OO0mas xapakTepucTHKa NPUBOJAA

1.1. CTpykTypHas cxeMa rHAPONPHBOAA

T'uoponpusodom Ha3bIBaETCS COBOKYITHOCTh YCTPOMCTB, MpeIHA3HAYEHHBIX JIJIsl IPUBEICHUS B
JBUKCHUE MEXaHNU3MOB M MAIITUH MOCPEICTBOM paboUeil >KUIKOCTH, HAXOISIIEHCs IO
JTaBJICHUEM, C OJJHOBPEMEHHBIM BHITIOJTHEHNEM (PYHKIMH PETyJIUPOBAHUS U PEBEPCUPOBAHUS
CKOPOCTH JIBMKEHHSI BBIXOJHOTO 3B€HA TUAPOIBUTATEISI.

[MunponpuBoAbI MOTYT OBITH IBYX THIIOB: 2uOpoOuHamuieckue u obvemusie. B
THIPOAMHAMUYECKUX MMPUBOAAX HCIIOB3YETCS B OCHOBHOM KMHETUYECKAsk YHEPTUS TIOTOKA
KHUIKOCTH. B 00BEMHBIX THIPONPUBOAAX UCTIONB3YETCS MOTEHIMATbHAS YHEPTUS TaBICHHS
paboueii KUIKOCTH.

OOBeMHBII TUAPONIPUBO COCTOUT U3 TUAPOIIEPEIaut, YCTPOMCTB yIIpaBlIeHUs,
BCIIOMOTaTeNbHBIX YCTPOMCTB U TUAPOINHMM (puc.1.1).
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Puc.1.1. Cxema 06beMHOT0 TUAPONPUBOIA

L fudponpeolipastloment

Oobvemnasn zudponepedaua, sBISIOIASACA CUIOBOI YacThIO IMJIPONPUBO/IA, COCTOUT U3
06vemHo20 Hacoca (Mpeodpa3oBaTessi MEXaHNUECKON SHEPTUH IPUBOJIAIIETO IBUTATENS B
SHEPTUIO MOTOKA padouelt JKHUIKOCTH) U 00beMHO20 cudpodsucamens (IpeodpazoBaTes
SHEPTUH MOTOKA paboydeil KUIKOCTH B MEXaHUYECKYIO SHEPTUIO BHIXOIHOTO 3BCHA).

B cocTtaB HEKOTOPBIX 00BEMHBIX THAPOIIEPEIad BXOAUT 2UOPOAKKYMYIamop (THIAPOSMKOCTH,
npeIHa3HayYeHHbIE JJIs aKKYMYJIHPOBAHUSI SHEPTUU paboueil )KUIKOCTH, HaXOIsIIecs 1Mo/
JABJICHHUEM, C IIEJIBIO MOCIEAYIONIErO €€ UCIIONb30BaHMUsI ISl MPUBECHUS B padoTy
ruaposuratens). Kpome Toro, B coctaB rujipornepeaay MOryT BXOJUTh TaKxKe
euoponpeobpazoeamenu - 00bEMHbIE THIPOMAIIUHBI IS TPe0Opa30BaHUs YHEPTUU TTOTOKA
paboyeil )KUAKOCTH ¢ OHUMU 3HAUCHUSIMHU JaBjieHus P u pacxona () B SHEPTHUIO APYTroro NoToka
¢ Apyrumu 3HaueHusMu P u Q.

Yempoiicmea ynpasnenua npeaHasHadeHsl Ul yIpaBJIeHUs NOTOKOM WIN APYTUMU
ycTpoiicTBamu ruaponpuBoaa. [Ipu 3ToMm noa ynpapieHUEM MOTOKOM [TOHUMAETCS U3MEHEHNE
WM NTOZJIEP’KAHUE HA ONPEJIEIICHHOM YPOBHE JaBJICHUS U PACX0Ja B THIPOCUCTEME, a TAKKE



M3MEHEHHE HalpaBJICHUS IBUKCHUS TIOTOKA paboueit sxuakocTu. K ycrpoiictBaM ynpaBiieHUs
OTHOCSTCSL:

euopopacnpeoenument, CIyaie Aasl N3MEHEHUs HAallpaBJICHHUS ABWKECHUS ITOTOKa paboden
KHUJIKOCTH, oOecriedeHus: TpeOyeMoi MOocIe[0BaTeIbHOCTH BKIIOUEHHS B padoTy
TUAPOJIBUTaTENIEH, pEBEPCUPOBAHUS IBH)KEHUS UX BBIXOJHBIX 3BEHBEB U T.1.;

peaynsimopul 0agnenus (MIPelOXPaHUTENbHBIN, pelyKIIMOHHBIN, IEPETUBHON U JpyTHe KIIalaHbl),
npeHa3HauYeHHbIE JJIs1 PETYJIMPOBAaHUS JaBlIeHUs pabodel dKUAKOCTH B TUIPOCUCTEME;
pezyasamopul pacxooa (AETUTEIN U CYMMATOPbI IOTOKOB, IPOCCEIH U PETYIISATOPHI TOTOKA,
HaNpaBJISAIOLIME KJIalaHbl), C TOMOIIbIO KOTOPBIX YIPABIISAIOT TOTOKOM pabouei sKUJIKOCTH;
euopasnuieckue ycuiumenu, HEOOX0AUMBIE JIJIS yIIpaBieHus paboTol HACOCOB,
TUPOJIBUTATENIEH WIN APYTUX YCTPONCTB YIPABICHUSI IOCPEICTBOM pabodel )KUAKOCTH C
OJIHOBPEMEHHBIM YCUJIIEHUEM MOILHOCTH CUTHAJIA YTIPABJICHHUS.

Bcnomozamensnsie ycmpoiicmea 00ectieunBaIOT HaJISKHYIO paboTy BCEX 3JIEMEHTOB
ruzponpuBosa. K HUM oTHOCATCS: KoHOuyuoHepwvl paboueii scuokocmu (GUIBTPBI,
TEIJI000MEHHBIE anmapartsl U Ap.); YHIomHume i, 00eCTieUnBaIONIIe TEPMETH3AIUIO
THIIPOCUCTEMBI; euopasiuieckue peie 0asgienus; 2uopoemkocmu (TaApoOaKku u
THJIPOAKKYMYJISITOPBI pabouei KUAKOCTH) U JIp.

CocraB BCIOMOTaTEIbHBIX YCTPONUCTB yCTAHABIUBAIOT UCXOS U3 Ha3HAUYCHHUS TUIPOTIPUBOJIA U
YCJIOBUM, B KOTOPBIX OH 3KCIUTYaTUPYETCA.

T'uoponunuu (TpyOBbl, pyKaBa BBICOKOTO IaBJICHUS, KaHAJIbl U COSAUHEHMS) IPEAHAa3HAYCHbI JUIs
IPOXOXACHUS pabodeil KUAKOCTU IO HUM B Ipoliecce padoTel 00beMHOr0 ruaponpusoa. B
3aBHCUMOCTH OT CBOETO Ha3HAYECHUs THAPOIUHHUH, BXOASIIME B OOIIYIO THIPOCUCTEMY,
NOJIpa3/eliAl0TCs Ha BCAChIBAIOIINE, HATIOPHBIE, CIIMBHBIE, TPEHAKHBIE U THIPOIUHUU
yIpaBIEHUS.

1.2. Knaccupukanus ¥ npuHOMI padoThl THAPONPHBO/AOB

B 3aBucumocTu ot KOHCTPYKIHWH U TUIIA BXOAAIIUX B COCTAaB rUApOIICepeaadu 3JICMCHTOB
00BEMHEIC rUApOnpUBOAbI MOXKHO KJIaCCI/I(pI/ILII/IpOBaTL M0 HCCKOJIBKUM IIPU3HAKAM.

1. Ilo xapaxmepy 0eusicenusn 6b1X00H020 36€HA CUOPOOCUZAMETIA:

2UOponpuU8oo spawjamenvHo2o osudicenus (puc.1.2, a), koraa B KauecTBE THIIPOIBUTATEIS
NPUMEHSIETCS THIPOMOTOP, Y KOTOPOTO BEAOMOE 3BEHO (BaJI MIIA KOPITYC) COBEpIIACT
HEOTPaHUYEHHOE BpalllaTeIbHOE ABIKCHUE;

2uoponpusoo nocmynamenvbHo2o ogudxcerus (puc.1.2, 6, B), y KOTOpOro B KAUeCTBE
TUPOJIBUTATEIISI TPUMEHSIETCS THAPOLUINH/P - JBUTATEIh C BO3BPATHO-IIOCTYIATEIBHBIM
JBI)KEHUEM BEJIOMOTO 3BeHa (IITOKA MOPIIHS, IITYHXepa HITH KOpITyca);

2UOPONpUBOO N0BOPOMHO20 dsudicenus (puc.1.2, r), Koraa B KauecTBE TUIPOABUTATEIS
NPUMEHEH MTOBOPOTHBIN THAPOIMINHAP, Y KOTOPOTO BEIOMOE 3BEHO (BaJI MITH KOPITYC)
COBEpLIAET BO3BPATHO-IIOBOPOTHOE JIBM)KEHUE Ha yrojl, MeHbLINi 360 .

2. I1o s03modtcHoCmu pezyiuposanus:

pezyaupyemvlii 2u0ponpueo0, B KOTOPOM B TIPOIIECCE €T0 IKCIUTyaTaIllil CKOPOCTh BBIXOTHOTO
3BEHA TUAPOJBHUTATENSI MOKHO U3MEHSTH IO TpeOyemMoMy 3akoHY. B cBoto ouepenb
peryJupoBaHuE MOXKET ObITh ApocceNbHBIM (puc.1.2, 0, T), 00beMHbIM (pHrc.1.2, a), 00BEeMHO-
JPOCCETbHBIM UJIM U3MEHEHHEM CKOPOCTH JIBUTATENsI, IPUBOAALIETO B pabOTy Hacoc.
PerynupoBanue MOXeT OBITh pyYHBIM WJIM aBTOMATHYECKUM. B 3aBHCHMOCTH OT 3a/1a4
pEryJIMpOBaHUS THIPOIPUBOJI MOXKET OBITh CTAOMIM3UPOBAHHBIM, IPOTPAMMHBIM WIJTH
caemsiimuM. PerynupoBanuio TUIponpruBo/ia Oy1eT MOCBSIIECHA OTACTbHAS JICKIIHS;



Hepe2yiupyemblii 2UOponpuso0, y KOTOpOro HEb3sl U3MEHSTh CKOPOCTh ABM)KEHHUS BBIXOJHOIO
3B€HA 'MIPONEPEIaun B MPOIIECCE IKCIUTyaTallUU.

3. Ilo cxeme yupkyaayuu padoueil HeuoKocmu:

2UOPONPUBOO € 3aMKHYmMOou cxemotl yupkyaayuu (puc.1.2, a), B KoTopoMm padbodasi >KUJIKOCTh OT
TUAPOJIBUTATENIsl BO3BPAIIAETCSA BO BCACHIBAOIYIO THAPOIMHUIO Hacoca. ['uaponpuson ¢
3aMKHYTOW IUPKYJISAIMENH paboyeil KUIKOCTH KOMITAKTEH, UMEeT HeOOJIbIIYI0 MacCy U
JOTTyCKaeT OOJBIIYI0 4acTOTY BpallleHusl poTopa Hacoca 0e3 0macHOCTH BO3HUKHOBEHUS
KaBHUTAIIUHU, TTOCKOJIBKY B TAKOW CUCTEME BO BCACBHIBAIOIICH JTMHUH JABJICHUE BCET/Ia MIPEBBIIIACT
atMocdepHoe. K HegocTaTKkaM ciielyeT OTHECTH TUIOXHE YCIIOBUS AJIsl OXJIaKICHUs paboueit
KUJIKOCTH, & TAK)KE HEOOXOJUMOCTh CITyCKaTh U3 TUAPOCUCTEMBI pad0UyI0 KUIKOCTh MPU
3aMEHe WJIM PEMOHTE TUIpOarnapaTypsbl;

2UOPONPUBOO € pa30MKHYymoU cucmemou yupkyasayuu (puc.1.2, 6, B, T), B KOTOpoM pabouas
YKHUJIKOCTB TTOCTOSTHHO COO0IIaeTcs ¢ THApoOaKoM mim atMochepoit. JJocTOMHCTBA TaKOH CXEMBI
- XOPOIIIKE YCIOBHS ISl OXJIAXKACHUS U OUYUCTKU padouelt xkuakoctu. OTHAKO TaKue
TUAPOTIPUBO/IBI TPOMO3IKY U UMEIOT OOJIBIIYIO Maccy, a YacTOTa BpallleHUs] pOTOpa Hacoca
OTPAHHYUBACTCS JTOIMYCKAEMBbIMHU (M3 YCIOBHI O€CKaBUTAIIMOHHON pabOTHI HACOCA) CKOPOCTSIMU
JIBUKEHHS pabodeil >KUIKOCTH BO BCACBIBAIOIIEM TPYOOIIPOBOJE.

4. Ilo ucmounuxy nooauu padoueii HeuOKOCmMU: HaAcoCHvle 2UOPONPUBOObI, B KOTOPBIX pabodast
YKUJKOCTD MOJIAeTCsl B TUAPOABUTATEIN HACOCAMH, BXOIAIIUX B COCTAaB 3TUX THAPOTPUBOJIOB;
AKKYMYIAMOpHbIE 2UOPONPUB0Obl, B KOTOPBIX padoyas HKHUAKOCTh OJAETCs B TUAPOABUTATENH
U3 THAPOAKKYMYJISITOPOB, MPEABAPUTENBHO 3aPSKEHHBIX OT BHEITHUX UCTOYHUKOB, HE
BXOJISIIIIUX B COCTaB JaHHBIX THAPOIIPUBOJIOB;

Mazucmpanvhsie 2UOPONpUoOdl, B KOTOPHIX paboydast >KUIKOCTh MOAAETCS K THAPOIBUTATENISIM
OT CIIeUAIIbHON MarucTpaiu, He BXOJAIIEH B COCTaB 3TUX MPUBOOB.

5. Ilo muny npueooauwiezo oguzamensn 2uOpoOnPUEOOsbL MOZym Obimb ¢ ITEKMPONPUEOOOM,
npusodoom om /IBC, mypoun u m.o.

[Tpunuun paboTsl 00BEMHOIO THAPONIPUBOIa OCHOBAH Ha 3akoHe [lackaiis, mo KOTopoMy BCAKOE
M3MEHEHHE JIaBIICHUS B KAKOW-JIMOO TOUKE MOKOSIICHCS KUJAKOCTH, HE HapyIIaloiee ee
paBHOBECHSI, TIEPEIaeTCs B OCTAIbHbBIE €€ TOUKH 0e3 n3MeHenus (puc.1.2).

Hacocom 1 paGouast KUIKOCTH MOJAETCS B HATOPHYIO THAPOIMHUIO 3 U Jlasee yepes
pacnpenenuTens S5 K ruapoasurarento 2. Ilpy onHOM Noa0KeHNu ruapopacipeneanTens
coBepuIaeTcst pabo4Mil X0 TUIPOJABUTATENS, a IPHU IPYTOM IOJIOXKEHUH - X0JIOCTOM. M3
TUPOJIBUTATENS KUAKOCTh YEPE3 PACIIPEACIUTEIND TOCTYNAET B CIMBHYIO THAPOJIMHUIO U Jaliee
WIH B rUuipo0ak 9, Uiy BO BCACHIBAIOLIYIO THAPOJIMHUIO Hacoca (B THIPOIIPUBOJIAX C 3aMKHYTOM
CXEMOM LUPKYJISIIUU pabodei )KUIKOCTH, cM. puc.l.2, a). B pezepByape :KUIKOCTh OXJIaXk1aeTCs
Y CHOBa ITOCTyNaeT B ruapocucteMy. Hanexnast pabota rujponpuBojia BO3MOXKHA TOJIBKO MPU
COOTBETCTBYIOIIECH 0UNCTKE pabode )KUIKOCTH PUIBTpaMu 8.

PerynupoBanue ckoOpoCcTH JBUKEHHSI BBIXOJHOTO 3BE€HA TUAPOABUTATENSI MOXKET OBITh
JpOoCceTbHBIM WM 00beMHBIM. [Ipu ApoccenbHOM peryTupoBaHUU B THAPOCHCTEME
YCTaHABIIMBAIOTCS HEPETYINPYEMBIE HACOCHI, @ U3MEHEHHE CKOPOCTH JIBMXKEHUS BBIXOJHOTO
3BEHA JIOCTUraeTCs U3MEHEHHUEM pacxo/ia paboueit sKUIKoCcTH uepes apoccens 6. [Ipu o6bseMHOM
PeryJIMpOBaHUMU CKOPOCTh JBUKEHUSI BBIXOJAHOTO 3B€HA TMAPOABUTATEINS U3MEHSETCS MOJaveit
peryaMpyemMoro Hacoca 100 3a CUeT IPUMEHEHUS PEryJIUPyeMOro ruipoMoTopa.

38.L[II/IT8. THUAPOCUCTEMBI OT YPE3MEPHOT'O ITOBBILICHUS JaBJICHUA obecneunBaeTcs
MpeaAOXPaHUTCIIbHBIM 4a mm MEPCINBHBIM 46 KjlaltTaHaMH, KOTOPbIC HACTPAanuBAIrOTCA Ha



MaKCHMaJIbHO JOMyCTUMOE AaBiieHue. Eciu Harpy3ka Ha TUApOIBUraTeNlb BO3pACTaeT CBEPX
YCTaHOBJIEHHOM, TO BECh OTOK padoueit )KUIKOCTH OyAeT UATH Yepe3 MPeAOXPaHUTEbHbIN UITH
NEePETUBHON KJlallaHbl, MUHYSI TUAPOABUraTesb. KOHTpOIb 3a TaBiIeHHEM Ha OTJEIbHBIX
y4acTKax THAPOCUCTEMBI OCYIIECTBIAETCS 10 MaHOMeTpaMm 11.

Pabota ruzpoarperatoB conmpoBOXKIaETCs yTeuKaMu pabouelt sxuakoct. B ruapocucremax ¢
3aMKHYTOH LUPKYJIALHMEH YTEUKU KOMIICHCUPYIOTCS CTIELIMAIBHBIM MOAMUTBHIBAIOIIIM HACOCOM
la (puc.1.2, a).
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Pu.1.2. BapraHThl NpUHIUMIIHAIBHBIX CXEM THIPOIPUBOJIOB:
a - ¢ 00bEMHBIM PEryJIMpPOBaHUEM; O - C IPOCCENBHBIM PEryJIMPOBAHUEM;
B - HEPETYJIHPYEMBIi; T - C IPOCCETBHBIM PETYJIUPOBAHUEM Pab0UEro U XOJIOCTOrO XOJI0B
1.3. IlpenmyniecTBa M HEAOCTATKU TMAPONPUBOIA

HIupokoe pacmpocTpaHeHHE THAPONPUBOJA OOBACHIETCSA TEM, YTO 3TOT IMPUBOJ 001 jaeT
PAAOM NPEUMYIIECTB Nepe APYTUMH BUAMU IPUBOIOB MAIIMH. BOT OCHOBHBIE U3 HUX.

1. Beccmynenuamoe pe2ynupogaHue CKOPOCTU ABUKEHUS BBIXOJHOTO 3BEHA THIpOIepesau U
o0ecrieueHre MajbIX YCTOHYMBBIX CKOPOCTe. MUHMMAaNIbHAsI yTIIOBast CKOPOCTh BPALICHUS Baja
THJIPOMOTOPA MOYKET COCTABIIATH 2...3 00/MHUH.



2. Heboavuue cabapumst u macca. BpeMs pasrona, 6;1aromapsi MCHbIIIEMY MOMEHTY WHEPIIHH
BpAIIAIOIINXCS YacTel He TPEBBIIACT A0JIeH CEKYH/Ibl B OTJIMYHE OT DJICKTPOJABHUTATEICH, Y
KOTOPBIX BPEMsI Pa3rOHa MOXKET COCTABIISITh HECKOJIBKO CEKYH/I.

3. Yacmoe pesepcuposanue 08udicenus 8bIxo0H020 36eHa cuoponepedaqu. Hanpumep, yactora
peBepCcHUpOBaHUS Bajla THAPOMOTOPA MOXKET OBITh ToBeaeHa 10 500, a mToKa MOPIIHS
ruapounausapa aaxe 10 1000 peepcoB B MUHYTY. B 3TOM OTHOIIEHMH TMAPONIPUBOL yCTYIAET
JIMIIb MTHEBMATUYECKUM UHCTPYMEHTAM, Y KOTOPBIX YHCJIO PEBEPCOB MOKET AocTurath 1500 B
MUHYTY.

4. bBonvwoe bvicmpooeticmaue u HaubonbUAS MEXAHUYECKAS U CKOPOCIHAS HCECMKOCHb.
MexaHnyeckast )KeCTKOCTb - BEJIMYMHA OTHOCUTEIIBHOTO O3ULIMOHHOTO U3MEHEHMS T10JI0KECHUS
BBIXO/IHOT'O 3BE€HA IOl BO3JACHCTBUEM U3MEHSIONIEHCS BHEIIHEN HArpy3ku. CKopocTHast
JKECTKOCTb - OTHOCUTEIIbHOE U3MEHEHHE CKOPOCTH BBIXOJAHOTO 3BE€HA IIPY U3MEHEHUU
IIPWIOKEHHON K HEMY Harpy3KH.

5. Aemomamuueckas 3auuma TUAPOCUCTEM OT BPEIHOTO BO3JCHCTBUS MEPErpy30K Oaaronaps
HAJIMYUIO [IPEJOXPAHUTEIbHBIX KIIAaHOB.

6. Xopowwue ycnosus cmazku TpylmMXcs A€TaJI€ U AIEMEHTOB T'HpoannapaToB, YTO
oOecreynBaeT X HaJeKHOCTh U JIOJITOBEYHOCTh. Tak, Hanmpumep, Mpu MpaBUIbHON
9KCILTyaTalluki HACOCOB U THAPOMOTOPOB CPOK UX CJIY)KGBI JOBCICH B HACTOAIICC BPEMA 1O
5...10 TBIC. 4 pabOTHI 1O HArpy3Koi. [ mapoanmaparypa MOKET HE PEMOHTHPOBATHCS B TCUCHHE
noisiroro Bpemenu (1o 10...15 ner).

7. [Ipocmoma npeobpazosanus 6pauamenbHO20 0BUNCEHUSL 8 B036PAMHO-NOCIYNAMeNbHOe U
6038pamHo-n08opomHule 6€3 MPUMEHEHUS KaKUX-IN00 MEXaHUUYECKUX Mepeaay, MOJBEPKEHHBIX
U3HOCY.

['oBOps 0 mpeumyIIecTBaX THAPONPUBOA, CIETYyeT OTMETUTH MIPOCTOTY aBTOMATHU3AUU PAOOTHI
TUAPOPUIIMPOBAHHBIX MEXaHU3MOB, BO3SMOXKHOCTh aBTOMAaTHYECKOTO NU3MEHEHUS X PEIKUMOB
paboTHI 10 33JAHHON TPOTpamMMe.

['uaponpuBoy NMPUCYIIU U HEJOCTATKU, KOTOPbIE OTPAaHUYUBAIOT ero NpuMeHeHne. OCHOBHBIE
U3 HUX CJIEAYIOLIHE.

1. Usmenenue 6a3xocmu npUMeHAEMbIX HCUOKOCMEN OM memMnepamypbl, 4To MPUBOAUT K
U3MEHEHHUIO pabouMX XapaKTEPUCTUK FHUAPONPUBOIA U CO3/1AET AOMOIHUTENIbHbIE TPYIHOCTH
NP SKCIUTyaTalli THAPOIPUBOIOB (OCOOCHHO MPU OTPHULIATENILHBIX TEMIIEPATypax).

2. Ymeuxu srcuoxocmu usz cuopocucmem, xotopoie cHrkaroT KIT/] mpuBoaa, BEI3BIBAIOT
HEPaBHOMEPHOCThH JIBUKEHUSI BBIXOAHOTO3BEHA TUAPOIIEPEAAUN, 3aTPYAHSIIOT JOCTHKEHHE
YCTOWYMBOM CKOPOCTH JBHKEHUSI pabOUuero oprana mpu MajibIX CKOPOCTSIX.

3. Heobxo0umocmo u320moeneHus MHO2UX 3J1eMEeHMo8 2UOPONPUB0Oa NO 8bICOKOMY KIACCY
mouyHocmu ISl JOCTUKEHUS MAJIbIX 3a30POB MEK/Ty TOJIBUIKHBIMU U HEMOJABUKHBIMH JIETAJISIMU,

YTO YCJIOKHACT KOHCTPYKIHUIO U IMOBBIIACT CTOMMOCTD UX U3TOTOBJICHUS.

4. B3pbi60- u oeHeonacHocms PUMEHSEMBIX MUHEPATIbHBIX PAO0UYMX KHUIKOCTEH.



5. Hesozmoorcnocmov nepedauu snepeuu na 6onvuiue paccmoanus u3-3a O0NbIINX OTEPh Ha
MPEOAO0ICHIE THAPABINUECKUX COMMPOTUBICHUH U pe3koe cHikeHue mpu 3toM KIT/]
TUIPOCUCTEMBI.

Co MHOTMMH M3 3THX HEJIOCTaTKOB MOKHO O0poThcsi. Hanpumep, cTabMIBHOCTD BA3KOCTH NIPU
M3MEHEHUU TeMIIepaTyphl JOCTUTAETCS IPUMEHEHUEM CUHTETHUECKUX pad0UYuX HKUAKOCTEH.
OxoHuaTenbHBIN BEIOODP TUIA IPUBOAA YCTAHABINBACTCS MPU MPOSKTUPOBAHUU MAIIHUH I10
pe3ynbTataM TeXHUKO-DKOHOMUYECKHX PACUETOB C yUE€TOM YCIOBUN pabOTHI 3TUX MAIUH.
I'unponpuson, TeM He MeHee, UMEET IIPEUMYILECTBA IO CPAaBHEHUIO C IPYTUMH TUIIaMU
IIPUBOJIOB TaM, TJie TpeOyeTcs: Co3JaHue 3HAYUTENbHOM MOIIIHOCTH, OBICTPOICHCTBHE,
MO3UIMOHHAsl TOYHOCTb UCIIOJHUTENIBHBIX MEXaHU3MOB, KOMIIAKTHOCTb, Majlasi Macca, BBICOKAsI
HAJIKHOCTh PabOThI U Pa3BETBICHHOCTH MPUBO/IA.



Paboumne xuaKoCcTH 1J1s1 THApocucTeM. I'mapaBanyeckne JTHHAH

B runponpuBose pabodast KUIKOCTb SBISETCS YHEPrOHOCUTENEM, OJ1aroaapsi KOTOpOMy
yCTaHaBJIMBAETCs CBA3b MEXy HACOCOM U ruapoasurareneM. Kpome toro, paboyast )KUAKOCTb
o0ecrieuynBaeT cMa3Ky MOJBHKHBIX YacTeH 371€MEHTOB ruaponpuBoaa. Puzndeckue CBOWCTBA
KUAKOCTEH OAPOOHO OBLIN U3NI0KEHHI B [9, cTp.10...15].

2.1. XapakTepucTHKa pado4umX ;KUAKOCTEM

B xauecTBe pabouyux KUIKOCTEH B THAPABINYECKOM MPUBOJIEC MPUMEHSIOT MUHEPAIbHBIE Maclia,
BOJIOMACIISIHBIE AMYJIbCHH, CMECH M CUHTETHYECKHE KUAKOCTU. BpiOop THNa u Mapku paboueit
YKUJKOCTHU OMPEESETCs HA3HAUEHUEM, CTETICHbIO HAJCKHOCTU U YCIOBUSIMU IKCILTyaTalluu
TUAPOTIPUBOIOB MAIIIHH.

Munepanvhvle macia IONy4YaloT B Pe3yJIbTaTe NEPEPaOOTKH BEHICOKOKAYECTBEHHBIX COPTOB
HeTH ¢ BBeIeHHEM B HUX MPHUCAJIOK, YIIyUIAIOMUX UX Gu3ndeckue cpoiicta. [Ipucanku
no6asisttor B komuaecTtse 0,05...10%. Ipucaaku MoryT ObITh MHOTO(YHKITMOHAIBHBIMY, T.€.
BJIMSATH HA HECKOJBKO (PM3MYECKUX CBOWCTB cpa3y. PaznnyaroT nprcaaku aHTHOKHUCIIUTEbHEIC,
BSI3KOCTHBIE, TPOTHBON3HOCHBIE, CHIDKAIOIINE TEMIIEPATyPy 3aCTHIBAHUS KUAKOCTH,
aQHTUIICHHBIE U T.JI.

Booomacnanvie smynvcuu IpeACTaBISIOT cOO0H CMeCH BOJIbI U MUHEPAJILHOTO Macia B
cootHowmeHusx 100:1, 50:1 u T.a. MuHepanpHbIe Macia B AMYJIbCUSAX CITYKaT AJIs1 YMEHbIICHUS
KOPPO3MOHHOTO BO3JCHCTBUS paboye ®KHUIKOCTH U YBEIMYCHHS CMa3bIBaIOLIe CIOCOOHOCTH.
OMyJbCUH MIPUMEHSIIOT B THAPOCUCTEMAX MAIlIMH, pabOTaIONIUX B [10KAPOONACHBIX YCIOBUSIX U
B MalllMHaXx, rae TpedyeTcs 00JbIlIoe KOIMYECTBO pabodell )KUKOCTH (HampuMmep, B
TUIpaBIMYECKUX Npeccax). [[puMenenune orpannyeHo oTpuaTeabHbIMU U BbIcOKUMH (10 60 C)
TEMIEPATYPAMHU.

Cmecu pa3iayuHbIX COPTOB MUHEPAIIBHBIX MAces MeXay CO00i, C KEPOCHHOM, TTIMLEPUHOM U
T.JI. IPUMEHSIOT B THPOCHCTEMAX BBICOKOW TOYHOCTH, a TAaKXKe B THIPOCUCTEMAX, pabOTarOIINX
B YCIIOBUSIX HU3KUX TEMIEPATYDP.

Cunmemuueckue H#uOKocmuy Ha OCHOBE CUIIMKOHOB, XJIOP- U PTOPYIJIEPOIUCTBIX COEAUHEHUSIX,
101 EHOIOBBIX 3(UPOB U T.JI. HETOPIOYH, CTOMKH K BO3ACHCTBUIO XUMUYECKHUX 3JIEMEHTOB,
0071a/1a10T CTaOMIIBHOCTBIO BSI3KOCTHBIX XapaKTEPUCTUK B IIMPOKOM JIHaIia3oHe TemrepaTyp. B
HocjeiHee BpeMsl, HECMOTPsl Ha BBICOKYIO CTOMMOCTb CHHTETHYECKHX JKUAKOCTEH, OHU HAXOIAT
Bce OoJiblllee MPUMEHEHUE B TUIPOIPUBOAAX MAIIMH OOIIEro Ha3HAUEHMSL.



2.2. Boi0op u 3kcniiyatanus padoumx ;KuAKocTel

Br160p pabouux xuaxkocTe A THIPOCUCTEMBI MAIIMHBI ONIPEAETSAETCS:

- IUana3oHOM pabo4yuX TEMIIEpaTyp;

- 1aBJICHUEM B THJIPOCHUCTEME;

- CKOPOCTSIMH JIBHJKEHHS UCIIOJHUTEIbHBIX MEXaHU3MOB;

- KOHCTPYKLIMOHHBIMU MaTepuagaMu U MaTepUalaMU YIUIOTHEHU;

- 0COOEHHOCTSAMU 3KCIUTyaTallii MalllMHbI (Ha OTKPBITOM BO3AyX€ WIN B IIOMEILEHUH,
YCIIOBUSIMU XPAHEHUS MallIMHbI, BO3MOKHOCTSIMHU 3aCOPEHUS U T.11.).

JlnanazoH peKOMEHAyeMbIX padouuX TeMIIepaTyp HaXoIAT 10 BSI3KOCTHBIM XapaKTepUCTHKAM
pabounx xunxkocreil. Bepxuuil remnepaTtypHblil ipeen Juisi BBIOpaHHOM pabodeil )KuaKocTu
oTpesieNsieTCs 1OMyCTUMbIM yBEJIMYEHUEM yTeueK U cHkeHueM oobemHoro KIIJI, a taxxke
IPOYHOCTBIO TUIEHKU pabodel )KUIKOCTH.

HwxHuit TeMniepaTypHbIil Ipesien onpeaenseTcs padoTocmocoOHOCThIO HAacoca,
XapaKTepU3YIOIIEHCs MOIHBIM 3aII0JIHEHUEM €ro pabounx KaMmep WM MPeaesioM
IPOKAYMBAEMOCTH KUAKOCTU HacocoM. [Ipu Oe3rapakHOM XpaHEHUH MAIMH B 3UMHEE BpeMs
BA3KOCTb KUAKOCTEH CTAHOBUTCS HACTOJBKO BBICOKOM, YTO B IIEPHOBI ITyCKa U pa3orpesa
THJIPOCUCTEMBI HACOC HEKOTOPOE BPEMs HE NIPOKAYMBAET pab0OUyI0 :KUIKOCTb. B pesynbrare
BO3HUKAET "'cyxoe" TpeHHe NMOABMKHBIX 4YaCTeH HAacoca, KaBUTalLUsl, MHTEHCUBHBIN U3HOC U
BBIXOJ1 Hacoca u3 ctpod. Takum oOpa3om, mpu MPUMEHEHUN PaOOUUX KUKOCTEH B YCIOBUAX
OTPHLIATENIBHBIX TEMIEPATYp MyCKY TMAPONPUBOJIA B pabOTy T0JIKEH HEMPEMEHHO
IPEIIEeCTBOBATh MOAOIPEB pabove )KUIKOCTH.

MakcumManbHble 1 MUHUMAIIbHBIC 3HAUCHUS BA3KOCTH PAab0OUMX KUIKOCTEH B 3aBUCUMOCTHU OT
TUIA Hacoca MpUBEIeHBI B Ta0m.2.1.

Tabmuma 2.1
3Ha4YCHUs BA3KOCTH MTPH KPAHHUX TEMIEPATYPHBIX Npeaeax
JHaueHHE BAsKOCTH (COT) IpH TEMOEpaTypHOM OpEgels
HHEHEM EEpPXHEM
o YCIOBHED
Tun Hacoca 0 YCIOBHIO obECTIEYEHHA
o YCIOBHED MOIHOTO CMaA EIBAROIIE |
I OKAY HEAE MOCTH SATOIHEHHA IIEHKH H
pabouHz KaMep sHadgennr EILT
=080, 085
IMlecTepenuLri A500. .. 5000 1280, 1250 16,18
IlnacTumEgaTHi 4000, ..4500 680,620 10,12
AxcHaTbHO- 1800... 1600 570...530 6.8
I OPIIHEROH

Pabouyee naBneHre B THAPOCHCTEME U CKOPOCTH IBHKCHHUS UCTIOTHUTEIILHOTO MEXaHU3Ma TaKKe
SBJISTIOTCS] BAKHBIMHU TTOKA3aTEISIMHU, OTIPEICIIIOIINME BEIOOP pabodeil )KUAKOCTH. Y TeUKH
KHUJIKOCTH MOBBIIIAIOTCS MPH YBEJIWYCHUN JIAaBJICHHUS, CIIE0BATEIbHO, ObIIO OBI JIyulle
HNPUMEHATH PabOUyIO )KUIKOCTh C MOBBIMICHHON BA3KOCTHIO. Ho mpu 3TOM OyIyT yBenn4unBaThCs
THJIpaBIUYeCcKue moTepy, u cHkaTbes KI1/I runponpuBoaa. AHaIOrHYHOE BIAMSHUAE OKAa3bIBACT
Ha pabovyI0 KHJIKOCTh CKOPOCTh JIBM)KEHHSI MCTIOJTHUTEIBHBIX MEXaHU3MOB. B HacTosmIee
BpeMs HET HAyYHO 0OOCHOBAHHBIX PEKOMEHAINIA 110 BEIOOPY pabouymnX KUIKOCTEH B
3aBUCHMOCTH OT JaBJICHUS U CKOPOCTHU JBH)KEHUSI NCTIOJIHUTEIBHOTO MexaHn3Ma. OiHaKo



OTMEYAETCs] CTPEMIIEHHE TIPU OOJIBIIMX JABJICHUSAX IPUMEHATH pab0UyI0 KUIKOCTb
MOBBILICHHOM, a IIPY HU3KUX JABJICHUAX - [IOHUKEHHOMN BA3KOCTH.

I1pm skcrutyaTanuy ruipocucTeM HEOOXOAMMO CO31aBaTh TAKNE YCIOBHUS, TPH KOTOPBIX
pabouast >KUIKOCTh TI0 BO3MOXHOCTH JI0JIbIIIE COXpaHsia Obl CBOM NEpPBOHAYAIbHbIE CBOWCTBA.
Jlnst 3T0r0 HEe0OXOIMMO: HE CMEIINBATh B OHOM Tape CBEXYIO U OBIBIIYIO B 9KCILTyaTalluu
paboune XUAKOCTH; MOJIb30BAaTHCS YUCTHIM 3aIIPABOYHBIM HHBEHTAPEM; HE JIOIYCKATh
CMEUIMBaHMs padovel )KUIAKOCTH C BOJIOW; HE JOIyCKATh MOMAJaHus B KHUIKOCTh IBIIH, TIECKa,
CTPY’KKH U IPyTHX MEXaHW4YeCKHX yacThll. [Ipu 3ToM Heo6X0oauMo: HUIbTPOBATH KUIAKOCTh
nepest ee 3aIMBKO; TePMETHYHO 3aKphIBaTh PE3epPBYaphl, COAEpIKaIIne padodyIo )KUIKOCTb.
[Tpu pabGore ruapoNnprBOa B IIMPOKOM JHUATIA30HE TEMIIEPATYP PEKOMEHYETCs IPUMEHSTh
JIeTHHE ¥ 3UMHHE copTa pabounx kunkocreil. Heobxoanmo Taxske mocie nepBoro nepuonia
pabotsl ruapornpusoza B TeueHue 50...100 4 3aMeHATh pabouyIo )KUIKOCTH AT €€ QUIbTPALuU
¥ OYMCTKH OT MPOAYKTOB U3HOCA B HAYAIBHBIM MEPUO SKCILTyaTalllH.

Haunbonee pacnpocTpaneHHBIMHU SBIISIOTCA J1BA copTa padbounx xuakocreit - BMI'3 u MI'-30.
OHM 1O3BOJISAIOT 3aMEHUTH OoJiee 30 COPTOB CHEUANBHBIX Maces - HHYCTPUAIbHBIX,
TYpOMHHBIX, TPAaHC(OPMATOPHBIX, TU3EIbHBIX, MOTOPHBIX, LIMJIMHIPOBBIX, BEPETEHHBIX U T.1I.

2.3. 'uapaBianyeckue JUHUM

B rugpocucremax MaimivH OTAEIBHBIE JIEMEHTBI HAXOIATCS Ha PACCTOSIHUU JAPYT OT Apyra U
COCTMHSIOTCS MEXKTy COO0M TUAPOTUHUAMHI. [ MAPOTMHUHN TOHKHBI 00J1a1aTh: - TOCTATOYHON
MIPOYHOCTHIO;

- MUHUMAJIbHBIMH TIOTEPSIMH JIABJICHUS Ha MIPEOI0JICHUE THIPABIMYCCKUX COMMPOTHBIICHUIA;

- OTCYTCTBUEM YTEUEK KUIAKOCTH;

- OTCYTCTBHEM B TPpyOax BO3IAYIIHBIX My3bIPEH.

TpyOompoBoAbl B 3aBUCUMOCTH OT CBOEH KOHCTPYKLIMU JAETSATCS Ha KECTKUE U THOKUE.

JKecmrxue mpyo6onposoOsl N3rOTaBIMBAIOT U3 CTAJIN, MEJTU, ATFOMHHHUS U €T0 CIIABOB.
CrasbHble IPUMEHSIOT NTPH BBICOKUX AaBiieHusX (10 320 at). TpyObl U3 CIUIaBOB aIFOMUHMS
OPUMEHSIOT MU JaByieHusX A0 150 at u riaaBHBIM 00pa3oM B THAPOCHCTEMaX MAIluH ¢
OTpaHWYEHHOU Maccoil (aBuamws). MemHbIe TpyOOIPOBOABI TPU MEHBIMX JaBieHUAX (10 50
aT), TaM, rae Tpedyercs u3rud Tpyo moJ OONBIIMMHU YTJIAMH, YTO 00ECIIEYMBAET KOMIIAKTHOCTh
THPOCUCTEMBI, © IPUMEHSIOTCS IS IPEHAKHBIX JIMHHA.

Tubxue mpybonpoeoost (pykasa) ObIBAIOT ABYX BHJIOB: PE3MHOBBIC U MeTayuTHueckue. J{ms
U3TOTOBJICHUSI PE3UHOBLIX PYKABOE TIPUMEHSIOT HATYPAIbHYIO M CHHTETHYECKYIO pe3uny. Pykas
COCTOHWT W3 JIACTUYHON BHYTPEHHEH PE3UHOBOW TPYOKH, YIIPOUHEHHON HAPYKHOU OIJIETKON
WJIM BHYTPEHHUM TEKCTUIIBHBIM KapkacoM (puc.2.1). IX npuMeHsIoT Toraa, Koraa coeinHseMble
TpyOONPOBOIOM FUAPOArPEraThl JOHKHBI IIEpeMEIaTbCsi OTHOCUTENBHO APYT Apyra. [lpu aTom
Onarogapsi CBOei yIpyrocTy pe3sMHOBBIN pyKaBa yMEHBIIAIOT MYJIHCAIUIO TaBICHUS B
ruapocucteMe. OHM UMEIOT CJIeTyIONINe HEJIOCTaTKU: MOABHKHOCTD ITPU U3MEHEHUH J1aBJICHMUS;
CHIDKEHHE 001l )KeCTKOCTH THAPOCUCTEMBI; Mallasi AOATOBEYHOCTH (1,5...3 roma). [losTomy
IIPU IPOEKTUPOBAHUH TMAPOCUCTEM MAIIMH PE3UHOBBIX PYKABOB CJIEAYET MO BOZMOKHOCTH
n30eraTh.



12 4 12
A

Puc.2.1. Cxembl KOHCTPYKIIMU PYKABOB C OILIETKOM:
1 - BHyTpeHHUI1 pE3UHOBBIN CJIOM; 2 - METAJIIIMYECKAsl OIUIETKA;
3 - MPOMEKYTOUYHBIN PE3UHOBBIN CJIOW; 4 - HAPY>KHBIN PE3UHOBBIN CIION
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Memannuueckue pyxasa iMeIOT ropUPOBAHHYIO BHYTPEHHIOIO TPYOY, BHIIIOJIHEHHYIO U3
OpOH30BOI WM CTAILHOM JIGHTBHI, U HAPYKHYIO TPOBOJIOYHYIO OIIETKY. MeX/1y BUTKAMHU JICHTHI
HaXOJIMTCS YIUIOTHHUTEb. PyKkaBa ¢ XJ10m4aTo0yMakHbIM YIUIOTHCHUEM MTPEAHA3HAYCHBI IS
paboTel ¢ TemnepaTtypoit padboueii sxuakoctu 10 110 C, a ¢ acbecToBsiM yruioTHeHHEM - 10 300
C. Metamnueckre pykaBa IPUMEHSIOT B CIICHU(PHUSCKUX YCIOBUAX IKCILTyaTallUH
TUAPOCUCTEM, B KOHTAKTC C arpCCCUBHBIMHA pa60‘II/IMI/I KUOAKOCTAMU.

Henoanenne P Henoanensne P2
I

Puc.2.2. Meramnnueckue pykasa:
1 - mpodunrpoBaHHas JIeHTa; 2 - YIUIOTHUTENh; 3 - MPOBOJIOYHAS OIIETKA
2.4. Coennnenuns

CoenmHeHUAMH OTAETBHBIE TPYOBI M THAPOATPETaThl MOHTUPYIOTCS B €IMHYIO THAPOCUCTEMY.
KpOMe TOro, COCAUHCHHUA IIPUMCHAIOT U TOr4a, Korga B riijpoCUCTeMeE H€O6XOI[I/IMO
MPEyCMOTPETh TEXHOJIOTHUeCKHe pazbeMbl. COeTMHEHUS MOTYT OBITh HEPA3OOPHBIMU U
pa3OopHBIMH.

Hepa3zbopHnbie coeOunenus TPUMEHSIOT B HEAEMOHTHPYEMBIX THApocucTeMax. s coennHeHus
TpyO MPUMEHSIOT CBapKy M MaiKy BCTHIK UM UCTIONB3YIOT My(ThI (IEPEXOIHBIE BTYJIKH) C
NPSMBIMU C CKOIIEHHBIMHU 1071 yriioM 30 xonuamu. [Ipu npumeHennn Hepa3zoopHbIX
COEIMHEHUI Macca TUIPOJIUHUI MOXKeT ObITh yMeHbIlleHa Ha 25...30% 1no cpaBHEHHIO C
IPUMEHEHHEM Pa300PHBIX COCAUHEHUH.

Pasbopuvie coeounenus (HEMOABUKHBIE U TIOABIKHBIE) - 3TO COEIUHEHMS TIPU TTOMOIIU
¢anieB, MTYEPOB, HUMMENIEH U IPYTUX COCTUHUTEBHBIX YJIEMEHTOB.

Henoosuoicnoe pazbopHoe coeduneHue MOKET OBITh BBITTOIHEHO 110 HAPY)KHOMY U BHYTPEHHEMY
KOHYCY, C BPE3aIOIIUMCS KOJIBIIOM U (praHIIeBoe.



Coenunenue 1o Hapyscnomy konycy (puc.2.3) coctout u3 TpyoonpoBoaa 1 ¢ pa3BaabliOBaHHBIM
Ha KOHYC KOHIIOM, HUMMENs 2, Tylepa 3 U HaKuIHOM raiiku 4. [ epMeTHYHOCTh COeAMHEHUS
obecrieunBaeTCs TUIOTHBIM MPUJIETaHUEM Pa3BaJbIIOBAHHOTO KOHIIA TPYOBI K HAPYKHON
MOBEPXHOCTH IITYyIIEpa U COOTBETCTBYIOIIEH 3aTSHKKOM HaKUIHOM raiiku. Hemoctarkamu Takoro
COCITMHEHUS SBJISIFOTCS: YMEHBIIICHUE POYHOCTH TPYOBI B MeCTe p?CcTpy0da; BO3MOXKHOCTh
00pa3oBaHMs HE3AMETHBIX IS IJ1a3a KOJBIEBBIX TPEIUH; CPABHUTEIHHO OOJIBIIONH MOMEHT
3aTsHKKU HAaKUJIHOU Taiiku; HEOOIbIIOe KOJIMYECTBO MepedOpOK; MPUMEHEHHE
CHEIUAIM3UPOBAHHOTO HHCTPYMEHTA JIJISl Pa3BATILIIOBKH.
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Puc.2.3. Coenunenue no Hapy>KHOMY KOHYCY

HenonsuxHoe pa30bopHOE cOeTMHEHUE TI0 BHYTPEHHEMY KOHYCY (puc.2.4) COCTOUT U3 HUMIMENs
4, MpUBApEHHOTO WM IPUIASHHOTO K TpyOe 5, mTynepa 2 u HakuaHOH Traiiku 1. ['epmeTHdaHOCTD
COCIUHCHUA OGGCHG‘II/IBaeTCH TJIOTHBIM MMPHUJICTAHHUEM Hapyn(Hoﬁ MOBCPXHOCTHU HUIIICIIA K
BHYTPEHHEH MOBEPXHOCTH IITYIEPA U 3aTSHKHON HAaKUMAHOM raifku. CoeuHEHHE 10
BHYTPEHHEMY KOHYCY JIOITyCKaeT O0JIbIIOE KOJTMYECTBO NepebOpOK, a MPHU €ro MOHTAXKE HE
MIPOUCXOIUT HEXeJaTelbHbIX JedopMaluii B TpyOax U B COeAMHUTENbHON apMatype. braarogaps
cheprudecKoil MOBEPXHOCTH HUMIIETS IOy CKaeTcs HeOObIIo mepekoc Tpyo.

o
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Puc.2.4. CoenuHenue 1o BHyTpEHHEMY KOHYCY

Coenunenue ¢ spesarouumcs koavyom (puc.2.5) cocTouT u3 mrynepa | ¢ BHyTpeHHeH
KOHUYECKOW MOBEPXHOCTHIO 2, HAKHUIHOM raiiku 5 u Bpe3atomierocs konbia 3. Koabiio
W3TOTOBJICHO U3 CTAJIM C IICMCHTHPOBAHHOMN TTOBEPXHOCTHIO, @ €r0 KOHEIl, O0paIeHHBIN K
HITYLEPY, UIMEET PEeXYIIyI0 KpoMKy. [Ipu 3aTsbkke coeIMHEHUs TalKOM pekyIIast KpoMKa
Bpe3aeTcs B TpyOy 4, IPOUCXOAUT AedopMaIus KOJIbIa, KOTOPOe MoydaeT Gopmy,
COOTBETCTBYIOIIYIO0 KOHUYECKOW MOBEPXHOCTH IITYyIlepa. B pe3ynbpTare obecrneunBaroTcs
TpeOyemble IPOYHOCTh U TEPMETUYHOCTh COETUHEHUSI.
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Puc.2.5. Coenunenue ¢ Bpe3arommcs KOJIbLOM

K HenmoaBMKHBIM pa300pHBIM COSAMHEHUSM OTHOCUTCS U (hianyegoe coeduneHue (puc.2.6),
KOTOPOE MPUMEHSIFOT P MOHTaXe TUAPOCUCTEM C TPyOaMH, UMEIOITUMHE THAMETP yCIOBHOTO
npoxoja 6osiee 32 MM Tipu padbounx nasieHusx 10 32 MIla. ['epmeTnaHOCTh OOCCTICUNBACTCS
YCTAaHOBKOW MEXTy ()JIaHIIaMH YIZIOTHUTEIBHBIX KOJICII.

[ W N

S

Puc.2.6. ®aanneBoe coeqUHEHNE

Tloosudicnoe pazbopHoe coedunenue TPUMEHSIETCS B TUAPOCUCTEMAX 3€MIIEPOHHBIX,
CTPOUTEINbHBIX, JIECHBIX U IPYTUX MalINH. 31€Ch HEPEIKO MPUMEHSIOT TUAPOLMIUHAPHI,
KOTOpbIE JOJKHBI TOBOPAYMBATHCS HA HEOOIBIIONW YTOJl OTHOCUTEIBHO OCH, TPOXOASIICH yepes
TOUKY KperuleHus rupounianaapa. [Ipu MoHTaxe TakKUX THAPOCUCTEM MPUMEHSIOT OIBUKHBIE
COCIMHEHUS, UMEIOIINE OJHY, /IBe U OoJiee crenenel cBoooasl. Ha puc.2.7, a npuBeneHo
MOBOPOTHOE COEAMHEHUE C OJJTHOM CTENEeHbIO0 CBOOO/IBI, KOTOPOE COCTOUT U3 mTylepa 1 u
3aKpEMJIEHHOI0 HA HEM ITIOBOPOTHOIO yTrosIbHUKA 2. OT 0CEBOr0 NMEPEMEILIEHUS YTOJIBHUK
CTOTIOPUTCS MIai00# 3 ¥ KOJIBIIOM 4. ['epMETHYHOCTh COSTUHEHNS 00CCTICUMBAETCSI PE3UHOBBIMU
KOJBLAMH 5 ¢ 3alIUTHLIMH I1aiicamu 6.

JIpyruM IpUMepoM IOIBMKHOTO COSTUHEHUSI SIBJSIETCSI CBEPHYTHIN B CITHPAIIb TPYOOIPOBO.T
(puc.2.7, 6). B aToM ciryuae crimpaib HEOOXOAMMO 3aKPENUTh B IBYX Toukax (Touku 1 u 2). Bo
BpEMsI IOBOPOTA THAPOIIMIINH/PA CIIUPAIb MOXKET pacTAruBaThcs. Takoi crocod coeanHeHUs
MOYKET 00eCcIeunBaTh HECKOIBKO CTEIEHEN CBOOOIEI.
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Puc.2.7. [logsuxHOE pa3bOpHOE COSTUHEHNUE:
a - MapHUpHOE; O - B BUE TPyObl, CBEPHYTOH B CIIUPAIb

Crioco06 3anenku B KOHIIAX THOKUX TPyOOIIPOBOIOB COETMHUTEIBHOM apMaTypbl OnpeaesseTcs
JaBJICHWEM U KOHCTpYKIeH ruokoro tpyoonposoza. [Ipu nasnenuu o 0,5 Mlla (puc.2.8, a)
KOHEIl pyKaBa HABMHYMBAIOT HA HAKOHEYHUK WJIM Ha HUMMENb | ¢ rpedeHyaToil moBepXHOCTHIO U
3akperaoT xomyToM 2. [Ipu naBnenusix o 10 Mlla coennHenne KoHIa pykaBa IpOUCXOIUT B
pe3yJbTaTe 3a)aTusi ero MeX/ly HUIIEIeM U 3aKUMHON MyToii (000iiMoit). [Ipu Takom
criocoOe (puc.2.8, 0) pykaB 1 BBUHUHBAIOT B 3a)KUMHYI0 My(DTy 2, UMEIOIIYI0 pe3b0y C
6onpmnM miaroM. Jlanee B My Ty BBUHUMBAIOT HUMIEIb 3, KOTOPBIN CBOEH KOHYCHOM
MOBEPXHOCTHIO BJIaBJIMBAET KOHEIl pPyKaBa B pe3b0y My ThI U 3akumaeT ero. JlJis gaBieHui
6onee 10 MIla mydTy 2 006’)kMMalOT B CHIEIIMAIEHOM IIAHTOBOM TiprciocoOneHun. HakumHoit
raiikoit 4 mpou3BOASIT COEINHEHUE pyKaBa ¢ THAPOOOOPYAOBAHUEM.

|

Puc.2.8. 3agenka KOHIIOB pyKaBOB:
a - ipu nasneHuu 10 0,5 Mlla; 6 - npu gaiennu ceime 10 MIla
2.5. PacyeT ruapoiuHui

Lenbto pacueTra rUAPOIMHUI SBISETCS ONpEEICHNEe BHYTPEHHET0 JUaMeTpa TpyOonpoBOIOB,
HOTEPb AABJICHHS HA IPEOJOJICHUE THAPABIMUYECKUX COPOTUBIEHUH U TONIIMHBI CTEHOK TPYO.

Bruympennuii ouamemp (yciosrulil npoxod) mpybonposoda d onpenensioT no Gopmyie
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rae Q - pacxon xxuakoctu, M3/c mst (2.1) u n/muH ns (2.2);
V- CKOPOCTb JABIDKEHHUS KHUJIKOCTH, M/C;
d - BHYyTpeHHUI quameTtp TpyoonpoBoaa, M ais (2.1) u mm s (2.2).

nin



CKOpPOCTh TEUEHUS JKUAKOCTH B TPYOOIIPOBO/IaX 3aBUCUT B OCHOBHOM OT JIaBJICHHS B
ruapocucreMe (Tadm.2.2).

Tabnuna 2.2
PexomeH 1yeMble 3HaUeHUsI CKOPOCTH paboyueit )KUIKOCTH
Tpyhonp oeoge!
Bracrmamirye | CIHEHER Harme T3 e m e
P, MIla — — 25163 [ 1a | 32 | 63 (100
Upyg; MIC 1,2 2 3|35 4 5 |63 | 10

Tlomeps Oasnenus Ha IPEOAOJICHUE THAPABINYCCKUX COMPOTUBIICHUN 110 JITTHHE KaXI0TO
ydacTka TpyOOnpoBo/ia onpeaessiercs mo hopmyie

£ by
APy =ph—.
an = F r, 5

]

IJie p- IIOTHOCTH paboydeit )KUIKOCTH, KI/M3;
A- KO3(DPUITUEHT THAPABINIECKOTO TPCHUS;
[ - nmuHa TpyOompoBOIA, M.

Ecnu Ha myTu ABrkeHus paboueit )KUIKOCTH BCTPEUYAIOTCS MECTHBIE COMTPOTUBIICHHUS, TO MTOTEPs
JaBJICHUS B MECTHBIX CONPOTUBIICHUSIX ompenensercs no Gpopmyie Beiicbaxa

U.%H
AF = DQT,

riae (- ko3 (HUIMEHT MECTHBIX COTIPOTHBIICHUH.

3naveHus ko3pduuuenTon ¢ a1 Hanbosee pacpoCTPaHEHHBIX BUIOB MECTHBIX
CONPOTHUBIICHUH NPUHUMAIOT CIEAYIOIMUMHI: JJIsl IITYIEPOB U NEPEXOTHUKOB I TPYO ( =
0,1...0,15; nyst yroiasHHMKOB ¢ TOBOpOTOM o1 yriioM 90° £ =1,5...2,0; m1st IpssIMOYTOJIbHBIX
TPOMHHKOB TSI pa3iefieHus u 00benuHeHnus moTokoB { = 0,9...2,5; nys miaBHeIX U3THOOB TPyO
Ha yron 90° ¢ paguycom u3ruba, paBHeM (3+5)d { = 0,12...0,15; ansa Bxona B Tpyoy £ = 0,5; ans
BbIX0/1a U3 TPYOBI B Oak miu B uuiausaap = 1.

[Tpu namunapaom pexxume T.M. bamra [3, ¢.29] st onpenenenns kodddunmeHTa
THJIPABIUYECKOT0 TpeHus: A pekomeHayet npu Re<2300 npumeHarts popmyity

N

A=—,
Ee

a IIpu TypOYJIEHTHOM peXUME TeUEHUS )KUIKOCTH B quana3zone Re =2 300...100 000
K03 umeHT A onpeaesnseTcs no NoaysIMIupuIeckoit popmyne brasuyca

0,3164
Ap=—"
RED,Ej

Ecnu

Ee }lﬂi



rae As - SKBUBAJICHTHAS IIIEPOXOBATOCTh TPYO (IIs1 HOBBIX OECIIOBHBIX CTATBHBIX TPYO As=
0,05 MM, ans matyHHBIX - Ay = 0,02 MM, ans meassix - 0,01, ams Tpy6 U3 CIIaBoB U3 aMIOMUHUS
- 0,06, nnst pesnHOBBIX IAHTOB - 0,03), TO K03 PULIMEHT THIPABIUIECKOTO TPEHUS
omnpenensercs no popmyne A.Jl. AnpTiryns

0,25

68 e )T

=011 |—+—=
Ee 4

[Torepu naBienus B rugpoanmnaparype AP, IPpUHUMAIOT 10 €€ TEXHUYECKON XapaKTepUCTHKE
nociie BeiOopa rusipoamnmnaparypsl. [locie 3Toro cyMMupyIoT HOoTe€pH JaBICHUS

AP:AP()47+APM+AP211

[Tpu BBIMOTHEHUH THAPABIMYECKOTO PACUETA NPOU3BOOSAM NPOBEPKY OECKABUMAYUOHHOT
pabomsl Hacoca. BakyyM y BXoJia B HACOC OIPENEISIOT 1o (hopmMyie

2
[ A
lEI; :pg ;25+;ng¥ .

rie /i; - pacCTOsSIHUE OT OCH Hacoca 10 ypOBHs pabodel JKUIKOCTH B OaKe; /1,,, - NOTEPU HATLIOPa
Ha MMPEO0JICHUE BCEX THAPABINICCKUX CONPOTHUBIICHUI BO BCACHIBAIOIICH THIPOIIMHUY; U -
CKOPOCTH JIBIDKEHUS )KHIKOCTH BO BCACKIBAIOIICH THAPOIMHUY; o - KodgurmeHnT Kopuomuca.

Pexomentyemsiii (c 3amacoM Ha OeCKaBUTALIMOHHYIO pabOTy Hacoca) BakyyM P, y BXoJia B HacCOC
noJpkeH ObITh He 6oitee 0,04 MIla. Eciiu P, > 0,04 MIla, To Hy>KHO YBEIUYUTh JUAMETP
BCACBIBAIOMIETO TPYOOPOBO/IA I PACTIONOKHUTH OaK BhIIIe ocH Hacoca. [Ipu aTom cuntaercs,
4yTO pabouas KUJIKOCTh HaXoIUTCs B 0ake ¢ armocepHbIM gaBiaeHueM P, = 0,1 Mlla. Takum
o0pa3om, pa3HOCTh JaBicHHI B Oake Pj; (C aTMOc(hepHBIM WK N30BITOYHBIM JIaBIICHUEM) U HA
BXOJie B Hacoc P, He goinkHa ObITh MeHbIie 0,06 MITa.

OmnpeneneHne TOMUHBI CTEHOK SBIISIETCS TPOBEPOYHBIM PACYETOM Ha MPOYHOCTH JKECTKUX
Tpy0, nogobpanusix Mo 'OCTy. TonmuHy CTeHKH TpyObl ONpEAesIoT Mo Gpopmyie

5o P,
20,

rzae P - MakcuManbHOE CTaTUYECKOE J1aBIICHUE;

O, - IOITyCKaeMoe HampsDKeHNE Ha pa3pblB MaTepuana Tpy0, npuaumaemoe paBHbIM 30...35% ot
BPEMEHHOI'O COITPOTHUBIICHMUS;

n - ko GuIHeHT 3anaca, n = 3...6, 1 THYTHIX TPyO MpUHUMAETCS paBHBIM Ha 25 % HIKeE.

C y4eToM BO3MOXHBIX MEXaHUYECKUX MOBPEKACHHIA TONIINHA CTEHOK CTALHBIX TPYO JOIKHA
ObITh He MeHee 0,5 MM, a 111 MegHbIX - He MeHee 0,8...1,0 MM.



Hacocbl 1 ruipoMoTOpBI

3.1. HexoTopbie TepMUHBI 1 ONIpeae/IeHUs

Hacoc - rujpaBiarueckasl MalllHa, B KOTOPOW MEXaHUYECKask SHEPrus, MPUIOKEHHAS K
BBIXOJTHOMY Baly, IpeoOpaszyeTcs B THAPABIMUECKYIO SHEPTHIO MTOTOKA pab0ove )KUIKOCTH.

T'uopoosucamens - MallIMHA, B KOTOPOM SHEPIUs NOTOKa pabouel )KUAKOCTH Npeodpa3yercs B
SHEPIHIO JABM)KEHUS BBIXOJHOIO 3BeHA. EClii BBIXOIHOE 3BE€HO MOJIyYaeT BpallaTeabHOoe
JBYD)KEHUE, TO TAKOW THIPOJIBUTATENNb HA3bIBAIOT 2UOPOMOMOPOM, €CITH OCTYNATENILHOE, TO
CUNOBLIM YUTUHOPOM.

I'uapomaruHa, KOTOpast MOXKET paboTaTh B PEKUME HAcOCa WM THAPOMOTOPA, Ha3bIBACTCS
o0paTuMoit.

Pabouuii o6vem cudpomawiunvl B Hacoce - 3T0 00bEM KHUIKOCTH BBITECHIEMBIN B CHCTEMY 32
OJIMH 000POT Bajia HACOCA; B THAPOMOTOPE - 00BEM JKUAKOCTH, HEOOXOAUMBIN JJIS TIOTYYCHUS
OJIHOTO 000pOTa Baja ruAPoOMOTOpa. [ MapoMaIIMHBI H3TOTaBIMBAIOTCS C IIOCTOSTHHBIM H
NEPEMEHHBIM pabounuM 00beMOM. B COOTBETCTBHH C 3TUM C MOCTOSIHHBIM Pab0uuM 00bEMOM
Ha3bIBAIOTCS Hepe2ynupyemble, a C IEPEMEHHBIM - pecyiupyemble.

Tuoponunus (macucmpains) - Kaxk y>ke TOBOPHIOCH B JICKIIUU 2, 3TO TPYOOIPOBOJI, 110 KOTOPOMY
TPaHCHOPTHPYETCS paboyas )KUIKOCTh. Pa3nvaroT MarucTpaiu BCaChIBAIOIINE, HATIOPHBIC,
CJIUBHBIC U IPCHAXKHEBIC.

[Tpou3BoIUTENBHOCTH Hacoca (10/1a4a) - 3TO OTHOIIIEHHE 00BheMa IMOAaBAEMON KHUIKOCTH KO
BPEMEHH.

Teopemuueckas npouzgooumenvHocms Hacoca Qr - 3TO pacueTHBIA 00BEM )KUJIKOCTH,
BBITECHSIEMBIN B €JUHUILY BPEMEHU U3 €r0 MMOJI0CTU HarHETaHUsI.

HeticmeumenvHas npouzeooumensnocms nacoca Oy yMeHblaercs Ha Bennuuny QH u3-3a
00paTHOro TEUYEHHUs KHUIKOCTU B HACOCE U3 TIOJIOCTU HArHETAHUS B MOJIOCTh BCAChIBAHUS U U3-3a
YTEUKH KUAKOCTH BO BHEIIHIOW cpeny. IloaTomy

Qn=Qr-Qn,
a OTHOIIIEHHE
U _1- Ally
— - - T"C‘ﬁﬂ.
Cr i

TC Moo, - 00beMubIN KITJ[ Hacoca.

Ob6vemnvie nomepu u oovemuwiii KI1/] 2uopomomopa. llpu pabote MalinHbl B PeKUME
THJIPOMOTOpA B MPHUEMHYFO €T0 MOJOCTh MMOCTYIAET )KUKOCTh O] TAaBJICHUEM OT Hacoca.
OOBeMHBIC IOTEPH B THIPOMOTOPE CBOJISATCS B OCHOBHOM K YTEYKaM JKUIKOCTH Yepe3 3a30Pbl
MEXJy COMpPSraeMbIMH 3JIEMEHTaMH. JTO MPUBOAUT K TOMY, UTO MOABOIUMBIH 00BEM KUIKOCTH
O npeBbIaeT TeopeTudeckoe 3Hauenue Jr. [Toatomy



. :QT:-l_ﬁQM_l_ A by
QE . [
U Crr Or + 405

rae AQy - BeIMYHHA YTEYEK B TUAPOMOTOpE (00BEMHBIE TIOTEPH ).

