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HaBuanbHO-METOOMYHMIT TOCIOHMK 3 JIUCUMIUIIHU ,,['1iIpOTEXHIYHI crnopyau’
HanMCaHUM NIl CTyAEHTIB cnemiaibHOCTI 192 «byAiBHUUTBO Ta LMBIJIbHA 1HXKEHEPIS»
OCBITHBO-TIpO(eciiiHOiI TporpamMu « MiChbK1 IHXKEHEPHI MEPEKD.

B HaBYallbHO-METOIMYHOMY TOCIOHMKY TOJA€ThCS JIEKIIHHUM Marepian 3
JTUCLUUIUIIHY, HaBEJCHI MPUKIAAM PO3PAXYHKY TIIPOTEXHIYHUX CHOPYM, JOBIIKOBI
Marepiajid, 1HIUBIAyalIbHI 3aBAaHHS JIJIS MPAKTUIHUX 3aHIATh, TUTAHHS IS MOJTYJILHOTO
TECTyBaHHS.

B nexkuiifHOMy Kypcl 3 AUCHUIUIIHK PO3IJIAHYTI KOHCTPYKTHBHI OCOOJIMBOCTI Ta
METOAU PO3PaxXyHKY PI3HUX BHYTPICUCTEMHHX Ta PIYKOBUX TIIPOTEXHIYHHX CIOPY/I:
rpebenb, BOJONPOIYCKHUX CIHOpYJA, KaHaIIB Ta CHOOPYJd Ha HHUX, T1APOTEXHIYHUX
TYHEINIB, CYJIHOIUIABHUX, JICOMPOIYCKHUX CIOPYJ, TaKOX PO3TJISHYTI MHUTaHHS
eKCIuTyaTtamii TiApoTexHIYHUX cropya. I[licas KoxkHOT TeMH JIeKIli IMOJarThCs
KOHTPOJIbHI 3alIUTaHHS.

JIJ1st BUKOHAHHS TPAKTUYHOTO 3aHSATTS MOJAI0THCS KOPOTKI TEOPETUYHI BIIOMOCTI
IOJI0 TEMH 3aHATTS, MOJAETHCS TMPHUKIIA] PO3B’sI3aHHS 3aBJAaHHS a TaKOXX BapiaHTH
1HJIMB1AyaJIbHUX 3aBJIaHb.

3anuTaHHs A1 MOJYJIBHOTO TECTyBaHHS CKJIAJICHI 3a TEMATHUKOIO JIEKIIITHOTO

KypCy 3TiIHO 3 MOJYJIbHOK pOO0OYO0 HaBYAIBHOIO IPOIPaMOK0 AUCLHUILIIHM.



YACTUHA 1 KOHCHEKT JEKIINA

Tema 1. 3aranbHi BiJIOMOCTI ITPO TAPOTEXHIUHI CIOPYAH

1. Tlonsarra mpo rigporexuiuni crnopyau (I'TC) Ta ix
KJacuikarris.

2. OcobnuBocti Ta ymoBu podotu I'TC.

3. Enementun ¢mrorOetiB. 3anmaui  GuIbTpaiiiHuX
PO3PAaXyHKIB.

4. TeopeTwdHi METOIM PO3PAXYHKY (PiIbTpaIIii.

1. Tigporexniuni cnopyau (I'TC) — e imkeHepHi criopyid, SKi IpHU3HAYCH] JIS
BUKOPUCTAaHHS BOJHHUX pecypciB a00 g MONEpeKeHHsS MIKIUIMBOI Aii BOAM Ha
HABKOJIMIIHE cepesioBullle (Bogomiuis, ceini). B3arami icuye 6ibiie 100 Tunis ['TC.

3a micyem posmauwyeanna I'TC po3auisitoTbCd Ha PIYKOBI, MOPCHKI 03€pHI,
CTaBKOBI, IM/I3¢MH1, BHYTPIIIIHI CHCTEMHU.

3a xapakmepom yHKyiil, 1110 BUKOHYIOTbCS, pO3pi3HstoThes HacTynH1 Buau ['TC:
BOJIOHAIIIPHI — JIJIs CTBOPEHHSI HANopy BoaM (Tpedii, 7amOu); Bogo3abipHi — A1t 3a00py
BOJIY 3 BOJIOTOKIB Ta BOJIOMM; BOJIOTIPOBIIHI — JIJISl TTOAQ41l BOAM JO MICIA i1 CIIOKMBAHHS
(TyHex i, TOTKU, KaHaJM); BOJOCKUIAHI — JIJIsl KOPUCHUX MPOMYCKIB y HIDKHIN 0’ ed, /s
CKHUJIaHHS HAJIUIITKOBOT BOAW (TIMOWMHHI 1 CUGOHHI BOJOCKHIN); PETYISAIIAHI — IS
peryjioBaHHs [1i XBWJIb Ta Tedid Ha Oeperu BOJOIM, ISl YKpIIJIEHHS Oeperis,
PEryJIOBaHHS B3a€MO/IIi PIYKOBOTO MOTOKY 3 PYCJIOM (CTpYMUHOHANPSAMHI JamOu,
HITIOPH).

3a ymosamu suxopucmanus I'TC y BimmoBigHOCTI 13 HOpMamu [1] mimaTbest Ha
NoCTiHI 1 TUM4YacoBi. [lOCTifiHI BHKOpPUCTOBYIOTbCS TPU TMOCTIHHINA eKcIuTyaTamii
00’€xTa, TUMYACOBI JuIlIEe B mepioj Woro OymiBHUOTBAa abo peMoHTy. lloctiitai I'TC
NOJUISAIOTHCS HAa OCHOBHI Ta ApyropsaHi. Jlo ocHoBHuX BigHOcAThes I'TC, pemoHT a0o
aBapisi SKMX TPHU3BOJAUTH JI0 MOBHOI 3YMUHKH 00’€kTa (KaHayiu, Tpediti, BOIOCKHUIH,
OyIiBIII TiIPOENEKTPOCTaHIl#), a 1o npyropsaanx — ['TC, Ta iX 4yacTWHU, 3yNMUHEHHS
SKUX HE BEJIC 10 BAXKKUX HACIIIKIB (CIIy’>k00B1 MiCTKH, PEMOHTHI 3aTBOPH ).

3a yinvosum npusnauennam ['TC moaundaoThCAs Ha JBI TPYINU: 3arajbHOTO

IMPU3HAYCHHA 1 CHGHiaJ'IBHi. CHOpy,Z[I/I 3arajJibHOro nMpu3Ha4YCHHA BUKOPUCTOBYIOTHCA IJIA



notped pi3HUX Taimy3eld BOJHOTO TOCMOJApPCTBA, JO TaKUX CIOPYA BITHOCATHCS
BOJIOIIPOBIHI, BOJIOHAITIPHI, peryssuiiHi CIIOPY/IH. CreuianbHi I'TC
BUKOPHUCTOBYIOTHCS )1l TOTpeO Oyab-skoi oiHi€el ramy3i. Po3pizustors cnemianbhi I'TC:
BOJHO-TPAHCHIOPTHI (IIUTFO3HM, KaHAJIW, XBHJICJIOMH); MeEJIiOpaTHUBHI (HACOCHI CTaHIIIi,
KaHaliy, SKi MpU3HAYeH1 N7 OOBOJIHEHHS 1 OCYIICHHsI 3€Mefib); JIICOCIUIaBHI (3amaHi,
OOHM, KOJOJIOCIYCKH): puOOrocrnoaapchki (puOOBOAHI CTaBKHU, pUOOXOIU); IS
BOJIONIOCTAa4YaHHsS Ta BOJOBIIBEACHHS (BOJ103a00pH, OYMCHI CHOPYAM); JJIsi CTBOPEHHS
[IUTAMOHAKOIIUYYBayiB Ta XBOCTOBHUII (BOJOCKUIU, AaMOM); It OOPOTHOM 3 IMOBEHSIMH,
CeJISIMU, €pO3i€l0 TPYHTIB (3TUBOCITYCKH, 3aXMCHI JaMOM); BOJHOCHepreTuyHi (OyiBii
T1APOETEKTPOCTAHIIIN).

3a kanimanvnicmio Bcl mocrtiiHl I'TC mingatecs Ha 4 Kiacu, a THMYacCoOBI
BITHOCATHCS 10 V kiacy. Kiac kamiTaabHOCTI CIOPY] BCTAHOBJIIOETHCS B 3QJICKHOCTI
BiJl X HapOJHOTOCMOAAPCHKOTO 3HAUYCHHS 3 BpaxXyBaHHSM HACIIJIKIB aBapii Ha HUX YU
MOPYIIEHb EKCIUTyaTallii.

Oxkpemi Tunmu ['TC xmacudikyroTbcsi MO BUCOTI 1 3a KOHCTPYKTUBHUMHU
npukMmetamu. ['TC po3giisitoTbCsl TaKOXK 3d  OCHOBHUM — Mamepianom, SIKAU

BUKOPHUCTOBYETHCS JIJ1s1 Oy IIBHUIITBA (3€MJISIHI, KaM siH1, OETOHHI, CTaJIbHI1, I€PEB’sHI).

2. Boga ynanTs Ha ['TC MexaHiuny, Qi3uko-xiMiuHy 1 010710TIYHY Jit0.

MexaHi4uHa [ NPOSIBIASETHCSA Yy BUIJIAAl CTATUYHUX 1 MEXAHIYHUX HABAaHTAXEHb,
10 MOBMHHO BPaxOBYBaTHUCh IMpHU OYyIIBHULTBI, B mepuy uepry, nignipaux ['TC, ski
iCJIsl 3alIOBHEHHS! BOJJOCXOBUIIA ONMUHSAIOTHCS 1]l TUCKOM BOAM (T1IPOCTATUYHUN THUCK,
JII0YMM B TOPU3OHTAJIbHOMY HAINpPsIMKY, HaMaraerbCcs 3CyHYTH a0o0 TEepeKUHYTH
cnopyny). Ilpupoanuii pexxuM pyciaoBOro MOTOKY Ta IPYHTOBHUX BOJ 3MIHIOETHCS Y
BEPXHbOMY Ta HWXKHbOMY O’e¢ax. Tak MMBHUIAKICTH Teyii y BOJOCXOBHILI 3HAYHO
3MEHIIYEThCS 13 30UIBIICHHSAM TJIMOWHM, ajieé Ha MIX0/I1 JO BOJOCKHIHUX CIIOPY] BOHA
30UTBIIYETHCS 1 MOXE BUKJIMKATH PO3MMBH JTHA Y BepxHboMY O0’e(di (Hampukia, Taka
CUTYyaIlisl MOXE€ BUHUKHYTH TIPH MPOITYCKaHHI BOJU Yepe3 IOHHI OTBOPH), 110 MOTpelye
BJIAIITYBaHHs KPIIUIEHb MEpe] CropyAoro. J(nHamMiuHI HaBaHTa)XCHHS BUHUKAIOTH MpPU
MPOXO/KEHHI TMOTOKY 3 BENUKUMHU MBUAKOCTAMH (20-30 m/c) yepe3 BOJO3JIMB. B
HUKHBOMY O’€di eHepris MOTOKY MOXE BUKIMKATH PO3MUBH I'PYHTIB OCHOBH. B Takmx

BUIAJIKaX HEOOXI1JIHI 3aXMCHI 3aXO0JIM: BJAIITYBaHHS BOJI000I0, pucOepmu. J(mHaMIuHI



HABAaHTAKEHHSI BUHUKAIOTh TAKOX MPU yAapl XBUJIb, IPHU pycl QLIBTPALIAHOIO NOTOKY Y
Tl COOPYAH, M Yac 3eMIeTpycy. B 3uMOBHil IepioJl CTaTUYHI HABAHTAKEHHS MOXKYTh
BUHUKHYTH MPU TEPMIYHOMY PO3IIMPEHH] CYHIJIBHOTO KPUXKAHOTO MOKPOBY, MPU HABAII
KpWKaHMX TMOJIB mif giero BiTpy 1 Teuii. Ilpu inmpTparii Bogu B OCHOBI CIOPYIH
BUHUKAE TaK 3BAaHUU TPOTUTUCK — (PUIBTPALIMHUN TUCK, HaNpaBlIEHWW 3HU3Y BBEPX,
KU 3MEHIIIYE OMip 3CYBY CHOPY/IH.

@i3uKo-XiMIYHA Ji BOAM BUKIWKAE pYHHYBaHHS METAJICBUX E€JIEMEHTIB
BHACIIIJIOK KOPO31i; KaBiTallilo Ka MOX€ BUHUKATH B 30HaX, JIe MOTIK 00TIKAE CIIOPYY 3
BEJIMKUMHU IIBUAKOCTSAMH 1 yTBOPIOEThCS BaKyyM; XiMiuHY cy(do3it0o B IpyHTax, sKi
MICTSTh JIETKOPO3YMHHI PEYOBUHH.

bionoriuna ais BOAU 3yMOBJIEHA )KUTTEAISIIBHICTIO PI3HUX MIKPOOPTaHi3MIB, 110 B
HIl icHylOTb. B pesynbTaTi Moke Bi1IOyBaTUCS THHUTTS JI€PEB’SHUX EJIEMEHTIB,
3apOCTaHHS TPyOOIPOBOIIB, TOIIIO.

byniBaunreo ['TC cyTreBOo BruMBa€ Ha MNPUPOJIHI YMOBHU HABKOJHUIITHIX
teputopiid. [losiBa BETMKUX BOJTOCXOBHIII, PO3MOBCIOIKEHHS TIOPY BiJ] T1IPOBY3IIIB Ha
JECATKH KIJIOMETPIB BBEPX 3a TEUIEIO 3MIHIOIOTh POCIMHHUI Ta TBAPUHHUI CBIT 1 HaBITh
KJIIMaT.

ABapis BEJIMKOI CIOPYJIM MOKE MPUBECTH JO 3HAYHUX HETaTUBHUX HACIIJIKIB.
Bigomi aBapii I'TC pizHoro tumy Oynud BHUKIMKaHI B OCHOBHOMY HACTYyIMHUMU
NpPUYUHAMH: TIEPETUBOM BOAM uepe3 TIpeliHb;, XIMIYHOIO cydo3ier; medopmariiero i
CIOB3aHHSIM YKOCIB Tpe0eib; 30CEpe/KEHOI0 (PUIbTPALIE€I0 Kpi3b TUIO CHOPYAM YU
OCHOBY.

I'TC matoth psig 0COONMMBOCTEH, IMOB’SA3aHUX 3 BUKOHAHHAM pOOIT mpU ix
cnopymkenHi. lle mTOB’S3yeTbcsi 3  BEIMKUM  BaHTaXoo00iroM. [igporexHiuHe
OYIIBHHUIITBO BiJIPI3HSIETHCS MACOBICTIO OCHOBHUX POOIT: 3eMENbHO-CKEIbHI, OETOHHI
pobOTH 3a BapTICTIO 1 TPYJAOMICTKICTIO ckiafarTh 10 80% BiJ 3araJbHOrO0 00’€My

pOOIT.

3. I'TC, sixa cTBOpIOE PI3HUIIIO PIBHIB B 0’edax 1 Mae BOJONMPOHUKHY OCHOBY,
BUKJIMKAE PyX TPYHTOBOTO MOTOKY, SIK B OCHOBI CIIOPY/IH, TaK 1 B ii 00XiI.
ko cnopyaa BoJOHENpPOHUKHA (3 OeToHY abo 3ami300€TOHY), a TPYHT, Ha

SKOMY BOHA pO3TAlllOBaHA, JIETKONPOHUKHUM, TO TIPYHTOBUW TMOTIK HE Ma€ BUIBHOI



noBepxHi 1 Oye HamipauM (puc. 1.1.1).
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1 — obnactp QinpTpariii, 2 — mgonBa CIOpyau, 3 — BOAOYIIOP.

Pucynok 1.1.1 — Hamipauit pyx $GibTpamiiiHoro moToKy B OCHOBI CIIOPYIH

Sxmo cropyna ¢inerpyroda (3emisiHa Tpebisi, gamba), TO B TaKOMY BHUIAIKY
BOJA TMPOXOIUTh dYepe3 TUIO CIOPYOW, NpH IbOMY BHHHKAE BiTbHA ITOBEPXHS

IPYHTOBOTO MOTOKY 1 pyX Oyne Oe3namipuuii (puc. 1.1.2).

1 — obGnacte inbTparii, 2 — KpuBa Aenpecii, 3 — BOJIOyMop.

Pucynox 1.1.2 — be3nanipHiit pyx QpiIbTpamiifHOro MOTOKY

Omrorder cknanae yactudy ['TC, nmpusHaueHy aJjisi CTBOPEHHsI IITY4YHOTO pycia
JUTSL BLAKPUTOTO MOTOKY 1 17151 TaCiHHS Hanopy (GuIbTpaliifHOro moToKy.
B piukoBux cnopynax CKJIaJoBUMH YacTUHaAMU (DIOTOETY € MOHYp, TUIO TpedIi,

BO1001#, pucOepma i KiHIeBa yacTuHa KpirieHHs (puc. 1.1.3).
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Pucynox 1.1.3 — CknanoBi yactuHu GIt0TOETY HU3bKOHAIIPHOT T1IPOTEXHIYHOT
CTIOPY/IY Ha KaHaJIi:

1 — nmonyp; 2 — Bo006i#; 3 — pucbepma; 4 — KiHIIEBa YaCTHUHA.

JIiHiA mOBEpXHI BOAM B IPYHTOBOMY TUIl CHOPYAM HA3UBAETHCA JEMPECIHHOIO
KpPUBOIO 200 KPUBOIO JIETIPECii.

B 6ubmocti I'TC Bogo3nuBHUEN MOPIT 1 BOA0OIH 00’ €IHYIOTHCS B OJIHY MAaCUBHY
IVINTY (BBaXKaeTbesl, MO (IIOTOET CKIAJAEThCS 3 IMOHYpa, BOA00OI0, pucOepmu,
KIHIIEBOI YaCTUHM KpiIJIeHHs ). B okpeMux cropyaax Tijio rpedii Moxke OyTH BIACYTHE, 1
3aMICTh HOTO TUIBKH HU3BKUH TIOPIT.

Ilonyp — me enmemeHT ¢moTOeTa, SKUHW 3a PAXyHOK 30UTBIICHHS MUISXY
(GUIBTpaLITHOTO MOTOKY TAaCHTh YacTHHY JAI0YOro Hamopy. B Hu3bKOHamipHUX
CIIOpYJlax BIAIITOBYEThCA 3 TPYHTOBHX MAaTepialliB, a B OUIbII BIAMOBIAAIBHUX — 3
0eToHy, 3a11300€TOHY, MOJIMEPHUX MarepiaiiB. [JoBxkuHA MOHYpa MPHU MONEPETHBOMY
KOMITOHYBaHH1 (roTOeTy BUOMPAETHCS 3 YMOBHU IMOTAIICHHS YaCTUHU (UIBTPALIIHOTO
Harnopy. Jlng monepelkKeHHs pO3JIUBY TIPYHTOBUN IOHYpP IOKPUBAETHCSA 3BEPXY
O0etoHHUMH  (3aNi300€TOHHUMH)  IUIUTaMW. TOBIMMHA  TIOHYypa  NPHUAMAETHCS
KOHCTPYKTHBHO, TIOTIM YTOYHIOETHCS (PUTHTPAITHIME PO3paXyHKaAMHU.
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1 — yminibHeHU# TPYHT; 2 — mIap MicKy; 3 — 3a11300€TOHH1 TJIUTH; 4 — BO1001H

Pucynok 1.1.4 — KoHcTpyKIiis HOHYpa



Bono0ili — ocHoBHMII eneMeHT (IOTOeTy, SIKHil CTBOPIOE O€3ME4YHI YMOBHU
NpPOTIKaHHI BOJM uepe3 CHOPYAYy MNpU MiABUIICHUX MIBUAKOCTAX B 30HI CTPUOKOBOTO
cupsokeHHs 0’ediB 1 racuTh Hamip (GUIBTPAIIMHOTO TOTOKY. B  KOHCTPpYKTHBHOMY
BIJTHOIIICHHI 1€ JIOCHTh MaCHBHA BOJIOHEIPOHMKHA TUIMTa. Ha moyaTky i1 B KiHIN BOAOO1HHOT
IUTMTH BJIAIITOBYIOTHCS TIOTOBIIICHHSI (BEPXOB1 Ta HU30B1 3y0’s) /sl 30UTBIIEHHS TOBKUHH
MiA3€MHOTO KOHTYPY 1 3MEHIICHHS TPaJii€HTIB (DUIBTPAIIMHOTO MOTOKY. 301IbIICHHS
JIOBKUHH TII3EMHOTO KOHTYPY JOCSTAETHCS BIAINTYBAHHSAM IINITYHTOBUX PSIIiB, BiJACTaHb

MK HUMU NPUIMAETHCS HE MEHILIE CYMU X IITMOMHU 3aHyPEHHSI.
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1 — BogoOiitHa TMTa; 2 — HU30BUM 3y0; 3 — BUXITHUM IITYHT;
4 — KOpOJIeBHI ITTYHT; 5 — MOHYD; 6 — cITy>kO00BUI MICT;
[ — npoixmKuii MicT; 8 — pucbepma; 9 — 3BOpoTHHI PLIBTP.

Pucynoxk 1.1.5 — Konctpykitis Boj106010

Puc6epma — HeoOXi/1HA JIJIs1 BUPIIICHHS HACTYITHUX 3a/1a4:
1) cTBOpeHHs BUIBHOIO BHUXOAY (UIBTPAILIHHOTO MOTOKY (BOHa TOBMHHA OyTH
BOJIOIIPOHHUKHOIO);
2) 3axuuaTy pyclio 3a BOJ0OOEM BiJl pO3MUBY MOBEPXHEBUM IMMOTOKOM;
3) rampMyBaTH NPUAOHHI MBUJKOCTI MOBEPXHEBOTO MOTOKY;
4) 3axWIIaTH TPYHT, Ha SIKOMY BOHA PO3TallIOBaHA, Bl PO3MHUBY MIJ3E€MHHUX ITOTOKOM.
Buxonyerbes 3 6eTOHHUX Ta 3a11300€TOHHUX TUIAT. JloBXHHA prcOepMH TOBUHHA
OyTH JOCTaTHBOIO JIsl TACIHHS IIBUAKOCTEM BUX1IHOTO MOTOKY J0 O€3MEUHUX BETUYUH

Ha PO3MHUB Y BIATIOBITHOMY PYCIII.



[TinzemMHUT KOHTYp CHOPYAW — 1€ JIiHISI KOHTaKTy (IMOBEPXHS KOHTAKTY) BCI€l
Mi36MHOT YacTUHU (PIIFOTOETY 3 IPYHTOM OCHOBH. Y BIJIOBIAHOCTI 3 MPU3HAYCHHSIM
Mi3eMHU KOHTYpP Ma€ BOJOHENPOHWKHI 1 BOJOIPOHHWKHI YacTHHH. B cmopynmax
CEpEIHbOI0 1 BUCOKOT0 HANoOpy BOJAOHENPOHUKHUMHU YaCTUHAMM € MOHYP 1 TUIO rpedil,
a BoJI0O1M Ta pucOepma 3 KIHIIEM KPIMJIEHHSM — BOJONPOHUKHI. BomoHenpoHUKHUMEU
YaCTHHAMHM B HU3BKOHAMIPHUX crHopynax (ae Tuio rpediii Moxke OyTH BIJICYTHIM) €
MOHYP Ta BOJ1001#, a BOJOTIPOHUKHIUMH — pUCOepMa 3 KIHIIEBUM KPITUICHHSIM.

[IpoexkTyBaHHS MiA3€MHOTO KOHTYPY BHKOHYETHCS TaKUM UYMHOM, 100 BiH MIT
3MEHIUTU (PUTHTpAIliiiHy BUTpPATY IMiJl CHOPY/O0, 3HU3UTH BUXIIHY MIBUIKICTH (UTbTpaIii
1 3MEHIIUTH PO3PAXYHKOBI 3HAUEHHS TUCKY Ha (DIIFOTOET /10 Oe3MeYHUX BEJTUYHH.

4. Tlpu po3risiai TEOPETHIHHX METONIB po3paxyHKy M.M. IlaBmoBchkum [2]
OPUIHATI TaKi MOJOXKEHHS 1 0OMEXKESHHS:

1) BOAONpPOHMKHA OCHOBA OJHOPIIHA 1 hiIBTpaIlisl B HiM TAKOpAEThCs 3aKkony Jlapci;

2) pyX (pinbTpaniiHOro NOTOKY YCTAJICHUH 1 pO3IIIAIa€ThCA JBOMIpHA 3a1a4a.

[pyHTOBHI MOTIK XapaKTepH3yeThCs CIMEHCTBOM JIiHIA Tewii S, BubepeMo

eJIeMEHTapHY CTPYMHUHKY 1 3aMHIIIEeMO BUPa3 IS T’ €30METPUYHOTO HATIOPY:

h=pa/pg—Va, (1.1.1)

ne Ya — BepTuKanbHa OpAMHATA LIEHTPA Baru CTPYMUHKU;

Pa - THCK B TouI.

-
Pu

o8 1;’ .
- Ya
S~

¥

Pucynok 1.1.6 — IInocka kapTuHa pyxy I'pyHTOBOTO MTOTOKY
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h:f(X;y) - Hamip h s 3araJbHOMY BHIIQJIKy HEOJHAKOBUN B PIZHUX TOYKAX

oOnacTi ¢inbrpauii. Tomy BennuuHy N nasuBarots HanipHowo QyHkuiero. [{ns BuOpanoi

TOUKH I1’€30METPUYHMI YXUII IIPY IUIOCKOMY YCTaJIeHOMy pyci HoToky y3a0Bx oci Oy Oye:

Jx=-2h/l ox (1.1.2)
a B310Bxk oci Oy:
Jy=-27h/72y, (1.1.3)
KomnoneHnTH mBUIKOCTI BIMOBIIHO /10 3akoHY Jlapci y BuOpaHiii To4Ill OyayTh:
Ux=-kJx, Uy=-klJy, (1.1.4)
ne K- Koe(ilieHT QuIbTpaLii IpPyHTY OCHOBH.
oh oh
Ux=- ox Uy=-k oy (1.1.5)
SAxmo mnponudepenuiroBatn Bupazu (1.1.5) B UYacTUHHHUX NOPOXIAHHUX, TO
OTPUMAEMO:
2 2
oV, __ &h. du, | oh
[lincTaBUBIIM B PIBHSIHHS HEPO3PUBHOCTI
ouU . ouU y
T =0 1.17
OX oy (1.1.7)
ckiaoBi 3 piBHsHH (1.1.6) i ckopoTHB Bennuuny K, oTpumaeMo
&h o

PiBusinus Buny (1.1.8) HaszuBaroTh piguaunsam Jlannaca.

TakuM ymHOM, B yCIX TOYKax oOjacTi QuIbTpailii cymMa APYrux YacTUHHUX
noxigaux Big N mo X i mo Y noBuHHa AopiBHIOBaTH HyJro. DyHKIIA, AKa Mae Taky

BJIACTUBICTh, HA3UBAETHCS TAPMOHIYHOIO.
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BBenemo nmo3HaueHH:
p=-kh, (1.1.9)

TO (D, 5K 1 h sanexurs B1JI KOOpJIMHAT:

o= (Xy) (1.1.10)

Kopucryrouncs (1.1.9) piasausaMm (1.5) moxHa 3anucaTu:
0 0
u, =2, u, =22
X OX y ay (1.1.11)
To6to Uy, Uy € YACTUHHUMHM MOXIJHUMHU IO BIANOBIIHUX KOOpAUHATaX (PYHKIIT

(), sIKa 3aJIeKUTh TUIBKK Bl KOOpAMHAT. BUCHOBOK: JJaMiHApHUM PyX IPYHTOBHX BOJ €
PYXOM NOTEHLIAIbHUM (O€3BUXOPEBUM).

PiBHsAHHS (X,y):const Jla€ KPUBY, Y BCIX TOYKAX SIKO1 MOTEHIla] IIBUIKOCTI

OJHaKOBUM, (P=const. Taka KpuBa HaA3UBAETHCA JIHIEIO PIBHOIO IOTEHIialy abo
€KBIIIOTEHI1aJLTIO.

SIxmo BuOpaTH cHpsbkeHy 3 (0 QYHKLIE Y/, TO BOHA TEK € TApPMOHIYHOIO B
obinacti giapTparii, To0OTO

o’y 0w

P + oy =0 (1.1.12)
1€ PIBHSIHHS

w (X,y) =const (1.1.13)

JIa€ KPUBY, KA HA3UBAETHCS JIHIEIO TEUii.

@ynkuii @ 1 I/, BupaxeHi rpadiqyHo, yTBOPIOIOTh B3aEMHO OPTOTOHAJIBHY CITKY,
sIKa Ha3UBAETHCS T1IPOJTUHAMIYHOIO CITKOIO.

BoHa ckiiaiaeTbes 3 ABOX CUCTEM JIiHIN: €KBIMOTEHIIaIeH (JIIHIM piIBHUX HAMOPIB)
1 JTIHIH Teuiid, K1 IpU yCTANCHIN QiIbTpallii € TPAEKTOPISIMU PyXy YACTHHOK PiJIUHU.

CykymHICTh JiHIM PIBHOTO HAMOPY MNPOXOAUTH BiJ MiA3€MHOTO KOHTYPY [0
BOJIOYIIOPY, @ CYKYNHICTb JIIHIM Tedii — BiJ] HOBEPXHI JIHA BEPXHBOT0 0’eda 10 MOBEpXHI
nHa HWKHBOro 0’cda. Ilpu nboMy mig3eMHUN KOHTYp € NEPIIOK JIIHIEK Tedii, a

BOJIOYIOp ocTaHHboIO (puc. 1.1.7).

12



- FaE
b lak “
nedcmemm | " H P
- ; le
A N | I L
a —_— i ey —= »
T ) ot 3 e ,W .:_'. o ’.f
7 LI " P
A
1 X

2 \ vily \
/ . \§\ r‘?ﬁ:‘l - ‘!

r—ph~

N e T
dodoyansp
1 — niHig piBHOTO HAMOPY; 2 — JiHIA Teyil; 3 — MOsC TUCKY; 4 — CTpiuKa BUTPATH.
Pucynok 1.1.7 — I'inponuHaMidHa ciTKa

3a J0MOMOrOK TIAPOAMHAMIYHOI CITKM MOKHA BHM3HAUUTH BCl IapaMeTpH
(G1IBTpALIITHOTO TOTOKY .
JIiHis pIBHOTO HAMOPY PO3PAaXOBYETHCS 32 3aJIEKHICTIO:

H
hx =H—-n n (1.1.14)

n

ne N — nopskoBuil HOMEp JiHIN PIBHOTO HAMOPY.

[ToTim OynyeTbes entopa GuIbTpALIHUX HAMOPIB HA MIA3EMHUI KOHTYP CIIOPY/IH.
Ha npoexkiii mia3eMHOTr0 KOHTYPY 3HAXOASATHCS TOYKU NEPETHHY JIIHIM PIBHOTO HANoOpy
3 MiA36MHUM KOHTYPOM CIIOPYAM 1 BIIKJIQJAIOThCS 3HAYCHHS BIAMOBIIHUX OpJUHAT
HarnopiB (puc. 1.1.8). Hamip B Oyap-siKiii TOYIIl BU3HAYAETHCS MUISIXOM 1IHTEPIIOJIAIIT MiXK
BIIMIHHUMH JIIHISIMHM PIBHUX HaIopiB.

X%
‘“er
i

N
<

1

7 }, i
2 A‘; ‘}li

Y l‘ II fen ! I L

ad 8 2 deex 3 K N MK

Pucynox 1.1.8 — Emtopa ¢insTpamiitHux HamopiB Ha GIroTOET, Mo0y10BaHa 3a
JIOTIOMOT OO0 T1IPOAMHAMIYHO1 CITKH
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JUisi BU3HAUEHHs IpajiieHTa HANopy B JOBUIBHO BUOpaHiii Touul M uepe3 Hel

IIPOBOIUTBCS AOMOMIDKHA JiHis Tedii (a6) mosxuno AS. 3HaueHnHs rpamienta Hamopy

BU3HAYAETHLCS 3a 3AJICKHICTIO:

g (h+AH)-h_AH (1.1.15)
" AS AS

ne h+4h i h - szavenns HAIopiB Ha JIIHISX PIBHUX HAIMOPIB, HAMOMMKYMX 10 T.M.

[IBuakicTs GimpTpartii:

vM:kJMz AH, (1.1.16)
AS

ne K- koedirieHT GunbTpalii rpyHTY OCHOBH.

Jlns BU3HAYCHHS IBUIKOCTEH Ha JIiHII THa HIKHBOro 0’eda OymyeTbes emropa
BUXIJIHUX TPA/II€HTIB.

Jlnst Bu3HaueHHs1 (UIBTpaliiiHOI BUTPAT BUOWPAETHCS KPUBOMIHIMHUN KBajpaT
rigpomunamiusoi citku posmipamu AS1 i AS2 Ha minisx Tewiit i posmipamu Al i Al

Ha JIIHISX piBHOTrO Hamopy (puc. 1.1.9).

Pucynox 1.1.9 — Cxema my1s Bu3HaueHHS QUIBTpAIliiHOT BUTPATH
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Burpara nopiBHIOE:
0 =S¢ Vep (1.1.17)

ne Scp — CepeJIHE 3HAUCHHS IO MOMEPEYHOr0 Mepepizy;

V¢p — cepenHe 3HAYEHHS IBUAKOCTI PyXY.

3HayeHHS Scp 1 ch BU3HAYAETHCA 34 3AJICKHOCTIMMU:

S =Mlz Al -1 (1.1.18)
cp 2 cp
v =kJ = AH (1.1.19)
cp cp AScp
AS =AS1HAS, (1.1.20)
cp 2
Al
g=k AH —%- (1.1.21)
AS,,

[MUTAHHA J11 CAMOIIEPEBIPKIA

3a skuMu o3HakaMu kinacugikyots ['TC?
Sxi Hachigku BBy Aii Boau Ha ['TC?
Ha3BiTh cka0B1 yacTUHU QIIIOTOETY.

B owbdE

Skl mpumyIeHHs JOMYCKAlThCA IS TECOPETHYHHX METOIIB PO3PAXYHKY
¢bupTpaii?
IIlo Take eKBIOTEHITIAIE?

o o

3 SIKOI0 METOIO CKJIAIAE€ThCS T1APOIMHAMIYHA CITKA?
7. Sk Bu3HauuTH QUIBTpAIliiHy BUTpATy?
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Tema 2. I'peOii 3eMJIAH1 3 KPYITHO YJIAMKOBHUX I'PYHTIB Ta 1HIII

1. 3aranbHi BimomMocTi 1 kitacudikaiiis rpedeb.

2. KoHcTpyroBaHHs monepeyHoro mpodisato rpeoui.

3. ®inpTpariiiii 1 CTaTUYHI PO3PaXyHKH 3EMIISTHUX
rpeberb.

1. CyTTeBOIO TEpeBarol0 IPYHTOBUX TIpedeib € Te, MO A iX CHOPYIKEHHS
BUKOPHUCTOBYETHCSI MICLIEBUN OYJIBEIbHUN MaTepiaj, s Moro miaroToBKM HEOOXIJHi
TIJIBKA PO3KPUBHI pOOOTH, ajie B 3arajlbHOMY 00’€Mi BapTOCTI iX 1oyt He3HadHa. Kpim
Toro: 1) OyIIBHUITBO 3€MJISIHUX TIpeOeib MOXJIMBE B OyIb-IKUX TreorpadiuHux
paiioHax; 2) BCl MPOIECH, MTOB’sA3aH1 3 YKJIAJAKOIO IPYHTY y TiJI0 MEXaHi30BaHi; 3) TPyHT
Tija rpe0ii He BUTpayae CBOIX BJIACTUBOCTEW 13 4yacoM; 4) rpelii MarOTh HE3HAYHI
eKCIUTyaTalliifHi BUTpaTH; 5) iX MOKHA HApOIIyBaTU IO BUCOTI, HE BUKIIOYAIOUU 3
poOOTH BOIOCXOBHIIIE.

IpynToBa rped.asi — 1€ HACUII 3 IPYHTY, KUl Mae (opMy HEPIBHOOOKOT Tpamenii

y MOIEPEYHOMY TIepepi3i, HOpMAIBHOMY JI0 ITO30BKHBOI oci (puc. 1.2.1).

1 — BepxoBuii ykic; 2 — 6epMa BEpXOBOT0 YKOCY; 3 — KpiIUIEHHS BEpXOBOT'O YKOCY;

4 — yniop KpiruieHHs; 5 — rpebinb rpedii; 6 — Tuto rpedii; 7 — Hu30BuUi ykic; 8 — 0epma
HHU30BOT'0 YKOCY; 9 — KpiIuleHHsI HU30BOTo yKocy; 10 — npenax; 11 — mpupoaHa
MOBEPXHsI IPYHTY; 12 — migomBa rpedui; 13 — 3amok; 14 — BOXOTIPOHUKHUN TT1ap
OCHOBH; 15 — BOJOHENTPOHUKHUI IIap OCHOBU - BOJOYIIOP

Pucynok 1.2.1 — IpynToBa rpedis
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B 3anexnocti Bijg martepiany Tija i mpoTU(UIBTPaLIHHUX MPHUCTPOIB, a TAKOXK
YMOB CIOPYKEHHS, Tpebiii 13 IPyHTOBUX MarepialiiB MOAUISIIOTHCS HA Takl THUIH
(tadm.1.2.1).

Ta6muns 1.2.1 — Tunu rpe6Gens 3 MiCIIeBUX MaTepialiB

Tunu epebens Biomimui nosnauku

[pyHTH Big TIIMHUCTMX [0 TIPaBiliHO-TalbKOBUX,

3eMIIIHl HaMHUBHI ) .
HaMHMBAIOTHCS 3aC00aMU T1IpoMeXaHi3allii

[pyHTH  Big TIMHHCTHX JO TI'PaBillHO-TaJbKOBHX,

3eMJIsiHI HACHUITHI ' )
BIJICHITAFOTHCS 3aCYXO0 3 YIIUTbHEHHSIM a00 y BOTY

) I'pyaT Tima — KPYOHOVIJIAMKOBUM, IIpodUILTpaLliiiH]
Kam’sitHo-3emenbHi by . PYIHOY 1AV > TP ireTp
IPHUCTPOI BiJl TIIMHUCTUX JIO APIOHO MITAHUX
I'pyHT TiMa — KpYINHOYJIaMKOBHH, TpodiabTpalliiini

Kam’sgHo-HakuaH1

MPUCTPOi 3 HETPYHTOBUX MaTepialiiB

3emisHI rpedinl K1acupIKyOTh 32 pI3HUMU 03HAKaMU: 32 cClocoOoM Oy1BHULITBA;
KOHCTPYKIIIEIO Tijga Trpedii; KOHCTPYKIIE NPOTH (UIbTpaIliiHUX NPUCTPOIB; 3a
KJIaCOM; 33 BHCOTOIO.

3a cnocobom 6ydisHuymea rpedil MOAUIAIOTHCS Ha

YacHIH1, HAMHBHI 1 HalllBHAJIMBHI.

Hacumai rpebmi crnopymKyroThCsl IUISXOM BIANMHMCKHA OKPEMHUX IIapiB IPYHTY 3

HACTYNMHHUM YUIUJIbHEHHSM MEXaHIYHUM CIIOCOOOM.

Becr mpomec cnopy/pkeHHST HaMUBHHUX TpeOelb BUKOHYEThCS 3aco0amu

rigpomMexanizarii.

[Ipu cnopymxeHHI HamiBHAMUBHUX Tpebenb po3poOKa, TpaHCIOPTYBaHHS 1
BIJICUIKA TPYHTY TMPOBOJSATHCS TaKHUMH K CIMOCOOaMH, SK 1 B HACHUIHHUX, a YKJIaaKa
IPYHTY y LIEHTPAJIbHY 30HY T1IpOMEXaHi130BaHa.

3a koncmpykyicio nonepeuno2o npoginio BUIAUISIOTH HACTYIHI BUAM HACHUITHUX
rpebensb (puc.1.2.2):

1) onHOpigHA — KOJM TUIOM rpediii € TPYHT OJHOTO BHAY (CYTJIMHOK, CYIICOK,

MCOK);

2) HEOJHOPIJIHA — KOJIU T1JI0 rpediil yTBOPEHO IPYHTAMU ACKIJIBKOX BU/IIB;

3) 3 eKpaHOM 13 HETPYHTOBHX MaTepiaiB;

4) 3 eKkpaHOM 3 MaJOBOJONPOHUKHUX MarepiaiiB, KOJIU TLIO rpedil Mae 3HAUYHY

BOJIOTIPOHHUKHICTB;
5) 3 AapOoM 3 MaJOBOJONPOHUKHUX TPYHTIB,;
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6) 3 KOPCTKOIO Aiadparmoro, sika BUKOHYE Ti X (YHKIIIT, 110 1 AIPO.

8.

a — OJIHOPIJIHA; B-€ — HEOJHOPIAHA; O — 3 €KpaHOM 13 HETPYHTOBHX MaTepiajiB;

T — 3 IPYHTOBHM €KPaHOM; € — 3 IPYHTOBUM siipoM; 1 — Tiso rpeui; 2 — KpuBa aenpecii,

3 — apeHax; 4 — KpIIJICHHs YKOCY; 5 — BepXoBa NpoTudiIbTpaliiia npu3ma;

6 — nieHTpanbHa NPOTHQIIBTPaIliiiHA IPU3Ma; 7 — eKpaH 3 HETPYHTOBUX MaTepiais;

8 — rpyHTOBe 571p0; 9 — mepexinHi 30Hu; 10 — rpyHTOBMIA ekpaH; 11 — niagparma;

Hrp — Bucora rpebni; B — mmpuna rpebmi Hu3oM; ba — IIHpUHA HU3OM
IPOTH(IBTPALIITHOTO MPUCTPOIO; brp — MIMpPUHA IpedeHs Tpedi.

Pucynok 1.2.2 — Buau HacunHux rpe6enb

2. IlpaBUJIbHO 3ampoOEKTOBaHa 1 MOOy0BaHa 3eMJIsiHa Ipelis Mae OyTH CTIHKOIO
Ipu BCiX ymMoBax poOOTH; 3axXWINEHOI B pyWHYBaHHS QuibTpaiii BoOaW; BI il
BITPOBUX XBUJIb; MAaKCUMaJIbHO €KOHOMIYHOIO.

BepxoBuii ykic, KUl 3HaXOJAMTHCS i €10 XBUJIb, HACHUCHUN BOJOI0 Ha BCHO
BUCOTY, BUKOHY€ETHCS TOJIOTIILIMM, HU30BUH — KpyTiluM. [lepenomMu yKociB 1o BHUCOTI
Ha3HavaroThcs yepe3 8...10 M, npuitmarounm 30UIbIICHHS 3akiagaHHs Ha 0,5 ms
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BEpXOBHUX yKoCiB 1 Ha 0,25 — g HuzoBux (puc. 1.2.3). B Miciigax 3MiHN 3aKiIaaHHs
YKOCIB YacTO CTBOPIOIOTHCSI TOPU30HTANIbHI TJIOAAKA — OepMH, K1 PO3TAIIOBYIOTHCS
gyepe3 8...10 M 1o BHCOTI, TOYMHAIOYH 3 TPEOEHS TpeluTi.

a)

m’i})’;p Jgp -’7?3 M‘j‘
T NG
I e LI e T T / . W

)

a) mocTiiiHe; 0) 3MiHHE.

Pucynok 1.2.3 — 3akiaanss yKociB rpeoi

[Mupuna Tpebni BU3HAYAETHCA 3 YpaxXyBaHHAM YMOB BHUKOHAHHS pOOIT 1
excruTyartarii. Skmo mepembavyaeTbcsl MpOi3a MO TPEOEHIO, TO BiH TMPOEKTYETHCS SK
Jopora IO HAacHIHOMY TIpyHTy. Jis 3a0e3nedeHHs CTOKy aTMocdepHOi BoaM

HPOCKTYEThCS MOMEPSUHUI yX1I B 00U Bl CTOPOHH Bif Bici rpedens (puc. 1.2.4).

B .

By :
& .acy%am-m i
W EDINE i

1 — nokputts rpedens; 2 — IpeHaxHa Tpy0a 13 3BOPOTHUM (PLIBTPOM;
3 — HaJIOBOHI

Pucynok 1.2.4 — I'peGinb rpedii
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IlepeBuienHs rpedeHs rpedil HaJl po3paxyHKOBUM PIBHEM BOAM y BOJOCXOBHIIIL
BU3HAYAETHCA 32 (HOPMYJIOHO:

hs = Anset + Nrun1os + @, (1.2.1)

nie Nset — BrcoTa BiTpOBOTO HArOHY BOAK;
Nruni% — Bucota HAKOYYBaHHS BITPOBOI XBUJIL;

d — 3amac BHCOTH.

3nauenns ANset Bu3HAUaeTHCs 32 popMyIIOO:

2
set :Kw VW : CO
9(d+0.5Ah,,)

e Kw - KOe(IIIEHT, AKUW IPUUMAETHCS B 3aJI€KHOCTI BiJl IIBUJIKOCTI BITPY;

Ah

Vw — po3paxyHKoBa MBUAKICTD BiTPY;
L — nosxwuHa posrony BiTpoBOi XBHII;
d - rmu6una BOJIU Tepe1 rpedIeto;

0 — NpUCKOPEHHS CUIIN TSKIHHS;

Adw — KYyT MIXK MTO3/IOBHBOIO BICCIO BOJIOMMU 1 HAITPSIMKOM MaHYIOYUX BITPIB.

