®uman ['ocyaapcTBEHHOTO OI0KETHOT0 NpOo(heCCUOHATBHOTO
oOpazoBarenbHOTO yupexaenus Pecyonuku Xakacus
«YepHOropCcKui ropHO-CTPOUTEIBHBIA TEXHUKY M

OB/ .09. «IllaxTHbIE CTAIIUOHAPHBbIE YCTAHOBKH

MeTOI[I/I‘—ICCKI/Ie YKa3aHWA U KOHTPOJIbHBIC BOIIPOCHI
I CTYACHTOB - 3A0YHUKOB

1o npodeccuu cpeaHero npoheccuoHaIbLHOro 00pa3oBaHus

21.02.17 «IToa3zemuas pa3pabOTKa MECTOPOXKICHUH TOA3EMHBIX HCKOITAEMBIX)

KBasMPUKanus: ['OpHbIA TEXHUK-TEXHOJIOT

Aobaza
2023



Meroandeckue yka3zaHUsS COCTaBJICHBI B COOTBETCTBHHM C TPEOOBAHHUSIMHU
denepaabHOTO TOCYAAPCTBEHHOIO 00pa30BaTENbHOTO CTaHAApPTa CPEIHEro
podeCCUOHAIBHOTO 00pa3oBaHUsl MO CHEIUATBLHOCTSIM
21.02.17 TlogzemHas pa3pabOTKa MECTOPOXKICHHUH IOJIE3HBIX HCKOIACMBIX.

MeTtoanueckue yKa3aHUs 10 JTACIUILINHE OBJl .09. «lllaxTHbIC
CTallMOHAPHBIE YCTAHOBKHU » COAEPKAT PEKOMEHJIAIMU [0 M3YYECHHUIO MaTepuaia U
MOATOTOBKHU 3aJlaHUM, MpeIHa3HAYCHHBIC /IS CTYJICHTOB 3a04HOM (hOpMBI 00yUCHHUSI.

PazpaboTunk:
Peixkosa H.N. penogaBaTeab cuel AMCIUILINH,

®.1.0., yueHas cTeneHb, 3BaHue, J0HKHOCTD,




BBenenne

Cpeny yCcTaHOBOK, OT KOTOPBIX 3aBUCHUT HaJEKHOCTh, 0€30macHOCTh U 3(PPEKTUBHOCTH
paboThl TOPHOTO MPEANPUSITHS, OTHO U3 TJIABHBIX MECT NMPUHAIICKUT CTAIIHOHAPHBIM MallliHAM U
ycTanoBkaMm. OHU XapaKTEPHU3YIOTCS CIIOKHOCTHIO KOHCTPYKIMM U OOJBIION 2HEPro€MKOCTHIO (Ha
ux gomo npuxoautcs no 70% Bcell moTpebiseMoil Ha TOPHOM NPEANPHUSITUU SHEPruH) HU
IPEJCTABISAIOT COOON KOMIUIEKCHI 3JIEKTPOMEXaHNYECKOr0 000pyAOBaHUs, IPEJHA3HAUCHHOTO JUIs
noabEMA IMOJIE3HOI0 MCKOMAEMOro U IyCThIX MOPOJ Ha MOBEPXHOCTh, MOABbEMA U CITyCKa JIIOJEH,
MaTepHalioB, 00OpyJoBaHUS (NMOABEMHBIE YCTAaHOBKH), OCYIICHHS MECTOPOXKICHHH TMOJIE3HBIX
MCKOIIaeMBIX M OTKa4KH BOJBI U3 TOPHBIX BHIPAOOTOK HA MOBEPXHOCTh (BOJIOOTIMBHBIE YCTAHOBKH);
HCKYCCTBEHHOI'O IPOBETPUBAHUS TOPHBIX BBIPAOOTOK M CO3/aHUS HOPMAJIBHBIX aTMOC(EpPHBIX
YCJIOBUH Ha TOPHOM MpPENNPHUITUU (BEHTUISATOPHBIE YCTAaHOBKH); IMOJyYEHHUS ITHEBMATUYECKOM
SHEPIHU — SHEPTHH CKATOTO BO3yXa, UCIOIB3yEeMO MpH paboTe rOpHBIX KOMOAWHOB, OTOOWHBIX H
OypUIIBHBIX MOJIOTKOB, JIEOEIOK, BEHTUISITOPOB MECTHOTO MTPOBETPUBAHUS, YYACTKOBBIX HACOCOB U
1p. (KOMIPECCOPHBIC YCTAHOBKH).

Hcrtopust cozgaHus M pa3BUTHA CTALMOHAPHBIX MAIIMH M YCTAHOBOK B3aMMOCBS3aHA C
pa3BUTHEM T'OPHOIO JIENa, U OJHUM U3 MEPBbIX YUEHBIX NOCBATUBIINX TOPHOMY U TOPHO3aBOJICKOMY
IPOMBICITY CBOM paboTs! 061 M.B. JIoMmoHOCOB.

B 1754 r. unenom pycckoit Akanemun Hayk JI. Diinepom ObUIO BBIBEIEHO OCHOBHOE ypaBHEHME
LEHTPOOEKHOTO KoJleca, UMeBIIee OOJIbIIOE 3HAaUEHUE B Pa3BUTHH TypOOMAILIUH.

B 1832 r. ropusrii umxenep A.A. Cabmykos (1783 — 1857 rr.) n306pén u npuMeHn Ha Yarupckom
MEIHOM M cepeOpsHOM pyaHuke (Anrail) neHTpoOexHbI BeHTWIATOp, a B 1835 1. —
neHtpobexuslii Hacoc. B XIX Beke mpodeccopamu IletepOyprckoro ropnoro uHctutyTa A.M.
VY3atucom (1814 — 1875 rr.),I1.A. Onbimesbm (1817 — 1896 rr.), 1.A. Tume (1838 — 1920 rT.) n
OpYrUMH ObLTH pa3pa0doTaHbl OCHOBHBIE MOJIOKEHHSI TOPHOM MEXaHUKHU KaK HayKH.

bnaronaps padoram akagemukoB M.M. ®@enoposa (1867 — 1945 rr.) u A.Il. 'epmana (1874
— 1954 rr.) ObM CcO37aHBI TEOPETUYECKHE OCHOBBI BCEX pa3lelioB TOPHOH MEXaHUKHU
(BEHTWJIATOPHBIX, BOJOOTIMBHBIX, IHEBMAaTHUECKUX U MOJBEMHBIX YCTAHOBOK), IOJYYHUBIINE
nanpHeimee pazsutre B Tpyaax wi. kop. AH CCCP A.C. Unsuuesa (1898 — 1952 rr.), akaxa. B.C.
[Taka (1888 — 1965rr.), mpod. B.b. YMmanckoro (1905 — 1947 rr.), mpod. I'.M. Enanunka u sp.

Ha ocnose BuxpeBoii Teopun kpbuia H.E.J)KykoBckoro (1847 — 1921 rr.) coBerckue yuénnie [IAI'M
CO3/1aJIM TEOPHIO OCEBBIX BEHTWISITOPOB U PALIMOHAIBHYIO KOHCTPYKIUIO UX.

B KoHCTpynpoBaHMM HaAEXHBIX LEHTPOOEKHBIX HACOCOB OOJBLIYIO POJIb CHITPAU TPYIbl aKasi.
I".®. Ilpockypsl, pa3paboTaBIIEr0 BUXPEBYIO TEOPHUIO LIECHTPOOEKHBIX HACOCOB, KOTOPAs SIBUJIACH

JaIbHENIINM pa3BUTHEM BUXpeBoi Teopun Kpbuta H.E. XXykoBckoro.



Ha ocHoBe Teopunm MHEBMATHYECKUX YCTAHOBOK, B KOTOpPYH BHEC Oousbmioi Bkiaaa mpod. A.C.
Wnbuues, co3nanbl HAIEXKHbIE KOHCTPYKIUU MOPIIHEBBIX U LIECHTPOOEKHBIX KOMIIPECCOPOB.

Jis pa3BUTHA TEOPUH MIAXTHBIX MOJABEMHBIX YCTAHOBOK OOJIBIIIOE 3HAYCHHE UMEIIO BbiBeleHHoe B 1913
r. akaa. M.M. ®enopoBsIM OCHOBHOE AMHAMHUYECKOE YpaBHEHUE MOIBEMHBIX CHCTEM, KOTOPOE SIBUJIOCH
AQHAJIUTUYECKON OCHOBOW TPH MPOSKTHPOBAHUM TMOABEMHBIX ycTaHOBOK. B 1925 — 1930 rr. Opuim
MIPOBEJCHBl HCCIIEIOBaHUS IO HAaXOXKJIEHHUIO BBITOJHOTO peXHUMa pabOThl MOJBEMHOM MAalINHBI,
Oslaroapss KOTOpPHIM CTajJ0 BO3MOKHBIM IIPOBECTH THUIIM3ALMIO U CTaHIAPTU3ALMIO MOABEMHOIO
obopynoBanus. [lo3zke pemaanch BaKHbIE BOIPOCHI 00 ammapatype YIpaBiI€HHsS W 3alUThI, 00
aBTOMATHU3AIMK YIPaBIEHUS NOABEMHBIMU MalllMHAMU, HaJl KOTOPBIMU PabOTalld TOPHSIKH, SJIEKTPUKU
U MalMHOCTpOuTeNU. JlOCTUTHYThIE YyCleXH B O0OJACTH CTAllMOHAPHBIX YCTAaHOBOK SIBJISIOTCS
pe3yibTaTOM KOJUIEKTUBHOI'O TBOPYECTBA HAYYHO — HCCIIEOBATEIbCKUX U MPOEKTHBIX MWHCTUTYTOB —
HAI'M um. H.E. XKyxkosckoro, UT'M u TK um. M.M. ®enoposa, BHUUT unpomam, JleeHUxummar,

FI/IHpOYFJIeMaH_I, FI/IHpOHI/ICBJ'IeKTpOH_IaXT — 1 MAIIMHOCTPOUTECJIbHBIX 3aBOJOB.

