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1BBEJIEHUE

Mertoanueckue ykazaHusi pa3paboTaHbl JJIs IPOBEACHUS MPAKTHUUECKUX 3aHATUN MO JUCLMILIMHE
«TexHomoruyeckoe OOOpPYIAOBaHUE NPEANPUATHA OOLIECTBEHHOrO0 MMTaHUSA» Ul OakalaBpoOB,
o0yJaromuxcs Mo HampaieHuio noArotoBku 19.03.04 — TexHoJOrHs MPOAYKUUU M OpPraHU3aIUSg
OOIIECTBEHHOTO MUTaHMA (HANpaBIeHHOCTh (Mpoduib): TeXHOMOTHS W OpraHu3alMs PECTOPAHHOTO
nena).

B Meroauueckux ykasaHMSX H3J1araeTcs NepeyeHb MNPAKTUYECKUX 3aHATUN, MPU BbIIOJIHEHUU
KOTOpbIX OakajlaBpbl IOJIy4alOT TEOPETHYECKUE 3HAHUSA 10 HMHIYCTPUAIbHBIM TEXHOJIOTHUSM
MIPOU3BOJICTBA MPOJIYKIMKA OOIIECTBEHHOTO MHUTAaHUS C YYETOM pecypcocOeperaronmx u 0e30TX0IHBIX
IIPOLIECCOB, ACCOPTHUMEHTY HIPOAYKLMH, MOJIYYCHHOH HMHIYCTPUAIBHBIMM METOJAMH, alnapaTypHOMY
oopMiIeHHIO TIPOM3BOJACTBA, a TaKXKe TMPAKTHUYECKHE HABBIKM 10 pPa3paboOTKe U BHEIPEHUIO
MHHOBAIlMOHHON MPOAYKIUHN U TEXHOJIOTUH B IPOU3BOJCTBEHHBIN ITpolLece ¢ pa3paboTKoW HeoOX0AUMOM
JOKYMEHTAL1H.

Lenbto ocBOEHUs TUCHUILIMHBI «TexHoIornueckoe o00pyaOBaHuE MPEANPUATHI 00IIECTBEHHOTO
INUTAHUS»: CO3JaHMe MH(POPMALMOHHOM Oa3bl BBINYCKHHUKA, MpEAINoJararuiel BoIOOp U pa3paboTKy
COOTBETCTBYIOILIET0 TEXHOJIOTHYECKOTO 000pYNOBaHMs, M IOATOTOBKY CTYAEHTOB K IPAKTUYECKOH U
HAay4YHOH JI€ATEIIbHOCTH, CBSI3aHHOM C OKCIUIyaTallue MallMH W annaparoB  MNPeIIpUATHN
OOIIIECTBEHHOTO MMUTAHKS U TOPTOBIIH.

3ajauaMi  OCBOEHMsI  JUCHMIUIMHBI  «TexHoiorudyeckoe  00OpyJOBaHUE  MPEeNNpUATUI
OOIIIECTBEHHOTO MUTaHUSD» SBIISIOTCS:

o MpHOOpETEHNE TEOPETUUECKUX 3HAHUN U MPAKTHUECKUX HABBIKOB B 00JaCTH YCTPOICTBA U
0e30MacHOil SKCIUTyaTaluu 000pyI0BaHUS;

o paIMOHAJIbHOTO ~ UCHOJB30BAaHUSL  CHIPHEBBIX, JHEPreTHMYECKUX U JIp. PECYpCOB
MPEANPUATHI MUTAHUS U TOPTOBIIH;

o o00p COBPEMEHHBIX CIOCOOOB OpraHU3alUd IPOU3BOJACTBA C HCIOJIb30BAaHUEM

COBPEMEHHBIX BHJIOB TEXHOJIOTHYECKOTO 000PYI0BAHMS.

Kaxnoe 3aHaTue uMeeT YHUPHUIMPOBAHHYIO CTPYKTYPY, BKIIOYAIOLIYIO ONpPE/EIeHUEe ero TeMbl U
LeNnd, 3HAHUW W yMEHUW, NpUOOpeTaeMblX CTYAEHTOM B pe3ylbTaTe €ro OCBOCHHUSA, a TaKxke
¢dbopMupyeMble KoMIeTeHIMM WM uX d4acTtd. Kaxngas pabota mnpennonaraer TEOPETHUECKYIO
MOJITOTOBUTENIbHYIO paboTy oOydaromerocs K Hed, BBIOJHEHHWE MPAKTHUYECKOM YacTH, HCXOIsd U3
3aJJaHUi, NMHCbMEHHOEe O(QOpMIICHHE MaTepuaia B TpeOyeMOM BHJE U 3aKIIOUYEHHE IO MPOBEACHHOU
pabore.

[Ipy BBHIMOJIHEHMM TPAKTUYECKUX 3aHATUH OCHOBHBIM METOJIOM OOydeHHUs  SIBISIETCS
caMocCTosITeNIbHasE paboTa CTyJeHTa ¢ METOAWYECKHMMH YKa3aHUSMH I0Jl YIPABJICHUEM IperoiaBaTens.
WupuBuayanu3zanus oOydeHHs JOCTHraeTcsl 3a CYET BBbIJAud CTYAEHTaM WHIUBUIYAJIbHBIX 3aJaHMM,
pa3zHooOpa3ue KOTOPBIX JOCTUTAETCS 3a CUET 110A00pa MHOIOBAPUAHTHBIX UCXOAHBIX JaHHBIX, 0OBEKTOB,
CUTYallMOHHBIX 3a/1a4 U JpYruX cpelcTB oOyueHus. Ha mpakTHuecKkux 3aHATUSAX CTYAEHTHI BBITOJIHSAIOT
IIPAKTUYECKYI0 4YacTh II0 TE€ME, B TOM YHUCJIE Yy4aTcsl NPABUIBHO INMOHMMATh W IPHUMEHATH HOPMBI
JEWCTBYIOIIETO 3aKOHOJATENIbCTBA IO paccMaTpUBAaEMbIM BOINPOCAM, OCYILECTBIIATH HEOOXOIUMbIE
pacueTsl 1 0QPOPMIISITh TPEOYEMYIO IOKYMEHTALIUIO.

BbinonHeHUI0 MpakTHYECKUX 3aHATHI JIOJDKHA MPEIIecTBOBaTh CaMOCTOSTENbHas pabora
CTYIEHTOB C PEKOMEHJIOBAaHHOW JINTEPATYPOMl, JAHHBIMU METOJNYECKUMH YKA3aHUSAMU M KOHCIEKTaMU
nexuuil. Ilepen Hauanom 3aHATHI IpenoAaBaTesb NIPOBEPSAET TEOPETUUECKYIO IIOATOTOBKY CTYAEHTA I10
TeMe MPAKTUYECKOTO 3aHATUS U Pa3bsCHIET CTPYKTYpy IpeacTosiiel padoTel. B mpoiiecce BbImoMHEHUS
CTYICHTY HEO0OXOJMMO BBINOJHUTH TpeOyeMble IO 3aJaHUI0 HCCIEOBAaHUS WM pacueThl, a TaKxke
COCTAaBHUTb JOKYMEHTAIMIO COTJIACHO 3a/IaHUI0, CIeNIaTh BHIBOJIBI O MPOETIaHHOM padoTe.

ITo oxoHyaHHMH pabOTHI MpenojaBaTeib MPOBEPSET YCBOCHUE CTYAEHTOM CYIIHOCTH H3Y4YE€HHOTO
MaTepuaia, CIelaHHble 3amucu B padouell TeTpaju, MOArOTOBIEHHYIO JOKYMEHTALUI0, KOMILIEKCHO
OLICHHMBAET MPAKTHUECKOE 3aHATHE U 3HAHUS CTY/IEHTa IO TEME.

OT4der BBINONHSETCS B OTAEIBHOW TETpagu [UIsl MPAKTUUYECKUX 3aHSITUH, KOTOPYIO CTYIEHTHI
COXPAHSIOT M IIPEJOCTABIAIOT MIPU cAaude dK3aMeHa. B oTuere yka3bpIBaroTCs JaTa, HOMEp MPaKTUYECKOIO
3aHATHS, Ledb pabOThl, TEOpPETUYECKash 4YacTh, BBINOJIHEHHbIE 3a/laHus, OTBEThl Ha KOHTPOJIbHBIE
BOMpOCHL. B oT4er Takke BHOCAT BCE PUCYHKH, TaOJIMIbI, CXEMbl B COOTBETCTBMU C TNPHHATHIMU B
Hay4YHO-TEXHMUYECKOW JOKyMEeHTaluuu oOo3HaueHusMU. be3 odopmieHHs BBIBOJOB WM 3aKIHOYEHUS
IIPAKTUYECKOI0 3aHATHS U CAaYU OTYETA CTYJEHT HE JOIYCKAETCs K BBIIOIHEHUIO CIIEAYIOLIETO 3aHATHS.
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CozepkaHue OTYETa: TUTYIBHBIN JIUCT MPAKTHUCCKOW pabOThI JOKEH ObITH OQOPMIICH COTIIACHO
TpeOOBaHUSAM MPHIOKEHUS 1.

TekCT MpaKkTHYECKOrO 3aHSATHS CJICAYeT BBIMOJIHSITE C KCHOJIB30BAHHEM [AKeTa IPOrpaMm
Microsoft Office na kommbrOTEpE Ha OIHOM cTOpOHE jHcTa Oeaoi Oymaru, popmara A4, mpudt — Times
New Roman 14-ro pa3mepa, MEKCTpOUYHBIN UHTEPBAT — 1,5 WM PYKOIIMCHO.

2. IEPEYEHb IPAKTUYECKUX 3AHATHUI

2.1. lIpakTHyeckoe 3ansaTue Ne 1

Tema n/3: OOmme cBeieHUsI 0 MEXaHHYECKOM 000pyJ0BaHUU. PacyeT mpoTUPOYHON MaITHbI

b n3ydeHne TEOPETUIECKUX OCHOB IPOLECCa pa3/eieHIs] METOIOM MPOTHPAHUS, 3HAKOMCTBO
¢ Kiaccu(uKanuel MPOTHPOYHBIX MAIIMH, WX YCTPOMCTBOM M TPUHIUIIOM ACWCTBUS, NpuoOpeTeHue
MPAaKTHYECKUX HABBIKOB 10 PACYETy MPOTHPOYHBIX MAIINH

DopMupyeMble KOMIIETEHIMU:

Kon: dopmynaupoBKa:
[1K-5 CIIOCOOEH NPHMEHSTH CIICHHAIM3UPOBAHHBIE M MPOQECCHOHATBHBIC 3HAHHS, B TOM
YHCIJIe MHHOBAIIMOHHBIC, B 00JIACTH TEXHOJIOTUH MPOHM3BOACTBA NPOIYKTOB MUTAHHS,
ONpeNeNATh HalpaBJICHUS PA3BUTHS TEXHOJOTUM MHUIIEBBIX  POHU3BOJICTB,
HOBBIIICHUS KayecTBa U 0€30IaCHOCTH TOTOBOM MPOJAYKIINU
[1K-6 CIOCOOEH TPOBOJIUTH TIPOEKTHBIE pPACYEThl, OOOCHOBBIBATH M OCYILIECTBIATH
TEXHOJIOTUYECKNE KOMIIOHOBKH, IMOX00p OOOpYHOBaHHS JJsl TPOU3BOJCTBEHHBIX
TEXHOJOTUYECKUX JIMHUI, OCHOBHBIX U BCIIOMOTAaTENIbHBIX MOMEIICHHI, B TOM YHCIIe
C MCIIOJIb30BaHNEM MH(OPMAITMOHHBIX TEXHOJIOTHI

TEOPETHYECKAS YACTb:

[TpoTupoyHble MAIIMHBI HCIOJB3YIOTCS B MPOU3BOJACTBE MIOPEOOPA3HBIX MPOIYKTOB, COKOB,
KOHIIEHTPUPOBAHHBIX TOMATONPOIYKTOB M JIPYTUX PACTUTENBHBIX monydadpukatoB. OHU CilyKaT JUIs
pa3/esieHns pacTUTEIBLHOTO ChIPhSl Ha JIBE (PPaKIMK: )KUJKYIO C MSIKOTbIO, U3 KOTOPOM M3rOTaBIUBAIOTCS
KOHCEPBUPOBAHHbIE MPOAYKTHI, M TBEPIYyI0, HPEICTABIAIOIIYI0 COOOH OTXOAbl (KOXWIa, CEMEHa,
KOCTOYKH, TUIOAOHOXKKH U T.I1.).

[Ipotupanue - 3TO IPOLECC OTAEIEHUS MacChl IUIOJOOBOIIHOTO CBIPbSI OT KOCTOYEK, CEMSH,
KOXYpBI ITyTEM IIPOJaBIMBaHMs Ha CUTaX yepe3 oTBepcTus ¢ auamerpom 0,7...5,0 mm.

OUHUIIMPOBAHUE - 3TO JOMOJHUTEIbHOE, 00JIee TOHKOE M3MENbUEHHE MPOTEPTONH Macchl MyTeM
MIPOITYCKaHMs Yepe3 CUTO C TuaMeTpoM oTBepcTHil MeHnee 0,4 MMm.

B npomecce mnpotupaHus win (GUHMIIMPOBAHMUA IepepabaTbiBaeMas Macca IoNajaeT Ha
MOBEPXHOCTD JBMKYIEerocs ouya. [Tox nelicTBueM eHTPOOEKHOMN CUJIBI OHA NMPUKHUMAETCS K pabodemy
cury. Ilony ¢abpukar uepe3 OTBEpCTHS MPOXOAUT B COOPHHMK, a OTXOJbl MOJA JEHCTBUEM CHIIBI,
00yCIIOBJICHHOH YIJIOM OIepeKeHusi Ouuel, MpoABUraeTcsl K BBIX01y paboyero cura.

[TpoTHpoyHBle MAIIMHBI KIACCUPUIUPYIOTCS 1O CIESTYIONUM PU3HAKaM: 110 Yyhciy O6apabaHoB -
OJIMHApHbIE, CIBOCHHBIE U CTPOEHHbIE; MO MPHUHIMILY JEHUCTBUSA - OMuYeBble u Oe30mueBble; Mo (opme
6apabaHOB - ¢ IMJIMHIPUYECKHM WM KOHHYECKMM OapaOaHOM; MO HAa3HAYEHMIO - JUI CEMEUYKOBBIX
IJI0JI0B, JUIsl KOCTOYKOBBIX IUIOIOB U YHUBEPCAIbHBIE; [0 CIIOCO0Y peryaIupoBaHus MPOU3BOIUTEILHOCTH
- C U3MEHSIOUIMMCS YTJIOM OIEPEKEHHUsT OMUeH, N3MEHSIOIMMCS 3a30pOM Mexy Onuamu u OapabaHoM,
M3MEHSIONICHUCS YaCTOTOM BpaieHus poropa (puc. 1.1).

OCHOBHBIMU pabOYMMHU OpraHaMM MPOTHPOYHBIX MAIWH SBJIAIOTCSA CUTYATHIA OapabaH, OMueBoe
YCTPOMCTBO, YCTPONCTBA 3arpy3KH ChIpbs Ha OMYU U yAaJleHUsI 0TX0J10B 13 OapabaHa.

[Tpotupounast mammHa (puc. 1.2), mpeaHa3HayeHHas JUIsl OTAENEHHsS KOCTOYEK IUIOJOB  OT
MSKOTH, COCTOUT M3 KopItyca 2, CTaHUHBI 1, meTenpHOro Baja 4, 3arpy3ounoro OyHkepa 5, cOopHuka 7 u
npuBoAa. BHyTpH Kopryca MallMHBI HA JIBYX MOJIIMITHUKAX CKOJIbKEHHUS BPAIIACTCs METEIbHbIN Bajl C



YETBIPbMsI PsilaMU ME€TeIb 6 M YCTaHOBJIEHA CETKa 3 C OTBEPCTUSAMU JUAMETPOM 5 MM, YKpEIUIEHHAs JUIs
KECTKOCTHU B KapKace. Ban mpuBoauTCs BO BpallleHUE OT 3JIEKTPOABUTATENs Yepe3 peayKTop.

[Inoael mocTynaroT B MalluMHy 4epe3 3arpy3ouHblii OyHkep. [lomaB B mosiocth, 0Opaszyemyro
CUTOM, TUIO/IbI pa30MBAIOTCS METEIbHBIM BAJIOM M OTOPACHIBAIOTCS HA CETKY.

Kunkast ¢daza mwiog0B U MAKOTh HPOXOIUT CKBO3b CHUTO B IOJIOCTh MEXAY CHUTOM U KOPIIyCOM,
OTKyJa cTeKatoT B cOOpHUK. KOoCTOUKM MPOABUTAIOTCS K BBIXOJHOMY JIOTKY U [10 HEMY CXOJST B Tapy.

Pucynok 1.1 - OcHOBHbIE KOHCTPYKTHUBHbBIE CXEMBI IPOTUPOYHBIX MAILIUH:!

a - C KOHMYECKUM CHUTYaThIM OapabaHoM; O - ¢ NUIMHIPHYECKUM CHTUYAThIM OapabaHOM; B — C
BPAIAIOIINMCSI BEPTHKAIBHBIM CUTYATHIM OapabaHOM IpH HAPYXKHOW IMMOAaue CBHIPhS; T - C HAKJIOHHBIM
BpAIAIOIIMMCSl CUTYAThIM OapabaHOM M BHYTpPEHHEH mojaueil ChIpbs; 1 - AByxOapabanHas Oe30mueBas
MPOTUPOYHAS MAIlTMHA; € — TpexOapabaHHas Oe30mueBast IPOTUPOYHAS MAITHA

Pucynok 1.2 - [Ipotupounas mammvsa:

1 - cranuHa; 2 - kopnyc; 3 - ceTka; 4 - MeTenbHBINA Ball; 5 — 3arpy304HbIid OyHKEp; 6 - eTim;, 7 —
COOpPHUK B TMOJIOCTh, 00pa3yeMyl0 CUTOM, TUIOJbI Pa30MBAIOTCS METEIHHBIM BAJIOM M OTOpPACHIBAIOTCS HA
CETKY



[TpoTrpoyHBIE MAIIMHBI JOJDKHBI 00€CIeYnBaTh KAYeCTBEHHOE Pa3JieieHue MPOTUPAEMON MacChl
Ha nosypabpuKaT M OTXO[bl, BBICOKYIO YAEIbHYIO MPOU3BOIUTEIBHOCTb, MUHUMAIBHOE KOJIWYECTBO
OTXOJI0B, HU3KHMI YIEIbHBIM PAacXOJ] 3HEPrUH, OJHOPOIHBIM U JOCTATOYHO TOHKUHN JUCIEPCHBIA COCTaB
npoTepToro mnoiyadprkara, MakCUMajJbHYI CTENEeHb M3MelbueHus. K HemocTaTkaM MPOTHUPOUYHBIX
MallMH  CJIeAyeT OTHECTM  HEBBICOKYIO  3KCIUIyaTallUOHHYIO  HAJEXKHOCTb, OOYCIIOBJIEHHYIO
HEPaBHOMEPHBIM M3HOCOM M OBICTPBIM BBIXOJOM M3 CTPOsl CETOK; HEpAaBHOMEpPHbIE HArpy3ku Ha poTOp
BCJIEJICTBHE HEOJMHAKOBOTO 3a30pa MEXAY OWYOM U CETKOH NMIMHIPA; HU3KYI0 YICIbHYIO
IPOTHUPOYHYIO CIIOCOOHOCTh. [lepCrIeKTUBHBIMU KOHCTPYKLMSMU IPOTUPOYHBIX MAIIWH SBISIOTCS
MAIIMHBI C BPAIIAIOUIMMCS CUTYATHIM 0apabaHOM M HENOBM)KHBIMUA OMYaMHU.

HNPAKTUYECKASA YACTb:

BBINONHUTE pacyeT MPOTUPOYHON MAIIUHBI B COOTBETCTBHE C BAPHAHTOM, €CIIU 3aJaHbI:
NPOM3BOAUTEILHOCTh MallIMHbI Q, KI/C; BU NiepepadaThIBAEMOI0 ChIPhS; TUaMeTp OTBepCTUi B cute dc ,
MM; paauyc omder R, m; unciio Oudeii z, WT.; mar OTBepCTHH KapKaca aors , M; COACPIKAHUE MIKOTHU B
npoxaykre 0, %

Juametp TpyOompoBoaa i oBoga 0opabaTeiBaeMOl Macchl B MamuHy ds , M:
| 4.Q
d; = [————
TP e (1.1)
rre Q - NpOU3BOAUTENBFHOCTh MALIMHBI, KI/C;
p - TIIOTHOCTH TIepepadaThIBaeMoii Macchl, Kr/M° (Tabm. 3.1);

Vpp - CKOPOCTh MAaccChl B 3arpy304HOM TpyOe MammHbl, M/c (pekomenayercs vnp = 0,5... 1,0

M/c).
VYTi0Basi CKOPOCTh BpallleHUs OMYEBOTO BaJia ®, paji/c
_ |F" K g
“= /TR
N (1.2)
rae Fr - dakrop paznenenus (Fr = 200...300);
g=9,81 m/c? - yckopeHne CBOGOIHOTO TIa/ICHNS;
R - paguyc Ouueit, M.
Tabnuna 1.1 - [lapameTpsl nepepabaTbIBAEMOTO CHIPBS
[Tponyxr [TmoTHOCTB MaccoBas 107151 MAKOTBI DHeprus,
nepepabaTbIBaeMoi B Ipofaykte, 0, % 3aTpauyrBaeMas Ha
MAacChI, p, KI/M> obpaszopanue 1 M2
noBepxHocTu, W,
Jlox/m?
SA6noxu 1070 25...40 15,0...18,5
Tomatsl 1090 20...30 8,0...12,0
MOpKOBB 1130 27...46 19,8...22.4
['pyminm 1060 27...45 19,0...21,8
CruBeI 1040 18...28 12,0...15,0
Bunorpan 1030 17...26 9,0...12,0
JKuBoe ceuenue kapkaca cut4atoro 6apabana mpu KpyribIx OTBEPCTHSIX B KapKace
dors
@, ¥ —;
i (1.4)

e doms - IMAMETp OTBEPCTHIl Kapkaca, M; doms = (8...12)-10 u;
Qors - IIIAI OTBEPCTHH KapKaca, M.



KuBoe ceueHune CUT . OPUEHTHPOBOYHO ONPEIEIIAETCS B 3aBUCUMOCTH OT JaMeTpa OTBEPCTHM B

CHUTE.
JluameTp OTBEpCTUH B CUTE, MM 0,4 0,8 1,2 2,8
Kupoe ceueHue cut, @ 0,134 0,165 0,196 0,305
be3pasmepHast npou3BOIUTEIBHOCTD
0,0905- Q
q = —
Ps @ p R \JR'g (1.4)
JITMHA 30HBI aKTUBHOT'O OTJCIICHHUS XKUAKOU (ha3bl IPU MPOTUPAHUN TOMATOB 11 , M
l, =R-304-q%° - FrP5%. ;031 (1.5)

I/I€ Z - YucIio Ouyeit, mr.

[Tpu mpotupanuu si07104HON WM APYroil mepepadaTbiBaeéMOW MacChl JJIMHY 30HBI aKTUBHOTO
OTHIeTIeHUs KUIKOH (a3bl yBenumuuBaroT Ha 30 %.

JlmHa 30HBI IEHTPOOESIKHOTO OTRHUMA l2 , M

I, =011-R, (1.6)
JmHa cutdaroro 6apabana I, m
=1 +1, 1.7)
[1pomomKNTENbHOCTD IPEOBIBAHMS IPOIYKTA B IPOTUPOYHOM MAIINHE T, C
.y
w (1.8)

rae L - nnuna 6uya, M (B pacuyere npunumaetcs L = 1);
V1 - CKOPOCTb MEepPEMEIICHHUS POIyKTa BIOIb OMda, M/C
v =2-R-w-tga, (1.9)
3meck R - paguyc 6muei, M; ©- yrioBas CKOpOCTh OMYEBOTO Baja, paj/c; a -
yrou onepexenus Ouya, rpaf, (a =1,5...6,0°).
MoIIHOCTH MPUBOJIa TPOTUPOTHON MAIIUHBI, BT, CKIIaIpIBAETCS U3 CIICAYIOIINX BEIIMYUH:
- MOIIIHOCTH, 3aTpaulBaeMoOi Ha COOOIIEHHE MTPOIYKTY CKOPOCTH

N,=05-0 w? R, (1.10)
- MOIIIHOCTH, SanaqHBaeMOﬁ Ha TPEHUEC MACCBI O CUTO
N,=z-m-wd R*-f, (1.11)

rae f - koappunuent Tpenus maccol o cuto (f=0,2...0,9);
M - Macca ChIPhS BPAILAIOIIErOCsi COBMECTHO C OMYOM, KT
m:-};-p-l-Rz" (112)
371€ech Y - amnupuueckuit koagounuent (y = 0,05);
| - nuHa 6apabana, M;
- MOIITHOCTH, 3aTPavyMBacMOil Ha U3MEIIbYCHHUE CHIPhS
Ny =Q W-Fy, (1.13)
rine W - sHeprus, 3aTpaurBaeMas Ha obpaszoBanue 1 M2 HOBOI moBepxHOCTH, JIK/M?;
F1 - mmomaas BHOBH 00pa30BaHHOM MOBEPXHOCTH MIPH MepepadoTke 1 KT ChIpbs, M 2 /KT
F =( 22 )-3-10‘2
YU \prd; prd; ' (1.14)
3yeck di - cpefHuil pasMep dacTHIL 10 o6paborkn; di = (1,0...1,5) 102 m;
d2 - cpennuii pazmep yactuil mocjiae oopaboTKH (pu 00pabOTKE MAcChl Ha CUTE C OTBEPCTHSIMHU
muamerpom dc mpuauMarot dz2 = 0,3-dc m);
0 - MaccoBas 10JIsI MSKOTH B MIPOIYKTE, %b.
OO0m1ast MOIITHOCTH TIpUBOA, BT

k.[:Nl—I_NE-I_NH]

M (1.15)
rae k = 1,5 - koaddumueHT 3amaca MOIIHOCTH;
Nu - Mexannueckuit KI1/] npusona (n m = 0,85...0,90).



KoHTpoJibHBIE BONIPOCHI
1. Kakoit mpotiecc Ha3bIBaeTCsi MpOTUpaHuEM?
2. Kak kmaccuuiupyroTcsi IpOTHPOYHBIE MAITHHBI?
3. B uem 3akirouaeTcs OTaMYMEe GUHULIEPOB OT MPOTHPOUHBIX MAIIUH?
4. Kakue BUbI ONYEBBIX YCTPONUCTB U3BECTHHI?
5. Kakue TpeOoBaHus NPEABABISIOTCS K IPOTUPOUHBIM MaruHam?
6. KakoBo ycTpOHCTBO W MPUHIUIT ICUCTBUS MPOTUPOYHON MAITUHbI?
7. Kakue HeJocTaTKU CBOMCTBEHHBI IPOTUPOYHBIM MalIMHaM?

Tabnuua 1.2 - BapuanTel HHAMBHUTyalbHBIX 3aJJaHUN

Howmep IIpousBoau- | Bun nepe- | Paguyc Huamerp | Yucio [ar Mapxka

BapuaHTa | TEIBHOCTh, | pabarbiBa- | Ouue, OTBEPCTHH | OMYEH, Z, | OTBEPCTUH | MPOTUPOUHOM
G, kr/c €MOr R, m B cure, dc, | mr. Kapkaca, MAIIHHBI

CBIPbS MM Olors, MM

1 0,30 slonoxu 0,10 0,4 2 11

2 0,31 Tomarsl 0,11 0,4 2 11

3 0,32 Mopkosp | 0,12 0,4 2 11 KIIY - M

4 0,33 ['pymn 0,17 0,4 2 11

5 0,34 CruBbl 0,15 0,4 2 11

6 0,35 Bunorpan | 0,20 0,4 2 11 11131

7 0,40 Slomoku 0,12 0,6 4 12

8 0,41 Tomater 0,13 0,6 4 12

9 0,42 Mopkoss | 0,13 0,6 4 12

10 0,43 ['pymm 0,16 0,6 4 12

11 0,44 CruBbI 0,12 0,6 4 12 A9 - KUT

12 0,45 Bunorpan | 0,18 0,6 4 12

13 0,36 S16moku 0,14 0,8 6 13

14 0,37 Tomatsl 0,15 0,8 6 13

15 0,35 Mopkoss | 0,14 0,8 6 13

16 0,39 ['pymm 0,15 0,8 6 13 T1-KII2Y

17 0,40 CuBbl 0,11 0,8 6 13

18 0,43 Bunorpag | 0,16 0,8 6 13

19 0,41 SI610KHM 0,16 1,0 8 14

20 0,34 Tomatel 0,17 1,2 8 14 T1 - KII2T

21 0,38 Mopkosp | 0,15 1,2 8 14

22 0,32 I'pymm 0,14 1,2 8 14

23 0,30 CruBbl 0,13 1,2 8 14

24 0,31 Bunorpan | 0,14 1,2 8 14

25 0,33 S1610KHM 0,18 1,2 10 15




2.2. [IpakTuyeckoe 3ansaTue Ne 2

Tema mn/3: OOmue cBeneHUsS O MEXaHWMYECKOM 00opyaoBaHMH. Pacder oBoIiepe3aTeIbHON
MAIIHHbI
Heab: u3ydeHWe CYIIHOCTH pe3aHUs, BUAOB PEXKYIIMX HWHCTPYMEHTOB, CIIOCOOOB pE3aHHS H
KOHCTPYKLHUH OBOLIEpe3aTeIbHBIX MAIIMH, ONPEAEIUTh OCHOBHbBIE MTapaMEeTpPhl TyaHCOHHOMN OBOIIEPE3KH
DopmupyeMble KOMIIETEHIIUH:
Kon: DopMyJIHPOBKA:
[1K-5 CHOCOOEH MPUMEHSTH CleUaTU3UPOBaHHbIE U MPO(EeCCHOHATbHBIC 3HAHUS,
B TOM 4HCIIE WHHOBAIlMOHHBIE, B OOJACTH TEXHOJOTHH IPOU3BOJICTBA
MPOJAYKTOB TMHTAHUS, ONPENCISTh HANpPaBICHUS pPAa3BUTUS TEXHOJOTUU
MUIIEBBIX MPOU3BOJICTB, TOBBINICHUS KAayecTBAa M OE30MaCHOCTH TOTOBOM

IPOAYKIIUH
[1K-6 CTIOCOOEH TPOBOJUTH MPOCKTHBIE pacueThl, 000CHOBBIBATH U OCYIIECTBIISTH
TEXHOJIOTHYECKHE KOMITOHOBKH, noaoop 000py0BaHUs Ui
IIPOU3BOJICTBEHHBIX TEXHOJOTHYECKHUX JIMHUH, OCHOBHBIX u

BCIIOMOI'aTEJIbHBIX I[OMEIIEHUH, B TOM YHCIE C HCIOIb30BAHUEM
MH(POPMAIIMOHHBIX TEXHOJIOTHIA

TEOPETUYECKASA YACTD:

[Ipouecc wu3MenpYeHUsT NULIEBBIX MPOAYKTOB, T.€. pa3[CII€HHME HX Ha YacTH, LIHUPOKO
MPUMEHSICTCS HAa TPEANPUATHSX OONICCTBCHHOTO IMMTAHUS IPU HW3TOTOBJICHHHM CaXapHOW IyIpPBI,
MAaHUPOBOYHBIX CyXapeil, ApoOJIEHBIX OpexoB, Kode, MmopeoOdpa3HbIX MPOIYKTOB W3 BAPEHBIX OBOIIECH,
GbpyKkTOB, TBOpOTa, NMPH HApPE3KE CBHIPHIX OBOIIEH M (QPYyKTOB, Msca, xyeba, ChIpa, KOiOacel, macia
CIIMBOYHOT'O U JPYT'UX MPOJYKTOB.

3menpueHne — MeXaHWYEeCKUW TMPOIEcC, MPU KOTOPOM BO3JCHCTBHE pabOYMX OpraHoB Ha
o0OpabaTeiBaeMbIi TPOAYKT COMPOBOXKIAETCS MEPEXO0OM MOCIETHETO 32 MPEIeNbl YIPYTUX AePOpMAaIIHii.
[ToaTomy mpu BbIOOpE crioco0a M3MeNbUEHUsI IEPBOCTENIEHHOE 3HaUeHHE MPUOOPETaI0T TaKue CBOWCTBA
MPOJIYKTa, KaK yNPYTOCTh, BA3KOCTh, INIACTUYHOCTh. 1101 yIpyrocTbio MOHMMAETCSl CBOMCTBO MPOYKTa
BOCCTaHABIIMBAaTh CBOU (OpPMY W pa3Mepbl TOCIE MPEKpaIleHuss BO3JCHCTBHS HAa HErO0 BHEIIHEH
HArpy3Kkd, MOJ| BIUSHUEM KOTOPOW OHU OBUIM M3MEHEHBI. JTO CBOMCTBO XapaKTEepH3yeTCs MOJyJeM
ynpyroctu. lcxoast u3 3TOro, Bce MPOYKThI MOIBEPracéMbie U3MEIbUCHHUIO, HE MOTYT pacCMaTpUBAThCS
Kak ynpyrue. Hanuune y HUX Takux SBIEHHH, Kak penakcanus (MaJeHue HanpsHKeHHs TPU HEM3MEHHOM
nedopmalu) U Mmoi3ydects (poct aegopManiui MpU MOCTOSHHBIX HArpy3kax), MO3BOJISIET OTHECTH ITH
MPOAYKTHI K YIPYTrO-BSI3KUM U BA3KOIUIACTHUYECKUM TEJIAM.

[To xapakTepy NPUMEHSEMBIX YCHWIHH HU3MENbUE€HHUE TMPOU3BOMAT CIEAYIOINIMMHU CIOCO0aMu:
pa3pblBaHUEM — pa3pyILIEHUEM MPU PACTKEHUM; pPa3daBIMBAHUEM — pa3pyLICHHEM NpPH CHKATHUH;
pasMallbiIBaHUeM— pa3pylIeHueM Mpu W3TH0e; CIBUTAaHUEM OJHOTO CJIOS MPOAYKTa OTHOCHUTEIHHO
JIPYroro — pa3pylIeHueM MPH CIBUTE; CO3/IaHUEM Ha MaJIbIX ydacTKaX MOBEPXHOCTH MPOIYKTa OOIBIINX
KOHTAKTHBIX HAMPSKEHUN — pa3pylieHueM JIE3BUEM.

Pa3HOOOpasue mHIEBBIX MPOAYKTOB TPeOYyeT M Pa3NIUYHBIX CIOCOOOB WX U3MenbueHus. Ha
MPaKTUKE, KaK MPaBUIO, MMPUMEHSIOTCS OJHOBPEMEHHO HECKOJIBKO CIOCOOOB M3METbUYECHUS, HAIPUMEP
W3TU0 U CIBUT, CXKATHUE U CIIBUT U JIp.

B  3aBucuMoctH  OoT  (UBMKO-MEXaHHUYECKHX  CBOWCTB  MPOAYKTOB,  OCOOCHHOCTEH
TEXHOJIOTUYECKOTr0 Tpoliecca, TpeOOBaHUN K JIUCIEPCHOCTH, KadyecTBY MOBEPXHOCTH paszjena, (opme
KOHEUYHOTO MIPOJIYKTa ATOT MPOIIECC OCYIIECTBIISIOT HA PA3TMYHBIX H3METhYAIOITNX MAIIUHAX.

[To ¢pyHKIMOHATHFHOMY Ha3HAUYCHHUIO pexKyIlee 000pyI0BaHue Ki1acCu(DUIIUPYETCs Ha CICTYIOIINe
BH/IBL:

v Ul U3MENbYEHHs TBEPABIX IHIIEBBIX IPOAYKTOB (pa3sMOJIOYHBIE MAILIMHBI U
MEXaHU3MBI);



v UI1 M3MENbYEHHs MSATKMX IHUIIEBBIX IPOAYKTOB (IPOTHPOUYHBIE MAIIMHBI M
MEXaHU3MBI);
v/ Ul pe3aHMs IUIIEBLIX IPOAYKTOB (OBOLIEpE3aTEIbHbIE MAILIMHBI, MICOPYOKH,
MSCOPBIXJIUTENIH, XJICOOpPEe3KH, MAaIIMHBl PE3KH TaCTPOHOMHUYECKUX TOBAapOB M p.)
3HAaUUTENbHOE MECTO B TEXHOJIOTMUYECKOM MPOIECCe MEXaHUYECKOM
00pabOTKM THIIEBBIX MPOAYKTOB TMPEANPHUATANA OOIIECTBEHHOTO IMTAaHUS 3aHUMaET
M3METBYCHHE TTPOIYKTOB CIIOCOOOM PE3aHMsI.

Cnioco6 pe3aHusi MPUMEHSIETCS I pa3pe3aHus Pa3jIudHbIX MPOIAYKTOB JIOMTHKAMH, JTOJIbKaMH,
KyOHKaMU, MPSIMOYTOJIBHBIMU U KBAJIPATHBIMU TUIACTHHKAMU, KPY)KOUKAMU, & TAaK)Ke JJIs1 ITMHKOBAHMSI.

Pa3pe3anne NpOIYyKTOB OCYIIECTBISICTCS PEXYIIUMH WHCTPYMEHTAaMHU C LEIbI0 TPUIAHUSI
MPOJYKTaM 3a/IaHHbIX (DOPMBI, pa3Mepa U KauecTBa MOBEPXHOCTHU. [Ipu 3TOM Kaxablii HCXOMHBIN KyCOK
MPOJIYKTa JIOJDKEH OBITh paszesieH Ha Oojiee MEJNKHe 4YacTu 0e3 ocrarka ¥ O0TX0J0B. CyIIeCTBEHHBIM
TpeOOBaHUEM K KOHEYHOMY MPOIYKTY SIBISETCS OAMHAKOBOCTH (DOPMBI €r0 YacTHII, a Yalle BCEro UX
MaccCHI.

Ha npeanpustusix oOIIECTBEHHOTO MUTAHHS PAa3PE3aHHUIO TOJBEPTaloT OBOIIH, (PPYKTHI, MSCO,
pBIOY, X71€000yII0UHbIE U3IENUS, TACTPOHOMUYECKUE TOBAPHI (KOJIOACHI BCEX BUAOB, BETUMHA, Oy>KEHUHA,
CBIp U T. 11.).

B 3aBucumocTH oT Buaa oOpabaTeiBaeMOro mpoAykTa Bce 000pyIOBaHUE, MIPEAHA3HAUCHHOE IS
pa3pe3aHus MUIIEBHIX MPOYKTOB, TOIPA3ICIISICTCs HA YEThIPE TPYIIIIHL:

> OBOIIIEPE3KH;

> MSICOPYOKH, PBIXJIUTEIH;

> XJ1€00PE3KH;

> MAIIHHBI 711 HAPE3KU TaCTPOHOMHUYECKUX TOBAPOB.

Buapl pexymux pabouyux HHCTPYMEHTOB. B KkauecTBe pexylux pabouyuMx HMHCTPYMEHTOB Ha
nNpeaAnpuATUAX O6IIIGCTB€HHOFO IMUTaHUA TPHUMCHAIOT HOXHW, HUMCIOIIHUEC PA3JIMYHYIO KOHCTPYKHOHUIO U
bopmy.

VY Bcex HOXeW pexyllas CTOpoHa (Je3Bue) UMeeT (opMy JABYIPAHHOTO OJHOCTOPOHHErO WIIU
JBYCTOpOHHeEro kiuHa (puc. 2.1). I'panb ne3Bus b, koTopas coBmagaer ¢ MIOCKOCTbIO JABMKEHHUS HOXA,
HAa3bIBAETCS] OMIOPHOM.

Pucynoxk 2.1 - JIByrpaHHbIi KJIMH: a-0IHOCTOPOHHUH; O — TBYCTOPOHHUI

I'panb s1e3BUs A pacrnosioKeHHas O]l YIJIOM K IJIOCKOCTH JIBUXKEHHUsI HOXKa, Ha3bIBaeTcsl paboyeit
WM JIMLIEBOM. DTa rpaHb MPOU3BOIUT AePOPMUPOBAHUE, HATPUMEP OTTHOaHNE MPOJAYKTa U BHITECHEHUE
€ro U3 IPOCTPAaHCTBA, 3aHUMAEMOT0 BIIOCIIEICTBUU HOKOM.

Jlunus nepeceyeHus] OMOPHOM M paboueil rpaHell HOCUT Ha3BaHUE PEXYIIEH KPOMKH JI€3BUS.
IlockonbKy OBYrpaHHBIA KIMH HUMEET OJHY pEXYIIYI0 KPOMKY, pE€3aHHe IPOAYKTOB OH MOXET
MIPOU3BOJIUTH TOJIBKO B. OJIHOM IJIOCKOCTH.

VYron a, 06pa3oBaHHBIN OMOPHOI U pabouell rpaHsAMH, Ha3bIBACTCS YIJIOM 3aTOUYKHU Jie3Bus. Kimu
(puc. 2.1, a) Ha3bIBaeTCA OJHOCTOPOHHHUM, €CIIU UMeeT pabouyio A u onopHyto b rpanu. Kiun (puc. 2.1,
0) Ha3bIBaeTCsl JBYCTOPOHHUM, €CIM HE MMEET ONMOpPHOW TpaHM, MOCKOJBKY 00€ €ro rpaHu SBISIOTCA
pabourmu. Takol KJIMH MOYKHO TNPEACTaBUTH B BUJAE JIBYX CJIOKEHHBIX BMECTE MO OMOPHBIM TpaHsIM
OJHOCTOPOHHHUX KJIMHA. YTJOM 3aTOYKM JUIs JIBYCTOPOHHErO KIIMHA SIBJISETCS Yroj, oOpa3oBaHHBIM
pabourmMu rpaHsMu. {7 TBYCTOPOHHEro CUMMETPUYHOro KiuHa (puc. 2.1, 6) yronm 3aTOYKU paBeH
YIIBOEHHOMY YIUIy 3aTOYKH OJHOCTOPOHHETO KIIMHA.

[TomuMO HOXEHW 1A pa3pe3aHds TBEPABIX NPOAYKTOB HMPHUMEHSIOT PEXYIIHE HHCTPYMEHTHI,
JIe3BUSI KOTOPBIX BBIMOJHEHBI B (pOpME KIIMHA € SIBHO BBIPAKCHHBIMH 3yOIIaMHU U YTJIOM 3aTOYKH, PABHBIM
HYJIIO WM OTpunarelbHbpiM (puc. 2.2). Takue WMHCTpYMEHTHI Ha3bIBalOT nmuiamMu. Kpome Toro, mms
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pas3pe3aHus MIACTUYHBIX MPOAYKTOB B OTACIBHBIX CIydasX MPUMEHSIOT PEXYIINEe HHCTPYMEHTHI B BHJIE
npoBoJIOKH. [l OCyIIEeCTBICHHUsI Tpolecca pa3pe3aHuss HEoOXOAWMO OTHOCHUTEIBHOE IMepeMelleHue
pabouero MHCTpyYMEHTa U MpoAyKTa. B o0mem ciyyae CKOPOCTh 3TOTO MEpEeMEIIeHUsT HalpaBiIeHa Mo
HEKOTOPBIM YTJIOM (0 K PEXYIIeH KPOMKE JIE3BHS M €€ MOXKHO Pa3JIOKUTh IO JIBYM HAIPABICHHSM: IO
HOpMaJIU K peXyIel KpoMKe U BJIOJTb HEC.

Y]

AAA

a=f

)
Pucynok 2.2 - Cxema pe3aHuss NpOAYKTa IUJIOW C Pa3BEACHHBIMU 3YyObsIMM: a — C
OTPULIATENIHBIM YIJIOM 3aTOYKU; 6— C YIJIOM 3aTOYKHU, paBHbIM 0.

B wacTHOM ciydae CKOpOCTh MOXKET OBITh HalpaBiieHa [0 OJHOMY M3 STHX HarpaBleHUH (pHc.
4.3). Ecnu ckopocTh HallpaBlIeHa BJIOJIb PEXYIIEH KPOMKH, TO IPOHUKHOBEHHUE HOKA B MPOAYKT OyAeT
OTCYTCTBOBATh M PE3aHHs HE IIPOH30M/IET.

Va

e ———

i [ f
Pucynok 2.3. Cxema OTHOCUTEJILHOTO MEPEMEIIEHUS HOXa U MPOAYKTa:
a—TIOJ] YIJIOM K PeXYIIeld KPOMKe; O — 10 HOpMaId K PEXKYIIeH KPOMKE; B — BJIOJIb PEXYILEH
KPOMKH

OCHOBHBIE CIIOCOBbI PESAHUA ITPOAYKTOB

Kak yxe oTMedasnock, pe3aHue MOXKET ObITh OCYIIECTBICHO IMPU OTHOCUTEIBHOM INEpPEMEIIEHUN
PEXYIIEro MHCTPYMEHTa U NMPOAYKTa. B 3aBUCMMOCTH OT HAmNpaBJICHHs 3TOrO NEPEMELICHUs pe3aHue
MPUHATO MOJPA3JENATh Ha PYOsIIIee U CKOJb3SIIEE.

[Ipu pyOsiiieM pe3aHud peXYUIM HHCTPYMEHT NepeMellaeTcs OTHOCUTENIbHO MPOJYKTa
MEPIEHIUKYIISIPHO PEXYIIEH KPOMKE JI€3BHs, IPU CKOJIB3SIIEM PE3aHUM — IIOJ OCTPBIM YIIIOM K
pPeXYyIIENH KPOMKE JIE3BUS.

[Tpu pyOsiieM pe3aHUM Jie3BHE HOXA, MEPEMEIIasch MNEPIEHAUKYIAPHO pPEXyLled KpoMKe,
nepopMuUpyeT MPOAYKT U YIUIOTHSIET €ro MOBEPXHOCTHBIM CIIOH, B KOTOPOM BO3HMKAIOT KOHTAKTHBIE
HaIpsDKEHUs, UMEIOIIME MaKCUMAaJIbHOE 3HAYCHHE B 30HE KOHTAKTa C OCTPOM KpOMKOHM Hoxa. ITo mepe
BO3pAacTaHMs CUJIbI BO3JEHCTBHS HOXa Ha NPOAYKT YBEJIUYUBAETCS Ne(OpPMHpPOBAHHE IOCIETHETO U
BO3pAacTalOT KOHTAKTHbIE HaNpspkeHHs. Kak TOJIbKO KOHTAKTHBIE HANpsOKEHHUS JOCTUTAIOT HEKOTOPOU
MPEAEIIBHON BEJIMYUHBI, TPOUCXOAUT pa3pylIeHUE MPOLYKTa OCTPOM KPOMKOM HOXKa.

gy gD

Pucynox 2.4 - Cxema aedopMmanuu pasziIHuHBIX NPOAYKTOB NpU pyOsIleM pe3aHuHu: a —
IUTACTUYHBIX MPOAYKTOB; O — BOJIOKHHUCTBIX IUIACTUYHBIX MPOIYKTOB — KIIMH HAmpaBjieH IMONEpeK
BOJIOKOH; B — HEBOJIOKHUCTBIX TBEPABIX MPOJYKTOB; I — TBEPJBIX XPYNKHUX IIPOTYKTOB
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XapakTep pazpyLIeHHs 3aBUCUT OT CTPYKTYPHO-MEXaHUYECKHUX CBOMCTB MPOJYKTA: Y IUIACTUYHBIX
IPOAYKTOB MMEET MECTO Cpe3 YIUIOTHEHHBIX YacTHIl MPOAYKTa, Y TBEPIBbIX XPYNKHX, Y IUIACTHYHBIX
BOJIOKHHUCTBIX, Pa3pe3aeMblIX MOIEPEK BOJIOKOH, TBEP/bIX BOJIOKHUCTBIX U HEBOJIOKHUCTBIX IPOAYKTOB —
CKaJIbIBaHHUE.

[Tpu pe3aHuyn IACTUYHBIX MPOAYKTOB (OBOIIH, (PPYKTHI, XJI€O MSATKHIA, CBIP, MSCO U pbIOa CHIPHIC)
IpU HEOOJIBLIIOM YIJIe 3aTOYKM KJIMHA MOJ JACHCTBHEM KacaTeJIbHBIX HANpPsDKEHUHM, BO3HUKAIOIIMX
BCJIEJICTBHE BO3ACUCTBUS pabovell TpaHH JIe3BUs, IPOUCXOAUT AehopMUpOBaHHE YacTEeil MPOAYKTa BIOJIb
paOoueil rpanu Hoxa. Ilpu 3TOM oOTpe3zaemblil ClOW IUIABHO OTrubOaercst paboueill IrpaHbl0 KIMHA U
OTIENSIeTC OT OCHOBHOM YacTH MPOJAYKTa, KOTOPasl OCTaeTcs 3a ONOPHOM I'paHblo Hoa. [loBepxHOCTH
Cpe3aHHBIX KYCOUYKOB I10JIy4aOTCsl JOCTATOYHO POBHBIMU U TTIaJKUMU (puc. 2.4, a).

V¥V Bcex BOJIOKHMCTBIX IJIACTUYHBIX U TBEPABIX NIPOAYKTOB, & TAK)KE Y HEBOJIOKHUCTBIX TBEPABIX U
XPYIKHUX MPOIYKTOB B NPOLECCE PE3aHUs MPOMCXOJUT CKalbIBaHHE, T.€. pa3pylleHHEe MaTepuala oA
JEMCTBUEM KacaTeJIbHBIX HalpsKEHUM, IPU KOTOPOM OJHA 4YacTh IMPOJYKTAa CMEIAETCS OTHOCUTEIBHO
JPYTOH 1O KaKON-IMOO MOBEPXHOCTH.

