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AHHOTALUA

Ha Beimycknyio kBanuduxkanuoHnyro pabory PsokoBa J[.B. Ha Temy
«MexaHu3zaius JOCHUSI KOPOB € pa3pabOTKON BaKyyMHOTO HAcoCay.

BoinyckHast kBanuduKanMoHHas padoTa COAEPKUT TMOSICHUTEIBHYIO
3aMMCKy HA __ JINCTaX MAIIMHOMUCHOTO TEKCTa, BKIIIOYAIONIYI0 _2 TaOIuUIbI,
17  pucynkoB. bubmmorpadudueckuii cnucok coaepkutT _20 HaWMEHOBAHHM.
['padrueckas yacTh nmpoekTa BbINIOJIHEHA HAa 6 nHcTax popmara Al.

[TosicHuTeNnbHASA 3aNIMCKa COCTOUT U3 BBEACHHUS, TPEX PA3/CIIOB, 3aKIIFOUEHHUS
Y CIIMCKA UCIOJIb30BAHHOMN JIUTEPATYPHI.

B nepBoMm pazzerne npuBOIUTCS TEXHOJIOTUU JIOEHUSI KOPOB, 0030p TOMIBHBIX
YCTaHOBOK M CYIIECTBYIOIINX KOHCTPYKIIMH COBPEMEHHBIX BAKYYMHBIX HACOCOB.

Bo BTopom pasnmene mnpousBoAHMTCS TpeOOBaHMUS K TEXHOJIOTHYECKOMY
npoiieccy, 000CHOBaHHE BHIOPAHHOW TEXHOJOTHHU, 300TE€XHUYECKHE TPeOOBaHUS U
TEXHOJIOTUYECKUE PACUETHI.

B tpeTtpem pasznene npeacraBieHbl METOAbI YIYUIIEHUS] TEXHOJIOTUH JTIOCHHUS,
ONMHMCaHWe  pa3padOTaHHOM  KOHCTPYKIMM  BAaKyyMHOIO  Hacoca,  €ro
KOHCTPYKTHBHBIE pacueTbl. Pa3paboTaHa WHCTPYKIHMS TIO OXpaHe Tpyda u

MPOU3BEAECH TEXHUKO-IPKOHOMHUYECKUW PACYET KOHCTPYKIINH.
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Bsenenue

K peanmuszaumuu HOBoM ['ocynapCTBEHHOW HMpPOrpaMMBbl CENIbCKOE XO3SIMCTBO
CTpaHbl MPUCTYIWIO B 3HAYMTEIBHO OTCTAaBIIEM OT pa3- BUTHIX CTpaH MHpa B
TEXHUKO-TEXHOJIOIMYECKOM OTHOUIEHUHM COCTOSIHUM. Clenyer OTMETUTh, 4YTO
HDKOHOMUYECKHE  YCIOBUSA  (YHKIUMOHHUPOBAHUS  CEllb-  CKOXO3AMCTBEHHBIX
ToBaponpousBoaurened  Poccum  Ha  arponmpomOBOJIBCT-  BEHHOM — PBIHKE
CYLUIECTBEHHO XYX€, 4YeéM B CTpaHaXx - KOHKypeHTax. CoOBpeMEHHbIM 3Tan
oOecrieyeHus1 HaceleHHs NPOJOBOJILCTBUEM HMEET B HAIIEd CTpaHE CBOU
OCOOEHHOCTH.
Ocoboe BHUMaHHE OBUIO YJEIEHO CEKTOpY >KMUBOTHOBOJICTBA, KOTOPBIH, IO
MHEHHUIO JKCIEPTOB, O0JaJaeT BHYIIUTEIbHBIM MOTEHIMAIOM, JO CHX IMOp HE
pacKpbITBIM B MOJHON Mepe. ['aBHas nenb — oOecneunTh 3a CYET BHYTPEHHUX
IPOU3BOAUTENEH CTAOMJIBHO PACTYIIMH CIPOC HAa BBICOKOKAYECTBEHHOE MSICO U

MOJIOKO.

[Ipu 3TOM mpeAcTaBUTENN OTPACIH OTMEUAIOT, 4TO 0€3 MOAJIEP>KKU rocyJapcTBa
JIOCTHYb 3HAYUMBIX PE3YyJbTAaTOB HE MOJIyYHUTCS, TIOCKOJIBKY CEIBCKOE XO03AHCTBO
HaxXOJUTCS Ha JAHHBII MOMEHT B JIOBOJIBHO CJIOKHOM IIOJIOXKEHHH. B umcio
OCHOBHBIX MPOOJIEM BXOJUT MPAKTUYECKU MOJHOE OTCYTCTBUE OPraHM30BAHHOTO
IPOM3BOJCTBA U HU3KHI ypOoBEHb OOPa30BaHHOCTU MajblX (EepMEpPOB, KOTOPbIE

3aHUMAIOTCA ) KUBOTHOBOACTBOM B CaMbIX OTI[aJ'IéHHBIX YTOJIKax CTpaHbI.



1. Jlureparypro — maTeHTHLII 0b30p

1.1 Anaiaus cywecmeyowux mexnonoauu

B nameii cTpase, B 3aBHCIIMOCTH 0T HX HA3HACHHA NPHMEHAIOTCA TPH THIA
JAOWIBHEIX YCTAHOBOK, KOTOPHE KIaccH(HIIIPYIOTCH B 3aBHCHMOCTH OT ciocoba
COAEPARAHMA KNBOTHLX H IAPAMETPAMI IKCIUTY ATALH -

- CTALHOHAPHLIE cIIOCO0OM COJICpKaHia B CTOIUIAX,

- CTALHOHAPHLIE NPUMEHAEMEIE B CIICINAMLHEIX 3a/1aX,

- MODIILHBIE MpIMEHAeMbIe JUI4 JIoeHIA B NeTHIl nepuoj Ha nacrodmmax,
a AMOIT B JIOTUTLHLIX TIOMEIEH AR,

JolnmbHEIe VCTAHOBKN 1A JOCHNA AKHBOTHHX B CTOIIAX HCTIONBLIVIOT MpH
COMEPRAHMI KOPOB Ha npues2i. ORI NOAPAsAeEOTeS 10 crnocody cbopa MOJoKa:
HEPEHOCHLIE B JA0IUILHEIC BEApa 0 B MOJIOKOTIPOBO/L,

K 1makum TimaM MOKHO OTHECTH JowibHbie veranopkn AJl-100a, JIAC-26,
"Umnymec" M-610/12 (I'JIP) B koTOpHIX A0CHHE XHBOTHEIX IIPOHCXOANT B
TIepeHOCHBIE BeApa. A B JowbHEX veTaHoBrax AJIM-8, "HMunymce" M - 620/20
(I'JIP) cOop MonoKa OCYIISCTRIACSTCA B MONIoKonpoRo, JomwmHule yeTaHOBKN JUIA
JIOBHHA KHBOTHWX B CHEIATINNPORAHHKIX 3471aX B OCHORHOM HCHOMLIYVIOT MpPH
GecnpBAInOM cojlepkannn kopon Takne crarmoHapHhlie JOMMLHLIE YCTAHOBKN
YCTAHARNITBAKOT B MOMEMICHIN I NepeMemaroT Ha cnennankHofl mardgopme.
OHn cOCTOAT W3 JOWIBHBIX CTAKAHOB ¢ anmnaparamy, wim  JloeHne xopop
MPOHEXOANT Mo odepean wi rpyvinaMi Jins 2Toro KEBOTHRIX TEPEIOHSIOT OT
MECTA COJACPRAHIA B AOIILHEIT 345 0 pacupejaersnor no craukam Korga joenne
OAHOI IPYINE 3aKAHYNBACTCA KUBOTHEIX BOZBPAIAIOT Ha MECTa HX COJAepHaHI,
a B JOIUILHLIE 3471 3aTOHASTCA CHAVIOWAS IPYINA KIBOTHEIX.

Jomwmneie  VCTAHOBKNM ¢ CTAUMOHAPHLIME  CTaHKaMi  ObiBAlOT
MBI ABHLE 1 rpynnosse.  Ha  pmammpayaibHEIX  CTAHKAX  KOPOBR!
PACTIOTIATAIOTCA MOCTC/AOBATENIEHO B JBa paAa. BXoa N BEIX0A JKHBOTHHX
nponcxognr ¢ Ooky ("Tammem”) OrmrmremsHoll 0cODEHHOCTRIO JAOHITEHEIX
VCTAHOBOK ¢ TPYNITIOBRIMI CTAHKAMH SRIAKOTCA KOITMECTBA MECT B CTAHKAX 1 TIX

PacnooECHIC, HnBoTHEE B JAHHOM cliy4ac pacliovjlarakoTci B CTaHKAX [0 Kpako



TpaHIIE!N, B KOTOPOM HaxoJUTCA ONEpATOp MAIMNHHOIO JoeHnd. CyImecTBYIOT
JIOWIEHEIE YCTAHOBKHI B JIBA MapalUielbHEIX psga ("Emnouka") u 0o okpyikHOCTH
(kpyroeas "Enouka").

Ha JoWIbHEIX YCTAHOBKAX THIA «Kapycelb» C TOABIDKHEIMI CTaHKaMII,
JKIBOTHEIE HENPEpLIBHO €AyT Ha niaTdopme, a ONEpaTop HaxoAHTcs Ha OJHOM
MECTe, 0JICBAET I CHIMAET JAONILHLEIE cTaKaHbl. Takne KOHBellepHLIE yCTaHOBKI
oBopyAyIOTCA NHAMBIYAIILHEIMI CTAHKAMIL

JlaHHBIT THI JOMIBHBIX YCTAHOBOK MOAPA3Je/BiOT Ha CHEIYEOUIUE THIbL:
KOIBLLEBOil, pacTsHy Thiil I TeHTOUHEIT

B nameiil cTpaHe 12 KOHBeilepHEIX JOIUIEHEIX YCTAHOBOK /U1 JIOEHIA KOPOR B
CIeIUaNbHEIX 2a7aX MPIMEHSKTCA CIeAVIONHE OTeHIeCTBEHHBIE VCTAHOBKI!
«Tanmem» «YIT-6», « YIA-8A» n «Enouxa» YJIE-8. A tak xe MHOCTpaHHHIE
veraHoBKIL "Hmmyaec" M-362 n "Hunymee" M-691-40, koTophie BEINYCKAIOTCS B
Tepmanmn

Jlns jloenitst Kopos ¢ 1oroioeseM tonee 400 rojos MOMKET UCIIONIL3I0OBATLCS
ABTOMATI3HPOBAHHEIT JOIWILHEI 3an «EBponapaniesby», KOTOPLIl BEIITYCKaeTCs B
pa3mmMHBIX BapnaHTax. [IpenMymecTBa JaHHBIX JOWILHBIX VCTAHOBOK B TOM, 4YTO
pasMemas KHBOTHBIX, Dok 0DOK 3HAYNTENBHO COKpamjaercs JIHa JOIIILHOTO
3ana u pabounili myTh JoApa. brarogapa mHpoKHM 30HaM BXOJa H BbIXOJA
JIOIUTLHBIE 34Tkl cocOOCTBYIOT BRICOKOIT mpoIyckHoil crocobHOCTH, TIPH 3TOM
coxpanaa yjgo0HBIe 11 De3onacHEIE VCIIOBHS TPy/la 0DCIyAHBaIONIEro MEpcoHAana.
KDHTPDHIIP}-’TDL[LHH CIHIICTEMa JJOCHIIA 1 HNHACKCHPOBAHHIII KOPOR oOecIeYHBaeT
OBICTPEITT BXOJ N pa3MelleHlle KOpOB B JOIIbHBIX MecTax., KyJa 3KHBOTHEIE
NOMAaJarOT W3 HakonHUTeNbHOl mwiomaaxn. DBeixol H3 3ana OPOHCXOAHT ©
MOMOIBLI POTALMOHHEIX BOPOT.

B  pomnbuerii samax «Eppollapamens» d¢upmer  Jle/laBans, xotopas
paspaboTaHa 1A cTaja € BEICOKONPOAVKTHBHEIMI KOpPOBaMH 1 OOJBLIINM
NOTOJIOBBEM, JUIS VA0DHOTO paclofokeHNs JKHBOTHBIX CHCTEMa HHIEKCAI[NN

CHGCGﬁETB}"ET MEPEARIDK CHITHD 10 Kpard JommsHoIl avel. HeGonesmoe pacccToAaHIIE



MeXJy JOIUILHBEIMI allapaTaMi [I03BOJISET CHKOHOMHTH BpeMd ollepaTopa
KOTOpOe OH TPATHT [UIS [epeMelleHld B poliecce JOeHI.

JowmeHele 3ansl THOoA kapycens (TURN-STYLES) ¢ mnapamienbHBIM
pacnoniokeHneM cToiin m BHemHeli paboueii 20HOi Am4 omeparopa, MOKeT
obecrieuleaTh BHICOKYIO IPOH2BOANTEILHOCTE onepaTopa JoeHnd. OHa MOXKeT
OBITE 2 (eKTHBHO NCHONL3OBAHA Jake IPH MOTOJIOBLE KMBOTHEIX 500 - 2000
rojioB. Ilpn paGore paHHOTO JOWIBHOTO 32a7a CO3JQA€TCH HeNpephIBHEI MOTOK
WUBOTHEIX OT HAKOIMUTENLHOI IUI0Ma K 10 BRIXO/a U3 J0IUIBHOTO 3alla.

HcnonsiopaHie JOWIBHBEIX YCTAHOBOK TAKOIO THIIA HABISMETCH CAMBIM
OBICTPEIM, VIOOHBEIM H 3(eKTHBHEIM TPH NPaBHILHOM MOA00pe H YHUETOM BCex
TpeGoraHnil oosekTaM. llenecoobpazHo HCNONBLIOBAHNE JAOIUIBHEIX 2aJIOB THIIA
«Kapycenes» Ha JKHBOTHOROAMECKIX KOMILJIEKCAX C TOToNoBbeM craja Beime 1000
TOJIOB.

IMnardopma gowisbHOI YCTAHOBKH JBUIAETCS € HOCTOAHHOIN ckopocThiO Ge3
yvexopenuii. CHcrema [OJABIEHIS IIyMa [OZROIIIET YMEHBIIHTE CTPECCOROE
cocToAHNe HUBOTHREIX. Bospems paborsl 00ciy RIBaIONIHIT IEPCOHAT 1 JONITLHEIE
almapaTel HaXOAATCA B BHYTpPeHHell 4acTH mmatdopmel. Maer mnoctosHHas
HelpepbIBHadA CMEHa KOPOB., WTr0 VBeMMYMHBAeT [POH3BOANTEILHOCT 1
VMEHBIIAeTCA BpeMs [JOeHHA, 3a CUeT TOTO, MTO HEeT HeOOXOANMOCTH OXKUAATh
CMEHRI TPYTINEL AHBOTHEIX.

