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Beryn

KpeautHo-MonynpHa cucTeMa HaBYaHHS —mependadae 000B’SI3KOBY
IHIUBIIyallbHy poO0OTy cTyAeHTiB. Tak sk  MamuHOOYJIBHA TiJIpaBllika €
MPUKJIATHOIO 1HKEHEPHOIO HAYKOIO, TO CTYJIEHTaM MOTPiOHO OMaHyBaTH METOAMKY
TAPaBIIYHUX PO3PAXYHKIB. A I1€ MOXIIHMBO TUIBKH MPH YMOBI CHCTEMATHYHOTO
BUPIIIEHHS KOHKPETHMX TIAPaBIIYHUX 3aj1ad. HaBuajgbHUM IIJJaHOM  HE
nependadyeHo MPaKTUYHUX 3aHATh, TOMY CaM€ B 1HAMBIAyalbHy pOOOTY CTYICHTIB
1 BKJIFOUEHI PI3HOMAHITHI 3aJa4il MO YyCIM TOJIOBHUM pO3JijIaM MAaIIMHOOYiBHOL
riipaBiiky. [HAUBITyallbHI 3aBJAHHS JJI 1HIUBIIyalbHOI pOOOTH CKIIAIAlOThCS 3
3aJlay 0 ChbOMa  OCHOBHHUM TeMaM, a came: (DI3UYHUM BJIACTUBOCTSAM DIAMH,
rigpoctaTuili, piBHsAHHIO J[. BepHysm, rigpaBiidyHUM pO3paxyHKaM HaipHUX
TpyOONPOBOiB, BUTIKAHHIO PIIMHU Ye€pe3 OTBOPH 1 HACAIKH, T1IpaBIIYHOMY yAapy,
rigjpoMamiHaM 1 rigponpuBoay. KuUIbBKICT 3amady  Jjigd  KOXKHOTO — CTyAEHTa
BU3HAYAETHCS BHUKJIAJa4eM , a TEPMIH BUKOHAHHS  3aJIeXUTh BiJl Tpadiky
HABYAJIILHOTO TMpOIleCy 3a KOXKHY BHUPINIEHY 3a7ady CTYIEHT OJIEpPKyE NEBHY
KUIBKICTh OajiB, AKi 3apaxOBYIOTHCA JI0 3arajibHOI KUIBKOCTI OalliB BiJMOBIITHO O
KO>KHOT'O 3MICTOBHOTO MOAYJIsI TUCHMILIIH
,» L'1IpaBIIika 1 riiponHeBMoaBToMatuka”, “I'iapasiika 1 riiponHEBMOIPUBOIN
TepmiHu BUKOHAHHS 1HAMBITYaJIbHUX 3aBJIaHb OOYMOBJICHI rpad)ikoM HAaBYAIBHOTO

npoIiecy.



1.3araabHi MeTOAMYHI BKa3IBKH 10 iHAUBIAyaJIbHOI pO00TH

ITepen po3B’si3aHHSAM 3a/1a4i MOTPIOHO BUBYMTH TEOPETUYHUM MaTepiall 3TiTHO
3aJaHOl TeMH 1HAUBIIyalbHOT poOoTh. [|/ia 1bOro moTpiOHO HE TIABKU 3PO3YyMITH
OCHOBHI IOJIOKEHHSI TEOpli, ajle caMOCTIMHO JOBECTH BCl il OCHOBHI IOJIOKCHHS
.OcobnuBy yBary 3BepHYTM Ha  MNPUKIAAHI TUTaHHS Teopii, KOTpl OyIyTh
noTpiOHI mpu po3B’si3aHH] 3amad. CaMOCTIHHI JOKa3W 1 BUCHOBKH € TapHUM
TPEHYBaHHSM 1 IEPIIUM KPOKOM JI0 CAMOCTIMHOIO PO3B’SI3aHHS 3a/a4.

Oco0nMMBO BaXJIMBO MPOBECTU TMOPIBHSUIBHUNA aHali3  PI3HUX METOJUK
po3B’s3aHHsl 200 pi3HUX (GOPMYJ, KOTPl BUKOPUCTOBYIOTHCS JUIsl BU3HAUCHHS
JIESIKO1 BEJIMYMHU, 1 4ITKO BU3HAYUTH 00JIaCTh 1X 3aCTOCYBaHHS.

VYci po3paxyHkoBl (opMysd , KOTpl 3YyCTpiHaJIMCh IpPU BUBYEHHI TEOPIi,
NOTPIOHO 3aMyCcaTy B 30IIUT JJISl 1HIUBITyaIbHOI POOOTH.

Came Taka MiAroTOBKA /0 1HIMBIAYyadbHOI pOOOTH JT03BOJISIE CUCTEMATU3YBATH
Marepiall , BUSBUTHU 3B SI30K MK PI3HUMH BEJIUYMHAMHU 1 JTIO3BOJISE TOJETIIUTH
PO3pOOKY aIropuTMy PIIICHHS 3a/1a4i.

[Ipu onmanyBaHHI HOBOT'O MaTepially TaK0X HEOOX1HO 3alMCyBaTH yC1 IUTAHHS,
KOTp1 3aJUIIMINCh He3po3yMutuMu. [locTaHOBKa 1 3amuc MHUTAaHb JOMOMAarae
PO3BUTKY MHUCJCHHS 1 ()OpMYyBaHHIO HABHYOK TPAMOTHOTO BHUCIIOBJICHHSI CBOIX

JTYMOK.

2.3arajbHi pekoMeHalil 10 Po3B’SI3aHHIO IiIPABJIYHUX 32124

[Ipu po3B’si3aHHl Oynb-IKO1 TIAPABIIYHOI 3a7a4l MOXKHA BUIIJIUTH HACTYMHI
OCHOBHI €TaIu:

— PO3yMIHHS 33ja4i;

— PO3B’sI3aHHS 3aJ1aul B 3araJIbHOMY BUTJISII;

— OJIEp’KaHHS YUCJIOBOTO PE3yiIbTaTy;

— aHaJji3 pilleHHs.



[IpounTaBim 3aga4y , HEOOX1AHO i 3pO3yMITH , TOOTO IIpoaHaiizyBaTH. JJisg 1boro
MOTPiOHO:

— 300pa3uTH TiJIpaBliyHy cXxemy abo MPHUCTPiH, KU MOTPIOHO OOYMCIUTH.
Sxmo cxema 3amaHa, TO 1i MOTPIOHO HAKPECIWTH, MO3HAYMBIIU YC1 MapameTpH,
KOTp1 BXO/SITh B YMOBY 3aj1a4i;

— posiOpaTtucs y NMpu3HA4YCHHI 1 B3a€MO/I1T yCIX €JIEMEHTIB HAKPEeCICHO1 CXEMU;

— JaTW BU3HAYEHHS yCiX BEJIMYMH , 110 BXOASATh B YMOBHU 33jadi 1 B MEpIILy
4yepry Ti€l BeIMYMHU, KOTPY MOTPIOHO 3HANTH;

— SKIINO Y BKa3aHI BU3HAYEHHS BXOJSNTh HOBI BEJIMYMHHU, KOTPI HE 3aJaHl B
YMOBI 3a/iadi, iX MOTPIOHO Mo3HA4uTU Ha cxemi. KoxkHili HOBIM BeIWYMHI AaTH
BU3HAYCHHS;

— Ui UbOrO0 TMOTPIOHO YCTAHOBUTH, SKUM TEOPETHUYHUM 3aKOHaMm ado
npaBuiaM MIJKOPIOIOTHCS BEJIMYMHHU, KOTpl PO3MVIAHYTHM B aHami3l 3agadi. [lpu
[[bOMY BEJIMKY JIOMOMOTY MOXE HaJaTu nepeiik ¢Gopmys, KoTpi Oy 3amucaHi B
30IIUT MPU CAMOCTIHHOMY ONaHyBaHHI TEOPETUYHOTO MaTepialy;

— BUKOPUCTOBYIOYM BKa3aHI BU3HAYECHHS 1 3aKOHHM, KOPHCHO 3aIlMCaTh pij
BEJIMYMH, MTOYMHAIOYM 3 HEBIJOMOI 1 3aKIHUYIOUM 3aJaHUMU. MK HUMH TTOBUHHI
OyTH B JIOTIYHIN MOCIIZOBHOCTI PO3TAIllOBaH1 YCi BEJIMYMHU, KOTP1 3a0€3MeUyIoTh
JIOT1YHMM MepexiJi BiJ HEBIOMUX K 3aJJaHUM BEJIMUMHAM;

— 3aKiHYYIOYM aHadi3 3ajadyl , HEOOXIJHO BUSBUTA B HIM TI YW 1HIII
0OMEXXEHHS, KOTP1 MpeJ1 ABISAIOTHCS K IO BEIWYHWH, 10 3aJlaHl B TEKCTI , TaK 10
HOBUX BEJMYMH, IO OJEpXKaHl MpHU TomnepeaHboMy  aHamizl 3agavi. KoxHi
OOMEXEHHS TOTPIOHO 3amucaTH Y BUIJIAAI BIAMOBITHOTO MAaTEMATHYHOTO
CITIBBITHOIIICHHS;

— 3aKIHYMBLIM aHAJI3 3a]adi, NEePEeX0IiTh A0 MOLIYKY alrOpUTMy PO3B’sI3aHHSA
3amaui. lle#i moOmIyK 3BOAWUTBCS O CKJIQJAaHHS JIAHIIOTA PO3PAXyHKOBUX
CIIBBITHOIIICHb, SKHH JIO3BOJIMTh BHU3HAYUTH HEBIJIOMI BEIMYMHH Yepe3
MOCTIAOBHUN PsAMl 3aJaHUX 1 JOJATKOBUX BEJIWYMH, a00 JI0 CKJIaJIaHHS CHUCTEMU

PIBHSIHB, B SIKYy BXOJISITh BKa3aHi BEJIMYUHHU.



Ha puc 1. nokazana cTpykTypa npoluecy po3B’si3aHHs 3a/1aul

3amaua

CxeMaTHYHUH 7 Amnanis 3agaul
3aIIUC
3a71a4l !
[Tomyx cioco0y
PO3B SI3aHHS
¥
[I1an po3Bsa3aHH
¥
AH&HB /. Buiiicrenns many| I[OCJH;[)@HH;{
PIIOCHHA pogB'ﬂgaHHg 3a1a49l

[TepeBipka

Y
Bianosiae

Puc. 1 Cxema cTpyKTypH mpoIiecy po3B’s3aHHS 3a/1a4i

B 000x Bumankax moTpiOHO OIIHUTH PAI[IOHAIBHICTH PIIIEHHS B 3araJlbHOMY
BUTJISAI TIUIIXOM 3HAXO/DKCHHS HEBIJJOMHX BEJIWYWH y BUTBIAI PO3PAaXyHKOBHUX
dbopmyn. [Homai BurigHie 6e3 BUBOMY PO3PaxXyHKOBHUX (OPMYN OJipa3y MEeperTH K
YHCEFHOMY pO3B’S3aHHIO OJIEP)KaHOI CHCTEMH pIBHAHb ab0 K MOETAHOMY
YUCEIPHOMY BHW3HAUCHHIO YyCiX BEJIWYHMH, KOTPi BXOJSITH B TIOCHIJOBHUN PSJ
PO3PaxXyHKOBUX CITiBBIIHOIIEHB.

[Ipu po3B’sa3aHHI 3aayi B 3arajJbHOMY BUIJISII MOKHA 3[IIHCHUTH YaCTUHHY

NepeBipKy MPaBUIBLHOCTI pimieHHs. PilmeHHs HenmpaBWiIbHE, SKIO HE CIIBIAIAI0Th



PO3MIPHOCTI OKpeMHUX CKIaAoBuX. [Ipu oaepkaHHI 4uCENBbHOI BIAMOBIAI MOTPIOHO
3BEpPHYTH yBary Ha BUOIp OJAMHHUIIb BUMIPIOBAHHS 1 MOTPIOHY TOUHICTH PO3PAXYHKY
Tiel uM iHmoi BenuyuHU. He wMae ceHcy, Hampukiaa, OOYHCIIOBaTH OIMIp
TpyOONpPOBOAY 3 BiChbMa 3HAYYIIUMH IMdpaMH, SKIIO PO3MIPpH caMoi TpyoOHu
BU3HA4YeHI 3 TouHICcTIO £0,5%, KOoe(dimi€eHT TiApaBIiYHOTO TEPTS — 3 TOYHICTIO
3...5%, mpucKOpeHHs BUTBHOTO MaiHHSA - 3 TouHIcTIO 0,5%.

Po3B’s3aHHs 3a1a4i  MOTPIOHO 3aKIHYMTH aHATI30M OJCP>KAHOTO PIIICHHS.
Takuit anani3 BKiIO4ae B ceOe MEPEeBIPKY MPABHIIBHOCTI PIIIEHHS, BiAMOBIAHICTD
OJIep>KaHOTO PIIICHHS TEOPETHYHUM TMOJIOKEHHSIM. KOpHCHO BCTAaHOBUTH - YU €
IHIIUH, OUTBII pallioHaJIbHUN CIIOCIO PO3B’sA3aHHS 1 T. 1H..

