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METOAUYECKHUE YKA3ZAHUSA

10 BBITIOJIHEHUIO JIA0OPATOPHBIX padOT
M0 TUCIUTUINHE «BBITOBBIC MAITUHBI U IPUOOPHI»
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15.03.02 TexHOMOTUYECKUE MAIIIMHBI U 000pYI0BaHKE
HaIpaBJIeHHOCTh (MTPoPuIib) «BBITOBBIC MAITUHBI U IPUOOPHD)



MeTtoaudeckue ykazaHus TO JUCIHHUIUTMHE «BBITOBBIE MAalIMHBI UM MPUOOPHI» COAEpHKAT
3aJIaHusl 7151 CTYJIEHTOB, HEOOXOAMMBIE IS JTa0OPATOPHBIX PadoT.

[TpopaboTka MpennoKEeHHBIX 3a/laHui MO3BOJIUT CTYJASHTAM MPUOOPECTH HEOOXOIUMbIC
3HaHUA B 00J1aCTH U3y4aeMON JUCHIUILINHBIL.

[IpenHa3HaueHsl A CTYAEHTOB HarpasieHust noarotoBku 15.03.02 TexHonoruueckue
MaluHbl 1 o0opynoBanue. Hanpapnennocts (mpoduiib) BeIToOBBIE MAIIMHBI U TPUOOPHI.



Conep:xanue

Beenenue

JlaboparopHas pabota 1 M3yuenue ycTpoiicTBa U HCCIe0BaHNE OCHOBHBIX TapaMeTPOB
OBITOBBIX XOJIOJWIBHUKOB KOMIIPECCHOHHOTO THUIIA

JlaboparopHas pabota 2 M3yuenue ycTpoicTBa T€pMETHYHBIX KOMIIPECCOPOB OBITOBBIX
XOJIOJJUIIEHUKOB.

JlaboparopHas padota 3 KOHCTpYyKIIHS U HCCIeI0BaHUE OCHOBHBIX ITApaMETPOB
KOH/IUITHOHEPOB.

JlaboparopHas pabota 4 M3yueHue 3eKTpUIECKON CXeMbl XOJIOMIbHUKA
KOMITPECCHOHHOTO THUIIA, HJIEKTPOOOOPYIOBaHUS M TPHOOPOB aBTOMATHKH.
JlaboparopHas pabota 5 KOHCTpyKIIHS U HCCIeI0BAHUE OCHOBHBIX XapaKTEPUCTHK
KauecTBa CTUpaJIbHbIX MamuH tuna CMIL.

JlaboparopHas pabota 6 KoHCTpyKIIMS U Hccae10BaHUE OCHOBHBIX XapaKTEPUCTUK
KayecTBa CTUpaJIbHbIX MaluH Tuna CMA.

JlaboparopHas paboTa 7 M3yueHue KOHCTPYKIIMN U OCHOBHBIX XapaKTEPUCTUK OBITOBBIX
IBIJIECOCOB.

JlaboparopHas paboTa 8 M3yueHue KOHCTPYKIIMN U OCHOBHBIX XapaKTEPUCTUK OBITOBBIX
AIIEKTPOOPUTB.

JlaboparopHas pabota 9 Mccnenosanue napamerpoB CBY HarpeBa NuIeBbIX MPOIYKTOB.
JlabopaTtopHas padota 10 M3ydenue nmapameTpoB pabOThl U CPAaBHUTEIBHBIN aHAIN3
OBITOBBIX BOJIOHArPEeBATEIbHBIX IPUOOPOB.

JlaGoparopnas padota 11 HccnenoBanue napameTpoB pabOThI MAIIMH JJIs1 H3MEIbYCHUS
MUIIEBBIX TPOTYKTOB.

JlaboparopHas padota 12 UccnenoBanue mapameTpoB pabOTHI IIEHTPOOSIKHON
COKOBBDKHMAJIKH.

JlaboparopHnas pabota 13 N3yyeHre KOHCTPYKIIMHA ONTHKO- MEXaHUYECKUX MPUOOPOB.
JlaGopaTtopHast pabota 14 M3ydeHre KOHCTPYKIIMH OCHOBHBIX Y3JIOB IIIBEHHBIX MAIIIVH.
JlaGopatopHas pabota 15 CocraBieHre KHUHEMAaTHYECKUX CXEM LIBEHHBIX MAllUH.
HccnenoBanue UKIOrpaMMbI pabOTHI IPSIMOCTPOYHBIX IIBEHHBIX MAIIIHH.
JlaGopatopHas pabota 16 M3yueHne KOHCTPYKIIMU U KHHEMAaTHYECKUX CXeM OBITOBBIX
pruOOpPOB BPEMEHH.

Criucok pekoMeHayeMbIX HH(POPMAIIMOHHBIX HICTOUHUKOB



BBEJAEHUME

[Ipu wm3yyeHum Kypca Hapsay C OBJaJCHHEM CTYAEHTAMH TEOPETHYECKHMHU IIOJOKEHUSIMU
yIensercs: BHUMaHue MpHOOPETEHHI0 MPAKTHUYECKUX HABBIKOB, C TE€M, YTOObI OHHM CMOTJIM YCIIEUIHO
MIPUMEHATH UX B CBOEH MOCIIEAYIOMIEH padoTe.

[lesnb ocBOCHUS TUCIUTUIMHBL:

- cOopMUPOBATH MPEJCTABICHUE CTYICHTAa O COBPEMEHHOM COCTOSIHUU OBITOBBIX MAIluH
1 DJICKTPONPHUOOPOB, OCHOBHBIX HANPABJICHHUSIX UX PA3BUTHSI U COBEPIIICHCTBOBAHUS.

- JaTh MpeacTaBieHHE 00 yCTPOWCTBE, KOHCTPYKIIMM W TPUHOUIE pabOThl Kak
TPaAUITMOHHBIX BUIOB OBITOBOM TEXHUKH, TaK EPCIICKTUBHBIX pa3paboTKax.

- HAy4dUTh OCHOBHBIM METOJIaM pacyeTa W BhIOOpa PAMOHAIBHBIX KOHCTPYKTHUBHBIX U
PEKUMHBIX ITapaMeTPOB OBITOBOW TEXHUKH.

- HAYYUTh METOJAM JKCHEPUMEHTAIBHOIO U TEOPETUUECKOTO MCCIEIOBAHUS TEXHUKO-
AKCIUTYaTaIlMOHHBIX XapaKTEPUCTHK OBITOBBIX MAIIIUH U MMPHUOOPOB.

[IpumeneHne MeTola CHUCTEMHOIO aHAM3a K HW3YYCHUIO JAaHHOW JUCLMIUIMHBI
ompefieNisieT CIeAYIoIUMe ero 3aJady: H3ydyeHHue MNpolJeM B HCTOPUYECKOW TIEepCIEKTHBE,
pacuiupeHre 3HaHUS CTYACHTOB, pa3BUTHE CIOCOOHOCTH CTYIEHTOB K IIOHUMaHHUIO |
KPUTHYECKOMY OCMBICIICHUIO MTPOOJIEM COBPEMEHHOCTH, 00CYKIaeMBIX B CPEICTBAX MacCCOBOMU
uH(popMaIuu, JUTEpaTyphl, a TakKe NMPUOOPETECHHE HABBIKOB IOCIEAOBATEIIBHO M TPaMOTHO
U3JIaraTth CBOM MBICJIH B YCTHOM M MUCbMEHHOM Qopme

B pesynbTare ocBOeHUS TaHHOW JUCIUTUIMHBI ((OPMHPYIOTCS CICIYIONINE KOMIICTCHIIUN
y o0yyaromierocs:

IIK-1: Cnooco6HoCTh K  CHCTEeMATHYECKOMY  HM3YyYeHHIO HAyYHO-TeXHHYecKoil  mHpopmanuu,
0Te4eCTBEHHOI0 U 3apy0e:KHOI0 ONbITA M0 COOTBETCTBYIOIIEMY NPOQHIII0 MOATOTOBKH

W3yuuB naHHbIA KypC, CTYACHT TOJKEH:

3HaTb:

Hay4Ho-TexHMUYeCKyl0 HH(OpPMALMIO, OTEYECTBEHHOI'O0 M 3apyOeXHOro ombiTa IO
COOTBETCTBYIOILIEMY MPOUITIO MOATOTOBKH.

YMers:

CucremaTH4eckd HU3y4aTh HAyYHO-TEXHMUYECKYI0 HHQOpPMAIMIO, OTEUYECTBEHHOTO U
3apy0e’KHOTO OIBITAa IO COOTBETCTBYIOLIEMY POQHIIIO OJTOTOBKH.

Bnaners:

N3yuenneM Hay4HO-TEXHHUYECKOM HHGOpPMAlUM IO COOTBETCTBYIOLIEMY MPOQHIIIO
MOJITOTOBKH.

Peanu3zanus KOMIETEHTHOCTHOIO MTOAX0/1A IPEyCMAaTPUBAET IINPOKOE UCIIOJIB30BaHUE B
y4eOHOM TMpoIlecCe AaKTUBHBIX W HHTEPAKTUBHBIX (OpM MpoBeAeHUs 3aHATHI (pa30op
KOHKPETHBIX CHUTYyaluii, coOeceloBaHME) B COYETAHMM C BHEAyAUTOPHOW pPabOTOHM C LENbIo
(GbopMUpPOBaHUS U Pa3BUTHS MPOPECCHOHATBHBIX HABBIKOB CIIELIMATTUCTOB.

JIekuMOHHBIN Kypc siBisieTcs 0a30M A MOCIEAYIOIIEro MOJIY4YeHUs O0ydaroIUMUCS
MPAKTUYECKUX HABBIKOB, KOTOpPbIE MPUOOPETAIOTCS Ha JTaOOpaTOPHBIX paboTax, MPOBOJUMBIX B
aKTUBHBIX (OpMax: JeJOBbI€ UIPHl; CUTYAllMOHHBIE CEMHHApbl. MeToJuKa MpPOBEACHUS
71a00paTOPHBIX pabOT U UX COJEepKaHUE MPOJAUKTOBAHBI CTPEMIIEHUEM KaK MOKHO 3 eKTHBHEE
pa3BUBATh Y CTY/IEHTOB MBIIUIEHUE U WHTYUIMIO, HEOOXOAMMbIE COBPEMEHHOMY CIEI[HATTUCTY.
AKTHBHBIE (POPMBI CEMHHAPOB OTKPBHIBAIOT OOJIBLINE BO3MOKHOCTH Ul MPOBEPKH YCBOEHUS
TEOPETUYECKOr0 U IPAKTUUECKOTI0 MaTepuana.

JlabopaTopnasi padora 1 M3y4eHue ycTpoiicTBa U HCCJIEJOBAHNE OCHOBHBIX IIapaMeTPOB
OBITOBBIX XO0JOANJIBbHUKOB KOMIIPECCUOHHOI'O THIIA

Lenwb 3ansTHA 3aKTI049aeTCS B (QOPMUPOBAHUH Y CTYJACHTOB MPOQPECCUOHATLHOW KOMITETEHIHH:
K-1:

BeITOBBIE XONOAWMIBHUKHA TIpeAHA3HAYEHBI [JI1 XPAHEHUS CKOPOIMOPTSIIUXCS MHUIIEBBIX
MPOJYKTOB B OXJaXJICHHOM WJIM 3aMOPOKEHHOM COCTOSIHUM. XOJIOJWIBHUK MPEIACTaBISET
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coboii mkag, BHYTPH KOTOPOTO HAXOIUTCS XOJIOAWJIbHAs Kamepa C TOJKaMH AJIS MUIIEBBIX
MpoNyKTOB. B MammHHOM oTceke mkada pacrloiioKeH XOJIOAWIbHBIA arperaT. Kamepa
OrpakiecHa OT HapyXXHBIX CTEHOK IKada CJI0eM TeIJIOU30IAUUU. Terion30samus,
OrpakJaroniasi co BCEX CTOPOH XOJIOAMJIBHYIO KaMmepy, HMPENSTCTBYET MPOHUMKHOBEHHUIO TEIlIa
u3BHe. UToOBI HE OBLIO mIeNeil B JBEpHOM MpoEMe, K BHYTPEHHEH CTEHKE JBEpU MPHUKPEIUIEH
YIUIOTHUTEIb, KOTOPBIA IPU 3aKPBITOW IBEPU IUIOTHO NPUIKUMACTCA K INEPENHEH IIOCKOCTU
mkada. /[Bepu mkada B 3aKpbITOM MOJIOKEHUH YAESPKUBAIOTCS 3aTBOPOM.

B xonoanibHON KaMepe OJJHOKaMEPHOTO XOJIOWIbHUKA (puc. 1.1) B BepXHel 4acTH HaXOAUTCS
UCMAPUTENIb XOJIOAWIBHOIO arperara, KOTOPBI BBIIOJHSAET POJIb HU3KOTEMIIEPATYPHOIO
otaenenus (HTO), mo3Bossitoniero XpaHuTb NpOAYKTHl Ipu Temieparype He Boime -18°C. Tak
Kak TEIUIbIE CJIOM BO3[yXa IIOJHUMAIOTCS BBEpPX, TAKOE IIOJIOKEHUE MCIApUTeNs CO3HAET
XOPOUIYI0 €CTECTBEHHYIO KOHBEKLHMIO BO3JyXa B KaMepe M CHOCOOCTBYET OTHOCHTENIBHO
PaBHOMEPHOMY €€ OXJIaXICHUIO.

1234

LN WY 56789

F—— 1 - meraminueckas monka; 6 - cocylasl A (QPYKTOB U
; OBOIIIEH;

2 - mogoH; 7 - 6aK IS TajloH BOMBI,

3 - MOpO3MIIbHAsS KaMepa; 8 - TaHelb;

4 - TepMoperynarop; 9 - ABepb X0NOIUIbHUKA

5 - creksHHAs IIOJIKA,

Puc. 1.1. OGmuii BUJ 0OJHOKAMEPHOTO XOJIOAUIFHUKA

B coBpemeHHBIX [ByXKaMepHBIX XOJOAWIbHHMKaX (puc. 1.2) ucrmapuTens HUCHOJB3YIOT AJIs
3aMOpaXMBaHUS MPOAYKTOB IIPH TeMIepaType He Bolle -24°C u UX XpaHEHHs B 3aMOPOKEHHOM
COCTOSIHUM TIpU Temrieparype He Boime -18°C. Criepenu ucraputesb 0OBIYHO 3aKPHIT JBEPKOH, a
C3aJii — TIyX0M CTeHKOM U mpencrapiser coooir HTO umum MOpo3wibHYIO Kamepy.

Buara, Belgensiemast U3 pOAYKTOB, a TAK)KE U3 TEIUIOrO BO3/yXa, ITOCTYMAKUIETO B KAMEPY NpH
OTKPBIBAHUU JIBEpH HIKada U Yepe3 UMEIOIINecss HeMJIOTHOCTH, OCEeaeT Ha XOJOJHBIX CTEHKaX
WCITapUTEIS B BUJE CHEKHOTO MOKPOBA.
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A — XOJIOAUJIbHAas KaMepa; h— MOpO3HJIbHAas KaMepa, 1— peUICTKaA, 2— HCIIApUTCIIb

MOPO3HWIIBHON KaMmephl; 3—JI0MaTKa; 4— eMKOCTh C KPBIIIKOH; 5— BKIJIQABIIL;, 6— WCIapuTesbh
XOJIOJUIIBHON KaMmephl; /—Oapbep MOJKH; 8—/IBeph XOJIOIWIBHOW KaMepbl; 9— cocya s
tanor Boabl; 10—yronok; 11—nekoparuBHas mianka; 12— raiika; 13— omopa; 14, 15— Gostel
¢ maiiboi; 16—ponuk; 17—cocyn s oBomed u  ¢GpykTo; 18— monka-crexno; 19—
obpamiienne monku; 20—monka; 21— 6ak ¢ KpbImKkoit; 22— 610k pubopoB: 23— dopma s
nbaa; 24 — mornepednHa

Puc. 1.2. O0muit Bua AByXKaMEepHOTO XOJIOAMIbHIKA

Takast cBoeoOpa3Hasi cCHeroBasi nryba yxXyaAlIaeT OTBOJ TeIUla MCIapuTeiaeM U e€ HeoOXO0IUMO
CUCTEeMAaTUYEeCKU YHansATh. st cOopa Tanoi BOJBI, CTEKAIOIIEH CO CTEHOK HCIApUTENs Mpu
YAAJICHHUU CHEXHOI'O0 IMOKpOBA, MMECTCA CHGHI/I&J’IBHBIﬁ noaaoH WU COCYA. CHEXHBIIT IIOKpOB
YAAISIOT C HUCTAPUTENs PA3IMYHBIMUA CIIOCOOAMH: €CTECTBEHHBIM OTEIIJICHUEM HCIIApUTENs TpU
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BBIKJIFOUEHHOM XOJIOJMJIBHOM arperare, mojlyaBTOMaTUYECKH IIPU IIOMOIIY TEPMOPETyJIATopa, a
TaK)K€ aBTOMAaTHYECKUM.

Bce komnpeccroHHbBIE XOJ0MIBHUKN OCHAIIICHBI TEPMOPETYIISATOPAMH, IPH ITOMOIIN KOTOPHIX B
KaMmepe mojaepkuBaetcs Tpedyemas remreparypa. Korma mpu paboTe X0NIOAMIBHOTO arperara B
KaMmepe MOHMKAETCsl TeMITepaTypa 0 MPeaeTbHO JTOMYCTHMOM, TEPMOPETYJIATOP aBTOMATHUYCCKU
OTKJIIOYAET JBUTATENIb KOMIIPECCOpa, a MPU IMOBBIIICHUU TEMIIEpaTypbl BHOBb BKJIIOYAET €rO.
Takyro paboTy XOJOAWJIBHOTO arperara ¢ TMEPUOJUYCCKUMU BBIKIIFOYCHHSIMH HA3bIBAIOT
UKJIAIHOH.

+Bo Bcex XONOAMIBHHKAX EMKOCTHIO Oonee 100 aM° MpelycCMOTPEHO 3JIEKTPUUECKOE
OCBEIICHUE KaMephI TP OTPBHIBAHUH JBEpH IIKada.

Knaccudukanys ObITOBBIX XOJIOAUILHUKOB
BEITOBBIE XOJIOAMIEHUKH KIACCU(PUITUPYIOT TIO CIICIYFOIIUM ITPU3HAKAM

e [lo cnocoby oxnadxcoenuss (muny Xol00uibHO20 azpezama)— KOMIIpecCHOHHBIE — K,

abcopOunoOHHBIE — A H TepMOdJIeKTpUYeckue (MOMYyNMpOBOJHUKOBBIE) — TO (B
coorBerctBUM ¢ [OCTom 16317-87 «IIpubopbl XOJNOMMIBHBIE AIIEKTPHUECKHUE
OBITOBBICY).

e [lo Ha3HaueHuro — OJHOKAaMEpHBIC [UIS XPAHEHHUS OXJIAKIEHHBIX IPOIYKTOB,
JIBYXKaMEpHBbIE — JJIs1 Pa3AeNbHOTO XpaHEHHWS B OAHOM IKady OXJaXACHHBIX U

3aMOPOXKEHHBIX  TPOAYKTOB M  HU3KOTEMIICPATypHbIE  (MOPO3HIBHUKH)-  JJIS
3aMOpPaKUBAHUS U XPAHEHHSI 3aMOPOKEHHBIX MPOTYKTOB.

e [lo cnocoby ycmanosxu: nanonsubiii — 11 (mkad), B Buge crona — C, HacTeHHBIA — H,
0JI0OYHO-BCTpanBaeMbIii — b.

TakuM 00pa3oM, KOMIIPECCHOHHBIH HAIONBHBIA XOJNOMMIBHUK o6beMoM 200 mm° mmeer
ycnoBHoe o6o3nauenue KII-200.

o [lo cmenenu Komghopmuocmu XONOJUIBHUKN BBITYCKAIOTCS OOBIYHON KOM(OPTHOCTH U
noBblIeHHON — [1. X001nIbHUKN MOBBIIEHHON KOM(POPTHOCTH UMEIOT YCTPONUCTBO JUIsS
aBTOMAaTUYECKOrO0 WM I10JlyaBTOMaTH4YECKOIO OTTAMBAHMSA HCIAPUTENS XOJOAWIBHOU
KaMepbl € MNOCIHEAYIOUIMM YAAJICHHEM Talod Boabl. Kpome TOro, B XOJIOAMIBHUKAX
TaKOT'0 TUMA JOJHKHO OBITh MPETYCMOTPEHO OJTHO MIJIM HECKOJIBKO YCTPOICTB:

e JUIS IOJICPKAHUS ONPEACTIEHHON BIQXKHOCTH B XOJIOIMIIbHOW KaMepe (MU B €€ YacTH);

L] JJI1 OXJIAXKACHHUS HAIIUTKOB C BBIJIa‘-ICfI nx 0e3 OTKPLIBaAHUA ABCPU,

e JUIS CUTHAJIM3AIIUU PEKUMOB PabOThI XOJOIHIIbHUKA;

L] AJI1 IPUHYAUTCEIIBHOTO aBTOMATHUYCCKOI'O 3aKpbIBaAHUA JABCPHU IIPU OTKPBIBAHHUUN e€ Ha
yron ue 6omnee 10°;

e ISl OTPAHWYEHUS yIJIa OTKPBIBAHUS JIBEPH, MTPEIOTBPAIIAOIIETO YAap €€ O CTEHY;

e JUIA MEPECTAHOBKH IMOJIOK IO BBICOTE ¢ MHTEPBAIOM He Oosiee 50 MM WM BBIIBHUTAHUH
3arpy’KeHHOW TMOJIKM Ha paccrosHue He MeHee 50 % e€ TayOMHBI TpPHU  YCIOBHH
COXpPAaHCHUA T'OPU3OHTAJIBHOI'O ITOJIOKCHUA.

e Ilo ycnosuiam sxcniayamayuu XO0JI0JUWJIbHUKN JCJIAT Ha Ba Kjacca:

e TIpPEIHa3HAYCHHBIC IS DKCIUTyaTalluy B pailoHax ¢ ymepeHHBIM KiumaToM — Y XJI (N);
e I[IpeIHA3HAYCHHBIE JUJIS OKCIUTYyaTallMy B pallOHAX ¢ TPONUYECKUM KIuMaTtoM — T.



XONMOMUIBHUKNA TIEPBOrO Kjacca paccuuTaHbl Ha paboTy B YCIOBUSX TEMIIEPaTyphl
okpyxkaromero Bo3gyxa He Bbmue 32°C. (mpm  Gomee BBICOKOH —TeMmepaType HX
AKCIUTyaTal[MOHHBIE I10KA3aTEIN 3HAUUTEIbHO YXYyALIAKTCS).

XOoJOAWILHUKHA TPOMUYECKOTO Kiacca MpeAHa3HAYCHBI JUisi pabOThl B YCIOBUSX BIAXKHOTO
TPONMYECKOr0 KIMMATa U TeMIepaTyphl OKpykaromero Boxyxa 10 43°C. Mx u3roToBisioT ¢
YCWJICHHBIM TEIUIOU3O0JIALIMOHHBIM OTPAKJIECHUEM XOJOJWJIbHOM KaMepbl M IOBBIIICHHOM
3alUTON OT KOPPO3UHU OTIEIbHBIX YACTEH.

e CoBpeMeHHBIC XOJOIMWIBHUKH PA3IMYAIOT TAKKE 6 3A6UCUMOCU OM MeMnepamypbl 8
MOPO3UTLHOM — (HUBKOMeMNepamypHom) omoeleHuy WIIK MOPO3UJIIBHOW KaMmepe W
MapKUPYIOT 3BE3JI0YKAMH « * ». MapKHpPOBKY HAHOCAT Ha JBEPIY XOJOJMUIbLHUKA HIIH
MOpPO3HIIBHOTO OTHeNeHHsa. Kakmas 3Bé3mouxa o3Hauaer —6°C.  XONOJMIBHUKK
BBIMTYCKAIOT C OJHOW, ABYMS M TPEMs 3BE30YKAMH, YTO COOTBETCTBYET TEMIIEpaType B
HU3KOTEMIIEpaTypHOM OTAelieHnu —6, —12, -18°C.

OCHOBHBIE C60p0‘lHHe CAMHUIIBI OBITOBOTO XOJIOAHUJIbHUKA KOMIIPECCUOHHOT'O THUIIA

CoBpeMeHHBIN OBITOBON KOMIIPECCHOHHBIN XOMOIUIBHHUK MPEACTABIAECT COOOW KOHCTPYKIIHUIO,
COCTOSIIIYIO U3  XOJIOJHJIBHOTO mkada, XOJIOIUIIEHOTO arperara, 3JIEMEHTOB
2JIEKTPOOOOPYIOBaHUSI M aBTOMATHKH. B KadecTBe XjajareHTa NPUMEHSOT XJaloH ((ppeoH)
R12 unu o3on00e30nacHbIi Xi1agoHd R134a.

I_HKa(l) XOJIOAWJIbHHUKA COCTOUT U3 CIICAYIOIIHX 3JICMCHTOB: KOPITYC, XOJIOAWJIbHAA KaMEpa, IBCPb
" TCIIIIOMU3OJIALHA.

Kopnyc siBnsiercs Hecylieil KOHCTPYKIMEH, ITO3TOMY JOJIKEH OBITh JOCTATOYHO JKECTKUM.

Jlis  M3roTOBIIEHUS KOpIyca IpUMEHseTcsd cTanbHOW Jmct TommuHo 0,7 — 0,9mm.
I'epmetnunocTh mikaga obecrieunBaeTcst nactoid [IB-3 Ha OCHOBE XJIOPBHHHIJIOBOW CMOJIBI.
[ToBepxHocTh mkada docharupyrot, 3ateMm HaHocAT TpyHT MU-042, I'D-0119 win apyroid, a
3aTeM M JBYXCJIIOWHOE TOKPBITHE AdMaibio Oenoro meera mapok OI1-148, MJI-12-01, MJI-242,
MJI-283 u ap. OxpammuBaroT mKagpsl ¢ MOMOIIBIO KPACKOMYJIBTOB WIN B 3JIEKTPOCTATUYECKOM
nosie. B mkagax XonoguJIbHUKOB, UMEIOIIUX CEPBUPOBOYHBIA CTONMK, BEPXHIOI IJIOCKOCTh
mKada MOKpPHIBAIOT MOJUI(PUPHBIM JIAKOM.

Kamepbl y MOpO3WIBHHUKOB M KaMepbl HHU3KOTEMIEpPATYpHBIX OTIEJIEHUH JBYXKaMEpHBIX
XOJIOIMJIBHUKOB METAJUIMYECKUE — U3 aIFOMUHHUS WM HEp)KaBEIOIIeW CTalH, B COBPEMEHHBIX
XOJIOMJIBHUKAX NHOTJA U3 IIACTMACCHI.

CranpHble Kamepel Ooyiee JONTOBEYHBI, THTMEHUYHBI, HO OHHM YBEJIMYHMBAIOT Maccy
XOJIOAMIBHUKA ¥ TPEOYIOT 0COOBIX CIIOCOOOB KPETUICHHS K HapYKHOMY KOPIYCY JJisi Haubosee
3¢ (HEeKTUBHON TETIION3O0IISALIUN OT OKPYKAIOIIECH CPEIbI.

K mpeumymiecTBam IIacTMacCoOBBIX KaMep OTHOCATCS IMPOCTOTa M BBICOKOE KadeCTBO IpHU
U3TOTOBJICHUH, Mablii KO3((UIMEHT TEemIonpoBOAHOCTH, MeHbIIasg Macca. OJHaKoO Takue
KaMephl MOJABEpPraroTcsi OBICTPOMY CTApEHHIO, CO BPEMEHEM TEpSIOT TOBApPHBIA BHJI, MEHee
JIOJITOBEYHBI ¥ MEHEE IIPOUYHBI 10 CPABHEHUIO C METAJNINYECKUMH.

B XonommibHUKaX ¢ IJIaCTMACCOBBIMH KaMepaMH OTHalaeT HeOOXOAMMOCTb B YCTAHOBKE IO
NepUMETPY JBEPHOro MpoEéMa HAaKIAJOK, 3aKPBIBAIOIIMX TEIUIOM3OJIALNI0, TaK Kak pOJb
HaKJIaJIOK BBITIOJIHSIIOT OTOOPTOBAHHBIE Kpasi KaMephl.
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Cocynpl 11st QpyKTOB, Msica W JAPYIMX HPOXYKTOB H3TOTOBISIOT M3 TOJHUCTHPOSA MU
MOJIMDTUJIEHA JINTHEM IO/ AABICHUEM.

ﬂeepb XOJIOAWJIPHHUKA BKIIIOYACT HAPYKHYIO M BHYTPCHHIOIO IMAHCIHN, TCIINIOHU3O0JIALMIO MCEXIY
HUMHU U YIINIOTHUTCIIb.

JlBepu HapyXHBIX IIKa(OB XOJIOAMIBHUKOB M3TOTOBISIOT M3 CTAJIBHOTO JHcTa ToammHou 0,8
MM METOJIOM IITaMITOBKH M CBapKH. B HEKOTOPBIX MOAEIAX XOJIOJHIHLHUKOB JBEPH BBIOIHSIOT
U3 APEBECHOCTPYKEUHON TUIUTHI WIIK yIAPOIIPOYHOTO HOIUCTUPOIIA.

[Tanenu paBepu JenalT TakkKe M3 YIAPONPOYHOIO MOJUCTUPOJIA METOJOM BaKyyMHOTO
dopmupoBanus. TonmuHa mcra 2 — 3 MM.

JIBepp XOJIOMMJIBHUKA JOJDKHA MPOYHO IMPHIEraTh K MpoéMy, MHa4ye TEIUIBIA BO3AyX Oyzaer
IPOHMKATh BHYTpb Kamepsl. [l obecrieueHusi repMETUHYHOCTH BHYTPEHHIOIO CTOPOHY JBEPH 110
BCEMY MEPUMETPY OKAaHTOBBIBAIOT MArHUTHBIM YIUIOTHUTENIEM pasHoro mnpodwmii. B
XOJIOJUIIBHUKAX CTAPOro BBITYCKA IPUMEHSUIUCH PE3UHOBBIE YIUIOTHUTENIN OAJIOHHOTO TUIIA.

I[Bepn B 3aKPbITOM IIOJIOKCHUU YACPKHUBAIOTCA C IIOMOLIIBIO MEXAaHUYCCKUX (qaLue KYPKOBOI'O
TI/IHa) HJIM MarHuTHBIX 3aTBOPOB.

MexaHnueckue KypKOBbIE W CEKTOpPHBbIE 3aTBOpBI JIBEped IMPHUMEHSINCh B 0Oojiee paHHUX
MOJIEJISIX XOJIOAUIBHUKOB. B KypKkoBbIX 3aTBOpax (puc. 1.3) 3alopHOIl 4acThIO CIYKUT POJUK,
3aKpeIUIEHHBIN Ha pbluare CIycka.

[Tepememienne pplyara ¢ poJUKOM IIPU OTKPBIBAHUM W 3aKPBIBAHMU JIBEPU IIPOUCXOJUT IOJ
JIeMCTBUEM TIEPEKUIHON MPYKUHBI, KOTOpast (PUKCHUPYET phlYyar CIIyCKa Kak B OTKPBITOM, TaK H
3aKpBITOM NOJIOKEHUU. [Ipy OTKpBIBAHMM M 3aKpbIBAHUU JIBEPH XOJOIMIBHHKA IPOUCXOIUT
nepedpoc Npy>KUHBI PblYaroM U3 OJHOI0 KpailHero MOJI0XKEHHUS B IPYroe.

CexTopHblii 3aTBOp (puc. 1.4) MO3BOJIAET OTKPHIBATh JIBEPh 0€3 BO3JCUCTBUS HA HErO PYYKOM,
KOTOpasi )KECTKO 3aKperuieHa Ha JBepu. IIpu OTKpbIBAaHMM M 3aKpBIBAHUM JIBEPU HUMEIOLIAsICS
NepeKuIHas MPYKUHA TepeOpachIBaeT 3aMOPHBIM CEKTOpP Yepe3 phluar. 3armopHbIe pblyaru, Kak
MPaBUIIO, BXOAST B 3allelJieHue C coOaukoi, 3akperui€éHHoil B mikady. I[lomoskeHne MOKHO
perynupoBarb, T.€. lepeMeliarh €€ g TOro, yToObl ObIO OOecreueHo HaAEKHOE 3allelIeHue
MIPHU 3aKPBIBAHUU JIBEPHU.



ANY PRy v o -

Puc. 1.1. Kyproentil :ameop:
1= nuurre, 2 — ponuk, 3 — poivaz crycxa, 4 — neperudkan npyxuHa, 5 — phivaz neperudol npyXuKLL 6 —
opnyc 3amacpa, 7 — dck peivaza crycka, 8 — ynopuas nnowadra

Cavmanuiii] 3AMEON OTNNMABTCA OT KYPKOBOrO TEM, YTO €r0 3anopHan 4acTh, UMEHLLAS BA,
TTrmas manawakua He GyayuK CBA3AH-

1 — nuunHKa; 2 — ponuk; 3 — pblyar crycka; 4 — nepekuHas npy>KuHa; 5 — ppluar NepeKuaHoN
IPYXKHUHBIL; 6 — KOPITyC 3aTBOpa; 7 — OCh pbluara CIIyCKa; 8 — yropHas Iuionjaika

Puc. 1.3. KypkoBslii 3aTBOp

T

e ot e ot -

Puc. 1.2. CexmopHeIit 3ameop:
1= NUNUHKa, 2— PONUK MUMUHKU, 3 — 3an0pKbIl Cexmop; 4 — 0k 3an0pHO20 cekmopa; 5 — nepekudnasn NpyxuHa;
6— kopnyc 3ameopa; 7 — puiiaz nepexudHol ApYXUHs!
TUT e i aamannki nDeACTaBNSAIOT COBOI ANACTUYHYIO MATHUTHYIO BCTABKY, NOMELLEH-
R e N L TP naanu OHa

1 — nuuuHKa; 2 — pONMK JTWYMHKHA, 3 — 3aMOpHBIN CEKTOp; 4 — OCh OMOPHOTO CEKTopa; S—
NEepeKUIHAs MPYXKUHA; 6 — KOPIYC 3aTBOPA; 7 — pblYar NepeKUIHOMN MPYKUHBI

Puc. 1.4. Cexropublii 3aTBOp

B kadectBe yruioTHUTENEH B XOJOAWIbHMKAX C KYPKOBBIMH U CEKTOPHBIMH 3aTBOpaMU
MPUMEHSIOT MUIIEBYIO pe3UHy 0alIOHHOTO THUTIA.
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MarHuTHBIE 3aTBOPHI B HacTOsAIIee BpeMs HanOosee pacnpocTpaHeHbl. OHU Jal0T BO3MOXKHOCTD
pacroJyiaraTh py4Ky Ha pa3HOM BBICOTE JABEPH, UCXOJI M3 TpeOOBaHUN yI00CTBa U TEXHUUYECKOMN
ACTETUKH.

MarnuTHbIE 3aTBOpBI MPEACTABISIOT CO0OM MarHUTHYIO BCTaBKy (puc. 1.5), momeménHyoo B
VIUIOTHUTEIBHBIN NMpoduiIb Ha BHYTPEHHE NaHenu JaBepHu. [Ipoduias yIIOTHHUTENs M3rOTOBIICH
W3 IUIaCTMKAa WIM TOoJuMBUHWIXJIOpUAa. [lpu 3akphlBaHMM JBEpU YIUIOTHUTENIb IJIOTHO
MPUTATUBACTCA K METAUIMYECKOMY Kopiycy. MCXOMHBIM CBhIPbEM ISl MOJYYEHUS MarHUTHBIX
MaTepuaioB ciyxut peppur Oapus BaO B cMecH ¢ KaydyKaMu WIH TOJUXJIOPBUHUIOBEIMU U
JIPYTUMHU CcMoOJIaMHU. M3roToBJIEHHBIE JIEHTHl 3JIACTUYHOTO MAarHuTa HaMarHMYMBalOT B
MarHUTHOM Tojie. HaMaranueHHbIe TEHTHI 00J1a/1al0T 0CTATOYHON MarHuTHOU nHaykmein 0,11 —
0,12 Tm.

1 — GayutoH AJI1 MAarHUTHOM BCTAaBKH; 2 — MarHWTHAs BCTaBKa, 3 — OAJIJIOH «TapMOIITKay
Puc. 1.5. YOIoTHUTEIL ¢ MATHUTHOM BCTaBKOU

B HACTOAIICEC BPEMA B MAarHUTHBIX BCTaBKaX IMPUMCHAKOTCA HpO(i)I/IJ'II/I IpsAMOYTOJIBHOT'O CCUCHUA,
HN3TOTOBJICHHBIC U3 3JIaCTUYHBIX MHOTI'OKOMITOHCHTHBIX (I)eppI/ITOHaHOJ'IHeHHBIX KOMHOSHHI/Iﬁ.

Takum 00pa3oM, B XOJIOAWIBHUKAX C MEXAaHHMYECKUM 3aTBOPOM IIJIOTHOE 3aKpbIBAHUE ABEPU
JoCTUTaeTcs Onarojaps CKaTuio Npoduis pe3nHOBOro YIUIOTHUTENS. B XonoguibHuKax c
MarHUTHBIM 3aTBOPOM YIUIOTHUTENb MPUTATUBACTCS K K]y CUIION MPUTSXKEHUsI MarHUTA, IPU
3TOM NPO(UIIH YIUIOTHUTENS PacTATUBAETCS.

Tennousonayuio IPUMEHSIOT Ul 3alIUThl XOJOIMJIBHOM KaMepbl OT IPOHUKHOBEHMS B Heé
TeIla OKpYXKarwlluel cpenapl. E€ MpoKIagbIBalOT MEXKIYy CTCHKAMM, MEXKIY BEPXOM U JHOM
XOJIONMJIBHOTO IKada M XOJIOAMIBHOM KaMepbl, a TaKKe IO0J BHYTPEHHEW MaHENbl0 ABEPH.
KagectBo mkaja BO MHOroM ompenensercs  cBoiictBamu  Temonzonsuuu. Ot
TEIUIOM30JISIIIMOHHBIX MaTepHuajoB Tpedyercs, yToObl OHU 00Jafanu HU3KUM KO3((UIIMEHTOM
TEIUIONPOBOAHOCTH,  HEOonbIION  0OBEMHOM  Maccoill, Majlol  TUIPOCKONMUYHOCTHIO,
BJIarOCTOMKOCTBIO, OBLIM OrHECTOMKHMH, JIOJTOBEUHBIMHU, JEHIEBHIMH, OHOCTOMKHMH, HE
U3JIaBaJIM 3araxa, a Takyke ObUIM MEXaHUYECKU MTPOYHBIMHU.

Hns Teromsonsinuu mkaga W JABEPH XOJOIWILHUKOB pPaHEE MPUMEHSIIOCH IITalelbHOE
creksioBosiokHO MT-35, cynepronkoe crekinoBosiokHo CTB u MuHepanbHbI Boiiok. B
HACTOSIIIEe BpPEeMsI B KaueCTBE TEIJIOM3OJLIITMOHHBIX MATEPHAJIOB TMOJIYYHIH PACIPOCTPAHECHUE
Takhue Kak TICHOMOJUCTUPOI U TMEHOMOJMYPEeTaH, KOTOpble O0O0NagaloT Oojiee HU3KOM
TETIOTPOBOJHOCTHIO. DTO TO3BOJIMJIO YMEHBIIUTH TOJNIIUHY CTEHOK IMKada XOJOAWIbHUKA U
YBEJIMYUTH €r0 00BbEM U TIOJIE3HYIO TIOIIA .
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ITeHononucTHPOI ABISETCA CUHTETUUYECKUM TEIION30IMPYIOIUM MaTepuanoM. OH
npescTaBisieT co0oi IErkyro TBEPAYIO MOPUCTYIO Ta30HANIOIHEHHYIO TUIACTMACCy ¢ PAaBHOMEPHO
pacnpenenéHHbIMU 3aMKHYTBIMH IOpaMU. TeIIon30II1HI0 U3 IEHONOJUCTUPOJIA TIOTYYatoT
BCIIEHUBAHUEM >KHUJIKOTO TIOJTUCTHPOJIA.

[Tenononuyperan — 3TO MEHOILIACTHI MEIKOMOPUCTOMN KECTKON CTPYKTYpPHI, OTy4YE€HHBIE TyTEM
BCIICHUBAHUS MMOJIMYPETAHOBBIX CMOJI C IPUMEHEHUEM COOTBETCTBYIOIIUX KAaTaJIU3aTOPOB U
SMYJIBraTopoB.

+/1J1 NOBBIILIEHHS TEIUIO3AIIUTHBIX CBOMCTB B KAUE€CTBE BCIYUYMBAIOLIETO I'a3a MPUMEHSIOT
xyagoH R11 u ap. IIpouecc neHooOpa3oBaHus U 3aTBEPACBAHUS IEHBI IPOUCXOAUT B TeueHue 10
— 15 MunyT nIpu Temnepatype 10 5°C.

Bonpocsl 1711 o0cyskneHust

1 YcTpoiicTBO OBITOBOTO XOIOAUIBHIKA KOMIIPECCHOHHOTO THIIA

2 OCHOBHBIC COOPOYHBIC €AMHHIIBI OBITOBOTO XOJIOAMIBHUKA KOMIIPECCHOHHOTO THITA
3 Knaccudukanus ObITOBOT0 X0I0AUILHIKA KOMIPECCUOHHOTO THIIA

JlaGopaTopHas padora 2 U3yuyeHue ycTpoiicTBa repMeTHYHBIX KOMIIPECCOPOB
OBITOBBIX X0J10AMJILHUKOB.

Henwb 3ansTHA 3aK1I049aeTCs B (DOPMUPOBAHUU Y CTYJICHTOB MPOPECCHOHAILHOW KOMIICTCHIIUY:
TIK-1:

Komnpeccopbl ManblX XOJOJWIBHBIX MalllMH, B TOM 4YHUCJIE IMPUMEHSEMBIX B TOPIOBOM
XOJIOUJIBHOM  O0OpYIOBaHMM, KJIACCU(PHUUUPYIOT 1O KOHCTPYKTUBHOMY MpHU3HAKy Ha
repMETUYHbIE, CAIbHUKOBBIE, O€CCAIbHUKOBBIE (MOJIYrepMEeTUYHbIE), M0 MPUHIUIY padoThl Ha
MIOPUIHEBBIE U POTALIMOHHBIE.

['epMeTHUHBIE KOMIPECCOPHI BBINYCKAIOT MOPIIHEBBIE C AJIEKTPOABUraTeNIIMU TpeX(azHOro u
0HO(A3HOr0 MNEpPEMEHHOI0 TOKa, POTALMOHHBIE C DJIEKTPOJIBUTATENAMU OAHO(DA3HOTO
NEPEMEHHOTO TOKA, CaJbHUKOBBIE - TIOPIIHEBBIE, OECCAJbHUKOBBIE - TIOPIIHEBBIE CO
BCTPOEHHBIMHU 3JIEKTPOABUTATEISIMU TPeX(Pa3HOTO MEPEMEHHOT0 TOKaA.

PaznuuatoT Tpu THUIA FepMETHYHBIX KOMIpeccopoB: (hpeoHoBbIe mopiHeBblie DI, ppeoHoBBIE
NopuIHeBble AKpaHupoBaHHble DI, ¢peoHoBbie poranuonHble PI'p. Ilo pexumy paboTb

KOMIIpeccopbl ObIBalOT Tpex wucnonHeHuu: C - cpenHeTeMnepaTypHble C HOMHHAJIBHOM
TeMIepaTypoil KumeHus xmagareta - -15°C; B - BeicokoTemmepaTypubie - +5°C, H -
Hu3KoTemnepaTypusle - -35°C. Kommpeccophl cpemHeTemepaTypHble .0603Hauaror DOTC,

OI'pC u PI>C; Huskoremmneparypuble - PI'H, Beicokoremmeparypusie - OTB, PI'pB.
Komnpeccopsr @I'C, ®I'pC nu ®I'>C npennHasHaueHsl i cpenHereMueparypaoro, OI'H-ans
HU3KOTEMIIEPATYPHOTO TOPTOBOTO XOJOAMIbHOrO obopynoBanusi; ®I'B u OI'pB - mns
aBTOMAaTOB Ta3UpPOBAaHHOM BOJBI, OXJAJWTEIEd HANUTKOB, OCYLIUTEIEH BO3AyXa U
KOH/IUIIHOHEPOB.

CpennereMiiepaTypHble KOMIpeccOopsl paboraoT Ha ximamareHTe RI12. B TexHudecku
00OCHOBAHHBIX CITyyastX MOXHO MCIIOJIb30BaTh Takxke xiagareHTR22. HuskoremmeparypHble
KOMIIpeccopbl padoTatoT Ha xiagareHTeR22 uR502, Beicokoremmneparypusie - HaR12 nR22.

['epMeTnuHbIil KOMIpECCOp HMEET BCTPOCHHBIM AieKTpoaBurarenb. CTaTop MOCIETHETO
OTJIEJIEH OT POTOPA SKPAHOM U3 HEPrKaBeIoIlel CTall, IPUBAPEHHBIM K KOXKYXY KOMIIpEccopa.
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HpeI/IMYH_IeCTBa I‘epMeTI/I‘-IHBIX KOMHpCCCOpOB J10 CpaBHCHI/IIO C CAaJIbHUKOBBIMH 58
OeCCaTbPHUKOBBIMH 3aKJTFOYAIOTCS B CICAYIONIEM: OHU HaJeKHee B padoTte, 00Jaqar0T MEHbIIEH
Maccod U rabaputamu. OIHAKO CaTbHUKOBBIE ¥  OCECCAILHUKOBHIE  KOMIIPECCOPHI
XapaKTePU3YIOTCs 00JIee BRICOKOW PEMOHTONPHUTOIHOCTBIO JIAXKe B YCIOBUAX SKCILTyaTAIIHH.

ITo yacTtoTe BpallleHUs KOMIIpeccopa pa3esaioT Ha UMEIOIINE CHHXPOHHYIO 4acToTy 25 u 50 ¢
Y(mpuroxe wacroroii 50/7), 30 u 60c(pu 607y), 50 u 66,7¢ npu 4007y). B HacTosmee Bpems
W3TOTABIMBAIOT MOJIENHN ¢ YacToToi 50 u 60¢™L.

Knaccugpurayus cepmemuunsix komnpeccopos
[To yncay HMIMHAPOB KOMIIPECCOPHI MOTYT OBITH € 1, 2, 3, 4 u Gonee HUIMHIPAMHU.

FepMeTI/I‘-IHBIG KOMITPECCOPLI MOT'YT UMCTb B KOKYXC HOAaBJICHUC BCACbIBAHUA HWIIM OABJICHUC
Har"H€TaHus (HOpH_IHeBbIG KOMITPECCOPHBI, KaK IMIPaBUJIO, UMCIOT B KOXKYXEC NAaBJICHUC BCACbIBAHUS,
POTAIMOHHBIC - TABJICHUC HaFHeTaHI/Iﬂ).

ITo NpOM3BOAUTENBHOCTH KOMIPECCOPHI ¢ 00BEMOM, OMMCAHHBIM HOPIIHAME JI0 3,5 0a’/c(0Komno
12,51%/1) OTHOCAT K MaIbIM, a ¢ 06beMoM boree 3,504°%/c- K KpyITHBIM.

K nopuiHeBbIM repMEeTUYHBIM OTHOCAT TAKXKE SKPAaHUPOBAHHBIE KOMIIPECCOPBI, POTOP JABUIATEIS
KOTOPBIX OTHEJIEH OT CTaropa TOHKOCTEHHBIM 3KPaHOM, IPUBApPEHHBIM K KOXYXY (poTop
OMBIBAETCSl XOJOJWJIBHBIM areHTOM, CTaToOp - BO3AYXOM). OKpaHHUPOBAaHHBIE KOMIIPECCOPHI
XapaKTEepU3yeTCsl IIOBBIIIEHHON PEMOHTOINPUIOJHOCTBIO, HO JHEPreTHUYECKH OHM MEHEe
3 PEKTHUBHBI, YeM FrepMETHYHBIC H UMEIOT XYy/IINE BHOPOAKYCTUIECKHE XaPaKTEPUCTHKH.

Maiibie TepMETUYHBIE TOPUITHEBBIE KOMITPECCOPHI UCTIONB3YIOT B OBITOBBIX XOJIOMMIBHUKAX U B
TOPrOBOM OOOPY/ZOBAaHMM MaJOW €MKOCTH (IIPUJIaBKH, BUTPUHBI, OXJIAJUTEIN HAMUTKOB,
JIbAOT€HEePATOPHI U ApP.) MIPEUMYLIECTBEHHO MOJHOCTbI0 MOHTUPYEMOM Ha 3aBOJIE U3TOTOBUTEIIE.

prHHBIMI/I TCPMETUYHBIMH KOMIIPECCOpAMU KOMIUJICKTYIOT MAalIWHBI JJIA OXJIAXICHHA BOJbI U
APYIrux KXKUJAKUX TeHJ'IOHOCI/ITeJ'IeI\/’I, TOProBoC XOJIOAHUJIBHOC O60py,HOBaHI/Ie OOJIBIIION C€MKOCTH,
CIICHUAJIM3UPOBAHHLIC MAalIWHBI I C.-X., aBTOHOMHBIC KOHIUWIIHUOHEPLI, TCPMOKAMEPBLI U Ap.
OxonuarenabHas c6op1<a TAKUX MalllWH, KaK IIPaBUJIO, IPOU3BOAUTCA HAa MECTC SKCILTyaTalluH.

Kommpeccoppl ¢ KpUBOIIMITHO-KYJUCHBIM ~ MEXaHHM3MOM  MOJIyYMJIM  HauOoJjbllee
pacrpocTpaHEeHUEe B TOMAIIHUX XOJIOAWIbHUKAX. bose KpyIlHbIe KOMIIPECCOPH! U3rOTaBINBAIOT
IIPEUMYIIECTBEHHO C KPHUBOIIMIIHO-IIATYHHBIM MEXAaHU3MOM. AKCHAJIBHBIE KOMIIPECCOPHI €
KOCOH 1m1aii00# MPUMEHSIOT II1aBHBIM 00pa30oM B aBTOMOOMJIBHBIX KOHUIIMOHEpaX.

PoTtamuonseiMu KOMIIpECCOpaM KOMIUICKTYIOT CPCAHCTCMIICPATYPHBIC XOJIOAWUJIBHBIC I_HKa(I)BI,
HaIMpUJIaBOYHBIC BUTPUHBI, aBTOMAThbL l"aSI/IPOBaHHOI\/'I BOJABI, BOOOOXJIAAUTEIIN, JIbJAOICHEPATOPHI,
HanOOoJIbIICe NMPUMCHCHUC OHU HAXOIAT B OBITOBBIX KOHIUIIUOHECPpAax.

DKpaHUPOBAHHBIE TOPIIHEBBIE KOMIIPECCOPBI UMEIOT OTPAaHUYECHHOE NPUMEHEHUE (B OCHOBHOM
B TOPTOBOM 00OPYJOBAHUN).

ITopiiHeBbIe MepMETUYHBIE KOMIIPECCOPHI M3rOTABIMBAIOT XapbKOBCKUM 3aBOJ XOJIOJUIBHBIX
mamuH (X3XM), mockoBckuit 3aBog «Mckpa» u np. PoTanimoHHbIe repMETHYHBIE KOMITPECCOPBI
U3roTaBIMBalOT prkckuil 3aBoj «Kommpeccop» ( P3K ), Gakunckuit 3aBoa «KoHaumnuonep» u
JIp.; SKpPaHWPOBAHHBIE MOPIIHEBBIE KOMIIPECCOPHI - SpocinaBCKHil 3aBOJ XOJOAUIIbHBIX MAallWH
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(A3YM). IIpou3BOACTBOM T€PMETHYHBIX KOMIIPECCOPOB JUIS OBITOBBIX XOJOAMIBHUKOB 3aHST
pAI 3aBOJIOB, KPYITHEUIIINHN Cpeu KOTOPBIX - MaKeMKSIICKUI 3aBO] KOMIIPECCOPOB.

[lepBble MOpPIIHEBBIE TEPMETHYHBIE KOMIIPECCOPHI ISl OBITOBBIX xosoamibHUKOB B CCCP,
U3TOTOBJIABIIHECS XapbKOBCKUM TPAKTOPHBIM 3aBOJIOM, PAa0OTaIN HA CEPHUCTOM aHTEIPHU/IE.

B mnawane 50-x romoB 3aBox uMm. JluxaweBa (3MJI) Hawam mnpousBOACTBO (PPEOHOBBIX
TEPMETHYHBIX KOMIIPECCOPOB OBITOBBIX XO0JoauiabHUKOB. Kommpeccop KX-1005 (puc.l)
OJTHOIMIIMHPOBBIA, XOJI0J0TPOon3BoAUTEIbHOCTRI0 130 Bm(okono 110xkan/4), ¢ CHHXpOHHON
yactoToil Bpamenns 25¢1(150006/mun). PoTop 31eKTpojBuraTens 3 KOHCONBHO YKPEIUIH Ha
FOpU3OHTAILHOM KosieHuaToM Baity 2. Kmamanwl ynpyrue. Koxyx kommpeccopa cBapHoil. B
OJIHOI M3 CTalbHBIX KpPBIIIEK KOXKyXa BHASHBI MPOXOAHBIE KOHTAKThl 4 BCTPOEHHOTO
anekTpoasuratens. Kommpeccop ycTaHOBIEH HAa HApyXKHBIX MPYKUHHBIX BUOpom3oisTopax I.
CMmaska npuHyauTeNbHAs C MOMOUIbI0 POTAllMOHHOrO Hacoca. [uamerp uunuHapa 27mm, X0
noputHst 16mm. KonenBan 1 ropus3oHTanbHBIM, WMIATYH C Pa3beMHOM HIKHEH TI'OJOBKOM.
[TpotuBoBec 10 mpukpemneH k poropy 9. Ilmactuna 4 BcachlBalIero KiamaHa IpHKaTa
KPBIIIKOWS K IHIUH/IPY, TUIACTHHA 6 HArHETATEIBHOTO KJlaraHa PacloI0XKeHa MEXKTY KPBIIIKOH
8 W TIUTON 5, COeNMHEHHBIX 3akienkoi/.CMa3ka MpUHYIUTENbHAS, POTALIMOHHBIM HACOCOM,
POTOPOM KOTOPOTO CIIY>)KMT 4acTh KOJIEHBala ¢ DKCLIEHTPUKOBOW BBITOUKOW. Macio nomaercs kK
NOJAIIUIHUKY 13 1 uepe3 cBeplieHHe B Bajly K NOJALIMIIHUKY 14, peqyKIIMOHHOMY KjanaHy 15 u B
LWIMHIP KOMIIpeccopa. [JIylmMTenu myma BCAachblBaHUSI COCTOSIT W3 JBYX, a HarHeTaHUs W3
YeThIPEX IITaMIIOBAaHHBIX KaMep C OTBEPCTUSAMH B MEpEropokax. BUOpou3onsaTopsl npyKuHHbIC
BHEIIHHE, OT JBYX JI0 YETBIPEX B 3aBUCHUMOCTM OT HCIOJIHEHUS Komiipeccopa. Koxyx wus
CTaJIbHON opeOpeHHOU TpyObl, K KOTOPOW NMPUBAPEHHI JBE KPBIIIKUA. B KOXyX 3ampeccoBaHb
CTaTOp DJIEKTPOABHTATENS U (hIaHel KopIyca KOMIIpeccopa.

DNeKTpoABUTaTeNIb OAHO(A3HBIN C -pacHieTuIeHHONW ()a30i HOMHHAJILHONH MOIIHOCTHIO 90 Bm,
Hanpspkenue 220 B(momens  KX-
1010) nnu 127B(mozxens KX-1005).
Macca kommpeccopa 14xe.

\

Puc. 1. I'epmernyHbIi
KOMIIpeccop OBITOBOTO
xoaoauasuuka KX-1005

=

=

SRS

= 910 - OCHOBHas MOJIEIIb,
MPUMEHSIBIIASACS B OTEYECTBEHHBIX
4 6I)ITOBI)IX XOJIOOUJIBHUKAX o

ocBoeHus kommnpeccopa OI'-0,100.

Yepes Heckonpko ser X3XM Hayan CEepuilHO M3TOTOBIIATH I'€PMETHYHBIE KOMIIPECCOPHI IS
TOPTOBOTO XOJOAMIBLHOTO 000PYA0BAHHUS.

B 50-x rogax X3XM, a nocie 1 MenuTononbCckuii 3aBoj1 xonoAmibHbIX MamuH (MBIXK) Havanu
M3TOTaBIUBATh 0ECCATLHUKOBBIE KOMITPECCOPHI.

C 1966 rona Pwxckuit 3aBoj xonoawibHbIx MammH (P3XM) Hauanm BBITYCK TrepMETHYHBIX
poTtanuoHHBIX KoMmIiipeccopoB DI'p 0,35-1 HOMUHAIBHOH XOJIOIOTPON3BOAUTEIHLHOCTHIO
405 Bm(350kxan/4), ¢ yactoroit Bpamenus 25¢(150006/uurn). B nacrosimee Bpems X3XM u
P3XM npousBoJsST TepMETHYHBIE KOMIIPECCOPBHI C CHHXPOHHOM dYacToToW BpamieHus S50c¢
1(300006/mur).
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B 3aBucuMocTH OT X0J0J0NPOU3BOAUTENBHOCTH TEPMETUUHBIE KOMIIPECCOPHI MOXKHO Pa3JIEIUTh
Ha JIB€ OCHOBHBIC Tpymmbl. KoMmpeccopsl Xoa0aonpou3BoAuTeNbHOCTRI0 10 1800 Bm(okono
1500xxan/u) TPUMEHSIOT TPEUMYIIECTBEHHO B OBITOBBIX XOJOJMIBHHUKAX M TOPTOBOM
XOJIOAMJIBHOM 00O0py/IOBaHMH. XOJOAWIBbHBIA areHT - ¢peoHR12 (B HH3KOTEMIIEpaTypHBIX
KOMIIpeccopax TaKxKe ¢bpeonsR22 uR502). I'epmernunbIe KOMIIPECCOPHI
XO0JIOZOTIPOU3BOIUTEILHOCTRIO Oosiee 1800BmuUCHoNb3yl0OT B OCHOBHOM B KOHJHMIIMOHEpaXx.
XONMOIUIIBbHBIN areHT - ppeonR22.

Jlenenue 3TO YCJIOBHO; MHOTJA OJHU U T€ € MOJEIN KOMIPECCOPOB NMPUMEHSIOT B 00enx
rpynmnax.

B OBITOBBIX XOJIONMJIBHUKAX TPUMEHSIOT OIHOIMIMHAPOBBIC TEPMETHUYHBIC KOMITPECCOPHI,
paboratoue Ha ¢peone R12. CoBpeMeHHbIE MO/ETN UMEIOT CHHXPOHHYIO YaCTOTY BpAICHHS
50c Y (ipuf= 507y), BepTUKANBHBIH Baj, KPHBOIIMITHO-KYIHCHBIA MM IIATYHHO-KPUBOIIHITHBIIA
(c pa3beMHBIM MIATYHOM) MeXaHu3M JiBrxkeHus. LIIupoko pacrnpocTpaneHsl Takke 0oJiee paHHHE
KOHCTPYKIIMM C 4YacTOTOH BpameHus 25¢), ¢ TOpH30HTANBLHBIM BajlOM M  MIATYHHO-
KPUBOIIUITHBI MEXaHU3MOM.

KOaneccopH JJIA OBITOBBIX XOJIOAUIHLHUKOB B PocHy M3roTaBauBaroT TOILKO I'CPpMCTHYHBIMU.

Kommnpeccop @I' 0,100 ¢ BepTHKaIbHBIM BaJIOM M TOPU3OHTAJIBHBIM IMJIMHIAPOM (puC. 2) B
HACTOSIIEE BPEMS SIBJISIETCS OCHOBHOM MOJIEIBIO KOMITPECCOPOB Uil OBITOBBIX XOJIOAUIBHUKOB
OTedyecTBEHHOro npou3BojcTsa. Yacrora Bpamenus 50 c¢1(300006/muw). Jluamerp UUIMHApA
22um, xox mopmHS 12mm. XonomompoumsomurenbHocTh (mputo= -20°C ti= 55°C) pasna
116Bm(100xxan/v). MexaHu3M [IBUKEHHS KPHUBOLIUITHO-KYJIHCHBIA BHYTPH KYJIHCBHI 7 Tepe-
MeIIaercs Moji3yH 8 ¢ nmomouibo Kpusommuna 6. [Topmens 5 npumnasH k kynuce 7. B xadectse
MacJISHOTO Hacoca HCIoyib3yercs Bai 11, B KOTOpOM CAENaHO BEPTHKAIbHOE OTBEPCTHE
CMEIIEHHOE OTHOCHUTEIBHO OCH. Macno, moja JACHCTBUEM IEHTPOOEKHOW CHJIbI TOJaeTcs B
CIUpaIbHbIe KaHABKHU HA MOBEPXHOCTH KOPEHHOM M MIATYHHOMU IieeKk Bana. KimamaHel ympyrue
KOHCOJIbHBIE. BcachIBarommii ¥ HarHeTaTeNbHBbIE TIIYIIUTENN OTJIUTHI 3a0IHO C YYTyHHBIM
koprycoM 3. Hunuuap 4 u craTtop 2 NpuKpensieHsl K Kopimycy 3 6onramu.

Bubpouzomnstopsl 13 BHyTpeHHHME NpY)KHHHBIE, HarHeTaTeNbHas TpyOka 9 ympyras, Mo3Tomy

BUOpalMK KOMIIpeccopa NepeslaloTcss Ha Kopiyc ociabieHHbIMU U 1myM MeHble. Kpermka 10

CBapHOIro KOXyxa 1 orpaHHYMBaeT MepeMelieHne KopIyca BBepX B MECTaX yCTaHOBKH IITH(TOB
12 BUOpOU30ISITOPOB.

5 —Xf A o R i Puc. 2. 'epMeTYHBIT

(( gy s, kommpeccop PI'-0,100: a -
Z ] ‘ s )l .. paspe3, O - rabapuTHBIE

pasmepel: 1 - KOXyx,2 -
cratop; 3 - kopmyc; 4 -
OUJIUHAP; 5 - TOpHeHs; 6 -
KpUBOIIUIT; 7 - Kyinuca; § -
nomyH; 9 - TpyOuaThiit
rnymutenb, 10 - Kpblmka
Koxkyxa; 11 - Bam 12 -
mTU(TEl  BUOPOU30IATOPA;
13 -BUOPOUBOJIATOP
MPY>KUHHBIN
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OnexkTponaBurarens oaHO(a3HbI C pacmieruieHHonH ¢a3oif. Koxyx kommpeccopa I0KEH
COXpaHATh MPOYHOCTh M IUIOTHOCTh TPH H30BITOYHOM JaBieHuu 2 MIla. YpoBeHb 3ByKa
KOMITpeccopa B yCTaHOBUBIIEMCs pexkume He Oosiee 4305 A4; npu mmycke u octranoBke 50064. B
MEHbIIIeM MaciTade BeITyckaeTcs: kommpeccop PI'-0,125.

HekoTtopsie 3aBO/BI MPOJIOIDKAOT BhIMYyCK KoMmripeccopoB PI'-0,14 (moxenmm KX-1005 u KX-
1010), xoTOpbIE MMEIOT XOJOIOMPOU3BOAUTEILHOCTE 165 Bm (140kkan/4) npu TemmnepaTypax
KUIIEHUS - 150C, KOHJIEHCAIIUU 3OOC, BCacChIBaHUA 150C, MEePEOXJIKICHUS 550¢C.

B PE3YIBTATC IOBBIICHUA YaCTOTa BpallCHUA BABOC, 00JIeryeHus KOHCTPYKHHﬁ, OTKa3a OT
OTACJIIBHOI'O HacoCa 3HAYUTCIBHO COKpATHJIACh TPYAOCMKOCTH  H3TOTOBJICHUA, MacCcCa
KOMITpECCOpa YMCHBIIINJIACHE B IIOJITOPA pasa.

['epMeTHuHbIE TOPIIHEBBIE KOMIPECCOPHI MPUMEHSIIOT B arperaTtax TOProBOT0O XOJOAHJIBHOTO
obopynoBanus (TXO), koHAMIMOHEpAaX W APYTUX XOJIOAUIBHBIX YCTaHOBKax. BrlmyckaroT
TEPMETHYHBIC TOPIITHEBBIE KOMIIPECCOPHI B JBYX HCIOJHEHHSIX, Pa3IUYaIONIUXCS 4YaCTOTOM
BpAILIEHNs Baja BCTPOEHHOTO 3MeKTpoasurarens: 25 ¢tu 50¢™2.

Haubonee kpymHbIM MpOU3BOAUTENEM T€PMETUYHBIX MOPIIHEBHIX KOMIIPECCOPOB 3a pyOekoM
spisiercs: ¢pupma «Tecumseh» (CXK) Bmecre ¢ paboTalOIMUMK MO €€ JIMICH3WSIM (UPMaMU
Opanrun, Uranmun, Ucmanuu u 1p. XomoauibHbIH areHT GppeonR12.

['paganmsi KOMIIPECCOpPOB, HCIOIB3YyEeMBIX B TOPIOBOM XOJOAMJIBHOM OOOpYIOBaHHH,
oo0ycnoBnena ['OCT 22502-83 «Arperarbl XOJOAWIbHBIE TE€PMETHYHBIE JJIsi TOPrOBOIO
obopynoBaHus». B rpamanmuro BXOIST KOMIIPECCOPHI CO BCTPOCHHBIMHU JJICKTPOJBHUTaTEIISIMH,
4acTOTa BpaIeHus Bana KoTopsix 25 u 50 ¢t, ucnonnenus C, H u B (Tabmn.1).

Fpa,uaum/l KOMITPECCOPOB IO3BOJIAKOT HO,Z[O6paTB K arperaraMm XOJIOOAWJILHOTO O60py,I[OBaHI/I$I,
KOHAUIHWOHEPOB U AP XOJOAUIBHBIX YCTAHOBOK MaJoun MMPOU3BOJAUTCIIBHOCTH.

1. Jluama3oH pabOTHl TEPMETUYHBIX KOMIIPECCOPOB

Temneparypa, °C
Hcnomnenue KHTICHHSI KOHJICHCAIINY | BCACBIBAHUS | OKPYKAIOIIETO
XJIaJlareHTa | XJIaJoreHTa | XJIAJOreHTa | BO3JyXa
cpenHeTemneparypHoe | -25...-10 1o +55 no+35 +5...+45
HU3KoTemieparypHoe | -40...-25 no+55 no+35 +5...+45
BbICOKOTEMIIEparypHoe | -10...+10 | mo+55 n0+35 +5...+45

DNEKTPOBUTATETN 00ECIICYNBAIOT ITYCK U HOPMAIIBHYIO paboTy KOMIIpeccopa Mpu OTKIOHESHUU
HOMUHAJIBHOTO 3HAYeHUAHATIPSDKEHUsT B ceTH OoT -15 go +10% wu wactotel Toka +-5%. Ot
Meperpy3KH dIEKTPOIBUTATEIH 3AIIHUIIEHBI TEIUIOBLIM pelie, yCTaHABIUBAEMBIM Ha KOMIIPECCOpP.

Kommnpeccopbl M3roTaBIMBalOT € 3JEKTPOJBUTATENIAMU TpeX(a3HOro MEPEeMEHHOro0 TOKa Ha
Hanpspkerue 220 wim 380 B, wacroroit 50/ yn omHodasznoro - 2208, wactotorr 50/ y. B mapky
KoMIIpeccopa ¢ OAHO(A3HBIM JIBUTATEIEM BKJIIOUEHO oOo3HaueHue «1»,c tpexdaznpiM «3». C
1984 ronma Bce BCTpOEHHBIE Tpex(azHble SJIEKTPOJBUTATENM TIE€PMETUYHBIX KOMIIPECCOPOB
MOCTABJIAIOTCS C TPEMsl BBIBOAHBIMHM KOHIIAMH, T.€. 0OMOTKA 3JIEKTPOABHUraTeNs COSAMHEHA IS
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€ro MOJKJIIYEHHs TOJABKO Ha  OJHO  HampsbkeHue certu Ha 220 wim Ha
380B.X0510A0MPON3BOIUTEIHFHOCTD MOPIITHEBBIX KOMIIPECCOPOB C YacCTOTOW BpalleHus 25 u
50 cuis xonoguneHbIX arperatoB mo ['OCT 22502-83 npuBenena B Tabn. 2 u 3.HomuuanbHas
XOJIOIOMPOU3BOAUTEIHLHOCTh KOMIIpECCOpa 3aBUCUT MPU OJAMHAKOBOW 4YacTOTE BpallleHUs Bajia
AJIEKTPOJIBUraTellsd OT JUaMeTpa U KOJMYECTBAa LIMJIMHAPOB, BEJIMUYMHBI XOJa MOPIIHSA, a TaKKe
npuMeHsieMoro xjaaareHTa.llapameTpuyeckuil psj repMeTHYHBIX KOMIIPECCOPOB YCTAHOBJIEH B
cootrBercTBUU € 10-M psjgom npeanoururenbubix yucen no ['OCT 8032-56 HomMUHANIBHBIC
XOJI00IPOU3BOIUTEILHOCTH 00pa3yroT psa (Q) = 1,25(Q) .

Bonpocsl 1715 00cyskaeHust
1 Knaccudukarus repMeTHYHBIX KOMIIPECCOPOB
2 Jlnana3oH paboThl FepMETHYHBIX KOMIIPECCOPOB

JlabopaTopnasi pabora 3 KoHcTpyKIUs U MCCJIeJOBAHNE OCHOBHBIX IAPaMeTPOB
KOHIMLMOHEPOB

Henwb 3ansTHA 3aKTI049aeTCs B (DOPMUPOBAHUU Y CTYJICHTOB MPO(PECCHOHAILHOW KOMIICTCHIIUY:
TIK-1:

ITo HazHaYCHUIO KOHAUIHWOHUPOBAHWEC BO3JyXa ACIUTCA HA KOM(I)OpTHOC 1 TEXHOJOTUYCCKOCE.

KomMmdopTHOE KOHAMIIMOHMPOBAHHUE BO3AyXa MPEIHA3HAYCHO JUIsl CO3JAaHUS MHUKpPOKIMMATA,
ONTUMAIBHOTO IS JKM3HEAEATEIbHOCTH JtoJiel. OTKIOHEHHE IapaMeTpoB BO3ayXa OT
3a/IaHHBIX TP KOM(POPTHOM KOHIUIIMOHUPOBAHHUH, KaK IIPABUIIO, COCTABISIET MO TEMIIepaType
+1,0°C, mo oTHOCUTENBHON BIaKHOCTH +7%, 1O MOABMKHOCTH Bo3ayxa +0,1 M/c B TeueHume
roga B cpeaeM oT 100 o 450 u.TexHosornueckoe KOHIUIMOHUPOBAHUE 00eCIIeYnBAET HEOO-
XOJIMMBIE YCJIOBHUS JUIA TEXHOJOTHMUYeCKHX ImpoieccoB. Cucrema konmunuonupoBanus (CKB)
BKJIFOYAET BO3JIYXOMPUTOTOBUTEIHLHOE YCTPONCTBO (KOHIUIIMOHEDP), CETh BO3JYXOBOJOB U
ceTeBoe O0OpynOBaHUE (HOBOAYMKH, BO3AYXOpaCHpEeeNUTENH, IIYMOTIYIIMTEIH, CPEICTBa
ABTOMATHUYECKOTO PETYIUPOBAHUS).

[To  xapakrtepy cBsi3u ¢  oOciayxuBaemMbiM  mnomeuieHueM CKB  paszpenstoTes
Ha yenmpanvHole U Mmecmuvle. [lo  cxeme  oOpaGotkm  Bo3ayxa  CKB  paspenstor
HA NPAMOMOYHbIE U Ha peyupkyasayuorHvle. KOHIUIMOHEPHI
OBIBAIOT HeaBMOHOMHbLE U ABMOHOMHDbILE.

Heasmonommnvie konouyuonepvt He UMEIOT WCTOYHUKOB XOJOJAa B COCTAaBE MX KOHCTPYKIIMI.
Onu npencTaBisAoT co0oi pa3dopHble (CEKLMOHHBIE) U Hepa30opHble (IIKadHbIe) arperaTsl, K
KOTOpPBIM HEO0OXOJMMO MOJBOJUTH XOJOJ0- U TeIuIoHOCHUTENb. CEKIMOHHbIE HEaBTOHOMHbBIE
KOH/IMIIMOHEPHI MOCTYNAIOT HA MECTO MOHTaXka B pa3o0paHHOM BHJIe (ToceKIMoHHO). [1Inpokoe
pacnpoCTpaHEHHE TOJYYUIIM LEHTPAJIIbHbIE HEAaBTOHOMHbIE KOHAWIMOHEepbl Tuna KTI]
BO3yXOMPOU3BOAUTEIHHOCTEI0O OT 7 1o 250 Thic. M3/4 (pucyHok 69). K HeaBTOHOMHBIM
KOHIUIIMOHEPAM MO>KHO OTHECTH PA3JIMYHOTO POJia JOBOAUYMKH, Ha3HAYEHUE KOTOPBIX COCTOUT B
TOM, YTOOBI «IOBOJUTHY» 0 TpeOyeMbIX MapaMeTpOB BO3]YyX, MOCTYNAIOMIUN B MMOMEILICHUE U3
neHtpaibHbix CKB.

Aemonommuvie konouyuorepwvi (pucyHok 70) XapaKTepU3yIOTCS HaJU4YMEM HCTOYHHKA XOJ0AA
(xonmoaunpHOM MamuHbl). K HUM JOMKHBI OBITh TOJBENEHBI AJIEKTPOIHEPIHsl A MPHUBOJA
KOMIIpECCOpa  XOJOJWJIBHOM  MAalllMHBL, BEHTWJIATOpa M JUIsl HarpeBa BO3JyXa B
3NIeKTpoKanopudepe, a Takxke BOAbI WIN BO3yXa Ul OXJIAXKICHHUS KOHAEHCATOPa XOJIO0MIbHON
MaluHbl. B mocnennee Bpems mmpokoe pacnpoctpanenue nonyunnn CKB Ha 6a3ze pa3aenbHbIX
ABTOHOMHBIX KOHIMIIMOHEPOB (CIUIMT-CUCTEMBI) 3apyO0E€KHOTrO IMPOU3BOJCTBA. XOJOIMUIbHBIN
arperar 93THUX KOHJIUIIMOHEPOB OOBIYHO pa3MelIaloT Ha HApPYXKHOH CTOpPOHE CTEHBI, a
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BO31yX000pabaThIBaIOIIyI0 €ro 4acTb - B 0OCITy)XMBaeMOM MomenieHnH. Kommpeccop 3Tux
KOH/IMIIMOHEPOB OXJIAXKIACTCs YIMYHBIM BO3IyXOM. B KadecTBe XiaJareHTa HCIOJB3YIOT
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Pucynox - 69 LlenTpanbnsiii konauuuoHep tuna KTL]

1 — npuemnviti knanan; 2 — cexkyus oodcayxcusanus, 3 — noocmasxka, 4 — xanopugepol
nepeoco nooozpesa; 5 — NPOXOOHOU KIANau, 6 — cmecumenvHas cekyus, 7 — Kamepa
opowenus, 8§ — cexyus 8030yuiHo2o guiempa, 9 — rkanopughepvl 6mopoeo noodocpesa, 10 —
nepexooHas cekyus K eeHmuaamopy, 1l — eemmunayuoumwiti acpecam, 12 —
anekmpoosueamens, 13 — subpoamopmusapei, 14 — eubkas ecmaska, 15 — 6030Yx0600
npumouHo20 6030yxa, 16—peyupkyniayuonnsiti 8030yx0600; 17 — 6030yx06800 nepsol

DPEYUPKYIAYUU 8030YXA

PucyHok - 70 MecTHbIii aBTOHOMHBII KOHANLMOHEP:

1 — ocesoti senmunamop,; 2 — snexmpoogueameins, 3 — G030YUIHbIU KIANAH, 4 — paouanibHsili
BeHMUNAMOp, 5 — ucnapumenv, 6 — xcano3u, 7 — ouagpaema; 8§ — nyavm ynpasieHus; 9 —
kanunnsap 10 — oamuux; 11 — macroomoenumens,; 12 — xomnpeccop, 13 — KoHOeHcamop

VYceraHoBKa JUIsi KOHIWLMOHUPOBAHUSA BO3/YyXa, Ha3bIBAIOLIASACA KOHAMIMOHEPOM, COCTOUT M3
OTJIENbHBIX KOHCTPYKTHBHBIX AJIEMEHTOB, B KOTOPBIX BO3yX MOJIBEPIaeTCsi BCEM HEOOXOAUMbBIM
BugaM oOpabotku. Tak, BO3AyX HarpeBaercss OOBIYHO IUIACTMHYATHIMM WM HABUBHBIMHU
Kajopudepamu, KOTOpbIE B Ka4eCTBE TEIUIOHOCUTENS UCIIOJIb3YIOT rOpAYyi0 BoAy Uiy nap. Jls
OXJIQXCHUS BO3lyXa IPUMEHSIOTCS IIOBEPXHOCTHBIE U KOHTAKTHBIE OXJIAJUTEIH.

Tlosepxnocmuwvle 8030yxooxnaoumeny COCTOSAT U3 CTAIBHBIX TPYO, IO KOTOPBIM MPOIYCKAETCS
1100 XoJo/1Has BOAA, MO0 OJIMH M3 JIBYX XJIaJIar€HTOB - aMMHUaK wiu (ppeoH. Bo3ayx, obrekas
TpyOBl U CONpHUKACAsACh C UX MOBEPXHOCTHIO, OTAAET UM Teruio. Temreparypa €ro mpu 3TOM
CHU)KAETCS, T.€. BO3YX OXJIAXKAAETCA.
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B tex ciyuasx, Korjaa moBepxXHOCTb TpyO OyleT UMETh TeMIIEpaTypy HUXKE TeMIIEpaTypbl TOUKU
pOCHI BO3/lyXa, HA HEW HAYHYT OOpPa30BHIBATHCS KalelbKH KOHACHCAMOHHOW BOJbI, U BO3AYX
OyJeT HE TOJIBKO OXJIAXKIAThCsl, HO U OCYIIAThCA.

HaubGonpiiee mnpuMeHeHue npu KOHIMLUMOHMPOBAHUM BO3AYyXa MOIYYWIH KOHMAKMHbE
6030yxooxaaoumenu. KOHTaKTHBIM BO3IyXOOXJIaJUTeIb MPEACTaBIsIeT cOOOH HM30JIMPOBAHHYIO
KaMepy, B KOTOPOH IpH MOMOIIY pa3OpbI3IMBAIOIINX BOAY (HOPCYHOK 0Opasyercst H0KAEBOE
IpocTpaHcTBO. Bo3ayX, NMpoXoasiuii yepe3 3TO NMPOCTPAHCTBO, OXJIAXKIACTCS B pe3yibTare
HEIOCPEACTBEHHOT'O COIIPOTUBIIEHUS (KOHTAKTa) C OXJIAXK/IEHHOM BOJOM.

Pucynok - 72
HaBuBKa CTanmbHOW JIGHTBI Ha TPYOKH
CIUPAILHO-HABUBHOTO Kajopudepa

Pucynok - 71

[Tnactunyateiit Kanopudep

B 3aBucumoctm oOT 00pabOTKM BO3AyXa BCTPEUAIOTCS NPSIMOTOYHBIC KOHIUIIMOHEPHI,
paboTaroliye TOJIbKO Ha HAPYXKHOM BO3JyXe, U KOHJUIMOHEpHl, COBMEIIaoLIe padoTy Ha
Hapy’KHOM BO3J1yXe C penupkyysinueil. IIpsgmMoToyHble KOHAMIMOHEPH!I IIPUMEHSIOTCS B TEX
Ciy4asix, KOrjga peluupKyJIsanus BO3AyXa HE JOIYCKAceTCs B CBS3U C HAIMYUEM B IIOMEILIEHUAX
00J1€3HETBOPHBIX MUKPOOPTraHU3MOB, SIIOBUTHIX I'a30B, IIBUIU U IIP.

I[J'IH OYHUCTKHU OT NbUIM KaK [OJId HAPYXHOIo, TaK W PCHUPKYISIHUOHHOTO BO3AYyXa B

KOHJIMIIMOHEPAX dYalle BCEro MPUMEHSETCS MACISIHBIA CaMOOUYUIIAIOIMUNCST GUIBTP (PUCYHOK
73).

YCTaHOBKM Ul KOHIMLIMOHHMPOBAHUS BO3/1yXa MOTYT OOCIYXHBaTh OJHO IMOMEIICHHE WU
TPYIITY IOMEIIECHUIA.

Pasznuyaror cucTeMbl EHTPAIbHOTO U MECTHOTO KOHIUITMOHUPOBAHUS BO3yXa. Y CTAHOBKHU JJISI
CHCTEM LIEHTPAJIbHOTO KOHIUIIMOHUPOBAHHS OOBIYHO UMEIOT OOJIBIIYIO IPOU3BOAUTEIBHOCTD MO
Bo3myxy (or 10 Teic. M4 um Gonee). B HHMX OCHOBHOW KOHIMIIMOHEP, KaK IIPAaBHIIO,
pacrioaraeTcsi B M30JMPOBAHHOM IOMEIIEHUWH (BHE OOCIY)XHBAaeMbIX IOMELICHHH).
O6paboTaHHbII BO3JIyX pacrpenensercs o BEHTWJINPYEMbIM TTOMEIICHUSIM
BO3/1yXOPa3BOAAIIMMH KaHATaMHU.

CucteMbl MECTHOTO KOHAWIIUMOHHUPOBAHUSA HMCIOT HC6OJ’IBIIIYIO MMPOU3BOJUTCIIBHOCTb 110

BO3yXy (0T 0,5 10 5 Thic. #%/4). B HUX KOHMIIMOHEp YACTO PACTIONAraeTcs B 06CITYKHBAEMOM
MOMEILEHUH.
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WNHorna B 6oabIIuX OOIIECTBEHHBIX M IMPOU3BOJCTBEHHBIX 3JaHUAX MPUMEHSETCS CMEIlaHHas
CHUCTEMa KOHJIMIMOHHUPOBAHUSA BO3AYyXa, COCTOAIIAS W3 LEHTPAIBHOIO KOHAMIMOHEpa U
CBSI3aHHOW C HUM TpYNNbl KOHIUIMOHEPOB, pa3MEIEHHbIX BOJIM3M OOCIYKHBAaeMbIX HMHU
nomenleHuil. B 1eHTpasbHOM KOHJIUIIMOHEPE BO3IYyX IMPOXOIUT MEPBUUHYIO 00pabOTKy, a B
OCTaJIbHBIX KOHJUIIMOHEpaX OH 00pabaThIBaeTCs 0 MapamMeTpoB, TPEOyeMbIX B TOM WM MHOM
IIOMEIICHUH.

KOHI[I/II_[I/IOHepBI MOTYT OBITD KpYrjioroaudyHoro u nepuoagnvdecKkoro ,HeﬁCTBHﬂ. ITocnennue HOCAT
Ha3BaHUEC CC30HHBIX.

JIeToM B CE30HHBIX KOHIUIHWOHEpAax BO3AYX OYHMHIIACTCA, OXJIAXKAACTCA W OCYyHIAcTCsdA, a 3UMOM
OUNIIacTCA, HArpeBacTCcd H YBJIAXKHACTCA. KOH)II/ILII/IOHCPBI KpYrjiioroan4aHoro ,HCI>'ICTBPI$I
MPUMCHSAIOTCS JJI1 BBIITOJTHEHUA BCEX MCPCUNCICHHBIX q)YHKHHﬁ

[lo crenmenn WCHONB30BaHUS  PEUUPKYJIALMOHHOTO BO3AyXa IIEHTPAJbHBIE  CUCTEMBI
HOJPA3NeNAIOTCA Ha MpPSIMOTOYHbIE, OOpadaThIBalOIlME JIMIIb HApY)KHbIM BO3AyX, U Ha
paboTarouie ¢ peuupKysuueH, T.e. ¢ MOAMEIINBAHUEM BHYTPEHHETO BO3JyXa K HApPY>KHOMY
BO3/yXY JI0 €r0 YBJIAXKHEHUS U I1OCIIE YBIAXKHEHUS.

HaubGonpiiee mnpumMeHeHHE TMOJYYHMIIM CHUCTEMbl IEHTPAJIbHOTO KOHJIUIIMOHHUPOBAHUS C
00paboTKOI BO3/1yXa B Tak Ha3blBaeMOM (POPCYHOUHOM KOHJUIMOHepe. B ¢dopcyHouHOM
KOHIMIIMOHEPE, TaK K€ KaK M B KOHTAaKTHOM BO3AYXOOXJJUTEJIE, UMEETCS OpOCHUTEIbHAas
KaMepa C pachnbulMBaloOIIMMHU Boay (opcynkamu. Bo3gyx, mnpoxons uepe3 I0KIeBOe
IIPOCTPAHCTBO OPOCUTENILHON Kamephbl, CONMPHUKACAETCs] C KaIlUIIMU PacHblICHHOW BOJABI U
YBIIQXKHSIETCS.
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Pucynok - 74 LlenTpanbHasi kKaMepa KOHAMIIHOHMPOBAHUS

Ha pucynke 74 moka3aHa oOmas cxemMa (OpPCYHOYHOTO KOHAMIIMOHEpA C  JABYMS
PELUPKYJISIUSIMUA BO3AyXa.

HapyxHblii  BO3ayXx uepe3 Kairo3u 1 BO3ayx03a0OpHOrO yCTpOWCTBA M YTEIUICHHBIH
KJIarmaH 2 MOCTYIAEeT Ha BO3AYIIHBINA GMIBTp 3, T/I€ OYHUINACTCS OT MBUIH.

Jlanee, B 3MMHHIA TIEPHOJI BPEMEHU BO3yX HarpeBaercsi B Kajopugepax mepBoro mojporpesa 4,
KOTOpBIE MMEIOT 00BOJIHBII KaHaJI C KJIalaHOM 5 JUIsS IPOITycKa Bo3yxa moMumo kanopudepa. K
NOJOTPETOMY HAapy)KHOMY BO3AyXy TPH OTKPBITOM JpOcCCeib-Kianane 6 moaMemmnBaeTcs
BO3AYX, TIOCTYNAIOIIMKA W3 KOHIAWIMPYEMOTO TIOMEIIEHHs, T.€. TIPOUCXOAMT TIepBas
peuupKyssus 7. J{as BeIpaBHUBAHUS BO3IYLIHOTO MOTOKA M BO U30€KaHHE BBIXOAA BOJSHBIX
Karelb U3 OPOCUTEIBHON KaMephl 8 CIIYKHUT cenaparop (karuieotaenutens) 9. [t pacnbuieHus
BOJIbI B KaMepe Ucnonb3ytoTrcst popcyHku 10.

Pa30pei3ruBaemas Bojga coOupaercs B moagoHe 11, pacrnonokeHHOM B HIKHEM wacTu
opocuTenbHOW Kamepsl. [lognon coenuHen cnuBHOW TpyOou 12 ¢ BomsabM ¢(unbTpom 13. U3
BOJIIHOTO (UJIbTpa BoAa 3abupaercss HacocoM 14 u, MpoHIs NONMOJHUTEIbHYI) OYUCTKY Ha
OyThUIOUHBIX (QuibTpax 15, mocrynaer omsth B gopcyHku. Ilocne opocurenbHOl Kamepsl U
BTOpOro oreparopa 16 Kk yBIa)XHEHHOMY BO3/yXY NpPH OTKPBITOM Jpoccelb-kianaHe 17 cHoBa
HNOIMEIINBAECTCA BO3AYX, MOCTYHNAIOMMUNA U3 OOCIIy’)KHBA€MOIO IOMEIIEHUs, T.e. MPOUCXOIUT
BTOpast perupKysaus 18.

Jlanee BO3ayX BTOPUYHO HarpeBaercsi Kajopudepamu BTOporo Harpea 19, umerounmmu
obOBonmHOM kiamaH 20, a 3areM TOCTymaeT K BEHTHIATOPY 21, KOTOpBHIM TIOAaeTcsl depes
pacrpeeITeNIbHBIA BO31yX0BO/] 22 B KOHJAULMOHUPYEMOE ITOMEIEHHE.

JleToM Kanopugepsl epBOro U BTOPOro HarpeBa, Kak MpaBWiio, HE pabOTaloT, HO B OTAEIbHBIX
cilydasix Kajnopudepbl BTOpOro HarpeBa MOT'YT ObITh HCIOIB30BaHbI JUIS 1TOI0OTPEBAHNUS BO3/AYXa,
CHWJIBHO OXJIQXJIEHHOTO TIOCJe MPOXOoAa uepe3 OpOCUTENbHYI0 Kamepy. B a3toT mepuon
(dopcyHKaM OpOCUTENBHONM KamMepsl 10 TpyOonpoBoay 23 OT XOJIOAUIBHON yCTaHOBKH MOJAETCs
OXJIaKJIEHHAs BOJIa, MMEIOIIas TEMIIEpaTypy HIKE TeMIIEpaTypbl TOYKH POChl 00pabaThIBae€MOTo
Bo3ayXa. TakuM 00pazoM OCYIIECTBISIETCS HE TOJBKO OXJIaXK/ICHHUE, HO U OCYILIKA BO3/yXa.

Temmneparypy mnoctynaromeili B (OPCYHKM BOABI M3MEHSIOT IIyTeM CMEIICHUS BOJBI,
MOCTYIAKOIIEN OT XOJIOINIBHON YCTAHOBKH, ¢ BOJOM, NOCTYNAOIIEH U3 MTOAJ0HAa OPOCUTEIBHON
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KaMepbl T0CciIe ee OYMCTKU Ha ¢uiubTpax. [locTyruienue ToW WM APYroi BOABI PETYIHPYETCs
TPEXXOJA0BBIM KpaHOM 24.

Jnis npyrux cucteM KOHAMIMOHUPOBAHUS BO3AYyXa - MPSAMOTOYHBIX M C OJHOW PEeLUPKYIALUEH
BO3JlyXa - PAcCMOTpPEHHas CXeMa KOHAMIIMOHMPOBAHUS B NPHUHIIMIE COXpaHSETCs, HO B
IPSIMOTOYHOI cuctemMe OyAyT OTCYTCTBOBAThH IEpBasi U BTOpas PELUPKYJSALUU BO3AyXa, a B
CHUCTEMax C OJHOU PELUPKYJALHUEH COXPAHUTCS JUIIL OJHO MEPBOE MOCTYIIEHHE BHYTPEHHETO
BO3/lyXa B KOHJIULIUOHEP.

Bri6pannas cxema 00paOOTKu BO3yxa B KOHJIUIIMOHEPE JOKHA COOTBETCTBOBATH TpeOyeMoMy
TEIJIOBIXKHOCTHOMY PEKHUMY BO3/yXa B MOMEIICHUU W PACUCTHBIM IapaMeTpaM Hapy>KHOTO
BO3/TyXa.