Tak, y BOJOKHUCTBIX IIACTUYHBIX IPOAYKTOB (BapeHOE MsCO, pbl0a), €clii KIUH HaIlpaBieH
MIOTIEPEK BOJIOKOH, a TAKXKE Y HEBOJIOKHHUCTBIX TBEPJBIX IMPOIYKTOB (UE€pCTBBIM Xj1€0, BapeHas Me4YeHb),
CKJIBIBAHHE TIPOMCXOIUT IOJT OCTPHIM YIJIOM K IIOCKOCTH cpe3a (puc. 2.4, 0, B). [Ipu 3TOM moBepxHOCTH
Cpe3aHHBIX KYCOUKOB MMEIOT HEPOBHOCTHU (3a3yOpHHBI), a caM OTpPE3aHHBIH KyCOUEK HE COXpaHsAeTCs
LIEJIMKOM U Yallle BCET0 pacnagaeTcs Ha OTJEJIbHbBIE YacTH.

[Tpu pezaHum TBEpIBIX XPYNKHUX MPOJIYKTOB, HAIpUMEp, KOCTEH, Jake NMPH HE3HAUUTEJIbHBIX
yriax 3aTOYKM KJIMHA IPOUCXOAMUT JIBOMHOE CKAaJIbIBAaHUE: B HAMpaBICHUM IBM)KEHHUS HOXAa U I0J]
HEKOTOPBIM YIJIOM K IUIOCKOCTH cpe3a (puc. 2.4, r). HacTo MOBEpXHOCTH CKaJIbIBAHUS Y TAKUX MPOIYKTOB
pacrnojararoTcs HUXKE ONOpPHOM rpaHu KiuHa. [IOBEpXHOCTH KyCOUKOB IOJIy4alOTCS HEPOBHBIMH,
JIOMaHBIMH, CO 3HAYUTEIBHOMN ILI€POXOBATOCTHIO.

[Tpu ckosb3silieM pe3aHuU B pe3yJbTaTe ABMXKEHUSI HOXKA MEPHEHJUKYISIPHO PEXYILIEH KpOMKe
IIPOUCXOIUT MPOHUKHOBEHUE €0 B TOJILY MPOIYKTA, & IPU JBMXKEHUH HOXA BJIOJIb PEXKYIIEH KPOMKU—
NepenuiuBaHue MeJb4alilliniMyu MUKPO3yOUHKaMH1 JIe3BHsI BOJIOKOH U CTEHOK IPOIYKTA.

B omimume ot pyOsimiero pesaHus MpH CKOJB3SIMIEM pe3aHUM AJI pa3pe3aHus HpoaAyKTa
TpeOyIOTCS MEHbIIME YIUIOTHEHHME U YCHIHE, TaK KaK I[epepe3aHue MpOAYyKTa OCYIIECTBISETCS
OTAENbHBIMU MHUKPO3yOUMKaMM, MpHYEeM CyMMapHas JJIdHa MHKpPO3yOUHMKOB, OJHOBPEMEHHO
YYacTBYIOUIMX B pa3pe3aHUM MPOAYKTa, BCET/1a MEHbILE JUIMHBI PeXyIeld KpoMKH Jie3us. [loaTomy mpu
CKOJIB3AIIIEM PE3aHHUU BEIMYMHA KOHTAKTHBIX HaMpsHKeHUH, HeoOXOoauMas IJsl pa3pe3aHus NpoayKTa, a,
clleIoBaTeNbHO, U TpedyeMoe ycuiue, 3HauuTEeNIbHO MEHbIIME, 4eM Ipu pydsmeM pesanuu. [Ipu
CKOJIB3AIIEM, PE3aHUU JAJIsl OCYLIECTBJICHUS pa3pe3aHusl MpoJyKTa He TpeOyercs, yToObl BCe 3yOUMKH
JIe3BUsI Ha TOJIHYIO TNIyOMHY MpPOHMKaIW B HPOAYKT. IIOBEpXHOCTH cpe3a MpH CKOJIB3SIIEM pE3aHHU
noJry4aroTcs, 06osiee riaaJ kUM U POBHBIMM, YeM Ipu pyOsiieM pe3aHuu. [Ipoucxoaut 3To mOTOMYy, 4TO
IIPU CKOJIB3SIEM pPE3aHUM MPOAYKT MOJBEPKEH MEHBUIEMY CHJIOBOMY BO3JEHCTBUIO CO CTOPOHBI,
PEXYIIET0 UHCTPYMEHTA.

Ckomnp3siliee pe3aHue MPUMEHSIOT [ pa3pe3aHus IJIACTUYHBIX MPOAYKTOB C HEBBICOKOM
MEXaHUUYECKOHN MPOYHOCTHIO.

Jns paspe3aHusi TBEpIBIX MPOJIYKTOB, MUMEIOIIMX 3HAUUTENBbHYI0 MEXaHUYECKYIO MPOYHOCTH,
NPUMEHSIOT 3yOuaTble pexyliue HHCTpYMEHThl (muibl). [IpuMeHeHue pyOsIIero MM CKOJIB3SIIETO
pezanuss  ompeznensercs  (QU3MKO-MEXaHMYECKHMMHM  CBOWCTBAaMH  MPOJYKTa,  TpeOOBaHUSAMU,
IIPENBABIAEMBIMA K KauyeCTBY IIOBEPXHOCTHM OTPE3aEMBIX KYCOUKOB, a TaKKE HHEPreTHYECKUMHU
MOKa3aTesIMHU.

PyOsee pezanue pekoMeHAyeTcs UCIONIb30BaTh Ul TeX MPOJAYKTOB, Y KOTOPBIX pa3pyIIatoliie
KOHTaKTHbIE HANpPsDKEHUS HEBEIMKH W pPa3pe3aHue NPOUCXOAUT 0e3 3HAUMTEIbHOTO YINIOTHEHHUS.
BcenencTBue 3Toro moBepxXHOCTh cpe3a MojiyyaeTcs JOCTaTOYHO POBHOM M MPOAYKT He Aedopmupyercs.
K TakuM mnpoaykraM MOXHO OTHECTH CBHIPbI, Macjio ciluBo4HOe. JIyis TeX NpOAYKTOB, Y KOTOPBIX
paspyliaroliie KOHTAKTHBIE. HANPSIKEHUS AOCTUTAIOTCS TOJIBKO IOCIE TOTO, KaK MPOAYKT MpeTeprel
HapsAy C YOpyroi M IIaCTUYECKylo aedopManuio, pyosiee pe3aHUe HE PEKOMEHIyeTcs. Y TaKHux
IPOAYKTOB OTpE3aHHBbIE KYCOUKH OCTAalOTCAd B J1e(OPMHPOBAHHOM COCTOSHHUH. [lOpUCTBIE NMPOTYKTHI
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(xJ1€0 MSATKHH pKaHOW M MIICHUYHBIH, OUCKBUTHI) yTPAYUBAIOT YACTUYHO CBOIO IOPHUCTOCTb, YXYIIIACTCS
ux ToBapHbIH BHJ. COYHBIC MPOAYKTHI (IIOMHUAOPHI, JIUMOHBI, OTYpIBI CBEXHE, CHIpOE MsICO, PbIOa,
GpYKTBI U T. ZI.) BCIEACTBUE JepOpMAaIMH TEPSIOT YacTh COKAa W CTAHOBSATCS MAJIOTIPUTOJHBIMU K
yHOTPEOICHUIO.

[1pu ckoNB3sIIeM pe3aHiH NPOIYKT 3HAUYUTEIBHO MeHbIe nedopmupyercs. [lopucTbie mpoayKThI
HE KPOUIATCS U HE YTPAauMBaIOT cBoel mopuctoctu. COUYHBIE MPOIYKTHI HE TEPSIIOT COKa, a MX JIOMTHUKH HE
pa3BaIMBAIOTCS U HE 1e(OPMUPYIOTCH.

Ha mnpenmpusitusix oOIIECTBEHHOTO NHTAHMS JJIsI HAape3KW IUIOJOB M OBOINEH HMCHOJB3YIOT
OBoIlepe3aTebHbIC MAIIMHBI 1 MeXaHU3Mbl. Hanbomnee pacnpoctpaneHHast popMa Hape3KH —JIOMTHKH,
OpYCOYKH, COJIOMKA, CTPY’KKa, TOJTbKH

JIOMTHKH UMEIOT JBE MapajuielibHbIC MOBEPXHOCTH CPE3a, PACCTOSHUE MEKAY KOTOPHIMH PaBHO
TOJNIIMHE JIOMTUKAa h; JjMHA M IMIMpUHA JIOMTHKA ONpPEACNSIOTCS pa3MepaMHd pa3pe3acMoro IUIoja.
Bpycouku u coloMKa HMEIOT, KaK IPaBHJIO, JIBA ONPEICIICHHBIX pa3Mepa - TomuHy h u mmpuny b.

Ilyancounnvlii osoujepesamenbHulii MEXAHUIM
B myaHCcOHHOM OBOIIEpPE3aTEILHOM MEXaHHU3ME Hape3Ky OBOINEH OCYIICCTBISIOT ITyTeM
MIPOJIABJIMBAHMS TIPOJAYKTa ITyaHCOHOM Yepe3 HEMOJBIKHYIO HOXKEBYIO paMmKy. [1o Takomy HNpuHIUITY
pabortaer cmennbiii Mmexanu3sm MC28-100 (puc. 2.6.), mpUCOeAUHIEMbII K YHHBEpPCaIbHOW KYXOHHOM
mammne [1Y-0,6.

| =
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Pucynok 2.6 - Mexanuzm MC28-100 117151 Hape3KH ChIpbIX OBOILEH: a — pa3pes; 0 — o0muii Buj

Paboueli kamepoll MexaHM3Ma CIIY>)KMT HEMOJBMKHBIM MyCTOTENBIA HUIMHIP 3, BBINOJIHEHHBIN
KaK OJIHO IIeJI0€ C 3arpy304HbIM KaHajoM 19. HimkHUM TOpIIOM KaMepa OmHupaeTcsi Ha HOXKEBYIO paMKy 2,
KOTOpasi KPEMHUTCS K KOPIYCy PeIyKTopa 7 ¢ MOMOIIBI0 ABYX cToek 4 u raek 1. CTOWKM 3aKperuieHbl B
Kopryce penykropa mrudramu 11. Baytpu pabGoueil kamepsl nepemernaercs myaHcoH 12. K HmkHemy
TOpIly TyaHCOHA NMPHUKpPEIUICHA TUIACTHHKA C BBICTYHamu 13, mpemHa3HaYeHHBIMU IS POTAIKHBAHUS
MPOAYKTa B HEMOJIBUKHYIO HOXKEBYIO paMKy. Haxozsich B kpailHeM HM)KHEM IOJI0)KEHUH, TTyaHCOH CBOUM
BEICTYTIOM 18 3akpbiBaeT 3arpy30uHbId KaHajl, MPEAOTBpalias TeM CaMbIM IONaJaHUE TPOAYKTa B
MPOCTPAHCTBO KaMepbl HaJ MyaHCOHOM. IlyaHCOH coBepIaeT BO3BPATHO-IIOCTYINATENbHOE JBHKEHHUE,
KOTOpOE TepeqaeTcss eMy CleAylonmM oOpazoMm. [IpuBox KyXOHHOW MAaIIMHBI TEpeNacT BpalleHHE
BXOJHOMY Bajly 0, oT Kotoporo uepe3 uepBik 10 u uepBsiuHoe Koneco 14 nBHXKeHHE mHepenaercs
KojeHuaToMy Bainy 16. O6a Bama onuparorcs Ha rpaduro-6a006utoBbie mommmmHukn. [lleiika
KOJIGHYaTOro BaJla YCTaHOBJIEHA B Mpope3u paMku-Kynucel 8. [locnenHss uMeeT JBe mapbl POJIMKOB 9
(TTOAIMMITHUKOB Ka4yeHHs), ABIDKYIIUXCSA 110 HAMPaBISIONMM KOpIyca, M IITOK 5, K KOTOPOMY
NPUKpEIUIeH IyaHCOH. [Ipu BpalleHWW KOJEHYaTOro Baja €ro Iieka COBepIIaeT IBMKECHUE I10
OKpPY’KHOCTH, B TO BpeMs KaK CBsA3aHHAas C HEM paMKa-KyJuca COBEpIIAET BO3BPATHO-TIOCTYHATEIbHOE
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JBIDKEHHUE. 32 OUH 000pOT KOJIEHYATOro Baja paMKa-Kyjuca JelaeT OJUH JBOWHOW XOJ (BBEpX-BHU3).
Kopmyc penykTopa 3akpsIT KpbIikod 15u nmpoOkoii 17.

PaGora mMexaHu3ma 3akioyaeTcsi B cieayroleM. B 3arpy304Hblii KaHal BPYYHYIO MOAAIOT IO
OJTHOMY KOPHEKJIYOHEeI101y. B TOT MOMEHT, KOTr/ia IMyaHCOH HaXOJUTCS B BEPXHEM I0JIOKEHUHU, KITyOeHb
CKaThIBa€TCAd HAa HOXEBYIO PAMKYy, IPU JABW)KEHMM IIyaHCOHAa BHM3 KIyO€Hb IPOJABIMBAETCS 4epe3
SIYeKH HOKEBOW paMku. DopMa Hape3Ku ONpenesseTcsi KOHCTPYKIMEH HOXeBoM pamku. s Hape3ku
MPOJYKTa OpycOYKaMH MPUMEHSIOT HOXEBYIO pamMKy 21 ¢ KBaJpaTHBIMU SYCHKAMU, ISl HApPE3KH
noJibKaMu (4ecHOYKoM) paMKky 20.

Huckosvle osouepesxu

JlMCKOBbIE OBOILIEPE3KH TPEAHA3HAYCHBI ISl HApe3KH OBOWICH M (PYKTOB JIOMTHUKaMH,
OpycoukaMu, COJIOMKOH. YCTaHABIMBAIOT HX, KaK IIPABUJIO, B 3arOTOBOYHBIX Li€Xax MpEeANpHUITUR
obmiecTBeHHOTO TUTaHUs. OBOIIEPE3KH BBIMYCKAIOTCS C HHIWBHIyalbHBIM mpuBogoM (MPO50-200,
MPO400-1000, MY-1000) nnu B kauecTBe cMeHHbIX MexaHu3MoB (MC10-160, YMM-10, MOII-11-1)
IIPUBOJIaM YHUBEPCAJIbHBIX KYXOHHBIX MAalllH.

Pabouell kamepoll OBOLIEPE30K CIIY)KUT MYCTOTENBIH LMJIMHAP, PACHOJIOKEHHBIM BEPTHUKAIBHO
WIM TOpU3OHTaNbHO. Pabouas kamepa MMeeT 3arpy304HOE M pa3rpy3ouyHoe ycrpoiictBa. Pabounm
OpPraHOM OBOILEPE30K SBISAIOTCS HOXKM, 3aKPEIIEHHBIE HA BPAIAIOIIEMCSl OIIOPHOM JIUCKE M MMEIOIINE
NPSIMOJIMHEHHYIO WM KpHBOJIHMHEHHYIO (opmy. s Hape3ku oBomeld W (QpPyKTOB JIOMTHKAMHU HOXHU
YCTaHABIIMBAIOT MAapPAJUIEIbHO INIOCKOCTH OIMOPHOIO JUCKAa HAa HEKOTOPOM PAaCCTOSHHMM OT HETO, PpaBHOM
TOJILIUHE OTpe3aeMoro JioMTHKa. /[l Hape3ku IJI00B M OBOLIEH OpycoukaMu HPUMEHSIOT
KOMOMHUPOBaHHbIE HOXH, COCTOSIIUE U3 HOXKEBOM TIpeOCHKH C JIE3BUSMHU, pacIlOJIOKEHHBIMU
NEPIEHIUKYJIAPHO IUIOCKOCTH OIOPHOIO JUCKa, W HOXA, YCTAaHOBJIEHHOTO MapalleIbHO IIOCKOCTU
OIOpHOro Jucka. JlJi1 MOJTy4eHus COJIOMKH HPUMEHSIOT pabouue OpraHbl B BUJAE CTaJIBHOIO JIMCTA C
OTBEPCTHUSIMH, OJMH Kpail KOTOPBIX OTOTHYT, U 3a0CTPEH.

Hape3ky miooB JOMTHKaMM OCYILECTBIISIOT CIEAYIOIIMM 00pa3oM: IJIOABI M3 3arpy304HOI0
YCTpOMCTBA MOCTYNAIOT Ha BpallaroIUiics OMOPHBIA AUCK U ABMXKYTCS BMECTE C HUM JI0 T€X IOp, MOKa
He OyJyT OCTaHOBJIEHbI CTEHKOM KaMepbl, uMeroIei (opMy KpyroBOro KJIMHA «YJIUTKH JTUO0 [UIHHIIPA.
K onopHomy aucKy IpOAYKT NPUKUMAETCS 33 CUET €ro 3aKIMHUBAHUS MEX/1y HAKIIOHHOM MOBEPXHOCTHIO
KaMepbl U OIOPHBIM JMCKOM WJIM BPYYHYIO C IIOMOLIbIO ToJKaress. Hoxu Bpe3aroTcss B HENMOJBHIKHBIE
IUIOJBl M OTPE3al0T OT HHUX JIOMTHKH, KOTOpPbIE IPOBAJIMBAIOTCS B OTBEPCTUS OINOPHOIO JHCKA.
OcTaBmasics 4acTh IUIOAA OIYCKAeTCsl Ha ONOPHBIN JUCK, BHOBb OCTAHABIMBAECTCS CTEHKON Kamephl U
NPWKUMaeTcs K ONOPHOMY JHUCKY, IOCIE 4Yero ¢ Hee cpesaercs cienyromuii somtuk. I[Ipormecc
HOBTOPSETCA [0 TEX IOP, IOKA IIPOIYKT MOJHOCTIO HE U3MEIbYMTCS.
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Pucynok 2.7 - YHuBepcanpHas oBomepesarenbras mamuaa MPO 50-200
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YHuBepcanbHas opoilepe3arensHas mammaa MPO50-200. Mammna (puc. 2.7) npegHazHaueHa
JUIS Hape3KH ChIPhIX OBOLICH JIOMTUKamMH, OpyCcOYKaMH, COJOMKOW W IIMHKOBKH KaIyCTHI.
VYcranaBiIMBaeTCs MallMHa Ha aMOPTU3aTOpax Ha padodyeM CTojie B 3aroTOBOYHOM Iiexe. COCTOUT OHa U3
MPUBOJIHOM YacTH, CMEHHBIX pabOYMX OpPraHOB M CHEMHOI'O 3arpy304HOro yctpoiictBa 7. B cocraB
IIPUBOJIHOM YacTHU BXOZIAT JMTOM alIOMUHUEBBIN KOpIYC 5, 3JEKTpOoABUraTenab 12, yKpeIruleHHbId Ha
IJIUTE, WMEIONICH TMa3bl I HATSHKEHUST PEMHEM KIMHOPEMEHHOW Tmepenayu 13, u BepTUKAIbHBIN
MPUBOJAHON Basl 1, YCTAaHOBJIECHHBIN HA KOHUYECKUX POJIMKOBBIX MOJIIMIHUKAX 3. HaTsar B moammnHukax
peryinupyercsi ¢ moMonipto raiiku 14. I[oamunauky 3akpbIThl KpbllikaMyd. Ha BepxHel MojoBUHE Baja,
Ha LINOHKE YCTaHOBJIEHA BTYJIKa 9 ¢ ABYMs BBICTyNaMHM, NEPEAAIOIIMMHU BpaLIEHUE pabOYUM OpraHam.
[TonoxkeHre BTYJIKH OTHOCUTEJIBHO HUIMHIPHUUECKON YacTH KOpIlyca, B KOTOPOM paciioyiokeHbl padoune
oprausl, peryiaupyercs raiikoit 10 u ¢ukcupyercs BuntoM 4. Ha Brynke 9 ¢ momouipio JeBoi pe3nObl
3aKperyieH TpexJonacTHhId cOpachiBaTtenb 11, mpeqHa3HAYeHHBIM Uil MPOJBUKEHHS HApe3aHHOIO
MPOJIYKTa K Pa3rpy304HOMY YCTpoucTBy 2. Ha BepxHUU KOHEI] MPHUBOJHOIO Bajla HACAKEH OIMOPHBIN
TUCK 6 ¢ HOKaMM, 3aKPEIJICHHBIN Ha Baly C MOMOIIBIO CIIEHUAIBHOIO BUHTA 8 U UMEIOLIUN B HWKHEU
4yacTH J[Ba Ma3a /s 3aleIUIeHUs ¢ BTYJIKOH 9.

B KOMIUIEKT MamImHbl BXOJIAT CIEAYIOIUE paboyue OpraHbl: OMOPHBIA JAMCK C CEPIIOBUIHBIMU
HOKaMH JUIsl Hape3KH OBOINEH JIOMTUKAMH, KOJbIAMU M TOJIYKOJIbIIAMU TOJIIMHONW 2 MM U IIUHKOBKHU
KalycThl, JIBa OMOPHBIX JHWCKa C KOMOMHUPOBAHHBIMH HOXaMH JUIsl Hape3Ku OBOIleld Opycoukamu
ceuenreM 10X10 mm u comomkoit cedenwem 3X3 MM, JBa TEPOUYHBIX [MCKa JJisi HApPE3KH OBOIIEH
ctpyxkoi ceueHueM 0,8x1,2 mm u 3X3 mm. PerynupoBka TOJIIMHBI HAPE3KHW B JAHHOW MalllMHE HE
IIpeyCMOTpEHA.

OnopHbld AUCK C HOXKaMU Pa3MELIEH B LWJIMHJIPUYECKON pAaCTOUYEHHOW YacTH JUTOrO KopIlyca
MamvHbl. CBepXy Ha 3Ty 4acTb KOpIlyca YCTAaHABJIMBAETCS ChEMHOE 3arpy304HOE YCTPOMCTBO 7,
3aKperIsieMoe ¢ MOMOIIbI0 3amena u ¢ukcatopa. Jns obecrneueHus: 6e3omacHoOi pabOThl B MallWHE
MPEAYCMOTPEH OJIOKUPOBOYHBIN BBIKIIIOUATEIh, KOTOPBIM pa3pbiBaeT LEMb MUTAHUS SJEKTPOJBUTATEIS
IIPU CHATOM 3arpy304YHOM YCTPOWCTBE.

3arpy304Hoe YCTPOWCTBO 7 MUMEET JIMTOW KOPITYC C JABYMSI KPYTJIBIMH M OJIHUM CEPIIOBUIHBIM
OTBEPCTUSIMH. B OTBepCTHS BCTaBISIOTCS COOTBETCTBYIOUIEH (opMbl TonkaTtenu. B cepmoBugHOM
OTBEPCTUH MPOAYKT MPUKUMACTCS K OMOPHOMY JHMCKY MOCPEJACTBOM KPOHIINTEHHA, KOTOPBIN SIBISETCS
ppidarom BTOporo pozaa. CeprnoBHAHBIA TOJKATENlb HIAPHUPHO 3aKPEIJIEH Ha KPOHIUTEHHE, KOTOPBIM B
CBOIO OY€pE/Ib MIAPHUPHO 3aKPEIUIEH Ha KOPITYCE 3arpy304HOro yctpoicTtsa. [Ipu moBopoTe KpoHIITEHA
BOKPYI' OCH CEpIIOBHUJIHBIN TOJKATENIb NEpPEMEIIAaeTcss BHYTpU OoTBepcThs. CeprioBUIHOE OTBEPCTHE B
3arpy304HOM yCTPOWCTBE IMpEIHa3HAu€HO JUIsl MOJa4d K HOXaM pa3pe3aHHbIX Ha 4YacTH KOYaHOB
KaIyCTbhl, KPYTJble OTBEPCTUS — JJIsi OBOIIEH Apyrux BUAOB (KapTodens, MOPKOBH, CBEKIIbI, peauca,
pensl U T.J1.).

Hapesky mpoAykToB Ha OBOIIEpe3Ke MPOU3BOIAT CIEAYIOIUM o0pa3oM. BximouuB Mmaimiuny,
3aKJIaJbIBAIOT OBOILM BPYYHYIO B OJHO M3 OTBEpPCTHIl 3arpy304HOro YyCTPOWCTBA M MPHKUMAIOT
TOJIKATEISIMU K BpAIAIOLIEMYCsl OOPHOMY JIucKy. Hoxu, Bpamiaromuecsi BMECTE C ONOPHBIM JIUCKOM,
OTpEe3aloT OT TUIO/0B MOCIIEA0BATEIBHO CIION 3a CJI0EM B BUE JIOMTHKOB, KOJIEI, IOJIYKOJIell, OpyCOUKOB,
COJIOMKH. B MOMEHT oTpe3aHusi MpPOAYKT YAEPKUBAETCS OT IMEPEMEIIECHUS CTEHKOH 3arpy304HOTO
OoTBepCTHS U ToskareneM. OTpe3aHHbIE YACTHUIIBI MPOIYKTa MPOXOJAT B OTBEPCTHSI OMOPHOIO JIHCKA,
pacmosioKeHHbIe MO HOXaMH, 3aXBaThIBAIOTCA BpallarolMMcs cOpachiBaTeleM U TOJAIOTCS B
pa3rpy304HbIN JOTOK.

Pomopnas osowepesamenvhas mawuna

PotopHass oBomepe3ka Tak e, KaK M JUCKOBas, BXOJUT B KOMIUIEKT YHUBEPCaIbHOMN
opoulepe3arenbHoil MamHsl MPO400-1000. Oco6eHHOCTh 3TOH OBOIIEPE3KH COCTOUT B TOM, YTO €€
HOXXM B TIPOILIECCE pEe3aHUs] OCTAIOTCS HEMOJBM)KHBIMM, a TPOMYKT IEPEMEIIAeTCs] BpaIatOIIUMCS
poTopoM ¢ JonactaMu. Ha poTOopHOI OBOlIepe3Ke OBOIIM HApe3alTCs JIOMTHKAMHU TOJIIIMHONW 3 MM H
Opycoukamu ceueHueM 3X3; 6X6 u 10X10 mm.

Kamepoii 06paboTku 3TOM MammuHbl (puc. 2.8, a) CIYKUT BEPTUKAIBHO PACIIOIOKEHHBIN JTUTOMN
WIMHAP S5, KOTOPBIM Kpenutcs K Kopmycy 9 ¢ momombto 3anena 13 u ¢ukcupytomeit 3amenku 12.
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CBepxy Ha pabouyl0o Kamepy YCTaHaBJIMBAaeTCsl OTKUIHAs 3arpy3odHas BOpPOHKa 5, KoTopas
nmoBopaunBaeTcsi BOKpyr ocu 10 u cromoputcsi ¢uxcatopom 11. B GokoBoii cTeHke paboueld Kamepbl
UMEeTCsl IPOeM, KyJ1a BCTAaBIISIETCS CMEHHBIM HOXKEBOU OJI0K 3.

st Hape3ku mpoayKTa JoMTUKaMu (puc. 2.8, 0) HOKeBOM OJI0OK UMeeT JUTYIO IeKy 14 u Hox 16.
[Ipu ycraHoBKe HOKeBOro 0yioka B paboueil kamepe BHYTPEHHISI MOBEPXHOCTH LICKH COBMEIIACTCS C
BHYTPEHHEH ITOBEPXHOCTHIO KAMEPBI, a JIE3BUE HOXKA BBICTYNIAET BHYTPh KAMEPHl HA PACCTOSIHUE, PABHOE
TOJIIIMHE OTPE3aeMbIX JIOMTUKOB. OcTpas KpOMKa HOXKa pacIojiaraeTcsl HapaieIbHO 00pasyromen
paOoueil kamepsl. [lyi1 Hape3ku HpoAyKTa OpycodykamMy HOXEBOH OJOK JONOJHMTENIBHO OCHAIIAETCS
HOXXEBOW rpeOeHKor 15, 1e3BUs KOTOPOH PacmojoXKeHbl NepIEHANKYISIPHO CTEeHKEe Kamepbl. HoxkeBble
OJIOKM 3aKpEIUIAIOTCS B CTEHKE pabodel KaMepbl ¢ HOMOIBIO BUIKH 17 U OTKUAHOTO 0oJTa.

Buytpu paboueii kamepsl pacroyiokeH potop (puc. 2.8, 0), UMEIOIUi JTUTOE OCHOBAHUE B BHJIE
JUCKa, K KOTOPOMY IPHUKPEILIEHBI TPU BEPTUKAIBHBIEC JIONACTU 6, PACIOIOKEHHBIE IO YIIoM 65° K
KacaTeJIbHOW OKPYKHOCTU OCHOBAHUS 7 pOTOPA, IPOBEACHHON Yepe3 TOUKY IIEPECEUCHHUSI JIONIACTU C ITOU
OKpPY>KHOCTBIO. POTOp ycTaHaBIMBaeTCs Ha BEPXHEM KOHIIE BBIXOJHOIO Baja | MPUBOAHOIO yCTPOMCTBA
MAIIMHBI ¥ 3aKPEIUIsIeTCs] BUHTOM 4 ¢ JIeBoi pe3r0oil. C BHEmIHeH cTOpoHbI paboueii kaMepsl HallpOTHB
PEXKYIIMX MHCTPYMEHTOB PpACIIOJIOKEH pasrpy304HbI KaHal 2, NEPeXosUIMil B pasrpy304HOE
yCTpoicTBO MamuHbl. Paboraer oBomiepeska cieayroumum oOpa3zom. IIpogykr uepe3 3arpysouHoe
YCTPOMICTBO 3arpyarT B pabouyio KaMepy, I'/le OH 3aXBaThIBACTCS BPALIAIOIIUMUCS JIONACTAMU pOTOpa
U MOJAeTCs K HEMOJABMKHBIM HOXaM. [Ipm 3TOM MNpOayKT moja JeHCTBUEM LEHTPOOEKHOM CHIIbI
IPUKUMAETCSl K BHYTPEHHEH cTeHke pabouell kamepbl M CKOJb3UT 1o Hell. [Ipu Hapeske JOMTHKaMH
BBICTYNAIOUINIA HaJ MOBEPXHOCTHIO paboueil KaMepsl HOXK, PACIONOKEHHBIN MapauieIbHO 00pa3yromeit
paOoueil, kaMepbl, 32 Kaxablii 000pOT OTpe3aeT OT MPOAYKTa CJIOH, paBHBIM TOJILIMHE JIOMTHUKA. [lpu
Hape3ke OpycoukaMmy NMPOJYKT CHayaja HaJlpe3aeTcsi HOKEBOM I'pEeOEHKOM, a 3aTeM OTpEe3aeTcs HOMXKOM,
PAacIoyIOKEHHBIM TNEPIEHIUKYISIPHO HOXKaM HOKeBoW rpeOeHKku. OTpe3aHHble YacTHILBI IMPOAYKTa
[IOCTYNAIOT CHayajla B pasrpy304HbI KaHall, a 3aTeéM B pasrpy304HOE YCTPONCTBO MamMHbL. [
obecrieyeHuss  OezomacHOM  paboThl  MalmMHA  CHAa0)XKeHa  OJIOKMPOBOYHBIM  BBIKJIHOYATEIIEM,
MIPEIOTBPALIAIONINM BKJIIOUEHUE JJIEKTPOJABHUraTeNsl HpPU CHATHIX paboyeil kamepe U 3arpy304HOM
YCTPOMCTBE.

P,

Pucynok 2.8 - YuuBepcanbHas oBomiepe3atenbHas mammHa MPO400-1000: a — oOmuit Bun
MaIuHbl; 0 — OJIOK MHCTPYMEHTA ISl HApE3KH MPOAYKTA TOMTHKAMH B OPYCOYKaMU; B — POTOP

MNPAKTHYECKAS YACTb:
1. Onpenenenne OCHOBHBIX NTapaMeTPOB
N3 GpopmyItbl mpOU3BOAUTENFHOCTH HAXOAUM CKOPOCTH MPOABIDKEHHS IPOIYKTa Yepe3 HOKEBYIO
peLIeTKy:

h-n
Q:FO.VO-p-gp-36OO:VO=6—O4, 2.1)

rze, h-BeicoTa X0/1a IMyaHCOHa, M;
N4- YUCJIO AIBOWHBIX XOJIOB ITyaHCOHA, 1/MUH;
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Haxoanm miiomaap HOXKEBOW paMKH:

F0= Q 2.

M
vy p-9-3600"" 22)
rae, Q-mpou3BOAUTETFHOCTS TyaHCOHHOW OBOIIEPE3KH, KI/4;
Vo- CKOPOCTb MPOBIIKEHHSI MTPOAYKTA Yepe3 HOKEBYIO PaAMKY, M/C;
p- HACBIIHAS MACCa MPOAYKTA, KI/M>,

¢ - K03 PUIUEeHT UCrob30BaHus 00beMa pabouelt KaMephl;
Haxomum nuamerp HOXKEBOW PaMKU: IPUHUMAEM, YTO HOXKEBAsi paMKa KPYTioro CEYCHUS

4F
_ 0
D= M (2.3)
T
Ycunue HanpaBiI€HHOE HA pa3pe3aHre MPOIYyKTa PEKYIIUMH KPOMKAMHU HOXKEBOW PAMKH:
P =g -Y1-
1 q@ Z W ,H (2 4)

r/ie, Js - YACTbHOE COMPOTHRIICHHE TPOAYKTa pe3anbio, 700 H/m;
Y| - oOmias AMHHA JIC3BHSL, M,
Y — k03 PUIHEHT NCTIOB30BaHUS JJTUHHBI JIC3BU.

st 6pycoukoB ¢ ceueHueM (axa, a=0,01 m):

7ZD2
2N =" (2.5)

OHpeI[eJI?[eM MOIITHOCTDb 3JICKTPOABUTATCIIA:
(PR v,
=
1000- 7

(2.6)
rae, P4 — cuna TpeHus nmpoaykTa 0 HOKM HOKEBOM pemieTky, H;
n — KIIJI Bcero npuBoja 1 MexaHu3zMa
o
P=05-F-f :z.g.E.Zth. fy
« 0
5. =E-E'=2.E
a (2.7)

rne Ocx — HaANpsDKEHHE C)KAaTUs, BO3HMKAIOIIEe B MPOAYKTE B pe3ysibTaTe NMPOJABIMBAHUS €r0
4yepe3 HOKEBYIO pelIeTKy, 11a;
E” - oTHOCHTEbHAS IeOpMAIIUs IPOIYKTA TIPH €T0 CHKATUM;
a — mMpuHa OPYCKOB, M;
E — MOZyIb yTIPYrocTH MpoayKTa, 2,5'10° Ia;
F — miomams CONMpHKOCHOBEHHS MPOLYKTA C GOKOBBIMU TTOBEPXHOCTAMHE HOMKEH, M2,

F=2 I
h lw H 2.8)
rae h1 — BeicoTa HOXKeEl, M;

f —xo3¢ddunmeHtT TpeHus npoaykra o HoxH, 0,25.
Haiinem cuimy TpeHMsI IPOIyKTa O HOKHU HOKEBOM paMKH:

1)
p4:2.g.E.ZI-h-f-(D,H (2.9)

r7e O - TOJNIIWHA HOXKEN B HOKEBOU paMKe, M;
E- Mmoayns ynpyroctu npoaykra, I1a;
>'|- obrast ayiMHa JIE3BUH, M;
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VY- KO3 UIMEHT TPEHUS TPOAYKTa O HOXKH.
MouiHoCTh paBHa:

(P +P,) v,

2

1000-77

Tabmuna 2.1 — VicxoaHble JaHHbIE 11 pacyera

(2.10)

No

o, = 5 = = ) v 5 S <
= | E e |5 S .| N el 5 | &
< S = s 8 a e S o| 4 o & = 2
IS = o < Y— = E | 5 /; m =)
) S © = 5 > o gl 3 | 2 = =
5 2 | < > 2 = | BEE|E | @ o S
=} L bl = O . © = = t%;‘ = = 8 = 2
S |g |5 |8 |g |5&| o |°g 8 = Z| g 5| g
2 |3 |¢ |5 |8 |83 G| B E|lg |g§&:
© w < = S 5 o« = 0 5| = = 52| 38| &
s oo < EE| a0 S =| @ Q S Q| 8 | &
= g = g cE| B2l ES | El8 | & S 2 5| Es
© = o = S| S 2 > 9 = = = © =2 S g. Sl 25
) 2 = 2 s2| ® & §E S gl om EN|TBE S| 8 &
= 3 5] 3 =5 © &l & & & &5 3 5| 25| = s ™
= m s = m SO EIZ2E | »EIEEES | ¥E|FEI L
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 0,01 | 0,08 | 0,001 0,016 | 26 0,25 |2,5:10°|700 |70 ig 150 0,20 | 1440 | 700
2 0,02 | 0,07 | 0,001 0,017 |28 0,24 |2,7:10°| 710 |80 ig igv 0,22 | 975 | 720
3 0,01 | 0,09 | 0,002 0,020 | 25 0,23 |2,4:10°|800 |75 12’ 252 0,30 | 2980 | 740
4 0,03 | 0,09 | 0,002 |0,020 | 25 0,24 |2,0-10°| 750 |78 ig lgo 0,25 | 975 | 710
5 0,03 | 0,08 | 0,001 0,016 | 26 0,25 |2,1-10°|720 |75 ig ig 0,28 | 1440 | 700
6 0,02 | 0,07 | 0,003 |0,015| 30 0,23 |2,0-10°| 780 |82 ig ig 0,27 | 1440 | 720
7 0,0 0,06 | 0,002 | 0,009 | 24 0,26 |2,7-10°| 760 |85 ig 150 0,25 | 975 | 770
8 0,03 | 0,09 [ 0,002 0,015 25 | 0,25 |2,6:10°| 740 | 68 1félfé 0,27 | 2980 | 820
9 0,01 | 0,07 [ 0,005|0,014| 24 | 0,26 |2,4:10°| 760 | 75 igvylgo 0,28 | 2980 | 840
10 | 0,04 | 0,09 [ 0,003|0,011| 25 | 0,24 |2,7-10°| 810 | 84 ig 150 0,25 | 975 | 760
11 | 0,03 | 0,08 [ 0,002 | 0,016 | 24 | 0,25 |2,4-10°| 690 | 69 121 2(2)2 0,24 | 1440 | 780
12 | 0,02 | 0,09 [ 0,003|0,022| 25 | 0,22 |2,810°| 720 | 73 12: 232 0,21 | 975 | 720
13 | 0,01 | 0,07 [ 0,003|0,018| 26 | 0,29 |2,7-10°| 800 | 74 ig 1% 0,26 | 2890 | 810
14 | 0,03 | 0,10 [ 0,003 0,017 | 28 | 0,23 |2,5:10°| 690 | 80 ig 12 0,24 | 2890 | 750
15 | 0,04 | 0,09 [ 0,002 0,016 | 25 | 0,26 |2,3-10°| 730 | 60 ig 1§0 0,26 | 975 | 720
16 | 0,05 | 0,08 | 0,015|0,015| 24 | 0,22 |2,6:10°| 800 | 75 12 1§01 0,24 | 1440 | 700
17 | 0,08 | 0,07 [ 0,002 0,016 | 24 | 0,24 |2,5:10°| 750 | 65 ig 12 0,25 | 1820 | 750
18 | 0,06 | 0,04 [ 0,003|0,015| 26 | 0,25 |2,4:10°| 760 | 85 ig 1§0 0,26 | 1780 | 860

KoHTpoJsbHbIE BONIPOCHI:

1. Haznauenue u CYIITHOCTD ITpouccca U3MEJIbYCHUS.

2. XapaKTepuCTHKa CITIOCOO0B U3MENIbUYCHUSI.

3. Knaccuduxkanus pexyiiero o0opynoBaHusi, BUABI PeXYIIUX HHCTPYMEHTOB.
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4. OnumuTe MEXaHW3M OCHOBHBIX CLIOCOOOB pe3aHMsI MPOAYKTOB.

5. KoHcTpykuwusi, OpHHUMI  JEWCTBUA W MpaBWia  AKCIUTyaTalldd  MyaHCOHHOIO
OBOLIEPE3aTEIBLHOIO0 MEXaHU3MaA.

6. KoHCcTpyK1us, NpUHIMI AEHCTBUA U IIPAaBUJIa dKCILTyaTalluy JUCKOBOW OBOLIEPE3KHU.

7. KoHCTpyKIMs, IPUHIMUII JEUCTBUS M NPAaBWIA JKCIUTyaTallUd POTOPHOM OBOLIEPE3aTEIIbHOU
MalIVHBbI.

2.3. IIpakTnyeckoe 3ansitue Ne 3

Tema n/3: Mammab! y1s1 00pab0OTKH OBOIIEH, Msica U pbIObL. PacueT mscopyOku
Heab: n3yuyeHue KOHCTPYKIMU U TPUHIIUTIA JEHCTBHS MACOPYOKH; OmpeesieHue coctaBa Habopa
PEKYIIUX Map; ONpeesieHHE MOCIeI0BATEILHOCTH COOPKH PEKYIIET0 MEXaHH3Ma MICOPYOKH; H3ydeHUE
MIPABIJT AKCILTyaTaI[Ml MSICOPYOOK; pacdeT OCHOBHBIX TEXHHKO-IKOHOMHYECKUX IMOKa3aTelel MICOpyOOoK
DopmMupyeMble KOMIIETEHINN:
Kon: DopmMyJINPOBKA:
[1K-5 CIIOCOOCH TIPUMEHSITh CIICIUATU3UPOBAHHBIC U TPOPECCUOHATILHBIC 3HAHUS,
B TOM 4YHCJICE WHHOBAIlMOHHBIC, B OOJACTH TEXHOJOTHH IPOU3BOJICTBA
MPOAYKTOB IMTaHUS, ONPEICISATh HAIPABICHUS PA3BUTHS TEXHOJIOTUU
MMUIICBBIX TPOW3BOJICTB, TIOBBIINICHUS KAadecTBAa M OE30MaCHOCTH TOTOBOH

IPOAYKIIUH
[1K-6 CTIOCOOEH MPOBOJUTH MPOEKTHBIE pacueThl, 000OCHOBBIBATH U OCYIIECTBIISTH
TEXHOJIOTHYECKHE KOMITOHOBKH, noaoop 000py0BaHUs JUISL
IIPOU3BOJICTBEHHBIX TEXHOJOTMYECKHUX JIUHUH, OCHOBHBIX u

BCIIOMOT'aTENIbHBIX IIOMEINEHUH, B TOM 4YHUCIE€ C HCIOIb30BAHUEM
MH(OPMAIIMOHHBIX TEXHOJIOTUI

TEOPETHNYECKASA YACTD:

JUis Menkoro M3Menb4eHUs ChIpbsi (Msico, pblda W JAp.) Ha MNPEeInpUATHSIX OOIIECTBEHHOTO
MUTaHUS MIMPOKO HCIOIb3YIOTCS MSCOPYOKH, MPUHIMI pabOThl KOTOPBIX OJMHAKOB. Bece KoHCTpyKuuu
MSICOPYOOK MMEIOT DPEXYIIMe MEXaHHU3MbI, BKJIIouarolmue Habop Hoxkeill (0ObIYHO KpecTooOpa3HbIX),
MOJIPE3HBIX U U3MENbUUTENbHBIX PEIIETOK.

ITpouecc n3MenbueHUs: OCYLIECTBIISETCS MyTEM NOAAYN CBIPBS IIIHEKOM K PEIETKaM U HOXKaM C
OJIHOBPEMEHHBIM €T0 YIUIOTHEHUEM (CKATHEM) C MOCIEAYIOLIUM IPOAABINBAHUEM U PE3aHUEM MPOIYKTA
C TOMOIIIBI0 pabOYUX OPraHOB.

Haubonee pacripoctpaHeHbl Ha MPEANPUATUH OOMIECTBEHHOTO MUTaHUs MsicopyOku tuna MUM,
KOTOpBIE  OTJIMYAIOTCS JIpyr OT Jpyra TEXHUYECKUMH XapaKTEpUCTUKaMHU UM  HEKOTOPBIMH
KOHCTPYKTUBHBIMH OCOOE€HHOCTSMHU.

Ha puc. 3.1, a noka3zan npoaonbHbIi pa3pe3 micopyOoku MUM-300, koTopasi COCTOMT U3 KaMephbl
00pabOTKH MPOJIYKTa M pa3MelIalonxcs B Hell pabouynx MHCTPYMEHTOB — IIHEKa, HOXKEH, pelIeToK, a
TaKXke CTaHMHbl W TmpuBojga. Kamepa o00paboTku 15 BbImonHEHAa B BUAE T'OPU3OHTAIHHOMN
LIMIMHIPUYECKOHN MOJIO0CTH, BHYTPU KOTOPOM MMEIOTCS BUHTOBBIE OOPO3/KH, HAIIPABJIAIOMINE TPOAYKT K
pelIeTKaM U HOKaM M UCKJIF0YAIOIINE IPOKPYUYNUBAHUE CHIPbSI.

B kamepe 00paboTku Bpamiaercss IIHEK §, BBINOJHEHHBIH B BHIE OAHO3aXOJHOTO BHHTa C
yMeHblarommmcss maroM. C OIHOM CTOPOHBI B IIHEK BBMHYEH XBOCTOBUK |1, 3akaHuMBarommiics
LIUIIOM, TTOCPEICTBOM KOTOPOTO OH TOJy4YaeT BpalllaTelbHOe BH)KEHUE OT MPHUBOJA, C IPYrOi CTOPOHBI
— naznen; | ¢ aByms napajulelbHbIMM JbIcKaMu. Ha manen mHexka Haca)kMBarOTCSI HOKU M PEILIETKH,
KOTOpbIE B pe3yjibTaTe MpPaBHIbHOM cOOpkHM oOpa3yloT pexymiue mnapbl. Pemerku 2, 6, 7 cBOOOIHO
HAJEBAIOTCS Ha NaJIell IIHEKAa U YAEpPKUBAIOTCS HEMOABM)KHO 3aKPEIUIEHHOM BHYTPH KOpIlyca KaMepbl
IITTOHKOM, BXOJAIICH B CIENHAJbHBIC Ta3bl Ha MepudepuiiHON TOBEpPXHOCTH pemeTok. Hoxu 5
LIEHTPAJIbHON YacThIO INIOTHO HACAKUBAIOTCA HA MaJIEL U BPALAIOTCS BMECTE CO ILIHEKOM.

19



[I10THOCTH TMpHMIIEraHus PEXYLUIMX Map oOecrneunBaeTCs YHOPHBIMH KOJbIAMHU 3 M HAXKUMHON
raifkoil 4, HaBUHYMBAEMON Ha TEPEIHIOI0 YacTh KOpIyca MSICOPYOKH. 3aaHsAsS YacTh KOPITyca MMEET
LMIMHIPUYECKUNA XBOCTOBUK 12, KOTOPBIN COEIMHAETCS C BEpXHEN YacTbio ABUrareis-penykropa 14. Ha
TOPJIOBUHY KOpIyca MsCOpPYOKM ycTaHaBIMBaeTCsl 3arpy3ouyHas vama 13 c mnpemoxpanuteneM 9,
BBITIOJHSIOLIMM pOJIb OIPa)JE€HUS U CIyXKallMM OJHOBPEMEHHO Ul mojjepxkaHust Toskarens 10, c
MTOMOIIBI0 KOTOPOTO OCYIIECTBIIECTCS IPOTAIKMBAHUE CHIPbSL.

OO0muii Bua MscOpyOKHM ToKa3aH Ha puc. 3.1, 0.

0 nmiz n

Pucynok 3.1 - Msicopyoxka MHUM-300

a — MPOAOJBHBIN paspe3; 60 — oOmmii Bua: 1 - manern; 2 - BbIXOAHAs HOXeBas pemérka; 3 -
YIOpHBIE KONblla; 4 - HaXUMHas raiika; 5 - JBYCTOPOHHHME HOXHU; 6, 7 - IpOXOAHAs U IOJpe3Hass
HOXEBbIE pEmIETKH; 8 - mHeK; 9 - npemoxpanutens, 10 - Tonkarenb; 11, 12 -xBoctoBukH; 13 -
3arpy3o4Has 4aiia; 14 - nBuratenb-peaykrop; 15 - kamepa o0paboTku

IMMPAKTHUYECKAS YACTb:
[1o MCXOIHBIM JaHHBIM HAWTH MapaMeTPhl LIHEKA, ONPEAEIUTh MPOU3BOJUTEIBHOCTh U MOUTHOCTD
JBUTATENS] MACOPYOKU. BBIMOTHUTE 00N BUA MSICOPYOKH C pa3pe3amu, HAUEPTUTh CXEMY YCTaHOBKHU
HOXEM.

HcxonHble NaHHBIC: quaMeTp pewmerku D, MM; AuameTpbl OTBEPCTHH PELIETOK, MM: IIepBas
HOxeBas di;

BTOpasi HokeBasi d2; 4MCIO OTBEPCTHH pEIIETOK, INT.. MepBas HOXeBas Zi1; BTOpas HOXKEBas Z2;
YHCJIO TIEPhEB Y HOKEH Z, IIT; 4aCTOTa BpAIllEHUs HOKEH U IIHEKa n, 00/MUH;

Onpenenym napameTpsl ITHEKA:

HapyKHBII THAMETP, MM

dy=0,9-D, (3.1)
BHYTPEHHUH JUAMETP, MM

d:=0,45-dn, (3.2)
JIMaMeTp XBOCTOBHKA, MM

d=0,3-dH, (3.3)
JUIMHA IITHEKa, MM;

L=3-dH; (3.4)
MUHHUMAJIBHBIN I1ar BUTKOB

tmin=0,7-dH, (35)

Yron ImoabeMa BUHTOBOW JINHUU BUTKOB, MM:
i
B=arctg % -
0
m], (3.6)

VYron mogbema MmocjaeHeT0 BUTKA IIHEKa IPUHUMAEM B, =g8°,
IIar mociemxHEero BUTKa, MM:
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tn:tgﬁn'ﬂ'dH, (37)

chez[HeHHoe KOJIMYECTBO BUTKOB IIHCKA, IIT:

L
Cain (3.8)

m=

[Tpon3BOIUTENBFHOCTH MICOPYOKH PACCUUTBHIBACTCS 1O (POpMyIIe, KI/4:

aﬁeF&,_

Q=Fo Vo-p-9-3600 (3.9)

CyMMapHas II0mab OTBEPCTHH B IEPBOH HOKEBOI pelIeTKe, M2

0 - CKOPOCTh MPOABMKECHHUS MTPOIYKTA Yepe3 MEPBYIO HOKEBYIO PEUIETKY, M/C;

P - mnotnocts npoaykra ( P =1000 kr/m®);

KO3 dUIUEHT MCIIOJIb30BaHUS oM n OTBEpCTUI nepBou HOKEBOI

pewemru, p=07+08

CyMMapHas 1o1ajib OTBEPCTUI B IEPBOM pelIeTKe, M

2.