HeoOxigHo 3BepHYTH yBary Ha MOPSIOK OJEpKaHUX BEJIUYMH, OI[IHUTHU
TOYHICTH PIIICHHS.
3.CTpyKTypa npouecy po3B’si3aHHs 3a1ayi

PosrasiHeMo cTpykTypy npouecy po3B’si3aHHS 3a/1aul HA KOHKPETHOMY

TIPUKJIIA/I].

3apauva. Cepryna Kpumika , 10 3aKpUBA€ KPYIiauil OTBIp B CTIHII pe3epByapy ,
3aKkpituieHa JBoma OonTtamu (puc.2). BuzHauuTu po3Tiaryrouu  3yCHIUIsA, KOTPI
BUHUKAIOTh B KO)KHOMY OOJITI, SIKIO TVIMOWMHA 3aHYPEHHS y BEPXHIN TOYILl KPUIIKU

h =3,0 m, miametp kpumiku d =1,2 m. PinuHa B pe3epByapi-Boja.

I
I | gl

Puc. 2



3.1. AnaJji3 3aaaui
HakpecmuMo puCyHOK 1 JOIOBHUMO Horo (puc.3). BkaxkeMo Ha pUCYHKY
posTsrytoun 3ycuiuii Na i Nc, KOTpl BUHUKAIOTh y O0JITax MiJl AI€0 CHIIU THCKY
BO/H, 1110 i€ Ha kpuiiky ABC . [y 004uCIeHHS IUX 3yCHIIb TTOTPIOHO

OOYHCIUTH PIBHOAIMHY CHIIy TUCKY BOAM Ha KPHIIKY.

T
RES S

Puc. 3

Tak sKx KpuIIka € KPUBOJIHIHHOIO ITOBEPXHEIO, 3PYYHO 3HAXOIAUTH
pPIBHOAINHY CHIy TO 11 CKJIaJOBUM: TOPU3OHTAJIBHOIO CKJIaaoBoW P i
BEPTUKAIBHOIO CKJIAI0BOO Py
['opusonTanbHa ckiaagosa P =pghy, (1)

Jie p — ryctuHa Boau. [Ipuiimaemo p = 1000kr/™M*;
0- IPUCKOPEHHS BUILHOTO nainus. [lpuiimaemo g = 9,81 m/c?

h,, — ruOMHa 3aHypEeHHS [EHTPa TSHKIHHS TUTOIII Oy



®x — TPOeKIis chepudyHOoi KpUIIKH Ha  BEPTUKAIbHY IUTOMMHY. lle Koo
miamerpoM d 3 meHTpoM TskiHHA y Touri L. Takum umHOM o =mnd?/4.
[Mpukmagena 1 cuia B meHTpi THCKY( Touka T), rimOuHa 3aHypeHHs skoro N,
Cuny P., roukwu L] 1[I, rimmubunu ix 3anypenns hy i h, mokaxemo Ha puc.3

Jliis obumncienHs h, Bukoprcraemo hopmyiy:

h —h + o )
" oh,
ae: h,=h +d/2, (3)
MomMeHT inepuii lo = nd*/64, (4)
Beprtukanpna cknagoBa P,= pgW (5)

ne W — 00’em Tina TUCKY.
Jlns Bu3HaueHHs 00’eMy TUIa THUCKY MNOTpiOHO Horo moOyaysaTtu. Jljisi 1boro
HOJIIJIMMO MOBEPXHIO NOJycepr TOPU3OHTATIBHOIO IJIOIMHOIO Ha BEPXHIO YaCTUHY
AB 1 mHmxHi0o — BC. BepTukaibHa cujia Ha BEpXHIO YaCTUHY KPUIIIKU JOPIBHIOE Basl
pinunau B 00’ emi ABEF
(Pas = pgWagBer) 1 copsMOBaHa BBEpX, BEpPTUKAJIbHA CHJIA Ha HUXKHIO YaCTHHHU
kpuikd BC nopisHioe Ba3i piunu B 00’ eMi BCEF (Ppc = pgWgcEr) 1 cipsimoBaHa
BHU3. L1 cuin Ha puc.3 He mokazaHi.

BeprtukanbHa ckiazioBa CUJIM THCKY Ha YCIO KPHUIIKY JIOPIBHIOE PI3HMII LIMX
CUIT. P: = Psc —Pas = pgW,

He W —o00’em HaniBchepu .

W = nd¥/12 , (6)

[Tpuknanena 115 cuia B eHTpl TsokiHHA HamiBcdepu (T L, ) 1 cipsiMoBaHa
BHU3.
[Tokaxxemo Ha puc.3 Touky L, 1 cuny Ps.
3.2. Tlomyk cnoco0y po3B’si3aHHs 3a1aui

CxeMa 3anucy 3a/1ayi moKazaHa Ha puc. 3.

Postsaryroue 3ycumis Na i1 N¢ MoKHA 3HAWTH 3 YMOBH PIBHOBAru KpUIIKH:

FX :O’ ZMC:O, EFX = 'NA +Pr _NC1 (7)



ZMC =- NAd +Prm +PBn, (8)
ne M —tuieue cunu P ( BigcTans Big Touku C 10 JIiHIT i1 TOPU30OHTAIBHOL
CKJIa70BOi P;);
N — miede cwm Py ( Bigcrans Bia T C 110 miHIT 11T BEpTUKATBHOT
cKIa70BoOi Py).
[TokaxxemMo BenMYUHU M 1N Ha puc.3 1 BU3HAYUMO iX:

m=h+d—h,;n=2d/3r, (9)

3.3. Ilinaun po3B’si3aHHs 3a7a4i i 3ilicHEeHHsI IJIAHY PO3B’A3aHHSA
3anady paiioHalbHINIE PO3B’S3yBaTH HE B 3arajlbHOMY BUIJISL., @ pO3PAXyHKHU

BHKOHYBATHU IIOCTAIIHO.

3anuieMo B JOTIYHIN NOCIIJOBHOCTI YCI PO3PAaXyHKOBI CIIBBIJHOIIEHHS, TOOTO

T1aH po3B’sa3anHs 3a1a4l. 3 piBHIHB (1) BusHaunMO Nai1 Nc:

Na :w , Nc =P, _NA, (10)
P, =pg(h+d/2)nd?/4, (11)
P, =pgnd®/12, (12)
4 2
he=(hed2) + 2™ —huge+ 9 (13)
647d2(h+d/2) 16(h+d/2)

3HalIEMO YMCIIOB] 3HAUEHHS BUXITHUX BEJIUYNH:
d=1,2m; h=3,0M; p=1000kr/Mm>

['mubuHa 3aHypeHHSs LIEHTPY TUCKY

2
h,=3,0+ 12 +1’212 = 3,625 M.
16(3,0 + —5)
2
[Ineye cunu P, m = 3,0 +1,2-3,625=0,575 m.
mieue cuiu Py n = 212 =0,255M.

3-314



BCpTI/IKaJIBHa CKJIagoBa

314.1,2°

P, = 1000-9-81 =4,43 xH.

FOpI/ISOHTaJII)Ha CKJIagoBa

2
12)314-12° _ a9 g8xH.
2 4

P, =1000-9,81(3,0+

Po3rsryroui 3ycumis

_39,88-0,575+4,43-0,255
1,2

Na =20,05kH; Nc =39,88 — 20,05 =19,83kH.

3.4. IlepeBipka pilmieHHs
[1106 mepeBipUTH TPABUIBHICTH PO3B’SI3aHHS 3a7a4l JOCTATHHO OOUHUCITUTH

MOMEHT CHJI, IO JIIF0OTh Ha KPUILKY BIJTHOCHO TOYKU A
X My =0; XMy = Pgn —Ncd —P(d-m) =0, (14)
e (d-m) —maeye cunu Py BIZHOCHO TOUKH A.
¥ Mj =4,43-0,255-19,93:1,2 — 39.88 (1,2- 0,575)=0
24,95- 24,95 =0.
Takum 4MHOM, 3aJ1a4a PO3B’A3aHa NMPABUIIBHO.

B manomy Bunagky JOCIiKEHHS 3a/1adl HE MOTPIOHO, TaK K HISKUX

oOMeKeHb B YMOBI 3aJ1aul HEMAE.
Bianosink: po3rsaryroun 3ycuiiis B 6ontax A 1 C nopiBHO0Th : N =20,05 xH;
Nc= 19,83 xH.

IpumiTka: Ha npuKIIaal po3B’I3aHHS 111€1 3a1a41 TOKJIAIHO TTOKa3aHa
CTPYKTypa mporiecy ii po3B’s3anHs. O4eBUIHO, IO OLIBIIICTh MIPKyBaHb
BUKOHYIOTh B pO3yMi , @ B 30IIUTI PO3MIIIYIOTh TUIBKH PO3B’sI3aHHA 3a/1a4i 1

pucyHOK. He koHa 3a1a4a Ma€ yci eTany po3B’si3aHHSL.



4.3ana4i 115 iHAUBIAyaIBHOI PO0OTH

ITepen moyaTkOM BUKOHAHHSI 1HAWBIIyaIbHOT POOOTH MOTPIOHO OIpaIfoBaTU
TEOPETUYHUN MaTepiai 3a BKa3aHOIO TEMOIO, J1aTH BiJAIMOBI/II Ha HACTYIHI

3amuTaHHg 1 ycl GOPMYIIH 3amKcaTi B 30IIUT VIS 1HAUBIAYAJIBHOI pOOOTH.

4.1 ®i3u4Hi BJACTUBOCTI piuH i rasis

Jlns po3B’s3aHHA 3a7ad 3a I1I€I0 TEMOIO MMOTPIOHO JaTH BIAINOBIAI Ha
HACTYIIHI 3allUTaHHS.
1. Sk BM3HA4YalOTh TYCTUHY 1 MUTOMY Bary OZHOPIAHOI piiuHU? SKUil 3B S30K
ICHY€ MK TYCTHHOIO 1 MTUTOMOIO Baroro?
2. Illo Ha3uBawTh NUTOMUM 00’eMOM? B sKHMX BHMAanKaX BUKOPUCTOBYIOTH L€
MOHATTS?
3. SIxuii 3B’SI30K ICHY€ M1 T'yCTHHOIO, TEMIIEPATYPOIO 1 TUCKOM JIJISI 17I€aTbHUX

rasip?

4 .111o Ha3uBarOTh ynciioM Maxa? 3a skuxX 3Ha4eHb yrclia Maxa MOKHa He

BpPaxOBYBAaTH CTUCIUBICTb MOBITPS?

5.111o Ha3uBarOTh MIBUJKICTIO 3BYKY? SIK BU3HAYAIOTH 1110 BEIMUUHY JIJIS

KpaIrIMHHUX PIJUH 1 17151 Ta31B y BUMAJKY aaiadaTHOi Tedii?

6.111o Ha3uBarOTh CTUCTUBICTIO piAMH? SIKUMU KOe(DillleHTaMU XapaKTepU3y€EThCS

CTUCIUBICTH? 3B’ 30K MK HUMH.

7.UuM XapaKkTepu3y€eThCs TEMIIEpATypHE POSIIUPEHHS PIAUH?

8.11{o Ha3uBarOTh B A3KICTIO PIJIUH 1 ra3iB?

9.3anumiTs 3akon Herotona —[lerpoga.

10.lkumMu  KoeillieHTaMH  XapaKTepU3yeTbCsd B’SI3KICTh?  PO3MIpHICTh  LHMX
koedirieHTiB B cuctemax ogunuilb BumiproBanus CI'C, CI .

11.Bix goro 3aj1eXuTh pO3YMHHICTH Ta31B B piquHax? YuM BoOHA XapaKTepU3y€eThCA?



3amada 1

Ke

5 . I'ac
M

3amana pobova pilHA CKJIAIA€THCSA 3 Macia 1 racy i Mae TycTuHy 885

Ma€ TyCTUHY P, = 8OOK—23 1 cxiagae 25% o06’eMy cymiii.
M

BusHauTe rycTUHY 1 MUTOMY Bary macia.
IIpumitka: Maca cymiun JopiBHIOE cymi Mac ii KOMIOHEHTIB. O0’em cywminri
JIOPIBHIOE CyMi 00’€MiB 1i KOMIIOHEHTIB. ['yCTHHA CyMillli - 11€ BiJHOLICHHS Macu
cymimii 10 o0’emy cyMimii. SKIIO OJAWMH KOMIIOHEHT ckiamae X% , TO APYTruu -
(100- x)%.

3amaua 2

Buznaure IHBI/IIIKiCTI) O3IMOBCIOPKCHHA aKyYCTHYHHUX XBHJIb, SAKIITO 00’ eMHUH
p y )

MoxyJib npyxHocTi K=2020 MlIa, a ryctuna p = 0,998i3 :
CM

3amauga 3

Busznaute nuHamMidHUi KOE(IIIEHT B’SI3KOCT1 x TOBITPSI MPU TAKUX YMOBAX:

. . Kec
v=15cCm , Temimeparypa HoBITps t = 20°C, aTMoc(epHHil TUCK P, =1 7
cm

R:287ﬂ—9’c

K2 -2pad

3amaua 4

OOGuucauTH MOAYJIb MPYKHOCTI PIAVHY, SKIIO IpU AP =50MI1a, AV—V =2,5%.