Kak yka3pIBalioch paHee B MECTHBIX CHUCTEMaX KOHAMIIMOHUPOBAHMS BO3AyXa KOHIUIMOHED
(pucyHku 75, 76) 0OBIYHO PACIIONOKEH B CaMOM KOHIUIIMOHHpYEeMOM mnomerieHud. 1o atum
COOOpaXEHHUSIM MECTHBIC KOHAUIIMOHEPHI U3TOTOBIISIOT HEOOJBIIUX Pa3MEPOB, KOMIUJICKTHBIMU
¥ O(OPMIICHHBIMH TaK, YTOOBI MX BHELIHUHN BUJ HE YXY/IIajd OOIIero MHTephepa MOMEIICHHUS,
I UX YCTaHABJIMBAIOT.

MecTHble KOHJIMIMOHEPHl Pa3MELIAIOT WM OTKPBITO - IOJ OKHAaMH, WIM BCTPaUBalOT B
HOJOKOHHBIE MPOCTeHKU. KoHAMIMOHEpHl HEOONBLIONW MPOU3BOAUTENBHOCTU (AJI JIETHEro
BPEMEHM ) MOKHO pa3MelaTh HEMOCPEICTBEHHO B OKHAX.

OtecuecTBEeHHAS MNPOMBIIIJICHHOCTb HU3TOTOBJISICT KAaK HCABTOHOMHBLIC, TaK W AaBTOHOMHBLIC
MCCTHBIC KOHJIUWIIMOHCPLI. O6IJ_[I/IM MMPU3HAKOM HCABTOHOMHBIX MCCTHBIX KOHIHWIIHMOHCPOB
CIIYKUT HAJIMYUC B 3J1aHUU O6III€FO LOCHTPAIU30BAHHOT'O UCTOUYHHKA TGHHOXHaIIOCHa6)KeHI/I$I, oT
KOTOPOI'0 K NOBCPXHOCTHOMY TGHHOO6M6HHI/IKy MCCTHOI'O KOHAWIIMOHEPA I10 pr6aM 110 JacTCA
rops4das Ui X0JoJHasd BO/J1a.

B oTinnyune oT HeaBTOHOMHBIX aBTOHOMHEIE KOHAWIIUOHEPBI UMCHOT CBOU XOJIOANJIBHBIC MAIIITMHBI
M HC 3aBUCAT OT IMOCTOPOHHETO UCTOUYHHKA TGHJ’IOXJ’I&Z{OCH&6)K€HI/I$I.

MecTHbIE KOHJUIIMOHEPHI MOJPA3JEIIIOTCS Ha CE30HHBIE W KPYIJIOTOJMYHOTO JeicTBus. B
KPYTJIOTOUYHBIX KOHIUITMOHEpaX UHOT/IA (B IEPEXOIHBIN MepHO]] BpEMEHH I'0/1a) XOJI0JUIbHOE
o0opy/si0oBaHUE HCHOJIB3YyEeTCd W JJI HarpeBaHus Bo3Ayxa. B 3TuX ciydasX XoOJOIUIbHbIE
MAaIIMHBI OTOMPAIOT TEIUIO OT BOJOMPOBOIHOMN HIIM apT€3MaHCKON BOJIBI.
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Pucynox - 76
PHCYHOK - 75 MeCTHBIi MecTHBIN aBTOHOMHBIH KOHJIUIIMOHEP
KOMHATHBIA KOHIWIIMOHEP IS JIETHEro BpemeHW 1 — «Xappkos» 1 _ xopnyc ¢
KOpnyc ¢ meniosgykogoll usonayuel, 2 — hpeoHosbll mennoseykoeou usonayuet; 2 )
xomnpeccop; 3 — kondencamop; 4 — mennoobmennux,; 5 KOMPECCOP; 3 — xoudencamop; 4 —
— anekmpodsucamenv, 6 — oceeoii eenmunsmop; 7 — >CKMP odgueamveﬂb; J i
yenmpoobedicHvlll  genmunamop, 8 — uivmp; 9 — ”eHmpf)&wc”bm eenmunamop; 6 —
Jcanozutinas pewémka, 10— npumounas pe2yrupyowas ocesoll éenmunamop; 1 — kaxopugep;
pewémka, 11  —  mepmopecynamop  6o30yxa, 8 — passodxa xnadozena; 9 — A-x

8030elCmBYIowull Ha NyCKameib 31eKmpoosueamens X00060il  KNANAH OX1AXHCOEHUA Ul
Hazpesa 6030yxa, 10 —

6030yxo3abopnas peweémka, 11 —
Auelika macienoeo ¢urvbmpa,; 12 —
NPUMOYHASI PeULEMKA

Ha pucynke 75 n300paxxeH aBTOHOMHBIM OKOHHBIH KOHIUITMOHED ISl JIETHETO BpemeHu. OH
MMeeT HeGOMBIIYI0 MPON3BOANTEIHHOCTE 110 BO3AYXY (Bcero 400 3/4) m HAXOUT IIpUMeHeHNe
B )KHJIBIX U HEKOTOPBIX OOIIECTBEHHBIX 3JaHHSIX.

OTOT KOHJMIIMOHEp pa3lielieH MEeperopoJKol Ha BO3QYyXOOXJIAXJAIOIIEe U MAIIUHHOE
OT/IeTICHUs. Y CTaHABJIMBAIOT €r0 B HIDKHEHW YacTH OKHAa WM B TPOEME CTEHBI TakK, 4YTOOBI
KOMIIpeccop, paboTaromiuii Ha (peoHe, KOHACHCATOP U IIEHTPOOEKHBIM BEHTUIATOP (MalllMHHAS
YacTh) BBICTYIIATH HAPYXKY.

Ha pucynke 76 nmoka3zaHa cxema aBTOHOMHOI'O KOHJUIIMOHEpa “XapbKOB”, UMeEIOLIEro (popmy
mkada. OH npeaHa3HavyaeTcs A1 HeOObIINX 3aJI0B, JabopaTopHii, Kade U APYrux MOMEIIeHUH
nnomansio 100 1. B neTHee BpeMs OH OXTakaaeT U YacTHUHO OCYIIAeT BO3AyX. B mepexommoe
BpEMs €r0 MOXKHO IEPEKII0YaTh Ha MOJOrPEB BO3AyXa MPHU YCIOBUH, YTO TEMIIEpATypa BOABI,
BXOJIAIIEH B KOHUIIHOHED, 6yaeT He Hinke 20°C.

OTOT KOHIMLMOHEp TaKXe pa3feiieH IONEpEeYHOW TEpEeropoJkod Ha MAallMHHOE U
BO3yxoo0pabarbiBatoliee oTAesieHus. Bo3ayx 3acaceiBaeTcs LEHTPOOEKHBIM BEHTUIISITOPOM
yepe3 OTBEPCTHE B CTEHKE KOHIHMIIMOHEpa M, MPOWIA depe3 BO3IYIIHbIM MacisHbll QUIbTp U
UCIIapUTENb, HATHETAETCS Yepe3 )KATIO3UITHYIO PEeIIEeTKY B IIOMEIICHHE.

TemmepaTypa MOCTymaromero B TOMENIEHHUE BO3AyXa IMOAJECPKUBACTCS TOCTOSHHOW TpHU
MTOMOIIIA aBTOMATUYECKOU PETYIUPOBKHU.
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[lepekntoueHre KOHAUIIMOHEPA C JIETHETO PEXXUMa OXJIAXACHUS BO3/1yXa Ha IEPEXOTHOU pPexUM
MOJIOTPEBA BO3yXa OCYIIECTBISETCS MOBOPOTOM PYYHOI'O YETHIPEXXOJOBOTO KpaHa Ha PEXUM
HarpeBaHus BO3/yXa.

B oatoM criydae ponb uWcHapuTensl BBIMONHSET KOHJEHcATop. Termno, HeoOXoaummoe JUIs
ucnapeHus xJjagareHta ((ppeona), BOCIpHHUMAETCS 4Yepe3 CTEHKH TPyOOK KOHJAEHcAaTopa OT
MPOTEKAIOIIE 10 HHUM BOJbl. Bo3ayX, NpOXOIAIIMA 4YeEpe3 MCHAapUTEIb-KOHIECHCATOP,
HarpeBaeTcsi M IIOCTyHmaeT B IIOMEUIEHHE MOAOTrpeThIM. [Ipou3BOAMTEIHLHOCTH 3TOTO
KOHJMIIMOHEpPA MO BO3AyXy coctaBiaser 1500 v%/4; mo xomomy m Ttemmy - 6000 xxan/u.
MotHOCTh 37€KTpoABUTaTeNsl BeHTHIATOpa paBHa 0,25 kém, a MOIIHOCTb 3JIEKTPOJBUTATENS
Kommpeccopa 2,8 kem. Arperar umeeT BeicoTy 1990, mmpuny 950 u riyouny 600 amm. Pacxon
BOJbI HAa OXJaXJICHHE KOHACHCATOpa XOJIOAMWIbHOW MammHbl paBeH 1200 xe/u. OOumii Bec
KoHIuIoHepa (6e3 Bojbl) coctaisieT 500 ke.

Bonpocsl 1711 o0cyskneHust
1 Knnaccudukanus u o01iee ycTpoicTBO CHCTEM KOHIUITMOHUPOBAHUS BO3TyXa
2 OcHOBHBIE TapaMeTPbl KOHAUIIMOHEPOB

JlabopaTopHas padora 4 U3yuyeHue 3JIeKTPHYECKOI CXeMbl X0JIOAWIbHUKA
KOMIIPECCHOHHOT0 THIIA, YJIEKTPOOOOPY10BAHUA U NPUOOPOB ABTOMATHKH

Lenwb 3ansTUA 3aKTI049aeTCs B (POPMUPOBAHUU Y CTYJACHTOB MPOPECCHOHAILHOW KOMIICTCHIIUY:
TIK-1:

OnekTpuueckas cxema (puc. 6) oOecrneunBaeT padOTy XOJOIWUIBHHUKA B  IOJHOCTHIO
apToMaTuyeckoM pexxume. [Ipu 3ambikannu rienu repmoperynstopa THI HanpsbkeHue nogaercst
Ha KOHTakTel 2-3 TaiiMepa TIM, uepe3 Hux — B snekrpouens kommpeccopa CO1,
JNIEKTpoJBHMrarenss BeHTWwIsITopa MV, oanekrpoasurarens tanMmepa M. Kommpeccop
o0ecrieunBaeT LUPKYJSIMIO XJaJareHTa B CUCTEME XOJOAMJIBHOIO arperata M CHHXKEHHE
TEMIIepaTypbl UCIIAPUTEIIEH MOPO3UIBHON U XOJIOAWIIBHON Kamep.
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Puc. 6. DnexTpuueckas cxema xonoauibHuKa-Mopo3uiabHuka «STINOL-104» KIIT-305:
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‘L - cemy. ‘1MV — GuIKIIOYAMeENb eHMUNAMOPA;

‘N — Heumpanvhas aza: ‘MV — 2JIleKmpoosucameb 6eHMUNIAMoOPa,
THI —mepmope2yasimop xonoounvnoeo Rl —  snexkmponacpesamens — nooooHa
omoeneHus: ucnapumensi:
‘RHl —meno80e pene KOMnpeccopa, ‘RZ — 9JleKmpoHazpesamenb UCHapumers,
‘RA] —NYCKOBOE pelle KOMNpeccopa: ‘TF — NIABKUL NPedoXpaHumenv,
‘SLl —CUCHANbHAL TAMAA CCMU, ‘CO] — Komnpeccop;

R3 — NpPOMUBOKOHOEHCAMHbIU
1L1 —eswixnrouamens aamnoi,

9/1eKMPOHAcpesamends:
‘Ll — NAMNA XOJIOOUTIbHO20 OMOCHCHUSL, ‘M — anlekmpoosucamens manumepa,
TR1 — meniogoe ene BKIIOYEHUS .

P TIM—maiimep

BEHMUNIAMOPA:
TR2 — mennogoe pene 21eKmpoHazpesameis
ucnapumerns;

[Ipu cHmwxeHHH TeMIepaTypbl HCIapuTens MoOpo3uiabHON Kamepbl 10 -10°C pene TRI1
(3amennuTeNb BpallleHUus KpbUlbuaTKU BeHTwiATopa) 10 (cm. puc. 2), 3aKpemieHHOE Ha
UCIapuTese, BKIIOYAET 3JIEKTPOABHUraTelb BEHTHIIATOpPA, KOTOPBIA 00ayBaeT peOpucCThIi
ucrmapurens ¥ nogaer Bo3ayx B MK, temnoBoe pene TR2 Taroke 3ambikaercs, obecrieumBast
BKJIIOYEHHE 3JIeKTpojBHuratenass M Taiimepa, KOTOpbIH HayMHAaeT OTCYET BPEMEHU pabOThI
KOMIIpeccopa.

Taiimep TIM wuyepe3 omnpeneneHHbII OTpe30K BpeMeHH paboTel kommpeccopa (8...10 u)
OTKJIFOYAET  DJJIEKTPOABUIATENIM  KOMIIPECCOpPA, BEHTUIATOpPA, TaliMepa W BKIIOYAET
3lIeKTpOHArpeBareiibHble conpoTuBieHuss R2 (orramBanHus ucnaputens) u R1 (HarpeBatens
nongoHa wucnaputens). Ecnum koHTakTel TepMoperyistopa TH1 3aMKHYTBI, HMIET mpolecc
OTTauBaHUsA CJIOA UHEsA C UCIIAPUTENS MOPO3WIIBHOM KaMephl. IIpu nocTmxkeHun ucnapureneM
temriepatypbl 10°C pene TR2 oTkirouaer anekTpoHarpeBaTelibHble conpoTuBieHus R1, R2 u
obOecneunBaer mo osnekTpuueckodt nenu THI, T1M, R2, M, RHI, CO01, RAl paGotry
ANIeKTpoJBHrarens Taimepa. KOHTakThl TaliMepa MEPEKIIFOYAOTCSA, HPHU ITOM OTKIKYAKOTCA
HarpeBaTesbHble compotuBieHuss R1 um R2 wm Brirouarorcs 1Lenu 3JEKTpOJBUTraTeNed
KoMIpeccopa, BeHTuwisitopa u Taiimepa. Konraktsl pene TR1 u TR2 npu 3T0M pa3oMKHYTHI.
Haynnaercs oOXnakIeHWE HCIApUTENS MOPO3UIBHOM KaMepsl, 4Yepe3 HEKOTOpoe Bpems
cpabatsiBaet pene TR1, BkiItouaercs sneKkTpojBUraTesb BEeHTHIATOpa. [Ipu OTKpeIBaHUU JABEpU
MOPO3WIBHOU KaMmephl BBIKJIIOYATEIIb IMV OTKJIFOYaAEeT BEHTUJIATOD.

Eciu no kakoii-nmubo mpuyMHE TeMIiiepaTypa HCIapUTeNss MOPO3UIbLHOW Kamepbl JOCTHTaeT
60°C, To pacruiaBisercss TepMmonpenoxpanurens TF, pacnonokeHHbI B OJHOM KOpIyCE C
TEIUIOBBIM pelie 3JeKTpoHarpeBarens ucnapurens TR2, u Bcs anekTpocxema, odecrneunBaronias
paboTy XOJOOWJIBHOTO arperata, OTKJIOYaeTcs, KpoMme R3 (HarpeBaresib Neperopojku
XOJIOIMIIBHON KaMepbl U OTAeNIEHUE 1715l XpaHeHUs PPYKTOB U OBOILEH ).

DnektpoHarpeBarenb 14 (cM. puc. 3), penoTBpamaonuil 00pa3oBaHne KOHAEHCATa, TOCTOSTHHO
MPOTPEBAET MONEPEUNHY MEXKIY XOJIOJMIBHON KaMepOoW M BBIIBUKHON KaMepou Il XpaHEHUs

(GpPYKTOB U OBOLIEH.
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Bomnpoch! 1151 06cy:knenns
1 DnekTpuyeckas cxema XOJIOIUIbHUKA
2 OcCHOBHBIE JIEKTPUIECKHE FIIEMEHTHI XOJIOIMILHUKA

Jlaboparopnasi padora 5 KoHCTPpYKIIUSl M HCCJIeIOBAHNE OCHOBHBIX XaPAKTEePUCTHK
Ka4ecTBa CTHPAJbHBIX MammuH Tuna CMII

Henpb 3ansaTud 3aK1r049aercs B (GOPMHUPOBAHUH Y CTYJAEHTOB MPO(PECCHOHATEHOW KOMIIETECHITHH:
K-1:

CrupanbHble MAaIMHbI IPHUHATO KJIACCH(PHUIIMPOBATH 10 Py IPU3HAKOB, OCHOBHBIM U3 KOTOPBIX
SBIISICTCS BHUJ BBINOJMHSAEMBIX (PYHKUMH M CTENeHb MX aBToMmaru3auuu. Ilo stomy mpusHaky
BBIICIIAIOT CJIEAYIOLIUE TUIIBI CTUPAJIbHBIX MAIlUH:

CM — crupanbHble MalIMHbI 0€3 OoTXKMMa Oenbs (MX (PYHKIMM HE aBTOMATU3UPOBAHBI, 3TO
IPOCThIE MAIOrabapUTHBIE CTUPAIIbHBIE ILIUHBI);

CMP — crupasbHble MalIMHbI C PYyYHBIM OT)KHUMOM OeJbs (OT)KUM OCYIIECTBIISICTCS C TIOMOIIBIO
CUCTEeMbl OOPE3MHEHHBIX BaJIMKOB);

CMII — cTupanbHble MalIMHbI 1OJYyaBTOMAaTUYECKOT 0 THUIIA;
CMA — cTtupanbHble MallMHbI-aBTOMATHI;

CCM — crupanbHble MalIMHBl C CYIIKOH Oenbsd (JaHHBIH TUI CTUPAIbHBIX MalllUH
paspabatbiBaeTcs Ha 6a3e cTupaibHbIX MaliuH na CM);

CMAC — ctupalibHble MAalIMHBI-ABTOMATHI C CYIIKOW Oelbsl.

CrupanpHble MaIIMHBI 110 pa3Mepy (Macce 3arpy3Kd CyXHM OelbeM)IOJPa3eSIIOT M0 Macce
oOpabareiBaeMoro Oemnbsi: paccuutanHble Ha 1,5; 2; 3; 4; 5; 6 u 7 kr. Pasmep crupanbHOi
MaIIuHbl BMECTE C TUIIOMBXOJIUT B COCTaB MapKUPOBKHU U (DOPMUPYET TUIOPA3ZMEP CTUPATLHON
MAaIIUHEI.

IIo CHOCO6y AKTUBAllMU MOKOIICTO pacTBOpA U Ocnbs CTUPAJIbHBIC MAIIMHBI IOAPA3ACIIAOT Ha:

* AKTHUBATOPHbIE — OCHAIIEHBl JUCKOBBIM aKTUBATOPOM, 3a CHYET BpALIEHUS KOTOPOTO
UHTEHCU(UIMPYETCS MTPOLECC CTUPKU B CTUPAJILHOM 0aKe MallluHbI;

* OapabaHHBIE CTHpAIbHBIE MAaIIMHBI — MPOIECC CTUPKH MPOXOIUT TMpH BpalleHuu OapabaHa
CTUPAJIbHOW MalINHBI.

B cBoto ouepeb, y MalivH ¢ JUCKOBBIM aKTUBATOPOM BO3MOKHO Pa3IMYHOE €r0 pacioioKeHue:
Mo TEHTPY TOPU30HTAIHHOTO JIHA;, SKCIICHTPUYHO B HAKJIOHHOM JIHE, Ha OOKOBOW CTEHKE
cTupanbHoro 6aka. [lo pexxumy BpalleHHUs aKTUBATOPa PA3IMYAIOT MAIIUHEI ¢ OJTHOCTOPOHHUM
U PEBEPCUBHBIM BpallleHHEM akTuBaTopa. [[ns mammH GapabaHHOro THIA MpPUCYILE HaIU4uue
JOTIOTHUTEIBHBIX YCTPOWMCTB, KOTOpPBHIE TOBBIIIAIOT OTCTUPBIBAEMOCTHh O€INbs: KOBIIUKH IS
3axBaTa MOIOIIETO PacTBOpA, CUCTEMA “Ter3ep”’, CUCTEMA “OXKIb U JIp.

[To xonmuyecTBY 0akoB pa3iIMyalOT OJHOOAKOBBIE U JABYXOAKOBBIE CTHPAJIbHBIE MalIUHBL. Y
NBYXOAKOBBIX CTHPAJIbHBIX MAllMH B OJJHOM 0ake NMPOUCXOAUT MPOIECC CTHPKHU, a BTOPOH Oak
UCIIOJNIB3YETCS sl OTKUMa Oellbsi, B HEM OOBIYHO paclojaraloT LEHTPUPYTY.
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[To cmocoOy 3arpy3kd CTHUpalbHbIE MAlIMHBI MOTYT HMETh BEPTHKAIbHYIO (CBEpXy) WIIH
(dpoHTaANIBbHYIO (CTIEpEe/IN) 3arpy3KYy.

[To BO3MOXXHOCTH HarpeBa BOJBI PA3JIMYAIOT: CTUPAJIbHBIC MAIMHBI 0O€3 HarpeBa BOJBI;
CTUpaJIbHBIE MAILIMHBI C YaCTUYHBIM HArPEBOM BO/Ibl; CTUPAIbHBIC MALIIMHBI C TIOJHBIM HArPEBOM
BOJBL.

[To koM(OPTHOCTH BBIACISAIOT CTUPATIbHbIE MAIIUHBI OOBIYHON M MOBBIILIEHHOW KOM(OPTHOCTH.
CrupayibHbIe MaIIMHBI MMOBBIMIEHHOW KOM(OPTHOCTH JOJKHBI UMETh HE MEHEE JIBYX JJIECMEHTOB
KOM(pOPTHOCTH. DJIeMEHThl KOMGOPTHOCTH PA3IUYHbI U 3aBUCST OT THUIIA CTUPAIBHON MalIUHBbI,
y TPOCTBIX THUIIOB 3JEMEHTHI HECJIOXKHBIE, Y aBTOMATOB W IOJyaBTOMAaToB — cioxHee. K
37eMeHTaM KOM(GOPTHOCTH OTHOCHT:

tunt CM — 1Ba u 0oJsiee pexxrma CTUPKHU; pelie BpEMEHH; TI0JICTaBKa JUIsl YCTAHOBKM MAllIMHbI Ha
BaHHY U JIp.;

tunt CMP — nBa u Oonee pexuMa CTUPKM; aBTOMAaTH4eckash HaMOTKa ILIHypa; GuiusTp ans
OUYHUCTKH CIMBAEMOTO PacTBOPA; CTAIMOHAPHAS YCTAaHOBKA OT)KUMHOTO YCTPOMCTBA ¢ (hUKcaIue
B paboueM M HepaOoueM TMOJOXKEHUHU; KOp3WHA IJs OTXKATOro Oenbs; cUrHaiuzarop o0
OKOHYAaHUU pabOTHl MAIINHEI;

tun CMII—topmo3 nentpudyru; aBa u Oojiee pexuma CTUPKH; aBTOMATHYEeCKas HAMOTKA
HIHypa; YCTPOMCTBO JUIsl HarpeBa MOIOILIEIO pPacTBOpa; (GUIBTP AN OYUCTKU CIIMBAEMOIO
MOIOIIETO PacTBOPA; 3BYKOBOW CHTHAJIN3ATOP 00 OKOHYaHHUU pab0vero IUKIIa;

tum CMA — Tpex- u 0Oojee CEKIMOHHBIM [103aTOp IMOJAaYu CTHUPAJIBLHOTO MOPOIIKA;
CUTHAJTN3aTOp OKOHYAHHS PEKUMa pabOThI; yCTPOWCTBA /IS MOACOSAMHCHHSI MAlIMHBI K CETH
BOJIOCHA0KEHUS U KaHAIHU3AIUH U Jp.

KpOMe NEPCUUCIICHHBIX ITPU3HAKOB CTHPAJIBHBIC MAIIMHBI TAKKC IMMOAPA3ACIAOTCA 110 MapKaM U
MOZACIIAM, NPEANPUATHUAM - U3TOTOBUTECIIAM, CTPAHAM-HU3TOTOBUTCIISIM.

[Tpumep ycrmoBHOTO 0003HauYeHUs1 cTupaabHoil Mamuubel: CMA 3,5 ©b “Bsarka Katroma”. CMA
— CTHpaibHasi MallliHa aBTOMAaTHYECKOT0 TUIIA, PACCYMTaHa HAa CTUPKY 3,5 Kr cyxoro Oenbs; O
— ¢ (ponTanbHOM 3arpy3koif; b — OapabaHHBI CMOCOO aKTHUBAIIMM MOIOIIETO PacTBOPA;
ToproBasi Mapka “Bsarka Katroma”. MapkupoBka COBpEMEHHBIX CTUPAIBHBIX MAIIUH aBTOMAaTOB
JIOTIONTHSAETCS KJlaccaMu CTUPKH, OT:kuma, sHepromnorpednenus: A; B; C; D; E; F; G (kmacc A
Haubosee IKOHOMUYHBIN — moTpebienue meHee 0,17 kB1/kr, B kimacce G sHepromnoTpedieHne B
J1Ba pasa 0oJiblIIe).

IMoTpeduTebcKkHe CBOWCTBA CTHPATBbHBIX MamMH.OCHOBHOW TpYIIOM MOTPeOUTENHCKUX
CBOWCTB [UI1 CTUPAIBbHBIX MAIIUH SBIAETCS ePYNNa (QYHKYUOHANbHBIX CE0UCmE, KOTOpas
XapakTepu3yeTcss CIEeAYIOIMMH TOKa3aTeNIsIMU: OTCTUPHIBAEMOCTbIO Oelbsl; M3HOCOM Oelbs;
3G(HEKTUBHOCTBIO  OTKHUMA; KaueCTBOM  IIOJIOCKaHUS;  IPOU3BOAUTENBHOCTBIO U
YHUBEPCAIbHOCTBIO.
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llokazamenv ~ omcmupvieaemocmuy O0enbst  ompeaensercs Ha  0a30BbBIX  oOpaslax C
MCIIOJIb30BaHNUEM HMCKYCCTBEHHOT'O 3arpsi3HEHHUS] KaKk OTHOIIEHHE Pa3sHOCTU B Oenn3He oOpas3na
1OCJ€ CTHUPKM M HCKYCCTBEHHO 3arpsi3HEHHOTO oOpasla K Pa3sHOCTH O€IM3HBI MCXOIHOTO H
HCKYCCTBEHHO 3arps3HEHHOro obOpasma. Pesynbrar oTHomeHust ymHoxkatoT Ha 100, T. e.
MOKa3aTellb BBIPAXKACTCS B MIPOLICHTAX.

3HadyeHre oKa3aTess 3aBUCHT OT psja (PakTOPOB: KOHCTPYKTHBHBIX OCOOCHHOCTEH CTHpaIbHON
MalMHbl (BUJ aKTUBAaTOpa, €ro pPAacIHoJIOKCHHE, HAJIW4YHe IOMOJHHUTEIBHBIX YCTPOMCTB IS
yIY4IICHUS pe3yJbTaTa CTUPKHU); TEMIIEPATyphl MOIOIIETO PacTBOpa H Ip.

HaubGonee BbiCOKME NOKa3aTeNM OTCTUPBIBAEMOCTH Yy CTUPAIbHBIX MAlIMH C JUCKOBBIM
aKTUBATOPOM — 62-65%. OH BbIllIe y MallIMH C BEPTUKAJIHHO PACIIONOKEHHBIM aKTUBATOPOM (Ha
OOKOBOI TOBEPXHOCTH CTHUPAIbHOrO 0Oaka), HECKOJBKO HMXKE y MAIIMH C PACHOJIO0KECHHUEM
aKTHUBATOpPa SKCIEHTPUYHO B HAKJIOHHOM JIHE U CaMOE HU3KOE 3HAa4YeHHE JAHHOIO IMOKa3aTens
UMEIOT CTUPAJIbHBIE MAIIMHbI, Y KOTOPBIX AKTUBATOP PACIOJIOKEH 10 LEHTPY FOPU30HTAIIBHOTO
JTHA.

VY mamH 6apabaHHOTO TUIA MTOKA3aTeNb OTCTUPBIBAEMOCTH HaXOAUTCs B mpeaenax 50-57% mpu
TPaAULIUOHHOM HcroidHeHHH. C LeNbl0 MOBBINICHUS JaHHOTO IOKa3aTelsl COBEPIICHCTBYETCS
KOHCTPYKIIUSI CTHPAIBHOTO Oaka, BBOJAWTCS CHCTEMa TPEXCTOPOHHETO BO3JCHCTBHS Ha Oeibe
MOIOIIET0 PacTBOpa: IIyTEM 3aMadylBaHUs, “‘OpOLICHUS” CBEPXY, BO3ACUCTBHS COOKY (CHCTEMBI
“mymka”, “reisep” u np.). JonoaHUTENbHBIE YCTPOWCTBa MHTECHCU(UKAIIUN TIPOIlecca CTUPKH
HO3BOJISIIOT MOBBICUTH IOKa3aTelb OTCTUPHIBAEMOCTH 10 YpoBHS 65~70% u Ooinee. 3HaueHue
1oKa3aressi OTCTUPBIBAEMOCTH MOXET CHIDKaThcs Ha 2-5% mpu pabore B OEpeXHOM WIH pe-
BEPCHBHOM pEKXUME, KOTOPBIE HCIOJIB3YIOTCS IMPH CTHPKE TOHKHX TKaHEH, MICPCTSIHBIX,
TPUKOTAKHBIX M3/ICTHN U .

CrupanbHble MalTMHBI UMIIOPTHOTO MPOU3BOJICTBA XapaKTEPU3YIOTCS Ki1accoM cTupku: A; B; C;
b; E; I'; C (rme A — camblii BBICOKHIA UHAEKC YPPEKTUBHOCTH CTUPKH).

Hsnoc Oenvs Xapakrepusyercst motepel mpouHoctu Oenbst mnociae 20 LMKIOB CTHPKH.
PaccunthiBaloT TOKazaTenb IMyTEM COOTHOIIEHHS PA3HOCTU NPOYHOCTH HCXOJHOTO U
OTCTHUPAHHOI'O 00paslia K MPOYHOCTH MCXOAHOro oOpasma. Pe3ynbTar neieHHs yMHOXAOT Ha
100 u BbIpaXkaroT B IpOLEHTAX.

OTOT IIOKa3aTelb 06paTHO MMPpONOPHUOHAJIBHO CBA3aH C IMOKA3aTCJIEM OTCTUPBIBACMOCTH. To
€CTb, YEM HHTCHCHBHCC NPOUCXOAUT IMPOLCCC aKTUBAlMU MOIOIICTO pacCTBOpa U 6CJ'IB$I, TEM
JIy4UHI€ MOKa3aTeyib OTCTUPBIBAEMOCTH, HO MOTEPA ITPOYHOCTHU Ocbs IIpU 3TOM pacCTECT.

JIJst akTHBAaTOPHBIX CTUPAIBHBIX MAITMH 3HAYEHHUE YTOTO MOKa3aTelnss HaXOAUTCs B mpeaenax 15-
10%, a ms 6apadbanabix — 12-10%.

Ippexmusnocmv  omowcuma  Oenvs (KAYECTBO  OTKUMA)  XapPaKTEPU3YETCS  OCTATOYHOU
BJIQXKHOCTH O€JIbsl TIOCJIe €ro OT)KUMA. BhIpakaeTcs moka3aTellb B MIPOIIEHTaX U BBIUUCISICTCS KaK
OTHOIIICHHE MAacChl BOJBI, OCTaBIICWCSs B TKAaHU TOCIE OTXKHMa K Macce CyXOW TKaHHU.
HexoTopsle MamuHBI-aBTOMAaThl WMEIOT (DYHKIIMIO BBIXOJA HA 3aJaHHYIO BIIQXHOCTH ITOCIIC
OT)KHUMa OeTbsl.

HaubGonee > ¢heKTUBHBIM SBISETCS OTKUM O€Jbsi C MOMOIIBI0 HEHTPUPYTH, TPU KOTOPOM

abdexTuBHOCTE OTXRUMA J0XOAUT 10 55%. CoBpeMeHHBIE aBTOMAaTHYECKHE OapabaHHBIC
CTHpaJIbHBIE MAIIMHBI UIMEIOT CKOPOCTh BpallleHus 6apabana B pexume omxkuma ot 800 go 1800
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00. / MuUH, yBEIMYEHHE CKOPOCTH BpalmleHHs OapabaHa CIIOCOOCTBYET CYIIECTBEHHOMY
HOBBIIICHUIO Ka4eCcTBa OTXKIMA.

CrupanbHble MalIMHBI-ABTOMAThI XapakTepu3yroTcs kinaccom omkuma: A; B; C; b; E; E; C.

Kauecmeo nonockanus onpenensiercst mo KOJINYECTBY MOIOIIEr0 CPECTBA OCTABILIETOCs B Oelibe
II0CJIe TTOJTHOTO LUKJIA CTUPKU. DTOT IOKA3aTelb 3aBUCHUT OT BOIHOTO MOAYJS (COOTHOIICHHE
BMECTHMOCTH CTHPAIBHOIO 0aka W Macchl CyXOro Oelibsi IPU CTUPKE) CTUPAIBHOW MAIIWHBI,
BUJIa aKTHBAaIMH, KauecTBa OoTkuMa. OObIYHO OoJiee BHICOKME 3HAYEHHS ITOTO IMOKa3aTeis y
CTUPAIBHBIX MAIIMH C LEHTPUPYrod wmin y OapabaHHBIX MalIMH C BBICOKOH CKOPOCTBHIO
BpalieHus 6apabaHa.

IlpouzsooumenvHocms CTUPAIBLHOW MAIIMHBI  XapaKTepu3yeTcsl 3aTpaTaMd BPEMEHHU Ha
IIPOBEJCHUE MOJHOTO IIUKJIa CTUPKU Ha 1 Kr cyxoro Oeinbsi. 3HaYEHHE ITOrO CBOMCTBA 3aBUCUT
OT KOHCTPYKTHBHBIX OCOOCHHOCTEH CTHpaIbHOW MAaIIWMHBI, KOJMYECTBA LIUKIIOB MOJIOCKAHUS, a
TaKKe MPOJODKUTEIBHOCTH TPOMEXKYTOUHBIX ONepauil (3arpy3ka M BbITPY3Ka O€Jbs,
NepeKIabIBaHue U3 OHOTO OaKa B IPYro U T. 11.).

QOYHKIMOHAIBHBIE CBOWCTBA  XAPAKTEPU3YIOTCS U YHUBEPCANbHOCMbIO, T. €. HaJIUu4ueM
HECKOJIbKUX PEXKHUMOB CTHUPKH (BO3MOXKHOCTBIO IPOBEJECHUS CTUPKU O€ibsi C pa3InyHOU
CTPYKTYPOIl U COCTAaBOM TKaHH), @ TAKXKE IIPOBEJCHUS JOIOIHUTEIBHON CYIIKU Oenbsl.

3HaueHue Mmokasaresneil (yHKIIMOHAJIbHBIX CBOMCTB BO MHOTOM OMpEENsSeT YPOBEHb KayecTBa
CTUPAJIbHBIX MAaIllMH, TaK KaK OT HUX 3aBUCUT CTENCHb BBHINOJHEHUS OCHOBHBIX U
JOTIOTHUTEIbHBIX (PYHKIIHA.

ITon 6e3onacnocmuvio NOHUMAIOT 271eKMPOOE30NACHOCHL N MEXAHUYECKYIO

bezonacnocmy. VIcTIoONHEHNE CTHPAJBHBIX MAIIMH MPEAyCMaTpUBAET BTOPOM KIIACC 3alUThI OT
MOPAKEHUS DJIEKTPUYECKMM TOKOM HWMEIOT JBOWHYKO WIH YCWICHHYH u3omsanuo. Jlus
MOBBIIIIEHUS] MEXaHMYeCKOW Oe30MacHOCTH B MalllMHAX MpelycMaTpHUBaloT OJOKHpYolIee
YCTPOMCTBO, KOTOPOE MPENATCTBYET pabOTE MAIIMHBI PU OTKPBITHIX KPBIIIKE UM JIIOKE.

Bonpocsl a1 o0cykneHust
1 KoHCTpyKIusl CTUPATIBHBIX MAIIUH
2 3JIEKTPOOE30IMaCHOCTh CTUPATLHBIX MAIIHH

Jladoparopnasi padora 6 KoHCTpyKIIUA M HCC/IeI0OBAHME OCHOBHBIX XapaKTEePUCTUK
KAa4eCcTBAa CTHPAJBHBIX MamuH THna CMA

Henpb 3ansaTUdA 3aK1I09aeTcs B (DOPMHUPOBAHUU Y CTYJIEHTOB MPOPECCHOHAIEHOW KOMIIETCHITNH:
TIK-1:

BriToBBIE aBTOMaTHUECKHE CTUPATbHBIE MalTMHBI THIAa CMA TipeTHa3Ha4YeHbI I CTUPKU Oembs
no 3agaHHoOM mporpamme. CTUpKa, 3aMauydBaHUE M TOJIOCKAHUE  OCYILIECTBIISIOTCS
MEXaHWYECKUM TEePEeMEIMBaHNEeM Oelbs, TMOMENICHHOro B TepdopupoBaHHBEIN OapabaH B
CTUpaIbHOM pacTBope. OTKUM Oelbsi MPOU3BOAUTCS IIeHTpUyrupoBaHueM B TOM ke O6apabdaHe.
ABTOMAaTHYECKHE CTUPAIBbHBIC MAIIWHBI MPUHIUIHAIBGHO OTIUYAIOTCS OT BBITYCKAOIINXCS
paHee MO KOHCTPYKLHMHM U CIIOKHOCTH AJIEKTPOCXEM B HUX HIMPOKO HCIOJIB3YIOTCSI AJIEMEHTBI
aBTOMAaTHKH, HUKOT/Ia paHee He MPUMEHSBIIHNECS B OBITOBBIX CTUPAIBHBIX MaruHax. [Iporecchr
CTUPKA B O3THUX MalllMHAX MOJHOCTHIO AaBTOMAaTHU3UPOBAHBI: 3aJMB U CIHUB BOJBI JJIsI BCEX
orepanuii, BBOJ MOIOIIUX CPEJICTB, 3aMOYKa, CTUpKa C HarpeBoM BoOjbl ¢ OenbeM B Oake
CTUPAJIBHONM MaIIMHbI J0 33JaHHON TeMIepaTyphl, MOJIOCKaHUE U OTKUM. PasHooOpa3HbIii Habop
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MPOrpaMM IO3BOJISIET CTUPATh OeNbe Pa3HOW CTENEHM 3arps3HEHHOCTH, MPOYHOCTH W3 TKaHEH
Pa3IMYHOM XHMMHYECKOM CTPYKTYpbl, KAau€CTBEHHO W HE CHHWXasg CTeneHu wu3Hoca. Jlns
ABTOMATUYECKOTO YIPABJICHHUS TPOIECCAMH CTUPKA C YYeTOM (U3HKO-XUMHYECKHX U
MEXaHUYECKUX CBOICTB TKaHEW B aBTOMATUYECKUX CTHPAJIbHBIX MAIIMHAX YCTAHOBJIECH LI
psan  mpuOOpPOB  KOHTPOJS M PETYIMPOBAHMS IPOLECCOB CTUPKH, OCYIIECTBIISIOIINX
B3aMMOJICIICTBHE OPraHOB MAIllMH B ONPEIEICHHOM, 3apaHee 3aJaHHON MOCIe10BaTEIbHOCTH BO
BPEMEHM: KOMaHJ0aNmapaT, 3aJalollee yCTPOMCTBO, JAaTYUK-PENie YPOBHS CTHPAIbHOIO
pactBopa B 0ake, IaT4YHMK-peje TeMIepaTyphl CTHpajibHOro pacTBopa. HemocpenacTBeHHO
IpOIeCcC CTUPKH OCYLIECTBIsETCA B OapabaHe CTUPAIbHOTO 0aka ¢ IOMOIIBIO UCIIOTHUTEIBHBIX
OpraHoB: AIEKTPOMArHUTHOTO KJanaHa, 3JEKTPOABUTaTess npuBoAa OapabaHa, JeKTpoHacoca,
SJICKTPOHArpeBaTeCJIA. B ABTOMAaTHYCCKHUX CTUPAJIBHBIX MalinHax HUMECTCA paa
BCIIOMOTaTeNbHBIX 3JEMEHTOB, 00eCIeYNBAONINX PaOdOTy MCIOIHUTENBHBIX MPHUOOPOB: 00K
CETEBOIl BBIKJIIOYATEIh, MUKPOBBIKIIIOYATEIb OJOKHMPOBKH KPBIIIKH, KOHJICHCATOPHI, PE3UCTOPHI,
Jamra curHaibHasg. Bece aBromMaruueckue CTHpaibHble MAIIMHBI OTIIMYAIOTCS MO KOHCTPYKIIUU,
M0 IPUMCHCHHBIM 3JICKTPUUCCKHUM CXEMaM H UCIIOJIb3YCMbIM 3JICMCHTAM aBTOMATHUKHU.

ABTOMATHUYECKAA CTUPAJIBHAA MAILIMHA «BATKA-ABTOMAT» CMA-4. Orta
MallgHa paboTaeT OT CETH XOJIOJAHOTO U TOpsiuero BOJOCHAOKEHHs M IpelHa3HaueHa s
CTUPKH, TOJOCKaHMSI U OT)KMMa M3JEIUNA U3 BCeX BUAOB TKaHeid. CTupalibHas MallliHAa MUMEET
(bpoHTaIBHYIO 3arpy3Ky 0eibsi. Boimyckatorces Tpu MoaudUKanuy MaluHbl «BsiTKka-aBTomMar»:

«Bsrtka-aBromar-12» ¢ 12 mporpamMmmamu: 6 1u1s IJIOTHBIX TKAHEW U [ TOHKUX;
«Bsitka-aBTomat-14» ¢ 14 nporpamMmmamu: 7 JyUisl TUIOTHBIX TKaHEH U [l TOHKUX;
«BsTka-aBTomar-16» ¢ 16 nporpammamu: 8 /Ui MJIOTHBIX TKaHEH U 8 1JI1 TOHKHX.

Mamunaa obecrnieuuBaeT BbIOOP PEXUMOB CTUPKH C HAOOpOM OIpEAEICHHOW MpOrpamMMbl C
OPUMEHEHUEM MAaJIONEHSIUXCA CHUHTETHUYECKHX MOIOIIUX CPEACTB (CTUPAJIbHBIE MOPOLIKU
«Jlotoc-aBTOMaT», «Opa-aBromar» U T. 1.). [Iporpammbl HaOuparOT pydYKOH YIpaBlleHUs
KOMaHJioanmnapara 1 CliellMaJIbHbIMU BBIKIIIOUATEISIMU, PACIIOIOKEHHBIMUA HA NIEPEIHEN MaHenu
KOplyca MallMHbl. B MammHe uWCKIloueH TnepenuB Bojabl. MaimHa 0o0opynoBaHa
THJIPABINYECKUM (UIBTPOM, OOECIEUHBAIOIIUM 33JepKKy HHOpOAHBIX Ten. CoennHeHue
KPBILIKU (QUIbTpa € KOPILyCOM IepMETUYHO U BhIAepkuBaeT naaBienue 9,4 klla. Koncrpykuus
MalllgHbl O0ecreunBaeT TMOJIHBIA CIUB JKUAKOCTH u3 Oaka. CTHpKa NPOUCXOAUT B
nepdopupoBaHHOM OapabaHe TO 3apaHee 3aJaBaeMOil MporpaMMe B 3aBUCHMOCTH OT THIIA
TKaHEW W CTENEHU 3arpsA3HEHHOCTH. Bce mporecchl CTUPKH, MOJOCKAHMSA, OTXKUMA HU3AEIUN U
perylIupoBaHusl KOJIMYECTBA MPOrpaMM M TEMIIEpaTypbl MOIOUIMX PAaCTBOPOB BBIIOIHSAIOTCS
aBTOMAaTHUYECKU. BpyuHy!o 3arpykatoT U3/Ieus U MOIOIUE CPeACTBA, HAOUPAaOT HEOOXOJUMYIO
IporpaMMy, BKJIIOYAIOT MAIIMHY U BBITPYXKAIOT YUCTbIE M3nenus. Koprnyc MammHbl BBITOJIHEH
W3 JIMCTOBOM CTJIM W COCTOUT W3 INTAMIIOBAHHBIX JCTaJIed, COCAMHEHHBIX MEXIYy COOOM
cBapkoil. CBepxy KOpIIyC 3aKpbIBAa€TCSl KPBIIIKOH, KOTOpas KPEMUTCS CaMOHAape3arolMMHU
BuHTaMH. Koprmyc MamuHbl OKpaimieH Oejoi Kpackoil. BHyTpu koprmyca ycTaHOBJIEH Oak ¢
3aKpeIUIEHHBIM Ha HEM JIByXCKOPOCTHBIM 3JIEKTPOJIBUTATEIEM MPUBOJA CTHPAIBHOrO OGapabaHa.
bak mojBelieH Ha ABYX LMJIMHAPUYECKHUX MPYKHUHAX, KOTOPBIE KpemnsTcs K ynopam kopmyca. K
HIDKHEH YacTh 0aka ¢ JBYX CTOPOH HPUBApPEHbl METAUIMYECKUE IUIACTHHBI, HAXOMALIMECs B
KOHTaKTe ¢ (PPUKIMOHHBIMH OaliMakaMH peccop, 3aKpEeIUICHHBIX Ha KOpIyce. JTa CHUCTeMa
BMECTE C NPOTHBOBECAMH, YCTAHOBJICHHBIMM B 0ake, CIYKUT A yMEHbLIEHHS BHOpalnuu
MamMHbl. HarpeB u KOHTpOdb TemmepaTypbl MOIOLIETO PAacTBOpa  OCYILECTBISETCS
COOTBETCTBEHHO IIpM IOMOIIM JJIEKTpOHArpeBaTens MW JaTYUKaMU-PENe TeMIepaTyphl,
YCTaHOBJIEHHBIMU BHYTpHU Oaka. Brixon mapa m3 Gaka ocymiecTBisieTcs: yepe3 narpyook. benbe
3arpykaetrcss B nephopupoBaHHbI Oapaban depe3 Jok. CTHUpKa MPOM3BOIUTCS IO 3apaHee
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3aJaBaeMoil, B 3aBUCHMOCTH OT THIA TKaHH, rnporpamme. HaGop ompeneneHHON HporpaMMsl
OCYILECTBIISICTCS PYUKOH KOMaHJoannapaTa. bapaban ycraHOBIEH BHYTpH Oaka M BpalaeTcs B
HOJIIMITHIKOBOM Y3JI€, Pacloj0KEHHOM B KpecToBHHE. Bpamienue Oapabany mepenaercs OT
3JIEKTPOJBUTATENIS Yepe3 IIKUBBI U KIMHOBBIA peMeHb. bapa®an numeer Tpu peOpa A dydiIero
nepeMeniMBaHus Oenbst B mpouecce crtupku. (C3aaM MallmHbl B BEPXHEHW YacTH KopIryca
pacroyio’keHbl: OJOK MOJKIIOYEHUs] K BOJIONPOBOAHOM CETH, KOTOPBIH COCTOMT M3 JIBYX
AJIEKTPOMATHUTHBIX KJIAllaHOB, COCIMHEHHBIX IIJIAHIaMU C J03aTOPOM; pelie JAaTdyhKa ypOBHS
AKHUJIKOCTH, COEAMHEHHOE C HIDKHEH 4acThio 0aka LUIAHIOM; IOMEXOIOAABIISIOIUN (QUIBTP C
COCIMHUTENIBHBIM IHYPOM U IITEINICEIbHON BUJIKOW JUIS ITOAKIIIOYEHUS MAIIUHBI K 3JIEKTPOCETH.
Jlozarop ciy>XuT AJi BBOAA B 0aK MOIOIIMX CPEACTB M CPEJICTB JJIs CHELMAIbHONH 00paboTKU
Oenbsl BO BpeMsl 3all0JIHEHUs 0aka BOJIOM 4Yepe3 AJIEKTPOMArHUTHBIE KilanaHbl. B BepxHell yactu
KOpIlyca paclojo)KeHa IIIacCTMaccoBas IIaHENb, Ha  KOTOPYKO  BBIBEJEHBL:  pydKa
KOMaHJloanmnapara, KHOIIOYHBIM IIepEeKIItoYareab i1 BKIKOYEHUS HKOHOMHYHOIO peXuMa
CTUPKH; CUTHaJbHAs JIaMIla, CUTHAIM3MpYOLas o paboTe MalluHbl, pydyka OyHKepa J03aTopa.
Ha mnnactmaccoBoil NaHelM HaHECEHbl HAUMEHOBAaHHWs IpOrpaMM. B HMKHEW 4acTH MalIMHBI
YCTAQHOBJICHBI: 3JEKTPOHACOC, KOTOPBIA CIYXHUT [JIi OTKA4KM OTpPabOTaHHOI'O MOIOLIETO
pacTBopa, CheMHBIN (PHIIBTP, 3aKPHIBAIOIIHICS KPBIIIKOH, PacIlOIOKCHHON Ha MEepPeTHEH CTCHKE
KopIlyca, KoHAeHcaTop. MaimHa cHa0XeHa CheMHBIMHM LUIaHraMHu Ul HOJBOJAa ropsiuedl u
XOJIONHOW BOJBI M CIMBHBIM MLIIAHIOM. Perynmpyemble 10 BBICOTE HOXKKHM CIIyKaT s
yCTaHOBKM MamiuHbl. KoManoanmapar ManHbel COCTOUT M3 HabOpa KyJadyKoB, BPALAIOIIUXCSI
OT CHHXPOHHOIO MHKpPO3JIEKTpoABUraTess. UuCiIo KynadykoB 3aBUCUT OT 4YHUCIIA IPOTpaMM
CTUpajabHOU MamnHbl. KoMannoannapar npeHa3HayeH AJs BBIIOJIHEHMS IBYX ITOJIHBIX LIUKJIOB.
[{ukibl pa3zaeneHbl Mexy coO0M ABYMsI OCTAHOBKAMHU (JIJ1s1 CTUPKH IJIOTHBIX U TOHKUX TKaHel).
BHyTpH 3THX OCHOBHBIX LIMKJIOB MOXHO BBIOMpATh OINpPENEIEHHOE YUCIIO MPOrpamMm, KOTOPOe
U3MEHSETCS Ul K0l Moaenu MainHbl. KomangoanmnapaTt uMeeT JOMONHUTENbHbIE (QYHKIIUU
(HampuMmep, J00aBiIeHUE BOABI O BTOPOro ypoBHs). Bo Bpems GepexHOro pexuma CTUPKU
BXOJUT B JIEHCTBUE «THAPOCTOI», KOTOPBIA CIIY)KUT JJI1 HOJJEpKAHUS TOHKOro Oeibsi B
Kosiebmromerics uucro Boge. Ilpu oTcyrctBumM 3TOM omepauuu Oenbe (OCOOEHHO U3
CUHTETHUYECKHUX BOJIOKOH), OCTaBasiCh HAa HEKOTOpOe BpeMsi 0e3 BOJAbI, MOXET 3aMsThCsS B
CKJIaJIKU U €r0 TPYIHO OyAeT OTrIaauTh. J[aTuuk-pene ypoBHS CIY>KUT [l KOHTPOJIS 331aHHOTO
YpOBHS 3aJIiBa BOJBI B 0aK CTUpaJibHON MamMHBL. B aBTOMaTH4ecKON CTHUpalbHON MalluHE
«BsTka-aBToMaT» npuMensierca pene yposHs PY-3CM, JlaTuuk-pesne ypoBHS HaCTpanBaeTCs Ha
cpabarpiBanne Tpu gaBineHud, [la: 1765 -- mpu moBBIIIEHWH YpOBHS Boabl; 588 -- mpum
NOHMKEHUU YpOBHsI BO/bl. PaGoumil quana3oH mpu moBblIeHUH YpoBHS OoT 785 o 2450 Ila;
30Ha HeuyBcTBUTENbHOCTH He MeHee 490 [la. Bce ocHOBHBIE AeTanu JaTydKa pejie ypOBHS
3aKpeIuieHbl Ha Kopryce. Mexay KOpIycoM M KpBIIIKOW 3axara MeMOpaHa, Ciy)Kamias
YyBCTBUTEIBHBIM JJIEMEHTOM M pa3lelsiomas pejle YpOBHS Ha [JBE IIOJOCTH -- OJHY,
TEPMETUYHYIO, COCAMHEHHYIO 4Yepe3 IITYLEP C KOHTPOJIHUPYEMBIM YPOBHEM JKMIKOCTH, U
BTOpPYI0, I/le pa3MmelleHbl nepexitouatend. C MeMOpaHON COEIMHEH JKeCTKUH LEeHTp C
TOJIKATEISIMU, KOTOpBIE 4Yepe3 YIOphl IEepefaroT YCWIME Ha IOBOAKU IMEPEKIHYAIOIIUX
NPYKUHYATBIX TUIACTUH U Ha TMPYKUHBI HACTPONKU. BTOpPBIM KOHIOM MHpPYKHHBI HACTPOUKHU
YIUPAIOTCSd B BUHTHI HACTPOWKU. MTHOBEHHBIN mepeOpoc KOHTAKTOB OCYILECTBIISETCS 3a CUET
ONPOKHUIBIBAIOIINX MpPYKWH. HermoaBMKHBIE KOHTAKTBI KPEMATCA K KOPHYCY 3aKJIEIKAMH.
PerynupoBka cpaGaTbIBaHUS M 30HBI HEUYBCTBUTEIBHOCTH, & TAKXKE 3a30POB MEX/y KOHTaKTaMU
OCYIIIECTBIISIETCS cHelalbHbIMU BUHTaMH. HacTpolika Ha HeoOXo/1MMble YpOBHU cpaOaThIBaHUS
IIPOU3BOJUTCS 3a CUET M3MEHEHHUs BEJIMYMS CXKaTHUs NPYKUHBI HACTPOWKM BUHTamMH. B peine
YPOBHSI Ha IMEPEKIIOYAOIMINX IUIACTHHAX BCTPOEH JIOMNOJHUTEIbHBIM 3allUTHBIM KOHTAKT.
Kpennenue kpbliku MeMOpaHbl K KOPITYCY OCYIIECTBISIETCS 3aBaJIbIOBKON KpaeB KPBHIIIKM Ha
OypTuk Kkopmyca. J[is HCKIIOYEHUS BIMSHUSA TYJIbCAllMM KOHTPOJIMPYEMOIO YPOBHS Ha
cpabaTbhIBaHME B IITYIEPE UMEETCS KATMOPOBAHHOE OTBEPCTHE JUISl IPOCCETUPOBAHMS 1aBICHUS
Bo3ayxa. IlpuHunmm nedcTBUS pene YpPOBHS OCHOBAaH Ha MpeoOpa3oBaHMM JaBIICHUS,
CO3/1aBa€MOro CTOJIOOM JKMAKOCTH M JIEHCTBYIOLIEr0o Ha MeMOpaHy, Ha TIepeMeIleHun
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NOJBWKHBIX KOHTAKTOB M IIEPEKIIOYEHUH KOHTAKTHBIX YCTPOWCTB pene ypoBHA. llpu
NOBBIIIEHUH JAaBJICHUS U JOCTHKEHUM YPOBHS BEPXHETO 33aJaHHOIO 3HaueHHsI MeMOpaHa depe3
TOJIKATENM IEPEKIIOYaeT KOHTAkThl. Ilpu MOHMW)KEHHMH [aBiI€HMsT Ha BEIMYUHY 30HbI
HEUyBCTBUTEJIIBHOCTH MPOMCXOIUT OOpaTHOE MEepeKytoueHue KOHTakToB. Ilpm kommyranuu
TOKOB 710 16 A u HanpspkeHuu 220 B BO3MOXHO cBapuBaHHWE KOHTAKTOB B MOMEHT CJIMBA BOJBI.
Hns npenorBpamienus neperopanusi TOHa B pene ypoBHSI BCTPOEH JIONOJHUTENIbHBIM KOHTAKT,
komMmyTupyomuil Tok B 0,1 A npu Hanpsbxkenuu 220 B 1 Haex’HO 3aMbIKAIOLIUICS MIPU CIIUBE
BOJIbI U3 0aKa HIKE 3alaHHON TOYKM IO YpOBHIO. Uepes 3alUTHBIA KOHTAKT BKIJIIOYAETCS LIETb
NUTAHUS SJIEKTPUYECKOTO0 BEHTUJISI HA OTKPBHITHE aBapUHHOW MOAA4YM BOJABI B 0aK CTUPAIHHOMN
MallluHbl, 4To npepoxpanser TOH or neperopanus, a B cirydae MOBBILIEHUS TEMIIEPATypbl BOJIbI
B Oake 1o 60 °C u Bpiue nens nutanus TOHa oGecTounBaeTcst ¢ moMouIbpo pese 3amuTsl. B
CTUPAJIBHON MalllMHE IPUMEHEHBI TPU IaTduka-pene temneparypsl Tuna JIPT-A umu JIPT-b (Ha
40, 60, 90 °C).HomunanbHoe HampspkeHue natuuko 220 B; pasmepsr 0 41X37,6 mm Pene
BbICTYyIaeT B 0aKk BMECTe ¢ YIUIOTHSIOIIEH BTYJIKOM He Oosee yeM Ha 8 MM. Macca pese He Ooiiee
50 r. 3mepenne Temreparypsl KOHTPOIUPYEMOH JKUAKOCTH MPUBOJAUT K M3MEHEHHIO Mporuda
YyBCTBUTEIBHOIO  3jeMeHTa. [Ipm  HarpeBaHMM  KOHTPOJIBHOM  JKHIKOCTH  INPOrud
YYBCTBUTEJIBHOIO 3JIEMEHTA -- JUCKA -- YMEHbBIIAETCS, a NpPU JOCTUKEHUH TEMIIepaTypbl
cpabaTblBaHUs TepMOpelie JUCK «BBIILEIKHBACT», HAKUMAeT 4Yepe3 BTYIKY-TOJKaTelb Ha
IPYXUHY U pa3MbIKaeT KOHTAKThI pejie Temneparypsl. [lpyu nanpHeileM HarpeBaHUM JUCK MPU
Pa30MKHYTBIX KOHTaKTax yBeluuuBaeT mporu6. KoHrtakTHas npyxuHa Beirubaercs. Bennuuna
neperpy3ku paccumrana g0 temnepatypsl 100 °C. Ilpm oxnaxkneHun nporud aucka
yMeHbIIaeTcs (IpU pa30MKHYTBIX KOHTAKTax) U MPH JOCTHKEHUM TeMIIEpaTypbl cCpabaThIBaHUs
«BBILIEIIKUBAET» U OCBOOOXK/JAaeT KOHTAaKTHYI MpyxkuHy. Konrtaktbl 3ambikatorcs. Ilpu
HOCJEAYIOEM OXJaXKACHUU IPU 3aMKHYTBIX KOHTaKTax IpOrud JAuCKa YBEIUYHBAETCS.
Benuunna neperpy3ku npu oxyaxaeHUH paccuuTana no Temmepatypsl 60 °C. 'epmeruzanus
penie TeMIepaTypbl OCYIIECTBIISETCS 3alIMBKOW AMOKCUAHBIM KieeM J[-9. DiexkTpomMarHuTHbIE
KJIallaHbl IPUMEHSIIOTCSI IBYX TUIIOB -- OJJUHAPHBIE U TPONHBIE

TexHudeckass XapakTEpUCTHKA SJIEKTPOMAarHUTHBIX KIIAIIAaHOB CTHPAJIbHOM MamuHbl «BsTka-
aBTOMAaTr». OJEKTPOMAarHUTHBIE KJIallaHbl MAaIIMHBI «BsTka-aBTOMaT» NPEPBHIBAIOT MOAAUY
XOJIOIHOM M Topsiuell BOABI HA BBIXOJAE MaIllMHbI B HEOOXOJUMBIM MOMEHT BpemeHH. llpu
BKJIIOYEHUH 3JIEKTPUUECKOM KaTYIIKH MOPIIEHb OTTATUBAETCA B KATYIIKY, OCBOOOXIast TPyOy
JUIsL TIO/1aYd MOTOKa BoJAbl. KonnuecTBo mporyckaeMod KiamaHOM BOJbI 3aMKCHPOBAHO 3a
€IMHULYy BPEMEHH, [T03TOMY €€ JI03UPOBKA B CTUPAJIbHON MalllMHE 3aBUCUT OT BPEMEHU pabOThI.

PEMOHT. Ilpexxae uem HayaThb PEeMOHT M pa300OpKy BCEH MallMHBI WU OTAEIBHBIX €€
COOPOYHBIX €IUHUIL], HEOOXOIUMO ONpPEAEIUTh MECTO, a 110 BO3MOXKHOCTH UM Xapakrep JedeKra.
OC0OEHHOCTHIO AIEKTPOCXEM SIBIISETCS TO, YTO BCE LIETTH MUTAHUS KOMIIEKTYIOMUX (JIBUTATENb,
TOH, snekTpoMarHuTHBIA KIamaH u T. J.) IPOXOJAT Yyepe3 MUKPOBBIKIIIOUATEINb, PEJie YPOBHS U
KOHTaKThl KomaHjaoanmnaparta. [lomobHass ocoOeHHOCTh TpeOyeT NPHUMEHEHHS OIpeneIeHHON
METOJIMKHU TOKMCKA HEUCIIPABHOCTEN B AJIEKTPOCXeMe MalluHbl. Mccnenyemas nemnb, B KOTOPOU
npenmnonaraerca  JegekT (ompeaenseTcss 1O TEepeYHI0 BO3MOMKHBIX  HEUCIPAaBHOCTEN),
pa3pbIBAETCS IYTEM OTCOEAUHEHUS ChEMHBIX KOHTAKTOB COCIMHUTENBHBIX IMPOBOJOB OT KIEMM
KOMaHJoanmapara B MO3UIHUI0, IPU KOTOPOW MPOU30MAET pa3pblB WM 3aMbIKAHUE UCCIIETYEMOM
uenu. Jlanee npoBepsrOT LETOCTHOCTh JJIEKTPUUECKUX LENEH OMMETPOM Kak KOMaHAoarmnapara,
TaK M KryTa C KOMIUICKTYIOIIUMHU U3AeIUsIMUA. Ecii B OTHOM M3 3JEMEHTOB IEMU MPOU30MAET
KOPOTKOE 3aMblKaHHE (DJIEKTPOMArHUTHBIM KIamaH, 3MeKTponaBuratens, TOH), 3HaunTenpHOE
OTKJIOHEHHE CTPEJIKH YKaxkeT Ha 3T0. Eciau cropenu oOMOTKH 37eKTpoJBUTATENs, HEOOXOAUMO
MPOBEPUTH, HE MPOU3OLUIO JIM NOATOPAaHME KOHTAKTOB KOMaHjaoammapara. Ecau Boma He
MOJAaeTCsl B CTHPAIBHBIA 0ak, TO TIPOBEPSIOT HCIPABHOCTh IEMEeH TMOAKITIOUYCHUS
ANIEKTPOMATrHUTHBIX KianaHoB (koHTakTel 1; 3 PVY-3CM, konrtaktel 12T; 12B; LT; 11B
KoMaHoanmnaparta). [lociie mpoBepku 1enei muTtaHus HeOOXOAUMO YOEIUTHCS B IEJIOCTHOCTH
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CaMoro 3JIEKTPOMATrHUTHOTO KJIallaHa IMyTeM 3amepa €ro COMPOTUBICHUS OOMOTKH OMMETPOM.
Bona B ctupanpHOM Oake He HarpeBaeTcs. [IpoBeputh koHTakTHI /; 2 PY-3CM, xonTakthl 7b
10B; IOT komanpoanmapara, kontaktsl JIPT-B-600; JIPT-b-900. Ilocne mpoBepku uenei
MUTaHUS OMMETPOM IPOBEPUTH COMPOTUBIICHUE TPYOUATOr0 AMEKTpOHATpeBaTEIs.

Bonpocsl 1715 o0cyxkneHust
1 KoHCTpyKIusi CTUPaIbHBIX MAIIUH
2 3IEeKTPOOE30MaCHOCTh CTUPAILHBIX MAIIHH

JlabopaTopHas padora 7 U3yuyeHue KOHCTPYKIIMHM U OCHOBHBIX XapPAKTEPUCTHK
OBITOBBIX NMbLIECOCOB

Hennb 3ansaTHA 3aKTI09aeTCsS B (DOPMUPOBAHUU Y CTYJICHTOB MPOPECCHOHAILHOW KOMIICTCHIUY:
IIK-1:

Ilvinecoc —  yCcTpOMCTBO, KOTOpOE  CO3MAET  pa3pexeHHe BO3AyXa C  IOMOIIBIO
BO3JIYIIIHOT'O HACOCA, 4YTO TO3BOJSIET €My BCachlBaTh MbUIb W TpsA3b; MbUIL COOUpaETCs
bunbTpyoIIel CUCTEMON BHYTPH TbLJIEcOca.

Buns! u kiaccudukanys npljecocoB

briTOBEIC IBbUJICCOCHI, BBITYCKAaCMbIC CETOAHA MI/IpOBOfI MNPOMBIIIJICHHOCTBIO  IIBLJIECCOCHI,
noApa3aACIsIFOTCA Ha CIICAYIOIIHUE KIIACChI:

IIbLaecocnl cyxoi yoopku (OCHOBHOM MPUHIMIT IEHCTBUS Y JAHHBIX MBUIECOCOB ObUI 3aJ105KEH
emie B nepBoil mosoBuHe 20 Beka : BaKyyMHBI BEHTWJISTOD, 3aCachlBaeT B KOPIYC IblIecoca
BO3JyX BMECTE€ C OKAa3aBIIMMHCS I10Jl OTBEPCTHUEM IIETKM YacTHIIAMHU IbUIM, Mycopa U B
JAIbHEWIIEM MpPOMYCKAaeT BCE 3TO uepe3 CHCTeMy (QUiIbTpaluuu, MOIIHOCTh BCAChIBaHUS
IbIJIECOCA 3aBUCUT OT CKOPOCTU U CTEIEHM Pa3pekeHHs BO3IYLIHOIO IOTOKAa B pabodel 30He
HOJ IIETKOM M u3MepseTcs - adpoBaTTax (adpoBT), HEKOThIE MPOM3BOAUTENN YKa3bIBAIOT €€
npocto B Batax (BTt). MomHocTh BcachlBaHHS B IbLIECOCaX CyXOW YOOpPKM (C MEIIKOM WU
KOHTEHHEPOM), COCTABISET B cpefHeM 15-25% oT nmoTpebisieMoit MOIIIHOCTH ABUraTes.

Moromue nbliecocbl (OCHOBHOM MPUHLUN IEHCTBHS Y MOIOIIMX MBUIECOCOB CIEAYIOMIMNA: BO/Ia
C MOIOIIUM CPEJCTBOM 3aJIUBACTCSl B pe3epByap, 3aTe€M MOJAETCS B IIUIAHT U paclpeiessieTcs
O] CUJIBHBIM JIaBJIEHHEM 110 BCcel Iuiommaau Hacaaku. [lox pa3pexeHnem Bo3ayxa IpsizHas Boja
B Iporiecce yOOPKHM BCACBIBACTCS B IPSA3ECOTBOISIIIE KaHAIBI U TIOMAIaeT BO BTOPOH pe3epByap
(s cOopa orpaboTaHHOM Bojbl). KauecTBO OUMCTKHM B pe3yibTaTe IMOJIydaeTcs OJHOPOAHO
YHCTHIM TI0 BCEH TOBEPXHOCTH, TOCKOJBKY MOIONIMI TBUIECOC IO3BOJIIET HCIONB30BaTh B
npoiiecce YOOpKH TOJIbKO yuCcTyro Boay)(oT 300-400 BT)

IIbL1ecochl ¢ akBaPpUABTPOM (SIBJISIIOTCS OJHUMHU M3 JIYUYIIUX IO KAYECTBY OYMCTKU (OUUCTKU
BO3JlyXa B TOM YHCJIE€) U OTHOCSTCS K MBUIECOCaM CYXOW YOOpKH (BCTpEUAIOTCS MOJEIU U C
(GyHKUIMSAME MOIOLMX MblIecocoB). [Ipumensemas B mpuiecocax ¢ akBa(UIbTPOM, TEXHOJIOTHS
OUMCTKH BO3/yXa IMO3BOJSET CHU3UTH BbIOpochl mbuin 10 0,01-0,001 %, 4to siBisieTcss O4eHb
XOPOIIMM IoKa3aTeeM (KadyecTBO OYMCTKU Ha YPOBHE CO BCTPOCHHBIMHU IbLiecocamu). [loMmumo
yOOpKH TIOMENICHWH, TBUIECOCHI ¢ aKBa(WIBTPOM JOMOJHHUTEIHHO YBIAKHSIIOT M OYHIIAFOT

BO3/1YX)

IIbu1ecochl BecTpauBaemble (CUJIOBOM arperar M OCHOBHOM 3JIEMEHT CHCTEMBI IIEHTPAIbHOIO
nbiieyaaienuss BEAM. Ero MojkHO pacroniokuTh Ha OajlkoHe, B KJIaJJOBKe, OIBAJIEe WX JIIOOOM
JpyroM IHOJCOOHOM MOMEHIEHHU. Takoe pacrosoKeHue o0ecreuynBaeT OTCYTCTBHE IIymMa IpH
yOopke. B mbuiecoce ucnonb3yeTcs yHUKaldbHasE CUCTEMa “IIMKIIOH”, KOTopas yiaBiuBaeT 96%
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e, Eme 3% ynaBnuBaercs camoounmaromumcst punbtpoM. OctaBimiics 1% ynpansercs 3a
npezensl noMenieHus. Takas KOHCTPYKLMS Ibliecoca M30aBisieT OT HEOOXOIUMOCTH MEHATh
(GWIBTPHI M TackaTh ero co6oil. UToObl MUTaHT mbUIeCcOca AOCTHTANl JIOOOTO Yrojika Ha JH00M
JTake, B CTEHAX MOHTUPYIOTCS BO3yXOBOJbI, 3aKaHUMBAIOLIMECS CHELMAIbHBIMU PO3ETKAMU
(MHEeBMaTHYECKUMH KJIallaHaMHU) B yIOOHBIX MecTax. Bcraisisi mutanr B 00y M3 PO3ETOK,
3aMBIKAlOT KOHTAKTbI, KOTOPbIE aBTOMATHYECKU BKJIIOYAIOT HAXOJAIIMNCS BHE IIOMEIIEHUS
nbeiiecoc. [THeBMOpo3eTka MOHTHUpPYETCS B CTEHY, BHEIIHE BBINNIAOUT KaK OOBIYHAsS
aJeKTpuueckas po3erka. K Hell mojBefeH IUIACTHKOBBIM BO3yXOBOJ, Yepe3 KOTOPBIA MbLIb
MOTaIaeT B MbUIECOOPHUK pabodero arperara.

IIbLecocsl  podotsl (IlepBbIM  cepuUifHO  BBIYCKa€MBbIM  aBTOMATHYECKUM  YOOPIIMKOM
noMerieHuit cran podot meutecoc Trilobite mBenckoro konmepna Electrolux. Jlanubiii po6oT-
IBIJIECOC OPHEHTUPYETCS B MPOCTPAHCTBE TaKXKe, Kak JIeTy4das MblIllb, — MPU TOMOLIH
yIbTpPa3ByKa: MOKPHITHI TOHKOW 30J0TOM IJIACTMHOW aKyCTUYECKUH JIOKAaTop ¢ OONbIIUM
KOJINYECTBOM MHUKPO(OHOB ylaBimBaeT BuOpamuu Ha vactore 60 Teicsu ['1, a momykpyrias
dopma maér pobory yroa o63opa B 180 rpamycoB. Takum oOpazom, Trilobite ObicTpo
OTIpeNeNsieT CTeHbI, HOXKKHU CTYJIbEB, ABEPHBIC MPOEMBbl U CTyNeHbKU. OH JIErKO MPeoaosieBaeT
POBO/A, KaOeu U TpaHully "Ton-KoBEp".

Buemne Trilobite Oonbliie Bcero moxok Ha Kpyriylo AUBAaHHYIO MOJYIIKY, a €ro Heboblne
pa3mepsl (BbicoTa 13 cM U auamerp 35 cM) HO3BOJIAIOT €My C JETKOCThIO yOMpaTh Jaxe IO0j
KpPOBAaTSAMHU M CTOJaMH. POOOT ABMXKETCS Ha JIBYX Koyécax, KakI0€ M3 KOTOPHIX HMEET CBOM
JBUTATENh, a Bcero y Trilobite — weTwlpe nBuratens. MakcuManbHas CKOpocTh yoopku — 40
KBaJIpaTHBIX CAHTHMETPOB B CEKyHAY. [IpUTOM, YTO YeJOBEK C IBUIECOCOM Ha CaMOM Jelie
youpaet mbuib ToIb6K0 ¢ 60% nocrymHoii uomann, Trilobite oxBareiBaet 95%.

Ibtecocst mapoouncturenan  (Ilbutecocsl - MApOOYMCTUTENM  OTHOCATCA K
MHOTO()YHKITMOHAJIBHBIM TBIJIECOCAM, KOTOPHIE IIOMUMO CTaHJIapTHOTO Habopa GyHKIMM (Cyxas
U BIaxHas yOopka), 00JIagaloT CIOCOOHOCTBIO NPOM3BOAUTH YOOPKY C MOMOIIbI0 mapa(
temriepatypa map 100-150 rp.)

Kaaccudukanmus coBpeMeHHBIX NBIJIECOCOB YpEe3BbIYAHO OOIIMPHA W HE OrpaHUYMBAETCS
pa3fieliecHueM TOJIBKO Ha npogheccuonaivuvle U Obimosvle MOACIN, KaK 3TO TPUHATO JUIA
0ONBIINHCTBA 3JIEKTPOUHCTPYMEHTOB. KoHcTpykTHBHO OHH MOTYT
ObITh MOOUNLHBIMU Y 6cmpoennbimu. Cpeln MOOMIIBHBIX MOYKHO TakKXe BBIJCIUTh HECKOJIBKO
TPYNIl: HANOIbHble, PYYHbIE, NbLIECOCHI-UEeMKU, aA6MOMOOUIbHble, pAHYesble U O0axce
HabeOopeHHbie.

IIo TPACKTOPUU IBUKCHUS ITOTOKA IMBUICCOCHI ACJIATCA HA RPAMOMOUHbBIE U 6UXDesble.

[To cmenuduke paboOThl pa3IUyalOT TBUIECOCH 01  CYXOul YOOPKH, 014  CyXoul u
6I1ANCHOIL, MOIOWUe azpe2ampl (XUMUUCTKH), TIBUIECOCHI JJIs1 pabOThI ¢ 3JIEKTPOMHCTPYMEHTOM,
KO8pOMOeuHble MAIIVHDl, HeHOMOIOWUe aTITIapaThl, HbL1eCOChl 01 cOOpa 6peoOHOll nblLIU, TS
paboThI BO B3PBIBOOMACHOM Cpeie, CaZOBhIE H IIp.

+IIpombluiniennsvle N npogheccuoHanbrble IHLUIECOCHL 014 CYXO0U U 61AHCHOU YOOPKU MOKHO
Ha3BaThb YHI/IBepCHJ'IaMI/I: 3aqaCTy}o HUMCEHHO OHH, OOIIOJIHEHHBLIC CIICIIMAaJIbHBIMH (1)yHKHI/I$IMI/I nu
CHUCTEMaMHM, HCIONB3YIOTCS Il pabOThl BO BPEIHOM ¥ B3PBIBOOMACHOW cpene, s
MOJIKJTIOUEHUST  DJIEKTPOMHCTPYMEHTOB ® Tp. Takue noliecocbl — ux ewie HaA3vleéaom
6ooonvliecocamu - NPUMEHUMBbL 60 6cex cghepax OeamenbHOCmU ueloeeKa: OHU 0yoym
YMECMHbBL 6 20CHUHUUAX U HPOU3BOOCHEEHHBIX UEXAX, 6 HNOMEU|CHUAX, 20€ 8e0YmCs
PeMOoHmHbLE PAOOMBbL, U MACMEPCKUX, 8 2APAHCAX, HA MOUKAX, 8 CEPBUCHBIX UEHMPAX U np.
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Bomnpocsl aj1s1 00cyKIeHus1
1 IIpecoc onpeneneHne 1 ONMCaHNEe KOHCTPYKIMH
2 Knaccugukanus nmpuiecocoB

JlabopaTopHas padora 8 M3yuyeHue KOHCTPYKIIMH M OCHOBHBIX XapAKTEPUCTUK
OBITOBBIX 2JIEKTPOOPUTB

Henpb 3ansaTud 3aK1r049aercs B (GOPMHUPOBAHUH Y CTYJAEHTOB MPO(PECCHOHATEHOW KOMIIETECHITHH:
K-1:

[To ycTpoHCTBY W NpPUHIMIY JACHCTBHS SJICKTPOOPHUTBBI MOAPA3IACIAIOTCS Ha OPUTBBI C
BpawiarenbHbiM (BB) u Bo3BpatHo-noctynatensHbiM (BBII) nBukenuem Hoxeill. B kauectBe
IPUBO/IAa NPUMEHSIOTCS JIEKTPOBUOPATOPHI, HMITYJIbCHBIE [BUIATEIM C IPEpPhIBATENIEM,
JIBUTATENIM KOJUIEKTOPHOTO THIIAa ¥ MUKPOABHUIaTeH, padOTaIOIME OT MOCTOSHHOI'O TOKA Yepes
BBINPSIMUTEIBHOE YCTPONCTBO M TpaHC(hOpMaTOp. DJIEKTPOOPUTBBI pacCUMTaHbl Ha paboOTy OT
ceTu nepemeHHoro Toka 127 u 220 B.

ONEeKTpOOPHUTBBl €  BpalIaTSIBHBIM  JIBIKEHUEM  HOXEW. OTOT BHUJA  DJICKTPOOPHUTB
MOApa3IeisAeTCs B CBOKO OYEpPEIb Ha JABE IPYIIIIbIL:

* C KpYTJIbIMU HOKaMU Ha oJHoi ocu (Monenb bB-1-H2 -- ¢ nByms Hoxxamu u moaens bB-1-HI -
- C OJTHAM HOKOM);

* C KpYTJIbIMU HOKaMU Ha JIByX ocsix (Monenb bB-2-H1 -- ¢ nByms HOkamu).

DneKkTpoOpUTBHI ¢ ABYMA HOxkamu. Hanbomnbliee pacpocTpaHeHue MOMyYuiIn SIEKTPOOPUTBEI C
JIBYMsI BpallalolUMUCS HOXamMu. OJTo «XapbkoB», «MockBay, «HOOuneiinas», «bepack»,
«ATHUENb) -- BCE OHU UMEIOT OJJUHAKOBYIO KOHCTPYKTUBHYIO CXEMY U MIPUHIIUI PabOTHI.

OnextpobdputBa «Mocksa» tuna UII-6 coctout u3 pazpeMHoro kopmyca 2 (puc. 1) ¢ KpbIIIKoi
aNeKTpoABHraTeNss U HoxkeBoro Onoka 10. KommeKTopHBI 3IeKTpoaBUTaTeNlh OPUTBBI UMEET
CTaTOp C KaTyLIKOH, SIKOpb, YTOJIbHBIE IIETKH TUNA O1'-14 M NOAIIMIHUKY, PACIIONIOKECHHbBIE B
Kapkace M Kosioke. SIkopp Bpamiaercs B CTaTOpe, MMEIOIIEM KaTYIIKy BO30YyXKAEHUS.
[TonmMNHUKN caMOCMAa3bIBAIOIIKECS. DJIEKTPOJIBUraTeNb 3aKPBIBAETCS CIELMAIBHBIM YKPAaHOM
u3 MeaHou ¢onbru. Ha Hem mmeercss ycTpONCTBO JUIsl MOAABIIEHUS JJIEKTPUUYECKHX IOMEX,
KOTOpOE COCTOMT M3 YEThIpeX KOHAECHCATOpPOB M JBYX JApoccenedl. Kpome Toro, onmH
KOHJEHCATOp BMOHTHPOBAH B IITENCENbHYI0 BHIKY. (Cxema BKIIOYEHHS KOHJEHcATopa
IpHUBe/IeHa Ha puc. 2.

Hpoccenu A0mKHBI UMETh UHAYKTUBHOCTH OT 82 10 100 Mx®. BHyTpu Kopmyca mrenceinbHON
BIJIKM BMOHTHPOBAHO racsiiee npoBojioyHoe conpotusieHre R za 1600 Om.

HoxeBoit Omok wMeeT /[Ba TMOABIKHBIX HOXKA, BpAlIAIONIUXCS BHYTPU HEro B
HEIOCPEICTBEHHOM COMPUKOCHOBEHHH C HEMOABMXKHBIMHU. HermoaBuKHbIE HOXKW BBITOJTHEHBI B
BUJIE CETKU C MPOAOJBHBIMH IMpope3siMu. HenmoaBHKHBIE HOKM WM3TOTOBJIEHBI M3 CTAIM MapKu
VY X13, nogBuxHbIe -- 13 ctanu Y 10A.

OnexTpuyeckas OpUTBa ¢ UMITYJIbCHBIM jaBurarenem «HeBa» (puc.3) cOCTOUT M3 pa3beMHOIO

IUTaCTMACCOBOIO KOpIyca 8, HOXEBOro OJI0Ka, BOJIOCO-yJIaBIuBaTels 4, MPelOXPAHUTEIBHOTO

kosmauka 1 u snextpoasurarens 10, BMOHTHPOBAHHOTO B Kopiyc OpuTBel . Macca 6putBsl 250

r. bpuTBa MMeeT ChEMHBIN COCIMHUTEIBHBIN IIHYP, apMUPOBAHHBIN IITEIICEIbHON BUIKON JJIS

BKJIIOYEHHUSI B CE€Th, U CIEIHAIbHON KOJOAOYKOM (IITerceneM) Uil BKJIIOUYEHUS B OpUTBY U

NEePEeKIIIOUeHUsl ee BUraTesns Ha Hampspkenue 127 wnu 220 B. JIBurarens OpUTBBI 3allyCKarOT
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BKJIIOYCHHEM COEAMHHUTENIHOrO IIHYpa B ceThb. Ecnu ABuratens He HauyHET paboTaTh, €ro
ClIelyeT 3amyCTUTh MycKaTesneM (MajbleM ClIerka HakaTh Ha IycKaTelb JI0 yIopa €ro B JUCK
poTopa, a 3aTeM OBICTPBHIM JBM)KEHHEM Iajblla MOBEPHYTh IyCKaTeNlb). JTUM JBH)KEHHEM
M3MEHSETCS TOJIOKEHHE POTOpa B CTATOpE W JBHUraTesib HauMHaeT padbortaTh. OcTaHaBIUBATh
JIBUTATENb CJIEAYET TOJIbKO BBIHYB BUJIKY U3 PO3ETKHU.

JlBurarens OpUTBBI MOXKET pabOTaTh OT CETHU MEPEMEHHOIO M MOCTOSHHOTO TOKa. MOIIHOCTS,
notpebinsemasi n[BurateneM, He Oonee 15 BT. MoHTakHas ¥ NPUHLUIIMAIBHAS CXEMbl OpUTBBI
n3o0paxensl Ha puc. 59, 6, B. Karymku cratopa Hamoransl mpoBoaoM [19B-1 wmu [19B-2
nuamerpom 0,10--0,12 mm. Yucio BuTkoB B Kakaou katymke 1760+10. [IBuraTenp pa3BuBacT
CKOpOCTh 710 6--8 ThIC. 00/MHH, NepeaaBasi JBH)KEHUE Yepe3 IKCIICHTPUK, HACAKECHHBIM Ha Bay
pOTOpa, M KYJIUCHBIA MEXaHU3M HOXXKeBOMY Osioky. HoxeBoii 6510k 6putBbl «HeBa» cocTouT us
IBYX HOXeH, a OputBel «HeBa-3» -- u3 Tpex HOxei. Kaxnplii HOX COCTOMT M3 OJHOTO
MOJBUXKHOTO HOA 15 M 0JJHOr0 HEMOABUKHOTO HOXKa 16. JJ14 npenoxpaHeHunsi TOHKOW a>KypHOM
pelIeTKy HoXKel (TomMHa Hokel He npeBbiimaeT 0,1 MM) OT MOJIOMKH HOKHU 3aKpbIBAIOT CBEPXY
MPEAOXPAHUTENBHBIM KOJIIAYKOM |, M3TrOTOBIEHHBIM U3 MPO3PavyHOM IJIaCTMACCHI.

DNeKTpOOPUTBBI C OJHUM HOXOM. OJTH OpPUTBBI HMMEIOT PE3LOBYIO TOJOBKY cheprueckoin
¢dopMmbl. Mukpoasurarenu B OputBax «Panuna», «Ytpo», «Jlenunrpaa-1», «MonnHus»
pabotator oT cyxux Oarapeek. JlemaeB [I.A. beitoBbie anexTpompubopsl - M.: «Jlerkas
uHAYyCTpus», 1973. 406 c., un

bputBa «Panumay». bputrsa cocTOUT U3 pa3beMHOTO IIACTMACCOBOTO KOPITyca, BHYTPH KOTOPOTO
pacnojiokeH ekTpoasuratesb 7 (puc. 4) u HoxkeBoro Omoka 10. bpurBa moxer paboraTh OT
nByx Oatapeit «CaTypH» U OT ceTH nepeMeHHoro toka 127 u 220 B. MomHocTs, notpebisemas
OputBoii, He Oomee 8Bt, macca 150 r. [lna BximroueHHs OPUTBBI MCHONB3YIOT HECHEMHBIN
COEIMHUTENbHBIN IHYP 20, NOJKIIOUEHHBIN C OJHON CTOPOHBI K JBUTATEINIO, C APYTOM CTOPOHBI
APMUPOBAHHBIA CIEIMAIBHON INTENCEIbHON BUIKOW 19 1 MOAKIIOUeHUs K THE3JaM CYXHX
AIIEMEHTOB, PACIIOJIOKEHHBIX B OTCEKE (QYyTIsipa, UIH K BHIIPIMUTEILHOMY YCTPOMCTBY (TOHKUMN
MTBIPh -- «MHUHYC», TOJCTBIM -- «IUTIOC»). BBIIpSAMUTENHEHOE YCTPONCTBO CMOHTHPOBAHO B
MJIACTMAacCOBOM KOPIyCce, BHYTPU KOTOPOTO pAcCMOJOXKEH MOHMKAIIUK TpaHchopmarop,
MepeKouaTeh HalpsHKEeHUsT CeTH W JBa Auoja. JIyis BKIIOYEHHMS] B CETh Ha KOPITyce
YCTaHOBJIEHBI JBA WITHIPS, K KOTOPHIM MOJAasiHa KOMMYTUPYEMasl TepeKIrouaTesieM nepBuyHas
o0MOTKa TpaHcopmaropa. Ha MIPOTUBOMOJIOKHOM CTOpOHE
KOpIyca YCTAHOBJIEHA IITETICENIbHAs PO3ETKA JUIsl MOJKIIOYEHHS] COECIWHUTEIBHOTO NIHypa
OputBbl. Ha mTencenbHyl0 po3eTKy MOCTYNAET YK€ MOHMKEHHOE (CO BTOPUYHONW OOMOTKHU
TpaHcopmaTopa) U BEIIPSIMICHHOE HAMPSIKEHHE.

Bomnpocs! ajst 00cy:xI1eHus1
1 KoHcTpyKIIMU OBITOBBIX 3JIEKTPOOPUTB
2 Knaccugukaiusi ObITOBBIX 3JIEKTPOOPUTB

JlabopaTopnasi padora 9 Ucciaenosanne napamerpos CBY narpesa numeBbIX NPOIYKTOB.

Hennb 3ansaTHdA 3aKTI049aeTCs B (DOPMUPOBAHUU Y CTYJEHTOB MPOPECCHOHAIEHOW KOMIICTCHIUH:
TIK-1:

Anmaparbl € JUIEKTPUYECKMM HAarpeBOM IIpeAHa3HaueHbl JUisi OBICTPOrO pa3orpeBa

OXJIQXIEHHBIX OJII0J, pPa3MOpPaXKMBaHUS U pa3orpeBa 3aMOPOKEHHBIX OJIFOJ, JOBEAEHUS [0

TOTOBHOCTH mony(adbpukaroB. brarogapst IpOHUKHOBEHHUIO SHEPTHU AJIEKTPOMArHUTHOTO TOJIS

BHYTPb TPOJYKTOB MPOUCXOJUT UX OBICTPHIM HarpeB, MPOJOKUTEIBHOCTh KOTOPOTO

u3Mepsercss MUHyTaMu. B oOpa0aThiBaeMbIX MPOAYKTaX XOPOIIO COXPAHSIOTCS BUTAMHUHBI U

MUHepanbHble BeniecTBa. CBU-anmaparsl NCHONB3YIOTCA U B IUETHYECKOM IUTAaHUU. DHEPrus
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AIIEKTPOMATrHUTHOTO TOJIA B pabouell kaMmepe ammapara MOTJIOMAeTCs] MPOAYKTOM MPAKTUIECKU
MOJTHOCTEIO, T.€. KII/] anmapaTtoB 3Toro tuma BeICOK. B MupoBoil mpaktrke ucrnosb3ytorcs CBY-
anmapartsl pa3nuuHbIX Moaudukanuii. CymecTBYONMUE YCTAaHOBKH MOXHO TOJPA3JC/UTh 0
pPSAAY IPU3HAKOB: 10 MOIITHOCTH, TPOU3BOAUTEIHLHOCTH U JP.

[To momuocTn CBY-ycTaHOBKM AENATCA HA TpU Tpymnbl: Manod — 10 1,5 kBT; cpennein —
1,5—5,0 xBr; ' * 60sb1110# — cBbIIIE 5 KBT.

[To mpouzBoauTensHOCTH CBY-yCTaHOBKM MOTYT OBITH TPEX KaTETOPHIA:
Majoil — 5—10 kr/4; cpenneit — 15-40 kr/a; 6onbiioi — oT 50 Kr/4 u BbIIIE.

YCTaHOBKM Mallol M CpeaHEed MOITHOCTH MpuHATO Ha3biBaTh CBY-neuamu, CBY-mkadamu,
MHUKPOBOJHOBBIMHU TI€YaMU, JIEKTPOHHBIMU MIKa(QaMu, TUIIEKTPHISCKUMHU TTCYaMH.

Anmapatbl 0OJIBIIION MOIIIHOCTH COXPaHSIOT Ha3zBaHWe 3jekTporepmuuecknx CBY-ycranoBok
nnu npocto CBY-ycTaHOBOK.

[To Texnomornueckomy HazHaueHutro CBYU-meunm nensT Ha anmaparbl IS MPUTOTOBIICHMUS,
pa3orpeBa, pa3MOpPaKUBAaHMS, T[acTEpPHU3AMM, CTEPWIM3AIMM, CYIIKH (B TOM 4YHCIE
CyONMMAaIIMOHHOW); YHUBEPCAIbHBIC, MHOTOPS)KHMHBIC, IMPEIHA3HAYCHHBIC [UISI peallu3alluu
TEXHOJOTMYECKUX ITPOLECCOB.

[To cnocoby neiictBus CBY-ycTaHOBKM MOJpa3ieNnsiOT Ha ammaparbl HEpUOJUYECKOT0 U
HEIPEPBIBHOTO JIEHCTBHUS.