1 — po3paxyHKOBHI CTaTUYHUHN PIBEHB; 2 — PIBEHb BOJIU TP BITPOBOMY HATOHI;
3 — cepenHs XBUILOBA JTiHIs; 4 — BiIMITKa TpeOCHSI.

Pucynoxl. 2.5 — Cxema jy1st BU3HaUEHHS BiIMITKY TpebeHs rpediai 6e3 mapamery

Kpinsienns ykociB. CriemianbHi KpITUIEHHsS] YKOCIB CITY>KaTh ISl 3aXUCTY BiJl Ail
JbOAY, XBWJIb, TEYil, 3MIHM PIBHIB BOJHM, KIIMATUYHUX yMOB, IPOHUKHEHHS

3eMJICpUMHUAX TBapuH. J[Is 3aXHMCTy BEPXOBOI'O YKOCY 3aCTOCOBYIOTHCS TaKi BUIM
Kpiruiens [3]:

20



1) Kam sini (naxuoHi) — BAKOHYIOTBCS Y BHTJISIIII KaM’ STHOT'O HAKUJTy MEPEBAXKHO 3
HEBIJICOPTOBAHOTO KAaMEHIO, IO TIOB’S[3aHO 13 3HAYHUMHU TPYIHOIIAMH COPTYBaHHSI
KaMm’sTHOTO Marepiany. Po3TalmoByeThCcsi KpIIUIGHHS Ha IMATOTOBII Y  BHIJIAI
3BOPOTHOTO (PiIbTpa, TOBIIMHA OKPEMOI'O IIapy SKOTO MOBUHHA OyTH HE MeHIIe 15 cMm.

Ha KaxoBcbkoMy BOJIOCXOBHUIII 3arajibHa TOBIIWHA 3BOPOTHOTO (QinbTpa 60 cM.

1 — xam’stHUM Haku; 2 — 3BOPOTHHUM PLIBTP; 3 — KaM STHUM yIiop Ha Oepmi;
4 — monereHe KPIrIeHHs; 5 — BEpXHsI MeKa KPITUICHHS; 6 — HIDKHS MeXa.

Pucynok 1.2.6 — KoHCTpyKIIis KpituieHHST yKOCy TpebJil KaMeHeM

2) bemonni i 3ani306emonni KpinjieHHs — BUKOHYIOTbCS Y BHUIJISAl IUIMT, SIK1
MOHOJIITATHCS Ha MicCIli, a00 301pHHUX 3a11300€TOHHUX TUIUT. MOHOJITHI TIUTH

TOBIIMHOWO BiA 15 g0 50 cM MawTh NOpsIMOKYTHY ¢opMy B IUlaHl 3

criBBigHOmIeHHIM cTopin 1 < Is. / bs < 2, ne lsL — 6inpma CTOPOHA IIJIUTH,
bs. — menma cropona. Po3mip bs. subupaerscst 0.44, ne A — nosxuna

XBHJI1, aJie DsL e Ginbuie 20 m.

3) Acparnbmobemonne Kpinienns — e He HAOYJIO MIMPOKOTO PO3MOBCIOIKCHHS,
BUKOHYEThCS 3 acaibTy, achanbTo0eToHy, achanbrononiMepoeTony 6...8 cM
13 METaJIEBOIO CITKOIO.

4) Ipynmoyemenmnui Kpiniewns — 3 TIIAHOTPABIHHOTO IPYHTY 3 J00aBKaMH
uemeHty (7-14%) 1 Bogu. CyMilll TOTYEThCSI B 3MIIIYBaJIbHUX YCTaHOBKaXx,

YKJIQJIA€ThCs MIapaMy TOBIIMHOO 15...20 ¢M 1 YUIIJTBHIOETHCSA KaTKaMH.
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I'pynmo6imymui yKpinienHs — BUTOTOBISIOThCSA 3 micky 1 Oitymy (18-23% 3a
Maco0) B CIIELIaJIbHUN YCTAHOBKAxX 1 BUKJIAJIAIOTHCS HA YKIC MPHU TeMIeparypi cymilii
185...200°C. OcHOBHOIO TepeBaror TaKOro YKPIIJICHHS € HE3HauHl 3aTpaTy Mmpaill Ha
Horo BIAIITyBaHHS.

Kpinnenns nuzoeoeo ykocy — BUOMPAEThCS B 3aJICKHOCTI BIJl MaTepially, 3 SIKOTO
CHOpyJ)KeHa Hu30Ba mnpusma rpedsai. [IpocTi 1 gemeBi KpilieHHS — JAEpHYBaHHA 1
3amykeHHs. [Ipy MHMHUCTHX 1 MICYAHUX TPYHTaX Il NPUCKOPEHHS pPOCTY TpaB Ha
IOBEPXHIO YKOCY HACHUIA€ThCS IIAp POCIMHHOIO IPyHTy ToBuiuMHOWO 10...12 cm. B
nepmuil pik excrutyaramii aedopmaiiio YKOCy MOXHa IMONEPEeIUTH LUIIXOM Horo
3ay>)KeHHSI B JICPHOBUX KIITKaX. 3ayKEHHS 1 JIEPHOBE KPIIUJICHHS 3aCTOCOBYIOTHCS
TUIbKH B YMOBax, CHOPUATIMBHUX ISl POCTY TpaB Ta HpH 3a0e3MeUYEHH! NEePioUYHOro
noiuBy. B paiioHax 3 cyXuMm KIIMaroM Ta CHJIbHUMHU BITpaMH HHU30B1 YKIIOHU

MOKPHUBAIOTh YIIIJILHEHUM IIapoM IedeHo ToriuHo 20...30 cm.

3. I'pebns cTBOproe Hamip H, mig mi€ro SKOro BUHUKAE pyX (QUIBTPAIIHOTO
NOTOKY 3 BEpXHBOI'O B HIKHIN O’e uepe3 Tuno rpeduni. Lei pyx € Oe3HamipHUM, TOMY
0 3BEpPXYy BIH OOMEXYEThCS BUILHOK IOBEPXHEI0, Ha SKIH y BCIX TOYKaxX THCK
JIOPIBHIOE aTMOC(EepHOMY.

[ToBepxHst nempecii — 1€ BibHA MOBEPXHS (PUIBTPALIMHOTO TOTOKY, a JiHIS
NEPETHHY IIi€i MOBEPXHI 3 BEPTUKAIBHOIO TUIONIMHOI — JCTPECIHHOI KPHUBOIO (Ha
puc.1.2.7 xpuBa Ab).

['pyHT, KMl 3HAXOAUTHCS HUXKYE MMOBEPXHI Jenpecii, HACHYEHUHN BOJIOI0; a BUILE

Hel 3HAXOAUTHCA 30HA KaHiHHpHOFO Hi)IHSITTH BOJH.

FAL

1 — xkpuBa nemnpecii; 2 — KanuIsIpHA 30HA.

Pucynok 1.2.7 — Cxema ¢inmpTpanii Bogu yepes 3eMIsIHy TpediTto
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binbm 50% aBapiii BUHHKAIOTh SK HACHIAOK (inbTpamiinux nedopmariii B TiI1
rpe6si. ToMy 1pu NpoeKkTyBaHHI IPYHTOBUX I'pedeib Tpeba BUKOHYBATH (PiabTpariiiHuiz
PO3paxyHOK, B IPOLIECI IKOTO BU3ZHAYAIOTHCS:

- MIOJIOXKEHHS JeNpPeCiitHOl MOBEpXH1 PLIBTPALIIHOTO MMOTOKY;

- HaIropu y BIJIMOBIJTHUX YaCTUHAX Tpelti;

- (pinbTpaniiiHl BUTPATH.

3. Bci MeTtoam po3paxyHKiB (GinbTpallii MOKHA MOJUTHTH Ha €KCIIEPUMEHTAIbHI,
ripoMeXaHivHi 1 T1IpaBIIivHi.

3  excnepumenmanbHux — HAWUOUIBIIOTO  PO3MOBCIO/KEHHS  HaOyB  METOJ
enekrporigpoauHamiuanx aHanoriii (EI'JIA), skuii BUKOHYETHCA TIPU CKJIAJIHUX
reoJIOTITYHUX YMOBAX.

l'iopomexaniuni memoou po3paxyHKIB 0a3ylOThCSd Ha PO3B’sA3aHHI PIBHSHHS
Jlammaca, mar0Th MOXIIMBICTH BHU3HAYEHHS MapaMeTpiB MOTOKY B JOBLILHO BUOpaHiit
TOUIl JIOCUTb TOYHO. AJie PO3B’SI3KM JOCUTh CKIAJHI, TOMY IIHPOKO He
3aCTOCOBYIOTHCHA.

Tiopasniuni memoou € HaNOIBIT MOIIMPEHUMHU. B HUX pO3TISIaeThCs yCTAICHUI
G1IbTpalliiHUX MOTIK B yMOBaX IUIOCKOi 3aaayl. Po3paxyHKH 1O3BOJISIOTH BU3HAYUTH
NOJIOXKEHHSI KpHUBOi Jemnpecii, BUpaxyBaTH (UIbTpaliiiHy BUTpATy, CEpPEeIHI 3HAUYEHHS
IPaJlIEHTIB 1 MIBUAKOCTEH QuibTpauiitHoro motoky. IIpoextHuit npodine rpedi
3BOJIUTHCS 7O PO3PAXyHKOBOI CXEMH, B SIKiil BHKITIOYAIOTHCS BCI HE3HAYHI JeTaji 1 He
BPaxOBYIOThCSl BTPAaTH HANoOpy B KPYMHO3EPHUCTUX MPUBAHTAKEHHAX, IO YKJIAACHI
3BEPXy MAJIOMPOHUKHUX €JIeMeHTIB. ['ijpaBiniuHuii po3paxyHoK (iasTparlii po3pooisBcs
npod. M.M.I1aBnoBchkuM [4]. 3rigHO 3 UM PO3PAaXyHKOM, MOMEPEYHHH TPOQiib
rpe0iti po30UBaeThCS HA 3 YACTUHU: BEPXOBUH KJIMH, CEPETHIO YACTUHY 1 HU30BHMA KITHH.

[Ipodins Tina rpedal mepeBipsAeTbCS PO3PAXYHKOM Ha (PUIbTPALIHY MIIHICTb.
Bomna BBaxaeTbcs 3a0e31meueHo0 pu BUKOHAHHI YMOBH:

J < 1 J (1.2.3)

est,m cr,m ?

ne Jest,m — Jtirounii cepeHiil rpajlieHT HaNopY;
Jer m - KpUTHUHIl rpaieHT;

) - Koe]iLI€HT HaAIHHOCTI.
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3naueHHs Jestm BU3HauaeTbcs 3a MetomoM P.P. Uyraesa [5]. 3rizHo mboro

METOZy Bcs 00nacTh (iabTpallii yMOBHO MOAUIAETHCS HA JBlI YaCTUHHU: OCHOBY 1 TiJIO

rpe6ui (puc. 1.2.8).
JI71s1 OCHOBM IJTMOMHA BOJIOYTIOPY BU3HAYAETHCS po3MipoM 1 5. BBaxkaeThes, 110;
T,=T, (1.2.4)
Ty = Tocm » (1.2.5)

ne 1 — nificue 3armu6IeHHs BOJIOYTIOPY;

T wxcm - Tiubuna akTHUBHOT 30Hi, 1, em=0,5L1 ,

ne L1 - mupuma rpe6ii B ocHOBI:
Tomi

] = H (1.2.6)
SML+0.88T,

JUiss olHOPIAHOrO TuLTa Tpedil CepenHi TpagleHT Halopy BU3HAYAETHCA 3a

cxemoio (puc.1.2.8).

Jessm=H/L. (1.2.7)

Orpumani koedittieHTn Jestm CHIBCTABIAIOTHCA 3 KPUTHUHUMH 3HAYSHHAMH Jer,m.

a4 #,
A
et 1 2 %0
, _ L

r

Pucynoxl. 2.8 — Cxema 70 po3paxyHKy HUIbTpaIiiiHOT MIITHOCTI 3eMJISTHOT Tpedi

3HavyeHHsS 1 TPUBAIICTh OCIJIaHHS Tpebsi Tpeba BpaxoByBaTH NPH CHOPYHKEHHI

rpynToBux rpedens [3]. OciganHs B rpediisgx CKIIAIAlOThCA 13 OCigaHHs Tijga rpedi i
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OCiJaHHSI OCHOBH, PO3PaxXyHKOB1 3aJIeKHOCTI JJIsi BU3HAYEHHS OCIaHHS 000X YacCTUH

OJTHAKOBI.

IToBHE OcigaHHS MOXXHA BHU3HAYUTH SK PI3HUIIO IOYATKOBOI h1 1 KIHIIEBOI h2

BUCOTH IIApy IPYHTY, KU CTUCKYETHCS

Ah = h1—h (1.2.8)
An—p i
1+,

e b1, Io— KOoe(ILIEHTH MOPUCTOCTI IPYHTY OCHOBH JIO0 1 MICJIA OCIAaHHS.

[0 2p. 8yd,

7 o o 7 ol Foo e il 7 e T

1 — OyaiBenbHUM; 2 — eKCITyaTaliitHui; 3 — IPyHTOBI OCHOBH, 110
YIIUIBHIOETHCS.

Pucynok 1.2.9 — Kontypu rpe0:i
[MIMTAHHSA U1 CAMOITEPEBIPKHA

B 4oMy mossiratoTh nepeBaru yJaalTyBaHHS TPYHTOBUX rpe0ens?
3a AKMMH 03HaKaMH KJIacu(iKyIOTh 3eMJIsIHI Ipebui?

SIKi BUMOTH CTaBJISITH JI0 YJIAINITYBaHHS 3eMJISTHUX TPpeOeb?

Sk BUKOHY€THCS 3aKJIaaHHs YKOCIB Tpelii?

S yKpITUTIOIOTHCST YKOCH 3€MIISTHUX rpe0enb?

Sxi mapaMeTpu BU3HAYAIOTHCS PIIBTPAIiiTHI pO3paxyHKH?

Sk nepeBipsieTbes GUIbTpaIiiHa MILHICTh TPYHTOBUX TpeOesib?

O N Ok o

Sx BpaxoBYeTbCS MOKJIMBICTh OCIJaHHS TPYHTOBUX TIpedesib Mpu

CHOPYIKEHH1?
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Tema 3. betonHi 1 3a11300eTOHHI TpebITi
3.1 beronni rpasiTaniiini rped./i Ha CKeJbHUX Ta HECKEJIbHUX 0CHOBAX

1. betonHi rpaBiTaiiiiti rpe0ii Ha CKETbHUX OCHOBAX.

2. Bogo3nuBHi rpasiTalliiiii rpe6iii Ha CKeJIbHUX OCHOBAX.
3. betoHH1 BOJ1031MBH1 I'pe0IIl HA HECKEIbHUX OCHOBAX.

4. IlepeBaru 1 HEAOJIKH rpaBITalliHUX TPEOEb.

1. CkenbHI MOpOAM, HA SKUX CHOPYIKYrOThcs miamipHi ['TC, moBuHHI Matu
JOCTAaTHIO MIIHICTh, Maly Ta pPIBHOMIPHY CTHCIICTb, Mally BOJONPOHUKHICTH 1
JOCTAaTHIO BOJOCTIMKICTb, MOHOMNITHICTH OynoBu. TakumMu mnopogamMu € CKENbHI:
BUBEpKEHI, 0CagoBl Ta MeTaMop(iuHi. BuBepikeHl CKenbHI MOpPOIM — L€ TPaHITH,
CleHITH, Oa3zaynbTh, Aiada3u, XapakTEpPHU3YKOThCA OJHOPIAHICTIO MaTepialy, BHCOKOIO
MmimaicTIO. OcamoBi MOpoaM — 1€ MIiIHI BamHSAKH, JOJIOMITH, ITIIIAHUKH.
MeTtaMoppiYHUMU € KPUCTAIIYH1 CIIaHII, THEHCH, KBAPIIUTH.

beronna rpebns TMOBHHHA CTOATA HA MIIMHOMY TIpPYHTI. AJTIOBiaJibHI Ta
JICNIOBIaNIbHI TIOPOJIM YCYBalOThCsl. BUiMKa CKelli BUKOHYETHCS €KCKaBaTOpaMH IiCIsS
BUOyX0BUX poOIT, octanHi 0,5...1 M IpyHTy BUHMAIOTHCS 3a JOTMOMOTOI0 HEBEIMKUX
BUOYXiB, a00 BpYyuYHy BIIOIMHMMHU MOJIOTKaMH, KyBamaamu. llepen OeToHyBaHHSM
CKEJIbHY TMOPOAY OYMIIAIOTH BiJ YJIaMKiB Ta MUY 3a JOMOMOTOK CTPYMHUH BOJAM Ta
MeTaJeBUX MITOK. [10TIM pOOMThCS TUIONIMHHA 3MilHIOOYA IeMeHTalis (puc.1.3.1).
['mubuna ykpimirow4doi eMeHTallli B cepe/iHii 1 Hu30Bii yacTuHax 7...15 M, ToBIIMHA
3B’S13YI0YO1 IleMeHTallii 3...5M.

[IpodinbTpaniiftHi 3aBicM BJAIITOBYIOTH MiJ MiJOWIBOI Tpedial — e psij
CBEP/UIOBHH, B SIKI HArHiTa€ThCs LIEMEHTHUI pPO3YMH, MAJOMPOHUKHUN A BOIM.
I'mubuna 3aBicu Ha mpaktuill ckiagae 0,5 — 0,8 Bim 3HaueHHs HaAmopy Ha TrpedIro,
niaMeTp cBepasioBuH 45...76 MM, BOHU BEpTUKAJIbHI a00 HAXWJICHI B CTOPOHY BEPXHBOTO
0’eda.

Jpenax mig rpebnero — psii CBEpASOBUH a0o ranepeit giamerpom 20...25 cMm Ha

BlzcTadl 2...5 M o1Ha BiJ OQHOI 1 HE Oivok4de 4 M B [IEMEHTAIIHOT 3aBICH.
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1 — npodinbTpaniiiHa 3aBica; 2 — 3B’ A3yl04a LIEMEHTALis;
3 — YKPIIUTIOIOYH [IEMEHTaIlls; 4 — APeHaXX OCHOBH.

Pucynoxk 1.3.1 — [lemenTarist ocHoBu rpe6:i Jletiena (Ipan)

OcHOBHMM MarepiajioM Jjisi OyAIBHMIITBA Cy4YaCHUX TIpaBITAIlIMHUX Tpedenb €
O€TOH, 1HKOJIM YaCTKOBO apMoBaHUM. B KoxHIH 13 30H mpoduito rpediii OETOH 3a3Ha€e
pI3HUX HANPYKEHb 1 MIAAAEThCSA HEOAHAKOBIN (Di3uko-XiMIUHIN aii. Bkiaganus 6eTony
TU(EepeHII0eThCS: 31 CTOPOHM HAIMIPHOI TrpaHi 1 OUld MiAOWIBU  BKJIAJAETHCS
BOJIOHETIPOHUKHUN OETOH; HAa HU30BI1M rpaHi 1 rpeOeHi - MOPO30CTINKHUIA; B 30H1 3MIHHUX
PIBHIB BOAM - BOJIOHETPOHUKHUI 1 MOPO30CTIMKUI; HA BOJAO3IMBHIN MOBEPXHI - CTIMKUAN

1o crupanus. Ha puc. 3.2 mokazaHa cxema BIIalITyBaHHS TIIyXoi rpe0i.
s

1 - npenax; 2 - OTIAI0BI KOJIO31; 3 - mpodiIbTpalliiiHa 3aBica;
4 - npeHa)kH1 CBEPIJIOBUHU; 5 - TpeOiHb rpedl.

Pucynok 1.3.2 — I'myxa rpe0ns
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JIlpeHakH1 TPUCTPOI MPENCTABISAIOTH COOOI0 CHUCTEMY BEPTHUKAIbHUX (piAlie
TOPU3OHTAIBHUX) JPEH KpyIJoro mnepepidy. BepTuxanbHi JpeHHM MarOTh J1aMETp
20...30 cM 3 KkpokoMm 2...4 M.

OrnsanoBi rajepei — ciyXaTh Ui OTJIAMY BHYTPIIIHIX YacTUH Tpedmi, ams
PO3MIIIIEHHSI BUMIPIOBAIBHOI amapatypu, JUIsl CIy>KOOBOTO cCrojydeHHsA. MiHiManbHa
IMpUHA OIVISIIOBUX Taliepei ckiagae 1,25..2 M, npu HEOOXiAHINH WIMPUHI TPOI3Ly
2...3M, BUcOoTa — 3M 1 OLIBIIIE.

I'pebinp Tpedii — BUKOPUCTOBYETHCS JUIA TPOI3AY 1 Ma€ JOPOXKHE TTOKPUTTS 3

TpoTyapoM i naparieroM. [lepeBurtienns rpedens Hag HITP (HwxHIM miamipHuM piBHEM) [6]:
hs = 7196 + Ahset + @, (1.3.1)

ne 11% — nepesuiienHs Hag HITP Bepxy xBuni 1% 3a0e3neueHocTi;
ANget — BucoTa BITPOBOT'O HaroHy;

d — 3anac, SIKui 3aJIeXKUTh BIJl KJIaCy CIOPY/IH.

2. [Ipodini Bogo3nuBHUX Tpebeib SBISIOTh COOOI0 CTIHKH 3 IJIABHUM OOpHUCOM
noBepxHi. dopma OroJOBKY BOJIO3JIMBY BHU3HAYAE€ XapakTep Tedii BOJU, KOE]illI€HT
BUTpATH, PEXKUM THCKY CTpyMHUHHU. OTOJIOBKM MPAKTUYHOTO MPOQPUII0 MOXYTh OyTH
0e3BakyyMHHMMH — B HHUX IPH PO3PaxXyHKOBOMY HAmopl HE BUHHUKA€E BaKyyM Ha
BOJIO3MUBHIM MOBEPXHI 1 BAKYyMHHMH, B SIKMX BaKyyM BHHHKA€E, IO MPU3BOAHUTH O
NiABUIIEHHST Koedilli€eHTa BUTPATH BOAO3JIMBY. be3BakyyMHI MarOTh HalOUIbII
PO3IMOBCIOIKEHHS.

CrpsbkeHHsS BOJO3JMBHOI TpaHi rpebii 3 JHOM HIDKHBOro 0O’eda  Moxe
BUKOHYBaTHCH (prc. 1.3.3):

- Y BUDJISIAI KPHUBOJIIHIMHOI BCTaBKU — MPU TAKOMY CHPSIKEHHI Y HUKHbOMY

0’epi BHUHMKAE JOHHUN pEXUM Yy BUIJIAI 3aTOIUICHOIO JOHHOTO

riipaBiaiyHOro cTpudKa. Bennunna paaiyca KpuBOIIHIHHOT BCTaBKU:
R=(0,2-05) (H+P) (1.3.2)

-y BUIUIAJIl HOCKa-yCcTyna — MpH BiANOBIAHUX 3HaueHHAX C u h2 B HKHBbOMY
0’e(i BCTAaHOBIIOETHCS TTOBEPXHEBHM pexxuM. Kpura, sika CKUIaeThCs depes

rpebito, HE BHApSETbCS B AHO HIWKHBOro O’eda. Taka cxema
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BUKOPHUCTOBYETHCS IS TPOITYCKY BEJIMKOI KUIBKOCT1 KPUTH.
- Y BUIJISA1 HOCKA TpaMIUTiHa — JJIs BUMA/IKIB, KOJU NMOWHA HUXKHBOTO 0’eda

h2 3HAYHO MeHIIa IPYToi CHpsKEHOT TIIMOWHM TiIpaBIiyHoro cTpudka hy’

RARALARAR
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a — r1aBHe; 0 — y popMi HOCKa-yCTyMa; B —y (pOpMi HOCKa-TpaMILTiHA.

Pucynok 1.3.3 — CrpsikeHHsI BOAO3TUBHOI rpebiIi 3 JTHOM HIDKHBOTO 0’ eda

3. HeckenbHi a00 M’siKl MOpPO/IM 1Li€ HE3B s13aHi (cHItyyi) Ta 3B’ s13H1 IpyHTH. [lepia
rpyna — 1e rpaBejucTi, rajJbKOBI, MIIaHl IPYHTH Ta iX CyMilli. 3B’sI3HI TPYHTH — 1€
TJIMHU, CYTJIMHKH, JTHOCH, MyJTH. OCOOIUBO HECTIPUATIMBUMH IS Oy IIBHUIITBA € JIIH3H 3
CIabKUX MYJIMCTUX Ta TJIMHUCTUX IOPiJ, BOHHU HEPIJKO CYTTEBO BIUIMBAIOTh Ha
KOHCTPYKIIito TpeOi.

I'muOuna 3aknajgaHHs MiIOMIBU TPeOji Ha HECKEIbHIM OCHOBI BH3HAYAETHCS
3alsTaHHSAM TPYHTY 3 HEOOXiJHOIO HECydOr CIPOMOXKHICTIO 1 OIOpPOM 3CYBY,
GinpTpaiiHUMN XapaKTepUCTHKaMU OCHOBH. [lOBepXHEBWIA IIap 3amiaBHUX TPYHTIB
3HIMA€ETHCS, YCYBAIOThCS CIA0KI MPOIIApKU MYJIUCTUX 1 TTUHUCTUX TpyHTIB. [ligomiBa

BOJ000I0 3arIMOJII0E€THCS 1111 MEKEHEB] PIBHI BOJIM B pIULIl.
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OCHOBHI PO3MIPH MiA3EMHOT0 KOHTYpY I'peouti:

(1,5+2,5) H — mupuHa migomsu rpedii;

ne H — nanip Ha rpe0ito;

(1,0+1,5) H — noxuHa nmoHypy rpedii;

(0,5+1,5) H — noBkurHa 0CHOBHOTO (KOPOJICBOTO) IIITyHTA OLjIs BEpXOBOI rpaHi Tijia rpedri;

2 —4 M — TOBXXHWHA TIITyHTa O1Is1 HU30BO1 TpaHi Irpeouti.

Cxewma BiamtyBaHHs rpe0Jii Ha HECKEJIbHIM OCHOBI ITOKa3aHa Ha puc. 3.4.

13
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1 — monyp; 2 — mmyHT; 3 — mpoMixHU# 6ak; 4 — rpeds; S — ApeHa)<Ha ranepes;
6 — npenax i 3BopoTHU GITBTP; 7 — BOAOOIH; 8§ — racuTeln eHeprii; 9 — apeHaxHi
otBopH; 10 — pucbepma; 11 — 3anmobixuwmii ykic; 12 — kam’saHa mpusma; 13 — KiBI.

Pucynok 1.3.4 — Bono3nuBHa rpe0Jisi Ha HECKEeNIbHIH OCHOBI

[Tonypu rpaBiTamiitHux rpedeilb Ha HECKEIIBHUX OCHOBAX IMOUISIOTHCSA Ha THYYKI
1 5KOPCTKI.

['Hyyki TOHypu TOBMHHI OyTu JedopMaTUBHUMHU, TOOTO MNpSAMYyBaTH 3a
nedopmallisiMid OCHOBHU. IX BUKOHYIOTH 3 TJIMHM, CYTJIMHKA, acQaybTy, MIMHOOETOHY,

CHHTETHYHHUX MaTepiaiiB. TOBIIMHA TAKOTO TIOHYPY B OYy/Ib-IKOMY IIepepi3i CTaHOBUTH [ 7]:

S=AH/ Joon , (1.3.3)

ne AH — pisuums mMixk THCKOM BOIH Ha HOHYD 3BEpXY i 3HH3Y;

Joon - moMycTAMHUI rpafieHT GiNbTpaLil yepes MOHyp, AN TIMHE MPUHMAETHCS
6...8, mst cyrnmHKiB — 4...5.

XopcTki MOHYpH BIAIITOBYIOTh Ha WIUIBHUX OCHOBAaX y BUIJISIAI TOKPHUTTS 3

0eToHY, 3aJ11300€TOHY 3 PO3PI3KOI0 iX IIBAMU HA OKPEMI ILIUTH.
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IInyHTH 3aCTOCOBYIOTH CTallbHI, 3a711300€TOHHI 1 piame aepeB’sHi. CranbH1
IIMMYHTOBI 3aBICH BJAIITOBYIOTH METOAOM BiIOpyBaHHS Ha riauouny 12..25 M, abo
METOOM MiAMUBY Ha rITUOUHY 10 50 M.

JIpeHaxi KOHCTPYKTUBHO CKJIaJal0ThC 3 TIOPOKHUHM B TiJI1 Tpebii abo i Hero,
3aMOBHEHUX KPYIMHHUM MaTepiasioM (Tanbka, miediHb, kamiHHsg). Boma 3 apenaxy mif
rpebJieto BIIBOJUTHCS Y HIDKHIN 0°ed) yepes rajepei B cToimnax i Oukax, a 3 ApeHaxy IMija
BOJI000€M — Yepe3 OTBOPHU B HHOMY.

buku crnyxaTe 118 ONUpaHHA MPOTIHHUX OyaiBeab CIy>XKOOBHX MOCTIB 1
nigkpaHoBux 1usAxiB (puc. 1.3.5). Ix po3mipn BH3HAYAIOTBCA THIIOM i KOHCTPYKIII€IO
3aTBOpIB, pPO3MiIpamMu BOJIO3UBHHUX OTBOPIB, a TaKOXX KOHCTPYKIIIE€IO MPOTIHHUX

OyniBeJIb MOCTIB.

a) HEpO3pi3HUX; 0) po3pi3HUX; 1 — J1a3 aBapifHO-PEMOHTHOIO 3aTBOPA;
2 — ma3 poOo4oro 3aTBOpA.

Pucynox 1.3.5 — Cxemu OuKkiB

['paBitariitai 6eToHHI TpedIi MalOTh HACTYITHI TIEPEBaru:
- HaAlHI IpHU OyAb-sIKi BUCOTI Ta B OY/Ib-SKMX KIIIMATHYHAX YMOBAX;
- TIOPIBHSHO MPOCTI 32 KOHCTPYKI[IEIO, YMOBaMH 3BEJICHHA Ta €KCILTyaTalii;

- MOXYTb BUKOHYBATUCH JAK I''TYXHUMH, TAK 1 BOJO3JINMBHUMMU.
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Henomniku:

HEJJOBUKOPUCTAHHS MILHOCTI O€TOHY (HAmpy>Ke€HHS B HbOMY IpPU BHCOTI
rpe6si 10 100M He qocsATal0Th TPAHUYHUX 3HAYCHD);

3HAYHI 3aTpaTu OyAiBEIbHUX MaTepialliB: KAMIHHS, MICKY, IIEMEHTY;
HEJIOCTATHS MOHOJITHICTh Yy BHUIAJAKYy TMOSBM B OCTOHHIM  KJamIli

TEMIIEpaTypPHO-YCaTOYHHUX AePOPMALIIii.

Cepen ciocoOiB MOKpaIaHHs rpedenb MIITX0M iX 3/1eMIeBICHHS 1 ,,[T0JeTTIeHHS

MO>KJIMBI HACTYIIHI:

no

3HWKEHHS (UIBTPALITHOTO MPOTUTUCKY Ha MigomBi rpedens (rpebmi 3
PO3IIMPEHUMH MTOTIEPEYHIUMHU 1IBaMU);

3HATTS PO3TATYIOUMX HANpyXeHb B OE€TOHI TUIa rpedill NUIIXOM IITY4YHOIO
CTUCKY OETOHHO1 KJIaJKHU 1 IPUTHUCKY il 10 OCHOBH;

3aMiHa OETOHY Y BHYTPIIIHIN YacTHHI TpeOl OUIbINE JCIICBUM MaTepiaioM

— MICKOM, II€OCHEM, TaJIbKOIO.

[MUTAHHA 1J1s1 CAMOITEPEBIPKI
Ha sikux rpyHTax copyKyrThcsi O€TOHHI rpedJi?
Sk BU3HAYaETHCS MepeBUIICHHS rpebHs rpedmi nag HITP?
SIX BUKOHYETBCSI CIPSKEHHS BOJMU3JIMBHOI I'paHi Tpedil 3 JHOM HHXKHBOTO
0’eda?
Sk BIAITOBY€ETHCA MM1JI0MIBA IPeOIIl HA HECKEJIbHIM OCHOB1?
OCHOBHI KOHCTPYKTHBHI €JIEMEHTH BOJIO3JIMBHOI Tpediii Ha HECKENbHIN
OCHOBI.
Sxi mepeBaru Ta HEOMIKKA MalOTh rpaBiTalliifHi 0eTOHH1 Tpedi?
ki crmocoOu MOKHA 3aCTOCOBYBATH JJIsl 3/CIICBJICHHS Ta ,,MIOJICTIICHHS

rpaBiTaiiitHux rpedens?
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3.2 KonTpdopcHi rped.ti. Apkosi rpeo.ti. Ilosiermeni rpasitaniiini rpe0Jii

1. 3aranpHi BigomocTi 1 Kiacuikauis KOHTPHOPCHHUX
rpebensb.

2. Po3paxyHku KOHTpHOPCHUX Tpedeb.

3. ApkoBi rpe6ii, iX po3paxyHOK.

4. Tlonermeni rpaBiTaiiitHi TpeoIi.

1. KontpdopcHi rpedJii — 1ie rpedii, B SKUX TUCK BOJU 1 HAHOCIB CIIPHUIMAETHCS
NEPEKPUTTSIMU 1 MEPEIA€ThCsl BEPTUKATLHUMH CTIHKAMU HAa OCHOBY. B 3aiexxHOCTI BijJ
THUITY HAMIPHOTO EPEKPUTTS BUALIAIOTH (prc.l. 3.6):

- MaCUBHO-KOHTP(OpPCHI rpedil;

- rpeduTi 3 TIIOCKUM 3a11300€TOHHUM MEPEKPUTTSIM;

- rpe0JIi 3 apKOBUM MEPEKPUTTSIM.

a) MaCUBHO-KOHTP(OpCHA; 0) 3 TUIOCKUM MEPEKPUTTSIM; B) 3 APKOBUM
MEPEKPUTTSAM; T) 3 INTOCKUM MEPEKPUTTAM 1 (PyHIaMEHTHOIO TUTUTOIO;
1 — xouTpdoOpC; 2 — 3y0; 3 — MIIOCKE NEPEKPHUTTS; 4 — OAIKH KOPCTKOCTI;
5 — apkoBe nepekpuTTs; 6 — PyHIaMEHTHA IIUTA; 7 — APEHAXKHI OTBOPH.

Pucynok 1.3.6 — Tunu kouTpdopcHux rpedens
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Bara xouTpdopcHOi Tpediri 3HaYHO MEHIIa BarM MacUBHOI T'paBiTaIliiHol Tpedu,
il CTIMKICTh MPOTH 3CYyBY 3a0€3MEUYETHCSA Barol0 BOJM HaJ HAXUJICHUM MNEPEKPUTTIM 1
3MEHIIEHHSIM (UIBTPALIHOTO TUCKY Ha IMiI0MIBY T'pebi.

B macuBHIN rpaBitaiiiiHiii rpe6ii QUIBTpamiiHui THCK Ha MiJOIIBY JOPIBHIOE
Wp. SKmo po3mMpuTH WIBHM, MOKHA OTPUMATH 3MEHIIEHHS OO0 €My KIaAKH, IO
JOMYCTUMO Yepe3 3MeHIIeHHs! (PUThTpaIiiHoro npoTutucky (puc. 1.3.7).

[lopanpiie poO3MIMPEHHS BEPTHKAIBHOIO IIBAa MPUBOAUTH 0 KOHTP(HOPCHOI

rpe6J1i 3 MACHBHUMH OTOJIOBKAMHU — MaCUBHO-KOHTpdopcHa rpedis (puc. 1.3.7 a).

a) MacHBHa TpaBiTalliiiHa rpeoJs; 6) noJIeTIeHa (3 pO3IIUPEHUMU IBAMU);
B) MaCUBHO-KOHTP(OPCHA; T') 3 ApKOBUM MEPEKPUTTSIM.

Pucynok 1.3.7 — Cxemu a0 anamnizy po6otu KOHTpHOpCHUX rpedesnb

MacuBHO-KOHTPOPCHI rpedill y MOPIBHAHHI 3 TpaBiTalliHUMH MpPU HAoOpax
60...80 M natoTh ekoHOMIO OeToHy A0 20...40% 1 Baptocti 1o 15...35%. Lli rpebni no
CyTi KOHTP(OpCHI, BOHM MalOTh CTOBIIEHHS 3 HaIIpHOI CTOPOHM (OTOJIOBKM), SIKi
SABJISIIOTH CO00I0 HamipHi nepekputts. KoHTpdhopcu BimokpemiieHl MIBaMU 1 MOXYTh
MpaLOBaTH HE3aJIEKHO OJIMH BiJ OHOTO.

Kontpdopcu OyBaroTs cyninsHUMHU oquHOuHUMHE (puc. 1.3.8 a), myctoTtinumu abo

3nBoeHuMu (puc. 1.3.8 0).
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Pucynok 1.3.8 — CxeMa ropu3oHTaIbHUX MEpPEPI3iB pI3HUX
MaCHUBHO-KOHTP(POPCHUX rpedelib

Cy1iapHl OAMHOYHI KOHTP(HOPCH PO3TAIOBYIOTHCS MO OCi Ha Biactani 15...18 m
OpH iX TOBLIMHI 3...8 M, a MyCTOTUIl JAOMYCKalOTh BiACTaHb 22..26 M. TakuM 4YHMHOM,
KUIBKICTh IBIB, 110 € CITA0KUM MICLIEM KOHCTPYKIUIi, Maie B 2 pa3d MEHIIAa, HIXK y
cyuuibHuX. OCHOBHI VYIIUIBHEHHS IIBIB MDK KOHTpdOpcamMu — JUCTH TyMH ado
HEp)KaBIFOYOr0 MaTepiaiy, 10JaTKOB1 — OITYMHI IIMOHKH.

KouTtpdopcHi rpedii 3 MI0CKUM NEPEKPUTTIM OyJIH PO3MOBCIOKEHI HA MTOYATKY
XX cropiuusi. Haitbinbiry Bucoty (76 m) mae rpedns Ponpirec B Mekcuii. ['onoBHUM
HEJIONIIKOM IMX Irpebenb € Benuka BHTpaTa apMarypu (mo 40 i Oimpme xr ma 1 m°
0eToHy).

Bincranp mixk koHTpdopcamu ckiagae Bia 4...5,5 M B rpebisix Ha HECKEIbHUX
ocHOBax /10 12...13 M y BUCOKHUX TI'peOIIsiX HE CKEJIbHUX OCHOBAX.

KontpdopcHi rpebiai 3 apkOBUM NEPEKPUTTIM € HAUOUIbII E€KOHOMIYHUMHU
0Cco0JIMBO 0araToapkKoBi B CTBOpaX MIUPOKUX TOJHMH (eKoHOMIs OeTony Bij 30 10 60%) y
MOPIBHSHHI 3 TpaBiTAllliHUMU MacuBamMH. B cyudacHux 0araTto apKoBHX TIpeOsx
BiJIcTaHb MK KOHTpdopcamu ckiamae 30...50 m. B 3amizo0eToHHMX Tpediisix apKoBi
NEPEKPUTTS] APMYIOTHCS, SK TPABWIO, TMOABIMHOI apMaTyporo, 3’€IHAHHS apoK 3
KOHTP(POpCaMU BUKOHYETHCA a00 3 MKOPCTKUM OMUPAHHSAM a00 BUIBHUM 3a JOTOMOIOIO

OITOPHOI TUTUTH.

2. Po3paxyHOK MIITHOCTI 1 CTIKOCTI KOHTP(OPCIB BUKOHYETHCS Ha MOBHUN abo
CKOpPOYEHHUH CKJIaJ HABaHTAXEHb 1 MIH, MPU IIbOMY BUKOPHUCTOBYETHCS €JIEMEHTAPHHIA

METOJ] Omopy MarepialiiB (IpH PO3PaxXyHKy Ha CKOPOUYCHE MOEJIHAHHS HABAHTAXKEHb),
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METOJIA TEOPii MPYKHOCTI — IPH PO3pPaxXyHKY Ha TTOBHE TIOE€THAHHS.
BHKOHYIOTBCS TaKOK pO3paxyHKY IMPOTH 3CYBY 1 MEPEKUIAHHS.
IIpu BuUKOHaHHI PO3PaxXyHKIB HA 3arajibHy MIIHICTh KOHTP(OPCIB B IUIOIIUHI
B3JIOBX MOTOKY BUKOPHUCTOBYIOTh HACTYITHI CXEMH B 3aJICXKHOCTI BiJ] KOHCTPYKITT rpe0i:
- PO3TISJAETHCS OKPEMO CEKIlisS M MacHUBHO KOHTPGHOPCHHUX Tpedelb
(puc.1.3.9a);
- PO3TIANAETBCA KOHTPHOPC 3 YACTHHOK HAIIPHOTO TMEPEKPUTTS, IO
IIPUMUKAE 10 HbOTO JJIs OaraToapkoBux rpedens (puc. 1.3.9 6);
- 17 Tpedenhb 3 TUIOCKUM MEePEKPHUTTAM PO3TIISAAETHCS OKPEMO PO3TAIIOBAHHIA

koHTpdopc (puc. 1.3.9 B).

Pucynox 1.3.9 — Cxemu 710 po3paxyHKy MIIIHOCTI KOHTP(OPCIB

3aranpHa MIMHICTh KOHTP(HOPCIB B HANPSIMKY TOMEPEK MOTOKY PO3PAaXOBYETHCS
Ha celcMIuHIA Aii, cnpsiMoBaHl B310BXk ocl rpebini. Konrpdopcu posrisgaroTbest ik
BEPTUKAJIbHI TPUKYTHI TUIMTH, 3allI€MJICHI B OCHOBI.

Po3paxyHku MO OIHII CTIMKOCTI KOHTP(OPCIB TpH TMO3I0BXKHROMY 3THHI
BUKOHYIOTBCSI 3a MeTojgamMu OyaiBenbHOT MexaHikhu Ha EOM 3 BHKOpHCTaHHAM
cneniagbHuX mnporpaMm. Moxe OyTh 3acTocoBaHMM crpoileHuid merof. IlapanenbHo
HU30BIM TpaHi BUAUIIETBCS CTEPKEHb 3MIHHOI TOBIIMHH, OLIHIOETHCS 3HAYECHHS
KPUTUYHOTO HaBaHTaXeHHs Ha ejeMeHT. KoHTpdopc BBakaeTbcsi CTIMKMM Ha
MO3/TOBXKHIM 3TWH, SKIIO BIJHOIIEHHS KPUTUIHOTO HABAHTAXKEHHS JI0 JIIFOYOro He OyIie

MEHIIUM JIOITyCTHMOI BEJIIMYMHU. 3a HOPMaMU NpPOeKTyBaHHS [6] mpu3HaudaeTbes
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TOBIIMHA KOHTPdOpCiB 11, CTIMKUX MpH MO3I0BKHBOMY 3THHI, B 3aJ€KHOCTI Bix THITY

koHTpdopcHoi rpedmi. Jlng macuBHO-koHTpdopcHux rpedens 11=(0,25-+0,50)t, t —
PO3MIp CeKIlil B HANpsIMKY J10 oci rpebumi (puc. 1.3.9).
Jl1st apkoBUX Tpebelib Ta rpedestb 3 MIIOCKUM NEPEKPUTTAM:
t1 = (0,15-0,25) t (1.3.4)
Po3paxyHOK MIITHOCTI BEpXOBOTO OTOJIOBKA MAaCUBHO-KOHTPGHOPCHOT rpedti.
[lepeTnH OroJOBKa pPO3TAIIOBYETHCS B IUIONIMHI, TEPICHIUKYJSAPHINA TpaHi

rpebmi. Po3risimaeTbcs  OAUHUIL  JOBKWUHU B HANPSMKY, MEPHEHIUKYISIPHOMY

kpeciiennto (puc. 3.10).

al ‘ 4)
Pagh A0 caso pgh 5 8 roso
mi Eﬂ:ﬂ _;
4 .L_#r_.l,

9N - rigpocTarnunuii THCK BoaM;

h - 3arnu6nenns oronoska miz piBeHs BepXHHOro 6’ eda;
PsZCOS O - CKIaZ0Ba BIACHOI Bary;

QL - KyT HaxWly HaIipHOI I'paHl A0 TOPU30HTY;

I' - HopMmabH1 peakilii KoHTpdopca.

Pucynok 1.3.10 — Cxema 10 po3paxyHKy OrojioBKa MaCUBHO-KOHTP(OPCHOI rpediti

[Ilo6 oOmiHUTH MIIHICTF BEPXOBOTO OTOJOBKA, Tpeda 3HANTH HOPMalbHI

HanpyXeHHss Oy , sKi JIOTh N0 BEPTUKAJIHLHUM IUIONIAJIKAM, TMEPICHAUKYISIPHAM [0

. : I AV -
NO3/I0BXKHBOI ocl Tpedni. Hampyxennss O; Ha BepxoBiii 1 O, Ha HU30BIH TpaHsX

OT0JIOBKA 3HAXOJATHCS 32 (OPMYJIIOI0 MO3AIEHTPOBOI'O CTHUCKY:

., N 6M , N 6M
O, :—b_+ b2 y Oy :_b__ b2 (135)

r r
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ae br — BUCOTAa PO3PaXyHKYy NEPETUHY;
N, M - BignosizgHo HOpManbHa cuila i 3rHHAIOYKI MOMEHT B PO3PAaXyHKOBOMY

nepeTuHi. Ko HamipHa rpaHb OrojioBKa Iiocka, snauends cumu N =0.