3agaya 5
Busznaute xoedilieHT JUHAMIYHOI B’ SI3KOCT1 w1, IKIO F, =01256H , d =200,

| =10, (;_u =20c™'. Yomy gopieaioe V , gKio p = 1000K—23 .
r M

3agaua 6

K2 a4 1
BusHaute rycTHHY po60UOi pigHHm, SKIO Lm0 =820—, B, =7-107"
M

a
2pao’

TeMrepaTypa piiuHu t =60°C.



3amaua 7

3a30p MIXK JBOMA IUIACTUHAMH, 3 SIKUX OJIHA HEPYXOMa, a Ipyra NepecyBaeTbes 31

MIBUJKICTIO U, = 5¢/ , 3aTIOBHCHO PILAMHOIO, HATIPY KEHHS TEPTS Ha TOBEPXHI

mwiactuan 7 = 0,09/7a . Bucora 3a30py  h=1L1wmu.
Busnaure nuHamigyHui KoedillieHT B’ I3KOCTI 1€l piguHu. BBaxkaTu, 1110 MBUAKICTH
PO3MOIUISETECA 110 BUCOTI 3230y 3a JIHIHHUM 3aKOHOM.

3amaua 8

Busnaure nouatkoBuii 00’€M piIUHMU, SIKIIO 3MiHA 00 €My AV =31, Ap =20MIla, a
MOAYJIb IPYXKHOCT1 K = 2000MI1a .
3amayda 9

BusHaunTy aOCOMIOTHHI TUCK BOJM HAa TJIMOMHI 3 KM, SIKIIO T'YCTHMHA MOPCBKOL

2 . :
Bomu 2, =1,03— | a armocdepnnit Tuck p,,, = 760mupm.cm. Yomy mopisHioe
cm
3MiHa TYCTUHU Ap Ha 1ii rubuHi, akmo K =2010MI1a?

3amaua 10

Busnauut nutoMy Bary i ryctuHy HadTu, sikiio Bara 4,52 Hahtu G=4,17 kI'.

3amaua 11
Busznaute rycTuHy 1 MUTOMY Bary CyMilli, Ko m, =2xe, m, =3z, V, =2,31,
V, =3,5x.

3amaua 12

BusnauuT, sik 3MIHIOETBCS TYCTHHA MAaCcTHJIA, SIKIIO THCK 3pocTae Ha 32 MlIa,

Po = 920K—23, a 00’eMHUN MOJyJIb IPYKHOCTI K =1700MI1a .
M

3amaual3

Ko .
~ ) iracy (p. =08

. 2
CyMim pizuHu cKk1agaerbes 3 Macna (2, = 0,9 )
cm

O06’em racy B cymii ckiagae 40%. BusHaure rycTHHY 1 TUTOMY Bary CyMilii.



3amaua 14

OOUYUCIUTHU CUITY TEPTS Ha BHYTPILIHINA MOBEPXHI TPYOU MPHU TAKUX YMOBAX:

d=250mu ; | =15m; du =-15¢c7; p=0,9i; v =15¢Cm
dr cm’®
3anava 15
Bu3HauTe KiHeMaTHYHY B’ SI3KICTh TOBITPS MPpHU TeMmeparypi 120°C 1 THCKOBI

450KT1a, AKIIO IUHAMIYHUNA KOe(MIieHT B I3KOCTI IIPH 11H TeMIeparypi
, Yy

11=73-10" MTa-¢ (R = 287 —2¢

Ke - 2pao

3amaua 16

Kec

Bu3HauTe KiHEMaTH4HY B’A3KICTh v HOBITPS IIPHU t =20°C1 P=4——, AKIIO

CM
JTUHAMIYHUN KOe(]IIIeHT B SI3KOCT1 3MIHIOETHCS 32

JIx
KT - Tpajl

3aKOHOM £ =1,75-10"° +5,03-10° -t ITa-c. (R =

3agaya 17
Buznaute rycTuHy MOPCHKOi BOJIU HA TIIMOWHI 4 KM., Jie aOCOJIFOTHUN TUCK

P.sc=414 xI'/ em? ; atmocdepuuii Tuck P, =100kI1Ia. I'ycTrHAa MOPCHKOI BOIM Ha
. co . Ke
BUIbHIN ITOBEPXH1 p, =1030—;
M

3amaya 18

BusHauuT cuily TepTs 1 JOTUYHI HAMPY>KEHHS Y MOBITPONPOBO/L 3 MPAMOKYTHUM

MONEPEYHUM  TIepepi3oM, SKImo: a=400mm; b=300mm; |1=50m; v=15cCm
ke . du 1
=121 == =10=.
PE e
3agaya 19

Tuck pinunau B 3akputomy Tpyoonposoai P = 0,3 MIla. Ik 3MIHUTBCSI TUCK, SIKILO
Temmeparypa  piauHM  30imemmThca  Ha  50°C; S p= 0,5'10_9 Ila

B.=12-10"2pao



3amaua 20

Busznaute sSKx 3MIHIOETHCS I'yCThHa Macjia, KO THCK Hi,ZIBI/IHIYETLCSI Ha

AP =32MI1a . Ilpu atMOCpepHOMY THCKOBI p, = 920%. Moynb npy>KHOCTI PiAMHH

K =1750MI1a .
3anmava 21
Busnaure sxuit 06’eM Boau Tpeba miAKadaTd MpH TiAPaBIIYHOMY BHUIPOOYBaHHI
TpyOONpPOBOAY, SIKIO AP =3006ap, | =10m, d =100mm, K =2050MI1a .
3anmava 22

Bu3HauTe BiIHOCHY 3MiHy TYCTHHM PiJMHM BHACIIIOK ii HarpiBanus Big 20°C

-4 -1
10 90°C , B, =4-10" epao
3amaua 23
Tuck piguHu B 3akputiit nocyauxi nopisuioe P=0,25 MIIa. SIkum crane TUCK, SKIIIO
-4 -1
TeMIIepaTypa piauHu 3pocTac Ha At = 25°C, B, =8-10"2pao ™ K=2000MITIa.

3MIHOIO PO3MIPiB MOCYAUHHU 3HEXTYBATH.

3amaua 24

1
2pao’ a

Ke
BusHauTe IycTHHY poGOYOl PituHH, KO P,p. = 820—, B, =7-107"
M

TeMrepaTypa piiuHu t =60°C.
3amaua 25

SIK 3MIHIOETBCS 00’ €M BOJIM Yy CUCTEMI ONaJICHHS, AKIIO V, =100x°, a TeMIepaTypa

1

epao

pizuan 3poctae ix 15°C mo 95 °C. B, =6,4-107°

3amaua 26

Ho 5 mitpiB antudpusy noaanu 5,5 niTpiB Boau. Buznaute macy cymilii 1 TyCTUHY,

Ke
AKIO Py = 08—, Py =100
M



3amaua 27
Busnaute 10 sSIKOro pyxy BIZHOCUTBCS ( JO3BYKOBOT'O, 3BYKOBOI'O, HaJ[3BYKOBOTO)
pyX TOBITPA, SIKIIO abcomoTHuit THCK TOBITpst Pabc = 750 MM prt. cT.,
TemmnepaTypa noBiTpa 25°C , mokaxuuk agiabatu Kk =1,4, mBUIKiCTE HOBiTPs S0M/C
, 250 m/c, 420 m/c.
3anaua 28
BuszHauTe mBUAKICTH PO3MOBCIOKEHHS aKyCTUUHUX XBUJIb y Macii AMI'-10, sikiio

ryctuHa Macia p = 850 kr/m3, 06’ eMHuiA Moayb npysxHOcTi K-= 1750 MITa.

4.2 T'igpocTraTuka

Jns po3B’si3aHHA 3a7a4 3a I€0 TEMOK MOTPIOHO JaTH BIJAMOBIAI Ha HACTYIMHI
3alUTaHHS.

1.11{o Ha3uBarOTh rigpocTaTudHuM THCKOM? [1{0 Take cepeHil THCK 1 TUCK y TOYII
piauHu?

2.5x1 oguuuil BuMiproBaHHsl Tucky B cucteMax CI'C,CIl, texniuniit cuctemi? ki
BUKOPHUCTOBYIOTh HECUCTEMHI1 OJIMHMII TUCKY?

3.B yomy mnonsrae reoMeTpuyHUM 1 (PI3UYHUI CEHC OCHOBHOIO pIBHSHHS
T1IpOCTaTHKHU?

4.111o Ha3uBaOTh AOCOIOTHUM TUCKOM, MAHOMETPUYHHUM TUCKOM 1 BAKYyMOM?
5.Homy NOpiBHIOE MaKCUMaJIbHA BEIMYMHA BaKyyMmy?

6.5k 00UUCINTH TUCK B OYIb-SIKIM TOYIIl PITUHA?

7.5k BHU3HAYAIOTh PIBHOAINHY CHIJIy THUCKY Ha IUJIOCKY TOPU3OHTAIBHY 1 MOXWITY
cTiHku? B yoMy mosisirae BiAMIHHICTB ITUX hopmy1?

8.111o Ha3uBalOTh LICHTPOM THUCKY?

9.5Ik 3HaXOAATH KOOPAUHATH LIEHTPA TUCKY?

10.1lo Ha3uBaroTh TUIOM THCKY. B skoMy Bumaaky 00’e€M Tila TUCKY YMOBHO
BBAYKAIOTh B1J]' €EMHOIO BEJIUYUHOIO ?

11.5Ix BU3HAYAIOTHCS TOPU3OHTAJBHI 1 BEPTHUKaJIbHA CKJIAI0BI PIBHOJIWHOI CHUJIU

TUCKY Ha KPUBOIIHIMHY OBEPXHIO?



12.BuBectu opmyity aJisi BU3BHAYEHHS TOBITUHUA TOHKOCTIHHUX ITUJIIHIPIB.
13.Chopmymoiite 3akoH ApxiMena. SIk BU3Ha4yaeThCsl BUIITOBXYyIOoUa cujia’?
14.51ki cunm Ii10Th HA PIAMHY Y BUTIQJAKAX BITHOCHOTO CIIOKOIO PiAMHM?

3amaua 29

. 2
Busnaure TCK Ha [HI OKeaHy, ko H =9 km , p=1,03— . BBaxkatu MOpCBKY
M

BOAY HECTHUCJINBOIO. SIK 3MIHUTBCA I'yCTHHA BOIHU, AKIIO BPpaxyBaTH CTHCIIUBICTD.

[Ipuiinsatu K =2030MI1a.
3amaua 30

BuzHauutu THCK piAMHM HAa JHO MwmHapa (pucd) ,SKIO 3YCWUIS Ha IITOKY

nuiiaapa F=10xH , aiameTp mwmHapa D=100amu, BucoTa mumHApa h=250mm,

. Ke . 9] :
T'yCTHHA PIAUHU p=900—3ﬂKy JIOJII0 Y BIACOTKaX CKJIaJa€ BaroBUM THUCK Bl
M

ITOBEPXHEBOT'O TUCKY?

0

Puc.4

3amaua 31

BuszHauTe cuity TUCKY Ha IHO KOHIYHOTO pe3epByapa, 3all0BHEHOT0 BOJIOKO, SKIIIO

. 2
J1aMeTp OCHOBU KoHyca D =15u, p=1——, BUCOTa KOHYCa H =2m.
CM

SK 3MIHUTBCS TUCK, SKIIO KOHYC 3aMIHUTH LHUJIHIPOM TAKOTO K AlaMeTpy 1

BUCOTHU?



3amaua 32

Busnaute cuity F, KOTpa Jii€ Ha IITOK MOPIIHS (PUC.5), SAKIIO JlaMETp MOPIITHS

Kec

rigpounmuapy D =1004m, a TUCK Iix mOpmHeM P =100—;

I

Puc.5
3anava 33
. Buznaure aOconOTHMI TUCK, SKIIO MOKa3aHHs 1’ e€30MeTpa h=150mm pT. CT.

Kec
Binnocua rycruna pryti 0, =13,6 . Atmochepumit tuck P, = 1,03—; .
cm

3amauda 34

Bu3HauTe HAUIMIIKOBHI THCK HOBITPS, AKIIO IyCTHHA MOBIiTps p = 2, 1kr/M°,

Kec
tZSOOC, R=287ﬂ—m, Pam,)w:l 2
Ke - 2pao M
3amaua 35

Busnaute Ny, 1 TOOYIyHTE €MIOpH TUCKY Ha CTIHKY BOJISTHOTO BakyyMMeTpa (pucb),

akmo ;. Puse=85 kIla ; Pu=10°I1a

TIOBIiTPSI

Pate

(R RN

Puc.6



3agaya 36

[ToOyayBaTu enopu TUCKY 1 BUBHAYUTH CUITY Ha AUISHKY 2,3 (puc7), K110

p1:9OO-K—23; H, =05, p2:1,2-i3; H,=06-m; 6; =62=0,3-M-H1HpHHaCTiHKH
M CM

F3 1
£ ___Hl _ =
b 4 - 2
f=8 -
« 3
Puc.7
3amaua 37

[ToOynyBaTu entopu TUCKY (puc.8), akmo H, =0,5-m; H, =08-m; p= O,7i3
CMm

a=30°; 6=0,4 u- IUPHHA CTIHKH.

