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BCTYII

OCHOBHOIO METOI0 BUBYEHHS JUCLUIUIIHYU € (popmyBaHHS y 3100yBadiB BO
npoeciiHuX KOMIETEHTHOCTEH TMOB’SI3aHUX 3 BUPOOHUYO-TEXHOJOTTUHOIO
JISUIBHICTIO Ha XapyoBUX BHUPOOHUITBAX; 3/00YTTS MPaKTUYHUX HABUYOK Yy
MpoLIeCi pO3B’sA3yBAHHS 1HKEHEPHUX 3aB/IaHb.

['onoBHe 3aBAaHHS HABYaJIbHOI AMCIHMIUIIHM TMOJIAra€e B O3HAHOMIICHHI
3n100yBauiB BO 3 OCHOBHMMHM MNpUHLMIIAM OpraHi3auli MpPOBEACHHS MPOLECIB
XapyoBUX BUPOOHMIITB, X 3aKOHOMIPHOCTSIMU Ta 3 amaparypHUM O(OpMIIEHHIM
MPOIIECIB; HABUUTH OOTPYHTOBYBATH MPOMO3HUIIIT 3 YIOCKOHAIIEHHS TEXHOJIOTTUHUX
IpOLIECIB Ta anaparTiB

[Ipenmer: nmpouecu B XapyoBiii MPOMHUCIOBOCTI Ta iX peasnizallis.



YACTHUHA 1.
METOJIMYHI PEKOMEHJAIIII 3 BABUEHHA JUCHUILITHUA



1. Onuc AMCHUIIIHA
HaiimenyBaHHS MOKa3HUKIB XapaKkTepuCTUKA TUCIUIUTIHU
OO0OB'I3K0BA (02151 cmydenmis cne-
yianvrnocmi "nazea cneyianonocmi”) |
BUOIPKOBA JUCLUILIIHA

O00B’sA3K0BA /ISl CTYAEHTIB CHEeliaJIbHOCTI
133 «I'asy3eBeBeBa MAIIMHOO Y1y BAHHSD)

CemecTp (ocinniii / 6ecnsnuii) BE€CHSIHMI/ OCiHHIN
KiTbKICTh KPEIHTIB 5/5
3arajgbHa KUJIbKICTh TOAMH 150/150
KiJIbKICTh 3MICTOBHX MOAYJIIB 4

Jlexii, roguH 48/42
[IpakTuyHi / ceMIHApPChKI, TOJIUH 32/28
JlaGopaTopHi, TOJUH -
CamocriiiHa po06oTa, roJIuH 70/80

THXHEBUX TOAUH JUIA JEHHO1L
dbopmMu HaBUaHHSL:

ay TUTOPHUX 5/5
CaMOCTIHHOT poOOTH CTYJEHTa 4.3/5,7
Bu1 KOHTpOJTIO 3astik/eK3aMeH

2. Ilporpama TMCHUILUIIHA

Meta BHUBUYEHHS AMCHUMIUIIHM Tojsirae y ¢opMmyBaHHI y 3a00yBauiB BO
npodeciiHMX KOMIIETEHTHOCTEH TIOB’SI3aHUX 3 BHPOOHHYO-TEXHOJIOTIYHOIO
TISUTBHICTIO Ha XapyoBUX BHUPOOHUIITBAX; 3M00YTTS MPAKTUYHUX HABUYOK Y
npoleci po3B’si3yBaHHS 1H)KEHEPHUX 3aB/IaHb.

3aBIaHHA JTUCHMIUIIHKM TIOJATAaE B TEOPETHYHIN 1 MPaKTUYHIA MIATOTOBIN
3n00yBauiB BO OCHOBHUMHM TNpUHIIUIIAM OpraHizailii MpPOBEICHHsS IPOIIECiB
XapUYoOBUX BHPOOHUIITB, X 3aKOHOMIPHOCTSMH Ta 3 anapaTypHUM OQGOPMICHHSIM
IIPOIIECiB; HABYUTHU OOTPYHTOBYBATH MPOIIO3UIIIT 3 YIOCKOHAJIEHHS TEXHOJIOTTYHUX
IIPOIIECIB Ta araparib.

IIpeameT: mporiecu B Xap4yoBii MPOMHUCIOBOCTI Ta iX pearizaris.

3MicT IMCUMILTIHA PO3KPHUBAETHCHA B TEMAaX:
1.3arayibHI TPHHIMIK aHATi3y | pO3paxyHKy TporeciB |1 amapatiB. OCHOBH
KOHCTPYIOBaHHS arapartiB
2. MopemtoBaHHs TipolieciB i amapaTtiB. Kpurepii moniOHocTi
3. OcHoBu Teopii TeroBux nporieciB. Harpisanus. BumapoByBanus. Kuminas
4. OX00/I)KEHHS: OCHOBH IPOIIECY
5. TenmooOMiHHI anapatn: kKi1acudikaiss, KOHCTPYKTUBHE 0(hOpMIICHHS,
PO3paxyHOK
6. BumaproBanHs: Teopist mporiecy, KOHCTPYKIlii BUTIAPHUX amaparib
7. KonneHcartis: TUIIOBI KOHCTPYKITIi KOHJIEHCATOPIB Ta OCHOBU PO3PAXYHKY
8. Enextpodiznuni MeToau 0OpoOKH XapdoBUX MPOAYKTIB: IHAYKIIHHUN HATpiB
9. Enextpodizmuni meTonu OOpOOKH  XapyoBUX MPOIYKTIB: 1H(PpPauEepBOHUI
HarpiB



10. TeopeTuuHi OCHOBM MaCOOOMIHHUX IPOLIECIB

11. CopO6iiini npornecu: ancopoOirisi Ta abcopOirist

12. ExcTparyBaHHS: OCHOBH IIPOIIECY, KOHCTPYKIIIi armaparis.

13. Jlunamika Ta KIHETUKA CYLIIHHS.

14. CymuibHi yCTaHOBKHU: KOHCTPYKIIIi Ta OCOOJIMBOCTI 3aCTOCYBaHHS
15. OcHoBu nporiecy pektudikaiii. Pektudikariiiini KoJOHHA

16. IIpouecu kpuctanizauii. Anapatypae oOpMIIeHHS.

17. CyTHICTB poOLECY PO3ZYUHEHHS.

18. I'inpocTatuka Ta rigpoJuHaMika

19. T'igpaBniuHi MalIMHA

20. MeTtoau OIiHKM Ta OTPUMAaHHS AICTIEPCHUX CUCTEM

21. IlepeminryBaHHs Ta JUCHIEPTryBaHHS

22. IlceBao3piKeHHsI Ta MHOYTBOPEHHS

23. Ilpouecu po3iyieHHsI JUCIIEPCHUX CUCTEM: LIEHTpUYHYBaHHS
24. Tlpouecu po3iIEHHS JUCTIEPCHUX CUCTEM: (DUIBTpYBaHHS

25. Ipotiecu po3aiIEHHS JUCTIEPCHUX CUCTEM: OCAIKCHHS
26.TeopeTnyH1 OCHOBH MEXaHIYHUX MPOIIECIB.

27 Ilpouiecu moipiOHEHHS: OCHOBHU TEOpii MOAPIOHEHHS Ta Kiacu]ikallisi IpoLeciB
noJIpiOHEHHS

28. OcHOBH Teopii pi3aHHs.

29. 3MinIyBaHHA Ta MO CUIIKUX MaTepiaiiB

30. IIpouecu mpecyBaHHs

31. bioximivHi TTpolIeCH: CYTHICTh Ta chepu 3acTOCyBaHHS
32.®epMeHTH Ta PEPMEHTHI MpETapaTh

OnanyBaHHSl JUCUMILTIHM 103BOJISIE€ 320€3MeYUTH:

1) popmyBanHS:

- 3arajJibHUX NPOrPaMHHUX KOMIIETEHTHOCTEIN:

3IaTHICTB 10 aOCTPAKTHOTO MUCIICHHSI;

3/IaTHICTh T€HEPYBATH HOBI 1711 (KpeaTHUBHICTH);

3IaTHICTh IPOBEACHHS JTOCTI)KEHb Ha TIEBHOMY PiBHI.

- (paxOBHUX NMPOrPAMHHUX KOMIIETEHTHOCTEM:

3IaTHICTh 3aCTOCOBYBATH THIIOBI aHAITHYHI METOJIM Ta KOMIT'FOTEPHI MPOrpaMHi

3aco0u 7151 pO3B'A3yBaHHS 1HKEHEPHUX 3aBAaHb raqy3eBOro MalmHOOYyBaHHS,

e(deKTHBHI KIJTbKICHI METOAM MaTeMaTHKH, (I3UKH, IH)KEHEPHUX HayK, a TaKOX

BIJIMOBITHE KOMITIOTEpPHE TMporpamMHe 3a0e3medyeHHs g pO3B’s3yBaHHS

IHKEHEPHUX 3aJ1a4 Taly3eBOT0 MalTMHOOY AyBaHHS;
3/1aTHICTh SaCTOCOByBaTI/I dbyHIaMeHTanbHI HAayKOBI (akTH, KOHIEMIi, Teopii,
OPUHIIMIN IS PO3B’sI3yBaHHS MpodeciifHUX 3anad 1 MNPaKTUYHUX TPoOJIemM
raJry3eBOr0 MalIMHOOY TyBaHHS;
3/IaTHICTh BTUTIOBAaTH 1HXKCHEPHI PO3POOKH y Taly3eBOMY MAIIMHOOYTyBaHHI 3
ypaxyBaHHSM TEXHIYHUX, OpraHi3alliiHuX, TMPaBOBUX, CKOHOMIYHHX Ta
EKOJIOTIYHMX AaCIEKTIB 3a YCIM JKATTEBUM ITMKJIOM MAIIIMHH: BijJ] IPOEKTYBaHHSI,
KOHCTPYIOBaHHS, ©KCIUTyartarlii, MmiITpUMaHHs Mpame3qaTHOCTI, JIarHOCTHKH Ta
yTHJI13a11ii.



2) TOCSTHEHHS MPOrPaAaMHMX Pe3yJibTATIiB HABYAHHS:

3MIMCHIOBATH 1HXKEHEPHI PO3paxyHKH [JIsl BHPIIIEHHS CKJIaJAHMX 3a7ad 1
MPaKTUYHUX MPOOJIEM y raay3eBOMYy MAIIMHOOYIyBaHHI;

aHaNi3yBaTH 1HKEHEPHI 00’ €KTH, MPOLECH Ta METOJIH;

roTyBaTH BUPOOHMIITBO Ta €KCIUIyaTyBaTH BHUPOOHU, 3aCTOCOBYIOYM aBTOMAaTHYHI
CUCTEMHU MIATPUMYBAHHSA KUTTEBOTO LUKITY;

o0upat 1 3aCTOCOBYBATH MOTPIOHE 00JIaIHAHHS, IHCTPYMEHTHU Ta METOIH;
3aCTOCOBYBaTH 3acOo0M TEXHIYHOIO KOHTPOJIO JUJIs OLIHIOBaHHA MapameTpiB
00'eKTIB 1 MPOLECIB y TATy3€BOMY MAIIMHOOY yBaHHI.

3) HaOyTTs pe3yJabTaTiB HaBYaHHA (3rigHO J[yONIHCHKUX JAECKPHUIITOPIB):

- 3HAHHSI: OCHOBH TEXHOJIOTIYHOrO OOJIafHAHHS NepepoOHUX 1 XapyoBUX
BUPOOHMIITB, TEOpit0 Horo pobouux mporeciB, Kiacudikaiio, OYI0BY,
0COOJIMBOCTI €KCIUTyaTallii, OCHOBH MPOEKTYBAaHHS, LUISIXU 1 MEPCHEKTUBU HOro
BJIOCKOHAJICHHS.

- YMiHHSI/HABHYKM: OL[IHIOBAaTH TEXHIYHUW CTAH TEXHOJOTIYHOTO OOJagHaHHS Ta
pPO3pOOIIATH HEOOXi1HY HOPMATUBHO-TEXHIYHY JTOKYMEHTAI[ll0; MPOEKTyBaTHU Ta
KOHCTPYIOBaTH TEXHOJOrIYHE OOJaJHaHHS; aHaJII3yBaTH UUISIXU PO3POOKH
KOHCTPYKI[iii HOBOro oOnagHaHHS 1 OayuTH TMEpPCHEKTHBHI HANpSIMKUA HOTro
BJOCKOHAJICHHA. MaTH  HaBUYKU: 3  eKCIUTyaTalli Ta  KOHCTPYIOBAaHHS
TEXHOJIOTIYHOTO 00JIaJHAHHS, OpraHi3alli MOHTaXYy, HaJaJIKU 1 PEMOHTY #oro; 3
TEXHIKM O€3MEeKH Ta MPOMUCIIOBOI CaHITapii.

3. CTpyKTypa IMCHMILTIHH

KinpkicTe roauH (neHHa hopmMa HaBYaHHS)
HazBu 3mMicTOBHX MOTYITIB 1 TEM y TOMY 49HCIT
yChOTO
JIEKII. p./cem. J1a0. CPC
1 2 3 4 5 6
Monayas 1

3micToBuii MmoayJsb 1. TensioBi npouecu
Tema 1.3aranbHi IPUHIMIINA aHATI3Y |
PO3paxyHKy IPOIECIB | ammaparis. 6 2 - 4
OCHOBH KOHCTPYIOBaHHS anapariB
Tema 2. MopentoBaHHS MPOIIECIB 1
anapatiB. Kpurepii mogibHocTi
Tema 3. OcHOBU Teopii TEMIOBUX
nporeciB. HarpiBanusi. 6 2 - - 4
Bunaposysanns. Kuninns
Tema 4. OX010KEHHS: OCHOBH
IpoLeCcy
Tewma 5. TermooOMiHHI armapaTu:
knacudikallis, KOHCTPYKTUBHE 12 4 4 - 4
o opMIIeHHS, PO3paXYHOK
Tema 6. BunaproBanHs: Teopis
Ipoliecy, KOHCTPYKIIIT BUTAPHUX 10 2 4 - 4
arnapariB
Tema 7. Konnencariisi: TUNIoBi
KOHCTPYKIIii KOHJIEHCATOPiB Ta OCHOBH 12 4 4 - 4

PO3PAXYHKY

12 4 4 - 4

10 2 4 - 4




Pa3om 3a 3micToBUM MojayJieM 1 | 68 | 20 | 20 |

3micToBuii MoayJb 2. MacooOMiHHI npouecu

Tema 8. Enexrpodiznyni MeToau
00pOOKH XapuOBUX MPOAYKTIB! 6 2 -
IHAYKIITHAA HarpiB
Tema 9. Enexrpodiznyni MeToau
00pOOKH XapuOBUX MPOIYKTIB: 11 2 4
iH(ppayepBOHUH HArpiB
Tema 10. TeopeTnyni OCHOBH 6 9 i
Maco0OMiHHHMX MPOIIECiB
Tema 11. CopOuiitHi mpouec: 6 9 i
azicopOuist Ta abcopOITist
Tema 12. EkcrparyBaHHS: OCHOBU 8 4 i
MpoIieCcy, KOHCTPYKIIIi araparTiB
TeM'fl 13. Jlunamika Ta KiIHETUKA 11 5 4
CYITIHHS
Tema 14. CymmibHi yCTaHOBKHU:
KOHCTPYKIIIi Ta 0COOTUBOCTI 12 4 4
3aCTOCYBaHHS
Tema 15. OcHoBH nporiecy 8 4 i
pektudikaiii. Pektudikamiitai KoaoHu
Tewma 16. [Ipomec kpucTamizarii. 8 4 i
AnaparypHe ohopMIICHHS
Tema 17. CyTHICTB TIpoIIECy 6 2 i
PO3UMHEHHS
Pa3om 3a 3MicTOBUM MoayJiem 2 82 28 12
Ycboro moayasb 1 150 48 32
MoayJasb 2
3micToBuii moayJs 3. l'inpomexaniuHi npouecu
TeMa 18. FII'lpOCTaTI/IKa Ta 10 4 4
riipoMHaMiKa
Tewma 19. I'igpaBniuni MalmuHu 10 2 -
Tema 20. MCTOHH OLIIHKH Ta 10 2 i
OTPUMAaHHS JICIIEPCHUX CUCTEM
Tewma 21. [lepeminryBaHHs Ta 10 4 4
JMCTIEPryBaHHS
T;Ma 22. IlceBmo3piKeHHs Ta 12 4 i
MIHOYTBOPEHHS
Tewma 23. [Iponecu po3aiaeHHS
JTUCTIEPCHUX CUCTEM: 10 4 4
eHTpUuyryBaHHs
Tewma 24. [Iponiecu po3iaeHHS 10 2
JMCIIEPCHUX CUCTEM: (IIbTpYBaHHS
Tewma 25. [Iponecu po3aineHHs 10 2
JMCIIEPCHUX CUCTEM: OCAKEHHS
Pa3zom 3a 3mMicToBHM MoayJaem 3 84 24 12
3micToBuii Moayab 4. MexaHiuHi npouecu
Tema 2‘6.TeopeTHqH‘i OCHOBH 10 2 i
MEXaHIYHUX MPOIIECIB
Tema 27.11poriec moapiOHEHHS: OCHOBU
Teopii moaApiOHeHHs Ta Kinacudikaris 10 2 4
MIPOLIECiB MOAPIOHEHHSI
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Tema 28. OcHoBu Teopii pizaHHs 12 4 - - 6
Tema 29. .3M1H_IYBaHH5I Ta MOJLI CUIIKUX 10 9 4 i 6
MaTepiaiB
Tema 30. IIpornec npecyBaHHS 10 2 4 - 6
Tema 31. BioximiuHi mpoLecH: CyTHICTh 12 4 4 i 6
Ta cepu 3aCTOCYBAHHS
Tema 32.depmenTH Ta GepMEeHTHI 10 2 i i 6
npenaparu
Pa3om 3a 3micToBUM MoayJem 4 66 18 16 - 36
Ycboro MoayJib 2 150 42 28 - 80
¥Ycboro roaimH 300 90 60 - 150
4. Temu ceMiHAPCHLKUX/TIPAKTHYHUX/J1A00PATOPHUX 3AHATH
No Hasga temu Kinbkicts
3/ TOQUH
Mopyns 1
1 [Ipaktiune 3aHsaTTs 1. OCHOBU KOHCTpyroBaHHS amapariB. OCHOBHU 4
Teopiii moaiOHOCTI..
2 [IpakTiune 3aHATTS 2. XO0JOAUIBHI MAalIMHU Ta arperaTd B XapyoBii 4
MTPOMHCIIOBOCTI.
3 [IpakTiune 3aHs1T4 3. TermnooOMiHHI anapary. 4
4 [Ipaktnune 3ansaTTs 4. [Iponec BunaproBaHHs. 4
5 [Ipaktnune 3anaTTs S. [Iponec neperoHky. 4
6 [Ipaktnune 3ausatts 6. EnexkrpodiznuyHi Meronn oOpoOKH XapyoBHX 4
TTPOTYKTIB.
7 [Ipaktnune 3aHsaTTs 7. JloCHiJKEHHS OCHOBHMX XapaKTEPUCTHK 4
ra3oBUX MaJbHUKIB Ta IX PO3PaXyHOK.
8 [Tpaktuune 3anstrs 8. [Iporec cynriHHs. 4
Pazom moayJns 1 32
Monyiib 2
9 [Tpakuune 3ansaTTs 9. OCHOBHI PIBHSHHS T1APOAMHAMIKH. 4
10 | IIpakruune 3ansatts 10. [Iporec 3minTyBaHHS. 4
11 [Tpaktrune 3ansatTs 11. Po3aiaeHHsS HEOMHOPIAHUX CUCTEM. 4
12 | llpaktuune 3ansatTs 12. [loapiOHIOBaIBHO-pi3aJIbHE 00JIaTHAHHS. 4
13 | lIpakruune 3ansatts 13. [Iponec copoOmii. 4
14 | Ilpaktuune 3ansattsa 14. Excrpakiis. 4
15 | IIpaktuune 3ansaTTs 15. bioxiMiuHI TPOIIECH. 4
Pazom moayJs 2 28
Beboro 60

5. Po3noais 0aiiB, IKi OTPUMYKOTH CTY/IEHTH
BignoBigHo 1o cucteMu oriHOBaHHS 3HaHb cTyneHTiB JJoHHVYET, piBern
c(hopMOBaHOCTI KOMIIETEHTHOCTEH CTYICHTA OIIHIOIOTHCS |
- Y BUTIQJKY TIPOBEJICHHS 3aUTiKy BIpoJoBxk cemecTpy (100 Gamis);
- y BUIAJIKy NPOBEJACHHS €K3aMeHY BIPOJOBXK cemecTpy (50 OainiB) Ta npu
MIPOBEJICHI MMiICYMKOBOT'O KOHTPOJIIO — ek3aMeny (50 6ariB).
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OuiHOBaHHSA CTYACHTIB POTATOM CEMECTPY
(ouyHa popMa HABYAHHS)

[TozaaynuropHa °
No teant AynuropHa po6oT poBoTa 5
IIPAKTUYHOT O . Curyaniitni | O6roBopeHHs 3aBaaHHA IS ‘i
3aHATTA Tectosi 3aBJIaHHS, teopetnunux | IIMK CaMOCTIHHOIO i
3aBJIAHHS i 3
3a7a4i MIATaHb TEMH BUKOHAHHS
Mopnyas 1
3micToBuii MoayJs 1
Tema 1 2 2
Tema 1 2 2 4 8
Tema 2 2 2
Tema 2 2 2 4 8
Tema 3 2 2
Tema 3 2 2 4 8
Tema 4 2 2
Tema 4 2 2 4 8
Tema 5 2 2
Tema 5 2 2 10 4 18
Pa3om 3a
3MiCTOBUM 10 20 10 20 60
moayJiem 1
3micToBuii MOayJIb 2
Tema 6 2 2
Tema 6 2 2 4 8
Tema 7 2 2
Tema 7 2 2 4 8
Tema 8 2 2
Tema 8 2 2 10 4 18
Pa3om 3a
3MicTOBHM 6 12 10 12 40
MojyJiemM 2
Ycnoro
TOANH 16 32 20 32 100
MOaYJb 1
MoayJasb 2
3micTroBuii Moayab 3
Tema 9 1 1
Tema 9 2 2 4
Tema 10 1 1
Tema 10 2 2 4
Tema 11 1 1
Tema 11 2 7 2 11
Pa3om 3a
3MicTOBUM 6 3 7 6 22
MoayJsem 3
3micToBuii Moay.Ib 4
Tema 12 1 1
Tema 12 2 2 4
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Tema 13

Tema 13

Tema 14

Tema 14

Tema 15

IR

Tema 15

Pa3om 3a
3MiCTOBUM
MojayJem 4

Ycnoro
roJuH
MOIYJIb 2

14 7

15

14 50

OuiHBaHHA CTYACHTIB POTATOM CEMECTPY
(3a0uHa popmMa HABUAHHA)

Moayas 1

[ToTouHe TecTyBaHHS Ta caMoOCTiiHa poboTa

3micToBH MOy 1

3MiCTOBHI MO 2

[nauBiTyanbHe 3aBIaHHS

Cyma B Oanax

Moayasb 2
IlorouHe TecTyBaHHsA Ta caMOCTiiiHa poboTa IMixcymkoBnit Cyma B
: _ ' - TECT
3M10TOBI/I3I/I MOJIyJIb 3M1°TOBHZI MOMYIE | Tnpusinyanshe 3aanns (ex3ameH) banax
15 15 20 50 100

3arajgbHe ONiHIOBAHHS Pe3yJbTATIiB BUBYEHHS] HABYAJIbHOI NIMCIHHUILIIHA

Omninka
100-6aabpHa mKaJga IIkaxa ECTS HanmionaabHa mkaJa
90-100 A 5, «BIAMIHHO»
80-89 B 4, «1o6pe»
75-79 C ’
70-74 D 3, «3aJ0BIJILHO»
60-69 E ’
35-59 FX .
0-34 = 2, «HE3a10BIJIbHO»
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YACTHUHA 2.
METOJIMYHI PEKOMEHJALII 3 MIJITOTOBKHU 10
MPAKTUYHUX 3AHAThH

14



3MICTOBUM MOAYJIb 1. TEILIOBI IPOIIECH.

Tema 1. OcHoBH KOHCTpPYIOBaHHA anapatiB. OCHOBH Teopiil
NOAiOHOCTI.

1.062080peHHs OCHOBHUX NONONCEHb MeMU ma HNUMAHbL CAMOCMIUHO20
BUBUEHHS!
1. OcHOBHMIT KpUTEPIH ONTUMATBHOCTI KOHCTPYKIIII.
2. O11iHKa SIKOCT1 MallluHUA
3. [li-Teopema.
4. CriBBiTHOIIEHHS M1 TEOPI€0 MOIIOHOCTI Ta aHAII30M PO3MIPHOCTEH.
5. Kpurtepii noaidHocti
2. OnumyeanHusi.
3. IIpaxmuuyni 3a80aHH.

IIpuxkaan po3B’A3yBaHHSA 3aBIAHHS.

3apaua 1. [Ipu BunpoOyBaHHI Ha BOJII MOJIEJI HAcaJKa, BUXIIHUU AlaMeTp
sikoro dy = 30 mwm, mijg ctatnuauM HatuckoMm Hy = 50 M oTpumani Butpatu Qy =
18 n/cex cepenHs MBUAKICTh B CTUCHEHOMY Tiepepisi cTpyMeHs Wy = 30 m/c. Skuii
Mae OyTH BUXITHUHM JiaMeTp 1 HacaJKa B HAaTypi Ta mija SskuM HaropoMm H BiH moBu-
HEH MpalpoBaTu Ha BoAl, o6 orpumatu Q = 100 n/c Ta W = 60 m/c? Baxkaru, 1110
BUTNIPOOYBaHHS MOJIEi 3p00JIeHO B 30HI TYpOYJIEHTHOI aBTOMOJICIBHOCTI, TOMY
KOe(IIIEHTH 3aKiHYEHHS IS MOJICI Ta HAaTypu oaHakoBi (Tadm. 1.1).

Pucynok 1.1. Cxema yCcTaHOBKH

Taomung 1.1
Ne Bap. dy, MM Hy, M Qu, J/cex Wy, M/C
1 25 45 15 25
2 26 50 10 20
3 27 40 20 30
4 30 55 25 35
5 32 50 10 30
6 26 50 10 20
7 25 45 15 25
8 26 50 10 20
9 27 40 20 30
10 26 50 10 35
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Po3zé’azanna
Burpara uepe3 oTBip AOPIBHIOE

Q=SxXpuf2xgxH=wxSw=yu,/2g x H

Koediuient Butpatu
30

w
L= 7= g xH {/2X 9,8X 50
Toni npu mBUAKOCTI cTpyMeHst W = 60 M/C TUCK CKJ1aJe

H= % = 6% showm
u?x2xg (0,958)22x 9,8

Buxigauit niametp Hacaaka
4% Q 4x100x 1073
D= =0,05m = 0,046 m
60x3,14
3apaua 2. ToHka macTuHa JOBXHUHOIO lop = 2 M Ta mupuHow a = 1,5 M 00-
TIKAETHCS MO3J0BXKHIM MOTOKOM MOBiTpsi. IIIBUAKICTE 1 TeMrmeparypa MOTOKY, 1110
Ha0irae, piBHI BIANOBIAHO Wo=3 M/c; tg = 20 °C. Temneparypa noBepxHi IJIaCTUHU

nopiBHIo€ t. = 90 °C. Busnauutu cepe/iHiil 3a JOBXUHOIO KOe(IIEHT TEII0BI 1A~
4i Ta KUIBbKICTh TEIIA, 110 BiJIa€ThCS TIACTHHOO MOBITps (Tadu. 1.2).

=0,958

@y
———

/t(

——
0 -

Pucynok 1. 2. Cxema o0TiKaHI€ IIJIACTUHU MOBITPSIM.

Tadomurs 1.2
Ne Bap. lo, M a, M Wo, M/C to, °C t., °C

1 15 1,0 2 18 88
2 2 1,3 2,5 19 89
3 2,5 1,5 3 20 90
4 1,0 1,7 4 21 92
5 2 1,0 5 25 85
6 1,5 1,0 2 19 89
7 2 1,3 2,5 20 90
8 2,5 1,5 3 21 92
9 1,0 1,7 4 18 88
10 2 1,0 5 19 89

Po3é’azannsn

Re =

Jlnst mosiTpst pu to = 20 °C Ta v = 15,06 10 ~® m 2 /c; A=2,23 10 -2 kxan/(m
rox -Tpan); Pr= 0,703, 3Binku

WoX 1y _ 3x2
v 15,06x1076

=3, 98%10°

Y mmx yMoBaxX cepemHs 3a JOBKHHOIO TeEIUIOBijjadya MoOXe OyTu
po3paxoBaHa 3a GOpMYyJIOI0:
ne Nu = 0,67 - Rel/2 . prl/3
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Ta (P13UYHI MapaMeTpy BUOMPAIOTHCS IPU TeMrepartypi to. Y HbOMY BUMNAJIKY

Nu =

aXlo

)

Nu=0,67 (3,98 - 105) 1/2 (0,703) 1/3 =375
Ta KOe(ili€HT TETJIOB1/11aui:

a=Nu%=375

0

2,23 X102

(Dox lo

v

= 4,18 kxan/(m? roa rpan).

KinekicTs Temna, 1mo nepeaaerses, 3 000X 00KIB MIIaCTUHU

Q=oa(tc-1t) F=4,18 (90 - 20) 3 = 1760 kxan/roxn.

Tema 2. Xo10AWJIbHI MAIIMHYU TA arperaTv B Xap40Biil IPOMHCJIOBOCTI.

1. O62060p€HH}Z OCHOBHUX NONONCEHb MeMU mdad NUMAHb CAMOCMIUHO20

BUBYEHHA.

1. CnocoOu 0X0I0KEHHS.
2. llITyune 0XOMOMKEHHS.
3. Cnocobu 3aMOpOXKyBaHHS

4. AnapaTu 7151 OXOJIOJKEHHS 1 3aMOpPOKYBaHHS
2. OnumyeanHusl.

3. Ilpakmuuni 3a60amnHs.

Ilpuxaan po3B’si3yBaHHA 3aBAAHHS.

3apaya 1. Buznauutu xonomwinsHuid 1 ekceprernununit KKJI, motyxHOCTI

KOMITpecopa 1 JAeTaHjaepa TMOBITPSHOI XOJOAWIbHOI MamwuHu (puc.2. 1), sKIiIo

napamMeTpd HaBKOJHUIIHHOTO
B=755 ; =0,833 M3/kT; I

cepeioBuIIa MM.PT.CT.; V=0, M°/KT; TeMmIeparypa TOBITpS B

XoJoAmnbpHINA Kamepi t, =- 13°C; BenuunHa HEIOTPIBY B XOJOAMJIBHIN KaMepi Ta

razooxojoaauky 0 = 5°C; xomomoBunatHicth Q, = 120 kBt; KK]I xommpecopa 1

B1JIOMO:

neranaepa 0,84 1 0,86, pigmosigHo (Tada. 2.1)

BuTpata mnopitpas V=7200 wm3/rox.;

Tadomung 2. 1
No, V, B, Ve, th, Qo; 0,
Bap. M3rog. | Mm.pr.cT. | MY/KT °C KBT °oC
1 7000 685 0,8 -15 100 4
2 7300 700 0,825 -18 110 5
3 7500 725 0,83 -15 115 6
4 8000 750 0,815 -21 120 5
5 7300 715 0,835 -18 125 4
6 7500 725 0,8 -15 100 4
7 8000 750 0,825 -18 110 5
8 7300 715 0,83 -15 115 6
9 7000 685 0,815 -21 120 5
10 7300 700 0,835 -18 125 4
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Po3é’azyeannsn

AtmocdepHuii Tuck, klla

P = (B/750) 100 = (755/750) 100 = 101.
TeMmneparypa HaBKOJUIIHBOTO MOBITPs, K

Tue = Puc Vie/R = 101-0,833/0,287 = 290.
MacoBa BuTpaTa noBiTps, Kr/c

G = V/(vue-3600) = 7200 /(0,833-3600) = 2,4.
[ImToMa X0JI0IOBUIATHICTD, KJ[K/KT
0o = Q/(G Cp) = 120/(2,4-1) =50.
o

|

!
|
|

T

XK 4 AS
L—k‘%‘—su i
P*P T T L |
ki L L/ 1 | ' | 1
T S, S, 8,8, s

4
4%

Pucynok 2.1 — Cxema 1 IMKJI MOBITPSAHOI XOJOAWJIbHOI MamuHu Ha T-S
niarpami: XK — xomoamibHa kamepa; K — kommpecop; 'O — ra300xo104HUK;
I - neranmep.

TeMmrepatypu moBiTpsl Ha BUXO/II 3 Ta300X0JIOJHUKA 1 XOJIOIUIBLHOI KaMepH
BianoBigHo, K
Tz =Ty +6=290+5=295
T1=T,-06=260-5=255.
TeMmmepartypa moBiTpsl Ha BUXO/I1 3 AeTaHaepa, K
Ts=T1— qo/Cp = 255 - 50/1 = 205.
ITutoma pob6ota B neranaepi, KJHk/kr
0= Cp(Tz—Ts) =1 (295 - 205) = 90.
Mipa 3MeHIIIeHHSsI TUCKY B JI€TaHAepi
A = (Ta/Tg)¥&D = (295/205)14(14-D = 3 57,
Temneparypa noBitps 3a kommnpecopom, K
T, =Ti[1 + W&k - 1)m,] = 255 [1 + (3,5714D%4) J0,84] = 388,
[Tutoma poboTta kommpecopa, KJ[»x/kr
(«=Cp (T2—T1) =1 (388 - 255) = 133,
[ToTyxHicTh neTanaepa i KoMmmpecopa, KBt
N,= G r7,=2490=216
N« =G 7=2,4133 = 319.
[Tutoma pobota uukny, kJx/kr
18



(u=lx—1,=133-90=43.

XoNoAUIbHUN KOEPIIEHT
€ =0Qo/ ¢ =50/43 =1,163.

[Tutoma TemnoTa, sika Bi/IBe/IeHa B ra300X0nogHuKy. K/x/kr

0 =0o+ ¢y=50+43=093.
[Tutoma exceprist miABEACHOI TEIIOTH, KJMK/Kr

exqo = Jo (Tuec / To - 1) =50 (290 /260 — 1) = 5,77.
Ekcepretnunnii KK/[ xonoanibHO1 MallinHA
Ne= €xqol £ v = 5,77/43 = 0,134,

3adaua 2. Bu3HauuTH MOTYKHICTh KOMIIPECOPA, XOJOAUIbHUM KOEPILIEHT,
excepretnuHi BTpatu 1 exkcepretnunuil KK/ xomogmnbHOi Mammuau, pobounm
TiJI0M sKO1 € x7afaoH R12, skuio xononoBuaatHicth Q, = 214 kBT; Temnepatypa B
XONOAWIBHIA Kamepi 1,=-25°C; TemmepaTypa HaBKOJUIIHbBOTO CEpPEeOBHUIIA
t,=25°C; BenMuyuMHA HENOTPIBY B KOHJEHcAaTopi Ta BumapHuky 6 = 5°C;
epextupanii KK/ komnpecopa n=0,8 (puc. 2. 2).

KH E
at | TEH
: v
i ) Sz
n
E | L 3 P2,1:24q1 & Zp 2

=

N

2=
K‘«-

EM

o s A AN N
] o 3
p |T® /Q/ P1
T =T,
A h
o

Pucynok 2.2 — CxeMa mapoKoMIpeciitHo1 X0J0AMJIBHOT MAIlTMHU Ta 11 UK
Ha P-h miarpami: KM — komnpecop; BII — Bunapuuk; /IB — npocenbHuit BEHTHIIb,
KH — xonnencarop.