KoncTpyktuBHO- ucnionaenne CBY-niedeid MokeT ObITh HAITOJIBHBIM, HACTOJI I 1 BI M, BCTPOCH U
Bl M.

[To cnocoby oxnaxaenuss CBY-reHeparopa pa3iuyarOT MM€Yd BO3AYIIHOTO M BOJSHOTO
OXJIQKICHUSI.

B tabn. 12.8 npuBenens! TexHuueckue xapakrepuctuku CBY-neueil nepuoguyueckoro 1eiHcTBUS
Pa3IUYHOIO UCTIOJTHEHMSL.

CBY-neuyu manoii mownocmu. Hanbomnee pannoHalbHO, C TOUKH 3PEHUS IKOHOMUHU BPEMEHH U
JOCTMDKEHUSI BBICOKHMX IIOKa3zaTesiel Ipolecca TEeIIoBOW 00paOOTKM MHIIEBBIX IMPOIYKTOB,
npou3BoauTh Ha CBU-mewyax wmayioli MOITHOCTH CIENYIONIME TEXHOJOTHYECKHE OIepalrvu:
pa3orpeB MPUTOTOBICHHBIX M OXJAXKICHHBIX ONIOJ; JOTOTOBKY Moy(QaOpUKaToB; MpPUTO-
TOBJICHHE OTPAaHMYEHHOTO AacCOpPTUMEHTa OJI0J; pa3MOpaXMBaHUE M MPUTOTOBJICHHE
CBE)X€3aMOPOKEHHBIX MPOAYKTOB U MPUTOTOBICHHE CBEXKE3aMOPOKEHHBIX MPOJYKTOB U OJIOA.
Bmecte ¢ Ttem B cminy psana cnenuduueckux ocoOeHHoctedt CBU-nHarpeBa mpuroTtoBlieHHE
otaenpHbIX Omog Ha CBY-meuax, He obopynoBaHHbIX MK-u3nyuartensimu, 3aTpyIHUTENIBHO, a
WHOTIa U HEBO3MOKHO. OnHako ycraHoBka MK-usnydarenei ycnoxsser koHcTpykuuoo CBY-
neuyd. IloBplaeTcsi €€ yCTaHOBOYHAs MOILHOCTb, YBEIMYMBAIOTCS pa3MeEpbl, BO3HUKAET
HEOOXOAMMOCTh TEIUIOM3OJISIMU pabodeil KaMephl, TEMJIOBOM 3aIUThl MJIEKTPOHHONW CXEMBI U
T.J., MPUBOIALINX B KOHEYHOM cyere K YAOPOKAHUIO CBUY-neun.
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CBY-nieus Majioif MOITHOCTH TIPH MCIIOJIB30BAHUH €€ B OBITY IOJKHA 00ECIIEUNTh Pa30rpeB | 1O
BO3MOXXHOCTH MPUTOTOBJIEHUE IIUPOKOIO acCCOPTUMEHTAa OJI0J; YAOBIETBOPATH MOBBIIICHHBIM
TpeOOBaHUSM K TEXHUKE 0€30MaCHOCTH M MPOCTOTE IKCIUTyaTallk 000PYIOBaHMS; UMETh YCTa-
HOBJICHHYIO MOIIHOCTh B TMpefesiax KBapTHUPHOTO BBOJA; HMETh JOCTYNHYIO CTOMMOCTB;
q)HKCHpOBaHHBIe I‘a6apI/ITbI, MO3BOJIAIOIIUC YCTAHABJIMBATL II€Yb HAa KYXHC, YPOBCHbL YTCHUCK
CBUY-3>Hepruu He AOKEH MPEBBIIIATH TOMYCTUMBIX CAHUTAPHBIX HOPM.

B cootBeTcTBUU € 3TUMH TPEOOBAaHUSMHU U BBIOMPAIOTCSI OCHOBHBIE IMapaMeTphl ObiToBOM CBY-
neyu.

[lepeuncieHHple, a TakXke PsA JONMOJHUTEIBHBIX COOOpPaKCHUN CITy’)KaT OCHOBAaHHUEM JUIS
pekoMeHganuu ObiToBo CBY-meun Kak JIONMOJHUTEIBHOTO KYXOHHOTO OO0OpYyIIOBaHUS,
MPUMEHSIEMOTO B COYETAHUH ¢ OOBIYHOM IUTUTON U )KapOUYHO-TIEKAPHBIM HIKa(OM.

OnpIT SKCIUTyaTallMM OTe4ecTBEHHBIX ObITOBbIX CBY-medeil m aHanu3 3apyOexHBIX JTaHHBIX
MOJTBEPKIAIOT 11eJIeCO00pa3HOCTh TaKOro perieHus. J[as OBICTpOil KOJICPOBKHU U3JECIIUN MOCIIe
ux 06pabotku B CBU-nedax Hanboee 11e1eco000pa3Ho UCIOIB30BATh AJIEKTPOTPHIIH.

MortHocTh B pabodeii kamepe SBISETCS OJJHUM U3 UCXOHBIX MapaMeTpOB MPU MPOEKTUPOBAHUN
CBY-neueii. Bo1O0Op MOIIHOCTH ONpeAesisseT B KOHEUHOM CUETE 3KCIUTyaTallMOHHBIE MOKa3aTeNln
(IPOIOJKUTENBHOCTh 00pabOTKH MPOAYKTOB, MOTPEOICHUE SHEPTUH ), & TAKKE radapuThl, Maccy
U CTOMMOCTb.

Hcxons w3 wazHadenwss CBY-meun Manmoil MOIIHOCTH, TJIaBHBIM TpeOOBaHWEM IpH BhIOOpE
MOIIHOCTH JIOJDKHO OBITH OO€CleYeHHe BBICOKOW CKOPOCTH O0OpabOTKHU MPH MaKCUMAaIbHOM
CHIDKEHHMH BHEIIHUX pa3MepoB, 00IIel yCTaHOBICHHON MOIIHOCTH 1 cTonmMocTi CBY-nieun.

Haubonee panyonanbHO yHOMSHYThIE TpeOOBaHUS COUETAIOTCS MPU BapUalugx KojedareabHOu
(mone3HoM) MOIIHOCTH B paboueil kamepe meun B mpenenax 0,8—1,1 kBr. Kak mokassiBaroT
pe3ysbTaThl TEXHOJOTMYECKUX MCIBITAHUM M aHAU3 CYLIECTBYIOIIUX KOHCTPYKIMH, yBEIH-
YeHHe MOIIHOCTH Ieyd cBbllie | kBT mpuBoauT K Bo3pacTaHUIO €€ radapuToB, YBEIMUEHUIO
Macchl W YCTAHOBJIEHHOM MOIIHOCTH, HO HE JaeT 3aMETHOTO BBIMIPHIIIA BO BPEMEHU
npurotosiaeHus nmumy. [Ipu MomuocTsax Hwke 1 kBT BpeMs 00pabOoTKH OTHOCUTENIBHO OOJIbIIIE,
HO CHIKeHHe rabapuTtoB U Maccel CBYU-nieun He3HAUnUTENbHO.

Pexomennyemass pabouass vacrora 2450 (2375) MI'm nexur B mpenenax MOJIOCH YacTOT,
BBIJIETICHHBIX JUIsI TpoMbIIeHHbIX CBY-nipu0o-poB, u sBisieTcs ONTUMAIbHOW JJIsi TETJIOBOU
00paboTku OoJbIIel YacTH MUIIEBBIX MpoaykToB. Ha™3Tol yacTtore BhICOK KO3(dULIMEHT mo-
romennss CBY-uznyuenus, a rinyouHa npoHukHoBeHus CBY-mons nocratouHa ans
PaBHOMEPHOTO PACIpEeNIEHHs SHEPTHH M0 00BeMy HarpeBaeMoro MpoayKTa.

B HEKOTOpBIX TEXHOJOTMUYECKUX TMpoleccax (pa3MopaKMBaHUE, Pa30rpeB) pPEeKOMEHIyeMast
MOIIIHOCTh MPU 00pabOTKE MOXKET ObITh HUkKEe HOMHHAIBHOU. [ToaTomy B CBY-meuax manoi
MOIIIHOCTH CJIEAYeT MpPeayCMaTpuBaTh BO3MOXKHOCTh CHHKEHHUS TPH HEOOXOIUMOCTH Koyeba-
TenpbHOU MotmHOCTH Ha 50—60%.

MourHocts CBY-nieun, morpebisieMass OT CETH, OINpeesieTcsl KojaeOaTelIbHOW MOITHOCTBIO B
paboueit kamepe u KIIJ marnerpona. [Ipu obmem KIIJ[ maranerpona 50—55% KIIJ] neun B
nenom coctabisgeT 40— 45%. Takum oOpas3oM, Ui MOJTy4eHUs: KojeGaTenbHOW MOIIHOCTH 1
kBT motpeGnsiemast OT ceTH MOITHOCTH JI0/DKHA OBITH 0K0JIO 2,2 KBT.,
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Haubounbmiee pacnpocrpanenre noxydmin HactosibHble CBU-nieun Manoil MOIHOCTH, peke —
BCTPOEHHBIE, XOTsS IMOCIEAHHME IO3BOJIAIOT 3HAYUTEIBHO COKPATUTH ILIOLIAAb, 3aHUMAaEMYIO
II€Ybl0, 3@ CUET I10Y3-JI0OBOM KOMIIOHOBKHM. HacTOJIIBHOE MCIIONHEHUE TO3BOJISIET YCTAHABIMBATh
CBY-neusr Ha apyroe obopynoBaHue. Bo3mokHa pa3zpaboTka ApYrux BapUaHTOB, HaIpUMEp
CBY-neuei, BCTpauBaeMbIX B CTEHHYIO HUIIY, HACTEHHBIX, C BBIHOCHBIM OJIOKOM ITUTaHUS U T.1.

,Z[JII/IHa, HrpUHA W BBICOTA IMCYHU HC NOJLKHBI MMPCBLIMIATH MOI[YHLHLIFI pasMep U OMPCACTIAIOTCA
€€ KOMIIOHOBKOM U YCJIOBUAMM SKCILIyaTallhuH.

O6beM paboueii KaMepbl TAKHX Tedeil coctaBiseT 15—35 am°, konebaTenbHas MOITHOCTh —
0,4-0,9 kBt, pabouas yacrota - 2375-2450 MI'u. Hora Takue ey BCTPaMBAIOT B KYXOHHYIO
anmnaparypy, HallpuMep B JIEKTPUYECKYIO ILTUTY.

Pa3merienne oTAENBHBIX Y3JI0B U OJIOKOB B KOpITyce MOXET ObITh pasHooOpazHeiM. B CBU-
nevyax Majiol MOIIHOCTH HACTOJBHOTO HCIOJHEHUS OJOK MUTaHUS OOBIYHO pa3MellaloT B
HIDKHEH JacTu Kopmyca, a pabodyro kamepy — B BepxHeill. [IynpT ympaBieHus pacrosaraior B
pa3MYHBIX YacTsIX MepeiHel MaHeau. MarHeTpoH yCTaHaBIMBAIOT OOBIYHO Haj paboueit
KaMepoi, MO0 1O/ Hel, a BOJTHOBOJ BBOJUTCS B pabodyro KaMepy c3aau JIM00 CHU3Y, JIM0o He
UCIIOJIb3YETCs BOOOIIIE.

CBY-neyu cpeoueti mowHOCcmu TIPpEAHA3HAYCHBI IS IIUPOKOTO  HCIOJNBb30BaHUS  Ha
OPEANPUSATHIX C OrPaHHMYCHHBIM O0BEMOM MPOU3BOJICTBA, B KOTOPBIX OCHOBHOE MECTO
3aHHUMAIOT MPOLIECC Pa3orpeBa u 10-TOTOBKA MOIy(hadprKaTOB.

Jns CBU-neueid JaHHOTO TUIA OTPAHUYEHUE MOLIHOCTH HE SIBJIIETCS] TAKUM JKECTKUM, KakK JJIs
CBY-nieueit Mayiol MOIIHOCTH. BakHEHIIMMU TMOKa3aTeNsMU TaKUX TI€YeH  SBIISIOTCS
MPOJOKUTENFHOCTh TEIIOBOM 00pabOTKM U MPOU3BOAUTENBHOCTh. [loaTOMY Mosie3Hast MoIl-
HocTh CBY-meueil cpenneid MmoiHocTH BapbupyeT B mpenenax 3—5 kBrt. Kpome Toro,
MPEyCMAaTPUBAETCS €€ CTYIEHYaToe peryiaupoBaHue. IIpu 3TOM MOXKHO HMCIOJIB30BaTh Kak
oauH, Tak u 1Ba win Tpu CBY-renepa-Topa, paboTaromux Ha OJHY KaMepy.

Pabouas yactora CBU-reneparopa moxet 0bITh 2450 umu 915 MI'1, * nocneaHsist HCIOIb3yeTCs
IIPU YBEJIMUYEHHBIX pa3Mepax 00pabaTbIBa€MbIX U3/IEIINH.

MormHocTh, TOTpedasieMast OT CeTH, 3aBUCUT OT MoiHocTH u KIIJ[ maranerpona. M3BectHO, 4TO
¢ ysenumdyeHueM MomHocTH MarHeTpoHa 'ero KIIJI Bospacraer Tak, uro KIIJ[ CBY-neun
MotHocTeo 4,5-5,0 kBT moxker mocturath 45-50% wu Ooisiee. IluTanme Takux Iiedei, Kak
npaBuiio, Tpexdasznoe. OxnaxaeHne reHepaTopa MOXKET ObITh BO3JYIIHBIM WM YKHJIKOCTHBIM.
OnHako MpeAnoYTeHne CIeayeT OT/IaTh BO3AYIITHOMY OXJIXKICHUIO.

B octransHoM TpeboBanus k CBU-neyam cpeHel MOIHOCTH aHaJOTHYHbI TpeboBanusM k CBY-
neyam ObITOBOTO Ha3HAUCHHUS.

CymectBennpiM oTyimuneM CBUY-medeit cpemHeld MOUTHOCTH OT OBITOBBIX SIBJISIETCS MX
MOBBIIIEHHAas: MOUTHOCTb. [loaTomMy nannsie CBY-neun 4aiie MMEIOT HAIOJIbHOE HCIIOJIHEHHE,
TPAAUITMOHHOE TSI TEXHOJIOTHYECKOTO 00OPYIOBAHUS M JIAIOIIEe BOZMOXXHOCTh BITMCHIBATHCS B
MOJYJIbHBIE JINHUU.

Bomnpoch! 1151 06cy:knenus

1 Knaccudukanus CBU
2 [Tapametprl CBY HarpeBa nuIeBbIX MPOAYKTOB
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JlabopaTopnasi padora 10 U3yuyenne napaMeTpoB padoThbl 1 CPABHUTEIbHBIN
aHaJn3 OBITOBBIX BOJIOHATPEBATEJIbHBIX IPUOOPOB

Henp 3ansaTUA 3aKTI09aeTcs B (POPMHUPOBAHUH Y CTYJAEHTOB MPO(PECCHOHATEHOW KOMIIETECHITHH:
K-1:

Ha npeanpusatusx oOINECTBEHHOTO MHUTAHUS JUIS TEXHOJIOTMYECKUX M CAHUTAPHO-TEXHHYCCKHX IIeeH
UCTIOJB3YETCs KaK KUISYeHas BOJA, HarpeTas 10 TeMIIepaTyphbl KUIeHUs (KUIIATOK), TaK U ropsdas Boja
¢ Temmeparypoit 85—95 °C.

IIpuMeHeHe KWIISITKAa TIPH BapKe TapHUPOB, OBOIINECH, COCHCOK, TMEIbMEHEH, M3TOTOBIICHHH TOPSIHX
HAaIUTKOB W T.J. TIO3BOJSIET COKPATHTHh MpOIECC AOBEACHHUA HW3ICNUN M0 KyJIWHAPHOW TOTOBHOCTH U
MOJIHEE COXPAHUTH OMOJIOTUYECKY IICHHBIC BEUIECTBA B MPOIyKTax. KpoMme TOro, KUISITOK MCIONIB3YETCs
JUTSL CTEPUITU3AI[UN KYXOHHOW U CTOJIOBOM MOCY/IBI, CTOJIOBBIX MPHUOOPOB U JIP.

lopsiuass BoAa MCMONB3yeTCsl TPU  BBIMOJHEHHHM TEXHOJOTHMYECKHX oOmepauuil (OnaHmmpoBaHue,
OIITIapUBaHUE, BapKa OBOIIEH M KapTOQes, KPYII U Ap.) U JUIT MOUKHU TMPOIYKTOB, KYXOHHOW U CTOJIOBOM
Nocybl, 000PyIOBaHUS U T. 1.

BoponarpeBatensHoe 000pyaoBaHHE IO BHIY KOHEYHOTO MPOAYKTa MOAPA3AEISCTCS Ha J1BE TPYIIbl —
KUNSAMUIbHUKYU N 6000Hazpesamenu. [lo  TpuHIMIY ~ ACUCTBHS  KUISITWIBHUKH  BBITYCKArOTCA
NEPUOJUMUYECKOT0 M HENPEPBIBHOTO ACHCTBHS, @ BOJAOHATPEBATEIN — IIPOTOYHbBIE U EMKOCTHBIE.

ITo BUAY SHCEProHOCUTECIIA BCE€ BOJAOHAIPCBATCIILHLBIC alIlapaThl ACIATCA Ha 3JICKTPUYCCKUEC, I'a30BLIC U
TBEPAOTOIUIMBHBIC, TIPH 3TOM OHHU OTJIMYAIOTCS CTENCHBI0 aBTOMATH3alUM — aBTOMATH3WPOBAHHBIC,
IMMOJIYaBTOMAaTHU3UPOBAHHBIC W HCABTOMATU3HWPOBAHHLIC alIlapaThl. BO)Z[OHal"pCBaTeJH)HLIC arrapaTbl
HaxoOAT MPUMEHCHUC Ha CaMbIX Pa3JIMYHBIX MPECANPUATUAX MATAHUA, BKIIFOYas CHC]_[I/I(bI/I‘-IGCKI/IC (pe‘-lHOﬁ
¥ MOPCKO# (hJI0T, 3K/ TpaHCIIOPT).

Kunamunvnuku nepuoouueckozo Oelicmeusi IO KOHCTPYKIMM aHAJOTWYHBI TeH3epHBIM KO(eBapKaM ¢
BCTPOEHHBIM COOPHHKOM TOTOBOr0 HamuTka (cM. puc. 13.12, 6) m Moryt OBITh KaK C PYYHBIM
HAIIOJTHEHHEM, TaK M C TIOJKITFOUEHHUEM K BOJIONIPOBOaY (Tadi. 17.5).

Tabmuma 17.5. TlapameTpbl KHISITHIBHHKOB TEPHOAWYECKOro JeicTBus ¢upm Animo, anus u
«Toprrexmam», benapych

Mogenn O0beM cOopHHMKA KHIATKa, | MomrHocTh, | ["abaputsl, Tun mojmaum  BOABI B
hi§ MM anmapar
kBT
WKT10HA |10 3,2 505x225 Hanusnoit
WKT10VA | 8 3,2 505x225 Ot BogomnpoBoia
WKT 25|25 3,2 500x340 HanusHoit
HA
WKT25VA | 20 3,2 500x340 OT BOJOIIPOBO/IA
DKI-15* 15 3,0 400x300 HanusHoi
OKI-35* 35 3,0 500x350 — «—

*(OOBIYHO YCTAHABIMBAIOTCS HA CTOJIC WIIN TIOJICTABKE.

Kunsamunvnux — nenpepwignoco  Oevicmeus  anexmpudeckuti (puc. 17.4) cocroMT ©3 CBapHOIrO
METAJUTMYECKOro Kopiryca 77, B BEpXHEH YacTH KOTOPOTO HAXOJUTCS MUTaTenbHas kopoOka 9. Buytpu
LHEHTPAJILHON YacTH anmapaTta HaXOJUTCs LMIMHAPHYECKHH cocy. Ero HWKHSS 4acTh — KUMATHWIIBHBINA
pesepByap 2 U BepXHsisi — COOpHHK KMILITKA 4 OTHENEHBI Ipyr OT Apyra auadparmoii ¢ BBapeHHOI B ee
LUEHTp TMepeiuBHOW Tpyboii 6. JlHo BomonarpeBatens umeer ¢uianer; 18, Ha KOTOPOM MOHTHPYIOTCS
T8B! 3. 715 cliMBa BOJIbI U3 KUTISTHIBHOTO pe3epByapa M MUTATENbHONW KOpoOKH (B cllyyae KOHCEpPBAIUU
WIN peMOHTa) Ha (uiaHIe umeercs 3armymka 19.
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PaGora KHISATHIBPHUKOB HEMPEPHIBHOTO AEHCTBUS OCHOBaHA Ha IPHHIUIE COOOIIAIOUIUXCS COCYIOB:
OJJHUM COCYAOM CIYXXHT NHTaTelbHas KOpoOka, APYrMM — KHISITWIBHBIA pe3epByap. Boma u3
BOJIOTIPOBOJIA WJIM BOJOHATIOPHOM €MKOCTH (B JK/I TpaHCIOPTE) MOCTYMHAeT depe3 KiamaH 8§ perynsTopa
YpOBHSA B MUTaTeldbHyI0 KOpoOKy 9. [TormaBok 12 perynsiTopa aBTOMaTu4ecku MOAJEP)KUBACT 3aJaHHBIN
YpOBEHBb BOJABI B COOOMIAIONINXCS cocynax. M3 murtatensHOW KOpOoOKH O MHTaTeNnbHON TpyOe 14 Boma
NOMaeTCs B HIKHIOID YacTh KHUITHIBHOTO pe3epByapa 2, I7ie, HarpeBasch, IMOJHUMAeTCs BBEpX,
3aKHMaeT W IO TMEepesrBHOW TpyOe 6 my3blppkaMu Mapa mnepeOpachiBacTcs B COOPHUK KHUIISITKA 4, U3
KOTOPOTO ~ MOXeT  cpa3y  pasOuparhcsi  depe3  pa3OopHbli  kpan 16. Hax  mepenmuBHOMN
TpyOoii 6 ycraHaBnuBaeTcst oTpaxkareib 10, HANPaBJISIONIHMIA BHIOpackIBaeMbIC MOPIIMUA BOABI B COOPHHUK
KHUTISITKA.
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Puc. 17.4. Cxema KUNATWIBHUKA JIEKTPUYECKOT0 HeNPEepPHIBHOIO J1eiiCTBUSA:

e 1 - tpyba momaun XOJOAHOW BOJBI; 2 — KUISTWIBHBIA pe3epByap; 3 — TIHBI; 4 — COOPHUK
KHIISTKA; 5 — 3JIEKTPOJ] HUKHETO YPOBHS; 6 — mepenuBHas TpyOa;

e 7/ — DIIEKTPOJ BEPXHETO YPOBHS;

e 8- KiamaH peryJsaTopa ypoBHs BoAbl, 9 — nuTaTenbHas KOpoOKa;
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e 10 — otpaxarens; 11 — orBepcrue; 12 — momiaBok; 13 - amexkTpon «cyxoro xoma»; 14 —
nuTarenabHas Tpy6a; 15 — curHaneHas TpyOa; 16 - kpan pas0Oopa kumsartka; 17 — xopmyc; 18 —
¢naner; 19 — zarmymika

[Tocne nmepedpacbiBaHUs MOPLHUH KHUIISATKA B COOPHUK YPOBHHU BOJIBI B IIEPETUBHOM TpyOe M MHUTATEIHHOM
KopoOKke TOHIKaTca. B pesynbrare momnaBok 12 omyckaeTcs W MUTATENbHBIA KiamnaH 8 OTKphIBaeT
OTBEpCTHE ISl IPOX0/1a BOABI U3 TPyOsI 1 B muTaTenbHyro KopoOKy. [locne BeipaBHUBaHUS YPOBHS BOIBI
B TIUTATEIHHON KOPOOKE M B MEPEIMBHON TPyOe MOIUTABOK MOJHUMETCA, M KlamaH ? 3aKpOeT OTBEPCTHE
JUTSL BXOJ1a BOJIBI U3 BOJOIPOBO/IA.

Ha pgHe mnuraTenbHOl KOpOOKM YCTAaHOBJIEH 3JEKTPOA «CYXOro xofa» 13, KoTopwlli mpenoTBpamiaer
BKJIIOYCHHE TOHOB NpPU OTCYTCTBHU BOIBL. B cOOpHHKE KHISITKA YCTAHOBJCH OJIJIEKTPOJA HWKHETO
YPOBHSI 5, BKIIIOYAIOMINI T3HBI TOCTIE 0TOOpA KHIIATKA, U 3JEKTPOJ BEPXHETO YPOBHS 7, OTKIFOYAIOLINI
UX TPH 3aM0JHEHHH 00beMa COOpPHUKA KUIATKA (IIPH OTCYTCTBHU €ro pa3bopa).

[lpu mnepenonHeHnn cOOpHUKA KUIATKA (B CiIydae BBIXOAA M3 CTPOSl DJEKTPOJA BEPXHETO
YpOBHsI 7) M3JMIIEK ero 4Yepe3 oTBepcTue 11 mepenuBaeTcss B NHUTATENBHYIO KOpoOKy. B ciydae
NEPEroHEHNT W NUTATeNbHOM KOPOOKM W3JIMIIEK BOABI IO  CUTHAIBHOW  (TIEPETMBHON)
TpyOe 15 cOpacwiBaeTcsi B npeHax. Takoi e cOpoC M3IMHUINKA BOJBI (XOJOAHON) MPOUCXOIUT B CIIydae
HapylIeHNs] HOPMAIBHOW PaOOTHI KiIanaHa

PaboTy cucrempl 3amuTBl M KOHTPOJII YpOBHEH BOJBI M KHUISITKA B ammapaTe oOecreuuBaeT OJIOK
YOpaBJICHUs anmnaparoM. Poib TEIUIOM30LMUM MEXIYy KOPIyCOM U KUIITUIBHBIM PE3EPBYapoM
BBITIOTHSIET BO3AYIIHBIN 3a30D.

KHUIATUNBHUKY PAa3IAYHBIX MPOU3BOAUTENEH HMMEIOT aHAJOTUYHYI0 KOHCTPYKLIHIO M OTJIMYAIOTCS B
OCHOBHOM MOIITHOCTBIO T3- HOB, 00beMOM COOpHHMKA KHIIITKA ¥ HOPMAaJIbHOM MPOU3BOJUTEIBHOCTEIO,

KOTOpas OIpe/ieNicHa PH YCIOBHH MOIauu BoIbl ¢ Temneparypoit 10 °C (tadi. 17.6).

Tabmuua 17.6. [TlapaMeTpbl KUTISITHILHUKOB HEMIPEPBIBHOTO JieiicTBus pupmbl «Toprrexmarn», berapycs

Mogens | MormnocTb, KBT | [Ipon3BoautenbHOCT, J1/4 | ["abaputhbl, MM
DKI-50 | 6,0 50 450x360x560
OKI-100 | 9,0 100 450%360x560
KH53-100 | 12,0 100 440%x390x560

Kunstunsanku HCIIPEPBIBHOT'O ,HeﬁCTBPISI MOT'YT YCTaHaBJIMBATbLCA Ha CTOJIC, TIOACTABKE MJIN KPCIIUTHCA K
CTCHEC.

Emxocmuvle 800onacpesamenu IONAIOT TOPSYYI0 BOAY K MecTaMm pazdopa MO WCTEYCHHH BpPEMEHH,
HEO0OXOAMMOTO JIJISl HarpEBaHUSI BOJIBI 0 OIPEICICHHON TeMIIepaTyphl Ta30M WM dJIeKTprudecTBOM. OHH
BBIMYCKAIOTCA KaK BEPTUKAJHHOTO, TaK W TOPU3OHTAJIHHOTO PACIOJOXKEHHUS padouell eMKOCTH U B
3aBHCUMOCTH OT BMECTUMOCTHU MOT'YT KPEIIUTHCS HA CTEHE, YCTAHABIIMBATHCS Ha MOJICTABKE WK HA IMOJY.

DNEKTPUUYECKUN EMKOCTHBIN (HAKONUTENBHBIN) BOJOHarpeBatenb (puc. 17.5) mpencrasiser coOoi
TepMETUYHBII HUIMHAPUYECKUI HIN KOpoOUaThIi (TIpAMOYTOJTHHBIN) CTaJbHOU
pe3epByap 3, yCTAaHOBJICHHBIH BHYTPH METAJUTMYECKOTO KOKyxa 2. Mexay KOXYyXOM W pe3epByapoM
npoJiokeHa — Teronsossinus 1 (meHomonuyperaH). BHyTpu pesepByapa Ha  HIDKHEM  KpBIIIKeE
CMOHTHPOBaHBI TIHBI 6, maTunk Tepmocrtata 10, Tpyba momaum XolomHOW BOABI 8 ¢ oTpaxareneM 7,
TpyOa OTBOAa rops4eil BoAbl 4 © MAarHUEBBIH aHTUKOPPO3UOHHBIN aHOM 5. BHYTpEeHHSS MOBEPXHOCTH
pe3epByapa MOKPHITA CJIO0EM CTEKJIOIMAIIH, IPEIOXPaHSIOIEH ero 0T KOPpOo3un U 00ecieYynBaoLIe eMy
JIOJITOBEYHOCTb.
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Puc. 17.5. CxeMa 31€KTPUUECKOIO EMKOCTHOT'O BOJOHATPEBATENS:

e 1 — Tenmouzonsys (IEHOMOIUYPETaH);
e 2 — xOKyx;3— pesepByap;4— Tpyba oOTBOAa TOpsSYEWd  BOJBI, >— MarHUEBBIH
AHTUKOPPO3UOHHBIN aHOT;, O—T3HEI; 7—

oTpaxkarenb; 8§ — Tpy0Oa 1mogayy XoJI0IHOUW BOIBI; 93— mpeaoxpaHUTensHbIN KiiamaH; 10 — tepmocTar

TemnepaTypa HarpeBaHUs BOABI B OOJNBIIMHCTBE MOJENeH perymupyercs B mpememnax 35—85 °C.
VYmpaBieHue TeMIeparypoil OCyIIECTBIAETCS PYUYKOW TEpPMOpETryJsSTopa, BBHIHECEHHOM Ha JHUIIEBYIO
naHelb BoJOHarpeBareniss. B psge Mognenedt mnpuMmensercss UMQpOBOW IUCIUIEH, YTO JAenaer
JKCIUTyaTanuio Oosiee ynoOHOW. B ciydae yBenmuueHHs IaBieHHs B pe3epByape BbIIIE 3aJaHHOTO
cpabaThiBaeT NpeAOXPaHUTEIbHBIN KiamaH 9.

BoponarpeBaTenu eMKOCTHOTO (HAaKOHMHUTEIBHOTO WM aKKyMYJSILMOHHOTO) THIIA BBITYCKAIOTCS, Kak
npaBuio, BMectumocteio 10,15, 30, 50, 80,100,150,200, 300,400 u 500 11, B 3aBUCUMOCTH OT KOTOPOM
Bpems Harpesa A0 Temmneparypsl 60 °C cocrasnsiet ot 30 MuH 10 4,4 4.

Tabn uma 17.7. IlapaMeTpbl 2IEKTPUIECKIX BOIOHATPEBATENEeH HAKONUTEIHLHOTO THITA

Monenn ITpoussoautens | O0beM, 1 | MomHOCTh T3- HOB, KBT | ["abaputhl, MM
EWH mini 15 AEQG, I'epma 15 1,2x1 320x307x470
EWH comfort 30 | aus 30 0,8x2 375x375x599

Oxonuyanue Ta6m. 17.7

Mogpenn IIpouzBoauTtens O0nemM, MomHoCTb TAHOB, | ['abaputel, MM
1 kBT
SG 30 0R ARISTON, 30 0,8x2 450x360x450
Nranns
RTS 200 | OSO 200 1,5x2 580x580x1220
0SO
Hotwater,
Hopserus
EWH 200R Electrolux, 200 1,2x2 489x516x1570
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IBenus

OBAJI-80/1.6 | «I onuipIa- CKUil O3CA», | 80 1,6x1 365x390x1300
Poccusa

B HEKOTOpBIX MOJENSX HAKOIUTEIHHBIX BOJOHATPEBATENEH HCIONB3YETCS HATPEB «CYXUMH» TOHAMH,
YCTaHOBJICHHBIMH 32 TIpEJIeIaMy pe3epByapa (1o JHOM) U HE MMCIOLIUMH MPSAMOT0 KOHTAKTa C BOJIOM,
4TO O0JIErYaeT X 3aMeHY.

I'a30BBIC HAKOMWTENBHBIE BOJOHATPEBATEIM B OTJIMYHE OT OJIEKTPHUCCKHX SBISIOTCS Ooliee
9KOHOMHYHBIMH H3-3a MCIOJIB30BAHUS [CIIEBOTO CHIPhS, & KOHCTPYKTHBHO MOXOKH Ha 3JEKTPUYCCKHE.
Buytpu pabouero pesepByapa TakKe BCTPAaMBAIOTCS MArHHEBBIA aHO, MATYUK TEPMOPETYJISITOpa,
NPeOXPAHUTENLHBIN KITallaH W TPYOKM MOJaud M OTBOJA BOABI. BMECTO TOHOB MPUMEHSIOTCS Ta30BBIE
HHKCKIIMOHHBIC TOPEJIKK (HArpeB MPOUCXOMT 3a MEHbIIEE BPEMs), H B BEPXHEH YacTH PacIoyaracTcs
ra3oxoll, 4YTO YBEJIMYMBAECT BBICOTY ammapara [0 CPAaBHEHHUIO C DICKTPHYSCKUMH aHAJOTUIHON
BMecTuMocTH (Tabi. 17.8).

Tabmuua 17.8. Ilapamerpbl Ta30oBBIX BojoHarpeBateneii HakomuteiabHoro tuma ¢upmel AR1ISTON,
Uranus

Monens | Bpems narpesa (10 45 °C), mun | O0beM, 1 | MoniHocTh ropenku, KBt | ['abaputhl, MM
SGA 120 | 64 115 6,38 495x495x1200
SGA 150 | 71 155 7,22 495x495x1450
SGA 200 | 73 195 8,65 495x495x1695

Ilpomounvie sooonacpesameny NCNONB3YIOTCS KaK AJsl HArpeBa BOJbI B IOCYIOMOCUYHBIX MAIlMHAX, TaK
Y CAMOCTOSTEIIBHO ISl HENIPEPBIBHOTO IIPUTOTOBIIEHUS TOPSYEH BOJBI € 3aJaHHON TEMIIEPATYpOl. B aTux
anmaparax BOJA HENPEPBIBHO IPOTEKAET 4Yepe3 ammapar, A€ B 3aBUCUMOCTH OT KOHCTPYKLIMH
HarpeBaeTcs ra3oM WM JIEKTPUYECKUMH HarpeBaTeIbHbIMU JIEMEHTAMH.

OJeKTpUUeCcKHe MIPOTOUYHbIE BOJOHATPEBATEIN MOYXKHO YCIOBHO Pa3Ie/inTh HA JABE IPYIIBl — OBITOBBIEC U
npomblieHHble. K OBITOBBIM IMPHHATO OTHOCHTH BOAOHArpeBaTeNM MOLIHOCTBIO a0 27 kBT, a k
MPOMBIIIUICHHBIM — CBbIIe 27 kKBT. B cBoio ouepenpr ObITOBBIC BOJOHArPEBATENM JCIATCS Ha JIBE
rpynnel — 1o 12 kBt npu manpsokenun 220 B (ogaodasmeie) m ot 12 mo 27 kBt mpu 380 B
(Tpexdaznbie). TpexdaszHbie BOJOHArpeBaTeNld MO CPABHEHHIO C OMHO(A3HBIMU Oyiarojaps BBICOKOM
MOIITHOCTH TIO3BOJISIIOT HArPEeBaTh 0 HY)KHOW TeMIIEpaTyphl JOCTATOYHO OOJIBIION MOTOK BOABI.

[MpuanunuansHo TpexdaszHble MPOTOYHBIE BOJAOHATPEBATEN MOXKHO pPa3/elUTh Ha THIPaBIMYECKHE U
JNIEKTPOHHBIE. [ WApaBIU- YECKWe BOJOHATPEBATEH, IOJNyYHBIIUNE HAWOOJbIee paclpoCTpaHeHHe,
pabotatoT cienyrommmM obpazoM. IIpoTok Boabl, Ipoxoas uyepe3 BOJOHArpeBarellb, oOpasyeT Inepenasn
JaBJICHUS] MEXIy BXOJIOM M BBIXOJOM. Pernie peructpupyer 3Ty pasHULY M BKIIOYAeT HarpeBaTebHBIN
anmeMeHT ammapara. [locime mpekpamieHuss Bojgopa3- Oopa peje MOMEHTAIBHO  BBIKIIIOYAET
BOJIOHArpeBaTeb.

B npoTouHbIX BOJOHArpeBaTENsX, OCHAIICHHBIX SJEKTPOHHOW CHUCTEMOM YIpaBiCHUS, BCTPOCHHBIMN
MUKPOIIPOLIECCOP € MOMOLIBI0 JATYMKOB M PACXOJOMEpa paclo3HAaeT TeMIlepaTypy BOJbI Ha BXOJE,
BEJIMYMHY TPOTOKA M B 3aBUCMMOCTH OT YCTAHOBJICHHOW TEMIIEPaTyphl U BXOJHBIX JaHHBIX BhIOHUpAET
HEOOXOJUMYIO MOIIIHOCTh Harpepa. [Ipu 3TOM B II€JIOM psjie MOJEICH NPOM3BOAUTCS I poBas
WHIMKAIVS] 3aJaHHOW TeMIIepaTyphl BOJIBL.

HarpeBarenbHbie 3meMeHTHl Tpex(a3HbIX MPOTOYHBIX BOJOHArpeBaTeel MoApaslelisiloT Ha TpyOdaThie
(T9HBI) ¥ cIMpalbHBIE (CTIeNUaIbHas HEM30IMPOBAaHHAS IIPOBOJIOKA).

['peromias criupanp y 31€MEHTOB [IEPBOTO THIA MIOMELICHA B TEPMETHYHYIO MEIHYIO TPYOKY M HE UMEET
KOHTaKTa C IpoTekaromeil Bojgoi. Takue >dIeMEHTBl XapaKTEpU3YIOTCS JIOCTaTOYHO BBICOKOU
Ha/IeKHOCTBIO U TapaHTHPYIOT YCTOHYMBYIO paboTy npudopa Npu BOSHUKHOBEHUH BO3YIIHBIX POOOK B
BOJIONPOBOJIe. K OCHOBHBIM HEJJOCTaTKaM MOKHO OTHECTH 00Jiee HU3KYI0 SKOHOMHYHOCTD M3-3a HAJIMUUS
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WHEpTHOCTH (TpedyeTcss HEKOTOpoe BpeMsl A pa3orpeBa), OTPAHWUYCHHS IO JKECTKOCTH BOABI U
OTHOCHUTEIHHO HU3KYIO TeMIiepaTypy Ha Beixozae: 40—45 °C. HarpeBaTenbHbIE 3JIEMEHTHI BTOPOTO THIIA
MPENCTABISIOT  COOOW  CIupallb W3 CHCHHAIbHOW  3JCKTPOJHON  NPOBOJIOKH,  UMCHOIIYIO
HETIOCPEICTBEHHBIN KOHTAKT C BOJIOW. MOMEHTAIBHBIN HArPEB NPU BKIIOYCHUH TTO3BOJISICT SKOHOMUTH JI0
15—20 % osmexTpodHeprum, Temieparypa Ha Beixome mpocturaer 55—60 °C. ChompanbHble
HarpeBaTeNbHBIE AJIIEMEHTHl XOPOIIO pPadOTalOT Jaxe B JKECTKOW BOAE (C BBICOKMM COAEpPKAHHEM
KaJbIus).

Bonpocsl 1715 00cyskaeHust
1 OcHoBHBIE MapaMeTpbl paboThI OBITOBBIX BOJIOHATPEBATEIBHBIX IPHOOPOB
2 CpaBHMTENIbHBIN aHAJIN3 OBITOBBIX BOJIOHArPEBATEIbHBIX IPUOOPOB

JlabopaTopnasi paGora 11 UccienoBanue napameTpoB padoTbl MalIMH IS
HU3MeJIbYeHUs! MHIIEBbIX MPOAYKTOB

Henpb 3ansaTUdA 3aK109aeTcs B (GOPMHUPOBAHUH Y CTYJAEHTOB MPOPECCHOHATEHOW KOMIIETCHITUH:
TIK-1:

B pa3nuuHbIX OTpacisiX MUIIEBOW MPOMBIIIJICHHOCTH HEOOXOAUMO 00ecneuyuTbh TaKou
TEXHOJIOTHYECKUH MPOIECC, KOrJaa MPOAYKT MOJABEPraeTcs u3MenbueHuto. [Ipon3BoacTBo MykH,
IpoblieHne ceMsiH, TMOJyYeHUE CaxapHOW MyApbI, pe3aHue OBOIIeH U (PYKTOB, MOTyuEHHUE
CTPYXXKH U MHOTHE JIPyTU€ MPOLIECCHI CBSI3aHbI ¢ M3METbYECHUEM PA3JIMYHBIX MO0 CBOMM (PU3UKO-
MEXaHUYECKHUM CBOICTBAM MPOJIYKTOB.

I[J'ISI 3TUX IeJIel B IIPOMBIIIJICHHOCTHU IIPUMCHSIOT MAllIUMHbI JJI U3MCJIbYCHUA, KOTOPBIC MOKHO
10 (bYHKI_[I/IOHaJ'IBHOMy IMMPU3HAKY pa3ACjInTb B OCHOBHOM Ha JABC I'PYIIIIbI:

Hzmenvuarowue mawiunsl. B HUX MPOUCXOAUT WHTEHCHUBHOE M3MENbYCHHE JKECTKOTO MPOAYKTa
WHOT/Ia JI0 BBICOKOW CTETEHH AUCTIEPCHOCTU. DTO OCYIIECTBIISIETCS JTUOO0 MyTeM MHOTOKPATHOTO
pa30uBaHus MPOAYKTa, OO €ro UCTHPAHUEM Ha MIEPOXOBATHIX PAOOYHMX MOBEPXHOCTAX, TUOO
€ro pa3/aBIMBaHUEM U T.[.

ITH MaIIMHBI OOBIYHO HA3BIBAIOT MEJILHUIIAMHU.

Pezamenvnvle mawiunv. OCHOBHBIM pabOYMM OpPraHOM STUX MAIMH SBISETCS PEXKYIIMMA
uHCcTpyMeHT. Ero ¢opma, TpaekTopusi ABMXKEHHS, a TAaKKe CIOCOOBI MOJa4YM MPOJYKTa MOTYT
OBITH CaMble pa3NUYHBIC B 3aBUCUMOCTH OT HA3HAYEHMs] MAIIMHBI. DTOT paslied JAOCTaTOYHO
MOJIHO M3JIOKEH B OCHOBHOM YYE€OHHKE MO Kypcy [4] W mosToMy B JaHHOM paboTe HE
M3J1araeTcsl.

PaccmoTpuM moapoOHO M3MENbYAIONIMEe MAIlWHBI, KOTOpbIE B 3aBUCHUMOCTH OT MpPHUHIUMA
paboThl MOKHO pa3/IEUTh HAa TPU OCHOBHBIE TPYIIIBL.

1) BankoBbie MenbHUIBL [IpuHIMI NEHCTBUS MX OCHOBAaH Ha M3MEJIbYEHUHU (pa3/laBIUBaHUU U
UCTHPaHMHU) MPOJYKTA B 3a30p€ MEXIYy ABYMs NapaljielbHIMU BpaIlaloONMMHCSA Balkamu. B
cilydae, €ClIi OJHOIO 3a30pa OKa3blBaeTCsl HEJNOCTATOYHBIM JUIsl TPeOyeMOoro H3MeNbYeHUs
IPOJAYKTa, YCTAHABJIMBAETCS HECKOJBKO BAJKOB (10 BOCBMH), TakuM o00pazoM, NPOIYKT
IIOCJIEI0BATENIBHO IPOIYCKAIOT 4Yepe3 COOTBETCTBYIOIIME paboune 3a30phl, JOBOJAS €ro a0
HYKHOU aucnepcHocTd. [lnamerprl BankoB npumenstorcs ot 200 1o 500 MM, [uiMHA 10 OAHOTO
MeTpa, OKpY>KHbIE CKOPOCTH J10 14 M/c.
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2) JluckoBbie MeNbHUIIBL. B HUX IPOIYKT U3MENbUAETCA B 3a30p€ MEXK]ly TOPLIAMHU JIBYX AUCKOB.
I[Ipu 3TOM OMH JHUCK UMEET IEHTPAIFHOE OTBEPCTHE, Ky/Aa MOJAaeTCsl MPOAYKT. Tak Kak 0OBIYHO
BpalaeTcsi OAMH JUCK, a APYroi HemoJBMXkeH (1100 o0a BpamaroTcsi, HO B IPOTHUBOIIOIOKHBIE
CTOPOHBI), TO TPOAYKT, IOMafas B 3a30p MEXAY O3THUX IHCKOB, IBIDKETCS OT IEHTpa K
nepudepun, u3mMenbdasich. Jnamerpsl TuckoB 10 1 MeTpa, OKpykHbIE cKopocTH 10 70 m/c.

3) MonoTkoBeie IpoOmiku. MMET B KadecTBE OCHOBHOTO pabodero opraHa poTop C
3aKpeIJICHHBIMU Ha HEM B OIpPE/IeJICHHOM MOpsAIKe MOJIOTKaMu. POoTop Bparaercs B KOXKyXe C
00Jb1I0M CKOpPOCTHIO. B pe3ynbTaTe 4ero, 4acTulibl MPOIyKTa pa3pylIatoTCsl BCIEACTBUE yaapa
O MOJIOTKM U JIeKy, a TaKXe JOMOJHUTEIBHO HCTUPAIOTCS O CHUTOBYIO WIIM KOJIOCHHUKOBYIO
noBepxHocTh. OkpykHBIE cKopocTH 10 100 M/c.

BaakoBbie MeJbLHHIBI

Bo MHOrux orpacisx NUIIEBOM MNPOMBIIUIEHHOCTH TNPUMEHSIIOTCS Pa3HbIE€ THUIIBI BAJKOBBIX
MEJIBHUIl M YCTPOMCTB. YCIOBHO 10 KOHCTPYKIHMH OHHM OOBIYHO TOJAPA3NCISIOTCA Ha
JBYXBAJIKOBbIE C TOPU3OHTAJIbHBIM M  JMArOHaJbHBIM  PACIOJIOKEHUEM BAJIKOB U
KOMOMHHMPOBAHHBIE.

OcHOBHBIMU pabOYMMM OpraHaMM 3TUX MAalIUH SBIAIOTCA BaJKU. [l0 KOHCTpYKIMM Bajku
ObIBAIOT MOHOJIMTHBIE U IYCTOTEJbIE C CUCTEMOM Ul UX OXJIAXJEHUS; C TJaJAKoN U pudaeHon
MIOBEPXHOCTHIO.

I[J'IH pa6OTI>I BaJIKOBOM MaIIMHbBI HCO6XOI[I/IMO 00eCIIeunTh 3aXBaT IMPOAYKTOB IMOBCPXHOCTAMU
BaJIKOB.

Bonpocsl 1711 o0cykneHust
1 [TapameTpsl pabOTHI MAIIUH IS U3MENbYCHHSI MUIIEBBIX TPOAYKTOB
2 Kitaccudukanust ManmiH JijIs K3MEJTbUYSHUS TIUIIEBBIX TPOYKTOB

JlabopaTopHas padora 12 UccienoBanue napamMeTpoB padoThbl HEHTPOOeKHOI
COKOBBIKUMAJIKH

Henpb 3ansaTud 3aK1r049aeTcs B (GOPMHUPOBAHUU Y CTYJIEHTOB MPOPECCHOHAIEHOW KOMIIETSHITNH:
TIK-1:

[leHTpOoOE)KHAST COKOBBDKAMAJIKA IIUKJIMYECKOTO JICHCTBUS ¢ TEPOYHBIM JHCKOM TpeHAa3HAYCHA
JJIs1 U3BJICYCHUA COKa U3 (1)py1(TOB %1 OBOHIGI\/JI B JOMAaIIHUX YCJ'IOBI/ISIX U Ha HpeI[HpI/ISITI/IﬂX
0OILIECTBEHHOT O ITIUTAHHUS.

CoKOBbDKMMAJIKa LEHTPOOEKHAs COCTOUT W3 LMIUHAPUYECKOro Kopryca 4, moj AHHUILEM
KOTOpOro pa3MELIeH BEpPTHKAIbHO dJiekTpojsurarenbs &. Ha BepxHeM KoHIE Bana
aneKTpoaBUraTens § 3akperuieH HUINHAPHYECKUA eppOopUpOBaHHBIN POTOp 5, HAJ THUIIEM

[Ipu pabGoTe COKOBBDKMMAJIKHM MPOJIYKT 3arpy’kaercss depe3 NaTtpyOok 2 M IMomajgaeT Ha
TEPOYHBIN JAUCK 12, KOTOPBIH BMECTE C POTOPOM 5 BpallaeTcs Ha Bayly 3JEKTpOJBUraTens 8.
W3MenpyeHHBI TPOAYKT LEHTPOOEKHOW cuioil oTOpachiBaeTcs Ha CUTO 6, pa3MelIeHHOE
BHYTpHU Nep(oprupoBaHHOIO POTOpa 5, U paBHOMEPHO pacupezensercs no Hemy. [lon nefictBuem
ATOM CHJIBI COK BBIAEIAETCA U3 IMPOAYKTA, IPOXOAUT MOCIEI0BATEIBHO CKBO3b €r0 CIION, CUTO U
poTOp, a 3areM OTOpachlBaeTcs Ha CTEHKY Kopryca 4, cTeKaeT M0 Hed M OTBOAUTCS W3
COKOBBDKMMAJIKM MO CIMBHOMY mnarpyOky 7. C TeueHHEM BpEMEHH YBEJIWYHBAETCS CIIOM
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IPOJAYKTa Ha CUTE 6. pacTeT ero CONpOTUBICHUE (QUIBTPALIUU COKA, a €e CKOPOCTh nazgaer. s
MOBBIIICHUSI MPOM3BOAUTEIBHOCTH COKOBBDKMMAJIKH €€ OCTaHaBIMBAIOT JUISI YUCTKH.
BoikiouatoT 3neKkTpoaBUraTtenb 8 M TOPMO3AT POTOpP S5, HaKuUMas pbhlyar 9 M IpuKuMas
TOPMO3HYIO IIaHKy 10 Kk TopMo3HOMY 1ucky 11. OcB0OOOXKAAIOT 3aIeNKH 3, CHUMAIOT KPBIIIKY
1 1 BeIHMMAIOT cUTO 6, ynansis BbDKMMKH. Ilocie 3Toro curo 6 cTaBAT Ha MECTO, 3aKpPBbIBAOT
KpBIIKY 1 1 GUKCUPYIOT ee 3aleaKaMu 3.

TexHuueckoe 006CIyKUBaHNE

[lepen myckoM yOenuTech B HAJIMYMH 3a3€MJICHHHM U B OTCYTCTBHUHM MOCTOPOHHHUX IMPEIMETOB B
KOpPITyCE COKOBBDKMMAIKH. CTEHKH POTOpa M CUTA JOJDKHBI OBITh YHCTHIMH, 4 CUTO - TUIOTHO
NpujeraTb K CTEHKE poTOpa, HE BBICTYIAs 3a ero BepxHuil kpaid. [IpoBeaute B Teuenue 30...40 ¢
MyCK COKOBBDKMMAJKHK 0€3 MpOoayKTa B yOeauTech B €e HOpMallbHOU padore. He m0mkHO OBITH
CWJIbHOM BUOpaluu, IIyma, 3amaxa M30JSUU U T.J., a MPH MX BO3SHUKHOBEHUU HEMEIJIEHHO
OTKJIIOYUTE COKOBBDKUMAJIKY, HAWIUTE U YCTPAHUTE HETIONAIKH.

3arpy3ka MpoJyKTa JOJKHA ObITh PaBHOMEPHOW M MOCTENEHHOM, ¢ HeOOoIbIoi BhICOTHL. [Ipu
CHMYKEHUHU CKOPOCTH OTBOJIa COKA BBIKIIIOUUTE COKOBBIKUMAJIKY, CHUMUTE KPBIIIKY U BBITPY3UTE
BBDKHMKH.

HCpI/IO,I[I/ILIGCKI/I KOHTpOHHPYﬁTC TEMIICPATYPY OSJICKTPOABHUIATCIIA W COCTOSHUC HAKIIAJOK Ha
TOPMO3HBIX AWCKC U ITJIAHKE. HpOH?;BOI[HTG OKCILTyaTaluIo 3JICKTPOABUTATCIIA B COOTBETCTBUH C
€TI0 IacIIopToOM.

Bomnpocs! ajst 00cyxI1eHust
1 OcHoBHBIE apamMeTpbl pabOThl IEHTPOOESIKHOW COKOBBIKUMAIIKU
2 TexHudeckoe 00CTy)KHUBaHUE IIEHTPOOCKHON COKOBBIKMMAIIKH

JlaGopaTopHas padora 13 3yueHue KOHCTPYKUMH ONTHKO- MEXaHUYECKUX
npudopoB
Henpb 3ansaTUdA 3aK109aeTcs B (POPMHUPOBAHUU Y CTYJIEHTOB MPOPECCHOHAIEHOW KOMIIETSHINH:
IK-1:

KoHcTpyKIius OonTHKO-MEXaHHUUECKUX MPHUOOPOB B OCHOBE CBOEH COCTOUT M3 CUCTEMBI JIMH3 U
(unm) 3epKalt U APYrux dJIEMEHTOB, IPE0OPa3yIOMIUX CBET MO 3aKOHAM T€OMETPUYECKON ONTHKHU.
Kak TexHudeckue cpelncTBa OHU TPUMEHSIOTCS Ui HaOMIOJEHUS OOBEKTOB B BUIUMOM
nuarnaszone. B atux mpubopax He MPOUCXOIUT MPeoOpa3oBaHus BUAMMOTO CBETa B KaKHe-THOO
Ipyrue BuAbl dHepruu. ONTHKO-MEXaHWYECKHE CPe/ICTBA ONEpPaTHMBHOIO HAOIIOEHUS MOTYT
BKJIFOYaTh B CBOI KOHCTPYKIIMIO U HEKOTOPBIE OJJICKTPOHHBIE CHUCTEMBI (OTOOpaKeHUs
JOTIOTHUTEIFHOU MH(pOpMAINH, CTAOUTU3aluN H300pakeHUs U 1p.), a TpUOOPbI, OTHOCUMBIC B
MOCOOMH K ONTHUKO-AJIEKTPOHHBIM CpPEACTBAM HAOIOIEHUS BCErJa HWMEIOT  ONTHUKO-
MEXaHHYECKHUEe OJJIEeMEHTh. K OomnTHKo-MeXaHMYeCcKUM MpUOOpaM OTHOCSTCS TEJIECKOIIHI,
OMHOKJIH, TIEPUCKOIIBI, YIHIOCKOIIBI, ONITUYECKHUE MPUTIEIBI U T.I1.

OnTuko-MexaHuveckue NpuOOPHI HAOIIOAEeHMs] TIpeAHA3HAYCHBI I HAONIOJACHUS 3a
00BEKTOM Ha pPACCTOSIHUM WM H3-3a2 YKPBITHH B JHEBHOE M BeuepHee Bpems cyTok. [lo
(GYHKIIMOHATBLHBIM BO3MOKHOCTSIM X MOXHO OOBEIMHHUTH B CIICTYIOIIUE TPYTIIIHI:

- 6I/IHOKJ'H/I, MOHOKYIJISPBI, 3PpUTCIBHBIC Tp}I6I)I, TCJICCKOIIbI, ONTHYCCKUEC MPHUIICIIBI. I'maBHBIM
JOCTOMHCTBOM ~ 3THX  HpUOOpPOB  SBISETCS  yBEMMYEHHE  MacmTaba  M300paKeHUs
KOHTpOJIMpyeMoro oObeKkTa, 4YTO T03BOJIIET B Impouecce HabmoaeHuss 3¢p(HeKTUBHO
UCIOJIb30BaTh UX YAAJEHHOCTh B KaYeCTBE OCHOBHOTO (PAKTOPa MacCKHUPOBKHU;
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- YCTPOMCTBA, BBIMOJHEHHBIE M0 MEPUCKOMUYECKOM CHUCTEME, MO3BOJSIONINE TMOJHOCTHIO
3aMacKHpOBaTh HAOIIOAATENS B YKPBITHH;

- UHBEPTOPBI ABEPHOTO IJIa3Ka, AOMOJIHAIOMINE CTAaHAAPTHBINA IJ1a30K U JAlOIHe BO3MOKHOCTD
OCMOTpa BHYTPEHHETO MTOMEIICHUS;

- TOJYNpO3pavHble 3epKana, IMpeJIHAa3HAuYCHHBIC JUIsi OJHOCTOPOHHETO HAOMIOACHHS 3a
00BEKTOM;

- 06’beKTI/IBBI, HpeI[CTaBJISIIOH_II/Ie CO6OI71 CI/ICTCMy OIITHYCCKHUX JIMH3, 3aKJIIOYCHHBIX B
CICIUAIGHYIO ONpaBy W COOMPAIOIIMX CBET, WAYIIMA OT PacCMaTPUBAcMOI0 Yepe3 OKYJIp
00BEKTA;

- JOCMOTpPOBBIE  KOMIUIEKTBI  3€pKaj,  OOCCIEYMBAIOIIUE  BO3MOXKHOCTH  OCMOTpA
TPYAHOJOCTYIHBIX MeCT (MEXMEOEIbHBIX POEMOB, ABIMOXO/IOB, BEHTUISILIMOHHBIX OTBEPCTH,
CTPOUTENIbHBIX KOHCTPYKLUH, aBTOMOOUIIEH U T.I1.).

B kauecTBe KpuTepueB BbIOOpa TOTO WM HMHOTO BHJA ONTUKO-MEXaHUYECKOTO Ipudopa
BBICTYNAIOT TaKUE€ TAKTHKO-TEXHUYECKUE XapaKTePUCTUKU, Kak (POKYCHOE paccTOsHHE,
CBETOCHJIa OOBEKTUBA, YTOJI IIOJISl 3PEHUS U JPYTUE [1apaMEeTPBI.

K nanHOil rpymnme npuOGOpoB MOXHO OTHECTH, HAIlpUMEp, OMHOKJIb 3€pKalbHO-JIMH30BBIN C
nentpansHoit Gokycuposkoi (B3JI 30x60), 30-KpaTHBIM yBEIHYCHHEM, TUAMETPOM BXOJHOTO
3pauka 60 MM M YIJIOBBIM IIOJIEM 3pEHHsI B IPOCTPAHCTBE 2 TIpajayca, KOTOPbIM MO3BOJISET
IIPOU3BOANTH HAOIIOICHHE 32 0CO00 yaIeHHBIMU O0BEKTaMU.

Takue ycrpoiictBa, kak ¢porocHainepsl (OC-12, ®C-122, ®C-122TK), uzroroBieHHble Ha 6a3e
oteuecTBeHHOTO (hoTooOBekTHBa «Taup-3» ¢ GokycHbiM pacctossuueM 300 MM, oOecrieunBarOT
HaOJII0ZICHUE 32 00BEKTOM, HaXOISIIIIUMCS Ha pacCTOSTHUU He MeHee 150 m.

OmnpeneneHHbIl UHTEpPEC BBI3BIBACT OMHOKYISAPHBIM mpuOop HaOMIOAEHHsI cO cTaOuau3anuein
uzobpaxkenuss (bC 16x40 «Kongop»), MO3BOJAIOUIMI BEeCTH HaOJIOJEHUE B YCIOBUSX,
OCJIO)KHEHHBIX TpsckoM M BuOpauued. OCHOBY CHCTEMBI COCTaBJISIET OJIOK TPU3M,
KHHEMaTUYEeCKH CBSI3aHHBIM C pOTOPOM THAPOCTAOMIM3UPYIOLIETO Yy371a, KOTOPBIH o0ecreunBaeT
CTaOUIIbHOE IOJIOKEHHWE B MPOCTPAHCTBE BU3MPHOM OCHM HE3aBUCHUMO OT YIJIOBBIX KoseOaHUil
camoro npuoopa.

B mpomecce HaOmtoneHus 3a 00bEKTAMU HMCHOJB3YIOTCS pa3IMYHBIE TUIBI OOBEKTUBOB, OT
OPaBUIBHOCTH BBIOOpa KOTOPHIX B HEMaJIOW CTENEHH 3aBUCUT YCIeX MPOBOJUMOIO
meponpusitus. Tak, HITUHHO(OKYCHBIE OOBEKTHBBI  (TEIEOOBEKTHBBI) O0ECHEUUBAIOT
KayeCTBEHHOE HaO0JNI0oJIeHHEe OOBEKTOB, HAXOIIIUXCA HAa 3HAUYMTENbHOM yhaneHuH. K HUM
MO>XHO OTHECTH TaKH€ OTE€YECTBEHHBIE 00BEKTUBHI, Kak «Taup-3» — ¢oxycHoe paccrosame 300
MM, «MTO-500» (3M-5AMC) — 500 MM, «MTO-1000» (MTO-11) — 1000 mMm, «I'parut-11» —
nepemerHoe GpokycHoe paccrosaue — 80-200 mm. [Ipu uX mprMeHeHHH clelyeT YIuThIBaTh TO,
YTO YBEIWYEHHE KPATHOCTH OOBEKTHBA MNPHUBOJAUT K YMEHBIICHHMIO YIja IOJs 3pEHUs W,
CJIeIOBATENbHO, K HEOOXOIMMOCTH HaJIe)KHON (PUKCAIIUU PU BEACHUH HAOIIOICHUSI.

Bonpocsl A1 o0cyKneHust
1 OnucaTh KOHCTPYKIIMIO ONTUKO- MEXaHUYECKHX TPUOOPOB
2 OnTUKO-MeXaHWIeCKUe MPUOOPHI HAOIIOICHUI—TIpEAHA3HAYCHIE
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JlabopaTopnasi padora 14 U3yuyeHne KOHCTPYKIMM OCHOBHBIX Y3J10B IIBEHHBIX
MallINH

Lean 3ansaTus 3akinovaetcs B GOPMUPOBAHUH Y CTYIEHTOB MPOPECCHOHANEHON KOMIICTCHITHH:
TIK-1:

OcHoBHBbIE padoure OPpra’bl MBEHHBIX MAIIIUH.

[IpomblilieHHas MIBEHHAs MallMHA COCTOUT W3 TOJOBKM MAIUWHBI, MPOMBIIIJIEHHOTO CTOJIA U
VHIUBUYAJIBHOTO 3JIEKTPOIPUBO/A.

Jlis BBIMOJTHEHMs] YEHOYHOTO WJIM IIEMHOTO IEperuieTeHus] B KaKIOoM IIBEHHOW MallinuHe
MMEIOTCS CJIENIYIOIME OCHOBHBIE paboune OpraHbl (OCHOBHBIE MEXAHU3MbI): MEXAHU3M HIJIbI,
YyelHOKa (WM TETIUTeNs), MEXaHW3M MpPOABIKEHUsS Marepuana (peiika), Jlamka, MEXaHH3M
HUTETIPUTATUBATENS (M1 HUTETIOAaTUNKA).

1. Araa — npokanbiBaeT MaTtepuai, MPOBOJUT YEpe3 HEro BEPXHIOI0 HUTKY M MPH MOJAbEME Ha
1,5-2,0 MM oOpa3yeT MEeTIo-HAamycK, HEOOXOIUMYIO Ml NajdbHEHIero ee 3axBaTa HOCHKOM
YeITHOKA.

HaubGonpiiee pacnpocTpaHeHue B LIBEHHOM MAIIMHOCTPOECHUU IMOJIYYWI KPUBOILIUIIHO-
LIATYHHBIA MEXaHU3M HIJIBI C BEPTUKAJIbHBIM BO3BPAaTHO-IIOCTYIATEIbHBIM JIBHKCHUEM MWIJIBI,

KOTOPOC nCpeaacTCsd OT Bpallarouierocs rjiaBHOro Bajia.

Hrna BeINOJIHSAET BO3BPATHO-MIOCTYIIATCIIbHBIC JIBUKCHU .
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Koa6a npeaHasHadycHa I KPEIJICHUS UTJIbI B UTJIOACPIKATCIIC.
Jle3BHe UTIIbI SBJISICTCS OCHOBHOM HCCYIJ.I@IZ YaCTbIO HUIJIBI. I[I/IaMCTp JIC3BUA UTJIbI ONIPCACIIACT
IMPOYHOCTH HUTJIBI. Yem BbIIIC ANaMETp, TEM MPOYHEE HTJIA. HI/IaMeTp UIJIBI3aBUCUT OT HOMCpaA

urisl. [lpumep: nipu HoMmepe urjbl N = 100 ntuametp ee jie3Bust d = 1 mm.

Ocmpue urnpl CIyXUT Ul TPOKOJIa MaTepuana. B 3aBUCMMOCTH OT IJIOTHOCTH U CBOMCTB
MaTepuaia IPUMEHSIOT UTJIbl ¢ pa3audHoi (opMoit ocTpus (Kpyriyro, OBaJIbHYIO, JOMATOYKOMH,
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TpeXTrpaHHyi0 u Ap.). Paznuunas (opma ocTpusi MO3BOISET YMEHBIIUTh HE TOJIBKO YCHIINE
IPOKOJIa MaTepuana, Ho U JeeKT OT IPOKOoJIa: npopybaemocms MaTepuaa.

JIUTHHHBIH KeJI000K TpeJHAa3HAYCH Ul YMCHBIICHHUS TPEHUSI UTOJBHONM HHUTKH O Marepuai
JIe3BUE UTJIBI U BO3MOXHOCTH €€ 0OpBIBA.

KopoTtkasi BbleMKa CIIy>KUT JJIs1 yIy4lIEeHHs] 3aXBaTa UTOJIbHON NETJIM HOCUKOM YEJTHOKA.

Bce urnel pazauuaror mo Ty, 0003HadeHUAM (OPMbI UCHOIHEHUs KOJIOBI, JIE3BUS U OCTpUs
uribl. Urisl A7 muThs Ha MalinHe BRIOUPAIOT C YYETOM CBOICTB 00pabaThiBaeMOro MaTepuasa
(MJIOTHOCTB, LBET U JP.) U KPYTKU HUTOK.

HpI/I MHUTHEE CUHTCTUUYCCKUX MATCPHAJIIOB IMPHUMCECHAIOT UIJIBI C KEPAMHUUYCCKHUM ITOKPBITHEM. 3a
CUCT 3TOI'0 YMCHBIIIACTCA HAI'PECB UTIJIbI, KO3(1)(1)I/IL[I/ICHT COIIPOTUBJICHHA U IIJIABJICHUS MaTCpHUalia,
HC O6p8.3y€TC$I CTaTUYEeCKUH 3apAand, U YBCIIMUUBACTCA IMIPOYHOCTH UIJIBI.

Hrasl ¢ anMa3HbIM MOKPBITUEM UMCHOT BBICOKYIO I/IBHOCOCTOﬁKOCTB, YTO IIO3BOJIACT 3HAYUTCIBHO
YMCHBUIUTDb HArpeB UTJIbI. Cumxkaercs BCPOATHOCTD O6pI)IBa HUTHU.

Kepamuieckoe AAMAIHOE TOKDEITHE
ORPLITHE

THTaHOBOE NOKPEITHE

l'lm-:pume, HaHeCeHHOe

Ad OCAMARHHEM HapOB Uraa
Puc. 1.3. Wrna c kepamuve- Puc. 1.4. Wrna c anmMa3sHbIM
CKMM NOKPLITUEM NOKPLITUEM

2. MexaHM3M YeJHOKA CIYKUT JJIsS 3aXBaTa WTOJILHOM TETIH, paclupeHus ee, oO0Boja
BOKPYT HETOABM)KHOTO HIMyJEIepKaTeNsl U MPOBEICHUS Yepe3 Hee HUTKH CO IIIMTYJIbKH.
Uennoku ObiBatoT KojeOmromuecs W Bpamawoommecs. KoneOmrommuiicss 4eqHOK B
3aBUCHUMOCTH OT HAIMpaBJICHMs TMOJXOAa HOCHMKA YENHOKA K METJIe-HAMyCKy B MOMEHT
3axBaTa MOYKET OBITH IMpaBo - U JICBOXOAHBIM.

€va

Puc. 2.18. BHaH KoNeOmOImMXCH YeTHOKOB:

a — UCHTPANBHO-MINY/IbHEN NPAaBOXONHMMN; 6 — UEHTPATLHO-IIMYTbHbBH JIEBOXOA-
HHI; 8 — HEeLEHTPANbHO-IIMYNILHEIK
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Bpamaromuiics (poTallMOHHBIN) UYETHOK MOYKET MMETh I'OPU30HTAJIbHYIO WM BEPTUKAJIBbHYIO
WIM HAaKJIOHHYI0 OCh BpalicHMs. Bpamarommuecs 4eIHOKM KOHCTPYKTHUBHO BBIIIOJHEHBI, Kak
NPaBUJIO, PABHOMEPHO BPAIIAIOIIUMHUCS, XOTSI MOTYT OBITH CHeIMaIbHbIe KOHCTPYKIIMYA MAIIUHBI
C HEPAaBHOMEPHO BPalalOUIMMUCS YEITHOKAMHU.

(]

Puc. 2.19. Buasl poTallMOHHBIX YEJTHOKOB:

@ — € TOPU30HTAIBHOM OChIO BpPALEHHA; 6 — C BEPTMKAIbHOM OCbIO BPALUCHMS; 6 —
C HAKJIOHHOHM OCBIO BPAaLEHHS

OTHU YETHOYHBIE YCTPOMCTBA COCTOSIT M3 IIECTH OCHOBHBIX KOHCTPYKTHMBHBIX HacTEH: KOpmyca,
HIMyJeepKaTesi, CKoO (HalpaBIIsSIOIIUX MOTYKOJIeIl), IIMYJIbHOTO KOJIMayKa U MIMTYJIbKH.

IToaBuxHOM KOHCT}T)YKTI/IBHOI‘/'I YaCTbIO BCCX YCIITHOYHBIX YCTpOﬁCTB SABJISICTCS KOPITYC.

[IImynpHBIM KOANAYOK YAECPKUBAET IIMYJIbKY. Perynupys npukarve IIacTUHYaTOW IPYKUHBI,
Ha HEM MO’KHO MEHATh HATSKCHUE YEITHOYHON HUTKHU.

3. MexaHHM3M HUTENPUTATHBATEJS [10JACT HUTKY HUIJIE, YEITHOKY, 3aTATUBAET CTEKOK.
B THXOXOIHBIX YEIIHOYHBIX MAIIMHAX IIPUMEHSAETCS KYJIa4YKOBbIA HUTEIIPUTATUBATENb.
B cpenneckopOoCTHBIX MalIMHAX MPUMEHSIETCS IAPHUPHO-CTEPKHEBON HUTEIPUTATUBATENb.

B BBICOKOCKOPOCTHBIX MalinHax IMIPUMCHSACTCA BpﬁHI&IOHIHfIC?I HUTCIIPUTATHUBATECIIb.
HI/ITerI/ITHFI/IBaTeJ'Ib OOBIYHO BBICTYIIACT U3 KOPITYCA U 3aKPLIT ITPECAOXPAHUTCIIbHBIM IHIUTKOM.

a ]

Puc. 2.22. Buasl HUTENIPUTSTHBATENICH:
a — KYJIa4YKOBBIC, 6 — HIADHHPHO-CTCPXHEBLIC, € — KYJIMCHBIC, ¢ — BpallalolMecs
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4, MexaHu3M MepeMelleHus MATepHajga MOKET ObLIThL BBLINOJHEH B BHIE OJXWHAPHOIM,
JBOWHOW WJIM TPOWHONM CHCTEMBI.

DTO 3aBUCUT OT (PU3UKO-MEXAHHYECKMX CBONCTB NpPHUMEHSEMbIX MarepuanoB (Hanpumep:
MOJCMAs KOJXMCca UIU MOHKULL wiek), a TakKe OT 3aJlaHHON OIepaluy IMOIIKBa, T. €. TpeOyercs
WM HET T0cajika MaTepuana.

OnpuHapHasi CHCTeMa COCTOUT U3 peﬁKH M JIaIlK1 HUJIN I[I/I(b(bepeHHI/IaHBHOFO MCXaHU3MaA.

J(BOMHbIE CHUCTEMBbI, KaK IIPaBUJIO, OCYIIECTBIISAIOT IPOABMKEHUE Marepuanga pPEUKod H
OTKJIOHSAIOLIEHCS BAOJb JIMHUU CTPOYKH UIVION WM HUKHEH U BepXHell 3yOuaTbiMu pelikamu, a
TaK)Ke pEHKOU U POJIMKOM HJIU ABYMS POJIMKAMH.

Tpoiinble cUcTeMbI OCYILECTBIISIIOT IIPOJBMKEHUE MaTepuala HUKHEH W BEpXHEW 3y0daTbIMu
peiikaMu ¥ OTKJIOHSIOIIENCS BOJIb JIMHUNA CTPOYKHU UIJIOM.

Bomnpocsl 1715 00cykaeHust
1 Onucarh KOHCTPYKIMIO OCHOBHBIX Y3JI0B IIBEHHBIX MAIIUH

JladopaTropnasi padora 15 CocraBjieHue KHHEMATHYECKHUX CX€M IIBEHHbIX MAIIMH.

HccnenoBanue nMKJIOrpaMMbl padoThl MPSIMOCTPOYHBIX HIBEHHBIX MAILIUH

Henpb 3ansaTusa 3aKrovaetcs B GOPMUPOBAHUH Y CTYIEHTOB MPOQPECCHOHATFHOW KOMITETEHITHH:
TIK-1:

Kunemarnueckast cxema — 3TO cxXeéMma, Ha KOTOpOﬁ IIOKa3aHa IMOCJICA0BATCIbHOCTL IICPCAaun
ABVIKCHUSA OT ABHUIATCIIA 4YCPE3 HepeIlaTO‘-IHI)IfI MEXaHU3M K pa60q1/1M opradHaM MallWHBI U U3

B3aMOCBA3b.

Ha xmHeMaTHdeckux cxemax 1/1306pa>1<a}0T TOJBKO T€ OJJCEMCHTbI MalIMHBbI WJIHN MCXaHH3Ma,
KOTOPBIC IPUHUMAIOT YH44CTUC B IICPCAAvYC ABUKCHUSA 0e3 CO6J'IIOI[€HI/IH pa3MEpoOB U HpOHOpL[I/II‘/JL

Bce snemeHThl Ha cxeMe 0003HAUYalOT YCIOBHBIMU IpaMuecKUMH O0O3HAYEHUSMHU COTJIACHO
I'OCT 2.770-68 ECKJ] O603HaueHus yciaoBHbIE rpaguuecKHe B CXeMax.

Kunemarnyeckue cxeMbl BBHIIOJIHSIOT B COOTBETCTBUU C TPEOOBAHUSAMU

I'OCT 2.703-2011 ECKJI IIpaBuiia BEINOIHEHNS] KHHEMATHUECKUX CXEM.

YuraTh KMHEMATUYECKYH0 CXEMY HAUMHAIOT OT JBHUraTelssd, KaK MCTOYHUKA JBMKCHMS BCEX
MOJIBIKHBIX JleTaneld mMexaHusma. Ha cxeme oH 00o3HauaeTcs, Kak MpaBUIIO, OKPYKHOCTHIO C

OykBoii M B cepenune.

Ornpenensisi MOCIeI0BATEIBHO MO YCIOBHBIM 0003HAYCHUSM KaXKbI DJIEMEHT KHHEMAaTHYECKON
LIEMY, YCTAHABJIMBAIOT €r0 Ha3HAYEHHUE U XapaKTep Nepeladu ABUKECHUSI.

OcHOBHBIE YCTIOBHBIE 0003HAYCHHUS

HaumenoBanue O06o3HaueHne
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Baun, Banuk, och, CTep)KEHb, ATYH U T.II.

[NogmMIHUKN CKONBKEHHs U KadeHUs Ha Baiy (0e3
YTOYHEHMS TUIIA)

Mydta. Obmee o603HaueHHE 0€3 YTOUHCHHS THIIA

[lepenaun (pUKLIMOHHBIE: a) C LUWIMHIPHUYECKUMU
poJIMKaMu

E¥3

[lepenaua pemHeM 0e3 YTOYHEHHUS THIIA PEMHS

.__}.__ ¢

[Iepenava mrockum peMHEM

Ilepenaya KIMHOBBIM PEMHEM

[lepenaua nenbto, obmee oOo3HaYeHHE Oe3 yTou-
HCEHUA TUIIA LICIIN

HanmenoBanune ‘OGOSHB}ICHHG
(@)
[lepenava KpyrasiM peMHEM . o e 4 - -
AVAW g
[lepenaya 3y04aTbiM peMHEM L1l 5 — ¥
/‘*ﬁs * —
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[lepenaun 3yOuarebie (MMIMHIAPUYECKUE): a) BHEITHEE
3areruieHne (obmiee o003HaUYeHne 0€3 YTOUYHEHHsS THHA
3yObeB)

0) TO XKe, C MNPSIMBIMH, KOCBIMH M IIEBPOHHBIMHU
3yObsIMU

Hepez[aqn 3Y6‘-IaTBIC C MCPECCKAOIIUMUCS BaJlaMU,
KOHHNYCCKHUEC

HanmenoBanue O0o3HaueHne

Hepez[aqn 3Y6‘-IaTBIC CO CKpPCHIMBAOIIMNMMUCA BaJlaMU:
a) YCPBAYHBIC C TUJIMHAPUYCCKHUM YCPBIA KOM

|

0) uepBsSYHBIC TII000UTHBIC

P
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Ilepenaua BUHT-raiika r}l—-—-’ﬁw#

771

ONEKTPOIBUTATENh @—

IIpumep onucanuss KHHEMAaTUYECKON CXEMBI:

X' N X

: Il I
- >
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BpamarenpHoe n1BMKEeHHE OT AnekTpoaBuratens 1 yepes mydry(ynpyryro) 2 nepenaercs Ha Bail
I ¢ 3y6uaTeim kosiecoM 3 ( OOBIYHO ITO MIECTEPHSI), KOTOPOE 3AIETUISETCS C 3y0UaThiM KojiecoM 4
BTOporo Bana II. 3yOuaTas mepemaua sBIsSETCS MUWIMHIPUUYECKON KOCO3YOOW M pacroiokeHa B
kopryce 5. Ha Ban Il macaxen 3Be3ngouka 6 1enHoi nepenauyn. C MOMOIIBIO HETH JIBUKEHUE
nepenaeTcss Ha BbixogHoW Ban III depe3 BTOpyro 3Be3mouky. Omopamu BajoB SIBISIOTCS
TIOAIIHUITHUKH.

OCOOEHHOCTH B3aUMOJCUCTBHS YETHIPEX OCHOBHBIX MEXaHM3MOB INBEHHON MaIIMHBI OOIIEro
Ha3HAYCHUS MOXKET OBITh TpEJCTaBIeHA LUKIOrPaMMOW MX PabOTHl B BHJE COBMEIICHHBIX
rpa¢ukoB QyHKIMH 110 0000IIEHHON KOOpJIMHATE - YTy MOBOPOTA IJIaBHOTO Baja (puc. 6.14).
Yc(Cp) - BepTHKaNbHOE MEPEMENICHHE OCTPHS HIIIBI, j/z(CP) - Yroil MmoBOpPOTa BpalarOLIErocs
yenaHoka (metnutessi), Yp(cp) - BepTuKaibHOe nepemernienue riaska F aurenonatuuka, Yp((p) -
BEPTHKAJIBHOE TIEPEMEIECHHE TpPAaHCIIOPTHPYIOIIEH peiiku. 3a Hayano orcueTa rpaduKoB
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LUKJIOPaMMBbI IIPUHSATO KpaliHee BEpXHEe TIOJIOYKEHUE UTJIBL.
1
Ye i

y. (o) " N

Ya

S

2n | e 0

n
e
G ®
e

TP

Puc. 6.14. llukjaorpamma padoTbl 4eqHO4YHON mBeliHoii Mammusl KYP - 31 Ha
HHUKJIOTPaMMe 0TMEUYEHbI XapaKTepPHbIe TOYKH:

e 1 - kpaiiHee BepxHee MOJI0KEHUE UTJIbI,

e 2 - HayaJo MPOKOJIa MaTepHasa Uriowu,

e 3 - KpailiHee HIKHEE TIOJIOKESHHE UTJIHI,

e 4 - okoHYaHUe 00pa30BaHUs METIM - HAITyCKa U MOMEHT €€ 3aXBaTa HOCUKOM YEeJTHOKa,

e 5 - BBIXOJ UIJIBI U3 MaTepuaa,

e 6 - HayaJO CHATHS UTOJBHOM HUTKHU C YEITHOKA,

e /- OKOHYAHUE 3aTSAKKU CTEKKA,

e 8 M 9 - COOTBETCTBEHHO MOMEHTHI Hadaja MOJbEMA PEHKU BBIIE M OIYCKAHUS HUXKE
YPOBHS IUTACTUHBI.

OOpa3oBaHue CTeXKa MPOMCXOTUT 3a OAMH LUK IJIaBHOro Bajga MamuHbl (p. Mrma U u3
KpaiiHero BepxHero mnojokeHus (T.1) mepemeraercs BHM3, MpOKaNbIBAeT marepuan (T.2) U
IPOBOJUT CKBO3b HErO METII0 WUTOJbHOM HUTKU. IIpum moabeMe UIibl U3 KpaHEro HHUXKHETO
nonoxeHus (1.3) Ha ydacTke 3-4 WroysibHas HUTKA oOpa3yeT MeTI0 - HamycK, KOTOPYIO
3axBaThIBAaCT HOCUK yenHoka Y (T.4), 1 0OBOJMUT €e BOKPYT IINYJIH, HAXOAslIelcs B yenHoke. B
9TOT MEPUOJT UTJIA U BEIXOIUT U3 MaTepuaina. [locie okoH4YaHUS 00BOA MIETIN UTONBHON HUTKH
BOKpPYT YeJIHOKa HUTenpuTsaruBareiab H ¢ momomipio yimka F cTAruBaeT MroipHy0 HHUTKY C
YeITHOKA, BBIOMpACT W3JMINCK HUTKA W3 IOJ MaTepuana M 3aTsaruBaeT crexok (1.7). B Tor
NepuoJ, KOrJla Wrjla HaxOJUTCSd BHE MarepHala, MPOUCXOJUT €ro IepeMelleHHue Ha mar
00pabotku (y4.8-9). Peitka TP, mogHuMasch BbIII€ YPOBHS UTOJIBHOM MJIACTHHKH, CIETUISIETCS C
marepuajgoM (T.8), TpaHCHOPT e€ro Ha mar oOpaboTku tm M ocBoOOXTaeT marepuan (T1.9),
OITYCKasICh HUKE YPOBHS UTOJIBHOM TTACTHUHBI.

56



Bomnpocsl 17151 00cyKAeHUs
1 Kunemarndeckue cXeMbl IMIBEHHBIX MALINH
2 I{uxnorpamMmbl paboThI MPSMOCTPOYHBIX IIBEHHBIX MAIIMH

JlabopaTopnasi padora 16 U3yuyeHne KOHCTPYKIIMM M KHHEMATHYECKHX cXeM ObITOBBIX

npudoOpoB BpeMeHU

Henpb 3ansaTud 3aK1r049aercs B (GOPMHUPOBAHUH Y CTYJAEHTOB MPO(PECCHOHATEHOW KOMIIETECHITHH:
K-1:

DJIeKTpHYecKHe 4achl ¢ COOCTBEHHOI MeXaHN4eCKOH Mepoii BpeMeHHU. DJIEKTPUUECKHUE Yachl
NPECTaBISIOT COO0 MPUOOPHI I U3MEPEHHS BPEMEHH, B KOTOPBIX 0 KpaiHEH Mepe oHa U3
(GyHKUUH — NPUBOJ, pEryJupoOBaHHE XOJa, Ieperadya SHEpruu K OJIOKY MHAMKALUU WM K
YKa3aHUE€ BPEMEHU — PEaIM3yeTCsl C IIOMOLIBIO dJIEKTPUYECKUX IEMEHTOB U YCTPOMCTB.

B snexTpudeckux yacax MPUBOJI OCYIIECTBISAETCS C MOMOIIBIO 3JICKTPUUYSCKUX HAKOIUTENIEH
sHepruu (0aTapei, CeTH HU3KOTO HAIMPSHKCHUS TUTAHUS ).

B xauectBe KO0J€0aTEIBLHON CHCTEMBI IMPUMCHAIOTCS BpallaltomueCsa OCHWLIATOPbI HIIU
KaMCPTOHLI, KOTOPBLIC CHAO0KEHBI 3y6IIaMI/I W3 MarHATOMSTKOM CTaJId, IIOCTOAHHBIMHY MarHuTaMH
HJIM KaTyHIKaMH. OCI_II/IJ'IJ'IHTOp CBSI3aH MEXAHHWUYECKM HJIM MArHUTHOM CBSI3BI0 C MEXaHHU3MOM
CIIyCKa " HCIOCPCACTBCHHO ¢€ro B3BOIMT. Ilogaua OHCPIrun K KoJIeOaTeIbHON CHCTEME
peryiupyercda caMuM OCHUJUIATOPOM.

[Ipy KOHTAaKTHOM YINpaBICHUM [OJaya HHEPTrUU IPOU3BOJUTCS UEpe3 MEPEKIIIOYAIOIINe
KOHTaKThl. MIX HEIOCTaTOK 3aKJII0YAaeTcsl MpPeXkJie BCEro B MEXaHMYECKOM H3HOCE KOHTAaKTOB.
[Ipy OECKOHTAaKTHOM pETYJIMPOBAHWUHU II0JIa4a DHEPTUU OCYIIECTBISETCS C  ITOMOIIBIO
NEPEKIIIOYAOIIIX TPAH3UCTOPOB.

YacToTHBIN JMana3oH MpU UCIOJIb30BaHUM BPALIAIOMUXCS KOJIeOaTeIbHBIX CUCTEM HAXOIUTCS
Huwke 5 ['n. Kamepronst padotatoT ¢ yactoroit okoso 300 I'm. B kamepTOHHBIX cucTeMax s
nepeaays Hepruu OT KaMepTOHAa K MEXaHM3My XoJa HeoOXoauMma Npenu3HoHHas 3yOdaras
nepezaaya ¢ OOJBIINM NEPEJATOYHbIM YHCIIOM.

DNEeKTpUUECKHUE Yachl YCTAaHABIMBAIOTCS HAa MPEINPUITHUSIX, B IIKONAX U T. 1. YacTo Bo3HUKaeT
HEOOXO/MMOCTh  COEIMHUTh OCHOBHBIE (TJIaBHbIE) Yachl C CHTHQJIBHOW  CHCTEMOW,
ANEKTPUYECKUMU TalMepamMH, 3BYKOBBIMH CUTHQJIBHBIMH YCTPOMCTBAMM [UISl YIIPABICHUS
IIPOU3BOJICTBEHHBIMU IIPOLIECCAMH.

3J'I€KTpI/I‘-I€CKI/I€ JaCOBBIC YCTAHOBKH COCTOAT M3 TJIABHBIX YaCOB M HECKOJBKHX BTOPHUYHBIX
yacoB. [ 1aBHBIE U BTOPHUYHBIC YaCbl COCINHCHBI COOCTBEHHOM CEThIO IMPOBOJOB. I'maBHBIC Yachl
moA3aBoOAATCA OJJICKTPHUYCCKHU UYCPE3 OJAMHAKOBBIC MHTCPBAJIBI BPEMCHH; OHH CHa0>KEHBI
MasAsTHUKOM, ITPUBOAUMBIM B HeﬁCTBHC C MIOMOUIBIO TUPHU WA CHHp&J’IBHOﬁ NPy KUHBI.

MastHuk konebnercs ¢ yacrotoit ot 0,5 1o 1,0 I'm. Dta yacToTa MEXaHHYECKU pelylupyeTcs B
yacoBoM MexaHu3zMe. C TIOMOILIBIO XpamoBOro Kojieca WIM KyJadka BKIIIOYAKOTCA
NEPEKIIIOYAIONINE  KOHTAKTBI, KOTOPBIE pa3jlaraloT CHUTH&JI IOCTOSHHOTO TOKAa Ha
MOJIOKUTEIbHBIE U OTPHUIIATEIbHBIE UMITYJIBCHL. DTH UMITYJIbCHI IOCTYIAI0T BO BTOPUYHBIE YaCHI.
Crnenyer pasznuuaTh CEKYHIHbBIE 4Yachl (OJUH UMIIYJIbC BKJIIOUEHHUS 3a 1 C) 1 MUHYTHBIE Yachl
(oguH UMMyNbC BKJIIOYEHHS 3a 1 MuH.). Bropuunble yachkl MpUBOJAAT B JeHCTBUE (C TOMOIIBIO
I1aroBOTO MEpEeKIItoYaTess yepes nepeaady) CUcTeMy HHANKALUH.
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KonnyecTtBo 00CIIy)KHBaeMBbIX BTOPHUYHBIX YacOB OTPAaHMYUBACTCS MOTPEOJICHHEM SHEPTrUH U
JIONYCTUMOMN CHJION TOKA BKIIIOYEHHUS (TIEPEKITIOUEHMS) TTIaBHBIX YacoB.

B GonpHinHCTBE YCTAaHOBOK HECKOJBKMMHU BTOPUYHBIMH HacaMU YIPaBJIAOT IIPOMEKYTOYHBIC
yacel. Takum O6p&30M, IIpU BHE3AITHOM OTKJIIOYCHHUHU HAIIPSAKCHUA CCTHU YaCbl HC OCTAHOBATCA, a
6yz[eT BKJIFOUCHO 6aTapeI71Hoe IMUTaHUEC, 3apsaKacMO€ aBTOMAaTHYECKHN OT CCTH. W3BecTHBI Takke
CUCTCMbI C AKKYMYJIATOPHBIMU HCTOYHHKAMH INHUTAHHA, aBTOMATUYCCKH BKIIOYACMBIMU IIPU
BHE3aITHOM OTKIIFOYCHHH HAITPSAXKCHUSA CCTH.

JJIeKTPUYECKHE Yachl ¢ COOCTBEHHOW JJIEKTPOHHOM Mepoil BpeMeHH. DJICKTPUYECKHUE
npuOOpsl /UII HU3MEPEHUsI BPEMEHM, COJIEp)Kalllie B KAaueCTBE JTAJIOHA JJICKTPUUYCCKUN
KBapLEBbIl PEe30HATOp, HA3BIBAIOTCS KéapyeguiMu dacamu. Yactora, moigyyaemasi ¢ MOMOIIBIO
reHeparopa Ha TPAH3UCTOPAx, CTAOWIM3HMpYeTCsl C TOMOLIbIO KBapleBOro pesoHaropa. Ha
OKOHUEHHOM KacKaJle YCWJICHUs KoyieOaHUs YCHJIMBAIOTCA M 4YacTOTa UX JIEIUTCS C MOMOIIBIO
nenutenst 4actoThl. [locie nenuTtens 4acTOThl Ha BBIXOJE IMOMYYAlOT CUTHAJIBI MEPEMEHHOTO
HanpspkeHus yactoroil ot 1 1o 10 ' (B 3aBUCMMOCTH OT THUIIA YacOB), KOTOPbIE MPUBOMAAT B
JIBIDKEHUE CUHXPOHHBINA JIBUTATENb; JBUTATENb MIEPEMEIIAET COOTBETCTBYIOIMM 00pa3oM (depes
nepeaavy) CUCTeMY UHIUKALIUU.