Mowmnocms u kpymsawuil Momenm Ha 8any euopomomopa. GakTudyeckas MOITHOCTh
pa3BuBaeMasi TuJJpOMOTOPOM IPU JAHHOM TEpenaje AaBiIeHUI

Nu paxm = APgymymm

r7e ¢, - pabounii 00beM r'HIPOMOTOPA;
1, - 9aCTOTa BPALICHUS THIPOMOTOPA;
N - o0t KIT/] runpomoropa.

BoIpa3uB kpyTA1uii MOMEHT Y€pe3 TEOPETHUECKYI0 MOIIHOCTh N7 = APgn 1 yTioBYI0 CKOPOCTh
®= 27N, NOJIYYUM TEOPETUYECKYIO BEIMUMHY KPYTSIIEr0 MOMEHTA Il TUAPOMAILINHBI:

Ne  MNp  OpAFP
0 2T 2T
3.2. T'uapaBanyeckne MAIIMHBI IECTEPEHHOTO THIIA

[IlecTepeHHbIe MAITUHBI B COBPEMEHHOM TEXHUKE HAIILIU MIMPOKOE MpUMeHeHue. FIX OCHOBHBIM
PEUMYIIECTBOM SBISICTCS KOHCTPYKIIMOHHAS IPOCTOTA, KOMIIAKTHOCTh, HAJIS)KHOCTh B paboTe
u cpaBHUTENHHO BhICOKHMM KII/I. B 3TX MammHax oTCyTCTBYIOT paboune OpraHbl,
MMOABCPKCHHBIC I[GP'ICTBI/IIO HGHTpOGG)KHOfI CHUJIbIL, YTO IMO3BOJIACT SKCIUTYATUPOBATh UX MPU
gactore BpameHus 10 20 ¢'. B MaIMHOCTPOCHHH IIIECTEPEHHbIE THAPOMAIINHBI IPUMEHSTCS B
CUCTEMaX C JIPOCCEIbHBIM PETYJINPOBAHUEM.

Llecmepennvle nacocol. OCHOBHAs TpyIINa ECTEPEHHBIX HACOCOB COCTOUT U3 JBYX
IpsIMO3YOBIX IIECTEPEH BHEIIHETO 3anerieHus (puc.3.1, a). [Ipumenstorcs Takxke U Jpyrue
KOHCTPYKTUBHBIE CXEMBI, HATPUMEP, HACOChI C BHYTPEHHHUM 3aLeruienueM (puc.3.1, 6), Tpex- u
OoJtee mecTepHbie Hacockl (puc.3.1, B).

Puc.3.1. Cxembl IIECTEPEHHBIX HACOCOB:
a - C BHEIIHHUM 3alleTieHueM; O - ¢ BHYTPEHHUM 3alICTIJICHHEM; B - TPEXIIIECTEPEHHBII

[IlecTepeHHbIi HacOC ¢ BHEUTHUM 3a1ieruienneM (puc.3.1, a) coctout u3 Beaymiei 1 u BegoMoit 2
HIecTepeH, pa3MeIIeHHBIX ¢ HeOOIbIIUM 3a30poM B Kopryce 3. [1pu Bpamienuu mecrepeH
YKUJIKOCTB, 3allOTHUBINAs pabodyune KaMephl (MEK3y0OBbIE MPOCTPAHCTBA), IIEPEHOCUTCS U3
TOJIOCTH BCAChIBAHUSA 4 B IIOJIOCTh HaraeTanus S. M3 moiocTy HarHeTaHuS JKUJIKOCTh
BBITECHSIETCS B HAIIOPHBII TPyOONPOBO/I.



B o0miem ciydae nmogada mecTepHOro Hacoca ONpeeNsieTcs mo Gopmyie

2
0
Q=k?bﬂﬂoﬁ,

rae k - koapuIueHT, 115 HEKOPPUTUPOBAHHBIX 3yObeB k = 7, 1JIsi KOpPUTHPOBAHHBIX 3yObeB A
=9,4; D - tuameTp Ha4aJIbHON OKPYKHOCTH LIECTEPHU; Z - YUCIIO 3yObeB; b - muprHa
IIECTEPEH; 71 - YaCTOTa 00OPOTOB BEIYIIETO Bajla HACOCA; 1,5 - 00beMHbIH KIT/I.

[llecTepenHsblil Hacoc B pa300paHHOM COCTOSIHUU IpecTaBieH Ha puc.3.2. Illecrepennsiii Hacoc
COCTOHUT M3 KOpITyca §, BHIIOJIHEHHOI'O U3 aJIFOMUHHUEBOI'O CIIJIaBa, BHYTPH KOTOPOTO
YCTaHOBJICHBI TIOAIIUITHUKOBBIN OJIOK 2 ¢ Beaymiei | u BegomMoii 3 mecTepHsIMHU |
YIUTOTHSIOUIMH OJI0K 5, MpeICTaBIsAOUINi cO00H APYTYIO MOJOBUHY MOALIMITHUKA. J{i1s
paZvaNbHOTO YIUIOTHEHHSI IECTEPEH B IIEHTPAJIBHON YaCTH YIJIOTHSIOMIETO OJIOKa UMEIOTCS JIBE
CErMEHTHbIE TOBEPXHOCTH, OXBATHIBAIOILIME C YCTAHOBICHHBIM 3a30pOM 3yObs mmectepeH. s
TOPIICBOTO YIUIOTHEHHUS IIECTEPEH CIYXKAT JABE MOJHKIUMHBIC TUTACTHHBI 7, YyCTaHABIMBAEMbIC B
crielMabHbIe Ma3bl YIIOTHAIOLIETO 06JI0Ka ¢ 00€UX CTOPOH LIecTepeH. B moakuMHbIX
TUTACTHHAX W B JIEBOM YaCTH YIIOTHSIOIIETO OJ0Ka €CTh (PUTYPHBIE YIITyOJICHHS 10T PE3UHOBBIE
poKIaaku 6. JlaBjaeHneM KUAKOCTH U3 MOJIOCTU HarHETAaHUS IJIACTHUHBI 7 MPUKUMAIOTCA K
TOpILIaM IIecTepeH, O6arogaps 4eMy aBTOMaTHIECKH KOMICHCUPYETCS 3a30p, a YT€UKH OCTAIOTCS
NPaKTUYECKHU OJIMHAKOBBIMHU ITPH J1F0O0M paboueM JaBieHnu Hacoca. Beaymas u Beromas
IIECTEPHU BBHITIOJIHEHBI 320/IHO C Har(aMu, OMUPAIOIIMMHUCS Ha MOIIIMITHUKN CKOJIBKEHUS
HOJIIMITHUKOBOTO U YIUIOTHSoIIEro 6J0okoB. OniHa U3 namng Beaylei mecTepHy UMeeT HIUTULIbI
JUTS COSZIMHEHUS C BaJIOM MPUBOJISIIETO ABUTraTelsi. Hacoc 3akphiBaeTCst KPBIMIKOM 4 ¢
YIUIOTHUTEIbHBIM PE3UHOBBIM KOJIb1IOM 9. [IpMBOIHOM Basl Hacoca yIJIOTHEH PEe3UHOBOM
MaH>KeTOH, 3aKPEIUIEHHON CrellalbHBIMU KOJIBLIAMH B KOPITyCe Hacoca.

—
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Puc.3.2. lllecrepennsiii Hacoc HII-K u ero coctaBHbIE 3JIEMEHTBI

[IlecTepeHHbIe HACOCHI C BHYTPEHHHUM 3alleTNIEHUEM CIIOKHBI B H3TOTOBJICHUH, HO JAatOT Oolee
PaBHOMEPHYIO 110/1a4y ¥ UMEIOT MEHbIINE pa3Mepbl. BHyTpennss mectepus 1 (cMm. puc.3.1, 6)
MMeeT Ha JBa-Tpu 3y0a MEHbIIIe, YeM BHEITHSS IecTepHs 2. Mex 1y BHyTpeHHEH 1 BHEITHEH
IIECTEPHSAMHU UMEETCSI CepriooOpaszHas mepemMbluka 3, OTIENSAONIast OJIOCTh BCACBIBAHUS OT



HanopHo# nosiocty. [1pu BparieHnn BHyTpEeHHEH IECTEPHU KUAKOCTD, 3aIl0JIHAOIas padoune
KaMepbl, IEPEHOCUTCS B HAITOPHYIO MOJIOCTh U BBITECHSETCS Y€pE3 OKHA B KPBIIIKaxX Kopmyca 4 B
HAIOPHBIN TPYOOTIPOBOI.

Ha puc.3.1, B npuBegeHa cxema TpexIiiecTepeHHoro Hacoca. B atom Hacoce mecrtepss 1
BeNyIlas, a ECTEPHU 2 U 3 - BEIOMBIE, TOJIOCTH 4 - BCACBIBAIOIIINE, a MOJIOCTH S5 - HAIOPHBIE.
TaKI/Ie HaCOCHhI BBITOAHO HpI/IMeHSITL B rnnpoanBo,uax, B KOTOpBIX HGOGXOI[I/IMO HUMCTH ABC
HE3aBHCHUMBbIE HATIOPHBIE TUPOTMHUU.

PaBHOMEpPHOCTH MOAAUN KHUIKOCTH IIECTEPHBIM HACOCOM 3aBUCHUT OT UKcia 3yObeB IIECTEPHU U
yria 3aueruieHus. Yem Oounblie 3yObeB, TeM MEHbIIIE HEPaBHOMEPHOCTD MOJa4H, OHAKO MPU
3TOM YMEHbILIAETCS MPOU3BOAUTEIBLHOCTh Hacoca. J{Jis ycTpaHeHHs 3allleMIIEHHs] )KUKOCTH B
30HE KOHTaKTa 3yObeB IIecTepeH B OOKOBBIX CTEHKaX KOPITyca HAcOCa BBIMOJIHEHBI
pas3rpy304Hble KAHABKH, YEPE3 KOTOPHIE )KUIKOCTh OTBOJUTCS B OJIHY M3 IOJOCTEN Hacoca.

Lllecmepennvle cuopomomopwi. PaboTta necTepeHHbIX THAPOMOTOPOB OCYIIECTBISAETCS
cnenyromumM oopazom. XKuakocTs u3 ruapoMaructpanu (cm. puc.3.1, a) mocTymnaer B mojocTh 4
TUAPOJIBUTATENIS U, BO3ICUCTBYS Ha 3yObs IIECTEPEH, CO3AaeT KPYTAIIUNA MOMEHT, pPaBHBIN

0%

rae 1, - mexannueckui KIIJI runpomoropa.

KoHCTpyKTHBHO 1I€CTEPHBIE THAPOMOTOPHI OTIMYAIOTCA OT HACOCOB MEHBIIMMHU 3a30paMU B
HNOJUIMITHUKAX, MEHBIIMMH yCWINSAMU NOJDKATHS BTYJIOK K TOPLIaM LIECTEPEH, pa3rpy3Kon
MOJUIMITHUKOB OT HEYPABHOBEILIEHHBIX pagualbHbIX yeunuil. [lyck ruipoMoTopoB
pPEKOMEHAyeTCs MPOU3BOIUTH 0€3 HArpy3KH.

[IlecTepeHHble MAIIUHBI ABISAIOTCS 00PAaTUMBIMU, T.€. MOTYT OBITh UCIIOJIB30BaHbI U KaK
TUIPOMOTOPBI U KaK HACOCHI.

3.3. IlnacTMHYATBIEC HACOCHI K THAPOMOTOPHI

[TnacTiHYATBIE HACOCHI U THPOMOTOPHI TaK JKe, KaK U MIeCTEPEHHBIE, TPOCTHI TI0 KOHCTPYKIINH,
KOMITaKTHBI, HAJICXKHBI B OKCIUTyaTallud ¥ CPABHUTEIILHO JOJITOBEUHBI. B Takux mMammHax
paboune kamepsl 00pa30BaHbl TOBEPXHOCTSMH CTATOPA, POTOPA, TOPIEBBIX pacIpeIeTUTEeIbHBIX
JIMCKOB U JIByMSI COCETHUMH BBITECHUTEIISIMU-TUTATHHAMH. DTH TIACTUHBI TAK)KE Ha3bIBAIOT
JIONIACTSIMH, JIOTIATKaMH, IHOepaMHu.

IInacmunuamole Hacocol MOTYT OBITH OAHO-, ABYX- U MHOT'OKPAaTHOI'O neiictBusa. B Hacocax
OIHOKPATHOI'O IeUCTBUS OOIHOMY O60pOTy BaJia COOTBETCTBYCT OHO BCACBIBAHUC U OJHO
Har"o€TaHue, B Hacocax ABYKPATHOI'O ,HGfICTBPIH - ABa BCAaChIBAHHA U JIBA HArHCTaHUA.

Cxema Hacoca OJJHOKpaTHOro JIeHcTBUS npuBeneHa Ha puc.3.3. Hacoc coctout u3 poropa 1,
YCTaHOBJICHHOT'O Ha IIPUBOAHOM Baily 2, OIIOPBI KOTOPOTO pa3MeLICHbI B KOpITyce Hacoca. B
pOTOpPE UMEIOTCS PaiuaibHbIE WIN PACIIONOKEHHBIE 10| YIVIOM K paauycy Ma3bl, B KOTOpbIE
BCTaBJICHBI IUIACTUHEI 3. CTaTop 4 O OTHOIIEHUIO K POTOPY PACIIOJIOKEH C SKCLEHTPUCUTETOM
e. K topuam craropa u potopa ¢ mansiM 3a3opoM (0,02...0,03 mm) npusneratot TopueBbie
pacnpenenuTenbHble AUCKH 5 ¢ CepIOBUAHBIMU OKHaMH. OKHO 6 KaHajzaMu B KOPILyce Hacoca
COEJIMHEHO C TUJPOJIMHHUEN BcachlBaHUS 7, @ OKHO 8 - ¢ HAllOpHOM ruapoanHuei 9. Mexay
OKHAMHU UMEIOTCA YIJIOTHUTEIbHbIE TepeMbIuky 10, oOecnieunBaroniyie repMeTu3atuio 30H



BCachIBaHMsI U HarHeTaHus. LleHTpanbHbIN yroi , 00pa30BaHHBIN STUMH IEpEMBbIYKAMHU, OOJIbILIE
yIJjla MEeXKIy IBYMs COCEJHUMU IIJIaCTUHAMMU.

[Tpu Bpamiennu poTopa IIACTUHBI MO/ JEHCTBUE M LIEHTPOOEKHOM CHUITBL, IPYKUH UITU MO
JABJICHUEM XHUAKOCTH, IIOJBOJAUMOM MO UX TOPIIbI, BBIIBUTAIOTCS U3 NIA30B U MPUKUMAIOTCS K
BHYTpPEHHEH MOBEPXHOCTH cTaTopa. biaronaps skclieHTpucUTeTy 00BheM pabounx Kamep
BHayaJle yBEJIIMYMBAETCS - IPOUCXOAUT BCACHIBAHUE, a 3aTEM YMEHBILIAETCS - IPOUCXOUT
HarHeranue. JKUJIKOCTh U3 JINHUU BCACBIBAHMS YEPE3 OKHA paclpeeUTeIbHBIX JUCKOB BHAUAJIE
NOCTYTIaeT B paboune KaMephl, a 3aTeM uepe3 JpyTrrue OKHA BBITECHIETCS U3 HUX B HAIIOPHYIO
JVHHIO.

[Ipn u3mMeHeHnH SKCUEHTPUCUTETA € U3MEHIETCs ofayda Hacoca. Eciu e = 0 (poTop u cTaTtop
PacToJI0KEHbI COOCHO), TUIATUHBI HE OYYT COBEpIIaTh BO3BPATHO-TIOCTYATEIbHBIX JBUKCHHUIA,
00beM pabouux Kamep He OyIIeT U3MEHSTHCS, U, CIeI0BAaTeIbHO, [T0/1aya Hacoca OyIeT paBHa
Hymto. [Ipu nepemeHe SKCLIEHTpUCUTETA C +e Ha -e U3MEHSETCS HalpaBJIeHHe MOToKa paboyeit
KUJKOCTU (JIMHUS 7 CTAHOBUTCS HarHETATEIBHOM, a TUHUS 9 - BcachiBaromiei). Takum o6pazom,
IJJACTUHYATBIE HACOCHI OJHOKPATHOTO JACHCTBHS B IPUHIIUIIE PETYJIUPYEMBIE U PEBEPCUPYEMBIE.
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Puc.3.3. Cxema miacTUHYATOTO HACOCa OJJHOKPATHOTO IEUCTBUS:
1 - porop; 2 - npuBOAHOM Baj; 3 - IUIACTHHBL; 4 - CTATOD;
5 - pacupenenuTeNbHbINA TUCK; 6, 8 - OKHA; 7 - TUAPOIUHUS BCACBIBAHUS; 9 - THUIPOJIMHUS
HarHETaHUs

Hoz[aqy IT1aCTUHYATOI'0O HacoCa OAHOKPATHOI'O HeﬁCTBHH OIIPECACIIAOT 110 (I)opMyne
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rje b - mupuHa MIACTHH; e - SKCHEHTPUCUTET; D - TuaMeTp CTaTopa; z - YUCIIO TUIaTUH; f -
TOJIIIMHA [JIATUH; /1 - YaCTOTa BPAILEHUs POTOpAa.

Yucio macTuH z MOKeT ObITh OT 2 110 12. C yBeauveHreM dnciia IIacTHH 1mojiada Hacoca
YMGHI)HIaeTCSI, HO HpI/I 3TOM YBGJ'II/I‘II/IBaeTCH ce paBHOMCpHOCTB.

B Hacocax aBoiiHoro aelictBus (puc.3.4) porop 1 u 2 cratop cOOCHBL. DTH HACOCHI UMEIOT 110
JIBE CUMMETPUYHO PACIIOJIOKEHHBIE MOJOCTH BCAChIBAHUSA U MOJIOCTU Harueranus. Takoe
pacIoyioKeHUe 30H YPaBHOBEIINBACT CUJIbI, ICHCTBYIOIINE CO CTOPOHBI pabodeil )KUKOCTH, U
pasrpy’kaet MpUBOIHOM BaJI 2, KOTOPBIM OyAET HArPY>KEH TOJIBKO KPYTSIIUM MOMEHTOM. JlJis
0o0JIbIIeH ypaBHOBEIICHHOCTH YHCJIO TUIACTHH 3 B HACOCaX JABOMHOIO JIEHCTBHS IPUHUMACTCS
4yeTHbIM. TopleBble paclpeieanTeNbHbIe JUCKU 5 UMEIOT YEeThIpe OKHA. /[Ba okHa 6 KaHanIamu B
KOpITyce Hacoca COSAMHSIIOTCS C TUAPOJIMHUEH BCaChIBaHUA 7, IPYTHE Ba 8 - C HAIOPHOI
ruaponauHueil 9. Tak ke Kak U B Hac0Ccax OJJHOKPATHOTO JIEHCTBUS, MEKY OKHAMU UMEIOTCS
YIUIOTHUTENbHBIC iepeMbIuku 10. [l repMeTH3anuy 30H BCAaChIBAaHUS U HAaTHETAHUS IOJKHO
OBITH COOJTFOZICHO YCIIOBHE, TIPH KOTOPOM € < [3.

[Ipoduns BHyTpeHHEN MOBEPXHOCTH CTATOPA BBIMOJIHEH U3 AYT paguycaMu R; U R, ¢ HIEHTPOM B
touke O. I1a3bl 7151 IIACTHH B pOTOPE MOTYT UMETh PaiiaIbHOE PACIIONOKEHHE MO YTIIOM
7...15 x paguycy, 4TO yMEHbIIAET TPEHUE U UCKIIIOYAET 3aKJIMHUBaHUE I1acTuH. Hacocsl ¢
pasuanbHBIM PACIIOIOKEHUEM TUTACTHH MOTYT OBITh PEBEPCUBHBIMU.

1, 7 - pactipeaeuTeNbHBIE TUCKU; 3 - cTaTOp; 4 - POTOP; S - MIIACTUHBI;
6, 8 - OKHa HaMOPHOU MoJ0CcTH; 2, 12 - OKHA BCACKIBAIONICH MOIOCTH; 9 - IITHT;
10 - BHyTpeHHS MOBEPXHOCTH cTaTopa; 11 - oTBepcTHe

Puc.3.5. Pabouwnii KOMIUIEKT (@) IJIaCTHHYATOr0 Hacoca JBOMHOro AckcTBust ['12-2M

PaccMoTpuM erie pa3 ycTpoHWCTBO U MIPUHIIKI PabOThI TUTACTUHYATOTO HACOCA JBOMHOTO
neiictBus Ha npumepe Hacoca ['12-2M. OcHOBHBIMU A€TaNSIMU Hacoca SIBJISIETCSI KOPIYC C
KPBIIIKOM, MPUBOIHOM BaJl ¢ OAIIMITHUKAMH U pabounii KOMIUIEKT (puc.3.5, a), COCTOSIIMIMA U3
pacrpeaenuTenbHbIX TUCKoB 1 u 7, ctatopa 3, potopa 4 u mactus 5. [lucku u cratop,
3a(puKCHpPOBaHHBIE B YIJIOBOM MOJIO)KEHUU OTHOCUTEIBHO KOpIyca ITHPTOM 9, MPHKUMAIOTCS
JpyT K IpYyTy Mpy>KUHAMH (HE IOKa3aHbl), a TAK)KE AABJIIEHUEM Maciia B HanopHou auHuu. [Tpu



BpallleHuu poTopa 4, CBA3aHHOTO Yepe3 IUTUIEBOE COEANHEHNE C PUBOJAHBIM BaJIOM, B
HalpaBJIeHUH, YKa3aHHOM CTPEJIKOH, IUIACTUHBI 5 IIEHTPOOEKHON CHIION U IaBJICHHUEM Macia,
NOJIBEIEHHOTO B 0TBepcTus 11, mprmxumaroTcst K BHyTpeHHel noBepxHoctu 10 cratopa 3,
umeroIei popMmy oBaina, U, CJIe€J0BaTEIbHO, COBEPILAIOT BO3BPATHO-IIOCTYNATEIbHOE JIBUKEHUE
B I1a3ax poTOpa.

Bo Bpems 1BIKEHUS TUIACTUH OT TOYKU A 10 TOUKHU B 1 ot Touku C 10 TOYKH D 00beMbI Kamep,
00pa30BaHHBIX JIBYMSI COCETHUMHU IJTACTUHAMHU, BHYTPEHHEH MTOBEPXHOCTHIO CTATOPAa, HApyKHOU
MOBEPXHOCTHIO POTOPA U TOPLIEBBIMU MMOBEPXHOCTIMH IUCKOB | 1 7, yBETMUUBAIOTCS, U MACIIO
3anoJHsAeT paboune KaMephl uepes okHa 2 u 12 aucka 1, cBsi3aHHBIC CO BCACHIBAIOIICH JTMHUCH.
[Tpu aBmwxenun B npeaenax yyactkoB BC u DA 00beMbl KaMep YMEHBIIAIOTCS, U MACIIO
BBITECHSETCS B HAIIOPHYIO JTMHUIO THAPOCUCTEMBI Uepe3 okHa 6 u 8 qucka 7. [lockonbKy 30HBI
HarHetanusi (BC u DA) u BcacwsiBanusi (AB u CD) pacnonoKeHbl IMaMEeTPaIbHO OTHOCUTEIBHO
pOTOpa, Ha HETO HE ACHCTBYIOT PAJUAIIBHBIE YCUIINSA, YTO MOJOKUTEIBHO CKa3bIBAETCS HA
JIOJITOBEYHOCTH MOAIIUITHUKOB TPUBOJIHOTO BaJIa.

[Tomauy maacTHHYATOrO HACOCA TBOWHOTO ACHCTBUS ONPEILISIOT 10 hopMyIie
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rae b - mmpuHa poropa; R; u R, - paanychl AyT, 00pa3yronmx npoduias BHyTPEHHEH
MIOBEPXHOCTH CTATOPA; ¢ - TOJIIIMHA TUIATHH; Z - YUCIIO TUTACTHH; 0, - YTOJI HAKJIOHA TUTACTHH K
paauycy.

IInacmunuamoie 2u0pomMomopsl MOTYT OBITh TAKXKE OJHO-, IBYX- 1 MHOTOKPATHOTO ICHCTBHSL.
[InacTuHYaTHIE TUAPOMOTOPHI OT INIACTHHYATHIX HACOCOB OTJINYAOTCS TEM, YTO B UX
KOHCTPYKIIMIO BKJIFOUEHBI YCTPONCTBA, 00ECTIEUNBAIOIINE TOCTOSTHHBIN MPUKUM TUIACTHH K
CTaTOPHOMY KOJIBILY.

[Tpu noaBoae K MalIMHE )KUIKOCTH HAa paboUyI0 MOBEPXHOCTh IUIACTHH AEUCTBYET CHUJIa,
CO3/aroIas KpyTSAIUNA MOMEHT Ha BaJly THAPOMOTOPA, KOTOPBIN JUIsl THAPOMOTOPOB
OJTHOKPATHOT'O JIEHCTBUS ONpeneisieTcs o popmyie:

APy iV
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a 71l THAPOMOTOPOB JBOMHOTO JEHCTBHS
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I'mapomoTophl ABOMHOIO IEWCTBHUS TaK K€, KAK U HACOCHI IBOMHOrO AEHCTBUS,
HEpEryIupyeMbIE.

HaznexHOoCTh 1 CpOK CITy>KOBI TNTACTUHYATHIX TUAPOMAIINH 3aBUCAT OT MaTepraa IUIACTHH U
CTaTopHOro Kousblia. Bo n3bexaHue oTmycka MaTepualia IIacTUH U3-3a HarpeBa OT PeHUs O
CTaTOPHOE KOJIBLIO TUIACTUHBI U3TOTOBJISIIOT U3 CTAJIU C BBICOKOM TeMIlepaTypoi OTITyCKa.
CraTopHO€ KOJIbLIO IEMEHTHPYETCS U 3aKaluBaeTcs. POTOp U3roTOBISIOT U3 3aKaJIeHHOM
XPOMMCTOMN CTaJIU, @ TOPLIEBBIE PACIIPEICINTENbHBIE IUCKU U3 OPOH3BI.



3.4. PaqinanbHO-IOpIIHEBbIE HACOCHI M THAPOMOTOPBI

PannanbHO-TIOpIITHEBBIE THIPOMAIIIMHBI TPUMEHSIOT MPU CPABHUTEIHHO BHICOKUX JTABJICHUSIX
(10 MIla u Bemie). [To npuHIMY AEHCTBHS paaualIbHO-TIOPITHEBBIC THAPOMAIITUHBI IETISATCS Ha
OJIHO-, IBYX- K MHOTOKPATHOTO ACHCTBUS. B MammmHax oTHOKPaTHOTO ACUCTBUS 32 OAHH 000POT
pOTOpa MOPIIHU COBEPILIAIOT OJHO BO3BPATHO-IIOCTYNATEIBHOE JBUKEHUE.

Cxema paanaibHO-TIOPIIHEBOTO HACOCA OJTHOKPATHOTO JEHCTBUS MPUBEACHA Ha puC.3.6.
Pabourmu kamepaMu B HacOCe SBIISIOTCS PAaJUabHO PACIOIOKEHHbIE IMIMHAPHL, a
BBITECHUTEISIMU - TOpIIHU. PoTop (610K HmianHpoB) 1 Ha CKONb3sAIIEH MocaiKke yCTAaHOBIEH HA
0Cb 2, KOTOpas UMeeT /iBa KaHasa 3 1 4 (0lMH COEUHEH C TMIPOJIMHUEN BCaChIBaHUs, IPYTOM -
C HanmopHOU ruAposnHKuel ). Kanansl uMeroT okHa 5, KOTOPEIMU OHH MOTYT COEIUHSTHCS C
nuuHApamu 6. CtaTtop 7 O OTHOIICHHIO K POTOPY PACIIONIAraeTCsl ¢ IKCLEHTPUCUTETOM.
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Puc.3.6. Cxema paguaibHO-TIOPIIHEBOTO HACOCA OAHOKPATHOTO JIEHCTBHS

Potop Bpamaercs ot npuBoaHOTrO Baja yepe3 mydry 8. [Ipu BpameHnn potopa B HapaBJIeHUH,
yKa3aHHOM Ha puc.3.6. CTPEJIKOH, MOPIITHA 9 BHAYAJIEC BBIIBUTAIOTCS U3 IMTUIUHAPOB (TPOUCXOAUT
BCachIBaHHE), a 3aTeM BJABUraroTcs (HarHetanue). COOTBETCTBEHHO paboyast )KUAKOCTh BHAYale
3aIoJIHAET HWIMHJPHI, a 3aTeM MOPLIHSAMU BBITECHSETCS OTTY/1a B KaHai 4 U J1ajiee B HalIOPHYIO
JMHUIO TUAPOCHCTEMBI. [IOpIIHH BBIIBUTAIOTCS U MPHXKUMAIOTCS K CTATOPY LEHTPOOEKHOM
CWJION WJIM IPUHYAUTENHHO (IPYKUHOM, TaBIeHUEM pabdoyeil >KUIKOCTH UM UHBIM ITyTEM).

[Tomaya paaragbsHO-ITOPITHEBOTO Hacoca

2
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Irac d- ANaMCTPp HUWIIMHAPA; € - SKCUCHTPUCUTCT, Z - YUCJIO HOpH.IH@fI.

B cepuiiHBIX KOHCTPYKIMAX pagualbHO-IIOPIIHEBBIX HACOCOB YNCIIO IMOPIIHEN IPUHUMAETCS
HEYETHBIM (Yaie Bcero z = 7 unu z = 9). Uucno psaoB UUIUHAPOB IS YBETUYCHHUS MT01a4l
MOJKET OBITh YBeNU4eHO OT 2 10 6. [Togaua paguaibHO-TIOPIITHEBOTO HACOCA C KPATHOCTHIO
JNEUCTBUS { M YUCIIOM PSIOB 71 MOJICYUTHIBAETCS IO (hopmyIie



r7ie A - Xof MOpIIHEH.

B cTaHKOCTpOEHNU NPUMEHSIOT PETYIMPYEMbIE PaIUaIbHO-IIOPIIHEBBIE HACOCHI OJJHOKPATHOTO
neiictBust Tuna HII, KoTopble BBIMYCKalOT C MaKCUMaNbHOM nojaueit 10 400 1/MUH U AaBIeHHEM
o 200 MITa.

Ha puc.3.7. npencrapien paanaibHO-TIOPUTHEBON HACOC OHOKpaTHOTro nevicteus tuna HII ¢
YETBIPHMS PAAMU [IJIUHAPOB, KOTOPBIN COCTOUT U3 Kopiyca | 1 KPBIIIKK 25, BHYTPH KOTOPBIX
pa3MeInieHbl Bce paboune AIeMEHThI Hacoca: CKOIb3smuid 010k 10 ¢ kpreimikoii 24, o6oiima 9 ¢
KPBIIIKOM 3 ¥ peaKTUBHBIM KOJIBLIOM 6, POTOpP 8 ¢ paauanbHO PacloOKEHHBIMH IUITUHAPAMH,
HOPIIHM 7, pacnpeaenurenbHast ock 11, Ha KOTOPOH Ha CKOJB3SIIEH HAcaAKe YCTaHOBIICHBI
potop, npuBogHOU Bad 20 u MydTa. CKONB3SImUNA OJI0K MOKET IepeMenaThes Mo
HarpasistomuM 15, 6narogapst ueMy JOCTUTAIOTCSI U3MEHEHHUE SKCIICHTPUCHUTETA, a
cleoBaTeNbHO, U TI0/1aya Hacoca. BenmnunHa SKClIeHTpUCHUTETa OTpaHUYMBaETCs yKka3aTeneM 19.
OO6oiima Bpalaercs B ABYX MOAMIAITHUKAX 12, a MPUBOIHOM BaJ - B OAMIUITHUKAX 14.
PacnipenenutensHas ochb UMEET KaHANbI C OTBEPCTUAMHU, Yepe3 KOTOPBIE MPOUCKOISAT
BCacChIBaHWE U HarHetanue. Mydra coctout u3 (hiaHIa 2, yCTaHOBICHHOTO Ha IIUTHTAX
MIPUBOTHOTO BaJia MPOMEKYTOYHOTO KOJIbIIA 5 ¥ YEThIpEX POJTUKOB 4, yepe3 KOTOPhIe KPyTAIIUN
MOMEHT TIpe1aeTcs oT (IaHIa K poropy. [ HCKITfoUeHus yTeuek padbodeid )KUIKOCTH TI0 Baly
CIIyXUT yIuioTHeHHe 21. YTeuku 1o kaHaiy 17 oTBOAATCA B KOPIIyC Hacoca, a U3 HEero 4epes
oTBepcTHE 13 B IpeHAKHYIO THAPOIUHUIO.
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Puc.3.7. PanuansHo-nopuiHeBoi Hacoc oqHOKpaTHOro aevcteus tuna HIT

Hacoc paboraet cneayrouum ob6pazom. [lpu Bpamenun potopa NOpIIHU MO ACHCTBHEM
LEHTPOOEIKHOW CHIIBI BBIIBUTAIOTCS U3 IIMJIMHIPOB U MPHKUMAIOTCS K PEaKTUBHBIM KOJIbIIaM
06o0#MelI. [Ipu 3TOM ecii MEeXTy pOTOPOM U 000MMO# €CTh IKCIEHTPUCUTET, TO TIOPITHU, KPOME
BpalaTeIbHOT0, OyIyT COBEPIIATH U BO3BPATHO-MIOCTYIATENbHBIE (B paUaIbHOM
HaIpaBJIEHUN) IBKEHUS. MI3MeHEeHe SKCIIEHTPUCUTETA BhI3bIBAET COOTBETCTBYIOIIIEE
M3MEHEHHUE X0/1a MOPIIHEN U ITo1auu Hacoca. BmecTe ¢ poTopoM BO BpallleHUE BOBJIEKAETCA
o0oiima, Bpaniaromascs B CBOUX MOAIIUIHUKAX. Takas KOHCTPYKIIHS [TO3BOJIIET YMEHBIIUTh
cuibl TpeHus ¥ noelcuTh KII/] rugpomammssl.

Jlnis paguanbHO-MOPIIHEBBIX MAIIMH pabOTAIOIIUX B PEKUME IMIPOMOTOpa KPY TSI MOMEHT
MOYKHO OIIPENIEIUTh 10 hopMyIie
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/1€ M - YUCJIO PSJIOB LIMJINHIPOB;
i - KpaTHOCTh X0/1a TIOPILIHEIH;
h - BeMYMHA X0/1a MOPUIHEH.
3.5. AKcHaIbHO-TIOPIIHEBbIEe HACOCHI M THAPOMOTOPBI

AKCHAIBHO-TIOPIITHEBbIC THIPOMAIINHBI HAIIUTA IIUPOKOE MPUMEHEHHUE B THIPOIPUBOJIAX, YTO
00BSICHACTCS PAAOM HX MPEUMYIIECTB: MEHBIINE paJualibHbIe pa3Mephl, Macca, rabapuT u
MOMEHT WHEPIUH BPAIIAOIINXCS MacC; BO3MOXHOCTh pabOTHI TP OOJIBIIIOM YHCIIE 00OPOTOB;
y100CTBO MOHTaKa U PEMOHTA.

AKCHANBHO-TIOPIIHEBOM HACOC COCTOUT U3 OJIoKa IUIAMHIAPOB 8 (puc.3.8) ¢ mopIIHAMHU
(Tutyrkepamu) 4, IaTYHOB 7, YIIOPHOTO IMCKA 5, pacpeeuTeIbHOIO YCTPOUCTBa 2 1
BEIyILEro Baia 6.

Puc.3.8. [IpuHiunuanbHble CXeMbl aKCHAJIbHO-IIOPIITHEBBIX HACOCOB!
1 u 3 - okHa; 2 - pacnpeaenuTebHOE YCTPOUCTBO; 4 - MOPILHY;
5 - yHnopHsbIi qucK; 6 - BeAyuid Bay; 7 - MATYHBL; 8 - OJIOK IMIIMHAPOB
a - C UJIOBBIM KapAaHOM; O - C HECHJIOBBIM KapJaHOM;
B - C TOUEYHBIM KaCaHUEM IOPIIHEN; I - OecKapJaHHOTO TUIIA

Bo Bpems paboThl Hacoca MpU BpAMICHUH BaJla IPUXOIUT BO BpAIICHUE U OJIOK MIIIMHAPOB. [Ipn
HAKJIOHHOM PacCIIOJI0KEHUH YIIOPHOTO JUCKa (CM. prc.3.8, a, B) WK 0J0Ka MUIMHAPOB (CM.
puc.3.8, 0, T) MOPIITHYU, KPOME BPAIIATEIILHOTO, COBEPIAIOT U BO3BPATHO-TIOCTYIATEIbLHBIC



aKcuasbHblE ABM)KEHHUS (BIOJIb OCH BpallleHus 0J10Ka InHApoB). Koraa mopuiHu BeIABUTAIOTCS
13 LUWIMHIPOB, IPOUCXOIUT BCACHIBAHUE, a KOT'/1a BABUTAIOTCS - HarHeTtanue. Yepes okHa | u 3 B
pacnpenenuTeaIbHOM YCTPOMCTBE 2 MIMHAPHI TONEPEMEHHO COEAMHSIOTCS TO C BCACHIBAIOLIEH,
TO C HAIIOPHOM THAPOIUHUAMMU. [[7151 UCKIIIOUEHUS COEUHEHUS BCACBIBAIOLICH JINHUU C
HANOpHOM OJIOK HMJIMHJIPOB IJIOTHO MPUXKAT K pacHpeeIUTEIbHOMY YCTPOHCTBY, 8 MEXTY
OKHAaMH 3TOT0 YCTPOWCTBA €CTh YIUIOTHUTENIbHbIE IEPEMBIUKH, IIMPUHA KOTOPBIX b OOJbILe
nuameTpa d, OTBEPCTHSI COEAMHUTENbHBIX KaHAJIOB B OJIOKE IMIUHAPOB. /{7151 yMeHbIIeHNS
TUAPABIMYECKOTO yapa IpU Nepexoe NUINHAPAMU YIUIOTHUTEIbHBIX IEPEMBIYEK B
MOCJIEAHUX C/I€TIaHbl APOCCENbHbIE KAHABKU B BUE HEOOJBIINX YCUKOB, 32 CYET KOTOPBIX
JIaBJICHUE KUAKOCTH B HUIMHAPAX MOBBIIIACTCS PABHOMEPHO.

PabGounmu kamepaMu akCHaIbHO-MTOPUTHEBBIX HACOCOB SIBJISIFOTCS] IMITUHAPHL, aKCUATIbHO
PaCIIONIOKEHHBIE OTHOCUTEIBHO OCH POTOPA, & BHITECHUTEISAMU - opiuHU. 1o Buny nepenayuu
JBUKEHHSI BBITECHUTEISIM aKCHAJIbHO-MOPIIHEBbIE HACOCHI MOAPA3IEISIIOTCS Ha HACOCHI C
HAKJIOHHBIM OJ10kOM (cM. puc.3.8, 6, T) U ¢ HAKIIOHHBIM JUCKOM (cM. puc.3.8, a, B). 3BecTHBIE
KOHCTPYKLMHU aKCUATbHO-TIOPIIHEBBIX HACOCOB BHITIOJHEHBI IO YETHIPEM Pa3TUUYHBIM
MPUHIIUTTHATBHBIM CXEMaM.

Hacocwi ¢ cunogvim kapoanom (cM. puc.3.8, a) MPUBOAHON BaJl COEIMHEH C HAKIIOHHBIM JHCKOM
CHJIOBBIM Kap/IaHOM, BHITIOJIHEHHBIM B BHJI€ YHUBEPCAIBHOTO IIIAPHUPA C IBYMSI CTETICHSIMU
cBoOombl. [lopiiHu coequHsI0TCs ¢ IUCcKoM IatyHamu. [Ipu Takoi cxeme KpyTsInuidi MOMEHT OT
MPUBOJISIIETO ABUTATENS MTepeaaeTcs OJIOKY IIWIMHAPOB Yepe3 KapAaH U HAKIOHHBIN JIHCK.
HauanbHoe npukatue 6J10Ka HUIMHIPOB paclpeAeTuTEIbHOMY YCTPOICTBY 00eciedrBaeTCs
MIPY>KUHOMU, a BO BpeMs padOThI Hacoca JIaBleHUEeM XUIKOCTH. [lepenadya KpyTsamero MoMeHTa
OJIOKY IMIUHAPOB HEOOXOAMMA IS IPEOJOJICHUS CHIT TPEHUS MEXTy TOPIIOM OJI0Ka
WIMHIPOB U PaclpeeIUTEeNbHBIM YCTPONCTBOM.

B nacocax ¢ 0sotinvim Hecunosvim kapoarnom (cM. puc.3.8, 0) yIiTbl MEXIy OCBIO
MPOMEKYTOUYHOTO BaJia M OCSAMHU BEIYIIEro U BEAOMOTO BAJIOB MPUHUMAIOT OJIMHAKOBLIMU U
paBHbIMH 1 =2 = /2. IIpu Takoil cxeme BpallleHHE BEAYIIET0 U BEJOMOTO BaJOB OyeT
MPAKTUYECKH CHHXPOHHBIM, a KapJiaH MOJIHOCTHIO Pa3rpyKEHHBIM, TaK KaK KPYTALINI MOMEHT
OT IPUBOJALIECTO JBUTATEIIs IiepeaaeTcs 00Ky HMIMHIPOB Yepe3 JUCK S5, N3roTaBIMBAEMBbIH
320IHO C BaJIOM O.

Hacocwl ¢ moueunvim Kacanuem nopuinel HaK1oHHo2o oucka (cM. puc.3.8, B) UMEIOT Haubosee
IIPOCTYI0 KOHCTPYKIIMIO, IOCKOJIBKY 3/1€Ch HET IIATYHOB M KapJaHHBIX BajoB. OIHAKO AJis TOTO,
YTOOBI MalllMHA padoTasia B peXXUMe Hacoca, HEOOXOIMMO IPUHY IUTEIBHO BBIBU)KEHUE
NOPIIHEH U3 LUIMHAPOB JUIsl IPUXKATHS UX K ONTOPHOM MOBEPXHOCTH HAKJIOHHOT'O AMCKA
(HammpuMep, Ipy>KUHAMM, TIOMEIIEHHBIMU B LIWIMHJpaX ). [1o Takol cxeme yalie Bcero
U3TOTOBISIOT TUAPOMOTOPhI Ta ['15-2 (puc.3.9). DTu MalIMHBI BBIITYCKAIOTCSI HEOOIbIION
MOIIHOCTH, T.K. B MECTaX KOHTAaKTa MMOPIIHEN C TUCKOM CO3/1a€TCsl BBICOKOE HAIPsKEHHUE,
KOTOpPOE OTPaHUYMBAET JABJICHUE KUIKOCTH.
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Puc.3.9. AkcuanbHO-OPIIHEBOW rUApOMOTOp Thma ['15-2:
1 - Bai; 2 - mankera; 3 - kpbllka; 4, 9 - kopnyc; 5, 16 - HOAIUIHUK;
6 - paaMaIbHO YIOPHBIN MOIIIUITHUK; 7 - 6apabaH; 8 - moBoaok; 10 - potop;
11 - npy>xuHsl; 12 - npeHakxHoe 0TBEpPCTHE; 13 - pacnpeneanTenbHOE YCTPOMCTBO;
14 - monykonbueBbie Ma3bl; 15 - oTBepcTHe HanopHoe; 17 - nopuHy; 18 - mmonka; 19 -
TOJIKATEb

AKcCHaNbHO-TIOPIIHEBbIE MAIIMHBI OecKapAaHHOro THMa (cM. puc.3.8, T) 6J0K HUIHHAPOB
COCIMHACTCS C BEAYIIMM BaJIOM uepe3 a0y u maTyHsl nopiHeil. [To cpaBHeHuto ¢
THJIpOMAIlIMHAMHU C KapJaHHOH CBA3bIO MAIIMHBI O€CKapJaHHOTO TUIIA MPOIIE B U3rOTOBJIECHHUH,
HaJIe)KHEE B OKCIUTyaTalliy, IMEIOT MEHBIIHH rabaput 610ka munHApoB. [lo ganHoi cxeme
0TEYECTBEHHOM MPOMBIIUIEHHOCTBIO BBIITyCKAeTCsl OOJIBITMHCTBO aKCHAIbHO-TTOPIIHEBBIX
mamuH cepur 200 u 300 (puc.3.10).

Puc.3.9. AkcuanpHo-nopiiHeBoi rupomorop tuna ['15-2:
1 - Bam; 2 - Mmankera; 3 - Kkpbllika; 4, 9 - kopmyc; 5, 16 - NOAMIHUK;
6 - paauaNbHO YIOPHBIM MOMMIMITHUK; 7 - Oapaban; § - moBonok; 10 - porop;
11 - npyxwunsl; 12 - npeHaxxHoe oTBepcTHE; 13 - pacnpenenurenbHoe yCTPOMCTBO;
14 - nmonmykonbIleBbIe Ma3bl; 15 - oTBepcTHe HanopHoe; 17 - mopurHy; 18 - mmonka; 19 -
TOJIKATEIb

CrpykTypa ycJlI0BHOIO 0003HaYeHHs aKCHAJIbHO-NOPIIHEBBIX MatuH cepuit 200 u 300
npuBeaeHa Ha puc.3.11.



[Tomaua (pacxon) akcHaabHO-MOPITHEBOW I'MIPOMAIINHBI 3aBUCUT OT X0/1a MOPILIHS, KOTOPBIN
OTpeieNIsIeTCs YIJIOM Y HaKJIOHA AMCKA MK OJ1oKka HIUHAPOB (Y < 25 ). Ecnu KOHCTpYyKIHS
TUIPOMAILIMHBI B IIPOLIECCE €€ IKCIUTyaTalluu JONYCKaeT U3MEHEHHE yTia Y, TO TaKWe MaIIMHbI
perynupyemsle. [Ipyu n3mMeHeHnn yria HakJIoHa MaiObl UK OJI0Ka IUIMHIPOB C + 7 10 - ¥
JIOCTUTAETCs PEBEPCUPOBAHKE HAIIPABJICHUS TOTOKA *KHUIKOCTH WM BpallleHUsl poTopa
TUIPOMAILMHBI.

X0 XX XK XK

Hemomienie rHgp o MAIHHEL Momduir amua xopoyea
20,310 311 - geperynupyeMad olHODOTOY T84 H1 ATHMHHHPEOT 0 (11714
207,312 - perynupyeMat 0fHON0TOTHAT AEER

223,224 w3273 - perynupyeMad [EVRIOTOIHAR
333 - pecyIHpyeMad TPEXIoToUHAA

Henmonnenne pana:

20 unu 00 - ¢ KImeHKO
Juanmerp mopw s (Mm): 21 uru 01 - ¢ onanamu
12,16, 20,25,32

TH" THINNMATITFHER

1" - rugpouoTop peEEpCHEHEE C pesbboBL M IpECOs] HEERHE TPThonpoBoT OB

12 - Hacoc camoBCAC BN HE ¢ pessb B HM Op HI0BNH He BHE Tpy0OIPCBOTOE

131 15 - ragponrop (Hacoz-MoTop) ¢ QMAELEEEIM IPHCO E1HEEHHEN Tpyho Ip 0BT OB
16 - HacoC caMOBCACEBEION HE ¢ § IAHIEBHM IpHC 03I HHE HHE TPy EiOpIBCAOE

18 - gacoc peryNEpYoMEHR cAMOBCACHEMOIEE © pOTYAATOR OM ML 10 CTH

Puc.3.11. CtpykTypa yci0BHOI0 0003HAYCHHS
aKCHaJIbHO-MOPIIHEBBIX ruApomaint cepuid 200 u 300

[Momauy uist MammuH ¢ GecIIaTyHHBIM IPUBOJIOM OTIPEICIISIOT 110 (opMyJie:
2
T
L= gnl 5 = TZD tg Y a0
a UId MallliH ¢ ATyHHBIM IIPUBOAOM
2

pired .
(= gnl o = TZD LY AT o

rae d - auamerp uunusapa; D u D - nuaMeTrp OKpy’>KHOCTH, Ha KOTOPOM pacIoyioKEeHbI LIEHTPbI
OKPY>KHOCTEH ITUIMHAPOB MJIH 3aKPETUICHBI MATyHbI Ha [ucke; D tg y u D' sin y - Xox mopiiHs
pu noBopoTe 6soka HuIMHApoB Ha 180 ; z - uncio nopuxHet (z=7, 9, 11).

KpyTsmuii MOMEHT akCHaTbHO-ITOPITHEBOTO THAPOMOTOPA ONIPEACTSIOT 1o (hopmyre:

2
M :—‘Mgnm :ﬁP%thg ¥1,,
T



I'mapoumanHapsI

B kadecTBe UCTIOTHUTENBHBIX MEXaHU3MOB (THIPOIBUTATENICH ) IPUMEHSIFOTCS CHIIOBBIC
HWIUHAPSI, CIIyXKaIIKe JIUIs OCYIIECTBICHUS BO3BPATHO-NIOCTYATEIbHBIX MPSIMOIMHENHBIX U
ITOBOPOTHBIX IEPEMENIEHUN UCTIOJIHUTENBHBIX MEXaHU3MOB. [ MAPOLMIIMHAPHI TOAPA3AEIIIIOTCA
Ha TOPIIHEBLIE, ITYH)KEPHbIE MeMOpaHHbIE U CUIL(OHHBIE.

4.1. Mexanu3mbl ¢ THOKHMH pa3ieJuTesIMU

K mMexanm3MaM ¢ THOKMMU pa3AeTUTEIIIMA OTHOCSTCS MEMOpaHbl, MeMOpaHHBIC
TUAPOLMIUHAPHI U CUITb(OHBI.

Membpanwt (puc.4.1, a) NPUMEHSIOT B OCHOBHOM NPY HEOOJBIINX MEPEMEIICHUSIX U HEOOIbITNX
naBieHusx (1o 1 Mlla). MemOpaHHBIN UCTIOTHUTENBHBIN MEXaHU3M MPEICTaBIsSIET cO00it
3ameMIICHHOE TI0 Tiepudepru Kopiryca dnacTuaHoe Koibllo 1. [Tpu yBeaudeHnn 1aBieHus B
MOABOJAILEH KaMepe 2 3JIaCTUYHOE KOJIBLIO MPUKMMAETCSl K BEpXHEN 4acTH Kopiryca 3, U IITOK
4, CBSI3aHHBIN C 3JTACTUYHBIM KOJIBIIOM BhIABUTaeTCs. OOpaTHBIN X0 MTOKA 00CCTICUNBACT
IIPY’KHHA 5.
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Puc.4.1. Cxembl MeMOpaH:
a - TUTOCKasl C DJIACTHYHBIM KOJIBIIOM; O - ropprpoBaHHAs METaNTHIECKast

B runponHeBMOaBTOMATHKE pacIpoCTpaHEHBI TAKKE TOPPUPOBAHHBIE METATUTUIECKUE
MeMOpansI (puc.4.1, 0). Jlepopmarus Takux MeMOpaH MPOUCXOANT 3a CUET PA3HOCTHU JAaBJICHUI
AP = P; - P, n BHe1IHEH Harpys3ku R.

Membpannsvie cudpoyununopsl (puc.4.2) DOMyCKalOT 3HAYUTENBHBI IEPEMEIICHUS BEIXOIHOTO
3BeHa - mToKa. [Ipu nepeMenienny mopmHs | B HapaBIeHUN ACUCTBUS TABICHUS KUIKOCTH
(puc.4.2, a) memOpana 3 neperudaercs, epeKaThIBasCh CO CTCHOK MOPIIHS | Ha CTEHKH
HUIMHAPA 2, K KOTOPBIM OHA IUIOTHO MOHKUMAETCS AaBICHUEM XUAKOCTH (puc.4.2, 0).
OOpaTHBIi X0/ MOPUIHS IPOUCXOIUT 32 CYET MPY>KUHBL.
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Puc.4.2. Cxembl paboThl MEMOPAHHOTO THAPOIIMINHAPA



Cunbdonsl (puc.4.3, a) npeHa3HavYeHBI 111 padoThl IpH HEOOMbIKX AaBiaeHUsAX (1o 3 Mlla).
WX M3roTaBiIMBalOT U3 METAJUIOB M HEMETAJUNTMYECKAX MAaTEPUAIIOB (PE3UHBI HITH IIJIACTUKOB).
Mertammdeckne CHIIb()OHBI OBIBAIOT OJTHO- 1 MHOTOCJIOWHBIE (110 TISITH ci1oeB). [Ipumenenne
CHIIb()OHOB OIPABJIAHO B YCJIOBHUSAX BBICOKUX U HU3KUX TEMIIEPATyp, 3HAUCHUE KOTOPBIX
JTUMHUTHPYETCS MaTEPHAIIOM, U3 KOTOPOTO M3TOTOBIICH CHIIb()oH. CHIIBbPOHBI MOTYT OBITH
eNIbHBIC WK CBapHbIC. [[ebHbIC N3rOTaBIMBAIOT PA3BABIIOBKON TOHKOCTEHHON OECIIOBHOU

TpyOBI.

Puc.4.3. Cxema MeTasInueckoro cuib(oHa
a - ciiib(oH; O - TIeTbHAs CTCHKA; B - CBapHas CTEHKa
4.2. Knaccupukauus ruipouuJIdHApPOB

lMunpouunHAPEL ABISIOTCS 00BEMHBIME THAPOMAIIMHAMU U PEAHAZHAYCHBI [T
npeoOpa30BaHMsI SHEPTUH MIOTOKA padoUueh KUIKOCTH MEXAHUUECKYIO YHEPTHIO BBIXOIHOTO
3BeHa. [ uapounnnHapsl paboTaroT MpHU BEICOKUX AaBieHusX (10 32 MIla), ux u3roToBisioT
OJTHOCTOPOHHETO U IBYXCTOPOHHETO JACHCTBUSA, C OJTHOCTOPOHHUM U JBYXCTOPOHHHUM IIITOKOM U
TEJICCKOIINYCCKHE.

Tabmuua 4.1
Knaccudukanms ruaponiInHIpoB



WonmosHOE
Cuapoipoeesy KoscTpyEmEHO e HUIOTHEERE S

ez yrararmm ciocoba BosEpaTa
LITOKA

© BOTER ATOM LITOKA Iy REE 0

O EHOCTOR OHHETD
OeHCTEMA
TOTYECEE I EEIE
TETIE CEOTIET S CERE
© OFHOCTOR OHEERM ITTOKOTT -
H B3 TOp OMHETD
i © BT HG TOE OHHEM IITOROM
AeHCTEMA

TEIIE CEOTTFE CEEE

€TI0 CTOAHHEIM TOPIDHEHMEN B
EOHITe ¥08a ¢ OSHOH CTOpOHE

C II0CTOAEED TOPLOMEEIHER E
EOHITE X084 ¢ gEYX CTOPOH

C TOPMIOMEHEEM
€ P ETYIEEY EME LA TORMOMEEHIEN

E KEOHIIE X084 ¢ OFHO0H CTOpOHBL

C { T EME T TOPMOME e
B KEOHITE X083 © AEYX CTOPOH
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4.3. 'mapouuyInHAPHI NPAMOJIHHEIHOI0 1eiiCTBUS

Jns mpuBoia pabovYrMX OpraHoB MOOMJIBHBIX MAaIlIMH HanOoJIee IIMPOKO MPUMEHSIOT MTOPIITHEBHIC
TUAPOLMIIMHAPEI IBYXCTOPOHHETO JIEHCTBUS C OJHOCTOPOHHUM IITOKOM (puc.4.4).

OCHOBOM KOHCTPYKITUH SIBIISICTCS THIIh3a 2, MPEJCTABIISIONMAs cO00i TpyOy C TIIaTeIbHO
00paboTaHHOH BHYTpEHHEH MOBEPXHOCTHIO. BHYTpH I'MIIb3bI ITEPEMEIIAeTCsl TOPIICHD 6,
MMEIOIINM pE3MHOBBIE MAHKETHBIE YILIOTHEHUS 5, KOTOPbIE IPEAOTBPALIAIOT [IEPETEKAHNE
KUAKOCTHU U3 MOJIOCTEN LMIIMHJIPA, Pa3Ae/ICHHBIX IOPIIHEM. Y CUJIME OT IOPIIHS NIEPEAAET IITOK
3, IMEIOIIHI MOJTUPOBAHHYIO TIOBEPXHOCTH. J[J1s1 ero HampaBieHus CIyKUT rpyHa0ykca 8. C
JIBYX CTOPOH TMJIb3bl YKPEIUICHBI KPBILIKU C OTBEPCTUAMH JIJIS TIO/IBOAA U OTBOJIA paboueit
KUJKOCTH. YTUIOTHEHHE MEXKY IITOKOM U KPBIIIKOW COCTOUT U3 ABYX MaHKET, OJIHA U3
KOTOPBIX MPEJOTBPAILIAET YTEUKU KUAKOCTH U3 HUIMHAPA, a APYTasi CIYKUT IPA3€ChbEMHUKOM 1.
[IpoymmHa 7 ciy>XHT JJ1s TOABMXKHOTO 3aKpeIUieHus Tuapouineapa. Ha HapesaHHyto 4acTh
HITOKAa KPEMUTCS MPOYIINHA WIH JI€Talb, COSIUHSIONIAS THAPOLMIUHIP C MOABUKHBIM
MEXaHU3MOM.



Puc.4.4. T'unpormnmunap:
1 - rpsi3echbeMHUK; 2 - THIIb3a; 3 - IITOK; 4 - CTOMOPHOE KOJIBLIO; 5 - MAHKETA;
6 - OpIIEHD; 7 - MPOYIINHA; 8 - TPYHI0YKCa

Y HOpMaJIU30BaHHBIX MUJIUHAPOB, TPUMEHSIOMINXCSA B CTPOUTEIIBHBIX MaIIMHAX, TUAMETP
mToKa coctaBisieT B cpeaneM 0,5 D, xon nopinas He ipeBocxoauT 10D. Ilpu Gonpieit
BEJIMYMHE X0/ U JaBlieHUsIX, npesbimaronux 20 MIla, mTok ciexyer npoBepsaTh Ha
YCTOMYUBOCTb OT JEUCTBUS MPOAOJIBHON CUIIBL.

JIJis yMEHBIIIEHUS TOTEePh JABJICHUS THAMETPBI IPOXOIHBIX OTBEPCTHH B KPBIIIKAX IHIIMHIPA
JUTSI TIOIBOJIA pabouelt )KUIKOCTH Ha3HAYAIOT U3 pacueTa, YTOObI CKOPOCTh YKHUIKOCTH
COCTaBJIsIa B CpeTHEM 5 M/C, HO HE BBIIIE 8 M/C.

Xo/1 TOpITHS OTPAHUYMBACTCS KPBIIIKAMU MIJIHHAPA. B HEKOTOPHIX cioydas ona gocruraet 0,5
Mm/c. YKecTkuii ynap MOpIIHS O KPBIIIKY B THAPOIMINHIPAX CTPOUTEIBHBIX MAIIIMH
MPEIOTBPAIIAIOT Oemngepsl (mopmosivie ycmpoticmea). [IpuHIHIT U3 TeHCTBUS OONBITNHCTBA
U3 HUX OCHOBAH Ha 3allMPaHuU HEOOJBIIOT0 00beMa KHUIKOCTH U MPEOOPa30BaHHS SHEPTUU
JBUKYIUXCS MAcC B MEXaHUYECKYIO SHEPTHIO KUIAKOCTH. V3 3amepToro o0beMa )KHIKOCTh
BBITECHSICTCS Yepe3 KaHAIbl MaJIOTO CEYCHHUSI.

Ha puc.4.5. npencraBieHbl TUIIMYHBIE CXeMbI AeMII()EPHBIX YCTPOUCTB. [Ipyorcurnulil Oemnghep
(puc.4.5, a) npeacrasisieT coOOH NPYyKUHY |, yCTAaHOBJICHHYIO Ha BHYTPEHHEH CTOPOHE KPBIIIKH
WIMHJpPA 2, TOPMO3SIIYIO MOPIIEHb 3 B KOHIIE XOAa.

Jlemngpep ¢ noscuvim wmokom (puc.4.5, 6) npeacrasisieT coO0MH KOPOTKUH JIOKHBIN MITOK 1 1
BBITOUKY 2 B KPBIIIKE IMIMHAPA. JIOKHBII TOK MOKET UMETh KOHUYECKYIO HITH
MWIHHIPHYECKYI0 (hopMy. B KOHIIE X0/1a OPIITHS RKUAKOCTh 3aIAPACTCS JIOKHBIM MTOKOM B
BBITOYKE KPBIIIKHM IWIHHIPA ¥ BRITECHSACTCS OTTY/1a Yepe3 Y3KYI0 KOJIBIEBYIO ieib. Eciun
JIOXKHBIN MITOK BBITIOJNHEH B BUJIC KOHYCA, TO ATa IIEIh YMEHBIIACTCS 10 MEPE JIOCTIKCHUS
MOPIIHEM KOHIIa CBOETO Xo/a. [Ipr 3TOM cOnpoTHBICHHE ABMKEHHIO KUIKOCTH BO3PACTaeT, a
UHEPIHSI, YCKOPEHUE ¥ CKOPOCTh JBIIKEHUS TOPIITHS YMEHBIIAIOTCS.

Pezynupyemviii demngpep ¢ omsepcmuem (puc.4.5, B) 0 IPUHIIUITY TSHCTBUS aHAIOTHUYEH
nemriiepy ¢ JT0KHBIM ITOKOM. KOHCTPYKTHBHOE OTIIMYHE 3aKITFOYACTCS B TOM, YTO 3arupaeMast
B BBITOYKE KPBIIIKY IIMIIMHIPA KUJAKOCTh BEITECHIETCS Yepe3 KaHall | Majoro ce4eHus, B
KOTOPOM YCTaHOBJICHA MIJIa 2 JJIsl PETYJIMPOBAHUS MPOXOTHOTO CEUCHHSI OTBEPCTHSL.

Tuopasnuueckuii demnghep (puc.4.5, r) IpUMEHSIETCS B TOM CIIydae, KOT/1a KOHCTPYKITUEH
THJIPOIIMIIMH/IPA HE MOXET OBITh ITPElyCMOTPEHO YCTPOICTBO BHITOUKH. B ruipaBinieckom
nemripepe B KOHIIE XOa MOPIIHS CTaKaH | ynmupaeTcs B KPBIIIKY IHJIHHIPA, & )KUIAKOCTh



BBITECHSETCS U3 TIOJIOCTH 2 Yepe3 KOJIBIIEBOM 3a30p Mexay ctakaHoM 1 u mopirHeM 3. [Ipyxuna
4 BO3Bpalla€T CTaKaH B UCXOJAHOE MOJIOKEHUE MTPU XOJIOCTOM XO/I€ TTOPIIHSI.
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Puc.4.5. [IpuHIunuansHbie CXeMBbI JeMIIPEPOB:
a - IpYXUHHBIN Aemmdep; 0 - AeMIdep ¢ J0KHBIM IITOKOM;
B - JeMIipep perympyemMblii ¢ OTBEPCTHEM; T - THIPABIUIECKUN neMIdep
4.4. PacyeT ruApouMIMHIPOB

OCHOBHBIMHU TTapaMeTPaMH MOPITHEBOTO TUAPOIMINHIPA SABISIOTCS: JUAMETPBI MOPIIHS D U
mToKa d, pabodee paBieHune P, u X0 MOpIIHS S.

PaccMoTpyM nOpIIHEBOW THIPOLUMIMHIP C OAHOCTOPOHHUM MITOKOM (puc.4.6). [To oCHOBHBIM
napameTpam MOKHO ONPEEIUTh CIEIYIONE 3aBUCUMOCTH:

IJIOIIAb TTOPIIHS B MOPIITHEBOM MOJOCTH | ¥ B IITOKOBOM MOJOCTH 2 COOTBETCTBEHHO

2 2 .2
b g mDmdh

z
177y 4

YCUIIUEC, Pa3BUBACMOC IITOKOM r'MAPOLIMIIMHAPA ITPU €T0 BBIABUKXCHUUN U BTATHBAHUHA
COOTBECTCTBCHHO

£ 1= Fl ﬁkmp H = a= Fz ngmp R
rae kyp = 0,9...0,98 - k03 HULMEHT, yYUTBIBAIOIINI TOTEPU HA TPEHUE;

CKOPOCTH MEepEMEIICHUS TOPUIHS

o, 40
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Puc.4.6. OcHOBHBIE 1 pacueTHbIE TapaMeTPbl THIPOLMIMHPA

Pacuemvl na npounocmyo. IIpOYHOCTHBIMU pacueTaMy OIPENEISIOT TONINUHY CTEHOK LIMINHAPA,
TOJIIUHY KpBILIEK (TOJIOBOK) IMJIMHAPA, IUaMETp ITOKA, JUAMETP IINUJIEK WIA OOJITOB JUIs
KPEIUIEHHUS KpBIILIEK.

B 3aBuCHMOCTH OT COOTHOIICHUS HApy’KHOT'O Dymn BHYTPCHHCTO D AUaMETPOB NUJIMHAPBI
nmoAapa3aAciIsAIrOT Ha TOJICTOCTCHHBIC 1 TOHKOCTCHHEIC. ToJICTOCTEHHBIMH HA3BIBAIOT OUJIWHAPBI, Y

KOTOpbIX Dy / D > 1,2, a TOHKOCTEHHBIMH - IIMJIUHPBI, Y KOTOPBIX Dy / D =1,2.

TOJ'IH_II/IHy CTEHKHU OJHOCIOMHOT0 TOJCTOCTEHHOTO NUWJIMHAPAa OMIPCACIIAOT 11O q)opMyne:

2 |V [e]-5 d+u)

D [GHJ}U—aﬂ_l

rue P, - ycnosHoe nasienue, papHoe (1,2...1,3)P ; [c] - nommyckaemoe HanpsKEHUE Ha
pactspkenue, [1a (ns uyyryna 2,5 107, s BBICOKOIIPOYHOIO YyryHa 4 107, WISt CTAJIBHOTO JTUTHS
(8...10) 107, nus neruposauuoii cramu (15...18) 107, wrs 6ponsst 4,2 107); p - kodbdummeHT
nonepeunoit aedopmanmu (kodpdurment [lyaccona), pasusbiit as uyryHa 0, mist cranu 0,29;
IU1s1 amroMuHUEBbIX cruiaBoB 0,26...0,33; nns narynu 0,35.