Po3é’azyeanns
Temneparypa BunapoByBaHHsI 1 KOHAEHcAI1 BiAMOBIAHO, °C
t: =t,-0=-25-5=-30.
tew =l +0=25+5=30
Bbynyemo 1k xonomwnbHOi MamuHu Ha P-h giarpami. Ha nepermni
i30TepM 1y 1 ey 3 miHIErO X = | Bu3Hawaemo Touku 1 i 2. Touky 3 BHU3HaA4aeMo Ha
nepeTuHi 1300apu (i30TepMu lyy) 3 JiHiero X = 0. Touky 4 BU3Ha4YaeEMO Ha TIEPETUHI
1300apu (i3otepmu t;) 3 i3oeHTANbIiE0 hs. Touky 2, ska XapaKTepu3ye CTaH
poOodoro Tijla TICAS CTUCKY B TEOpPETUYHOMY (amiabaTHOMY) KOMIIpecopi
BU3HAYAa€EMO Ha TepeTuHi 1300apu P 3 i30eHTpomnoro Si. 3anuimieMo mapameTpu B
XapaKTePHUX TOUYKAX IUKITY:
P1 =950 xIla; hy = 537 xJIx/xr; S1=4,48 xJx/(kr K);
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P, =0,75 MIla; hao = 575 xJIK/KT; S0 = 4,48 xJIx/(xr K);
P3=10,75 Mlla; hs =430 xJx/kr; Sz =4,1 xJIx/(xr K);
P4 =950 xIla; ha = 430 xJx/Kkr; Sa=4,125 xJIx/(xr K).
[Tutoma pobota KOMHpecopa KJK/KT
0= (N20 — h1)Mw = (575 - 537)/0,8 = 47,5.
EnTanemis napu 3a komnpecopom, KJ[x/kr
ho=hy+ ¢, =537 + 47,5 =5845.
Touky 2 BU3HAaYaeMoO Ha miepeTuHi i300apu P; 3 i30eHTanbnow hy. ExTpormis
B TOYIII 2:
S2 =4,51 xJIx/(kr K).
[InToMa X0JI0IOBUIATHICTH MAIIUHH, KJIXK/KT
Qo = h1 —hs =537 — 430 = 107.
MacoBa BuTpaTa X0JI010areHTa, Kr/c
G = Qo/qo = 214/107 = 2.
[loTyxHicTb KOMIIpecopa, KBT
New=G £, = 2 -47,5=95.
[Tutoma TermoTa, 0 BiIBOAUTHLCS 3 KOHJEHCATOPa
qu=ha—h3=0Qo + 7, =107 + 47,5 =154,5.
XOon0IUIbHUHN KOeDIIIEHT
€= (ol {, = 107/47,5 = 2,25.
Exceprernunnit KK/l nukiny xonoauiapHO1T MaliiHU
Ne = (Tu/Ts - 1) € = (298/243 - 1) 2,25 = 0,500.
[Tutomi BTpatu exceprii, kJx/Kr:
B KOMIIpecopi
Aes’ = Ty (S2— S1) = 298 (4,51 — 4,48) = 8,94;
B KOHIIGHC&TOpi
€ ey = 01 - Tuc (S2—S3) =145,5 - 298 (4,51 — 4,1) = 5,6;
B TIpoIIeCi IlpOCG:J'IIOBaHHH
Ae75,= Tuc (Sa — Sg) = 298 (4,125 - 4,1) = 7,46;
B XOJIOAWIBHIN Kamepi (BUITAPHUKY )
A6 = Tye (S1—S2) - 0o = 298 (4,48 — 4,125) - 107 = 1,21.

3aram>Hi €KCepPreTHyHi BTpaTu
> A" = Aeyn + AT+ Aely, + Aey) =894 +5,6+7,45+ 1,21 =23,21.

ITepeBipsiemo 3HaYEHHS Ne
Ne=1-X4ei"/ v, =1-23,21/47,5=0,51.
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Tabmuus 2. 2

Ne. Bap. Qo., kBT tx, °C; ty, °C 0, °C; n
1 200 -15 20 5 0,65
2 205 -18 22 6 0,7
3 210 -21 23 7 0,7
4 220 -25 20 4 0,6
5 195 -18 25 6 0,65
6 200 -15 20 6 0,7
7 205 -18 22 7 0,7
8 210 -21 23 4 0,6
9 220 -25 20 6 0,65
10 195 -18 25 5 0,65

Tema 3. Tensi000MinHi anapatu

1. Ob62060penHsi OCHOBHUX NONOJCEHb MeMU ma HUMAaHb CAMOCMIUHO20
BUBUEHHS!
1. OcHOBHI 3aKOHOMIPHOCTI TEIJIOOOMIHY.
2. Knacudikariist TeTuiooOMIHHHKIB.
3. KoncTpykiiii TerniooOMiHHUKIB.
4. Po3paxyHOK TeTJI000MIHHHKIB.
2. OnumyeanHusi.
3. Ilpakxmuuyni 3a60auHS.

Ipuxnax po3B’si3yBaHHS 3aBIaHHS.

3agaua. Po3paxyBaTH Ta HAKpPECIHUTH CXEMY BEPTHKAJIBHOTO KOXYXO-
TpyOHOTO TEIMI0OOMIHHUKA JIJI1 HArpiBaHHS PIAWHU 3a TaKUX JaHUX: KUIbKICTb
piauHM, Ky oTpioHO Harpitu G, T/roa; modatkoBa Temmeparypa t,, °C; KiHieBa
temrieparypa t, °C; tuck HarpiBHoi mapu P, MIla; xoHueHTpamis po3uuHy b,
mac.%; MIBUIKICT PyXy piAMHUA W, M/C.

BusHauntu moBepxHIO Teruionepeaadi TeIuiooOMIHHHMKA Ta BUTPATy IapH,
KUJIb KICTh XOM1B TPyOHOTO MPOCTOPY, AlaMeTp armapara, JiaMeTpH NaTpyOKiB IS
MiIBEICHHS POOOYMX CEpPeIOBHUIN, TiAPABIIYHUMA OIp, EHEPTOBUTPATH IS
MIPOBEJICHHS MIPOIIECY Ta TOBIIUHY TEIIOBOT 130JIAII1].

Po3é’azanna.

BryTpimHiii miamerp d TpyOok mnpuiimaerbcs B Mmexax 20..50 MM 3a
TOBIMHKUCTIHKA O = 1,5...3 MmM; noBxkuna (Bucota) Tpydok H = 1...4 m.

Martepian TpyOOK 1 KOE(IIIEHT HOTO TEIIONPOBIAHOCTI Ac, BT/(M K)
MPUHAMAETBCS CTYACHTOM: Miab Acr = 380; maTyHb Aer = 93; amoMiHiit A = 200;
cTaib Aer = 46;HeprkaBitoua cTaiab Aqr = 17,5.

Koedimient Bukopuctanns mosepxHi HarpiBy ¢ = 0,7...0,9.
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Ta6muma 3.1

Ne Bap. G b w th te P
1 60 16 0,9 70 90 0,15
2 70 16 1,0 80 96 0,17
3 80 17 1,1 85 100 0,20
4 90 17 1,2 90 110 0,24
5 100 18 1,3 105 120 0,32
6 75 18 1,4 55 85 0,12
7 85 20 1,5 100 115 0,28
8 95 20 1,15 60 90 0,15
9 65 16 1,25 40 80 0,11
10 55 16 0,8 35 75 0,095

1. BuzHaueHHs TeMnepaTypHUX yMOB HarpiBy.
CepenHio pi3HUII0 TEMIEpATyp MK Mapor 1 PIAUHOO, 1O HArpiBa€THCH,
BU3HAUYAIOTH SIK CEPEAHBOTIOTapU(MIUHY PI3HULIIO:
A At — At, At — At,
fe In(Atg/At,)  2,31g(Ats/At,,)’
ne Ats, Aty — pi3HHMII TeMIepaTyp MK TEIJIOHOCISIMU Ha KIHIISX TEMJI000MIHHUKA,
Atg=1t,—1th ; At, =1 —

t, — TemmepaTypa HacH4YeHOI mapu 3a THUCKY .

At : : :
Sxuro A—tG > 2 , TO cepelHbOJOrapu(PMIYHy pIZHUII0O MOXHA 3aMIHUTH

M

CepeHbOAPU(PMETUIHOIO PI3HUIIEIO:

Atg + At
At, = 6T Tm
2
CepenHs TemriepaTypa piivHHU, IKy HarpiBalOTh:
tC: tp = Atc

2. TeroizuuHi BIaCTUBOCTI PIAMHU, 1[0 HATPiBAETHCS.

IIpu cepenniii Temmepatypi t. 1 KoHIeHTparii b Termmodiznydi napameTpu
pO3unHy a00 BOJM BU3HAYAIOTHCS 3a JIOIIOMOTOIO PIBHSAHB 200 Tabauib. 3 TaOJIUIb
i popMyn 3HAXoAATh: Ba3kicTe W [Ila. c]; ryctuny p [kr/mM° ]; TeMIOEMHICTB ¢
[1x/(xr . K)]; koedimieHT TermmonpoBigHocTi piguau A [Bt/(M . K)].

3. TemnoBe HaBaHTAKEHHS 1 BUTPATH Mapu. TeIIOBe HABAHTAXKECHHS 3
ypaxyBaHHSM TEIJIOBUX BTpart, [Ix/c abo Br,

Q= XGc(tk - tn),
7e X — Koe(ilieHT, Mo BpaxoBy€e BTPATH TEIJIOTH B HABKOJIMIIHE CEPEIOBUIIIEC; X
=1,02...1,05; G — BuTpata piiuHM, KI/C; ¢ — TEIUIOEMHICTH piguau, JHx/(kr.K).

Burtpatu napu, kr/c,

Q
b=1
ne I, 1 — eHTanbmis TPir0Yoi mapu i KoHaeHcary, JK/Kr
EnTanbmis koHgeHcaTy
I = ct, = 4190t,,
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1e tx — TeMIiepaTypa KOHAEeHcaTy, 1[0 J0piBHIOE th — (2...3) °C.

4. Po3paxyHOK Koe(illieHTa Terionepeaayi.

3aranbHuil Koe(ilIEHT TeIIonepeiadi BU3HAUYAIOTh 32 TAKOK (POPMYIIOH0:

K 1
| ") 1

g cr 2
1e o1 — Koe(IIieHT TEIUIoB1Aaa4l BiJl KOHICHCYIOYOi Mapu J0 CTIHKU, BT/(M2 . K);
0 — TOBIIMHA CTIHKH, M; A¢r — TEIUIONPOBIAHICTh cTiHKH, BT/(M-K); o, —
KOe(illeHT TeIJIOBiA/aul BiJ CTIHKH [0 PIAUHH, BT/(M2 ‘K). Koedimient
TETJIOBIa4l Ol BU3HAYAETHCS 3aJIEXKHO B pexxumy pyxy piaunu. [Ipu Re <2300

Pr
Nu = O,15Reo'33PrO'43Gr°'1(—)0'25
Pr..

ne Nu, Re, Pr, Gr — BignoBigno kputepii Hyccenbra, Peltnonbaca, [lpanaris,
I'pac-roda; Pre; — kpurepii [Ipanaris npu Temneparypi CTIHKH.

ITpu 2300 < Re < 10000

Nu = 0,008Re?%® Pro43,

[Tpu Re > 10000

Pr
Nu = 0,021Re®8Pr043(—)%2°
Pr..
BusHavyanbHUIE T€OMETPUYHUA PO3Mip — BHYTpIlIHIN giameTp TpyOku Uy,
M.3a 3HalJIEeHOI BEJINYNHOI Nu:
a=Nu-2 /d . |
Po3paxyHkoBe piBHSHHS 111 O0YUCIICHHS Koe]illi€eHTa TeIUIOB1I1aul Ol
2,044
o =2,
1 HAt..

ne A — po3paxyHKOBHUM KOEQILIEHT, SKUNA 3aJICKUTH BiJl (I3UIHUX BJIACTUBOCTEH
IUTIBKK KOHJIEHCATy, I — TerioTa konaeHcarii, Jx/kr; H — BucoTa (IOBXKHHA)

BEpTUKAIBbHOI TpyOku, M; Aty — pisHuns temnepatryp, t, — tei, °C; t, —
TeMIIepaTypa mapH, le; — TeMIepaTypa CTIHKH, Ha SKii KOHJICHCYEThCS Mapa;

, _tpttem

CT — 2

3naueHHs A 3aJIe)KHO BiJI TeMIIepaTypH IJTiBKH KOHJIEHCATY 1y, Taki:

ton 20 40 60 80 100 | 120 [140 160 | 180 | 200

A 120 | 139 155 169 | 179 | 188 [194 197 | 199 | 199

VY 3Bs13Ky 3 TUM, 110 TeMIIepaTypa CTIHKH 31 CTOPOHM TapH le;1 HeBigoMa, ii
BU- 3HAYalOTh METOJIOM TOCTIAOBHOTO HaOmmwKkeHHsA. [l mporo 3amaroThbes
3HAYEHHSIM ler1, SIKE 3HAXOAUTHCA MIXK 1, 1 {c; mpu bomy ter Oyne 6mmxue 1o t,.
3amaHy TeMIepaTypy NepeBipsiOTh 32 TAKUM PIBHSHHSIM:
KAt,

a,

ne K = Ko(p — po3paxyHKOBHI1 KOS]IIIEHT TETUIONEpeaadi.

Pi3Hunst Mik 3a7aHOI0 1 PO3pPaXyHKOBOIO TeMmIlepaTypamMu IMOBHHHA OyTU

ter1 = tp -
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Hesunia 1°C.
BuzHayeHHs 11011l NOBEPXHI Tenionepeaayi.
[Inoma moBepXHiI HarpiBaHHS TEIIOOOMIHHMKA BHM3HAYA€THhCS 3a TaKOMO

dbopmyioro:
Q

F__KAQ
Koncmpykmugnuui  pospaxynox koscyxompybnozo mennoobminnuka. Jns
KOXKYXOTPYOHUX TEIUIOOOMIHHHMKIB Ba)JIMBOIO YAaCTUHOK KOHCTPYKTHBHOTO
PO3paxyHKy €pOo3paxyHOK MPOTOYHOI YACTHUHHU TPYOHOro mpoctopy. Buxonmsun i3
3a/1aHO1 MPOJYK- TUBHOCTI amapara 1 MBHAKOCTI pyXy PIAMHM 3 PIBHSHHSA BUTPAT
BHM3HAYAIOTH IUIOMLY IIPOXiJHOIO Mepepizy TPyOOK OJHOTO X0y, M2

f1=p—W

ne G — BuTpaTa piaMHHM, Kr/C; p — TyCTHHA PiIMHH, KI/M°; W — HIBHAKICTB
PYXYpPIIMHU BCepeaeHl TpyOok, M/c.
3BiiCH YUCIIO TPYOOK OJTHOTO X0y
A
170,785d2
ne ds — BHyTpIIIHIA giaMeTp TpyOKH, M.
Po3paxyHkoBa 10BXHHA BCIX XOJIIB, M

! F
md,n,
ne d, — po3paxyHKOBHI JiaMeTp TPYOKH, SKHH BH3HAYAIOTh 3AJIC)KHO BIJ

CIiBBiTHO-IIIEHHS 01 1 otz (TIpH o 2ol — Oy = 0,5 (ds + ds); mpu 011 >> o — dyy = ds;
npu o1 << o0, = d,); d; — 30BHIMHII HiameTp TPyOKH, M.
KinpkicTh X0/1B TPyOHOTO MPOCTOPY
Z=L/H
3arajgpHa KUTBKICTh TPYOOK, K1 pO3MIIIYIOTHCS Ha TPYOHUX pEIiTKax
n=zny
Jns piavH y KOXKYXOTPYOHHX TEITIOOOMIHHHUKAX 3BHYAHO KOPHUCTYIOTHCS
TpyOa-mMu miameTpoM 16 ... 38 MM, a 11 ra3iB, B SI3KUX 1 3a0pyIHEHUX PIAUH — J0
76 MM. TpyOu B TpyOHHX peENIITKax HaWdacTimie po3MINIyIOTh IO MEepuMeTpax
MpaBWIb-HUX IMECTUKYTHUKIB. JIIsi 1MaHOrO BUIMAAKy TIPH BU3HAYCHHI B
TEIUIOOOMIHHUKY 3a TallbHO1 KUIBKOCTI TpyO N BUXOIATH 3 KUIBKOCTI TpyO a,
PO3MIIIEHUX HAa CTOPOH1 HAHOUIBIIIOTO MIECTUKY THUKA'
n=3a(a-1)+1.
KinbkicTs TpyO, po3MillIeHUX 10 JiaroHall HalOIBIIOTO MECTUKY THUKA,
b=2a-1,
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P b >

Pucynok 3.1. Cxema posmitieHHs TpyO

[Tpu 3akpinsieHHi TpyO y TpyOHMX pelriTkax po3BajblbOBYBAaHHAM KpPOK 1
po3 MimeHHsT TpyO BHOHMPAIOTH 3aJ€KHO BiJ IXHBOTO 30BHINIHBOTO JlaMeTpa B
Mexax

t=(1,3...1,5)d,.

[Tpu 3akpimeHHl TpyO 3BaprOBaHHSM KPOK PO3MILIEHHS TPyO BUOUPAIOTH
menmuM (t = 1,25d,). [Hoai TpyOH po3MIIIYIOTh MO MEPUMETPax KBaIpaTiB abo 1o
KOHLIEHTPUYHHUX KOJIaX.

JliamMmeTp TermI000MiHHHUKA:

D=t(b-1)+4ds
JliameTp naTpyOKiB BU3HAYAIOTh 34 PIBHAHHAM 00°‘€MHHX BUTpaT, M°/C:

3BIJIKM JIIaMeTp MaTpyoKa, M

d, =113 ¢
n— 4L ow

Bubupatoun mBUIKICTh pyXy TEIJIOHOCIIB, MOXKHAa KEPYBATHCS TaKHUMHU
pekoMe-HaamisamMu: s pinzua W = 0,5...1,5 m/c, mna mapu W = 20...40 wm/c,
st ra3iB W =5...15 m/c.

l'iopasniunuii po3paxyHox meniooOMiHHUKG TOTPIOHWUN JJI BU3HAYCHHS
MOTYHOCTI HAcOCIB 1 BEHTWJISITOPIB Ta BCTAHOBJIEHHS OINTHMAJIbHOTO PEXKUMY
poOoTH amapara.

[ToTyxHicTh, MOTPiIOHY JJIs IEPEMIIIICHHS TEIJIOHOCIS Yepe3 anapar, BT,

VAp
U]
ne V — o6‘eMHi BuTpatu pigunu, M°/c; Ap — nepenaj TUCKiB B amaparti, I1a; m
—KK/[ Hacoca abo BeHTHIIATOpA.
I'igpaBniyHuMil omip amapara CKIAAA€ETbCsl 3 OMOPY TEPTS APrep 1 MICUEBUX
25



onopiB Apy. OTxe, NOBHUI TAPaBIIYHUN OMIp

L w?p
Ap = Aptep_ + ApM_ = (AE-F Z()T
ne A — KoediIlieHT ripaBiivyHoro Tepts; L — 3aranpHa noBxuHa Tpyou, m; d —
aia- MeTp TpyOu, M; & — Koe(QILIeHT MICIIEBOr0 Omopy; W — IMIBHJIKICTb PyXy
TEIJIOHOCIS,M/C; p — T'yCTUHA TEIIOHOCIs, KI/M>,
Jlns i3otepmiunoro naminapHoro pyxy (Re < 2300) B kpyramx Tpy0Oax

KOoe(DILIEHT TePT

/1_64
" Re

Jlnst i30TepMivHOr0 TypOYJIGHTHOTO PyXy BriajJieHbkux TpyoOax (Re = (4 -
103...10°))
0,316
= Reiss
3HaueHHs KoeIlI€HTIB MICIIEBUX OMOPIB OEpyTh 3 TAOIUIb BiA-TIOBITHUX
JiTepaTypHUX JKeper.
Busnauenns moswunu mennosoi izonauii. TemnoBa 1304 — OIUH 13
OCHOB-HUX (DaKTOPIB, K1 3MEHIIYIOTh BTPATH TEIUIOTH 1 30€piratoTh Majauso.
ToBmuHa 130511111 MOBUHHA OyTH TaKol0, 1100 TeMIepaTypa Ha ii MOBEpXHi
Oyna He Oubioro 3a 50°C.
TosmuHa 13011111

Aty — t;)

§=—9

a(ti - tn)
e A — TeIUIONPOBIAHICTh 13oJAMiiiHOrO Marepiany, Bt/(m - K); ta , ti , t, —
TEeMIIepaTypa BiJIOBIIHO B arapari, Ha MOBEPXHI 130JIAIii Ta TMOBITPS, 1[0 OTOUYE

amnapar, °C;
0. — cyMapHUii Koe(illieHT TeroBiiaui Bi cTiHKU 10 noBiTps, B1/(M? - K),
a=9,76+0,07 (t — ty).

Jlns amapatiB, IO TPAIIOIOTh Yy 3aKPUTUX MPUMIIICHHSX, tj OepeTbcs B
iaTepBani  35...45 °C, a Ha BIZKpUTOMY IOBITPI B 3UMOBHUM 4ac — B iHTepBali
0...10 °C.

Tema 4. Ilpouec BUNIApIOBaHHA.

1. Ob62060penHsi OCHOBHUX NONOJCEHb MeMU Md NUMAHb CAMOCHMINHO20
BUBUEHH!
1. Kuninns.
2. Knacudikariist METO/TiB BUITAPIOBAHHS.
3. BumapHi amaparn.
4. TermoBuii 6alaHC BUITAPHOTO amapara
2. OnumyeanHsi.
3. Ilpaxmuyni 3a80aHHS.
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Ilpukiaax po3B’A3yBaHHS 3aBJAAHHS.

3agaua 1. Po3paxyBaTu TpUKOpITyCHY BUIApHY YCTaHOBKY AJI YIapOBaH-
Hs S T/TOA TEXHOJIOTIYHOTO PO3YMHY 3a TaKMX 3aJIaHUX BEJIMYMH: IOYATKOBA KOH-
ueHTpatis po3unHy by, mac.%; KiHueBa KOHIIEHTpauisd po3ununy by, mac.%; Bia-0ip
napu 3 kopmyciB E1 1 By (y BiicoTKax Bif KUIBKOCTI BUMIAPEHOI BOJIM HA BU-TIAPHIM
YCTAHOBIII); THCK HarpiBHoi napu — Py, [la; remneparypa BTopuHHOT napu — tyr,
OC; koedinienTn Termonepenadi no kopmycax — K, Br/(m? . K)

Po3é’azyeannsn

1. Bu3HaueHHs HABaHTa)KE€Hb KOPITYCiB BUMAPHOT YCTAHOBKH.

[lepen moyaTkoM poO3paxyHKY KpecisTh MPUHLMUIIOBY CXEMY BHUIAPHOI
YCTAaHOBKH 3 MMO3HAYEHHSM MaTeplalbHUX 1 TEIJIOBUX MOTOKIB.

Po3paxyHok HaBaHTa)XEHHsI KOPIYC1B 3BOJIUTHCS 10 PO3MOJILTY MO KOpITycax
3arajbHOi KUTBKOCTI BUMIAPEHOI BOJIH,

W =S (1- by/by)

[Tpu npubAM3HOMY PO3paxyHKY YCTAaHOBKU MPUHMAEMO, 1110 332 paXyHOK | Kr
Ipiloyvoi napu BUMaproeTbes 1 Kr Boau, TOOTO 71st KoxkHOro 13 KopmyciB W, = J1,.

KinbkicTe BOAM, 110 BUIMAPOBYETHCA B KOKHOMY KOPITYCl, CTAHOBHUTh: 3-ii
koprnyc — W3 = I3 = X;
2-it xopryc —Wo =JIp = X + E'y;
1-it kopniyc — W1 =11 = X+ E'> + E'1.

3Biacu W ==3X+ 2E', + E'1

W —2E, — Ef

X=W3= )
3

ne i, H2, A3 — KUIBKICTh TapH, sKa We Ha HarpiBaHHS KOXKHOTO Kopmyca; E'y i

o E
E'; — mapoinbip, E' = W S
2. Po3paxyHOK KOHIIEHTpAIIil PO3YHHY B KOPITyCax.
[py BU3HAYEHHI KOHIIEHTPALiT PO3YHHY ITiCIIsE KOKHOTO KOPITYCY BUIIAPHOT

YCTAaHOBKH KOPUCTYIOTHCS TAKUM CITiBBITHOIICHHSIM
S X by

B =— T
S —-Yiw
3. Po3paxyHok TemMnepaTypHOTo peKUMY BHUIIAPHUX arlapaTiB.

OcHoBHa MeTa PO3paxyHKy TEMIEPATYpPHOTO PEXKHUMY BHUIIAPHOI YCTAHOBKHU
— PO3MOAUTHTHA CyMapHy KOPUCHY PI3HUITIO TEMIIEpaTyp MO0 OKPEMHUX KOPITyCax:
n

Sazti-t- Y

1
ne t, — TemmepaTypa Tpirodvoi mapu, sika Wae Ha 1-if kopmyc; ty — TemmepaTypa
BTOPHWHHOI MapH MPU BXO/1 B KOHACHCATOP; XA — CyMapHi TeMIiepaTypHi BTpaTH.

TemmnepatypHi BTpaTé TpH BHUITAPIOBAHHI CKIAJAIOTHCA 3 TEMIIEpPaTypPHUX
BTPAT BiJ (i3UKO-XIMIYHOI TeMIepaTypHOi aenpecii Ay, BTpaT BiJ TAPOCTATUIHOI
aenpecii Ar Ta BTpaT TeEMIIEpaTyp Yy MapoOmpoBOAaX MK Kopiycamu A,
CIPUYMHEHUX T1JIpaBIi-YHAMH OTTOPAMH.

[Ipn po3paxyHkax BHITAPHOI YCTAaHOBKH MOKHAa KOPHUCTYBATHCS TaKUMH
3HAYCHHSIMU  (PI3UKO-XIMIYHOT Jemnpecii 3 BKIIOYEHHSM BTPAT BHACHIJIOK
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TAPOCTaTUYHOI A€ Tpecii:

1-i1 kopnyc — Ag1 + A1 = 0,5°C;

2-11 koprryc — Ag2 + Arp = 1,5°C;

3-i Kopmmyc— A¢)3 + A = 3,0°C.

Btpatu temnepatyp B maponposoaax ctaHoBisTh A = 0,5...2°C.

CyMapHa KOpHCHA pI3HULS TEeMIepaTryp pO3NOAUIAETbCS BUXOIAYU 13
3aJIaHUX TEMIIepaTyp BTOPUHHOI napu. J[JI1 BUBHAUCHHS TEMIIEPATyPHOTO PEXKUMY
BUITAPHOT YCTAHOBKH 3HAXOJISATH:

TEeMIIepaTypy Ipitoyuoi Mapu B i-My KOpITyci
toi = terin - Acia
TEMIIEpaTypy KUIIHHS PO3UYUHY B 1-My KOPITyCl
tpi = tonit (Acbz + A1"i )
KOPHCHY Pi3HUITIO TEMITEpaTyp
Ati = tyi — thi.

3a TemmnepaTypaMu Tpiro4oi 1 BTOPUHHOT Mapu 3HAXOJATh iX CHTAIbMI0 [; 1
TEIJIOTY KOHJIeHcallli (MapoyTBOPEHHS) I

4. Bu3HayeHHs IUIOII TOBEPXHI HATrPIBYy B 1-My KOPITYC
_ i

KiAtKi
Ae Q; — TeIUIoBE HaBaHTAXXEHHs Kopmyca, BT; Qi = W, ;.

3agaua 2. Po3paxyBaTH OJHOKOPITYCHY BHIIAPHY YCTAaHOBKY ISl KOHIICH-
TPYBaHHs PO3YMHY IIyKPOBOT'O CHPOITY 3 MOYAaTKOBOIO KOHIIEHTpalieo X % mac,
710 KiHIIeBOi KOoHIIeHTpallii Xk % Mac. [IpoayKTuBHICTh ycTaHOBKH S T/ToA. TuCk
rpitoyoi nmapu nepimoro kopmycy Py, MIla. [louatkoBuii po3duH migirpiBa-€Tbes y
migirpisaui Biz t,,°C no tg,°C 3a paxyHOK Temnna BTOPUHHOT HapH, sIKa BUXOJMTH 3
BUITAPHOTO amaparta 1 MoJaeThCs B MiirpiBay sk rpirova. [louaTkoBa Temmeparypa
OXOJIOJKYIOUOT BOJU B KOHACHCATOPI tro,2C (tadm. 4.1).

i

Tadomung 4.1
Nepap. | Xn % Xk% |Py, MIla|S, t/ron | t,°C tg,°C tio,°C
Mac Mac
1 15 28 0,35 5 14 85 18
2 14 30 0,4 4 15 87 19
3 16 32 0.45 4.5 16 90 20
4 17 35 0.5 55 17 91 21
5 14 30 0.45 6 20 89 22
6 15 28 0,35 4 15 87 19
7 14 30 0,4 4.5 16 90 20
8 16 32 0.45 55 17 91 21
9 17 35 0.5 6 20 89 22
10 14 30 0.45 7 14 85 18
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Tema 5. IIpouecu neperoHku.

1. Ob6zosopenns ocnoénux nonodxcenv memu ma NUMAHL CAMOCHMIUHO2O
BUBUEHMHSL:
1. Juctunsis 1 pextudikaiis.
2. Po6oue ¢nermoBe yucio.
3. bynoBa pekTudikaiiHuX yCTaHOBOK.
2. OnumyeaHHs1.
3. Ilpakxmuuyni 3a80anus.

IIpukaax po3B’A3yBaHHS 3aBJIAHHS.
3agava 1. BuzHauutu MiHiManabHe Ta poOoue (erMoBe YUCIO AJiA KOJIOHU
pekTudikanii, MPU3HAYEHOT JUIsl TOJLTY BOJHO-CIMPTOBOI CyMillll 3 BMICTOM €TH-
noBoro cnupra Xen=7,2 %=3,03 mon. %. Bmict cnupty B auctunsati Xp=82,11

Mmac. %=66,0 mon %. IlpuiinaBim koedimienT Hammmky ¢uaermu P=1,4. (Tad.
5.1)

Ta6muns 5.1.

No Bap. Xen, MOI. %. Xy, Moa %. B
1 3,0 65,0 1,25
2 3,01 65,5 1,3
3 3,03 66,0 1,35
4 3,05 66,5 1,45
5 3,08 67 1,4
6 3,0 65,0 1,3
7 3,01 65,5 1,35
8 3,03 66,0 1,45
9 3,05 66,5 1,4
10 3,08 67 1,25

Po3é’sazannsn

3riIHO 3 JOBIJIKOBUMH JaHUMH: PIBHOBaXHE >KaHHS CIUPTYy B Tapax,
OTpUMaHUX 3 piguHU ckiany Xy=3,03 moiu. %, Y,=24,5 momn. %.
Toni MmiHIMaJTbHE (hJIETMOBE YUCIIO:
Vmin=(Xp-Ym)(Ym-Xm)=1,65
Poboue ¢ermoBe 4ucio:
V= Vmin=2,31

3agaya 2. Busnauntu niameTrp OpaskHOI KOJOHU MPOAYKTHBHICTIOVsp=10
m3/ron Oparu koHueHTpamiclo Xm=8,5 06. % Komona mpamoe mig cepemHiMm
BaKyYyMOM Pgcep =0,79 aT (CepenHiil 3aIMIIKOBUMA THCK Peep=20,6kI1a). Tapinku B
KOJIOHI I'paTyacTi MPOBAJILHOrO THIY i3 %uBUM nepetuHoM F=0,15 m?/m2. Burpara
Mmapd Ha TEPETOHKYy 3a macoro Oparu P=19 %. bpara HaaxomuTh 10 KOJOHU
Harpitoi 10 Temmneparypu kuminns. CepeaHs Temmeparypa IEperoHku tg,=61°C
(Tabum. 5.2).
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Tabmuma 5.2.

Ne Bap. | Vep, 3/ron | Xum, 06. % | Peep, Klla | F, M*/m? P, %. tep, °C
1 8 8 20 0,12 17 60
2 9 8,2 20,4 0,13 18 61
3 10 8,3 20,5 0,15 19 62
4 11 8,5 21 0,16 21 61
5 12 9 22 0,14 20 60
6 8 8 20,4 0,13 18 61
7 9 8,2 20,5 0,15 19 62
8 10 8,3 21 0,16 21 61
9 11 8,5 22 0,14 20 60
10 12 9 20 0,12 17 60
Po3é’azannsn

[Tpu p= 20,6xIIa BMicT criupTy y 6paszi Xm=8,5 06. % = 6,8 mac. % BiaNOBI-

Jla€ PIBHOBAXKHUU BMICT iX y mapax Y=43 mac. %. npu KoeQili€HTI HaJIUILIKY

napu,

mo rpie, B kosoHi [=1,05 niificHa KoHIEHTpariss Opa)KHOTO JUCTHUIIATY

CKJIafE:.

41%:

X=Y /g =41
MornekynspHa Maca OpaskHOTO TUCTHIIATY CKIIAJIE:
M=M_¢ XcrtM;X;=29,48
Ipu mineHOCTI 6paru psy= 1020 kr/M® ii ceKyHHA BUTpaTa CTAHOBE:
Gop =V 6p pept=2,83 k1/C
3 1i€i KITBKOCTI Oparu OTPpUMAEMO OpPa)KHOTO JUCTUIIATA KOHIICHTPAIIIEO

Gn=GopXop/Y =0,47 kr/c

CepeHIO IUTBHICTh BOJHOCIIUPTUBHX AP, K1 PyXalOThCS B KOJIOHI:

Peep=Prl (MRT ¢p)=0,176 xr/m*
MonekynspHa Maca Iix map:

M:McnYcep. CIL +MBYcep. 5.=23,74
tepy=61°C, Peep=20,6kI1a.
06’em map OpaKHOTO TUCTHIIATY:
Vi=Gu/peep=2,67 M%/c

Bennuuna napoBoro notoky:

G=P*11*Gg,/12*100=0,54 xr\c

ne 11=2624,4 JI/Kr iHTabIis TPitodoi mapu
1=2610,5 JI>X\KT iHTaNbIIIS Tapu B KOJIOHI

['paHnyHO MOTyCcTUMA MIBUIKICTH BOJAHO-CIIUPTOBUX Map
7,6F3G/L

w
pat \/E

= 1,58 M/c

ne L=Ggp Tak six Opara qoBesieHa TUIBKH 1O KUITIHHS

HiameTp OpakHOI KOJIOHH:
d=.V,00785w)=15m
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3MICTOBUM MOAYJIb 2. MACOOEMIHHI ITPOIIECHU
Tema 6. Enextpogizuuni MmeToau 00po0KU Xap40BUX NPOAYKTIB.

1. Ob2060penHsi OCHOBHUX NONOJHCEHb MeMU ma NUMAaHb CAMOCMIUHO20
BUBUEHHS!
1. HBY-anaparu.
2. JlienexTpuyHa NPOHUKHICTb.
3. AunonbHa nossipusariis
4. ITunykiiiiiHe, qieIeKTpUYHe HarpiBaHHs
2. OnumyeaHHs1.
3. Ilpakxmuyni 3a80aHH.