KpOMe OIMMMCAHHBIX CUCTEM MHAWKAIMKU U3BCCTHBI TAKKC YIIPABJIACMBIC UMITYJIbLCAMHU HI/Iq)pOBI)Ie
HHAUKATOPHBIC TPY6KI/I, CBCTOU3IIYHAOIIUEC NUOAbI UJIN AKYCTUUCCKHUE CUTHAJIbI BPECMCHHU. I[J'ISI
CTa6I/IJII/I3aIII/II/I pC3OHaHCHOfI YaCTOThI KBAPUCBOI'0 pe3oHATOPAa MJOJIKCH HMCIIOJIB30BATHCA KBapIL
IIpu IMOCTOSIHHOM TEMIICPATYpCE. HOBTOMY KBapl IMOMCEHIACTCA B BAKYYMHYIO KaMEpy U IIpHU
IMOBBIIICHHBIX Tpe6OBaHI/I$[X TOYHOCTH YCTAaHABJIMBACTCA B TCPMOCTAT.

B mnacrosimiee BpeMs co3/1al0TCS KBaplEBble Yachl B Pa3jMYHbIX MCIIOJIHEHUAX U pasHOU
TOYHOCTH — OT OOJIBIIMX YCTAHOBOK JJISi LIEHTPAJIM30BAHHBIX CIYKO BpPEMEHH 10 HApy4YHbBIX
yacoB. B COBpeMEHHBIX Hapy4yHbIX KBaplEBbIX 4Yacax MMEIOTCS JIIEKTPOHHBIE CXEMBI,
cHaOXEHHbIE HECKOJIBKUMHU mporpamMmaMu. OHM 00ecreurBalOT BO3MOXKHOCTh YKa3bIBaTh
BpeMs, HMHTEpBaJbl BpPEMEHU (CEKyHAOMEpbl), aary (Mecsl, JAE€Hb) M MHOI/A MOTYT
WCIIOJIb30BAaThCS IIPU IIOMOIIY COOTBETCTBYIOIIEH KIIABUATYphl KaK MHUKPOBBIYMCIUTEIBHOE
YCTPOMCTBO.

JJleKTprYecKkre 4Yachbl € COOCTBEHHOM AaTOMHOIl Mepoii BpeMeHH. ATOMHBIE Yachl
UCTIONB3YIOT KosiebaHusi Mojekya NHs, 4acToTy sHepreTHdeckux Mepexo/loB aToMa Le3us Win
IMPUHIMUIT KBAHTOBBLIX T'CHEPATOPOB Ha BOJOPOAC WU TaJIJIMH. HCSI/IGBBIC 4acCbl, HAIpUMEp,
NPECTaBISIOT cO00I KBaplEeBble Yachl, XapaKTepU3yeMble BHICOKOM TOUHOCTBIO XOJa, 4acTOTa
KOTOPBIX YINPaBJIAETCSl PE30HATOPOM, HAMNOJIHEHHBIM L€3ueM. OTH 4Yacel padoTalT ¢
UCIIOJIb30BaHUEM aToMHOro mydka “CS, HCIyCKaeMOro SMHUTTEPOM M OTKIOHSIEMOIO B
OIHOPOJHOM MArHvMTHOM IIOJIC. HO}I )IefICTBHeM MaramTHOIro IEpPEeEMEHHOr0o BbICOKOYACTOTHOT'O
T0JIs aTOMHBIH MMy40K BO30YKIAeT 3JI€KTPOMarHUTHbIE KOJIEOaHUs B ITOJIOCTH PE30HATOpA.

Yacrora 3THX KoJeOaHUH paBHA YaCTOTE YHEPIeTUYECKOTO Mepexoia aTOMOB 11e3usi ¢ ypoBHs F
— 4, m = 0 Ha ypoBens F = 3; m = 4. Ot pe3oHaropa oHa nepeaaeTcsi Ha KBapleBble yachl. [Ipu
U3MEHEHHH YPOBHEW MAarHUTHBI MOMEHT aTOMOB II€3Hsl CTAHOBUTCS 0OpaTHBIM. C TMOMOIIBIO
JPyroro OJHOPOJHOTO MAarHUTHOTO IIOJIi AaTOMBI HAmpaBisAlOTCS Ha jaerektop. [lpu
MaKCHUMaJbHOH YacTOT€ aTOMHOTO ITydYKa, IOTNANaloNIero Ha JETEKTOp, yCTAaHOBHBIIAsCS B
MOJIOCTH PE30HAaTOpa YacTOoTa COOTBETCTBYET YacTOTE€ HJHEPreTUYECKOro Mepexoia aTOMOB
ne3uss. C TMOMONIbIO 3JEKTPOHHOM CHCTEMBI, YHpaBIIeMOH OJOKOM JE€TeKTOpa, YacToTa
KBapLEBOI0 reHeparopa gocrturaet 3Hauenus 9 192 631 770 I'n.

58



DTa cucTeMa W3MEPEHHUS BPEMEHHM HCIOJIb3YyEeTCS B PaA3IMYHBIX HAYyYHO-MCCIEI0BATEIbCKUX
MHCTUTYTaX U peaju3yeT (B KauyecTBE MEPBUYHOIO FTATIOHA) EAUHUILY BPEMEHH.

Bonpocsl 1715 00cyskaeHust
1.B xakux 00JacTsaX HAYKH U TEXHUKU TPEOYIOTCS N3MEPEHHS BpEMEHH?
2. Kakue CyIiecTBYIOT BeJIHYHHBI, CIIUHUIBI H STAJTOHBI BpEMEHU?

3. Kakue BO3HUKAIOT OTPEITHOCTH PU U3MEPEHUH BPEMEHHU Pa3IMYHBIMU YacaMu?

4. TlpuBeaure KJIacCH(PUKAIMIO MEp BpPEMEHH C KoyebaTrelabHOW cucteMoil u 0e3
KOJIe0aTEeTbHOM CHCTEMBI.

CIIMCOK PEKOMEHAYEMbBIX TH®POPMALMOHHBIX UICTOYHHUKOB

6.1. Pexomenayemas JiuTepaTypa

6.1.1. OcHoBHasI TUTEpPATypa

ABTOpBI, COCTaBUTEIH 3arnaBue WzparensctBo, ron | Anpec
JI1.1 |Bopo6GreBa H. H. XosoauibHas TEXHUKA U TeXHOIorus. YacTsp 1: Kemepozo: http://www
YuebHoe nocobue Kemeposckuit .iprbooksh
TeXHOJoTHYecKuit | op.ru/1439
UHCTHUTYT NUILIEBOMH 9.html
MPOMBIIIIEHHOCTH,
2006
JI1.2 |Bopo6seBa H. H. XonoawibHas TEXHUKA U TexHosorus. Yacts 2: Kewmeposo: http://www
VYuebHoe mocodue Kemeposckuit .iprbooksh
TEXHOJIOTHYECKU I op.ru/1440
HHCTHUTYT MTAIIEBOM 0.html
MPOMBIIIIICHHOCTH,
2006
JI1.3 |Cemukomnenko U. A., |XomogunpHas TexHUKa: Yd4eOHOE ITOCOOHE Benropon: http://www
Kapmnaues 1. B. Benroponckuii .iprbooksh
TOCyIapCTBEHHBINH | 0p.ru/2841
TEXHOJIOTHYECKHIA 7.html
YHUBEPCHTET FIM.
B.I'. llyxoBa, ObC
ACB, 2014
6.1.2. lomosiHMTEIbHASA JINTEPATYypa
ABTODHI, 3arinaBue W3narenscTBO, TOI Anpec
JI2.1 |KoukuH B., ITopoxoe |CoBpeMeHHBIE CTHPAIBHBIC MAILIAHEI Mocksa: COJIOH- | http://fwww
A., MeneHrtbes A., IIPECC, 2016 .iprbooksh
u6oukwus I1., Poaux op.ru/6540
A. B., Tronun H. A. 4. html
JI2.2 |Caynos A.IO. CoBpeMeHHbIe MUKPOBOJIHOBBIE 1teun: [IpakTiuueckoe |Mocksa: http://znani
nocooue W3natenbcTBO um.com/go
"COJIOH-IIpecc", .php?
2013 id=882799
J12.3 CoBpeMeHHbIe KOHIUIIMOHEPbl. MOHTaX, Mockaa: http://znani
9KCILTyaTanus U peMoHT: [IpakTiuueckoe mocoodue W3natenbcTBO um.com/go
"COJIOH-IIpecc", .php?
2015 id=902297
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J12.4

Bysiros O. H., XOJOAMITEHOE TEXHOIOTHIECKOE 000pyIOBaHHE Kemepozo: http://bibli
Bopo6nésa H. H., Kemeposckuit oclub.ru/in
VYcos A. B, TEXHOJIOTHYECKU I dex.php?
Iumkuaa H. B. HHCTUTYT muiieBoi | page=book
MpOMBIIIIeHHOCTH, | &id=1415
2009 10

6.1.3. MeTtonnueckue pa3padoTKku

ABTODHI, 3ariaBue WsnparensctBo, rox Anpec

JI3.1

Kpyrnos A. A. YnpasneHue Ka4eCTBOM XOJIOJUIBHBIX CUCTEM: Canxr-TlerepOypr: | http://www
VY4ebHo- MeTomuueckoe mocodne Yuuepcuter .iprbooksh
UTMO, Uncruryr | op.ru/6532
X0JI0/1a 1 6.html

OMOTEXHOJIOTHIA,

2015

JI3.2

H3uno A. A, AGCOopOILMOHHBIE X0JIOUIIbHBIE MAIIUHBL: Y4eOHO- Canxr-TlerepOypr: | http://www
Masununa O. C. METOIHUYECKOE TI0COOHE YHuBepcuTer .iprbooksh
NTMO, 2015 op.ru/6575
3.html

JI3.3

J3uno A. A., TenoucnoNb3yroIue X0I0AUIbHbIC MAIIUHbL: Cankr-TTetepoypr: | http://www
Masmnauna O. C. V4e6HO- METOIMIECKOE TTOCOOHE VYHuBepcuTeT .iprbooksh
NTMO, 2015 op.ru/6818
5.html

6.2. Ilepeuens pecypcoB nHGOPMAIHOHHO-TEJIEKOMMYHUKAIIMOHHOH ceTH "UHTepHeT"

Ol

CoBpeMeHHbIC CTHpaIbHBIC MAIIUHBI [ DNeKTpoH-HbIH pecypc]/ B. Koukut [u 1p.].— DJIEKTPOH. TEKCTOBBIC
nannsie.— M.: COJIOH-TIPECC, 2012.— 136 ¢.— Pexum nocryna: http://www.iprbookshop.ru/20913.— 5BC
«IPRbooks», 1o maposto

92

PemoHT OBITOBOM TeXHUKHU [DIEKTPOHHBII pe-cypc]/ — DneKTpoH. TekcToBble JaHHble.— M.: COJIOH-
ITPECC, 2011.— 120 ¢.— Pexum moc-tyna: http://www.iprbookshop.ru/20903.— DBC «IPRbooks», o

93

Bopoosesa H.H. XonoaunbHas TexHUKa U TexHONO-THs. YacTh 1 [DnekTpoHHBIN pecypc]: yuebHoe moco-6ue/
Bopo6seBa H.H.— DnexTpoH. TekcToBbIe TaH-Hble.— KemepoBo: KeMepoBckuii TeXHOTOTHUECKUH HHCTUTYT
MUIIEBON TpoMbInuieHHOCTH, 2006.— 164 ¢.— Pexum noctyna: http://www.iprbookshop.ru/14399.— DBC
«IPRbooksy, o maposmto

D4

Kamikapos A.I1. YcraHOBKa, MOHTaX M 00CTY)KMBaHHE KOHAUIIMOHEPOB [DneKTpoHHbIH pecypc]/ Karukapos
A.T1.— DOnekrpoHn. TekcroBble nanHbie.— M.: JIMK Ilpecc, 2011.— 120 ¢.— Pexum pocryna:
http://www.iprbookshop.ru/7753.— 9BC «IPRbooks», 1o maposto

95

Teopus u rexuuka CBY [DnekTpoHHbIH pecypc]: yued-Hoe nocobue/ AWM. Acraiikut [u ap.].— DIEKTPOH.
TekcToBble faHHble.— CapoB: Poccuiickuii ¢ene-panbusiit aaepusiit nenrp — BHUNO®, 2008.— 464 ¢.—
Pexxum nocryma: http://www.iprbookshop.ru/18460.— 3BC «IPRbooksy, o maposto

26

Bopoobsesa H.H. XonoaunbHas TexHUKa U TexHOJOrHs. YacTe 2 [DieKTpoHHBIH pecypc] : yueOHoe nmocodue /
H.H. BopoGbeBa. — DieKTpoH. TeKcToBbIe fanHble. — KemepoBo: KeMepoBCKuii TEXHONOTHUESCKUI HHCTHTYT
IUIIeBoH npombinuieHHocTH, 2006. — 104 ¢. — 5-89289-447-9. — Pexxum pocryna:

o7

Cemuxonenko U.A. XonoaunbHas TexHUKa [ DneKTpoHHBIN pecypce] : yueOHoe nocobue / . A. CeMHUKOTIEHKO,
J1.B. KapmageB. — DnekTpoH. TeKCTOBBIE qaHHBIe. — benropox: benropoackuit rocyqapcTBeHHBIN
TexHosornueckuii yausepeuret uM. B.I'. Illyxoea, OBC ACB, 2014. — 269 ¢. — 2227-8397. — Pexum
nocryma: http://www.iprbookshop.ru/28417.html

98

XonoauibHas TEXHOJIOTUS TTHIIEBOM MPOMBIILICHHOCTH [ DJIEKTPOHHBIN pecypc] : yueOHoe mocodue / A.M.
Wbpaes [u ap.]. — DnekTpoH. TekcToBble AaHHble. — Kazanb: Ka3aHckuil HalMoOHaIBHBIN HCCIIeI0BaTEIbCKUN
TexHonoruyeckuii yausepcutert, 2010. — 125 ¢. — 978-5-7882-0935-7. — Pexxum noctymna:

99

CoBpeMeHHbIE CTHpalIbHbIe MAIIMHBI [ DnekTpoHHbIN pecype] / B. Koukut [u 1p.]. — DJeKTpOH. TEKCTOBbIE
nannsie. — M. : COJIOH-ITPECC, 2016. — 136 ¢. — 978-5-91359-195-1. — Pexum pocrymna:
http://www.iprbookshop.ru/65404.html

210

XosoIuIIbHOE TEXHOJIOTHUECKOe 000pyoBaHue [ DNeKTpOHHBIN pecypc] : yueOHoe nmocobue / O.H. bysHos,
H.H. Bopo6néBa, A.B. YcoB. — DnekTpoH. TekcToBble AaHHbIe. — KeMepoBo: KeMepoBckuil TeXHOIOTHYECKUi
WHCTHTYT MUIIEBOH mpoMbuieHHocTH, 2009. — 200 ¢. — 978-5-89289-542-2. — Pexxum noctyma:
http://www.iprbookshop.ru/14401.html

Ol1

Kpyrnos A.A. YrpapneHne KaueCTBOM XOJOAMIbHBIX CUCTEM [ DJIEKTPOHHBIN pecypc] : yueOHO-MeTOIn4ecKoe
nocobue / A.A. Kpyrnos. — DnektpoH. Tekcrosble fanusie. — CII6. : YauBepcuter UTMO, UHCTUTYT X0N0a
u 6uorexnonoruit, 2015. — 33 ¢. — 2227-8397. — Pesxum gocryma: http://www.iprbookshop.ru/65326.html

312

J3uHo A.A. AGCOPOLIMOHHBIE XOJIOIUIBHBIC MAIIMHBI [ DIIEKTPOHHBIN pecypc] : yueOHO-METOJHUECKOe
nocobue / A.A. JI3uno, O.C. Manununa. — DnekTpoH. TekcroBble ganHble. — CII6. : Yuusepcurer UTMO,
2015. — 68 c. — 2227-8397. — Pexum nocrymna: http://www.iprbookshop.ru/65753.html
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213

J3uno A.A. Tennoucnonb3yrolue X0I0AuIbHbIC MAIUHbI [ DJIEKTPOHHBII pecypc] : yueOHO-METOANYECKOe
nocob6ue / A.A. I3uno, O.C. ManuHuHa. — DnekTpoH. TekcroBble fJanuble. — CII06. : Yauepcuter UTMO,
2015. — 70 c. — 2227- 8397. — Pexum moctyma: http://www.iprbookshop.ru/68185.html

6.3.1 IlepevyeHs NporpaMMHOro oGecreyeHnst

6.3.1.1

Microsoft Windows

6.3.1.2

Microsoft Office Word

6.3.1.3

Microsoft Office Excel

6.3.1.4

Microsoft Office PowerPoint

6.3.1.5

Microsoft Visio

6.3.1.6

7-Zip

6.3.1.7

Kommac 3D LT

6.3.1.8

Vuebnsiii kommiekt KOMITAC-3D v18

6.3.1.9

CorelDraw Graphics Suite X3

6.3.1.10

AutoCAD

6.3.1.11

AutoCAD Mechanical

6.3.1.12

3ds Max.

6.3.2 IlepeueHb HHGOPMALMOHHBIX CHPABOYHBIX CHCTEM

6.3.2.1|Koncynsrant Imoc: http://www.consultant.ru

61




METOANYECKHUE YKA3ZAHUSA

MO BBITTOJTHEHUIO J1a00paTOPHBIX PadboT
N0 TUCHUIUIHNHE «BBITOBBIE MAIIMHBI U IPUOOPHI»
JUISI CTYJICHTOB HaIPaBJICHUS TTOJATOTOBKH

15.03.02 Texnonornueckue MalliMHbl 1 000PYI0BAHUE
HanpasnenHocts (mpoduiib) BeITOBbIE MAIMHBI U TPUOOPHI
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OBPA30OBAHU S POCCUMCKOM ®EJIEPALINN

OEJEPAJIBHOE 'OCYJAPCTBEHHOE BIO/UKETHOE
OBPA3OBATEJIbHOE YUYPEKTEHUE BBICHIEI'O OBPA3OBAHMUS
«JIOHCKOH IOCYJIAPCTBEHHBIY TEXHUYECKWHA YHUBEPCUTET»

Texnosiornyeckuii HHCTUTYT cepBuca (punuan) AI'TY B r.CraBponoJe
(TUC (punuan) AT'TY B r.CraBpomnoJie)

METOINYECKHUE YKA3ZAHUA

JUIS OpraHU3alluy CaMOCTOSITENIbHOU paboThI
1o JucHUILIMHE «BBITOBBIE MAIIMHBI ¥ IPUOOPHI»
JUISl CTYZI€HTOB HalPAaBIICHUSI IIOATOTOBKH
15.03.02 TexHoJOrHYECKHE MAILIMHBI U 000PYAOBaHHE
HaIpaBJIECHHOCTb (MPO(PHIIb) «BBITOBBIE MAIIMHBI U IPUOOPHI»



Meroandeckue ykazaHus M0 TUCHHMIUINHE «BBITOBBIE MalIMHBI U MPUOOPHI» COAEPKAT 3aAaHUS IS
CTYJEHTOB, HEOOXOTUMBIC I OPTaHU3AIUU CAMOCTOATEIHHOU PabOTHI.

[IpopaboTka TpeMTOKEHHBIX 3aJlaHU TTO3BOJIUT CTYACHTAM MPHUOOPECTH HEOOXOIWMBIE 3HAHMS B
00J1aCTH U3y4aeMoOM IUCIMUIIIUHBI.

IIpennasHayenbl il CTYJAEHTOB HarpabiieHuss noarotoBku 15.03.02 TexHoyiornyeckue MallUHBI U
obopynoBanue HampaBneHHoCTh (Ipoduiib) BEITOBBIE MalTMHBI U IPUOOPHI.
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. O6m1as XapakKTepUCTHKA CAaMOCTOATEIILHON PabOTHI

. KoHTpOJIbHBIE TOYKHU U BUJIBI OTYETHOCTH IO HUM

. Metonuueckre peKOMEHJAIUU 110 U3YYEHHUIO0 TEOPETUUECKOTO MaTepuaia
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BBEJAEHUE

Llens METOAMYECKHUX YKa3aHUH — OKa3aTh IOMOIIb CTYACHTaM B OCBOCHUH Kypca «BBITOBBIE MAallIMHEI U
npubOpB.

JlaHHBIE ~ METOIMYECKHE YKa3aHWs HAlpaBlIeHbl HAa  CHCTEMAaTH3MPOBAHHOE M JIOTHUECKH
IOCJIEIOBATEIbHOE HU3Yy4YCHHE OOLIMX 3aKOHOMEPHOCTEH (DYHKIMOHHMPOBAHUS C IIOMOIIBIO OOCYXICHUS
poOJIEMHBIX BOIPOCOB 110 TEME, PEIICHHS MPOOJIEMHBIX 331a4 M 00CYKACHUS CUTYaIHid, TECTOB, ITOJIrOTOBKH
pedeparos, 10KII1a10B, IPE3EHTALUH.

[lepen HawanoMm Kypca LelecOoOOpa3HO O3HAKOMHUTBCA CO CTPYKTYpOW AMCHMIUIMHBI Ha OCHOBAaHHHU
IpOrpaMMbl, a TakXe C IOCIEAOBATEIbHOCThIO M3y4eHUS TeM M uX o0beMoM. C Ienbi0 ONTHUMAaIbHOM
CaMOOpraHU3alMd HEOOXOIMMO COMOCTaBHTh 3Ty MH(OPMALUIO ¢ TpadUKOM 3aHATUIl U BBLIBUTH HamoOoiee
3aTpaTHbIC TI0 BPEMEHHU U 00BbEMY TEMbI, YTOOBI 3apaHee OMPEACIIUTh sl ce0st MePUOIbl 0OBEMHBIX 3aJaHUN.

1. OBIIASI XAPAKTEPUCTUKA CAMOCTOSTEJIBbHOMN PABOTHI

[lens ocBOCHMS AUCHMILINHBI:

- chopMUpOBaTh TMPEACTABICHHE CTYIEHTa O COBPEMEHHOM COCTOSIHMM OBITOBBIX MAIIUH H
3H€KTpOHpI/I60pOB, OCHOBHBIX HAITPABJICHUAX UX PAa3BUTHUA U COBCPUHICHCTBOBAHUA

- J1aTh MpeACTaBlIeHUE 00 YCTPOMCTBE, KOHCTPYKIMH M MPUHIUIE PabOThl KaK TPAJUIMOHHBIX BHIOB
OBITOBOM TEXHHKH, TaK MEPCIIEKTHBHBIX pa3paboTKax

- Hay4yuTh OCHOBHBIM METOJIaM pacueTa M BbIOOpA PAIMOHAIBHBIX KOHCTPYKTHUBHBIX U PEKHUMHBIX
rapamMeTpoB ObITOBOM TEXHHUKH.

- HAy4YUTh METOJaM DJKCHEPUMEHTAIbHOTO M  TEOPETHYECKOrO  HCCIEJAOBAaHUS  TEXHHUKO-
HKCIUTYaTAllMOHHBIX XapaKTEPUCTHK OBITOBBIX MAIIMH U IPHOOPOB.

[IpuMmeHeHre MEeTo/1a CHCTEMHOTO aHaIKM3a K U3YUYCHUIO JAHHOW TUCIUILIMHBI OMPEeseT CIeayolue
€ro 3aJla4yd: U3y4eHHEe MpoOJeM B HMCTOPUUYCCKOW TEPCIEKTHUBE, PACIIMPCHHE 3HAHUS CTYJICHTOB, Pa3BUTHE
CHIOCOOHOCTH CTYJIEHTOB K TIOHUMAHUIO M KPUTHUYECKOMY OCMBICICHUIO MPOOJIEM COBPEMEHHOCTH,
0o0Cy)KITaeMBbIX B CpPEACTBAX MAacCOBOM WH(OpPMAIUK, JUTEPATyphl, a TaKKe MPUOOPETCHHUE HABBIKOB
MOCIe0BATEIHHO U TPAMOTHO H3J1araTh CBOU MBICITH B YCTHOW U MUChMEHHOMN (hopme.

B pesynpTaTe oOCBOEHHS JAAHHOM JUCHMIUIMHBL (OPMUPYIOTCA CIEAYIOIME KOMIIETEHIUH Y
oOyuarolerocs:

IIK-1: Cnoco0HOCTh K CHCTEeMATHYECKOMY M3YYEeHUI0 HAYYHO-TeXHH4YeCKoii uHdopMainum,
0TEe4YeCTBEHHOI0 M 3apy0e:KHOI0 ONbITA M0 COOTBETCTBYIOIIEMY NPOQUII0 NOATOTOBKH.

CaMmocTosTenbHast pa60Ta 10 JUCHUIIIIMHE «BbBITOBBIE MaIIMHBEI U HpI/I60pI)I>) BBITIOJIHACTCA C LCJIBIO
MOJTyYEHUS U 3aKPEIUICHUs 3HAHUN, TPUOOPETEHHBIX MPH U3yYECHUH TEOPETUYECKOT0 MaTepHaia.

2. KOHTPOJIBHBIE TOYKHA U BUJIbI OTYETHOCTHA IO HUM

KOHTpOJ’II) KadyeCTBa " CpOKOB I/I3y‘-I€HI/Ie TEM J'ICKIH/IfI BBIITOJIHACTCA B COOTBECTCTBUU C y‘~I66HBIM
rpadukom. OdopMisieTcs B BHIe KOHCIIEKTUPOBAHUS TEKCTA.

KOHTpOJ’II) KadyeCTtBa U CpOKOB BBIITOJIHCHU ST HpaKTI/I‘IeCKI/IX 3a)1aH1/1171 OCYHIGCTBJ'ISIGTCSI B COOTBCTCTBHHU C
yueOHbIM TpadukoM. OdopMIsieTcss B COOTBETCTBUHU C 3aJJaHHEM.

KoHTponb kauecTBa ciaum JOKJIaJa OCYIIECTBISETCS B COOTBETCTBHU C YUE€OHBIM TpaduKOM.
OdopMmrsieTcst B COOTBETCTBUH C 3aJJaHHEM.

YCHeBaeMOCTB CTYJICHTOB 10 Ka)K)IOfI OUCHUINIMHE OLICHUBACTCA B XOIEC TeKymero KOHTpO.]'IfI 158
MIPOMEXKYTOUHOM aTTECTAIUU.

3. METOAUYECKHUE PEKOMEHIALIUUA 11O U3YYEHUIO TEOPETHYECKOI'O MATEPUAJIA

W3ydenue m000ro paszgena WM TEMbl CIEAyeT HauMHATh C O3HAKOMJIGHHS C BOMNpPOCAMM IIJaHa
M3YYCHHUS TeMbl. TeopeTHYecKHuil MaTepuan TMpeACTaBlseT coOOW KOHCIEKT JEeKIUH, COJep Kalluii
HEOOXOMUMBIM HaOOp yTBepkaeHWd u ¢opmyn (0e3 AeTambHBIX TOAPOOHOCTEH), HO C TOIPOOHBIM
00OCHOBaHHMEM WX HCIOIB30BaHUS TPU PEHICHUH KOHKPETHBIX JKOHOMHYECKHMX 3amad. llpu wusydeHuun
Marepuaga HeoOXOAMMO TMOMHUMO JIEKIIMOHHBIX MaTEPHaJOB HCIIOJIH30BaTh PEKOMEHAYEMYIO OCHOBHYIO W
JOTIOJTHUTENBHYIO JINTEPATYPY AJIA JYULIEro YCBOSHUSI MaTepuaa.

OcBauBaTh TEOPUIO CJIEIYEeT B COOTBETCTBUM C TOM IOCIEAOBATEIbHOCTHIO, KOTOpas MpPEICTaBIeHA B
IIaHe JIeKIuu. MeTonuka paboThl C JIUTEPATypoOi MpeaycMaTpuBaeT BeJACHUE 3alHCH MPOYUTAHHOTO B BUJE



IJIaHa - KOHCIICKTA, OIMMOPHOI'0 KOHCIICKTA. OTO NO3BOJHT CacjadaTb 3HaHUA CHCTCMHBIMU, Sa(pI/IKCI/IpOBaTL n
3aKpCIUTh UX B ITAMSTH.

I[JISI yCIICHIHOTO OCBOCHHA  AUCIHUILIMHBI, HCOGXO,Z[I/IMO CaMOCTOATCIIBHO  ACTAJIbLHO U3YYUTH
MPEACTABICHHBIC TEMBI IO PEKOMEHAYEMbIM UCTOYHUKAM WHpopmaruu. [Ipyu moaroToBKe K 3aHATHIM CIEIYyET
PYKOBOACTBOBATLCA YKA3aHUAMH U PCKOMCHAALIUAMU IIPECIIoaaBaTeisd, UCII0JIb30BATh OCHOBHYIO JIMTCPATYpPy U3
npeaACTaBJICHHOTO MM CIIMCKaA. ]_IJ'IH Hauboee FJIY6OKOFO OCBOCHHA AWCHHUIIIMHBI PEKOMCHAYCTCSA H3Yy4aTb
TUTEepaTypy, 0003HAYCHHYIO KaK «JIOTOJTHUTEIbHAS» B TIPEICTaBICHHOM criiucke B PIT/I.

Bomnpocek! 111 NOATOTOBKM K YCTHOMY ONIpocy Tekyuiero KoHTpoJs (biok 1)

1. Kimaccudukanyst OBITOBBIX MallliH ¥ IPHOOPOB. METOBI OLIEHKH TEXHHYECKOTO YPOBHSI COBPEMEHHBIX MAIIHH H IIPHOOPOB OBITOBOTO
Ha3HAYCHHs OTEYECTBEHHOTO U 3apy0eKHOTO IIPON3BOCTBA.
2. Tunsl ¥ QYHKIHOHAIBHOE Ha3HAYCHHE OBITOBBIX XOJOAMWIBHBIX MAIINH. TEeXHHYECKHE XapaKTePUCTHKH XOIOANIbHBIX MAIIHH.
3. PaGouue BeriecTBa OBITOBBIX KOMIPECCHOHHBIX XOJIOAMIBHBIX MalIHH. Paboure BelecTBa OBITOBBIX a0COPOIMOHHBIX XOJIOIMILHBIX
MalIlliH.
4. AnbTepHaTHBHBIE 030HOHEPA3PYLIAOLINE XOJIOAMILHbIC areHTHI.
5. TertoBast Harpy3Ka Ha XOJOAMWIBHYIO KaMepy, METOJIbI CHI)KCHUS TEIIOIPHTOKOB.
6. YCTpoiicTBO U MPUHIIUI PabOThl KOMIIPECCHOHHOTO XOJIOAMIBHOTO arperaTa.
7. YcTpoHCTBO, IPUHIUI PabOThI, OCHOBHBIC MEXaHH3MBI TOPIIHEBEIX KOMIIPECCOPOB.
8. TennooOMeHHbIe annapaTbl KOMIPECCHOHHBIX OBITOBBIX XOJIOJMIBHUKOB.
9. KoHcTpyKIMs, MPUHITUI PaboThl a0COPOIMOHHBIX U a0COPOIHMOHHO-TU( (D Y3HOHHBIX XOJIOJHUIBHBIX alllapaToB.
10. KOHCTPYKTHBHBIC PEIICHHS TEPMODICKTPHICCKUX OXIKIAIONUX YCTPONUCTB.
11. TIpuGopbI aBTOMATHKH U 3JEKTPOOOOPYI0BAHUE OBITOBBIX XOJIOMIBHBIX MAIITHH
12. VerpoiicTBo u paboTa CTUPaIbHBIX MAIIH. KOHCTPYKIUS OCHOBHBIX Y3710B CTUPAIbHBIX MAlIKH.
13. Ha3naueHwue, yCTPOWCTBO y3JIOB U JieTalei OapabaHHBIX CTUPATIbHBIX MAIIIKH.
14. YCTpOHCTBO, OCHOBHBIC Y3JIbI M ACTANIH, TEXHUYCCKUE XapaKTCPHCTHKH OeJIbeCYIIHIBHBIX MAIIHH.
Bomnpocel 1Ji1 TOATOTOBKH K YCTHOMY ONPOCY TeKylero KouHrpoJs (biaok 2)
1. ITpuGOpEI AJIsI BNAXKHO-TEIUIOBOM 0OPaOOTKH OJIEKIBL.
2. Paboune BemecTBa OBITOBBIX XOJIOAUILHBIX MalUH. O30H00€30IaCHBIE XJIaJareHTEh.
3. Teruio- ¥ TUAPOU3OIALIMOHHEIC MaTepHaNbl. TpeOOBaHMs K TEIUIOM30JIMHOHHBIM MaTepUaiaM U UX OCHOBHBIC XapaKTEPUCTHKH.
4. YCTpoicTBO, OCHOBHBIE Y3JIbI M 1Tl OBITOBBIX KOMIPECCHOHHBIX XOJIOAMIBHUKOB. CHCTEMBI OXJIaXICHUs OBITOBBIX KOMIIPECCHOHHBIX
XOJIOAMIIBHUKOB.
5. CxeMbl 1 KOHCTPYKTHBHBIE PELICHHUS XOJIOAMIBHBIX arperaToB ¢ OJJHO- U ABYXHCIIAPUTEIbHON CHCTEMO OXJIa ICHNSL.
6. KOHCTpYKTHBHBIE pELICHHS] KOMIPECCOPOB ¢ KPHBOLINITHO-IITATYHHBIM M KPUBOIIMITHO-KYJINCHBIM MEXaHU3MOM JIBHIKCHHSI.
7. KOHCTpYKTHBHBIE PEIICHHs IUIACTHHYATHIX POTAIMOHHBIX KOMIPECCOPOB M KOMIIPECCOPOB C KaTSIIUMCS POTOPOM.
8. BCTpOCHHBIC HIIEKTPOIBUTATEIIN TePMETHYHBIX KOMIPECCOPOB VISl OBITOBBIX XOJIOAUIBHAKOB.
9. KOHCTpYKTHBHBIE PELICHHUS TEIIOOOMEHHBIX AMMapaToOB KOMIIPECCHOHHBIX OBITOBBIX XOJIOANIBHHUKOB.
10. PerenepaTtuBHbIe TemnooOMeHHUKH. Kanmuispusle TpyOku. OUIbTPHI-OCYIIUTENN.
11. KoHcTpyKIus, TPUHIHAIT paboThl aDCOPOLHOHHBIX M a0COPOLMOHHO-AN( Y3HOHHBIX XOIOAMIBHBIX alNapaToB.
12. OnTuko-MexaHn4ecKue IpruOopsI OBITOBOIO Ha3HAUEHHUSI.
13. OcHOBHBIE MEXaHU3MBI IIBEHHBIX MAIIUH.
14. ITpubopsl BpeMeHU OBITOBOTO Ha3HAYeHUs: Knaccuukaiys; odlee yCTpoicTBO 1 paboTa IpuOOpOB BpEMEHH.

Kpurepun onieHkn ycTHOrO onpoca

ITonmHOTa OTBETAa HA IOCTABIECHHBIA BOIIPOC, YMEHUE HCIIOIb30BATh TEPMHUHBI, IPUBOJHUTH MPHUMEPHI,
ACJIaTh BBIBOJBI.

3a Kax/Jplii OJOK B CyMMe OOydaromMHCs JOJIKEH MOJy4UTh 25 OaylioB, U3 HUX 5 — 3a IOCEIIEHHUE
3aHATUNA, 5 - BbIMONHEHUE NONMOTHUTENBHBIX 3aJaHUi (oK, CTaThs, nmpe3eHTanus ), 10 — 3a BBIOTHEHUE
TECTOBBIX 3a/1aHuil, 5 — 3a 3alUTY JJAOOPAaTOPHBIX padoT

Kpurepun nosmyueHus: OLEHKH:

- pe3ysbTaT, COJAEPKAIIUN TTOTHBIA MPABUIILHBIN OTBET — MAKCUMAJIBHOE KOJIMYECTBO OAJIJIOB;

- pe3yibTar, conepmamnﬁ HEIOIHBIHN HpaBHHLHBIfI OTBCT (CTCHCHB IIOJIHOTBEI OTBETa — Ooiee
60%) umu OTBET, COAEPIKAIIUN HE3HAYUTEIbHBIE HETOUHOCTH— 75% OT MaKCHUMAaJIbHOTO KOJIMYECTBA OAJIIOB;

pe3yibTaT, CoJAepKalluii HEeMOJIHbIN MPaBUIIbHBIN OTBET (CTENeHb MoJHOTH oTBeTa — oT 30 1o 60%)
WJTU OTBET, COJIEPKAIIMN 3HAYUTEIbHBIE HETOYHOCTH -40 % OT MaKCUMaIBbHOTO KOJIMYECTBa 0aJlIoB;

- pe3ysbTaT, COAEp Kalluii HEMOJIHBIA MPaBUIBHBIA OTBET (CTENEHb MOJHOTHI 0TBeTa — MeHee 30%),
HENpPaBWIbHBIM OTBET (OTBET HE MO CYLIECTBY 3aJaHUs) UM OTCyTCTBUE oTBeTa — 0 % OT MaKkCHMMallbHOTO

KOJIMUECTBa OaJlJIOB.

4. METOAUMYECKHUE PEKOMEHIAIIUUA 110 IOAT'OTOBKE K IPAKTUYECKHUM 3AHATUSAM
[Tporecc MOATOTOBKHM K MPAKTHYECKUM (CEMHUHAPCKUM) 3aHATHSM BKIIIOYAECT M3YYCHHE HOPMATHUBHBIX
JOKYMEHTOB, 0053aTeIbHOM U JONOIHUTEIBHOM JTUTEpaTyphl IO PACCMAaTPUBAEMOMY BOIIPOCY.
HemnocpencTBeHHOE MTPOBEICHUE MPAKTHYECKOTO (CEMHHAPCKOTO) 3aHATHUS ITPE/IIOIATacT:
- UHIMBUYaJIbHBIE BBICTYIUIEHHUS CTYJEHTOB C COOOIIEHUSAMH MO KaKOMY-JIMOO BONPOCY HM3y4aeMOi
TEMB,
- (hpoHTANIEHOE O0CYX/IEHUE paccMaTpuBaeMon po0eMbl, 0000IIIEHNS 1 BHIBOJIBL;



- peleHure 3aa49 U yrpakHeHUH 1o 0opasiy;

- peuieHue BapuaHTHBIX 3a/1a4 U YIIPaKHEHUH;

- pellleHre CUTYAIMOHHBIX MPOU3BOJICTBEHHBIX (MPOodecCHOHANBHBIX) 3a1a4;

- TMPOEKTHPOBAaHHME U MOJCIMPOBAaHUE pPa3HbIX BUJIOB U KOMIIOHEHTOB MPOGECCHOHATbHON
NESTEIbHOCTH.

[Ipouecc MOATrOTOBKM K MPAKTUYECKUM (CEMHUHAPCKHUM) 3aHATHSAM BKIIIOYAET M3YYEHHE HOPMATUBHBIX
JOKYMEHTOB, 00513aTeIbHOM U JONOIHUTEIBHON JTUTEPATYphI IO PACCMATPUBAEMOMY BOIIPOCY.

5. METOAUYECKHUE PEKOMEHJIALIIUM 110 TIOATOTOBKE JOKJIAJTA

K camocrostensHol paboTe OTHOCHTCS HaNMCaHUE U 3alliiTa JoKIaza B cemectpe. [loaroroska gokiazna no
mucuuiuiiHe «TeMbl OKIIaJ0B:» - OJWH M3 OCHOBHBIX 3TAaloB y4eOHOro mporecca B 0Oy4eHUH CTYICHTOB,
KOTOPbIM HEOOXOAMMO IPHOOPECTH HABBIKM CAMOCTOSITEIBHOIO MCCIEIOBAaHUA M IPEJCTABICHUS €ro
pe3yabTaToB. Tema BEIOMpPAETCs CTYICHTOM CaMOCTOSITEIIHHO 110 COrTIACOBAHUIO C MTPETIOIaBATEIIeM.

ITpumepHBIe TEMBI JOKIIAA:

XONMOIUIIbHBIE MAIIMHBI OBITOBOTO Ha3HAYEHUS: KiacCU(UKALUS, THIIBI, KOHCTPYKIUH, TOKA3aTeNNd U
napamMeTpbl OBITOBBIX XOJOAWJIBHUKOB U MOPO3WJIBHHKOB OTEYECTBEHHOI'O U 3apyOe)HOIro IpOM3BOJICTBA;
OCHOBHBIE y3JIbl M UX Ha3HAUYEHHUE.

2. Tunsl ¥ GyHKIMOHATIBHOE Ha3HaYEHHE ObITOBBIX XOJOMIBHBIX MAIIHH.

3. TexHnyecKkue XapakTEPUCTUKU XOJIOIUIbHBIX MAIIHH.

4. MeTosibl OLIEHKH TEXHUYECKOTO YPOBHS OBITOBBIX XOJOJUIBHUKOB U MOPO3HIIbHUKOB.

5. XononuiabHbIE areHThl. XapakTEPUCTUKH, IKCIUTyaTallMOHHbBIE CBOMCTBA OJHOKOMIIOHEHTHBIX H
MHOTOKOMIIOHEHTHBIX XJIalar€HTOB.

6. Paboune BerecTBa OBITOBBIX KOMIIPECCHOHHBIX XOJIOJMIBHBIX MalivH. Paboure BemecTBa OBITOBBIX
a0COpPOLIMOHHBIX XOJIOAWIBHBIX MAalllMH. AJbTEPHATUBHBIE 030HOHEPA3PYLIAIOIINE XOJOIUIbHbIE areHThI.

7. Ha3HaueHne M KOHCTPYKTHUBHbIE OCOOEHHOCTH XOJOJWIbHBIX kamep. KommoHoBka kamep amns
KPaTKOCPOYHOI'O XPaHEHUS CBEXHUX INPOLYKTOB, 3aMOPaKMBAHMsI M JJIUTEIBHOTO XPAaHEHUS 3aMOPO’KEHHBIX
poayKToB. TemnoBas Harpy3Ka Ha X0JIOUIbHYIO KaMepy, METOJIbl CHUKEHUS TEIIONPUTOKOB.

8. YcTpoilcTBO, OCHOBHBIE Y3JIbl U JleTalu OBITOBBIX KOMIIPECCHOHHBIX XOJOIMJIBHUKOB. CHCTEMBbI
OXJIaKJ€HUS OBITOBBIX KOMIIPECCUOHHBIX XOJIOAUIBHUKOB.

9. CxeMbl U KOHCTPYKTHUBHBIE PEUICHMSI XOJOAWIBHBIX arperaTtoB ¢ OJHO- M JABYXHMCIIAPUTEIBHON
CUCTEMOM OXJaXJIeHHUs. XOJOAWIbHbIE arperaTbl JUisi OBITOBBIX MOPO3UJIBHUKOB M KOMOWHHPOBAHHBIX
XOJIOIUIBHUKOB-MOPO3UIIbHUKOB.

10. Komnpeccopbl TepMETHUYHBIE XJIaJ0HOBBIE I OBITOBBIX XOJIOJAWIBHUKOB U MOPO3UJIBHHUKOB.
VY cTpoiicTBO, IPUHIMIT PA0OThI, OCHOBHBIE MEXaHU3MBbI ITOPIIHEBBIX KOMIIPECCOPOB.

11. KOHCTpyKTUBHBIE peLIEHUS] KOMIIPECCOPOB ¢ KPUBOIIUITHO-IIATYHHBIM M KPUBOILIUITHO-KYJIHUCHBIM
MEXaHU3MOM JIBIDKEHUS. Y3JIbl M JIETaIM MEXaHU3MOB JIBHKeHHs. CUCTeMbl cMa3ku KommpeccopoB. OObeMHbIe
U SHepreTudeckue Kodp@uimeHtsl. TemmepaTypHO - DSHEPreTUYECKHE XapaKTEPUCTHKH IOPIIHEBBIX
KoMITpeccopoB. CHCTEMBI OXJIaXKIEHUS KOMIIPECCOPOB.

12. PoranuoHHble KOMIpeccOpbl. YCTpOilcTBO, NpuHUUN padoThl. KOHCTpYKTHBHBIE pelIeHUS
IUIACTUHYATBIX POTALMOHHBIX KOMIIPECCOPOB M KOMIIPECCOPOB C KaTALIMMCS POTOPOM. Y3Ibl U AETalu
POTaLlMOHHBIX KOMIIPECCOPOB.

13. BerpoeHHbIE 3J7E€KTPOJBUTATENN T€PMETUYHBIX KOMIIPECCOPOB JUIsl OBITOBBIX XOJOAMJIBHHKOB.
KoncTpykius, ocobeHHOCTH paboThl, OCHOBHBIE MapaMeTphl. [loTepu B 3neKTpoaBUTaTENAX.

14. Metoasl oxmaxaeHus HsiekTpojaBurareneil. HoMmuHanbHble pEeXUMBI PabOTHl TEPMETHUYHBIX
KoMIpeccopoB. [lokazaTenu kauecTBa repMETUYHBIX XJIaJJ0HOBBIX KOMIIPECCOPOB.

B pesynbprare mOArOTOBKM AOKJANa CTYIEHT MOXKET BBICTYNATh Ha KOH(PEpPEHIMSIX M CeMHHapax IO
3TOMY BOIIPOCY.

OO0ume pekoMeHIalUM MO MOATOTOBKE J0KJIA/1a

Jlokitan nomkeH BKITIOYaTh B ce0sl BBEJIEHUE, OCHOBHYIO YacTh U 3aKJIIOUEHUE.

Bo BBeieHnn HEOOXOIMMO OTPa3UTh 0OOCHOBAHHE AKTYaJIbHOCTH BHIOPAHHOM TEMBbI, KpATKOE ONHCaHHE
TEKYIIETO COCTOSIHMSI MpoOjemMbl. B HeM CTyJneHT AOoJbKeH yKa3zaTh Lelb M 33Jadyd  palboTbhl, OOBEKT
MCCIIEIOBaHMsI, 3JIEMEHTHl HOBU3HBI, BBEJICHHBIE B Ipollecce HamucaHus paboTel. HeoOxonumo nepeunciuThb
pOOGJIEMbI, KOTOPBIE TOJKHBI OBITH PELLIEHBI B paMKaX BHIOPaHHOM TEMBI.

OcHOBHas yacTh JOKJaJa JOJDKHA COAEP)KaTh BOIPOCHI, MPETyCMOTPEHHbIE B IUIaHe paOoThl. B Hel
HEOOXOAMMO OTpPa3UTh TEOPETHYECKHE OCHOBBI, PACKPHIBAIOIIME CYTh MPOOJIEMBl, IPOAHATIU3UPOBATH



coOpaHHBIE MaTepUalbl, XapaKTEPU3YIOIIUE MPAKTHUECKYI0 CTOPOHY OOBEKTa HCCIIEAOBAHHUS. IDTOT pazfel
MOJKET cojJiep>KaTh paboune TabauIlbl, AUarpaMMBbl (JUarpaMmbl U Ipyrue MaTepuabl.

B 3akmoueHne HEOOXOAMMO OTPa3UTh BHIBOJABI W NPEUIOKEHHUS, IOJy4YEHHBIE B pe3yibTare
npeapiaymen padotel. OHU JOHKHBI OBITH CPOPMYIUPOBAHBI YETKO U TOUKH.

Crucok nUTepaTtypbl BKJIIOYACT B ajd(paBUTHOM TOpPSJIKE CHHCOK COBPEMEHHBIX 3aKOHOB U
HOPMAaTUBHBIX aKTOB, COOTBETCTBYIOIIEH HAay4YHOH JIMTEPATyphbl, HAYYHBIX PabOT, CTATUCTUUECKUX COOPHUKOB
U IPYTUX UCTOYHUKOB, BHITYIIICHHBIX HE PaHee MATH JIeT.

OdopMieHue 10KIa1a U MOPSAOK 3aIUTHI

O6bem paboThl — 4-7 cTpaHULl IPOHYMEPOBAHHOTO KOMIIBIOTEPHOTO TeKcTa, mpudt, 14, nunrepsan 1,5,
nonis crapaaptHeie. Wmmoctpauuu, dotorpaduu, pucyHKH, TpaduKh, KOTOpbIE MOSABIAIOTCS Ha TEKCTE,
JOJDKHBI OBITH IPOHYMEPOBAHBI.

BremonHeHHslii  JoKNan —mpoBepsercs mpemnojaBaTeneM. Ecnu  goknan  oQopmiieH  COIUIacHO
PEIbSBISIEMBIM TPEOOBAHHM, TO pabOTa JOMYCKAeTCS K 3allUTe, O YeM IPEroiaBaTesieM JIENaloTCs 3alucH
Ha TUTYJIBHOM JIMcTe paloThl. Ecnu nokian mMeeT OTpUIATEIbHBIA OT3BIB, TO JOKYMEHT BO3BpalllaeTcsi Ha
J0pabOTKY € MOCJIEAYIOIINM IIPEICTABICHUEM O €T0 IOBTOPHOM PACCMOTPEHHH.

TpeGyemblil ypoBeHb OpUTHHAIBHOCTH HE MeHee 50%.

JloKIaibl MOTYT COTIPOBOXKIATHCS MPE3CHTALUEH, OTpakalonield OCHOBHBIE MOMEHTHI BBIITOJIHEHHOTO
UCCIIeIOBaHMUS.

Kpurtepun oueHKH 10KJIa1a

Kpurepuii IToka3zatenn MakcumanbHoe
olleHKHU pedepara KOJIMYECTBO 0aJlJIOB
1.CreneHb pacKkpbITHs | - COOTBETCTBHE COJepkKaHUs TeMe pedepara; 1
CYLIHOCTHU IIPOOJIEMBbI | - MOJIHOTA M TIyOMHA PACKPBITHS OCHOBHBIX 1
HOHATUH NPOOJIEMBI;
- yMeHue paboTaTh €  JUTEPATypoil, 1
CHUCTEMaTH3UpOBaTb U  CTPYKTYPUPOBATh
MaTrepuair; 1
- ymeHue  000OuIaTh, COTIOCTABJISITh
pa3iu4yHbIe TOYKHU 3pEHHS o 1
paccMaTpUBaEMOMY BOIIPOCY;
- apryMEHTHpPOBATh OCHOBHBIE TIOJOXKEHUS U 1
BBIBO/IbI;
- yMeHuMe 4YeTKo U  OOOCHOBaHHO 2

(dbopMyITHUpPOBaTH BHIBOJIBI;

- CaMOCTOSITENLHOCTb, CIIOCOOHOCTH K
OTIpEICIEHUI0 COOCTBEHHOW TMMO3UIUU  TI0
mpoOjeMe W K TPAKTUYECKON aJarTaiuu

MaTepuaia
2.Cobnronenue - IPAaBUJIBHOCTh U aKKYpPaTHOCTh OPOPMIICHHUS 1
TpeGoBaHUI no | pedepara
0(OPMIICHHIO -TOYHOCTh B IUTHPOBAHUH U  YKa3aHHUH 1
MCTOYHUKA TEKCTOBOTO (hparMeHTa,
- cobmronenne TpeOoBaHU K O00BEMY U 1
CTpyKType pedepara;
- TPAMOTHOCTB Y KYJIbTypa U3JI0KEHUS 1
3.YpoBeHb  3alUTHI | - TOKJIAJ] CTPYKTYPUPOBAH, PACKPHIBAET TEMY 1
pedepara - JaHbl TpaBUJIbHBIE, APTYMEHTHPOBAaHHBIE 2
OTBETHI Ha YTOYHSIOIINE BOIIPOCHI
- CHaiIpl MPEACTAaBICHbl B JIOTMYECKOU 1
MOCIEA0BATEIILHOCTH u odopmiieHue
MpE3EHTAllNH; 1
- KOJIMYECTBO cjaiijgoB He Oonee 10
MakcumanbHOE KOJUYECTBO 0ajIoB 17

Jlns moATOTOBKM TpE3eHTAlMu K 3ammurte pedepara, oOydaromeMmycs HEoOXOJIMMO HCIOIb30BaTh
PowerPoint. KosimyecTBo ciaii1oB mpe3eHTaIiu K 3anure pedepara — He 6omee 10.



MakcuManbHOE KOJIMYECTBO 0ayuioB, KOTOpOe OOYYalOIIMIiCS MOMKET IOJIYYUTh 3a MOATOTOBKY
pedepara W Mpe3CHTAIMU K HEMy cocTaBisieT 17 OamioB. Bamiel yduTHIBAIOTCS B MPOIECCE MPOBEICHUS
TEKYIIETr0 KOHTPOJIS.

17 6aioB — OIICHKA «OTIUYHOY;

12-16 GayoB — OLIEHKA «XOPOIIOY;

8-11 6amIoB — OIEHKA «YIOBICTBOPUTEIIBHOY

Memnee 8 6a/I0B — OIIEHKA «HEYIOBICTBOPUTEIILHOY.

6. METOAUYECKHUE PEKOMEHJIAIIUUA ITO MOATOTOBKE K TECTUPOBAHUIO
JlaHHBIN BUJ CaMOCTOSATENBHON pabOTHI paboyeil mporpaMMoi AUCHUILIINHBI (MOAYJIS) HE IPEIyCMOTPEH

7. METOJUYECKUE PEKOMEHJIAIIMH IO BHIITOJTHEHUIO KOHTPOJIbHOM PABOTHI
JlaHHBIN BUJ CaMOCTOSATEIBHON PabOTHI paboueii mporpaMMoi JUCIUILTHHBI (MOYJIs) HE IPEyCMOTPEH

8. METOANYECKHUE PEKOMEHJALIUU 110 ITIOATI'OTOBKE K 3AUETY
[Tpouenypa 3audera (nuddepeHIUPOBAHHOTO 3adeTa) Kak OTAEIbHOE KOHTPOJIbHOE MEpPONpUATHE

MMPOBOAUTCA IO CICAYIOIIUM BOIIPOCAM.

1. Knaccudukanus ObITOBBIX MAIIHH U TPHUOOPOB. METOIbI OIICHKHA TEXHHUYECKOTO YPOBHS COBPEMEHHBIX MAIIMH U TPUOOPOB OBITOBOTO
Ha3HA4YeHMs OTEYECTBEHHOT'O U 3apyOeKHOT0 IPOU3BO/ICTRA.

2. Tunsl n pyHKIMOHATEHOE Ha3HAYECHHE OBITOBBIX XOJIOJMIBHBIX MalliH. TeXHUUECKHe XapaKTePUCTUKH XOJIOJMIbHBIX MAlIHH.
3. PaGouue BemecTBa OBITOBBIX KOMIIPECCHOHHBIX XOIOMIbHBIX MallIuH. Paboune BemecTBa OBITOBBIX a0COPOLIMOHHBIX XOIOJUIBHBIX
MaIlIvH.

4. AnprepHaTUBHBIE 030HOHEPA3PYIIAIOIIIE XOJOAWIbHBIE areHTHL.

5. TemnoBas Harpy3ka Ha XOJOAWIBHYIO KaMepy, METOIbI CHIDKEHHS TETIOPUTOKOB.

6. YcTpoiicTBO M NPHHIMII pabOThI KOMIIPECCUOHHOTO XOJIOUIBHOTO arperaTa.

7. YcTpoiicTBO, MPUHIMI PaOOThl, OCHOBHBIE MEXaHU3MBI IIOPITHEBEIX KOMITPECCOPOB.

8. TenooOMeHHBIE alMapaThl KOMIIPECCUOHHBIX OBITOBBIX XOJIOJUIBHUKOB.

9. KoHcTpyKIMs, MPUHITUI paboThl aOCOPOIMOHHBIX U a0COPOIHOHHO-TU( (D Y3HOHHBIX XOJOJHUIBHBIX allllapaToB.

10. KOHCTpYKTHBHBIE PELICHUS TEPMOIIEKTPUUECKUX OXJIAXKIAIOIIUX YCTPOUCTB.

11. TIpuGopbI aBTOMATHKH U 3JIEKTPOOOOPYI0BaHUE OBITOBBIX XOJIOMIBHBIX MAIIHH

12. VerpoiicTBo u paboTa CTUPAIBHBIX MAIIH. KOHCTpYKIUS OCHOBHBIX Y3710B CTUPAIbHBIX MAIIHH.

13. Ha3HaueHwne, yCTpOHCTBO y3JIOB H JieTajell OapabaHHBIX CTHPATBHBIX MaIIUH.

14. YcTpoicTBO, OCHOBHBIE Y3/IbI U JETANIH, TEXHUUECKHUE XaPAKTEPUCTUKH OENbeCYIIMIbHBIX MAIIUH.

15. TIpuGopsI 1S BIaXXHO-TEIUIOBOM 00pabOTKH OICHKIBI.

16. Pabouue BeniecTBa OBITOBBIX XOJOAMILHBIX MalTiHH. O30HO0E30MACHbIE XJ1aIareHTHI.

17. Tenno- ¥ TUIPOHU3OIILIMOHHBIE MaTepraibl. TpeOOBaHMUS K TEIUIOM30JIALIMOHHBIM MaTepraiaM H HX OCHOBHBIE XapaKTEePUCTHUKH.
18. YcTpoiCTBO, OCHOBHBIE Y3JIbI U ICTAITH OBITOBBIX KOMIPECCHOHHBIX XOJIOMILHUKOB. CHCTEMBI OXJIaX/ICHHUS OBITOBBIX
KOMITPECCHOHHBIX XOJIOMIHLHUKOB.

19. CxeMbl U KOHCTPYKTUBHbIE PEIICHUS XOIOIUIbHBIX arperaToB ¢ OJHO- U IBYXUCIAPUTEIbHON CUCTEMOM OXJIaXKACHHUSL.

20. KOHCTpYKTHBHBIE PEeIIeHHs] KOMIIPECCOPOB C KPUBOIIUITHO-IIATYHHBIM U KPUBOIIUITHO-KYIHCHBIM MEXaHU3MOM JBHKECHHSI.
21. KOHCTPYKTHBHBIE PEIIEHHS IIACTUHYATHIX POTALMOHHBIX KOMIIPECCOPOB U KOMIIPECCOPOB C KATSIIMMCS POTOPOM.

22. BcTpoeHHBIE AIIEKTPOABUTATENH TePMETHYHBIX KOMIIPECCOPOB ISl OBITOBBIX XOJOIMIBHUKOB.

23. KOHCTPYKTHBHBIE PEIICHNs TEIUNI00OMEHHBIX aIIapaTOB KOMIIPECCHOHHBIX OBITOBBIX XOJIOJUILHUKOB.

24. PerenepaTuBHbIE TeMN00OMeHHNKH. KanmuispHele TpyOku. OUIBTPHI-OCYIIUTENN.

25. KoHCTpyKIHsI, MPUHIMUIT PaboThl aOCOPOIMOHHBIX B abCopOIMOHHO- () Y3HOHHBIX XOJIOAMIBHBIX aIlIapaToB.

26. OnTUKO-MeXaHW4YeCcKue IPHUOOPHI OBITOBOIO Ha3HAUEHHUSI.

27. OCHOBHBIE MEXaHNU3MBI IIBEHHBIX MAIIHH.

28. ITpubopsl BpeMeHN OBITOBOTO Ha3HAYEHUS: KiaccupHKalus; o0Iee yCTPOHCTBO U paboTa IpUOOPOB BPEMEHH.

3adeT BBICTABIISICTCS IIO pe3yiabTaTaM pa60TLI B CEMECTPE, MpU CHa4Y€ BCEX KOHTPOJIBHBIX TOYCK,
NpeaAYCMOTPCHHBIX TCKYIIIUM KOHTPOJIEM YCIICBACMOCTHU.

9. METOAUYECKHUE PEKOMEHJIAIIMHA 11O HOATI'OTOBKE K OK3AMEHY
[TIpomexxyrouHasi arrectanusi B (GOpMe dK3aMeHa IpeayCMaTpUBACT IPOBEACHUE O00s3aTeIbHON
HK3aMEeHaIlMOHHOM npoueaypsl. [lepen 3k3aMeHOM CTyIeHTY HEOOXO0IMMO MOJTHOCTHIO BBIITOJHUTH BCE 3aaHUs
K TPaKTHYCCKUM 3aHATUAM, I[OATOTOBHUTL MW 3alllUTUTHL CaMOCTOATCIbHYIO pa60Ty. HpI/I HaJIn4umn
3aJIOJDKEHHOCTH 1O TEKYyIIEeH aTTecTaluy 10 JaHHOM JAMCHUIUIMHE CTYJIEHT K 9K3aMEHy HE JIOIYCKaeTcs.
DK3aMeH M0 AUCLHUIIMHE MPEAYCMOTPEH B YCTHOU (hopme 1o OuieTam.

BOHpOCBI JJIA OK3aMCHa:
1. Knaccudukarus ObITOBBIX MalllMH U TPUOOPOB. METOBI OIIEHKH TEXHUIECKOTO YPOBHS COBPEMEHHBIX MAIIMH 1 IPHOOPOB OBITOBOTO
Ha3HA4YeHMs OTEYECTBEHHOI'O U 3apy0eKHOI0 IPOU3BO/CTBA.
2. Tl 1 QyHKIMOHANPHOE HA3HAYEHNE OBITOBBIX XOJNIOAMIBHBIX MAIINH. TeXHHIeCKHe XapaKTepPUCTHKN XOJIOAUIBHBIX MAIIIHH.



3. PaGouue BeriecTBa ObITOBBIX KOMIPECCHOHHBIX XOJOAMIbHBIX MalluH. Paboune BemecTBa ObITOBBIX a0COPOIMOHHBIX XOJIOMIBHBIX
MaIIvH.

4. AnbTepHaTUBHBIE 030HOHEPA3PYLIAIOIINE XOJIO0AUIbHbIE areHTHI.

5. TennoBas Harpy3ka Ha XOJOAWIBHYIO KaMepy, METOIbI CHIDKEHHUS TEITIONPUTOKOB.

6. YcrpoiicTBO M IpUHLMI paboThl KOMIIPECCHOHHOTO XOJIOAMIBHOIO arperara.

7. YerpoiicTBO, NpUHIHUI paOOThI, OCHOBHBIE MEXaHU3MBI ITOPIIHEBBIX KOMIIPECCOPOB.

8. TermooOMeHHbIE armapaTbl KOMIPECCHOHHBIX OBITOBBIX XOJIOIUIIEHUKOB.

9. KoHcTpyKIMs, MPUHITUI PaboThl a0COPOIMOHHBIX U a0COPOIHOHHO-TU( (D Y3HOHHBIX XOJIOJHUIBHBIX alllapaToB.

10. KoHCTpYKTHBHBIE pEHICHUS TEPMOIEKTPUIECKUX OXJIAXKIAIOIINX YCTPOUCTB.

11. TIpuGopsl aBTOMATHKH U 3JIEKTPOOOOPYJ0BaHHE OBITOBBIX XOJOAMIBHBIX MALIMH

12. YcTpoiicTBo ¥ paboTa cTUpaNbHBIX MalliH. KOHCTPYKITHS OCHOBHBIX Y3JIOB CTHUPAIbHBIX MAIHH.

13. HaznaueHwue, yCTpOWCTBO Y3JIOB U JieTalieil OapabaHHbBIX CTUPAJIbHBIX MaIIKH.

14. YcTpOoWCTBO, OCHOBHBIC Y3JIbI U ICTAITH, TEXHUUYECKHE XapPAKTEPUCTHKH OCITbeCYIUIbHBIX MAIIINH.

15. TIpuGops! U1 BIIaXXHO-TEIUIOBON 00pabOTKH OJIEKIBI.

16. Paboune BemecTBa OBITOBBIX XOJIOAMIBHBIX MaIiH. O30HO0E30IIacHbIE XIa areHThL.

17. Tenyo- ¥ THAPOU3OIALMOHHBIE MaTepualibl. TpeGOBaHUS K TEINIOU30JIIIUOHHBIM MaTepHallaM U UX OCHOBHBIE XapaKTePUCTUKH.
18. YcTpoHCTBO, OCHOBHBIC Y3JIbI U ICTAITH OBITOBBIX KOMIPECCHOHHBIX XOJOMILHUKOB. CHCTEMBI OXJIaX/ICHHUS OBITOBBIX
KOMIIPECCHOHHBIX XOJIOAUIBHUKOB.

19. CxeMbl 1 KOHCTPYKTUBHBIE PEIIEHUS XOJIOAUIBHBIX arperaToB ¢ OJHO- U IBYXHCIAPUTEIHHON CHCTEMO OXJTaXKIeHUSI.

20. KoHCTpYKTUBHBIE pelIeHNs] KOMIIPECCOPOB C KPUBOLIMITHO-IIATYHHBIM M KPUBOIIMITHO-KYJITUCHBIM MEXaHU3MOM JIBH)KEHHSL.
21. KOHCTpYKTHBHBIE pEeIIeHHs IIIaCTHHYATHIX POTAIMOHHBIX KOMIIPECCOPOB U KOMIIPECCOPOB C KATSLIUMCS POTOPOM.

22. BcTpoeHHBIE 3NEKTPOIBUTATENN TEPMETUYHBIX KOMIPECCOPOB IS OBITOBBIX XOJOAUIBHUKOB.

23. KOHCTPYKTHBHBIE PEIIeHHs TeIUI00OMEHHBIX allapaToB KOMIIPECCHOHHBIX OBITOBBIX XOJIOJHIbHUKOB.

24. PereneparuBHble Tem1000MeHHUKU. KanumspHeie TpyOKku. OUIBTPBI-OCYIIUTEINH.

25. KoHCTpyKITus, MPUHIMIT pa00Thl a0COPOIHOHHBIX 1 a0COPOIMOHHO-TU(PPY3NOHHBIX XOIOAMIBHBIX aNMapaToB.

26. OnTuKo-MexaHU4ecKue IpruOopsl OBITOBOIO Ha3HAUEHHUS.

27. OCHOBHBIE MEXaHU3MBI IIIBEHHBIX MAIIIHH.

28. [Ipubopsl BpeMeHH OBITOBOrO Ha3HA4YeHUs: Kiaccudukaius; odiiee ycTpoicTBo U padboTa IpuOOpPOB BPEMEHH.

Iopsiiok 1 KPUTEPUU OLlEHUBAHUS

Dk3aMeH sBiseTcs (POopMOi OLIEHKH KauecTBa OCBOEHUSI 00ydarouuMcs 00pa3oBaTeabHOU MPOrpaMMBbI
no aucuuiuHe. [IpoBepka kadyecTBa MOATOTOBKHM CTYAEHTOB HAa 3K3aMEHAX 3aKAHUMBAETCS BHICTABJICHUEM
OTMETOK 10 MpHUHATONM mnsaTHOaUbHOM  mikame (cM. 1.1.2) (OLIGHKa  «OTIMYHO»,  «XOPOIIO»,
«YZOBJICTBOPUTEIHHO» U «HEYIOBJIECTBOPUTEIILHO).

Pacnipenienenne 6ajiyioB 1o 3x3aMeny (IpOMeXyTOUHas aTTecTalus)

Bun yue6HbIX padoT ITpomesxyTouHas arTecTanus

10 TUCUUIUINHE Onenka, 6asuibl Kpurepuu onieHkn
VYerueiit otBeT Ha | OnieHKa «OTIUYHOY - 1) momHO W apryMEHTHPOBAHO OTBEYAET IO
JK3aMEHe 40 6annos COJIEP’KaHUIO BOIIPOCA;

2) oOHapyXuBaeT IIOHUMaHHE MaTepuana,
MOXET  OOOCHOBaTb  CBOU  CYXKICHMS,
MPUMEHUTHh 3HAHWS HA TPAKTUKE, MPUBECTH
HE00X0/IMMbI€ IPUMEPBHI;

3) wuzmaraeT Mmarepuana MOCIEAOBATEIIbHO U
NPaBUIbHO, C COOIOIEHUEM HCTOPHUYECKOW U
XPOHOJIOTUYECKOH MOCIIEI0OBATEILHOCTH.
Komnerennus (1) nim ee yactb COpMHUpPOBaHA

OrneHka «xopouoy - OTBET, YIOBJIETBOPSIOLIUI TeM xKe
30 - 39 Gamos TpeOOBaHUSAM, YTO M IS OLEHKH «5», HO
nomyckaeT 1-2 ommOKH, KOTOpBIE caMm Ke
HCIIPABIISET.
Kommnerenmus u (wnm) ee yactb copMupoBaHa
Ha 2 ypOBHE.
Onenka 1) uznaraer mMarepuang HEMOJHO U JOMYCKaeT
«YIOBJIETBOPUTENBHO» - | HETOYHOCTH B ONPEACICHUN MOHATHUH WU
15 - 29 Gamnos (hopmMyTUpOBKE TIPaBUIT;

2) He yMeeT [JOCTaTo4HO TIyOOKO U
JI0Ka3aTeNbHO OOOCHOBAaTh CBOM CYXKJIEHHUS U
MIPUBECTH CBOU IPUMEPBHL;

3) uznaraer martepuain HEeNOoCleIOBaTeIbHO WU
JIOTTYCKAET OIMIMOKH.




Komnerennus u (nnn) ee yacte chopMHUpOBaHa
Ha 1 ypoBHe.

Orenka 1) cryneHT oOHapyKHMBaeT HE3HAHUE OTBETA Ha
«HEY/IOBJIECTBOPUTEIILHO» | COOTBETCTBYIOIIHMI BOIIPOC;
- 0 - 14 6amnoB 2) nomyckaeT oOmuUOKH B (HOPMYTUPOBKE
OTpeACIICHUN W TMPaBWI, HCKAKAIIINE WX
CMBICT;
3) OecrmopsiIoYHO W HEYBEPEHHO H3JIaract
MmaTepuan;
4) Ha JOTIOTHUTEIIbHBIE BOIIPOCHI
mpernojaBaTelis  OOydJaromiicss He  JIeT
IPaBUJIbHBIE OTBETHI.
Komnerenmuss u  (wi) ee 4YacTb He
chopMHupoOBaHa.
Pemrenue 10 6atoB 3ajayda pelieHa, c/iejlaH BbIBOJ]
SK3aMEHAIIMOHHON 0 0amnoB 3anaua HepelieHa
3a/1a4uu

MaxkcuMaibHas cymma 0ayutoB TPOMEXKYTOYHOM arrecTaruu - 50

CIIMCOK PEKOMEHAYEMbBIX UTH®OPMAIMUOHHBIX NCTOYHUKOB

6.1. Pexomenayemas JiuTepaTypa

6.1.1. OcHoBHas JUTEepaTypa

ABTODBI, COCTaBUTETHN 3ariaBue W3narenscTBO, TON Anpec
JI1.1 |Bopo6seBa H. H. XosoaumpHas TEXHUKA U TexHOIorHs. YacTs 1: YueOnoe mocobre  |Kemeposo: http://www
Kemeposckuit .iprbooksh
TEXHOJIOTHIECKHUI op.ru/1439
UHCTUTYT MUIIEBOM 9.html
[IPOMBIIUICHHOCTH,
2006
JI1.2 |Bopobsesa H. H. XonoaunpHas TEXHUKA U TexHosorust. Yacts 2: YueOHoe mocodue  [Kemeposo: http://www
Kemeposckuit .iprbooksh
TEXHOJIOTHYECKUI op.ru/1440
HMHCTHUTYT MHIIEBOM 0.html
MPOMBIIIJICHHOCTH,
2006
JI1.3 [Cemuxomnenko U. A., XosoaunpHas TeXHUKA: Y4eOHOe mocodue Benropon: http://www
Kapmaues /1. B. Benropockuit .iprbooksh
rOCyAapCTBEHHBII op.ru/2841
TEXHOJIOTHICCKHI 7.html
YHHUBEPCUTET UM.
B.I'. lllyxoBa, ObC
ACB, 2014
6.1.2. lonosiHMTEIbHAS JTUTEPATYpPa
ABTOpBI, COCTaBUTENN 3arsnaBue WznarenscTBO, T Anpec
JI2.1 |Koukusu B., TTopoxoB A., [CoBpeMeHHbIE CTHPANbHBIC MAILHHbI Mocksa: COJIOH- | http://www
Merentnbes A., TIPECC, 2016 .iprbooksh
u6oukun IT., Pomun A. op.ru/6540
B., Tronun H. A. 4. html
J12.2 |Caynos A.1O. CoBpeMeHHbIC MUKPOBOJIHOBBIC ITeun: [IpakTryeckoe nmocodue Mocksa: http://znani
UsnarenscTBo um.com/go
"COJIOH-TIpecc", .php?
2013 id=882799
J2.3 CoBpeMeHHBIC KOHIUIMOHEPbl. MOHTaX, SKCIUTyaTanus 1 peMoHT:  |Mocksa: http://znani
IMpaktuyeckoe mocobue W3parenscTBo um.com/go
"COJIOH-TIpecc", .php?
2015 id=902297




J12.4 |Bysmos O. H., XO0JI0ANITBHOE TEXHOIOTHIECKOE 000PYI0BaHIE Kemeposo: http://bibli
Bopobnésa H. H., Ycos KemepoBckuit oclub.ru/in
A. B., IHumxkuna H. B. TEXHOJIOTHIECKHUI dex.php?
MHCTUTYT muiieBor | page=book
npomsbiiieHHocty, | &id=1415
2009 10
6.1.3. MeTtoanueckue pazpadoTku
ABTODBI, COCTaBUTENHN 3ariaBue W3narenbcTBO, TON Anpec
JI3.1 |Kpyrios A. A. VYrpapieHHe KaueCTBOM XOJIOJUIbHBIX CUCTEM: Y4eOHO- Canxr-IlerepOypr: | http://www
METOIUYECKOE TT0coOme VYuuBepcurer .iprbooksh
WUTMO, Unctutyr | op.ru/6532
X0JI0f1a U 6.html
OMOTEXHOJIOTHI,
2015
JI3.2 |dzuno A. A., ManuuuHa | AGCOpOIMOHHbIE XOJIOJUIbHBIC MALIMHBL: Y4eOHO- MeToandeckoe  |Caukr-IlerepOypr: | http:/fwww
O.C. mocobue VuuBepcurer .iprbooksh
HUTMO, 2015 op.ru/6575
3.html
JI3.3 |[d3uno A. A., Manununa | Temioncnoab3yronye Xoa0AWIbHbIE MAIUHBL: Y 4eOHO- Canxkr-IlerepOypr: | http://www
O.C. METOINYECKOE TIOCOOHE VHuBepcurer .iprbooksh
UTMO, 2015 op.ru/6818
5.html
6.2. Ilepeuens pecypcoB HHGOPMALHOHHO-TEJIEKOMMYHUKAIINOHHOH ceTd ""UHTepHeET"
21 CoBpeMeHHBIE CTHPATIBbHBIE MAIIUHEI [ DIEKTPOH-HEIH pecypc]/ B. KoukuH [1 1p.].— DIeKTpoH. TeKCTOBbIE JaHHBIE.— M.:
COJIOH-TIPECC, 2012.— 136 ¢.— Pexxum nocryna: http://www.iprbookshop.ru/20913.— DBC «IPRbooks», o naposmto
D2  |PeMoHT ObITOBOI TeXHUKH [ DNEKTPOHHBIN pe-cypc]/ — DneKkTpoH. TekcToBble gaHHble.— M.: COJIOH-ITPECC, 2011.— 120 c.—
Pexum noc-tyma: http://www.iprbookshop.ru/20903.— 3BC «IPRbooks», o napoJito
D3  |BopobbeBa H.H. XononunpHas TexHHKA 1 TeXHONO-TUs. YacTh 1 [DnexTpoHHEIN pecype]: yueOHoe moco-6ue/ Bopoorera H.H.—
ONeKTpoH. TeKCTOBbIE laH-Hble.— KemepoBo: KeMepoBckuii TEXHOIOIHUeCKUH MHCTUTYT IUIIEBOH NPOMBIIUICHHOCTH, 2006.—
164 c.— Pexxum nocryna: http://www.iprbookshop.ru/14399.— 3BC «IPRbooks», o mapoito
D4  [Kamkapos A.Il. YcTaHoBKa, MOHTaX 1 00CITy)KHUBAaHUE KOHAUIIMOHEPOB [DekTpoHHbIi pecypc]/ Kamkapos A.IT.— DiekTpoH.
tekcToBbie ganHbie.— M.: JIMK Tlpecc, 2011.— 120 c.— Pexxum ngoctyna: http://www.iprbookshop.ru/7753.— 3bC
«IPRbooksy, o mapoto
D5  |Teopwus u rexunka CBY [DnekTpoHHsIi pecype]: yue6-Hoe mocodue/ AWM. ActaiikuH [u ap.].— DIEKTPOH. TEKCTOBBIC TaHHBIC.—
Capos: Poccuiickuii pene-panbuslii snepHslii nentp — BHUND®, 2008.— 464 ¢.— Pexxum noctyna:
http://www.iprbookshop.ru/18460.— 3BC «IPRbooksy, 110 mapoJio
36 |BopooObeBa H.H. XonomunpHas TexHuka U TexHosiorus. Yacts 2 [DnekTpoHHsIH pecypc] : yueoHoe nmocodue / H.-H. Bopoorea. —
DNeKTpOH. TeKCTOBBIEe NanHble. — KemepoBo: KeMepoBckuii TEXHOIOTHYECKUI HHCTUTYT MUIIEBOM npoMbIimieHHOCTH, 2006. —
104 c. — 5-89289-447-9. — Pesxum nocryma: http://www.iprbookshop.ru/14400.html
37 |Cemuxonenko U.A. XonoaunbHas TeXHUKA [DIeKTpOHHBIN pecypce] : yueOHoe nocobue / .A. Cemukonenko, /[.B. Kapnaues. —
DNeKTPOH. TEKCTOBBIE NaHHble. — benropox: benropoackuit rocyqapcTBEHHBINA TEXHOIOTHIECKUA YHUBEpCcHUTET M. B.I".
[IyxoBa, 9bC ACB, 2014. — 269 ¢. — 2227-8397. — Pexum nocryna: http://www.iprbookshop.ru/28417.html
38 | XomoauibHas TEXHOJIOTHS TTHIIEBOM MPOMBIIIIICHHOCTH [ DIEKTPOHHBIH pecypc] : yueOHoe nmocodue / A.M. Mbpaes [u ap.]. —
DeKTpoH. TeKcTOBbIe NaHHble. — Kazaub: Ka3aHCKHiT HAITMOHAIBHBIN HCCIIEI0BATENLCKUN TEXHOIOTHYECKUI YHUBEPCHTET,
2010. — 125 c. — 978-5-7882-0935-7. — Pexum nocryna: http://www.iprbookshop.ru/63553.html
29  |CoBpeMeHHBIE CTHPATIbHBIE MAIIMHBI [ DNeKTpoHHbIH pecypc] / B. KoukuH [1 np.]. — DIEKTpOH. TeKCTOBbIE AaHHBIE. — M. :
COJIOH-TIPECC, 2016. — 136 ¢. — 978-5-91359-195-1. — Pexxum noctyma: http://www.iprbookshop.ru/65404.html
D10 |XoJoauIIBHOE TEXHOJIOTHIECKOe 000pyHoBaHHe [ DIeKTpOHHbIH pecypc] : yueOHoe mocobue / O.H. Bysnos, H.H. BopoOséBa,
A.B. YcoB. — DiexTpoH. TekcToBble naHHble. — KemepoBo: KemepoBckuii TEXHOIOTHUECKUI HHCTUTYT NMHUILEBOH
npomsinieHHocTH, 2009. — 200 ¢. — 978-5-89289-542-2. — Pexxum nocrtymna: http://www.iprbookshop.ru/14401.html
D11 |Kpyrior A.A. YnpaBiieHHue Ka4eCTBOM XOJOAMIBHBIX CHCTEM [ DNIEKTPOHHBIN pecypc] : yueOHO-MeToqumaeckoe mocobue / A.A.
Kpyraos. — DiektpoH. TekcroBble fanHble. — CII6. : Yausepcurer UTMO, HMHcTHTYT X0Nm0aa u 6notexHonoruii, 2015. — 33 c.
— 2227-8397. — Pexxum pocryna: http://www.iprbookshop.ru/65326.html
D12  |d3uHO A.A. AGCOPOLMOHHBIE XOJOAMIbHBIE MAIIMHBI [ DNEKTPOHHBIH pecypc] : yaeOHO-MeToaumdeckoe mocobue / A.A. JI3uHo,
0O.C. Manunauna. — DneKTpoH. TekcToBble qanubie. — CII0. : Yuusepcuter UTMO, 2015. — 68 ¢. — 2227-8397. — Pexxum
nocryma: http://www.iprbookshop.ru/65753.html
D13  |d3uHo A.A. TermIoucnonb3yrIne X0I0AUIbHbIE MAIUHEI [ DJIEKTPOHHBIIN pecypc] : ydaeOHO-MeToandeckoe nocodue / A.A.

J3uno, O.C. ManuamnHa. — DJIeKTpoH. TekcToBble naHubie. — CII6. : Yausepcurer UTMO, 2015. — 70 ¢. — 2227- 8397. —
Pexum nocryna: http://www.iprbookshop.ru/68185.html

6.3.1 IlepevyeHs NpPOrpaMMHOro odecnedeHust

6.3.1.1|Microsoft Windows




6.3.1.2

Microsoft Office Word

6.3.1.3

Microsoft Office Excel

6.3.14

Microsoft Office PowerPoint

6.3.1.5

Microsoft Visio

6.3.1.6

7-Zip

6.3.1.7

Kommac 3D LT

6.3.1.8

Vuebnslit kommiekt KOMITAC-3D v18

6.3.1.9

CorelDraw Graphics Suite X3

6.3.1.10

AutoCAD

6.3.1.11

AutoCAD Mechanical

6.3.1.12

3ds Max.

6.3.2 IlepeueHb HHGOPMALMOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1|Koncynsrant ITmroc: http://www.consultant.ru




METOANYECKHUE YKA3ZAHUA

JUTSI OpraHu3aIi CaMOCTOSITEILHON paOOThI
MO AUCHUIUIMHE «BBITOBBIC MAIIIMHBI U TTPUOOPHI»
JUTsl CTYICHTOB HAMpPaBJIECHUS TTOATOTOBKU
15.03.02 TexHOMOrMYECKUE MAILIUHBI U O0OPYI0BaHUE
Hanpasnennocts (npoduis) beIToBbIE MAITMHBI ¥ TPUOOPHI



Ty
ol

MHHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA30OBAHU S POCCUNCKON ®EJIEPAIIN

OEJAEPAJIBHOE 'OCYJAPCTBEHHOE BIO//KETHOE
OBPA3OBATEJIBHOE YYPEKTEHUE BBICHIEI'O OBPA3OBAHMUSI
«TJOHCKOU TOCYAAPCTBEHHBIN TEXHUYECKUU YHUBEPCUTET»

Texnosornyecknii ”HCTUTYT cepBuca (puaunan) AI'TY B r.CrtaBponose
(TUC (puauan) AI'TY B r.CraBpomnoJie)

METOAUYECKHUE YKA3ZAHUSA

10 BBITTOJTHEHUIO MTPAKTUIECKUX pabOT
o pucturuinHae «IIpoekTrupoBanne OBITOBON TEXHUKH)
JUTSL CTYZICHTOB HaMpPaBJICHHS TIOJTOTOBKH
15.03.02 TexHOMOTUYECKUE MAIIIMHBI U 000pYI0BaHKE
HaIpaBJIeHHOCTh (MTPoPuIib) «BBITOBBIC MAITUHBI U IPUOOPHD)



Mertoanyeckne ykazanus 1o aucuuiuinHe «lIpoekTrpoBaHne OBITOBOWH TEXHHKH
coJiepKar 3aJjaHus AJIs CTYI€HTOB, HEOOXOIUMBIE JIJIsl PAKTHUECKUX 3aHATHH.

[TpopaboTka mpeIoKEHHBIX 3aaHUil TTO3BOJIUT CTYACHTaM MPUOOPECTH HEOOXOIUMbIE
3HaHUS B 00JaCTH U3y4aeMOM JUCLIUILIHHBI.

[IpenHasHaueHsl A CTYAEHTOB HarpasieHHsl noarotoBku 15.03.02 TexHonoruueckue
MaluHbl 1 o0opynoBanue. Hanpapnennocts (mpoduiib) BeIToOBBIE MAIIMHBI U TPUOOPHI.



Conep:xanue

Beenenue

[TpakTrueckoe 3ansatue 1 BiusiHue peskxuma paboThl Ha SHEPTETHYCCKUE XapaKTEPUCTHKU
koMmriipeccopa XKB-6 1i1s ObITOBBIX XOJI0/IUILHUKOB

[IpakTnueckoe 3ausaTue 2 CHATHE U aHAJIU3 XapaKTePUCTUK TEMIIEPATypHOTO MOJIst
repMeTu4HOro kommpeccopa XKB

[IpakTnueckoe 3aHsaTHE 3 DKCIIEPUMEHTAIBLHOE ONIPEACICHUE TEIUIOBBIX U CUIIOBBIX
(bakTOpOB HATPyKEHUSI KOHICHCATOPA U OLIEHKA €ro IPOYHOCTH

[IpakTrueckoe 3aHsaTHE 4 DKCIIEPUMEHTAIBLHOE ONIPEACIICHUE U aHAJIU3 TEIJTIOBBIX
(hakTOpOB HATPYKEHUS CTHPATHHON MAITHMHBI

[IpakTrueckoe 3ansaTue 5 Pacuer KoHAEHCATOPa U UCIIAPUTEIIS XOJIO0AMIbHUKA
[IpakTuueckoe 3ansTue 6 Pacuer TEMIoU30ISIIIMN XOIOUIbHUKA

IIpakTrueckoe 3anatue 7 TemnoBoil pacyeT X0I0AuIbHUKA

[IpakTuueckoe 3anstue 8 Pacuer TeopeTUueCKOro MUKJIa XOI0UIbHUKA

Cnucok peKOMEeHIyeMbIX HH(POPMAIIMOHHBIX HICTOYHUKOB



BBEJAEHUME

HpI/I HU3YUYCHHU KypCa Hapdaay C OBJIaJCHUCM CTyACHTAMHU TCOPCTUUCCKHUMU IIOJIOKCHUAMUA
YACIACTCSA BHUMAHHUC HpI/IO6peTCHI/IIO MNPAKTUYCCKHUX HABBIKOB, C TEM, yTOObI OHH CMOTJIH yCHeurHo
MIPUMEHATH UX B CBOEH MOCIIEAYIOMIEH padoTe.

Llenp ocBOEHUS TUCUMIUIMHBI — JaTh CTYJAEHTAM TEOPETUYECKHE 3HAHMS U MTPAKTUUECKUE
HABBIKHU 110 TPOSKTUPOBAHUIO U KOHCTPYHUPOBAHUIO OBITOBBIX MAIIMH U IPUOOPOB.

[IpuMeHeHne MeTola CHUCTEMHOIO aHalM3a K M3YYECHHUIO JIaHHOM JIUCLMIUIMHBI
ompeneNnseT CIeNyIIue €ro 3aJadyd: W3yuyeHHe NpoOdjeM B HMCTOPHUYECKOW NEpPCHEeKTHBE,
pacliupeHre 3HAaHUSA CTYICHTOB, pPAa3BUTHE CIIOCOOHOCTH CTYACHTOB K MOHMMAHUIO U
KPUTUYECKOMY OCMBICIICHUIO MPOOJIEM COBPEMEHHOCTH, 0OCYKIA€MBIX B CPEICTBAX MacCOBOU
uH(pOpMalliU, JTUTEpaTyphl, a Tak)Ke MPUOOPETEeHHE HABBIKOB IOCJIEIOBATEIbHO M I'PAMOTHO
U3JIaraTh CBOM MBICIIA B YCTHOUM M MUCHMEHHOU opme

B pe3ynbTate ocBOEHUS TaHHOM AUCHHUIUIMHBI (POPMHUPYIOTCS CIAEAYIOUINE KOMIETECHINH
y 00y4Jaromnierocs:

IIK-5: CnocodHocTh mnNpUMHMMATH Yy4yacTHe B padorax mo pacyery H
NPOECKTHPOBAHUIO JieTaJleil H y3/10B MAIIMHOCTPOUTEIbHBIX KOHCTPYKIHM B COOTBETCTBUH
¢ TEXHUYECKHMHM 32IaHUSIMM M HCIO0Jb30BAHMEM CTAHAAPTHBIX CPeICTB ABTOMATHU3ALMU
NMPOEKTUPOBAHMS.

N3yuuB naHHBIN KypC, CTYIEHT JIOJKEH:

3HaTb:

-TexHOIOruM U3rOTOBIICHUS AeTaleil 1 COOPKU U3IIEIHA.

- OCHOBBI TEOPUH HA/IEKHOCTH MAIIMH U 000pPYI0BaHUS.

-IIpuHIIMIBEL pacyeTa yCTPOUCTB JJIsl IEPEAAUN U YIIPABIICHUS SJHEPTUEH ABUTATEIICH.

YMers:

-[IpoexTupoBaTh ¥ TpadUUECKU TMPEACTABIATH TEXHOJIOTUYECKYID CXeMy COOpKHU
U3JIeIMA  MAIIMHOCTPOEHMS,  KOHTPOJIMPOBAaTh  TEXHOJOIMYECKYK  JUCHUUIUIMHY  TpHU
W3TOTOBJIEHUH U3EIHI.

-[IpoBouTh 00pabOTKY CTATUCTUYECKUX MJAHHBIX U IPOTHO3UPOBATh HAJIEKHOCTh
MaIIiH U 000pyI0BaHUS.

-PaccunThiBaTh OCHOBHBIE TTAPAMETPHI IPUBOIOB PA3IUYHBIX THUIIOB.

Bnaners:

-MeroaukamMu KOHCTPYKTUBHO TEXHOJIOTMUECKOTO aHalIM3a 4YepTexel jaeraneid, BeiOopa
METO/10B 00pabOTKU MOBEPXHOCTEH.

-HaBbikamu pacuera nokaszaTesiell HaJIeXKHOCTH MaIIMH U 000py/10BaHUS.

-HaBbIkamMM YTE€HUS U TOCTPOCHUSI KHHEMATUUECKUX CXEM ITPUBOIOB.

Peanu3zanus KOMIETEHTHOCTHOI'O [TO/IX0/1a IPEyCMAaTPUBAET IIMPOKOE UCIIOJIB30BaHUE B
yueOHOM TpoIlecce AaKTUBHBIX W MHTEPAKTHUBHBIX (OpM TmMpoBeAeHHs 3aHATHI (pa3bop
KOHKPETHBIX CHUTYyallli, cobeceoBaHHE) B COUYETAHUU C BHEAYJUTOPHOW pabOTON € LENbio
dbopMUPOBaHUS U PA3BUTHS MPOPECCHOHATHHBIX HABBIKOB CIICIIMATTUCTOB.

