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Jlexkusa Ne 1

1. Tema 1: BBeaenue. Ilpenmer u 3amaum Kypca. Kimaccmpukarysi OCHOBHBIX IPOIECCOB (papMaIieBTHIECKOTO
pon3BoACTBAa. KnHEeTHUECKHe 3aKOHOMEPHOCTH OCHOBHBIX IponeccoB. OOIue NMPUHIMNEI pacyeTa amnmnapaToB U
MAIlIiH, CTaTHKa TPOIECCOB (3aKOHBI PABHOBECHS).

2. Hdeab: O3HaKOMUTBCA ¢ KJIACCH(UKANKEH OCHOBHBIX IPOIECCOB (hapMaleBTHYECKOTO MPOMU3BOJICTBA, OOIINMH
MIPUHOXIIAMY pacyéTa MPOIECCOB H alNapaToB, OCHOBHBIM YPABHEHHUEM IIPOIIECCOB.

3. Te3ucsl Jeknum:

1. Knaccudukanus OCHOBHBIX IIPOIECCOB (hapManeBTHIECKOTO IPOM3BOACTBA.

2. OOume MpUHOXIBI pacyéTa MPOLECCOB U aNapaToB.

3. OcHOBHOE ypaBHEHHE IIpoLEcca.

Kpatkoe coaep:kanue Jexkuun

ITpousBoACTBO B (hapMaleBTUUECKON MPOMBINUICHHOCTH COCTOMUT W3 CEPUH IOCIIENOBATENbHBIX MPOLIECCOB, B
KaXXJI0OM M3 KOTOPLIX BCHICCTBA MPCTEPHEBAIOT XUMHUUYCCKUE WJIN (1)I/I3I/I‘-ICCKI/IG u3MeHeHus1. TeXHOI0ruu TMOJIyUCHUA
CaMbIX pa3H006pa3H1)1x XUMHYCCKUX IPOAYKTOB n MaTepualioB BKJIFOHACT OJJHOTHUITHBIC IIPOUECCHI,
XapaKTEpU3yEeMbIC O6IJ_[I/IM 3aKOHOMEPHOCTAMMU. Ot IMpoHEeCChl B PA3JIMYHBIX TPOU3BOJACTBAX IIPOBOAATCA B
AQHAJIOTMYHBIX I10 IPUHLINITY JEHCTBUS almaparax.

B ¢apmaneBTHUECKOI TEXHOIOT N OCHOBHBIE IIPOLIECCHI IO CBOCH MPUPOJIE PA3IEISIIOTCS Ha MSTh KJIACCOB!

1. T'mnpomexaHHMYECKHE MPOLECCHI.
2. TemnoBble IPOIECCHI.

3. MaccooOMeHHBIE TIPOLIECCHI.

4. MexaHNYECKHE MPOIIECCH

5. XuUMHUECKHE NMPOIIECCHI.

K ruppomexaHHUECKHM TpolieccaM OTHOCSTCS MEepeMeIleHHe XHUAKOCTEH, CKaTHe M TepeMeIlleHHe Ta30B,
pa3zielieHue JKMAKAX W Ta30BbIX HEOJHOPOJHBIX CHCTEM B TIIOJIe CWJI TsDKeCTH (OTCTaMBaHWE) M B IOJIE
LHEHTPOOSKHBIX CHJI (LICHTPU(YTUPOBAHNE), pa3eieHHe 1Mo/l JeHCTBUEM Pa3HOCTH JaBJICHUI NPH IB)KEHUN Yepes3
MOPUCTBIH cllol (GUILTPOBAHKE), @ TAKXKE IIEPEMEIIMBAHUE HKHUKOCTEH.

TenyoBble NPOLECCH ONPEAENSAIOTCS 3aKOHAMH Iepefaud Teluld. TeruioBble IPOLECChl, 3TO HarpeBaHue,
OXJIKIICHUE, BBIMApUBaHME W KOHJIEHcanus mapoB. CKOPOCTh TEIUIOBBIX ITPOIIECCOB BO MHOIOM 3aBHUCHT OT
THAPOJMHAMUYECKUX YCIIOBHH NPH KOTOPBIX OCYIIECTBISIETCS MIEPEHOC TeriIa MeX1y OOMEHHBAIOUIMMUCS TEILIOM
cpenamu.

MaccooOmeHHBIM _(_anddy3HOHHbIE ) TPOLECCHl XapaKTepPHU3YHTCsS IEPEHOCOM OIHOTO MM HECKOJIBKHX
KOMITOHEHTOB HCXOJHOW CMeCH W3 OJHOW (a3bl B JAPYIyI0 4epe3 MOoBepXHOcTh pasznena (as. K stoit rpynme
NPOLIECCOB  ONUCHIBAGMBIX 3aKOHAMH MAaccollepeliayn, OTHOCATCS abcopOuus, mneperoHka ( pekrudukamms ),
SKCTPAKIMUS U3 PaCTBOPOB, PACTBOPEHHE M IKCTPAKIMS M3 MOPHUCTHIX TBEPIBIX TeJ, KPHCTAJUIN3AIHS, aacopOLust 1
CyImIKa.

XUMHYECKNE W OMOXMMHYECKHE MPOLECChl MPOTEKAIOT CO CKOPOCTBIO, ONPEesIeMOl 3aKOHAMH XHMHYECKOH
KHHETHUKHU.

Mexaandueckue ITPOHECCHI TMPUMEHAIOTCA B OCHOBHOM JIJIA MOATOTOBKHM HMCXOAHBIX TBépJIBIX MarepuaioB u
00pabOTKM KOHEYHBIX TBEPABIX MpOAyKTOB. K TakuM mporieccaM OTHOCATCS H3MENbUYECHHE, TPAHCIIOPTHPOBKA,
copTHpOBKa (KinaccuuKaius) U CMEIIeHUE ChIITyYHX BEIIECTB.

ITo cnocoOy opraHm3amuyM TPOIECCHl JIENATCS Ha nepuoduueckue ¥V HenpepvigHble. B mepuommueckoM
Iporiecce MCXOJHBIC BEIIEeCTBA 3arpyXaroTcs B ammapaT, a IMocje MX OO0pa0OTKM W3 ammapara BEITPYXKaloTCs
KOHCYHBIC TPOAYKTEI. 3arem IIPOIECC TOBTOPACTCA. HerepBIBHBIe IPOHECChI OCYIIECTBIIAIOTCA B IMPOTOYHBIX
arraparax. HOCTyHHeHI/Ie HNCXOHBIX MaTCPUAJIOB U BBIT'PY3Ka KOHCYHBIX IMPOAYKTOB IMMPOU3BOAATCA OJHOBPEMEHHO
1 HENPEPBIBHO.

Llenbto pacu€ToB MO IpoIleccaM U ammaparam OOBIYHO SIBISETCS: 1) oIpeneneHue yCIOBHH MPENeTbHOro
(paBHOBECHOT0) COCTOSIHUSI CUCTEMBI; 2) OIIpeesieHHe PacX0I0B MCXOJHBIX MAaTEepHajOB M KOJIMYECTB IOIyIaeMbIX
MPOJYKTOB, a TaKKE KOJMYECTB MOTPEOIIEMON DHEPTHM W pacxoja TEIUIOHOCHTeNeH; 3)  omnpejeseHue
ONTHMAJIbHBEIX PEXUMOB paboThl, paboueil MOBEPXHOCTH WM O00BEMA ammaparoB; 4) onpeuesieHHe OCHOBHBIX
pa3MepoB arnmaparos.

HcxoaueiM sTarnoM pacuéra sBiseTcss OObIYHO aHalU3 CTAaTHKU IpOIecca T.e. PacCMOTPEHHE TaHHBIX O
PaBHOBECHH B CHUCTEME, Ha OCHOBE KOTOPBIX OIPEACISIOT HAIlpaBJICHHE Ipolecca M BO3MOXKHBIE HPEACNBI €ro
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OCYIIECTBJICHHS. 3aTEM COCTABIIIOTCS MaTepUalIbHBIE U TEIUIOBEIE (PHEPTeTHUCCKHE) OaTaHChl CHCTEMBI, HCXOAS U3
3aKOHOB COXPaHEHHS MacChl 1 SHEPTHH.

Crnemyromuii 3Tam — 3TO pacdyéT KMHETHUKH IIPOLECCa, OMPEACIAIONIEH CKOPOCTh €ro IMPOTEKaHMUS.
OmnpenenuB CKOPOCTh M BEIHUYNHY JBIDKYIIECH CHIIBI IIPOLIECca MIPY BEIOPAaHHOM pEXMMeE pabOoThI anmnapara HaXxoIsIT
ero pabodyro MOBEPXHOCTH WK 006EM. [locie 3TOro onpenensoT OCHOBHBIE pa3Mephl anmnapaTa.

Bce mpomecchl MOTYT MPOTEKaTh TOJIBKO MOJ JEHCTBHEM HEKOTOPOH IBIIKYIIEH CHJIIBI, XapaKTepH3YIOIeH
CTEIICHb OTKJIOHEHHSI CHCTEMBI OT PaBHOBECHOT'O COCTOSIHUS. JIBIDKYIIEH CHION T'MAPOMEXaHMYECKHX IPOLECCOB
SIBJISIETCSI Pa3HOCTD JAaBJICHHM, TEIIOBBIX — Pa3HOCTh TEMIIEpATyp, MaCCOOOMEHHBIX — PA3HOCTh KOHICHTPALHH .

OcHOBHOE ypaBHEHHE IIPOIiecca MOXKET OBITh 3aIHCAaHO IBYMS CIIOCOOaMHU:

M=KeFAT - M = KWAt

3neck: M — xonu4ecTBO NepeHocuMon cyOcraHuuu (Temma wiu Beuiecta); Kr, Ky — k03 duueHTs ckopocTu
nporecca (3To MOryT ObITE KO3 (UIUEHT TeIIonepeady WM MacCONepeadr ) HOBEPXHOCTHBIN MITH 00BEMHBIH.
4. NnmocTpaTuBHBIA MaTepuas: [IakaTel ¢ ©1300pa)KEHUSIMH OCHOBHBIX alNapaToB

5. Jluteparypa:

OcHoBHas:

1) B.U. Yyewos, E.B. I'manyx, .B. Caiiko. TexHOJI0rHs JI€KapCTB IPOMBIILICHHOro npou3BozacTsa. Y. 1. — Bunnuua: Hosa
kuwra, 2014. -696 c.

2) B.WM. Yyewos, E.B. ['maxyx, U.B. Caiiko. TexHOIOTHs J€KapCTB NPOMBILLIEHHOTO Tipou3BoicTBa. Y. 2. —Bunnuna: Hosa
kuwra, 2014. -664 c.

3)  IIpomsbiinieHHas TexHomorus iekapcts, Tom 1. ITox pen. Uyemosa B.U. — X.: MTK-Kuura, U3narensctBa HOAY, 2002
—560 c.

4)  TlpomsinuieHHas rexnonorus jekapers, Tom 2. [Tox pen. Uyemosa B.U. — X.: MTK-Kuura, U3narensctea HOAY, 2002
—557c.

5)  Manmiep C. H. IIporeccsl 1 anmnapaTsl XUMAYECKON TEXHOJIOTUH : yueOHoe nocobue / C. H. Mantiep,[’. M.
JKymana3zaposa. - MunHCTEpCTBO 00pa3oBanms 1 Hayku Pecrryommku Kazaxcran. - Anvartst : "bacray", 2018. - 256 ¢

6)  Herraepckuii FO.U [Iporieccs! i anmapathl XUMHYecKoit Texuonoruu: B aByx Tomax / F0.1 Jlprtaepcknit. — M.: AnbsiHC,
2015. — 368 c.

7)  HertHepckuit, 10.1. OcHOBHBIE MPOLIECCHI U ANMAPaThl XAMUYECKOH TexHOIorHu: [10co0ue 1o npoeKTHPOBAHUIO:
VuebHoe mocodue ast By3os / FO.U. JlbitHepekuid, I'.C. Bopucos, B Bpeikos. - M.: Anbsc, 2015. - 496 c.

8)  Kacatkun A.I'. OCHOBHBIE IPOLIECCHI M ANMAPATHI XUMHUYIECKOM TeXHOMOrku: YueOHuk st By30oB / A.I'. Kacatkun. - M.:
Anpsnc, 2014. - 752 c.

9)  Octpukos A.H. [Tporeccs! 1 anmapatsl. Pacuer 1 NpoekTHpOBaHKe alnapaToB IS TEIUIOBBIX H TEIIOMACCOOOMEHHBIX
nporeccoB: YueGHoe rocobre / A.H. Octpukos, B.H. Bacwuienko u np. - CI16.: Jlans, 2018. - 440 c.

10) Aunekcees, [.B. BupryanbHblii 1a00paTOpHBIii IPakTHKYM 10 Kypcy «[Ipoliecchl U anmnaparsl MUIIEBbIX POU3BOJICTBY:
Vu. ITocobue / I'.B. Anexcees, U.W.

AOMOJTHUTC/IbHANA

11) Tlnakcuu }F0.M., Manaxos H.H., Jlapun B.A. IIporeccs! 1 anmaparsl mumieBsx npou3soacts. — M.: KonocC, 2008. — 760
c.

12) Kaseuxwii I'.J]. [Ipoueccs u annapatsl nuiieBoi Texuonoruu. - M.: Komoc, 2000.

13) TIlasnos K.®., Pomankos [L.I'., HockoB A.A. [IpuMepbl U 332Ut 110 KypCy MPOIIECCOB 1 alMapaToB XUMHYECKOM
TexHosoruu - JI.: Xumus, 1987

14) TocymapctBennas ®apmakores: Pecryomuku Kazaxcran. — tom 1 — Anmater. — M3narensckuit qom: «JKuGeK sKOIbD.—
2008.— 592 c.

15) Tocynapcrennast ®apmakones: PecrryOankn Kazaxcran— toMm 2. — Anmatsl.— M3parensekuit goM: «OKuOeK sKkombi».—
2009.— 792 c.

16) CarbiHabikoBa b.A. [lopinepin enaipictik TexHonorusicbl.— Anmarsl.—2011.— 346 6.

17) AxGepanes O.C. Tamak eHIipiCiHIH mpoIecTepi xKoHe anmaparrapsl, Anmater;, 1998 x.

6. KoHTpoJbHbIe BOIPOCHI (00paTHasI CBSI3b)

1) TlosicHUTE MOHSTHE - «aIlIapaT.

2)  TloHsATHS CTAIIMOHAPHOTO U HECTAIIMOHAPHOTO MPOIIECCOB

3) Kiaccudukamust mpomeccos Mo KHHETHIECKUM 3aKOHOMEPHOCTSIM.
4)  IIpUHUMII COCTABIICHUS MATEPUATBHBIX M SHEPIeTHICCKHUX OaNaHCOB.
5) TpeboBanus K ammnapaTam

6) OcHOBHOE ypaBHEHHE TEILIONEPEIadN.



ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCTiK KazakcTaH MeanuuHa akapemuscol» AK AO «KOxHO-KaszaxcTaHCKasi MeAVIUMHCKAsT akaaeMust»
Kadenpa «HxeHepHbIE AUCIUIUTNHEBI 76-11
«IIpomecchl U anmaparhl XMMHKO-(hapMalleBTUIECKOTO TIPOU3BOICTRA- 1% 64 6etTiH 5 Oeri

Jlekuus Ne 2
1. Tema 2: OcHoBbI ruapaBanKH. I'mapocraruka. OCHOBHBIC ONPEICIICHUS: KHUKOCTh, HEKOTOPbIC (hHU3NUICCKUC
CBOMCTBa JKHUJKOCTEH (IUIOTHOCTh, MAaBlIEHHE, BSI3KOCTb, MOBEPXHOCTHOE HaTsbkeHUe). OCHOBHOE ypaBHEHHE
TUAPOCTATUKU.
2. Henwb: O3HAKOMIICHHE C OCHOBHBIMH (DU3HUCCKUMH CBONCTBAMH KXUIKOCTCH U N3yUCHHE METOTUKU TIPUMCHEHUS
OCHOBHBIX YpaBHEHUH T'UAPOCTATUKH.
3. Te3nchl JeKIHN:

1) OcHoBHbIE (hU3NUECKHE CBOWCTBA JKHIKOCTEH.

2) OCHOBHO€E ypaBHEHHUE THAPOCTATHKH.

3) IlpakTHueckue MPUIOKEHNS OCHOBHOTO YPaBHEHHS THPOCTATHKH.
Kparkoe cogep:xkanue JeKIuu

I'mppaBiuka cCOCTOUT U3 ABYX Pa3AeNioB: TUAPOCTATUKH U THAPOJIMHAMUKY. [ MapocTaTuka paccMaTpuBaeT
3aKOHBI PABHOBECHS B COCTOSIHUH TTOKOSI, @ THIPOJUHAMUKA — 3aKOHBI ABM)KEHUS AKUAKOCTEH U ra3oB. B ruapasivke
MPUHATO OOBEUHATE KUAIKOCTH, Ta3bl U MAPHI 0] €TUHBIM HANMCHOBAHHUEM — JKHIKOCTH.

I110THOCTH M yAENbHBIA Bec. Macca eIMHUIIBI 00beMa KUIKOCTH Ha3bIBA€TCS IUIOTHOCTHIO U 0003HAYAETCS
yepes P

Bec 00beMa KUIKOCTU HAa3bIBAETCsl yEIbHBIM BECOM Y !

Hagnenne. Otnomenne cunst ganenns APk snemenraproit miomanke AF - AP/ AF  nassiBaror cumoi
TUAPOCTATHYECKOTO JNABJICHHUSL.
Mesk Ty aBJIeHUEM U eIMHHIIBI BHICOTHI CTOJI0A CYIIECTBYET CBA3b:

P=y-H (1.7)
A6comoTHoe napienue Pgse
Pise=Pusot P (1.8)
Pose = Pon= P (1.9)

Bsskocts. CBOIiCTBO KUJAKOCTHU OKa3bIBaTh COMPOTUBJICHUE YCUJIMAM, BBIZbIBAIOIIIUM OTHOCUTEIILHOC
TNIEPEMELICHUC €€ YaCTHULl, Ha3bIBACTCA BA3KOCTHIO.

I'mapocraruka. /Iluddepennnanbible ypaBHeHus1 paBHOBecus Jiljiepa
B 06BeMe mokosIIelicst )KUAKOCTH paccMaTpuBaeTest mapasutenenumen ¢ oobemom 0V u pebpamu

dx,dy u dz.

VYcnoBus PpaBHOBECHA 3W6HTapHOFO ﬂIaprHCHCHI/IHEI[a BbIpaXXacTCA CUCTEMOU YpaBHCHUA:

ad =@

_§E=0 } (1.13)
P

Vpaeuenwus (1.13) npencrapisirot coboil quddepeHunanpHble ypaBHeHHs Diiepa.
OcHOBHOe YpaBHeHHe TWApPocTaTHKH. 13 ypaBrenuit (1.13) cnenyeT, 4To HaBICHUE B MOKOSIIICHCS KUIKOCTH

U3MEHSeTCA TOJIBKO 0 BepTUKany. YacTHas Npou3BogHAs d_ MOXET OBITh 3aMCHCHA Ha d_ U CJIENOBATENBHO
X X
dP
-pg-__ =0
dz
Orcrona —dP —pgdz =0 (1.14)

Pa3zenuB seBy1o U npaByio yacTi Ha PJ U IIepeMEHMB 3HaKH MOIYyYUM
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1
dz +—dP =0

P9

Jlna HecxMMaeMot JKUAKOCTH INIOCKOCTh IOCTOSIHHA, CII€0BAaTEIbHO
P

dz+d( )=0
PY
P )=0
e, dz+ __
P9
OTKy/1a mocje HHTETPUPOBAHUS MTOJTyUUM:
1
2+~ _ const (1.16)
P9

VYpaBrenue (1.16) sBIsIeTCS OCHOBHBIM ypaBHEHHUEM THAPOCTATHKH.

I'ne Z1,Z2 — HUBENMPHBIE BBICOTHI PACIIOIOKEHUS ABYX TOYEK, a

P1,P2— ruapocraruueckue naBnenus B 3THX TOYKaXx.

Puc. 2.1 K ocHOBHOMY ypaBHEHHIO THAPOCTATHKHA

PaCCMOTpI/IM JBC 4aCTUIBI )XKUIAKOCTH, 1 BHYTPHU KHUAKOCTHU Ha BBICOTE Z OT IUIOCKOCTH O - O y 2 Ha

IIOBEPXHOCTH XKHIKOCTH Ha BBICOTE Zo OT Toii e nosepxnoctu. P u Po  naBnenus B 3tux Toukax.
Coracuo ypaBaenuio (1.1

P
Z+
Y72 N (1.17)
PY pY
P—Po
WU — =201 (1.18)
pY
P
BenuuuHy —— Ha3bIBAIOT CTATHYECKUM HITH IbE30METPHUECKUM HATIOPOM.

HaBJ’leHHe AKHUAKOCTH HA IJIOCKYIO HAKJIOHHYIO CTEHKY
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[lycts MBI IMeeM pe3epByap ¢ HAaKJIOHHOM IpaBOi CTEHKOM, 3aIIOJHEHHBIN XKHUIKOCTBIO C YACIBHBIM BECOM

v. llupuHa CTCHKH B HANpPABJICHHUH, MEPHCHANUKYISIPHOM IUIOCKOCTH YepTexa (0T 4uTartens), paBHa b (puc.2.3).
CreHKa yCJIOBHO TOKa3aHa pa3BEepHYTOH OTHOCHTENHHO OCH AB m 3amTpuxoBaHa Ha pucyHke. [loctpomm rpaduk
WN3MEHEHHS H30BITOYHOTO THAPOCTATHYECKOTO AABICHUS Ha CTEHKY AB.

Tak kak W30BITOYHOE THAPOCTATHYECKOE NABICHUE W3MEHSCTCA II0 JMHEHHOMY 3akoH P=ygh, To mis

OCTpOeHHA Tpadrka, Ha3BIBAEMOTO SIIOPOH JABICHUS, JOCTATOYHO HAWTH JAaBICHUE B BYX TOUKAX, HAIpuMep 4

TouKa, B KOTOPYIO NPUNOXEHa
PaBHOASHCTRYIOWLAN MMAPOCTATHHECKOMO
A2BNEHUA

Puc. 2.2. Cxema K ompeneneHnIo paBHOACHCTBYIONMICH THAPOCTaTHYECKOTO JABICHUS Ha IUIOCKYIO

TTOBEPXHOCTDH

HN36bITOYHOE THAPOCTATHYECKOE NaBICHHE B TOUKEe A OyIeT paBHO

Pr=yh=y:0=0

COOTBETCTBEHHO [aBJIeHUE B TOUKE B:

Pg=yh=yH

rae H - riryOuHa suaKkocTu B pesepByape.

CormacHO HEpPBOMY CBOMCTBY THIPOCTATHYECKOrO ABICHHS, OHO BCEr[Ja HAIpPABICHO MO HOPMAald K

orpaxparouiei mosepxsHoctu. CienoBarenbHO, THAPOCTATHUECKOE JaBIEHUE B TOUKE B, BEIMUNHA KOTOPOro paBHA
vYH, Hago HampaBiIATh NMEPHEHAMKYISAPHO K creHke AB. CoennHuB TOuKky 4 ¢ KOHIOM orpe3ka YH, momyunm
TPEYTOJIbHYIO 3MI0pY pacnpenaeneHus gaBieHus ABC ¢ mpsMbIM yriioM B Touke B. CpenHee 3Hau€HUE AABICHUSA
OyneT paBHO

YH+0 _ vH

Eciu miomaap HakJIoHHOM cTeHkr S=bL, To paBHOAEHCTBYOIIAs THAPOCTATHIECKOTO JABIICHHS PaBHA
= sy
(3

rae hc = H/2 - tnyOuHa MOTpyKeHusI IIEHTPa TSHKECTH TIIOCKOM MOBEPXHOCTH 110, YPOBEHB KHUIAKOCTH.
OpmHako TOYKa MPWIOKEHUS PAaBHOJACHCTBYIOIIEH THMAPOCTATHYECKOTO MAaBICHHUS IIJ. He Bcerma Oyner

COBIIAJIATh C IEHTPOM TSDKECTH IUIOCKOM MOBEPXHOCTH. DTa TOYKA HAXOIUTCS HA PACCTOSIHUH | OT eHTpa TsHKecTH
U paBHA OTHOIICHHWIO MOMEHTA WHEPLUHU TUIOIAJKA OTHOCHTENIBHO IEHTPaJhbHOW OCH K CTATHYECKOMY MOMEHTY
9TOM K€ IUIOMIAKH.

P dar

Y

Y.,

»



ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCTiK KazakcTaH MeanuuHa akapemuscol» AK AO «HOxHo-KasaxcTaHcKass MEAVILVHCKAS aKaZleMusi»
Ka(beapa «HxeHepHble TUCIUTIITUHBI 76-11
«IIpomecchl U anmaparhl XMMHKO-(hapMalleBTUIECKOTO TIPOU3BOICTRA- 1% 64 6ettiH 8 Oeri

e Jx - MOMEHT HHEPIIUH IUIOLIAIHM S OTHOCUTENBHO IIEHTPAIbHOM OCH, NapajlIebHON AX.

B uactHOM citydae, Korjia cTeHKa uMeeT (opMy MpsAMOYroyibHHKa pasmepamu bL u omHa u3 ero cropou
JIE)KUT HA CBOOGOJIHOM TOBEPXHOCTU C aTMOC(EPHBIM JABIEHHEM, [IEHTpP JABJICHUS I[.JI. HAXOIHUTCSA HA PACCTOSHUH
b/3 ot HIKHEH CTOPOHBI.
4. NnumocTpaTUBHbINA MaTepuas: BupryanbHbie cTeH bl [lnakaTel ¢ H306paXKeHUsIMU OCHOBHBIX alllapaToB

5. JIuteparypa:

OcHoBHas:

1) B.NU. Yyewos, E.B. I'manyx, 1.B. Caiiko. TexHOJIOrHs JeKapCTB IPOMBILIICHHOTo pon3BozcTa. Y. 1. — Bununna: Hosa
kuwra, 2014. -696 c.

2) B.W. Yyewos, E.B. 'naxyx, U.B. Caiiko. TeXHOJIOTHUsI JIEKAPCTB IPOMBIILICHHOTO npou3BoacTBa. Y. 2. —Bunnuua: Hosa
kawra, 2014. -664 c.

3)  TIpombmnrenHas TexHomorus iekapets, Tom 1. ITox pen. Uyemosa B.U. — X.: MTK-Kuura, U3narensctBa HOAY, 2002
—-560c.

4)  TIpomsinuieHHas TexHouorus sekapcts, Tom 2. [Tox pen. Uyenrosa B.U. — X.: MTK-Kuwura, U3natensctea HOAY, 2002
—557c.

5)  Mantiep C. H. [Ipomecch! 1 anmapaThl XAMHYECKO# TEXHOIOTHH : yaebHoe mocodue / C. H. Mantiep,I’. M.
JKymanazaposa. - MuHncTepcTBO 00pazoBans i Hayku Pecriyonuku Kazaxcran. - Anmaret : "Bacray", 2018. - 256 ¢

6)  Herraepckuit 0.1 Ipomeccsr i anmaparsl XuMuueckoii Texaonorun: B aByx tomax / FO.U JlpitHepckuii. — M.: AnbsiHe,
2015.— 368 c.

7)  Jprraepcknii, FO. M. OcHOBHBIE IIPOLIECCH U AIapaThl XUMUYECKOM TeXHOIOrHy: [Tocobue 1o IPOSKTHPOBAHHIO:
VuebHoe nocobue mist By3os / FO. 1. [lsitHepckuii, [.C. Bopucos, B Bpeikos. - M.: Anbsnc, 2015. - 496 c.

8)  Kacatkuu A.I'. OCHOBHBIE NPOLIECCHI ¥ AMIAPATHl XUMHIECKOI TEXHOIOTHN: YueOHuK uist By30B / A.I'. Kacarkus. - M.
Anbsuc, 2014, - 752 c.

9)  Ocrpukos A.H. [poueccsl u anmnaparsl. Pacuer 1 poeKTHPOBaHKE AIapaToB [Uisk TEIUIOBBIX U TEIIOMACCOOOMEHHBIX
npoteccoB: Yue6Hoe rocobue / A.H. Octpukos, B.H. Bacuienko u ap. - CII6.: Jlans, 2018. - 440 c.

10) Aunekcees, I'.B. BupTyanbHslit 1aG0paTOpHBIH MPaKTHKYM 10 Kypey «IIpoecchl 1 anmapaTsl MUILEBBIX IPOU3BOACTBY:
Vu. [loco6ue / T'.B. Anexcees, U.W.

AONMOJTHUTECJIbHANA

11) Tlnakcuu FO.M., Manaxos H.H., Jlapun B.A. IIporeccs! 1 ammapaTsl muieBsix npounssoacts. — M.: KonocC, 2008. — 760
c.

12) Kaseukwii I'.J]. [Ipoueccs u anmapatsl nuiieBoi Texuonoruu. - M.: Komoc, 2000.

13) Tlasnoe K.®@., Pomankos IL.I., Hockos A.A. [IpuMepbl U 3a1auu 110 KYpCy MPOIIECCOB U alNapaToB XUMHYECKOM
TexHonoruu - JI.: Xumus, 1987

14) Tocynapcrennast dapmakornes Pecrniyoimkn Kazaxcran. — Tom 1 — Anmatsl. — M3gatensckuit goM: «Kubek xomby.—
2008.—592 c.

15) Tocynapcreennas ®apmakorest Pecriybnukn Kasaxcran— tom 2. — Anmatel— M3patensckuii gom: «JKuOeK komb».—
2009.—- 792 c.

16) Carpingpikosa b.A. Jlapinepain enaipictik Texuosnoruscol.— Anmvarsl.—2011.— 346 6.

17) Ax6epmues O.C. Tamax eHaipicii npouectepi aHe anmnaparrapsl, Anmatsl; 1998 x.

6. KoHTpoabHbIe BOMPOCHI (00paTHAS CBA3b)
1. Kakumu cBoiicTBaMu 00J1aqaeT KUIKOCTE?
2. Kak omnpeenuts abCOMIOTHOE JIaBlIeHUE B cocye?
3. Yto BeIpakaeT OCHOBHOE ypaBHEHHE IMPOCTATUKU?
4. Kax onpenenuTs CHIIy AaBJICHHUs Ha BEPTHKAIbHYIO CTCHKY?



Kadenpa nnxeHepHbIX AUCUUTUIHH Caiikec HOMEp1

JIeKLIMOHHBII KOMILIEKC 64 GerTin 9 OeTi

Jlexnus Ne 3
1. Tema 3: I'maponuHamMuka.
2. Hean: O3HAKOMIJICHHE C OCHOBHBIMH XapaKTEePUCTUKAMH ABIDKEHUS KUAKOCTH, TU(QepeHIHATEHBIMA
YpaBHEHUSIMHU JIBHXKSHHUS )KUIKOCTH, ypaBHeHHEeM bepHyin.
3. Te3uchbl JeKUHHN:

1)  OcHoBHbBIE XapaKTEPUCTHKU ABUKEHUS )KUIKOCTH.

2) JuddepeHnuansHble ypaBHCHUS IBIKCHUS IKHIKOCTH

3) VYpasuenue bepuymnu.
Kparkoe coaep:kanue Jexuun
OCHOBHbIE XapaKTEPUCTHKH JIBUKEHU S KUAKOCTell KoTriecTBO )KUIKOCTH MPOTEKAIOIIEH Yepe3 monepeuHoe
ceueHue MOTOKA B eIMHUILy BPEMEHH, HA3hIBAIOT PACXOOM KUIKOCTH. Pasnuuaror 06beMHbIH pacxon (m/cex) u
MaccoBblit pacxof (ke/cex).

[TockoNbKY B pa3HbIX TOYKAX IOMEPEYHOrO CEUSHHUS MOTOKA CKOPOCTh YACTHIL XKHUIKOCTH HEOAMHAKOBA U €€

pacripezieneHle HeM3BECTHO B pacyerax 0ObIYHO MCIOJIb3YIOT HE HCTHHHBIE CKOPOCTH, & (PUKTUBHYIO CKOPOCTh. JTa

CKOPOCTD BbIPaKACTCA OTHOIICHUCM 00BEMHOTO pacxoaa )KUAKOCTH (VceK ) K Iuiomaau nmonepeyHoro CCYCHUA ( S

):

\Y
W, = gm (m/cex) (2.24)
OTKy1a 00BEMHBIH pacxo
VceK =W-S (2.25)
MaccoBblii pacxos onpeaenseTcs Nporu3BeIeHUEM
M=pwS (2.25, a)

I'mapaBjanyeckuii pajnyc M JKBUBAJICHTHBIN JHAMETP
[Ipu ABMXEHUHN XUAKOCTH 4Yepe3 IUIOIMAAb MOIMEPEeYHOTo CedeHUs 000 (OopMbI, OTIMYAIOT OT KPYTJoi B
Ka4yecTBe AMaMeTpa MPHHUMAIOT THAPABINYECKUH paJNyC UIH SKBUBAJICHTHBIH JHAMETP.