Ipuxaan po3B’si3yBaHHA 3aBAAHHS.
3agaua 1. [IpogykTu onpomiHioThes motokom HBY-BunpominioBaya, 1o
BUXO-AUTh Y BUIBHUM MPOCTIP 13 BIAKPUTOTO KOPITYCYy XBUIIEBOAY axb=72x34 Mm.
[To-Ty>XHICTh >KMBUJIBHOTO XBWJIEBIJ TeHepatopa Py = 50 kBt. OuiHuTH KKI
Buxony HBY-onpomiHEeHHS 3 TAKOTO ONMPOMIHIOBaYa, SIKIIO YacToTa reHepaTopa f=
3I' (Tadm. 6.1).

Tab6maunsa 6.1.

Ne Bap. axb, mm Po, kBT f,ITu
1 72x34 40 2,8
2 76x34 45 2,9
3 72%36 35 2,8
4 78%36 55 3,2
5 72%32 40 3
6 72%32 40 2,7
7 72x34 45 2,8
8 76x34 35 2,9
9 72%36 55 2,8
10 78%x336 40 3,2

Po3eé’azanna

HaBaHnTa)kxeHHAM BIAKPUTOTO KIHIIS XBUJIEBOMY CIYXKUTh BITLHUN MIPOCTIp 13
XBUJIOBUM OMOPOM Zo=377 OM.
Koedirmient BimodpakeHHs:

. Zy—Zy
Zy—Zy
ExBiBasieHTHUI onip OpSIMOKYTHOTO XBUJIEBOlY Ha XBUJl Hig:
a Zy

Z, =—
b\/l _ (A/AKp)Z
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Z, _a 1 _ 34 1

AGo =2 == = = 0,656
Zy b ’1_(1/1}@')2 72 ,1_(100/144)2
1—4n/ 7 1—0656
r = 0 — ‘ = 0,208

14+ ZH/ZO 1+ 0,656
Pounp = Po(1 — %) = 0,95P, = 47,5 kBt

Poynp 47,5

P, 50

3amaua. 2. HBU-3epHoCyIIKa )UBHUTHCS Bijl reHepaTopa 3 dactotoro =915

MI'11. BuzHauuTy rpaHWYHO JOMYCTHUMY TOBIIMHY IIapy PUCY HA TPaHCHOPTEPI,
SIKIIIO HOTO KOMIUIEKCHA JieIeKTpUYHa MPOHUKHICTH &'=2,8-0,18i (Tabdi. 6.2).

0,95

Tabmuus 6. 2

Ne Bap. F, MI'L. CHUPOBHHA ¢’=2,8-0,18i.
1 910 rpeyka 2,75-0,185i.
2 920 poCo 2,8-0,19i.
3 925 puc 2,9-0,175i.
4 930 MIIIIEHULIS 2,85-0,19i.
5 950 TOpOX 2,9-0,18i.
6 910 KyKypy/a3a 2,7-0,18i.
7 920 rpevka 2,75-0,185i.
8 925 IpOCo 2,8-0,19i.
9 930 puc 2,9-0,175i.
10 950 TIILIEHULIS 2,85-0,19i.

Po3é’sazannsn

['paanvHO HomycTHMa TOBIIMHA 3€pHA - HE OLIbIIE TOBIIMHM CKiH-IIApY, /€
HaIpy>KCHICTh €JIEKTPUYHOTO TOJIsI 3MEHIIYEThCS B € pa3, a MOTIK MOTY>KHOCTI B
e? = 7,4 pasu.

[Tpu A=c/f= 32,78 cm TOBIIMHA CKIH-IIAPY

2 e 32,78V2,8
- m\ELtgs - 1;/; = n*O,\i8_:O’97M
TosuimHa mapy 3epHa tiepua< 0,97 M

Tema 7. JloctiTzKeHHSI OCHOBHMX XaPAKTEPUCTHUK ra30BUX NAJbLHUKIB Ta IX
PO3paxyHOK.
1. Ob20680penHs OCHOBHUX NONONCEHb MeMU Mma NUMAHbL CAMOCMIUHO20
BUBUEHHSL:
1. 3aranpHa XapaKTepUCTHKA MPOIIECIB TOPIHHS ra30M01i0HOTO MaIHBa.
2. XapaKTepUCTHKA Ta30BUX MAIbHUKIB.
3. 'azoBi cymimm.
2. OnumyeamHs.
3. Ilpaxmuuni 3a60anms
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Ipuxnag po3B’si3yBaHHS 3aBIaHHS.
3agaua. HeoOxiaHO po3paxyBaTu 1HXKEKLUIHHUI NaJIbHUK CEPETHBOIO TUCKY,
NpU3HAYEHMH 11 cramoBanas razy 3 p=0,82 kr/m®, Q,=36855 xJx/m>. Butpara
rasy npopiaroe Vi =136,2 M®/ron. Po3paxyHoK 3BOAMTECS 10 BUOOPY HEOOXiTHOTrO
TUIY NaJIbHUKA, IEPEBIPKU MOXKIMBOCTI ii pOOOTH 3a TaHUX YMOB Ta 3HAXOJKEHHS
HEOOXIiTHOTO THCKY Ta3y Inepej naiabHukoM (tadm. 7.1).

Tabmuusg 7. 1

Ne Bap p, KI/M> Qu, KK/ M3 V., M¥/ron
1 0,81 36800 135
2 0,82 37000 136
3 0,815 37100 134
4 0,825 36900 137
5 0,82 36850 138
6 0,81 36800 136
7 0,82 37000 134
8 0,815 37100 137
9 0,825 36900 138
10 0,82 36850 135

[IpuiiMaeMo 10 BCTAaHOBJICHHS IHXKCKIIMHUN mambHuK Tumy B 205/dci3
terutoBuM HaBaHTaXeHHIM Q—=1700 xkBTt. OcHOBHI aHi HaBeAeHO B TaOMHIN 7. 2.

Tabmurg 7. 2.
Tumnopo3mip Posmip y mm
205/15 2 15 166 205 490 555 2130 | 220

* - po3Mip J1aHO y JArOMMaX.

B ocHOBy po3paxyHKy I1HXEKIIHHUX TaJbHUKIB TIOKJIAJACHO 3aKOH
30epexkeHHs eHeprii. IlepeBipsemMo Oamanc eHeprii y mnanpHUKY. [loBuHHA
BUKOHYBaTHCh YMOBA!

E> €,+€+E,+E,+Euor, KM,
3HaiieMo BUTpaTH SHEprii:
1. Ha imKekiiro MOBITPsi, TOOTO CTBOPEHHS MIBUIKOCTI €XKEKTHPYEMOTO

MOBITPS:
W.pal
Enos = FZ : ,Z[)K/M

ne W -IBUIKICTh Ta30TOBITPSHOT CYMIIlll B TOPJIOBHHI:
V@A +Vy) 273 + teyw

" 3600 *0,785d2 273 '

7€ teyw MPUAMAETHCS PIBHOIO TEMIIEPATYPl MOBITPS Y MPUMIIIEHH], tcyn=18°C;

3

M/c
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_136,2-(1+11,4)  273+20
° 3600-0,785-0,166> 273
23,28%1,293 « 1,1 * 10,38

E,., = 2 = 4000,6 Jx/M3

2. Ha 3miny mBUAKOCTI cTpyMeHs raszy Big W 10 Wi

=23,28m/c;

2
E = (W, _Vge) " Po e |
ne W, - MBUAKICTh BUXOy Ta3y 13 COILIA.

3HaiiIeMOo 1110 MBUAKICTh, BUXOASYH 13 3aKOHY 30€peXKEeHHSI KUIbKOCTI PyXy
IIpHU 3MillyBaHHi ra3y Ta nopitps. KinekicTs moBiTps 1 M3, 0 BUXOMWUTE i3 cOIUIA
nopiBHioe W *p , a 1HXKEKIIHHOro 3 arMocdepu MOBITPS MOKHA HpUMaTH
pPIBHUM HYJIO, OCKUIBKM BOHO HE MAa€ MOYATKOBOI MIBUAKOCTI. Y TOPJIOBHHI
3MilllyBaya CyMmill ra3y MOBITps mpuitmae mBuakicte W; 1 BIANOBIAHY i
W, (pr+a- Vo' pros). TOMI piBHICTB 30€pekKEHHS KUTBKOCTI PyXy

Wc'pr =Wr'(pr+ a'vo'pHOB)-
3BiaCH:
We= W:(1 +Vo pros/ pr), M/c;

IBuakicTs BUXOAY ra3zy 3 coiuia He moBuHHa nepesumryBatu 300 wm/c,
1HaKIEe HEOOX1AHO 3pOOUTH TepepaxyHOK 1 BHOpATH MaNbHUK OUIBIIOI MOTYX-
HOCTI.

We=23.28"-(1+11.4-1,293/0,82)=441.76 m / c;
P (441,76 -23,28)°-0,82
‘ 2

3. Burpatu eneprii B audy3opi mpu 3MiHI MIBHAKOCTI Ta30MOBITPSIHOL

CYMIII.

=71801,5 [orc | m°.

2 \p2
By =T LV, p, (), S o
ae 1 - KK/ nudyzopa, skuii 3anexuts Big d./dy;
W, — mBHIKICTh CyMIllll Y BUXI1JIHIK YacTuHI Audy3opa:
V,-l+a-V,)) 273+t )
= —= 5 . wmlc;
3600-0,785-d; 273
ne d, =(1,5+1,8)d.=1,8-166=298.8 mm, d./d,=0,55, n=0,8;
- 136,2-(1+11,4) ‘ 273+20 — 7100/ c:
3600-0,07 273

Pcym — IILIBHICTH TA30MOBITPSHOT CYMIIIl 3 BUX1THOIO YaCTUHOIO u(y3opa:
_p,taN -p 273

pc,w_ ,KZ/M?’;
l+a ‘Vo 273+tc.w (11.10)
. = 0,82+1,1-10,38-1, 293' 273 — 117k ] 2t
' 1+11,4 273+ 20
23,28°-7,19°

E

0o

-(1+11,4)-1,17-(1-0,8) = 711, 3 Zorc | 1°;

4. Butpartu eHeprii y HacaIll NajabHUKA!

E” = 1’ S (W0 _ZWH)Z ) pc,u

-(1+a-V0),,ZZ9fc/M3;
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ne W — 3HaxoauThes 3a GOpMyJIIoro:
V-@+V) 273+t
__ V. J o /e
! 3600-0,785-(‘]3 273 (1112)
_136,2-(1+11,4)  273+50
" 3600-0,785-0,205° 273
£ 1,5-(7,19-16,8)% -1,17
! 2
[IBuAKICTH BUXO/Y TA30MOBITPSHOI CyMIIlll 3 HacaJKa MajbHUKA HE MOBUH-
Ha OyTH MEHILOIO 32 MIBUAKICTh NOMKUPEHHS MOIYM'sl AJI CyMILIl JaHOTO Ta3y Mpu
MIHIMAQJIbHOMY BUTPATIi razy NajibHUKOM.
5. Butpatu eHeprii 3 BHUXIJHOIO IIBHUJKICTIO Ta30MOBITPSHOI CyMilii 3
HacaJKa najibHHUKa:

=16,8m/c;

-(1+11,4)-1,17 =1004,9 [l | m%;

2

W
Eﬂam = 2H 'pcy‘”'(l'ka'V;),ﬂJfC/]\/ls;

1€ Peym — IIUIBHICTh Ta30MOBITPSHOI CyMilll y BHUXIAHOMY Iepepizi audysopa,
3.
KI/M?;

_p,raV -p 213

P kel
: l+aV, 273+t
0,82+11,4-1,293 273
P, =— i hielasd —1,06x2/ m°:
" 1+11,4 273+50
16,8 3
E, = -1,06- (1+11,4) =1854,9 Jiorc | 1°.

6. 3arajpHi BUTpATH EHEPrii:
E=€nm+ € +0y+ Ey + Enor = 4000.6 +71801.5 +711.3 +1004.9 +1854.9 =
79373.2 Ix / M°.
7. Jl>xepelloM eHeprii B MaJbHUKY € KiHeTHYHa €HEprisl CTPYMEHS rasy, IO

BHILIMBACE 13 COIIA:
2

W
E = 2‘ -p,, e | m®;

2

E = 44176 -0,82 =80012,3 [{orc | a°.
E.>E
8. 3HaifieMo HeOOX1THUM THCK Ta3y mepe]] NaIbHUKOM
Prop=E./po?, Ta;
1€ Lo - KOe(IIEHT BUTPATH OTBOPIB FOJIOBKH TMaJbHUKA, 110 BPAXOBYE BTPATH MPHU
3akiH4eHHI. OCKUTbKM BUXOIM HACaJOK — II€ KaHaj JOBXKHHOIO Bix 2 10 4
JiaMeTpiB OTBOPIiB, TO Wo=0,75+0,82.
Prop =80012.3 /0,82 = 125019.2 I1a.

HeobximHo BpaxyBaTH, 110 MAaKCUMAJILHUN THUCK Ta3y Mepej MaIbHUKOM HE
MOBUHEH TEPEBUIYBATH KPUTHYHOTO THCKY, IO JOPIBHIOE MPUPOIHOMY Ta3y
90000 Ila. ITpu GimpIIOMY THCKY MOPYIIYETHCS PEKHUM BUTIKaHHS Ta3y 13 cOIUIa,
3MIHIOETHCS CKJIAJ] Ta30MOBITPSHOT CyMIiIITi.

Sk BiOMO, HOpMaJTbHA CTiHKa poOOTa OIIBIIOCTI MPOMUCTOBUX MaTbHU-KIB
npu Koe(ilieHTI HaIIUIIKy TOBITPA o>1 3a0e3neuyeThCs JUIIE 32 HasiB-HOCTI

35



cTabu1i3aTopiB (PPOHTY TOPIHHA (KE€pamidHi TyHENl MJIACTUHYACTI cTaOuIl-3aTOpU
TOIIIO).
JUist BU3HAYEHHS IIBMJKOCTI, NpH SAKIA HAcTa€ BIAPUB NOAyM'S s
NaJbHUKIB 3 KEPAMIYHUMHU TYHEJIIMU, BAKOPUCTOBYIOTh (POPMYIIY:
0,5
} d, )\
W, =C-a’-Ww. (l Ml c;

HOpM
a

ne Ci - emnipuunuii koedimieHt, C1 = 57,5;
W iopw — HOpMaJIbHA IIBUAKICTH MOMUPEHHS MOIYM'st, M/C, W 4opu=0,38 M/c;
0. - Koe(iLieHT TeMIIEpaTypOIpOBiAHOCTI cyMimi, M%/c, piBamii oo = 0,213 - 10-4
M?/c.
Toni
0,155
0,213-10™*
JIJist BU3HAUEHHS MBUIKOCTI, MIPH AKiH HAAXOAUTH MPOCKOK TMOIYM'sl, KOPHC-
TYIOThCS (HOPMYJIOIO:

omp

0,5
W :57,5'1,12-0,381'5( j =1042m/c] W,.

max dH .
Wnp = CZ ’ W;j)pjlt ’ a M / Gy
ne C; - emmipuanmii koedimienT, pisaumii 7,75 1073;

W™ =7,75.107-0,38 &574
v 0,213-10
Takum uuHOM, cTabumi3amisl MOJIyM'Ss MPU BUKOPHCTaHHI KepaMidHOIO
TyHenro Oyie 3a0e3nedeHa.

=10,8m/c<W,.

Tema 8. IIpouec cyminns.

1. Ob62060penHsi OCHOBHUX HNONOJCEHb MeMU ma NUMAaHb CAMOCMIUHO20
BUBUEHHA!
1. 3arasibHa XapaKTEepUCTUKA IIPOLIECY .
2. CtaTuka Ta . KIHETUKA CYIIIIHHSI.
3. OcHOBHI amapaty JjIsl CyIIiHHS MPOAYKTIB.
4, CriemianibHi Ta IEPCIEKTUBHI METOIA CYIITIHHS.
2. OnumyeaHns.
3. Ilpaxmuuyni 3a80anHs

IIpuxkaan po3B’A3yBaHHs 3aBIaHHS.
3agaua 1. Po3paxyBatu 1 HakpeciauTH OapabaHHy CyIIapKy 3 pealbHUM
nmporiecoM cymriHHsA. OCHOBHUHM eneMeHT OapabaHHOI CYIIMIIBHOI YCTAHOBKH —
MWTHAPUYIHUN OapabaH, 0 00epTaEThCA, 3 BHYTPIITHBOIO HACAIKOIO, SIKA CTIPUSE
nepeMineHHo Matepiany. CynmibHUN areHt (MoBiTps), mapamerpu sikoro lo, do,
to, Po, BEHTHJISITOPOM TIOJIAETHCS Y Kasopudep, Jie miairpiBaerbes no crany I, di ty,
(1, a TIOTIM HAIXOJIUTh Y CYIIWIbHUN Oapaban (puc. 8.1).
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Lo, X3, fo, Qo I, x, 4, b, %, 1, o

E— —> ——
Ceizke nosiTpa

Bianpausoeane

T TOBITPA
oI

Pucynok 8.1 — Cxema CylImibHOI yCTaHOBKU

YcTaHoBKa mpaloe 3a NPUHIIMIIOM MPSMOTEYIl MOBITPS 1 MaTepialy IiJl Yyac
CYILIIHHA LYKPY-MICKY 1 MPOTUTEYI] MiJ Yac CYIIIHHS KPOXMAaJIO.

[TouaTkoBi JaHi: MOTYXHICTh CyIIapKH 3a BHUCYyIIEHUM Matepiamom — G,
KI/TOJI; MUTOMA TEIUIOEMHICTh a0COJIOTHOTO CYXOTO Marepiany — Ccy; BOJIOTICTH
MaTe-piany, % 10 3araapbHOi MacH: MOYaTKOBa — M1, KiHIIEBA — 2; TEMIepaTypa
MaTe-piaiy, SKMM HaJXOJuTh Ha CyILIIHHS — 01; TeMmrepaTypa matepiaiy, SKHil
BUXOJMTH 3 CYIIHIbHOrO Oapabana — 0; (Tadm. 8.1).

[TapameTpu TOBITps: TemrepaTypa CBDKOTO MOBITPs, IO HAIXOAHUTH JI0
kanopudepa — 1lop; BIJHOCHA BOJIOTICTH CBIKOIO TOBITPS — (g, TeMIepaTypa
MOBITPS, WO HAAXOAWUTh [0 CYyIIMJIBHOrO ©Oapabana — 11; TemmepaTypa
BIJINIPAIlbOBAHOTO TMOBITPS, 110 BUXOJUTH 3 CYIIUIBLHOTO OapabaHa, — lp; 3aranbHi
BTPATH TEIJIOTH B HABKOJIMIIHE cepenoBuile — Qyc; Hanmpyra 6apabaHa 3a BOJIOT00
—A.

[lin yac BUKOHAHHSA PO3PaxXyHKy HEOOXIAHO: HAKPECIUTH MPHUHIIUTIOBY
CXeMy CYIIMJIBHOT YCTaHOBKHM 1 MOKa3aTW MPOIYKTOBI 1 TEIUIOBI MOTOKU Ta IX
napamMeTpu; moOyayBaTH 1 OMKMCATH MPOIIEC, 110 MPOTIKAE B CYIIMIBHINA YCTaHOBII],
B [-x miarpami.

Y  pesynbraTi TpadoaHaTITUYHOTO PO3PaXyHKy BU3HAYUTU: KUIBKICTH
BUJIAJICHOI BOJIOTH; MapaMeTpH MOBITPS, IO HAAXOAWUTh A0 Kamopudepa lo, Xo;
napaMeTpH IOBITPs Ha BUX01 3 Kajmopudepa - I1, X1, ¢1; Ha BUXOA1 3 CYIIMIHBHOTO
Oapabana — Iy, X2, (p2; MUTOMY 1 ITOBHY BUTPATH IMOBITPsI; MUTOMY 1 IIOBHY BUTPATYy
TEIJIOTH B KaJiopudepi; OCHOBHI pO3MipH CYIIMIIBHOTO 6apabaHa.

Tabmuusg 8.1 — TlouaTkoBi gaHi 1715 po3paxyHKy OapabaHHOI Cymapku

Ne | Bennuvan Bapiant
0 1 2 3 4 5 6 7 8 9
1 2 3 4 5 6 I 8 9 10 11 12
Llykop-nicok
Gz, 9500 | 11500 12500 6400 8500 | 7500 | 14000 | 15000 | 18000 | 19000
KI/TOJIT
Y Conis 0,712 | 0,712 0,712 0,712 | 0,712 | 0,712 | 0,712 | 0,712 | 0,712 | 0,712
g kJK/KT
5
E o1, % 15 14 1,6 1,6 15 1,7 1,7 15 1,6 1,7
T 04, °C 50 52 54 54 50 55 55 53 51 49
2, % 0,45 0,47 0,50 0,50 0,53 0,45 0,45 0,49 0,5 0,55
0,, °C 32 33 34 34 36 38 38 39 40 35
= 8t °C 18 20 22 22 25 -10 -10 20 -5 25
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¢o, % 60 65 70 70 80 65 65 70 75 80
ty, °C 105 110 115 115 125 120 120 115 110 105
tp, °C 65 70 75 75 80 70 70 65 80 75
Quexx | 25000 | 30000 | 35000 | 35000 | 40000 | 25000 | 25000 | 30000 | 35000 | 40000
A,
kr(M3r 7 6 7 7 7 7 7 6 7 6
ox)
Kpoxmanb
0 1 2 3 4 5 6 7 8 9
Gy, 250 300 350 400 450 500 550 600 650 300
KI/TOX
% Cens 1,09 1,040 1,130 1,215 | 1,250 | 1,09 | 1,040 | 1,130 | 1,215 | 1,250
= kJx/kr
&) o1, % 34 35 36 37 38 34 35 36 37 38
0, °C 12 11 10 9 8 12 11 10 9 8
2, % 13 14 15 19 21 20 18 16 14 13
0, °C 30 35 28 32 29 30 34 32 28 34
to, °C 10 15 20 25 -5 10 15 20 -5 25
00, % 60 65 70 75 80 80 75 70 65 60
o ty, °C 77 85 100 110 85 80 85 90 100 110
g to, °C 32 35 35 40 32 32 35 35 40 32
E Q. xIx/kr] 15000 | 20000 | 25000 | 30000 | 40000 | 20000 | 25000 | 30000 | 35000 | 40000
A,
k(M3 6 7 6 7 6 7 6 7 6 7
o)

bapabanny cymapky po3paxoByIOTh aHAJIITHYHO 1 TpadivyHO 3a JOTOMOTO0
JiarpamMu BOJIOTOT'O MOBITPSI.

Pospaxynox nomyxcnocmi 6apabannoi cywapku 3a 607102uM Mamepiaiom.
HexTyroun BTpaTaMu CyXOi PEUOBHMHU IiJl Yac CYUIIHHS, MOTYXHICTh CYIIApKH 3a
BOJIOTMIM MaTepiajioM pO3paxoOBYIOTh 32 TAKUM PIBHSHHSM, KI/TO/I;

C —C 100 — w,
1772100 — oy

Pospaxynox xinbxocmi eunapenoi 6onoeu. 3TiTHO 3 3aKOHOM 30€pEeKCHHS
PEYOBUHH BUTpATa BUCYIICHOI BOJIOTH, KI/TOI,

W= G1 - Gz

Jlns mepeBipKM KUIBKICTh BHUCYIIEHOT BOJIOTH BHU3HAYAIOTHh TAKOX 3 TaKUX
PIBHSIHB:

w1 —w
w =g, 222
1_6()2
w1 —w
W =G, 1 2
1_(,()1

TermoBuii po3paxyHok OapabanHHOi cymapkud. BigmiHHICTE IIHCHOTO
CYIIMJIBHOTO TpPOIECy, M0 BiAOyBaeThCA B CymIapli, Bil TECOPETUYHOTO
BH3HAYAETHCS BETMIMHOIO A, KJ[>K/KT BOJIOTH:

A =cw 01~ (Qu + Quc)

ne cw = 4,19 xJIx/(xkr K) - TeruioemHicTh Boau; 01 - Temmeparypa maTepiaily Ha
BXOJli B Cymapky; qM - mUTOMiI BUTpAaTH TEIUIOTH HA HarpiBaHHS Marepiary,
k/[X/Kr BoMOTH; QH.C. - TMUATOMI BTpPaTH TEIUIOTH B HABKOJIMIIHE CEPEIOBHIIIE,
kJ>K/KT BOJIOTH.
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[TuToMi BUTpaTH TEIJIOTH HA HArPIBaHHS MaTepiaay B CylIapIl:
Gy, (u; —uy)
dm = W
Cm, - TUTOMA TEIUIOEMHICTh a0COIFOTHO cyxoro marepiany, kK/Ix/(kr K),
cgwy + (100 — w5)
Mz = 100

J€ Ccy - NMUATOMA TEIJIOEMHICTH a0COMIOTHOTO cyxoro marepiany, kJlx/(xr K);
0, - Temreparypa MaTepiany Ha BUXO/Il 3 CYIIApKH;
Cs — IATOMA TETUIOEMHICTh BOJIA

[TuToMi BTpaTH TEIUIOTH B HABKOJIMIITHE CEPEIOBHUIIIE:

Qe
Qu.c = w

Bu3HauuBIIM TMTOMI BTpaTH TEIMJIOTH, PO3PAaXOBYIOTh TompaBky /1 Ha
JIHCHY CylIapKy.

3obpasicenns cmany nogimps i no6yoosa npoyecy cyulinna 6 I-x oiacpami
(puc. 8.2). Podbumo kcepokomito [—x mgiarpamu i Ha Hiii BUKOHYEMO MoOyI0BY. 3a
3aJJaHUMHU 3HAYEHHSMHU TIOYaTKOBOi TemrmepaTrypu lo i MOYaTKOBOi BiAHOC-HOI
BOJIOTOCT1 (09 BU3HAUAEMO TTOJIOKCHHS TOYKU A, sSIKa XapaKTepU3ye CTaH CBIKOTO
noBiTpsi. Ha mepetuHi JiHIi cTanoro BOJOTOBMICTY Xo = CONSt 3 i3oTepmoro t; =
const 3HaxXoAsATh TOUKY B, ska XapakTepu3ye CTaH HArpiToro TOBITps mepen
CyLIWJIbHOIO Kameporo. Yepe3 Touky A mpoBoasath JiHii I = const, x = const i
BU3HAYAIOTh 3HAYEHHSI TUTOMOI €HTaJbIIIi [p 1 TUTOMOTO BOJIOTOBMICTY Xo CBIKOTO
MOBITPSI.

[TpoBiBmm dyepe3 Touky B miuii I = const i ¢ = const, BU3HAYAIOTH
napaMeTpu Harpitoro B kamopudepi nositps l1, @1, X1 = Xo.

Touka C, sgxa XapakTepusye CTaH IOBITPS HAa BUXOJl 3 CYIIApKU TMPH
TEOPETHYHOMY IPOIIECi CYIIIHHS, MICTUThCS Ha TIepeTuHi i3orepmu t2 Ta I = const,

Teopernunmii CymuiIbHAN Tpoliec y 6apabaHHii cymapiii s 3aJaHuX YMOB
300paxyerhcs JiHiero BC.

JIiHig peanbHOTO CYIIMJIBHOTO IPOIECH MOYMHAETHCA B Toulll B 1 mpotimge
Bumieninii I; = const, saxmo A>0 ado umxye migii [1 = const, axmo A<O.

Yepes noBuIbHY TOUKy e Ha JiHli BC npoBoasTh ropu3oHTanbHy JdiHiI0 eF

JOTIEPETHUHY 3 JiHi€I0 Xo = const. [ToTiM mapanensHO OCi OpAMHAT MPOBOASTH JIHIIO
eE.

eE = eF —
. . m
ne eF - norxuHa Bipi3Ka, MM;
M,
m=—
M,

Jle Mi, My -BiAmOBIZHO MacIITabW oOCi MHTOMOI EHTalbmii 1 oci
MMUTOMOTOBOJIOTOBMICTY JliarpaMH.

Sxmro A > 0, Bimpizok eE BimkimanaroTh Bropy BiJ ToUkH e, npu A< 0 - BHUS3.
Yepes Touku B 1 E npoBoasTh MiHIIO peanbHOI CyIIapKu 10 MEPEeTUHy 3 JiHI€w T =
const.
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Otpumana touka C; (mpu A>0) xapakTepusye CTaH TOBITPS Ha BUXOML 3
CyLIUJIBHOrO OapabaHa.

Becy mpomec, mo BiOOyBaeTbcs B peanbHI cymapii, 300paxaerbes
namanotomiHiero ABC;.

IIpu moOynoBi mpouecy 3a AOMOMOIOK JiarpamMu [-X BH3HA4arOTh Yci
HEBI1JIOMIIIapaMeTPH BOJIOTOr0 MOBITPSI.

I, k/lx/kr c.n

>

Pucynoxk. 8.2 — [To6ynoBa peanbHOTO CyIIHUIBHOTO POLECY

Pospaxynox eumpamu nosimps 6 cywapyi. IluTtoma BUTpata MoBITPs, 1110
MO/TAE€ThCS B CYIITUIBHUN OapabaH, KI/KT BOJIOTH.

[ToBHa BuTpaTa moBITPs, KI/TO/,

Pospaxynox eumpamu mennomu 6 xanopughepi. Ilutoma BuTpata TEIIOTH B
kanmopudepi s 6apabanHoi cymapku, K/ [x/Kr Bojgoru,

qKan =/ (Il'|0)1

ne Ih 1 lp - muTOMa eHTaNmbIis CBDKOTO TIOBITPS BIJAMOBIAHO JO 1 IMCIHA
kanmopudepa, kJK/Kr c.1.

O1iHKa OTpUMaHOro pe3ysbTary. [IuTomMa BUTpaTa TEIUIOTH (xan, KJK Ha 1
KI' BUCYIIIEHOI BOJIOTH, TOBUHHA HE OUIBbIIE HIK Yy IMIBTOPH pa3u IMEPEBHINYBATH
TerioTy mapoyTBopenns Boau npu 0°C, sika gopiBHroe 2500 xDx/kr. Bucoka
BUTpaTa TEIUIOTU HA CYIIHHS TOSCHIOETHCS 3HAYHUMHU BUTPATaMHU TEIIOTH 3
MOBITPSIM, SIKE BUXOAUTH 13 CYHIApKU M€ JOCHTh TEIUIUM. 3 METOI EKOHOMIi
TEIUTOBOI eHeprii Ha 00e3BOKYBAaHHS XapyOBUX MPOIYKTIB YACTUHY BOJIOTH TEpPe]
CYIIIHHSAM BUAAJISIOTH IPECYBAHHIM a00 EHTPU(PYTyBaHHSAM.

[ToBHa BuTpata temnotu B kanopudepi Q, k/lx/rogx,

QKan = qKan W

Busnauenns ocnoenux posmipié cywunvhozco dapadana. 3HAIOUA HATPYTY

GapabaHa 110 BOJIO3i, TOOTO KIIBKICTh BOJIOTH, IO BUAANAETHCA 3 MaTepiany B I M3

IPOCTOPY CYIIMILHOro 6apabana, MOKHA BU3HAUMTH 00°eM Gapabana V, M°:

V_W
A

ne A - nanpyra OapabaHna 1o Boso3si, kr/(M3 ron).
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O6‘em cymmunbHOro 6apabana V, M3 , MOXHA TaKOX BU3HAYMTH 3 TAKOTO
PIBHSIHHS:
nD?

V=—oH~
4

ne D 1 B - BiANOBIIHO [1aMeTp 1 10BKKHA OapalaHa, M.
HiameTp 6apabaHa BU3HAYAIOTh BUXOASYM 3 BUTPATU CyXOTo MOBITps L, M.

LV,

(1-B)w
ne Vo — 06°‘eM BOJIOTOro MOBITPs, KU IMpunagac Ha 1 KT cyXoro IoBiTps, M3/KT
CyXOro MOBITps,, BU3HA4aeTbcsd 3 Tabnuii 8.1. 3amexHo Bl TemmepaTypu o 1
BIJTHOCHOI BOJIOTOCTI1 (2 TOBITPSI, sIKE BUXOAUTH 3 CYLIMIILHOTO OapabaHa,;
B — koediient 3anoBHeHHs OapabaHa, axkuil npuiiMaeTbes B mexxax 0,04...0,06;
® — UIBUJKICTh CYHIMJIBHOTO areHTa B 0apabaHi; MpH CYIIIHHI LYKPY-TICKY © =
0,5...1m/c.

3a BimomMumHu o00‘€eMOoM 1 JiameTpoM OapabaHa JOBXKUHY OapabaHa
BU3HAUYAIOTH 3 PIBHSHHSA

D =0,0188

4V

D2
Hiametp 6apabana npuitmatots 1200, 1400, 1600, 1800, 2000, 2400, 2800
MM. BigHomeHHs 1oBkuHA Oapabana 10 Horo giamerpa mae 0ytu B mexax B/D =

3,5...7.
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3MICTOBUM MOAYJb 3. TIIPOMEXAHIYHI IPOIIECH

Tema 9. OCHOBHI piBHSIHHSA TiAPOANHAMIKH.

1. Obz060penHs OCHOBHUX NONONCEHb MeMU Mma NUMAHbL CAMOCHMIUHO20
BUBUEHHA!
1. I'impocrartuka.
2. I'imponunamika.
3. PiBHSIHHS HEPO3PUBHOCTI MOTOKY.
4. PiBusinua bepnymi.
5. Micuesi rijipaBiivuHi ONOPH.

2. Onumyeanusi.

3. Ilpakxmuyni 3a80aHH.

IIpukaax po3B’A3yBaHHS 3aBIaAHHS.

3agava 1. Busnauurtu piBeHb piauau H y BiakpuToMy B atmocdepy Hamip-
HOMY pe3epByapi HaJ MiclleM BBEICHHS ii B pektudikaiiiiny koyiony. BuximgHi
naHi: rycruHa piguau p = 980 xr/mM° ; koedilieHT OUHAMIYHOI B’SA3KOCTI [ =
1150-107° Ia-c; HA/UTMIIKOBHI THCK B KOJOHI Pyyyy, KIla; mBUAKICTE pyXy piau-HU
B TpyOompoBoai w, M/C; TpyOOIpoBia cTanbHHUM giamerpoM d, mm; aOcoiroTHa
IOPCTKICTh MaTepiany Tpybompooay A = 0,10...0,15 mM; po3paxyHKOBa JOB-
*wuHa Tpyoornposoay lp. (Tabdi. 9.1).

Taomurg 9.1.
Ne Bap. P, KI1a W, M/C d, MM l,, m

1 10 1,0 25 6
2 11 1,1 30 7
3 12 1,2 35 5
4 13 1,3 40 10
5 14 1,4 50 8
6 15 15 60 5
7 16 1,6 45 7
8 17 1,7 30 8
9 18 1,8 25 10
10 19 1,9 50 6

Po3é’a3yeannsn

1. Bu3HadeHHs piBHs piIUHY B HaImlipHOMY pe3epByapi (puc. 9.1)
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Pucynok 9.1 — Cxema 1o 3amaui
PiBustnust bepnymni aiig nepepizis -1 1 1I-11

Py P, w%
Zl +_+_=Zz +_+_+hw
pg 29 pg 29
ne Z — TeOMETPUYHHM HaIip, M;

P/ pg — m’e€30MeTpUYHUIA HATIIp, M;
w %/2 g — mBuaKicHUI HAMip, M;
hw — 3aranbHi BTpaTH Hamopy B TPYyOOIPOBOJI Ha IMOJOJIAHHS OIMOpPY TEPTsS Ta
MICIIEB1 OTIOpH, M.

AmHauni3 piBHsaHHS bepHysuti BiTHOCHO TTOpiBHsUIBHOI rutoriuHu 0-0.

[epepis I-1: Z1 = H; P1 = Pary; W1 = 0 (H = const).

[Tepepis 1I-11: Z2 = 0; P2 = Pyapn.+ Par; W2 = W.