TonmuHy CTEeHKH TOHKOCTEHHOTO IIMIIMHAPA ONPEACIISIOT 1Mo GpopmyIie:

5L

" 230]-F,

K ompenenennoii mo gpopMynaM TONIIMHE CTEHKH LMJIMHPA MPHOABISETCS MPHUITYCK Ha
o0pabotky marepuana. st D = 30...180 MM npuryck npuHEMaioT paBHeM 0,5...1 MM.

TonumHy KpbIIKY IIKHAPA ONPEAETISIoT 1o Gopmyiie:

5

8, = 04334,
[]
T71€ dy - TUaMETP KPBIIIKH.

I[I/IaMeTp IITOKA, pa60Ta101uero Ha pacCTAKCHUEC U CKATUC COOTBETCTBECHHO

d=J AR H d=0 i
o, ] [c.]

rae [op] u [o c] - AommyckaeMbl HAPSKEHUS HA PaCcTSKEHHUE U CKaTHE IITOKA;



[Itoku, nmuHa KoTOphIX Oosbie 10 quamerpoB (" mMHHBIE" MITOKK), paboTarolIKe Ha CXKATHE,
pacCcUUTHIBAIOT HA MPOIOJIBHBIN M3rK0 1o Gopmye Ditnepa

— =i

f burs

IJIE Oyp - KPUTUUECKOE HAIPSHKEHUE MIPU MPOJOIBHOM M3TU0E; f - MIIOMaAb HONEPEYHOrO
CEYECHUS IITOKA;

JuameTp G0NTOB JUIsl KPEIUICHUS KPbIIIEK IIHIUHIPOB

P
1L24c,]

I7Ie N - YUCI0 OONTOB.
4.5. IToBOpOTHBIE THAPOLMIHHAPHI
JIn1s1 BO3BpaTHO-MTOBOPOTHBIX IBMKEHUI MPUBOJAUMBIX Y3JI0B Ha yToJj, MeHbInii 360 ,

MPUMEHSIOT 1080pOmHble 2uOpoyuUIuHOpsl (puc.4.7.), KOTOpbIe IPEICTABISIIOT 000K 00BEMHBIN
THIPOJIBUTATEIb C BO3BPATHO-TIOBOPOTHBIM JABHKCHUEM BBIXOJHOTO 3BEHA.

Puc.4.7. I1oBOpOTHBIN OTHOJIOMACTHON THAPOLUMINHAP:
a - cxema; O - oOIIMA BUL

[ToBOPOTHBIN TMAPOLMWIMHIAP COCTOUT U3 KOpIlyca 1, 1 TOBOPOTHOTO pOTOPA, MPEACTABIISIOLIETO
co00i1 BTYJIKY 2, HECYIIYIO TUIacTUHY (JomnacTh) 3. KonblieBas monocTh MexXAy BHyTpeHHEN
MOBEPXHOCTBIO LMJIMHJIpA U POTOPOM pa3JieieHa YIUIOTHUTEIbHOU MEPEMBIUKON 4 C
HNPYXUHSAIIAM OJKUMOM K pOTOPY YILIOTHUTEIBHOIO JJIEMEHTA 5.

[Ipu moBoE )KUAKOCTH O AaBjieHHEM Pp B BepxHuii kaHai (cM. puc.4.7, a) miacTuHa 3 ¢
BTYJIKOM 2 OyJeT MOBOpPaYMBAThCA MO YACOBOW CTpEINIKE. YTOJI IMOBOPOTA BaJla IIMIIMHIIPA C OHOM
paboueii miaacTuHoi 00bIYHO He TpeBbImiaet 270...280 .

PacuerHblil kpyTammii MOMEHT M Ha Bally paccMaTpruBaeMoro ruApOLMINHIPA C OJHOU
IUTACTHHOM paBeH MPOU3BECHUIO CHIIbI R Ha Mmiiedo a mpuiiokeHus 3Toi cuibl (pacCTOSHUE OT

OCH BpAILICHHS 10 IIEHTPA JIaBJICHUs pabouel IO 1 TUTACTHHBI)

M = Ra



Yeunue R onpenensiercs npou3BeIeHUEM JICUCTBYIOIIETO Ha JIOMACTh Mepenaaa T1aBieHud Ha
pabouyro MIom@aab MIacTUHbI F

R:APF:(PP_PCJI)F

N3 puc.4.7, a BugHO, 4TO paboyas MIomab MIacCTHHBI

F:Eb
2

rac b - IrpHrHa MJIaCTUHBI.

[Ime4yo npunokeHus CUIIbI

D D-d_D+d
2 4 4

B cooTBeTcTBHM € 3TUM pacdeTHBIN KPYTALIMNA MOMEHT
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®dakrrueckue MoMeHT M® u yriioBast CKOpocTh ¢ OyIyT MEHBIIIE paCUETHBIX B CBSI3U C
HAJIMYUEM TIOTEPh TPEHHS U yTeUeK KUAKOCTH, XapaKTEPU3yEeMbIX MEXaHHUECKUM M U
o6bemubIM 00 KITI rugpoumnuHpa:
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[IpuMeHsIroTCSsl TaK)K€ U MHOTOIIJIACTUHYATHIEC TIOBOPOTHBIE TUIPOLIMIUHIPHI (puc.4.8), KOTOpbIe
MO3BOJIAIOT YBEIHUUTE KPYTALINI MOMEHT, OHAKO yTOJI IOBOPOTA MIPH 3TOM YMEHBIIUTCA.
MoOMEHT U yrioBasi CKOPOCTh MHOTOINIACTUHYATOTO THAPOIMIIMH]IPA!
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A€ z - YUCJIO IJIaCTHUH.



Puc.4.8. [ToBopoTHBIE THUIPOLMIMH/IPHI:
a - IBYXJIONIACTHOM; O - TPEXJIOMaCTHOM

Jiis mpeoGpa3oBaHus NPSIMOIMHENHOTO ABUKEHHSI BBIXOIHOTO 3BEHA THAPOLMINHIpa 1 B
IIOBOPOTHOE UCIIOJHUTEIBHOTO MEXaHU3Ma 2 MIPUMEHSIOT PEYHO-LIIECTEPEHHBIE MEXaHU3MbI
(puc.4.9). be3 yuera cui TpeHUs KpyTAILIMI MOMEHT Ha Baly UCIOJHUTEIBHOTO MEXaHU3MA
paBeH

2
Monp™ D5
4 2
a yIJIoBast CKOPOCTb BPAIICHHS
-2
T D

rae D3 - quameTp neauTebHONW OKPYKHOCTH HIECTEPHH.

fl i

Puc.4.9. PeuHo-1mecTepeHHbI MEXaHU3M 4.10. YcnoBHOe 0003HaUYCHHE
IIOBOPOTHOI'O TUIPOLMIIMHIPA



I'mapopacnpeneanrenu

5.1. O0ume cBegeHus

[Tpu skcruTyaranuy ruIpoCcucTeM BO3HUKAET HEOOXOJUMOCTh U3MEHEHHsI HAalIPaBJIEHUs IOTOKA
paboueii )KUAKOCTH Ha OTACTBHBIX €€ YYaCcTKax C IeJIbI0 U3MEHEHHUS HalpaBJICHUs IBUKCHUS
UCTIOJIHUTENIbHBIX MEXaHU3MOB MallluHbI, TpeOyeTcsl 00ecreunBaTh HY KHYIO
MIOCJIEI0BATEIBHOCTD BKIIIOUECHHUS B paOOTY ATUX MEXaHU3MOB, IPOM3BOIUTH Pa3rpy3Ky Hacoca 1
TUAPOCUCTEMBI OT JABJICHUSA U T.II.

DTH U HEKOTOpPBIE Apyrue (YHKIIMH MOTYT BBIIOIHATHCS CIIENUATBHBIMU THAPOANapaTamMmu -
HAnpasIAoWUMU 2UOPoOpacnpe- OeIumenamu.

[Tpu u3roToBIEHUM rUAPOPACIIpEIeTUTENEH B KaUueCTBe KOHCTPYKTUBHBIX MaTepHaioB
MMPUMCHAIOT CTAJIbHOC JIUTHC, MO,[[I/I(I)I/IL[I/IpOBaHHBII\/'I YyTYH, BLICOKO- 1 HU3KOYTJICPOJAUCTLIC
MapKkH ctajei, OpoH3y. J{Js 3amuThl OTAEIBHBIX AJIEMEHTOB paclpeeauTeNeld OT abpa3uBHOTO
HN3HOCA, MOBECPXHOCTU CKOJILXKCHUA HEMCHTUPYIOT, a30TUPYIOT U T.II.

Pa3MepLI 1 Macca rnﬂpopacnpeﬂennTeneﬁ 3aBUCAT OT pacxoJa ) XUAKOCTHU YCPE3 HUX, C
YBCIIMYCHHUEM KOTOPOIr'0 OHHU YBCIIMUYUBAKOTCA.

IIo cnocoby npucoedunenusa K THAPOCUCTEME THIPOPACIIPE-AETUTENH BBITYCKAalOT B TPEX
UCTIONTHEHUSIX: pe3b006020, (hianyeso2o U cmuiko6o2o ipucoequueHus. Beidbop crnocoba
IPUCOEIMHEHUS 3aBUCUT OT Ha3HAUYEHHSI THAPOPACIIPEICTIUTEIS H PacXo/ia uepe3 Hero paboueit
KHUJIKOCTH.

Ilo KoncmpyKyuu 3anopHo-pecyaupyrouiezo djiemenma ruipopacipeeIuTeNu
MOJIPa3eIIAI0TCs CIAEAYIOUIMM 00pa3oM:

3onomnukoguie (3aIOPHO-PETYIUPYIOLIUM JIEMEHTOM SIBJISAETCS 30J0THUK LIUIMHIPUYECKON
WIN TUTOCKOW (OopMBI). B 30JI0THUKOBBIX THApPOpACTIPEICIUTENSIX H3MEHEHUE HATIPABIICHHS
HoTOKa pabouel JKUAKOCTH OCYLIECTBISETCS IyTEM OCEBOIO CMEIEHHS 3alI0OPHO-
PEryJIMpyIOLIETO JJIEMEHTA.

Kpanosvie (3an10pHO-pETyIUPYIONINM 3JIEMEHTOM CIYKUT KpaH). B aTux
THIIPOPACIIPECITUTEINAX N3MEHEHHE HAPABJICHUS TIOTOKA PaboUeil )KUIAKOCTH JOCTHUTACTCS
MOBOPOTOM MPOOKH KpaHa, UMEIOIIECH MIOCKYI0, IMIHHIPHIECKYI0, KOHMYECKYIO WITH

cepuueckyio hopmy.

Knanaunule (3an10pHO-PETYIUPYIOLIUM 2JIEMEHTOM SIBIISIETCS KilanaH). B kimanaHHbIX
pacnpenenuTeNnsx U3MEHEHUE HallPpaBJIeHHUs OTOKa pabodeil )KUAKOCTH OCYLIECTBIISIETCS Iy TEM
MOCIIEA0BATEIBHOIO OTKPBITHS U 3aKPBITUS pa0OUUX MPOXOIHBIX CEUCHUN KIanaHaMH
(IIapvKOBBIMH, TapeNbUaThIMU, KOHYCHBIMH U T.J.) Pa3INYHON KOHCTPYKIUH.

Ilo Huciy ¢uKCMp06aHHblx ROJI0MCEHUTl 30/I0MHUKA ruApopacCpeaAcIMTEeIN NOAPA3ACIAOTCA:
Ha IBYXITIO3UIIMOHHBIC, TPEXITO3UITUOHHBIC 1 MHOTI'OITIO3UIIMOHHBIC.

Ilo ynpaenenuro TupopacrnpeaeaInTesn NoApa3AcasaioTca Ha THAPOANapaThl C PyYHbIM,
3JIEKTPOMArHUTHBIM, THIPABINYECKUM HUIIM JIEKTPOrUAPABINYECKUM yIipaBieHneM. KpaHoBbie
TUIPOPACIIPEIEIUTENN UCIIONIB3YIOTCS Yallle BCETO B KAUECTBE BCIIOMOI'aTEIbHBIX B
30JI0THUKOBBIX PACIpEACIUTENSAX C TUAPABIMUECKUM YIPABICHUEM.



5.2. 3010THMKOBBIEC THAPOPACHPEACTUTENN

3anopHO-peryJIUPYIONIIM 3JIEMEHTOM 30JI0THUKOBBIX THAPOPACTIPEACTUTENCH SIBISETCS
MAIUHAPUYECKHUH 30JIOTHUK 1, KOTOPBI B 3aBUCUMOCTH OT YKCJIa KaHAJIOB (ITOBOJIOB) 3 B
KopITyce 2 MOKET UMETh OJIMH, JBa U Ooiiee mosickoB (puc.5.1, a). Ha cxemax
TUAPOpACTIPEICTUTENN 0003HAYAIOT B BUJIE MOJABMIKHOTO DJIEMEHTA, Ha KOTOPOM YKa3bIBAIOTCS
JIMHUH CBA3U, HpOXO[[bI 1 3JICMCHTHI praBHeHI/IH. P3.60‘-IYIO IIO3UIIHNIO ITOABUKHOI'O DJIEMCHTA
M300paKaroT KBaApaTOM (MPSIMOYTOILHUKOM ), YHCIIO TIO3UITUH COOTBETCTBYET YHCITY KBAIPAaTOB

(puc.5.1, 6).
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Puc.5.1. Cxema (a) u o603HaueHue (6) ruapopacipeaeTuTeNs

PaccmoTpuM nmpunnumn padoTsl pactpenenutens (puc.5.2). B nmepBoii (MCX0AHOMN) MO3ULIMN BCE
muHuu A, B, P u T, nogxosinue K pacipeaesIuTeNo pa3o0IeHbl, T.€. MePeKphITHI (puc.5.2, a).
[Ipu cmemneHNH 30JI0THUKA BIEBO PACHPEEIUTENb IEPEXOTUT BO BTOPYIO MO3ULIMIO, B KOTOPOH
nonapHo coenuHeHbl TuHUM P u A, Bu T (puc.5.2, 0). IIpu cmenieHnu 30J10THUKA BIPABO - B
TPEThIo, e coeauHstoTest TuHun P u B, A u T (puc.5.2, B). Takoit pacmpeneanTens 4acto
Ha3bIBAIOT PEBEPCHBHBIM, TaK KaK OH UCIIOJIb3YETCS UIS OCTAHOBKH M M3MEHEHUS HAIIPaBJICHUS

ABWIKCHUS UCITOJTHUTCIIBHBIX OPraHOB.
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Puc.5.2. Cxema paboThI 30JI0THUKOBOTO THPOPACIIPEACIIUTEIIS

B 3aBucuMocTH OT YKciia MoABOIOB (JIMHHM, XO/I0B) PaCHpeIeTUTEIN MOTYT OBITh JIBYXXO/IOBbIE
(IByXJIMHEHHBIC); TPEXXOA0BbIC (TPEXIMHEUHBIE), YETHIPEX- U MHOTOXO/I0BbIEe. B cooTBeTCTBUHI
C 3TUM B 0003HAYCHUSIX THIPOPACTIPECIIUTENICH MTepBasi I(pa TOBOPHUT O YUCIIC ITOJIBOJIOB.



Hanpumep, 13 o603HaveHus ruapopacnpeaenurens "4/2" MOXKHO MOHSATh, YTO OH UMeeT 4
MOJIBO/IA, T.€. OH YETHIPEXXO0I0BOU (UETHIPEXIMHEHHBI).

Bropas mudpa B 06003HaUCHHH TOBOPUT O YMCIIe TO3UIIMNA. To ke 0003HaUYeHHE pacIpeaeTuTeNs
"4/2" TOBOPUT, YTO Y HETO JABE MO3UIIHH.

[Ipumepsl 0603HaueHUs pacrpeaeauTenel NpruBeIeHbl Ha puc.S5.3.

2/2 3/2 4/2 5/2 4/3
A, A, A, B A,,B A, B
L
LN (T LT R D
p' P T P'T RpT pl T

Puc.5.3. Ilpumepsr 0003HaUEHHSI TUTIOB pacIpeaeuTeNneit
VYpaiieHne N0J0KEHUEM 30JI0THUKA PACIIPEIEIUTENS MOXKET ObITh HECKOIBKUX THUIIOB.

YCTpoicTBO pydHOTo ruApopacpeneautens 4/3 u ero ycIoBHOTO 0003HaUEHUs TIPEICTABICHO
Ha puc.5.4. [lepexoueHue Mo3uIUn pacpeIeTuTeNss OCYIIECTBISIETCS PYKOATKOM 1, KoTopast
IIPY IOMOUIY CEPbIU 2 MAPHUPHO NpucoeanHseTcs K 30J0THUKY 10. C kopnycom 6 pykosTKa
NIApHUPHO coequHeHa ¢ ymkoM 11. JIns ¢pukcanuu Kaxaoro MoJ0KEHUS 30JI0THUKA CITY KHT
HIAPUKOBBIN PuKcaTop 9, MOMEIICHHBIN B 33HEH KpbIIIKe 8. YTEUKH )KUIKOCTH 1O 30JI0THUKY
CO CTOPOHBI NIEPEAHEH KPBIIIKHA 3 UCKITIOUAIOTCS MAaHKETHBIM YIUIOTHEHHEM. Pabouas :KUAKOCTh
MOJIBOAMTCS K OTBEPCTHUIO 5, a OTBOAUTCS uepe3 oTBepcTe 4. Kanan 7 IpeHaKHBIH, CIyKUT IS
OTBOJIa YTEUEK.

Ha puc.5.5 nzo6paxkeH ruipopacipeieTuTeNb ¢ JIEKTPOTUIPABINIECKUM YIIPABICHHEM U €T0
yJoBHOe 0003HaueHue. OH COCTOUT U3 OCHOBHOTO THAPOPACIPEIEIUTENS 2 C TUAPABINIECKUM
YIPaBICHUEM U BCIIOMOTATEIHLHOTO THIPOpACTIPEACTUTENS | C 3JIEeKTPOMAarHUTHBIM
ynpapineHueM. OCHOBHOM THAPOpACHIPEICTUTENb YIIPABISIET MOTOKOM paboueit sKUIKOCTH
TUAPOCUCTEMBI, 4 BCIOMOTaTEIbHBIM PEryJIMPYET IOTOK yNpaBiieHUs. Takue
TUAPOPACTIPEISTUTETN IPUMEHSIOT B TUIPONPUBOIAX C AUCTAHIIMOHHBIM U aBTOMAaTHYECKUM
YHOPaBJICHUEM IIPU OO0JIBIINX pacxodgax U BBICOKOM JAaBJICHHUU B THAPOCUCTEMEC, KOI'/1a
IIPUMEHEHUE TUAPOPACIIPEAEITUTENIEH € IJIEKTPOMArHUTHBIM YIIPABICHUEM HEBO3MOXKHO.
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Puc.5.4. 'mapopacnpenenuTens ¢ pyqHbIM YIIPABICHHEM
I

a3
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Puc.5.5. I'mapopacnpenenurens ¢ dJI€KTPOTUIAPABINYECKUM YIIPaBICHUEM

B 3aBucHMOCTH OT 4HCIIa 30JOTHUKOB THAPOPACIPENESIUTENN TOAPA3IACIIAIOT Ha
pacnpeneauTent ¢ OJHUM U HECKOJIBKMMU 30JI0THUKaMU. B nocnenHem ciyyae pacrpenenuTenn
MOTTY ObITh MOHOOJIOUHBIMH UJIH CEKIMOHHBIMU. CEKITUH PacTIpEeIeIUTENS COSTHUHIIOT MEXTY
coboit 6onramu. Ha puc.5.6 npeacraBieH MOHOOIOUHBIN THAPOPACHPEICTUTENb.

Puc.5.6. O0mwmii Bz (2) 1 IPOAOIBHBIN pa3pe3 (0) MOHOOIIOYHOTO
YeTHIPEX30JIOTHUKOBOTO THAPOPACIIPEICTUTENS

3010THUKHU THAPOPACTIPCACIIUTEIIS MOT'YT BBIIIOJIHATHCA B TPEX UCIIOJITHCHUAX (pI/ICS7)

3onomuuku ¢ nonoACUMENbHLIM OCe8bIM nepekpvimuem (puc.5.7, a) UMEIOT HIUPUHY MOSICKOB b
0oJIbIIIe, YeM IIUPUHY MPOTOYKH C WU TUaMeTp pabodrx OKoH B Kopiyce. [Ipu HelitpanbHOM
MOJIO’KEHUH 30JIOTHUKA TAKOTO THAPOpAIIpeIeTUTENs HarlopHasi TUAPOJIMHUS OT/IEIeHA OT
JUHHH, COSTMHSIONINX MTOJIOCTH TUAPOABUTATENS U cuBa. Benuuwnna nepexpoitust I1 = (b-c) /2
3aBUCHUT OT IUaMeTpa 30J0THHUKA: TIpH d = 10...12 MM nepekphITHE TPUHUMAIOT PaBHBIM 1...2
MM; Tipu d 10 25 MM - 3...5 mm; ipu d 10 50 MM - 6...8 MM. 30JI0THUKHU C TIOJIOKUTEIBHBIM
OCEBBIM MEPEKPHITHEM MTO3BOJISIIOT PUKCHUPOBATH MOJIOKEHNE UCTIOTHUTEIBHOTO MEXaHU3MA.
HenocraTkoM siBiisieTcst HATMYUE Y HUX 30HBI HEUYBCTBUTEIILHOCTH, ONPEIEIIEMON BETMUUHON
0CEBOI0 MEPEKPHITHS: B MPeEJIesiax 3TOM 30HbI IPU MEPEMEIICHUH 30JI0THUKA PACXO]T KHUIKOCTH
yepe3 ruApOpaACPEICIUTENIb PABEH HYIIIO, @ UCIIOJHUTEIbHBIM MEXaHU3M HE JABUXKETCH,
HECMOTPS Ha MOJAaBaeMbli K 30JI0THUKY CUTHAN yIPaBICHUS.
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Puc.5.7. KoHCTpYKTHUBHbBIE UCTIOJIHEHHS 30JI0THUKOB

3onomuuku ¢ Hynesvim ocegbim nepekpuimuem (puc.5.7, 6) UIMEIOT LIMPUHY MOSACKA b paBHYIO
HIMPUHE MPOTOYKHU C WM AUAMETPY pabouux OKOH, a oceBoe nepekpoitue /7 = 0. Takue
30JIOTHUKH HE UMEIOT 30HbI HEUYBCTBUTEIBHOCTH U HAMIYUIIUM 00pa3oM yI0BIETBOPSIOT
TpeOOBaHUAM CIIEAAMX THApocucTeM. OTHAKO U3TOTOBJIEHUE TAKUX 30JI0THUKOB CBS3aHO CO
3HAYUTEIBHBIMU TEXHOJOTUYECKUMU TPY IHOCTSIMH.

3onomuuku ¢ ompuyamenvuvim ocesvim nepekpvimuem (puc.5.7, B), y KOTopbiX b < ¢; npu
HEUTpaIbHOM IOJIOKEHUU UX HANlOpHAsi TUIPOJIMHMS COEAMHEHA CO CJIMBOM U C 00EUMU
MOJIOCTSAMHU ruapoasuraress. [Ipyu 3ToM )KUIKOCTh Yyepes3 3a30pbl HENPEPBIBHO MOCTYIIAET Ha
CJIUB, a B 00€UX MOJIOCTSAX TMAPOABUraTeNs YCTAaHABIMBACTCS OJMHAKOBOE JaBiieHue. B
TUAPOPACIPENETUTENSAX C TAKMM 30JIOTHUKOM 30HA HEUYBCTBUTEIBHOCTH CBOAUTCS K
MUHHMYMY, HO M3-3a CJIMBa paboyeil )HUIKOCTH YacTh MOIIHOCTHU TepsieTcs. Kpome atoro,
THJIPOCUCTEMA C TAKUM 30JI0THUKOM OyZEeT UMETh MEHBIIYIO KECTKOCTb, TAK KaK M3-3a
nepeTeKaHus KHUJIKOCTH Yepe3 HadallbHbIe 3a30Pbl B 30JIOTHUKE OyAET NepeX0AUTh CMEIICHNE
HCIIOJIHUTEJIBHOIO MEXaHU3Ma IPU U3MEHEHUH IIPEOI0JIEBAEMOM HATPY3KH.

5.3. KpaHoBble ruipopacnpeaeuTe/

B kpaHOBBIX THApOpACTIPEICTUTEISIX H3MECHEHUE HAIIPABIICHHS ITOTOKA paboveil )KUIKOCTH
JOCTUTAETCSI TOBOPOTOM MPOOKH, MMEIOIICH TIOCKYIO, IWINHAPUIECKYTO, CHEPUUCCKYIO WITH
KOHHUYECKYI0 (hopmy.

Ha puc.5.8 nokazana cxema BKIIIOUEHHS paCIIPOCTPAHEHHOT0 KPAHOBOT'O PaCIIPEIEIUTENS B
CUCTEMY YTNpaBJeHHs CUJIOBBIM IMIIMHAPOM. [IpoOka kpaHa uMeeT /1Ba MePIeHIUKYISIPHBIX, HO
He nepecekaronuxcs orsepctua. OHa MOXKET 3aHUMAaTh 1Ba U OO0JIbIIE YTIIOBBIX MOJOKEHUS.
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Puc.5.8. Cxembl BKIIIOYEHHSI B THAPOCUCTEMY MPOOKOBOI0 KpaHa



CepuiiHbIi ABYXITO3UIIMOHHBIA KPaHOBBIN TUipopactpe-aenurens ['71-3 (puc.5.9) ¢
[WIMHAPUYECKOM MPOOKOI COCTOUT U3 Kopiyca 3, ¢aHua 5, Kpblky 1, npoOku 2, yIIOTHEHUs
4, ctynuisl 7, pyKOATKH 8 U IapuKoBOro (ukcaropa 6. B momoskeHnu mpoOKM KpaHa,
yKa3aHHOM Ha PHUCYHKE, XHJIKOCTh Yepe3 oTBepcTue 17 moctynaet B kamepy 16; U3 Hee uepes
kaHai 18 B npoOke kpaHa (1MOKa3aH MyHKTUPOM) - B Kamepy 12 u nanee uepe3 orsepctue 11 B
KOpITyce K THPOJIBUraTeNI0 UM K JPyTroMy yIpasisieMoMy 00bekTy. 13 npyroit monoctu
TUPOJIBUTATENS KHUIKOCTh IOCTyHaeT B oTBepcTue 9, nanee B kamepy 10 u uepes kanan 13 B
KaMmepy, KOTopasi OTBepCTHEM 15 B KopIyce KpaHa coeJuHeHa co ciuBoM. [1pu noBopore
pOoOKM KpaHa 110 4aCOBOM CTPEJNIKE Ha Yroil 45 MpouCXOAUT U3MEHEHUE HAMPaBICHUsI TOTOKa
paboyeil KUIKOCTH.
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Puc.5.9. KpanoBblii rupopacipeieIuTeNb U €ro YCJI0BHOE 0003HAUCHUE

I'epMeTHYHOCTH KPAHOBOTO THAPOPACTIPEACTUTEIIST 00CCIICINBACTCS 32 CUST MPUTHUPKH MPOOKH K
KOpmycy KpaHa. JIJist KpaHOB ¢ IMJIMHAPUYECKON MPOOKO 3a30p MEX Ty TPOOKOH U KOPITYCOM
npuHuMaroT paBabM 0,01...0,02 MM. B aTuX KpaHax BciencTBUE U3HOCA MTPOOKH U KOpITyca
3a30p MEXy HUMH, a CJIe0BaTEIbHO, H yTeuka paboyeil )KUIKOCTH ¢ TeUEHHEM BPEMEHH
YBEIMUUBAIOTCS, YTO SIBJISIETCSI HEJOCTATKOM TaKOT0 KPaHOBOT'O pacupenenurens. Takoro
HEJOCTaTKa HET B KPAHOBBIX TUAPOPACTIPEACTUTENAX C KOHUYECKOM MPOOKOH.

KpaHOBBIC TUApOpaCIpCaACIMTCIIN Yallle BCCTO MPUMEHAIOT B KAUCCTBC BCIIOMOI'aTCIIBHEIX B
30JIOTHUKOBBIX THAPOPACIIPE- ACIUTCIAX C TUAPABIMYCCKUM YIIPABICHUCM.

5.4. Knananusle rupopacrnpeaeuTe/In

B THAPOCUCTEMAX HCKOTOPLIX MAIIWH NPUMCHAIOT TAKKC KIIAIIAHHBIC PACTIPCACIIUTCIIN, KOTOPLIC
IMPOCTHI B U3TOTOBJICHUHN U HAJIC’)KHBI B OKCIUTYaTalluU, a4 TAKIKC MOT'YT o0ecreynThb BBICOKYIO
TCPMETUIHOCTD.

3aTBOpa KJIallaHOB MPUBOJAT B IEHCTBUE PYYHBIMHU, MEXaHUUYECKHMHU U MIEKTPOTEXHUYECKUMHU
ycTpoiicTBamMH. 13 pydHBIX yCTpOHCTB Hanbosee paclpoCTpaHEeHbI KJIaNlaHbl C KAYaroIuMCs
pBIYaroM, cxeMa KOTOpOro Ul MATaHUSI OJHOU MOJIOCTH TMAPOIBUraTEIIs IPUBEICHA Ha
puc.5.10, a.
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Puc.5.10. Knanannsle pacupeeauTen:
a, 0 - ¢ KAYaroUIMMCS pPbIUYaroM; B - C KyJa4KOBBIM IPHUBOOM;
T - C 3JIEKTPOMAarHUTHBIM PUBOJIOM

B xianannom pacnpenenurene (cM.puc.5.10, a) B HeUTpallbHOM (CpeIHEM ) TIOJIOKEHUN
Kavaromnierocs peruara 1 o6a kinamana 2 u 3 HaXOIATCS B CBOMX THE3/1aX; B 3TOM IOJOKEHUU
KJIallaHOB KaHall b rupoiBUraTesnisi OTCOEAMHEH KaK OT KaHaja a, CBI3aHHOTO C HACOCOM, TaK U
OT KaHala ¢, CBI3aHHOro ¢ 6akoM. [Ipu moBopote prryara | BpaBo ¢ THAPOIBUTATEIIEM
COEIIMHSIETCS KaHaN a Hacoca, IIpU MOBOPOTE BJIEBO - KaHaM ¢ Oaka.

CxeMa 4eThIPEeXX0J0BOTO KIANMaHHOTO paclpeIeuTesl npeactasieHa Ha puc.5.10, 6. [Ipu
MOBOPOTE PYKOSATKM | mepemeriaercs Ta Wi Apyras napbl K1anaHoB 2 uiM 3, obecreunBas
no/1BoA (OTBOJ) KUAKOCTU K COOTBETCTBYIOLIEH MOJIOCTH CUIIOBOTO MJIMHIIpa 4.

PacnpocTpaneHs! Takke KiamaHbl ¢ KyJa4KOBBIM MpuBoioM (puc.5.10, B). Ha Banuke 3
HAXOJSATCS YEThIPE KyJiauKa 2, COOTBETCTBYIOIIMM 00pa30M OPHEHTHPOBAHHBIC OJTUH
OTHOCHUTEIILHO JIpyroro. [Ipu moBopoTe BaMka KyJIauKy BO3ICHCTBYIOT HA MITOKH
COOTBETCTBYIOIIIETO KOHYCHOTO 3aTBOpa 1, obecreunBast moBoI paboUeH dKHUIKOCTH B TIOJIOCTH
WJIOBOTO IIMJIMH/IpA 5 1 ee 0TBOJ. B monokeHnn, IOKa3aHHOM Ha pacCMaTPUBAEMOM PHCYHKE,
KHUJIKOCTh OT KaHaJa, CBSI3aHHOTO C HACOCOM, TIOCTYIIAET Yepe3 OTKPBITHIN (YTOIUICHHBIN) 3aTBOP
4 B JIeBYIO TIOJIOCTh CHJIOBOTO LWJIMHAPA 5 M yAajsieTcs B 0aKk U3 MpaBoil MOJIOCTH IUITMHIIPA
yepe3s kianad. OcTtanpHbIe J1Ba 3aTBOPA HAXOAATCS B CBOUX ceiax. [Ipu moBopoTe Banuka
BCTYTAIOT B ICHCTBUE 3TH 3aTBOPHI, 00SCTICUNBAsI ITOIBO]I )KUIKOCTH B IPABYIO TOJIOCTh
IWIMHIPA 5 ¥ OTBO/JI €€ U3 JIEBOH MOJIOCTH.



Ha puc.5.10, r mpeacTapieHa cxeMa TPEXMO3ULMOHHOTO KJIAIaHHOTO PacIpeAeIUTENs IPSIMOro
neiicTBus ¢ IByMs KianmaHamu 1 u 4, ynpaBnseMbIMu 35ekTpomarautamu 2 u 3. [pu
BBIKJTFOYEHHBIX IEKTpPOMarHuTax oda KiiamnaHa npuxaTsl IpyKHHAMH K cBouM ceanam. [lpu
3TOM MarucTpajlb HarHeTaHUsl NEPEKPHITA, & IOJOCTU TMIPOABUTATENS COETUHEHBI CO CIIUBOM.

[Ipu BKITIOUEHUU AJIEKTPOMArHuTa 2 Kianat 1, cokumas Ipy»KuHY, IEPEMECTUTCA B KpaiHee
JICBOC MOJIOKCHUC U MTPHUIKMCETCA K JICBOMY CCIITY. B sToM nonosxennu OaHa U3 MMOJIOCTEH
MOTPEOUTENSI COETMHUTCS C HAIIOPHOW MarucTpanblo. [Ipy BKIIFOUEHHOM AJIEKTPOMArHuTe 3 u
BBIKJIFOYCHHOM 3JICKTPOMAarHure 2 cpaboTaeT KiamnaH 4, COeIMHUB BTOPYIO MOJIOCTh
MOTPEOUTENSI C MATUCTPAJIbIO HAaTHETAHUSI.



Peryaupyiomas u HanpapJsomas anmnaparypa

6.1. O0mue cBegeHNs 0 rUApoANNaApaType

T'uopoannapamom Ha3bIBAETCs YCTPONCTBO, IPEeIHA3HAYECHHOE JJI1 M3MEHEHUS WIH
MOIICPXKAHUS 33JaHHOTO TTOCTOSTHHOTO JABJICHUS UM pacxoaa pabodeid )KUAKOCTH, JINO0 JIs
M3MEHEHHs HalpaBlieHUs TIOTOKa pabouel xxuakocTy. ['uapoanmnaparypa noapasaensercs Ha
PEryIUpyIOIIYIO U HAapPaBJISIOUIYO.

Pezynupyrowas cuopoannapamypa n3MeHseT AaBleHHE, PaCX0/ U HaIllpaBlieHHE NTOTOKa paboueit
AKHJIKOCTH 32 CUET YaCTUYHOI'O OTKPBITUS pab0overo NpoXoJHOIO CEUEHHS.

Hanpasnaowas cudpoannapamypa npeiHa3Hau€Ha TOIbKO ISl U3MEHEHMSI HallpaBJICHUS
MoTOKa paboyei KHUAKOCTH MMyTEM HOJHOTO OTKPBITUS HIIN 3aKPBITHS pab04yero mpoxoaHoro
CEYCHHUS.

PaGouee npoxoaHoe cedueHne THAPOANIapaTOB U3MEHSIETCS MPU U3MEHEHUH MOJIO0KEHUS
3anopHo-pe2yiupyroue2o d1emMeHma, BXOIIIEro B UX KOHCTPYKIIHIO.

ITo npuHIMITY AEHCTBUS 3aOPHO-PETYJIUPYIOIIETO AIEMEHTA:
- TUAPOKJIAMaHBI;
- TUZIpOAIapaTypa HeKJIanaHHOTO IEUCTBUS (IPOCCEINH).

B 3aBrCHMOCTH OT KOHCTPYKLUU 3aII0PHO-PETYIUPYIOLLEr0 2JIEMEHTA IMApOannaparsl
NOJPa3AcIAoT Ha!

- 30JIOTHUKOBBIE;

- KPaHOBBIE;

- KJIallaHHBIE.

[To BHemHEMY BO3AECHCTBHUIO HA 3alIOPHO-PETYIUPYIOLIHHA 3JIEMEHT:
- peryjiaMpyemsble;
- HaCTpauBaeMblIe.

T'uopoxnananom Ha3bIBaeTCA THAPOANIAPAT, B KOTOPOM BEIMYMHA OTKPBITUS pabovero
IPOXOJIHOTO CEUYEHUS M3MEHSAETCS OT BO3JCHCTBUS MPOXOIAIIETO Yepe3 Hero MoToka padboueit
KHUJIKOCTH.

[To xapakTepy BO31E€HCTBUS Ha 3aIIOPHO-PETYIUPYIOIMINN AIEMEHT TUAPOKIIanaHbl MOTYT OBITh
OpSMOTO U HETIPSIMOTO ACUCTBUS. B eudpoxnananax npsamoeo oeticmeus BenuuuHa OTKPHITUS
paboyero NpoXoaHOTO CEUEHUSI U3MEHSETCS B Pe3yJIbTaTe HEMOCPEICTBEHHOI'O BO3ACHCTBUS
noToka padoueit JKUAKOCTH Ha 3aII0PHO-PETyIUPYIOLIHNA d5IeMeHT. B eudpoknananax nenpsamozo
Oeticmaus TIOTOK CHavayia BO3ICMCTBYET Ha BCTIOMOTATEIbHBINA 3alIOPHO-PETYIUPYFOITHI
AJIEMEHT, MEPEMEILIEHUE KOTOPOTrO BbI3bIBAET U3MEHEHUE MOJI0KEHUS OCHOBHOTO 3alI0PHO-
PEryJIHUPYIOIIETO JIEMEHTA.

l'uopoannapamom nexnanannoz2o deticmeus Ha3bIBa€TCs FUAPOAINIIAPAT, B KOTOPOM BEJIMYMHA
OTKPBITHSI pab0Yero MPOXOAHOTO CEUCHHUS HE 3aBUCUT OT BO3ACHCTBHSI MOTOKA MPOXOASIIEH
yepe3 Hero padoueit xuakoctu. Takue ruapoannapaTsl UHa4Y€ Ha3bIBAIOT Opoccenimu. C TOUKn
3peHus IOJ0KEHUH TUPABIUKH JPOCCEND MPEICTaBISIET COO0N aKTUBHOE THAPABINYECKOE
COIPOTHBIICHUE.



6.2. HanmopHble rHAPOKIATIAHBI

HaHOpHI)IC TUAPOKIAaIaHbl NPCAHASHAYCHBI IJId OTPAaHUYCHUA OABJICHUA B IMOJABOJUMBIX K HUM
MoTOKax padouelt xuakocTu. Ha puc.6.1 npuBeneHbl MPpUHIMITHAIBHBIC CXEMbI HATTOPHBIX
KJIAIIAHOB IIPSIMOTO JEHCTBUS ¢ IIAPUKOBBIM, KOHYCHBIM, IUTYH)KEPHBIM U TapeIb4aThiM
3aMOPHO-PETYIUPYIOLIUMU dIIEMEHTAMH.
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Puc.6.1. [IpuHIMNIManbHbIe CXEMbl HAMOPHBIX KIIAMMAHOB C 3aMIOPHO-PETYJIUPYIOMIUMU
SJICMCHTaMU:
a - C IIapUKOBBIM; O - C KOHYCHBIM; B - C 30JIOTHUKOBBIM; T - C TapeIbuyaThIM

Kraman cocTouT U3 3aropHO-pETyIUpYIONMEro 3eMenTa | (mapuka, KOHyca U T.11.), IPYKUHBI 2,
HATSHKEHUE KOTOPOW MOKHO U3MEHSTh PEryJIUPOBOYHBIM BUHTOM 3. OTBepcTue 5 kopiyca 4
COEJIMHSETCS C IMHUEHN BBICOKOTO JaBJIEHMS, a OTBEpCTHE 6 - cO CIMBHOI nuHuel. Yactp
KOpIyca, ¢ KOTOPOW 3alOpHO-PErYJIMPYIOIINI 3JIEMEHT KJIallaHa MPUXOJIUT B COIPUKOCHOBEHHUE,
HA3bIBACTCS CEIIOM (TIOCATOYHBIM MECTOM ).

[Ipu ycTaHOBKE Ki1amaHa B THIPOCUCTEMY MPY’KMHA 2 HACTPAaUBAETCs TaK, YTOOBI CO3/1aBaeMOe
€10 1aBJIeHne ObU10 0oJbIle pabovero, TOraa 3anopHO-PEryIUPYIOIINI 3JIEMEHT OyAeT NPIKaT K
cemty, a JJMHUS CIIMBa Oy/IeT OT/eJIeHa OT JIMHUH BBICOKO JIaBJIeHUs. [Ipy MOBBIIIICHNH 1aBICHUS
B IIOJIBOJJUMOM IOTOKE CBEPX PErJIaMEHTUPOBAHHOTO 3allOPHO-PETYIUPYIOIMIUI 3JIEMEHT
KJIallaHa MepeMeIaeTcs: BBEpX, IPeoAosieBas yCUile MpyKuHbl, padouee NpOXOJHOE CEUEHHE
KJIalaHa OTKPBIBAETCS, U TUAPOIMHHUS BBICOKOTO JABJICHUS COEIUHAETCS CO CIIMBHON. Best
pabouast )KUIKOCTh HJIET Yyepe3 KiamnaH Ha ciauB. Kak TonbKo naBieHue B HAOPHON THAPOIUHUN
yHaJeT, KamnaH 3aKpoeTcsl, U €CIM IPUYNHA, BbI3BaBILAs MOBBIILICHUE JaBJIEHUs He OyaeT
yCTpaHeHa, NMpoLecC MOBTOPUTCS.

BoznukaeT BUOpaLus 3alI0pHO-PETYIUPYIOLIETO JIEMEHTa, COPOBOXKAAEMas yaapaMH O CEIJI0
U KoJIeOaHUSIMU J1aBJieHUs B cucTeMe. Bubpanius u yapbl MOTYT CIIyKHUTh IPUYMHON HU3HOCA U
NOTEPU F€PMETUYHOCTH KJIAIIaHOB.

JI71s yMEeHbIIIeHUs CUITBI YJIapa U 9acTOTHI KOJIeOaHH KIlaraHa O CeAJI0 MPUMEHSIOT
CHeIMANIbHBIC THAPaBINYecKue nemmdepsl (puc.6.1, 0, T). YCTpoHCTBO COCTOUT U3 KaMephl 7, B
KOTOpOI1 nepemeniaercs myHxep 8. Kamepa 3anonnena xuakoctsio. C TUHMEN cliuBa 3Ta
KaMepa COeUHsIETCS TOHKUM KalnuOpoBOoYHbIM oTBepcTHEM 9 nuamerpom 0,8...1 mm. [Tpu
OTKpBIBAaHUU KJIallaHa IUTYH>Kep BBITECHSET KUAKOCTh U3 KaMmepsl AeMidepa. Co3aBaemoe npu
3TOM T'HJIPaBIMYECKOE COMPOTUBIIECHHUE, TPOIMOPLHUOHATIBEHOE CKOPOCTHU ABMXKEHUS TUTYHXKEpa,
yYMEHBIIIAeT YacTOTy KoueOaHuil, CHITy yapa 3aropHO- PeryJIupyIOLIero 3JIeMeHTa U YaCTUYHO
YCTpaHSET €ro BUOPAIIHIO.



J1oCTOMHCTBO KJ1alaHOB MPSIMOTO JIEHCTBUS - BBICOKOE ObIcTpozeiicTBue. HeqocraTok -
YBEJIMYEHUE pa3MEPOB MPH MOBBILICHUN Pad0Yero JaBlICHUs, a TAK)KE HECTAOUILHOCTD PabOTHI.

[Tpu KOHCTPYHPOBAHUU HATIOPHBIX KJIAMAHOB UX rabapUT U MacCy MOXKHO YMEHBUIUTb, €CIIH
npuMeHHUTD AuddepeHnnanbHbIe KIanaHbl WiIH KJIAlaHbl HEMPSIMOTO JEHCTBHS.

Juddepenumanbublii knanas (puc.6.2) COCTOUT U3 IUTyHXXepa 1, KOTOPBII UMeeT J1Ba MosicKa
nuaMmerpaMu D 1 d, Ha KOTOpBIE BO3/IEHCTBYET KUAKOCTb.

%
+
III
Puc.6.2. [lpunnunuansHas cxema qudQepeHraIbHoro KiamnaHa

bnarogapst HaaM4YKIO MOSICKOB C PAa3HBIMU IMAMETPAMH YMEHBILIAETCS aKTUBHAS IUIOIIAIb
3aIIOPHO-PEryIMPYIONIETO 2JIEMEHTA KilallaHa, Ha KOTOPYIO BO3JEHUCTBYET KUAKOCTb, U OH
OKa3bIBAETCSl YACTUYHO PA3rPYKEHHBIM. JTO MO3BOJISIET YMEHBILINUTD Pa3MePhI NPYKUHBI U BCETO
KJlanaHa B 1iejoM. HavanpHas cuila HaTsHDKEHUS IPYKUHBI 2 ONPENENsIeTCs U3 yPaBHEHHUS
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C ymeHbIlIeHnEM Pa3HOCTH IUIOIAAEH MOSCKOB XOTS U YMEHBIIACTCS yCHINE NIPYKUHBI, HO
OJIHOBPEMEHHO YMEHBIIACTCS U COOTHOILIECHHE IEHCTBYIOIIMX Ha 3aII0PHO-PETYIUPY 0L
JJIEMEHT KJIallaHa CHJI NAaBJICHUS JKUJIKOCTH M CHJI TPEHHS 3TOTO 3JIEMEHTA O KOPITYC KJIallaHa.
[Ipu onpeneneHHbIX cooTHOWEHUAX D 1 d 3TH CHITBI MOTYT OKa3aTbCsl HECOM3MEPUMBI MEXTY
co0oii 1 KJ1anaH nepecrater padorats. [103TOMy B peanbHBIX KOHCTPYKIHAX

Qg QepeHIraIbHbIX KIamaHoB MPHHUMAIOT CIIETYIOIIee COOTHOIICHHE:

nD*  7d® 17’
4 4 44

Henocratkom nuddepeHanbHbIX KIAaIaHoB SBISIETCS CKauKooOpa3HOe N3MEHEHHE AaBICHUS U
pacxojia yepes KilanaH B MOMEHT ero OTKpeITHs. [I03TOMy BelMUMHYy X0/a 3all0pHO-
PeryJIMpyIOLIETO JIEMEHTA KilallaHa OrpaHu4YMBaIOT BEIMYUHON

1 2,2
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Emie Oonbliero yMeHbIIEHHs pa3MEPOB MPY>KUHBI X BCETO KJIanaH B I[EJIOM MPU OJTHOBPEMEHHOM
MOBBIIIICHUH €r0 TEPMETUYHOCTH MOXHO JIOCTUTHYTh B KJIaIlaHAX HEMPSIMOTO IEHCTBUS
(puc.6.3).
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Puc.6.3. HanopHslii ki1anad HENPAMOTo JE€UCTBUSL:
a - MPUHIUINHAAIIbHAS cXeMa; O - YCIIOBHOE 0003HaYEHUE

Kiaman cocTouT 13 0OCHOBHOTO 3alTOPHO-PETYIHPYIONIETO 3JIEMEHTA - 30JIOTHUKA | CTymeH4aTon
(b opMbI; HEpETyIMPyEeMOM MPYKUHBI 2 U BCIOMOTaTeIbHOTO 3alI0PHO-PETYIUPYIOLIETO
aJieMeHTa 3 B BUJI€ LIAPUKOBOTO KJIAMaHa MPSIMOTO ACHCTBUA. Y CUITUE TIPYKUHBI 4 IIApUKOBOTO
KJIariaHa peryJjupyercsa BUHTOM 5. KaHanamu B Kopiyce KiianaHa moJIOCTA 7 U 8 COeAMHEHBI C
ruaponrHueit 10 Beicokoro aaBieHus. [lonocTs 6 coequHeHa ¢ MOIOCTHIO § KAUJUISIPHBIM
KaHaJioM 9 B 305i0THUKE. [Ipy>XHHBI ITapUKOBOTO KJIanaHa 3 HacTpauBaeTCs Ha naBiieHue Py (Ha
10...20% OGosbiiie MaKCUMaJIBHOTO paboyvero B TUIAPOCUCTEME).

Ecnu npu paboTe MamuHbl JaBieHue B ruapocuctemMe Py < Py, IapuKOBBIN KIIanaH 3aKphIT, B
MOJIOCTSAX 6, 7, 8§ yCTaHABIMBAETCS OJIMHAKOBOE J1aBJIeHUE Py, 30J0THUK 1 MO/ BO3IEHCTBHEM
MPY’KUHBI 2 3aHUMAET KpallHee HUKHEE MOJIOKEHUE, a TUAPOIUHUS BBICOKOTO AaBieHus 10
OTJIeJIeHa OT TUAPOJIMHUY ciivBa 11 (MoJ0XKeHue KiarnaHa COOTBETCTBYET N300paKEHHOMY Ha
puc.6.3). FI3meHeHune naBieHNe B THAPOCUCTEME BbI3bIBACT M3MEHEHUS JaBJICHUS B MOJIOCTSIX 6,
7, 8 xnanaHa. B ToT MOMEHT, Korja naByieHue P ; npeBbIicUT Py, MIapUKOBBIN KJlanaH 3
OTKPOETCS U Yepe3 HEeTO KUAKOCTh B HEOOJBIIIOM KOJIMYECTBE HAYHET MOCTYIAaTh Ha cluB. B
KaMWIIIPHOM KaHaJjie 30JI0THUKA CO3/1a€TCs TEUCHUE KUIKOCTH C TIOTEpE AaBICHUS Ha
MIPEOJI0JICHUE TUAPABINYECKUX COMTPOTUBIICHUI. BenencTBue 3Toro qaBieHue KUAKOCTH B
MOJIOCTH 6 CTaHET MEHbIIIE JIaBlieHus B nojocTsx 7 u 8. [lox nefictBruemM 00pa3zoBaBIIETOCs
nepenaja J1aBJIeHUN 30J0THUK | mepeMecTUTCs BBEPX, CKUMAsSI IPYKUHY U coeAnHss TuHUI0 10
c siunuen 11. Pabouas xuakocts OyJeT MOCTyIaTh Ha CIUB, U NEPETPY3KU THIPOCUCTEMBI HE
npousoiiner. OJHAKO KaK TOJBKO JIMHUS BBICOKOTO JABJIECHUS COEAUHUTCS CO CIIMBOM, JaBJICHUE
KUJKOCTH B THAPOCUCTEME YMEHBITUTCS 10 Py < Pk, IapuKOBBIN KiIanaH 3aKpOoeTcsi U TCUCHUE
YKUJKOCTHU N0 KalWJUIIPHOMY KaHajly npekpatutca. JlaBneHue B mosocTsax 6, 7 u 8 BEIPOBHSIETCS
Y TI0J1 BO3/ICCTBUEM TIPY>KUHBI 2 30JJOTHUK BO3BPATUTCS B UCXOHOE MOJIOKEHHUE, CHOBA
OT/IEJIMB JIMHUIO BBICOKOTO JIABJICHUA OT ciiMBa. Eciiv mpuuKHa, BbI3BaBILIAS [TOBBIIIEHUE
JABJICHUS B TUAPOCUCTEME, HE OYyIeT yCTpaHEHa, MPOIECC MOBTOPUTCS U 30JI0THUK B KOHEYHOM
UTOTE YCTAaHOBHUTCS Ha ONpPEAENIEHHOW BBICOTE, PU KOTOPOU JaBJICHHE B THIpOcUCTEME OyaeT
MOJAEPKUBATHCS TOCTOSTHHBIM.

Korma knmanan HaxoauTcst B paboTe, 30JI0THUK COBEpIIAeT KOineOaTebHbBIC IBHKEHUSI.
YMEHbIICHHIO KOJIeOaHMI 30JI0THUKA CIIOCOOCTBYET MOJIOCTh 7, OKa3bIBAIOIAst HA HETO
nemrdupyroiiee BIUsHUE.



Jl1 pa3rpy3Ku CUCTEMBI WJIM KaKOT0-JIM0O0 €€ yyaTKa KialaHbl HENPSMOTo IeHCTBUS MOTYT
YOPaBIATHCA AUCTAaHIMOHHO. [t 3TOr0 nosnocte 6 nocpeAcTBOM KaHana 12 u kpana 13
HEOOXO0JJUMO COEIMHUTH CO CIIMBOM. B pe3yiibTaTe 1aBiaeHHUE B MOJIOCTH 6 pE3KO yHaeT,
30JI0THUK | MOAHMMETCS BBEPX, a JIMHUA BBICOKOTO AaBieHus 10 coenuHuTcs co cnuBoM 11.

[To cpaBHEHUIO ¢ KIIaITaHAMU MPSIMOTO JACHCTBHSI KJIANIaHBI HEMTPSIMOTO JIEHCTBHS 001a1at0T
PAIOM IIPEUMYILECTB:

1. [TmaBHOCTB ¥ OECITYMHOCTH PaOOTHI.

2. IloBblieHHas YYBCTBUTCIILHOCTD.

3. JlaBneHne Ha BXOJIE B KJIANIaH MOJCP)KUBACTCS MIOCTOSTHHBIM M HE 3aBHCHT OT Pacxo/ia
paboueii JKUAKOCTH Yepe3 KIIaraH.

6.3. PenyKIIMOHHBIN KJIaNaH

P CAYKIOMOHHBIM Ha3bIBAOT THAPOKJIAIIAH JABJICHUS, HpeI[HaSHa‘-ICHHHﬁ AJI TIOAACPIKAHUA B
OTBOAUMOM OT HETO ITOTOKE pa60qel71 KHUIKOCTU 0oJ1ee HU3KOTO JaBJICHHUA, YEM JaBJICHUC B
MOABOJUMOM MOTOKE. B THUAPONPHUBOAAX HAXOAAT IPUMCHCHHUEC B OCHOBHOM JIBa THUIIA
PEAYKINOHHBIX KIIaIlaHOB.

H€p6bllj mun KJIaIlaHOB 00eCIIeYnBacT YCTAaHOBJICHHOC COOTHOUICHUC MCKAY AABJIICHUSAMHA Ha
BXOA€ U BBIXOJC U3 KiIallaHa.

Penyxkuuonnsiit knamnas (puc.6.4) COCTOUT U3 3aMIOPHO-PETYIIHPYIONIETO SJIEMEHTA - TUTYHXKEpa
1, mpuxaToro K ce/ury nIpy>KUHOH 2, cuja HaTsHKEHUS! KOTOPOM peryIupyeTcss BAHTOM 3.
OTtBepctue 4 KopIyca COeIMHAETCS C TUAPOJIMHUEN BBICOKOTO /1aBJIEHUS, a OTBEPCTHE 5 C
TUAPOJIMHUEH HU3KOTO aBJIeHUs. B MCXOIHOM MOJI0KEHUH KIIallaH IPUKAT K CEITY, a BXOJ
KJIanlaHa OT/eJIeH OT BeIxoa. [lpu noBeileHny naBiaeHust P; miyHXep NoJHUMAaeTcs U
THJIPOJIMHUS BBICOKOT'O IaBJICHUS COEUHSETCS C THIPOIIMHUEH HU3KOro faBieHus. Yem Gosbiie
nasiieHue P;, TeM 0oJIbIle OTKPBIBAETCS MTPOXOIHOE CEUCHUE KITallaHa U TeM OOJIbIe
CTAHOBUTCS JaBieHue P.

Takum 06p8,30M, JaBJICHUC Pg 3aBUCUT OT JaBJICHUA HAa BXOAC KJlallaHa, OT HaYaJIbHOM CHJIBI
HaTsDKeHUS P np A JIKCCTKOCTH IIPYIKHHBI C
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Puc.6.4. PenyKunoHHbIN KiIamaH:
a - MPUHIUIHAIIbHAS cXeMa; O - YCIIOBHOE 0003HaYEHUE



Bmopoti mun penyKIHOHHOTO KJlanaHa MoIep>KUBaeT MOCTOSHHOE PeAyIUPOBAaHHOE aBICHHE
Ha BBIXOJIC HE3aBUCHUMO OT KOJIeOaHusI TaBJICHHS B MOABOIMMOM M OTBOJIMMOM IOTOKax paboueit
xuakocTu. Takue peayKIMOHHBIE KJIalaHbl MOTYT OBITh MPSIMOTO U HEMPSIMOTO JAEHCTBHUSL.

PaccMoTpuM paboTy peayKIIMOHHOTO KJamaHa HenpsiMoro aeictsust (puc.6.5). Kimaman cocrout
U3 OCHOBHOTO 3alIOPHO-PETYJIMPYIOIIETO AIEMEHTa - 30JI0THUKA | cTyneH4aToil popmsl,
Harpy>K€HHOI'0 HEPETYINPYEMOH NPYKMHOM 2 ¢ MaJIOH KE€CTKOCTbIO, U BCIIOMOTaTEIbHOTO
3aM0PHO-PETYJIUPYIOIIETO 3JIEMEHTA 5 B BUJIE IIAPUKOBOro KinanaHa. Cuily HaTsHKEHMS
MPY’KUHBI 4 MAPUKOBOTO KJIallaHa MOXHO U3MEHATh BUHTOM 3. B Kopmyce kinanaHa UMerTcs
KaHaJIbl, COCIUHSIONINE MOJIOCTH 7 U 8 C BBIXOJIOM, a B 30JIOTHHUKE | - KamWJIApHBINA KaHam 9,
COEJIMHSIOLIUHI MOJO0CTh 6 € MOJIOCTHIO §, a yepe3 MOCIEIHIO U C BBIX0/I0M KiaraHa.

Ecnu npy»xuna 4 HacTpoeHa Ha JjaBlieHHe OoJblliee, YeM JaBlieHue P; Ha BXO/ie KianaHa, TO
30JI0THUK | 3aHMMAaET UCXOJHOE MOJIOXKEHUE (TI0Ka3aHo Ha puc.6.5). B aToM ciayyae B moiocTsax
6, 7 1 8 OyeT oJuHaKOBOE JaBieHue, paBHOe P;, monocTh 10 coenqunena ¢ monocteio 11, a
KHUJKOCTh CBOOOHO POTEKAET uepe3 KianaH. PenynupoBanust JaBjaeHMs! IPU 3TOM He
npoucxoaut. [Ipu HacTpolike npykuHbl 4 Ha AaBiaeHUe P, < P; mapuKOBBIN Ki1anaH OTKPOETCS U
XKHUJIKOCTh B HEOOJIBIIIOM KOJMYECTBE U3 MOJIOCTH 6 OyeT MocTynarh Ha cuB. B KamumisspHoM
KaHaJje 9 30JI0THHKA CO3/1a€TCsl TEUEHUE )KUIKOCTH € ITOTEPEN B HEM JABJICHMSI HA IIPEOJOICHHUE
TUIPaBIMYECKUX COMPOTUBIIEHUN. B pe3ynbrare naBieHue B mojaocTu 6 ynajaer ¥ 30J0THUK
IIOJTHUMETCS BBEPX, YMEHBIUIUB IUIOIIA/Ib )KMBOI'O CEYeHMs Mexay nojgoctamMu 10 u 11.
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Puc.6.5. PenyKumoHHBIN KJIaniaH HEMPSAMOTO JEHCTBUS:
a - IpUHIMITAATBHAS cXeMa; O - YCIOBHOE 0003HaUYCHUE

DTO B CBOIO 0OYEPE/Ib BHI30OBET MOHMKEHUE JaBeHus B noioctax 11, 8 u 7, onmyckanue
30JI0THUKA U YBEJIMYEHHE IIJIOLIaN KUBOTO ceueHust Mexxay nosoctsimu 10 u 11. Iponecc
HOBTOPUTCSI CHOBA, Y 30JI0THHK, COBEpIIas KoyuebaTeabHble IBU)KEHUS, YCTAHOBUTCS Ha
oTpezieNIeHHON BbIcoTe. Besikoe n3MeHeHue 1aBieHus Ha BXO/I€ WM BBIXOJIE KJIallaHa BbI3bIBACT
OTBETHOE TepeMeIlleHHEe 30JIOTHUKA. B KOHEYHOM HTOTre 3a CUeT U3MEHEHHsI JPOCCETUPOBAHUS
JTaBJICHHME Ha BBIXOJIE KJIanaHa MoJIep>KUBAETCs MOCTOSHHBIM. B 3TOM Kilanane nojocts 7 u
y3KUI KaHall, COeIMHSIOMNN TOJIOCTh ¢ BBIXOJOM KJlalaHa, OKa3bIBaloT JeMIpupyromiee
BJIMSIHUE HA 30JIOTHUK, YMEHbIIas €ro KojaeOaHus.



6.4. O0paTHbIe rHAPOKJIANIAHBI

Obpamnuim 2udpoxnananom Ha3bIBA€TCs HANPABIIAIOUMI MHIpoanmnapar, IpeaHa3HauYeHHbIH
JUI IPOITyCKaHMsl pabouel )KUAKOCTH TOJIBKO B OJIHOM HanpaBieHUUu. OHU MOTYT UMETh
Pa3JIMYHBIC 3aIIOPHO-PETYIUPYIOLIUE MIEMEHTBI: IIAPUKOBBIN, KOHYCHBIN, TapeIbyaThbli N
LTy HKEPHBIM.

B cootBeTcTBHYM CO CBOMM HazHau€HHEM OOpaTHBIN KJamaH JOJKEeH ObITh TePMETUYHBIM B
3aKpBITOM I10JIO)KEHUH, T.€. B UCXOAHOM IIOJIO’KEHUH 3aII0PHO-PETYJIUPYIOIIEro AIeMeHTa. [
JOCTHXKEHHS a0COJIIOTHON reépMETUYHOCTH B 3aKPHITOM OJIOKEHUU MPUMEHSIOT 00paTHbIE
KJIallaHbl C IByMs WJIM TPEMs IIOCIIEI0BATENBHO COEAMHEHHBIMU 3aII0PHO-PETYINPYIOIUMU
3JIEMEHTaMHU.

[IpyxuHa 00paTHBIX KIIAITAHOB HEPETYJIUpyeMasi, €€ CHIa HATSHKEHHS JOJDKHA 00€CTIeunBaTh
JMIIb MPEOJI0JICHNUE CUIT TPEHHS U MHEPLIMIO, a TaK)Ke ObICTPOE BO3BpAILEHUE B HCXOAHOE
II0JIO’KEHUE 3alIOPHO-PETYIMPYIOIIETO JIEMEHTA.
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Puc.6.6. OGpaTHbIii kinamad tuma ['51:
a - KOHCTPYKIHUS; O - yCIIOBHOE 0003HAYCHHE

O6partnsrii knanan ['51 (puc.6.6) uMeeT KOHYCHBIN 3alIOpHO-pEryIupyrouuii snement 5. [Tpu
10J1BOJIe pabove KUAKOCTU K OTBEPCTHUIO | 3alOpPHO-PETYIUPYIOLIUI 3JIEMEHT 5 TOJHUMAETCS
HaJl Ce/IJIOM 2, IpeoJiojeBast CUIly HaTshKeHUs NpyKuHbI 4. JKuakocTs cBOOOIHO MPOXOAUT K
otBepctuio 3. Ilpn n3MEeHEeHNH HaIlpaBICHHS MTOTOKA pabovel )KUIKOCTH 3all0pPHO-
PEryJIupYyIOMINN 3IEMEHT 5 IpUXKaT K ceaty U OJI0KupyeT oTBepcTHe 1.

B rumpocucreMax MHOTMX MOOHIIBHBIX MAIlIMH OOpaTHBIE KJIAMaHbl C IIAPUKOBBIM paO0YUM
OpraHOM MPHUMEHSIOT B OJIOKHPOBOYHOM YCTPOMCTBE PE3NHOBBIX NUTAHTOB (pHcC.6.7).
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Puc.6.7. biiokupoBo4YHOE YCTPOHCTBO



brokupoBouHOE yCTPOHCTBO UMEET NOANPYKUHEHHBIE IAPUKH 1, KOTOpBIE NPU pa3beINHEHUN
TpyOOIPOBOIOB OJIOKUPYIOT MOTOK. [Ipn coennnennn TpyO myTeM HaBUHYMBAHUS Tallku 2 Ha
mryuep 4 TonkaTenb 3 0OT)KMMAET IMIAPUKU OT UX CEJIEN, TO3BOJISAS KUAKOCTH CBOOOIHO
IIPOXOJUTH YEPE3 YCTPOUCTBO.

B runponpuBosae oOpaTHble KilanaHbl IPUMEHSIOT: KaK MOJIOPHBIE; IS CO3aHMs
HEPETYJIUPYEMOTO MPOTUBOIABICHUS B CJIMBHOW MaruCTPayd THAPOIBUTATENS; 1 OJIOKUPOBKHU
BEPTUKAIBHO PACTIOJI0KEHHOTO MOPIIHS OT CAMOIIPOU3BOJIBHOTO OITYCKAHMS PU BBIKIIFOUEHHOM
NPUBOJIE; JJISl HEYIPABIISIEMOTO MPOITycKa padoueil )KUAKOCTH B OJTHOM HAIpaBJICHUHU U
YIPaBIsEMOro B IpyroM (COBMECTHO C IPOCCENEM); I UCKITIOYEHHS YTEUEK JKUIKOCTH U3
TUIPOCUCTEMBI TP IEMOHTaXKE U T.J. Kak KOHCTPYKTUBHBIN 371€MEHT OOpaTHBIN KilamaH
BKJIFOYEH B KOHCTPYKIUIO Pa3EIUTENIbHBIX TAHENIEH, HAIOPHBIX KJIAMAHOB, APOCCENEH U
PEryJIsATOPOB MIOTOKA, B 30JI0THUKHU C THAPABINYECKUM YIIPaBICHUEM, B HACOCHI U
TUAPABINYECKHUE IBUTATENH, B TUAPO3aMKH U T.[I.

6.5. Orpanuyure,n pacxoaa

Oepanuuumeﬂe/w pacxoéa Ha3bIBACTCs KJIallaH, HpeI[HaSHaquHBIfI AJIg OrpaHUYCHUS pacxoa B
THUAPOCUCTEMC HUJIU HA KaKoOM-I100 e¢ yY4acTKe.