_ | H,
- — - H2
@=30"— — = — |
Puc.8
3amayga 38

[ToOyayBaTH enopu THUCKY 1 BUBHAUUTH PIBHOMAINHY CUITy TUCKY (puc.9)



rpadoaHaniTHYHUM criocodom H, =1-m; H, =0,45-m; p =1i3; 6=0,3 u-
CM

IIUPUHA CTIHKH.

puc.9
3amayga 39

[ToOyyBaTH emopu THUCKY 1 BUBHAUUTH CUITY TUCKY Ha AUISHKY 1-2 (pucl0);
H, =05-1; H, =05-u; pz?OO%; 8, , =025 u.

1 Y

L
_ Hl
k4
F
- H,
k4
Puc.10
3amgaya 40

[ToOyayBaTH entopu TUCKY Ha CKJIaJHY CTIHKY 1 BU3HAUUTH CUITy TUCKY Ha JIIISTHKY

2-3 rpadoHamiTHIHUM criocoboM. (puc.11)



H,=05-m; H,=06-m; H,=04m.; p=1-—_: 6,3 =0,3 a.;
CM

37

Puc.11
3amaua 41

[ToOyayBaTH piBHOINHY €MIOPY TUCKY 1 BA3BHAYUTH CHIIY TUCKY
rpadoananiTHaHuM criocodoM (puc.12), akmo: H =1w.; ¢ =1u; p, =10°ke./u*.

p, =122/cm’.

L L

Puc.12
3agaya 42
[ToOynyBaTu piBHOAIIHY €MIOPY TUCKY 1 3HANUTH PIBHOMAINHY CHITy TUCKY
rpad)oaHaiTHIHUM CIIOCO0OM: H, =2m.; H, =1u.; e=1n.; p, =1l2/cn®.;

p, =1,22/cm®.(puc.13)



Puc.13
3anayga 43
Bu3HauTe TOBIIMHY CTIHKA BCMOKTYBAJIBHOI T1APO JIIHII, SKIIO BHYTPIIIHIHI T1aMeTp
d =50 ; MakcuManbHUl THCK P — 200 kre/cm?; [o] = 400MITa Koedinient 3anacy
K= 3.
3amaua 44
Busnaure cuily THCKY Ha IpSAMOKYTHY KpUIIKY (puc.14) 1 KoopAMHATH LIEHTpa

_ ba’

THCKY TIPM TaKUX YMOBax: a=0,4m.; b =06 H, =15m.; p=900xe/r’.; I, = TH

"
el

Puc. 14
3anaua 45
[TobymyBaTH emtopy Ha MOXHWITY YaCTUHY TUIOCKOI CTIHKH 1 BUBHAYNUTHU

PIBHOMINMHY CUJTy TUCKY Ha LI JUISHII TpadoaHaTITUYHUM CIIOCOOOM, SKIIIO:



H,=3m; H,=2m.; p=Lle/en’®.; 6, , = 2u. - mimpuHa ctinku 2-3.(puc.15)

2 — T
- —_ H2
3 &=30"— — = — |
Puc.15
3amauda 46

BusHaute HaTAr Tpoca, KM yIep)Kye IUIOCKHH 3aTBOp (pucl6) mmpuHOoIO b,
SKIIO TJIMOWHA BoaM Tiepe TpocoMm h. Baroto 3arBopa 3uextyBaTH. [1o0ynyBatn

enopy TUCKY. Buximgai gaHi 10 3ana4i 46 HaBeAeH1 y Tabmumi 1.

Tabmuus 1

Buxigai gani no 3amxadi 46

Bapiaatr | 1 2 3 4 5 6 7 8 9 10

b,m 20 | 22 | 27 | 26 | 24 | 18 | 16 | 30 | 3.2 | 34
h,m 25 | 32 | 40 | 50 | 18 | 34 | 22 | 15 | 42 | 16




Buznaaure

3amaua 47

CWIIy THUCKYy BOJM Ha KBaJpaTHUU

3aTBOp (puc.17),

SIKUU

BCTAHOBJICHUW Yy BEPTUKAIBHIM CTIiHII, SKIO BiJIOMa BIJACTaHb MiX IIEHTPOM

Baru CTIHKH 1 IICHTOM THCKY €. a CTOpOHa KBaJipaTa — a. BUXiJHI JaH1 10 3a7adi

47 HaBeneHi y Tabmuiri 2.

Puc.17
Tabmuis 2
Buxignai gadi aois 3agadl 47
Bapiant | 1 2 3 4 5 6 7 8 9 10
e, CM 6 7 8 9 10 12 14 5 11 15
a,m o8 | 10 | 1,2 | 13 | 14 | 15 | 16 | 18 | 20 | 09

3amaua 48

Busnaute BucoTy mapabonoina, sikio aiamerp muiaiaapa (puc.18) D =120mm, a

KyTOBa IMIBUAKICTh @ = 40c ",




[ToOynyiiTe entopy TUCKY Ha OOKOBY CTIHKY LMTIHApA. [l IbOro BU3HAYTE TUCK

Ha CTIHII IUJIIHApPA Y TOYII, 10 BIATOBIa€ BEPIIHHI Mapadoioina.

3agauva. 49
[uniHapuyHa mocyAnHA 3all0OBHEHA PIUHOIO 0 TUOUHU H, = 0,6m, AlamMeTp
muTiHApa d =0,22um , BUCOTA MEUTiHApa H =0,9x. YoMy mopiBHIOBaTUME
MiHIMQJIbHE 3HAYCHHSI YaCTOTH OOepTaHHS IMTIHAPA, TIPH SKIH BOJa TIOYHE
BUNIMBATUCH 3 ITiHpa? [loOyayBaTH entopy TUCKY Ha AHO HUJIIHAPA.
3amaua 50
BuszHauTe THCK P B HOCYAMHI ,5IKa BUIbHO nafae. PiBeHb piauHu B ocyauHi H=

0,6 m P, =750:mm-pm.c.

3amaya 51

Y CTaHOBUTH 3aKOH 3MIHU THUCKY, SIKIIO P1IMHA 3HAXOAUTHCS Y TTOCYAMHI, IO

1 BU3HAUTE THUCK HA

. . M
MAHIMAa€ETbCA BCPTHUKAJIBHO BBCPX 3 IIPUCKOPCHHAM a = 5- —

o

rmmoumi N = 20cm » =1000 LZS
M

3anava 52
[ToOynyBaTu npodisib BUIBHOI MOBEPXHI PIMHU, KA 3HAXOUTHCS Y NAITUBHOMY
Oami (puc.19) npu TakMxX yMOBax: aBTOMOOUIb PyXa€ThCs 3 IPUCKOPEHHSIM a00
ralbMyBaHHSM , BEJIMYMHA OPUCKOpeHHs ( % a, M/c?); piBeHb nmanusa B Oaui H,m;
noxuHa 0aky L, m .IloOyayBartu entopu TUCKY Ha JHO Oaka. ['ycTuHa manuBa p =
700 xr/m®. Buxinni qani 10 3agadi 52 HaBeneHi y Tabnuii 3.

L

Puc 19



Taomurg 3

Buxigai gani o 3azgayi 52

Bapiant | 1 2 3 4 5 6 7 8 9 10

a,m/c® | 05 | 07 | 09 | -12|-08| 20 | 24 | 28 | 32 | 34

H, m 02 | 024|026 | 0,28 | 0,30 | 0,32 | 0,34 | 0,36 | 0,38 | 0,40

L ,m 04 | 045 05 | 05| 060|062 | 065 0,70 | 0,72 | 0,80

3agauda 53
B mmnianpuuny nocyauny (puc.20) Bucororo H=0,3m Hamuta piguHa 10 piBHS h =
0,2M. Bu3Haure sKOH0 TOBMHHA OyTHM KyTOBa IIBHAKICTH, 100 piAMHA  HE

BUNIMBaJUCA, KO AiameTp D =100mm.

Puc.20
3anauda 54
[MaymBHUI O6ak aBTOMOOLIS Mae mopxkuHy L = 0,6Mm, mmpuny b = 0,5 M. i Bucoty H
= 0,2M. ABTOMOOiIL pyXacThCs 3 NPHUCKOPeHHAM a =3,27 w/c?.BusHaute
MIHIMQJIbHY KUIBKICTh TaNMBa, KOTpa 3a0e3nedyye Horo mnojaBaHHs 0e3
MiJICMOKTYBaHHS TOBITPs. BBakatu, 1m0 OEH3OMPOBIJ BCTAHOBICHUW Yy IEHTPI
TOPU30OHTAJIBHOI Mpoekiii Oaka 1 WOro mgiaMeTp Ay»Ke Majduil B TOpPIBHSHHI 3

JOBXHUHOI 0aka, h =10mm.(puc.21)




=

A

Puc.21
3amaga 55
B kxy30B aBTOMOOuIs-caMockuaa 0 piBHA N 1 =0,4 M HAIUTO NEMEHTHUI PO3UMH.
BusHaute MiHIMAJIbHO JOMYCTUMMH IIISAX TaJlbMyBaHHS CaMOCKHUZA BiJl IIBUJKOCTI
V=36KM/TOJl A0 3YNHUHKH, BUXOASYH 3 YMOBH, 110 PO3UYMH HE BUJUIETHCA 3 Ky30Ba.
BBakatu, 1110 Ky30B camMoCKHia Ma€e GopMy MPSMOKYTHOI KOPOOKHU 3 PO3MIpaMu :
nopxmHa | =25 m; Bucora h =0,8m 1 mmpuaa b =1,8 m . anmemyBaHHS

3IIACHIOETHCS 3 MOCTIMHUM IIPUCKOPEHHSIM. (prc.22)

[
____________ 5

Puc.22

4.3. Pe:xxumu Tedii pinuHu
Jns po3B’si3aHHA 3a7a4 3a II€0 TEMOK MOTPIOHO JaTH BIJAMOBIAI Ha HACTYMHI

3aIlIMTaHHA.

1. SIxi icHY!OTH pexuMu Tedii pimuHu? SIK BU3HAYUTH PEKUM Tedil PITUHU B

KPYTJIHX 1 HE KpyTriuX Tpyoax?



2. Slkuit ¢3uyHUN ceHc Mae uucio PeliHonpna? Yomy JOpIBHIOE HHXKHE
KpUTHYHE yrciio PeliHonbaa st Kpyrmx Tpy6?
3. Yomy nopiBHIOE BepXHE KpUTHUHE uncio Pelinonbaca ?

4, Sk BTpaTu eHeprii 3aJIeKaTh BiJl PSKUMY Tedil piAMHU?

3amava 56
Busnauntu pexxum Tedii piiuHM (MOBITPS) Y BEHTUIIAIIMHIN Mepexi, SKIIIO mepepis
MOBITPONIPOBOY TPSIMOKYTHHM 1 Mae cTtopoHu: a =500Mm , B = 250 MM ,
v =15¢cCm.; v=25n/c.

3agaya 57
BusHauTte mpu K MIBUIKOCTI JIAMIHAPHUWA PEXUM MEpexonie B TypOyJIEeHTHHI,
akio d =50mm,v= 25¢CTr.

3agauda 58
BusHauTte mpu K MBUIKOCTI TYpOYJEHTHUH PEXUM IEPEXOJe B JaMIHAPHUIMA,
skio giametp Tpyou d =100mm, a kiHematndHa B’si3kicTh v= 15¢CT.

3amauga 59
Butpara pimuan Q = 180m/xBun , nmiametp Tpyom d = 25MM, AuHAMIYHUH
xoedinienr B s3kocti u= 30cll, ryctuna piguau 0,9 r/cm® BusHaure pexum Tedii
PIIUHHU.

3agaya 60
Busznaute npu sikiii BUTpaTi JIaMiHAPHUM PEXHUM MEpeXoJie B TYpOYJIEHTHUH, SKIIO
d =150mm,v= 2,5¢CT.

3anaua 61
Busnaute npu sikiii BUTpaTi TypOYJEHTHUN pEKUM NEpexoie B JaMiHAPHUH, SKIIO

niamerp Tpyou d =200mmM, a kiHematuyHa B’s3kicTh v=1,5¢CT.

3amaya 62
Busznaute pexxum Teuii pimuHM B TpyOl KBaJAPAaTHOTO TMeEpepily, SKIO CTOPOHA

kBajapara a =250MM, piuHa — MOBITPS, B SI3KICTh MOBITPS Vv =15 cCT, WIBUIKICTD

noBiTps V= 50m/c. SIkoro Oyne 00’eMHa BUTpaTa MOBITpPs?



3amaya 63

UYucno PeliHonpaca mpu pyci moBitps B TpyOi kpyrioro mnepepizy Re=425600,
B’SI3KICTh TTOBITPS

v =17 cCr, nmiametp nositponposoay d =400mm. Skoro Oyae MBUAKICT TOBITPS?

3anaya 64
Butpara Boau y BomompoBinHiid Mepexi Q = 15m/c. diamerp tpyou d = 200mm.

