 981,13 74 975,48 | 84 | 969,3 | 94 | 962,61
45 990,25 55 985,73 65 980,59 75 974,89 | 85 | 968,65 | 95 | 961,92
20 | 998,23 46 989,82 56 985,25 66 980,05 76 974,29 | 86 968 96 | 961,22
47 989,4 57 984,75 67 979,5 77 973,68 | 87 | 967,24 | 97 | 960,51
30 | 995,67 48 988,96 58 984,25 68 978,94 78 973,07 | 88 | 966,68 | 98 | 959,81
49 988,52 59 983,75 69 978,88 79 972,45 | 89 | 966,01 | 99 | 959,09
IIpuioxenne 3
ﬁw-lOlo, a?, npu nasnenun, Ia-10%
t,°C 50 100 200 390 780
0 54 5,37 531 5,23 5,15
5 5,29 5,23 5,18 5,08 4,93
10 5,23 5,18 5,08 4,98 4,81
15 5,18 51 5,03 4,88 4,7
20 5,15 5,05 4,95 4,81 4,6
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IIpunioxenue 4

t, °C +10 +20 +30 +40 +50
P 999,73 998,23 995,67 992,24 988,07
v w2 | 001306 | 001006 | 000805 | 0,00659 | 0,00556

HeKOTopble NMPAKTUHIECCKUE KOHCTAHTBI

Yckopenue cBoboHoro najgenus g = 9,80665 ~ 10 Mm/c2

Hasnenue armocheproe (Ha ypoBHE MOPS) Pamu = 101325 I1a #100000 //a

I"azoBast moctostHHAs 115 Bo3ayxa R, = 287 [[c/xke-K

Pa3MepHOCTI/I BECJIHYUH B PA3/IMIHBIX CHCTEMAX UBMECPECHUSA

Bemnunna CHu IlepeBoa B Apyrue €IMHHUIIBI
Hnuna M 1 m=100 cm = 1000 Mmm
Inowas M2 1 M2 = 104 cm2 = 106 mm2
O6BEM M3 1 M3 =106 cm3 = 1000 1
Macca KT 1 kr=1000r
Cuua, Bec H 10 H~ 1 xrc = 10-3 1c
[InotHOCTE Kr/M3 1000 xr/m3 = 1 r/cm3
VY nenbHBIH BeC H/m3 104 H/m3 = 1 Te/m3
Bsi3kocTh KMHEMaTHUYECKast M2/c 1 M2/c = 104 cm2/c
HaBnenue Ia = 100000 ITa ~ 1 ar =1 krc/em2 =10 m BOJ.CT. =

=H/m2 760 MM pT.CT.
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