HenpepriHoe JBikeHte m1aTGOpMEl, BEICOKAA MPOIYCKHAS CIIOCODHOCTD,
ONTUMANLHEIIT o003z0p paboueil Iomagn ©  JOCTATOYMHOE MPOCTPaHCTEO
oDecrnieunBaeT BHICOKYEO CKOpocTh JoeHus. Bcee croiinoBoe obopynoBaHie
H3TOTOBIEHO U3 BEICOKOKAYECTREHHOI OLIMHKOBAHHOI cTalHL,

JaHuble QOWTbHBEIE 3alkl MOIYT HCHOJNB30BATHCH KAk Ha CpeflHHX Tak U
kpynHEIX (epM, OHH ocHamaroTes co croilnammn «Enouka» or 16 g0 40 mryk,
KOI/1a JI0Ap HaXoJAUTCH BHYTPH, KOTOPEIE MOTYT 0OCIYKNBATE (JepMEl ¢ CPeIHHM 1
OOJILIIHM MOTOIOBLEM.

[TpimMeHeHne pazfieNTeNLHEIX KaTHTOK MO2BONgeT OepeHO HalpaBIsTh

WHBOTHEIX B JIOWILHOE CTOIUIO. HDI-UIEHEIE ALl JOIIOMHHUTENEHO OCHAIAKITCH



obopyJoBaHNeM /N KOpPMIIeHHS HeNocpeJcTBeHHO B croille, 4TO MO3BOI4eT B
KOMIUIEKCHOIT cTparernn obecleunTs KopMIeHHE B CiIyuae HCIOIbR0BaHNIA
CMeIIaHHOTO paliioHa MM U1 pazjaull  JoIONHHTeNLHOro KopMma IIpH
CKapMINBAHHIT KOHIIEHTPHPOBAHHBEIX KOPMOB B NACTONIIHEI Ce30H.

JownbHele 3amel «Enouka» — KnaccHdeckmii BapHaHT 3al0B JOEHHS s
COBPEMEHHOIO MOJIOYHOFO X03diicTBa, B TEUEHNE AecATIUIETHIl J0KazblBarommii
CBOKY  HpouHOoCTs W SdexTuBHOCTH,  Onarogaps  NpenMyLIecTBaM
HHUBIJY ATIBHOTO  OCHAIEHIS JOIULHOIO MecTa H OTINUHOIl IHpolycKHOi

CIIOCODHOCTIL

Pueynox 1.1 — Jlownsnetii 3an « Enoukas

Kopoesl nonagaror B JOIILHEIT 3371 02 HAKOIHTEILHOTO TaMdypa. CMeHa
TPYNIT AKHBOTHEIX, JBHTAKOM{HXCA W3 KOPOBHIKAa B JOWILHEII 3am 1 HaoGopoT,
OpOHNCXOANIT HEITPEPRIBHO. ITocne TOTO, KAK KOPOBa 34aHIMAET JOIUILHOE MECTO,
OIEPAaTOp MOJIYUAeT K BEIMeHH OezonacHuIil 1 yjaobHeil gocTyn, Grarojapsa ToMmy,
oTo  IIogCOSIITHEHIIE COCKOBOII  CIUIHMKOHOBOII PEiHHEL K EBBRIMEHII KOPOREI

ocyiecTrIsieTcd cOOKY, a4 NOABIGKHEIN rpyaHoil # surzaroobpa3zHelil 3agHuil



VIOPEL (PHKCHPYIOT e MOJI0KeHIe,

Jownenas cucrema "Kapycers" ABnsiercs Hanbonee nepenopoil cucremMoil
npuMeHseMoil B mupe. B 2aBncuMocT oT (HHAHCOBOTO COCTOAHNA X034iicTBA 0HA
MOKET OCHANATLCH JOMOMHHTENLHEIMI 0DOpPYA0BAHHAME H OTIHHATCH YPOBRHEM
apToMaTHialmy.  Kakme TO OpeAnpHATIT  MOIVT  BHIOpaTh  NOTHOCTRIO
ABTOMATIHNPOBAHHEI JONIRHEIT 3a0, a HEKOTOpHIE JONILHYKY YCTAHOBKY C
HepcrnekTHroil  yBemueHns B JanbHelimem cucreMm artoMarmszanuu.  [lpn
Hpougcce JloeHs Kau1oil KOpOBe ABTOMATHYECKH BHLIAIOTCH
KOHLUEHTPUPOBAHHLIE  KOpMa, HOPMY  BBLJaull  KOTOPOro  3aBUCHT  OT
NPOAYKTHBHOCTI AKIBOTHOTO H KOHTPOJIHpPYETCA KOMIBIOTepoM. Tax ke Beljaua
KOHIIEHTPHUPOBAHHLIX KOPMOB 3aBICHT OT V0, KHBOil MacCHl M VIINTAHHOCTH

KHBOTHOTO. JKITBOTHEIE MPOXOJAT Ha BpaNIarONIyrocd TaT(opMy Hepez KOpHiaop.

rae cpasy e IIET X HJIEHTIIEjJIIKalI[IH I OIIPEIOCIICHIIC BCEX TIaPaMETPOR.
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Precynox 1.2 — JIoWILHEIT 347 «Kapycenb»



PicyHox 1.3 —gomnsHEri poGot ¢gupMer Lely

MoOnnbHEIe  JJOMTBEHBIE YCTAHOBKH HCHONB3YIOT TPH  OPHBAZHOM H
OECHPUBIA3HOM COAEPAKAHIN KUBOTHLIX Ha (epmax. Takue ycTaHOBKH COCTOAT H3
JIOIILHOTO allllapara, eMKOCTH [y cbopa Molloka 1 BakyymHOIl yeranoskn. Boe

BbIMIETIEPEYIICTISHHBIC V3lIkl MOHTHPVEOT Hd TENSWKE, KOTOpad IIepeMEllacTcH

BPYUHYIO.

1.2 O630p cymecTBYOIINX KOHCTPYKIHIT BaKYYMHBIX HACOCOB

Ha ceroanamumii JeHb MZBECTHO 3HAYNTEBHOE MHOMKECTBO JABYXPOTOPHBIX
BaKYYMHBIX HACOCOB, Ta30JyBOK H KOMIIPECCOPOE KOTOpHIE OTJIMYAIOTCH II0
KOHCTPYKITMH H  ycTpoiicTRY GONBIIMHCTBO, H3 KOTOPHIX  BRITyCKaeTcH
OTeUeCTBEHHOIT I 3apyOekHOIT MPOMBITIIEHHOCTELIO, KOTOPEIE TaKkKe MOryT OHIThH
HCTIONE30BAHE] JI7IS [TOJTYYeHHs BAKYYMa B JIOWILHEIX YCTAHOBKAX.

Ha coBpeMeHHEIX JOINTLHBIX YCTAHOBKAX IPOHCXOJUT HH TONMBKO JOeHHH

ANBOTHEIX, HO 11 714 TPAHCIIOPTHPOBKA MOIOKA,



Kaxk mBecTHo, Ha NpakTHKe U1 cO3JaHnd BakyyMa nopszaka 380-420 MM pT.
CT., 1O/ JeiicTBIEM KOTOPOI'O OCYI[ecTRILeTCcS MAIINMHHOE JoeHIe, HeoDXoAanmMo
NPIMEHATE BAKYYMHBIE HACOCH 00BEMHOTO THIIA.

[ITupoxoe pacrpocTpaHeHne B JOIILHBEIX YCTAHOBKAX HauOOIee MOoJIy9Him
MIACTHHYIATOPOTOPHEIE I KIJKOCTHO-KOJILIIEBLIE BAKYYMHLIE Hacockl, (JCHOBHOI
OTINYNTETLHON 0CODEHHOCTRIO KOTOPHIX (pHcyHOK 1.4) aABngercs, HTO CKaTHe
rasa OCVIIECTBISETCH KUJIKOCTHBIM KOJBIOM, KOTOpas BOZHHKAET BCIIEJCTRUE
JIBIDKEHHS JIonaTkaMu paGouero poropa. KOTOPHIT pacnofioxeH SKCHEHTPIMHO 110
OTHOLIEHUIO KopIyca. JKHAKOCTHOE KOJBLLIO Bpalasck BOKPYI OCH KopIiyca
opmupver knakocTHoe kombno. [logaua paGoweil KHAKOCTH OCYIIECTBIAETCS
1o/ JIaBlEHIEM, KOTOpas paBHa BEIITYCKHOMY JABJICHITKO HACOCA. JTO MO3BOIAET
EBH aBTromaTnveckn BOCHONHATE KOMIMECTEBO pabowell KHAKOCTH I IO3BOIAET
OTRBOJ Tellla 00pazVIOmIiica NpH BHYTPEHHEM CKATHI raza,

JIaHHELIT THIT HACOCOB UMeEeT ekl ps/l JOCTOMHCTE TAKMX Kak:

1) mpocToTa KOHCTPYKIJILIL,

2) BEICOKafd HAJEKHOCTE,

3) HeBBICOKHII YpOBEHE IIyMa;

4) nmemeBH3HA H3TOTORIEHHA.

K mepocraTkaM KHJIKOCTHO-KOJILIIEBEIX BAKYYMHEIX HACOCOB MOJKHO OTHECTH
BLICOKYIO MOIMHOCTL, KOTOpas HeoOX0 [HMa /Ui BpamleHNs KIJIKOCTHOTO KOIBIA,
H, Kak cleicTBHe »Toro, orHocurensHo Himzkmnil KIII[, Boicokxoe npegenshoe
OCTATOYHOE JABJIEHHE, HEBLICOKAA OKpPY#HAA CKOPOCTh Ha nepudepnn padouero

Koaeca.



| — nonatkm, 2 — kopiye, a — paboyas suelika B Hayuase mikia paboThl,
6 — paboyas sueiika B KOHIE IITKTA paboTH
Prcynoxk 1.4 - KoHCTpYRINSA EIJIKOCTHO-KOIBLIIEBOTO BaAKYYMHOTO Hacoca ¢

OCEBRIM MNOAROIOM H OTBOOOM I'a%a

[InacTuHUaTOpOTOpHElE HACOCH! (pucyHOK 1.5) cosnator Gonbmoil mym, A

HAOIALII KOTOPOTro Tpﬁﬁ‘j’ﬂTCﬂ Clielam-Hoe IIoMeHieHIIE.

1 — BEIXTTOMHOI KnamaH, 2 — BXoAHOI naTpydok; 3 —mumHAp; 4 — poTop: 5 —
[LTacTHHA, 6 — NpY#IHA
Pueynox 1.5 - Cxema nmuacTHHIATOPOTOPHOrO BaKYYMHOro Hacoca Tira HBP

3HAUNTENBHEIT HHTEpec MpeJcTaBIAT ABYXPOTOpHEIE Hacochl THma Rut's,



KOTOpEIE HABIAIOTCH OBICTPOXOJHBIMIL, BCIEJCTBIE Yero HMEKT HeBRICOKVIO
METaJUIOEMKOCTE 1 raGapuThl. BEITYCKAOTCA HACOCH KaK C JABYX2yOUaTEIMI TaK 1
¢ Tpex3ybuaTeiMi poTopamu (pucyHok 1.6). OpHako Takle Hacochkl B 3aJaHHOM

PEeRNIME MAUINHHOTO JoeHns nMetoT He Beicokmit KITJ

.lﬁ

Vo

| —xopmyc: 2 —Bemymuil potop; 3 — BeAOMBIIl poTop,
P —monocts Beacksamng, Py, — monmocTs HarHeTaHnA
Pucynok 1.6 — CxeMul IByXpoTOpPHEIX Hacocos THra Rut's

Ilpiunnoii  ToMy  gBiISeTcd  HECOBEPIIEHCTBO  TEPMOAHMHAMIYECKOID
Nnponecca CHAaTIL. V Hacocor tTuna Ruts OCYIIECTRIIACTCH BHEMIHEE CHMATHE rasa,
yTo sBMsgeTcA Oosnee aHeproéMmiuM rpoieccoM. Ha pucyuake 1.7 npejacrarinena
MHNKaTOpHAA JuarpaMma npouecca cakaTtus B PV-xoopauHaTax.

B nmonmoctm HarHeTaHmA JaBleHNe I[IOBBIINAETCA 3a CHET O0OpaTHBIX
nepeTedyer Bo3ayxa (nuHHA 2-4) B 5SToM ciyuae JaBleHHe raia B II0JIOCTH
HaTHETAHHNA OyAeT HM3MeHATheA no monuTpone 2-3. [Inomage 2amTpuxoBaHHOI

yacTn (2-3-4-2) 6yAeT 2KBHBATIEHTHA [TOTEPAM IHEPTHH HA BCACLIBAHINL
P

B
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Preynox 1.7 — Jlnarpamma npoijecca cixatis



Cepits BakyyMHEIX HacocoB BVP (pucyhaox 1.8) oxBaTeIBaeT BeCkh CIEKTpP
JOWIEHEIX MomHocTeill 1 oOnajaer nOpoBepeHHOH HAAKHOCTBR. YiauHas
KOHCTPYKI[IA STHX HACOCOB #ABAMeTCH  3aJlofOM  MPOCTOTHL  YETAHOBKIL
SKCIITY ATAILIH 11 0OCITy HIBAHIA 1 00ecreunBaeT ONTHMALHEI YPOBEHE BAKYYMA.

Macnanas BaxyyMmHasg ycTaHoBkKa (pucyHok 1.9) cocTonT: 3 BakyyMHOTO
HACOCA POTAINIOHHOTO THIIA NPOHIBOANTEIBHOCTE KoToporo goctmraer 2200
JU/MHH, ¢ cucTeMoil HenpepslBHOII mojaum Macia Ui cMaski, TpexdasHoro
SNIEKTPOJIBUTATENS  IIEPEeMEHHOI0  TOKa,  BakKyyMHOIO — pecueepa, JBYX
NOCHeOBATENLHEIX TIIylmureneii ¢ cemapatopaMmu oTpabOTAHHOIO Macia,

oOpaTHOTO KJIamaHa /7 NpejoTBpamnleHis oOpaTHOrO BpamleHHs Hacoca.

Prucynok 1.8 — Arperar sakyyMHBIiT 114

Prcynok 1.9 — MacnsHas pakyyMHas
MAIONHHOr O JIOSHIA KD‘[}DB y OBKa [II }
Ordenhadeiras Sulinox, Ltda., Aneopazna

(Bpazimia)
JIByXpOoTOpHEIE BaKVYMHBLIE HacOChl ABIAIOTCA HanbOIee MNPOCTHIMI IO
yeTpoiicTBy 11 Oe30TKazHLl B padoTe, IO3TOMY CMOTYT YCIEMIHO NPHMEHATLCH B

AOHTEHBIX YCTaHOBEAXN.



CyniecTBYIONINE THILL ABYXPOTOPHEIX BAKYYMHEIX HACOCOB II0 XapakTepy
pabouero mpollecca JeNATcs Ha TPH TPYIILI: BHEIIHEro C¥aTHA, ¢ YacTHUHBIM
BHYTPEHHIM C3KATHEM H ¢ MOJHLIM BHYTPEHHIIM CKATIHeM.