.
47 (3.10)
CKOpOCTh MPOABIMKEHUS MTPOIYKTA, M/C:
] d d 1
mn H .
.rD:_ — 2 tg Bn. h
da_.
=Ty 5
rac 2 — HApY’KHbIU paZinyC NOCICAHCTO BUTKA IIITHCKA, M,
dB
2 = rB - BHYTpeHHI/Iﬁ paanycC nNoCjICAHCTO BUTKA NIHCKA, M;
Ky Ko3pPHIHEeHT 00BEMHOH 1MoAa4YM MPOAYKTa, k,=0,35+04
CJ'IG,[[OB&TCJ'ILHO, MMPONU3BOAUTCIILHOCTD MSICOpy'6KI/I paBHa, KF/‘IZ
MOH_IHOCTB QJICKTPOABUTATCIIA PACCYUTHIBACTCS 110 (bopMyne:
N,+N+N.+N,
1000 n | (3.13)
ede NN, —MOIIIHOCTb, 3aTpaurBaeMasi Ha pa3pe3aHue NpoayKTa B TpeX peleTkax, Br;
I, MOIIIHOCTb, 3aTpaurBaeMasl Ha IPEOI0JICHUE CUJI TPEHUSI B pEXKYIIIEM MexaHu3Mme, BT;
N

3 - MOIIHOCTb, pacxoayemas Ha MMpeOoaOJICHUC CUTT TPECHUSA O IIHCK, BT;

I, MOIIIHOCTbh, He0OX0quMast sl IPOABMXKEHUS MTPOYKTA Yepe3 PexXYIIHi MexaHu3M, BT;
N- ko3 dunueHT moneznoro aercteus, (n =0,9).

MOH_IHOCTB, HCO6XOI[I/IMaSI AJId pa3pe3aHusd IMPoOAYKTa, Br:

n -

N,=F |k _+2k +k | —az
1 p \ap LR T ’ (3.14)
F,. IIJIOIIAb HOKEBOM PEIIETKH paBHAs:
F = H_D_
4 (3.15)
Kp1 K03 (HULIMEHT UCTIONb30BaHUS IIOMIAH TEPBOM HOXKEBOW PEIIeTKH PABHBIN:
FI
kp1 =5
P (3.16)
k

2 - KOO (PUITMEHT UCTIOIB30BaHUS TUTOMIAIH TIOIPE3HON PEIIeTKH
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~_Fy(1,25+1,35)
REp =

» , (3.17)
kaﬁ —K03(UITUEHT UCIIOJIH30BAHMS IIJIOMIAM BTOPON HOXKEBOU PEIICTKH
~_ Fy(0,75+0,85)
- F, : (3.18)
@ - ynenpHHI pacxon sHepruu Ha pesanne ( ¢ =3-10° x/M?).
CrnepnoBarenbHO, MOLTHOCTH AJIs pa3pe3aHus NpoaykTa, Br:
N =F |k +2k +k .| — a z:
1 r | Ry rl p_.l 50 , (319)
MoIHOCTh Ha IPEOOTICHHE CUII TPEHMSI, BT:
m n ; .
Ny=—"F; | Fovae T T min -I'-f "z
2 &0 3 1 ’ (320)
e | mex - HAPYXKHBIA PaUyC HOXA, M;
T win —BHYTPEHHUH PAINYC HOXKA;
f1 —k03pPunuent tpenus (f1 = 0,1);
P,. YCUITHE 3aTSHKKHU PEXyYIEero Mmexannsma, H, pasroe:
P, :py.bk. Z |7 e = Twin _|’ (3.21)
_ 1B
edep, yJIeNbHOE JaBJICHHIE Ha TIOBEPXHOCTH KOHTAKTa HOXKel U penretok ( Fv =25 1011 ay
A o b, = 0,002.
pHUHA IJIOMIAJKU KOHTAKTa HOXKEH ¢ pelieTKaMu,
MoIHOCTh Ha IPEOAOICHHUE CUII TPEHUSI B PEXKYIIIeM MexaHu3me, BT:
N:: P .|rﬂtﬁ‘x+rﬂﬂ'k|.f Z
60 ° o (3.22)
Mo1HOCTb, 3aTpaurBaeMasi Ha MPEOJI0JICHNE TPEHUS MTPOAYKTa O ITHEK, BT:
N,#(0,03+0,05)- N, (3.23)
Mo1HOCTb, He0OX0IUMas 71 IPOABIXKEHUS TPOAYKTA Yepe3 pexXyIMi MexaHu3M, BT:
N_*:IDJD?_DJJ.I Nl: (324)
B utore momHoCTh 3neKTpoABUTaTENA, KBT:
_ N +N,+ N+ N,
~ 10007 (3.25)
Ta6muma 3.1 — BapuanTe! 3ananuii
Howmep Bapuanta 1 2 3 4 5 6 7 8 9 0
JlnameTtp penieTok, MM 185 | 190 | 195 | 200 | 200 | 205 | 210 | 215 | 220 | 220
HI/IaMeTIB OTBEPCTHH  MEPBOH | o 9 9 9 9 9 9 9 9 9
HOKEBOH PEIIeTKH, MM
I[I/IE[MCTE) OTBEPCTHH  BTOPOH | 5 5 5 5 5 5 5 5 5
HOKEBOH PEIIeTKH, MM
Hucno orseperuit B MEPBOH | 44 | 45 | 4g | 50 | 54 | 56 | 58 | 60 | 62 | 65
pelreTke, IiT.
Hucno otbepetiit  BO - BTOPOH | 1og | 130 | 133 | 135 | 140 | 142 | 145 | 147 | 150 | 155
pelieTke, IiT.
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Yactora BpalleHUss HOXEH W

180 | 185|190 | 195 | 200 | 205 | 210 | 215 | 220 | 225
IIHeKa, 00/MHUH

KonTpoasnas pabora
1. HasnaueHue, KOHCTPYKIIHS U IPUHIIUIT ACHCTBUS MICOPYOKH.
2. Omnpenenute coctaB HAOOpa PEKYIIUX Tap.
3. [TocnenoBaTeabHOCTh COOPKHU PEKYIIETO MEXaHU3Ma MICOPYOKH.
4. [IpaBuina sKCIUTyaTauu MscopyOoK.
5. Uro BIIMsET HA MOIIHOCTh ¥ MPOU3BOAUTEIHHOCTH MICOPYOOK.
6. PacueT OCHOBHBIX TEXHHKO-IKOHOMHUYECKUX MOKa3aTeseil MIcopyOoK.

2.4. lIpakTuyeckoe 3ansiTue Ne 4

Tema n/3: MammHbpl KOHAUTEPCKOrO U MYYHOr0 1iexa. Pacuer B30MBaJIbHON MallIMHBI
Hesb: U3yuynTh Ha3HaYCHHE U KIacCU(MKALMIO B30MBAIbHBIX MAIlWH; U3YYUTh KOHCTPYKLUH U
MPUHIUI JACHCTBHUS B30MBAIBHBIX MAIIMHBI TIEPHOAMYECKOTO JIEHCTBUS; pAaCCUUTATh OCHOBHBIC TEXHUKO-
HKOHOMHYECKUX MapaMeTpbl B30MBAIbHOM MaIlIMHbI HEPUOIUYECKOTO CHCTBHUS.
DopMHpyeMBble KOMIIETCHIMH
Kon: DopMyIHpOBKa:
I1K-5 CIOCOOCH MPUMEHSTH CIICUATU3NPOBAHHBIE U TPOPECCHOHATILHBIC 3HAHUS,
B TOM 4YHCJE HHHOBALMOHHBIE, B OOJIACTM TEXHOJOTHMH HPOU3BOJICTBA
IIPOAYKTOB IIMTAHUSA, OIPEACIATh HAIPABICHUS PA3BUTHS TEXHOJIOTHH
IUILEBbIX MPOU3BOJCTB, MOBBIIIEHUS KayecTBA M 0OE30MACHOCTH T'OTOBOIA

IPOYKIIMH

[1K-6 CIOCOOEH MPOBOJUTH MPOEKTHBIE pacueThl, 00O0OCHOBBIBATh U OCYIIECTBIATh
TEXHOJIOTHYECKHE KOMITOHOBKH, nosnoop 000py0BaHUs Ui
IIPOU3BOJICTBEHHBIX TE€XHOJIOTHYECKHUX JIMHUH, OCHOBHBIX u

BCIIOMOTATENbHbIX IOMEUIEHUH, B TOM YHCIE C HCIOJb30BaHUEM
MH(POPMAIIMOHHBIX TEXHOJIOTHH

TEOPETUYECKASA YACTD:

B30OuBanbHble MalIMHBI NPUMEHSIOTCS HAa TNPEANPHUITHAX OOIIECTBEHHOTO NHUTaHUS B
KOHJUTEPCKUX I€Xax U OTAEJEHUSIX JUIsl B30MBaHUS CIMBOK, M1, KPEMOB U JIpYrux npoaykToB. [Ipouecc
B30MBaHMs MOXXHO MOAPA3/IeTUTh Ha TPU CTaIUU — pABHOMEPHOE paclpeielieHne KOMIIOHEHTOB B 00ILeM
o0BbeMe, pacTBOPEHUE OTAEIBHBIX MPOJYKTOB C 00pa30BaHUEM OJHOPOIHON MACChl M HACBIILIEHUE CMECU
BO3AyXoM. B30utble mpoaykThl M moxydaOpuKaThl JOJDKHBI MPEACTaBIATH €000  cTolikue
MEJIKO/IUCTIEPCHBIE TTEHBI.

Haubounbiiee pacnpocTpaHeHue Ha MPEANPUATUSAX NOIYYMIM MallMHbl TMNa MB, B KoTOphIX
Xopollee KadecTBO B30MBaHMs TPOJYKTOB JOCTHTaeTcsi 3a CyeT BpalleHus B30uBatens (pabouero
opraHa) BOKpYT CBOEH OCH M BOKPYT OCH JiexkH (6auka).

Mammna MB-6 ¢ muianetapHbIM BpallleHHeM B30uBaresns MokazaHa Ha pucyHke 4.1. B snurom
Kopityce 1 CMOHTHpOBAHBI 3JEKTpoBUTaTENb 13, KIMHOPEMEHHBIN BapuaTop CKOPOCTEH (C pa3ABHKHBIM
mkuBoM 10, Bemymum Baiom 11, mxkuBoM 17 u kIMHOBBIM peMHeM 18), AByXCTyIeHYaThlid peayKTop (¢
MWINHAPUYECKUMHU IIeCTepHsIMU 9 M KOHMYECKMMH IIECTepHSAMHM /), IUIaHETapHas Iepenaya,
BKJTFOYAIOMIAsl BOJMIIO 5, paboumii Baj 6 W cHUCTeMy IIeCTEPeH ISl 00eCIICUeHUS BPAICHUS B30UBATEIIS
BOKPYT CBOEH OCH M OCH HENOJBIXXKHOro Oauka 2. bayok 3akperisiercss Ha KpoHIITeHHe 3, a mpyxuHa 12
CTIIOCOOCTBYET HOPMAJIBHOMY NIPIKAMY peMHs 18 k kaHaBke pa3asmkHOro mkusa 10.

YactoTy BpamieHus B3OuBaTens 4 H3MEHSIOT IepeMelleHHeM Moi3yHa 16, Ha KOoTopoM
YCTaHOBJICH JICKTPOABUTATENb 13, ¢ MOMOIIBIO PYKOSITKY 14 1 BUHTOBOM mapsr 15.
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IIpu »TOM yceueHHble KOHYCHl Bemomoro mikuBa 10 paszgBurarorcs wim CcOMMKAIOTCS, a
MEXLEHTPOBOE PACCTOSHUE U AMAMETP LIKUBA U3MEHSETCs, YBEIMUYMBAs WIM YMEHbLIas MepelaTouHoe
guciao. OT BapuaTopa CKOPOCTH BpAalIATENbHOE JBHKCHHE IIE€pPEJacTCs 4Yepe3 IBYXCTYINECHUYaThIN

PEAYKTOp IJIaHETApPHOMY MEXaHU3MY U B30UBaTelio 4.
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Pucynoxk 4.1 - B36uBanbsHast mamuaa MB-6:

a — o0IMi BUI; O — KHHEMAaTHYECKas CXEMA;

1 - kopmyc; 2 - Gauok; 3 - KpoHIITEeHH; 4 - B30MBaTeNb;, 5 - BomWIIO; 6 - pabouwnit Bam; 7 -
KOHHMYECKas IecTepHs; 8 - Koxyx; 9- mmnmuapuyeckas mectepHs; 10 - pasnBuwkHOM mkus; 11 -

24



Beaymuid Ban; 12 - mpyxwuna; 13 - snextpoaBurarenb; 14 - pykositka; 15 - BuHTOBas mectepHs; 16 -

no3yH; 17 - mkuB; 18 - KTUHOBKIN peMeHb

INPAKTUYECKASA YACTb:

- OnpenenuTh reOMETPUIECKIE pa3Mepbl EMKOCTH(0auKa) U B30UBATEIS, MPOIOJKUTEIIEHOCTD

B36I/IBaHI/IH, IMPONU3BOAUTECIILHOCTh U MOIIHOCTDH ABUIaTC/IA MallIMHBI.

- BelmoaHUTh 001IMI BU MAILLIUHBI.
- CocTaBUTh MPUHIMIHUAIBLHYIO CXEMY MalIUHBI.

Onpenenum 1uaMeTp B3OUBATEIS, M:

Vv
d=3—
V346

Onpenenrm reoMeTprUuecKre pa3Mepbl 6auka u B30UBATENs, M:

- nraMeTp O6auka (HMIHMHAPUIECKON YyacTn):

D=1,75-d,
- BbICOTA HUWJIMHAPHUICCKOU YaCTU!:

H=0,5-D,
- IMaMeTp AHUIIA OayKa:

D=07d
- BBICOTA JTHUIIA OauKa:

H=082H,
- oOmras BeIcOoTa OavKa:

He=H+H"
- BEICOTA B30MBATCIIA:

h=1,3d:

mmamerp npyrkos 36uBarens @ =0,005 y;
HKCLIEHTPUCUTET OCH B30MBATENIS:

e=0,34-d.

D
D

Pucynok 7.2 - Pacué€rHas cxema B30MBaIbHOW MamuHbl THITa MB-6:

(4.1)

(4.2)

(4.3)
(4.4)
(4.5)

(4.6)

(4.7)

(4.8)

1 - snexTponaBurarenn; 2 - BapuaTop; 3 - 3yOuaras nepeaaya; 4 - KOHUUecKas 3yOuaras nepesava;
5 - mpuBOAHOM Bay; 6 - caTeJUTMTHAS IIECTEPHS;, / - COJIHEUHOE KoJieco; 8 - BOaWIO; 9 - CMCHHBIN 0advoK;

10 - B36uBarenp; 11 - ycTpoHCTBO Py4HOTO yIpaBICHUS

OnpenenuTs MPOAOIKUTEILHOCTh B30UBaHUS, C:
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d

to=Cm Yo | (4.9)
rie Cm- noctostnHas as cmecu (Cm = 20 - 10°)
Vep - CPEIHSAS CKOPOCTh B3OMBATEIIs], paBHAS:
Vep = 1,32 - wg * (tx — M), (4.10)
I'JIe s~ YIIIOBask CKOPOCTh BOJMIIA, Pajl/c;
I', M'u - PAIMYCHI JETTUTEIBHBIX OKPYKHOCTEH COTHEYHOTO KOJIECa U CaTeIUINTHON MIECTEPHU

("w =0,02 M) BBIUHCIICMBIC 3 (opmybL:

e=rute, (4.11)
CJ'ICI[OBaTCJ'IBHO, MpOAOJIKUTEIIbLHOCTD B36I/IBaHI/I5[, C.
d
t,=C, —
Ve, (4.12)

Onpenenum MPOU3BOAUTEIIBHOCTh MAIIIUHBI, KI/4:
Q= M 3600
t3+t|:|+ tB , (413)
rae ¥ - koo durment 3anonnenus 6auka (¥ =0,3+0,6 );
t

t

3 - MPOJIOJKUTENBHOCTD 3arpy3ku, (30 c);

& - IPOJIOJKUTENBHOCTD BBIFPY3KH, (30c);
P - IIOTHOCTH CMecH, KI/M°, paBHas:

pP=Ms Pg+m. P (4.14)
3pecs s, Me - cooTBeTCTBEHHO MaccoBBIe oM Genka u caxapa B cmecH, (1 =0,3,m.=0,7 )i
Ps | Pe - cooTBeTcTBEHHO KOMIOHEHTOB B cMecH ( P6— 1045 kr/me, P =780 Kr/Me).
CrnenoBartenbHO, IPOU3BOAUTENBHOCTD, KI/4, paBHa:
0= Voo 2600
t,+tg+it, , (4.15)
Onpenenm MOIITHOCTH JIEKTPOABHUTATENS, KBT:
_ Pwv
10007 (4.16)

rae ' - koadduument nmonesnoro geiicreus, (1= 0,7y;

V - CKOpPOCTB JIBMKEHUS B30OMBATEN sl OTHOCHTEIBHO TPOAYKTa, M/C, paBHas:
m-d ng
VE———
60 , (4.17)
rae @ —KO3QpUYUEHM NPOCKANb3bIBAHUR,

P cuna COIIPOTHUBIICHUS JIBUKEHHUIO B30OuBaTens, H.
el
J.:":e?-F-z-\.{},-E
2, (4.18)
.

rae £ - kod(hGuuUenT 1000BOrO CONPOTUBIEHHS, & = 2,4-107;

Z - gucno npyTKOB B30UBaTeNst (KOHCTPYKTUBHO <= 14)

F_ nnomans COTIPOTHBIICHHS JBMKCHHIO B3OMBATENs, M2, paBHAS:

F= i ,-_1" h
3, (4.19)
¢ded - ypamerp npyTKOB B3GHBATENS, M.
CrenoBatesbHO, CHla COpoTuBieHus, H, paBHa:
P=¢ F. z-'ufP-E
Z, (4.20)
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OHpGI[eJII/IM MOIITHOCTD 3JICKTPOABUIATCIIA, KkBT:

_ F-v
1000-n (4.21)
Tao6muna 4.1 — UcxoaHasle JaHHBIE
Bapuant 1 2 3 4 5 6 7 8 9 0
O0BeM EMKOCTH, J1 80 | 85 | 90 | 95 10 | 105 | 110 | 115 | 12,0 | 125

Yacrora BpameHus

305 | 310 | 315 | 320 | 325 | 330 | 335 | 340 | 345 | 350
B30MBares1, 00/MUH

Yacrora BpalliCHUs

70 75 80 85 90 92 95 97 100 | 105
BOIMIIA, 00/MHUH

KOHTpOJ’ILHbIe BOIIPOCHI:

1. Ha3znauenue u xnaccuguKamys B30UBaIbHBIX MAIINH.

2. KoHCTpyKIIMS U IPUHIUIT AeWCTBUS B30UBAILHOM MalTMHBI IEPUOAUYECKOTO JICHCTBUS.

3. IIpaBuina sKkcIutyaTaniuy B30MBaJIbHON MalllUHBI.

4. Bunbl B30MBaIbHBIX MAIIUH HETPEPHIBHOTO ICHCTBUS.

5. ITapameTpsl, BIUSIOMINE HA TPOU3BOAUTEIBHOCTS M MOIIHOCTH B30MBAILHON MAIlTUHBI.

6. PacueT 0CHOBHBIX TEXHUKO-9KOHOMUYECKUX MapaMeTPOB B3OMBAIBHON MAIIUHBI
MEPUOINYECKOTO JEHUCTBUS.

7. Yto Takoe nmepeMeninBaHue, B3ouBaHue?

8. KakoBa ¢opma pabounx OpraHoB BO B30OMBAJIBHBIX MAaIllMHAX U KaKO€ JIBUKEHUE OHHU
COBEpLIAIOT?

9. Kak perynupyercsi yacToTa BpalleHus: pabouynux OpPraHoB B Pa3IUYHBIX B30MBAIBHBIX MaIIMHAX
1 MexaHu3max?

10. Ha3oBuTE OCHOBHBIE HEUCIIPABHOCTH B30MBAJILHBIX MAIlIMH U CIIOCOOBI UX YCTPAHEHUS.

2.5. IIpakTnueckoe 3ansitue Ne 5

Tema n/3: IloabeMHO-TpaHCHOPTHOE OOOpYAOBaHHE, MOCYJOMOEUYHBbIE MAIIWHBI U TOProBOE
obopynoBanue. Pacuer nocyJOMOEUHON MallIuHbI

Hess: uzyueHue KiIacCU(PHUKAIMU, YCTPOHCTBA U MPUHIMIIA JACHCTBUS MOCYIOMOEYHBIX MAIlUH,
UCIOJIb3YEMBIX B OOIIECTBEHHOM IHUTAaHUU, ONPEENIEHHE OCHOBHBIX IapaMETPOB IMOCYIOMOECYHOM
MAalIMHbI HENPEPBIBHOTO AEUCTBHUS.

dopmupyeMble KOMIIETEHIIUM:

Kon: DopMyIHpPOBKA:
[1K-5 CHOCOOEH MPUMEHSATH CIeUaTU3UPOBaHHbIE U MPO(EeCCHOHATIbHBIE 3HAHUS,
B TOM YHCIE€ HHHOBALMOHHBIE, B OOJIACTH TEXHOJOTHUH MPOU3BOJICTBA
MPOAYKTOB TMHTAHUS, ONPENENISTh HANpPaBIEHUS pPa3BUTUS TEXHOJOTUU
MUIIEBbIX MPOU3BOJICTB, MOBBIIIEHUS KadecTBa M 0OE30MACHOCTH T'OTOBOM

MPOTYKITUHI
[1K-6 CMOCOOEH MPOBOIUTH MPOEKTHBIE pacueThl, 00OCHOBBIBATH U OCYILECTBISATh
TEXHOJIOTHYECKHE KOMITOHOBKH, nonoop 000py0BaHUs Ui
IIPOU3BOJICTBEHHBIX TEXHOJOTMYECKHUX JMHUH, OCHOBHBIX u

BCIIOMOTATEJIbHBIX IIOMEHICHWM, B TOM 4YHCIE C HCIOJIb30BAaHUEM
MH(POPMAIMOHHBIX TEXHOJIOTHH
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TEOPETHYECKASA YACTD:

MbIThe MOCYABI SBISETCS OJHOM M3 CaMbIX TPYHOEMKHUX IPOLECCOB B pabOTe MNpenrpusaTuil
o0mecTBeHHOTO nuTaHus. [103ToMy yke IaBHO CO3/aHbl M MPUMEHSIOTCS MAIlWHBI JUIsI MEXaHU3AINH
3TOrO IpoLecca.

TexHOJMOTHYECKUI  Mpolecc MAalIMHHOW —OOpabOTKM TMOCYABI COCTOMT W3  HECKOJBKUX
IIOCJIEZI0BATEIBHO BBINOIHAEMBIX onepanuidl. K HUM otHOCSTCS:

. yJaJIeHUEe OCTATKOB IMUIIM C MOCYbI XOJIOJHOM WM TEIUIOH BOAOH ¢ TeMmepaTypoil 1o
40°C;

. MO#Ka MOFoIIe-1e3MH(GHUIMPYIONINAM PACTBOPOM C TeMIIepaTypoii 45...55°C;

. TIepBIYHOE OIOJACKHBAHUE BOJIOH ¢ TeMmepaTypoit 55...65°C;

. BTOPHYHOE OTIOJIACKMBAHKE BOJIOM ¢ TeMiepaTypoii 85...98°C;

. CylIKa 3a CYET €CTECTBEHHOH KOHBEKIMHM C OKPYKAIOIIUM BO3JYyXOM WJH C
IIPUHYAATEIIBHOM II01aYel TOPSYEro BO31yXa;

. OakTepuiuaHas 00padoTKa (MPUMEHSIETCS PEIIKO).

Bce mocynomoeunbie MaHbI KJIacCu(GUIUPYIOTCS 110 Ha3HAUEHHIO, CTPYKTYpe pabovero nukIa,
YCTPOKHCTBY paboyei kaMepbl U pabOYMX OPraHOB.

[To Ha3HAUEHUIO TOCYIOMOEUHbIE MALTMHBI AEATCS HA YHUBEPCAIBHBIEC U CIEIIUATIbHBIE.

VYHMBepcallbHbIe MaIlIMHBI MOT'YT 00pa0aThIBaTh PA3JIMYHbIE BHJIbI CTOJIOBOM U KYXOHHOH HOCY/IbI
(Tapemnok, CTaKaHOB, CTOJIOBBIX MPUOOPOB, TOJHOCOB, OAKOB U T.]1.)

Crienanu3upoBaHHbIE MALIUHBI [TPeIHa3HAUEHBb! Ui 00pabOTKU TOJIBKO OJHOIO BHJA IOCY[BL:
CTaKaHOB, CTOJIOBBIX IIPUOOPOB, KOTJIOB, KOHTEIHEPOB. D YHKIIMOHAIBHBIX €EMKOCTEH, CTEJUIaKEH U T.11.

ITo crtpykrype pabodero IuKiIa pPa3IU4alOT MOCYJOMOEYHBIE MAIIMHBI IMEPUOJAUYECKOIO H
HEINPEPBIBHOTO IEUCTBUS.

ITo ycrpoiicTBy pabouell kamepbl pa3iMyarOT OTKPBIThIE, KaMEpHbIE, KallOTHbIE M KOHBEWEpHbIE
[IOCYZIOMOEYHBIE MAILIUHBI.

OTKpbITBIE MalIMHBI BCTPEYAOTCS JOBOJIBHO PEIKO M BBIMYCKAIOTCS TOJIBKO 3apyOeKHBIMU
bupmamu.

K xamepHBIM MaliMHaM OTHOCSTCS MAalIMHBI ¢ (PPOHTANBHOM 3arpy3Koil M BBITPY3KOM KacceT C
ocyAol. DTO cHelUaIn3UpOBAaHHbIE CTAKAHO-MOEUHbIE MAIIMHBI U OBITOBBIE MTOCYJJOMOEYHbBIE MAIINHBI
C HEOOJIBIIONW MPOU3BOIUTEIHHOCTBIO.

K KkamoTHBIM NOCYJJOMOEYHBIM MAaIlIMHAM OTHOCATCS TAaKUE, B KOTOPBIX 3arpy3ka M BBIIPY3Ka
1ocy/bl MPOU3BOAUTCS TPH MOTHATHM KOXXyXa pabouell kamepbl BBEpX. OTO MaIlMHBI CpeaHeil
MIPOU3BOIUTENIBHOCTH 110 Tapeskam 10 700 mrT. B yac.

KoHBeliepHble NOCYZOMOEUHBIE MAIIMHBI OTHOCATCA K MAaIlMHAM HENPEPHIBHOIO AEHUCTBUA H
uMeIoT Oonbllyto npousBoauTenabHocTh — OT 1000 m Oomee Tapenok B wac. Ilocynma B Hux
yCTaHaBJIMBAETCS HAa MOCTOSHHO JBIDKYIIUIICS KOHBeiiep M IepeMeliasch BHYTpU paboueil kamepsl,
IIPOXOJUT BCE CTAANHN 00paObOTKH.

[To ycrpoiicTBy pabo4Mx OpraHoB pa3IUyaloT THAPABIMYECKHE U THAPOMEXaHUUYECKHE MAIIUHBI.

Pabora ruapaBianueckux (AylIeBbIX) MAlIMH OCHOBAaHA Ha BO3JIEHCTBUU MOIOIIMX PacTBOPOB Ha
MOCYly C JOCTAaTOYHO OOJIBIIOM TMIPaBIMUYECKOM JaBJICHHUHU, CO3AaBAEMBIM IIEHTPOOEKHBIM HACOCOM..
['unpoMexaHnueckuX MalllMHAX MCIONb3YeTCS THAPABIMYECKOE M MEXaHMYECKOe BO3JEHCTBUE C
MOMOIIBIO CIEIHMATIBHBIX LIETOK. Takue MallMHbl HAa HAIIUX MPEeINpUATHSX OOLIECTBEHHOIO MUTAHUSA
MIPUMEHSIFOTCS PEAKO.

KauecTBO MBIThS MOCYAbl BO MHOTOM 3aBHUCUT OT IPHUMEHSEMBIX MOIOIIUX CPEICTB, KOTOPHIE
CIIOCOOCTBYIOT JTHCIIEPTUPOBAHUIO 3arpsi3HEHUN (HaOyXaHWIO, TEKTH3aluH, APOOJICHUI0 OEIKOBBIX
BEIIECTB, OMBUICHHIO XHUpOB U 1p.). [Ipu sTOM. Moromue cpeactBa J0KHBI ObITh OE3BPEIHBIMH, HE
00pa30BBIBATH OOJILIIOTO KOJMYECTBA MEHBI U HE ABIATHCS OJIaronpUsATHON cpenoil st 60JIe3HETBOPHBIX
MHUKpOOpranu3MoB. Cpeliu OTeUeCTBEHHBIX MOIOIINUX CPEJACTB HauOOJIbIIee pacnpocTpaHeHHe MOTyIHITH
«ITIporpeccy, «Cannopy, «Ilocymomoii» u np.

K OCHOBHBIM pexuMaM MOWKH OTHOCSATCS:
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. BpeMs MOMKH, KOTOPO€ B 3aBUCUMOCTH OT THMAa MOCYIbl U CTENEHU €€ 3arps3HEHUs
BBIOMpAETCS B TIpeiesiaX OT HECKOJIBKHUX JECATKOB CEKYHT 10 IBYX MUHYT;

. paccTossHHE OT IOCYJIbl 10 AYLIEBBIX HACAJ0K, KOTOPOE NOJDKHO HAaXOAUTCS B Iperenax
100...120 mm;
. yrol HakjJOHa, OT KOTOPOrO 3aBUCHUT IUIOWags M (popma pa3mbiBaeMoro msTHa. Yem

OoJyibllie yroJl HAKJIIOHA, TEeM MEHbBIIE PaJAMYyC pa3MbilBa U XYK€ KA4eCTBO W TPOHM3BOIUTEIHHOCTD
nporiecca;

. HaIpaBJICHUE CTPYH, KOTOPOE MPEANOYTUTEILHO JOJDKHO OBITh CBEPXY BHU3;

. ¢dbopma u nuametp Hacanok (otl,5 mo 8 Mm);

. JaBJICHHUE KHUJIKOCTH y HACAJIKH;

. KECTKOCTh BOJBI (UEM BBIIIE )KECTKOCTh BOJIBI, TEM OOJIBIIIE PACXO]I MOKOIIHUX CPEICTB).

Ilocyoomoeunvie mamunvl nepuoou ecKko2o 0eicmeus

Ha ceromnsimHuii aeHp 3TO HamOojee pacHpoCTpaHEHHas TpyIa MOCYAOMOEYHBIX MAaIluH,
KOTOpasi Ha OTEYECTBEHHBIX MPENNpPHUITHSIX OOIIECTBEHHOIO NHUTaHMS B OCHOBHOM IIpEJCTaBJIEHA
MallMHaMU KanoTHoro tuna. Mx pekomeHayercs NpUMEHSTh MPU KOJIMYECTBE MOCATO0UYHbIX MecT OT 50
1o 200 yenoBek. BHemHuii BuJ U cxema Takoi MalllMHbI IIpeicTaBieHa Ha puc. 5.1.

B KOMIUIEKT MOCTaBKM TAKUX MAIIMH MOMHMO CaMOW MallMHBI | BXOOUT 3arpy304HbIM CTON 2 C
MOEYHOW BaHHOW M AYIIUPYIOIIKUM yCTpoicTBOM 3. [y yajneHust OCTaTKOB MUILK U Pa3TPy30UHBIN CTOJ
4 nns kacceT ¢ 4ucTOM mocyaod. KomMmoHOBKa pasMelieHus MallMHbI M CTOJIOB MOXET OBITh Kak
MIPSAAMOJIMHEMHOW, TaK U YIJIOBOM.

[TocnenoBaTenbHOCTH BBIMOJIHEHUS BCEX OIMEPAIMii MBIThsI TOCYAbI (MOIIKa MOIOIIIUM PaCTBOPOM,
naysa Uil CTEKaHUsl pacTBOpa C TIIOCY[bl, OINOJAaCKMBAaHUE TEIUIOM BOJOM) OCYILIECTBISIETCS
ABTOMATUYECKH C IOMOILBI MPOTPaMMHOIO YycTpoicTBa. OHO COCTOMT W3 3JIEKTPOJABUraTeis ¢
TUXOXOJHBIM YEPBSYHBIM DPEIYKTOPOM, HAa BBIXOJHOM Bally KOTOpPOIO YCTAaHOBJIEHBI CIELMAJIbHBIE
Kynadku. [Ipu BpamieHun Bajia KyJ1aukd 3aMbIKAOT T€ WM MHBIE KOHTAKTbI, YTO SIBJSETCS KOMaHAOW s
BBITIOJTHEHUS] COOTBETCTBYIOLIUX onepaunid. Mi3MeHss nonoxeHne KyJaukoB MOYKHO PEryJIUpoBaTh BpeMs
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MOMKH.
Pucynok 5.1 - Cxema KanoTHON MOCYAOMOEYHON MaIlIMHBI

B HmwxkHel yacTu Kopmyca MallMHbBl MMEeTCs BaHHa 5 ¢ MoroumMm pactBopoM. Heobxonumas
KOHIIEHTPALlUsl MOIOLIEr0 pacTBOpa M €€ MOJJep:KaHhe 00eCreunBaeTCss MEeMOpaHHBIM KianaHoM O,
KOTOPBIM OTKPBIBAETCS B IIEPHO/]] ONOJIACKMBAHMSI U TIOJAET ONPEAEIICHHYIO 103y MOIOLIETO CPEACTBA U3
O6auka 7 B BaHHy. Kaccera 8 c OYMIEHHOI OT OCTAaTKOB MUIIM IOCYIO0M YCTaHABIUBAETCS MEXKAY
MOIOIIMMHU 9 U onosackuBamMu 10 qymupyommmMy yCcTpoiicTBaMH IIPU MOJHSATOM BBEpX Koxyxe 11
paOoueil kamepsl. [locie yCTaHOBKM MOCYIbl KOXKYX OIYCKAalOT BHU3, YTO HPUBOAUT K 3aMBIKAaHUIO
MHUKDPOBBIKJIIOYATEIl M BKIIOYECHHUIO IIPOrPAMMHOIO yCTpOMCTBA. B Hayaje MOWKM BKIIOYACTCS
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HEHTPOOESKHBI HACOC M MOIOLIMIA PacTBOp M3 BaHHBI MOAAETCS B MOIOLIME TYIIMPYIOLIUE YCTPOUCTBA.
Harmop >xunkoctu ymapsieTcss 0 TOBEPXHOCTh MOCYbI U, KaK Obl, «OTTAJIKUBACTCS» OT HEE, YTO MPUIACT
OYUIMPYIOIIMM YCTPONCTBAM BpalllaTeIbHOE JBM)KEHHE. DTO IMOBBIILIAET KayecTBO Moiiku. Ilocne nuxna
MoOIKH, KoTophli mmrcs 70...110 ¢, Hacoc OTKIIIOYAETCs M BBIAEPKUBACTCS Tay3a JJIs TOTO, YTOOBI
MOIOIIIMKA pacTBOP YACTHYHO CTEK C IMOCYbl. 3aTe€M OTKPBIBACTCS COJICHOUJIHBIN KianaH 12. XosoaHas
BOJla W3 BOJIONPOBOJIA, MPOXOHs uepe3 Ooiyiep 13, HarpeBaeTcss W IOAACTCS B OMOJACKHBAIOIINE
OyIUpyrompe ycrpoiictea. OnoackuBaronye AyIIHPYIOIIHE YCTPOHCTBA TAKKe BPAIIAlOTCs B pabodeM
coctosinuu. [y ononackuBanus mutcs 10...20 c. 3areM COJICHOMIHBIN KJIalaH 3aKpbIBAETCs, KOKYX
MOAHUMAIOT BBEPX U KACCETHI YNIAJSIOT U3 paboueil kKaMepbl MaIlIMHBI.

Ilocyoomoeunvie maumunvl HeNPEPLIGHO20 OeliCMEU
[TocynoMoeunble  KOHBeWepHble  (TYHHENbHBIE)  MAIIMHBI ~ HENPEPBIBHOTO  JECUCTBUA
MpeAHa3HaYEHbI Il KPYIMHBIX NPEANPUSITHI OOLIECTBEHHOIO MUTAHUS C KOJIMYECTBOM IMOCATOUYHBIX MECT
300 u 6onee denoBek. OHM MMEIOT OOJBIINE Ta0APUTHI U B HACTOSAIIEE BPEMs MPUMEHSIOTCS KpaiHe
peaxo.
Bmecre ¢ Tem, MammHbBI 3TOr0 TUNA O0JAJAIOT OONBIIMMU BO3MOXKHOCTSIMH M aBTOMAaTHYECKH
BBITIOJHSIOT CJIEIYIOLINE OTIEpaliu:

. CTPYHHYIO OUUCTKY IOCY/IbI OT OCTaTKOB MUIIM (30HA I);

. MOIKY ¢ IPUMEHEHHEM MOEUHBIX CpeCTB (30Ha II);

. NEPBUYHOE ONOJACKMBAHKE OT MOIOLIETO PACTBOpa pelUpKyIupyomeil Bojoi (3oHa III);
. BTOPUYHOE ONOJAaCKMBaHUE NPOTOYHOU ropsiuel BojoH (3oHa [V).

Pabouas kamepa MamMHBI B BUJE KOXyXa M TPeX BaHH OOpa3yriOT TyHHEIb, Yepe3 KOTOPBIH IO
pamMe JIBIJKETCS TPAHCIOPTEP, COCTOSALIMN M3 JIBYX IUIACTMHYATHIX IENed, COSAMHEHHBIX MEXKIy CcOO0Mn
cTspkkamu (puc.5.2). Ha Hux Haxoastcs (GUrypHble MIaCTMACCOBBIE SJIE€MEHTHI, YAESPKUBAIOIINE MOCYAY
B HAKJIOHHOM IOJIOKEHUH.

B mammue pasmmuaror 4yersipe 30HBl. B I, II, u IlI30Hax MbITbE MmOCYZBl OCYIIECTBIISIETCSA
PELUPKYIHUPYIONIEH BOION ¢ TTOMOIIBIO IIEHTPOOEKHBIX HAacOCOB. KOoHIIEHTpalHsi MOIOIIEro pacTBOpa BO
II 30He moamep>kuBaeTCs aBTOMATHYECKOW IMOJa4Yeil MOIOIIEro pacTBopa U3 00ouka uepe3 CONCHOMIHBIH
KJIalaH, KOTOPBIA OTKPBIBAETCS yepe3 OJUH 000poT KoHBelepa. B IV 30He BTOpUUHOrO OmojiacKMBaHUs
mocyna obOpabaThiBaeTcss Topsueil mpoTouHoii Bomoii (He Memee 85°C), koTOpas TOCTymaeT w3
BOJIONPOBOJA U Harpesaercs B BogoHarpesarene BH. [Ipoiias Bce 30HBI mocyaa MoAaeTcss Ha OTKPBITHIN

CI} IoHa IV 3oHa 1T 3oHa I 3oHal {D
o v v v vl v v 7|7 7 7 I

Rl L e e L L el e e etV el "al el e L L
e S S Sal s e et L LN Ly S
LSS L ettt LE LS o LNl ] Tal el et L L Ly S
AR AR al s i By [ 51 - B LNl ] Tal el et L L Ly S
kel ettt at et EEals o EEadtad Ak Akttt e I el alty S
[EalgIEa e oy TWats Dl el L L T ey T
LS Lttt et ittt gt e LS o Eraltalt it Sak Skt L L el et ey Sl
ol R LEa L o s LS alt ) tak Sl al Sttty S
R LEa L o s ol talt g Sttty S
ol RSl a L a LY, TR s s ottt il T .""'\."":E [ttty Sad
el al RSl a L a LY, TR s s RS Lt ali el Sak Sal¥al Lttty Sl
el al RSl a LEa LV, TR s pr it al RSl alt it Sak S l®ale ol R p"

Y4aCTOK pa3rpy304HON CEKIIHH.
Pucynok 5.2 - CxeMa mocyJ1oMO€4HON MallliHbl TYHHEIBHOTO THIIA.

HNPAKTUYECKASA YACTb:
OT4eT O BBITTOJITHEHHOM MPAKTHUECKOM paboTe JOJDKEH CONEePKATh:
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1. Onucanue ycTpoiicTBa M NpUHLMINA ACHCTBHUS MOCYIOMOEUYHBIX MAIIMH Pa3JINYHBIX THUIIOB
MIEPUOJNYECKOTrO U HENPEPBIBHOTO IEHCTBUS.

2. CxeMbl IOCYJOMOEYHBIX MAILIUH Pa3JIMYHbIX THUIIOB.

3. Pacuer OCHOBHBIX IIapaMeTpPOB IOCYIOMOEYHOM MaIllMHbl HENPEPBIBHOTO ACUCTBHUS B
COOTBETCTBHE C MPEACTABICHHBIMU HIDKE (OPMYIIaMHu.

[Tpou3BoIUTENEHOCTH MAaIUHBL, Q, M/C IO popmyIe:
Q — VT ‘n-o
S (5.1)
rae VT - CKOpocTh TpaHCIopTepa, M/MUH;
N - KOJIMYECTBO PS/I0B MOCY/BI IPU pa3MEIICHUH €€ TONEPEK TPAHCIoPTepa, IIIT;
¢ - KO3 GUIMEHT 3a0THEHUS] TPAHCIIOPTEPA;
S - paccrosiHuE MKy OJTHOMMEHHBIMU TOYKaMu Tapenok, M, S=0,09.
MOIIHOCTB AJIEKTpOBUTaTENs Hacoca, BT:
N QP
o, (5.2)
rae QH - ceKyH/IHas! TPOU3BOIUTEIHLHOCTH HACOCa, M/C;
P — AaBICHHE, TIEPEKAYMBAEMON JKUIKOCTH 3a CUET SIHEPIHHU, COOOIIaeMoi eit Hacocowm, I1a;
n - KIIJ[ Hacoca xapakTepus3yeT COBEpPLICHCTBO KOHCTPYKLHH M OTPAXAeT OTHOCHUTEIIbHBIC

IIOTCpU MOIIHOCTH B CaMOM HACOCC.

0,1..

1,3...

_Qb

3600 (5.3)
rae b — pacxoz BoJbI Ha OJTHY TapeiKy B 30HE IIEPBUYHOIO OroJiackuBanusi, /4, b=19,5.
MonIHOCTb 3JIEKTPOABUIATENS ¢ YYETOM IIOTEPh U BO3MOKHBIX IIEPErpPy30K B MOMEHT ITycKa, KBT:

N=— NP '
n, -1, -1000 1 (5.4)
e B - kosddunment 3anaca MmomuoctH, B/'=1,5;
N> — KIIJI anekTpoaBuratens;
N — KIIJ] nepegaTouHoro Mexanusma.
Bec rpy3a Ha 0JHOM IOTOHHOM MeETpe TpaHcnopTepa, H/m:
Q-G

60-V; (55)

Q,

Urp =

rae VT — CKopocTh TpaHCIopTepa, M/MUH;
G1 — Bec oaHo# Tapenku, H.
OO0r11ee COnpOTUBIICHHUE TIEPEMEIIIEHUS TPAHCIIOpTEpa:
PO ZWH +WK ’ (56)
rae W — conpoTHBIIeHHE Ha IPSMOJIMHEHHOM ydacTke Tpacchl, H;
Wk — conpoTuBiIeHne Ha KPUBOJIMHEHHOM yJacTke Tpacchl, H.

Wy =(2-do +qFP)'L'C'K6, (5.7)
r7ie Jo — COOCTBEHHBII BEC OJJHOTO TIOTOHHOTO MeTpa TpaHcnoprepa, H/wm;

L — anuHa TpaHCOPTUPOBAHUS, M;
C — K03(h(UIUEHT CONMPOTHBIECHHUS TMEPEMEIICHNI0 KAaTKOB LIEMH IO HANpPaBIAIOIINM, C =

.0,3;

Ks — xoodduimenT yBenuueHus COMPOTHBICHUS 3a cueT OOpPTOBOTO TpeHus Hactuia, Kg
1,5.
W, =4-C,-K
K 0" ®nos (58)
rae Co — HamMeHblIlee HaTHKeHHe 1enu, H;
Kios — K03 pumment, Kyos = 0,03...0,06.
MOUIHOCTh JEKTPOIBUTATENIS TpaHCIOpTEpa, KBT:
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N L3PV

rae Nw — KII /[ nepenarounoro mexanusma, nu = 0,5...0,75.
Ta6ymma 5.1 — Tabnuia BapuaHToB
Bapuant 3aganus

Hanmenosanue 1 2 3 4 5 6 7 8 9 10
MOKa3aTelis
CxopocTh TpaHcnopTepa, 15 1,2 1,1 1,6 1,3 1,6 1,4 1,3 15 1,4
Vi, M/MHUH
KonuuecTBo psanos 1 2 1 2 1 2 1 2 1 2
MOCYIbI, N, IIT
Koaddunment 0,6 0,7 0,5 0,8 0,7 0,7 0,6 0,5 0,8 0,6
3aI10JIHEHHUS
TpaHCIopTepa, @
Paccrostane mexmy 0,09 | 0,08 | 0,07 | 0,08 | 0,07 | 0,10 | 0,21 | 0,10 | 0,09 | 0,08
TapenKkaMu, S, M
JlaBneHue, 784 | 76,4 | 79,2 | 775 | 726 | 80,1 | 754 | 74,7 | 73,9 | 76,8
repeKavynBaeMon
YKHUJIKOCTH, P, Kl1a
KIIJI Hacoca, n 0,7 08 [ 075081083072 ]| 07 | 0,78 | 0,76 | 0,72
Koadpdunment 3anaca 15 1,3 1,2 1,4 15 1,6 1,4 1,2 1,5 1,6
MOIIIHOCTH, B/
KIIJ] anmekrpoaBuraTes, 0,9 08 [ 083|082 | 09 |08 | 087 | 09 0,8 | 0,88
LE)
KIIJ] nepenatogroro 0,98 | 0,97 | 0,96 | 0,98 | 095 | 0,97 | 0,96 | 0,98 | 0,97 | 0,98
MEXaHU3Ma, Ny
Bec onnoit tapenku, G, H 6 6,5 7 5 5,8 7,4 6,3 6,2 7,1 6,4
CoOcTBenHbIN Bec 1
ITOFOHHOTO M 100 | 200 | 150 | 180 | 120 | 110 | 130 | 190 | 160 | 130
TpaHcnoprepa, o, H/m
Jlnuna Tpancnoprepa, L, 4,3 45 5,2 5,6 4,2 47 4.8 5,0 49 5,2
M
Haumenbmee natsokenne | 1000 | 980 | 1100 | 1200 | 990 | 1000 | 1300 | 970 | 1100 | 1200
e, Co, H

‘\]O\Lh-bw[\,)»—m

KoHTpoJibHBIE BONIPOCHI:

. Kakue onepanuu BX0OAAT B IPoOLIeCC MAIIMHHOW 00pabOTKH MOCY/IBI.
. Knmaccudukanus nocyJoMOe4HbIX MaIIKH.

. OCHOBHBIE PEKUMBI MOMKH B IOCYZAOMOEYHBI MAILIMHAX.

. TpeGoBanus1, npeabABIsIEMbIE K YUCTOU MOCY/E.
. CBolicTBa MOIOIINUX CTPYH.

. Koncrpykuus n npuHnun aeictsus 6apHbIX (GPOHTATIBHBIX MTOCYTOMOEYHBIX MAIIUH.
KoHCTpyklMss M NPUHLIMI JEHCTBHS MOCYIOMOEYHBIX MAIIMH KYMOJBHOTO (KAalOTHBIX H
KOJIMAKOBBIX ) TUMA.

8. KoHCTpyKIMS ¥ NPUHIMI JEHCTBUSA IOCYIOMOEUYHBIX MAlllMH TYHHEIBHOIO TUIA.

9. KoHCTpyKIIMS M TPUHLIMI AEUCTBUS NaJTbYMKOBBIX KOHBEUEPHBIX TOCYIOMOECUHBIX MAIIVH.
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2.6. [IpakTuyeckoe 3ausiTue Ne 6

Tema n/3: OOmue cBeACHHWS O TEIUIOBOM O0OpYyIOBaHUHM. PacdeT WHKEKIIMOHHOH Ta30BOM
TOpENKU

Hesb: wn3ydyeHue HaA3HAUYEHUS COXKUTATEIBHBIX YCTPOWCTB; 3HAKOMCTBO C Kiaccuukanuei
TOpeNiOK; HU3y4eHHE KOHCTPYKIHMHM M TMPUHIMNA JEHCTBUS TU(P(GY3UOHHBIX TOPEIOK; KOHCTPYKIHH U
NPUHIUNA JCHCTBHS aTMOC(EPHBIX TOPEIOK; KOHCTPYKIMH M MPUHIUNA JCHCTBHS WH)KEKIMOHHBIX
rOpeoK; KOHCTPYKLHEN rOpeliK ¢ MIPUHYIUTEIbHOM M0Ja4yel TOILUIMBA; PACUUTATh OCHOBHBIE ITapaMeTpPhbl
MHXEKIMOHHBIX Fa30BbIX TOPEJIOK.