1. OBIIME METOAUYECKUE YKA3AHUSA

CornacHo crenu@uke 3a04HOTO OOYYEHHs, CTYJCHTbl CaMOCTOATEIBHO H3YYaloT Y4eOHYIO
JUCHMIUIMHY T1I0 peKOMeHJyeMoW jurtepatype. OTaenbHble TeMbl, Haubojee TpyAHbIE Ui
CaMOCTOATEJILHOW POPaOOTKH, U3J1aratoTCs MpenoJjaBaTeaeM BO BpEMsI CECCUM.
[Ipy wW3yyeHUM JUCUUIUIMHBI CTYAEHT JOJDKEH O3HAKOMHUTBCA CO CIEAYIOUIUMHU CTaHJIapTaMH,
BXO/SILIIMMH B €IUHYIO CUCTEMY KOHCTpYKTOpcKoi nokymeHnrtanuu (ECK/I):
I'OCT 2.748-68 - ECK/I. O0o3HaueHust yciaOBHbIE I'pauiyeckue 3JeKTPOCTAaHIMU U IMOJCTAaHLIUU B
CXeMax 3JIeKTPOCHA0KEHHUS.
I'OCT 2.751-73 - ECK]/l. O6o3HaueHus ycioBHBIE rpaduyecKkue B cXeMax, JJICKTPHUECKUE CBS3H,
IIPOBO/A, KaOENU U IIUHBI.

2. PEKOMEHIAYEMAS JIMTEPATYPA

OcHoBHasi JJuTEpaTypa
1. AnexceeB B.B. Cranmonapusie mammasl. — M.:Henpa,1989.- 416 c.
2. I'pumxo A.I1. CranmoHapHble MamiHbL. ToM 1. Py tHUUHBIE TOABEMHBIE YCTAaHOBKH.
—-M.MITYVY, 2006. — 477 c.
3.I'pumko  A.IL Cranuonapssie MamuHbl. T.2. PyiHUYHbIE BOJOOTIUBHBIE,  BEHTUJISATOPHbBIE U
ITHEBMATHUYECKHE YCTaHOBKH: YueOHuK. M.:MITVY, - 2007. - 586 ¢

HN3nanua n3 96C

1.CranmoHapHble MalldHBI M YCTaHOBKH |[JJEKTpOHHBIA pecypc]| : YueOHoe mocoOue s By30B /

I'pumko JLII., [llenoranos B.U. - 2-¢ u3x., crep. - M. : ['opnas xaura, 2007.



JlonoIHUTeIbLHAS JJUTepaTypa

1.Mensenes B.B. Ilpaktukym mo gucrumuinde IllaxTHbIe cTanMoHapHbIC MalIMHBI HycTaHOBKHU / B.B.
Mengenes - YueOnoe mocooue. Yura: Uutl' TY, 2004, -112 c.

2.Mengenes B.B. OcHOBBI NMPOEKTUPOBaHMS IIAXTHBIX CTAllMOHAPHBIX ycTaHOBOK /B.B. Menasenes -
Vuebnoe nmocodue. Yura: Uutl TV, 2005, -161 c.

3.Kaprasseiit H. I'. Crarmonapusie manmmnbl : yueOHuk / Kapraseii H.I'. - Mocksa :Hempa, 1981.

I/IH(])opMauuonno-cnpanoqﬂme H IMOUCKOBBIC CUCTEMBbI

1.https://e.lanbook.com/ DnexkrporHo-01OIMOTEUHAs cucTeMa «3naTenbcTBO «JIaHby.
2.https://www.biblio-online.ru/ Dnexkrponno-6ubmmoTedHas cucrema «tOpaim»

3.http://www.studentlibrary.ru/ DnexrponHo-OnbaHOTEYHAs ccTeMa « KOHCYIbTaHTCTYJeHTa»

3. COAEP)KAHUE INPEIMETA

Tema 1. O0mme cBeeHNs 0 CTAMOHAPHBIX MAIIMHAX M 000PY/I0BAHUM.

OO01mue cBeJIeHNs O IMAXTHBIX CTAIMOHAPHBIX YCTaHOBKaX. OCHOBBI TEOPHH TypOOMAIIINH.
Bunel cramuoHapHbIX IaXTHRIX MamuH. OOOpyaoBaHHE U OKCIUTyaTaldsi BEHTHIISTOPHBIX,
BOJIOOTJIUBHBIX, IHEBMATUYECKUX U TOABEMHBIX YCTaHOBOK. [IpuHIMI JeHCTBUS M OCHOBHBIE
AJIEMEHTHI TypOOMAIINH.
[Tocne n3ydenus Mmatepuasia CTyI€HT JOJKEH:
3namy:
- YCTPOMCTBO W TIPUHIIUN JICWCTBHUS CTAI[MOHAPHBIX MAIIWH (BOJOOTJIMBHBIX YCTAHOBOK,
BEHTWISITOPHBIX YCTAHOBOK, IIOJHEMHBIX YCTAHOBOK, KOMIIPECCOPHBIX YCTAHOBOK);
- XapaKkTepUCTHKy TypOOMalnH (HACOCOB, BEHTHJISTOPOB) M BHEUIHHX CETEH, MpeICTaBICHHBIX
rpaduYeCcKH.
Ymemy:
- TPOU3BOIUTH BHIOOP CTAIMOHAPHBIX MAIIUH U MEPECUYET UX MapamMeTpoB JUIsl KOHKPETHBIX YCIOBUM;
rpaduuecku onpeaesiaTs padboure pesKUuMbl BEHTUISITOPHBIX U BOJOOTIUBHBIX YCTAaHOBOK;
- TPOCKTUPOBATH BOJOOTIMBHBIC (BEHTHIATOPHEIC, ITObEMHBIC, KOMIIPECCOPHBIE) YCTAHOBKH,
- TMPOU3BOJUTH BEIOOP HACOCOB (BEHTUISITOPOB, MOJABbEMHBIX MAIIMH, KOMIPECCOPOB) IS KOHKPETHBIX
yCIIOBUH; TpadUdecKu OIpenesTh paboune pPekUMbl BOJOOTIMBHBIX (BEHTHJIATOPHBIX) YCTAaHOBOK B

ciydyae OTACIbHON I COBMECTHOU UX pabOTHI.

Tema 2. Haznauenue, Kjiaccu(pukanus U yCTPOHCTBO MOABEMHBIX YCTAHOBOK.

Pa3nen 2.1. Ha3navyeHnne nogbEMHBIX YCTAHOBOK

HOH’beMHBIe YCTAaHOBKH MPE€AHA3HAYCHBI JJIA BbIJa4YU Ha HOBerHOCTB)IO6BIBaeMOFO TIOJIE3HOT'O


https://e.lanbook.com/
https://www.biblio-online.ru/
http://www.studentlibrary.ru/

HCKOITAEMOT0 M TIOJIy4aeMOM MPHU MPOXOJKE TOPHBIX BBIPAOOTOK IMOPOJIbI, OBICTPOro M OE30MacHOTO
CITyCKa M TOJbeMa JIFOJCH, TPAaHCIIOPTUPOBAHUS KPEMEKHOTO Jieca, TOPHO-IIIAXTHOTO 000PYIOBaHUS U
MarepuaioB. [Ipu momomiy nobeMHON YCTAHOBKH MTPOU3BOISTCS TaKKE OCMOTP U PEMOHT apMUPOBKHU
U KpEeIUIeHUs CTBOJIa maxThl. Ha KpymHBIX mIaxTax, Kak MpPaBUIIO, UMEIOTCS JIBE — TPU JACHCTBYIOIINE
MObEMHBIC YCTAHOBKH, M KaXKAas W3 HUX MpeAHa3HaueHa JUIsl ONPEACIICHHBIX Iiejiel (BbIIauu YT,
CITyCKa-TIoJbeMa JIFOJICH, BbIIaUX MOPOJABI U T. 1), @ HE SABISETCA pe3epBoM Apyroi. OT HaIeKHOM,
OecriepeOOHON U TIPOM3BOAUTEIBLHON PabOTHI MIAXTHOTO TMOJBhEMA 3aBUCUT pUTMHYHAs paboTa Bcei
IaxXThl B II€JIOM, TIO3TOMY K MOJBEMHBIM YCTaHOBKaM (M3 BCETO KOMILJIEKCA 3JEKTPOMEXaHHUECKOTO
000pyAOBaHUS IIAXThl) MPEABABISAIOT 0COObIe TpeOOBaHUS B OTHOIICHUU HAJCKHOCTH U O€30IacCHOCTU
padoTHI.

Pa3zpnen 2.2. Knaccupukanusi noAbEMHBIX YCTAHOBOK

OO0mee ycTpoHCTBO OCHOBHOTO 00OPY/JIOBaHUS MOJABEMHBIX YCTAHOBOK W KOHCTPYKLUS BXOJSIIMX B €€
COCTaB 2JIEMEHTOB BeChbMa MHOI'0OOpa3Hbl, YTO ONpeAeseTcs B MEpBYIO Oyepelb pa3HOoOpasuem
TOPHOTEXHUYECKUX YCJIOBUH, B KOTOPHIX (DYHKIIMOHUPYIOT TMOJBEMHBIC YCTAaHOBKH, a TaKXkKe
MHOT000pa3ueM KOHKPETHBIX (PYHKINA, KOTOpbIe Ha HUX Bo3naratorcs. Cpenu  mocinemHux — 0co0o
BBIJICJIAIOT XapaKkTep MOAHUMACMBIX U OIYCKA€MBIX IaAXTHBIX TPY30B.

OCHOBHBIMHU IPU3HAKAMH, IO KOTOPHIM KJIaCCU(UIMPYIOT KaHATHBIE IOJbEMHBIE YCTAaHOBKH, SBIISIOTCS
HIDKECIICTYFOIIHE.