BaxkyyMHEIe HAacOCEl € HacTHYHLIM BHyTpeHHHM cxartnem (BHUYC) no
HPHHINITY JAeflCTRIA 3aHIMAIOT TIPOMERYTOUHOE TIONIOKEHIE MekK Ty BaAKYYMHEIMII
HAcOcaMII C BHYTpeHHHM cxartmeM u BHemHnM, BHYC oTmHOCHTCH K HacocaMm
oObemuoro tuma KOHCTPYKTHBHAS CXeMa TaKOro Hacoca IpeAcTaBiIeHa Ha

pucyHke 1.10.

1 — Begomelil potop; 2 — camozeiicTeyionudi Kianas; 3 — eyl poTop
Pucynok 1,10 — Cxema BakyyMHOTO Hacoca ¢ 9aCTHYHEIM BHYTPEHHHM CAATHEM

Jocronnerea BHUYC: padorator B sSKcraycTepHOM pexklMe, BaKyyYMHOM U
BaKyyM-KoMmpeccopHoM pexnmax. [Ipn pabore B BakyyMHOM pexiMe 3TN
HACOCHL MOKHO MHCIIONB20BATE KAaK OTAENBHVK) CTYIeHs MHOTOCTYIeH4aToll
BaKyyMHOIT ycTaHOBKH. K HeJocTaTkaM 3THX HACOCOB CIIEIVeT OTHECTH: BBICOKHIi
VPOBEHE IIyMa IIpH padoTe, OTHOCHTENLHO OOJLINNE BHYTPEeHHNE IepeTeKaHnsd
rasa Hepe3 3a30phl, HEPETVINPYEMOCTE (a3 razopacnpezienenis, domnee BEICOKVIO
yAenbHYI0 MouHocTs, Jlma yiyumenms nokaizateneil mcnoib3oBaHIS o6bema
IIUIHHAPA Y ABYXPOTOPHBIX I'A30YBOK ¢ BHEITHUM CiKaTHeM OBLIN paipaboTaH!
pas/mIyHBIE — KOHCTPYKLUM  ras’oJVBOK. Xopommue — 9KCIUIyaTal{HOHHEIE

XapaKTepHCTHKH MOy YeHE J714 ra3o yBkH bucepa (pucyHok 1.11)



1ORO

Pucynok 1.11 —Tasonyeka BEnccepa

OgHuM 13 aydmux odpasios npAMo3y ObIX POTOPHBIX HACOCOB, OCBOEHHBIX
0TEYECTBEHHOIT MPOMBIIIIIEHHOCTRIO, ABIASTCA POTOPHHIIT Hacoe Tima 2BJ[-12/2.5.

(Cxema npnBejieHa Ha prcyHke 1.12.
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1 — xkoprtye; 2 — BefoMelil poTop; 3 — Beaymil potop; 4 — Bpalmaronics QHcK; 5 —
IIeCTEPHS BeIyIIero portopa, 6 n 12 — ponnKoBsle NONIINITHIKH, 7 — VIUIOTHITENS, 8 1
11 — ropuessie kpeimkn;, 9 1 10 — nrmadrer; 13 — ynopasii nogommHENk; 14 — mmoHka;

15 — crymima;
16 1 19 — mrrudyrer; 17 1 18 — paspesnoit senenr; 20 — nomymydita

Pucynok 1.12 — Cxema npamozyboro poropHoro Hacoca Tama 2BJ[-12/2.5



Ilo opumimumy jeiicTBuA JaHHBEID Hacoc OTHOCHTCA K MamIHHAM
BHYTPEHHEro C3KaTHd Tra3a B IOJOCTH yMeHbmarwomero oObema. BakyyMHble
HACOCHI C BHYTPEHHHM CXAaTHeM OT/IMarTcd Oolee coBepileHHBIM pabounm
NpoIeccoM M, creoBaTe/lbHo, Go/lee SKOHOMHYHE! MO CPaBHEHIIO ¢ HACOCAMI C
BHEITHIM CIKATHIEM.

[ITnpokoe npHMEHEHNE CpeAN POTOPHEIX MAIIMH MOMYHHIN BHHTOBHE
koMIpeccopsl. OGa poropa 3Toro KoMpeccopa HMeroT GopMy BHIHTA ¢ GOIbHIIM
VIJIOM 1I0AbeMa 1, KaK IPaBIUIO, HEOJUHAKOBOE YICIO 3yOBeR v Kak10r0 poTopa.

BHHTOBBIE KOMIIpECCOPEL HMEOT Maliklil Bec, HeBobIINE pasMephl, I [ HIX
Tpedyerca HeOOMBIMOIl (yHIaMeHT, BOMBITNM J0CTOMHCTBOM 3THX KOMIIPECCOpPOB
ABJFETCA BOZMOKHOCTE HarHeTaHIA raza 6e3 npumeceii Macia. bonemoii nHTEpec
NPeACTABILAIOT, KOMIIPECCOPHI paspaboTaHHEIE Kazanckm CKBb
«KoMmnpeccopocTtpoerne», 3T0 BHHTOBOIl KOMIIpeccop CYXOro CiKaTHA N
MACIIORalIONHEH LI BHHTOROII KoMilpeccop oO0Imero HazHaueHHMs. BHHTORbIe
KOMIIpECCOphl, MosBHBIIMecd B kKoHue 30-X roJoB, I[OAVUIUIN HIHPOKOE
pacupoctpadenne. OHI HCIONBL3VIOTCA B KOMIIPECCOPHRIX YCTAHOBKAX i cOopa
I TPAHCHOPTHPOBKH IMOMYTHOrO HedTAHOTO Taza, /AId MepeJBRIKHEIX

EOMIPECcCOPHBIX CTAHINIT, XOJOITBHBIX MaIIH I T.I1.



2 TexHoorHuecKasn YacTh

2.1 ObocHoBaHHe BLIDPAHHOI TEXHOTOTHH.

B wHacrosmee Bpemd INNpoKoe TpIMeHeHIle HaxoJaT ManorabapHTHELE
MOOIUIEHELE JIOIUIEHEIE VeTaHOBKN, JlaHHAS JIOIULHAS VCTAHOBKA HAilIEéT mMNpoKoe
NpHMEHEHNE B CeIbCKOM X03fficTBe, a MMEHHO B YacTHHIX MNOJABOPEAX H B
HeOomeImIX (pepMax. B cBAZM ¢ TeM, UTO 3Ta AOIUILHAA YCTAHOBKA ManorabapiTHa,
OecmyMHas, M HMeer JIOBOJLHO  BRICOKYIO TPOHZBOJHTENLHOCTE IS
HeoOX0AUMOT0 MOr0JIOBLA KOPOB. YTO HO3BOMHT HCIONBL3A0BATE €r0 B JalbHeilnemM

AU peallH3allii IIH [Epepa OOTKIL

TpebopaHna K TEXHOI0IrHYECKOMY TPOLIECCY

Jloenne 370 TeXHONOTHYECKHIl NPoIece, NPH HCIOTHEHNH KOTOPOTo MaIliHAa,
a IMEHHO JOWILHEII anmapar, npH paboTe Bo3AeiICTBY €T Ha OPraHi3M KMBOTHBIX.
A ecnH ydecTh UTO, JlOeHIle ocyiecTBrndgerca 2.4 pa3 Kakaelll JeHbL Ha
HpoTsHkeHn 4. 6 MIH BCEro JIaKTalHOHHOTO IepHo/a.

IIpi  jgoeHnn HeoOXOJAMMO  BBIIONHEHNE LENOYKH  B3alMOCBS3AHHLIX

olepanmii:

OTKa'MIBaHIE BO3AYyXa N3 BAKYYMHOII CHCTEME! JOMTLHOI YCTAHOBKIL,

- OpeJBapuTelbHAA MOATOTOBKA BBIMEHH K JIOSHIO,

- OJIeBaHHE JOMILHEIX CTAKAHOB,

- AOCHIIC II TPAHCIIOPTHPOBEA MOJIOKA

- CHHATIHEC JOITIEHEIX CTAKAHOB,

- ABTOMATHYMECKOE OTKIIHOYEHHE 0 WILHOI YCTAHOBKH,

- [POMEIBKA CHCTEMEL.

B OCHOBHOM BCE BEIIIEIIepeUNCIIeHHELS oTepaLu JIOeHHA
ABTOMATH3NpOBaHLl. MckmoueHneM sRIfeTcs MOATOTOBHTENBHEIE —OlEpal{ii
BEIMEHH KOPOBHI, OJIeBaHNE 1 CHATHE JONILHEIX cTakaHo®R, OJHako B HacTodAllee
BpeMs [PHMEHMIOTCH, pa2paboTaHHEIE TITIABHRIM oOpa3zom 3a  rpaHmIeii
(I"'omanana, CIITA), Tak HaselBaeMEIe JOIIBHEIE POOOTHL. B 3THX yeTaHOBKAX Bce

Orepagni BEINOIHAKYTCH MaHHIIITYILATOPOM, I JaMXe TaKHNe OIIEpallil Kak oJcBaHIe



JIOINILHBEIX CTAKAHOB, CBOEBpPeMEHHOe HX CHATHE I[Oocjie OKOHYAHUA JOeHIN.
MOJAMBIB I MACCAK BEIMEHH OCVINEeCTRIHMIOTCH ABTOMATHYECKIL

HonneHele poboTHl Hauaml co3jaBatk eme B koHue 1980-x rogoe. OjHako
pazpaboTka NPHHIHIHATLEHOH cXeMbl JOIUILHEIX pPoOOTOB IIPOH3BOJNTEISAMA
JOITEHOTO 000OpyAoBaHNA OCHOXKHATack. B oTmiumnn or poOOTOBR KOTOpHE
HCTIONBL3VIOTCSA B MPOMBINUIEHHOCTH, KOTOPEIE HMMEKT JEN0 ¢ Heo yNIeRIeHHLIM
00BEKTOM, JONILHEIE CHCTEMBI B3aUMOAEIiCTRYIOT ¢ KHBOTHEIMIL. [ToMumMo 3Toro
JIOIWIEHEIE poBOTEL KpOMe OCHOBHOIl omnepanuu - JOeHHH,  JOJDKHB ObLIH
BBITIOJIHATE el piajl CHOMKHBIX BCHOMOTATEILHEIX orepaliuii, KoTopele paHee
BHITIOJTHAJIN  OTNEPATOPLI  MAIIMHHONO JloeHnsd. (OKOHYATENBHEIM  (JAKTOPOM
NOBMIIBIIMM ~ HAa  CO3JaHHe  Takux  poOoTOoB  cTamo  paszpaboTka
BEICOKOUYBCTBHTE/MLHEIX CEHCOPORB, aHAJIM3HPYIOMIIX YCTPOHCTE H CHENHaTEHOTO
NPOrpaMMHOTO 00eCTIeHeH A,

B nepsrie Takie JOUILHLIE CHCTEMEl HAYalll NPHMEHATE TONbKO B 1992 rojay
B Humepnanjgax. 3HauuTenbHad TPYJOEMKOCTh I[pollecca J0eHHA, HEYKIOHHO
HOBLIMIARONMEcH TpeDoBAHMA K Ka4dyecTBY MOJIOKA M BRICOKAs OIUIaTa Tpy/a
HaeMHBIX paOOTHHKOB CTHMYJIIPDOBAIIN HHBECTHPOBAaHIE B IPOH3BOACTBO
BBICOKOTEXHONOTHYHOTO 1 HayKOEMKOro oDOpYAOBaHHA A7A MOIOYHBIX ¢epM B
3T0oil cTpade. PoDOTEI OB HMpH2BaHE IPHMEPHO BJBOE COKPATHThL BpeMs:A padoTEI
(hepMepOB, IPEAOCTABIB MM BO3MOMKHOCTE IOIYHATE JOMOIHNTENLHEI 3apaboToK
3a mpeaenammn  cobOcTeBeHHOro XozdiicTBa. [leppoil kxommaumeil, HadapBmeil
NPOMBIIIIEHHOE POM3BO/CTEO JA0NILHEIX poboToR, Okzia romnan/ickas Lely NV,
Cefiuac ux npomspogar no muneHsnn Lely ¢upmer Fullwood n Bou-Matic. A
kommanun  AMC  Liberty, Delaval n  gpyrue  BHIIIYCKAROT  CHCTEMEI
ABTOMATHMECKOro JOSHUA 110 COOCTRBEHHBIM TEXHOMOTHAM.

CoBpemMeHHEIE CHCTEMEI ABRTOMATHUECKOTO JOeHHS pa3niaroTcs B OCHOBHOM
N0 YHCIY OJHOBPEMEHHO oOCHyKHBAEMEIX KOpOB. I71aBHEIE WacTi pobora - 3TO
MAaHHITYIATOpP, CNOcoOHEI cOBepMATE TPEXMEpHEIE JABIDKEHIA, CHCTEMAa OHUICTKN
COCKOB I BHIMEHN TPH IIOMOIH IIETOK M MOKOIEro pacTBOpa, YCTPOIcTBO Ud

HaJEeBAHNA I CHATHA JON/ILHEIX CTAKAHOB, KOHTPOILHLIE M CEHCOPHELE lelﬁDpH,



BeChl (U1 ABTOMATIMECKOTO B3BelINBAHNA KOPOB, MOJOKa H KOHIIEHTPATOB),
KOMIILIOTEp, uHTepdelic, nporpaMMHoe oOecliedeHme, CcHCTEMa KOHTPOIIA
KauecTBa MoJoKa (omnpelender ero LBeT, 3JeKTPONPOBOJHOCTE, TeMIepaTrypy,
KHCIIOTHOCTh, CKOPOCTH MOJIOKOOTJauy, o0LeM M T.II. MO OTACHLHBIM JOJIAM
BEIMEHII, HYTO IO3BONAET OTOPAKOBATE MNPOAYKIINO HEXelaTenbHOTO KadecTsa),
cHcTeMa IJIEHTH(UKAIINI KHBOTHRIX. Jlna oGHapymenmnsa cockoB, obpaboTkn
BBIMEHIL, Ha/[@BAHHS I CHATHH JOIIBHLIX CTAKAHOB HCHOJL3VIOTCHA JalepHHIE,
OnTHYECKHe, VILTPA3BYKOBHIE UM KOMONHUPOBAHHEIE cHcTeMbl. Hekortopeie
(bHPMEL BEITYCKAKOT CHCTEMEI KOHTPOJI KAUECTBA MOJIOKA, OIpeesIollle YHEIIo
COMAaTHYECKHX KIETOK.

Bce apTroMaTireckiie JONIBHEIE CICTEMEl MOKHO YCIOBHO pa3/ielnTk Ha TpH
TPYOIE:  OANH JOWIBHEIIT ©OOKC ¢ OZHHM poboToM W OAHOIl PYyKOIl;
poboTH2HpOBAaHHAA CICTEMa, COCTOAMAd W2 HECKOIBKHMX JAOIILHEIX OOKCOR,
00CHyKHBAEMEIX OJHIM poDOTOM ¢ OJHOI pykoil, cicTeMa, OocHaLleHHAas JBYMsI-
Tpemsa poboTamMi, Kauell 12 KOTOPLIX OOCHYKHBAET HECKOILKO JOIUILHBIX
OOKCOB.