T'uapasnuyeckuit paauyc ( Ir) 3TO OTHOIICHHE IO CBOOOIHOTO CEUCHHUS KaHANA, Yepe3 KOTOPOe
MPOTEKAET KUJKOCTh, K CMOUEHHOMY IIEPUMETPY.

h=— (u 2.26
iy (2 ) (2.26)
nd
JList KpYTJIOTO CEYeHHUs! S=_—, II=md
nd 2
Torma I — 4 _ d_
' nd 4
Juamertp, BEIpaKCHHBIH Yepe3 MHAPaBIMYECKUM panyc, peIcTaBiseT co00i SKBUBAICHTHBIN AHaAMETP.
d=d, =4r, (2.27)
CrietoBaTeNbHO COTNIACHO ypaBHEHHUIO (2.26)
4S
d, = =2

11

JUtst IpSIMOYTOJIHOTO CeYEHUS
e S _as _ as
NE =
II  2a+2¢ 2(@+s)
a SKBUBAJICHTHBIH JHAMETP
4ae 2a6
d3 = 4rr =




Kadenpa nHxeHepHBIX AUCHUILTIH Colikec HOMEDI

JIeKIIMOHHBIA KOMILIEKC 64 oerrig 10
oerTi

JIJ1sT KOJIBLIEBOTO CEUCHMS

2
d —as A —) % 0y g
° JI nd +md d -d n ¢

Jlnst kpyrooit tpy6rr Oy = g

Pe:knMBbI TedeHns :KHAKOCTH. /IBIDKCHHUE, TIPH KOTOPOM BCE YaCTHUIIBI )KUAKOCTH ABHXKYTCS 110
HalpaBJICHHBIM TPAEKTOPHAM, HAa3bIBAIOT JJAMHUHAPHBIM.
HeynopsnoueHHoe aBuxeHHE, IPH KOTOPOM OTAENBHBIE YACTHIBI XKUAKOCTH ABHKYTCS T10 3aITyTaHHBIM,
X20THYECKUM TPACKTOPHSIM, Ha3bIBAIOT TYPOYICHTHBIMH.
[lepexon OT TaMHHAPHOTO K TypOyJICHTHOMY PEXHMMY, IIPOUCXOANUT TEM JIerde, 4eM OOJIbIIe MaccoBast

CKOPOCTE JKHJKOCTH PT H quameTp Tpy6el 0 1 uem MenbIme Be3kocTs L .

BHepBbIe PeﬁHOJ’IB,Z[C O6I>G,I[I/IHI/IJ'I OTH BCIIMYHUHBI B 663p33M€pHBIﬁ KOMINJICKC, YUCJICHHOC 3HAYCHHUC
KOTOPOTI'O MO3BOJIACT CYAUTH O PCIKUME ABHMIKCHU A KUAKOCTH. DTOT KOMIUIEKC HOCUT Ha3BaHHUE KpUTCpUs

Peitnonnaca.
Wdp
Re = (2.28)
1)
Kpurepwuii Re}anaeTcsi MepOii COOTHOIIICHHS MEXy CHJIAMU HHEPIIUHU U BI3KOCTH B IBIKYIIEMCS
=V
notoke. OTHOIIEHNE KHHEeMaTH4eCcKas BI3KOCTh, TOTIa
p
wd
Re =—— (2.29)
L

ITpn Re<2320 — 06nacTh yCTOWYHMBOTO JIAMUHAPHOT'O JIBUYKEHHS.
[Tpu 2320<Re<10 000 nepexoxansiit pexxum u ipu Re<10 000 ycToiuuBbIi WM pa3BUTHIH
TypOyNEHTHBIN pEXUM.
JAuddepennnanbHbie ypaBHEHHS IBHKEHHS HACAIbHOM dKUIKOCTH
B moToke mpeanbHOM >KHMAKOCTH BO3bMEM TOUYKY M ¢ kKoopauHaTamul X, Y, Z W BBIIEIUM BO3JIE HEE SJIEMEHT
KHUJIKOCTH B (pOpPME MPSAMOYTOJIBHOTO MapalieNiennIieia Tak, 9To0bl Touka M Obua ogHO# U3 ero BepmuH (Puc. 20).
Pebpa mapannenenunena napauie’abHbl KOOPAMHATHEIM ocsiM U paBHbI 0X, dy, dz. CoctaBuM ypaBHEHHE JBHKCHUS
9TOTO 3JIEMEHTa XUAKOCTH. [lycTh Ha *XMAKOCTH BHYTPH HETro IEHCTBYET Pe3yNbTHPYIOUIAs €IMHUYHAs MaccOBast
cuna ¢ cocrapisitomnmu X, Y u Z. Toraa MaccoBble CHITbl, IEHCTBYOLIME HA BBIJCICHHBII 00beM OyIyT paBHbI TUM
COCTaBJISIFOLIMM, YMHOKEHHBIM Ha Maccy 3JjieMeHTa. [IoBepXHOCTHBIE CHIIbI OyIyT PaBHBI JIABJICHUSM, YMHOKECHHBIM
Ha IUIOIIai TPaHeH mapasuienenunesa.



ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY

«OHTyCTiK KazakcTaH MeanuuHa akapemuscol» AK

AO «HOxHo-KasaxcTaHcKass MEAVILUVHCKAsST aKaieMus»

Kadenpa nHxkeHEpHBIX JUCIUATUIIHH

JIeKIIMOHHBIN KOMIIIECKC

Coiikec HOMEDI
64 oetTig 11

oerTi

’ |
N’ \r
dz b\ /
/ h)
+9Rqx
pl M [ N P 5y
i =2
dy
0 X

Puc. 20. Cxema a7 BeIBoIa MU GepeHIIHATBHBIX YPaBHSHU ABIKCHUS
UJECAIBHOM )KUJKOCTH.

CornacHo BTOpOMY 3aK0HyCR7I0T0Ha, YpaBHEHUS IBUKEHUSI BAO. X OCEW NPUMYT BUIL:

KOOPJAUHATHRI
pdxdydz =~ " * = Xpdxdydz + pdydz — 9 )

P+ ? dx dydz;

ox

pdxdydz op

Y =Ypdxdydz + pdxdz * BN
y |dxdz,

V

dz dxdy .

ﬁ; = Zpdxdydz + pdxdy j{pp i gpL

dt \ oz )
[MpuBes MOAOOHBIE M Pa3/IeNIuB YPABHEHHS Ha MacCy 3nfMaeHTa pdxdydz, momyunm
dt p OX
1op
Wy YA
dt p 0y
dv, _7_ 1 ap
dt p Oz
Ota cucrema auddepeHIraNbHBIX YPABHEHUM IBIKEHHS MICAIBHON XKMIKOCTH HOCHUT HA3BaHHE yPaBHEHHI
Diiiepa. Bce uwieHbl 3TUX ypaBHEHUH UMEIOT Pa3sMEPHOCTh YCKOPEHHH, a CMBICI KaIOr0 YPaBHEHHs COCTOUT B

CJICAYIOUICM: MTOJIHOC YCKOPCHUEC YaCTUIIbI B/I0JIb KOOpHHHaTHOﬁ OCH CKJIaIbIBACTCA U3 YCKOPEHHS OT MAaCCOBLIX CHUJI
1 YCKOPCHUS OT CUJI IaBJICHUS.

DT ypaBHEHWs CIpPABEJIMBBI KaK Ui HEC)KAMAEMOW, TaK W U CKUMACMOW KHAKOCTH, Kak st
CTaI[MOHAPHOTO, TaK W HECTAIIMOHAPHOTO TEYCHHS.

JIist  CTalMOHAPHOTO TEYEHMS YMHOKMM KaXIO€ W3 YPaBHEHHH Ha COOTBETCTBYIOIIHE TPOCKITHH
aNIeMeHTapHOro nepemenienus, papusie dx = V,dt; dy = Vydt; dz = V.dt, u cnoxum ypapHenus. [lonydnm

pdxdydz




ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCTiK KazakcTaH MeanuuHa akapemuscol» AK AO «KOxHO-KaszaxcTaHCKasi MeAVIUMHCKAsT akaaeMust»
Kadenpa nHxeHepHBIX AUCHUILTUH Calikec Homepi
JIeKIIMOHHBII KOMIIJIEKC 64 oertig 12
oeTi

Xdx + Ydy+ Zdz _ l|(Qde+QQdy+QQdZ):VXdVX+V dv +V dV .

p ox oy y 'y oz 1z
\ oz )
BripaxeHne B CKOOKax — 9TO MONHBINA aud¢epeHnuan naBieHus dAp, BBIpaKeHHS B MPaBBIX YacTIX —
Z[I/I(f))@epeHuI/IanH OT MOJIOBUH KBaJpaTOB IPOEKLINI dCKOpOCT(I{Z/ 2 2]3 C 2\
Pl Ve gl Y gl Ve
Xdx+Ydy+2zdz- = =dl * I+d +d .

T o) 2y
Pl LTy

2
du =P dqv_\‘

P 2
rae U — croBast GyHKIms.

PaccMoTpyM yacTHBIH ciydaii 3TOro ypaBHEHHS, KOT/Ia M3 MacCOBBIX CHII ICHCTBYET TOJIBKO CHIIA TSHKECTH: X
=Y =0; Z=-g. [Toncrasnss 3Tv 3Ha4EHUS, nonquM('( d \ (V 2\

N

gdz=| |+d__|[
\p) \2)

- (dp) (Vv2)

dz +| an |+ d 29 |=0.
Sy

I[J'IH HZ[GaHBHOﬁ KHUAKOCTHA IUIOTHOCTB P = const, Tak Kak 3Ta KHUJIKOCTh a0COJIFOTHO HEC)KHMaeMasl. H03TOMy
npeabIaAyniee ypaBHEHHUE MOXKHO IIEPEHUCATh BFI/Iﬂe ZW

dlz+ +
2
Vg gp 29/

=0.

Crie10BaTeIbHO, Z+ + =CONSt, o ecrs MBI monMyunnM ypaBHenue Beprymmm s

gp 29
3JIEMEHTApPHOM CTPYUKH UIECAIBHOM XKHUIKOCTH.
Ypasnenue bepuyanam .Pemenne ypaBHeHuid ABMKeHHs Dilyiepa MPUBOINUT K OHOMY U3 HanboJee
Ba)XKHBIX U ITMPOKO UCTIONIb3YEMbIX YPaBHEHUH I'MPOJMHAMHUKH — ypaBHeHHI0 beprysmu. s mo0bIx 1ByX
MONEPEYHBIX CEUEHNH HMOKHO 3aHEI)CﬁTL YDABHEHHC B BHIE:
W

1
71 + l+2 D, RE + % (2.37)

Vpasuenne (2.37) ﬂBHﬂeTc% aBIEegmeMzgepHynnn JUISL ULAEAJIBHOM XKUAKOCTH.
P ®© )Sp

Bennuuny | Z+_ ___+ 5q | Ha3bIBaIOT IIOJHBIM T'HIPOAMHAMUYECKUM HAIIOPOM.
CremoBaTenbHO, IS BCEX MOTIEPEYHBIX CEUEHIH yCTaHOBUBIIIETO MOTOKA HCATBHOMN KUIKOCTH BEIHIHHA
THJPOAMHAMHYECKOTO HAopa OCTAETCS MOCTOSHHOM.

Z — HMBEJIHUPHAs BBICOTA WUIIK FCOMCTpI/I‘leCKI/Iﬁ Harop ( hr ) MNpeACTaBJISACT coboit YACIbHYIO NOTCHUHUAJIbHYIO
OHEPI'UIO MOJIOKCHHS B ,Z[aHHOﬁ TOYKE.



ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCTiK KazakcTaH MeanuuHa akapemuscol» AK AO «HOxHo-KasaxcTaHcKass MEAVILVHCKAS aKaZleMusi»
Kadenpa nHxeHepHBIX AUCHUILTUH Calikec Homepi
JIeKIIMOHHBII KOMIIJIEKC 64 oertig 13
oeri

——— cTaTHYecKwmil WM Mbe3oMeTprueckuii Hanop ( Nem ) xapakTepusyer yaenbHyo MoTeHIHATEHYIO
SHEPTHIO AABJICHUS B JTaHHOH TOUKE.

2
— — CKOPOCTHOM MJIY AMHAMHUYECKHUH HAMOp, XapaKTepU3YIOIHHI YAEIbHYI0 KHHETUUECKYIO SHEPTUIO B

aHHOM TOYKE.
IIpu ycTaHOBUBIIEMCS JBU>KEHUHU CyMMa MOTEHLIMAIBHOW U KUHETUYECKOM SHEPTUN OCTAETCSI HEM3MEHHOM.
ITosTomy ypaBHEeHHE BepHYIIM SBISETCSA YACTHBIM CIIy4aeM 3aKOHA COXPAHEHHUS IHEPTUU U BbIpaXkKaeT
SHEepreTUYecKuil OanaHc MOTOKA.

4. AnnocTpaTuBHBIA MaTepuas: Buptyansasie cteHasl. [ImakaTe ¢ H300paXXeHUIMHI OCHOBHBIX aIllllapaToB

5. Jluteparypa:

OcHoBHas:

1) B.WU. Yyewos, E.B. I'magyx, U.B. Caiiko. TexHOIOTHs JIeKapCTB IPOMBILLIEHHOro npou3BoacTea. Y. 1. — Bunnuua: Hosa
kuwra, 2014. -696 c.

2) B.W. Yyewos, E.B. Tnanyx, U.B. Caiiko. TeXHOJIOTHUsI JIEKAPCTB MIPOMBIILIEHHOTO pou3BoacTBa. Y. 2. —Bunnnua: Hosa
kHura, 2014. -664 c.

3) IIpombminienHas TexHomorus iekapcts, Tom 1. ITox pen. Yyemosa B.U. — X.: MTK-Kuura, U3narensctBa HOAY, 2002
- 560 c.

4)  TlpomsiuuieHHas TexuHonorus jekapets, Tom 2. [Tox pen. Uyemosa B.U. — X.: MTK-Kuura, U3narensctea HOAY, 2002
-557c.

5)  Manmep C. H. [Ipoueccsl 1 anmaparsl XUMUYECKON TEXHOJIOTUH : yueOHoe nocobue / C. H. Mantiep,[’. M.
JXymanaszaposa. - MunncrtepcTBo 006pa3oBanus u Hayku Pecry6nnku Kasaxcran. - Anvartsl : "Bacray", 2018. - 256 ¢

6)  Hertaepckuii FO.U [poreccs! i anmapatsl XuMudIeckoit Texnonoruu: B nByx Tomax / F0.1 Jlprtaepekuit. — M.: AnbsiHC,
2015. — 368 c.

7)  HprrHepckuii, FO.M. OcHOBHBIE IPOLECCHI M AIapaThl XUMUUECKOi TexHonoruu: ITocobue mo npoeKTHPOBaHHIO:
VuebHoe nmocodue mst By3oB / FO.U. JlpitHepckuii, I'.C. Bopucos, B Bpeikos. - M.: Anbsc, 2015. - 496 c.

8)  Kacatkun A.I'. OCHOBHBIE POLIECCHI 1 AINApaThl XMMUIECKON TeXHONIOrnK: YueOHuUK juist By3oB / A.I'. Kacatkun. - M.
Anbsnc, 2014, - 752 c.

9)  OctpukoB A.H. ITpoueccs! u anmapatsl. PacueT ¥ mpoekTHpoBaHKe alapaToB IS TEIUIOBBIX H TEIIIOMAacCOOOMEHHBIX
nporeccoB: Yue6Hoe rocobue / A.H. Octpukos, B.H. Bacuienko u 1p. - CI16.: Jlans, 2018. - 440 c.

10) Auekcees, I'.B. BupTtyanbHslit 1aGopaTOpHBIH MPakTHKYM M0 Kypey «IIpoweccs! 1 anmapaTsl IHILEBBIX TPOU3BOACTBY:
Vu. IToco6ue / T'.B. Anexcees, U.W.

JOIMOJTHUTEJJIbHAA:

11) Tlnakcun FO.M., Manaxos H.H., Jlapun B.A. [Ipoleccs! 1 anmnapaTsl NUIIEBLIX mpou3BoacTB. — M.: KonocC, 2008. — 760
c.

12) Kaseukwii I'.J]. [Iporueccs 1 annapatsl nuiieBoi Texuonoruu. - M.: Komoc, 2000.

13) Tlasnos K.®., Pomankos I1.I"., HockoB A.A. [Ipumepbl U 3ajaui 110 KYpCy MPOIIECCOB 1 aNMapaToB XUMHYECKOM
TexHonoruu - JI.: Xumus, 1987

14) Tocynapcteennas ®apmakomnes Pecryonuku Kasaxcran. — tom 1 — Anmarel. — M3natensekuii gom: «Kubek sxoibi».—
2008.—592 c.

15) TocymapcrBennas @apmakornest Pecry6omikn Kazaxcran.— Tom 2. — Anmartsl.— Uznatensckuit mom: «JKubex xKompi».—
2009. - 792 c.

16) CarpiaasikoBa b.A. [lopinepain oHaipicTik Texnomorusicbl.— Anmater.—2011.— 346 6.

17)  AxGepaues O.C. Tamak oHIipiCiHIH IpoIlecTepi kKoHe anmaparrapsl, Anmater; 1998 x.

6. KoHTpo/ibHBIE BONIPOCHI (00paTHAs CBSI3b)
1. Korna 3a pac4eTHBIN TUHEHHBIN pa3Mep MPUHUMAIOT SKBHBAJICHTHBIN THaMeTp?
2. B yem 3akiroyaeTcs OTIIMYNE JTJAMHHAPHOTO ABHKEHUSI XKUJKOCTH OT TYpOYJIEHTHOTO?
3. Kakyto cBsi3b ycTaHaBIMBAIOT AU(epeHIaibHbIe YypaBHeHUs Ditnepa?
4. Onpenenure COCTaBISIONINE ypaBHeHHN bepHyn.
5. Yto xapakrepusyer ypasHenne bepnymu?
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Jlekuus Ne 4
1. Tema 4: OcHOBBI TEOPHH MOAOOMSI M AHAJIN3A PA3MePHOCTEN.
2. Hean: O3HaKOMIICHHE C TIPHHIIUIIAMA MOICITNPOBAHIS, aHAJIOTHEH, TEOPHEH T0T00Ms, aHAIN30M Pa3MEPHOCTEH.
3. Te3uchI JIeKIUN:

1) TIpHHUKITBI MOJETUPOBAHHSL.

2) Teopus nomobus.

3) Meron aHanK3a pa3MepHOCTEN.
Kpatkoe coaep:xanue Jexuun

1. Buasl MogeTHpPOBAHHSA

IIpn wm3ydyeHuwm mnporecca A OrpaHWYEHHS OONBIIOrO MOTOKA HH(OPMAIMU CO3JAI0T €ro MOENb, KOTOpas
OTpaXkaeT OTIEJbHBIE SBICHUS H3y4aeMoro nporiecca. [IpumMenstoT n1Ba Buna Moaenuposanus [ 1, 2]: ¢pusmueckoe u
MaTeMaTH4ecKoe.
Ilpn ¢u3nMueckoM MOAEIMPOBAHWHM H3YYEHHE [AHHOTO IIpOIecca MPOMCXOAWUT Ha (QHU3WYECKOW MOJEIH.
Maremariyeckoe MOZEIMPOBAHUE TIPEyCMATPUBACT MaTeMaTHYECKOE OMMCAaHUE MOJIENH M3y4aeMoro npouecca (B
BUJIE MAaTEeMaTHYECKUX BbIpakeHHH). [Ipu 3TOM (u3MYecKuii Mpouecc 3aMeHsIOT AJTOPUTMOM, MOJACIUPYIOLIIHM
ero. 3areM YCTaHaBIMBAIOT aJCKBaTHOCTh MOJEIM M3y4aeMOMY Hpoueccy. MeToasl MaTeMaTHYecKOro
MOJICTIMPOBAHUS B coYeTaHUU ¢ DBM MO3BOJISIOT IPU OTHOCHTENHFHO HEOOJIBIIMX MaTePHAIbHBIX 3aTpaTax U3y4aTh
pa3JIMYHbIC BapUaHTbI aNmapaTypHO-TCXHOJOTIMYECKOro O(i)OpMJ'IeHI/IH nmponecca, HaxXOAWUTb OITUMAJIbHBIC
napaMmeTpsl mpouecca. [Ipy MaTeMaTH4ecKOM MOZAEIMPOBAHWHU HCIOJNB3YIOT TaKKe CBOHCTBO HM30MOP(HOCTH
i epeHnnanbHbIX YpaBHEHUH, KOTOpPOE SIBISIETCS OTPaKCHWEM E€AMHCTBA 3aKOHOB IIPHPOABI U TIO3BOJISIET C
MIOMOIIBI0 OAHOTUIHBIX u((epeHnnanbHbIX YpaBHEHHH OIMCAaTh Pa3IM4HbIE MO cBOeH (u3ndeckol mpupope
sBieHus. CyIecTByeT aHaJOTHsl MEXKIYy IpOLEccaMH, pasJIMYHBIMHM 10 CBOEH CYIIHOCTH: 3JICKTPHYECKHMHU,
THAPOJMHAMUYECKUMH, TEIUIOBHIMH ¥ MAacCOOOMEHHBIMH. OTH TPOIECCHl ONHCHIBAIOTCS  OJHOTHITHBIMU
nuddepeHnmanbHpIMA ypaBHeHusME [1]:

- TIEPEHOC SIIEKTPUHeCTBa (3akoH Oma):

i=- ;

R ax,
- TIEPEHOC KOJMHECTBA SHEPTUH (3axoH TpeHus HproToHa):
v
r=—-p_
&
- TIEPEHOC BeecTBa (3axoH duka):
m=-D __;
ax
- TIEPEHOC TeTIQTHI (3axon Dypre):
q=-1__
dx

rae dU/dx, dv/dx, dC/dx, dt/dx — rpagreHThI COOTBETCTBEHHO HATPSIKCHUSI, CKOPOCTH, KOHIICHTPAI[MU H
TEeMIIePATYPHI; 3/1€Ch | — CHJIa TOKA; T— KacaTesIbHOe HaMpsHKEHHE; M —MacCoBbIi NOTOK; D — koaddunment
muddysnn; 0 — TEIUIOBOH MOTOK; R — ayekTpudeckoe conmpoTuBiIeHue; A — K03(pPUIIMeHT TeIonpoBOIHOCTH; [ —
KO3 (QUIIMEHT TUHAMUYIECKOM BSI3KOCTH.

Ecnu BBecTH coOTBETCTBYOLIME TIepecueTHble KO3((HUIMEHTH, TO JI000H M3 IEpPEeYHCIEHHBIX IMPOIECCOB
MOJKHO CMO/ICJIMPOBATh IIEPEHOCOM 3JIeKTpuuecTBa. Ha ncciieoBaHiy 3JEKTPUYECKUX MOJIeNIe OCHOBAaHbI paboTh
AQHAJIOTOBBIX BBIYMCIIUTEIBHBIX MAllWH, MO3BOJISIIONIMX MOAEIUPOBATh (DU3UKO-XUMHUYECKHE M OHOXUMHYECKHE
MIPOLECChl Pa3IM4YHOM Npupojsl. [IpuMeHeHHe NpHHIMIIA aHAJOTMU IPEBpAIaeT MOJENb B CUETHO-pEIlarolee
YCTPOWCTBO, YTO B OIPEIEIICHHON CTEIEHH YCTpPaHAET Pa3iMdhe MEX]y TEOPETHUECKHM M JKCIEepHMEHTaIbHBIM
HCCIIeI0BAaHUSIMHU poLiecca.

2. Teopusi noxoous

OHa JjaeT OTBET Ha BOIPOC, KaK ClielyeT IMOCTaBUTh SKCIEPHUMEHT B 00pad0TaTh NOIyUCHHBIE PE3YNIBTATHI U
Ha KaKWe MPOIECCHl NX MOYKHO PacIpOCTPaHHUTh, yCTAHOBUTH YCIIOBHS SKCIEPUMEHTA, P KOTOPBIX YUCIIO OIBITOB
OyfeT MUHHUMAJBHBIM; OINpPEICTUTh HAaUMEHBIIEEe KOIMYECTBO H3MEPSEMBIX BEIMYMH W TPaBHIBHO 00paboTaTh
PE3YNBTaThl SKCIIEPUMEHTOB, YCTAHOBUTH 00JIACTH MPUMEHUMOCTH TIOJTyYEHHBIX PE3YJIbTATOB.

ITpouecchl (apmManeBTHYECKOW TEXHOJOTHU CIIOXHBI. B psije ciydaeB A MX MaTeMaTHYECKOTO OIMMCaHMS
ylaercsi cocTaBUTh AU hepeHnnaibHble ypaBHEHUs, KOTOpPbIE, OJJHAKO, KaK MPaBUIIo, HepazpemnMbl. OObscHsIETCS
9T0 TeM, uTo AndPepeHIINATBHOE YPaBHEHHE OIMCHIBACT LEJBIH KIACC MPOLECCOB, B Mpenesiax KOTOpOro



ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCTiK KazakcTaH MeanuuHa akapemuscol» AK AO «KOxHO-KaszaxcTaHCKasi MeAVIUMHCKAsT akaaeMust»
Kadenpa nHxeHepHBIX AUCHUILTUH Calikec Homepi
JIeKIIMOHHBII KOMIIJIEKC 64 oertig 15
oeTi

JICUCTBYIOT IPUMEHSEMbIE 3aKOHBI, ¥ HE YYHMTBHIBAET YAaCTHBIX OCOOCHHOCTEH OTAEIBHBIX INpoIeccoB. YToObI
omycaTh YacTHBIN mporecc, IudepeHnanbHoe YpaBHeHNE CIeAyeT NOIOJHUTh JaHHBIMHU, XapaKTepU3YIOLIMMH
9TOT YacTHBIM mporecc. Takue TaHHBIC HA3bIBAIOTCS YCIOBHAMH OJHO3HAYHOCTH M ITO3BOJIIOT M3 BCETO KJlacca
MPOLIECCOB, ONHCHIBAEMOIO JNaHHBIM JAU(dEpeHINaNIbHBIM YPaBHCHHEM, BBIICIUTh KOHKPETHBIH CIMHIYHBIN
nporecc.

Ecin mporecchl ONMMCHIBAIOTCS OXHMUM U TeM ke IOu(depeHIManbHBIM ypaBHEHHEM WM CHCTEMOH
muddepeHnrnaNbHEIX YPaBHEHUH MIPH TOAOOHBIX YCIOBHAX OJHO3HAYHOCTH, TAKHUE TPOIIECCHI TIOAOOHBL.

K ycnoBusiM OJHO3HAYHOCTH OTHOCSTCS TE€OMETPUYECKHE YCJIOBHS, XapaKTepH3yIOliue pazMmepsl U (opmy
anmapara, B KOTOPOM IPOTEKaeT mpolecc; GU3MYECKUe CBOMCTBA CPeJibl; TPAHUYHBIE YCIIOBUS, XapaKTepH3YIOIIue
B3aHMOﬂeﬁCTBHH CpCabl ¢ T€IaMU, OTpaHUYUBAIOIIIUMU 06’])eM, B KOTOPOM MNPOTEKACT MPOLECC; HAYaJIbHBIC YCIIOBUA
CHCTEMBI, T.€. €¢ COCTOSHME B MOMEHT KOI'J]a HAUMHACTCS H3y4eHHe IpolLecca.

ITomoOue ycioBUH OJHO3HAUYHOCTH BKIIOYAET €OMETPHUYECKOE TOJ00UE ammapaToB, HoxoOue (HU3HIECKHX
BEJIMYMH, BpEMEHHOE TI01001e, MOA00He IPaHUYHbIX 1 HaYaIbHBIX yCIOBUH.

I'eomeTpHyeckoe Mo00Me anmapaToB 3aKIIFOYAeTCS B TOM, YTO OTHOLICHHE BCEX CXOACTBEHHBIX pa3MepoB
CPaBHMBACMbIX allapaToB SBJIACTCS BEIMYMHOW mNOCTOsSHHOW. Hampumep, ecnm naBa ammaparta (pucyHoOk 1)
TeOMETPUYECKHU MOJ00HBI, TO

H'/H"=h'/h"=D'/D"=d"/d"=K;;
OTKyJa
H'=H"- Kj; h'=h"-Kju t.1.,
rae K| — MacmrabHbIH K03 QUIIEHT TeOMETPHYECKOTO TIOA00HS.

Pucynox 1. 'eomerpndecku mogo0HbIE armaparsl

BpemenHoe nogodue 3aKiOYaeTCs B TOM, YTO OTHOLICHHE MEXJy HHTEpBaJaMH BPEMEHH 3aBEpIICHUS

aHaJIOTUYHBIX CTaJUM Ipoliecca COXpaHseTcs MOCTOSSHHBIM. Hanpumep, npooiKUTeIbHOCTh HarpeBa CMECH 10
TEMIIEpaTypbl KUAIMEHUS B IEPBOM allapaTe COCTaBISIET 7, a BO BTOPOM — 7 . IIpOgomKUTENHOCT UCTIApEHUS

OIIPEJIEICHHOTO KOJIMYECTBA BOJBI COCTABISIET cooTBeTcT!BeHHO 7 1 1. Tornla BpemeHHOE MOmOOHE MPOIIECCOB
2 2
Oynet XapaKT,e?H;;,oBaILq;I COOTHOULICHUEM . B
r [r'=r"Ir'=K., orkyma r = K; -r"; v =K, -1,
11 2 2 1 1 2 2
rie K; — MacmtaOHbIi MHOKHTEIb BpEMEHHOTO TTO100USL.
BpemMenHoe nmoo6re mpoIieccoB Ha3bIBaeTCS TOMOXPOHHOCTRIO. B ciyuae, kornma K; =1, umeet mecto
CHUHXPOHHOCTB HPOLIECCOB, SIBIISIOMIASCS YACTHBIM CIIy4aeM TOMOXPOHHOCTH.
IMonodue ¢pu3HUecKUX BEJTUYHH UMEET MECTO TPH COOJIIOICHUH IT'€OMETPHYECKOTO U BPEMEHHOT'O TOI00HS.
B sTOM Ciyuyae ropopsAT TakxkKe o 101061y nouei pusndeckux senuuuH. Hanpumep,
plp=p lp"=p"lp"=...=K; ,
112 2 2 2
OTKyZa ' AN 7 N X S L
Y p' =Ky p"; p'=K;-p" u 1. 1., uim W =y =g fp= =Ky,
1 1 2 2 11 2 2 2 2
OTKyJa i A 4
Y W =Ky ' ) =Ko mr.om,
1 1 2 2
rae p',\’— 3HAa4eHHs IUIOTHOCTH M BSI3KOCTH B MEPBOM M3 CPaBHMBAEMBIX IpOIEccoB; p',l"— TO e BO BTOPOM
mporecce; K, n Ky — MacmrabHpIe MHOKHTENN COOTBETCTBYIOMINX (M3NIECKUX BEIHUIUH (IUIOTHOCTH M BA3KOCTH),
HMEIOLINE CBOE YMCICHHOE 3HaYEeHHE I KaXXJ0H (PU3NUECKON BEINYHHBI.
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[Tonem ¢u3nyeckoil BeNWYMHBI HA3BIBAIOT COBOKYMHOCTh MIHOBEHHBIX JIOKQJIBHBIX 3HAYCHUH ATOM
BEJIMYMHEI BO BceM paboyeM 00beMe, B KOTOPOM MTPOTEKAET MPOoIecc.

IMonodme rpaHMYHBIX YCJHOBHIi 3aKNIOYae€TCS B TOM, YTO OTHOIICHHWE BCEX 3HAYCHUIH BEIMYHH,
XapaKTepU3yIOUIUX 3TU YCIOBHS, JJISI CXOJACTBEHHBIX TOYEK B CXOJICTBEHHbIE MOMEHTBHI BPEMEHH COXpaHSCeTCS
MIOCTOSIHHBIM.

ITonodue HayadbHBIX YCIOBHH O3HAYaeT, YTO B HAYAIbHBIH MOMEHT, KOTJAa HAYMHACTCS H3ydCHHUE
mporiecca, cobrogaeTcs mogooue monelt GU3NIECKNX BETHINH, XapaKTePU3YIOIINX MPoIiece.

Ecnu Bce mHaMBuAyanbHBIC NMPHU3HAKH Pa3IMYHBIX IPOIECCOB, BXOMIIINX B OIWH KJacc, MOXOOHBI, TO
MIPOLECCHl TaKXe MOAOOHBI, T.€. MOAOOHBIC IPOIECCH HPEACTABISIIOT COOOM OXWH IPOIECC, MPOTEKAIONIMH B
pasinuHbIX MaciiTabaX, TaKk KakK IOJOOHBIE TIPOLECCHl OMKMCBIBAIOTCS OJMHAKOBBIMU JHU(depeHIHaIbHbIMH
ypaBHEHHSIMH, a MHAUBHyaIbHbIE MPU3HAKH IPOLECCOB (yCIOBHE OJHO3HAYHOCTH) Pa3IMuatoTCsl MaCIITAOOM.

B KaXX10M HO[[O6HOM IpoHecce KOMIUICKCHI IICPEMEHHBIX BEJIMYMH MOTYT USMCHATHLCA B IPOCTPAHCTBE U BO
BPEMEHH, HO B JIOOBIX CXOJICTBEHHBIX TOYKax pabodero oObeMa B CXOACTBEHHBIC MOMEHTHI BPEMEHH 3TH
KOMIUIEKCHl IPUHUMAIOT OJHO M TO K€ 3Ha4deHHe. be3pasMepHbIe KOMIUIEKCHI, COCTABICHHBIE MO TaKOMY THILY,
Ha3bIBAIOTCA KPUTCPUAMU HO}IO6I/IH WK YuCJIaMUu HOI[O6I/I$I.