Ha3naueHnue mogbeMHON ycTaHOBKH. [10 3TOMY NMpH3HAKY MOIBEMHBIC YCTAHOBKH TIOJPA3IEISIOTCS HA
CIIETyIOIITHE:

a) 2nagHvle WM 2py306ble, CIyXallWe A TOAbEMa IOJIE3HOrO HMCKONAeMOro Ha IaxTaxX WIH
00CITy’)KHBaIOLI1€ OCHOBHBIE I'PY30IIOTOKH BCKPBIIIHBIX OPO U MOJIE3HOI0 HCKOMAeMOro Ha Kapbepax;
0) scnomozcamenvhvie (m0OCKue WM 2py30100CcKue), CIyKallue s TMOAbeMa M CIyCKa JIIOJCH,
MaTEepHAJIOB ¥ 00OPYIOBAHUS, a TAKKE JJIS TIOAbEMA U3 IMAXThI COMMyTCTBYIOIINX TOPHBIX TIOPO;

B) 8peMeHHble WIH NPpoXooyecKue, UCTIONIb3yeMbIe TOIBKO Ha MEPUOJI CTPOUTEIHCTBA IAXTHOTO CTBOJIA,
a B psjie CIIy4aeB U JUIA IPOXOAKH OCHOBHBIX BEIPAOOTOK OKOJIOCTBOJIBHOIO IBOPA.

PacnionoskeHue OTHOCHUTEIHFHO 3€MHOW MOBEPXHOCTH. 10 3TOMY TpU3HAKY BBIACISIIOT JIBa THIIA
MOTEMHBIX YCTAaHOBOK:

a) nodzemHble, pacrojaraéMbie B IIAXTHBIX CTBOJIAX;

0) omKkpwimoie, pacnoiaracMble, Kak MpaBuilo, Ha Hepabouux OOPTaxX KapbepoB.

VYToJI HaKJIOHA TPacChl MOIbEMHUKA. [10 3TOMY NMpHU3HAKY MOBEMHBIC YCTAHOBKH MOJPA3ACISIOTCS HA
JIBA OCHOBHBIX THTIA!

a) gepmuKalbHble, KOTOPbIE MMEIOT TPEHMYIIECTBEHHOE MPUMEHEHHE IPH IOA3EMHOI pa3paboTke
MECTOPOXKJICHUI U pa3MEINAOTCs B BEPTHKAJIBHBIX HIAXTHBIX CTBOJAX;

6) HAKJOHHblE, PA3MCIIACMbIC HA 60pTaX KapbCpOB WJIM B HAKJIIOHHBIX ITAXTHBIX CTBOJIAX.



Tun noxbeMHOro cocyaa. DTOT MPU3HAK B OOJIBIION CTENEHH OMpeeiseT XapakTep B3auMOCHCTBUS
KAHATHOTO MOJABbEMA C IPYTMMHU 3BEHBSIMH TPAHCIOPTHOIO KOMIUIEKCA TOPHOIO MPEIPUATHS, a TAKKE
BUJ] IOIPY304HO-Pa3rpy30UHBIX ONEpalMii HA CThIKaX TPAHCIOPTHBIX 3BEHBEB.
[lpu kiereBOM MOIBbEME MOTPY30UHO-PA3TPY30UHbIE ONEpalMy 3aKIIYalOTCsd B INPOCTOM OOMEHe
IPYKEHBIX U TOPOKHUX TPAHCHOPTHBIX COCYJIOB (BaroHETOK, aBTOCAMOCBAJOB) Ha IMEPErpy30UHBIX
MTyHKTax.
[Tpu ckunoBoM mogbeMe Meperpy3ka TOpHOM Macchl U3 CPEJCTB MPU3a00MHOI0 TpaHCIOPTa B CKUIIbI
BBITOJIHSETCSI, KaK IPaBHIJIO, 4Yepe3 MOCPEICTBO OYHKEpOB, TaK e, KaKk W pasrpy3ka CKHIIOB Ha
MOBEPXHOCTH.
banpy Kak NOJbEMHBIE COCYbI UCIIOJIB3YIOTCSI TOJBKO Ha MPOXOJYECKHUX MOJIBEMHBIX YCTAHOBKAX MU
CTPOUTENILCTBE IIAXTHBIX CTBOJIOB.
KomnyecTBo MOABEMHBIX COCYI0B, IPUBOJUMBIX B ABUKEHUE OJHOM NMOABEMHON MamMHOU. 1o aTomy
IIPU3HAKY MOABEMHBIE YCTAHOBKM MOYKHO MOJPA3JENNTh HA TPU THUIIA:
a) 08yxcocyoHble, KOTOpbIE MPEIINOaraloT MPUBEIECHUE B JIBHUKEHHE OJHOBPEMEHHO JBYX COCYJIOB
OJIHOH MOABbEMHOMN MaIIMHOM (IPy>KEHBIN COCY]l TOJHUMAETCS, TOPOXKHUI B 3TO K€ BpEMsI OITyCKAETCs);
0) ooHococyonvie Oe3 npomugogeca, KOrjia MOAbEMHAsi MallMHA MPUBOJIUT B IBM)KCHHE OJHY BETBb
KaHaTa C IPUCOEIMHEHHBIM K HEMY ITOABEMHBIM COCYJIOM;
B) 0OHOCOCYOHbIE C NPOMUBOBECOM, B KOTOPHIX K KOHITY OJHOW U3 JIByX BETBEil KaHATOB BMECTO COCya
MOJIBEILIMBAETCS IPOTHUBOBEC.
Tun kaHaTOBEAyIEro opraHa MOAbeMHOW MamuHbl. [0 3TOMYy MpU3HAKY, OTpa)karoleMy Crocoo
nepeayy JBUXKYIIETO YCUIIUS KaHaTy, IOJbEMHBIE YCTAHOBKH MOIpa3eiIsAloTCA Ha JiBa Kiacca.
a) bapabaHmbie, NN KOTOPBIX XapaKTEpHA KECTKas CBS3b MEXAYy KaHATOM M HAaBUBOYHBIM OPraHOM
(6apabanom), a TIpUBEJCHUE KaHATa B JBM)KCHHE MPOM3BOIUTCS ITyTEM €r0 HABHBKHU Ta MOBEPXHOCTH
OapabaHa UM CBUBKHU C YKa3aHHOW MTOBEPXHOCTH;
0) co wkusamu mpeHus, KOrja KaHaT Ooru0aeT KaHATOBEAYIIMH OpraH M HE CBA3aH C HUM JKECTKO, a
IIPUBOJUTCS B JIBJKEHUE IOCPEACTBOM CHJI TPEHMS MEXKAY NOBEPXHOCTBIO LIKMBA U IOBEPXHOCTBIO
MIPUKATOIO K IIKUBY KaHATa.
Pa3zgen 2.3. YCTpPoOiCTBO NOABEMHBIX YCTAHOBOK

[lonbemHass yCTaHOBKAa COCTOMT W3 TOJBEMHOTO OOOpPYJOBAaHUS U TOPHO-TEXHHUUECKUX
COOPYKEHHIA.

K noaremHOMy 000pYAOBaHHIO OTHOCSTCS: MOIBEMHBIC MAalIUHBI, MOABEMHBIE COCYABl U
KAaHAThl, Pa3rPy304YHbIEC U 3arpPy304YHbIC YCTPONCTBA U IP.

K ropHo-TexHMYeCKUM COOPYKEHUSIM OTHOCSTCS:
1. coopyxeHHs, PaCIOJIOKEHHbIE B OKOJOCTBOJBLHOM JABOpE (MOrpy304YHBIA OyHKEp M Kamepa s

OIIPOKHUABIBATCIIA ITPHU CKUIIOBOM IIOABEME UJIU IMTPHUCMHAs IJIOIIAAKaA ITPH KIICTCBOM HO,Z[T;GMC);



2. CTBOJI IIAaxXThl, OOOPYIOBaHHBIA HAMPABIAIOIIMMU MPOBOAHUKAMHU MJIA KJIETEH M CKUIIOB NpHU
BEPTUKAJIBHOM ITOJbEME U PEIBCOBBIMU ITYTSMHU JIJI1 BATOHETOK M CKUIIOB IIPU HAKJIOHHOM ITOJABEME;
3. Ha/IMIAXTHBIE COOPYKEHUS, COCTOSAIIUE U3 KOMPA U MPUEMHOT0 OyHKepa i pa3rpy3Kd MOIbEMHBIX
COCYZIOB;, Tpu OOOpPYJOBAaHHWU TMOJBEMA HEOMPOKHIHBIMH KIETSIMH BMECTO NpPUEMHOro OyHKepa
COOpY>KAETCs HAAIIAXTHOE 37JaHUE C PUEMHBIMH IIJIOIIAIKAMU U OTKATOYHBIMH MY TSIM
Bomnpoce! 1i1s camonpoBepku

1. Kakwue Bbl 3HaeTe OCHOBHBIE KOHCTPYKIIMUA COBPEMEHHBIX THUIIOB MTOIbEMHBIX YCTAHOBOK?

KakoBo ycTpoiiCTBO CKUTIOBOM MOBEMHON YCTAaHOBKHU?

Kakne ocHOBHEBIC Y3JIbI KJICTEBOM MOABEMHOM YCTaHOBKI/I?

2
3
4. HazoBuTe MOIBEMHBIE COCYBI M KaK OHHM BBIOUPAIOTCS?
5. KakoBa KOHCTPYKITUS IIAXTHBIX ITOTbEMHBIX KaHATOB?
6. Kak BbIOpaTh MIaXTHBIA MOIBEMHBIH KaHAT?

7

ITo xakum napameTpam BH6I/IpaIOTC$I HNOABEMHBIC MAIIUHEI?