Ceiilvac  pag ¢upm  BegeT  pazpaboTkm  poDOTOB,  cHOCODHEIX
(Y HKIIMOHHPOBaTh Ha JONIbLHEIX YCTaHOBKaX THa «Kapycemns».

HownmeHele poboTH geiicTBVIOT 24 wWaca B CYTKHN, H3 KoTophix 21 wac
OTBOJANTCA Ha MpOIecc JOEHNA, a 3 yaca HeoOXOHMEL J1d JIBYX IIIK/IOB MOIIKI 1
OYHCTKN TazepHoro cercopa. Ojame pobort cnocodben obenyxmeate 30-70 xopos.
Ilo muenmmo Hemenknx cnennanucTor, K 2025 roay podothl Oy IyT JOMIHIPORATE
Ha thepmax ¢ moronorkeM oT 50 g0 250 kopor. J[n4 onpegeneHs 3KOHOMIMECKOIl
1eN1eco0dpasHOCTH NPUMEHEHHA JOIULHEIX poOOTOB HMeeT 3HaueHUe YpPOReHb
OPOAYKTHBHOCTH ¢Taja. B TeueHue nocnefuux 15 ner B ¢TpaHax ¢ pa3BUTEIM
MOJIOYHEIM CKOTOBOJCTEBOM pacTeT IHTEpec K cHCTeMaM aBTOMATHYECKOTo JOeHHd
H3-2a  OYEBHJHBIX MpeHMyHIecTB neped  TPaJHUHOHHBIMH  TPYNNOBRIMI
JOWILHBEIMI  YCTAHOBKAMH 1 KommrexkcoMm Tnma «Kapycems». ['nmaBHoe

NpPenMyIIecTRO - COKpalleHle PacxoJ0B Ha OIJATY TPyja IpHMepHO Ha 2/3 mo



CPaBHEHIIO ¢ NCHoib3oBaHneM «Enoukuy, uro ama gepMepoB epponelickux cTpaH
IpH A0poroBnzHe padodeil ciuikl HMeeT DolbIIoe 3HAUeHle.

BHenpeHne aproMaTHUecKNX JOWILHEIX VCTAHOBOK Ha HeDolbmnx dgepMax ¢
TPaUINOHHEIM JBYKPATHEIM JI0@HHEM, 110 JaHHEIM TOJUTAHCKIX CIEINATICTOR,
NOBRIIIAET Hajoil Momoka go 15 % 3a cuer ypemmdeHma d9icna JOSHMIT NpH
cBODOJAHOM JIOCTYNIE KOPOB K JOIILHOI YCTAHOBKE, |WTO B CBOK oOuepelb
cliocoBCTRYET CpaBHHTENLHO OLICTPOIl OKyIIaeMOCTH 3aTpaT Ha Hee OJHAKO caMo
1o cebe aBTOMaTHUECKOE JIOSHIE He HOBLIIAST HAM0U [10 CPaBHEHHIO ¢ OOBIUHEIM
TpexpazoBeIM JjoeHueM BawxuHweiii mmoc poboroB — OpakTHUeCKHM HOBas
TEeXHONIOTHA «A00pOBOIBEHOTO» JJOEHNA, KOTOpasd JaeT KHBOTHOMY MpaBo BEIOOpA
BpEMEHH H YaCcTOTHl NOCEeHId JOIUIEHOTO DoKea.

(OcHOBHBIE MOKa3aTelAMH OPraHMZalil MAOIHHHOTO JOEHHA KOpPOB 3TO
KPaTHOCTE JOEHNA N BpeMs MexAy Jjoiikamn. KpaTHOCTE [JOeHHA 2aBHCHT OT
HDPG,?_U:I EDPDBH I «eMKOCTIH» BhIMeHH. Tak e oHa CIUVILHO 3aBHCHT OT cltocoDa
COJIEpXKaHNA KHUBOTHRIX B XoagiictBe. MomnokooTgada B OCHOBHOM 3aBHCHT OT
BpPEMEHH 3aI0IHEHIA BEIMEHI MOJIOKOM, TaK KaK €ciii BeIMS HallOJIHEHa UL Ha
MONOBHHY OCYIIECTRIATE JO€HHE JKHBOTHEIX MpOTHEONOKazaHa. JloeHme kopom
MOMHO OCYIIECTBIIATH PYMHBIM HIIH MaIIlIHHEIM JoeHneM. CyIiecTBVeT [Ba
OCHOBHHIX cIocoOa MAIINHHOTO JIOGHHSA. OTCOC MOJoOKa ¢ MOMOIIBED
BAKYYMMETPHYECKOTO JaBjIeHNsA M BBEDKHMaHHeM Moloka n3 cockoB. Cnocod
BEIAEIIMAHIIA HE ITOITYHHI MIpoKGe pacllpocTpaHEHIIS H3-34a CIIOKHOIT
KOHCTPYEKIIIII JOITIEHEIX AallllapaTOoBR H OH DOMNMBINE MOXO0XK Ha PYYHOEC JOCHIIE.
TexHomorna ManmMHHOTO JOEHHA OOYCIABIMBAST CO3JAHIE TEXHOIOIMHMEeCKIX
AuHNI, KoTopas HnpeacTaBiIaeT coOoil cHeTeMY B3aHMOCBA3AHHLIX MEKIY coboil
arperaToR M Y3JI0B, KOTOpHlI€ I[IO3BOJIAIOT BBIMOJIHATE BCE BBIMEYIIOMAHYTEHIE
omepanun MalHHOro JOeHIs.

3ooTexHneckne TpebORAHHA, KOTOPHE MNPEeILABIAROTCA K MallHHHOMY
JIOGHIIO B OCHOBHOM 3aBHCAT OT (PIZMOTIOTHN MKHUBOTHEIX, OJHIIMH N3 OCHOBHEIX

ABIAKOTCA CIICOYHOIIHE TP'IBGDBEIH HA:



- BCe MOJATOTOBHTE/LHLIE ONEPALIH BEIMEHH JO/IKHEL OLITh OCYIIECTRIICHEl B
TeueHue 1-oif MUHYTHL.

- OJleBaHIe JOIILHBIX CTAKAHOB JO/DKHO MPOM3BOJAUTCH TOMLKO TMOCIe,
NPHITYCKa MOJIOK4 KOPOROIL.

- BBICOKONPOJYKTHUBHLIE ITH TYrajgoilkie KOPOBH JIODKHL OLITL BEIJIOCHLI
zad. 6 ML

- MOJIOKO JOJIKHO HOMHOCTBLE) OTBOAUTCS M3 HOJACOCKOBRIX KaMEp JOIILHEIX
CTaKaHOB, Jake B lepuoJ Hanbonsmeil MOIOKOOTJauiL.

- JI0JJAHBaHIE KOPOB JOJDKEH OCYIIECTRIATHCA MOJHOCTBIO JIOWIBHEIM
anmapaToM.

- JOWILHHII AanmapaT JAokeH OBITE BOBpPeMA OTKIFOUMEH W AOWILHBIE
CTaKaHHl He [IODKHBLI OCTABATHLCA HAa COCKAX MOcIe MpeKkpaleHns MOIoKOOTAa .

TpeboraHna K JOITEHEIM allllapaTaM:

- JJOIBKeH 00ecneunBATLCA Ierkoe i OLICTPOe eOTKPEITHE ChUHKTEPA COCKA.

- COCKI HE JIOJIAKHBI [O/BepraThes YpeiMepHOMY CHATHIO.

- JOMILHBIE CTAKAHLL JOMKHEL IIOA0HPATCA [0 pasMePy COCKOB.

- COCKOBas pe3llHa JO/KHA He BRI3BIBATE pasjipaikeHne

- JONIbHEE CTaKaHHl JOKHEl VIEPAHBATLCA Ha BHIMEHH De3 crelrmalbHBIX
npHcrocoOneHml.

JlonmLHEBIT anmapat A0JI#eH OLITh MPOCTEIM B H3TOTORIEHHH N TEXHHYECKOM
oOcIy HBAHNN, HaJIEXHEIM, [OKHA oDecneunBats YA0DHEIIT BH3VAILHELIT
KOHTPOJIL 3a MPOIeccOoM JIOEHHA 11 He oK Ha TpeDoBaTkCA pyyuHas perympoBKa B
OpoIecce JOeHIA.

JHowmeHeil anmapar gorskeH OBITE HAMEKHBIM, [IPOCTEIM I B TO e BpeMd
VAOOHEIM JI1 NPOMEIBAHHA M OYHCTKH Oe3 HCNONB30BaHHA Kakux J1ndo
crelMaNbHEIX npucnocodneHuii Takx ke anga vzaoberBa paboThl  JOWILHEIE
annapaTtel Jo/pkeH OBITE JIETKHMH (HX Macca He JIO/DKHa Iperelmatk 6.8 kr) n
masnorabapuTHEIME. COCTARHEIE YACTH JIOMIILHEIX alllIapaToB 0COOEHHO TPYIHecs
MOBEPXHOCTH JOMKHBEl OSKCIUTYaTHpOBaThCA Oe3 NpHMEHEHNS CcMa3zkn. 370

GIAronpUATHO CKAKETCs HA OKpYikaronieil cpe/e U Mo3BoINT Y MEHBIIHTE YPOBEHE



sarpaiHeHns. Eme oOJHIM HeMaloBaKHBIM MoKa3aTelneM paGoThl JONIBHEIX
AINApPATOB ABIAETCA YPOBeHbL HmIyMa Ipu paGoTe 1 Hu2Kad croumocTs. [lostomy
npu pazpaboTke HOBHIX ManorabapHTHEIX JOIIBHEIX YCTAHOBOK YUHTEIBAIOT TaKile
MOKA3aTeIN KaK, SHEPro- N METaIlIoeMKOCTh, PEMOHTONPHIOAHOCTE I T.J., HTO B
KAHEUHOM pe3ynbTaTe OKA3LIBAET CHIILHOE BIHAHNE Ha CTOMMOCTL 000pYJ0BaHMA.
Crneqyer OTMETHTL, HTO HPH COREPUIEHCTBOBAHIN JIOMILHOTO 00O0pY/0BAHNS
HeoOXOUMO JOONTECH HCKIIHOUeHHs BPeAHBIX BO3leiicTRIil AlNapaToR HA BEIMS 1
OpraHu3M KOPOBHL HOMyYeHHs MOJ0KA BRICOKOI'O KAauecTBA U IOBHIIIEHNS
HPOM3BOAUTENBHOCTH TpyJda. JlownbHelll anmapar JoiskeH HMeTh yCTpoiicTBO

yHaeTa MOJIOKA I ABTOMATIHMECKOTO CHATIEA JOIVIEHEIX CTAKAHOB.

2.2 TexHos0r iiecKHe Pacuérhbi

ITepes;r TemM Kak MPOEKTHPORATH TeXHOMOTHYECKHE TNpOIeccH JOeHMNS
KHBOTHREIX HAIOD }l"-lﬁCTh H HEPECMG'IPETE BCE CHCTEMBI BEJICHHHA MOIIOUYUHOIO
CKOTOBOJICTBA, VCIOBUS COJepEKaHHA KHBOTHBIX, IIX MPOJYyKTHBHOCTL, pa3Mep
tbepMuL, 1t T,

Jlna storo HeoOXOIHMO MPOBECTH TEXHONOTMHYEeCKHil pacdeT. YTo MO3BOIHT
0DOCHOBATE THI BhIDHpaeMoil AOWILHOI VCTAHOBKH W MO3BONNT ONpE/eiTh
obmiee KOMIYECTBO JONIBHLIX ANMApPaTOB, a Takke CTeleHb 3arpy3KH JOMIbHOI
VCTAHOBKN H ONIEPATOPOB.

KGJ’II-I"—IBCTBG HﬁDEXD,IIHL'[hIX AT DSEJTYJKITEBHIIFI BCEID TIOTONOBEREA EITBOTHERIX

onpejensaercs o Gopmye:

Ay =knu[T, @1

rje k - koadduunent cyxoctoa kneoTHEX (k = 0.9.. .0,85),
m - TIOTOJIOBLE CKOTA Ha (epMe,
f - cpefiHee BpeMs JI0eHNA OJlHOI KOPOBHL, ¢,
T, - obmas IpOAOIKHTEILHOCTh JOCHIA KOpoB., ¢ (M0 300TEeXHHHUECKIM

TpeboranmaM jgonyckaerca T, = 5300-8000 ¢).



Bpema Jjoennsa ofHoil KOpoBHI BO MHOTOM ONpejensdercs THIIOM
npuMeHdeMoil JownsHoii yeraHoBkH, kBanudukarueil JoApKH, CKOPOCTHRO
MOIOKOOTZaul (IpH  JI0eHHH B [epeHocHele Begpafl= 540..600 ¢, B
Mornokomnposoj 1 = 360...480 ¢).

KommuecTro  JONILHBEIX — annapaToB, KOTOpHIE OJIHOBPEMEHHO MOMKeT

oGcny AKHBATE OHH Jogp Ge3 npocToer onpeaendercs no gopmye:

Ay =t, /1, . a2

r7ie I, - Bpems OJIHOTO I[HKTIA JOSHII KOPOB, € (1, = 240...360 c), 1y =ty + I, . Iy
!, - BpemMs paboTHl Jodpa, ¢ (IpH JOEHNN B NepeHocHkle Beapa £, = 180...240
¢. B MosiokompoBoj £, = 120...180 ¢.
KomiuecTBo KOpPOB, KOTOpoe MOXKET OOCHVKNTL ONEpaTop 3a Bce BpeMms
JOIIKN, onpeaensercs

Ny =1 =1,)r+1, (2.3)

rjle r - mar nNoToKa, paBHEI BpeMEHH ¢ OKOHYAaHHA JOEHIA OHOH KOPOBH H
OKOHYAHHA JOSHHA Jpyroil.
F= tyfIlc; (2.4)
II - UHTEHCUBHOCTL MOTOKAa, KOTOpasd IMOKAa3EIBAaeT KOJMHYECTBO KOPOB
BLIJAlBaeMEl OJHOBpPEMEHHO (MpH JO€HHHN B NepeHOCHHle Begpa Il = 5-6, mpu
JIOGHHH Ha ycTaHOBKax THma "enouka’ I1 = 15-16),

IIpomycknas crnocodHOCTE JIMHNN JOSHHA 14 BCEX KOPOB ONpeaesseTcs 1o
topmyne:

W= :'If[Td _'rp{-';du _lﬂ /r“- * (2.5)

HeoOxoanMoe KoJIHYeCcTBO OnepaToOpOoB ATTA Oﬁﬂﬂj-’ﬂfIIBRHHH BCETO MOTOJIOBEA

kopoB Ha depme onpeenaerca

.I'J'u'u = H".‘I_JI'-J. - {2 6)
HPOIHEOHIHEHLHGCTL JINHIH JOEHIA BCETO IIOTOJIOBEA KOPOB Ha [bepME
H.r:i-' = H’;TJ = {2 ?}