B’s3kicTh Boan

M = 1,3 cIl. I'yctuna Boau p = 1000xr/m3. BusHaute pesxum Tedii piauHu

3amaya 65
Butpara po6ouoi piguan Q = 320 11/xBuJ1, IBUAKICTE piguHu V=6 M/c, Yncno

Peitnonbnca Re=25600. Buznaure niametp TpyowH.
3amauga 66
SAxuM moBUHEH OyTH niamMeTp TpyOu, 1100 JIaMiHAPHUA PEXKUM MEPEUIIoB Yy
TypOyJIeHTHHH, K110 BUuTpaTa pinuau Q =120 n/xBumn, a v="7 cCr.
3amaya 67
Axum moBuHeH OyTH miameTp TpyOu, MO0 TypOyJIEHTHUN PEXUM TEPEHIIOB Yy
JamiHapHUH, sKio BuTparta piauau Q =180 n/xsBui, a v =10 cCr.
4.4. Pisusinnsa /1. Bepuyaii
Jlnst po3B’s3aHHS 3a7a4 3a II€I0 TEMOK MOTPIOHO JaTH BIAMOBiNI HAa HACTYIHI

3aIlIuTaHHAI.

1. Sxuii reomeTpuuHuid ceHc Mae piBHSHHS [[.bepHymni s eneMeHTapHOL
CTPYMUHKH 11€aJIbHOI PIAVHU ?

2. Sxuii ¢izuuHui 1 MeXaHIYHMNA ceHc Mae piBHsSHHA [[.bepuymm s
€JIEMEHTAPHOI CTPYMUHKH 17€aIbHOT P1AVHHU.

3. Uuwm BinpizuasieThes piBHAHHS J.bepHYUT A7is CTpyMUHKH peaibHO1 PiAMHU
B1JI aHAJIOT1YHOTO PIBHIHHS JUIS 171€aIbHO1 PiaAMHU?

4. 11lo Ha3uBaIOTh MMOBHUM T1APOJUHAMIYHUM HAIIOPOM?

5. Slxuii pyx piIMHU BBaXKalOTh IJIABHO 3MIHHUM? SIKi BiH Ma€e 0COOJIMBOCTI?



6. Sxuit ¢p13uyHui cenc koedimienta Kopiomca? Big 4oro 3anexxuTh 3HaYEHHS

1IbOTO KoedileHTa

4.4.1 MeToauka BukopucTtanus pisHsiHHs J{. bepHyJii npu po3s’sa3aHHi 3a1a4

1.

3anucatu piBHsAHHS Jl.bepHyiuti y 3araibHOMY BUTJISIIL:

2 2
o+ P A g P GV +h, ., (15)
M 20 o) 29 i

AHani3ylouH TiIpaBiIiuHy CXeMy , BUOpaTu J1Ba KOHKPETHUX MEpepi3H, A
SAKUX BiJloMa HaWOlIbIIa KUIBKICTh TIApaBIIYHUX eJeMeHTIB. BuOuparoun
nepepi3u MOKHA KOPUCTYBATUCH TAKUMH TTOPATaAMH:

— SIKIOIO B CHUCTEMI € 0aK 3 pIOAMHOIO, TO B SKOCTI OJHOTO 3 Mepepi3iB

MOXHa BHOpaTH BUIbHY TIOBEpXHIO pPIAMHM B 0Oalfi, TOMy IO
HIBUKICTIO PyXY PIAMHU B Oalll MOKHA 3HEXTYBATH, & TUCK Ha BUIbHIN
MOBEPXHI MaiKe 3aBXKIU BIJOMUN - 4YacTillle BChOTO JIOPIBHIOE
aTMOC(EPHOMY THCKOBI;

SAKIIO B CHUCTEMI KIHIICBUH Tiepepis TpyOOmpoBOAYy BHXOAEC B
atMocepy, TO B LbOMY Iepepi3l aOCOMIOTHHM THUCK JOPIBHIOE
aTMoc(epHOMY, a00 HAVTMIITKOBUN THUCK JIOPIBHIOE HYJIIO;

nepepis, Je po3TalloBaHUM TOW YW 1HIIMN MpUIIa JJIs BUMIPIOBAHHS

THCKYy6 MaHOMETP, BAKyyMMETp, I’ €30MeTp4

— HepyXOMe€ MOBITPS TMepe] BXOJOM B TPyOy , B SIKY BCMOKTYEThCS

MOBITPs 3 aTMOchepu

3. IIponymepyBatu mepepi3u 3a NUIIXOM pyXy piauH ( aje He HaBMaKd ) i

MO3HAYUTH 1X Ha TIAPABIIYHINA CXeMi.

BuOpatu miomuny Bianiky. BoHa 3aBkiM rOpU30HTANIbHA 1 PEKOMEHAYETHCS
MIPOBOJIUTH ii Yepe3 IEHTpP Bark HIKYOTO 3 mepepizi. Tol o/1Ha KOOpAUHATA
Z Oyne JOpIBHIOBAaTH HYJIO, a IHIII KOOpAWUHATH Z OyIyTh BEIMUYMHAMU
noJaTHUMH. SIKIo TpyOONpoOBia TOPU3OHTANBHMIA, TO Kpalle IUIOMUHY
BIJITIKY TIPOBECTH dYepe3 Bich TpyoOompoBoay. I[loTpiOHO mam’statu, M0

epTUKaJIbHA KOOPJIMHATA Z 3aBXK/IM BIJUTIUY€ETHCS BiJl TUIOMIMHU BIJIJIIKY BEPX.



5. Tlokazatu mionuHy( JIIHIO) BIJJIIKY Ha T1IPaBJIivyHINA cXeMi , TO3HAYMBIIH il
mudpamu  0-0.
6. Tuck p , 10 BX0/ie B IPaBy 1 JIBYy YaCTUHH PIBHAHHSA, TOBUHEH OyTH 3a/laHui
B OJHIM cucTeMi BiJTIKY( aOCOIOTHIM a00 HaIJTUIITKOBIH).
7. CymapHi BTpaTH HaIopy 3aB>KJH 3alUCYIOThCS B MpaBiil yacTuH1 piBHAHHS /.
bepnymmi 31 3HaKoM ““ + .
8SIKI0 piliHa BBAXAETHCS 17€aIbHOI0, TO BTpPAaTaMH HANoOpy HEXTYIOTh, a
koedimiertn Kopiomica a; = oy =1.
9.]ns BuOpaHuX Tiepepi3iB 3alycaTh KOHKPETHI 3HAYECHHS TIAPaBIIYHUX
napameTpiB 1 mijcTaBuTH B piBHsAHHA []. BepHysuti 1 po3B’a3aTu 3a1ady.
10.5xm1o micns miacTaHOBKY B piBHsIHHI JI. bepHyIul 3anuimiaock AB1 HEBIAOMI
BEJIMYMHU, TO MOTPIOHO CKOPUCTYBATHUCS PIBHSIHHIM HEPO3PUBHOCTI Y OJHOMY 3
BUTJISIIIB:
7d,’ d

: 1Q  4Q
2 =VzTZ, (16) abo Vl:Ef,VZZE 1(17)

Vi

1 pO3B’s13aTH 3a/1a4y.

4.4.2 3anayi no pisusiHui0 /{.Bepnysii

3amaua 68
3 HamipHoro 0Oaky Boja Tede mo TpyOi (puc.23) miamerpoM d; = 20 MM, a TOTIM
BUTIKae B aTMocdepy uepe3 Hacamok miamerpoM d; = 10mm. HagnmumkoBuii THCK
noBiTps B Oawi po =0, 18 MIIa; piBens Bonu B 6ami H =1,6 M. HexTyroun BTparamu

€Heprii, BU3HAYTE IIBUJIKICTh BOJU B TPyO1 Vi 1 HA BUXO1 3 HACAAKY V2 .

=
|
\
|
<
3

Puc.23



3agaya 69
Busznauutu THCK y niepepisi 2-2 (puc.24), akmo Q =180x/xeuwr; d, = 40mm.;

d, =20mm.; p, =180xlTa.; H =15m.; p=900xz/m* . BTpaTn HE BpaxoByBaTH.

¥
F 3

Puc 24
3amaua 70
Ha siky BHCOTY MOK€ BCMOKTYBAaTHUCh BOJIa 3 PE3€pBYapy IO TPyOOIIPOBOY, SIKUN
MPUETHAHO 10 BY3bKOT'0 MEPEPi3y TOPU3OHTAIILHOTO TpyOompoBoy (puc.25),

AKmo: Q=1x/c; p, =10«lla; d, =10mm.; d; = 40mm..

Puc.25
3agaya 71
Busznaute BUTpaty BoAM, AKIIO PI3HUIIS PIBHEH BOU B IT"€30METPUIHHUX TPYOKax
h =15x ; niameTpu Tpyoorpooay D =40mmu.; d =20mu.. BrpaTn Hanopy He

BpaxoByBaTH.(puc.26)



Puc.26

3anaua 72
PZ@aK
Busznaute Butpary Boau (puc.27) , skmo: p, =3924071a; d, = 200mm.; E = 3m.

BOJIHOI'O CTOBITYMKA — BaKyyM; d, =100rum.

“n Rax
-Jldj

¥

¥

Puc.27

3amaua 73

3 pesepByapy mo TpyOi 3MIHHOTO Tiepepidy piAMHA BHTIKAa€ B aTtMmocdepy.
BBakatoum piiuHy i7€eaibHOI0, BA3HAYUTH MIBUAKICTh BUTIKAHHS, BUTPATY PIJIMHU 1
TUCK Ha KOXHIM AusHII TpyOonpoBoay (puc.28). I[lobyayBatu m’e€30MeTpUUHY 1
HamipHi JiHI1, SKI0 piBeHb piauHU B pe3epByapi H, m ; miamerpu tpy0 di,d2,ds,

MM; I'yCTHHA pifiuHu p,kr/M°. Buxigni nani 1o 3amaui 73 HaBeseHi y Tabnui 4.



Puc.28

Buxigni mani go 3aga4i 73

Tabmuus 4

Bapiant H, m p,kr/m3 di,Mm dz,Mm ds, MM
1 3,0 900 32 64 40
2 2,8 950 25 50 32
3 2,6 850 16 32 20
4 2.4 890 40 80 50
5 2,2 1000 50 100 63
6 2,0 700 63 125 70
7 1,8 750 15 30 20
8 1,6 910 20 40 32
9 1,4 856 40 80 50

10 1,2 998 10 20 16
11 1,0 835 12 24 16
12 0,8 840 20 40 32
13 0,6 825 16 32 20
14 0,5 915 10 20 15
15 0,4 1000 8 16 12




3anaua 74
Busnaute BUTpaTy HECTHUCIMBOI HEB’SI3KOi  PIAMHU Yy TPyOONpOBOJI 3MIHHOTO
nepepizy (puc.29) 1 moOyayilTe HamipHy 1 II'€30METPUYHY JIiHII, SKIIO BigoMi
BIAMITKU Z1 1 Zp, HAQAJUIIKOBUM THCK Ha MOBEPXHI PIAMHU B pe3epByapl pi1 1y
BUXIJTHOMY TIepepi3i TUCK aTMOCHEpHHU -Pary. Jiamerpu TpyO di,dz,ds. 'ycTrHa

piauan p =850kr/M3. Buxinni naui 10 3anadi 74 HaBeneHi y Tabnuii 5.

.
\
Puc.29
Tabmuis 5.
Buxigni gadi no 3amgaui 74
Bapiant di,MMm do,MmMm ds,MM p1, k[1a Z1. M Z4,M
1 2 3 4 5 6 7
1 125 65 75 60 4,0 2,0
2 130 70 80 50 4.2 2,2
3 140 75 80 70 4.4 2,5
4 150 80 90 80 4.6 2,8
5 175 90 100 80 4.8 3,0
6 200 100 110 90 5,0 2,5
7 160 80 90 45 5,2 2,7
8 150 75 90 50 54 3,0




lIpooosoicenns mabauyi 5

1 2 3 4 3) 6 7

9 100 50 75 70 5,6 2,8
10 140 70 90 60 5,1 2,0
11 90 45 50 40 4,9 1,5
12 120 60 80 30 5,3 1,9
13 250 125 150 50 6,0 2,0
14 300 150 175 80 6,1 2,1
15 350 175 200 90 6,9 2,3

4.5 BrpaTu Hanopy ( THCKY) y TPyOOnpoBoaax

Jns po3B’si3aHHS 3a7ad4 3a Ii€0 TEMOK MOTPIOHO JaTH BIJAMOBIAI Ha HACTYIHI

3aIlIuTaHHAI.

. YoMy B peaJlbHMX plAMHAX BUHUKAIOTh BTpaTH Hamopy? Ski iCHYIOTh

BTPATH HAINOPY?

. SIx 0OUYUCTIOIOTHCS BTPATH HAMOPY IO JOBXKKHI MPU JIAMIHAPHOMY pyci?
. SIK1 1CHYIOTb 30HH OINOPY MPHU TYpOYJEHTHOMY PYCi?

. UuM  BIZpI3HAIOTECSA 00JACTi TJIAJKOCTIHHOTO, JIOKBAJIpPaTHIHOTO Ta

KBaJIpaTUYHOTO OrMopy OJHa BiJ OJHOI Ta SK B IUX O00JaCTAX

oOuncmoeThes koeditieHt Japci?

. SIxi BTpaTH Hamopy Ha3WBalOTh MicleBUMH? SIK BHU3HAUAIOTHCS BTpPATU

HaIopy B MICLIEBUX OMOpax B KBaJpaTU4HI 00nacTi onopy?

. [IpuyrHM BUHUKHEHHSI MICIIEBUX BTpAT.