3. ApkoBi Tpe0JIi — 1€ BOJIOHAIIPHI CIIOPY/IH, K1 MAalOTh KPUBOJIIHINHY (GopMy B
TUTaHI Ta TPAIIOIOTh K CKJICIIHHS YH apKa 1 epealoTh TOPU30HTAIbHE HAaBaHTAKCHHS

BiJl BOJIM 1 HAHOCIB Ha CKeNbHI Oeperu ymemuan (puc.l. 3.11).

q)' 5)

a

-A p—
= l’t E
| ﬁndn RAN |
1 8

Pucynok 1.3.11 — ApkoBa rpe6s : a) nﬁaH; 0) mepepis; B) BUJ 3 BEPXHBLOTO 0’eda

I[Ipodini apkoBux rpebenb XxapakTepusyloThes koedimientom crpymkocti f=b/h,

ne b — ToBumma rpe6ni mmsom, N — Bucora rpe6ni. 3a 3nauennam [ apkosi rpe6ii
HOJUISIOTH Ha TPH THIIU:

a) Torki (£<0,2);

6) Toscti (f=0,2+0,35);

B) apkoBo-rpasitauiini (5=0,35+0,6)5).

3a oKkpecieHHsIM apKoBi rpebiii OyBarOTh:

a) 3 TMOCTIMHMM LEHTPAILHUM KYyTOM 2 O0;

0) 3 MOCTIMHUM pajlycOM HamipHOI rpaHi ab0 UMWITHAPUYHI;

B) JIBOSIKOT KPUBU3HU a00 KYIOJIbHI.

3arasibHa ekoHOMIsi OeToHy ckmanae 35-65%. Jlo GeToHy apkoBHX TIpedelb

CTaBIIATBCS OUNBII BHCOKI BHUMOTH, Horo Bapricth Ha 10-15% Buma, HDK B

rpaBiTalliiHUX rPeOIsX.
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ITepma apkoBa rpe6iis [lonte-AnpTo nodynoBana 3 kamento B Itanii B 1611 por,
BOHA Maia pajiyc 15Mm, Bucoty 5 M, ii 1o0ynyBanu 1 B 1887 p. ii Bucora carana 38 m [5].
HaiiBunumu apkoBumu rpebnsimu € Baiiont (Itamis) — BucoTra 266M, TOBIIMHA IO
rpederro 3,9m, Hu3om — 23Mm, MoByasen (IlIBetimapist) — Bucora 237 M, TOBIIMHA TIO
rpeberro 14 m, Hu3oM 53,5 M.

ApKkoBi rpebii OyBaroTh IyXl1 Ta BOAO3JIMBHI, 3 TOBEPXHEBUMHU a00 MTMOUHHUMHU
orBopaMu. bepera, ski crnpuiiMaiOTh 3HA4HI 3YCHJUISL BiJl apKOBOi Tpeliil, MOBUHHI
CKJIQZaTUCh 3 MIIHOTO, MOHOJITHOTO, CKEJIbHOTO IPYHTY, SIKUHA Majo JAePOpMYyEThCS,
KpIM TOTO, BIH MOBUHEH OyTH BOJOCTIMKHM 1 BOJOHENPOHUKHUM. [Ipm HeoOXimHOCTI
OCHOBY YKPITUTIOIOTH (TIJIOIIAIHA IIEMEHTAITlS, PO3YUCTKA 1 OETOHYBAHHS TPIIIHH).

[upuna noauHu abo KOeDIIIEHT CTBOPY:
n=L/h, (1.3.6)
ne L — nossxuna apkoBoi rpe6ui mo rpe6etto.

Panime rpedii cnopypKyBallk JMiie npu 3HadeHHsx n<3,0+3,5, touki rpedui

npu n<1,5+2,0. Tenep NpoeKTyIOTh JOCUTh EKOHOMIYHI Ipebii npu 3HaYeHHsAX N 10
10. Sxmo 3HavyeHHS KOe(DIIi€HTY JUIsl JEKIIBbKOX CTBOPIB OJHAKOBI, €KOHOMIYHICTh
apkoBOi TpeOil BU3HAYAeThCA (OPMOIO CTBOPY, SKa MOXke OyTH OJHM3BKOIO [0
OPsIMOKYTHO1, TpareuieBUaHOI, TpuKyTHOI. HaiiOinpm crpusitinBa gopma Onu3bka 10
TPUKYTHOI, MpU Takii (Hopmi HUKHI apKOBI Mepepi3H, 10 CHPUINMAIOTh HAMOUTBIINN
TIAPOCTATUYHUM THUCK, MAlOTh MEHIIUNA TPOTOH 1 MOXYTh BUKOHYBAaTHUCh OLIBII
TOHKHMMH, HI’K TIPH TPATEIl€BUTHIN 1 TPSIMOKYTHIN hopmax.

HaiizpyuHimmmu y BUpOOHUITBI € KpyroBa (popMa apKOBUX KUIEILb 3 MOCTIHHOIO
TOBIIMHOIO, ajie Taka opMa He 3aBXKIU 3a0e3neuye Halkpanly ix poOoTy B CTATUYHOMY
BIJTHOILIEHHI.

Jlyist Toro, mo6 oTpuMaTu OuIbIlEe PIBHOMIPHI HAaNPY»KEHHS B apKOBUX TpeOIIsiX 1
MNOKpPALIUTH YMOBHU CHpsSTaHHS iX 3 Oeperamu, 3aCTOCOBYETHCS OKPECIEHHS apoK Y
dopmi mapadosu, rinepoosiy, enincy, JorapupmMigHoi cripari.

ApKkoBi rpe0ii 3BOASATh Y BUIIISIII OKPEMUX CTOBOIB, PO3AUICHUX THMYAaCOBUMHU
ycanounumu mBamu (puc.1.3.12). Uepes 6-8 MicAIliB micisl 3aBEPIUICHHS YCaJKh OCTOHY

X 3aIITYyKaTypIOIOTh TPU HU3bKUX TEMIIepaTypax, OJU3bKUX JIJIsl JAHOT MiCIIEBOCTI.

39



8)

1 — TuMyacoBi mBH

Pucynox 1.3.12 — Cxemu po3tairyBaHHsS THMYACOBUX BEPTUKAIHHUX IIBIB

Jlpenaxk Tina rpebmi mepemdavaeTbes IS BIIBENCHHS BOJU, AKI (QUIBTPYETHCH,
yepe3 6eToH. Bukonyetscst y Bursiai Tpyo aiamerpom 7,5...30 cm 3 kpokom 1,5...4,0 M.
OrnsanoBi raynepei po3TamoByoTh yepe3 15-40 M 1mo BUCOTI.

Ha nanpy»xenuii cTaH apkoBUX CTHOPYJ B 3HaYHINA Mipi BIUIMBAIOTH BJaCcHA Bara i
GUIBTpalITHUX MPOTUTUCK MO MiAOWIBI Ipedni. TemmepaTypHi HaNpy>KEHHS MOXYTb
OPU3BECTH 1O YTBOPEHHS 1 PO3KPUTTA TPIIIMH. 3 METOI0 3HIKEHHS IX BIUIUBY
BJIAIITOBYIOThCSl TEIUIO3aXMCHI CTIHKM 3 OOKy HH30BOi Tpani rpedmi. CyTTeBo
BIUTMBAIOTh Ha apKOBi rpedii ceiicMivHi M1, 0COONMMBO CIPSMOBAHI MOMEPEK PIIKOBOI
nonuHu. [ apkoBuX rpedenh MOXKYTh OYyTH 3HAYHUMH HAINPY>KEHHS, KOTPI BUHUKAIOTh
B pe3yNbTaTi ycaaku 1 HabyxaHHs O0eToHy. L{i Hanpy>keHHSI BU3HAYAIOTHCS K BUKIIUKAHI
(GIKTUBHUM TIBULIEHHSM 1 MITHUXKEHHSIMU TEMIIEpaTypHy y BIANOBIAHUX 30HaX TpeluIi.

Po3paxyHku apkoBUX TpeOenb BUKOHYIOTHCS IS TEPEBIPKH MIITHOCTI IUX
CIOpYJA, @ TaKOX CTIMKOCTI OEperoBUX CXWJIIB, SIKI CIPUHUMAIOTh HABAaHTAXKEHHS BIJ
rpeoui.

ApxkoBa rpediis — 11e 000JIOHKa 3MIHHOI TOBILIMHU 1 KpUBU3HH, SIKA ONMHUPAETHCS HA
JHO 1 6opTH yuienuHu. J{Jis OliHKY MIITHOCTI Tpeba BUKOHATH PO3PaXyHOK HAIMPY>KEHO-
nepopMOBaHOTO cTaHy. TOYHE BH3HAYEHHS HAMpy>KEHO-Ae(OPMOBAHOTO CTaHY
YCKJIQJHEHO, TOMY iCHY€ PSIJl CIIPOIIICHUX METOIIB po3paxyHKy (puc.1.3.13).

Meton He3aleXHHX apoK IMOJsIrae B TOMY, IO Tpediisi YMOBHO IO BHCOTI
PO3AUIAETBCS HA Pl apoOK TOPU3OHTAIbHUMM nepetuHamu. lle nyke HaOnuxkeHui
METOJ, 3aCTOCOBYETBCS JJsi PO3PAaXyHKY TOHKHX apKOBHX TIpebeib B BY3bKHX
yIIEINHAX, B TaKUX yMOBax rpeOis Mpaltoe B apKOBOMY HAIpPSIMKy 1 METOJ Ja€
HE3HAYHYy MOXUOKY.
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a) HE3aJIeKHUX apoK; 0) apoK IEHTPaIbHOI KOHCOJI1; B) apOK-KOHCOJICH.

Pucynox 1.3.13 — Cxemu 10 po3paxyHKy apKOBHX I'pedeihb

MeTo apok IEeHTpaTbHOI KOHCOJII TOJISTAE y PO3TIIsiAI pOOOTH apKoBOi rpebii K
IPOCTOPOBOI  KOHCTPYKITi 3 BpaxyBaHHSAM 1i KOPCTKOCTI B JIBOX HamlpsIMKax.
PozpaxynkoBa cxema (puc. 1.3.13 6) — hikTUBHA KOHCTPYKIIiSl 3 TOPU3OHTAIBLHUX apoK 1
OJTHI€1 IEHTPaATBHOI KOHCO. J|03BOMSETHCS MPUITYIIICHHS, 10 pajiadbHI TEPEeMIIICHHS
apoK B KJIIOYl 1 TOPU3OHTAIbHI MEPEMIIIEHHSI LEHTPaIbHOI KOHCOJ1 PiBHI, 3BIJIKH
BUXOJSITh, IO T1IAPOCTATUYHUIN TUCK BOJIU PO3MOJAISETHCS MIXK apKaMU 1 IIEHTPaJIbHOIO
KOHCOJUTIO.  [HII  KOHCOMI  BPaxOBYIOThCS 3  NPUIYIICHHSM, [0 4YacTHHA
T1APOCTATUIHOTO TUCKY, SIKUH CIIPUAMAETHCA KOKHOIO apKOI0, TIOCTIMHA TIO 1i JTOBKHUHI.
Ile HaOnMKEHUH METOM, 3aCTOCOBYETHCS I PO3PAXyHKY TOHKHX i TOBCTUX apKOBHUX
rpebernib B CHMETPUYHHX YIIEIHHAX.

Merton apok-koHcoei (puc. 1.3.13 B) npumyckae cxeMmaru3aiiiro poooTH apKoBOi
rpediTi, K MepexXpecHOl CUCTEMH TOPHU30HTAIBHUX apoK 1 BEpTHKAIbLHUX KoHcojel. Lli
€JIEMEHTH CIPUIMAIOTh HAaBaHTAXCHHs, IO [il0Th Ha Tpebmo. HaBaHTakeHHA
HOJUISIIOTh Ha ,,apkoBe” 1 ,,KOHCOJIbHE” 3 YMOBU CYMICHOCTI MEpeMillleHb 1 KYTIiB
MIOBOPOTY B TOYKaX MEPETHUHY apKOBHX 1 KOHCOJIBHUX eneMeHTiB. el MeTos mo3Bosise

OLIIHUTU HANpy>KeHWH CTaH apKoBOi Tpebii OULIbII TOYHO, HIK BUKIAACHI paHile



METOJIU. 3aCTOCOBYETHCA MJIsi PO3PaXyHKY TOHKHX 1 TOBCTHX apOK B CHUMETPUYHUX 1
HECUMETPUYHHX YIIICTUHAX.

4. TlosiBa TUMIB 1 KOHCTPYKLii rpedelib, siKi € TpaBiTallliHUMU 32 XapaKTepoOM
poOOTH Ha 30BHINIHI HABAHTAXKEHHS, aje JI03BOJSIOTh OTPUMATH €KOHOMIIO MaTtepiaiy,
3yMOBJICHa TMParHeHHsIM CKOPOTUTH 00’eéM OeTOHy B T rpebenb 1 IOBHIIIE
BUKOPHUCTATHU HOTO MIITHICHI BIACTUBOCTI.

3MeHIIeHHsT 00’eMy O€TOHY B TaKUX KOHCTPYKIISIX Trpedesib KOMIIEHCYEThCS
3MEHIIICHHSIM JII0UMX CUJ (3MEHIICHHS TUCKY Ha TijomBy). Lle rpebii 3 po3mupeHnmMu
TIONIEPEYHUMHU IIIBaMU 1 rpelIti 3 MO3A0BXKHIMH TOpoKHUHAMU (puc. 1.3.14).

710

a) 3 pO3LIMPEHUMU IIBaMU; 0) 3 TOPOKHUHAMH.

Pucynox 1.3.14 — TlonermieHi rpaBiTaiiiti rpe0i

VY rpebiisax 3 po3UMPEHUMH IBAMU POJIb IPEHAXKY, SIKUM 3HIKYE (PUIbTpaliiHun
TUCK Ha TMIiJOMBY, BiAirpatoth posmupeHi mBu. [llupwra mBa 1=3...9 M, abo
0,15d...40d, ne d — mupuHa CeKIii.

I'pebnero 3 posmmpenumu mBamu € Mamakanceka 'EC, sxa moOynoBaHa B
CyBOpHUX KiIiMaTHYHMX ymoBax CuOipy (MakcumaibHa TemiepaTypa mnosiTps +37°C,
miniMansHa — 60°C). Ekonomis 6etony ckinanae 5-10%.

BramTyBaHHSM TMO30BXKHBOT TMOPOXKHUHM TAaKOXX MOXHA JOCATTH 3HUXKEHHS

¢GiTbTpaAIifHOTO THUCKY Ha MiJOMIBY. AJjie Taki rpediii He OTpUMAalld PO3MOBCIOIKEHHS
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BHACTIJIOK HEOOX1THOCTI CHIOPY/I’KEHHS KPUBOJIHIMHUX MMOBEPXOHb BEJIMKHUX MPOTOHIB 1
OPOTSXKHOCTI.

Kowmipuacti rpebni — 1e cucremMa IO3JI0OBXKHIX 1 IIONMEPEeYHUX CTIHOK, IO
YTBOPIOIOTH KOMIpKHM a00 TMOPOXKHUHHU, SIKI 3alOBHIOIOThCA IpyHTOM. HeoOxinHy
KOPCTKICTh TpeOni Hamae OETOH, SKUM BHUKOHYE pOJb CKelleTa, a OalacToM JJis
3a0€3Me4eHHs] CTIMKOCTI Ha 3CyB € IpyHTU. lIpuKiIaoM MOHOJITHOI KOMIpYacToi
KOHCTPYKIIii € rpedms cucremu Cenkosa (puc. 1.3.15).
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Pucynok 1.3.15 — I'pe6nst cuctemu CenkoBa

IINMTAHHA 10 JJ11 CAMOIIEPEBIPKHA

1. Sk xnacudikyroTh KOHTpOpCHI rpedi?

2. SIki cxemu po3IIISIIal0ThCS IPH PO3PaXyHKY MIIIHOCTI KOHTPHOPCiB?

3. Sk OIIHIOETBCA MIIHICTh BEPXOBOTO OTOJIOBKAa MAaCHUBHO-KOHTP(OPCHOT
rpe6ii?

4. Sxi BuAM apKOBUX TIpeOenb pO3PI3HIITh B 3aJIEKHOCTI BiJ 3HAYEHHS
Koe(DiIiEHTY CTPYMKOCTI Ta 32 OKpecIeHHsIM?

5. Sk oTpuMatu piBHOMIPHI HAPYXEHHS B apKOBUX IpeOIIsix?

6. Ski dakTopu BIUITMBAIOTH HA HAINPYKEHUM CTaH apKOBUX Tpedesb?

7. SIki MeTonu po3paxyHKy apKOBUX rpedesib BaMm BioMi?
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Tema 4. Kananu ta cnopyau Ha HUX

1. 3aranpHi BiIOMOCTI PO KaHaJM Ta iX Kiacudikaris
2. Perynroroui ciopyau.

3. BogonpoginHi criopyau.

4, Cripsirarodi CIIOpy/a.

1. Kanajam — 11e BiIKpUTI IITYYHI pycia, Ipu3HAYeH1 UIsl TPAaHCTIOPTYBaHHS BOJIU
IS HApOAHO-TOCMOIAPCHKUX MOTPeEO.
[Tonepeunuii nepepiz KaHaimy BU3HAYAE€THCS HOro MIABOAHOIO (KUBUH mepepi3) Ta

HAJIBOJHOIO yacTHHaMu. @opMH )KMBOTO TIepepisy mpejcTaBiieHi Ha puc. 1.4.1.

2) 4

a) TpanelieBuiHa; 0) MOJIroHanbHa; B) mapaboiiyHa; ) HamiBKPYyTIIa;
1) OpSIMOKYTHa.

Pucynox 1.4.1 — ®opmu KUBOTO TIepepi3zy KaHATIB

JIOCHTh 4acTO KaHaJIM MPOCKTYIOThCSA y BUIMKAX, MPHU IbOMY 4Yepe3 KOXHI 6 M
BHUCOTH KaHaJTy BIAIITOBYIOTh HEMPOTKIKI Oepmi mupuHo0 He MeHmie 1 M (puc. 1.4.2
a-B). TpanerieBuaHMI mMepepi3 KaHady BIAIITOBYEThCS MPU HOro PO3MIIICHHI Ha
kocoropi (puc. 1.4.2 n), mpu KpyTHUX CXWJIaX OJHA CTOPOHA KaHAIy BUKOHYETHCS Yy
BUTIISAI MianipHOi cTiHkH (puc.l. 4.2 x). [IpoexkTyBanHs KaHaniB B HacuUNKy (puc. 1.4.2
€) € HEBUTIITHUM DIIICHHSM, OCKUIBKM B I[bOMY BHIMAJKy JOCHTh 3HAUYHUN 00’€M

3eMJISTHUX POOIT.
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a-B — y BUSIMKax; T, 1 — B HAllIBBUIMI{1-HAIlIBHACHITY; € — B HACHILY;
K — Ha kocoropi; 1 — 6epma; 2 — KtoBeT; 3 — KaHaBa; 4 — CyXuH yKic;
5 — npomixkHa 6epma; 6 — npeHax; 7 — miAMipHA CTIHKA.

Pucynox 1.4.2 — ITonepeuni nepepi3u KaHajiB

JI7st 3aXUCTy KaHaTIB BiJl PO3MUBY TE€UI€IO BIAIITOBYIOTH Pi3HI OOJIMIIOBAHHS Ta
MOKPUTTSA: Kam’ siHi, OeTOHHI, 3ai300eTOHHI, acdaabTOOCTOHHI, TJIIMHOOETOHHI, 3
MOJIIMEPHUX MaTepialiB.

TpacyBaHHs KaHaJiB BUKOHYETHCS 13 BpaXyBaHHAM TONOrpadiuHUX, 1HKEHEPHO-
TCOJIOTIYHUX yMOB Ta TpHW3HAYCHHS KaHATy. Tak Tpacu OCYIIyBaJIbHUX KaHAJIB
BUOMPAIOTHCSA HAa HU3BKUX BIIMITKaX MICIIEBOCTI, a 3pONTYBaIbHUX KaHAJB, HABITAKH, HA
BHUCOKHUX BIIMITKAaX.

OcCHOBHI pO3paxyHKH KaHaJiB MPOBOASTHCS JJIsi PIBHOMIPHOTO Ta HEPIBHOMIPHO
pyxy.

HaiiBurigHimui nepepi3 KaHajly B TiIpaBiIiuyHOMY BIJIHOIICHHI € TaKui, IO Mae
HaANOIBIIIEe 3HAYCHHS T1PABIIYHOTO paaiyca. JJia TpanerieBuIHuX KaHaTiB:

b/h=2(J1i+m* -m), (1.4.1)

ne b - IMPUHA KaHATY HU30M;
h - ru6una BOJIH;

M=cCIgZ0. - KoedilLlieHT 3aKIaIaHHS YKOCY.
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Ha mpaktuii CroiBBiIHOIIEHHS MPUHAMAOTh OUIBIIUM, HIK PO3PaXyHKOBE
3HaueHHs (puc. 1.4.3).

Pucynok 1.4.3 — [TapameTpu ®UBOTO Mepepi3y TpaneuieBUIHUX KaHaJiB

CepenHs MBUAKICTH BOAW B KaHAT1 Vm noBunHa Binnosigatu YMOBI:
Vs < Vi < Vadm (1.4.2)

ne Vs — HesaMymioroua MBHAKICTS;

Vadm - HEPO3MHBHA IIBUKICTH [8].

CepenHs He3aMyITIOI09a MBUAKICTD [8]
Vs=e vR , (1.4.3)

ne € - koedilieHT, 10 BU3HAYa€THCs 3a pekomenartieto L1, Jlesi [9]:

@ o 0,0225
e=0,1 - 4 . ,
o 1/0, ol n (1.4.4)

Jie (0 — TigpaBiliuHa KPYIHICTh 3aBUCIUX HAHOCIB AiamMeTpoM Uep, MM;

0 - BIICOTOK (32 MacoI0) 3aBUCIINX HAaHOCIB po3MipoM Oinbie 0,25 mym;
N - xoedilieHT MOPCTKOCTI PyClia;

R - rigpapniunnii paziyc, m.

Hepo3muBHA MBUAKICT ISl KaHATIB, IO MPOXOASITh B HE3B’SI3aHUX IPYHTaX,

BU3HAYaeThCs 3a 3ayexkHicTIO b.I. CTynennunukosa [8]

Vagm = 3,6 (h d,)%%, (1.4.5)
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ne N — ruGuna MOTOKY, M;

dcp - cepeHil AlaMeTp YaCTUHOK IPYHTY JIO)Ka KaHaly, M.

ITuroma BuTpaTa Boau Ha (GIIBTpAIlil0 BU3HAYAIOTHCA JIJIs KaHaJiB 06e3 ekpaHa B

oJTHOpiTHOMY TPYHTI 3a popmyroro Koctskona [10]
q=K(+25hVi+m?), (1.4.6)

ne K — koepiuient dinpTpauii IpyHTy; ans e€KpaHOBAaHOrO KaHANy IIpH

BIZICYTHOCTI IiIOPY BU3HAYAETHCS 32 3aJICKHICTIO [8]

h+e
q=K, +%(b+ hy1+m?), 147

ne K — xoedimient dinprpauii expana;

€ - TOBIIUWHA CKpaHa.

3a eocnooapcvkum npusHaueHHAM KaHaIH MOAUISIIOTh Ha :
- eHepreTuyHi (Mg MiABEACHHS BOAM 3 BOJOCXOBHMIN 10 JEpUBAIIITHUX
T1APOETEKTPOCTAHIIIN);
- BOJIONPOBIIHI (JJ1s1 BOAOIOCTAYaHHS HACEJICHUX MyHKTIB);
- 3polyBajbHI (II01al0Th BOJYy Ha 3pOIIyBajibHI CUCTEMU);
- o0cynryBaJibHI (JUIs1 OCYIICHHS 3a00JI0YEHUX TEPUTOPIN);
- CyIHOIUIaBHI (BXOJSATH IO CKJIATy BOJAHOTPAHCIIOPTHUX Marictpaieil);
- puboximHi (I MoJa4i BOJAU B HEPECTUIIHIINA);
- JICOCIUIaBHI (JIJ1s CILJIaBY JEPEBUHU B MICIISIX PO3POOOK).
3a cnocobom nooaui 6o0u KaHAIW MOAUISIOTHCS HAa CAMOIUIMBHI Ta MAaIIIMHHI,
BOJIa B SIKI ITOJIA€THCS 32 JOIIOMOI'OK0 HACOCHUX CTAaHIIMN.
3a kanimanvricmro NOMIIAIOTHCI HA 4 KIIACH KallTaJbHOCTI.
3a eeonociunumu ymosamu MOAUIAIOTH HA TaKi, IO MPOXOASTh B HECKEIHHUX Ta
CKEITbHUX TPYHTaX.
3a xapaxmepom yknony OyBarOTh KaHAJIU 3 IPSIMUMU, 3BOPOTHUMHU Ta HYJIHOBUMH

YKIIOHAMH.
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2. Peryiioiwui cnopyau BIIAINITOBYIOTH JUIsl PETYJIOBAHHS KIIBKOCTI BOJIH, IO
NOJIA€ThCA B CUCTEMY, IPU HEOOXIAHOCTI PEryJiloBaHHS PIBHIB BOAM B KaHamax, IS
aBapiiHOTO CKUJAHHS JIMIIKIB BOAM. 3a TPU3HAYEHHSM PETYIIO0Yl CHOPYIU
MOAUISIFOTHCS HA:

- TAOIpHI — JUIsl CTBOPEHHS MIANOPY Ta PEryJIIOBaHHS PIBHIB BOJIH;

- PEryJISITOPH — BOJOBHUITYCKH — JIJISl PETYJIFOBAHHS ITO[avi BOJIM B KaHAT;

- BOJOCKHJIHI — /ISl CKUJAHHS BOJM MPU NIEPETIOBHEHH] KaHAIIB;

- TIPOMHUBHI — JUIsl HEIOMYILIEHHS MOMAaJaHHs HACOCIB B KaHAIL;

- BOJOJUIBHUKH — JJIS TOAUICHHS] BATPATH BOJU MIXK JCKIJIbKOMa KaHAJIAMH.

Peryntoroui criopyu KOMIIOHYIOThCS Ha KaHajaxX JJisi BUPIIMICHHS JACKUIBKOX
3aJ1a4, yTBOPIOIOYH By30J1 criopyn (puc.l. 4.4).

1
/—.

PN
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1 — mianmipHUl peryasTop; 2 — IPOMUBHUMN perynarop; 3 — O1uHui
PETYISTOP-BOAOBUIYCK; 4 — aBapiiiHUM CKUJl; 5 — MariCTpaJbHUN KIIallaH.

Pucynox 1.4.4 — Cxema po3MillieHHS CIIOPY/I HA KaHaIi:

Perynaropu — 1ie MacoBi copynu Ha Mepexi, ix BapTicTh ckiamae 40-60% Bin
BapTOCTI BCI€T CUCTEMH.

3a KOHCTPYKTUBHUMHU O3HAKaMHU PETYJIATOPH MOJUISAIOTh HA BIJAKPHUTI Ta 3aKpHTI
a6o miadparmoBi Ta TpyOUacTi.

Binkputi peryiastopu CKiIamaroThCs 3 (QIIOTOETY, MO3J0BXKHIX CTIHOK, 3aTBOPIB,
NiAMOMHUX MEXaHI3MiB Ta MOCTIB. TakuM peryisaTopoM HaJaeThCs MepeBara mpu Malux
rMOMHAaX B KaHAJllax Ta HE3HAYHUX KOJMBAHHIX pPIBHSA BEpXHboro O’eda; mpu
HEOOX1JTHOCTI MPOIYCKY B HUXKHIA 0’e( MiiaBaroYMX MPEIMETIB; KOJU MAaKCUMAaJIbHY
BUTpaTy HEOOXI1JHO MPOIYCTUTH NMPU HE3HAYHOMY TinpaBiiyHomy nepemnasl (0,1 m Ta

MEHIIIE).
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1 — nonypuii WNyHT; 2 — MOHYP; 3 — KOPOJIEBUH IIMYHT; 4 — BOAOOI1H;
5 — pucbepma; 6 — 3BOpOTHHH GIIBTP; 7 — KPIIJICHHS YKOCIB TUTUTaMU;
8 — xaMm’siHa ipu3Ma; 9 — ciryx060Bumii MicTok; 10 — 3aTBOp; 11 — Geperosi CTOAKH.

Pucynok 1.4.5 — Binkputuii peryastop Ha KaHasl

J1o HeOIKIB BIIKPUTUX PETYJISATOPIB CIIiJl BIIHECTH HEOOXI1THICTh BJIAIITYBaHHS
CITy00BOT0, 1HOI 1 IPOIkKIKOTO MOCTIB.

BonoauibHUKN — 1€ BIIKPUTI PETYJIATOPH, SIKI 3a0€3MeUyIOTh MOALT BOJIU MIX
JIBOMa Ta O1TbIIIe KaHAJIaMU B TICBHUX CITiBBIIHOMICHHSX (puc.l. 4.6).

PosmoninpHI By3mH pO3MINIYIOTh B MICIISIX PO3TATY)KEHHS KaHATy Ha JCKIJIbKa
MEHINKX BiABIAHMX KaHamiB (puc.l1.4.7).

1
H
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Pucynok 1.4.6 — Cxema mponopiiifHoro BoA011JIbHUKA
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a, 0 — 301mKeHa; B — BlJajicHa.
Pucynok 1.4.7 — CxeMa KOMIIOHOBKH PO3IMOAUIBHUX BY3JIIB:

TpyOuacti 3aKpuTi PEryisTOPU CKIAMAIOTHCS 3 TPYyO, BXIAHOTO Ta BHXIIHOTO
OTOJIOBKIB, 3aTBOPIB, IacUTENiB eHeprii B HIKHBLOMY 0’cdi. IX 3acTOCOBYIOTH Tpu
IPOXOJKEHHI KaHaly B TNIMOOKIM BUIMIIL; PU KOJMBAHHAX PiBHSA BEpXHHOT0 0’ ea 0,5m
Ta OUIBIIE; KOJU TIPH BEJIMKUX HAIOpax MPOIYyCKarTh Majli BUTPATH.

Jlo HemoNikiB 1HMX CHOPYJ MOXHa BIJHECTH CKJIQJHICTh OIVISAIB  Ta
npo(UTAKTUYHUX PEMOHTIB, 3MIHU TigpaBIiYHHX pexkuMiB. Cxema TpyO4acToro
perynsropa npejcTaBiieHa Ha puc.1.4.8.
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1 — mipHaroua cTiHKa; 2 — NOHYp; 3 — 3aTBOP; 4 — MIATOTOBKA; 5 — AUISTHKA TPYOU;
6 — Bom001i1; 7 — BOj001iiHA CTIHKA; 8§ — KaM siHA MpU3Ma.
Pucynok 1.4.8 — TpyOuactuii peryasitop
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[pgpaBmiuHUM pPO3paxyHKOM BH3HAUYAIOTHCA pPO3MIpH OTBOpiB, TpyO, yMOBHU
IPOMYCKy BHTpar, Oe3reuHi YMOBHU cHpspkeHHs 0’ediB. PosrisHeMo aeski cxeMmu
PEryJIsITOPIB HA MEJIIOPATUBHUX CHCTEMAaX:

1) cxema MpoIyCKy BUTpATH Yepe3 PEeryssiTop ,,BOAO3JIMUB 3 MIUPOKUM MOPOroMm”

(puc.1.4.9). L1a cxema mae MicIie Ipy MMOBHOMY BiIKPUTTI OTBOPY PETYISATOPA.

v
Pucynox 1.4.9 — BurikanHs 4epe3 BOJ03IIUB 3 IMUPOKUM ITOPOTOM

Kpurepiit miATONIEHHS BU3HAYAETHCS 32 3aJI€KHICTIO:

ne N — riuGuna Boxy Ha MOPO31 PErymsiTopa;

Ho — rnu6una Boan nepes1 CnopyIoxo.

2
a-V
H0 =H _|__0’ (1.4.9)
29
ne O — KoeilieHT KIHETUYHOI eHeprii;

Vo — mBuakicTs M1IX0y.

[IpomyckHa CIPOMOKHICTh BU3HAYAETHCS TP BITLHOMY BHTIKaHHI 32 OPMYIIOLO:

Q=¢-m-by/2g -H"?, (1.4.10)

ne Q — Butpara BosH;
& - koe(diiieHT OOKOBOTO CTUCHEHHS MOTOKY;
M - koediwieHT BUTpaATH;

D - mmpuna orBopy criopyn.
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2) ,Burikanus 3-mpg mmTa”’. B mporeci ekcmayartaiii MOXKIMBE HEIIOBHE
b

BIIKPUTTA IIUTA U1l TPOIMYCKy BUTpar. [IpomyckHa CpOMOKHICTH Q Py BUIBHOMY

BuTikaHHi (puc. 1.4.10 — 1.4.11) Bu3HavyaeThCs 32 3aJEKHICTIO:
Q=¢c-¢-&-h, ‘b\/29(| o—& ), (1.4.11)

ne (P — KoeILieHT MBUIKOCTI;

&s — KOeDIIIEHT BEPTUKAIBHOTO CTUCHEHHS,

hW — BHCOTa HiI[HSITT?I muTa.

[Tpu BuTiKaHHI Yepe3 3aTorieHui oTBip (puc. 1.4.11):

Q=¢-¢-&-h,-by2-9-2,, (1.4.12)
ne Zo — pi3HUILIS PIBHIB BOAM BEPXHBOI'O Ta HUKHBOTO 0’ €(iB.
’
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Pucynok 1.4.10 — BinbHe BUTIKaHHSA 3-T1i]] IIATA
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Pucynok 1.4.11 — 3aroruieHe BUTIKaHHA 3-MiJ IUTa
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3. BomompoBimgHi CcHopyaw BIAIITOBYIOTH Il TOAOJAHHS TEPEIIKOMd, SIKi
3yCTpIUalOThCA Ha Tpacax KaHally: JOJIMH, sIpiB, Oajok, marop0iB, KOCOTOpiB, AOPIT,
kaHaniB. Jlo Takux cHnopyj HajeXarb IIOKEpU, aKBEIyKH, CEJICIIPOBOJIHU, JIOTOKH,
TpyOUacTi mepexoau, TyHEI.

Jokepu — 1€ HamipHi TPyOOMpPOBOAM, SIKI BIIAINTOBYIOTH JUISI TIOJIOJIAHHS
NEPEIIKO]l y BUIIISAL PIK, 10pir, 0anok, Touo. BoHH cniopyKyrOTbCS B YMOBAax, KOJH
HEMAa€ MOXJIMBOCTI MOAATH BOJY HAJ MEPEHIKOAOK (BIIMITKM KaHAIy 1 MEpPenIKoau
yKe OJIU3BKI).

B 3aneacnocmi 6i0 mamepiany nrokepu OyBaroTh AepeB’siHI (BUTPUMYIOTh THCK JI0
20 M), 6etonHi (mpu Hamopax g0 30...50 M), 3amizobetonHi (Tuck g0 100 M), MeTaesi.
MeraneBl ArOKepu Uepe3 iX BENHMKY BapTICTh CHOPYKYIOTb IpPU HasBHOCTI
CHeliaJbHOro OOIPYHTYBaHHS.

3a KOHCMPYKMUBHUMU O0COOIUBOCMAMY JIIOKEPU TMOAUISIIOTh Ha MIAXTHI abo
kosoasi3ui (puc. 1.4.12) — mist mpomycKy IpH HEBEJIMKUX HAIMOpax MalliX BHUTpAT Ta

TFOKEPH CKJIATHOI KOHCTPYKIIIT — JIUTsl BEJIMKUX BUTpAT 1 HaropiB (puc. 1.4.13).

AT Ay e e
b
'

] '

1 — BXiJTHHI KOJIO/ISI3b; 2 — TPSI3bOBUK; 3 — TOPH30HTAIbHA TPYOa;
4 — BUX1THUH KOJOSI3b; 5 — peliTKa.

Pucynok 1.4.12 — JTtokep KOJIOASI3HOTO TUITY
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Pucynok 1.4.13 — 3ami300€TOHHUY TBOXOUYKOBUN JTIOKEP

OCHOBHMMH YaCTHHAMH HEBEJIMKOIO JIOKEpa € BXIJHUK Ta BUX1JIHUN KOJOJA31, a
y JIIOKepa CKJIAJHOT KOHCTPYKIIII — BXIAHUN Ta BUX1IHUI OrOJIOBKH, aHKEPH 1 MPOMIXKHI
OTIOpH.

['apaBnivHi Ta CTATHYHI PO3PaXyHKH JIOKEPIB

[IpomyckHa CIPOMOKHICTH TIOKEpa BU3HAYAETHCS 32 (POPMYIIOLO:

Q=x-S{2-9-7,, (1.4.13)

ae M — xoe(IieHT BUTPATU TPyOU;
S — nnoma nonepeuroro nepepizy Tpyom;

Zo — pi3HUIIS PIBHIB BOJU BEPXHHOI'O Ta HUKHBOTO 0’ €(DiB.
CepenHs MIBUAKICTH B TPyOi mpuitMaeTbes B Mexkax 1,5...4,0 m/c, ane He MEHIIIe,
HIK [IBUIKICTH B KaHAJI.
BepxHiii kpail TpyOu arokepa NOBMHEH OyTH 3aHYpEHUU MiJ MIHIMAJIbHUNA PIBEHb
Bou B kaHaii Ha Ah:

2 2
Ah=Ya Ve , (1.4.14)

29
e Va — IIBUJIKICTh BOJIU B JIIOKEPI;

V — mBuIKicTH BOIM B M1JBIIHOMY KaHaJl.
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AKBeIyKH — 1€ BOJOBOAM Yy BHUIVISIAI MOCTa JJig NPONYCKY BOAM 4Yepes3
nepewkoau. L{i cnopynu BIamToByOTh y BUMAAKaX, KOJW BIAMITKA MEPEIIKOAN 3HAYHO

HWKYa, HDK PIBEHb BOJAM B KaHAJIl Ta BIIMITKA MPOTiHHOI OyJAOBH aKBeIyKa
(puc.1.4.14).

)
]

|
|
J
|
|

TTTITIT ca e

Il
[N
Ll

T

1|l'lil|
:J"L-

-
—J
—
- |

(i

Pucynok 1.4.14 — 3amiz00eTOHHU aKBEIyK

Bxinna Ta BHUXiJIHA JUISSHKU aKBEAYKiB MTOBUHHI 3a0€3MEUHUTH IUIABHE CHPSHKEHHS
CIIOpYAHM 3 KaHaJIOM B TUIaHI Ta Y BEPTUKAIBHIA TUIOHMIMHI. 3 METOI0 HEAOIMYIICHHS
IiIOpy BOAM B aKBEIYyIll Ta BEPXHBOMY KaHaJi JHO BIJBITHOTO KaHATy CHPATAIOTH 3a
JIOTIOMOT'OI0 TIOXHMJIOT TIePEX1THOT JUTSTHKH.

Jloroku akBenykiB OyBarOTh NPSIMOKYTHI, mapaOoiiuHi, Kpyrii. [Hoal 3amicTh
JIOTOKIB 3aCTOCOBYIOTh a30€CTOIEMEHTHI TPYyOH JJIsl MPOITYCKY HEBEIUKUX BUTpPAT (10
2m%/c). JIoToku mapaGoIliuHoOro Ta HAMBKPYIJIOrO IONEPEYHOro Mmepepisy HaivacTime
3aCTOCOBYIOTBCS ISl IPOITyCKy BHTpar 10 10 m/c.

[NapaBnigyauil po3paxyHOK aKBeIyKa BKIIFOYAE PO3PAXyHOK BXITHOT Ta BUXIAHOI
NUISHOK 1 J10TOKa. BuUXigHi maHi: reoMeTpruHi po3mipu KaHaiy, Burpara Qp, mBUAKICTH

Boau B KaHaimi Vi i rimbuna Boxu mepen cnopynoro H. IIBuakicTs Boau B akBemyLi
V,=1..2m/c, miIa HEmONMyNIEHHS OCiJaHHS HAHOCIB MBUAKICTL V, mIpuiiMaeThes Ha
10-20% Oinp111010, HIXK IIBUAKICTH B MiABITHOMY KaHAJII.

Ilepenaa piBHIB BOAM HAa BXOAl B akBeAyK NpuiiMaeTbca Z=5...15 cm. I'nmubuna

BOJIM B JIOTOIIl aKBeayKa

55



ha=H-z. (1.4.15)
[IInprHa 10TOKA

Da=Qp/ha-Va. (1.4.16)

CenenpoBoau — 1€ JIOTOKM Ha OMOpax JJs MPOIYCKY CEJIeBUX IMOTOKIB depes
KaHaJIM, JOPOrH, piku. BXinmHa yacTMHa 1uX CHOpya HpeAcTaBisie co00w po3Tpyd 3
YKpIIUIEHUMH JHOM Ta JamM0aMmu, BHUXIJHa JUITHKA TEX YKPIIUIIOETbCS Ta
Oropojkyerbcs aamodamu. JIOTOK OOJIMILOBYETHCS MarepiajloM 3 BEJIUMKUM OIOPOM
IPOTH CTUPAHHS. YXUJI CIOPYAH MPUUMAETHCA OIBIINM, HIJK YXHII CEJIEBOTO pycia.

Jlotoku — 11e mMTYy4YHI pycia 3 naepeBa, OETOHY, 3ali300€TOHy, MeTaly, iX
PO3MIIIYIOTh Ha MOBEpPXHI 3emiii a0 Ha omopax. JIOTOKM BIAIITOBYIOTH Ha JIISIHKAX
Tpacu 13 CKJIQJHUM peiabedoM, HECHPUSTIMBUMH TE€OJOTTYHUMHU Ta Ti1APOJOTIYHUMHU

ymoBami (puc.1.4.15),

a) CKJIaIHOTO TIpodiTF0; 6) MOHOJIITHI; B) 3 OOIHITIOBAHHIMU; T') 301pHO-0JI0UHMIA

Pucynox 1.4.15 — JloToku Ha KOcoropi



TpyOu-31MBONpPOBOAN  (3JIMBOCITYCKHM) CHY’KaTh JJIA HPOMYCKY HEBEJIUKHX
BOJIOTOKIB Mij] KaHAJIaMH, aBTOMOOIJTbHUMHM Ta 3aJII3HUYHUMHU IUISIXaMU, 30yJJ0BAHUMH 3

Hacuny (puc. 1.4.16).

1 — xanai; 2 — BX1JHUN OTOJIOBOK; 3 — JIAaHKU TPYyO; 4 — BUXI1IHUI OTrOJIOBOK;
5 —M’darta riauHa; 6 — nopora.

Pucynok 1.4.16 — TpyOuacTtuii 3muBonpoBija

3a matepiagom TpyOH MOXYTh OyTH OSTOHHHUMH, 3aT1300€TOHHUMH, KaM’ STHUMHU,
HETJITHUMH, METaJICBUMH.

linporexHiuHi TyHeJIi — 1€ 3aKpUTI BOJIOBOJIU, SIKi MPOKJIAAAI0Th B 3€MHIN KOpI1
0e3 BUIIMaHHS IPYHTY, 1110 3HAXOAUTHCS HaJl HUM. TyHeni OyAyloTh B TPChKUX YMOBAX,
a TaKOX MpH OyAIBHHUIITBI THMUYACOBHX Ta MOCTIHHUX BOJOCKHU/IIB: KOJH BICh BOJOBOIY
(kaHATy) 3HAXOIUTHCSA HA 3HAYHIA TIHOWHI BiJ 36MHOI TOBEPXHI; Tpaca BOJOBOIY
NIEPETHHAE KPYTUH CXHJI, HA TKOMY MO>KJIUBI 3CYBH.

[igpaBniyHi poO3paxyHKH TYHENIB 3BOJATHCS [0 BHU3HAYEHHS MaKCHUMAaJIbHOI
IIPOITYCKHOI CIPOMOXKHOCTI, TICPEBIPKU 1X Ha He3aMyJIIOBaHICTh. B HamipHHX TyHEISX
METIOpaTUBHOTO MPU3HAYEHHS MIBUIKICTh BOJU TpuitMaeThes 1,5...4,0 M/c, mpomyckHa
CIPOMOJKHICTh BU3HAYAETHCSA 32 3ayiexkHICcTIO (1.4.16).

Jlis  Oe3HamipHUX TyHENIB IIBHUIKICTH Tewli mnpuiiMaerbea 1,5..2,5 w/c,

IPOITYCKHA CIIPOMOKHICTh BU3HAYAETHCS 32 (DOPMYJIOLO:

Q=S-cVvR-1, (1.4.17)
7ie S — MIIoIIa KMUBOTO TIepepi3y KaHamy,
C — xoeimienT Ile3i;
R — rigpasniunmii pagiyc;

| — yxuJ1 moBepxHi BOJU.
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Chpsiraroui cnopyau npusHayeHi JiJisl 3’€IHAHHS BEPXHbOI T4 HUXKHBOI JIUIIHKA
KaHaJI1B MPU IPOXOJKEHHI KPYTUX CXUIIIB.