[Ticns miacTaHOBKM ITUX BEJIMYMH B PIBHSIHHS bepHYIIi OTpUMYIOTS:

w7

P
H=—"%4+—+h,
pg 24
1. BusHauutu BTpaTH Hanmopy B TpyOOIPOBO/Ii, M:
L N L, w?
® = "d2g

ne A — koedimieHt onopy tepts. s po3paxyHKy KoedillieHTa OTopy TepTs A
TpeOa BCTAaHOBUTH 30HY TiJI[paBIIYHOTO OIOPY.
Busnavarots pexxum pyxy pinunau. Kpurepiit Pelinonbca

wd
Re = oep
U
BusnavaroTe kpuTH4HI 3HaueHHS KpuTepis PeiiHonbaca Rer, 1 Regs:
20d
Rem = T
500d
Rey,; = T
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[Tpu Re < Rey,, — 30Ha rigpasnivdo riaankux Tpyo, ne A = f(Re):
0,3164

~ Re0.25
ITpu Rer, < Re< Reys; — 30Ha tokBagpatuyHoro omnopy, ae A = f(Re, A):

_ 68
=0,11(4+ )%
A=011(4+ )

e A — BigHocHa mopcTkicTs: A4 = d /A.

IIpu Re > Rey;, — 30Ha KBagpaTudHOro onopy, ae A = f(4):

A= 0,11(4)"%

3agaya 2. BuzHauuTH pEeXHUM pyXy PIAMHM B TpyOax 1 MILKTpyOHOMY
MPOCTOPI KOKYXOTPYOHOTO TEMI00OMIHHUKA JIJIsl HATPIBAaHHS I[yKPOBOI'O PO3YUHY
BOJIOIO 1 HAKPECIUTH CXeMY TeII000MiHHMKAa BUXiIHI 1aHi: MacoBa BUTpaTa BOJIH,
110 MO-Aa€Thea B Mk TpyOHuUM npoctip G, 1/rox; cepenns teMmrepaTypa BoAu ts,
°C; cepenHsi Temneparypa IyKpoBoro po3uuHy t,, °C; KOHILIEHTpalis IyKPOBOTO
po3-uuny b = 20% Mac; BHyTpillIHIi AlaMeTp KOpHycy TemiooOMiHHKMKa D, MwM;
nia-metp Tpybok d = 30°1,5 mm (mepmia mudpa o3Hauae 30BHILIHIN JiaMeTp
TpyOKH, Apyra — TOBUIMHY CTIHKH TPYOKH); KUIBKICTh TPYOOK N, HIT.;IIBUAKICTD
PYXY IIYKpPOBOT'O PO3UHHY W, M/C

Tabmurs 9.2
Ne Bap. G, T/ron ts, °C D, Mm W, M/C t,, °C n, IIT.
1 110 80 460 0,7 60 30
2 100 70 470 0.8 50 32
3 120 85 500 0,9 55 36
4 130 75 450 1,0 50 32
5 100 80 480 1,1 60 38
6 140 70 450 1,2 50 32
7 150 85 430 1,5 65 30
8 100 75 480 0,7 50 36
9 110 70 500 1,0 45 32
10 150 80 450 0,9 60 36

Tema 10. IIpouec 3MinnyBaHHS.

1. Ob6ec060penHss OCHOBHUX NONONCEHb MeMu Mmd HUMAHbL CAMOCMIUHO20
BUBUEHHS!
1. Cnnocobu nepemMinryBaHHS.
2. EdpexTuBHICTH IEpeMilTyBaIbHUX MIPUCTPOIB.
3. [aTeHCUBHICTD MEpeMINTyBaHHS.
4. Kpurepii OIIHKH SKOCTI 3MIIITyBaHHS.
5. KoHcTpyKIii Mimmaiok.

2. OnumyeanHsi.

3. Ilpakmuuyni 3a60aHHS.
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IIpuxknaan po3B’A3yBaHHSA 3aBJAaHHS.
3amaua 1. [Ipu nepeminryBanus pigunu ryctuna skoi p=1200 kr/m® miman-
KOIO C IPOIENEPHOI0 HACAAKOIO ¢ yacToTa obepranus n=230 xsl; y mocyauni 3
NEPEeropoJKaMy MpU TAaKUX BUXIJHUX JaHUX: JlaMerp mnocyauHu D=1250 mwm;
B s13KicTh piguan p=1100-10° Ia-c; miamerp mimanku d=0,25D. BusHauutu 1o-
TY>HICTb N.
Po3zé’azanna
1. BuzHauaeMo JiamMeTp MIIIaJIKH, M:
d = 0,25D=0,25-1250=310 mm.
2. 3HaxoAuMO 3Ha4YeHHs KpuTepito PeitHonbaca (Re) A mimanku:
Re = pnd? _ 1200-230-(&312 = 234-106
u 1100-107°
3. Buznauaemo kpurepiit noryxHocti Ky A1 MOCYJIMHU 3 MEPErOpOIKAMH.
KoHcTpykTuBHO mpuiiMeMo, 1o mupuHa neperopogok b=40 mwm, a iX KiJIbKICTBh

ckiajae 6.

0,1\"” 10,04\
K =0,253-360-106-( ' ) ( ' ) - 6913 = 16,2+ 10°
N 0,3 0,3
4. BuzHauaeMo MOTY>KHICTh HA MEPEMIIITyBaHHS MMPOTMEIEPHOI0 MIIIAIKOIO 32

dbopmyioro
N =16,2-10°-1100-10"°-3,332-0,313 = 5640 Bt = 5,6 kBT.

3agaua 2. BusHaunuTH MOTYXKHICTh N, sIKa BUTPAYAETHCS HA MEpEMilTyBaHHS
PIIMHU TIPOTIETIEPHOI0 MIIIAIKOI y TOCYAHMHI 3 IeperopojakamMu. BuximgHi naHi:
yacToTa 0OEpPTaHHA N, XBY; xiaMeTp mocyauHu D, MM; B’a3kicTh pigunu p, Ila-c;
rycTusa p, kr/mM°; aiamerp mimanku d=0,35D (ra6u. 10.1).

Taomurg 10.1

Ne Bap. 3aaHi BEJINYNHA
n, x* D, MM p, Kr/m> n-10° Tla-c
1 160 1800 1050 1800
2 170 1850 1045 1600
3 180 1900 1150 1300
4 190 1700 1030 1200
5 200 1750 1080 900
6 210 2000 990 1000
7 220 1950 1120 1050
8 230 1800 890 1250
9 240 1850 1100 1110
10 250 2000 1060 1140

Tema 11. Po3aiieHHs1 HEOTHOPITHUX CHCTEM.
1. Ob6zosopenns ocHOGHUX NONOdNCEHb MeMU Ma NUMAHbL CAMOCMIUHO20
BUBUEHHSL:
1. MeTonu po3aiIeHHS] HEOJHOPITHUX CHCTEM
2. llIBuakicTh ocigaHHs

3. @akTop po3aiICHHS
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4. Po3paxyHOK BIACTITHUKIB
2. Onumyeanusi.
3. Ilpaxmuyni 3a80aHms.

IIpuxknaan po3B’A3yBaHHSA 3aBJAaHHS.

3agaya 1. BukoHaTu po3paxyHOK 1 HAKpECIUTH CXeMy BiJACTiiiHHKa Oe3 me-
pepBHOI Ail sl OCBITIEHHSA BOAHOI cycnensii. Ilig yac po3paxyHkKy ciij BU3Ha-
YUTH MIBUJKICTh OCIaHHS B TpaBITAlliiHOMY MOJI Wy, M/C; Macy OCBITJICHOi
pimurn Gp, Kr/c; muomry moBepxHi Biacriiinmka F, m? ; miamerp amapara D, wm.
Buxiani nani: BuTpata BoaHoi cycnensii G, T/ron; Temmepartypa cycnensii t, °C;
KOHIICHTpaIlisl TBepaoi da3u y cycrnensii X1, % mac; KOHIeHTpallisi TBepAoi dha3u y
3ryHIeHIH CyCHeH3il X2,% Mac; eKBIBJICHTHHN JiaMeTp 4acTHHOK d, M; rycTuHa
YACTHHOK Py, KI/M° (Tabum. 11.1)

Tabmums 11.1

Ne.Bap. | G, 1/rox; | t, °C; X1, % | x2,% D 10% M | pu, kr/M®
mac Mac;
1 10 45 10 25 10 1150
2 11 50 11 23 15 1200
3 12 55 12 27 20 1250
4 13 60 13 24 15 1300
5 14 45 15 27 25 1100
6 15 55 16 29 10 1250
7 12 50 12 22 30 1150
8 10 55 11 24 25 1200
9 11 60 10 26 20 1250
10 13 45 13 27 25 1300
Po3é’azyeannsn

1. BusHaueHHs MIBUIKOCTI OCIJaHHSA YaCTHHOK.
3naxoaumMo kputepit Apximena (Ar) 3a GopmMyoro
gd® py — pe
Ar = —
Ve Pc
ne ve — KoeQillieHT KiHEeMaTH4HOi B’S3KOCTI CepeloBMINA, M’ /c; pC — TyCTHHA
cepenosuma, kr/mM® ; g = 9,81 m/c? . Ilpu TemnepaTypi cycHeHsii t BA3HAYaEMO 110
1a61. J1.1 ryctuny pc, kr/mM° Ta koe(ilieHT IMHAMIYHOT B A3KOCTI i, I1a-c Boau.
KoedirmieHT KiHeMaTHYHOT B’ SI3KOCTI CEpeOBHINA
_ He
Pc
BusnaunBmm drcnoBe 3HaYCHHS KpUTEpis ApXiMmena, 3HAXOAUMO KpUTEpii
Peitnonpxca:
ko Ar < 36

Ve

Re=Ar/18
skiro 84000 > Ar > 36
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sakmo Ar > 84000

Ar
Re= [—
0,33
3HarouMu 3Ha4YCHHA Yuciia Re, 3HaX0IMMO IMIBHAKICTH OCIJaHHS YaCTHHOK:
__ Rev,
d
2. BuzHaueHHs MacH OCBITJICHOI PiJIUHH.

Macy OCBITJIEHOI pIJUHU BU3HAYA€MO 3 PIBHSAHHS MareplaibHOro OanaHcy:

WO c

G =Got+ Gy
ne GO — NpoAYKTUBHICTD BICTIMHMKA MO 3TYLIEHIN CycneHsii, Kr/c;
Gp — MNOpPOAYKTUBHICTH BIJICTIMHMKA IO OCBITJICHIH piAuHI, Kr/c. 3HaXOJAUMO
OPOJAYKTUBHICTH BIICTIMHMKA MO 3TYLIEHIN CyCHeH3li:
X1
GO =G—
X2
Busnayaemo npolyKTUBHICTb BIJCTIHHUKA 32 OCBITJIEHOIO PIAMHOIO:
Gp=G - Go

3. Bu3HaueHHs IO TOBEPXHI BiJCTiiHUKA, M?

Busnauenns giamerpa BiJICTIMHUKA.
Jlns Bigcritinnka nuniaapuunoi popmu F = DY 4,
ne D — niameTp BiJCTIMHHKA, M,

3agauya 2. Po3paxyBaTu 1 HaKpeciIUTH CXE€My 3 HAHECEHHSIM OCHOBHUX
napameTpiB 6apabaHHoro BakyyMm-binbTpa mis ¢iasTpyBaHHs cycnensii. Ilix gac
PO3paxyHKy BH3HAYUTH ILIONLy HOBEpXHi GapabaHHOro BakyyMm-dineTpa F, M? ;
BUTpaTy oTpumaHoro ¢inerpaty Gg, Kr/c; TpUBAJIICTh MNOBHOIO ILMKIY
GbiTpTpyBaHHS T, C; YaCTOTY OOepTaHHsS N, 00/XB; CTYIIHb 3aHypeHHs OapabaHa B
cycnensito, ¢. Buxinni gaHi: Butpara cycnensii G, Kr/c; BMicT TBepAoi (a3 B
cycreHsii X3, Mac %; T'yCTHHA CyCHeH3ii p., KI/M° ; TOBIIMHA IIapy ocany hoe, MM;
BOJIOTICTh OCaay W, Mac %; MUTOMHIA OIIp OCAIY Toc, M2 ; OMIp (iIBTPYBAIBLHOI
IEPEropoaKd Ryep, M1 ; rycTuHA (inbTpaty py, Kr/M° Ta #oro B A3KicTh g, 1la-c;
B*SI3KICTh (UIBTPATY MiJ Yac MPOMUBAHHSA p, 11a-c (Tabn. 11.2). [IuToma BuTpata
BOJM HAa MPOMHUBAHHSA ocaxy cTaHoBHTH v = 1,5 -10 m 3 ma 1 kr Bosmororo ocany.
[lepeman TuckiB mpu pinbTpyBaHHI Ta TpoMuBaHHI qopiBHIOE Ap = 0,64 - 105 Ila.

I'ycruna TBepaoi (asu ocamy p = 2100 kr m3.
Ta0muus 11. 2

Ne Ge, | X1, Pc, Noc, | Foc: Rnep P, },l(p'104 an'104 W,

Bap. | kr/c | mac % | kr/m® MM | 10712 | 100 | kr/M3 || TMa-c |, [Ta-c | Mac
M2 | Mt %

1 8.5 |18 1750 | 8 11 13 1040 |5,9 4 45

2 9 19 1800 |9 12 13,5 1050 | 6 4.5 46
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3 9,5 |17 1850 |10 |13 14 1055 | 6,2 4.6 47
4 10 |20 1900 |11 |14 14,5 1060 | 6,3 4.8 48
&) 8 17 1950 |12 |15 15 1065 | 6,5 5 49
6 9 19 2000 |13 |16 14 1070 |7 4.6 50
/ 10 |18 1900 |15 |17 13 1075 | 7,3 4.9 o1
8 8,5 |20 1800 |10 |15 12 1080 | 7,2 4 46
9 9,5 |17 1850 |9 16 11 1060 | 6,8 5 47
1 9 19 2000 |14 |14 15 1050 | 6 5.5 49
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3MICTOBUM MOAYJIb 4. MEXAHIYHI ITPOLIECH
Tema 12. IloapiOHIOBAJIBLHO-PI3aIbHE 00JIaJHAHHA.

1. Obz060penHs OCHOBHUX NONOJNCEHb MeMU Mma NUMAHbL CAMOCHMIUHO20
BUBUEHMHSL:
1. ITpusHavyeHHs NOAPIOHIOBAIbHO-Pi3aibHEe 00Ja HAHHS.
2. PoGouu IHCTpYMEHTH.
3. Pexxumu pi3anHHs.
2. OnumyeamHs.
3. Ilpakmuyni 3a60anns.

3agaya. [IpoayKTHBHICTh BOBYKIB MOKHA BU3HAYUTH MO MPOITYCKHIM cpo-
MO>KHOCTI P1>Ky4oro ado0 >KMBHJIbHOTO MEXaHI3MYy, a TAKOX O PIXKYUli CIPOMOXK-
HOCTI MOAPiIOHIOI0YOro MexaHi3my. [IpomyckHa cipoMOKHICTh BOBUKA, Qy KI/T0J1

BU3HAYAETHCS 32 POPMYIIOIO
m

. Tpk X Zpk X Zzy

7€ M — Maca M’sica, sIKy HeoOX1AHO MOAPIOHUTH, KT
Tgx — YaC POOOTH MAITMHU 32 OJTHE BKJIFOUCHHS, TO/I;
Zp« — KUTBKICTB BKJTIOUEHb MAIIMHU 32 3MIHY;
Zsy — KUTBKICTH 3MIH pOOOTH MAaIlIMHHU.

[TpomnyckHa cpOMOXKHICTh €JIEMEHTIB MMOAPIOHIOBaYa Y PI3HUX MEPEeTHHAX
NOTOKY MOBHUHHA BIJMOBIJATH TAKUM BUMOTaM

Qi=Q:1<Q2<5Q3<Qs

ne Qi — HeoOXi/IHa TEXHOJIOT1YHA MPOMYCKHA CIIPOMOXKHICTh MAIlIMHU, KI/TOI;
Q1 — MpomyCKHA CIPOMOXKHICTh 3aBaHTaKyBaJILHOTO BiKHA, KT/TOJ ;
Q2 — MpomycKHAa CIPOMOXKHICTb IMOCTAYaIBLHOTO IITHEKA, KI/TO ;
Q3 — MpomycKHa CIPOMOXKHICTD IITHEKA y 30H1 IPECyBaHHS, KI/TO ;
Q4 — mpomyckHa abo pikyda CIIPOMOXKHICTb PIXKYy4Oro anapara, KIr/TO/I.

[TpomyckHa CIIpOMOXKHICTh PIXKYy4OTro anapaTta BU3HAYAETHCA 3a (HOPMYJIIO0

Q4 = 3600- Ao(i)' Vo * Pn VI
ne Aq@) — CyMapHa IIJIOIa OTBOPIB B MEPILIi HOKOBIN PELIITI, a TAKOX B KOXKHIH
HacTymHii (i), M? ;
Vo — MIBUAKICTH PyXY MPOIYKTY KPi3b OTBOPH MEPIIOi HOXKOBOI PEITITKH, M/C;
pn — T'YCTHHA M’5Ca B 30Hi IIPECyBaHHs, KI/M°
i — KoehIEHT BUKOPUCTAHHS TUIOIII OTBOPIB HOXKOBO1 PEIIITKH;
| — KUTBKICTh HOXKOBHX PEIIITOK.
Pn=pki

Jie p — HACUITHA TYCTHHA M ’5ICa;
K1 — xoediieHT, 1110 BpaxoBYe CTYIIIHb YIIIJTPHCHHS M 5ICa;

SIK0 KOHCTPYKINiSI BOBYKA Ma€ PO3AUTHHI MPUBOJIU MOCTAYAIHHOTO ITHEKA
Ta HOXIB 1 dacToTa OOEpTaHHS HOXIB HE JOPIBHIOE YacTOTI OOEpTaHHS
nocradajbHOro ImHeka (Ny # Hy), JONUIBHINIE BHU3HAYATH TIPOIYCKHY
CIIPOMOXKHICTh 32 HACTYITHUM BHUPa30M
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Q4=3600 - a- (A/Ap)
1€ o — Koe(ILiEHT BUKOPUCTAHHSA P1KY4O0l CIPOMOKHOCTI MEXaHI3MY;
A — pixy4a CIPOMOKHOCTI MEXaHi3My, M? /c;
Ap — IMTOMA TIOBEPXHS OJMHHUIII MACU IPOLYKTY IIC/Is IOAPiOHEHHs, M? /KT.
KoedimieHT BUKOpHCTaHHS  pPIKY4Oi  CIPOMOXKHOCTI ~ MEXaHI3My o

npuiMaeTbes y mexax o = 0,7...0,8
A= T XNy XDJ

TR (Wi- Za+ 2 - Zo+...4 Yo Zn)
JIe Ny — YacToTa o0epTaHHS HOXKa, 00/XB.;
Dy — niameTp peliTku, M;
Z — KUTBKICTB JI€3 Ha KO)KHOMY 3 HOXIB, Z = 2...4;
Y — KOe(IIIEHT BUKOPUCTAHHS TUIOIII OTBOPIB KOXKHOT PEIIITKH.
3HaueHHs Y 1 Ap B 3aJI€KHOCTI BiJ JlaMETPIB OTBOPIB HOKOBHUX PEIIITOK
BUOUparOThCs 3 Tabnmumi 12.1
Tabnuug 12.1 PekoMeH10BaH1 3HAUEHHS ¥ 1 Ap

JliameTp OTBOpPY PEIIITKH, MM 20...25 12...16 2...5
Koedimient y 0,8...0,85 0,7...0,75 0,5...0,55
ITutoma moBepxHs Ap , M 2 /KT 0,2...0,1 0,7...0,6 1,2...1,1

VY OuIbIIOCTI MamIMH 4YacToTa OOepTaHHS HOXIB, Ny JIOPIBHIOE YacCTOTI
oOepTaHHsI IITHEKA, Ny, 1 11 3HAYEHHS 3HAXOIUThCs y Aiana3oHi Bia 60 1o 300 06/xB.
3 METOIO CIIPOILIEHHS PO3PAXYHKY MOKHA MPUNUHSATH HACTYIHE CHIiBBIIHOIICHHS:

Qu=0Q1=Q2=Q3=Q4
Toni 3 GopMyn Ta BU3HAYAETHCS AlaMeTP HOKOBOT PEIIITKH
D - Qs X Ap
P 151 Xny X a(y, X Zy + y, X Zy+_ +vy, X Z,

[Ipu BW3HauUeHHI AiaMeTpa HOXKOBUX PEIIITOK MPOMHUCIOBUX BOBUKIB CIIiJI
naM’sTaTH, 10 BiH MOBUHEH 3HAXOMUTHCS Y Mexkax Big 80 q0 200 mm.

SKIo K OTpUMaHHUM PO3PAXyHKOBHH IMOKA3HHMK JliaMeTpa HE YBIMIIOB 0
33JIaHOTO 1HTEpBaJly 3HAUYCHb HEOOXIJHO 3MIHMTH 3HAUYCHHS YaCTOTH OOEpTaHHS
HOXa (ny), a00 mokasHuka (Ap).

BpaxoBytroun, 110 3rigHo 3 Q3 = Qs 3HaAUYCHHS MPOMYCKHOI CIIPOMOYKHOCTI Y
30H1 MTPECYBaHHSI MOKHA BU3HAYUTH 3 BUPA3y

Q =3600- An - Vn - pn
ne An — 1utonia nepepisy ¢dapiry B 30Hi IpeCcyBaHHS, M ;
Vh — MIBUJAKICTh PyXy M’sica B3JIOBX IITHEKA B 30HI MPeCyBaHHs, M/C.
n(D§ — Dg)
4

2

A, =

ne D, — 30BHIIIHIN JiaMeTp IIHEKa, M;
D: — BHYTpilIHIN TiaMeTp IIHEKa, M.
IIpu po3paxyHkax nonepennbo npuitmatots D, = D, 1 D;=(0,3...0,5) D3
1
v, = aXSmanmXKBXKn)

1€ Sy — KPOK ITHEKA Y 30H1 MPECYBaHHS, M;
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K — koediuieHT, 1110 BpaXxoBy€e TOBLUIMHY BUTKIB Ta iX IpOo(diib,;
Knh— koedirieHT, 1110 BpaxoBye o0epTaHHS MPOIYKTY Pa3oM 31 ITHEKOM.
Snm = Som/ kl
1€ Som— KPOK IIHEKa B 30H1 IpUIMaHHs CUPOBUHHU, M;
ki — koeilieHT, 1110 BpaXOBY€ CTYIiHb YIIIJIBHEHHS M scCa.
[Tpuiimaerscs KB = 0,7...0,9 , K, = 0,35...0,4 1 k1 = 0,5...0,7 .
Som = 2M
ne M — Moaynb mmMatka M’sica 10 NOAPIOHEHHS, M.
Tepminom moayiib (M) nmo3HavaeTbCs FPAHUYHUN PO3MIp IIMATKa M’sica
M = 1,26Vabc
ne a,b,c — BIAMOBIIHO AOBKKHA, TOBIIMHA Ta BUCOTA IIMAaTKa M’sica, M.
YTouHeHe 3HaueHHS JllaMeTpa Baja IIHeKa

405
3600 X v, Xp

D,- |DF—

3 yMOB 3a0e31e4eHHs] MIITHOCTI Ta HAMEHIIIOT METaIOEMHOCTI
D:=(0,3...0,4) D3
SKo 119 yMOBa HE BHKOHYETHCS, HEOOXITHO 3MIHUTH YacTOTYy OOCpTaHHS
mrHeka ( Ny ), koedimientn Ky 1 Ky abo 3acTocyBaTu po3aiibHUM TPUBOJ IITHEKA Ta
HOXIB, TOOTO (N # Ny).
CymapHa 1uioma OTBOPIB  Agl) KOXKHOI 1-TOi  HOMXOBOi  pEUIITKH
PO3paxoBy€eTHCS 3a (HOPMYJIIOIO
T X d(z,(i)
4
ne d o) — miaMeTp OTBOPIB I-TOT HOKOBOT PEIIITKH,M;
Z o(i) — KUTBKICTb OTBOPIB I-TOT HOYKOBOT PEIITITKH.
CymMmapHy 11011y OTBOPiB MOXKHA TaKOK BU3HAYUTH 32 HACTYITHUM BUPAa30M
NGO
o(i) 4 Poi)
1€ (Po(i) - KOe(ILiEHT BUKOPUCTAHHS POOOYOI IO I-TOT PEIIiTKH.
[Tpu niameTpi OoTBOPIiB HOXKOBUX pemiTok & 20...25 MM @q(i) = 0,7...0,8 ;
12...16 MM @o(i)=0,6...0,7 ; D2...5 MM @o(i)=0,5...0,6 .
KinbKicTh OTBOPIB y KOXKHIHM PeIIiTIII BU3HAYAETHCS 32 (HOPMYIIOI0
(D32 - Dg) X (Po(i)

do(i)
upuHa 3aBaHTaXyBaJIbHOTO BiKHA, SK TMPABUIIO, MPUHAMAETHCS PIBHOIO
30BHIIIHBOMY JIIaMeTpy IITHEeKa

Aoy = X Zo(i)

Zo(i) —

B: =D,
JloB)kMHA 3aBaHTaXKyBAJIHHOTO BiKHA MOBHHHA OyTH HE MEHIIOK, HIXK KPOK
ITHEKa y 30H1 3aBaHTAKEHHS 1 MOKe OyTH BU3HAYCHA 32 BUPA30M
Ly > Sow=(2...3)M
JloBKHMHA THEKA PO3PAXOBYETHCS 3a (POPMYIIOI0
Ly =Som X Ko + Sy X K3+Scp>< Ka
ne Ko — koedimieHnT, BpaxoByrouuil epeKpUTTs 3aBaHTAXKyBaJIbHOIO BIKHA;
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K3 — koediieHt, mo BpaxoBy€ KpaTHICTh TPAHCIOPTYBAHHS CHUPOBUHU B 30HI1
YUIUTbHEHHS;
K4 — koedilieHT, 0 BpaxoBye€ KpaTHICTb TPAHCHOPTYBAaHHA CHPOBUHHU IIO
nepexiaHIN TIISHII;
Scp — cepeiHii KPOK IIHEKa, M

3HaueHHs O3HAYEHUX KOE(DIIIEHTIB MPUIAMAIOTBCA Yy HACTYIHUX MEXaxX:
Ko=1,1...2,0; Ks=1,3...2,5; Ks=1,28...2,5.

CepenHiii KpoK IIHEKa BU3ZHAYAETHCSA 32 (POPMYIIOIO

Scp - \/ng + SI%LLI - Som X Snm

[Ipu po3paxyHKy JOBXKHHH LIHEKA CIiJ 1AM’ sITaTH, 0 Horo HagMipHa A0B-
KUHA BeJIe 10 JOJAATKOBUX €HEPrOBUTpPAT, MiABUIIICHHS BapTOCTI MOoApiOHIOBaYa, a
3MEHILIEHHS JIOBKWHU ITHEKA MPUBOJUTH 0 MOPYIIEHHS MPOLECy MOApIOHIOBAHHS
[0 NPHUYMHI 3HUKEHHS TPAHCIOPTYIOUO1 CIIPOMOKHOCTI mIHeKa. [1oTyxHicTh mo-
TpiOHa Ha (QYHKIIOHYBaHHS BOBUYKA CKJIAJIA€TBCA 3 CYMH TPbOX TOJIOBHHUX
CKJIQJIOBUX: MOTYXKHICTh MOTpiOHA HA MOJAPIOHEHHS NPOAYKTY, Ha TOJOJIAHHS
TEPTS y Pi-)KydOMYy MEXaHi3Mi 1 Ha MPOCYBAaHHs MPOAYKTY Ta Ha MOAOJIaHHS TEPTS
IIHEKa 3 MPOJTYKTOM.

pP= P1 + P2 + P3
ne P1 — moTyxHicTh TOTpiOHA HA TOJIPIOHEHHS TIPOAYKTY, BT;
P> — mOTy>XHICTh Ha MOAOJAHHS TEPTS Y PLKYyUOMY MexaHi3mi, BT;
P3 — motyxHicTh MOTpiOHa Ha TPOCYBaHHS MPOJIYKTY Ta Ha IMOJOJIAHHS TEPTS
NPOAYKTY 31 IIHEKoM, BT.

Py =%An(\|/1+ 2y, + \|/3)on a xZ

e Y1 ,Y2 ,yY3 — KOeIIEHT BUKOPUCTAHHS IUIONI MPUHMAaIbHOI, MTPOMIKHOI Ta
BUX1JTHOT HOKOBOT PEIIIITKH;

Ny — 9acToTa 0OepTaHHS HOXIiB, 00/XB;

a — MUTOMI1 BUTpaATH €HEprii Ha mepepizaHHs NpoaykTy, /M2 ;

Z — KUIBKICTh JIe3 Ha KOXXKHOMY 3 HOXiB, Z = 2...4. 3Ha4eHHS NMUTOMHUX BUTpAT
eHeprii Ha mepepizaHHs NpPOAYKTy NpHUiiMaeThcd y Mexax a = (2,5..3,5 )103
TIx/M2.

PZZ@TCXF3anXf X Ky (hnmax + Tmin)

ne F3 — 3ycumna 3aTsary pixkydoro Mmexanizmy, H;
f — xoedimieHT TepTs KOB3aHHS HOXKA MO PEIIITIIL;
Ky — kxinbkicTh TutonuH pizanHsa. KoedilieHT TepTs KOB3aHHS HOXa MO PEIIiTI Y
MPUCYTHOCTI MPOAYKTY, 10 MOAPIOHIOEThCS puiiMaeTbes f = 0,1.
Fa=px AXZ
JIe p — CepeIHil TUCK Ha MMOBEPXHI KOHTAKTY HOXa Ta penritky, [la;
A — IIOIA KOHTAKTY JIe3a HOKA Ta PEIiTKU,M .
A=Db X (r3-r5)Z;
zie b — mupHHa MIOIMHYE KOHTAKTY Jie3a Ta pemitku, M b=1,5 1073 ;
I's, s — 30BHIIIHINA Ta BHYTPIIIHIN pajiycl HOXa, M.
IIpu pospaxyHkax mnpuiimarore p = ( 2..3 )10° ITa, b= 1,5x103 M,
30BHINIHIN Ta BHYTPILIHIA pajilyCy HOXa PIBHUMH BiJIIOBIIHUM pajilycaM IIIHEKa.
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Tt X My 3 3 2 2
Py = —g5— Po X W[ =) X f1 + 0,24 X S X (1F = 1]
Jie Po — THCK 32 OCTaHHIM BUTKOM InHeKa, I1a, Po=3,0 10°...5,0 10°;
Y — KUIBKICTh BUTKIB IITHEKA,
f1 — KoedilieHT TepTs MPOAYKTY IO LTHEKY.

[Ipu po3paxyHKax OpHIAMAcThCs 3HAUEHHs TUCKY Po = ( 3...5 )10° Ila; uucmo
BUTKIB Y = 6 (ONTUMajibHa KUIbKICTh BUTKIB IITHEKA 3 TOYKH 30pYy BapTOCTI Ta
AKOCTI TpaHcHopTyBaHHs npoaykry) 1 f1 =0,3;

[ToTpiOHa MOTYKHICTh €JIEKTPOIBUTYHA AOPIBHIOE

Pey=P/m
ne n — 3aransHuid KK/ nepenau npusona, n = 0,8...0,85.

JIJist IprBOJIa BOBYKA, SIK MPABUJIO, 3aCTOCOBYIOTh ACHMHXPOHHI TphoX(da3Hi
CIEKTPOJABUTYHH 3 KOPOTKO3aMKHEHHM POTOPOM 1 CHHXPOHHOK YacCTOTOXO
ob6epranns 1000...1500 o6/xB.

[Ticns BUOOpPY e€NEKTPOJBUTYHA BH3HAYAETHCS 3arajbHE IepeaTOuHE
BiJTHOIIICHHS NPUBOIA

U = ney/miy
e Ty — HOMIHAJIbHA YacTOTa 00EPTaHHS €JICKTPOJBUTYHA, 00/XB.;
My — 4YacToTa 0O0epTaHH IIHEeKa, 00/XB.

B OinbmiocTi KOHCTPYKIIM BOBYKIB BITYM3HSHOTO Ta 3aKOPAOHHOTO
BUPOOHUIITBA 3 OJIHAKOBOIO YAaCTOTOK OOCPTaHHS ITHEKA 1 HOXKOBOTO MPHUCTPOIO
MPUBOJ CKJIAIA€ThCsl 3 JBOX CTYIMIHEH — KJIMHOMACOBOi 1 3y0OuacToi mepenadi.
Sxkio x yactoTa oOepTaHHS ITHEKAa 1 HOXKIB MTOBUHHA OYTH Pi3-HOO, TO KUIBKICTh
Ba-plaHTIB KOMIIOHYBaHHsSI TpHBOJAa 3pocTae. Hampukman ans po3aiibHOTO
IpUBOJA IITHEKA 1 HOXKIB BiJl OJTHOTO €JIEKTPOJBUTYHA NpH-BoA BoBuka K6-DBII-
160 Mae nBa KIMHONMACOBUX KOHTYpHU, IIO 3a0€3Me4yl0Th YacTOTy OOepTaHHS
nojaBaigb-HOTO MmIHEKa 205 00/xB., a HOXIB 500 00/XB. 3acTOCyBaHHS CXEMH 3
JIBOMa JDKepe-JaMU €HEprii CIpoIlye MEXaHIuHy YacTHHY mpuBoja. JloniibHO
3aCTOCOBYBaTH B IMIPHUBOJII BOBYKA MOTOP-PEAYKTOPH, IO 30UIBIIYE CTYIMiHb
yHi(iKalii 4YacTUH NpU-Boja, modinmye au3aiH. I[licns Bubopy MoTop-peayKkTopa
CITiJI YTOYHHTH dYac OOEpTaHHS IIIHEKAa Ta HOXIB, IEPEBIPUTH BIAMOBIIHICTH
TEXHOJIOT1YHUX TlapaMeT-piB MAIllMHM TapaMeTpaM TEXHIYHOrO 3aBJaHHS Ha
NPOEKTyBaHHS. SIKIIO BIAXU-JIEHHS HE mepeBHIlye 5%, TO pe3yiabTaT BBaXKAIOTh
3aJI0BUTEHUM.

3agaya 2. BusHauntu niaMeTp HOXKOBOI PEIIiTKH BOBYKA, sKio [IpomyckHa
CIIPOMOJKHICTh BOBYKa, Qy Kr/ron, Z - KIJIBKICTh JIe3 Ha KOKHOMY 3 HOXIB, A —
piKyda CIIPOMOKHOCTI MEXaHi3My, M? /¢; \ - Koe]illieHT BAKOPUCTAHHS ILIOIIi OT-
BOPIB KOXKHOI PENITKH, Ny — 9acToTa 00epTaHHs HOXa, 00/xB. (Tadm. 12.2).

Tabmuns 12.2

Ne Bap. Qu Kr/rox v - A, M?% /c Ny, 00/XB Z
1 250 0,5 0,5 240 2
2 300 0,6 0,6 260 4
3 350 0,7 0,8 280 2
4 400 0,55 1 300 4
5 500 0,65 0,9 200 2
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6 250 0,5 0,8 280 2
/ 300 0,6 1 300 4
8 350 0,7 0,9 200 2
9 400 0,55 0,5 240 4
10 500 0,65 0,6 260 2

Tema 13. IIpouec copOuii.

1. Obco60pennss OCHOBHUX NONOJICEHb MeMU Ma NUMAHb CAMOCMIUHO20
BUBUEHMHSL:
1. A6copbis.
2. Ancopoiris
3. Knacudikauis 1 koHcTpyK1ii adcopOepiB
4. JlecopOrtist
2. OnumyeanHus.
3. Ilpakmuyni 3a60anHs.