Tema 3. HaznaueHue, o0111ee yCTPOiiCTBO MHEBMATHYECKUX YCTAHOBOK

Pa3nea 3. 1. O0Oue cBegeHust

[THeBMaTHYecKast YCTaHOBKA TIPEACTABISICT CIIOXKHBIM KOMIUIEKC HIHEPrOMEXaHHYECKOTO
000pyIOBaHMUsI, MPEIHA3HAYEHHOTO JJIsI MOJYUYSHHs CXKATOTO BO3AyXa M IMOJA4YM €ro K PasIUYHBIM
NOTPEOUTENSIM Ha TOPHBIX Mpennpuatusx. CKaTelii BO3AyX KaK IHEPrOHOCUTENb (ITHEBMaTHYecKas
DHEPTHsl) UCTOJB3YETCS B NMPHUBOJAE OYPHUIBHBIX, BHIEMOYHO-TIOTPY30YHBIX, TPAHCIIOPTHBIX M JPYTHX
BCIIOMOTATENILHBIX MAIlIWH M arperaToB, MPUMEHSIEMBIX NP J00BIYE MOJE3HBIX MCKOMaeMbIx. Kpome
TOTO, CXKaTBIH BO3AYX MOXET BBICTYIIATh B KQ4ECTBE TJIABHOTO JIEMEHTA TEXHOJIOTHUECKOTO IpoIiecca,
KOrJa peyb HJAET O MHEBMAaTHYECKOM TPAHCIOPTE W APIAU(PTHOM MOABEME TOPHBIX MOPOJ, a TAKXKe
HEKOTOPBIX cr1ocobax oOorameHus Mojae3HbIX HCKOMAEMBbIX.

[ToTpeOHOCTH B C)KATOM BO3IyXE HEIOCPEACTBECHHO B IIAXTE WJIM Kaphepe YIOBIECTBOPSETCS B
OOJNBIIMHCTBE CIIy4aeB HHIMBHUIYaJbHBIMH KOMIIPECCOPHBIMU arperaTaMi WIH TePeIBUKHBIMA
MTHEeBMAaTUYECKUMHU yCTaHOBKaMH. ['OpHbIE M TOPHO-IIPOXOJYECKHE Pa0dOThl HA MIAXTaxX, OMACHBIX MO
ra3y W IbUIM, a TaKkKe 00OpYJOBaHUE MPOMIUIOIIAZAOK OOOTaTHTENbHBIX (aOpHK, IIAXT U KapbepoB
00€CIIeUYnBaIOTCS CKATHIM BO3IYXOM, KaK MPAaBUIIO, OT CTAMOHAPHBIX THEBMAaTHYECKUX YCTAHOBOK ITO

Pa3BETBJICHHBIM CE€TAM BO3yXOIIPOBOAOB.

Pa3nea 3. 2. OcHoBHOe 000pyA0BaHHe KOMIIPECCOPHBIX CTAHIMI MHEBMATHYECKHX YCTAHOBOK
Beibop Tuma Kkommpeccopa UIS  CTallMOHAPHBIX  KOMIIPECCOPHBIX CTAHIMHA  OOBIYHO
IPOM3BOJNUTCS HA OCHOBE TEXHHKO-dKOHOMHYECKOTO CpaBHEHMS BapuaHTOB. CrenuanabHbIMU

HCCICAOBAaHNUAMMN YCTAHOBJICHO, YTO IIpHU pacyeT- HOM MPOU3BOAUTCIIBHOCTHU KOMHpCCCOpHOfI CTaHIIMH



menee 200 wm3/mMuH Haubonee 1enecooOpa3Hbl  OAHOTUIIHBIE MOPUIHEBBIE  KOMIIPECCOPHI
TOPU30HTAJIBHOTO WJIM TPSIMOYTOJILHOTO THUIA C HOMUHaiIbHOW momauer ot 10 go 50 m3/muH. Ilpm
pacdeTHOW TPOU3BOAUTENHLHOCTH KommpeccopHou ctanmuu 200 — 500 M3/MuUH ciieqyeT MpUMEHSTh
TOPU30HTANIbHBIE TOpIIHeBbIe koMmpeccopsl 4M10 — 10/8 ¢ HomunanbHoi nogadeit 100 m3/mun. lpu
npou3BoauTeNbHOCTH cTaHuK 500 — 1000 M3/mMuH nenecooOpa3Hbl IeHTpoOeKHbIe KoMiipeccopsl LIK-
115/9 u K-250-61-2 ¢ momaueii coorBeTcTBeHHO 115 11 250 M3/MuH. [1pu mponu3BOAUTENIEHOCTH CTAHITUN
6onee 1000 M3/MuH cremyeT OpPHEHTHPOBATHCS Ha LEeHTpoOexHble kommpeccopsl K-500-61-1 c
HOMHHAILHOU To1aueit Bo3ayxa 500 m3/MuH.

KommpeccopHble CTaHIMM CTAllMOHAPHBIX IMTHEBMATHYECKHX YCTAHOBOK TOPHBIX MPEINpUATUN
000opyAyroTCs, Kak IMpaBWJIO, KOMIIpECCOpaMH OOIIEro MIPOMBIIUIEHHOTO Ha3HAuYeHHs, TaK Kak
HE0OXOUMOE TaBJICHUE CKATOT0 BO3yXa 0OBIYHO HE MpeBbimaeT § — 9 6ap. Haubomnee yacto ass 3tux
HeNieil  MCTONB3YIOT TOPITHEBBIE M IEHTPOOEKHBIE KoMImpeccopbl. OrpaHHueHHOE NpPUMEHEHHE B
YCIOBHAX TOPHOTO TIPOM3BOJCTBA MMEIOT BHUHTOBbIE KOMIIpeccopbl. (OCHOBHBIE TEXHHYECKHE
napaMeTpbl TOPIIHEBBIX U LEHTPOOEKHBIX KOMIIPECCOPOB, TPUMEHSEMBIX Ha CTAallMOHAPHBIX

ITHEBMATUYECKUX YCTAHOBKAX FOPHBIX MPEIITPUATHH.

Pa3nea 3.3. BenomorareibHOe 000pyA0BaHHe THEBMATHYECKUX YCTAHOBOK

Bo3nyxocOopHUKH — MeTalIM4ecKue COCYAbl MUIUHAPUYECKON (OPMBI U BEPTHKAIHHOTO
pacnosoxeHusi, uMmeromue BMectumMocts oT 0,5 1o 25 m3. [lomumo mpsMoro HazHaueHHs (rameHUs
MyJIbCALMI MTOJIaYH BO3/IyXa KOMIIPECCOPOM), BO3YXOCOOPHHUKH HCIIONIB3YIOT JUIS BBIACIICHHS Maciia U
BJIATH, a TAK)KE JUIA YACTHYHOTO OXJIAXKICHUS BO3AyXa.

Konnessie oxmanurenu. Pacxon oxmaxkparomiel BOAbI B KOHIIEBBIX OXJIAIUTENAX COCTABISET
npuMepHo 2 — 2,5 1 Ha 1 M3 cxkaTtoro Bo3ayxa.

BcacoiBaromue punbTpsl. Ha mHeBMaTHuecKux yCTaHOBKAaX TOPHBIX NPeanpUsITU HauOobliee
pacnpocTpaHeHHe TOTYYUIH MaclsiHbIe CAaMOOYMIIAIOIINECS U METANTNYECKUE BUCIIUHOBBIE (DHIIBTPHI.
OOmas miomane (GUIBTPOB MPUHUMACTCS W3 YCIOBHsS OOeCHeueHHs CKOPOCTH JABMXKEHMS BO3JyXa
yepe3 puabtp 0,3 — 1,0 M/c mium 0,3 — 1,0 M2 Ha kaxaeie 1000 M3/MuH mogaun KoMrmpeccopa.

BucrunoBeie  ¢unabTpel Mapku @ BhITyCKarOT JBYX TumopasmepoB: ®50 u D100
COOTBETCTBEHHO Ha monady kommpeccopa 50 u 100 m3/mun. Comporusnenue ¢uiabstpoB 50 Ila.
[Mnomanpr ¢uibTpyromeld MOBEepXHOCTH OAHON sueiiku ¢unbTpa — 0,44 m2. KommuecTBo siueek B
bunpTpax - 2 (®50) u 4 (©100).

Cucrema BogocHaOxeHus. CucteMa BOJSHOTO OXJIQXKICHHSI KOMIIPECCOPHOW CTAHIIMU COCTOUT
U3 MPOMEXYTOUYHBIX, MOCIEAYIOUMX U KOHEUHBIX OXJAJAMTENEH CXKATOro BO3yXa, BOASHBIX pyOalliexk
LWIMHIPOB, XOJOJWIbHBIX 3JIEMEHTOB MAacJIOBOJOOTIACIUTENEH, OXJIaAUTENe CMa30uHBIX Macell,

YCTaHOBOK BO,Z[OCHa6)KeHI/I${, pereucpanun u 06op0Ta OXJIQXKIAIOIIEH BOJIBI.



BonocHabxxenue oxnaauTteneil, kak MpaBWio, IeHTpanu3oBaHHoe. Ilpu Mamom pacxone u
00€eCreYeHHOM HCTOYHHMKE OXJIaKJAIOUIeH BOJbI MPUMEHSIOT MPSIMOTOYHBIE CXEMbI BOJOCHAOXKEHMUS,
IpU KOTOPBIX BOJA MOCJE HArpeBa B TEIUIOOOMEHHUKAX cOpachIBaeTCs B BOJOEMBI WM HAINPABISAETCS B
CHUCTEMBI TEIUIOCHA0KEHUSI O0BEKTOB MPOMIUIOMAAKN Mpeanpuatus. [Ipu mUpKyISIHOHHBIX CXeMax
BOJIOCHA0KEHHUSI HACOCHAs CTaHIMA OOecrevyrBaeT Mojady XOJOJHOM U BO3BpAT Topsiueid BOIBI MO
cucteme TpyOOnpOBOIOB JIJISl TOCTEAYIOLIETO OXJIAXKACHHUS.

[Ipyu UMPKYJISLIMOHHBIX CUCTEMAX BOJAOCHA0KEHUS BOAA OT KOMIIPECCOPHBIX CTAHIMM MOCTyIaeT
Ha OXJIAKJCHHUE B TPAJIMPHIO WK OpBI3TaNbHbIN OacceiiH.