[IpyHIMNIMATBbHAS CXEMa OrPAHUYMUTENS pacxoaa npuBeaeHa Ha puc.6.8, a. OH cOCTOUT u3
MOJABUKHOTO MOPIIHS 3 U HEPETYIUPYEMOM MPY>KUHBI 6, TOMENIEHHBIX BHYTpH Kopiiyca 7. B
MOPIITHE UMEETCS KATMOPOBOYHOE OTBEPCTHE 2 (HEPETYIUPYEMBIH JIPOCCEIb), a KOPITyCce - OKHA
4. B couetanuu ¢ nopiiHeM 3 okHa 4 MPeCTaBISAIOT co000i perynupyemslil fpoccens. B
HCXOHOM TOJIOKEHUH MPYKUHA CTPEMUTCS IEPEIBUHYTH MOPILIEHb B KpaifHee JeBoe
MIOJIO’KEHUE U OTKPBITH OKHA 4. [Ipu BKIIFOUEHUU OTPAaHUYUTENS PACX0/ia B THIPOCUCTEMY
JKUJIKOCTh TTOCTYTIAET B OTBEPCTUE | M Aanee mpoXOoAUT Yepe3 Apocceib 2 U OKHA 4 K OTBEPCTHIO
5. Ilpu nocTHKEHUH KUAKOCTU YEPE3 OTPAaHUUUTENb pacxoa y Apoccens 2 co3aaeTces nepenas
nasienuit. [Ipu yBennueHnun pacxoza nepenaj JaBlIeHUN YBEIUYNBACTCS U MOPLIECHB
nepemMeniaeTcs BIpaBo, YaCTUYHO WK MOJIHOCTBIO MepekpbiBast okHa 4. Koraa pacxon B
TUAPOCUCTEME YMEHBIIUTCS, NIepenal JaBIeHUN TaK)Ke YMEHBIIUTCS U OPIICHb IEPEeMECTUTCS
BJIEBO, YBEJINYUB OTKPHITHE OKOH.
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Puc.6.8. Orpannuurens pacxona:
a - IpUHIUNHAIbHASA cxeMa; 0 - 3aBucuMocts O=f(AP); B - ycia0oBHOE 0003HaUCHHE

[Ipu 3Hauennn nepenana nasineHus AP < APj pacxo[ >KMIKOCTH Yepe3 OrPaHUYMUTEb Pacxoaa
Oynet 3aBucets oT AP. Ilpu AP > AP, pacxon ®HUAKOCTU CTaHET MpeleabHbIM U paBHBIM
(cm.puc.6.8, 0).

6.6. /lesuTesin (CyMMaToOphbl) NOTOKA

ﬂeJ'II/ITeJ'ICM IMOTOKA HAa3bIBACTCA KilallaH COOTHOLICHUS Pacxod0B, Hpe,I[Ha?»Ha‘IeHHI:Iﬁ JJIA
pa3aciICHUA OAHOTO IIOTOKA pa6oqel71 KHUIAKOCTH Ha IBa U ooiee PaBHBIX ITIOTOKAa HE3aBUCUMO OT



BEJMYUHBI POTUBOIABJICHUS B KXKIOM U3 HUX. J[eTuTenn moToka MpuMEeHsIoT B
TUAPONPUBOIAX MAIIIMH, B KOTOPBIX TpeOyeTcsl 00ecIeunTh CHHXPOHU3ALUIO TBUKEHUS
BBIXO/IHBIX 3B€HBEB MapalIeIbHO PAOOTAOIINX THAPOABUTATEIICH, TPEOIOICBAIONIIX
HEOJMHAKOBYIO HAarpy3Ky.
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Puc.6.9. Jleaurens noToka:
a - MPUHIUIHAIIbHAS cXeMa; O - YCIIOBHOE 0003HAYCHUE;
B - YCJIOBHOE 0003HaUYE€HNE CyMMAaTOpa MOTOKa

Jenutens noToka (puc.6.9) cocTout u3 ABYX HEPETYIUPYEMBIX apocceneit 1 u aByx npocceneit
2, IPOXOJIHBIE CEUEHHSI KOTOPBIX MOT'YT aBTOMAaTHUECKU U3MEHATHCS Oaronaps nepeMeIeHuIo
wiynxepa 3. [Ipu paBeHcTBe Harpy3ok (F; = F) v muiomiaiel NopIIHeld THAPOLUINHAPOB
nasnenue P; = P, , nepenan nasiennit AP = (P; - P,) =0, mnymxkep 3 nenuTens 3aHUMaeT
CpeiHee MOJI0KEHHE, a PACXOIbl B 00EUX JTMHUAX OMHAKOBbIE. Eciy Harpyska Ha OJJUH U3
JTH00BIX TUAPOABUTATENEH N3MEHUTCS, TO O] AEUCTBUEM BO3HUKILIETO IIEpernaja 1aBjIeHu y
IUTYHXKEpa ACIUTENs] OH HAYHET CMEIAThCS U3 CPEAHETO MOJI0KEHMSI, U3MEHSISI OJHOBPEMEHHO
MIPOXOJIHBIE cedeHus Apocceneit 2. [lepemernienue npekpaTuTcs, Koraa gaBiaeHust Pz u Py
BBIPOBHAIOTCA. B 3TOM MOJI0KEHUHM TUTYH)KEpa PacXobl B 00eUX BETBAX OyIyT OJIMHAKOBBIMH.
Takum oOpa3om, moaaepKaHUuE PaBEHCTBA PACX0/I0B B 00EUX BETBSIX OCYIIECTBIISETCS 3a CUET
JPOCCEINPOBAHUS IOTOKA B TOM BETBH, I'I€ TUAPOJIBUraTENlb HAIPY>KEH MEHBIIIE.

JlenuTenb MOTOKAa MOXKET TakXke ObITh U CyMMaTOpOM NHoToka (puc.6.9, B). B aTom cinyuae B
TIOJIBOJTUMBIX K HEMY JBYX TPYOOIPOBOIaX MOICPKUBACTCS MTOCTOSIHHBIA pacxo]] paboueit
KUJKOCTH.



6.7. Jlpoccesu 1 peryJasiTopbl pacxoaa

Jlpoccenu U peryisiTopbl pacxo/ia MpeJHa3HaueHbl IS PeryJIMpOBaHus pacxoja padouei
KHUJIKOCTH B THIPOCHCTEME MM Ha OT/CIBHBIX €€ YIaCTKaX U CBSI3aHHOTO C ATHM
PEryimpoBaHust CKOPpOCTU ABHUKCHUSA BBIXOAHOI'O 3B€HA THAPOABUTATCIIA. I[pOCCG.HI/I
BBIMOJIHSIOTCS 110 IBYM MPUHIUITHAIEHBIM CXEMaM.
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Puc.6.10. JIunelHbIl IpOCCEnb:
1 - xopryc; 2 - BUHT

Jlunetinvie opoccenu, B KOTOPBIX TIOTEPH JABICHUS MIPOMIOPIIMOHAIBHBI PACXOAY KHUIKOCTH. B
TAaKUX OAPOCCCIIAX MOTCPU AABJICHUA ONIPCACIAIOTCA MMOTCPAMU JaBJICHHUA 110 AJTUHE. N3menss
JUITMHY KaHaJIa, 110 KOTOPOMY JIBUXKETCS )KUIKOCTh, MO)KHO M3MEHUTH IMOTEPH JABJICHUS M PACXO]]
yepes apoccenb. [[pumepoM THHEHHOTO APOCCes CITy )KUT THAPOAIIAPAT C APOCCETHHBIM
ka"ayioM (puc.6.10).

B sToM npoccene KuaKoCTh ABUKETCS IO BUHTOBOUM MPSIMOYTOJILHOM KaHABKE, JUTMHY KOTOPOM
MOKHO U3MCHATH TIOBOPOTOM BHHTA. Hnomazu: JKUBOI'0O CCUCHUA U UIMHY KaHalla
YCTaHABIIMBAIOT U3 YCJIOBUS MOJIYyUEHUs B Apoccelie TpedyeMoro nepenajaa JaBieHuil u
UCKJTIOYCHHSI 3aCOPSEMOCTH KaHala MEXaHUYEeCKUMH MTPUMECSIME, COIECPIKAIUMUCS B paboueit
KUAKOCTU. B Takux apoccensix 3a cUeT yBeJIMYEHUs AJIUHbI KaHajla MOXHO YBEJIUYUThH IO
€ro KMBOT'O CEYEHUsI, UCKIIFOUUB TEM CAMBIM 3aCOPEHUS IPOCCEIISi BO BPEMS €ro paOdOTHI.

Henunetinvie opoccenu XapakTepu3yIlOTCs TEM, YTO PEXKHUM JBMXKEHUS KUAKOCTH Yepe3 HUX
TypOyJIEHTHBIH, a epenas JaBlIeHUN IPAKTUUECKH MTPOMIOPLIMOHANIEH KBaIpaTy pacxoa
XKHUJIKOCTH, TIOATOMY TaKHe IPOCCEH YacTO Ha3bIBAIOT KBaIpaTUYHBIMU. B HUX noTepu
JIABJICHUS ONPEICISIOTCS NeopManreil MOTOKa KHUIKOCTH M BUXpEeoOpa30BaHUIMH,
BBbI3BaHHBIMH MECTHBIMH CONPOTUBIICHUAMU. VI3MeHeHue nepenaia AaBieHus, a,
CJIEIOBATENIbHO, U U3MEHEHHUE PacX0/1a )KUJIKOCTH Yepe3 TaKHe IPOCCEIH JOCTUTAETCs
M3MEHEHUEM WIH IUIONIAI IPOXOJHOIO CEYEHMS], MIIM YUCIIa MECTHBIX COIIPOTUBIICHUH.

B perynmupyemsix (puc.6.11, a, 6, B, T) 1 Heperynupyembix (puc.6.11, 1, €) HelnuHeHHBIX
JpOocCCcemsiX AIUHA My TH ABWXCHUS KUIKOCTH CBE/IeHAa K MUHUMYMY, OJlarofapsi uemy notepu
JIABJICHUS M PACXOJ IPAKTUIECKU HE 3aBUCAT OT BSA3KOCTH )KUIKOCTH U U3MEHSIOTCS TOJIBKO PU
U3MEHEHUH IO paboyero MpoxXoaHOro ce4eHusl. MakCHMalIbHYIO IJI0IIAIb
YCTaHABJIMBAIOT U3 YCIOBUS MPOITyCKa 3aJJaHHOTO pacxo/ia KHUIKOCTH Yepe3 MOTHOCTHIO
OTKPBITBIN APOCCENb, MUHUMAIBHYIO - U3 YCIOBHUS HCKITIOYCHHS 3aCOPSEMOCTH pabouero okHa.

B nnactuHuaThIX npoccensax (puc.6.11, €) conpoTuBiIeHNE 3aBUCUT OT JUaMETPa OTBEPCTHS,
KOTOpOE, OJTHAKO, MOKHO YMEHBIIIUTH JIUIIb JI0 ONpeaeaeHHoro npeaena (dy, > 0,5 Mm),
OTPaHUYKMBAEMOTO 3aCOPSIEMOCTH BO BpeMs pabOThI TAKOTO Apocces. Jlist momyueHus
0O0JIBIIOrO CONMPOTHBIICHUS IPUMEHSIOT AKETHBIE JPOCCENH C PAJOM IOCIEI0BATEIBHO



COEIMHEHHBIX macTuH (puc.6.11, n). B Takux apoccensx paccTosHUE MEXy IIacTUHAMH |
JOJKHO OBITH He MeHee (3...5) d, a TommuHa mactul s He 6oxee (0,4...0,5) d.
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Puc.6.11. ITpuHuMnManbHbIE CXEMbl HETMHEMHBIX IPOCCETEH:
a - UTOJIBYATOT0; O - KOMOMHHUPOBAHHOTO; B - MPOOKOBOTO IIIEJIEBOTO;
T - MPOOKOBOTO 3KCIEHTPUYHOTO; T - TUTACTHHYATOTO MTAaKETHOTO;
€ - IUTACTUHYATOT0; XK - YCIIOBHOE 0003HAYCHHE PETYIUPYEMOTO APOCCEIIS;
1 - kopnyc; 2 - urna; 3 - nuadparma; 4 - npoOka; 5 - iacTuna; 6 - BTyJIKa

CyMMapHOe CONpOTUBIICHHUE MJIACTHHYATOTO JPOCCEINSl PEryIUpyeTcs MoA00pOM IJIaCTHH, a
niepenas AaBJICHHsS OTpeaessieTcs o popmyIe

2
1
AP =yin—
2g

T/I€ Y - YACTBHBINA BeC KUAKOCTH; { - KOIPPUIIMEHT MECTHOTO COMPOTUBIICHUS OTBEPCTUS; /1 -
YUCJIO MJIACTUH; V - CPEAHSISI CKOPOCTh MOTOKA KUAKOCTH B IPOXOIHOM OTBEPCTHH IJIACTUHBI.

K HenuHEeWHbIM IpoccersiM OTHOCSTCS TaKKe U KOMOUHUPOBAHHbIE Opoccenu, B KOTOPBIX MOTEPH
JIABJICHUS 110 JUTMHE U MECTHBIE MIOTEPH COM3MEPUMBI MKy COOOM 1O BEJIMYMHE U B PABHOMN
Mepe OKa3bIBAIOT BIHMSHUE HA PACXO/ JKUIKOCTH Yepe3 apoccensb (puc.6.11, 6). Ha
XapaKTePUCTUKY KOMOMHUPOBAHHBIX JPOCCEIIEH BIUSAET BI3KOCTh PA0OUHX JKUIKOCTEH.
[ToaTomy Takue Apoccenu 11ey1eco00pa3Ho MPUMEHATh B THIPOCUCTEMAX, B KOTOPBIX
Temreparypa paboden KUIAKOCTH U3MEHSAETCS B HEOONbIINX Mpeaeax.

Jnst onpeneneHust pacxo/ia JKUAKOCTH Yepe3 APOCCEeb MOIb3YIOTCS (hOpMyIIoi
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rIe O - oAb MPOXOJHOTO ceueHus apoccens; AP - nepenan NaBieHUN y ApOccenis; [ -

K03(ppuLIMEeHT pacxo/a, 3aBUCAIIINNA OT KOHCTPYKLIUH JIpocces, uncia PeliHonbaca, popmsl 1

pasmepoB otBepctus [Jlebenes, [ MJIII, ctp.141-142, HaBporkwii ¢.50].

BaxxHol XapaKTepHCTUKOM Jpocceneil BIseTcs UX paBHOMEpHasl U ycToiunBas pabota npu

ManbIx pacxoaax. OnHako ycroitunBas paboTa ipoccerst BO3SMOXKHO MPH YMEHBIICHUH TUI0HIaIn
JI0 OTIpENIeJIEHHOTO TpeieNyia, HUKe KOTOPOTro pacxo/l CTAHOBUTCSA HECTAOMIBHBIM. DTO
00BsICHSICTCS 0O1IUumepayueli - 3apaliiBaHUEM IMPOXOIHOTO OTBEPCTHSL.

CymHOCTh 00NUTEepaliy 3aKII04YaeTCs B TOM, YTO B MUKPOHEPOBHOCTSIX Y3KHX KaHAJIOB

3aJIePKUBAIOTCS U OCEIAI0T TBEPAbIC YACTULIBI, CoJepKalecs B paboyeit xunkoctu. Eciau

pa3Mepbl YacTHIL, 3arPA3HAIONINX KUAKOCTh, COU3MEPUMBI C pa3MepoM pabovero OKHa, TO
MO>KET IMPOU30MTH MOJIIHOE €T0 3apalliBaHUe U MIPEKPAIIEHUE pacXo/a KUIKOCTH Yepe3
npoccenb. [Ipu yBenuueHnnu miomaan pabovyero okHa pacxo/1 )KUIKOCTH BOCCTAHABIMBACTCS.

[MprunnO#t 0O6MUTEpa PaboYero OKHA MOXKET OBITh HE TOJIBKO HEJJOCTATOYHASI OYMCTKA
paboueil )KUAKOCTH, HO U aICOPOLIUS MOJIIPU30BAHHBIX MOJIEKYJ paboueil )KUIAKOCTH Ha CTEHKaX
mien. AcopOrpyeMbie MOJIEKYJITBI 00pa3yIOT MHOTOPSIIHBIN CJIOH, TOJIIMHA KOTOPOTO MOXKET

nocturath 10 MKM. DTOT c10i CIOCOOEH CONPOTUBIIATHCS 3HAUUTENIbHBIM HOPMAJIbHBIM U
CIBUTAIOIMM Harpy3kaM. B KOHEUHOM MUTOre MPOUCXOAUT MOCTEIIEHHOE YMEHBIIEHUE TUIOLIAAN
KHBOT'O CeUeHHsI pabouero OKHa, a MpU MaJlbIX 3HAUEHHSX M [TOJHOE €ro 3apallliBaHue.
CoOTBETCTBEHHO YMEHBIIAETCS O HYJIA U PACX0[l )KUJIKOCTH uepe3 apoccensb. [Ipu crparuBanuu
C MecTa 3allopHOTr0 3JIEMEHTa Jpoccest aiICOPOLMOHHBIN CIIOW MOJIEKYJ pa3pyliaercs, a

HepBOHa‘IaJ'IBHHﬁ pacxo BOCCTaHABJIUBACTCA.

HO3TOMy, ‘-IT06BI ,Z[O6I/ITBC§I MajJioro pacxoja B OTBCTCTBCHHBIX THAPOCUCTEMAX, IPUMCHAIOT
CrienragbHbIe KOHCTPYKIIMH apocceneid. B Takux npoccensx paboueMy oprasy (urie, mpooke,

muadparme u T.7.) COOOIalTCs HEMPEPhIBHBIE BPAIIATEIbHBIC HITH OCHUILTUPYIOIINE
nBrKeHus. brarogapst 5TUM IBHXKEHUSIM Ha paboyeil MOBEPXHOCTH MPOXOIHOTO OKHA JPOCCEIs
He 00pa3yeTcst clos aAcOpOMPOBAHHBIX MOJIEKYJ U HE MMPOMCXOUT 3apalliBaHUE IIEIIH.
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Puc.6.12. IIponuBoUYHbBIE XapaKTEPUCTUKHU
a - npoccens ['77-11; 6 - perymnsitopa pacxoma ['55-21

Henocratkom apocceneil siBiasieTcss HepaBHOMEPHOCTh Pacxo/ia, BbI3BaHHASI U3MEHEHHEM
nepemnaja aasineHuil y apoccens. Ha puc.6.12, a mpuBeaeHa npoarMBoYHas XapaKTepUCTHUKA
npoccens ['77 11 Q = f{AP), u3 KOTOpoi BUAHO, UTO C U3MEHEHUEM Tiepenaja 1aBIeHUi
(BBI3BaHHOTO, HAIPUMEP, N3MEHEHUEM HArpy3KH Ha TUIPOIBUTATEh)

@ e
.o
0.8 |
-0 = O 0~ !
0.6 i
't
o I ) I B | 1 1 - |
g5 1.0 15 20 25 30 35 40

AP MNa



1hkid

Puc.6.12. IIponBoUYHbIE XapaKTEPUCTUKHU
a - npoccens ['77-11; 6 - perynstopa pacxoma ['55-21

Puc.6.12. IIponuBoYHbIE XapaKTEPUCTUKU
a - npoccensa ['77-11; 6 - perynstopa pacxona ['55-21

JI71s1 4acTUYHOTO WM MOJHOTO YCTPAHEHUSI HEPABHOMEPHOCTH PacXo0/1a MPUMEHSIOT PETYISTOPBI
pacxoja, B KOTOPBIX Tiepena 1aBleHuil B npoccerne AP Bo BpeMst ero paboTsl OIICPKUBACTCS
MIPUMEPHO MOCTOSTHHBIM. KOHCTPYKTUBHO ATOT anmapat COCTOUT U3 MOCIEA0BATEIIBHO
BKJIFOYEHHBIX PEIYKIIMOHHOIO KJIallaHa U Jpoccedisi. Pacxon KuIKOCTH yepes peryisTop
YCTaHABIIMBAETCS JIPOCCENIeM 1, a MOCTOSHCTBO TIEpena/ia aBJIeHUs Ha Ipoccere -
penyKunoHHBIM KianaHoM 2 (puc.6.13). Ilpu yBenuuenuu pacxoaa Q uepes agpoccenb
YBEITUYMBACTCS TIepena] naBjieHuii 0P=P; - P,, KOTOpPbII BbI3bIBAET CMEIIEHNE BBEPX 3aIIOPHO-
PeryJIMpyIOIIEeTo 3JIeMeHTa kianaHa. [[poxoHoe ceueHre yMEHbIIAETCs, U IPU 3TOM PacxXoi Ha
BBIXOJI€ U3 PEryysiTopa Oy/IeT YMEHBIIICH.

Bnaromapst mocTosIHCTBY Iepernaza JaBIeHUH y IPOCCENs pacXo/l )KUIKOCTH Yepe3 PETyIIATop ’
CKOPOCTb JIBUKEHMS BBIXOJITHOTO 3B€HA TUAPOJIBUTATENSI HE U3MEHSAIOTCS IIPU U3MEHEHU U
Harpy3ku. Bug nponuBounoit xapakrepuctuku Q = f{AP) perymnstopa pacxoaa ['55-21
npuBeIeH Ha puc.6.12, 6, a ero KOHCTPYKIHS Ha puc.6.14.



[Tpu pabore ruapoNPHBOIA BCISACTBHE H3MEHEHHS KO GHUIIMEHTa pacxo/ia [, BEI3BAHHOTO
KOJIEOAHUSIMU TeMIIepaTphl paboyeil )KUIKOCTH, PACXO0]l Yepe3 PETYIATOP BCE Ke U3MEHSIETCS.
st cepuiiHBIX KOHCTPYKIUI PETYJIATOPOB 3TO U3MeHeHue coctasisieT 10...12%.



BcenomorarenbHbIe YCTPOCTBA THAPOCHCTEM

BcnomorarenbHble yCTpOHCTBa THAPOCUCTEM 00ECTICUNBAIOT HA/IEXKHYIO PabOTy HACOCOB,
THIPOJBUTATENICH, THIpOANIapaTypbl U BCEro rUAponpuBoAa B neioM. K BcmomoraTensHbIM
YCTPOHCTBAM OTHOCSTCS: THAPOOAKH U TEIUIOOOMEHHUKHU JJIs1 pabodeid ’KUIKOCTH, (PUITBTPHI,
YIJIOTHUTEIIBHBIE YCTPOMCTBA, THAPOAKKYMYIIATOPHI, THAPABINIECKUE 3aMKH, a TAKKE
3JIEMEHTHI, KOTOPBIMHU 00€CIIeYUBACTCS 10/1a4a KOMaH [ Ha BKIIIOYCHUE U BBIKITIOUCHHE
UCTIOJTHUTEIIEHBIX MEXaHU3MOB.

7.1. I'napo6aKku ¥ TenJ1000MeHHUKH

T'uopobaxu npenHa3HadeHbl AJI TUTaHUS TUAPONPUBOAA paboueil xuakocteio. Kpome Toro,
yepe3 THAPOOAK OCYIIECTBISAETCS TEIMII000MEH MEXAY padouei KUIAKOCTHIO U OKPYIKAIOIIHM
MMPOCTPAHCTBOM; B HCM IIPOUCXOAUT BBIACIICHUC N3 pa60qef1 JKHUIOKOCTHU BO3yXa, ICHOTALICHUC
U OCE/IaHUE MEXaHWYCCKHUX H JPYTUX IPUMECEH.
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Puc.7.1. T'mapobax:
1 - ykazaTenb Macia; 2- BcachiBatoias Tpy0a; 3 - Kpbllka; 4 - camnyH;
5 - rma3ok; 6 - cnuBHas TpyOa; 7 - unbTp; 8§ - ceTuatsiii punpTp (sueiiku 0,1 0,1 Mm);
9 - 3anmuBHOE oTBepctue; 10 - MarHuTHAs MPOOKa;
11 - kpormika qist cnmuBa PXX; 12 - meperopoaku (yCHOKOUTENH)

IMunpoOaku M3roTaBIMBaIOT CBAPHBIMU U3 JIMCTOBOM CTa M TONIIUHON 1-2 MM WU JIUTHIMH U3
yyryHa. @opma rujpobakoB yaiie Bcero npsimoyroibHas. BHyTpu runpobaka umerorcs
neperopoku 12, KOTOpeIMH BeachIBaromias Tpy0a oTaeneHa ot ciuBHoi 6. Kpome Toro,
NEPETrOPOJIKH YAJIMHAIOT MyTh LUPKYJIALUN pabouell )KUJIKOCTH, Oaroiapsi ueMy yiIydIlaroTcs
YCIIOBUS AJIsl IEHOTAIICHUS U OCeaHus Ha THO THaApoOakKa MpUMeceid, coiepkaiiuxcs B padboueit
XKHUIKOCTH. JlydreMy BBIICTICHHIO BO3AyXa U3 paboUeil )KUIKOCTH CIOCOOCTBYET MEJKasi CeTKa,
MocTaBlieHHas B TUApoOaKe Mo yriioM. [[iist BeIpaBHUBaHUS YPOBHSI JKUIKOCTH B THAPOOaKe
MIEPErOPOJIKM UMEIOT OTBepcTHs Ha BBIOTE 50...100 MM oT qHA. 3aIMBKY padodeid KUIKOCTH
MIPOU3BOIAT Yepe3 OTBEpCTHE 9 ¢ ceTuaThiM GUIBTPOM 8, UMEIOIITUM SYCHKH pa3zMepoM He Oosiee
0,1 0,1 mm. OTBepcTHE AJIs 3aTUBKH 3aKPBIBAIOT TPOOKOH. [IJisi KOHTPOIIsl ypOBHS padoueii
KUJKOCTU B THIIpoOaKe CIIykaT yKazareiab | WiIn CMOTPOBOM TTIa30K 5.



I[J'ISI BbIpaBHUBAHUSA JABJICHUA HaJl MOBCPXHOCTHIO JKUAKOCTH B 6aK€ C aTMOC(i)CpHI)IM
JIABJICHUEM CITY)KHT caryH 4. BO3MOXXHBI CiTy4au, KOT/1a JIaBJICHHE B TUAPOOAKE OTIIMYACTCS OT
atMoc(hepHOTo (M30BITOYHOE JIABJICHUE WU BaKyyM).

CauBHYIO M BCAaChIBAIOILYIO TPYOBl YCTaHABIMBAIOT Ha BhicoTe /1 = (2...3) d oT 1Ha Oaka, a
KOHIIBI TPYO CKamuBaroT noj yriom 45°. IIpu 3ToM ckoc CTUBHOM TpyOBl HAalpaBJieH K CTEHKE, a
BCACBIBAIONICH - OT CTEHKH. Takoe pacroiioKeHHe KOHIIOB TPYO YMEHBIAET CMEIINBAaHUE
KUJKOCTHU C BO3YXOM, B3MYyUHBaHHE OCAJIKOB U MOMAaJaHuE MPUMECEi BO BCAChIBAIOUIYIO
THIIPOJIMHUIO. B BepXHEel 4acTu CIIMBHOM TPyOBl MOKET OBITh yCTaHOBIICH (PUIBTP.

JlHo ruapobaka UMeeT OTBEpCTHE ¢ KPBIIKOHM 11 mis crycka paboyei KUIKOCTH,
NEPUOANYECKON OYMCTKHU U MPOMBIBKH rHipoeMKocTd. Ha THe Takke MOTyT ObITh YCTaHOBJIEHBI
MarHuTHele poOku 10 i 3amepkanus MeTamuyeckux npumeceid. Kpeimika 3 OpiBaet
cbeMHOU. C THAPOOAKOM OHA COEAMHSETCS Yepe3 YIUTIOTHUTENb U3 MACIOCTONKON PE3UHBI.

B mpornecce akcmtyaranuy ruIponpuBoia TeMIeparypa padodei sKuaKOCTH He JOJKHA
npesbimath 55...60° C u B ornensHbix cayvasx 80° C. Eciau nognep:kaHnue TeMneparypsl B
npejienax yCTaHOBIEHHON He MOXKET ObITh 00ECIIEYEHO €CTECTBEHHBIM OXJIAXIEHUEM, B
THJPOCUCTEME YCTAHABIUBAIOT MeEN1000MEeHHUKU.

B THAPONMPHUBOAAX ITPUMCHMAIOT JIBa TUIIA TEIJI000OMEHHUKOB: C BOASHBIM U BO3AYIIHBIM
OXJIAXKJACHHUCM.

TennoobmeHHUKU ¢ BOOAHBIM OXAAdHCOeHUeM UMEIOT HeOoIbIlne pa3Mepsl. B oTinuue ot
BO3/IYIIHBIX, OHH 0oJiee 3P PEKTUBHBI, HO TPEOYIOT JOMOTHUTEIBHOTO 000PYAOBAHUS IS
HOAAa4YH OXJIAXKJAFOIIEH )KUAKOCTH. KOHCTPYKTHUBHO TEINIOOOMEHHUK MPEICTABISIET COOO0M
3MEEBHUK 2 U3 CTaIbHOM TpyOHI (puc.7.2, a), pa3MenieHHo# B Tuapodake 1.

TernnooOMEeHHHKH ¢ BOJISHBIM OXJIaX/IEHUE [1EIeCO00Pa3HO MPUMEHSThH B THIPOIIPHUBOIAX
CTAallMOHAPHBIX MAIINH, paOOTAIONINX B TSHKENBIX YCIOBHUSX.
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Puc.7.2. TennooOMeHHUKH:
a - C BOASHBIM OXJIaKAeHHEeM; 1 - 0ak; 2 - 3MECBHK;
0 - ¢ BO3IYIIHBIM OXJIAXKJeHUEM; | - paguaTop; 2 - BEHTHIATOP; 3 - MAarHUTHBIN ITyCKaTelb;
4 - pene; 5 - TepMOperyIATOp; 6 - TaTYUK TEMIIEPATYPhl

TennoobmeHHUKY ¢ 8030YUIHBIM OX1AHCOeHUeM BBITIOIHAIOT 0 TUITY aBTOMOOMIIBHBIX
paauaTopoB WU B BUJE TPYO, OPEOPEHHBIX JJIsl YBEIMUCHHS TTOBEPXHOCTH Teruionepeaaun. s
yBenuueHus 3GEKTUBHOCTH TEIUIONEpeiadl MOBEPXHOCTh TEIII00OMEHHUKA 00/1yBaeTCs
BO3/YyXOM OT BEHTWIATOPA.



Jlng nopsiep;kaHusl NOCTOSTHHOW TeMIEpaTypbl paboyeil )KUAKOCTH MOXKET ObITh IPUMEHEH
aBTOMaTHuYecKuil Tepmoperyisarop (puc.7.2, 0). [Ipu nosblieHun TeMnepaTypsl paboueit
KUAKOCTHU pesie 4 TEpMOPETYIIATOpa S 3aMbIKAET LIENb MAarHUTHOTO ITycKaTess 3
3JIEKTPOJIBUraTeNIs, Ha By KOTOPOTO yCTaHOBJIEH BeHTHIIATOP 2. [ToTok Bo3ayxa o0ayBaeT
TeriooOMeHHUK 1. [Ipu yMeHblLIeHHH TeMIepaTypbl HUKE 3aJaHHOTO YPOBHS 3JIEKTPOJIBUraTENb
BEHTHJIITOPA OTKIIIOYaeTcsl. TepMoperyisitop paboTaeT oT AaT4rKa TeMIepaTypsl 6.

7.2. DuabTpbl

Dunbmpul CITyXKaT 1A OYUCTKH pabodeit )KUIKOCTH OT COJIEP)KAIUXCS B HEH MpUMeceid. DTh
IIPUMECH COCTOST U3 IIOCTOPOHHUX YACTHULI, ONAJAI0IINX B THIPOCUCTEMY HU3BHE (Uepe3 3a30phl
B YIUTOTHCHUSX, TP 3AJTMBKE U JIOJIMBKE paboUel )KUIKOCTH B THAPOOAK | T.J.), H3 MPOTYKTOB
M3HOCA TUApoarperara 1 npoayKToB OKHCIECHUS paboueit sKUIKOCTH.

MexaHnyeckre IpUMeCH BI3bIBAIOT a0pa3uBHBIN U3HOC U MPUBOAST K 3aKJIMHHUBAHHUIO
MOJABWKHBIX AP, YXYIIIAIOT CMa3Ky TPYIUIUXCS eTajel THAPOTPUBO/IA, CHUKAIOT XUMUYECKYIO
CTOUWKOCTB paboueil )KUIKOCTH, 3aCOPSIOT Y3KHE KaHAIBI B PEerYIUPYIONICH ruapoanmapaType.

[Tpumecu 3anepxuBaroTcs GuabTpamu (puc.7.3), IpUHIKNI pabOTHl KOTOPHIX OCHOBAH Ha
MIPOIMYCKE KUIKOCTH Yepe3 PUIbTPYIONINE JIEMEHTHI (IeJIeBbIe, CETUaThIC, TOPUCTHIC) HITH
Yyepe3 CHIIOBBIE MMOJIs (cernaparopsl). B mepBoM cityuae nmpuMecH 3aep >KUBalOTCS Ha
MOBEPXHOCTH MJIU B INIyOUHE (PUIBTPYIOIIMX JIEMEHTOB, BO BTOPOM padboyas KHUIKOCTb
MPOXOJIUT Yepe3 UCKYCCTBEHHO CO3/1aBAEMOE MarHUTHOE, DIIEKTPHYECKOE, IIEHTPOOCIKHOE HITH
IPaBUTAIIMOHHOE TI0JIE, T/I€ POMCXOIUT OCETaHNE IPUMECEH.
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Puc.7.3. Cxema punbTpanuu pabodeit sKUIKOCTH

[To TOHKOCTH OYHCTKH, T.€. IO Pa3Mepy 3aJePKUBAEMBIX YACTHII (PMIIBTPHI IEIATCS Ha (GUIBTPHI
rpy0oii, HOpManTbHON ¥ TOHKON OYHCTKH.

Durvmpol epydoll ouucmKy 3aACPKUBAIOT YacTHIIBI pazMepom a0 0,1 MM (ceTyaTtsie,
HHaCTHanTLIe) 1 YCTAHABJIMBAIOTCA B OTBECPCTUAX IJIA 3aJIMBKU pa60qel71 KUAKOCTU B
rupo0aky, BO BCACHIBAIOIINX U HATOPHBIX TUAPOIMHUSIX U CITy>KaT Ui MPeIBAPUTEIbHOM
OYHNCTKH.



Dunbmpol HOpMAILHOU ouucmku 3anepxuBaoT yactuibl ot 0,1 10 0,05 MM (ceTuatsie,
IUIACTUHYATHIE, MATHUTHO-CETUATHIC) U YCTAHABIMBAIOTCS HAa HAMTOPHBIX U CIMBHBIX
TUAPOJINHUSX.

Dunbmpvl MOHKOU 0OYUCMKU 3aJIEPKUBAIOT YacTULbI pazMepoM MeHee 0,05 MM (kapTOHHBIE,
BOMJIOUHBIE, KEPAMHUYECKHUE), pACCUNTAHbI Ha HEOOJIBIION pacXo/l M yCTaHABIMBAIOTCS B
OTBETBJICHUSAX OT THAPOMarucTpaieu.

B 3aBuCcHMOCTH OT MECT YCTaHOBKU (PMIIBTPOB B TUAPOCUCTEME PA3TUYAIOT PHIIBTPBI 861COKO20
U ¢unvmpsl HU3KOro naBieHus. [locneaHne MOXKHO yCTaHaBIMBATh TOJIBKO HA BCACHIBAIOIUX
WIH CIUBHBIX TUAPOJIMHUSAX.

Koncmpykuyuu gpunvmpoe.

Cemuampvie ¢hunbmpsl yCTAaHABIMBAIOT HA BCACHIBAIOIINX M CIMBHBIX THUIPOINHUSIX, a TAK)KE B
3AJIMBOYHBIX OTBCPCTUAX FI/I,Z[pO6aKOB. CDI/IHBprIOH_H/IM 9JICMCHTOM ABJIACTCA JIaTYHHAsA CCTKa,
pasmep siueeK KOTOPOM ONpeesieT TOHKOCTh OYMCTKY padboueit sxuakoct. CeTka
YCTaHABIIMBAETCS B OJIMH U Ooiiee cioeB. J{s yMEHbIIECHUS COMPOTUBICHHS (PHITBTPYIOILY IO
MOBEPXHOCTH JENAIOT KaK MOXHO OOJIbIIEH.
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Puc.7.4. Cetuatslii punbTp
1 - xoprryc; 2 - cetka; 3 - qucku; 4 - mepdopupoBaHHas TpyOka; 5 - raiika; 6 - MPOKJIAIKH.

Ha puc.7.4. m300paskeHa KOHCTPYKIUS ceTdaToro puiprpa. @uisTp cocTout U3 Kopmyca 1 ¢
OTBEPCTHUSAMH JUISI TPOIYCKa padoyeil KUIKOCTH U OOTSIHYTOTO IByMsl CJIOSIMHU CETKH 2.
TopreBble MOBepXHOCTH (QUIBTPA 3aKPBITHI IByMs AUcKamu 3. Uepes neHTpaabHbIE OTBEPCTHS
JMICKOB MIPOXOJUT CTalbHas nephopupoBaHHas TpyOa 4, coeAnHseMas ¢ BcachlBaloLIel TpyOoil
HACOCHOW YCTaHOBKH.

IIposonounvle hunbmpsbl IMEIOT aHATIOTHYHYIO KOHCTPYKIUIO. OHM COCTOSIT U3 TPYOBI €
OOJIBIINM KOJIMYECTBOM paiMalIbHBIX OTBEPCTHH HIIM MA30B, HA HAPYKHOW MOBEPXHOCTH
KOTOPOIl HaBUBaETCs KATMOPOBOYHAS MPOBOJIOKA KPYTJIOTO WIIH TPANICIIMEBUIHOTO CEUCHHUS.
3a30p MeXy psilaMu POBOJIOK OIPEEIIieT TOHKOCTh (PUIbTpaliK pabouel )KUAKOCTH (10
0,05 mm). HemoctaTok ceTuaThIX U POBOJIOYHBIX (MIIBTPOB - TPYAHOCTH OUUCTKH
(GUIBTPYIOMINX 3JI€MEHTOB OT CKOMMBIIMXCS Ha UX MTOBEPXHOCTH 3arPsI3HECHUA.

IInacmunuameie (wenesvie) hunbmpul yCTaHABIUBAIOT HA HATIOPHBIX U CIIMBHBIX THAPOIUHHSIX
runpocucteM. [Inactuavatenii punbtp Tuna ['41 (puc.7.5) cocTouT U3 Kopiryca 1, KpBIIIKY 2 |
ocu 3, Ha KOTOPOH 3aKperieH nakeT GUiabTpyomux 1eMeHToB. Kphliika, nMeromias oTBepCcTus
JUTS TIOJIBOJIA M OTBO/IA )KUKOCTH, KPEMUTCS K KOPITyCy OOJITaMH, a CTBIK MEXTy HUMHU



VIUIOTHSETCS] PE3UHOBBIM KOJIBIIOM 4. [TakeT GUibTpyIONIMX 3JIEMEHTOB COCTOUT U3 Habopa
OCHOBHBIX 5 U TPOMEXKYTOUHBIX TIacTUH 6. JKuAKoCTh mocTymnaeT B Kopnyc (puinbTpa u uepes
LIEU MEKTy OCHOBHBIMHU U MPOMEKYTOYHBIMU IJIACTHHAMU TOIA1a€T BO BHYTPEHHIOIO MMOJOCTh
¢bunbTpa, 00pa3oBaHHYIO BRIPE3aMU B OCHOBHBIX IIacTUHAX. [Ipu mpoTekaHUM KUIKOCTH Yepes
LIETU COAEPIKAIIMNECS B HEM MEXaHUUECKHE MPUMECH 3aI€PKUBAIOTCA. TOHKOCTh OUUCTKH
3aBUCHT OT TOJIIUHBI TPOMEKYTOUHBIX TIACTHUH. B mporecce skcmyaranuu GpuibTpa mean
3acopstroTcs. J{ist ourcTKY cimykat cKkpeOku 7, yKperuieHHbIe Ha mimmibke 8. [Ipu moBopoTe
PYKOATKON ocH 3 cKpeOKU, TOMEIIEHHBIE MEX/Ty OCHOBHBIMHU U MPOMEKYTOUYHBIMHU TIACTUHAMM,
OYMIIAIOT CJION 3arpsA3HEHUI Ha BXOJE B enu. [Ipy ckanamBaHuu 3arps3HEHUN HA JTHE KOpITyca
MIPOU3BOAUTCS UX YAAIECHHE Yepe3 OTBEPCTHE B HMXKHEHN yacTu Kopiyca 9. Takoil cpaBHUTEIBHO
MPOCTON CITOCOO OYUCTKH SIBJISIETCSA JJOCTOMHCTBOM IUIACTUHYATHIX (PUIBTPOB.
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Puc.7.5. Ilnactunvatenii punbtp Tumna ['41:
1 - kopmyc; 2 - KpbllIKa; 3 - 0Cb; 4 - pE3UHOBOE KOJIbIIO; 5 - OCHOBHBIE IJIACTHUHBI;
6 - IPOMEXXYTOUYHBIE IUIACTUHBI; 7 - CKpeOKH; 8 - MMuiIbpKa; 9 - mpoodka.

[MnacturuaTeie GpunbTpel ['41 BeITycKaroT Ha pacxon g0 70 i/MuH npu niepenaje aapnenuit 0,1 n
0,2 MIla. B 3aBucuMocTH OoT TUIIOpazMepa (GUILTPOB HAMMEHBIITHI pa3Mep 3aePKUBACMBbIX
gactul coctaBirget 0,08, 0,12 1 0,2 Mm.

CeTanHe, IMPOBOJIOYHBIC U HICJIICBBIC (I)I/IJ'IBTpLI HMEIOT HeOOJIBIIOE COIIPOTUBJICHUC TIPU
IMPOTCKAaHUHN YE€PE3 HUX pa6oqel71 KHUJIKOCTH, HO TOHKOCTDh UX OUYHCTKHU HCBCIIMKA.

JUist yydIeHust OYuCTKU pabodeit )KUIKOCTH PUMEHSIOT (PMIIBTPHI TOHKOW OYUCTKH, KOTOpbIE
UMEIOT 00JIBIIOE CONTPOTUBIIEHUE U PACCUUTaHbl HA HEOobIIME pacxobl. VX ycTaHaBIMBAIOT Ha
OTBETBJICHUAX OT rHIpomMarucTpaieil. Bo uzdexxanue ObICTpOro 3acopeHus nepen GuibTpaMu
TOHKOH OYMCTKU YCTaHABIUBAIOT (PUILTPHI IPpyOO0il OUUCTKH.



B ¢unpTpax TOHKOM OUYMCTKHM MCHIOIB3YIOT TKaHEBBIC, KAPTOHHBIC, BOWIOYHBIE U KEPAMUYIECKHE
(GUIBTPYIOIINE 3JIEMEHTHI.

Dunbmpwvl ¢ KAPMOHHBIMU U MKAHEBLIMU INeMEHMAMY 3aICPKUBAIOT 32 OJMH TPOXO.T
3HAYUTEIBHYIO (10 75%) yacTh TBEPABIX BKIIOYEHHUN pa3mepoM Oonee 4-5 MkM. CxeMa Takoro
buIbTpa ¢ KOMOMHUPOBAHHBIM AJIEMEHTOM, COCTOSIIIMM M3 DJIEMEHTOB TOHKOM 2 U Tpy0oii 1
OYHUCTKH, IpejicTaBiIeHa Ha puc.7.6. J10 OTKPBITUS MEPeryCKHOro KiianaHa 3 KUIKOCTh
MOCJIEIOBATEIBLHO MPOXOIUT Yepe3 o0a anmemenTa (puc.7.6, a). [Ipu 3acopeHun >51eMeHTa TOHKOH
OYHUCTKH OTKPBIBACTCS MEPEIYCKHON KJIamnaH 3, ¥ )KUAKOCTh Yepe3 AJIeMEHT Ipy0oil OUUCTKH
MIOCTYTIAET K BBIXOJIHOMY IITYLIEPY, MUHYS 2JIEMEHT TOHKON O4HCTKH (puc.7.6, 0).
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Puc.7.6. KomOuHUpOBaHHBIH (QUIBTP U3 3JIEMEHTOB TPy0OO0ii M TOHKOW OYUCTKH

BymaskHBbIi 371eMEHT 0OBIYHO BBITIOJHAETCS B BUIE IIMIIMH/IPA, CTEHKH KOTOPOTO JIJIs
yBennueHus: GUIBTPYIOIIEeH TOBEPXHOCTH COOUPAIOT B CKIIAJKK TOW WM UHOU Qopmbl (puc.7.7).

Boiinounvie u memaniokepamuieckue uibmpvl OTHOCATCS K PUIBTpaAM TOHKOW OYMCTKH. MX
TAaK>X€ HA3bIBAKOT I‘JIy6I/IHHLIMI/I, IMMOCKOJIBKY JKUAKOCTb MMPOXOAUT YCPE3 TOJILILY MOPUCTOTO
Marepuana (HarmoaHuTeNs ). OHU UMEIOT 00Jiee BRICOKYIO TPS3EEMKOCTh U CPABHUTEIBHO
00JIBIION CPOK CITyKOBI.

Puc.7.8. Ctpykrypa ¢punbTpomMaTepuana u3

Puc.7.7. BymaxHsIii pUIBTPOITEMEHT
CIICYEHHBIX IIApUKOB

[upoko pacnpocTpaHeHb! GUIBTPHI NTYOMHHOTO THIA C HAOJHUTENSIMU U3 MTOPUCTHIX
METAJIJIOB U KEPAMUKHU, TIOTy4aeMble MTyTeM CIIEKaHUs METAITTUYECKIX U HEMETaJUIMYECKUX
nopomkoB. CxemMa MOPUCTOH CTPYKTYPBl METANTIOKEpAaMHUECKOT0 (hpHiIbTpoMaTepraa
npencTaBieHa Ha puc.”.8. JKuakocTh OYHIaeTcs, MPOTeKas Mo ATUHHBIM U U3BUIUCTHIM
KaHajlaM MEX/y IapUKaMH.

Boitnounsie puibTpsl (puc.7.9) cocToar U3 Kopmyca 1, KpbIKY 2 ¢ OTBEPCTUSAMHE I IOBOJIA
¥ 0TBOJIa pabouel )KUAKOCTH, epdHOprUpoOBaHHON TPYOBI 3 ¢ 3aKPETUICHHBIMU Ha HEH
(GUIBTPYIOMIMME 3JIEMEHTaMH B BUE BOMIOUHBIX KoJtel 4.



Cenapamopul IMEIOT HEOTPAHUUEHHYIO ITPOIYCKHYIO CIIOCOOHOCTH IIPU MaJOM CONPOTHBIICHUH.
[Tpuniun ux paboTsl OCHOBaH Ha MPOIyCKe paboveil UIKOCTH Yepe3 CUIOBbIE MO, KOTOPbIE
3aJIepXKUBAIOT TpUMecH. B kauecTBe mpumepa Ha puc.7.10 nmpuBeeHa KOHCTPYKINS MArHUTHOTO
¢unbTpa C43-3, npeHa3HaueHHOTO 1S YJIaBlIuBaHUs (peppoMarHUTHBIX npumeceid. GuibTp
COCTOMT U3 KOpIyca 3, KPbIILIKHU § C BBEpHYTO! B HEe JIATYHHOM TpyOO# 7 1 MarHUTHOTO
YIIOBUTENS. YIIOBUTENb BKJIIOYAET KPYIUIYIO a0y 4 ¢ IIeCThI0 OTBEPCTUSIMH, B KOTOpbIE
3aIpecCOBaHbI MMOCTOSHHBIE MArHUTHI 9. OT KPBIIKKA QUIBTPa MATHUTH H30JTMPOBAHBI
¢bubpoBoii mpokiaakoil 5. B HIbKHeN yacTu TpyObl YKperjieHa TaTyHHas 11aiioa 2,
npeIHa3HaYeHHAS ISl SKPaHUPOBAHUS MarHUTHOTO TI0JIS, CO3/IaBAEMOT0 TIOCTOSTHHBIMHU
MarHUTaMHM, ¥ UCKIIFOUYEHUS €T0 3aMbIKaHHUs Ha KOPITyC QHUIbTpa.

Conepxammecs B )XUIKOCTH (PeppOMAarHUTHBIE TPUMECH 33/I€PKUBAIOTCS HA TIOBEPXHOCTH
MarHuToB, a 0 Mepe HEOOXOIUMOCTH YAAJISIOTCS U3 KOpITyca Yepe3 OTBEPCTUE, 3aKPhIBAEMOE
npoOKoii 1.
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Puc.7.10. Marautasiii punstp THIa C43-3:
1 - mpoOka; 2 - natyHHas 1maiioa;
3 - kopmyc; 4 - maitba; 5 - mpokIaaKa;
6 - yIuIoTHEHHe; 7 - NaTyHHas Tpy0a;
8 - KpbllIKa; 9 - MarHUThI

Puc.7.9. Boiinounsrnii punbsTp Tna ['43:
1 - kopnyc; 2 - KpbIIKa;
3 - nmepdopupoBanHas TpyOa;
4 - bunbTpyIOIIME STEMEHTHI

YcTaHoBKa GUIBTPOB B THAPOCUCTEMY.

[Tpu BBIOOpE CXEMBI YCTAHOBKH HEOOXOAMMO YYECTh MHOTHE (DaKTOPHI:
- UICTOYHUK 3arpsA3HEHUN;

- YyBCTBUTEJIHOCTb 3JIEMEHTOB THIPOIIPUBOJIA K 3arPSI3HEHUSIM;

- peXuM pabOTHl MALTUHBI;

- pabouee naBieHNUE;

- PEryJSIPHOCTh U HEPETYISIPHOCTh OOCTYKUBAHUS;

- TUN paboYel KUIKOCTH;

- YCIIOBHSI SKCIUTyaTalllH.

YcTaHoBKa BO3MOXKHA Ha BCACBIBAOLICH, HAIIOPHO U clMBHOW ruaposnnHusx (puc.7.11), a
TaKXe B OTBETBJICHHUSX.
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Puc.7.11. CxembI BKITtOUEHUS (PHITBTPOB:
a - Ha BCACBIBAOINEH THIPOJINHIH; O - B HAIOPHOU TUAPOIIMHUY;
B - B CJIMBHOI TUAPOIIMHUN
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Yemanoexa punompos na écacviearouyeti cuoponuruyu 00ECTICYNBACT 3aIUTy BCEX JIEMEHTOB
ruIpocucTeMbl. HemoctaTku: yXyamarcs BcachlBaroliasi CiocOOHOCTh HACOCOB U BO3MOXKHO
IIOsSIBJICHUEC KaBUTAIlUU. I[OHOJ'IHI/ITGJ'II)HO YCTaHaBJIMBAIOT UHAUKATOP, BI)IKJ'IIOLIaIOHII/Iﬁ IMpUBOa
HAcoca COBMECTHO C OOPaTHBIM KJIAIIAHOM, BKJIFOUAIOIIMMCS B pa0OTy NIPU HEIOITYCTHMOM
3acopenudu (puc.7.11, a).

Yemanoska ¢unempos 6 nanophoii cudpoaunuy 00ecTieunBaeT 3aIIUTy BCEX JIEMEHTOB, KpOMe
Hacoca. 3acopeHre MOXKET BBI3BATh paszpylIeHHe QHIbTPYIOMINX IeMEeHTOB. [[is aToro
yCTaHABJIMBAIOT NPEAOXpaHUTENbHbIE Kianansl (puc.7.11, 6).

Yemanoska gpunempos na caugnoil eudponunuy Hanboee paclpocTpaHeHa, Tak Kak (GUIbTPhI
HE UCIBITHIBAIOT BHICOKOTO JIABJICHUS, HE CO3/Iaf0T JIOMOJIHUTEIILHOTO CONTPOTHUBIICHUS HA
BcaCLIBaIOH_Ief/'I nu HaHOpHOﬁ I‘I/IIIpOHI/IHI/II/I )41 3a;[ep>1<HBa10T BCC MECXAHHUYECCKUEC HpI/IMeCI/I,

cojiep kantiecs: B paboueit )KHIKOCTH, BO3Bpallaromieiics B ruapodak. HegoctaTok Takoi cxeMbl
3aKJIFO4YacTCs B CO3JaHUN nonnopa B CHHBHOﬁ FI/I,Z[pOJII/IHI/II/I, YTO HE BCEraa saBJIsICTCs
JKenaTeIbHBIM.

Yemanoexa na omeemenenusx He 00eCrIeUNBAET MOJHOM 3aILUTHI, HO YMEHBILIAET OOLIYIO
3arpsA3HEHHOCTh paboyei ) KUIKOCTH. MOHTUPYETCS KaK JOTOJIHUTEIbHAsl OUUCTKA K OCHOBHOM
ounctke. Hanboree BbITO/IHA cXeMa YCTAaHOBKH (PHIIbTPA TOHKOW OYMCTKH B OTBETBJIICHUSAX OT
CIIMBHOM THJIPOJIMHUH.

[Tpu ycraHOBKE (QPUIBTPOB THAPOIUHUIO C
PEBEPCHUBHBIMH ITOTOKaMU paboueit
KHUJIKOCTH OOPATHBIEC KJIAMaHbI
00ecreunBaroT MPOITYCK KHUIKOCTH Yepe3
(GWIBTP TOJIBKO B OJTHOM HaNpaBICHUU
(puc.7.12).
Konrpons 3a pabotoit puinbTpos
OCYIIECTBIICTCS IO MAHOMETPaM.
Puc.7.12. Cxema BKIIIOUEHHS VYBenuueHue nepenajaa JaBaeHUM
¢uIbTpa Ha y4acTKe ¢ CBHJCTEIBCTBYET O 3aCOPEHHOCTH (DUIIbTpa H,
PEBEPCUBHBIM JIBIYKCHHEM CIJIeZIOBATENIbHO, O HEOOXOIMMOCTH 3aMEHBI
WU TIPOMBIBKH (QUIIBTPYIOIMINX JIEMEHTOB.
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7.3. YILIOTHUTEJIBHBIE YCTPOHCTBA

HaznaveHune yIUIOTHUTEIIBHBIX YCTPOMCTB - YCTPAHEHUE YTEUEeK U IMepeTedek padbodeil sKuAKOCTH
4yepes 3a30pbl MEXKIY CONPATacMbIMU ACTAISIMU 3JIEMEHTOB THAPONPUBOJA, BEI3BAHHBIX
nepenaaoM JaBJICHUN.

K ynnoTHUTENbHBIM YCTPOCTBAM MPEABABISIOTCS CIEAYIONIE TPEOOBAHUS: H3HOCOCTOMKOCTD;
COBMECTHMOCTh C KOHCTPYKIIMOHHBIMU MaTepuajgaMi U paboueil KUAKOCThIO; YCTOWYMBOCTD K
TEMIIepaTypPHBIM KOJIEOaHUAM; yTOOHOCTh MOHTaXKa-IEMOHTaKa; HEBBICOKAsI CTOUMOCTb.

YII0THUTENbHBIE YCTPOICTBA ESTCS Ha ABE TPYIIIHL:

VNIOMHEHUSI HeNOOBUNCHBIX COeOUHeHUll, KOTOPhIE JOJIKHBI 00eCTIEeYHBATh A0COTIOTHYIO
TepPMETHYHOCTbH MPH BCEX PEKUMAX paObOThI THIPOIPUBO/IA;

VIJIOMHEHUSI NOOBUNCHBIX COeOUHeHULL, TOTYCKAIOIIIe BO3MOKHOCTh PETIIaMEHTHPOBAHHBIX
yTeUeK U MepeTedeK padoueit sKUIKOCTH.

VYIUIOTHEHUE CYUTAETCS TEPMETUYHBIM, €CJIM TIOCJIE JIUTEIbHOU BBIICPKKH O] JaBJIECHUEM
(st HEMOIBMYKHBIX COSAMHEHUI) WITH TIOCTIE YCTAaHOBIEHHOTO YUCIIA TIEPEMEIEHUH (ISt
MOJIBIYKHBIX COSTUHEHH) yTeuku paboueii ®UAKOCTH He MPEBBIMIAIOT MPEIEIbHO JOMYCTUMBIE.

Ynnomuenue nenoosusicrvix coeounenuil.
B HepazbeMHBIX COETMHEHUSIX T€PMETUYHOCTD IOCTUTAETCs TAWKOM M CBApKOM JeTaeil.

B pa3beMHBIX COeTMHEHHUAX YTEUKH YCTPAHAIOTCS HECKOIBKIUMHU CIIOCO0AMHU: ITyTeM
nedopMaIuu yIioTHIEMBIX IOBEPXHOCTEH BHEIIHEH CHIION; B3aMMHOM MPUPaOOTKOM
YIUIOTHAEMBIX IIOBEPXHOCTEN; 3aII0JJHEHUEM MUKPOHEPOBHOCTEN HA YIIJIOTHIEMBIX
MOBEPXHOCTAX PA3TMYHBIMU 3aTOJHUTENAMHU (TPOKIAAKH U3 KapTOHA, KOXKH, PE3UHBI U T.J.).
[Ipu 5TOM MpH Becex crnocodax MEkKAy COSAUHAEMBIMU JIETANIIMU JIOJIKHO OBITH CO3/IaHO
KOHTAaKTHOE JjaBjieHHE (IIyTeM 3aTsHKKU KPENEeKHBIMU 3JIEMEHTAMH ), TIPEBHIIIAOIIEe
MakcuMaabHOe pabodee AaBieHne. HekoTopbie criocoObl YIUIOTHEHHS HETIOABMKHBIX
COEIMHEHUI MSTKHUMH MPOKJIAIKaMU U KOJIbLIaMHU TPeICTaBIeHbI Ha puc.7.13.

Puc.7.13. 'epmeTn3anusi HEMOABUKHBIX COETMHEHUI

JU1 M3roTOBJIEHUS MPOKIAJOK IPUMEHSIOT pa3IMyHble HEMETAIIIMUYECKUE U METAJUINYECKHE
3IIACTHUYHBIEC MAaTEPUAJIBI, CIOCOOHBIE KOMIICHCUPOBATh MPH 3aTSKKE COSTMHEHHUS HEPOBHOCTH U
npyrue e eKThl HOBEPXHOCTEH YIUIOTHAEMOM Mmapsbl.



Ynnomuenue noosusicnvix coeounenuii.

YI1oTHEHUE MOXKET OBITh OECKOHTAKTHBIM (ILEIEBBIM) MIIM KOHTAKTHBIM (BBIMIOJTHEHHBIM TIPH
MOMOIIY Pa3JIMYHbIX YIUTIOTHUTENEH).

Ll]enesoe ynrommnenue (puc.7.14, a) pacpocTpaHeHO BO MHOTHX THIpoarperarax (Hacochl,
pacnpenenurenu U T.4.). CHIKEHHE yTeUeK JOCTUTAeTCs 32 CUET YMEHBILIEHUS 3a30pa S MEKIY
TOJIBM)KHBIMH JCTATSIMUA. Y TEUKH HEU30CKHBI U 3apaHee OMPEACIISIFOTCS IS IMITHHAPHYECKUX
netaneit mo popmyiie:
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rze d - TuaMeTp yIUIOTHSAEMOTO COSMHEHUS; S - 3a30p MEXIY JACTaISIMA COSIMHEHUS; [ - ITTMHA
YIUIOTHEHHSI; L - OTHOCUTENbHASL CKOPOCTh IIEPEMEILECHUs JeTaleH; |l - IMHAMUYECKUI
K02 PUITUEHT BA3KOCTH KHIKOCTH.
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Puc.7.14. CxeMbl yIIJIOTHEHUI:
a - IeNeBoro; 0, B - TAOMPUHTHOTO

J1J1st TOBBIMIIEHUST COMTPOTUBIICHUS IIETH MPHU BBICOKUX Re, COOTBETCTBYIONINX TypOYJICHTHOMY
pexumy TedeHus Ha oHou (puc.7.14, 6) wim obeux (puc.7.14, B) MOBEPXHOCTAX, 00pa3yIOMux
1€Jib, BBIMTOJIHAKOT Ha6I/IpI/IHTHBI€ KaHaBKH, KOTOPBIC BCJICACTBUC HCPCAYIOLICTOCH N3MCHCHUA
CCUCHUS 1IN TIOBBIIIAIOT €€ COMPOTHBIICHHE.

HGHOCTaTOK IICJICBOr0 YINIOTHCHUS - BBICOKAad CTOUMMOCTD M3TOTOBJICHUA COMPATACMBIX I[eTaHeﬁ
1 BO3MOXKHOCTDH OGHHTepaL{HI/I ICJIu.

KoHTtakTHBIE YILUIOTHCHHUSA BBIITOJHAKOTCA ITPU IMTOMOIIMHU MCTAJUIMYCCKUX U PE3MHOBBIX KOJICII,
HaOMBOYHBIX YHJ'IOTHCHI/Iﬁ U MaHXCT.

Ynnomnenue memannuueckumu Koavyamu - OHO U3 CaMbIX MPOCTHIX U TOJTOBEYHBIX
YIUTOTHEHHWH. Marepuan Kose - cepblii 9yryH, OpoH3a, TEKCTOIHT, TpaguT 1
meTtautorpaduronas Macca. CTeiku kosen (puc.7.15) moryT ObITh npsMbiMu (ipu P=5 MIla),
koceiMu (ipu P=20 MIla) u crynenuateiMu (ipu P>20 MIla). B crynenuaTom 3amke (M.
puc.7.15, r) yacTo OZHY U3 CONPSKEHHBIX TOBEPXHOCTEH BBIMOIHAIOT INIOCKOH, a BTOPYIO -
HECKOJIbKO BBIIYKJIOH, O1aroiapsi yeMy MOBBIILIAETCS YEIbHOE 1aBJICHUE B CTHIKE KOJIELL,
CHOCOOCTBYIOLIIEE MOBBIIIEHUIO TepMeTHYHOCTU. POopMa MONEPEUHOro CEYEHUS MPSMOYTOJIbHASL.
Ywucno komer B yIJIOTHEHUH KoJiebercs oT 2 10 9, B 3aBUCUMOCTH OT TIepenaja 1aBJICHUM.
PaccTosinne Mex 1y KoJbllaMy Ha Ka4eCTBO YIUIOTHEHUS HE BIIMSET.
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Puc.7.15. Tumbl CTBIKOBBIX 3aMKOB META/UINYECKUX KOJIEIT:
a - PsIMOIA; O - KOCOii; B, T - CTyIIEHYaThIN

K HEOOCTAaTKaM YIINIOTHCHUA MCTAJTNIMUCCKUMU KOJIbIIAMU OTHOCUTCA HCO6XO,I[I/IMOCTL TOYHOI'O
HN3IroTOBJICHHUA HeTaﬂeﬁ COCAUHCHU:, T.K. KOJIbI]a HC KOMIICHCUPYIOT MUKPOHCPOBHOCTH,
OBAJIbHOCTH, KOHYCHOCTb U T.II. VYumoraenue u3 KOJICH CO3aacT JOMOJIHUTCIIBHYIO CUITY TPCHUS.
YmioTHeHUe He ABISETCS a0COIIOTHO T CPMCTHUYHBIM U OIPCACIIACTCA KaK U IPU HMICJICBOM
YIUIOTHCHUH.

Ynnomnenue pezunogvimu Konvyamu BISETCA NPOCTHIM, KOMIIAKTHBIM U I0CTATOYHO
HaJIC)KHBIM. YIUIOTHEHHE IPUMEHSETCS TPU HEMOABWKHBIX (pu P=30 MIla) 1 moaBM>KHBIX
coenuHeHusax (mpu P=20 MIla). /Inanazon temmneparyp -50...+100 C. 'epmeTHUHOCTD
JOCTUTAeTCsl 32 CYET MOHTAKHOTO C)KATUSI PE3UHBI U €€ TUIOTHOTO NMPHJIEraHus K TOBEPXHOCTH
netaneit (puc.7.16). Marepuan - Macinoctolikast pesuHa. @opMa MmonepevyHoro CeYeHus: Kpyriias
(MpeAnoyYTUTENHHO) UK MPSIMOYTOJIbHAS (MOXKET CKPYUMBATLCS M BIABIUBAThLCS B 3a30p). [lpu
YIUIOTHEHUH PE3NHOBBIMHU KOJIbIIAMU YTEUKH MTPAKTUUYECKH OTCYTCTBYIOT. Ha puc.7.16 nokasana
cXeMa YIUIOTHEHUH pe3MHOBBIX KOJIBILIOM KPYIJIOro cedueHus. Pasmepsl Koel 1 KaHaBOK
NOJOUPAIOT TaKUM 00pa3oM, YTOOBI ITPH MOHTAXKE KOJIbIA B KaHAaBKe (IIPU HYJIEBOM O0KATHH)
ObL1 coxpaHeH 00KoBoi 3a30p (a - d) =0,2...0,25 mm (puc.7.16, a). [Ipu MOHTaKHOM CXKATHH
KOJIBbLIO TIOJKMMAETCs Ha BelNUuuHy k = d - b (puc.7.16, 6). TakuM npeBapuUTENbHBIM CKaTUEM
KOJIbLIA CO3/Ja€TCSl TEPMETUYHOCTD COSMHEHUH MPHU HYJIEBOM U MaJIOM JAaBJICHUM KHKOCTH.
[Ipu Hanuuuu e 1aBaeHUS KOJIbLO MO €ro AeHCTBUEM 1e()OPMUPYSICh Y BHEIIHENH CTOPOHBI
KaHaBKH, CO3Ja€T IJIOTHBIM KOHTAKT C YIIJIOTHAEMBIMH ITIOBEPXHOCTSIMHU (puc.7.16, B).