DopmMupyeMble KOMIIETEHIMH:

Kon: DopmMyJINPOBKA:
I1K-5 CIOCOOCH MPUMEHSITH CIICUATU3NPOBAHHBIE U TPOPECCHOHATILHBIC 3HAHUS,
B TOM 4YHCI€ HHHOBallMOHHBbIE, B OOJACTH TEXHOJOTHH IPOU3BOJCTBA
MPOAYKTOB NUTAHUSA, OIPEAENATh HANpABICHUS PA3BUTUS TEXHOJIOTHU
MUIIEBBIX MPOU3BOJCTB, MOBBIIIEHHUS KauecTBAa M 0€30IaCHOCTU T'OTOBOM

IPOAYKIIUH

[1K-6 CIOCOOEH MPOBOJUTH MPOEKTHBIE pacueThl, 000OCHOBBIBATh U OCYIIECTBIATh
TEXHOJIOTHYECKHE KOMIIOHOBKH, nosnoop 000pyIOBaHUS TUISt
IIPOU3BO/ICTBEHHBIX TEXHOJIOTUYECKUX JIMHUH, OCHOBHBIX u

BCIIOMOTaTE/IbHbIX IOMEUICHHH, B TOM YHCIE C HCIOJIb30BAaHUEM
MH(GOPMAIMOHHBIX TEXHOJIOTHH

TEOPETHNYECKASA YACTD:

["a3000pa3HOE TOIUIMBO yX€ HECKOJIBKO JECATKOB JIET ABISETCS OCHOBHBIM M Hanbojee yA0OHbIM
BUJIOM TOIUIMBA JUIsl HArPEBATEIbHBIX U TEPMUUECKUX TIEUEH.

YcTpoicTBa, ¢ MOMOIIBIO KOTOPBIX XMMUYECKYHO SHEPIHIO TOILJIMBA M DJIEKTPUYECKYIO DHEPTHIO
MpPEeBpallalOT B TEIUIOBYIO, MOXHO pa3/eiddTh Ha JIBE TPYMIbl: COXHUIAaTelIbHbIE YCTPONCTBA H
HarpeBartenu. CoKuraTelbHBIE YCTpoiicTBa (ropenkd M (OPCYHKHM) NPUMEHSIOT IS COKUTAHUS
ra3oo0pa3HOro WM >XKHUJAKOTO TOIIMBA. XapakTepHass OCOOEHHOCTb 3TUX YCTPOWCTB — IEPEHOC
Teruia B paboydee MpOCTPAHCTBO INIAaBHBIM 00pa30M MPOIYKTAMH CIOPAHUS WM C UX MTOMOUIBIO.

HarpeBaTenu ucnonb3yroT s NpeBpallleHUus B TEIJIO KaK XMMHMUYECKOM 3HEpPruM TOIUIMBA
(paguanTHbBIE TPYOBI), TaK U AJNEKTPUUYECKONW SHEPTUU (HArpeBaTesd 3JIEeKTPOCONPOTHUBIIEHUS). B aTOM
cllydyae TeIulo B pabouee MPOCTPAHCTBO €YU NEperaeTcs I1aBHbBIM 00pa3oM H3JIy4€HHEM OT IMOBEpX -
HOCTH HarpeBaTtels.

CoxurarenbHble YCTPOWCTBa TPUMEHSAIOT TOrJa, KOTJa JOMYCTUMO CONPHUKOCHOBEHHE
MPOJYKTOB CrOpPaHUs TOIJIMBA C HarpEeBaeMbIM M3JIEIMEM, a TaKXke B Meuyax ¢ mydenimu. B nmeuax 6e3
Mydenei npu He0OXOIUMOCTH UCKIIOYUTh CONPUKOCHOBEHHE NMPOJYKTOB CrOpaHUs ¢ HarpeBaeMbIMU
U3AENUSAMU IPUMEHSIOT HarpeBaTeu.

IIpotecc mpeBpamieHusT XMMAYECKOW SHEPTHMM TOIUIMBA B TEIJIO COCTOMT W3 JIBYX 4YacTe:
CMEILIEHHs TOIUTMBA C BO3AYXOM JUI TOpeHHUs U coOCTBEHHO ropeHus. CoKurarenbHble YCTPOHCTBa B
3aBHCHUMOCTU OT CTENEHHU Pa3BUTHS MpoIlecca CMEIMICHUs] MOKHO Pa3fesiuTh Ha TPU THUIIA: YCTPOHCTBa
0e3 MpeBapuTeIbHOIO CMEIICHHUS, C YAYUYIIEHHBIM CMEIICHUEM U C TIPEABAPUTEIHHBIM CMEIIEHUEM.

B mpenenax coXuratenpbHOTO YCTpOMCTBa 0€3 MpenBapUTEILHOTO CMEIIeHHs (TOpEeIKH TUIa
«Tpyba B TpyOe», (GOPCYHKH U 1p.) TOJIBKO CO3JAIOTCSA YCIOBHS JUISl MOCIEAYIOUIET0 CMELICHUS
TOIUIMBA C BO3AyXOM: Ta3oBbleé M BO3JYIIHBbIE IMOTOKH NPUOOPETAIOT HEOOXOJMMBIE CKOPOCTH U
HalnpaBJICHUs! (IIpU HMCHOJB30BAaHUM TOPEIOK) WM IPOUCXOAUT pacHbUIMBaHME Ma3yTa (IIpH
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UCHONb30BaHUN (popcyHOK). TOIIMBO CMEMIMBAETCS C BO3AYXOM BHE IPEIEIOB COXHUIATEIbHOTO
yCTpoOicTBa, B paboyeM MPOCTPAHCTBE MEYM WIIM B CIELUAIBHOMN TOIIKE.

CoxurartesnbHbple yCTPOMCTBA C YJIYUYLIEHHBIM CMELIEHHEM I1O3BOJSAIOT IOYTH IOJIHOCTBIO
IIPOBECTH CMELIEHUE B IIpeJeaax yCTPOUCTBA, B PE3YyIbTAaTE YETO0 FOPEHNE HAYMHAET Pa3BUBATHCS
y’)K€ B TOpPEJIOYHOM TyHHeJe, a B paboueM MPOCTPAHCTBE JIMIIb 3aBepllaeTcs (Hampumep, IpH
UCII0JIb30BAaHUU TYPOYJIEHTHBIX FOPENIOK).

B coxurarenpHbIX YCTPOMCTBAaxX C IIPEABAPUTEIBHBIM CMELICHHEM CMEIIEHUE 3aBEpIIacTCs
IOJHOCThIO, IIOJJHOE K€ CropaHhe MPOUCXOJUT B TOPEJOYHOM TyHHesne (Hampumep, B
MHKEKIIMOHHBIX U paJlallMOHHBIX TOpPEIKaXx).

OTHUMHU NOJOKEHUSAMH CIENYyeT PYKOBOJACTBOBAaTHCS IIPU ONPEACICHUU THUIA YCTPOWCTBA,
OPUMEHEHHE KOTOPOTo OOECIEYUT BBIOJHEHHE TEXHOJOTMUECKUX TpeOOBaHMII HarpeBa NpH
pacrojiaraeMoM BUJE YHEPTUH.

Cnenyer OTMETUTb, 4YTO OOJBIIMHCTBO HArpeBaTeNbHBIX M TEPMHUUYECKHX Ieuel Hamboiee
yCIIEUIHO paboTaeT Npy MPUMEHEHUH YCTPOHCTB 0€3 MpeABapUTEebHOTO CMEIIEHHUs WIH C MPEeIBapH -
TeIbHBIM cMeleHueM. Co)KUrarejabHble YCTPOMCTBA C YIYYIIEHHBIM CMEUIEHHEM I[€J1ecO00pa3Ho
IPUMEHATh TOJBKO B OTHEIBHBIX HCKIIOUUTEIBHBIX CIIydasX, TaK KaK UM MPUCYIIM MHOTHE
HEJIOCTaTKH, XapaKTEpHbIE JJIsI YCTPOUCTB APYrUX JIBYX THUIIOB.

[TpakTHKa 3KCIUTyaTalluM TEPMUYECKHUX Iedel MMOoKa3blBaeT, YTO HauOoJblIee paclpoCcTpaHEeHue
HaXOMT COXKUTATeJbHBIE YCTPOICTBa HamboOJee MPOCTONH KOHCTPYKIHMH: 0€3 TOJIBMKHBIX YacTeH,
MHOTOYHMCJIEHHBIX BBIXOAHBIX OTBEPCTHI MAJIOrO CEYECHMsI, TaK KaK CIOKHOCTb M3TOTOBJICHHS U KC-
IJIyaTaluy, a TakKKe ITOHMKEHHE CTOMKOCTH COYKHUTaTEJIbHOIO YCTPOMCTBA HE KOMIICHCHUPYIOTCS
IIPEUMYLIECTBAMU, I10JIYyYaEMBbIMU B PE3YJIbTATE TAKUX YCIOKHEHUM.

Knaccupukanus ropesnok

Bo3nyx, momaBaeMblii B TOpPENKH, HA3bIBAECTCS MEPBUYHBIM, a MOCTYMAIOMIMN IS TOPEHUS U3
TOTIOYHOTO NMPOCTPAHCTBA — BTOPUYHBIM.

OTtmeruM Hamboyiee XapakTepHBIE CIIOCOOBI CMEIIEHHWS Ta3a C TEPBHYHBIM BO3JyXOM B
Pa3IMYHBIX €ro KOJIMYECTBAX.
1. T'a3 momaercss B Kamepy cropaHust Oe3 MpHMECH TEPBHYHOTO BO3yXa, a CMEIIMBACTCS 3a CYET
auddy3uu ¢ mojacackiBaeMbIM BO31yXoM B pakene miaamenu (a’ = 0).
2. 'a3, cMeNIaHHBINA C YaCThIO MKEKTHPYEMOTO BO3/1yXa (MEPBUYHOTO), TIOAETCS B KaMepy TOPEHHs, a
ocTanbHas 4acTh (B BUJE BTOPUYHOTO BO3JyXa) MOABOAUTCA K ropeiike 3a cyeT AudPy3um y
amMOpa3yphl; 3aBEpIICHUE CMEIICHHUS Ta3a C BO3IYyXOM MPOU3BOIUTCS B (akerne amenn (a' < 1).
3. I'a3 co BceM KEKTUPYEMBIM BO3/1yXOM, HEOOXOAUMBIM JUIsl TOPEHHUs, MOAAETCS uYepe3 IOpenky, U
MPOIIECC CMEIICHHsI YCIIEBAET 3aBEPIIMTHCS €IIe /10 BBIXOJa TOPIoYel CMECH M3 aMOpa3ypsl B TOTIKY
(@' >1).
4. T'a3z co BCeM NPHHYAWUTEIHHO TOJAHHBIM B TOPEJKY BO3JYXOM, HEOOXOAMMBIM JUIsI TOPEHHS, HE
ycleBaeT MOJHOCTBIO IepeMellaTbcs A0 BbIXOJa M3 aMmOpas3ypbl, a CMEIICHHE MPOJOJDKAETCS B
dbakene miamenu (a' > 1).

B cooTBeTcTBUM C 3TUM TOPENKH MOKHO KIACCH(PUUHUPOBATh Ha YETHIPE OCHOBHBIE THUIIA C
MOATPYIIIaAMH B KaXKJIOM U3 HUX.
1. Topenku nuddy3nOHHOTO THUIIA HU3KOTO U CPEAHEr0 JaBieHUs KOA((PUIIMEHT NEpBUYHOIO BO3AyXa
(a'=0).
2. T'openxu armocgepHoro Tumna [koaddument nepsuunoro Bozayxa a' <1 (0,3-0,7)].
3. Topenku WHKEKIIMOHHBIC CPETHEr0 M BBHICOKOTO NaBieHUs (K0d()(GHUIIMEHT MEepBHYHOTO BO3AyXa
(a’">1).
4. Topenku ¢ MPUHYAUTEIHHON TOAaueii BO31yXa KOMOMHUPOBAHHBIE W Ta30BbIE HU3KOTO W CPETHETO
naBieHus (Kod(p@uIMEeHT nepBuyHOro Bo3nyxa (a' > 1).

B ropenkax mepBBIX TpeX THIIOB BO3AYyX IMOCTYMAeT MO JCHCTBHEM DPa3peKCHHs, BHI3BAHHOTO
ra3oBbIMH CTPYSIMH U TATOH B KaMmepe ropeHus. B ropenkax d4eTBepTOro THIA BeCh BO3AYX,
YYacTBYIONIUIl B TOPEHUH, TIOJACTCS IPUHYAUTEIBHO.
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['openku TpeTbero W 4YETBEPTOrO TUIIOB MOTYT MMETh OJMHAKOBHIE KOJWYECTBA MEPBUYHOTO
BO3/lyXa, HO OHU MPUHIHUIINATIBHO PA3JIMYAOTCs MpolleccaMu CMEIIeHHs BO3yXa ¢ razoM. B ropenkax
TPETHEro TUIIA UMEETCs IOJHOE MPEJBAPUTEIBHOE CMELIEHHE. B ropenkax 4eTBEpTOro THUIA IPOLEcC
CMEIICHUsl Yallle BCEro TOJIbKO HAauWHAeTCs, a pa3BUBaeTcs B 00beme Kamepbl ropeHus. B
CHELHUAIbHBIX CIIydasX MPOLECC MHEHUS MOXKET 3aBEPUIATHCS B TOPEIIKE.

[TpuBenennas kiaccuuKalus TOPEIOYHBIX YCTPOICTB MO3BOJISET Pa3ICIUTh MO XapaKTEePHBIM
NpU3HAKaM BCE MHOrooOpasue KOHCTPYKLIHMH Ha YeThIpE OCHOBHBIX THMA. OTO CYHIIECTBEHHO
VIOPOIIAaeT PAacCMOTPEHUE PA3IMYHBIX TOPENIOK, objierdaer aHaiu3 HMX paboTel U pa3paboTKy
METOAMKHU pacyera.

JAupy3noHHBIE TOPEIKH

OCOOEeHHOCTh 3THX TOpENoOK — 00pa3oBaHUE TOprOYE cMecH 3a CueT MEJUIEHHOro Ipolecca
MOJICKYJISIpHON A y31H, BOZHUKAIOUIETO OT MOACACHIBAIONIETO JEHCTBUA Ta30Boi cTpyu. B muddy-
3MOHHBIX TOpeKax K03 (UIMEHT IEPBUYHOTO Bo3ayxa paBeH Hymwo (a'=0).

B naumnpocreiimieM Buie Takas ropeika mpeacTaBisieT co0oil TpyOy, Mo KOTOPOH ra3 mocTynaeT
[OJl JABICHUEM B OKPYKAIOUIYI0 HENOABMKHYIO BO3JYLIHYIO Cpely, MCIOJIb3YEMYK B KadecTBE
UCTOYHHMKA OKuciauTens. [Ipu 3ToM Bo3HUKaeT 30HA IU(PY3MOHHOTO CMEHICHHs, KOTOpas IMOcCie
BOCIUIAMEHEHHMsI M BO3HMKHOBEHHUS YCTOMYMBOTO (QpoHTa IUIaMEeHU OyJeT HpelaCTaBlATh COOOM
HApaCTAIOIIYI0 BIEpE] TOJIY MPOIYKTOB CrOpaHHUs, 4yepe3 KOTOPYIO HAaBCTpEUy ApPYr Apyry Oyayt
IPOJIBUTaThCs U3 ra30BOW CTPYH MOJIEKYJIbl TOIUIMBA, a U3 BO3AYIIHOM Cpeabl — MOJIEKYJIbl KUCIOpOa
u azota. TOT ke MeIJICHHBIN XapakTep cMeceo0pa30oBaHus 3a CUET MOJIEKYJIApHOH auddy3un npusenet
K BO3HUKHOBEHMIO BBITSIHYTOI'O (haKesa IulaMeHH ¢ OCTpUeM Ha KoHIe (cM. puc. 6.1).

Pucynok 6.1 — Pa3zpes daxena miamenn qudy3n0oHHON TOPEIKH

3oHbl ¢akena: | — uwucteil ra3; Il — cmecw raza c
MPOJYKTaMH CTOpaHUs;

Il — cmech Bo3ayxa ¢ MPOLYKTaMH CrOpaHUS;

IV — okpyxarommii Bo3ayx. Mexay 3onamu 11

u Il pacnonoxena mnoBepXHOCTh (pOHTA TOpEHUS
(moBepxHOCTH @ = 1).
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Pucynok 6.2 - V3MeHeHne OTHOCHTEIBHOU JUTMHBI (haKelia TIaMEHH C YBEIHYEHHEM CKOPOCTH
MOTOKA MPH JJTAMUHAPHOM U TYPOYJICHTHOM PEKUMaX TBUKEHUS.
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a— BUA (Qakena IUIaMEHH NpU JaMUHAPHOM TEUEHUHM Ta3a; 6 — KpUBasg HM3MEHECHHS
OTHOCHUTEJIbHOW JJMHBI (akena IMJIaMEHM OT OTHOCHTEIBHOW CKOPOCTH IMOTOKa; 6 — BUJ (akena
IJaMeHH MpU TypOyJIEHTHOM TE€YECHHUH Tasa.

JiHa dakena ogHON U TOH K€ TOPETTKA MOXKET U3MEHSTHCSA B 3aBUCHMOCTH OT €€ (DOPCUPOBKH.
Ona OyzeT yBeJTMUYUBATHCS C IMOBBIIICHUEM CKOPOCTH MCTEUYEHHUS Ta3a DTa 3aBUCUMOCTH BO3pPaCTaHHSI
JUIMHBI TJIAMEHH OT CKOPOCTH HUCTEUEHUsS OYIEeT COXPAaHATHCSA, IMOKa JaMUHApHOE (TMapajuieibHO-
cTpyduaToe) nBkeHue (puc.6. 2a) He mepepoauTcss B TypOyiaeHTHoe (Oecmopsiioduoe BUXPEBOE
JIBUKCHHE).

[Tpu pa3BUTOM TYypOYJECHTHOM PEXHME JBI)KEHHS BMECTE C YBEIMYCHHEM CKOPOCTH IMOTOKA
pacTteT ¥ MHTEHCHBHOCTbH IpoLiecca cMeceoOpa3oBaHus 3a CUET NMepeMEelIeHUs MOMEPeK MOTOKa yxKe
O0onbmuX 00BEMOB Ta3a (MoJiel), Kak 3TO MOXHO BHUAETh Ha puc. 6.2, 6. Ha puc. 6.2, 6 BuaHoO,
9TO M3MEHECHUE OTHOCUTEILHOU JUTMHBI (akea MIaMEHHU B 3aBUCUMOCTH OT OTHOCHUTEIILHOW CKOPOCTH
uMmeer Tpu oOmactu. B mepBod 001acTH JIaMUHApHOTO PEKUMa JBIKCHHUS [UIMHA PACTET TPSMO
MIPOMTOPIIMOHAIEHO CKOPOCTH MCTCUCHHUS T'a3a; B IPOMEKYTOUYHOM 00IaCTH 1mepexoja OT JaMHHAPHOTO K
TypOyJICHTHOMY pEXUMY JIBH)KCHHUS JIJIMHA HAYMHAET YMCHBIIATHCS BCIICACTBHE PE3KOTO YCKOPEHUS
mpoliecca cMeceo0pa3oBaHus; B TypOyJI€HTHON 00J1acTH JBMIKEHUS JUTHHA (aKelia MiIaMeHu OCTaeTCs
HEU3MECHHOMW NP YBEIIMYECHUU CKOPOCTU UCTEUYCHUS Ta3a.

[TonmoxxutenpHbIe XapakTepUCTUKH TU((Y3HOHHBIX TOPENIOK: YCTOWYHMBOCTH TOPCHHUS Tra3a;
BO3MOXKHOCTh Pa0OTHI Ha ra3e HU3KOTO JaBJICHUs 0€3 MPUHYAUTEIBHOW MOJaud BO31yXa; OOJBIIONH
JUAIa30H PEryJUpPOBaHUS C BO3MOXKHOCTBIO U3MCHCHUS JUIMHBI (pakelia W MOJTyYeHHUsS PaBHOMEPHOMN
TeMIeparypsl B oObeMe ropeHus (Baoib (akena IJIaMEHHM); MpakTUUeCKH OecurymHas pabora;
MPOCTOTA KOHCTPYKIHH.

OtpunarenbHble XapaKTEPUCTUKH AUGPY3HOHHBIX TOPEIOK: CIOXKHOCTh CO3JaHUS TOPEIOK
OOJIBIION MPOM3BOAUTEILHOCTH; TPYJHOCTh MOJYYCHUS BBICOKMX TEIUIOBBIX HAMPSIKEHUH B OOBIYHBIX
KaMepax TOpeHUs; HATMYMe XUMUYECKON HETIOJTHOTHI TOPEHUs B OOJIBITMHCTBE CITy4acB.

ATMOC(epHBIe TOpPeIKH

ATMOC(EpHBIMHI UM MHKEKIIMOHHBIMH FOpEeJIKaMi HU3KOTO JIaBJIEHUS ra3a Ha3bIBaIOTCS TOPEIKU
C YaCTUYHBIM IpenBapuTenbHbIM cMmemeHueM (a = 0,3 ~ 0,7). [lepBuuHbIil BO3yX MOJCACHIBAECTCS B
TOpeNKy 3a CUeT MKEKTHPYIOIIEro JAeHCTBUs ra3oBoil cTpyd. BropuuHblil BO3ayX, HEOOXOJUMBIN IS
MOJIHOTO CIKUTaHUS rasa, MocTynaeT K ¢akelaM IJIAMEHU U3 OKPY’XKaloIEero MpoCcTpaHCTBa 3a CYET
KEKTUPYIOIIEro ACHCTBUS caMOro (akena U 3a CYET Pa3pe’KEHHs B TOIKE.

[ f
o2

Pucynoxk 6.3 - Cxema atMmocepHO TOPEIIKH.

ATMochepHbIe TOPENIKH MPUMEHSIOTCS TJIaBHBIM 00pa3oM ISl CKUTAHHS BBICOKOKAIOPHITHBIX
raszos, ceime 4000 Knan/m®. bnaromapsi ymoBIETBOPUTENBHBIM TEIUIOTEXHUYECKUM I1OKA3aTEeIsIM,
yIaYHOMY KOHCTPYKTHBHOMY O(MOPMIIEHUIO 3TH TOPEIKH HMEIOT IIUPOKOoe pacmpocTpaneHue. OHU
YCTaHABJIUBAIOTCS B CEKIMOHHBIX KOTJIaX, Fa30BBIX BOJOHATPEBATENSAX, OBITOBBIX IUIMTAX, CYITHUIKAX H
Pa3IMYHBIX MEJTKUX OTOMUTEIbHBIX KOTJaX, paboTaromux Ha MPUPOTHOM Ta3e.

[lpuanunuaneHas  cxema  aTMocpepHON  TOpENKHu
npuBeneHa Ha puc. 6.3. OCHOBHBIMH YaCTSMH TOPENIKH SIBIISIOTCS
= CMecHuTeNb, uMeronmi o0brdHO (hopmy TpyObl BeHTypu, u oraeBas

LN
¥ MEIKHUMH OTBCPCTHUAMU IJId BbBIXOJA rasa.

ﬁ"

COILIO,

Hacagka C
Zpmy 4
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Pucynok 6.4 - CxeMa pacrpocTpaHeHHs
IUJJaMEHU TpPU JIAMUHAPHOM HCTEUEHUU
ra30BO3LyLIHOM CMECH.

JlaMeTp BBIXOJHOI'O OTBEPCTHSI COILIA JOJDKEH COOTBETCTBOBATH IMPOU3BOAUTEIBHOCTU TOPEIKU
IIPU JAHHOW TEIUIOTBOPHOCTH T'a3a.

CwMmecurens 00BIYHO IpEACTaBIsET co00il Kamepy cMmenieHus U Juddy3op, UCIONb3yeMbIH IS
npeoOpa3oBaHMUsl CKOPOCTHOTO HAamopa CMECH B JaBJIeHHE, HEOOXOOuMOe JJisi TPEOoJI0JICHUS
COIIPOTHUBIICHUS] OTHEBOW HACaJKH.

Juana3zoH ycTOW4MBOM paboThl aTMOC(EpPHBIX TOPEJIOK OTrpaHWYEH, C OJHON CTOPOHBI,
BO3MOXKHOCTBIO IMPOCKOKA IIJJaMEHU BHYTPh TOPEJKH, a C JPYyrol — BO3MOXKHOCTBIO OTpbIBA
IJIAMEHU OT KpaTepa rOpeHus U Jake IMOJHOrO CpbIBa (3aTyXaHUs) €ro. DTH SIBJICHUS MOTYT CIYKUTh
NPUYMHOM HapylIeHHs HOPMalbHOM pabOThl TrOPEIoK, a B HEKOTOPBIX CIydyasX Ja)Xe CEepbe3HBIX
aBapuii. HeoOxoaumo pa3o0parbcs B CYIIHOCTH TaKWX HapyIIEHUH YCTOWYMBOCTH TOPEHHS U HANTH
IyTH UX NPEAOTBPAILLEHUS, YUUTHIBAs, YTO CTPOTO TEOPUH YyCTONYUBOCTH FOPEHUS ellle He pa3pado-
TaHO.

B 30He ropeHus ycraHaBiIMBaeTCs TUHAMHUYECKOE PABHOBECHE MEXIY CTPEMJICHHEM IUIaMEHH
IIPOJBUHYTHCSI HABCTPEUY MOTOKY ra30BO3YIIHOM CMECU U CTPEMJIEHHEM IOTOKA OTHECTH IUIaMs OT
TOpEKU. Y CTOHYMBOCTb TOPEHUS 3aBUCUT OT TEIUIOBBIX M I'MJIPOJMHAMUYECKUX YCIOBUH, B KOTOPBIX
HAXOJATCS KOPHEBBIE YUaCTKH KOHYCOOOpa3HO# 30HBI TOpeHHs. PaccMOTpUM yCcTOWYHMBOCTH pOHTA
TrOpeHMs, KOT/la IiaMs He OTpbIBaeTcs OT KpaTepa ropenku. Ha puc.6.4 MoXHO BUAETh, YTO 30HA
TOPEHMS Y CBOEr0 OCHOBAHMS UMEET FOPU30HTANIbHBIN yyacTok. UeM ke oH ompezensiercs?

CKOpoOCTbh UCTEUEHUsI CMECH BOJIM3HM CTEHOK TOPENIKH MEHBbIIIE, YeM B IpyruX Toukax rnotoka. [1o
nepudepun noToka odpasyercs 00acTb MEAJIEHHOTO TEUEHHUS U JJaXke 3aCToiHas 30Ha, B KOTOPYIO Ia3
MPOHUKAET U3 CTPYH, a BO31YyX M3 arMocdepbl. BekTopbl HOpMaIbHONH CKOPOCTH pacHpOCTpaHEHHUs
IJIaMEHHU ®n U CKOPOCTH JIBUKEHHUS CMECH ¢ UMEIOT B ’TOM MECTE MPOTHUBOIIOJIOKHOE HAIIPABIICHUE.
Tak ¢dopMupyercs KoIbLEBOW HCTOYHUK 3a)KUTAHMSI, KOTOPBIM MpemoTBpamlaeT OTPBIB  BCEro
IJIaMEHU OT KpaTepa ropeskH.

OTOT MNOMKUTAIOUIMM TOSACOK A(PQPEKTHUBEH NpU JaMHUHAPHBIX pEXUMax MABWKEHHS, a IpH
MOBBIIIEHUU (POPCUPOBKHU TOPEIKU €ro pasMepbl yMEHbIIAIOTCA. OTPhIB OTKPBITOTO MJIAMEHH OT YCTbhs
ropeyiku Halmrogaercs oObIYHO ellle 70 TOT0, KaK rOpeHHe CTaHOBUTCS TypOyneHTHhIM. HeobOxoaumo
TaKkK€ OTMETUTh, YTO C YBEJIMYEHHEM KOJIMYECTBA MEPBUYHOIO BO3JyXa YCTOMUMBOCTH IJIAMEHU
aTMOC(EpHBIX TOPEOK YMEHbIAETCS

[TpeumyiiecTBa aTMOC(hEpPHBIX TOPENIOK - MPOCTOTa YCTPOMCTBA M PEerylupoBaHUs pacxoja

rasa.

HenocrtaTku aTMOC(hepHBIX TOPENOK:

a) pu OOBIYHOM YCTaHOBKE TOPENIOK TONKE OHM HE 00eCleunBalOT YCTOMUYMBOIO rOpEHUs
U OYeHb YYBCTBUTEJIbHBl K M3MEHEHUSAM JaBJECHUS ra3a y COIJia U pa3pekeHHs B TOIKE;

0) B TONKax, 0OOpYAOBAaHHBIX aTMOC(HEPHBIMH TOpEIKaMU, HE YyJIaeTcs OCYUIECTBIATH

pexuM ropeHus ¢ KodhPUImeHToM n30bITKa Bo3ayxa MeHbIe 1,3—1,4, 9T0 MIpUBOIUT HEBBICOKUM
K.II.JI. yCTAHOBOK.

NHxeKnIMOHHDbIE TropejaKu

HH)KGKHI/IOHHBI@ ropciIKu MOTr'yT OBITH OJJHOCOIIJIOBBIC U MHOTOCOIIIIO-KPYTJIBIC U IIJIIOCKHEC, C
OJHOCTYIICHYATBHIM, IBYXCTYICHYATHIM U TPCXCTYIICHYATBIM CMCCUTCIISIMU.
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B omnnume or armMocdepHBIX TOPENoK (MHXKEKIMOHHBIX TOPENIOK HHU3KOTO JaBJICHHUS)
WH)XEKIIUOHHbIE TOPEJNKU CpPEAHEro U BBICOKOTO JaBJEHUS SBISIOTCA TOpPEIKAMHU IOJHOTO
CMEUIEHHUsI, 32 UCKIIOUEHUEM HEKOTOPBIX KOHCTPYKIIHH.

WHXEeKIIMOHHBIE TOPENKH [0 CPaBHEHUIO C TOpEJIKaMU HEMOJHOrO MpEeABapUTENIbHOIO
CMELIEHHUs Ta3a C BO3JAYXOM 00ECNeuuBalOT MOJHOE CropaHue ra3a MpU MUHHUMAIbHOM H30BITKE
BO3/Ayxa ¢ 0ojee BBICOKOM TeMIepaTypoHu.

IIpy cokKMraHuu NpenBapUTENIbHO INEPEMEIIAHHOW IOPOYEld CMECH B TYHHEISX JOCTHUTATCS
JIOBOITBHO BBICOKHE TEIIOHANPSKEHNS HX 006eMoB mopsaaka 10—50 miuH. kkan/m.u.

Haubonpmee pacupocTpaHeHHUE MOJIYYUIU OJHOCTYNEHUYATHIE MHKEKIIMOHHBIE TOPEIKH —
BECh BO3JyX JJISl TOPEHUS MOJCAChIBAETCS B OJUH MpUeM. B IByXCTynmeHYaThIX BeCh BO3AYX s
rOpeHUsl TMOJACACHIBACTCA B JBa IpueMa. B mepBoil CTymeHM OOBIYHO 3acachlBaeTcs TakKoe
KOJIMYECTBO BO3/1yXa, UTOOBI IMOJy4eHHass cMech Oblla HEroproueil (A MPUPOJHOrO Traza 3TO
COOTBETCTBYET COJEPXKAHHUIO BO3JAyXa B cMecu ¢ razom Huxke 84,5%). Bo BTopuuHom comie
HEeroprouasi CMeCh YK€ 3acachblBaeT OCTalbHOW BO3AyX, HEOOXOAUMBIH ISl TOpPEHHs, U
nepeMeImnBaeTcss ¢ HUM, [10 KOMIAKTHOCTH IBYXCTYIEHYATHIE CMECHTEIH YCTYMAIOT OJHOCTYIICH-
YaThIM, U JUISI CKUTAHUSI TPUPOJHOTO ra3a OHU HE MOJIYUYHIIA PACIpOCTPaHECHHUS.

DXKEKIHsI MOXKET OCYIIECTBIIATHCS TPEMs CIOCOOAMM: KEKIHs BCETO BO3AyXa ra3oM, YacTH
BO3/lyXa Ta30M W raza BO3JIyXOM. B Tak Ha3bIBaeMbIX WH)XEKIIMOHHBIX TOpEJIKaxX HCIOJIb3yeTCs
nepBbId crioco0, B TO BpeMs Kak B aTMoc(epHBIX — BTOpol. TpeTuit cmocod MCmob3yeTcs: pexe
Bcero. Pabora ropenok ¢ mojacocom BCero Bo3ayxa ra3oMm TpedyeT CpelIHero AaBlIeHUs rasza, IpuyeM HeT
HEOOXOMMOCTH B JIOTIOJIHUTENFHBIX PETYIATOpaX U MOMJACPKaHUS Ha 33JaHHOM YPOBHE MPOIIOPLIUU
MEXJ1y Ta30M U BO3yXOM.

WMHXEeKIMOHHBIE  TOPENKH  WMEIOT  HEJIOCTaTOYHYI0  TIIYOMHY — PEryJIupOBaHUS  HX
MPOU3BOAUTEILHOCTH, TPYIHOCTh Pa0OTHI HA MOJOTPETOM 3a CUET pEeKyNepaluu Terjia OTXOISIIUX
ra3oB BO3JyXe, OOJBIIYIO JJIMHY CMECHTEJEH, NMPEnsATCTBYIOUIYIO CO3JIaHUIO TOPEOK OOJBIION
€IMHUYHON TETUIONPOU3BOIUTEIILHOCTA, U IIyM, TMPOU3BOAMMBIA pabOTAIONMMH TOpENKaMH, B
0COOEHHOCTH MPU BHICOKOM JaBJICHUU Ta3a, TPABMUPYIOIIUI 00CTY>KMBAIOIIUNA TIEPCOHAI.

[Ton royOuHON perynupoBaHHs HMOHUMAETCs OTHOIIEHHWE MAKCHUMaJbHOM MPOU3BOAUTEILHOCTH
TOPEJIKH, OTPENeTIeMO MaKCUMAaJbHBIM JTaBJICHHEM Ta3a, K MUHUMAIBHON MPOU3BOIUTEILHOCTH €€,
IIpU KOTOPOIl Mi1aMs elie He MPOCKAKUBAET B TOPEIKY.

WHXEKIIMOHHBIE TOPEJIKH HMEIOT KOHCTPYKIIUIO CMECHTEIBHOTO YCTPOMCTBA, aHAJIOTHYHYIO
ropeiakam aTMocgepHoro Tuma, Ho Oosiee coBepuieHHON (Gopmbl. KOHCTpyKIus OrHEBON Hacaaku y
WHXEKIIMOHHBIX TOPEJIOK (B OTJIIMYKE OT ropesiok arMocdepHoro tuma) umeer popmy koHdysopa u
BO MHOTHX KOHCTPYKIHUSX MJIOTHO MPUMBIKAeT K OTHEYIIOPHOMY TYHHEJO MJIM HEMOCPEICTBEHHO
K KaMepe TOpeHHUsl.

B HEKOTOpBIX KOHCTPYKIMSAX MHKEKIMOHHBIX TOpesiok (0e3 TyHHess) B rOpeslouHON Hacajke
KPYIJIOTO  WMJIM  KB3JAPAaTHOTO CEUCHHWS  YCTAHOBJICHBI  pa3iiMyHOW  (OpPMBI  CTaOMIM3ATOPHI,
o0ecreynBaoue Ha/leKHOEe MOKUTaHUe Ta30BO3AYIIHON CMECH, YCTOWYMBOCTh TOPEHUS M 3aLIUTY OT
MPOCKOKA TJIaMEHU B UHKEKTOP (0T 00paTHOTO yaapa).

OTtcyTcTBHE MpakTHUUecKH (pakerna MiaMeHU B MHXKEKIIMOHHBIX TOpeiKax CyxkaeT 00JIacTh X
MIPUMEHEHHUS 10 CPAaBHEHHIO C TOPENIKaMH, 00JIaJafoIuMHU (PaKeIOM PETYITUPYEMOH JUTMHBL. DTH TOPEITKU
TpyZAHEEe UCIIONB30BaTh B KPYMHBIX Mevyax, TpeOyIoIUX paBHOMEPHOr0 000rpeBa Marepuaina mo JJIuHE;
MPUXOJIUTCS YCTAaHABIMBATh HECKOJIBKO TOPENOK MO JiauHe medd. KOHCTpYKIHHM WHKEKIHOHHBIX
rOpeJjIoK IpeAcTaBiIeHbl Ha puc. 6.5 u 6.6.
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PI/ICYHOK 6.5 - I/IH}KCKHI/IOHHaH TopeiiKa CpE€AHEr0 JaBJICHH I'a3a TCIJIONPOU3BOAUTCIIBHOCTBIO

29 000—386 000 kxan/u ¢ BO3LyLIHBIM OX’JIZ})KIIGHI/IGM.
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PucyHok 6.6 - THXeKIIMOHHAS TOpeJIKa CPEIHETO0 JIABICHUS I'a3a TEIIONPOU3BOAUTEIBHOCTHIO
114 000—1 140 000 xxa/u ¢ BOASHBIM OXJIAKICHUEM.

TI'opeiku ¢ NpUHYAUTEIbHOM MOgaYeH BO3ayXa

l'openkn ¢ NpUHYAUTENBbHOM IIOJAa4Yed BO31yXa, KAaK IPABHIO, OCHOBAHBI HA CTPYHHOM
IIpUHLUIIE NlepeMemuBanusd. bnarogapss BbICOKOM NPOU3BOAUTEIBHOCTH, IIUPOKOM BO3MOYKHOCTHU
peryinupoBaHus U o0pa30BaHUIO (aKeIoB IJIAMEHH, Pa3JUUHbIX MO0 Gopme, NJIMHE U CBETUMOCTH, a
TaKkK€  CpaBHUTEIbHO  HeOonbIIMM  rabaputaM  (BCIEACTBUE  MOBBILIEHHBIX  CKOPOCTEH
NPUHYIUTEIbHO MOJAHHOTO B HHMX BO3/]yXa) rOpeJoYHbIE YCTPOMCTBA 3TOr0 THUIA C KaXIbIM
rogoM Bce Oojiee IMIHPOKO MPHUMEHSIOTCS B PAa3IMYHBIX OTPACiAX MPOMBIIIIEHHOCTH,
UCIOJIB3YIOIUX ra3000pa3HOe TOIIUBO.

IToBpIIEHME MOINHOCTH TEIUIOTEXHUYECKUX arperaroB B CBOK OYEPEAb BBI3BIBAET
MOBBIIEHHE E€IUHUYHON MOIIHOCTH Ta30TOPEOYHBIX YCTPOWCTB, YTO HEHU30€KHO CBSI3aHO C
UCII0JIb30BAaHUEM NMPUHYIUTEIBHON MOJaun BO3JAyXa U CTPYHHOIro NpUHIMIIA cMeceoOpa30BaHUs.

B mewax mis HarpeBa ImojJ TEPMHYECKHE OIEpPAlMU TAaKUE TOPEJIKU NPAKTUYECKH HE
NPUMEHSIOTCA.

ITPAKTUYECKASA YACTb:

B cooTBeTcTBUY ¢ BApHAHTOM MIPOU3BECTH PACUET HHKEKIIMOHHON TOPEIIKH.
Crenath 5CKH3 TOPENKH MOA0OHO YepTeKy Ha pUc.6.7
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Pucynok 6.7 — PacueTHas cxeMa MH>KEKIIMOHHOM FOPEJIKU:
1 — razoBoe como; 2 — BXoAHOU KOH(]Y30p; 3 — cMecutens; 4 — muddy30p; 5 — HOCHK TOPETKH
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BapuauThl 3a1aHus

Bapuant No Vor, M*/4 a 0 M/C
1 30 1,01 280
2 31 1,02 282
3 32 1,03 283
4 33 1,04 285
5 34 1,05 287
6 35 1,06 289
7 36 1,07 290
8 37 1,08 292
9 38 1,09 295

10 39 1,10 298
11 40 1,11 300
12 41 1,12 303
13 42 1,13 305
14 43 1,14 306

Tlopsinok pacuera

VYcioBHOe ITapameTtp Pazmepnocts | YcnoBHOe [TapameTtp PaszmepHocTh
0003Ha4YeHHe 0003Ha4YeHNE
d JTUaMeTp MM f ILIOIIAb MM?
Lo Teopernueckoe | M° I NUHEHHBIH MM
KOJINYECTBO BO3- pasmep
Ayxa,
HEO00XOINUMOT'0
JUIA cokuranus 1
M raza
po abCcooTHOE H/M? )/ CTaTUYECKOE H/M?
JIaBJICHHE JaBJICHHE
T (1) TeMIiepaTypa K (°C) Vv 00BbEeMHOE m/cex (M%/u)
KOJINYECTBO
[0} CKOpOCTh M/cex a KO3(pPUIUEHT | -
pacxoja
BO3JlyXa
¥ yIenbHBIH Bec | H/M® Ap M30BITOYHOE H/m?
JIABJICHHE
p IIJIOTHOCTH kr/m® v IIpeeIIbl -
peryJupoBaHus
0 k03 urpeHtT
VCTEUYEHMSI
Hcxonnbie pannble: TemmepaTypa Bo3ayxa u raza —71, = T. (cM. BapuaHT 3aJaHus),

KO3 UITMESHT pacxojia Bo3ayxa ¢ (CM. BapHaHT 3a/IaHHUs); TeMIleparypa Bo3ayxa u raza —t, = t. = 20°C;
TIIOTHOCTB Ta3a Po. = 0,77 Kr/M°, IIOTHOCTB BO3IYXA Pos =1,29 KI/M°; I TeOpETHYECKOE KOJIMYECTBO
BO31yXxa Ha | Mm% rasa Lo = 9,25 u° Koadpdummentsr: K, =1,3; K= 0,965; II= 1,095; B = 1,15; C =
0,425; D =0,55; ¢ = 0,85
Onpenenum CKOPOCTh UCTEUYCHUS ra3a, M/C o popmyIie:
Wo. = 0': KpK, (6.1)
Onpenenum auaMeTp ra3oBOTO COILIA, MM, IO (OpMYyIIE:
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3
gz | Vel0 (6.2)
0,785w,,

Omnpenennm 00bEMHYIO KPaTHOCTh MHXKEKIIUHU 110 popMyIie:

m=1+(al, T/T:)I, (6.3)
Omnpenennm MaccoBYIO KpaTHOCTh MHKEKIUU 10 hopmyIie:
N=1+aLo pos/Po:, (64)

OnpenenuM ONTUMAIBHOE OTHOUICHHE IUIOIIAAX CMECHTENs K IUIOIAgd Ta30BOr0 COIUIA IO
dbopmyie:

[%] =Bmn - C(m-1)(n-1), (6.5)

r

Onpenenum 1uaMeTp CMECUTENS, MM, 110 popMyIie:
f
dc =d. (f—cj (6.6)

Onpenenum quaMeTp HOCHKA FOPENKH, MM, IO Gopmyie:

de = dc + 5 ) (67)
Onpenenum yuHy cMecutens u quddysopa, mm, o popmyie:
Ic = Io = 4dc ) (68)
Omnpenenum KoHeUHBIN AuameTp nuddysopa, mm, o hopmyre:
Ba
do=dc+2lstg 2 , (6.9)

3amagum yroia packpsitus auddysopa npuHuMaeM B = 7°.
Omnpenenum JUIMHY BXOJHOTO KOH(Y30pa U pacCTOSHUE JI0 Cpe3a ra30BOTO COIIA, MM:

I = Ip.e. = 1,25d, (6.10)
Onpenenum HavadbHBIN TUaMeTp BxoaHoro nuddysopa, mm, o Gpopmyie:
B
dx=dc +2lktg 2, (6.11)

[TpuHuMaeM yroi cy>KeHusi BXOJAHOT0 KoHdYy30pa Bx= 42°
Omnpenenum JUINHY HOCHKA TOPEIKU, MM, IO (hopMyIIe:

dd — di.a
2tg Bia
i, = 2 (6.12)

[TpuHuMaeM yroi cy>KeHUsI HOCHKA TOPeNKU Pur. = 42°
Ornpenenum CKOpoCTh CMECH B HOCHKE TOPEJIKU, M/C, TI0 hopMyIie:

V. (1+al,)r, 10°
Don.e. = Lodje. (TCM _100) ) (613)

Omnpenenum npeaesnsl peryInpoBaHus TOPENKH Mo hopMyIie:

o (6.14)

MUH

3HaueHue @, BHIOMpaeM 0 rpaduKy Ul pacCauTaHHOTO Uy, (pHcC.6.8).
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NoogkrwdpE

MU
a)OH.e. , M/c

NV

40 50 60 Y0 D B0 100 120 130

JSliasomp HOCLKDY SODSRKE, MA
Pucynox 6.8 - 3aBUCUMOCTBH CKOPOCTHU MPOCKOKA OT IMAMETPa HOCHKA TOPEIIKU

Conep:xaHue oT4yeTa

Hens paboTel. OO1IME TIPEICTABICHUS O TIPOILIECCAX CKUTAHUS TOILIMBA.
Knaccudukanus ropenox.

Huddy3unonnsie ropenku. CTpykTypa 1uiaMenu (gakena).

ATMOC]epHbIe TOPENKH.

NHXEKIIMOHHBIE TOPEIKH.

I'openku ¢ npUHYIUTENBHOM MOJAYEN BO3AyXa.

Pacuer napameTpoB MHKEKIIMOHHOW FOPEJIKK B COOTBETCTBUH C 33JaHHBIM BapUaHTOM.

KonTposabHbie BONPoOchI K TeMe 3aHATHS

1. Ha3oBuTe OT/IMYMSI 1 OCOOCHHOCTH COKUTATENIbHBIX YCTPONCB M HarpeBaTesei.

2. OnumuTe 0COOEHHOCTH MPOLECCOB, MPOUCXOASIINX BHYTPU COKUTATENIbHBIX YCTPOUCTB
Pa3IUYHBIX KOHCTPYKLUH.

3. HazoBuTe criocoObl cMeIeH sl ra3a ¢ BO3AyXOM U KJIacCU(PHUKAINIO TOPETIOK.

4. OnumuTe KOHCTPYKINIO, IPUHIMI JeHCTBUS, IPOLIECCHl TOPEHMSI, JOCTOMHCTBA U HEJOCTATKH
T y3NOHHBIX TOPEIIOK.

5. OnuumTe KOHCTPYKIUIO, IPUHILIUI IEHCTBHS, MEXaHU3M IIpoliecca FOPeHus, JOCTOMHCTBA U
HE/IOCTATKN aTMOC(EPHBIX TOPEIIOK.

6. OnummTe yCTpOoCTBO MHKEKIIMOHHBIX TOPEJIOK Pa3IMYHOro Ha3HAYSHUs, MEXaHHU3M IIpolecca
TOPEHUSs, TOCTOMHCTBA M HETOCTATKH.

7. OnuumMTe KOHCTPYKIUIO TOPENIOK C MPUHYAUTEILHON oJaueit Bo3ryxa.

2.7. IlpakTuyeckoe 3ansitue Ne 7

Tema n/3: O0mue cBeleHUs] O TEIJIOBOM 000pYJ0BaHUH. PacyeT KOHCTPYKTHBHBIX MapaMeTpOB
MUIIEBAPOYHOTO KOTJIa

Iennb: u3ydyeHune Ha3HA4YEHUs, KOHCTPYKIMS W NPUHLUINA JAECUCTBUSA NHIIEBAPOYHOIO KOTIIA,
OIIpEJICJICHUE T'€OMETPUUECKUX DPA3MEPOB BapOYHOrO KOTJA; pacyeT TOJIIMHBI TEMJIOBOM H3O0JALUU
anmapara; olpeieIeHIe MacC KOHCTPYKTUBHBIX JIEMEHTOB.
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®opmMupyeMble KOMIIETEHIMH:
Kon: DopMyIHpPOBKA:
[1K-5 CIIOCOOEH NPUMEHSATH CIIEIHAIN3UPOBAHHBIE W MPO(ECCHOHAIBHBIC 3HAHNUS,
B TOM YHCIE HHHOBAIMOHHBIC, B OOJACTH TEXHOJOTHH MPOU3BOJICTBA
IPOIYKTOB THTAHUS, ONPEACIATh HANpPaBICHUS PA3BUTHS TEXHOJIOTHU
MUIIEBbIX MPOU3BOJCTB, MOBBIIICHUS KadecTBA M 0OE30MACHOCTH T'OTOBOM

IIPOAYKLIUH

I1K-6 CIOCOOEH MPOBOJUTH MPOEKTHBIE pacdyeThl, 00OCHOBBIBATH M OCYLIECTBIIATH
TEXHOJIOTHYECKUE KOMIIOHOBKH, noaoop 000pyZ0BaHUs JUIs
IIPOU3BOJCTBEHHBIX TEXHOJIOTMYECKUX JIMHUH, OCHOBHBIX u

BCIIOMOTATEJIbHBIX IIOMELICHWI, B TOM 4YHCIE C HCIOJb30BAHUEM
MH(POPMAIIMOHHBIX TEXHOJIOTHI

TEOPETUYECKASA YACTD:

[IumeBapouHble KOTIIBI MIPEIHA3HAYEHBI 1711 IPUTOTOBJICHMS IEPBBIX OJIFOJ, Kalll, BAPKU OBOILLEH,
KUIISTYEHUs. MOJIOKa U T.J. B TEXHOJIOTMYECKUX KMIKOCTAX (BOJA, MOJOKO, OYJIbOH), SBISIOLIMXCS
KOMIIOHEHTaMU KyJMHapHOM mnponaykuuu. HeszaBucumo oT crmocoba JEHCTBUS BapOYHOIO ammapara,
IpolecC BapKU OCHOBAH Ha MNPOXOAALIMX IOJ JAEHCTBHEM TEIJIOThl M Biaru (QpU3MKO-XMMHUYECKHX
MPEBpAIEHHsIX BEUIECTB, BXOJAIMMX B NpOAyKT. Kpome Toro, mpm Bapke OyJIbOHOB HMEIOT MECTO
IIPOLIECCHl IKCTPArupoBaHus (M3BJICUEHNUS) MUTATEIbHBIX BELIECTB U3 TBEPAOH (Pa3bl B )KUAKYIO.