Ha nHeBMaTH4eCKHX YCTAHOBKAX T'OPHBIX MPEAIPHUATHH IS OXJIAXKICHHS BOJABI UCIONB3YIOTCS TAKKE
OTKPBITBIE TPaJUpHU OaleHHOTO THIa BhicoTOM 15 — 20 M, mpeacTaBistomue co00il COOpyXKEHHE,
COCTOSIIIEE W3 pe3epByapa OXJIAXIECHHOM BOJbI, OPOCHUTEIBHOI'O YCTPOWCTBA C peIITakaMu JUJIs
pa3OpbI3ruBaHusl BOJABI M BBITSDKHOM OalllHU 7S IHUPKYJSIUM OXJAKIAIOIIEro BO3IyXa 3a CUET
€CTECTBEHHOM TATM WIN NPUHYAUTENBHOIO HaaLyBa. KpynHble KOMIIPECCOPHBIE CTAHLIUU OCHAIAKTCS

BCHTUJLITOPHBIMU CCKIIMOHHBIMU I'PAAUPHAMU, O6CCHC‘II/IBaI-OH_II/IMI/I FJ'IY6OKOC OXJTaXXACHUC BOABI.

BonpochI /151 caMONIpoOBepKH

1. OnumuTe TeopeTUYeCcKuit mporecc paboThl MOPIITHEBOT'O KOMITPECCOpa.

2. UTO BXOUT B OCHOBHOE 000PY/TOBAHUE KOMITPECCOPHBIX CTAHIIHINA?

3. Ha3zoBuTe KOHCTPYKTHBHBIC Y3IIbI TOPIIHEBOTO KoMIpeccopa. Kak paboraer mopriHEBoOi
KoMIipeccop?

4. Yrto OpeaACTaBIACT c000i1 BCIroMoraTeabHOe O60py,Z[OBaHI/IC KOMIIPECCOPHBIX CTaHHI/Iﬁ?

Tema 4. HaznaueHue, kjaccu(pukanus 4 YCTPOCTBO BOAOOTIUBHON YCTAHOBKH.

Pa3znen 4. 1. O0mmue cBegeHust

Pa3paboTka MecTOpOXKIEHUN TOJIE3HBIX HMCKOMAEMBIX, KaK MPaBHIIO, COMPOBOXKIACTCS
MOCTYIUICHUEM B TOPHBIE BBIPAOOTKH MOJ3EMHBIX U MIOBEPXHOCTHBIX BOJI, & TAK:Ke MHMOUIBTPALMOHHBIX
BOJI U3 PEK M MOBEPXHOCTHBIX BOA0eMOB. Hanmnuue Boabl B pazpabaThiBaeMbIX TOPHBIX MAacCHBaX U €€
IPUTOK B TOpPHBbIE BBIPAOOTKHU 3aTPYAHSIIOT YCJIOBHUA pabOThl JIOAEH W MallMH, a B pPAJie CIIy4aeB
CYIIECTBEHHO CKAa3bIBAIOTCS HAa (DU3MYECKUX CBOWCTBAX TOPHBIX TOPOJ, MPUBOAS K CHIDKEHHUIO
YCTOMUMBOCTU TOPHBIX MAaCCHUBOB, YXYAIICHHIO KadyecTBa J00BIBAEMOTO IOJIE3HOTO HMCKOIAeMOro.

[ToaToMy TPOU3BOACTBO TOPHBIX PaOOT OTKPBHITHIM U MOJ3EMHBIM CIIOCOOaAMHU B OOJBIIMHCTBE
cilly4aeB TpeOyeT IMpOBEIEHHUs KOMIUIEKCa MEPONPUITUNA MO MOJHOMY WM YaCTUYHOMY OCYLICHHIO
pa3pa6aTI,IBaeme TOPHBIX MAaCCHUBOB, HCKIIOYCHUIO WM YMCHBIICHHWIO BOAOIPHUTOKA B TOPHBIC

BBIPAOOTKH, a Takke cOOpy U OTBOJY MOCTYTMAONIEH B BBIPAOOTKH BOIBI.



Pa3znen 4. 2. OcHoBHoe 000py/0BaHNEe MIAXTHBIX BOAOOTIUBHBIX YCTAHOBOK

HeoOxonuMbIM  COCTaBHBIM DJIEMEHTOM JPEHAKHOM CUCTEMBbl SIBIISIETCS BOJOOTIMBHAS

YCTaHOBKA — KOMIUIEKC YHEPrOMEXaHHUYECKOTO O0OpYAOBaHUS, CITy KAl Il OTKAYKH MOA3EMHBIX U
MOBEPXHOCTHBIX BOJI U3 JPEHAXKHBIX TOPHBIX BHIPAOOTOK IIAXT M KAPhEPOB.
[To xapaktepy B3aUMOAEMCTBHUA C OTKAYMBAEMOW >KHUIKOCTHIO B COCTaBe JIO0OOH BOIOOTIMBHOMN
YCTAaHOBKH BBIJENSIIOT JIBa TJIABHBIX DJIEMEHTA: CUIOB0U HACOCHbIU, WIN 8AKYYM-HACOCHBIU azpezam,
CIy>Xalui JUisi TIpeoOpa3oBaHUsl MEXAaHUYECKOW HHEPrUM B DHEPTHUIO JBIKYIICHCS >KHIKOCTH, U
mpybonpo8ooHyI0 (8HEWHIO) cemb — CUCTEMY KaHAJIOB, IO KOTOPBIM JKHAKOCTH MEpPEMEIaeTCsl OT
BOJIOCOOPHBIX COOPYKEHUI K BOJOOTBOAHBIM. [locTymas B Hacoc, KUAKOCTh MOTy4YaeT HEOOXOAUMBIN
3arac YHepruu, KOTOPBIM pacXoayeTcs MpH ee MepeMellleHnH B KaHalaX BHEIIHEH CeTH.

B cocraB BOAOOTIMBHON ycTaHOBKHM, oOecriednBasi HEOOXOAUMYIO HAJEXKHOCTb U
3¢ (}EeKTHBHOCTL PabOTBI OCHOBHOTO OOOpPYJOBaHHUS, BXOIAT TaKXkKe CIEAYIONUE DJICMEHTHI:
nycKopezymupyrowas u npeooxpaHumenvhas apmamypa (3aJBWKKH, BEHTWIH, IepEeKI0YaTen
MOTOKOB, OOpaTHbIE W MPEAOXPAHUTENIbHBIC KJalaHbl, BO3JAYXOBBIMYCKHbIE YCTPOMCTBA — BaHTY3bI,
KOMIICHCATOPhI TEMIIEPATyPHBIX HM3MEHEHUH JJIMHBI TPYyOOTPOBOJOB, TAaCUTEIM M KOMIICHCATOPHI
TUAPABINYECKUX YApPOB); KOHMPOAbHO-UMepumenvhas annapamypa (MaHOMETPBI, BaKyyMMETpBI,
pacxomoMepbl, WHANKATOPHI JIBIKEHUS KHUIKOCTH, YPOBHEMEpHI, peje 3aJiMBKA HACOCOB U IIp.);
cucmemvl  pY4HO20 U ABMOMAMUYECKO20 YNPAGIeHUs NPUBOOOM HACOCA C  KOMNJIEKMOM

NEeKMPOUSMEPUMETbHOU ANNAPaAmypbl.

Pazgen 4. 3. Kuaccupukanus maxTHHIX BOAOOTIUBHBIX YCTAHOBOK

[lo Ha3HayeHMIO BOJOOTIMBHBIE YCTAHOBKM IOAPA3JCISAIOT Ha 21agHblie (YeHmpaibHble),
ecnomozamenvHule (yuacmkosvie) u epemenuvie (npoxoodueckue). K TJIaBHBIM OTHOCSTCS yCTaHOBKH,
IpeHa3HauYeHHbIE JIJIS [IepeXBaTa U OTKAYKU BCETO MM OOJbIIEH YaCcTH 0KHMJIA€MOT0 MPUTOKA BOJIbI B
ropabie BbIpaObOTKU. I[lpyn OONBIION MPOTSHKEHHOCTH MIAXTHBIX M KapbepHBIX TOJEH MOXKET
UCIIOJIB30BATHCS HECKOJIBKO ITIaBHBIX BOJOOTIMBHBIX YCTAaHOBOK.

BpemeHHbIE yCTaHOBKU HCHOJIB3YIOTCSA B MEPHOJ MPOXOJIKH KAlHUTAJIBHBIX TOPHBIX BBIPAOOTOK
CTPOSILIETOCS MPEANPUATUS WIHA B IEPUO YPE3BbIYANHBIX CUTyallUi 110 BOJOIIPUTOKY

IIo pacnonoxkeHur0 OCHOBHOTO OOOpYIOBaHHS OTHOCHTEIBHO OCYIIAEMOIO MAacCHBa
BOJIOOTJIUBHBIE YCTAaHOBKU MOJAPA3CIAIOT Ha 3ymMngosbie, OCHOBHOE OOOPYJOBAHUE KOTOPBIX
pacrioyiaraeTcsi BHE OCYIIAa€MOr0 MaccuBa y BOJOCOOpPHHKAa OTHOCHTEIBHO OOJBIIOW €MKOCTH,
ckeadxcunnvle U uenogunvmpogvlie. Ha CKBaXXMHHBIX YCTaHOBKAax CHIJIOBOE HACOCHOE 00OpYZOBaHUE
pPAacIOJIOKEHO HETMOCPEICTBEHHO B  OCYIIAEMOM MAacCHUBE, B KOTOPOM IIPOMACHA CKBa)XKMHA
COOTBETCTBYIOIIUX Pa3MEPOB.

BOI[OOTJ'II/IBHBIG YCTaHOBKU MOAPA3ACIIAOT TAKXKC Ha CmayuoHapHsvle, nojlycmayuoHapHvie U



nepedgudicuvle. K 1OCIETHUM OTHOCST BCIIOMOTaTelbHbIE YCTAaHOBKU, IEpeMeliaemMble IO Mepe
npoaBmwkeHus 3aboeB. [lomycTanyoHapHble  YCTAaHOBKM  HM3MEHSIOT CBOE  MECTOIOJIOKEHHUE
NEPUOJIMYECKH Yepe3 OTHOCUTENIbHO OOJbIINE WHTEPBAJIbI BPEMEHH, MO0 Mepe MPOJBUKEHUS (pOHTA

TOPHBIX PabOT U 10 IIyOuHE pa3padaThIBAEMOI0 MacCUBa.