UHeno AOWIHHLIX YCTAHOBOK Ha depMe onpeeniercs



Moy = H;JajHr:iu L] {28)

rae Wy, - IpoisBoANTeIEHOCTE AOIUIBEHOI YCTaHORBKH, TOTI/C,
ITpomBoauTeIEHOCTE JOWILHEIX VCTAHOBOK JUIA JIOGHNISA B TepeHOCHHIe

BeJipa I B MOJIOKOTIPOROJ, ONIpe/iensercs no Toii #e gopMyne

W= -"l‘,p[rd "-'F.L";h "l}] /'fll ’ (2.9)

rae Af, - KOMIYecTBO JOWIBHBIX ANNAPATOB, BXOAAMNX B KOMIUIEKT
JOWIBHOIT YCTaHOBKIL
[IponyckHas  cnocoDHOCTE — JOMIBHEIX — YCTaHOBOK  THoa  "TaHjgem”

OIpedendacTca

W, ="'kg/[*"(’, +:m+.f,,)] - (2.10)

rjle m — KOJIYecTBO KOPOB, OJHOBPEMEeHHO BHIZaIIBaeMbIX Ha YeTaHOBKe. k, -
YHCTI0 WHAUBIAYATLHEIX CTAHKOB ¢ DOKOBRIM BXOZOM-BREIXOJOM; [, - 3aTPaThl
BpPEMEHIH Ha I0/IX0J] KOPOBEL OT NPe0MILHOIN IIOMAagKN 10 CTaHKa, Ha BIIYCK B
CTAHOK M IIEPEABIDKEHIIE BHYTPH HETD, a TAaKXKe BHIXOJ KOPOBH 3a Tpeesl
VCTAHOBKN (MokHO upunaret, = 90.. 180 ¢). [IponyckHas criocobHOCTE JOMITLHBIX

VCTAHOBOK THIIA "enouka" ¢ TPy IIIOBRIME [IPOXOAHBIMII CTAHKAMII
We =2V, /N, + s +1.2 VK. &
il /[an L [mn -d:;lf :] (211)

r1e ty, - CYMMapHble 3aTpaThl BpeMeHH Ha BIIYCK KOPOBBI, TOATOTOBKY
BLIMEHH H HajeBaHHE JONLHLEIX CTAKAHOB B pacdeTe Ha OHO KHBOTHOE, C (I, =
90..180 ¢); N,- uncro onepaTopoB, 0OCTYKHBAIONNX JIOIILHYI) YCTAHORKY
L - MaKCHMAaTLHOE MANIHHOE BpeMA J[OeHHA Handornee TYroJoiKIX KOpoR B
crage win rpymne, ¢ (tye = 360 ¢), 1,4 - 3aTpaThl BpeMeHH Ha BHINOJIHEHIE
3aKIHOYNTENLHEIX OMepaliii B TedYeHue OJHOTO IHKIA AOeHHHA, ¢ (fy = 60...120
c): k. - YHCTIO JOMIIBHBIX CTAHKOB B OJHOII cTOpOHE AOMILHOII YCTAHOBKIL

[Ip pgoeHmn Ha KOHBeilepHOIl JOWILHONI  YCTAHOBKE IIPOIYCKHAA

CIMOCODHOCTE ¢ OIIpEOCcTINTCA

Wy = A ko fll,1om + 4, 1)) . (2.12)



C yBemIueHeM 4Ucia CTAHKOB KOHBeilepHOIl J0IILHOI yeTAHOBKH Cpe/iHAs
BLIpaDOTKA HA OJUH CTaHOK yMeHbmmaercA llosTomy He Bcerja pauloHAIBHO
HNOBBINATE IPOMYCKHYIO CHOCOOHOCTh JOINILHOTO 2alla, YBeNmMHBasg YHCIIo
CTAHKOB Ha OJHOIl YCTaHOBKE.

JIByXpoTOpHEIE BaKVYMHEIE HACOCHl SBIMOTCS Hanbonee NPOCTHIMHI IO
yerpoiicTRy 11 Ge30TkasHLl B paboTe, MOITOMY CMOTYT VCIENIHO NPHMEHATLCA B
JIOITHHEIX YCTAHORBKAX.

CyniecTBYHONIHE THILL JBYXPOTOPHBIX BAKYYMHEIX HACOCOB II0 XapakTepy
pabouero mporecca JAeNATcs Ha TPH TPYIILL BHEIIHErO CHKATHSH, € YaCTHUHBIM
BHYTPEHHIM CIKATHEM 1 ¢ MOJTHLIM BHYTPEHHIIM CXATHEM.

Taknm obpaszom, mepeBo] mpoliecca ¢ BHENTHENO CKATHA Ha BHYTPEHHeEE 11
VCOBEPIIEHCTBOBAHIN MpOIlecca BCACHIBAHHA Taza 110 TEOPETHHECKNM pacHeéTam
vAaéTca CHIATE NoTepn 3Heprum o 30%.

Taxum obpazoM, nepero] Npolecca ¢ BHEIIHEro ¢xaTisd Ha BHYTPEHHEe U
YCOBEPHICHCTBOBAHIIN IIpOLlecca BCACHIBAHMA Taza 10 TEOPeTHUECKIIM pacuHeéTaM
Vv AaéTca CHIRHTE IoTepH sHepritn j1o0 30%.

IIpouece HarHeTaHuA cKaTOro ra3a 3akaH4HBaeTCA B TOT MOMEHT, Korja 3y0
BeJVINerc potopa OyJeT HaXOAHTbCA Y TOUKH IepecedeHs JBYX OKpYHKHOCTell
BEICTYIIOB pafguvcom R, m R, (pncyHox 2.4) B sroM momoxkeHNu BIajiHA
BeJOMOTO poTopa OyAer oTcTaBaTk OT 3y0a BeIyHIEro poTOopa Ha NOJIOBUHY

yrmoBoro mara T. C y4eToM 3TOro, MOIYMHM AN YITa (g CIASAVIOUIYIO

3aBHCIIMOCTE:
T Ry b
@, =@ +—=arccos =+ 22 (2.13)
2 R,, 2-R,
rae Ry; — pajnyc HauaneHoil OKpy#HOCTH BIIa/JHHEI BEIOMOTO POTOPA;

fr2 — JUTIHA JYTH TT0 HAPYAKHOI OKPYKHOCTH paJinycoM Ryn;

T— YIJIOBOII mar.

by =—", (2.14)



rjae d,> — ANaMeTp OKPYIKHOCTH BHICTYIIOB BEJIOMOTO pOTOPA,
Z — pacueTHoOe YMCIo 2YObeB.
Jlns onpejenenns IIonaa1 HarHeTaTeILHOTO OKHA NPIHIMAA, UTO BepXHAS
1 HIKHAS TPAHNIEI ONICHIBAIOTCA COOTBETCTBEHHO MO pagnycy Rk 1 Ry, a

DOKOBEIE TpaHIl IO paanycy I.

Pueynok 2.1 — Cxema k pacdeTy HarHeTaTENBHOIO OKHA

TDI’II,H. Do aghL HArHETATENLHOI OKHA MOKHO OIIPEIEIINTE 110 lilﬂph[}"ﬂﬂ:

(EERLAY

Su= (R~ RL)- P, (215)

rie . pag — Yroi, XapakTepH3yIomunii JAIIMHY JVIH OKHA IO MIHHMAIIEHOMY
paguycy. OH 3aflaeTcs B 3aBHCHMOCTH OT CTENEHH BHYTPEHHETO CHKaTHA

Bripaskas paguyc r uepes paguyckl Ry, 1 R, OKOHUATEILHO TOTYUHM:

5, = %{(R.iﬂ ~R) B+ IR~ R (2.16)



[Tome2nyro mnnomajbr HATHETATEILHOTO OKHA MOMKHO VBeINYUTL. eclu
DOKOBBIE TpaHIl BHIONHNATE 10 NpodIUo BOAJNHEL BeJOMOro poTopa. B naHHOM
ciyuae, ecnu OOKOBHIE TPAHH BHINOMHSIOTCA MO 3BONbBeHTe (pucyHok 2.5),

TUIONTA/Ih HATHETATEILHOTO OKHA Gy leT onpeaenaThes o (GopMye:

i 3
sm:%{.q;“—ﬂ;m}.ﬂJrRﬂ (7. ”;’”’*) —fnv;vr} (2.17)
rjae R, — paauyc oCHOBHOII OKPY#KHOCTI.

% — YTOIl pajiilyc-BEeKTOpa 9BOJILBEHTE B BepIiiHe 3yDa;

invy =tgy —y, — 3BONbBEHTHas QyHKINA YI7Ia %,

Preynok 2.2 — CxeMa K pacyeTy HarHeTaTe/IbHOrO OkHa ¢ DOKOBLIM

SBONMBBEHTHRIM Tpodiinem



3 KOHCTPYKTOPCKAS YACTH

3.1 Brioop 1 0HocHOBAHHE KOHCTPYKITHH

CpaBHUTENBHELT aHAIH3 KOHCTPYKTHBHEIX CXeM BaKVYMHEIX HACOCOB, C
TOYUKH 3PEHNS OpTaHmaiim paGoUuix NpoleccoB, NoKa3kIBaeT cleAyioniee:

BakyyMHEIIT Hacoc ¢ YacTHYHLIM BHYTPEHHHM CiKaTHeM HMEeT Xopolee
razopacrpejenenne Ha obonx yuyacTkax. HarneratenbHoe OKHO pacnosioskeHoO Ha

mmHAgpHyeckoll pacrouxe kopmyca. HejpocraTkom 3THX HACOCOB HBILIETCH
HECOBEPIIEHCTRO [IPOIlecca CIKATHS ra3a.

JIByXpOTOpPHBIE BAKYYMHBIE HACOCHl ¢ IOJHBIM BHYTPEHHUM CIKATHEM He
HMEIOT 3TOTO HEJOCTaTKa, Tak KaK CKaTHe NPOHCXOJHT B 3alleMIeHHOil
nonocTi. OgHAKO ¢ BBEAEHHEM MOIHOTO BHYTPEHHETD CXKaTHA YMEHBINAETCHA
pacrionaraemas IUIOmMaib A8 pa3MeIeHis HaTHETATeIBHEIX OKOH, KOTOpHIE BO
BCEX TMpeIOKEeHHEIX HAcOcax pa3sMemeHH TOMBKO B TOPIEBHIX KPBIIIKAX.
TﬂpuﬂBGﬂ pﬂCHGHD}KEHIIE QOKOH, KpOME OI'paHHYEHHOCTH IO A, 111 IMpOXOOHOT'O
CEUCHIIA, 3HAYUNTSIILHO HCKPHBIACST TpﬂEIETDPI[I-D JBIIKECHIIA I'asa. YxXyiamias TeM
CaAMBLIM I"EEG,EUIHEIH-EIK}-’ IIOTOKA.

M3 BemenpneegerHoil KilaccHukalun JOINIBEHBIX VCTAHOBOK BH/IHO
Dombmoe pazHooOpazfe CYMIECTBVIOMIIX Pa3Midiiil Mo KOHCTPYKLUHI N
TeXHONTOTHH JoeHnA. J[na Bcero MHOMKeCTBa BAKYYMHBEIX VCTAHOBOK OOIIIM
ABIIACTCH HATIIITYIS HaK}TMHDﬁ CIICTEMEIL. DTJ'HI‘-IHED]I],E:ﬁCH JTIA Ka®Joro
KOHEKPETHOI'O CIIYHad TEXHOIOTTHECKHMI II KOHCTPYKTHBHBEIMI IT4ApaMETPaMIL.

CrnegoBaTenbHO, HAPAAY C CYHIECTBYIOMIMMH KOHCTPYKIMAMII BaKyyMHEIX
HACOCOR IleNleco0dpasHo paspadaThiBaTh, W BHEAPATH B NPOH3BOJACTBO HOBHIE
MAIIIHEL, ¢ YYE€TOM BCEX HEJOCTATKOB, Kak B KOHCTPYKIIH, Tak U B pabouem

IIpoLHecce,
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BaxHblM (pakTOpoM HajexHOIo (yHKIUOHIPOBAHNA AOMILHOI YCTAHOBKN
ABIAeTcA  cTAaOWIbHBINT  BakyyM, co3JaBaeMElll HacocoM BO BpeM:  ero
skcmyaranmm. Mmenno paGora BakyyMHOTO Hacoca ABAeTcd cilabbIM 3BEHOM B
IEenouke TexHoJormdeckoro obopyaoBanng gna  jgoennd. [lpeanaraemas
KOHCTPYKINSA BaKyYMHOTO Hacoca, KOTOpHI MMeeT BeAyulmii udeTrlpex 3yOwrii
poTOp pOTOP M BeAOMEIl pOTOp € YeTHIpLMA BhajuHaMI (pucyHOK 3.1) PopMel
3yObEB M BHAJUH H3TOTORIEHH 110 3BOILBEHTHOMY npodiuno. 3o
KOHCTPYKTHBHOE pellleHie [103BOISeT BhIAEPKUBATL MHHHMAILHEIE 3a30phl 11pH
Bx0Je 3yda BO BrHajuHy. Jnd CHHXPOHHOIO BpaleHHs POTOPOB HPHUMEHAETCH
MeXaHN3M CHHXPOHIBAIMIL 3y0OuaTEle Kojleca KOTOpOil HAXOAATCH B MACIIAHOI
BaHHE

HByXpoTOopHHEIl  BakyyMHBIII  Hacoc (pucyHok 3.1) coctonr W3
JHOpPaFOMIHHEBOTO KOpIyca 1, IByX BaJoB BEJOMOI0 M BEAVIIEro, ABYX POTOPOB
BEJOMOTO 2 M BEJAYHIEro 3 ¢ 9BOILBEHTHHIM Ipoduuiem 3y0beE pOTOPOE,

BCACKIBAIOMIEID OKHA . HATHETATEIILHOID OKHA 5, MEXAHITIMA CITHXPOHITZAITITII 6.

Pucynox 3.1 — «JIByXpoTopHblil BaKYYMHEIIT Hacocy

fMucm
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PaBoraer Hacoc crlefyromnM odpa3oM: KOIJla poTOPHl BpamarwTcs U BO3AYX
13 BaKYYMHEIIl cHCTeMEl 3acachIBaeTcd B MONOCTE BeackiBanud. [pn ganbHelimem
BpallleHHH BO3JAYyX [ONajaeT Ha VYacTOK CKATHA, TAe BO3AYX CKHMAaeTcs
BriTecHsAeTca ckaThIil BO3yX uUepes HaTHETATENLHOE OKHO 7, KOTOpas HaxoQnTcs

B [TOJIOCTH BEJJOMOTO pOTOpA.

3.2 KoHCTpYKTHBHBIE pacueThbl

Bridop noJmunHuKos

IMoammnHUKOBEI y3€1 COCTOMT N3 KOpIYCAa MAallMHBL, [OJIIIITHIKA,
KPHIIIKH U1 3aKpeyieHis caMoro MOAIMAIHIKA Ha Bajle I B KOPIyce, MaHKeThl I
CMa30"HOTO Y3714 TTOIIHITHIKA.