IMomyuenue kputepueB nompodus u3 IudQepeHIHaTbHOT0 YPaBHEHNS CBOANTCS K CICAYIONIMM OINEpaIusiM
[1]: 1) cocraBmsercst muddepeHnratpHOe ypaBHEHHE Tporiecca; 2) nuddepeHnraibHoe YpaBHCHIE IPUBOANUTCS K
0e3pa3MepHOMY BHJY JeJeHHEeM O0enX yacTeil ypaBHEHHS Ha NpaBYIO WM JIEBYIO YacTbh WJIM JIEJICHHEM BCEX
CllaraéMbIX Ha OJWH M3 YICHOB C YyYETOM €ro (hM3HYECKOTO CMbICTa; 3) BBIYEPKHUBAIOTCS CHMBOJIBI
i depennupopanust. CUMBOJIBI cTeneHed quddepeHranoB coxXpaHsroTcs.

Kpome kpurepueB mnomoOus, momydaeMbelX W3 AUGQEPEHINATBHBIX YpPaBHEHHH, HCIOJIB3YIOTCS TaKXkKe
napaMeTpUYecKie KPUTEPUH, MPEACTaBISIONNE cO00H OTHOIIEHHE JBYX OJXHOMMCHHBIX BEIWYHMH M BBITCKAIOIINE
HEMOCPEICTBEHHO U3 YCJOBUM 3a/auM MccienoBaHus. Hampumep, npu M3ydeHUM JABUKEHHS JKUIKOCTH B KaHale
npotrecc OyIeT 3aBUCETh OT COOTHOIIEHHUs JUIMHBI TpyOs! 1 auamerpa 1/d=I"1 (rme I' — reomerpuieckuii Kpurepuit
MoI00MsT), OTHOCUTENIBHON IIEpOXOBAaTOCTH M AuaMeTrpa TpyOel A/d=I"2. JIuHeWH®Id pa3Mep, BXOISLIUH B 3TH
KPUTEpUH MOJ00Ms, HA3bIBAETCS ONPENENSIONIMM pa3MepoM. Bce Kputepuu monodus MOXKHO pas3[einuTh Ha
ompeessonre 1 onpezesaseMble. Onpeesnsone KpUTEPUH COCTOST TOIBKO U3 (U3UUECKUX BEIMYHH, BXOMISIINX
B yCJIOBHUS 0JfHO3HauHOCTH. KpHTepun monodwus, B cocTaB KOTOPBIX BXOAWT XOTS OBl OJJHA BEIMYMHA, HE BXOASAIIAS
B YCJIOBHS OJJHO3HAYHOCTH, HAa3bIBAIOTCS OIPEACIIEMBIMH.

s obecniedenus moo0ust HEOOXOAMMO PABEHCTBO OTPEIENAIONINX KpUTepreB. PaBeHCTBO ONpeAeNomux
KPUTCPUEB HABJIACTCA JOCTATOYHBIM YCIOBUEM HOI[OGI/IH. OHpe}IeHHeMBIC KPUTEpUU ABJISAIOTCA OI[HOSHa‘-IHOﬁ
(byHKIMEH oTpenessIoIIX KPUTEPHEB.

IlepByio Teopemy mogodusi MOXHO (HOPMyYJIMPOBATH Tak: NMPH HOAOOMH HPOLECCOB PABHBI BCE KPUTEPHH
moao0us.

Bropasi Teopema mnonoousi (treopema Pdenepmana—bikuHremMa) yTBepXkJaeT, YTO PE3yIbTAThl OIBITOB
ClIelyeT TPEACTaBIISATh B BHJEC 3aBUCUMOCTEH MEXIy KpuTepusiMH. (DyHKIMOHANbHas 3aBUCHMOCTh MEXITY
KPUTEPHSIMU TIOH0OMS Ha3BIBAaeTCAd KPHUTEpUANbHBIM ypaBHeHHeM. KpurepuanbHbple ypaBHEHHUS OIMCBHIBAIOT BCIO
IpYyNITyHoZ00HBIX IPOLIECCOB.

Tperbsi Teopema monodmus (teopema M.B. KupnmueBa, A.A. I'yxmaHa) rnacuT, 4To KpUTepHaJbHbIE
yYpaBHEHHS TPUMEHUMBI TOJILKO JUIS ITOJJOOHBIX TPOIECCOB. SIBIEHUS MOX00HbI, €CIIN UX OINpPECISIONINe KPUTEPUH
YHCJIEHHO PABHBI, & CJICJ0BATEIILHO, PABHBI U ONPE/IeNIieMbIe KPUTEPHH.

B 3aknoueHne MOXKHO KOHCTATHPOBAaTh, YTO MCCIENIOBAHHE IPOLECCOB METOJOM TEOPHUH MOJO00UST COCTOUT
13 TIOJNyYeHHsT MaTEeMaTHYEeCKOTO OIMCaHMA Tpolecca ¢ MoMOIIpio aAnpdepeHnaIbHbIX YPaBHEHHH W YCIOBHH
O/THO3HAYHOCTH, TpeoOpa3oBaHus ATHX MU epeHINaIbHbIX ypaBHeHNH (nmn auddepeHInanrsHoro ypaBHEeHNU),
Kak II0Ka3aHO BBIIIE, B KPUTEPUAIbHOE YPAaBHEHHWE W HaXOXICHMS KOHKPETHOTO BHJA 3TOr0 ypaBHEHHs Ha
OCHOBaHHMH SKCHEPUMEHTAIBHOT0 H3YUEHHs TIpoliecca.

3 MeTonx aHa W32 pa3MepHOCTei

IIpn n3yyeHNH MHOTHX CIIOXHBIX HMPOLIECCOB, HAMPUMEP TEIIOMACCOOOMEHHBIX IPOIECCOB B MOTOKaX, HE
BCeraa yaaeTcs COCTaBUTh A epeHInaIbHOe ypaBHEHNE, ONMCHIBAONIEE TIPOLecC, U CPOPMYINPOBATh YCIOBUS
OJIHO3HAYHOCTH, TI03TOMY HEBO3MO)KHO IIPUMEHUTH U TEOPHIO TOA00US.

B cmywasx, xorma He ygaercst c(OpMYJIHPOBATh YCIOBHE OJHO3HAYHOCTH M BBIICIHTH ONPENEISIONIUE U
orpeersieMble KpUTEPUH, HO IIPH YCIIOBHH, YTO B PE3YJIbTaTE SKCIIEPUMEHTAILHOTO U3y4YeHUs IIPOLiecca N3BECTHO,
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Kakue (M3MYECKHe BEIMYMHBI OKa3bIBAIOT CYIIECTBEHHOE BIMSHME Ha MPOLECC, AJSI TOIYyYeHUS! KPUTEPHAIbHBIX
ypaBHEHUI IPUMEHSAIOT METOJ aHaJIu3a pa3MepHOCTeil.

PaccmMoTpuM npuMeEHEHHE MeTojla aHajiu3a pa3MEepHOCTeHl [UIs BBIBOJA KPUTEPUAIBHBIX YPAaBHEHUH Ha
npuMepe nonydeHus ypasHenus Japcu — Beiicbaxa [1].

Ha ocHOBaHNM 3KCIIEPUMEHTAJIBHOTO U3Yy4YEHHUS MPOLEcca TEUSHHUS KUIKOCTH B TPYOOIIPOBOJE U3BECTHO, YTO
nepernaj JaBJICHHUsl 3aBUCHT OT AMAaMETpa W JJIMHBI TPyOONpOBOAA, INIOTHOCTH, BSI3KOCTH M CKOPOCTH TEUCHHMS
xuaKocTH. DyHKIMOHAIbHAS 3aBUCUMOCTD B O0IIIEM BHUJIE 3alUILIETCS TaK:

Ap=1(d, Lp,u,v) .

Enuannel m3MepeHus BCeX BEIMUYHMH, BXOMSMIMX B 3Ty (YHKIHOHAJIBHYIO 3aBHCHUMOCTB, JIOJDKHBI OBITH
BBIpaKEHBI B OIHOM cucTeme. KomnmuecTBO KpUTepUeB B HICKOMOM KPHUTEPHATbHOM YpaBHEHHH MOKHO ONpEAEIUTh
NpU TIOMOIM TeopeMbl BbokuHrema, Tak Ha3bIBAEMOW T - TEOPEMBI, COTJIACHO KOTOPOH oOmas (QpyHKIHMOHAIIbHAS
3aBUCHMOCTb, CBS3bIBAIOLIAast MEXIy cOOOW N MepeMEHHBIX BEJIMYHH, IPU COCTABICHUH KOTOPBIX UCIOJIb30BAHBI T
MEPBUYHBIX CIIUHUI] U3MEPEHUS, MOXKET OBITh INPEJCTaBlICHa B BHUJIE KPUTEPUAIbHOW 3aBUCHUMOCTH Mexny (n—t)
KpUTEpHSIMU TOA00Ms MK Oe3pa3sMEpHBIMH KOMIUIEKCAMH, COCTaBICHHBIMH M3 BEIMYHUH, BXOAALINX B OOIIyIO
(YHKIIMOHAIBHYIO 3aBUCUMOCTb.

B npuBesneHHy0 Bhllle ()YHKIMOHAJIBHYIO 3aBUCUMOCTh BXOJST IIECTh BeJIM4HH (n =6), kotopsle B cucreme CU
UMEIOT CIIEIYIOIIME €IMHULIBI U3MePeRHs M pasmepHocTh: [Ap] = [H/m2] = [kr/(m-c?)] = [FL1T?]; [d] = [m] = [L];
[1] = [m] = [L]; [p] = [x0/] = [FL]; [u] = [H-e/m?] = [ir/(wc)] = [FLET; [V] = [w/c] = [LT].

IIpu cocTaBieHUH 3THX pa3MEpPHOCTEH HCIOJIB30BaHBI TPHU NMEPBUYHBIC €IUHUIBI U3MepeHus (T = 3): M, c, KT.
CrenoBartenbHO, COTJIACHO T-TeopeMe oOmias (QyHKIMOHaJIbHAS 3aBUCHMOCTh MOXKET OBITH NpEJCTaBlieHa B BUJIE
KPUTEPHAIHHOTO YpaBHEHH:, coAepIKamero N-t = 6 — 3=3 kpurepust nogo0us.

IMpeacraBum o0mIyI0 QyHKINOHAIBHYIO 3aBUCHMOCTh B BUIE€ CTEIIEHHOH (DyHKINH
Ap = Ad? |prHer

3aMeHUM BeJTHYHHBI (OPMYJIAaMU Pa3MEPHOCTEH ITHX BEJINYMH:

[FLAT?] = [L* [LIP[FLEI[FLAT LT )¢

PackpsIB ckoOKH, TIOTyYHM
FL-1T-2 = |atb-3c-e+k Fcte T-e-k,
[TpupaBHsieM MoKa3aTenn CTEIEHEeH NPH OJMHAKOBBIX CHMBOJAX Pa3MEPHOCTEH W MOJYYMM TPH YPABHEHHS C

IIATHI0 HEN3BECTHBIMHU:

-l1=a+b-3c-e+k

l=c+e

2=-e-k
W3 Broporo ypaBHenus ¢ = 1 — e, a u3 Tpetbero k = 2 — e. ITocie moactaHoBku ¢ 1 K B IIepBoe ypaBHEHHE TOTYIUM
a=-b-e.
[NonyueHHbIe 3HaYeHU a, ¢ ¥ K MOJCTaBMM B HCXOIHOE YpaBHEHHE:

Ap = Adb-e |bp1»ep_eV2—e
CrpynnupyeM BEeTHYHHBI [0 II0KA3aTesAM CTEICHEeH U MOJyYUM KpUTEPHAIIbHOE YpaBHEHHE B BUJIC

Ap b ., \e b e

_2=A(§ (L) wm Eu=A-T1 -Re

pv d ldp
rae Eu — xpurepnii Diinepa; I1 — mapamerpudeckuii kpurepwuii; Re — kputepwuii PeitHonbaca.

IocrostHHBIE A, b M € onpenensoTess Ha OCHOBaHMH dKcnepruMenTa. [Ipuyem
N3BECTHO, 4TO b= 1, a A 1 € 3aBHCAT OT peKrMa JIBIKEHHUS JKHJIKOCTH B TpyOOmpo-

BOJIE.
4. UnaocTpaTuBHBINA MaTepuaJ: Bupryanbsabie cteHapl. [Inakatel ¢ n300pakeHUIMI OCHOBHBIX aIllapaToB

5. Jlureparypa:

OcHoBHas:

1) B.U. Yyemos, E.B. I'mamgyx, 1.B. Caiiko. TexHomor#s JIEKapCTB MPOMBIILIEHHOTO pon3BocTea. Y. 1. — Bunnunma: Hoa
kHura, 2014. -696 c.

2) B.W. Yyemos, E.B. I'maxyx, .B. Caiiko. TeXHOJOTHsI JIEKapCTB MIPOMBIILICHHOTO rpou3BocTea. . 2. —Bunnnua: Hosa
kHura, 2014. -664 c.

3)  Ipomsinuiennas rexHonorus tekapets, Tom 1. [Tox pex. Uyenrosa B.U. — X.: MTK-Kuwura, Usnatensctea HOAY, 2002
—-560c.

4)  TIpomslnuieHHas TexHONIOrUs ekapets, Tom 2. Tlox pen. Yyemosa B.M. — X.: MTK-Kuura, U3natenscrsa HOAY, 2002
—557c.

5)  Manriep C. H. IIpoueccs! 1 anmnaparbl XUMHYECKON TexHOJIoruH : yuebHoe nocobue / C. H. Mantiep,I’. M.
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XKymanasaposa. - MunucrepctBo oOpasoBaust 1 Haykn Pecriyonnku Kasaxcran. - Anmatet : "bacray", 2018. - 256 ¢

6)  Merraepckuit FO.U Tporeccsr i anmaparsl XUMUuecKoi Texuonorun: B xyx tomax / FO.U [lprtHepckuit. — M.: AnbsiHe,
2015.—368 c.

7)  Jprreepeknii, F0.11. OcHOBHBIE IIPOLIECCH U ANapaThl XUMUYECKOM TeXHOIOrHy: ITocobue 1o IPOeKTHPOBAHHIO:
VuyebHoe nocobue mst By3os / FO. 1. [lsitHepckuid, [.C. Bopucos, B Bpeikos. - M.: Anbsnc, 2015. - 496 c.

8)  Kacatkuu A.I'. OCHOBHBIE POLIECCHI U alNapaThl XUMIUYECKOM TeXHOIOrun: Y4eOHuK s By3os / A.I'. Kacatkus. - M.
Anbsiac, 2014. - 752 c.

9)  Ocrpukos A.H. [Ipoueccsl u anmapatsl. Pacuer 1 poeKTHpOBaHKE aIapaToB [Uisk TEIUIOBBIX M TEIIOMAcCOOOMEHHBIX
nporteccoB: YuebHoe mocobue / A.H. Octpukos, B.H. Bacuienko u 1p. - CII6.: Jlaus, 2018. - 440 c.

10) Aunekcees, [.B. BupryaibHblii 1a00paTopHBIii IPakTHKYM 110 Kypcy «I[IpoLeccsl u anmnaparsl MULIEBbIX IPOM3BOJCTBY:
Vu. [Tocobue / T'.B. Anekcees, U.1.

JOIIOJITHUTEJ/IbHAA:

11) Tlnakcun FO.M., Manaxos H.H., Jlapun B.A. [Tponeccsl 1 anmnaparsl nuiieBbix mpou3soacts. — M.: KonocC, 2008. — 760
c.

12) Kaseukwii I'.J]. [Ipouecce u annapatsl nuiieBoi Texuonoruu. - M.: Komoc, 2000.

13) TIlaBnoe K.®., Pomankos I1.I'., HockoB A.A. [Iprmepsl U 3aa4H 110 KYpCy HPOLIECCOB U alIapaToB XUMHYECKOH
TexHonoruu - JI.: Xumus, 1987

14) Tocynapcreennas ®apmakornest Pecybnmku Kasaxcran. — tom 1 — Anmarsr. — M3gatensckuii gom: «Kubek sxompi».—
2008.—592 c.

15) TocymapcrBennas @apmakorest Pecryomikn Kazaxcran.— Tom 2. — Anmarsl.— Uznatensckuit mom: «Knubek sxoimbi».—
2009. - 792 c.

16) Carbinapikosa b.A. Jlopinepain enaipictik texsosnorusco.— Anmarsl.—2011.— 346 6.

17) Ax6epaues O.C. Tamax enaipiciii npouectepi oHe anmnaparrapbl, Anmarsl; 1998 x.

6. KonTpoabHbie Bopocsl (00paTHasi CBSI3b)
1. Yro Takoe MaTeMaTHIECKOE M PU3NIECKOE MOIEIUPOBaHIE?
2. Yto Takoe mose GU3nIeCcKON BETHIUHBI?
3. B kakoM citydae UCII0JIb3yeTCst TEOPHSI ITOX00HS IS MOISINPOBAHHUS TIPOIIECCOB?
4. Chopmymupyiite | TeopeMy momgoows.
5. Cpopmymupyiite |l Teopemy momgoows.
6. Chopmymupyiire |11 Teopemy momodusi.
7. B KakoM city4ae HCIOJIb3yeTCsl METO]] aHaJIn3a pa3sMepHOCTEeH?

Jlexkuus Ne 5
1. Tema S: I'mapaBandecKkoe cCONPOTHBIIEHNE TPYOONPOBOIOB.
2. Hean: OmpeneneHue THAPABIMYSCKHX COMPOTHBICHHH TPYOOIPOBOAOB, M3YYCHHUE OCAKIACHUE YACTHUIIBI TIOJ
HeﬁCTBHeM CHIJIbI TSXKECTH.
3. Te3uChI JIEKIMH:

1) TwuapaBiauYecKue COMPOTHUBICHHUE TPYOOIPOBOIOB IPH IAMHHAPHOM TEUCHUH KHIKOCTEH.

2) TuapaBmuueckue COMPOTUBIIEHHE TPYOOIPOBOIOB MPU TypPOYJIEHTHOM TEUEHHH JKHIKOCTEH.

3) OcaxeHne YacTHIIbI IO/ ICHCTBUEM CHITBI TSXKECTH.
Kpatkoe coaep:kanue jJekuumu
T'uapaBjHYecKne CONPOTUBIICHUS B TPYOONPOBOAAX.
ITotepy B TpyOompoBojge B 00mEeM ciydae OOYCIABIMBAIOTCS CONPOTHUBICHHEM TPEHUS W  MECTHBIMHU
conporuBieHUsIMA. CONPOTUBIICHUE TPEHHS CYIIECTBYET NPU JBIKCHHUU PEANbHOW XHUIKOCTH O BCEH UIMHE
TpyOOIPOBO/IA ¥ HA €TO BEJIMYMHY OKA3bIBACT BIUSHHUE PEKUM TCUCHUS KUAIKOCTH.
MecTHBIE COTIPOTHBIICHUS BOSHUKAIOT MPH JFOOBIX U3MEHEHUSIX CKOPOCTH MOTOKA 110 BEIMYHUHE U 110 HAMIPABICHHUIO.
K ux 4mciy OTHOCATCS BXOA M BBIXOA B TPYOY JKHIKOCTH, CYKCHHS W PacIIUpEHHs TPYyO, OTBOIBI, KOJCHA,
TPONUHUKH U PETYIUPYIOIINE YCTpoiicTBa. [l0TepssHHBII HATIOP SBIISIETCSI CyMMOM JBYX ClIaracMbIX:

hF: hTP+ h,w.c. (252)
CornacHo ypaBHeHHI0 bepHysm, mis ropusoHTanbHOro Tpydomnposoga ( Z1 =2 2) (0 | = W , ) HAMOp, TepAEMBbIit
Ha TPCHHUE
_Pi-P> _AP
hp =———=

PY PY
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Otcriona AP = hy, pg
IIpu mamuHapHOM IIBg)EeAHFI)/II/I pacxo )KMJIKOCTH onpeaeinsercs ypasHeHueM [lyazeinst:
T

VceK - (253)
128ul
H nd ?
Honcrapnss 3uaucane AP nzamenus Veoe H2 © S = - , TIOJTY UM
nd?2 nd 4 pgh
O — P
4 128ul
rae | u d — nnuma u nuamerp Tpy6wL
Orcroia, ocle coKpanienns Haxoaum Ny p
h = 320!
P ogd?
yMHO)Kaﬂ YUCJIUTECJIb U 3HAMCHATCJIb HA 2()), HOquHM:
_64u | o’ 64 1_o0?
" pdw ¢ 2n Re d 2g
Takum 06pazom, Ipu NAMUHADHOM JIBIDKCHHI 110 KpyTJI0ii TpyGe:
L8 e (2554)

P = R ' .
e d 29
BenuunHy, noka3blBalOLy0 BO CKOJIBKO pa3 MOTEPSIHHBIM Ha TPEHUE OTJIMYAETCA OT CKOPOCTHOIO HAIopa,
Ha3LIBa}%T41<03(1)¢)I/IuHeHT0M conpoTuBieHus TpeHus Crp, a

=k — K03(h(pUIMEHT TpEeHHS (2.55)
Re I
IMosTomy £ 7=\ (2.56)
P
d

CrenoBarenbHoO, ypaBHenue (2.54) MoxeT ObITh 3aITUCAHO B BHIE:

2
hpp=Crp m_:kl_.mz

=2 (2.57)
29 d 29
v juis AP, (¢ yuetom, uto AP = pgh;,)
l 2
—hc. PO
AP7tp —— (2.58)
d 57
JI71s1 KBaJIpaTHOTO CeueHns A = _
&e
JIJIsl KOJIBIIEBOTO CeUeHMs A =
Re
IIpu TypOyIeHTHOM JBMKEHHH [I TIaIKHX TPYO
0,316
L =0316Re0?® = 2= (2.59)

YRe

AGcomoTHas 1EpOX0oBaTtocTh A  TIpencTaBiIsSeT cO0OH CPENHION BBICOTY — BBICTYNIOB HIEPOXOBATOCTH  Ha
BHYTpPEHHEH MOBepXHOCTH TpyO. OTHOCHTENBbHAs IIEPOXOBATOCTH € BBIPAXKAETCS OTHOIICHHEM a0CONFOTHOM
mepoxosaroctd A k suameTpy TpyOBI:
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JIeKIIMOHHBIN KOMIIIECKC

Coiikec HOMEDI
64 6etTig 20
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A
_ (2.60)

d
J1s Bcex obmaceit Typ6§ITHFIHQFO HB{P%(W nqueHHMo yp?ZB%ef;He:

& =

N |E37 |\Re|) U

HOTepI/I Hanopa B MCCTHBIX COIPOTUBIICHHAX TAKIKC BbIpaKarOT 4C€pe3 CKOpOCTHOfI Harop. OTtHomeHNe NOTepU

2
Harmopa Ha MECTHOM comnpoTuBieHud h, . X CKOPOCTHOMY HAIOpy

29
CONPOTHUBJICHUA C_,M‘c‘ CJ'Ie,HOBaTCHBHO, JUIA Pa3JIMYHBIX MCECTHBIX COHpOTHBHCHHﬁ: h Mm.c.1
2 2
h.w.c.Z 3 C M.c.2 @ ; h.u.c.3 e C Mm.c.3 O ;
29 249
WM CyMMapHas 41 BCEX hM_c,
» 2
ve= 280 59 (2.62)

OO0mas norepst Hanopa C y4eToM BblpanceHHﬁ (wm () MOXeET OBITh PE/ICTABIICHA B BUJIE:

h —crp + D G 5= = ZC (2.63)

Taxum o6pazom, FOT?p?I Haropa Hax?&nzrcsl o ypaBHeHI/IIOZ

hy = L?\, iy + ZC MC)LZg (2.64)

—— HAa3bIBAIOT KOI(PQPHUIMEHTOM MECTHOTO

2

_C ®

Mo.c.l

29
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ToTeps naBieHus (C Y4ETOM TOTO, ?TO lAP pg / ?\n ),
£, —Ik +Zcm (2:65)

OcaxxneHue 4YacTHIl N0J1 J_'[eﬁCTBneM CHJIBI TSIZKECTH

CKOpoOCTb, KOTJla YCKOPEHHUE JIBUKEHHS YaCTULIBI B CPEIE PABHO HYIIO U YACTHIIA ABMXKETCS C MOCTOSHHOM
CKOPOCTBI0, HAa3bIBAETCSI CKOPOCTHIO OCAXKACHHUS.

Cuna, IBIKYIIAS MApo00pasHyo YaCTHILy JUaMeTpoM O, BEIpaKaeTcst pa3HOCTBI0 MEKAY €€ BECOM U
BBITAJIKUBAIOIIEH apXUMELOBOM CUIIOH, paBHOM BGC% >a<gmlcocm.

—9(pr— pac)
6

Cuna COIIPOTUBJICHUA CPEABI MOKET OBITH BBIpaXK€HA a}?BHeHI/IEM 3aKOHa COIIPOTUBJICHUA:

R=¢ QY- &

2
YCIIOBYs PABEHCTBA CHIL: >
: o agd(pr — pw)
T — Poe
g(pT — Pac ) ex . € orkynga Woc =
6 4 2 3Cp
DKCIEPUMEHTATBHO YCTAHOBJIEHO, YTO KOAPMUIMEHT COMPOTUBIICHHS HMEET CIIETYIOIIHNE 3HAYECHUSI
npu Re <2
24
§= e
npu 2 < Re <500
_ 185
"; Re0.6
a mpu 500 < Re < 150 000 Benuunna k03¢ HHUIHEHTa CONPOTUBIICHUS CTAHOBUTCS MTOCTOSHHOM U PaBHOM
& =0,44.
17 =
N
w* A'S
w H
N / \\
Vs PN
ﬁr}: TR
% V4 N 1
§ asor, =044
o ok 2 TN -
Tpoeng i sanon =280 1T S
7 [ OO T e 110 T
§ § 8 3 S % % % % OBH
S Re

Pucynox 5.1 3aBucumocts ko3 durmenta conpoTuBiIeHus ot yncia PeitHonbaca.

4. NnaocTpaTuBHBINA MaTepuas: BupryanbHabie creHzpl. [Inakatsl ¢ n300paxeHUSIMI OCHOBHBIX aIlliapaToB
5. Jlureparypa:

OcHoBHas:
1) B.U. Yyewos, E.B. I'manyx, .B. Caiiko. TexHOJIOTHs JIeKapCTB MPOMBILIIEHHOro pon3Bo/cTa. Y. 1. — Bunnnua: Hosa
kuwra, 2014. -696 c.

2) B.W. Yyewmios, E.B. I'manyx, 1.B. Caiiko. TeXHOJOTHsI JIEKapCTB IPOMBIILICHHOTO por3BojacTea. . 2. —Bunauna: Hosa
kuwra, 2014. -664 c.

3)  IIpomsiuuienHas Texuonorus gexapers, Tom 1. ITox pea. Yyemosa B.1. — X.: MTK-Kuura, U3narenscrea HOAY, 2002
—560 c.

4)  IlpomsinuieHHas TexHOMIOrHs tekapcts, Tom 2. ITox pen. Uyeniosa B.U. — X.: MTK-Kuura, U3gatensctea HOAY, 2002
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—557c.

5)  Manmep C. H. Ilpomeccs! 1 anmaparsl XHMHYECKOI TeXHOIOTHH : yueOHoe mocobue / C. H. Mantiep,I'. M.
Xymanasaposa. - MunnctepcTBo 0OpasoBanus u Hayku Pecry6nnku Kasaxcran. - AnMartsi : "Bacray", 2018. - 256 ¢

6)  Hderraepckuii 0.1 Tpomeccs! i anmapatsl XuMuaeckoi Texuonorun: B nyx tomax / FO.U JlprrHepckuit. — M.: AnbsiHe,
2015.—368 c.

7)  Jpiteepcknii, F0.M1. OcHOBHBIE IIPOLIECCH U ANapaThl XUMUYIECKO# TexHOomoruy: IIocobre mo IpoeKTHPOBAHHIO:
VuebHoe nocobue mst By30s / O.1. [IsrtHepckuii, I'.C. Bopucos, B Bpeikos. - M.: Anbsiac, 2015. - 496 c.

8)  Kacatkun A.I'. OCHOBHbIE MPOLIECCHI M ANAPAThl XMMHUYIECKOM TEXHOIOTHU: YueOHuK Juist By30B / A.I'. Kacarkun. - M.:
Anbsiac, 2014, - 752 c.

9)  Ocrpukos A.H. [Ipoueccsl u anmnaparsl. Pacuer u IpoeKTHPOBAHKE ANapaToB ISk TEIUIOBBIX M TEILIOMACCOOOMEHHBIX
nporieccoB: YueOHoe mocobue / A.H. Octpukos, B.H. Bacuienko u mp. - CII6.: Jlans, 2018. - 440 c.

10) Aunekcees, [.B. BupryanbHblii 1a60paTopHbIii IpakTHKYM 110 Kypcy «IIpoliecchl 1 annaparsl HUIIEBbIX IIPOU3BOICTBY:
Vu. ITocobue / T'.B. Anexcees, U.W.

JOIMOJIHUTC/IbHAA

11) TIInakcun }0.M., Manaxos H.H., JTlapuu B.A. TIporiecch 1 arnmapars! MHIIEBBIX Mpou3BoacTB. — M.: KomocC, 2008. — 760
c.

12) Kaseukwuii I'.J]. TIponeccs! 1 anmapats! nuieBoi Texaonoruu. - M.: Komoc, 2000.

13) Tlanos K.®., Pomankos IL.I"., HockoB A.A. [Ipumepbl 1 3ajauu 110 KypCy MPOLECCOB U aNapaTOB XUMHYECKOM
TexHonoruu - JI.: Xumus, 1987

14) Tocynapcteennas ®apmakones Pecnyonuku Kasaxcran. — tom 1 — Anmvarsl. — U3natensekuii gom: «Kubek sxoibi».—
2008.—592 c.

15) Tocynapcreennas ®apmakornest Pecriybnvkn Kasaxcran.— tom 2. — Anmatel.— Uzpatensckuii gom: «KuOex xombi».—
2009. - 792 c.

16) CarpigpikoBa b.A. Jlopinepain enaipictik texsosoruscol.— Anmmarsl.—2011.— 346 6.

17)  AxGepaues O.C. Tamax eHzipiciiH mpouectepi jxoHe armaparrapsl, Anmarsr; 1998 x.

6. KonTpoabHbie BOIPOCHI (00paTHasI CBSI3b)
1) Kak paccuuThiBaroT KO3 GHIMEHT THAPABIAYECKOTO COMPOTUBIICHHUS?
2) Ilepeuuncnute GakTOPhI, OT KOTOPBIX 3aBUCHT KOI(DPUIIMEHT THAPABIMIECCKOTO
COIIPOTHBIICHHSI.
3) Kak onpenenuts KO3QQUIUESHT MECTHOTO COMPOTHUBIICHUS?
4)  3Banuumre ypaBuenue [lapcu — Beiicbaxa.
5)  Kakue cuiibl JEWCTBYIOT Ha OCAXKIAIOILYIOCS YaCTHINY?

Jlexkuust Ne 6
1. Tema 6: C'napoanHaMUKa KUNSIUIUX (TMCEBAOOKUKEHHBIX) 3¢PHUCTBIX CJIOEB.
2. Heab: O3HAKOMUTBCA C JJIEMEHTaMH THIPOJMHAMHMKM JByX(pa3HbIX TOTOKOB M ammaparamu C
IICEBAOOKMKXCHHBIMU CJIOSIMH.
3. Te3ucel Jekuum:
4, du3ndecKrue OCHOBBI TICEBAOOXKNXKCHHUS.
5. Anmapartsl ¢ ICEBI00KIKEHHBIM CII0EM.
Kpartkoe cogep:xanue JeKIHH
[IceBnoOXKMKEHHBIM Ha3bIBAIOT TAKOE COCTOSHUE ABYX(a3HOH CHCTEMBI, KOT/Ia TBEP/AbIE YaCTHIIBI IEPEMEIAI0TCS
OTHOCHTENFHO JAPYT Jpyra 3a CUeT IOJBOAA DHEPIHM OT KAaKoro JMOO MCTOYHMKA. [ICeBIOOKM)KEHHBIH CIION
oOpasyeTrcst IpH BOCXOASAIIEM JIBIDKCHHH OXKIDKAIOIIETo areHra (Ta3a WM SKUJIKOCTH) 4Yepe3 CJIOH 3epHUCTOrO
MaTepHaja co CKOPOCTBIO, IO3BOJISIONIEH MOIIep )KUBATh CIIOW MaTepraia BO B3BEIIICHHOM COCTOSIHUH.
®u3nyecKHe 0CHOBBI IICEBI00KHKEHHS M pac4yeTHbIe (hOPMYJIbI
Paccmotpum 0Opa3oBaHue NCEBIOOKIKEHHOTO clos. B BepTHkanbsHOM anmapare (pucyHOK 1), cHaOXEeHHOM
MOTIepEeYHOH MepPOpPUPOBAHHON ra30pacpeeTUTENbHON PEIIETKOM, TOMEIIEeH CJIOH TOHKOIUCIIEPCHOTO TBEPIOrO
MaTtepuana. OXXMXKAIOWUM areHT — ra3 MOJAeTCsl B HIKHIOI 4YacTh ammapaTa MOJ Ta30paclpefeIuTeNbHYIO
pemetky. [lepenan naBienus B cioe u3MepseTcs A pepeHnaIbHBIM MAHOMETPOM.
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Pucynok 1. Anmapar asst ICeBI00KHKESHHUS. Pucynoxk 2. Kpuas 11ceBI00KKESHUSA
1 — kopmyc; 2 — neppopupoBaHHAs PEIICTKA;
3 — MaHOMETp

Cocrosiuue aByx(}a3HOil CHCTEMbl HAINISAHO M300pakacTcss B BHAC KPUBOM ICEBIOOKMKEHHUs (PUCYHOK 2). Dta
KpHBasi BBIpa)KaeT 3aBUCUMOCTB IIepernaia JaBJIeHus B CJIoe Ap OT CKOPOCTH 0XKMXKAIOILEro areHra V

Ap .
= ).
HO
rae Ho — BpIcOTa HEMOJABUKHOTO CIIOS, M.