IIpukaan po3B’A3yBaHHS 3aBIaHHS.
3agaua 1. YV depmenTepi Ajig KyJIbTUBYBAHHS MIKPOOPTaHi3MIB J1aMETPOM
D 3a Tucky p, klla i Temneparypu t, °C norpi6bHo abcopOyBaTu 3 MOBITPS, IIO
noJlaeThCsl uepe3 Oapborep, M, KI' KUCHIO 3a TOJMHY MpPH CTYNEHI MOTJIMHAHHS
KHMCHIO X, %. BusHauMTn muroMy BHTpaTy moBiTps Ha Gap6ortep y m° / (M2 rom).
(Bwmict kucHio y moBitpi y = 0,21) (ta6m. 13.1).

Tabomug 13.1

Ne Bap. D, m p, klla t, °C M, kr X, %.
1 0,85 100 20 0,45 50
2 0,9 110 22 0,5 52
3 0,95 120 23 0,55 53
4 1,0 125 25 0,6 55
5 1,05 130 26 0,7 57
6 0,85 100 22 0.6 52
7 0,9 110 23 0,65 53
8 0,95 120 25 0,45 55
9 1,0 125 20 0,5 56
10 1,05 130 22 0,55 50
Po3é’azannsa.
[lepepaxyemM0O TOYaTKOBY MOJIbHY YacTKy KHCHIO y TIOBITPI y BiJHOCHY
MacoBY:
—  My,y
Y, M. (1 — ) 0,304 kr

KinmeBa BiyHOCHA MacoBa KOHIIGHTpAIlisl KHUCHIO:
Y, =Y,(1—-x)
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MacoBa BuTpaTa HoBiTp
M

G ==
Y, —

=

O06’emHa BUTpaTa MOBITPSL:
V=Gl/py
Jie Py — FYCTHUHA HOBITPs, KI/M°
[Inoma nepepizy pepmentepa:
S=n D4
[Tutoma BuTpata noiTpsi Ha 6GapOoTED:
V=V IS

3agaua 2. Buznauutu koedimieHT Maconepenayi y BOJSHOMY CKpyOepi mpu
nornmeanHi 3 razy CO,. B ckpy6ep moctynae Vi cyy., M° /TOJI. Ta30B0i cyMimti npu
arMoc(epHOMy THCKY i nogaeTbea W, M° /rof. uuctoi Boau. IlouaTkoBuii BMicT
CO2 B rasi yu co2 ,% (00°€eMHUX), KIHIIEBUI BMICT (B BepXy cKkpyOepa) k. co2 ,%0
(06‘emunx). Tuck y ckpyoepi Pasc., ar. Temneparypa, t, °C. B HUXHIO YacTUHY
ckpyOepa 3aBaHTaxxeHo Gi, T kepamiuHux Kutenb 45x45x5 mm. Bume 3aBan-
taxkeHo G, T kunenp 35x35x4 mMm. KoedimieHT 3MOYEHHOCTI paxyBaTH PIBHUM
onuHMII (Tabds. 13.2).

Taomung 13.2

Ne Bap. Veyu s W, VY, Vi, Pisc. |1,°%C| G, T|Go T
M3ron | M3rox | CO2,% | CO,,% aT
1 4500 600 27 0,17 17 19 2,7 15
2 4300 610 25 0,16 14 20 2,5 16
3 4200 620 26 0,15 15 17 2,8 17
4 4250 630 28 0,16 16 15 2,7 15
5 4600 650 24 0,18 18 16 2,6 18
6 4500 600 27 0,17 16 15 2,4 19
7 4300 610 25 0,16 18 16 2,7 15
8 4200 620 26 0,15 17 19 2,5 16
9 4250 630 28 0,16 14 20 2,8 17
10 4600 650 24 0,18 15 17 2,7 15

Tema 14.ExcTpakitis.

1. Ob62060penHsi OCHOBHUX NONOJCEHb MeMU mMa NUMAHb CAMOCMIUHO20
BUBUEHH!
1. IIportecam ekcTparyBaHHsSI B CHCTEMI TBEPJIE TIIO — piIMHA Ta PiIMHA — PiIUHA.
2. [lepeBaru 1 HEIOMIKK PI3HUX MPOIECIB EKCTParyBaHHS.
3. Koedimient nudy3ii 1 koedimieHT MacoBiaaqi.
4. Cnioco6u inTeHcudikaIii MacOOOMIHHHMX Ta €KCTPAKIIMHUX MPOIIECIB.

2. OnumyeanHsi.

3. Ilpaxmuuni 3a80anH.

55



Ilpukian po3B’sa3yBaHHS 3aBAaHHS.
3apaua 1. BuzHauntu BUX1J] CUBYIIIHOI OJii, MiJICUBYIIIHOI PiAMHY 1 BUTPATH
BOJM Ha €KCTParyBaHHs CTAHIAPTHOI CUBYLIHOI omii mpu Temneparypi 20°C 3i 100
Kr cyMimn ckiaay (B %): cuBymHOI onii-65, eranony-15, Boau-20 3rigHo TOuYIl
M’’ Ha pucyHky 14.1.

3

Pucynok 14.1 — 300pakeHHsI MPOIECy eKCTPAKIlii HA TPUKYTHUKOBOI Aiarpami.

Po3zeé’azanns.
3'ennaBim Touky R 3 BepmmHO C TpPUKYTHHKA, OTPUMAEMO JIiHIIO
sminienHs RC. Touka M Ha nepeTuHi 3 KoHOA0I0 R E™ XapakTepusye yTBopeHHs
HOBOI cymimi. Touka R xapakTepusye cocTaB CTaHIAPTHOI CHBYIIHOI OJIIi:
cuByIHOi onii -80%, etunoBoro crupty 5,6%, Bonu-14,4%. Cknaj miJi CUBYIIHOT
PIAMHYU XapakTepu3yeThest Toukoro E’: cuBymHoi omnii-3,6%, cnupry- 8,6%, Boau-
86,7%.
Heo06xigny KimbKicTh Boau Ha poMuBKY 100 Kr CHBYIIHOI CyMIIlll CKJIaay
R’ miis oTpuMaHHs CTaHAAPTHOI CHBYIIHOI 0111 R 3rizHo dopmyii Oyae:
Gp=G.yR "M /M C=100*26/27=96,3 kr
Maca oTpuMaHHOI CyMIIIIH:
Gey = Gey + G,= 100+96,3=196,3 kr
KinpkicTh miCUBYITHOT PiAVHU:
GeyR M 196,7
T RE 335
KinbkicTs cTaHmapTHOT CUBYIIHOI OJTIi:
Gr = Goy — Gp = 196,3 — 119,7 = 76,3 kT

= 119,7 kr

3agaya 2. BuzHauuTe JiMITYI04y CTaii0 mpolieca MpsSMOTEUIMHOTO BUITY-
YCHHS [JTbOBOI'O KOMITOHCHTA YHCTUM €KCTPareHTOM, BHU3HAUUBIIHN KpHTEpid bio
it 9acTok cepuanoi popmu R, M. O6’eMHi BUTpaTu TBEpAOi pasu Ta piguHu Vo,
V,, M2 /(M? ¢). T'ycTuHa Ta B’s3KiCTh ekcTpareHTa p, kr/m°, p, ITa-c. IlopysaricTh
qacTok & = 0,45 1 mopo3HicTh mapy aucrnepcHoi pasu e= 0,5 . Koeditient qudys3ii
1IJIbOBOrO KOMIIOHeHTa B ekctparedti D = 5,33 107° m 2 /c. (ta6n. 14.1).
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Ta0Omurg 14.1

Negap. | R, 10°m. | Vo, M3 /(M?¢). | Vp, M3 /(M2 ¢). | p, kr/M® | p,10°Ta-c.
1 0,75 0,0025 0,004 1050 1,10
2 0,8 0,0023 0,0035 1100 1,15
3 0,85 0,0035 0,003 1150 1,2
4 0,7 0,004 0,0025 1200 1,25
5 0,65 0,002 0,0023 1250 1,3
6 0,75 0,0025 0,004 1050 1,10
7 0,8 0,0023 0,0035 1100 1,15
8 0,85 0,0035 0,003 1150 1,2
9 0,7 0,004 0,0025 1250 1,25
10 0,65 0,002 0,0023 1200 1,3

Po3zeé’azanns.
1. BusHaunMmo 3HaueHHs Kputepis [IpaHais:
Pr.=p/pD

2. llIBuaKicTh pyXy pIIMHU B 3a30pax MK YaCTUHKAMMU:
w =V, /e, m/c.

JliniliHa MBUAKICTH JUCIIEPCHOTO MaTepiany:
9=V./(1-¢) m/c

3. Po3paxoByemo 3HaueHHs kpurtepis PeitHonbaca:

w—19)2R
Re =( )2Rp
J7i
4. Po3paxoByemo 3HaueHHs kputepis Hyccenbra 3a KpuTepiaJbHUM

PIBHSIHHSIM:
Nu =0,8Pr%3 Re'/?
5. KoedimieHt macoBigaayi:
B =NuD /2R wm/c.

6. Po3paxoByemMo 3HaueHHs qudysiiiHoro kputepis bio:
Bi,=pR/Dc

ne D. = &; D — exBiBasieHTHHH KoedimieHT qudy3ii y mopucToMy Marepiali.

Tema 15. Bioximiuni npouecn.

1. Ob2080peHHs OCHOBHUX NOJONCEHb meMU ma NUMAHbL CAMOCMIUHO20
BUBUEHHS!
1. lIBuaKOCTH (DEPMEHTUBHHX PEAKITIM.
2. MuTTeBa POyKTUBHICTD.
3. MarematnuHi Mozieni pocTy OGioMacH.

2. OnumyeanHsi.

3. I[lpaxmuuni 3a80aHH.
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IIpuxnag po3B’si3yBaHHS 3aBJIaHHS.

3agaua 1. Po3paxyBaTu mNpoAyKTHUBHICTh Oiopeakropa (¢depmeHTepa) 3
po6ounm 06’emoM V, M® Ta OTOKOM KUBHJILHOIO CEpEJOBHIIA 3a 6ioMacoro V, M
/ToJl., SIKIIO MPOLEC KYJbTUBYBAHHS OMUCYETHCS MOJEIUIIO PIBHSAHHS JIOTICTUYHOT
KpHMBOi (IMTOMA INBHAKICTH pOCTy Oiomacu ckmagae p = 0,15 rox?, kinmesa
KOHIEHTpamis abcomoTHO cyxoi 6iomacu Xy = 40 kr/m°). Ilix yac mpouecy moTik
KyJbTYpaldbHOI PIIMHU CHOPSAMOBYIOTH Y COIUIOBHI cemapaTop, WO BiAALIAE
KJIITUHHY OloMacy BiJl HAaTUBHOIro po3uuHy. KoHmeHTtpar OiomMacu Ha BUXOMl 3
cemaparopa B 1 M° mictuts G Kr kiiTuHHOI Macu. Kinituraa maca mictuts 70 %
Bomu. IlpumyckaeTbes, mo 2 M° KOHIEHTpATy MOBEPHYIH y (DepPMEHTEp, a PELITY
KOHIICHTPATY, a TAaKOX (hyraT, CIPsIMyBaJId Ha BUXiJ 3 YCTaHOBKH (Tadu. 15.1).

Tabnuusg 15.1

Ne Bap. Vv, M v, M /rof G, kr
1 800 25 90
2 900 26 90,5
3 1000 30 91
4 1200 35 91,5
5 1500 25 92
6 1000 30 91
7 1600 35 90
8 1700 40 90,5
9 1800 25 91,5
10 2000 30 90

Po3eé’azannsa.

Koedimient pos0baBieHHs a1 TEPIIOr0 BapiaHTa pPOOOTH yCTaHOBKHU
cranoBuTh D =v/V, roxt. [loroyna KoHIEHTpallig 6ioMacu (aOCOMIOTHO CyXOi) Ha
Buxofi 3 pepmentepa X=X — (Xi/ 1) D, kr/m® . TIposlyKTHBHICTh yCTAHOBKHU 3a
Oiomacoro craHoBUTHME X=X V, Kr/rod. Ilpu moBepHEeHHI YacTHHU Oiomacu
BXiHUI NOTIK y (pepMeHTep Oy/ie CTAHOBUTH V= V + 2, M°/roi. Maca abCcoToTHO
cyxoi 0ioMacu , IO MOBepTa€Thes y dhepMentep, Oyae cranosutd My = 2 G 0,3,
Kr/roa. HexTyroun 3amumnikaMu cyOCTpaTy B KOHIIEHTpATi GioMacH, TEOPETUYHO 3
HOBOTI'O ITIOTOKY MOJKE€ YTBOPUTHCH Oiomaca 3 KoHmeHTpamiero Xy = (X v + My)/ Vy,
kr/mM°. Ha Bxogi y epMeHTep KOHLEHTpalis GiomMacu Oynae craHoBUTH X; = My/
Vi, kr/M° . HoBuii xoedilieHT po36apiaeHHs 10piBy popiBHIoBaTUME D2 = V, / V,
rox. HoBy MoTOYHY KOHIIEHTpaIil0 HAa BUXOAI 3 (pepMEHTEpa PO3PaxOByeEMO 3a
PIBHSIHHS

_ (u—=Dy)Xg + Xiy/ (U — D3)? + 4uX; D, /Xy kr /v
2u

Bcroro mpoayKTHBHICTB 3a Cyx0r0 010Macor Ha BUXOIi 3 ¢epMeHTepa Oye
cranoBuT [1=X7 V,, kr/ron. Ockinbku y depMeHTep ToBepTaeThess M, Kr/roj

cyxoi 6iomacu, TO 3arajibHa MPOAYKTHBHICTh YCTaHOBKHU 3pocTtae ao [1; = [T — My,
KI/TOJ.

Xz
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3agauya 2. Po3paxyBatu 00’eM (pepMEHTEPIB NEPEOJUYHOI /i1, SKILO MPOLEC
KyJbTUBYBaHHs BignoBigae mozeni PJIK, muroma mBUIKICTH POCTY L, TOYATKOBA
Ta KiHIeBa KoHueHTpamis Xy, 1 Xi , cryneHb koHBepcii 80 %, momaTkoBuil ydac
KyJIbTUBYBaHHS T, KiHUEBUM mpoayKroM € pamt oOpoOneHa Oiomaca.

Koedinunentu Buxony Ki, 6paky Ko, 3anoBuenns Ks. IlotyxHicts BupoOHurea N
(tabm. 15.2).

Tabmuus 15. 2

6

Ne Bap. | p, rox? | Xu, kr/M® | X kr/M3 | T4, ron. | Ki K> Ks I':Ir’ /;?K
1 0,1 0,01 35 18 0,6 | 0,7 | 0,61 8
2 0,11 0,015 40 19 0,65 | 0,71 | 0,62 9
3 0,12 0,02 45 20 0,67 | 0,72 | 0,63 10
4 0,1 0,01 50 21 0,7 | 0,73 | 0,64 12
5 0,12 0,015 40 17 0,63 | 0,75 | 0,65 15
6 0,11 0,02 35 18 0,6 | 0,7 | 0,61 8
7 0,1 0,01 40 19 0,65 | 0,71 | 0,62 9
8 0,12 0,015 45 20 0,67 | 0,72 | 0,63 10
9 0,11 0,02 50 21 0,7 | 0,73 | 0,64 12
10 0,1 0,01 40 17 0,63 | 0,75 | 0,65 15

Po3zé’azanns.

3HaXO,III/IMO YHUCTUH Yac KYJIbTUBYBAaHHA
XXy

Xr[ + (XK - Xn)e_”‘[

X =

3BiJIKH 3HAXOJIUMO T
[ToBHMI1 00’eM (pepmeHTEPIB

(T TN
- KiKKGX,
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YACTHHA 3. o
METOJIMYHI PEKOMEHJALIT 3 OPTAHI3ALIII CAMOCTIHOI
POBOTHU CTYJIEHTIB
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3MICTOBUIL MOJYJIb 1.
TEIVIOBI TA MACOOBMIHHI ITPOLECH
Tema 1. OcHOBU KOHCTpyrOBaHHS anapartiB. OCHOBH Teoplii MOAIOHOCTI.

®opMH KOHTPOJIIO: PO3B’SI3yBaHHS 3aJad.
3aBIaHHA QI CAMOCTIHHOI podoTH:

1. OmpaitoiiTe KOHCHIEKT JIEKIii Ta pPEKOMEHJOBaHy JITeparypy A
O0OroBOpPEHHSI TEOPETUYHUX MUTAHb TEMH HA MPAKTUYHOMY 3aHATTI.

2. PO3B’sIKITh TECTOBI1 3aBIaHHS.

AKicTh MAallIMHU BU3HAYAETHCH 32 I0NIOMOI0K0 BUOIPY
A. uiHu

B. ronoBHux BnactuBoctel (KpuTepiiB epeKTUBHOCTI)

C. Bucokoro KKJI

D. kpuTepiiB NOTYKHOCTI

OnHi€ro i3 BaKIMBHX 0C00JIHBOCTEH Cy4aCHOI0 BUPOOHHIITBA HOBOIL
TEeXHIKH € 0a’KaHHA 10

A. MIHIMaJILHOI I[1HU

B. BHCOKOT Ha{IHHOCTI1

C. MakcuMabHOI MOTYKHOCTI

D. makcumanbHOi yHidiKalli Ta craHmapTru3anii

J1o1aTKOBI MOKA3HUKM TEXHIYHOT0 PiBHA BKJIKOYA0Th

A. TTOKa3HUKH PiBHS aBTOMaTH3aIli (KoedilieHT aBTOMaTH3aIlii);

B. exoHOMIYHI TTOKa3HUKHU

C. moka3HMKHU cTaHaapTu3alii ta yHidikamii (koedimieHT 3acTOCyBaHHS,
Koe(iIlieHT MMOBTOPHOCTI)

D. Bci Biamosiai BipHi

OCHOBHUM KpHUTEPi€EM ONTUMAJIBLHOCTI KOHCTPYKUIII €
A. piBeHb c00IBapTOCTI

B. piBeHb sxocTi

C. piBeHb OpUTIHATHHOCTI

D. Hemae BipHOI BiAIOBI i
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Po3paxyHKoBHii eTan OLIHKH TEXHIYHOI'O PiBHS BUPOOY

A.qi=PP—;
B.ql-=kpp—;
C.q; = PP—;+1
D.q; = PP—;-l

OuniHka IKOCTi MAIIMHHU BiA0YBAa€THCH B ABA eTANU
A. ekcriepTHUM Ta pO3paxyHKOBUN

B. po3paxyHKoBuUii Ta KODUCHUHI

C. ekcriepTHUI Ta KOIITOPUCHUN

D. Hemae BipHO1 BiIMOBIII

ExcneprHnii eram mnependadya€e MNOPiBHAHHSA 3HA4YeHb OCHOBHHX
NMOKAa3HUKIB

A. IIBUIKOCTI

B. tucky

C. TeXHIYHOTO PIBHS BUPOOY

D. manxiiinocTi

Beanuuna, nponopuiiHa BiIHOIEHHIO CHJI THCKY 0 CHJI iHepuii
A. uucio ABarajapo

B. uncino Eunepa

C. uucno Hyccenbra

D. yucno Pennomnpaca

Beanuuna, nponopuiiHa BiIHOIEHHIO CHJI iHEPIii 10 CHJI TAKiHHA
A. uucio @pyna

B. uuncino Eunepa

C. uucno Hyccenbta

D. uucno Pelinonbaca

PiBHAAHHSI KPUBOI NOAIOHNX pPeKNMIB
A. H=sQ
B. H=sQ?
C. H=sQ?
D. H=sQ*

3. 3amadi 151 CAaMOCTIMHOTO PO3B’SI3yBaHHS.
1. Tliadparma posmipamu d = 100 M Ta D = 200 MM, mpu3HaveHa JJis1 BUMIPIO-
BaHHSI BUTPATU TOBITPS, TAPY€ETHCS ILISTXOM BUIPOOYBaHHA Ha BoJl. B pesynbrarti
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BUIIPOOYBaHb OTPUMAHO, 1110 MiHIMaJIbHA BUTpATa BOJM, TOYMHAIOUH 3 SIKOI KOoeiLi-
€HT BUTpATH JlapparMu 3aJUIIAETbCA NOCTIMHUM Qmin = 16 1/c, 1 pu 1IbOMY HOKa-
3aHHS PTYTHOTO JU(MaHOMETPA, 1110 BUMIPIOE Mepenaj] TUCKIB Ha Aiadparmi, hy, = 45
MM. BuzHauutu Qmin i 9yac podotu miadyparMu Ha MOBITPL. 3HAMTH BIAMOBIAHE LN
BUTpATI MOBITPSI MOKa3aHHs BOAsSHOrO AudMaHoMmeTpa hB, mpueaHanoro a0 aiadpar-
MU y THX caMHX Toukax. KiHemaTuuna B's3kicTs Bomu v = 102 Ct, nuHamiuna B's3-
KicTh moBitps p = 1,82-10* 0,1 Ia-c Ta ¥oro mineHicTs p = 1,166 kr/™m . BxaziBka.
3HaueHHs1 BUTPATU Qmin IpU POOOTI AladparMu Ha pI3HUX PIIUHAX BIANOBIIAE OHA-
KOBe 4ncio PeriHobACa.

2. O6uucnutu a5 yMoB 3aadi No2 TOBIIMHY T1APOJAUHAMIYHOTO TIPUKOPAOH-
HOT'O IIapy Ta 3HAYEHHS MICIIEBHX KOE(]ILIEHTIB TEIUIOBI a4l Ha BiICTaHl BiJl epe-
Hbo1 KpomkH tiacturu X = 0,1lp; x = 0,2lg; X = 0,51y Ta x = lg. [ToOymyBaTH rpadik 3a-
JISKHOCTI TOBIIMHHU TAPOJAUHAMIYHOTO MPUKOPAOHHOIO MIapy Oy Ta KoedillieHTa Te-
[UIOBI1a4l Ha BiacTaHl X/ 1o

3. 3anoOikHuM kinanaH giamerpom Do npu Bigkputti hy = 2 MM npomyckae
BUTpaTy oiii Q, mia mepenagom TUCKIB Ap, = p1 — P2 = 1 MIla. Ilpu upomy cuna
TUCKY Ha kjanaH P,. SIk ciig 3MiHUTH AlameTp KiamaHa, mo0 mnpu 301IbIICHH]
BUTPATH TIET K PIIMHU B 4 pa3u HEOOXIAHUM Nepenaa TUCKIB 30UIbIINBCS TUIBKU B
2 pa3u? 3HaiTu BIAKpUTTS KianaHa h i1 Ha Heoro cwity P. Ckopucrarucs criBBij-
HotieHHsim h/h, = D/D,. BBaxkatu, 110 KiamaH Mpamroe y KBaJpaTUYHIA 30HI
onopy.BiamosigHo 10 BapianTy 3HaYeHHS Do, Q, 1 P, OepyThes 3 Tabmumi 1.3.

Taomung 1.3
Ne gap. | Jliamerp Dy, MM | Butpata omii Qy, a/c Cuna tucky P, H
1 10 5 45
2 12 7 50
3 15 8 60
4 13 9 55
5 14 10 40
6 15 8 60
7 13 9 55
8 10 5 40
9 12 7 45
10 15 8 50

PexomennoBaHa Jiteparypa:

1. Mapruentok, O.C. Ilpouecu i amapatu xapuoBUX BUPOOHUIITB : MiApyY. /
O.C. Mapuentok, JI.M. Mensauk. K.: HYXT, 2011. 407 c.

2. Ilpouecu 1 amapaTu Xap4oBHX BUPOOHMIITB : HaB4Y. MOCi0. / [Mamexuk
[.®., [Muraakos I1.C., Hemuposuu I1.M. T1a in.] : 3a pen. npod. I. ®. Manexuka.
K.: HYXT, 2003. 400 c.

3. Ilpomecu 1 amapatu xap4oBuX BUPOOHUITB. KypcoBe MpOEKTyBaHHS :
HaB4. 1moci0. / [Manexuk [.®., Mapuenrok O.C., Menbsauk JI.M. Ta iH.] : 3a pen.
mpod. [.d. Manexwuka. K.: HYXT, 2012. 543 c.

4. TIpomecu 1 amapaTu Xap4oBuX BUPOOHHIITB. JIabopaTOpHHIA MPAKTUKYM :
Hapd. 110oci0. / [Manexuk [.®., 3aB’amnoB B.JI., 3otkina JI.B. Ta iH.] : 3a pea. mpod.
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[.d . Manexuka. K. HYXT, 2006. 224 ¢

5. Ilpouecu n anapatu xap4yoBUX BUpOOHULTB: miapydHuk / O. 1. Yepesko,
A. M. Ilonepeunuii. XapkiB : Xapk. Aepxk. akaJ. TEXHOJI. Ta OPr. XapyyBaHHS.
2002. 420 c.

6. Ilpouecu 1 amapaTu xap4yoBUX BHUPOOHHUTB. JIabopaTOpHU MPAKTHKYM:
HaBy. [locionuk / O. I. YepeBko [ra iH.]; Xapk. Aepx. yH-T XapyyBaHHsS Ta
toprisii. X. : Ceit Kuaur, 2013. 168 c.

Tema 2. X0/10AM/IbHI MAIIMHM TA aTPEraTu B Xap4yoBiil IPOMMCJIOBOCTI.
@®opMH KOHTPOJIIO: pO3B’I3yBaHHS 3a7a4.
3aBaaHHA IS CAMOCTIHHOL po0oTH:

1. OmpartoiiTe KOHCHIEKT JIEKIi Ta pPEKOMEHJOBaHy JITeparypy s
O0OrOBOpPEHHSI TEOPETUYHUX MUTAHb TEMH HA MPAKTUYHOMY 3aHATTI.

2. PO3B’sIKITh TECTOB1 3aBIaHHS.

Haii0inbm po3noBcrogxeHuii 3acio OX0M04KyBaHHS | 3aMOPOKYBAHHS
Xap4Y0BHX NPOAYKTIB BiA0OYBa€ThCS B

A. BakyyMi

B. noBitpsiHoMy cepeaoBHII

C. pizkoMy cepeIoBHUIII

D. xpuxaHomy

KpiockoniuHoo TeMnepaTyporo Ha3uBawTh TEMIIEPATYPY
A. TIOBHE 3aMep3aHHs PiaKoi pa3u MpOoayKTiB.

B. nmouatky 3amep3aHHs piakoi pa3u MpogyKTiB.

C. KiHelb 3aMep3aHHs PiaKoi a3y MpOAYKTIB.

D. Hemae BipHOI BiAMOBI i

Kpurepiii noaionocri Bi (bio)
A. Bi=aRA

B. Bi=aR/A

C. Bi=(a+R)A

D. Bi=(a-R)/A

IIpouec 3MeHIIEHHSI TUCKY Y PYXOMOMY YCTaJleHOMY MOTOIli ra3zy ato
BO/ISIHOI MAPHU NPH MPOXOIKEHHI HOro yepe3 nepemkoay y BULJIsAi BEHTHJIA,
3aCyBKH, a0, KpaHa, KjanaHa, aiagpparmMu Touo, Ha3UBa€THCS

A. Tiporiec BTpaTH eHeprii

B. npouec po3mmpenns

C. npocenoBaHHAM

D. nporieciB BUTIKaHHS BOJISTHOI HTapH
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JiiicHa X0/1010NPOAYKTHBHICTH KOMIIpecopa
A. Q= ViAgQVv

B. Q.= V.iAg/v

C. Qx= VA +q)v

D. Q.= ViA-qv

Amnapar AJ151 3aMpPOKyBaHHS Xap40BHUX NPOAYKTIB i3 3aHypPEHHSAM IX y
BAaHHY 3 PIAKHM 230TOM HAa3MBA€ThCH

A. KOHTaKTHHUM aIapaTom

B. imepciitHum anapatom

C. KpIOreHHUM anapaTrom

D. xonoauibHUM arapaTom

TenioBe HABAHTAKEHHSI HA KOHACHCATOP 0araTo B 4OMYy 3aJI€KUTh Bil
A. oI NoBepxH1 KOHAeHcaTopa

B. pi3nuii remnepatyp Mi>k 0XOJIOKYIOUUM CEPEIOBUIIEM 1 TAPOTIO10HUM
C. IHTEHCHUBHOCTI TOTOKY OXOJO/)KYIOUOT'0 CEPEOBUINA, L0 MPOTIKAE
yepe3 KOHAEHCATOoP

D. Bci Bianosiai BipHi

B BunapHuky map iHer, BOJIOAII0YH TEPMIYHIUM ONOPOM, 3HUKYE Koe-
¢QinieHT Tenuionepeaayi Ha

A. 5...10%:

B. 10...15%:

C. 15...20%:

D. 25...30%:

3MEHIINTH TPUBAJICTb 0X0JI0/’KEHHSI MOKHA 3HUKEHHSIM TeMIepaTypu
TENJIOBIIBOJTHOTO CePeI0BHUINA HUKYE

A. KpUTHUYHOI

B. xpiockomniuHoi

C. cepennboi

D. makcumanbHO1

IIpakTHKa i TeXHIKO-eKOHOMIYHI PO3PAXYHKH CHCTEM 0XO0JI0IKEHHS
CBiIYATDH, TEXHIYHO | EKOHOMIYHO He BUIIPABJAHA MIBHIKICTH PyXy NOBITps
1no0/1M3y MOBEPXHIi NPOAYKTY OijibIIe

A. 3..5wm/c

B.5..7wm/c

C.7..9wm/c

D.9..12 m/c
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Koun Tenyioo0MiH Ha MOBEPXHi JONMOBHIOETHCS BUNIAPOBYBAHHAM
BOJIOTH 3 MOBEPXHI NPOAYKTY, KoedilieHT TemnoBiaxayi

A. 3pocTae

B. 3meHbiIy€eTHCS

C. HE3MIHIOETBCS

D. 3MiHIOETBCS YACTKOBO

J{BocTyniH4yacTi a00 TPUCTYNIHYACTI MAIIMHH 3aCTOCOBYHOThCSH ISl
OJepKAHHHA

A. ekoHOMIT

B. HU3BKUX TEMIIEpaTyp

C. OUIBIIOT MOTYXHICTI

D. nmangiiinocTi

3. 3azaui Jy1si CaMOCTIHHOTO PO3B’sI3yBaHHS.

1. TloTyXHICTh Ta300XOJIOJHUKA TEOPETUYHOI MOBITPsIHOI XM CTaHOBHUTH
500 kBt. BuzHauuTH XOJOJOBUAATHICTH, MOTY)KHOCTI KOMIIpEecopa i JeTaHjepa,
xononunpHUM  koedimieHT 1 ekcepretnunuid KK, skmo temmeparypa B
xononunpHINA kKamepi (—12°C), TemnepaTtypa HaBKOJMIIHBOTO cepenoBuiia 17°C, a
CTHUCK MOBITPS 3IIMCHIOETHCS 10 301IBIIICHHS T'yCTHHU B 3,8 pasa.

2. B Teopermunomy nmkimi XM uumpkymroe 3600 M3/rox. moiTps, TeM-
nepatypa SKOro 3a neranaepom ckinagae 192 K. BuzHauwTu X010J0BHIATHICTH,
MOTY>KHOCTI JeTaHjepa 1 KOMIIpecopa, XOIOAUIbHUN KOe(IIIEHT 1 eKCepreTUIHH I
KK/, sxmo: TtemmepaTypa B XOJOIWIBHIM Kamepi Ta B HABKOJUITHBOMY
cepepoBuili (—25) 1 +20°C, BiANmoOBiAHO, a TUCK mepen kommpecopom — 760
MM.PT.CT.

3. IToTyXHICTh Ta300X0JIOTHUKA XOJIOIUILHOI MamuHK nopiBHIOE 440 kBT,
a BuTpaTa nositps 74000 M3/ros.; mapaMeTpy HaBKOJIUIIHLOTO CEPENOBUINA: Py =
765 MM.PT.CT.; Prc = 1,25 kr/mM°. BU3HAUMTH XOJOJOBHJATHICT, MOTYKHOCTI
KOMIIpecopa 1 IeTaniepa, XoJuoauiabHuid koedimieHT 1 ekcepretuunnii KK, sxmio
TEMIIepaTypa MOoBITPs B XOIOAMWIbHIN Kamepi ckianae (—10°C).

4. XonogoBuAaTHICTh TeopeTuyHoi moBiTpsHOI XM ckimamae 185 kBrt, a
OiITpIB  MOBITPS B XOJNoAWibHIA kKamepi 65°C. Bu3HauuTU MOTY>KHOCTI
ra3ooXoJIOMHUKA, KOMIpecopa 1 JeTaHiepa, XOJOMWIbHUNA Koe(dimieHT 1
exceprernunuii KKJI, skio remnepartypa B xonoamibHii kamepi (—12°C), a Tuck B
JI€TaHIepl 3MEHIIIYETHCS B YOTUPH Pa3H.

PexomennoBaHa Jiteparypa:

1. Mapruentok, O.C. Ilpouecu i amapatu xapuoBUX BUPOOHUIITB : MiApyY. /
O.C. Mapuentok, JI.M. Mensauk. K.: HYXT, 2011. 407 c.

2. Ipomecu i amapaTu Xap4oBHX BHPOOHWIITB : HaBY. MOCi0. / [Mamnexuk
[.®., [Muraakos I1.C., Hemuposuu I1.M. T1a in.] : 3a pen. npod. I. ®. Manexuka.
K.: HYXT, 2003. 400 c.

3. Tlpomecu 1 amapaTu xap4oBuX BUPOOHUITB. KypcoBe MpOEKTyBaHHS :
Hap4. 1oci0. / [Manexuk [.d., Mapuentok O.C., Mensuuk JI.M. Ta iH.] : 3a pen.
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npod. [.d. Manexuxka. K.: HYXT, 2012. 543 c.

4. Tlpouecu 1 anmapaTu Xap4yoBUX BUPOOHHUITB. JIabOpaTOpHHI MPAKTUKYM :
Hapu. noci6. / [Manexuk [.®., 3ap’suoB B.JI., 3otkina JI.B. Ta in.] : 3a pea. mpod.
[.d . Manexuka. K. HYXT, 2006. 224 ¢

5. IIpouecu n anapatu xap4yoBuUx BUpoOHULTB: miapydHuk / O. 1. Yepesko,
A. M. Ilonepeuynuii. XapkiB : Xapk. IepK. aKaJ. TEXHOJ. Ta OPr. XapyyBaHHS.
2002. 420 c.

6. Ilporuecu 1 amapaTu xap4yoBUX BHUPOOHHUTB. JIabopaTOpHUl MPaKTUKYM:
HaBu. [locionuk / O. I. YepeBko [Ta 1H.]; Xapk. AepK. YH-T XapuyBaHHS Ta
toprisii. X. : Ceit Kuaur, 2013. 168 c.

Tema 3. Tens1000MiHHI anapaTu
®opMH KOHTPOJIIO: PO3B’SI3yBaHHS 3a/]ad.
3aBIaHHA I CAMOCTIHHOI podoTH:

1. OnpamroiiTe KOHCIEKT JEKIiiH Ta PEKOMEHIOBaHy JITepaTypy s
O0OrOBOpPEHHS TEOPETUYHUX MUTAHb TEMH HA MPAKTUYHOMY 3aHSTTI.

2. PO3B’sSIKITH TECTOBI 3aBJaHHS.
PymiuiiHOI0 CHJIOI0 TEIJIOBUX MPOLECIB €:
A. PI3HUII TEMIIEPATYpP CEPETOBHII

B. pi3nunsg THCKy cepeaoBHII

C. pi3HUIIA MIITBHICTI CEPEIOBHUIIL

D. Bci BiamoBii BipHi

Bxia Ta BuXia Temi1000MiHHOI0 anapara BU3HAYAETHCS:
A. 32 pyXOM Tapsdoro TeIIOHOCIS.