Puc.7.16. CxeMbl yIIJIOTHEHUI PE3MHOBBIM KOJIBIIOM
KPYTJIOI'O CEYECHUS

Habusounvie ynriomnenus (puc.7.17) IpUMEHSIOT B THAPABINYECKHUX Tpeccax,
THIIPOIMIIMH/IPaX, HACOCAaX W HEKOTOPOW THapoarnmaparype. Matepuai - MArkue (XJom4aro-
OyMakHbIe, ICHbKOBBIE, acOECTOBbIC) HAOUBKYU MPOMHUTAHHBIE KOJUIOUIHBIM TpaduTOM,
[IEPEe3NHOM, CYCIIEH3HEeH (PTOPOTUIACTA WITH KUPOM, U TBEPJIbIC (METAUTHICCKHE,
iactMaccoBbie) HaOuBkH. [Ipu cnaBnuBanuu HaOWBKY 1 HAXKUMHOM OyKCcoil 2 HAaOMBOYHBIH
MaTepHuall TeYeT B PaJualibHOM HalpaBJIEHUH, 00pa3ys IUIOTHBIM KOHTAKT MEXy KaMepoi



CaJbHUKA U HAOWBKOM C OJTHOM CTOPOHBI U TIOJIBMXKHOU JETANIBIO (IIITOKOM MJTH BaJIOM) - C
npyroif. s koMneHcauuu U3Hoca HAOMBOYHbIE CATbHUKU TPEOYIOT MEPHOANUYECKON MOATSIKKH.
CnaBnuBaHue HAOMBKH IMPOUCXOIUT MU NoMoIu 6oaToB (puc.7.17, a) wiu npyxussl (puc.7.17,

5).

]

Puc.7.17. 'epmeTu3anus HaOWBKaMH U CIaBIMBAHIE HAOMBKH:
a - bontamu; O - MPY>KUHOM

HabuBouHble ynIoTHEHHS CIIOIB3YIOT U HeOobIIKX naBneHusx (npu P=5 Mlla). Cpok
CITy>KObI MATKUX HAOUBOK /10 800 yacoB.

Manscemnoe ynnomuenue npuMensitor npu P 1o 50 Mlla, ckopocTsix nepemenieHus
YIUIOTHAEMBIX jaetaneid 10 20 m/c. Jlnamazon temneparyp -50...+100 C. MaHXeTbl HMEIOT
HIEBPOHHYIO U V-00pa3uyo Gopmy. ['epMeTHUIHOCT 0OecrieunBaeTcs 3a cuet AeopMariiu npu
MOHTaXXE M OT AaBjeHUs paboueit xxunkoctu (puc.7.18). KonumdecTBo MaHXeT 3aBUCUT OT
JTUaMeTpa U TaBICHHUS.

N
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Puc.7.18. Cxema neiicTBHSI MaHKETHOTO YIUIOTHEHUS:
a - MaHXeTa 0 MOHTaxa; 0 - MaH)XeTa B CMOHTHPOBaHHOM BuJe 0e3
JIaBJIEHUS KUJIKOCTH; B - MAH)KETA I10J] TaBICHUEM

Hau6onee pacnpoctpanensl U o6paszubie (puc.7.19, a, B) u V oOpasHbie (IIEBPOHHBIE) MAHKETHI
(puc.7.19, r). Ing ynnotHeHus npu gasineHuu padoueit cpensl 10 35 MIla npumenstor U
o0Opa3Hbie MamkeThl U ipu gaBiaeHuu 10 S0 MIla u Brime - meBponHbIe. s coxpaHeHus
(GopMBI MaHKETy MOMEILAIOT PU MOHTAX€E YIUIOTHUTENILHOTO aKeTa MeX1y (PaCOHHBIMHU
OMOPHBIMU | U pacOpHBIMH 2 KOJIbLIaMU (MaH)KETOAEP KATEIIMHU) U3 METaJlla WM TEKCTOJINTA

(puc.7.19, 6).
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Puc.7.19. Tunossie popMbl MaHXKET:
a, B - U-o0pa3Hblie; O - MOHTaXX MaHKET; T - IIIEBPOHHBIE

YmnotHeHue (repMeTH3alivs) BPaalonuXcs BajoB OCYIIECTBISIETCS TPU IIOMOIIN
apMUPOBAHHBIX MaHXeET (puc.7.20), COCTOSMMX U3 METAITMIECKOTO Kapkaca 1, MaHXeThl 2 1
CIIUPATLHOM MPYKUHBI 3, 00€CIIeYNBAIOIICH TOTOTHATEIHFHOE MPIKATHE MAHXKETHI K BAITy.

P

Puc.7.20. ManxeTsl 151 YIUIOTHEHUS BpallatOLUXCsl BaJOB:
a - C Hapy>XKHBIM KapKacoM; 0 - ¢ BHyTPEHHUM KapKacoM;
1 - MmeTanmMueckuil Kapkac; 2 - MaHXeTa; 3 - IpyK1Ha

[Ipu BbIOOpE THIIA M MaTepualla YIUIOTHEHUH YUUTHIBAIOT: JaBlIeHUE B THIPOCUCTEME; TUana3oH
pabouunx Temmeparyp; XapakTep ABHKEHHS COCTUHIEMBIX JIeTalleil; CKOPOCTh JBMXKECHUS; THIT
paboueil )KUAKOCTH.



7.4. I'uapaBin4yeckue akKyMyJIATOPbI

['mapaBnuyeckuM aKKyMyJIsiTOPOM HA3bIBAECTCS TUAPOEMKOCTb, MPEHA3HAUCHHAS TS
AKKyMYJIMPOBAaHUSI SHEPTUU pabouel )KUIKOCTH, HaXOIIeHCs MO/ JaBICHUEM, C LIEIIBI0
MOCJIETYIOLEr0 UCTIOIb30BaHUSI 3TON SHEPTUU B THAPONPHUBOIE. B 3aBUCUMOCTH OT HOCUTES
MOTEHUUATbHON YHEPTHH THAPOAKKYMYJISTOPHI MOAPA3IEISIIOT Ha IPY30BbIe, IPYKUHHBIE U
MTHEBMAaTHYECKHE.

i
b

Puc.7.21. I'ugpoakkyMyisiTOphbI:
a - TPY30BOif; 0 - IPYKUHHBIN; B - THEBMOTUAPABIMYECKHUN C YIIPYTHM Pa3ICIIUTEIIEM

I'py3oBoii akkymymstop (puc.7.21, a) cocrout 3 uuiauHapa 1, mryHxepa 2 u rpysa 3 Becom 2G.
[1pu 3apsiike WIyH)Kep MOJHUMAETCS (IPOUCXOAUT yBEIMUYCHNE MTOTEHIIMAIBHON SHEPTHN), IPU
paspsizke - omyckaetcs. JlaBneHue pa3psAaKd MOCTOSHHO, HO TPOMO3JIKOCTh OTPAaHUYHMBAET MX
pUMCHEHHE.

[Ipy>xunHbINA akkyMyssiTop (puc.7.21, 6) cOCTOUT U3 IIUHAPA 2, MOPIIHS 1, IpyKUHBI 3,
IIOMEIIEHHO! B Kopryce 4. 3aps/ika 1 pa3psiJika IpOMCXOJUT yepe3 oTBepctue 5. OHu
KOMIIAKTHBI, HO €CTh HEJIOCTAaTOK - HEPAaBHOMEPHOCTH JIaBJICHUS B Hayaje U B KOHIIE ITUKIa
pa3psAKU, MAJIBIA MOJIE3HBIN 00BEM.

[THeBMOTHApaBIMYECKU aKKyMyJsToOp (puc.7.21, B) ¢ ynpyrum pa3aeiuTesieM COCTOUT U3
6amtona 1 u smacTuyHON nuadparmsl 2, 3aKpErICHHON B BEPXHEH 4acTh aKKyMyJIsITopa.
3apsiIKy ra3oM MPOM3BOIAT Yepe3 oTBepcTre 4, a pabouel KUAKOCTHIO YepPe3 OTBEPCTHE 3.
BepxHsst yacTpb 3anoaHseTCA ra30M 0 Ha4ajIbHOTO AaBJi€HUS P, COOTBETCTBYIOIIETO
MUHUMAaJIbHOMY pabodyemy P, B rupocucteme. Pabouas )kMIKOCTh 3aNIOJHSAET HUKHIOIO YacTh
110 1aBJIeHUs P, pABHOTO MAaKCHMAJIbHOMY JIABJIICHHUIO B THApPOCUCTEME. ['a3 CokMMaeTCs Takxke
1o napieHus P,,,.. Korna naBinenue B THApOCUCTEME CTAaHET MEHBINE Py, pabodast >KHIKOCTh
BBITECHSIETCS U3 THAPOAKKyMyJsiTopa. Konbito 5 mpenoxpanser auadparmy OT MpoJaBINBaHUS
U noBpexieHus. JlocTonHCTBa: He TpeOyeT 4acToi moA3apsiku ra3om; 0e3bIHEPIIMOHEH;
MPUTOJICH K YKCIUTyaTaIluH MOCe [UTUTEIHLHOTO MepephiBa B pad0Te U YCTAHABIMBACTCS B
JTH000M TOJIOKEHUU.



M'unpoakkymyasTOpPBI MOAAEPKUBAIOT HA 33JaHHOM YPOBHE J1aBJIEHUE, KOMIIEHCUPYIOT YTEUKH,
CTJIQKUBAIOT ITyJIbCALUIO JIABJICHUS, CO3[aBaEMyI0 HACOCaMU, BBIMIOIHAIOT (DYHKIMIO Aemiidepa,
NPEIOXPAHIIOT CUCTEMY OT 3a0pOCOB JaBJICHUS BBI3BAHHBIX HAE3/IOM MAIIIWH HA JOPOKHEIC
npensaTcTBUA. Tak e UCIOIb3YI0TCS Ui AOCTHXKEHHS 00JbIeii CKOPOCTH XOJIOCTOI0 X0/1a MpU
COBMECTHOM paboTe ¢ HACOCAMH.

B cxeme Ha prc.7.22 TUAPOAKKYMYJIATOP S BRIMOIHAET (PYHKIIMIO KOMIIEHCATOPA YTEUEK U
NOJICP/KUBAET MIOCTOSIHHBIM JABJICHUE B THAPONPHUBOJE MAIMHEI Ul yAepkKaHus rpysa. [Ipu
HaJIOKEHUH I'Py303aXBaTHOT'O OpraHa Ha rpy3 HacocC KJIallaHOM 2 pas3rpykeH, a Tpedyemoe
JlaBJieHUe B paboueil MoJIoCTH THAPOLMINHIAPA 6 MOAAEP)KUBACTCS THAPOAKKYMYJIISITOPOM.
OOpartHbIif kanaH § B 3TOM cxeme OJIOKHUPYET aKKyMYJISITOp OT JIMHUU CIIUBA IPH
pa3rpykeHHoM Hacoce. Pacnipenenurens 1 ynpaBiieHHs KJIamaHOM 2 BKIJIFOYAETCA OT peie
JlaBJIeHUs 7, KOTOPOE HacTpauBaloT Ha pabouee naienue. [Ipoccens 3 ciayXuT s
peryaMpoBaHus pacxoja IpHU pa3psAaKe aKKyMyJIATOpa. 3apsAaKka akKyMyJIATOpa MPOUCXOJUT
yepe3 o0paTHBIN KiianaH 4 B KOHIIE C)KaTuUs Tpys3a.
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Puc.7.22. CxeMa BKIIIOUEHUS TUIPOAKKYMYJISITOPA 111 KOMIICHCAIIUU yTEYEK:
1 - pacnipenenuTensp; 2 - NpeJOXPAHUTEIbHBIN KJIallaH HENIPSIMOTO IEHCTBUS;
3 - npoccenb; 4, 8 - 0OpaTHBIN KJIAMaH; 5 - THAPOAKKYMYJIATOD;

6 - TUAPOIWINHAD; 7 - pelie AaBJICHUs

ITo cpaBHEHUIO C G€3aKKYMYJIISTOPHBIM PACCMOTPEHHBIN THIPONPUBO UMEET MEHbIIINE radapur,
Maccy ¥ MOXKET OBITh 00JIe€ SKOHOMUYHBIM, TaK KaK MoTpediisieMasl HaCOCOM MOITHOCTh OyAeT
MEHBIIIC 32 CYET YMEHBIIICHHUS BPEMEHHU pa0O0ThI HacoCa IO Harpy3KOH.



7.5. I'mapo3amku

T'uopozamxom Ha3bIBACTCS HANIPABIISIIOIIMN THIpOAIIapar, NpeIHa3HauYeHHbIN 115
IPOIyCKaHUs IOTOKA pabodel KHUIKOCTH B OJJHOM HAINIPABICHUH IIPU OTCYTCTBUU
YIPaBIIAIONIETO BO3ACHCTBHUS, a IPU HAIWYHMHU YIIPABIISIOUIETO BO3JCHCTBUS - B 000UX
HaIpPaBJICHUSAX.

[To yucny 3anmOpHO-PETyIUPYIOMIUX 3JIEMEHTOB I'HIPO3aMKU MOTYT OBITH OJTHO- U
JIBYXCTOPOHHHUMH.
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Puc.7.23. OgHOCTOpOHHMI T'HIPO3aMOK
a - mojja4ya paboueil KUIKOCTH K TOJIOCTH A; 0 - TeUEeHHE KUIKOCTH U3 TTOJIOCTH A B 1osiocTh b;
B - Mojja4a pabodeli KUAKOCTH B TIOJOCTh b; T - TeueHne KUAKOCTH U3 TIoJocTu b B monocts A
MIPU HAIMYWHW YIIPABJSIIOIIETO BO3ICUCTBHS; /I - YCIOBHOE 0003HAYCHHE OJHOCTOPOHHETO
TUAPO3aMKa

OnHOCTOPOHHUH THAPO3aMOK (puc.7.23) UMeeT TOJKATENb 3, 3al0PHO-PETYTUPYIOMINI 3JIEMEHT
1 1 HeperynmupyeMyto npy>XKuHy 2, KOTOpbIe 00pa3yroT mogooue oopaTHoro kianana. Y
OJTHOCTOPOHHETO TM/IPO3aMKa BBIMOJIHEHO TPU MOBO/IA, COETUHEHHBIE C TPEMsI ITOJIOCTAMU
runposamka A, b u V. IIpu nomade paboueil )KUAKOCTH MO TaBJICHUEM B TTOJIOCTh A (puc.7.23,
a), OTKPBIBAETCS 3aIOPHO-PETYIUPYIOIHUI 3J€MEHT 1, ¥ )KMIKOCTh HauMHAeT CBOOOTHO
POXOJIUTH B 1oJIocTh b (puc. 7.23, 6). Ynpapmusiomiee BO3ICHCTBHE OTCYTCTBYET, T.€. B ITOJIOCTh
V naBnenue xunkoctu He nopaercs. [Ipu noasone paboueit )xuaKoCcTH K nosocT b kinanaxn
3aKkpbIT (puc.7.23, B). OgHako, eciv OJTHOBPEMEHHO C 3TUM IOJIBECTH >KUJKOCTh K MOJIO0CTH ¥V
(momatk ympasJisifoliee BO3AEHCTBHE), TO TOJIKATENb 3 IEPEMEIIasCh BBEPX OTKPOET 3alOpHO-
peryaupyromuii anemMenT. B 3Tom cirydae xkunkocts OyaeT CBOOOAHO MPOXOJUTH U3 MOJIOCTH b

B 1oJ10CcTh A4 (puc.7.23, 1), moka OyieT NpUCyTCTBOBATh yIPAaBIIIONIEe BO3ACHCTBHE B TOJIOCTH
V.



OaHOCTOPOHHUE TUIPO3AMKH MPUMEHSIIOTCS ISl OJIOKUPOBKU JIBUKEHUSI BBIXOHOTO 3BEHA
TUAPOJIBUTATENS B OJTHOM HampaBieHUH. J{1is OIIOKUPOBKH BBIXOHOTO 3BE€HA B JIBYX
HaIpPaBJIEHUSX IPUMEHSIOTCS ABYXCTOPOHHUE THIPO3AMKH.

JIByXCcTOpOHHMI rMpo3aMoK (puc.7.24) UMEET B CBOEM KOPIyCe JBa 3alI0OPHO-PETYJINPYIOIINX
37eMeHTa |, Be HEeperyaupyeMble IPY>KUHBI 2, @ MKy HUMH TUIaBAIOIIUN TOJIKATEIb 3
(puc.7.24, a). IIpu noaBo e paboueit )KUIKOCTH MO JaBJICHHEM K KaHally 4 OTKPBIBAETCS
3aMOPHO-PETYIUPYIOIINKA 3JIEMEHT 1, U )KUIKOCTH CBOOOTHO TOCTYIIAET B KaHAI B U 1anee K
TUIPOJIBUTATENO (HAIIPUMEP B MOPIIHEBYIO MOJIOCTh THAPOIUINHAPA). OTHOBPEMEHHO C ATHM
TOJIKATENb 3 TUAPO3aMKa MEPEMENIAETC BIPABO U OTKPHIBAET BTOPOU 3aIIOPHO-PETYIUPYIOITUN
3JIEMEHT, 00eCTIeUrBast MPOITYCK KHUAKOCTH (HAPUMED, OT IMITOKOBOH MOJOCTH TUAPOIMINHIPA)
W3 KaHana / B KaHal b W Jajee B CIIMBHYIO MarucTpaib. AHAJOTUYHO THAPO3aMOK paboTaeT mpu
peBepce ABUKEHUS BBIXOIHOTO 3BE€HA THIpoABUTaTess. Eciu )KuaKkocTh 1o 1aBlIeHUEM HE
MOIBOJIUTCS HUA K OJTHOMY M3 KaHaJOB (4 unu B), To paboure 37eMeHThI | CHOBa 3aHUMAIOT
NOJIOXKEHHE, YKa3aHHoe Ha puc.7.24, a. [Tonmoctu ruapoaBuratens 6JOKUPYIOTCS OT CIIMBA, TEM
caMbIM, OJIOKUPYS BBIXOJHOE 3BEHO TUAPOABUTATENS OT MEPEMEIICHUN.

Puc.7.24. JIByXCTOpOHHHI THIPO3AMOK:
a - HeTpanpHOE MOJ0KEHNE; O - MOJI0KEHUE TOJIKATENs TIPU MOABOJIE
JaBJICHMS B KaHaTl A; B - MIOJIOKEHHE TOJIKATEN s PU TIOJIBOJIE JaBJICHUs B KaHal B;
T - YCJIIOBHBIE 0003HAaYCHHUS

[Ipu ycraHOBKE rHIPO3aMKOB HEOOXOIUMO YUUTHIBATh UX KOHCTPYKTUBHOE UCIIOJIHEHUE (THUIT),
croco0 Harpy>KeHUs! BBIXOAHOTO 3BEHA THIIPOABHUTATENS, & TAK)KE MECTO pPa3MEIICHUS PH STOM
Jpoccesei ¢ 00paTHBIMH KJIallaHAMU - 710 WJIK TIOCIIe Tuapo3amka. [Ipoccenn ¢ o0paTHBIMU
KJIalTaHaM# CBOOOIHO MPOITYCKAIOT MOTOK pabovei )KUIKOCTH Ha TTOIbEeM pabouero opraHa u
OTPaHUYMBAIOT Pacxo paboueil )KUAKOCTH U COOTBETCTBEHHO CKOPOCTH pabouero opraxa rnpu
ero omyckanuu (puc.7.25).
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Puc.7.25. Cxema ycTaHOBKH OJIHOCTOPOHHETO THAPO3aMKa:
a - 6e3 poccenst ¢ 00paTHBIM KJIAIlaHoM; O - ApoccesieM U 0OpaTHBIM KIIaIaHOM

Ecnu B cxeme npuBo/Ia THAPOIMIMHIPA TPY30II0IHEMHOTO MEXaHU3Ma C THAPO3aMKOM HE OyeT

YCTaHOBJICH IPOCCENIh ¢ 0OpAaTHBIM KJIaraHoM (puc.7.25, a), TO mpu NepeMenieHnr 30JI0THUKA
TUAPOPACIPENEIUTENS B IO3ULINIO "OlyCcKaHue" B THAPOJIMHUYI HAcOCa U YIIPABIICHUS
TUIPO3aMKOM CO3/1a€TCs IaBJIeHUE, TOCTaTOUHOE JIIsl OTKPBITUS THIpo3amka. [locie ero
OTKPBITHSI paboyasi )KUIKOCTh U3 IITOKOBOW MOJIOCTH THAPOIMIUH/APA TIOCTYMAeT Ha CIIUB, U
IITOK OMyCKAETCA MOJ AEHCTBUEM BHENTHEN HArpy3ku F. [Ipu 3ToM CKOpPOCTh NepeMenieHus
IITOKA THAPOLIMIIMHAPA MOXKET IMPEBBICUTH CKOPOCTH, 00yCIOBIEHHYO TIofaueii Hacoca. Torma
JaBJICHHUE B IPOTUBOIOIO0KHOM (MOPITHEBOW) MOIOCTH THIPOLUMINH]IPA U B THAPOIUHUI
YOpaBlIEHUS] YMEHBIIACTCS, 3aMIOPHBIN 3JIEMEHT TUAPO3aMKa MOJI JCHCTBUEM MPY>KUHBI
3aKpbIBAETCS U JBMIKEHHE MTPEKpaIliaeTcs. 3aTeM J1aBlieHUE B HATIOPHOM THIPOIMHUU U B
THJIPOJIMHUY YIIPABJICHUS CHOBA BO3PACTAET, U THPO3aMOK OTKpbIBaeTcs. TakuM oOpazom,
MPOUCXOIAT MPEPHIBUCTOE JBMKEHHUE pabodero opraHa U myJsbcauus AaBieHus. Jlis
UCKJTIOUEHHSI 3TOTO SBJICHUS MEXKIY THAPO3aMKOM U THAPOLMIMHAPOM PEKOMEHTYeTCs
YCTaHABIIMBATh JIPOCCEIb C 0OpaTHBIM KJanaHoM (cM. puc.7.25, 6), COMPOTHBICHUE KOTOPOTO
IPY OITyCKaHMU IITOKA CO3/AAET JIaBJICHUE, HEOOXOAMMOE I OTKPBITUS OOpAaTHOTO KiIaraHa
TUpO3aMKa U MOJAEPKAHUS €T0 B TOM MOJIOKESHUH.

JlaBnenue ynpaBiaeHus 175 THApo3aMKoB cocTasigeT oT 0,02 (MuHUMaNbHOE 1aBlIEHUE
cpabaTbIBaHMs HEHArpy>KeHHOTo KiamaHa) 1o 32 Mlla.

B THApOCUCTEMAX MOOMIIBHBIX MAIllHH HanOOJIbIIIEE MPUMCHCHHUC MOJTYUHUIIN OJHOCTOPOHHUC

TUIPO3aMKU C KOHMYECKHUM 3aIlOPHBIM 3JIEMEHTOM, UMEIOLINE YCIOBHBIN npoxon 16, 20, 25 u 32

MM.



7.6. I'mapaBiinyecKue peJsie AaBJeHUS U BPEeMEeHHU

Pene oasnenus IPUMCHACTCA AJIA MOCJIICA0BATCIIBHOI'O BKIITOYCHHWA UJIW BBIKIIFOYCHUA OTACIIBHBIX
HCITIOJTHUTCIIBHBIX OPraHOB MAIIMHBI U AJI OCYINCCTBJICHUA JUCTAHIIMOHHOI'O YIIPABJICHUSA. Pene
JaBJICHHUA MOXXECT o0ecreyuThb KOHTPOJIb 3a JABJICHUCM B THAPOCUCTECME C nojgauen
QJICKTPOCUTHAJIA, CBUACTCIILCTBYIOICTO, HAIIPUMEDP, O IICPETPY3KE CUCTCMBIL.

Pene nasnenus ['62-21 (puc.7.26) coctout u3 kopmnyca 1, nmadparmsl 2, pyKuHbI 3, peruara 4 ¢
ocblo 5, BUHTa 6, MUKponepekitouarenst 7. JKuIKoCTh Ha KOHTPOJIMPYEMON BETBU
TUAPOCUCTEMBI TOABOIUTCS K OTBEPCTHIO 9. Eciii noiBeIeHHOE NaBJIeHNE OKa)KEeTCs BBIILIE
YCTaHOBJICHHOT'O HACTPOIMKON Npy>XUHBI 3, TO Auadparma 2 neopMupyercs 1 nepeaaet
JaBJICHHUE Ha pbryar 4, KOTOPBIN IpU MOBOPOTE BOKPYT OCH 5 BUHTOM 6 BO3/EICTBYET Ha
MUKpOIIepeKItodaresns 7. PeryanupoBka peie AaBlIeHus OCYIIECTBIAETCS PU IOMOIIH
M3MEHEHUS CKATUSI IPYKUHBI 3 BUHTOM 8.

C momeHTa Havamna neopmanuu nuadparmel 2 10 MOMEHTa CpabaThIBaHUS peie, T.€. 10
MOMEHTA BKJIIOUEHHS MUKPOIIEpEKIIoUaTesis 7, pOU30MHIeT yBeTUUEHUE JaBlIeHUs, KOTOpOe
XapaKTepu3yeT HeUyBCTBUTEIBHOCTD alapara,

pp_ALe
£l

rac AL - IMyThb NICPEMCUICHUS pblUara 4, H606XOHHMBIﬁ JJI BKIIFOUCHUA MUKPOIICPCKIIOYATECIIA; €
- JKCCTKOCTD IPY>KUHBI, Q - akTUBHAsA mIomanab )maq)parMH.

HeuyBcTBUTENBHOCTD pelie AaBICHUS PA3IUYHBIX TUIIOpa3MepoB konednercs oT 0,3 go 1,0 MIla.
Kontponupyemoe napienne Haxoaurcs B quamna3one ot 0,5 no 32 MlIla.
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Puc.7.26. Pene naBnenus 1'62-2:
a - KOHCTPYKIHS; O - yCIIOBHOE 0003HAUCHUE PeJie IaBIICHNUS,
1 - xopmyc; 2 - nuadparma; 3 - mpykuHa; 4 - pplar; 5 och ppluara;
6, 8 -BUHTHI;, 9 - OTBEpCTHE

T'uopasnuueckoe pene epemenu (WM TUAPOKIIANIAH BbIICPKKU BPEMEHH) 3TO HANPABIISIOLINI
TUApOANIapar npeaHa3HaueHHBIH IS MyCKa WK OCTAHOBKH MOTOKA paboyveil )KUAKOCTH Yepes
3a/IaHHBINA TPOMEXKYTOK BPEMEHH TOCJIE MOJa4H YIIPABISAIONIETO CUTHANA. [ uapaBiIndecKue pere
BpPEMEHH MPUMEHSIOTCS A1 00eCreYeHNs ONPEICIICHHOM BBIIEPKKHA BO BPEMEHU MEXKIY
Pa3IUYHBIMU LIMKJIAMU CpaOaThIBaHUSI UCIIOJIHUTENBHBIX MEXaHU3MOB MAIlIUHBI.



Bpewms cpabaTeiBaHus pesie BpEMEHH OIMPEIeseTCsl BpeMEHEM HEOOXOAMMBIM JIJTsT BRITCCHEHUS
KHUJIKOCTH U3 TUApoeMKOCTH 1. [TopriieHs 3 NpuBOAUT B IBMKCHUE MPYIKUHA 4, @ pbIYarom 5
OCYIICCTBIIICTCS HAKAaTHE Ha MTUPT MUKPOTIEPEKITFOUaTess 6. 3apsiika eMKOCTH pelie BpeMEHU
POMCXOIUT Yepe3 oOpaTHBIN KianaH 7 (puc.7.27, a).
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Puc.7.27. Pene Bpemenu:
a - IpUHIMIHATBHAS cXeMa; O - BADHAHT CXEMBbI BKIIFOUCHUS

PaccMoTpuM npumep yCTaHOBKH pelie BpeMeHU. B maHHo# cxeMe MTOK TMApOIUInHIpa
ABTOMATHYECKU COBEPIIACT XOJIOCTOM 1 paboumii X0/, OCTAHABIHMBASICH B KOHIIE KaXKIOTO X012
Ha yCTaHOBJICHHOE BpeMs (puc.7.27, 6). B monoxxenunn pacnipeaenurens | mopiieHb
TUAPOLMIUH/IPA JABIKETCS BIIPaBO, coBepiiasi padounii xon. OMHOBPEMEHHO Yepes
TUAPOPACTIPEICTUTENH 2 TTPOUCXOANT 3apsiiKa EMKOCTHU pelie BpeMeHHn. K MoMeHTy HaxaTus
YIOPOM Ha MyTEBOH MepekItoyaTellb 3 eMKOCTh OyJEeT yKe 3aroIHeHa, a pabouuit Xoa
3aBepiieH. [lyTeBoit nmepekiouaTens 3 MepeKITOunT THAPOPACTIPESTUTENb 2, 1 HAUHETCS
UCTEUCHHUE )KUJIKOCTH uepe3 apoccens. [locie ycTaHOBIEHHOTO BpeMEHH (BpEMEHU UCTEUEHUS
paboyeii KUIKOCTH U3 EMKOCTH peJie BpEMEHH) 3a CUET BBIKITFOUATES 4 TICPEKITI0YaTCs
ruapopacnpenenutenu 1 u 2. HauneTrcs X0nocTol X0 MITOKa, U OTHOBPEMEHHO OyeT
3apsKaThCSl EMKOCTh PeJie BpEMEHH. B KOHIIE X0JI0CTOro X0/1a MMy TeBOM NEPEKIII0YATENb S
MEPEKITIOUUT paclpeieTuTeNb 2 U eMKOCTh pejie BpeMEHH CHOBA HauHEeT pa3pspkathes. [locie ee
pa3psAAKU BRIKJTIOYATENTh 4 TICPEKIIOUUT PACTIPEICITUTEIN B HAYaIbHOE TIOJIOKEHUE, 00CCIICUnB
pabouwnii xo1.

Puc.7.28. Pene BpemeHU ApOCCENBHOrO THIIA
1, 11 - mpy>xuHsbl; 2 - 30J0THHK; 3, 4 - IOJBOASIIECE U OTBOSIICE OTBEPCTHS;



5, 8 - monoctu; 6 - kaHai; 7 - Apoccenb; 9 - cnuBHOE oTBepcTHe; 10 - mapuk;
12 - xonmauok; 13 - koHTporaiika
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Puc.7.29. Pene BpeMeHu 00bEMHOTO THIIA
1, 4 - otBepcTus; 2, 6, 7 - nonoctu; 3, 5 - KaHaNbL;, 8 - TOPIICHb;
9, 13 - nmpyxunsl; 10 - mrok; 11 - ynop; 12 - 3010THHK;
14 - cnuBHOE OoTBEpCTHE; 15 - BUHT; 16 - pyKOsITKa

[To mpuHIMIy pabOTHI peie BpeMEHH AEISATCS Ha IpoccelbHble 1 0ObEMHBIE.

Ha puc.7.28 nana cxema pesne BpeMeHHU APOCCENBHOr0 TUIA, MPEJHA3HAYEHHOT' O JIsl OTCEKAHUS
JIABJICHUS OT MarucTpaIl U BKIIOUCHHUS CIIMBA C HACTPOCHHOU BBIJEPIKKON BpEMEHH.

[IpyxuHa 1 OTBOAUT 30JI0THUK 2 B KpaliHEE MpaBOE MOJIOKEHUE, BCIEICTBUE YETO MACIIO U3
OTBEpCTHUS HarHETaHUs 3 OTBOAUTCS B oTBepcTHE 4. Ecinu pelie BKIIIOUEHO, TO Macjo 4epes
ITYLEP HAMPABIIAECTCS B MOJOCTH 5, 3aT€M KaHall 6 U IETb MEXKYy APOCCEIeM 7 B KOPIYCOM H,
HAKOHEII, B MOJIOCTh § moJ1 Topel 30j0THHKA 2. [Tog naBieHnemM macia 30JI0THUK 2 MEJICHHO
MepEMEIIAETCS BIEBO, CkMMad NMpyx uHy 1. Kak ToNbKO 30J0THUK 2 3aliMET KpalHee JIEBOe
MOJIOKEHUE, OTBEPCTUE 4 COCTUHSIETCS CO CIUBHBIM oTBepcTHeM 9. [Ipu BeIKIIIOUEHUN pelie
BPEMEHU MACJIO U3 NoJIocTu § uaeT noA mapuk 10, cxkumas npyxuny 11. 3010THHK
BO3BpAIllaeTCs B KpaliHee MPaBoe MOJI0KEHNE, HAIIPABIIsAs Macio B oTBepcTHe 4. Bpems
BBIJIEP>KKH peJie BpEMEHHU PEryJIupyeTcs 3a cueT BpaleHus apoccens 7. s atoro tpedyercs
IPEIBApUTEIBLHO OTBEPHYTh KOJINAYOK 12 1 ocnabuTh KOHTpraiky 13.

[Ipu ManbIX CKOPOCTAX ABUKEHUS TUAPOABUTATEINS, & TAKXKE IIPU 3HAYUTEILHOM U3MEHEHUU
TEMIEPATYpbl paboyell )KUJKOCTH pelie BpEMEHH JPOCCENBHOIO THIA HE MOKET AaTh TOUYHOM
BBIJICPKKU BpeMeHH. [103TOMy B TakuX Cilydasx MPUMEHSIOT pejie BpeMEeHU 00BEMHOTO TUTIA.

Ha puc.7.29 nana KOHCTpYKTHBHas cXeMa pelie BpeMeHH 00bEMHOI0 THIIA.

Brigepixkka pene BpeMeHn 00beMHOT0 TUIIA 3aBUCUT OT MPOJOHKUTEILHOCTH X0a MOPIIHS 8 U
peryiupyertcst BUHTOM 15 nipu noMomu pykostku 16. JKuakocTs U3 THAPOCUCTEMBI TOJBOAUTCS
yepes oTBepcTue 1 B mMONOCTh 2 U K KaHaIy 3, 3aTEM UJET Yepe3 OTBEPCTUE 4, MPOI0IbHBII
KaHaJ 5 ¥ B MOJIOCTh 6 U Aanee B mojocTh 7. [Ipu sToM omyckaetcs mopiieHs 8, ckumas



npyxuny 9, mrok 10 noBopauuBaet ynop 11. Eciu naxe naBiaeHue B MoJIOCTH 2 BO3PACTaET, TO
30JI0THUK 12, coxumasi pykuHy 13, moJHUMaeTcst BBEpX, BCIEICTBUE YETO MPOU30UIET
COEJIMHEHHE MOJIOCTH 7 CO CIMBHBIM OTBepcTUEM 14. B cBOIO 0depes mopiieHs 8 MpyKuHoH 9
NOJTHUMETCS BepX, TaK Kak JaBJIeHUE B IMOJIOCTH 2 yHAJET, a 30J0THUK 12 OMyCTUTCS BHU3, U BCS
cucTeMa 3aiiMeT UCXOIHOE IIEPBOHAYAIbHOE TOJI0XKEHHUE.

7.7. CpeacrBa usMmepeHust

B nporuecce skcmuryaTanuu ruIponprUBOI0B IPUMEHSIOT CPEACTBA U3MEPEHMS], UMEIOLIUE
HOPMHUPOBAHHBIE METPOJIOTNYECKUE CBOMCTBA U NPEAHA3HAYCHHBIC [IUIsl HAXOKICHUS 3HAaYCHUN
(U3NIECKUX BETMUNH, XapaKTePU3YIOMHUX paboTy 3TUX THAPOTPUBOJIOB.

[TpumeHsieMble cpelicTBa U3MEPEHUS XapaKTepU3YIOTCs LICHOH JIeeHus], a0COMIOTHOM
HOTPEIIHOCTBIO U KJIACCOM TOYHOCTH.

l[eHa Oenenus: WKAbl - Pa3HOCTb 3HAYCHMH BCJIMYMH, COOTBCTCTBYIOIIUX ABYM COCCOAHUM
OTMCTKaM HIKaJIbl an6opa.

Abconomuas nocpewtHocmy - pa3HOCTh MEXKIY TIOKa3aHWEM MPUOOpa M HICTUHHBIM 3HAYCHHEM
U3MEPSEMOU BEJTUYUHBI.

Knacc mounocmu - 0000111eHHAs! XapaKTEPUCTUKA CPEACTB U3MEPEHUsI, onpeaessieMas
OTHOIIEHHEM MaKCUMaJIbHO JJOMYCTUMON NOTPEIIHOCTH ? K KOHEUHOMY 3HAUEHUIO N LIKaJIbl
npubopa, BEIPaKEHHBIM B IMPOLIEHTAX, T.€.

K:E-IDD%

M

[Ipu skcmTyatanuy U UCTIBITAHUSAX THAPOIPUBOIOB U OTACIBHBIX THIPOArPEraTOB U3MEPSIOT
JaBJICHHE, PACXOJl U TeMIlepaTypy padouei HUIKOCTH, CKOPOCTh ABUKCHHUS, yCUIIUS, KPYTALIIE
MOMEHTBI, Pa3BUBAEMbIC HA BBIXOJHBIX 3BEHBSX THIPOJIBUTATEIICH.

H3mepenue oasnenusn. J11g namMepeHuss H30bITOUHOTO aBICHUS MPUMEHSIIOT MAaHOMETPBHI.
MaHOMETpHI IO CBOEMY HAa3HAYCHHIO TOIPA3IEIIAIOTCS Ha TPHOOPHI 00IIero Ha3HAuYCHHS (THIIA
M, MT, ObEM) u o6pasuossie (tTuna MO). Pabourie MaHOMETpBI U 00IIETO HA3HAYEHUS UMEIOT
kiacc Tounoctu 1; 1,5; 2,5 u 4. O6pa3iioBbie MAHOMETPHI UMEIOT 00Jiee BHICOKHE KIlace
tounoctu (0,15; 0,25; 0,4), UX TPUMEHSIOT JIsl IOBEPKKM MAaHOMETPOB OOIIEro Ha3HAYCHUS U B
HCIIBITATEIIFHBIX CTCHAAX.

ITo npuHIMIY 1EWCTBUS MAaHOMETPHI IIOAPA3AEIAI0TCS HA )KUIKOCTHBIE, IPY30IOPIIHEBBIE,
ne(pOopMaLMOHHBIE U 3JIEKTPUYECKHUE.

Kuoxocmuuvle Manomempovl TPUMEHSIOT JUTsI K3MEPEHUN HEOOJIBIINX TaBJICHUI U YaIlle BCETO
MIPEACTABIISIIOT COO0M CTEKIIIHHYIO TPYOKY, MPUCOEAMHEHHYIO K pe3epByapy (puc.7.30).



p = pgh

[T
IO

1!"#,,]-#5\?

|
L
]

e =

S

Ha-
|
i

Puc.7.31. Marautssiii ¢punetp Tuna C43-3:
1 - mpoOxka; 2 - naTyHHas 11aiiba;
3 - xoprryc; 4 - maiba; 5 - mpoKIaaKa;
6 - yIUIOTHEHUE; 7 - NaTyHHas Tpy0a;
8 - KphIlKa; 9 - MarHUTHI

Puc.7.30. Boitnounsiit ¢pminetp tumna ['43:
1 - kopmyc; 2 - KpbIlIKa;
3 - mepdopupoBanHas TpyOa;
4 - punpTpyIOUTUE DIEMEHTHI

I'pyzonopunesvie manomempuot (puc.7.31), cocrosiiue u3 nuauHApa 1 u nopiHs 2,
peoOpas3yroT AaBICHUE PabOYeH KHUIKOCTH B YCUIIHE, PA3BUBAEMOE IIOPILIHEM.

Hepopmayuonnvie manomempel NOTYUUIN B TUAPOIPUBOIEC HAUOOIbIIIEE paCIPOCTPAHEHHE.
[MpuHImn ux paboTHl OCHOBAH Ha 3aBUCUMOCTH J1e(OpPMaIK 1yBCTBUTEIBHOTO HJIEMEHTA
(MeMOpansl, TpyOUaTOii NPy >KUHBI, CHIIL(OHA) OT U3MEPSIEMOTO JIaBJICHUSI.
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Puc.7.32. lepopmanrioHHbIe MAHOMETPHI:
a - MeMOpaHHbIH; 0 - MeMOpaHHBIHN C IBOWHONH MEMOpaHOi;
B - C KOHCOJIbHOH 0aJIKoii; T - CUIb()OHHBIN;
1 - MemOpaHna; 2, 4 - aKTUBHBIN ¥ KOMIIEHCUPYIOIINI TEH30pE3UCTOP; 3 - KOHCOJIbHAs OaovKa

B memOpanHBIli MaHOMETpax JaBJIEHUE CO CTOPOHBI paboveil )KUIKOCTH TepeaacTcs Ha
MeMOpany (puc.7.32, a, 6, B). Ha MeMOpaHe yCTaHOBICHBI meH30pe3Ucmopbl, KOTOPhIE
U3ru0asich BMECTE ¢ MEMOPaHOI H3MEHSIOT CBOE JIEKTPUIECKOE CONPOTHUBIICHHE. VI3MeHeHne

COIIPOTHUBIICHUS PETUCTPUPYETCS AEKTPHUECKUMH MTPUOOpaMH U peodpaszyeTcs B MOKa3aHUs
3HAa4YEeHUs1 COOTBETCTBYIOLIETO aBJICHUS.

B cunbdonnapix MmanomeTpax (puc.7.32, T) gaBieHue paboyei KUIKOCTH MPUBOIUT K
pacTsKeHHIO TO()PUPOBAHHON yNIPYTroi TPyOKH MPOMOPLUOHATIBHO JIABICHUIO.

MemOpaHHBINi 1 cCHIIb(OHHBIE MAHOMETPHI NTPEAHA3HAYCHBI 711 U3MEPEHHS HEOOIBIITNX
JABJICHUM.



[Ipy>xunHbI MaHOMETp (puc.7.33) UMeEET NPYKUHY B BUJE U30THYTOH JIATYHHOU TPYyOKHU
(TpyOka bypaoHa) 1 snaunTuyeckoro nonepeyHoro cedeHus. Bepxuuii konen TpyOku 3amnas, a
HYDKHUN IPUMAsH K WTYLEpy 2, yepe3 KOTOPbI MaHOMETP MPUCOETUHSIETCS B TUAPOCUCTEMY .
[Ipu 3anonHenun TpyOku paboueit cpeoit Mo JaBIeHUEM OHa CTPEMUTCS BhIIPSAMUTHCA. Yepes
PBIYQKHBIA MEXaHHU3M 3, YCHIUBAIOMNN 1ehopMaIiio TPyOKH, IepeMeIieHre ee CBOOOTHOTO
KOHIIa IepeAaeTcsl Ha CTPEIIKyY 4, pacloiI0KEeHHYIO 110 LeHTPY LIKaibl npubopa. [IpyxuHHbIe
MaHOMETPBI IPOCTHI 110 KOHCTPYKIMH, UMH MOKHO U3MEPSThH AABJICHHUE B IIMPOKOM JTUaMa30He.
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Puc.7.32. JlepopmanmioHHBIE MAHOMETPHI:
a - MeMOpaHHbIii; 0 - MeMOpaHHBIN ¢ TBOITHON MEeMOpaHoOii;
B - C KOHCOJIbHOH 0aJIKOii; T - CHIb()OHHBIN;
1 - MmeMOpaHa; 2, 4 - akTUBHBII U KOMIIEHCUPYIOIIUN TEH30pE3UCTOp; 3 - KOHCOJIbHAsA Oaouka

[IIkana Bcex MaHOMETPOB IpayupyeTCs B MacKalIaxX MK Meramnackansax. Ha ctapeix oOpasiax
JlaBJIEHUE yKa3bIBaeTcs B Kre/cM2. Ha mikane HaHOCHTCS 3aBOJICKOE 0003HAUEHUE; KIIACC
tourocty; HoMep ['OCT; rox BeIycKka; HOMEP MAaHOMETpa U Ha3BaHHUE paboyveil cpeibl
(>KMIKOCTB, Map, ra3), B KOTOPOH U3MEPSIETCS 1aBICHHE.

Onexmpuyeckue Manomempsl IPUMEHSIOT 711 HEIPEPBIBHOTO U3MEPEHUSI MTHOBEHHOTO
3HAYEHUs JaBJICHUS B KOMIUIEKTE ¢ ocLuiorpadamu. YyBCTBUTEIBHBIM JIEMEHTOM 3TUX
puOOPOB MOXKET CITykUTh TpyOka bypaona (puc.7.34, a) WM TOHKOCTEHHBIH MOJIBIA CTaKaH
(puc.7.34, 6) c HaKJIECHHBIMH Ha UX CTEHKU TEH30aTYMKaMHU.

JlaTurKy ¢ MaHTaHUHOBOM MPOBOJIOKOM (pHC.7.34, B), SIEKTPHUUECKOE COMTPOTUBIICHHE KOTOPO
MCHACTCA IpU 06’beMHOM CIKaTuH, NIPUMCHAIOTCA JJI1 3aMCpa JaBJICHUA.

Jlst 3aMepa myJibcanuii TaBIeHUs PUMEHSIOT ITbE303JICKTPUIECKre JaTauku (puc.7.34, 1),
PErUCTPUPYIOLINE TOJIBKO JUHAMUYECKYIO COCTABIISIONLYIO 1aBJICHUS.



Puc.7.34. Dnexkrpruyueckrne MAaHOMETPHI:
a - ¢ TpyOkoii bypmoHa; 6 - TOHKOCTEHHBIN MITUHAPUICCKUN TaTUHK C
HAKJICCHHBIMU TE€H30/1aTYMKAMU; B - C MAHTAHUHOBOM MTPOBOJIOKOM;
T - TbE303JIeKTpUIeckuii; 1 - TpyOka byproHa; 2 - TeH30AaTYUKY;
3 - TOHKOCTEHHBIN CTaKaH; 4 - MAaHTaHUHOBBIN AaTUHK; 5 - y3Kas b,
6 - kopmyc; 7 - 3aJIMBKa SMOKCUIHON CMOJIOH;
8 - MbE30AJIEKTPUUECKUI TaTUUK; 9 - meperopoaka

H3zmepenue pacxooa. ]ns onpeneneHus noaadn padbodeit sKUIKOCTH UCTIONB3YIOT
pacxogomepsl. [1o npuHLKy AEHCTBUS pa3anyaroT pacXOqOMEPbl: CYETUUKOBBIC, CTPYUHBIE,

3JIEKTPOMAarHUTHBIE, YIBTPAa3BYKOBBIE, TAXOMETPUUECKHUE, a TAKKE OCHOBAaHHbBIC Ha Mepenaie
JIaBJICHUS U Jp.
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Puc.7.35. CxeMbl pacxonoMepoB:
a - CTpy#HBII; O - YITPa3BYKOBOM; B - TypOWHHBIN; T - TEIJIOBO;
1 - memOpaHa; 2 - HETIOABMKHBIH 3JEKTPO; 3 - TpyOOIpOBOI;
4 - HampaBIAOIIAs; S - KOPMIyc; 6 - MOAIIMITHUK; 7 - TYpOWHA; 8 - YCTIOKOUTEIb;
9 - mpeobpazoBarenb curnaia; 10 - n3myyarens CUTHaNA,
11 - TONOMHUTENBHBIN U3ITy4YaTelib; 12 - TPUEMHUK;
13 - JOMONHUTENbHBINA PUEMHUK; 14 - MJIaCTHHA;
15 - repmomnapa; 16 - reronzonsiuus; 17 - HarpeBarTesb



B cmpyiinvix pacxooomepax (puc.7.35, a) Ha myTu pabodeit )KUIKOCTH B TpyOOIpoBo e 3
pacrioyiaraeTcsi HEKOTOpoe MPensITCTBUE TUIA MJIOCKOH MeMOpaHb! 1, OTKJIOHEHHE KOTOPOi
aBIseTcs QYHKIUEH CKOPOCTU CTPYH, a PETUCTPUPYIOIINNA TOK - (PyHKIIMEH B3aUMHOTO
NOJIOXKEeHUS MeMOpaHbl 3 ¥ HEMOABMKHOTO AJIEKTPoa 2.

Taxomempuueckue mypournvie pacxooomepsl (puc.7.35, B) paboTaroT ¢ MajgorabapuTHBIMH
AJIEKTPOHHBIMU TpeoOpazoBaTessiMi. B TakoMm pacxogomepe MOTOK paboueit sKUIKOCTH
MPUBOJAMT BO BpallleHHuEe TypOUHY, KaX bl MTPOXO/I JIOMACTH KOTOpOil HaBoauT umiyiisc DJIC B
00MOTKE MHAYKIIMOHHOTO TIpeodpaszoBarens. CKOPOCTh MOTOKA OMpPEIEsIieTCs Yepe3 YacTOTy
ANEKTPUUYECKUX UMITYJIHCOB Ha BBIXOJIE MPEOOpa30oBaTeNs MyTeM KaK HEMOCPEICTBEHHOTO
W3MEPEHMS, TaK U BHIBOJIOM Ha U(POBBIE MPUOOPHI WM MPEOOPA30BAHIEM B aHATOTOBBIN
curHait. TakuMu pacxogoMepaMu MOKHO U3MEPSITh PacXobl 10 360 Ji/MUH.

Yavmpaszeykoevie pacxooomepul (puc.7.35, 6) paboTaroT Ha OCHOBE YJIbTPa3BYKOBBIX
konebanuil. biaronaps s dexry Homnepa yactora u aza yibTpa3ByKOBOTO CUTHAIA,
npoxosniero ot uzinydarens 11 k npuemHuky 13, OyneT n3MeHsAThCs B QYHKIIMHA CKOPOCTH
npoTeKaHus paboueil KUIKOCTU. BBeeHre qomoMHUTeIbHON naphl u3nydarens 10 - mpueMHHUK
12 obecrnieunBaeT KOMIIEHCAIIUIO TEMIIEPATYPHOM HECTAOUIBLHOCTH.

Tennoeoii HekoHMAaKmMmubll pacxo0omep IPUMEHAETCS TSI ONIPEACIICHNS TT0AaYH HACOCOM
paboueii xxuakocT 6e3 pazdopku ruapocuctemsl (puc.7.35, r). OH uMeeT cTabUIM3UPOBAHHBIN
ucrounuk utanus (CUII), natank n usmeputensusiii mpudop (MIT). CUIT obecnieunBaet
nutanue Harpesatens 1 U1, Bkmouatomuii B ce0s nudhepeHuanbHy o TepMonapy, mo3BoIseT
OTIPENIeIIUTh CKOPOCTh IMOTOKA Pad0oUe KHUIKOCTH MO PA3HOCTH TEMIIEPATYP BXOSIIETO MOTOKA
pabouei )KUAKOCTH U HarpeBaTesl.

H3zmepenue memnepamypeot. Temriepatypy pabodeit >KUIKOCTH B TUAPOIIPUBOAAX U3MEPSIOT
TEPMOMETPAMH, KOTOPBIE 110 IPUHIIUITY JEUCTBUS IETATCA Ha TEPMOMETPHI PACILIUPEHUS,
COTIPOTHUBIICHHUS U TeIIo3JIeKTprudeckue. [Ipu quarHocTHpoBaHUU THAPOTIPUBOIOB HAaWOOJIbIIIECE
pacrpocTpaHeHUE MOTYYUIN TEPMOMETPHI PACIIUPEHUS], UMEIOIIUE TPAHULIbI U3MepeHuid oT -60
mo +250 C.

H3zmepenue kpymaujezo MomMeHma Ha Bajlax TUAPOMAILINH ONPEAEIAIOT OalaHCUPHBIMU
JUHAMOMETPaMH UM TOPCHOHOMETPaMHU, MEPBbIE U3 KOTOPBIX MOMYUMIH HauOOIbIIIee
pacripoctpanenue. banancupHeie TMHAMOMETPBI OBIBAIOT YJIEKTPUUYECKHUE, TOPMO3HBIE,
TUJPABINYECKUE U MEXAHUYECKHE.



I'mapaBiauyveckue cieasmue NPUBOAbLI (THAPOYCUINTEIN)

8.1. O01mue cBeaeHus

T'uopoycunumens - COBOKYIHOCTh TUAPOANTIAPATOB U 00bEMHBIX THIPOJBUTATENEH, B KOTOPOil
JIBIDKEHUE YIPABISIIONIETO 3JIEMEHTA MPeo0paszyeTcs B ABIKEHHUE YIIPABIIEMOT0 JIEMEHTa
00JIbIIIEeH MOIIIHOCTH, COTJIACOBAHHOE C ABM)KCHHUEM YIPABIISIOLIETO 3JIEMEHTA 110 CKOPOCTH,
HaIpPaBJICHUIO U MIEPEMEIICHHUIO.

T'uopoycunumens creoaujeco muna NpeACTaBISIET COOON CUIOBOI TUAPOIPUBOJ, B KOTOPOM
VCIIOJTHUTENbHBIM MEXaHU3M (BBIX0]1) BOCIIPOU3BOJIUT (OTCIIEKUBAET) 3aKOH JIBUKCHUS
yHIpaBIIAIOLIETro opraHa (BXoja), Ui 4ero B CUCTEMe MpelyCMOTpeHa HeNpepbIBHAs CBA3b
MEX]y BBIXOJIHBIM M BXOJHBIM 3JIEMEHTaMH, KOTOPAsl Ha3bIBAETCSl OOPATHOM CBS3BIO.

Ha3Banue takoro npusoja - "cnegsamuii ['mapoycunurens” win "cneasmuil ruiponpusoa’ -
000CHOBAHBI TE€M, YTO BBIXOJ] TAKOT'O TUAPOYCHUIIUTENS ABTOMATUYECKH YCTPAHAET Yepes3
00paTHYIO CBSA3b BO3HUKAIOIIEE PACCOTIIACOBAHNE MEXKAY YIPABIISIOMIUM BO3/ICHCTBHEM
(BXOJITHBIM CHTHAJIOM) ¥ OTBETHBIM JIeHCTBUEM (BBIXOIHBIM CUTHAJIOM).

I'mppaBinueckue cieasmue TpUBOAbI HAIUIA IIUPOKOE IPUMEHEHHE B PA3JIMYHBIX OTPACIIAX
TEXHUKU ¥ B OCOOCHHOCTHU B CUCTEMaXx YIPaBIO6EHUSI COBPEMEHHBIMU TPAHCTIOPTHBIMU
MalllMHAaMH, BKJIFOYasi aBTOMAIINHBI, MOPCKHUE Cy1a, CAMOJIETHI ¥ IIPOYME JIETATEIIbHBIE
armaparsl.

brok-cxema cnensmiero npuBoaa (puc.8.1) cCOCTOUT U3 CIEAYIOMNUX OCHOBHBIX 3JIEMEHTOB:
3a/1ar01Iero yctpoiictBa 3V, KOTOPBIM OPMUPYETCSI CUTHAJ YTIPABIICHUS, TPOTIOPIIMOHATBHBIN
TpeOyeMoMy MepeMeIIeHUIO UCTIOTHUTEIHHOTO MEXaHu3Ma (JIaTYUKH, pearupyromire Ha
U3MEHEHHE YCIOBUH pabOTHI HITH ITapaMeTPOB TEXHOJIOTHYECKOTO TIPOIIecca);
cpaBHUBaronlero ycrporcrsa CY, uiu gaT4vka paccoriacOBaHMs, YCTaHABIUBAIOLIETO
COOTBETCTBUE CUTHAJIA BOCIIPOU3BEICHHUS, TOCTYMAIOIIETO OT UCTIOTHUTEIHLHOTO MEXaHU3MA,
CUTHAJy yIpaBICHUS;

YCUIIUTCIIA Y, KOTOPBIM IMPOU3BOAUTCA YCUIICHUC MOIIHOCTH CUTHAJIA YIIPABJICHUA 34 CUCT
BHEIIHEr0 UCTOYHMKA SHeprun BUO;

UCTIOJIHUTENIbHOTO Mexanu3Ma MM, KkoTopeIM nepemMernaeTcst O0beKT yIpaBiIeHUs U
BOCIPOM3BOAUTCS MTPOrpaMMa, orpezesisieMas 3aJalolIiM YCTPOHCTBOM;

obparHas cBs3b OC, KOTOPO# HCIIOTHUTEIBHBIX MEXaHU3M COEAMHEH CO CPaBHUBAIOIIUM
yCTpoiicTBOM miH ¢ ycunuteneM. OOpaTHasi CBS3b SBISETCS OTIMUYUTEIbHBIM JIEMEHTOM
CJIEJIALIETO MPUBOAA.
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3Y - sagawowes yoTpoRCTEo T
CY - cpanuBanues ycTpoAacTso
Y - yeunurenms BH3G
FIM - HCAORHMATENbHBIA MEXaHHIM

OC - ofipatHas CEA3L
B3 - BHOUIMHA MCTOYHHK SHEDMMA

Puc.8.1. briok-cxema ciendiero npuBoaa

Benuunna x = f'(#) (mepeMelieHue Ui CKOPOCTh), cCooOIIaeMast 3aJal0|M YCTPOICTBOM
CpPaBHHUBAIOIIEMY YCTPOUCTBY, Ha3bIBaeTcs "BxogoM", a y = @ (f)(mepeMerieHne uim CKOpocTh),
BOCIIPOM3BEICHHAS NCTIOIHUTEIBHBIM MEXaHU3MOM, - "BeIxogoM". PazHOCTB (X - y) = ¢€
Ha3bIBACTCS OIIMOKOI CIIeKESHUS MM PACCOTTIACOBAHUS CHCTEMBI.

[MpuHIEI paboThI CIEIAIIETO MPUBOAA 3AKITIOYACTCS B CleaytoeM. Fi3aMeHeHne yCIoBHii
paboThl MalIMHBI WIIM [TAPAMETPOB TEXHOJOTHYECKOTO MPOLIECCa BHI3bIBAET MEPEMEILICHUE
3aJal0IIEr0 YCTPOICTBA, KOTOPOE CO3/1aeT paccoriacoBaHue B cucreme. Curnan
paccoriacoBaHus BO3JEHCTBYET Ha YCUIIUTENb, @ YEPE3 HEr0 U Ha UCIIOJIHUTEIbHBIN MEXaHU3M.
BrI3BaHHOE 3THM CUTHAJIOM MEPEMENICHNE UCTIOTHUTEIFHOTO MEXaHU3Ma Yepe3 00paTHYIO
CBSI3b YCTPAHSET PACCOTTIACOBAHKE U IPUBOJIUT BCIO CHCTEMY B HCXOJIHOE MOJOXKEHHE.

PaccMoTpuM paboTy cieasinero npuBo/a Ha MpUMepe MPUHIIUIUAAILHON CXEMBbI PYJICBOTO
yrpaBieHus: aBToMoOmIs (puc.8.2).
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Puc.8.2. [IpuHiunuansHas cxema cieIsuero
pPYyJIEBOTO MPHUBOJIa aBTOMOOWIIS: 1 - Hacoc (BHEIIHUN UCTOYHHUK YHEPTUHN); 2 - BTYJIKA
YCUIIUTENS;
3 - oOpaTHas CBsI3b; 4 - HCTIOTHUTEIBHBIA MEXaHU3M;
5 - 30JI0THUK YCUJIUTENS; 6 - BUHT; 7 - pyJeBO€ KoJieco (3aaroliee yCTpOHCTBO)

HpI/I HpHMOHHHCﬁHOM ABWIKCHUN aBTOMAIIWHEBI BCC 3JICMCHTBI CUCTEMBI PYJICBOI'O YIIPABJICHUA
HaxXoasdaTCsa B HCXOJHOM ITOJIOKCHUH. KunkocTs U3 Hacoca 1 MOoCTYNacT K riIpOyCUTIUTCITIO



30JIOTHUKOBOT'O TUIA. 30JI0THUK 5 YCHIIUTENS 3aHUMAET HEUTPATIbHOE MOJIOKEHHUE, a B 00EUX
HOJIOCTSIX UCTIOJIHUTENILHOTO MeXaHu3Ma 4 yCTaHOBHIJIOCHh OJIMHAKOBOE AaBieHue. [lpu
HE0OXO0JMMOCTH U3MEHUTh HalpaBJeHUE IBUKEHUSI aBTOMOOWIISE BOAUTENh IOBOPAYUBAET
pyJieBoe kojeco 7. CBsI3aHHBIN € PyJIEBBIM KOJIECOM BUHT 6 NEPEMEIIAET 30J0THUK YCUIIUTENS
Ha BEJINYUHY X, BBI3bIBas paccoriacoBaHue B cucteme. [Ipu 3ToM npoXoaHbIe CEUEHUs! OJJHUX
pabouuX OKOH YCHJIUTEJIS YMEHBIIAIOTCS, a APYTUX YBEIUUUBAIOTCS. DTO CO3AAET Mepenas
JTaBJICHUN y MCTIOJIHUTEIBHOIO MEXaHU3Ma, a €ro NOPIIEHb IPUXOAUT B ABUKECHUE,
nepeMeIasich Ha BeJIMYMHY Y M TOBOpauuBas Kojeca aBToMoOmitst. OTHOBpPEMEHHO Yepe3
o0paTHY!0 CBA3b 3 ABM)KEHUE MOPIIHS MEepeaaeTcs Ha BTYJIKY 2 yeunutens. CoBOKYNMHOCTh 2 U 3
SBJISIETCS CPAaBHUBAIOLIMM yCTPOHCTBOM. BTyika nepeMeriaercst B TOM e HalpaBJIeHUH, YTO U
30JIOTHHK 5 JI0 T€X MOP, TOKA PpaccoriacoBaHUE B THIPOCUCTEME, BEI3BAHHOE IOBOPOTOM
pyJeBoro kojeca, He OyJeT ycrpaHeHo. [Ipu HenpepbIBHOM BpallleHUN BOAUTEIEM PYJIEBOTO
KoJIeca MOPUIEHb CO IITOKOM OyJIeT TaK)Ke HEMPEPHIBHO MEPEMEILATHCS, BbI3bIBAs
COOTBETCTBYIOLIUI MOBOPOT KoJjiec. [Ipu 3ToM HebobIINe yCUIUs BOAUTENS, IPUKIIabIBacMble
K pYJIEBOMY KOJIECY, TUAPOIPUBOAOM IPE0OPa3y0TCs B 3HAUUTENIbHbIE YCUIIMS Ha IITOKE
HOPILHS, HEOOXOAMMBIE JUIs YIIPaBICHUS] aBTOMOOUIIEM.

8.2. Knaccupukanusi ruipoycuIuTes e

[TpumeHsieMble B aBTOMAaTU3UPOBAHHBIX THAPONPUBOAAX TUIPOYCHIIUTENN KIACCUPUIUPYIOT O
CJIEIYIOIIUM MPU3HAKAM.

[To memoOy ynpaenenus paznuyaroT rHIPOYCUINTENN 6e3 0OpaTHOH CBSA3M U C 0OpaTHOM CBA3BIO
MEX]Y YNPaBIISIOLIMM JIEMEHTOM U BEJJOMBIM 3B€HOM HUCIOJIHHUTEIBHOTO MEXaHU3Ma.

Ilo xoncmpykyuu ynpaenaiowezo snemenma TAAPOYCUIIUTENN NOAPA3ACIIAIOT HA YCUIUTEIH C
JIPOCCENHUPYIOIUMHI THIPOPACTIPEACIIUTENSIMH 30JJ0THUKOBOTO THIIA, C COIIIOM U 3aCJIOHKOH, CO
CTpyHHOU TpyOKOI, KpaHOBBIE, C UTOJBLYATHIM JPOCCETIEM.

Mo uucny kackaoog ycunenus TAAPOYCUITUTENH NOAPA3ACIAIOT HA OJJHO-, IBYX- U
MHOTOKackaJHble. MHOroKackaJHble IPUMEHSIOT B TEX CIy4asixX, Korjaa Tpedyercs MojJydyuTh Ha
BBIX0/1€ OOJIBIIYI0 MOIIIHOCTb U COXPAHUTh IPU 3TOM BBICOKYIO UyBCTBUTEIBHOCTh

THJIPOY CUITUTEISL.

IIo euc)y cucHana ynpaesjierus THAPOYCUIIUTCIIN TOAPA3ACIAIOT Ha YCUIIUTCIIN ¢ MCXaHUYCCKUM U
QJICKTPUYCCKUM CUT'HAJIAaMU YIIPABJICHUS.

Ba)kHBIMU XapaKTepPHCTHKAMHU YCHIIUTENEH SIBISIOTCA KO3 GUINEHTH yCUICHHS: IO MOIITHOCTH
ky, o pacxony ko, o CKOPOCTH k, ¥ 1O AABIECHUIO Kp:

M
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I71€ Ngyx, Noy - MOIIIHOCTH HAa BEJOMOM 3BEHE UCIIOJIHUTENIBHOTO JIEMEHTA THPOYCUIIUTEINS U
MOIITHOCTb, 3aTpayrBaeMas Ha ero yrpasieHue; 6Q, ov, 0P - u3MeHeHHne pacxoaa, CKOpOCTH
JIBYDKEHUS BEJIOMOT'0 3B€HA UCIIOJHUTEIBHOTO JIEMEHTA U AAaBJICHUS KUJIKOCTH Ha BBIXO/E NIpU
U3MEHEHUH TIOJI0KEHHUS YITPABISAIONIETO JIEMEHTA THAPOYCHIINTEIISL HA BETMUUHY OX.

o ar
ax



8.3. I'mapoycuianTesb 30JJ0THHKOBOIO THIIA

I'uapoycunuTeny 30JI0THUKOBOTO THITA TIOTYYHIN HanOosbiee pacipoctpaneHne. OHU TPOCTHI
10 KOHCTPYKIIMH, Pa3TPY’KEHBI OT aKCHAJIBHBIX CTATHYECKUX CHJI NAaBJICHUS )KUJIKOCTH, JIETKO
ynpasiseMsl, uMeroT Beicokuit KITJ] 1 obecneunBaroT 10CTHKEHNE 3HAYUTEIIBHBIX
K03()PULIMEHTOB YCUIEHHUS IO MOIIHOCTH.

CxeMa ciesImero rupoyCHINTEINs 30JJ0THUKOBOTO THIIA C THAPOABUTATEIIEM ITPSIMOIMHEHHOTO
JIBYDKEHUS M KECTKOM PhIYayKHOW 00paTHOMW CBSI3bIO IIPEJCTaBIIeHa Ha pHcC.8.3.