IIpy HEBBICOKMX CKOpPOCTAX Ta3za CJIOH 3€pHUCTOr0 MaTepHajga Ha pEIIETKE OCTaeTCsd HEMOABHKHBIM,
MIPOMCXOUT (pribTpanms rasa uepe3 cinoil (kpusast OK Ha pucynke 2). C yBenHyeHHEM CKOPOCTH Tra3a Ieperasn
JIABIICHUSI B CIO€ BO3PACTAeT U B ONPEACICHHBIM MOMEHT Macca 36pHUCTOr0 MaTepuana B CJIO€ ypaBHOBEIINBAETCS
a’pOJIMHAMUYECKAM JaBICHHEM IIOTOKa Ta3a — HACTyNaeT a’poJMHAMHUYECKoe paBHOBecue. B  ycrnoBumsx
a’pOJIMHAMUYECKOT0 PaBHOBECHS HAUMHAETCS B3aMMHOE IyJIbCALIMOHHOE NepeMenieHne yactull. M3mom B Touke K1
COOTBETCTBYET II€PEXO0/ly HETIOJBIKHOTO CJIOSl B IICEBIOOXKIDKEHHOE cocTostHue. AbGcmucca Toukn K1 ompenenser
CKOpPOCTb Ta3a, MPH KOTOPOH HAUYMHAETCA ICEBJOOXKIKEHHE, a OpAMHATa — Mepemaj NaBICHUS B JTOH TOUKe.
CkopocTp raza (KMAKOCTH) Vo, NPH KOTOPOH CIIOH 3EpHHUCTOrO MaTepHaja IEpPEeXOAWT B IICEBIOOKIKEHHOE
COCTOSIHHE, Ha3bIBAE€TCS CKOPOCTHIO Hadaja IICEBAOOXKIDKEHHS (MEepBOW KPHUTHYECKOH ckopocThio). [lpu
JaTbHEeHIeM YBEJIMYSHUN CKOPOCTH Tra3a CJION pacIupsieTcs, ”HTEHCUBHOCTh IIEpEeMEIINBAHUS YacTUI] BO3PACTAET,
HO Ilepenaj [JaBieHMsI OCTAeTCsl NOCTOSHHBIM. [Ipu ompeneneHHOW, Tak Ha3bIBA€MOM BTOPOH KpUTHYECKOU
CKOPOCTU V,, WJIH CKOPOCTU YHOca (BUTaHMA), THIPOAMHAMHUYECKOE PAaBHOBECHE HapylIaeTcsl. JTa CKOPOCTb
SIBIISIETCA BEPXHHUM IPEAEIOM CYIIECTBOBAHUS MCEBAOOKIKEHHOT0 cnosl. IIpu v> v, yacTuibl yHOCSTCSA U3 CHOS, B
pe3ysbTaTe 3TOr0 CHMYKAETCS UX MACCOBOE KOJIMYECTBO M YMEHbIIAETCS 3HEPIHs, HeoOxoanmas Ul ToAepKaHus
TBepA0oil (a3pl BO B3BEHIICHHOM COCTOSHMM, HAcTyIaeT SBICHHE ITHEBMOTpaHcIopTa. PeanbHas Kpuas
NICEBAOOKIDKEHUST HECKOIBbKO OTIMYAETCs OT HAeanbHOM. [l pealbHOM KPHBOH XapaKTepHO HalU4YUE IHKa
naBieHuss Ap, B MOMEHT IMepexoaa B TCEBAOOKIKEHHOE cocTosiHue (Touka K), KOTOphIH 0OBSICHIETCS 3aTpaToi
JIOTIONTHUTENBHOM dHepruu (Tepenasa TaBieHHs Apg) Ha TMPEOJOJCHHE CHII CIEIUICHHS MEXIY YaCTHUIAMH.
BennunHa nuka naBiieHNs 3aBUCHT OT (OPMBI M COCTOSTHUSI MOBEPXHOCTH YacTull. OTHOLIeHNe pabodel CKOpOCTH K
CKOpOCTH Havaja TceBaooximkeHus W=V/V, Ha3bIBaeTCs YUCIOM MCEBIOOKIKEHHs. UHCIIO TCEBIOOKIKESHHS
XapaKTepU3yeT COCTOSIHHE IICEBJOOXKIDKEHHOTO CJIOSI M HMHTEHCHBHOCTH TIEPEMENIMBAHUS YACTHII B HEM.
XapaKTEepUCTUKHU TICEBIOOKIDKEHHOTO CIIOSI 3aBHCAT OT YHCIA IICEBIOOXKIDKEHUs. IIceBIOOKIKeHNEe €08 MOXKET
OBITH OJTHOPOAHBIM M HEOJAHOPOAHBIM. [I711 HEOTHOPOAHOTO TICEBIOOKIKEHHOTO CII0S XapaKTepHO HATHYHNE B CII0E
ra30BbIX IMy3bIpe (pucyHOK 3). IIpu HeOOMBIINX YHCIaX MCEBIOOKIKEHNS HEOTHOPOJHOCTH CIIOSI HE CKa3bIBAETCS
OTPHUIIATEIFHO HAa €r0 XapaKTepUCTHKax. J[BWKyIIHWecs Tra3oBBIE ITy3BIpH HHTEHCH(DHUIHPYIOT IEpeMEIINBaHHE
yactuly B cioe. OAHAKO NpU yBEIHMUEHHM 4YHUCIA IICEBJOOXKMKEHHUS HEOJHOPOIHOCTb CIOS BO3PACTAET:
YBEJIMYMBACTCSL pa3Mep Iy3bIpei, 1 HAYMHAETCSl MHTEHCHBHBIH BHIOpOC (YHOC) yacTuI M3 ciost. [lonepeynsiii




ONTUSTIK QAZAQSTAN
MEDISINA

AKADEMIASY
«OHTyCTiK KazakcTaH MeanuuHa akapemuscol» AK

SOUTH KAZAKHSTAN

MEDICAL

ACADEMY

AO «HOxHo-KasaxcTaHcKass MEAVILUVHCKAsST aKaieMus»

Kadenpa nHxeHepHBIX AUCHUILTUH Calikec Homepi

JIEKIIMOHHBIN KOMIIIEKC 64 GerriH 24

oerTi

pa3Mmep my3bIpell TOocTUTaeT pasMepa ammapara. Bo3HHMKaeT Tak Ha3bIBacMbIi MOPIIHEBOW PEXKHUM, MPU KOTOPOM
YXYIIIAeTCs] PABHOMEPHOCTh KOHTaKTa MEXIy ra30M W yacTHinamu marepuana. [Ipu ra3oBoM IICEBIO0KMKECHHN
0COOCHHO BJIAYKHBIX, MEITKAX W CIIMMAIOIINXCS JaCTHII MOKET TakXKe HaOIroAaThCs KaHajooOpa3oBaHHE (PHUCYHOK
4), Ipu KOTPOM YaCTh ra3a «IpOCKakuBaeT» 4depe3 cioi. [IpepenbHbIM ciydaeM KaHAI00Opa30BaHUS SIBISCTCS

oOpaszoBanue (oHTaHUpYOMmeEro cios. IIpu GoHTaHMpOBaHWK MOTOK Ta3a (WM JKUAKOCTH) IPOPBIBACTCS dYepe3
CJIOH TI0 KaHaJly, BO3HUKAIOIIEMY BOJIM3U OCH arapara.
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Pucynox 3. CTpykTypa HEOAHOPOA- Pucynok 4. KananooGpa3oBaHue B ciioe

HOI'0 IICCBAO0XHKXCHHOTI'O CJIOA

Pa3nuuaroT nceBIo0KMKEHHE B IIOTHON U pa30aBiicHHON (a3ax. [IceBI00KmKeHUE B IJIOTHOH (ha3e Habrogaercs,
KOTJIa CKOPOCTh Ta3a HAXOAUTCS B TPE/Ieax MKy CKOPOCTHIO Hayaa MCeBAOOKIDKEHHS Vo U CKOPOCTHIO YHOCA Vg
(Vo < v < vy). Ipu v> v, IPOMUCXOMUT MHEBMOTPAHCIIOPT YACTHUIL U3 CJIOSL. B 3TOM cilydae MCeBIOOKIDKEHHBIN CIION
HaXOauTCs B pasbaBieHHON (aze. B mpemere paszdapieHHas (a3a CylIECTBYeT, KOTJa XOTsA Obl OJHA YaCTHIIA
HAXOJUTCSI B Fa30BOM IIOTOKE.

Jnst co3maHusl M MOIJIEp)KaHHUS B NICEBJOOXKIDKCHHOM COCTOSHHM CIIOSI TBEPJBIX YacTUI] TPEOYyIOTCS 3aTpaThl
sHepruu E, xoTopas pacxomyercs Ha MPeoJoJeHHe TPEHHUS YacTHIl APYT O JIpyra M raza 006 WX IMOBEPXHOCTh, Ha
pacuIupeHue cJiosl, Ha TPEHHE YacTHUI[ M Ta3a O CTCHKH aIapaTta.

Jlnis anmapaToB MOCTOSIHHOTO CEYSHHMS, IpeHeOperast CAKMMAaeMOCThIO Ta3a, MOXHO MPHUHATE, uTo E = VApF, rie
Ap — nepenaj AaBIeHNS IPHU IBHKESHMH ra3a uepes cioi; F — miomaas monepeyHoro ceueHus anmnapara.

Ilepenax naBieHuss B cioe, HEOOXOMUMBIA JJisi BbIOOpa IIyThEBOrO OOOPYAOBAaHUS, MOXHO OIPEACIUThH
TEOPETUYECKUM IIyTeM. Eciii NpUHATE NOPO3HOCTH € NOCTOSIHHOM 10 BeIcoTeE cios H, To

AP = gp,(1—<)H
rae p,— 3G GEeKTUBHAS TUIOTHOCTH YacTHIL (P> =pPr), KI/M3; € — MOPO3HOCTH TICEBI00KMIKEHHOTO CJI051. IT0pO3HOCTH
e=1-— ? , TI€ Pen — INIOTHOCTH CJOS; Pr— INIOTHOCTH TBEPBIX YacTHIl, KI/M3. II0pO3HOCTH HEMOABIKHOTO
T
cos £y = 1 — (p./P.), rie pu — HACKITHAS TTOTHOCTH MaTepHaa, Kr/M3.
B Touke Hayana nceBI00KIKECHUS

AP A
H_:_Hpa[:l EDJ

IIpupaBHMBasE ~ IpeAbIAyLIME  BBIPAXEHUS, [OJIY4YarOT ypaBHEHUE s ONPEACIEHUS  CKOPOCTH

TICEBI00KIDKEHHS
F(vo)=gp;(1-55).

)_IJ'ISI pacyeTa nepenaga JaBjJIcHus B CJI0€ MOKHO pCKOMeH}lOBaTB YpaBHCHUEC 3praHa

ap=1508ze) ;"’H L7sizbe AV g

0 3 gO 3

13 KOTOPOTO IyT€M HECIJIOKHBIX IPeo0pa3oBaHMiA IMOTydaeTcsd KpuTepruaibHas 3aBUCUMOCTb JIJISl pacdeTa CKOPOCTH
Havaja MCEeBI00KIKCHHS



ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCTiK KazakcTaH MeanuuHa akapemuscol» AK AO «KOxHO-KaszaxcTaHCKasi MeAVIUMHCKAsT akaaeMust»
Kadenpa nHxeHepHBIX AUCHUILTUH Calikec Homepi
JIEKIIMOHHBIN KOMIIIEKC 64 oertig 25
oeTi

Ar
1400 + 5,22V Ar

rne Re,— xpurepuii PeitHonbnca; Ar — kputepuit Apxumena, cupaBemnuBas npu £5 = 0,34...0,42. Dta 3aBUCUIMOCTb
UCIIONB3YeTCsl IPAaKTHYECKH BO BCEM [HMAala30He W3MEHEHHs 4ucia PelHoubaca npy TaMUHAPHOM, EPEXOTHOM U
TypOYJIEHTHOM PEKUMaX.

[Ipu pacuere CKOPOCTH TCEBIOOXKMIKEHUS IO YPaBHEHUIO BBIYMCIIIOT CHayalla 3HaYCHUE KpUTepus Ar mo
YpaBHEHHIO

Re,

3,2 -
Ar = g(F'/V )((pr—px)/px) |
-“- - l
34TCM HAaXOJAT BCIIMYHNHY Reo ¥ IO HEH BBIYUCIAIOT CKOPOCTH Ha4daJia IICEBAOOKNIKCHU Vo.
Jnst gacTun Hecepuyeckoi (GOpMbI CKOPOCTh Hadana ICEBIOOKIKEHHS! ONPEACNAIOT C y4eToM (akTtopa
¢dbopmbl D.

Pa3mep gactuil onpenesieHHOro pa3Mepa, Koraa Gpopma OTJIHYaeTcst OT chepruuecKoi, ONpeeNsioT, Kak
JMaMeTp 11apa, 110 00beMy PABHOBEITMKOMY YaCTHIIE:

{fj=36p:_:"rﬂ."

rae Vr — cpenHeapudMeTHyeckoe 3HaueHHEe o0beMa OIHOW YacTHLBl B IaHHON (pakiuu, ONpelelieHHOE MO
KOJIMYECTBY YaCTHI] B Ipode N U Macce MPoOBI § MPU OMPEASIICHHOM IIOTHOCTH YacThl p1: VI = g/(npT).

dakTop (HOpMBI YACTHII ONIPENIENISAETCS KaK OTHOLIEHHUE TUIOIA el TIOBEPXHO- CTEi PaBHOBEIMKOTO 11apa U
qacTULEI Sy:

D =Jmd2 1S, LNASTERY'S,

Pacder BTOpO#t KpUTHUECKON CKOPOCTH VB (CKOPOCTH YHOCA), IPU KOTOPOH MPOUCXOIUT MacCOBBIN YHOC
YaCTHIL, MPOBOJT 10 hopmyite

Ar
Re, }

1840575V Ar

Ckopoctb BuTaHus (yHOCA)
. Re
B {’f -
X
rze v — Ko3QPUIMEeHT KHHEMaTHIeCKOH BI3KOCTH.

Anmnaparsl ¢ ICeBA00KMKEHHBIM CJ10eM

B nacrosiee Bpemsi pa3paboTaHbl MHOTOUHCIICHHBIE KOHCTPYKIMH allapaToB C MCEBIO0KIKEHHBIM CIIOEM,
YUUTBIBAIOIIME TEXHOJIOTWYECKHE YCIOBUS TIPOTEKAaHUs IPOIECCOB, TPEOOBAHMSA K KA4eCTBY IOIYIaeMBIX
MIPOAYKTOB, cHenn(puIeckne 0coOEHHOCTH B3aMMOJEHCTBYIOMUX BemiecTB. Ha pucyHKe 5 HOKa3aHBI HEKOTOpHIE
CXEMBI aIllapaToB C IICEBI00KKEHHBIM CIIOEM.

B munuHApryeckuii MPOTMBOTOYHBIM aniapaT HENpPEphIBHOTO AEHCTBUS (PUCYHOK 52) OXKMPKAIONIMHA Ta30BbIi
MOTOK IOCTYMaeT CHU3Y MOJ ra3opaclpeleNuTeNbHYI0 PELIeTKy, a 3epHUCTBIM MaTepHal — B BEPXHIOI 4acTb
armapara. [ noayepkaHus ONpeesIeHHOTO YPOBHS MaTepHalla Ha ra30paclpeelIuTeNIbHOIM peleTke U BhIBOJA
€ro W3 ammapara CIYXWUT TIE€PEeTOYHBIH NarpyOoK. BepTukanbHble IMIMHAPHYECKHE CHIOCH (PUCYHOK 50)
UCTIONB3YIOT JJIsI HAKOIJIEHUSI M yCPEJHEHHs OOJBLIMX IapTHi 3epHOBBIX MaTepuasioB. IIceBIOOXKMKEHHBIN CIOi
co3zaercst ra3oM (BO3/1YyXOM), MOCTYIAIOIIUM BO BHYTPEHHIOIO IIOJIOCTH MEXKIY ABYMs ITHHINAMH, KOTOpas
paszeneHa KOHLEHTPUUECKOM MEperopoAKod Ha BHENIHEE M BHYTPEHHEE KOJblla. Bo BHEIIHee KONbLO MOJAeTcs
IIPUMEPHO B 2 pa3a OoJblIe ra3a, 4eM BO BHYTPEHHEE. 3a CUET Pa3HOro KOJMUYECTBA ra3a, 10JaBaeMoro BO BHEIIHEE
U BHYTPEHHEE KOJbLa, B CUJIOCE CO3/1aeTCsl HalpaBJICHHAS [IUPKYJIALUS 36pHOBOTO MaTepuana oT nepupepun K ocu
ammapara, CIloCOOCTBYIOIIAs €ro nepeMemnBannio. B KoHngecknx anmapaTax (pUCYHOK 5B) yMEHBIIEHHE CKOPOCTH
CHM3Y BBEPX IO3BOJISIET NICEBIOOXKIDKATh MOIMANCIEPCHBIE MaTeprallsl. 1'a3 opaeTcs yepes3 HeOObIIOe OTBEPCTHE
BHH3Y ammapata C OOJBIIOW  CKOPOCThIO. OTO TO3BOJISIET MpH  HEOOXOgMMocTH paboTath  Oe3
ra3opacrpeneuTeIbHON PEeIIeTKH, YTO 0COOCHHO Ba)KHO INPH TICEBIOOKMKEHNH KOMKYIOIIUXCS U CIHIAIOIINXCS
MaTepuanos. [Ipyu 3HaUNTENBHOM yIJI€ KOHYCHOCTH ammapara CTpys ra3a MOXKET OTOPBAThCSA OT CTEHOK ammapara u
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oOpazoBarh cruioniHOW kaHail. [lo sToMy kaHamy OyAeT ABHMIaThCsi C OOJIBIIONW CKOPOCTHIO HMOTOK Ta30B3BECH,
00pa3yromuii HaJl MIOBEPXHOCTEIO €105 (POHTAHBI TBEPABIX YacTUIl. Takoil cioit Ha3pBaeTca poHTaHUpYyIOmUM. [l
MIEpEMEIINBaHNS 36PHUCTHIX MaTEPUAIIOB C MOBBIIICHHON CINIAEMOCTHIO JaCTHII, B LIEJIAX

FELT I CITIE ST
A QITIED I T
% raz ras

TFeprreecrrrarsd
AEZ ST E s I TT

Pucynok 5 CxXeMBl ammapaToB C IICEBIOOXIKEHHBIM CIOEM: a — IWIMHIPUYCCKHH MPOTHBOTOYHBIN
HETIPEPHIBHOTO ACHCTBHSA; O — C HaNpaBIEHHON HUPKYJSAIMEH (CHIOC); B — KOHMYECKHH; I — C MepeMEIINBAIONIIIM

YCTPOHCTBOM; 11 — YCTPOMCTBO AJIs THEBMOTpAHCIopTa: | — IIIF030BOH 3aTBOpP; 2 — OyHKEp; 3 — MHEBMOJIMHMUS, 4 —
LUKIIOH

RELHU TSI
MOTIED L QT ray

Fegwecmesd
METTTESUIA

Pucynok 6. CeKIMOHHBIH amnmapar HeMPEePhIBHOTO ACHCTBHUS: 1 — KOpITyc; 2 — ra3opacipeaenTelibHas peieTka; 3 —
MEPETOYHOE YCTPOHCTBO

MPEJOTBPALICHNS ~KAHATOOOPa30BaHWA B CIIOE, MPOIECC ICEBAOOXKIDKEHUS COBMEIIAIOT C  MPOIECCOM
MEXaHWYECKOTO MepPEeMEIMBaHUs B anmaparax ¢ MepeMennBamuMu yecTpoiicTBaMu (pucyHok St). Ha pucynke 57
MTOKA3aHO yCTPOMCTBO I THEBMOTPAHCIOPTA 3€PHUCTOrO MaTepuasia B pa30aBICHHOHN IICEBIOOKIKECHHON (ase.
3epHHUCTHIA MaTepuall AO3UPYETCS B ITHEBMOJMHHUIO C IIOMOIIBIO MITI030BOTO 3aTBopa 1. Pasmemenue
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TICEBJJOOXKIDKEHHOTO CJIOSl Ha 3EPHHUCTBI MaTepHasl M ra3 NpOHCXOAWT Ha HOBOM ypoBHe B nukione 4. s
CHIDKCHHUSI 00paTHOTO IEepEeMEIINBAHMS 36PHUCTOTO0 MaTepHalia, KOTOPOE MPUBOAUT K CHIDKCHHIO NBHKYLICH CHIIBI
U BHIPABHHBAHUIO TEMIIEpPATyp Hpoliecca, B IPOTHBOTOYHBIX allllapaTaX HENpPEepBIBHOIO IEHCTBUS NPUMEHIIOT
CEKIIMOHUPOBA-HUE (PUCYHOK 0), T.€. Pa3IeIIIOT BECh CIOW 3epHUCTOr0 MaTepHala 10 BEICOTE Mep(opupOBaHHBIMH
neperopoakamMu (BOo3MOXXKHO Hacankoif). [leperekaHue 3epHHCTOrO MaTepualla M3 BEpXHHX CEKUMH B HIDKHHUCE
NPOUCXOMUT IOA INEWCTBHEM TPAaBUTAllMOHHOW CHJIBI 4Yepe3 CHeLUalbHbIe IIePeTOYHBIe YCTpOMcTBa MO0 uepes
OTBEPCTHS B TOPU30HTAILHEIX NIEPETOPOIKax (IPOBAJBHBIX TAPEIKaX).

4. UnnrocTpaTHBHBINA MaTepuas: [1akaThl ¢ n300paKeHHAME OCHOBHBIX allllapaToB

5. Jluteparypa:
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kuwura, 2014. -696 c.
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Vu. IToco6ue / T'.B. Anexcees, U.1.

JAOIMOJTHUTEC/JIbHAA

11) Tlnakcuu FO.M., Manaxos H.H., JTapuu B.A. IIporeccs! u anmaparsl numieBsix npoussojacts. — M.: KonocC, 2008. — 760
c.

12) Kaseukwii I'.J]. TIpoueccs 1 anmapatsl nuiieBoi Texuonoruu. - M.: Komoc, 2000.

13) Tlasnoe K.®., Pomankos [1.I'., Hockos A.A. [Ipumepbl U 3a[auu 110 KYpPCY MPOLIECCOB M aMapaTOB XUMHYECKOM
Texaosoruu - JI.: Xumus, 1987

14) Tocynapcreennas ®apmakones PecrnyOnuku Kasaxcrad. — tom 1 — Anmarel. — M3natensckuii gom: «Kubek sxombi».—
2008.—592 c.

15) Tocynapcreennass ®apmakorest Pecriy6nukn Kasaxcran— tom 2. — Anmatel— M3parensckuii gom: «JKuOex xoib».—
2009.— 792 c.

16) CarbiHabikoBa b.A. [lopinepaiy enaipictik TexHonorusicsl.— Anmarsl.—2011.— 346 6.

17) Ax6Gepmues O.C. Tamak eHaipicii npouectepi joHe anmnaparrapsl, Anmarsr; 1998 x.

6. KoHTpoJbHbIe BOnpocsl (06paTHast CBA3B)
1. Kakoe cocTosiHre ci1051 36pHUCTOr0 MaTepralla Ha3bIBAIOT I1CEBI00KIKEHHBIM ?
2. Kak gocturaercst CeBJ00KIKEHHOE COCTOSTHHE?
3. KaknmMu npenmMymiecTBaMHu U HeloCTaTKaMK 00J1a/lacT MCEeBO0KIKECHHBIH CIIon?
4. Ha uro pacxomyercsi 3HeprHs ra30BOro IMOTOKa IIPH IICEBI00KMKEHUH CII0sI 36pHICTOr0 Marepuana?
5. Kakue ObIBarOT KOHCTPYKIIMH AMNapaToB C TICEBIO0KKEHHBIM CII0EM?
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Jlexuus Ne 7
1. Tema 7: Ilepememenne xuakocreil (Hacocbl). O0mue cBenenus. OCHOBHBIC TapamMeTpsl HacocoB. Hamop
Hacoca. BricoTa BcackiBanus. Tunsl HacocoB. LleHTpobexnbie Hacockl. CpaBHEHHE U 00JaCTH IPUMEHEHHS HaCOCOB
pa3mmyHbIX TUNOB.Kiaccupukanyms OCHOBHBIX IIPOLECCOB (hapMalleBTHYECKOTO IPOU3BOJACTBA. KuHeTHueckue
3aKOHOMEPHOCTH OCHOBHBIX IporieccoB. OOIIre MPUHIUIEI pacyeTa almapaToB.
2. Ieab: O3HaKOMHTBCS € KlTacCU(HUKALeld, OCHOBHBIMH IIapaMeTpaMi, KOHCTPYKLEH HAaCOCOB.
3. Te3uchbl JeKIHUMN:

6. Kunaccudukarms Hacocos.

7. OcHOBHbIE TapaMeTPBI HACOCOB.

8. OCHOBHOE KOHCTPYKIMU HACOCOB.
Kpartkoe cogep:kanue JeKIuu

OIIPEJAEJIEHUE U KJIACCU®UKALIUSA HACOCOB
Hacocamu Ha3bIBaroTCsl THApaBIMYECKHE MALIMHBI U amlaparthbl, CO3JAlOLIHe MOTOK >KUAKOW cpensl. Hacocs
CO3/a0T Pa3HOCTh JABJIEHUH XKHUIKOCTH HETOCPEACTBEHHO B CaMHX Hacocax M TPyOOmpoBojax M, TAKUM 00pas3oM,
npeoOpa3yloT JHEPTuI0 JBUraTels B OSHEPIUIO ITepeMeliaeMod >KHIKOCTH. JlaauMm KiacCU(MKaIMIo HAcOCOB,
MOTYYHBIINX HAKOOJIEe IHPOKOE PACIpOCTpaHeHHe B (papMalieBTHYECKON TPOMBIIIUICHHOCTH (pHc. 1).

HaCOoChl Il

v

I AnHamuueckre | g NS NRRHLIY 48VGTBINA > 06LEMHLIE
no Bmgy cWUnoBsoro no dopMe ABUMEHIMA
BO3INEACTBA pabo4mx opraHoBe
BO3BpaTHO- poTopHLIE
ppnacgyeie TR noctynareneHoe || (spawarensHos)
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|

@ @
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Pucynok 1 Knaccuduxaryst Hacocos
B nmuHaMudecknx HacocaxX JKHIKOCTh IEepeMElacTcsl MPU BO3ICHCTBUU CHI Ha HE3aMKHYTHIH O0BEM JKHUAKOCTH,
KOTOPBIH HETPEepPBIBHO COOOIIAeTCs CO BXOJOM B HACOC M BBIXOJOM M3 Hero. B 00BEMHBIX HacocaxX JKUAKOCTB
nepeMemaercs (BBITCCHACTCS) MpPU IMEPHOAMYCCKOM HM3MECHECHHHM 3aMKHYTOTO 00BeMa IKHIKOCTH, KOTOPBIH
MTOTIEPEMEHHO COOOIIAETCsl CO BXOJIOM B HACOC M BBIXOZOM M3 Hero. B JomacTHRIX Hacocax SHEpTHs cooOmaeTcs
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KHJKOCTH IIPU 00TeKaHUU JionacTei pabodero kosieca (Kojec) Hacoca. B Hacocax TpeHMs JKUAKOCTH IepeMeraeTcs
T10J] BO3AEHCTBUEM CHII TpeHHUS. B 00BEMHBIX Hacocax ¢ BO3BPATHO-TIOCTYIATENbHBIM JBIKCHHEM Pab0overo oprana
XKHUIKOCTb MOJY4aCT SHEPTHIO IIPH BO3BPATHO—IIOCTYIATEILHOM JIBIDKCHUH pabodero opraHa. B poTopHbIX Hacocax
9HEPrHst COOOINAETCS KUIKOCTH IPU BPAIaTEILHOM JIBI)KEHUH pabovero opraxa.
OCHOBHBIE ITAPAMETPbI PABOTHI HACOCOB
[pousBoauteabHocTh (momaya) Q (M3/c) ompemensercs 0O0OBEMOM JKHAKOCTH, IT0IaBaeMOH HAcocoM B
HaTHETaTeJIbHBI TpyOonpoBo B ennHuUIlly Bpemenu. Hamop H (m) (maBienue p (ITa)) xapakTepusyer HEpTHIO,
KOTOpasi cooOIIaeTcsi HAacoCOM eAMHMIE Beca mnepekaynmBaeMou xuakoctH. (Hamop — 3To kak Obl BbICOTa, Ha
KOTOPYIO MOXKET OBITh MOAHSAT 1K IIepekaunBaeMoi )KUIKOCTH 3a CYET SHEPTUH, CO00IIaeMOil eif HacocoM).
Momnocthb (BT). Paznuuarot none3nyro MOIHOCTh Ny, MOIIIHOCTh Ha Bally Hacoca N, MOIIHOCTh, IOTPEOJIIEMYIO
asuratesieM Ny, # ycTaHoBouHyl0 MOIHOCTE Ny ITonesnas mommocts N, 3aTpaunmBaercsi Ha cooOIIeHHe
JKUJKOCTA DHEPTHMM W paBHAa MPOM3BENIEHUI0 MaccoBoro pacxona (pgQ) Ha mpupaiieHHe YAEIbHOW SHEPTruu
)uakoctu B Hacoce (H), T.e.

N. = pgQH, Br.
Mormnocth Ha Baimy N Oonbine Ny M3-32 HOTEph 3HEPTMU B HAcOCE, KOTOPBIE YUYMTHIBAIOTCS KOI((HUINEHTOM
IOJIE3HOTO JieiicTBU (K.I.21.) Hacoca 1), T.C.

Ne= Ny /.
K.n.a. m xapakTepusyeT COBEPIICHCTBO KOHCTPYKIMHM W SKOHOMHUYHOCTh SKCIUTyaTallMM Hacoca. Paszmmgaror
OOBEMHBIM K.II.A., KOTOPBI YYWTHIBACT HAJINYME YTCUEK OJKUIKOCTH 4Yepe3 3a30phl, CaAlbHUKH W  T.IL;
THIPAaBIMYECKUNA K.IL.J., KOTOPBI YYWTHIBAET IIOTEPH HAMOpa MpPH JBIKCHUH JKHUAKOCTH UYepe3 Hacoc H
MEXaHWYECKUH K.II.JA., XapaKTepU3YIOMNiI NOTEepH MOIIHOCTH HAa MEXaHWYEeCKOe TpPEeHHE B Hacoce (MOALIMITHHKH,
CaJIbHUKM U 7p.). 3HaUCHHUE 1| 3aBUCHT OT KOHCTPYKLIMH M CTECNCHHM M3HOCA Hacoca (Ui HEHTPOOEKHBIX HACOCOB
1n=0,6... 0,7, g nopmaeBbix N=0,8...0,9).

MommHocTs, morpedisiemast nBurateneM N, Ooiblie MOIIHOCTH Ha Bally HAcoca BCJICACTBHE MEXaHHMYECKHX
MOTeph B Iepefade OT JBUraTeis K Hacocy M B CaMOM JBHTraTene. JTO YYUTHIBAeTCA K.ILJ. Nepelnadd, K.IL.
JBHUTATEIIsl. Y CTAaHOBOYHAS MOIIHOCTD JBHTaTens Nycr PACCUUTHIBAETCS 1O BEIWYMHE Ny € YI€TOM BO3MOKHBIX
meperpy3ok B MoMeHT mycka Hacoca: Nyct=B Ny, tme p=1,1...2,0 — xo3ddunueHT 3amaca MOIIHOCTH,
HpI/IHI/IMaeMI:Jﬁ B 3aBUCHUMOCTH OT MOIIIHOCTH IABHUIaTCIIA.

LY
-
bY)
—
M

HarHeTaTenbHLIA
TpyDOonpoesoOa

BCacbIBatOLWMKA

Donpo
TpyQonpoeog B

Puc. 2 Cxema HaCOCHON yCTaHOBKH
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HACOCHAS YCTAHOBKA. HAIIOP HACOCA
PaccMoTprM IpUHINTIHATBHYIO CXeMY HaCOCHOHM ycTaHOBKH (puc. 2). OCHOBHEIE IIEMEHTH HACOCHOW YCTaHOBKU:
npueMHas eMKocTh 1, HamopHas emkocTh 2, Hacoc 3. [lepexaumBaeTrcst JKHIKOCTh W3 IPHUEMHOH E€MKOCTH B
HaropHyto. O003HaUMM: pg — JIaBJICHHE B IIPUEMHONM EMKOCTH; P2 — JIaBJICHHE B HANOPHOW eMKocTH. TpyOonpoBon
Ha y9acTKe OT MPHEMHOW eMKOCTH J0 Hacoca Ha3bIBaeTCs BCACHIBAIOIIMM TpyOompoBoaoM (matpydkom). OT Hacoca
JI0 HANOpPHOM €MKOCTH TpyOONpPOBOJ Ha3bIBACTCSl HANOPHBIM HMJIM HarHeTaTeJIbHBIM. /[aBieHHe BO BCACHIBAIOIIEM
maTpyOke ropa3zo MEHBIIE, YeM B HarHETaTeNbHOM (Kak TPaBIJIO, BO BCACHIBAIOIIEM MaTpyOKe HaBICHHE HUXKE
aTMoc(epHoro, T.c. — BakyyM. BricoTa BcachiBanus Hy. — pacCTOSHHE OT YPOBHS KHUIKOCTH B MPHUEMHOM EMKOCTH
JI0 ocu Hacoca. Beicota HarHetaHus H, — paccrosiHEe OT OCH Hacoca 0 YPOBHS JKHAKOCTH B HAIIOPHOH €MKOCTH.
l'eomerprueckast BBICOTa MOABEMa JKHOKOCTH H; — paccTOSHHE MO BEPTHKAIU MEXIY YPOBHIMH JKHIKOCTH B
MpUEMHONH W HAmoOpHOW eMKocTsAX. Kak mpaBmimo HacocHas yCTaHOBKAa OCHAIaeTcss BakyymmerpoM B (Ha
BcachIBaIoIieM TpyOOnmpoBoie) 1 MaHOMeTpOM M (Ha HarHeTaTeIbHOM TPYyOOIpPOBOIE).