B. 3a pyXoM X0JIOJHOTO TEIIOHOCI.

C. 3a pyXoM OCHOBHOTO TEILJIOHOCIS.

D. Hemae BipHOT BIIIOBIII

PiBHsIHHA Temionepenayi:
A. Q=KAtF

B. Q=K-AtF

C. Q=K+AtF

D. Q=K/AtF

IloBHA TEIUI0OEMHICTH MaCOBOI0 BUJATKY BIANMOBIIHOI0 TEeNJIOHOCis 200
HOro BOISTHMH €eKBIBaJIEHT:

A. W=1/Gc,

B. W=1-Gc,

C. W=1+Gc,

D. W=Gc,

67



A0 HA OKpeMMX JIJIAHKAX 3HAYeHHS KoedilieHTa TemioBiaaayi
3MIHIOETBCH CYTTEBO, HOIO0:

A. ycepeaHIOITh 0 MOBEPXHI

B. ycepenHiotots 1o 06’ eMy

C. ycepeaHIoTh 1O JT0BXKEH1

D. Hemae BipHOT BITIOBIII

B TenyioTexHiYHOMY BiIHOLICHHI OiJIbII BUTiAHA:
A. mpsimoTeuis

B. npotureuis

C. BceogHo

D. Hemae BipHOT BIATIOBI/II

Binbuie po3noBcOAXKEeHHsI OTPUMAJIU TaKi TEII000MIHHI amapaTu:
A. KoxKyxXoTpyOUacTi

B. nBoTpy6Ouacti

C. 3milioBUKH

D. cripanbhi

Ten1000MiHHUKH 3 )KOPCTKUM 3aKpilJIeHHAM TPYyO y TpyO4acrTiii ro-
JiBII HANIHHO NPaNIOIOTh NPH Pi3HUIAX TeMIepaTyp:

A. 20-30°C

B. 25-30°C

C. 30-35°C

D. 30-40 °C

OnTuMaibHi MIBUAKOCTI PIAKHAX TEMJIOHOCIIB:
A.0,1-2 m/c
B. 0,3-2 m/c
C. 0,5-2 m/c
D. 0,7-2 m/c

IlepeBaskHe po3MOBCIOIKEHHSI MA€ PO3MIillIeHHS TPYO:
A. TI0 CTOpOHAX 1 BEpIIMHAX MPABMIHBHOTO TPUKYTHUKA
B. mo cToponax 1 BepmnHax KBaJparTiB

C. M0 KOHLIECHTPUYHHX KOJax

D. Bci BiamoBiai BipHi

PiBHsAHHS MOAIOHOCTI TeII0OBiAAaYi NpH BiIbHOMY py1li:
A. Nu= c(Gr*Pr)"
B. Nu= ¢(Gr-Pr)"
C. Nu= c(Gr+Pr)"
D. Nu= c(Gr/Pr)"
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Koedinienr Tennosinaui:
A. a=(Nupr)/I

B. a=(Nui)*I

C. a=(Nu/)/I

D. a=(Nu+p)/I

3. 3anayi A1 CaMOCTIHHOTO PO3B’sI3yBaHHS

1. €MHMI TiAIrpIBHUK 3A1MCHIOE BIAMYCKaHHS O CUCTEMH Tapsuoro BOAO-
noctayannsa cnopyau 0,7 xr/c Harpitoi Boau. B Toli camuii yac 10 HHOrO HaJIXO-
muth 0,6 Kr/c xon0aH0I Boau 3 Temneparyporo 23° C, IpuiiHABIIM PO3paxXyHKOBHIA
iHTepBan yacy AT=600 ¢, o0uucaIUTH TEeMIepaTypy BOJAM Ha BHXOJl 3 amaparta.
Maca i1 remneparypa Boau y MoMeHT yacy T=0 nopiBHI0OTH BianoBigHo 1830 kr 1
60 °C. [lnomury BCTaHOBIEHOI BCEpEIMHI MOBEPXHI TEIUIonepeaadl NpUHHATH PiB-
Hoto F =6,8 M?. TpyOuuiil my4ok TemnnooOMiHHOT HoBepXHi cknajaeHo 3 10 tpy6 mi-
ametrpom 32 mM. KoedirieHT TermionpoBiIHOCTI MaTepialy TpyO MOBEPXHI TEIIO-
nepenayl npuitHATH piBHUM A =32 BT1/M°C. TemmnepaTypa HarpiBHOi (Mepe’KHO1)
BOJM Ha BXOJ1 JI0 amapaTy Ta il BuTpaTu aopiBHiOOTE 95 °C Ta 0,8 kr/c, Biamo-
BiIHO. BTpaTu Ternotu B 0TOUylo4e cepenoBUIlle yepe3 OOKOBY MOBEPXHIO arapa-
Ta HE BPaXOBYBAaTH.

2. Y eMHOMY TEIJIOOOMIHHOMY araparti, NpU3HAYeHOMY i POOOTH Y
CHCTEMI rapsiaoro BOJIOTIOCTaYaHHs, y Ha4aJlbHUI MOMEHT Jacy 3HaxomauThest 1500
KT BOJIM 3 Temnepatyporo 55 °C. O0uucauTu 3MiHy TeMIepaTypH BOJIU Ha BHXOI 3
amapary BIIPOJIOBXK 4Yacy, SKIIO BUTPATH BOJU HA BUXOJIl 3 amapary JOPIBHIOIOTH
G, =0,15 kr/c, a HaIXOXKEHHS O HHOTO XOJIOJHOI BOAM 3 TemIepaTyporo 15 °C
ctanoBUTh Gq =0,25 kr/c. TemnoBui MOTIK BiJ TEMJIOOOMIHHOI TOBEpPXHI, IO
po3MillleHa BCepeauHI €MHOCTI, MOpiBHIOOTh Q. = 12 kBT, a BTpatH TerioTu B
OTOYYyIOUE cepeioBHIlle Yepe3 OOKOBY MOBEPXHIO amapaTy craHoBisaTh Q, = 0,8
KkBT.

3. PoszpaxyBatu 1 TpyOuacTHii TEIUIOOOMIHHHMK (HArpiBad) >KOPCTKOI
KOHCTPYKLii, SKIIO BijomMa HeoOXiHa s Temsonepenaui mioma A=17 wm?
NPOMYCKHA CIPOMOKHICTh amapata V=16 am%/c mBuakicTs pyXy HpOAyKTy IO
Tpybonposoaax vV=0,35 m/c. Kpim Toro 3agaerbcs THCK B TpyOax pp=0,15 Ila 1
TUCK B Koprryci p=0,45 ITa. [IpuitHATH 30BHINIHINA, BHYTPIIIHIN Ta pO3paxyHKOBUN
niametp Tpyo ds =38 mm, d , =34 mm i d , = 38 Mmm. PoGoua Temmeparypa Tpy0 tm =
100 °C, kopmyca t, =60 °C, Temneparypa HaBKOJHUIIHbOTO cepeaopuia tc = 20 °C.

PexomennoBaHa JiTeparypa:

1. Mapruentok, O.C. Ilpouecu i amapatu xapuoBUX BUPOOHUIITB : MiApyY. /
O.C. Mapuentok, JI.M. Mensnuk. K.: HYXT, 2011. 407 c.

2. Ipomecu i amapaTu Xap4oBHX BHPOOHWIITB : HaBY. MOCi0. / [Mamnexuk
[.®., [Muraakos I1.C., Hemuposuu I1.M. T1a in.] : 3a pen. npod. I. ®. Manexuxka.
K.: HYXT, 2003. 400 c.

3. Ilpomecu 1 amapatu xap4oBuX BUPOOHHUITB. KypcoBe MpOEKTyBaHHS :
Hap4. 1oci0. / [Manexuk [.d., Mapuentok O.C., Mensuuk JI.M. Ta iH.] : 3a pen.
npod. [.d. Manexuka. K.: HYXT, 2012. 543 c.
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4. Tlpouecu 1 anmapaTu Xap4oBUX BUPOOHHUITB. JIabopaTOpHMII MPAKTUKYM :
HaBu. noci6. / [Manexuk [.®., 3ap’snoB B.JI., 3otkina JI.B. Ta in.] : 3a pen. npod.
[.d . Manexnka. K. HYXT, 2006. 224 ¢

5. IIpouecu n anapatu xap4yoBuUx BUpoOHULTB: miapydHuk / O. 1. Yepesko,
A. M. Ilonepeunuii. XapkiB : Xapk. IepK. aKaJ. TEXHOJ. Ta OPr. XapyyBaHHS.
2002. 420 c.

6. Ilporuecu 1 amapaTu xap4yoBUX BHUPOOHHUTB. JIabopaTOpHU MPaKTUKYM:
HaBy. [locionuk / O. I. YepeBko [ra iH.]; Xapk. AepX. yH-T XapyyBaHHsS Ta
toprisii. X. : Ceit Kuaur, 2013. 168 c.

Tema 4. [Ipouec BUNaprOBaHHS.
@®opMH KOHTPOJIIO: PO3B’SI3yBaHHS 3a]1a4.
3aBaaHHA IS CAMOCTIHHOL po0oTH:

1. OnpamroiiTe KOHCIEKT JEKIiiH Ta PEKOMEHIOBaHy JITepaTypy IS
O0OrOBOpPEHHSI TEOPETUYHUX MUTAHb TEMH HA MPAKTUYHOMY 3aHSTTI.

2. PO3B’sIKITh TECTOB1 3aBIaHHS.

IIBuaKiCTH BUAAJIEHHS BOJIOTH ¢ MIOBEPXHIi 3aJ1€5KUTH Bil:
A. KoedilieHTa TeTuIonepeaayi:

B. xoedimienTa AuHAMIYHOI B SI3KOCTI

C. xoediiieHTa TeIIOBiAaYI

D. xoediiieHTa npyHOCTI

IHigBHIIeHHOMY THCKOBI PHY HATPBI BUKJIUKAE:
A. MABUIIICHHS TEMIEPATYPH KUITIHHIO PO3YUHY
B. 3MiHIIEHHS TeMIIepaTypu KAITIHHIO PO3YHUHY

C. 3MIHIIICHHS Yacy MPoIeCcy

D. 30iibI1eHHST €Hepro3aTpaT

KinneBa koHUeHTpAalisi pO3YHUHY:
A. Bi=GBn(G-W)

B. Bk=GBn/(G-W)

C. Bi=GBn(G+W)

D. Bk:GBH/(G+W)

MiniMaJibHe MiABUILEHHS TeMIIePATYPHU BTOPHMHHOI Mapu B pa3i cTUC-
KYBaHHS:

A.5-10°C

B. 8-12°C

C. 10-15°C

D.12-17°C
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Haii0isib1ie mommupeHHs B IPOMMCJI0OBOCTI OTPUMAJIM BUIIAPHI
anapar, siki 3irpiBaloThb:

A. BOASHOIO TIApPOIO

B. Tonnounum razom

C. eJIEKTpUYHHUM CTPYMOM

D. Hemae BipHO1 BiJIIIOBI i

BinkiajgeHHs1 KPUCTAJIIB COJIi HA MOBEPXHAX BUMIAPHOI0 anapara
3HMKY€ Or0 MPOAYKTHBHICTh:

A.na 10-30 %

B.Ha20-40%

C.na30-50%

D. na 40 — 60 %

IIBUAKICTH BIAKIAJACHHS COJIell HA BHYTPIilIHIN MOBEPXHAX BUIIAPHOIO
anapaTty MOK/JIMBO 3MEHIIMTH HACTYITHUMH MeTOJaMM:

A. CTBOPEHHSI BUCOKOI IIBUJIKOCTI LIMPKYJISALIT PO3UUHY

B. BHECEeHHSIM 30HU KUITIHHS PO3YMHY 32 MEXI1 MOBEPXHI HArPiBY

C. migbopoM TeMIEPaTypHOTO PEKUMY MPOIIECY BUITAPIOBAHHS

D. Bci Bianosiai BipHi

IIpoayKTHUBHICTH NUNAPIOBAJIBHOI aNapary:

CP

A.Sc= S
B. S =5, + -
CP,
C.5 = Su— 2
CP,

D. Sk = Sn/ CP,

Koediuient Bunapy:

il"l‘l_l](
Aa=——
len~Crnlk

Irgtig
B.a=——
len—Crnlk

irn_ix
C.a=——-—
lgntCrnlyk

Irgtig
D.a =——
lgntCrplyk

30i7b1IeHHS YHCJIA KOPILYCiB YCTAHOBKH 00MesKeHe:
A. BUTpaTamMu KOPUCHOI PI3HUII TEMIIEPATYP

B. BuTpaTamu KOpUCHOI P13HUIII TUCKIB

C. BUTpaTamMu KOPUCHOI PI3HUII IIBUAKICTEH

D. Bci BiamoBiai BipHi
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3. 3agadi 1j1s1 CaMOCTIMHOTO PO3B’SI3yBAHHS

1. BusHauuTH BUTpaTy BOJSHOI Napyd y BUIAPHOMY amapari mpu
Oe3nepepBHOMY KOHIEHTPYBaHHI pO3YMHY IyKpa. BuTpara moyaTkoBOro poO3uHHY
5.6 1/rox #oro konmeHtamisa 17 %, xinieBa koHueHTpatis 35 %. Temnepatypa
rpirouoi nmapu 125 °C. Tuck BTOpUHHOI napu B amapati atMocpepHuil. Temnosi
BTpaTH BumapHoro anapary 24 xkBTt. Po3paxyHok nmpoBecTH Il TphOX BaplaHTIB:
a) PO3UYMH HAJAXOJAWTh HA BHUMAPIOBAHHA 3 MOYaTKOBOIO Temmepary-poro 20 °C;
pPO3YMH HAJIXOIWTh HA BUIAPIOBaHHS NpPH TEMIlepaTypl KUIIIHHS B amapari; B)
PO3YMH HAJIXOIUTh y BUNapHuUil anapar neperpitum 10 130 °C.

2. Y BUNapHOMY amapari ynaproeTbes mij atMocpepHuM TUCKoM 3,7 1/rox 7
% BoaHoro po3uuny. [louatkoBa Temmnepatypa po3uuny 90 °C, xinmesa 110 °C.
Cepennst Temneparypa kumiHHsa B amapati 105 °C. HagaumkoBuil TUCK TPir04oi
HACHUYEHOI BOAAHOT mapu 2,5 krc/cm? . Tlnoma nosepxHi Tena0o0Miny B anaparti 48
M? , xoedimient temmonepenadi 1065 Br/(m? K). Temnosi BTpat ama-paTy B
HaBkoJuIIHE cepenoBuie 110 kBT, Busnauuth; a) KiHIEBY KOHIIEHTpa-1IiiO
pO34MHY; 0) BUTpATy Ipil0yvoi napu npu Bojorocti 5 %.

3. Y BunmapHuii amapat HaaxoauTh 2,4 T/rox 9% po3uuHy, SIKMM ymapro-
€ThCS M1 aTMOC(EpPHUM THUCKOM 10 KiHIEBOi KoHIeHTpaiii 32 %. Po3baBneHuii
PO3YMH HAJXOJUTh Ha BUMApKy 3 Temneparyporo 18 °C. Ymapenuit po3uuH BuU-
BoauThes 3 anapaty npu 105 °C . [lutoMa TErIOeMHICTh MOYATKOBOT'O PO3YUHY
3850 JIx/(kr-K). Butpara rpiifHOi HacM4€HO1 BOJISIHOI IMapu 3 HAJIUIIKOBUM THC-
koM Puann=2,5 krc/cm? cknagae 1850 kr/rox. Mipa cyxocti napu 0,98. BuzHauurtu
BTPATU TEIUIOTH B HABKOJIMILIHE CEPEOBHUIIIE.

PexomengoBana jireparypa:

1. Maprentok, O.C. Ilpouecu 1 anmapatd Xxap4oBUX BUPOOHMIITB : miapyd. /
O.C. Mapuentok, JI.M. Mensauk. K.: HYXT, 2011. 407 c.

2. Tlpormecu 1 amapatu Xap4oBUX BHUPOOHUIITB : HaBY. mocid. / [Manexuk
[.®., Hurankos I1.C., HemupoBuu I1.M. T1a in.] : 3a pen. npod. I. ®. Manexuxka.
K.: HYXT, 2003. 400 c.

3. Tlpomecu 1 amapaTu Xap4yoBHX BUPOOHHUITB. KypcoBe MpOeKTyBaHHS :
HaBy. 110oci0. / [Manexuk [.®., Mapuentok O.C., Menbauk JI.M. Ta iH.] : 3a pen.
npod. [.d. Manexwuxka. K.: HYXT, 2012. 543 c.

4. TIpomecu 1 amapaTu Xap4oBuX BUPOOHHIITB. JIabopaTOpHHIA MPAKTUKYM :
HaB4. noci6. / [Manexwuk [.®., 3ap’sutoB B.JI., 3otkina JI.B. Ta in.] : 3a pexa. mpod.
[.&d.Manexunka. K. HYXT, 2006. 224 ¢

5. Ilpouiecu n anapatu xapuyoBux BUpoOHUITB: migpydnuk / O. 1. Yepesko,
A. M. Tlonepeunuit. XapkiB : Xapk. IepK. akaj. TEXHOJ. Ta OPT. Xap4yyBaHHS.
2002. 420 c.

6. IIpomecu 1 amapatu xap4oBUX BHPOOHHUITB. JIabopaTOpHU MPAKTHKYM:
HaBy. [locionmk / O. 1. YepeBko [Ta iH.]; Xapk. gepx. yH-T Xap4yyBaHHS Ta
toprismi. X. : Ceit Kuawur, 2013. 168 c.
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Tema 5. Ilpouec neperonkm.
dopMH KOHTPOJIIO: PO3B’SI3yBaHHSA 3a71a4
3aBjaHHA I CAMOCTIHHOL po0oTH:

1. OmpaitoiiTe KOHCHIEKT JIEKII Ta pPEKOMEHJOBaHy JITeparypy A
O0OrOBOpPEHHSI TEOPETUYHUX MUTAHb TEMH HAa MPAKTUYHOMY 3aHSTTI.

2. PO3B’sDKITH TECTOBI 3aBJaHHS.

AK1I0 CHIM 3HAYEHHS MikK MOJIEKYJIaMU 000X KOMIIOHEHTIB TaKi K K i
Mi’K MOJIEKYJIAMHU KOKHOT0 3 KOMIIOHEHTIB, TO TaKi CyMilli 3ByThCH:

A. 11eanbHUMHA

B. HOpManpHUMU

C. 3BUUaliHUMU

D. npoctumu

Ckuan mapoBoi pa3u, ska 3HAXOAUTHCH B PiIBHOBA3i 3 pIAMHOIO:

Ay, = _Panxa
B.y, = —Pa;xa
C.y, = —Pa;[xa

_ Paxq
D.y, = T T 1

IlepeBara 0e3nepepBHOI peKTH(iKaIlil TOPIBHAHO 3 MEPiOANIHOIO:

A. yMOBH poOOTH YCTaHOBKH HE 3MIHIOIOTHCS B XOJIi TIPOIIECY, IO JO3BOJISE

BCTAHOBUTH TOYHHHA PEXHM, CIIPOILYye OOCITYrOBYBaHHS 1 IIOJICTIIIYE

aBTOMAaTH3AIlII0 TIPOIIECY

B. BigcyTHI mpocToi MK omepalisiMu, 0 MPU3BOJUTH IO ITiIBHIICHHS
POJAYKTUBHOCTI YCTAaHOBKH

C. BuTpara Teria MEHINA, ajie, MOXXIIMBE BUKOPHUCTAHHS TeIUIa 3aJIMIIKY Ha
IiIrpiBaHHS BUX1THOT CyMiIlli B TEIJIO0OOMIHHUKY

D. Bci Biamosiai BipHi

MarepianbHuii 6aj1aHC KOJIOHH Oe3nepepBHOI peKTUdiKamii:
A. P+RP=P(R+1)

B. P+RP=P(R-1)

C. P+RP=P/(R+1)

D. P+RP=P/(R-1)

diermMa noAa€EThHCA B anapar A NiATPUMKH Pi3HULI:
A. THCKY

B. xoHmentparii

C. Temneparyp
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D. 00’emiB

3HauenHs koedinieHTa B(HagIUIIKY (pJierMH) KOJIMBAETHCH B MeKaX:
A.11-13

B. 1,25-1,35

C.13-1,5

D. 1,35-1,7

JiaMeTp KOJIOHH BU3HAYAETHCH 3 PiBHAHHSA:
A.D =,/V/0,585w,
B.D =,/V/0,685w,
C.D =,/V/0,785w,
D.D =,/V/0,885w,

Bucora TapiiikoBOI KOJIOHHM :
A. H=(n-1)h+2h+3h

B. H=(n+1)h+2h+3h

C. H=(n-1)h-2h-3h

D. H=(n-1)h-2h+3h

HIBuakicTs B pekTudikaniiHii KOJIOHI:
A.w = c\/(pp — pn)/pPu

B.w = ¢/ (pp + pr)/pPn

C.w = cy/(pp — pr) * P

D.w = cy/(pp + pn) * pn

ITapa, mo 3HaxX0AUTHLCA B PIBHOBa3i 3 PO3YMHOM, 3aBKIAM MICTUTH Yy
HAAJIMIIKY TOW KOMIIOHEHT, J0JAATOK SIKOI0 A0 PIAMHM MiABHINYE 3arajJbHUM
THCK NapiB HAJ HEK 200 3HUKYE TeMIePaATYPy KUIIIHHS

A. Tlepmmii 3akon KoHoBanoBa

B. Ilepmuii 3axkoH MenneneeBa

C. Ilepmuii 3akoH ITaBnoBa

D. Ilepmmuii 3akon Kapno

Haii6i1b1moro nomupeHHs B XapuoBMX BUPOOHUIITBAX HAOYJIU:
A. TapinKoBi KOJIOHU

B. HacanxoBi xomnonwu.

C. I1miBKOB1 KOJIOHH

D. Porariiigi kojroau

3. 3amayi JuIs CaMOCTIHHOTO PO3B’sI3yBaHHS.
1. Busnauutu cepenniii koediiieHT mudy3ii eTUIOBOTO COUPTY y BOAlL y
npoiieci pekTudikailii, sIKIO CEpPeIHs] KOHIIEHTpAIlisl CIUPTY Y pO3uMHi X=35 mac.
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%, cepeaHs TeMnepaTypa B KosoHi t = 92 °C i cepennsa nunamiuna B's3kicts p= 0,4
MlIa c.

2. IIponyKTUBHICTh pEKTU(DIKALIHHOI KOJOHU JUIsl PO3ILIEHHS CyMillll METH-
J0BUH cnupT — Boja ctaHoBUTH 2700 kr/roa nuctuisaty. Kojmona mpartoe mij aT-
MocepauM THCKOM. [loBepxHs TemnooOMiHy meduermaropa 74 Mm% , xoedimieHT
Teronepenadi B HpoMy 840 Br/(m? K). BusHauut umcio (iaermMu i BUTpaTy
OXOJIOZXKYBaJIbHO1 BOJIM B JiepiierMaTopi, K10 BoHa HarpiBaeTbes Big 14 go 38°C

3. BHU3HAUUTH YUCIIO JIIOYMX TapuIOK Y KOJIOHI, IO Mpauioe 3 (pierMoBUM
quCcIIoM V=3,5 Ta Npu3HAYEHOIO /Jis1 30UIbIIEHHS BMICTY CIUPTY B piauHI 3 8 10 78
MOJIL %.

PexomengoBana jireparypa:

1. Mapuentok, O.C. Ilpouecu 1 anapatd Xap4oBUX BUPOOHMIITB : miapyd. /
0O.C. Mapuentok, JI.M. Mensnuk. K.: HYXT, 2011. 407 c.

2. Tlpouiecu 1 amapaTtu XapyoBUX BUPOOHUIITB : HaBY. Mocid. / [Manexux
[.®., Iurankos I1.C., HemupoBuu [1.M. ta iH.] : 3a pen. npod. [. ®. Manexuxa.
K.: HYXT, 2003. 400 c.

3. Tlpouecu i amapatu Xap4yoBUX BHUPOOHHUITB. KypcoBe mpoeKkTyBaHHS :
HaBy. 110oci0. / [Manexuk [.®., Mapuentok O.C., Menbauk JI.M. Ta iH.] : 3a pen.
npod. [.d. Manexwuxka. K.: HYXT, 2012. 543 c.

4. Tlpotecu 1 anmapatu Xap4yoBUX BUPOOHUIITB. JIabopaToOpHMI MPAKTUKYM :
HaBy. 1oci0. / [Manexuk [.®., 3aB’samoB B.JI., 3otkina JI.B. Ta iH.] : 3a pea. npod.
[.d.Manexnka. K. HYXT, 2006. 224 ¢

5. IIpomecu u amapatu xap4yoBux BUPOOHUNTB: Tiapyunuk / O. 1. YUepesko,
A. M. Tlonepeunuii. XapkiB : XapK. JepXK. akad. TEXHOJ. Ta OPr. XapuyyBaHHS.
2002. 420 c.

6. IIporecu 1 amapaTu xapuyoBUX BHPOOHHUITB. JIabopaTOpHU MPaKTUKYM:
HaBy. [locionuk / O. I. YepeBko [Ta iH.]; Xapk. AepX. yH-T XapyyBaHHS Ta
toprisii. X. : Cit Kuaur, 2013. 168 c.
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3MICTOBUM MOAYJIb 2. MACOOEMIHHI ITPOIIECH
Tema 6. . EsiexkTpogiznuHi MmeToan 00po0KU XapuyoBHX NPOAYKTIB.
@®opMH KOHTPOJIIO: PO3B’I3yBaHHS 3a7a4.
3aBaaHHA 11 CAMOCTIHHOL po0oTH:

1. OmpaitoiiTe KOHCHIEKT JIEKIii Ta pPEKOMEHJOBaHy JITeparypy A
O0OrOBOpPEHHSI TEOPETUYHUX MUTAHb TEMH HAa MPAKTUYHOMY 3aHSTTI.

2. PO3B’sIKITh TECTOBI1 3aBIaHHS.

1. SIxnit Bua HarpiBy 3acrocoByerbesi B HBU-anaparax:
A. IOBEpXHEBUI

B. 06’ emumit

C. TpaguniiHuit

D. 3aransHuit

I'inOuHa NPOHMKHEHHS eJIEKTPOMATHITHOIO TOJIS:
9,55%103
A. A=

f+\/ Ecym tgo

9,55%x103

f_\/ Ecym tg5

9,55%103

f/€ym tgo

9,55%103

f\/ Ecym _t.95

B. A=
C. A=

D. A=

AxuM € npusHayeHHs: cuctemu 0J1oxkyBans y HBY-neui:
A. MATPpUMYBaHHS CKIITHOT TapUIKH JJIsI IPUTOTYBAaHHS 1K1
B. BuMukanHs poOoTH anapara npu BiIKpUBAHHI JIBEPIISIT

C. 0X0J0/1)KEHHS MarHeTpoHa

D. Hemae BipHOI BiAMMOBI i

Hinknarovennii 10 enexkrpomepe:xi HBU-anapart ne npamioe. o moxe
OyTH NPUYHMHOIO:

A. BIJICYTHICTb HAIPYTH B €IIEKTPOMEPEXKI

B. He BCTaHOBIIEHO TPUBAIICTH MPUTOTYBAHHS

C. He UITBHO 3aKPUTI ABEPIIATA

D. yce, 1o Oyjo nepeaiuyeHo BUIIE
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HBY-anapart Mma€ TUII KOHCTPYKUIII «c010». AkUMH PyHKIIAMHU BiH
OCHAILlEHHUH:

A. HBY-narpis

B. HBY-HarpiB; pexuM «rpuiib»;

C. HBY-HarpiB; peXuM «IPpUIb»; PEKUM «KOHBEKLIISD)

D. Hemae BipHO1 BiJIMOBI I

Sk Ha3MBaKOTH OCHOBHUII TemioreHepywuunii npuctpiii HBU-anapara:
A. KBapLOBUI BUIPOMIHIOBAY

B. TpyOuacTuii enektpoHarpiBay

C. mMarHeTpoH

D. kBa3iTpoH

KoedinieHT mory:xHocTi COS @:

P
A.cosp = —
4 3U/I
B. cosp = il
. Q= 3({31
C.cosp = —
4 311;1
D. cosp = —
4 3U+I

Axum € 3Ha4yeHHs KoedinieHTa KopucHoi Aii HBY-anaparis:
A. 6mu3sko 25%;
B. 61u3pk0 50%);
C. 6mu3bsko 75%7?
D. 6au3sko 85%7?

Yacrora KoOJMBaHb, 0 Hailyactime BuUKopuCTOBYeThcss B HBY-
anaparax, CKJIaJae:

A. 925 MI'u

B. 2450 MI'u

C. 3550 MI'

D. 5200 MI'u

3. 3agadi 151 CaMOCTIMHOTO PO3B’I3yBaHHS

1. Kamepa HBY-mneui 3anutana Bijg MmaraeTpona notyxHictio = 600 BT 1 mae
kA M= 0,8. BusHauutu yac poOOTH 1edi, IPOTATOM SKOTO KOHIICHTPAIIisl PO3UUHY
coJi pc 3pocte 10 25% 3a paxyHOK BUIIAPOBYBAHHS BOJM.

2. Po3paxyBatu iHIYKIIIHY YCTAaHOBKY JIJIsl HATPIBY 3aMOPOKEHOT'0 OPUKETY
dapma., nopxuHoro 1=850 mm, mmpwmnaa i Bucota a=b=350 mm. Temmepatypa
HarpiBy tios=8°C, HONMyCTHMHU Tiepemnaj TeMIlepaTtyp II0 Iepepidy OpHKeTy
At=3°C.

3. Po6oua kamepa HBU-ycTtanHoBKH mJisi CyIIiHHS MakapOHUX BUPOOIB pO3-
MipoM 2x2x8 M BHKOHaHa 13 CTajJeBOro JHUCTa 3aBTOBIIKK 2 MM. Kamepa mpo-

TyBa€ThCsl MOBITpsAM, HarpituMm 10 80°C, 31 mBuakicTtio 10 M/c. 30BHIIIHI CTIHKH
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KaMEPH OXOJIOKYIOTECS BIILHOK KOHBEKIIIE€IO TOBITPs, Temieparypa sakoro 20°C.
3 koediuieaTom Temnonepenadi o,=10Bt1/(M? rpanx). BusHauuTH TEIIOBI BTpAaTH
BTpaTH YCTAHOBKH, SIKIIO IMIJJI0ra Ta TOPLEBI CTIHKY TEIJI0130IbOBAHI.

PexomenoBaHna Jireparypa:

1. Mapuentok, O.C. Ilpouecu 1 anapatv Xxap4oBUX BUPOOHMIITB : miaApyd. /
0O.C. Mapuentok, JI.M. Mensnuk. K.: HYXT, 2011. 407 c.

2. Tlpouecu 1 amapaTd XapyoBUX BUPOOHUUTB : HaBY. moci0. / [Manexuk
[.®., Iuranxos I1.C., HemupoBuu I1.M. Ta i1.] : 3a pen. mpod. [. . Manexuka.
K.: HYXT, 2003. 400 c.

3. Ilpouecu 1 amapaTu Xap4yoBHX BUPOOHULTB. KypcoBe MpoeKkTyBaHHS :
HaBy. 11oci0. / [Manexuk [.d., Mapuentok O.C., Menbauk JI.M. Ta iH.] : 3a pen.
npod. [.d. Manexuxka. K.: HYXT, 2012. 543 c.

4. Tlpouecu 1 anmapaTu Xap4yoBUX BUPOOHUITB. JIabopaTOpHHI MPAKTUKYM :
HaBy. noci0. / [Manexuk [.®., 3aB’anoB B.JI., 3otkina JI.B. Ta iH.] : 3a pea. npod.
[.d.Manexunka. K. HYXT, 2006. 224 ¢

5. [lpouecu n anapatu xapuyoBux BUpoOHUITB: migpyunuk / O. 1. Yepesko,
A. M. Tlonepeunuii. XapkiB : Xapk. JepK. aKaJ. TEXHOJ. Ta OPr. XapyyBaHHS.
2002. 420 c.

6. IIporecu 1 amapaTu xapuyoBUX BHPOOHHUITB. JIabopaTOpHUN MPAKTUKYM:
HaBu. [locibumk / O. I. YepeBko [Ta iH.]; Xapk. JAepK. YH-T XapuyyBaHHS Ta
toprisii. X. : Ceit Kuaur, 2013. 168 c.

Tema 7. JlocaigkeHHs] OCHOBHUX XapPAKTEPUCTUK ra30BUX NAJbHUKIB Ta
iX pO3paxyHoOK

dopmMH KOHTPOJIIO: PO3B’I3yBaHHS 3a7a4.
3aBjaHHA 11 CAMOCTIHHOI po0oTH:

1. OmpamoiTe KOHCIEKT JICKIIH Ta PEKOMEHJOBaHYy JITepaTtypy s
O0OrOBOpPEHHS TECOPETUYHUX MUTAHb TEMH HA MPAKTUYHOMY 3aHSTTI.

2. PO3B’sIKITh TECTOBI 3aBIaHHS.

PizHOBHIOM fIKOr0 XiMIiYHOrO mpouecy € peakuis ropiHHSl ra3omnojgio-
HOI0 MaJuBa:

A. cniosry4yeHHs

B. po3kian

C. oKkuCIeHHs

D. Hemae BipHOI BiIOBi i

JAn¢y3iiiHi Na1bHUKHA He BUKOPHCTOBYIOTHCSI B CY4aCHUX TEIUIOBUX
anaparax 3aKJajiiB peCTOPAHHOI0 TOCNOAapPCTBAa, TOMY 110 BOHU:

A. MafOTh BEJIMKY JOBXKUHY (haKeiry moyryM’si, o MOTpeOye BUCOKUX Ka Mep
3TOPSHHSA

B. MaoTh BUCOKY TeMIlepaTypy 3ropsiHHS MajauBa
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razy

C. He 3a0e31euyIoTh MIABECHHS 10 30HU T'OPIHHS BU3HAYEHOI KIJIBKOC Ti
D. Bci BiAMOBiAl BipHI

B najibHUKaX SIKOr0 THILY BiA0YBA€THCH 30BHILIHE 3MILIYBAHHS a3y
3 NOBIiTpPAM:

A. mudy31iHux

B. imxeKkmnumnx

C. 6e3nonymeneBux

D. Hemae BipHOT BiJIIIOBI I

Temnora, 0 BUIIJISETHCS 32 MOBHOTO 3ropsiHHs 1 Kr majauBa, 0e3

BpaxyBaHHSA TCIJIOTH, III0 BUTPAYA€TLCH HA BUITAPOBYBAaHHA BOJIOI'A, — 1I€:

A. BHIIIA TETJIOTA 3TOPSIHHS

B. HMk4a TemnoTa 3ropsiHHs

C. WIBUJAKICTh PO3MOBCIOIKEHHS TIOJIYyM 51
D. Bci Bianosiai BipHi

3a cmoco00M nogaHHS NMOBITPA ra3oBHMil NAJBHUK MOKe OyTH:
A. 30BHIIIHBOTO 3MIIIIYBaHHS

B. BHYTpIIIHBOTO 3MILITyBaHHS

C. HU3BKOrO TUCKY

D. Hemae BipHO1 BiAMOBI i

Ska yacTHHA ra30BOro NaJbHUKA NPU3HAYEHA /ISl MiICMOKTYBAaHHS
NMOBITPSI 32 PAXYHOK PO3PiuKeHHS:

A. xoH(Yy30p

B. ropnosuna

C. nudysop

D. Hemae BipHOI BiAMMOBI i

Ak Ha3MBa€TbCH NMPHUCTPi, AKMHA 3a0e3mevye CTilike 3rOpAHHA NAJb-

HOI0 ra3y Ta peryJilOBaHHs Npolecy ropiHHs:

A. kKoH(Y30p

B. mudy3op

C. naJsHUK

D. Hemae BipHOI BiAIMOBi i

B razoBux najibHHKax sIKOro THUILy MO:Ke Bi0yBaTucs siBUIlE «BipUBY

MOJIyM’ sI»:

A. mudy3iiHIX

B. imxexminanx

C. Ge3nonyMeHeBUX

D. Hemae BipHOI BiAIOBI i
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3. 3ajaui sl CaMOCTIHHOTO PO3B’sI3yBaHHS.

1. Po3paxyBatu KOHCTPYKTHBHI PO3MIpH AYTbOBOI IH(]Y31i{HOTO Ta3zoBOro
nanbiuka (dg, dr, d, h, dere, N ,Leom ) Ta 1i TexHiuni xapakrepuctuku ( Qr, Vr,
Vs , Ws , Wr,WcMm, Pg). TlanbHUKHM B KITBKOCTI JBOX BCTAHOBJIEHI Ha KOTII Ti
npoaykTuBHicTiO 1| MBT. Bu3zHauutu THCK MOBITps Ha BXOJI B MaJbHUK, SKIIO
HAJUIMIIKOBUMA THCK JTMMOBHUX ra3iB y TOnkoBid kamepi Pkc = -20 Ila. IIpuBectu
€CKi3 pO3pax0oBaHOi MaJbHUKU B MacimTadi. BuxigHi nani juis BUpIIICHHS 3ajadi
tg=10°C, AP,=150 Ila, n=0,8.