]
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Puc.8.3. CxeM ruapoycuiinTesnst 30JJ0THUKOBOTO THIIA C 0OPaTHOM CBA3BIO:
1 - mapuup; 2 - Tsra; 3 - 30JIOTHUK paclpeenuTeNs; 4 - MOPIICHb;
5 - KOpITyC CHJIOBOTO LMIMHAPA; 6 - mapHup; 7 - quddepeHraIbHbIi ppryar

OTOT rUAPOYCUIIUTEN COCTOUT B OCHOBHOM M3 TEX 7K€ 3JIEMEHTOB UYTO M PACCMOTPEHHBIH BBILIE
YCHITUTEIh PYJIEBOTO IPUBOJIAa aBTOMOOMIIA. [Ipy mepeMenieHnu Taru 2, CBI3aHHOM ¢ PyYKOi
yhpaBiIeHus, nepeMentaercs mapHup 1 quddepeHuanbHoro peyara 7 o0paTHo CBs3H, C
KOTOPBIM BSI3aHbI IITOKU CUJIOBOTO IMJIMHAPA 5 U 30J10THUKA pacnpeaenuTens 3. Tak Kak CHUIIbI,
IIPOTUBOJIECHCTBYIOLINE CMELIEHUIO 30JIOTHUKA PACIIPENEIUTENS, 3HAUUTEIbHO MEHBIIIE
COOTBETCTBYIOIINX CHJI, IEUCTBYIOIIMX B CUCTEME CUIIOBOTO MOPIIHS 4, TO MAPHUP 6 MOXKET
paccMaTpuBaThCS B Hadaje IBHKEHUS TITU 2 KaK HETIOJABUKHBIN, BBUAY YETO IBUKEHHUE €TO
BBI30BET Uepe3 pbluar 7 CMEIIEHNE TUIyHKepa 30JI0THUKA pacnpenenurens 3. B pesynpraTte npu
CMEIICHNUHU 30JI0THUKA U3 HENTPAJIbHOIO MOJIOKEHHUS, KUIKOCTh IIOCTYIIUT B COOTBETCTBYIOIIYIO
MOJIOCTh LMWJIMHJPA 5, UTO BBI30BET NIEpEMELICHHE MOPIIHS 4, a cle0BaTeIbHO, U IapHUpa 6,
cBsA3aHHOrO ¢ "BbIxoAoM". IIpu 3TOM BBIXOHOE 3B€HO CMECTHUTCSI MPONOPLIMOHAIBHO
MEPEMEIICHUIO TATH 2.

[Tocne Toro kak ABMKEHUE TATH 2 OyIeT MPEKPaIIeHO, MPOAOIDKAIOIIUNACS BBIABUTATHCS
MOpIIIEHb 4 COOOIIMT Yepe3 prruar 7 00paTHOM CBS3H IUTYHXKEPY 30JI0THHKA PACTIPEISTUTENS 3
nepemMenieHue, MPOTUBOIOJIOAKHOE TOMY, KOTOPOE OH MOJIyYall 1O 3TOTr0 MPU CMEIICHUH TITH 2
ynpasieHusi. Tak Kak Ipu TOM pacXo/IHble OKHA 30JI0THUKA OyyT B pe3yJibTaTe 0OpaTHOTO
ABWIKCHUS TUTYHKEPA NOCTCIICHHO MPUKPBIBATHCA, KOJIMYCCTBO ) KUAKOCTH, HOCTyrIElIOH.[Cﬁ B
WIMHJD 5, YMEHBIIUTCS, BCIEICTBUE YETO CKOPOCTh €ro MOPIIHS OyIeT YMEHbIIATHCS 10 TeX
1op, MOKa IJTYHXKEp 30J0THUKA HE MPUJIET B MOJIOKEHUE, B KOTOPOM OKHA MOJTHOCTHIO
MEPEKPOIOTCS, MPU ITOM CKOPOCTh CTAaHET PAaBHOM HYIIO.

IIpu nepemenieHnn MmIyHkepa 30J0THUKA B POTUBOIOJIOKHYIO CTPOHY JBUKEHUE BCEX
AJIEMEHTOB PETYIUPYIONIETO YCTPOUCTBA OyAET MPOUCXOIUTH B 0OpaTHOM HAIIPABJICHUU.



B neiicTBUTENHHOCTH OTACIBHBIX 3TANOB JBIKEHUA "BXxoaa" u "Brixo/ia" paccMaTpruBaeMOro
CIEIAIIETO MPUBO/IA C )KECTKOW 0OPATHOM CBSI3bIO HE CYIIECTBYET, M 00a JABMKEHHUS IPOTEKAIOT
MIPaKTUYECKH OJHOBPEMEHHO, T.€. UMEET MECTO HE CTYIIEHYaTOe, a HEeMpephIBHOE "'clieskeHne"
VCIIOJTHUTENIbHBIM MEXaHU3MOM 3a IIepeMelieHreM ""Bxoaa'.

8.4. 'uapoycuiiuTesib ¢ COMJIOM U 3aCJIOHKOM

['uapoycumuTesnhb C COIIOM M 3aCJIOHKOM (pHUC.8.4) COCTOUT M3 YIPABJISIIOIIETO AJIEMEHTa B BUJIE
HEpETyIUPYyEeMOro apoccens 1, MexXapoccenbHON KaMephl 2, peryIupyeMoro Apocces,
BBITTOJTHEHHOTO B BHJIE COILIA 3, 3aCJIOHKH 4 M 3a1al0LIEr0 YCTPOMCTBA 6, a TAKkKE U3
HCIIOJIHUTEIILHOTO dJIEMEHTA 5.
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Puc.8.4. 'mapoycuiauTenb ¢ COMJIOM U 3aCJIOHKOM:
1 - HeperyaupyeMblil Apoccenb; 2 - MeXApoccenbHas Kamepa; 3 - CoIuio;
4 - 3acJIOHKa; 5 - HCIIOJIHUTENBHBIN 3JIEMEHT; 6 - 3a/1atoniee yCTPOMCTBO

Kunkocts nogaercs K rUAPOYCUIIUTENIO CO CTOPOHBI HEperyaupyemoro apoccens. U3
MEXIPOCCETbHON KaMephl OJIHA YacTh KUAKOCTU (0> BBITEKAET Yepes Iiellb, 00pa30BaHHYIO
TOPLIOM COILIA U 3aCJIOHKOH, a ipyrast (J; IOCTyNaeT K UCIIOJIHUTEIbHOMY 3eMeHTy. [lpu
M3MEHEHUH TIOJI0KEHUS 3aCTIOHKH U3MEHSIIOTCS IaBIICHHE B MEKPOCCEIBHOM KaMepe U pacxol
yepe3 comuio. OTHOBPEMEHHO U3MEHSIOTCS YCUIINE HAa UCIIOJIHUTENBHBIN 3JIEMEHT, pacxol O u
CKOPOCTh V ABM>KEHHUS BBIXOJAHOTO 3BeHA. Heperynupyemslil 1poccenb MOXKET OBbITh BHITIOJTHEH B
BUJIE MMaKeTa TOHKUX MIaii0 ¢ KPYTJIbIMU OTBEPCTHSIMH.

Conuto ruapOyCUIINTEINS BBIIOJIHAETCS B BUAE LUIMHAPUIECKOIO HACaAKa WU B BUE
KallWJUIAPHOTO KaHaJIa. Y BEJIMYCHUE JUaMeTpa COIlIa MPUBOAMT K YBEIMYEHHUIO PACX01a U
OBICTPOJCHCTBUS CUCTEMBI. 3aCIIOHKA UMEET IJIOCKYI0 (JOPMY M IEPEMEIIAeTCs OT BO3ACHCTBUS
Ha Hee CUTHAJIa YIIPABJICHMUS.

['uapoycunuTens TUIa COII0-3aCIOHKA OTJIMYAETCS MPOCTOTON KOHCTPYKILUH, HaJIEKHOCTBIO B
pabote u ObicTpoeiicTBueM. K HeMy MOKHO MOJABOIUTE KUIKOCTh C OOJIBIITNM JIaBICHUEM
nuTanus Py. B ycTpoiicTBe cOMmIo-3aciioHKa OTCYTCTBYIOT TPYIIIUECS TAphl, YTO 00€CTIeunBacT



€ro BBICOKYIO YyBCTBHTEIBHOCTh. HE0CTaTKOM SIBIISIETCS HEIPOU3BOAMTEIBHBIN PACXO
KHUIKOCTH 4yepe3 coruto, Hu3kuid KI1/1 u HeBbIcOKMIA KO3 PHULIUEHT yCUIICHHUS IO MOIITHOCTH.

8.5. I'mapoycuanTes co cTpyitHON TPyOKO#

[uppoycunutens co CcTpyHOM TpyOKoi (pHUC.8.5) COCTOUT U3 TPYOKH 5 C KOHUYECKUM
HACaJKOM Ha KOHIIE, COTNIOBOM TOJIOBKH 1 ¢ IBYMsI HAKJIOHHBIMH KOHUYECKUMU PACXOASIIIMHCS
KaHaJIaMH M YCTPOUCTBA YIIPaBIEHUS. Y CTPOUCTBO YIPABJICHHS CTPYHHOUM TPyOKOI COCTOUT U3
3a/1al01LET0 YCTPOHCTBA 4 B BUJIE PETYJIUPYEMOU MIPYKUHBI, TOJIKATENSI 6 U OrpaHUYMUTENS 3
xo/1a cTpyHOU TpyOKu. KaHaabl COTIOBOM TOJIOBKHM COSUHEHBI C HCTIOTHUTEIHHBIM 3JIEMEHTOM
8 ruapoycuiutens. XKuakocTs ¢ napamerpamu Py u Qy mogaercst K TpyOKe OT HCTOYHHKA
nutanus. [1o TpyOe 2 )KuAKOCTh OTBOJUTCS OT TUAPOYCHIINTEINS Ha CIIMB.

[TpuHIIMT paboTHI THAPOYCHITUTENS CO CTPYHHON TPYOKOI OCHOBaH Ha Pe0Opa30BaHUH
yIIEIBHOM MOTEHIIMAIBHON SHEPTHHU IaBJICHHS B YJCIbHYI0 KHHETHYECKYIO SHEPTUIO CTPYH,
BBITCKAIOIIEH N3 KOHUYECKOT0 HACaIKa, U TOCIEeIyIONEeM IpeoOpa30BaHUH ITOH SHEPTUH B
YACIBbHYIO MOTCHIUAJIBHYIO SHCPTHUIO JAaBJICHUS B KaHaJIaX COIIJIOBOM TOJIOBKH.

I'mapoycuiutens paboTaet cieayomum o0pa3oM. IIpu oTCyTCTBUM CUTHaIA YIIPABICHUS
CTpyiiHas TpyOKa 3aHUMAaeT HEUTPAJIbHOE MOJI0KEHHUE 110 OTHOIICHUIO K OTBEPCTHUSIM B COIIOBOM
rojioBke. BelTekaromias u3 Hacaska CTpysl B OIMHAKOBON Mepe nepepbiBaeT 00a 0TBEPCTUS
(puc.8.5, 6), BcieaCTBHE Yero AaBJICHHS B KaHAIAX COIIOBOM I'OJIOBKH OJMHAKOBBI, a BEIXOIHOE
3BEHO UCIIOJIHUTEIBLHOTO 2JIEMEHTA HENMOABWKHO. [Ipy nmogade curnana ynpasiieHUs Ha
TOJIKATeJb CTpYHHAas TpyOKa CMeIIaeTcsl U3 HEUTPaIbHOTO MOJIOKEHUS], PABEHCTBO IUIOMIACH
OTBEPCTHM, MEPEKPBITHIX CTPYEH, U PABEHCTBO JABJICHHUI B KaHAJaX COIIOBOM rOJIOBKH
Hapyuaercsa. B pe3ynapTaTe BBIXOAHOE 3BEHO UCIIOJHUTEIBLHOTO JJIEMEHTA HAYUHACT
nepemernathes. [Ipn n3MeHeHnn 3HaKa CUrHaja yIpaBieHUs BBIXOJHOE 3B€HO OyAeT ABUraThCs
B IPYT'yI0 CTOPOHY. BbIT€CHsI€Mast U3 UCIIOIHUTEIIBHOIO 2JIEMEHTA KUAKOCTH II0IIa1aeT Yepe3
KaHaJl B COIUIOBOM T'OJIOBKE B MOJIOCTh 7 YCHIIUTENS U Jajiee Ha CJIUB. J[j1sl Toro 4To0bl B KaHAJbI
COIUIOBOM T'OJIOBKM BMECTE C JKUIKOCTBIO HE MOTAaJl BO3AYX, HACAI0K CTPYHHOU TpyOKH AeTaroT
IOTPYKEHHBIM B )KHJIKOCTb.
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Puc.8.5. T'uapoycunurens co cTpyidHOM TPYOKO#:
1 - comioBas roJoBKa; 2 - CIIMBHOM TPpyOONPOBO; 3 - OTpaHUYUTENb X0/1a;
4 - 3aaroniee yCTpoicTBO; S - cTpylHas TpyOka; 6 - ToJIKaTelb;
7 - BHYTpPEHHSIS [10JIOCTh; 8 - UCIIOTHUTEIbHBIN 37IEMEHT
8.6. /IByxKkackaaHble YCHIUTETH

I[J'ISI IMOBBIIICHWA YYBCTBUTCIIBHOCTHU YCUIIUTCIIA U O6€CH€‘I€HI/I$I OOAHOBPEMCHHO YBCINMYCHUA
MOIIHOCTH BBIXOJHOT'O CUTHAJIa MPUMEHSIOT ABYXKaCKaIHbIE YCTPOICTBA, IEPBO CTYNEHbIO
YCHUJICHUA KOTOPLIX ABJIACTCA O6BI‘-IHO YCUJIUTCIIb TUIIA COILJIO- 3aCJIOHKA, a BTOpOfI - 30JIOTHHK.
[IpuHIIMNIHaTBbHAS CXeMa TaKoro yCTPOMCTBA MoKa3zaHa Ha puc.8.6. MexapoccenbHas kamepa a
3TOI CXEeMbI COeIMHEHA C MPABOM MOJIOCTHIO OCHOBHOTO PaclpeIeIUTEILHOr0 30JI0THUKA,
IUTYHXep 2 KOTOPOTO HAXOJUTCS B PAaBHOBECUU TOJ ICUCTBUEM yCHUIIUS TIPYKUHBI 4 U TaBIICHUS
KUAKOCTU B 3TOU KaMcepe. >KI/II[KOCTB MOCTOAHHO MOABOAUTCS B IITOKOBYIO MTOJIOCTH b CHJIOBOI'O
WIMH]pPA, TOPIIEHb KOTOPOTO MPU OJTHOBPEMEHHOI Mojaue )KUIKOCTH B IPOTHBOIIOIOKHYIO
MMOJIOCTh NCPEMCIIACTCA BCIICACTBHUC PA3HOCTH HJIOH.[&I[GI\/’I MOpHIIHA BJICBO, U IPHU COCANHCHUUN
3TOM MOJIOCTH € OAKOM - B TIPABYIO CTOPOHY.




Puc.8.6. JIByxkackaHbIN YCHIIUTEIh TUIIA COTIO-3aCTIOHKA!
1 - 3acnonka; 2 - miyHxep; 3 - CIOBOM HWIMHAD; 4 - pyKUHA

Ha puc.8.6. ycunurens nokazaHa B HEUTPaIbHOM TTOJIOKEHHUH, B KOTOPOM TIpaBast OJIOCTh
mmHapa 3 nepekpsoita. [Ipu cMereHny 3aciionku | paBHOBECHE CUJT, ACHCTBYIOIUX Ha
IUTyHXep 2 30JI0THUKA, HAPYIIUTCS, U OH, CMEIIAsACh B COOTBETCTBYIOIIYIO CTOPOHY, COSANHHUT
IPaByIo MOJIOCTh CHJIOBOTO IIMIMHIPa 3 100 ¢ MOJIOCThIO MUTaHus (AaBineHue P ), 1160 ¢
6akoMm. brraromapst Tomy, 4TO yCHiINe, CO34aBaeMOe JaBICHHEM JKHIKOCTH Ha ILTYHXep 2
30JIOTHHMKA, YPAaBHOBEIIMBAETCS MPYKUHOH 4, IepeMelIeHre pacpeaeTUTEIbHOT0 30J0THIKA
OyzIeT POIMOPIMOHAIIBHO TIEPEMEIICHHUIO 3aCIOHKH (PETYIIUPYEMOT0 IPOCCEs), B pe3yJIbTaTe
Yero JOCTUTaeTcs MPUOIMKEHHAs TIPOINOPLUUOHATBHOCTD PACX0/Ia XKUAKOCTH Yepe3 30JI0THUK U
nepeMenieHust 3acinoHky. CieoBaTenbHO, B JAHHOM ClTydae UIMEET MECTO 0OpaTHast CBSI3b 110
JIABJICHUIO.
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Puc.8.7. JIByxcTyrnenuaras ciaeasias CucTemMa ¢ 00paTHON CBSI3bIO 1O JaBJICHUIO:
1 - npyxwuHa; 2 - IuIyHXep; 3 - Apoccenb; 4 - Kanas; 5 - 3acI0HKa

1 - ::-—-—: . ;—i}r\____
3 4

Cxema npuMeHeHus 3TOT0 PaclpeieIUTENbHOIO YCTPOHCTBA B CIEAIIEH CUCTEME NTPUBEACHA
Ha puc.8.7. IlnyHxep 30JI0THHUKA 2 B 3TOM CXEME HaXOAUTCA B PABHOBECUU IO ICHCTBHEM
YCUJIUSA IPYKUHBI lu AaBJICHUSA ) XUAKOCTU B KaMEpC a, KOTOopad COCAUHCHA C JIMHUEH MUTaHUS
yepes Ipoccenb 3 U cO CIIMBOM - Yepe3 CBepiieHHe b B mToke miyHxepa. ConpoTuBIeHHE
MOCJIETHETO KaHaja, a CJIeA0BaTeNIbHO, U IaBJICHHE B KAMEPE a MOKHO U3MEHSTh CMEIICHUEM
3aCJIOHKH 5; IpU 3TOM BCJIEICTBUE HAPYLICHHsI PABHOBECHS CUJT HATSDKEHUS TIPYKUHBI U
AaBJICHUS ) KUAKOCTH ITUTYHIXKCP 30JIOTHUKA 6y,£[eT CJICOOBATh 3a 3aCJIIOHKO1A. I[JISI IIOBBIIIICHUA
YYBCTBUTEIBLHOCTHU JAaBJICHHUE B KaMepe a 0OBIYHO TTOHMKAETCSI ¢ MOMOLIBIO KIanaHa 4 win
IMyTCM IMUTAHUA 3TOU KaMCpPbI OT OTACIIbHOTO HCTOYHHKA U, B HACTHOCTH, OT CIIUBHOU
MarucTpau.



Cucrembl pa3rpy3Ku HaCOCOB M peryJIMpOBaHus THAPOABUraTesei

9.1. Cnioco0bl pa3rpy3ku HACOCOB OT JABJICHUS

B rugpornpuBogax, B KOTOPBIX THAPOABUTATENN PabOTAIOT HEMIPOIOHKUTEIIBHO, HEOOXO MO
yCTpauBaTh CUCTEMBI pa3rpy3KH Hacoca OT AaBieHUs. biaarogapst 3ToMy yMEHbIIAIOTCS
AKCIUTyaTallMOHHbIE pacxobl, yBenuuuBaeTcs KITJ[ cucteMbl u mOBBIIIAETCS 1OATOBEYHOCTh
Hacoca.

Paszpyska uepesz pacnpedenumens OCyIIECTBISAETCSA IyTEM COSAUHEHHS HATIOPHOM JIMHUU
Hacoca HEMOCPEACTBEHHO uepe3 pacnpeaenuTens ¢ 6akoM. Ha puc.9.1, a nokazan MOMeHT
pasrpy3KH Hacoca Mpu MOMOLIM TPEXTO3ULIUOHHOTO PEBEPCUBHOIO pacpeACTIUTENS C
AJIEKTPOMArHUTHBIM yHpaBieHHeM. Pa3rpyska ocyIiecTBiIseTCs Ipy CpeIHEM TOJI0KEHUN
IUTYH)KEpa 3a CUET KaHAaJIOB, C/IEIaHHBIX B IUTYHKEpe 30JI0THHKA.

Pasepysxa nacoca c yoepaicanuem 6 cuopomazucmpany yCmaHo8UsuLe20cs 0asieHus
Heo0XouMa JIJIsl TUAPOCUCTEM MAIITUH C MPHKUMOM HITH 32)KUMOM JieTallel Ipu uX 00paboTke
(B CTaHKOCTPOEHUM) UM B TUAPOCUCTEMAX, II€ MPOIOJIKUTEIbHOE BpeMs JOIHKHO
MOJ1JIEPKUBATHCS BHICOKOE JaBJICHUE IIPU OTCYTCTBUU pacxoaa. B Takux ciiydasix NpUMEHSIOT
THAPOAKKYMYJIATOPHL. JlaHHAs cUCTEMa pa3rpy3Ku Hacoca ObLTa yXKe paccMOTpeHa B 11.7.4 Ha
puc.7.22. PaccMoTpuM elie oAuH BapuaHT pa3rpy3ku. Ha puc.9.1, 6 npeacraBiena ruapocxema,
/i€ pa3rpy3ka Hacoca ¢ yJiep>KaHueM JaBJICHUs B THIPOMArucTpail OCYIECTBISIETCS
cnenyrommmM odpaszom. Ilocie mprkuMa MTOKOM MOPIIHA Tpy3a | K yropy HauMHaeTCs 3apsaKa
TUAPOAKKYyMyJIsiTopa 2. B 3T0 ke BpeMs KHUAKOCTh O] BBICOKUM JaBJICHUEM IO JTUHUHI
yIpaBiaeHus 3 MOABOAUTCS K HAIOPHOMY KJIaTlaHy.

Korna naBiieHne JOCTUTHET 3HaYEHMsI, HA KOTOPOE HACTPOEH KJlamnaH 4, OH OTKPOETCs U
COEJIMHUT HAMOPHYIO JIUHUIO ¢ ruapodakoM. Hacoc pasrpy3urcs oT BICOKOTO J1aBIEHUS, IPU
9TOM OOpaTHBIH Ki1anaH 5 OJIOKHUpYyeT MarucTpajib OT CIMBA, @ HY>)KHOE JJaBJICHUE
NOJIEPKUBACTCS THAPOAKKYMYJISITOPOM 2. ['MIPOAKKYMYJISITOP PU 3TOM KOMIIEHCUPYET
yTeUKu pabouell )KUKOCTH B THApoAInapaType U IepeTeuku B THAPOIBUTATEIE.
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Puc.9.1. [IpunnunuansHbie CXeMBbl pa3rpy3Ku Hacoca

Rur

Pasrpy3ka Hacoca B MOJIOKEHHUH "CTOM" UCTIOTHUTEIPHOTO MEXaHU3Ma IPUMEHSIOT B CTAHKAX,
paboTaronux Mo uKiIaM: padounii Xof - "cron" - peBepc - XoJa0CcTol Xo1. B aTom cirydae k
TUAPOLMINHAPY U THAPOMATUCTPATH HEOOXOIUMO MOAKIIOYUTE 0OpaTHBIE KianaHsl (puc.9.1, B,
r). [Ipu qocT>XeHUH MMOPIITHEM KpaitHETo paBoro moiokeHus (puc.9.1, B) Hacoc pa3rpykaetcs
1o nuHuM 1-2-3-4-5-6-7, a npu AOCTMKEHUH KpANHHETO JIEBOTO NojoxkeHus (puc.9.1, r) - no
auHun 1-2-6-8-9-3-7.

9.2. /IpoccesibHOE peryJIMpoOBaHHe

OdeHb yaCTO BO MHOTHX pabOUUX Mpolieccax HE0OX0AUMO U3MEHSATh CKOPOCTH JTBUKECHUS
BBIXO/IHBIX 3B€HbEB TUApOABUTaTENCH. VI3MeHEeHe CKOPOCTH MOXKET OCYIIECTBISITHCS PA3HBIMHU
cnocobamu. OIHUM U3 HUX SIBJISIETCS IPOCCENbHOE YIIPaBJICHHUE.

JlpoccenbHBIi croco0 peryIupoBaHus CKOPOCTH TUAPOIPUBOAA C HEPETYIUPYEMBIM HACOCOM
OCHOBAH Ha TOM, YTO YacCTh KUJKOCTH, I0JaBa€MON HACOCOM, OTBOJAUTCS B CIIMBHYIO
TUAPOJIMHUIO U HE COBEPILALET MOJIe3HOM paboThl. [IpocTemuM perynsTopoM CKOpoCTH
SBIISIETCS. PETYJIUPYEMBIH IpOCCeNb, KOTOPBIA yCTAHABIMBAETCS B CUCTEME JIMOO0
MOCIIEA0BATENBHO C TUAPOABUTATEIEM, JTUO0 B TUAPOIIMHAN YIIPABICHUS IMapaILIEITbHO
TUAPOJABUTATEINIO.

[Ipu napannenvrom sxarouenuu apoccens (puc.9.2, a) paboyvast >KMIKOCTb, ITOAaBaeMasi HACOCOM,
paszensercs Ha JIBa MOTOKA. OJIMH MOTOK MPOXOJIUT Yepe3 TUAPOABUTaTeNb, IPYToH - yepes
pETyIUPYEMBII IPOCCEIIb.

CKopocCTh MOPUIHS 17151 3TOM CXEMBbI OIPEEIUTCS BHIPAKEHUEM
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rae S - apdexTuBHas mIomanb NopiHs; O - mojaya Hacoca; Sy - IIOLIAlb IPOXOIHOIO
CeUeHUS JIpoccelis; | - KoahUIMEHT pacxoa; Fyy - Harpy3Ka Ha IITOK MOPIIHS; P - INIOTHOCTh
KUJTKOCTH.

B Takoii cucreme npu NocTOSHHOM BHEIIHEN Harpyske Fy = const, CKOpOCTb JIBUKEHUS OyAeT
U3MEHATBCA OT V i 10 Vpgx TP U3MEHEHUH Spp OT Sop max 10 Syp = 0. ITockonbky B
paccMaTpuBaeMOM THIPONPHUBO/IE IaBICHNE HA BBIXOJIE HACOCA 3aBUCHUT OT HArpy3ku Py = Fy /S
U HE ABJIACTCS OCTOSTHHOW BEJIMYMHOM, TAKyI0 CUCTEMY HA3bIBAIOT CUCNEMOU C NepeMeHHbIM
oasnenuem. KianaH, yCTaHOBJIEHHBIN B CUCTEME, SIBJIAETCSA IPEIOXPAHUTEIBHBIM. JTa CUCTEMA
IIO3BOJIAET PETYJIMPOBATH CKOPOCTh TOJIBKO B TOM CIIy4ae, €CJIU HANPaBICHUE JEHCTBUS
Harpy3KH IPOTUBOINOJIOKHO HAIIPABJICHUIO JBUKEHHSI BBIXOJHOTO 3B€HA TMAPONPUBOIA
(oTpumaTenpHas HArpPy3Ka).
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Puc.9.2. Cxembl ruiponpuBOIOB € JPOCCETBHBIM YIIPABICHHUEM CKOPOCTHIO:
a - ¢ mapaJuIeTbHBIM BKIIFOUEHUEM JIpocceisi; O - C IpocceeM Ha BXOJe
TUAPOJIBUTATENIS; B - C IPOCCENIEM Ha BbIXOJI€ THIPOJIBUTATEIIS;

T - C YETBIPEXJIMHEWHBIM JPOCCEIUPYIOIIMUM PACIIPEAEIUTEIIEM

Ilocredosamenvhoe xatoueHUe TPOCCEIs OCYIIECTBISETCS Ha BXO/IEC B THIPOJBUTATENh, HA
BBIXO0JI€ THIPOJIBUTATEIIS, HA BXOJIE U BBIXOJIE THAPOABUTATENS. [Ipr 3TOM BO BCEX TPEX CITydasx
CUCTEMa PEryJIMPOBaHUS CKOPOCTH CTPOMTCS HA MPHUHITUIIC MOIICPKAHUS TIOCTOSHHOTO
3HaueHus jaaBiieHus PH Ha BBIX0JIe HEpETryIMpyeMOro Hacoca 3a CYET CIIMBa YacTH paboueit
KHUJIKOCTH Yepe3 MepesIMBHOM KiamaH. [1o3ToMy crcTemMa IpoCcCcebHOTO PEryJIMpOBaHus C
MOCIICI0BATEIHLHBIM BKIIFOUSHUEM JIPOCCEIICH MOTyqriia Ha3BaHUE CUCHEMA C NOCTOSHHbIM
oasnenuem.

['unponpuBo ¢ ApoccesneM Ha Bxoje (puc.9.2, 6) nomycKaeT peryJIupoBaHUe CKOPOCTH TOIBKO
IIPY OTpULATENbHOU Harpyske. [Ipu momoKuTeIbHON Harpys3Ke, HalIPaBJICHHOW 110 ABUKCHUIO
HOPILHS, MOXKET IPOU30MTH Pa3phIB CIUIOMIHOCTH OTOKA pabouel )KUAKOCTH, 0COOEHHO IpU
3apBITOM JIpOccesie, KOT/Aa MOPIIEHb MPOI0JKAET IBUKEHUE MO/ IEHCTBUEM CHJI HHEPLIUH.

CKOpOCTI) ABVIKCHUS OPUIHA B TAKOM T'HAPOIIPUBOAC ONIPCACTIACTCA BBIPAKCHUCM



[MunponpuBo ¢ ApocceseM Ha BbIxoze (prc.9.2, B) I0MyCKaeT PEryIupoBaHue CKOPOCTH
THJIPOABHUTrATENS MPH 3HAKOIIEPEMEHHOM Harpy3Ke, Tak Kak IpH JI000M HaIllpaBICHUN ACUCTBUS
CUIIBI Fiy U'BMEHEHHUIO CKOPOCTH MPETSITCTBYET COMIPOTUBIICHUE IPOCCEIs, Yepe3 KOTOPHIit
pa60qa51 KUJIKOCTh MOCTYMNACT U3 MMOJIOCTU TMAPOABUTATCIIA HA CIIMB. I[JISI TaKOM CXEMBI
BKITIOUEHUS IPOCCENSi CKOPOCTh IBUKEHHS BBIXOTHOTO 3BE€HA OIPEICTUTCS

ITpu ycraHOBKe Apoccerst Ha BBIXOJE B CiIydasix OOJbIIUX MOJOXKHUTEIbHBIX HArPY30K JaBICHHUE
nepes IpoccesieM MOXKET IPEBBICUTH TOIIyCTUMBIA ypOBeHb. [I0aTOMY 11t IpenoXpaHeHust
CHUCTEMBI MapaIJICJIbHO APOCCENI0 BKIKYAIOT IPEAOXPAHUTEIIBHBIN KIIAIaH.

HenocraTkom apoccenbHOro peryupoBaHusl SIBISIETCS TO, YTO IPU PETYJIMPOBAHUU YacThb
SHEPruy TPATUTCS HA IPEOJOJIEHUE COIPOTUBIICHUS B JPOCCEIIE U MPEJOXPAHUTEIBHOM
KJIallaHe, BCJIEACTBHE YETO MOBBIIIAETCS TEMIIEpATypa )KUIKOCTH, & 3TO OTPULIATEIBHO
cKasbIBaeTcs Ha pabote ruapocuctemsl. [Ipu qpoccensHoM perynupoBanuu cHikaetcst KI1/]
TUIPONIPUBO/IA, U OTCYTCTBYET MOCTOSIHCTBO CKOPOCTH JIBUKEHUS BBIXOJIHOTO 3BE€HA
TUAPOJIBUTATENIS IIPU IEPEMEHHON HArpysKe.

9.3. O0BbeMHOe peryJMpoBaHHue

Jl1s ni3MEeHeHHs CKOPOCTH paboyuX OpPraHOB MPUMEHSIOT CUCTEMBI, Y KOTOPBIX BCS JKUJIKOCTH OT
HACOCOB MOCTYIAET K TUAPOJBUTATEINIO, a PETYJIMPOBAHUE €TI0 CKOPOCTH JIOCTUTACTCS
U3MEHEHHeM pabouero oobemMa Hacoca Ui TUAPOABUTATENSL.

Cmynenuamoii pezynuposanue, sIBISSCh Pa3HOBUIHOCTHIO 00BEMHOT0, OOBIYHO OCYIIECTBIISETCS
WY TIYTEM MOJKIIOYCHHUS B CHCTEMY PA3JIMYHBIX 110 TPOU3BOIUTEIBHOCTH HACOCOB (PAa3IUYHBIX
10 PACXOy TUIAPOIBUTATEIICH).

M3meHeHne ckopocTH nepeMellieHust MOPIIHs ruapounansapa (puc.9.3) ocymiecTisieTcs: B
pe3yibTare COeTUHEHHs OHOT0 WIM HECKOJIBKUX HacOCOB 1 ¢ ITMHMEH cauBa (MpU MOMOILIN
KpaHoB 2). OOpaTHbIe KJIanaHbl 3 B CHCTEME OTKIIIOYAIOT pa3rpy>KeHHbBII HACOC OT JIMHUHU
BBICOKOT'O JaBJICHUS.
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Puc.9.3. O0BbemMHOe cTyneH4aToe peryaIupoBaHue

[MoaxnroueHne B THAPOCUCTEMY TPEX HACOCOB pa3sHOM Mpou3BoAuTenbHOCTU O, O 1 O3
MO3BOJISIET MOJYy4aTh 10 CEMU 3HAYEHUN CKOPOCTEH JIBUIKEHHSI BBIXOJHOTO 3BEHA
TUAPOJIBUTATEIIS.

[T1aBHOE M3MEHEHHE CKOPOCTH JIBUKCHHS BBIXOTHOTO 3BE€HA THAPOIPHUBOJIA PEaTM3yeTCs 3a
cYeT u3MeHeHus pabodero oobeMa MO0 Hacoca, TMO0 IBUTATENS, JIMOO 32 CUET H3MEHEHHUS
pabodero o6bemMa 00erX MaIluH.

Pezynuposanue nymem uzmenenus: paboveco ob6vema Hacoca MOXKET ObITh HCIIOIb30BAHO B
TUAPOIPUBOAAX MTOCTYNATEIBHOIO, IOBOPOTHOI'O WJIM BPAIIATEIbHOIO ABUKCHUM.

Ha puc.9.4, a npuBeneHa npuHIMIIMAIbHAs CXEMa THAPONPHUBO/IA TOCTYNATEIBHOIO JBUKEHUS C
3aMKHYTOM LUPKYJIALKMEH, B KOTOPOM PEryJIMPOBAHUE CKOPOCTU JBUKEHHUS ILITOKA
TUAPOLUMINHAPA | OCYIIECTBIAETCS 3a CHET U3MEHEHMS 101auu Hacoca 4. BeipaxkeHue s
CKOPOCTH JIBIKEHUS IITOKA TIpH Fy /S < P, 3amMCBIBAeTCS B BUC

v= SHIHRH F_g'
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I'Zle ¢ - MaKCUMaJbHbIM pabounii 00beM Hacoca; 1y - 4acToTa BpallleHus Hacoca; S -

3 PeKTUBHAS TUIOIIAbL TOPITHS THIPOLMINHAPA; 7. - KO3 PHULHEeHT 00BEMHBIX TOTEPD
CHUCTEMBI, orpeesemMblid n3smeHenneM oobemHoro KII/] Hacoca u ruapoasuratens B GyHKIIUHA
naByieHus (Harpy3kH); Fy - Harpy3ka Ha IITOK MOPIIHS; Py - JaBlieHHe, Ha KOTOpOoe
OTpPEryJINpPOBaHbI IPEAOXPAHUTEIBHBIC KIIANIAHbL; ey - HapaMeTp PeryJIMpoBaHuUs HAcOca,
PaBHBIN OTHOIICHUIO TEKYILIETo 3HaYeHUs1 pabodyero o0bemMa K MaKCUMalbHOMY pabouemy
o0Bemy.

N3menenne HanpaBiieHUs! ABM)KEHUS BBIXOJAHOIO 3BEHA I'MIPONIPUBO/IAa OCYIIECTBIISETCS
Onarogapsi peBEpCUpPOBAHHIO MOTOKA paboue JKUIKOCTH, MT0IaBaeéMOi HacocoM (peBepc MoJauu
Hacoca). [Ipu 3ToM HEOOX0AMMO BHaYalle YMEHBIIUTD 110Aauy Hacoca J10 HyJIsl, a 3aTeM
YBEJIMYUTH €€, HO B TPOTUBOIIOJIOKHOM HarpaBjieHuu. HanopHas v ciuBHAsi THAPOIUHUN
MEHSI0TCS MecTaMU. JIJ11 KOMIIEHCAIMK yTEUY€eK B TUAPONPUBOJE C 3aMKHYTOM LIUPKYJIALUEH, a
TaKKe JIJIs1 UCKIIFOUEHUSI BO3MOXKHOCTH KaBUTALlMK HA BXOJI€ B HACOC UCIIONb3YETCS



BCIIOMOTaTeNIbHBIM HacoC 3, OCYIIECTBISIIOIINN [To1auy pabodel KUAKOCTH B CUCTEMY
THJIPONPUBO/IA Yepe3 0OpaTHbIEC KIIATaHbl 5.

[Ipu Takom crioco0e peryIMpoBaHus CKOPOCTH YCHIIUE, PA3BUBAEMOE BBIXOIHBIM 3BEHOM
TUAPOIIPUBOAA, HE 3aBUCUT OT CKOPOCTH ABMXKEHUSA. B 9TOM cilydae 1HMana3oH peryJMpoBaHus
onpenensiercs oo0bemabIM KITJI ruaponpuBoja, a Takke MaKCUMaJIbHOM TTO1aueld Hacoca,
OTIpeIeIIIEMbIi ero padbounM 00BEMOM.

Ha puc.9.4, 6 npeacraBieHa 3aBUCUMOCTb CKOPOCTH JABMKEHHS 1 MOLTHOCTH Ha BBIXOAHOM
3BEHE THJIPONPUBOJIA OT IMApaMeTpa PEryIMpOBaHUs IIPU MOCTOSIHHOW Harpy3ke. Takas cucrema
00BEMHOT0 PETyJIUPOBaHMS CKOPOCTH MOITyUHIIa HauOOJIbIIee PaclpoCTpaHEHHUE B
TUAPONPUBOAAX JOPOKHO-CTPOUTENBHBIX U MOABEMHO-TPAHCIIOPTHBIX MAIIIHH.
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Puc.9.4. T'upponpuBo ¢ peryIupyeMbIM HACOCOM:
a - MpUHIMIHATBHAS cXeMa; O - 3aBUCUMOCTh CKOPOCTHU U JIaBIICHUS
OT IapaMeTpa peryaupoBaHus; 1 - THAPOLMINHID; 2 - PEeIOXPAaHUTEIbHBIN KIIallaH;

3 - BcioMorareibHbIi Hacoc; 4 - peryIupyeMblii Hacoc; 5 - 00paTHBIN KianaH
PerynupoBanue myteM nusmMeHeHus: pabodero oobeMa rufpoaBUTraTelIsi IPUMEHSIETCS TOJIBKO B
TUAPONPUBOIAX BPALIATEILHOTO JABIKEHUS, TJI€ B KAUECTBE THAPOJIBUTATEINS UCTIONB3YETCS
perynupyemsiid ruapoMoTop (puc.9.5, a). B aTom cirydae perynupoBaHue NpOUCXOIUT TIPU
MOCTOSTHHOM MOIIIHOCTH, TaK KaK YMEHbIIIeHHE paboyero o0beMa riuIpoIBUTaTeNs yBEIUINBACT
CKOPOCTBb BBIXOAHOI'O 3B€HA T'MAPOIIPUBOAA U COOTBCTCTBCHHO YMCHBIIACT KPYTSIHII/Iﬁ MOMCECHT,
pa3BHUBaEeMBbIi Ha BHIXOJHOM 3BeHE. YacToTa BpalleHus Bajia TUAPOMOTOpA 1y TIpu Py < Py
OTIPENIeNISIETCS] COOTHOLICHUEM

o, o JHRH "7 H
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TJI€ G max - MAKCUMAIIBHBIA pab04mii 00beM THIPOMOTOPA; €y - ITApaMeTp PeryIupOBaHH
THIIPOMOTOpA; P; - naBlieHHe B HATIOPHOU THIIPOIIMHUY; 7 - KOOPPHUIHEHT 00bEMHBIX TOTEPh
(yTedek) B cucreme.

W3 BeIpakenus (9.5) ciaenyer, uto npu ey — 0 1y, Bo3pactaeT 10 6eckoHeuHOCTH. [IpakTHueckn
CYILIECTBYET MUHUMAJIbHOE 3HAYEHHE €'y, P KOTOPOM MOMEHT, pa3BUBAEMBII I'MIPOMOTOPOM,
CTaHOBUTCS PaBHBIM MOMEHTY BHYTPEHHETO TPEHUS, U TUAPOMOTOP TOPMO3ZHUTCS JaXKe MPH
MOMEHTE Harpy3Ku, paBHOM Hy:0 (P; = 0).

Ha puc.9.5, 6 npeacrasieHa 3aBUCKMOCTb YaCTOTHI BPAIIEHUS U Pa3BUBAEMOI0 MOMEHTA Ha
BaJly TMIPOMOTOpA OT IIapaMeTpa peryJIMpoBaHysl IPU MOCTOSIHHOM AaBJICHUU P;.



g

+ !
M l i
@ H I 4] N
! |
TF (?
(I S |
Puc.9.5. 'maponpuBoa ¢ peryimpyeMbIM THIPOMOTOPOM:

a - IpUHIUIIHAJIbHAA CXCMa, 6 - 3aBUCUMOCTH CKOPOCTHU U OABJICHUSA
OT TIapamMeTpa peryIupoBaHHS

£yl Ey=Eue=! Eny :1'.’
b=l 2y=1

PerynupoBanue nyteMm n3MeHeHHs pabounx 00bEMOB HacOCa U TUAPOBUTATEIIS UCTIONB3YIOT
TOJIBKO B THJIPOIIPUBO/IaX BPALaTEIbHOIO IBUKEHUS C PETYIUPYEMBIM THIPOMOTOPOM.
CKOpOCTb BBIXOJIHOTO 3BE€HA PALMOHAIBHO PETYJIUPOBATh CIEIYIOIUM 00pa3oM:

1) 3ammycTUTh NPUBOIHON ABUTATEND NIPU ex = 0;

2) sl CTparMBaHMs M pa3roHa BBIXOJHOTO 3BeHA MPUBOJIA U3MEHUTH ey OT 0 10 1 mpu ey = 1;

3) nanpHelIIee yBEIUYEHUE CKOPOCTU OCYLIECTBIIATh IIyTEM U3MEHEHUs ey, oT 1 110 e’y ipu ey =

1.

YMeEHBIICHHE CKOPOCTH MPOUCXOAUT B 00paTHOM Topsiake. Takol criocod Mo3BOISIET MOJTYIHTh
0OJIBIION IHAaNa3oH PeryIupoBaHusl, OH 00J1a/1aeT BCEMU TOCTOMHCTBAMU M HEJOCTaTKAMHU
BBIIIIE PACCMOTPEHHBIX CXEM 00BEMHOTO YITPABJICHUS.
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Puc.9.6. 'mnponpuBoa ¢ peryaupyeMblM HaCOCOM U THIPOMOTOPOM

Ha puc.9.6 npencrapiieHbl NpUHIIMITHAIBHAS cXeMa (a) U XapakTepuctuka (0) THaponpuBoia ¢
3aMKHYTOH [UPKYJSIIUEH U PETyIUPYEMbIM HACOCOM U THIPOMOTOPOM.



9.4. KoMOMHUPOBaHHOE PeryJMpoBaHue

KoMOuHnpoBaHHOE peryInpoBaHUE UIH 00beMHO-0POCCeNbHOE pe2yIupo8anue CKOPOCTH
JBUKEHHUS BBIXOJHOTO 3B€HA TMAPOABUTATEIIS 3aKIF0OUAETCA B TOM, YTO B CUCTEMY APOCCEIBHOTO
PEryJMpoOBaHus C IOCTOSHHBIM JIaBJIEHUEM YCTaHABIMBAETCS PETYJINPYEMBII HACOC U JaBJICHHE
MOJIICP’KUBAETCS TIOCTOSIHHBIM HE 3a CET CJIMBA YacTH pabodeil )KUAKOCTH Yepes3 MepesnBHOMN
KJIallaH, a 3a C4eT U3MEHEHHUs [10/1a4M Hacoca. B Takoli cucteMe peryupoBaHusi OTCYTCTBYIOT
MOTEPHU B NMEPEITUBHOM KJIAIlaHE.

Ha puc.9.7 npencraBnena cxema THIPONPUBO/IA TTOCTYIIATEILHOTO ABUKEHUS C 00BEMHO-
JPOCCEBHBIM YITPABICHUEM CKOPOCTHIO. ITocTOsIHHOE aBineHue Py NOAIEpKUBAETCA Iy TEM
COBMECTHOM paboThI peryisTopa 1 1 akCHallbHO-TIOPIIHEBOTO PEryIMPYyEMOro Hacoca 2.
N3menenue naBnenus Py IPUBOIUT K U3MEHEHUIO TIOJIOKEHUS TIOPIIHS perystopa 1 u
CBSI3aHHOTO C HUM HAKJIOHHOTO JHCKa Hacoca 2. I3MeHeHne moJIoKeHUs JUCKa MMPUBOIUT K
M3MEHEHUIO nojaun Hacoca Q.
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Puc.9.7. 'mapornpuBos ¢ 00beMHO-IPOCCETbHBIM YIIPABICHUEM
CKOPOCTBIO BBIXOJJHOT'O 3BE€HA TUAPOBUTATEIIS

[ToaTomy B Takoil cucTeMe mojlaya Hacoca BCET/ia paBHA pacXo/y Yepe3 TUAPOIBUraTellb U
JIpoccens mpu Py = const.



9.5. CpaBHeHHe c1IOCO0OB peryJTMpOBaHHUA

CpaBHUTENBHYIO OLICHKY Pa3JIMUHbIX CUCTEM PETYJIUPOBAHUS CKOPOCTH THIPOIIPUBOJIOB
11e51ec000pa3HO MPOBOJAUTH MO ABYM IOKA3aTeNsIM: Harpy304HOM XapaKTepUCTHKE IPUBOAA V =
f(Fr) n KIIJI cuctemsl perynupoBanus. Ha puc.9.8, a mpuBeeHbl Harpy304Hble
XapaKTEPUCTUKH, IOCTPOCHHBIE [T THAPONPUBOJIOB C OJUHAKOBON MaKCHMaJIbHOM Harpy3Kkon
(1 - cuctema c mepeMeHHBIM JIaBJICHUEM, 2 - CHCTEMa ITOCTOSHHBIM JIaBICHUEM, 3 - 00beMHOE
yOpaBIEHUE).
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Puc.9.8. XapakTepucTUKU TUAPONPUBOJIOB C PA3TUIHBIMU
croco0amMu yIpaBJIeHUsI CKOPOCTHIO

Tax kak 17151 ynpaisieMbIX THIPONPUBOIOB HAUOOJIBLINI HHTEPEC MPEICTABISAET HE 3HAUCHUE
KII/I Ha omqHOM U3 pexxuMOB paboThl, a XxapakTtep u3menenus KI1J{ Bo Bcem auamnazone
pEryJIMpOBaHMs IIPU Pa3INYHbIX HAarpy3Kax, TO CPABHEHHE CUCTEM JIy4lle BCETO MPOBOJUTH 110
XapaKTepUCTHKAM:

n=9(5}, =71y

r7ie - OTHOLICHHUE TEKYIETro 3HaYeHUsI CKOPOCTH MPH TAHHON Harpy3ke K MaKCUMaJIbHOMY
3HAYEHHUIO CKOPOCTH IIPH TOM K€ HarpyskKe.

Ha puc.9.8, 6 npusenens! xapakrepuctuku KI1/] cucrem perynuposanus (1 - napamiensHoe
BKJIIOYEHHUE JIpOCCeisl; 2 - MOCe10BaTeIbHOE BKIIOUEHUE JPOCCENs IPU ONTUMAIbHOM
Harpyske; 3 - 00beMHO-IPOCCEIbHOE YIIPABICHNE IPU ONTUMAaIbHON Harpy3ke 1 00beMHOE
ynpasieHue), a Ha puc.9.8, B - 3aBucumoctH KII/] cuctemsl perynupoBaHusi OT Harpy3Ku Mpu
MaKCHMaJIbHOW CKOPOCTH JIBU’KEHUS BBIXOIHOTO 3BeHa puBoJa (1 - mapasienbHOe BKIIOUEHNE
Jpoccenst 1 00bEMHOE yIpaBlIeHue; 2 - 00bEMHO-POCCEIbHOE YIIpaBiIeHue; 3 -
HI0CJIEI0BATENBHOE BKJIIOUEHHUE APOCCEIS).



CpaBHEeHME XapaKTEpUCTUK Ha prC.9.8 MOKa3bIBAET, UTO TUIPONPUBOJ] C OOBEMHBIM
yIpaBIEHUEM UMEET CaMylo CTaOMIbHYIO XapaKTEPUCTUKY CKOPOCTH BO BCEM JIMANa30He
WU3MEHEHUS Harpy3oK 1 camblid BeicOKHN KIIJI cuctemsl peryampoBaHus BO BCEM AUana3oHe
peryaupoBaHus CKOPOCTH.

OpnHako CTOMMOCTB PEryJIUPYEMBIX THIPOMAIIHH BhIIIE, YEM HEPETYJIUPYEMBIX, U IIOATOMY
TOJILKO B THIIPOIIpUBOIaX 0obiioii MomHocTH (N > 10 kBT), rie BBIUTPHIII B YHEPTETHKE
KOMIIEHCUPYET YBEINUEHUE CTOUMOCTH, 11eJIeCO00Pa3HO UCIOIB30BaTh CUCTEMY 00BEMHOIO
ynpaieHus. B mpruBoaax ske HeOOIBIIONH MOITHOCTH PAIMOHAIBHO HCIIOIH30BATh CHCTEMBI
JPOCCENBHOTO PETyJIUPOBaHUs, 00ECIIEUHB MIPU 3TOM CTa0MIBHOCTh CKOPOCTH MTPH U3MEHEHUH
Harpy3KHu.



CucremMbl THIIOBBIX THAPOCUCTEM

lMunpocucreMa COCTOUT U3 UCTOYHUKA YHEPTUH, KAKOBBIM OOBIYHO SIBJISIETCS HACOC,
UCIIOJTHUTENILHOTO MEXaHU3Ma (CHJIOBOTO LIMJIMH/APA WM THIPOMOTOPA), a TAKXKE anmnapaTypbl
YIIPABJICHUS ITOTOKOM KHUJIKOCTH Y 3aILMThl CUCTEMBI OT IEPETPY30K. B yacTHOCTH,
00s13aTeNbHBIM aIllapaToM JJisi OOJIBIINHCTBA THIPOCUCTEM SIBIISIETCS paclpeesIuTeNb
KUJKOCTH, B QYHKIIUU KOTOPOTO BXOTUT 00ECIICUeHUE HAMPABJICHHSI IOTOKA KUIKOCTH K
pabovrM MOJIOCTSIM HCIIOTHUTEIHLHOTO MEXaHH3Ma.

CucreMsl 110001 CI0XKHOCTH KOMIUIEKTYIOTCS UX 3JIEMEHTAPHBIX CUCTEM U MX KOMOMHALIUH.
BBuny npaxktuyeckoif HEOrpaHUYEHHOCTH BO3MOXHBIX KOMOUWHAIMNA TaKUX 3JIEMEHTaPHBIX
CHUCTEM, U3 KOTOPBIX KOMIUIEKTYIOTCS 00JIE€ CII0KHBIE THAPOCUCTEMBI pa3HOOOPAa3HBIX MAILIMH U
YCTaHOBOK, OIPaHUYUMCSI JIUIIIb ONMCaHUEM Han0oJiee TUIIOBBIX JIEMEHTOB CXEM U UX
KOMOUHAIMH, KOTOPbIE MPUMEHSIOTCS TPAKTUYECKH BO BCEX MAIIMHAX.

10.1. I'mapocucTeMbl ¢ peryJupyeMbIM HACOCOM M JpoccesieM

Ha puc.10.1 n3o6paxkeHa Tumosasi cCxema TuJJpOCUCTEMBI C PETyJIUPYyEeMbIM HACOCOM 3,
NPUBOJMMBIM BO BpallleHHE AIEKTPOJABUTATENIEM M, C TPEXITO3UIIMOHHBIM YETHIPEXXO0I0BBIM
pacripesieNuTeNIeM 2 ¢ pyYHbIM YIIPAaBICHUEM, C TOMOIIBIO KOTOPOTO OCYIIECTBISIETCS] pEBEPC
MOPIIHS CUJIOBOTO HMWIMHIpa 1. B cpeHeM monoxeHuu pacupeeuTens 2 BCe €ro KaHabl
COEIMHAIOTCS C 0AKOM 5, UTO COOTBETCTBYET XOJOCTOMY X0y (pa3rpy3Ke) Hacoca
"mraBaroreMy' COCTOSIHUIO OpITHS muuHApa. Hacoc 3 cHaGxeH puinbTpom 4,
YCTaHOBJICHHBIM Ha BCAaChIBAIOIIEM TPyOONIpPOBOAE, U MPEIOXPAHUTEIBHBIM KIIallaHOM ©.

Ha puc.10.2 npeacraBneHa cxeMa THIAPOCUCTEMBI C PErYIHUPYEMBIM JPOCCENIEM, YCTaHOBICHHBIM
B JIMHUU TI0/1auu (Ha BXoJe). B cxeme mpeycMOTpEeHO COeTMHEHHE TOJI0CTEeH IMIIMHpA, IS
o0ecrevyeHns 4Yero MpUMEHEeH YTaluIMBaeMbli C IIOMOIIBIO0 YIIOPOB 4 Ha IITOKE MUIUHAPA
YETBIPEXXOI0BOM MEPEKITI0YaTEeNb 3.

CucreMa BKIIIOUAET HEPETYIUPYEMBII HacOC 9 ¢ IpeIoXpaHUTEIbHBIM KIIalIaHOM 7,
TPEXIO3UIIMOHHBIN YETHIPEXXOA0BOM pacpeaeIuTeNb 6 C pyYHbIM yIIPaBICHUEM,
peryiaMpyeMblii Apocceb 2 U ABYXIO3ULMOHHBIN EPEKI0YaTeIb 5 C IPUBOAOM OT ynopa 4
JBUKYILIETOCS IITOKA CUJIOBOTO LIMIMHAPA 3 U C YCTAHOBKOM B HCXOJHOE (BEpXHEE) MOTOKEHHE
NOJT ACMCTBUEM MPYKUHBI.

B cpemHem monoxxeHuH pactpenesuTens 6, mpeactaBieHHoro Ha puc.10.2 Bce ero kaHaibl
COCIIMHEHBI MEXTy CO00M 1 ¢ 0aKOM, UTO COOTBETCTBYET pasrpy3Ke Hacoca u "TUIaBaHUIO"
MOPLIHS TAJINHAPA.



Puc.10.1. Cxema THIIOBOIT Puc.10.2. 'mapocucrema ¢ ApoccebHbIM
THIPOCHUCTEMBI C PETYJIUPYEMBIM HACOCOM yIIpaBICHUEM

[TonokeHue pacrpeaenuTesns B JIEBOU ero NO3UIHH (KUIKOCTh OCTYMNAeT B MEPEepPhIBAIOIINECS
KaHaJIbl IPABOTO TMOJIS PACTIPEACIUTENSI) COOTBETCTBYET ABMXKECHHUIO MOPIITHS CHIOBOTO
LWIMHIpPA 3 BOPaBO (KUIKOCTH OT HacOCa MOCTYIAET B JIEBYIO MOJIOCTh), IPUYEM B 3TOM
MOJIO’KEHUU pacIipeieTuTeNs 6 U yTOIUICHHOTO MepeKitoyaTens 5 )KUAKOCTh KaK OT Hacoca, TaK
¥ U3 Hepabouel (MpaBoii) MOJOCTH IMIIHHIIPA 3 TIOCTYIIAET B JICBYIO €T0 MOJIOCTH (B 3TOM CiIydae
paboueii MIoaablo IUIUHAPA SBISETCS MIOMAAb CEYSHHS MITOKA), YTO CIOCOOCTBYET
YCKOPEHHOMY IEepeMEIIEHHIO OopIIHS BrpaBo. [locne Toro, kak Haxkatue ynopa 4 Ha
NEPEKIIIoYaTeNb 5 MPEeKPATUTCS, OH MO ICHCTBUEM MPYKUHBI IIEPEMECTUTCS BBEPX U OTCEUET
JIEBYIO TIOJIOCTh HWJIMH/PA 3 OT PaBOM, COSAMHUB TIOCIECTHIOK Yepe3 paclpeieInTeNb ¢ 6akoM
8. B pe3ynbTaTe B IE€BYIO MOJOCTh MUIMH/PA OyIeT MOCTYNATh JHIIb KUAKOCTh, MPOXOASIIAs
yepe3 peryupyeMblil Ipoccesb 2, 4TO COOTBETCTBYET PEryIupyeMoMy paboueMy X0y MOPILIHS
uuiIMHApa 3.

IIpu ycTtaHoBKe pacnpenenutesns 6 B MpaBoe MOJOKEHUE KUAKOCTh OT Hacoca 9 mocTynaeT npu
HEYTOIUICHHOM IepeKIIodaresie 5 B MPaByIo MOJOCTh MIIUHAPA 3, OCYIIECTBIIsIsE 0OpaTHBIN X0/
nopurss. [Ipy 3TOM XUIKOCTb, BEITECHSIEMasl U3 JIEBOM MOJOCTH IMIUHAPA 3, TOCTyMHaeT Yyepes
Jpoccenb 2 1 00paTHBIN KiianaH 1 B 6ak.

[Ipu Ha>xaTUM B 3TOM cilyyae Ha MepeKIodaresb 5 KaHal Hacoca MepeKpoeTCs.
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Puc.10.3. 'magpocucrema ¢ LIMIMHIPOM OJHOCTOPOHHETO AEHCTBUS

Ha puc.10.3, a mpeacraBieHa cxema ruijpOCUCTEMBI C CUJIOBBIM HUIMHAPOM | OTHOCTOPOHHETO
NEHCTBUS M PETYIHPYyEeMbIM HacocoM 4. ['uapocucrema yrnpa-BisisieTcsl TPEXXO0IOBBIM JIBYX-
TIO3HMIIMOHHBIM PACIIPEIICIIUTENIEM 2 C PYYHBIM MPUBOJOM. J[JIsl MpetoXpaHeH sl OT Meperpy30k
cucTeMa CHa0)KeHa MPeI0XPAHNUTEILHBIM KJIarmaHoM 3.

B nonoxenuu pacnpenenurens 2, npeacraBieHHoM Ha puc.10.3, a, )XUIKOCTh OT Hacoca
nocTynaer B cuiioBoil munmHp 1. Jluaus O6aka mpu 3ToM nepekpeita. [Ipu nepemeriennn
pacrpeenuTeNs B IPOTHBOIIOIOKHOE ITOJI0KEHNE BHIXOJHOI KaHa!l Hacoca 4 epeKphIBaeTCs, a
murHAp 1 coenuHsieTcs ¢ 6akoM, B pe3yJbTaTe MOpIIeHb HWIMHAPA O JCHCTBHEM Beca
MPUBOJAUMOTrO y3J1a onyckaercs BHU3. CKOPOCTh OIyCKaHUs PETyJIHPYETCS C TOMOUIBIO
JPOCCETUPOBAHUS OTBOAUMON JKUIKOCTH pacrpeeTuTeneM 2.

[Ipu nprMeHEHUH B TIOCJICAHEH CXeMe TPEXXO00BOI0 TPEXIIO3UIIHOHHOTO PACIIPEICITUTENS
(puc.10.3, 6) MOKHO 00ECTIEYUTh B CPEAHEM €0 MOJIOKESHUH 3allMPAHKE KUJIKOCTH B CHIIOBOM
irHApe 1 (U151 yaepkaHus, HarpuMmep, Tpy3a B MOJHATOM MOJI0KESHUH) TIPH OTHOBPEMEHHOM
COEIMHEHUH Hacoca 4 ¢ 0aKoM.

10.2. I'mapocucTeMsl ¢ IBYXCTYNIEHYATHIM YCHJIEHUEM

B aBTOMaTHYECKHX CHCTEMAaxX paclpOCTPAHEHHI IBYXCTYIIEHUAThIE PACIPEIEIUTENH, B KOTOPBIX
3aJak01lee YCTPOMCTBO BO3JCUCTBYET HA PACIIPEAETIUTENb HE HAIPSIMYIO, a uepe3
IIPOMEKYTOUHBII BCIIOMOTaTeNbHBIN paclpeneauTens (MUIoT), 6Jaroaaps 4eMy MOKHO
CYHCCTBCHHO CHU3UTh MOIIHOCTH CUTHAJIA.
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Puc.10.5. 'uppocucrema ¢ AByXCTyE€HYAThIM
(MMJIOTHBIM) pacHpeeIeHUEM U Py4YHOI
pa3rpy3Kou

Puc.10.4. 'uapocuctema ¢ AByXCTYNEHYATHIM
(MUIOTHBIM) pacHpe/eieHueM

Cxema ruapOoCHCTEMBI C CUIOBBIM IWIMHAPOM |, cHaOKeHHas TOAOOHBIM JBYXCTYIEHYATHIM
pacrmpeiennTeneM, COCTOSIINM U3 OCHOBHOTO 2 M BCITIOMOTATEIILHOTO 3 YEThIPEXX0JOBBIX
30JI0OTHUKOB, MpejacTanieHa Ha puc.10.4. Cucrema cHabkeHa peryJupyeMbIM HacocoM 6, a
TaKXKe MPEeIOXPaHUTEIBHBIM 5 11 00paTHbIM 4 KiananaMu. OCHOBHOH TPEXMO3UIIMOHHBIN
YeThIPEXXOJ0BOH pacnpeseauTeb 2 ¢ OTPULATEIbHBIM NEPEKPHITUEM KAHAIOB (CM. TaKKe
puc.5.7) B cpeiHEM TOJIOKEHHUH YIIPABIISETCS JaBJIEHUEM pabouel )KUIKOCTH C IIOMOIIIBIO
BCIIOMOTATENIbHOTO TPEXMO3UIIMOHHOT'O YETBIPEXX0A0BOT0 PACIIPEIeIUTeNs 3 ¢ pyUYHBbIM WIN
WHBIM YIIpaBJICHHEM. B cpeHeM MoI0KeHUH STOr0 BCIIOMOTATEIFHOTO pacpeaeTuTes,
npezcTaBiIeHHOM Ha puc.10.4, paboune MoaocTy HUIMHIPOB CEPBONPHUBOA OCHOBHOT'O
pacnpenenuTens 2 COeIuHEHbl Mex 1y co0oii ¢ 6akoM 7. B pesynbrare 3TOT pacnpeneanTesb
yCTaHaBJIMBAETCS MO ACUCTBUEM IIPYKHUH B CpeIHEE TMOJI0KEHUE, TPU KOTOPOM BCE €r0 KaHaJIbl
COCIMHSIOTCA ¢ 0AaKOM, YTO COOTBETCTBYET pa3rpy3Ke (IMEPEBOY B PEKUM XOJIOCTOTO XO/a)
Hacoca.

CxeMa aHaJIOTUYHOM CUCTEMBI mpejcTaBieHa Ha puc.10.5. Cucrema cHabxeHa
HEPETYJIUPYEMBIM HaCOCOM 6 ¢ py4HOM pa3rpy3Koil (IepeBOIOM Hacoca Ha XOJI0CTOH Xon),
OCYULIECTBIIIEMOH C MMOMOIIBIO ABYXCTYIIEHYATOrO JBYXXO0JOBOIO PACIIPEACIIUTEINS
(mepexitoyaressi) 7. PeBepcupoBaHue JBUKEHUS MOPUIHS CHIIOBOTO IIMIIMHApa 1
OCYUIECTBIIETCS C IIOMOILBIO YIIOPOB, YCTAHOBIEHHBIX HA €r0 IITOKE, BO3ACHCTBYIOINX HA
YeThIPEXXO0J0BOI IBYXITO3UIIMOHHBIN pacrpeleNuTelb 5, 00eCeYrBaIOIIUi IePEeKIIIOYCHHIE
(peBepcupoBaHKME) OCHOBHOT'O YETHIPEXXOJ0BOT0O IBYXITO3UIIMOHHOIO pacipeaeanTess 3
CKOPOCTb MEPEKIIIOUEHHS pacIpeIeuTeNs 3 orpaHueHa apoccesimu 2 u 4.

10.3. I'mapocucTeMbl HENMPEPHIBHOIO (K0J1€0ATEJILHOI0) IBUKEHU S
B psine ciiyuaeB (B METAJUIOPEXKYIIMX CTaHKAX U Ip.) TpeOyeTcst 00ecneunTh HelpephIBHbIC
KOJ'IC6aT€J'II)HI)I€ Hp?[MOJ'IPIHCﬁHBIG HJIW IOBOPOTHBIC IBUKCHHUA UCITOJIHUTCIIBHOT'O

TUJPOJIBUTATENS.

Cxema Takoi THIPOCUCTEMBI C TUAPOJBUTATENIEM IOBOPOTHOTO AEUCTBUS (MOMEHTHBIM
TUAPOLMINHAPOM) 4 ipuBeneHa Ha puc.10.6. YpaBieHue cuCTEMOI OCYILECTBISETCS



ABTOMAaTUYECKU AEHCTBYIOLIUM JIBYXIIO3ULIMOHHBIM PAacTIpeAeIUTENEM 2 U pa3rpy30UHbIMU
KJIallaHaMHM I10CJIEJOBATEIbHOIO BKIKOYEHN 6 1 11 ¢ ynpaBieHreM ¢ TOMOLIbIO 1aBJICHUS
JKUJKOCTH, IIEPEIYyCKAaeMOM MPEeIOXPAaHUTEIbHBIMY KJIallaHaMHU 5 M 7 B KOHIIE Ka)KJI0I'0 X012

IIOBOPOTHOI'O ITOPIIHSA [UJIUHIPA.
> >
< ;
g 7 -—W"l ¥ W
i) 4’1 5
L
T

NENHE

A
[ LI
|
Puc.10.6. T'uapocucrema, 00eCeunBaronas MoBOPOTHO-KOIE0ATENbHBIE ABUKEHHS

[

B nonoxenun anmnapatoB CUCTEMBbI, MPEACTaBIeHHOM Ha puc.10.6, KUAKOCTb OT PETyIUPYEMOTO
Hacoca | mocTymnaer yepe3 ABYXIO3UIMOHHBIN MHMIPaBINYECKH YIPaBIsEMbI pacipeeuTenb 2
U HAMOPHYIO0 MarucTpaib 3 B MUIUHAP 4 U yAanseTcs U3 MOCIeIHero B 0aK 4epe3 MarucTpasb 8.
B koHIIe Ka)kA0r0 X0/1a MOPILIHS HOBOPOTHOTO IMIMHAPA 4 KilanaH 7 B pe3yJIbTaTe MOBBIILICHUS
JIaBJICHUS MEPEIyCKAET KUJIKOCTh B TMHUIO 10 yrpaBieHus pacrpenenureneM 2 u kianadom 11,
nepemernas ux padoune snemenTsl. [Ipu 3Tom kianan 11 coeauHseT TUHUIO yIpaBieHus 9,
CBSI3aHHYIO C BEpXHEH MOJIOCThIO pacipeenuTens 2, ¢ 6akoM, B pe3ysbTaTe 4ero
pacnpenenuTens 2 NEPEKII0UaeTCs, COEANHSISI HACOC C MarucTpalibio 8, BEAyLIeH B
MPOTUBOMOIOXKHYIO MOJOCTh HuuHApa 4. [Ipu 3ToM MPOUCXOIUT peBepcC MOCIEIHEro, MPUYEM B
KOHIIE X0/1a [WJIMHJpA BCTyNAIOT B IEUCTBUE B TOW XK€ MOCIIEI0BATEIHOCTH
MPEIOXPAHUTEIBHBIN 5 U pa3rpy304HbIN 6 KiIamaHbl, 00€CIeUnBarOIINe TOBTOPEHUE PeBEPCa
HOPIIHS LUIUH/PA.