. SIx BU3HAYAIOTHCS BTPATH HAMIOPY B MICIIEBHX OMOpax MpH JaMiHAPHOMY

pyci?

. SIK BU3HAUHUTH €KBIBAJICHTHY JIOBXXHHY TPyOOnpoBoay?

. Ilo Take mpuHIMII Cynepro3ullii BTpat?



3amaua 75

BuzHauTte BUCOTY BOJIOHAIIPHOI OaITH J1sl 3a0e3nedeHHs poOOTH TiIpaBiIiuyHOT
cUcTeMHU, 110 300pakeHa Ha pucyHky 30. ['iapaBiivyHa cuctemMa Ma€e HaCTYIIHI
napamerps: BuTpaTa Boau Q npu temueparypi 10 °C, miamerpu Tpy6 d; i
do,moxkuuu TpYO |11 2. TpyOu marote mopcerkicts K, BinbHuit Hamip y
BUXI1JTHOMY Tiepepisi Tpyou gopiBHioe h B =10 m. BpaxyBaTu MicIieBi omopu mnpu

BXO/Il B TpyOOIIPOBiJI, paniTOBE 3BY:KEHHs Bif aiamerpa O g0 aiametpa da.

IMpumiTka: KoedimieHT MiCIIEBOTO OMOPY TIPH BXO1 B TpyOompoBia Esx = 0,5;
KOe(DIIIEHT MICIIEBOTO OIOPY MPHU PANTOBOMY PO3IIUPEHHI OOYUCIUTH 32

dhopmyIioro.

E» =0,5 [1 —(d2/d1)?],  (18)

Kinemaruunmii koedirieHt B’a3koctiv Boau v= 1,31¢Ct. 3agaqy BUPIIIUTH 32
nornoMororo piBHsHHS Jl. bepHysut 3 ypaxyBaHHsM BTpaT Hanopy .BuxinHi qaHi g0

3a/1a4i 75 HaBeneH1 y Ta0muili 6.

\Q‘\l

Puc.30



Buxigai nani no 3amadi 75

Taomur 6

Bapiant Q,i1/c d1,MM d2,MM i, ™M PRV K, MM
1 7,0 80 40 70 30 0,06
2 7,2 90 50 80 40 0,07
3 7,5 100 60 100 25 0,75
4 1,7 115 75 120 60 0,60
5 6,8 70 40 125 70 0,90
6 6,6 50 32 30 20 0,03
7 7,9 120 60 135 70 0,50
8 8,0 125 70 140 50 0,60
9 8,2 125 75 145 60 0,10
10 8,4 140 60 150 80 0,20
11 8,6 150 75 160 30 0,35
12 8,3 110 50 170 100 0,80
13 6,5 50 25 80 40 1,10
14 8,7 175 80 180 90 1,20

3amaua 76

Bu3HauTe BUTpaTy racy, 1o BUuTikae 3 Tpyoomnposoay miamerpom d =50 mm, sKIio

HaJIJTUIITKOBHM TUCK B Oarli po = 16 xIla; Bucora piBas Ho =1M; BucoTa migHIMaHHS

racy y Bigkputomy B atmochepy m’ezomerpi H =1, 75 m. Brparamu eneprii

3HexTyBatH . ['ycruna racy p = 800 kr/m3.(puc.31)




Puc.31
3agaya 77
BusHnaute BaroBy BHUTpaTy MOBITps B TpyOl 3 IUIABHO 3aKpPy4YE€HHUM BXOJOM 1
HUAJIHAPUYHOIO0 YacTUHOIO aiamerpoM D = 200 mwm (puc.32) , AKmio noka3zaHHs
BaKyyMMETpa y BUIJISAI BEPTUKAJIBHOI CKIISIHOI TPYOKH, 110 OMyLIEHA B IIOCYAUHY 3
Bonoro, h =250 mm. Koedimient omopy BxXigHOT uyacTHHH TpyOW ( 10 MicIs
npueananns Bakyymmerpa) { = 0,1.I'ycruna mositps p = 1,25 xr/m>.

T

[lobimps =Y

———— '

——-/

3agaya 78
JIst BU3HAUYEHHS BTpaT TUCKY Ha (PUIBTP1 YCTAaHOBJIEHI MAHOMETPH, K MOKa3aHO Ha
pucysky. [Ipu nporyckanni uepe3 GiunsTp piauau, BuTpara sikoi Q =1 yi/c; Tuck p1
=0,1 MIla, p, =0,12 MIla . Bu3znaure 4yoMy JIOpIBHIOE BTpaTra TUCKY Yy (LIBTPI,

ko d; =10 mm, dp=20 MM, TycTuna piguan p =900 kr/m3.(puc.33)
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Puc.33
3amaua 79

BusHaurte pexxuM Tedii piiMHA 1 BTpaTH HANOPY MPH TaKKX YMOBAaX:
Q=2407/x6un; d =60mm.; v=20cCm; | =50m.; K, =0,06mm..
3amaga 80
Busznauutu BTpatH Hanopy B TpyOi 3 niameTpoM d = 50am. , SAKIIO
Q =240/x6un., u=25cIl, p=900xe/n*>, K, =1um., JOBKUHA TPYOH | =5m..
3amaua 81

BusHauuty BTpatu Hanopy SAKmoO: d =120am.; |1=150m.; M = 36000 re

200UHY

P =900-=; 1=008Mac; K, =0Lum.
M

3amaua 82
BuszHauTe pexxuM Tedii piIMHU 1 BTPATU HANOpPy MPU TAKKX yMOBAX:
Q =180s/x6un; d =30mm.; v =20cCm; | =80m.; K, =0,6mm..
3agaua 83
B tpy06i miamerpom d =150mm. Tede Macio v =1,6cCm, p =900xke/m°., BUTpaTa
pimuau Q = 30.1/c., AKUHM PEKUM TeUll Macia 1 skl BTpaTH TUCKY Ha 1MTpyOwu.
K, =0,6mm.?
3amaua 84
Busznaute BTpath THUCKY y BCMOKTYBaJIbHIN T1APOMIiHIL, SKIO0: £ =12m.; d =50mm.;
Q =240x/x6un; p=215¢cI; p =089 2/CM3.; K, =1wm., Ha T1APO JiHIT € KI1amad

(., =85).



3agaya 85

Busnaute noTpiOHMII Hamip HACOCHOT YCTAHOBKH, SIKIIO FH,., =5m.; JIOBXKHHA

HamipHoro Ttpy6ompoBoxy £ =50am.; d=25mm.; Q=3,6x°/200.; v=1Cm.;
> ¢=150.; K, =0Lwm; H,,,, =H, +> ho.
3anaya 86

Busnaute moBHI BTpaTh TUCKY Yy HAIpHIN TIAPOJIHII, SKIO BHUTpata podoUoi
piguaN Q; JI/XBHI,
Hiametp rigpominii D,Mm mgoBxwuHa rigpo jdixii |,m .Poboua piauHa mMae ryctuny p,
kr/M%, kiHeMatnuHa B si3kicTs v, cCT. Hamipna rigpomnisis Mae 2 noBopoTH ( Epep=
0,39) 1 riApOpO3NOAIITLHUK, BTpaT TUCKY B sikomy AP = 0, 18 MIIa. ExBiBasnieHTHa
PIBHOMIPHO-3€pHHCTA MIOPCTKICTh K. , MM. Buxigni mani 10 3amadi 86 HaBeaeHi y
Tabmui 7.

Tabmuus 7

Buxiaai nani mig 3aga4di 86

Bapianr |1 2 3 4 5 6 7 8 9 10 |11 |12 |13

Q. /xBun | 60 |90 |120 | 140|150 | 160 | 180 | 200 | 220 | 240 | 260 | 300 | 320

D,mMm 10 |16 |20 |25 |25 |32 |32 |40 |40 |50 |50 |63 |63

I, M 50 |52 |60 (64 (70 |75 |80 |82 |84 (86 90 (92 |95

p,kr/M® {929 | 900 | 890 | 880 | 865 | 858 | 850 | 848 | 830 | 820 | 825 | 845 | 910

v,cCr 1212 |3 |4 |5 |6 |7 8 1|9 10 |12 |15 |20

Ke,MM 01102 |03 (04 |05 |06 |07 08|09 |1 1,1 ({12 |15

3agaya 87
Busnaunti aOCONMOTHMII THUCK BOJIM Ha BXOJl Y BIAICHTpOBUN Hacoc (puc.34),
AKII0 noAayda piguHu Q, i/c, Bucota BcMoktyBanHa HBc , M .JloBxkuHa TpyOu L, M,
niametp Tpyou D ,mm. Ha 1tpy0i € mumaBHuit moBopoT ( Cnos =0,3.) Kinemaruuna

B’s3kicTh Bomu v = 0,05 Cr. Atmochepuuit tuck Patm = 750 MM prt. CT..




ExBiBaJleHTHa pIBHOMIpHA-3€pHUCTA IIOPCTKICTh K., MMm. ['yctuna BOomu p =

1000xr/m3. Buxinni nani ais 3ana4di 87 HaBesieHi y Tabuui 8.

Tabmuis 8

Buxigai gani go 3amaul 87

Bapianr | 1 2 3 4 S 6 7 8 9 | 10 | 11 | 12 | 13
Q./c | 030 | 040 | 045 | 047 | 05 | 052 | 054 | 056 | 058 | 0,60 | 0,62 | 0,64 | 0,65
L, M 8 7 66 | 70 | 72 | 76 | 80 | 82 | 84 | 86 | 88 | 9 | 92
Dmv | 50 | 40 | 63 | 80 | 100 | 100 | 120 | 120 | 60 | 70 | 60 | 90 | 100
Hec,m 7 62 | 64 | 65 | 63 | 60 | 58 | 56 | 54 | 52 | 50 | 48 | 46
0,9

Ke,MM 0,06 | 0,08 | 0,09 | 0,05 | 01 0,2 0,3 0,4 0,5 0,6 0,7 0,8

3amaua 88
Busnaute Hamip, 1110 CTBOPIOE HACOC CUCTEMH OXOJIO/KEHHS aBTOMOO1JIBHOTO
nBuryHa (puc.35) nmpu HacTyIMHUX JaHUX :ToAava Hacoca Q =3,9 ii/c; koedirienTn
onopiB: Oyioky mwmHApiB {3 =3,5; TepmocTaty (2 =2,5; pamiatopy {3 = 4,0;Tpyou(

IIUIaHra) Bij pagiatopy a0 Hacoca (4 =2,0.Yci koedirieHTH BiJHECEH] 10




MIBUAKOCTI B TpyOi aiamerpoM d =40 mM. YoMy HA0piBHIOE aOCOIIOTHHI THCK

nepe1 BXOJAOM B HAcOC , SIKIIO Y BEPXHIM YaCTHHI pajiaTopa BaKyyM

Pak = 1 kIla; Bucota H =0,4 M ; atmocepnuii Tuck Parm = 100 kIla., ryctuna

piauan p= 1000 xr/m°

‘ [epmocmam

b/ok yumHapIG

Padiamap Hacoc

Puc.35
4.6 BurtikaHHA pPiIMHU Yepe3 OTBOPH i HACAAKHU
Jlnst po3B’sA3aHHS 3a7ay 3a LI€I0 TEMOK MOTPIOHO AaTH BIANOBIAI HAa HACTYIIHI
3alMTaHHS.
1. SIxi oTBOpM MOKHA BBaXKaTH OTBOPaMHU Yy TOHKIW CTIHLII?
2. YoMy mpu BUTIKaHHI PIIUHU 4Y€pe3 MAJICHbKIA OTBIP BUHHUKAE CTHUCIHM
nepepiz?
3. UuM XapakTepu3ylTh JTOCKOHAJIC CTHCHCHHS CTPYMHUHKH?
4. SIk 3MIHIOIOTBCS KUIBKICHI THOKAa3HUKM BUTIKAHHS, KOJM CTHUCHEHHS
CTPYMHUHKH OyJie HEJJOCKOHAIUM?
5. Bixg 4oro 3ajgeXuTh TEOpETHYHA IIBUAKICTH BHUTIKAHHS PIAWHU I dac

BUTIKaHHS B aTMOchepy?



6. Yomy cripaBxxHsl 1 TEOpETUYHA MBUAKICTh BUTIKAHHS HEOTHAKOB1? Slka 3 HUX
Oisbia’?

7. B yomy nonsrae ¢pi3ugHU 3MICT KOe(IIlieHTa MIBUAKOCTI?

8. Sk moB’s3aH1 MK cO0010 KOE(IIIEHTH BUTPATH 1 IIBUJIKOCTI7

9. 3a sKO0i yMOBHM BUTIKaHHS PIAUHH Kpi3b OTBIp y TOBCTIM CTIHII MOXKHA
BB)KATH BUTIKAHHSAM Yepe3 MIWIIHAPUYHY Hacaaky ?. Yomy BHUTpaTa depes
HUAJIIHAPUYHY HacaJKy OlIbIa, HIXK KP13b OTBIP 3 TAKUM CaMHUM JiaMeTpoM ?

10.HaBenith xmacudikaiii Hacamok.

11.Yomy B Hacajkax BUHUKA€E BaKyyM?

12.5Ix BU3HAUUTU YaC CIIOPOKHEHHSI IOCYAUHU?