Ha morpyXHOM KOHIIE BCAaCHIBAIOIIErO IMaTpyOKa ycTaHaBIWBAlOT (GuibTp kimamaH @, a Ha HarHEeTaTEIHHOM
TPyOOIPOBOJIE B HEMOCPEACTBEHHOH OIM30CTH OT HAacOCa YCTaHABIMBAIOT KpaH (BeHTHIH) K.

Heobxomumplii (M TOTPEOHBIH) HAmop JUis OOECHeueHHs HY)XHOW IMOJA4Yd MOKHO OIPE/ICIHTh, COCTABHB
ypaBHeHus beprym s xapakrepusix ceueHuit 0-0, 1-1 u 2-2.

H=H +22"Po p +p

r H BC

P& 1)

rrae hy 1 hee — MoTEpH Harmopa Ha HArHETATENILHOM W BCACHIBAIOLIEM ydacTKax. TakuMm o0pa3oM, MOTPeOHBIH Harop
Hacoca H 3aTpaumBaercst Ha mepeMelIeHUE XHIKOCTH Ha T€OMETPHUYECKYIO BBICOTY moiabema H: , mpeononenue
Pa3HOCTH JABJICHUNA B HAMOPHOM U INPUEMHOM €MKOCTSIX M IPEOAOJICHHE THIPABINYECKUX CONPOTUBIECHUN
HarHeTaTeJIbHOTo hy M BcachIBaromero TpyoonpoBoaoB hg . YpaBHenne (1) UCHONB3YIOT MpH 1Mo00pe HACOCOB IS
TEXHOJIOTMUECKHX YCTAHOBOK. Ecin TpyOOonpoBo TOPH30HTAIBHBIN U AaBICHUE B IPUEMHON W HAIIOPHOI EMKOCTSIX
OJIMHAKOBO (Kak mnpaBuio), To ¢popmyna (1) ynporaercs: H = hy, + hy .

BBICOTA BCACBIBAHUSI HACOCA

BennunHa BeicoTh BcackiBanust Hacoca HBC (cM. puc. 2) He MokeT OBbITh Ha3HaueHa IIPOM3BOJIEHO. M3 ypaBHEHNMS
Bepaymnu mis ceuenuii 0-0 u 1-1 onpenensiem

5 > \

Po / Psc , VBc Vo
H . TR +11Bc -

_|_
pg | pg 2g y

TJIC Vge M Vo — CKOPOCTH IBHYKCHUS )KHIKOCTH BO BCACHIBAIOIIEM TPYOOIIPOBOAE U IPUEMHON €MKOCTH
COOTBETCTBEHHO.

Takum 06pa30M, Hsc YBEJIIMYUBACTCA C BO3pPACTAHUEM HABJICHUA Po U YMEHBINACTCA C YBCIMUYCHUEM MaBJICHUSA BO
BCACBIBAIOIIEM MATPYOKE Psc, CKOPOCTH W TOTEpPh Hamopa. [IpakTH4YecKW BBICOTY BcachlBaHHA Hacoca Hyc
BBIOMpAIOT B mpezenax 5...6 M IpH CKOPOCTH JBMKEHHS JKHUAKOCTH BO BcachiBaromedl Tpy6e okoino 0,8...1,0 m/c.
Jns ycroddmBoi pabOTHl HAacoca NaBICHHE B €r0 BCACBIBAIONIEM MATPyOKE IODKHO OBITh OOJIBINE JABICHHS
HACBHIIIEHHOTO Tapa XUAKOCTH NP TeMIIepaType BcachiBaHUA (Psc > Pt) , T. K. B IPOTHBHOM CIIy4yae >KUAKOCTH B
HACOCE HAYHET KUIICTh. HpI/I OTOM B PE3YIHBTATEC HHTECHCUBHOI'O BBIACJICHUA U3 XKUIAKOCTH IMapOB BO3MOXXEH Pa3phiB
MTOTOKA.

HOEHTPOBEKHBIE HACOCBI

HeHTpO6e)KHBIC HACOCBI XapaKTECPUSYIOTCA OOJIBIINMH TPOU3BOAUTCIIBHOCTAMU HE3aBUCUMO OT BEJIMYMHBI HAIopa.
OCHOBHOH 4acThIO IEHTPOOEKHOTO Hacoca (puc. 3) sBuseTcs pabodee kojeco 1, UMerolee N30THYTHIE JIOTIATKH.
Koneco coeauHeHo ¢ BAJIOM 2 W 3aKIIOUYEHO B KOXKYX (cimpanbHyto kamepy) 3. [Ipu ObIcTpoM BpamieHnn pabodero
kojeca 1, mpuBOAMMOro BO BpalleHHWE OT JBUTATENs, pa3BHBaeTCsA IeHTpoOexHas cuia. Ilog ee BiIUsHHEM
KHUJIKOCTh MEXKIy JIONATKaMH Kojeca MPOTOHSETCS K ero Iepu(epuu W, BEIXOIA U3 KOJIeca, IMOCTYNaeT B
CIIUpANBHYIO KaMepy Hacoca, a U3 Hee B HarHETaTelbHBIH TpyOomnpoBoa 4. OcBoOOKIatOIeecs] OT BHIOPOIICHHOM
KHUJIKOCTH LEHTPAILHOE MPOCTPAHCTBO HACOCHOM KaMephl 3allONHSACTCS JKUAKOCTBhIO, IOCTYHAMOMCH 110
BCACBIBAIOIIEH TpyOe 6 1O/ eHiCTBHEM BHEIIHETO MaBICHHUS Po. TakuMm 00pa3oM, 00pa3yercss HempephIBHBII MOTOK
XKHJKOCTH B HACOC, @ U3 HETO — K MECTY IMOJa4H.
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Puc. 4.3 LleHTp0oOEKHBIH HACOC

Jlo Havana cBoeil paboThl IEHTPOOEKHBIE HACOCHI TPEOYIOT MpeIBapUTENbHON 3aJIMBKH, 0€3 Yero OHH HE MOTYT
MIPOU3BOUTH BCACBIBAHUE XHUIKOCTU. [T TOTO, YTOOBI KUAKOCTh NMPH 3aJIMBKE HAacoca HE BBITEKalla W3 HETO B
HCXOJHBIA pe3epByap, Ha MOTPY)>KEHHOM KOHIIE BCACBIBAIOIIEH TPYyOBbl YCTaHABIIMBAETCS MPUEMHBIA OOpaTHBIN
KJamaH 6, CHaO)KeHHBIH (MIBTPOM (CETKOI) I NMperoXpaHeHHs OT 3arpsA3HeHuil. [[ng yBenndeHus mogadu mpu
JAHHOM HAIoOpe HAacoC BBIMOJHSIOT C HECKOJIBKUMM PaOOYMMM KOJIECaMH, COCIMHEHHBIMHU MapauleibHo. [l
nojiayn  HeOOJBIIMX OOBEMOB JKHIKOCTH Ha 3HAYMTENIBHYIO BBICOTY JIENAIOT HACOCHl C HECKOJBKUMH
NIOCJIEZIOBATENILHO COECJUHEHHbIMU KojecaMmM. IIo BenuuumHe co34aBacMoOro Hamopa pasjiMyaroT: HU3KOHAIOPHBIE

LIEHTPOOEKHBIe HAcOChl (mpu Hamope 10 20 M); Hacockl cpenHero AasieHus (Hamopot 20 mgo 60 M), a mpu Hamope
6omnee 60 M — HAaCOCHI BRICOKOTO JaBJICHUSI.

Hsf(Q)

A n=f(Q)

Qy, Q

Pucynok 4. Paboune xapakTepuCTHKH Hacoca.
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Mo ciocoOy noaBoAa KUIKOCTH Ha pabouee KOoJIeCo LIEHTPOOEKHBIE HACOCHI ITOIPA3/IEIISIFOT Ha HACOCHI C
OIHOCTOPOHHHM H JBYCTOPOHHHM BX0Z0M. 10 pacmonoxeHuro Baja: TOpU30HTAIBHBIE U BEPTHKAIBHBIE HACOCHI.

ITo crocoOy coennHEHUsS C IBUTATEIEM: CO MIKMBOM HIIH C PELYyKTOPOM; TP MOMOIIN MY(TbI; MOHOOIOKH

(Hacockl, UMEOIIME OOIUIA BaJl C ABUTATENIEM).

PABOYUE XAPAKTEPUCTHUKUN HACOCA

PaGoune xapakTepHCTHKH Hacoca ONPEAEISIOTCA NPH €ro HCHBITAaHWAX Ha CHENHalbHOM cTeHzae. lIpu atom
BBIABIIIIOTCS 3aBHCUMOCTH Hamopa H, morpebisemoii mommHoctd N U KO3 HIreHTa TOIe3HOTO AeicTBUS (K.II.1.)
n ot noxauu Q Hacoca.

OTH 3aBUCHMOCTH H300paxatoT rpaguyecku kpuBbiMu H=f(Q), N=f(Q) u n=f(Q) (puc.4). Ucnbiranus Bexyrcs
[PY TIOCTOSIHHOW 4acTOTEe BpalleHHs n pabouero koseca. Perynupyst cTeneHb OTKPBITHS 33IBKKH Ha HAallOPHOM
TpyOOIPOBO/IE, MONYYal0T pa3IMIHbIe TOIaYH U COOTBETCTBEHHO TapaMeTphl Hacoca.

B Touke A, Ha3pIBaeMOI ONTHUMAaIBHOM, kKpuBas K.11.4. N=f(Q) umeer MakcuManbpHOE 3HaUeHHE. EMy COOTBETCTBYIOT
momada Qa, Harmop Ha.m MomtHOCTS Na.
PABOTA HEHTPOBE)KHOT'O HACOCA HA CETb
ITpu BBIOOpe Hacoca HEOOXOAMMO YUUTHIBATH XapaKTEPHCTHKY CETH, T.e. TPyOOIpOBOJA M ammaparoB, uepes
KOTOpBIE ITePEeKadynuBacTCs KUAKOCTh. V3 ypaBHeHun (1) ciemyer, 4To MOTPEOHBIH HANOP PAacXogyeTcs Ha MOABEM
KHMJKOCTH Ha BbIcOTy Hr, mpeojosieHune pasHOCTH AaBICHUH M IPeojoJieHne MoTepb Haropa B ceth. O003HauMB
CyMMy

P, — P,
H +—=H_

Py

MOJTy9UM HOTPEOHBIN Hamop

%)

H=Hq +hy; =Hq; +:_C-,_0:HCT +Cc

20 2o
H
e !
H1 Hacoc 1
F "
Raor ceTb
Her
Q
v
Q4

PI/ICyHOK 5. COBMCIIIGHHLIC XapaKTCPUCTHUKHN HACOCa U CETU.

rae & — Kod(pHUINEHT CONPOTHBICHHS CeTH; K — KO3(h(HUIMEHT MPOMOPIHOHANEHOCTH CeTH. TakuMm oOpazom,
MOJyYeHHAs] XapaKTEpPUCTHKa CETH BBIpaXaeTcs ypaBHeHHEM Hapaboibl. CoBMemass XapakTEpUCTHKY CETH WU
pabouyro xapakTepucTUKy Hacoca (puc. 4.5) ompenernsior pabouyro Touky 1, KoTopas oTBedaeT HamOOIbLICH
IIPOM3BOIMTENBHOCTH Hacoca IpH ero pabore Ha JaHHYIO ceTb. [lo 3TO TOYKe ONpeneNnsroTcsi Bce AaHHBIE,
XapakTepu3ylolye pexxuM paboTsl Hacoca: noxauy Q, Hanop H, momHocTh Ha Bany Hacoca N, K.IL.j. Hacoca 1.
3HaHMe XapaKTepPUCTHK CETH U Hacoca HE0OX0AMMO NpH BeIOOpe Hacoca. Pabouas

TOYKa JIOJDKHA COOTBETCTBOBATH TpeOyeMbIM noaue Q u Haropy H.

OCEBBIE HACOCBI
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BHenrHe oceBoii Hacoc MOX0Ke Ha TPeOHOM BUHT Kopabiis (puc. 6). Ha BTynke 1 3akperuieHO HECKOJIBKO JIOMACTEH.
MexaHU3M Tepeadn SHeprud oT paboduero Kojeca KUIKOCTH TOT XKe, 9YTO M y HeHTpoOexkHoro Hacoca. OTBOIOM
Hacoca CIYXKHT OCEBOW HAIPABIAIONIMKA anmapat 3 (HEHMOIBIDKHBIN), C TIOMOIIBI0 KOTOPOTO YCTPAHSIETCS 3aKpyTKa
KHUJIKOCTH, W KMHETHYECKas ee dHepThs mpeoOpasyercss B dHepruto aapieHuA. OceBble HACOCH NMPUMEHSIOT MPH
O0NBIKX TOfaYaxX W MaibIX Hamopax (mo 20 m). [ pacmupeHus uama3oHa padOTHl OCEBBIX HACOCOB IMPUMEHSIOT
TTOBOPOTHEIE JIONACTH.

s \[H9

1
L

/3

)

7o’ K

Pucynok 6. OceBoii Hacoc.

SPJINDTHI

HeiictBre 3pau(TOB OCHOBAHO HA CO3JAHUU Pa3HOCTH OOBEMHOTO Beca KHIAKOCTH B ABYX COOOIIAIOIINXCS COCYAax.
IIpu momomm kommpeccopa (puc. 4.11) mo Tpybke 1 momaercst cxKaThlii BO3MYyX, KOTOPBIA 4epe3 (GopcyHKy 2
pacrmbuIieTcss B HIDKHEM KoHue TpyObl 3. B momsemuol TpyOe 3 oOpasyercs Ta30KHAKOCTHAsL OMYJIBCHS
IUIOTHOCTBIO PO, KOTOpasi OyneT BBITECHAThCS XHAKOCThIO (pXK > pD) m momHuMathes mo Tpyde 3. DpiamudTol
XapaKTepU3YyIOTCS IIPOCTOTON KOHCTPYKIMH, OTCYTCTBHEM TPYIIMXCS dacTed W HM3KMM K.IL1. (20...25%). Kpome
TOTO, BHICOTA IIOABEMA )KUAKOCTH B TpyOe (HArop) 3aBUCUT OT TITyOHHBI OTPYKEHUS TPYOHI.
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o
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Pucynox 7. Dpaudr.

MNOPIIHEBBIE HACOCBI

[opurHeBble HACOCHI MIPEACTABIIIOT COOOH MPOCTEHIINE THAPABIMYECKUE MAIIMHBI C BO3BPaTHO—OCTYIATEIbHBIM
JIBIKEHHEM TIOpIIHs B ruapomwnuaape (puc. 8). B ruapormmmmuape 1 mopmens 2 co mTokoM 3 coBeplmaet
BO3BPATHO-TIOCTYNATENbHOE JBIDKCHHE. lIpym ABMKEHMHM TIOpIIHS BOpaBo o00BeM B paboueid kamepe 4
YBEJIMUMBAETCS, JaBJICHUE B Hel yMeHbIIaeTcsd, M >KUIKOCTh U3 pe3epByapa IO BcachlBarolleld Tpybe 5 depe3
BCaChIBAIOIIMI TUAPOKIANaH MOCTynaeT B pabouyio xamepy. IIpouecc BcachlBaHHS TIPOUCXOJMT MPH 3aKPHITOM
HaropHoM kianaHe K. IIpu nBrkeHUM mopuiHs BieBo o0beM B Kamepe 4 yMEeHbUIAETCs, JaBJICHHE MOBBIIIACTCS.
IMox neifcTBHEM HaBiIeHUS HAOPHBIN KiIallaH OTKPBIBACTCS, a BCAachIBAIOMNH KinanaH Kge 3aKpbIBaeTCS, U XKUAKOCTD
3 pabodell KaMmepsl BEITecHseTcs depe3 K, B HamopHeId TpyOompoBox 6. JlanpHelnee BpalleHHe KPHBOIIHIA 7
BEZET K IIOBTOPEHHMIO IIUKJIA TIOPIIHEBOTO Hacoca. TeopeTnueckas MPOU3BOANTEILHOCTh ONPEACIIACTCS CIIEAYIOLTIM
o0pazom:

Q:=FSn.

JleicTBUTENbHAS TTOJaYa COCTABUT:

QI( = Moo FSn )

e F — niomans cevenns nopimns, Mm% S — muHa xoaa MopuiHs, S=2r, M; N —4acToTa BpallleH s KpUBOIIHUIIA, 00/C;
Nos — OOBEMHBIH K.I1.1I., yYUTHIBAIOIINH YTEUKH KUIKOCTH Yepe3 YIUIOTHEHUS MOPIIHS U HITOKA.

— *
_ {’_

Pucynok 8. ITopurHeBo# HACOC MPOCTOTO JCHCTBUS.

ITYHKEPHBIE HACOCBI

OTaM4aroTcs OT MOPITHEBBIX HACOCOB paboummM opranom. [LTyHkep wiM cKaika He UMEIOT YIUNIOTHUTEIbHBIX KOJIell
7 OTJIMYAIOTCS OT TMOPIIHS 3HAYWUTEIHHO OOJBIIMM OTHOIIEHWEM JUIMHBI K JuameTpy. [LmyHkepHbIe HACOCHI HE
TpeOYIOT TaKO# TIIATENLHON 00pabOTKM BHYTPEHHEW MOBEPXHOCTH IMWIMHIPA KaK MOPUIHEBBIE, TOITOMY HAXOMIST
MPUMEHEHHUE JJI1 TEPEeKaunBaHUS 3arps3HEHHBIX M BI3KUX JKUAKOCTe. OHM Ooyiee paclpoOCTpaHEHBI, YeM
TIOPIIHEBBIE HACOCHI.

MOHTEXIO MOHXYC)

Mourexto (0T ¢p. monte—jus < monter mogHUMATBCS + jUS COK, BOza) paboTaeT 1o
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NIPUHIOMIY BBITECHEHMS! XKMAKOCTH W3 pe3epByapa rasoM MWiM mapoM. JKuaxocTh uepe3 KpaH 2 MOCTyHaeT B
pe3epyap 1 (puc.9). Kpan—Bo3ayurauk 3 1omkeH ObITh

OTKpHIT (ymamseTcs BoO3OyX B artMmocdepy). Ilocime 3amonHeHHs pe3epByapa KpaHbl 2 W 3  3aKpHIBAaKOTCS,
oTkpbIBaroTcs 4 u 5. CkaTblii BO3yX MOCTyHaeT 4epe3 KpaH 4 M BBITECHSET JKMAKOCTh Mo TpyOe depe3 KpaH 5.
[Tpou3BOANTENLHOCTh HACOCA MOYKET OBITh paccunTaHa cleayronmm obpazom: Q = g/t, rme q — 06beM pesepByapa, t
— BpeMs IIPOJODKUTEIBHOCTH IIMKIIA, BKIFOYAIoIee B ce0sl BpeMs HAIIOJHEHHS, OTIOPOXKHEHHS pe3epByapa 1 BpeMs
Ha BCIIOMOTaTeNbHbIC onepanud. VIMeHHO 1o TOW MpHYMHEe, YTO MOJHBIA LUK paboThl Hacoca BKIIOYAET B ceOs
HEMPOU3BOAUTEIbHOE BpeMs HANOJMHEHM, K.II.J. Hacoca HeBenuk. Hamop, coznaBaeMelil MOHTeXI0, focturaet 300
METPOB.

Pucynok 9. Hacoc MoHTeX!10.

HNECTEPEHHBIE HACOCBI
Jnst mepekaukn BSI3KHX SKHJIKOCTeH IpH HeOomnboi monaue (He G6osiee 0,1M3/c) u Hamopax go 2,5 MIla (25 atm)
MIPUMEHSIOTCS IIeCTEepeHHbIe (3yO4arsie) Hacockl puc. 4.17), KOTOpble COCTOST M3 JBYX IUIOTHO CLEIUISIONIMXCS
HIUPOKUX 3yOuaThIX KOJIEC, PACIONOKEHHBIX ¢ MHHUManbHbIMH 3a3opamu  (0,01..0,03 MM) B KOXKyxe H
BPAIIAIOMINXCS B MPOTHBOIOJIOXKHBIE CTOPOHBL. C TOH CTOPOHBI, TZie 3yObsl BBIXOJASAT M3 3allEIJICHUs, CO3IaeTcs
pa3pekeHre U JKUAKOCTh BCACHIBACTCS B KOXKYX IO BCACBHIBAIOIIEMY TPYOOIIPOBOTY, 3aMIOTHSS IPOCTPAHCTBO MEXKIY
3yObsaMu. Jlamee XHUIKOCTh MEPEHOCUTCS BHAaJWHAMH 3y04aTKd Ha JHAMETPAIBbHO IPOTHBOIOJIOKHYIO CTOPOHY
KOXXyXa, IIe 3yObs BHOBb BXOJST B 3allCIUICHHE W BBITECHSAIOT JKUIKOCTh B HarHETaTEIbHBIN TpyOomposoa. Hacoc
ABJISIETCS PEBEPCHUBHBIM. lIpemMyIecTBa Hacoca: OTCYTCTBHE KJIAIlaHOB, KOMIIAKTHOCTH, PEBEPCHBHOCTH, HU3KUIN
(cpaBHUTENBHO) KOX(GHUIMEHT HepaBHOMEpHOCTH mojaaud. Henocratku: Hmskuid K.arg. (0,6..0,7), HeGospmras
MIPOU3BOIUTEIHLHOCTD, BBICOKHE TpeOOBaHMSA K YHCTOTE IepeKadyuBaeMoil kuakocTH. llomaua miecTepeHHOTO

HAacoca OIpeeNseTcs no popmyIe:
Q=2nd-b-m-n - nes, (4.6)

rae d — quamerp mecTepHu, M; b — MMPHUHA MECTEPHH, M; N — YaCTOTa BPAIIECHUS HIECTEPHH, 00/C; Tjo5 — 00BEMHBIH
K.ILJ. Hacoca; M = d/ Z — MOmyJib LIECTEPHHM, Z — YHUCIIO 3yObEB LIECTEPHHU.
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POTOPHO-TINTACTUHYATBIE (IHMBEPHBIE) HACOCBHI

B macrunyarom Hacoce (puc. 4.18) porop 1 ¢ ionarkamu (IIacTHHAMM) 2 BPAIalOTCSl BMECTE C BAJIOM,
MOCaXXEHHBIM C SKCLHEHTPUCUTETOM OTHOCUTENBHO cTaTopa 3. IlnacTuHs! 2 cKONb3ST B Ipope3ax poropa. biaronaps
9KCIEHTPUYHOMY PACIOJIOKCHUIO POTOPA, KaXKJast INIACTHHA IO

BCcacbiBaHue HarHeraHuwe

Pucynox 11. [TnacTiuH9aThIi Hacoc.

JCHCTBHEM LEHTPOOEXKHOW CHJIBI 32 OAMH O0OpOT Bajla BJIBUTAETCS M BBIIBUTACTCS M3 11a3a, NMPHKHUMAasCh K
BHYTpEHHEll moBepxHOCTH cratopa (Kokyxa). [Ipm BpameHnum poropa, Kakaas mapa JiomnacTtedl (IUIacThH)
HENpPEPHIBHO OTJIEIISIET N30JIMPOBAHHBIN 00BEM KHUIKOCTH U MIEPEHOCUT €T0 Ha CTOPOHY HarHeTaHusl, I71e )KUJIKOCTh
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BBITCC

HACTCA BCJICACTBUC YMCHBUICHUSA o0BeMa. Ilogaua Hacoca Becbma paBHOMCpHA U 00BIYHO PEryanupyercs

M3MCHCHHEM 3KCICHTPUCUTETA €.

Ha

puc. 4.18 mokasaH Hacoc OOHOKpAaTHOI'O neiictBus. B mnactuHuaTOM Hacoce JABYKPATHOT'O JIeHCTBUS 3a OJIUH

000pOT pOTOpa HACOC IBaXKABI MOAACT KUAKOCTh B HANOPHYIO THAPOIMHMIO. Hacochl OXHOKpaTHOTO NEeHCTBUS
coznarot nasieHue 5...6 MIla, Hacock! qBykpaTHoro aelictust — 6onee 20 MIla.

4, I/IJIJIIOCTpaTI/lBHblﬁ MarepuaJ: IInakatsl ¢ I/I306pa)KCHI/I$[MI/I OCHOBHBIX arlmnapaToB
5. Jluteparypa:
OcHoBHas:

1

B.U. Yyewos, E.B. I'manyx, 1.B. Caiiko. TexHonorus iekapcTs NpoMbIIIIEHHOro npou3sBojctsa. Y. 1. — Bunnuna: Hosa
kuwura, 2014. -696 c.

2) B.W. Yyewmios, E.B. I'maxyx, 11.B. Caiiko. TeXHOIOTHsI JIEKApCTB IPOMBILUICHHOTO rpou3BoacTtea. Y. 2. —Bunnnua: Hosa
kuwura, 2014. -664 c.
3)  Ipomsiuuiennas rexuonorus ekapets, Tom 1. [Tox pen. Uyewrosa B.U. — X.: MTK-Kuura, U3narensctea HOAY, 2002
—560c.
4)  TlpomsiuuieHHas TexHouorus ekapcts, Tom 2. [Tox pex. Uyemosa B.U. — X.: MTK-Kuura, U3narensctea HOAY, 2002
—557c.
5)  Mantaep C. H. [Iporeccs! 1 anmapaTbl XAMAYECKON TEXHOJIOTHH : yaeOHoe rocooue / C. H. Mantnep,[. M.
JXKymana3zaposa. - MunncrepcTBo o06pa3oBanus u Haykn Pecriy6inku Kasaxcra. - Anvartsl : "Bacray”, 2018. - 256 ¢
6)  Hdwiraepckuit FO.U Tpoueccsl u anmaparsl XUMUuecKo Texuosorun: B nByx tomax / FO.1 [lpitHepckuii. — M.: AnbsiHe,
2015.— 368 c.
7)  Jpireepckuii, FO. M. OcHOBHBIE TIPOLIECCHI U ANNAPAThl XUMUYECKOM TeXHOoMoruu: [0cobue 1o MpoeKTUPOBAHHIO:
Vuebuoe nocobue mist By30s / FO. 1. [sitHepckuii, [.C. Bopucos, B Bpeikos. - M.: Anbsnc, 2015. - 496 c.
8)  Kacatkun A.I'. OCHOBHbBIE IPOLIECCHI U AMNAPATHl XHMHUYIECKOM TeXHOIOTHU: YueOHuK st By30B / A.'. Kacarkun. - M..:
Anbsiae, 2014. - 752 c.
9)  OcrpukoB A.H. [Ipoueccsl 1 anmapatsl. Pacuer 1 NpoeKTHpOBaHKe alapaToB IS TEIUIOBBIX H TEIIIOMAaCCOOOMEHHBIX
nporeccoB: Yue6Hoe rocobue / A.H. Octpukos, B.H. Bacuienko u np. - CII6.: Jlans, 2018. - 440 c.
10) Aunekcees, I'.B. BupTyalnbHelii 1abopaTOpHBI MPakTHKYM 10 Kypey «IIpoleccsl 1 anmnapaTsl MUILEBBIX IPOU3BOACTBY:
Vu. [Tocobue / T'.B. Anekcees, U.U.
JOIMOJHHUTECJIbHAA:
11) Tlnakcuu FO.M., Manaxos H.H., Jlapun B.A. IIpomeccs! u anmapars! mumieBsix nmpon3sojacts. — M.: KonocC, 2008. — 760
c.
12) Kaseuxkuii I'.J]. TIporieccs! i anmnapatsl MuIeBoit Texuonoruu. - M.: Komoc, 2000.
13) TIlanos K.®., Pomankos I1.T'., HockoB A.A. IIpumMeps! U 3a1a4¥ 110 KypCy MPOLECCOB M ANapaToB XMMHIECKOH
TexHosoruu - JI.: Xumus, 1987
14) Tocynapcrennast @apmaxornes Pecniy6imkn Kaszaxcran. — tom 1 — Anmatsl. — M3natensekuii qom: «Kubek xombn.—
2008.—592 c.
15) Tocynapcreennass ®apmakorest Pecriyouukn Kasaxcran— tom 2. — Anmater.— M3narensckuii gom: «JKHOEK kKOs —
2009.- 792 c.
16) Carbinapikosa b.A. Jlopinepain enaipictik Texaosnoruscol.— Anmarsl.—2011.— 346 6.
17)  AxbGepmues O.C. Tamak eHaipiciHiH npouecTepi aHe anmaparrapsl, Anmarsl; 1998 x.
6. KOHTpOJ’lLHLIe BOIIPOCHI (oﬁpaTHan CBﬂ3l))
1. Ha kakue TUIIBI JeIATCS HACOCHI TI0 IPUHIIUITY ACHCTBUI?
2. Kakue BbI 3Ha€TE OCHOBHEIE napamMeTpbl pa6OTBI HacocoB?
3. Kak pacuuTath BBICOTY BCachIBaHHS?
4. Kak ompenenuTs Hanop Hacoca?
5. Kakue npeuMynieCTBa 1 HEAOCTATK HUMECIOT HeHTpO6e)KHBIe HACOCHI 110 CPABHECHUIO C MMOPITHECBBIMHU.
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Jlexuus Ne 9

1. Tema 9: Pa3nenenue HEOJHOPOIAHBIX CHCTEM.

2. Heab: O3HAKOMHTH CTYCHTOB C HEOTHOPOTHBIMH CUCTEMaMH U METOAAMHU HX pa3feICHUS

3. Te3uchbl JeKIHHN:

1. Knaccudukanus HeoTHOPOHBIX CHCTEM.

2. Metonpl pa3zieneHusl HEOJHOPOIHBIX CHCTEM.

3. MarepuanpHbIi OalaHC IIPOLIECCOB pa3IeIICHNS.

Kpartkoe cogep:kanue JeKIHI

HeOIIHOpOI[HI)IMI/I WK TCTEPOr¢HHBIMU CUCTEMAaMU HA3bIBAIOT CUCTEMbI, COCTABJIAIOIINE M3 ABYX WM HECKOJBKUX
¢da3. B 3aBUCUMOCTH OT (PM3HUUCCKOTO COCTOSHHS (ha3 pa3aHyaroT: CYCICH3UH, 3MYJIbCUH, MCHBI, MBUIH, IbIMbI U
TYMaHBL.

CYCHCH3I/II/I — HCOJHOPOAHBIC CUCTEMBI, COCTOAIUEC U3 )KUAKOCTH 1 B3BCUICHHLIX B HeH TBEPABIX YaCTHILI.
OMYIBCHHA — CHCTEMBI, COCTOSIINE U3 KUAKOCTH M PAcCIpEeIeHHBIX B HEll Kalellb JpyToi KUAKOCTH, He
CMEINBAIOUIEHCS C TEPBOM.

Ilenbr — CUCTEMBI, COCTOAIIUEC U3 )KUIAKOCTHU U paCIPEACTICHHBIX B HEH ITY3bIPHLKOB rasa.

IbLIH ¥ ABIMBI — CHUCTEMBI, COCTOSIIIHME M3 ra3a M Paclpe/Ie/ICHHBIX B HEM YaCTHI[ TBEPIOTO BEIICCTRA.

ITpUMEHSIOT CIIEeAYIOINE OCHOBHBIE METO/BI Pa3/Ie/ICHUs] HEOMHOPOAHBIX cucTeM: 1) ocaxaeHwue, 2)
¢bunbTpoBanue, 3) neHTpudyruposanue, 4) MOKpoe pasjieieHue.

OcaxjieHHe MPEICTaBIsET COOOM IMpoIecC pa3feficHHs, B KOTOPOM B3BCIICHHBIC B JKUAKOCTH HIIM ra3e
TBEPABIC WIH KXKUIAKUEC YaCTUIIbI OTACTAOTCA OT CILJIOLITHOM (1)831:.1 1oa I[eﬁCTBHeM CUJIbI TAXKECTH, CUJI MHEPLIUU WU
3JIEKTPOCTATHUECKUX CHil. OCaXkICHHUE, MPOUCXOIAIICE MO ICHCTBUEM CHITBI TSKECTH, HA3bIBACTCSI OTCTAUBAHUCM.

OUIbTPOBAHKWE — MPOIECC PAa3ACICHUS C IOMOIIBI0 MOPHCTOW MEPErOPOIKH, CIIOCOOHOW MPOIyCKaTh
KUIAKOCTDb WUJIKU T'a3, HO 3aAC€PKUBATH B3BCIICHHBIC B CPEJIC TBEPABIC YaCTHUIBI.