Puc. 7.1 - BHemHuil By NUILEBAPOYHBIX KOTJIOB: @) MOJYJMPOBAHHBIN HEONPOKHUIBIBAIOLIUIICS
KOTel, 0) ONMpOKHUAbIBaIOIIUIiCS HeMo Ty aupoBaHHbIi koTen KI13-60

B Hacrosmee BpeMs Ha TPEANPHUATHAX  OOLIECTBEHHOTO MMUTAHUS  AKCIUTYaTUPYHOTCS
MUIIEBAPOYHbIE KOTJIbl Pa3IUYHBIX THUIIOB, OTJIMYAIOIIMECS CHOCOOOM o00OrpeBa, BMECTUMOCTHIO,
CIOCOOOM YCTaHOBKM, BHJIOM SHEPrOHOCUTENS M HEKOTOPhIMU JApYrMMH HpusHakamu. Ha puc.7.1.
MIpe/ICTaBJIeH BHEIIHUHN BU HEKOTOPBIX MOJIEe COBPEMEHHBIX MUIIEBAPOYHBIX KOTJIOB.

B 3aBucuMoctu OT cmocoba oborpeBa pa3iMyaroT MUIIEBAPOYHBIE KOTIBI C KOCBEHHBIM U
HEMOCPEACTBEHHBIM o0orpeBoM. HecmoTpss Ha mNpoCTOTYy YyCTpoOWCTBa, MNUIIEBAPOYHBIE KOTIBI C
HEMOCPEJCTBEHHBIM OOOTPEBOM B HACTOSIEE BpEMsl MPAKTUYECKH HE MPUMEHSIOTCA. DTO CBSA3aHO C
TaKUMM WX HemoctaTkamu, Kkak Huskuid KIIJ[, CII0XKHOCTh peryiaupoBKH TEIJIOBOTO PEXHUMA,
NPUrOpaHUeM MpoJyKTa W Ap. HarpeB mpoayKToB B KOTJIAaX C KOCBEHHBIM OOOTPEBOM IMPOUCXOMIUT C
MOMOUIBIO TMapOBOJSHONW pyOamiku, KoTopas oOecreunBaeT Oosiee paBHOMEpHBIM MOABOA Termja K
CTEHKaM BapOYHOM €MKOCTHM, YTO CHM)KAE€T BEpPOSITHOCTh IPUTOPAHUS MPOAYKTAa U IOBBILIAET
MIPOU3BOIUTENILHOCTD

[To crocoby ycTaHOBKM pa3iMyaroT KOTJIbI ONMPOKUIBIBAIOIIMECS, HEONMPOKHUIBIBAIOIIUECS U CO
CbEMHOM BapOyHOM eMKOCThI0. OTPOKUIBIBAIOIINECS KOTIBI UMEIOT 00BbEM BapOYHON €MKOCTH He Oosiee
60 1m3 1 060pyIOBAHBI YCTPOMCTBOM IS TTOBOPOTA BAPOUHON €MKOCTH OTHOCHTEIBHO TOPU30HTAILHOM
OCH BpalleHHs. DTO JAellaeT ux Ooyiee yIOOHBIMU IPU BBITPY3KE TOTOBOM MPOAYKLUHH U CAHUTAPHOM
o0CITyKUBaHUH.
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[lo BMecTMMOCTH Ha MNPEANPUSATUAX MUTAHUS B HACTOSIIEE BpPEMsS HCIOJIb3YIOTCS KOTIIbI
eMKocThi0 OT 40 mo 250 am°. B nuHeiHbIH pAl OTEYECTBEHHBIX MPOU3BOJIUTENICH BXOIAT KOTJIBI
emkocThio 40, 60, 100, 160 u 250 m°.

B 3aBHCMMOCTM OT [HaBJICHHsI B BapOYHOM COCYJE€ pa3IMyaloT IHIIEBAPOYHBIE KOTIIHI,
pabotaromuie npu atMochepHOM JABJICHWH, U aBTOKJIABBI, pa0OTaIONIME TPU MOBBIIICHHOM JaBICHHUH
(aBTOKJIABHI).

[To reomMeTpuyecKMM  MapamMeTpaM  MHUIIEBAPOYHBIE  KOTJIBl  KJIACCH(DUUIUPYIOTCS  HA
HEMOYJUPOBAaHHBIC, MOJYJIMPOBAHHBIC M KOTJBI IOJ (YHKIIMOHAIbHBIE EMKOCTH. bBOJBIIMHCTBO
MPOU3BOJUTENICH TEXHOJOTUYECKOTO OOOPYAOBaHHUS I TPEANPHITHA TUTAHUS PAKTHYCCKH
MOJTHOCTBIO TIEPEIIM Ha BBITYCK MOJIYJIMPOBAHHBIX IHIIEBAPOYHBIX KOTJIOB, BXOJSAIIUX B COCTaB
TEIUIOBBIX JIMHUKA. MOIyTupOBaHHBIE M HEMOYJIUPOBAHHBIE KOTJIBI UMEIOT HUIUHAPUYECKYIO (GopmMy
BApOYHON €MKOCTH, a KOTJIbI MO (YHKITMOHAIBHYIO €MKOCTh - IPSIMOYTOJIBHYIO.

[1o Tumy sHEProHOCUTENs] OCHOBHAS Macca MUILEBAPOYHBIX KOTJIOB OTHOCATCS K AJICKTPUUYECKUM.
Pexxe mpumensitor ra3zoBbie KoTibl. KoTiwl, paGoTaromuye Ha TBEpIOM TOILIMBE, B HACTOSINEE BpeMs
IIPUMEHSAIOTCS KpaliHE PEAKO.

YCTpoicTBO M NPUHLMI AeHCTBUSA

Hecmotpss Ha Oousbllioe pa3HOOOpasue MNHILEBAPOYHBIX KOTIOB, BCE OHU HMEIOT CXOXYIO
KOHCTPYKIIMIO W TIPUHIMIT JACUCTBHSA. VX YCTpOHCTBO paccMOTpUM Ha TpumMepe 00OOMEHHOW CXEMBI
ANEKTPUYECKOTO MUILEBAPOYHOTO KOTia (puc. 7.2).

Koren mnpencraBinser coOOi CBapHYIO KOHCTPYKIHIO, COCTOSIIIYIO M3 LHJIUHIPUYECKOTO
BapOYHOTo cocyza 1, mapoBOJsSHON pyOamiku 2 B HUXKHEH 4acTH KOTOPOW HaXOAMUTCA MaporeHeparop 3,
BHEIIIHETO OTPaXXACHUS 4, CIIOs TETUIOM30JSLIUU S U KPBIIKU 6. B 3aBUCMMOCTH OT €MKOCTH KOTJIa M €ro
HA3HAYEHUS KPBIIIKA MOTYT OBITh T€pPMETHYHBIMH U HETepPMETHUHBIMH. [ €pMETHYHBIMU KPBIIIKAMU
OCHAINAIOTCSL KOTJIBI C 00bEMOM BapouyHOl eMkoctu oT 160 am3 u BbIle, a TAaKKe B aBTOKJIABBI,
paboTaroryie npu U30BITOYHOM JAaBICHUU B BAPOYHON €MKOCTH. Takue KpBIIIKH UMEIOT 0oJiee MPOYHYIO
KOHCTPYKIIMIO W TUIOTHO TPMXKUMAIOTCA K BapOYHOM €MKOCTHU C TMOMOIIBI0 PE3MHOBBIX MPOKIANOK U
cnenuanbHoro kpemieHus. Kpome Toro, OHU OCHaIIeHBl KIAMAaHOM-TYpPOMHKOW ISl MOJAEp KaHUS
ONTUMAIBHOTO JaBJCHUS TMPU BapKe 3a CYET yAaJieHUs HU3JUIIKOB Mapa M3 BapoyHOM eMkocTu. B
HacTosilee BpeMsl Ha NPEANPUATHUSIX MUTAHHUS B OCHOBHOM HCIOJB3YIOT KOTJIbl C HEr€PMETHYHBIMU
KPBIIIKaMHU.

B mnaporeneparope Haxonsatcas TOHb1 7 xonuuectBoM OT 3 10 9 B 3aBUCUMOCTH OT €MKOCTH U
MomiHocTu kotia. Ilepen HauanmoMm paboOTHI Yepe3 3aJIMBOYHYIO BOPOHKY 8 MPOM3BOJAT 3arloHEHUE
raporesepaTopa KUIIIYEHON WM JUCTHUIUIMPOBAHHOM BOAoM. [l KOHTpoisl 3a ypOBHEM BOJbI B
raporeHepaTope MMEETCsl KpaH YpOBHS 9 M JaTYMK 3alIUTHI OT «cyxoro xona» 10..B maporenepatope
oOpa3yercs map, KOTOPBIN MOCTYMAaeT B MapOBOJIsAHYIO pyOamiky. Conpukacasich ¢ XOJIOJAHBIMU CTEHKAMU
BApOYHOIO COCYyJla OH KOHJEHCHUPYET, OTJaBas TEeIJI0O W TNPEeBpallasch B BOJY BHOBb CTEKaeT B
naporesnepaTop. JlaTuuk «Cyxoro xojia» U KOpIyc MnaporeHepaTopa BKIIOYEHBI B JIEKTPUUECK YIO LIETIb.
[Ipu oroneHur TOHOB DJIEKTPUUYECKAS IEMb MEXKIY JATYMKOM W KOPITYCOM TMPEPHIBACTCS, YTO SIBISETCS
CUTHAJIOM JJI1 aBTOMAaTUYECKOr0 OTKJIOUEHHS THOHOB M BKJIIOUEHHUS CUTHAJIBHOW JAMIIOYKU Ha MaHENIn
prOopoB.
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Puc. 7.2 - Cxema QJICKTPHUYCCKOI'O IMUIICBAPOYHOI'0 KOTJIa

CiMB XKHUJKOCTM M3 BAPOYHOI'O KOTJA OCYIIECTBIISIETCS C IOMOIIBK CIMBHOrO KpaHa 11 ¢
pereTkou 12.

Jns obecrneuenuss 0Oe30macHOCTH pabOThl MUIIEBAPOYHBIA KOTEN OOOPYAYIOT JABOWHBIM
MPEAOXPAHUTENBHBIM KJIanmaHoM 13, cocTosIuM U3 MapoBOro M BaKyyMHOToO KiaraHoB. Korja naenenue
B pyOamke mocturaer 3HaueHus cbiue 0,5 kI'c/cM? TapoBOii KIamaH OTKPBHIBAeTCA M M3JIHIIKM T1apa
BBIXOIAT B arMmochepy. BakyymHbIM KiIamaH OTKpBIBA€TCS TOTJA, KOT/AAa IPU OCTHIBAHMM KOTJA B
pyOaiike o0pa3yeTrcsi BakyyM, YTO MOKET IIPUBECTHU K ee AeopMariui.

ABTOMAaTHUYECKOE PETYJIMPOBAHHE TEIJIOBOTO pEXUMa KOTJIAa MPOU3BOAUTCS C IMOMOIIBIO
ANEeKTpOKOHTakTHOro MaHomeTpa (OKM) 14. OH umeer Tpu CTpENKH - OJHY IMOABIXKHYIO U JIBE
HernoABWXKHBIC. [loIBIKHAS CTpesKa MOCTOSTHHO MOKa3bIBAaeT JIaBJICHUE Mapa B MapoBOAsSHOM pyoOatke. C
MOMOIIBIO CHELUATBHOTO KJII0Ya HEMOJABUKHBIE CTPEJIKM YCTAHABJIMBAKOTCS HA 3aJaHHOE BEpXHEE U
HIDKHEE JaBiieHHe. B mporiecce paboThl KOTJIa TpH JOCTHXKEHUM BEPXHETO 3aJaHHOTO JaBJICHUS
MOABMKHASL CTpeJIKa COBIAJAeT C COOTBETCTBYIOUIEHM HEMOJBMXKHOW CTPEJIKOM M 3aMbIKaeT
JJIeKTpUYeCcKre KOHTakThl. [Ipu 3TOM KOTEen mepeximovaercst Ha 1/6 cBoeit momHocTH. Korna naBnenue
napa ynajer [0 3aJaHHOTO MHHMMAJbHOTO 3HAUYEHMs, IOJBUYKHAS CTpPENKa COBIAJAET C HUXKHEH
HETIOJBMKHOM CTPEJIKOM M 3aMKHET KOHTAaKThI, OJjarofapss KOTOPBIM KOTEI TEPEKIIOYUTCS Ha
MaKCUMaJbHYI0 MOIIHOCTh. Takum oOpa3om, paboTa KOTJIa MOAJEPKUBACTCS B 33JaHHOM TEILIOBOM
pexume.

VYmpasneHnue paboToil KOTiia MPOU3BOJUTCS C TIOMOIIBIO MyJIbTa, HA KOTOPOM HAXOJSATCS KHOIKH
«ITYCK», «CTOT», CUTHAJBHBIC JIAMIIbI, TYMOJIEPHI JUIsl TIEPEKIIOUEHUs PEKUMOB U HEKOTOPBIC JIpyrue
OpraHbl YIpaBJ€HUS B 3aBUCUMOCTH OT NPOU3BOAMUTENA. B COBpEeMEHHBIX MHUIIEBAPOUYHBIX KOTJIAX
MyJIBTHl YIIPABJIEHUSI PACIOJaraloT HEMOCPEJACTBEHHO Ha (POHTANBbHON (TepedHeil) MOBEPXHOCTH
BHEIIIHETO OIPaXKJICHUSI.

KoHcTpykIMs KOTJIOB IOCTOSIHHO COBepIIeHCTByeTcsa. Hampumep, KpymHEHIIMN pPOCCHHCKUI
npou3BoauTENb TeroBoro obopynoBanuss OAQO «UyBamITOprTeXHUKa» OCHAIIAET CBOM  KOTIIBI
JOTIOTHUTEIPHBIMM ~ aKCECCyapaMH B BHUJE pEIMIETYATOW METAUTMYECKON TIOBEPXHOCTH, KOTOpas
YCTaHAaBJIMBAETCA B BApOYHYI) €MKOCTh KOTJIa U TO3BOJISIET MPOU3BOJAUTH Bapky Ha mapy. dunckas
dbupma «Metos» TPOU3ZBOIUT KOMOWHUPOBAHHBIE OIMPOKHUIBIBAIONINECS KOTJIBI, OCHAIICHHBIC
CHEeIUAIbHBIM MHKCEPOM C IOMOIIbI0 KOTOPOrO0 MOKHO MPOU3BOJUTH MNEPEMEIIMBAHUE MPOTYKTOB
HETIOCPEICTBEHHO B BAapOYHOM €MKOCTH KakK MPH BapKe TaK W TOCJIE Hee. Takue KOTIbl YIOOHBI It
MIPUTOTOBIIEHUS KapTO(eTHHOTO MI0pe, OBOILITHOTO pary, pa3lu4yHbIX AecepToB U T.1. DyHKIIMOHATBHBIC
BO3MOKHOCTH TaKUX KOTJIOB PACIIUPSIOTCS elle OONbIIe MPH HATHYUU CHCTEMBI OBICTPOTO OXJIKICHUS
BapOYHOI EMKOCTH 32 CUET MOJJa41 B MOJIOCTh MMAPOBOSTHON PYOAIIKH MPOTOYHON XOJIO0THON BOIBI.

IIPAKTHUYECKAS YACTb:
1. OnopeneneHue reOMETPUYECKAX PA3MEPOB BApOYHOI'0 KOTJIA
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[lenpi0 KOHCTPYKTHBHOTO pacyeTa SBJISETCS ONpEesIeHHEe OCHOBHBIX pPAa3MEpOB ammapara B
COOTBETCTBUHM C TEXHHYECKUM 3aJaHHeM. BapouHble KOTJIbI SBIAIOTCS ammaparaMyd HEpUOAHYECKOTO
JEUCTBUS, TOATOMY MX XapaKTePU3YIOT EMKOCTBIO paboyeil kaMepbl U OCHOBHBIEC pa3Mephl ONPEESIOT,
UCXOJs W3 3a/laHHOr0 o0bema coaepxkumoro kotia. Crenyer Y4YMTHIBaTh TaKKE JSPrOHOMHYECKHE
TpeboBanus. J[ns ymoOcTBa 0OcmyKuBaHUs 00IIasi BRICOTAa MUIIEBAPOYHOTO KOTHa Hysy MOTKHA OBITH B
npeaenax 900 = 1100 mm. PacyerHas cxema BapOYHOIrO KOTJIA C 3JEKTPOOOOrpEeBOM HM300pakeHa Ha
pucyHke 7.3.

Lot
2,
xp ‘31
) : us
= lﬂﬂ >
Dg }
C <{ - Souis Ig
;
<3| K |
‘ ]
| ey |duse
5 - [ dn <
ES
8n

4

Pucynok 7.3 - PacueTHas cxema BapOYHOT0 KOTJIa C ANEKTPUUYECKUM 000OTPEBOM:

D« — nmuamertp kpbiiku, Dy, = Dy; Dos: — nuamerp oOnuiosku; D, — quamerp HapyKHOTO
komia; D, — muamerp Bapounoro cocynaa; Hos, — oOmas BeicoTa ammapara; H — BbIcOTa BapoyHOTO

cocyaa, th— BBICOTA BBIMYKJIOCTH KPBIIIKH; h — BbICOTAa BOTHYTOCTHU HWJIM BBIITYKJIOCTH BapO4YHOI'O
cocynma; h, — BepTHKalbHOE PACCTOSHHE MEXKIY HApYKHbIM M BHYTPCHHHM KOTJIAMH; d, — JJHHA
naporeHepatopa (Ha cxeme He IokaszaHa); b, — mmpuHa maporeneparopa; h, — BbICOTa mapo-

reHeparopa; hs, — ypOBeHb BOIBI B MApOreHEPATope; Jys—TOJIIMHA TEIUIOBOW H3OISILIUH; Opys —
BEJIMYMHA 3330pa MEXK/y BApPOUYHBIM COCYJOM U HAPYKHBIM KOTIOM; Hpocr — BBICOTA TIOCTaMeHTa; O, —
nnametp TOHa, d.s. — muamerp n3rnda TOHa.

BapouHble cocyapl BapOUHBIX KOTJIOB, KaK MPaBUIIO, UMEIOT LIHJIMHAPHUYECKYIO (POpPMY U MIIOCKOE,
BBINYKJIOE WJIM BOTHYyTO€ AHHINE (pUCYHOK 7.4). XapakTepusyroTcss oHM nuameTpoMm D, BbicoTON H
BAapOYHOTO KOTJa, BBICOTOM /{1 3allOJHEHHsS BAPOUYHOIO COCYJAa COAEPKUMBIM, BBICOTOM BOTHYTOCTH
(BBIMyKJIOCTH) BapouHOro cocyaa h. Ilpu BeIOOpe KOHCTPYKTHUBHOM (hOpMBI JHHUINA CICTyeT YUIUTHIBATH
yI00CTBO pazbopa COIEp>KUMOI0 KOTJIa Yepe3 CIMBHON KpaH, a TAK)KE YCIOBHUS CTEKAaHHs KOHJEHcaTa C
JHMIA B MApOreHepaTop, TaK Kak KOHJEHCAT CO3AAET JIOMOJHUTEIBHOE TEPMHUYECKOE CONPOTUBIICHUE
terionepenade. Cienyer NOMHUTh, YTO BApPOYHBIE KOTJIBI MOXKHO MPOEKTHUPOBATh KaK CTallMOHAPHBIMU
(pucynok 1.1), Tak u onpokuasiBatoumucs. [lpu pabouem oobeme V < 70 1 MOXKHO NMPOEKTUPOBATH

ONPOKU/IBIBAIOIIMIICS KOTe ¢ BBIMYKIbIM aHuIIeM, npu oobeme V = 70 71 nenecoobpastee BrIGHpaTh

CTAllMOHAPHYIO KOHCTPYKIUIO KOTJIa C BOTHYTBIM JHUIIICM.
Ds D D
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Pucynok 7.4 - Kondurypamus BApOYHBIX COCYJIOB:
@ - C TUTOCKUM JIHHIIEM, 6 - C BBIMTYKIIBIM THUIIEM, 6 - C BOTHYTBIM JTHUIIEM

N3 KOHCTPYKTHBHBIX M OKCIUTyaTallUOHHBIX COOOpaXCHHWH MPUHHMAEM COOTHOILICHHE

H

K= E =0,3+12, npuuem yem Gonblie 00BEM COMEPKUMOIO KOTJIA, TEM MEHBIIE IOJKEH OBITH

[

h

koohpuiment K u ornomenne K; = D =0,05+0,1.

8

O0beM BapOYHOTO COCY/Ia PABEH:
V,=— (7.1)
rae V — 06beM COepKHMOTr0 BAPOUHOTO KOTIA, M,
@ — k03 dunmeHT 3amnoaHeHus Bapounoro koria (¢ = 0,8 —0,9);

JlaMeTp BapO4HOro COCY/Ia MOYKHO OINPENEIUTh 110 (OpMYyJIaM, PUBEICHHBIM B Taduie 1.1

Paccuntansblil AaMeTp BapoOYHOIro cOCyla OKPYIIISIFOT A0 ctaHaapTHoW BennuuHbl. [[OCT 9617-
76 mpeaycMaTpUBaeT psj BHYTPEHHMX HOMHHAIbHBIX nuameTpoB: Dg = 200, 250, 300, 350, 400, (450),
500, (550), 600, (650), 700, (750), 800, (850), 900, (950), 1000, 1100, 1200, (1300), 1400, (1500) mm.
JlnameTpsl, 3aKIIOYEHHbIE B CKOOKH, PEKOMEHYeTCsS MPUMEHSATh TOJIBKO Ui pyOallek anmaparos, T.e.

st D,,.. [lnameTp Hapy)KHOTO KOTJIa ONpe/IesieM KOHCTPYKTHBHO:
D, =Ds+ (50+100), MM

Tabnuua 7.1 — @opmyibl 1711 onpeAeIeHus pa3MepoB BApOYHOTO coCya

dopmyiia s ONpeaeaeHUs
dopma HHIIA nuametpa D, BapouHOro cocyna, | BBICOTHI /{1 3aII0JIHEHUS] BAPOYHOTO
cocyna, M
D =
ITnockas “ Hi = ¢pKD, (1.5
D, = K
Beimykoias ° 3 H, = (0( K- 71) D, (1.6)
D, = |——— : K
Bornyras C sz K, H, = (p(K + —1) D, 1.7)
k=21 2
4 2
BeicoTa BBIMYKJIOCTH (BOTHYTOCTH) BApOYHOTO cocyza h paBHa:
h = DsK1 (7.2)

BricoTa Bapo4HOTO cocyna:
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H= D, K, (7.3)
TonmuHy CTEHOK BapOYHOIO COCYZa, HAPYKHOTO KOTJIA U KPBIMIKH Ocm, BBIMOTHEHHBIX W3
HEPIKaBEIOIIEH CTalli, MOXXHO MPUHSTH OJMHAKOBOW U PACCYUTATH MO PopMyIIe:

P-D
o, = v +C
26()01177.¢ _P ’

rae P — pacuetHoe (pabodee) naBicHHE, paBHOE 3aJaHHOMY JIaBJICHUIO B IMApOBOW pyOarike,

M (7.4)

Mlla;

D¢ BHYTpeHHHMIT aMeTp BapOYHOTO COCY/a, M;

Ooon— HOMHUHAJIbHOE AONycTUMOeE HanpsbkeHue, MI]a.

7 — K03 GUIMEHT, YUUTHIBAIOLIHI Ki1ace ammapara (mpu oborpese napom 7 = 0,9);

@' — KO3 PUIMEHT TPOYHOCTH CBapHOTO 1Ba; (Tabymma 7.3)

C — mompaBka Ha KOPPO3UIO U OKPYIJIICHUE TOJIIUHBI Ocm 1O CTAHAAPTHOM TOJNIIMHBI JHCTA,
MM. [ erupoBaHHBIX cTaiei MPUHUMAIOT CKOPOCTh KOPPO3UU He Ooliee

C.=0,1 mm/ron. HopMaTHBHBIH CPOK SKCIUTyaTallMy TEIUIOOOMEHHBIX ariapaToB

N =8 — 10 ner. [TonpaBka Ha xopposuro C = N- C..

[Tpumeuanue: ToNIMHEI IUCTOB CTalu cienyeT BeiOuparth u3 pana: 0,5; 0,55; 0,6; 0,65; 0,7; 0,75;
0,8;09;1,0;1,2;13;14;15;16; 1,7; 1,8; 2,0; 2,2; 2,5; 2,8; 3,0; 3,2; 3,5; 3,8; 4,0; 4,2; 45, 4,8, 5,0
(T'OCT 19904-74).

Ta6n1z1ua 7.2 — HOpMaTI/IBHO AOIIYCKACMbIC HAIIPSZKCHUST TJI cTajieil B 3aBUCUMOCTH OT

TEeMITepaTypbl
PacueTtHbie 16I°C
TeMIepaTypsbl 12XH 15XM X18H10T
A 091°2C
creaku, °C
20 167 144 152 143
100 156 143 150 132
200 145 142 149 122

Tabnuua 7.3 — 3HaueHne ko3P PuIHEeHTa IPOYHOCTU (@ CBAPHBIX IIBOB JUISl CTAJIBHBIX COCY/IOB

Tun cBapHOTO Bun cBapku
COEINHEHNSA Pyunas ABTOMaTH4YECKAsA
CTBIKOBOH
o 0,85 0,8
OJIHOCTOPOHHUI IIOB
CTBIKOBOH
o 0,9 1,0
JIBYCTOPOHHUH TIIOB

Jns onpenenenuss KOHCTPYKTUBHBIX pa3MEpOB MaporeHepaTopa MPUHUMAEM KOJUYECTBO BOJIbI,
3aJIMBAa€MOM B NapoOreHepaTop:

W =7+ 8 1 st KoTJ10B BMECTUMOCTHIO 710 100 TUTpOB;

W =10 +14 1 qnst kot0B BMecTUMOCTHIO 0T 100 10 250 uTpoB.

Jns ynoOnoro pasmenienuss TOHoB maporeHeparop BBINONHSIOT B (OpMe MNPSIMOYTOJbHOTO

napajuienenunena. O0beM MaporeHeparopa MOXKHO OINpeAeNuTs Mo (QopMmyJe: Vn =a, - bn : hn .
[TaporenepaTop 3anonHsOT Boiok Ha 80% ero oObema, Toraa 00beM naporeHeparopa paBeH
w .10 ;
= " 1 M 7.5
n 08 (7.5)
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Hcxonss w3 yclioBHM  BKCIUTyaTalMd M OKCIEPUMEHTAIBHBIX  MCCIECIOBAHUN, MOYKHO
PEKOMEHI0BATh CIIEAYIOIIHE OTHOIICHHS JJIMHBI, IMHPHHBI W BBICOTHI MaporeHeparopa: da.:b,: h, =

\Y

_ n
2:1:1,25. Torga mmpuHa maporeHeparopa OyaeT paBHa bn =3 _2 5 [TonydyeHHOE 3HaYEHHUE OKPYTJISIOT
]
B OOJIBIIIYIO CTOPOHY JI0 BETUYMHBI KpaTHOU 10 MM.
TonmmuHy CTEHOK MaporeHepaTopa NPUHUMAIOT O, = denm + 0,8...1,0 ym.
[Tocne onpeneneHusi OCHOBHBIX pa3MEpOB arrapaTa BbIIOIHSIOT €ro ICKU3HYI0 KOMIIOHOBKY.
2. Pacyer TOJIIMHBI TEIIOBOW W30JISIIIMH alapara

TerutoBast M30JIALMS aNmMaparoB JODKHA 001alaTh JOCTATOYHOW MEXAHWYECKOW MPOYHOCTHIO,
MPOTUBOCTOATh BBICOKMM TeMIlepaTypaM, HMETbh HHU3KYK TEIUIONPOBOJHOCTb, TEINIOEMKOCTh H
THTPOCKONUYHOCTh. Oco00e BHUMAaHUE YIENSETCS BHIOOPY TEIUIOBOM M3OJIALUHU B CHIPHIX MOMEIICHHSIX.
B 5THX ycnoBHSX CyHIECTBYET OMNaCHOCTbh HACBIILIEHUS M3OJISILUU BIArou, BCIEACTBUE YErO0 CHHMXKAKOTCS
€€ TCIUIOHU3O0IMIIUOHHBIC CBOfICTBa. HGKOTOPI)IG BHUIbI TCIINIOU3OJIAINOHHBIX MaTepI/IaJIOB n Hux
Ter10(hU3NIECKUEe CBOMCTBA JaHbl B IPUIIOKCHHUH.

TOJIHII/IHy TGHHOBOfI N30JI0nn OHpGI[GJISIIOT nu3 paBeHCTBa YILGJII)HI)IX TCIIJIOBBIX ITOTOKOB qepe3
CJIOHM M30JIALIMU U OT MOBEPXHOCTH U30JISIIUH, IIOKPHITON OONHUIIOBKOH, B OKpyKaromlyto cpeny. [Ipu atom
TepMI/IIIeCKI/IM COHpOTI/IBJIeHI/IeM CTCHKHA CTaHBHOﬁ O6JII/IIIOBKI/I npeHe6peraI0T BBUY cec MaJIOfI TOJIIIUHBI
1 BBICOKOTO KO3(h(PpHUIIMEeHTa TETUIONPOBOIHOCTH.

Torna:

2’ K K K
q = 5143 (tH - to6jz ) = aodq (to6.1 - te ) (76)
us
rae Aus — KO3hGUIUEHT TEIIONPOBOJHOCTH MaTepuana uzoisuuu, B1/(m-K). Cnegyer mnoMHUTS,

9TO KOA(P(GUIUEHT TEMJIONPOBOJHOCTHU A 3aBUCUT OT CPEAHEN TeMIIEpaTyphl B CJIO€ TEIJIOBOM M30JILUN
cp __ A K
tw - 0’5 (tH + to6ﬂ )v (77)

K
t n — TeMmIeparypa HapyXHoro komia, °C; TeMmIeparypy HapyXHOro KOTJIa CUMTAIOT PaBHOM
t =t
TeMIeparype rperomero napa L, =L,

K
to@, — TeMIlepaTypa NOBEpXHOCTH OOJIMLOBKU KOTJA, °C; 0 CAHUTaApHO-TUTHEHUYECKUM HOpMaM

TeMIIepaTypa MOBEPXHOCTH OOJIUIIOBKH HE JoJkHA npeBbiaTh 55 °C. O6puHO npuHuMaroT 45 + 55 °C
Ooor— KO3(PPULIMEHT TEIuIo0TAaYM OT MOBEPXHOCTU OOJIMIIOBKU KOTJIAa B OKPY)KAIOLIYIO Cpeny,
Br/(m?-K).
[TpeoOpa3oBaB BelpakeHue (7.6), ompenesuM TOJNLIMHY TEIUIOBOW H30JIALMM ammapara I0

dbopmyre:
S = /’Luo’ (t: _tgézz)

a05ﬂ ( obn t@ ) ’

Jis  anmapaToB IMJIMHAPUYECKOW (OPMBI, YCTAHOBIEHHBIX B 3aKpPBITBIX IOMEIIEHHSX, C
00JIMIIOBKaMH, OKpPAIIEHHBIMH MaJIEeBBIMU KPACKaMH CBETJIBIX TOHOB, KOA(PQGUIIMEHT TETJIOOTAAYH O C
MOBEPXHOCTHU OOJIMIIOBOK KOTJIa MOKHO ONPEIETUTH 10 hopmyie:

a06fl = 9’74+ 0’07 ’ (t(’;@z _tg) ) f—m (79)
m - K

HailinenHyto TONIIMHY H30JSLMUU Oy; OKPYIJISIOT O CTAaHAAPTHOW BETUYMHBI KpaTHOM 5 MM, a

3aTeM pacCUUTHIBAIOT JICHCTBUTENBHYIO TEMIIEPATYpy Ha HOBEPXHOCTU OOJIMIIOBKH.

(7.8)

3. OHDQI[CJICHI/IG MacC KOHCTPYKTHUBHEIX DJICMCHTOB
B HecTanMOHapHOM peXHME 4YacTh TEIJIOBOM SHEPrUU PACXOAYETCsl Ha HArpeB KOHCTPYKIUA
KOTJIa, B TOM YKCJI€ BAPOYHOTO U HAPYKHOTO KOTJIOB, TAPOT€HEPATOPa, KPBIIIKH, OOIUIIOBOK, TPYyOUaThIX
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3JIEKTPOHArpEBATeNIe, TEIIOBOW H3oisauuu. Llenpro gaHHOro pacuera SIBISIETCA ONPEACICHUE Macc
KOHCTPYKTHUBHBIX 3JIEMEHTOB.
Macchl 2JIEeMEHTOB KOHCTPYKITUH MOXKHO OTIPEIEIIUTh 10 (hopmyIie:

G=F9%-p , r (7.10)
rae: Fi — muomass sneMenTa KOHCTPYKIUH, M,
Ji — TOJIIIMHA CTEHOK AJIEMEHTa KOHCTPYKIIUH, M;
pi — IIIOTHOCTH MaTEpUana, KI/M>; IOTHOCTb CTAIH pem = 7900 Kr/m°

HJ'IOH_IaI[B IIOBEPXHOCTHU BAPOYHOr'0o COCyJa € y4€TOM BBIITYKJIOCTH WJIKM BOTHYTOCTH AHHILA PaBHA:

aD? D?
F,=D,-H+—=+a’=2D,-H+—=+h" |, (7.11)
I[nomans MOBEPXHOCTU HAPYKHOTO KOTJIA:
aD?
FH = 7Z'DH -H + 4” —anbn’ (7.12)
HJ-IOH_IaI[B MOBCPXHOCTHU KPBIIIKU € YIETOM BBITYKIIOCTH:
DZ
— xp 2 . —
FKp =T T + th y DKp = DH (713)

BbicoTy BBINMYKJIOCTH KPBILIKH Ny, ClIEAyET IPUHUMATh KOHCTPYKTHUBHO, th ~h.

TonmmHAa CTEHOK BapOYHOT0, HAPYKHOTO KOTJIOB M KPBIIIIKA MOKET ObITh MIPHHSTA OJJUHAKOBOM
JUIS BCeX IIEeMEHTOB 110 Gopmyre (7.10), TonmmHa CTeHKU naporeneparopa o, = dem + 0,8...1,0 1m.
Macca [OTOHHUTENBHBIX METAJUTMYECKUX AJIEMEHTOB apMaTypbl U KapKaca KOTJa COCTaBJISIET
250% ot maccel BapoyHoro cocyaa. Macca nocramenta coctanisieT 400 % oT Maccbl BAPOUHOIO COCY/Ia.
[Tnomanp MOBEPXHOCTU HAPYKHOM OOJIMIIOBKHU:

F, =D, (H+h,) (7.14)

o6 0

D06Jz = DH + 2(5cm + 506]1 + 5u3) ) (7-15)

BeprukanbHoe paccTosiHUE MEKY Hapy>KHBIM U BHYTPEHHUM KOTJIaMU IPUHUMAETCS U3
A3CKM3HOM KOMIIOHOBKH.

TonmuHy TUCTOB OOIUIIOBKU MIPUHUMAIOT Jogr = 0,5 + 0,7 MM.

[Tmoniaar MOBEPXHOCTH MApOreHEPaTOpA paBHa:

Fn:2bn-hn+an-hn+an-bn, (7.16)
OnHa U3 CTEHOK MaporeHepaTopa mpeacTaBisieT co0oi Tty s kperienus TOHoB muiomnaasio
F.=h -a_
h =h_+0,08
7.17
a =a +0,08°M (7.17)

rne Ng, — ypOBEHB BOJIBI B TAPOTEHEPATOPE, M.
[Tnura kpenutcs k Quanny mupunod 0,04 M, mpuBapeHHOMY K maporeHeparopy. Ilmomans
¢nanna:

Fd)ﬂ = anl - an ) hen = al’l/l ) hn/l - a‘n ) h@n ] (718)

TonmuHa mUTH U (pIaHa oAUHAKOBA U PaBHA Oy, = 0,010 M. OO1Mit 00beM IIMTH U (II1aHIa C
y4eTOM OTBEPCTUM MO KpenexxHble 00Thl ¥ KoHIbI TOHOB paBeH:

Vv, +V, =[2a,-h, —ah, —057(d?n, +d?n,)|-5,. (719

ni

rae: Ng— uncio 60atoB; Ng = 10 wim 12 mryk.
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Macca onHoro kpenexxnoro 6onra M10x60.58 TOCT 7805-70 c raiikoit u maii0oii cocrasisietr 90
+95r.
Maccy TOHoB paccuuTsiBatoT 1o gopmyie:
>G, =115-n,-G, , e (7.20)
rae 1,15 — koo duuueHT, yauThIBAIOMINUNA MacCy JOTMOIHUTEIBHBIX KOHCTPYKTUBHBIX 3JIEMEHTOB

TOHa;
Nm — komuuectBo TOHoOB, mr. U3 ycnoBus peryinpoBaHMsT MOLIHOCTHM B COOTHOLIEHUH 6:1

MIPUHUMAIOT KOJIMYECTBO Ny = 3 17151 KoTioB V < 70 11 1 Ny = 6 119 KOTIIOB V=70 n
G — Macca akTuBHOM yactu ogHoro TOHa, kr

G,=n-L,|d, 8, p,+025p,,(d,~2:6)| (7.21)

rae: La— mmna akruBHOM yactu TOHa, M;

d»n— muamerp Tpyoku TDOHa, m; npuHuMaroT u3 cranaaptaoro psaga: 8; 9,5; 10; 12,5; 13;
16 mm.

Om — TOJILKMHA CTEHKH TPYOKH, M; IPUHUMAIOT Oy = (1,0+1,5) 102 m;

Pem , Puan — COOTBETCTBEHHO IUIOTHOCTH Matepuana TpyOkum TOHa w  HanmomHuTEns
(IIepMKIIa3a WM KBAapIEBOIO MECKa),KI/M>; IIOTHOCTh CTAIM pem = 7900 kr/m3; amoMuHES pa = 2560
Kr/M3, matynu p, = 8500 Kr/M°, puan = 30503150 xr/m>.

Jnuny axtuBHOM uyactu TOHa OpuUEHTHPOBOUHO ONpPENENsIOT U3 YCIOBUU PpPallMOHAIBHOTO
pa3melieHusi Harpeparenieil B maporeneparope. Juamerp msruba tpyoku TOHa O, OpHEHTHPOBOYHO
MO3KHO OIPENETUTh 1Mo GhopMmyie

d =b -2.002-d (7.22)
Torja AnvHa akTuBHOU yactu TOHa paBHa L, = 22d

Cnenyer noMuuts, uto d,, =27d,, .
Maccy TerioBoi U30JSAIIMNA BEIYUCISIIOT IO opMyIie:

Gu3 = %(H + hH )(Dozﬁfl - DHZ) us ! Ke (723)

Macca Bapo4HOro KoTJIa paBHa G = ZGi

Tabnuna 7.4 — VicxonHble TaHHBIE K pacueTy

Ne,B
Howmepa noasapuanTos
apu | ITapame
aHT | TphI
OB 1 2 3 4 5 6 7 8 | 9|10 11 |12 | 13
1 V., n 70 75 80 85 90 100 | 110 | 120 | 125 | 130 | 140 | 145 | 150
2 P, kxIla 140 145 150 | 130 | 133 | 137 | 143 | 135 | 128 | 147 | 139 | 144 | 149
te, °C 20 21 22 23 24 25 26 27 | 28 | 29 30 19 20
3 £
600 » 6 7 8 9 10 11 12 13 | 14 | 15 11 10 9
°C
tK
4 600 1 99 96 98 100 97 96 99 | 100 | 97 | 98 96 | 100 | 99
°C
5} Tp , MUH 43 38 48 41 53 45 43 46 | 52 | 44 59 47 50
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KoHnTpoJibHbIE BONIPOCHI K TeMe 3aHATHS:
1. HazHayeHue nNuieBapoOYHbIX KOTIOB, UX OCHOBHBIE THIIHI.
2. Knaccugukaius numieBapoyHbIX KOTJIOB.
3. YCTpOUCTBO M IPUHIIUIT I€UCTBUS TUIIIEBAPOYHBIX KOTJIOB.
4. Kak ocyl1iecTBIs€TCsl aBTOMaTH4YECKOE PETYJIMPOBAHNE TEMIOBOIO peXXUMa KOTJa.

2.8. [IpakTuyeckoe 3ansiTue Ne 8

Tema n/3: BapouHoe, xapoyHoe U IMeKapckoe o0opyaoBaHHe. TerIOTeXHUYECKHUE pacdeThl
MUIIEBAPOYHOTO KOTIa

Heab: wusyueHue pexKUMOB pabOThl MHUIIEBAPOYHOIO KOTJIA; HU3YYEHHE MPUHIMIHAIBHON
ANEKTPUYECKOM CXEMBI; ompeseseHrne kKodpuiueHTa Terionepeiadyl uepe3 CTeHKY BapOUHOT0 COCY/a;
OTIpeJIeIeHUEe DHEPreTHYecKoro OajaHca ammapaTa B peXHME pa3orpeBa 10 KHIICHHS; OIpeaesieHHe
SHEPreTHUECKOro OanaHca anmnapara B peXKUME «THXOT0» KUIICHHUS.

DopmMupyeMble KOMIIETEHIMH:

Kon: DopMyIHPOBKA:
I1K-5 CTMOCOOCH MPUMEHSTDH CIIEUATN3NPOBAHHBIE U MTPOPECCHOHATILHBIC 3HAHNUS,
B TOM 4YHCI€ HHHOBAallMOHHBbIE, B OOJACTH TEXHOJOTHH IPOU3BOJCTBA
INPOAYKTOB IIUTAHUA, ONPCACIIATL HAIIPABJICHHUA Pa3BUTUA TCEXHOJIOTIMHU
MUIIEBBIX MPOU3BOJCTB, MOBBIINICHUS KauyecTBAa M 0€30MacCHOCTU TOTOBOM

MIPOTYKIIUH
[TK-6 CIIOCOOCH TIPOBOJIUTH MPOCKTHBIC PAaCUeThl, 000OCHOBBIBATH U OCYIIECTBIISAThH
TEXHOJIOTHYECKUE KOMITOHOBKH, noaoop o0opynoBaHus JUTSt
MIPOU3BOICTBEHHBIX TEXHOJIOTHUECKHUX JTIUHUH, OCHOBHBIX "

BCIIOMOT'aTEJIbHBIX IIOMEIUEHHH, B TOM 4YHUCIE€ C HCIOJIb30BAHUEM
MH(OPMAIIMOHHBIX TEXHOJIOTUI

TEOPETHYECKASA YACTD:

PaznuuatoT 1Ba OCHOBHBIX PEXHMa BapKH B XKHUJIKOCTSIX MPU aTMOC(EPHOM JIaBICHUU:

— Pexum 1 - noBeneHne colepKUMOro BapOYHOI'O COCY/AA 0 KUIIEHUS Ha MOJIHOW MOIIHOCTH, a
3aTeM aBTOMAaTHUYECKOE MEPEKIIIOUEeHUE Ha TOHMKEHHYIO MOIIHOCTH (1/6 4acTh) A mpOoJOKEHUs BApKH
MPOIIECCOM «THXOTO KUIEHUS». ITOT PEXKUM UCHONb3YeTCsl IIPU BapKe CyMoB, OOpPIIEH U Ipyrux MepBbIX
OJro I

— Pexxum 2 - noBeneHue cOAEPKUMOIO BAPOYHOTO COCyNa A0 KMIIEHHs INPH MaKCUMaJIbHON
MOIIHOCTH U IOJIHOE OTKJIIOYEHHE HarpeBareneil. JloBapuBaHue MPOUCXOANT 33 CUET aKKyMYIMPOBAaHHON
TEIUIOTHI MPOAYKTOB 0€3 pacxoia PHEpPruu. DTOT PEKUM HCHOJIB3YETCs Ui BapKW Kalll, KUISTYEHUs
MOJIOKa ¥ BapKH HAIHUTKOB.

HarpeB ocymectBiaseTrcs OT KUOAMIEW JKUJIKOCTH BHYTPb IPOAYKTa 3a CUYET €ro
TEIUIONPOBOJHOCTH M 3aBUCUT OT TEMJIO(PU3NYECKHX XAPAaKTEPUCTUK KOHBEKTHUBHOW Cpelbl U CaMHUX
npoayKkToB. Tak Kak OOJBIIMHCTBO MPOJYKTOB MMEET HU3KUN KOA(PHUIMEHT TEIIONPOBOJAHOCTH, TO C
LEeIbI0 TOBBIIIEHUS! MPOU3BOJUTENIBHOCTH W YMEHBIICHHS 3HEpPro3arpar mepe] BapKOH MPOTYKTHI
KEJIaTeIbHO U3MENbYATh.

OcHOBHBIE TEXHOJIOTUYECKHE TPEOOBAHUS, IPEIBIBISIEMbIE K MHUIIEBAPOYHBIM KOTJIAM, CBOISTCS
K IOJIyYEHUIO BBICOKOKaYECTBEHHOI'O TOTOBOIO MPOAYKTA C MAaKCUMaJIbHBIM COXPAHEHUEM NHUTATENbHbBIX
BELIECTB MPU MUHUMAJIbHBIX 3aTpaTax BpEeMEHU M MOTpeOIsieMON SHEpruu, CHUKEHUH Tpy[03aTpar
00CITYKMBAIOIIETO MePCOHANa 1 00ecTeYeHHH 0e30MacHON padoTEHI.

Koren moxer ObITh BKIIOYEH B ceTh ¢ HampsbkeHueM 3N~380 BonbT u 3~220 BonsT (PucyHok
8.1). Jlnma mnomyueHuss CWIBHOrO HarpeBa npu HanpsbkeHun ceth 3N~380 BoabT HarpeBarenu
COEMHAIOTCS B 3BE3]1y, CJIA00r0 Harpesa - MOCIeA0BaTENbHO MPUCOEINHAIOTCSA K CETH MEXTy (a30BbIM
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C u nynesbiM N npoBojamu. [l mosydyeHUs] CUIBHOTO HarpeBa IpH HanpspkeHuu cetd 3~220 BOJIBT
HarpeBaTeld COEIUHSIOTCA B TPEYroJbHUK, CJa0Oro HarpeBa - IOCIEAO0BAaTEIbHO MEXIY ABYMs
¢azoBsiMu poBogamu. [pu BkItoueHnn nepexmouarens [k B nonoxenue 1 (Hanpspkenue cetu 3N~380
BOJIBT) TOK IIPOXOAMT IO MEPBUUHON 0OMOTKe TpaHchopmartopa Tp, mpu 3TOM 3aropaercst CUrHaJIbHast
namna JI1, curranusupyromiasi 0 BKJIIOUEHUU LIENIN YIPABJIEHUS KOTJa B ceTh. [Ipn HOpMaibHOM ypoBHE
BOJBI B IIAPOT€HEPATOPE LEIb MEXAY MIEKTPOAOM O M KOPIIyCOM 3aMKHyTa, jamma JI2 He ropur, T.e.
co3/1aHbl ycnoBus A BkitoueHus pene Pl u P2. Yepes pazmpikaroniuii KoHTakT P2 Tok mpoxoaut 1mo
obmortke pene P1, B pesynbraTe uero oOMOTKa KaTylIKM MarHuTHoro nmyckareins I11 Bkimrowaercs uepes
pa3Mbikatouii KoHTakT P1. KonTakTel MmaruutHOro nmyckarens [11 BKIto4aroT 351€KTpOBOIOHArpeEBATENN
H31, H22 nu HO3 na cuibHBIN Harpes, npu 3ToM npoBojsia A, B u C yepe3 COOTBETCTBYIONIME KOHTAKTHI
MarHutHoro myckarens II1 coenunsitorcs ¢ BepxHMMM KiemMmamu Harpesateneid HO1, HO2 u HO3.
Hwxnsia knemma snektponarpeBatens HO2 uepes kinemmy N1, pasmbikaroniuid KoHTakT [12 u kimemmy N3
IIPUCOEANHSETCS K HUKHUM KileMMaM aiekTpoHarpesarened HO1 u HO3, coennHEHHBIX OUH € JpyTUM
nepemMblukoid. TakuM 0O6pa3om, Tpu HarpeBaTessl BKJIIOUEHBI B 3BE3/ly U KaXKIblH U3 HUX HAXOIUTCA MOA
HanpspkeHneM 220 BOJIbT, T.€. OCYLIECTBIISIETCS CUIIbHBINA HArpeB.

Pucynok 8.1 — IlpuHnunuanbHas j1eKTpudecKasl CXeMbl ALIEBAPOYHOIO KOTJIA.

I11, I12 — marautHble yckareny; P1, P2 — pene npomexxyrounsie; DKM — 351eKTpOKOHTaKTHBIN
ma"omTep; JI1, JI2 — namnel curnansueie; HO1-HD2 — snextponarpesarenu Tpyouatsie; [p — rmaBkuii
pefoxpaHuTens; [k — nepexitouarens pexxuMoB padoTsl; Tp — Tpancopmarop; 3 - 3IEeKTpoA

[Tocne Toro kKak AaBlieHHE Mapa B MapoOBOJSHON pyOallke KOTa JOCTHUTaeT 3aJaHHOro Ipejaena,
3aMBIKAIONINH KOHTAKT 3JEKTPOKOHTAaKTHOTrO MaHoMeTpa DKM 3aMKHET U BKIIOYUT OOMOTKY pene P2.
[Tocneanee cpaboTaeT M CBOMMH Pa3MbIKAIOIIMMU KOHTakTamMu P2 otkitount oOMOTKy pene Pl, a
3aMBIKAIONIUM KOHTakToM P2 moaroroBuT k paboTe Ienb MarHUTHOro myckarens I[12, koropas
BKJIFOYUTCSl TIOCTE€ TOTO, KaK OTKJIIOUMTCSA KaTyllka MarHuTHoro myckarens [I1 u 3amkHeTCs ee
pa3mbikatomuii kKoHTakT I11. ITocne BbikimtoueHuss MarHutHOro myckarens I11 Bxmrouenus 112 Tok mo
npoBoay C uepe3 3ambikaromuii koHTakT [12, knemmy Cl, narpeBatenun HO3 u HOI1, xknemmy Al,
koHTakT [12, knemmy B2, HarpeBarens HO2, kiemmy N1 u kontakt 12 nmoctynut Ha npoBox N ceTu.
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Taxum oOpa3oM, Bce TpH HarpeBaTessi OKaXXyTCsl COSIMHEHHBIMH MOCIIEA0BATEILHO MEK Iy IpoBogamu C
u N.