Pa3znen 4.4. YerpoiicTBO BOMOOTIUBHBIX YCTAHOBOK

3ymn¢oBble BOJOOTIMBHBIE YCTAHOBKH HMMEIOT HAaWOOJbIIEE PACIPOCTPAHEHHE HAa TOPHBIX
npeanpusaTHsX. OTINYUTENbHBIM TNPU3HAKOM TAaKMX YCTAaHOBOK SIBJSIETCS Hanmuyue 3ymrda-
BOJIOCOOPHUKA OTHOCUTENIBHO OOJBIIMX Pa3MepOB, KOTOPBIM aKKyMyJUpPyeT BOAY, NMOCTYHAIOIIYIO B
HET0 U3 FOPHBIX BEIPAOOTOK CAMOTEKOM IO JPEHAKHBIM KaHaJIaM.

[Io MecTOmoONOXEHUI0 BOAOCOOPHUKA OTHOCHTEIBHO IHEBHOH MOBEPXHOCTH 3yMII(OBEIC
BOJIOOTJIMBHBIE YCTAHOBKHM MOJPA3JEIAIOTCS Ha OmKpulmble U noo3emuvle, WIN waxmuvle. IlepBbie
IIPUMEHSIOTCS TOJIBKO JJIsl BOJLOOTIMBA Ha Kapbepax, a BTOPbIE — Ha IIaXTax M MOA3EMHBIX pyJAHHKAX, a
TaKXe Ha Kapbepax MpH MOA3EMHOM CIIOCO0€ OCYIIEHUs KAPhEPHBIX MOJIEH.

Bonoc6opHukH HIaXTHBIX BOJOOTIMBHBIX YCTAHOBOK MPEACTABIAIOT COOOW CHUCTEMY TOPHBIX
BBIPAaOOTOK, pa3/elCHHYI0 Ha JBe-TpU 4acTH (cekuuu). CeKIMH OTIENIEHBI OT MPHEMHOTO KOJOIa
OCTOHHBIMM TEPEMbIYKaMH, OOOPYJOBAaHHBIMH IEPENyCKHBIMH  KJIAllaHAMH. IJTO  IO3BOJSET
HONEPEMEHHO OTKIII0YATh CEKIIMM BOJOCOOPHUKA U TPOU3BOIUTH UX YUCTKY.

Bonoc6opHuK OTKPHITOM BOAOOTIMBHON YCTaHOBKM OOBIYHO IMpEACTaBIIsIET OO0 KOTIOBaH
YATUHEHHOW MTUPaMUIATIBHON (POPMEI.

BomonHas (yHKIMM TPUEMHBIX pPE3epBYapoB M OTCTOMHUKOB [UIS OCBETJICHUS BOJIHI,
BOJIOCOOPHUKH OJHOBPEMEHHO SBISIOTCS M PETYIUPYIOIUMH E€MKOCTSIMH, KOMIIEHCUPYIOIIUMHI
Pa3HHUIly MEKIYy IPUTOKOM BOJIbI U3 TOPHOTO MACCHBA U PACXOIOM OTKAYMBAIOIIUX €€ HACOCOB.

Bonpocs! 1151 camonpoBepku
HazoBute ocHOBHOE 000pYI0BaHKE MIAXTHOW BOAOOTINBHON YCTaHOBKH.

[lepeuncnure BcioMoraTeibHOE 000pY/J0BaHUE IIAXTHON BOJIOOTJIMBHOM yCTaHOBKH.

OxapakTepu3yuTe CXeMbl pyAHUYHOTO BOJIOOT/IMBA.

M w0 b oE

Kakue Bbl 3HaeTe OCHOBHBIE CIOCOOBI PETYJIMPOBAHMSI OCHOBHBIX MapaMeTpPOB LEHTPOOEIKHBIX

HacocoB?

o

KakoBa pabora 371eKTponpHBOa HACOCOB IIABHOTO BOAOOTINBA?

6. UYro Takoe (IIPOMBIIIJICHHAA 30HA Hacoca»?

Tema 5. Haznauenue, kiaccu(puKanus U yCTPOHCTBO BEHTHWJIATOPHBIX YCTAHOBOK
Pa3zgea 5. 1. O0mue cBegeHus

BGHTI/IJ'ISITOI)HLIG YCTAaHOBKU HA TI'OPHBIX NPCANPUATHUAX CIIYKAT AJIA IMMPOBECTPUBAHUS T'OPHBIX



BbIpA0OTOK M MOAJIEPKaHUsI B HUX KOM(OPTHBIX U OE30MAaCHBIX YCIOBUH TpyJa IyTeM CO3/aHUs
aTMOC(EPHBIX YCIOBUH, IIPU KOTOPBIX COCTAaB, CKOPOCTh IEPEMEILEHHUs] U TeMIIepaTypa BO3IyXa
COOTBETCTBOBAJIM OBl TpeOOBaHUAM oTpaciieBbix [1b.

ATMOC(hepHbIi  BO37yX, MPOXOAs IO TOPHBIM BbIpaOOTKaM, H3MEHSET CBOH COCTaB.
ConeprkaHue KHCIOpOZa B HEM YMEHBIIAETCs, a YIJIEKHCIOoro ra3a yeennuusaercs. Kpome toro, B
HEero MNomnajarT Takue rasbl, Kak a30T, OKCHJ YIJIEPOAA, CEPOBOJOPOJI, CEPHUCTBIM ra3, OKCHIbI
a30Ta, METaH, a TaKXXe IbUIb, Iapbl BOABI U IPYrHe BELECTBA, BHIACIAIOIINECS U3 TOPHBIX OPOJ U
o0pasyrolyecs Ipy IPOU3BOJACTBE TOPHBIX padoT.

ConepxaHue ra3oB B BO3JyXe XapaKTepU3yeTCs HUX KOHIEHTpauuel, IMpelcTaBisoLiei
coboli oTHomeHHe oOheMa (0ObeMHash KOHIICHTpAIlWs) WMJIM Macchl (MaccoBasi KOHIICHTPAIIHS)
JTAHHOTO ra3a KO BCEMY KOJIMYECTBY ra30BO3AYLIHON CMECH.

Bozayx, mocTynuBIINi ¢ TOBEPXHOCTH B TOPHBIE BBHIPAOOTKH M MPETEPIEBIINI U3MEHEHUS,
Ha3bIBAETCS pyOHUUHbLIM. BO3ayIIHAs CTPysl, NBUXKYIIAsACA OT BO3LyXOIMOAAIOIIET0 CTBOJIA K 3a0051M,
Ha3bIBAETCS nocmynarowell, a OT 3a00€B K BO3YXOBBIJAIOIIEMY CTBOIIY — UCXOOAWEl.

Paspnen 5. 2. Knaccupukanus IAXTHBIX BEHTHISTOPHBIX YCTAHOBOK

[lo Ha3HaueHHI0O  BEHTWIITOPHBIE  YCTAHOBKM  IOJAPA3AEISAIOTCA  HAa  TJIABHBIE,
BCIIOMOTATEJIbHBIE U MECTHOTO ITPOBETPUBAHMUSL.

Benmunsamopuvie ycmanoeKku 21aeHo20 nposempueéanus TpeIHA3HAUYEHbl AJI BEHTWIALUU
BCEX BBIPA0OTOK TOPHOIO MpEeANnpUsATHs (IIaXThl, pyJHHUKA, Kapbepa) WU €ro 4acTu (Kpbuio, OJIOK,
naHenb U T.4.). B coorBerctBumM ¢ [Ib Ha maxrtax W MOA3EMHBIX pPYAHHKAX 3TH YCTaHOBKHU
pacrosiarailoTcss Ha MOBEPXHOCTH Y YCThSl T€PMETHYECKU 3aKPBITHIX CTBOJIOB, IIyp(HOB, HITOJIEH H
CKBaXMH.

Bcnomocamenvhvie 6eHmunsAmophvle yCmaHosKu TPEAHA3HAYEHB! U1 I[POBETPUBAHUS
CTBOJIOB M KaNHUTAJbHBIX BBIPAOOTOK MpPHU MX MPOXOJAKE, a TAKXKE OTAEIbHBIX YYaCTKOB TOPHOTO
npeanpusaThs. OOBIYHO OHH PACIIONIATal0TCs, KaK | TJIaBHbIC, HA THEBHOM MOBEPXHOCTH.

Benmunsamopuvie ycmaHo8KU MeCmMHO20 NpOGempusanus WCIONb3YIOTCA I BEHTWISLUN
TYNHKOBBIX BBIPA0OTOK, 3a00€B U OTAEIBHBIX 3aCTOMHBIX 30H.

[To cnoco0y mnpoBeTpUBaHUS TJIaBHbIE BEHTHJISATOPHBIE YCTAHOBKHM NOJPA3JENsAlOT Ha
gcacwigaowue W HacHemamenbHvle. BcachlBalOMMKA CIIOCOO MPOBETPUBAHUS IMPUMEHSIOT, Kak
MIPaBUJIO, HA MIAXTaX, OMACHBIX 10 ra3y, HAarHETaTeJIbHbII — Ha IIaXTaxX, HE ONACHBIX Mo ra3y. MHoraa
NPUMEHSIOT HACHemamenbHo-6CAChIBaowWull  cnocod npogempusanus. B 3ToM ciaydae [1Ba
BEHTWIATOpPAa pabOTalOT MOCJIEN0BAaTeIbHO — OJUH HAa HAarHeTaHue, a APyrol Ha BcacbiBaHue. B
COCTaB€ IJIaBHBIX U BCIIOMOTATENIbHBIX BEHTWJISTOPHBIX YCTAHOBOK MCIOJB3YIOT KaK OCEBbIE, TaK U
LIEHTPOOEKHbIE BEHTWISATOPbl. BEHTHJIATOPHl MECTHOrO IMPOBETPUBAHUS SBIAIOTCS B OCHOBHOM

OCCBBIMHU.