[TommunHEAk KaueHAs COCTONT M3 HAPYKHOI H BHYTPEHHEI YacTILB Bie
Komnblla. Ha BHYTpeHHEM KONklle HMEKOTCA AOPOkKKa KaMeHHA M0 KOTOPEIM KaTATCA
TEIId KaUCHMA I.T.IE[]]IIK!I HHIT pOTHIEKH. ,[[J'Ul }’JIEPEEHI'IH. pPa3zAcIICHI 11 HEI.I'IPH‘EJ'IEH]IH
HX HMeeTcd certapatop. Takike OH 0DecHeunBaeT X PaBIILHYIO paboTy.

B HacToOAIlEeS BpPEMsL EMH}’GKHIDTCH IMMOJITHITHHEID KaUeHIIH bes oQHOTO I
obenx konen. Tak e ecTk NOAMNNHNKH Oe3 cemapatopa. OTo jJenaercs A
yMeHbIIeHNA X radapiTHEIX pa3MepoB.
llogmumHnKn KaueHHA WMEKT pAd NOpenMYNecTBE Mepe] NOANIHITHIKAMHA
CKONBXKEHHAA. JTO MAINEHBKIII MOMEHT CHIIL TpEHNA, HAIIMEHLIIH MOMEHT IIPpH
OYyCKE HCXOLdA I3 3TOTO I MEHBIIE HATPEBAHOTCH, TPﬁE}'}DT MCHBIIIC CMAZIOWHOID
MaTepialia II IpocToTY B DECJT_‘,-'H{‘.[IBHI-IIIII. EBIHIBHEPG‘IIICHBHHI:IE NpEIIMYIIECTRBA
JIAKOT BO3MOMKHOCTE IMHPOKOTO TPHMEHEHHA HX B CaMbIX pa3sHEIX ODIacTaX
MalnHo- 1 npudopocrpoennd. Ho B Toxke Bpemd v NOJUIHNIMHUKOE KaUEHIS €CTh
pax HegocrarkoB. MeHbmuil pecype paboTel OpH MOBEINEHHBIX YITIOBBIX
CKOPOCTSIX U CIUILHEIX Harpyzkax. Manas cnocoBHOCTs BOCHPHUATHA YVAAPHEIX H
JIMHAMIIECKNX Harpy3okK,

B P® nmeerca cTaHZapT Ha BHIIYCK NOJMNIHUKOB KaueHHS W HX
M3TOTARTNBAIOT B OCHOBHOM HA CHEIaTH3HPOBAHHBEIX MAIINHOCTPOHTETLHEIX

24BOOAX. 1o AacT BOSMOMHOCTE HEIOTARBMIHBATE HX BBICOKOI'D KadeCTBa IIpH

Muem
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OTHOCUTE/ILHO HeOONBIIIX 3aTpaTax.

ITo rabGapurHeIM pa3zMepaM H [0 HArpyske MOJUIATHHKN —KadeHIs
noJpasfie/roTcd Ha ceMb THUNOB (cepuil). cBepxierkue, ocodo Jerkue, nerkme,
IHPOKNE JIerkne, cpeiHeil JerkocTi, MHpokKNne u Takenbie. OTmmums JaHHBIX
cepuii TMOAMNMIIHNKOB KaudeHns 10 rabapiTHBEIM pasMepaM C OANHAaKOBHIM

BHYTPEHHHNM /IIaMEeTpPOM T0Ka3aH Ha pucyHke 3.2,

wimimmil Il_lr
/uf’f /

Ocodo  Jhwam Jeewan Cperbim Cpeihina ;
Tawesas
AFSNOAR  CFfNLE [ WYL L [FFIFFe R AW P
4l
CELA CepLLa crplia £

Pucynox 3.2 — PaamepHEie cepHn MOAMMITHIKOR KaveHIA

Tak xe oHI }L-'IHCEI-I[I]III_'{]IP}’IDTCH o KiaaccaM TOUHOCTH: HDpMEJ’ILHHﬁ KHnacc
(0), moBuimenHsil (6), Beicokuii (3), ocobo Buicoknii (4) u ceepxeuicokmii (2). Ot
ATOO BO MHOTOM 24BIICHT palSDTDEHGEDEPHDCTh NMOAIMMHITHHKEOB KaYSHIA, HO C 3THM
PEETET H X CTOIMOCTE H3TOTORIICHIIA.

Jna m3roToBneHHA [JaHHBIX THIOB MNOANINIMHAKOB HCHOMB3VIOT TOJIBKO
BBICOKOMPOYHYI MOAMUMHNKOBYIO cTaib [IIX1S5, 18Xrr u ap.. ¢ oOazarensHoil
TepMudeckoii oOpabotkoii JlaHHaa mnpoueaypa obecneunBaeT I10JIINITHIKH
BLICOKOIT TREP/IOCTLIO,

CPGK CH}-‘H{EH MNOJMIHIIHIIEOR EKaYdu€HIId BO MHOI'OM 3JIA4ABIICHT OT KaUECTRA4
cenaparopa. Cemnapatopkl NPOH2BOAAT IITAMIIOBKOI CTanmkHOIl neHTHl Ecimmn
MO HITHIK [Ipil paboTe NoBepraeTcsl MOBLIIIEHHBIM OKPY KHBIM ckopocTam (10-
15 w™/c) HeoODXoquMO cenapaTop H3roTOBHTh M3 JATYHN, [UIACTMACCHL,
JopamoMuHIA Wi Oponzkl. MapkupoBka BcexX MOJMIHITHHKOB HAHOCHUTCA Ha ero
TOpel, KoTopad CcOCTOMT M3 psga mudp u OYKB, KoTopeie 0003HAYAIOT
BHYTPEHHIIl JMaMeTp, THI, CepHio, Kilacc TOYHOCTH, KOHCTPYKTHBHEIE

0CcOOEHHOCTH M T.JI..

fuecm
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IMogmmumuukn  BeIOHparoTCd 0O JUHAMHYECKONl  Ipy30MN0ILEMHOCTIL
onpegensemas o gopmyne (14.2) erp. 189 [1],
Cr=Ra 'Ks 'K, (3.1)
rae Cp - muHaMideckas rpyso0nofseMHOCTE, H,
R4 — Harpy3ka Ha o nogmmmnsnk, H;
K — xoadpdummenT dezonacHocTH (IPH cpeaHnx yenopmax Kqg=1.4),
Kt — remneparypustii kosdputment (npu oGeIuHbIX yenopisx Ke=1)
Cp=210:1.4:1=274 H.
Onpejernsiercd pacué€rHas JONTOBSUHOCTE OMHITHIKA 110 dopmyre: [1],

bon T
L= los . (3.2)

rjae L - pacuérHas J0NroBeYHOCTb MOAMNITHIKA, MTH 00;

Ng — YaCTOTA BpaneHus, ob/MIH,

T — cymmapHOoe BpemMa paboTHL 1

CymMapHoe Bpema paboTel BakKyyMHOTO Hacoca OMNpejensercsa o
dopmyne: [1]

HB%JI
T=465K 24K K, 100 (3.3)

rae T - cymMapHOro BpeMeHn paboThl Hacoca, U,
K; — xosdduinment pabotel B TeueHun roja (npmn JABycMeHHoii pabore

K=0.,5);

K. - xoaddnmmenr mCHome20BaHMA Hacoca B TEHUEHIHN CYTOK (mpm
neycMerHoil patore K.=0,67),
Ky - xoagdmmment mncnmons30BaHHA Hacoca B TeYeHHMHM dHaca (Tipn

JBycMeHHoil pabote K,=2),

I[IB - orHocureibHas LIPOAO/BKHTENLHOCTE BE/MOUEHUS (IIPU CPEjHEM pexiMe
paborel 1IB=25%),
h — cpok cny#0bl Hacoca, JIeT.

T=4650,5-24-0,67-2-=14674 u

Tucm
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Meton onpeae1eHns MOMEHTOB COTIPOTHRIEHHIT poTopoB
BAKYYMHOTI'0 Hacoca.

Teopermuecknii MOMEHT CONPOTHRIEHIS BajJOB BaKyyMHOI'O Hacoca
ONpeleNngerca 1o ciaeayioneil npeararaeMoil MeTolKe, ¢ MOMONIBIO KOTOPOro
BLIBOJIATCH 3aBHCHMOCTH i1l ONPeJeNeHns CcpejaHnX 3HaueHnii MoMeHTa
CONPOTHRIIEHIA.

B nponecce paborTkl BaKYYMHOIO HAacoca B pOTOpax HAVT  KoJjeDaHiu,
KOTOpad BEJET K NOBHIIIEHHOMY IIYMY HpH paboTe M B CIGJACTBHII K CHIDKESHIIO
nojaun Hacoca. OCHOBHEIE NMPHYIIHEL KoneGaHil 5TO 0NyIIeHHEIE HETOMHOCTH B
H3TOTORTICHIH CAMHAX POTOPOB IJIH MYJIBCHPYIONIHE pe2Kile nepenassl JaBIeHIl B
MOIOCTAX BCACKIBAHIA I HATHETAHHS.

Hcxoas m2 3TOrO MOMEHT CONPOTHBICHNA MMECTePeHYAaTHIX BaKyyMHBIX

HACOCOB OIIPE/ieaeTcs 13 BrlpaxeHs:[6],

L] 1]

M = API j-yd_v-_f,uii: . (3.5)

Y i
rge M — MOMeHT, KOTOpHLl AeiicTByeT Ha 3yOksi pOTOPOB:
AP — cpenHmil nokasartens Hepenaja JaBleHHs, KOTOpulil JeficTByer Ha
3yOBA POTOPOB,
b, — mUpIHA poTopa;
Xy Xy ¥y ¥ — KOOPJANHATHI
OOBLEANHNIE BRIIEYKAZAHHOE VPABHEH A, 10Ty UM’

AP -n  a
M = z”f_R,'—R,-'}_ (3.6)

I”

AKTHBHEIII MOMEHT 3yDa BeAyIIero poTopa, KOTOPHIH BHIXOUT H3
JAIEIIEHIA, ONpeJerdeTcsl BhlpakeHIeM:

; APD o .
Mlut.r'} = %[{Rl}d — 'Rr’-}] ¥ '[\3 ?.}

Muem

BKP35.03.06.206 218HP 000000113

. | Tuem Ne doyar. Modnucs | dama




rage AP =- PR — cpe/lHee 3HAUYeHIe Ilepenaja JaBlleHHs., I{'DTGpEIﬁ ,[[Eﬂ'CTB}-’ET Ha

OB,

Px — 13HaueHNe JlaBlleHHs B KOTOpHIl 3amemieH BMexzyOoBOM
NpOCTPAaHCTEE,

R, — cpemHmil pajmyc KOTOpHIT HCXOANT € I[EHTpa POTOPOB JIO TOYKH

COMPHIKOCHOBEHILA POTOPOE.
AKTHBHEIIT MOMEHT /I8 cleAyromero 23yda poropa KOTOPHI BXOAMT B
sallelIeHIe onpeaenaeTcs Tak ke:

My, =200 (R, — RP)], (3.8)

2afx) 3

e R - CpeAHHil pajglyCc KOTOPHII HCXOAHT C LEHTpa POTOPOB A0 TOUKH

CONPUKOCHOBEHNS POTOPOR,

MomeHTEL M'1nie M 3asp Mgy M" 1oy M350 M4y He Becerga geificTBYIOT
oJHOBpeMeHHO. Hampumep B cioydyae korja B zallelUIeHHE BXOJUT OJIHA Iapa
1yOLeB, JleficTBIE OKa3LBalOT aKTHBHEE MomeHTH My 1 M",, Ecin B
jallelVICHIIe BXOJAT JBE€ Mapel, HAa HHX OKa3LIBalOT BIHAHHE MOMEHTH M.,
M r.'-’u[.l.-j I M"hrr.tf-M"L’m.r,l-

B MHOro3yGOoBBIX POTOPHEIX MAIIMHAX C KOPPHIHPOBAHHBIMU IPOQusaMu
ko3t puIHeHT nepekprlTud paBeH £=1, 044, Beneacrrue uero JeiicTBiE MOMEHTOR
M'ae Maae, M" oy M50 kparkoBpemenmnle. Momentet M'o 1 My,
oka3eBaOT Ooree NpoOOIIKHTEILHOE JeiicTBUe . AKTHBHBIIT MOMEHT BeJYILEro
poTOopa KOTjia oHa mapa 3yOkeR HaXONTCA B 2alleNZICHITN, MOXKHO ONpPeIennTh Mo
BRIPaKEHITHO

= S0m @) - R, (3.9)

el xp

rae R'—pamuye, oT eHTpa BpalleHIs poTOPOR JI0 3alleniieHnd 3yOseB.
QopMyna omnpejeneHHd AaKTHBHOTO MOMEHTa [UIS BeJOMOro poTtopa
AHAJIOTHYHA

APh,,

akey. = 5

[(R)" - R7)], (3.10)

rae  R"—paamyc, oT NeHTpa BpameHHA 0 2alelUIeHnA 3yOheR.
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AxruBHele MomeHTHl M, u MY, JelicTByrOT B TOT NOepuoj, Korjga
sallerieHne 3youaTtoil napel (poTopoR) mepementaerca u3 Touku 4’ B Touky C u
Janee B Touky B, Te Ha muuun A'B’ Ilpm sToM mnoBepxHocTH 3y0ObeB
HCTIRITEI BAIOT Nepenaj Jarnenns AP,

Jna onpeneneHns akTHBHEIX MoMeHTOB M, 1 M" ) HaliIéM ITlepeMeHHEIE
paanycel R’ u R". Mcnoneaysa TeopeMy KOCHHYCOBR JUIA IIEPEeMEHHLIX PajilycoB
BeJVIero 1 BeJJOMOI'0 POTOPOR [IOIYUIIM:

(R =(A'C)* +(0,0)* —2(A'C)0,C)-Cos(90 —x) =

= ok “— | 3.11
X2 +R:—-2X,-R, -Cos(90—a)=R: + X} 2R, X, -Sina L

(R")? = (A'C)? +(0,C)* —2AA'C)O,C) Cos(90+ar) =
& o | o i 3.12
X +R, +2X,-R, -Sinet=R,, + X| +2R, X, -Sina GI%

ITpunnMas Bo BHHMaHNE, 4TO aKTHRHEIE MOMEHTH Mgy, May 1 Mg,

M" >, ASHCTBYIOT KPATKOBPEMEHHO I TIOATOMY HMH MOKHO OpeHedpeub, Torja

[TOJTYHIIM
] APhH e - s
M, =—" R} +X!—2R,X, Sina R} | (3.13)
My, =—" IR: + X! +2R, X, - Sinat —R} (3.14)

Ilocne MNoICTAHOBKII sHadeHHil Mrr,,-_u, M”m_” H HNCMOJNBE3YA BbipaXEeHIIE,
IIOITYHTIM
g P .
M]r _M,rr_Mut.l'i- {315}
_APb,

le

M (R>+R} — X +2R,X,-Sina) (3.16)

AHAIOTHYHO JUIH BEAOMOI0 poTOopa

‘ﬂp-b 5 - 2 5
— 2"‘{&';+R,;—X,‘ ~2R, X, - Sinex) (3.17)

M,,

['pajrueckas 3aBIHCHMOCTE MOMEHTOB COINPOTHEIGHHA OT PAaclojokKeHHs
1yOBLER POTOPOR IO JIMHHI 2allelJIEHNI IpecTarneHa Ha pucyHke 3.3. JlaHHEII
rpadk NMOKA3ILIBAET MIMEHEHHE MOMEHTOR CONPOTHBIIEHINT 3a Mepno/ NoBOpoTa

POTOPOR Ha BpeM (1),

fMucm
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Pucynok 3.3 - I'padiik na3MeHeHs MOMEHTOE COTIPOTHRIIEHIS

Tax xe BHAHO, YTO B IIEPHOJ 3alleIUIeHMs Ha BeJoMBIil poTop AelicTBYeT
MHHIIMAJILHBIIT MOMEHT COIIPOTHERIECHNA, a Ha BeAym il HaobopoT MaKCcHMaILHEIII
MOMEHT COIPOTHBIICHILA.