Ecnu xoTen BKIIIOYEH B CETh ¢ HarpsbkeHueM 3~220 BOJIBT, TO IEPEMBIUKH HAa KJIEMMHBIX MMaHEIsAX
KJI1 u KJI2 ycranaBimMBarTCsl Tak, 4To JUHUS A coenunsierca ¢ JuHued N, a kiaemmbl Al, N3, N2
COEUHSIOTCS cOOTBETCTBEHHO ¢ Kiemmamu B2, Bl u Cl1. Ilpu BxitoueHun marautHoro myckaresns I11
(cwuibHBIM HarpeB) MpoBoa A mpucoenuHsieTcss yepe3 KoHTakT I11 m kiemmy Al K BepxHeW Kiemme
anektpoHarpeBatenss HO1 u uepe3 nepembruky A1-B2 k BepxHell kiemme snexkTpoHarpeBarens HO2.
[IpoBon B uyepe3 konrtakt I11, knemmy B1, nepembruky B1-N3, npucoeauHseTcss K HUKHUM KiIeMMaMm
narpesateneit HO1 u HO3. IlpoBox C uepe3 kontakt 111, knemmy C1 coenunsieTcst ¢ BepXHeu KIeMMOMH
anektpoHarpeBaresnsi HO3, a yepes nepembiuky C1-N2, pasmbikaronuidi KoHTakT 12 u kinemmy N1 - ¢
HIDKHEN Kiemmol snekTpoHarpeBarenss HO2. B 3Tom ciyuyae aneKkTpoHarpeBaTeld COEIMHEHBI B
TPEYTrOJIbHUKH KaXK/Ibli U3 HUX OKa3bIBAETCA MOJ HanpsbKeHUEM 220 BOJIBT.

ITpu BeIKIIFOUEHUU MarHUTHOTrO nyckarens [11 u BxiroueHnn MaruutHoro nyckarens [12 (cnaObiii
HarpeB) Tok u3 npoBoaa C uepe3 koHtakT I12, knemmy Cl1, anekrponarpeBatenn H23 u HO1, kitemmy
A1, nepembruky A1-B2, snextponarpeBatens HO2, knemmy N1, 3aMbikaroniuii KoHTakT 112, nepembruky
Ha na”enu K1 momagaer B mpoBon A. Takum oOpazom, mpu cinaboM HarpeBe 3JIeKTpOHArpeBaTeld
COEIMHEHBI NIOCIIEI0BATENbHO MeX 1y npoBojgamu A u C.

Ecnu nepexkimouarenem Ik 3aman pexum I, To mocie oTkimroueHus KOHTakToM Pl karymiku
MarHuTHOrO myckartens [I1 OTKIrOYarOTCs SJEKTpOHArpeBaTelid, a OOMOTKAa KaTYIIKH MarHHUTHOTO
nmyckatens [12 He BkitouaeTcs u, Ciel0BaTeNIbHO, allapaT He IEPEeXOIUT Ha PEKUM c1aboro Harpena.

Ecin paBrneHue B MapoBOJSHOM pyOalike MOHU3UTCA A0 HUXKHEro Ipenena, 3aMKHETCS
pasMmbikatonuii kontakt DKM u Brirountcs oOMoTka pese P1. Pene P1 cpabotaert, ero pasmbIKaromiuii
KoHTakT Pl Brmount 0oOMOTKy pene P2, a 3ampikatommid KOHTakT Pl MOATOTOBHT Henb KaTYIIKH
MarHuTHOro myckatens [11 k BkiIroueHHI0. 3aMbIKAIOUUI KOHTAKT P2 BBIKIIOYUT OOMOTKY ITyCKaTeNs
[12, mocne uyero pasMbikaromuil KOHTAakT [12 BkIOYMT MarHUTHBIM myckarenb [I1. B pesynbrate
AJIEKTpOHArpeBaTeNid BKIIOYATCS HAa CUJIbHBIA HarpeB, JaBjeHUE B pyOalllke HauyHET MOBBIIIATHCS U
3aMbIkaomuii  KoHTakT DKM paszomknercs. Opnako pene Pl He oTkimouurces, Tak Kak I0Cie
BBIKJIIOYEHMSI pesie P2 OHO MOMy4uT NuTaHue Yyepes3 pa3MbIKAIOINN KOHTAKT pene P2.

INPAKTUYECKAS YACTb:
Onpenenenue Ko3ppuuuenTa TenionepeIayu Yepes CTeHKy Bapo4HOro cocyaa

Llenplo TaHHOTO pacyeTa SIBISIETCS ONPEISIICHNE CPEHETro 3a MepHoJ pa3orpeBa kodddunnenra
TEeIIoNepeiaun yepe3 CTeHKY BapodHoro cocyna. Kosdoumment temmonepenaun K ONpeAesstoT 1O
YPaBHCHUIO aJAUTHBHOCTU TCPMUUICCKUX COHpOTI/IBHeHI/Iﬁi

1 O, 1 Bm
o > R — (8.)
CYMMapHOC TCPMHUYCCKOC COIMMPOTHUBIICHUC CTCHKU KOTJIA
5i §cm 51:(11{ M ZK
I 62
/’i’ i /1 cm /1 Hak B m

r7ie: Ocm — TOJIIMHA CTEHKU BapOYHOTO COCYJIa, M;
Onax — TOJIIIMHA KOTEIHHOW HAKUIIU CO CTOPOHBI MAPOBON pyOaIlKu, M;
Onax =(0,5+0,8) - 103 M;
Aemy  Awax — COOTBETCTBEHHO KOX(PQPHUIIMEHTHI TEIUIONMPOBOAHOCTA CTAIBHOW CTEHKH U
KOTEJIbHON HAKUIIW; JTsI HEPXKABEIOUIEH CTalu Aen = 17 + 28 B1/(M°K), ans korenpHONM HaKUMH Ayar = 1,3
+ 3,1 Br/(m-K).
TepMmuueckoe CONMPOTHBIEHHE HAKUIM CO CTOPOHBI COJEPKUMOrO KOTia (BOJBI) MOXKHO He
YUUTBHIBaTh, T.K. BHYTPEHHSS TIOBEPXHOCTh BApOYHOIO COCyAa TOJIBEPraercs CHCTEMAaTUYECKOU
CaHUTapHOM 0OpaboTKe.
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Jns onpenenenust kodduuueHTa Temsonepeaadyd MUCHOoIb3YIT rpado-aHATUTUYECKH METOos,
KOTOPBIH OCHOBaH Ha TOM IIOJIOXKEHHH, YTO TPH YCTAHOBHMBIIEMCS TEIUIOBOM DPEXHME CTEHKAa HE
aKKyMYJIMPYeT TEIUIO U IUIOTHOCTH TEIUIOBOT'O IOTOKA Yepe3 Hee €CTh BeJIMYMHA TOCTOSIHHAS, T.€.

Bm
ql:q2:q3:qo6u4 ’?

A
a, - At = Zg}mm =a,-At,=K-At, , bm (8.3)

2
M

IZie: 01, 02 — COOTBETCTBEHHO KOX(QHUIMEHTHI TEIJIOOTAAud OT KOHACHCHPYIOLIETrocs mapa K
CTEHKE M OT CTEHKH K COIepKUMOMY KoTina, Bt/(M?-K);

A1
z g = E - TEIIONPOBOIHOCTE cTeHKH, BT/(M%K);
i

Ata, Atem, At2 — pazHOCTH TEMIIEpaTyp,

'
AL =t, -t (8.4)
12 174
Atcm - tcm _tcm (8-5)
Y/ cp
At2 - tcm _teod ) (8-6)
tn - TeMHepaTypa rperomero HaCbIICHHOI'O BOAAHOI'O IIapa, OC. OHpeﬂeHHeTCﬂ 10

3aJJaHHOMY JaBJICHUIO B TIApOBOM pyOamike C TOYHOCTBIO O JECATHIX JOJIEH Tpagyca METOA0M
WHTEPIOJISIINN;
t'cm — TEMIIEpATYpa HAPYKHOM MOBEPXHOCTH BapOYHOTO cocyaa, °C;

14
tcm - TeMIiepaTypa BHyTpEHHEH MOBEPXHOCTH BapOYHOTo cocyaa, °C;

p
T, — CpejHsis 3a epHO PasorpeBa TEMIIEPATypa COAEPIKUMOro Kota, °C.

Crnemyet MOMHUTD, YTO
Aty + At + Aty = Aty (8.7)
rae At, — cpemHss JorapupMuuUecKas pasHOCTh TEMIIEpATyp MEXAY TpPEIoUIMM TapoM |
COJZIEP>KUMBIM KOTJIa 3a MIEpUO]I pa3orpena

L At At 8.8
In—2¢ 2,3-lg—2° (69)
At At

M M

Atg; Atw' COOTBETCTBCHHO OOJIbIIAs M MEHBIIIAs Pa3HOCThL TEMIICpATYyp MCKIAY TI'PCHOIIUM

TCIIJIOHOCHUTECJIEM U HAIrp€Ba€MbIM COACPKUMBIM KOTIJIA.

At, =t —t At, =t —t, (8.9)

600 M n 60

H K
{ 600 9 { 600 - TEMIIEpaTypa BOJIbI B HaUase U B KOHIlE HarpeBa, °C.
KoadduimeHT TennooTaauu oT KOHACHCUPYIOMIErocs apa K CTEHKE PaBeH:

3 3
rz.pnﬂ.ﬂ'nﬂ.lo Bm
? 2
v, -H, -At MK
rje: I, — yaenbHas TeIUioTa KOHJIGHCAIIMH TPeroIero napa, kJx/Kr; onpeensercs Mo JaBICHUIO
IPEIOIIETo Napa;
Pna — TIIOTHOCTb, Kr/MS;
Anz — KO3 pumEeHT TeonpoBoaHocTH, BT/(M-K);

al = 2’04 -4 (810)
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Van — KHHEMATHYecKHit K03)QHUIMEHT BA3KOCTH, M%/C TJIEHKU KOHIeHcaTa (BO/bI) IPK CpeHeit
TEMIIEpaType TIIEHKHA Ly,

t =t —05-At (8.11)

H1 — BbICOTA KHUJKOCTH B BAPOUHOM COCYJIE, M.
Pacuer BegeM MeTOqOM IMOCIEIOBATENbHBIX NMpuOmmkeHuit. st atoro 3amaem Aty = 2 rpan,
BpuucisieM U, mo dopmyne (8.11) m ompepensieM TEmIOPHU3UYECKUE XAPAKTEPUCTUKU TUICHKU
KOHJICHCATA Pnzy, Anz, Vi 3aT€M BhIUHCIHSAEM o1 1o dopmyine (8.10) ¥ MIOTHOCTH TEIUIOBOTO IOTOKA

0, = o - Al
N3 cootHomenus (8.3) cienyer, 4ro

at, =% 2 _

cm

> 2 a4 -R (8.12)
5
Torja corinacHo popmye (8.7) Atz = Atcp - At1 - Atcm

Koo duuueHT TemmooTnaun a2 OT CTEHKH K COAECPKUMOMY KOTJIa ONpEAesieM ISl YCIOBHM
CBOOO/THOH TETJIOBOM KOHBEKLIMH KUAKOCTH B 00beMe BapOYHOro KoTia. KpurepuanbHoe ypaBHEHUE JUIs
OIMCHIBAEMOTO CIy4asi UMEET BU/I:

n
Nu=C-(Gr-Pr)'-g =C-Ra"-g_ (14.13)
Uucnosbie 3HaueHust kodpoumnmenta C U Moka3aTenss CTENeHW N BBIOMPAIOT B 3aBUCUMOCTH OT

peKIMa CBOGOIHOM KOHBEKIIMH, KOTOPBIii OIPEENAIOT 1o 3HaueHmio kputepus Penes Ra = Gr - Pr

Ra C n
<107 0.45 0
102, 5 102 118 0,125
2
_516%0 o2 0,54 0,25
2107 0,135 0,33
Ornpeiensromieii TeMnepaTypoil Ipyu HAXOKIACHUH KPUTEPHEB SBISETCA CPEIHAA TEMIEparypa

t =05\t +t?
MOrpaHUYHOro CJI0A COACPIKUMOIO KOTJIa m cm 600 /- OTta TEMIICpATypa MOKCT OBITh

HaﬁﬂeHa N3 COOTHOIIICHUA
t =t —Atcp +0,5At, (8.14)

[To 3HaueHuro ompenenswomeld Temneparypsl t, Haxomum f, A, v, Pr ans Boasl (tabmuma 2
[Ipunoxxenus) u BeruncisgeM kputepuii ['pacroda:

[-g-H' At
Gr = Vzl = (8.15)

rze: f — koG PUIueHT 06beMHOT0 TeMIepaTypHoro pacumpenus, K2;
0 — yCKOpEHHe CUIIBI TKECTH, M/C2;
Pr — xpurepuii [Ipanatis.

Ilo 3nauenuro kpurepus Penes Ra =Gr -Pr nogoupaem kodpounuentel C U N
KputepuaabHoro ypaBHeHus (8.13) u BeruncnsieM kpurepuit Hyccensra. [lonpaBka &t B ypaBHeHuu (8.13)

YUYUTBIBACT HAIIPABJICHUEC TCIIJIOBOI'O ITIOTOKA U paCCHUTLIBACTCS 110 (bopMyﬂe:
0,25
P rsod

& = Pr , (8.16)
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rae: Preco, Prem — xpurepuit IlpaHaris, onpeneseHHBI COOTBETCTBEHHO IIpU TEMIIEpaType

cp ”
COJICP)KUMOTO KOTJIa tgoa U TEMIIepaType CTEHKH tcm .

tecg() =tn _Atcp ) (817)
tgn — tn o Atl - Atcm - tecfd + AtZa (818)

[To naiinenHoMy 3HaueHui0 KpuTepuss HyccenbTa BblumcisieM KO3(DQHUIIMEHT TEIIOOTHaud OT
CTEHKH K COJIEPKUMOMY KOTJIa!

_Nu-4 Bm
a, = H—1 , J142—K (8.19)
II;moTHOCTH TEIIOBOrO IIOTOKA paBHA
q, =, -At,, (8.20)

Tax xak B nepBoM NpuOIMKEHUH 3HaueHue Aty ObUI0 3a7]aHO TPOU3BOJIBHO, PACCUUTAHHBIE
3Ha4eHUs (1 ¥ (2 3a4acTyro He cOBNaAaoT. Eciu pacxoxaenue Mexay STUMU BETUYMHAMU

A=D" . % .100% 6.21)
1

He mnpeBbaeT 3%, BBUUCIAIOT KO3pdumueHt termionepenadn mo Gopmyne (8.1). Ecnm
OTKJIOHEHHE cocTaBiiseT 6osee 3%, BBINOIHIEM BTOPOE IPUOITHKEHUE.

Ecnu B mepBoM mpuOIMmkeHUuH ObUTO TONyYeHO 3HaYeHHue (1 > (2, TO BO BTOPOM HPUOIMKESHUU
3aaeM Aty MeHbIlIe, 4eM B MIePBOM MPHUOIMKEHUN, HAIIPUMED

Aty = 1 rpaa. U HaoGopoT, ecinu B IEpBOM BapuaHTE MOJIYy4YeHO (1 < (2, TO BO BTOPOM 33J1a€M
Oonbliee 3HaueHue Aty, Hanpumep Aty = 3 rpa.

Bo BTOpOoM mpuOIMKeHNHU 1711 BHOBb IPUHATOTO 3HaueHus Aty moBTropsiem pacuet mno popmynam
(8.10) — (8.21). Eciu pacxoskaeHre 3HaYCHUH (1 ¥ (2 BO BTOPOM MPUOIMIKCHUH MpeBbIiaeT 3%, TO Mo
pe3ysbTaTaM IBYX MPHOJIMKEHU CTpouM rpaduk 3apucumoctu ( = f(A4t1). [Ipumep nocrpoeHus rpaduka
IIOKa3aH Ha pucyHke 8.1.

Abcuucca Touku nepecedenus rpapukos (1 = f(At1)) u (2 = f(4t1) Ha pucynke 8.1 ompenenser
JEHCTBUTEIBHOE 3HAYEHUE PA3HOCTH TEMIEpATyp TPEIOUIEro Mapa M CTEHKUM BapodHoro cocyna. Ilo
HalJEHHOMY 3Ha4eHUIO Al1 cleayeT BBINOJIHUTH pacdeT B TPETbeM NpuOIMkeHuH. Eciau pacxoxxaeHue
MEXIy HalJIeHHBIMHM 3HaueHusMU (1 U (2 1o ¢opmyne (8.21) He mpeBbicUT 3 %, pe3yabTaT MOKHO
CUMUTATh YIOBJIETBOPUTEIBHBIM M IO 3HAYEHUSM KO3(PQPUIMEHTOB TEIUIOOTIAYM 61 M (2 BBIYHUCIHUTH
k0d¢duiment Tertonepenaun K (8.1).
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q,

kBT

Q1
Q2

o] 92

¢ ------

[
>

At] At/ Aty, Tpan

1

Pucynok 8.1 - 3aBUCHMOCTb IJIOTHOCTH TEILJIOBOI'O IOTOKA OT Pa3HOCTU TEMIIEPATyp

3nas K, onpezernseM MakCUMalIbHOE KOJMYECTBO TEIUIa, KOTOPOE MOKET OBITh MEPEAaHO OT mapa
K CO/IEP)KMMOMY KOTJIa B peXKHMe pa3orpena:

Qrex =K-F,-At, -7, 107, /e

OHePreTHYSCKUi OajaHc alirapara B peKuME pa3orpeBa A0 KMIICHUA

YPaBHeHI/Ie OHEPICTUYCCKOIO Oamanca BapOYHOI'0O KOTJIa B PEKUME pPa30rpeBa A0 KHUIICHUA UMECT

BUJT:
Q3amp = Ql + QZ + Q3 + Q4 + Q5+ Q6 s K,ZZDfC (822)
Tac Q1 — pacxon Te1jia Ha Harp€B COACPKUMOTO KOTJIa OT HaYaJIbHOM 10 KOHEUHOM TEMIICPATYPHI,
QZ — pacxon TeIjia Ha UCIap€Hrue COACPKUMOI0 KOTJIa,
Q3 — pacxon TCIjia Ha HarpeB KOHCprKHHfI KOTIa,
Q4 — TEIJIONOTEPHU HAPYKHBIMU ITOBEPXHOCTAMU O6J'II/II_IOBKI/I N KPBIOIKK B OKPY>KaroUIyro
cpeny;

Qs — pacxof Teria Ha HarpeB BOJbI B TApOT€HEPATOPE;
Qe — pacxoj Teria Ha UCTIAPCHHUE TETUIOHOCHTEIIS.

Tak kak M3 BCeX MUIIEBBIX MPOJYKTOB MAaKCHUMAllbHON YAENbHON €MKOCThIO 00lajgaeT Boja,
KOJIMYECTBO TOJIE3HO MCIOJB3yeMOro TeIUIa TIPHU pacueTe BapOYHBIX KOTJIOB OMPENCISIOT IS YCIOBUMN
HarpeBaHus U KUTISTYEHUS BOJIBI.

[Tone3noe Temino, pacxoayeMoe Ha IOBEIEHNUE COACPKUMOTO KOTJIa 10 KUIICHHUS:

Q =G, -c, -(t;;a —t;"oa), K/l (8.23)

Trac Gs —Macca COACPKMMOI'0 BaApOYHOI'0 KOTJIA, KT';

. p
Cg¢ — y/I€JIbHAA TEIIOEMKOCTh HArPEBAEMOM KUJIKOCTH TIPU tgoa , KJIx/(xr-K);

K H
tgoo ) tgoa - COOTBETCTBEHHO KOHEYHAs M HadaJIbHAs TeMIeparypa kujakoctu, °C
Macca coiepKUMoro BapoyHOro KoTJa:

G, =V -p,,

rae O, OUpPEACNSIOT IpU t;ﬁa (8.17).
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KonuuecTBo ucnapuBLieiics U3 KOTJIa XKUAKOCTU B PEXKUME Harpesa npuHumaeM pasHbM 0,5% ot

Macchl cogepkuMoro kotina Gy , Torma
Q,=AW,-r,, xlic- (8.24)

rae 4W1 — koJin4ecTBO UCHapyBILIEICS BIIary; AVV1 = 09005G3

K
I'1 — ylenbHas TeryioTa napooOpa3oBaHus MpH tgo() , KJDK/KT;

0, =0,005G, -, , i

Pacxon Temyia Ha HarpeB KOHCTPYKLMHM KOTJIa CKJIaAbIBaeTCsl M3 PacxXolOB TeIUIa HAa Harpes
HApY>KHOTO U BHYTPEHHETO KOTJIOB, KPBIIIKH, TaporeHepaTopa, TOHOB, 00IMIIOBKH, TEIIIIOBOM U30JIALIUN
Y Ha HarpeB JONOJIHUTEIbHBIX KOHCTPYKTUBHBIX 3JIEMEHTOB:

ZG oty —t) .

0,=(2G, +G,)-c,, -(t" - )+G o (5 =11)412G,, ¢, (8 -1 )+

kp

V56, ¢, (1F - 1)+12G,,, - (15— )+ G, e, (1 —17) (5.25)

obn u3

rae Gy, Ge, Gup, Guny G, Gogr, Gus — COOTBETCTBEHHO MacChl HAPYKHOTO M BHYTPEHHETO KOTJIOB,
KPBIIIKK, TaporeHeparopa, TPyOuaThIX O3JIEKTpoHArpeBatelied, OOJMIIOBKH, HW30JIAIUH, Kr. Macca
JIOTIOJTHATEIBHBIX KOHCTPYKTHUBHBIX 3JIeMEHTOB coctaBisieT 20% oT Macchl HapykHOro kotia Gy,
KpbIKH Gy 1 001uIOBKH Gogr;

Cemy Cmy Cus — COOTBETCTBEHHO CpEIHHME YJENbHBIE TEIUIOEMKOCTH CTalld, TPYOUYaThIX
aJIeKTpOHarpeBaresieii, teroBoil m3oysuuu KJDk/(kr-K); mis HepkaBerommx crained con = 0,472
k/x/(xr-K); ycpenHeHHas yJnenbHas TEIUIOEMKOCTh TPyOuaTOro 3JeKTpOHArpeBaTels cn = 1,1
kJ1x/(xr-K);

3HAYEHUS yJEIbHON TEIIOEMKOCTH TEIJIOBOM M30JISLUU BHIOUPAIOT U3 TaONMIIBI TIPU CpeaHEH
TEeMIIEpaType B cioe iy ;

K 4H
f,,1, - cooTBeTCTBEHHO CcpeHEe0ObEeMHAs KOHEUHAs M HAualbHAs TEMIEpaTyphl HapyKHOTO
K H

xotna, °C; t, =1t,, t, =1,

AL o

tl - COOTBETCTBEHHO KOHEYHAsI M HaYabHAsI TEMIIEPaTypbl BHYTpeHHEro KoTia, C.
K __ Ho__ H
- 075 (t + t@od) te - teod
H
th ) t - COOTBCTCTBCHHO KOHCYHAA U HaUdJIbHAd TEMIICPATYPhI KPBIIIKU KOTJIA, °C.

K H o
tu3 9 tm, = COOTBCTCTBCHHO CpeJIHeO6”beMHa$[ KOHCYHAA U HaYaJIbHas TeMHepaTprI TCIIJIOBOU
U301,

K _ 4p B
tus - tu3 ) tm - te

CpenHeoObeMHYI0 KOHEUHYIO TEMIIEpaTypy KPbIIIKH KOTJIa IPUHUMAEM paBHOM

t ,’:p =1 600 5..7°C D HadaJIbHasl TeMIieparypa t :p =1 6

K H
? 61> Log, - COOTBETCTBEHHO KOHEYHAas M HayagbHas TEMIEPaTyphl OOJHIIOBKM BapOYHOTO
xotia, °C.

CpenneoObeMHyI0 KoHeuHyto Temmeparypy TOHa moxuo mpummmats t, =500...550 °C,
Ha4YaJIbHYIO TEMIIEPATYPY t:, = t:()a
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Tennonorepu HapYXHBIMH TTOBEPXHOCTSIMH OOJHUIIOBKM M KPBIIIKA B OKPYKAIOUIYIO Cpexy
OTpeNENIoT 1o hopMyIie:

0. =Y Fli7 ~1,)7, 107, e (8.26)
i=1

rae: of — cpemHuil 3a mepwoj] pazorpeBa Kod()PUIMEHT TEMIo0THaYM C IMOBEPXHOCTEH B
oKpykaromtyo cpeny, Br/(m?K);
t — cpenHsis 3a IEpUOJ pa3orpeBa TeMIeparypa nosepxHoctu, °C

tr = 0,5-(t;<6]Z +t8),

obn
cp _ NP
th =0,5 (Z‘Kp -|-tg)
T, — BPEMsI pa30rpesa, C.
Jns uMIMHAPUYECKHX OOJMIIOBOK, OKpPAIIEHHBIX 5SMaJisIMU CBETJIBIX TOHOB, CIIpaBeAJInBa
K o o
dbopmyna (8.14), B KOTOpPYIO BMECTO to@ NOACTABIAIOT tom. JIns KpBILIKK, WM3TOTOBJICHHOW M3
HEPIKABEIOIEH CTald, HCTIONB3YIOT (hopmMyiy:

a,r =537+ 0,06(t,f§ —t ) Bm

WK 627

Pacxo/1 Tella Ha HarpeB BOJbI B IAPOr€HEPATOPE:
— - —_— H
Q5 — G(m cs (tn tsod ) (828)
rac ng - KOJIMYCCTBO BOJBI B IIAPOTCHEPATOPE, KI';

GG}’Z :p6 'al'l 'bn .hG}’l :W'pe .10_3 1

ng,og- COOTBCTCTBCHHO YJCJIbHAA TCIUVIOCMKOCTH W IUIOTHOCTH BOABI IIPU CpeHHeﬁ 3a
nepruoa HarpeBa TeMICpaTrype

_ H
lp = O,S(tn + teoa)
Pacxon Temna Ha HUCIApCHHEC BOJALI B ITapOICHECPATOPE:

Qs =AW, -1, , xlx (8.29)

rae AWz — KoIM4YecTBO HMCHapUBLICICS B MaporeHepaTrope BOJbI, PaBHOE KOJWYECTBY Iapa B
napoBoii pyOartke, Kr;
I'2 — yAenbHas TeIoTa napoodpa3oBaHus pu Temneparype napa tn, kJDHx/kr.
KonnyectBo mapa B mapoBoit pyOaliike paBHo:

AWZ :Vnp 'lon

rzie Vp — 00beM MapoBoii pydamKku, m°,

pn — IIIOTHOCTH T1Apa TIPH 3aJaHHOM JaBJIEHUH, KI/M°,
O06beM nmapoBoit pyOaIky Mpy BOTHYTOM JHUIIE MOXKHO OIPEAETUTH 10 hopMyIe:

Vv, = D, -(H+h”)—7ZD“3’2 H + ﬂ[;:h +%7r-h3 +a,-b,(h,—h,) (830)

i V. =%{D3(H +h,)- Df("' —g}rghg}ran -b,(h, =h,,) (1431
TIpu BBITYKIOM JHHILE CIEAYeT HCIIONb30BATE (GOPMYIY:

Vv, = D, -(H+hH)—ﬂD62 -H—ﬂ[8)32 —%ﬂ-h?’ +a,-b,(h,=h,) (832
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281051 \Y :% DE(H—'_hH)_D: H+g _§h3 +an'bn(hn_h8n) (833)

np

MOoIIHOCTB 3JIEKTpOHArpeBaTeieii B pe)KMMe HarpeBa paBHa:

Q3am
P, =—", kBm (8.34)
TP

B sToM pa3zgene cienyer TakKe BBINOJIHHUTH MPOBEPKY paHEe HAMJIEHHOTO KOHCTPYKTUBHOIO

3HAYEHUS IJIOMAN TTOBEPXHOCTH BapoOyHOTro cocynaa. Ecmu Qmax 2 Q1 + Q2 , TO pa3Mepbl BApOYHOTO
cocyJia orpesiesieHbl B pasnene 8.1 BepHo.

DHepreTUYeCcKui 0AIAHC anmapara B peKUMe “TUX0ro” KUIMEHUS
YpaBHEHHE YHEPIEeTHUECKOT0 OajlaHca BAPOYHOT0 KOTJIA B PEXKUME “TUXOr0”” KMIICHUS HUMEET BHUI:

Qlmpy =Q2+Q; » xlic (8.35)

Pacxop tema Ha ucnapeHue CoAECP>KUMOT0 KOTJIa B PEKUME “TUXOr0” KUTICHUS:

Qé :A\Ns'rl ,  Klic

rae AW3 — KoM4ecTBO UCIapUBIIEHCS BOJBI, K.

B cepuiiHo BblTycKaeMbIX KOTJaX B PEXKUME “TUXOT0” KUIIEHUS UcHapsAeTcss NpUOIU3UTENbHO 2+3
% BOJIBI B Uac.

Temonorepy Hapy>KHBIMU [TOBEPXHOCTAMU OOJIMIIOBKHU M KPBIIIKA B OKPYXKAIOIIYIO0 CPEY MOTYT
OBITh OmpeenieHbl o (hopmyIie aHanoruuHoM (2.26)

2
Q,=>a; -F (ti —tg)-3,6, kLo (8.36)
i=1

rze ti — KoHeuHas Temrneparypa noepxsocreii, °C.
KoadduiuenTt Temioornaun ¢ MOBEPXHOCTH OOJIMIIOBKM B CTAl[MOHAPHOM PEXHUME OIpeeeH
panee 1o ¢opmye (8.14), a ¢ HOBEPXHOCTHU KPBIIIKH 0Oy OTIPENENIAeTCs aHanornyHo (8.27):

Bm
a,, =537+0,06(t5, —t,), ——
m° - K
MOIIIHOCTB ANIEKTPOHArpeBaTeNeil B peXKUMe “THXOT0” KUIEHHs paBHA!
P, = Ly , KBm (8.37)
3600

OnpenenyuB MOIHOCTH BapOYHOI'O KOTJIa B PEXKUME pa3orpeBa P1 U B peKUME “TUXOro” KUIEHUS
P>, Hax0IAT COOTHOIIEHNE MEKY BBICIIEH M HU3LIEH CTYNEHSIMHM MOLIHOCTH [/, Ha3pIBaeMO€E MPEACIOM
peryaupoBaHus MOIIHOCTHU:
1P
PZ
Jlnis cTaHaapTHOM AIIeKTpUUYecKor cxeMbl P1 = 6 Pz, T.e. penen peryaupoBanus paseH 6. Mcxoas
U3 3TOr0 COOTHOMICHHUSI, MOAOUPAIOT MOIIHOCTH P1 u P2. Ilpu 3TOM ciieyeT MOMHUTh, YTO YMEHBIIEHHE
P1 yBennuuBaer Bpems pazorpeBa, a yBelW4eHHE P2 BBI3bIBaE€T He “Tuxoe”’, a OypHOE KUIIEHHE, YTO
YXYALIAaeT Ka4eCTBO MPOAYKTa U YBETUUUBAET OOLIUI pacXo/ SHEPTUH.
[Tocne BeIOOpa P1 yTOUHSIIOT BpeMsl pa3orpeBa 7y,
KoHTpoJibHBIE BONIPOCHI:
1. Kakue pexxumMbl paboThI MUIIEBAPOYHOTO KoT1a Bbl 3HaeTe?
2. Onucanue NpUHIMIHAIBHON 3JIEKTPUIECKON CXEMBI TUIIEBAPOYHOTO KOTJIA.
3. Uto Ha3bIBaeTCA TEIUIONepeaueit 1 Kak onpeaensercs KodppuuueHT Terionepenaun?
4. CocTaBbTe PHEPTETUUYECKHM OajaHC anmapara B peKUMe pa3orpeBa 10 KUTICHHS.
5. CocraBbTe SHEPreTUYECKU OaaHC anmapara B peXKHUMe «TUXOT0» KUTICHHS.
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2.9. [IpakTuyeckoe 3ansaTue Ne 9

Tema n/3: BapouHoe, ’XapodyHoe U TIeKapckoe oOopynoBaHue. Pacder KOHCTPYKTHBHBIX
[IapaMeTpoB MEKapHOTro 1IKaga

Hesasb: wu3yueHue Ha3HAYCHHWE, KOHCTPYKIMS U TPHUHLIUIN JEHCTBHA NEKapHOro mikada;
OIpeJIeJIeHUe KOHCTPYKTHUBHBIX pa3MepoB Kamepsl IIkada; pacyeT KOMOMHMPOBAHHOM TEIIOBOM
M30JIALUH amlmapaTa; OINpeielieHHe pa3MEepOB U MAacC KOHCTPYKTHUBHBIX 3JEMEHTOB KaMepbl MEKapHOTO
mkada.

DopmMHpyeMble KOMIIETEHIMH:

Kon: DopMyJIHPOBKA:
[1K-5 CIOCOOCH MPUMEHSTDH CTICUATU3UPOBAHHBIE U TPOPECCUOHATILHBIC 3HAHUS,
B TOM 4YHCJE HHHOBALMOHHBIE, B OOJACTH TEXHOJOTUH IPOU3BOJCTBA
NPOAYKTOB THTAaHUS, ONPEICNSATh HANpABICHUS PA3BUTHUA TEXHOJOTUU
IUILEBbIX MPOU3BOJCTB, MOBBIIIEHUS KauecTBA M OE30MACHOCTH T'OTOBOIi
POAYKITHH
[1K-6 CIOCOOEH NPOBOJUTH MPOEKTHBIE pacueThl, 00OCHOBBIBATh U OCYIIECTBIATh
TEXHOJIOTUYECKHE KOMITOHOBKH, no00p 000pyIOBaHUS TUIs
IIPOU3BO/ICTBEHHBIX TEXHOJIOTUYECKUX JIMHUH, OCHOBHBIX u
BCIIOMOTATENIbHBIX OMEHICHWH, B TOM 4YHCIE C HCIOJIb30BAHUEM
MH(GOPMALIMOHHBIX TEXHOJIOTHH

TEOPETHUYECKASA YACTD:

B 3aBucuMocTH OT CIOCOOOB Tepefayy TEIUIOThI OT HArpeBaTENIbHBIX JJIEMEHTOB K MPOIYKTY
pa3nuyaroT mKadbl C €CTECTBEHHBIM W TNPUHYIAUTEIBHBIM JBIDKEHUEM TEXHOJIOTHUYECKOW Cpeibl —
pabouero Tena (Bo3ayxa).

[Ikadgpl ¢ TPUHYTUTEIBHBI ABMKCHHEM TEIUIOHOCHTENSI WMEIOT CJIOXKHYIO KOHCTPYKIIUIO H
COCTOSIT, KaK MPaBUIIO, U3 TPEX OCHOBHBIX Y3JIOB: paboueil KaMephl, TEIUIOT€HEPUPYIOLIET0 yCTPOUCTBA U
CUCTEMBI KaHAJIOB JUIsl HarHETaHWS BO3JyXa. B 3aBUCHUMOCTH OT CXEMBI NMPHHYAUTEIHLHOTO JIBHKECHUS
TEIUIOHOCHUTENST B pabouell kamepe paznu4arT MKapbl C MOCIEAOBATEIbHBIM, MapallIeibHbIM,
CMENIaHHBIM U OCEBBIM JBKEHUEM TeTToHocHuTeNs (pucyHok 9.1 a, 6, pucyHok 9.2 B, 1).

64 73872 11
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Pucynok 9.1 — [IpuHInunuansHeie cXeMbl MKagpoB

a, 0 — COOTBETCTBEHHO C MOCJIEI0BATENbHBIM, CMEIIAHHBIM JBH)KEHUEM TEIUIOHOCUTEIIS:

1 — pabouas xamepa; 2 — NpOTUBHM; 3 — Kamepa HarpeBa; 4 — HarpeBaTeiIbHbIE JIEMEHTHI; 5 —
HarpeBaTeNbHbIN KaHaN;, 6 — AJIEKTPOABUIaTeNb; 7 — BEHTUIISITOP; 8 — KOPILYC KaMEpBI;

9 — remnonzosmus; 10 — obmumoka; 11 — maporeneparop; 12 — mapopacnpeaenureabHas Tpyoa;
13 — un¢paxpacHsiif HarpeBatenp; 14 — pemierka.
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B mxadax ¢ mocnenoBaTeNnbHON CXeMOW NBHIKEHHUS TEIUIOHOCUTENS TMPOUCXOAUT WHTCHCHUBHBIN
HarpeB W3EJINH, PACIOJIOKEHHBIX HAa BEPXHUX MPOTHBHSIX, B TO BpPeMsA Kak H3JEIUS Ha HUKHHUX
MPOTUBHSAX OOOTPEBAIOTCS HEIOCTATOYHO BCIEACTBHE CHIDKCHUS TEMIIEPATypbl TEIUIOHOCHTENS B
BEpXHEH YacTH anmapara. B pe3ynpTaTe mpoucxoauT HepaBHOMEpHas TEIioBas o0paboTKa MpOAyKTOB.
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Pucynok 9.2 — [IpuHIunuansHeie cCXeMbl mKagpoB

B, T — COOTBETCTBEHHO C TIOCJIEIOBATEIbHBIM, CMEIIAHHBIM, TAPAJUIEIIbHBIM U OCEBBIM JBHKEHUEM
TETIOHOCHUTETIS:

1 — pabouas xamepa; 2 — NpoTUBHM; 3 — Kamepa HarpeBa; 4 — HarpeBaTeIbHbIE JIEMEHTHI; 5 —
HarpeBaTeNbHbBIN KaHAN, 6 — AIIEKTPOABUTaTENb; 7 — BEHTUIISTOP; 8 — KOPIYC KaMephl;

9 — remnownzomsmus; 10 — obnumoska; 11 — maporeneparop; 12 — mapopacnpenenureabHas Tpyoa;
13 — undpakpacHbIif HarpeBaTeNb; 14 — pemnieTka.

HIkadpel ¢ mnapauienbHbIM, CMEUIAHHBIM M OCEBBIM JBI)KEHHEM TEIUIOHOCUTENS 001a1atoT
3HAYUTENIBHO OOJIbIIEH PAaBHOMEPHOCTHIO TEIIOBOM 00pabOTKH NPOAYKTOB. OCOOEHHO 3TO OTHOCUTHCS K
mKagaM C OCeBbIM JIBUKEHHEM TEIUIOHOCUTENS, B KOTOPOM BO3MOXHO «II€peMELIMBaHUE» U
BbIPaBHUBAHME TEMIIEPATYP IO CIOSM B HarHETaTEJIbHOM KaHaJe.

Hlkadbl ¢ NPUHYAUTENBHOM LUPKYIALUEH TEIUIOHOCUTENS YHMBEpPCAlbHBl. B HUX MOXHO
BBINIEKaTh, pa3orpeBaTh M OTTauBaTh MPOAYKLHIO. B KauecTBe TEMJIOHOCUTENS B HUX MCIONb3YETCs
HarpeTslii BO3yX WJIN NapOBO3AYyLIHASI CMECh.

[TpunynuTenbHas LUPKYJIALUS TEIJIOHOCUTEN IO3BOJIIET Oosiee IMOJHO 3arpykaTh pabouyro
KaMepy NPOAYyKTaMU U OCYIIECTBIATh UX (POPCUPOBAHHBINA HArpeB, MPH 3TOM MPOIYKThI MEHbIIIE TEPSIIOT
BJIAry.

B MupoBoil mpakTuke uMMeeTcs MHOro MoAM(HKAIMi Takux IKadoB, a Takke MIKadoB CO
CMEIlIaHHBIM CcrIoco00M 000rpeBa, BKIIIOYAIOUIMM: KOHAYKTHUBHBIN, paauallMOHHO-KOHBEKTUBHBIN, K-
oborpe, CBU-HarpeB COBMECTHO C KOHBEKTHUBHBIM.

Ha pucynke 9.3 mnpexacraBieHa KOHCTpYKIUS Ikada C OPUHYAUTEIbHBIM JIBUKEHUEM
teruioHocutens ¢ PK-narpesom, pazpaborannas MUHXowm umenu I'.B. [1nexaHoBa.
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Pucynox 9.3 — llIka¢ ¢ PK-HarpeBom 1 mociaeaoBaTeIbHONW CXEMOM IBYXKCHHS BO3TyXa
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1-xoxyx mkaga; 2-TeroBas uzonAnus; 3-padouas kamepa; 4-UK-uznyuarens; S-pedraexrop; 6-
HaIpaBJISIONINE YTOJIKHU;7-HaBECHbIE OOKOBBIC CTEHKH;8- O0KOBOM kKaHam, 9-mpotuBHM; 10-mmogmon; 11-
Onoku HarpesaTteneil; 12-pabouee xoseco BeHTHIIsATOpaA; 13-3mekrpoasurarens; 14-gHuiie kamepsl; 15-
pabourie 0ObEeMBI.

Pabouas kamepa oOpa3oBaHa JIByMsI HAaBECHBIMM METAJUIMYECKMMU CTEHKaMU C HAIIPaBIIAIOLIMMHU
YTOJIKaMHM JUIsl YCTAaHOBKM HAa HUX IIPOTHUBHEH, a TAaKKe IEepeJHEN U 3aJHeil CTeHKaMH Kopiyca. Mexnay
HaBECHBIMM CTEHKAaMHU M BHYTPEHHHMH OOKOBBIMU CTEHKaMM KopIyca Ikada oOpa3yroTcsl KaHalbl, 10
KOTOpPBIM LUPKYJIUpPYET ropsunii Bo3ayx c¢ temmeparypoit 300...320 °C. CHu3y kamepa OrpaHuUYeHa
JHUIIEM KOpIyca C BCAChIBAIOIUM OTBEPCTHEM BEHTWIATOpPA, OCh paboyero Koyieca KOTOPOIO
pacrioyio’keHa BEpTUKAIbHO. B BBIXOIHBIX MaTpyOKax YIUTKH YCTaHOBJICHBI J1Ba OJOKa HarpeBaTEIIbHBIX
JJIEMEHTOB.

Iupuna kamepsl 0oJbIIe IIMPUHBI IPOTUBHEH Ha 25 MM, OSTOMY UX YCTaHABIMBAIOT C 3a30pPOM
[I0 OTHOIIEHUIO K OJHOW U3 OOKOBBIX CTEHOK Kamepbl. biaromaps TakoMmy JIaOMpUHTHOMY
PacroJIOKEHUIO0 MPOTUBHEN TOPSIUMN BO3AYyX IMOCIEIOBATEIbHO M PAaBHOMEPHO OMBIBAE€T BCE W3JIEIMS,
JOBOJS MX J0 TOTOBHOCTH.

CKOpOCTh IBHXKEHHS TOPSYEro BO3AyXa B pabouell kKamepe MPUMEPHO paBHIETCS 2 M/C, IPH 3TOM
KO3 (QHUIHUEHT HEpaBHOMEPHOCTH paclpelleieHusi CKOPOCTH BO3[yXa IO OTAENCHHUsM (sipycam) He
npesbiliaer 1,6.

3apyOekHbIMH  (UpPMaMU  MHTEHCUBHO pPa3pabaThIBalOTCS W BBINYyCKArOTCS WIKapbl ¢
HCIIOJIb30BaHUEM JIBYX TEIUIOHOCHUTEJEH — HarpeToro BO3JyXa M BOJSHOIO Iapa, a Takxke uX cMmecu. B
nocjeHue rojpl pazpaboraH mKad ¢ KOHBEKTUBHBIM OOOTPEBOM, MPUHIMIHAIbHAS CXEMa KOTOPOIo
NpuBeeHa Ha pUCYHKe 9.4.

Pucynox 9.4 —Ilekapublii mkad C HPUHYIUTEIBHBIM JABM)KEHHEM TEIUIOHOCUTENs (BO3IYX,
BOJSIHOM map, CMECh BO3/1yXa C IapoMm)

a — oOuuii BUa; 6 — cxema pacroyioKeHHsI apMaTyphl YIpaBIeHUS PEryIupOoBaHuUs

1 — nepexurouaTens NPUBOIA 3aCITOHKH BEHTHIISLIMOHHOT'O OTBEPCTUS; 2 — YETHIPEXIO3UIIMOHHBIH
nepeKiIoyaTeb (BKIIOUEHO, BBIKIIOYEH O0OTpEB KaMepbl, BOJASHOW OaHHM, OJHOBPEMEHHO KaMephbl U
BOJISIHOM OaHM); 3 — CUTHAJIbHAs JIaMIia (3aropaercs MpH 3amycke ammapara); 4, 7 — TaiiMepsl BOJISTHOU
0aHM; 5 — TEPMOPETYIATOp KaMepbl; 6 — CUTHalIbHasl JlaMIla 000rpeBa Kamephl; 8 - CUTHajJbHas JaMIia
oborpeBa BOASHOM OaHu; 9 - cUrHaNBHAs J1aMIla 3alUThl 000rpeBa BOASHON OaHM OT cyxoro xoxaa; 10 —
CUTHaJbHAs JaMmIia 1moMex B oOorpeBe kamepbl U BOASHOW Oanu; 11 — BeHTWIb mojgauu BOJbI, 12 —
BEHTWJIb JUJIS CJIMBA BOJIBI.
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[TpenmytiecTBa JAHHON KOHCTPYKIIMU COCTOSIT B CIEAYIONIEM: IMMOTOK TEIUIOHOCHTENSI Ha BXOJIE B
pabouyio Kamepy paBHOMEpeH (ero TemriepaTypa NPUOIM3UTEIFHO OJWHAKOBA BO BCEX TOYKaX)
Onmaronaps yCTaHOBKE B HAarHETaTENIbHOM KaHaje TypOYIHM3YIOUIMX IJIACTHH, KOTOPHIE CIIOCOOCTBYIOT
CHIDKEHUIO TOTEPh TEIJIOTHI B OKPYXKAIOMIYIO CpeAy; OTKJIOHSIOIIME IUIACTUHBI Ha BXOAE B padouyro
KaMepy pacHoJjOXeHbl TaK, YTO OOECHeYyMBAIOT MOCTYIUIEHHE BO3AYIIHOTO IOTOKAa HAa TOBEPXHOCTh
W3JICNIMNA TI0J] ONpENeJICHHBIM yrioM (Yrojl araku), OOYCIIOBIMBAIOIIMM HauOoyiee OBICTPBIA U
PaBHOMEPHBIN HArpeB U3IEIUN.

bnarogapsi ykazaHHBIM HpPEHUMYILECTBaM MPOJOJLKUTEIBHOCTh pa3orpeBa Imikada COKpaTuiach,
YBEIIMYMIIACH €r0 IPOU3BOAMTENBHOCTh TIPU OJAHOBPEMEHHOM COKPAICHMH BPEMEHH TEIUIOBOM
00pabOTKH, CHU3WICA yIEIbHBIA PacX0/l AIEKTPOIHEPTUH.

ENMHCTBEHHBIM HEIOCTATKOM TaKUX IMKA(OB SIBISETCS WX HECOOTBETCTBHE SKOHOMHYECKHM
TpeOOBaHUSAM, IPEIbIBISIEMbIM K TEIJIOBBIM ammnaparaM. K 4uciy 3KOHOMHUYECKUX TpeOOBaHUM, KpOMe
MPOYMX, OTHOCUTCS JICIIEBU3HA amlapaTa U MUHUMAaJIbHBIE PacXobl Ha oOcmykuBanue. CienoBaTeabHo,
pacnpocTpaHeHHbIe cedyac Majble MPEeANnpUSATHS W HEOONbUINEe KOHAUTEPCKUE IeXa HEe CMOTyT
UCTIOJIB30BATh MPH paboTe CTOIb JOPOTOCTOsAIIEe 000PYIOBaHUE.

[IIkadsl ¢ ecTeCTBEHHBIM JIBUKEHHEM pabouero teia (pucyHok 9.5, a, 6) COCTOST U3 HECKOIbKUX

pabounx kamep (cekmmii). Kaxkmas kamepa TpeAcCTaBiIseT COOOW JBYCTCHHBIH TEILIOM30JUPOBAHHBIN
METaJUTMYECKUI KOPOO C JIBEPIICH.
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a, 0 — C ECTECTBEHHBIM JIBI)KEHHUEM TETNIOHOCUTEIS

1 — pabouas kamepa; 2 — MPOTUBHU; 4 — HATpEBATEIbHBIE AIEMEHTHI;, 5 — HArpEeBaTEIbHBINA KaHa;
8 — xopmyc kamepsbl; 9 — Teruonzonsanus; 10 — obnumoka; 15 — aeepua; 16 - matpybok apimoxona; 17 —
MOAOBBIN JTUCT; 18 — rasoBasi ropesnka.

Pucynok 9.5 — [lpuHnunuanbHble cxeMbl KagdoB

[To KOHCTPYKTMBHOMY PELICHHUIO TEIJIOBbIE aNMapaTrhl KJIACCU(PUUUPYIOTCS Ha HECEKLIMOHHBIE U
CEKIIMOHHBIE, HEMOIYJIMPOBAHHBIE U MOYJIMPOBAaHHBIE.

HecekironHble  TEIUIOBBIE — ammapathl HMEIOT  pa3jndyHble TadapuThl, KOHCTPYKTHBHOE
UCIIOJIHEHUE, MX JeTald M y3JIbl HE YHU(UIUPOBAHBI M OHM YCTAHABIMBAIOTCS HHAWBHIyaIbHO, 0€3
ydyeTa OJIOKUPOBKHU C OTIEIbHBIMU CEKIUSAMM JPYrUX almnapaToB C LENbIO MOJydyeHHs OJIOKa armaparos
TpeOyeMoi MOIIHOCTH U IPOU3BOJUTENBEHOCTH.