LeHTpudyrupoBanne — MpoIecc pa3feieHNs CYCICH3UH U SMYJIbCHU B ITOJIC IEHTPOOEKHBIX CHIL.

Mokpoe pa3jiesieHrue — MpoIece YIaBIMBaHUS B3BEIICHHBIX B ra3¢ YaCTHI[ KAKOW-ITH00 KUAKOCTBIO.

MaTtepuajbHbliil §aJaHC NpoIlecca pa3ejeHust
IMycTh pa3jenceHuIo MOUICKHUT CUCTeMa, cocTosiias u3 BemiectBa (a) (crutomHas ¢a3a) ¥ B3BEIICHHBIX YACTHIL

BeiecTBa (6) (mucnepcHas ¢asa). Benem 0603HaueHHMS:
Geny Gocsy Goe — KOJIMYECTBO CMECH, OCBETICHHOM KHUIKOCTH H TI0JIy4aeMOro 0CajiKa, B KT

Xews Xoce, Xoc — COJICpIKaHUE BEHIECTBA (6) B ICXOIHON CMECH, OCBETIICHHOMN JKUIKOCTH M 0CAJIKe, MACCOBBIE

JOJIHL.
Toraa ypaBHeHHE MaTepHaIbHOTO OaaHca:
[To o6meMy KOIHYECTBY BEIIECTB

GC.M X GOCS + GOC (1)
Mo mucniepcHoit hase (BElIeCTBY 6)
GCM. XCM v GI)CB.XOCS + GOC. oc (2)

CosmectHoe pemenue ypaBHenuit (1), (2) mo3BossieT onpeaenuTh KOIUYECTBO OCBETIEHHOMN WKUAKOCTH Gocs
U KoJinuecTBO ocanka G

— X oc X cm (3)
oce M X A\ X

G = G X o X oce
oc cm X L X

oc

G =G

oce

oce

4. NnnocTpaTuBHBINA MaTepuas: Buptyansasie cteHs!. [TmakaTsl ¢ m300pakeHUSIMHI OCHOBHBIX aIapaToB

5. Jlureparypa:

OcHoBHasn:
1) B.W. Yyemos, E.B. 'magyx, 1.B. Caiiko. TexHOJIOIUs JIeKapcTB NPOMBIILICHHOro pousBozctBa. Y. 1. — Bunnuua: Hosa
kuwura, 2014. -696 c.
2) B.W. Yyewos, E.B. I'maxyx, U.B. Caiiko. TeXHOJIOIUsI JIEKapCTB MIPOMBIILUICHHOTO ipon3BoacTea. . 2. —Bunnunua: Hosa
kuwura, 2014. -664 c.
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3)  Ipomsinuiennas rexuHonorus sekapers, Tom 1. [Tox pen. Uyemosa B.U. — X.: MTK-Kuura, U3narensctea HOAY, 2002
—560 c.

4)  TlpomsinuieHHas TexHouorus jsekapers, Tom 2. [Tox pen. Uyemosa B.U. — X.: MTK-Kuura, U3narensctea HOAY, 2002
—557c.

5)  Manmiep C. H. I[Ipoueccsl 1 anmaparsl XHMUYECKON TEXHOJIOTUH : yueOHoe nocobue / C. H. Mantiep,[. M.
XKymanaszaposa. - MunnctepcTBo 06pa3oBanus u Hayku Pecry6inku Kasaxcran. - Anvartsl : "Bacray", 2018. - 256 ¢

6)  Jwiraepckuit FO.U Tporeccsl 1 anmaparsl XuMuueckoii textosorun: B ayx tomax / FO.U JlpitHepckuii. — M.: AsbsiHe,
2015. — 368 c.

7)  Jprraepckuii, FO. M. OCHOBHBIE IPOLIECCHI U ANApaThl XUMUYECKON TeXHOMoruu: [Iocobue 1o NpoeKTHPOBAHHIO:
Vuebuoe nocobue ms By3os / F0.W. [lsitHepckuid, [.C. Bopucos, B Bpeikos. - M.: Anbstc, 2015. - 496 c.

8)  Kacatkuu A.I'. OCHOBHBIE NIPOLIECCHI U aIapaThl XUMIYECKOM TEXHOIOTHN: Y4ueOHuK s By30oB / A.I'. Kacarkus. - M.
Anbsiac, 2014. - 752 c.

9)  Ocrpukos A.H. [poueccs! u ammmaparsl. Pacder i IpOEKTHPOBAHKE AIIapaToB ISl TEIUIOBBIX M TEIUIOMACCOOOMEHHBIX
nporeccoB: Yue6Hoe nocobue / A.H. Octpukos, B.H. Bacuienko u ap. - CI10.: Jlans, 2018. - 440 c.

10) Aunekcees, [.B. BupryaibHblii 1a060paTOpHBIil IPAKTHKYM 110 Kypcy «IIpoLeccsl 1 anmaparsl IUIIEBEIX IPOH3BOJICTBY:
Vu. [Tocobue / T'.B. Anekcees, U.U.

JOIMOJIHUTEC/IbHAA

11) TInakcun }0.M., Manaxos H.H., Jlapuu B.A. TIporiecch 1 anmaparsl MAMIEBBIX mpon3BoacTB. — M.: KomocC, 2008. — 760
Cf

12) Kaseukwii I'.J]. [Ipoueccs u annapatsl nuiieBoi Texuonoruu. - M.: Komoc, 2000.

13) TlaBnoe K.®., Pomankos I1.T., HockoB A.A. [Iprmepsl U 3aa4i 110 KYpCy [POLIECCOB M aIIapaTOB XUMHIECKOH
TexHonoruu - JI.: Xumus, 1987

14) TocynapcrBennas ®apmaxornes: Pecryonnkn Kasaxcran. — tom 1 — Anvarsl. — Usnatensckuii gom: «Kubek sxoibi».—
2008.—592 c.

15) Tocymapcreennas @apmakorest Pecryomuku Kazaxcran.— Tom 2. — Anmarel.— Uznatensckuit mom: «Knubek »oibi».—
2009. - 792 c.

16) Carpingpikosa b.A. [lopinepain enaipictik Texsosoruscol.— Anmarsl.—2011.— 346 6.

17) Ax6epaues O.C. Tamak enzipicinin mpomuectepi jxoHe armaparrapbl, Anmatsl; 1998 x.

4) KoHTpoJbHbBIE BONPOCHI (00paTHAsI CBSA3b)

1) Ha3oBute npH3HAKH, KOTOPBIE JISKAT B OCHOBE KJIaCCH()UKALUHA HEOTHOPOIHBIX CHCTEM?
2) Kakwe BB 3Ha€TEC HEOTHOPOIHBIC CHCTEMBI?

3) IlepeunciuTe METOIBI Pa3aeieHUs] HEOJHOPOIHBIX CUCTEM?

4) Kakue BeJIUUUHBI ONPE/EIIIOTCS U3 MAaTePHAIBHOI0 OanaHca MpoLEecCcoB pas/eneHus?

5) Yro xapaktepusyet 3¢ ekt pasaeneHs?

Jexkuus Ne 10
1. Tema 10: Ocaxxnenne, PuibTpoBaHHE.
2. leab: O3HAKOMHTH CTYJICHTOB C MPOIIECCAMH OCAXKACHUE, PHILTPOBAHUE U NCHTPU(YTHPOBAHUE, METOIAMH UX
pacueTa ¥ UX anmnapatypHbIM 0(GOPMIICHHEM.
3. Te3uchbl JJeKIUM:
1. OcaxxieHue U METOBI €ro pacueTa.
2. OuIbTPOBAHKE W METOBI €T0 pacyera.
Kpartkoe cogep:kanue JeKIUH
OtrcranBanne

OnBIT MOKA3bIBAET, YTO MPHU OTCTAMBAHWH HEOMHOPOIHBIX CHCTEM HAOIIOMACTCS MOCTEIICHHOE YBEIUUCHUEC
KOHIIEHTPAIUX TUCTIEPTUPOBAHHBIX YACTHII B almapare 1o HanpaBlIeHUIO cBepXy BHHU3. Haj ciioem ocanka (30Ha 1)
00pasyercss 30HA CTYIIEHHOW CyCleH3ud (30Ha 2), B KOTOPOH MPOUCXOIWT CTECHEHHOE OCAXKIECHHE YaCTHII,
COIPOBOXKIAKOIIEECS TPSHUEM MEXKy YaCTHIIAMHU U WX B3aMMHBIMU CTOJIKHOBeHHsMHU. Kak BUAHO w3 pucyHka 8.1,
00pa3yeTcs ICHO BhIpaXKEHHASI TPAHUIA MEXKTY 30HOM
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8.1 Cxema mpoiecca 0TCTAMBAHUS:
1 — cooii ocaaka (MJIaMa); 2 — 30Ha CryIIeHHO# cycneH3un; 3 — 30Ha CBOOOTHOTO ocaKaeHus; 4 —
OCBeTJIEHHASI JKH/IKOCTb.
CTECHEHHOTO OCaXKIeHHs (30Ha 2), M HaXOASIIAsiCsl BEHIMIE 30HBI CBOOOJHOTO OCAKACHUS (30HA 3) HaJ KOTOPOH
pacroiaraeTcs OCBeTICHHAs XKHUIKOCTh (30Ha 4).

B Hauame oTcTamMBaHHsS OCAXKIAIOTCS IPECHUMYIIECTBCHHO Oojiee KpymHbIe dacTuilbl. OmHAKO, TO Mepe
YMEHBIIICHUS KOHIICHTPAIMK dTHX YaCTHIl TOPMO3SIICE BIUSHAE OOPATHOTO TOKA )KUIKOCTH OCITabeBaeT U CKOPOCTh
OTCTaMBaHMs BoO3pacraer (OTPE30K a6) JI0 MOMEHTAa YCTAaHOBJICHHS JHHAMHYECKOTO PABHOBECHS MEXIY
JEUCTBYIOIEH CHIJION M CHIION CONpOTHUBJIEHUs cpenbl. B mocneayromui nepuosl BpeMEHH OCAKIEHUS YacTHI]
MPOKUCXOMUT C TOCTOSIHHON CKOpOCThIO (6c). 3aBepuiaromasi 4 Hamboyee MEUICHHAs CTaaus mporecca —
yILIOTHEHHE ocanka. Ha 3Toil cTajuu nporecc OTCTauBaHms MPOTEKAET C YMEHbIIAMIICHCs ckopocThio (€d).

CKOpOCTh CTECHEHHOTO OCaKACHHUS MEHBIIIE CKOPOCTH CBOOOTHOTO OCaXKICHUSA. DTO OOBACHIETCS TEM, UTO
IIPH CTECHEHHOM OCaKICHWU YACTHIBI WCIBITHIBAIOT HE TOJNBKO COIPOTHBICHHE CPEAbl, HO M J100aBOYHOE
COTIPOTHUBIICHUE, 00YCIOBICHHOE TPEHHUEM H COYIapPEHHUEM JaCTHII.

Pacuer oTcTOlHUKOB OTCTONHHUKY MPOSKTUPYIOTCS B pacyeTe Ha OCAKIEHUE CaMBIX MEIKUX YaCTHII,
HaXOJISIINXCSI B UCXOTHON CMECH.

[IycTs 32 BpeMs T (cex) CyCIIeH3Hs pa3felisieTcs Ha 0CaloK U CIIOHW OCBETICHHOM

JKUJIKOCTH BBICOTOM 4 (). TIpu MoBepXHOCTH ocaxeHus F (u?) 06beM OCBETIIEHHOM KHUKOCTH, TIOJTy4EHHBIH B
eUHKILY BpeMeHH Vs (M/cex) BpraSI/thgﬂ YpaBHCHHEM:

Voww=— ®)
3a TO e BpeMs YacTHILIbI, OCAXAAIOIIKUECSI CO CKOPOCTHIO ¢r, MODKHBI MPOXOAWTH mMyTh h (m),
CIIeIOBATEIHHO
h =t (6)
IMoacrasiss 3HaveHue h u3 ypasaenus (6) B ypasuenue (5), mosrydanm:
osg N Lol =ocr F ()

T
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VYpaBHenue (7) MOKa3bIBACT, YTO MPOU3BOIAUTEILHOCTh OTCTOMHHMKA HE 3aBHCHUT OT €O BBICOTHI, @ 3aBUCHT
TOIBKO OT CKOPOCTH M IIOBEPXHOCTH OcaxaeHus. HeoOXOAMMYIO MOBEPXHOCTh OCaXAEHMS (B M%) HAXOAMM U3
BEIPAKCHUS:

F=_"%¢ (8)

O0beM OCBETICHHOM KUIKOCTH Vs IPH €6 INIOTHOCTH Pocs (K2/M°) cocTaBseT

VOCB = GOCG/ pOCG

rae Goes— Macca OCBETIIEHHOM KUAKOCTH B KI.

Torna
F — Gocs (9)
pocso‘)CT
TToncrasisas 3HaueHHE Goeq I/I3épaBHe/iHH ( ), OHpC}Ie\HHM IIOBEPXHOCTDH OCAXICHUS
cm | XOC_XCM |
F=—we—Xx —X (10)

poca CTK oc 06‘8)

DuJILTPOBAHNE

OUIBPTPOBaHNEM HA3BIBAIOT IPOILECC Pa3ACICHUS CYCICH3WH C HCIIOJIE30BAaHHEM IOPHUCTBHIX MEPEropook,
KOTOpPBIC 3a/ICP’KUBAIOT TBEPAYIO a3y U IPOIYCKAOT e€ KUKy (a3y. Pa3mencHue CyCHeH3WH MPOU3BOISAT C
moMotbl0 priabTpa 1, pasneneHHBIM Ha BE YacTH (PHIBTPOBAIBHON meperopomkoir 2. B pasmeneHHBIX dYacTsIx
cocy/ia CO3Iar0T Pa3HOCTh JaBICHUMN, MOJ NEeHCTBHEM KOTOPOU JKUAKOCTh MPOXOIUT Yepe3 MOpHl (GHIETP OBATbHON
MIepEeropoKH, a TBEP/IbIC YaCTHIIbI 3a/IeP)KUBAIOTCS Ha €€ TOBEpXHOCTH. TakuM 00pa3oM cycrieH3us 3 pasaenseTcs
Ha 4YHCTBIA QuibTpaT 4 W BiIaxHbld ocamok 5. Ocanku, mojgydyaemble Ha (UIBTPOBAIBHOW IEPETOPOJIKE,
MOJIpa3/IeNsAlOT Ha HEC)KMMaeMble M CkuMaemble. 101 Hec)KMMaeMbIMU MOHHMAIOT TaKHWE OCAJKH, B KOTOPBIX
TIOPUCTOCTH HEC YMCHBINACTCA IPU YBCIIMYCHUU PA3HOCTU NAaBJICHUA.
CkopocTh GUJILTPOBAHMS

CkopocTh Tpoliecca IPONOPIHOHAIbHA ABIKYIIEH CHiIe M 00paTHO MPOMOPIIOHAIBEHA CONPOTUBICHUIO.
IMepemeHHYO CKOPOCTH (1/cex) BeIpaXKaroT B AubdepeHnnanpHoi Gpopme:

dv AP
=—E =y L (11)
SAt u(Roc + Rgn)
rae V — obwem ¢unbrpata, M3, S — moBepXHOCTH (uibTpoBanus, cex; AP — pasHocTs naBnenmii,
H/M% L — BA3KOCTb KMIAKOH (asbl H-cek/M?, Roc — CONpOTHBIEHME ClOs ocajika; Ryn — comporusienue

(GHITBTPOBAIIEHON MEPETOPOIKHU. Roc , Rgn BBIpaxkaroTcs B ML,

_ roc,
O0o3HaunM oTHOLIEHHE 00beMa 0caaka kK 00beMy puibTpaTa yepes X 0 ; TOr1a 00BeM, ocazka Oyaer paBeH
Vo
XoV. Bmecte ¢ TeM 00beM, 0cajika MOKET OBITh BhIpaKeH NMpou3BereHneM NqcS, rae Noc — BbICOTa €051 OcajKa,
m. Ciie1oBaTeIbHO,

XOV = hocS

XoV
orkyma h, = SO (12)
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Puc. 8. 3 Cxema nponecca GpuJIbTPOBAHHSA:
1 - ¢puabTp; 2 — puibTpOBaIBLHAS Neperopoaka; 3 — cycnensus; 4 — puiabTpar; 5 — ocagok.

COl'IpOTI/IBJ'ICHI/Ie CJIoA OCalKa MOYKHO BbIPAa3UTh:

R =rh _ XV (13)

oc 0 oc 0 S

IMoncraBuB 3HaueHue Roc 13 paBencrsa (7) B ypaBuenue (5), momydum:

av _ AP
W = % (14)
sdt urx +R )
00 S oF

IIpuHsIB, 9TO CONPOTHBICHHEM (GMIBTPOBAIBHOM meperopoaku MoxHo npeHedpeds (Ry: = 0) ¢ yduerom
paBeHcTBa (6) 13 ypaBHeHus (8), HalgeM:

__AP 15
rO—TLh—W— ( )

oc
[punse V=0, 4to cooTBeTCTBYET Hauany GpUIbTPOBaHus, KOTAa Ha QUILTPOBANBHON MEPEropoIKe He
obpasoBajcs cioil ocajka, U3 ypaBHeHus (8) momyuum:
R _AP (16)
s cinydast q)HnLTpOBaHm nMP—conSt u3 ypaBHeHus (14) nocne ero HHTErpUPOBAHUS MOTYIUM
'S
v242Rs "v=2 APS® ,
v ) (16)
l'o - Xo WU -To - Xo
Eciu S=1 M2 510 ypaBHEHHE IPUMET BT
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V2 4+2CSV = 2KS?t (16”)
N \ o1
rae — KOHCTaHTa (PUIBTPOBAHUS, XapaKTCPU3YIOIIas COMPOTHBICHHE (DMIBTPYIOIICH ePEropoIKy,
Io - Xo
MM, E =2——— - KOHCTaHTa GUIBTPOBaHMSI, YYHTHIBAIOMIAs PEXKUM (QUIBTPOBAHHUS U (HU3UKO-

“ . rO. Xo
XAMHUYECKUE CBOUCTBA OCaJKa B )KUJIKOCTH, m%/c.

4. NnarocTpaTuBHBINA MaTepuaJ: Bupryanbubie crenpl. [1nakars! ¢ n300paxeHHSIMU OCHOBHBIX aIlliapaToB

5. Jluteparypa:

OcHoBHas:

1) B.U. Yyewos, E.B. I'maxgyx, .B. Caiiko. TexHOJIOrHs JeKapCTB IPOMBILIICHHOro pon3BoscTsa. Y. 1. — Bunxnua: Hosa
kHwura, 2014. -696 c.

2) B.M. Yyemos, E.B. 'manyx, 1.B. Caiiko. TexHOJIOTUsI JIEKapCTB IIPOMBILICHHOTO Ipon3BoacTBa. U. 2. —Bunnnua: Hosa
kuwra, 2014. -664 c.

3)  IIpombiintenHas TexHomorus iekapcts, Tom 1. ITox pen. Yyemosa B.U. — X.: MTK-Kuura, U3narensctBa HOAY, 2002
-560c.

4)  TIpomsinuieHHas TexHosorus ekapcts, Tom 2. [Tox pex. Uyenrosa B.U. — X.: MTK-Kuwura, U3natenscrea HOAY, 2002
—557c.

5)  Manmep C. H. IIpoueccsl 1 anmaparsl XAMUYECKOM TeXHOIOruy : yueOHoe nocodue / C. H. Mantuep,I’. M.
JXymana3zaposa. - MunmncrTepcTBo 06pa3oBanus 1 Haykn Pecry6nnku Kasaxcran. - Anvartsl : "Bacray", 2018. - 256 ¢

6)  Merraepckuii FO.U Ipouecce! u anmapars! xumuyueckoi texHosnoruu: B nByx tomax / FO.U JlprtHepcknit. — M.: AnbsiHe,
2015. — 368 c.

7)  Jprraepeknii, FO.1. OcHOBHBIE IIPOLIECCHI U aMapaThl XHMUYECKOH TexHomornu: ITocodue Mo mpoeKTHPOBAHUIO:
VuebHoe nocobue mst By3os / F0.W. [srtHepckuit, I.C. Bopucos, B Bpeikos. - M.: Anbsrc, 2015. - 496 c.

8)  Kacatkun A.I'. OCHOBHBIE IPOLIECCHI U ANapaThl XUMHIECKON TeXHOIOruu: YueOHuk Jus By3os / A.I'. Kacarkun. - M.:
Anbsnc, 2014. - 752 c.

9)  Octpuko A.H. ITpoueccs! 1 anmapatsl. Pacuer 1 MpoeKTHPOBaHHE alIapaToB IS TEIUIOBBIX U TEINIOMAaCCOOOMEHHBIX
nporeccoB: Yue6Hoe rocobre / A.H. Octpukos, B.H. Bacwurenko u np. - CI16.: Jlans, 2018. - 440 c.

10) Aunekcees, I'.B. BupTyaibHslit 1aGopaTOpHBIii PaKTHKYM M0 Kypey «IIpoleccsl 1 ammapaTsl MUILEBBIX TPOU3BOJICTBY:
Vu. [Tocobue / I'.B. Anekcees, .1

JOMOJIHUTEC/IbHAA

11) Tlnakcun F0.M., Manaxos H.H., Jlapun B.A. [Iporeccsl 1 anmnapaTsl muiieBsx npoussoacts. — M.: KonocC, 2008. — 760
c.

12) Kaseukwii I'.J]. [Iponeccs u anmapatsl nuiieBoi Texuonoruu. - M.: Komoc, 2000.

13) TIlasnos K.®., Pomankos IL.I., HockoB A.A. [IpuMepbl 1 3ajaui 110 KypCy MPOIIECCOB U aapaTOB XUMHYECKOM
TexHonoruu - JI.: Xumus, 1987

14) Tocynapcreennas ®apmakones Pecryonuku Kasaxcran. — tom 1 — Anmatel. — Usnatensckuii gom: «Kubek sxobi».—
2008.—592 c.

15) Tocynmapcreennas ®apmakorest Pecriybnvkn Kasaxcran.— tom 2. — Anmatel— Uzpatensckuii gom: «KuOeK KOs —
2009. - 792 c.

16) CarpiaasikoBa b.A. [lopinepain oHaipicTik Texnomorusicel.— Anmatsr.—2011.— 346 6.

17) Ax6Gepaunes O.C. Tamak eHIipiCiHIH MpollecTepi kKaHe anmaparrapsl, Anmater; 1998 x.

6. KouTpoJbHbIe Bonpocsl (06paTHast CBA3B)

1) Yro sBisieTcst ABUXKYILEH CUIION OTCTAUBAHUS?

2) Onwummre cXemy Mpolecca OTCTanBaHKs?

3) Kak onpeensiercsi HOBEPXHOCTh OCAXKIACHUS?

4) Kakwuie HEOHOPOIHBIE CUCTEMBI P30T QUIBTPOBAHUEM?

5) Kakue cuibl U KpuTepun mo100Hs XapaKTepu3yeT mporecc GUIbTPOBaHHs?
6) Uro siBisieTcs ABIKYLICH CHIIOH B LIeHTpudyrax?

7) B uem 3akiroyaercs pacuer neHTpudyr?
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Jlekmms Ne 11
1. Tema 11: IlenTpudyrupoBanue.
2. Hean: O3HAKOMHTH CTYICHTOB C (DH3MIECKON CYIIHOCTHIO MPOLECcca pa3AeieH!st HEOMHOPOIHBIX CUCTEM B ITOJIC

LEHTPOOESIKHBIX CHIL.
3. Te3uchbl JeKUHHN:
1. IlleHTpoOGexHas cua.
2. ®dakTop pa3neneHusl.
3. Tlpomuecchl B OTCTOHHBIX HEHTpUDYTaX.
4. VYcrpolicTBa HEHTPUDYT.
Kpatkoe coaep:kanue Jexuun

Llenmpobescnan cuna u paxmop pazoenenus

[ox nenTprdyrupoBaHreM NOHIMAIOT IIPOLIECC pa3/AeICHUS HEOTHOPOAHBIX CHCTEM B IOJIE LIEHTPOOSKHBIX
cun. Ilox nedicTBHEM LEHTPOOEKHBIX CHJI CYCIICH3Hs Pa3lefsieTcsi Ha OCaJoK W JKUIKYI0 (a3y, Ha3bIBaeMyIo
dyrarom.

Paznmnuator nBa meroma Ll.: meHTpoOexHOE ocaxneHne W ¢uiabTpoBaHMe. L[. MPOBOAAT B LEHTPOOEKHBIX

MalllMHAX - LEHTpU(yrax M >KUIKOCTHBIX IEHTPOOEKHBIX cenaparopax. OcH. pa0ouuii OpraH 3TUX MallMH -

ocecMMMETpHYHAs 000s104Ka, WK poTop (OapabaH), Bpamaomuiics ¢ 00IbIION YacTOTON mm ¢, 6naronaps uemy
CO3/1aeTCsI MMOJIe EHTPOOIKHBIX CHII 10 2 X 10%g B MPOMBILIJIEHHBIX U 10 35 X 10°g B 71ab0paTOpHBIX MalmnHax (g -
YCKOpEHHE CBOO. MaJeHMs B TpaBuTal. Ioise). B 3aBucumoctn ot merona Il ocymecTBisiercst B CIUIOLIHBIX
(ocamuTenbHBIX; puc. 1a) win mepPopUpOBaHHBIX (IOKPHITHIX (GUIBTPYIOLIMM MaTepHaioM; puc. 16) poTpax.

C

[ 3P

a

Puc. 1. Potopbl MammH uist IIEHTPOOEKHOTO ocaxaeHus (a) u punprpoBanus (6): C - cycnensus, O - pyrat
(dunbTpar), O - ocanok; Iy -pagnyc CBOOOTHOM MOBEPXHOCTHU YKHUIKOCTH


http://www.cnshb.ru/AKDiL/0048/base/RF/030010.shtm
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Kak HU3BCCTHO, B 061HeM CJIydyac BEJIMYNHA IIeHTpO6e)KHOﬁ CHUJIbI BBIPpAYXKAaCTCA paBEHCTBOM

mw GWZ
r ar
rae C — IeHTpoOeXKHas CHIIa, M;
M — Macca Bpallaromerocs Tea, Kr;
G — Bec BpaImaromerocs Tena;
W — OKpY>KHasi CKOPOCTh BpAILEHHUS, M/CEK;
I — paguyc BpalleHHs, M.
OKpyXKHast CKOPOCTb onpeaenaeTg%
W=QrI = W r (18)
rae (0 — yrioBas CKOPOCTh BpallleHHs, Pajl/cek;
N — 4YUCII0 00OPOTOB B MUHYTY.
Comnocraeisist papeHetsa (17), (18), Haiinem:
2nn
C—-__| r (19)
rg\ 60 )
Grn®
WK C~ (20)
900

W3 Beipaxenus (20) ciaenyer, 4To yBelndeHHe Yncia 000pOTOB pOTOpa 3HAUYUTEIBHO OOJIbIIE BIUSIET Ha
BO3pacTaHHE IIEHTPOOEIKHOW CHIIBI, YEM yBEIMYEHHE INaMeTpa poTopa HEHTPUPYTH.

2
U3 pasenctsa (17) BHHO, YTO yCKOpEHHE B TOJI€ HEHTPOOEKHBIX cui cocTapiser W< /T, OTHomeHue

W2
LIEHTPOOEKHOT0 YCKOPEHHS K YCKOPEHHMIO CHJIBI TSKECTH (J Ha3bIBAIOT (akTopoM pasjencHus K p = gT
(21)
[punss Benmuunny G = [#, U3 CgOTHOLHeHI/II\/'I (11, 12, 15) nony4um:
m
K =___ 22

Hanpumep, mis nentpudyru ¢ guamerpom poropa 1000 mm (#=0,5M), BpamarmmMcs CO CKOPOCTbI0 N =
1200 06/mun, haxktop pa3aeneHus: COCTABIISICT:

. 2
K - 0,5-1200
X 900

IIpouecchl B 0TCTOIHBIX HeHTpUdYrax

=800.

B obmiem citygae paszieneHne CyCIIeH3WH B OTCTOMHBIX HEHTpU(yrax CKIagbIBaeTCs U3 CTATUH OCaXICHUSL
TBEPIBIX YaCTHI[ HA CTEHKAX POTOPA U YIUIOTHEHHUS 00pa30BaBIIETOCS OCAIKA.

Paznenstronasi cmiocoOHOCTh OTCTOMHBIX LEHTPU(YT XapaKTepU3yeTcss MHIEKCOM IPOW3BOJIUTEIBHOCTH X,
KOTOPBIN SIBJISETCS NPOM3BEACHUEM IUIONIAa N IMINHIPUIECKON MOBEPXHOCTH OcakiaeHus F B porope Ha (akTop

pasgenenus Kj:
2=FK, (23)
Otkyna A (24)

BenuunHy X crieayeT cCuMTaTh paBHOM IUIONIAU OTCTOMHNKA, SKBUBAJIICHTHOT'O 110 POU3BOIUTEILHOCTH JIJIsI
JAHHOW CYCIICH3HH PacCMaTPUBAEMOH HEHTPUPYTH.
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Puc. 8.4 lIpocreiimas cxema AeiicTBHS OTCTOIHNKA HEeHTPUPYTH

WHnekc npou3BOAUTEIHHOCTH OTPasKacT BEIMYHHA BCEX KOHCTPYKTUBHBIX OCOOEHHOCTEH Oca uTeIbHOM
HEHTPU(DYTH, ONPEACIAIOIIMIX UX Pa3ASIUTEILHYIO CIIOCOOHOCTS.

Ha pucynke naHa npocreiiinas cxema JAeHCTBUS OTCTOMHUKA LEHTPUDYTH.

TomuuHa cos XuIkocTd h Ha MpakTHKE 3HAYUTENIBHO MEHbIIE AuaMeTpa poropa D, mostomy BenumduHy
(baxTopa paszielieHNs] MO>KHO OTHECTH K CPEIHEMY z[naMeszr [§D - h;. "goraa B COOTBETCTBHU C BhIpaxkeHueM (16)

K,=——
1800
Ilnomans HUAMHAPUUECKON MOBEPXHOCTH OCAXICHUS B pOTOPE
F=mn(D—h)L
(D — h)?n?
Orcroma 2=F-Kp=nL — ——— 19
P 1800 g

ECJ'II/I HpI/IHHTL, YTO XHUIAKOCTH B pOTOpe HepeMeLuaeTc;{ HE II0 BceMy KOHBH@BOMY HpOCTpaHCTBy,
3aHI/IMa€MOMy CJIOEM, a TOJIBKO IIO TOHKOﬁ BHyTpeHHeﬁ 30HE€ KOJIBLIEBOI'O HpOCTpaHCTBa, TO HpI/I6J'H/I)KCHHO MOXHO
ImoJiaraThb

r n?

0
K» =900

ukF= 27‘Cro|_

B sTom ciiyuae
o
900

PaBenctBo (16) mpuMEHUMO TIpH YCJIOBHH, €CJIH OCKJIEHUE TBEPJBIX YACTHUI[ CYCIICH3UH MPOUCXOIUT TPH
JAMHHAPHOM pexume. BenencTBre 0ONBIION BENMYHHBI IIEHTPOOCKHOMN CHIIBI OCaKICHUE YaCTHIl B IEHTpHDyrax

>=F.K, =21l (20)

MOXET HPOUCXOJUTh B YCIOBUSX MEPEXOJHOrO M  TYpOYJEHTHOro pexumoB. [Ipu 3TOM  HHAEKC
MPOU3BOAUTENFHOCTH X BBIPXKAETCS CICAYIOLIMM 00pa3oM:
B IIEPEXOHOM PEXKUME Ay 0,715 21
PEXOHOM P $=F- K¢ (21)
_ 05
B TYpOYJICHTHOM peXuMe I=F-K (22)
P

Kak BumHo wu3 pasenctB (21, 22), B 3TMX CHOydYasx I[UIOMIAJb OTCTOWHHKA, OJKBHUBAJEHTHOTO TIO
MIPOU3BOIUTEIHLHOCTH PAacCMaTPUBAaeMON IEHTPU(YTH, BO3pACcTaeT HE MPOMOPIMOHAIBHO (aKTOpy pas3melicHus, a
MeHee UHTEHCUBHO.
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YMeHbIICHHE TPOU3BOIUTEIBHOCTH OOBSCHSETCS CIEAYIONMMU NPUYUHAMH: OTCTaBaHUEM CKOPOCTH
BpAIlCHUs] JKUAKOCTH OT CKOPOCTH BpalICHHs POTOpa, NPHUBEICHHEM K YMEHBIICHUIO LEHTPOOESKHOW CHIIBL,
JeHCTBYIOIEeH Ha YacTHIly; HEPaBHOMEPHOCTBIO TEUCHHMS JKHIKOCTH BIOJb POTOPA M YBEIHYCHHUEM OCAIUBIINXCS
YaCTHUII C €r0 CTCHOK; 00pa3oBaHHEM BHXPEBBIX 30H, B3MYUYHBAIOLIIMX YacTHIBL. B CBS3M ¢ 9THM BBOAAT IOHATHE O
KodpdunreHTe 3PPEeKTHBHOCTH OTCTQHHON eHTpUyru

fa D
C, =— (23)
QT
rae QD, QT— IEUCTBUATEIIbHASA U TCOpETHICCKasA IIPOU3BOIUTCIBHOCTD ueHTpI/I(byrI/I.
IMone3ysick cooTHOMICHHEM (23), HAXOISIT ACHCTBUTEIBHYIO POU3BOAUTEILHOCTD IIECHTPU(YTH.