Takne pezkue nepenaJsl MOMEHTOB CONPOTHBIACHIA MOTYT MPHBECTH K
KoNeDaHI poTopa.

Yerpannte kaneOaHHUS pPOTOPOB MOXKHO paccYUTaB M 0DOCHOBAB
MOMEHTEI THEPIIIIT.

HapecTHO ypaBHeHE JBIKEHIA I 2JIEKTPOABHTATENEH

M,-M, :,r“%. (3.18)

rae M, — MOMeHT, pa3BUBaeMEIil JBHTATEIEM,
M, — MOMEHT CONPOTHBIEHIIA HACOCA,
J — mpuBeIeHHEIIl MOMEHT MHepIII BpalarmIixes Mace

B namem Clydae TOoINyHHM CIHEOYVHMIEe YPaBHEHHE MIA OCOHOpelcIeHNA

MOMEHTA NMHEPLIIIIL

M,-M
Fmi b —E (3.19)
dar | dt

MomenT MHEPINIH COCTONIT 113 BV X YyacTeil;

I Nuem
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J=Jy+d;; (3.20)
rae J; — MOMEHT MHepIH BEAVINEro i BeIOMOT0 POTOPOB,
J>— MOMEHT HHEPILHN pOTOpa AMEKTPOABNTATEA
MomeHT HHepHI POTOPOB BAKYYMHOI'O Hacoca MOJKHO ONpeJeniTh 10
BEIpAKSHIIED

J =mR;} . (3.21)

A
rie Ry — paanyc HauanbHOIT OKPYAKHOCTH POTOpA;

m — MAaCCa poTopa.

Tuem
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3.3. BE3OIIACHOCTB KIIBHEIEATEJIBHOCTII

3.3.1 Meponpuarus obecneunBaolie He30nacHy0 paboTy Hacoca

Jlo nycka Hacoca B pabory yOeJAHNTECSA B TOM, YTO OKOJIO HEro OTCYTCTBYIOT

MOCTOPOHHIIE TIHIA 1 npeaMeTsl. [IpoBectnn obnimii ocMOTp Hacoca 11 YOeHUTLCSA B

HaJE#HOCTH DONTOBLIX COEITHEHITIT.

YIIparnaTL HACOCOM JOMYCKAIOTCH IIA, H3YUIBOINE TEXHNKY 0e2011acHOCTH I

[paBlliia YXO/da 1 3KCIUTYaTalIl 3a MeXaHH3IMaMII Hacoc4a,

Bee Bpallatomecsd BaJlbl HACOCA JOIIEHEL OBITh 3aKPEITEL KOMY XaMIL.

s GesonacHoit 1 HagémHoil paboTel Hacoca HEOOXOAUMO IIPOHIBOANTH

IUIAHOBEI TeXHHYEeCKHil OCMOTP H ¥YXO0O 32a MEXaHNIMaMH Hacoca. CM&'&K}'

MOIMIITHNIKEOR MPOH3BOANTE TONEKO IIPH BEIETIKOMEHHOM TIPHBOAC

OcHoBHLIE TpeboBaHIs 0e30MACHOCTH IPH padoTe ¢ BAKYYMHOIT YCTAHOBKOIT

1

EEK}’}FMHEH YVCTAHOBKA JOITAHA OBITE YCTAHORIIEHA HE MEHEC 2 METpa OT

Hecyileil cTeHsl I BXO/IHEIX JBepeil,

. Bece oprannl ynparineHHS BAKYVMHBIX VCTAHOBOK JO/DKHA ObITh Ha

BLICOTE OT Mona He Oonee 1.8 MeTpog,

Yenone HakaTia Ha KHONKY YIIpaReHIA Joika OpiTe HeDoneel( H. .
Mertammrieckne yaibl BAKYY MHOIT YCTAHOBKH, KOPITYC 3MIeKTPO/IBHTaTeNA
JOITHHEL HMETE HAaJEwHOE BA3EMIIEHIIE, KOTOpada AOITHKHA

COOTBETCTBOBATE ITPABIUIAM HCIIONBAOBAHILI 3MEEKTPOVCTAHOBOK,

. Bce 3aYCEHIIEI YCTAHOBEH JJOJIKHEI ORITE YCTpPaHEHEI,

[To TexHHdeckoMy periaMeHTyY BaKyyMHasi VCTaHOBKa JOJIXKHA

YCTaHABIIBATECA Ha cIeHAaIbLHEL f.lJ}'H,I[H MEHT.

DI'I]'.IEII'EJ'I'EHIIE napaMeTpoe 3a3eMICHHA BAKYYMHEIX VCTAHOBOK

,H(TIH 2ATIITEL paﬁoqﬁm TMEPCOHANA OT MMOPacHIA BICKTPIHECKOTD TOKa CAMEIM

pAaclipOoCTPAHCHHEIM 1T HAJACKHEIM MCTOIOM CHIITACTCHA IIpEJHAMEPCHHOE 2a3EMIICHIC

STICKETPHYECKIX COEIMHEHNIT U HX 3JeMEeHTOB, KOTOPEIE HaXOIATCA 1100

HallpAMEHHEM, TOKOBEILY MM 3JIEMEHT aMIL ﬂ;’[ﬂ ATOO HCHMIBE3YVHOT MEeTa VIITHeCcKIIe

fuem
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TpY ORI I CTEPIKHIL, JUINHA KOTOPBIX J0/DKHA OHITE He MeHee 2 MeTpoR,
ConpoTueieHHe OIHOTO MeTAUINYecKoro 3a’eMieHHd MOKHO OIpeermTh 110
BLIPAKEHITIO

R, =03662(lg 2_+0 Sg 4’::*:*;)
rane p— EUIIPUI'IIBHEHII& IMTOYBEI. OM CM;

£— JUTITH= GTEP:'KHH.. CM,

d — IMaMeTp CTEpPHKHA, CM,

h — riry GHHa 3aIeKI, CM,

104
300

7 2:300

=(0.3 il o
g =300 I 7% 4.300-300

)=29.5 Om

Heo EKD,LH IMOE YHCIIO 3a3eMIIeHIIT OIpeae/IAeTCH .

o= s (3.23)

.j‘}

n's
rjie  n — HeoDXOHMOE HICI0 3a3eMIeHIIT,
K.~ KO3 (pHIIEHT CE20HHOCTIL
R,— HOpMaTHBHOE CONpPOTHRIEHHe 3a3eMieHil, Om,

Hs— K03 (HIHEHT NCIONL30BaHNIA 3a2eMIeHHIT

295:1,2
100,88

n=

Tucno zazemMierit — 4.

PaszpadorTka HHCTPYKLIMI 10 D€30MacHOCTH TPYAaA 1A CTYAeHTa npH padore ¢
BaKYYMHOI1 YCTAHOBKOIT
1. Obmue TpeboBaHmA Del0MACHOCTH

1.1. K oOcinyXHBaHHMIO arperata JONYCKalTCd JIHIIa., KOTOPHIE NPONUIH
MEANMINHCKNIT ocMoTp, oOvdeHne, HMHCTPYKTaX I NPOBEPKY 3HAHINI MO OXpaHe

TPYAA.

Mucm
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1.2 OnacHele u  BpeiHele (akTopel.  BIAXHOCTE, TeMIeparypa

EJ'IEKTFI-IIIEEKIIE TOK, IIYM, HEQOCTATOUHAA OCBEIIEHHOCTE, CKOILAKMIT Mo,

TpeGoranua HezonacHOCTH Mepes HavaloM padot

Ilepen mauanom paboT onepaTop AOTAKEH!

- IPOITH O3HAKOMIIEHHE C 3a/aHHeM,

NpOBEPUTE 243CMIICHHA BAKYYMHBIX HAaCOCOB, BHEKTP{J,{LBIERTEIIEE i

0/1eTh pabouylo CIeLoAeKIY,
OTMETHTCH B XKYpHalle [IpHeMa CMeHEL,

[IPOBECTH B ITIOPAJOK CEBOE paﬁouee MECTO.

3NIEKTPOODOPYA0BAHIA BAKYYMHOI VCTAHOBKN

Tpebopanna OezonacHOCTH BO EpemA pabOTHI

KHTGTGPIF{EEK H BOCTIPpENIACTCA.

- yxoauThk Ge3 Beckoil nprunHel ¢ pabouero Mecra,

- JIOIY CK MOCTOPOHHHX JTHI[ K paboueMy MECTy,

- B IIpolecce padoThl HACTPaNBaTh I YCTPAHATH IOJIOMKH 000pY A0 BaHIIA.

Tpeborannsa dDezomacHOCTH B aBapHIiTHOI cHTYAaInn

¥

Apyroro

Boepema skcnmyatamum  BaKyyMHOIT  VCTAaHOBKH MOTYT  BOZHUKHYTH

aBapHITHEIE CHUTYAIINI, HAIIPHMEpP YTeuKa Macna Impi paboTe arperara.

1. HeMeyleHHO BEIKTIOMNTE BAKYYVMHYIO YCTAHOEKY .
2. CooDmNuTE PYKOBOJACTREY TPEIIPIIATIL.

3. IlpuHATE Mephl YeTpaHeHNA aBapUilHOIl cHTY Al

4.1 Ipll BOSHIIKHOBCHHII  HeCHaCTHOD  Clydad HeoOXOAIMO  OKA3aTh

MEPBHYHYEY MIOMOINE [TOCTpadaBIIeMY, BEIZBATE CKOPYID ITOMOIIIE.,

Tpebopannsa Gez0MacHOCTH MO OKOHYAHHN padoT

- IPHBECTH B IIOPAIOK CROE Paﬁﬁqﬂﬂ MECTO, FﬁpﬂTb Ha MECTO HHCTPYMEHTEI 11

npucrocobnexHns.
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- MaTepHalbl KOTOphble NPHMEHSUINCh AN OOTHPOYHHIX padoT cleayer
coOpaTh B cliel{HalIbHEIE eMKOCTH ¢ JanbHeilmeil X yrirmsanueil.
B cmyuae menonbioBaHNA TOKCHYHBIX —BellecTBa HeoOXOJUMO MNPORETPHUTH
MOMEIEHIe 11 IPHHATE JTYII.
3a HapymeHHs NYHKTOB JaHHOII HHCTPYKLNN  ONEpaTop  MOJKET

NPHBIEKATECA K AUCHHIUIMHADHOMN, — MaTepHalbHOIl  WIN  YTIOJIOBHOI

OTBETCTBEHHOCTH.
I I ) fuem
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3.4 S KOHOMIMYECKAS YACTH
3.4.1 DxoHoMIeckoe 000CHOBAHNE KOHCTPYKLIHI
Pacuér Maccel M CTOMMOCTH KOHCT PY KL

Tabmmma 3 4.1 - Mcxogaeie qanaLie

HoRgsTem HMcexoanmiii  (mpoekTup
(Gazometil)  |yemnrii
Macca, Kr 40 30
[ToTpeGHasg MOIMHOCTE, KBT 0,55 0.4
KomecTro 0b6ciy KHBAIONIETO NepcoHana, el 1 1
Tapndmuas crapgka, py5/uen -u 398 398
[IpomBoANTeIEHOCTE, JI/Y 50 50

BanancoBas cTOMMOCTE HOBOIl KOHCTPYKIMII IO COHOCTABHMOCTH MAacchl
onpejendercs 1o Gopmye:
. Cq° G0

3 — 2 1,
il G, (3.24)

rae  Cgo.Csi —COOTBETCTBEHHO OanlaHCORAsA CTOMMOCTL CTapoil 1 HOBOIT JeTanll,
pyo.;
Go,G — Macca cTapoii 1 HOBOIT KOHCTPYKILIH, KT,
8 — koaduImenT yaemeRne s KOHCTPY KT,

Hp HHIMAA 3IHAYUEHIA KAk

Cgo= 61300 py6.. Gy= 30 kr,6=0,9...0.95 |, Gop= 40 xr,
HOJTyUYaeM:

61300-30-0,9 -
g = =41377 pvo.
6l 40
3.4.2 Pacuér TeXHHKO-IKOHOMIUEeCKHX mokazarerteil rpdexTHBHOCTH
KOHCTPYKLIHH H HX CpaBHeHIe
JacoBad NMpOM2EOANTELHOCTL MAINHH ONPEAendeTcs N2 KOHCTPYKTHBHEIX

pacuéror no gopmyne (3.8):

W =50 /vy,
We=50 n/u.
I I fMuem
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DHeproeMKOCTh Hpollecca onpeensercs 1o gopmyre:

g N
3, = ? (3.25)
rae N, — norpebiageMas MOUIHOCTE, kBT,
Wy — HacoBad IMpON3BOANTEILHOCTE, /Y.
Yunreieag, uro N =04 kBT, Haxomgum:
] 0.55
D= =0,011xBm-u/ n.
; 0.4 :
9, =——=0,008xBm-u/ n,
50
MeTtannoéMKocTh Ipolecca ONpeAedaeTes 10 GopMyIIe.
G
M,= ) (3.26)
Y R 49
rge G — KOHCTPVKLIH, KT
Tron — I'OJIOBASA 3aIPY3Ka MAIINHEL,
T, — cpok crmyxObl MalIIH, JIET.
YuuteiBas, G; = 30 kr., Go= 40 kr.,, W) = 50 w/qa , W= 50 n/q,
Tront.o= 1144 et Ty o= 5 7mer, 1OJACTARISIA 3HAYMEHIS HAXO/IHM:
30
M _ =——=00001x2/ ke,
el 50.1144-5
40 e
M, =————=000014x2/ k-
el  50-1144-5
QoHAOEMKOCTE TIPoOlecca OTpeenaeTcs Mo GopMyTie;
P fﬁ 7 (3.27)
"% 200" cn
rae Cg— DanmaHcoBasg COBMECTHMOCTE KOHCTPYKIIHH, pyO..
TMuem
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IIpunaumasn 113 pacueroB, uro Cg=61300 pyd., Cge=41377 pyb., onpegensgeM:

61300
‘" 50.1144-5
41377
7 50-11444-5

=021pv6/ n

=0,14pv6/ n

CebecToMOCTL HCXOOHOTO I HNPpOSKTHPpYeMOoIe BaplaHTa OIpeleideTcd 110
dhopmyne:
‘S :('sn +('J+Cp|luﬂ +“"l‘ {228}

rae Cyn — 2aTpaThl OIUIATY TPy Aa, pyo./m;
C, —3aTpaThl Ha 3JIeKTPOSHEPrHIO, pyo/;
Cyro — 3aTPATEL HA PEMOHT I TEXHHUECKOE 00CITY KHBAHIE KOHCTPYKITHIL, PyD;

A — aMOPTH3ALHOHHELT OTHHCIIEHNA Ha POV KO, pyod/m;

3aTpaTthl Ha OIJIATY TPY/AA ONpEAe/ImOTCA Mo (hopMyTIe;

Coin, =2 Tgrde oK K & (3.29)

m om cc
rle Z — TapHpHasa cTapka, z = 82,8 pvo/u;

T. — TPYA0EMEOCTE, HeIl/ TTHTD.

TpyacéMkocTs onpejensercs 1o gopmyse:

Il

Le= - (3.30
wlll = ]'
1 :
T =—=0,02uen/ n,
50
1
T,,=—=0,02yen/ n,
50
C,.0=828:0,02-13-11-11-112=29 6/ n,
C,,=828-002-13-11-11-112= 296/ a.
MMuem
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3aTpaThl Ha 37IEKTPO3HEPTHIO Olpe/lendeM o (hopMyTe:;

C'i =‘EI? : 3.-"

rje 1, — ornyckHas HeHa snexrposteprun, py6./kBru;

D, — notpedrsieMas MOIHOCTh, kKBT1.