JIeKMOHHBIN KypC sIBIsIeTCS 0a30d Il TOCJICAYIOIIETO TMOMYYEHUsT O00Yy4YaroIIUMUCS
MPAKTUYECKUX HABBIKOB, KOTOPBIE MPUOOPETAIOTCS HA MPAKTHUECKUX 3aHATHIX, MPOBOJIUMBIX B
aKTUBHBIX (oOpMax: [eJOBble WIPbl; CUTYallUOHHBIE CEMHUHapbl. MeToauka MpoBeleHUs
MPaKTUYECKUX 3aHATUA M MX COJEpKaHUE MPOJUKTOBAHBI CTPEMJIEHMEM KaK MOKHO
s¢deKkTuBHEE pa3BUBATh Y CTYJIEHTOB MBILIUICHUE U WHTYULIHIO, HEOOXOIUMbIE COBPEMEHHOMY
CHEIHUANNCTy. AKTUBHBIE ()OPMBI CEMHUHAPOB OTKPBIBAIOT OOJBIIINE BO3MOKHOCTH JIJIsl TPOBEPKU
YCBOEHHUS TEOPETUUECKOr0 U MPAKTHUECKOT0 MaTepuaa.

IIpakTuyeckoe 3ansitTue 1 Biausinue pexnma padorsl Ha JHEPreTHYECKHe XapaKTEePUCTHKH
xommnpeccopa XKB-6 1/ist 0bITOBBIX X0/10JHJIBHUKOB
I.[e.m; 3aHATHUA 3aKIH0YaCTCA B (bOpMPIpOBaHI/II/I Y CTYACHTOB HpO(l)eCCHOHaHBHOfI KOMIICTCHIINN

IIK-5



MexaHu3M JIBMKEHUS KPUBOIIUITHO-KYJIWCHBIM: BHYTPH KYJIMCHI 7 TIEpEMEIIAeTCs MON3YH 8 ¢
noMouipto kpuBommumna. llopmens 5 npunasgH k kyiauce 7. B kadecTBe MaciasiHOrO Hacoca
UCIOJIB3YyeTCs Ball 11, B KOTOPOM CII€NaHO BEPTUKAIBHOE OTBEPCTHE, CMELIEHHOE OTHOCUTEIBHO
ocu. Macno mox pgeicTBUEM LIEHTPOOEKHON CHIIBI TMOJAETCS B CIHMpAJbHbIE KaHAaBKU Ha
IIOBEPXHOCTH KOPEHHOM M IIAaTyHHOW MmIieek Bana. Kiamanel ynpyrue, KOHCOJIBHBIE.
BcacbiBatronuii 1 HarHeTaTeabHbI TIIYIIUTEIN OTIUTHI 3a0HO C YYTYHHBIM IWIMHIAPOM 4.
[wmaap 4 u crarop 2 NpUKperyieHsl K Kopmycy 3 Oonramu. BubOpomsons- Topsr 13
BHYTpEHHUE, MpPYXUHHbIC, HarHerareiabHass TpyOKka (TpyOuarhlii riymuTenb) 9 ympyrad,
MO3TOMY BHOpanuu KOMIIpeccopa MepefaroTcss Ha Kopnyc ocinabneHHsiMu. Kpermka 10
CBApHOTO KOXyXa | orpaHM4MBaeT NEPEMEIIECHHs KOpIyca BBEPX, B MECTaX YCTaHOBKHU
mtudToB 12 BUOPOU30IATOPOB.

OCHOBHBIE TEXHUYECKUE XapaKTEPUCTUKU KOMITPECCOPOB MpHBeeHBI B Tabiunax b.5-b.8.

WcnbiTanuss KOMIIPECCOPOB TMPOBOAST HAa KAJTOPUMETPUYECKOM CTEHJE, CXeMa KOTOpPOTO
MpUBE/ICHA HA PUCYHKE 5.

Jasnenue xnanoHa uaMepsroT Manomerpamu kiacca 0,4 mo 'OCT 2405-88 wimmu 'OCT 6521-72
CO CNENyIOIMMH BEpXHMMH Tpenenamu wm3Mepens B Ila (kr/em®): 9,810° (10,0) - s
MaHOMETPOB Pya1, Pwn; 15,6810° (16,0) - s manOMeTpa Puxa; 24,510° (25) - 11 MaHOMETPOB
PKul, PK)12-

ATMoc(hepHOe NaBJIEHUE HM3MEPSIOT PTYTHBIM OapOMETPOM WJIHM amnepouoM. Temmeparypy
XJ1aJI0Ha ¥ BOJIBI U3MEPSIIOT PTYTHBIMHU TepMomeTpamu ¢ nienoi aenenus 0,5 °C mo 'OCT 215-
73 WM IPYrUMH PaBHOIICHHBIMH ITPHOOPaMH.

Hanpsokenune wusmepsroT BonbTMeTpamu kiacca 0,5 mo T'OCT 8711-78, mnotpeGisiemyro
MOIITHOCTH - BaTTMeTpamu kiacca 0,2 wim 0,5 mo TOCT 8476-78.

Pacxon BoJbI M3MEPSIOT HAa pacX0J0OMEPHBIX YCTAHOBKAX MAaCCOBBIM MJIM OOBEMHBIM METOJaMHU
¢ morpeurHocTeio He 6ozee 0,2 %.

Jl1s1 OpHEeHTHPOBOYHOIO KOHTPOJISI pacxo/a BoAbl Ha TPyOONpOBOJIE TOJKEH ObITh YCTAaHOBIIEH
poTamerp.

B snextpuyeckue nenu HarpeBaTens KaJlOpUMeTpa U 3JIEKTPOIABUTATEN KOMIIPECCOpa JOJKHBI
OBITH BKJIFOUEHBI YCTPOWCTBA CTAOMIIN3ALIMY U TUIABHOTO PErYIMPOBAHUS HAPSKEHUS.

[lepen wucneiTaHueM KOMIIpeccopa MOJKHBI OBITH TMOCTPOEHBI T'PaTyUpPOBOYHBIC Tpaduku
TepMoMeTpa u MaHoMmeTpa. Ha rpadukax mopKHBI OBITH OTJIOKEHBI MOMPABKH, YKa3aHHBIE B
CBUJIETENHCTBAX Ha 3TU Mpubopkl. [locie MOHTaXka cTeHAa, a TAKXKE €XKETOJHO U MOCIe KaXI0TO
BCKPBITHA KaJIOPUMETpa HIIM KOHACHCATOpa JOJI’KHBI OLITH OIpPEACIICHBI TMMPONU3BCACHUA
KOd(p(UIIMEHTOB  TEIUIONepeaayd Ha IOBEPXHOCTh  KaJOpUMETpa U  KOHJEHcaTopa,
XapaKkTEepU3yIolue WX TEMI000MEH ¢ OKpyXKarImiei cpemoi. McmbiTaHust MODKHBI OBITH
MIPOBEJICHBI HE MEHEE YEM MPH TPEX 3HAYEHHUSIX PA3HOCTU TEMIEPATyp XJIaA0HA U OKPYKAIOIIETO
BO3/1yXa.

B KOHType UCHBITBIBAEMOro CTEHAA HAJIWYME BO3ayXa He nomyckaerca. OTCyTCTBHE BO3IyXa
IIPOBEPSIOT MPU BKIKOYEHHOM KOMIIPECCOPE U IPEKPALICHUU IIOJAaYU BOJbI Ha KOHIEHCATOP.
[Tpu >TOM TemmepaTypa OKpyXaroliei cpe/pl J0KHa ObITh He MeHee 10 yacoB mocTostHHOU. B
nocineaHre 2 yaca Kaxzaple 30 MHHYT 3alMCBIBAIOT TEMIIEPATypy OKpYXKAroLIed cpeabl U
JIaBJICHHUE XJIaJJOHA B KOHICHCATOPE.



Puc. 5. Cxema ka1opuMeTpH4eCKOro CTeH/1a:

1 - kommpeccop; 2, 3 - BcachbiBaWIIUil M HATHeTATEIbHBIN Ki1anau; 4, 11, 12, 13, 14, 19, 23,
25, 26, 28, 29, 31 - 1uHUM TPYOOIIPOBOJIOB;

5 - xanmopumeTp; 6 - UcnapuTenp; 7 - HarpeBaTellb KIOPUMETPa; § - KOHJIEHcaTop; 9 - pecusep;
10 - mpenkoHaeHCaTOD;

15 - ¢punbrp-ocymmrens; 16, 18, 21, 22, 32, 33 - BeHTUb; 17 - perynmupyromuii BeHTUb; 20 -
KOXKYX KOMIIPECCOPa;

24, 27, 30 - nByXCEKIIMOHHBIN KaJIOpPUMETp-HarpeBaTelib

JlaBneHre B KOHJIEHCATOpPE HE JOJDKHO OBITh BBHIIIE JAaBJICHHUS HACHIIIEHHOTO IMapa XJajoHa,
COOTBETCTBYIOLLETO TeMIeparype oOkpyxarouiei cpensl ¢ TouHocThio +1 °C. IlpoBepky
IPOBOAAT Iepe]l UCTIBITAHUEM, a TAKXKe M0CIe KaXI0ro qo0aBIeHns XiafoHa B cucteMy. [lepen

,I[O68.BJ'I€HI/I€M XJIaJIOHa IMPOBEPAIOT €TI0 JaBJICHHC B OasioHe.

DIIEKTPUUECKYI0 M3OJSLIUI0 HAarpeBaTeliel KaJlopuMeTpa MPOBEPSIOT HE PEXe YeM OAMH pa3 B
Mecsil. ConmpoTUBICHUE N30SI JT0HKHO ObITh HE MeHee 50 MOwm.

[lepen HayamoM HCHOBITAHUM NPOBEPSIOT M NPU HEOOXOIUMOCTH KOPPEKTUPYIOT YCTaHOBKY
AIIEKTPUYECKUX MTPUOOPOB HA HYJIb.

[TpoBepKy SHEPreTHICCKUX XapaKTEPUCTUK IIPOBOIAT MIPH YCIOBUSAX, YKA3aHHBIX B TAOIUIE 5.
Tabmuua 5

Y ci10BHS UCTIBITAaHUM KOMITpEccopa

HaumenoBaHue napamerpa 3HaueHue rnapamerpa
JUIS KIIMMAaTH4eCKOTO

HUCIIOJIHCHU A
KOMITpeccopa

Nasnenune BcackiBanus MIla, coorBercTByromiee Ttemmepatype | (-10)
kunenus, °C

(-20)

(-30)
JaBnenue HarHeTaHus, COOTBETCTBYIOIIIEE temmeparype | (30)
koHgeHcauuu, °C

(55)
Temneparypa nepeoxnaxaenus, °C 32+0,5
TemmnepaTypa BcacblBa€MOTro XJaaoHa, °C 32+£0,5
Temnepatypa okpy»xaroien cpeasl, °C 32+£0,5




[Ipu BU3yalbHOM KOHTPOJIE TIOJIa4YH XJIaJJOHA CMOTPOBOE OKHO TIepe peryJIUPYIOIIMM BEHTHIIEM
JIOJDKHO OBITh HETUKOM 3aIlOJTHEHO KHIKUM XJaaoHOM. [IpoxokaeHue my3bIphbKOB Ta3a uepes
JKUJIKOCTh HE JIOITYCKaeTCsl.

[Tpu mojncyere pe3ynbTaToOB UCIBITAHUNA JIOJDKHO OBITH OTMPEICIICHO CpenHee apru(METHIECKOe
U3 CEMU TO0CJIeI0BATENIbHBIX MOKAa3aHUN TPHOOPOB.

TeMnepaTypy KHIICHUA U KOHACHCAIUW OIPECACIIA0T C IIOMOIIBIO «Ta6n1/1u HACBIIICHHBIX ITapOB
XOJIOJHUJIbHBIX arc¢HToB» IIO a0COJIFOTHBIM AAaBJICHUAM NCPEA BCACbIBAIOIIMM W IIOCJIC
Har"u€TaTrcjJbHOI O Han}I6KOB KOMIIpECCOpa COOTBETCTBEHHO.

AGComoTHOE NaBleHNe XIag0Ha Py B Kre/cM? onpeensr no Gpopmyie:
riae Pa - usmepennoe naBneHue, krc/cm2; Po - mokazanue 6apoMerpa, MM pT. CT.

TemnepaTypy BTOPUYHOIO XOJIOAWJIBHOI'O areHTa B KAJIOPUMETPE U XJIaZOHA B KOHJEHCATOpe
OIpeNeNAoT ¢ nMoMoulbio «Tabyui HACKIILEHHBIX TapOB XOJIOAMIBHBIX ar€éHTOBY 110 JIaBICHUIO
BTOPUYHOIO XOJIOAMJIBHOTO areHTa M XJaJoHa B MarpyOKe Ipu BXOJA€ B KOHJEHCATOP
COOTBETCTBEHHO.

OHTaJbIMIO XJIaJI0HA NIEPE]] BCACHIBAIOLIUM MMaTPpyOKOM KOMIIpeccopa, epe]l KOHIEHCATOPOM U
1OCJIe KalTOpUMETpa OMPEIeIIAIOT 0 TeIIoBbIM auarpammam i-IgP wiu T - S mis xnmagona, a
SHTAJBIIMIO XJIAJIOHA TIOCIIE KOHACHCATOpa U MEpe]] PeryIupyouMM BeHTWIeM - o «Tabnmie
HACBILICHHBIX MTAPOB XOJIOJAUIBHBIX areHTOBY.

rae Ga - IeHCTBUTENbHAS MAacCOBasi MPOU3BOAUTEIBHOCTh KOMIIPECCOPa, KI/C; ikm1 - SHTAIBIIHS
XJIaJJOHa TEpe]] BCACHIBAIOLIUM MAaTpyOKoM (OmpenendioT mo aaBieHuto P u temmeparype
k2 Ha TUHUM BcachIBaHUs KoMIipeccopa, KJK/KT; iy - pacdeTHas SHTAIbIUS KUIKOTO XJIaJ0Ha
nepes peryaupyonmM BeHTHIeM, KJDK/KT.

OHTaJbIMIO 1y ONPENENAIOT 1O TabaumaMm JUid HAachIIEHHOM JKUAKOCTH XJjaaoHa. Jlus
KOMIIPECCOPOB B KJIMMAaTH4YecKOM HcnosHeHMH YXJI TemmepaTypy HAcbhIIEHHOW >XHAKOCTH
XJIaJloHa puHUMatoT paBHoU 32 °C npu temmneparype koHaeHcauuu 55 °C, a KOMIpeccopoB B

KIIMMaTHYeCKOM HCIIONHEHUU T - TeMIiepaTtypy HACBHIIIEHHOM KHUIKOCTH XJIaJJOHAa MPUHUMAIOT
paBHoii 43 °C nipu Temnieparype kouaeHcaruu 60 °C.

MaccoBas MpOU3BOIUTENBHOCTh KOMIIPECCOpa JOJKHA OMPEIENAThCA JABYMS HE3aBUCHMBIMU
crocodamu:

— 110 TEMI0BOMY OallaHCy KalOpPHUMETPA;

— 110 TEII0BOMY GallaHCy KOHIEHCATOpa.

VpaBHEHHUE TEIIIOBOTO OalaHca KalopuMeTpa:

Ga.xa(ixm2-11)=Nkn ?Qxk , (74)

rIe ik - DHTAIBIMSA XJAJOHA Y BHIXOJA M3 KalOpUMETpa, KJIK/KT; iy - DHTaIbIMs XJIaJoHa

nepea peryaupyroliuM BEHTUJIEM, U3MEpPEHHas BO BpeMs ombiTa, KJDK/Kr; Nk - MOIIHOCTH
HarpeBartels Kajopumerpa, KBt; ?Qy - Teruionorepu kamopumeTpa, KBT;



rae (xF)xn- mpousBenenue koddduimMeHTa Terionepenady Ha MOBEPXHOCTh KalOPUMETPA,
B1/K; tsxm, tsxm - Temmeparypa Bo3ayxa IMepel KaJopuMeTpoM H 3a HUM, K; tpxa -
TeMIIepaTypa BTOPUYHOI'O XOJIOJUIBHOIO arexra, K.

MaccoBasi IpoU3BOJUTEIBHOCTh KOMIIPECCOPOB, ONpPEeNICHHAs MO TEIUIOBOMY OallaHCy

MaccoByio TpOH3BOIUTENBHOCTh KOMIIpECCOpa IO TEIUIOBOMY OallaHCy KOHJEHcaTopa
Ga.xx OTIPEACIISIOT IO hopMyIIe:

rae Ggy - pacxo/l BOJIbI, M3/C; toat, ta - TeMIiepaTypa BOJIbl A0 U mociie kKonjaeHncaropa, °C; ?Qwx -
TEIUIOBBIC MIOTEPH KOHACHCATOpa, KBT,

rae  (kKF)w: - mpousBeneHue Kod(pQHIMEHTA TEIJIoNepeayd Ha IUIOIAAb I[TOBEPXHOCTH
KoHzneHcartopa, BT/K; te;- Temmeparypa XjajoHa, ONpeAeleHHAs IO JaBJICHUIO TIepen
KOoHIeHCATOPOM, °C; taxnl, taxn2 - TEMIIEpATypa BO3ayXa JI0 U Mocie KoHaeHcatopa, °C; iwl, I -
SHTAJIBITUS XJIAZOHA JI0 U IOocie KoHaeHcaropa (kHxk/kr).

JlelicTBUTENBbHYIO IPOU3BOIUTENIFHOCTH KOMITPECCOpa OMPEACTISIOT 1Mo GpopmyIie:

Benuuuna , xapakrepusyrolias MOrpelIHOCTh MCIBITAaHUS, HE J0JDKHA mpesblmath +3 % (mo
['OCT 17008-85).

Cwy TOKa, HampsHKEHHWE W MOIIHOCTH OMPEICISIIOT 3JIEKTPOU3ZMEPUTEITBLHBIMU TIPUOOpaMu
Kknacca He Hmxke 0,5.

Heo0xomMMo y4uTBHIBaTH COOCTBEHHOE IOTPEOJICHHE AJICKTPHUECKUX MPHOOPOB, €CIIM OHO
cocrasisieT 6onee 0,5 % MOIIHOCTH KOMIIpeccopa.

CpenHioro Temneparypy 0OMOTKH U3MEPSIFOT METOZ0OM COIPOTHUBIICHHS.
Temmneparypa 0OMOTKH B ropsiueM cocTosiHuH, °C:

r7ie 1T, I'x - COMPOTHUBIIEHHE OOMOTKHU B TOPSYEM M MPAKTUYECKU XOJOAHOM cOCTOsTHHH, OM; tr,
tx - cooTBeTCTBYIOIIME TemIiepaTypsl, °C.

Jis NOBBINIEHMS HAJEKHOCTH PE3YJIbTAaTOB HCIHBITAHUN IIEpel]] HadajloM KaKJOro OIbITa
U3MEPSIOT CONPOTUBIIEHUE OOMOTKH B XOJIOJHOM COCTOSIHUM U ipuBoaT Kk 0 °C.

[Tomy4ynB U3 HECKOJBKHUX OIBITOB CpPEeIHEE, HAOOJIee JOCTOBEPHOE 3HAUEHHUE ITOW BEJIIMUEHHI T,
Janee pacueT npoBosT o hopmye, °C:

Bo3moxHo HU3MCPCHUC TCMIICPATYPhI 00MOTKH M 0€3 OCTaHOBKHU JABUTATCIIA.

Bonpocsl 1715 o0cykneHust

1 AGcomroTHOE HaBieHue Xi1agoHa Pa

2 Bnusiaue pexkriMa paOOThI Ha SHEPTreTHUYECKUE XapaKTepHCTHKH Komrpeccopa XKB-6
JUTSL OBITOBBIX XOJIOMIBHUKOB

IIpakTnyeckoe 3ansaTHe 2 CHATHE U AHAJIN3 XaPAKTEPHCTHK TEMIIEPATYPHOIO MOJIsI
repMeTu4Horo kommpeccopa XKB
Leas 3ansTus 3akmovaeTcs B GOPMUPOBAHUH Y CTYIIEHTOB MPOQPECCHOHANEHON KOMIIETCHITHH:
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K-5

PaccmoTpum omnpenenenue CTpyKTypbl TEMIEPATYPHOTO MO U aHANIU3 BIUSHUS OECIOJIE3HOTO
MOJIOTPEBA Mapa Ha 0OBEMHBIC M YHEPTCTUUECKUE XapaKTEPUCTHKU TePMETUYHOTO KOMIIpeccopa
XKB g OBITOBBIX XOJOAMJIBHUKOB, OCHOBHBIX KOHCTPYKTHUBHBIX 3J€MEHTOB, SBIISIOIIMXCS
MCTOYHUKAMU Telja. becnosie3Hblil MoorpeB BCAChIBAEMOr0 Iapa XOJIOAWIBHOIO areHTa Ji0
Hayaja CXaTUs B UWIMHIPE BbBI3BIBACT YXYALIEHHE OOBEMHBIX M HSHEPreTHUYECKHUX
XapaKTEPUCTUK FEPMETUYHOTO XOJIOJWIBHOTO arperara.

B ngeiicTBUTETEHOM KOMIIpECCOpPEe Ha MYTH B IIIMHIP BCAaChIBAEMbIN Map HarpeBaeTcsl MpU
MOCTOSIHHOM JIaBJICHUU OT BHYTPEHHHUX MCTOYHHUKOB TEIUIa, OCHOBHBIMH U3 KOTOPBIX SIBIISIOTCS:

— LUIUHAD;

— BCTPOCHHBIN 3JIEKTPOIBUTATEb;
— HarHeTaTeJIbHBIN TPaKT;

— Iapbl TPEHUS.

VYcnoBust paboThl pealbHOTO KOMIIPECCOpa XapaKTEPH3YIOTCS TEIUIOOTAa4Yel B OKPY)KAIOIIYIO
cpeny, WHTEHCHBHOCTh KOTOPOM 3aBHCHT, NPH MPOYHX PaBHBIX YCIOBHSIX, OT Pa3HOCTH
TEMIIEpaTyp MEXIy MOBEPXHOCTBIO KOXyXa M CpEIOW, OMBIBAIOLICH IOCIEIHUHN, a TaKke
K0d(pPHIIMEHTA TETIOOTIAUH.

C nenplo ornpeneiaeHus] KOJMMUYECTBEHHONW XapaKTEePUCTUKU BEIMYMHBI MIOI0TPEBa Mapa B KOKYyXe
B HOMHUHAQJIBHOM pEXHUME BBIPOXAIOT TEIUIONPUTOKH OT KMCTOYHUKOB TEIJIa Yepe3
TEPMOJMHAMHYECKHE XapaKTEePUCTUKH pabodero Tena u padoune KOdPPUIMEHTb TepMETUYHON
MAIIHHEI.

Oy = E k_-;F{rH — Iy )

) .41 1000
=[G (i —i )| ——,
Q_}h [g. xVH X ]2._13'&‘.[][:|

.. 41 1000
o — TG‘\FEI —_I'\"Jll —_—.
Q__'.-_ L MVH L ]24 ) 36[][]

KonnuectBo TCIJIa, OTBOAUMOTI'O OT I1apa MpH CXKAaTHU B TUIIUHAPC, KBT:
Qu=1i (82)

QE;!: [ﬂal VLIpZ-! “1—3 - f;!a JII] 1[][][]

24 -3600

rzae - Ko3pPUuueHT, XapakTepu3yIoui MPoTEeKaHHe Mpolecca CKaTUs B IMIIMHAPE (MIPUHSTH
st pacuera = 0,35); |i - unankaTopras pabora kommpeccopa, KBT.

0. = EkﬁF(rH —t. k

3nech 3HaueHue li, a takke 3uHaueHust laj, Vh, e, o1, Bc, Nag, M, Ga, HCIOIb3yeMble HUXKE,
NPUHUMAIOTCS U3 PacyeTa XO0JIOJWIBHOTO UKJIA MO 3aJaHHOMY 3HaueHUI0 Qo.
[ToTepu MOITHOCTH BO BCTPOESHHOM 3JICKTPOBHUTATEIE ONPEACISIOTCS U3 BhIPaKEHUS:

L. V,—h 1-m,

ag Y]
L. 1. N:z
Qon =, (83)
) o 1000
= ﬂ_V .{I}_ _I.-- Jll—
Oux [ % 5P\l T s ]24 -3600



rae layg - ynenbHas aguabatudeckas pabota cxarus, KBT; Bc - yAeabHBIH 00beM BCAChIBAEMOTO
napa, M>/kr; Vh - 00beM, ONMCAHHBIA MOpIIHEM, M/C; ¢ - sddextuBrbiii KIIJI (nmpu pacuerax
npunumaercs = 0,8); oy - KITJ1 anexkrpoasurarens (s = 0,7).

KonuuecTBo Teruia, MoCcTynaromero oT TpuoocpsHkeHuid, KBT:

N,

amd

N,
QTP =(1-M), (84)

rie Najy - annabarudeckas MOITHOCTh, KBT; M - Mmexanudeckuit KITJ] kommpeccopa (v = 0,8).
KosmyecTBo Terura, oTJaBaeMOro HAarHETaeMbIM MApOM B KOXKYXE, MOXKET OBITh BBIPAKCHO
ypaBHeHueM, KBT:

QH = Ga(CmetZ - Cpmltl), (85)

rae Ga - MaccoBasi MPOM3BOIUTENILHOCTh KOMIIpEccopa (M3 pacueTa XOJIOAUIBHOTO IIUKIIA), KI/C;
Cpmil, Cpm2 - COOTBETCTBEHHO TEIJOEMKOCTH HAarHETAeMOI'o Iapa MpHU MOCTOSIHHOM JaBJICHUM B
MIOJIOCTH HAarHETaHWS M Ha BBIXOJAE M3 Koxyxa (cpmz cpmi 0,6 k/x/krK); t2, t1 - Temmeparypsi,
COOTBETCTBYIOLIME BEIMUUHAM Cpm2 U Cpm1, °C.

Benmmumaa Qu MOXeT OBITH TIpe/ICTaBICHA B BHJIE, KBT:

Qu = Ni, (86)

rze - K03 unmeHT, ONeHNBAIONINI KOJIMYECTBO TEIlIa, OTIaBaeMOI0 B HArHETATEIIbHOM TPAKTe
KoMIIpeccopa B JI0JAX OT uHAMKaropHod MomHocTH Ni (s kommnpeccopa XKB-6 B
HOMMHAJILHOM peXXHUMe, paBHbIN B cpeaHeMm 0,36).

KonngecTBo Temia, BOCOpUHUMAEMOr0 BCachblBa€MbIM IapoM, KBT:

Qsc = Gacp™ Tk, (87)

rane G, - MaccoBas IPOM3BOAMTENLHOCTH KOMIIpECCOpa, KI/C;cp™ - cpelHss TeIIOeMKOCTh
BCACBIBAEMOr'0 I1apa IIPH ONPEAEISIONIEH TeMIepaType, PaBHON MONyCyMME TEMIEpATyp Hapa
Ha BXOJ€ B KOXKYX M BHadaie cxkarus (npu pacuerax npunumaercs cp™ 0,5 xJDx/krK); Tk -
BeIMYMHA OECIONE3HOrO MOJOTPEBa BCACKIBAEMOIO Iapa B KOXyxe g0 Hadana cxarus (Tk =
50...60 K).

KonuuecTBo Temia, OTBOAMMOIO OT KOXKyXa B OKPYXKAIOI[YK Cpeay IyTeM CBOOOIHON
KOHBEKIMH, ONPE/IEIIETCS Ha OCHOBE ypaBHenus HproTona-Puxmana:

Qo.c. =F(Tx - Ts), (88)

rae F - miomanp noBepXHOCTH KOXKyXa (ONpeaensieTcsi SKCIEPUMEHTAILHO ITyTeM U3MEpPEHUs ),
m?; (Tk - Tg) - TeMmepaTypHbIil HAaMOp, CO3AaBAEMBIi MeKIy CTEHKOH KOJKyXa M OMBIBAIOIIEH
cpenoit ((Tk - Tg) = 10...20 K); - k03dHUIHEHT TEIITO0TIaYH OT KOXKyXa B OKPYKAIOUIYIO CPEeIy
(11 pacyeToB NpUHATH =8...8,5 B1/M?K).

W3 ypaBHeHus TemioBoro OanaHca cienyet, K:

( Fm '—V” K'-CL—‘LPN;-——m'{l—ﬂ_nj_é'*v* )-

VE{' T] e 1] [

Tk =. (89)

Jlns  SKCHEPHMEHTAILHOTO HMCCIENOBAHMSA CTPYKTYPhl TEIUIOBOTO IO KOMIpeccopa B
XaPaKTCPHBIX TOYKAX USMEPAIOT TEMIICPATYPY METATNINYCCKUX yacTei KOMIIpECCOopa, XJIaJOHa U
Macjia ¢ IOMOIIBIO MEIb-KOHCTAHTAaHOBBIX TCPMOIIAp.

TepMonapbl MOAKITIOYAIOTCA K MOTEHIIMOMETPY, YTO J1a€T BO3MOXKHOCTh U3MEPEHHS TPEOyeMBbIX
TeMIiepatyp ¢ TouHOCThIO 110 0,5 °C, 10CTaTOYHOM JJIsl TAHHBIX UCCIICTOBAHUM.

TepMonapbl HEOOXOIUMO 3aYEKAaHUTh B METAIMYECKHE YaCTH KOMIIpEccopa MPUOIU3UTEIHHO
Ha CepeHE TI0 TOJIIUHE COOTBETCTBYIOIIEH CTEHKH, a TAK)KE YCTAHOBUTH IO MTAPOBOMY TPAKTY
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M B MacilsiHON BaHHE. B IOJOCTH BcachlBaHHMS M HarHEeTaHMS TCPMOIIApbl BCTPAUBAIOTCA
INPpUMEPHO B TECOMECTPUUCCKOM IMEHTPE COOTBETCTBYIOILCTO obrema u BBIBOOATCSA W3 HHUX
MMoCpCACTBOM CaJIbHUKOB.

BbeiBOg TepMomnap M3 KOXKyxa KOMIIPECCOpPa OCYILIECTBISIOT MyTEM YKIAJAKH MX MEXKIY ABYMs
CJIOSIMH YTIJIOTHEHHOH pe3WHBI Ha (IaHIax OMBITHOTO KOXKyXa Mo (opMe «3MeiKa» C LEeNbo
yCTpaHEHHs] BO3MOKHOCTH OOpBIBA MPH 3aTSKKE BUHTOB.

CpenHiol0 Temreparypy XJaJoHa B KOXyXe KOMIIpeccopa ONpeAessioT Kak CpeaHee
apudmeTnyecKoe 3HAYeHHE MOKAa3aHUM TpeX TepMoliap, pacloyioKEeHHbIX moja yriaom 120 npyr
OTHOCHTEJIBHO JPyTa.

Cpennioro TemrmepaTypy XJaJOHa Yy BCachlBaloIIed TPYOKHM KOMIIpEccopa OMpPENeNsiioT Kak
cpeaHee apu(METHYECKOE 3HAYCHHWE TIOKAa3aHWUH JIByX TEpMOIap, pAacCHOJOXKEHHBIX B
JTUaMETPaTbHO MPOTUBOMOIOKHBIX TOUKAX TPYOKH.

CpenHIOI0 TeMIepaTrypy CTEHKH IHIIMHApPA ONPEACIIIOT Kak cpenHee apudmerndeckoe
3HAaYCHHE TOKAa3aHWM TpeX TepMomap, 3ajJ0KEHHBIX B BEpXHEH, CpeAHEW W HIKHEHW dYacTix
CTEHKH LWJIUH]IpA.

CpenHio TemnepaTypy Kopllyca KOMIpeccopa MOACUUTBIBAIOT KaK CpeiHee apu(MeTHUEcKoe
3Hau€HUE II0Ka3aHUW YeThIpeX TepMomap, M3 KOTOPHIX JBE YCTAaHABIMBAIOTCA Ha OOKOBOM
IIOBEPXHOCTHU KOPILyCa CO CTOPOHBI KOPITyCa.

CpenHio TeMIiepaTypy Maclia OIpENeNISIOT Kak CpeaHee apu(MeTHYecKoe 3HaYCHUE
MOKa3aHUN YEThIPEX TePMOIIap, U3 KOTOPBIX JBE YCTAaHOBJICHBI B 00bEME MACIISTHOM BaHHBI, a JIBE
Ha ee JHE.

CpenHio TemIeparypy Ko)KyxXa KOMIIpeccopa IMOJCUMTBHIBAIOT Kak CpeiHee apupMeTHyecKoe
3HAQ4YEHUE IIECTH TEpMOINap, pACIOJOKEHHBIX B BEPXHEHM M HW)KHEM 4YacTAX KOXKyxa
OTHOCHUTEJIBHO INIOCKOCTHU pa3beMa MoJ yriaoM 120 1pyr OTHOCUTEIBHO ApyTa.

Bomnpocs! ajst 00cy:x1eHus1
1 YcnoBus paboTel peaabHOro KoMIIpeccopa
2 XapaKTepUCTHKU TEMIIEPATYPHOTO OIS TepMEeTHYHOTO0 Komrpeccopa XKB

IIpakTHyeckoe 3aHATHE 3 JKCNIEPUMEHTAJIbHOE ONpe/ieieHHe TeMJIOBbIX U CHJIOBBIX
(paxkTOpOB HArpyKEHHUsI KOHJICHCATOPA U OLEHKA ero NMPOYHOCTH

Henpb 3ansaTUdA 3aK109aeTcs B (DOPMUPOBAHUU Y CTYJEHTOB MPOPECCHOHAIEHOW KOMIIETCHITUH:
IIK-5
TennoBass Harpy3ka Ha KOHJAEHCATOp ONPENENAeTCS PEXKUMOM pPadOThl, OOYCIOBIMBAIOIIMM
COOTBETCTBYIOIIME 3HAYEHUS TEPMOJMHAMHYECKHX XapaKTEPUCTHK U arperaTHoe COCTOSHUE
pabouero tena. Kak mpaBuiio, B KOHJIEHCATOP (B YCJIOBHUSAX XOJIOAMJIBHOW MallMHbBI) MOCTYIMAET
neperpeTslil map. B ciydae, eciiv B KOHAEHCATOPE MPOUCXOAUT NEPEOXIIAKICHUE XIIAT0Ha, TO U3
armapara BEIXOAUT MEPCOXTTAXKACHHAA KUAKOCTD.

Becosoit pacxo XO0JIOAWJILHOTO ar¢Hra, Kr/c

Qx - TeruToBas Harpy3ka Ha KOHJICHCATOp (OMpeesIeTcss U3 pacdyera TEOPETHIECKOTro IHKIIA) -
JUIsE OBITOBBIX XO0JOAUIBHUKOB Qi = 200...300 BT; i2, i3 - sHTaNbIMs XJIaJ0Ha HA BXOJAE U Ha
BBIXOJIe KOHCHCATOpa (ISl pacueTOB YHTAIBITHIO ONMPEACIIUTh U3 CIIPABOYHBIX TAOIHI TS tk =
55 C).

[Ipu uccnenoBaHuM BOJSTHOTO KOHJIEHCATOPA MaCCOBBIN PacXo;] OXJIaKIAIOIICH Cpebl, KI/C:

Goxn =, (38)
rae cP - ynenpHas TEMIOEMKOCTh oXJjaxkmarorieit cpenbl, kx/krK (tabm. 2); - temmeparypa
OXJIXAAOUIEH cpeibl Ha BXOJIE M Ha BBIXO/€ KOHIeHcaTopa, oC.
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Tab6muna 2

YIIGJ'IBHaH TCIIJIOCMKOCTBb BObI

t, °C 0 10 20 30 40

4,212 4,191 4,182 4,174 4,174

cp, kJx/krK

Ecnmu B kadecTBe OXJIQXKIAIOMIETO TeJla HCIOJIB3YETCS BO3IYX OKPYKAIOMICH Cpenbl, TO
cpenHenorapupMuIecKasl pa3HoCTb TeMIIepaTyp omnpezaessercs mo ¢popmyie, C:

 (39)

rac t2, t1 - COOTBCTCTBCHHO TCMIICpAaTypa BO3AYyXa Ha BBIXOAC M Ha BXOAC B KOHIACHCATOP
(TeMriepatypy ti1 MOKHO HPUHATH PaBHOM TemrepaType OKpykaromiero Bo3ayxa tokp), C; ty -
TeMIlepaTypa Hapy>KHOU MMOBEPXHOCTU CTEeH-KH, C.

Omnpenenenne ko3 duireHTa TEIO0TIa4l CO CTOPOHBI BO3/TyXa B MPOU3BOISAT Yepe3 KpUTEpUu
Peitnonbaca u Hyccenbra.

Kputepuii Peiinonbaca onpenenstot no hopmyie:

Re = wgdy/, (40)

IZle WB - CKOPOCTh BO3/yXa (B YCIOBHSX €CTECTBEHHOW KOHBEKIMU WB 1,5/c); dy - HapyXHBIN
JuaMeTp TpyO KOHIEHCATopa, M; - KHHeMaTH4IecKas BA3KOCTh BO3/yXa, M/c? (Tadm. 3).

Tabmuua 3

Kunemarnueckas BA3KOCTh BO3/1yXa B 3aBUCUMOCTH OT TEMIIEPATYphI Bo3ayxa tB

tg, C 10 20 30 40 50 60 70

20,02

10°, m/c? 14,16 | 15,06 | 16,00 16,69 | 17,95 18,97

Ko>(h(})HIMEHT TemIo0TAauH co CTOPOHB! BO3AyXa onpesensercs 1o Gopmyie, Br/m?K:
B=Nug/dy , (41)

IJIe B - TEIUIONPOBOIHOCTE Bo3yXa (3 =2,62810-? B1/MK); Nu - kpurepuii Hyccenbra.
Nu = 0,064E4 (xp/ 8)Re%®, (42)

rae - ko3 duiuent opedpenus (A pacyeToB npuHUMaT = 7...10).

3nece Nu OTHeceH K Hapy)XHOM TOBEPXHOCTHM KoHAeHcatopa Fx, T.k. ko3dduuument
sp¢pexktuBHocTH ExB o0mem ciydae MeHbIIE€ €IUHUIBl (I YCIOBUH  BO3JYLIHOTO
OXJIKICHUS ).

[IpeoOpazyst sty Qopmyny, ¢ yderom Ep=1 mnomyuaem coorHomeHue (43) s pacuera
ko3 dunrenTa TemnooTnaun no popmyse (41), OTHECEHHOTO KO BCEH MOBEPXHOCTH:

Nu = 0,0614 ,Re%®/ g, (43)

i€ 1p - TEIUIONPOBOJHOCTh MaTepHuaia TpyOKM KoHJeHcaropa (s Meau p,=386 BT/MK, mis
cTaimu p=45,4 Bt/mMK).

Torna ¢ yderoMm 3HaueHUs KOd(pQHUIMEHTa TemaooTaauu B (41) ylnenbHbIH TEMI0BOM MOTOK CO

CTOPOHBI BO3/TyXa OY/IET ONpeaeaThCs 3aBHCH-MOCTBI0, BT/M?:
(44)

TJI€ CT, CT, M, M - COOTBETCTBEHHO TOJIIWHA, M, U TETUIONPOBOAHOCTh, BT/MK, MaTepuana TpyOoku
u Macna (tabu. 4); ts - pa3HOCTh TEMIEpaTyp CTEHKH U BO3ayxa, °C, onpeaensemas 1o popmyie

(39); = Fx/Fcp- xoddpduument opeOpenus; Fk - 1uiomans NOBEPXHOCTH TEIIOOOMEHA
KOHJIEHCATOPa, M2,

Tabmuna 4

TermonpoBOAHOCTh Maciia

t,C 10 20 30 40 50 60 70

M, BT/MK 0,151 | 0,1485 | 0,1461 0,1437 | 0,1413 0,1389 | 0,1363
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Fcp :O,S(FH + FBH), (45)

rae Fu - HapyXHas miomans ceueHHs TPyOKH 3MeeBHMKa KOHAeHcaTopa, M2, Fpy - BHYTpeHHSS
TJIOMA/b CeYeHHs TPYOKH 3MeeBUKa KOHIEHCATOpa, M2,

ITocne moncraHoBkM 3HaYeHUH B (opmyny (44) moaydyuM 3aBUCUMOCTH ((DYHKIIMIO) BHJIA
ge=f(tg).

VenbHBI TEIUIOBOM IMOTOK CO CTOPOHBI KOHIECHCHPYIOUIETOCS XJIaJOHA OIPEIeNsIeTCs
3aBucuMocThio (QyHkumer) qxin= f(txn), rme txum- pa3sHOCTH Temmeparyp CTEHKH TPYOKH
KOHJICHCATOpa M XJIaJ0Ha.

ITocne MoACTaHOBKM HOTyunM, Br/m?:

qXJI = 400tXJ10,833. (46)

Permrast copmectHo ypaBHenus qs=f(tg) u qxu = f(txn) rpadoananuTHIECKUM METOIOM, MOJTydacM
3HaueHue gr (puc. 3).

[ToTpe6Has HOBEPXHOCTh TEMI00OMeHa, M:

Fx = Qx/gr. (47)

Pacuersl, cBsi3aHHBIE C OIpEEIIEHHEM MPOYHOCTHBIX Pa3MEPOB AJIEMEHTOB, IPOU3BOJIAT TOCIE
TEIUIOBBIX PacdeToB. XapaKTepHOW Ui TEIUIOOOMEHHBIX alapaToB SIBISETCS CTaTUYHOCTH
MEXaHMYECKUX Harpy30K M MHIMPOKMHA JHMAana3oH TeMmmepaTryp CTeHOK. Hawmbombiee
pacrpocTpaHeHHe Il pacdera TEIUIOOOMEHHBIX amnmapaToB MOJyYHiIa MEMOpaHHAs TEOPHSL.
JlaBneHrie BHyTpH HWJIMHIPUYIECKON 00eUaiiku OMHAKOBO BO BCEX €€ TOUKaX.

I[OHYCKaeMBIe HaIIPsAKCHUA AT pacdCTOB COCYNOB U TEI000MEHHBIX aliraparos, pa60Ta10u11/1X
noa M30BITOYHBIM JaBJICHUCM, HAXOAAT € IOMOIIBIO BBIPAKCHUA, IIa:

= *HOHI

rie = 1,0-0,8 - xoddpdunument, yduTpiBaOmUi OCOOCHHOCTH KOHCTPYKIIMM U BIIHSIHHC
TEMIEPaTypbl, KOTOPblE MOTYT IpPHUBECTH K OclablieHuto oOedallku W AHMINA amnmapara. s
COCYJIOB M anmaparoB aMMHMAUYHBIX XOJIOAWJIBHBIX yCTaHOBOK = 0,9; 1JIsi COCyHOB, B KOTOPBIX
00pabaThIBaOTCs, XPaHATCS WU TPAHCIOPTUPYIOTCS MOKapo- M B3PHIBOOMACHBIE BEIIECTBA, a
TaK)Ke BEIIECTBA BBHICOKOM TOKCHYHOCTH =0,85; *;0n - HOMHHAIBHOE OMYyCKAEMOE HAMPSIKEHUE
Marepuaia, Ila.

[Tpu momomum ypaBHeHuit Jlamiaca ains MeMOpaHHOH TeopUH pacyeTa TOHKOCTEHHBIX 000JI0UEK,
YUHUTBHIBAIOLIECH BIMSHHUE TOJBKO PACTATMBAIOIINX HAINPSIKEHUN, MOYKHO BBIYUCIIHUTH CIEAYIOIINE
Hanpsokenus, 1a:

1) xonblieBble MEMOpaHHBIE PACTITMBAIOIIME HANPSHKEHUS, JACUCTBYIOUIME I10 HalpaBICHHUIO
KacaTeJIbHON K OKPYXHOCTH CpPeJIHEro HUIMH/pA (TpyObl KOHEHCATOpa):

1=pDcp/2cT ; (48)
2) MepuauanbHble MeMOpaHHBIE pPAaCTATHBAIOIIME HANpPSIKEHMS, JEiCTBYIOIIME BJOJNb
o0pasyromiei cpeTHEro MUIHH/PA:

2 =pDcpl4dcrt ; (49)
3) pamuanbHbIE CXKUMAIOLIME HANpPSKEHWs Ha BHYTPEHHEM IMOBEPXHOCTH, ACHCTBYIOIIUE B
HaIlpaBJICHUU PaJnyca LUIMHIApPA:

3=-p.(50)

B npuBeneHHbix (opmynax p - BHyTpeHHee H30BITOYHOE naBieHue B umimsape, Ila; cr -
TOJILIMHA CTeHKH, M; Dcp - cpenHuit Auametp nuiuHApa (TpyObl KOHAEHCATOpa), M.

C nmnomompto  BblpakeHuss  (48) MOXHO  BBIYMCIMTH  HEOOXOIMMYIO  pPAcUeTHYIO
TOJILIMHY CT CTEHKU OECIIOBHOM LMIMHIPUYECKON 00e4aiKu, €CI BMECTO 1 NMOACTaBUTD , M:

cr = pDcp/2. (51)

OOBIYHO MpU pacyeTax K BHIYUCICHHOW TOJIIMHE CTEHKH CT A00aBIISIOT KOHCTPYKTOPCKYIO
npucrasky C.

Torna
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ct = (pDcp/2)+ C. (52)
Ecnu yuects, uto

Dcp = dgu + ct1 (53)
wi Dcp = du - c1, (54)
TO noJryunm, Ila:

cr = pder/(2 - p) + C (55)
w ct = pdu/(2 + p) + C. (56)
KoncTpykropckas mpubaBKa MpeacTaBiseT co00i CyMMy:

C=C1+C2+C3, (57)

rae Ci - mpubaBKa AJis1 KOMIIEHCAIIMM MUHYCOBBIX JIOIYCKOB Ha ToNIuHy aucta; Cz - mpubaBka
Ha Koppo3uto; C3 - TEXHOJIOIMYECKasi UM MOHTaXKHasl IPUOABKa.

IIpu pacuernoit tommuue aucta ct<20 MM Ci1= 1 MM, a npu ct>20 mm Ci1 = 0. s auThIX
anmapatoB Ci12 mM. Benmumna Cz 3aBHCUT OT arpecCMBHOCTH pabodvell cpenbl, XUMHUYECKOU
CTOWKOCTH ammapara M cpoka ero ciy>k0bl. J{Jisi anmapatoB, H3rOTaBIMBAEMbIX U3 YTIIEPOJUCTHIX
cTajel W paboTaroIIuX B YCIOBUSX aTMOC(hepHO Kopposuu, npubaBky C: MIPHHUMAIOT B
npeaenax 1,0-3,0 mm.

B cnyuyae paboTel ammapara B YCIOBHUSIX arpeCCUBHOM cpenbl BEJIMYMHA BBIYMCISAETCS I10
dbopmye:

C2 =k, (58)

/I K - CKOPOCTh MTPOHUKHOBEHUS KOppo3uu, MM/roJ1; = 10-12 5ieT - npuHUMaeMblid CPOK CIYKOBI
anmnapara.

O6pryno k= 0,1-0,5 mm B rox. Ecnu BHyTpeHHHE JeTaau C JIBYX CTOPOH OMBIBAIOTCS
arpeccuBHOM cpenoil, To BenmuumHa npubaBku Cp ynBamBaercs. it COCyIOB W ammapaToB
XOJIOIMJIBHBIX MalluH npudaBka Cz MPUHUMAETCS OHOCTOPOHHEH U paBHOM 1,0 MM.

[TpubaBka C3 Ha3HAUAETCs] KOHKPETHO B KaX/10M OTAEJILHOM CIly4ae.

[Tpu mpoBepoUHBIX pacyeTax anmapaToB HEOOXOAUMO MPOU3BECTU PACUET Ha MPOOHOE JaBlieHHE
TU/IPABIMYECKOr0 UCIIBITAaHUS. Y CJIOBHE MPOYHOCTU B ATOM ClIydae 3anuiueTcs B Buae, Ila:

= pzDCP/ZCT 0,8tT, (59)

e 't - IpejeN TEKY4eCTH METalIa IIPH TEMIIEPATyPe MCIIbITanums, [1a; p2 - pacdeTHOE JaBJIeHUE
IIPU THIPABINYECKOM UCIBbITaHUH, [1a.

P2 = Pupos + H, (60)

TJIE Prpos - MPOOHOE jaBienue, Ila; - yaensHblit Bec Boawl, H/M®; H - BeIcOTa cTON6a KUIKOCTH,
M.

Bonpocsl 111 o0cykaeHust

1 DkcnepuMeHTaNbHOE OIpeieNieHNe TEIUIOBhIX (PaKTOPOB HArpyKEHHsI KOHJEHcaTopa U
OLICHKA €ro MPOYHOCTU

2 DKCHepUMEHTAIBHOE ONpEeNICHHE CUJIOBBIX (DaKTOPOB HATPYKEHHUS KOHJEHcAaTopa U
OLICHKA €ro NPOYHOCTU

IIpakTHyeckoe 3aHATHE 4 JKCIIEPUMEHTAJIBHOE ONPe/ieIeHHE H AHAJIN3 TEIVIOBBIX
(paKkTOpOB HAIpPYKEHUsS CTHUPAJIBHONH MAIUIUHbI
HeJIb 3aHATHUA 3aKIH0YaCTCA B (bOpMI/IpOBaHI/II/I Yy CTYACHTOB HpO(l)CCCHOHaHBHOfI KOMIICTCHIINN

IK-5

Cymika npecnefyer Ielb yJaleHus U3 MaTepuana (M3[enuvs) W3NUIIHed Brnaru. Bmara moxer
COCTOATHh W3 BOJBI M PA3IMYHBIX OPTaHUYECKHX PACTBOPHUTENICH. Y MaleHWe W3JIMINHEH Biaru
MIPOUCXOUT IMyTEM €€ UCTIAPEHHUS C OTBOJOM 00pa3yIOIIUXCS TapoB.

B 3aBucuMocTu oT crioco0a mepenauyM TeIia CyIiKka MOXET ObITh KOHBEKTHBHOM, KOHTAKTHOM,
TOKaMH BBICOKOH 4acTOThI, UH(PpaKpaCHBIMU JTydaMHu (paJualMioHHAs) U JIp.
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B KOHBEKTHBHBIX CYIIMJIKaX TEIUIO MEpeNacTcs HEMOCPEICTBEHHO OT TEIUIOHOCHUTENS (0OBIYHO
BO3[lyXa) BBICYIIMBAEMOMY MaTepuany wid usaenuto. Ilpu »sToM ypanmsercs Biara,
yIIEPKUBAIOIIASACS B MaTepraie (GU3NKo-MeXaHH-YECKUMU CHIIAMH.

[Ipomecc cymiku SBISETCS, ¢ OJHOW CTOPOHBI, AU(HY3UOHHBIM, MACCOOOMEHHBIM MPOIIECCOM, a
C IpYTo¥ - TETIOBBIM, TaK KaK y/IaJICHUE BJIard U3 BBICYIIMBAEMOTO MaTepraia MPOUCXOTUT MPH

M0JIBOJIE TEIlIa K 3TOMY MaTepuaiy.

s ompeneneHusl mapaMeTpoB IMpolecca CYIIKM HEOOXOIUMO TOJIb30BaThes i-d auarpaMmoit
1u1s Bo3yxa (puc.21).

Puc.21. i-d nuarpamma Bo3ayxa

[ 2 ol N
\ij" 20 30 40 50 60 70dcme

CocrosiHME BIIaXHOIO BO3JyXa MM JPYrol NapoBO3AYLIHONW CMECH XapaKTepU3yeTcs Ha
Jyarpamme IepecevyeHreM MATH JMHUI: OCTOSHHOTO BiarocoiepxaHusi d=const, MOCTOSHHBIX
TeMmreparyp t=const, MOCTOSIHHOTO TEIJIOCOAEpKaHHsl i=const, MOCTOSHHON OTHOCHUTEJbHOM
BJIAXKHOCTH =const. J[7s onpeneneHust COCTOSHUS BIAXXKHOTO BO3/1yXa JOCTaTOYHO 3HATh JIBA
napaMmeTpa, 1o KOTOPbIM JIETKO OIPEIEIUTh BCE OCTAJIbHBIE.

K ocHOBHEIM nmponeccamM U3MCHCHUA COCTOSAHHA BO31yXa OTHOCATCH:

MOJIOTPEB  BO3JyXa XapaKTepU3yeTcs TIOCTOSHHBIM BIarocojepkanueM d, CHIKEHUEM
BJIQYKHOCTH M POCTOM TEIIJIOCOICPIKAHHS 1,

OpU OXJAXKACHUU BIAXHOrO Bo3ayxa A0 Touku pockl ( = 100 %) ero BmaroconepxaHue He
U3MEHSETCs, a OTHOCUTENIbHAS BIAXKHOCTh PACTeT, TEIJIOCOAEpkKaHUEe CHIKaeTcd. JlanbHelee
OXJIAKJIEHUE BEJET K OCYILIECHHUIO BO3/1yXa B PE3yJbTaTe KOHACHCAUU Biark npu =const=100 %
¥ HEKOTOPOMY IOBBIILIEHUIO TEIIOCOIEPKAHUS;
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annabaTudyeckoe MCMapeHue BOJbl (M3MEHEHHME TEIUIOCOACP)KaHUs) XapaKTepHu3yeTcs i=const,
TaK Kak IpU MCIapeHUM BOABI TEIJIO, 3aTPayeHHOE Ha MCIIapeHHe U OTHITOE Y CyXOro BO3/yXa,
[IPEIaeTCs Ha YBEIMUYEHUE TEIJIOCOACPKAHMSI BIIAXKHOTO BO3/1yXa;

IPY CMEIIMBAHUHU BO3/yXa B 3aBUCHMOCTH OT BJIAroCOJIEP/KaHMs U TEIUIOCOACPKAHUS CMECH:
dem= (der + Kdsz) / (K + 1); iem = (i1 + Kiz) / (K + 1), (93)
rae K - kpaTHOCTh CMelIeHHsI.

[Ipouecc W3MEHEHUS COCTOSHHS BO3[yXa B CYIIWIKE O€3 JOIOJHHUTENb-HBIX 3aTpar Teruia
MOKHO IpPEACTaBUTh KakK IIOCIEA0BAaTENIbHO CBSI3aHHBIE MEXIy co00il mpouecchl (puc.22a)
HoJ0TpeBa B Kanopudepe, xapakTepusyemMoro ds = const, ¥ UCIApeHUs B CYLIMIBHON Kamepe,
xapakrepuzyemoro i = const. O6a 3Tu mpormecca M300paKaroTcs Ha JUarpaMMe HpPSMBIMA
JMHUSMH, TapajuIeIbHBIME OCSM KOOPHMHAT, NepEeceKaloluMucsi B OJHOM Touke B, koropas
XapaKTepu3yeT COCTOSHHUE BO3AyXa, Mmojxorperoro B kamopudepe (ti, 1). McxomHol mpu
HOCTPOCHHH M300paKeHHUsI Mpoliecca sSBiseTcs Touka A (to, 0), 13 KOTOPOW MPOBOIUTCS MpsMast
ds = const.

Jlns HaHeceHus BTOpOM MpsIMOM HEOOXOAMMAa OJHA M3 TOYEK, XapaKTEPU3YIOUIMX COCTOSHUE
BO3/JyXa B IIPOLIECCE MCIIAPEHUS IIPU 3aJaHHBIX napamerpax tz, I1o t2m 2 Haxonum Touky C, u3
KOTOPOH MPOBOAMM MPSMYIO 1 = COnst /10 MepeceveHus ¢ BepTHKaNbIo n3 Touku A. [lepeceuenune
- Touka B - onpenensier t1 u 1.

al

-
i;% - 0(} —
. e um— X4
X8.=X8, X8, X8 0

a) 0)
Puc.2 I'paduyeckoe u3odpakeHue npouecca Cylmku B CylIHIKe:
a) 0e3 JIOTOHUTENBHBIX 3aTpaT TeIia; 0) ¢ TONOJHUTEIbHBIMU 3aTpaTaMu Oelbs

[Iponiecc n3MeHeHHsI COCTOSHUS BO3/1yXa B CYLIMJIKE C JOMOJHHUTEIbHBIMM 3aTpaTaMu Teria B
npouecce cymku (puc.2106), paBHbIMU:

g3 = (i2-1i0) / (ds2 - dgo), (94)
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Ha JuarpamMMe CTPOMTCS cieayrouM obpa3zom. [l m300paskeHUs mpolecca U3 TOUKH A,

XapaKTepU3yoIlel COCTOSIHUE BO3JlyXa nepes Kanopudepom, IpoBOIUTCS BEPTUKAIbHAS JTUHUS

J10 IIepeceyeHus C 3alaHHON U30TEpMO t1 = COnst, U3 TOUKU nepeceueHus B, xapakrepusyrouei

COCTOSIHUE HArpeToro Bo3Jyxa Iepesl BXOAOM B CYIIWIbHYIO KaMmepy, IPOBOAUTCS JIMHUSA 11 =
n.n

const Mpou3BOJIbHON JuMHBEL. Ha 3TO# nuHNM BBIOMpatoT 100yt0 TOUYKy "e" M OTKIIaABIBAIOT OT
Hee BBEPX WIHM BHU3 B 3aBUCUMOCTH OT (3 OTPE30K:

eE = efqz /M, (95)

rne ef - paccrosHMe 1O TOPU3OHTAIM OT TOYKKM JuiMHBI AB, Xapakrepusyrolen
BJIarOCOJIEpKaHuE:

dgo = dg1 = const; (96)
M = my /M - OTHOLIIEHHE MACIITa00B AUATPAMMEL.

Konen orpeska eE (touka E) nexuT Ha 1uHUM nporecca B AeUCTBUTENbHON cymnike. CoequHsis
toukn E m B m nponmomxkas orpe3ok EB 10 mepecedeHus ¢ 3aaHHONM HM30TEpMOM tz2 = const
(umu 2 = const), HaxonaT Touku Ci1u Cz, BBIpaXarolle COCTOSHUE OTPaOOTAaHHOIO BO3AYyXa.
Cnyckas u3 touku Ciumm Cz nepneHJuKkylissp Ha BepTUKaIbHYIO JuHHIO AB, Oyaem umerh
coorBeTcTBeHHO 0oTpe3ok CiDiumu C2D2, xapakrtepusyroluii M3MEHEHHE BIArocoaep KaHus
BO3/lyXa B CYIIMJIbHOW KaMepe B YCJIOBHUAX IIpolecca ¢ JOMOJHUTEIBHBIMU 3aTpaTaMu TEIUIa.
Jljis TenyoBOro pacyera KOHBEKTHBHOM CYIIKM HEOOXOAMMO 3HATh PACXOZ BO3IyXa Ha CYUIKY,
KOTOPBII OnpeensieTcs U3 ypaBHEHUsI MaTepHaIbHOro OajgaHca BIIary:

Mzds2 = Mgdso + Mg, (97)

rae Mg - pacxoJl Bo3/lyxa Ha CYIIKY (Macca aOCOJIOTHO CyXOro BO3[yXa B €IMHUIy BPEMEHH),
kr/c; dgo, B2 - BIarocojep:kaHue BO3yXa Ha BXOJC W HA BBIXOJC M3 CYIIWIKH (OMpPEAessieTcs
no jnuarpamme i-d Boszayxa (puc.4.1); mpu ompeneneHUM 3HaueHUs dpr MOXKHO HPUHATH, YTO
OTHOCHUTEJIbHAs BJIAKHOCTh BO31yXa Ha BbIXOAE 0B2100 %) r/kr; Mpn - koauuecTBo (Macca)
UCMapsieMON BJard, KOTOPYIO HEOOXOOUMO YIAlIUTh W3 Oesbs, MOJBEPraeMoro Cyuike, B
€MHUIlY BPEMEHHU, T/C;

Mg = Bm5/100, (98)

rae B - ocrarouHast BIaKHOCTB O€lbsi Mociae OTXKHUMA (U1t OBITOBBIX CTHPAJIBbHBIX MallMH B =
60-100 %); M - Macca Oenbst (B CyXOM COCTOSIHUH ), 3arpy’KaeMoro B CYIIWIbHYIO MAIIMHY, K.

VY nenpHbIN pacxon Bo3ayxa (Ha 1 KT UCIapeHHOW BJIarv) COCTABHUT:
mg = Mg/Mgy = 1/ (dg2 - do). (99)

Jlis  yCTaHOBHBIIIETOCS TEpHOJa KOHBEKTUBHOW CyIIKM OajaHC Terjga BBIpaXKaeTcs B
CJIETYIOIEM BHJIC:

Malo + Qk + GmMCwmt1 + Meits + GrCrts + Qs = (100),
= Mglz2 + GMCmtz + GTCrts + Qg

rae lo, |2 - Termnoconepkanue cBexero U oTpaboTaHHOTO BO3/AyXa B IMepecyeTe Ha CyXOi BO3AYX,
JIx/xr;
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Gwm, Gt - Macca mMaTepuana U Tapbl, B KOTOPOH TpaHCHOPTUPYETCS Oelbe, KT

t1, t2, t3, t4 - TemMneparypa COOTBETCTBEHHO: Marepuaia Iepel CYLIKOM M I0CIE CYLIKH, Tapbl
nepes MOCTYMJICHUEM B CYIIMJIKY U IOCJIe BbIX0Ja U3 Cymmiky, °C;

Cwm, C1- TemmoeMKoCTh COOTBETCTBEHHO Marepuaia W Tapel, JDk/KrK; Qi, Q2- Temno
COOTBETCTBEHHO Ha HarpeB marepuaia u tapsl, Jlx; Qs - Termio, coodiaeMoe HarpeBaTeIbHBIMU
npubopamu B pabouem mpoctpaHctBe, JIk; Qs- pacxom Teruia, 0OYCIOBJICHHBIH
TeIIonepeavyeii uepes orpaxaeHus, JIx.

Temo, 3aTpaunBaemoe B kanopudepe, onpenensercs o Gopmyne, [x:

Qx =Mz (I2-10) + Q1 + Q2 + Q3 + Q4 - Mgpts. (101)

VY nenbHBIN pacxon Teruia B kanopudepe (Ix/kr) onpenensercs no Gopmye:

gk = Qx/Mpi=msg (I2-lo) + g3, (102)

TAC (3 - YACIBHLIC JOIMOJHUTCIIBHBIC 3aTPaThl TCIJIA CYIINIIKH, IL)K/KI‘

bananc tenna B kanmopudepe B mpolecce HarpeBa BO3AyXa M JOMOJHUTEIbHBIX 3aTpaT TerJja
paBeH:

mg (I1-1o) = me (I2- lo) + g3, (103)

rae I1 - Temmocoaepxkanue Bo3ayxa nocie kanopudepa, Jx/Kr.

Orcrona, JIx/kr:

03 = (J2-J1) / (dB2 - dgo). (104)

Hanuuue wHarpeBaTeNbHOrO »JJIEMEHTa, HaTpyOka C paccekareleM M JIIEKTPOBEHTHIISATOpA

oOecnieunBaeT HarpeB, CyLUIKy 0Opa3lioB U IepeMelIMBaHie BO3yXa M0 BceMy 00beMy KaMephl.
TemnepaTypa B CYIIMJIBHON KaMepe MOAAEPKUBAETCS HA 3aJAHHOM YPOBHE TEPMOPETYISATOPOM.

Bomnpocs! ajst 00cy:xI1eHus1

1 DkcnepuMeHTAbHOE OMpEeNieHHEe TETUIOBBIX (DaKTOPOB HArpyXEHHUS CTHUPAIbHOMN
MalluHbl

2 AHanu3 TEeTIOBBIX (aKTOPOB HATPYKEHHS CTUPAIBHON MAlIUHBI

IIpakTHyeckoe 3ansATHE S Pacuer KOHAEHCATOPA M MCIIAPUTEIS X0J0AHIbHIKA
I_Ie.IIL 3aHATHUA 3aK/III0OYaCTCA B (bOpMPIpOBaHI/II/I Y CTYACHTOB HpO(i)eCCHOHaHBHOfI KOMIICTCHIINM:

IIK-5

KOHHeHCaTOp XOJOJUJIBHOIO arcHra sABJISICTCA TEIJI000MEHHEBIM amnrmnaparomM, B KOTOpOM
XJIagarcHTt oTaacT TEIJIOo OXJ'IEDK)I&IOH_[ef/'I €ro cpeac.

B arperarax OBITOBBIX XOJIOAWJIBHUKOB B COOTBETCTBHMHU C YCIOBHEM HMX OJKCILUTyaTalluu
MNPUMCHAIOT KOHACHCATOPHBI C BO3AYIIHBIM OXJIAKACHUCM.
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KRR KKAT

Muac spad M Hac spad

Vcxonnble MaHHBIE 7S pacdera: KOHIEHCATOp M3TOTOBJIEH M3 MEAHBIX TPYOOK OpeOpeHHBIX
JUCTOBBIM allOMUHMEM; Kod(pduuueHt Ttemiootnaun ot R 134a kx creHkam TpyOKu
KoHzeHcaropa Oxa = 1030 ; Ko’(pPHUIMEHT TemnooTna4d OT CTEHKH TPYOKM KOHAEHCATOpa
oKpyXaromiei cpene 0s= 19,5 ; TONIMHA CTEHKH TPyOKH KoHjeHcatopa mi= 0,65 - 1073 M;
KO3 QHUIMEHT TETIONPOBOIHOCTH Meau Jij= 332;Temreparypa KoHAeHcalnu xiagoHa R 134a
T« = 55°C; Temnepatypa Bo3ayxa Ha Bxoze B kouaencarop T, = 36°C; Temnepatypa Bo3ayxa Ha
BEIXOJIE M3 KoHeHcaTopa Ts2 = 40°C.

KRAT Q.

M nac zpad k- J.z.‘,r

[Tmomaaes koHnencaropa: F =, rae

Q«k - IPOU3BOAMTEILHOCTh KOHCHCATOpA, BT;
K - Ko uruenT Ternoornauu, Br/mMK;

Htm - cpennsist norapudmuyeckas pa3sHOCTh MEXKAY TEMIepaTypaMy XOJIOIHOTO areHTa H
OKPY’KaroIlEeH Cpebl.

[Tpou3BOAUTEILHOCTD KOHAECHCATOPA OMpPeaeisieTces 1Mo hopmyie:
Qk = (i1 - i3)M, e

M - mMaccoBas mojiaua KOMIIpeccopa;

i1, I3'- yenpHas SHTAIBIKS B TOUKax 1 u 3'

Qk = (385 - 255)-0,0064 = 0,832 xJIx/c = 715,52 xkan/gac
KoaddunueHt teronepenaun onpenensercs mo Gopmyrie:

1 1

i+z£+i 1 +D=65-ID"+ 1
o x, o, 1030 332 195

ra

==19,13

Cpe)IHSISI J'IOl"apI/I(bMI/I‘—IeCKaH Pa3HOCTh MEXKAY TEMIICpAaTypaMH XOJOJUJIBHOI0O arcHra Hu
OKpYKaroIIeH Cpeibl OMPeeIsaeTCs

Te1, Te2 - TEMIIEpATYpBI BO3/TyXa HAa BXOJE U BBIXOJI€ U3 KOHAECHCATOPA,

Tk - TemnepaTypa KOHEHCAIH
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[To popmysie onpenensieM IIomaas KOHIeHcaTopa:
F= Qo/k* dtm, rae

QO - IPOU3BOAUTEIILHOCTh KOHJACHCATOPA, Bt

L

715,52

19.13-16.9

-

=22m

F=,rne

TennoBas Harpy3ka Ha KOHJEHCATOP

QKOH = QO : KQ oy TAC

Kq ox - K03 punment cxarus;

Koex = 1,64

Qron = 837,79 - 1,64 = 1373,9 Br

Pacuet ucnapurens.

Hcnapurens - 3TO ycTpOHCTBO, KOTOpOe aOCOpOUpYET TEIIO B XOJOHYI0 cucteMy. Micnaputens
YCTAaHABJIMBAIOT B OXJIAXKJAEMOM IIPOCTPAHCTBE. TEIUIO MOTJIOMAETCS B PE3yNbTaTe KUTICHHS
XJIaJlareHTa B KaHajlaX UCIIapUTeIsl.

a) UCTIapUTeNb X0JI0amIbHOM Kamepbl (XK)

JlucroTpyoOnslii ncnapurens. [loBepxHocTh ucnaputens onpeaensercs no ¢popmyne: f = IIdLi ,
rne

f- moBepxHOCTH MCTApHUTENS , M
d- Hapy>KHBIH TUaMETp 3MEEBUKOBOTO TPYOOIIPOBO/Ia UCTIAPHUTEIIS ,M

L- nmmMHa 3MEeBUKOBOTO TPYOOIIPOBOIA, M

- KOOQPUIUEHT opeOpeHHsi, paBHbII OTHOIIEHNIO OPeOpPEeHHON MOBEPXHOCTU K MOBEPXHOCTH,
Kak ecyu Obl opeOpeHus He ObUIO0

1= (2n + I1d + 2d)/T1d, rme

N - pacCTOSIHHUE MEXKIY BETBSIMH 3MCCBHKA
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d=0,008 M; n=0,032 m

i = (2*0,032+3,14*0,008+2*0,008)/(3,14*0,008) = 4,185
JIiHY 3MEEBUKOBOTO TPYOOTIPOBO/Ia OMIPEACIISIOT 10 PopMyIIe:
L = Qo/[[Mdu(t-tn){A((t-t)/0,5TTdu)"*+0,98*5, 7*[(((t+ 273)/200)*~((ta*+ 273)/100)* )/( t-tn )]]
L=333m

OmnpenernsieM MOBEPXHOCTh UCTIAPUTEIS XOJIOAUIBHON KaMephI
=3,14*0,008+*3,33*4,185=4,4 m*

[Tnomaas MOBEPXHOCTH OIpeesieTcs o (hopmyIie

S=(n+d)L

S= (0,032+0,008)*3,33=0,13 m?

0) ucmapurens Mmopo3uibHON kKamepbl (HTK)

Jlucrotpy6nsiit ucnapurens. [loBepxHocTh ucnaputens onpeaensercs no ¢opmyne: f = IIdLi ,
riae

f- moBepxHOCTH MCHApUTENS , M?
d- HapyXHBIN THaMETp 3MEEBUKOBOTO TPyOOIIPOBO/IA UCTIAPUTENS ,M

L- ruinHa 3MeeBUKOBOr0 TpyOOIIpoBoJa , M

11- K03 uIUEeHT opeOpeHns , paBHbII OTHOIIEHHIO OPEOPEHHON MOBEPXHOCTH K TIOBEPXHOCTH ,
Kak ecyii Ob1 opeOpeHus He ObLIO.

i =4,185

JlnuHa 3MeeBUKOBOTO TpyOompoBoga L=7,9 m

£=0,83 m?

[Tnomane moBepxXHOCTH OpedOpeHust
S=(0,032+0,008)*0,83=0,04 m?

B ) HCHIApUTEIb B Kamepe JUIs XpaHEHHs OBOLIEH U PPYKTOB

JlucrorpyOHbIil ucnapurenb. [loBepxHOCTh UcnapuTens onpenensercs no ¢opmysne: f = IdLi ,
rae

f- moBepxHOCTH HCTTAPHTENS , M2

d- Hapy>XHBII TUaMeTp 3MEEBUKOBOTO TPYOOIIPOBO/Ia CTIAPHUTEIS ,M
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L- ruinHa 3MeeBUKOBOTO TPYOOIIPOBOIA, M

- K03 (uIMeHT opeOpeHns, paBHbIl OTHOLICHUIO OpeOPEHHON MOBEPXHOCTH K MOBEPXHOCTH,
Kak ecyii Obl opeOpeHus He ObLIO

1 = (2n + I1d + 2d)/T1d, rne

N - pacCTOSIHUE MEX/1Y BETBSIMU 3MEEBUKA

d=0,008 M; n=0,032 m

i = (2*0,032+3,14*0,008+2*0,008)/(3,14*0,008) = 4,185
JmHy 3MEeBHKOBOTO TPYyOOIIPOBOAA OMPEACISIOT IO (hopMyIIe:
L = Qv/[[Mdu(t-tn){A((t-t)/0,5T1du)"*+0,98*5, 7*[(((t+ 273)/200)*~((tn+ 273)/100)* )/( t-tn )]]
L=333m

OmnpenensieM MOBEPXHOCTh UCIIAPUTEIS XOJIOIMILHONW KaMephbI
£=3,14*0,008*3,33*4,185=4,4 m?

[Tnomaas MOBEPXHOCTH OIpeesieTcs o (hopmyIie

S=(n+d)L

S= (0,032+0,008)*3,33=0,13 m?

Bonpocs! aAjs1 00cy:xI1eHus1
1 Metoauka pacueTa KOHJIEHCATOPa XOJIOAUILHUKA
2 Metoiika pacueTra HCIIapUTEIIs XOJI0IUITbHIKA

HpaKTI/I‘IeCKOC 3ansTue 6 Pacuer TEIJIOU30JI91IMHU X0JI0ANJIbHUKA
Lenwb 3ansTHA 3aK1I049aeTCs B QOPMUPOBAHUU Y CTYJCHTOB MPOPECCHOHAILHOW KOMIICTCHIIUY:

IIK-5

TonmmuHAa TEIIOW30JSAIMOHHOTO MaTepuaia 3aBUCHT OT PAa3HOCTH TEMIIEPAaTyp BHE W BHYTPHU
XOJIOIMIIPHON KaMephl U OT MHTEHCUBHOCTHU TEIUI00OMEHAa Ha TIOBEPXHOCTH OrpaxkaeHuii. Pacuer
TOJIIWUHBI TCIIJIOU30JIALINU XOHOHHHBHOﬁ KaM€pbl TMPOU3BOAUTCA JJIA KaXIAOro BHIAA
OTpPaXIEHUS, T.e. I HAPY>KHOW CTEHBI, BHYTPEHHEW CTEHBI, MEPErOpoJKH B TamOyp H
nepekpbITHs. [10JI6I B XOJOAUIBHBIX KaMepax ¢ TeMieparypoit Beiie (-3°C) He U30JIMPYyIOTCs, a,
CIIeIOBATENbHO, W3OJSIHS ISl 1OJIa HE PACCUMUTHIBAETCs. PacdeT TONIIMHBI TETUIOM3OJSIIUU
MPOU3BOAUTCS TI0 popMmyIie:

1 1 e Oorp, 1

O.,=A,,| =-m-

e ||y

oy Aorp 05 )|
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T/1€ Ous - TONIIMHA TETUIOU3OJISIUH, M;

Aus — TETIOMPOBOTHOCTD TEIUIOM3OJISIIIMOHHOTO MaTepuaina, Br/(m ¢ K);

K —xo>¢pduimenT Temnonepenaun orpaxaeHus, Br/(m? « K);

M — k03 PULIMEHT KOHCTPYKTHUBHOTO KaueCTBa TEIIOM3O0IALIMOHHON KOHCTPYKIIMH Orpa)IeHuUs,
Oorp —TOJIIIMHA OTAEIBHBIX CIIOEB CTPOUTEIBHOU KOHCTPYKIIUU OTPAXKICHUS, M;

Aorp— TETLJIOTIPOBOJHOCTh OTAENBHBIX CJIOE€B CTPOUTEIBHOM KOHCTPYKIMH OTpakKiaeHus, Bt/(m o
K);

01, 02 —K03()(PUIMEHTHI TEmI00TIaYu MO 00€ CTOPOHBI CTEHKHM OrpakJIEHHUs C BHEIIHEH u
BHYTpEHHElH COOTBETCTBEHHO, BT/(M? * K).

7_26‘5‘ —&_;_O_:_ 6_”
J\Oép l\l ¢ ] l\n

rac 81,2,___,n - TOJIIIUHBI OMMPEACIICHHBIX CJIOCB CTPOUTCIBbHBIX MAaTCPUAJIOB KOHCTPYKIUH AAHHOT'O
BH A OI'paXJICHUS, M;

A1,2,...n - KOO (UIUEHTHI TEIUIOMPOBOIHOCTA 3TUX CTPOUTENBHBIX MAaTEPUATIOB OTPAKICHUS,
Br/m °C.

B kauecTBe  TEIUIOM3OJAIMOHHOTO  Marepuaiga  OyJeM  HCIOJIb30BaTh  IEHOIUIACT
nonuctuponbHbiii Mapku I1C-BC ¢ koadduumeHToM TEmIonpoBOAHOCTH Axs = 0,047 B1/m.°C.
[TpOMBIIITIEHHOCTh ~ BBIMYCKAeT MEHOIUIACT MOJMCTUPOJIBHBIA  CTAaHAAPTHBIMU  IJIMTaMHU
tommunaon 0,025 M, 0,05 M, 0,1 m. [TomydeHHyIO NMpU pacyeTe TOJIIUHY CIOS TEIUIOU30JIAINN
OKpYIJISIFOT B OOJBIIYI0O CTOPOHY JO 3HAYeHHUS CTAaHAAPTHOM TONIIMHBI IUIMTOYHOTO
TETUTOM30JISIIIMOHHOTO MaTepHaia.

HpOI/ISBCHGM PACYET TOJIMHUHBI TECIJIOU3O0JANUOHHOI0 CJIOSA U KAXKIO0TO BUAA OTPaAXKICHUA.

3.3.1 Hapy:kuas cTeHa.
Puc. 2. KoHCTpyKUMS HAPYKHOM CTEHBI.

1- mrykarypka; 2 - kupnuuHas Kiajaka (okene3o0eToHHas IuMTa, OETOHHBIN 010K); 3 - mapo-
THJIPOU3O0JISALUS 4 - TEIUIOBAst N30JIALUS
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Martepuan — xene300€ToH, Oxen.cer — 320 MM, Axencer = 1,5 Br/M K, Aus = 0,047 Br/m K.
Hapy»Hast creHa pacroiaraetcsi co cToponsl Kamep Ne «3» 1 Ne «4» - 00beAMHEHHOM KaMephl U
KaMepsl ¢ (ppyKTamMu, OBOIIAMH W HalUTKaMu. Bce ocTalbHBIE CTEHBI IEPUMETPA KaMephl
SBIIIIOTCS. BHYTPCHHHMH, TaK Kak OJIOK XOJOIWIBHBIX KaMep C TpeX CTOPOH OKPYKEH
Pa3IUYHBIME TIOMEMIEHUSIMH. [IOCKOJIbKY y HAacC IMOIYHOABAaIbHOE IOMELICHUE, a TAKKE [BE
KaMepr (610] CTOpOHBI Hapy)KHOfI CTC€HBI, TO HCOGXOZ[I/IMO IIOCUUTATh TCIIJIOU3OJIAIINIO quBIpe
pasa: s kamep «3» M KaMephl «4» 1 UX Ha3€MHBIX U [TOJ3€MHBIX YacTei.

1) Kamepa «3» - moBajibHas 4acTh:

K - 0,52 Bt/M?K, Ourryx. = 3x10=30 MM, Auryx. = 0,9 Br/M K, O6ur. = 8 MM,
Aour = 0,18 Br/m K, a1 = o0 Br/M? K, a2 = 8 Br/mM?K.

duws= 0,047 * [1/0,52 — (1/ + 0,008/0,18 + 0,03/0,9 + 0,32/1,5 + 1/8)] = 0,071 m = 0,075 m (1
IJIACT TETUIOU3OJISAIIMOHHOTO ¢cJ10s ToauHo# 0,025 mu 1 mact TommuHoM 0,05 Mm).

2) Kamepa «3» - Ha3eMHast 4acTh:

K —0,52 Br/M?K, Sy, = 3x10=30 MM, Arrye. = 0,9 B1/M K, Sour. = 8 M,
Aour = 0,18 Br/m K, 01 = 23,3 Br/M?K, 02 = 8 Br/M? K.

duws= 0,047 * [1/0,52 — (1/23,3 + 0,08/0,18 + 0,03/0,9 + 0,32/1,5 + 1/8)] = 0,066 m = 0,075 m (1
MJIACT TETUIOU3OISIIMOHHOTO cJos TomuHoM 0,025 mu 1 mnact TonmuHoi 0,05 m).

3) Kamepa «4» — nmoazemMHast 4acTth:

K =058 Br/M?K, Suryx. = 3x10=30 MM, Aurrye. = 0,9 BT/M K, Sour. = 8 MM,
Aour = 0,18 Br/m K, a1 = o0 Bt/M? K, a2 = 16 B/M? K.

Ouws= 0,047 * [1/0,58 — (1/0 + 0,08/0,18 + 0,03/0,9 + 0,32/1,5 + 1/16)] = 0,066 m = 0,075 m (1
MJIACT TETUIOU3OJISIIMOHHOTO cosi TonmuHo# 0,025 Mu 1 mtact Tommuuo# 0,05 M).

4) Kamepa «4» — Ha3eMHasi 4acTh:
K - 0,58 BUM2K, Surye. = 3x10=30 MM, Aurryie. = 0,9 B/M K, Sour. = 8 MM,
Aour = 0,18 Br/m K, a1 = 23,3 Br/M? K, a2 = 16 Br/mM?K.

ows= 0,047 * [1/0,58 — (1/23,3 + 0,08/0,18 + 0,03/0,9 + 0,32/1,5 + 1/16)] = 0,066 m = 0,075 M (1
MJIACT TETUIOU3OJISIIMOHHOTO ciost TomuHo# 0,025 mu 1 mact Tommuuo 0,05 m).
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3.3.2 BHyTpeHHUE CTeHbI U NIEPErOPOAKH B TaMOyp.
Puc. 3. KoHcTpykuusi BHyTPEHHHMX CT€H U NEPEropoioKk B Tamoyp

1 — mTykarypka; 2 — KUpnuyHas Kiajaka (Kene300eToHHas MIuTa, 0eTOHHBIN 0J10K); 3 — mapo-
TUAPOU3OJIAIHS; 4 — TETUIOBAs H3OJISAIIUS

Marepuan — kupnuy,
Oxupn.= 250 MM, Asupr. = 0,82 B1/M K, Az = 0,047 Bt/M K, Aurrye. = 0,9 Br/m K,
861/1”[. - 8 MM, }\461/1'1‘ - 0,18 BT/M K, SIHTyK. - 30 MM.

BuyTpeHHUE cTeHBI €cTh y BCEX YETBIPEX Kamep, M03TOMY pacueT HeoOXOIMMO IPOM3BECTU
4eThIpe pasa.

1) Kamepa «1»:

K —0,58 Br/M*K, o1 = 23,3 BrtAm2K, 02 = 8 Br/m? K.

dus = 0,047*[1/0,46-(1/23,3 + 0,25/0,82 + 0,03/0,9 + 0,008/0,18 + 1/8)] = 0,055 m = 0,06 m (2
JIacTa TeTIOU30JSIIMOHHOTO cJios TosmuHou 0,03 M).

2) Kamepa «2»:

K =056 Br/M®K, o1 = 23,3 Br/M2 K0 = 8 Br/M2K.

dus = 0,047*[1/0,46 — (1/23,3 + 0,25/0,82 + 0,03/0,9 + 0,008/0,18 + 1/8)] = 0,058 m = 0,06 m (2
TJIacTa TeTIOU30JSIIMOHHOTO CJI0st ToNuHOM 0,3 M).

3) Kamepa «3»:

K =064 Br/M*K, 01 = 23,3 Bt/M2K, a2 = 8 Br/M?K.

Ous = 0,047*[1/0,46 — (1/23,3 + 0,25/0,82 + 0,03/0,9 + 0,008/0,18 + 1/8)] = 0,048 m = 0,05 m (1
IJIACT TEIUIOU3OJISIIMOHHOTO 1051 ToauHOo# 0,05 M).

4) Kamepa «4»:

K —0,7Btm?K, a1 =233 Bt/m?K, az = 16 Br/m2 K.
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Sus = 0,047%[1/0,46 — (1/23,3 + 0,25/0,82 + 0,03/0,9 + 0,008/0,18 + 1/8)] = 0,044 m = 0,05 m (1

MJIACT TETUIOU3OJISIIMOHHOTO 1051 TonmuHOo# 0,05 M).

Bonpocsl 1715 o0cyxkneHust
1 Pacuer Teniou30Aun X0JIOAMIbHIKA
2 KaKue MaTepualibl UCTIONB3YIOT JJIsl TEPMOU3OJISIIUU XOJIOAMIbHUKA?

IIpakTuyeckoe 3ausaTue 7 TenjioBoii pacyer X0J0AUIbHUKA
Henp 3ansaTUdA 3aK109aeTcs B (GOPMHUPOBAHUHU Y CTYJAEHTOB MPO(PECCHOHATEHOW KOMIIETECHITNH:
IIK-5
[{enb TEMmIOBOro pacuera OXJaXJIaeMbIX MTOMEIIEHUH - 3TO OMpeIesIeHUs IPaBUIBHOCTH BbIOOpa
XOJOAUIBHOTO  00OpyIOBaHMA  IMOAOMPAaEMOr0 HAa  OCHOBAaHMM  TEIUIOBOIO  pacyeTa,
VUUTBHIBAIOMIMA BCE€ BHJBI TEIUIONPUTOKA, KOTOpPhIE MOTYT TMOBJIUSATH HAa H3MEHEHHE

TEMIIEpaTypHOTO PeXHMa B KaMepax.

X0JI0A0IIPOU3BOIUTEIBHOCTh  O0OPYIOBaHUS OINPEAEISAIOT TEIUIOBBIM pPAacYeTOM, KOTOPBIN
HPOBOJAT JUISl KAXKA0TO OXJIAXKAIOIEr0 MOMEILEHHSI OT/IENIBbHO.

TermonpuTok B Kaxayr kamepy Qobmy ,BT , ompemenseTcs kKak cymMMa OTIEIBHBIX
TEIUIONIPUTOKOB.

Qobm= Q1+Q2+Q3+Q4+Q5 , Bt (5.1)

rae Q1 - TeronpuToK Yepe3 Orpak IeHusi KOHCTPYKLUU TTOMEIEHUS;

Q2 - TETTONPUTOK OT MPOILYKTOB TP MX XOJIOJHOU 00pabOTKE;

Q3 - TETIONPHUTOK OT HAPYKHOTO BO3/1yXa MPH BEHTUIISIIIAN TTOMEIICHHI;
Q4 - TeTITONPUTOK OT PA3TUYHBIX HCTOYHUKOB TP BEHTHJISIINH TOMEIICHUH;
Q5 - TEMIONPUTOK NPU JABIXaHUH OBOLIEH.

Pacuyer Teruonpuroka Q1 uepes orpaxaeHus OXIaKJaloNIMX TOMEIEHUI
Onpenensiercs Temonputok Q1 ans kamep xpanenus kaprodens Nel u Ne2
Temnonpurok Q1 onpenensercs Mo BHIPAKEHUIO:

QI=QIlTt+Qlc, Bt (5.2)

rae QIT - TEIONPUTOK Yepe3 OrpaKACHMS OXJIAXKIAIOINX [TOMEIIeHne, BT
Qlc - TenIoOBOM MPUTOK OT COJIHEYHOW pannanuu, BT.

Temnonpuroku Q11 u Qlc onpexaenstor mo Gopmyre:

QlT=kF (tu-t) , Bt (5.3)

Qlc=k F*tc, Bt (5.4)
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rae k - koadgdunueHT Temnonepenayn orpaxaeaus, Bt/ (M2 *K)
F - nmomane Teruionepenaronieil NoBEpXHOCTH OTPaKACHUS, M2
tH - Hapy’KHas pacueTHasl JIETHAS TemrepaTrypa Bo3ayxa,0C

tB - pacueTHas TeMmrneparypa B kamepe, 0C

Ac - M30bITOYHAsT pa3HOCTh TEMIIEpaTyp XapaKTepU3YIOIIas JISHCTBUE COJTHEYHOW pajfaivd B
netHee Bpems, 0C.

Hnst kamep Nel u Ne2 onpenensiercs QI :

a) HapyxHas creHa ceBepHas (k=0,42 Bt/(m2* K), Fcrenni=6*24=144,m2 ; tn=270C; tB=+3 ,
0C).

QlT=0,42*6*24*(27-3)= 1451,5 Br

0) BHYTpeHHsIsl neperopojika BocrouHas. /st atoro orpaxaenus ti=120C tak kak Temmneparypa
B KOpUJ0pe AocTUraer npumepHo tk=+12,0C

Qlr=0,48*6,12 (12-3)=311,04 Bt
B) BHYTpPEHHss Ieperopojka rokHas. B kamepax NeS u Ne6 temmeparypa Bo3ayXa HEMHOIO
Huxke ( npumepHo Ha 30C ), yem Ttemmeparypa Bo3ayxa B kamepax Nel u Neo2, mostomy

TEIUIONPUTOKA Yepe3 BHYTPCHHIOIO IEPETOPOAKY HE OyIeT.

I') Hapy)XHasi CTE€Ha TMOJABEPKEHA COJTHEYHOW paJuaiiuu, modtoMmy mno tadmune 58 (1) “tc= 7,2,
0C, Tak kak cTeHa nmodeneHHas H3BECTHIO.

Qlc=0,42*6*12%7,2= 217,73 Bt
1) TIOJI C BJIEKTPO-TIOA0IPEBOM Ha FPYHTE.
QlT=0,41*12%24 (2-3)=2764,8 Bt

TeHHOHpI/ITOK C 11oJia MMECT OTpI/II_[aTeJ'ILHHﬁ 3HaK (TCHJ'IO'OTBOI[), MMO3TOMY TCIUIOIPUTOK HE
YUUTBIBACTCA.

€) MOTOJIOK (0ecropsA0YHOE MOKPHITHE)
QlT=0,4*%12%24 (27-3) = 2764,8 Bt

Jns TemHOro Oec dYepAayHOrO TMOKPBITUA “tc (M30BITOUHYIO PAa3HOCTh TEMIIEpaTyphl)
npuaumarot 17,7 , 0C

Qlc=0,4*%12*24*17,7 = 2040 Bt
O6mas Qlo6 =Y QIt+V Qlc ,Br

Jnst ocranpHbIx kamep Terutonputoka Q1 , kamep Nel u Ne2, 3anocum B Tabnuity 5.11
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Q106 =V (1451,5+311,04+725,7+2764,8)+ Y (217,73+2040)==7,511 kBt
Onpenenenue Termonpuroka Q2 OT MPOIYKTOB MPHU UX XOJOIMIBHON 00paboTKe

Q2 - ompenensercs B 3aBUCUMOCTH OT CYTOYHOT'O IMOCTYIUICHHsSI TPOAYKTOB B Kamepy, BUAA
MPOJYKTa, TEMIIEpATyphl MOCTYIUICHUS U BBITYCKa, a TaK K€ BPEMEHH XOJIOAUILHON 00paboTKHU:

Q2 = Mmocr (irocr - i Beim) 106 / (¢ *3600) , (5.5)
rae Q2 - TerIonpUTOK OT IPOAYKTOB IIPU UX TEIIOBOM 00paboTke, BT.
Mioct - CyTOYHOE IOCTYIIJIEHHE ITPOYKTOB B KAMEpPY, T. B CYTKU;

IMOCT - yHenbHas SHTAJIBIUS MPOJYKTa IIOCTYMMAIIIEr0 B Kamepy IpH TeMIeparype
MOCTYIUICHUS i1oCT , KJK/KT

1 BBII - yJeJbHAS SHTAJBIUS MPOJYKTA BBIITYCKAEMOT0 U3 KaMephl IIPH TEMIIEPAType BBITYCKA 1
BBIII, KJ[K/KT

¢ - IPOJOIKUTENEHOCTD XOIOAUIBHONU 00pabOTKH MPOAYKTa, U.

VY IeNnbHYI0 HTATBIUIO IPOAYKTA B 3aBUCHMOCTH OT €r0 BUIA U TEMIEPATYPHI OMPEICISIIOT 110
npunoxenuto 10 wim o Tabmure 3.2 (3).