YcrpoiicTBO HEeHTPHYT.

Opr

8 Opr Oy

Puc. 2. llentpudyra HenpepsIBHOTO JCHCTBHS: @ - OCAAUTEIbHAS ITHEKOBAsT; 6 - QUIbTpyOIas
LIHEKOBAs; 6 - ¢ MyJIbCUPYIOLIEH BHITPY3KOH 0CaJIKa; I - HHEPIUOHHAS; 0 - BUOPAIHOHHAS; ¢ - IPeliecCHoHHast; 1
- POTOP; 2 -MEXaHU3M BBITPY3KH.

Ha puc. 2 npexacraBieHbl MPUHIUITHATBHBIE CXEMBI pa3ielcHHs CYCIICH3MI B MalllMHAX HETPEPBIBHOTO JEHCTBUS.
OcanuTensHBIe IMIHEKOBBIE HMEHTPpUDYTH (pUC. 2,a) IpeAHA3HAYEHBI I Pa3/IeleHus] CyCIeH3HHA ¢ HepaCTBOPUMOM
TBepoil (a3oii, 00e3BONKMBaAHKS KPUCTAIUIMY. W 3E€PHUCTBHIX IPOIYKTOB, Kilaccudukaiuu, crymieHus. [Iporecc

¢ 1 T
MMPOUCXOAUT B CIIJIOITHOM POTOPE; OCAJOK HETIPEPHLIBHO BBII'PYIKACTCA HIHCKOM, BpallarOMIUMCA € 4aCTOTOU o

K
st otux nentpudyr P = 600-3500.
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@OunpTpyromuye IHeKOBble HEeHTpUdyrn (puc. 2, 6) pacnpocTpaHeHbl NMPU pa3ieieHHUH BBHICOKOKOHIEHTPUP.
CyCIIeH3UI ¢ KpYIMHO3epHHUCTOH TBepmoit ¢azoit (pasmep dwactur Oomee 0,2 MM, Hamp. rimaybepoBa cois). LI
MIPOM3BOJIUTCS B KAPKACHOM POTOPE C JIMCTOBBIM CHTOM, 4Yepe3 K-poe oTBoanuTcs (uibTpar. Ocaqok BBIBOIUTCS U3

y 0.~ O, K
POTOpPa MIHEKOM MOJ AEHCTBUEM PAa3HOCTU YaCTOT BPalleHHs  FY U Bpicokue 3HAYEHUS ?(1200-1800)
TIO3BOJISIIOT MOJTy4YaTh NPOIYKTHI C MUHUM. BIQXKHOCTBIO.
@GunpTpyronye neHTpU(GYTH ¢ MyIbCUPYIOIEH BHIIPY3KOH ocaaka (puC. 2, 8) MPUMEHSIOT B OCH. JUIS TEX JKe
Leseid, 4To U GUIbTPYIOIIUE IHEKOBEIE. biarosaps HAMYUIO TOJICTOTO CJIOS OCaKa Ha KOJIOCHUKOBOM CHTE OJHO-
WJIN MHOTOKACKa/IHOT'O POTOPa YAAeTCsl OCYIIECTBIATh INIyOOKYI0 IIPOMBIBKY MPOAYKTa. OcalioK BBITPYKAIOT

MOCPEJICTBOM TOJIKATEJNsI, COBEPIIAIONIETO BO3BPATHO-MIOCTYMAT. JBUXKEHHUE C IMHEHHONW CKOPOCTHIO V, ? =300-
700.

B uHepimonHbIX neHTpH(pyrax (puc. 2, 2) 0cafloK U3 poTopa YAAISIeTcs 3a CYET COCTABISIOMEH HEHTPOOSKHOTO
MOJIst; B BUOPAIMOHHBIX IeHTpudyrax (puc. 2, 0) - Gmarogapsi BUOpaluu poTOpa BAOIb OCH CO CKOPOCTHIO V; B
MPEIECCHOHHBIX HeHTpUdyrax (puc. 2, e) - BCICACTBHE TMPOCKOIHMY. IBIDKCHHS POTOpPA C YaCTOTAMH BPAIICHHUSI
)

PaznoBunHOCTS L. pasnenenue cycrieH3ui U SMyYNbCHH B IIEHTPOOEKHBIX cernaparopax. MIX poTopsl cHa0XEHbI
MaKeTOM KOHHWY. TapesioK, YCTAHOBJICHHBIX MO OTHOIICHHUIO NPYT K Apyry ¢ HeGonpmmm 3azopoM (0,4-1,5 mm).
Bricokas cTeneHb pa3lefieHusl JOCTUraeTcsi Oiaroaaps ero IMpoTEKaHHI0O B TOHKOM CJIO€ MEXKTapesIOYHOro 3a30pa
NpU JIAMUHAPHOM pexume. TOHKOIUCIEPCHBIE CYCIIEH3MH (TOPMOHAIBHBIC IpenapaThl, aHTUOMOTHKH M Jp.),
conepxaiue 0,5-4,0% no o0beMy Mex. MpuMeceil, OCBETIIAIOTCS B Cenaparopax-o4ucTuressix (puc. 3, a). Tepaas
¢aza, cobupasich B IIIIAaMOBOM IIPOCTPAHCTBE POTOPA, MEPUOJMYECKH YAAISIETCS U3 HEro NMpU OTKPBITHH JHUIIA
(mopwnst). LlenTpoOexxHoe crymeHue (Hamp., KOPMOBBIE M IEKapCKHe IPOOKH) MPOM3BOAMTCS B Celaparopax-
crycrurensix (puc. 3, 6). CrymeHHas Qpakiys HETPEephIBHO BBHIBOAMTCS Yepe3 COoIula Mo Inepudepun poTopa, a
OCBETJICHHasl - uepe3 BepX. 30HY. s paszeneHus 3MyJIbCHH NPHUMEHSIOT cenaparopbl-pasgenutend (puc. 4), B
POTOpaxX K-pbIX MPEAYCMOTPEH IMAKeT TapeloK C OTBEPCTHSAMH, PACTIONIOKEHHBIMH Ha TPaHUIE pasfelia TSDKEJIOH U
JIETKOW JKUIIKOCTEH; KOMHNOHEHTHI (¢pyrartel Diu @) BeIBOISTCS paszenbHO. [Ipyn HanuuMu B SMyJIbCHU TBEPHOM
(ha3bl HCTIOJNIB3YIOT YHUBEPCAIBbHBIE POTOPHI C BRITPY3KOH 0Ca/IKa B COOTBETCTBUH C PHC. 3, @ WIH BPYYHYIO.

r
e

&

\%

7

(l)pf

(7]

Puc. 3. Cenaparopsl Juis pa3zieieHus CyCIIeH3Ui: Ha PUC. COBMEIEHBI CEMapaTop-ourcTHTeNb (a)u
cenaparop-crycruteis (6), 1 - porop; 2 - makeT Tapeiok; 3 - MoABHKHOE JHUILIIE.
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Puc. 4. Cenaparop anst pasgeneHusi amyibcnit: 1 - potop; 2 - nmaker Tapenok; @1 u @, - dyrarer; O -
9MYJIBCHS.

4. MnmocTpaTuBHbId MaTepuana: Bupryansusie creHasl. [InakaTel ¢ M1300paskeHUSIMH OCHOBHBIX aIlIapaToB

5. Jlureparypa:

OcHoBHas:

1) B.U. Yyemos, E.B. I'manyx, .B. Caiiko. TexHOIOTHS JI€KapCTB IPOMBIILIEHHOTO npou3BocTea. Y. 1. — Bunnuia: Hosa
kuwura, 2014. -696 c.

2) B.WU. Yyemos, E.B. I'maxyx, 1.B. Caiiko. TexHONOTHs JIeKapCTB MPOMBILIEHHOT0 pou3BocTsa. Y. 2. —Bunnuia: Hosa
kuwura, 2014. -664 c.

3)  Ipomsinuiennas rexHonorus ekapets, Tom 1. [Tox pex. Uyenrosa B.U. — X.: MTK-Kuwura, U3narenscrea HOAY, 2002
—560 c.

4)  TlpomsinuieHHas TexHosorus sekapers, Tom 2. [Tox pex. Uyeniosa B.U. — X.: MTK-Kuwura, U3natensctea HOAY, 2002
—557c.

5)  Manmiep C. H. TIporieccs 1 anmaparbl XMMHIECKOH TEXHOJIOTHH : ydeOHoe nocobue / C. H. Manriep,I”. M.
JXymanaszaposa. - MunmnctepcTBo 06pa3oBanus u Hayku Pecriyonnku Kasaxcran. - Anvarsl : "Bacray", 2018. - 256 ¢

6)  Hprraepckuit FO.U ITporeccsl 1 ammapaTsl XUMHYECKOi TexHoorun: B asyx Tomax / FO.M IprtHepckuii. — M.: AJbsiHe,
2015.— 368 c.

7)  Jprraepcknii, FO.M. OcHOBHBIE IPOLIECCHI U aIlapaThl XKMHYIECKOM TeXHONOrHU: [Tocobre 1o MpOeKTHPOBAHHIO:
VYyebHoe nocobue amst By3os / F0.1. [isrtHepckunit, I'.C. Bopucos, B Bpeikos. - M.: Anbsiac, 2015. - 496 c.

8) Kacatkuu A.I'. OCHOBHBIE NPOIIECCHI U AMITapaThl XUMHYIECKOIT TEXHONOTHN: YueOHuK utst By30B / A.I'. Kacatkun. - M.
Anbsine, 2014. - 752 c.

9)  Ocrpuko A.H. [Tpoueccsl u anmaparsl. PacueT 1 MpoeKTHpOBaHKe alapaToB Ul TEIUIOBBIX H TEIIIOMACCOOOMEHHBIX
nporeccoB: Yue6Hoe rocobre / A.H. Octpukos, B.H. Bacuienko u ap. - CII6.: Jlans, 2018. - 440 c.

10) Anekcees, I'.B. BupTyanbHblii 1a00paTopHBIil TpakTHKYM 10 Kypcy «IIpomecchl 1 anmapaTsl MUIIEBBIX IPOU3BOACTBY:
Vu. ITocobue / T'.B. Anekcees, N.1.

JOIMOJTHUTEC/JIbHAA

11) Tlnakcun FO.M., Manaxos H.H., Jlapun B.A. [Ipoueccs! 1 anmnapats! muiieBsix mpoussoacts. — M.: KonocC, 2008. — 760
c.
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12) Kaseukwii I'.J]. [Ipoueccs! 1 anmnaparsl nuiieBoi Texuomnoruy. - M.: Komoc, 2000.
13) TIlaBnoe K.®., Pomankos I1.I"., HockoB A.A. [Ipumeps! U 334 110 KypCy HMPOLIECCOB U AINapaTOB XUMHIECKOH

TexHonoruu - JI.: Xumus, 1987
14) Tocynapcreennas ®apmakomnes: Pecryonnku Kasaxcran. — tom 1 — Anvarsl. — U3natensckuii gom: «Kubek sxombi».—

2008592 c.

15) Tocynapcreennas @apmakornest Pecriyonukn Kasaxcran— tom 2. — Anmater— W3parensckuii gom: «OKuGex xomb».—

2009.— 792 c.
16) Carpiaapikosa b.A. Jlopinepain enaipictik texsonorusicor.— Anmarsl.—2011.— 346 6.
17)  AxkGepaues O.C. Tamak eHaipicii npouectepi joHe anmnaparrapbl, Anmarst; 1998 x.

6. KoHTpoJibHBIE BONPOCHI (00paTHAs CBSI3b)
1. Yro Takoe ueHTpudyrupoanue?
2. HazoBwure (akTopbl, KOTOPBIMU omnpezessercs 3G (heKTHBHOCTh pa3/ieIeHus B I0JI€ LIEHTPOOEKHBIX CHII.
3. Kaxue tunsl HeHTpUdyr MpUMEHSIOTCS JUTS pa3esIeHNs CyCIIeH3UH?
4. Yto sBNseTCs ABMKYIICH CUITON B IEHTpUdyrax?
5. Yro Takoe (hakTop pasmeiacHus B LeHTpUPyre?

Jleknus Ne 12
1. Tema 12: Pa3neneHne ra3oBbIX CUCTEM
2. lean: O3HAKOMHUTH CTYICHTOB C pa3JCICHUEM Ta30BBIX CUCTEM, a TAK)KE METOJJAMH HX pacyera.
3. Te3uchbl JeKIUMN:
Pa3jesieHue ra3oBbIX cUCTeM. Pa3inuaior cieayroniie croco0bl OYMCTKY ra30B:

1. Ocax/eHne Noj IeHCTBIEM CHIIbI TSKECTH (rpaduTallMOHHAst OUHCTKA).
2. OcaxeHne 1oj IeHCTBIEM HHEPIIMOHHBIX CHIL.

3. OubTpOBaHUE.

4. Moxkpasi O4nCTKA.

5. OcaxeHue 1oJ| JeHCTBUEM IEKTPOCTATHUSCKHUX CHII.

CrernieHb OYHMCTKH Ta3a 1) OIpPeAesseTCs CHEI[yIOEI;H/IM o0pazom:
n="1""2.100%
G:

rae Gl, Gz — KOJIMYECCTBO B3BCUICHHBIX YAaCTHUI[ B UCXOAHOM U OUHUILICHHOM TIa3sec.

I'padburanuonnas ouncrka. IlpLieocaguTeabHble KaMepbl

O4HCTKY Ta30B OT IBUTH MO ISHCTBHEM CHII TSKECTH IMPOU3BOMIST B OCAIUTENBHBIX KaMepaX. 3abUIeHHBIN
ra3 IocTymnaeT B Kamepy 1, BHYTpH KOTOPOH PacIoIOKESHBI TOPHU30HTAIBHBIE IIEPErOPOIKH 2. YacTHITBI MBLTH
OCEIar0T U3 T'a3a MPH €ro JBIHKCHUH MEXITy MOJKaMHu. ['a3, mpoi/is moku, orudaeT BEpTUKAIBHYIO OTPaKaTEIEHYTO
MEPEropoIKy 3 1 yaaisieTcst u3 Kamepsl. [1b11b, OCeBIIast Ha MOJIKaxX, MIEPHOANICCKU yIAISICTCS yepe3 ABepIis 4.
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Puc. 8.6 IIbliieocanuTesibHasi Kamepa:
1 — xamepa; 2 — rOPU30HTAJIbHbIE IEPEropoaKH (MOJIKH); 3 — 0TpaKaTe/IbHasI Neperopoaka; 4 —
JIBePUbI.

Puc. 8.7 Huxnon xkoucrpykunn HUMO-ra3:
1 — kopmyc; 2 — KOHMYecKOe THHUIIE; 3 — KPBIIIKa; 4 — BX0AHOIT maTpy0oK; 5 — nbl1ecOopHuK; 6 —
BbIXJIONHAsI TPY0a.
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JlaHHBIM CcIIOCOOOM yJaercs AOCTAaTOYHO II0JIHO BBIAGNUTH JIMIIb KPYNHbIE YaCTHIBl IBUIM, HOITOMY
IBLIEOCAIUTEIbHBIE KaMEPhI HCIIOJIB3YIOT TOJIBKO JJIsl TPYOOii OUMCTKH ra30B.

HHepuyoHHbIe NblIeya0BUTeNH. JeficTBHE IBIICYIOBUTEICH TaKOTO THIIA OCHOBAHO HA HCIIOJIb30BAaHUU
MHEPUMOHHBIX CWJI, BO3HHMKAIOIIMX TPH PE3KOM H3MEHEHHM HAIpaBICHMS TIa30BOr0 IIOTOKA, KOTOpPOE
COIIPOBOXKIAETCS 3HAYMTEILHBIM YMEHBIIEHHEM €TO CKOPOCTH.

Paccmorpum nukion koHcTpykuuu HUHMOT' A3a.

Huknon HUMOI'A3a cocToUT U3 BEPTHKAILHOIO MMIMHAPUUECKOTO Kopiyca 1 ¢ KOHHUECKUM IHUIIEM 2 U
KPBIKOW 3. 3albUIeHHBIH ra3 MOCTyNaeT TAHIEHCHAJIbHO €O 3HAYMTEIbHOM ckopocThio (20-30 m/cex) uepes
naTpy0oK 4 IpsSMOYTOJIBHOI'O CEUEHHs B BEPXHIOIO YacTh KOpIyca IMKJIOHA. B Kopmyce MOTOK 3ambUIEHHOIO ras3a
JBIDKETCSI BHU3 II0 CHHMPAIHM BIOJNb BHYTPEHHEH MOBEPXHOCTH. IIpM TakoM BpaIiaTeIbHOM IBIDKCHHUHM YacTHUII
IIBUIH, KaK OoJee TshKeIble, IIepeMenaroTcs OBICTpEe, YeM JaCTHIIBI Ta3a M IEPEHOCATCS TOTOKOM B IBUIECOOPHHUK 5.
31ech MU OCENACT, a OYMIICHHBIM a3, MPOJ0IDKas BPAIIAThCs 110 CIHPAi, HOAHUMACTCA K BEpXy M yOaseTcs
4epe3 BEIXJIONHYIO TpyOy O.

4. NnnocTpaTHBHBINA MaTepuaJ: BupryansHele creHabl. ImakaTs! ¢ H300paskeHHSIMA OCHOBHBIX aIlllapaToB

5. Jluteparypa:

OcHoBHas:

1) B.U. Yyewos, E.B. I'manyx, .B. Caiiko. TexHoJI0rHs JIEKapCTB IPOMBILLIEHHOrO npou3BoacTsa. Y. 1. — Bunnuua: Hosa
kuwura, 2014. -696 c.

2) B.W. Yyewmos, E.B. I'maxyx, 11.B. Caiiko. TeXHOJOTHsI JIEKApCTB MIPOMBILUICHHOTO 1pou3BojcTea. U. 2. —Bunanua: Hosa
kHura, 2014. -664 c.

3) IIpomsbminienHas TexHomorus iekapcts, Tom 1. TTox pen. Uyemosa B.U. — X.: MTK-Kuura, U3narensctBa HOAY, 2002
—560 c.

4)  TlpomsiuuieHHast TexHonorus nekapcts, Tom 2. [Ton pen. Uyemosa B.U. — X.: MTK-Kuura, U3natensctea HPAY, 2002
—557c.
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VuebHoe mocodue mst By3os / FO.U. JlbitHepekuii, I'.C. bopucos, B Bpeikos. - M.: Anbsc, 2015. - 496 c.

8)  Kacatkun A.I'. OCHOBHBIE POLIECCHI U ANNapaThl XUMHIECKON TeXHOIOruK: YueOHuk juis By3os / A.I'. Kacarkun. - M.
Anbsine, 2014. - 752 c.
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10) Anekcees, I'.B. BuptyabHslit 1abopaTOpHBIH MPakTHKYM M0 Kypey «IIpomeccsl 1 anmapaTsl MUILEBBIX IPOU3BOACTBY:
Vu. [Tocobue / T'.B. Anekcees, U.W.

AOIMOJITHUTEJ/JIbHAA:

11) Tlnakcun F0.M., Manaxos H.H., Jlapun B.A. [Ipoieccs! 1 annapatsl nuiieBbix npou3soacts. — M.: KonocC, 2008. — 760
c.

12) Kaseukwii I'.J]. [Tporueccs 1 anmapatsl nuiieBoi Texuonoruu. - M.: Komoc, 2000.

13) IlasmnoB K.®., Pomankos I1.I'., HockoB A.A. [Ipumeps! 1 3a/1a9u 0 KypcCy MPOIIECCOB U AINAPATOB XHMHUIECKON
Texnosoruu - JI.: Xumus, 1987

14) TocymapctBennas ®apmakores: Pecryomuku Kasaxcran. — tom 1 — Anmater. — M3narensckuit qom: «KuGEK sK0MbDy.—
2008.—592 c.

15) Tocynapcrennass ®apmakonest PecrryGiuikn Kaszaxcran— toM 2. — Anmatsl.— M3parensekuit oM: «OKubek skombi».—
2009. - 792 c.

16) CarpiaasikoBa b.A. [lopinepain eHmipicTik Texaomorusicer.— Anmatsl.—2011.— 346 6.

17)  AxGepaues O.C. Tamak enaipiciniH mpouectepi joHe armaparrapbl, Anmarsr; 1998 x.

6. KonTpoabHbie Bonpockl (00paTHast CBSI3b)

Jlexnusa Ne 13

1. Tema 13: [lepememinBanue B XKUAKOH cpere.

2. Ilenb: O3HAKOMHUTH CTYJICHTOB C IIEPEMELIMBAHUEM B )KUIKOH Cpejie, a TaKXKe METOJIaMH MX pacdera.
3. Te3ucepl TeKIUM:

1. TIlepememmBaHue B )KUAKON Cpene.

2. Paznenenue ra3oBbIX CHCTEM.

Kpatkoe conep:kanue jJeKuun
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IlepeMeminBaHNE B ;KMIKHX Cpeaax

IlepemMernnBanue MPUMEHSIOT B IpoIieccax aOCOpOIMHY, BRITAPUBAHHS, IKCTPATUPOBAHUS U TIPYTHUX
nporeccax (hapMareBTHICCKON TEXHOIOTHH.

PasnmugaroT 1Ba OCHOBHBIX CIIOCO0a MEPEMEIIUBAHMSA B )KAJKUX Cpeax MEXaHHISCKHUN (C TOMOIIBI0
MeIIaJI0K) ¥ THEBMATHIECKUH (CKATHIM BO3TyXOM WIJIM HHEPTHBIM Ta30M).
MoOIIHOCTDb, IOTPedAsseMas MEXaHHYECKUMH MellaJKaMu

Kak ciemyer 3 coOCTBEHHOTO ypaBHEHHS THIPOAHMHAMIKH, BEIHY)KJCHHOE CTAIIHOHAPHOE IBUKEHUE
JKHUJIKOCTH B YCIIOBHUSX, KOT/Ia IEHCTBHEM CHIIBI TSHKECTH peHeOperaTh Hellb3sl, OTIMCHIBACTCS KPUTEPHAATHHBIM
YPaBHEHUEM.

Eu=f(Re,F,, 17,5 )

rae F]_, Fz — CUMIUICKCAMHU I'COMCTPHUICCKOIO HO,Z[O6I/I$I.

Jlns onmcanus mpolecca nepeMelnBanis MPUMEHSIOT MoMbHIMpoBanHble kKpuTepuit Ditnepa ( EU,, ),

Peitnonnaca ( Re ) u ®pyna ( Fry), kotopsie MoryT 6BITh MOTydeHBI MyTeM NPeoOpa3oBaHus 0ObIYHBIX

BBIPAJKEHUH 3TUX KPUTEPUEB.
BmecTo TMHENHON CKOPOCTH KUAKOCTH, CPEIHIO BENHINHY KOTOPOH IIPU IEPEMEIINBAHIY YCTAHOBUTh
TPAKTHUECKH HEBO3MOKHO, B MOTH(HIMPOBAHHEIE KPUTEPHH TpeicTaBsercs penuunna Nd |

IPONOPLHUOHAIBHAS OKPY>KHOM CKOPOCTH MEMAIKU Wokp -

(Doxp = Ttdn
rae, N — 4dncio 060poTOB MEUTaIKy;
d — nmamerp memanky.

B KauecTBe ONpeIeIomero THHEHHOro pa3Mepa uenonb3yercs auamerp 0 mMemamku.
HO}:[CTaBJ'IS[H OTH BCJIMYMHBI B COOTBETCTBYIOIIUE KPUTECPHUU TTOJTYyUUM:

nd 2
ReM = M = —p :

u u

n2d 2 nid

Fris—m o
gd g
Eu _ AP
" plnd)

B kputepun Eu BXoaut pasHocts aasienus AP . Dtot nepenan napnenuii, mpeosoneBaeMblii ycHirem

AP, npunoskeHHbIM K BaTy Memaiku. Bripaxkaror uepes nonesnyro momHocts N . Benuunna N
IIPONOPLUOHANIBHA TPOU3BEACHUIO YCUIIHSI HA BAITy U OKPY>KHOM CKOPOCTH, T.€.

N=P-(nd)
Torma AP = ——;
nd?
__N
IMoncrasue AP B Bepaxenne nus EU,, , momysnm: EU,, — =K
and 5 N

Kpurepuit EU, , BbIpakeHHBIH B TakoM Buje, HA3BIBAKOT KPUTEPHEM MOLIHOCTH U 0003HAYAIOT Yepe3

Kn .
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4, I/IJIJIIOCTpaTHBHLIﬁ MarepuaJ: BI/IpTyaJ'II)HI)Ie cteHpl. [lmakaTel ¢ I/1306pa)KeHI/IHMI/I OCHOBHBIX alIiapaToB

5. JIuteparypa:

OcHoBHas:

1) B.U. Yyewos, E.B. I'manyx, U.B. Caiiko. TexHOIOTHs JIEKaPCTB IPOMBILIIEHHOro 1pou3BozcTsa. Y. 1. — Bunnuua: Hosa
kuwura, 2014. -696 c.

2) B.W. Yyemos, E.B. I'maxyx, 11.B. Caiiko. TeXHOIOTHsI JIEKapCTB MPOMBILUICHHOTO por3BoacTea. Y. 2. —Bunnnna: Hosa
kHwura, 2014. -664 c.

3)  IIpombminieHHas TexHomorus ekapcts, Tom 1. ITox pen. Yyemosa B.U. — X.: MTK-Kuura, U3narensctBa HOAY, 2002
—-560c.

4)  TlpomsinuieHHas TexHouorus ekapcts, Tom 2. [Tox pen. Uyenrosa B.U. — X.: MTK-Kuura, Usgatenscrea HOAY, 2002
—557c.

5)  Manmrep C. H. IIpoueccs! 1 anmapaTsl XHMHYECKOH TEXHOJIOTUH : yaeOHoe nocobue / C. H. Mantiep,I”. M.
JKymanazaposa. - MuHncTepcTBO 00pazoBanus  Hayku Pecriyonuku Kazaxcran. - Anmatet : "Bactay", 2018. - 256 ¢

6)  Herraepcknii 0.1 Ipomneccs! i anmaparsl XUuMH4ecKoil Texuonorun: B aeyx tomax / FO.1 [lprtHepckuii. — M.: AsbsiHe,
2015. — 368 c.

7)  Jpireepckuii, FO. . OcHOBHBIE TIPOLIECCHI U ANNAPATHl XUMUYIECKON TexHOooruu: [1ocobue 1o IpOoeKTHPOBAHHIO:
VuebHoe nocobue mst By308 / FO. M. [sitHepckuid, [.C. Bopucos, B Bpbikos. - M.: Anbsnc, 2015. - 496 c.

8)  Kacatkun A.I'. OCHOBHbIE NIPOLIECCHI M ANNAPATHl XUMUYECKON TeXHOIOruU: YueOHuK juist By3oB / A.I'. Kacarkun. - M.
Anbsnc, 2014. - 752 c.

9)  Ocrpukos A.H. [poueccs! u ammmapatsl. Pacder i IpoeKTHPOBAHKE AIIapaToB LISl TEIUIOBBIX M TEIUIOMACCOOOMEHHBIX
nporteccoB: YueOHoe mocodue / A.H. Octpuxos, B.H. Bacwuienko u np. - CTI6.: Jlaus, 2018. - 440 c.

10) Aunekcees, [.B. BupryaibHblii 1a00paTOpHBIii IPaKTHKYM 10 Kypcy «I[IpoLieccsl U anmnaparsl IMULIEBbIX IPOM3BOICTBY:
Vu. ITocobue / T'.B. Anekcees, U.W.

JOIMOJTHUTECJIbHAA:

11) TInakcuu }0.M., Manaxos H.H., Jlapuu B.A. Iporiecch 1 arnmapats! MHIIEBBIX mpon3BoacTB. — M.: KomocC, 2008. — 760
c.

12) Kaseuxkuii I'.J]. TIporieccsl i anmnapatsl MUIIEBoi TexHonoruu. - M.: Komoc, 2000.

13) TlaBnoB K.®., Pomankos I1.T'., HockoB A.A. IIpumMeps! U 3aia4¥ 110 KypCy IPOLECCOB M ANNapaToB XMMHIECKOH
TexHonoruu - JI.: Xumus, 1987

14) Tocynapcreennas ®apmakomnes Pecnyonuku Kasaxcran. — tom 1 — Anvarsl. — Usnatensekuit gom: «Kubek sxombi».—

2008.—592 c.
15) Tocynapcteennas ®apmakornest Pecriybnikn Kasaxcran.— tom 2. — Anmatel— Mznarensckuii gom: «KUOEK kKOJb».—
2009. - 792 c.

16) CarbiHabikoa b.A. Jlopinepis eHaipicTik TexHonorusicbl.— Anmarsl.—2011.— 346 6.
17) Ax6epmues O.C. Tamak eHaipiciHi nporectepi xoHe anmaparrapbl, Anmatsl; 1998 x.

7. KoHTpoJbHBIE BONPOCHI (00paTHAA CBA3b)
1) C kakoif 11e7bI0 MPUMEHSIETCS IEPEMEIHBAHNE B (hapMAIEBTHIECCKO# TEXHOIOTHN?
2) Kakue CymiecTByIOT CIIOCOOBI IEPEMEIIMBAHUS B XUAKOM cpesie?
3) Or KaKuX MapaMeTPOB 3aBUCHUT MOLIHOCTD, TOTPEOIIEMOM MEIITaIKOM?
4) UYewm xapaktepusyetcs 3Q(HeKTHBHOCTD OUMCTKH Fa30BbIX ITOTOKOB OTB3BEIICHHBIX YaCTUII?
5) B 4eM IOCTOMHCTBA MUKJIOHHOTO mporecca?
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Jlexnus Ne 14
1. Tema 14: MexaHn4ecKue POIECCHI.
2. Heab: O3HaAKOMHUTD CTYIEHTOB C (PU3UIECKON CYITHOCTHIO MPOIIecca U3MENFUCHUS TBEPABIX MATEPHAIOB,
TEOpHEH U METOJAMH U3MENTFUCHNUS, a TAKXKE C OCHOBHBIMHU THIIAMH W3MENbYAIOIINX MAIIIIH.
3. Te3ucChI JIeKINN:
8. M3menpueHue TBEPABIX MATEPHATIOB.
9. ®Du3MKO-MEXaHUYCCKUC OCHOBBI U3MEIIbUYCHUS.
10. KoHCTpyKuuH H3MeNbyUaIoIIX MaIIHH.
Kpartkoe cogep:kanue JeKIHH
K MexaHnyeckuM mpolieccaM OTHOCSTCS W3MelbueHHe TBEPIBIX MaTepHalloB Kiaccudukauus (T.e.
pasiesieHre ChIMYYHX BEIIECTB N0 (pakuusim); CMElIeHHE ChITyYHX MaTepHalloB.
H3menbueHne TBEPABIX MaTepuaoB. CKOPOCTh XUMHUYECKUX U TUPPY3HOHHBIX MPOIECCOB MPOTEKAOIINX
¢ yJacTtueM TBEPIOH (ha3bl, MOBHIIACTCS MIPU YBEIHMUCHHUH €€ IIOBEPXHOCTH.
Hannare moBepxXHOCTH TBEPIOTO MaTepHalia JOCTUTACTCA ITyTEM YMEHBIICHUS pPa3MEpOB €ro KYCKOB, T.C.
myTéM m3MenbdeHUsA. [Iporeccsl W3MenbueHHsS YCIOBHO MOIPA3lIeNIAIOT Ha ApoOieHHe (KpymHoe, cpeaHee U
MEJKOE) U U3MENbUCHHE (TOHKOE U CBEPXTOHKOE).
V3MenpueHre MaTeprallOB OCYIIECTBIIOT MyTEM pa3IaBIMBaHUs, PACKAIBIBAHI, HICTUPAHUS U yIapa.
B 3aBucuMocTH OT (U3NKO-MEXaHWIECKHX CBOWCTB M pa3MEpOB KYCKOB HM3MEIbUYaeMOr0 MaTephalia

‘P

7
pasaas/MBaHyIC PacKalabIBaHMC HCTHIpAHMC yvAaap

BBIOMpAIOT BHA Bo3jeicTBUsA. J[poOieHne TBEPABIX M XPYIMKHX MAaTepHaloB TIPOM3BOIAT pa3laBiMBaHUEM,
packaabIBaHHEM W yOapoM, TBEPIBIX M BI3KHX — pas3[JaBiIMBaHHEM W HCTHpaHHEM. J[poOJieHHe MaTepHaioB
OCYIIECTBIIIOT OOBIYHO CYXMM CIIoco00oM (6e3 mpuMeHeHHst BobI). TOHKOE M3METbYEHHE YaCTO MPOBOIST MOKPEIM
croco6oM (¢ MCIOIB30BaHUEM BOJIBI). [IpH MOKPOM M3MEHEHUH TIbliIe 00pa30BaHHs HE MPOUCXOAUT M KPOME TOTO
o0JieryaeT TpaHCIIOPTHPOBAHKE W3METBLYEHHBIX TIPOTYKTOB.

KauecTBO Tpolecca XapaKTEpU3YETCSl —CTEMEHBIO M3MENBUEHHS pPAaBHOM  OTHOIIEHHIO CPEIHETO
xapakTepHoro pasMepa D kycka marepuaia 10 usMmenpueHus K pasmepy d mocie namenbuenus: i=D/d.