3a yMOBaMU pyXy CIpAraryl COpyau NOAUISIOTh Ha TPU TPYIIH:

1) IBUIKOTOKH 1 TpyOH, MO SKUX BOJA O€3MEPEPBHO PYXAETHCS MO CIIOPY/IL;

2) cxiyacTi 1 KOHCOJIBHI Mepenaau, o IKMX BOJIa 10 YaCTHHI IIIIXY PYyXa€ThCs y
0e3mocepeIHbOMY KOHTAKTI 13 CIIOPY/I0I0, a TIOTIM I1aJ1a€ y MOBITPS;

3) cnopyau nepexigHux GopM, sSKi BKIIOYAIOTh €JIEMEHTH MepIioi 1 APYyToi rpyn
(maxTHi 1 TpyO4acTi).

B mexax cnpsirarouoi ciopyAu KiHETUYHA €HEPrisi TaCUThCS PI3HUMH IUIIXaMU:
30UTBIIIEHHSMU T1APABIIYHOTO OMOPY HA NUISIXY MOTOKY (pEeIIiTKH, BOJOOIMHI CTIHKH,
NOPOTH); BIAKUJAHHSMH CTPYMHUHU BiJl KIHLIEBOI YaCTUHU CIIOPYJU 1 YTBOPEHHSIM SMH
PO3JMBY, TOLIO.

[IBUAKOTOKM — II€ CHpsATardi JIOTOKH, SKI MamTh YKIOH JHAa OUIBIIMKA 3a
KPUTUYHUH, BOJIa TIPU TIEPEXO0/I1 3 BEPXHHOT'O KaHATY B HIKHINM HE BIIOKPEMITIOETHCS Bl

cnopyu (puc. 1.4.17).

i
S e e ot A =
R e T -

1 — miaBigHMI KaHaAT, 2 — BX1J; 3 — JIOTOK; 4 — TacUTENb;, 5 — BUXIJI;
6 — BIJIBIJHUNA KaHAaJI.

Pucynok 1.4.17 — beTOHHMI MIBUIKOTIK
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[lepenanu — 1ie cupsiraroyi CIOPyAU Y BUTJISAIL CX1/ILIIB, IO 3’ €AHYIOTh O€3HaMIpHI

JUISHKY Ha pi3HUX piBHsIX (puc. 4.18).

O N O W

\ - -
e — 1o

L

o

Pucynok 1.4.18 — bararocxigyactuii rieperna

I[MMTAHHA 1J11 CAMOIIEPEBIPKIA
Ha3BiTe OCHOBHI (hopMH KHBOTO TIEpepi3y KaHATIB Ta CHOCOOW TpacyBaHHS
IpH SIKUX 111 (POPMHU 3aCTOCOBYIOTHCS.
Sxuii mepepi3 KaHay € HaWBUTIIHIIIUM Yy T1IPaBIIYHOMY BiJTHOIIICHH1?
Sxkiit yMOB1 TOBMHHA BIiJMIOBIJIaTH MBUKICTh BOJIM B KaHAJIi?
3a SKUMU 03HaKaMU KIacU(pIKyIOTh KaHaIN?
[Tpu AKMX yMOBax 3aCTOCOBYIOTHCS BIAKPHUTI PETyIATOpU?
[Ipu ssKMX yMOBaxX 3aCTOCOBYIOTHCS TPYyOUACTi 3aKPHUTI PErysaTopu?
SIKi cxeMu perynsTopiB Ha METIOpPAaTUBHUX CUCTEMAaxX BaM BiJIoMi?

SIxi BOJOTPOBITHI CIIOPYIU BaM Bitomi?
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1.

Tema 5. PerymtoBaibHi ciopyiu

1. Knacudikarist peryitoBaibHUX CIIOPY/, 1X
KOHCTPYKTHBHI €JIEMEHTH.

2. [1o3/10BkKH1 peryitoBaibHI CIIOPY/IH.

3. IlonepeuHi peryoBalibHI CHOPYIH.

4. HackpizHi ciopyau. CripssMieHHS! pIYKOBUX 3BUBHH.
5. bopoTb0a 3 MOBEHEBUMHU Ta CEIEBUMH MTOTOKAMHU.

IcHye nBa BUAM pETyNIOBaHHS pycel pIYOK: 3arajibHe a0o TOBHE —

3a0€3MeUYeHHs] Ha BCbOMY IHPOTA31 PIYKHM HOPMAJBbHOI CTIMKOCTI pyclla; YacTKOBE

PEryJIIOBaHHS — BUKOHAHHS PETYJIOBAJIBLHUX POOIT MO OKPEMUX JIIJISTHKaX pyca.

PerymoBanbHi ciopyau KIacu(pikyroThCs 32 HACTYITHUMH O3HAKAMMU:

2)

3)
4)

5)
6)
7)

3a NPUBHAYEHHAM (cTpyMeHeHaIpsiMHi; OTOpPOJKYBAJIbHI namou;
Oepero3akpilitoBalibHl  CIOPYAM; 3araTd — CHOPYAHW, SKi  TIOBHICTIO
MEPEKPUBAIOTH PYCIIO PIYKU; TOBEPXHEBI 1 IOHHI CTPYMEHEHAIPSIMHI CUCTEMHU );
3a cmpoKoMm cydcoOu: TIOCTIWHI 1 TAMYACOBI;

6 3anexcHocmi 6i0 OyoligelbHUX Mmamepianié ma KOHCMPYKYiil: TUIOTOBI,
IPYHTOBI, JepeB’siHi, OCTOHHI;

3a pO3MAULY8AHHAMU BIOHOCHO PYCla: TIO3IOBXKHI 1 TOTIEPEYHI;

3a xapaxkmepom Oii Ha NOmiK: MOHOJITHI Ta HACKPI3Hi;

3a 8IOHOWEHHAM 00 pPiBHI8 800U CTIOPYIH, IO 3aTOILTIOIOTHCS 1 CIIOPYIH, IO

HC 3aTOINNIKOIOTHCA.

Haii6inmp1r mommpeHi HacTyIHI KOHCTPYKTHBHI €IEMEHTH PETYIIOBATBHUAX CITOPY/I:

1)
2)

3)

4)

NPYTSHI KaHATH — 3aCTOCOBYIOTH IS 3’ € JHAHHS XMHU30BO1 KJIaJIKH;

XMHU30B1 TIOQSAKHU, 0 CKIAJAIOTHCS 3 ACKUIBKOX IIApIB PO3CTEICHOTO XMU3Y;
AKl CTSTHYTI MK JBOMa CITKaMHM 3 MPYTAHUX KaHATIIB 1 MPUBaHTaXEHI
KaMI1HHSIM;

cunai — TpuHOT1 a00 YOTHUPUHOT1 KO3JIM BHCOTOIO 2...5 M, sIKI BUTOTOBJISIOTH 3
JepeBUH, OPYCKiB, peiioK, TpyO Ta CKPIIITOTh ApoToM (puc. 1.5.1 a);

rabioHn 1 rabOioHHI THO(SIKM — MarTh (GopMy UMIIHAPIB ab0 SLIUKIB 3
CTIHKAMHM 3 CITKH, IO BUTOTOBISETHCA 3 JIPOTY, 3allOBHEHUX KaMIHHSM,

miebenem (raspkoro) (puc. 1.5.1 6).
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a) cumai;  0) rabGioHH
Pucynok 1.5.1 — KOHCTpYKTUBHI €JIEMEHTH PETYIIOBAILHUX CIIOPY/L

5) xBopoCTsHi (aIIMHK TOIUISIOTH Ha Jierki (my4ok xMu3y aiamerpom 0,25...0,30
M, IO MEPETATYETHCS B JICKIJIBKOX MICIISIX) Ta BAXKHU (LMJIIHAPUYHA XMHU30B1 000JIOHKA,

110 3aITOBHIOETHCS MEOCHEM, KaMiHHSM, IPYHTOM).

4)

a) OJTHOKOMIIEBA; 0) TBOKOMJIEBA; B) BayKKa (pammHa:
1 — xMu3; 2 — kaMiHHS; 3 — npoOKa 3 XMuU3y (PO3MIpH B M).

Pucynok 1.5.2 — Tunu ¢amun
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2. OcCHOBHI BUIW TIO3I0OBXKHIX MACHBHUX CIOPYI — CHMPYMEHEeHaAnpsamMHi 1
020p00HCYBAILHI TAMOU.
CrpyMeHeHanpsiMHI J1aMOM CTBOPIOIOTH OCHOBHY JIIHIIO PIYKOBOTO IIOTOKY B
pycii, IO PeryiaroeThcs. B 3alle)XHOCTI Bij po3TalllyBaHHS B IUIaHI PO3PI3HAIOTH
(puc.1.5.3):
1) HesajexHI TaMOM, HUXKYE SKHX 32 TCUIEI0 BUHUKAE KOJOBOPOT 3 MaJIMMH
IIBUKOCTSIMU B3I0BXK Oepera, 1110 BUKIIMKA€e Horo po3MuB (puc. 1.5.3 a);

2)  namOu, 10 3aTOILUTIOIOTHCS, 3 TpaBepcaMH (IS raciHHs IIBUAKOCTI TEYil, 110
BUHHMKA€E 3a JaMOOI0, MDK HEIO Ta OEperoM BCTAHOBIIOIOTHCS IOMEPEUHI
namou-tpasepcu) (puc.1.5.3 6);

3) nmamOm, 0 HE 3aTOILTIOIOTHCSA, 3 OTBOpPAMHU (ISl MPOHUKHEHHS 3aBHCIHX

HaHOCIB 3a J1aM0u) (puc. 1.5.3 B).

a) He3aMKHEHa J1amba; 0) mam0ba, 110 3aTOITIOETHCS 3 TPABEPCaAMU;
B) 1am0a, 110 HE 3aTOILIIOETHCS 3 OTBOPAMH.

Pucynox 1.5.3 — Po3rantyBaHHsl CTpyMEHEHANPSMHKUX JaMO B TIJIaHI:

OropoxyBaibHl AaMOU 3aCTOCOBYIOTH JJISl 3aXUCTy JIISSHOK MICIIEBOCTI BiJl
3aTOTUICHHSI.
Oo6BanoByBaHHs 1aM0 MOke OyTH 3aMKHEHE 1 HE3aMKHEHE.

B 3amkHeHux nam0ax MiCLIEBHH CTIK 3aTPUMY€EThCS B HU3MHAX OOBaJOBAHOI
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TEPUTOPIi, MOTIM CKUIAETHCA UYEpe3 CHeIiajdbHI TPyOW, IO BCTAHOBIIOIOTHCS T
namoamu.

He3amkHeHi n1aMOu ciopy/IKYIOTh Ha PIYKax 3 BEJIMKUMHU YKJIOHAMH Ta HIUPOKOIO
3amiaBoro. [lonepeuHi Bamu — 1ie TpaBepCH, siKi BCTAHOBIIOIOTH JIJIsl 3MEHIIEHHS TUTOMT
3aTOIUICHHS Y BHUMAJAKy MHPOPUBY OropoKyBajibHOi namOu. Ha puc. 1.5.4 mokazana

cXema po3TallyBaHHs JaM0O 00BajJOBYBaHHS.

1 — mesxa 3amnaBy; 2 — 3aMKHEHUM Bal; 3 — HE3aMKHEHUM BaJ;
4 — TpaBepcH; S — OTBOPH.

Pucynox 1.5.4 — Cxema po3stairyBaHHs 1aM0 00OBaJIOByBaHHS

3. OcHOBHI BUJU TMOIMEPEYHUX CHOPYA — II€ MiB3araT, JOHHI 3aratv 1 JOHHI
HOPOTH.
[liB3aratTy MOAUISIIOT, Ha TPU TUIKA 32 BUCOTOIO IpeOEHsS MO BIAHOUIEHHIO /0
PIBHSI BOJIY B PIYIli:
- JIOHHI, Kl 3aTOIUTIOIOTH B MEXIHb, MPU3HAYEHI ISl 3aXUCTy OEperoBUx
CIIOPY/I BiJ pO3MHUBY;
- MEXCEHHl, fKI 3aTOIUIIOIOTHCS B TOBIHb, MPHU3HAYEHI MAJIs PEryJIIOBaHHS
MEKEHHOTO pyciia 1 3aXUCTy OEperiB;
- MaBOJIKOBI, L0 HE 3aTOIUIIOIOTHCS, 3aCTOCOBYIOTHCA ISl 3aXUCTY OeperiB i
pETYJIIOBaHHS pycell IPU CEPEIHIX Ta BUCOKUX PIBHSAX BOJIH.

Ha puc. 1.5.5 noka3ani Ty miB 3arat i iX OCHOBHI €JIEMEHTH.
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a — mB3arara 3 MICIIEBOTO I'PYHTY; 0 — miB3ararta 3 pi3HUX KJIaJ0K; | — KOpiHb;
2 — 1i510; 3 — TOJNI0Ba; 4 — MOHHUH TIOPSIK; 5 — KOTIOBaH.

Pucynok 1.5.5 — Tunu miB3arar i iXx OCHOBHI1 €JIEMEHTHU

Kopeni Ta rosoBu — I1i¢ HalOUIBII BiAMOBINAIbHI YACTHHM HamiB3arar. Jlis
3aXMCTy KOPEHIB BiJl PO3MHUBY, CHOpPYAHM Bpi3aloTh B Oeper Ha 2..6 M Ta MIIHO
YKPITUTIOI0Th. [IpUKOpEeHeBl MUISHKU TAKOXK 3aXHUINAIOTh BiJl PO3MHBY: ISl IBOTO iX
YKPIIUTIOIOTh 13 CTOPOHU BepXHbOro 0’edy — Ha gosxuui 10...15 M, Ta 13 cTOpoHU
HWKHBOro 0’ey — Ha 15...20 M BiJ OcCl cIOpyau. YKOCH B FOJIOBHIM YacTUHI CIIOPYIU
BJAIITOBYIOTH nosiorumH (1:3 — 1:5). Bix nigMuBy HamiB3araTy 3axuliatoTh GpapTyxu i3
XMHU30BUX Ta 3all1300€TOHHUX TIOPsKIB, rabioHIB, M0 OOMEXye MOrIUOJIEHHS SIMU
po3MuBY. SIKIIO TiB3aratu 3BOJASTH 3 MICHEBOTO IPYHTY, iX YKOCH KPIIJISATH OUIBII
MIIIHIM MaTepiajoMm.

JIOHHI TOpPOTH BIAMITOBYIOTh B CHEIIabHO MiATOTOBIECHUX TpPaAHIIESX,
pO3TalllOBaHUX Yy TOBIIl MOTOKY, AJIA 3aKpIIUICHHS BIAMITOK JHa pycia TaM, Jie
OUIKY€TbCSI PO3MUB.

4. Hackpi3Hl peryJoBajibHI CIOPYAM NPOHUKIWBI JUIsi BOAUM Ha BIAMIHY BiA
MOHOJITHUX (CYUUIBHUX) criopyl. B neskux Bumajkax BOHU OUIbII €KOHOMIYHI, HiX
MOHOJIITHI. OCHOBHI TUTIM HACKPI3HUX CIIOPY/ IIPE/ICTAaBIIEHI Ha pHC. 5.5.

[TnoroBi 3aropoxi (puc. 1.5.5 a) 3actocoByioTh mpu rambmHax g0 1,5 M i
IIBUOKOCTAX 10 1,5 M/c.

[TanboBi cnopyau (puc. 1.5.5 0) BIATOBYIOTH Y BUIJIAMAI JaMO, TMO3I0BXKHIX
OTIOSICOK, TTONIEPEYHUX IIMOP B3J0BXK JIiHIT Oepera.

Cituacri ciopyau (puc. 1.5.5 B) noAUIAIOTh HA CTAIllOHAPHI (s KUIKIB a00 Malib,
70 SIKUX TpUOUBAETHCS CITKAa 3 A1aMETPOM APOTy 2..5 MM 1 KOMIpKaMH pO3MipOM
0,2...1,0 M) Ta TuTaByyI.

BuiieHa3BaHi copyau 3apa3 Mailke He 3aCTOCOBYIOThCS, X BUKOPUCTaHHS Oyi0
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NOIIUPEHO Y TOBOEHHI YaCH.

[imyacti cnopyau (puc. 1.5.5 1) 3acTOCOBYIOTH Il HApOIICHHS MIJIWHH,
CTBOpPEHHSI YMOB JJIsl 3aMyJICHHSI OOKOBHMX pyKaBiB Ta rianOokux BUMOIH. Lle cropynu
JUIl TAMYACOBOT'O PEryJIFOBaHHS pycla.

/ARy g

a — OJHOPSITHUY TUIETIHDB; O — MaJMBI MIBra3aTH; B — CTal[lOHApHA CITYacTa
cropy/a; T — MOoMepeyHi TT4acTi CIOpYyAu; 1T — IIUTOBA CIIOPYa; € — HACKPI3H1
ni3aratu. Cxema 0: 1 — okpemi naui; 2 — kpirieHHs 6epera. Cxema e: 1 —
TPAEKTOPIsI TOBEPXHEBUX CTPYMUH; 2 — TPAEKTOPIS IOHHUX CTPYMHH.

Pucynok 1.5.5 — Tunu 1 KOHCTPYKIIii HACKPIZHUX CIOPYA

3aropoxHi (muToBi) cnopyau (puc. 1.5.5 1) BUKOHYIOTH 13 XKepAuH abo
3a;i300€TOHHUX OallOK 1 3aCTOCOBYIOTh HAa PIYKax 3 BEJIMKAMHU IIBHIKOCTSIMH Ta
raJIbKOBUM JTHOM.

Hackpi3ni miB3aratu (puc. 1.5.5 €) BUKOHYIOTh 13 MAaCUBHUX O€TOHHMX OJIOKIB, HA
HWKHIX OJOKax PpO3MIIIYIOTh TPaMIUIIHA 13  3ami300eToHHUX 1uMT. [loTik
PO3ILEIUIIOETHCS. TAKUMHU CHOPYJaMHU 1 BIAXUISETHCS 3@ JONOMOIOI ,,TPaMIUIIHIB”
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NOBEPXHEBUX CTpyMHUH. IIpy 1bOMY 3HWXKYyeTbCs [i1 MNOTOKY Ha JHO pycia 1
3MEHILY€ETHCSA KOT0 PO3MMUB.

CrpsimnieHHs1 piukOBUX 3BUBHH. [Ipy KpyTHX MOBOpOTax pycia yCKIaIHIOEThCA
pPYX CydeH 1 IUIOTIB. B Takux Bumaakax 3aCTOCOBYETHCS ,,[IOM’SKIIyBaHHS KPYTHUX
3BUBUH a00 IX CHpSMJICHHS LUISXOM BJAITyBaHHS INpoKomiB. B mpokomi yxui gHa
OUTbIIMKA B TOPIBHSHHI 3 pPYyCJIOM, TJIMOMHA BOJAU B HBOMY 3MEHIIYETHCS: h'<h

(puc.1.5.6).
-

e

h

a — IUIaH 3BUBMHM; O — MO310BIXKHI IPOQLIB [0 CHPSIMICHHIO;
1-2—kpuBa crazy; 2 - 3 — BIIbHA TTOBEPXHS HA JUISHII TPOKOITY;
2 - 4 — xkpuBa miANoOpYy; 5 — mpokom; 6 — cTape pycio.

Pucynok 1.5.6 — CrpsikeHHS piuKOBOi 3BUBUHH

[Ipu copsiMieHHI pycesl 3MIHIOIOTHCA TiIpaBiIiyHI YMOBU Ha MPUIIETIIUX [0
3BUBHH JUITHKAX PIYKH.

6. IloBiHb — KOpPOTKOYAaCHE 1 HEMEepioJUYHE MIAHATTS PIBHIB BOAM B piuKkax B
pe3yJbTaTi pI3KOro MIiJABUIIEHHS 1X CTOKY BHACHIOK 3aTsDKHUX JIONIIB, 3JIMB,
IHTEHCUBHOT'O CHITOTAHEHHs. 3a Mepioj TMOBEHI MPOXOAuTh 36-77% pIYHOTO CTOKY
pIYOK, TIEPEBUINCHHS PIBHIB HaJ JIITHIMH MEXKEHHUMH PIBHSAMH CKJIQJa€ I Majux
piuox 1,5..2,0 M, mua cepemnix 2.3 M 1 qig Benmkux g0 7 M. Ha p. JlHinpi
MaKCHMaJIbHE TIEPEBUIIICHHS criocTepiranock y 1655 p. — 1 ckimagano 15 m. Jlo mpsmux
30UTKIB BiJl TOBEHEH BIJHOCATH JKXEPTBU CEpEJ HACEJEHHS 1 3aTOIJICHHS 3€METb,
HemnpsiMi 30MTKU TIOB’s3aHI 13 HACHIAKaMU JUIsS 3J0pOB’Sl JIIOJIeH, iX 100poOlyTy,
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MO>KJIMBICTIO 3apakXeHHS 1 3a0pyIHEHHS TEPUTOPII.
3axoqu, sKl 3aCTOCOBYIOTh JjIsi OOpOTHOM 3 MOBEHSMH MOXKHA TMPEACTaBUTU
cxemaru4Ho (puc. 1.5.7).

3axonu 1151 60pOTHOU 3 TOBEHSIMH

3axoau 1o 3axo0au 1o 3axoau noB’si3aHl 13
Mepepo3MoaALTY PETyITIOBAHHIO 3aXHCTOM BiJl IOBEHI B
MIEPBUHHOTO CTOKY CTOKY pyciax pidok
VYiamryBaHHs
MPOTUITIOBEHEBUX
BOJIOCXOBHII]

— JIJISL TEPUTOPIH, 1110 3aHOBO

POCITUHHOTO IIapy MPH BUMACI XyA00H, 3a7TyKEeHHS

BOJOIIPOHUKHOCTI TPYHTY BIATOBITHOIO 00pOOKOIO
CXUJIIB

CiBO3MiHaMU; TIOCAJIKA JTICOBUX CMYT
[ITyuHe 301bIIEHHS TPOMYCKHOI CIPOMOKHOCTI

I'iapoTexHiuHI 3aX0JU — CTBOPEHHS BEPXOBUX
pycen

BOJIOCXOBHII] Ha CXMJIaX 3BEICHHS BOJIO
OO0BasIOByBaHHS — OTOPOIXKEHHS TEPUTOPIT

3eMJITHUMH JaMOaMu
OyIyrOThCS IIPU BUCOTI MIACHIKH 2...2,5 M

ATpOTexHIYHI 3aX0/11 — 301IbIIICHHS
KynbTyposoriuni 3axoam — 30epeKeHHs
3aTPUMYIOUHX BaJIiB, TEPACYBAHHS CXHIIIB

[Tincunka rpyHTOM

Pucynok 1.5.7 — 3axonu 1151 60pOTHOH 3 OBEHSAMHU

CeJieBi MOTOKM — 11€ Tpsi3eKaM’siHI TOTOKH, 1110 HACHYEH1 BEJIUKOK KIIBKICTIO
TBEPAOTO 1 POCIMHHOTO Marepiaiay: IMICKOM, TallbKOI0, TpaBieM, KamiHHSM. BoHu
YTBOPIOIOTHCS TIPU IHTCHCHBHOMY ITOBEPXHEBOMY CTOIll TMPH TIOTYKHUX 3JIMBaX,
TpUBAINX OOJIOKHHMX JOIMIAX B TIPCBKUX Ta MEPENripchkux paiioHax. B Ykpaini mo
novatky 60-X poOKiB CeJIeBl MOTOKU Mailke He BUB4Yanuch. CeneBi moToku B Kaprnarax ta
Kpumy cnocrepiratoTbes Maiixke IIOPIYHO, IBUIKICTB iX pyxy Aocsrae 5...6 m/c, cepen
BIJIKJIQJICHb 3YCTPIYaIOThCS BAJIYHU JlaMeTpoM Bija 15 cm g0 1,5 m.

J1j1st 60pOTHOM 3 CEICBUMHU NMTOTOKAMHU BUKOHYIOTH HACTYITHI BUIU POOIT:

1) perymaolTh MEPBUHHHI CTIK HAa BOJI03a0IpHI IIOMI;

2) ,,lIOM’SKIIYIOTh TO3J0BXKHIA YXHII pyclia 32 JOIOMOTOK TOPOTiB i JOHHHUX
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3araT Ta 3MEHIIYIOTh IIBUKICTh TeUii 0 HEPO3SMHUBHUX;

3) momnepe/pKYIOTh IMOIIKOKEHHsSI KaHAMIB 1 JOpIr B MICHAX MEPETUHY iX 3
CEJIEBUM PYCJIOM IUISIXOM BIAIITYBAaHHS CECPOBO/IIB;

4) 00BaJIOBYIOTh Ta 3aXUIIAKOTh CXWJIX BiJl PO3MHBY, THM CAaMHM TOINEPEKAOYH
OJIyKaHHS BOJIOTOKY Ha KOHYCl BUHOCY;

5) 3aKpiIUTIOIOTh OKpEeMi TadbBErW, Ha SKHX 30CEPEDKYEThCS CTiK  abo
CIIOCTEPITAETHCS IHTEHCUBHUM PO3MUB.

Ha cxunax Bom03a0ipHOI IUIOLII MPOBOJAATH AarpoJIiCOKYJbTYpHI Ta TEXHIYHI
3axoaM. Jlo arposcoKyJabTypHHUX 3aXO[iB BIJHOCATHCA: OXOPOHA POCIMHHOrO IIapy
CXWJIB BIJ 3HUINCHHS, HACaKESHHSA JICIB Ha cxuiaxX. Jlo TeXHIYHHX 3axO0/iB
BIIHOCATBHCS TEpPacyBaHHS CXWJIIB 3 TII0CAJKOK JCPEB, YKPIIUICHHS CXWIB BIJ
CIIOB3aHHS.

PerymoBanpHi poOOTH B pycliax MPOBOIATHCS MJIsi YKPIIJICHHS pPycell Bif
PO3MUBY CEJIEBUM MOTOKOM, 3aTPUMKH Ta aKyMyJislii ceneBoi MacH. s 3MeHIIeHHS
yXWJly Ta 3aTPUMKH KPYNHHX HAHOCIB 3araTd pPO3MINIYIOTh Tak, MO0 TOBEpPXHS
BIIKJIJICHUX HAHOCIB TPOXOAMJIA BiJ BEpXy BOJO3IUBY HIKHBOI 3aratu A0 HH3Y
(GyHIaMEHTIB HaCTYIHOT BepXHbOI 3aratu (puc. 1.5.7).

Pucynox 1.5.7 — Cxema po3TalnryBaHHs 3araT Ha JUISHII PETyTIOBaHHS

[MMTAHHA 1JIA CAMOIIEPEBIPKUA
3a SKUMU 03HAKaMU KJIacU(IKyIOTh PETYIIOBaIbHI CIOPYIU?
SIK1 KOHCTPYKTHBHI €JIEMEHTHU PETYIIOBAIbHUX CHOPYA HAUOLIBII MOUIUPEHi?
3 KO0 METOIO BJIAIITOBYIOTh CTPYMEHEHANPSIMHI Ta OTOPOIKYBaIbHI JaMOu?
Sxi Buu nonepeyHux Cropys BaM Bigomi?
Ha3BiTh OCHOBHI THIM HACKPI3ZHUX PETYIIOBAIBLHUX CIIOPY/I.
Ski 3ax0/11 3aCTOCOBYIOTHCS 1151 O0POTHOU 3 TIOBEHSIMHU.

N o gk wd e

Sxi Bunu poOiT 3aCTOCOBYIOTH sl 00POTHOM 3 CEJIEBUMU MTOTOKAMU ?
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Tema 6. CynHoruiaBHi Jico- 1 puOONPONYCKHI CIOPY AU

1. Knacudikariist BOIHUX IIISAXIB.
2. CyaHOIUTaBHI KaHAJIM Ta CYJHOIUIABHI IILTIO3H.

4. CyaHOMmiHOMHUKH.
5. JliconmponyckHi ciopyau.

6. PuGonpomnyckHi Ta prb03axucHi CIIOPYIH.

1. Knnacudikariiro BOJHUX MUIAXiB MOKHA TTOKa3aTH y BUDIIsI cxemu (puc. 1.6.1).

Bonaui nusxu

30BHIIIIHI 3a XxapakTepom
BUKOPHUCTAHHS
= T
) T 4
= 3 . S
i = /M
> © = 2| |E
= Q
ool
s 2|5
. — o ]
= o %
/M /M o]
< < <
= — = =
= as) = =
o m o o
e < e =
= = = =
>~ = >~ >
O O O O
3a
pU3HAYEHHSIM
e
s}
3
=8 = =
e}
= =t 2
W
) & Rt
™. o =

BayTtpimni
[Tpuponni [tyuni
=
:
2| |2
— o <
= = =
g S = =
5 & = 2 o
28 ARHBE
A~ o S 8 2
S5 S
O 3| |2

Pucynok 1.6.1 — Knacudixkariist BOZTHUX IUISXIB
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3’eqHyBabHI KaHAJIW BIIAMITOBYIOTHCS JUIsl CTBOPEHHS TPAH3UTHOTO BOJHOTO
IUTAXY.

OOXiJ1HI KaHAJIA BJIAIITOBYIOTH IS ITOAO0AHHS TIEPEIIKO/I.

[TigxigHi KaHAMM BJIAITOBYIOTh TYNMHMKOBUMH, iM BiJBEIE€HA POJIb I i3JHUX

[ISIX1B.

2. CyHomIaBHI KaHaJIW BJIAIITOBYIOTh, SIK MPABUIIO, JIJIsl ABOCTOPOHHBOTO PYyXY,
OyZIBHULTBO KaHAJIIB 3 OJHOCTOPOHHIM PYXOM JIOIYCKA€ThCS JIMILIE MPU TOCTATHHOMY
OOTpYHTYBaHHI.

[IlupuHa KaHaly Ha pIBHI OCAaJKH 3aBaHTaXeHUX cyleH (puc.l.6.2) moBuHHA

OyTu:
Doc =22 bs + 3 Ab (1.6.1)

e bs — HIMPUHA HAUOLIBIIOTO CyAHA;

Ab — Bixcrans mix 3YCTPIYHUMH CYTHAMHU.

B
.Aﬁ fgg ﬂg 83 d£

g1 S

Pucynok 1.6.2 — Cxema po3TanryBaHHS IBOX 3yCTPIYHHUX CYJICH B CYHOIIJIABHOMY KaHai

['mubuna BoM B KaHAJIaX MPU HAWHIKYOMY CYJAHOIUIABHOMY PIBHI:
h=S+ 4h,, (1.6.2)

7ie S — BeIMUMHA 0CAJKM CYJIHA 110 X0y 3 ypaXyBaHHSM Pi3HHII OCaKH Hoca a6o
KopMmHu (nudepenra);

AN; — Bennunna 3anacy nig aaumiem cyasa (0,15...0,35 m).
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B 1npoekTyBaHHI MONEPEYHOr0 NEpepidy KaHaliB BPaxOBYEThCA MNPODUIbHUN
Koe]irieHT hnp:

hyp =S/ O, (1.6.3)

e S — mioma XUBOro nepepizy KaHaly, MpU HAWHIKYIOMY CYTHOTUTABHOMY

piBHI,
@) — wioma migBOAHOT YACTHHU nepepizy.
3HaueHHs hn npuiimaerscs [11]:
p
—h,,=4 JUISL KaHaI1B Ha BOJAHUX Huigaxax I kareropii;
D
— hyp= 3,5 — 11 xareropii;

— hnp: 3 — III kareropii.
Jlnst orisimy 1 peMOHTY KaHaIiB Ha 000X OpOBKax BIAIITOBYHOTh OCpMHU-IOPOTH
mupuHoto 3..4 M (puc. 1.6.3), nepeBuieHHs Boau mnpuiimaetses 1,0...1,5 M — mnd

KaHaJIIB, II0 MPOXOAATh Y BUIMII; 2...3 M — JUIsl KAaHAJIIB y HACHITY.

a —y BUiMII; O — B Hacumy; | — KpirieHHs; 2 — 6epma; 3 — KIOBET;
4 — HaripHa KaHaBa.

Pucynok 1.6.3 — Tunosi nonepeyHi nepepizu CyAHOIUIABHUX KaHAIB
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CyaHomjaaBHi NUIIO3M — 1€ TIAPOTEXHIYHI CHOPYAH, SKI ClyXaTh JJs
NEepeMIIICHHs TIaBaloYuX 3aco0iB (CyJeH, IUIOTIB, Oapk, Touio) 3 oAHOro 6’eda B

IHIIKN B MICIAX Pi3K01 3MiHU piBHIB. CxeMa 103y npejacraieHa Ha puc. 1.6.4,

1 2 34 5 € 7 & 5 4 3 2 9
- N ""‘@'—" .!i'I - . -
& i \ b
' L-_J;f'___ 124 ——”,;——-1 10
4 4 6 5 10
Nl s LA =
——— - — - PH,
HEET T T |
“-—_-—*n..w:.; -
)

1, 10 — BepxHiil Ta HWKHIA MIAXITHANA KaHAT, 2 — HANPaBJISIOYl Mand; 3 — 3BOPOTHI
CTIHKH; 4 — masu JUIs MaHjap; 5 — BOJIOMPOBIIHI ranepei i3 3aTBopamu; 6 — BEpXHi
BOpOTa; 7 — Kamepa LUTI03Y; 8 — HWXKHI BOpoTa (BIAKpUTI); 9 — mpuyanbpHa cTiHka; 11 —
ctinka kamepu; 12 — nHo kamepu; BI' — BepxHus ronosa; HI' — HmxkHs romosa; Lk —
JOBKHMHA KaMmepH; Bx — mmpuna xamepu; Hx — Bucorta xamepu; H — Hamip Ha 1muios;
hr— rmuOuHa Ha MOpO3i UTI03Y; a — 3arac BUCOTH CTiHOK.

Pucynox 1.6.4 — CxeMa 0JHOKaMEPHOTO MUTIO3Y

[TocmimoBHiCTh  TUIIO3yBaHHA  (MPOMYCK  IJIABalOUOTO  COCTAaBy  uepes

CYJHOIUIABHUMN LUTIO3):

1) BiOKpPHWBAOTHCS 3aTBOPH BOJOMPOBIMHOI Tajepei BEpXHHOI TOJOBU IPH 3aKPUTHX
BEPXHIX Ta HIDKHIX BOpOTaxX, Kamepa HAMOBHIOETbCA /0 PIBHS BEpXHBHOro 0’eda,
BIJIKpUBAIOTBCS BEPXHI BOPOTa 1 CYJAHO BBOAMTHCS B Kamepy, BEpXHI BOpOTa
3aKpUBAIOTHCS;

2) BIIKPUBAIOTHCS 3aTBOPH Tajiepei HUKHBOI TOJIOBH, KaMepa CIIOPOKHIOETHCS 1 CYJTHO
OIyCKAa€eThCsl 10 PIBHS HMXKHBOrO 0’e€da, BIIKPUBAIOTHCA HUXKHI BOPOTa 1 CYIHO

BHUBOJAUTHCA 3 KaMCPH IJIA TOAAJIBIIOTO IJIAaBAHHA.

AHaJIOT1YHO MPOBOUTHCS IUTFO3YBAHHS 3 HIDKHBOTO y BEpXHil 0’ €.
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KopucHa nosxuna kamepu [11]:

n n+l
Lé = gls +;A| ) (1.6.4)

n

Ac Z Is — CyMa JOBXHHHU CYACH, IO INIIO3YIOTHCA OJJHOYACHO,
1

N — KITBKICTh CYJCH, IO OJHOYACHO MITI03YIOThC;

AI — 3aIl1ac 110 ,ZIOB}KI/IHi KaMCpH:

Al=2+ 0,03 s (1.6.5)
Koprcha mmprna kamepu:
hy h+1
B, = ;bs + Zl:Abs : (1.6.6)

hy
Ac Z bs — CyMa MIUPpHUHHU CYACH, IO OAHOYACHO HIIIKO3YIOTBCA,
1

Abs - 3amac mo mmpuHi B KOXKHY CTOPOHY i MiX psAJaMM CyJEH, IO CTOAThH
nopyd4 (0,2...1,0 m);

N1 - YKCIIO PAAIB CyJIEH, IO OAHOYACHO IUTIO3YIOThCS.

['mubuHa BoAM HA TTOPO31 MIITIO3Y h
h>13S, (1.6.7)

Ac S — CTaTH4Ha OCaJIKa HABAHTA>XCHOI'O Cy/IHA.

IToBHa BHCOTA CTIH KaMepH
H=h+H+a, (1.6.8)
ne H — namip (pizauis 6’edis);

a — TIEpEBUILICHHS Bepxa HaJ piBHEM BEepXHbOro 0’eda (3amac), 0,5...1,0 m.

3nMBHa npu3Ma — e 00’eM BOAM, IKUH MICTUTh Kamepa:
V=SH, (1.6.9)

ne V — snuBHA npu3Ma;
S — nnoma a3epkana BOAM B KaMepi;

H — nanip na numnosi.
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Po3paxynkoBa n000Ba moTpeda y BOJI Ha HUTIO3YBaHHS JJisl OJHOKAMEPHOI'O

o3y [12]
2Voos = 0,75 Nmax - Vimax (1.6.10)

JIIA 6aFaTOKaMepHOFO I3y
2Voo6 = Nmax - Vmax , (1.6.11)

ne Nmax — MaKCUMaJjbHAa KUIBKICTh IIUTFO3YBaHb 3a 100Y;

Vmax — MakcuManbHuUit 06’ €M BOIU B KAMEPI.

Cepenns BTpaTa Ha LUTIO31:

V.,
QI Z ala +Qéo ’

' ~'86400 (1.6.12)
ac ng — BTpaTa BOIH Kpi3b yHIiJILHeHH}H
Qem - qem ’Zlyu; ) (1613)

ne Jem — muToMa BTpara Boau, 1o jaopisHioe 0,0015...0,0020 Mm?/c, sikmo H 1o
10m i 0,0025...0,0030 m?/c — mpu H>10m.
21y - moBHA NOBXKHMHA YIIITbHEHb MO TIEPUMETPY BOPIT i 3aTBOPIB T'OIOBH

IITIO3Y.

3. CynHomiTiioOMHMKH — 1€ CyJHONPOMYCKHI CIOPYIH, B SKHX IOJOJaHHS
nepenaiB piBHIB Mik 0’edaMu 3M1HCHIOETHCS MIJISTXOM MEPEBE3CHHS CY/ICH Ha IJIaBY B
KaMepi, HallOBHEH1H BOJI010, a00 HACyXO B CIIELIaJbHUX Bi3Kax.

BepTukaibHi CyAHOMIAMOMHUKM B 3aJI€KHOCTI BIJ CHOCOO0Y BpIBHOBAKEHHS

Kamep MOJUISIOTh Ha 3 BUJIM: MEXaHIvHi, TijpaBiivHi Ta nmomiaBkoBi (puc. 1.6.5).

74



fa

)

MMTsMO,SSE

=

X

Rk

od

D

\

L T S B S Y
T IR Y

S

v

a) MEXaHIYHUU OJTHOKaMEpPHHUIi; O) TiIpaBIIyYHUIN ABOKaMEPHUM;

B) OJITHOKaMEPHUI 3 TOTUIaBKAMHU.

1 — BopoTa; 2 — OMOpPHI HaMpaBIIAIOYI CTIHU; 3 — Kamepa; 4 — OJIOKH;
S — mpoTuBary; 6 — IIyHKEPH T1IpaBIIYHOrO Mpecy; 7 — MUIIHIP;
8 — 3aTBOp; 9 — morutaBku; 10 — MaXTH 715 MOTIJIABKIB.

Pucynok 1.6.5 — BeptukanbHi CyIHOIIIHOMHHUKN

MexaH14Hl CyJHOMIAMOMHUKH MAarOTh NpUUMalIbHY KaMmepy, Kl BIJOKpeMIIeHa
BOPOTaMH BiJl HIKHBOTO 0’e€(a, Ta pyxoMy Kamepy, BpIBHOBaKEHY MPOTHUBAraMu.

B rigpaBiiuyHuX CyJHOMIAMOMHHKAX KIHIIEBE MOJOKEHHS KaMep Take, U0 PiBEHb
BOJM y BEPXHIM Kamepi TPOXU HUKYHI 32 piBEHb BEPXHbOTO 0’€eda, B HUKHINA — BULITUH
3a piBeHb HWXKHBOTO 0’eda. Konu BiIKpHBarOTh BOPOTA, Y BEPXHIO KaMEpPy BIMBAETHCS
NeBHUN 00’ €M BOJM, 3 HIXKHBOI KaMepH Takuii ke 00’ €M BUTIKae B HIDKHIN 0’ ed. TTicas
3aKpUTTS BOPIT HWXKHS KaMEpU BHSIBISIETCS JIETIIO 32 BEPXHIO. SIKIIO 3aTBOP
BIJIKPUBAETHCS, BEPXHS Kamepa OIYCKAEThCS, BUINTOBXYIOUHM BOAY 3 IWIIHApA, B
IPYyroMy IWIHAPI THUCK 30UIBIIYETHCS 1 TMOPHIEHbh 3 KaMEpOK MEHIOI Baru
[T THIMAETHCH.

['ippaBaiyHi CyaHOMIAMOMHUKN HE OTPUMAIN LIMPOKOTO PO3MOBCIOHKEHHS, TOMY
10 MalOTh KOHCTPYKTHBHI Ta €KCIUTyaTalliiH1 HEOIIKH.

B momnmaBkoBHX CyAHOIITHOMHUKAX TOIJIABKMA 3aBXKIM 3aHYpPeHI y BOJIy, iX
miiioMHa cuila JOPIBHIOE Ba3l BCIX PyXOMUX YaCTHH, KOJU Kamepa y BEpXHbOMY O’ edi.
Lls piBHOBara mopyury€eThCs MpU OIMMyCKaHHI METAJIOKOHCTPYKUIN B maxty. B cepeauni
MOTIJIaBKIB PO3MIIIEHI TpyOH, HAMOBHEHI MOBITPSM 1 BiAKpuTi 3HU3Y. Konu mormiaBku

OIYCKAalOThCA B IIAXTH, TAPOCTATUYHUM THUCK B HHMX 3POCTA€, MOBITPS CTHCKYETHCH,
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3BaXylOUa CHJIa TOIJIaBKIB 3MEHIIYEThCS Ha Ty K BEJIMYHMHY, Ha SIKy 1 3pOCTae
BHACJIIJIOK 3aHYPEHHS Y BOJy METAJIOKOHCTPYKIIM Kapkaca. ['0JIOBHUM HEI0IIKOM
MOTJIABKOBUX CYHOMIIMOMHHUKIB € CIOPYPKEHHS TTIMOOKUX MIAXT 3HAYHOTO JllaMeTpa.
VY BepTUKaNbHUX CYIHONIJAOMHHMKAax BHCOTa MiAgilomy Kamep csarae 36 M,
BaHTaxHICTh cyaeH 1000 T, yac mpomycky cynna 20...30 XBUIHMH.
VKiCHI CyIHOMIAMOMHHMKM BJAIITOBYIOTH 3a pI3HUMH cxeMmamu. C(Cxema
MO3/I0BXXHBOT'O IBOCKATHOTO CYTHOIITMOMHHUKA TIpe/icTaBleHa Ha puc. 1.6.6.

Maxc WS

% ML PHE
- -y
5

1, 4 — BepXHsI Ta HWXKHS Cy/THOBO3HA JI0pOra; 2 — TOBOPOTHUHN MPUCTPIK;
3 — CyZTHOBO3HA Kamepa; 5 — TYMUKOBHI pO3’i31.

Pucynok 1.6.6 — Cxema JBOCKaTHOTO CyAHOMIANOMHUKA

4. JliconmpomyCKH1 CHOpYyau MPU3HAYEHI Jis MPOMYCKY AEPEBHUHHU 3 BEPXHHOIO
0’ea B HIKHINA. 3aCTOCOBYIOTH Pi3HU TUIIU TAKUX CHOPYJ B 3aJIEKHOCTI BiJl TEXHOJIOT11
CIUIaBy JEpeBHHH, ii 00’e€My, KOJMBaHb PIBHIB BEpXHbOro 0’eda, 3abe3rneyeHocTi
IMOWH B HUKHBOMY 0’ €(i: TMII0TOX0IU, KOJIOIOCITYCKH, MEXaHIYH1 MJIOTOTATH, IUTFO3U-
TUTOTOXO/TH, MEXaHIYHE MTePEBAIOBAHHS IEPEBUHH Yepe3 TiIPOBY30JL.

[InoTOoXO0AM BNAIITOBYIOTH AJISl MPOIYCKY 4Yepe3 TiAPOBY3IJIM IIOTOBOTO CILIABY.
[TnoToxoau MOMIISIOTBCS HAa JBa OCHOBHI THUIHU 3 HIUPOKUMHU JIOTOKAMH MO THUITY
KOJIOZOCITYCKIB 13 IUTI030BOI0 KAMEPOIO 1 JIOTOKaMH.

[TnoToxonu y BUTISAI IMIUPOKOTO JIICOIUIABHOTO JIOTOKA MAIOTh MUPHHY 5-20 M,
ykJiiH jgotoka 0,01+0,02, mBuakicts Teuii 2-4 m/c. 'mubuna Bogu ctaHOBUTH Big 0,5 M
JUTSL OJTHOPSATHUX TUIOTIB 110 1,2 M — AJ1 TPUPSITHUX.