Omnpenensierca Q2 np ans kamep xpanenust kaprodens Nel u No2 :

HaxonuTcst cHayana CyTOYHOE MOCTYIUIEHHME B KaMepbl, €CiId AJs OBoOLIeXpaHwiuul Mcyr B
KaMephbl XpaHeHUs: IpUHUMaKoT paBHbIM 10% BMeCTHMOCTH Kamep.

Ecniu BMecTMOCTh Kamep XpaHeHus kaprodens paHsercs Bxp.x = 500t (u3 pasgena 3
«PacyeTsl miomaaei»), To:

Mcyr=10% *500=0,1* 500= 50 1/cyT

U3 npunoxenus 10, 1 (kJk/Kr) mOCTyII€HUE U BBIMYCKA MIPOYKThl PaBHSIETCS:
I moct = 347,4 xJx/kr, npu t moct =20 C

I BoIm = 284,0 xJIx/kr, ipu mioct t B = 3 C

[TpomomkUTh X0M0AHYIO 00paboTKy poaykTa [ = 24y,

Q206mp = 50(347,4-284,0)106/24 * 3600= 36690 Bt

0) OnpenensieM TEIIONPUTOK Q2T OT Taphl MO BHIPAKEHHUIO:

Q21 =Mt Cr (tmoct-tBeIm) 106 / (¢ 3600), (5.6)

rie Mt - CyTo4HO€ TMOCTYIUIEHHE Tapbl, NPUHUMAEMOE MPOMNOPLUOHATIBHO CYTOYHOMY
MOCTYIUIEHUIO MTPOYKTa, T/CYT;

Crt - yaenbHas TEIUIOEMKOCTh MaTepHaa Tapsbl, kJx/kr
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tIOCT-tBBII - TEMIIEpPATypa Taphbl MOCTYIAOIIAs U BhITycKkaeMas u3 kamepsl, 0C
¢ - IPOOIKUTELHOCTD XOJIOIUIBHON 00paboTKH (IPUHUMAETCSI 110 TPOAYKTY), 4. (Tab6m.2.3.1).

Maccy nepeBsSHHBIX KOHTEHHEPOB (SILMKOB) JUIsl OBOLIEH mpuHUMAIOT paBHOM 20% OT macchl
OBOILEH.

CyTouHOE MOCTYIIIICHUE Taphl ONpeeNaeTcs o GpopmyIie:

MTt= Mcyr.ipoa. * 20%, t/cyt (5.7)

M= 50 *0,2 =10 1/cyT

Q21 =10%2,3(20-3)106 / (24*3600) = 4525 Bt

Ornpeaensercst o0l TeruonpuToK Q200111 MO BEIPAXKCHHUIO

Q2 0600m =Q2np +Q2T (5.8)

Q2 060011 = 36690 + 4525 =41215 Bt

[Tomryuennsiit Q2 06001 OTHOCUTCS HATPY3KOHM HAa KaMepHOe 000pyI0BaHNE.
Harpy3ka Ha komnpeccop kamepsl Nel u Ne2 6epercst Ha 30% menbie Y Q200.
Q206 =41215*0,7 = 28850 Br

Omnpenenenue Teruonputoka Q3 mMpu BEHTUISAIUU OXJIAXKIAEMbIX MOMEIIeHUN

Q3 - yYHTHIBAIOT IS KaTep XpaHEHHsI HEKOTOPBIX OXJIaXKIAEMBIX MPOAYKTOB ((PPYKTHI, OBOILIH U
T.J.)

Jnis kamep XpaHeHus npoykToB Q3 BerumciseTcs mo popmyie:

Q3 = Vk *a *cB(in-iB) 103 / (24*3600), Bt (5.9)

rae VK - 00beM BEHTHIIUPYEMOil kamepbl, M3.

a - KpaTHOCTbh BO3IyX000MeHa B cyTKH (a=3...5 1/cyT 11 kamep XpaHeHus )
CB - IJIOTHOCTh BO3/1yXa B Kamepe, Kr/ , M3

1H-1B - SHTAJIBIINS HAPYKHOTO BO3/lyXa U BO3/yXa B Kamepe.

Omnpenensierca Q3 s kamepsl Nel u Ne2 ecny U3BECTHBI CIIEIYIOIINE JAHHBIE:
Vk =1000, M3 ; a=4 1/cyt ; cB= 1,28kr/ , M3; tB=3 ,0C th=061 xJI>/KT

Q3 =1000*4*1,28 (61-13,5) 103 / (24*3600) = 2815 Br

Termonputok Q3 0T HAPYKHOTO BO3/1yXa MPU BEHTUJISALMK OXJIAXKIAIOIMINX MOMEIIEHU OTHOCST
OJIMHAKOBO M Ha KOMIIPECCOP U Ha KaMepHOe 000PYyIOBaHHE.
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Q300 = Q3km =2815 Bt

Ornpezenenne 3KCIuTyaTalluOHHOTO TerutonpuToka Q4 Bt

Q4 - BO3HHMKAaeT BCICJICTBHE OCBEIICHHS KaMmep, HAaXOXKIEHUS B HHUX JIIOJACH, paboThI
3EKTPOOOOPYIOBaHUS U OTKPbIBaHUS JBepeil. TernonpuTok onpenestoT Jist Kaxka0i KaMepsl U
MMEIOIINX UCTOYHUKOB TEIUIOBBICICHUHN OTEIBHO.

Termonpurok Q4 onpenensiercs no BHIPaKEHUIO:

Q4= gl+q2+q3+q4 ,Bt (5.10)

rae ql - TernmonpuToK OT OCBelleHus, BT;

02 - TEIIONIPUTOK OT MpeObIBaHMS Jr0/IeH, BT;

g3 - TEIUIOMPUTOK OT pabOTHI AIEKTPooOOpymOBaHus, BT;

04 - TETUIONIPUTOK TP OTKPHIBAHUHU JIBEPEH B OXJIAXKICHHBIC TOMEIICHUS, BT;

Onpenensercs Q4 mist kamepsl Nel u No2

a) onpeensieTcs TeIUIONPUTOK 1 OT OCBEIICHHUS :

ql=AF, Bt (5.11)

riae A - YACHBHBIM TEIJIONMPUTOK OT OCBEHICHHS B CIWHUILy BPEMEHH OTHECEHHOW K 1 m2
iomaau nona, Br/m2(A=2,3 Bt/ M2 151 kamep XpaHeHus);

F - mnomanes kamepsl, M2; 1=2.3 x 288 = 662 Bt

0) Beruncnsiercs TemnonpuTok 2 ot mpeObIBaHUS JTIOJCH B 0XJIaXkK/1aeMbIX TOMEIIEHUSX
g2=350n, BT (5.12)

rae 350 - - TerToBbIIeNIEHHE OJHOTO padOTAaroIIEero YenoBeka, B/ er;

N - yuciao paboTaIKMX B OMEIIEHUH e, yen (B kamepax Nel u No2 ¢ momanasio 200 M2
paboTaroT mpUMepHO 3 YelloBeKa).

g2=350x3=1050 Br
B) PaccunteiBaeM TemonpuTok g3 oT paboThI 3JEKTPHIECKOTO 000pYIOBAHHUS:
q3 =103YNzs x lOi , Bt (5.13)

rae YNIB - cyMMapHasi MOIITHOCTh AJIEKTPUUYECKOTO JBUraTessi 000py10BaHUs, HAXOIAIIEToCs B
nomenieHuu, KBt (1151 kamep xpaHeHus oBoleii = 14)

101 - KITA=0,75 (mpu pacmoioxkeHUH 3JIEKTPOOoOOPYIOBAHHUS BHE OXJIAKIAEMOTO TTIOMEIIICHHS )

q3=103x14x0,75= 10500 Bt
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r) Onpenensem TENJIONPUTOK 4 PU OTKPBIBAHUM JBEPEU B OXJIAXK1aEMBbIE TOMEILIEHUS:
g4 = BF, Bt (5.14)

rae B - yaenbHbli TEIUIONPUTOK U3 COCEIHUX ITOMEIICHUHN 4epe3 OTKPBIThIC IBEPU, OTHECEHHBII
K 1 M2 momanu kamepsl, Br/m2 (Tabnuma 60 /1/);

F - mnomans kamepsl, M2

q4 =4x288 = 1152 Bt

Omnpenensiercs o0muid Termaonputok Q4, KOTOPBIN CKa3bIBaeTCsl HA KAaMEPHOM 000PY/IOBaHUH.
Q4006= 662+1050+10500+1152=13364 Bt

Harpyska Q4xm Ha kommpeccop ¢ Q400 - Harpy3ku Ha kamepHoe o0opylnoBaHue, Oepercs 25-
30%.

Q4kM = 25% x Q406 Bt (5.15)

Q4xm = 0,75x13364=10023 Br.

Bomnpocs! ajst 00cy:x1eHust

1 Onpenensiercs Termonputok Q1 aist kamep XpaHeHUs

2 OnpeneneHue TIIONPUTOKAa Q2 OT MPOAYKTOB MPU UX XOJOTUIBHONH 00paboTKe
3 Omnpenenenue TeruionpuToka Q3 Mpy BEHTHIISAIMH OXJIAXKIAEMBIX IOMEIICHHUI

IIpakTHyeckoe 3ansaTHEe 8 PacueT TeopeTH4eCcKOro NUKJIA X0JI0AHIbHIKA
Less 3ans1THA 3aKTI04aeTCs B (GOPMUPOBAHUH Y CTYIEHTOB MPOPECCHOHAIBHONW KOMIETECHIHH:

IIK-5

Xonoounvnvle  ycmanoku IpeTHA3HAYEHBl U TOHIDKEHHS TEMIIEpaTypbl Tel HHXKe
TEMIEpAaTypbl OKpYXarollel cpeapl U paboTaoT Mo oOpaTHOMY LMKIy. B oOpaTHOM nukie 3a
cuéT 3aTpaThl pabOTHI TEJIOTA MepeaéTcs OT XOJIO0AHOTO HCTOYHHKA K TOpsiueMy.

O} PexTuBHOCTh PabOTHI XOJOUIBHOTO KA OLEHUBACTCS X0100UTbHBIM KO duyuenmom

7% 4

OTpeNIeNIIeMbIM KaK OTHOIICHHUE OTBOJUMOMN OT OXJIaXIaeMOT0 Tejla TeIUIOTHI (2 K 3aTpaueHHOM
pabore 1uka lo.

Ha puc. 4.1, 4.2 npuBeneHbl NpUHIHUNHAIBHAS CX€Ma M TEOPETUYECKUN IUKI 8030VULHOU
xonoounvHou ycmanogku. V13 xononunbHoi kameps! XK Bo3yx nmoctynaer B kommnpeccop K, riae
€ro JaBJI€HME IMOBBIIIAETCSA OT P1 10 P2, @ Temneparypa — oT 71 A0 T2. CxaTblif KOMIIPECCOPOM
BO3AyX IIOCTymaeT B TEIUIOOOMEHHbIM ammapar (oxmaaurtens) TA, rae oxjaxaaercs
Ipu P2 = P3 = const, OTAaBas TEIUIOTY B OKpyXKaroumyw cpeny. Ilocme »storo Bo3ayx
pacmmpsiercs B JeTtaHiepe Jl OoT JaBieHus P3 10 Ps, coBepluas mojie3Hyro padory. Ilpu
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paclIUpEeHUH €ro TeMIleparypa MOHMXKAETCAd OT 73 10 74. XOJOAHBIM BO3AYX IMOCTYNAaeT B
XOJIONWJIBHYIO KaMepy, Iie OH OTOMpaeT TEeIUIOTY OT OXJIaXKIaeMOro Tejla HpHU MOCTOSHHOM
naByieHUH (P4 = P1 = CONSt).

b4

TA

|2 K

Puc. 4.1. [IpunnunuaneHas cxema BO3AYLIHON XOJI0JUIbHON YCTaHOBKU

¥ -5'3 — 34 S-l = S'2 Ry

Puc. 4.2. [Iukn BO3AYNIHOM XONOAUIBHON YCTAHOBKH:
1-2 — aqnabatHOe cxxkaThe Bo3ayxa B K;

2—3 — n300apHbBIi OTBOJ TEIUJIOTHI OT Bo3ayxa B TA;
3—4 — aguabaTHOe pacuupeHue Bo3ayxa B /l;

4—-1 — n300apHBIii TOIBOA TEIIOTH K Bo3ayXy B XK
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YaenbHOE KOJUYECTBO TEIUIOTHI, MOJBOAMMON K BO3AYXY B XOJOIMJIBHOW Kamepe (yaenabHas
XOJIOZIONIPOU3BOIUTENILHOCTh YCTAHOBKH ), ONIPENEISIETCS U3 YPABHEHUS

g, =q, =, (I,-T) 42

a YACIbHOC KOJINYCCTBO TCIIJIOTHI, OTBOI[HMOﬁ B OXJIAAWUTECIIE B OKPYXAIOIIYIO CPEAY, —

h=c AL =L o

YIIGJ'IBHaH pa60Ta, 3aTpadyCHHas Ha CKAaTHEC BO31yXa B KOMIIPECCOPE, HAXOAUTCA KaK

L=c, I, -1 , (4.4)

a yAcJibHas pa60Ta, IMMOJIyYCHHasA IIpHU paCIIUPCHUU BO31yXa B ACTAHACPE, —

=BT,

Pa60Ta, 3aTpadyCHHasd B HUKIIC, OIIPCACIIACTCA KaK

=1L

. (4.6)
C yuyeToMm 3TuX BbIpaXeHUH X0JI0iIbHbINH K03 duiuent (4.1) Oyner paBeH

T.-T, T, 7,

H %

£ = = = =
(T.-T)—(@-T) T,-T LT,

L(47)

Pacxon xonoguinpHOro areHTa B OUKIIC, KF/C, OMpeaACIACTCA KaK

3:{ = %
4 (a8)

T

rae =% — moJiHas X0JIOAOMPOU3BOIUTEIHFHOCTh YCTAHOBKH, KBT.

TCOpCTI/IquKaﬂ MOIIIHOCTD, HCOGXOI{I/IMa}I IJIg IIpUBOaa KOMITIpeccopa,

N=Mi 4o

a MOIIIHOCTB JAC€TaHACpa

Ne=Ml (419
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B kauecTBe XIJIaareHTOB B NAPOKOMNPECCOPHBIX XON0OUTbHBIX YCMAHOBKAX UCTIONB3YIOTCS
BEIIECTBA C HU3KOH TeMIepaTypod KHUICHHsS TpH aTMOCPEpHOM JaBleHHH (aMMHAK,
yraeKucnoTa, ¢ppeonsl). Ha puc. 4.3 npuBeneHa NPUHIMIHAIBLHAS CXeMa MapOKOMITPECCUOHHON
YCTAHOBKH.

Brnaxnslil map XxjazareHra rmocTymnaeT B MCHApHUTeIb XOJI0AmibHON Kamepsl XK, rae Bckumaer
IIPYU [IOCTOSIHHOM JIaBJI€HUM (Ps = P1= const). HeoOxonumas ais KUNeHUs TEIIoTa OTHUMAETCS
OT OXJIAKJAEMOro Tella, BCJIEJACTBUE YET0 €ro TeMIepaTypa MOHMUKAEeTCs. 3aTeM Map MOCTyMaeT
B Komnpeccop K, rzme ero naeneHue moBblmaeTcss oT P10 P2. CxaTelii KOMIIpECCOPOM Hap
MOCTyNaeT B TEIUI00OOMEeHHbIH anmnapat (konaencatop) TA, riae oH oxiaxkaaercs mpu Pz = CONSt,
OTJaBasi TEIUIOTY B OKPYXAloOLIyl0 cpedy, U KoHAeHcupyercs. [lanplie XUAKUN XJagareHT
JIpocceNupyercs, Ipoxos yepes ipoccenb Jp, B pe3yabTaTe 4ero ero TeMieparypa u JaBjieHHe
NOHMXKAIOTCSA, W 4YacTh XJAJareHTa wuchapsercs Oe3 moaBoja TemioTel wu3BHe. [locne
JPOCCENIMPOBAHUS TapOra3oBasi CMECh XJ1a/lareHTa BO3BPAIIAECTCS B UCIIAPUTENb JJIsl HOBTOPHOTO
UCTIAPEHHUS, 3aMBIKast TAKAM 00pa3oM UK pabOThI MAIIWHEL.

b4

-2

Puc. 4.3. [IpunnunuansHas cxeMa napoKOMIIPECCOPHOI
XOJIONJIBHON YCTaHOBKHU

B mapoxoMmpeccopHBIX XOJNOAWIBHBIX YCTAaHOBKaX OOBIYHO HCIONB3YIOTCS JBa BHJIA
HUKIIOB: YUK C BIAHCHBIM X000M Komnpeccopa (cM. puc. 4.4,a), B KOTOPOM U3 XOJIOAMIBHOU
KaMephl BEIXOJUT BIAXKHBIN Map, a Ha BBIXO0JI€ U3 KOMIIPECCOPA MOTYYaeTCsl CyXOW HACBIIEHHBIN
nap; UYuki ¢ cyxum xo0om komnpeccopa (cM. puc. 4.4,6), B KOTOPOM U3 XOJIOJUIHHOM Kamepbl
BBIXOJMT CYXOU HACBIIIEHHBIN Map, a KoMmpeccop paboTaeT B 00JacTH MeperpeToro mnapa.
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Puc. 4.4. [Tuki napoKOMITPECCOPHOMN XOJIOIUIBHON YCTaHOBKH,

a — BIQYKHBIA X0J1 KOMIIpeccopa; 6 — CyXol X0J1 KOMIIpeccopa:

1-2 — mpouecc aanabaTHOTO CXKATHSI ITapa B KOMITPECCOPE;

2—3 — n300apHBIi OTBOJ TEIIOTHI OT IMapa B OKPYKAIOIILYIO CPEIY;
3—-4 — nporiece apoccenupoBanus, hz = hg;

4-1 — n3006apHO-U30TEPMUYECKUI TIPOIIECC MOABO/A TETIIIOThI

K XJIAJJar€HTy B XOJIOIUJILHOU KaMepe

Tennora, mnoaBoAuMas K paboyeMy Teldy B XOJNOJWJIBHOM  Kamepe, (ylesbHas
XOJIOJIOMPOU3BOAUTEILHOCTh YCTAHOBKH ) OINIPENETSAETCS U3 ypaBHEHUS

G =4, = hﬁ - _E;.: . (4.10)

TemoTa, oTBOgUMAs B OXJIAUTEINIE B OKPYKAIOILYIO CPENY, —

—h—
(=R )
PaGora, 3aTpayeHHas B IUKIIE, ONPEAETAETCS KaK

h=b=h—h 49

OHTAIBINI pa60qero TCJIa ONPCACIACTCA IO AUarpaMMaMHIIn 110 Ta6J'II/II_[aM, COCTaBJICHHBIM OJIA
COOTBECTCTBYIOIIHNX XJIaAar¢HTOB.

Hcronb3ys XOJMOIMUIBHBIN MK, MOXKHO OTAaIUIMBaTh MOMEIIEHHMS, 'epeKkayuBas’ TEIUIOTy OT
XOJIOJHOT'O UCTOYHUKA K ropsiyeMy. Takue yCTaHOBKHM Ha3bIBAIOTCS MeENI08bIMU HACOCAMU.

S(I)(IJCKTI/IBHOCTL TEIUIOBOI'O HAcoCa OLICHMBACTCS BEIMYMHOM OTOIUTEIBHOIO KOB(I)(pI/ILII/ICHTa

eOTOl‘[y

35



. (4.13)

Bonpocsl 1715 00cyskaeHust
1 XonmoauneHeiii KO3 HUITHESHT
2 Db (PeKTHBHOCTD TEIJIOBOTO HAcoca
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CIIMCOK PEKOMEHAYEMbBIX THO®POPMAINNMOHHBIX NCTOYHUKOB

6.1. Pexomennyemas autepatypa

6.1.1. OcHOBHAs1 TUTepaTypa

ABTODHI, 3arnaBue W3narenscTBO, TON Anpec
J1.1 |[T'ypun B. B., Jerann mammz. Kypcosoe npoekruposanune. Kuura 1:  [Tomck: ToMmckuit http:/fwww
3amsarun B. M., YuebHuk nonuTexanueckuii | .iprbooksh
IMomos A. M. yuusepcutet, 2009 | op.ru/3466
2.html
J1.2 |I'ypun B. B, Heramu mamuH. Kypcosoe npoextupoBanue. Kuura 2: [Tomck: Tomckuit http:/fwww
3amstud B. M., YuebHuK nonuTexanueckuii | .iprbooksh
IMomos A. M. yuusepcuret, 2009 | op.ru/3466
3.html
JI1.3 |Makpuauna M. T., |Heranu mamuH: Y4yeGHOe nocobue benropon: http://www
Makpuans A. A. Benropoackwuit .iprbooksh
rocyIapCTBeHHBIN | Op.ru/2834
TEXHOJIOTHICCKHUI 4.html
YHUBEPCUTET UM.
B.I'. lyxoBa, 9bC
ACB, 2013
6.1.2. lonoJHUTeIbHAS JIUTEPATypa
ABTODHI, 3arnaBue W3narenbcTBO, ro Anpec
JI2.1 |ITomoB A. M., Jeranu mamuH: JlabopaTOpHBIA MPaKTHKYM Kemeposo: http://www
Copoukua M. C., Kemeposckuit .iprbooksh
T'oronuna U. B., TEXHOJIOTHUECKU I op.ru/1436
I'pauesa JI. B. HHCTHUTYT MHIIEBOM 5.html
IPOMBIIITIEHHOCTH,
2009
JI2.2 |Eropos 1O. H. Mertposorus 1 TexHuueckue nzmepenus: COOpHUK Mocksa: http://www
TECTOBBIX 33IaHUi 10 Pa3/eTy TUCIIUIITHHBI MOCKOBCKHIA .iprbooksh
«MeTpoJiorus, CTaHIapTH3aHs U CepTUHUKALIUDY rocyJapcTBEeHHBIH | Op.ru/1637
CTPOMTENBHBIN 1.html
yauBepcuteT, DbC
ACB, 2012
6.1.3. MeTtonnueckue pa3padoTku
ABTODHI, 3arnaBue H3parenscTBO, IO Anpec
JI3.1 |benses A. H., Jeranu MalivH U OCHOBBI KOHCTPYUPOBAHHSL. Boponex: http://www
Kouerapos A. B., JlaGopartopHblii IpakTHKyM: Y4eOHoe mocodue Boponexckuii .iprbooksh
Ilepenexun B. B., TocymapctBennsiii | Op.ru/7266
Benses A. H. ArpapHslit 0.html
YHHUBEPCHUTET UM.
Nmneparopa [etpa
ITepsoro, 2015
6.2. Ilepeyens pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIIMOHHOM ceTH ""UHTepHET"

31 |Makpuauna, M. T. [leranu MauuH [ DneKTpOHHBIH pecypce] : yueOHoe nocodue / M. T. Makpununa, A. A.
MakpuauH. — DJIeKTpOH. TeKCTOBbIE JaHHble. — benropon : benroponckuii rocynapcTBeHHbIH
TexHosornueckuii yausepeuret uM. B.I'. Illyxoea, 9BC ACB, 2013. — 165 ¢. — 2227-8397. — Pexum

22 [T'ypun, B. B. [Ieranu mammH. KypcoBoe npoektupoBanue. Kuura 1 [DnektpoHHbIH pecypce] : yueOnuk / B. B.
I'ypun, B. M. 3amsatun, A. M. ITonoB. — DneKTpoH. TeKcTOBbIe AaHHbIE. — ToMmck : ToMckuit
MOJIUTeXHU4YeCcKuil yausepcureT, 2009. — 367 ¢. — 978-5-98298-551-4. — Pexum pocryna:

93  [T'ypun, B. B. [leranu mammH. KypcoBoe npoektupoBanue. Kuura 2 [DnekTpoHHbIH pecypc] : yueOHuk / B. B.
I'ypun, B. M. 3amsatun, A. M. ITonoB. — DneKTpoH. TekcToBble AaHHbIE. — Tomck : Tomckuit
MOJUTEXHUYeCKHi yHuBepcuTeT, 2009. — 296 ¢. — 978-5-98298-553-8. — Pexxum nocrtyna:

34  |deramu MammH [DIeKTpOHHbIH pecypc] : madopatopHblil npaktukyM / A. M. TTonos, M. C. Copoukun, 1. B.
I'oronuna, JI. B. I'paueBa. — DneKTpoH. TekcTOBBIE JaHHbIe. — Kemeposo : KeMepoBckuil TEXHOIOrMYECKUi
HMHCTHUTYT NMUILEBOH mpoMbiiuienHocty, 2009. — 139 ¢. — 978-5-89289-599-6. — Pexum noctyna:

35 |Eropos, 0. H. MeTtponorus u TexHHYecKne n3MepeHus [ DNeKTPOHHBIN pecypc] : COOPHUK TECTOBBIX 3alaHUi

0 pa3zeny AUCHMILUTHHEL «MeTtpoinorus, ctanaaptuzanys u cepruduxanus» / FO. H. Eropo. — DnekTpoH.
TEeKCTOBBIE JaHHbIe. — M. : MocKoBCKuil rocyqapcTBEHHBIN cTpouTensHbli yHuBepcuret, O6C ACB, 2012. —
104 ¢. — 978-5-7264-0572-8. — Pexxum nocryma: http://www.iprbookshop.ru/16371.html
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26

Bensier, A. H. [leranu mMaiivH ¥ OCHOBBI KOHCTPYyHpOBaHus. JJabopaTOpHBIiA NPaKTHKYM [ DIeKTPOHHBIN pecypc|
: yue6Hoe nocobue / A. H. benses, A. B. Kouerapos, B. B. Illepenexun ; nox pen. A. H. benseB. — DnekTpoH.
TEKCTOBBIE JaHHbIe. — Boponex : Boponexckuii ['ocynapctBennslii ArpapHsiii YHHBEpcuTeT M. MMmepaTopa
ITerpa ITeporo, 2015. — 220 c. — 978-5-7267-0820-1. — Pexxum nocrymna:

6.3.1 IlepevyeHs NporpaMMHOr0 odecnedeHust

6.3.1.1|Microsoft Windows

6.3.1.2|Microsoft Office Word

6.3.1.3|Microsoft Office Excel

6.3.1.4|Microsoft Office PowerPoint

6.3.1.5|Microsoft Visio

6.3.1.6|7-Zip

6.3.1.7|Kommac 3D LT

6.3.1.8|Yuebnnnit kommiekr KOMITAC-3D v18

6.3.1.9|CorelDraw Graphics Suite X3

6.3.1.10|AutoCAD

6.3.1.11{AutoCAD Mechanical

6.3.1.12|3ds Max.

6.3.2 llepevyenb nHGOPMALHOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1|Koncynsrant ITimroc: http://www.consultant.ru
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METOANYECKHUE YKA3ZAHUSA

10 BBITIOJTHEHUIO MMPAKTUYECKUX padboT
no aucuuruinie «lIpoexkTrupoBanre OBITOBOM TEXHUKH
U1 CTYZAEHTOB HAIPABJIEHUS TTOJITOTOBKU

15.03.02 TexHonornueckue MalmHbl 1 000PY/I0BaHKE
Hanpasnennocts (npoduis) BeIToOBEIE MAITMHBI ¥ TPUOOPHI
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OBPA30OBAHU S POCCUMCKOM ®EJIEPALINN

OEJEPAJIBHOE 'OCYJAPCTBEHHOE BIO/KETHOE
OBPA3OBATEJIbHOE YUYPEKTEHUE BBICHIEI'O OBPA3OBAHMUS
«JIOHCKOH IOCYJIAPCTBEHHBIY TEXHUYECKWHA YHUBEPCUTET»

Texnosiornyeckuii HHCTUTYT cepBuca (punuan) AI'TY B r.CraBponoJe
(TUC (punuan) AT'TY B r.CraBpomnoJie)

METOINYECKHUE YKA3ZAHUA

JUIS OpraHU3alluy CaMOCTOSITENIbHOU paboThI
no quciuminHe «IIpoekTrupoBaHue OBITOBON TEXHUKN»
JUISl CTYZI€HTOB HalPAaBIICHUSI IIOATOTOBKH
15.03.02 TexHoJOrHYECKHE MAILIMHBI U 000PYAOBaHHE
HaIpaBJIECHHOCTb (MPO(PHIIb) «BBITOBBIE MAIIMHBI U IPUOOPHI»



Meroanueckue ykazanus 1o gucruiuinHe «lIpoexTupoBaHue OBITOBOM TEXHHMKH» COIEP)KAT 3aJaHHS
JUISL CTYJIEHTOB, HEOOXOIMMBIE JUISI OPTaHU3ALUN CAMOCTOSTETLHOU PabOTHI.

[IpopaboTka TPEmSIOKEHHBIX 3aJaHUN TO3BOJUT CTYIACHTAM NPHOOPECTH HEOOXOIWMBIE 3HAHUS B
o0acT U3y4aeMoi TUCIUTIINHBIL.

[IpennasHayenbl il CTyACHTOB HampabiieHHs NoArotoBku 15.03.02 TexHonornyeckue MallvHbI U
obopynoBanue HanpasneHHocts (mpo¢uiis) BeIToBEIE MaIMHBI ¥ TPHOOPHI.



COJNEPKAHUE

Bgenenue

. O6m1as XapakKTepUCTHKA CAaMOCTOATEIILHON PabOTHI

. KoHTpOJIbHBIE TOYKHU U BUJIBI OTYETHOCTH IO HUM

. Metonuueckre peKOMEHJAIUU 110 U3YYEHHUIO0 TEOPETUUECKOTO MaTepuaia
. Meronuueckre peKOMEHJALNH T10 IMOJATOTOBKE K MPAKTUYECKUM 3aAHATUAM
. Meronuueckre peKOMEHJAIUU 110 MOJArOTOBKE JIOKJIa1a

. Meronueckrue peKOMEHJALHUH 10 MMOJATOTOBKE K TECTUPOBAHUIO

. Meroandeckue peKOMEHIAIMH 110 BBITTOJTHEHHIO KOHTPOJIBLHON pabOThI

. Meronnueckre peKOMEHJALUH 10 IMOJATOTOBKE K 3a4ETy

. MeTtonnueckre peKOMEHJAIUHU 10 MOJATOTOBKE K DK3aMEHY

Crucok peKOMEHTyeMbIX HH()OPMAIIMOHHBIX HCTOYHUKOB
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BBEJAEHUE

[lenb METOMMYECKUX YKa3aHWW — OKa3aTh MOMOIIb CTyJICHTaM B OCBOCHHMHU Kypca «IIpoekTupoBaHue
OBITOBOM TEXHUKU.

JlaHHBIE  METOJMYECKHE YKa3aHHWs  HANpaBJICHbl Ha  CHCTEMAaTU3UPOBAHHOE M JIOTHYCCKHU
MOCIIE0OBATEIbHOEe H3yYeHHE OOIMX 3aKOHOMEpPHOCTEH (YHKIIMOHUPOBAHUS C TIOMOIIBIO OOCYXKICHUS
MPOOJIEMHBIX BOIPOCOB 10 TeMe, PEIICHHUS MPOOJEMHBIX 3a/1a4 U 00CYXJICHHUS CUTYaIlUi, TECTOB, MMOATOTOBKH
pedeparoB, TOKIAI0B, MPE3CHTAIUH.

[Tepen HavagoM Kypca IeaecoOOpa3HO O3HAKOMHUTHCS CO CTPYKTYPOH JHCHHMIUIMHBI HAa OCHOBaHUH
MPOrpaMMBI, a TaKXe C TOCICIOBATEIIBHOCTHIO HM3yUeHUss TeM U uX oO0beMoM. C IIeNbI0 ONTHMAIbHOM
CaMOOpraHU3aIlid HEOOXOJAMMO COIOCTaBHTh 3Ty WH(GOPMAIUIO ¢ TpaduKOM 3aHITHH W BBISBUTH HanOoJjce
3aTpaTHbBIC IO BPEMEHH U 00BEMY TEMBI, YTOOBI 3apaHee ONPEISIIUTD I Ce0sl IIEPUOIbl 0ObEMHBIX 3aJaHUM.

1. OBIIASI XAPAKTEPUCTUKA CAMOCTOSTEJIBbHOMN PABOTHI

HCJIB OCBOCHHA AWCHUIUIMHBI — OaThb CTYACHTAM TCOPCTHYCCKUC 3HAHUA W HNPAKTUUCCKHUEC HABBIKU I10
MIPOEKTUPOBAHUIO ¥ KOHCTPYHPOBAHUIO OBITOBBIX MAILIMH U MPUOOPOB

[IpumeneHrne MeTo/1a CUCTEMHOTO aHalu3a K U3YYCHHUIO JAHHOW AMCIIUIUIMHBI ONPEACIISIET CIICIYIOIIne
€ro 3aJa4yd: U3y4eHue MnpoljeM B HCTOPUYECKOW MEepPCHEKTHBE, PaCIIMpPEHHE 3HAHUS CTYIEHTOB, Pa3BUTHE
CHOCO6HOCTI/I CTYACHTOB K IIOHMMAaHUIO HU KPUTHUYCCKOMY OCMBICIICHUIO Hp06JICM COBpPCMCHHOCTH,
o0Cy)KJaeMbIX B CpEACTBaX MAaccOBOM HHGOpMAIMK, ITUTEpaTyphl, a TaKXkKe MNPUOOPETeHHE HAaBBIKOB
MOCJICZI0BATEIHFHO U TPAMOTHO HM3JIaraTh CBOM MBICITH B YCTHOW U MMUCbMEHHOU (hopme.

B pesynpTare oOCBOEHUS JaHHOM JUCHMILTUHBI (OPMUPYIOTCS CIEAYIOIIUME KOMIIETEHIUH Y
oOyuJaromerocs:

IIK-5: CnocodHOCTh NPUHMMATH y4YacTHe B padoTax mo pacyery M NPOCKTHPOBAHUIO JeTalel U
y3JI0B MAIIMHOCTPOUTEJbHBIX KOHCTPYKUMHA B COOTBETCTBHM ¢ TEeXHHYECKUMH 3aJaHUAMH M
HCII0JIb30BAHHEM CTAHAAPTHBIX CPEICTB ABTOMATH3ALMYU NPOEKTUPOBAHUS.

CamocrosrenbHas pabota no aucuuiuinHe «lIpoekTrpoBaHue OBITOBOW TEXHUKW» BBINOJIHIETCS C
LeJTbI0 TIOMYYESHHSI U 3aKPETITICHUS 3HAHUH, TPHOOPETEHHBIX MPU U3YUYEHUU TEOPETUUECKOTO MaTepuaa.

2. KOHTPOJIBHBIE TOYKH 1 BU/IbI OTYETHOCTHU 11O HUM

KOHTpOJ’II) KaueCTBa M CPOKOB H3YUYCHHEC TEM J'ICKIH/IfI BBIIIOJIHACTCA B COOTBETCTBHU C y‘~I66HBIM
rpaduxom. Odpopmiisiercs B BUe KOHCIIEKTUPOBAHUS TEKCTa.

KOHTpOJ’II) Ka4ueCTBa U CPOKOB BBIITOJHCHUA MMPAKTUUCCKHUX 3a)1aH1/1171 OCYIICCTBIIAACTCA B COOTBETCTBUU C
yueOHbIM rpadukoM. OdopmiiseTcst B COOTBETCTBUH C 3a/laHUEM.

KonTpons kauecTBa cpauum [OKJaJa OCYLIECTBISIETCS B COOTBETCTBHMM C YYE€OHBIM TIpapuKOM.
OdopmiisieTcst B COOTBETCTBUU C 3aJaHHEM.

YcneBaeMoCTh CTYACHTOB IIO0 K&)KI[OfI JUCHUIUIMHE OLCHHUBACTCA B XOAC TCKYILICTO KOHTPOJIA U
IIPOMEXYTOYHOM aTTeCcTaluy.

3. METOAUYECKHUE PEKOMEHIALIUUA 11O U3YYEHUIO TEOPETUYECKOI'O MATEPUAJIA

W3ydenue m000ro paszgena WM TEMbl CIEAyeT HauMHATh C O3HAKOMJIGHHS C BOMNpPOCAMM IIJaHa
U3YYCHHUS] TeMbl. TeOpeTHYecKUuil Marepual TMpeACTaBIseT COOOW KOHCIEKT JEKIUi, COoaepsKaIluii
HEOOXOMUMBIM HaOOp yTBepkaeHui u ¢opmyn (0e3 AeTambHBIX TOAPOOHOCTEH), HO C TMOAPOOHBIM
000OCHOBaHHMEM WX WCIOIB30BaHUS TPU PEIICHUH KOHKPETHBIX JKOHOMHYECKHMX 3amad. llpu wusydeHuu
Marepuaga HeoOXOAMMO TOMHUMO JIEKIIMOHHBIX MaTEPHAJIOB HMCIOJIb30BaTh PEKOMEHIYEMYIO OCHOBHYIO H
JOTIOJTHUTENBHYIO JINTEPATYPy AJIA JYUIIEro YCBOSHUSI MaTepuaa.

OcBauBaTh TEOPUIO CJIENYET B COOTBETCTBUM C TOM IOCIEI0BATEIbHOCTHIO, KOTOpas MpPEICTaBI€HA B
I1aHe JieKiuu. MeTonuka paboThl C IUTEpaTypoil MpeaycMaTpuBaeT BEIECHUE 3alKCH MPOYUTAHHOTO B BUJE
MJIaHa - KOHCIIEKTa, OTMIOPHOTO KOHCIEKTa. JTO TO3BOJUT CAENAaTh 3HAHUS CHUCTEMHBIMH, 3a(DUKCHpOBATh U
3aKpPENUTh UX B MaMSTH.

Jns ycmemrHoro OCBOEHHUS JUCIHUIUIMHBI, HEOOXOJUMO CaMOCTOSITENPHO JCTAJIBHO H3YYHTh
MIPE/ICTAaBICHHBIE TEMBI 10 PEKOMEHAYEMBIM HCTOYHHKAM WH(popMaluu. [Ipy MOATOTOBKE K 3aHATUSM CIEAYyeT
PYKOBOJICTBOBATbCS YKa3aHUSIMHU U PEKOMEHIAlIUSIMU TIPET0aBaTesl, HCIONIb30BaTh OCHOBHYIO JIUTEpaATypy U3



MPEICTABICHHOTO0 UM crhucka. J[ns Hambosee TiyOOKOTO OCBOCHHS TUCHUIUTMHBI PEKOMEHIYETCS HM3ydaTh
JTUTEepaTypy, 0003HaYEHHYIO KaK «IOIMOJHUTEIbHAs» B peacTaBieHHOM ciucke B PIT/I.

Bonpoch! 1J1s1 MOATOTOBKH K YCTHOMY ONPOCy TeKyiuero KoHTpoJs (biok 1)
. [IpHHIITEL ¥ METOBI IPOEKTUPOBAHMS, YHU(HKALIMY IPOSKTHBIX PEIICHUH U MIPOLEAYP.
. Pa3paboTka TEXHHYECKOTO 3aJJaHHs U TEXHHIECKOTO IPE/UTOKCHHS.
. DCKU3HBIA U TEXHUYECKHUH MPOEKT.
. CoctaB OCHOBHOT'O KOMIUIEKTa pabouei TOKyMEHTaINH.
. TeXHHKO-9KOHOMHUYECKOE 00OCHOBAHHE MIPOEKTA.
. OcoOeHHOCTH KOHCTPYHUPOBAHUS M PacyeTa TUIIOBEIX ACTANCH, Y3JI0B U COCIUHCHUH OBITOBBIX MAIlIMH ¥ IPHOOPOB.
. OcoOeHHOCTH KOHCTPYHPOBAHUS U pacueTa UcIapuTesIei OBITOBBIX XOJIOAMIBHUKOB.
. OcoOeHHOCTH KOHCTPYHUPOBAHUS U pacyeTa KOHJCHCATOPOB OBITOBEIX XOJIOHIEHHKOB.
9. OcoOeHHOCTH KOHCTPYHPOBAHUS U pacueTa OapabaHa CTHPaIbHON MaIIWHBI
10. OcoGeHHOCTH KOHCTPYHUPOBAHHUS M pacyeTa aKTUBATOPHOTO y3J1a CTUPATIbHON MaIlIUHBI.
11. OcoOeHHOCTH KOHCTPYHPOBAHYS U pacdeTa CHCTEMBI ITOABECKH 0aka CTHPAIbHON MalTHHBIL.
12. Oco0eHHOCTH KOHCTPYHUPOBAHHUS M pacyeTa CUCTEMBbI O1op 0apabaHa CTUPAIbHOI MaIllUHbI.
13. Meroauka cTaTuueckoii 0anaHcupoBku OapabaHa CTUpPaAIbHOM MalIUHbL.
14. Cioco0bI [uHaMUUYECKOW OaTaHCUPOBKH OapabaHa CTHPAILHOW MAIHHBI.

Bomnpocskl 1J11 NOATOTOBKH K YCTHOMY ONPOCY TeKylero kourpoJs (biaok 2)
. OcoOEHHOCTH KOHCTPYHPOBAHUS U PacueTa UCIapHUTeNs CIUTUT-CHCTEMBI.
. OcoOEHHOCTH KOHCTPYHPOBAHUS U pacdeTa Hapy>KHOTO OJ0Ka CILIUT-CUCTEMBI.
. BBIOOp mpUHIMIIHATEHON CXEMBI U €€ pacyer.
. IInockocTHas U IPOCTPaHCTBEHHAs: KOMIIOHOBKA.
. OcoOEHHOCTH IPOEKTUPOBAHHS OBITOBOH XOJIOAMIEHON TEXHUKH.
. OCOOGEHHOCTH MTPOEKTHPOBAHKS T€PMETHYHBIX XJIQJIOHOBBIX KOMIIPECCOPOB.
. OcOOEHHOCTH IPOEKTUPOBAHHS OBITOBBIX KOHIHIIOHEPOB.
. OCOOEHHOCTH OpraHU3allMid PEMOHTA OBITOBBIX CTUPAIbHBIX MAIIWH U HEHTPU(YT.
9. OcoOEeHHOCTH IPOCKTUPOBAHHUS TBUICYOOPOYHOHN TEXHUKH.
10. OcoGeHHOCTH TPOEKTUPOBAHUS TPUOOPOB st 00PaOOTKH MHUIIIH.
11. OcoGeHHOCTH KCIUTyaTal[ii U PEMOHTA OBITOBBIX IIBEHHBIX MAIIIUH.
12. Oco6eHHOCTH PEMOHTA IPUBOJIA OBITOBBIX HIBEHHBIX MAIIUH.
13. Ocnactka it peMOHTa OBITOBBIX IIBEHHBIX MAIIIHH.
14. Ba3oBbIe TOJI0KEHHS TEXHOJIOTUH pa3padOTKU OBITOBBIX MAIIMH U TPUOOPOB.

Kpurepun onieHKn ycTHOro onpoca

[TonHOTa OTBETa Ha TOCTABICHHBIA BOINPOC, YMEHHE HCIOJIb30BATh TEPMHUHBI, MPHUBOJUTH MPUMEPHI,
JIeNaTh BBIBOJIBL.

3a KaxIplid OJIOK B cyMMe OOy4aromuiicst JOJKEeH MOJIyduTh 25 0aiioB, U3 HUX 5 — 3a IOCelleHue
3aHATUH, 5 - BbIMoNHEHUe MOMONHUTENbHBIX 3aJaHUl (JIOKJIaJ, CTaThs, npe3eHTauus ), 10 — 3a BbINOJIHEHUE
TECTOBBIX 3aJaHui, 5 — 3a 3alUTY TA0OPATOPHBIX padOT

Kpurepuu nonmydeHus OLEeHKU:

- pe3ysbTaT, COJAEPKAIIUN TTOTHBIA MPABUIBHBIN OTBET — MAKCUMAJIBHOE KOJIMYECTBO OAJIIOB;

- pe3yiabTaT, coAepKallluii HEMOJIHBIH NMpaBWIBHBIA OTBET (CTENEHb IMOJHOTHI OTBEeTa — OoJee
60%) umu OTBET, COAEPIKAIIUN HE3HAUUTEIbHBIE HETOUHOCTH— 75% OT MaKCHUMAaJIbHOTO KOJIMYECTBA OAJIIIOB;

pe3yibTaT, coJepXKalluil HEeNOJIHbIN MpaBUIbHBIM OTBET (CTENeHb MOJHOTHI oTBeTa — oT 30 1o 60%)
WJTU OTBET, COJIEPKAIIMK 3HAYUTEIbHBIE HETOYHOCTH -40 % OT MaKCUMaIBbHOTO KOJIMYECTBa 0aJlIoB;

- pe3yibTaT, CcoJeprKalluii HETOJHbIH MPaBWIBHBIA OTBET (CTENEHb MOJHOTHI OoTBeTa — MeHee 30%),
HENpPaBWIbHBIM OTBET (OTBET HE MO CYUIECTBY 3aJaHMsl) WM OTCYTCTBUE oTBeTa — 0 % OT MakCHMMallbHOTO
KoJIM4yecTBa 0asioB.
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4. METOAUYECKUE PEKOMEHJALIMUA 110 ITIOATI'OTOBKE K IPAKTUYECKHUM 3AHATUAM

[Iporiecc MOATrOTOBKM K MPAKTUYECKUM (CEMHUHAPCKHUM) 3aHSATHSAM BKIIIOUAET M3YYEHHE HOPMATUBHBIX
JOKYMEHTOB, 00513aTeIbHOM U JONOIHUTEIBHOM JIUTEpaTyphl IO PACCMaTPUBAEMOMY BOIIPOCY.

HenocpencTBeHHOE POBEIEHUE TPAKTUUECKOTO (CEMUHAPCKOT0) 3aHATHS IPEIIOIaraer:

- UHJMBUYaJIbHBIE BBICTYIUIEHUS! CTYJEHTOB C COOOIIEHUSMH MO KAaKOMY-JIMOO BONPOCY HM3y4aeMOi
TEMBI;

- (hpoHTaANIEHOE 00CYX/IEeHUE paccMaTpuBaeMoi po0eMbl, 0000IIEHNs 1 BHIBOJIBL;

- peleHne 3a1a4 U ynpakHEeHH 1o o0pasiy;

- pellleHNEe BapUAHTHBIX 33]1a4 U YIPAXKHEHU;

- pellleHre CUTYallMOHHBIX TPOU3BOICTBEHHBIX (MPOQPECCHOHANBHBIX) 3a1a4;

- TOPOEKTHPOBAHHWE M MOJCITUPOBAHME pA3HBIX BHJIOB U KOMIIOHEHTOB MpO(ecCHOHAIBHOM
JESTEeIbHOCTH.

ITpouecc MOAroTOBKM K MPAKTUYECKUM (CEMHUHAPCKHMM) 3aHATHSAM BKIIIOUAET M3YYEHHE HOPMATHBHBIX
JOKYMEHTOB, 0053aTeIbHOI U JONOIHUTEIBHOMN JIUTEpaTyphl [0 pacCMaTpUBAEMOMY BOIIPOCY.



5. METOAUYECKHUE PEKOMEHJIALIMHA 11O NOATI'OTOBKE JOKJIAJA
JlaHHBIIT BHJ CaMOCTOSATENBHON paboThl pabodeil mporpaMMoOil  TUCHUIIIMHBI  (MOIyJs) HE
PEeIyCMOTPEH

6. METOAUWYECKHUE PEKOMEHJIAIIUU MO NOATOTOBKE K TECTUPOBAHUIO
JlaHHBIN BUJ CaMOCTOSATENbHON pabOTHI paboueil mporpaMMoi AUCUUILIMHBI (MOIYJIs) HE IPEyCMOTPEH

7. METOJWYECKHUE PEKOMEHJIAIIMH IO BHIITOJIHEHUIO KOHTPOJIbHOM PABOTHI
JlaHHBIN BU CaMOCTOSATEIBHON PabOTHI paboueil mporpaMMoi JUCIUTLIINHBI (MOAYJIS) HEe IPEIYCMOTPEH

8. METOANYECKHUE PEKOMEHIALIUUA 110 ITIOAI'OTOBKE K 3AUYETY
Hpoueﬂypa 3a4cTa (I[I/I(l)(bepeHLII/IpOBaHHOFO 3aqua) KaK OTACIBHOC KOHTPOJIBHOC MCPOIIPUATHC
MMpOBOAUTCA 110 CIICAYIOIIUM BOIIPpOCAM.
. [TpuHIMITEL ¥ METO/IBI IPOEKTUPOBAHUS, YHU(DUKAIIMH POCKTHBIX PEILICHUN U MPOLETY.
. Pa3paboTka TeXHHIECKOTO 3aJaHus U TEXHHYECKOTO MPEI0KEHHS.
. DCKU3HBIN U TEXHUUECKUI IPOECKT.
. CocTaB OCHOBHOTO KOMIUIEKTa paboyeil TOKYMEHTAIHH.
. TexHUKO-3KOHOMHUUECKOE 00OCHOBAHUE MPOEKTA.
. OcoOEHHOCTH KOHCTPYHPOBAHUS U PacuyeTa THIIOBBIX JAeTajlel, y3JI0B U COeTUHEHUH OBITOBBIX MAIIMH U IPHOOPOB.
. OcOOEHHOCTH KOHCTPYHPOBAHUS U pacueTa UclapuTesieil ObITOBBIX X0JIOJHUIBHUKOB.
. OcoOeHHOCTH KOHCTPYHPOBAHUS U paciyeTa KOHAEHCATOPOB OBITOBBIX XOJIOMIHHUKOB.
. Oco0eHHOCTH KOHCTPYHPOBAHUS U pacueTa 6apabaHa CTUpPaIbHOI MallUHBI
10. OcoGeHHOCTH KOHCTPYUPOBAHHS U pacyeTa akTHBATOPHOT'O y3J1a CTHPAJIbHOM MaIINHBI.
11. OcoOeHHOCTH KOHCTPYMPOBAHUS U pacueTa CUCTEMBI I10JIBECKU OaKa CTUPATbHON MallUHBL.
12. OcoGeHHOCTH KOHCTPYHUPOBAHHUS M pacyeTa CUCTEMBbI OTop 0apabaHa CTUPATIBHOMN MaIllUHbI.
13. Mertoauka cTaTHuecKoi OanaHCHpOBKH OapabaHa CTUPAILHOM MallMHBL.
14. Cioco0ObI quHAMHYECKOW OamaHCHPOBKH OapabaHa CTHPATBLHON MAIIUHBL.
15. OcoOeHHOCTH KOHCTPYMPOBAHUS U pacuyeTa UCIIApUTENs CIIUT-CUCTEMBI.
16. OcoGeHHOCTH KOHCTPYHUPOBAHHUS M pacyeTa Hapy>KHOTO OJIOKA CIUTUT-CHCTEMBI.
17. Bp16Op NPUHIMITNATIBHON CXEMBI U €€ pacyer.
18. IlimockocTHAs ¥ MPOCTPAHCTBEHHAS! KOMITOHOBKA.
19. OcoGeHHOCTH POEKTUPOBAHUS OBITOBOM XOJIOIMILHONW TEXHHUKH.

20. OcoOeHHOCTH MPOEKTHPOBAHUS T€PMETHYHBIX XJIaJOHOBBIX KOMHpeccopOBBa‘IeT BBICTABJIACTCA IO PE3yJIbTaTaM
pa60TI>I B CEMCCTpC, IMpHU CHAA4YC BCCX KOHTPOJIBHBIX TOYCK, NPCAYCMOTPCHHBIX TCKYIIUM KOHTPOJIEM
yCII€eBaCMOCTH.
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9. METOAUYECKHUE PEKOMEHJIAIMHA 110 NIOATI'OTOBKE K OK3AMEHY
[TIpomexxyrounast arrecranusi B (GOpMe HK3aMeHa IpeayCMaTpUBACT MPOBEACHUE O00s3aTeIbHON
9K3aMEeHallMOHHOH npoueaypsl. [lepen 3k3aMeHOM CTYAEHTY HE0OXO0AUMO MOJIHOCTBIO BBIMOJIHUTH BCE 33 JaHUS
K HOPaKTHYCCKHUM 3aHATUAM, I[OATOTOBHUTL MW 3alllUTUTHL CaMOCTOATCIbHYIO pa60Ty. HpI/I HaJIn4Ynun
3aJIOJDKEHHOCTH MO TEKyILIeH aTTecTaluy IO JaHHOM AMCHUIUIMHE CTYJIEHT K 9K3aMEHY HE JIOIYyCKaeTcs.
DK3aMeH M0 AUCLUUIIMHE NPEAYCMOTPEH B YCTHOU (hopMe 1o Ouiieram.

BOHpOCH JUIA OK3aMCHa.
. [IpyHIUIIEL 1 METO/BI IPOCKTUPOBAHMS, YHU(DUKAIIMY IPOCKTHBIX PEIICHUI U POLEAYP.
. Pa3paboTka TeXHHYECKOro 3aJaHusl U TEXHUYECKOTO MPEIOKEHHS.
. OCKU3HBIN M TEXHUUECKUH MPOEKT.
. CocTaB OCHOBHOIO KOMILIEKTa paboyeil JOKyMEHTaluu.
. TexHHKO-3KOHOMHUYECKOE 00OCHOBAHHE MPOEKTA.
. OcoOeHHOCTH KOHCTPYHPOBAHUS U PacuyeTa TUIOBBIX A€Talle, y3JI0B U COeIUHEHUN OBITOBBIX MALIMH U IPUOOPOB.
. OcoOEHHOCTH KOHCTPYHPOBAHUS U pacuyeTa UCIIapUTeNeil ObITOBBIX XOIOIMIbHHUKOB.
. OcoOEHHOCTH KOHCTPYHPOBAHUS U PAcueTa KOHAEHCATOPOB OBITOBBIX X0JIOHIbHUKOB.
. OcoOEHHOCTH KOHCTPYHPOBAHUS U pacyeTa OapabaHa CTHPAIILHOW MAalIMHBI
. OcoOEHHOCTH KOHCTPYHPOBAHUS U PacuyeTa aKTUBATOPHOI'O y371a CTUPAIbHOM MalIKHBI.
. OcoOEHHOCTH KOHCTPYHPOBAHUS U pacdyeTa CUCTEMBI MTOJIBECKH 0aka CTHUPAIbHON MaIUHEL
. OcoOEHHOCTH KOHCTPYHPOBAHUS U PacueTa CUCTEMBI o1lop Oapa®aHa CTUPAIbHON MallUHbL.
. Metoauka crartudeckoii 6anancupoBku OapabaHa cTUPATbHOM MalIMHEL.
. CnocoOsl fuHamMu4eckoi OanaHcupoBku OapabaHa CTUPAIBEHOM MalIMHBI.
. OcoOeHHOCTH KOHCTPYHUPOBAHUS H PacdeTa HCIapUTEIIs CIUIUT-CHCTEMBEL.
. OCOOEHHOCTH KOHCTPYHPOBAHUS U pacyeTa Hapy>KHOTO OJI0Ka CIUTUT-CHCTEMBI.
. Be10op nmprHIMITHATEHON CXEMBI U €€ pacderT.
. IImockocTHAs 1 IPOCTPaHCTBEHHAS! KOMIIOHOBKA.
. OcoOeHHOCTH IPOEKTUPOBAHHS OBITOBOM XOJI0AMIBHOMN TEXHUKY.
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20. OcOOEHHOCTH IPOSKTUPOBAHNS TePMETUYHBIX XJIaJOHOBBIX KOMIIPECCOPOB.

21. OcoOeHHOCTH MPOEKTUPOBAHUS OBITOBBIX KOHAHIIMOHEPOB.

22. OcOOEHHOCTH OpraHU3aINH PEMOHTA OBITOBBIX CTUPATBHBIX MAlINH M EHTPUQYT.
23. Oco0eHHOCTH TIPOCKTUPOBAHUS MBLICYOOPOYHON TEXHHUKH.

24. OcoOeHHOCTH NPOEKTUPOBAHUS IPUOOPOB Il 00PaOOTKYU MUIIH.

25. OcoOEHHOCTH 3KCIUTYaTaIlH U PEMOHTA OBITOBBIX IIBEHHBIX MAIIIWH.

26. OcoOeHHOCTH PEMOHTA IIPUBOA OBITOBBIX IIBEIHBIX MAIIKH.

27. OcHacTKa JijIsl pEeMOHTa OBITOBBIX IIBEHHBIX MAIIIUH.

28. Ba3oBbIe MOJI0KEHUs TEXHOJIOTHU pa3pabOTKU OBITOBBIX MAIIUH U IIPHOOPOB.

Iopsaok n KpUTEpUU OLEHUBAHUS

Dk3aMeH sBisieTcss (POpMO OLIEHKH KauecTBa OCBOEHUSI 00ydaroluuMcsl 00pa3oBaTeabHONU MPOrpaMMBl
no aucuurmHe. [IpoBepka kauecTBa MOATOTOBKHM CTYJIEHTOB Ha JK3aMEHAX 3aKaHYMBAETCS BBICTaBICHUEM
OTMETOK 1O MpUHATON mnsATHOaUIbHOM  mikame (cM. 1.1.2) (OLIEHKa  «OTIMYHO»,  «XOPOIIO»,
«YZOBJICTBOPUTEIBHO» U «HEYJIOBJIECTBOPUTEIILHO).

Pacrnipenienenne 6ayiioB 1o sx3aMeny (IpOMEeXyTOUHas aTTecTalus)

Buy yaeOHbBIX paboT [TpomexyTouHas arTecTanus

M0 TUCITUTUINHE Ornenka, 6auIbl Kputepun onieHkn
Yerupii  otBeT Ha | OlleHKA «OTIUYHOY - 1) MONMHO W apryMEHTHPOBAHO OTBEYACT II0
JK3aMEeHe 40 6amioB COJIEpKAHUIO BOIIPOCA;

2) oOHapyXuBaeT IIOHMMaHUE MaTepuaia,
MOXeT  00OCHOBAaTh CBOU CYXJICHUS,
OPUMEHUTh 3HAHWS Ha IpaKTUKe, NPUBECTH
HE00XO0MMbIE IPUMEPBHL;

3) u3nmaraer Marepuaig IOCJIEIOBATENbHO U
NPaBWIBHO, C COOIOIEHUEM HCTOPHYECKOW U
XPOHOJIOTUYECKOH MOCIIe10BaTEIbHOCTH.
Kommerenmus (1) wim ee 9acTh copMUpOBaHa

OreHka «XOpOoIIoY - OTBET, yIOBJIETBOPSIOIIHI TeM xKe
30 - 39 OamnoB TpeOOBaHUSAM, YTO W IS OIECHKH «5», HO
nonyckaer 1-2 ommOKH, KOTOpBIE caM e
WCTIPaBJISIET.
Komnerennus u (win) ee yacte chopMHpOBaHa
Ha 2 ypOBHE.
Onenka 1) m3naraer marepuang HEMOJHO U JOMyCKaeT
«yIIOBJIETBOPUTEIHHO» - | HETOYHOCTH B ONPEACICHUM TOHATHH WM
15 - 29 GannoB (hopMyIMPOBKE MPaBUI;

2) He yMeeT JIOCTaTO4HO TIyOoKo U
JI0Ka3aTeIbHO OOOCHOBATH CBOU CYXJIEHUS H
MIPUBECTH CBOM MPHMEPHI;

3) u3naraeT mMarepuan HEeNoCIeJOBaTEeNbHO U
JOTTYCKAeT OIITUOKH.

Komnerennus u (win) ee yacte chopMHpOBaHa

Ha | ypoBHe.
Ornenka 1) cTyneHT oOHapyXKMBaeT HE3HAHKUE OTBETA HA
«HEYJIOBJICTBOPUTEIIEHO» | COOTBETCTBYIOIIHI BOIIPOC;
- 0 - 14 6annos 2) nomyckaeT oOmHUOKH B  (QOPMYITUPOBKE
ONpEeACICHUA W TpaBWJl, HCKKAIOIINUE WX
CMBICT;
3) OecmopsiIoYHO W HEYBEPEHHO H3JIaraer
MaTepuan;
4) Ha JIOTIOTHUTEILHBIC BOIIPOCHI

mpernojaBaTens  oOydJaromiicss He  JeT
MIPaBWIIbHBIE OTBETHI.

Kommerenmuss wu  (wim) ee dYacTb He
chopMupoBaHa.

Pemtenue 10 GamoB 3aiava pelieHa, CeIaH BbIBOJ
SK3aMEHAIlMOHHOU 0 0amoB 3agava HepelieHa
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CIIMCOK PEKOMEHAYEMbBIX HHO®POPMAINMWMOHHBIX NCTOYHUKOB

6.1. PexoMeHyeMas JuTepaTypa

6.1.1. OcHoBHas JUTepaTypa

ABTOpBI, COCTABUTEIH 3arnaBue W3paTenscTBo, rox Anpec
JI1.1 |Typuu B. B., Bamsatun  |[letanu mammn. KypcoBoe nmpoexktupoBanue. Kuura 1: Vae6Huk Tomck: ToMckmii http://www
B. M., ITortos A. M. MTOJINTEXHUYECKHHA .iprbooksh
yauBepcutet, 2009 | op.ru/3466
2.html
JI1.2 |T'ypunu B. B., 3amsarun  |[Jleranu mamris. KypcoBoe nmpoexkrupoanue. Kaura 2: VaeGHuK Tomck: ToMckmii http://www
B. M., IToros A. M. MTOJINTEXHUYECKHNA .iprbooksh
yauBepcutet, 2009 | op.ru/3466
3.html
JI1.3  |Makpuguna M. T., Jeramu mammH: YaebHoe mocobue Benropox: http://www
Makpuaus A. A. Benroponckuit .iprbooksh
roCyJapCTBEHHBIN op.ru/2834
TEXHOJOTHICCKHUI 4.html
YHHUBEPCUTET UM.
B.I". IllyxoBa, OBC
ACB, 2013
6.1.2. lonotHUTeTbHAS JINTEPATYPA
ABTOPBI, COCTaBUTEIHN 3arnaBue W3narenbcTBO, roa Anpec
JI2.1 |TlomoB A. M., Copoukut |[letanu marrwn: JlabopaTOpHBIH MPaKTHKYM Kemeposo: http://www
M. C., I'oronuna U. B., Kemeposckwuii .iprbooksh
I'pauesa JI. B. TEXHOJIOTHIECKHUI op.ru/1436
UHCTUTYT MUIIEBOM 5.html
MIPOMBIIIIEHHOCTH,
2009
J12.2 |Eropos IO. H. Mertposorus u TexHuueckue u3MepeHus: COOpHUK TECTOBBIX Mocksa: http://www
3a/IaHui 110 pa3zeny TUCIUIUTHHB « METpOIOTHsI, CTaHAapTH3anus U | MOCKOBCKHIA .iprbooksh
cepTUhUKALUY rOCyJapCTBEHHBIN op.ru/1637
CTPOUTENBHBIH 1.html
yHuBepcutet, ObC
ACB, 2012
6.1.3. Merogu1ieckue pa3paboTKu
ABTOPBI, COCTaBUTEIH 3armaBsue W3 naTenbcTBO, rOI Anpec
JI3.1 |benses A. H., Jletanu MalivH ¥ OCHOBBI KOHCTpyupoBaHus. JlabopaTopHblii Boponex: http://www
Kouerapos A. B., MPaKTHKyM: Y4eOHoe Tocooune BopoHeKCKHi .iprbooksh
epenexun B. B., TocynapcTBeHHbIH op.ru/7266
Bensies A. H. ArpapHbIit 0.html
YHUBEpCUTET UM.
Hmmneparopa Iletpa
Ilepsoro, 2015
6.2. Ilepeuens pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIHOHHOM ceTH "UnTepHeT"
€] Maxpuauna, M. T. Jleranu mammH [ DneKTpoHHbIH pecypc] : yaeOHoe mocodue / M. T. Makpununa, A. A. Makpuaus. —
DJEeKTPOH. TEKCTOBBIE JaHHbIe. — benropon : benropoackuii rocyaapcTBeHHbII TEXHOJIOTHYECKUH yHUBepcuTeT uM. B.T'.
[IyxoBa, 9bC ACB, 2013. — 165 ¢. — 2227-8397. — Pexum nocryna: http://www.iprbookshop.ru/28344.html
22 T'ypun, B. B. Jleranu mamun. KypcoBoe npoekrtupoBanue. Kuura 1 [QnekrponHslii pecype] : yueonuk / B. B. I'ypun, B. M.
3amsartuH, A. M. ITornoB. — DeKTpoH. TeKCcTOBbIe JaHHBIe. — ToMck : ToMckuii monuTexHmdeckuii yausepeuret, 2009. — 367 C.
— 978-5-98298-551-4. — Pexxum goctyna: http://www.iprbookshop.ru/34662.html
23 T'ypun, B. B. Jleranu mamun. KypcoBoe npoekrtupoBanue. Kuura 2 [QnekrponHslii pecype] : yueonuk / B. B. I'ypun, B. M.
3amsatun, A. M. [TonoB. — DneKTPOH. TEKCTOBBIE JaHHbIe. — ToMck : ToMCKuil monutexHnueckuii yausepcuret, 2009. — 296 C.
— 978-5-98298-553-8. — Pexum noctyma: http://www.iprbookshop.ru/34663.html
D4 |Heranu mammH [DneKTpoHHBIN pecypce] : madoparopHblid npaktukyM / A. M. Tlomos, M. C. Copoukus, 1. B. T'oronuna, JI. B.
I'paueBa. — DnekTpoH. TekcToBBIE NaHHbIE. — KemepoBo : KemepoBckuil TEXHOIOTMUECKHH MHCTUTYT MUILEBOU
npomsinieHHocTH, 2009. — 139 ¢. — 978-5-89289-599-6. — Pexxum nocrtyma: http://www.iprbookshop.ru/14365.html
35  |Eropos, 1O. H. MeTposorust u TeXHHIeCKUe U3MepeHHs [ DIeKTPOHHBIH pecypc] : COOPHUK TECTOBBIX 3aIaHHM 110 Pa3aeny

JUCHUIUIUHEL «MeTpostorus, ctangaptusanus u ceprudukanus» / 0. H. EropoB. — DneKTpoH. TeKCTOBbIE JaHHbIE. — M. :
MOCKOBCKHIA TOCYIapCTBEHHBII CTpOoUTENbHBIH yHUBepcuTeT, DBC ACB, 2012. — 104 ¢. — 978-5-7264-0572-8. — Pexum
nmocryna: http://www.iprbookshop.ru/16371.html
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bensieB, A. H. Jleraim MaliuH 1 OCHOBBI KOHCTpyHpOBaHHus. JITaGopaTOpHBIi NPakTHKYM [ DIeKTPOHHBIN pecypc] : yueOHoe
nocobue / A. H. benses, A. B. Kouerapos, B. B. Illepenexun ; nog pen. A. H. bensieB. — DIeKTpOH. TEKCTOBbIE JaHHbBIE. —
Boponex : Boponexckuii 'ocynapcTBenHbli Arpapubiii YauBepcureT uM. mneparopa Ilerpa ITepsoro, 2015. — 220 ¢. — 978-
5-7267-0820-1. — Pexxum nocryma: http://www.iprbookshop.ru/72660.html

6.3.1 IlepeyeHb MPOrPaMMHOTO 00ecIedeH sl

6.3.1.1

Microsoft Windows

6.3.1.2

Microsoft Office Word

6.3.1.3

Microsoft Office Excel

6.3.1.4

Microsoft Office PowerPoint

6.3.1.5

Microsoft Visio

6.3.1.6

7-Zip

6.3.1.7

Kommac 3D LT

6.3.1.8

Vuebnriit kommiektr KOMITAC-3D v18

6.3.1.9

CorelDraw Graphics Suite X3

6.3.1.10

AutoCAD

6.3.1.11

AutoCAD Mechanical

6.3.1.12

3ds Max.

6.3.2 llepevyenb nHGOPMALHOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1|Koncynwrant Ilmoc: http://www.consultant.ru




METOAUYECKHUE YKA3ZAHUA

ISl OpraHU3AIMU CaAMOCTOSITEIbHON Pa0OTHI
no aucuumuinie «IIpoekTrupoBanre OBITOBOM TEXHUKU
JUTsl CTYICHTOB HANpPaBJIECHUs TTOATOTOBKU
15.03.02 TexHOMOTrMYECKUE MAILIUHBI U O0OPYI0BaHUE
HanpasienHocts (mpodusiib) BeITOBbIE MAIIMHBI U TPUOOPHI



Ty
ol

MHHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA30OBAHU S POCCUNCKON ®EJIEPAIIN

OEJAEPAJIBHOE 'OCYJAPCTBEHHOE BIO//KETHOE
OBPA3OBATEJIbHOE YUYPEKTEHUE BBICHIEI'O OBPA3OBAHMS
«IOHCKOU TOCYAAPCTBEHHBIU TEXHUYECKUU YHUBEPCUTET)

Texnosornyecknii ”HCTUTYT cepBuca (puaunan) AI'TY B r.CrtaBponose
(TUC (puauan) AI'TY B r.CraBpomnoJie)

METOAUYECKHUE YKA3ZAHUSA

10 BBITTOJTHEHUIO MTPAKTUIECKUX pabOT
1o TUCIUTUTNHE « MOHTaX, IKCITTyaTalusi © PEMOHT
TEXHOJIOTHYECKOTO 000PYyIOBAHUS»
JUTSL CTYZICHTOB HaIPaBJICHHS TIOJTOTOBKH
15.03.02 TexHOMOTUYECKUE MAIIIMHBI U 000pYI0BaHKE
HaIpaBJIeHHOCTh (MTPoduIib) «BBITOBBIC MAITUHBI U IPUOOPHD)



Meroanueckue yKazaHusi MO JAUCHMIUIMHE «MOHTaX, OSKCIUTyaTallusi U PEMOHT
TEXHOJIOTHYECKOTO O0OPYJIOBaHUSA» COJAEPXKAT 3aJaHusl I CTYACHTOB, HEOOXOIUMBIE IS
MPAKTUYECKUX 3aHATHH.

[TpopaboTka nmpeIoKEHHBIX 3aJaHUi MMO3BOJUT CTYACHTaM NMPUOOPECTH HEOOXOIUMBIE
3HaHUs B 00JIaCTU M3y4aeMOM NUCIUIUIUHBI.

[Ipenna3nauensl AJisi CTYJEHTOB HampaBiieHus nmoarotoBku 15.03.02 TexHosiornueckue
MaIIMHBI 1 00opynoBanue. HanpasieHHOCTH (Tpoduib) BeITOBBIC MAIIMHEBI ¥ IPUOOPHL.



Conep:xanue

Bgenenne

[TpakTrueckoe 3anstue 1 PazpaboTka TEXHOIOTHYECKOTO Ipoliecca MOHTaXa
000py1I0BaHUs.

[IpakTrueckoe 3ansaTue 2 BiOOp TEXHOIOTHYECKOTO 000PYI0BAHUS OCHACTKH JIJIsI
MOHTAaXa.

[TpakTrueckoe 3ansaTue 3 BeiOOp TEXHOIOTHYECKOTO 000PYI0BAHUS OCHACTKH JIJIsI
peMOHTA.

[TpakTuueckoe 3ansatue 4 Pacder obecrnieueHust TOTpeOHOCTH B 00OPYIOBAHUH 1
OCHACTKE 111 pEMOHTA.

CnucoK peKOMEHAYyeMbIX HH(OPMAIIMOHHBIX HCTOYHUKOB



BBEJAEHUME

HpI/I HU3YUCHHU KypCa Hapdaay C OBJIaJCHUCM CTyACHTAMHU TCOPCTUUCCKUMHU IIOJOKCHUAMU
YACIACTCSA BHUMAHHUC an/I06peTeHmo MNPAKTUYCCKUX HABBIKOB, C TCEM, yTOOBl OHH CMOTJIH YCHICIIHO
MIPUMEHATH UX B CBOEH MOCIIEAYIOMIEH padoTe.

Llenb ocBoenust nucuuiuinHbl — [IpuoOpeTreHne CTyqeHTaMH TEOPETUYECKUX U MPAKTHUYECKHX
3HAHUH COBPEMEHHBIX METOJIOB OPTaHU3ALNH, IUIAHUPOBAHUS U ITPOBEACHUS pabOT MO0 MOHTAXY,
9KCILTyaTalliyd ¥ PEMOHTY OCHOBHOTO U BCIIOMOTaTeIbHOTO 000PY10BaHUS MPEANPUATHH.

[IpumeneHnne MeToAa CHCTEMHOIO aHajiu3a K UW3YYEHHIO JAHHOM JUCLMILIMHBI
ompezieNisieT CIeAYIoIUe ero 3ajJadyu: H3ydyeHHue MNpoljeM B HCTOPUYECKON IEepCIEKTHBE,
pacuipeHre 3HaHHUS CTYACHTOB, pa3BUTHE CIIOCOOHOCTH CTYAEHTOB K TOHHUMAaHUIO H
KPUTHYECKOMY OCMBICIICHUIO MTPOOJIEM COBPEMEHHOCTH, 00CYKJAEMBIX B CPEICTBAX MacCOBOMU
uHpOpPMALIUK, JTUTEPATYPhl, @ TAKXKE MPUOOPETEHHE HABBIKOB IOCIEA0BATEILHO M TPAMOTHO
U3JIarath CBOM MBICJIM B YCTHOM M MUCbMEHHOM popme

B pe3ynbTate ocBOEHUS TaHHOM AUCHHUILIMHBI (POPMHUPYIOTCS CIIEIYIOIIME KOMIETEHIIUN
y o0yyaromierocs:

IIK-12: Cmnoco0HocTh y4acTBOBaThb B padorax 1o /JA0BOJAKE H OCBOCHHIO
TEeXHOJIOTHYeCKHX INPOLECCOB B XO0Je MNOATOTOBKH INPOU3BOACTBA HOBOW NPOAYKUMH,
NPOBEPATh KA4eCTBO MOHTAKa M HAJAJAKHU NPH MCHBITAHMAX M cJadye B IKCILIyaTALMIO
HOBBIX 00pa310B U3/1eJINi, Y3J10B U JieTajieill BBITYCKAeMOM NPOAYKIHH

W3yuuB naHHbIA KypC, CTYACHT TOJKEH:

3HaTb:

PaboThel 10 10BOJKE M OCBOCHHMIO TEXHOJOTHYECKHX IMPOIECCOB B XOJ€ MOJATOTOBKU
IIPOM3BOJICTBA HOBOW MPOJYKIMH, IPOBEPSITh KAUECTBO MOHTa)Xa U HAJIAJIKU IPU UCIIBITAHUSIX U
cllaue B IKCIUTyaTallMI0 HOBBIX 00pa3lioB U3/EIUMN, Y3IIOB U JIeTallel BBITYCKaeMOM MpOayKIIUH.

YMers:

VYdacTBOBaTh B paboTax MO JOBOJKE U OCBOCHHMIO TEXHOJIOTMYECKUX MPOLIECCOB B XOJI€
MOJMOTOBKM IPOU3BOJICTBA HOBOW MPOAYKIIMU, MPOBEPATH KaueCTBO MOHTa)Ka M HaNAJIKU IpU
UCTBITAHUAX U CJade B OHKCIUIyaTallMl0 HOBBIX OOpa3lloOB M3JAENIMH, Y3JI0B U JeTalei
BBIITYCKAa€MOM MPOIYKIIHH.

Bnaners:

CrocoOHOCThIO y4acTBOBaTh B paldOTax MO JIOBOJAKE M OCBOCHHMIO TEXHOJOTHMYECKHX
IIPOLIECCOB B XOZ€ MOATOTOBKH MPOU3BOACTBA HOBOM IIPOAYKIIMH, IPOBEPATh KAYECTBO MOHTAKA
U HajJaJKu NpU UCHBITAHUSAX M cAaue B IKCIUTyaTal[MI0 HOBBIX OOpa3lOB M37ENuM, y3JI0B U
JIeTaJIe} BBIITYCKAEMOU IPOAYKLIMH.

Peanu3zanus KOMIETEHTHOCTHOI'O [TO/IX0/1a IPEyCMAaTPUBAET IIMPOKOE UCIIOJIB30BaHUE B
y4eOHOM Tpoliecce AaKTHBHBIX M MHTEPAaKTUBHBIX (OpPM MpoBeAeHMsS 3aHATUH (pa3dop
KOHKPETHBIX CHUTYyallli, cobeceoBaHME) B COUYETAaHUU C BHEAYJUTOPHOW pabOTON € LENbio
dbopMUpOBaHUS U Pa3BUTHS MPOPECCHOHATHHBIX HABBIKOB CIIEIIMATUCTOB.

JlekMOHHBIN KypC SIBASIETCS 0a30d ISl TOCIEAYIOIIETO TMOJIYYSHHUsST 00YyJarouuMHUCs
MPAKTUYECKUX HABBIKOB, KOTOPBIE MPUOOPETAIOTCS HA MPAKTHUECKUX 3aHATHIX, MPOBOJIUMBIX B
aKTUBHBIX (oOpMax: [eJOBble WIPbl; CUTYallUOHHBIE CEMUHAphl. MeToauka MpoBeleHUs
NPAKTUYECKUX 3aHATUH W UX COJAEpXaHHe TMPOJAUKTOBAHbI CTPEMIICHHEM KaK MOKHO
s peKTUBHEE Pa3BUBATh Y CTYACHTOB MBIIIJICHHE U UHTYMIIHIO, HEOOXOIUMbIE COBPEMEHHOMY
CHeUalnCcTy. AKTUBHBIE (DOPMBI CEMHUHAPOB OTKPBIBAIOT OOJIbIIIKE BOZMOKHOCTH JJISl TPOBEPKU
YCBOEHHUS TEOPETUYECKOI0 U IPAKTUUECKOT0 MaTepuaa.

IMpakTnyeckoe 3ansaTHe 1 Pa3padoTka TeXHOIOrHYECKOI0 MPOIecca MOHTAXKA
o0opynoBaHusl.

I.[e.m; 3aHATHUA 3aKIH0YaCTCA B (bOpMPIpOBaHI/II/I Y CTYACHTOB HpO(l)eCCHOHaHBHOfI KOMIICTCHIINU
IK-12



K MoHTa)XHBIM paboTaM OTHOCSATCS: MOHTaX 000pyI0BaHUS MPOMBIIUIEHHBIX
OpennpusITHii, 000pya0BaHus i1 JOOBIYU U MEepepadOTKH MOJIE3HBIX UCKOMAEMBbIX, TOAbEMHO-
TPAHCHOPTHOTO 00OPYIOBAHUSA, YIEKTPOTEXHUUECKOTO OOOPYIOBAaHUS M CPEACTB CBSI3U H
CUTHAJU3allii,  KOHTPOJIbHO-U3MEPUTEIbHBIX  HPHUOOPOB U YCTPOMCTB, MOHTaX
TEII0PHEPTreTUYECKOTO u Jpyroro 000pyIOBaHUS, TEXHOJIOTUYECKHX
TPYOOIPOBOIOB U METAINIOKOHCTPYKITHH.

MounTax (TOCT 23887-79) — ycraHOBKa M3J€IHsS W €r0 COCTaBHBIX 4YacTedl Ha MecTe
WCIIOJIb30BaHUS.

K mexanomonmasicnoim otHOCATCS ~ pabOTBI [0 MOHTaXy  TEXHOJOTHYECKOTO,
SHEPreTUYecKOro, MOJBbEMHO-TPAHCIIOPTHOTO M HECTaHAAPTHU30BAaHHOTO  00OPYAOBAaHUA,
TpyOOIPOBOJIOB U METAINIOKOHCTPYKIIUIA

MoHnTa:x 060py10BaHUsI — KOMIUIEKC paboT, BKIIOYAIOIINUX COOPKY MalliH (arperaroB u
Jpyroro o0OpyAOBaHUs), UX YCTAHOBKY B paboydee MOJI0KEHUE Ha MPEAYCMOTPEHHON MPOEKTOM
MecTe, COOpKY M COSMHEHHE B TEXHOJOTUYECKHE IMHUU M YCTAaHOBKH, UCTIBITAHUS HA XOJIOCTOM
X0y M TMOJ HArpy3Kod, a TakXe BCIOMOIaTelbHbIC, IOJArOTOBUTEJbHBIE U IPUTOHOYHBIE
oTepaly, He BBIMOJIHEHHBIE 10 KaKUM-TTH00 TPUYHUHAM MPU U3TOTOBJICHUU.

IIpon3BoacTBeHHBI Npolecc MOHTAa’Xka 000pYyIOBaHUS NPEJCTABISAET COBOKYIHOCTb
B3aUMOCBSI3aHHBIX JIEUCTBUH, B PE3YJIbTATE KOTOPBIX HCXOJHBIE H3/ENUsS MAIIMHOCTPOEHUS
[peBpallaloTCsl B CMOHTHUPOBAaHHBIA arperar, MPOMBILUICHHbIE JIMHUU, KOMIUIEKCHl WIIN
TEXHOJIOTMYECKUE YCTAaHOBKH, MpPEJHA3HAUYCHHbIEC JJI1 MPOU3BOJCTBA ONPECICHHBIX BUIOB -
IPOMBIIIIEHHON NPOAYKLIHH.

TexHoJI0rMYecKuil NPouecc MOHTAKA — YacTh IPOU3BOACTBEHHOIO IIPOLIECCAa MOHTAXA,
HEIOCPE/ICTBEHHO CBSI3aHHAsl C IOCJIEN0BATEIbHBIM HM3MEHEHUEM U (WIK) OolpeaeseHUueM
MPOCTPAHCTBEHHOTO M KAYECTBEHHOI'O COCTOSIHHS 3JIEMEHTOB MOHTHUPYEMOTO OOOpYAOBaHUS
M arperara. OTIMYUTEIBHON 0COOEHHOCTHI0O MOHTAXHOT'O TEXHOJOTHYECKOI0 MPOIEcCca U €ro
XapakTEepHbIM IPU3HAKOM SBJISETCS BO3MOXXHOCTb BBIIEIUTbH, 3apPErUCTPUPOBATH U OLEHUTH
M3MEHEHHOE COCTOSIHHE MOHTUPYEMOT'O 3JIEMEHTa UM 000py10BaHUSI.

MoHTax 000pyIOBaHHS COCTOMT U3 IMOJTOTOBUTENIBHBIX, COOCTBEHHO MOHTa)KHBIX
paboT, ompoOOBaHMS M HUCHBITAHUH CMOHTHpPOBaHHOrO o0opynoBaHusA. COOTBETCTBEHHO
TEXHOJIOTMYECKHE IPOLECChl MOHTA)XKA PA3AEIAIOTCS Ha OCHOBHBIC, IOATOTOBUTENBHBIE H
IyCKOHaJa/I04HbIE.

BeinonHeHne mycKOHalaJ04HbIX paboT sBJIsETCS OOS3aHHOCTBIO 3aKa3uMKa, KOTOPBIH
IPUBJIEKAET I UX BBIITOJHEHUS MOHTAXHYIO OpraHU3aluIo.

K coOcTBEHHO MOHTaXXHBIM OTHOCAT CJEIyIOLIUe PabOThl: MpoBepKa (YHIAMEHTOB U
IpUeMKa UX M0J] MOHTaX; YCTAaHOBKAa ()yHJAMEHTHBIX OOJTOB M 3aKJaJHBIX YacTell; MpoBepKa
KOMIUIEKTHOCTH OO0OpY/ZOBaHHs M IpPHEMKAa €ro B MOHTaX; pa3z0opka O00OpyAOBaHHS, €ro
OUMCTKAa OT KOHCEpBHUpYIOIIEH CMa3K{, IPOMBIBKAa, OCMOTp 4YacTed M MX CMa3Ka;
YKpYIHUTENbHAs  cOopka  00OpylOBaHMS, IOCTaBJIIEMOr0  YacTAMHU;  MepeMelleHue
o0Opy/sOBaHUs WM €ro y3JI0oB W JeTajeil B Ipenerax MOHTaXKHOM 30HBI, YCTaHOBKA
00OpyJIOBaHUS B TPOEKTHOE IOJIOKEHHE (OCHOBHBIE TaKeNaXHble pPabOThI); YCTaHOBKA
MIPOKJIAJ0K; BbIBEpKa M KperuieHue K ¢yHIaMeHTaMm; cOOpKa M YCTaHOBKA BXOJSIIMX B COCTaB
NOCTaBKW  OOOpYJOBaHUS METAJUIMYECKMX KOHCTPYKLHUH, TpyOONpOBONOB, apMaryphl,
BEHTWJISITOPOB, HACOCOB, IUTATENIEN; KOHTPOJbHO-U3MEPUTEIIBHON W MyCKOPETYJIUPYIOIIEH
annaparypbl, OIpaXJACHHMH; CHCTEM ITHEBMOTUIPOYIPABICHUS, LEHTPAIU30BAHHOW CMa3KH,
3arpaBKU CMa30YHBIMH MaTepHUajJaMH U 3aJIMBKU OXJIAXKAAIOIMIMMU cocTaBaMu. COOTBETCTBEHHO
yKa3aHHbIE pabOTHI BXOJAT B COCTaB OCHOBHBIX TEXHOJIOTHYECKHUX MPOLIECCOB MOHTAXA.

Cpenn MOHTaXHBIX pabOT BEAYIIUMHU TEXHOJIOTHYECKUMH MPOIIecCaMu SBJISIOTCS cOOpKa
000pyIOBaHUS M Y3JIOB, YCTAaHOBKA B IPOEKTHOE IMOJIOKEHHE C TpeOyeMOl TOYHOCThIO H
nocieayrolee 3aKkpervieHrne Ha GyHaaMeHTax. JTU IPOLECChl BO MHOTOM OMPEEIIOT KaueCTBO
MOHTa)Xa MAIIMH U arperaTroB, CTA0MJIBHOCTh UX MPOEKTHOTO MOJOXKEHUS B TEXHOJIOTMYECKHX
JUHUSX U YCTAaHOBKAX, a TaKXKe HaJKHOCTh MPU IKCIUTyaTal|H.


https://studopedia.ru/5_83995_II-obshchie-ponyatiya-i-soderzhanie-montazhnih-rabot.html
https://studopedia.ru/21_133123_metodi-montazha-tehnologicheskogo-oborudovaniya.html
https://studopedia.ru/15_79957_montazh-naladka-i-ekspluatatsiya-pod-emnoy-ustanovki.html
https://studopedia.ru/15_79957_montazh-naladka-i-ekspluatatsiya-pod-emnoy-ustanovki.html
https://studopedia.ru/3_17703_organizatsiya-elektromontazhnih-rabot.html
https://studopedia.ru/7_80604_montazh-truboprovodov.html
https://studopedia.ru/7_80604_montazh-truboprovodov.html
https://studopedia.ru/23_40840_montazh-metallicheskih-konstruktsiy.html
https://studopedia.ru/21_53130_organizatsiya-mehanomontazhnogo-proizvodstva.html

K BaXHBIM TEXHOJOTMYECKHM TIpolleccaM, OCOOCHHO TIPH MOHTaXE TSKEIOro
KpYITHOTa0apuTHOTO 000pYAOBaHUS, MOTYT ObITh OTHECEHBI 1 OCHOBHBIC TaKeJIaKHBIE paOOTHI.

K maxenasicnoim padomam oTHOCATCS: TOPU3OHTAIBHOE, BEPTUKAIBLHOE M HAKIOHHOE
nepeMenieHrne 000pyJ0BaHusl, OCYIIECTBIIEMOE Ha MOHTAXXHOM IUIOUIA/IKE; YCTAaHOBKA, CHATHE
U TEpEeBUKKA TaKEIaKHBIX CPEICTB (MOHTa)XHBIX MauT, IOPTAJIOB, LIEBPOB, MOHTAXKHBIX
nebenok u T. 1.). Ilpu 3TOM TakenaxxHble MPOIECCHI, OCYLIECTBIIEMbIE B MIpeieaX MOHTAXHOU
30HbI, OTHOCATCS K OCHOBHBIM, a BBIIIOJIHAEMbIE BHE €€ — K IOJrOTOBUTEIbHBIM
TEXHOJIOTMYECKUM IIPOLIECCAM MOHTAXa.

MoHTa:XHble MOATOTOBHUTEIbHbIC TEXHOJIOTHYeCKHe IPOolecChbl BO3HUKAIOT B
3aBHCUMOCTH OT HaJIM4HUS U OCHAILEHUS CHEIHMANBHBIX TUIOMIAI0K /Ul YKPYITHUTEIHHONU COOPKHU.
MoHTaXHbI€ TOATOTOBUTEIbHBIE MPOLECCH COCTOST U3 COOCTBEHHO YKPYIHHUTEIBHOW COOPKH
o0opy/noBaHus, TPYOHBIX VY3J0B M METAJUIMUYECKUX KOHCTPYKLUUH, a TakKe BbIIOJHEHUS
KOMIUIEKCa IOrpy304YHO-pa3rpy304HbIX U TPAHCIIOPTHBIX ONEpaIuii.

K ucnvimanuto u rxomnnexcnomy onpobéosanuro 060pyooeanus oOTHOCITCS PpadOTHI,
o0OecrieunBarOIMe€ IMPOBEPKY COOTBETCTBUS TEXHUYECKUM YCJIOBHUSIM CMOHTHPOBAHHOI'O
000py/I0BaHus, BKIIOYAIOIINE MPOBEPKY HA TEPMETUYHOCTh U MPOYHOCTH, TOUHOCTU YCTAHOBKHU
y3JI0B U JieTajiel, UCIBITaHUs pabOThl 00OPYAOBAaHMSI HA XOJOCTOM XOJy M IIOJ Harpyskoi, a
TakkKe NpPUPAOOTKy €ro y3/ioB. YKa3zaHHbIE paOOThl BKJIIOYAIOT MOJATOTOBKY U TMPOBEACHUE
UCTIBITAHUN OTJENIbHBIX MEXaHW3MOB, MAIlHMH, allapaToB W TPyOONpPOBOAOB, a TaKKe HX
KOMIUIEKCHOE OPOOOBaHUE B COCTaBE TEXHOJIOTUYECKUX JTMHUH.

Hamanka o0opynoBaHusi — T[OATOTOBKAa TEXHOJOTMYECKOIO  OOOpyHOBaHUS K
BBIIIOJIHEHUIO ONPEEICHHOT0 TEXHOJIOTMYECKOIo Ipolecca B COCTaBE JIMHUM WM YCTAHOBKHU
COBMECTHO C MpUOOpPaMH M YCTPONCTBAMH KOHTPOJIS, ABTOMAaTHYECKOIO DPETyJIUPOBaHUSA U
YIpaBJICHUS.

Ipoaykumei MEXaHOMOHTAKHOI0 NPOU3BOJCTBA SBIISETCS KOMILJIEKC
CMOHTHPOBAHHOTO  Ha  OOBEKT€  TEXHOJOTMYECKOTO,  IMOAbEMHO-TPAHCIOPTHOTO U
HSHEPreTUYECKOro oO0OpyJdoBaHUs, TPYOONPOBOJOB M MeETaLUIOKOHCTpyKiui. llenow stoi
IPOAYKIMH SBIISIETCS CMETHAs CTOMMOCTh MEXaHOMOHTaXHbIX paboT. [IpoayKIus MOHTaXHOTO
IIPOM3BO/JICTBA MOCJIE €€ CO3/IaHUs 3aKPEIISIeTCs] HEMOABMXKHO Ha ONPEICIIEHHOM MECTE.