PaCCMOTpeHHaH CXCMa IMPUMCHUMA TAKIKC U IJId ITIOBOPOTHBIX KoJIe0aTeNbHbBIX IIBI/I)KGHI/Iﬁ
OUIMHApa HpﬂMOHHHeP’IHOFO JABMOKCHUA.

10.4. DyeKTpOruApaBJInYeCcKre CHCTEMbI € PeryJupyeMbIM HACOCOM

K ruapocucremaM ¢ ABYXCTYNEHYATHIM 3JIEKTPO-THIPABINYECKUM YIIPABICHUEM OTHOCUTCS
CUCTEMa C PEeryJIMPYEMbIM PEBEPCUBHBIM HACOCOM, PEBEPC KOTOPOT'O OCYIIECTBISAETCS
CEpBONPHUBOJIOM, YIIPABISEMBIM JIEKTPOTUAPABINYECKUM pactipenenuteneM. [lonoOnas cxema
TUIPOCUCTEMBI C PEBEPCUBHBIM PEryJIHPYyEMbIM HACOCOM 2 U THIPABINYECKH YIIpaBICHUEM
IIPOM3BOJUTENLHOCTbIO 10 MOJIOKEHUIO MOPUIHS 9 cepBOIPHUBO/Ia IpeacTaBieHa Ha puc.10.7.
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Puc.10.7. T'uapocucrema ¢ peryanupyeMbIM peBEPCUBHBIM HACOCOM

Cucrema cHaOeHa BCTIOMOTATEIbHBIM HACOCOM 5, MUTAIOIIUM CUCTEMY PETyJINPOBAHUS
(ympaBieHus1) IoJJa4ll OCHOBHOTO pa00uero Hacoca, a TAKKe OCYIIECTBIISIONIAM €T0 TOITUTKY.
Curnain Ha peBepcUpOBaHuUE MOJa4M HAcoca 2 MOCTYMAaeT OT BCIIOMOTaTeIbHOTO
YETBHIPEXXOJOBOTO TPEXIMO3ZUIIMOHHOTO PACIIPENEIUTENS 3 C AIIEKTPOMATHUTHBIM YIIPABICHHUEM,
MOJTYYaIOIIETo 3JIEKTPOCUTHAI OT KOHIEBBIX Nepekitouateneit 10.

[Ipu peBepcupoBaHnU Hacoca 2 OJHOBPEMEHHO MEPEKITIOYAETCS JBYXITO3UIIUOHHBIN
YETBIPEXXOJOBON PACIIPEAETUTEIND 4 ¢ THIPaBIMUECKUM yIPAaBICHUEM Ha IUTaHHUE
BCIIOMOTaTeNbHBIM HACOCOM 5 COOTBETCTBYIOIIEH BCachIBaIOIIEH MOJIOCTH Hacoca 2.

Hacoc 2 cHabGxeH npeoXpaHUTEIbHBIME KJIallaHaMu 7 ¥ 8, OTPETyJIMpPOBaHHBIMU Ha TpeOyemble
JIaBIICHUS TIPH IPSIMOM M 00paTHOM XOJax MOPIIHS muimHapa 1, a Hacoc S -
IPEOXPAaHUTEIBHBIM KIIATIAHOM 6, OTPEryJIMPOBaHHBIM Ha JaBlICHHE, HEOOXOIMMOE /IS
oOecrieueHHs TpeOOBAaHUI CUCTEMBI YIIPABICHUS U TOANUTKY.

10.5. I'mapocucTeMbl ¢ IByMS CIAPEHHBIMUA HACOCAMU

B psne MammH, B 4aCTHOCTH B METAJIOPEKYIIMX CTAHKAX, PACIIPOCTPAHEHBI CXEMBI C IBYMsI
crapeHHbIMH HacocaMu. OIMH U3 HUX (HEPETYJIMPYEMBIii) padoTaeT Ha HU3KOM JIaBJICHHUU C
Oonbliell moaueii, 1 00eceYnBaeT TPEOYOLIMIACS YCKOPEHHBIN X0JI0CTON X0A. A BTOPOi
(perynmupyemblii) paboTaeT Ha BBICOKOM JIABJICHUH C HEOOBIOHN Mogaueii M CITYKUT JIs
BBINOJIHEHHSI pabouero xona.



Puc.10.9. CxeMbl THAPOCUCTEM C IBYMSI
CHapeHHI:IMI/I HacoCaMMt U ra30BbIM
THAPOAKKYMYJISITOPOM

Puc.10.8. Cxema cucteMsbl ¢ JByMsI CIapEHHBIMU
HacocaMu

VYrpoiieHHas cxema Takoi cucteMsl IpuBeeHa Ha puc.10.8. YckopeHHoe nepemMernieHme
MOPIIHS 00EeCTIEYNBACTCS CYMMapHOU TI0jaueii IByX HACOCOB BBICOKOTO 2 M HU3KOTO 3
JaBieHui. [1o OKOHUYaHUH yCKOPEHHOT0 NEPEMEILIEHHS HACOC 3 BPYUHYIO MJIM aBTOMaTUYECKU
10 CUTHAJTY JTaBJICHUS OTKJIIOYAETCsI IPU MIOMOILM OTKPBITHSI IEPEKPBIBHOTO KpaHa 4, MOCiIe Yero
nuTaHue nuiInHapa 1 obecrieunBaeTcs OJHUM HACOCOM 2, KOTOPBIH SABISETCS PETyIUPYEMbIM.

Ha puc.10.9, a mokazana npuHIMNHAIBHAS cXeMa MOJ0OHON THAPOCUCTEMBI ITUTAHMS
notpeduTenei IByMs CllapeHHBIMH HacoCcaMH 5 1 6 ¢ aBTOMaTHYECKUM TepekitoueHneM. J{o tex
1op, MOKa JaBJIEHUE B JUHUU 3 NOTpeOuTeNneil He JOCTUTHET 3aJaHHOI0 3HaYEeHHUs, Ha KOTOPOe
OTpEryJUpOBaHa BO3BpATHAS MPY>KUHA JBYXXOJI0BOIO pacmpeaenuTens (nepexatoyarens) 1,
KaHaJIbl ITOCJIEHEro OyayT NEPEKPBITHL, ¥ B IMHUIO 3 MOCTYMAET )KUAKOCTh OT 000OMX HACOCOB.
[Ipu 3a1aHHOM 7K€ JaBJIEHUH, ONIPEAETIIEMOM XapaKTEPUCTUKOM MPYKUHBI NTepekIrodarens 1,
HAcOC HU3KOIO AaBJIEHUs 6 aBTOMATUYECKH NEPEKITIOUUTCS Ha OaK, HACOC K€ 5 C MOMOIIbIO
00paTHOrO KJarnaHa 2 0OTCOeIUHUTCS OT mepekmouaTens 1 1 OyneT npoaonKaTh MUTaHue
TUAPOCHUCTEMBI. [laBeHne, pa3BUBAEMOE B 3TOM CIIy4ae HACOCOM 5, OTPaHUYECHO
IPEIOXPaHUTEIbHBIM KJIAIIAHOM 4.

[IpuHnunuansHas cxema mo100HOM ke THIPOCUCTEMBI IpeicTaBieHa Ha puc.10.9, 6. DTta cxema
OTKJIIOYAETCSl OT PACCMOTPEHHOM BBIIIE TEM, UTO OTKJIFOUEHHE Hacoca 6 HU3KOTO TaBJICHUS
OCYIIECTBIISIETCS NIEKTPOTUAPABINYECKUM peie JaBICHUS 7, MOAAIOIINUM MIPH 3alaHHOM
JIABJICHUW CUTHAJ HA 3JICKTPOMArHUTHBIN TIEpeKItouaTensb 1.

10.6. IInTanue OTHUM HACOCOM JABYX U HECKOJIbKO FHAPOABHUIraTe e

MHorue rnapoCuCTEMbl UMCIOT HCCKOJIBKO FHHpOﬂBHFaTGHCﬁ, NUTAaCMbIC OT OJHOI'O Hacoca.
HpI/I TaKoOM cXeMe BO3MOXKHEI ABa BapHUaHTa NMOAKIOYCHUA FPII[pOI[BHl"&TGJ'IGfI.

IM'mapocucremMa ¢ mapayiieTbHBIM BKIIOUEHUEM THAPONPUBOAA Moka3aHa Ha puc.10.10.
lMunpocucrema nMeeT oHy OOIIYI0 HACOCHYIO CTaHIMIO 1 ¥ Tpu TuapoMiInHpa 2, 3 u 4.
Kaxp1ii 13 THAPOIMIUHAPOB HUMEET COOCTBEHHOE HE3aBUCUMOE YCTPOMCTBO YIIPABICHHS -
ruapopacnpenenutenu 6, 7 u 8. B Touke 5 ruApoNMHUS UMEET Pa3BETBICHUE, B KOTOPOM OO0IIIast
noJjiaua HacoCHOM ctanumu 1 genurtcst Ha Tpu yactu O, O, u Q3. Kaxapiit u3 ruiponuInHApOB
MOJKET BKIIOYAThCs B paboOTy B 1000 MOMEHT BpEMEHH, HE3aBUCUMO OT JPYTHX MOTpeduTese,
Y COBEPIIATh KaK XOJOCTOM, TaK U pabOUni XO/I.
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Puc.10.10. I'mapocucrema napamienbHbIM BKIFOUEHHEM THIPOIIPUBOA

T'uopocucmema c nociedosamenvHviM KIOYUeHUEM 2udponpusoda nipeactapneHa Ha pu.10.11.
I'uapocucrema uMeeT aBa rUAPOLMIIMHAPA 1 M 2, KOTOpBIE MUTAIOTCS OT 001Iei HaCOCHON
craHimy 3. B oTamume ot ruApoCHCTEMBI ¢ TTapauICIbHBIM BKIIIOYEHUEM, THAPOLMIHHAP 2
MOYET OCYIIECTBIIATh PA0OYHA X0 TOJIBKO MPH HEPAOOTAIOIIEM IIEPBOM I'HIPOLIMIINH/PE,
HOCKOJIbKY IPH BKJIIOYEHUH THAPOLMIINHAPA |, HaOpHAs TMHKS IUIMHAPA 2 CTAHOBHUTCS

CIIMBHOH, B KOTOPOH AaBiieHue najaaet. [Ipu 3ToM munHap 2 MOXKET OCYIIECTBIISITh TOJIBKO
XOJIOCTOH XOJI.

T'uopocucmemsi ¢ napannenvHbivM 8KII0UEHUEM 2UOPONPUEOOa TIOTYUNIH HaubobIIIee

pacnpoctpanenue. OgHako, nokasanHas Ha puc.10.10 ruagpocxema UMeeT OJUH CyLIECTBEHHbIN
HEJI0CTaTOK.
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Puc.10.11. T'uapocucteMa nocnea0BaTeIbHBIM BKIIOUEHUEM THAPOTPUBOIA
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Puc.10.12. I'mapocucrema ¢ A1ByMs TUAPOLUMIUHAPAMHU, TUTAEMBIMU
OJIHM HA0COM 4epe3 PEeIyKIIMOHHBIE KIIaraHbl

Jeno B TOM, 4TO TIPH BKIFOUEHUU BCEX TPEX TUAPOLMIUHAPOB CKOPOCTH MEPEMEIICHHS X
BBIXO/IHBIX 3B€HBbEB OyJeT MUHUMAabHA. ECIIM OTKIIIOUNTH OJIMH U3 HUX, HAIpUMEp MEPBBIii (2),
TO CKOPOCTh y BTOPOT'O U TPETHETO BO3PACTET, TaK KaK 00IIas mojgada OyIeT IeIUThCS TOJIBKO Ha
0> u Q3. Uto6bl 3TOrO N30€XaTh, B THIPOCUCTEMY HEOOXOIMMO BKIIOYATh PEIyKIMOHHbBIE
KJIATlaHBbI.

Ha puc.10.12 npeacraBieHa cxema ruApOCUCTEMBI C OJJHUM HACOCOM 3 U ABYMS CUJIIOBBIMU
nuIuHApaM# 1 1 6, 0MH U3 KOTOPBHIX (UIUHAP 6) paccuuTaH Ha pabOTy NMPH BHEITHEH
Harpy3ke (JaBlIeHUH), 3HAYUTEIILHO MEHbIIIEH HAarpy3KH BTOPOTO HUIUHApa 1.

Jlnis cHUKeHHsI TaBJICHHs B cCCTeMe MUTaHus HUINHIpa 6 10 TpeOyeMoil BeTUYuHbI TPUMEHEH
pPeayKUMOHHBIN Ki1arnaH 4, yCTaHOBJICHHBIN Ha BX0JI€ B pacnpeaenutens 5. s munmunapa 1
TaKKe MPeyCMOTPEH PelyKIMOHHBIN KJIamaH 7, OTPeryJIupoBaHHbIN Ha padouee AaBleHUE B
3TOM HWIMHAPE. PeAyKIMOHHBIN Ki1anaH 7 TakKe YCTAaHABJIMBAETCA HA BXOJIE B PACIIPEACIIUTEND
8, ynpasmstomuii nunuHapom 1. Hacoc 3 cHabkeH nepenrBHBIM KIIaaHOM 2, KOTOPHBIi
cOpachIBaeT U3NIHIIEK pabovei )KUIKOCTH B OakK.



ITHeBMaTHYeCKHH PUBOI

11.1. O0mue cBeieHUsI 0 NPUMEHEHNH I'a30B B TEXHUKeE

JIr000i1 00BEKT, B KOTOPOM HCIIOIB3YETCs Ta3000pa3HOE BEIIECTBO, MOKHO OTHECTH K 2d308bIM
cucmemam. IlockoapKy HanOoIee JOCTYIHBIM ra30M SBJISETCS BO3IyX, COCTOSIIHIA U3 CMECH
MHO’KECTBa I'a30B, TO €r0 HIMPOKOE MPUMEHEHHE ISl BHIITOJIHEHUS PA3IMYHBIX MPOIIECCOB
00yCIIOBJICHO camoii Ipupo10ii. B mepeBoe ¢ rpedeckoro pneumatikos - BO3AYIIHBIN, 4eM U
00BSACHSETCS STUMOJIOTMYECKOE MPOUCXOKICHUE Ha3BaHUS nHegmamuyeckue cucmemsl. B
TEXHUYECKOH JIMTEPAType 4acTO UCIONb3yeTcs 00Jee KPAaTKUM TEPMUH - NHeGMAamuKa.

[THeBMaTHUECKHE YCTPOICTBA HAYAIH IPUMEHSITH €IIle B ITyOOKO JPEBHOCTH (BETPSHBIC
JIBUTATEJH, My3bIKaJIbHBIC HHCTPYMEHTBI, Ky3HEUHBIC M€Xa U TIp.), HO caMOe IIMPOKOe
pacripocTpaHEeHHE OHU MOJIYYHIN BCIEACTBUE CO3/IaHUS HACKHBIX HCTOYHUKOB
MTHEBMATUYECKOW YHEPTHH - HarHEeTaTeJIeH, CIOCOOHBIX MTPHIaBaTh Ta3aM HEOOXOAMMBIH 3amac
MOTEHI[UATBHOU U (MJIM) KHHETUYECKON IHEPTUU.

ITneemamuyeckuil npueood, COCTOAIINN U3 KOMIUJIEKCA YCTPOUCTB JJIsl IPUBEICHUS B ICUCTBUE
MalllMH U MCXaHU3MOB, ABIACTCA JAJICKO HC CANMHCTBCHHBIM HaHpaBHeHI/IeM HUCIIOJIB30BAHUA
BO31yXa (B 00IIEM Clly4ae raza) B TEXHHUKE M KU3HEACITSIBHOCTH YeJIoBeKa. B moaTBepkaeHne
3TOT'0 IMOJIOKCHUA KpaTKO paCCMOTpI/IM OCHOBHBIC B bl ITIHCBMATUYCCKUX CUCTCM,
OTJIMYAIOIIUXCS KaK 10 Ha3HAYEHUIO, TAaK U 10 CIIOCO0Y MCTIOIB30BaHMS Ta3000pa3HOTO
BEIICCTBA.

ITo panmuuwnio u MNPUYIUHEC ABUXKXCHUA I'a3da BCC CUCTCMbI MOKHO PAa3/ICJINTh HAa TPpH I'PYIIIbL.

K nepBoii rpymnme oTHeCeEM CUCTEMBI C eclmecmeenHoil Koneekyuei (IUpKyIsALuei) raza (dare
BCETO BO3/yXa), TJe IBM)KCHUE U €r0 HaIlpaBlieHHe 00yCIOBIECHO TPaueHTaMU TEMITEPATYPBI U
IUIOTHOCTH IPUPOAHOTO XapakTepa, HarpuMep, aTMochepHas 000104Ka MIaHETHI,
BEHTWJISILIMOHHBIE CUCTEMBI IIOMEILEHHH, TOPHBIX BBIPA0OOTOK, ra30X0/10B U T.II.

Ko BTOpOIi rpynme oTHECEM CUCTEMBI C 3AMKHYMbIMU KAMEPAMU, HE COOOIAIOIIMMUCS C
aTMOC(EpOii, B KOTOPHIX MOXET U3MEHITHCS COCTOSIHUE Ta3a BCIICACTBHE U3MEHECHUS
TCMIICPATYPHhI, 06’beMa KaMCphbI, HAJAyBa UJIN OTCAChIBAHUA T'a3a. K aum otHOCATCH pa3jINIHbIC
AKKyMYJIHPYIOIUE eMKOCTH (ITHEBMOOAJIIOHBI ), THEBMAaTHYECKUE TOPMO3HBIE YCTPOMCTBA
(mHeBMOOYephbl), BCEBO3MOXKHBIE 3JIACTUYHbIE HAAYBHBIC YCTPOICTBA, THEBMOTUAPABIMYECKUE
CHCTEMBI TOTUTMBHBIX 0AKOB JIETATEeIBHBIX allllapaToB M MHOTHUE Jpyrue. [IpumMepoM ycTpoicTB ¢
UCIIOJIb30BaHUEM BaKyyMa B 3aMKHYTOM KaMepe MOTYT ObITh THEBMO3aXBaThl
(THEBMOTIIPUCOCKH ), KOTOpBIC Hanbosiee 3PPEKTUBHBI ISl IEPEMEIICHHSI IITYYHBIX JINCTOBBIX
u3zenuii (Oymara, MeTa, IacTMacca u T.11.) B YCJIOBUSAX aBTOMAaTU3UPOBAHHOTO U
POOOTHU3UPOBAHHOTO MPOU3BOJICTBA.

K tpetbeii rpymne cieayer OTHECTH TaKUE CUCTEMBI, TJ1€ UCIIOJIb3YETCS SJHEPTUs
npeosapumenbHo cxcamozo 2aza s BHIIOIHEHUS pa3IMuHbIX paboT. B Takux cucremax ras
HepeMeIIaeTcs 0 MaruCTPaIsiM C OTHOCUTEIBHO OOJBIION CKOPOCTHIO U 00Ia1aeT
3HAYUTEIbHBIM 3aacoM SHeprunu. OHU MOTYT ObITb YUPKYAAUUOHHBIMU (3AMKHYTHIMU) U
OecyupKynayuorHbimu. B IUPKyIAUOHHBIX CUCTEMax OTpaOOTABILIUI ra3 BO3BPAIIAETCS 110
MarucTpaisM K HarHeTaTeNto I IOBTOPHOTO UCIOJIb30BaHUS (KaK B TUAPOIPUBOJE).
[Ipumenenue cuctem BechbMa crieuUIHO, HAPUMEP, KOT/1a HEJOMyCTUMbI YTEUKH Ta3a B
OKpY’Karolllee MPOCTPAHCTBO WJIM HEBO3MOKHO IIPUMEHEHHUE BO3/1yXa U3-3a €0 OKUCIUTEIbHBIX
CBOMCTB. [IpuMephl TaKMX CHCTEM MOYKHO HAMUTH B KDUOTCHHOM TEXHMKE, T/I€ B KAYECTBE



YHEPTOHOCUTEISI HCIIONB3YIOTCS arpECCUBHBIC, TOKCUYHBIE Ta3bl WK JIETYYHE KUIKOCTH
(aMMuax, mporas, cepoBOIOPO/, renuii, GpeoHs! U 1Ip.).

B GectypKyIsIIMOHHBIX CUCTEMAaX T'a3 MOXKET ObITh UCIIOJIB30BaH NOTpeOUTENEM KaK
XMMHUYECKHUH peareHT (HallpuMep, B CBAPOYHOM IIPOU3BOJACTBE, B XUMHUUECKOMN
MPOMBIIIIEHHOCTH ) WM KaK UCTOYHUK THEBMaTHYECKON 3Hepruu. B mocneqHem ciyyae B
Ka4eCTBE YHEPTOHOCHUTENSI OOBIUHO CITYKUT BO31yX. BBIIENAIOT TPH OCHOBHBIX HAIPABICHHS
MPUMEHEHUS CKATOTO BO3yXa.

K nepeéomy nanpagnenuro 0OTHOCATCS TEXHOJIOTHYECKHE ITPOLECCHI, T€ BO3AYX BBIITOJIHAET
HETOCPECTBEHHO OIepalnu 001yBKHU, OCYIIKH, PACTIBICHHS, OXJIAXICHHUs, BEHTHIISIIH,
OUYHUCTKHU U T.1. O4eHb HIMPOKOE PACHPOCTPAHEHUE MOTYUHIN CUCTEMBI
THEBMOTPAHCIIOPTUPOBAHUS 110 TPYOOIIPOBOIaM, OCOOEHHO B JIETKOM, MUILEBOH,
ropHO00BIBAIOLIEH OTpacisaX MpoMblIeHHOCTH. [IITyyHble 1 KycKOBBIE MaTepUaibl
TPaHCHOPTUPYIOTCS B CIIELUANIBHBIX COCYax (KarcyJax), a NbIJIEBUIHbIE B CMECH C BO3AYXOM
NEPEMEIAIOTCS Ha OTHOCUTENIBHO OOJIbIINE PACCTOSIHUS aHAJIOTHYHO TEKYUUM BELECTBAM.

Bmopoe nanpaesnenue - ncnonb30BaHuE CKaTOTO BO3/4yXa B THEBMATUYECKUX CHCTEMAX
ynpasienus (IICY) 11 aBToMaTH4ecKoro ynpapieHUs: TEXHOJIOTMUECKUMHU ITPOLIECCaMU
(cucTteMbl MHEBMOABTOMATHUKH ). DTO HANPaBJICHUE MOJIyYUIIO MHTEHCUBHOE pa3BuTueE ¢ 60-x
rofIoB 6J1aroapsi CO34aHNI0 YHUBEPCAIbHON CUCTEMBI 3JIEMEHTOB ITPOMBIIIICHHON
nHeBMoaBToMatuku (YCOIIIIA). Hupokas nHomenkinatypa Y COIIIIA (mHeBMaTuyeckue
JaTYUKH, IEPEKITI0YaTeIn, IpeoOpa3oBaTelu, pelie, JOTHUECKUE 3JEMEHThI, YCHUIINTENH,
CTpYWHBIEC yCTPOHCTBA, KOMAaHI0AapaThl U T.J.) MIO3BOJISIET pEaIn30BaTh Ha ee 0as3e peleiiHble,
aHaJIOTOBBIE U aHAJIOTO-PEJIEHHbIE CXEMBbI, KOTOPbIE [0 CBOMM IapaMeTpaM OJIM3KU K
AJIEKTPOTEXHUYECKUM cucTeMaM. biaronaps BbICOKOM Ha€KHOCTH OHU IIUPOKO UCIOJIB3YIOTCS
JUISL IUKJIOBOTO IIPOTPAaMMHOTO YIPABJICHUS Pa3IMUYHBIMU MalllMHAMM, poO0TaMu B
KPYITHOCEPUHHOM IIPOU3BOJICTBE, B CUCTEMAX yNpPaBJICHUS IBUKEHUEM MOOUIIBHBIX O0BEKTOB.

Tpemvum nanpasienuem NPUMECHEHUS THEBMOYHEPTHH, HAaNOOJIee MaCIITAOHBIM 10
MOIIIHOCTH, SIBJISICTCS] THEBMATUYECKUN TIPUBOJI, KOTOPBI B HAYYHOM IIaHE SBJSETCS OAHUM U3
pa3zaenoB oOuIel MEXaHUKU MAIINH. Y UCTOKOB TEOPUM MTHEBMATHYECKUX cucTeM ctosia U.H.
Aprobonesckuii. OH Obu1 pykoBoauTenem MuctutyTa Mmamunoeaenus (MMALLI) B
Jlenunrpane, rae nox ero pykoBoAacTBoM B 40 - 60-X roax CUCTEMaTU3UPOBAIUCH U
0000111a11Ch HAKOIUICHHBIE CBE/ICHHUS M0 TEOPUHU U MPOEKTUPOBAHUIO THEBMOcHCcTeM. OaHOHN U3
HepBbIX paboT 1Mo Teopuu nMHeBMocucTeM Oblia ctaths A.IL 'epmana "[Ipumenenue cxaTroro
BO3lyXa B TOPHOM Jiene", omyOaukoBanHas B 1933 ., rae BepBbie IBIKEHHE pabodero oprana
ITHEBMOYCTPOMCTBA PELIAETCSI COBMECTHO C TEPMOJIUHAMUYECKUM YPAaBHEHUEM COCTOSIHUS
napaMeTpoB BO3yXa.

3HAYUTENbHBII BKJIa/ B TEOPUIO U MPAKTUKY MHEBMONPUBOJOB BHecau yueHble b.H. bexanos,
K.C. bopucenko, U.A. byxapun, A.1. Bomunun, E.B. I'epu, I'.B. Kpeiinun, A.W. Kynpssues,
B.A. Mapyros, B.11. Moctkos, FO.A. Lleittnun u apyrue.

11.2. Oco0eHHOCTH MHEBMATHYECKOI0 PUBO/A, TOCTOMHCTBA U HEOCTATKH

O6unacTs 1 MacmTabbl MPUMEHEHUS THEBMATHUECKOTO TIPUBOIa 00YCIOBIEHBI €r0
JIOCTOMHCTBAMU M HEJAOCTATKaMH, BRITCKAIOIUMH U3 OCOOEHHOCTEH CBOMCTB BO3ayXa. B
OTIIUYHE OT KUAKOCTEH, MPUMEHSIEMbIX B THIPOIIPUBOJIAaX, BO3IyX, KaK U BCE Ta3bl, 001a1aeT
BBICOKOU C)KMMAEMOCTBIO U MaJIOH IJTIOTHOCTBIO B UCXOJTHOM aTMOC(HEPHOM COCTOSTHUH (OKOJIO
1,25 xr/m 3), 3HAYUTENILHO MEHbILIEH BA3KOCTHIO U OOJBIIEH TEKyYeCThIO, TPHUEM €T0 BA3KOCTh
CYIIECTBEHHO BO3PACTAET MPH MOBBIMICHUH TEMIIEPaTyphl U AaBieHUS. OTCYTCTBHE CMa30YHBIX



CBOICTB BO31yXa U HAJIMYMEC HCKOTOPOT'O KOJINYCCTBA BOJAAHOTO I1apa, KOTOpBIfI npu
WHTCHCUBHBIX TEPMOJINHAMHUYECKUX MPOIIECCaX B U3MEHSIOMUXCS 00beMax pabounux Kamep
IMHCBMOMAIINH MOXXET KOHACHCUPOBATLCS HA UX pa60qI/Ix MMOBEPXHOCTAX, IPCHATCTBYCT
UCTIOJIb30BaHUIO BO3/lyXa 0e3 MpUJaHus €My JOMOJHUTEIBHBIX CMa30YHbBIX CBOWCTB U
BJIArOIOHIKEHUSA. B CBA3H C D TUM B IMHCBMOIIPpUBOAAX UMECTCA HOTpC6HOCTL
KOHJIMITHOHUPOBAHHS BO3AyXa, T.C. PUIAHUSI €My CBOMCTB, 00ECIICUYMBAIOIINX
paboTOCIIOCOOHOCTD U TIPOUISIONINX CPOK CITY>KOBI 2JIEMEHTOB MPUBOJIA.

C Y4€TOM BBIICOMUCAHHBIX OTIUYHUTCIbHBIX oco0eHHOCTEH BO31yXa paCCMOTPUM OAOCTOMHCTBA
IMHCBMOIIpUBOAA B CPABHCHUH C €0 KOHKYPCHTAMU - TUAPO- U SJICKTPOIIPUBOAOM.

1. Ilpocmoma koncmpykyuu u mexuuuecko2o oocayscusanus. 3rotopnenue aeranen
[THEBMOMAILIMH U THEBMOAMIApaTOB He TpeOYyeT TaKOH BBICOKON TOYHOCTH U3TOTOBJICHUS U
repMEeTU3alUN COETUHEHHH, KaK B THIPONPUBOJE, T.K. BOBMOXKHBIE YTEUKH BO3/1yXa HE CTOJb
CYIIIECTBEHHO CHIKAIOT 3(hekTnBHOCTH padoTh! M KIIJ] cucrembl. BHemHue yTeuku Bo3ayxa
9KOJIOTUYECKU OE3BPEIHBI U OTHOCUTENIBHO JIETKO YCTPAHAIOTCS. 3aTpaThl HA MOHTaX U
o0cITy>)KHBaHUE THEBMOIIPHBO/IAa HECKOJIBKO MEHBIIIE U3-3a OTCYTCTBHSI BO3BPATHBIX
ITHEBMOJIMHUM ¥ IPUMEHEHUS B pSAJIE ClTydaeB 0ojiee rTHOKUX U JEIIEBbIX IIaCTMACCOBBIX WIIN
PE3MHOBBIX (PE3UHOTKAHEBBIX) TPYO. B 3TOM OTHOIIEHNM THEBMOIIPUBOA HE YCTYIaeT
aneKTponpuBoy. KpoMe Toro, mHeBMONPHUBO] HE TPEOYET CIIEIHATbHBIX MATEPHAIIOB JIIS
U3TOTOBJICHUS JieTajlel, TAKUX KaK MeJlb, ATFOMUHUN U T.I1., XOTS B Psi/ie CIIy4yaeB OHU
UCTIOJIb3YIOTCS] UCKIIFOUMTEIBHO ISl CHUKEHUS BECA WM TPEHUS B ITOJBUKHBIX HJIEMEHTAX.

2. Ioorcapo- u 63pwvleobesonacnocmy. bnarogaps 3ToMy 10CTOMHCTBY ITHEBMOIIPUBO]] HE UMEET
KOHKYPEHTOB JJIs MEXaHU3alUK paboT B YCIOBUAX, OMACHBIX 10 BOCTNIAMEHEHUIO U B3PBIBY T'a3a
Y TIBUIM, HAITPUMED B IIAXTaX C OOMIHHBIM BBIJICJICHUEM METaHa, B HEKOTOPHIX XUMHUUYECKHUX
MIPOU3BOJCTBAX, HA MyYKOMOJBHBIX IPEANPUATHSIX, T.€. TaM, IJI€ HETOMYyCTUMO
nuckpooOpazoBanue. [I[puMeHeHre THAPONPUBOA B ITUX YCIOBHIX BO3MOKHO TOJIBKO MPHU
HaJIMYMH LIEHTPAJIU30BAHHOTO UCTOYHUKA MUTAHUS C TIepeJadeil TuIpOdHEPTUH Ha
OTHOCHUTEIILHO OOJIBIIIOE PACCTOSHUE, YTO B OOJBIIMHCTBE CTYy4aeB IKOHOMUYECKU
HEIe1ec000pas3Ho.

3. Haoesxcnocmo pabomul 6 wiupoOKom Ouanazore memnepamyp, 8 Yci08Usx NolIbHOU U 61ANCHOU
OKpyoscatoujeti cpedsl. B TaKNX yCIOBUSAX THIPO- U IIEKTPOIPUBOJL TPEOYIOT 3HAUUTEIBHO
OO0NBIINX 3aTPaT Ha HKCIUTyaTalHIo, T.K. IPH TEMIEpaTyPHbIX IIepenaiax HapyIaeTcs
F€PMETUYHOCTb TUAPOCUCTEM U3-3a U3MEHEHMS 3a30POB U U30JIMPYIOLIUX CBOMCTB
INEKTPOTEXHUYECKUX MAaTEPUAIIOB, YTO B COBOKYITHOCTH C IIBJILHOW, BJIAKHOM M HEPEIKO
arpecCUBHOM OKpY KAIOILIEH CPeor IPUBOAMT K 4acThIM OTKa3zaMm. [Io sToil mpuunne
ITHEBMOIIPUBO/ ABJIACTCS €AMHCTBEHHBIM HAJIEKHBIM UCTOYHMKOM DHEPTUU JJI MEXAHU3ALUH
paboT B IMTEHHOM M CBAPOYHOM NPOU3BOJICTBE, B KY3HEUHO-TIPECCOBBIX 11€XaX, B HEKOTOPBIX
IPOM3BOJICTBAX IO A00bIUE U epepaboTKe ChIpbs U Ap. biarogaps BbICOKON HaJIeKHOCTH
THEBMOIPUBO/I YaCTO UCTIOIB3YETCS] B TOPMO3HBIX CUCTEMaX MOOMIIBHBIX U CTAIllMOHAPHBIX
MallIHH.

4. 3nauumenvro 601bLWUL CPOK CTYIHCOBL, YEM TUIPO- U AeKTponpuBoaa. Cpok ciryKObl
OLIEHUBAIOT JIByMsI ITOKa3aTeNsIMHU HAJIe)KHOCTH: raMMa-IIPOLIeHTHOW HapaOOTKOM Ha OTKa3 U
raMMa-TIpOIIEHTHBIM pecypcoM. [IJiss THEBMATHYECKUX YCTPOWUCTB IIMKINIECKOTO IEHCTBHSA
pecypc cocTaBiisieT oT 5 10 20 MIJIH. IMKJIOB B 3aBUCUMOCTH OT Ha3HAYE€HUsI U KOHCTPYKIIMH, a
JUTSL yCTPOMCTB HEIMKINYECKOTO AeHCTBHs 0KoJo 10-20 Thic. wacoB. J1o B 2 - 4 pasa Oosble,
4yeM y ruziponpuBosa, u B 10-20 pa3 Ooinbliie, 4eM y 3JIeKTPOIPUBO/IA.



5. Bvicokoe bbicmpooeticmsue. 311€Ch UMEETCS B BULy HE CKOPOCTh Nepeaadn CUrHaia
(yTmpaBIIsIIOIIETro BO3ACHCTBHS), @ peai3yeMble CKOPOCTH PadOUMX JIBIKCHUH,
o0ecrieynBaeMbIX BEICOKUMH CKOPOCTSIMHU JIBIKEHHS Bo3ayxa. [locTynaTensHOe ABIKEHHE
IITOKA THEBMOLIMIIMH/IPA BO3MOKHO /10 15 M/c 1 Gosee, a yacToTa BpalleHHs BEIXOAHOTO Basa
HEKOTOPBIX ITHEBMOMOTOPOB (TTHeBMOTYpOHUH) 10 100 000 06/MUH. DTO ZOCTOMHCTBO B ITOJHOM
Mepe peau3yeTcs B MPUBOJIAX IMKIMYECKOTO ICHCTBUSI, OCOOCHHO ISt
BBICOKOTIPOU3BOAUTEIBHOTO 000pyI0OBaHHS, HAIPUMEP B MAHUITYJISITOPAX, Mpeccax, MallnHAX
TOYECYHOH CBapKH, B TOPMO3HBIX ¥ (PUKCUPYIOLINX YCTPOHCTBAX, IPHUEM yBEIHUCHNE
KOJINYECTBA OJJHOBPEMEHHO CpadaThIBAOIINX THEBMOLIMIIMHAPOB (HAIIPUMEP B MHOTOMECTHBIX
HPUCTIOCOOTICHUSX TSI 3a)KMMa JIeTajell) MPaKTUUECKH HE CHIDKACT BpeMs cpadaThIBaHUs.
BosbIast CkopocTh BpamaTeIbHOTO IBHKCHHUS UCTIONB3YETCS B TPUBOIAX CEMApaTOPOB,
HEeHTpUQYT, NUTH(OBATBHBIX MAIMH, OOpMaIIvH 1 ap. Peanuszanus 0oJbIINX CKOpOCTEil B
THJIPONIPUBO/IC U SJIEKTPOIIPHBOIC OTPAHUIMBAETCS X OOJIBIIECH HHEPIIMOHHOCTHIO (Macca
KHUJKOCTH U HHEPIUSI POTOPOB) U OTCYTCTBHEM JieMIIpupyromero 3¢ pexra, KOTopbM o0magaet
BO3JIYX.

6. Bosmooicnocms nepedauu nHe8MOIHepeULU Ha OMHOCUMENbHO DOabUIUE PACCMOAHUSA TIO
MarucTpajbHbIM TpyOOIpoBOIaM U CHaOXKEHHE CKATHIM BO3[yXOM MHOTHUX MOoTpeduTeneid. B
STOM OTHOIICHUH MTHEBMOIPHUBO/I YCTYNAET 3JIEKTPONPUBOY, HO 3HAUUTEIbHO IPEBOCXOIUT
TUAPONIPUBOJ, OJ1aroaps MEHbUINM MOTEPSIM HAropa B MPOTSHKEHHBIX MaruCTPaIbHBIX JTUHUSIX.
DJeKTpUYECcKasi SHEPTUsi MOXKET MEePeaBaAThCS MO JIUHUSAM 3JIEKTpoIiepead Ha MHOTHE COTHH U
THICSIYM KUJIOMETPOB 0€3 OIIyTHUMBIX ITOTEPb, @ PACCTOSIHUE NIepeladll THEBMOAYHEPT U
HKOHOMHMYECKH 1I€JIECO00Pa3HO 10 HECKOJIBKUX JAECATKOB KHIOMETPOB, UTO PEATTU3YETCs B
MTHEBMOCHCTEMAaX KPYIHBIX TOPHBIX U MPOMBILUICHHBIX MPEANPUITHH ¢ HEHTPATHU30BaHHBIM
MUTaHUEM OT KOMIIPECCOPHOW CTaHIIUH.

H3BecTeH ombIT CO3/IaHus TOPOACKON KOMIIpecCOpHOU cTaHimu B 1888 1. ogHuM U3
npoMbIuIeHHUKOB B [Tapmxke. OHa cHabxana 3aBoJibl U paOpUKHU IO MaruCTpasiMm
MPOTSKEHHOCTHIO 48 kM 1ipu AasneHuu 0,6 Mlla u umena moutHocts 10 18500 kBT. C
MOSIBJICHUEM HAJIEKHBIX AJICKTPOIIepead €€ dKCIUTyaTallis cTaja HEBBITOIHOM.

MaxkcumanpHas IPOTSHKEHHOCTh THAPOCUCTEM cOcTaBisieT okoio 250-300 m B
MEXaHU3WPOBAHHBIX KOMITJIEKCAX MIAXT JJIsl JOOBIYN YIS, HPUYEM B HUX MCHOJIB3YETCS OOBIYHO
MeHee BsI3Kasi BOJAHO-MACIISTHAsI SMYJIbCHSI.

7. Omcymemeue HeobX00UMOCmU 8 3AUUMHbBIX YCMPOUCMBEAX OM nepecpy3Ku 0d61eHUEeM Y
nompebumernet. TpeOyeMblii Ipesesn 1aBleHus BO3AyXa YCTaHABIUBAETCA O0LIUM
MPEIOXPAHUTEIHHBIM KIIATAHOM, HAXOSIIUMCS HA UICTOYHHKAX THEBMOYHEPTHH.
[THeBMOABHUraTENN MOTYT OBITH MOJIHOCTHIO 3aTOPMOKEHBI 0€3 OMACHOCTH MOBPEXKICHUS 1
HaXOJIUTHCS B 3TOM COCTOSIHUH JJTUTEIHLHOE BPEMSI.

8. bezonacrhocmy 0711 00cyIHCUBATOUE20 NEPCOHANA TIPU COOIIOICHUH OOIIUX MPaBUII,
UCKITIOYAIOMINX MEXaHWIECKHIA TpaBMaTH3M. B rHIIpo- 1 3IIEKTPONprUBOIaX BO3MOKHO
HOpaXCHUE IEKTPUIECKUM TOKOM WIIN JKUAKOCTBIO TIPH HAPYIICHUN M30JISIIH U
pasrepMeTH3ayy TpyOOoIpOBOIOB.

9. Vayuwenue nposempusanus pabouezo npocmpancmea 3a c4eT oTpaboTaHHOTr0 BO3ayXa. ITO
CBOMCTBO OCOOEHHO MOJIE3HO B TOPHBIX BBIPAOOTKAX U MOMEIICHUSIX XUMUYECKUX U
METaJUI000pabaTHIBAOIINX TPOU3BOJICTB.

10. HeuyscmeumenvHocms K paouayuoOHHOMY U IeKMPOMASHUMHOMY u3nyuenuio. B Takux
YCIIOBUSX 3JIEKTPOrHIPaBIMYECKUE CUCTEMBI IPAKTUYECKH HEMPUTOIHBL. DTO IOCTOMHCTBO



LIMPOKO HCIIOJIB3YETCS B CUCTEMAX YIPABIECHUS KOCMUYECKOM, BOCHHON TEXHUKOM, B aTOMHBIX
peakTopax u T.IL

HecmoTps Ha BbIICONMCAaHHBIE JOCTOMHCTBA, IPUMEHAEMOCTh ITHEBMOIIPUBO/Ia OTPAHUYUBAETCS
B OCHOBHOM 3KOHOMUYECKUMHU COOOPAKEHUSIMHU U3-32 OOJBIINX MTOTEPh SHEPTHU B
KOMIIPECCOpPaxX U MHEBMOJBUTATENAX, & TAKIKE APYTUX HENOCTATKOB, OIIMCAHHBIX HUKE.

1. Bvicokas cmoumocmo nnesmosnepauu. Ecinm runpo- u anexkrponpuBoa umerot KIT/1,
COOTBETCTBEHHO, 0K0JI0 70 % 1 90 %, To KI1/] nHeBMonpuBo1a 00b19HO 5-15 % 1 o4eHb peako
10 30 %. Bo muorux ciyvasx KIIJ] moxet ObiTh 1 % u menee. 1o sToii npuunne
MTHEBMOTIPUBO/I HE IPUMEHSETCS B MAIIMHAX C TUTEILHBIM PEKUMOM PaOOTHI B OONBIION
MOIIHOCTH, KPOME YCJIOBUH, UCKIIIOUAIOLIUX TPUMEHEHHE IEKTPOIHEPTUH (HaIpUMeEp,
TOPHOIOOBIBAIOIINE MAIITUHBI B IIIAXTaX, OMACHBIX IO Ta3y).

2. Omnocumenvro 60IbLWIOL 8eC U 2aOApPUMbl NHEBMOMAWUH N3-32 HU3KOTO pabouero JaBJieHusl.
Ecnu ynenpHbIl BeCc THAPOMAIINH, TPUXOIALIUICS Ha UHUILY MOIIIHOCTH, B 5-10 pa3 MeHblle
Beca 3JIEKTPOMAIIIMH, TO THEBMOMAIIIMHBI UMEIOT IIPUMEPHO TaKOM e BeC M radapuThl, KakK
HOCIICHUE.

3. Tpyonocmoe obecneyenuss cmabuIbHOU CKOPOCU O8UNCEHUS BBIXOJHOTO 3BE€HA MPH
MEePEeMEHHOI BHEIIHEH Harpy3Ke U ero (puKcauy B IpOMeKyTOYHOM IOJI0KEeHUU. BMecTe ¢ TeM
MATKHE MEXaHMUECKUE XapaKTEPUCTUKU MTHEBMOIIPUBO/IA B HEKOTOPBIX CIyUasx SIBJISIOTCS U €r0
JIOCTOMHCTBOM.

4. Bvicokuu yposenv wiyma, pocturaomuii 95-130 b npu oTcyTCTBUHM CPEACTB ISl €T0
cHikeHust. Hanbosnee yMHBIMHU SIBIISIOTCS TOPIIHEBBIE KOMIIPECCOPHI U ITHEBMO/IBUTATENIH,
0Cc00EHHO THEBMOMOJIOTHI U IPYTHE MEXaHU3MBI yIapHO- IIUKJINYecKoro aeicTus. Hanbonee
IIyMHBIE TUAPOIIPUBOABI (K HUM OTHOCSTCS IPUBOBI C HIECTEPEHHBIMU MALIMHAMHU) CO3AI0T
nryM Ha ypoBHe 85-104 nb, a 00bIuHO ypOBEHb IIyMa 3HAYUTEIbHO HUXKE, IPUMEPHO KaK y
3JIEKTPOMAILIH, YTO TTO3BOJIAET paboTaTh 6€3 CIeHaTbHBIX CPEACTB ITYMOIIOHKEHHS.

5. Manas ckopocTh nepefaur CurHana (ynpapisiolero MMIyJabca), YTO IPUBOAUT K
3ara3IbIBaHUIO BBITOTHEHH onepannid. CKOpOCTh MPOXOKACHUS CUTHAJIA paBHA CKOPOCTH
3BYKa M, B 3aBUCUMOCTH OT JaBJICHHUS BO3yXa, COCTaBiseT mpuMepHo ot 150 mo 360 m/c. B
THIIPONPUBO/IE M AIEKTPOIIPUBOE, COOTBETCTBEHHO, 0KoJio 1000 1 300 000 m/c.

[lepeuncneHHble HEAOCTATKU MOTYT OBITh YCTPaHEHBI MPUMEHEHHEM KOMOMHUPOBAHHBIX
ITHEBMODJICKTPUYECKUX WIHM ITHEBMOTHIPABINYECKUX IIPUBOIOB.

11.3. Teuenne Bo3ayxa

NHxeHepHbIe pacdeThl THEBMOCUCTEM CBOJISITCS K ONPEICIICHUIO CKOPOCTEH U PACX0JI0B
BO3JlyXa MPHY HAIIOJIHCHUH M OTTIOPOKHEHUHU Pe3epByapoB (pabouux KaMep JABUTATENEH), a TAKKe
C €ro TeUEHHUEM I10 TPYyOOIPOBOIaM Yepe3 MECTHBIE COMPOTHUBIICHUS. BeencTBrue CxkMMaeMOCTH
BO3/IyXa 3TH PacUYeThl 3HAYUTEIHHO CIOKHEE, YeM PaCUeThl THIPABIMUYECKUX CUCTEM, H B
MIOJIHOU MCPC BBIMMOJIHAIOTCS TOJIBKO IJIA 0C060 OTBCTCTBCHHBIX CJIyYacB. ITonHoe onmcanue
NPOIIECCOB TEYCHHUS BO3/IyXa MOXHO HAWTHU B CIICIHATBHBIX KypCcax ra30IMHaAMUKH.

OcHOBHbIE 3aKOHOMEPHOCTH T€UEHUS BO3yXa (Ta3a) Takue ke, Kak U Ui KUAKOCTEH, T.e.
UMEIOT MECTO JIAMUHAPHBIN U MYpOYIenmHblli PeKUMbI TEUSHUS, YCTAHOBUBILUICS U
HEYCTaHOBUBIIMICS XapaKTep TeUEHUs, pPABHOMEPHOE U HEPABHOMEPHOE TEUCHHE M3-3a
MEPEMEHHOTO CeUeHUs TPyOOIPOBOIa U BCE OCTATbHBIE KUHEMATUIECKUE U JUHAMHYECKHE



XapaKTEPUCTHKH MMOTOKOB. BeencTBre HU3KOH BA3KOCTH BO3AyXa M OTHOCHUTEIHFHO OOJBIINX
CKOpOCTEH peXHUM TeUCHHS B OOJIBIIMHCTBE CIIy4aeB TypOYyJICHTHBIMN.

J1J1s1 IPOMBIIIIJICHHBIX ITHEBMOTIPUBOJIOB TOCTATOYHO 3HATH 3aKOHOMEPHOCTH YCTaHOBUBIIETOCS
XapakTepa TeueHUs Bo3Ayxa. B 3aBUCMMOCTH OT MHTEHCHBHOCTH TETLIOOOMEHA ¢ OKPYKAIOIIEH
CpeIoi pacdeThl MapaMeTPOB BO3AyXa BHIMOIHSIOTCS C YYETOM BUIa TEPMOTUHAMUYICCKOTO
porecca, KOTOPhIH MOXKET OBITh OT U30TEPMHUYECKOTO (C MOJHBIM TEIJIO0OMEHOM U
BBITIOJTHEHHEM yclioBus T = const) A0 aanadaTudeckoro (6e3 TernaoooMeHa).

[Tpu GOABIIMX CKOPOCTSX UCTIONHUTEIFHBIX MEXaHU3MOB U TEUECHUH I'a3a Yepe3 CONMPOTHUBIICHUS
IPOIIECC CHKATHSI CYMTACTCS aabaTHYECKUM ¢ TIoKaszaresaeM aauadarsl k = 1,4. B npaktuiyeckux
pacueTax Mmokasaresb aJanadaThl 3aMEHSIOT Ha TIOKa3aTelb MOJUTPOIBI (0OBIYHO TPUHUMAIOT 7 =
1,3...1,35), 4TO MO3BOMNSAET yUECTh MOTEPH, 00YCIOBICHHBIE TPEHHEM BO3yXa, 1 BO3MOXKHBIN
TEII00OMEH.

B peanpHBIX yCIOBHAX HEN30EKHO MPOUCXOIUT HEKOTOPHIH TEIUIO0OMEH MEXTy BO3AYXOM H
JleTalIsIMU CUCTEMBI U UMEET MECTO TaK HA3bIBAEMOE IIOJUTPOIHOE U3MEHEHUE COCTOSHUS
BO31yXa. Bech nnanaszoH peanbHbIX IPOLIECCOB ONUCHIBACTCS YPABHEHUSIMH 3TOTO COCTOSHHUS

pV" = const

/i€ 1 - IOKa3aTeNb MOJIUTPOIIbI, U3MEHSIOIININCA B IIpeenax oT n = 1 (M30TepMUYECKU
nporiecc) 1o # = 1,4 (agmabarudeckuii mporecc).

B ocHOBY pacueToB TedeHMsI BO3/lyXa MOJI0KEHO U3BECTHOE ypaBHEHNE bepHy M ABMKEHUS
UJCAIBHOTO rasa
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CnaraemMble ypaBHEHHsI BBIPQKAIOTCS B €IMHUIIAX JABIICHUS, IOITOMY MX YacTO HAa3bIBAIOT
"HaBaeHusIMu":

Z - BECOBOE JIaBJICHUE;

p - CTaTHYECKOE JABJICHUE;

pu?

o - CKOPOCTHOE WJIM JUHAMHYECKOE J1aBIICHUE.

Ha npaktuke yacTo BEeCOBBIM JaBJICHHEM MpeHeOperaT U ypaBHeHue bepHysuin npuHuMaeT
CIEQYIOIINNA BU

2
P+ ——=rconst
2

CYMMy CTaTUYCCKOI'o 1 ATMHAMHUYECKOI'O IIaBJIeHI/II\/'I Ha3bIBAIOT ITOJIHBIM JAaBJICHHUEM P(). Takum
00pazoM, Morydyum

]
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ITpu pacyere ra30BbIX CUCTEM HEOOXOAUMO UMETh B BUIY ABA MPUHUUIHAIBHBIX OTIMYHUSA OT
pacdera ruIpoCHUCTEM.



IlepBoe oTiin4Me 3aKI09aETCs B TOM, YTO ONPEIEIAETCS He 0ObEMHBIN pacXo BO3AyXa, a
MacCOBBINA. DTO MO3BOJISIET YHU(DUIIMPOBATh U CPAaBHUBATH TapaMETPhl PA3IUYHBIX JIEMEHTOB
THEBMOCHCTEM TI0 CTaHAapTHOMY Bo3ayXy (p = 1,25 kr/ M3, v =149 M2/cipu p = 101,3 x[lau ¢
=20°C). B 3ToM citydae ypaBHEHUE pacX0/0B 3alMCIBAETCS B BUAC

Oui = Quzama v V1S =02 0>58

Bropoe oTnnuune 3akitoyaeTcsi B TOM, UTO MPU CBEPX3BYKOBBIX CKOPOCTSIX TEUCHHSI BO3TyXa
M3MEHAETCS XapaKTep 3aBUCMMOCTHU Pacxo/ia OT IIEepernaja 1aBjIeHU Ha CONPOTUBIIEHUH. B
CBSI3M C 3TUM CYIIECTBYIOT MOHSTUS MOAKPUTUYECKOTO U HAJKPUTHYECKOTO PEKUMOB TEUCHUS
B03yXa. CMBICI 3TUX TEPMHUHOB MOSICHSETCS] HUXKE.

PaccmoTpu ucteueHne raza u3 pesepByapa yepe3 HeOOoJbIIoe OTBEPCTHE NIPU TIOJICPKAHUH B
pe3epByape noctossHHOTO faBienus (puc.11.1). bByaem cunrars, uTo pa3mepsl pe3epByapa
HACTOJILKO BEJIMKHU 110 CPAaBHEHHIO C Pa3MepaMH BBIXOHOT'O OTBEPCTHS, YTO MOYKHO TIOJTHOCTHIO
npeHedperaTh CKOPOCTHIO IBMKCHUS Ta3a BHYTPH pe3epByapa, 1, CIeI0BaTeIbHO, TaBICHHUE,
TEMIIepaTypa U IJIOTHOCTh ra3a BHYTPU pe3epByapa OyIyT UMETh 3HAUEHUS py, p o U ).
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Puc.11.1. Ucreuenune rasa u3 oTBEPCTUS B TOHKON CTEHKE

CKOpOCTh UCTEUEHHUS T'a3a MOYKHO OMPEENATh 10 GopMyJie 11 UCTEUEHUS HEC)KUMaeMO
KUJKOCTH, T.€.

v=.2gH = [2gEL"F

i

MaccoBbIii pacxo/1 ra3a, BRITEKAIOIETro Yepe3 0TBEPCTHE, OTpeaessieM mo Gopmyiie
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TAC ¢ - TUIOIIAaAb CCUHCHUSA OTBCPCTHA.

OTHo1IEHUE p/p) HA3BIBAETCS CTENEHBIO paclIMpeHus ra3a. Ananu3z ¢popmyssl (11.7)
MIOKa3bIBAET, YTO BHIPAYKEHHE, CTOSIIEE TT0] KOPHEM B KBA/IPATHBIX CKOOKaX, 00pamaeTcsi B HOJb
npu p/po =1 u p/ pp = 0. 10 03Ha4aeT, YTO NPU HEKOTOPOM 3HAUEHUHU OTHOLICHUS JaBICHUN
MacCOBBIN PacX0J JOCTUTaeT MakCUMyMa (4. ['paduk 3aBUCIMOCTH MacCOBOI0 pacxoja rasa
OT OTHOIICHUSA JaBJICHUH p/pyoKazaH Ha puc.11.2.
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Puc.11.2. 3aBucuMOCTh MaccoOBOTO pacxoja ra3a OT OTHOLUEHUS JaBJICHUN

OTHo1eHNE I[aBJ'ICHI/Iﬁ p/p(), IIpU KOTOPOM MacCOBBIN pacxod A0CTUTaCT MAKCUMAJIbHOT'O
3HAYCHHA, HA3bIBACTCA KPUTUUCCKHUM. MoxHOo MMOKa3aTb, YTO KPUTHICCKOC OTHOLICHUC

JIaBJICHUH PaBHO
K
? _( 2 ]I:—l
TS
2| "p

Kak BugHO U3 rpaduka, mokazaHHoro Ha puc.l1.2, mpu yMeHbIICHUH p/p) TIO CPABHEHHIO C
KPUTHUECKUM PacxXo JOJKEH YMEHbIIAThCs (IyHKTHpHAS JIMHUA) U IpU p/po = 0 3HaUeHHE
pacxojia 1oJKHO ObITh paBHO HYJIO (O, = 0). OxHaKO B AEUCTBUTEIHLHOCTH 3TO HE MPOUCXOIUT.

B neiicTBUTENEHOCTH NPH 3aJJaHHBIX TApaMeTpax py, Po U Ty pacxol ¥ CKOPOCTb UCTEUCHUS
OyIyT pacTu ¢ yMEHbILICHUEM JIaBJICHUs BHE pe3epByapa p 10 TeX Mop, IoKa 3TO JaBJICHHE
MeHblIe KpuThuueckoro. ITpu qocTrkeHny AaBIeHUEM p KpPUTHYECKOT'O 3HAUEHUS PacXo/l
CTaHOBUTCS MAaKCUMaJIbHBIM, @ CKOPOCTb UCTEYEHUS JOCTUTAET KPUTUUECKOTO 3HAYEHUS,
PaBHOT'O MECTHOI CKOPOCTH 3BYKa. KpuTHueckasi CKOpocTh omnpeaessieTcs U3BECTHOM (popmyioit

[Tocne Toro, kak Ha BBIXOZE U3 OTBEPCTHS CKOPOCTh JOCTUIJIA CKOPOCTHU 3BYKa, JAJIbHEUIIEEe
YMEHbIIEHNE TPOTUBOJIABIICHUS p HE MOXKET IIPUBECTU K YBEJIIMUEHUIO CKOPOCTH UCTEUECHHUS, TAK
KaK, COTJIaCHO TEOPUH PAaCIPOCTPAHEHUsI MaJIbIX BO3MYIIIEHUI, BHYyTPEHHUI 00beM pe3epByapa
CTaHeT HeJOCTYMEH ISl BHEIIHUX BO3MYIICHHIA: OH OyAeT "3amept" MOTOKOM CO 3BYKOBOU
CKOpPOCThI0. Bee BHENIHNE Mable BO3MYILIEHUS! HE MOTYT IIPOHUKHYThH B PE3€pBYap, TaK KaKk UM
OyIeT MpensTCTBOBATH MOTOK, UMEIOIIUH Ty K€ CKOPOCTh, UTO U CKOPOCTh PACIPOCTPAHEHUS
Bo3MymIeHHH. [Ipr 3TOM pacxox He OyIeT MEHSATHCS, OCTaBasCh MAKCUMaJIbHBIM, & KpUBast
pacxoza NpUMET BUJI TOPU3OHTAIbHON JTMHUH.

TakuMm o0pa3om, CyIIeCTBYET JBE 30HbI (001aCTH) TEUCHUS:

HOOKPUMUYECKULL PedHCUM, TIPU KOTOPOM
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B HaaxkpuTH4ECKOMN 30HE UMEET MECTO MAKCUMAJIbHASL CKOPOCTh U PaCcX0Jl, COOTBETCTBYIOIIUE
KPUTHYECKOMY PACIIAPEHUIO rasza. Flcxoast u3 3Toro npu onpeneseHun pacxoqoB BO3oyXa
HpeBapUTENILHO ONPENENSIOT MO Mepenaay AaBiIeHUs PeXUM UCTeUeHHs (30HY), a 3aTeM
pacxon. [ToTepu Ha TpeHHE BO3AyXa yUUTHIBAIOT KOA(D(HUITMEHTOM pacxo/a [, KOTOPBIH ¢
JOCTAaTOYHOM TOYHOCTBHIO MOXKHO BBIYMCIIUTH MO (hOpMyJIaM Ul HEC)KUMAEeMOH KUAKOCTH ([ =
0,1...0,6).

OKOHYATENBHO CKOPOCTh U MAKCUMAJIbHBIM MacCOBBIA Pacxo/l B MOJAKPUTUYECKON 30HE, C
YUETOM CXKaTHsl CTPYH ONpeensTes no Gpopmynam
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11.4. IloaroroBKa C:KaToro Bo3ayxa

B npoMBITIIIEHHOCTH UCTIONB3YIOTCS PA3IMYHbIe KOHCTPYKIIMU MAIIUH IS [TOIa4 BO3/IyXa MO/
001muM Ha3BaHUEM 6030yx00yexu. IIpu cozganuu n3oeirounoro aaienus a0 0,015 MIla onun
Ha3BIBAIOTCS 8eHmuiamopamu, a pu aasieruu ceeie 0,115 MIla - kounpeccopamu.

BeHTI/IJ'IHTOpLI OTHOCATCA K JIOIIACTHBIM MalllMHAM JUMHAMHUYCCKOI'O HCﬁCTBHﬂ H KpOME CBOCTO
OCHOBHOI'O Ha3HAYCHUS - MPOBCTPUBAHUSA - IPUMCHAIOTCS B IHCBMOTPAHCIIOPTHBIX CUCTEMAX U
HU3KOHAITIOPHBIX CUCTCMAaX ITHCBMOABTOMATHUKHU.

B nmueBMonprBOaxX UCTOYHMKOM SHEPTUU CIIyKaT KOMIIPECCOPHI C pabOYNM J1aBJICHUEM B
muana3one 0,4...1,0 MIla. Onu MoryT ObITh 00BEMHOTO (Yallle TOPITHEBHIE) UITU
JTUHAMHUYECKOTO (JI0TMacTHBIC) AeHCTBUSA. Teopus pabOThI KOMITPECCOPOB U3YUYaAETCs B
CIEIHATBHBIX JUCIMILTAHAX.

[To Buay MCTOYHHMKA U CITOCOOY TOCTaBKHM MTHEBMOYHEPIUU PA3TUYAIOT MACUCTIPATbHDILL,
KOMNPECCOPHbIU N AKKYMYAAMOPHbIY THEBMOIIPUBO/I.

Mazucmpanshulii THEBMOIIPUBOJ XapaKTEPH3yeTCs Pa3BETBICHHOM CEThIO CTAI[IOHAPHBIX
THEBMOJIMHUH, COEANHSIONNX KOMIPECCOPHYIO CTAaHIIHIO C IEXOBBIMH, YYaCTKOBBIMU
NOTPEOUTENSAMU B MpEJiesiax OJHOIO WIM HECKOIbKUX npeanpustuil. KommpeccopHas cranuus
000pyyeTCsl HECKOIBKIMMHU KOMIPECCOPHBIMH JIMHUSMH, 00ECTIEYHBAIOIIMMY FrapaHTUPOBAHHOE
cHa0XeHUe TIOTpeOHTENel CKaTOro BO3AyXa C Y4€TOM BO3MOKHON HEpaBHOMEPHOH paboThI
HOCJIEIHUX. DTO TOCTUTAETCS YCTAHOBKOM MPOMEXYTOUHBIX HAKOMUTENEH THEBMOHEPT U



(pecuBepoOB) KaK Ha CaMOM CTAHIIMH, TaK M HAa y4acTKax. [[HEeBMOIMHUN OOBIYHO
pe3epBUPYIOTCs, YeM oOecrieunBaeTcs y100CTBO UX 00CITy>)KUBaHUS U peMOHTa. TunoBoi
KOMIIJIEKT yCTpOfICTB, BXOAAIIHUX B CUCTEMY IIOATOTOBKU BO34YyXa, ITIOKa3aH Ha HpHHHHHHaHLHOfI
cXeMe KoMIIpeccopHoi ctaHuuu (puc.11.3).

Puc.11.3. [IpuHnunuansHast cxemMa KOMIIPECCOPHOM CTaHLIUU

Komrpeccop 2 ¢ npuBoAHBIM BUTaTeNleM 3 BCAChIBAET BO3AYX U3 aTMOC(EpHI uepe3 3a00pHbIN
¢uneTp | 1 HarHeTaeT B pecuBep 7 uepe3 oOpaTHbIN KianaH 4, OXJIaAUTeNb 5 U QUIbTP-
BJIArOoOTAENNTEND 6. B pe3ynbrare oXi1axaeHus: BO3yXa BOJASHBIM OXJIAAUTENIEM 5 IPOUCXOIUT
kouaencanus 70-80 % comepskarieiicst B BO3IyXe Biaru, yJaaBIuBacMon (GUIbTPOM-
BJIarootaenuTesneM u co 100-mporieHTHON OTHOCUTEIBHON BIAXKHOCTBIO BO3yX MOCTYMAET B
pecusep 7, KOTOPBIM aKKyMYyJIMPYET ITHEBMOYHEPTUIO U CIVIAKUBAET I1YJIbCALMIO NaBJICHUs. B
HEM ITPOMCXOAMT JlaJbHENIIee OXJIaXI€HUE BO3/1yXa U KOHACHC AUl HEKOTOPOIo KOJIUYECTBA
BJIar'y, KOTOpasi IO MEepPe HAKOIUICHUS YAAISIETCSI BMECTE C MEXaHUYECKUMU MTPUMECIMHU Yepe3
BeHTWIb 10. PecuBep 00s3aTennbHO 000PYIyeTCsl OJTHUM UM HECKOJIBKUMH
MPEeOXPAHUTENILHBIMU KJIallaHaMH 8 1 MaHoMeTpoM 9. 13 pecuBepa BO31yX OTBOAUTCS K
nmHeBMOJMHUAM 12 depes kpanbl 11. OO0paTHbBIN Ki1anaH 4 UCKITI0YaET BO3MOXHOCTh PE3KOTO
NaJeHNs JaBJICHHS B THEBMOCETH MPHU OTKIIIOUEHUU KOMIIPECCOopa.