CxeMu mI0TOXO/I1B MOKa3aH1 Ha puc. 1.6.7.
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a) 3 IUIABYYMMHU HIAPHIPHUMH paMaMy; 0) 3 IUTF030BOI0 KAMEPOIO:
1 —3aTBOp; 2 — MiaByyi MWIAPHIPHI paMu; 3 — FOJIOBHI BOPOTA; 4 — ILIIT;
5 — nuTr030Ba KaMepa; 6 — IUTF030B1 BOPOTA.

Pucynok 1.6.7 — Cxemu m10TOX0iB

Konogocmycku BIamToBYIOTh AJISl CIUIABY JIICY PIYKOIO PO3CHUIIOM. Y BEPXHBOMY
0’ed1 KOJIOIOCITYCKH MaOTh CAaMOCTIHHHUM BXiJl, 00JaHAHUNA HAUTIPOCTIIIIUM 3aTBOPOM.
VKIOH J0TOKIB 0€3 MOCHJIEHOI IIOPCTKOCTI CTaHOBUTH 1:10, a 3 MOCHJIEHOMO
mopctkictTio — 1:5 — 1:4. Ha xonomocmyckax NpSMOKYTHOTO TIepepidy IOCUIIeHA
IIOPCTKICTh CTBOPIOETHCS MUISIXOM PO3MIIIICHHS Ha JTHI monepeyanx opycis (puc.1.6.8a),
JUTSI TIOTIEPEIPKEHHSI TTONITKO/XKEHHSI TIOTIEPEYHNX OpYCIB KOJIOJIaMH Ha HUX HAKJIAIa0Th

no310BxkHi Opycu (puc. 1.6.8 6).

Pucynox1.6.8 — [Tocunena mopcTKicTh Ha KOJIOJOCTYCKaX MPSIMOKYTHOTO TIEpepizy

5. 1o pubornponyCKHUX CIOPYA BIAHOCSATHCS puOOX0IU Ta pUOOTITHOMHUKH.

PubGoxonu — 1€ JOTOKM Ta KaHaIW, B SIKUX MIBUAKICTh T€Yil HE MEPEIIKOIKAE
npoxoay pubu mpotu Teuii. [IIBuakicTh Tedii BOAM B IUX CHOPYJax MiATPUMYETHCS B
MeXKax MEHIIUX 3a Ti, K1 MOXe Mo0JIaTu puoa.
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Cxemu puboxo/1iB mpeacTaBieHi Ha puc. 1.6.9.

a) - 5 z 3

a) JIOTOKOBHI{; 0) CTaBKOBHH; B) cxiqyacTuid: 1 — rpe6ist; 2 — craBku puboOxoay;
3 — 3’ IHYBaJIbHI KaHAJIH.

Pucynok 1.6.9 — Cxemu puboxoiB

JloTokoBl pubOOX0aM 3 HEMOBHUMH IOINEPEYHUMH Tieperopoakamu (puc. 1.6.9 a)
BJIAIITOBYIOTH JIJISI 3MEHINIEHHS IBUAKOCTI PyXy BOJH Ta MOA0BXKeHHA nuisxy. [lupuna
jotoka 1,6...3,0 M, BicTaHb MK nieperopoakamu 1,3...3,5 m, mubuna soau 0,4...1,5 M,
MIBUAKICTH Teuil 0,8...2,5 m/c.

CraBkoBi puboxonu (puc. 1.6.9 0) cknamaroThCs 3 psiiy CTaBKiB, 3 €HAHUX
KOPOTKMMH KaHaJIaMH YU JIOTKaMd. MaroTh HACTYIIHI TapaMeTpu: KUTBKICTh CTaBKiB
7...44; pizauis piBHIB B craBkax 0,4...1,6 M, rmOuHa BOJIU B 3’€IHYBAJIBHUX KaHaJIax
0,60...0,75 m, noB>xuHa cTaBKiB 3...5 M, rmuoOuna 1,5...1,7 M.

Cximuacti puboxoau (puc. 1.6.9 B) — 1me cxigdacTi JIOTOKA 3 TONEPEYHUMU
NIEPErOpPOIKaMH, IO YTBOPIOIOTH MOCTIAOBHUM psif OaceiHiB. i mpoxomy pubu B
MeperopojKax BIIAIITOBYIOTh BWJIMBHI OTBOpPU. Taki puUOOXOIM OTpUMATH IIUPOKE
PO3MOBCIOKEHHS. BigcTanp Mk neperopoakamu 2...2,5 M, rimbuaa Boau 1,2...1,75 M,
muprHa 6aceiHiB 3...5 M Ha BeIMKUX piukax Ta 1,2...1,5 M Ha Manux piykax.

B pubonigiioMHMKax MOJ0JaHHSA HANOpPY HE TMOB’S3aHO 13 3aTpaTaMu OCOOMCTOI
eHeprii puO-MIrpaHTiB.

3a IPUHITMITOM Jii prOOIiIHOMHUKH TOIUISIIOTH HA TiIpaBIIivyHI Ta MEXaHIYHI.

[NpapaBniyHi puOOMIIHOMHUKHM BJIAIITOBYIOTh 3 BEPTUKAJIBHOK IIAXTOIO, 3
TOPU30HTAIBHOIO KaMEPOIO Ta 3 HAXHIICHOI0 KaMEPOIO.

Ha pwmc. 1.6.10 moxazaHa cxemMa BIAIITyBaHHSA pUOOMITHOMHHMKA 3
TOPU30HTAIBLHOIO KaMepoto (prOOIPOITYCKHHM MITIO3).
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1 — BepxHiii J10TiK; 2 — poboya kamepa; 3 — puboHaKkonmuuyBay; 4 — CIOHYKaIOUUH IPUCTPIH;
5 — ma3 s peMOHTHOTO 3arOpOKEHHS; 6 — poOounii 3aTBOP; 7 — IXTIONOTIYHUN MalJaHYHK.

Sy

Pucynox 1.6.10 — Cxema puOomponyCKHOTO ILUTIO3Y

Mexaniuni pubominitomanku (puc. 1.6.11) MaroTs CyTTEBI IEpeBaru y MopiBHIHHI
3 TIAPABIIYHUMHU: CIPOIIEHA KOHCTPYKLIS OJOKY >KMBJIEHHS, BIJICYTHICTH HUIFO30BO1
KaMepHu.

|
|
i

af u/ s

1 — kpan; 2, 3 — 00XiaHi ranepei; 4 — COHyKar4i MPUCTPOi; 5 — a3 PEMOHTHOTO
3aropojuKeHHs; 6 — puOoHaKoNMUYyBay, 7 — puOO3axuCHA pelriTka; § — Hima s
KOHTelHepa; 9 — poboua kamepa; 10 — Omok >xuBneHHs; 11 — npumimeHHs I
MeXaHi3MiB; 12 — BepXOBUH JIOTIK.

Pucynox 1.6.11 — Mexaniunuii puOomiIiOMHIK

CTiK pIYOK BUKOPHCTOBYIOTH IMPHU BHUPOOJICHI €JIEKTPOCHEPrii, s 3pOLICHHS
3eMellb, BOJIOMOCTadyaHHd MicT. [Ipu 1bOMy B CHCTEMHU MOTparuisie BEIUKa KITbKICTh
pubm, 1o Npu3BOAUTH M0 ii 3arubeni. Tomy BUHHMKae moTpeba B pHOO3aXHUCHUX
cropyax.

3a mpuHOUNOM Mii Il CHOpPYAW MOAUISIOTh Ha MEXaHiyHl, TiApaBIIidHI Ta
¢izionoriuni [13, 14].

MexaHiuH1 puO03axUCHI CIIOPY/IU MPEACTABIAIOTH COO0I0 MEXaHIUHY MEPETKOy
nepe Bo03a01pHOI0 CIIOPY/I0K0.

Jlo pub03aropoiKyBadiB 3 BIJIBOJIOM PHOM BITHOCATH INIOCKI CITKH, CITKOBI
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O0apabaHu, CITKOBI KOHYCH, HECKIHUEHY pyXoMy CTpiuky. Pubosaropomxysaui 0e3

BIJIBOJy puOU — 11e 00€pTOBI CITKH, IUIUTH, KaM siH1 HaKuau, namOu, Guibtpu. Cxemu

BJIAIITYBAHHS LIMX CIIOPYJ MOKa3aHi Ha puc. 1.6.12,

&
[ 1

a) kaceTHi (inbTpy; 6) miocka citka: 1 —ecTakana; 2 — MOHOpEHKa:
3 — ciTKOBI KaceTH; 4 — ciTka; 5 — delita; 6 — puOboOHAKONMMIYBaY,
[ — CKMJIHUH JIOTIK; 8 — puOOBIJBI/L.

Pucynok 1.6.12 — MexaniuHi pu003aXxHCHI CIIOPY AU

INapaniuai puboO3axuCHI CIOPYAM — II€ HPHUCTPOI, IO CTBOPIOIOTH TEPe

BOJ[03a00paMu Taki TiAPABIIYHI YMOBH, $KI IEPENIKOKAIOTh IOMAJaHHIO PHOH Y

CIIOPY/JIM Ta HAIPaBIAIOTH ii 10 puboBoay. lle BimOiiHI KO3UPKH, 3amaHi, 30HTUYHI Ta
*Xaurto3i pubo3aropopkysadi [13, 14].

®i1310710T14H1 pUOO3aXUCHI CIIOPY/IU IPYHTYIOTHCSI HA BUKOPUCTAHH1 MTOBEIHKOBOI
peakiii puOu Ha Ppi3HI NOApa3HUKU (TOOTO BiWIAKyBaHHs). LI 3BYyKOBI, CBITJOBI,
EJIEKTPUUHI puO03aropo/KyBaui.

B w

© N O

[MUTAHHA OJI51 CAMOIIEPEBIPKI
Sk knacudikyoTh BOJHI HUIAXHU?
Sk po3paxoByeTbCs  MPOPUIBHUX  KOEPIUIEHT TMpPU  NPOEKTYBaHHS
CYHOIUUTAaBHUX KaHATIB?
3 KO0 METOIO BJIAIITOBYIOTHCS CYTHOTIABHI IITIO3U?
Ska MOCIIIOBHICTh MPOMYCKY IIJIABAIOYOTO COCTaBY uepe3 CYIHOIIABHUI
U037
SIxi BuIM CyTHOITI THOMHUKIB BaM BiIoMi?
JIJist IKWX TI1JIeH BIIAIITOBYIOTHCS JTICOTPOIYCKHI CIIOPYIH?
Sxi cxemu BiamTyBaHHS prOOXOIiB BaM Bijomi?
Ha3Bith mepeBaru Ta HEJ0JIK TIAPABITYHUX 1 MEXaHIYHUX pUOOTITHOMHUKIB.
OxapakTepu3yiiTe OCHOBHI TUITM pUO03aXUCHUX CHOPYI.
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Tema 7. Biactivinuku. Excrmyatairist Ta peMoHT ['TC

1. IIpu3nauenHs Ta kiaacudikamis BiICTIHHUKIB.

2. BiacTiiiHUKH 3 IEp1OAMYHUM ITPOMUBOM HAHOCIB.
3. BiacriitHuku 3 6e3nepepBHUM TPOMHBOM HAHOCIB.
4. Exkcrutyatanis ['TC.

5. PeMOHTHO-BIJHOBIIIOBAJIbHI POOOTH.

1. IIpu3HaueHHs BiACTIMHUKIB MPU BUKOPUCTAHHI BOJHOI €HEpTii — 30epeKeHHs
TiApOTYpOIH JepHUBAIIMHUX TIAPOETEKTPOCTAHIIIN BiJ] CTUPAHHS HAHOCAMHU KPYITHUX
dpakiiii, B 3pOolIyBaIbHUX CHUCTEMax JUIs 3amoOiraHHs 3aMyJIEHHIO MariCTpaibHUX 1
PO3MOIILHUX KaHATIB.

[Ipu HOpMabHIN eKkcruTyaTallii BiICTINHUKIB MOBUHHO OyTH 3a0€3Me4eHO:

- OClAaHHs B KaMmepax (ppakuiidi HaHOCIB;

- peryJsipHe BUJAJIICHHS HaHOCIB;

- BIJCTOIOBAHHS 1 CKUJAHHS B HUXKHIN 0’ed) mIyTH;

- HAJIXOJDKEHHS BOJM B KaHal 3 JIOMYCTUMHUMH IIBHUJKOCTAMH 1 B KIJIBKOCTI
3T1IHO 13 TpaikoM poOOTH CHUCTEMHU.

BigcTiiHuKY nOaUISIOTE :

1) 3a MiciieM po3TalllyBaHHsS — Ha PO3TAIllOBaHI Ha Tpaci KaHajdy Ta CyMIlIeHi 3

BOJIONIpUIIMAYEM;

2)B 3QJIKHOCTI Big TNpH3HAUeHHs cucreMu — Ha Biacridaukn [EC,

3pONIYBAJILHUX CUCTEM 1 BOJIOTIOCTAYaHHSI,;

3)3a cnocoOOM BHJIAJCHHS HAHOCIB — Ha BIJACTIHHUKKA 3 Oe3MepepBHUM

ripaBIiYHUM MPOMHUBOM, MEPIOAUYHUM MPOMUBOM, MEXAHIYHOIO OYUCTKOIO 1
KOMOIHOBaHI;

4) 3a 4rCIOM Kamep — OJIHOKaMepHi, TBOKaMEpHi 1 baraTokaMepHi.

2. Ha puc.1.7.1 nmoka3zaHi cxemu BiJICTIHHUKIB 3 TIEPIOTUIHUM TPOMHBOM.

Opnnokamepni Binacriiauku (puc. 1.7.1 a) 3acrocoBytotees mnsi ['EC B Tmx
BUIIAJIKaX, KOJIM 32 HUMH BJIA€ThCA CTBOPHUTH pe3epByap HEOOXIMHOI €MHOCTI, SKHIi
703BOJIsI€ peryioBaTu noaady Boau Ha ['EC 3rimHo rpadika cnokuBaHHA. ['0loBHMIMA

peryJaTop 1 MiJBIIHUM KaHaJl TAaKOro BIJACTIMHUKA B MEPi0Jl IPOMHUBY PO3PaXOBYHOTHCS

Ha IPOITyCK Halbinbmoi po6o4oi Butpatu — Qpos.
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a — OJIHOKaMEepHHUii; O — OJHOKaMEpHUH 3 0OBITHUM KaHAJIOM; B — IBOKAMEPHHIA;
r — OararokamepHuii: 1 — rpe0is; 2 — rojgoBHa ciopyaa; 3 — MiJIBIAHMI KaHa,

4 — apaHkamepa; 5 — 3aTBOpH; 6 — Kamepa; 7 — 3aTBOpa MPOMHBHOI rajepet;

8 — mpoMuBHMI KOJIEKTOP; 9 — MaricTpanbuuii kanair; 10 — oOBiIHMIT KaHAaT,

11 — po3aiibHA CTIHKA.

Pucynok 1.7.1 — Cxemu BiJICTIHHUKIB

OpHokamMepHUl BIACTIMHUK 3 00BIIHUM KaHaioM (puc. 1.7.1 0) mix yac npoMuBy
abo peMOHTY KaMepH IMPOITyCKa€e HEOCBITIEHY BOJY 110 MPOMUBHOMY KaHally. ['osoBHUI
PETYJIATOp 1 MiABIAHMN KaHal pO3paxOBYIOThCA Ha cyMy npoMuBHOI Qnp 1 HalOiNbIIOT

po6ouoi Butpatu Qpos, TOOTO:

Qnid - an + on6 ) (171)

ne Quio — BUTpara, 110 IPOXOJUTH MO MiABITHOMY KaHAIY.

OzHOKaMepHi BiICTIHHUKM 3aCTOCOBYIOTH IIpU BUTparax 10 10 m%/c.

JIBokamepuuii BiactiHuK (puc. 1.7.1 B) mo3BoJisie Oe3nepepBHO T0JIaBATH
OCBITJIEHY BOJY B CUCTEMY.

Takuii BiICTIHHUK MOKHA PO3paxyBaTH 3a TBOMa BapiaHTaAMU:

1) kokHa KaMepa pO3paxOBYETHCS HA MPOIMYCK IMOBHOI PO3PaXyHKOBOI BUTPATH

M0 MaricTpajibHOMY KaHaIy;
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2) KOXHa KaMepa PO3paxOBYEThCS HA MPOITYCK IMTOJIOBUHHOT BUTPATH.
[Ipu apyromy BapiaHTi pPO3paxyHKYy Jisi 3MEHIIEHHS HAJIXO/KEHHS HaHOCIB

IMPOMHUB PCKOMCHAYETHCA ITPOBOAUTH HiI[ gac nonaqi IIOHUKEHOT BUTpPATH, TOOTO

Qnid - an + on6z(],5+2,0) on6 . (1.7.2)

bararoxamepuuii BincTiHUK (prc. 7.1 T) 3aCTOCOBYETHCS TIPH BEIUKUX BUTpaTax,
KOJM 30LIBIIEHHS PO3MIPIB OJHO- a0 JBOKAMEPHOI'O BIACTIMHMKA BUKJIUKAE 3HAYHE
30UTBLIEHHSI TPUBAJIOCTI 1 MPOMUBY Ta CYNPOBOKYETHCS IMIJABUIICHHIM HAJIXOKEHHS

HaHociB. KoxxHa KaMcEpa po3pax0OBYETLCA Ha IPOITYyCK BUTpATH:
QKCIM = Qp06/ N ) (173)

ne N — ancno xamep.

Kamepu npomuBaroTh 1O uep3i, NpU MNPOMHUBLI OFHIET IHII MPAaIIOITh 3
nepesantaxenuam B N/(N-1) pasis.

Brigno TY i HII [15] cepemns mBuakicTs pyxy Boaud V IpU3HAYAETHCS
0,2...0,4m/c ipu ocinanni yactouok 0,2...0,4 Mm.

I'mubuna H npuiimaerses 3...6 M. PoGoya mmprHa KaMepH:
B«=Q«/HN, (1.7.4)

ne Qx — po3paxyHKoOBa BUTpaTa BOAU B KaMepi.

Po6oua noBxxuHa kamepH :
Lp = lsio - K, (1.7.5)

nie lsio — moBskuna BinNBLOTY po3paxyHKoBoOi Gpakiiii HaHOCIB.
K — xoediuient pezepsroro 06’emy, K=1,2+1,5.
JlanmbHICTh BIUTBOTY PO3PAaXOBYETHCS SIK

Ieid}z = H V/ a)p, (176)

1€ (Wp — T1paBIIvYHA KPYIHICTh PO3PAXyHKOBOI (hpaKiiii.
HaiiGinpmr  eKOHOMIYHO TNPUHHATOI0 MIBUAKICTIO TIPH TPOMHUBI € Taka

INBUJIKICT, KA 3a0€31edye TPaHCIOPTYIOUy CIIPOMOKHICTh MOTOKY y 80...140 xr/m3,

83



Vip=2...2,5M/c.

VKIJI0H qHA BIACTIHHUKA:
i=V?%,/C*R, (1.7.7)

ne C— xoediuienr lesi;
R - rigpasniunmii pagiyc.
Bennuuny npomuBHOi mBuaKoCTI i BijcTiiHUKIB ['EC, B sIKUX 3aTpuMyIOTh

KpYIIHI 1 CEepeIHl 3aBUCII HAHOCH, PEKOMEHIYEThCS BHU3HAYATH 3a EMIIIPUYHOIO

3aJIE)KHICTIO!
Vnp - (hp/ d)0,5 'p0’25 ) (178)

ned — JiaMeTp YaCTHHOK HaHOCIB;
(@ - T1IpaBIIIYHA KPYIIHICTh HAHOCIB;
hp - cepelHs TIIMOuHa BOJIH;
P - BMICT y IPOMUBHOMY IOTOLIl HAHOCIB y BiACOTKax (2-8%, 110 BIAMOB1IAE
BuTpati Bix 75 1o 20 M° Ha BumaneHss 1 M3 HaHOCIB).

TpuBanicte NpOMUBY
tnp = 100 'pH 'WH /p‘qnp 'BK y (179)

ne Wy, — 06’em HaHOCIB, 1110 BifiKIaganucsa B Kamepi, M,
Oy - TYCTHHA HaHOCIB, KI/M>;
By - mupuna kamepu, M.

ToBmMHA 1Iapy HAHOCHUX BIAKIAACHb ISl KOXKHOI 3 Tpyn (pakiuiidi HAHOCIB,

JiaMeTp SKHX OiIbINNH 3a pO3paXxyHKOBH, BU3HAYAETHCS 3a 3aICKHICTIO [16]:

14-Q,-AO-60-60 .
o= —— | (1.7.10)
1000-A, -4 ’

e [ — 00’ eMHa MyTHICTb, JI/M>;
AT — inrepBan yacy, 3 IUIMHOM SKOIO BBaXKAa€ThCs, IO IIMOMHA BOIH Y

BijicTiiiHKMKy He 3MminroeTses, AT=2...4 rop.
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[ITap HaHOCIB, JlaMETp SKUX MEHIIMM 3a pO3paxXyHKOBHUM, MOKHA BU3HAUYMTH 3a

3anexHicTio [16]:

5 _1°Q,-A0-60-60-hy
' 1000-A,-L,-H, (1.7.11)

ne hi — rimbOuna Ha MoYaTKy BIJACTIMHMKA, 3 SKOI 1€ MOXJIMBE OCIAaHHS
HAHOCIB, M;
H1 — rimbuna Boau Ha nouaTky BigcriliHMKa, M.

JloBKHHA BIUIBOTY KOXHOI 3 rpyn ¢pakiiit [16]:
| = “
o H,-H, . (1.7.12)
2-L,-H,

ne ( — muToMa BUTpaTa BOAU I KaMEpH;
(@ - TiApaBIliyHa KPYIHICTh AaHOI (Ppakiii HaHOCIB.

3. MoxHa BUAUIMTH JEKIJIbKa OCOOJMBOCTEH BIJCTIMHHMKIB 3 Oe3MepepBHUM
IPOMUBOM:

1) xamepwu BiJICTIHHUKIB BJIAIITOBYIOTh 0€3 Pe3epBHOTO 00’ €My TS aKyMYJISIii
HaHOCIB;

2) B TMepioJl HAJAXO/KEHHS Majoi KUTBKOCTI HAHOCIB III CIOPYAH MOXHa
BUKOPHUCTATH SIK BIACTIHHUKY 3 MEPIOAMIHUM ITPOMHUBOM;

3) piBHI BOJM B KaMmepax 3aJIMIIAIOTHCS MOCTIHHUMHU, MPOMHUB BiOyBAa€THCS B
yMOBaxX HAMipHOTO TOTOKY, B 3B’s3Ky 3 IIMM MOTpiOHAa 3HAYHO MEHIIA
PI3HHUIIS PIBHIB BEPXHHOTO Ta HIKHBOTO 0’ €(iB;

4) MBUAKICTH MaJiHHA YaCTOYOK B KaMmMepax 3HAYHO OLIbINa TiIpaBIiuHOI
KpPYIHOCTI, TOMY poOoyYa JIOBXKHHA BIJICTINHUKA 3HAYHO CKOPOUYETHCSI.

PosrnsHemMo nexinbka KOHCTPYKINM TaKuX BiACTIHHUKIB.

Ha puc. 1.7.2 npuBenena cxema BificTiiHUKa cuctemu J(rodypa.
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1 — nigBigHMI KaHa; 2 — BEpXOBUHM 3aTBOp; 3 — CIy>KOOBMI MICTOK; 4 — peliTka Jiis
BUPIBHIOBAHHS IIBUJKOCTEH; 5 — pemnTka s 3aTpUMKU CMITTS; 6 — Kamepa
BIJICTIMHHKA; 7 — PEIITKa JOHHOTO JIOTKA; 8 — JOHHHM JIOTIK; 9 — 3aTBOp KaMepH;

10 — 3atBOp AOHHOTrO J0TKA; 11 — BUXiAHUE 3aTBOD; 12 — MaricTpajabHUNA KaHA;

13 — 30ipHa ranepes.

Pucynox 1.7.2 — Bincritinuk cuctemu Jlrodypa

B 1no370BXHIM JOHHMI JOTIK CHPSMOBYETHCS NPUJIOHHA YACTHUHA IOTOKY 3
OUTbIl KPpyMHUMHU (pakiisiMd HAHOCIB. Y BIICTIMHY Kamepy HaIpaBISIEThCS BEPXHS
OCHOBHA YaCTHHAa IMOTOKY 3 Ounbmn ApiOHMME (pakiisiMu HaHOCIB. [ opu3oHTanbHA
pENIiTKa 31 CIHUISIMU PO3/ILIIsiE KaMepy BIACTIMHUKA 1 JOHHUIA 30ipHONIPOMUBHHUM JIOTIK.
HwxHili 1OHHUNA OTBIp CHYKUTh JJI1 IPOMUBY HAHOCIB, SIKI HaJAXOASTh Y€Pe3 OTBOPHU
PENIITKY, BEPXHIN — JUIs TEPIOAUYHOI OUUCTKHU PEIIITKH.

VY BiJICTIHHUKY 3 peOPUCTUM JHOM 1 MO3IOBXKHIMHU IMYJIHIIONPOBOJAAMH CUCTEMU
npod. €.0. 3amapina [16] HaHOCH, IO BHUIIAMAIOTh, HAIMPABISIIOTECS CXUJIAMHU
peOpUCTOro JHA BHU3 1 HAIXOATh B MyJIBIONPOBOIH.

Kpyrai B miaHi BIACTIMHUKYA PEACTABIAIOTh COO0I0 CIIOPYAH 3 BEPTUKAIbHUMHU

a00 HaxWJIEHUMH OOPTOBUMU CTIHKaMH, OyBalOTh JBOX THUITIB:

A) Ilpm wmamux BUTpaTax 1 JOCTaTHIA JJs TPOMHUBY PI3HHII PIBHIB
3aCTOCOBYIOTHh KOHIYHI BiACTIHHWKK miamerpoM 10 10 M 1 rmmbuHOoro 1o 4,5 M
(puc.1.7.3).
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1 — mixBigHa TpyOa; 2 — Kamepa; 3 — KIIbIEBU BOJO3/IHB; 4 — rpy0da penriTka;
5 — 301pHMi1 JIOTIK; 6 — MPOMUBHUI MyJIBIIONIPOBIJ.

Pucynok 1.7.3 — Koniunuii BiICTIHHUK

b) [Ipu Benukux BUTpaTax 1 HEJOCTATHIN PI3HUII PIBHIB BOJU B 0’edax OyBatoTh
BIJICTIMHUKHM MEHIIOI rIuOuHU: iX miamerp n0 100 M, rmubuna Oins 6opty 2,0...2,5 M.
Vkion gHa BiactiiHuka cknaznae 0,05..0,15. J{ns mokpamieHHsT CKOYyBaHHSI HAHOCIB
BJIAIITOBYIOTH JIETK1 (DepMU 3 MOXWIUMH CKpeOKamu, sIKi MOBLILHO 00EPTAOThCA.

BuxignuMu BenuuMHAMU JUISL PO3PAaxXyHKY BIACTIMHHUKIB 3 Oe3mepepBHUM

IPOMHBOM €:
Qp - po6oua BuTpara;
00 - BaroBa MyTHICTb BOJIH;
P1, P2, P3 - TpolLIEHTHHI BMICT HAHOCIB MO (PpaKIisim;
P1, P2, 3 - BaroBa MyTHICTb 10 (PpaKIisX;
dmin, Vmin - miameTp i rizpapiiuna kpynHicTs MiHIManbEHOT (pakiii, mo ocixae;
Z - pi3HULA piBHIB BOAU B KaHAII 1 B piukax.
OCHOBOIO BUXITHUX JAHUX MPUAMAETHCS:
a) rmubuHa kamepu H=3...5 m;
0) npomuBHa Butpara Qup=(0,1+0,2) Qp;
B) cepeHs MBHUAKICTh Tedii B kamepi V=0,2+0,5 m/c;

r) mmpuHa ToHHOI ranepei b/=0,5+1,0 m;
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1) Bucota pedep aHa hy=1+2 m 1 Haxmn ix no ropuzonty K=45°C.

[[upuna cexuii kamepu Oye
Beex = b+ 2 hp (1.7.13)
[1nomma xuBOTO MIEpepizy CeKIlii Oyae
Scer = H Beex - % (1.7.14)
Heo0OxigHe 9ucio cexIliif BU3BHA4aeThCs 32 POpMYJIIOI0
Neex = (Qp + 0.5Qup) / V Scex (1.7.15)
3aranpHa MIMpPUHA BiICTIMHKUKA Oy/1e
Bp = Beex - Neex (1.7.16)
Cepenns riauOuHa BiICTIMHAKA BU3HAYAETHCS 32 3aJICKHICTIO
Heep = Scex * Neex / By = Scex / Bp (1.7.17)

PoGoua noBxuHa BIICTIHHUKA BU3HAYAETHCS

H Vi+V, H

L =L= = .
a)min + Hé 2 a)min +Ué

p

v, (7.18)

ne V11 V2— cepenns mBuAKICTh pyXy BOIM Ha IIOYATKY i B KiHIII KAMEPH;
Us — cepenns BepTrKanbHa IBUAKICTE.

Q, +(0.4+0.45)-Q,
S, (1.7.19)

Lp:V:

4. Excniiyaranisi BOAONPONYCKHUX CIIOPY/A Ta MEXaHIYHOT0 00J1aJHAHHS

[IpoTsirom BchOro TEpMiHY €KCIUTyaTallii BOAOMPOMYCKHUX CHOPYA HIKHIN 6'ed

00CTEXY€EThCSI HE MEHIIE OJJHOTO pa3y B piK micis npomycky noseHi [17]. [lpu npomy

00O0B'I3KOBO BUKOHYIOTh 3HOMKY penbeda smu po3muBy. Ilicis 3amipiB rimOuH

BHU3HAYAIOTh a0CONIOTHI BIIMITKH, BUKPECIIOIOTh TOPU3OHTAN1 SIMU PO3MHUBY, 33 SIKUMU

poOJIsATH BHCHOBKM IMPO CTaH MicIeBUX jedopmaiiii pycina B HUXKHOMY O'edi.

ChiBcTaBisitoud OTpPUMaHy B TOPU3OHTAISIX KapTUHY MICHEBOTO PO3MHUBY 3

nedopmartlisiMi pyciia B MONEPEIHI POKU, BU3HAYAIOTh CTaH SIMA PO3MHUBY: PO3BUTOK
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OpoLEeCYy pPO3MMBY, 3racaHHs HOro 4YM, HaBMaKW, 3aMyJleHHS pycia. Taki JaHi
JO3BOJISIIOTh BUBHAYUTHU CTaH HUKHBOTO O'edha 1 MpaBUIILHO TJIaHYBAaTH €KCILTyaTaliiH1
3aX0AM JUISl 3aXHMCTY CHOPYAHM BiJ HEOE3NeYHUX IMiJIMHUBIB 1 pyHHYBaHHSA KPIIJICHHS
(3aKpiIJIEHHS pycia, MaHEBPYBaHHS 3aTBOPAMU TOILIO).

[IpoTsirom BChOTO TEPMIHY €KCIUTyaTallii BOJOCKHUIHUX CIOPYI HEOOXITHO
NOPIBHIOBATH (PAKTUYHI PiBHI BOJIM B HIXKHbOMY 0'€(1 3 MPOEKTHUMHU. 3HUKEHHS PIBHIB
BOJM B HMKHBOMY 0'ehl BHACIIOK 3arajlbHOTO 3HIKEHHS JHA BIABIAHOTO pyciia MOXKeE
COPUYMHUTU BIJTIH TIIpaBIIYHOrO CTpUOKAa 1 pyHHYBaHHS KpIIUIEHHS, TOOTO
BUHUKHEHHS aBapiiHOT CUTYaIIii.

B ekcnnyaramiiiHux ymoBax HEOOXIJHO MPOIYCKAaTH BUTPATY YEpe3 CHOpYyay
PIBHOMIPHO 1O BCbOMY (GPOHTY I TOTO, MO0 YHUKHYTH 301MHOCTI TOTOKY B
HIOKHbOMY O'e(pi, 10 JOCSTAa€eThCs 3a JOMOMOTOI0 MaHeBpyBaHHs 3aTBopamu. [1[06
3a0e3neunTH PiBHOMIPHE CKUJAHHSA BOJAW MO (POHTY Tpediai B yMOBaxX HapOCTaHHS
NOBEHI, 3aTBOPU MOTPIOHO BIAKPUBATH MOCTIAOBHO, PIBHOMIPHO, CXOJIMHYACTO,
MOYMHAIOYH 3 CepPEeIHIX MPOTOHIB IpedIi, mepeMimarodnch 10 oeperiB. Bucoty kKoxxHOT
CXOAMHKH, MITHATTS 3aTBOpa, Ha3HAYalOTh B 3AJIEKHOCTI BiJl KOHKPETHUX yMOB. I[lpu
Cra/laHHl TOBEHI 3aTBOPH 3aKpUBAIOTh y 3BOPOTHOMY Hopsaky. IIpomyck Boau yepes
CHOpyAy TOBUHEH BIAMNOBIAATH CXeM1 MaHEBPYBaHHS 3aTBOpPAMHM, IO BCTAHOBJIEHA Ha
OCHOBI JJaOOPAaTOPHHX JOCIITKECHb.

YMOBHM eKcrulyaTalli TIIpOTEXHIYHUX CHOPYA B 3HA4YHIA Mipl 3ajexarb BIJ
HOMEHKJIATypyd 1 CTaHy MEXaHIYHOTO OOJIaJIHaHHS, IO CIYXHUTh [JIsl TEePEeKPUTTSA
BOJIOTIPOITYCKHHUX OTBOPIB [18].

B mpormeci ekcrutyaTariii MeTajiieBl 4aCTHMHHM 3aTBOPIB 1pPKaBilOTh, MiIAIOTHCS
KOpO3ii, CTUPAIOTHCS HAHOCAMH 1 JIHOJIOM, 3MAIEHHS y MIiAIIMITHAKAX BUMHBAETHCA,
VIIUTbHEHHST Ta 3'€JHAHHS METaJEeBUX EJEMEHTIB PpO3CTPOIOIOTHCS B PE3yJbTaTi
JUHAMIYHUX A1 Boau (BiOpailii), IOy 1 MJIABAIOYUX T, YACTUHM, SIKI 00€pTAOThHCS,
3aCMIYYIOThCS, MO TMPU3BOAUTH JO 30UIbIICHHS MiAHOMHHX 3ycuiib. OcoOIMBO
yCKJIaJlTHEHa poOOTa 3aTBOPIB MPU OOMEpP3aHH1 OMOPHO-XOJIOBUX YACTHH 1 YIIIJILHECHD.
st 3a0e3neuenHs Oe3nepebiitHOi poOOTH 3aTBOpPH 1 iX MEXaHI3MHU MEPIOJAUYHO
OTJIS/Ial0Th, CBOEYACHO YCYBAIOTh MOMIYEHI Je(PEKTHU, 3aMiHIOIOTh 3HOIIEHI YacCTUHHU,
YUCTATh KaMepH, 3MaIlyIOTh JeTali, siKi 00epTaloThCs, HE PIJIIe OJHOTO pa3y B JiBa
POKH, BIIHOBIIOIOTH (apOyBaHHS YaCTUH, SKI 3HAXOJATHCS B yMOBax IiJBUILECHOI

BOJIOT'OCTI.
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Excnayaranis kaHajiB Ta cnopya Ha HUX

[lin yac excruryaraiii KaHalliB OCOOJMBY yBary 3BEpTalOTh Ha PEXKUMHU IX
HAIOBHEHHS 1 crioposkHeHHs [18].

[Ipn HamoOBHEHHI KaHAJy MOTPIOHO CTBOPHUTH TaKHi pPEXHUM, 100 HE BUHUKAIO
foro pyiiHyBaHHS (pO3MHMBM [IHA, OCAaJKW JHA, YKOCIB Ta jnam0). Ha mnouarky
eKCIUTyaTallli KaHajgy MOTpiOeH MOCHJICHHM PEeXUM CIOCTEPEXKEHb 3a (PiIbTpalliero 3
HBOT'0, POOOTOIO IPEHAKHUX CUCTEM, a TAKOXK T1IPOTEXHIYHUX CHIOPY]] HA KaHAII.

[Ipu criopokHEHHI KaHaly, 10 pO3paxOBaHUil Ha PIBHOMIPHUM pyX B 3BUYANHUX
eKCIUTyaTalliiHuX YMOBax, TaK0XX MOXJIMBUKA pO3MUB JHA 1 ykociB. He wMoxxHa
JOIYCKaTH PI3KOro 3HWKEHHA pPIBHA BOJAM B KaHAII, [0 MOXE HPHU3BECTH JI0
pyWHYBaHHS YKOCIB BHACIIJOK YTBOPEHHS TiJIPOJMHAMIYHOIO THUCKY Ha TpPYHT.
HenonyctuMum Takox € pizke 30UIbIICHHS YU 3MEHIIEHHS MPOMYCKHOT CIIPOMOKHOCTI
peryssiTopa uyepes MosBy 3POCTAIOUUX YU CHAJAI0UNX XBUJIb, IKI MOXKYTh MPU3BECTH 10
pyiiHyBaHHs naM0 oOBayBaHHA. ONTHMATbHUM PEKHMOM EKCIUTyaTallli KaHaly €
IUIaBHE MOro HAMOBHEHHS YW CIOPOXXHEHHA 3 pEeXKUMaMH, M0 OJU3bKI [0
PIBHOMIPHOTO.

Jliist cioctepexeHHs 3a (QUIBTPAIlEr0 3 KaHAJIB 1 MPOCaIKaMu IPYHTY B KOKHOMY
XapaKTEpPHOMY CTBOP1 BIIAIITOBYIOTh 3-5 I1I’€30METPIB 1 BCTAHOBIIOIOTH Mapku. [Ipu
BUSIBJICHHI 3HA4HOI (UIbTparlii, 0COOJIMBO B IMYCKOBHM TEPioJ, MOTPIOHO MPOBOIUTH
MICIIeBE YUIIIbHEHHS TPYHTY.

[Ipu 3apocTaHHi KaHaly 3MEHINYEThCS WOTO TPOMYCKHA CIIPOMOXHICTH, aje
HE3HAYHE 3apOCTAHHS KaHAIIB JOMYyCTHUME, OCKUIbKH KOPEHEBa CHCTEMa POCIMHHOCTI
3aXMIIAE YKOCH BIJ PYWHYBaHHS, POCIMHHICTh OYHWINAE BOAY BiJ HADTOMPOIYKTIB,

OakTepiabHOTO 3a0pyAHEHHS, HE TOMYCKAE 11 IIBITIHHS TOIIIO.

Excnuyaranis peryisimiiHuxX ciopyn

Excrmyarartisi peryasiiiHux CropyJ MOJIATae y CBOEYACHOMY MPOBEICHHI POOIT
Ta 3aXO0JIB MO MIATPUMIN iX B poOOYOMY CTaHi 1 BKJIIOYA€: 1) BHUKOIIYBaHHS YKOCIB
OeperiB pi4oK 1 Aam0; 2) OYUCTKY BiJ CMITTS, KOpYiB, JE€pPEB Ta IHIIMX IPEIMETIB

OTBOPIB MOCTIB, TpyO-Tiepei3AiB, pycen Ta 3amiaB pidok; 3) MiArOTOBKY PEryisiMHIX
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CHOpYA 10 TPOIYCKY JbOIY, BECHSHUX , JITHBO-OCIHHIX 1 3UMOBHUX IOBEHEH; 4)
HIATPUMKY CIIOPYJl B poO0OYOMY CTaHi; 5) JIKBIAALI0 JpiOHUX MOMIKOJKEHb CIOPY.
OCHOBHMMHU O3HAaKaMW HOPMAJIBHOI €KCIUTyaTalli peryisuiiHux crnopyn €: 1)
pycia pidyoK Ta iX 3alulaBd BUIbHI BiJ HAJAMIPHOTO BIJIKJIAJICHHS HAHOCIB Ta 3alBO1
POCIMHHOCTI, SIKI TIEPEIIKO/KAIOTh Te4ii BOAM 1 CTBOPIOIOTH MIANOPU; YKOCU OeperiB
3aXMIIEH] POCIMHHICTIO a00 BIAMOBIIHUMHU KPIIJIEHHSMH B1Jl PO3MUBY IiJl Yac MOBEHI;
2) BCl CHOPYIW 3HaXOASTBCS B CIPABHOMY CTaHi (CHOPYOM HE MArOTh INIJIMH, HE
nedopMoBaHi, 1aMOK HE TOIMIKO/KEHI 3eMJIICPUMHUMHU TBApUHAMU 1 3aKPIIJIEHI TOIIO);
3) B3IOBXK pyceJ BOJOTOKIB € BOJOOXOPOHHA CMyTa, BIIAIITOBAaHI NEpei3au, MICTKU; 4)
BiJ[BAJIU TPYHTY, IO YTBOPWJIHUCS TPU OYHCTKAX Ta PEMOHTAX, IOBUHHI OyTH

PO3pIBHSHI.

5. PeMOHT IPYHTOBHX CIIOPY/

B mpomeci ekcrutyaramii TpyHTOBUX  BOJOMIANIPHUX CHOPYA  BUHUKAE
HEOOX1JHICTh JOCHIaHHS IpebeHs 1 Tula rpedii 10 MPOEKTHUX BIIMITOK, CYIVIMHKY Ha
BEPXOBUH YKIiC 3 METOI0 HOro KOJbMaTaXy, 3aCHIKH IMOMEPEYHUX Ta MO3JOBXKHIX
TPIIIMH 1 MOPOXKHUH, PEMOHTY KPIIUIEHHS YKOCIB, A€pHYBaHHs, MOCIBY TpaB Touo. L1
poOOTH Ha HU3BKOHAMIPHUX TPEOJISIX MEPEBAKHO BUKOHYIOTh MPOTATOM KaJeHIAAPHOTO
POKY, TOMY I1I0 BOHU BITHOCSTBCS IO TOTOYHOT'O PEMOHTY.

Kam'sHe KpinjeHHs] BEPXOBOTO YKOCY PEMOHTYIOTH SIK HACyXO, TakK 1 3 MJIaBy4YUX
3aco0iB. TOBHIMHY BIACUIKA MNPUHAMalOTh HE MeEHHow HbK 3 2,5-3,0 mapis
PO3pPaxyHKOBOTO JliaMeTpa KaMeHIo. JlJis peMOHTY BEpXOBOTO YKOCY BHKOPHUCTOBYIOTH
achanpToO€TOH uYM apMoBaHi achanbToBi TIOQsKH. [ledopmariiliHi mIBU TOHKUX
OCTOHHUX OOJMITIOBAHh PEMOHTYIOTH PI3SHUMHU CHIOCOOAMU B 3aJICKHOCTI BiJl XapaKkTepy
HOIIKO/KEHb. [opOKHUHY, 110 YTBOPUIUCH MiJ OETOHHUMU TUIUTAMH, 3alTOBHIOIOTHCS
MIIaHO-TPABIHHOIO CYMIIIIIIIO.

B mporeci ekcrutyaTarii IpyHTOBHX TiAPOTEXHIYHHUX CHOPYJI MOXYTh 3'SIBISTHCH
K04l (JKepena) Ois MiJONIBM HU30BOTO YKOCY YW B OEpEroBUX NMPUMHUKAHHSX, IO
BUKJIMKaHI BUCOKMMHU TpaJi€HTAaMU Hamopy (UIbTpariiHOro TOTOKY. I[HTEeHCHUBHE
BUKJIMHIOBAaHHA B Oeperax, sikl CKJIa/eHl 3 M'SKMX T'PYHTIB, IPU3BOJIUTh 10 BUHUKHEHHS

3CYBiB OeperoBux NpUMHUKaHb Ta 3a00J0UYCHHS TEPUTOPIl HUXKYE rpeotl.
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PeMOHT G€eTOHHMX TiIPOTEXHIYHUX CIOPY/

PyiiHyBanHs OETOHHUX TiPOTEXHIYHUX CIOPYJ BUHHUKA€E B pe3ynbTatri (pi3uko-
XIMI4HO1, (I3UKO-MEXaHIYHO1 KOpo3ii, Kaitamii, micueBux nedopmariid, CTUpaHHSI
HAHOCAMH 1 KPYMMHOTA0ApPUTHUMH TPEAMETaAMH, YJapiB TOIIO. 3a3BUYail MOMIKOHKEHHS
SIBJISIIOTH COOOI0 paKOBHWHHM, BUOOTHH, CKOJIM, TPIIIUHM, €pO31iHI BITIAIHHHU.

PoGotn 3 ycyHEHHs MICHEBUX IOIIKO/JKEHb MOAUIAIOTh HAa YOTHUPU LMKIIHU:
HiArOTOBKY OETOHHOI TMOBEpPXHI [0 PEMOHTY, NPUTOTYBaHHS OETOHHOI Cywilli,
OeTOHYBaHHS Ta JOTJIAT 32 OETOHOM.