Ilpunnmas o BHuManue, uro 1[,=2.57 py6./xBru, 34=0,011. 3,=0,008,

HAaXOOITM:

C,;=257-0,011=0,028py6 / 1,
C,=257-0,008=0,02pm6/ 1.

Sarpartsl Ha PTO xoHeTpyKIjun onpejgensercs 110 dopmyre:

Cg ‘Hpma

G—— ;
PMO100-W, T,

rjae Hyw — cymmMapHas Hopma 3atpat Ha PTO, %.

 61300-19.8
pmo0 100501144
. 41377-19.8
“pmol  100.50.1144

=0,21py6/ n,

= 0,146 / k2.

AMOPTH3AINOHHEIE OTUHCIIEHHS ONpeAeraoTes Mo hopmMy e

PO
100-W, -T

e

-

200
rje a— HopMa aMopTH3aiuy, %.
[IpuHnMasg mo HopMaTHBaM, UTO ag,;=1 8, HaxXo UM

6130018
e
100-50-1144
41377-18

A = =0,13m6/ 1
I 100-50.1144 B

= 0,196/ 1,

(3.32)

(3.33)
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S =2.9+0.028 +0.21+0.19 = 3.4p06 / ke,
S5, =29+0,024+0,14+ 013 =3py0 / re.
[lpurenéHubIe 3aTpaThl Ha PabOTY KOHCTPY KIIHH ONPEISArOT 10 (hopMyIIe:
Cy =S+ E k=8B, F, (3.34)
rjae B, — sopMmatnesslil koaddmment 2ddekTnEHOCTH KanNTATEHEIX BI0KeHITIT,
K — yjiensueie KannTankHEE BIOKEHHT N POH0EMKOCTE.

IIpuanMas, uro E,=0,15 naxomnm:

=34+0]15-0,21 =343 6 / k2,
Cﬂpﬂﬁ“ 4+015-0.21 =343 m6 / k

= 5:014=3 0/ Ke.
npuisl 3+015-014=3,01po/x

['opoBas skoHOMHS oNpefernsdercs o GopMmyIie:
2,00 = Sg=51) Wy T, (3.35)

rae Tm,rl — TOJA0BAA HOPMATHEHAA 3aTPy3Ka, 9

[Ipnanmas Bo BHUMaRNE, 9TO Ty =1350, Haxomm:

3,9 =(3:4-3,01)-50-1144 = 22880 pyo.
I'ogosoil sxonoMuueckuii sdiderr onpesensercs no gopmyie:

Eooy= Do —E -AK (3.36)

2

rie Ey, - koaddunmnent a ek THEHOCTH KaNNTANBHEIX BIOXKEGHITII,

E, »,=22880-015-19600 =19940 myé

Cpok oKy[aeMOCTH Kallifrana BIokeHHil onpejenserca 1o gopmyne:

Tox = ; (3.37)

Koaddumnent addexTnrHOCTH KannTala BIOKeHNIl onpejendercs mo gopMyre:

BKP35.03.06.206.218HP.0000.00./73
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PG Tox |
1 (3.38)
E s = 18 =0,55
Peaynbsrarthl pacdeToB 3aHOCHM B Tabminy 3.4.2
Tabmma 342 — CpaBHHTENLHBIE TEXHIKO-3KOHOMITMECKHE TIOKa3aTesn
3(heKTHRHOCTH KOHCTPYK NN
Nz | HanimeHOBAHHE MOKAsaTenet En. Bazopoit MPOEKTE
H3Mep. | (HCXOTHOH) | VEMOIT
1. | Hacoead (ponss 0aHI efbHOCTE KI'1 50 50
2. | POHIOEMKOCTE MPOLIECEA pyém 0.21 0,14
3 | SHePTOEMKOCTE MPOLIEC<a KBTI 0,011 0,008
1. | MetanmoéMEOCTh IpoLecca KOl 00001 0.00014
5. Tpy M0EMKOCTE TpoLecca =T 0.02 .02
6. VpoReHE YKCUTY ATAIMOHHEIT 2ATPAT pyéim 3.4 3
7. | VpoReHb MPHEBETEHHLIY 3aTpaTt pyom 343 3.01
&. | I'ogoeaa skoHOMIA pvio - 22880
¢ | T'oJoRoH SKOHOMITIECEIN 3 ek pyé - 19940
10, | CpoK OKYIIaeMOCTH KAl a1 BIIoske il J1et - 1.8
11, | KosupinmieHT 3dp ek THRHOCTID -
KAMHTATMBHBLY BICOAKCHHTT 0,55

Muem

BKP35.0306.206 218HP.0000.00713

. | Tuem Ne dokym. Modnuce [dama

21




3.5 OXPAHA OKPYJKAIOHIEIT CPE/IBI

Bompocel oxpaHel okpyxkaronieil cpeiasl npuobperaror Bce Oolboiee
BHIIMAHIE, BCJIEJACTBIE BO3IMOKHOCTH IIEPEHOCa 3arps3HAION(NX  BEN[eCTB
BOJHLIMH H BO3IYIIHLEIMH IaToKami. Kaxaeli jeHbs Bce Oolbliee KOJIHYECTBO
rajoB BeIOpacHIBaloTCS B aTMocdepy, yXyAmiaercd IUIOJ0pPOJHEIE Clofd I04B
nosneil, ocrarkami nepepadoTkil HedTeNpoOAYKTOR 3arpsi3HsIOTCSH HAHI BOJHEIE
pecypesl. B ganbaeiimemM 310 MOMET IPUBECTH K VXYIMEHIIO IUIOA0POAIS 3eMITH
I CHIDKEHHEO IPOJOKUTETBHOCTH ¥H3HI UeIIOBEUECTRA.

Ha =xnpotHOROgueckmx (epMax, TrAe TIpH JOEHHII HCIIONB3YEOTCA
BAKYVMHBEIE VCTAaHOBKH, BO3IMOJKHA VTe€UKa Macila WUl MOKOOINX CPEJCTB
(IMEeNnoMHBIX NN KICTOTHEIX PaCTBOPOR), ITO MOKET B CEOK OUepe/fb NPHBECTH K
nopue W 3arpA3HEHHK) TOYBHI, PeK W 03ep. JTO MOXeT NpHBEeCTH K ruodenmn
pacTeHii.

K sarpsanenusiM okpykawomeil cpefibl B MNPOMBIIUIEHHBIX MacniTabax
OTHOCATCA CIISIVIONINE BHIbI:

* MexXaHU4YecKoe 3arpA3HeHHe (3albUIEHHOCTB aTMoc(epHore BoO3qyxa.
3arpA3HEHNE PasIMHEBIMI MeXaHIuecKHMI MpeaMeTaMIl TIOYBEl 1 BOJH,

* XHMHYECKO€ 3arpA3HeHne (oDpa3zoBaHNe pa3/MYHBIX XHMIYECKIX
COEIIHEHIIT KOTOpLIE BCTYIAKT BO B3aHMOJEIICTBHE C© OKpyikKawomeil cpejoil
oOpazys OpH 3TOM BEIJEICHNA I CKOIUIEHNS raz000pazHbIX, MIUIKIX 1 TBEp/hIX
AIIEMEHTOR ),

* OHOJIOTHYMECKOE 3arpA3HeHHe (3aposk/ieHle pa3/IMYHBIX  BpPEIHBIX
OpraHU3MOB B OKpY:Karoneil cpelie B cleJcTBUN JeATEIbHOCTH YerloBeKa ).

[IpuMeHeHne NOWILHEIX YCTAHOBOK OKa3blBaeT 3HAUHUTENLHOE BO3JlelicTRIe
Ha SKoJIOrHueckyro OesonacHocTs. Hanpumep Boja M OCTATKH pacTBOpa KOTOpHIE
NPHMEHATICE 1 MPOMBIBKH JOIILHON TEXHHKEN ABMIACTCH BPEIHHEIM BEIECTBOM
JUTS TIOYBHL,

Mg storo HeoOXOANMO COBMECTHO € pailoHHOH caHSMHJACTaHINIel

IMpHHATHE HeoOXOANMBIX Mep B L[EJIAX 3all{HTEl OKpYKamomeil cpe/ikl 1o BolpocaM

I I I I Suem
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VTIIIHAI U BPE/JHLIX OTXOJ0B.

Ha Becex npemnpuaTHsax JomkeH OBITH pa3paboTaHEl SKoIOrHYecKe
nacrnopTa. Ha ocHOBAHIM KOTOPBLIX JOJIKHEI OBITh VKa3aHBEI METOJAB! Y TIIIH3AI[NN
BpeJHEIX BHIOPOCOB H CTOKOB H HMX KOMIHMecTBO,. Bcee 2TH MeEphl NO3BOJIAT

YMEHBEIINTE OTPHITATEIIEHOE BIIIAHIIC Ha OKPYHAIOIIVIO CPpEITY.

3.6 Du3nveckas KyJAbTYpa Ha IPoH3BO/ACTEE

dusmueckas KyIbTypa Ha NPOH3BOJACTEE — BaxHEI QakTop ycKopeHs
HAYUHO-TEXHHUECKOI'0 Mporpecca H HPOM3BOANTENBHOCTH Tpyia. OCHOBHEIM
CpeAcTBOM  (uzIMeckoil KyJIBTYpPHl ABNMIOTCA  (IAMecKne  yhpakHeHH,
HalpaBlIeHHLEIE HA COBEPIICHCTROBAHIE KIIHEHHO BaXHBIX CTOPOH HHAHBIAYYMA,
CIOCOOCTEBYA pa3BHTHIO €ro JIBHTATEILHEIX KadecTB, YMEHHII M HAaBBIKOB,
HeoOXOANMEIX JUId  mpodeccHOHANBHONH  JgedarensHocTn. & 3Toll  menwko
HCNOIBIVHOTCA CHSAVIOMNIE crocoORl 1 METOILI IIO PasBHTIIHD {tlIﬂlI‘-lEGKim
crocodHocTeill:

- yapHble JO3HpOBAHHLIE BIDKEHI B BRIHY ¥ JEHHBIX [1034X,

- BeIpaDOTKa BpaNlaTelbHbIX JBIIKE€HHIl NaableB U KHCTeil pyK,

- pa3BHTHE CTATHYECKOIl I AMHAMITUECKOIl BEIHOCITHBOCTH MBINII HaIbLER I
KHcTell pyK.

- pa3BHTHE PYYHOI JIOBKOCTH, KOXKHOII H  MBINEYHO-CYCTABHOM
HYBCTBHTEIIEHOCTIL, ITa30MEDPAa,

- PA3BHTHE CIHIIEI H CTATHYECKOI BEIHOCIHMBOCTH ITO3HEIX MEIIIIT] CIIITHEL.
IBOTA 1 pazrudareneii Oempa;

- pasBUTHE TOYHOCTH YCIUIHIT MBIIHIIAMIL IUIEUEBOTO [105Ca.

3anaTusa no ¢guandeckoil KyJLTYpe HA NPOH3BOACTBE JO/IKHEI BKIFOYATH
pasIMuHBIe BRI criopTa, Glarojgaps KOTOPBEIM cOXpaHsSeTcs 3/0pOBbe UelloBeKa,
ero neuxmieckoe Grraronoayyvne i cORepIeHcTRYIOTeA (PHIHIecKHe cIocoOHOCTH,
Tropueckoe HCNOMBIOBAHNE (PHAKYILTYPHO-CIOPTHBHOIT AeATENLHOCTH B 3THX
VCAOBIAX HANPARICHO HA JOCTHKEHIE KIMHEHHO-BAKHBIX 11 IIPO(heccnoHATEHEIX

Leneil NHINBHIYYMA.
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BeiBo1b1 H npeAaoKeHs

Ha ocHOBe BEINIOJTHEHHBIX paboT HaMIl OBII C/AeNaHsl CleAVIOLIe OCHORHEIE
BLIBOJIBI

1. Chenan aHamn3 CYNOECTBYIONMX KOHCTPYKINIT BAKYYMHEIX HacoOCOB.
Hayuenne mccnegoBaHiii B 91oii obacTH IoKazani YTO OCHOBHEIE TpebDoBaHHA
NpH pa3paboTKH BAKYYMHBIX HACOCOR JJI1 MOJIOUHOTO KITBOTHOBO/CTBA SBIAETCH
CHUMXEHIE SHEPTO- I PECYyPCoEMKOCTH, CHIDKEHIE METAIUIOEMKOCTI 1 YRBeIIIUeHe
JIOJITOBEUHOCTIL.

2. B pesyibrare BHIIOJIHEHHRIX HATEHTHRIX H JIHTEPATYPRI HCCIIEI0BaHIIT
CIPOEKTHPOBAH OJNH N2 BapHaHTOB JABYXPOTOPHOTO Hacoca H  J0IUTLHOIL
VCTAaHOBKN OOnajaromeil cpaBHHTEILHO BHICOKHMII TEXHHKO-3KOHOMHYECKITMI
MOKA3aTeIIsAMI [0 CPABHEHIIO ¢ AHATIOTAMIL.

B peayneraTe ynyqmamick Takie NapaMeTphl Kak:

-  MerannoémrocTs cHmiacs Ha 10 krr.e. 25%

-  Dwueproemrocts Ha 0,008 T.e. 28%

YeTaHOBIIEHA YTO TO/I0Bas SKOHOMI OT BHEPEHHs POSKTHPYEMOil
yveraHoBknN cocTarder 22880 pybneil, rogoroil skoHoMIMeckuil 3 pext oT

BHeApeHIA nopaaka 19940 pyoneil. Cpox oxynaeMocTH KammTanoBnoxeniii 0.5
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