Pa3jien 5. 3. O0miee ycTpoiicTBO BEHTHJISITOPHBIX YCTAHOBOK IJIABHOIO MPOBETPUBAHUA

YCTpOWCTBO BEHTUJISATOPHOM YCTAaHOBKHM 3aBUCUT OT €€ HA3HAYCHHMs, PACIOJIOKEHHUsSI, TUIIA
MIPUMEHSAEMBIX BEHTWISATOPOB W TpeOoBaHmii oTpacieBbix I[IpaBun Oe3omacHoctn u [IpaBun
TeXHUYECKON IKCIUTyaTaIluH, MPEIBIBISIEMBIX K YCTAHOBKAM PA3IMYHBIX THUIIOB.

B cocraBe BEHTWISATOPHBIX YCTAaHOBOK TIJIAaBHOTO TIPOBETPUBAHUS OJIMHAKOBO MIMPOKO
MIPUMEHSIFOTCS KaK IEHTPOOEIKHBIE, TAaK U OCEBBIE BEHTHIISTOPHI.

Ocesvie 8eHMUNAMOPLL 2NABHO20 NPOGEMPUBAHUS, BBIITYCKAEMbIE CEPHUITHO, OXBATHIBAIOT
auanason momad ot 10 1o 580 M%/c u cratmueckux masienuii or 600 mo 3900 ITa u Mpe/IHa3HAYEHbI
JUISL  TIPOBETPUBAHUS TOPHBIX MPEINPHUATAA C OTHOCUTEIBHO HEOOJBIINM COMPOTUBICHUEM
BEHTHIIAIIMOHHOM CETH.

Inagnvle eenmunsamopHvie ycmano8Ku JIOJDKHBL COCTOSITh HE MEHee 4YeM U3 JBYX
BEHTWJIATOPHBIX arperaToB, OJMH U3 KOTOPBIX JIOJDKEH OBITh PE3epBHBIM. BEHTHIIATOPHI HA Ta30BbIX
maxTax JOJKHBI OBITH OJHOTO THMOpasMmepa. Ha HerasoBbIX IIaxTax TJIaBHbIE BEHTUIISITOPHBIE
YCTaHOBKH MOTYT COCTOSITh U3 OJHOTO arperara ¢ pe3epBHBIM 3JIEKTPOIIPUBOJIOM.

Kpome TOro, riaBHble BEHTWISATOPHBIE YCTAHOBKH JOJDKHBI OBITH  000PYIOBaHbBI
PEBEPCUBHBIMU YCTPOMCTBAMH, 00ECIICUNBAIOIIMMH W3MEHEHUE HAIMPABJICHUS BO3JYIIHOTO IMOTOKA
(BEHTHJISIIMOHHOM CTPYH) HA MPOTUBOIIOJIOKHOE BO BCEX TOPHBIX BBIPAOOTKAX, MPOBETPUBAEMBIX 3a
c4eT OOLIENIaXTHON AETIPECCHH.

PaGounii u pe3epBHBI BEHTUISATOPHI COEAUHSIOTCS CO CTBOJIOM INAXTHl CUCTEMOM
BEHTWIALMOHHBIX KaHAJOB: IIOJBOMSINETO, BCACHLIBAIOIINX, HArHETaTEIbHBIX, OOBOMHBIX U
muddy3opa ¢ BeIXOAHON YacThbio. KaHanbl BBHINONMHAIOTCA B OE€TOHE B KOMIUIEKCE CO 3/1aHUEM, B
KOTOPOM Pa3MeIIaroTCsl BEHTUJISITOPHBIE arperaTsl.

B cocraB BEHTWJIATOPHOW YCTAHOBKH TJIABHOT'O MPOBETPUBAHUS BXOJAT: JBA BEHTUJISTOPHBIX
arperata, COCTOSIIIMX M3 BEHTWISATOPOB C OAJIEKTPOJBHUraTeIsIMA M ammapaTypbl yIpaBJICHHUS,
aBTOMATH3aIlMd ¥  KOHTPOJISI; BCIIOMOTATEIbHOE OOOpYAOBaHHWE [JIi TEPEKIIOYEHUs |
pEBEpCUPOBAHUS BO3AYIIHOTO IIOTOKA; CHCTEMa BEHTWISAIMOHHBIX KAaHAJIOB, 00ECTICYMBAIOIINX

NPSIMYIO U PEBEPCUBHYIO Pa0OTy KaXKI0TO U3 BEHTHIATOPOB; TIIYIIUTEIH IyMa.

Pa3znen 5.4. BecnomorarejibHOe 000py/10BaHHE IIAXTHBIX BEHTHJISITOPHBIX YCTAHOBOK
BcnomoratenbHoe o00opyaoBaHuME BKJIIOYAaeT B ceOs: JIAbl, C TIOMOIIBIO KOTOPBIX
NEPCKPBIBAOTCA BCHTUIIAIIMOHHBIC KaHaJlbl; MCXAHU3MblI [JII OTKPBIBAHHUA W 3aKPbIBAHUA JIAM;
yCTpOfICTBa AJI YIUIOTHCHUA JIAA; JIFOKW IJId OOCTYyIla B KaHAJIbI. .HHI[LI BBITIOJIHAKOTCA 110 TUILY
MajaronuX WM CaMOXOJHBIX BEPTHKAIBHBIX ABepei. B kadecTBe mpuBOAa JsIA MPUMEHSIIOTCS
nebe/IK1 ¢ CUCTEMON KaHATOB (MaJarouye Jsbl), a TAK)Ke [EMHON MPUBOJ C YEPBSIUHBIM PEAYKTOPOM

W BUHTOBOMH C MOTOP-PEAYKTOPOM I CaMOXOJHBIX BEPTUKAJIBbHBIX JIAI.



KommnoHoBka BeHTHHHTopHOﬁ YCTaHOBKH OIIPCACIACTCA THIIOM BCHTHIIATOpPA: OCECBOU HJIH

LEHTPOOEIKHBIH, C OTHO- WM JBYXCTOPOHHUM BXOJIOM, PEBEPCUBHBIN MIJIU HET.

Pa3znen 5.5. AspoauHamMuyecKue XapaKTepUCTHKH BEHTUJISITOPOB

AdpoaMHAMHYECKHE  XapaKTePUCTUKH  BEHTHJIATOPOB  (BEHTWISTOPHBIX  YCTaHOBOK)
ONPEACINIAIOTCA OIBITHBIM MyTeM M MPEJICTaBISIOT COBOKYNMHOCTh TI'paUuecKux 3aBUCHUMOCTEH
CTaTHYECKOTO JaBIIeHUSI Hcn W CTATHUECKOTO KOIPPHUIIMCHTA IMOJIC3HOTO JCHCTBUS #jcm OT pacxopa
(momaun) Q BoO3AyXa NpPU PA3IUYHBIX PErYJIMPYEMBIX IapamMeTpax BEHTUJISTOPHBIX arperaToB
(dacToTax BpallleHus, yIrilax YCTaHOBKH JiomacTei pabodero kojeca u mp.).

OTIUYUTENHEHOM HKCIUTYaTallMOHHON 0COOEHHOCTHIO BEHTHIIATOPHBIX YCTAHOBOK SIBJISIETCS MX
paboTa Ha BHEIIHIOK CETh, CONMPOTHBICHHE KOTOPON IMOCTOSTHHO MEHSETCS B CBSI3U C Pa3BUTHEM
¢poHTa pabOT M W3MEHEHHEM KIMMATHUYECKUX M TOPHO-TEXHHYECKHUX YycioBuid. Kpome Toro,
BEHTWJISITOPHI TJIABHOTO MPOBETPUBAHUS UMEIOT OY€Hb OONBIION CpOK ciykObl: oT 14 1o 20 met. 3a
3TO BpeMs XapaKTEepPUCTHUKA BHEIIHEW CEeTH MOKET U3MEHUTHCS B 3HAUUTEIBHBIX Ipeaenax. [loaromy
JUISL TOTO, YTOOBI BEHTWJIATOPHAs yCTAHOBKA MOTJa 00€CHeYnuTh HEOOXOAMMYIO I0/ady BO3ayXa B
TEUYCHHE BCETO CPOKA CITY>KOBI, OHA JOJKHA OBITH PEryITUPYEMOIA.

PerynupoBanue pexkuma pabOThl OCEBBIX BEHTWISITOPOB Tuma BOJ[ ocymecTBisiioT B
HACTOSIIEe BpeMs 3a CUeT M3MEHEHHUsS YIJOB YCTaHOBKHU Jomacted pabouero komeca. [Ipu stom
MOBOPOT JIONACTEN MPOU3BOAMUTCS AUCKPETHO yepe3 S5 rpana. [loaroMy peryinupoBaHHe MOJydaeTcs
CTYIICHYATbIM.

Pexxumbl  paboThl IIEHTPOOEIKHBIX BEHTHISATOPOB PETYIUPYIOTCS HW3MEHEHHEM YIJIOB
YCTaHOBKH JIOTIATOK HAMPABISIONIMX allapaToB WIH YaCTOTHI BpalleHus # padbodero koneca. O6a atu
crocoba peryupoBaHUs SIBISIOTCS] HEIPEPHIBHBIMU.

KoMOuHMpOBaHHBII CITOCOO PETYIUPOBAHMS 3aKITIOYAETCS B TOM, YTO B IMamna3oHax pabodero
peXMMa BEHTUJISITOPOB OCYILECTBISIETCS] MOAPErYJIMPOBKA (TOHKOE PETYJIMPOBAHUE) Pa3IMYHBIMU
crocobamu (HampaBISIONIMM aNNapaToM, 3aJIBHXKKON B BEHTUIISIIIUOHHOM KaHAJe U T.1.).