[Ipyn HernmuOOKMX MOIIKOJKEHHSX MOBEpXHI OETOHY s ii BIJHOBJIEHHS YacTo
3aCTOCOBYIOTh TOPKpeTyBaHHs. [loBepxHi, Kl 3pyHHOBaHI KaBITAII€I0 YA MEXaHIYHOIO
JI€I0 HAHOCIB, 1HOJII PEMOHTYIOTh 3a JOTIOMOT'O0 TIACTOOETOHY, KU € PI3HOBHUIHICTIO
CHELIaJIbHOTO OETOHY, /1€ 3aMICTh LIEMEHTY BUKOPHUCTOBYETHCS CHUHTETHYHA CMoOJja y
BUTJISAI1 DYpdYPOJIBHO-aIIETOHOBOTO MOHOMEDA.

KaBiTamiiiHi MOIIKOJKEHHA OETOHY 4YacTillle PEMOHTYIOTh ENOKCHIHUMHU
CMOJIaMU; €NOKCHIHO-Kay4YyKOBUMU MaTepianiami, noJiiMepOeTOHAMH,
NOJIIMEPPO3YMHAMHU, MOJIMEPHUMU KII€SIMH TOILO.

YcyneHnHs ¢iapTpaliii yepes MIIMOHKH 3A1HCHIOETHCS MUIIXOM PO3IrpiBaHHS B HHUX
achaabTOBOTO MaTepially eIeKTPUIHUM cTpyMoM. [Ipu mopymieHH1 aedopmariiitHoro am
nedopMalliitHo-0caloOYHOTO IIBa BHHHUKA€ IiJBUIIEHA (QUIbTpalisi depe3 Horo
YIIUIbHEHHS. A TOMY IIBM HEOOXITHO CBOEYACHO PEMOHTYBATH IILISIXOM 1H'€KIII
repMETU3YIOYMX MaTepialliB B I[IOB YW TEePMETH3AI[€l0 IIBIB  OKJICIOIYHMH
MmaTepianiamu. B neskux Bunagkax 3acTOCOBYIOTh KOMOIHOBaHUM cnociO.

[Ipu po3poOui MPOEKTy PEMOHTHHX pOOIT 3BEPTAOTh OCOOJIMBY yBary Ha
MOJKJIMBICTh MPOMYCKY BHUTPAT BOJAW B TEPIOJ PEMOHTY depe3 IHIII BOIOMPOMYCKHI
cnopyaun (I'EC, BomoBuIlyCKH, CyAHOIJIaBHI MHITIO3M TOIIO) ab0 dYepe3 creriaibHi
TUMYacCOB1 CIIOPYIH y BUTJISAI BOJOBOJIIB, OOBIIHUX KaHaliB Tomo. Criocodu 1 mepion
NPOBEJICHHS] PEMOHTHUX POOIT BU3HAYAIOTHCS KOHKPETHUMHU YMOBAMH 1 MOYKJITMBOCTSIMHU.
EnemenTu, cnopya, sKl MOCTIHHO 3HAXOJAThCA MiJ BOJOI0, PEMOHTYIOTh TaKUMU
cnoco0aMu: MiABOJHMM O€TOHYBaHHSM 3 IUJIaBAalOUMX 3aco0iB; BTPaMOOBYBAHHIM
0eToHY; YKIaJaHHIM OETOHY 3a JIOIIOMOTOI0 0ajib; BIICUIIKOI0 COPTOBAHOTO KAMEHIO UM
TIPHAYOT MacH; YKJIQJKOK OyMiBeJbHHX KOHCTPYKIIM OETOHYy 4YM KaMEHIO IIiJl

IPUKPUTTIM MIEPEMHUYOK 3 BOJIOBIITIMBOM; 1H'EKIIISIMU; KOMOIHOBAHUM CITIOCOOOM.
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PeMOHT pery/siiiiHUX CIOpyA

B 3agady peMOHTY peryiasiiiHUX CIOPY]l BXOJUTH JIKBIJIALlisl BCIX MOIIKO/XKEHb,
0 BUHUKAIOTH B TEpioJl eKcIuryartauii. PeMOHTH TOAUIAIOTHCS Ha MNOTOYHHM,
KamiTalbHUN 1 aBapiiHU B 3aJI€KHOCTI BiJl XapakTepy 1 00'emiB poOiT.

[Ipu3HaYeHHSAM MTOTOYHOTO PEMOHTY € BUIIpaBJeHHS AchopMalliii CXWIiB, OeperiB
pycen, CIopya, sSKi BUKJIMKaHI MPUPOJHUMH YHHHUKAMHU, a TAKOXK MOPYIICHHIM YMOB
eKCIUTyaTallii peryiasinaux cnopyd. [loTounuii 1 kKamiTanbHUN PEMOHTH MPOBOASTHCS B
TUTAHOBOMY TTOPSIAKY. [I0OTOYHMIT pEMOHT BUKOHYETHCS MIOPIYHO JJI YCYHEHHS IPiOHUX
MOIIKOJ/KEHb CIOPYA MpH iX 3HOMmIEHOCTI 10 20% B OCIHHBO-3UMOBO-BECHSIHUI MepioJ]
13 3aKIHYEHHAM pOOIT 10 MOYATKy MOBEHI.

KamitanbHuii peMOHT BUKOHYETHCS MIEPIOAUYHO, KO AEPEKTH Ta MOIIKOKEHHS
3Ha4YHI 1 BUHHKA€E 3arpo3a i HOpMaidbHOI poOoTH crmopyn i3 3HomeHicTio 20-50%.
Ctpoku 1 00'eM KamTaJIbHOTO PEMOHTY 3JIEKaTh BiJ MPHUPOTHUX OCOOIMBOCTEH
BOJOTOKY, BUAY OyHdIBEJIbHUX MarepiaiiB, KOHCTpyKIli cnopya. /[Ins npamO BiH
BUKOHYETHCS 011H pa3 B 10... 15 pokis.

ABapiiiHUIl PEMOHT BKJIIOYA€ PO3YHMCTKY PYyCeN, BIAHOBJIEHHS PErysUIMHHUX Ta
IHIIUX CIOPYJA, 3pYWHOBAHMX B pe3yJibTaTi MOBEHI ab0 I1HIIUX CTUXIMHUX SBUII,
NOPYIICHHSI TpaBWJl TEXHIKM EKCIUTyaTalli, a TaKoX HESIKICHUX MPOEKTHUX 1
OyiBeIbHUX POOIT.

[IUTAHHA JI1 CAMOIIEPEBIPKIA

Sxi npotiecu 3a0€3MeuyOThCS TPU HOPMAJIbHIN eKCIuTyaTallii BiACTIHHUKIB?

Sk kinacudikyoTh BIACTIHHUKN?

[TepeBaru Ta HEIOTIKK OTHOKAMEPHUX 1 OaraToKaMepHUX BIJCTIHHUKIB.

Sxi 0coOMUBOCTI BiJICTIHHUKIB 3 O€3MepEePBHUM ITPOMUBOM BaM BiTomi?

ki KOHCTPYKTHBHI OCOOJMBOCTI MaroTh BIACTIHUK cuctemu iodypa Ta

BiJIcTiiTHUK cucTeMu npod. €.0. 3amapina?

6. Sxi mapameTpu BH3HAYAIOTHCSA TiJI Yac PO3PAXyHKY BIACTIMHHUKIB 3
0e3nepepBHUM ITPOMUBOM?

7. SIxi 3amayi Bupimnye ciayx0a excruryaramii I'TC?

8. ki saBuma MOXyTh OyTH 3adiKCOBaHI TPHU Bi3yaJbHOMY KOHTPOJIO 3a
po6ororo I'TC?

9. SIxi reome3WyHI  TpUIAAM  3aCTOCOBYIOTh Ui  1HCTPYMEHTaJIbHHX

CIOCTEpEXKEHB 32 nepeMimeHHsaM KoHeTpykuli ['TC?

SIS
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Yacruna 2 [IPAKTUYHI 3AHATTA

IpakTtuune 3anarrsa Ne 1

Tema 1: BUBHAUYEHHS MMO3HAUKHW I'PEBEHS 3EMJUISIHOI I'PEBJII
KopoTtki TeopeTn4ni BizomocTi

3aBurnieHHs rpeOeHs rpebii HaJ po3paxyHKOBHM PIBHEM BOJM BU3HAYAETHCS 3a
JIBOMA pO3paxyHKOBUMU MOJIOKEHHSIMU P1BHSA BOJU Y BepxHboMYy 0’edi (puc. 2.1.1):
a — Ha MMo3Hayvll HopMansHOTO TiAnipHoro pisus (HIIP);

0 — Ha mo3HauIl ¢popcoBaHoro miamipHoro pieus (DOIIP).

fi7 it

oy 7777 xx%%

Pucynok 2.1.1 — Po3paxyHKOB1 CX€MH JJIsl BU3BHAYEHHS [MO3HAYKH rpedeHst rpedii

3aBuIieHHs TpeOeHs BU3HAYAETHCS 32 (POPMYIIOH0:

hg — Ahset + hrun 1% + a, (211)

ne ANget — BITPOBHI HariH, M;
Nrun 1% - BucoTa Hakara BITPOBOI XBHIII, M;

d - HeoOX1JHMH 3amac 3a BUCOTOIO, M.

[lo3Hauka rpebeHss NpUMAETBCS 33 MEHUI CHPUSTIMBUM PO3PAaXyHKOBUM

BHUITaJIKOM, 3T'1THO 3 SKMM BOHA BUXOJHUTHb HAMOLJIBIIIOKO.

Bucora HakaTy BITpOBOI XBUIII 3aJIEKUTH B BUCOTH XBUJI1, IO PyXa€ThCS h i, %,

ii 3a6esneueHocTi, noBxuuu A Ta mepiogy 1 (puc. 2.1.2).
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1 — po3paxyHKOBHI1 piBeHb; 2 — CEpE/IHS XBUIbOBA JIIHISA

Pucynok 2.1.2 — [Ipodinb Ta eneMeHTH XBuil

Po3paxyHkoBa 3a0e3neueHiCTh XBUIIb TpUMaeThes: 1% - mpu KpimieHHI BIAKOCIB
OETOHHUMH MIUTaMu; 2% - NpU KPIIJIEHHI KaM’ SSHUM HaKUJIOM.

[Ipu mpoekTyBaHHI 3eMJISTHUX TpeOesih HAOUIBI XapaKTepHOI € TIMOOKOBOIHA

30Ha 3 IMIMOMHOIO, G100 32 cepeaHio Aosxkuay xsuii (d>0,5 ﬂd ).

Cepennsi BUcoTa hd , M Ta CEpe/Hii MmepioJl XBUJIb TC , C IS TIIMOOKOBOJIHOI
30HU BU3HaYaeThes 3a puc. 2.1.3. [20].
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Pucynok 2.1.3 — I'padik a5t BUSHaYEHHS €JIEMEHTIB BITPOBUX XBWJIb Y TITMOOKOBOTHIM 30H1
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g-t g-L,-X
VW

3a 3HAYCHHSIMU OE3pO3MIPHUX BEIUYUH Ta V2 Ta 3a KPHUBOIO
w
g - hq T
BH3HAYAIOTBCA BETMYMHH | 2 Ta 3a MEHIIMMU 3HAYEHHSIMH OCTaHHIX
w w

OpUMalOTbCS CepelHs BHCOTa Ta CEepelHiil mepioj XBWwib. B 1ux Bupazax: § —
IIPUCKOPEHHS BiIBHOTO mamines, M/c% { — GesmepepBHa TpHBamicTh Aii BiTPY, C; Vw —

pO3paxyHKoOBa IIBUIKICTH BiTpy, M/c; Lp — moexkuma posrony BirpoBoi xBumi 3a
HATIPABJICHHAM BIiTpY, M; Nd — CepemHs BHCOTa XBHII, M.

Cepez[Hﬂ JOBXKHWHA XBUJIb /1d , M IJIA BiI[OMOFO 3Ha4YCHHAA O BU3HAYA€THCA 3a

dbopmyioro:
- —2
Ae=9-T I(2x) (2.1.2)
Bucora xBuii 3a6e3neudenictio Ng,i , % BU3HAYaeTHCS 32 HOPMYJIOLO:

hgi = ki - Hd : (2.1.3)

ne Ki — xoediuienr, sikuit BusHauaetbes 3a rpadixom (puc. 2.1.4) [21].
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Pucynox 2.1.4 — I'padix 3HaueHp koedirieHTy Ki
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Bucora Hakaty xBuib, mo GpOHTATBLHO MIAXOAATH Ha BIIKOC TPeOIi, I XBUIIb

3abe3rneueHicTio 1% BU3HAYAETHCS 32 POPMYJIOLO:

Nrun1% = K - kp y ksp * Krun - k,B ‘N1, (2.1.4)

ne Kr i kp — KoeiIieHTH, SKi MpUAMaroThcs 3a Tab. 2.1.1 [21],
ksp — KoeiIlieHT, IKUI TpUMaeThes 3a Tadm. 2.1.2 [21],

Krun — koediuient, sikuii npuiimaeTses 3a rpadikom (puc. 2.1.5) [21];
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Pucynox 2.1.5 — I'padik 3Hauens koedimieHTa Krun

k,g - Koe(illieHT, IKUH BU3HAYa€Thes 3a Taou. 2.1.3 [21],

h 1% - BUCOTA XBWII 3a0e3neueHicTio 1%.
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Ta6muis 2.1.1 — KoedimieHT kr 1 kp

K ) ) ) BignocHa mopcTkicTh K K
OHCTPYKIIIS KPIIUIEHHS B1JKOC
PYKIIA Kp JAKOCY i / hl% r p
beronHi 1 3a/11300€TOHH] TUIATHA - 1 0,9
<0,002 1 0,9

. , 0,05-0,01 0,95 0,85
['paBiitHo-ranbKoBe, KaMm’sgHE a00 002 09 08
KpIIJIEHHS! OETOHHUMH Ta O’ 05 0’ 3 0’7
3aJ11300€TOHHUMH OJIOKaMH 0 1 0 ’75 0’6

>0,2 0,7 0,5

Ta6mums 2.1.2 — KoedimienT ksp

ksp IIPU pO3PaxyHKOBIN MBUAKOCTI BITpY Vw, M/C

M1 = C1g ¢eio >20 <10
04 1,3 1,1
04-2 1,4 1,1
3-5 1,5 1,1
>5 1,6 1,2
IIpumimka: (Pgio — KyT HAXWILy BIAKOCY O TOPU30HTY, IPATyCH.
Tabnuusg 2.1.3 — 3HaueHHs KOeILIEHTY kﬂ
Lo, rpanycu 0 10 20 30 40 50 60
kﬁ 1 0,98 0,96 0,92 0,87 0,82 0,76

lpumimxa: ﬂb — KYT NiAXoAy (PpoHTY XBUJI JO CHIOPYAH.

3HAUEHHS BEJIMYMHHM BITPOBOTO HArOHy MPH BIJCYTHOCTI JAHHUX CIIOCTEPEKEHb

MOKHA BU3HAYUTHU 32 METOJOM HAOJIMKEHb IO (OPMYIJIi:

Ah

Vo - L
" g(d+Ah)

cose,, ,

(2.1.5)

ne Ohw — KYT MK TTO3/JOBKHBOIO BICCIO BOJIOMMU Ta HAPABICHHSIM BITPY;

kw — KOe(iIlieHT, MO MPUHAMAETHCA B 3AJEKHOCTI BiJ] IIBUIKOCTI BITPY

(Tabn.2.1.4) [21].
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TaGmuis 2.1.4 — 3Hauenns koedinienty Ky

Vw, M/c

20 30 40 50

kW X 106

2,1 3 3.9 4,3

JI71s1 HeBENUKUX BOJAOCXOBHII BITPOBUI HArlH MOHA BU3HAYUTH 32 (HOPMYJIIOIO:

Buxigai gagi:

HeoOxi1HO:

VgL
Ahset = kw . g q COS a, - (2.1.6)

IIpuxian po3paxyHky
HITP=162,6 m; ®I1P=163,1 M; rmubuHa Boau mepea rpedieio
npu HITP di=21,2 M, npu ®IIP di/=21,7 m; pospaxyHKoBa
IIBUKICTH BiTpY Ha BHcoTi 10 M Hax piBHeM Boau nipu HITP
Vw1=15,3 M, mpu DIIP Vw1=10,4 M; HOBXHHA pPO3TOHY
BiTPOBOI XBWJIi 3a HampaBieHHaM Bitpy Lp=5,9 xm;
OesmepepBHa TpHBamicTh mii  BiTpy [=8rom, koedimieHT
3akiaganHs Bigkocy Mi1=Clg ¢si0=3,5, kyT migxomy GpoHTY
xBuni g0 criopyan [%=30°, kpimnenns Biakocy — GETOHHMMH

IIJIUTaMMU.

BU3HAYUTHU MO3HAYKY IpeOeHs B IITMOOKOBOHIN 30H1 3€MJISIHOT

rpe6i BigHocHO HITP Ta ®IIP.

Po3B’sa3anus

1. Ilepuiuii po3paxyHKOBHH BHIIAI0K

Busnaunmo 6e3po3MipHi BETUYUHU

g-t 9,81-8-3600

=18465,9
vV, 15,3
L ,
g : o :9,81 5?002247’3
Vv 15,3

w
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3a rpadikom (puc. 2.1.3) 3HaxX0ANUMO BEIUUUHU

g'ﬁd g-ﬁd _
v j = 0,025 " v j=0,094,
w L w t
g-T g-T
V—] :2 Ta V—j :4,3.
w L w t

. 5 g9-he _ 0.025-
Cepe):[HIO BI/ICOTy XBHWJI1 3BHAXO0ANUMO 3a HAMMCHIIIUM 3HAUYCHHAM - V2 ! b

=

Nd =0,025-1532/9.81 = 0,596 ».
g-T
\Y

w

=2

CepenHiii mepio 1 XBUII T 3Haxomumo 3a HaliMEHIITUM 3HAYCHHSM -

T =2.153/981=3.12c.

Toni cepennst nopxxkuHa xBuii 3a (2.1.2):

—_ . 2
Ad = 9,81-3,12 =15,211 .
2-3,14

3abe3reueHiCTh BUCOTM XBWIl npuiiMaetrbes 1%. 3a  dopmynowo (2.1.3)

BHU3HAYa€MO BHUCOTY XBWJII MpHU Il 3a0e3reyeHocTi, Koe)iieHT Ki 3a rpadikoM Ha

g-L, 9,81-5900

puc.2.1.4 npu V2 - 15,32

w

=247,3 nopisHioe 2,07. Toxi

Nd 1% =2,07 - 0,596 = 1,23 m.
Bucoty nakary xBuib 3a0e3nedeHicTio 1% 3HaxoauTbes 3a ¢dopmysioro (2.1.4)

IiCJsl BU3HAYCHHS KOC(QIIIEHTIB : Kr=1 (Tabmn. 2.1.1), kp=0,9 (Tabn. 2.1.1), ksp:1,46

(Tabmn.2.1.2), Krun=1,4 (3rigHo rpadixka Ha puc. 2.1.5 mpm ctg @%ip=3,5 Ta

ﬂ,d 15,21 _
ﬂd 1% B 123 _12’37)’ kﬂ:O,92 (tabmn. 2.1.3 i IB :300);

Nrun1% =1-0,9- 1,46 1,4-0,92 - 1,23 =2,08 m.
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Bucota BiTpoBoro Harony 3a opmyioro (2.1.6) mpu Ow=/=30° ta Ky=2,1-10":

h,, =21.10° A153:5900-087_ 157
9,81-21,2

3amac rpe0Jii Mo BUCOTI:
a=0,1-h1p =01-1,23=0,123 m.
Tomy mo a@ < dmin = 0,5, mpuiimaerscs A = 0,5.
3aBunienns rpedens rpedm vax HIIP 3rigno 13 popmynoro (2.1.1):
h.=0,012+2,08+0,5=2,592 m.
[Toznauka rpebenst rpediii 3a MepIIM po3paxyHKOBUM BUTIAIKOM:
[T =HIIP + N, = 162,6 + 2,592 = 165,2 m.
2. Ipyruii po3paxyHKOBHii BUNIQI0K
VY Bepxubomy 0’edpi ®ITP=163,1 m, Vw=10,4 M/c. AHaIOTIYHO NIEPIIOMY BUIAJIKY
IS Lp:5,9 kM. Ta 1=8 ron. BusHawaemo  Ng = 0,038 -10,4/9,81 =0,42 m.
T=26-10,4/981=2,75c.

- 9,81.2,75°

_ ~1181.
Ad 2.314

Bucora xBuni 1% 3a6esneuenocti Ng 196 = 2,1 - 0,42 = 0,882 m.
Bucota Hakary xBujii Ha BiKoc rpebii

Nrun19% =1-0,9- 1,46 - 1,4-0,92 - 0,88 = 1,49 m.
Bucora BiTpoBOTO HAaroHy XBWIII:

6 10,47 -5900-0,87

Ah_. =2.10
set 0,81.21.7

=0,00521 .

3anac no Bucoti rpedmi a=0,5M. 3apumieHHs rpedens nag OITP
h.=10,0052 + 1,49 + 0,5 = 2,00 m.
[To3nauka rpebeHst st APYTOro PO3PAXyHKOBOTO BUITAJIKY
I'T7=163,1+2,00=165,1 m.

[IpuitmaeThcst mo3Hauka rpedens 165,2 m.
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3aBaaHHA

Heobxiouo :

BU3HAYUTH MMO3HAUKY IpeOeHs rpebii B TIMO0KOBOAHIM 30H1

Buxigni gasi:
- TI03HAYKa HWXKHBOTO IiAnipHoro piBHs HIIP, wm;
- mo3Hayvka (popcoBaHOro miAmipHOro piBHI PIIP, M;

- TobuHa Bou mepes rpebdnero mpu HITP di, m;

- robuHa Bou nepes rpebdnero npu OIIP dz, M;

- pO3paxyHKOBA IIBHAKICTH BITPY Ha BHcoTi 10 M Hax piBEeM Boau mpu HITP V, | M/c;

- poO3paxyHKOBa IIBHJKICTh BITpYy Ha BUCOTI 10 M Hax piBHeM Boau ripu OITP VW2 , M/C;

- JIOBXKMHA PO3rOHY BITPOBOI XBHJIi 10 HANpaBJIEHHIO BiTpy Lp, KM;
- GesmocepeaHs TPUBAIICTH Iii BiTpy I, rox;

- KoeilieHT 3aKiIagaHHs Biakocy M1=ctg @sio;

- KyT migxony ¢pouty xBuii g0 cnopyau Fe=30°;

- BUJ KPITUICHHS BIJKOCY.

[nauBinyanpHl BUXiAHI JAaHl TpuBeneHi B Tabn. 2.1.5, HoMmep BapiaHTy

HpHﬁMaETBCH 3d IOPAAKOBUM HOMCPOM CTYJCHTA B )KypHaJIi.
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Tabmuusg 2.1.5 - BAPIAHTH 3ABJIAHHA

1 2 3 4 5 6 7 8 9 10 11 12
HIIP, m 152,6 | 140,2 | 130,2 | 120,2 | 115,2 | 1189 | 163,6 | 150,0 | 140,0 | 130,0 | 120,0 | 1150
DIIP, m 153,1 | 140,7 | 130,7 | 120,7 | 115,7 | 1195 | 164,1 | 150,8 | 140,8 | 130,8 | 120,8 | 1158
dl, M 212 | 182 | 156 | 17,0 | 180 | 240 | 20,8 | 16,2 | 243 | 208 | 22,3 | 18,2
dg, M 21,7 | 18,7 | 16,1 | 175 | 185 | 245 | 21,3 | 170 | 251 | 216 | 23,1 | 19,0
VWl , Mm/C 193 | 190 | 18,7 | 183 | 178 | 18,2 | 18,7 | 190 | 20,4 | 176 | 18,3 | 185
VW2 , M/C 104 | 9,9 9,7 8,0 75 8,1 9,7 99 | 106 | 7,6 8,0 95
Lp, KM 9,6 9,1 8,5 8,0 75 7.9 8,4 8,9 9,8 74 8,1 8,3
t, Toxa 10 9 8 7 6 7 8 9 10 6 7 8
mlzctg%a 35 4 45 5 52 55 24 25 2.8 20 3,2 35
,Bxe, rpaj. 30 32 20 30 40 45 25 28 30 18 25 30
Bun ) - ) )

. BeTOHHl IIJINTH FpaBlI/IHO'FaJ'IBKOBC 3aJ'I1306eTOHH1 IIJINTHU

KPITLJICHHS

[Tponorxenus tadm.. 2.1.5

13 14 15 16 17 18 19 20 21 22 23 24 25
HIIP, m 1603 | 1550 | 1454 | 1190 | 1605 | 1171 | 1182 | 1250 | 1310 | 1205 | 1508 | 1424 | 1305
DIIP, m 1608 | 1555 | 1459 | 1195 | 1610 | 1176 | 1187 | 1255 | 1315 | 1210 | 1513 | 1429 | 1316
d1, M 20,4 123012501781 29,0|195|21,8|230|250|212|20,2|235| 185
d2, M 209 |1 235|255 (18,3|1295|20,0|223|235|255|21,7|20,7|241| 19,0
VWl , Mm/C 189(19,1|174 180 | 18,4 188|193 |178 | 19,2 | 185|205 | 19,8 | 18,2
VW2 , Mm/C 97 (102| 78 | 80 | 82 | 97 |104 | 75 | 103 | 96 |10,2| 98 | 9,6
Lp, KM 88 |92 | 72 | 78 |82 |87 |96 | 75|94 | 83|95 | 87 | 88
f, ron 9 10 6 7 8 9 10 6 10 8 8 95 | 84
M1=ctg @0 25 1201|122 | 25|28 |30 32|38 | 42| 35| 35 4 45
,Bxe, rpaj. 22 25 28 32 35 42 45 52 32 35 30 35 28
BH.)I Kam’sane Beronui 610kH 3ani300€TOHH] UTUTH
KPULICHHS
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IIpakTruHe 3anaTTsA Ne 2

Tema 2: BUBHAYEHHSA PO3MIPIB PI3HUX THIIIB KPIIIVIEHHA
BEPXOBOI'O BIJKOCY 3EMJISIHOI I'PEBJII

KopoTtki TeopeTn4ni BizomocTi

KpiruieHHs: BEpX0OBOro BIIKOCY BJAIITOBYIOTH JJISI 3aXUCTY BiJ PyHHIBHUX i
XBUJIb, KpUTU. BOHO MOMIISETHCS HA TOJOBHE, PO3TAIIOBAHE B 30HI MaKCUMAalbHUX
XBUJILOBUX BIUIMBIB, Ta MOJIETTICHE — HIDKYE Ta BUIIE TOJIOBHOTO KPITUICHHS.

['onoBHE KpilieHHsST BUKOHYIOTh, MOYMHAIOYM BiJ rpedeHst rpedii 10 TIMOuHU

Hk=2h1%, ne Hk — rmu6una mmwxupoi mexi romxosHoro KPIMJICHHS, Paxylo4yu Bif

MIHIMAQJIBHOTO PIBHS CHPAIIOBAaHHS BOJOCXOBHIIIA; N1 — Bucora xeum 1%

3abesrneueHocTi (puc. 2.2.1).

Pacvemmeri yoolewns

A1 Hx

1 — rosioBHE KpIMJIEHHS; 2 — MOJIETIIICHE KPITUICHHS

Pucynox 2.2.1 — Cxema KpirieHHs BEpXOBOTO BiKOCY

['mubuna, Ha SKi MBUAKICTH XBUJIBOBOTO PYXy JOPIBHIOE HEPO3MHBHIN

MIBUAKOCTI , BA3HAYAETHCS 32 (DOPMYIIOIO:

A 7-n? Ny - 0
H, _Earsh Z-v;.,. , 2.2.1)
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ne N — xoedimieHT, SKUM NPUUMAETHCAS B 3aJ€KHOCTI BiJl MOJOTOCTI XBHJII

A/Py (radm. 2.2.1) [20].

Ta6mums 2.2.1 — 3nauenns koedimienTis N

A
— 8 10 15 20 30
Mg,

n 0,6 0,7 0,75 0,8 1

Hepo3mMuBHAa MIBUAKICTP YAaCTUHOK TPYHTY BH3HA4Ya€ThCs 3a TpadikoM Ha
puc.2.2.2 [20].

Vioa, M/C

18

15 A
p.

L4 —

K2 +

o ' ;E?rd'ﬂacmb

a onemuMeX -

= 2 cropocmed

46 ' .

o4

a2z =t

0 020304060810 2 F456810 za.mﬂaaagma
far'

Pucynok 2.2.2 — I'padik npumycTUMHUX 3Ha4Y€Hb JOHHUX HIBUIKOCTEN

ITo3Hauka HMKHBOI MEXKI1 ITOJIETIIICHOIO KpiHJ’ICHHH \[HHKp BU3HAYA€THCA OJIA

(dbopcoBaHOro, HOPMAJIBLHOTO Ti MIHIMAJIBHOTO pPIBHIB BOAM y BepXHboMYy O’edi 3a
dbopmyItoro:

YHIT., = YPB— 1,1 H, (2.2.2)
ne \ZPB — PO3paxyHKOBUM PiBEHb BOIH, M.

I3 oTpuMaHuX 3HaYECHb NPUNMAETHCA HAWMEHIIA [T03HAYKa, KO BOHA MEHINA 32
MO3HAYKY JIHA, TO MOJICTIIEHE KPITJICHHS TOBOSATH /10 PiBHS JTHA.
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['onoBHE KpimuieHHS BEPXOBOTO BIAKOCY BHUKOHYEThCA 3 OCTOHHHX Ta
3a11300€TOHHUX IUIUT, KaM’SIHOT'O HAaKUy, acpaibTOOETOHY, IHIIUX MaTepialliB.
beronni 1 3am300€TOHHI KpIMUICHHS BUKOHYIOTh 13 MOHOJITHUX IUIMT, IIIO

OCTOHYIOTH Ha MicCIli, a00 301pHUX OMOHOJIYEHUX TUTUT (puc. 2.2.3) Ta HACKPI3HUX TLIUT.
Bapuanm opoprnsiun apedin n;mr?muﬁw

_;'_".‘f'; 054 o

o e MEHEE fié’n

i

a8 .
ST

N8V

-w-p g’;’_ —

1 — nmapaner; 2 — otBopu mmpuHoto 0,2m uepe3 10 M; 3 — map yrpamOoBaHOTO
me6enst TopmuHoIO 0,1 M; 4 — cMyracTwii IpeHax Imija mBoM; 5 — ApiOHe KaMiHHS;
6 — map rpasiro ado medeHro TOBImMHOK 0,2 M; 7 — INTMTH; 8 — JOCKU TOBIIMHOIO 2,5 M.

Pucynok 2.2.3 — [Ipuknaa KOHCTPYKIIii KPIIUIEHHS BIKOCY OETOHHUMU IUIMTAMU

MOoHOMITHI TUTMTH TOBIIMHOIO Bix 15 1050 cM MawTh NpSIMOKYTHY (opMmy i3

CIIBBiHOMIEHHSAM CTOPiH 152, po3mip Menmioi croponn 0,4 A, ane He Oinbiie 20 M.
Hackpi3ni 30ipHI MOKPUTTSI BUKOHYIOTHCS 13 3a711300€TOHHUX TUTAT TOBIIMHOIO BiJ

8 1o 20 cM 3 raHoBUMH po3Mmipamu Bif 1,5%1,5 M 10 5%5 M (puc. 2.2.4).
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1 — moneruene KpirjeHHs; 2 — ynop roJ0BHOIO KPIIUJICHHS;
3 — mrapoBa MiAroTOBKa; 4 — TOJIOBHE KPIIUICHHS 13 TUTUT 3 BIAKPUTUMU IIIBAMU

Pucynok 2.2.4 — KoHCTpyKITisi 30ipHOTO HACKPI3HOTO KPIMJIEHHS 13 3113006 TOHHUX TUTAT

ToBmmMHA TIUT HACKPI3ZHOTO 301pHOTO 3a/11300€TOHHOTO MOKPUTTS BH3HAYAETHCS

3a GOpMYJIOIO:
=2
n,-he-4B2,
5n — 0’ 6 2 d a%ai 7/

~

A-cosa yn—0’3.ka.7/' (2.2.3)

ne N2=1,1 — nonmatkoBuit koediuieHT nepeBantaxkeHHs st ['TC I-III kmacis
KaIlTaJbHOCTI,

hd - cepeHs BUCOTa XBUJII IiJ] Yac ITOPMY, M;

Beion - B1JIHOCHA JIOBXKHMHA pedpa MInTH, B.io,=B / hd )
B - nosxuna pe6pa, sike po3raoBane neprneHIHKyIAPHO 0 JiHii ypi3y;

Ks - koedimienT BiHOCHOTO 3aHypeHHS po3paxyHKOBOI mntH (Tad. 2.2.2) [20].

Tabmuns 2.2.2 — 3HauyeHHs KoedIIlieHTIB kg
Bion <1 1,2..15 2,2..2,8 3,5...4,3 5..6 >6
K, 1 0,75 0,67 0,6 0,5 0,5

Y - IuTOMa Bara BOJIH, kH/™m3;

Jh - mATOMa Bara Matepiany wimrh, KH/m®,

KpinnenHs BIAKOCIB y BUTJISAI Kam’sTHOTO HAKHUJy BUKOHYETHCS TEPEBAXKHO 13
HEB1JICOPTOBAHOI0 KaMeHIo (puc. 2.2.5).
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1 —3y0; 2 — mosermeHHs KpIIIeHHS; 3 — OJHOIIApOBa ITiArOTOBKA;
4 — TONOBHE KPITUUICHHS

Pucynox 2.2.5 — KoHCTpyKITisi KpiIJIEHHS BIIKOCY Tpe0iIi KaM’ SHUM HaKUJI0M

HaiiMeHImHil PO3paxyHKOBHiI PO3MIp HPUBENEHOro 10 Kyimi kameHio D, w,

HEOOX1THOTO JUIsI HaKWAy 13 HEBIACOPTOBAHOTO Marepially Ipd Bigkocax 13
3aKJIaJaHHIMHU B MEKax 2+5, BU3HAYAETHCA 32 (OPMYJIIOHO:
~ 2,8m —0,8
D. =0,12-N Lt (m?,,, +10) il S , (2.2.4)
M9 Lam+1 y -7,

e C — TiApaBIiYHUN KOe(DIIIEHT OMOpy, 3HAUYCHHS sIKOTo JopiBHIOE 0,2 (SKIIO
JiaMeTp KaMeHIo Ounblie, HixX 15 cM, a BucoTa xBuii Oubliie, Hix 0,5 M);

My106 =7 — monoricTs xBui 1%-0i 3a6e3Me4eHoCTi;
%.=8 xH/M* - ITOoMa Bara aepoBaHOI BOJM B CTPyMHUHI Bijl pYHHYIOUOI XBIII Ha BIIKOCI;

Yk - IATOMA Bara KaMiHHs, kH/ME.

HaifGinpumii po3paxyHKOBHIA po3Mip IMpHBELEHOTO 10 Ky Kamento Dy, M, sxuit

HEOOX1ITHUM JJI1 3arajibHOi CTIMKOCTI HaKUAy 13 HEBIJCOPTOBAHOTO Marepiainy s

BIJIKOCIB 13 3aKJIaJIaHHSIM B MeXax 2+5, BU3HAYAETHCS 32 (HOPMYJIOIO:

3
Dé:1’5‘N‘hl%‘ _thl%Jro,5 .1m81+1’81' Y a ’ (2.2.5)
ml ’ml_ Yk = 7a

ne Ya=10 kH/M® — muToMa Bara aepoBaHOi BOAM, IO CTiKac 3 HaKWAy B KiHIU
BIJIKATy XBHJII.
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TOBIIMHA TIOKPUTTS On i3 HEBiICOPTOBAHOIO KAMEHIO IPH XBUJIOBOMY BILIHBI

IPUUMAETHCS:
on=(2+2,1) Ds. (2.2.6)
KpynHicTe MaTepiany MOJIETHIEHOr0 KPIMUIEHHS BU3HAYAETHCS 32 YMOBOIO HOTrO

CTIAKOCTI IIiJl BIUIMBOM MPHUJIOHHMX IIBUIAKOCTEH, sIKI BUHUKAIOTh MPH XBHJIFOBAaHHI Ha

rmn6uai H>2Ng106. L msuakics sHaxoqurses 3a bopmyIioro:

n-z-h
Vg = —arh 2.2.7)
T T
.sh——-*
g A
A A
ne N — xoedilieHT, 3HaUeHHS SIKOTo TpuiiMaeThest 0,8 mpu F >20 ,Ta 0,7 mpu F <10;

N - Bucora xBumni 50%-i 3a6e31M€YeHOCTI;

A- JIOBYKMHA XBWJI BUCOTOIO h.

Cepenniii miamMeTp Marepialdy IOJETIIEHOTO KpIMUIEHHS MOKHAa BU3HAYWTH 3a
dopmysoro [22]:
2
-V
d, > 27 : ,
2,4-ky-9(rn =)

ne dM:d5o; d5o — KpynHicTh (pakiiiii marepiany, ApiOHIIIE SIKUX B MaTepiaii
mictuthes 50% 3a Macoro, M;

(2.2.8)

% - mATOMa Bara Matepiany, KI1/m>;
¥ - maToMa Bara Boju, KI1/m?;

Knm - Koe(ILeHT, SIKUK BpaxoBYye BIUIMB 3akjafaHHs Biakocy (11 Ha mIBUAKICTH
3JIBUTY OKpeMHX Horo kpirieHs (tadi. 2.2.3) [20].

TaGmums 2.2.3 — BusHauenns koedinienty Km

M1

10

5

4

2.5

Km

0,96

0,85

0,8

0,68

0,35

0,25
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IIpuxnag po3paxyHky

Buxioni oawni:

3eMJIsIHa TpedJIs:
- MO3HAYKA JIHA PIKU Z()=125,0 M;

- mo3Hauka rpebens rpe6mi Z,=153,3 m.

- opcoBanuii mianipauii piseas OIIP — 151 m;
- HIDKHIN mianipaui pisenb HITP — 150 wm;

- piBeHb MepTBOro 00’eMmy PMO — 144 wm;

- BIJIMOBIJIHI IIUM PIBHSAM 3HAYCHHSI BUCOTH 1 JOBKWHU XBUJII:
/ —/ —/

hdl% =1,6 m, h =1,1 m; A =25 M;
J —// —//

Nyt =2.3 M, h =1 A =31wm
0 — /] — 1

Ny1op =12 m, h =0,6m; A =19

- koe(ilieHT 3akiaaganns Biakocy M1=3;
- muToMa Bara Boau ¥=9,81 kH/M?,;
- MMTOMa Bara OETOHY IUIMT KpirieHHs $h=23,5 kH/M3;

- IMTOMa Bara KaMeHs KpirteHns 4%=25,5 kH/m?;
- XapakTEepUCTHKa Marepiaiy, 3 SIKOTO CKJIAJA€ThCs BIAKOC: APIOHMM MiCOK:
d10=0,1 MM; ds50=0,35 mm.

Heobxiono:

BusnauuTu po3mipu pi3HHX THUIIIB KPITUICHHS BEPXOBOTO BIJKOCY.

Po3B’si3aHHs
BepxHs Mexa KpiruieHHs — 1ie o3Hauka rpedenst — 153,3 m.
3arnubyieHHS HWKHBOT MEX1 TOJIOBHOTO KpITUICHHS MiJ MiHIMAJIbHHUN PIBEHb

CITpaIlfOBaHHS BOJOCXOBHINA, IKUi BianoBigae PMO, BU3Ha4aeMo 110 BiIHOIICHHIO:

H =2-h,=212=241.
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Toxl mo3Hauka HMXKHBOI MEX1 T'OJIOBHOI'O KPIMJIEHHSI HE MOBHHHA MEPEBULLYBAaTH
MO3HAYKU:

VHII,, = YPMO — H.=144 - 2,4= 1416 m.

H / H I H I )
3a gopmynoro (2.2.1) 3HaX0AUMO TITHOUHU xr Py Ply | Ha gKuX MIBUIOKICTH
XBHJILOBOTO PYXY MPH BIJIMOBIIHUX CTATUYHUX PIBHSAX JOPIBHIOE HEPO3MUBHIN IIBHIKOCTI.

Jlns mporo 3a Tabu. 2.2.1 3raxoaumo koeditientn N:
—/

A 25
- = 15, 6 y / — "
hél% 16 n"=0,76;
—/l
A 1
- :13, 5 y n = )
héll% 23 n" =0,73;
z/// 19
:_:15’8’ n///:0,76.

3HAUYE€HHS HEPO3MHUBHOI IIBHUJIKOCTI 3HAXOIMMO 3a rpadikom (puc. 2.2.2): mnpu
d10=0,1MM; Voon=0,17 M/c.
Toni 3a hpopmynoro (2.2.1) :

2
H = 25 arsh 3,14-0,76 1,26 9’81:8,691 |
4.3,14 25-0,17
2
HY = 31 arsh 3,14.0,73 2,23 9,81:11’ 95i |
4.3,14 31-0,17
2
HY = 19 arsh 3,14-0,76 1,22 9’81=6,59i |
4.3,14 19-0,17

3a po3paxyHKOBY MPUHUMAEMO HAMHWKYY 3 MO3HAYOK MOJIETHIEHOTO KPITUICHHS,

SIK1 BIIMIOBIJJAlOTH BIJTIOBIIHUX PIBHSIM BOJIU Y BepXxHbOMY 0’ edi 1o (2.2.2):
VHIT, = JOIIP — 1,] H,=151-1,1-8,69 = 141,44 u ;
VHIT", = JHIIP — 1,1 H",=150 - 1,1 11,95 = 136,86 m ;
VHIT", = JPMO - 1,1 H" =144 116,59 = 136,75 m .
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HwxHs mo3Hauyka nosiermeHoro KpirwieHHs — 136,75 m.

Posrisitmemo BapiaHT KpITUIGHHST BEPXOBOTO BIAKOCY y BHIJISAI HACKPI3HOTO
301pHOTO MOKPUTTS 13 3a11300€TOHHUX MUT (puc. 2.2.4). [IpuitmaemMo miauTH po3Mipom
4x4 m. [Ins piBHA Boau y BepxHboMy O’edi, sikuil Bignosigae HIIP, ToBmmHa Takux
T 3a Gopmysioro (2.2.3):

12 .4 3
5 _061,11 y(411) - 9,81 _0.221

" 4.cos18°36' 23,5-0,3-0,6-9,81

Jlns BapiaHTy KpIIJIEHHS BIIKOCY y BUIUISIAL KaM siHOro Hakupay (puc. 2.2.5). I3

HEBIJICOPTOBAHOIO KAMEHI0 HaWMEHIIUMH po3Mip KameHs, MPUBEICHOro 10 Ky,

3HaX0IUMO 3a ¢opmyiioro (2.2.4):

D, _01202—(72 100283208 8 4967
1,8-3+1 255-8

HaiiGinpmmii  po3paxyHKOBH po3Mip KaMeHI0, NPHUBEACHOrO 10 LIapy,

3HaX0IUMO 3a dopmyiioro (2.2.5):

3
D, =1,5-0,2-2,3 V7 05] 3488 8 a9y,
3 1,8-3-1 25,5-8

ToBmMHA MOKPUTTS 13 HEBIJCOPTOBAHOTO KaMeHs 3a (2.2.6):
on=(2..2,1) Ds=(2..2,1)0,39=0,78...0,82 m.

KpynnicTe MaTepiany MOJErmeHoro KpirjieHHs 3Hainemo 3a hopmynamu (2.2.7)
Ta (2.2.8):
v = 0,8-3,14-0,6
’ \/3,14-19 4-3,14.2,4

=0,735I .

sh
9,81 19

2
d, > 92’81 0,735 ~0,03i .
2,4.0,68%-9,81-(25,5-9,81)

TOBIIII/IHa ITOJICTIICHOI'O KpiHHeHHfI

Onon = 10d,,=10-0,03=0,3 m.
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3aBaaHHA

Heobxiono

BU3HAYUTH PO3MIPH PI3HUX THUIIIB KPITIJICHHS BEPXOBOT'O BIJKOCY:

a) MO3HAYKHU BEPXHBOI T4 HUKHBOT MEX TOJIOBHOTO KPITJICHHS;

0) TOBUIMHY 3a/11300€TOHHUX IUIUAT ISl HACKPI3HOTO 301pHOr0 MOKPUTTS;

B) pO3MIp KaMEHs 1 TOBLIMHY MOKPUTTS JJIsl KPITUIEHHSI y BUTJISIII KaM STHOTO HAaKU/y.

Buxiagai gagi:
- MO3HAYKA JIHA PIKU Za, M;

- mo3HauKa rpebens rpe6ii Z,, M.

- (popcoBanuii mianipauii piseas OIIP, m;
- HIKHIMA mianipaui pisens HIIP, Mm;

- piBeHb MepTBOTO 00’eMy PMO, wm;

- 3HAYEHHS BUCOTH 1 JOBXUHU XBUJI1, BIAMOBIAHI ITUM PIBHSM :

=/
Moo, w4 w
- Koe(iLieHT 3aKIaganns Bigkocy My;
- muTOMa Bara Boau Y1, kH/M?;
- MMTOMa Bara OETOHY IUIMT KPitUIeHHs Jh, KH/M3;

- IUTOMA Bara KaMeHs KpirieHus %=25,5 kH/m3;

- XapaKTepUCTUKA MaTepiaiy, 3 SIKOTO CKIaAa€EThCS BIAKOC: d10, MM; d5o, MM.