2. Po3paxyBaTu KOHCTPYKTHUBHI PO3MIPH ra30BOi 1HKEKIIHHOTO MajbHUKA 3
MOBHUM TIONEPEHIM 3MINIYBAHHSM, SIKIIO BiJIOMI: BUTpPATH Ta3y yepe3 NalbHHUK
Vr,=0,05 m%/c; razonposin, 3Biaku Geperbea ras; KKJ[ TemmocunoBoro arperary
n=0,78.Temnepatypy ra3zy Tta moBitps npuitHatu 0°C. BuzHauuTu TEIUIOBY
MOTYXKHICTh arperaTy Ta HEOOXIJHUW THUCK Ta3zy nepen mnaabHuUKoM. [lpu
pO3paxyHKy NpuiHATH KoedimieHT Haanumky noBitps T =1,05. IlpuBectu ecki3
PO3PaxoOBaHOTO NaJIbHUKA MacIITaly.

PexomengoBana jireparypa:

1. Mapuentok, O.C. Ilporecu 1 anapaTu XxapuoBUX BUPOOHHUIITB : MiAPYyY. /
O.C. Mapuentok, JI.M. Mensnuk. K.: HYXT, 2011. 407 c.

2. Tlpouiecu 1 amapatu XapyoBUX BHUPOOHUIITB : HaBY. mocid. / [Manexuk
[.®., Iurankos I1.C., HemupoBuu I1.M. Ta 11.] : 3a pen. mpod. I. . Manexuka.
K.: HYXT, 2003. 400 c.

3. Ilpouecu 1 amapaTu Xap4yoBHX BUPOOHHULTB. KypcoBe MpoeKTyBaHHS :
HaBy. 110ci0. / [Manexuk [.®., Mapuentok O.C., Menbauk JI.M. Ta iH.] : 3a pen.
npod. [.d. Manexuka. K.: HYXT, 2012. 543 c.

4. TIpotecu 1 amapaTu Xap4yoBUX BUPOOHUIITB. JIabopaTOpHUII MPAKTUKYM :
HaBy. 1oci0. / [Manexuk [.®., 3aB’samoB B.JI., 3otkina JI.B. Ta iH.] : 3a pexa. npod.
[.&d.Manexuka. K. HYXT, 2006. 224 ¢

5. [lpouecu u anapatu xapuoBux BUpoOHUITB: migpydnuk / O. 1. Yepesko,
A. M. Tlonepeunuii. XapkiB : XapK. JepK. akaJ. TEXHOJI. Ta OPr. Xap4dyBaHHS.
2002. 420 c.

6. Ilponiecu 1 amapatu Xxap4oBuX BUPOOHHUIITB. JIabopaTOpHHMI MPAKTHUKYM:
HaBy. [locionuk / O. . YepeBko [Ta iH.]; Xapk. Aepx. yH-T XapyyBaHHS Ta
toprisii. X. : Ceit Kuaur, 2013. 168 c.

Tema 8. Ilpouec cyminHs.
®opmMH KOHTPOJIIO: PO3B’I3yBaHHS 3a/a4.
3aBjaHHA 11 CAMOCTIiHHOI po0oTH:
1. OmparfoiiTe KOHCIEKT JIEKII Ta PEKOMEHIIOBaHy JITepaTtypy s

00TrOBOPECHHS TEOPSTUIHUX MTUTAHb TEMH Ha TPAKTUYHOMY 3aHSTTI.
2. Po3B’sKITH TECTOBI 3aBIAaHHS.
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®opmu 3B’A3KY BOJIOTH 3 MaTepiaaoM:
A xiMiuHa, P13UKO-XIMIYHA, MEXaHIYHA;
B. ximiuHa, (hi3uyHa, TEMIOBA;

C. ximiyHa, Qi3uyHa;

D. MexaniuHa, QizuyHa.

PymiiiHOI0 CHJI0I0 IPOLIECY CYLIHHS €:
A. pi3HULA TeMIiepaTyp;

B. pi3HuIlsI KOHIIEHTpaIliif;

C. pi3HULSA TUCKY;

D. pi3Huis crpymy.

B npoueci cylmiHHA BUIAJAETHCA:
A. 3B’s13aHa BOJIOTa;

B. xiMiuHO3B’s13aHa BOJIOTA;

C. BiIbHA BOJIOTA;

D. ancopOuiiiHo 3B’s13aHa BOJIOTA.

CyOaiManiiiHuUM CyIIiHHSAM €

A. BUTyY€HHS BOJIOTH 3 MaTepiaily HUISIXOM MEePEeTBOPEHHS ii y JIiJI, a Mmicis
IIbOT'0, TPOMUHYBIIHU PiKY a3y — y BOJSHY Tapy,

B. BrurydeHHs BOJIOTH 3 MaTepialy MUIIXOM HarpiBaHHS i IEPETBOPCHHS Y
BOJISIHY M1apy;

C. BuJIy4eHHs BOJIOTH 3 MaTepially IUISIXOM HarpiBaHHS CTPYMOM BHUCOKOT
4acTOTH;

D. BuIyueHHs BOJIOTH 3 MaTepially 3a paxyHOK 00poOKH iH(ppauyepBOHUMHU
IPOMEHIMH.

KinbkicTs mapu, mo HaaAX0AUTh 3 MOBEPXHI MaTepiajy B NOBITpA:
A. W:kB(PM'PH)ST

B. W=Kg/(Py-Px)S:

C. W=kg(PytPy)S:

D. W=Kg/(P\tPy)S:

BoJiora, mo 3HaX0AMTHCA B CIOJy4YeHHI 3 MaTepiajioM i pU CylIiHHI He
BH/IAJISAETHCS

A. XIMIYHO 3B’s13aHa BOJIOTa

B. ¢i3uuHO 3B’s13aHa Bojora

C. ntnHAMi4HO 3B’s3aHa BOJIOTa

D. Bci Biamosiai BipHi

IlepeBaro po3nuJIOBAJIBLHUX CYHIAPOK € MOKJIUBICTHD BUKOPUCTAHHS .
A. TEIJTOHOCIIB 3 BUCOKOIO TEMITEPATYPOIO

B. TemoHOCIB 3 HU3bKOIO TEMITEPATYPOIO

C. TeII0HOCIIB 3 OYIb-IKOI0 TEMIIEPATYPOIO
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D. Bci BianoBiai BipHi

Iicss nepioay nmporpiBy Mmarepiajy 10 TeMIIePaTypPH CyLUHIHHA HACTYIIA€
nepiox:

A. IOCTIMHOI IIBUIKOCTI CYIIIHHS

B. mocTifiHOro THCKY CyUIiHHS

C. mocTiitHOi TeMIiepaTypy CyIIMHHS

D. Bci BiamoBii BipHi

HIBUAKICTH CYIIiHHA 32JI€KUTH Bi/:

A. IBUAKICTI pyXy MOBITPS B CylIapiii,

B. remnepaTypu noBiTps B Cymapii.

C. (}i3uKOXiIMIYHMX BIACTUBOCTEN MaTepialy
D. Bci BiamoBii BipHi

HaiiuucaeHnHima rpyna cyliapHux anaparib:
A. KOHBEKTHBHI CyIlIapKu

B. KOHIIyKTHBHI CylIapKu

C. cybnimMariiiai cymapku

D. CBY cymapku

KinbkicTh BUCYlIEeHOT0 MaTepiaiy:

100—w
A. GZ == Gl - —
100—w,
100—w
B.G, = Gy + 2=
100—w,
100—w
C. GZ == Gl —
100—w,
100+w
D. GZ == Gl_l
100+w,

Ska BoJiOra BUALISIETHCS B Mpoleci CyliHHs 3 0BOYiB i ppyKTiB B
nepuly 4epry:

A. KamijspHa Bojora

B. agcop6itiiina Bosiora

C. MiKpoKamiyisipHa Bojora

D. ocmoTtnyna BoJora

3. 3amaui JuIsi CAMOCTIHHOTO PO3B’sI3yBaHHS.

1. IlpoayKTUBHICTH CylIapku 3a BosoruMm matepianom 2500 kr/roa. [Touat-
KOBa BOJIOTICTh Matepiaiy (mepen cymapkorw) ay = 20 % Mac., KiHnesa (mcis cy-
mapkm) ax = 5 % wmac. [loBiTps mepea Bxoaom 10 kamopudepa mae mapamerpu:, t =
18 °C, o =45 %. Y xanopudepi noBiTpsi HarpiBaeThes 10 t1 =120 °C, micnst yoro
HAJXOJUTh y CyIIapKy. BigHOCHA BOJIOTICThH MOBITPS HA BUXOJI 3 CYIIapKH (p =
40%. BuzHauuTH: BUTpaTa BOJIOTH, IO BUJAJSAETHCS, BUTPATA CyXOro MOBITPS B
pPO3paxyHKy Ha TEOPETHYHY CYIIapKy 1 BHUTpaTa CyXOro TOBITpS i MIHCHOI
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CyLIapKu, JJis SKOi Cyma MOBIIOMIJIEHb 1 BHUTpaT Temna A = —838 k/[x/kr yn.
BOJIOTH.

2. TloBitps 3 nmapamerpamu tog = 18 °C ta @o = 45 % HarpiBa€eThCcs B KaJOpHU-
depi mepen TeopetuuHoro cymapkoto ao tp = 120 °C. 3 cymapku CymIbHUN
areHt (moBiTps) BUXOAuTh 3 @2 = 40%. HeoOX11HO 3HU3UTH TeMIepaTypy CyIIUIIb-
HOT'0 areHra nepeja BxoJaoM y cymapky 10 80 °C, 3acToCyBaBIIM YaCTKOBY pELUp-
KYJISIII0 CYIIMJIBHOTO areHTa. BU3HAYuMTH KpaTHICTh LUPKYJSIIT CYLIIMIBHOTO
areHra.

3. 3HalTU TOYKY POCH JIJIsl BOJIOTOr0 MOBITPs BMICTOM Bosiord x=0,05 Kkr/kr
CYXOT0 HOBITPS 1 3araJIbHUM TUCKOM MapoMNoBITPsiHOL cyMitni p=745 mm prt. Cr.

PexomengoBana jireparypa:

1. Mapuentok, O.C. Ilpouecu 1 anapatv Xap4oBUX BUPOOHMIITB : miaApyd. /
0O.C. Mapuentok, JI.M. Mensnuk. K.: HYXT, 2011. 407 c.

2. Tlpouiecu 1 amapatu XapyoBUX BUPOOHUIITB : HaBY. Mocib. / [Manexux
[.®., Iurankos I1.C., HemupoBuu I1.M. Ta i1.] : 3a pen. mpod. [. . Manexuka.
K.: HYXT, 2003. 400 c.

3. Tlpouecu i amapatu Xap4oBuUX BHUPOOHHUITB. KypcoBe mpoeKkTyBaHHS :
HaBy. 110ci0. / [Manexuk [.®., Mapuentok O.C., Menbauk JI.M. Ta iH.] : 3a pen.
npod. [.d. Manexwuxka. K.: HYXT, 2012. 543 c.

4. Tlpouecu 1 amapaTu Xap4oBUX BUPOOHUIITB. JIabopaTOpHMIl MPAKTUKYM :
HaBy. noci0. / [Manexuk [.®., 3aB’amoB B.JI., 3otkina JI.B. Ta iH.] : 3a pea. npod.
[.d.Manexnka. K. HYXT, 2006. 224 ¢

5. IIpomecu u amapatu xap4yoBux BUPOOHUNTB: miapydnuk / O. 1. Yepesko,
A. M. Tlonepeunuii. XapkiB : Xapk. JepX. akaJ. TEXHOJ. Ta OPr. Xap4dyBaHHS.
2002. 420 c.

6. IIporecu 1 amapaTu xap4yoBUX BHPOOHHUITB. JIabopaTOpHUN MPaAKTUKYM:
HaBy. [locionuk / O. . YepeBko [Ta iH.]; Xapk. Aepx. yH-T XapyyBaHHS Ta
toprisii. X. : Ceit Kuawur, 2013. 168 c.

83



3MICTOBUI MOAVYJIb 3. TTAIPOMEXAHIYHI ITPOLHECHA
Tema 9. OCHOBHI piBHSIHHSA TAPOAMHAMIKH.
@®opMH KOHTPOJIIO: PO3B’I3yBaHHS 3a7a4.
3aBIaHHA QI CAMOCTIHHOI podoTH:
1. OmpairoiiTe KOHCIEKT JIeKIIH Ta PEKOMEHJOBaHy JTepaTtypy s
0OTOBOPEHHS TEOPETUYHUX MUTAaHb TEMH HA MIPAKTUYHOMY 3aHSTTI.
2. PO3B’sIKITH TECTOBI1 3aBIaHHS.

MacoBa BUTpaTa piliHA BU3HAYAETHCHA 3 BUPa3y:
AM=p- Vg,

B.M = £;
1

C.M=g-v- T,
D-M = v, S.
O0'emHa BUTpaTa pPiiNHU BU3HAYAETHCS 3 BUpPa3y:
AV = M;

v
B.V = veep - S;

C.V="1vep-Sp;
D.V =p"Vep S,

Axuii KpuTepi NOAIOHOCTI XapaKTePU3y€ PeKUM PyXy pPianHu?
A. kpurepiit Apximena;

B. xpurepiit PeitHonba;

C. kpurepiit Hyccenbra;

D. kputepiit [Ipanatis.

JlamiHapHuii peKMM PpyXy PpiIMHHM XapaKTePU3YETbCS  YHUCIOM
PeitHoabaca, AKMM Ma€ 3HAYECHHS

A. Re< 2320;

B. Re=> 2320;

C. Re= 1000;

D. Re< 2.

Ilepexinuuii peskuM pyxy piAMHHM BiJ JaMiHAPHOro 10 TYpOYJIE€HTHOIO
XapaKTepu3yeThest YUCI0M PeiiHoIbAcCa, IKMI Ma€ 3HAYCHHSA:

A. Re> 5000;

B. 1000< Re < 10000;

C. 2320< Re < 10000;

D. Re= 10000.
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Po3BuHeHuii TypOy/JIeHTHUI PeKUM PyXy PIAMHH XapaKTepHu3y€TbCs
yucjaoM PeiiHouabaca, IKUil Ma€ 3HAYEHHSI:

A. Re=2320;

B Re=7000;

C. Re> 10000;

D. Re= 5000.

PiBusinus bepuyJi Ao ineajJbpHOI piiMnHu Ma€ BUA:

P v? P
Az +—+->L=2z+-2+
pg 29 pg

v3 .

2:g’

v? P v2
B.zy + -t =L 42

g, P
C. Zl+_1:ZZ+_2;

pg 5 pg )

P. V) P. v
D.z;+—+—==2z,+—2+-2+hy_,.

pg 2g pg 2g

PiBusinHs bepHyJi 1151 peajbHOI piiMHUA Ma€ BUA:

P v? P
A. Zl+_1+_1=Z2 +_2,
pg 2? pPg )
P. V) P. v
B.z;+—+—2=z,+2+-"2+h_,;
pg 2-g pg 2-g

P v
C. Zl+_1=ZZ +_2,
pg 2-g
vi v3
D. Zl+_:Z2+_.
2-g 2-g

Ilix yac pyxy piamHu y TpyOoonmpoBoai Bia0yBalOThbCsi BUTPATH THCKY
(eneprii) NOTOKY, SIKi CHPUYHHEHI:

A. MicIleBUMH OIlOpaMH, $Ki 3yMOBJIEHI 3MIHOIO IIBHJIKOCTI TOTOKY 3a
BEJIMYMHOIO Ta HAMIPSIMKOM;

B. omopom B310BX TpyOH, SIKHil 3yMOBJICHUI CHIIAMU TEPTS;

C. onopoM JIBOX BHU/IIB;

D. onmopamu, siki 3yMOBJICHI TEOMETPUYHUMH pO3MipaMu TpyOH (miamMeTpom
1 TOBXKHHOI0)/

Ilin 4vac pyxy pionmam y TpyOonmpoBoai MicumeBi BTpaTtH Hamopy
3yMOBJI€Hi:

A. po3mupeHHs, 3ByKEHHs, TOBOPOTH TPYyOOIPOBOY, KpaHH, BEHTHIII,

B. po3mupenHs, 3By>KeHHs, TIOBOPOT TPYOOTPOBOAY, KpaHU, BEHTHIII, BXOIH
Ta BUXOJIHU;

C. moBopoTH TpyOOIpOBOY;

D. kpaHu, BeHTHII.

JJ1s1 mepekayyBaHHsA B’SI3KUX PiINH BUKOPUCTOBYIOTHCS:
A. poTopHi Hacocw;
B. ctpymenHi Hacocu;

85



C. mopiHeBi HacOCH;
D. BeHTUIATOPHI;

IIlo € pyxoMo010 CHII010 NIepeMillleHHs piiuHu a00 ra3y B TpyoonpoBoi?
A. pi3HULA TUCKY;

B. pi3HuIs HATHUCKY;

C. pi3HUIIS KOHIICHTpAIIIT;

D. pi3HHLISI TYCTHHH.

Bix 4yoro 3ase:kuTh pesKkMM pyxy pilMHu B TpyOonpoBoai?
A. BiJl IIBUAKOCTI pyXY;

B. BiJ pi3HHII TUCKY;

C. BiI TYCTUHU PIUHU;

D. Big mopcTkocTi TpyoO.

JliiA nepemillieHHsl PiAMH B TPYOONPOBOAAaX BUKOPUCTOBYHOTh:
A. Hacaaxu;

B. Hacocwu;

C. komrpecopu,

D. BeHTHISTOPH.

Ilepenanx THCKY KocATa€THCA (PyUIiiiHA CHJIA):
A. 3a paxyHOK HaJJIUIIKOBOT'O TUCKY

B. 3a paxyHOK po3piKeHHs (BaKyyMmy)

C. 3a paxXyHOK I'iIpOCTaTUYHOTO CTOBIIA P1IUHU
D. Bci Bianosiai BipHi

3. 3agayi 4151 CaMOCTIHHOTO PO3B’I3yBaHHS

1. BusHauntu cwiry THCKY T Ha JHO KOHIYHOTO pe3epByapy 3allOBHEHOTO
BOJIOIO, SIKIIIO HAa BEPXHIO YacTUHY pe3epByapa mie cuina G=2500H, m. Buxinni
JaHi: piBeHb BoaH B pesepByapi H=2,0 M; miameTtp BepxHboi yactuau d=400, mm;
niametp nHa D=1,2, M; remneparypa Boau, t=18, °C

2. Buznauntn Ha siky BucoTy H migHIMaeTbcs Boga B GapoMeTpHuuHii TpyoOi 1
akuil TUCK Pk Oyne B KoHAeHcaTOpi 3MilnryBaHHs. BuxigHi gaHi: mokas pTyTHOTO
BakyymeTpa h,=0,58 m; Temmeparypa Bogm t=20, °C; armocdepnmii THCcK 750
MM.PT.CT.; TYCTHHA PTYTi Prp=13600 Kkr/m>,

3. Bu3HaunuTu BUTpaATH IyKPOBOTO po3unHy (Q B TOpPH3OHTANBHIN TpyOl Ha
AKi BCTaHOBJIEHO BojmoMmip Bentypi. Buxigui mani: miametp tpyou di;=100, mm;
niameTp By3bKoi yactunu d=40, MM; moka3 nepmroro m’e3omerpa hy =1,2 m; mokas
1’ e30MeTpa y 3By keHomy Miciii hy=0,5, m

PexomengoBana Jjireparypa:
1. Mapruentok, O.C. IIpomecu i anapatd Xap4oBUX BUPOOHHMIITB | Mmiapyd. /

0O.C. Maprnentok, JI.M. Menpauk. K.: HYXT, 2011. 407 c.
2. Ilpouecu 1 anapatu XapyoBUX BUPOOHHUUTB : HaBY. mocid. / [Manexuk
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[.®., Iuranxos I1.C., HemupoBuu I1.M. ta iH.] : 3a pen. npod. [. ®. Manexuxa.
K.: HYXT, 2003. 400 c.

3. Ilpouecu 1 amapaTu XapuyoBHX BUPOOHULTB. KypcoBe MpOeKTyBaHHS :
HaBu. noci0. / [Manexuk [.®D., Mapuentok O.C., Menbnauk JI.M. Ta iH.] : 3a pen.
npod. 1.d. Manexuka. K.: HYXT, 2012. 543 c.

4. Tlpouecu 1 anmapaTu XapyoBUX BUPOOHHUITB. JIabopaTOpHUI MPAKTUKYM :
HaBu. noci6. / [Manexuk [.®., 3ap’suoB B.JI., 3otkina JI.B. Ta in.] : 3a pea. mpod.
[.d.Manexwuka. K.: HYXT, 2006. 224 ¢

5. [Ipouecu u anapatu xapuoBux BupoOHULTB: migpyunuk / O. I. Uepesko,
A. M. Ilonepeuynuii. XapkiB : Xapk. Aepxk. akajJ. TEXHOJ. Ta OPI. XapyyBaHHS.
2002. 420 c.

6. Ilpouecu 1 amapatu xap4yoBUX BHUPOOHHUTB. JlabopaTOpHU MPaKTUKYM:
HaBu. [locibnuk / O. I. YepeBko [Ta iH.]; Xapk. AepK. YH-T XapuyyBaHHS Ta
toprisii. X. : Ceit Kuur, 2013. 168 c.

Tema 10. IIpouec 3milyBaHHS.
®opMH KOHTPOJIIO: PO3B’sI3yBaHHsI 3a4a4.
3aBIaHHA 1JIA CAMOCTIHHOI podoTH:

1. OnpamroiiTe KOHCIEKT JCKIiiH Ta PEKOMEHIOBaHY JHTEepaTypy s
0OrOBOpPEHHS TCOPETUYHUX MMUTAHb TEMH HA MPAKTHYHOMY 3aHSTTI.

2. PO3B’sIKITH TECTOB1 3aBIaHHS.

Koedinient crynenst oqnnopignocti p (%) cymimi:

A. B=1-(a-b)

B. p=1+(a-b)

C. p=1-(athb)

D. B=1*(a-b)

Tuxoxigni mimaaku. Yacrora ix 00epTaHHA CTAHOBHUTH
A. 10 ... 60 xB-1

B. 20 ... 80 xB-1

C.30..90x8-1

D. 50 ... 100 xB-1

HIBuakoxiani mimanaku. Yacrora ix 00epTaHHsS CTAHOBUTD Bi/l
A. 50 mo 1000 xB-1

B. 100 go 1500 xB-1

C. 100 mo 3000 xB-1

D. 200 mo 3500 xB-1
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IIpu sixoMy croco0i nepemMilnyBaHHs 3aCTOCOBYEThCH 0apOoTakK?
A. [THeBMaTUuHUM.

D. HupkynsiiiHuii.

C. Cratuynuii.

D. MexaH14HMil.

SIKi mapameTpH XapaKkTepu3ylOTh IKICTh nepeMilyBaHHsA?
A. EbekTuBHICTh IEpEMIIIYBaHHS PUCTPOIB.

B. IHT€HCHBHICTH MEpEMIlTyBaHHS.

C. [IpoayKTUBHICTb NEpEMILTYBaTbHUX MPUCTPOIB.

D. ButpauyBaHa NOTYXHICTh Ha EPEMIIIIyBaHHS.

SIKi kpuTepii He OLIHIOIOTH AKICTH NepeMilllyBaHHS?
A. KoeditieHT KpaTHOCTI IEpeMilllyBaHHS.

B. KoeilieHT cTyneHst 0JJHOPITHOCTI.

C. KoeditieHT 0AHOPIHOCTI.

D. KoedimienT 3mimryBanss ¢as.

SIki MilTaJIKM BiTHOCATHCHA 10 THXOXiTHUX?
A. SxipHi.

B. I'BuHTOBI.

C. [IpomnenepHi.

D. TypOinHi.

SIKi MilIaJIKHM BiTHOCATHLCH 10 IIBUAKOXITHUX?
A. I'BUHTOBI.

B. Jlonaresi.

C. IIInekoB1.206

D. Ctpiukosi.

Slke kpurepiajibHe PIBHAHHS ONMMCYE PYX PiAMHU NPU MEXAHIYHOMY
nepeMimyBaHHi?

A. Eu = f(Re).
B. Eu = f(Fr).
C. Re = f(Fr).
D. Fr = f(Ar).

Slke (¢opmy/IIOBaHHSIT He MOXKHA BiIHEeCTH [0 MeTH Mpouecy
nepeMilryBaHHA?

A. TlepeminryBaHHS CyMillli 3 METOIO TTOPO3I1ICHHS KOMIIOHEHTIB, SIIi

3HAXO/STHCS B HiH.

B. PiBHOMIpHMIT pO3MOALT OKpEMUX KOMIIOHEHTIB Y BChOMY 00’ €Mi CyMIIIIi.

C. IaTercudikarris TETIOBUX 1 MACOOOMIHHHX TTPOIIECIB.

D. YTBOpeHHs cyMillli 3 OJHAKOBHUMH BIIACTHBOCTSAMH B OYIb-IKUH i1 TOYILI.
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OCHOBHI XapaKTepUCTHKHU NPOLeCy NepeMilllyBaHHS:
A. EQeKkTUBHICTb Ta IHTEHCUBHICTb MEPEMILITYBaHHS.

B. IIpoayKTHBHICTb 1 BUTpaY€HA MOTY>KHICTb.

C. KosoBa mBHIKICTh MIIIAJIKH.

D. TpuBaiicTs npouecy nepemMiiryBaHHS.

SAki kpurepii BXOJATh B y3arajJibHeHe PIBHSIHHA TiJAPOAUHAMIKM ISl
nepeMilryBaHH#A?

A. Kpurepiit Eiinepa Eu, kputepiit PeitHonbaca Re.

B. Kputepiii Apximena Ar, kputepiii ['anines Ga.

C. Kpurepiit Hyccenvra Nu, kpurepiit [lpanatnsa Pr.

D. Kpurepiit ®yp'e Fo, kpurepiit [likib Pe.

SIKi MpUCTPOI 32CTOCOBYIOTHCH ISl epeMilllyBaHHA TecTy?
A. [1IHeKoB1, CTPIYKOBI, CIHipaJIbHI

B. Typ6inHi, poTopHi

C. bapabanHi, nonaresi

D. IuckoBi, Je4yHKOBI

3. 3amaui 1t CaMOCTIHHOTO PO3B’SI3yBaHHS

1. Buznaunt HEOOX1AHHUM THCK MOBITPS Ta KOTO BUTPATH JJII THEMOTUYHO-
ro nepeminryBaHHs puAMHK MmiTbHOCTIO 1200 Kr/M3 B anaparti xiamerpom 1400 M,
SKIT0 BUCOTa cios pinunan 1,2 M, K=0,45, Tick 745 mMMm. pr. CT.

2. 3HalTH TIOTYXKHICTh, III0 BUTPAYAETHCS HA TIepeMilTyBaHHs, skio p=1015
kr/M 3 ; n=0,42 o0/c; dm =1,66 m; Ku =0,28.

3. 3HAlTH MOTYXHICTh, 110 BUTPAYAETHCA HA TEPTS, SKIIO MOTYXKHICTb, KA
BUTpavya€eThCs Ha miepeminnyBanHs ckiaagae 100 Br

4. 3HaTH pPO3pPaXyHKOBUH KPYTHHH MOMEHT, SKIIO TIOTYXKHICTb, SKa
BUTpPAYa€ThCSI Ha TNEepeMillyBaHHs, JopiBHIOE 336 BT, a koioBa MIBUAKICTH
obepranHs 2,6 paj/c

5. PospaxyBaTu moTyxHIiCTh TypOiHHOI Mimanku 0=300 mis mnepemimry-

BaHHs cycnensii p=1100 kr/m3. p=0,12 Tlac, K10 IBUAKICTb 00EPTAHHS MillIAIKH
7 ™m/c.

PexomennoBaHa JiTeparypa:

1. Mapruentok, O.C. Ipouecu i amapaTd Xap4oBUX BHPOOHUIITB : MiApyd. /
0O.C. Mapuentok, JI.M. Mensauk. K.: HYXT, 2011. 407 c.

2. llpomuecu 1 amapaTu Xap4oBUX BUPOOHHUIITB : HaB4. moci6. / [Manexuk
[.®., [uraakos I1.C., Hemuposuu I1.M. Ta in.] : 3a pen. mpod. I. ®. Manexuxka.
K.: HYXT, 2003. 400 c.

3. Ilpomecu 1 amapaté xap4oBuUx BHUPOOHUITB. KypcoBe mpoekTyBaHHSA :
HaB4. 1moci0. / [Manexuk [.®., Mapuenrok O.C., Menbsauk JI.M. Ta iH.] : 3a pen.
mpod. [.d. Manexwuka. K.: HYXT, 2012. 543 c.
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4. Ilpouecu 1 anapaTy Xap4oBUX BUPOOHULTB. JIaOOpaTOpHUI MPAKTUKYM :
HaBu. noci6. / [Manexuk [.®., 3ap’snoB B.JI., 3otkina JI.B. Ta in.] : 3a pen. npod.
[.d Manexwnka. K.: HYXT, 2006. 224 ¢

5. Ilpouecu n anapatu xap4yoBux BUpoOHMUTB: miapyuHuk / O. 1. Uepesko,
A. M. Ilonepeunuii. XapkiB : Xapk. AepXk. akaJ. TEXHOJI. Ta Opr. XapyyBaHHS.
2002. 420 c.

6. Ilpouecu 1 amapaTu XxapyoBUX BUPOOHULTB. JIabopaTOpHMI MPaKTUKYM:
HaBy. [locionuk / O. I. YepeBko [ra iH.]; Xapk. AepX. yH-T XapyyBaHHsS Ta
toprisii. X. : Ceit Kuaur, 2013. 168 c.

Tema 11. Po3aisieHHsI HEOTHOPIAHUX CHCTEM
@®opMH KOHTPOJIIO: pO3B’I3yBaHHS 3aa4.
3aBaaHHA IS CAMOCTIHHOL po0oTH:
1. OnpamroiiTe KOHCIEKT JEKIiiH Ta PEKOMEHIOBaHy JITepaTypy IS
O0OrOBOpPEHHSI TEOPETUYHUX MUTAHb TEMH HA MPAKTUYHOMY 3aHSTTI.

2. PO3B’sIKITh TECTOB1 3aBIaHHS.
DaKTOp PO3AIVIEHHSA:

Ag=2T
g
Be_a)z—r
g
Ce_a)2+r
D H—w—gr
T g

Macoga KijibKicTh ocBiT/IeHO1 piguHu Go OTPUMAaHHOI 3 cycHeH3ii :

A.Gy = G,(1 — i—:

B. Gy, = G.(1+ %
2

C.Go = Ge/(1 -3

D. G, = GC?(1+i—:

IIpoayKkTuBHIiCTH HeHTPUPYT NEePioANIHON il
A. G=2R’H-p. @

B. G=7R?H+p. @

C. G=7R?H/p.©

D. G=2R’Hp. @
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KoJioBa miBuaKicTh 00epTanHs 0apadaHy ueHTpudyru:
A. 20-30 m/c
B. 30-40 m/c
C. 40-50 m/c
D. 50-60 m/c

3arajibHUM TEPMIHOM «aepP030Jib» HA3UBAIOTh:
A. nn

B. tyman

C. num

D. Bci BinoBiai BipHi

3rigno 3akony Crtokca mpu 3HavYeHHi Re<l cumia omopy B’si3koro
cepeoBHILA Tijly, 0 PYXA€ThCA B HbOMY €:

A. Pn=37u~vd

B. Ph=37zu+vd

C. Pn=3muvd

D. Ph=3zulvd

Po3nisiennsi cymimi ApPiOHMX HEOJAHOPIAHMX TBEPAUX YACTHHOK, SIKe
3aCHOBAaHe HA Pi3Hi 3MOYYBaHOCTI iX BOA0IO:

A. nucnepcis

B. drnoramis

C. aeparis

D. Bci Bianosiai BipHi

DakTOp po3aiJIeHHS IBUAKOXiAHOI neHTpudyrm F:
A. F>1500
B. F>2500
C. F>3500
D. F>4500

Maca onHoro 3aBaHTa:xeHHs1 0apadaHy neHTpudyru:
A. G=nR?*+Hpo

B. G=nR?*Hp.p

C. G=nR?Hpp

D. G=nR?Hp.p

KoediuieHT NpOHUKHEHHS cepeI0BUIIA:
A. K=0,0004d?2
B. K=0,0005d2
C. K=0,0006d2
D. K=0,0007d2
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B npakTHYHHX Ppo3paxyHKax WMIBHJAKICTb ra3dy B BHTSKHIH TpyoOi
HMKJIOHY NPUIAMAEThCH:

A. 2-5mM/c

B. 3-6 m/c

C.4-8 m/c

D.5-9 m/c

KoJioBa IBHAKICTH ra3y B HHUKJIOHI:
A. 10-12 m/c
B. 12-14 m/c
C. 13-15 m/c
D. 15-20 m/c

Ha minnmpuemcTBax Xap4oBOi NPOMMCJIOBOCTI /151 OYMIIEHHS BEJIHMKHX
00’€MiB MOBITPS 3 BEJIMKOI KOHIEHTPALI€I0 NIy BUKOPUCTOBYHOTh B OCHOB-
HOMY IMHJIOBJIOBJIKOBAYI i3:

A. matepii

B. micka

C. Boou

D. nonimMepHux maTepiaioB

3. 3azaui 1t CaMOCTIHHOTO PO3B’SI3yBaHHS

1. BukoHaTH pO3paxyHOK MHMKIIOHA IS OYHINEHHS TBEPAUX YACTUHOK
BIJINPAIlbOBAHOTO TOBITPS TICHSA CYIIapKH, BUKOPUCTOBYIOUM TaKi BHUXIJIHI JIaHi:
POJYKTUBHICTh IMUKIOHA TI0 Trapsuomy moBiTpto L=25000 kr/roa; temmeparypa

: : . : . A
noBiTps t=75 °C; BIZHOUIEHHS T1PaBIIYHOTO OMOPY J0 T'YCTUHH MOBITPSI L = 640

Pr

KOHIICHTpAIlisl TBEPJAUX YAaCTHMHOK Yy BIANPAIlbOBAHOMY 1 OYHIIEHOMY IOBITPI
BianoBigHO, Xx; = 0,32 KI‘/M3,x2 = 0,07 xr/m% xomoBa IIBHJIKICTH IOBITPS B
IUKIIOHT W=12 M/C; MBHUAKICTH TMOBITPS y BXIAHOMY HaTpyoOky w; = 22 M/c;
IIBUIKICT TOBITPS Y BUBIAHIN TpyO1 w,=7,5 m/c.