3agaya 89

Bu3HauTe MBUAKICT 1 BUTPATY PIAUHU IPU BUTIKAHHI Yepe3 MaMil OTBIp B TOHKIN
CTIHII 1 4epe3 IMWIHIPUYHUI HACaZOK 1 HAa CKUIBKH BIJCOTKIB IIPOITyCKHA
CIIPOMOKHICTh IIMJITHAPUYHOTO HAcaaKa OUIbIIe, HDK TIPU BUTIKAHHI PITUHU Yepes
KpYTJIMi OTBIP 1 HA CKUIBKH BIJCOTKIB IIBUJIKICTh BUTIKAHHS PIIMHH YEPE3 KPYTIIUN
OoTBip OuTbIIa, HDK uepe3 Hacanok. KoedimieHTH MBUAKOCTI AJiE OTBOPY U
HUJIIHIPUYHOTO HAcaAKy JopiBHIOWOTE @o= 0,97; ¢4 =0,82; koedillieHTH BUTpATH -
uo =0,62 , w, =0,82. BuxiaHi nani 1o 3amadi 89 HaBeneHi y Tabmuili 9.

Tabmuus 9

Buxigai gani g 3aga4di 89

Bapiant | 1 2 3 4 5 6 7 8 9 10

H,m 04 (060 08 1,0 1.2 14 | 15 1.7 20 | 25

D,mMm 10 12 15 20 24 30 32 40 45 50

3agaya 90
BusHauTe BUTPaTy piIMHH, I'ycTHHA SKkoi p =800 Kkr/mM3, mio BuTiKac 3

0axy 4yepe3 oTBip (puc.36) ,mioma akoro o = 1 cM?,




Tuck NoBITPsl HA BUIBHIN MTOBEPXHI piAuMHU B Oarii po =35,7 klla., Bucora Ho=2m .

Koedimient Butpatu otBopy Lo = 0,60.

£y

Puc.36
3amauda 91
Bu3HauTe HaNpsIMOK BUTIKaHHS piguHM uepe3 oTBip (puc.37) miamerpom d = SmM i
BUTPATy PIAMHM, SKIIO Pi3HUI piBHIM H =2M, nmokazaHHs BaKyyMMeETpPa Pgax =147

MM PT.CT, IOKa3aHHSI MaHoMmeTpa py = 0,25 Mlla, koedimient Butpatu o = 0,62 .

Puc. 37
3agaya 92
[Tpu BuTiKaHHI piguHU uyepe3 oTBip miameTrpom d = 10MM 3aMmipsiM HaCTYITHI
BEITMYMHU: BIACTaHb X =5,5 M, Bucotra y = 4 M, Hamip H =2 M 1 BuTpara pinuau
Q=0,305 n/c. O6uncIUTH KOEPIIIEHTH CTUCHEHHS € ,IIBUJIKOCTI ( , BUTPATU W 1
omopy (. nepepizy

piBHOMIpHUM. (prc.38) Onopom MoBiTps 3HEXTYBATH.

Posmonin  mBHAkocTe 1O CTPyMEHI  BBa)KaTu



X

Puc.38

3amada 93

Bona mo Tpy0i T momaeTscsi B pe3epByap A, 3 SKOT0 yepe3 cornio giameTpom d; = 8
MM TiepeTikae B peszepByap b. Jlami depe3 30BHINIHIA IMIIHAPUYHUN HACaJI0K
miamerpoM dz =10 MM monazmae B pe3epByap B i Ha KiHellb BHTIKae B aTMochepy
yepe3 30BHIMIHIN MWTHAPUYHUNA Hacagok Oz =6 mm (puc.39). Ilpu mpomy H =
1,1m,b =25Mm. BusHaute BUTpaTy BOAM Yepes3 L0 CUCTEMY 1 Mepenaau piBHik hy i

h,.Koedinientn ButpaT npuitasaty py =0,97, wp = pe =0,82.

!

e
s o N
P e e
A i b B

Puc.39



3amaua 94
BusHaute BUTpaTy OCH3MHY 4epe3 JKUKJIep kapOropartopa miamerpom d = 1,2MM,
(puc.40)saxmio xoedimieHT BUTpatu xukiaepa = 0,8.0mopom OEH3UHOBOI TPyOKU
3HEXTyBaTH. THCK Yy TIOIJIaBKOBIM Kamepl  JOpiBHIOE aTtMmocdepHomy. bins

ropaoBuHi qu(y30pa BaKyyM, Peax =18 kIla, ryctuna Gensuny p =750 kr/m>,

[loBimps

1]

Puc.40
3amaua 95
Busnauntu yac ciopoxkHeHHs pe3epByapa (puc.41) 3 Iiomiero noBepxHi pigiuau
= 100m?, Bix piBHs pimunu Hi, m o pieusa H,, M. Burtikanns BimOyBaeTbest uepes
pI3HI OTBOpPHU 1 HAcajgku, KOC(IIIEHTH BUTpPATH [l SKWAX HaBeJEHI y TaOmuIl .

JiameTp oTBOpY ab0 Hacaaka d,mm . BuxigHi maHi 10 3agavi HaBeaeHi y taour. 10,




Taomusg 10

Buxigai ganai qois 3agadlt 95

Bapianr | 1 2 3 4 ) 6 7 8 9 10 11 12

Hi M 6 7 8 9 10 4 5 3 6 8 11 10

Hz,m 4 3 4 5 7 1 2 1 3 5 6 4

i 082|062 045|071 082|062 | 062 045|082 | 062 | 0,45 | 0,45

d,Mmm 100 | 120 | 150 | 110 | 90 | 140 | 110 | 200 | 80 | 110 | 175 | 190

4.7 TinpaBaiuHuii ynap

Jlnst po3B’si3aHHS 3a7a4 3a LI€I0 TEMOK MOTPIOHO JaTH BIJIMOBIJAI HAa HACTYIIHI

3alIMTaHHII.

[TosicHITh (hi3UyHE SABUIIC BUHUKHEHHS T1IPAaBIIYHOTO YIapy.
[Ilo Ha3uBarOTh MIBUAKICTIO YIApHOI XBUJII 1 K 1i BU3HAYAIOTh?
S BU3HAYUTH yJApHUI THCK IIPHU MPSAMOMY T1IpaBiIidyHOMY yaapi?

[Ilo Ha3zuBaroTh (Ha3or0 riipaBIigyHOrO yaapy?

A w0 2=

Komu 6yne Matu Miciie mpsMuii TiIpaBIidHUN y1ap, a B SKOMY BUIIAJKy BiH

OyJzie HepsSIMUM 200 HEMTOBHUM?

o

Sk BU3HAYUTH YJApHUI THCK 1] 4ac HEMPSIMOTO T1APaBIIYHOTO yaapy?

6. SIxk BUBHAYUTH TUCK MPHU HETTOBHOMY TiJpaBlIiyHOMY yaapi?

3agaua 96
BusHaute THN TigpaBAiYHOrO yAapy 1 OOYMCHMTE MiABUILIEHHS THUCKY MpHU
TiApaBIIYHOMY yJapi, SKIIO BIOMHUN dYac CIPAIfOBAHHS 3aIlipHO-PETYJIOI0U0TO
Oprany T , HIBUAKICTh PO3MOBCIODKEHHSA yAAapHOi XBWJII - €, TYCTHUHA PIAMHU P
BUTpara pinuau Q, gorxkuHa rigpomiHii —L 1 miameTp rigpo miHii D .Buxigai madi

1o 3a1a4ul 96 HaeneHi y Tabsmi 11.



Buxigai gagi no 3azgadi 96

Taomug 11

Bapiant 1 2 3 4 5 6 7 8 9 10
T, C 0 0,01 | 0,02 | 0,03 | 0,04 | 0,06 | 0,07 | 0,08 | 0,09 | 1,00
pxr/m® | 850 | 875 | 894 | 848 | 854 | 900 | 920 | 828 | 905 | 838
C,m/c 1120 | 1030 | 1010 | 1200 | 1080 | 1085 | 1105 | 1240 | 1235 | 1212
Qm%¥xBun| 90 | 120 | 140 | 150 | 160 | 180 | 190 | 200 | 240 | 300
L,m 6 7 8 9 5 10 12 3 11 8
D,mMmMm 15 20 25 30 32 25 20 16 20 40
3agaga 97

BusHauuTy NIABUINEHHS TUCKY Y BOJIOINPOBIAHINA JiHIT JgoBkHHOIO L, sKiio

TPUBAJICTh 3aKpUBaHHS 3amipHoro npuctporo Ti 1 Tp, niamerp TpyOu D, ToBIIMHA

CTIHOK 0, MaTepiajl — CTajlb, IIBUJKICTh T€UIi O TiJipaBiiyHoro yaapy V. ['yctuna

Boau p = 1000xr/m°. [IBMAKICT, MOIUMPEHHS YAApHOI XBWJII B HEOOMEKEHOMY

MPOCTOPI1 NMPUUHATH Co =1425 M/c. Buxiani gaHi 10 3a1a4i HaBeaeH1 y Tabmumi 12.

Tabmuus 12
Buxigai gadi no 3azgaydl 97
BapianT | 1 2 3 4 5 6 7 8 9 10
L,/m 500 | 1000 | 2000 | 700 | 800 | 900 | 1200 | 1300 | 1400 | 2500
T1,cex 5 1 4 3 4 6 2 1 8 2
T,,cex 2 3 1 1 2 3 4 5 2 1
Dmm | 100 | 125 | 100 | 150 | 125 | 175 75 100 | 175 | 200
Vo,m/c | 1,00 | 1,20 | 1,25 | 1.30 | 1.35 | 140 | 0,70 | 1,55 | 0,75 | 0,9
d,MM 55 | 6,0 7 8 9 10 11 12 14 16




3amaua 98
Busznaute THCK TIpM HEMOBHOMY TiJPaBIIYHOMY yjAapi, SKIIO MIBUAKICTh
PO3MOBCIO/IKEHHST YAapHOT XBUJII - C, TYCTUHA PIAWHU P, MOYATKOBA HIBUAKICTH
pyxy pinuuau VO, KiHIeBe 3HaueHHS mBUAKOCTI V .Buximni gani o0 3amadi 98
HaBezeHl y Tabmui 13.
Taomumg 13

Buxigni nai no 3amayi 98

Bapiant | 1 2 3 4 5 6 7 8 9 10

c,M/c | 1320 | 1250 | 1150 | 1200 | 1110 | 1290 | 1310 | 1050 | 1080 | 1250

Vo,m/c| 6,0 | 56 | 56 | 45 | 45 | 45 | 53 | 53 | 50 | 50

V,mc | 25 | 23 | 20 | 15 | 20 | 13 | 23 | 18 | 25 | 3,0

p,kr/m® | 920 | 900 | 890 | 880 | 850 | 825 | 810 | 780 | 750 | 700

4.8 I'inpapJjiiyHi MAaIIUHA
Jlnst po3B’sA3aHHS 3aad 3a LI€I0 TEMOK MOTPIOHO AaTH BIANOBIAI HAa HACTYIIHI
3aryuTaHHS.
1. o Ha3uBarOTH TiApOMAITUHAME?
2. 3a AKUMH O3HaKaMH KJIacu(iKyrOTh TiApOMAIIUHN?
3. SIkxi OCHOBHI MapamMeTpu XapaKTEPU3yIOTh POOOTY TiAPOMAITIH?
4. 11lo Ha3uBaIOTh TEOPETUYHUMH XaPAKTEPUCTUKAMH BIALIEHTPOBOI'O HACOCY?
5. Ski icHyIOTH TpHU THIIA JIomaTOK poboyoro kojeca? [10gACHITH BIIMIHHICTH B
iX TEOPETUYHUX XapaKTEPUCTUKAX.
6. KoediumienT kopucHOi niil BIALEHTPOBOro Hacoca. SKi Tpu BUAM BTpaT
eHeprii iICHyI0Tb B T'iipoMalinHax?
7. SIx BU3HAYAIOTHCS CIPABXKHI XapaKTEPUCTUKHU BIILIEHTPOBOrO Hacoca?
8. Illo Ha3zuBarTh poOOUOI0 TOUYKOK? SIK MOB’si3aHE 3 HEKW MHUTaHHS BUOOPY
Hacoca JyuIs JaHOT Mepexi?