[HauBiyanpHI BUXiAHI AaHI IpUBeIcHI B Taom. 2.2.4.
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Tabmuus 2.2.4 - BAPIAHTU 3ABJIAHb

1 2 3 4 5 6 7 8 9 10 11 12
Zoom | 115 | 135 | 105 | 95 | 118 | 93 | 72 | 110 | 85 | 100 | 75 | 112
Z.wm |1433[1633] 133 | 123 | 146,2 | 117,5 | 101,0 | 138,5 | 113,5 | 128,33 | 1035 | 140,2
@IIP,m | 141 | 161 | 131|121 | 144 | 115 | 98 | 136 | 111 | 126 | 101 | 138
HIIP,m | 140 | 160 | 130 | 120 | 143 | 114 | 97 | 135 | 110 | 125 | 100 | 137
PMO,m | 134 | 154 | 124|104 | 137 | 108 | 91 | 129 | 94 | 119 | 84 | 131
Nieom | 16 | 12 [15 | 14| 1,7 | 16 | 1,8 | 1,3 | 14 | 12 | 16 | 14
how | 21|20 |20[09| 11 | 10 | 12 | 10 | 08 | 1,0 | 1,0 | 10
Aom | 25 | 23 | 22|25 | 27 | 28 | 26 | 26 | 25 | 24 | 29 | 24
N om| 23 | 19 | 13]20] 22 | 24 | 25 | 20 | 22 | 19 | 23 | 27
h w | 1 | 15[08[08] 09 | 11| 12|07 |11 |14 | 1 | 14
Alm | 31 | 28 | 30| 28| 29 | 30 | 32 | 30 | 30 | 26 | 30 | 32
hiw M| 12 | 1,0 | 21,1 20| 10 | 12 | 14 | 09 | 13 | 1,0 | 1,2 | 133
h" v | 06 | 05|07 |05| 05| 06|07 |05/ 07 |06 06|07
AVlm | 19 | 17 | 18 | 17 | 18 | 16 | 20 | 16 | 20 | 18 | 19 | 18
M1 2 | 25| 3 [35] 4 [ 45| 2 | 22| 28] 3 [32]35
7, kH/™® 9,81
7h, KH/M3 23,5
dio,mv | 01 | 02 [012/008] 009 | 01 | 015|018 | 02 [021] 015 02
dso, mm | 0,35 | 0,40 [ 0,32 /0,30 | 0,31 | 0,34 | 0,34 | 0,32 | 0,38 | 0,42 | 0,35 | 0,45
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[IponoBxkenus tadin. 2.2.4

13 | 14 | 15 |16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25
Zoom | 129 | 99 | 116 {120 | 70 | 68 | 100 | 81 | 91 | 88 | 72 | 64 | 85
Z.,m |1575| 1283|1435 | 1475 | 785 | 965 | 1292 | 1092 | 1193 | 1162 | 1003 | 934 | 1142
@IIP,wm | 155 | 125 | 141 | 145 | 76 | 94 | 107 | 107 | 117 | 114 | 98 | 90 | 111
HITP,m | 154 | 124 | 140 | 144 | 75 | 93 | 126 | 106 | 116 | 113 | 97 | 89 | 110
PMO,wm | 148 | 118 | 135 | 139 | 89 | 87 | 119 | 100 | 110 | 107 | 91 | 83 | 104
oo m | 1,7 | 1,5 | 1,8 | 1,5 | 1,8 | 20 | 18 | 16 | 13 | 15 | 1.8 | 14 | 17
how [11[21[13 |20 |11 |15 |13 |10 |10 |10 |11 |07 |12
Awm | 25 | 20| 27 | 27 | 25| 28 | 25 | 24 | 23| 22 | 25 | 25 | 28
Wi m| 23| 14 |24 | 13|22 |27 [25|23| 19| 1424|2222
h' W | 091013071114 12 1 130812 11|09
Alm | 29 | 29 | 31 | 28 | 30 | 34 | 30 | 30 | 27 | 30 | 32 | 30 | 29
hi, M| 10| 10 | 1,3 | 10 | 12 | 16 | 1,4 | 12 | 10 | 12 | 14 | 1,4 | 1,0
h" .y | 06|05 06| 06| 06|09 |08]|06|05]|07|07)|07]05
AMw | 18 | 17 | 19 | 17 | 19 | 22 | 18 | 18 | 17 | 18 | 20 | 20 | 18
m | 42|38 |42 | 3 | 35|28 | 2 | 25| 3 [35| 2 |25 3
7, kKH/M® 9,81
Ih, KH/M® 23,5
dio,mm | 013 | 01 [012 | 0,1 |04 [045] 0,1 | 015|008 | 01 | 008|015/ 0,2
dso, mm | 0,41 | 0,28 | 0,32 [ 0,34 [ 0,36 | 0,36 | 0,3 | 0,35 | 0,29 | 0,30 | 0,32 | 0,34 | 0,36
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IHpakTn4ni 3anaTTs Ne 3,4

Tema 3: ®LIBTPAIIMHUN PO3PAXYHOK NIJI3EMHOI'O KOHTYPY
T'PABITAIIHMHUX I'PEBEJIb HA HECKEJIBHUX OCHOBAX

KopoTtki TeopeTnuni BizomocTi

['onoBHUME 3amauaMu PUIBTPALIAHOTO PO3PAXYHKY IMiJ3€MHOTO KOHTYpPY TpeOeib
Ha HECKEJIbHUX OCHOBaX € BH3HAUEHHS (UIBTPALIIMHOIO Ta 3BAKEHOTO MPOTUTUCKIB HA
miomBy rpebiIi Ta mepeBipKa 3araibHOi 1 MICIIEBOI (PUTBTPAITIfHOT MIITHOCTI TPYHTY OCHOBH.

QinbTpaliifHi  po3paxyHKH  JIOMYCKAEThCA  BUKOHYBATH  HAOIM>KECHHUMU
aHATITHYHUMH MeToaamu. OAWH 3 TaKuX METOMIB — II€ METOJ KOC(IIIEHTIB OIOpPY
P.P.Uyraera. 3a MM METOJOM pPO3POOJIOETHCA PO3PAXYHKOBA CXeMa II1JI3EMHOI0
KOHTYPY IIJISXOM BUKITIOUEHHS 13 TIMCHOI CXeMU Aeskux aeranei (puc. 2.3.1).

3 +
~ . N
& -7, 4
. A YHE
27 m
I 7 7 Atk
[S1] DO 2ot / R PSATA, NN NN
S5 ) .ﬁﬂ/'/zﬂ/zx{'/%f 7 — S
[~ L™
Bl 2 f
[V I | o 8 i
5 L3
A ) i
Sniopa PuasmpayuonnHoes Je8reHus -é:‘J
We r-
] 1 i
L1
. i 5
~ .
= [ Y '
Inrapa Sadewudawuieen daﬂm:{w
i

Pucynok 2.3.1 — Cxema 10 pu1bTpaliiiHOro po3paxyHkKy
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3arnubJieHHd (pyHIAaMEHTaIbHOI IUINTH BCTAHOBIIIOETHCA 3 YPAaXyBaHHIM BIUIMBY
(G1IBTPALIITHOTO MOTOKY Ta CTBOPEHHS CHPUSITIMBUX YMOB JUJISl BUXOYy MOTO B JPEHAX

i BO000€eM. 3arnubiIeHHSIM HU30BOTO IIITYHTa MOXKHA 3HANTH 32 (hOpMYJIOHO:

ds = & + ty, + Seux, (2.3.1)

1€ Og — TOBIIUHA [UTUTH BOJOOOKO;
top — ToBIMHEA npenaky min Bopoboem;

Seux — 3arIU6IEHHS HU30BOTO 3y0a Bi/IHOCHO OCHOBU BOJI0O1MHOI IJIUTH.

TosmuHy Bog00010 MOMEepeIHHO MOYKHA BUSHAYHUTH 32 (DOPMYIIOKO:
0s = (1/10 + 1/12) lsos , (2.3.2)

e Igo() — JIOBJKHHA BOJ00OI0, Ig()() =5 (hz — hl),

hotahy— CIPsDKEH1 TITUOWHM T1paBIIqHOTO CTPUOKA.

3arnubiieHHsS HU30BOTO 3y0a MOXKHA BUSHAYUTH T10 3aJI€KHOCTI:
Seux = (0,05+0,1) T, (2.3.3)

ta 1 — 3arnuGaeHHs po3paxyHKOBOTO BOIOYIOPY Hijl JHO BEPXHKOTO 0’ eda;

lo - TOpU30HTAIbHA MTPOEKIIIS MIJ36MHOTO KOHTYPY.

PospaxyHkoBa rnmOWHA 3ajsTaHHS BOJOYIOPY XapaKTEPU3YETHCS AKTHBHOIO

30HOI0 (pibTparii T ax- 1Ipr BU3HaueHH1 QUIBTPAIIHHOTO MPOTUTUCKY AKTHBHA 30HA
: 7! o VI
¢inbTpanii no3HavaeTbes yepes 1 gx, IPU BU3HAUEHHI (UIBTPALIIHOI BUTPATU — Yepes
T///
akK-
[Ipu mno3HaueHHi uepes lo ta So MPOEKIIIA TMIA3eMHOTO0 KOHTYpY Ha

/
TOPU3OHTAJIbHY Ta BCPTUKAJIbHY IUIOIWHU 3HAYCHHIA T{aK Ta T{aK BHU3HA4YaIlOTbCA 3a

tabm. 2.3.1 [20].
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Tabnuis 2.3.1 — BusHaueHHs po3paxyHKOBHUX BEJIMYUH Tl ax Ta Tl /aK

CxeMIfOl:l;(z;;J;}/lHOZO lo/So T/ak T//aK
Posmiacrana >5 0,5lo

[Tpomikua 3,4<lo/So<5 2,5 So

3armbuena | <lo/So<3.4 0,8So+0,5 lo 2T ax
JlocuTs 3arnmoiesa 0<lo/Sp<1 So+0,31p

Po3paxyHkoBe 3HaYeHHS TIAMOWHU 3aJSTaHHS BOJIOYTIOPY Tp MIPUMMAETBCS B

3aJIEKHOCTI B AIHCHOTO HOro 3ajiaraHHs Tg. ko Tg MEHIIIE 3a Tl ax Ta T{/ak, TO
T/p: T”p: Tg. Sxmo T 6inpme 3a Tawcra T yey10 T p:T/ aci T /p:TI ' are. Truuna

Tl / /p 3aBXKU JOPIBHIOE Tg.

[Ticns Bu3HAYEHHS BIAMOBITHOTO PO3PAXYHKOBOTO TMOJIOKEHHS BOJIOYIIOPY

OPUUHATUN MII36MHUN KOHTYp PO3WICHSETHCS HA BEPTUKAIbHI Ta TOPU3OHTAIIBHI

enemeHTH (puc. 2.3.1).

Beprukanehi enemenTd: a) BXigHui 1, 2, 3 Ta BuxigHu#A 8, 9, SAKIIO HEMae

IIMYHTIB, TO 1€ BUCTYNHU BiAMOBIAHO 1, 3 Ta 7, 9, mist HUX KoeillieHTH Onopy fgx Ta

fgux; 0) BHYTpimHIA mmyHT 4, 5, 6, SKIIO IIIMyHTa HEMae, TO BUCTYHn 4, 6 ¢

Koe(DiIieHTOM OTIOpY fwn

I'opuzoHTanbHi enementu 3, 4 ta 6, 7, 1715 HUX KOEPILIEHT OMOPY fg.

Sxuo Gpopmu Ta po3MipH BXIJTHUX 1 BUXITHUX €JIEMEHTIB OJHAKOBI, TO

é:ex - é:eux - é:mn + 0;44 ) (2-3-4)
£ = ‘a+1,5 N 0,55/T, |
e Q 1-S/T,-0,75

ne 11 1a T2 — rnuGuHYM 3ansaraHHA PO3PaxyHKOBOTO BOJOYIIOPY 3JiBa Ta CIIpaBa

BIJl PO3TJISIAEMOrO IIMyHTa a00 BUCTYIY;



S — nowxwuna BianosixHoro MMyHTA. [IpH 1ILOMY NIpHitMaeThes 3axan 11>712 Ta

a=11—1>. (2.3.6)

Sk nmynTa HeMmae (S=0), To
gex — geux — geucm = a/Tl + 0144 ) (2-3-7)
Ao nemae Buctymy (S=0, @=0), To

Eox = Ea = 0,44 . (2.3.8)

JJist BHYTPIIIHBOTO IIMYHTa BUKOPUCTOBYETHCS popmyina (2.3.5), ane B Hei Tpeda

IIiICTABUTH BJIAcHi 3HAYeHHA O, 11, 1 2.

Jlist ropu3oHTATBHEX eneMenTis gosxkunomo | mpu 10,5 (S1+S»)

1-0,5(S, +S,)
$a = 5 ! (2.3.9)

me S1 Ta S — po3Mipd MIMYHTIB, IO PO3TAIIOBaHi 37iBa Ta CIOpaBa Bix
TOPU30HTAIBLHOTO €JIEMEHTA.

[IpuitasaTi po3Mipu MIA3EMHOTO0 KOHTYPY Tpeliii Ciij MepeBIpUTH 3a YMOBOIO
3arajbHOI Ta MiCIIEBOT (iIBTPAIIITHOT MIITHOCTI TPYHTY OCHOBH.

3aranpHa GiabTpariitHa MIITHICTh OCHOBH 3a0€3MeUy€EThCS, SIKITO
\]K < (\]K)()on ) (2.3.10)

ne Jx — KOHTPOIBHHIT rpafieHT HAMOPY (GiMbTPAIiIHOrO MOTOKY;

(J K)aon — TIPHUITYCTAME 3HAYCHHSI KOHTPOJIHHOTO TPATIEHTY.

JUist cxeMu MiJ3eMHOT0 KOHTYPY, KOJIU I>S:

k=21{T,29, (2.3.11)

ne Z — namip rpe6ui;
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Zf - cyMa Koe(illi€HTIB ONOPY, 3HalIeHa IS T/p:

Zé:: gex + 52 + gmn + 5/2 + é:eux . (2.3.12)

JUIst pO3ILIACTAHOT CXEMH IiA3eMHOT0 KOHTYpY, Kouu 1>(5+10)S
e = Jo (2.3.13)

ne Jox — yxui niHii emopa (ineTpauifiHOro THCKY Ha FOPU3OHTAIbHIH ALTAHII
IiJI3EMHOTO KOHTYPY.

[Ipunyctrme 3HaYEHHSI KOHTPOJIBHOTO TPATIEHTY

(Jk)c)on = ‘]gg /kH, (2.3.14)

fid
ne J 63 — OCEpPEAHEHHI pO3paXyHKOBUI KPUTUUHUM rpajieHT Hanopy (AJid MIHUHU

1,2; nns cyrmuakiB — 0,65; m1s kpynHuX mickiB — 0,45; 1u1s cepeaHix MmicKiB—
0,38; s npidHux mickiB — 0,29);

K, — KoeilieHT HaaiiHoCTI (7151 criopy/ | kimacy kamiTaabHOCTI K.=1,25; mos
cnopyn Il kmacy — 1,2; IIT - 1,15; IV — 1,1).

MicueBa ¢inbTpaliiifHa MIITHICTb TPYHTY OCHOBH 3a0€3MeUy€ETHCS TIPU YMOBI:
i
'Jeux < ‘]é6 ) (2.3.15)

1e Jgux — MAKCHMAIIbHUI TPaIieHT HAIIOPY:;
i
63 - MPUIYCTHME 3HAYCHHS TPAJI€HTy Hamopy (s Hecy(dPo3HUX TPYHTIB

He Ounbiie, Hixk 0,3, mijg yac ApeHaxy — He OutbIe 3a 0,6).

ITlix gac mepeBipkm MicleBoi (UIBTpPAIIMHOI MIHOCTI OCHOBH Ha BHXOJI Y

HIKHIN 6’ e abo B IpeHax MaKCUMaJIbHUNA TPAIi€HT HAMOPY QUIBTPAI[ifHOTO TTOTOKY

Z 1

\]M~ :1,1?ﬁ ’ (2316)

aeo
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1
ne zg — cyMa Koe(iIlieHTIB OMopy, SKa BUSHAYAETHCS TIPU Tp :

a=[sin| = E—T—2+1
N 2(T, T, ' (2.3.17)

V popmynax (2.3.16) ta (2.3.17) posmipu S, T1 ta T2 BinHOCSTBCS 10 BHXiHOTO

€JIEMEHTa IMiI3€MHOTO KOHTYPY, MOXJIMBI BaplaHTH KOO MMOKa3aH1 Ha puc. 2.3.2.

ELF;’W- . fﬁﬁ

a

Pucynok 2.3.2 — Cxemu Buxoay (puibTpaliiHOTO NOTOKY B HUXKHIN 0’ €

®dopmyna (2.3.16) pekomeHayeTbes s Bunaaky 0,7 < To/Ti<14.

Brpartu Hanopy npu oOTiKaHHI €I€MEHTIB MIA3€MHOI0 KOHTYPY BU3HAYAIOTHCS 32

dbopmyioro:

hi=Z2& /> ¢, (2.3.18)
neZ=h+hy+..+ hy

Ipuxiaaa po3paxyHky
Buxioui oawni:
Jano: ['paBiTariitHa rpe6ast 3 OCHOBOIO Ha CEPEAHIX MiCKaxX:
- manip Z=16 m; 11=32 m; 12=40 m; h2=8,5 M; h3=11,5 m; N4=10 m
(muB. puc. 2.3.1).

- JIOBXKMHA [IOHYPHOTO IIMYHTa =5 M;

121



- JIOBXMHA KOPOJIEBOTO IIMYHTA i3 3y6oM SK=16 M;

- JIOBXMHA HU30BOTO 3y6a O;=3 M;

- cepelHs TOBIMHA TIOHYypa d1=1,5 Mm;

- PI3HHMIIS TTO3HAYOK IT1IOIIBY TTOHYpa 1 rpedimi d2=1,5 m;

- PI3HUIIS IO3HAYOK OCHOBH IiJ] BOJOOOEM Ta MiIOMIBU Tpedii d3=2,5M;

- KaniTanbHICTh copyau — 11 kiac.

Heobxiono: BuKoHaTH QUIBTPALIITHUN pO3paXyHOK IM1I36MHOT0 KOHTYpY Irpeoil.

Po3B’sa3anusa

Busnagaemo mpoekIlii mi3eMHOTO KOHTYPY Ha FOPU30HTANIbHY Ta BEPTHUKAIbHY

IIOIIMUHHA:
lo=Il1 + 1,=32+40 =72 m;
So=a; + a2+ Sk=15+15+16=19 m;
lo/So=72/19=38.

3rigHo 13 Tabn. 2.3.1 mig3eMHH KOHTYP BIJIHOCHUTBCS 1O MPOMIXKHOI CXEMH:

TOOTO SIS TEPEBIPKH 3arajibHOi (UIBTpAIlifHOT MIITHOCTI Ta BHU3HAYEHHS MOBHOTO

IPOTUTHUCKY Trf =Ta/é =2,55,=2,5-19=47,51 ; pua BusHauenHs BuUXiZHOrO
rpaieHTy T! :Ta/é/ = Zogé =2-47,5=95] .,

[Tpu Tr: =47,51  pusnauaemo 3HaueHH: KOoe(DIIi€HTIB OMOpPy: TOHYPHOTO
mmyHTa 3a dopmyno (2.3.5) mpu a=d1 = 1,5 m; S=Sp = 5 M; Ol ZTp/ =47,51;
02 =TFf —a=47,5-1,5=461 .

i =——+15—+ =
47,5 46 1-5/46-0,75

Bxoy 3a hopmyioro (2.3.7)
S,;;=0,24+0,44=0,68

NEPIIOr0 TOPU3OHTAILHOIO elieMeHTy 1o ¢opmym (2.3.9) npu I=11=32 ;
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S1=5m; Sp =Sk + a2 =16 + 1,5 =17,5m; T=46 m.
£ = 32-0,5(5+17,5)
2 46

KOPOJIEBOTO HIMyHTa 3a (opmynoo (2.3.5) mpu d=d1 = 1,5 m; S=Sg = 16 M;
T1=46 m; T>=44,5 m:

=0,45

s/ :15+1’5 16 0,5-16/44,5 0,82
46 44,5 1 16/44,5-0,75

JPYroro TOPHU3OHTAILHOTO eneMeHTy 1o dopmyrni (2.3.9) npu I=l=40 w;
Si=16m; Sp = Sp=3; T=44.5 wm.
y_ 40-0,5(16+3)

. =0,69;
£ 44,5
HH30BOTO 3y0a o popmyii (2.3.5) mpu a=a3=2,5m; S=S:=3m; T1=47m; To=44,5m:
S” _25 115 3 0,5-3/44,5 0,18

47 44,5 1 3/44,5-0,75
BUxo1y 1o popmymi (2.3.4):
Seux=0,14 +0,44=0,62 .
Cywma koeditieHTiB onopy no popmyni (2.3.12):
> £=0,68+0,45+0,82+0,69 +0,62=3,26.

3a dopmynoro (2.3.10) mepeBipsiemo 3aranbHy (UIBTpAIliiHy MIIHICTH TPYHTY

ocHoBu. KoHTponbHMIA TpamieHT Hamopy mo ¢opmymi (2.3.11):
Jk=16/(47,5-3,26)=0,1.
[Ipunycrrme 3Ha4eHHS! KOHTPOJIBHOTO TPAIIEHTY JIsI CEPEAHIX MICKIB BUBHAYUMO

J fid
3a popmyioro (2.3.14) npu Yes =0,38 Ta Ki=1,2.

JK(oon) =0,38/1,2=0,32.
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Tomy 110 .JK<JK(a0n), TO JOBXHHA MiA3EMHOTO0 KOHTYpPY TIpeOii 3aJ0BOJBHIE
yMOBaM 3arajibHoi (PiIbTpaLiifHOi MILIHOCTI OCHOBH.

MicueBa ¢inpTpalliiiHa MIIHICTh TPYHTY OCHOBM Ha BHUXOHl Yy JPEHAX TIiJ
BOZ1000€M cJIij] epeBipsATU 3a Gopmyroro (2.3.15). Jlnsa uboro 3a ¢popmynamu (2.3.4) —

hY

1/
(2.3.9) ipu Oa = 95 M BHU3HAYa€EMO HOBI 3HAYECHHS KOE(]IIIEHTIB OMOPY Ta iX CyMY:

oOuncIIeHHs He TPUBOIAThCS Y £=2,02.
3HaveHHs KoedilieHTy BU3Ha4YaeMo 3a ¢popmyJioro (2.3.16):

a = [sin 314 _ 3—44’5+1 =0,41.
2 47 47

Buxinnuii rpanieHT Hanopy 3 koedimieaToM 3anacy 1,1
16 1
Jas =11—- =
47 0,41-2,05
0 € MCHIIUM TMPHUIYCTUMOTO 3HAUEHHS MICIIEBOIO KPUTHYHOTO TPAIi€HTY

. i
HAIlopy 0pU HAasABHOCTI JIpEHa)Ka Jes 0,6 Mosxna 3pOOUTH BUCHOBOK PO

3abe3reueHHs QUIbTPaIIMHOT MIITHOCTI OCHOBH.
bynyemo emtopu (inbTpaliiitHOro Ta 3BaXyr4oro TUCKY. [[1s boro BU3HaA4aeEMO
BTpATH HAIopy Mpu OOTIKaHHI OKPEMHUX EJIEMEHTIB MiJ36MHOTO KOHTYPY 3a (POPMYJIOIO

(2.3.18), B AKy miicTaBIIEMO 3HaYEHHS KOe(IIiEHTIB omopy, 3HAACH] TpH Oé )
N=2Z & /> E=16-0,68/3,26 =334 u;
hi=Z &./5 E=16-0,45/326=221m;
=2 & /Y E=16-0,82/326=4,02 u;
hwv=Z &,/ E=16-0,69/3,26=339 u;
h=Z &ux /> .E=16-0,62/3,26=3,04 m.
Jiist moOy1oBu emntopa (GUIbTPaIifHOTO TUCKY BU3HAYAEMO XapaKTepH1 PO3MIpH:
yZ =9.81-16=157 kIla;

7hr=9.81- 3,34 =32,8 xlla.
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yhr=9.81-221=21,7 lla.
yNur=9.81-4,02 = 39,4 xIla.
7Ny =9,81-3,39 =333 klla.

Byayemo emoop QinbTparifHOro THCKY, 3’€IHYIOUHM OTPHUMaHi TOYKH MPSIMHUMHU
miHismu (puc. 2.3.1).

OpauHatu entopa 3BaXXyr4oro TUCKY:
7h3=9.81-11,5=112,8 kITa.
7N4=9,81-10=98,1 k.

3aBaaHHs

Heobxiono:

BuxonaTtu QiabTpamiitHuil po3paxyHoK IMiI3eMHOT0 KOHTYpa rpeoi.
Buxioui oani:

cxema rpe6ii (puc. 2.3.1);

Hamip Ha rpe6ui Z, m;

JIOBKMHA TIEPIIOTo FOPU30HTAILHOIO eneMenty 1, m;
JIOBKMHA JIPyroro TOPU30HTAIBLHOTO eleMeHTy |2, M;
h2, M (puc. 2.3.1);

hs, m (puc. 2.3.1);

ha, M (puc. 2.3.1);

JOBXKHHA IOHYPHOTO IIITYHTa Sn, M;

JOBXKHMHA KOPOJIEBOTO (Pa3oM 3 3y00OM) HIMYHTa Sk, M;
JIOBKMHA HU30BOTO 3y0a S;, M;

CepelHs TOBIIMHA TIOHYpa d1, M;

;

PI3HMIIS TO3HAYOK IT1I0IIBY TOHYpa Ta rpediii az, m;

PI3HUIIA ITO3HAYOK OCHOBH ITiJT BOJOOOEM Ta ITiIONIBH rpediti a3, M;
MaTepiai OCHOBU Ipeluti;
KamiTaabHICTh CIIOPYIH.

[HmBigyansHI BUXITHI JaH1 TpuBeacH] B Tabm. 2.3.2.

125



Tabauus 2.3.2 - BAPIAHTU 3AB/IAHb

1 |2 |3 | 4|5 |6|7]|8]|9]|10]11]|12
Z, M 10 |12 | 18 | 20 | 22 | 24 | 18 | 9 | 15 | 12 | 16 | 18
1, M 20 | 22| 27 | 30 |3 | 31|34 |18 |30 |28 |30 31
2, M 28 |30 | 35 |38 | 42|39 | 42 | 26| 38 | 36 | 36 | 39
ha, M 29 42|10 | 12 |142| 16 | 10 | 2,8 |85 |52 | 92 |11,0
hs, m 59 | 72| 13 | 15 |17,2| 19 | 13 | 58 |115]| 8,3 |12,2|14,0
ha, M 44 |57 |115(135|157|175(115| 47 | 10 | 6,7 | 10,7 [ 12,5
Sn, m 4 |45 5 | 6 | 5| 6 | 5|4 |5 | 4|56
Sk, M 14 | 15| 17 | 18 | 15 | 18 | 16 | 13 | 15 | 15 | 15 | 17
S, M 3 |33 |45(35(35| 3 (25| 3| 3| 3|3
ai, m 14 |12|15|15|15 (15|18 |12|15|13|15]| 15
a2, M 15 |14 |15 |15|15|15|18|12|15|13|15]| 15
as, M 22 120/20]22|23|25|25|20|25|23]|25]|25
Zf;gg;aﬂ TJIMHA KPYTIHUH TICOK CEpEeTHIN MCOK
Zﬁggy"‘;;‘*i“" v i 1l
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[IponoBxkenus tadiu. 2.3.2

13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25

Z, M 22 | 13 | 11 | 17 | 21 | 23 | 27 | 14 | 21 | 15 | 12 | 11 8
|1, M 29 | 26| 25| 3032 |3 |4 | 29|35 | 31| 30| 29| 2
|2, M 37 | 34 | 33 | 38 | 40 | 43 | 48 | 36 | 43 | 39 | 37 | 36 | 30
hz, M |155,68 | 43 [102|142|16,3|20,1| 75 [135| 85 | 50| 42 | 28
h3, M (185198 | 73 132172193 (23,1/105|165|115| 80 | 7,2 | 58
h4, M |170 83 | 58 [11,7]15,7|178|216| 90 [150]10,0| 6,5 | 5,7 | 4,3
Sn, M 6 | 45|45 5 165 7 751 5 |45 5 5 145 | 4,2
SK, M 18 | 15 | 16 | 16 |185| 19 |195| 16 | 16 | 17 | 16 | 15 | 14
Sg, M | 35 3 3 3 35| 4 45| 3 | 3,8 3 3 28 | 2,7
ai,m 171141121516 1,7 18|15 |17 151513 | 1,2
az,m 171141121516 |17 |18 |15 |17 151513 | 1,2
a,m | 27 |24 22 2526|2728 |25 2724|2123 20

MaTepian G i . .

OCHOBH I[pl HHUU IT1COK CepCI[HH/I I11COK TJIMHA

KarTaib-

HICTh Il

criopy i
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IpakTuyHe 3aHATTA Ne §

Tema 4: TTIIPABJIITYHUN PO3PAXYHOK I'PABITAIIIMHUX I'PEBEJIb
HA CKEJIbBHUX OCHOBAX

KopoTtki TeopeTnuni BizomocTi

Ha puc. 2.4.1 nokazano npodiiab rpaBiTaiifHoi rpeoui.

~ =
4.
: /
, 2
: ®
a g1/ YHBmax
: // VHE miy
Z // o
H \ \\\\
/ug: IR
N //
g \1: ¥
NN 7
N &
By ™

a) TEOPETUYHUI; 0) MpakTUUHMM; 1 — rpediHb; 2 — ApeHax Tiia rpedi;
3 — orJsA10B1 rajepei; 4 — 3B’ A3ytoua [eMeHTallls; 5 — YKPITUTIoYa IIeMeHTAIlis;
6 — mpodinpTpaliiiina 3aBica; 7 — IpeHaX OCHOBH.

Pucynox 2.4.1 — IIpodine rpasiTartiiHoi rpedi

Po3mipu Bo031MBHOTO ()POHTY Ta OKPEMHUX HOTO MPOJHOTIB BU3HAYAKOTHCS IS
IIPOITYCKY MaKCUMAaJIbHOI PO3paxyHKOBOi BUTpatu Boau npu HIIP ta nepeBipsitoThes Ha
IPOITYCK BiMMOBiMHOT MakcuManbHOT BuTpatu mipu DIIP. dakropu, sKi BU3HAYAIOTH
JOBXKUHY BOJIO3JIMBHOTO (PpOHTY, IIe — MakcuMajlbHa pO3paxyHKOBa BUTpara Ta

IMPUITYCTUMEC 3HAYCHHS IMUTOMO1 BUTpAaTH BOAU.
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MakcuMallbHO PO3paxyHKOBa BUTpaTa er | BU3Ha4YaeThed 3a (popMyIIoro:

er] - Qmaxl - QFEC] - Qel - Q()l ) (2-4-1)

ne QFEC] — IIPOTYCK BOJU Yepe3 BCl TypOiHU;
Qs1 — mpornyck Bo/M Yepe3 BOIONPOITYCKHI OTBOPH;

Qo1 — mpomyck Bou yepes Boa03aGipHi criopy,Iu.

HpI/IHYCTI/IMa MakKkCHMaJibHa IMMTOMa BUTPaTa BOAH qn CTAaHOBUTL. JJIA CKCJIBHUX

Ta HAIIBCKEILHHUX OCHOB — 50 + 70 M?/c; 1714 30POBUX CKEIBLHUX OCHOB — 120 M%/c; s
;y»e MiHIX ocHOB — 200 M?/c.

IIutoma BHUTpATa HA BO,IIOSJII/IBi 3HAXOAUTHCA AK
Jer = (1,2...1,3) On (2.4.2)

3nadyeHHs1 (g1 Olnblne, HDK BHTpaTa y HIDKHbOMY O’edi rpebil B pe3ylbTari
CTUCHEHHS MTOTOKY OMKaMH.

Hamip Ha rpe6eni Bogo3nuBy npakTudnoro npodimo HHe1, a1a HemigTomneHoro
BUTOKY 3HAaXOJUTHCS 3a GOPMYIIOI0:

2/3
H _ qél
al '
m- /29 (2.4.3)
ne M=0,49 — koedirieHT BUTPATH BOJIO3IIUBY.
Po3mipu mpsSMOKYTHUX OTBOPIB BOJIONPOITYCKHHUX CHOPYJ, SIKI MEPEKPUBAIOTHCA

3aTBOpaMH, puiiMaroThes 3a [20]:

[[Iupuna 0TBOPIB, M: 0,4; 0,6; 0,8; 1 1,25; 15; 1,75;
2; 2,25; 2,5 3; 3,5; 4, 4,5;
5; 6; 7; 8; 10; 12; 14,
16; 18; 20; 22; 24; 27; 30.
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Bucora otBopiB, m: 0,6; 0,8; 1, 1,25; 1,5; 1,75 2;
2,5; 3; 3,5; 4, 4,5; 5; 5,5;
6; 6,5; 7; 1,5; 8; 8,5; 9,
10; 11; 12; 13; 14, 15; 16;
17; 18; 19; 20.

3naiinennii vanip Hg1 Tpe6a cxoperysaru BiamosinHO cramzapTHOMy 3HaueHHIO

BUCOTH OTBOpY, siKa BiagpaxoByerbcs Big HIIP. Tomy Tpe®a BH3HAUMTH 3HAYEHHS

nonepeaHbO1 MO3HAUKHU TpedeHst rpedi:
\I'By = |HIIP — Hy (2.4.4)

Horim 3nauenns |/ B1 yTounioerhes Tak, mo6 BHCOTa OTBOPY BiNOBijfana
CTaHJAapTHOMY 3HAYECHHIO.

YTouHeHu Hamip:
H, = |HIIP — |IT'Bs (2.4.5)

YTouHEeHa MuTOMa BUTpATA:

Os =M-/29 - HJ)° (2.4.6)

3arajpHa MoMepeHs MIUPUHA BCIX MPOJIBOTIB BOJAOIMBHOTO (POHTY TpediIi:

Bnp] — er] / qu (2.4.7)

OxpeMi TPOJBOTH CIIJ MPUWMATH OJHAKOBHUMH, YB’SI3yIOUH iX 3 po3Mipamu
CeKIL1i Tpedill Ta BpaxoBYIOYH YMOBH MPOITYCKY JIbOAOXO0AY. Tak, 1 MIBIEHHUX PIYOK
3 JIETKUM KPUTOBOJOM HIMpUHA NPOJbOTIB MOBMHHA OyTu He MeHume 10 M, s
NiBHIYHUX PIYOK HE MeHLIe 18 M.

MakcumanibHa pO3paxyHKOBa BHUTpaTa JUIsl BOJO3JIMBY MPAKTHUYHOTO MPOQILITIO
BU3HAYAETHCA 32 (HOPMYJIOHO:

Q=0,-0,-0,-Mm-B;-y20 'Hglz ’ (2.4.8)

ne Oy — KOeIieHT TOBHOTH HAIOPY;
Oc — KoeIIIEHT CTUCHEHHSI MTOTOKY;

On — KoedinieHT maromieHHs (aus. puc. 2.4.2) [20]:
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On
0 02 04 06 08 10

Pucynok 2.4.2 - I'padik Ay Bu3HaueHHsI On B 3aJI€KHOCTI BiJl hn/Ho

(hn — Bucota migromiensst, Ho — nosrwmit Hanip Ha moposi Bogo3nuBy)

M — koediieHT BUTpATH HEMIATOIIIEHOTO BOJIO3IUBY;

Ho — nosumii HaIip:

V2

Hy =H,, +£ ’ (2.4.9)

ne Vo — MBUAKICT MiX01y MOTOKY J0 IpediIi:

_ Qmaxl

Vy = mL
0T, (2.4.10)

7€ (U — TUIoNIA )KMUBOTO TIEPETUHY TIEPE]T T1IAPOBY3IIOM.

Sxmo Vo < 0,5 m/c, o Ho=H .

KoeditienT BuTpaTu 1151 BOJO3MMBY 3 BEPTUKAIBHOIO HAIIPHOIO IPAHHIO:

2,5—-c/H,,

m=0,36+0,1 ,
1+2¢/H,, (2.4.11)
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ne C — mmpuHa rpeOeHst BOJO3IMBY BiJ HAMIPHOI I'paHi A0 KIHIA IPSIMOJIIHIMHOT
BCTaBKH, M.

[Ipn 3HaueHHI BiJAHOILICHHS c/ H.>25 koedimienr Butpatm M=0,36. [lnsa

BOJ03JIUMBY, Mpodiab sAKOro mnoOymoBaHo 3a koopauHaTtamu Kpurepa-Odineposna,
M=0,49.

KoedimienT noBHOTH Hanopy Bu3HadaeTbes 3a popmysnoro H.II. Po3anosa:

0,,=0,62+0,38-3/H,,/H,,, (2.4.12)

ne Hypg — npodintorounii nanip Ha Bo103/11Bi.

KoediiieHT CTHCHEHHS TTOTOKY JIJIs TUTABHO OKPECICHUX BX1JTHUX OTOJIOBKIB OMKIB:

01 1 bl' bl' 0

1—18 |.4

Jo2+b, i1, \ B)\B' @413

Oy =1-

ne bnp — IIMPUHA OJTHOTO MPOJIbOTY, M;

B :bnp+d5 — BIJICTaHb MIJK BICSIMM OHKIB, M.

[Tpu bnp/B<O,2 MPUHAMAEMO bnp/B=0,2, npu PsolHg>3 pUiMaeMo
P6.6./H62:3-

[IpomyckHa 3716HICTS Bog03MBHUX OTBOPIB nipu DIIP Bu3HAUaeThCA 3a TUMH XK

dbopmynamu, mo ¥ npu HIIP, ane npu Hamopi Ha BOJI03/IHMB1 H, ¢3, kui Bignosigae OIIP:

Hgp = |DIIP — |I'B> (2.4.14)

JUis NmpudHATHX NOPOJBOTIB Ta PO3MIPIB OWKIB MPOTSKHICTh BOJO3JIMBHOIO

dbponTy rpedi:

YTouHeHa MUTOMa BUTpaTa y HUKHBOMY O’ edi:

On2 = er / Be.gb. (2.4.16)

132



Buxioni oawni:

Heobxiono:

IIpuxnag po3paxyHky

I'paBitamiiina TpeOass Ha CKelabHIA OCHOBI. JIbomoxin
BijicyTHIH. IIpodias 0OrojsoBky BOAO37IMBY I00YJOBaHO 3a
koopaunatamu Kpurepa-Oditepona:

- MAakCHUMallbHI pO3paxyHKOBI BHTpaTH: JJsi OCHOBHOIO
po3paxyHkoBoro  Bumaaky — Qmaxt=5000 wm%c;  mna
TIEpEBIPOYHOrO po3paxyHKoBoro Bunaaky Qmax2=6500 m%/c;

- HIIP — 100 m; @IIP — 101,5 m;

- purpara I'EC: npu HIIP — Qrec1=1000 m3/c; npu ®IIP —
Qrec2=1500 m¥/c;

- IPUITYCTHMA IUTOMA BUTPaTa B HIKHBOMY 6’ e(i Qn=50 m?%/c;
- MO3HAYKa JIHA PikK B BepxHboMY 0’edi 10.6.6.=60 Mm;

- IIBUJIKICTh MOTOKY niepen rpedrero Vo=0,4 m/c.

BU3HA4YUTH pOBMipI/I HGHi,ZITOHJIGHI/IX BOJO3JIMBHHUX OTBOpiB.

Po3B’s13anus

MaxkcumanbHa po3paxyHKOBa BUTPATa, KA CKUJAEThCS Y€pPE3 BOJO3JINUB rpedil 3a

dbopmyoro (2.4.1):

Q.p1 = 5000 — 1000 = 4000 m%/c.

[Iutoma BUTpaTa BoJiM Ha BOA03MBI 32 hopmyroro (2.4.2):

Oe1=1,2- 50 = 60 m*/c.

Hamip na rpe6eniza  (2.4.3):

2/3

H, = 00 =9,141 .
0,49,/2-9,81

[Tonepenus mo3Hauka rpedCHs! BOJIO3IMBY BU3HAYAETHCS 3a hopmyroro (2.4.4):

LI'B1=100-9,14 = 90,86 m.
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Hpuiimaemo |/ ‘B2 =91 m. Tit Binnosinae crannaptha Bucota otsopy (2.4.5):
Nom = JHIIP — | 'B2=100-91=9 m.

YTouHeHul Hamip Ha BOJIO3JIUBI Hy = hom =9 M.

YTo4yHeHa MUTOMAa BUTpaTa Ha BOJAO3/IMBI BUSHAYAETHCS 32 popmyiioro (2.4.6):
Js2 = 0,49 /2-9,81 932 =586 m%/c.
3arajibHa MIMPUHA BCIX MPOJIbOTIB BOAO3IMBHOIO PpoHTY 3a popmyiioro (2.4.7):
Bupi =4000 /58,6 = 68,27 m.

[IpuitMmaeMo Hepo3pi3HI OWKM TOBIIMHOK 4 M 3 BXIJIHUMH OTOJOBKAMHU
UPKYJIBLHOT'O O0PUCY.

3arajgbHy IIUPUHY MPOJILOTIB BOJO3IUBHOTO (POHTY Bnp1 3 ypaxyBaHHSAM iX
HOPMATUBHHX 3HAYCHb JIIUMO HAa 5 TMPOJHOTIB IIHPHUHOIO bnp=14 M. Toni

[IpuitaATi po3Mipu BOJO3NMMBHUX OTBOPIB Tpeda TEPEeBIPUTH HaA TIPOITYCK

MaKCUMaJIbHOI pO3paxyHKOBOI BUTpaTH 1o Gopmyi (2.4.8):

Taxk sik Vo =0,4 m/c < 0,5 m/c, To Ho = He2 =9 m.
Toni 3HaueHHA KoeiiEHTY MOBHOTH Hanopy Oyl 3a (2.4.12):
o.,=0,62+0,38-3/9/9 =1.
Bigcrans Mk BICSIMH OHKIB:
B=Db, +ds=14+4=18m

Bucota Bo03nmuBy 300Ky BepxHbOTO 0’ €y

P.s =JFBo— Ytys5=91-60=31wm.

Toni 3HadeHHs KoedilieHTy CTUCHEHHS Oc1 3a (2.4.13):

0.1 14 14
O., =1— : 1-— |-4— =0,203
" w/o,2+31/9( 18) \/18
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Toni 3a hopmyoro (2.4.8):
Q,=1.0,209-1-0,49-70- 2-9,81.9%2=857,341 */f.

OT1xe, mpomycKHa 3110HICTh BOJIO3JIMBHOI Ipe0IIl 1JIsi OCHOBHOTO PO3PaXyHKOBOTO
BUIAJKY 3a0€3Meuye IpoIyCK MaKCUMaIbHOI BUTPATH BOAU 3 3aI1ACOM.

3HaiiieHi poO3MIpH  BOJAO3JIMBHUX MPOJIBOTIB NEPEBIPUMO HaA  IPOIYCK
MakcuMaibHOI oBipo4Hoi BuTpatu npu PIIP. IlocainoBHICTh NEpEeBIpKU HACTYIIHA.

Po3paxyHkoBa BUTpaTa, 1110 CKHJIA€THCS Uyepe3 Ipediito:
Qzp2 = Qmaxz — Qrecz = 6500 — 1500 = 5000 m%/c.
['eomeTpuunHMil Hamip HA BOJ031UBI 32 (hopmyioro (2.4.14):
Hg3 =101,5-91=10,5 m.
Koediuient mopHoTH Hanopy 3a ¢popmyJioro (2.4.12):

o, =0,62+0,38-,/10,5/9 =1,03.

KoeditieHTn cTUCKY Ta BUTPATHU B IAHOMY BHUMAJAKY 3QJIUIIAIOTHCS HE3MIHHUMU:
Oc2 =0,99, M=0,49.

I[IponyckHa 31i0HicTh Bogo3auBHuX otBopis npu o = Hgz = 10,5 3a hopmynoro

(2.4.8):
Q, =1,03-0,99-0,49-70- 2-9,81-10,5¥% =5271i */#i.

OTxe, mepeBipoyHa MaKCHMalbHa BHTpaTa MPOIMYCKAETHCS depe3 Tpedito mpu
PiBHI BOJH, SIKMUH HE JIOCSATAa€ MAKCHUMAJIbHO MPUITYCTUMOTrO 3HaueHHs mo3Hauku OIIP.
Po3Mipu mposiboTiB, 10 BU3HAYEHI AJIi OCHOBHOTO PO3PaxyHKOBOTO BHUIMAJKY, MOXKYTh
BBAYKAaTUCH JIMCHUMU.

Hamip Ha BOMO37MBI TiJ Yac MPOITYCKY MEPEeBIPOYHOI MAKCUMAaIbHOI BUTPATH

MOe OyTH BU3HaUeHUH 13 popmynu (2.4.8):

_ Qo ~ 50007 -
Hé4_3 2 |2 2 2 =3 2 2 2 2 -
b?-b?-m?-B%-2g \1,03%-0,99%-0,49°-70?-19,6

10,141 .
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[To3nauka (akTuaHOTO (hOpPCOBAHOTO PiBHS BOAU y BepxHboMY 0’epi (DIIPy),

Ipu sIKOMY OyJie IPOIYyCKaTHUCh MAaKCUMAaJIbHA TTOBIp OYHA BUTPATa BOJIH:
VOIIP; =By + Hea =91 + 10,14 = 101,14 w.
[IpoTspxHICTh BOJIO3TUBHOTO (DpOHTY Tpedii 3a (2.4.15):
Bep=514+(5-1)4=86m.