B GONBIIMHCTBE CIIyYaeB B IPOMBIIUIEHHOCTH TPEOYIOTCS BHICOKHE CTETIEHH H3MENbUEHHUS.
B 3aBrcuMocTH OT pasMepoB Hambojee KPYITHBIX KYCKOB M3MEIBYEHHOTO W HMCXOIHOTO MaTepuaia pasjinyaroT
CIIEIYIOIIME BUIBI H3METbYCHUSL.

Bun uzmensuenns Pa3mep xyckoB 10 Pazmep nocne CrerneHb U3MeIbYSHUS
W3MENBYCHUS, MM. H3METbYCHHS
Kpynnoe npoGnenue 1500 — 300 300 — 100 2-6
Cpennee npoOiieHue 300 - 100 50-10 5-10
Mernkoe npobieHue 50 -10 10-2 10 -50
Tonkoe u3MenpYeHue 10-2 2-7510°% 100
CBEpPXTOHKOE M3MENLUEHHIE 2-7510° (750 - 1) 10 -

DuU3NKO-MeXaHNYeCKHE OCHOBBI H3MEJIbYeHHSI.

B mpomecce mpoOiieHns KyCKd TBEPAOrO MaTepuaia cHadajaa MOABEPraroTcs 00bEMHON AedopMaruu mo
}lel\/’ICTBI/IeM BHCIIHUX CHUJI, @ 3aTEM PaA3pyIIaArOTCA IO OCHa6HeHHBIM )Ie(beKTaMI/I CCYCHUSAM C a6pa3OBaHHeM HOBBIX
moBepxHocTell. Kycku mpoaykra ApoOIeHHS OCIaOieHBI TPEIMHAMU 3HAYMATEIFHO MEHbBIIE, YeM HCXOJHBIC.
[To3TOMy C YBEIMYCHUEM CTCIICHH U3MEIILYCHHUS BO3PACTAET PACXO/1 YIHEPTUU Ha MPOIIECC.
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Otcroma MOXHO CcZeaTh BBIBOJ, YTO paboTa, I0JIe3HO 3aTpaurBaeMas Ha JIpoOJeHWe, pacxojyercs Ha
00béMHYIO JlepopManyio paspyniaeMblX KYCKOB M oOpa3oBaHMe HOBOW moBepxHocTd. PaGora Ay, ympyroro
negopMupoBaHU 00bEMa pa3pynIaeMoro Teja MPOIOPIHOHAIEHA U3MEHEHNI0 00BEMa (WM 1eOPMHPOBAHHOMY
00BEMY).

A,y = KAV

3nece: K - K03 PHUINEHT POTIOPINOHATBHOCTH, YUCIICHHO PaBHBIN paboTe neGopMHUpOBaHIE €IUHUIIBI

00BEMa TBEpIOTO TEINA.
Pabora 06pa3oBaHNs HOBOW IOBEPXHOCTH IIPH U3MENBYCHAN , Ay, IIPOMOPIIMOHATFHA H3MEHEHHIO STON

TIOBEPXHOCTH:
A =cAF

rae: o . KO3 PHUIUEHT MPONMOPIIMOHATHHOCTH, YHCJICHHO paBHBIM paboTe, 3aTpadnBacMOW Ha

00pa3oBaHUe eTUHHUIEI HOBOI IOBEPXHOCTH, AF - senmauna sross 00pa30BaHHO MOBEPXHOCTH.
[NonHast paboTa BHEIIHUX CHJI IPH APOOJICHUH BhIpaKaeTcs ypaBHeHHeM Pebunaepa.

A= As+ Ar = KAV +GcAF (B

[Ipn npobieHNM KPYIHBIX KyCKOB C MaJIOH CTENCHBIO H3MEIbYCHUSI MOXKHO IIpeHeOpeds paboToi
00pa3zoBaHys HOBOH OBEPXHOCTH BCIICACTBHE €€ HE3HAUNTENIbHOM BenmuuHbl. Toraa ypasaenue (1) Oyzxer

A= KAV =K;D? @)

YpaBuenue (2) Beipaxkaet runore3y apodacaus Kuka — Kupnnuésa. CoriacHo 3Toi runorese padoTa
JpOOJIeHUsT POMOPIIMOHATIbHA 00BEMY (MITM Macce) ApOOUMOTo KycKa.

Ecau npoGiieHre TPOUCXOAUT C OONBINONW CTEMEHBIO H3MEIbYeHHs, TO B ypaBHeHuwn (1) MOXHO
npeHedpeus padotoit AedhopmupoBanus 00bEMa BCIEACTBHE €€ MAaJOCTH 110 CPaBHEHHUIO ¢ paboTOil 0O0pa3oBaHMs
HOBOU moBepxHocTH. Torma ypaBHeHUE st pabOTHI:

\ M — 2
A =cAF =01D (3)
Ypasuenue (3) sBiseTCS BBIPaXXEHUEM THIIOTE3Bl PUTTHHrEpa, COrIacHO KOTOPOH paboTa ApobaeHus
IIPONIOPIMOHATFHA BEIMYMHE BHOBh 00pa30BaHHOMN NPH APOOICHNN TIOBEPXHOCTH.

Kaxk Buaum, Teopusi Pebunnepa oobeaunsier runote3sl Kupnnuesa u Purtunrepa.
Ypasuenue (1) — (3) He MO3BOJSIIOT BHIYUCIUTL aOCONMIOTHOE 3HAYCHHE PA0OTHI U3MENbUEHUS, TIOCKOJIBKY

HEM3BECTHBIMU OCTAIOTCS KOG HUIMEHTH MPONOPIMOHAIBHOCTH K 1 o) 1. IlosToMy yka3aHHBIE ypaBHEHUS
UCTIONIB3YIOTCS TOJIBKO ISl CPAaBHUTEIILHOM OLICHKH IPOIECCOB M3METbUeHUs. VCronb3ys rUIoTe3bl H3MEJIbUEHHS.
Hcnonb3yst TUMOTE3bl U3MEIbUCHNS, MOXKHO HAMETHUTH NMPABWIIBHYIO OPraHH3aLHI0 MPOLECCOB M3MENbUCHHSI H B
MIEPBOM NPHOIMKESHNHN OIIPEIEeTTUTh 3aTPaThl SHEPTUHU Ha MPOIECC.

KoHCTpyKIHH MAIITHH PACKAJIBIBAIOIIET0 H PA3JIaMbIBAKOIIET0 IeiCTBHS.

OTanyreM paccMaTpUBaeMOro Kiiacca MallHH SIBISICTCS ISHCTBHEM HA W3MEIbUaeMOe TEeJI0 COCPEI0TOUCHHBIX
Harpys3o0K, BBI3BIBAIOIHUX MECCTHBIC PpaspylIaromine HANPAXKCHUA W ACJICHUC TECJIa Ha 4YacCTH. K takum mammHam
OTHOCATCA HICKOBBIC, KOHYCHBIC U 3y6OBaHKOBBIe }IpO6I/IJ'IKI/I. OTMe‘IeHHBle llp06I/IJ'lKI/I HCIOJIB3YIOTCA B OCHOBHOM
JUTSL KPYITHOTO U CPEJTHETO POOIICHNS.

HlexoBble ApodMiIKH. Pabouynmu 3meMEeHTaMH JaHHOTO Kiacca IPOOWIOK SIBIISICTCSI HETOABIDKHAS U
TIO/IBYDKHAS MIEKH, 00pa3yroIInue CBOOOIHYIO MOJIOCTH (ITACTh), CEUeHNUE KOTOPOH YMEHBIIIAETCS CBEPXY BHU3.

Martepual 3arpy’kaercsi CBEpXy U IpH CONMKEHUH TTOIBIKHOM IIEKH U3MENbYaeTcs, a MpHU e€ yaaIeHur —
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MPOCHITIACTCSA Yepe3 HIDKHEEe CeucHHe macTh. Pabodas MOBEpXHOCTh 00cwx HIEK HMeeT 3y0uaryro ¢opmy.
IMonsmxaas meKa, coBepIaromias KadyaTeIbHOE JBIDKEHHE, OOBIYHO MOABENIMBACTCS HA OCH 3a BEPXHUI KOHEI.
[IInpuaa pasrpy304HOM IIeKH B mporecce pabOTHI HEMPEPHIBHO MEHSETCA. OTO IPUBOAWT K 3HAYUTEIHHOU
HEOAHOPOAHOCTH M3MENbYacMOro MaTepuala MO TPAHCOCTaBY. DTO HEAOCTAaTOK MamuH. s ycTpaHEHHUs! 3TOTO
HEJloCTaTKa OBLIM CO3/IaHbl MAIIMHBI C HIDKHEH MOJBECKONW Kadaromeycs KN, OJHAKO, OHM HE HAIILIN IIMPOKOTO
MIPUMEHEHHS. XOTsI OJHOPOJHOCTH NPOAYKTA W BBIIMIE, OJHAKO BHEIIHEH YacTH OOpa3yloTcs 3acTOWHBIE 30HBI,
KOTOPBIE CHIDKAIOT IIPON3BOJUTEILHOCTE 000PYIOBAHHS.

Konycusbie apo6miikn. OCHOBHBIMU pabOYMMH 3J€MEHTAMHU KOHYCHBIX APOOMIIOK SIBJISIETCS J1BA YCEUEHHBIX
KOHYCa, Pa3MEIIEHHBIX OAMH B APYroM. BHelIHNI KOHYC HETIOJBUKEH, a BHYTPEHHUI BpaIlaeTCs Ha OCH.

Jlnis xpymHOTo ApoOIeHus Just cpennero npoGneHus

—
-

—

1 — HemOABIKHBII KOHYC, 2 — MOABIKHBIA KOHYC.

WHorma BHYTPCHHHH KOHYC C OJHOM CTOPOHBI MPUONMKACTCS K HEMOABIKHOMY KOHYCY, H3Melbyast
Marepuan, a ¢ Jpyrod CTOpPOHbI (IPH yOAICHHH) OOECIeYMBACT BBIXOJ H3MENBUYEHHOTO MaTepuana.
IMpousBoautenbHocth 60 — 300 T/4.

3y6oBasikoBbie IPOOHIKHA. [JpOOHIKY IPUMEHSIOTCS JJIsl KPYITHOTO U CPETHEr0 M3MENbYCHUSI XPYIKUX MaJIo
IIPOYHBIX MaTE€pPHajoB (Yroyb, KOKC H Ip.).

JlpoOuiika COCTOMT U3 IBYX 3y04aThIX BAJIKOB,

Bpamatronuxcsi HaBeTpedy Ipyr Apyry. OAWH BallOK CHAMT B HEMOJBK)KHBIX IMOJIIMITHAKAX, a BTOPOW B
NOABW)XHBIX TOMIIUITHUKAX C aMOPTH3UPYIOIIUMHU NpYyXUHAMH. M3MenbuaeMblii MaTepuan NONajas MExIy
3yObsSIMH, pacKaiblBaeTCs M BBINAJACT Yepe3 IIelb MEXIy Bankamu. [Ipu momajaHuy Kycka He ApoOsmierocs
Mmartepuala, 6J1aroz[ap$1 TIOJABWXHBIM TOAIIUITHUKAM, BAJIKU PACXOOATCA, KYCOK MNPOBAJIMBACTCA, W MallWHA HE
noBpexaaercs. Ilpu m3mensueHnu Oosiee TBEPABIX MaTEPHAIOB 3yObs NENAlOT KOPOTKHMH H C TYIBIM YTJIOM B
BEPHIMHE, MPHU UBMCIBYCHUU MIATKUX MATEPHUATIOB — JUIMHHBIE C OCTPBIM YIJIOM B BEPIIHHE. HpOHSBOJlI/ITCHBHOCTB
mamuH — 10 200 1/4.
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1 — HEMOABMIKHEIN BaJIOK, 2 — MOABHKHBINA BaJIOK.

N3menbualommue MalIMHBI pa3aaBiauBaomero aeicrBusi. OOMMM NPU3HAKOM O3TUX MAalIMH SBISIETCS
pa3gaBIMBaHHE MaTepHaia TpU CONMKCHUU [BYX IIOBEPXHOCTEH, W3 KOTOPHIX OJHA WM 00€ TOIBIDKHBL
OCHOBHBIMH MPEJCTABUTEIIIMHI MAIIIMH 3TOTO KJIACCa SIBJISICTCS [VIAIKO BAJKOBBIC U POJIMKO -KOJIBIICBBIC IPOOUIIKH.

I'iiagko BaskoBbIe APOOUIIKH.

_HH"H

L/ \ ‘Vj

OHH HMCHONB3YIOTCS Ul CPEHEr0 W MEJKOTO APOOJICHUS] W OTIMYAIOTCS OT 3yOOBAIKOBBIX TEM, YTO BAJIKH
AMEeT MIAAKYI0 [WIHHIPUYECKYIO IMOBEPXHOCTh, IO 3TOMY MaTepuan H3MEIbuacTCs HE pacKajiblBaHHEM, a
pasaaenuBanueM. [IpousBoaurenbHocTh — 13 — 85 /4.

Ponrko — KOJIBIEBBIE IPOOMIKH HCIOJB3YIOTCS MPEUMYIISCTBEHHO i rpyboro Hamousa. Paboummu
JJIEMEHTaMHU MAIIMHBI SIBJISIOTCS TPH POJIMKA M BUCSIES HA HUX Pa3MOJbHOE KOJBIO. POJSHKH TPUKATHI K
Pa3MOJIbHOMY KOJIbITY MPYXUHAMH, MPUUEM OJIMH U3 HUX COCAMHEH C

MIPUBOIOM U SIBJISIETCS BEYIIIHM.

P

1 — Begyuuii ponuk; 2 — BEIOMBIE POJIMKH; 3 — Pa3MOJIbHOE KOJIBIIO.
Marepuan nonagaeT Mexay KOJIBIIOM B KOPITyca, YHOCS TIPH 3TOM KYCKH U 0oJiee KpyImHOTO pasmepa. [loatomy
Ha BBIXOJIC U3 MalllMHBI YCTaHABIUBAIOT KIIaCCH(DHUKATOP: KPYITHBIE KyCKH
BO3BPAIIAIOT B MAIIMHY HA TOBTOPHOE U3MENIFUCHUE.
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[Ipou3BoANTEIHHOCTS MAIIMHBI 3aBUCHT OT CBOWCTB MaTepHana M cTeneHu m3MenbuyeHus. Cocrasisist 25 — 48
000 xr/u.

MamuHBI HCTHPAIOLIEr0 M PA3AaBIUBAIONIETO JeHCTBHS.

Oco0eHHOCTBIO MAalllMH JaHHOTO Kilacca SIBISCTCS M3MENbUCHHE MATEpHaliOB B PE3YJIbTATE OJHOBPEMEHHOTO
JCUCTBHS TIPSMOTO PpAa3faBiIMBaHMWsA W HUCTHpaHMA. Pa3gaBnmBaHWE [MOCTHTaeTcst COMMKEHHEM —pabodmx
MIOBEPXHOCTEH, a HCTUpPAHHE MPOUCXOAMT BCIEIACTBUE PA3HOCTU JIMHEHHBIX CKOPOCTEH 3THX IOBEPXHOCTEH.
HaubGonbiree npuMeHEHHE cpeasl pPacCMaTPHBAEMbBIX MAIIHMH, HCHOIb3YEMBIX Ml TOHKOTO H3MEIbUCHHS
MaTepHaJIOB, MOJYINM OETryHbI, KATKOTO — Tapeb4aThie, IapOKOIbLEBBIE U OMCEPHBIC METbHUIIBL

BeI‘yHLI. OCHOBHBIMU pa60q1/1M1/1 9JICMCHTaAMHU 6erHOB ABJIACTCA ABAa HUJIMHAPUYCCKUX KAaTKa, OIUPAIOIINXCHA
Ha TOPU30HTAIBHYIO Yanry. KaTky BpalmaTenpHOE IBH)KEHHE ITPH IMOMOIIM KOHHYECKHX IecTepeH. [Ipu Bpamennn
BaJIa KaTKH OETaroT MO JTHY YallH.

Marepunan, NOCTYMAOIIMA B dally, TONagaeT MEXIy 4Yamlell W KaTKaMH, H3MENb4aeTcs NpsIMbIM
pa3faBIMBaHUEM W OJHOBPEMEHHO HCTHPAHHMEM, IMOCKOJIBKY TOYKH IO OOpasyromield KaTka, MEepeMeIaloTcs ¢
Pa3IUYHBIMH CKOPOCTSIMU. Tak Kak HEeHTPOOSKHBIC CHIIBI CIIBUTAIOT M3MEJIbYAEMbIil MaTepHall K Hapy>KHOMY 00pTy
qamu, TO A €ro BO3BpallCHUA IO KaTKKW MPEAYCMOTPCHBI CICIUATIBHBIC rpe61<1/1. Onu CBO60[[HO CHIAT Ha
TOJIyOCAX, a MOCJICAHUC COCANHEHBI C BEPTUKAJIIbHBIM BaJIOM, IIPUBOAMMBIM BO BpallCHUE.

Mamunbl yaapHoro aedicrBusi K 3TuM MammHaM OTHOCSTCS MOJIOTKOBBIE MENBHUIIBI, JAE3MHTETPATOPHI,
OapabaHHbIe MEITLHUIIBI, ¥ TA30CTPYHHBIE MEJIbHHILIBL.

4. NnaocTpaTuBHBIA MaTepuaa: Bupryansusie creHasl. [InakaTel ¢ H300paskeHUSIMH OCHOBHBIX aIlIIapaToB

5. Jluteparypa:
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1) B.H. Yyemos, E.B. I'magyx, 11.B. Caiixo. TexHOJIOTHs JTeKapcTB MPOMBILILIICHHOro npou3BocTBa. Y. 1. — Bunnuua: Hosa
kuwura, 2014. -696 c.

2) B.W. Yyemos, E.B. 'naxyx, U.B. Caiiko. TeXHOJOTHUsI JIEKAPCTB MIPOMBIILIEHHOTO pou3BoacTBa. Y. 2. —Bunnuua: Hosa
kuwura, 2014. -664 c.

3)  Ipomsinutennas texunonorus nekapets, Tom 1. [Tox pen. Uyemosa B.U. — X.: MTK-Kuura, U3natensctea HOAY, 2002
—-560 c.

4)  TIpomsbluleHHas TeXHOJIOrHs JekapeTs, Tom 2. ITox pexn. Yyemosa B.M. — X.: MTK-Kuura, U3natenscrea HOAY, 2002
—557c.

5)  Manmep C. H. Ilporeccs! 1 anmaparsl XHMHYECKOM TEXHOIOTHH : yueOHoe mocodue / C. H. Mantiep,I'. M.
JXymana3zaposa. - MunnCcTepcTBO 00pasoBanus 1 Hayku Pecrryommku Kazaxcran. - Anvarts! : "bacray”, 2018. - 256 ¢

6)  Jerraepcknit FO.U Tpoueccsr i anmapatst Xumnuueckor Texuonoruu: B nByx tomax / FO.U JlprtHepeknit. — M.: Anbsiae,
2015.—368 c.

7)  Jwertaepekuit, F0.W. OcHOBHBIE MPOLIECCH U ANMAPATH XUMHUUECKOH TexHonoruu: [1ocobue mo npoeKTHPOBaHUIO:
VuebHoe mocodue mst By3oB / FO.U. JlpitHepekuii, I'.C. bopucos, B Bpeikos. - M.: Anbsc, 2015. - 496 c.

8)  Kacatkun A.I'. OCHOBHBIE NPOLIECCHI U ANMAPATHl XAMHYIECKOM TEXHOIOTHU: YueOHuK st By30B / A.I'. Kacarkun. - M..:
Anbsnc, 2014. - 752 c.

9)  OctpukoB A.H. IIpoueccs! 1 anmapaTsl. PacueT ¥ IpoeKTHpoBaHKe alapaToB s TEIUIOBBIX H TEIIOMAacCOOOMEHHBIX
nporeccoB: Yue6Hoe ocobue / A.H. Octpukos, B.H. Bacuienko u np. - CI16.: Jlans, 2018. - 440 c.

10) Aunekcees, I'.B. BupTryaibHslii 1abopaTOpHBIH MPaKTHKYM IO Kypey «IIpoleccsl 1 anmapaTsl MUILEBBIX IPOU3BOACTBY:
Vu. ITocooue / I'.B. Anekcees, N.1.

JAOIMOJTHUTEC/JIbHAA

11) IMnakcun K0.M., Manaxos H.H., Jlapun B.A. TIporeccs u ammapats! mumieBbix mpousBoacts. — M.: KomocC, 2008. — 760
c.

12) Kaseuxkuii I'.J]. TIporieccs i anmnapatsl MuIeBoit Texxonoruu. - M.: Kosoc, 2000.

13) TlaBnos K.®., Pomankos I1.T'., HockoB A.A. IIpumMeps! i 3aia4H 110 Kypcy MPOLECCOB M aNapaToB XMMHIECKOH
Texnonoruu - JI.: Xumus, 1987

14) TocymapctBennas ®apmakores: Pecryonuku Kazaxcran. — tom 1 — Anmatel. — W3marensekuii mom: «JKnbex xomaby.—
2008.—592 c.

15) TocymapctBennas @apmakornest Pecrryomukn Kazaxcran.— tom 2. — Anmartel.— Uzmatensckuit mom: «Kubex »xompi».—
2009. - 792 c.

16) CarpmasikoBa b.A. [lopinepain enaipicTik Texnonorusicel.— Anmatel.—2011.— 346 6.

17) Akb6epaunes O.C. Tamak OHIipiCiHIH MpoIlecTepi kKIHe anmaparrapsl, Anmatsr; 1998 x.

6. KonTposabsHble BOMpPockl (00paTHAs CBSI3b)
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1) C KaKoif 1eIbt0 MPUMEHSIOT H3METbUCHHE TBEPBIX MaTCPHATOB?

2) Ha xakue BHIBI MOJPA3IeSIeTCS M3MEIbYCHHE B 3aBUCHMOCTH OT HAyalbHBIX U KOHEYHBIX Pa3MepoB
HaMOOJBIINX KyCKOB MaTepuaia?

3) Kakumu MeToaMu IPOU3BOUTCS H3MEITbUCHUE TBEP/IBIX MATEPUATIOB?

4)  Or kaKux XapaKTePHCTHK U3MEIbYaEMbIX MATEPHAIIOB 3aBUCUT paboTa, 3aTpaunBacMasi Ha H3MeNbucHue?

5) Kaxwe THITBI H3METBYAIONINX MALINH IPUMEHSOTCS B IPOMBIIUICHHOCTH?

Jleknua Ne 15

1. Tema 15: [IpeccoBanue.

2. Heab: O3HaAKOMHUTH CTYACHTOB C (PM3UYECKOH CYHIHOCTBIO MpoLecca MPECCOBAHUS A1 00e3BOKHUBAHUS,
OpHKETUPOBAHUS TBEPIBIX MATEPHAIIOB, IPaHyIHUPOBAHHS M (OPMOBAHHMS IUIACTHYHBIX MaTEPHAIIOB.

3. Te3ucsyl JieKIUMK:

1. O0e3BoxHBaHHE U OPUKETHPOBAHUE.

2. I'panynupoBanue u GOpMOBaHHE.

KpaTkoe coaepikanue JeKkuun

J1st 06e3BOXKMBaHUs, OPUKETUPOBAHUS TBEPIABIX MATEPUAIOB, TPAHYIUPOBaHUS U (HOPMOBAHHS ITACTUYHBIX
MaTepHanoB B hapMaleBTHYCSCKON MPOMBIIUICHHOCTH IPUMEHSIOT NPECCOBaHUE.

[IpeccoBaHue 3aKi0YaeTCs B TOM, YTO 0OpadaThIBaeMBIil MaTepHal NOABEPra-l0T BHEIIHEMY NaBICHHUIO B
CIELMANIbHBIX NIPECCax.

[Tox M30BITOYHBIM JaBJICHHEM HPOBOIAT 00C3BOKMBaHME, OpHKETHPOBaHME, (POPMOBAHHE M LITAMIIOBaHHE
Pa3IMYHBIX TUIIEBEIX MaTepraios [1].
O0e3BokHBaHUE M OPMKETHPOBAHME

O0e3BOXMBaHUE POAYKTOB MPUMEHSIOT JUTS BBIJICICHHS XKUAKOCTH, KOTJa OHA SBJICTCS LICHHBIM IIPOIYKTOM
WM KOrJia ¢ 00€3BOXKMBAHMEM IICHHOCTH MPOAYKTa yBenuuuBaercs. OOGe3BOKMBaHHE MPOBOAAT MOA ACHCTBHEM
M30BITOYHOTO AaBJICHHs, KOTOPOE NPUKIIA/IBIBAETCS K Marepuaiy. M30bITOUHOE JIaBlieHHE MOXKET OBITh HPHIIOKEHO
K MaTtepuainy AByMs croco0amu: NaBJIiCeHHEM IMOPIIHS B Mpeccax WM JeHCTBHEM LEHTPOOEXKHON CHIIbI B
LEeHTpUdyrax.

OCHOBHasi XapaKTEpUCTHKa Mpolecca OpPHKETHPOBAHMS — 3aBHCHMOCTb MEXIY HPHPALICHAEM IaBICHHUS
MPECCOBAHUS Ap U YMEHbIIEHHEM KO3 PHIMEeHTa YIIOTHEHHS npeccyemoro Bentecta B (B = V/Vi=h/hy, rne V u
V1 — o0beM mpoIaykTa JO W TOCHe NMPECCOBAaHMS COOTBETCTBEHHO; N u hi, — BeICOTa OpuKeTa OO W IOCIE
NPECCOBaHUsI COOTBETCTBEHHO).

Jlnst BeIBOJIA ypaBHEHMsSI paclpeseNieHus JaBJICHHUsI ITPECCOBAHUS MO BBICOTE OpHKETa PacCMOTPUM CXEMy CHII,
JICHCTBYIONIMX HA DJIEMEHTApHBIN cioil GpukeTa (PHCYHOK 2).
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Pucynox 2 — Cxema cuil, IGHCTBYIOIIMX Ha AJIEMEHTAPHBIN CII0H OprKeTa
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JlaBneHue peccoBaHUs CKIIAIbIBACTCS M3 JABJICHUS HA YIUIOTHCHHE MPOAYKTA U JABJICHUS IS MPCOIOJICHUS
CHII TpEHUs TpoayKTa o mpecc-popmy. [IpeneOperas TpeHHEM MPOAYKTa O IMPECCOPMY W NPUHUMAS, YTO MPOIYKT
SIBIISICTCS OJTHOPOIHEIM, TIOJTy4aeM BBIPAKEHHE IS OIMCAHUS IPOIecca MPECCOBAHMUS

yln(P /Po) = B — o
re Y — Moaysb mpeccyeMoctd; P, P, — COOTBETCTBEHHO KOHCUHOE WM HA4YallbHOE NABJICHUS Cxatus; B, Bo —
KOHCYHBIN W HAYaIbHBIN KO3 PHUIUCHTHI YINIOTHCHHUS.

B ycnoBusx paBHOBecHS Ha AJIEMEHT OpHKETa, HaXOISMIIUICS B MaTpPHUIC Ha PACCTOSHUHU Z OT IyaHCOHa, B
BEPTUKAIBHOW TUIOCKOCTH JEHCTBYIOT HOpManbHbie Cuiibl P; u P, — d P, ynenbuble cunbl Tpenusi T, ¥ CHIIBI OT
OOKOBBIX JaBJICHUIT Py.

VY nenwbHas cuna tpenus 1, = f Py, rae f — koaddunuent Tpenust marepuana o CTEHKY MaTPHIBI.

BeprukanbHoe yAenbHOE AaBICHUE CBSI3aHO ¢ OOKOBBIM Y/CIbHBIM AaBieHueM Py, cooTHomienuem Py, / P, = &
Ecmu momepeuyHoe cedenue F u mepumerp Opukera I, To ycioBHE paBHOBECHsS CHJI Ha OCh Z BBIpaXKacTCs
ypaBuenueMm FdP; = f P,dz. YuurteiBasi, 4To npupaiieHne JaBieHNs U CUIIbI TPEHHS PABHBI, HO MPOTHBOIMOIOXKHBI MO
HaTPaBJICHUIO, TIOIYIUM

Fsz = 'tE_, Pz HdZ
[IpounTerpupoBas 3To ypaBHeHHe B npenenax ot P 10 P; u ot 0 10 Z mpyu MOCTOSHCTBE BEIHMYUH U, TIOITYIUM
P, = Pexp(&fTiz /F) (1)

Ha nre mpecc — GpopMel yenpHOE TaBICHNE

Ph = Pexp(&fTTh /F)
rae h — BeicoTa Opukera.
VYpaBrenue (1) mpexacraBiseT coOoil ypaBHEHHE pacIlpelelieHHsI TaBICHUS IIPECCOBAHHS MO BBICOTE CHKATOTO
Opuketa. Ero MOXHO Take HCIOJIb30BaTh JJIsI OMPEACICHUS MOTEPh JABJICHHUS HA TPEHHUE O CTCHKH MATPHIIBL.
Cpennnii KO3Q(HUIMEHT YIIITOTHEHHUS

Bes= By —vIn(p/ p,) + WS /(2F). %

rae & = Py P; — cooTHoIIeHHEe GOKOBOTO YAENBHOTO JAABICHHS Py, M BEPTHKAIBHOTO YAEIHHOTO JaBieHHs P,
(xoaddurment 6oxoBoro napnenus); f — KoIPUIMEHT TPeHUs] MaTepuana O CTEHKY Marpuubl; [1 — mepumerp
OpuKeTa; Z — KOOpJHHATa [IepeMelleHN s ITyaHCOHa BJI0JIb BEPTUKAILHOM ocH; F — monepedHoe ceuenue OpukeTa.
CpenHsis INIOTHOCTH OPHUKETa MOCTOSHHOTO CEYEHHS

Per =[P~ pvn(p/ py)|/[1-wdlIG, (2F 2/')1{ )]

v - ®)
rae Gy — Macca TBep1o# (a3sl B OpUKeTe.

KoHeuHbIl 1 HaYaNbHBIH KOA(QOHUIUESHTH YIULIOTHEHHS B 3TOM city4dae § = p/pk
U B = po/px ; KoHeuHast BeicoTa Opuketa hy = Gi/Fpk; p 1 pk— COOTBETCTBEHHO
HadaJbHas U KOHEYHasl INIOTHOCTH OpHKeTa.
Ypauenus (2) u (3) SIBISAIOTCS OCHOBHBIMH YPaBHEHHUSIMH TPOIIECCa OJHOCTOPOHHETO MPECCOBAHUS JUCTIEPCHOTO
BEIIECTBA, MOJYYCHHBIMH NPH TOMYIIEHHH IHOCTOSHCTBa KoddduuneHTta TpeHus f m kodddummenta 6oxoBoro
JABJICHHS &,

I'panyauposanue u popmoBanue
I'panynupoBanne u (opMOBaHHE HMPOBOMIAT B IKCTPyAEpax C LENbIO MOJYYEeHHUs Moiy(haOpHKaTOB MM TOTOBBIX
M3JeNUi TpU KOMIUIEKCHOM BO3JCHCTBUU OABICHMSA, TEMIEpAaTyphbl, BIQXKHOCTA M HANpPSKEHHUS CJIBUTA.
[IpenmymiecTBa 3KCTPY3WH COCTOAT B COBMEUNICHWHM B OHHOM SKCTPYAEpPE HECKOJIBKUX  IPOLECCOB:
IUCTICPTUPOBAHNKS, TEPEeMEIINBaHNSA, TOMOTEHH3ANNH, TepMHUECKOoW 00paboTkm (oxiaxaeHus), GopMoBaHUSA U
CYIIKH (papManeBTHUECKUX MATEPHAIOB. DKCTPYAEP 3aMEHSET PsiI MEPHOANIECKHUX MPOIECCOB U 000PyHAOBaHMSA, a
caM TIpOIECC HKCTPY3WH TIIO3BOJISIET HAMpPaBICHHO HW3MEHSTh CBOIMCTBA W CTPYKTYypy IepepadaThIBaeMOro
MaTepHuaa, 00ecleunBaeT HEMPEPHIBHOCTH IPOIECCa, BOZMOKHOCTh HENPEPHIBHOM MOAayYd B IepepadaThIBacMBbIi
MaTepHai.

T'oTOBBIN TIPOAYKT, BBIPAOOTAHHBIA TaKUM 00pa3oM, WiH TodydadpukaT, Ha3bI-BalOT dKcTpynaTtom. dopma
JKCTpyHaTa ompenaessieTcss GopMON OTBEpCTHH B MaT-pHIle, KOTOPYIO YCTaHABIMBAIOT Ha BBIXOJE MaTepHaia H3
IKCTpyepa..

4. I/IJIJIIOCTpaTI/lBHblﬁ MaTrepuaJ: BI/IpTyaJ'ILHLIC CTCH/BI. IInakatsl ¢ I/I306pa)K€HI/IHMI/I OCHOBHBIX arrapaToB
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6. KonTpoJibHbIe Bonpocsl (06paTHasi CBA3b)
1. JIyst 9ero npuMEHSIOT IPecCcoBaHUE B (hapMaIleBTUIECKON IPOMBIIUIEHHOCTH?
2. Yem paznuuarotcsi 00€3BOKHBaHHE M OPUKETHPOBAHUE MaTEPHAIOB?
3. 13 KaKHX COCTABIIAIONINX CKIIabIBACTCS AABJICHUE IPECCOBAHUSA?
4. Ot KaKMX BEJIMYMH 3aBUCHUT CpeIHUN K03 PUIMeHT yIIToTHEHNA?
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