2. Bu3HaYMTH TOTOAWHHY MPOAYKTHUBHICTH IEHTPU(YTrHd IO HACTYIHUM
JaHUM: HaWMeHIMI po3Mip YacTok 6MKM, MIIBHICTH YacTok p=1900kr/m° ,
temneparypa cycnensii 32°C. Xapakrepuctuku neHTpudyru: giamerp OapabaHy
850 mm; moBxuHa Oapabany 420 mwm; miametp 6opty 670 Mm; yacTora oOepTaHHS
1100 xB? . Iuxn pobotu nmeHTpudyru 1, = 22 XB., 3 HUX 1, = 20 XB. — mozjaya
CycIieHs3ii, tp = 2 XB. — pO3BaHTaXEHHS OCay.

3. Po3paxyBaru GapabanHuii BakyyM-(pinbTp nist GiabTpyBaHHS CyCIEH3II,
AKII0 BuTpara cycnensii GC =8 kr/c; BmicT TBepaoi ¢a3u B cycmnensii X1 =18 mac
%; ryctuHa TBepaoi dazu pT =1850 kr/m3; ToBmMHA mapy ocamy ho =15 mwm;
BMiCT QimbTpaTy B ocaai X2 =25 mac %; nmutomuii omnip ocamy roc =16 10-12 m-2;
omp ¢insTpyBanbHoi meperopoaku R=14 10-10 wm-1; ryctuna ¢imsTpary pd
=1030kr/m3 Ta #oro B’s3kicTh ud =6 10-4 Tlaec; B’s3KicTh (inbTpaTy Mg Yac
npomuBaHHs urp =4,5 10-4 Tlasc.
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4. Butpara BoAM Ha NMpOMHBaAHHSA ocaay cTaHoBUTh V=1,1 M3 Ha 1 M3
Bosiororo ocafny. Ilepeman TuckiB mpu (UIBTpYBaHHI Ta MNPOMUBII JOPIBHIOE
=0,7+105 Ila.

5. BUKOHaTu po3paxyHOK 1 HAaKpECIUTH CXEMYy LEHTPU(PYTrd MNepiogUYHOl
Jii. Maca BOJIHOI CYCIEeH31i, IKy 3aBaHTaXYIOTh B OapabaH m =350 kr; Temmepa-
Typa cycnensii t=35 °C; ryctuna cycnensii p.=1150 kr/mM3; KOHLIEHTpallis TBEPIOT
¢a3u B cycnensii x;=23 % wmac; BoJsoricTh ocanxy W=27 % mMac; BHYTpILLHIH
niametp O0apabana D=1100, mm; Bucota 6apadana H=450, MmM; yactora oGepTaHHs
6apabana n=960, 00/xB; TpuBaIiCTh nepiofy GuUIb-TpyBaHHs Ty=85 C.

PexomengoBana jireparypa:

1. Mapuentok, O.C. Ilpouecu 1 anapatd Xap4oBUX BUPOOHMIITB : miaApyd. /
0O.C. Mapuentok, JI.M. Mensnuk. K.: HYXT, 2011. 407 c.

2. Ilpouiecu 1 amapaTtu XapyoBUX BUPOOHUIITB : HaBY. Mocib. / [Manexux
[.®., Iurankos I1.C., HemupoBuu I1.M. Ta i1.] : 3a pen. mpod. [. . Manexuka.
K.: HYXT, 2003. 400 c.

3. Tlpouecu i amapatu Xap4oBuUX BHUPOOHHUITB. KypcoBe mpoeKkTyBaHHS :
HaBy. 110ci0. / [Manexuk [.®D., Mapuentok O.C., Menbauk JI.M. Ta iH.] : 3a pen.
npod. [.d. Manexuxka. K.: HYXT, 2012. 543 c.

4. Tlpouecu 1 amapaTu Xap4oBUX BUPOOHUIITB. JIabopaTOpHMIl MPAKTUKYM :
HaBy. noci0. / [Manexuk [.®., 3aB’amoB B.JI., 3otkina JI.B. Ta iH.] : 3a pea. npod.
[.d.Manexnka. K. HYXT, 2006. 224 ¢

5. IIpomecu u amapatu xap4yoBux BUPOOHUNTB: Tiapyunuk / O. 1. Yepesko,
A. M. Tlonepeunuii. XapkiB : XapK. JepK. akaJ. TEXHOJI. Ta OPI. Xap4dyBaHHS.
2002. 420 c.

6. IIporecu 1 amapaTu xap4yoBUX BHPOOHHUITB. JIabopaTOpHUN MPaKTUKYM:
HaBu. [locibnmk / O. I. YepeBko [Ta iH.]; Xapk. JepK. YH-T XapuyyBaHHS Ta
toprisii. X. : Cit Kuaur, 2013. 168 c.
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3MICTOBUM MOAYJIb 4. MEXAHIYHI ITPOIIECH

Tema 12. IloapiOHIOBAJIBLHO-Pi3aIbHE 0012 JHAHHS.
®opMH KOHTPOJIIO: PO3B’A3yBaHHS 3a]a4.

3aBIaHHA I CAMOCTIHHOI podoTH:

1. OmnpaioiiTe KOHCIEKT JEKUIH Ta pPEKOMEHAOBAaHY JITepaTypy s

O0OroBOpPEHHSI TEOPETUYHUX MUTAHb TEMH HA IPAKTUYHOMY 3aHATTI.
2. PO3B’sKITh TECTOBI 3aBAaHHS.
HaiipaxiuBima gerajb MeXaHi3My pi3aHHS BOBUYKA:
A. nuniHap
B. Hix
C. pemriTka
D. yepB’sx

IIpoaykTHBHICTH KyTepa 3aJ1e:KNTh:

A. B MICTKOCTI Hali Kytepa

B. BiJ cTyneHs 3aBaHTaKECHHS Yallll KyTepa
C. BiJl TPMBAJIOCTI IIUKITY pOoOOTH

D. Bix ycix nepenaiueHux

MamuHu A5 NOAPiOHEHHS1 M’SICOKMPOBOI CHMPOBUHHM HA
NpPaBWIbHOI popMu:

A. IITIUKOPI3KH

B. kyrepu

C. BOBUKH

D. xonoinHl MIIMHA

IL1omma KOHTAKTY Jie3a HOKA Ta PelIiTKM:
A. F=b(r; — r;)m
B. F=b(r; + r;)m
C. F=b(r; — rs)/m
D. F=b(r; + rz)/m

BoBukH npusHaveHi 1 NOAPiOHEeHHS:
A. UKIITYHOTO

B. nepioguunoro

C. 6e3nepepBHOTO

D. 3mimanor
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Oo6s1aHAHHS, 110 BUKOPUCTOBYIOTH /IJIsl IPUTOTYBaHHA (dapury:

A. 3minryBayi, MalivHU JIJ1s1 TOHKOT'O MOJPIOHEHHS, KOMOIHOBaHI MallluHU
B. 3mimryBaui, MaliMHu 111 TOHKOTO MOJpiOHEHHS, KOMOIHOBaHI MAIllMHHU,
KOMILJICKCH 00J1aJHaHHS

C. 3minryBayi, MallliHU JIJI1 TOHKOT'O MOJIPIOHEHHSI, KOMIUJIEKCH 00JIa{HAHHS
D. 3MmimryBaui, MalliiHY J11 TOHKOTO TOAP1OHEHHS

IoapioHoBaui m’sica 0yBalOTh:
C. poTOpHI, TUCKOBI, HOXKEBI

B. poTopHi, HOkeBi

C. IUCKOBI, HOXKEBI

D. poTopHi, TUCKOBI, JOMATEBI

Kyrep npusHavenuii ais:
A. nonpiOHeHHs pulu

B. noapiOHeHHs cupy

D. noapiOHeHHsa M’sca

C. noapiOHEeHHs

IIpoBoasaTh MoaApiOHEHHs M’sica 3a I0NMOMOI010:
A. cemaparopa

B. mpeca

C. uenrpudyru

D. xyTepa

Piskyuunii iIHCTPYMEHT, 10 BUKOPUCTOBYIOTH B KyTepax:
A. nesza
B. pixxyui macTuHu

C. dpesu
D. Hoxi

OCHOBHUI MOKA3HUK TEXHIYHOI XapaKTEePUCTUKHU KyTepa, 1e:
A. MicTKiCTb yarri

B. cran moBepxHi HOXa

C. mBuAKIiCTh 00€pTaHHS HOXIB

D. mBuakicth 00epTaHHA Yatri

3. 3agadi 7151 CaMOCTIMHOTO PO3B’I3yBaHHS

1. 3oBHimHIKA giameTp mHeka, D =0,098 M. miameTp Bairy mHeka, d =0,035
M. N - 9ucio oOepTiB mHEeKa 3a XBwiInHY, T =240 00/xB. KOHCTPpYKTHBHO NIHEK
BUKOHAHWM 31 3MIHHMM KPOKOM 3 INECTH BHUTKIB. BHU3HAUUTH NPOTYKTHBHICTH
BOBUKA.

2. Po3paxyiite 3yCHIUIs CUITU Pi3aHHSA, JIJIS IIyKEPKOBUX Mac, SKIINO MATOMUIN
omip pizanuro, 10 Ila, qiamerp Hoxka 150 MM. KiabkicTh HOXIB 2.

3. Ilpu pizanni nammu 31 mBUAKICTIO 1,5 M/XB. Ta omipy jie3aM HOXIB 110
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H/M? HeoOXiIHO po3paxyBaTH IIOTYKHICTh Ta 00OPOTH €IEKTPOABUIYHA.

4. Po3paxyBaTu NMPOAYKTUBHICTh OYpAKOPI3KU sIKA MPHU MBUIKOCTI Pi3aHHS
v=5M/c 3abe3neuyBana O ojepxaHHsS CTPYKkH ToBIMHOW h=0,004M, Maca
CTPY’XKKM B OJUHHII 06’eMy; p= 550 Kkr/m>, KOHCTPYKTMBHMI KoedimicHr K, =
0,98, ekcrutyatauiiinuii koediuieHT K,=0.9 Ta BU3HAYUTH OpIEHTINHI BUTpaTH
MOTYXHOCTI.

PexomengoBana jireparypa:

1. Mapuentok, O.C. Ilpouecu 1 anapatd Xap4oBUX BUPOOHMIITB : miaApyd. /
0O.C. Mapuentok, JI.M. Mensnuk. K.: HYXT, 2011. 407 c.

2. Ilpouiecu 1 amapaTtu XapyoBUX BUPOOHUITB : HaBY. Mocib. / [Manexux
[.®., Iurankos I1.C., HemupoBuu I1.M. Ta i1.] : 3a pen. mpod. [. . Manexuxka.
K.: HYXT, 2003. 400 c.

3. Ilpouecu 1 amapaTu Xap4yoBHX BUPOOHULTB. KypcoBe MpoeKkTyBaHHS :
HaBy. 11oci0. / [Manexuk [.dD., Mapuentok O.C., Menbauk JI.M. Ta iH.] : 3a pen.
npod. [.d. Manexuxka. K.: HYXT, 2012. 543 c.

4. Tlpotecu 1 amapaTu Xap4yoBUX BUPOOHUITB. JIabopaTOpHHI MPAKTUKYM :
HaBy. noci0. / [Manexuk [.®., 3aB’sanoB B.JI., 3otkina JI.B. Ta iH.] : 3a pexa. npod.
[.d.Manexnka. K. HYXT, 2006. 224 ¢

5. [lpouecu u anapatu xapuyoBux BUpoOHUITB: migpyuHuk / O. 1. Yepesko,
A. M. Tlonepeunuii. XapkiB : Xapk. JIepK. aKaJ. TEXHOJ. Ta OPr. XapyyBaHHS.
2002. 420 c.

6. IIporecu 1 amapaTu xap4yoBUX BHPOOHHUITB. JIabopaTOpHU MPaAKTUKYM:
HaBu. [locibnmk / O. I. YepeBko [Ta iH.]; Xapk. JAepK. YH-T XapuyyBaHHS Ta
topribm. X. : Ceit Kuwur, 2013. 168 c.

Tema 13. IIpouec copOmii.
dopmMH KOHTPOJIIO: PO3B’I3yBaHHS 3a7a4.
3aBjaHHs 11l CAMOCTIHHOI po0oTH:

1. OmpamoiTe KOHCIEKT JICKIIH Ta PEKOMEHJOBaHy JITepaTtypy s
O0OTrOBOpPEHHS TEOPETHUYHUX IMUTAHb TEMH HA MMPAKTHYHOMY 3aHSTTI.

2. P0o3B’sDKITH TECTOBI 3aBIaHHS.

OcHoBHe piBHSIHHA Macomnepeaayi npu adcopouii:

A. M=KFACrt

B. M=KF-ACrt

C. M=KF+ACt

D. M=KF/ACt

AOcopOuis nporikae:

A. Ha TIOBEpXHI pO3aLTYy das.
B. B rimubuHi

C. HaJ1 MOBEPXHEIO

D. ckpi3b
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Po3unHHiCT, ra3y 3a [JaHOI TeMIeparypu IpsMO IPONoOpUiiHA
NapuiajbHOMY THCKY ra3y HaJ piIMHOIO:

A. 3akoH ['enpi

B. 3akon Mona

C. 3akon Knaiinepona

D. 3akon Payns

Burpartu piakoro copoeHry:

AL = G(Yn—Yx)
(xx—xn)

B. L = G (YntYx)
(xK_xn)

_ GYn—¥x)
C.L= (xx+xn)
D. [ = Oty
(xx+xn)

Jlinin ¢a3oBoi piBHOBarm A iJeaJbHMX PO3YMHIB ONHUCYETHCH
PIBHSIHHAM:

A. y=ApX

B. y=Apx+c

C. y=Apx-c

D. y=ApX

KoedinieHT 3M04€HOCTi 3HAXOIUTHCHA B MeKaxX Bil:
A.0100,1
B. 0 10 0,3
C.0m00,5
D.0xo 1,0

Kpurepiii Ilpanaras (MacooOMiHHMIA) MUl piTUHM:

u

A.Pr, =—F
Pp—Dp

Hp
pp+Dp

Hp

C.[Hb = ——

PpDp

Hp
Pp/Dp

B. Prp =

D. Prp =

3akon Payns:

A. P, =P%(1—x)
B. P,s = PS5 (1 + x)
C. Py = P%(1 —x)
D. P = Pps/(1 = x)
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JecopOuiro raza npoBoAsTh:

A. BIITOHOM HOTr0 B CTPyMEHI IHEPTHOTO ras3a
B. nmuisxom migBoza temia 0 abcopOeHTy

C. nuIsIXoM 3HM)KEHHS TUCKY HaJ abcopOeHTy
D.Bci BiNoOBiAl BIpHI

AKTHBHICTDH aICOPOEHTY:
A. a=G/g,

B. a=Gga

C. a=G-0a

D. a=G+ga

3. 3ajaui Jy1si CaMOCTIHHOTO PO3B’SI3yBaHHS

1. BuzHauuTH onip KepamMiyHOi KUTbIEBOT HacaakH, KO 1 BucounHa H=10
M, LIibHICTH 3pomenHs U= 6m3 /M2 -Toa., Mmacosa mBuakicTs rasy W=3kr/m? -c.
Kinbug ckiageHi npaBuiIbHUMU pasiaMi 1 MatoTh po3mip S0x50x5 mm. HlinpHICT
rasy p=1,32kr/m® ; B*a3kicth razy pu=0,23-10“Ia-c .

2. Po3paxyBaTtu HacaakoBuii abcopOep miis noriauHaHHs razy SO2 BOIOO 3
TIOBITPSI TIPH 3aJaHiil Temmeparypi mpoiecy. MacoBa BUTpaTa MOBITPS CTAHOBUTH
Gw,=0,64 kr/c, mouarkoBa koHueHTpauiss SOz B noBitpi y, =12%, kiHueBa Yy
=0,25%. ITouyaTkoBa konueHTpariss SO, y Boail craHoBUTh X, =0,025%, kiHIIEBa X[
=0,62%. Ilpouec BimOyBacThcs B yMOBax IIPOTHTOKY npu Temmeparypi t=20°Ci
aTMOC(EPHOMY THCKY.

3. BuznauuTu omip mapy 06e3mopsIKkoBo 3acUIaHol B abcopOep HaCaaKu TIPU
minsHocTi 3pomenHs U =6,4m3/M? - rof1., MacoBoi mBHAKOCTI razsy W =1,63kr/m?
.c, BUcounHi mapy Hacagku H =8,6m. IlineHicTs rasy p =1,2 kr/m3, B sa3kicTh rasy
n =0,23*10"Ila-c, nmurtoma moBepxHs Hacagku fy; =145 m?/M°, BinbHUI 00‘e€M
Hacaakw, V, =0,78 mM3/M°,

PexomengoBana jireparypa:

1. Mapuentok, O.C. IIpouecu i anapatv xapuoBUX BUPOOHUIITB : MiApyY. /
0O.C. Mapuentok, JI.M. Mensnuk. K.: HYXT, 2011. 407 c.

2. Ilpouecu 1 amapaTu Xap4oBHX BHPOOHMIITB : HaB4Y. MOCi0. / [Mamexuk
[.®., [urankos I1.C., HemupoBuu I1.M. ta in.] : 3a pen. npod. I. ®. Manexuxa.
K.: HYXT, 2003. 400 c.

3. Tlpomecu 1 amapaTu Xap4yoBuX BUPOOHHUITB. KypcoBe MpOEKTyBaHHS :
HaB4. 1moci0. / [Manexuk [.®d., Mapuentok O.C., Menpauk JI.M. Ta iH.] : 3a pen.
mpod. 1.d. Manexwuxka. K.: HYXT, 2012. 543 c.

4. TIpomiecu 1 amapaTu Xap4oBuX BUPOOHUITB. JlabopaTopHUN MPAKTUKYM :
Hap4. noci6. / [Manexwuk [.®., 3ap’sutoB B.JI., 3otkina JI.B. Ta in.] : 3a pexa. mpod.
[.® .Manexwuka. K. HYXT, 2006. 224 ¢

5. Ilpouiecu m anmapatu xap4oBux BUpoOHUITB: miapydnuk / O. 1. Yepesko,
A. M. Tlonepeunuii. XapkiB : XapK. Jepx. akajJ. TEXHOJ. Ta OPr. XapuyyBaHHS.
2002. 420 c.

6. Ilpouecu 1 anapatu xap4oBUX BUPOOHUUTB. JlabopaTopHMIl MPAKTUKYM:
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HaBu. [locionuk / O. I. YepeBko [Ta 1H.]; Xapk. AepK. YH-T XapuyBaHHS Ta
topriii. X. : Ceit Kuaur, 2013. 168 c.

Tema 14. ExkcTpakuis.
@®opMH KOHTPOJII0: PO3B’SI3yBaHHS 3a/]1a4.
3aBaaHHA IS CAMOCTIHHOL po0oTH:

1. OmnpaitoiiTe KOHCHEKT JEKIi Ta pPEKOMEHJOBaHy JITEpaTypy s
O0OrOBOpPEHHSI TEOPETUYHUX MUTAHb TEMH HAa MPAKTUYHOMY 3aHSTTI.

2. PO3B’SKITH TECTOBI 3aBAaHHSL.

Axuii Hall0iIb1IE MOIIMPEHUI OTPUMAB CIOCI0O eKCTPAryBaHHA y
Xap4o0Biil MPOMMCJIOBOCTI:

A. besniepepBHMII MPOTUTECUIHHUI

B. nepuonnunuii npoTuTeUinHUN

C. Oe3nepepBHUI CTATUN

D. nepuonuunuii cranuii

HIBuakicts ExcTpakuii BU3BHAYAETHCA:

A. pyuIiiHOIO CHIJIOIO MPOIIECY

B. cymapauM onopom Ha BCiX CTaaisx

C. criBBIIHOIIIEHHSIM MacH €KCTpareHTa i piinHN y TBepIii ¢asi
D. Bci Bianosiai BipHi

Butpatu ekcTpareHTa 1Jisi IpOBeJeHHS MPOIECY eKCTPAKIIIi:
A. G=L(XXu)/ (Yi-Yn)
B. G=L(Xu+X)/(Y«-Yn)
C. G=L(Xu%i)(Yx+Yn)
D. G=L(XutX)(YitYu)

3a arperaTHUM CTaHOM PO3PI3HAIOTH €KCTPATYBAHHS B CHCTEMi:
A. TBepe TiI0- TBEPJE TLIO

B. tBepae Tino - piquHa

C. piguna - piguHa

D.Bipai BiC

Koedinient po3noainy ekcrpakumii:
A. D=y’/X"
B. D=y"-x"
C. D=y"+x"
D. D=y"-Xx"
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B excrpkuiiiHii cucTeMi IPaHMYHO NPUIYCTHMHUH BMICT HiTbOBOIO
KOMIIOHEHTA B eKCTpaTi i paginani:

A. (ha3oBa HaCMYEHICTD

B. da3oBa piBHOBara

C. gazoBa noMmiHaHTa

D. Hemae BipHOi1 BiANOBI1

/I nmpoBedeHHsl NMpoOLeCYy eKCTparyBaHHsA B cucreMmi 'TBepae TLlo -
piauHa" - 3aCTOCOBYIOTH TaKMH C1IOCO0 B3aeMoii ¢a3:

A. KOHTaKT y 3aMKHEHOMY 00’ eMi

B. dinpTpyBaHHs piIMHU yepes3 map MOPUCTUX YACTHHOK (TIEPKOJISIIIS)

C. mpotureyiiiHa B3a€EMO/Iis1 TBEPAUX YACTUHOK 3 PIAMHOIO

D. Bci Bianosiai BipHi

IIBuakicTh aucnepcHoi ¢a3um Ha CTPYMEHEBOMY pe:KHMI B OTBOpax
ciTYACTHX TapPiJIOK CKJIANAE:!

A. 0,1-0,2 m/c

B. 0,15-0,3 m/c

C.0,2-0,4 m/c

D. 0,3-0,5 m/c

Yac noBHOT0 PO3YMHEHHS] YACTHUHKH T 00UHMCJIIOETHCA 32 GOpMYJI010:
d
a(c*—c)+Bc
doPm
a(c*=c)=Pc¢
doPm
a(c*=c)Be
dopPm

a(c*—=c)/Bc

B.T

C.t=

D.T

Temneparypa kuminnsa Oinbmocti edipHix oJaiii  apoMaTHYHHX
KOPiHWIB:

A. 110-130° C

B. 120-140° C

C. 130-150° C

D. 140-160° C

3. 3agadi Jj1s CaMOCTIMHOTO PO3B’SI3yBaHHS

1. Po3paxyBatu 06’€M €KCTpaKTOpa, SKIIO KITbKICTh OTPUMAHOI MyJIBITN TIPH
excTpakiii ¢pochaTHOT KUCIOTH 3 allaTUTOBOTO KOHIIEHTpaTy ckiagae 385,8 T/rox;
WinbHicTh mynenu p=1580 kr\m3, a yac nepeGyBaHHS MyIbIH B €KCTPAK-TOPaxX
JOPIBHIOE 6 TO/I.

2. KoncranTa po3noairy Hoay MixK BOJOKO 1 eTitoBuM criuptoM mipu 20 © C
nopiBaroe 0,00435. CkibKu TpaMiB MOy 3IMIIATHCS B Y€TUPHOX JIITPaxX BOTHOTO
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po3unHy (C = 1,3 r / ;1) miciisg ABOKPATHOI €KCTpakLli €TUIOBUM CHUPTOM, SIKILO
BChOro BuTpaueHo 600 mu cnupty?

3. BusHauutu giamerp Oe3mepepBHO JIFOYOTO HACAJIKOBOIO E€KC-TpakTopa
JUIS. BUJIYYEHHSI OLTOBOI KHUCJIOTH 3 O€H30iy Bojolo (aucmepcHa ¢asza — Boja,
cyuinsHa (asza — 6enson). [IlpogykrusHicTs ekctpakTopaV=18 m%/rox. ben-3oiy,
II0YaTKOBa KOHIIEHTpAI[s OLTOBOiI KUCIOTH y OeHsomi x'=120 kr/m3® xiHunesa
xoHHeHTpanis x"=1,55 kr/m®. KoHleHTpawis onToBOi KUCIOTH Ha BHXOJl B €KC-
TpareHTi (Boi) Ha BUXoi 3 KonoHu y"=260 xr/m>. Temnepatypa t=21°C.

PexomengoBana jireparypa:

1. Mapuentok, O.C. Ilpouecu 1 anapatd Xap4oBUX BUPOOHMIITB : miaApyd. /
0O.C. Mapuentok, JI.M. Mensnuk. K.: HYXT, 2011. 407 c.

2. Tlpouiecu 1 amapatu XapyoBUX BUPOOHUIITB : HaBY. Mocid. / [Manexux
[.®., Iurankos I1.C., HemupoBuu I1.M. ta i1.] : 3a pen. npod. I. . Manexuxka.
K.: HYXT, 2003. 400 c.

3. Ilpouecu 1 amapaTu Xap4yoBHX BUPOOHULTB. KypcoBe MpoekTyBaHHS :
HaBy. 110ci0. / [Manexuk [.®D., Mapuentok O.C., Menbauk JI.M. Ta iH.] : 3a pen.
npod. [.d. Manexuxka. K.: HYXT, 2012. 543 c.

4. TIpotecu 1 amapaTu Xap4yoBUX BUPOOHUITB. JIaGopaTOpHUN MPAKTUKYM :
HaBy. noci0. / [Manexuk [.®., 3aB’anoB B.JI., 3otkina JI.B. Ta iH.] : 3a pexa. npod.
[.d.Manexnka. K. HYXT, 2006. 224 ¢

5. [lpouecu u anapatu xapuyoBux BUpoOHUITB: migpyuHuk / O. 1. Yepesko,
A. M. Tlonepeunuii. XapkiB : Xapk. JepXK. akaJ. TEXHOJ. Ta OPr. XapuyBaHHS.
2002. 420 c.

6. IIporecu 1 amapaTu xap4yoBUX BHPOOHHUITB. JIabopaTOpHUN MPaKTUKYM:
HaBu. [locibnmk / O. I. YepeBko [Ta iH.]; Xapk. JAepX. YH-T XapuyyBaHHS Ta
topribm. X. : Ceit Kuwur, 2013. 168 c.

Tema 15. Bioximiuni npouecn.

®opMH KOHTPOJIIO: pO3B’SI3yBaHHS 3aa4.

3aBjaHHA 11 CAMOCTIHHOI po0oTH:

1. OmparfoiiTe KOHCIEKT JEKII Ta PEKOMEHIIOBaHy JITepaTtypy s
O0OTOBOPEHHS TECOPETUYHUX MUTAHh TEMH HA MPAKTHYHOMY 3aHSTTI.

2. Po3B’spKITH TECTOBI 3aBAaHHS.

3ajiesKHicTh IIBUAKOCTI POCTY KYJIbTYPH HA3MBAETHCS PIBHSIIHHAM

A. Manptyca

B. Mono

C. Ilactepa
D. lepycanimcrkoro
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Konuenrpauus diomacu:
Xy +X,

A X = —
Xn+(X}<_Xn)e i
B.X = ——n%e
Xn+(X}<_Xn)e i
XXk
C. X N Xn+(XK_Xn)e_”T
D. X = — /X

T X (X=X )e kT

IIBuakocTi (pepMEHTATHBHHUX PpeakUiil 3ajekaThb Bil KOHIEHTPAaIil
cyOcTpaTa-peareHTy, TO MIBHAKICTh 30iJIbIIEHHsS 0ioMacH B 4Yaci 3a-J1€XKUTh
Bix:

A. KOHIIEHTpAIIil cyOcTparty

B. koH1IeHTpalii po3UMHHIKA

C. KOHLEHTpaIlil piAUHU

D. Bci Bianosiai BipHi

ChniBBiZHOIIEHHSI MK MacoK0 cyO0cTparTy, 0 CIOKWIACH I KUJIBKOCTIO
Oiomacu X, 110 yYTBOPOIOTHCH 3 HOI0 cy0cTpary, -

A a:SO_S
) X
B a=S°+S
) X
) X
D 0(=S°/S
' X

O06’eM (pepmeHTEPiB:

AV = (t+T N
’ K1 K3 K3X,
BV = (T—1 )N
’ K1 K2 K3Xy
_ (Tt )N
€V =Ky,
Dy = H/wWN
' K1 K2 K3Xy

IIuToMa MIBUAKICTH POCTY 3aJ1€:KUTH Bif:
A. KOHIIEHTpAIIi1 TIMITYIO40ro CyocTpaTy
B. remmepatypu cyberpaty

C. tucky cybcrpaty

D. Bci Biamosiai BipHi
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YMoBa ekcTpeMaJIbHOI po0OTH (pepMeHTOpA:
A. TIOTOYHA KOHIIEHTpallis OiloMacu TOBHHA CTAaHOBUTU IMOJOBUHY BIJl
TCOPETHYHO MOXKIINBOT (X=X/2)
B. 6iomaca noBuHa OyTH XOJIO0IHOIO
C. 61omaca oBHHA TETLIO0
D. motoyHa KOHUEHTpaliss 0loMacu TOBHMHA CTAaHOBUTH MaKCHUMAaJIbHOIO
(X:XMaX)

Axy ysBy npo npouec gae moaen PJIK:
A. TOUHY

B. cnpomieny

C. BinHOCHY

D. Hemae BipHO1 BiAMOBII

I'osioBHa ymoBa Oe3dnmepepBHOr0 KyJbTHBYBAaHHfI B PaMKax MoJeJi

PJIK:
AX=Xk—%D
B X=Xk+%D
C X=Xk—%+D

D..X=Xk+%_D

3. 3amaui 1l CaMOCTIHHOTO PO3B’SI3yBaHHS

1. IIpone kynbTuBYBaHHs Bianosigae moaeni PJIK, X, 1 XBianmosigHo 0,01 1
75 xr/m3, nutoma mBuaKicTs pocty 0,2 roxt. CKilbKky ToAMH NOTPiIOHO JUIs 3aBep-
HIeHHs npouecy Ha 98%?

2. 1o peakTopa, 1110 IpaIfO€ B eKCTPEMaJbHUX YMOBAaX, MOCIIIOBHO IPH-
€THAJIM 111€ OJIMH, EMHICTh KOTPOT'O B JIBO€ OLIbIlE. 3HAWNTH KOHIICHTpaIlil0 0ioMa-
cu Ha BUXxoAl y % Bim X

3. Ckinpku yacy MmoTpiOHO JJIsl KyJIbTHBaHHS OioMacH, 100 3ayumutu 10
mac. % KP y depmenTepi sik 3akBacky uis mipoiiecy pepMenraiiii 00’eMHO-A0TUB-
HuM MeTooM. X =7 kr/M°, u = 0,1 rog?, cTynine konsepcii-90 %

4. Po3paxyBatu €MHICTh Il O€3MEepepBHOTO KYJIbTUBYBAaHHS 3a TaKHX
YMOB: MaKCHMMaJbHO IHTOMa IBUAKicTh pocta 0,7 rox . So, Si1, Ks, K1 BiamosigHo
12; 5;13;75 xr/m3, N=1000 ton/pix, n=330 ni6/pix, K1, K2, K3, o BiamnosigHO
0,75; 1; 0,6; 1,8. YMOBH KyJIbTHBaHHS €KCTPEMaJIbHI.

PexomennoBaHa JiTepartypa:
1. Mapmuentok, O.C. Ilpomecu i amapatu xapuoBUX BUPOOHUIITB : MiApyY. /
O.C. Mapuentok, JI.M. Mensauk. K.: HYXT, 2011. 407 c.
2. Ipomecu i amapaTu Xap4oBHX BHPOOHWIITB : HaBY. MOCi0. / [Mamnexuk
[.®., [uraakos I1.C., Hemuposuu I1.M. ta in.] : 3a pen. npod. I. ®. Manexuxa.
K.: HYXT, 2003. 400 c.
3. Ilpouecu 1 amapatu xap4oBux BUPOOHHMITB. KypcoBe HpOEKTYyBaHHS :

103



HaBu. noci0. / [Manexuk [.D., Mapuentok O.C., Menbauk JI.LM. Ta iH.] : 3a pen.
npod. I.d. Manexuxka. K.: HYXT, 2012. 543 c.

4. Tlpouecu 1 amapaTu XapyoBUX BUPOOHULTB. JIabopaTOpHUN MPAKTUKYM :
Hapu. noci6. / [Manexuk [.®., 3ap’suoB B.JI., 3otkina JI.B. Ta in.] : 3a pea. mpod.
[.d . Manexuka. K. HYXT, 2006. 224 ¢

5. IIpouecu n anapatu xapuyoBuUx BUpoOHULTB: migpyuHuk / O. 1. Yepesko,
A. M. Ilonepeunuii. XapkiB : Xapk. JIepxK. akaj. TEXHOJ. Ta OpPr. Xap4dyBaHHS.
2002. 420 c.

6. Ilporuecu 1 amapaTu xap4yoBUX BHUPOOHHUTB. JIabopaTOpHUN MPaKTUKYM:
HaBu. [locionuk / O. I. YepeBko [Ta 1H.]; Xapk. AepK. YH-T XapuyBaHHS Ta
toprisii. X. : Ceit Kuaur, 2013. 168 c.
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Cnmncoxk BUKOPUCTAHOI JIiTepaTypu:

1. Mapuentok, O.C. IIpouecu 1 anapatv Xxap4oBUX BUPOOHMIITB : miapyd. /
O.C. Mapuentok, JI.M. Mensnuk. K.: HYXT, 2011. 407 c.

2. Tlpouecu 1 amapaTd XapyoBUX BUPOOHUUTB : HaBY. moci0. / [Manexuk
[.®., Iurankos I1.C., HemupoBuu I1.M. ta iu.] : 3a pen. npod. I. . Manexuxka.
K.: HYXT, 2003. 400 c.

3. Ilpouecu 1 amapaTu Xap4yoBHX BUPOOHULTB. KypcoBe MpoeKkTyBaHHS :
HaBy. noci0. / [Manexuk [.®., Mapuentok O.C., Menbauk JI.M. Ta iH.] : 3a pen.
npod. 1.d. Manexuka. K.: HYXT, 2012. 543 c.

4. Tlpouecu 1 anmapaTu Xap4yoBUX BUPOOHULTB. JIabopaTOpHUN MPAKTUKYM :
HaBu. noci6. / [Manexuk [.®., 3ap’suoB B.JI., 3otkina JI.B. Ta iH.] : 3a pea. mpod.
[.d.Manexwnka. K. HYXT, 2006. 224 ¢

5. Ilpouecu u anapatu xapuyoBuUx BUpoOHULTB: migpyuHuk / O. 1. Yepesko,
A. M. Ilonepeunuii. XapkiB : Xapk. JepxK. akaj. TEXHOJ. Ta Opr. Xap4yyBaHHS.
2002. 420 c.

6. Ilporecu 1 amapaTu xapuyoBUX BHUPOOHHUTB. JIabopaTOpHU MPaKTUKYM:
HaBu. [locibnuk / O. I. YepeBko [Ta 1H.]; Xapk. JAepX. YH-T XapuyyBaHHS Ta
toprisii. X. : Ceit Kuaur, 2013. 168 c.
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