Komnpeccopnviii nneemonpusod OTINYAETCS OT BBIIICONMCAHHOTO MarUCTPAILHOTO CBOCH
MOOMIIFHOCTBIO U OTPAHMYEHHOCTHIO YUCJIa OJTHOBPEMEHHO pa0OTAaIONIUX MTOTPEOUTEICH.
[epenBmxHbBIE KOMIPECCOPBI HANOOIIEE IMUPOKO UCTIOIB3YIOTCS MIPU BHITOJHEHHH PA3IMIHBIX
BUJIOB CTPOUTENBHBIX U PEMOHTHBIX paboT. I10 KOMIUIEKTY yCTPOMCTB, BXOIALINX B CUCTEMY
MOJITOTOBKU BO3/1yXa, OH MPAKTUYECKU HE OTIMYACTCS OT BBIIICONMCAHHON KOMIIPECCOPHOH
CTaHIMU (BOASHOM OXJIAIUTEh 3aMEHIETCSl Ha BO3AyIIHBIN). [loaua Bo3ayxa K mOTpeOUTENIsIM
OCYIIECTBIISIETCS Uepe3 PE3NHOTKAHEBHIE PyKaBa.

AKKYMYIsAMOpHDbILL NHe8MONpU00 BBULY OTPAaHUYEHHOIO 3araca CKaToro Bo3ayxa B
IMPOMBIINIJICHHOCTH NPHUMCHACTCA PCAKO, HO IIUPOKO UCIOJIB3YCTCSA B ABTOHOMHBIX CUCTEMAX
YIIPaBJICHUSI MEXaHU3MOB C 3aJlaHHBIM BpeMeHeM AeicTBus. Ha puc.11.4 mokazaHbl HECKOJIBKO
NPUMEPOB AKKyMYJIATOPHOIO IIUTAHUA ITHEBMOCHUCTEM.

Jnst 6ecriepeOoiHON MOAauH KUAKOCTH B THIPOCUCTEMY WM TOILIMBA B ABUTATENN
BHYTPCHHETO CTOpPaHHS anmapaToB C IEPEeMEHHON OPHEHTAIMEH B IPOCTPAHCTBE MPUMEHSETCS
HaJIyB 0aka ¢ )Kuakocteio (puc.11.4, a) or mHeBMOOaonHa 1.

BrrTecHenue xunkocTu u3 6aka S, pa3ieneHHoro MeMOpaHoil Ha JiBe 4acTu, 00ecreunBaeTcs
MOCTOSIHHBIM JJaBJICHUEM BO3/1yXa, 3aBUCSIINM OT HACTPOWKH PEAYKIIMOHHOTO KJlanaHa 3 mpu
BKJIIOUEHUH 3JIEKTPOBEHTWIA 2. [IpenenbHoe naBaeHne orpaHuYuBacTCs KJIAllaHOM 4.



Cucrema opueHTalMu jJeTareabHoro anmnapara (puc.11.4, 6) cocTouT U3 ynpaBsiomux
PEaKTHUBHBIX THEBMOIBUTaTeseH 4, MUTAIOLIMXCS OT IApOBOro MHEBMOOA/UIOHA | yepes
PENYKIIMOHHBIN KJIanaH 2 | 3JIEKTPOBEHTUIIN 3.
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Puc.11.4. I[lpyHuunuaibHbIe CXEMbl aKKYMYJIITOPHOTO MUTAHUS
MTHEBMOCHCTEM (a, 0, B) U 3aMKHYTOM ITHEBMOCUCTEMBI (T)

JUis TUTaHUs CUCTEM MTPOMBIIICHHON ITHEBMOABTOMATHUKH YaCTO UCTIOIB3YETCS HE TOJIBKO
cpeHMi (HOpMalTbHBIN) Auana3oH AaBiaeHus Bosayxa (0,118...0,175 Mlla), a u HU3KHit
nuanason (0,0012...0,005 MIla). 9To no3BoJIsI€T yMEHBUIUTh PACXOJ CKATOTO BO3/1yXa,
YBEJIMYUTH MPOXOJAHOE CEUECHUE JIEMEHTOB U, CJIEJOBATENIbHO, CHU3UTh BEPOATHOCTH 3aCOPEHHUS
JPOCCENUPYIOIINX YCTPONCTB, a B HEKOTOPBIX CIIyYasiX MOTYYUTh JIAMUHAPHBIN PEKUM TCUCHUS
BO3/IyXa C JIMHEHHO 3aBHUCUMOCTBIO O = f(/Ap), 9TO BechbMa BayKHO B YCTPOIHCTBAax
ITHEBMOABTOMATHKH.

[Ipn HanU4YMKM UCTOYHUKA BHICOKOTO JJABICHHUS MOKHO OOECTICUUTh MUTAHHE THEBMOCUCTEMBI
HU3KOTO JaBJICHUS C OOJIBIIMM PacXoJ0M BO3ayXa MpU MOMOIIH kektopa (puc.11.4, B). Ot
MHEBMOOAJIIOHA BBICOKOTO J1aBlieHUs 1, 000pyI0BaHHOTO PEAYKIIMOHHBIM KIIanaHOM 4,
MaHOMETPOM 2 U 3apsIHBIM KJIAaIaHOM 3 BO3/yX ITOCTYIAeT Ha MUTAIOIIEE COIUIO 5 MKEKTOpa.
[Ipu 5TOM BHYTpH KOpITyca 3KEKTOpa CO3aeTCs MOHMKEHHOE IaBIICHUE, U U3 OKPYXKAIOIIeH
cpensl uepe3 GpuabTp 6 mocackBaeTCsl BO3IyX, KOTOPBINA MOCTYIIAET B TPUEMHOE COILIO 7
Oombiiero quamertpa. [locie sxexTopa BO3AyX BTOPHUHO OYHUINASTCS OT MBLIH (PUIBTPOM 8 U
nocTynaeT K ycrpoictam 10 mHeBMoaBTOMAaTHUKU. MaHoMeTpoM 9 KoHTposinpyeTcs pabouee
JTaBJICHHUE, BEJIMUNHA KOTOPOIO0 MOKET KOPPEKTUPOBATHCS PELYKTOPOM 4.



Bce BhINIeoncanHbie THEBMOCHCTEMBI OTHOCATCS K Pa30MKHYTHIM (OecMpKyIsIMmoHHbIM). Ha
puc.11.4, r nokazaHa 3aMKHyTasl cCXxeMa MUTaHUS CUCTEMbI THEBMOABTOMATHUKH, UCTIONb3yeMas B
yCIOBHSX NMBUTEHOM atMocdepsl. [lonaua Bo3ayxa Kk 0J10Ky THEBMOABTOMATHKH 3
OCYIIECTBIIICTCS BEHTHIIATOpOM | depe3 punbTp 2, mpuueM BcachIBAIOIIHI KaHall BEHTHIIATOPA
COCIMHEH C BHYTPEHHEH MOJIOCTHIO TEPMETUYHOTO KOXKyXa 0JIoKa 3, KOTopasi OTHOBPEMEHHO
yepe3 QUIbTp TOHKOM 0uncTKH 4 coobiaeTcst ¢ atmocdepoil. YacTo B KauecTBE BEHTUIISTOPA
HCITOJIB3YIOTCS OBITOBBIE AJIEKTPOIIBIIECOCH, CIIOCOOHBIE co3/1aBaTh napienue 10 0,002 MIa.

Bo3znyx, moctynaroniuii K moTpeOuTensim, 10HKEeH ObITh OUUINEH OT MEXaHUMYECKUX 3arpsi3HEeHHUH
U COJIepKaTh MUHUMYM BJIard. J{js 3Toro ciykat GuiIbTphI-BIArOOTACIUTEIH, Y KOTOPBIX B
KadyecTBe (PUIBTPYIOIIETO 3JIEMEHTa OOBIYHO HCIIONB3YETCsl TKaHb, KAPTOH, BOMIIOK,
MeTaJIOKepaMHKa U IpyTrue MOPHCThIE MaTepHalIbl C TOHKOCTBIO (primbTparyn ot 5 10 60 MKM.
Jnist 6oee T1yOOKOM OCYIIKH BO3yXa €ro MPOITyCKAIOT Yepe3 aAcopOSHTHI, MOTJIOIAIOIIHNE
Biary. Yarie Bcero JuIst 3TOro MCIIONIB3YETCs CHIINKAreib. B 0OBIYHBIX THEBMOIIPHUBOIAX
JIOCTAaTOYHYIO OCYIIKY 00€CIIeUnBaIOT PECUBEPHI U (PHIIBTPHI- BIArOOTACIUTENN, HO BMECTE C
TeM BO3/yXy HEOOXOAMMO NPUIaBaTh CMa304HbIE CBOICTBA, JUIS YETO CIIy)KaT
MacJIOpacIbUINTENN PUTHIBHOTO HITH 3KEKTOPHOTO TUTIA.

Puc.11.5. Tunoso#t y3en noAroToBKHA BO3ayXa:
a - IpUHIMINKANbHAs cXeMa; O - yCIIOBHOE 0003HaUEHUE

Ha puc.11.5 noka3an TUMIOBOM y3ei MOATOTOBKH BO3/IyXa, COCTOSIINN U3 (PUIbTpa-
BJIArOOTACIUTENS |, peIyKIIMOHHOTO KJIanaHa 2 ¥ MacaopacubUIUTENs 3.

[Moctynaronmii Ha BX0 (GMIBTPa BO3AYX MOMyYaeT BpalaTeIbHOE IBUKECHUE 32 CUET
HEMOABMKHOU KPbUIbYATKU Kp. [[eHTpoOe KHOM CHIION YacTHIIBI BJIard M MEXaHHUECKUX
npuMeceil 0TOpackIBalOTCS K CTEHKE MPO3PayHOro KOpIyca U OCEJAl0T B €r0 HIKHIOIO YacTh,
OTKYJla IO Mepe HeOOXOIMMOCTH yIaJISIOTCS Yepe3 CIIMBHON KpaH. BropuuHas ouncTka Bo3ayxa
POMCXOIUT B MOPUCTOM (pusibTpe D, 1mociie KOTOpOro OH MOCTYMAET Ha BXOJ peIyKTOpa, T1e
IIPOUCXOAMT JIPOCCEINPOBAHUE Yepe3 3a30p KianaHa K7, BEIMYMHA KOTOPOTO 3aBUCUT OT
BBIXOTHOT'O JIaBJICHHS HaJ MeMOpaHoi M. YBelndeHne yCuins CoKaTHsl PYKUHbI 17
oOecreuynBaeT yBeIMUEHHUE 3a30pa KianaHa K U, cie1oBaTeNbHO, BEIXOAHOTO JaBJICHUS.
Kopmyc macnopacnsumurens 3 genaeTcs Mpo3pavyHbIM U 3all0JIHACTCS Yyepe3 IpoOKy CMa30YHbIM
macioM. Co3gaBaemMoe Ha MMOBEPXHOCTH Macja JIaBJieHHE BBITECHSIET ero yepe3 TpyOKy 7 BBepX K
comny C, rae Macjao »KEKTUPYETCs U PACIbUIIETCS IOTOKOM Bo3ayxa. B MaciopacnslinTensax



GUTHIBHOTO THIIA BMECTO TPYOKH 7 yCTaHOBIIEH (PUTHIIB, TIO KOTOPOMY MAaciio MOCTYTIaeT B
pacmbUINTENIFHOE COIUIO 3 CUET KaNWUIIpHOTO 3 dekTa.

11.5. UcnosHuTEIbHBIE THEBMaTHYeCKHE YCTPOiiCTBA

M croTHUTENBHBIMA YCTPOMCTBAMH ITHEBMOIIPHBOJIOB HA3bIBAIOTCS Pa3INUHBIC MEXaHH3MBL,
o0ecrieunBaroue npeodpazoBaHre N30BITOYHOTO IaBJICHUS BO3/1yXa WM BaKyyMa B pabouee
ycwne. Eciu ipu 9ToM pabounii opraH coBepuiaeT ABHKEHHE OTHOCUTEIHEHO
HHeBMOYCTpOﬁCTBa, TO OH HA3bIBACTCA ITHEBMOJABUI'aTCIICM, a €CJIIM IBUXKXCHHUA HCT U1K OHO
IPOUCXOAUT COBMECTHO C THEBMOYCTPOWCTBOM, TO OHO HA3bIBAETCS THEBMOIIPYIKUMOM WITH
ITHEBMO3aXBaTOM.

IInesmoosuzcamenu MOTYT OBITh, KaK U TUIPOJBUTATEIH, BPAIIATEILHOTO WU MOCTYMATEIHHOTO
NENCTBUS U Ha3bIBAIOTCS, COOTBETCTBEHHO, NHEGMOMOMOPAMU N NHEBMOYUIUHODAMU.
KoHCTpyKTHBHOE HCTIOMHEHUE 3TUX YCTPOUCTB BO MHOT'OM IOXO0KE HA UX THIPABINYECKUE
anayiorn. Hau0GospIree mpuMeHEeHNE TIOTYYHIIH IECTepEHHbBIC, TUTACTUHYATHIC U PaJIHAIBHO-
MOPIITHEBBIE THEBMOMOTOPHI 00beMHOTO AeticTBusA. Ha puc.11.6, a mokasaHa cxema paguanbHO-
MOPIITHEBOI'O MOTOpA € MEpeladyeid KPyTAIIEro MOMEHTA Ha BaJI Ye€pe3 KPUBOILLIUITHO-IIATY HHBIN
MEXaHU3M.

B xoprniyce 1 cuMMETpUYHO pacmoioKeHbl UIUHAPHI 2 ¢ MOPIIHAMHU 3. Y CHIIME OT NOPIIHEN
IepEeIaeTCs Ha KOJIEHYaThli Bajl 5 yepe3 maTyHbl 4, IPUKPETIEHHbIE HIAPHUPHO K MOPUIHAM U
KPUBOILHUITY KOJIEHYaTOro Bana. CxkaThlil BO3AYX MOJBOAUTCS K pabounM KaMmepaM Mo KaHajaam
8, KOTOpBIE TOOYEPETHO COOOIAIOTCS C BITYCKHBIM Bn 1 BBIXJIONHBIM Bx KaHamamMu
pacnpenenuTeabHOro 30J0THUKA 6, BPAIIAIOIIErocss CHHXPOHHO C BAJIOM MOTOpa. 30JI0THUK
BpallaeTcsl B KOPIyce paclpeAeIuTeNIbHOIO YCTPOUCTBA 7, K KOTOPOMY MOJIBEIEHbI MaruCTpaiu
BITyCKa U BBIXJIONA BO3/AyXa.

PanuansHO-TIOpIITHEBBIE THEBMOMOTOPHI SIBJISIOTCS OTHOCUTEIBHO TUXOXOHBIMUA MAITMHAMH C
yactoToi Bpamienus Bana 10 1000...1500 o6/mMuH. bonee ObICTPOXOAHBI IIECTEPEHHBIE U
wiactuagareie MOTopkI (2000...4000 06/MuH), HO caMbiMu ObicTpoxoaHBIMHE (10 20000 06/MUH
u 6osiee) MOTYT OBITH TYpPOUHHBIE THEBMOMOTOPBI, B KOTOPBIX HCIOIb3yeTCS KHHETUYECKas
SHEPTHsl MOTOKA CKATOTO BO3yXa. B 4acTHOCTH, Takue MOTOPBI UCTIOIB3YIOTCS IJIsi BpaIlCHUS
paboumx Kojec BEHTUISATOPOB Ha TOPHBIX MPEATPUATHUSIX.

Puc.11.6. Cxembl THEBMOMOTOPOB 00BEMHOTO (2) U AMHAMUYECKOTO (0) neicTBus

Ha puc.11.6, 6 mokazaHa cxema MHEBMOIIPUBO/Ia KOJIECa BEHTUIISITOPA, COCTOSIIIETO U3 CTYITHUIIBI
9 ¢ nonatok 10, K KOTOPHIM KECTKO MPUKPETUICH BPAIIAIOIIUICS 0001 € JomaTkaMu



nHeBMomoTopa 11. IToTok cikaroro Bo3ayxa, BRITEKAOUIUI U3 coruta 12 o kacaTeabHOM K
M30THYTBIM JIonaTkaM 11, oTaaeT cBOI0 SHEPTHIO M 3aCTABIISET BPAIIATHCS KOJIECO BEHTHIIATOPA
¢ 60TBII0M CKOPOCTHI0. ONMMCAHHOE YCTPOUCTBO MOKHO Ha3BaTh ITHEBMOIIPEOOPA30BaATEIIEM,
peoOpasyrouM MOTOK BO3AyXa BBICOKOTO JIaBIICHUS B IOTOK HU3KOTO AAaBJICHUS C TOPA3/I0
OOJIBIITUM PACXOIOM.

[THeBMOIIPHUBOA OTIMYAETCS OOJIBIINM PAa3HOOOPA3UEM OPUTHHATIBHBIX UCTIOTHUTEIBHBIX
YCTPOWCTB € JIaCTUYHBIMHU dJIeMeHTaMu B (popme MeMOpaH, 000J104€K, THOKMX HUTEH, PYKaBOB
¥ T.H. OHU IIUPOKO UCTIOIB3YIOTCS B 3AKUMHBIX, (PUKCHPYIOIINX, IEPEKITIOYAIOIINX U
TOPMO3HBIX MEXaHN3MaX COBPEMEHHBIX aBTOMAaTU3UPOBAaHHBIX MTPOU3BOICTB. K HUM OTHOCATCS
MembpaHnubie N CUTbHOHHBIE NHEBMOYUTUHOPLI C OTHOCUTEIBHO MaJION BEIUYMHOM pabouero
xoza mroka. [Inockas pe3nHoBasi MeMOpaHa IM03BOJISIET MMOJTyYUTh EPEMEICHUE I TOKA Ha
0,1...0,5 ot ee a¢ppexTuBHOrO MTHameTpa. [Ipu BeIMOTHEHNN MeMOpaHbl B (hopme
ro()pHUpPOBAHHOTO YyJIKa paboYnii X0l YBETHUUBACTCS 0 HECKOIBKUX JUAMETPOB MEMOPaHHI.
Taxue MHEBMOLUMINHAPHI HA3bIBAIOTCA cunb@onubiMy. OHU MOTYT OBITh C BHEIIIHUM H
BHYTPEHHUM TIOIBOJIOM BO3/lyXa. B mepBoM ciryuae [utMHA TOQPUPOBAHHON TPYOKH 10X
JIeCTBUEM JIaBJICHUSI YMEHBINAETCSI, BO BTOPOM yBEJIMUMBAETCS 3a cyeT Aedopmaruu roppos. B
Ka4eCTBE JIACTUYHOTO 3JIEMEHTA MPUMEHSETCS pe3UHa, PE3HHOTKAHEBHIC U CHHTETHUCCKUE
MaTepHalIbl, a TAK)KEe TOHKOJIMCTOBAS CTallb, OpOH3a, JTaTYHb.

VYBenuueHrne CKOpOCTH BBIIOIHEHUS ONEpalvii BO MHOTHX CIy4YasX JOCTUTAeTCs MPUMEHEHUEM
MMHEBMO3aXBaTOB, CXEMbI KOTOPBIX MMOKa3aHbl Ha puc.11.7.

I[J'IH NnepeMEIICHUA JIMCTOBBIX I/I3I{€J’II/II\/JI HCIIOJIB3YIOTCA ITHCBMOIIPHUCOCKHU, OTHOCAIIUCCA K
BaKyyMHBIM 3aXBaTaM O€3HACOCHOTO W HACOCHOTO TuNa. B 3axBaTax 6e3HaCOCHOTO THIA
(puc.11.7, a) BakyyM B paboueii kamepe K cozmaercs npu aedopMaIii CaMux 3JIEMEHTOB
3axBara, BHIITOJHEHHBIX B BHJIE THOKOM Tapenku, MpUIeraloniell CBoei KPOMKOHU K JIETaId U
IMMOABUKHBIM IMOPITHEM, K KOTOPOMY IMPUKIAABIBACTCA BHCIIHCEC YCHUIIUC. Bennuuna BaKyyMa
IPH MTOIbEME JISTAIH POIOPIIMOHANIBHA €€ Becy U 00bIYHO ObiBaeT He Oonee 55 klla. s
O6CCHC‘-I€HI/I$I JIyHiero npuTsAKCHUs, OCOGGHHO JJIA HEAOCTATOYHO FJIa,HKOfI MMOBCPXHOCTHU
JIeTal, MPUMEHSIOT 3aXBaThl HACOCHOTO THIIA, Y KOTOPBIX BO3AYX U3 pabodeil KaMepbl
OTCachIBaeTCsl HACOCOM JI0 TITyOuHbI BakyyMma 70...95 kI1a.

YacTo mpUMEHSIOT MPOCThIE YCTPOIcTBa 3keKkTopHOro THMa (puc.11.7, 6), B KOTOPBIX
KHHETUYECKasi SDHEPTHs CTPYH XKUIKOCTH, I1apa WM BO3AyXa UCIIOJIB3YETCS AJI OTCAChIBAaHUS
BO3/yXa U3 pabouyeil kamepsl K, Haxoadmecs Mex 1y npucockoit /7 u neranpto. Cxatblii
BO3IyX, MOCTYTAIONTUI Ha BXO A, MPOXOIUT C OOJIBIION CKOPOCTHIO Yepe3 COMIIO b 3KEKTOpa U
CO3/aeT MOHWKEHHOE JJaBJIeHHE B KaMmepe B u kanaze /', coobmmaromumces ¢ paboueit kamepoit K.
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Puc.11.7. CxeMbl THEBMO3aXBaTOB

Jlns 3axuMa geranel UIMHIAPUYECKONH (OpMBbI IPUMEHSIOT THEBMO3aXBaThl, BHIITIOJIHEHHBIE IO
cxemaM B U T (puc.11.7). Ilpu noasoae Bozayxa B pabouyio kamepy K ynpyruii
LWINHAPUYECKUH KOJIMAYOK OXBAThIBAET IIEHKY Bajla U CO3J1aeT yCUIINE, JOCTATOUHOE AJISl €T0
3akuma. Ha cxeme r rmokaszaH JBYXCTOPOHHHMI THEBMO3axXBaT, pab0OYMMHU 3JIEMEHTaMU KOTOPOTO
CJIy>KaT CUIb(QOHBI C OAHOCTOPOHHUM TrodpoM. [Ipu co3nanum U30bITOUHOTO AABIEHHS BHYTPU
cuib(oHa TohpUpoBaHHAS CTOPOHA PACTATUBACTCS HA OOJBIIYIO JUTHHY, Ye€M TTIaJKasi, 4TO
BBI3BIBACT NIEPEMELICHNE HE3AKPEIUIEHHON (KOHCOJIBHOM) CTOPOHBI TPYOKH B HAalpaBICHUU
OXBaTBIBaeMOH JieTasii. TakuMU yCTpOCTBAMU MOKHO (PUKCHPOBATH JI€TaJId HE TOIBKO
KpYIJ10i (hOpMBI, HO U € T1I00BIMU (PaCOHHBIMU ITOBEPXHOCTSIMH.

B psine ciryuaeB BO3HHKAET MOTPEOHOCTH B TIepeMeIeHNH pab0YuX OpraHoB Ha OOJIbIIHE
paccrosinus 10 10...20 M u Oosiee o NPSAMOTUHEHHON WIIH UCKPUBICHHON TPAGKTOPHH.
[IpumeHeHne 0ObIYHBIX HITOKOBBIX MHEBMOLWIMHIPOB OTPAHUUYEHO PaboYrM XOJI0M JI0 2 M.
KoHcTpykuun 6eciITOKOBBIX THEBMOLMIIMHAPOB, YIOBIETBOPSIOIINX 3TUM TPeOOBAHUSAM,
noka3aHbl Ha puc.11.8.

Puc.11.8. CxeMbI OECIITOKOBBIX THEBMOABUTATEIEH
MOCTYTMATEIbHOTO JBUKEHUS

OTtcyTcTBHE KECTKOIO HITOKA MO3BOJISIET IPAKTUUECKH B J1BA Pa3a YMEHBIINUTD JUIMHY LIUJIMHAPA
B BBIJIBUHYTOM NoJI0’keHNH. Ha cxeMe a mokas3aH IJIMHHOXOJOBOW MHEBMOIIWIMHJP C Iieperadei
YCHJIUS Yepe3 CHIIbHBIA OCTOSHHBIA MarHuT. AOGCOJIIOTHO TepMETHYHAS THIIb3a IIHITUHIpA
BBIIIOJIHEHA U3 HEMAarHUTHOTO MAaTepHaa, a €€ BHYTPEHHSS I10JI0CTh pa3/iesaeTcs MOPIIHEM Ha
JIB€ KaMepbl, K KOTOPBIM ITOJABOAMUTCS CKaThlii BO3AYyX. B mopiHe u kapetrke K, COEAMHEHHOM ¢
pabodumM OpraHoM, BCTPOCHBI ITPOTUBOIIOJIOKHBIE TIOJIF0Ca MarHuTa S u N, B3auMOoIeCTBUE
KOTOPBIX 0OECIIeYrBaeT Nepeaavy ABIKYIIETO YCHIIUS Ha KapEeTKY, CKOJIb3SIIYIO 110



HANpPaBJISAIONIMM Ha BHEIIHEH TOBEPXHOCTH I'MIIb3bl. X0J1 KAPETKU OTPAHUYUBAETCS KOHEUHBIMU
ynopamu V.

[TpakTH4yecky HEOrpaHMUYEHHYIO JJIMHY X0/1a UMEIOT THEBMOLMIIMHAPBI C 3JTACTUYHOMN T'MIIb30H
(puc.11.8, 6), oxBaThIBa€MO JBYMS POJIMKAMHU, COeTMHEHHbIMH KapeTkoi K. Takue
ITHEBMOLWIMH/IPB! OUeHb F((HEKTUBHBI TS IEPEMELIEHHUS IITYYHBIX IPY30B 10 CI0XKHON
TPAeKTOPUH U B MIPUBOJIAX C HEOOJIBIINMH PaOOUMMH yCHIIUSMHU.

[THeBMOUMIUHAP ¢ THOKMM IITOKOM TMOKa3aH Ha cxeme puc.11.8, B. B Takoil KoHCTpyKIMK
TATOBOE YCUJIUE TIepenaeTcs Ha KapeTKy K OT MopIIHs yepe3 THOKUH 2IeMeHT (0OBIYHO
CTaJILHOH TpoC, OOJIUIIOBAHHBIN 3JTACTUYHOMN IJIACTMACCOH ), 0XBATHIBAIOIINI 0OBOTHOM 1
HATSHKHOM POJIMKH, PACTOJI0KEHHbIE Ha KPBIIIKaX HUINHIPA.



MoHTax 1 IKCILIyaTauusd 00beMHBIX ruiponpuBoaoB

12.1. MoHTa%) 00beMHBIX THAPONPUBOI0B

Tpebosanus Kk ycmanoeke cuopoazpecamos. Y CTAaHOBKa TUPOArperaToB JOJKHA
OCYIIECTBIISATLCS 00eCreYeHreM yI00HOTO JOCTYIA K y371aM U JIEeMEHTaM. 3aMeHa arperaTtoB He
JOJI’KHA BBI3BIBATH HEOOXOAMMOCTH IEMOHTa)Ka COCETHUX y3JI0B U AJIEMEHTOB THAPOIPUBOAA.

FI/II[pOMaIHI/IHBI HC JOJDKHBI BOCIIPUHHUMATL HAIrpy30K OT BECa MPHUCOCAMHHUTCIIbHBIX
TPyOOIPOBOIOB MJIH YCHJIHIA, BOSHUKAIOIIUX BCIICACTBHE YIIPYTro aedopMariu
TPyOOIIPOBOIOB.

Bo BcackiBaromiei ruipoOTMHUN HACOCOB JTOJKEH 00ECTIeYnBATHCS HEOOXOUMBIN TIOIITIOP
paboueii )KuaKocTH. J[mamMeTp BcachIBarOIIETO TPyOOPOBOa T0HKEH ObITh HE MEHBIIIE
YCIIOBHOTO MPOXO0/1a BCACKIBAIOIIETO OTBEPCTUsI Hacoca. CKOPOCTh TeueHus pabodeii KUIKOCTH
BO BCACHIBAIOIIIEM TPYOOIIPOBOJIC HE JOJDKHA IpeBhImath 1,2 M/c. BecackiBaronuii TpyOompoBog
JOJKEH 00J1aaTh MUHUMAJIHHO BO3MOXKHBIM COIPOTUBICHUEM. JlOITyCTHMOE pa3pexeHne BO
BcachiBaroniem Tpyoomnpsoze 0,02...0,025 MIla. CnuBHOM TpyOONPOBOI B THAPOIPHUBOIAX C
Pa30MKHYTON IUPKIIAIHEH pabodell )KUIKOCTH, a TAKXKE B HACOCAX MOAMUTKH JOJKCH UMETh
pa3Mepsl, o0ecrieunBaroIIye nepeMenieHus paboueil JKUIKOCTH B HEM CO CKOPOCTBIO, HE
MPEBBIIIAIOIICH CKOPOCTh €€ IBIKEHUS BO BCAaChIBAIOIIeM TpyOomnpoBoie. B mpoTuBHOM ciyyae
MIpH CJIUBE B TUIIpoOaKke oOpa3yeTcst MacisHas YMYJIbCHS (CMeCh Macia U Bo3ayxa). CinBHas
TpyOa I0oJDKHA MOTPYKAThCS B MAcJI0, UMETh CKOC TI0 YIIIOM 45 ; MUHUMAIbHOE PACCTOSIHHE OT
nHa 0aka 10 TpyObl JOHKHO COCTaBIATh 2,5 HAPYKHOTO TUAMETpa CIMBHON TPYOBI.

JlpeHaxxHble OTBEPCTHS Ha KOPIycax T'MAPOMAIINH JOHKHBI PacIioylaraTbCsi B BEpXHEM
HOJIOKEHUH JJIs1 UCKITIOYEeHUs1 00pa30BaHMsI KaMep, 3all0JTHEHHbIX Bo31yXoM. [Ipu 3HaunTenbHOM
JUINHE IPEHAKHOT'0 TPYOOIIPOBOJIa €r0 CEYEHUE HEOOXOAUMO yBEINYUBATE BO N30€KaHUE
NOBBILIEHMSI 1aBJICHUS BHYTPH KOPITyCca FMAPOMAILINHBI.

CoenuHeHHE THAPOArPEraToOB BBIOIHIETCS C IOMOUIBIO CTAIBHBIX TPYOOIIPOBOIOB MU
PE3MHOMETAIUIMYECKUX pyKaBoB. OCHOBHBIE TPEOOBAHMS K MOHTaXy TMOKUX PYKaBOB
CIITyIOIHE: PyKaB IOJDKEH BUCETh HE epern0asich B MECTE 3a/IeTIKU; PE3KUE N3THOBI U
CKpY4HMBaHHUE HE JOMYCKAIOTCS; IPU paboTe HE TOJKHO OBITh TPEHUS pyKaBOB OJTHOTO 00
JPYTOH U O AETal KOHCTPYKIMH; JJIMHA MPSIMOTO yJacTKa pyKaBa OKOJIO MPUCOEANHUTEIbHON
apMaTypbl - HE MEHEe IECTH HapY>KHBIX €ro IUaMETPOB.

B camoii BbICOKOH TOUKE TPYOOIIPOBOJIA TOJIKHO HAXOIUTHCS YCTPOMCTBO ISl yAaIeHUs
BO3/yXa.

Coopka u ycmanoska cuopoazpezamog. MoHTaxx 00beMHOTO THAPONIPUBOIa HEOOXOIUMO
HAYMHATH C TPOBEPKHU HATMYHSI BCEX KOMIUICKTYIOIIUX y3JI0B U AeTaneil. Y OeANBIINCH B
WCIIPAaBHOCTH, MPUCTYTAIOT K MOHTAXY THIPOArperaToB, THAPOMAIITHH, THIPOAIIIapaTyPHhI,
COEIMHUTENBHBIX TPYOOIPOBOJOB U KOHTPOIbHO-U3MEPHUTENBHBIX MIPUOOPOB. 3aT€M MOHTHPYIOT
CHUCTEMBI YTIPaBIICHUS, OXJIAXKICHUS U T.1. Bce oTBepcTUs 715t MOABOIa M OTBO1a paboueit
YKUJKOCTHU JOJKHBI OBITh 3aKPBITHI COOTBETCTBYIOUIMMH 3ariaymkaMu. TpyOompoBoab
THIATEIHHO OYMINAIOTCS, @ UX BHYTPEHHUE TTOBEPXHOCTH IPOTPABIUBAIOTCS. 3aTeM TPYObI
MIPOMBIBAIOTCS B CIIEIIMATLHBIX TPOMBIBOYHBIX BaHHAX, MPOCYIINBAIOTCS CKATHIM BO3AYXOM U
3aKyTIOPUBAIOTCS JI0 YCTAHOBKHM Ha MamuHy. [lepe MOHTaXoM TpyOOIPOBOIBI JOJIKHBI OBITH
UCTIBITAHBI HA JAaBJICHUE, MPEBHINIAI0IIee MaKCUMaTbHOE padouee B 2 pa3a.



Oco0oe BHMMaHKHE HEOOXOIUMO YAEIATh IPAaBUIbLHOMY MOHTaXY YIUIOTHUTEIbHBIX YCTPOUCTB.
Ha noBepxHocTu neraneii, conpsiraeMbIX ¢ yINIOTHEHUEM HE IOy CKAOTCs pUCKU, 3a00UHBI,
CKOJIBI, 3ayCEHIIBI M IpyTre Ae(eKThl. Pa3Mephl M 4nCTOTa CONPSIKEHHBIX TTOBEPXHOCTEH
JIOJKHBI COOTBETCTBOBATH TPEOOBAHUSIM HOPMAaTHBHO-TEXHUYECKON JTOKYMEHTAIHH.

[lepen ycTaHOBKOW yIUIOTHEHHE, & TAKKE MOBEPXHOCTHU JETAJIEH, CONPITaeMbIX C YILIOTHEHHUEM,
MPOTUPAIOT O€3BOPCOBBIM TAMIIOHOM, CMOYEHHBIM B O€H3MHE. 3aTeM HX CYIIaT P KOMHATHON
TEMIEpaType 0 MOJHOTO HCTIapeHHsl OEH3MHA U CMa3bIBAIOT paboyeil JKUIKOCThIO HIIN
CMa304YHBIM MaTEPHAIIOM, HHEPTHBIM K MaTepHUaly YIJIOTHEHUH.

He nomyckaeTcs nepekoc yIjaoTHUTEIBHOTO Y3I1a, YpE3MEPHOE PACTSIKEHUE, CKPYUUBAHUE U
MeXaHHUYECKOE MOBPEXKICHIE YITIOTHEHHIA. B citydae oTCyTCTBHS 3aXOAHBIX (hacoK Ha
YIUIOTHAEMBIX JETANIAX WIM IPU MOHTAXE YIJIOTHEHUI Ha JI€Talli, UMEIOLNE HEPOBHOCTH U
CTyIEeHYaTyIo (hopMy, IPUMEHSIOT CIEIMaIbHbIE MOHTaKHbIE OMPABKHU.

MoHTaX ¥ IEMOHTaX y3J10B M 3JIEMEHTOB 00bEMHOT0 THAPOIIPUBOAA MPOBOASIT B COOTBETCTBUHU
C MHCTPYKIMEN T10 €ro dKCILTyaTalHH.

3anpaeka zudpocucmemul padvoueit y3Huokocmopio. 110 OKOHYaHUN MOHTKHBIX pabOT B
THJIPOCUCTEMY 3aJIUBAIOT pabouyro KUAKOCTh TpeOyeMoil MapKH U B HYKHOM 0ObeMe.
Coneprkanue BOAbl B HEW He fonycKkaeTca. OUnCTKa OT MEXaHUYECKUX MPUMECEN TPOBOIUTCS
Ha CTEIHMATBHBIX YCTaHOBKaX. Pabouas skunkocts GuibTpyercs. TOHKOCTh (GUIBTpaIK He
JIOJDKHA OBITH OOJIBIIIE TOM, KOTOpasi 00eCIeurnBaeTCsl CaMbIM "TOHKUM'" (DUITBTPOM,
YCTAaHOBJICHHBIM B TUJIPOCUCTEME.

Hane)xHoCTh THIPONIPHBOIA HATIPSIMYIO 3aBUCHT OT YHCTOTHI PaO0OYEH KHUIKOCTH, IOATOMY TIPH
3arpaBKe HEOOXOMMO TPETOXPAHATH MACIIO OT 3arpsA3HEHUH HA Pa3IMYHBIX TEXHOJIOTUIECKUX
JTanax. 3anpaBka J10JKHa IPOBOJUTHCS 3alIPABOYHBIMU CTAHLIUSAMU C PYUHBIM WIH
MeXaHU3UPOBAHHBIM MPUBOAOM. [IperMyIIecTBOM 3aIpaBOYHBIX CTAHIMH SBISETCS HATNYHE
pe3epByapa, MpeI0XPaHsIOIEro Macyio OT 3arPsI3HEHUS B IPOLIECCE TPAHCIIOPTHPOBAHHS,
XpaHEHHS U 3JIMBKH, IPUEMHBIX U HAITOPHBIX (PUIBTPOB TOHKON OYMCTKH, 00ECIICYMBAIOIINX
HE00XO0IMMYIO TOHKOCTh (PUIIBTpaIMK TP 3aIpaBKe.

3anpaBka 00bEMHOT0 TUAPONPUBOIA IEIUTCS Ha Tpu dTana. Ha mepBom macio 3anuBaercs B
KOPIIyC TMAPOMAILINHBEI, a BO3AYX YIaJIsAeTCs JPCHAKHOU CUCTEMOM. JlJ1s TOro mpou3BOIUTCS
nojaya paboyei )KUAKOCTH Yepe3 MOHTAKHBIN TPyOONPOBO/ B HIKHIOIO IPEHAKHYIO TOUKY
ruapornpuBojaa. [lo Mepe mocTymieHus: paboyei )KUIKOCTH BO3yX Yepe3 BEPXHIO IPEHAKHYIO
TOUKY BbITECHsETCS B rupoOak. Ha BTopoM 3Tane ocyiecTBisieTcs 3ajuBKa padodeil )KuaKkocTu
B Tuipo0ak 10 BepxHero ypoBHsa. Ha TpeTbem sTane 3anpasisiercs rugpocucrema. [Ipu stom
MPOBOJST MPOOHBIE MTyCKU 0OBEMHOI'0 THIPOIIPUBO/Ia HA XOJIOCTBIX PEKUMAX MpPU
MHUHHMMAaJIbHOM YacTOTe BpallleHHsl IPUBOAHOTO Basia. [IpoOHbIe MyCKH MOOUIBHBIX MAIIUH
MPOU3BOJIAT C IEPEPHIBAMH B T€UEHUHU 15 ¢ mpu momoniu ctaprepa. KoHTpoib 32 HAaOJIHEHUEM
THJIPOCUCTEMBI OCYIIECTBIISETCS 110 MOHIKEHHUIO YPOBHS Macia B ruapodake. [locie
3aIl0JIHEHHUS TPUBOJHOM JBUTATENh 3aIlyCKAeTCs Ha XOJIOCTBIX peKUMaX B TEYEHHUH 3...5 MUH,
MOCJIE Yero MPOU3BOIUTCS J103allpaBKa A0 HY>KHOTO YPOBHS paboyeil )KUJAKOCTH IO METKE Ha
yKazarese ruapodaka.

12.2. DkcnnyaTanus 00beMHBIX THAPONPHBOI0OB B YCI0BHSAX HU3KHX TeMIepaTyp
Huwxnee nonmyctumMoe 3Ha4eHUE TeMNepaTypbl Bo3ayxa, perimamentupyemoe ['OCTom st

TUAPOOOOPYI0BaHMS, IPEAHA3HAUEHHOTO JIsl KCILTyaTalliy B pailoHaX ¢ XOJIOAHBIM KIMMaTOM
coctasiset -60 C.



OKcITyaTalluOHHAs HaJIeKHOCTh THPONPHUBOA OOECIIEUNBAETCS 3a CUET:

KOMIUIEKCA JOTIOJHUTEIBHBIX MEP, KOTOPBIE OCYILECTBISAIOTCS IIPU U3TOTOBIEHUH, YCTAHOBKE U
AKCIUTyaTalH Y3JI0B U 3JIEMEHTOB;

IPUMEHEHHUs] COOTBETCTBYIOIUX KOHCTPYKLIMOHHBIX MaTepHajoB (cTaneit) u ux
JIOTIOTHUTEIBHON TEPMOOOPaOOTKH AJIs1 HOBBILIEHHSI IPOYHOCTH U U3HOCOCTOMKOCTH JAETaJIeH;
HOBBIIIEHUS YUCTOTHI 00paOOTKM OCHOBHBIX JIeTallel, pallMOHAJILHOTO BBIOOpa JOITycKa U
M0CAJI0K, YMEHBIIEHHsI KOHLIEHTPALUN HAPSKEHUH;

IIPEIOTBPALICHUS XPYIIKOIO Pa3pyLICHHs CBAPHBIX Y3JIOB U COEAMHEHUN ITyTEM
COBEPUICHCTBOBAHUS METO/I0B X KOHCTPYUPOBAHUS U TEXHOJIOTUU U3TOTOBJICHHUS;
VCIIOJIb30BaHUSA AJIs YIUNIOTHUTEIbHBIX 3JIEMEHTOB COOTBETCTBYIOIINX PE3HH;

NPUMEHEHUST PabOYMX KUIKOCTEH, COXPAHSIIONINX HEOOXOMMbIe pabodne CBOWCTBA MTPH HUZKHUX
TEMIIEPATYPAX;

CHID)KEHHUS MOTEPh AaBJICHUs pabouell )KUIKOCTH B TUAPOIIMHUAX BCAChIBAHUS, HATHETAHUS U
JpEHaXa;

MCIIOJIb30BaHUs YCTPOUCTB I MOATOTOBKH U MOJIOTPEBA pabouel )KUIKOCTH Mepe HayaloM
3aI1yCcKa;

BbIOOpa ONTUMAJIbHBIX PEKUMOB 3aIlyCKa I'MIPONPUBOJA.

Heo6xoanmMo obecnieunBaTh NPUHYAUTENIBHYIO MMOAMUTKY HACOCA MM YCTaHABIMBATH €TO
HETIOCPEJICTBEHHO B THApoOake. PekoMeHayeTCs TakxKe yCTaHABIMBATh HACOCHI TaK, YTOOBI
BCACBIBAIOIIEE OTBEPCTHE HAcOCa OBLIO PACIIONIOKEHO HIDKE HAMMEHBINIETO YPOBHS Maclia B
ruapobake He MeHee yeM Ha S00 mm. [Ipu pabote B pexxume caMoBcachiBaHUs padoueit
YKUJKOCTH BCACBHIBAIOIIYIO THIPOJIUHUIO CIIETYET JeNiaTh KaK MOXKHO KOpOUe; 3amperiacTcs
MIOMEIIATh B HeW (DWIIBTPHI M APYTUE PIEMEHTHI, CIIOCOOCTBYIOIINE YBEIHUCHHIO COTIPOTUBIICHUS
npoxoay paboueii xuakoctu. HeoOXoauMOo TIIATENHHO CIEIUTh 32 TEPMETHUYHOCTHIO
BCaCBhIBAIOIIECTO TPYOOIPOBO/IA.

Oco0oe BHUMaHKE JOJKHO YJIEIATHCS OUMCTKE paboyeil )KUAKOCTH OT 3arpsizHeHuil. OumbTpbl
pPEKOMEH/1yeTcsl yCTaHaBIMBaTh HA CIIMBHOW MarucTpanu. [IpomyckHas cnocoOHOCTb MX J0JKHA
OBITH BIIBOE OOJIBIIEH, YeM (DMITBTPOB B HOPMAJIBHBIX YCIOBHAX dKCIUTyaTanuu. B rugpocucreme
HE00X0IMMO MPeyCMaTpUBATh MEPEIyCKHBIC KIIallaHbl.

['unpobaku AOMKHBI UMETh OTCTOMHUKH JIJIs1 COOpa BOJBI M YCTPOMCTBA JJIs CIIMBA KOHJICHCATA.
Bo u3bexanue nmomnananus KOHACHCATA B TUAPOCUCTEMY THIPOIIPUBO]I TOJHOCTHIO 3aTIOTHSIETCS
MacjioMm, a JiyIsl KOMIIEHCAUU 00beMHBIX U3MEHEHHH JKHJIKOCTH B MpoIiecce paboThl MPUBOIA
YCTaHABIIMBAIOTCS AIACTUYHBIC KOMIIEHCATOPHL. B IpoTHBHOM ciiyuae cooOmieHue ruapodaka ¢
aTMoc(hepoil TOJDKHO OCYIIECTBISATHCS Yepe3 YCTPONUCTBA, TTOJTHOCTHIO HCKITIOYAIOIINE
TIOTTaJTAHUS BOJIBI B paOOYYIO KUIKOCTb.

B runponpuBonax, paboTaloMmKX B YCIOBHIX XOJIOIHOTO KJIMMATa, IPH ITyCKe U B HAYaJIbHBIN
nepuoJ1 paboThl 3HAYUTEIHHO BO3PACTAIOT MOTEPH AaBieHUs B TpyOonpoBoaax. [Ipu -50...-60 C
NOTepHU AaBIeHHUs paboueil )KUAKOCTH B THAPOJIMHUSAX IPUBO/Ia MOTYT Bo3pacTath B 15...20 pa3
110 CpaBHEHUIO ¢ notepsimu gasiieHus npu +50 C. /[ yMeHbIIeHUS OTEPh JaBJICHUS B
TpyOOIpoBOaX HEOOXOIMMO 00ECTIEYNTh MUHUMAJIBHYIO IPOTSHKEHHOCTh TPYOOIPOBO/IOB,
COKpaTUTh YHCIIO U3THO0B, COSMHEHUH, IEPEXOA0B U T.I1. JlomycTUMast CKOpOCTh pabodeit
KHJIKOCTH BO BcachlBaromeM Tpyoomposose - 0,85 m/c, B cimuBHOM - 1,4 M/C, B HarHeTaTeIbHOM
npu HOMUHaNBEHOM naBneHuu 32 Mlla - 5 m/c.

Jl51 cokpallieHusi BpeMEHH BbIXOJla Ha yCTAHOBUBIIUIICS TEMJIOBON PEKUM 1I€J1€CO00Pa3HO
npeaycMaTpuBaTh TEIIOM30JILMIO THIPOOAKOB U TpyOoIpoBo1oB. C 3TOH e 1ebI0 B
TUIPOTIPUBO/IAX MOYKHO MIPUMEHSTh YCTPOICTBaA JUIsl MOAOrpeBa pabouei KUAKOCTH B IEPUOJ
nycka. Pekomenayercs 1o aenats B Teuenue 20...30 muH. B runpaBnndeckoii cucreme



NPUBO/Ia TIOZOTPEB paboveii )KUIKOCTH B IIEPHOJ ITyCKa 00eCTIeUnBAETCS ITyTEM IPOITY CKAaHHS
Bceil mojiaBaeMoii HacocoM pabodeid JKUIKOCTH Yepe3 MPe0XPAHUTENbHBIN KianaH Ipu
HOMUHAJIbHOM paboyeM JaBJICHUH.

[Tyck HacocoB B yCIOBHSIX HU3KUX TEMIIEPATYP JOJIKEH MPOU3BOAUTHCS IIPH MOCTEIIEHHOM
MOBBIIICHUH JIABJICHUS paboueii )KUIKOCTH 10 HOMUHAIBHOTO C BBIICPKKOHM Tipu naBieHun 10
Mlla B Teuenne 1...2 MuH.

Jliist obnerueHus 3amycka MpUBOAHOTO ABUTATENS H BO M30€KaHNE BBIXO/Ia U3 CTPOsI HACOCa €ro
MIPUBOJI PEKOMEH]TYETCSl OCYIIECTBIISATh YePe3 pa3beAMHUTEIbHBIE My ThI (JKEIaTEIIBHO
dbpukuonnsie). [Ipu OTCYTCTBUU KOHCTPYKTHUBHOM BO3ZMOKHOCTH MPUMEHEHUS
pPa3beIUHUTENBHBIX My(PT HEOOXOIUMO OTPAHUYUTH YACTOTY BpAIIEHHUs Bajia TIPH 3aITyCKE IS
aKcHaJIbHO- MOPIIHEBHIX ruApoHacocoB 10 1000 06/muH, mectepeHHbIX - 70 1500 06/mMuH. B
TUAPONPUBOAAX C 3AMKHYTOW HUPKYJISIIUEH MTPEAYCMAaTPUBACTCS aBTOMATHUYECKOE OIPaHUUCHUE
MOIITHOCTH Hacoca.

12.3. OcHoBHbBIE HEIOJIAIKM B THAPOCUCTEMAX U CIoco0bl NX YCTpaHeHUsA

[Tpu sKcmmyaTanuy TUAPONPUBO/IA BBUILY CIOKHOCTH KOHCTPYKIIMU MHOTHX €r0 AJIEMEHTOB,
HEN30€)KHO BO3HUKAIOT PA3IMYHOTO POJia HEUCTIPABHOCTH, KOTOPhIE HEOOXO0IMMO BOBpEMsI
OTIPENIETIATh U yCTpaHATh. B Ta61.12.1 mpuBOAATCS OCHOBHBIC HETIOJAIKN B THAPOCHUCTEMAX
MaIIWH, UX IPUYUH U CIIOCOOBI yCTPAHECHHUS.

Ne Hemnonagkn
/11

1 'Hacoc "He momaet
KUJKOCTb B CUCTEMY

2 |Hacoc He co3maer
JIABJICHUS B CUCTEME

Bo3MokHbBIE TPUYNHBI

HenpasunsHoe HanpaBiieHue
BpallleHUs Baja Hacoca
B Gake mano paboueit )KHUIKOCTH

3acopuIicsi BCaChIBAIOIIHMA
TpyOOIIpOBOI

IToncoc Bo3ayxa BO BcachIBarOLIEN
TpyOe

ITonomka Hacoca

Benuka BA3KOCTD KUIKOCTH

3acopuiics aeMiep nepeauBHOro
KJIaraHa

Hacoc He oaeT »XUIKOCTh B
CUCTEMY

bonbioit u3Hoc Hacoca (BHYTpEeHHHE

YTEUKH BEITUKHU)

Bonbine BHEITHUE YTEUKH 110 Bay
gepe3 KopITyc Hacoca

Bosnblive BHyTpeHHUE yTEUKU B
THIpOCHCTEME

"3aBuc" 30JI0THUK

Crnioco6 yctpaHeHus

W3menuTs BpamieHue Bana

JloUTh KUAKOCTH 1O OTMETKHU
MacJioyKa3arTens
[Ipounctuts TpyO6OMIpPOBOJ

[ToaranyTh coenMHEHNE

VYceTpaHuTh NOBPEXKICHUS U 3AMEHUTh
Hacoc
3aMEeHUTH KUIKOCTh

[TpOoMBITh KJTanaH U MPOYUCTUTh
neMrngepHoe OTBEPCTHE

CMm. myHkT 1

[IpoBepuTh NPON3BOAN-TENBHOCTH HACOCA
Ha XOJIOCTOM X0y M nox Harpy3koiu. [Ipu
oovemHoM KIIJ] HMke macrnopTHOTO
3aMEHHTH HACOC.

3aMeHUTh yIUIoTHeHus. [IpoBeputs, HeT n
PaKOBMH, TpeuuH u T.1. [Tpu ux
o0OHapy’KeHHH 3aMEHUTh HAacOC

3amMeHUTh yIUIOTHEHUS. [IpoBEpUTH y31IbI
TUIPOCUCTEMBI Ha TEPMETUYHOCTD U
OTPEMOHTHUPOBATh

Pazo0path u MpOMBITH KJIalaH, IPOBEPUTH



3 lywm u BuOpanus B
cucreme

4 HepaBHoMepHOE
JBIKEHHE pabodnx
OpraHoB

5 Pe3koe ymeHblIeHUE
CKOpPOCTH JIBUXKECHUS IIPU
pocTe Harpy3Ku

6 Ilocrenennoe
YMEHBIIICHUE CKOPOCTH
JIBIDKCHUSI pabodero
opraHa

MPEeIOXPaHUTENHHOTO KJIalaHa UiH
He "cen" Ha ceIo MepeTMBHON
KJIanaH

YMeHblIeHHE BA3KOCTH Macia
BCJIE/ICTBHE €ro Harpena (0OBIYHO
Boite 50 C)

Bosbiioe conpoTuBiieHre BO
BCACBIBAIOIIEM TPYOOMIpPOBOIE
Mamna nporyckHasi ClioCOOHOCTh
(GUIbTpa WK OH 3aCOPHIICS
IToncoc Bo3myxa BO BcachIBaronien
TpyOe

3acopwuiics canyH B Oake
Bubpanus knamnana

Pe3koe nu3MeHeHue nmpoxoHOro
ce4eHUs TpyOOonpoBOIOB
HexecTkoe kpemieHue
TpyOOIIPOBOJIOB

Hannuue Bo3nyxa B ruajpocucteme
JlaBiieHue HaCTpOUKHU
IPEJOXPAaHUTEIBHOTO KJIallaHa
OJM3KO K JTaBJICHUIO, HEOOXOMMOMY
JUIs ABMDKEHUS pabounX OpraHoB
Man6 nmpoTHBOJaBIICHHE HA CITUBE U3
LWINHApA

MexaHudueckoe 3aeqaHue
MOJABWXHBIX YaCTEH T'MAPOLUIUHIPA
HepaBHoMepHas nogada macia
HacocowM. Illym u cTyk B Hacoce
BCJICI-CTBHEC IIOJIOMKH OJHOM 13
JIOMATOK WX ITyHXepa

Bonpive BHyTpEeHHUE WU BHEIIHNE
YTEUKH B 3JIEMEHTaX TUIPOCUCTEMBI
Perynstop ckopocTu 3aenaer B
OTKPBITOM MOJIOKEHUN

[IpenoxpanuTenpHble U
NIEPENyCKHbIE KJIallaHbl
OTpEryJIMpOBaHbl HA HU3KOE
JaBJICHHE

3arpsi3HeHUE pabove )KUIKOCTH

3acopenue GUIBTPOB, APOCCENCH U
JpYTUX amnmnapaToB CUCTEMBL
OOGnuTepanus (3apamuBaHue) meei
Jpoccens

COCTOsIHUE JieMI(epa, MPYKHUHBI, HIapUKa U
ero ceuia

VYIydmuTh yCIIOBHS OXJIAKIECHUS Maciia

YBennuuTh NPOXOJHOE CEUEHUE TPYO
3aMeHUTh GUIBTP WIH IPOMBITH €TI0
[loaTaHyTh coeAMHEHUS

[Ipouncruts camyH

Pazo0pats 1 mpoBepuTh aemMidupyromme
KaHAJIBI

YBeIUUUTh U BBIIPABUTH MPOXOAHBIE
ceueHus TpyOOIpOBOIOB

3akpenuTh TPyOOTPOBOIBI

BoinmycTuth BO3yX U3 CUCTEMBI

Hactpouts nperoxpaHuTeabHbIN K1anaH Ha
nmasienue Ha 0,5...1,0 MIIa Oosbiie, yeM
JaBJIeHHE, HEOOXOIMMOE /IS IBUKECHUS
pabouux opraHoB

[1oBBICUTB CONPOTUBIIEHUE HA CIUBE
(peryaupoBKO# Apoccenst WK MOAMNOP-HOTO
KJIaraHa)

OTpeMOHTHPOBATH TUAPOLUIHH]IP

3aMeHUTh HACOC

CM. nyHKT 2

Pazobpathb peryasTop CKOpoCcTH, IPOBEPHUTH
HCIPABHOCTh NPYKUHBI U IJIABHOCTH
NepeMelleHus 30J0THUKA. Y CTPaHUTh
neQeKThl, MPOMBITh B cOOpaTh
perynsaTopHacTpouTs nmpegoxpaHuTeabHbIe
U TIEPEITyCKHBIE KJIallaHbl

3aMEHUTD KHUIKOCTh U POMBIThH
TUAPOCUCTEMY
[IpoMbITh anmapatypy

VBennuuTs MUHUMAaJIbHOE OTKPBITHUEC
ApOocCCeiId NN YCTAHOBUTDH APOCCLIIb C
MCHBIIMM MHUHUMAJIbHBIM pacxoaom



7 |IloBBIIIIEHHOE TAaBJICHHE

8

10

11

12

13

B HarHeTaTeJIbLHOU
JIMHUM TIPU XOJIOCTOM
Xoze

IToBbIlIEHHBIN HarpeB
Macia B CHCTEME

OOpaTHbIN KJIaraH
MPOIYCKAET KUIKOCTh
P UBMCHCHUU
HaIpaBJICHUS TIOTOKA

[IpenoxpaHuTenbHbIN
KJIallaH He y/Iep>KUBaeT
JIaBJICHUS

[aBnenue 3a
peAyKIMOHHBIM
KJIAMIaHOM OTCYTCTBYET

Yepes apeHaKxHbIC
OTBEPCTHUS UIYT
OoMbIlNe YTeUKU

30JI0THUKH C

AEKTPOTUAPABINYECKUM

YIpaBJIEHUEM HE
MEPEKITI0YAIOTCS PU
BKJIIOUEHUU
AIIEKTPOMArHUTA

N3HOCHIMCh yIUTOTHAIOIME
MMOBEPXHOCTH TMIPOArPEraToOB UIIH
CHU3UJIACH BSI3KOCTH paboueit
JKUJTKOCTH

[ToBICHIINCH TTOTEPY TABICHUS B
CHCTEME H3-3a HENPABUIBHOTO
BBIOOpA anmapaTypbl, YMEHBIIEHHOTO
MPOXOJIHOTO CEUYCHUS
TpyOOIIPOBOJIOB, a TAKKE B
pe3yJbTaTe HEKaueCTBEHHOTO
MOHTaXa

3acopuiicsl KaHal yIpaBJIeHUs
HEepEeTUBHBIM KIIaaHOM
pacripeenuTes

[ToBBIIIIEHHBIC MEXaHMYECKHE
COIIPOTHUBIICHUS IBUKECHUIO PAOOYHX
OpraHoB

[loBbIlIEHHBIE TOTEPU JABJICHUS B
TpyOOIPOBOIAX U THAPOAIIIAPATYPE.
[Tnoxoii oTBOA Terwia oT 0aka u
TPyOOIIPOBOJIOB

Hacoc He pasrpyxaetcs Bo Bpemst
nays

Hewucnpasnocts
TEPMOPETYJIMPYIOIIEH anapaTypbl

Kinaman ve mpuneraer cemy. Jledgekr
pabourx KPOMOK KJlamaHa UiTu ceJijia.
Crnomanace npy>kuHa KjanaHa

3acopuiics aeMiep Win Ceao
kianana. [lorepst repMeTHYHOCTH B
CHCTEME IUCTAaHLMOHHON Pa3rpy3Ku
N3HocuiCcA mapuK WM ceaio
Cnomanace npy>kuHa

3acopuics gemndep Win ceso
KJIalaHa

N3HoCHICA mIapuK WM ceaio
Cnomanace npyxuHa

W3HocuaMch yniaoTHEHUS
N3Hocunuck paboune MOBEpPXHOCTH
HNOJBM)KHBIX paclpeeTuTeabHbIX
YCTPOMCTB

3aenaHue 30JI0THUKA B KOPITyCe
(3aaup 30JI0THUKA). 3aKJIMHUBAHHE
30JI0THHMKA TP TPSA3HOM MacCIIe WU
OCEBLICH BO3BPATHOM IIPYKUHE.
I'yctoe macno 3aTpyaHsier
IEpEMEILEHUE 30JJ0THUKA

SKops SIEKTPOMArHUTOB HE
NIEPEMEIAIOTCS Ha MTOJIHYIO

3aMEHHUTh U3HOCHBIIIHECS ruapoarperarsl
WK 3aMCHUTH pa6oqyfo KHUIKOCTHb

3amMeHUTh anmnaparypy, yCTaHOBUTh
TPpyOOIPOBOIBI C OOJIBIIUM MPOXOTHBIM
CEUYECHHEM, UCKITIOUUTDH U3ITUIIHUE U3TUOBI,
COEIMHEHUS U T.II.

[IpouncTUTh KaHaBI pacCIpeaeIUTEN]

YeTpaHuTh HEJOCTATKU KOHCTPYKIUH,
OTPEMOHTUPOBATH IITOKH LIMJIMHIPOB U T.II.

CM. myHKT 7, a Tak)Ke YIy4IIUTh
TEIJIOOTBOJ OT Oaka u TpyO

[IpoBepuTh paboTy pazrpy304HOro
YCTPOMCTBA, YyCTPAHUTH E(PEKTHI
YcTpaHuTh HEUCTIPABHOCTD

Pa3o0paTh kiamaH, IPOBEPUTH COCTOSIHNE
ceJyia, KOHyca KJlaraHa U TPy KHHBL
Ycrpanuts 1eeKThl, IPOMBITh U COOPATh
KJIanaH

[Ipounctuts nemmdep, MPOMBITH TOTOKOM
KHUIKOCTU

3aMEHUTb LIAPUK WU CEIUIO0
3aMEHUTh IPYKHUHY.

Cwm. myHskT 10

Cwm. myHskT 10
Cwm. nynkr 10

3aMEHUTD YIUIOTHEHHUS
[Ipou3sBecTn pEMOHT WIH 3aMEHY

CHSATB 3JI€TPOMAarHuThI, IPOBEPUTH
BpPYUHYIO IIEpEMELICHHE 30JI0THUKA,
IIPOBEPUTH 3aTSKKY KPEIUIEHUsI KOopIyca
30JI0THUKA, TPOMBITH arlnapaT, CMEHUTh
Maciio

[IpoBepuTh HaNpsKEHHE B 3AKUMax
ANEKTPOMArHuTa, YCTPAHUTh 3aeaHue



BCIIMYHHY XOJa SAKOPS IIPpHU NECPEMCIICHUNAX

Packnenancs koHel ToaKaTeNs 3aMEHUTD TOJIKATEh
3acopuiioch IpeHakHoe oTBepcTre B Pazo0path, MPOMBITH
30JI0THUKE
14 | DnektpomarHuThl Tyaat (CM. myHKT 13 Cwm. nyHkr 13
U TIEpEerpeBarOTCs CaumkoM CUIIbHBI BO3BpaTHBIC 3ameHuTh Ha Oosee crnadbie
MPYKUHBI
Harmnpsixenue nuTaroiiero Toka He OTperynupoBaTh HAMPSKEHUE 3IEKTPOTOKA

COOTBETCTBYET HOMHUHAITY
Packnenancs sikopb anekrpomarauta [lepekienars sskopb

15 |O6pbIB U TpEeIIUHBI Henonyctumbie nedopmannu ruOkux JloBecTH KOHCTPYKIHIO MacIOIpOBOIa
MAacJIOIIPOBOIOB C PYKaBOB
HapyLICHHEM CrapeHue 1 U3HOC THOKUX PyKaBOB  3aMEHUTh PYKaB
repMeTH3alun Pe3onancHbIe KONeOaHUsS 3akpenuTsb TpyObl ckobaMu
TpyOOMIpPOBOIOB
3HAYUTENbHbIE TUKY J1aBJICHUS B ITocTaBUTE NEepeIyCKHbIE KIallaHbl U
THJIPOCUCTEME nemndepsl. CHU3UTH CKOPOCTh pabOyero
opraHa
16 Penyxuumonnslii knanan  Perynupyromas npyXuHa cxaTa Pazo0patp kamaH NpoOMBITh U 3aMEHHUTD
HE TIOHMKACT JABJICHUS |TIOYTH JI0 MOJIHOIO MPHUJIETaHUs ne(eKTHbIe NeTaau
WJIU TIOHWKAET BUTKOB. 30JIOTHHK KJIallaHa 3ae/aeT.
HEZ0CTaTOYHO 3acopuiiach JIMHUS OTBOJA Macia

nocJie mapuka B 0ak. Ocena
pETyJIHpYIOIas Py KKUHa.
3acopuiioch ieMi(epHOe OTBEPCTHE
30JI0THHKA. MeXIy MIapuKkoM U
CEJIJIOM TIOTIaJIa TPSI3b MU
MOBPEX/ICH LIaPHK

17 |CxopocTtb nogauu 3acopunacsk menb apoccensiOcnabna Pa3obpaTh U IPOMBITH ¢ 3aMEHOM
CHJIOBOTO y37la Malla M TIPY>KHHA BCTPOCHHOTO nedexTHbIX geranei
nasiaeT MpH Harpy3Ke PEIyKIIMOHHOTO KJIaraHa Win
(perynupoBaHHe C 3aCTpsUT 30JI0THUK
MOMOIIBIO peryisitopa  TloBbleHHe yTeUKH B HacCOCE U 3aMEHUTb N3HOCHUBIIHNECS THpOarperaTsl
pacxoja) rujpoarperarax

bonpmas BA3KOCTh Macia 3aMEHHTBH MacJIo

18 TloTok macna He 3aeaHue 30JI0THUKA B KOpITyce Pazo06patb u MpOMBITH 3010THUK. OCIabUTh
peBepcupyercs BCJIEJICTBHE TPSA3HOTO Maca, KpenexHble 00nThI. [I0BBIMTE 1aBIeHHE
30JI0THHUKOM MPUTOYHOTO TIEPEIKMMa KPENEeKHBIX OOJITOB, yIpaBICHUS
WCTIOTHEHUS HETTOCKOCT-HOCTH MOHTa)KHOU

MIOBEPXHOCTH, ITOJIOMA BO3BPATHBIX
MIPYKUH, OTCYTCTBUS JaBJICHUS

yIpaBJICHUS

COuiics ToNKaTeNnb 3JIEKTPOMarHuTa  3aMEHUTH JIe(hEKTHBIC TeTaH
30J10THHUKA yripaBieHus. Cropena

KaTyIIKa WU PacKIIeNaycs SKOPh

19 |Macmo u iesa M366TOK Maciia B Oaxe. CiuTh yacTh Maciia
BbIOpackiBatoTes yepe3  Iloacoc Bo3myxa B THAPOCUCTEMY IToaTsiHyTH COEIMHEHNS BCACBIBAOLIEH
3aJIUBHYIO TOPJIOBUHY JIMHAU

Macyio0aka MM KPBILKY |3acopuiicst GUILTP WK TOBPESKIACHBI [IpOMBITH QUIBTP M 3aMEHUTH YIUIOTHEHUS
BCTPOEHHOTI'O CIIMBHOTO  |YIUIOTHEHHMS KpbIKH (rnprpaHer



¢bunbTpa 3aMEJJIMTEIILHOIO KJIallaHa Ha CIIMBE
W3 HUIMHIpa
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