[TpuMepoM HECEKITHOHHOTO TEIIOBOTO 000PYI0BAHHMS SIBISETCS MIKad TMEKapHBIH 2JIeKTPHIECKUI
I3 - 0,85 (pucyHok 9.6).
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1 — >xapouHas kamepa; 2 — TOAOBBIA JIUCT; 3 — DBJEKTpOHArpeBaTeib;, 4 — JaTYUK peJie
TeMIIepaTyphbl.

Pucynok 9.6 — lllkad nexapusiii anekrpuueckuit LLTTD — 0,85

Ikad cocrout u3 paboueil cexuuy, yCTAaHOBICHHOM Ha Kapkace. Cekuus mpejacraBiseT coOoi
TEIUIOM3O0JISIIIMOHHYIO TIEKapHYI0 KaMepy ¢ MaHenbio yrnpasieHus. [lekapHas kamepa paszeneHa Ha IATh
OTCEKOB, KaXK/IbIil U3 KOTOPBIX 000rpeBaeTcs AByMs psaMu TOHOB. Kakplil psisi TO9HOB, KpOME BEPXHETO,
3aKpBIT MOJOBBIM JIMCTOM, Ha KOTOPBIA yCTaHABIMBAETCS (YHKIMOHAJIbHAs €MKOCTh (IpOTHBEHB). B
BEPXHEH yacTu KaMephl MPelyCMOTPEHO OTBEPCTUE /ISl OTBOJA MapOBO3AYIIHOM CMECH, PETyIpyeMoe
3acioHkoi. Kamepa 3akpbiBaercst aBepiieil. B HikHeM oTceke mkagda HaXOAATCs JATYMKH TEMIIEPaTypHl,
PYUKH KOTOPBIX BBIBEICHBI HA ITaHENb yIIPaBJIEHUs, CHA0KEHHYIO CUTHAJIbHON apMaTypoi.

B 0oCcHOBY KOHCTpYKIIMM MOIYJIBHBIX anmmapaToB MOJOXKEH AHHBIN pazmep — Moaynb. Ilpu sTom
mupHuHa (r1yOuHa) M BbICOTa 10 paboyeil MOBEPXHOCTU BCEX allapaToB OAMHAKOBBI, a JJIMHA KpaTHa
Mo yir0. OCHOBHBIE JIETAJM U y3JIbI ATHX allapaToB MaKCUMAIIbHO YHU(DUIIUPOBAHBI.

OTteuecTBEHHAs! MPOMBIIUICHHOCTh BBITYCKAET CEKLMOHHOE MOAYJIMPOBAaHHOE 000OpYylOBaHME C
moaysem 200 £ 10 mm. lIupuna o6opynosanus pasaa 840 MM, a BbICOTa 10 pabodeii moepxHocTH — 840
* 10 MM, 4TO COOTBETCTBYET OCHOBHBIM CPEIHUM aHTPOIIOMETPUYECKUM JIaHHBIM YEIOBEKA.

CekMOHHOE MOJYJHPOBAHHOE OOOPYIOBAaHUE WMEET OIpeIeNieHHbIE MpeuMyIecTBa. JIuHuM
00OpYyZI0BaHUS PACIHOJATAIOTCS NPUCTEHHO (M0 NEepUMETpPy) WJIM OCHOBHBIM CIOCOOOM (B IIEHTpE
nomenieHus). O0cnyxuBaHue o0OpyI0BaHUS BEAETCSA TOJIBKO ¢ (POHTAIBHON CTOpOHBI. [Ipu nuHeltHOM
pacroiokeHuH 000pyJ0BaHUs 00eCIeunBaeTCs MOCIeI0BATEIbHOCTh TEXHOJIOIMUYECKOTO Mpoliecca, Mpu
TOM 3HAUUTENFHO TOBBIIAETCS APPEKTUBHOCTh HCIIONB30BaHUA 00OpynoBaHuWs. Buempenue
MOJIyJTMPOBAHHOTO 000pYy/OBaHMUSA OOJIErYaeT CTaHJIAPTU3ALUI0 M YHHU(UKALUIO Y3J0B MU JeTalei
anmapaTroB, YTO CIIOCOOCTBYET YHPOINEHHIO WX OKCIUTyaTalldd, PEMOHTAa M MOHTaXa, a TaKkKe
MPOBEICHUIO 3r0 MO3TAlHOM MOJAEpHM3aLMHU. 3a CYeT INMPOKOH yHM(UKaLuMu Y3JI0B U JeTanei
o0ecrieunBaeTcsl CHI)KEHUE CTOUMOCTH 00OPYIOBaHUS MIPH €T0 M3TOTOBJICHUH. Ha Bcemu MOy TbHBIMU
anmapaTaMy YCTaHaBIMBAIOT MECTHYIO IPUTOYHO-BBITSDKHYIO BEHTUIISILIMIO.

[Hkad nexapHbIi AeKTpUUEeCcKUil ceKIMOHHbIN MoayabHbIA LITIDCM — 3 (pucyHok 9.7) umeer
TPU KaMmepbl, 3aKpbIBaeMble JBEplIaMH, M CBapeHHYIO MOACTaBKy. Kamepa HarpeBaeTcs TIHaAMH,
pacIioyIoOKEHHBIMU CHHU3Y U CBEpXY B BUe 0710K0B. HkHME TOHBI 3aKPBITHI TOIOBBIM JcTOM. C 3aaHel
u OOKOBBIX CTOPOH INKad) HMMEET CTAIbHYI OOJHIIOBKY, K KOTOPOW CBEpPXY KPEMHTCS KPBIIIKA.
[IpocTpaHcTBO MEXIy OOJMIIOBKAMHM M KaMepaMH 3alloJIHeHO Terutou3oisaiuei. OcHoBaHueM Mikada
CITy’)KUT CTaJbHAsi paMa, YCTAHOBJIICHHAs! HA PETYITUPYEMBIX IO BBICOTE HOXKKax. B HIKHEW yacTh mikada
HaXoAuTCsl OJIOK YNpaBJieHHs, Ha TaHEIM KOTOPOrO HMEIOTCS CHUTHAJbHBIE JIaMIbl, a TaKKe pydka
MepeKIIoYaTeNIell U TaTInKa-pelie TeMnepatypsl. UyBCTBUTENBHBINA OAJUIOH TaTYMKA - pejie TeMIepaTyphl
pacriosio’keH B paboueit kamepe. [lepekirouarenu ciyxar A pa3feqbHOro BKIOUYEHUS TPYII BEPXHUX U
HIDKHUX TOHOB M PETYJIMPOBAHHS HMHTCHCUBHOCTH MX HAarpeBa C COOTHOIICHHEM MOIIHOCTH 4:2:1.

PaboTa curHanbHBIX JJaMIT CBUAETENBCTBYET O paboTe BEPXHUX U HIKHUX TIHOB. OTKIIIOUEHUE UX
CUTHAJIM3UPYET O TOM, YTO KaMEpy MOXHO 3arpykaThb KOHIAUTEPCKUMH JIUCTAMHM MJIM MPOTUBHAMH C
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IIPOJYKTaMM, TaK Kak TEeMIIepaTypa BO3/1yXa B HEH JOCTUINA 3aJaHHOro 3HaueHus. Ilpu moHmxeHun
TeMIlepaTypbl B pabouell Kamepe HUXKE 3aJaHHOM BCe TIHBI BHOBb ABTOMATHYECKH BKIIOYAIOTCS
JATYNKOM-PEJIE TEMIIEPATYPBI.

ITekapuple mkadbl BbITycKaOTCa ciaeayromux TunoB: [HIIOCM-2K - mkad mnekapHbId
AJIEKTPUUYECKUI CeKIMOHHBIH MoayiaupoBanuelii; [IIIOCM-3 — mkad nexapHbId 3JIEKTPUYECKUI
CEeKIIMOHHBIN MoayaupoBaHHsii; [T13-0,85 (III13-0,85-01) u 1II12-0,5 (III13-0,51-0,1), IIT13-1,36 —
mKadpl MEKapHble MOA (QYHKIMOHAIbHbIE €MKOCTH. Bce OHM HMMEIOT pa3indus 10 TEXHHUYECKUM
XapaKTEPUCTUKAM.

Konctpykuus anmapata J0JDKHA, IPEKIE BCETO, YIOBIETBOPATH TEXHOJIOTHUYECKUM TPEOOBAHUSIM
mpolecca TerjaoBoi 00paboTKU MPOAYKTOB.

TexHonornueckue TpeOOBaHUS 3aKIIIOYAIOTCS B MAKCUMAJIBHO BO3MOKHOM COOTBETCTBHHU PEKUMA
paboThl, MapaMeTpoB, YCTpOHCTBa paboueill Kamepbl, 3arpy304HOr0 W pPa3rpy304HOro yCTpoOicTBa
anmapara (U3MYECKUM W XHMHUYECKUM H3MEHEHHUSM, MPOMCXOSIIUM IMPH HX TEIJIoBOM 00paboTke,
KOTOpasi CyIIECTBEHHO BIIUSET HA KAU€CTBO TOTOBOI'O MU3JEIIHUS.

CooTBeTcTBHE KOHCTPYKIIMM amnmapara TpPeOOBAHUSM TEXHOJOTHYECKOTO TIPOLEcca SBISETCS
HauboJjee BaXHBIM ()aKTOPOM B TOBBIINIEHWU KayecTBa KYJIWHApPHOW MPOIYKIHMH. B CBA3M ¢ 3TUM Ha
MPEANPUATHIX OOIIECTBEHHOIO MUTAHUS IKCIUTYyaTUPYeTCs OOJIbIIOE KOJUYECTBO CIIELUATN3UPOBAHHBIX
anmnaparoB, IPEJIHAa3HAYEHHBIX IS pealn3alydyd OJHOTO WUJIM HECKOJIbKUX TEXHOJOTMYECKHX MPOLECCOB
(KOTJBI, GPUTIOPHHUIIBI, CKOBOPOIBI, KATIATHIILHUKY, IIKAa(bI U Jp.), HAanOoJee TOIHO yIOBIETBOPSIIOIINX
TpeOOBaHUSAM KOHKPETHOT'O TpoIiecca.

R | = S0P ehviosice e AAKIAA

Y+ J‘T = = 8
* 3: e Bhg
O = — 3210
o) b= CRENEON 4 T A, S

2 ) 11
N B Rve12

a — o0Imwmii BU; 0 — cxema ycTpoicTBa

1 — nmexapHas kamepa; 2 — TEIUIOM3OJALMS; 3 — 3JEKTpOHArpeBaTeNy HWXKHEW Tpynmsl; 4 —
TEPMOOAIIJIOH TEPMOPETYJIATOpPA; 5 — 3IIEKTpOHArpeBaTeNd BepxHeW rpymmbl; 6 — oOnuIoBKa; 7 —
KphIlIKa; 8 — nBepb; 9 — momoBeid HacTuid; 10 — Omok ympaBnenus; 11 — curHanpHas jamma; 12 —
TEPMOPETYIISATOP.

Pucynok 9.7 — lllkad nexapHbIii 31eKTPHUECKUI CEKLIMOHHBIM MOTy TMPOBAHHBIH

[IpumepoM HECOOTBETCTBHUSI KOHCTPYKILUH ammapara TpeOOBaHUSAM TEXHOJIOTHUECKOTO Ipoliecca
SBJIETCS JKapKa MSCHBIX M3JENUN B mekapckux Imkadax. Tak, mpu BbIEUKE WU3AETHH U3 JPOXIKEBOTO
TecTa OOJbIIOE 3HAYEHHWE MMEIOT TMPOLECChl OpoXeHHs, OO0YCIIaBIMBAIOIIME pa3Mepbl TOTOBOTO
npoaykTa. TexXHONOTHYecKH Ba)KHO 3aMEUIMTh Ipolecc oOpa3zoBaHUs Kopouku. Ilpu ’xapke MSICHBIX
IPOAYKTOB HA000POT HYXHO 00ECHEeUYNTh WHTEHCUBHBIA IOJBOJ TEIUIOTHl B TEpPBBIA MEPHOJ 0
oOpazoBanusi kopouku. [loaToMy 3a 6a30BbIi BapuaHT NMpUHUMaeM MIKad MEKapHbIM ANEeKTpUYEeCKUil
CeKIIMOHHBIN MoaynupoBaHHbIi [IDKOCM-3.

INPAKTUYECKAS YACTb:
OnpeneneHne KOHCTPYKTUBHBIX Pa3MEPOB KaMephl IEKapHOTo mkada
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J1Jist BBITICUKH 33JaHHOTO KOJIMYECTBA XJ1€000YIIOUHBIX U KOHIUTEPCKUX U3ACTUIN ONpeaeIeHHON
($hopMBI HEOOXOMMO OTIPEICIUTh TEOMETPUUECKHE pa3Mephl iekapHoro ImKada. Pacuernas
KOHCTPYKTHBHAs CXeMa MeKapHOoro mkada npuBeeHa Ha pUCyHOK 9.7.

Hcxonss W3  YCIOBHHM  OKCIUTyaTalldd M JKCIEPUMEHTAIBHBIX  HMCCICIOBAHUN, MOXKHO

PEKOMEHI0BATh CJIEIYIOIINE OTHOIICHHUS pa3MepOB paboueil KaMephl: ? —1.1-

[TockonpKy C yBelIMUEHHWEM TIyOMHBI KaMmephl CHUXKAIOTCS TEIJIOBbIE MOTepH MiKada mpu
OTKPBIBAaHUU JIBEPIIbI, JIsi PACUETOB T€OMETPUUYECKHUX Pa3MEPOB M0JIa YCTAHOBUM KOHKPETHBIC MPEIEIIbl
M3MEHEHUS OTHOIICHHUS:

b

095< 7 <125 (9.1)

[Ipu pacyerax cienyer CTPEMHUTHCS, YTOObI pacueTHOE KOJIUYECTBO H3JIEIUN COOTBETCTBOBAJIO
3aJaHHOMY WJIN OTJIMYAJIOCh OT HETO ¢ MUHUMAJIBHBIM OTKJIIOHEHHEM + 5 U3JENN OT 3aJaHHOTO.

[Tpumep: KonuuecTBO  m3genuid — 40,  reomeTpuyecKkue  pasMepbl  M3Jenus
I"xb"xh"=0,12%0,08x0,045 m.

NUSNESN
f‘ /.

3
XX §
© 6 0l o8
s I ¢

L -
= U

Pucynox 9.7 - CxemaTudeckuii pazpe3 nmexkapHoro mkada.

1 — oOnuIIOBOYHBIN JHUCT; 2 — HapyXHBIH KOpoO; 3 — BHYTpEHHHI KopoO; 4 — amroMUHUEBas
domnpra; 5 — rermmomzossinus; 6 — TOHbI;, 7 — mox; 8 — BEHTHJISIIIMOHHOE OTBEpCTHE; 9 — Kapkac u3
yrosikos; 10 — nBepua kamepsl.

Onpez[emleM Iomajb, 3aHUMACM Y0 U3 ACTIUSAMU:

F=40 - 0,12 - 0,08 = 0,384 m?
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by

12 F
3ajaeMcsi MpeABAPUTEIHLHO COOTHOIICHHEM ] =1,1, Ttorma F=1,1 - [, otkyna lo= | — =
0

LL10
0,591 M, a bo = 1,1- | ¢=0,650 m. Ilo mupuHEe NPOTUBHS B JaHHOM CIIydyae MOXHO Pa3MECTHTh Np =
b, 0,650

b’ 0,08

= 8,1 uznenuii,

[, 0,591
!’ 0,12

OxpyrisieM B IEPBOM CIIy4yae 4YMCIO M3JENUHA 10 8, a BO BTOPOM - JI0 5, Torna oOliee 4ucio
u3aenui Oyaet paBHo N =Np - N = 8-5 =40, T.e. 3aaHHOMY KOJUYECTRBY.

VYTouHsieM pa3Mepbl IPOTUBHS: 1o mmpuHe bo = 8 0,08 = 0,64 M, no anrHe

10=5-0,12=0,6 m.

VYuuTbiBas pacCTOSHUS MEXAY U3AEIUSAMHU, MEXKIY NPOTUBHEM M CTEHKaMH KaMepbl, YMHOXaeM
IIMPUHY U TIyOMHY Kamepbl Ha momnpaBouHblii koddduuuent K=1,1+-1,2 u okpyrisem B OOJBIIYIO
CTOPOHY JI0 pa3MEPOB KPATHBIX 5 MM.

Toraa neiicTBUTENbHBIE pa3Mepbl KaMephl PaBHBI:

b=K:-bo=1,15" 0,64 =0,736 m, npuaumaem b = 0,740 m;

I=K-lp=1,15- 0,60 = 0,690 m, npuaumaem | = 0,690 m.

b 0,740 Lo7-

IIpoBepsiem coOTHOIIEHUE — — > "~ _
[ 0,690

0 IIyOHMHE N = = 4.9 uznenuil.

b
|

BeicoTy kameps! h mpuHUMAIOT 10 Tab1. 2 B 3aBUCUMOCTH OT TITyOHHBI Kamepbl .

[TomyueHHOE COOTHOIIICHUE YKIIabIBaeTCA B Ipenessl uamepenus 0,95 < < 1,25.

Taobmuma 9.1
I 0,35 0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75
hx 0,160 0,165 0,170 0,175 0,180 0,185 0,190 0,195 0,20

BhicoTy MO0 0BOM YacTH KaMephl U3 KOHCTPYKTUBHBIX COOOPaXEHUH MPUHUMAIOT paBHOM =
40 mm. O6beM paboueit Kamepbl PacCUUTHIBAIOT 10 (hopmyie:
Ve=b-l-he M 9.2)
CornacHo 3KCIepUMEHTAIBLHBIM HCCIEIOBAHUSAM KPaTHOCTh BO3/1yX000MeHa B pabouel kamepe
nekapHoro mkada K =30 — 50 1/4., Torga miomaas CeYeHus] BEHTUIISIIMOHHOTO OTBEPCTHS B KAy

OTPEAETSIIOT IO (hopMYyJIe:
-1
hot 2
Fo=|21- |Dofwan | .7 M (9.3)
’ { V(pgtg)}

rae L — o6beM ynanseMoro u3 mkada BEeHTHIAIHOHHOTO BO3IyXa, M/C;
KV,

" 3600

ho— BBICOTa OT TI0/1a JI0 IIEHTPA BEHTHIAIIMOHHOTO OTBEPCTHUS, M
ho=0,8 - hg, M;

txam, ts — COOTBETCTBEHHO TEMIIEPATYPHI YAAIIEMOTro U3 miKada BO3Iyxa U BO3/1yXa B IOMELICHHUH,

3.
, M°/c;

OC,
Ps — ITIOTHOCTh BO3/yXa MpH 1y, Kr/m>.
HI/IaMeTp BCHTUJIIHUOHHOT'O OTBECPCTHA:
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d = 3w (9.4)

Pacuer KOMOMHMPOBAHHOW TEMJIOBON M30JISILIMY annapara

OaHUM 13 BaXXHBIX JIEMEHTOB KOHCTPYKLMHU TEIJIOBOIO amrapaTa sSBJSETCS TEIJI0Bask U30JISILMS,
KOTOpasi yMEHbBIIAET TEIUIONOTEPH B OKPYXKAIOLIYIO CPely W CHIKACT TEMIIEpaTypy Ha IIOBEPXHOCTH
OOJILIOBKH, YTO TMpPEJOXpaHsSeT TIEepPCoOHall OT OXKOroB. TeruioBas H30MAIMS JIOJDKHA 00JanaTh
JOCTaTOYHOM MEXaHMYECKOW IPOYHOCTHbIO, TEPMOCTOMKOCTBIO, HMEThb HHU3KHE KO3(PPULIHEHTHI
TEILIONPOBOJHOCTH, TEINIOEMKOCTH U TUTPOCKOIIMYHOCTH.

Becbma 3¢ ¢dexTuBHO MCHONb30BaHME KOMOMHHUPOBAHHOM TEIJIOBOM H30JIALUM, COCTOALIEH W3
IIOPUCTOr0 Marepuala U 3aMKHYTOM BO3JAYLIHOM NIPOCIOWKU. Kak M3BECTHO, B 3aMKHYTOH BO3yLIHON
IIPOCJIOMKE MEXIy JBYMS BEPTHKaJIbHBIMA CTEHKaMHM C pPa3JIUYHBIMU TEMIIEPATYpPaMH BO3HHUKAOT
BOCXOJSIIMNA U HUCXOJAIIMNA NOTOKM BO3AYyXa, T.€. UMEET MeCTO cBOOOAHas KoHBekuus. Ilpu mamom
PacCTOSIHUN MEX/1y HarpeToil U XoJjoJHOH MOBEpXHOCTSIMHU (MeHee 13 MM) BOCXOJAIIMNA U HUCXOIAIIUI
IIOTOKHU IIOJHOCTBIO 3aTOPMa)XUBAIOT APYr JApPYyra, Cpella B IPOCIOMKE OKa3bIBACTCsl HENOABUKHOW, U
repeiadya TEIUIOThl Yepe3 Hee IPOUCXOIUT TOJIBKO 3a CUET TEIUIONPOBOIHOCTH.

HMHTEHCMBHOCTH CBOOOHON TETUTOBOM KOHBEKIIMH OTIPEICIIICTCs KpuTeprueM Peres

Ra=Gr - Pr,

rne Gr — xpurepuii ['pacroda; Pr— kpurepuit [Ipanntis;

_ Beoy Mt —t) 95)

VZ

Gr

rzie f — kodpGuuMeHT 00BEMHOTrO TEMIIEPATYPHOTO PACIIMPEHNUS, 4 = 1KY
T

T =27315+1,;

Onp — TOJIIIMHA BO3AYITHON TIPOCIIONKH, M;
V — KWHEMAaTHYeCKUi K0dQ(HIMEHT BA3KOCTH BO3LyXa, M2/C;
tex — TEMIIEPATYpA CTEHKH BHYTPEHHETO KOpo0a, te= tia, °C;
tu — TeMIIepaTypa CTEeHKH HapyXKHOTo kKopoba, °C;
tem — TEMIIEpaTypa MOBEPXHOCTH 06/HI1I0BKH, °C.
B kauecTBe onpejensromiel Temneparypbl IpuHaTa tm=0,5(tu + tem), °C.
IIpu Ra < 10° TemnoTa mepenaercs yepes MPOCIORKY TOTBKO TEIIONPOBOIHOCTHIO M TINOTHOCTh
TEIUIOBOIO NMOTOKA MOXKET OBITh paccuuTaHa Mo (popmMysie TEIIONPOBOAHOCTH HEOTPAHUYEHHON MIIOCKOM
CTEHKHU:

o=l -r,), B (.6)

rzie A¢ — KOOQGUIHUEHT TEIUIONPOBOIHOCTH Bo3ayxa, BT/(MK).
[Tpu 103<Ra<10'° cka3piBaeTcs BIMSHIE KOHBEKTHBHOTO MepeHoca TETIOThI, TOTIa

/Iake B
q =2ty 1), 2% ©7)
5, "
1€ Aoxs — IKBUBAIEHTHBIN KO3(Q(MHUIMEHT TEMIONPOBOIHOCTH BO3LYLIHOM Mpocioiiku, Br/(MK).
B
Moke=€x Ae + Ol Snp, o (98)
m K

€, - koodppunuent konpekuy, & = f (Ra);
O — KO3 DHUIMEHT TEMIO0TAAYH H3MyIeHNs MEXTy CTeHKaMH mpocoiiku, Br/(M2K).
B sTOM cniyyae KO3 PUIMEHT KOHBEKIIMU BBIYUCIISIOT 110 (popmyie:

& = 0,18 Ra%® (9.9
KoadduimeHT TernnooTaaun u3nydeHueM 0,; ONPEaesaioT o Gopmyie:
8 (4 4 -1 Bm

a]l :8np .Co 10 (THK _Tcm)(tHK - cm) ) JI/IZ—K (910)

70



rae Co — koo puIuenT n3nydenus abcomoTHo yepHoro Tena, Co = 5,67 Br/(M?K?);
€np — MIPUBEJICHHAS CTENIEHb YEPHOTHI B3aUMOOOITYYaIOIIUX CTEHOK ITPOCIONKHU:
-1
:(ul_lj (9.11)
6‘1 82
€1, € — COOTBETCTBEHHO CTEMEHH UYEPHOTHI MOBEPXHOCTU HAPYXKHOrO0 KopoOa W BHYTpEHHEH
MOBEPXHOCTH OONUIOBKU. J[7I yMEHBIICHHS TEIUIOOTAAUM U3IydeHHEeM OoJiee HarpeTyr CTEHKY
MIPOCIIONKH IMOKPHIBAIOT aTFOMHUHUEBOH (OJIBIOMA.
B crannonapHom pexuMe IIOTHOCTh TETIOBOT'O MOTOKA Y€pe3 MHOTOCIOWHYIO TIJIIOCKYIO CTEHKY
MOCTOSIHHA!

g="e( —1,)= " (0 -1, )=l 1), Bm 9.12)
5143 5"!7 M2 K

Koaddunuent Temnoornaun o ¢ MOBEPXHOCTH OOJIUIIOBOK IIKaga MOXKHO OINPEAETUTh IO
dbopMyIie, yYUTHIBAIOIINN U KOHBEKTUBHBIN, U JIYIUCTHIH TEIIIO0OMEH:

o= 9,74+0,07-(f€m —l‘g) , _bm (9.13)
MK

TemnepaTypy HOBEpXHOCTH OOIUIIOBKU Icm MPUHUMAIOT B Mpelenax 45+55°C, TeMIIEpaTypy
BHYTPEHHETO KOpo0a CYMTAIOT paBHOM TemIepaType Bo3yxa B Kamepe toc=tian

Jns  ompeneneHus — TONIIUHBI — TEIUIOBOM  M3OMSALUUU Oy  CIEAYeT  HMCHOJIb30BaTh
rpadoaHaJIMTUYECKUI METO/.

[locnenoBarenbHOCTh pacuera:

1. 3a/1ar0T TOJNIMHY BO3AYITHOW MTPOCIOUKH Oyp < 13 MM.

2. [IpHHIMAIOT TEMIIepaTypy HapyXHOTo Kopoba t.. (80, 100, 120, 140°C).

3. BbIUuciAoT onpeAensionyl0 TeMIepaTypy BO3IAYIIHON NPOCIOWKH tm M OHpenensioT
Tero(GU3NUecKre XapakKTePUCTUKHU BO3AYXa Aq, V, Pr;

4. PaccuntsiBator kputepuii ['pacroda u kpurtepuit Penes. Ilo 3HaueHuro kputepusi Penes

BbIOMpatoT pacdyeTHyo Gopmyny (9.6) wumm (9.7) U BBIMHCISAIOT IUIOTHOCTH TEMJIOBOTO MOTOKA Yepe3
BO3AYIIHYIO MPOCIOiKy ¢ "=f (L)

S. OrmpenenstoT cpeHior TeMneparypy u3omsiuus t,=0,5( tec + tic).

6. Bri6upatot MaTepurai TenaoBON U30JISALHUY MO TalJl. U BBIYMCIAIOT KOAPUIIUEHT
TEIUIONPOBOIHOCTH Aus

7. Beraucisitor ko PUIMEHT TEII00TIauyu ¢ MOBEPXHOCTH OOJIHUIIOBKU 0. IO (QopMyIie
(9.13).

8. PaccunThIBaoT TONMKUHY TETIOBOU U30JISILIUU Oys TIO GOPMYIIE:

_ A (e mh) v (15.14)
a(th _tﬁ)

uz

9. CrposT rpadukn HyHKIHHA:

A ) Bm
= (¢ -t , " _ Zoxe _ ) -
q 5u3 ( 6K HK) q 5np (ZHK tcm MZ

B koopauHatax =f(t.x) 1 B TOUKe MX mepecedeHus ONPeNeNsIOT ICHCTBUTEIBHYIO TEMIIEPaTypy
Hapy»XHOTro Kopooa.

10. Ilo HaiiieHHOMY 3HA4YeHUIO U, ONPEHENAIOT JEHCTBUTENBHYIO TONIIUHY TEIUIOBOU
H30JISIHH.

OmnpeneneHne pa3MepoB U MacC KOHCTPYKTHUBHBIX DJIEMEHTOB KaMepBI IEKapHOTo IIKada
PacueTr KOHCTPYKTUBHBIX pa3MepoB IIKada MPOU3BOIAT C YU€TOM TOJIIMHBI CTEHOK BHYTPEHHETO
1 Hapy>KHOTO KOPOOOB, OOJTUIIOBOYHBIX JIUCTOB U U3OJISIIIHA
b 6K — b+2§cm +2@43+2§cm , M
I 8K =l + 250m +2@43 +25cm , M
h 6K — (hK+hn) + 200m +20us +20em M
Maccy kaMepsI mekapHoro mkada BEIYHCISIOT 10 popMyIie:
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G = GeK + Gu3 + GH.K + G06 + Gnod + G()ek + GK.06 + ZGT > KU (915)
rae GgK D Go6 > Gnod > G@

U30JISALIH, HAPY)KHOTO KOpoOa, OOJIMIIOBOYHBIX JIMCTOB, M0/, AOMOIHHUTEIBHBIX 3JIEMEHTOB apMaTyphI
BHYTPEHHEr0 Kopo0a, KapKaca HapyXHOH o0umoBky mkada u TOHos.

Macchl 35IeMEHTOB KOHCTPYKIMH (BHYTPEHHEro KOpoOa, HapyKHOro KopoOa, OOJIMIIOBOYHBIX
JIMCTOB) MOKHO ONPENETHUTH 10 hopMyIie:

G,.G

HK ®

G..;»G; - COOTBETCTBEHHO MAacChl BHYTPEHHEro Kopooda,

6K 2 K

G, =F-6,-p , «xr
e Fi — muomayp sneMenTa KOHCTPYKIKH, M;
di — TOJIIMHA CTCHOK 3JIEMEHTA KOHCTPYKIIUH, M;

pi— IIIOTHOCTH MaTepHaa JIEMCHTOB KOHCTPYKLIUH, — .
M
[Tnomans Fi paccunThiBaIOT MO opMyIIe:
=2.(b. - . . 2.

F=2-(,-1.+b,-h +1 -h),

Maccy 11o10Boro J1ucta OnpeAesnstoT no Gopmyiie:
Gn:b.l.é‘n.pn , KT

rae b, | — cooTBeTcTBEHHO MIMpPHHA U TITyOMHA paboueii kamepsl mKkada, M

On — TOJIIIMHA ITOA0BOIO JIMCTA, M

Ke
pn — IJIOTHOCTH MaTepuasa noJoBOro JUcra, —

M3
Macca A01O0JIHUTENbHBIX METAJUIMYECKUX AJIEMEHTOB apMaTypbl BHYTPEHHET0 KOpoOa COCTaBIsIET
25% oT Macchl BHYTPEHHET0 Kopooa:
G,. =025-G,, xr
Macca kapkaca HapyXHOW o0muioBKkU coctaBnsieT 30% OT Macchl BCEX JHMCTOB OOJIHMIIOBKH,
BBINIOJTHEHHBIX U3 CTaH, iU 60% 0T Macchl IMCTOB OOIMIIOBKH, BHIIOJHEHHBIX U3 CTEKJIOIUIACTUKOB!
JUISL CTaJld G ,,=03-G,, kr

K.00
I CTEKJIOIIACTHKA G ,;=06-G,, xr
Maccy H30JSIIMH BEIYUCIISIOT 110 (hopMyIie:
GlB:(I/Iik_V;K).pM?’ K
Maccy TOHoB paccuntsiBatotT o ¢hopmysie:
> G =Lln-G, , xr (9.16)
rae 1,1 — koappunment, yauThIBaIONINi Maccy JOMONMHUTEIbHBIX KOHCTPYKTUBHBIX AIIEMEHTOB

TOHa;
Nm — konmduectBo TOHoB, mT. M3 ycnoBusi cTynmeHYaToro peryJMpOBaHUs MOIIHOCTH B

cootHouieHuu 4:2:1 npuHUMaeM N, paBHoe § win 12 mir.

G — Macca akTUBHOM yacTu oguoro TOHa, kr

_ 2
GT _ﬁ'La [dT '5T pcm +O’25'pnan (dT _2'5T) ] , KT (917)

La— nmmuHa aktuBHOM yact TOHa, Mm;

d»n— muamerp Tpyoku TOHa, m; npuHuMaroT U3 ctanaaptHoro psaa: 8; 9,5; 10; 12.5; 13;
16 mMm.

O — TONIIIHA CTEHKH TPYOKH, M; MpHHUMAIOT &y = (1,0+1,5) -1073 u;

Pem s Pran — COOTBETCTBEHHO TUIOTHOCTU MaTepuana Tpyoku TOHa u Hanmonaurtens (mepukiaza
WJIU KBaplIeBOTO MECKa), K—i ;

M

JnunHa aktuBHOM yacT TOHa MokeT ObITh orpesienena mo hopmyse:
L, =2-(1-0,02)+114-7, , m (9.18)
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rae | — nmuHa Kamepbl, M

Iy — pamuyc usru6a tpyoku TOHa, M
b M (9.19)

o = P UEE——
3-n,; +1
b— HUpHUHAa KaMC€PbI, M

n;. —ancio TOHOB B BepXHeil MM HIDKHEH CEKIIMU KaMephl, MIT.

KoHTpoJibHBIE BOIPOCHI:

1. OCHOBHBIE OTJIMYHS KAPOUYHBIX U EKAPHBIX IIKA(DOB.

2. KoHcrpykmuss u mnpuHnoun pAeictBus nekapHoro mkagpa I[IIIDOCM-3 u pexumMoB ero
JKCILTyaTalyy.

3. HopMaTHBBI TEXHOJIOTMYECKOTO IIpoIecca.

4. KOHCTPYKIIMY MEKApHBIX MKAPOB C Pa3IUYHBIM HANIPABICHUEM JIBHKEHUS TCIIJIOHOCHUTEIIS, UX
MPEUMYIIECTBA U HEJOCTATKHU.

5. CyurHoCTh pa3IMYHbIX CTIOCOOOB MEepeaayn TETUIOTHI.

6. Onumure pa3IuyHble KOHCTPYKIMHM MEKAPHBIX IIKAQOB C MPUHYAUTEIHHBIM ABH)KEHHUEM
TEIJIOHOCUTEJIS.

7.0nUIINTe KOHCTPYKLHUIO TEKApHOTO IKada C HCIONb30BAHHEM [BYX TEIUIOHOCHUTENEH, ero
IIPEUMYIIECTBA.

8. Knaccuduxanus nexapHbix mkagdoB, IPEUMYIIECTBA U HEJOCTATKH.

9. KoHeTpyKkuMg M NpUHIUN AEMCTBUSI MEKAPHOTO AIEKTPUYECKOTO0 CEPLUOHHOIO MOAYJIBHOIO
nekapHoro mkada ITTDCM-3.

3. PEKOMEHIAYEMAS JINTEPATYPA U UHTEPHET-PECYPCbI:

OcHoBHas1 JIMTepaTypa:

1. boukapesa, H. A. O6opyznoBanue npeAnpusATH OOIIECTBEHHOr0 MUTaHuUs: yueOHoe mocodue /
H. A. BoukapeBa. - Mocksa: Aii [Iu Ap Menua, 2020. - 434 c. -ISBN 978-5-4497-0507-5. - Tekcr:
ANEKTPOHHBIA  //  DnekTpoHHO-OmOnmuotreynas cuctema [PR BOOKS: [caiit]. - URL:
https://www.iprbookshop.ru/94722.html

2. Yabmus, b. B. O60pyaoBanue npeanpusatuii oduiectBeHHOro nutanus: yueonuk / b.B. Habnun,
N.A. EBnokumos, Y.1, Mexaandyeckoe obopynoBanue. — MockBa; bepmun: DirectMEDIA, 2016. — 680 c.

JlonoJiHUTeIbLHAS JTUTepaTypa:

1. boros, M. 1. O6GopynoBaHue npeanpusTHii 001ecTBeHHOro nuranus: yueouuk / M.J. boros,
B.J. Enxuna, B.I1. Kupmmnunukos. - M.: Akagemus, 2013. - 416 c.

2. OGopyaoBaHue NpeAnpusATHiA obuecTBeHHoro nutanus: B 3 u.: yue6bnuk / B.JI. Enxuna, M.H.
Botog, U. 1, Mexannueckoe 000pyI0oBaHue. - 2-¢ u31., crep. - M.: Akagemus, 2012. - 416 c.

3. ObopynoBanue npeanpusTHii odmecTBeHHoro nutanus: B 3 u.: yue6nuk / B.I1. Kupnuunukos,
M.U. Borog, U. 2, TeroBoe obopyaoBaHue. - 2-¢ U31., cTep. - M.: Akamemus, 2012. - 496 c.

4. OGopynoBaHue mpeanpusaTuil obmecTBeHHoro nutanus: B 3 u.: yuebnuk / T.JI. Konymnaesa,
H.H. Aradonos, I'.H. [I3t00a, Y. 3, ToproBoe obopymoBanue. - 2-¢ u3., crep. - M.: Akagemus, 2012. -
304 c.

5. Morunsabiii, M. I1. Toprosoe o6opyaoBaHue npeanpusTHii 00IIECTBEHHOT0 MUTAHUA: yueOHOe
nocobue / M. I1. Morunsnsiii, T.B. Kanamnosa, A.FO. banacaunsu; mog penakuueii M.I1. MorunpHslid. -
Canxkr-IlerepOypr: Tpournxkwuii moct, 2014. - 181 c. - ISBN 978-5-4377-0051-3. - TekcT: 31eKTpOHHBIH //
DNeKTPOHHO-ONOIMOTeYHAs cucremMa IPR BOOKS: [caiiT]. - URL:
https://www.iprbookshop.ru/40921.html

HNHuTtepHer-pecypcebl:

1. www.biblioclub.ru — «YuuBepcurerckas 6ubaHOTEKa OHJaiH», OOIIECTBO C OrpaHUYEHHON
OTBETCTBEHHOCTBIO «/{upexr—Mennay.

2. DnektponHo—oubmuoreunas cucrema [IPRbooks, OO0 «Aii ITu Op Meauay.
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MMHUCTEPCTBO HAYKH 1 BBICIIIET'O OBPA3BOBAHUS POCCHUMCKOM ®EJEPALIMNA
®denepallbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00Pa30BaTeIbHOE YUPEIKICHUE
BhICIIET0 00pa30BaHuUs
«CEBEPO-KABKA3CKWH ®EJIEPAJIbHBIA YHUBEPCUTET»

[Taruropckuit uactutyt (punuan) CKOY

I[TPAKTUYECKASA PABOTA

10 JUCLUIUINHE:

TEXHOJIOTMYECKOE OBOPY JIOBAHME ITPEJITPUATHI
OBIIECTBEHHOI'O ITUTAHUA

Beinonxut:

Crynent
Kypca rpynisbl

Hampasnenue noarorosku: 19.03.04

dbopMbI 00yueHus

(moamuce)
PykoBoauTens paboThI:

(®UO, nomxHOCTH, Kadheapa)

PaGota BeIIOIHEHA U
3aIlMIIECHA C OLIEHKON JlaTa 3amiuThl

[Taturopck, 20 1.
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MMHUCTEPCTBO HAYKH 1 BBICIIET'O OEPA3OBAHUS POCCUMCKOM ®EJEPALIMN
®denepallbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00Pa30BaTeIbHOE YUPEIKICHUE
BhICIIET0 00pa30BaHuUs
«CEBEPO-KABKA3CKWH ®EJIEPAJIbHBIA YHUBEPCUTET»

[Taruropckuit uactutyt (punuan) CKOY

MeTtoauyeckue yKazaHus
[0 OPraHU3alUK U IPOBEICHUIO CAaMOCTOSTENbHOM paboThI
no qucnuiumHe: «TexHomormueckoe 000pyJ0BaHNE IPEATIPUITHI OOIECTBEHHOTO MUTAHUS JUISI
CTY/ICHTOB
HanpasyieHus: 1oArotoBku 19.03.04 TexHomorus NpoAyKUNK U OpraHU3alUs
0O0I11eCTBEHHOT'O MMUTAHUS
HampaBJIEHHOCTH (Mpoduiib) TexHoMorus U opranu3anys pecCTOpaHHOro jaena

[Taruropck, 2026 T.
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BBenenune

Lenpto ocBoeHus auctumuinHbl « TexHonorndeckoe 000pyI0BaHUE MPEANIPUIATUNH OOLIECTBEHHOTO
MUTaHUS): co3aHue MHGPOPMAIMOHHON 0a3bl BBITYCKHHUKA, MpeJroiaraioiieid BoIOOp U pa3paboTKy
COOTBETCTBYIOIIETO TEXHOJIOIMYECKOr0 OOOpYyIOBaHUS, M IMOATOTOBKY CTYJEHTOB K IMPAKTUYECKOU U

HAay4YHOU JEATEJIbHOCTH, CBS3aHHOM C DJKCIUIyaTallMed MalluH W anmnaparoB  IpeaupUsITHR
OOIIECTBEHHOTO MUTAHMSI U TOPTOBIIH.

3agauamMu  ocBoeHMs — gucUMIUIMHBL  «TexHomormyeckoe  o0opynoBaHME — MPEANPHUATHN
OOIIECTBEHHOTO MUTaHUsD» SIBJISIOTCS:

o IPUOOpETEHNE TEOPETUUECKUX 3HAHNHN U MPAKTUUYECKUX HABBIKOB B 00JIACTH YCTPONCTBA U
0e30macHOH 3KcIUTyaTaluu 000pyA0BaHUS,

o palMOHAIIBHOTO  MCIIOJIB30BAHMS  CBIPBEBBIX, HOHEPreTUYECKMX U Jp. PECYpPCOB
IIPEANPUATHI IUTAHUSA U TOPTOBIIH;

o noJ00p COBPEMEHHBIX CHOCOOOB OpraHM3alluM IPOM3BOJCTBA C MHCIHOJIb30BAaHUEM

COBPEMEHHBIX BHJI0OB TEXHOJIOTHYECKOTO 000PYL0BaHMS.

HucuumuinHa «TexHonornueckoe 0o00py10BaHNEe NPEANPUATHHA OOIIECTBEHHOIO MUTAHUS» BXOIUT
B 4acTh, GOPMHUPYEMYIO Y9acTHUKaMH oOpazoBaTenbHbIX oTHOmeHni OIT BO noarotoBku Gakanaspa 1mo
Hanpasienuio 19.03.04 TexHonorus NpoayKIUK U OpraHu3alys O0IECTBEHHOro nuTanus. Ee ocBoeHune
IIPOUCXOIUT B 7 ceMmecTpe Uil CTYACHTOB OYHOM (hopMbl 0O0ydeHHs, B 8 ceMecTpe Ul CTYJCHTOB
3a04HON (hOPMBI OOYUECHHUS.

KOMHeTeHHI/II/I 06yt1ar01ueroc;1, Q)OpMpreMLIC B pE3YyJIbTATC U3YUCHUA JUCHUIIJIMHBI:

Kon, popmynuposka

Kon, popmynuposka

[Inanupyemble pe3yabTaTbl 00y4eHUs 110

MPOIYKLIUH

MacCOBOTO H3TOTOBJICHUS
U CIeNHUaTu3uPOBAHHBIX
MUIIEBBIX MPOAYKTOB C
MPUMEHEHUEM
COBPEMEHHOTO
TEXHOJOTUIECKOTO
obopymoBaHus,
TPAAULIMOHHBIX U HOBBIX
BUJIOB CBIPbi

KOMIIETEHIHN HWHMKATOpa JTUCITUTUIMHE, XapaKTEPU3YIONTUE ITaITbI
(dbopMUPOBaHHS KOMITCTECHITUH,
WHIMKATOPOB

I1K-5. Cnocoben | U1-1nk-s OcymectBusier | Bnageer axtyanpHOW uHpOpmanuel B
MPUMCHSITh KOHTPOJTb KavecTBa, | 001acTi HCIIOJIb30BaHMS
CICIUATM3UPOBAHHBIC | OC30MACHOCTH CBHIPbS M | TEXHOJOTHYECKOTO O0OPYAOBaHUS TIpU
U Tpod)eCCHOHATBHBIC | TOTOBOW TPOAYKIIUU C | 00paboTKe CBIPBS, BBITTyCKa
3HaHUA, B TOM YHCIIE | HCIIOJIb30BaHUEM nonygabpukaTroB u MIPOU3BOJICTBA
WHHOBAI[MOHHEIE, B | HOpMATHBHOU MIPOYKTOB MTUTAHUS BRICOKOTO KAa4eCTBa.
o0jacT  TEXHOJIOTHUHU | TOKYMEHTAIlUH,
MIPOM3BOJICTBA OCHOBHBIX 51
OPOAYKTOB  MHTAHUSA, | MIPUKIAJAHBIX  METOJIOB
OIPEIEIISTh WCCIICIOBAHU I
HanpaBneHus: pa3Butus | U/1-2mk-s Opranusyer TEeXHOJOTUYECKHI Mpoiiecc
TEXHOJIOTUM MHIIEBBIX | OpraHM30BHIBACT MIPOM3BOJICTBA TPOAYKTOB THTAHHUS C
MIPOU3BO/ICTB, TEXHOIOTHYECKUH MIPUMEHEHUEM COBPEMEHHOTO
MOBBIICHHS KA4eCTBA U | MMPOIECC  MPOM3BOACTBA | TEXHOJIOTUIECKOTO o0opymoBaHus,
0€30MacHOCTH TOTOBOM | MPOIYKTOB MUTAHUS | TPAIUIIMOHHBIX U HOBBIX BHJIOB CBHIPhS

NJ1-3nk-5 BrisiBisier
OOBEKTHI JIJIS YITYYIICHUS
TEXHOJIOTHH  ITHIIEBBIX
MPOU3BOJICTB C YYCTOM
MIPOTPECCUBHBIX METOJIOB

JleMoHCTpHpYET CIIOCOOHOCTH
SKCIUTyaTallun COBpPCMCHHOT'O
TEXHOJIOI'MYECCKOIro O60py,Z[OBaHI/I$I C LCJIBIO
VAy4IIEHUS ~ TEXHOJOTHMH  IHIIEBBIX
MPOU3BOJACTB C Y4YCTOM HHHOBAIIMOHHBIX
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SKCILTyaTaIH HAIPaBJICHUH B UHAYCTPUU TUTAHHS
o0opymnoBaHus,
MPHUHIIMIIOB  YIIPABJICHUS
Ka4eCTBOM,
0€301aCHOCTEIO n
MIPOCIICKUBAEMOCTHIO
IIPOU3BO/JICTBA, OCHOB
busnonoruu
MUIICBapeHUss ¥ OOMEHa
BEIIECTB, COBPEMEHHBIX
KOHIIEITIIMH TUTaHHUS

[TK-6. Cnoco6en | U/I-1rk-6 Boinonnsier | OcyiectBisier HE0OXOUMBIE
MPOBOAUTH MPOEKTHBIE | TEXHOJOTUYECKHE TEXHOJIOTUYECKHE pacyeThl Uid Mogoopa
pacyeTbl, 00OCHOBBIBATh | pacyeTbl, ~KOMIIOHOBKY, | ONTUMAJIBHBIX BHJIOB TEXHOJIOTMYECKOTO
u OCYILIECTBIIATH | mO0Op U ympasiieHue | 000pyaoBaHuUs

TEXHOJIOTUYECKHE JUHUASMHU 000PYIOBaHHS,

KOMIIOHOBKH,  MOAOOD | MJIaHUPOBKY

o0opynoBaHus JUIsl | IpEATpUATUI C

MIPOU3BOJICTBEHHBIX UCIOJIb30BaHHEM

TEXHOJIOTUYECKUX HOPMAaTHUBHOM

JUHUM, OCHOBHBIX M| JIOKYMEHTalUU u

BCIIOMOTaTeJIbHBIX KOMITBIOTEPHON TEXHHUKH

nomemieHuii, B  ToM | MJI-2nk-6 [Ipumensier | cnions3yer pa3In4yHbIE
4yucie c| cmocoObl u  cpencrsa| HHGPOPMALMOHHbBIE pecypcsl JUISL
HCIIOJIb30BaHUEM MOJIyYeHUsl,  XpaHEHHUs, | 000CHOBAHMS BHIOOpPA TEXHOJIOTUYECKOTO
MH(}OPMaLMOHHBIX nepepaboTKu 00opynoBaHus OCHOBHBIX u
TEXHOJIOTHi uH(popManuu JUISL | BCTIOMOTATENNbHBIX MOMEIIeHU I

noabopa 000pPYyIOBaHUSA, | MPEANPUSATHS TUTAHUS
TEXHUKO-IKOHOMHYECKUX
pacueTos,
MIPOEKTUPOBAHUS
OCHOBHBIX u
BCIIOMOTaTeNbHBIX
MMOMEILIEHHU I
MPEIPUATHS TUTAHUS

1. O6mast XapaKkTepUCTHKA CAMOCTOATEIbHOI padoThl CTyAeHTa NPH
U3y4YeHMHU TUCHHILINHBL: «TexHosioruyeckoe 000pya0BaHue NMPeANPUATHH 001ECTBEHHOI0
NUTAHUSA»

CamocrositenpHass pabota — 3To paboTa CTYAEHTOB IO YCBOCHHIO 00s3aTEIBHON M CBOOOIHO
nojryqyaeMoil mHpopmanuu no camoodbpaszoBanuio. Takas ¢opma oOyueHUs MPUOOpPETaeT B HACTOsIEe
BpEMS aKTyaJIbHOCTh M 3HAUMMOCTh. E€ pyHKkuMel aBnsercs oOecredeHne X0opoIlero KauecTBa yCBOCHUS
3HaHUH, YMEHMH, HABBIKOB U MPO(ECCHOHAIBHBIX KOMIIETEHIIMA CTyJCHTaMH [0 H3y4aeMoil
mucuumiimHe. B kadectBe (QopM M METONOB BHEAyIUTOPHON pabOThI CTYIEHTOB SIBIISIETCS
caMmocTosiTeNbHast paboTa B OMOIMOTEKE, KOHCIIEKTUPOBAaHUE, pabOTa CO CHEIHMATIBHBIMHU CIOBapSIMU U
CIPaBOYHMKAMH, paCIIUpPEHHE TOHATUHHO — TEPMHUHOJOTUYECKOTO  ammapara, BbIIOJHEHHE
WH/IMBUYAIbHBIX TBOPYECKHX MPOEKTOB. LlensaMu camocrosiTebHON paboThl SBISAIOTCS: (hOpMUpOBaHHE
CIOCOOHOCTEM K CaMOCTOSATEIbHOMY IIO3HAHUIO U OOYYEHHIO, TOUCKY JIUTEpaTypbl, 000OILEHUIO,
0(hopMIIEHHIO U TIPE/ICTABICHUIO MOJIYUYEHHBIX PE3Yy/IbTAaTOB, UX KPUTUUECKOMY aHAJIN3y, IOUCKY HOBBIX
U HEOPAMHAPHBIX PEUIeHUH, apryMEHTHUPOBAaHHOMY OTCTaMBaHHUIO CBOMX NPEJIOKEHUM, yMEHHH
MOJArOTOBKH BBICTYIUIEHUM U BEICHUS JUCKYCCUH.
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CamocTtosTenpHas pabora mo aucruruinHe «TexHoornyeckoe O0OpyIOBAaHUE MPEIIPHITHIA
OOIIIECTBEHHOTO MUTAHMs» 3aKIJI0YaeTcsl B MOJATOTOBKE KOHCIEKTa MPU CaMOCTOSITEIbHOM H3YyUYEHUHU
JTUTEPATyphl, TOJTOTOBKE K MpakTHYeCKHUM paboTam. Bce ykazaHHBIC BHUIBI CAMOCTOSITEIIBHON PaOOTHI
npeaycmarpuBator oBiageHue cryaeHtamu [IK-5, TIK-6, npu ycnemHoMm 3aBeplIeHUHM HW3YYEHUS
mucUIuInHbl « TexHomorndeckoe 000pya0BaHNEe IPEAPHUITHI OOIIECTBEHHOTO MATAHUS.