Bomnpocsl 1jisi caMonpoBepKH

Urto mpencraBiser co00i BEHTHJIATOpPHAS YCTAaHOBKA; €€ Ha3Hau€HUeE,KJIacCUpUKaIus?
OcHOBHOE 000pY/TOBaHHUE TITABHBIX BEHTUJISITOPHBIX YCTAHOBOK.

[lepeuncnute OCHOBHbIE KOHCTPYKTHBHBIE Y3JIbI LEHTPOOEKHBIX BEHTHJISATOPOB.
[lepeuncnute OCHOBHBIE KOHCTPYKTHBHBIE Y3JIbI OCEBBIX BEHTUJISITOPOB

PeBepcupoBanne Bo3nymHou ctpyu. Kak oHO npousBoguTCcA?

2 L e A

ITo xakuM napaMeTpam BbIOUPAIOT BEHTUIISITOPBI?
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Bonpocbl KOHTPOJIBLHOMH PadoThHI

Kaxue Bpl 3HaeTe 0CHOBHbIE KOHCTPYKIIMH COBPEMEHHBIX THIIOB OJbEMHBIX YCTAaHOBOK?
KakoBo ycTpoiiCTBO CKUITOBOM MOBEMHON YCTAHOBKHU?

Kaxue ocHOBHBIE y3I1bI KIETEBON NIOBEMHON YCTAHOBKHU?

Ha3zoBute nogbeMHbIe COCYIbl U KAaK OHU BBIOMPAIOTCS?

KaxoBa KOHCTpYKIMSI IIAXTHBIX MOIBEMHBIX KAHATOB?

Kax BpIOpaTh m1axTHBINA ObEMHBINA KaHAT?

ITo kakuM mapameTpam BBIOMPAIOTCS MObEMHbIE MAIIUHBI?

Ha3zoBuTe 0CHOBHBIE MapKi LWIMHIPUYECKUX 0apabaHOB, UX KOHCTPYKTHBHBIE Y3JIbl.

OCHOBHBIE CXEMBI QJICKTPOIIPHUBO/JIA IMOAbEMA. HepetmchTe ux.

. Kak onpenenuTs 3KBUBaJIEHTHYIO MOIIHOCTH 3JIEKTPONIPUBO/IA ITOAbeMa?
. YpaBuenue @enopoa. KakoBo ero Haznauenue?

. OOBsACHUTE TPEXNEPHOAHYIO TUarpaMMy CKOPOCTH NOIbEMA.

. Onuimre TeopeTH4ecKuid nporece padboThl HOPIIHEBOIO KOMIIPECCOpa.

. UTo BXOUT B OCHOBHOE 000PY10BaHNE KOMIIPECCOPHBIX CTAHLIUN?

. HazoBuTE KOHCTpYKTUBHBIE Y3JIbl MOPIIHEBOrO KoMIipeccopa. Kak paboTaer nopiiHeBoii

KomIpeccop?

UYro npezcTasiser co00il BcrioMoraTeabHOe 000py10BaHUE KOMIIPECCOPHBIX CTAHLIUMN?
Kak rpadndeckn nzo0pakaeTcst U3MEHEHHE COCTOSTHUS BO3/IyXa M30- TEPMHUECKUM,
anarabaTHBIM U TIOJUTPOITHBIM Tporieccamu?

MHuoroctyneHuaroe cxxatue. KakoBsl Ipesiessl CxkaTus, ero TeopeTuueckas auarpamMma?
HazoBuTe KOHCTPYKTHBHBIE y3IbI OPIIHEBOTO KoMIpeccopa. Kak paGoraet mopiiHeBoi
Kommpeccop?

Kakne SJICKTPOIMPHUBOJAbLI IPUMCHAIOTCA Ha KOMIIPECCOPHBIX CTaHIII/ISIX?

HazoBute ocHOBHOE 000pY/I0BaHHE MIAXTHOW BOJAOOTINBHON YCTAHOBKH.

[lepeuncnure BcriomoraTelibHOE 000PYI0BaHHUE IIAXTHOM BOJOOTIMBHON YCTAHOBKHU.
OxapakTepu3yiTe cxembl pyAHHYHOTO BOJOOTIHBA.

Kakue Bri 3HaeTe OCHOBHBIE CITOCOOBI PETYJIUPOBAHUSI OCHOBHBIX TTAPaAMETPOB
LIEHTPOOEIKHBIX HACOCOB?

KaxoBa paboTa 31eKTponpuBo/ia HACOCOB TJIABHOTO BOJIOOTIHBA?

Urto Takoe «IpOMBILUICHHAs 30Ha Hacoca»?

OT1nrune XapakTepUCTUKU TPYOOIIPOBOIHON CETH OT BEHTHISLIMOHHOM.

Kak onpenensiercst pabounii pexum Hacoca?

XapakTepuctuka TpyOoInpoBoa, €€ ypaBHEHUE U TOCTPOCHHE.

Yto npeaAcTaBJIsACT coOoi BCHTUWJIATOPHAA YCTAHOBKA, €€ HA3HAYCHHC, KHaCCHq)I/IKaI_II/IH?
16



31. OcHoBHOE 000pYIOBaHUE IIABHBIX BEHTUISTOPHBIX YCTAaHOBOK.

32. [lepeuncnuTe OCHOBHBIE KOHCTPYKTHBHBIE Y3JIbI IICHTPOOCIKHBIX BEHTHUIISITOPOB.

33. IlepeunciuTe OCHOBHBIC KOHCTPYKTUBHBIC Y3IIbI OCEBBIX BEHTHIISITOPOB
34. PeBepcupoBaHue BO3QylIHOM cTpyu. Kak oHO mpou3BoauTcs?
35. 1o kakuM mapameTpaM BBIOMPAIOT BEHTHIISTOPHI?

36. Kakue cymiecTByrOT CUCTEMBI ITPUBO/IOB IIaBHBIX BEHTHWJIATOPOB?
37. XapaKkTepucTuKa BEHTWISITOPHOU CETH, €€ YpaBHEHHUE, TOCTPOCHHE.

38. Paboumii pe’kuM BEeHTHIIATOPA.

17



3AIAHUS 111 KOHTPOJIBHOM PABOTHI

Oobuwgue ykazanus

[locne w3y4yeHHs MPOrpaMMHOTO MaTepuana CTYACHT NPUCTYNACT K BBIIOJIHEHUIO
KOHTpOJBbHOM paboThl. Homep BapuanTa paboThl COOTBETCTBYET MOPSAIKOBOMY HOMepy (amunuu
CTYJI€HTa B JKypHaie (cM. npuioxeHue 1).

KontponbHass pabora HoDKHA OBITH BBINOJHEHA B YCTAHOBJICHHBIE YYEOHBIM TpauKOM
cpoku. Pabora BbInoOJHsAETCS HAa KOoMIbloTepe, ctangapTbid mpudT Nel2 (Times New Roman), B
COOTBETCTBUM C TPeOOBAHMUSAMHU K NMUCHBMEHHBIM KOHTPOJIbHBIM paboTaMm. Ilepen kamabIM 0TBeTOM
NUIIeTc TeKCT Bompoca. OTBETbl JOKHBI OBITh KpPaTKMMH, HO TIOJHOCTBIO OXBaThIBaTh
KOHKPETHOE CYILECTBO BOIpoca. B KOHTposIbHON paboTe K0JIKHBI OBITh JaHbl MOAPOOHBIE OTBETHI HA
BOIIPOCHI BapUaHTa 3a/1aHuUs.

B koHI1e paboTHI cienyeT yka3aTh CIIUCOK MCIIONIb30BaHHON JIUTEPATYPHI, JIEKTPOHHBIE PECYPCHI.
HeOpexxHo BbIOIHEHHAs: paboTa WK BBINOJIHEHHAs paboTa HE M0 CBOEMY BapHaHTY HE OLIEHUBAeTCs
Y BO3BPAIIAETCS CTYJICHTY.

Ecin y cryneHTa BO3HHKAalOT BONPOCHI, TO HEOOXOAMMO OOPAaTUTBhCS K IPENoJaBaTello 3a
KOHCYyJIbTaIMeH 1o Tee(OHy WIIH 1O JIEKTPOHHOM MouTe

18



BapuaHTBI KOHTPOJILHOM PadOThI

[Tpunoxenue 1

X 5
= = Howmepa Bonpocos z = damunus, UMs, OTYECTBO
ol T
01 1,9, 17,29 01 |AptonoB MBan BukropoBud
02 2,10, 18, 30 02 |AnydpueB Anekcanap AJleKCaHApOBHY
03 3,11, 19, 31 03 |bamamkaes Bycan ®eiizymia Orisl
04 4,2, 20,32 04 |banskun Baagumup CtaHuciaaBoBUY
05 5, 13, 21, 33 05 |bepmenieB AHapeit AHApeeBUY
06 6, 14,22, 34 06 |Bymuuenko Koncrantun MBanoBany
07 7,15, 23, 35 07 |I'ypoB Anekcauap BmamumupoBud
08 8, 16, 24, 36 08 |HcaeB Ananat Mypanx Oriibl
09 7,16, 25, 37 09 |KokoB Jlennc BiagumupoBud
10 2,9, 26, 38 10 |Ky3pmuHa Hatayibs BuranneBHa
11 1,15, 27,32 11 |Kypoukun MBan CepreeBud
12 3,14 ,28, 33 12 |MawmenoB Hazup Ampynna Orisl
13 4,10, 17, 35 13 |MyxrtapoB MyxTtap Kagum Ors
14 8, 11, 20, 38 14 |IIpynaukoB Cepreit CepreeBud
15 6,13, 22, 34 15 |Pynr Bacunuii AnekcanapoBud
16 5,12, 19, 30 16 |CapaeB Brnagucnas BanepreBud
17 4,16, 20, 31 17 |TanukoB Huxurta CepreeBuu
18 8, 14, 27, 38 18 |TrokmmexkoB Hukomaii BiagumupoBud
19 6, 13, 28, 36 19 |XapnamoB Bukrop BukropoBuu
20 4,8, 26, 35 20

UepnukoB Anekcanap Bukrtoposu

19