IIpeameToM Tpyaanpu MEXaHOMOHT@XHBIX paboTax sBIseTcs 000pylOBaHUE,
TpYOOIIPOBOJBL, UX Y3JIbl U I€TAIH, METAITNYECKHE KOHCTPYKLIHH.

MoHTax 000pyJOBaHUS OTIMYAETCS ATUTEIbHBIM LUKIOM HPOM3BOJCTBA, OOJBIION
TPYZAOEMKOCTBIO U BBICOKON CTOMMOCTBIO 3aKOHUYEHHOM MPOTYKLIUH.

Tepputopusi, Ha KOTOpOoil BeayTcs pabOThl MO MOHTAXy HECKOJIbKUX €IMHUIL
000py/s0BaHus, yyacTKa TPyOOIPOBOAOB MM METAUIOKOHCTPYKIUH, Ha3bIBAECTCS MOHMANCHOU
30n0i. MOHTa)XHasT  30Ha  sBsleTCs  pabOYMM  MECTOM  MOHTaXHUKA. Monmaicnoi
NJI0WAOKON HAa3bIBAIOT TEPPUTOPUIO, HA KOTOPOM BBIMOJHSIOTCS pabOTHl MO MOHTAXY
KOMILJIEKCa MAIllMH, arperaToB U Jpyroro TEXHOJIOTHYECKOr0 000py10BaHUs, TPYOOIIPOBOJIOB U
METAJIJIOKOHCTPYKIIUN CTPOSIIETOCs] 0ObEKTA.

TexHoornueckne nporeccbl MOHTaXka COCTOAT U3 ONepauil.

MoHTaKHO# omepanuel Ha3bIBAOT 3aKOHYEHHYIO YacTh TEXHOJIOTMYECKOro Mpouecca
MOHTa)ka, BBIIIOJHAEMYIO HEMPEPHIBHO HAJ1 Y3JI0M, MAIIMHOM MU arperaroM Ha 0JlHOM pabouem
MecTe (B Mpeaenax OJHOM MOHTaXHOW 30HBI), OJHUM pabOYMM WIM TPyMmoil paboumx,
00BbEeIMHEHHBIX eIMHON 11eNIbI0. MOHTa)KHAas! onepalys XapakTepru3yeTcs: MOCTOSTHCTBOM COCTaBa
pabounx, pabodero mecrta, OpyaAuid W TpeaMeToB Tpyaa. OCHOBHOW MPHU3HAK MOHTAXHOU
omnepauuyd — 3TO BO3MOYKHOCTb €€ HOPMHPOBAHMS, BBIIEIECHHS M KOHTPOJSI IOJYyYEHHBIX
pE3yNbTATOB.

MoHTa:XHBIN NepexoJ — 4YacTb TEXHOJIOTMUYECKOM OIlepanuM, XapakTepusyemas
HEU3MEHHOCTBIO COIPATaeMbIX MOBEPXHOCTEH 000pYyAOBaHHSA M MPUMEHSEMON OCHACTKHM WU
UHCTPYMEHTA.

MoHTa:XHbIil MPUeM — 3aKOHUYEHHAasi COBOKYIHOCTb OTIENbHBIX JBH)KEHUI palouero,
CBSI3aHHBIX €IMHOMN LIENbIO, B IPOLIECCE BHIMOIHEHNUSI MOHTaKHOM OIEPALINH.
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Bomnpocsk! 1151 06CyK1eHUsT

1 MexaHOMOHTa)XHBIC PAOOTHI.

2. IIpou3BOCTBEHHBIH MPOIIECC.

3. TexHoJIOrMYECKUH TTPOIIECC MOHTaXaA.

IIpakTuyeckoe 3ansiTHe 2 BHIOOP TEXHOJI0IrN4€CKOT0 000PYA0BAHUSA OCHACTKH LISl
MOHTAaKA.

Lesb 3ans1THA 3aKII04aeTCa B (POPMUPOBAHUH Y CTYIEHTOB MPOQPECCHOHAIBHON KOMIIETEHIIUN:

[1K-12
Br160op 060pynoBaHUS ¥ TEXHOJIOTHYECKOH OCHACTKH
Br16op obopynoBanus.

Breibop oOopynoBanust  siBiseTCsl OJHOM W3 BaXHEHIIMX 3a7ad  mpu  pazpaboTke
TEXHOJIOTHYECKOT0 MPOLecca BOCCTAHOBIICHHUS ICTAIH.

OT ero mpaBWIBLHOCTH 3aBUCHUT IPOHM3BOJMTEIHLHOCTh M KadeCTBO OOpabOTKH eTaw,
KOHOMHOCTb HCIOJIb30BaHMS MPOU3BOJICTBEHHBIX IUIOMIAEH U JIEKTPOIHEPTUH, YPOBEHb MEXaHU3ALUU
Y aBTOMAaTHU3aIMU PyYHOTO TPYAa U B UTOT'e CEOECTOMMOCTD PEMOHTA U3IEIIHSI.

O6opynoBaHue  cleayeT  MOAOMpaTh W3  KAaTajJorOB  PEMOHTHOTO  00OpyIOBaHWS,
METAJUIOPEKYIIMX CTaHKOB, CBAPOYHOIO M HAIIABOYHOTO OOOPYAOBaHHMS, I'le JaHA MX TEXHUYECKas
XapaKTepPUCTHKA.

B xypcoBoM npoekte Heo0OX0AUMO JaTh KpaTKoe ONHMCaHHE BHIOPAHHOW MOJETH 000pYAOBaHHS,
NPUMEHSIEMOW B TEXHOJOIMYECKOM IIpolecce, yKa3aTb €€ IpPEeuMyIIecTBa Hepen APYTHMMH
aHaJIOTTYHBIMH.

XapakTepu3syst BHIOpaHHbIE MOJIETH 00OPYAOBaHHUSI, MOYKHO OTPAaHHYHUTHCS KPATKOW TEXHUYECKOU
XapaKTEPUCTUKOM.

[Ipu BEIGOpE 000PYAOBaHMS AT KaXKAOH TEXHOJIOTMYECKOH onepauyy He00X0AUMO YIUTHIBATh:

* TUII IPOM3BOJICTBA, pa3Mep MapTuu 00pabaThIBaEMBIX JIETaleH;

* METOABI JOCTIKEHHS 33JaHHON TOUHOCTH IIpH 00paboTKe;

* miomags paboded 30HBI CTaHKa, ra0apuTHbIE pa3Mephl JETald, pPacHOI0KEHHE
00pabaThIBa€MbIX TOBEPXHOCTENH;

* MOIITHOCTH 00OPYAOBAHHS;

* rabapuTHBIE pa3Mepbl U CTOUMOCTb 000PYAOBaHMS;

* yI0OCTBO YIpaBJIeHUs] 000pyIOBaHUEM U YI0OCTBO €ro 00CIy)KUBaHMUS,

* KHHEMaTHYeCKHUE, HIEKTPUIECKUE U APYTHE XapaKTEPUCTHKH 000pyJ0BaHMUS;

* TpeOOBaHMsI K TOYHOCTH, LIEPOXOBATOCTH U SKOHOMUYHOCTH 00PaOOTKH.

[Ipumep

Omnepanusi — (¢pe3epoBaHHe TIOKOPOOJIIEHHON IMOBEPXHOCTH MpWJIETaHUsi TOJOBKH OJoKa
LITMHIIPOB IBUTATEIIS.

JimHa romoBku — 585 mm, mmpuHa — 230 MM.

PaGorta MoxxeT OBITH BBINIONIHEHA TopleBod ¢pe3oit d = 250 MM CO BCTaBHBIMH HOXKaMH W3
TBepaoro criaBa BKS.

[InockocTh mpuseranus Gppe3epyercs: KKaKk YHCTO».

Hcxons u3 raGapuTHBIX pa3MEpoB JETaNd M MOJb3YACh MACIOPTHHIMH JaHHBIMH CTaHKOB,
BhIOMpaeM BepTHUKanbHO-(pe3epHblil ctanok 6H11 ¢ paboueit moBepxHOCTHIO cTona 1000250 Mm.

[Ipumep

Omnepanysi — KOBKa CriocoO0M OCaKH 3aroTOBKH AuameTpoM D3ar = 80 mm.

MoOIIHOCTh MOJIOTa BBIOMpAcM HCXOJs W3 MAacChl MAJIAIONIMX YacTed MOJOTa m, Kr, KOTopas
onpenensercs o Gopmyne m = 0,04F, rae F — miomaas MaKkCHMaIbHOTO CEUEHUS 3aTOTOBKH, MM2.

F=pD23ar/4

F=3,14 « 802/ 4 = 5024 mm2

[Moacrapnsst MONMyYeHHYIO TUIOMAAL B (OPMYNy JUIs ONpeNeNeHus] MacChl MaIaloNIUX YacTen
MOJIOTa, OTYYHM:

m=0,04 « 5024 » 201 xr.

Takum TpeOOBaHUSM YAOBJIETBOPSIET IMHEBMAaTH4YeCKUi MonoTr M413, y koroporo macca
najgarmux yactei pasaa 250 Kr.

[Ipumep

Omnepariiss — HOpMaIH3aIus KoJIeHIaThIX BasoB asurarens 31MJ1-130 mocie HariaBKy IIeeK.
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Marepuain netanu — crajib 45.
TemmepaTypa HOpMaTU3aIUK I JaHHOM cTtamu coctasisier 850...870 °C.

HarpeBarenbHble meun BeIOMpaeM 1Mo Coco0y HarpeBa, MaKCHMAabHOW TeMIlepaType HarpeBa u
TUTOMIATN TIOAA.

Jus HarpeBa maHHOW aeranu HamOolee momxoxsmei Oyner meus H-30, y koTopoif pabouas
temneparypa — 950 °C, a pa3Mepsl ojia pabodero nmpoctpancTBa — 950x450 M.

ITpumep

Omneparusi — 3aBapKa TPEIIMH B CTEHKE PyOalIK{ OXJIAXACHWs OJOKa NUIMHAPOB IBUTATENS
3MJI-130 X00AHBIM CTIOCOOOM.

JnunHa Tpemynsl — 7 MM.

TpemHy B 6710Ke HY>KHO 3aBapUTh DIEKTPOAOM AUAMETPOM 4 MM.

[Ipu TakoM muameTpe dIEKTPoa Cuila CBAPOYHOTO TOKa JOKHA OBITh paBHa 140...190 A.

Juis obecniedeHus: OONbIIEN YCTOWYMBOCTH CBAPOYHON AyTH paboTy meraecooOpa3sHO BBITOIHUTH
Ha MIOCTOSTHHOM TOKE.

HaubGonee mnoaxomsammm oOopymoBaHWEM JJisi TaKOTO peMOHTa OyaeTr mpeoOpa3oBaTeib
noctossHHOro Toka IICO-300-3, KOTOpbI AOMYCKAaeT PEryJIUpOBAaHUE CHIIBI CBAPOYHOILO TOKA B
npenenax 75...320 A

BriOpannoe 000pynoBaHHE YKa3bIBae€TCsi B TEXHOJIOTMYECKOM MapIIPyT€ BOCCTAHOBJICHUS
JeTaly.

Jis opopMITeHUST TEXHOJIOTMUECKOHN TOKYMEHTAI[UM HEOOXOAMMBI KOJIbI 000pyA0BaHUS.

Kon o6opynoBaHus BKITIOYaeT BEICITYIO (IIECTh MEPBHIX IUGP) U HU3MIYIO (4eThIpe HU(PHI ocTe
TOYKH) KJIacCU(PUKAIMOHHBIE TPYIIITHPOBKH.

Koap! BeICIIEH TpynmupoBKH MPHUBEICHBI B MPHIOKEHUU (TP OTCYTCTBUH MH(QOPMAIH — B
BuJe «XXXXXX»).

Husmyro TpynmupoBKy B TpOEKTE YCIOBHO 0003HAaYaloT B BuAe «XXXX», Hampumep:
«381162.XXXX TokapHO-BUHTOpE3HBIN cTaHOK 16K20».

Br100p TeXHOJIOTHYECKOH OCHACTKH.

K TtexHomormueckoi OCHACTKE OTHOCATCS CTAHOYHBIE INPHUCIOCOOJIEHUS, BCIIOMOTATENIbHBII,
PEeXYILUH, CIIECApHBIA HHCTPYMEHT U CPEICTBA KOHTPOJIS.

[Ipu pa3paboTKe TEXHOIOTHYECKOI0 MPOLecca BOCCTAHOBJICHUS AETAIN HEOOXOIMMO BBIOpATh T
NPUCTIOCOOJIEHHSI U HHCTPYMEHTBI, KOTOPbIE CIIOCOOCTBOBYIOT MOBBIILIEHHIO IPOU3BOANTENLHOCTH TPY/AA,
TOYHOCTH O0pabOTKH, yNYUIICHHIO YCIOBUH Tpy/Aa, TUKBUAAIUH MIPEABAPUTEILHON Pa3METKH JIETald U
BBIBEPKE €€ MPU YCTAaHOBKE Ha CTaHKe.

[Ipy neHTpanM30BaHHOM BOCCTAHOBJICHHM AETaled AJIsl UX 00pabOTKH M KOHTPOJIS MPUMEHSIOT
CHeNMaIbHbIE CTAHOYHBIE MTPUCIIOCOOICHHUS U BCIIOMOTAaTEIbHBI HHCTPYMEHT, a TaK)Ke CTaHJapTHBIC —
LEHTPBI, MATPOHBI, ONIPABKH, CTAHOYHBIE TUCKH U JIp.

B 3aBucumoctn oT BHaa 00pabOTKH, CBOMCTB 00pabaThIBaeMOro MaTepHaia, TOYHOCTU
00paboTKH 1 KayecTBa 00pabaThIBaeMOM MOBEPXHOCTHU AETAIM BBIOMPAIOT THUII, KOHCTPYKLHIO U Pa3Mepbl
peXyIIero MHCTpyMeHTa, Hanpumep: «Pesert mpoxomnoit TSK10».

[Ipu BBIOOpE pe3LOB yKa3bIBAIOT CEUCHHE AEPKABKU W T€OMETPHUECKHE MapaMeTphbl pexKyLien
YaCTH.

Marepuan pexyiero HHCTpyMEHTa BRIOHUPAIOT B 3aBUCUMOCTH OT BHJIa 00pabOTKH, MaTepraia u
TBEPJOCTH JETAIH.

Bri6op mnmugoBanbHOro Kpyra NpOU3BOAUTCS B 3aBUCUMOCTH OT BHa 00paOOTKM MOBEPXHOCTH,
TBEPOCTH U MaTepuasa o0pabaTsIBaeMON JIeTanu.

[lepeuens crnecapHBIX HHCTPYMEHTOB NPUBEACH B TPHJI, MaTepHANOB M HHCTPYMEHTOB IS
HAIUIaBKU U CBAPKH — B MPHJI. , CMa30YHO-0XJIKIAIOIIEH )KHIKOCTH — B TIPHUIIL.

B mosicHutenbHON 3amucke HEOOXOIUMO [aTh aHAIW3 BBHIOPAHHOTO PEXYILEro M CIeCapHOIro
WHCTPYMEHTA.

I[Ipy  mpoeKTHPOBaHMM  TEXHOJOTHMYECKOTO TpOIecca BOCCTAHOBIEHHUS — JAeTald IS
MEXKOMEPALMOHHOIO M OKOHYaTEeJIbHOTO KOHTPOJS IOBEPXHOCTEH HEO0O0XOIMMO HCIOJb30BATh
W3MEPHUTETHHBIH HHCTPYMEHT.



W3mepuTenpHblil HHCTPYMEHT B 3aBUCMMOCTH OT THIIA IIPOU3BOACTBA MOXKET OBbITh CTAaHAAPTHBIM
WIN CIIELUAIbHBIM.

B enquHUYHOM M cepUHOM MPOM3BOACTBE OOBIYHO MPUMEHSIOT YHUBEPCATBHBIN H3MEPHUTENbHBIN
WHCTPYMEHT (IITAaHTCHIUPKYJIb, MUKPOMETp, HYTpOMEp M T.I.), B MAaccoBOM H KPYMHOCEpUHHOM
MIPOM3BOJICTBE — TIpeIeibHBIC KaTHOphl (CKOOBI, MPOOKH, IMIA0JOHBI W T.II.) U METOIbI AKTHBHOTO
KOHTPOJISL.

B peMOHTHOM MNpPOM3BOACTBE HCIOJB3YIOT MpeaeNibHble KaauOpbl (MPOOKH, CKOOBI, KOJbIA,
mabJIOHbI) W YHHMBEpCAIbHbIE MHCTPYMEHTHl (MHMKPOMETpHI, IITAHT€HIMPKYJIH, HHAWKATOPHI,
HYTPOMEPHI).

MoryT OBITh TaKXKe CIPOCKTUPOBAHBI IPOCTEUIINE KOHTPOJIbHBIE TPUOOPHI U IPUCTIOCOOIICHUSI.

Bri0op n3MepuTEN HOTO MHCTPYMEHTA MPOU3BOIAT B 3aBHCUMOCTH OT TOYHOCTH M3MEPEHHUS U
KOH(UTYpALUU JTECTaIH.

BriOpanHast TexHOJOrMYecKas OCHACTKA YKa3blBae€TCsl B TEXHOJIOTHUYECKOM MapIIpyTe
BOCCTAHOBJICHHUS JETaJH.

Hns opopmieHHs TEXHOIOTUYECKOM MOKYMEHTALMM HEOO0XOIMMBI KOIbl TEXHOJIOTHYECKON
OCHACTKH.

Koa TexHonmormyeckoil OCHACTKH BKJIIOYAET BBICHIYIO (IIECTh MEPBBIX HU(P) W HHU3MIYIO (TpU
UG Pl TOCIIEe TOYKN) KIacCU(UKAIIMOHHBIE TPYIITHPOBKH.

Kogsr Beicmie#i rpymmupoBku npuBenensl B mpui. E8, E9,E13 E14,E16 (ecmu wmrOpManms
0TCYTCTBYeT — B Bue «XXXXXX»).

Husuryro rpynnupoBKy B KypcOBOM MPOEKTE YCIOBHO 0003HAYAIOT B BHJIE «XXX», HAIPHMED:

«396110.XXX ITatpon TpexkynaukoBblii 7200-0191 TOCT 2675-80»;

«391213.XXX Cgepio 2309-0067 P6MS T'OCT 10902-77» ;

«391832. XXX ®pe3za 2200-0157 'OCT 3752 — 71»;

«393141.XXX Cxob6a 8102-0030 I'OCT 18355-73».

Bomnpocs! ajst 00cyxI1eHust
1. Beibop o6opynoBanus
2. BBI0Op TEXHOJIOTMYECKOW OCHACTKU

IIpakTu4yeckoe 3ansaTHe 3 BHIOOP TEXHOJI0IrH4eCKOro 000PYA0BAHUSA OCHACTKH LISt
peMoHTA.
Lenwb 3ansTHA 3aK1I049aeTCs B QOPMUPOBAHUH Y CTYJCHTOB MPOPECCHOHAILHOW KOMIICTCHIUH:
[K-12

CpencTBa TEXHOJIOTUYECKOTO OCHAILIEHUSI COOPKU OTHOCST COBOKYIHOCTH OpYIUi
IIPOU3BOJICTBA, HEOOXOIUMBIX ISl OCYLIECTBIEHHS TEXHOJIOIMUYECKOTO Ipoliecca cOOpKH,
BKJIIIOYass CcOOpOYHOE, TPAaHCHOPTHO-3arpy304HOE, BCIIOMOIaTEIIbHOE M MOJIBEMHO-
TPAHCIIOPTHOE TEXHOJIOTMYECKoe 000pyAOBaHUE, @ TAaKKE TEXHOJOTMYECKYI0 OCHACTKY (
IpUCIoco0IeHNS U UHCTPYMEHTHI).

Beibop BapuaHTa TEXHOJIOTMYECKOTO OOOpYAOBaHHS HAuYMHAETCSl C aHaiu3a
napaMeTpoB cOOMpPaeMOro WU3JeNusi, METOJOB U TIOCJIEJOBAaTEIbHOCTU €ro COOpPKH U
peXUMOB COOPOYHOIO Ipoliecca, HAa OCHOBE KOTOPOrO JJIsi BO3MOXKHBIX BapHaHTOB
000pyJIOBaHUSl YCTAHABJIMBAIOTCS OTHOLIEHHS: OCHOBHBIX BPEMEH, IITYYHBIX BpPEMEH,
MIPUBE/ICHHBIX 3aTpaT Ha BHINOJIHEHHE COOPKU Pa3IMUHBIMHU METO/IaMU; IIPU 3TOM JTYUIIUM
BapUaHTOM 00OpYIOBaHMS SIBISETCS TOT, JAJIi KOTOPOIO 3HAYEHMs JAaHHBIX INOKa3aresien
ABIIAIOTCS MHUHUMaIbHbIMH. OKOHYATeNbHBIH BHIOOpP BapHaHTa TEXHOJIOTMYECKOTO
00OpyJOBaHUSI ~ OCYILECTBISETCS Ha OCHOBE aHajM3a 3aTpaT Ha pealn3aluio
TEXHOJIOTHYECKOT0 TIpoliecca COOPKM B YCTAHOBJIEHHBIH IMPOMEXYTOK BpEMEHHU MpH
3aJJaHHOM KadecTBe COOPKU M3ENNi, KOTOPBINA MPeaycMaTpruBaeT CPAaBHEHUE BO3MOIKHBIX
BapHaHTOB 00OpYyJIOBaHUS U BHIOOp BapHaHTOB, OCHOBBIBAIOUIMIICS Ha MCIOJIb30BAaHUU
CJIEIYIOIINX JAAHHBIX:

- TEXHUYECKUX TPeOOBaHUM, TPEIbABISEMBIX K U3EIHUIO;

- KOJIMYECTBA ¥ CPOKOB BBITTOJIHEHUS COOPKH U3/IENHUS;

- TEXHUYECKHUX BO3MOKHOCTENH 000py/10BaHUs;

- 3aTpar Ha MPHOOpeTeHne 000PYAOBAHMS U €0 IKCIUTYaTaluIo;

- TpeOOBaHUs TEXHUKH 0€30MaCHOCTH MPOMBIIIIEHHOW CaHUTapUU.
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[Ipu 3TOM BBIOOP TEXHOJOTHUECKOTO0 OOOpPYIOBAHUS MPOM3BOIAT IO TJIABHBIM
napaMeTpam, B HanOOJIbIIEH CTETIEHH ONPEeIISIOMNM X TEXHHYECKHE BOZMOKHOCTH

- MAKCUMAJIbHOMY YCHJIHIO 3aIIPECCOBKH,

- KpYTSILIEMY MOMEHTY,

- pa3amepam pabodeii 30HbI U T.11.

Ha Be160p cO0pouHOTO 000pyJOBAaHHS OKA3HIBAIOT BIMSHHE:

- KOHCTPYKIIHUSA COOMPAEMOT0 U €0 COCTaBHBIX YacTeH;

- UX TeoMeTpuueckas (hopma, pa3Mepsl 1 Macca;

- TaKT COOpPKHU U MPOTrpamMmMa BhIITYCKa COOMPAaEeMbIX U3IEIIHIA;

-pa3Mepbl MapTUil U3/IENUI U YHCIIO 3aIyCKOB, PEXKUMBI TIpoliecca COOPKHU U pyTrHe
baxTopsI.

Ilpu omnpemenenun BuUAa W KOHCTPYKIMH  cOOpOYHOro  00OpYyIOBaHHS
OCYIIECTBIISICTCSI 0O0OCHOBAHHE U BBIOOP €TI0 COCTABJISIOLINX AJIEMEHTOB!

- 3arPy304HBIX YCTPOICTB;

- cOOpPOYHBIX TOJIOBOK;

-0a3upyOIKUX YCTPOUCTB U YCTPOUCTB OTHOCUTENILHON OpPHEHTAllMd KOMIIOHEHTOB
Ha
MO3UIUSAX COOPKH;

- YCTPOMCTB KOHTPOJIS;

- BCLIOMOTaTeIbHBIX U TPAHCIOPTHBIX YCTPOMCTB;

- YCTPOWCTB YIIPaBJICHUSI.

[Ipu ompeneneHUH KOMIOHOBKM U CTPYKTYpbl COOpPOYHOro 00OpyIOBaHUS
OIpeensaeTcs

ONTUMAaJIbHBIA YPOBEHb ABTOMATH3Al[MU MO BCEM TEXHOJOTMYECKHUM IEepexojiaM U
OIEPALHSIM.

B  3aBucumoctH OT uyMciaa  coOMpaeMbIX — KOMIIOHEHTOB 7K BBIOMpaeTcs

O/IHOMO3MIIMOHHOE (0OBIYHO NpH nK = 2= 4 ) WIK MHOTOMO3UIIMOHHOE 000pYyI0BaHHE.
[py ywciie BBIMONHSAEMBIX TEXHOJOTHYECKHX OINEpPAIni no = 6+8 oGocHOBaHHBIM
MOYKET ObITh BEIOOP MHOTOMO3UIIMOHHOTO CTAHKA, 10 = 68 4 npu cOOPOYHON TUHUH.

Ipu umcnmenk 28 w  jeficTBUTeNnbHOM — TakTe  cOopku 70 = 2=3¢
1enecooOpa3HbIM  MOXKET OBITh HCIIOJIb30BAaHHE MHOTOIO3UIIMOHHOTO 000pYIOBaHHUS
HENpephIBHOTO JelcTBuA, a npu 70 =3 ¢ - MHOrOHO3UIMOHHOTO 00OpPY/IOBAHHUS
JUCKPETHOTO IEUCTBHUSL.

[Tpu rabaputHbeIx pazmepax codupaemoro uzaenus oosee 300 MM 1eaecooOpa3HbIM
MOXET OBbITb  HCHOJb30BAHWE  MHOTOMO3UIMOHHOTO  OOOPYAOBaHUS  JHMHEHHOU
KOMIIOHOBKH, a Npu pa3mepax meHee 300 MM - MHOTOMO3MIIMOHHOTO OOOPYIOBaHMS C
MIOBOPOTHBIM CTOJIOM.

JIsisi MHOTOTIO3WITMOHHOTO * OOOpYJOBAaHHWS YCTaHABIMBACTCS BHJ KOMITOHOBKH
o0opynoBaHusi (JIMHEHHas, KONbIEBas, MPSAMOYrojbHAas M Jp.) M BbIOMpaeTcs BUJA
TPAHCHOPTHOU CHCTEMBI.

Jlanee 1o BceM omepalusM C Y4eTOM TEXHOJIOTHYECKOH COBMECTHMMOCTH
BBIOMPAIOTCSI KOHCTPYKIIMH 3arpy304YHBIX YCTPOHCTB, COOPOYHBIX TOJIOBOK M YCTPOWCTB
KOHTPOJISl. YCTaHABIMBAIOTCA KOHCTPYKIMH Oa3HpYyIOLUUX YCTPOMCTB M YCTPOHCTB
OTHOCHTEJIEHOW OPUEHTAIIMH KOMIIOHEHTOB Ha MO3UIHSIX COOPKU C YUETOM OOeCIIedeHHUs
COOMpPaeMOCTH KOMIIOHEHTOB. BpIOMparoTcst BcromorareabHbIe YCTPOUCTBA (KaHTOBATENH,
CpeACTBa HarpeBa W OXJIXKICHUS KOMIIOHEHTOB W Jp.) W CHCTEMa YIpPaBJICHUS
cOOpOUHBIM 000PY/JOBAHUEM.

IIpu  cozmanum  mpoekTa  cOOpOYHOro  OOOpyIOBaHMSI — pa3padaThIBAIOT
NPUHIUIHAIBHBIE CXeMbl U O0IIMe BUABI O0OPYJOBAHUS U COCTABISIOT LUKIOrpaMMy
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paboThl BCEX MEXaHU3MOB 00OPYIOBAaHUS C yU4ETOM HanboJyiee paliOHATLHOTO COYCTAHUS
MOCJe0BATENbHOCTEN pabOYMX M XOJIOCTBIX JIBHYKEHUI HMCIIOTHUTEIBHBIX MEXaHU3MOB.
Pa3zpabaTpiBatoT depTekH OOMIMX BUAOB BCEX CICIHMAIBHBIX MEXAaHHU3MOB U arperaTos
000py/I0OBaHUsl U YBA3BIBAIOT UX C TOYHOCTHIO, KOTOPYIO HEOOXOAMMO OOECHEUUTh MpU
cOOpKe ¥ JIJIs BBITIOJIHCHUS YCIIOBHI COOMPAEMOCTH KOMIIOHEHTOB.

[To uepTerkam OOIIKMX BUIOB BHIIOJHSIOT paboyre 4epTeXKHU JIeTalel U COCTABIISAIOT
PYKOBOJICTBO IO 3KCIUTyaTaI[il CBAPOYHOT0 000PYI10BaHHUS, KOTOPOE COJACPIKHT:

- TEXHMYECKYIO XapaKTepUCTUKY, MPHUHIMIINAIBHYIO CXEMY M ONHCAaHHE PaOOTHI
000pyI0BaHNS;

- yepTeku o0IIero BUjia 00OPYI0BaHUS U OTACNIbHBIX €r0 MEXaHU3MOB, arperaTos,
aBTOMATOB U JIp.;

- TEXHOJIOTHYECKYIO CXeMY aBTOMAaTUYECKOM cOOpKH;

- ONEPAllMOHHBIC YEPTEIKU;

- pabourie yepTexu coOMpPaeMoro U3AENIUs U COCTABIISIIOIINX €ro JeTajei;

- [IUKJIOTpaMMy paboThl 000PYI0BaHNUS,

- UHCTPYKIIUU [0 MOHTAXXY U SKCILTyaTalluu 000pyI0BaHUS H T.1.

Br16op cpenctB (yCTpOHCTB) KOHTPOJIS OCYIISCTBIISICTCS HA OCHOBE OOCCIICUCHUS
3aJaHHBIX [OKa3aTelei mporecca KOHTPOJs (TOYHOCTH HM3MEPEHUH, JOCTOBEPHOCTH,
TPYJOEMKOCTH ¥ CTOMMOCTH KOHTPOJIS ¥ JIp.) U aHAJIM3a 3aTPAT Ha BHIMIOJIHCHHUS KOHTPOJIS
B YCTaHOBJICHHBII MPOMEKYTOK BPEMEHU TPHU 3aJIaHHOM KauecTBe COOPKHU U3ENus.

Br160p cpeacTB KOHTPOJIS BBHITIOIHSIETCS B CISIYIOIIEH TOCIEA0BATEILHOCTH:

-BBIABIIIIOTCS KOHTPOJHMPYEMbIE IMapaMeTpbl U XapaKTePUCTHKU COOHPAEeMOro

U3CTIHS u
nporecca COOPKHM W OINPEAEISIOTCS MOKa3aTeld Ipolecca KOHTPOJIS, ONPENeIIsIone
BbIOOD

CPEJICTB KOHTPOJIS;

-yCTaHABJIMBAETCS COCTaB  CPEACTB  KOHTPOJIA, HCIOJNB30BAHUE  KOTOPBIX
obecrieunBaeT
3aJlaHHbBIC TIOKA3aTeNIH MpoIecca KOHTPOJIsL, 03 HapYIIeHUsT TEXHOJIOTHYECKOTo mporiecca
COOpKH U3IENNS;

-JIaCTCsI DKOHOMHYECKOE 000CHOBaHHE BHIOMPAEMBIX CPEICTB KOHTPOJIS;

-IUTSL CTICIIMATIBHBIX CPEJICTB KOHTPOJIS ONPENENSIOTCS UCXOJIHBIC JaHHBIC JJIS MX
MMPOCKTUPOBAHUA U paSpa6aTBIBaIOTC$I TCXHUYCCKHUEC 3alaHUA Ha IMMPOCKTUPOBAHUE HOBBIX
KOHCTPYKIIUH CPEICTB KOHTPOJIS,

-0 pe3yJbTaTaM BBIOOpPA CPEACTB KOHTPOJIS OGOPMIIAETCS COOTBETCTBYHOIIAS
TEXHOJIOTUYECKasl JOKYMCHTAITHS.

Ipu umcnenk 26w  jelicTBUTENbHOM — TakTe  cOopku 70 = 2=3¢
1es1ecoo0pa3HbIM  MOXKET OBbITh MCIIOJIb30BaHME MHOTOMO3UIIMOHHOIO 000py/10BaHUs
HENPEPLIBHOIO JIEWCTBUs, a mpu 70 =3 ¢ - MHOIONO3MIMOHHOIO O0OpYIOBaHUS
JIUCKPETHOTO JIEUCTBUA.

[Tpu raGaputHbIX pazMepax cobupaemoro uzaenus 6onee 300 MM 1eIeCO00Pa3HBIM
MOKET OBITh  HCIOJb30BAaHHE  MHOTOIMO3UIIMOHHOTO  OOOpYyIOBaHUS  JIMHEHHOMU
KOMITIOHOBKH, a Ipu pa3mepax MmMeHee 300 MM - MHOTOMNO3HMIIMOHHOTO OOOPYAOBaHHS C
MOBOPOTHBIM CTOJIOM

Jlisi MHOTOMO3UIMOHHOTO OOOPYAOBAaHUS YCTAHABIMBAETCS BHJ KOMIIOHOBKU
o0opynoBaHusl (IMHEWHas, KOJbIeBas, NPSIMOYrojibHas W [1p.) W BbIOMpaeTcs BUA
TPAHCIIOPTHON CHCTEMBI.

Jlanee 1o BceM omepanusM C YY4E€TOM TEXHOJIOTMYECKOH COBMECTMMOCTH
BBIOMPAIOTCS KOHCTPYKIMH 3arpy30YHBIX YCTPOWCTB, COOPOYHBIX T'OJIOBOK U YCTPOMCTB
KOHTpPOJIS. Y CTaHABJIMBAIOTCS KOHCTPYKIMM 0a3upyloUIMX YCTPOMCTB U yCTPOWCTB
OTHOCHUTEJIbHOM OpUEHTAIIMN KOMIOHEHTOB Ha MO3UIMAX COOPKU C y4eTOM OOecredyeHus
coOupaeMOoCTH KOMIIOHEHTOB. BriOuparoTcs BcmoMoraTesnbHble YCTpolcTBa (KaHTOBATENH,
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CpeACTBa HarpeBa W OXJIAXKJCHUS KOMIIOHEHTOB M Jp.) U CHCTEMa YIpaBJICHHUS
CcOOpPOYHBIM 000PYTIOBAHUEM.

I[Ipu  cozmanmm  mpoekrta  cOOpOYHOTO  0oOOpynoBaHWs  pa3pabaTHIBAIOT
NPUHILIMIIAATIBHBIE CXEMbl M 0OIIMe BUIbI O0OpPYIOBaHUS U COCTABISIIOT LUKIOTPaAMMY
paboThI BCEX MEXaHU3MOB 000OPYIOBAHUS C YU€TOM HanboJjee paroHaAIBHOTO COYETaHMUS
MOCIIEA0BATEIbHOCTEN pabOYMX U XOJIOCTBIX JBUKEHHI HCIOIHUTEIBHBIX MEXaHH3MOB.
Pa3pabatpiBaloT uyepTeXH OOIIMX BUIOB BCEX CIEHUAIBHBIX MEXaHH3MOB M arperaToB
000py/I0BaHUsl U YBA3BIBAIOT UX C TOYHOCTHIO, KOTOPYIO HEOOXOAMMO O0ECHeUUTh MpU
cOOpKe ¥ JIJIsl BBIMIOJTHEHUS YCIIOBUI COOMPaEMOCTH KOMIIOHCHTOB

[To uepTerkam OOIIKMX BUOB BBIMOJIHSIOT paboune YepTeKu JeTallell U COCTAaBIISIIOT
PYKOBOJICTBO IO AKCIUTyaTaIllil COOPOYHOTO 000PYIOBaHHS, KOTOPOE CONEPIKUT:

-TEXHUYECKYI0  XapaKTePUCTHKY, MPUHLUUIHUAIBHYI0O CXEMy U  OIHCaHue
000pyI0BaHNS;

-4yepTeku OOIIero BUAa 00OPYIOBAHUS U OTIEIBHBIX €r0 MEXaHU3MOB, arperarTos,
aBTOMATOB U JIp.,

-TEXHOJIOTUYECKYIO CXEMY aBTOMAaTHYECKOI COOpPKH;

-OnepaIiOHHBIC YEPTEXKH,

-paboune yepTeKu COOUPAEeMOro U3/ENUs U COCTABISIONIUX €ro JeTalei;

-LIMKJIOrpaMMy paboThl 000pyA0BaHMUS,

-MHCTPYKIIMH 110 MOHTAXY U 3KCIUTyaTalluu 000pyAOBaHUS U T.J.

Br16op cpenctB (yCTpoWCTB) KOHTPOJISI OCYIIECTBIIECTCS Ha OCHOBE OOecredeHust
3aJJaHHBIX [OKa3zaTele mpoliecca KOHTPOJS (TOYHOCTH H3MEPEHHM, JOCTOBEPHOCTH,
TPYZOEMKOCTH ¥ CTOMMOCTH KOHTPOJISL M JIP) U aHAJIU3a 3aTPaT Ha BBIOJHEHHE KOHTPOJIS
B YCTaHOBJICHHBII MPOMEKYTOK BPEMEHH IPU 33JaHHOM KauecTBE COOPKH U3AENuUs

Br160p cpeacTB KOHTPOJIS BHIOIHSIETCS B CIEAYIOMIEH TIOCIEI0BATEIIEHOCTH.

-BBIABIIIIOTCS KOHTPOJHPYEMbIE IMapaMeTpbl M XapaKTepUCTUKU COOMPaeMOro
U3JICTUS U

mporecca COOPKM M ONpENENsIOTCS — IOKa3aTelad  Ipolecca  KOHTPOJI,
OTIpeNIeISOIINE BHIOOP CPECTB KOHTPOJIS,

-YCTaHABJIMBAETCS  COCTaB  CPEACTB  KOHTPOJIA, HCIOJNb30BAaHUE  KOTOPBIX
obOecnieunBaeT

3aJJaHHbIe TOKa3aTeNlM Ipolecca KOHTPOJA, 0e3 HapyleHHs TEXHOJIOIMYEeCKOIro
nporiecca

cOOpKU U3AENus;

-JTaeTCst PKOHOMHUECKOEe 000CHOBaHHE BRIOMPAEMBIX CPEJICTB KOHTPOJIS,

-JUTsl CHIEIMATIBHBIX CPEJICTB KOHTPOJIS ONPEEIISIOTCS MCXOJHBIE TAaHHbBIE [T UX

MIPOEKTHUPOBAHUS M Pa3padaThIBAIOTCS TEXHUYECKHE 33/IaHUSI HA TPOCKTHPOBAHHE
HOBBIX

KOHCTPYKIIUH CPEICTB KOHTPOJI,

-110 pe3yJbTaTaM BbIOOpa CPeCTB KOHTPOJI 0POPMIISIETCS COOTBETCTBYIOLIAS

TEXHOJIOTUYECKast JOKYMEHTAITHS.

[Tpu npoBeieHNM aHanu3a 1 0O0CHOBAHUM BHIOOpPA CPEICTB KOHTPOJIS YUUTHIBAIOT:
-KOHCTPYKTHBHBIE OCOOEHHOCTH cOOMpaeMoro u3aenus (KOHPUrypamuo, pasmepsl)
-BHJIbl KOHTPOJIMPYEMBIX MPU3HAKOB (T€OMETpPUUYECKU pasMep, (QU3NUecKuit

napameTp, OTHOCHTEIHHOE PaCIIOIOKEHUE MIOBEPXHOCTEH U T.11.),

-JIOTTYCTUMBbIE IOTPEIIHOCTH U3MEPEHUs,

-HaJIMYue U3MEPHUTEIbHBIX 0a3;

-IIOBPEX/1aeMOCTh (IeOPMHUPYEMOCTh) IPH KOHTPOJIE,

-TIPOU3BOAUTEIHFHOCTD KOHTPOJIS U T.1I.

BbI00p KOHCTPYKLMH TEXHOJOTMYECKOW OCHACTKH OCYIIECTBISIETCS Ha OCHOBE
aHaJM3a 3aTpaT Ha BBITOJHEHHE TEXHOJOTHYECKOTO Mporecca COOPKH C YCTaHOBJICHHBIM
TaKTOM COOPKHM IpU 33aJaHHOM KadyecTBe coOMpaembIx u3zaeiauii. Ha ocHoBe mpoBeneHus
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TAaKOro aHalinW3a BBIOMpaeTcss Hamboee HSKOHOMHYHAS OCHACTKA COOTBETCTBYIOIIETO
YpOBHS MEXaHU3allMM M AaBTOMATHU3allMM, a TaKXke CTeNeHH CHelUaln3alud |
MePEeHATAKUBAEMOCTH.

Bb160p TEXHOJOTrMYEeCKONH OCHACTKU OCYIIECTBIISIETCS HA OCHOBE BBINOJHEHHS
KOMIUIEKCa paboT, BKIIOYAFOIIHX:

-POBE/ICHUE aHajN3a KOHCTPYKTHUBHBIX XapaKTEPUCTUK COOMPAEMOro HU3JEIHs
(raGapuTHBIC pa3Mepbl, TOYHOCTH U T.J.), @ TAKIKE TEXHOJOTHYECKUX U OPraHU3allMOHHBIX
ycioBui  cOOpku  wm3nmenuss  (BuUA cOOpPOYHOM  omepanuu, cxema OasHpOBaHWS,
opranmu3aionHas ¢opMa COOpPKH U T.1.),

-TPYIIUPOBaHUE COOPOYHBIX  OMepaluii JUisi  MCIOJNb30BaHHMs — Haubolee
PalMOHAIIBHON CUCTEMBI TEXHOJIOTHUYECKON OCHACTKU;

-YCTaHOBJIEHUE HCXOAHBIX TpeOOBaHUH K OCHAacTKE M OTOOp KOHCTPYKIIHA,
COOTBETCTBYIOIIUX YCTAaHOBIEHHBIM TpPEOOBAHMSIM, U3 HMEIOMICHCS HOMEHKIATYPHI
OCHACTKH;

-OlpeieJICHHEe HEOOXOMUMBIX PACUYCTHBIX JAHHBIX H Pa3paboTKa TEXHHUYECKUX
3aJjaHui Ha pa3pabOTKy U U3TOTOBJICHHE HOBBIX KOHCTPYKIIMI OCHACTKH.

KOHCTpYKIINIO OCHACTKY ONPENIEISIFOT C YIETOM:

-MMEIOIIUXCS CTAHIAPTHBIX U TUIOBBIX PEHICHUN JUIS JAHHOTO BHJa COOPOYHBIX
orepanuii Ha OCHOBE rabapUTHBIX pa3MEPOB U BUA COOMPAEMOT0 KOMIIOHEHTA,

-TOYHOCTH €ro MapaMeTpOB M KOHCTPYKTHUBHBIX XapaKTEPUCTUK MOBEPXHOCTEH,
OKa3bIBAIONINX BIUSHUE HA KOHCTPYKIIUIO OCHACTKH,

-TEXHOJIOTUYECKUX CXeM 0a3UpOBAHMS U XapaKTEPUCTUK 00OPYI0BAHMS,

-00bEMOB BEITyCKa COOMPAEMBIX U3/ICIIAN U T.I1.

Bomnpocs! ajst 00cyxI1eHust
1. BeiOOp TEeXHOJIOTHYECKOrO 000y IOBaHMSI OCHACTKH I PEMOHTA

IIpakTnueckoe 3ansTHe 4 Pacuer odecnneyeHnst NOTPeOHOCTH B 000PYA0OBAHMHU H OCHACTKE

JAJIsl peMOHTA.

Less 3ans1THA 3aKTI04aeTCs B (OPMUPOBAHUH Y CTYIEHTOB MPOPECCHOHAIBHON KOMIETEHIIMH:

[K-12

I/IHTepBaJ'I BPEMCHU MCIKAY MMOCIICAOBATCIIBHBIM BBIITYCKOM IBYX OJHOMMCHHBIX JeTajei

Ha3bIBAIOT TAKTOM. TakT BBIITYCKa AETaleH ONPEAEISIETCA KaK OTHOLICHHE:!
00 - F,
TN
)

rae Fy -nelfictBuTenbHbIi QoHI BpeMeHU paboThl 000pyI0BaHUS, U.;

Ni -00beM MPOU3BOJICTBA 1- O I€TaNu B IJIAHUPYEMOM TIEpHOIe, IIIT.;

D - xonmu4ecTBO pabounx JHEH B IUIAHUPYEMOM MEPUOJIE;

d -mpoI0IKHUTETBHOCTD PA0OYETO JHS, U.;

f - pexxum paboThI OIpa3ieeHus (CMEHHOCTh paboThI);

bc p -cpenHuit MpOIEHT MOTeph BpEMEHH Ha MIaHOBbIe peMOHTHI (3-5% ot Fj).
JleiicTBuTenbHBIN (HOHA BpeMeHU paboThl 000PYI0BaHMS paccuuTaeM o hopmye:

5y

100) (5

F,=2538-2+(1-0,05)=3845,6 (1)
r=3845,6-60:117546=1,96
[=3845,6:60:94146=2,45
r,=3845,6:60:71370=3,23

F :Ddf '_I__
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Ha3naueHnuem mpou3BOACTBEHHOTO 000PYAOBaHHUS ABISETCA U3MEHEHHE (POPMBI,
COCTOSIHUSI I CBOIMCTB CBIPhSI, MATEPUAIIOB, TTOTy(haOpUKATOB IMTyTeM UX MEXaHUYECKOH,
TEPMUYECKOH, XUMUYECKON U JPYTrUX BUIOB 00PaOOTKH.

KonndectBo 0060pynoBaHust OMPEACISICTCS] HCXOJIs1 M3 CTAHKOEMKOCTH 00pabOTKH OHOTO
U3JIeNUsl, TOTOBOM MPOTPaMMBbl BBIITYCKa U3JIEIHUN U IEHCTBUTENBHOTO (poHIa BpeMeHH paboThl
obopynoBaHus 1Mo hopmysie:

T, N,

m= % @

rae [, — pacyeTHOE YnCI0 eAUHUI] 000PYIOBAHHUS,

Ter — CTaHKOEMKOCTH 00PaOOTKH OJHOTO M3/EIHS, CTAHKO-Y.;

Ni — rooBast mporpamma BbIITyCKa U3JI€TUH, IIIT.;

F.— neiicTBUTEIBHBIN TOA0BON (DOH BpeMeHH PaboThl METAILTIOPEIKYIIIETO
obopynoBanus (3845,6 yacos).

Js neranu U:

I1,7°%=3,15-117546:(3845,6°60)=1,6 (1t)

[1,P*"=(0,7+0,75) -117546:230736=0,74 (1T)

1,%°**=(2,1+1,8) 117546:230736=1,99 (wr)

I1,°=(2,56+2,35) -117546:230736=2,5 (1)

I, ™M%=(2,05+3+3,22) *117546:230736=4.2 (1)

Hnsa netamu XK:

I1,"°*%=1,36-94146:230736=0,55 (1uT)

I1,°=(1,2+2,18) -94146:230736=1,38 (1uT)

[1,°°"=4,57-94146:230736=1,86 (1t)

I1,7%=(3,22+1,23+1,1) '94146:230736=2,26 (1T)

I1,"°"=(2,31+2,12) -94146:230736=1,81 (1ut)

I1,mb=175-94146:230736=0,71 (wr)

Jns neramm 3:

I1,°"=1,2-71370:230736=0,37 (1ut)

Hp‘i’pe3=(l,17+1,1) “71370:230736=0,7 (1T)

I1,7%=(4,8+1,95+3,21+2+2,16) -71370:230736=4,37 (1ut)

pre3”6=(l,17+1,1) “71370:230736=0,7 (1uT)

Pesynbratel pacueToB cBezeM B Tabnuiy 1

Tabnuma 1
Pacuer konmdecTBa 000pynoBaHus
Kour-o Beero IIpunsroe Koadppunuent
Haumenosanue 000pyIOBaHUs IO IETAJISIM | pacueTHOe
YHUCII0 3arpy3Kku
000opyT0BaHUS YHUCIIO
u 3 CTaHKOB o0opynoBaHus
CTaHKOB
TokapHast 1,6 0.96 4,37 8,23 9 0,91
Pactounas 0,74 - 0,74 1 0,74
®dpesepHas 1,99 0,7 2,69 3 0,9
CaepnuinbHas 2,5 038 - 3,88 4 0,97
[InudoBanbHas 4,2 071 - 491 5 0,98
[Tonpesnas 1 055 - 0,55 1 0,55
3eHKepOBATbHAS “| 0,86 - 1,86 2 0,93
[IporspxHas - - 1,81 2 0,91
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1,81
Otpe3Has - 0,37 0,37 1 0,37
PesnOonapesnas - 0,7 0,7 1 0,7
Hroro: 11,03 57 6,14 25,74 29 0,888

B utore npunsaToe 000pyI0BaHNE BCETO PaBHO 29 eAMHUIIAM.
Tun mpou3BOACTBA ONMPEAETUM C MMOMOIILI0 KodhdunmenTa 3akperuienus. Koaddumuent

3akperuienus onepauuu (K30) paccunteiBaercs o ¢popmyie:
b

Kso= ¢ milS, (4)

IJIe mj - YUCIIO OTepalrii B TEXHOJIOTUYECKOM Ipoliecce 00padoTKu 1 —OH JeTalu, IT.;

S - Kosn4yecTBO paboUnX MECT B OJPA3/IEIEHUH, PACCYUTAHHOE Ha 3aJaHHYIO
IIPOrpaMMy BBIITyCKa U3ENUi (eTane);

i = 1-n — HOMEp neTanu;

Takum o6pazom, KOAPDUITUEHT 3aKPETUICHUS ONepaiy OyIeT paBeH:

K30=30:29%1

Tak xak k03¢ (HUIMEHT 3aKpeTICHHs OTIepauy paBeH 1, 3HAYUT, MBI UMEEM MacCOBBIN
THUII IPOU3BOICTBA.

MaccoBoe  TPOM3BOJACTBO  XapakTepuszyeTrcs  Hauboiiee  pe3Ko  BBIPAKEHHBIM
IIOCTOSIHCTBOM CTPYKTYpBl pabodero Inporecca, HOBTOPEHHUEM OJHUX M TeX e omepainuil Ha
KaX/I0M pabodeM MecTe B CBS3H C U3TOTOBJICHHWEM OIHOTO M TOTO ke Bua u3nenusd. K nanaomy
THUILY IPOU3BOJCTBA MOKHO OTHECTH MAIIMHOCTPOEHHE.

I[nﬂ MacCOBOI'0 IIPOU3BOJICTBA XapaKTEPHBI:

* OrpaHUYEHHas HOMEHKJIATypa U3JeNui;

IpeMEeTHAs CIIeUaIN3aIus pabounx MecCT;

UCIIOJIb30BAHUE CIEIMATIBHOIO U CHIELMATU3UPOBAHHOTIO 000PY10BaHMS;
BO3MOXXHOCTh MEXaHHU3AIMU M aBTOMATH3AIMH MTPON3BOICTBEHHBIX IIPOIIECCOB;
HaJIn4yue paboYnX HEBBICOKOH KBanuduKanuy;

MUHHMaJIbHAS JITUTEIFHOCTh MPOU3BOACTBEHHOTO KA

BaxxHOI KOJTMYECTBEHHOM XapaKTEepUCTUKON TUIIA IIPOU3BO/ICTBA SBJSIETCS YPOBEHD
crenuanu3anuy pabounux MecT, UCUUCISEMBbIN C TOMOIIBIO KO3 PUIIMEHTa 3aKpeIICHUS
onepauuu.

Bonpocs! a1 o0cyxkneHus

1. Takt BhITyCcKa
2. MaccoBbIif TUT IPOU3BOJICTBA
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CIIMCOK PEKOMEHAYEMbBIX THOPOPMAINNMOHHBIX NCTOYHUKOB

6.1. Pexomennyemas autepatypa

6.1.1. OcHoBHas JUTepaTypa

ABTODHI, 3arnaBue WsnparensctBo, rox Anpec
JI1.1 |bazpos b. M. OCHOBBI TEXHOJIOTHH MAIIMHOCTPOCHUS: YI4COHHK Mocksa: OO0 http://znani
"Hayuro- um.com/go
U3/1aTeIbCKUiT .php?
uearp UIHOPA-M", | id=515378
2016
JI1.2 [Cxuptaanze A.l'., PemoHT TexHONMOrMUECKOro 06opynoBanus: Yuebnuk [Mocksa: OOO http://znani
Ckpsionn B. A. "KVYPC", 2018 um.com/go
.php?
1d=944189
JI1.3 |®ackues P, TexHHYeCKasl IKCINTyaTAIUs H PEMOHT Openoypr: OI'Y, http://bibli
Bounapenxo E., Kestn [TexHomormaeckoro obopynosanus: yae6uoe mocobue  |2011 oclub.ruf/in
E., Xacanos P. dex.php?
page=book
&id=2593
58
6.1.2. JlonoJiHNTEIbHAS JIUTEPATYypa
ABTOpBI, 3arnaBue W3narenscTBo, ron Anpec
JI2.1 |FOmnycosT. C., MoHTax, 3KCIuTyaTalis U peMOHT TexHojorudeckoro |, 2011 http://e.lan
Muxees A. B., obopynosanus. KypcoBoe mpoekTHpoBaHue book.com/
AxmaneeBa M. M. books/elem
ent.php?
pll_cid=25
&pll_id=2
031
JI2.2 |®ackues P. C., TexHuyeckas 3KCIUTyaTalusi ¥ pEMOHT OpeHOypr: http://www
Bonnapenxko E. B.,  |rexHonornueckoro obopynoBanus: YuebHoe nocobue |OpenOyprckuit .iprbooksh
Kesn E. T'., Xacanos rocymapcTBeHnbnii | 0p.ru/3013
P. X. yHuBepcuter, ObC 3.html
ACB, 2011
6.1.3. MeTtonnueckue pa3padoTKku
ABTOpBI, 3arnmaBue WznarenscTBo, ron Anpec
JI3.1 |Mpsruxo B. C. OCHOBBI TEXHOJIOTHH MAIIMHOCTPOCHUS: Y4ueOHOe Munck: Bermmitmast | http://www
nocobue mkona, 2011 .iprbooksh
op.ru/2024
4.html
6.2. Ilepeyens pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIMOHHOM ceTH ""UHTepHeT"
D1 |Yuebnuk / baspos B.M., - 3-¢ uza. - M.:HULl UHD®PA-M, 2016. - 683 c.: 60x90 1/16. - (Briciee obpazoBanue)

(TTepernér 7BIT) ISBN 978-5-16-011179-7 - Pexxum moctyma: http://znanium.com/catalog/product/515378
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yueOHuk / A. T'. Cxuptinanze, B.A. Ckpsabun. - M.: KYPC : UTHOPA-M, 2018. - 352 c. - Pexxum poctyna:
http://znanium.com/catalog/product/944189
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TexHUUeCKast IKCIUTyaTallsl 1 PEMOHT TEXHOJIOTHIECKOTo 000pyaoBaHus : yaeOHoe nmocobue / P. dackues, E.
bonpapenxo, E. Kesn, P. Xacanos ; MunucrepctBo odpazoBanus u Hayku Poccuiickoit @eneparuy,
T'ocynapcTBeHHOE 00pa30BaTEIbHOE YUPESIKACHHE BBICIIETO MPO(PECCHOHATLHOTO 00pazoBanus «OpeHOYprekuit
rOCyIapCTBEHHbII yHUBepcUuTeT». - OpenOypr : OI'Y, 2011. - 261 c. : un., Tabun. - bubauorp. B kH. ; To xe
[Dnexrponusiii pecype]. - URL: http://biblioclub.ru/index.php?page=book&id=259358
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IOnycos, I'.C. MoHTaX, 3KCIUTyaTalis H PeMOHT TeXHOJIOTHIECKOoro obopynoBanms. Kypcosoe
IIPOEKTHPOBaHUE [ DNIEKTPOHHBIN pecypc] : yuedHoe nocodue / I'.C. FOnycos, A.B. Muxees, M.M. AxmazeeBa.
— OnekrpoH. nan. — Cankr- [letepOypr : Jlanp, 2011. — 160 c. — Pexum nocrymna:

95

TexHuYecKast IKCIUTyaTalusl i PEMOHT TEXHOJIOTHYECKOT0 000pyIOBaHUs [ DNEKTPOHHBIN pecypc] : ydeOHoe
nocobue / P. C. ®ackues, E. B. bounapenko, E. T'. Kesn, P. X. XacaHoB. — DIEeKTpOH. TEKCTOBBIE JJAHHBIC. —
Openobypr : OpeHOyprekuii rocynapcTBennsiii yausepeuret, 9bC ACB, 2011. — 261 ¢c. — 2227-8397. —
Pexxum nocryna: http://www.iprbookshop.ru/30133.html

26

Mpruko, B. C. OcHOBBI TEXHOJIOTHH MAallTHHOCTPOEHHS [DIIeKTpOHHBIH pecypc] : yuebHoe nmocodue / B. C.
MBpIuK0. — DNEKTPOH. TEKCTOBBIE JaHHbIe. — MuHCK : Boimiimas mxosna, 2011. — 382 ¢. — 978-985-06-
2014-9. — Pexxum mocryma: http://www.iprbookshop.ru/20244.html

6.3.1 Ilepeyens NporpaMMHOro odecneyeHust
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6.3.1.1

Microsoft Windows

6.3.1.2

Microsoft Office Word

6.3.1.3

Microsoft Office Excel

6.3.1.4

Microsoft Office PowerPoint

6.3.1.5

Microsoft Visio

6.3.1.6

7-Zip

6.3.1.7

Kommac 3D LT

6.3.1.8

Vuebnsiii kommiekt KOMITAC-3D v18

6.3.1.9

CorelDraw Graphics Suite X3

6.3.1.10

AutoCAD

6.3.1.11

AutoCAD Mechanical

6.3.1.12

3ds Max.

6.3.2 IlepeueHb HHGOPMALMOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1|Koncynsrant IImoc: http://www.consultant.ru
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METOANYECKHUE YKA3ZAHUSA

10 BBITIOJTHEHUIO MPAKTUYECKUX padboT
no AUCUUIUINHE «MOHTaX, SKCIUTyaTaluus U peMOHT
TEXHOJIOTMYECKOTO 000pYA0BaHUS
JUTs1 CTYICHTOB HAaMpaBJIEHUs TOJATOTOBKHU
15.03.02 Texnonmornueckue MalmHbl 1 000pyI0BaHHE
HanpasnenHocts (mpoduiib) BeITOBbIE MAIIMHBI U TPUOOPHI
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OBPA30OBAHU S POCCUMCKOM ®EJIEPALINN

OEJEPAJIBHOE 'OCYJAPCTBEHHOE BIO/KETHOE
OBPA3OBATEJIbHOE YUYPEKTEHUE BBICHIEI'O OBPA3OBAHMUS
«JIOHCKOH IOCYJIAPCTBEHHBIY TEXHUYECKWHA YHUBEPCUTET»

Texnosiornyeckuii ”HCTUTYT cepBuca (punuana) AI'TY B r.CraBpomnoJie
(TUC (punuan) AT'TY B r.CraBpomnoJie)

METOINYECKHUE YKA3ZAHUA

JUIS OpraHU3alluy CaMOCTOSITENIbHOU paboThI
10 JUCHUIIIMHE «MOHTaX, 3KCIUTyaTalus U PEMOHT
TEXHOJIOIMUYECKOr0 000py10BaHUS»
JUISl CTYZI€HTOB HaIPABJICHUSI IOATOTOBKH
15.03.02 TexHoJOrHYECKHE MAIIUHBI U 000PYAOBaHHE
HaIpaBJIEHHOCTb (MPO(PHIIb) «BBITOBBIE MAIIMHBI U IPUOOPHI



Metoauueckue ykazaHusi 1o aucuuiuinHe «MoOHTax, SKCIUTyaTalusi U PEMOHT TEXHOJIOTMYECKOTO
00OpymOBaHUS» COJEPKAT 3aJaHUS IJs CTYIEHTOB, HEOOXOIMMBIC [Isl OpPTaHH3AIlMH CaMOCTOSTEILHOM
paboTHI.

[TpopaboTka NpEeUIOKEHHBIX 3aJaHUi IMO3BOJHMT CTYJACHTaM MPHOOPECTH HEOOXOAWMbIE 3HAHHS B
o0acTy U3y4aeMoi NUCHUILINHBIL.

[Ipeana3znauensl Al CTyIEHTOB HampaBiieHuss nmoArotoBku 15.03.02 TexHosnormuyeckue MaimluHbl U
obopynoBanue HampaBineHHOCTH (po¢huiis) BEITOBBIE MaITMHBI U PUOOPHI.



COJNEPKAHHUE

Bgenenue

. O6m1as XapakKTepUCTHKA CAaMOCTOATEIILHON PabOTHI

. KoHTpOJIbHBIE TOYKHU U BUJIBI OTYETHOCTH IO HUM

. Metonuueckre peKOMEHJAlUK M0 U3YYEHHUIO0 TEOPETUUECKOTO MaTepraia
. Merouueckue peKOMEHJALNH T10 IMOJATOTOBKE K MPAKTUYECKUM 3AHATUAM
. Meronuueckre peKOMEHJAIUU 110 MOJArOTOBKE JIOKJIa1a

. Meronueckrue peKOMEHJALHUH 10 MMOJATOTOBKE K TECTUPOBAHUIO

. Meroandeckue peKOMEHIAIUH 110 BHIITOJTHEHHIO KOHTPOJIBbHON PabOThI

. Meronnueckre peKOMEHJALUH 10 IMOJATOTOBKE K 3a4ETy

. Metouueckre peKOMEHJAIUHU 10 MOJTOTOBKE K IK3aMEHY

Crucok peKOMEHTyeMbIX HH()OPMAIIMOHHBIX HCTOYHUKOB
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BBEJAEHUE

[lenb MeTOQMUYECKMX YKa3aHH — OKa3aTh IOMOINb CTYISHTaM B OCBOCHHH Kypca «MOHTax,
OKCILTyaTalgud U pCMOHT TCXHOJIOTHYCCKOT'O O60py[[OBaHI/I$I)).

JlaHHble ~ METOMMYECKHE YKa3aHWs  HAmpaBlICHbl HAa  CHCTEMATH3MPOBAHHOE M JIOTHYECKH
MOCJICZIOBATEIbHOE HW3Yy4YCHHE OOIIUX 3aKOHOMEPHOCTEH (YHKIIMOHMPOBAHUS C TOMOIIBIO OOCYXKICHHUS
poOJIEMHBIX BOIPOCOB 110 TEME, PEIICHHs MPOOIEMHBIX 33724 U 00CY)KICHHUS CUTYaIlUii, TECTOB, MOATOTOBKU
pedeparoB, TOKIAI0B, MPE3CHTAIUH.

[lepen HawaaoM Kypca LeecOO0pa3HO O3HAKOMHUTBCS CO CTPYKTYpOW JMUCIMIUIMHBI Ha OCHOBAaHHU
ImporpamMmabl, a TaKXC C MOCICAOBATCIIbHOCTHIO M3YUYCHHA TCM H HX O6’beMOM. C LCJIBIO ONTUMAaIbHOU
CaMOOpraHU3alMd HEOOXOIUMO COMOCTaBUTh 3Ty MH(OPMALUIO ¢ TpadUKOM 3aHITHH W BBIIBHTH HaubOolee
3aTpaTHbIC TI0 BPEMEHHU U 00BbEMY TEMbI, YTOOBI 3apaHee OMPEACIIUTh sl ce0st MePUOIbl 0OBEMHBIX 3aJaHUN.

1. OBIIIASI XAPAKTEPUCTUKA CAMOCTOSITEJIbHON PABOTBI

Llens ocBoeHus AuCHUIUIMHBL — [IproOpeTeHne CTyIeHTaMH TEOPETUUECKUX M MPAKTUUECKUX 3HAHUM
COBPEMEHHBIX METOJIOB OpraHW3alli{, IJIAHUPOBAHUS U TMPOBEACHHUS PAOOT MO MOHTAXy, JKCIIyaTalluu U
PEMOHTY OCHOBHOTO M BCIIOMOTATEILHOTO 000PYI0BAHUS MIPETPUATHIH.

[IpuMmeHeHre MeTo/1a CUCTEMHOT'O aHaIM3a K M3YYCHUIO JAaHHOW TUCIUILIMHBI OTPEAEIseT CleIyIoIIue
€ro 3aJla4yd: U3y4eHHEe MpoOJeM B HMCTOPUUYCCKOW TEPCIEKTHBE, PACIIMPCHHE 3HAHUS CTYJICHTOB, Pa3BUTHE
CHOCOOHOCTH CTYJEHTOB K TOHHUMAHUI0O M KPUTHYECKOMY OCMBICICHHIO MpPOOJIeM COBPEMEHHOCTH,
00CYy)KITaeMBIX B CpEACTBAX MAaCCOBOH WH(OpPMAIK, JUTEPATyphl, a TaKXKe MPUOOPETCHHE HABBIKOB
MOCIIE0BATEIHHO U TPAMOTHO M3J1araTh CBOU MBICIH B YCTHOW U MUCBMEHHOM (hopme.

B pesynpTaTe OCBOCHHS JAaHHOW JUCHHMIUIMHBI (OPMHUPYIOTCS CIEAYIOMHE KOMIICTCHIIUU Y
oOyuarolerocs:

[IK-12: Cnoco0HocTh y4YacTBOBaTh B pPadoTax 1O /J0BOJAKe M OCBOEHMI) TEXHOJOTHYeCKHX
NpoLeccoB B Xo0jJe MOJATOTOBKHM NPOM3BOACTBA HOBOW NPOAYKLHH, MPOBEPATH KAYECTBO MOHTAKA M
HAJQJAKM TPU HCOBITAHUAX U CAaYe B JIKCIJIYaTAMIO HOBBIX 00pa3unoOB M3JeJHil, y3J10B U jJeTajiei
BBIIIYCKAEeMOil POAYKIIUH.

CamocrositenbHass pabota mo aucuuIuinHe «MOHTax, SKCIUTyaTalsi U PEMOHT TEXHOJOTHYECKOTO
00OpYIOBaHUS» BBITIONHSACTCS C IIENIbI0 MOJIYUYEHHUS M 3aKperuieHUs] 3HaHWM, MPUOOPETEeHHBIX MPHU WU3YYCHUU
TEOPETHYECKOT0 MaTepuara.

2. KOHTPOJIBHBIE TOYKH 1 BU/Ibl OTYETHOCTHU IO HUM

KoHTponb KkadecTBa M CPOKOB HM3y4eHHME TEM JICKIUI BBIMOJIHAETCS B COOTBETCTBUU C Y4EOHBIM
rpaduxoM. OdopMmisieTcs B BUJIe KOHCIIEKTUPOBAHUS TEKCTA.

KoHTponb kayecTBa U CPOKOB BBIIOJIHEHUS PAKTUYECKUX 3aJaHUM OCYILECTBIISETCS B COOTBETCTBUU C
yueOHbIM rpaduxom. OdopmisieTcss B COOTBETCTBUHU C 3aJlaHUEM.

KoHTpons kadecTBa caauM JAOKJIaJa OCYILECTBIISETCS B COOTBETCTBUU C YYEOHBIM TIpapHUKOM.
OdopmitsieTcst B COOTBETCTBUH C 3aJJaHUEM.

YcneBaeMoCTh CTYZIEHTOB IO KaKJIOW IUCLUUIUIMHE OLICHMBAETCA B XOAE TEKYLIETr0 KOHTPOJ U
MIPOMEKYTOUYHOM aTTECTAlUU.

3. METOAUYECKHUE PEKOMEHIAIIUU 110 U3YUYEHUIO TEOPETUYECKOI'O MATEPUAJIA

N3yuenune mo00ro paszmena WIM TEMbl ClIeJyeT HadMHATh C O3HAKOMIJIEHHS C BONpOCAMH IIIaHa
W3y4eHUsT TeMbl. TeopeTHUecKHuii wmaTepuas TPEICTaBIseT COOOW KOHCIEKT JICKIUH, COJepKaluid
HeoOXoaAuMBIH HaOop yTBepxkaeHud u Gopmyn (06e3 nmeTanbHBIX MOAPOOHOCTEH), HO € MOAPOOHBIM
00OCHOBaHHWEM WX WCIOJB30BAHUS TIPU PEIICHHH KOHKPETHBIX AIKOHOMHYECKMX 3amad. [lpm wu3ydeHun
MaTepuaja HeoOXOAMMO IMOMHMO JIEKIIMOHHBIX MaTepUaIOB HCIOJIb30BATh PEKOMEHAYEMYIO OCHOBHYIO H
JOTOTHUTEIBHYIO JIUTEPATYPY ISl JTYUIIero YCBOCHUS MaTepHara.

OcBauBaTh TEOPUIO CJEIyeT B COOTBETCTBHH C TOW IOCIEI0BATEIbLHOCTHIO, KOTOpasl Mpe/ICTaBlIeHa B
IUTaHe JIeKIMKA. Metonnka paboThl C JIMTepaTypol MpeaycMaTprBaeT BEICHHE 3aliCH MMPOYUTAHHOTO B BHJIE
IUTaHA - KOHCIEKTa, OMOPHOTO0 KOHCHEKTa. JTO MO3BOJUT CJeNIaTh 3HAHHWS CUCTEMHBIMHU, 3a(UKCHUPOBATh U
3aKpenuTh UX B aMSTH.



JIist  yCHEeNIHOTO OCBOCHHSI JIHMCUUIUIMHBI, HEOOXOIWMO CaMOCTOSITENIbHO JCTaabHO H3YyYUTh
Mpe/ICTaBICHHbIE TEMBI 10 PEKOMEHAYEMBIM UCTOYHHKAM MH(popMaluu. [Ipy moaAroToBke K 3aHATUSAM CIEAYET
PYKOBOJICTBOBAThCS YKAa3aHUSIMU U PEKOMEHALMUAMU MPETIOIaBaTENS, UCIIOIb30BaTh OCHOBHYIO JIMTEPATYPY U3
Mpe/CTaBICHHOro0 UM crucka. [[ns Hanbosjee riIyOOKOro OCBOEHHUS AMCHMIUIUHBI PEKOMEHIYeTCS H3YydaTb
IUTEpaTypy, 0003HAUCHHYIO KaK «JOMOJHUTEIbHAS» B Ipe/icTaBlieHHOM criucke B PIT/I.

Bonpocs! /1 OAr0TOBKH K YCTHOMY OIpocy Tekyiiero Koutpods (biok 1)

. Oco0eHHOCTH MOHTAKHOTO MPOU3BO/ICTBA.
. TexHONOTHMYECKHUE MPOLECCHI U OTIEPALMU MOHTaXKa OBITOBBIX MAIIWH U MPHOOPOB.
. JlJokyMeHTaIus A5 MOHTaXHBIX padoT.
. OcHacTka ¥ TeXHUKA O€30MaCHOCTH MIPU MPOBEIEHUH MOHTAXXHBIX Pa0oT.
. [loaroroBka mpou3BoACTBA pabOT U MOBBIIIEHHE MOHTAKHOM TEXHOJIOTUYHOCTH 00OPYIOBAHHUS.
. Opranuzanys MOHTaKHOM IIJIOLIAAKY.
. OcHacTKa JJ1si MOHTa)Xa CUCTEM KOHAMIIMOHUPOBAHHUS BO3TyXa.
. OcoOeHHOCTH PEeMOHTa OKOHHOT'O KOHJUIIMOHEPa MOHOOJIOKA.
. Oco0eHHOCTH IKCITTyaTallii OKOHHOTO KOHUIIMOHEpa MOHOOIOKA.
10. OcobeHHOCTH MOHTaXa BHYTPEHHETO OJI0KA CIUTUT-CUCTEM.
11. OcoGeHHOCTH MOHTaXa HAPYKHOTO OJIOKA CIUTUT-CUCTEM.
12. OcoOeHHOCTH 3KCIUTyaTallud U PEMOHTA CILTTUT-CUCTEMBI.
13. OcHacTka Juist pEMOHTa CUCTEM KOHJIUIIMOHUPOBAHUS BO3IyXa.
14. OcoOCHHOCTH MOHTaXKa OKOHHOT'O KOHAWIIHOHEPAa MOHOOJIOKA.
Bonpocs! /u1s OArOTOBKY K YCTHOMY OIPOCy TeKyliero KouHTpods (biok 2)
. OcobenHocTH MOHTaXa 6apabaHa aBTOMATHYECKUX CTUPAIBHBIX MAIIIMH.
. OcobeHHOCTH MOHTaKa IPUBOJIa ABTOMATHYECKHUX CTUPATbHBIX MAIIUH.
. OCOOEHHOCTH KCIUTyaTallud U PEMOHTA aBTOMATUUYECKUX CTUPATHHBIX MAIIINH.
. OcHacTka ast MoHTaka OapabaHa aBTOMAaTUYECKUX CTUPAIBHBIX MAIIHH.
. OcoOeHHOCTH MOHTaKa MTPUBOJIAa ABTOMATHYECKUX CTHUPATBHBIX MAIIKH.
. Oco0eHHOCTH IKCIITyaTalluy U PEMOHTA yIbTPa3BYKOBBIX CTUPAIBbHBIX MAIIHH.
. Oco0eHHOCTH IKCIITyaTalluy U pEMOHTa KOMIIPECCcOopa ObITOBBIX XOJIOAUIBHUKOB.
. OCOOGeHHOCTH MOHTa)ka KOMITpeccopa OBITOBBIX XOJOIMIIbHUKOB.
. OcHacTka 7151 3alpaBKU U PETYIUPOBKH pabOThl KOMIIpeccopa OBITOBBIX XOIOMIbHUKOB.
10. OcoGEeHHOCTH IKCIUTyaTallii U PEMOHTA OBITOBBIX XOJOIUIBHUKOB aJICOPOIIMOHHOTO THIIA.
11. OcobeHHOCTH 3KCIUTyaTallud U PEMOHTA OBITOBBIX TOCYOMOEUHBIX MaIIHH.
12. OcoGEeHHOCTH KCIUTyaTallMi U PEMOHTA OBITOBBIX IIBEHHBIX MAIIIKH.
13. OcoGeHHOCTH MOHTaXa MPUBO/Ia OBITOBBIX IIBEHHBIX MAIIKH.
14. OcHacTka U1t peMOHTa OBITOBBIX IIBEHHBIX MAIIIKH.
Kpurepun onieHkn ycTHOro onpoca
[TonHOTa OTBETa Ha MOCTABIEHHBIH BOINPOC, YMEHHME HCIOJIb30BAaTh TEPMMHBI, IPUBOAUTH HPUMEPHI,
JIeNIaTh BBIBOJIBL.
3a KaxJplii OJOK B cCymMMe OOydaromMiics JOJDKEH MOJIY4YHUTh 25 0ajuioB, U3 HUX 5 — 3a HOCelleHHue
3aHATUH, 5 - BhIMoMHEHWE JOTMOTHUTENBHBIX 3aaHui (IOKJIAJ, CTaThs, Mpe3eHTalus ), 10 — 3a BeIMOTHEHKE
TECTOBBIX 3a/1aHUi, 5 — 3a 3alUTY 1JaOOPaTOPHBIX padoT
Kpureprnn mony4deHus: OlEeHKH:
- pe3ysbTaT, Co/Iep KAl TOJTHBIN MPaBUIILHBIN OTBET — MAKCHUMAJIbHOE KOJIMYECTBO OAJJIOB;
- pe3ynbTaT, coAepKalluii HEMOJHBIM MpPaBUIBHBIM OTBET (CTENEHb MOJIHOTHI OTBETa — Oojee
60%) nim OTBET, Co/IepIKaIINN HEe3HAYUTEIbHbIE HETOUHOCTH— 75% OT MakCHUMalIbHOTO KOJMYECTBA OaJlIOB;
pe3yJNbTaT, COJEpKallil HEMOJIHbIM MPaBUIbHBIN OTBET (cTerneHb MOJIHOTH oTBeTa — OT 30 1o 60%)
WJIN OTBET, COJICPKAIIMN 3HAYUTEIbHBIE HETOUHOCTH -40 % OT MaKCHMAJILHOTO KOJIMYECTBA OAJUIOB,;
- pe3ynbTaT, coAepKalluii HEMOJHBIA MpPaBUIBHBIA OTBET (CTENEHb MOJHOTHI 0TBeTa — MeHee 30%),
HENpaBWIbHBIA OTBET (OTBET HE MO CYIIECTBY 3aJaHus) MM OTCyTcTBUE oTBeTa — 0 % OT MakCHMajabHOTO
KOJIM4YecTBa OaJIoB.

O 0 1 N DN B~ W —
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4. METOOAUYECKHUE PEKOMEHIALIUUA ITO IMTOATI'OTOBKE K IPAKTUYECKHUM 3AHATUSAM
[Tporiecc MOATOTOBKH K MPAKTUYECKUM (CEMHHAPCKUM) 3aHSATHUSM BKIIIOUAET M3YYCHHE HOPMATHBHBIX

JIOKYMEHTOB, 00s13aTEIbHOM U JIOTIOJIHUTEIBHON JTUTEpaTyphl IO paccCMaTpuBaeMOMY BOMPOCY.
HenocpencrBenHoe npoBeieHrEe MPaKTUUECKOT0 (CEMUHAPCKOI0) 3aHATHS TPEANOaraer:



- WHJIUBUYyaTbHBIC BBICTYIJICHUS CTYIEHTOB C COOOIICHUSMHU IO KaKOMY-JTMOO BOMPOCY H3ydaeMoi
TEMBI;

- (ppoHTaTBEHOE 00CYXKIEHNE paccMaTpUBAeMOl POOIEeMbl, 000OIIEHNUS 1 BHIBOJIBI;

- peleHne 3a1a4 v ypakKHEHUH 1o 00pasiry;

- pellIeHre BapUAHTHBIX 33/1a4 U YIIPAKHCHHIA,

- peIlICHHE CUTYAIIMOHHBIX TPOU3BOICTBEHHBIX (MPO(eCcCHOHANBHBIX) 3a/1a4;

- TPOCKTHPOBAHWE W MOJICIMPOBAHUE pPa3HBIX BUIOB W KOMIIOHEHTOB MpodeccruoHATbHON
JESITeTbHOCTH.

[Tporiecc MOATOTOBKH K MPAKTUYSCKUM (CEMHHAPCKHUM) 3aHATHSAM BKIIIOUACT M3YYCHHE HOPMATHBHBIX
JOKYMEHTOB, 00513aTeIbHOM U JONIOTHUTEIBHOMN JTUTEPATyPhI IO PACCMATPUBAEMOMY BOTIPOCY.

5. METOAUWYECKHUE PEKOMEHJIAIUHA 110 IOATI'OTOBKE JOKJIAIA

K camocTosiTensHOI paboTe OTHOCUTCS HAIMCAHUE U 3aluTa JoK1aaa B cemectpe. [loaroroska noknazna mno
aucuuIuiiHe «MOHTaX, SKCIUIyaTalusl ¥ PEMOHT TEXHOJOIMYECKOro OOOpYyNOBaHMSA» - OJUH U3 OCHOBHBIX
3TanoB y4eOHOro Tmporecca B OOYYEHHH CTYACHTOB, KOTOPBIM HEOOXOIMMO TPHOOPECTH HABBIKH
CaMOCTOSITEJILHOI'O HUCCIIEIOBaHMS U TPEACTABICHUS €ro pe3yiabTaToB. Tema BbIOMpAETCs CTYAEHTOM
CaMOCTOSITEIILHO 10 COIIACOBAHUIO C IIPETIOAABATENIEM.

[TpuMmepHbIe TEMBI TOKJIAA:

. Texnuka 0€30MacHOCTH NP MPOBEJCHUNA MOHTAKHBIX padoT.

. Opranuzanus paboT Ha MOHTa)XHOM IUIOIIAJIKE.

. Onepauuy MOHTa)ka OBITOBBIX MAILIUH U IPUOOPOB.

. TumoBas ocHacTKa AJis POBEICHUSI MOHTaXHbBIX PadoT.

. [loaroroBka npou3BoICTBa MOHTaXHBIX PadoOT.

. OcHalenre MOHTaKHOH IIJTOIIAIKH.

. bamancupoBka 6apabaHa aBTOMaTHYECKUX CTUPATBHBIX MAIIUH.
. PerynupoBka nprBoia aBTOMaTHYECKUX CTUPAJIbHBIX MAIIHH.

. [IpoBepka aBTOMaTUYECKUX CTUPAIIbHBIX MaIIHH.

10. Ycrpanenue nucbananca 6apabaHa aBTOMAaTHYECKUX CTUPATIBHBIX MAILIUH.

11. PeMoHT KOMIIpeccopa OBITOBBIX XOJIOMILHUKOB.

12. MoHTaX pUBOAA OBITOBBIX IIBEHHBIX MAIIHH.

13. TIpoBepka paboTOCIOCOOHOCTH OBITOBOTO KOHJIUIIMOHEPA.

14. Pa30opka 1 TuarHocTuka ObITOBOIO KOHIMIOHEPA.

B pesynbrare moAroToBKM JOKJIAAa CTYAEHT MOXET BBICTYNATh HAa KOH(QEPEHUMSIX W CEMHUHapax Io
3TOMY BOIIPOCY.

OO01mme peKoMeHIAI UM 110 MOAr0TOBKeE J0KJIA/1a

Jloknan goiKeH BKIIIOYaTh B ce0s BBEJCHNE, OCHOBHYIO YacTh U 3aKIIOUEHHE.

Bo BBeneHnn HEOOXOIUMO OTPa3UTh 0OOCHOBAHHE AKTYaIbHOCTU BHIOPAHHOW TE€MBI, KPaTKOE ONHUCAaHUE
TEKYIIEro COCTOSHUS MpoOsieMbl. B HeM CTyIeHT JOoJKeH YyKas3aTh Iefib M 3a7aud  paboThl, OOBEKT
UCCIIEIOBaHMs, 3JIEMEHThl HOBU3HBI, BBEIEHHbIE B Ipoliecce HamucaHus padboTel. HeoOXoaumo mnepedncianTb
po0JIeMbI, KOTOPBIE TOJIKHBI ObITh PELIEHbI B paMKaX BHIOPaHHON TEMBI.

OcHoBHasl yacTh JOKJIaJa JIOJKHA COJEpP’KaTh BOIIPOCHI, MPEAYCMOTPEHHbIE B IJIaHE paboThl. B Hell
HEOO0XO/JMMO OTpPa3UTh TEOPETUYECKHE OCHOBBI, PpACKpPbIBAIOIIME CYTh MPOOJIeMbl, MPOaHAIU3UPOBATH
coOpaHHbIE MaTepHalibl, XapaKTepU3YIOIIUe MPAKTHUYECKYI0 CTOPOHY OOBEKTa HCCIENOBaHHUS. DTOT pasfeln
MOJKET coJiepKaTh paboune TabJInIbl, AUarpaMMBbl (JHarpaMMbl U Ipyrue MaTepHaIbl.

B 3akmioueHne HeOOXOAMMO OTpPa3UTh BBIBOABI U MPEMAJIOKEHHS, IIOJIyYeHHblE B pe3yJbTaTe
npensiaymei padotel. OHM JOIKHBI OBITH CHOPMYITHUPOBAHBI YUETKO U TOUKH.

Cnucok mnuTepaTyphl BKJIOYaeT B al(aBUTHOM TMOPSAJKE CIHCOK COBPEMEHHBIX 3aKOHOB U
HOPMATHBHBIX aKTOB, COOTBETCTBYIOIIEH HAY4YHOI JTUTEpaTyphl, HAYYHbIX PabOT, CTATUCTUYECKUX COOPHHUKOB
U APYTUX UCTOYHUKOB, BBIITYIICHHBIX HE PaHee MATH JIeT.

Odopmitenne 10KIa1a M NOPAJOK 3AIIHUThI

O06beM paboThl — 4-7 cTpaHHI] TPOHYMEPOBAHHOI'O KOMIBIOTEPHOTO TeKCTa, WpudT, 14, untepnan 1,5,
nojsi craHaapTHele. WMmmoctpanuu, ¢ortorpaduu, puCyHKH, rpadukH, KOTOpbIE MOSBIAIOTCS Ha TEKCTE,
JOJKHBI OBITh IPOHYMEPOBAHBI.

BoimonHeHHBI  0KTAN mpoBepsieTcs mpemnojaBareneM. Eciau  gokiax  oQOpMIIEH  COTJIAcHO
IpeIbsBIAEMBIM TPEOOBaHUIM, TO padoTa JAOMYCKAeTCs K 3alllUTe, O YeM IPENoAaBaTelieM JeNaloTcs 3alucH
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Ha TUTYJIBHOM JIMCTEe paboThl. Ecnu nokiag MMeeT OTpHUIATENbHBIM OT3BIB, TO JOKYMEHT BO3BpallaeTcs Ha
I0paboTKy C MOCIEAYIOIIUM ITPECTAaBICHHEM O €T0 IIOBTOPHOM PAaCCMOTPEHUH.
Tpebyemblil ypoBeHb OpUTHHATIBHOCTH He MeHee 50%.
JloKimazpl MOTYT CONPOBOXKIATHCS NMPE3CHTAMEH, OTpaXkaioliell OCHOBHBIE MOMEHTHI BBIIOJIHEHHOTO

MCCIICIOBAHMS.
Kpurepum ouenku gokjiaga
Kpurepuit IToka3zarenn MakcumanbsHoe
OIleHKH pedepaTa KOJIMYECTBO 0aJIOB

1.CreneHb pacKphITHS | - COOTBETCTBHE COJIEpKaHUs TeMe pedepara; 1

CYIIHOCTH NIPOOJIEMBI | - TIOJTHOTA M IIIyOWHA PaCKPBITHUS OCHOBHBIX 1
HOHATHUH MPOOJIEMBL;
- ymMeHue paboTaTh C  JIMTEPATYPOH, 1
CUCTEeMAaTU3UpPOBAaTh U  CTPYKTYPHPOBATH
MaTepHar, 1
- ymenue  0000maTh,  COMOCTABIISTH
pas3n4yHbIe TOYKHU 3peHHUSI o 1
paccMaTpruBaeMOMY BOIPOCY;
- apryMEHTHpPOBATh OCHOBHBIC TOJIOXKCHUS U 1
BBIBO/IBI,
- yMEHHE YeTKO U  OOOCHOBaHHO 2
(bopMyITUPOBaThH BHIBOJIBI;
- CaMOCTOSITENILHOCTh,  CHOCOOHOCTH K
OTIPE/ICIICHUI0 COOCTBCHHOW IO3WIIUU 10
npobjieMe M K TIPAKTHYECKOW aJamnTanuu
mMarepuaa

2.Cobnronenue - IPaBHJILHOCTh M aKKyPaTHOCTb O(OPMIICHUS 1

TpeboBaHMit o | pedepara

odopmIeHHIO -TOYHOCTh B [IUTUPOBAHMU U  YKa3aHUH 1
HCTOYHUKA TEKCTOBOTO (hparMeHTa,
- cobOmroneHue TpeboOBaHUM K 00beMy H 1
CTPYKType pedepara;
- TPaMOTHOCTH ¥ KYJIbTypa MU3JI0KEHUS 1

3.YpoBeHb  3alUTHI | - TOKJIAJ] CTPYKTYPUPOBAH, PACKPHIBAET TEMY 1

pedepara - JaHbl TpaBUJIbHBIE, APTYMEHTHUPOBAHHBIE 2
OTBETHI Ha YTOYHSIOIINE BOIIPOCHI
- CHaiIpl MPEACTABIEHbl B JIOTUYECKOU 1
MOCIIe0BATEIHbHOCTH u odopmiieHne
MpE3EHTAlNH; 1
- KOJIMYECTBO cnaiioB He 6omee 10

MakcruMaabHOE KOJIMYECTBO 0aliioB 17

Jlns mOATOTOBKM TMpe3eHTaluu K 3ammTe pedepara, oOydarormemycs HEOOXOAWMO HCIOIb30BaTh
PowerPoint. KonndecTBo ci1aii1oB mpe3eHTalIiu K 3ammre pedepara — He 6omee 10.
MakcuManbHOE KONHUYECTBO OaioB, KOTOPOE OOYYAlOIIMICS MOXET TMOJIYYUTh 32 MOJATOTOBKY
pedepata m mpe3eHTAMM K HeMY cocTaBiseT 17 OammoB. bamibl yduTHIBAalOTCS B TIPOIIECCE IMPOBEICHUS

TCKYIICTO KOHTPOJIA.

17 GaimIoB — OLIEHKA «OTIIHYHOY,

12-16 GannoB — OlLIEHKA «XOPOIIOY;

8-11 6aymnoB — OIeHKa «YIOBICTBOPUTEITHHO»
Memnee 8 6aI0B — OIlEHKA «HEYIOBIETBOPUTEILHO.

6. METOAUYECKHUE PEKOMEHIALIUWHA 11O NIOATI'OTOBKE K TECTUPOBAHUIO

JlaHHBIIT BHJ CaMOCTOSTENIBHOW palbOThI

IpeayCMOTPEH

paboueil TpPOrpaMMON JTUCIUTUTHHBI

(Monmymst) He

7. METOAMYECKHE PEKOMEHJAIIMH IO BBIIIOJHEHHUIO KOHTPOJIbBHOM PABOTHI
JlaHHBII BUJ caMOCTOATENbHOM paboThl pabodeil mporpaMMol AUCHUIUIMHBI (MOYJIsl) HE IPEAYCMOTPEH



8. METOAUYECKHUE PEKOMEHJIAIMHA 110 IOAT'OTOBKE K 3AYETY

[Ipouenypa 3adera (nuddepeHIMPOBAaHHOTO 3a4yeTa) KakK OTACIBHOE KOHTPOJIHHOE MEPONPHITHE
MMPOBOAUTCH IO CICAYIOIIUM BOIIPOCAM.
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13

14.
15.
16.
17.
18.

19

20.
21.
22.
23.
24.

25

26.
27.
28.

. OcoOeHHOCTH MOHTA)KHOTO TIPOU3BO/ICTBA.

. TexHONOTHMYECKHUE MPOLECCHI U OTIEPALMU MOHTa)Ka OBITOBBIX MAIIMH U TPHOOPOB.
. JlokyMeHTanus 17151 MOHTaKHBIX PaboT.

. OcHacTka ¥ TeXHUKA O€30MaCHOCTH MPU MPOBEIEHUH MOHTAXHBIX Pa0oT.

. IloaroroBka mpon3BoACTBa PadOT U MOBBIIIEHHE MOHTAKHON TEXHOJIOTMYHOCTH 000y JOBAHHSL.
. Opranu3anys MOHTa>XHOM TUIOIIAJIKH.

. OcHacTKka /7151 MOHTa)ka CUCTEM KOH/IUIIMOHUPOBAHUS BO3yXa.

. Oco0eHHOCTH PEMOHTA OKOHHOT'O KOHJIMIIMOHEPA MOHOOJIOKA.

. OcobeHHOCTH 3KCIUTyaTallud OKOHHOTO KOHIAMIIMOHEPAa MOHOOJIOKA.
10.
11.
12.

Oco0eHHOCTH MOHTa)Ka BHYTPEHHETO 0JIOKA CIITUT-CUCTEM.

Oco0eHHOCTH MOHTaXa HAPY)KHOTO OJIOKa CIIJIUT-CHCTEM.