[{enbto MOATOTOBKM K MPAKTUYECKUM 3aHATHUSAM SIBIISICTCS MOJATOTOBKA MUCHMEHHOTO OTYETa JUIS
MPOBEACHUS AHAJTUTHUYECKON paboThl. 3amayamMu MOATOTOBKM K MPAKTUYECKUM 3aHSATUSAM SIBIISICTCS
npeBapuTesibHoe 0opMiieHHEe pabOThl ¢ MOJHBIM YKa3aHHEM TEOPETHUECKOW U MPAKTUYECKOM yacTei,
MOUCKA JIOTIOJHUTENIbHBIX MaTepUalioB MO H3ydaemMbiM TemaM. [lo kaxaol Teme mpelcTaBlIeHb
KOHTPOJIbHBIE BOTIPOCHI JJISl 3aKPEIUICHHs U3YYeHHOT'0 MaTepuana.

Llenpr0 MOATOTOBKU K CAaMOCTOSITEIbHOMY M3YUEHUIO JIUTEpaTyphl o Temam Ne 1-9 nucuurinHabl
«TexHonoruueckoe 00OpyI0BaHUE MPEANPUITUNA OOIIECTBEHHOIO MUTAHUS» SBJSIETCSl cobeceJoBaHue C
IpernojaBaTesieM IO TeMaM TEOPEeTHMYECKOro MaTepuana. 3ajadaMM [pd  HOJIIOTOBKE K
CaMOCTOSITEILHOMY M3y4YeHHUIO JuTepaTypbl mo temam Ne 1-9 aucuMmiauHbl — KOHCIIEKTHPOBAHHE
CTYJICHTOM JIMTEPATYPHBIX UCTOUHUKOB 110 U3y4aeMbIM TeMaM pabodeil mporpaMmbl JUCITUTIIIUHEI.

2. MeToauyecKkue peKOMEH/IAIMHU M0 U3YyYeHUI0 TeOPEeTHYECKOIr0 MaTepuaJa

[Ipuctynmass x paboTe, KaxAbld CTYAEHT [OJDKEH NPUHUMATh BO BHUMAHHUE CJEAYIOIINE
MOJIOXKEHUS.

JucuurniauHa moCTpoeHa MO TEMAaTHYEeCKOMY MPHUHLHUITY, Kaxjas TeMma MpeAcTaBiseT coOoi
JIOTUYECKH 3aBEPILICHHBIN pa3zel.

JlekiMOHHBIA MaTepuan MOCBSIICH PACCMOTPEHUIO KIIIOUEBBIX, 0a30BBIX MOJIOKEHUN KYpPCOB U
pa3bsACHEHUIO yYeOHBIX 3a/JaHUM, BBIHOCHMBIX Ha CAMOCTOSITENIbHYIO pa0OTy CTY/IEHTOB.

[TpakTHdeckne 3aHATHUS TPOBOAITCS C IEIBI0 3aKPEIUICHUS YCBOCHHOW WH(pOpMAIuH,
MpPUOOpETEHUsI HABBIKOB €€ MPUMEHEHUs MpPU PEUICHUH MPAKTUYECKUX 3aJad B COOTBETCTBYIOIICH
MpeAMETHOM 00JIaCTH.

CamocTosTenbHass  padoTa  CTYACHTOB  HalpaBlieHa Ha  CaMOCTOSATENbHOE  HU3Y4YCHHE
JOTIOTHUTEIHFHOTO MaTepHalia, MOArOTOBKY K MPAKTUYECKUM 3aHATHM, a TAKXKE BBITIOJIHEHUS BCEX BHIOB
CaMOCTOSITENTbHOM pabOTHI.

st ycnentHoro OCBOEHUS AUCIUIUIMHBI, HEOOXOIMMO BBIMOJHUTH BCE BUIBI CAMOCTOATEIHLHON
paboThl, UCTIONB3YS pEKOMEHAyeMbIe HCTOUHUKH WH(OPMALINH.

Bonpocwt onsa cobecedosanus:
ba3oBblii ypoBeHb

Tema 1. O0mme cBeleHUus: 0 MeXaHM4YeCKOM O00OpPYI0BaHWMH. YHHMBepPCAJbHbIN NPHUBOJ,
o0opynoBaHMe ISl HAPE3KH.

1. Tumel >7€KTPONPUBOIOB, MpPHUMEHsSIEMble B O0OPYIOBaHMM NPEINPUATUNH OOIECTBEHHOTO
MUTAHUS.

2. O6wmue cBeAeHMs 0 AeTalsIX MalllMH U MaTepuasax, IpUMEHsIEeMbIX B MAIlIMHOCTPOCHHH.

3. Knaccudukanus aeraneit MamiiH.

4. MamuHbl M1 MEXaHU3MBI: TTIOHSTHUS, HX OTINYHSL.

5. Mammusbl Uit Hape3Ku Xjeba: THUIbl, 0COOEHHOCTH YCTPOWCTBAa OCHOBHBIX Y3JIOB, XapakTep
IBIDKEHUS pabouMx WMHCTPYMEHTOB W TOJAIOMIMX MEXAaHW3MOB, TPHHIWIN JCHCTBHS, MpaBUia
HKCIUTyaTallH, PEryJIMPOBAHNE TONIIMHBI HAPE3KH, TEXHUKA O€30MacCHOCTH.

6. YcrpoiicTBa, o0ecriednBaromme 0€30MmacHOCTh PabOThI MAIIKH.

7. MamuHbel A7 Hape3KH TacTPOHOMHYECKHUX TOBApOB: THIIbI, OCOOEHHOCTH YCTpOMCTBa
OCHOBHBIX Y3JIOB, XapakTep JBIKEHHUS pabOouMX HMHCTPYMEHTOB M MOJAIONIMX MEXaHU3MOB, MPHHIIMII
JeWCTBUS, IpaBHiia SKCIUTyaTalluu, pEryJIupOBaHUEe TOJIIMHBI HAPE3KU, TEXHUKA O€30MacCHOCTH.

8. Knaccuduxamus MmexaHn4eckoro 000pyA0BaHUs [0 Pa3IUYHBIM IPU3HAKAM.

9. OnacHble 30HBI MAaIIMH U MEXaHU3MOB; CIIOCOOBI 3aIIUTHI U COOIONEHUS MPABUJI TEXHUKU
0€301acHOCTH.

10. VYuuBepcanbHBIE NPHBOJIBI (YHHBEpCAIbHas KyXOHHAas MalllMHA), MX Ha3HAYCHHE, THUIIBI,
KOMIUIEKTHOCTD, paBUjia COOPKH, SKCILTyaTallii U TEXHUKH 0€30MacHOCTH.
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Tema 2. MammHnbl 11 00padoTKH oBOLIEH, MsICa U PbIOBI

1. MammuHbl 4151 OYUCTKU CHIPBIX OBOILEH, U3MEIIbUYEHUSI U HAPE3KHU CHIPHIX U BapEHBIX OBOILECH:
Ha3HAYEHUE, TUIIbI, IPUHLUN JCWCTBUS, 0OCOOCHHOCTH YCTPOMCTBA; MpaBHia- COOPKH, SKCIUTyaTalluu U
TEXHHUKHU 0€3011aCHOCTH.

2. Ilpotupounble MamuHbl: Ha3HAYCHHWE, THIIBI, NPUHIMI JCHCTBHS, NpaBWia COOPKH,
SKCIUTyaTalluy U TEXHUKU 0€3011aCHOCTH.

3. YcrpoiicTBa Ui OT’)KMMa COKOB: THIIbI, YCTPOMCTBO, UCIIOIb30BaHUE.

4. Mamussl AJ11 U3MEJIbYEeHUS MsACa U PbIObI, OYMCTKH PHIOKI.

5. MamuHs! 1S peIXJIeHHs Msica, POPMOBKU KOTJIET U OUTOYKOB.

Tema 3. MamiMHbI KOHAMTEPCKOr0 U MYYHOI0 LIexa

1. Mexanu3zanus TEXHOJIOTHYECKUX MTPOLIECCOB KOHAUTEPCKOTO 1I€XA.

2. MexaHu3anus TeXHOJIOTHYECKUX MPOIIECCOB MyYHOTO 1I€Xa.

3. Knaccugukanus MalmH KOHIUTEPCKOTO LeXa.

4. Knaccudukanus MaliiH My4HOTO 1IeXa.

5. MammuHsl 17151 IpOCEUBaHUS MYKHU.

6. MamuHsbl 17151 3aMeca U pacKaTKu TeCTa.

7. VYCTpoilcTBO, NPUHLUI JAEUCTBUA, OCOOCHHOCTH OKCIUIyaTallud, TpaBUia TEXHUKU
0€30MMacHOCTH.

Tema 4. IlonbeMHO-TPaHCIIOPTHOE 000pYy/AOBaHHeE, MOCYAOMOEYHbIe MAIIMHBI U TOProBoe
o0opynoBaHmne

1. Knaccudukanus nmoabEMHO-TPAHCIIOPTHOTO 0OOPYIOBaHUS 1O BUAY MCHOJIB3YEMOW SHEPTHUH,
(GyHKIIMOHATLHOMY Ha3HAYEHHUIO, CTENIEHU MOBMKHOCTH 10 IPUHLIUITY JEHCTBUSI.

2. XapakTepuCTHKa OCHOBHBIX THUIIOB IHOJBEMHO-TPAHCIIOPTHOTO OOOpPYAOBaHUs, MpaBWIa HX
0e30MacHOi SKCIUTyaTaluu.

3. ITocynomoeuHble MalIMHbI: HA3HAUYCHUE, KIacCU(UKAIUS, XapaKTEPUCTUKA TEXHOJIOTHYECKOTO
MpolLecca MAllIMHHOTO MBIThSI, CTauU 00pa0OTKH, TEMIEPATYPHBIN PEXKHUM.

4. TlocynoMoeuHble MallUHbI, YHUBEpCaJIbHbIE MEPUOJUYECKOTO W HENPEPHIBHOTO JEHCTBHS,
MalIMHbl I MOWKM (YHKIIMOHAJIBHBIX €MKOCTEH, KOHTEHHEpOB, CTEeJIa)Kei, CIEelOJIHOCOB: THIIbI,
Ha3HayeHHe, OCOOEHHOCTH YCTPOICTBA OCHOBHBIX Y3JI0B, IpaBHUjia OJKCIUIyaTalluM U TEXHUKH
0€30MacHOCTH.

5. Knaccudukanms BeconzaMepuTeI»HOro 000pyA0BaHUS IO PA3IMYHBIM MPU3HAKAM.

6. O01IMe TPUHIUIBI YCTPOICTBA U MHACKCAINS TOPTOBBIX BECOB.

7. Tlopsimok TOBEpPKHM BECOM3MEPUTEIBLHOTO O0OpYIOBaHMS: CHOCOOBI IMOATBEPIKICHUS
COOTBETCTBHUS.

8. Kpurtepuu Bb160Opa BECOB JJI PA3IUYHBIX THUIIOB IPEATPUITHIA.

9. Becbl MexaHWYecKue: BUJIbI, YCTPOMCTBO, MPHUHIMI JACUCTBHS, MpPaBUJIA JKCILTyaTallUd H
TEXHUKHU 0€3011aCHOCTH.

10. DnexTpoHHBIE BEChl: Ha3HAUYEHWE, THUIBI, OCOOCHHOCTH, MPHUHIIMI JEHCTBUS, MpaBUia
AKCIUTyaTalluy U TEXHUKU 0€30M1aCHOCTH.

11. KoHTpOoNIBHO-KacCCOBBIE MAIITMHBI: TTOHITHE, HA3HAYCHHE, KIacCHU(UKaIHSI.

12. XapakTepucTrKa OCHOBHBIX ONEpalldil BBITOJIHIEMBIX KOHTPOJIbHO-KACCOBBIMU MAIIMHAMMU.

13. DneKkTpoHHbIE KOHTPOJIbHO-KACCOBBIE MAILIMHBI.

Tema 5. O01ue cBeleHUs 0 TEIJIOBOM 000Py10BAHUH.

1. Knnaccudukanus TerioreHepupyoIuX yCTPOHCTB.

2. YcrpoiictBa ansi npeoOpa3zoBaHUs SJIEKTPUYECKOM HHEPrUM B TEIJIOBYIO (DJIEKTpPUUECKHE
HarpeBaTeNIbHbIC AJIEMEHTHI): TUIIbI, YCTPOUCTBO, TOCTOUHCTBA U HETOCTATKH.

3. PerynupoBaHue MOIIHOCTH 3JIEKTPUYECKUX HarpeBaTeNIbHBIX AJIEMEHTOB.

4. Ucnonb3oBanue ekTpoTexuudeckux npudopos (TIIKII) mis perynupoBaHust MOITHOCTH.

5. AnpTepHaTUBHBIE UCTOYHUKH TETLIA.

6. Knaccudukanus TerioBoro o60pyAoBaHus MO TEXHOJIOTHYECKOMY Ha3HAYEHUIO, UCTOYHUKAM
TeIia, CTPYKType pabodero IuKIa, croco0y oborpeBa, creneHu aBToMaru3aiuu. OOIme CBEACHHUS O
MOJIYJIBHOM 00OpYIOBAaHUU U TaCTPOEMKOCTSIX.
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7. TpeOoBaHus, MpeAbABIsEMbIC K TEIUIOBBIM arraparam.

8. HazHaueHne OCHOBHBIX YaCcTEH TEIJIOBBIX alapaToB.

9. IlpuGopbI KOHTPOJIS ¥ YIIPABJICHUS SJIEKTPOTEIIIOBBIMU allllapaTaMu.

10. OnacHble pakTOpbI IPH FKCIUTyaTALUH TEIUIOBOIO 000PYAOBaHUS, CIIOCOObI 3aIUTHI.

Tema 6. BapouHoe, ;kapo4Hoe U eKapcKoe 000py10BaHue

1. Bugel M Ha3HadeHHWE BapOYHBIX AaNIapaToB, OCHOBHBIE TEXHOJOIMUYECKHE TpeOOBaHMS,
IIPEIbABISAEMBbIE UX KOHCTPYKLIHH.

2. IInmeBapo4Hble KOTJIBI: HAa3HAYEHUE, TUIIBI, IPUHLUINUAIBHASL CXE€Ma yCTPOWCTBA, MPHUHIIMII
o0orpeBa BapOYHOTO COCY/Ia, PEKUMBI PA0OTHI, IPABUIIA IKCIUTyaTAI[MH U TEXHUKH 0€3011acHOCTH.

3. VYcrpoiictBa snekTpudeckue Bapounble (YOB): HazHaueHue, OCOOCHHOCTH YCTPOWCTBA H
9KCILTyaTaluu, 00J1IacTh IPUMEHEHUS.

4. O6uue cBefieHns 00 aBTOKJIaBaxX U BaKyyM-almapaTax.

AKCILTyaTal1H.

5. IlapoBapouHble anmaparbl: Ha3HAYEHHWE, TUIbI, OCOOEHHOCTH YCTPONCTBA OCHOBHBIX Y3JIOB,
MPUHIUN pabOoThI, TPaBHUiIa HKCIUTYaTAlUN U TEXHUKU 0€301TacHOCTH.

6. Annapatsl JUis HOPLMOHHOTO IPUTOTOBJIEHUS KOde U yasi.

7. Tunsl, yCTpONUCTBO, IPUHLMIT JIEUCTBUSA, IPaBUJIA SKCIUIyaTallud U TEXHUKH O€30IaCHOCTH.

8. DIeKTpPOCKOBOPOAbI, (DPUTIOPHULIBI: TUIIBI, HA3HAYCHHE, OCOOCHHOCTH YCTPOICTBA, MPUHIIMII
JeCcTBUS, MPUOOPHl aBTOMATUYECKOTO PEryJUPOBaHUS TEIUIOBOIO PEXKMMA, IPaBUJIA IKCIUTyaTallMd U
TEXHUKa 0€30I1aCHOCTH.

9. XKapounsle U nekapHble HKa(bl: TUMbI, HA3HAYEHHE, OCOOEHHOCTH YCTPOMCTBA, IMPUHIIMII
JelcTBUs, MPUOOPHl aBTOMATUYECKOTO PEryJMpOBaHUs TEIUIOBOTO pEeXMMa, MpaBHiia 3KCILIyaTallud U
TEXHUKA, 0€30I1aCHOCTH.

10. Anmapatsl ¢ MK-obGorpeBoM - Ipwiid, TOCTEPbI, POCTEPbl M HIALUIBIYHBIE I[EYM: THUIIB,
Ha3HaYeHHe, 0COOEHHOCTH YCTPONCTBA, IPUHLIUII IEHCTBUS, TPUOOPHI aBTOMATUYECKOTO PETYIUPOBAHUS
TEIUIOBOIO PEXHMMA, MpaBUJIa SKCILTyaTallud U TEXHUKA O€30M1aCHOCTH.

Tema 7. MHOrogyHKIIHOHATbHOE TEIJIOBOE 000pPY/10BaHuUe.

1. MuKpOBOJIHOBBIE NEUU: MHOTO(YHKIMOHAIBHOE Ha3HA4YEHUE, THIbI, YCTPOWCTBO OCHOBHBIX
y3JI0B, IPUHIMI pabOThl, MpaBUiia KCIUTyaTallud U TEXHUKU O€30MacHOCTH.

2. TlapoxoHBekToMmaTbl (KOMOM-IIKadbl): Ha3HAuYEHHE, YCTPOWCTBO, MPOrpamMMbl («TOpSAYHil
BO3JyX», «Iap», «KOMOMHUPOBAHHBIM Map»), NPUHLMI JEHCTBUS, MpaBUiia AKCIUTyaTallUM W TEXHUKU
0€30MacCHOCTH.

3. KoHBeKkTOpbl: Ha3Hau€HHUE, YCTPOWCTBO, MPUHIMUN JEHCTBUSA, MpaBuUia DKCIUIyaTallud u
TE€XHUKU O€30MaCHOCTH.

Tema 8. O6opynoBaHue yHHBepcajJbHOe, BOAOTPeiiHOE U VISl pa31ayuM NMUIIH.

1. TInutel snekTpuyeckue: KiaccupUKaiys, Ha3HauYeHHE, OCOOCHHOCTH YCTPONCTBA OCHOBHBIX
y3JI0B, IPUHIMI pabOThI, MpaBUiia KCIUTyaTallud U TEXHUKU O€30MacHOCTH.

2. I1uTHI 3NIEKTPUYECKHE C PETYINPYEMOI TOBEPXHOCTHIO 000rpeBa.

3. ABTOMaTMYecKHE OJJIEKTPOKUIATUIBHUKU: Ha3Hau€HUE, THUIbl, OCOOEHHOCTH YCTpPOWCTBA
OCHOBHBIX Y3JIOB, TPUHIUN paboThI, MpaBHiIa SKCIUTyaTallid U TEXHUKU 0€30IacCHOCTH.

4. Anmapatel A7 MOAOTPeBa M MOJAJEPKAHUS IMUIIM B TOPSUEM COCTOSHMU: Kilaccu(HKaiwus,
Ha3Ha4YCHHUE.

5. Mapmuthsl AJi1 TEpPBBIX W BTOPHIX OJIOA: THIbI, Ha3HAY€HHE, OCOOEHHOCTH YCTPOHCTBa
OCHOBHBIX Y3JIOB, IPUHIUI paboThI, MpaBUiIa SKCIUTyaTallud U TEXHUKU 0€30IacHOCTH.

Tema 9. O61ue cBeleHUs 0 X0JI0AWILHOM 000PYAOBAHUU.

1. XonoaunasHoe 000pyI0BaHNE: Ha3HAUEHUE, HAPABJICHUS! COBEPLICHCTBOBAHUS OCHAILIEHHOCTH
MPENNPHUATHI 001IECTBEHHOTO MUTAHUSI.

2. Knaccugukarus crnocoboB OXJIaXICHHs, UX XapaKTepUCTHKA.

3. XooauabHBIE areHThl: MOHATHE, Ha3HAYeHHEe, UX BHJbI, CBOWCTBA, O0JACTh MPUMEHEHMS,
BIIMSIHUE HA OKPYXKAIOIIYIO CpENy.

4. XonoauJIbHbIC MAIIMHBL: TOHATHE U HA3HAYCHHUE.
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5. Knaccugukanus XoIoamIbHOTO 000pYAOBaHUS 1O HA3HAYEHUIO, TEMIIEPATypHOMY PEXKUMY,
XapakTepy JABMKEHHMs BO3[yXa B OXJaXJAaEMOM OOBbEME, CTENEHH T'€PMETUYHOCTH XOJIOAUIBHOIO
arperara, pacIoJI0’K€HHUIO X0JI0IUIBHOIO arperara Wik MalluHbl.

6. CranuoHapHble OXJaXXIaeMble OOBEKThbI, KaMephl OXJIaXJaeMble COOPHO-IIUTOBBIE: 00IIas
XapaKTepUCTHKA, TUIBI, Ha3HAuY€HHE, OCOOCHHOCTH YCTPOMCTBA OCHOBHBIX Y3JIOB; IpaBHJa
HKCIUTyaTallul U TEXHUKU 0€30IaCHOCTH.

7. llxadsl XOMOOMIBHBIC, MPUIABKK OXJIAKJaeMble, BHUTPHHBI, CTOHKU-BUTPUHBI, MPHIABKHU-
BUTPHUHBI; JIbJOTC€HEPATOPbl; 000pYI0BAHUE JUISl OXJIAXKAECHUS KUAKOCTEH, (ppusepbl: Ha3HAUECHUE, TUIIBI,
o01mast XapakTepuCTHKa, 0COOEHHOCTH YCTPOHCTBA OCHOBHBIX Y3JIOB, MPaBHJIA SKCIUTYaTallMU U TEXHUKH
0€301acHOCTH.

IloBBIIIEHHBIN YPOBEHD

Tema 1. O0mme cBeleHHsI 0 MeXaHM4YeCKOM OOOPYIOBAaHUHW. YHHMBEpPCAJIbHBIA NPHUBOJ,
o0opynoBaHue ISl HAPEe3KH

1. IlpuunHbl BOZHUKHOBEHUS M HOCIEICTBHS ICHCTBUN TOKOB NEPETPYy3KU U TOKOB KOPOTKOTO
3aMbIKaHUS.

2. Anmapartsl 3allUThI: UX TUIIbI, YCTPOMCTBO U MPUHLUI JCHCTBUS.

3. CTpyKTypa MalivH U MEXaHU3MOB.

4. OCHOBHBIE Y3JIbl COBPEMEHHOM TEXHOJOTUYECKOM MaIlIMHBI, X HA3HAYCHHUE.

5. IIpenmy1iecTBa U HEAOCTATKU UCIOIb30BAaHUS YHUBEPCAIBHBIX IPUBOJOB PA3IMYHbIX THUIIOB.

Tema 2. MammHbl 111 00pa00TKH 0BOILEI, MsIica U PbIOBI

1. MexaHu3Mbl K YHUBEPCAJIHHOMY NPUBONY (7Sl PBHIXJICHHS Msica, Hape3KH Ha OedCcTporaHos,
M3MENbUYCHHS CyXapei U Iepua): yCTpOHCTBO, MPUHLMI JeHCTBUSA, IpaBUiIa U BUIbI COOpPKHU, IpaBUiIa
9KCIUTyaTaluy U TEXHUKU OE€30M1aCHOCTH.

2. HenoctaTKu COBpEMEHHBIX MalIMH AJIsi 00paOOTKHU OBOILEH, Msica U PHIOBI.

Tema 3. MammHbI KOHAUTEPCKOr0 H MY4YHOI'0 LIexXa

1. Mamuss! Ju1st B30MBaHUS KOHUTEPCKUX CMecei.

2. MamuHbl 1 MEXaHU3MBI CIIEUAIbHOIO Ha3HAYEHHUS.

3. HepoctaTky COBpeMEHHBIX MAIIUH KOHIUTEPCKOTO U MyYHOTO LIeXa.

Tema 4. IlonbeMHO-TPaHCIIOPTHOE 000pY/AOBaHHE, MOCYAOMOEYHbIe MAIIMHBI U TOProBoe
o0opynoBanme

1. JIuder: ycTpoiCTBO, MPUHLIMII AEHCTBUS, TpaBUiia O€30MacHO paboTHI.

2. Moroiue cpeacTBa Al MbIThS IOCY/bI, TPEOOBAHUS.

3. MeTtposioruyeckue 1 3KCIlyaTalliOHHbIE TpeOOBaHMSI, IPEIbSABISEMBIE K BECAM.

4. T'ocynapcTBEHHBIN peecTp KOHTPOJIbHO-KAaCCOBBIX MalIMH.

5. Kputepuu BbIOOpa TUIIOB MAIlIMH, OpraHU3alllsl TEXHUYECKOTO 00CITYKUBAHHUS.

Tema 5. O0mue cBeneHus 0 TEMJIOBOM 000PYAOBAHUH

1. OcHOBHBIE BUBI JHEPIOHOCUTENEH, 00J1aCTh UX TPUMEHEHUSI.

2. CriocoObl nepeauu Temsa U UX XapakTepUCTHKA.

3. IloHATHA O TEINTOHOCUTENSX.

4. Tunsl TEIUIO0OMEHHUKOB, KJIaCCH(UKAIIHAL.

5. Tenon30ALMOHHBIE MaTEPUAIIbI, UCIIOJIb3yEeMbIE B TEIIJIOBOM 00OpY/I0BaHUH, UX CBOMCTBA.

Tema 6. BapouHoe, :kapo4Hoe U eKapcKoe 000py10BaHue

1. KoHTponbHO-U3MepHUTENbHAs M MpeAOXpaHUTENbHAs apMarypa MHUIIEBApPOYHbIX KOTJIOB:
Ha3zHaueHue, o0I11as XapaKTePUCTHKA; FIEKTPHUUECKasi CXeMa yIpaBJIeHusl.

2. Ilopsnok BeieHHs TEXHUYECKOW TOKYMEHTALUU 110 00CTYKUBAHUIO MOJbEMHO-TPAHCIIOPTHOTO
00opy0BaHUs.

3. Anmapatel JUIsl JKapKd COCHCOK M JIpyroe HacTOJbHOE KapouyHOe 00OpYyJOBaHME: THIIbI,
Ha3HauYeHUe, 0COOCHHOCTU YCTPOMCTBA, MPUHIIMIT AEHCTBUS, TPUOOPHI aBTOMATHUECKOTO PETYINPOBAHUS
TEIJIOBOTO PEKUMa, MpaBuia SKCILTyaTalluu U TEXHUKA O€30MaCHOCTH.

4. XapouHnble anmaparbl HEMPEPHIBHOTO JAEHCTBHS: aBTOMAT JUIsl; MPUTOTOBJICHUS U >KapKU
IIOHYMKOB, ABTOMAT JJsl IPUTOTOBIEHUS U KAPKU IHPOKKOB C HAYMHKOM, *KAPOBHU Ui BBINEUKU
OMMHYMKOBOM JICHTHI, anmapaT JIJsl IPUTOTOBJICHUS OJTMHYMKOB ¢ HAYMHKOM.
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5. OOmas XapakTepucTHKa, OCOOEHHOCTH  YCTPOWCTBA; HPUOOPHI  aBTOMATHYECKOTO
peryaupoBaHus, TEXHUKA 0€30M1aCHOCTH MPH SKCIUTyaTalluy allapaToB HEMPEPBIBHOTO ACHCTBUS.

Tema 7. MHOrogyHKIIHOHATbHOE TEIJIOBOE 000Py10BaHUeE

1. MHoropyHKIMOHANbHA KyXOHHAs CTaHLUA: BUJAbI, Ha3HA4YE€HUE, YCTPONCTBO, MPHUHIIMII
JeWCTBUS, IPaBHIJIa SKCIUTyaTalluu U TEXHUKU OE30MaCHOCTH.

2. Muorodyukimonansaeie CBY anmapatsl: BUJIbI, HA3HaYEHUE, YCTPONCTBO, MPUHIIMIT ICHCTBUSA,
MpaBUJIa SKCIUTyaTallui U TEXHUKU 0€30IacHOCTH.

Tema 8. O0opynoBanue yHuBepcaJbHOE, BOAOTPeiiHOE W JJIsl Pa3iayuM NMUIIH.

1. OcobeHHOCTH YCTPOMCTBa HArpeBaTEIILHOTO AJIEMEHTA M YKAPOUYHOW MOBEPXHOCTH, CIIOCOOBI
peryaupoBaHus MOLTHOCTH.

2. IlpaBuiia skcruryaTanuu (0COOEHHOCTH yX0/1a 3a )KapOYHOM MMOBEPXHOCTbHIO IUIUT).

3. ABTOMaTHYECKHI KOHTPOJIb YPOBHS 3a0OJHEHUS KUISATUIbHUKA.

4. TepmocTtaTsl, TEIUIOBbIC MIKapbl W CTOWKU: TUIBI, Ha3HAUYEHHE, OCOOCHHOCTH YCTPOHCTBA
OCHOBHBIX Y3JIOB, IPUHLUI pabOThl, IpaBuUiIa SKCIUTyaTalluu U TEXHUKU O€30M1aCHOCTH.

Tema 9. O61ue cBeeHust 0 X0JI0AWILHOM 000PYA0BAHUH

1. OxunaxeHne ecTeCTBEHHOE M HMCKYCCTBEHHOE, Oe3MalllMHHOE M MAIIMHHOE: MX CYIIHOCTb,
MIPEUMYIIECTBA U HEJOCTATKU Pa3HbIX BUJIOB U TUIIOB.

2. CymHOCTh ApPYruX CHOCOOOB OXJIAXIEHUS (TEPMO3JIEKTPUUYECKOI0, PACIIMPEHUs CHKATBIX
ra3os).

3. IlonsTre 00 ycTpoiicTBe M MPUHLKIIE paOOTHI XJ1aJJOHOBON KOMIIPECCHOHHOM MAIlIHHBI.

4. Knaccugukanusi X0oJOMIBHBIX MAIlMH ¥ arperaTtoB MO BUIY XJaJ0HA, TEMIEpaType KUIICHUS
XJIaJI0Ha, XOJIOJONPOU3BOAUTEIIBHOCTH, CIOCO0Y OXJaXICHMs, TUIY KOMIIpeccopa U KOHAEHCATopa,
CTEIEeHU aBTOMAaTHU3alMH1 U arperaTupoBaHMmsl.

5. Komnpeccopbl, KOHAEHCATOPBl U UCHAPUTENN XOJIOAWIbHBIX MAIIWH: Ha3HAYE€HUE, YCTPOUCTBO,
MPUHIIUI AEHCTBUSL.

6. IIpuGopbl aBTOMATUKN XOJIOANUIBHBIX MAlllUH.

Kpurepun oneHuBaHus KOMIIETEHIMI NPH co0eceJOBaHNH CO CTYICHTOM

OneHKka «OTIMYHO» BBICTABISIETCA CTYAEHTY, €CIHM: JEMOHCTPUpPYET TIJIyOOKHE 3HaHUs
IIPOrPaMMHOTO MaTepHaja; HCYEPIBbIBAIOIIE, I0CIEI0BAaTEIbHO, I'PAMOTHO U JIOTUYECKH CTPOMHO
nuajaract HpOFpaMMHBIﬁ Marepuaj, HC 3arpydHsAsaACb C OTBETOM IIpW BHUJAOU3MCHCHHU 3aJIlaHUSA;
CaMOCTOSITENIbHO 0000IIaeT W u3jaraeT MaTepual, He JOIycKas OIIMOOK; CBOOOAHO oOIepupyer
OCHOBHBIMH T€OPETUUYECKUMHU MOJIOKEHUSIMHU 10 MPoOIeMaTUKE U31araeMoro Marepuara.

OneHka «XOpoLIO» BBICTABIAETCS CTYIEHTY, €CIIU: JAEMOHCTPUPYET JOCTaTOYHbIE 3HAHHS
MIPOrpaMMHOI0 MaTepHalla; FPAMOTHO U IO CYLIECTBY M3JIaraeT NMPOrPaMMHBINA MaTepHall, HE JOIIyCKaeT
CYLIECTBEHHBIX HETOYHOCTEHN IIPU OTBETE HA BOINPOC; IMPABUIBHO IPUMEHSET TEOPETUUECKHUE TIOJI0KEHUS
IPU PELICHUH CUTYAallMOHHBIX 3ajjad; CAMOCTOSITENbHO 000OIIAeT M M3JIaraeT Marepuall, He JOoIycKas
CYIIECTBEHHBIX OIIHMOOK.

OneHka  «y[OBJIETBOPUTEIIBHO»  BBICTABISAETCS  CTYINEHTY, €CJIM: HW3JaraeT  OCHOBHOM
IIPOrpaMMHBIM MaTepuall, HO HE 3HAET OTIENbHBIX JETaJel; AONYCKAaeT HETOYHOCTH, HEKOPPEKTHBIE
(GOopMyIMPOBKH, HAPYLIAET MOCIEI0BATEILHOCTD B U3JI0KEHUU MPOTPAaMMHOTO0 MaTepHasa; UCIbIThIBAET
TPYAHOCTHU IIPU PELIEHNUN CUTYAllMOHHBIX 3a]1a4.

O1eHKa «HEyIOBIETBOPUTEIBLHO» BBICTABISICTCA CTYIEHTY, €CJIM: HE 3HAET 3HAUYUTEIIBHOW 4acTU
IPOrpaMMHOI0 MaTepHaia; JOIycKaeT rpyOble OMMOKH MpU H3JI0KEHUM MPOTPaMMHOIO MaTepuana; C
OOJIBIINMHU 3aTPYAHCHUAMU pCHIACT CUTYAIMOHHBIC 3a1a4u.

O1neHka «3auTe€HO» BBICTABIIAETCS CTYAEHTY, €CIIM HpU COOECEOBAHUU CTYAEHT pPAaCKPBIBAET
BOIIPOCBI 1O TEMaM JUCHUINIMHBI; XOPOIIO OpPHUCHTHUPYETCA: B TEPMHUHAX W ONPECACICHUAX,
TEXHOJIOTUYECKUX AaCIMeKTaX IMPOU3BOJCTBA MPOAYKIHUU OOIIECTBEHHOIO MHUTAHUS C HCIOJIb30BaHUEM
pasIMYHBIX BHUJIOB OOOpYIOBaHUA, yMEET TNoa0upaTh TpeOyemMble BHIBI TEXHOJOTHYECKOTO
000py0BaHUs, MPOU3BOAUTE HEOOXOUMBIE PACUETHI.

OrneHka «HE 3a4TE€HO» BBICTABIIAETCS CTYAEHTY, €CIM NMPH COOECeNOBaHMU CTYAEHT JAOIYCKAeT
rpyObie OMIMOKW; HE OPHUEHTHPYETCS: B TEPMUHAX M OIpPEACIICHUSIX, TEXHOJIIOTHYECKUX aCIeKTax
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MPOU3BOJICTBA MPOAYKIIMM OOMIECTBEHHOTO MUTAaHUS C HCIOJB30BAHHEM PA3IUYHBIX BHUIOB
000opyI0BaHUs, HE YMEET MOA0UPaTh TpeOyeMbIe BHUABI TEXHOJIOTHIECKOTO 000pYAOBaHUS, IPOU3BOINUTH
HEO0XO/IMMBIE PACUETHI.

[Tpoueaypa mpoBeaeHUs] NTAHHOTO OLIEHOYHOI'O MEPOINPUSATHS BKJIIOYAEeT B ce0si: BOIPOCHI I
cobecenoBaHusl.

[Ipeyaraemple CTYIEHTY BOIPOCHI TIO3BOJISTIOT MPoBepuTh Komrereniuu [1K-5, [TK-6.

st mpoBenieHUsT JTaHHOTO OIICHOYHOro Mepomnpusitus HeoOxomumo 5-10 MuHYT, B TeueHUe
JAHHOT'O BpEMEHH OyJIeT MPOBOAUTHCS Oecesia CO CTYJICHTOM B JHAIOTOBOM PEKHUME.

JIJist IOATOTOBKM K JTAHHOMY OIICHOYHOMY MEPOIPHUSTHIO HEOOXOJUMO TOATOTOBHTH OTBETHI Ha
BOIIPOCHI B TUCEMEHHOM (popme.

I[pu nmpoBepke OTBeTa CTY/ICHTA, OLICHIBAIOTCS:

— 3HaHUE TEPMUHOJIOTUU Kypca AUCLHUIIIINHBL

— SICHOCTB, YE€TKOCTb, JIOTUIYHOCTDH, HAYYHOCTDH H3JI0KEHUS,

— IPaBWJILHOCTH OTBETOB Ha 33]]JaBAEMbIC BOTIPOCHL.

5. Meroauyeckue ykazaHus (1o BujaaM padot, mpe1ycMOTPeHHbIX pado4eil mporpaMMoi
JUCHHUILJINHDBI)

5.1 Bua camocTosiTeIbHOM PadoThI: OArOTOBKA K IPAKTUUECKHUM 3AHSTUSIM.

[ToaroToBka K NpakTUYECKUM 3aHATHUAM SIBISIETCSA OJHOW M3 BakHEHIINX (OpM caMoCTOSTENbHON
paboThl CTyAeHTOB. Llenplo MpakTUYeCKUX 3aHATHH SBISETCS 3aKpeIICHWE 3HAHWMN, MOJNyYCHHBIX Ha
JIEKIMOHHBIX 3aHATUAX U B XOJE€ CAMOCTOSTEIbHOM PabOThl, a TaKKe BBIPAOOTKAa HABBIKOB PAa0OTHI ¢
y4eOHOI 1 HAyYHOH TUTEepaTypoil.

[ToaroToBKy K mpakTH4eckMM paboTaM ciieyeT HauuHaTh ¢ NOBTOPEHHs MaTepuana JEeKIHH I10
COOTBETCTBYIOLLIEH TEME, a MOTOM IEPEXOAUTh K H3YUEHHUIO Marephaja yuyeOHHKa, PYKOBOJCTBYSCh
IUTAHOM MPAKTHYECKOTO 3aHATHUS, JTaHHOI'O B METOAMYECKMX YKa3aHMAX K MPaKTUYeCKUM 3aHATusM. 1o
3aBEpUICHUH W3Y4YEHUsS PEKOMEHJIOBAaHHOW JMTEpaTypbl, CTYACHTbl MOTYT NPOBEPUTH CBOM 3HAHMS C
IIOMOLIBI0 BOIIPOCOB MJII CaMOKOHTPOJI, COJAEP)KALIUXCS B KOHIE IUIAaHA KaXIOTO 3aHATHS IIO
COOTBETCTBYIOIIIEH TEME.

[ToaroToBka K MpakTUYECKUM 3aHATHUSAM CIIOCOOCTBYET 3aKPEIJICHUIO U YIITyOJCHUIO TOHUMaHHUS
M3Y4YEHHOI0 MaTepHualia, a TakKe NPUOOPETEeHUIO0 HABBIKOB aHAM3a KOHKPETHBIX MPOU3BOICTBEHHBIX
CUTYyaLUi.

Jlomyck K MpakTUYECKUM 3aHATHSAM MPOUCXOAUT IPU HATMUMKU y OaKalaBpoB MEUaTHOTO BapuaHTa
oTyera. 3aluTa OTYeTa MPOXOAUT B (popme JoKiIazga GakasaBpa MO BBIMOJIHEHHON paboTe U OTBETOB Ha
BOIIPOCHI IIpenogaBaTels.

MakcumanbHOe KOJMYECTBO OayuloB  OakajlaBp MoOJydaeT, eciu o¢popMIIEHHE OTdeTa
COOTBETCTBYET YCTAaHOBJICHHBIM TpeOOBaHMUSIM, a OTYET IOJHOCTBIO pACKpPhIBAET CYTh pabOTHI.
OcHOBaHMEM Il CHUKEHUEM OLICHKH SIBJISIOTCS:

- MpU 3aIIUTE MPAKTHYECKOH paboThl TOMYIIEHbl HETOYHOCTH WJIM NPUMEHEHbI HEKOPPEKTHbIE
(bopMyITMPOBKH MaTepuana;

- pa0oTa BBINIOJIHEHA HE MOJHOCTHIO, OJIHAKO OOBEM BBIITOJIHEHHON YacTH TaKOB, YTO IMO3BOJISIET
MIOJIYYUTh MPaBUIIbHBIE DPE3YyJbTaThl M BHIBOJABI IO OCHOBHBIM, IPHHIMIIMAIBHO BAXKHBIM 3ajadyaM
paboTHI.

OTueT MOXXeT OBITh OTIIPABIIEH Ha I0PAOOTKY B CIEIYIOUINX CIydasx:

- oopmIICHHE OTYETa He OTBeYaeT TpeOOBaHUSAM HOPMOKOHTPOJIS;

- B paboTe omynieHbl OIUOKYU (He rpyOble) U HETOYHOCTH.

HToroBslii NPOAYKT CAMOCTOATEJIBLHOM PadOTHI: OTUET IO IPAKTUUYECKUM 3aHATHIM.

CpencTBa M TeXHOJIOTHM OLEHKH: OTYET (MUCbMEHHBIN).

Kpurepun onenkn padoTsl CTyIeHTA:

OneHka «0TJIMYHO» BBICTABIISETCS CTYACHTY, €CIIH:

- IGMOHCTPHUPYET TI1yOOKHe 3HaHUS IPOrPaMMHOI0 MaTepUaa;

- MCYEpIBIBAIOLIE, MOCIEA0BATENbHO, IPAMOTHO M JIOTHYECKH CTPOMHO HM3JaraeT MporpaMMHbIN
MaTepua, He 3aTPYJHSACH C OTBETOM IIPU BUAOM3MEHEHUH 3aJaHUs;
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- CAaMOCTOATENIBHO 00001I1aeT 1 U3JIaraeT MaTepua, He JOMycKas OmnOoK;

- CBOOOZHO ONEpHUPYET OCHOBHBIMH TEOPETHYECKUMH MOJOXKEHMSIMU 10 mpolieMaTnke
U3J1araeMoro MaTepHaa.
OreHKa «XOPOII0» BHICTABIISETCS CTYICHTY, CCIIH:

- IGMOHCTPHUPYET JOCTATOUHBIC 3HAHUS TPOrPAMMHOT0 MaTEpUaa;

- TPaMOTHO M TO CYIIECTBY H3JIaraeT NPOTPaMMHBIM Marepualsl, He IOMYCKaeT CYIIECTBEHHBIX
HETOYHOCTEH IIPU OTBETE HA BOIIPOC;

- CAaMOCTOSTEJIFHO 0000IIaeT U U3J1araeT MaTepHal, He JOIyCKasl CYIIeCTBEHHBIX OIIHOOK.
OreHKa «y/A0BJIeTBOPUTEIbHO)» BBICTABIISIETCS CTYICHTY, €CIIH:

- U3J1araeT OCHOBHOM MPOTrPaMMHBIH MaTepuall, HO HE 3HAET OTICNIbHBIX JAeTalei;

- JIONYCKaeT HETOYHOCTH, HEKOPPEKTHBIE (HOPMYIHPOBKH, HApPYIIAET MOCIEIOBATEIBHOCTh B
M3JI0)KEHUH IIPOTrPaMMHOTO MaTepuaa,;
O1eHKa «HeY/A0BJIETBOPUTEIBLHO» BBICTABIISCTCS CTYACHTY, €CIIH:

- HE 3HACT 3HAYNTEIBHOHN YaCTH NPOTrPaMMHOTO MaTepHaa;

- IOITyCKaeT rpyOble OMIMOKY TPH M3JI0KEHUH TPOrPaMMHOTO MaTepuana.
O1eHKa «3a4TeHO0» BBICTABIIAETCS CTYIEHTY, €CIM CTYICHT BBINOJHMUI BCE 3aJjaHUs IMPAKTUYECKOIO
3aHATUS W CIIOCOOCH JaTh OTBETHl HA KOHTPOJIBHBIE BOIPOCHI IO KaKIOH KOHKPETHOW padore;
oopmIIeHHE OTYETa OTBEYaeT TPEOOBAHMSIM METOJMUYSCKUX YKa3aHUH; MPU YCTHOM OTBETE HA BOIPOCHI
MIPEToIaBaTeNsl HE UCTIBITHIBACT 3aTPYAHECHUH.

OneHka «He 3a4TeHO0)» BBICTABISETCA CTYIEHTY, €ClIM HE NPE/ICTaBlIeH NMHUCbMEHHBIH OTYET IO

MPOBEJCHHBIM MPAKTUYECKUM 3aHATUSAM WM odopmieHHe O(QOpMIIEHHE OT4YeTa HE OTBEYaeT
TpeOOBaHMSIM METOAMYECKUX YKa3aHUIl; IMEIOTCS TpyOble OIIMOKU M HETOYHOCTH.

Pexomenayemasi JiuTepaTypa M HHTEPHET-pecypchl

OcHoBHas1 JIMTepaTypa:

1. boukapesa, H. A. O6opynoBanue npeanpusITHii 00IIECTBEHHOTO MUTaHUsA: ydeOHoe mocodue /
H. A. Boukapesa. - Mocksa: Ait [Iu Ap Menua, 2020. - 434 c. -ISBN 978-5-4497-0507-5. - Tekcr:
ANEKTPOHHBIA  //  DnekTpoHHO-OmOnmuotreynas cuctema [IPR BOOKS: [caiit]. - URL:
https://www.iprbookshop.ru/94722.html

2. Yabmus, b. B. O60pynoBanue npennpuatuii oouecTBeHHoro nutanus: yaeOnuk / b.B. Yabnun,
N.A. EBnokumos, Y.1, Mexaandyeckoe obopynoBanue. — MockBa; bepmun: DirectMEDIA, 2016. — 680 c.

JlonoIHUTeIbLHAS JJUTepaTypa:

1. boro, M. 1. O6opynoBanue npeanpuatuil oomecTBeHHoro nutanus: yueonuk / M.1. botos,
B.Jl. Enxuna, B.I1. Kupnuunukos. - M.: Akagemus, 2013. - 416 c.

2. ObopynoBanue mpeAnpusaTHii 001ecTBeHHOro nmuTanusi: B 3 4.: yuebnuk / B.J[. Enxuna, M.H.
boros, Y. 1, Mexanuueckoe o0opyaoBaHue. - 2-¢ u3f., ctep. - M.: Akagemus, 2012. - 416 c.

3. O6opynoBaHue mpeAnpusITHil oO1ecTBeHHOro nutanus: B 3 u.: yue6nuk / B.I1. Kupnuunukos,
M.U. boros, Y. 2, TerioBoe obopynoBaHue. - 2-¢ U31., ctep. - M.: Akagemus, 2012. - 496 c.

4. OGopynoBaHue nmpeanpusTuii oomectBeHHOro nutanus: B 3 4.: yuebnuk / T.JI. Konymaega,
H.H. Aradonos, I'.H. [I3100a, Y. 3, ToproBoe obopynoBanue. - 2-¢ u3l., crep. - M.: Akanemus, 2012. -
304 c.

5. Morunsnsiii, M. I1. ToproBoe o60pynoBaHue MpeInpUsTHil 001IECTBEHHOTO MUTAHUs: ydeOHOoe
nocobue / M. I1. Mormnbnsiid, T.B. Kanamuoa, A.1O. banacanss; nmon pegaknueir M.I1. MorwibHbIHA. -
Cankr-IlerepOypr: Tpourxkuit moct, 2014. - 181 c. - ISBN 978-5-4377-0051-3. - TekcT: 31€KTPOHHBIH //
DNeKTpOHHO-OUOIMOTeUHAS cucreMa IPR BOOKS: [caiiT]. - URL:
https://www.iprbookshop.ru/40921.html

HNuTtepHeT-pecypebl:

1. www.biblioclub.ru — «YuuBepcurerckast Oubaroreka onnaitH», OOLIIECTBO ¢ OTPaHUUCHHOM
OTBETCTBEHHOCTHIO «J[MpexT—Mennay.

2. DnextpoHHO—OMOMMoTeyHas cucreMa [PRbooks, OO0 «Aii [Tu Dp Menuay.
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