Y TouHEeHI MUTOMI BUTPATH BOJIU Y HIDKHBOMY O’ €hi Bu3HauaeMo 3a opmyiioro (2.4.16):
npu HITP  Qn1= 4000 / 86 = 46,5 m?/c
npu ®IP  (n2= 5000/ 86 = 58 m?/c

3aBaaHHA

Heobxiono:
BuzHauntu po3mipu HEMIATOIIICHUX BOJAO3IMBHUX OTBOPIB IrpeduIi.

Buxioni oawni:

MaKCHMaJlbHa pPO3PaxyHKOBa BHTpara JJIi OCHOBHOTO DPO3PaxyHKOBOTO
sunanky Qmax1, M¥/c;

- MaKcHMallbHa PO3paxyHKOBa BUTpaTa i nosipousoro sunanxy Qmaxi, M%/c;
- MO3HaYKa HOpMaJbHOTO i amipHoro pisus HIIP, m;

- mo3Hauka GpopcoBaHoro miamipHoro pisas PIIP, wm;

- Butpata FEC npu HITP  Qrgc1, M¥/c;

- Butpata F'EC npu ®ITP  Qrec, Méc;

- NPHITyCTMMa IUTOMA BUTPATa BOAM y HIKHBOMY 0’edi  (n, M%/c;
- MO3HAuKa AHA piku y BepxuboMy 6°edi Zona 6.6., M;

- WIBUJKICTH MOTOKY Nepen rpedieto Vo, m/c.

InuBinyansHI BUXiAHI AaH1 IpUBEACHI B Tao. 2.4.1.
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Tabmuus 2.4.1 - BAPIAHTU 3ABJIAHHSA

IToxazuuku
1 2 3 4 5 6 7 8 9 10 | 11 | 12
Bapianr
Qmaxl, m3/c | 5000 | 4500 | 5500 | 6000 | 6100 | 3200 | 3600 | 3000 | 4700 | 4900 | 5300 | 3900
QmaxZ, M3/c | 6200 | 5000 | 7000 | 7500 | 7500 | 4700 | 5100 | 4500 | 6200 | 6100 | 6800 | 5300
HIIP, m 100 | 90 | 98 | 100 | 70 | 86 | 65 | 95 | 72 | 60 | 70 | 72
DIIP, m 102 | 915|995 | 102 | 71,5 | 87,5 | 66,5 | 96,5 | 735 | 615 | 71,2 | 73,5
QFECl, m3/c | 1100 | 800 | 1200 | 1500 | 1100 | 500 | 400 | 700 | 900 | 700 | 1200 | 700
QFECZ, me/c | 1600 | 1300 | 1700 | 2000 | 1600 | 1000 | 900 | 1200 | 1400 | 1200 | 1700 | 1300
qn, M2/C 50 95 58 60 65 o4 50 52 56 58 61 63
Zowacc.M | 61 | 51 | 54 | 60 | 32 | 41 | 20 | 54 | 32 | 22 | 32 | 30
Vo, m/C o403 |045| 05 |042|035| 04 035,049 | 05 | 0,44 | 0,40
TSOKKAN JT100X1T J0X11 BIACYTHIN
[Tponorxenus tadm. 2.4.1
IToxazuuku
13 |14 (15|16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25
Bapiant
Qm axl, me/c | 6600 | 3900 | 4100 | 2200 | 3600 | 2800 | 3100 | 6300 | 5400 | 4200 | 5300 | 6300 | 5300
Qm ax2, M°/c | 8100 | 5400 | 5500 | 3700 | 5200 | 4300 | 5400 | 7600 | 6900 | 5700 | 6600 | 7600 | 6800
HIIP, m 71180 | 97 | 90 | 81 | 71 | 51 | 111 | 105 | 61 | 54 | 81 | 95
QDIIP, m 722 | 82 [985]915(835|735|525| 1125|1065 |62,5|555| 82 | 96,5
Q rEC1, me/c | 1300 | 1000 | 900 | 400 | 900 | 700 | 800 | 1300 | 9000 | 900 | 1000 | 1500 | 1200
QrEco, M3/c | 1800 | 1500 | 1600 | 900 | 1400 | 1200 | 1300 | 1900 | 1500 | 1400 | 1500 | 2000 | 1700
qn, M2/C 68 | 69 | 50 | 55 | 60 | 52 55 | 54 | 63 | 57 | 64 | 69 | 52
Zonaco.M | 34 | 43 | 56 | 50 |405| 34 | 11 | 70 | 59 | 21 | 12 | 43 | B2
Vo, m/C 05 (03041036 |048| 05 (042|047 |0,48 | 0,40 | 0,50 |0,45|0,42
TSOKKUM JIJOXIT | JI0X11 BIACYTHIN TSOKKUH JT110X1]T
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IIpakTn4ni 3anaTTa Ne 6, 7

Tema 5: PO3PAXYHOK CTIMKOCTI BIJKOCIB T'PEBJII

CTiiiKiCTh BIJIKOCIB OJHOPIAHMX TPYHTOBUX TIpebenb MOXKHA BU3HAUUTU 3a

rpadikom, 3ampornoHoBanuM inctutyrom BOIAT'EO (puc. 2.5.1) [20].
c
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Pucynok 2.5.1 — I'padix a1 po3paxyHKy CTIHKOCTI B1JIKOCIB TPYHTOBHX I'pe0eb

BcTraHoBMBIIM 332 JaHUMHM J1aOOPAaTOPHHUX JOCHIIKEHb IUTOMY Bary IPYHTY ),
kKH/M3, KyT BHYTpIIIHBOrO TEPTS TPYHTY BIIKOCY (D), MATOME CIEIIIEHHS C, Ila, Ta
3Har0uM BHCOTY Bimkocy /4, M 3a rpadikom (puc. 2.5.1) 3HAXOAATH KyT OE3MEYHOTO
BIIKOCY . Jlns 1HOTO TIOMepenHBO BU3HAUaloTh 3HaueHHs e/(¥.-H). Koedimient

Bigkocy IM=ctg a.
3a M rpadikoM MOXKHA PIITATH TaKi 3a/1a4i:
- TepeBipKa CTIMKOCTI BIIKOCY;
- BU3HAYEHHs FPAHUYHOI BUCOTH BIAKOCY JJIS 337]aHOTO HOTO YXHITY;
- 3HAXO/KEHHS YXWIIY BIIKOCY IS 33JJaHOT IOTO BUCOTH.
Binkocu HEOOHOPITHUX TPYHTOBHUX TI'pedeib MOXHA pO3paxyBaTH 3a METOJIOM
KpYroBux noBepxHeil (puc. 2.5.2) xoB3aHHA. B 1poMy BHIaaKy BBa)KaeTbCs, L0 B
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TPYHTI TUTa Ta OCHOBH Tpebiii MOXXE YTBOPHUTHCS KOJOIMWIIHAPUYHA HeOe3neyHa
NOBEPXHSA KOB3aHHS MiJl JI€I0 CUJI Baru TPYHTY BIAKOCY. Y 3B’SI3KY 3 LM MOXE
BUHUKHYTH CIIOB3aHHS TPYHTY BiJIKOCA Ta BUIMMPAHHS OCHOBU Tpe0JIi.
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Pucynok 2.5.2 — Jlo BU3Ha4YE€HHS CTIMKOCTI HU30BOTO BIIKOCY TPYHTOBO1 IpedIi

Po3paxyHOK CTIHKOCTI HU30BOTO BIKOCY BUKOHYETHCS B YMOBaX IJIOCKOI 3a/1ayi.
I3 BUOpaHOro 3a BU3HAYECHUMH [IPABUIIAMU LIEHTPY IPOBOJAMTHCS Ayra Koja paaiycom R.
MacuB rpyHTY, KM MOX€ CHOB3TH IO JAy31 IIbOIO KOJa, AUINTHCS BEPTUKAIbLHUMHU
IJIOCKOCTSIMH Ha BIJCIKM IIHPHUHOIO b=R/ Mo (mo:10 abo 20). Binacik, sxui

PO3TaIIOBaHUI CUMETPUYHO BITHOCHO BEPTHKAJI, KA MPOXOJIUThH Yepe3 IEHTP KPHUBOI,
MO3HAYAETHCS SIK HYJIbOBHHA. B 3aragbHOMY BHITaIKy BHIIJICHUH BIJACIK TPYHTY
3HAXOAMUTHCS i €0 BIACHOT Barm OOKOBOTO THUCKY CYCIJIHIX Mac TPYHTY Ta THCKY
(GiIBTpAIitHOTO MOTOKY.
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Biiacna Bara BiJiciKy BU3HA4Ya€ThCA 3a (hOPMYJIOIO:
Gh=(nh,+phy +h')b, (25.1)

1€ )1 — IATOMa Bara rpyHTY IPUPOIHOI BOJOIH BUILE KPUBOI Aempecii, kH/m3;
% - IATOMA Bara HACHYEHOT0 BOJIOIO IPYHTY HIKYE KpHUBOi senpecii, KH/m?;
)3 - IATOMA Bara rpyHTY OCHOBH, HACHYEHOT BOI0I0, KH/M?;
hr/n ; h,z ; hrlrf/ - CepellHI BUCOTH CMYI TPYHTY BIJANOBIJIHO BHILE KPHUBOI
Jenpecii, HIK4Ye KPUBOi JAenpecii, B OCHOBI Tpedi, M;
b - IMIMPUHA BIJICIKY, M.

Tuck ¢iapTpaniiftHoi Boju, sKa Ji€ Ha N-i BIJCIK, BUBHAYAETHCS 32 (OPMYJIOIO:

Wy =y (h, + h')b/cos an, (2.5.2)

e ¥ — mutoma Bara Boju, KH/m?;

Ol - KYyT MIX BEPTUKAILIIO, sIKa IPOXOJUTh Yepe3 LEHTP HYJIbOBOIO BIJACIKY Ta
JIHIETO, SIKA 3’€JIHYE UEHTP KPUBOi KOB3aHHA 3 TOUYKOIO IEPETUHY BiCl BIJACIKY 3
KPUBOIO KOB3aHHS.

KoedirieHT cTifiKOCTI 3HAXOAUTHCS 32 POPMYJIOIO:

o DIG I (/M) Wy, Ttg + 3 W TR
y ZCn N,/ m, (2.5.3)

ne No — nopsaaKoBHil HOMEp BIACIKY TPYHTY;
Mo — gucno, sike gopisuioe 10, sxmo b=0,1R ta 20, sxmo b=0,05R;
I — paniyc nii cumn Wo BinHOCHO 1IeHTpY KpHBOT KOB3aHHS;

Wo — trck Boau 3 Goky HIKHBOTO 6’ €dy:
Wo=0,5-y-h?, (2.5.4)

e N — rm6Guna Bou y HIDKHbOMY O’ €.

/
JUist CKOpOYEHHSI PO3PAXYHKIB CUILY CLIETUICHHS C= ZCi '|i » BU3HAYAIOTh HE

. . /
10 B1AC1KaM, a II0 JUIIHKaX 3 OAHAKOBHMM IIMTOMHUM CIHCINUICHHAIM, OC Ci — JOBXXHHA
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JUJISTHKY KPUBO1 KOB3aHHS 3 TIOCTIMHUM 3HAYEHHSM IMTUTOMOTO KOB3aHHS:

|'=7-R-5/180, (2.5.5)

ne ﬂ. — KYyT, KM YTBOpEHUH pajalycaMu, MPOBEACHUMHU 3 LIEHTPY KPHUBOI
KOB3aHHs 70 MEPEeTHHY 3 MEXKaMH 1i JUISHOK, 110 MAarOTh IMOCTiiHE

3HAYEHHS MUTOMOTO CIEIUICHHS.
PosrmsaemMo MeTon BHW3HAUCHHS IIOBEPXHI KOB3aHHS, SKHH  BIATOBIIAE
MIHIMAJIbHOMY KO€(IIlI€HTY 3aracy CTIMKOCTI 3a pekomeHaarisiMu B.B. ApuctoBchkoro.
Bin cepenunu Binkocy (Touka a Ha puc. 2.5.2) abo ocepeHEHOTO BIJIKOCY, SIKIIIO
BIJIKIC JIOMaHUH, Tpeba MpoBeCTH BepTUKAIb ac. [1oTiM 3 TOYKHM a Tl KyTOM 85° no
BigKOCy (a00 ocepeaHEHOro Bigkocy) mpoBoauThes JiHig ad. I3 Todok A ta B, sk i3
IIEHTPIB, MPOBOAATHCS KpuBi pagiycoM Ri. Ilmoma, sika oOMexkeHa MUMHU KPUBUMU, €

IJIOIICIO IIEHTPIB KPUBUX KOB3aHHS.

Paniyc R1 3maxomutses 3a popmymnoro:

Ri=(R.+Ry) /2, (2.5.6)

ne Ry, Rs — Hmwkne Ta BepxHe 3HaYeHHS pajiycy MOBEpXHI KOB3aHHS, M
(Ta6:1.2.5.1) [20].

Tabmuis 2.5.1 - OpieHTOBH1 3HAYEHHSI R, ta R¢ B nonsix Bin Bucorn rpebni H B
3aJIeKHOCTI BiJ KOedilieHTy 3aKinananus Biakocy Meio

Moo 1 2 3 4 5 6
R, 1,1 1,4 1,9 2,5 33 43
R, 2,2 2,5 3,2 4,7 5,8 6,7

Kpugi, sxi mpoBeneni pagiycom Ri, mepetuHatotbest B Tourli O (puc. 2.5.2). I3
TOYKU a TPOBOAUThCA Ayra be pamiycom R,=aO/2. Baratorpannuk bb/Oe'eb e 3omor0
NpOOHUX WEHTPIB KpWBHX KoOB3aHHs. [Ipu Manux 3HaYeHHSX Cui crerieHHs C
KPUTUYHHUI TEHTP PO3TAIIOBYEThCS MOONM3y abo B camiii Touri O, 13 30UIBIICHHIM
3HaueHHS C KPUTHYHUHN TICHTP BiJIANISETHCS.

Tax g BiAKOCIB 13 HE3B’SI3aHUX TPYHTIB IEHTP HANHOUIbII HEOE3MEYHOT KPUBOT

141




KOB3aHHS PO3TAIIOBYETHCS MOOIU3y Touku O, IUIsl BIIKOCIB 13 HE3B sI3aHUX TPYHTIB BiH

BiansieTbes BiAg Hei. HaiiOubin HeOe3neuHa KpuBa KOB3aHHA y BiJCIKAX 3 MIIIAHOTO

TPYHTY.
CriliKiCTh BiIKOCIB 3a0€3Meuy€eThes, SKIO 3a10BOJIbHIETHCSA yMOBa [3]:

ky>k,n/m, (2.5.7)

e kH — Koe(]ilI€HT HaIIIHOCTI;
N — koediient HaBanTaxxenb N =0,95+1;

M — koedirieHT YyMOB Mparti.

3nauenns koediuienty K, sanexars Bix kiacy copyau (tabu. 2.5.1) [20].

Tabmuus 2.5.2 — 3aekHICTh KOePIIEHTY Ky, Bin KJIacy CIIOPYIH

Knac cnopyau I 1 Il (\4

k., 1,25 1,2 1,15 1,1

Ipuxiaaag po3paxyHky

Buxioni oani :

Jlano: TPYHTOBa TpedJIst 13 CYTJIMHUCTOTO TPYHTY Ha CYIVIMHUCTIA OCHOBI 3
ApeHaxHUM OanketoM (puc. 2.5.2) H»=30 ™, xoedimieHT
3aKJaJlaHHs BIJKOCIB: Ha JUIAHIN Bia rpebeHs no 6epmu M1=1,75;
BiJl OepMu 10 npeHaxa M2=2,25; mmpuna 0epmu — 4 M. 3akiagaHHs
30BHIIIHBOIO BiAKOCy OaHkera M3=1,5; BHyTpimHbOro Mg=1,25.
I'mu6una Boau y HB h=6m.

XapakTEepUCTUKU TPYHTY TiIa Tpebdsii 1 OCHOBU: BHIIE KPHUBOI
nenpecii }/=15KH/M3, tg (d:O,SS, ¢/=28 «lIla; B Tini rpeGmi HuKue
KpUBOi Jerpecii 7//=17KH/M3, tg ¢/20,56, c/'=25 klla; B ocHOBI
rpebii }///=16KH/M3, tg (ﬂ”=0,45, c'=20 kIla. Knac xamitambHocTi
rpedni  III. KpuBa nenpecii Oyayerbcs 3a  (UIbTpaliiHUMU
po3paxyHKkamH. BigMIHHICTE (PI3MKO-MEXaHIYHUX BJIACTHUBOCTEH
Marepialy JApEHaXHOro OaHKeTa BIJ TPYHTY Tina Tpebii He

BPaxXOBY€ETHCHA.
Heobxiono: nepeBipuTH CTIMKICTh HU30BOTO BIAKOCY rpedii.
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Po3B’sa3anus

1. B macmTabi BHKpPECIUTH MONEPEeYHUd Tpodiab HU30BOTO BIAKOCY IpeduIi.
BusHauutu Horo ocepenHeHe 3akiagaHHsa: Mep=2. Ha npodine HaHecTn aenpeciiiHy
KpUBY (QUIBTpaIiifHOTO MOTOKY (puc. 2.5.2).

2. I3 cepenuHU OCEpPETHEHOIO BIJIKOCY IPOBECTH BEPTUKAND ac. 3 TIET K TOUKH
mig kyroM 85° 1o Bigkocy mposecty minito ad. I3 Touok A Ta B, sk i3 LeHTpiB, MpoBecTH
KpuBi pagiycom Ri, sxuii Bu3HagaeThes 3a Gopmysiorno (2.5.6), 3navenns R, ta Rq 3a
Tabmuiero 2.5.1:

R +R, 42+75
2 2

3. I3 Touku a, sk i3 neHTpy, nposoaumo ayry be pagiycom Ro=a0/2=48/2=24m.

=58,51 .

R, =

Ha ninii B O namiuaemMo npoOHi LEeHTpU HaiOiIbI HEOE3MEYHNX KPUBUX KOB3aHHS, IS
AKUX TOTIM TpeOa BU3HAYUTH KOE(DILIEHTH CTIMKOCTI Ta iX MiHIMaJbHI 3HAa4YeHHS. Y
MPUKJIAIl BU3BHAUUMO KOE(IIIEHTH CTIMKOCTI ISl OJIHIET KPUBOi KOB3aHHs, MPOBEICHOI
pagiycom R=60 wm i3 Toukn O2. Kpusa nmpoxomuts 4yepes cepeauny rpedeHs rpedii ta
YaCTHHY OCHOBH.

4. MacuB rpyHTy, OOMEXEHUH KPUBOIO KOB3aHHS Ta HU30BUM BiJIKOCOM rpe0ii,
AiMMMO Ha BepTuKanbHi Binciku mmpunoo D=0,1, R=6 m. BepTuxans, mo nposeneHa
yepe3 IEHTP KOB3aHHSA, € BICCI0O HYJBOBOTO BIACIKY. 37iBa BiJ HYJbOBOTO BIACIKY
HyMepallisi BiZICIKiB TO3UTHUBHA, CIIpaBa — HETaTUBHA.

5. F'opu30HTAIBHUM TIAPOCTATUYHUI TUCK BOJW Ha PO3IIISIAEMUNA MACUB TPYHTY

BU3HAYaA€EThCA 3a hopmyoro (2.5.4)
Wo =0,5-9,81-6 = 176,6 kH

6. BusHaueHHs cuil, HEOOX1THUX JJI PO3paxyHKy Koe(dilieHTa CTIMKOCTI BIIKOCY,

3BOAUMO Y Tadi. 2.5.3.
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Tabnuusa 2.5.3 — BusHaueHHst JIFOUUX CUJI

2
_ 2 LT
e fsinjes) oG | g 1—(iJ Won | tg oy (moj G| 1 |cl
BIICIKY | on | on m, m,
_Wa'l']tgﬁoi
9 432 - [058 28 17,2
8 864 S
7 1218 5455 | 0,56
6 1644,4 615 | 0,56 25323
5 1693,2 731 | 0,56
4 1827 880,4 | 0,56
3 15357 7453 | 0,50
2 1423 759,2 | 0,45
1 1256,4 763,6 | 0,45
0 1072,8 648 | 0,45 20 | 50
1 766,1 472,7 | 045
2 345,6 220 | 0,45
3 288 183,7 | 0,45
4 115,2 78,2 | 045
) ) 2
: N,
sing, =—-,
mO

ne No — mopsaKoBuil HOMEP BIJICIKY;
Mo =10 a6o 20.

7. Po3paxoByeMo Koe]illieHT CTIMKOCTI BigKocy 3a (popmyroro (2.5.3).

8. [lepeBipsieMo CTiiiKicTh BiAKOCY 3a Gpopmyioro (2.5.7).

AHaJOTIYHO PO3PaxXOBYIOThCS KOE(QIIIEHTH CTIHKOCTI IS IHIIUX KPUBUX
KOB3aHHS, TOPIBHIOIOTHCS iX MIHIMAJIbHI 3HAYECHHS 3 TPHUITYCTUMHUMH 32 (HOPMYIIO0

(2.5.7) Ta poOAATHCS BUCHOBKHU MPO CTIAKICTh BIAKOCY Tpedi.
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3aBaaHHA

Heoobxiono:
1. TlepeBipuTu CTIHKICTh HHM30BOI'O BIJIKOCY TPYHTOBOI T'pebJii 3a MPUKIAIOM

PO3B’sI3aHHS, KOPUCTYIOUUCH puc. 2.5.2, 3aMoBHUTH Taom. 2.5.3.
2. Po3B’si3aTu 3a1auy.
Buxioni oani:
[HMBiTyaTbHI BUX1THI JaHi 715 pO3B’sI3aHHS 3a/1a4 puBeeHi B Ta0m. 2.5.4-2.5.6.
BapianTu 1-8
Bu3HAUNTH yXUI HE30BOTO BiKocy s rpebmi Bucotoro [, M, skmo mmroma

Bara TPyHTY J, KH/M®, KyT BHYyTpIlIHBOTO TEPTS TPYHTY BiAKOCY (DO, MIUTOME

cuermiennst C, kI1a.

Ta6muns 2.5.4 — Bapiantu 1 — 8

BapiaHT 1 2 3 4 5 6 7 8
Bun . IpaBeJIUCTHH ITiCOK . | ApiOHMI .
TPYHTY CyHmiCh | TJIMHA | CYIJIMHOK HicoK ;ggiﬁl;}z(;li micox | Cymice | rmuHa
H,™m 20 25 18 12 14 10 15 22
7, KH/M® 11 18 20 15 16 18 18 20
P 20 15 10 15 15 5 20 15
C, klla 20 57 81 2 3 6 50 43

Bapiantu 9-16
Iepepiputu crifikicTs rpebmi Bucotoro [, M i3 Hess’s3aHoro rpyHry 6es3
/M3, C, «II
ApeHa)ka, SKII0 IuTomMa Bara rpyHry )., kH/m°; murome cnemmenns C, klla, xyt

BHYTPIIIHBOTO TEPTS FPYHTY BIJIKOCY, (DO.

Tabmuns 2.5.5 — Bapiaatu 9 — 16

Bapiant 9 10 11 12 13 14 15 16
Bup KpYTIHHiA cepem{iﬁ ,I[pi.6HI/II7I nHTyBa- Cymice cepem{iﬁ L[piﬁHI/Iﬁ THTYBa-
IPYHTY TCOK TCOK TiCOK THHW TCOK COK TTCOK THH TTCOK
H,m 10 12 15 8 16 18 14 6
v kb | 18 14 19 20 15 21 18 19
(00 15 10 5 15 10 5 15 20
C, xIla 2 3 6 8 16 3 4 6

145




BapianTtu 17-25

BusnaunTy mpumycTtuMy BHCOTY BIAKOCY IpeOii, SIKIIO IMTOMAa Bara IpyHTY ),
kH/M% murome crierienns C, xITa; KyT BHYTpIilIHBOTO TEpPTS IPYHTY BiKOCY ¢0, KYT

HaXWJIy BIJKOCY J10 TOPU30HTY (.

Tabmuis 2.5.6 — Bapiantu 17 — 25

Bapiant 17 18 19 20 21 22 23 24 25
?pl/;,irry Cymich | TJIMHA C}II{F(J)II?_ HH;II/?; N nﬁﬁ?f CYIIiCh C};ITI?- Cymich | TJHMHA
MiCOK
7%, kKH/M® 18 21 20 15 14 19 20 18 21
C, xIla 14 81 28 8 6 16 36 20 57
¢0 20 15 10 15 10 20 15 5 10
P 70 85 55 45 65 25 70 82 10
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IpakTuyHe 3aHATTA Ne 8

Tema 6: PO3PAXYHOK BOJOIIPOITYCKHHUX CIIOPY [

KopoTtki TeopeTn4ni BizomocTi

3a MpU3HAYEHHSM BOJOMPOITYCKHI CIIOPYIW PO3IIISIOTHCS HA BOJOCKHUIN Ta
BOJIOCITYCKH.

BomockuaHi criopyau Nmpu3HAuYeHi I MPOMYCKY HAJAMIPHHX ITaBOJKOBHX BOJI,
BOJIOCITYCKH — JJIsl TIPOMYCKY KOPUCHUX TOCIOJAPCHKUX BHUITYCKIB 13 BOJOCXOBHUII. 3a
KOHCTPYKTUBHUMHU OCOOJIMBOCTSIMH TOMEPEYHOTO MEPETUHY CHOPYAH MOMUIAIOTHCS HA
3aKpUTI, BIAKPUTI, KOMOIHOBAaHI.

bawmosi so0ockuou

bamtoBi BOAOCKMIM CKIIaalOThCS 3 OamTu Kpyrjioro abo MNpSMOKYTHOTO
nepepizy Ta TOpU30HTaIbHOI TpyOu. Bepx OamTu moBMHEH OYyTH Ha BiAMITII

HOpMansHOTO TiiamipHOro piBas (HIIP) (puc. 2.6.1).
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1 — Gamrra; 2 — ma3u JuIs MUTIB; 3 — MeTaJIeBl rpaTh; 4 — CIIy)KOOBHIA MICTOK;
5 —MydTH; 6 — TpyOa BiABeAeHHS; 7 — KaHAT; 8§ — BOJOOI1HA CTIHKA;
9 — 6eronHa ocHoBa; 10 — MOHHMIT OTBIp.

Pucynok 2.6.1 — bamtoBuii BOIOCKHU/T



[Ipu nigBUILEHH] PIBHS BOJA MEPEIUBAETHCSA YE€PE3 CTIHKU OAIITH Ta BIABOAUTHCS
y HIDKHIA O’ €.

[Ipu rigpaBiaiyHOMY pPO3paxyHKY OalITOBOTO BOJOCKUIY BH3HAYaIOTh PO3MIPU
MOTIEPEYHOr0 MEPETUHY OaIlITH Ta BIABOJANIOT TpyOu. [liameTp GamTy 3HAXOIUTHCS 3a

dbopmyIioro:

-9
1 m.n.\/E.Hz/g’ (2.6.1)

ne M=0,4 — xoedirieHT BUTPATH IJI BOJIO3IIUBY 3 TOHKOIO CTIHKOIO;

H - wanip na rpeGeni Gamrtn, TOpiBHIOE Pi3HMIN TIO3HAYOK DPiBHA BOAU TIPH

po3paxyHnkoBiit Butpari ta HIIP, m.

[Tmomia monepeyHoro NepeTUHy BiABOIANIIUNX TPYO:
Q
> ~ 7' 2.6.2

W=

ne U — koe(IieHT BUTPATH TPYOH;
Z — wmanmip B TpyOGi, SKMi TpH IiATOIVICHOMY BHXiZHOMY OTBOpi TpyOH
JIOPIBHIOE PI3HULII MO3HAYOK Bepxa OallTH Ta PIBHS BOAM Y HIKHbOMY 0’ edi;

IPY MATOIJICHOMY BUX1THOMY OTBOP1 — PI3HHMIII MO3HAYOK Bepxa OamiTu Ta Bicl

B1JIBOJISATIIOT TPYOH.

KoedimienT Butparu:

1
1+ &+ 71 /(4R) (2.6.3)

/’l:

1e K;:gx — KOE(]IIIEHT ONOPY Ha BXO/I;

A — rinpasniunnii koedilieHT TepTs, KMt MpuitMaeThes 3a Ta6. 2.6.1 [20]:
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Ta6muus 2.6.1 — Figpapniunmit koedimient teprs A 11s kpyriaux Tpyo6

d . A upu xoedimienTi mepoxosarocti N

’ 0,01 0,012 0,013 0,014 0,015
0,2 0,021 0,026 0,033 0,039 0,050
0,3 0,019 0,024 0,029 0,035 0,044
0,4 0,017 0,022 0,026 0,033 0,039
0,5 0,016 0,020 0,025 0,030 0,036
0,6 0,016 0,019 0,024 0,028 0,034
0,7 0,015 0,019 0,023 0,027 0,032
0,8 0,015 0,018 0,022 0,026 0,031
0,9 0,014 0,017 0,021 0,025 0,029
1,0 0,013 0,017 0,020 0,023 0,028
1,2 0,013 0,016 0,019 0,022 0,026
1,5 0,012 0,015 0,018 0,021 0,025
2,0 0,011 0,014 0,016 0,019 0,022
2,5 0,011 0,013 0,015 0,018 0,021
3,0 0,010 0,012 0,014 0,017 0,020

| - noBxuna TpyOH, M;

R — rizpasniunnii pagiyc Tpy6H, M.

Tpybuami sooocnycku

TpyOu BomoCIyCKy pO3TaloByOTh O€3MOCEPEIHbO B OCHOBI rpedui (puc. 2.6.2).

YRE
_ YHE
Y|
|ii=|||' = I <R Sz
f 6 7

1 — meranesi rpaty; 2 — ctajieBa a00 yaByHHa Tpy0a; 3 — KpIIJICHHS BEPXOBOTO
BiJIKOCY; 4 — 11ap ruHU; 5 — niadgparma; 6 — 3acyBka; 7 — BOJOOIMHUN KOJIOAS3b.

Pucynok 2.6.2 — TpyOuatwuii Bogocmyck
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HiameTrp TpyOM BOAOCIYCKY [UIsi HEMIATOIUIEHOIO  BHUXIJIHOIO  OTBOPY

BU3HAYAETHCA 32 (HOPMYJIOHO:

DZ
Q=ﬂﬂT\/2gH : (2.6.4)

IIPH M1ATOTUICHOMY BUX1THOMY OTBOPI — 32 (POPMYJI0I0

DZ
Q =ﬂﬂT\/292 , (2.6.5)

ne M — xoe(lieHT BUTPATH;
H — nanip, sxuit mopisHIOE BifCTaHi Bif piBHSI BOAM y BepxHEOMY 0’ €ei 10 Bici
TpyOH, M;
/ — wamip, sikuii DOPIBHIOE Di3HMII MO3HAYOK PiBHIB BOAM BEPXHBOTO Ta
HIKHBOTO 0’ €(iB, M.

KoedimieHT BHTpatn [/ MOXHA BU3HA4aTH 3a (Qopmynoro (2.6.3), ame 3aMiCTh

Koe(iIlieHTy OInopy Ha BXOJI HEOOXIJHO MiJCTAaBUTH Zé: — CyMy KOe(IIi€HTIB BCiX

MICIIEBUX OIOPIB:
2E=Catip+ &+ Lo (2.6.6)

ne fgp — KoeQIllleHT OTopy TparT;
53 - KoedIlIeHT Oomopy 3aTBopy (A1 IUIOCKOTO 3aTBOPY 53 = 0,2, nns
JINCKOBOTO — K;:g =0,1);

é:gux =1 — xoedimieHT OMOpPY Ha BUXO/I1 IS M ATOIUICHOTO BUX1THOTO OTBOPY.

KoedirmienT omopy rpar Ha BXxoi:

Ep=15(WwW/ Wl)2 =15(/ d1)4 : (2.6.7)

ne W — mroma nomnepeyHoro nepeTuHy TpyoH BOJOCIYCKY, M2

W1 — mioma nomnepeyHoro NepeTuHy BUXiIHOTO OTBOPY, M2;

di - JiaMeTp BX1THOTO OTBOPY, M.
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MoskHa TOmepeaHbO MPUHHATH JiaMeTp TPyOWM Ta BU3HAYWTH IUIONLY KHUBOTO
nepetuny 13 hopmynu (2.6.4 — 2.6.5). Marouu miolly >KMBOTO MEPETUHY Ta NPUIMaIOUU
KUIBKICTh TpPyO, BH3HAuYalOTh JiaMeTp OJHiel TpyOw, sSKud NTPUOJIU3HO TMOBUHEH

JIOPIBHIOBATHU J1aMeTpPy, IPUHHATOMY MONEPETHBO.

Ipukaan po3paxyHky Nel

Buxioui oawni: oamrosuii Bogockua: Q=30 m%/c; manip na rpedeni H=1,0 m;
Bucota Gamru 41=4 m. TpyOa BoOBiABeAeHHS 3a11i300€TOHHA
3 mIaBHEM BxojoM (puc. 2.6.1), mna tpyom S=0,2, A=0,025;

|=30M. Buxinauii oTBip HemiaTOMICHMIA.

Heobxiono: BUKOHATH T1APABIIYHUN PO3pPaxyHOK OAIITOBOTO BOJOCKHU/TY.

Po3B’s13anus

Hiametp Gammtu 3a popmyioro (2.6.1):

d =5,41.

30
1= 3
0,4-3,14-,/2-9,81.12
[puitmaemo TpyOy BofoBinBeaeHHs giamerpom d=1,25 m. Hamip y Tpy6i:
t=4-125/2=338m.
['ippaBniyHuil pajilyc BIABOASAIIOL TPYOu:

R=125/4=0,31wm.

3a (opmyiioro (2.6.3) BU3Ha4a€MO KOe(IIEHT BUTPATH LI

U= 1 =0,75
1+0,2+0,025-30/1,25

Buznauaemo mionry MmomepeyHoro MEpeTHHY BIIBOIAIIUX TPYO 3a (opmysioro
(2.6.2):
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~ 30
0,75-./2-9,81-3,38

W =4,91 %,

[Tputimaemo 3 TpyOH. IIoIIa )KMBOTO MEPETUHY OAHIET TPYOH:

©_49 162
3 3

a aiamerp

d=44-1,6/314 =1,431.

3aranpHa IIMPUHA BIABOJAIIMX TPyO HE MOBMHHA IEPEBUILYBATH BHYTPIIIHIM
nmiaMmetp Oamtu. SIKIo NpUHHATH TOBIIMHY CTiHOK TpyO 0,25 M, TOAl 3arajibHa MIMPHUHA
TPHOX TPYO CTAaHOBUTH:
1,43-3+0,25-6=5,19m,

10 MEHIIIE JAlaMeTpy OariTu, piBHOTO 5,4 M.

Ipuxnan po3paxyHky Ne 2

Buxioni oani: cranesuii TpyOuatuii Bogocmyck: Q=1,3 mM%/c; Buxiguuii oTsip
MiTOTUICHUW; PI3HUIISI TTO3HAYOK PIBHIB BOJAM BEPXHBOTO Ta
HUKHBOTO 0’e¢diB Z=7 M; pomxuHa Bogocrmycky [=50 w;
koedilieHT onopy Ha BXxofi £n=0,2; miamerp Tpy6u 0=0,4 wm;
niameTp BXigHOTO 0TBOPY (1=0,6 M.

Heobxiono: BU3HAYUTH JIIAMETP 1 KUTbKICTh TPYO BOJIOCITYCKY.

[TopsioK po3paxyHKy
Busnagaemo koedirieHT omopy rpat Ha Bxoi 3a ¢popmyoro (2.6.7):
&p =15(04/06)*=0,3
3a dopmyiioro (2.6.6) 3HaX0UMO CyMy KOe(]IIli€HTIB BCIX MICIICBUX OMOPIB

25=02+03+02+1=17
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I'ippaBniynuil paaiyc
R =0126/126=0,1.

Koedimient BuTpaTu 3Hax011M0 3a Gpopmyroro (2.6.3):

U= L =0,41
1+1,7+0,025-50 (4-0,1)

[Tmoma >xuBoroO TIepeTuny TpyO 3a dhopmyiioro (2.6.2):

1,3

= =0,27i1 %
0,41-,/2-9,81-7
[Tpuitmaemo BoIOCITyCK 13 IBOX TPYO, TOI IJIOIIA )KMBOTO TIEPETUHY OJHIET TPYOH
W_927_ 51412
2 2

Hiametp

d=./4-0,14/314 =0,41 .

3aBnanna Ne 1

Heobxiono -

a) BU3HAYUTHU PO3MIPH MONEPEUHOI0 MEPETUHY OAIlITH;

0) BUBHAYMTH KUJIbKICTh Ta JlIaMEeTPHU TPYO BOJIOBIIBEICHHSI.
Buxingxi maxi:

- bamrroBuii Bomockun (puc. 2.6.1);

- putpara Q, M%/c;

- Hartip Ha rpebeni 6arutu H, m;

- Bucora Oawru H1, m;

- Matepian Tpyo — 3ai300€ToH,;
- rigpaBiunuii Koedinient Teprs A;

- noBxkuHa Tpyow, |, m.

InuBinyanbHi BUXiAHI AaH1 IpUBEIeH] B Ta0. 2.6.2.
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Tabmuis 2.6.2 — BapianTu 3aBaaHHs1

IMokaszHuk | 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12
Q, m%c 20 | 15 | 25 | 30 | 35 | 32 | 28 | 15 | 18 | 28 | 34 | 50
H, M 07 |06 | 08|10 |11 |09 | 10 | 05 |06 | 07 | 08 | 12
Hi,m 35 |28 |36 |30 | 5 |42 | 41|35 |30 32138/ 45
A 0,033 | 0,021 | 0,024 | 0,029 | 0,023 | 0,015 | 0,019 | 0,013 | 0,016 | 0,019 | 0,022 | 0,012
|, M 35 | 20 | 32 | 3 | 42 | 3 | 37 | 50 | 45 | 35 | 55 | 43

[Tponopxenus tada. 2.6.2
IMokasHuk | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25
Q, Mlc 47 | 44 | 33 | 25 | 13 | 18 | 29 | 30 | 21 | 32 | 43 | 24 | 15
H, M 12 /09|08 |07|06|05]|07|08|09]|11|10]|08]06
Hi, M 40 | 41 | 45 |32 |30 |28 |41 (32|27 |46 |48 |31 |29
A 0017 | 0022 | 0,025 | 0,015 | 0,017 | 0,020 | 0,019 | 0,022 | 0016 | 0,011 | 0,014 | 0,016 | 0,018
I, M 54 | 60 | 58 | 35 | 25 | 32 | 32 | 44 | 28 | 50 | 45 | 41 | 32

3aBaanns Ne 2
Heobxiono :

Buznauutu niameTp Ta KUIbKICTh TPYO cTalieBOro TpyO4aToro BOJOCIYCKY.

Buxigui gaui:

- pospaxynkoBsa sutpara Q, M%/c;

- pi3HMIA O3HAYOK PiBHIB BOAU y BEPXHHOMY Ta HIKHBOMY 0’ edax Z, M;

- JOBXKXHWHA BOJOCITYCKY I, M,

- Koedirient onopy Ha Bxoai £=0,2;

- niametp Tpy6u d, m;

- niameTp BXigHOrO OTBOPY A1, M.

[nnuBinyanbHi BUXiAHI 1aH1 IpuBeneHi B Tabm. 2.6.3.
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Tabmuus 2.6.3 - BAPIAHTU 3ABJIAHHSA

1 2 3 4 5 6 7 8 9 | 10 | 11 | 12
Q,m¥|10]12 /08|06 |15|18|20|14/[25]27|29]20
ARy 5|7 |5 |6 | 8|9 |5 |6 |9 10387
[, M 45 | 50 | 40 | 42 | 47 | 35 | 38 | 52 | 45 | 50 | 53 | 25
d, M 03,0403,03/045/ 05|06 |05]08|08|10]06
di, m 0506|0505 (065070807 ]10]|10)12 )08

Buxigauit oTBIp MiATOTICHUH
[IponoBxkenus tabdin. 2.6.3

13 |14 | 15| 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25
Q,m¥|18|16(14(10/08(30|27|21/13[15[/08/|09]|11
Z v 6 9 /7 110] 8 |10 | 8 9 6 8 | 75|68 |82
[, M 30 | 50 | 45 | 48 | 28 | 40 | 42 | 35 | 36 | 30 | 45 | 40 | 36
d,m 6 /06 050303100808 /05(05(03]0,3]|0,4
di, m c8,08(07(05/05|121010|0,7]0,7(05|05]0,6

BuxigHuit oTBIp HEMIATOMICHUN
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[IMTAHHA 10 MOAYJIBHOI'O TECTYBAHHA

Mooyne Ne 1

. SIk1 cnopyau MokHa BiiHeCcTH 10 peryisauiiaux ['TC?

. SIki ciopyau MmoxHa BigHecTu a0 cnemiansaux ['TC?

. SIx mposiBiisieThest izuko-xiMiuHa gist Boau Ha ['TC?

Cki1aioB1 YaCTUHU (QIIOTOETY.

. [lepeBaru Ta He1OMIKUA IPYHTOBUX I'PEOEIIb.

. SIK BUKOHY€TBCS CIIOPY/I’KCHHSI HAMUBHUX Trpedens ?

. 1o Taxe Gepma ?

1
2
3
4
5. 1o Take ekBiMOTCHITIANE?
6
7
8
9

. Ik Ha3UBAETHCS BUIbHA MOBEPXHS (UIBTPAIIHHOTO MTOTOKY ?

10.

12.
13.
14.
15.
16.
17.
18.
19.

20

C€I' 1A sk meron po3paxyHnky I'TC.

. Bumoru, siki cTaBAsITbCS 10 OCHOB OETOHHUX IpeOeib.

3 KO0 METOIO BJIAIITOBYIOTH MPOQLIbTpaIliiiHi 3aBicu?

3 SIKOIO METOIO BIIAIITOBYIOTh OTJISIIOBI rajgepei?

Pi3HOBUAM OTOJIOBKIB MPAKTUYHOTO MPOPLIIO.

Buu BnamryBaHHs CIIPSDKEHHS BOJIO3JIMBHOI TpaHi rpediii 3 JHOM HIKHBOTO 0°eda.
Pi3HOBUAM MOHYPIB IpaBiTalliitHUX rpeOeb HA HECKETbHUX OCHOBAX.
[lepeBaru Ta HeJIOMIKM TpaBiTALITHUX OETOHHUX rPeOeIb.

CrnocoOu ,,ltoNermenHs” rpaBiTaliiHuX rpedelb.

3abe3ne4yeHHs CTIMKOCTI KOHTP(POPCHUX Ipedelb.

. Cxemu, 110 3aCTOCOBYIOTHCS IJIsi PO3pPaXyHKY KOHTPQOpCIB Ha 3arajbHy

MILHICTb.

21
22
23
24
25

. ApkoBi rpe0i.

. Buznauenns koeiiieHTy CTBOPY apKOBOI Ipeouti.

. llInsaxu 3HMKEHHS TeMIIepaTypHUX HANPYKEHb B apPKOBUX IPEOIIsX.
. CriporieHi METOIM PO3paxyHKy apKOBHUX IpeOerb.

. [lonermeni rpasitamiitHi rpeoi.
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26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.

Mooyne Ne 2

TpacyBanHs kaHaiB.

Kiracudikariis kaHaliB.

Krnacudixkariis peryaoodux copy 3a IpUu3HAYCHHSIM.
3acToCcyBaHHS BIAKPUTHUX PETYIISTOPIB.

3acTocyBaHHS TPyOUACTHX 3aKPUTUX PETYIISATOPIB.
BnamryBanHs grokepis.

Pi3HOBHIM [TFOKEPIB B 3aJIKHOCTI BiJl KOHCTPYKTUBHUX OCOOIMBOCTEH.
BnamryBanHs akBeIyKiB.

BnamryBanHs cenenpoBoiB.

Crpsirarodi Criopy/iu.

Buau perynroBaHHS pycen piyoK.

KOHCTpYKTHBHI €IeMEHTH PETyII0BATBHUX CIIOPYI.
Knacudikariiis ctpyMeHeHaIpsIMHHIX J1aMO.

3aMKHEH] Ta He3aMKHEH1 JaMOMU.

OCHOBHI BUIY TTONIEPEYHUX CTIOPYI.

Tunu HacKpi3HUX PEryNIIOBAILHUX CIIOPY/I.

Pi3HoBHIM 3aX0/11B, SIK1 3aCTOCOBYIOTH JJISI OOPOTHOM 3 TIOBEHIMU.
PiznoBu M poOIT 111 OOPOTHOM 3 CEIECBUMH TTOTOKAMHU.
Kiacudikariis BOTHHX NUISXIB.

[Tpu3HadYeHHS CyTHOTUTAaBHUX KaHAIIB.

[Ipu3HadYeHHS CyTHOTUIAaBHUX ITLTIO31B.

Po3paxyHok 371MBHOI IPU3MHU.

PizHoBHIM CyTHOMIITHOMHHUKIB.

PiznoBu M prOOXO/IIB.

Knacudixkaris ppbo3axucHUX CIIOPYI.
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