9. Ilo Ha3uBaKOTh MOJIEM POOOUMX XapPaKTEPUCTHUK Hacoca?




10.3anumrite popmyu MOAIOHOCTI IS MOAIOHUX PEKUMIB OJTHOTO HAcoca.
11.5Ix mepepaxyBaTu XapaKTEpPUCTUKU HAcOCa BiJl OJTHOTO PEKUMY pOOOTH 10
1HII0Tr0?
12.11lo Ha3uBarOTh KOEQIIEHTOM MIBHAKOXIIHOCTI? SK KinacudikyroTh poboui
KoJieca 3a Koe(ili€eHTOM MIBUAKOX1THOCTI?
13.006rpyHTyiiTe HEOOXIAHICTh 3aCTOCYBAHHS MTOCIITOBHOTO 3’ €JHAHHS HACOCIB.
14.Yomy He0OX1HO 3aCTOCOBYBATH MapaliesibHE 3’ €THAHHS HAcOCIB?
15.0OxapakTepusyite NpUHIUN Aii 00’ €MHUX T'1APOMAIINH.
16.5Ix1 ciijbHI BIACTUBOCTI MaloTh 00’ €MHI HacOCH?
17.Ha sixi TUIM TiAPO3AUISIOTECS 00’ €MHI TIPOMAIIIMHU 32 XapaKTEPOM PYXY 1
dbopmoro pobounx opraHip?
18.111o € poboyoro KamMeporo 00’ €MHOT T1IPOMAIIUHNA?
19.Ha sixi mapaMeTpu BILTUBA€E BUTIK PiAUHU B 00’ €MHOMY HAcOCi?
20.5Ixi KOHCTPYKTHBHI MapamMeTpu BIUIMBAaIOTh Ha mojady HacociB? Yomy
HEPIBHOMIPHICTh MO/IaBaHHS TOPIITHEBOTO HACOCY € HEMUHYUYOIO?
21.BrnacTUBOCTI POTOPHUX HACOCIB 1 X KIIacHQiKaIlis.
22.B gxux TUMax HACcOCIB MOMKJIMBE PETYJIIOBAHHS TMOJa4 Ta PEBEPCYBAHHS
MOTOKIB PIANHU?
3amauga 99
[Tpu BumpoOyBaHHI Hacoca oJiep>KaHl HACTYIIHI JIaHi: HAJIJTMIIIKOBUN TUCK HAa BUXO/II
3 Hacoca pz =0,35 MIla, BakyyM mepea BXOAOM B HAcOC Ny =294 MM pT.CT.,
nomayda Hacoca Q= 6,5 11/c, kpyTsSunii MOMEHT Ha Baiy Hacoca M=41H'wm, yactoTa
obeptanHs Baia Hacoca N=800 o6/xBui. Bu3HauTe MOTYX HICTH , III0 PO3BUBAETHCS
HAaCOCOM ,CITO’KMBYY MOTYXKHICTh
1 koedimienT kopucHoi mii. JliaMeTpu BCMOKTYBAJIBHOTO 1  HAmIpHOTO
TpyOONPOBO/IiB BBAXKATH OJJHAKOBUMH.
3amauga 100
BigmentpoBuii Hacoc mparroe ¢ 4actotoro ooepranus N; =1500 o06/xBu 1 moMITye

piauHy B TpyOOIpPOBI, IS SIKOTO 3a/iaHa KpuBa nmoTpioHoro Haropy Hmootp = f(Q).



( muBuch pucyHok 42) Ha Tomy e rpadiky aHa xapakTepucTuka Hacoca Hy mipu

BKa3zaHii 4acTtoTi obepTaHHs. SIKy 4acToTy oOepTaHHS MOTPIOHO HAJaTH JAaHOMY

HAcOoCy, 00 301IBIITUTH MOJavy B JIBa pazu?
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3amaua 101

10

7 4 nr

Binuenrposuii Hacoc mojac XOIOAHY BoAy y KimbkocTi Q M*/rox 3 Komomsss 10

HamipHoro Oaky nmpu Po = Pk mo TpyOi miamerpom d MM 3 TIOBHOK BHCOTOIO

migiiomy h M. Bu3Hauntm mnoBHMIA KOoeQillieHT KOpPHCHOI Iii Hacoca, SIKIIO

MOTYXHICT, Ha Baimy Hacoca N = 14 kBt, a cymapHmii koedimieHT omopy

TpyOonposoay > = 10,5. Buxiani nani no 3aaadi 101 naBeneni y tadnum 14.

Tabmuis 14
Buxiaai gani no 3amaul 101
Bapiant 1 2 3 4 5 6 7 8 9 10
Q.,m%*ron | 100 | 95 90 85 80 82 84 92 95 102
d,mm 150 | 145 | 130 | 125 | 120 | 122 | 140 | 145 | 150 | 160
h,m 32 32 38 40 42 44 46 40 35 30




3amaua 102

BH3HAYMTH NOTYKHICTh Ha Bajly BiJLIEHTPOBOro Hacoca, mojaua sikoro Qm3/ron,

AKIINO MOKA3aHHS MaHOMETpPA Ha HarHiTalmbHOMy HaTpyOKy PH Krc/cm?, mokasaHHs

BaKyyMMETpa Ha BCMOKTYBaJbHOMY NaTpyOky PB MM pT. CT., a BepTUKaibHa

BiJICTAHb MDK MaHOMETPOM M TOYKOIO TNpueqHaHHS BakyymmeTrpa AH =0,6Mm.

Koedoiuient kopucHoi aii Hacoca npuidiHatu 1, =0,62.Poboya pinuHa Bofa,

JlaMeTpU BCMOKTYBAJIBHOTO 1 HAIlIPHOTO TPYyOONPOBOIB OJHAKOBI. BuXiaHI 1aHi

1o 3anadi 102naBeneni y Tabmui 15.

Tabmuus 15
Buximai qanai go 3amaul 102
Bapiant 1 2 3 4 5 6 7 8 9 10
QMm%ron | 40 | 42 | 44 46 48 50 52 54 56 58
Puxrc/em® | 21 |22 | 24 | 25 | 26 | 28 | 29 | 30 | 32 | 33
PB,mmpr.cr | 200 | 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290
3amaua 103

XapakTepucTuKa BiAIIGHTPOBOTO Hacoca MpuBeneHa Ha puc.43. Busnaure mogady

Hacoca 1 KKJI mpu nogaBanHi BoaM y BIIKpUTHIA pe3epByap Ha Bucoty H mo TpyOi

miametpoM d MM, moBkHHOIO L M, SKiIo Koe(ili€HT TiApaBIidHOIO TEPTS A, a

MICIIEBI BTpaTu Hamopy ckianaroTh 10% Bijg BTpar mo JOBXKWHI. BuUXiJHI AaH1 10

3a/1a4l HaBejeH1 y Tadsmi 16.

Tabmums 16
Buxigni gani go 3agaui 103
Bapiast 1 3 4 5 6 7 8 9 10
H,m 12 14 15 16 17 18 20 18 16 14
d,mMm 60 65 70 75 70 68 66 72 74 75
L,m 50 52 54 56 58 60 62 64 65 62
A 0,020 | 0,025 | 0,033 | 0,032 | 0,028 | 0,030 | 0,032 | 0,035 | 0,038 | 0,040
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3amauga 104

Xapaktepuctuka Hacoca mpu Ny =950 06/xBui HaBelleHa Ha pUCYHKY 44. Buznaute
B CKUIBKM pa3iB 3MEHILIUTHCS BUTPATA BOJHU, SKIIO XapaKTEPUCTHKA MEPEexKl
BU3HavacThea piBHAHHAM H = 10 + 17500 Q? ( BMTpaTy piIMHHU HiJCTABISATH B
M%/c), a yactoTa obepraHHs craHe Np. Buximmi gami o 3amaui 104 HaBemeHi y
Tabmui 17.

Tabmuus 17

Buxigui gani go 3amaur 104

Bapiant 1 2 3 4 5 6 7 8 9 10

n,06/xsun | 920 | 910 | 900 | 890 | 870 | 850 | 820 | 800 | 790 | 750

i 4 | n-980 0840
40 i /
A
w %

20 / )

/

0

v 20 30 40 50 4air

Puc.44




3amaua 105
BusHaure BUTpaty Boau uepe3 TpyOy miamerpoM d MM 1 qoBkMHOIO L M, SKIIO
abCOTIOTHA TOPCTKICTh TpyOompoBoay A; mm, a Hamip H = 10 M. Sk 3miHUTBECA
BUTpATa BOJH, SKIIO 3aMIHUTH TPyOy Ha HOBY C MIOPCTKICTIO Ay MM. BuximaHi maHi

1o 3anadi 105 naBegeni y Tabmuii 18.

Tabmuusa 18
Buxigai qagi go 3agayi 105

Bapiant | 1 2 3 4 5 6 7 8 9 10
d,mMm 150 | 125 | 175 | 175 | 200 | 225 | 200 | 225 | 250 | 250
L, m 500 | 550 | 600 | 650 | 680 | 700 | 720 | 660 | 600 | 500
Ai,mm | 0,8 0,9 10 | 06 | 08 1,0 1,0 | 0,9 1,0 | 0,3
Apymm | 02 | 025| 02 | 025} 03 | 03 |04 | 05| 06 | 07
Tabmuusg 19.

JoBigkosi gaxi 10 3amadi 105

3HadeHHst Moy BuTpatu K 115 Kpyriux 4aByHHUX TpyO

Hiametp, MM K, n/c K, n/c K, n/c
A=0,2-0,3 A=0,4-0,6 A =08-1,0
100 77,53 63,96 51,56
125 139,24 115,44 93,79
150 224,51 186,95 152,78
175 335,9 280,7 230,5
200 476,9 399,7 329,5
225 648,0 5445 450,4
250 852,4 717,8 595,4
300 1373,9 1161,4 967,9




Honarok 1

Tabmums 20.
J10B1JIKOBI JJaH1 Ta OCHOBHI pO3paXyHKOB1 (hOpMYJIH
Beanuuna dopmyaa Po3mipHicTh
1 2 3
I'yctuna p=m/V Kr/M>
ITutoma Bara vy =G/V =pg H/m®
KoedirieHT 06’ €eMHOTO _ 1AV
Po7, ap
CTUCHEHHS 0 m%/H
Monynbs 00’ eMHOT PY>KHOCTI K=1/B, ITa
['ycTrHA MIPU THCKOBI P _ M
Po =125 Ap
P Kkr/m®
Cuita B’SI3KOCTI1 Fr =+uSdu/dh H
JluHamidHa B’ SI3KICTh w =t /du/dh [Tac
KiHemaTtuuHa B’SI3KICTh v=u/p M?%/c
Koeinient TemmnepaTypHOTro B = 1AV 1/rpan
LV, At
PO3IIHPEHHS °
['yctuna mpu Temneparypi t _ P
P= 1+ At
' Kkr/m®
PiBusanns Knaiinepona - Kr/m>
Menneneena p=p/RT
["a3zoBa crana R R=8314/u JIx/kr rpan
TepmoauHamMiuHa
TeMmIepaTypa T =1°C +273
OcHOBHE PiBHSHHS Z +p/pg = const M

T1IPOCTaTUKH




IIpooosoicenns mabauyi 20

1 2 3
®opmyJia 111 BU3HAYEHHS P = Po +pg H/m?
TUCKY
PiBHOfiliHA cuJla THCKY F = o( po +pghys) H
Koopaunatu nieHTpa TUCKY lur =B +lo/olus M
Burpara piguan Q=vad M3/c
Cepennst MIBUAKICTD B KPYTUIii V= 4Q
- omd?
TpyOi Mm/c
Yucno PeliHonbca Re = vd/v 0e3po3MipHe
A p, a,V)
Z+-t+ =z, 4+ 2+ 722 4N
PiBusinus [1. bepnysmi A 29 P20 M
2
ho = /1;;’
Btpatu no 1oBxuHI g M
VZ
i g?
MicueBi BTpatu 9 M
KoedirienT crucHeHHs € =0o/® 0e3po3MipHHit
[IBUaKICTEBUTIKAHHSYEPES vV =¢./2gH Mm/c
OTBOPH 1 HACATKH
Butpara piguau Q = uw.[2gH
m3/c
Yac 3HMKEHHI pIBHS PIJAMHU B
pesepayapi t=— %2 (JH, - [H ¢
L \/E (x/il \/72 ) ’
®opmyia JKyKOBCBKOTO APyy =pVoC ITa
Y 1apHUi TUCK NPU HENPSMOMY APsenp =pVoCT/Tsax
yaapi I1a




IIpooosoicenns mabauyi 20

1 2 3
Y napHuii TUCK MpH APyenos =p(Vo—V) C
HEMOBHOMY yZapi ITa
[ToTpiOHUY Harip H notp = Her +Zh,, M
Hamip Hacoca i = P P vi-v,2
A A 29 M
Crio>xrBYa MOTYKHICTD
Hacoca Ner= Mo Bt
Kopucha notyxHicTh Hacoca

N=QpgH Bt

3aKOH MPOMOPLIHHOCTI Q1/Q2=n1/ny; Hi/Hz =(n1/ny)? -

N1/N2=(n1/ny)?




( MNoyamok )

Re=v-d/v

o =2
A=6L/Re

Tak Hi

% =0.3164 /Re"?

o =1

A =L0d/k,,

Tak @ Hi

A=500d/k,,

Joxarok 2

68 Ky 025 | TOK Hi
A :011(E+?)
lv ’
Wa=ds <= L =011
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(C_fivews )

Puc. 45
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brok-cxema airopuTMy po3paxyHKy BTpaT Haropy Mo JOBKHUHI



Jonarok 3

( [lovamok )
BuxidHl daHi:
Qdl v, ky =&

v=kQ/ 7 d?

Re=v-d/ v

Tok Hi
A =64 /Re A =L0d/k,,

05 | TOK Hi
A =03164/Re" A, =500d/k,,
68 kKe 0,25 Tok Hi
A 20,11(%+?)

l v’ ki
hm:(x?zg)ﬁ A =011 d)

025

C KiHeub )

Puc. 46.

brok-cxema anroputMmy po3paxyHKy CyMapHUX BTPAT HAIopy B TPyOOTPOBO/Ii
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