Oco0eHHOCTH IKCIUTyaTalliy U PEMOHTA CILTUT-CUCTEMBI.

. OcHacTKa JJ1sl pEeMOHTA CUCTEM KOHAWIIMOHUPOBAHHS BO3yXa.

OCo0eHHOCTH MOHTaKa OKOHHOTO KOHJUIIMOHEpa MOHOOJIOKA.

OcobeHHoCcTH MOHTa)ka OapabaHa aBTOMAaTHYECKUX CTUPAIbHBIX MAllUH.
Oco0eHHOCTH MOHTaa MPUBOJA aBTOMAaTUUECKUX CTUPAJIbHBIX MAIIUH.
Oco0eHHOCTH FKCIUTyaTallud U PEMOHTAa aBTOMATUYECKUX CTUPAIbHBIX MAIIUH.
Ocnactka 17151 MOHTaXa OapabaHa aBTOMaTHYECKUX CTHPAIbHBIX MAIIHH.

. OcoOGeHHOCTH MOHTa)Ka MPUBOJIa ABTOMATUYECKUX CTUPAJIbHBIX MAIIIKH.
OCOOEHHOCTH IKCIUTyaTallMd U PEMOHTA YJIbTPAa3BYKOBBIX CTUPAIBHBIX MAIIINH.
Oco0eHHOCTH FKCIUTyaTallud U PEMOHTa KOMIIpeccopa ObITOBBIX XOJIO0HIBHUKOB.
Oco0eHHOCTH MOHTaa KOMIIpeccopa ObITOBBIX XOJOIUIbHUKOB.

OcHacTka /171 3alpaBKU U PEryJIUpOBKU pabOThl KOMIIpeccopa ObITOBBIX XOJOIMIBHUKOB.

. OcoOGeHHOCTH FKCIITyaTallMi U PEMOHTA OBITOBBIX ITOCYIOMOEYHBIX MAIIUH.
OCOOEHHOCTH IKCIUTyaTallud ¥ PEMOHTA OBITOBBIX IIBEHHBIX MAIIHH.
Oco0GeHHOCTH MOHTa)Ka MPUBO/Ia OBITOBBIX IIBEHHBIX MAIlIUH.

OcHacTka 17151 peMOHTa OBITOBBIX IIBEHHBIX MAITUH.

Oco0eHHOCTH IKCIUTyaTallii H PEMOHTA OBITOBBIX XOJIOIUIHLHIKOB aJICOPOIIMOHHOTO THIIA.

3aueT BBICTABIISICTCS IO pe3yibTaTtaM pa6OTBI B CCMCECTpEC, IpPU CHAYC BCECX KOHTPOJIBHBIX TOYCK,
MIPEyCMOTPEHHBIX TEKYIIUM KOHTPOJIEM YCIIEBAEMOCTH.
9. METOANYECKHWE PEKOMEHIALIUH 110 ITOATI'OTOBKE K ODK3AMEHY
JlaHHBIN BU OTYETHOCTH pabodel mporpaMMoOil TUCIUIUIMHEI (MOYIISI) HE TPEyCMOTPEH
CIIMCOK PEKOMEHAYEMbBIX THOOPMAIIMOHHBIX UCTOYHUKOB
6.1. PexomMenayemasi qutepatypa
6.1.1. OcHoBHast 1UTEpPaTYypa
ABTODBI, COCTaBUTENIN 3armaBsue W3naTenbcTBO, rOI Anpec
JI1.1 |Baszpos B. M. OCHOBBI TEXHOJIOTHH MAalTMHOCTPOEHHS: YIUEOHUK Mocksa: 00O http://znani
"Hayuwo- um.com/go
U3/1aTENbCKUH LIEHTP .php?
NHOPA-M", 2016 | id=515378
JI1.2 |Cxuprnanze AT, PeMoOHT TexHONIOTHYECKOTO 000pyoBaHus: Y4eOHUK Mocksa: OOO http://znani
Ckpsibun B. A. "KYPC", 2018 um.com/go
.php?
1d=944189
JI1.3 |®ackues P., TexHuYecKast IKCIUTyaTalusl i PEMOHT TEXHOJIOTHYECKOTO Openoypr: OI'Y, http://bibli
bounapenko E., Kesn E., |obopymoBanus: yaebHoe mocobue 2011 oclub.ru/in
XacaHos P. dex.php?
page=book
&id=2593
58
6.1.2. lonoTHUTEeTbHAS INTEPATYPA
ABTOPBI, COCTaBUTENHN 3ariaBue W3narenscTBO, TO Anpec




JI2.1 |[¥OmycoBT. C., MuxeeB |MoHTax, SKCIUTyaTAIlHsI © PEMOHT TEXHOJIOTHIECKOTO , 2011 http://e.lan
A. B., AxmaneeBa M. M. |o6opynosanus. KypcoBoe npoektiupoBaHue book.com/
books/elem
ent.php?
pll_cid=25
&pll_id=2
031

JI2.2 |®ackues P. C., TexHuYecKast IKCIUTyaTalds i PEMOHT TEXHOJIOTHYECKOTO Openbypr: http://www
Bounapenko E. B., Kesn [oGopynoBanus: YueGHoe mocobue OpeHOyprekuit .iprbooksh
E.T., Xacanos P. X. rOCy/IapCTBEHHBIH op.ru/3013

yHuBepcutet, O5C 3.html

ACB, 2011
6.1.3. MeTtoanueckue pazpadoTku

ABTODBI, COCTABHTEITH 3arnaBue W3naTenbcTBoO, TOI Anpec
JI3.1 |Msmuko B. C. OCHOBBI TEXHOJIOTUH MALIMHOCTPOEHHUs: YuebHoe nocobue Munck: Bpimiimas | http://iwww
mkoga, 2011 .iprbooksh
op.ru/2024

4.html

6.2. Ilepeyennb pecypcoB HHGOPMALMOHHO-TeJIEKOMMYHHKaUMOHHOI ceTn " MHTepHeT"

D1  |Yuebnuuk / baspos B.M., - 3-¢ uzz. - M..HUL] UH®PA-M, 2016. - 683 c.: 60x90 1/16. - (Briciee o6pazosanue) (ITeperér 7BII)
ISBN 978-5-16-011179-7 - Pexxum nocrtymna: http://znanium.com/catalog/product/515378

D2 |yuebnux / A. T'. Cxuptnamze, B.A. Ckpsioun. - M.: KYPC : UH®PA-M, 2018. - 352 c. - Pexxum pocrymna:

http://znanium.com/catalog/product/944189

33  |TexHuueckas 3KCILTyaTallUsl U PEMOHT TEXHOJIOTHUECKOTO 000pyaoBanus : yueOHoe nocodue / P. @ackues, E. bonnapenko, E.

KesH, P. Xacanos ; MunmcrepcTBo 00pa3oBanus 1 Hayku Poccuiickoit @eneparm, 'ocynapcTBeHHOE 00pa3oBaTeibHOE
YUpEeKICHHE BBICIIET0 MPOpecCHOHANLHOTO 00pa3zoBanus «OpeHOYpPIreKuil rocyiapCcTBEHHbIN YHUBEpCHTETY. - OpeHoypr : OT'Y,
2011. - 261 c. : nun., Tabmn. - bubnuorp. B kH. ; To xe [Anekrponnsiii pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=259358

D4  [IOnycos, I'.C. MoHTax, SKCIUTyaTalys ¥ PEMOHT TEXHOJIOTHUECKOTO 00opynoBanus. KypcoBoe npoektupoBanue [ DJIeKTpOHHBII
pecypce] : yuebHoe nocobue / I'.C. FOnycoB, A.B. Muxees, M.M. AxmazeeBa. — DnekTpoH. naH. — CankT- [TetepOypr : Jlans,
2011. — 160 c. — Pexxum moctyma: https://e.lanbook.com/book/2031.

35  |TexHuueckas SKCIUTyaTalds U pEMOHT TEXHOJOTHYECKOTO 000pyq0oBaHus [ DNeKTpOHHEIH pecypc] : yuebHoe nocodue / P. C.
®ackues, E. B. bonnapenko, E. I'. KesH, P. X. XacanoB. — DyekTpoH. TeKCTOBbIe qaHHbIe. — OpenOypr : OpeHOyprekuit
rocynapcTBeHHslil yausepcuret, 9bC ACB, 2011. — 261 ¢. — 2227-8397. — PexxuM pocrymna:
http://www.iprbookshop.ru/30133.html

36  |Mpruko, B. C. OcHOBBI TEXHOJIOTUM MALIMHOCTPOCHUS [ DNIEKTPOHHBIH pecypc] : yuebHoe nocodue / B. C. MbIluko. — DIIEKTPOH.
TEKCTOBBIC aHHbIC. — MUHCK : Bormaitmast mkoma, 2011. — 382 ¢. — 978-985-06-2014-9. — Pexum noctymna:
http://www.iprbookshop.ru/20244.html

6.3.1 [lepeyenb MporpaMMHOro odecrevdeHust
6.3.1.1|Microsoft Windows
6.3.1.2|Microsoft Office Word
6.3.1.3|Microsoft Office Excel
6.3.1.4|Microsoft Office PowerPoint
6.3.1.5|Microsoft Visio
6.3.1.6{7-Zip
6.3.1.7|Kommnac 3D LT
6.3.1.8| Yueonsrit kommiekt KOMITAC-3D v18
6.3.1.9|CorelDraw Graphics Suite X3
6.3.1.10|AutoCAD
6.3.1.11|AutoCAD Mechanical
6.3.1.12|3ds Max.

6.3.2 Tlepeyenb HHGOPMAIMOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1|Koncymsrant [Tmroc: http://www.consultant.ru




METOAUYECKHUE YKA3ZAHUA

JUTSl OpraHu3alui CaMOCTOSITEbHOM pabOThI
10 IUCHUIUINHE «MOHTAaX, SKCIUTyaTalusl ¥ PEMOHT TEXHOJIOTHUYECKOTO
000pya0BaHHS
IJIsl CTYJIEHTOB HaMpaBJICHUS] TOATOTOBKU
15.03.02 TexHonornueckue MalmHbl 1 000PY/I0BaHKE
Hanpasnennocts (mpoduiib) BeITOBbIE MAIIMHBI U TPUOOPHI



Ty
ol

MHHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA30OBAHU S POCCUNCKON ®EJIEPALIN

OEJEPAJIBHOE TOCYJAPCTBEHHOE BIO/UKETHOE
OBPA3OBATEJIbHOE YUYPEKTEHUE BBICHIEI'O OBPA3OBAHMUSI
«JIOHCKOHU IOCYJIAPCTBEHHBIY TEXHUYECKWHA YHUBEPCUTET»

Texnosornyeckuii MHCTUTYT cepBuca (puauan) AI'TY B r.CrtaBponoJe
(TUC (puauan) AI'TY B r.CtaBponoJie)

METOJINYECKHUE YKA3ZAHUA

110 BBITMOJIHEHUIO Ja0OPaTOPHBIX padboT
1o nucuuIuinee « TernoTexHuka»
JUISl CTYZI€HTOB HapPaBJICHUSI TOATOTOBKH
15.03.02 TexHOJIOTHYECKHE MAILIMHBI U 000pYAOBaHUE
HanpasnenHocts (poduiib) beIToBbIE MaIMHBI K TPUOOPHI



Metoaudeckue ykazaHus MO TUCHUIUIMHE «TerioTeXHHKay COoAepKaT 3adaHus IS
CTYJICHTOB, HEOOXOAMUMBIE JIJIs1 TabOPaTOPHBIX PadOT.

[TpopaboTka mpeIoKEHHBIX 3aaHUil TTO3BOJIUT CTYACHTaM MPUOOPECTH HEOOXOIUMbIE
3HaHUA B 00J1aCTH U3y4aeMOMN JUCIUILTUHBIL.

[Ipenna3HaueHsl As CTyAEHTOB HampasieHHsl noarotoBku 15.03.02 Texnonormueckue
MaluHbl 1 o0opynoBanue. HanpasienHocTs (mpodwiib) BeIToOBbIE MalIMHBI X TPHOOPHI



Conepxanue
Beenenue
JlabopaTtopnas padora 1 OIIPEJAEJIEHUE KOOODOUITMEHTA
TEITUIOIMPOBOJHOCTU CbhIITYUMUX MATEPUAJIOB METO/IOM TPYBhbI

Jlaboparopuast pabora 2 UCCJIEJOBAHUE TETUIOOTAAYN OT
I'OPU3OHTAJIBHOU TPYBLI [TPU CBOBOIHOM JIBMKEHWU BO31Y XA

Jlabopatopnas padora 3 OIIPE/IEJIEHUE TEIIJIOBBIX XAPAKTEPUCTUK
OTOIIUTEJIbHBIX ITPUBOPOB.

Jlaboparopuas pabora 4 COCTABJIEHUE TEIIJIOBOI'O BAJTAHCA
BOJJOI'PEMHOI'O KOTJIA

Crmcok PCKOMCHAYCEMBIX I/IH(bOpMaI_II/IOHHBIX HCTOYHHMKOB



BBEJIEHHUE

[Ippu wu3ydyeHunm Kypca Hapsay C OBJAJECHUEM CTYJEHTAaMH TEOPETUYECKUMH
MOJIOKCHUSAMH YJENISETCS] BHUMAaHUE PUOOPETEHHUIO MPAKTUUYECKUX HABBIKOB, C TEM, YTOOBI OHH
CMOTJIH YCHEUIHO MPUMEHSTH UX B CBOEH mocieayolei padoTe.

[lenbro OCBOEHUS TUCLUIUIMHBI — SIBJISIETCSI TEOPETUUECKAsl U IIPAKTHYECKas MOJrOTOBKA
OyIoyluX CIENUAINCTOB K METOJaM MOJIY4YeHHs], TpeoOpa3oBaHus, NepeJaud U UCTIOIb30BaHUS
TEIUIOTHI B TAKOM CTENEHM ONTUMU3AIUH, YTOObI OHM MOTJIH BBHIOMPATh U MPU HEOOXOJUMOCTH
9KCITyaTUPOBAaTh HEOOXOIMMOE TeIUIOTEXHHYECKoe O0OpyloBaHHE TMpU MaKCUMajIbHOU
skoHomuu TOP u MmarepuanoB, MHTEHCH(UKAIMH TEXHOJIOTMYECKHX MPOIECCOB, a TaKKe
BBISIBJIATH BO3MO>XHOCTH HCIIOJIb30BAHUSI BTOPUYHBIX SHEPTOPECYPCOB U 3AILUTHI OKPYXkKarOIEn
Cpenbl.

[IpuMeHeHne MeTona CUCTEMHOIO aHajliu3a K M3YYEHUIO JAHHOM JUCLHUILIUHBI
onpejenseT CIEAyILMe €ro 3ajayd: H3ydyeHue MNpoOJeM B HCTOPUYECKON IEPCHEKTHBE,
pacliupeHre 3HAaHUA CTYICHTOB, pAa3BUTHE CIIOCOOHOCTH CTYACHTOB K MOHMMAaHUIO U
KPUTUYECKOMY OCMBICIICHHIO MPOOJIEM COBPEMEHHOCTH, 00CYKIAEMBIX B CPEICTBAX MacCOBOU
uH(pOpMalliK, JTUTEPaTyphl, a TaKXKe MPUOOPETEHHE HABBIKOB IOCJIEIOBATEIBHO M T'PAMOTHO
U3JIaraTh CBOM MBICIIH B YCTHOHM M MUCBMEHHOU opme

B pesynbTaTte ocBOeHUS TaHHOM AUCHUTUIMHBI (POPMHUPYIOTCS CIAEAYIOUINE KOMIETECHINH
y 00y4Jaromnierocs:

IIK-1: Cnoco0HOCT, K CHCTEMATHYECKOMY HM3YYCHHI0 HAYYHO-TeXHHYECKOH
HH(pOpMaNNH, 0TeYeCTBEHHOI0 U 3apy0esKHOr0 ONbITA N0 COOTBETCTBYIOIIEMY NPO(HII0
NMOAr0TOBKH

N3yuuB 1aHHBIN KypC, CTYEHT JTOJKEH:

3HaTh:

- 0 COBPEMEHHBIX DJHepropecypcax 3eMJIM M TMEpCHEKTUBAX MX pEeallbHOTO
MCIIOJIb30BaHUS;

- 0 IpUHLUIAX pabOThl IPUMEHSEMbIX B OTPACIH YCTPONCTB, CBA3AHHBIX C MOJIyUECHHUEM,
npeoOpa3oBaHuEM, epeaayei u UCTIOIb30BaHUEM TEIIOTHI;

- 0 BIIMSIHMM TEIUIOTEXHUYECKUX YCTPOMCTB HAa COCTOSTHUE OKPY’KaIOILEH Cpeibl.

YMeTs:

- YMETh MPOBOJUTH TEPMOJUHAMUYECKHE pacyeThl pabo4MX MPOILIECCOB B TEIIOCHIIOBBIX
YCTaHOBKAX U IPYTUX TEIUIOTEXHUUYECKUX YCTPOMCTBAX, IPUMEHSAEMBIX B OTPACII;

- yMETh pacCUMTHIBaTh M BBIOMpATh pALMOHAIBHBIE CHCTEMbI TEIIOCHAOXKEHUS,
npeoOpa3oBaHUsl M MCIOJIB30BAaHMS SHEPrHM, pPALUOHAIbHbIE CUCTEMbI OXJXKICHHUS U
TEPMOCTAaTUPOBAHUS 00OPYI0OBAaHUS, IPUMEHSEMOTO B OTPACIIH;

- YMETb PACCUUTHIBATh TEIJIOBBIE PEKUMBI YHEPTOYCTAHOBOK, UX Y3JI0B U JIEMEHTOB.

Bnagers:

- CaMOCTOATENBHOTO MOAX0JIa M MPOTHO3UPOBAHUS Pa3IMYHBIX (PU3MUECKUX SIBICHUM, B
npoecCHOHANBHOM JIeATENBHOCTH OCYLIECTBIISITh HMX KAayeCTBEHHBIH M KOJIWYECTBEHHBIN
aHaJIN3.

Peanu3zanus KOMOETEHTHOCTHOI'O [TO/IX0/1a IIPEyCMAaTPUBAET IIMPOKOE UCIIOJIb30BaHUE B
y4yeOHOM TMpollecce AaKTHBHBIX W WHTEPaKTHUBHBIX (OpPM TMpoBeAeHUs 3aHATHH (pa3dop
KOHKPETHBIX CHUTYyalllii, cobeceJoBaHKE) B COUYETAaHUU C BHEAYJUTOPHOW paboOTON € LENbio
(dopMHpOBaHHUs U pa3BUTHI TPO(HECCHOHATBHBIX HABBIKOB CHEIIUATHUCTOB.

JIeKMOHHBIN KypcC SIBIsIETCS 0a30d Il TOCJICAYIOIIETO TMOMYYEHUsT 00Yy4YaroIUMHUCS
NPaKTUYECKUX HABBIKOB, KOTOpbIE MPUOOpPETAIOTCs Ha J1a00paTOPHBIX paboTax, MPOBOJUMBIX B
aKTUBHBIX (oOpMax: [eJOBble WIPbl; CUTYallUOHHBIE CEMUHAphl. MeToauka MpoBeleHUs
71a00paTOPHBIX PabOT U UX CO/EpKaHHE MPOAUKTOBAHBI CTPEMIIEHUEM KaK MOXHO (P peKTHBHEE
pa3BUBATh Yy CTYJCHTOB MBIIIJICHHE U UHTYMIIMIO, HEOOXOJAUMbIE COBPEMEHHOMY CIEIHAIIUCTY.
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AKTUBHBIE (DOPMBI CEMHHAPOB OTKPBIBAIOT OOJIBIIME BO3MOXKHOCTH JUISl MPOBEPKH YCBOCHUS
TEOPETUYECKOI0 M MIPAKTUYECKOIO MaTepHaa.
JlabopaTopnasi paGora Nel
ONPEJEJIEHUE KO®PULUEHTA TEIIVIOINIPOBOJHOCTH
CbhIIIYUYUX MATEPUAJIOB METOJAOM TPYbbI

11. Heas u cogep:kanmne

OmnsiTHOE omnpeneneHne KorGuiMeHTa TeIIoNPOBOJHOCTH UCCIIEAYEMOro MaTepraa
METOJIOM TPYOBI U YyCTAHOBJICHHE 3aBUCUMOCTH BEIMYMHBI KOAPPUITUEHTA TEIUIOMPOBOAHOCTH
OT TEMIIEPATYPHI, a TAKKE PUINYECKON CYIIHOCTH IMpoliecca.

1.2. Teoperuyeckoe 000CHOBaHHE

NHTeHCUBHOCTH Mepejauu TeIuia B TBEPJIbIX TeaX, B COOTBETCTBUU € 3aKOHOM Dyphbe,
o0ycraBIuBaeTCs TeMIepaTypHbIM I'PAJUEHTOM U BEIMYMHON KOd(duiimeHTa
TETJIONPOBOJHOCTH, KOTOPBIN XapaKTEPU3YET CO0O0M ClIOCOOHOCTh MaTepUasIoB MPOBOIUTH
TEIIO.

g=-A-gradt
1.1)

B o0mmem cirydae k03¢ (HUITUEHT TEeTIIONPOBOIHOCTH 3aBUCHT KaK OT XUMHUYECKOH
MPUPOJIBI TeNa, 00YCIaBIMBAIOIIEH BCE €r0 CBOMCTBA, TaK M OT MapaMeTPOB €ro COCTOSIHHS
(TeMrieparypa, JaBJICHHE U T.1.). 3HAUCHUS KOAPPUITUCHTA TETUIOMPOBOAHOCTH OTACIBHBIX
MaTepUaIoB OMPEENIAIOTCS ONBITHBIM ITyTEM.

J1st icpITaHUs! TETUIONPOBOHOCTH CHITYYMX MaTE€pUaIoB HAOO0JIEe MOIXO0IAIINM
aBinseTcs metof TpyOsl. [Ipu aTom nccnenyemoMmy matepuany npugaetcs popma
HUAJTUHAPUYECKOTO CII0s, HA BHYTPEHHEW U BHEIIIHEH MOBEPXHOCTAX KOTOPOTO MOAICPHKUBAIOTCS

HEKOTOpBIE CpeJIHHE 3HaUCHMs Temieparyp, cootBerctsenHo Uy u {,, npuuem {; > 1, . Ilpu
YCTaHOBUBIIEMCS TEIIJIOBOM PEKUME KOJUYECTBO TEILIA, TPOXOASIIETO Yepe3 UCCIIeTyeMbIi

CJIOH CBIMTyuero MaTepuasia, MOKHO ONPEAETUTh 0 U3BECTHOM opMmyrie sl TeII0BOro MOTOKa
yepe3 HUINHAPUIECKYIO CTEHKY:

A, - At
dy
d,
rae L u Ac — mmHa 1 k03 PUIIMEHT TErIoNpPOBOHOCTH UCCIIEAYEMOTO MaTepuaa.

Ompenenenue 1o 3Toi Gpopmysie kodhuimenTa TEIONPOBOTHOCTH MO U3BECTHHIM
OCTaJbHBIM BEJTMYMHAM HE MPECTABISAET TPYAHOCTH.

Q 27zL,

In 1.2)

1.3. Annapatrypa u MaTepHaJibl

DKkcrneprMeHTa bHas ycTaHOBKa (prc.1.1) cocTOUT U3 NBYX TpyO — HapykHoi (d1) u
BHYTpeHHeH (d2), MeK1y KOTOPBIMU TIOMEIIECH UCCIIeAYeMbIi ChITy4Ynii MaTepuai, Koddduuent
TETUTOTIPOBOAHOCTH KOTOPOTO HAJO ONPEICIUTh.

OCHOBHBIE TEOMETPUUECKUE XaPAKTEPUCTHKH JTAOOPATOPHON YCTAHOBKU:

— HapYXXHBII qruaMeTp HapyKkHOH TpyOst d3 = 90 mm,

— BHYTPEHHHI AUaMeTp HapyXHO# TpyOs! d2 = 82 mm,

— BHYTPEHHHUIA IUamMeTp BHYTpeHHEeH TpyOst d1 = 32 mm,

— JUIMHA YCTaHOBKHU (Kaxxaou TpyOsr) L = 1500 mm.

Bo BHyTpeHHei TpyOe pa3mellieH 3JIeKTpoHarpeBarens (4), TeII0oBOi MOTOK KOTOPOTro
pacrpocTpaHseTcs B palaJbHOM HalpaBJIEHUH Yepe3 CIION ChITyYero MaTtepuana U HapyKHYIO
TpyOy, B OKPYKAIOIIYIO CPey. DTO KOIUIECTBO TETIA OMPEIEISETCS M0 PACXOTy
AIIEKTPOIHEPT U Ha AJIEKTpUUYECKHUI HarpeBarenb. [loTpebisiemas HarpeBaTenaeM MOLIHOCTb
perynupyercs aBrorpanchopmaropom (7). J{ms BO3MOKHOCTH pacueTa MOIIHOCTH HarpeBaTes,
B €r0 JIEKTPUYUECKYIO LIEMb MOAKII0UeH aMmnepMeTp (5) u BoabTMeTp (6).
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Puc. 1.1 — Cxema 1a00paTOpHO#i YCTAHOBKHU

biaronaps xopoieMy KOHTaKTy UCCIEAYEMOIO ChITy4ero Marepuasa ¢ BHyTPEHHEH U
BHEIIHEH MOBEPXHOCTSIMH TPYObl MOKHO CUHUTATh, YTO COOTBETCTBYIOIINE COMPUKACAIOIINECS
MOBEPXHOCTH MaTepuaia u TpyObl UIMEIOT OJIHY U TY K€ TeMIIepaTypy.

B HapyxHYI0 TOBEPXHOCTh BHYTPEHHEN U Hapy>KHOU TpyObl 3aU€KaHEHO 0 TPH
TepMOIapbl COOTBETCTBEHHO (1) U (2), coeAMHUTENbHBIE TPOBOAA KOTOPHIX NOJKIIOUEHBI K

noTeHImoMeTpy (3).



Jlnst ydera MCKaXKeHHs TEMIIepaTypHOTO IOJIs IO AJTMHE UCCIIEAYEMOro MaTepuasa 3TH
TepMOIapbl PacIIOJIOKEHBI PABHOMEPHO IO JJIMHE TPYO — TPU Ha BHYTPEHHEH MTOBEPXHOCTH
TpYOBI U TPU Ha HAPYKHOU MOBEPXHOCTU TPYOBI. J{J1s1 TOr0 YTOOBI TEIIIOBOM MOTOK
PacHpOCTPAHSIICS TOJIBKO B paiMaibHOM HAIPaBICHUH, TOPLB YCTAHOBKU UMEIOT TEIIOBYIO
U30JILHUIO.

1.4, VYka3anus no TexHuke 0e30MaCHOCTH

CryneHTsl 00s13aHbl BHIIOIHATH 001IHME TpeOOBaHMs 0€30IIaCHOCTH COTJIACHO
WNuctpykuuu no oxpane Tpyaa B naboparopuu C-108 «Temnorexnuka. TemnnorazocHabxenne u
BeHTWIsALMA. Temnorexunueckue nuzmepenus. CrpoutensHas Temnopusuka. OTomieHue.
Tennocuabxenue. Ternorenepupyromnme yctaHoBKH. JHeprocHabxkenne. OxpaHa BO3TyITHOTO
Oacceitna» kadenpsl «TennoTexHuka, TEIIOra30CHA0KEHNE U BEHTHIIALUSY, YTBEPKIESHHON
26.12.2005 roma. HCTpYKTaXX MO TEXHUKE 0€30MaCHOCTH MPOBOAMTCS MPENoaBaTeieM Mo
POCIHCH CTYAEHTA B CIIELUAIILHOM XKypHaie 1o «TexHuke 6e30macHOCTI.

15. Metoauka u mopsiioK MPoBeIeHUs padoThl

KoaddurmeHT TermmonpoBoJHOCTH UCCIISYEMOTO ChIITydero MaTepraia OnpeesieTCs
U3 O0IIEro BBIPAKEHHUS IS TETIOBOTO TIOTOKA Yepe3 IHIUHAPHUYECKYIO JBYXCIOWHYIO CTEHKY,
COCTOSIIIYIO U3 CJIOS MaTepuaja U HapyXKHOU TPYOBI

Q= C?:sc_tum)d 2L,
In| =% | In =2
d,) . \d, 13)
/Ii‘c /’i’mp

rae tee — TEMIepaTypa BHYTPEHHEN TOBEPXHOCTHU ChIITy4Ero MaTepuaia (HapyKHOU
MOBEPXHOCTU BHYTpeHHEH TpyOsI), °C,

tum — TEMIIEpaTypa HapyKHOU MOBEPXHOCTU HapyKHOHU TpyOsI, °C;

Q — TemwioBOM MOTOK, MPOXOASIIMM Yepe3 JABYXCIOHHYIO IMJIMHAPHUYECKYIO
KOHCTPYKIHIO B painajbHOM HalpaBlieHuH, BT,

Ac M Amp — COOTBETCTBEHHO KO3(PPUIIMEHTHI TEIIIONPOBOJHOCTH UCCIIEAYEMOTO CHIITYyYero
MaTepuaia U HapyxHoi TpyOsl, BT/(m K).

W3 Beipakenus (1.3) nckomas BenMurMHa KO3QQHUIMEHTA TeIUIONPOBOAHOCTH CBHITyYero
MaTtepuaia OyaeT paBHa:

Do 2rl(te-te) 1 [ds 1.4)
Q Ay \dy

['eomeTpuueckre XapakTepucTuku ycraHoBkH (di, dz, ds, L) — u3BecTHBI U3 onucaHus
yctaHoBKkH (1. 1.3.), Amp =23 B1/(M'K). T.0. HE06X0AMMO OIBITHBIM IYTEM OINPEAETUTH TOIBKO
3Ha4YeHHEe TEIJIOBOr0 MOTOKA U 3HAYEHUsI TEMIIEPATyp BHYTPEHHEH 1 HApy>KHOM MOBEPXHOCTH
IWIMHAPHUYECKOTO CJI0S MaTepuaa.

3HaueHue TEeII0BOro MOTOKA HE CJI0KHO MOJICYUTATh MO 3aTpayrBaeMON MOIITHOCTH
anektpoHarpesarens Q =W =1 -U, Br.

3Ha4YeHNsI BHYTPEHHUX U HAPYKHBIX TEMIIEPATYP ONPENEISIOTCS C IIOMOIIBIO
COOTBETCTBYIOLIMX TEPMOIIAp U MOTEHIIMOMETPA, K KOTOPOMY OHHU MOKITIOUEHBI. 3aTeM
MIOJTy9YCHHBIC 3HAYCHUS TEMITEPATYP YCPEIHSIOTCS IS HApy>KHOW ¥ BHYTPEHHEH TOBEPXHOCTH
COOTBETCTBEHHO.




L+t t L+
BC ’ Cm HT
3 3
rae t2, t4, ts — mokasanust BHyTpeHHUX Tepmornap, °C,
t1, t3, ts — mokazaHusa HapykHbIX Tepmomnap, °C;
[TonmydenHoe TakuM 00pa3oM 3HadeHHe Kod(h(HUIIMEeHTa TeTIOMPOBOTHOCTH CIICTYET
OTHOCHUTb K CpeJIHEH TeMIiepaType UCCiIelyeMOoro MaTepuarna;

— tBC +tHC
Ccp 2 !
rae tuc — TeMIeparypa Hapy»KHOTO CJIOs CHIITYy4ero MaTepuala, T.e. BHyTPEHHEH CTeHKH
HapyXHOU TpyOBbI, onpeenseMast o U3BECTHOM BEIMYMHE A¢ U3 pacCMaTpUBAEMOro IIpolecca
TEIUIONPOBOAHOCTH TOJBKO Yepe3 MIIUHIAPHUECKHUI CI0H MCCIIeyeMOro ChIITyYero MaTepuania.
Ha ocHoBanuu dhopmyisr (1.2) momyaum

tHC - Bc_Lln %
2rLA, \ d,

Bce IMPUBCACHHBIC BBIYUCIICHUSA CITPABCAJIMBLI TOJIBKO IJIA CTAlMOHAPHOI'O
(paBHOBECHOI'0) TEIUIOBOTO PEKUMA, KOTJa KOJIMYECTBO TEIIa BOCIIPUHATOrO BHYTPEHHEN
IIOBEPXHOCTBIO PABHO KOJMYECTBY TEILIA OTJIAHHOIO HAPYKHOM NTOBEPXHOCTHIO. [IoaTOMYy,
Hpex/ie YeM CHUMATh ITOKa3aHUs MPHUOOPOB, HEOOXO0AUMO YOEAUTHCS B TOM, YTO BHYTPEHHUE U
HApYKHBIC TCMIICPATYPbI C TCUCHUCM BPCMCHU MICPECTAIN MCHATHCA U OCTAOTCA ITOCTOSHHBIMH.
OKclepUMEeHTaIbHbIE BEIMYUHBI HEO0X0AUMO CBECTH B Tabiumy 1.1.

B cBs3u ¢ TEM, UYTO BCC TCIIJIOBBIC ITPOLECChI MHCPIMOHHLI, B HaHHOﬁ pa60Te JJIsA
YCTAHOBJICHHSI CTAIlIMOHAPHOTO TEIJIOBOTO pekuMa TpedyeTcs cyuiecTBeHHoe BpeMs. [loatomy
3a BPCMs 3aHATUSA PCKOMCHAYCTCA IMPOBCCTU BCCTO ABA-TPU OIIbITA. I[aHHI)Ie OCTaJIBHBIX
TEIUIOBBIX PEKMMOB YCTAHOBKH BBIIAIOTCS MPENOAABATENIEM KaXIOMY CTYAEHTY IO
WHIWBUIYAJIbHOMY BapHUaHTYy.

Ta6anna 1.1 — IkcnepuMeHTANbHbIC 3HAYECHUA Ppa0o4NX MapaMeTpPoB 110
pe3y/abTaTaM Ha0JII0leHH .

, °C,

, °C.

Ne U, I, t1, to, t3, ta, ts, ts,
pexxuma B A °C °C °C °C °C °C

1

2

3

4

5

PesynpTaThl 00pabOTKH SKCIIEPUMEHTABHBIX JaHHBIX 10 BCEM pEeKUMaM HE0OXO0AUMO
IPEJICTaBUTh B BUJAE TaOIULbI 1.2 1 IpOBEPUTH HA KOMIIBIOTEPE C TOMOUIbIO CIEIIMATILHON
IpOrpaMMEI, pa3pabOTaHHOW B peIaKTOPe AIIEKTPOHHBIX Tabmuil Excel.

Tabauua 1.2 — Pe3yjbraTbl 00pa00TKH ONBITHBIX JAHHbIX.

Ne U, I ' W, th, tHT1 tHC! ﬂfc, th1
pexuMa B A Br °C °C °C Bt/(M-K) °C
1
2
3
2
5




3areM, Ha OCHOBAaHMHU IPOBEPEHHBIX PACUETHBIX JAHHBIX HAJI0 IOCTPOUTH rpaduk
dyHkunonansHoi 3asucumoctn A, = f (tcp) .

W3BecTHO, 4TO M3MEHEHHE KO PUIMEHTa TeIUIONPOBOJHOCTH OT TEMIIEPATYPhI IS
TIOJIABJISIONIETO OOJBIIMHCTBA MATEPUATIOB ITOTYMHSIECTCS JIMHEHHOMY 3aKoHY. ClieZIoBaTeNbHO,
BUJI QYHKIIMH UMEET CIICAYIOIIUI BUI:

A=Ay +b-t,

rae Ao — 3HaueHue kod3(hUIMeHTa TeIIOMPOBOIHOCTH UCCIIEyeMOT0 MaTepuraia npu
Hyie °C; b —mmoctosiHHas, YUCICHHO paBHAs TAHTCHCY yIJla HAKJIOHA JIMHUM U3MEHEHHS Ac K OCH
Temreparypbl. Benwuunsl Ao u b onpenenstorces u3 rpaduka.

[Tpu BO3MOXKHOCTH, pacyeThl ¥ MOCTPOCHUE IpaHKa TAKKE PEKOMEHYETCS BBIIIOJIHSTh
B Excel. Kpome Toro, MHCTpyMEHThI TOYEYHOH ArarpaMmMbl EXCel mo3BosisitoT aBroMaTHyecKu
pacCcYUTHIBATh AIMIUPHUECKUE KOIPDUITHEHTHI Ao 1 b.

JlanHas nabopaTopHas paboTa CYMTACTCs BBIITOJIHEHHOM, KOJIa CTY/ICHT,
NPUCYTCTBYIOLINI HA 3aHATHU U BHITIOJHHUBIIHNI MPAKTHYECKYIO YacTh PaOOTHI, TIPEACTABIISICT
NPEroAaBaTes0 MMCbMEHHBIN OTYET BBITIOJIHEHHOM J1a00paTOPHO pabOTHI B OJIHOM 00bEME.

1.6. Coaepxanue oTyera u ero popma

Otuer odopmiisercs B 18-11CcTOBOM TETpaau U TOJKEH COACPKATh CISAYIOIIUE MYHKTHI:

— Tema paboThI,

— IIeJIb paboTHI,

— KpaTKoe onucaHue padoThl,

— MPUHIUIHAIBHYIO CXEMY ONBITHON YCTaHOBKH,

— MPOTOKOJ 3aIMUCH MMOKa3aHUHI W3MEPHUTEIBHBIX PUOOPOB U TAOIHILY pE3yIbTaTOB
00pabOTKHU OTBITHBIX TaHHBIX,

— MOAPOOHBIE PACYEThI ¢ KPATKUMHU MOSICHCHUSIMH TSI TIEPBOTO OTIBITA,

— rpaduk 3aBUCUMOCTH K03((pHIIMeHTa TETTOMPOBOIHOCTH OT CPEIHEN TeMIepaTyphl,

— OTIpe/ieIeHNE OTBITHBIX BETMYMH b ¥ Ao M CONIOCTaBIICHHE PE3YIHTATOB OIBITA C
JIUTEepaTypHBIMU JaHHBIMH,

— BBIBOJIBI IO JTAHHOM J1a00OpaToOpHOi padoTe.

1.7. Bonipocsl 1Jist 3aI0MThI PadoThI

1. ®usnueckas CymHOCTh MPOIECCa TEITOMPOBOAHOCTH.

2. ConeprkaHue OCHOBHOTO 3aKOHA TEIUIONPOBOAHOCTH U €r0 MIPUIIOKEHUE K TEJIaM
IPOCTON F€OMETPUUECKOI POPMBI.

. Koappunment tennonpoBogHOCTH U (PAKTOPBI, BIUSIONIUE HA €70 BETUUUHY.
. YCTpPOUCTBO ONBITHOW YCTAHOBKH, OCYIIECTBIIEHUE ITPEATIOCBUIOK TEOPHUHU.

. JlaTb omnpeneneHne rpaiueHTa TeEMIEPaTypBhl.

. EnvHnna uaMepeHust Koau4ecTBa TeIIoThl.

. Kak onuceiBaercs temneparypHoe nose?

. Kak onpenensiercs TenioBoi moTok B 1abopaTopHOit paboTe?

9. Ha3BaTh OCHOBHBIE BH/IbI TEINIOOOMEHA.

10. OnpenennuTh TEIUIOBOM MOTOK YEPE3 MOBEPXHOCTh 5 M MapOIIPOBO/ia ¢ BHYTPEHHUM
nrameTpoM 0;=220 MM, U30JMPOBAHHOTO M3OJISIMEH TOMIUHON Ai=50 MM. Koadpuument
TEIIONPOBOAHOCTU TPYOBI Ar =58 BT/(M-K), m3omsiumuu Aus =0,047 B1/(M-K). Temneparypa Ha
BHYTpeHHel noBepxHOCcTH TpyOr!I t,=170°C, 1 Ha HapyKHOI MOBepXHOCTH U3osuu ty =50 °C.

11. Onpenenuts 3HaYeHue kKodhdunrenta rermwtonpopogHoctu A t=500°C, ucnons3ys
ypaBHEHHUE €ro JIMHEHHOM 3aBUCUMOCTH OT TEMIEPaTyphl (10 pe3ysibTaTaM KCIEPUMEHTa B
nabopaTopHoii pabore).

(98]
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12. Onpenenuts KOAPGUIUEHT TEIIIONPOBOJHOCTH KUPIUYHON CTEHKH MEYH TOJITUHON
0 = 38 MM, eciii TeMIiepaTypa Ha BHyTpeHHel moBepXHOcTH cTeHKH 1;=900°C u Ha HapyXHOH ty
=110 °C. [ToTepu TenmnoTsl yepes creHky =300 Br/m?,

13. OnpeaenuTh SKBUBAJICHTHBIN KOAG(OUIIMEHT TETIONPOBOTHOCTH CTAIbHON CTEHKH
[IapOBOT'0 KOTJIA, €CJIU CTEHKA IIOKPOETCS CII0EM HaKUIIU
Ou = 5 MM ¢ ko3 PuImeHToM TeTIoNpPoBoHOCTH Ay = 0,23 B1/(M-K). Tonmuna craasHOTO
aucta o =12 MM, kodhduiueHT TeronpoBogHOCTH Ac = 45 BT/(M-K).

14. PazamepHOCTB KO3 UIIMEHTA TEIUIONPOBOTHOCTH.

15. PazamepHocTh K03 duIneHTa TEPMHUUECKOTO COPOTUBIICHUSI.

16. CBsi3b MeX 1y TEMIIEpaTypaMu U3MEPEHHBIMU 110 1Kaie Llenbcus u mo mkasne
KenbBuHa.

17. CBs13b MKy YACTHHBIM U a0COFOTHBIM TETUIOBBIM ITOTOKOM, X Pa3MEPHOCTH.

18. TepMuueckoe CONPOTUBICHUE MHOTOCIONHOM MJIOCKOW CTEHKH.

19. Ykazare napaMeTpbl HEYCTaHOBUBILETOCS TEMIIEPATYPHOT'O TOJIS.

20. YpaBHeHue 3akoHa Dypre.

21. ®opmyna ajis onpeneaeHus TMHEHHOM MIOTHOCTH TEIUIOBOTO TTOTOKA JIJIst
MHOTOCIIOMHON IIMIMHIPUYECKON CTEHKH.

22. ®opmy:a JUIs ONpeieieHHs] TEMJI0BOI0 OTOKA YePE3 MHOTOCIONHYIO MJIOCKYIO
CTCHKY.

23. Yepes mIOCKYI0 METAIUTMYECKYIO CTEHKY TOIKH KOTJIa TOJIIMHON
& =7 MM OT ra30B K BOJie IPOXOHUT yeNbHEIH TemIoBoi oTok ( = 2500 Br/M?. Koapduuuent
TeronpoBogHocTH ctanu Ac = 32 B1/(m:-K). Onpenenuts nepenan Temneparypsl Ha
MOBEPXHOCTAX CTCHKH.

24. Uto Takoe TeMIiepaTypHbIil Harmop?
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JlabopaTopnasi paGora Ne2 _
UCCIEJOBAHHUE TEIIVIOOTAAYU OT 'OPU3OHTAJIBHOU TPYBbI ITPU
CBOBOJHOM ABUXEHHNU BO31YXA

2.1. Ilean u coaep:kaHue

OmnbITHOE OnpesienieHre KO3 PHIMEHTa TEIIOOTAA4H JJIsi TOPU3OHTAIBHON TPYOBI IPU
CBOOOIHOM JBM)KCHHUU BO3lyXa B 3aBUCHMOCTH OT TEMIIEPATYPHOTO HAMOPa, a TaK ke
oIpeieNieHUe 3HAUCHHUI IMITUPUIECKUX KodpduumeHToB C U N KPUTEPHATIHHOTO YpaBHEHUS,
OTHCHIBAIOIIETO MPOIIECC TEIIOOTAaYl TOPU30HTAIBHON TPYOBI IPU CBOOOIHON KOHBEKITUH.

2.2. Teoperuueckoe 000CHOBaHUE

CB0OOIHBIM HA3bIBAETCS TAKXKE IBUKEHUE )KUJKOCTH, KOTOpOE 00yCIaBIuBaeTCs
Pa3HOCTHIO INIOTHOCTEM HAarpeThIX M XOJIOAHBIX €€ YaCTHUI] U BCELIETIO ONPEEIIAETC HAIUYUEM
TEII000MEHa.

B cootBercTBuu ¢ 3ak0HOM HBIOTOHA-PUXMaHa KOIMYECTBO NIEPEIaHHOTIO TEIIa
IPONOPLHUOHAIBHO TOBEPXHOCTH TEJIA U PA3HOCTH TEMIIEPATyp MOBEPXHOCTH U KUKOCTH
(TeMIiepaTypHOMY HAIopy).

Jlnist paccMaTpuBaeMoro ciaydas TerI000MeHa IIIOTHOCTh BO3/1yXa U MOIbeMHas CHJla
OIPEAEIIAI0TCA TEMIIEPATYPHBIM HAIIOPOM, a 30HA PACIPOCTPAHEHHUS [IPOLIECCa — TOBEPXHOCTHIO
uccienyemoil Tpyosl. TakuM o0pa3omM, TEIUIOOTAaYa Tesla ONpeeIIAeTcs, B IEPBYIO OYepeib,
Pa3HOCTBIO TEMIIEPATYp TEJIa U OKPYKAIOUIEH cpesibl, T.€. TEMIIEPATypPHBbIM HAIIOPOM.

Kak n3BecTHo, npoliecc Teroo0MeHa npyu cBOOOJHOM JABHKEHUH KHUJIKOCTH 3aBUCHUT OT
pexuMa ee ABMXKEHUS OKOJIO TEIJIOBOCIPUHUMAIOILEH (TEIIO0TAAI0IIEH) IOBEPXHOCTH.

[IpuMeHUTENBHO K TENI000MEHY Ha FOPU30HTAIBHBIX TPYOAx 3TOT MPOLIECC UMEET P
ocobenHocTeil. Ha HukHEeN 1oJIoBUHE epuMeTpa TpyObl BCIEICTBUE YBETUUYECHUS TOJILIMHBI
JAMUHAPHOM IJIEHKH, KO3()(PULMEHT TeII00TAaul YMEHbIAETCsI. ITO MPOUCXOIUT JI0 TEX IOp,
[I0Ka YBEJIMYEHUE TOJIIMHBI INIEHKU HE IPUBOUT K €€ CPhIBY, Pa3pyLICHUIO U HaYally
TypOynu3auuu cpenpl. TypOynu3zaius, B CBOIO 04epe/ib, BEJET K yBEIUUYEHUI0 K03 duiineHTa
TEIUIO0TIa4M JI0 HEKOTOPOTO 3HAUYEHHU S, KOTOPOE B JAJIbHEHIIIEM OCTAE€TCS MMOCTOSHHBIM.

B 3aBucumocTH OT 1uamerpa TpyObl epexo/l OT JAMHUHAPHOTO pexXuMa K
TypOyJEHTHOMY NMPOUCXOUT 1O pazHoMYy. [Ipu nuamerpe ropuzoHTabHOM TpyOs! 2030 MM,
JAMUHAPHBIA XapakTep MOTOKA COXPaHAETCs JO HEKOTOPOU BBICOTHI HAJl TOBEPXHOCTHIO TPYOBI,
MOCJI€ Yero HaYMHAETCsl TypOYIEeHTHBIN pexuM nBukeHus. [lpu 6oabiiom nuamerpe
ropu30HTaNIBHBIX TpYO (200+300 MM) TaMHUHApHOE IBUKEHHUE CPEbl IEPEXOIUT B
TypOyJIEHTHOE €ellle 0 BepXHel KpOMKH TpyOsl. MiMerolue aHamuTHUEeCKHEe pellieHus 3aaun
KOHBEKTHBHOTI'O TEIJI000MEHA IPU CBOOOTHOM JABMKEHHH CPE/Ibl BBIITOJHEHO MPH LIEJIOM psijie
YIPOIIAIOIIUX MPEANOCHIIOK U MaJI0O COOTBETCTBYET JEHCTBUTENBHBIM YCIOBUSM IPOTEKAHUS
npouecca. [Io3Tomy Ha IpakTHKE MHUPOKO UCIOJIB3YETCS IKCIIEPUMEHTAIIBHBIN METOJL €
MPUBJIEYEHUEM TEOPUHU TTOJI00US.

KpurepunanbHoe ypaBHEHUE, ONHMCHIBAIOIEE KOHBEKTUBHBIN TEMII000MEH MTPU CBOOOIHOM
JBUKEHUH KUAKOCTH B HEOTPAHUYEHHOM MTPOCTPAHCTBE, UMEET BU/L

Nu=C-(Gr-Pr)",

2.1)
rne Nu — kputepuit Hyccenbra
a-d
Nu==—-, 2.2)
Gr — kputepwmii ['pacroda
3
o B-9-d% AT
N V2 ' 2.3)

Pr — xpurepuii [lpanarns



|4
Pr=—,
a 2.4)

B ananuTtHueckue BhIpaKeHUsI KPUTEPHEB TeriooOMeHa (2.2 — 2.4) BXOAAT CIeAYIONHe
(bu3nvecKre BEIMINHBI:

a —xodddunuent temnooraaun, Br/(M%K);

d — onpepensromuii pasmep (auameTp TpyOsI), M;

A —xo3¢punuent TemnonpoBogHocTH, BT/(M-K);

S = UTuorp —x03bdunment oobeMHoro pacumpenus, 1/K;

Tnorp = (T . )/ 2 — onpezensiomas TeMreparypa (Temmneparypa HOrpaHHYHOTO

crnos), K;
0 — yCKOpEHHe CHJIIBI TSKECTH, M/C2;
AT =T_ —T,_ — remneparypsslii Hatop, K;
a —k0d(DHUIMEHT TEMIIEPaTypPOIPOBOIHOCTH, M2/c;
V — KWHEMATHYECKas BSI3KOCTh BO3yXa, M%/C;
3HavyeHne GU3NIECKUX MMaPaMETPOB, BXOSIINX B BEIPAKEHUSI KPUTEPHUEB TEIIIO0OMEHa,

IPUHUMAIOTCS MO TEMIIepaType MOrPpaHUYHOro o ( THOIp ).
Tabanna 2.4 — @Puznyeckue napaMeTpbl CyxXoro Bo3ayxa
2

tC . F’/’l’wg Bf/'(lﬁ'l’() a-108, m2/c | v-105, mZc Pr

10 1,247 2,51 20,0 14,16 0,705
20 1,206 2,59 21,4 15,06 0,703
30 1,165 2,67 22,9 16,00 0,701
40 1,123 2,76 24,3 16,96 0,699
50 1,093 2,83 25,7 17,95 0,698
60 1,060 2,90 26,2 18,97 0,696
70 1,029 2,96 28,6 20,02 0,694
80 1,00 3,05 30,2 21,09 0,692
90 0,972 3,13 31,9 22,10 0,690
100 0,946 3,21 33,6 23,13 0,688
120 0,896 3,34 36,8 25,45 0,686
140 0,854 3,49 40,3 27,80 0,684
160 0,815 3,64 43,9 30,09 0,682

3naueHus koapounuentos C u N, BXOAAIUX B ypaBHeHuUE (2.1), onpenensiorcs B
3aBHCHUMOCTH OT peXHMMa JIBHKEHUS 13 Ta0auibl 2.1.

Tab6anna 2.1 — Yucaennsle 3Ha4YeHUs KOOPGuuuenToB C M n 1J1s1 pa3JIMIHbIX
PeKHMOB IBHKEHUSI

/1 Gr-Pr PexxuM nBrmxeHus C n
1 1-10°+5-10? JIAMUHAPHBIA PEKUM 1,48 1/8
2 5.10% + 2.107 TIepeX0HbIH pesKuM 0,54 1/4
3 2107+ 1.10*3 TypOyIEHTHBIH peKUM 0,135 1/3

2.3. Anmaparypa M MaTepHaJibl

DKcIepUMeHTaIbHAasl yCTaHOBKA pa3MellieHa B JOCTATOYHO OOJIbIION KOMHATE, pa3Mephbl
KOTOPOM 3HAUUTENBHO OO0JIbIle TabapUTOB ONMBITHON TPyObI. [I03TOMY MOXKHO CUMTATh, YTO
npoliecc Ternjaoo0MeHa MpOTeKaeT B HEOrpaHMUEHHOM IPOCTPAHCTBE.

OOBEeKTOM HUCCIIEIOBAHUS SABIIIETCS TOPU30OHTaNIbHAs TpyOa (4) nnuHoii 1=1500 MM u
muamerpom d=32 mm. TpyOa BeInoTHEHA U3 HepkaBerolel ctanu. BuyTpu TpyOsl umeercs
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AIIEKTPUYECKUI HarpeBarensb (2), obecrneynBaronii paBHOMEPHBIN HarpeB 1o ee jumne. C
TOPLIOB TpyOa 3aKphITa TEIIOU30ISALHMOHHON MPOOKOH 711 YMEHBIIIEHHSI TETJIOBBIX ITOTEPH B

0CeBOM HampanieHud. CxeMa 3KCIIepUMEHTAIbHOW yCTaHOBKH M300paskeHa Ha puc. 2.1.
KonnyecTBo BbIAEIAEMOT0 U IEPEIABAEMOr0 B OKPY>KAIOLIYIO Cpely Teria

OTIpeNIeNIAeTCs 10 pacxoay eKTposHepruu. IloTpebisemast anekTpoHarpeBareaeM MOITHOCTh
MOYKET PeryanupoBaTbcsi aBToTpanchopmaropoM (7). OnpenesieHue MOIHOCTH IPOU3BOIAMUTCS C
nomouibio amrnepMmerpa (6) u Boapt™meTpa (5). Temneparypa TEmI00TAOLIEN TOBEPXHOCTH
(CTeHKHU TpYOBI) OIIPEAEIIACTCS C MTOMOIIBIO TOTEHITHOMETPa (4) U YETHIPEX XPOMEIIb-
anromelieBbIX Tepmonap (1), 3auexkaHeHHBIX 10 Beel AuHe. B 1ensx 10cTaTouHo MOJIHOr0
ycpenHeHus (C y4eTOM XapakTepa U3MEHEHUs TEeII00TJauu 10 IepUMeTpy TpyObl) TepMOIaphl
YKpEIUICHBI Ha TPyOe 110 BUHTOBOMW JINHUH.

£

o el o e

0°C 200 °C

T
T
!
T
.
T
T
I
I

—— .

2.4.

Puc. 2.1 — Cxema 1a00paTOpHO#i YCTAHOBKHU

Yka3anus mo TexHuke 0e30ImacHOCTH

0o

I

CryneHTsl 00513aHBI BBITIOJIHATH O0IIHE TpeOOBaHUSI O€30MTACHOCTH COTJIACHO
WucTpykimu o oxpane tpyaa B nadopatopuu C-108 «Temnorexnuka. TemnorazocHabxeHue U
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BeHTWIsIH. Terorexundeckue uamepenus. CtpourtenpHas Terodusnka. OTorieHue.
Tennocuabxenue. TermoreHepupyronme ycTaHOBKU. DHeprocHadkenne. OXxpaHa BO3IyIITHOTO
Oaccelina» kadenpsl «TemmoTexHuka, TemIora3oCHa0KeHNE U BEHTUIISIIHS, YTBEPIKICHHOM
26.12.2005 roga. MHCTpyKTaX MO TEXHUKE O€30IaCHOCTH IMPOBOJAMTCS MPEIIOAaBaTEIEM M0/
POCHHCH CTYJIEHTa B CIIELIUATILHOM XypHae 1o « TexHuke 6€30macHOCTH.

2.5. Mertoanka u NOPsi/IOK NpoBeeHUs1 padoThl
Cpennee 3HaueHue koddduirenTa TemIo0TAauN ONPEAEAeTCS U3 ypaBHEHUS:

__Q
o= ! 2.5)
adL - AT :
rae L — nuHa Tpyosl, M;
d — auamerp TpyOBI, M;
AT = Ter— Tx —TemnepaTypHslii Hanop, K;
L+ +t+t, 6+t

TCT: 1 2 364 5 6+273,K;
T, =t,+273,K
Qx — MOIITHOCTH TEIJIOBOTO MOTOKA, IEPEIABAEMOT0 ONIBITHON TPYOOH B OKPYKAIOIIYIO

cpeay nyrTeM KOHBCKIHUHU, Br.
MOHIHOCTI) KOHBCKTHBHOI'O TCIIJIOBOI'O ITIOTOKA ONPCACTIACTCA U3 YPABHCHUA

Q=Q:—Qs, 2.6)

rae Qn — MoJIHOE KOMMYECTBO TEIIa, KOTOPOE BBIACISIETCS JIEKTpOHArpeBaTesieM 1
nepesacTcsl MyTeM KOHBEKIIUN U JTydeUCTyCKaHusI (OHO YHCIICHHO PAaBHO MOIIHOCTH
anektpoHarpesarens Q=W =U - I), Br,

Qi — KOJIMYECTBO TeIUIa, MepeaBaeMoro TpPyool B OKPYKAIOIIYIO CPely MOCPEICTBOM
Jydyeucnyckanus, BT.

T 4 T 4
—g.Co-|| = | o = | | f,
u=¢Col {100 "\ 100 2.7)

IJIe € — CTeNEeHb YEPHOTHI ITOBEPXHOCTH TPYObI, TPUHUMaeMast /Ul yCTaHOBKH, PaBHOM
0,7; Co = 5.67 B1/(M?*K) — K02 pUIIEHT M3ITydeHus abCONOTHOTO YepHOTO Tena; f —
TIOBEPXHOCTH TPYOBI, M2.

[Tocne ycTaHOBIEHMS CTALIMOHAPHOTO TEIJIOBOTO PEXXHUMa HEOOXOJMMO 3aHCcaTh
NoKa3aHusi NpuOOpOB (HAIpsHKEHHE, CHJIa TOKAa M TEMIIEPaTypbl IOBEPXHOCTH TPYyObI) B hopMme
TabaumsI 2.2.

Tabanna 2.2 — IKcnepuMeHTAJIbHbIC 3HAYECHUA pado4nX MapaMeTpoB 110
pe3yJbTaTam HA0JII0IeHU i

No UB |, Q, {1, 1o, i3, 1a, ts, ts, tos, Ter, | T, | 4T,
pex A Bt °C °C °C °C °C °C °C °C °C °C
1

2

3

2

5

B cBsi3u ¢ TeM, 4TO B TaHHOM 1a00paTOPHOI pabOTe TETUIOBBIE MPOIECCHl 00IaTa0T
CYIIIECTBEHHOW MHEPIIMOHHOCTHIO, PEKOMEHTyeTCs TPOBECTH TOJIBKO TPH OMbITA. JlaHHBIE
OCTAJIBHBIX TCIIJIOBBIX PEXKUMOB YCTAHOBKH BBIJAIOTCA MPEIIOAABATCIIEM KAXKAOMY CTYACHTY 10
WHAWBUIYaIbHOMY BapHaHTY.
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O0paboTKy IKCIIEPUMEHTATBHBIX TAHHBIX TI0 BCEM PEKUMaM MPEACTABUTH B BUJIC
TaOIUITBI 2.3 ¥ IPOBEPUTHh HA KOMIIBIOTEPE C TIOMOIIIBIO CIICIIMAIBHON TTPOTPAMMBI,
pa3paboTaHHOM B pelakTope ICKTPOHHBIX Tabmi Excel.

Tab6anna 2.3 — Pe3yabrarbl 00pad0oTKH 3KCIEPUMEHTAJbHBIX IAHHBIX

0 Qnyq, Q, . POKIM
Ne pex Br Qx, Bt Br/(M2K) Gr Pr Gr-Pr C n JBUKEH

Ol WINEF

Ha ocHOBaHMM MPOBEPEHHBIX PACUETHBIX JAHHBIX MOCTPOUTH TpaPuK (PYHKIHNOHATBHOMI
3aBUCHUMOCTH (Y, = f (AT), e g, — Cpe/iHee 3HaUYCHHE KO3 pHIIMEeHTa TeIIOOTAAYH OT

HICCIIEyeMOl TOPH30HTAIBHOM TPYOHI K OKpYKaroleMy Bo3ayxy, Br/(m%-K).
3aTem, MpeCTaBUTh 3aBUCUMOCTh Aoy = f (AT) B BHJIE KPUTEPUATILHOTO YPABHEHHS

2.1, KOTOpOE OMHUCKHIBAET MPOLIECC KOHBEKTUBHOTO TEIJIOOOMEHA ISl clTy4yasi CBOOOAHOTO
JBYDKEHUS BO3JIyXa OKOJIO UccieayeMoi TpyOsl. C 3TOi 1eNbi0 BEIUUCIAIOT 3HAYEHUE
kputepueB Hyccenwta (NU), I'pacroda (Gr) u Ilpanarns (Pr). Kpurepwuii [Ipanatis MoxeT ObITh
HETOCPEACTBEHHO MPUHSAT 110 Taduuie 2.4. BeranciaeHrne yka3aHHBIX BETUYMH BBITOTHICTCS JUIs
BCEX OMBITOB U cBoauTCS B Tabnuity 2.3. [locne 3Toro ctpoutcs rpaguk 3aBUCUMOCTH B
cooTBeTcTBUU ¢ popmyrnoii (2.1). Jlorapupmupys 3aBucumocTs (2.1), nonydyaem ypaBHEHHE
BUJA
IlgNu,, =1gC +n-Ig(Gr-Pr),. ”g (
.8)
CrnenoBarenbHO, B JOTapUPMHUECKON CHCTEME KOOPMHAT ATa 3aBUCUMOCTh HMEET BH]T
IIPSAMOM JINHUH.
OtxmazpiBas o ocu abceruce Benmuuuny 1g(Gr-Pr)m, a mo ocu opaunaat IgNUm, monydaem
JUHENWHYIO 3aBUCUMOCTh B COOTBETCTBHMHU C YpaBHeHUeEM (2.8).
[Tokazarens crenenu N B ypaBHeHuu (2.1) OyAeT paBeH TaHIeHCY yriia HaKJIOHa 3TOU
npsaMoii k ocu abeuucc. I[Tocrosunas C HaxoIUTCS U3 COOTHOIICHUS JUIsl JTF0O0H TOUKH MPSMOIA.

_ Nup (
(Gr-Pr); 2.9)

PacyeTsl 1 OCTpOEHNS pEKOMEHAYETCS BBIIIOJIHATH C UCIIOJIB30BAaHUEM PEIAKTOpA
3JIEKTPOHHBIX Tabsui Excel.

Ecnu 115t mocTpoeHus 3aBUCUMOCTH 2.8 UCIIOIB30BATh AJIEKTPOHHBIE HHCTPYMEHTHI
To4YeuyHO# nuarpammel EXcel, To koaddunmentsr IgC u N OyayT paccyuTaHbl aBTOMAaTUYECKH B
IIPOLIECCE TTOCTPOEHHUS.

[TonydeHHbIe SKCTIEpUMEHTANIbHBIE 3HAYEHUS KO3(DPHUIIMEHTOB CPAaBHUBAIOT C
JUTEPATypHBIMU JTaHHBIMHU.

Jannas mabopaTopHas paboTa CYMTAETCs BBHITIOJIHEHHON, KOJIa CTY/ICHT,
IPUCYTCTBYIOLIMH HA 3aHATUU U BHIIOJHUBIINM MPAKTUYECKYIO YaCTh pabOTHI, IPE/ICTABIISAET
MpernoAaBaTelio MMCbMEHHBIM OTYET BBIIOJIHEHHOM 1ab0paTopHOi paboThl B MOJIHOM 00BEME.

2.6. Conepxanue oruyera u ero gopma

Otuer odopmiisercs B 18-11CcTOBOM TETpaau U TOJKEH COAEPKATh CIEAYIOIIUE MYHKTHI:

— Tema paloThl,

— TIeJb paboTHI,

— KpaTKoe OIrcaHue paboThI;

— MPHUHIUIHAIBHYIO CXEMY OIBITHON YCTaHOBKH;
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— MPOTOKOJI 3aMUCH MOKA3aHUN U3MEPUTEIBHBIX IPUOOPOB,

— 00paboTKy pe3ynbTaToB ombITa (1Mo ¢hopme Tadauisr 2.3);

— rpaduvecKkre 3aBUCIMOCTH:

a) ko3 duIeHTa TeII00TJauH OT TEMIIEPATyPHOI0 HAIopa;

0) xpurepus Hyccenbra ot npoussenenus kputepues ['pacroda u Ipanaris (B
Jorapu(MHUIECKOM BHUJIC);

— COIIOCTaBJICHUS PE3YJIbTATOB OIbITA C IUTEPATYPHBIMU JAHHBIMHU.

2.7. Bonnpocsl A5 3a1IUTHI padoThI

1. ®usnyeckas CynHOCTb IpoLecca KOHBEKTUBHON TEIUIOOTAa4M. B yem cocTout
NPUHIUIHATIBHAS PA3HULIA MEXK/TY MPOLIECCOM KOHBEKTHBHOTO TEIUIOOOMEHA U MPOLIECCOM
TEIUIONPOBOAHOCTH.

2. 3akoH HrprotoHa-Puxmana; ko3 duiment temnoornaun.

3. BiusiHue Ha MHTEHCUBHOCTH TEIIIO0O0OMEHA TEMIIEPaTypHOro Hanopa, GU3n4eckux
CBOMCTB JKUJKOCTH, PACIIOJIOKEHHSI ONIBITHOM TPyOBl B IPOCTPAHCTBE.

4. Teroota4ya Ipy pa3andHbIX BUJAX JBHKEHUS CPEAbl U U3MEHEHUS €€ arperaTHOro
COCTOSIHUSI.

5. Teopus nopo6us; KpUTEPUU MOI00US.

6. OOpaboTKa OMBITHBIX JAHHBIX B YUCIIAX U KPUTEPUAX MMO00MS, UX aHAIN3; OOIIHe
yCI0BUS OJI00US (PU3UUECKUX MTPOLIECCOB.

7. JIy4ucThIil TENJI000MEH: OCHOBHBIE TIOHATHUS U 3aKOHBI TEIUIOBOTO U3JIYy4ECHHUS.

8. 3ny4yeHue 1 NOrJIOUICHUE SHEPTUU Ta3aMH.

9. JIy4ucThIil TENJI000MEH MEXAY TeJIaMu; SKPaHbl AJIS 3aLUThI OT U3JIy4EHUS.

13. 3akon Credana-bonbimana.

14. Kak 3aBucut k03 pUIIMEHT TETTI00TAaYH OT JHAMETpa OJMHOYHOMN TPYOBI IPH
cBOOOTHON KOHBEKIIMU?

15. Kak onpeznensieTcs TEMIOBOK MOTOK ITPH BHIIOJIHEHUH J1a00paTOpHOil paboThI?

16. Kputepuit Hyccenbra. ®usznueckuii cmpici. O603HaUUTh BXOASIIHE B HETO
BEJIMYMHBI.

17. Kputepuit nonodbus I'pacropa. ®uzndeckuii cmpicii. O003HAUUTH BXOAIINE B HETO
BEJIMYMHBI.

18. Kpurepuii nogobus Ipanatia. @usndeckuii cMmpicii. O003HAYUTH BXOASIINE B HETO
BEJIMYMHBI.

19. Kpurepuit nono6us Pefinonbaca. @uszndeckuit cmpicii. O003HAYUTH BXO/ISIINE B
HETO BEJIMYUHBI.

20. Ha3BaTh ruipoJuHaMHUUECKHUE PEKUMBI IIPU BBIHY)KJIEHHOM JIBUKEHUH KUIKOCTH.
VYka3aTb rpaHUYHBIEC 3HAYEHUS KPUTEPHS, XapaKTEPU3YIOLIETO 3TU PEKUMBL.

21. OOt BuA KpUTEPUATILHOTO YPaBHEHHUS ISl BBIHYKJIEHHOTO KOHBEKTHUBHOI'O
TEII000MeHa.

22. OO0t BUJ KPUTEPUAIIBHOTO YpaBHEHUS JJIsl CBOOOTHOTO KOHBEKTHBHOTO
TEII000MEHa.

23. PazmepHOCTh KO3 GUIIHEHTA TETIIIOOTIAYH.

24. Yro siBIIsieTCs ABMOKYILEH CUIION KUIKOCTH MPH CBOOOIHOM U MPU BBIHYXIEHHON
KOHBEKIUN?
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JlabopaTopnasi paGora Ne 3
ONPEJEJIEHUE TEIIJIOBbBIX XAPAKTEPUCTHUK
OTOIIUTEJBbHbBIX ITPUBOPOB.

3.1. HeJus u cogep:kanue

OmnebiTHOE Onpeaenenue ko3 duirenTa Temonepeayd U TEIJI0BOTO HAPSHKEHUS
paboueil MOBEpXHOCTH OTOMHUTEIBHOTO MPHOOpa IS Pa3InYHBIX THIIOB IPUOOPOB M CXEM UX
NPUCOETMHEHNUS K TEIIOCETH, a TAKXKE ITPU PA3IMYHBIX TEMIepaTypax M pacxojaax
TEIUIOHOCHUTEIIS Yepe3 mpuodop.

3.2. Teoperuueckoe 000CHOBaHUE

OcCHOBHbIE XaPAKTEPUCTUKHN OTONMHUTEIbHBIX NPUOOPOB.

OTtonuTenbHBIMU TPHOOPAMH HA3BIBAIOTCS YCTPOMCTBA IS TIepeIadyr TEIIa OT
TEIJIOHOCUTEISI HETIOCPEICTBEHHO K OTAIUIMBaeMOMY MOMEIIeHUI0. Yepe3 cTeHKu mpudopa
IPOUCXOJUT TEIIIO0OMEH MEX/1y MPOTEKAIOIINM BHYTPU OTOIUTENBHOIO Iprbopa
TEIUIOHOCHUTENIEM (KaK MPaBUJIO, 3TO HarpeTasi BoJa WK BOASHOHN Map) U BO3yXOM IMOMEIIECHUS.

OTtonurenbHbIe TPUOOPHI JOJKHBI YIOBJIETBOPSTH TEIIIOTEXHUUECKUM, TEXHUKO-
SKOHOMHYECKUM, CAHUTAPHO-TUTUEHUYECKUM M ICTETHUYECKUM TPeOOBAHUSM.

OCHOBHOH TEIJIOTEXHUYECKOH XapaKTEPUCTHKONW OTOIUTEIBHOTO TPUOOpa SBISETCS €T0
koaduimenT remnonepenadn. O0bryHO Hanbomee 3PPEKTUBHBIMU SIBISAIOTCS OTONUTEIbHBIC
npuOOpPHI, UMEIOIIHE O0JIee BBICOKHH KO GUIMEHT Terutonepeaadn. s TeroTeXHnIecKom
OILICHKHU M CPaBHEHUS Pa3UYHBIX TUIIOB OTOMUTEIHHBIX MPUOOPOB BBOJIUTCS MOHSATHE
«OKBUBAJICHTHBIN KBAAPATHBIA METP» MOBEPXHOCTU OTOMMUTEILHOTO MPUOOpa (3KM).

DOKBUBAJICHTHBIM KBaJpaTHBIM METPOM Ha3bIBAIOT YCIOBHYIO HAPYKHYIO TOBEPXHOCTh
OTOIUTENHLHOTO MPUOOPa, UMEIONTYIO TETUIO0TAauy (TEIIOBOM MOTOK) MOIIHOCThIO 506 BT, mpu
CpeIHel pa3HOCTU TeMIIepaTyp ropsiueii BOAbl M BO3/lyXa B IOMELIEHUU paBHOH 64,5 °C u
CTaHJAPTHOH (OTKPBITOI) ycTaHOBKE MpHOOpa ¢ 1oaueii ropsdeii BOJbI IO CXEME «CBEPXY
BHU3».

[Ipu 3TUX Moka3arensx pacxoj BoAbl B IpuOope Ha 1 3kM cocTaBUT

_ 3.6-506 174 _KT ) (
4.19-(95-70) 9 5KM 3.1)
K03 (ULIMEHT TerIonepe1ay, COOTBETCTBYIOMIMM 1 kM npubopa, paBeH
506 Br (
k=—"" =784 ——.
82.5-18 M’ -K 3.2)

N3mepenue TennooTAAmEN TOBEPXHOCTH B SKBUBAJICHTHBIX METPAX €CTh CPAaBHEHUE
JAHHOTO MPHOOPA € ATAJIOHHBIM. 3a 3TAJIOHHBII NPUHAT YYTYHHBIN CEKIIMOHHBIN paguaTop Tuma
H-136 (cTpoutenbHas riy6una 136 MM, MoHTaxHas BeicoTa 500 Mm). Uepes 1 M2 BHermHeit
(bu3nYeCcKOi MOBEPXHOCTH ATAIOHHOTO pasnaTopa (MIomaab YeThIPEX CeKINUN) MpU UCTIBITAHUU
B CTaH/IAapPTHBIX YCIOBUSX MEpEacTCs B IOMEIEHNE TEMIOBOM TOTOK, paBHbIi 506 BT.
CrnenoBarenbHO, 5KBUBAJICHTHASI IJI0IA/1b TEIJIOOTIAOIIEHN TOBEPXHOCTH CEKIIMH STATOHHOTO
panuaTopa paBHa ero (PU3MYECKON TUIOMIAIH.

ConocrapneHue MIoMaAl MOBEPXHOCTH OJTHOTO 3JIEMEHTA KaKOro-TMO0 OTOMUTEIBHOTO
npubopa B SKBUBAJICHTHBIX KBAJIPATHBIX METPAX, C MJIOMIA/IBbIO €r0 IIOBEPXHOCTH B KBAJIPATHBIX
MeTpax, JaeT BO3MOXKHOCTh CYJUTh 00 OTHOCUTEIILHON TEIUIOTEXHUYECKOHN 3PHEeKTUBHOCTH
npubopa.

Jlj1s cpaBHUTENBHOM TEIUIOTEXHUUYECKOM XapaKTepUCTUKU Pa3HBIX THIIOB OTOMUTENbHBIX
pHOOPOB BBOAUTCS «KOI(DPHUIMEHT TepecyeTay, KOTOphlii paBeH OTHOIIEHHIO TEMI00TAaYd 1M?
JENCTBUTENbHOM MMOBEPXHOCTH HAarpeBa OTOMUTENILHOTO Nprudopa K TeIooTAaue 1 5KkM ero
MOBEPXHOCTH MPH OJAMHAKOBBIX YCIOBHUIX PabOTHI IpUOOpa.

TexXHUKO-?KOHOMUYECKHE XapaKTEePUCTUKN OTOMUTENLHOTO MpUOopa OMpeesitoTCs ero
NIEPBOHAYAJILHON CTOMMOCTBIO, OTHECEHHOM K €IMHUIIE TEIlJIa, OT1aBAEMOT0 IIOMELIEHUIO TIpU
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OLIEHKE OTONUTENBHBIX MPUOOPOB, U3TOTOBICHHBIX U3 OJTHOTO U TOTO YK€ MaTepuaa, TeXHUKO-
HSKOHOMUYECKUM KPHUTEPHUEM MOXKET CITyKHUTh TEIUIOBOE HANPsHKEHUE MaTepHana.

[Ton TermI0BBIM HANPSHKEHUEM MaTepHaia MOHUMAIOT KOJMUYECTBO TEIlIa, CO3/1aBaeMOr0
npuOOpOM B TeueHHe 14 MpH pa3HOCTH TEMITEPaTyp TEIUIOHOCHUTEINS U OKPYKAIOIIETo BO3IyXa B
1°C, oTHeceHHOr0 K |KI Macchl HarpeBareabHOro npudopa, Br/(kr-K)

Q=G Q ;
.th_tB

rae Q — MOIHOCTB TEMJIOBOTO NMOTOKA, OT npubdopa, Bt;

G — macca npubopa, Kr;

tnp — cpenHss TeMIieparypa noBepxXHOCTH pudopa, °C;

ts — TemnepaTypa BHyTpH nomenienus, °C.

YeM Oouibliie TEIUIOBOE HANPSHKEHUE, TEM SKOHOMUYHEH OTONUTENbHBINA MPHOOp 1O
pacxo/0BaHUIO METalljIa Ha €ro U3rOTOBJICHUE.

[ToBBICHTH TEMJIOBOE HAIIPSKEHHE MOYKHO, KaK 3TO BUJIHO U3 ypaBHeHus (3.3), myrem
MOBBIIIEHUS KO UIHEHTA TeIUIoNepeaayr, 00ECIIeYNBAIOIIET0 YBETHYEHIE MOITHOCTH
TEIIOBOTO MOTOKA, YMEHBILIEHHS MACChl IPHOOPa, OTHECEHHOH K 1M? MOBEPXHOCTH HArpesa,
CHIDKEHHEM MacChl 9KM, JINOO IyTeM COOTBETCTBEHHOTO M3MEHEHHS 000UX (PaKTOpOB.

CaHuTapHO-TUTMEHNYECKasl OLIEHKA OTOMUTENILHOTO MpUOopa XxapakTepusyercs
KOHCTPYKTHUBHBIM PELICHHEM MPUOOpa, 00JIErJaromero Coaep >kaHnnue ero B YUCToTe, yA100CTBOM
peryaupoBaHus TEIJIOOTIauH, 10JIeH TeIlla JTy4eucyCKaHueM (JIyYHUCTbIe CUCTEMbI OTOIUICHUS
MMEIOT HaUBBICIIYIO CAHUTAPHO-TUTUEHUUECKYIO XapaKTEPUCTUKY).

OTtonuTtenbHbIN MPUOOP T0JIKEH OTJaBaTh IOMELICHUIO PACYETHOE KOJIMYECTBO TEILIa,
OIpeeIIIEMOE BEIMYMHON TEIUIONOTEPh 3AaHMUS.

OTtonutenbHbIe TPUOOPHI JOIKHBI UMETh KPAaCUBYIO (POPMY U OBITH I0CTATOYHO
KoMIakTHbIMHU. Kpome ynoMsiHyTOro, npuOop JOKEH yI0BIETBOPSITH MOHTAXHO-
CTPOUTENBHBIM TPEOOBAHUAM: 00J1a1aTh BO3MOXKHO MEHBIIIMMHU CTPOUTEIIHBIMU TabapuTamMu
(TMHOM M TIyOMHOM 111 BO3MOXKHOCTH YCTaHOBKH MPUOOPOB 0€3 HUIII), AOMyCKaTh
BO3MO>KHOCTh KOMIIOHOBKHM IIprOOpa, TpedyeMoii MOBEpXHOCTH HarpeBa myTeM COOpKH U3
OTJIEJIbHBIX DJIEMEHTOB.

Bujbl oTonuTebHBIX IPUOOPOB.

OTtonuTtenbHbIe TPUOOPHI ACTATCS HA MATh OCHOBHBIX BUOB: PaIUaTOPbl CEKLINOHHBIE U
NaHeJIbHbIE, MIaJKOTPYOHbIE MPUOOPHI (TpU BUA MPUOOPOB 3TOrO THUIA UMEIOT IIIa/IKYIO
BHEIIIHIOIO TOBEPXHOCTH), KOHBEKTOPHI, peOPUCTbIE TPYObI (MMEIOT peOpHUCTYIO MOBEPXHOCTH). K
npubopaM ¢ pedpUCTON BHEIIHEH TOBEPXHOCTHIO OTHOCSTCS TaKkKe KaJopudepbl, IpUMEHsIeMbIe
JUIsl HArPEBAHUA BO3/lyXa B CUCTEMAax BEHTWISALIUU U BO3AYIIHOTO OTOIUICHUSI.

[To marepuaiy, U3 KOTOPOrO U3rOTABIUBAIOTCS OTONUTENIbHBIE TPUOOPHI, PA3IUYAIOT
MeTaJUIn4ecKue, KOMOMHUPOBAaHHBIE M HEMETAUInYecKrue Mpuoopbl. MeTamndyeckue npubopbl
BBITIOJIHSIFOT B OCHOBHOM M3 CEPOT0 UYyTryHa M CTAIH (JTUCTOBOM CTAlM U CTAIBHBIX TPYO).
[TpuMeHSIOT TakKe MeHbIE TPYObI, TMCTOBON allOMUHUM U APYrHe MaTepHalbl.

1o TemnoBoit MHEPLUU TPUOOPHI MOXKHO Pa3/IeIUTh Ha MATIOMHEPLIMOHHBIE U
UHEpPIHOHHBIE. MaloMHEePIIMOHHbBIE TPHOOPHI UMEIOT HEOOBIITYI0 MacCy U BMEIIAI0T MaJloe
KOJIMYECTBO BOJbI. Takue mpuOopsl, BHIMOIHEHB HA OCHOBE METAINTMYECKUX TPYO Majioro
JaMeTpa, ObICTPO U3MEHSIIOT TeIUIoNepeiauy B MOMELICHHUE IPU PeryJIMpOBaHUH KOJIMYECTBA
TeruioHocuTens. TenaonHepoHHbIe TPUOOPHI — MACCUBHBIE, BMEIIAIOIINE 3HAYUTEILHOE
KOJIMYECTBO BOJbI, MEJIEHHO N3MEHSIOT TEILIONEpe1ady B IOMELEHUH.

3.3)
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Tab6anna 3.1 — TexHu4YecKHe XapaKTePUCTHKH PeOPHCTHIX YYTYHHBIX TPYO

IToBepxHOCTH Harpesa Koadduument Macea oHofi
Hnuna, m 2 nepecyera
M KM 2 KM TPYOBI, KT
0,5 1 0,69 0,69 18,0
0,75 1,5 1,03 0,69 26,2
1 2 1,37 0,69 37,5
1,5 3 2,07 0,69 56,5
2 4 2,76 0,69 75,2

Tabanna 3.2 — TexHuYecKHe XapaAKTEePUCTHKH YYTYHHBIX CEKIIMOHHBIX PA/IMaTOPOB

BricoTa
n Koag. = < < | Macca
OBEpPXHOCTb HarpeBa < = = .
HaunmenoBanue nepe- % = S = | onHOWM
ceKluu (TIaHesnn) = % g ©
npubdopa cyera, = s 5 2 | cexuuw,
MZ/9KM = S ~ KT
M? KM &
M-140 0,254 0,310 1,22 582 | 500 | 96 | 140 7,60
P/1-90 0,203 0,275 1,35 582 | 500 | 96 | 90 6,96
M-140-A0 0,299 0,35 1,17 585 | 500 | 96 | 140 7,52
M-140-A0-300 0,17 0,217 1,276 | 382 | 300 | 96 | 140 5,29
P/1-90-C 0,203 0,275 1,35 582 | 50 | 96 | 90 6,95

Tadauna 3.3 — TexHuveckne XapaKTepUCTHKN KOHBEKTOPOB IJIMHTYCHOIO TUIA 0e3
KOKyXa C opedpeHueM.

HanmMeHnoBaHue moka3arens Tun konsekTopa
ISKIT | 16 KIT | 17 KIT | 18 KIT | 19 KII
Bricota, MM 80 80 80 80 80
I'nmy6una (1mpuHa), MM 60 60 60 60 60
JInvHa CeKIUU, MM 750 1000 1250 1500 1750
Macca »aemMeHTa, KT 2,6 3,4 4,2 5,0 5,9
IToBepxHOCTH HarpeBa, M2 0,55 0,73 0,95 1,14 1,37
[ToBepxHOCTH Harpesa (0 JHOPSIHAS 0,34 0,46 0.6 0.7 0.86
YCTaHOBKA) IKM
Tabanna 3.4 — TexHu4yecKHe XapaKTePUCTHKH CTATbHBIX MIAHEJIbHBIX PA/IHATOPOB
Bricora
IToBepxHOCTH ® < <
Haumenoanue HarpeBI; CEKIIUU Koo pu-uuent 3 T = z MaCCEl
nepecyera, T X S OJTHOM
npudopa (manenm) 2/ E S = =
M*“/3KM é = = [ | CEeKIHH, KT
M? KM =
M3-500-1 0,64 0,83 1,3 564 | 500 | 518 | 25 7,5
M3-500-2 0,96 1,25 1,3 564 | 200 | 766 | 25 11,0
M3-500-3 1,20 1,56 1,3 564 | 500 | 952 | 25 13,8
M3-500-4 1,60 2,08 1,3 564 | 500 | 1260 | 25 18,8
M3-500-5 1,92 2,40 1,25 564 | 500 | 1510 | 25 22,6
M3-350-1 0,425 0,60 14 406 | 350 | 518 | 25 5,97
M3-350-2 0,637 0,89 14 406 | 350 | 766 | 25 8,65
M3-350-3 0,797 1,2 14 406 | 350 | 952 | 25 10,8
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| M3-350-4

| 0,062 |

1,49

14

| 406 | 350 | 1262 | 25 |

14,4

Taoauna 3.5 — TexHuyeckue XapakTepuCTUKUA KOHBEKTOPOB TUna “Komdopt”

Jnaverp [ar [ToBepxHOCTH HarpeBa B IKM IpH Bhicota, MM Tny6ima,
TUTACTHH, JUIMHE KOHBEKTOPa, M
TpYOBI, MM MM 0,71 0,11 1,51 KOXyXa | moJiHas MM
15 7,5 0,76 1,27 1,70 215 275 62
15 7,5 0,985 1,64 2,30 215 315 124
15 5,0 1,24 2,06 2,87 215 315 124
20 7,5 1,53 2,55 3,57 215 315 124
3.3. Anmapartypa M MaTepHuaJibl

Cxema 3KCepuMEHTAJIbHON YCTaHOBKH JIJISl ONIPEIETICHUS TEINIOTEXHUYECKUX U
TE€XHUKO-3KOHOMUYECKUX XapaKTEPUCTHK OTOMUTEIbHBIX PUOOPOB IpecTaBieHa Ha puc.3.1 u
Ha [1aHEeJIU IUTA YIIPaBJICHUs JJAOOPAaTOPHON YCTAHOBKH.

OCHOBHOW KOHCTPYKTUBHOW 4aCThIO SKCIIEPUMEHTAILHOTO CTEHJIA SIBJISIFOTCS YEThIPE
METAJIIMYECKUX OTOIUTENbHBIX TPUOOpa Pa3IMYHBIX TUIIOB: KOHBEKTOD 1, pedpucrtas tpyoda 2,
YyT'YHHBIH pazinaTop CeKLIMOHHOr0 TUMa 3, CTaJbHON MaHeNbHbIN paguarop 4.
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Puc. 3.1 — Cxema 1a00paTOPHOH YCTAHOBKH

«O0Bs3Ka» HarpeBaTeIbHBIX MPUOOPOB MO OTHOIIEHUIO K UCTOYHUKY TETIJIOHOCUTES
OCYIIIECTBJIEHA 110 CXEME MapauIeIbHOTO MOAKII0YEeHNS. 3all0pHble BEHTHIIN, YCTAHOBJIEHHBIE Ha
BXO/I€ M BBIXOJIE KaXI0TO MPUOOopa, MO3BOJISAIOT PEryIHpOBaTh MOJa4y TeIJIOHOCUTES B
npezenax oT HyJsl 10 MAKCHMAJIBHOTO 3HAYCHUS U OTKJIFOYUTH MPUOOP.

Harpes u nojava TerioHOCUTENS B CHCTEMY OTOMHUTENbHBIX TPUOOPOB OCYIIECTBIISIETCS
¢ momotpeo Tepmoctata S (puc. 3.1). TepmMocTat «MOXKET MoJaBaTh» BOIY KOMHATHOM
TEeMIIepaTyphl (HarpeB OTKIIIOUEH). 3aJaHHas TEMIIEpaTypa TEIJIOHOCUTENS TOAIEPKUBACTCA
MEPUONYECKUM aBTOMAaTUYECKUM BKJIIOUCHHEM HarpeBaresie TepmMocTaTa. 3anmyck Hacoca 9
M0/1a4y TEMJIOHOCUTENSI U BKIIFOUEHHE HarpeBaTeIbHbIX 3JIEMEHTOB OCYIIECTBISETCS CO LIUTA
YIIpaBJICHUA YCTaHOBKOﬁ. KOHTpOJ'IB TEMIICPATYPHBI TCIIJIOHOCUTEIA Ha BBIXOJAC U BXOAC KaXKA0I0
OTOMUTENILHOTO MPUOOpa OCYIIECTBISIETCS C TOMOIIBIO TEPMOMETPOB COMTPOTUBIICHUS,
YCTaHOBJIEHHBIX Ha MOJBOSIINX U OTBOAALINX MaTpyokoB npubopos. [lokazanue TemmnepaTypsl
M0 KaXJI0W «TOUYKE» PErUCTPUPYETCs MOTEHUIUOMETPOM 6. «CUrHain Ha HOTEHIIMOMETP
MOCTyNAaET yepe3 nepekiovaress 7. Pacxon nurarenbHON BOJbI U3MEPSIETCS MPU MOMOIIA
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porametpa 8. KoHTposb TeMnepaTypbl OKpYyXKarolllero Bo3ayxa B 1adbopatopui s Bemercs ¢
HOMOILBIO TEPMOMETPA.

3.4. Yka3aHuf N0 TeXHHKe 0€30MaCHOCTH

CryneHTbl 00s3aHbI BHIIOIHATH 001I1e TpeOOBaHMS 0€301TaCHOCTH COTIACHO
HNHucTpykiuu o oxpane Tpyaa B madoparopun C-108 «Termmorexnuka. TemnorazocHa0xeHue U
BeHTHISIM. Termnorexunyeckue nuamepenus. CrpoutensHas Teriopusuka. OTomieHue.
Temnocuabxenue. Ternorenepupyoniye ycTaHoBki. DHeprocHadkenne. OxpaHa BO3IyIIHOTO
Oacceitna» kadenpsl «TemnoTexHuka, TEIIOra30CHA0KEHUE U BEHTHIISLHS, YTBEPKICHHOM
26.12.2005 roga. MHCTpyKTaX 1O TEXHUKE O€30MaCHOCTH MPOBOJAMUTCS MPEIIOAaBATEIEM TTO/T
pOCIINCH CTYAEHTA B ClIEHUAIbHOM XypHaJie 0 «TexHuke 6€301macHOCTY.

3.5.  Metoauka 1 NOpPsiI0K NPOBeieHus padoThI

1. BKIII0YHMTh HarpeBaresd TepMOCTaTa U YCTAaHOBUTH TPeOyeMbIi TeMIIepaTypHBIN
pexxum Tertonocutens (o) mo 3aganuto npenoaasarens (60+95°C).

2. TloakIII0UUTh K CETH TETNIOCHAOKEHUSI UCTIBITYEMbIN OTOMUTEIbHBIN MPpUOOp, OTKPHIB
BXOJIHOM U BBIXOJHOM BEHTHJIM U YCTAaHOBUTH TpeOyeMblil (110 3aJaHUI0 TPEro1aBaTesi) pacxo
terutonocurens (10+50 kr/gac).

3. AobuTthces cTainoHapHOTO (YCTaHOBJICHHOT'0) TEIJIOBOTO PEKUMA TIpU
dukcupoBaHHOM pacxoje (M = const) u Temneparype terioHocurens (to = const).
KonTponbHblie 3amepsl Temiepatyp Ha BxoJie (1ax) 1 BbIXofe (tenx) OTONUTENHLHOTO MPUOOpa
MPOU3BOJUTH Yepe3 Kaxkable S MUHYT 3-4 pa3a. O MoIydeHHUH YCTaHOBUBIIETOCS PEKUMA
CBUJICTENLCTBYET HEM3MEHHOCTh IMOKA3aHUH TeMIEpaTyp ABYX MOCIEAHUX 3aMEPOB.

4. IlokazaHus TeMIepaTyp U 3HaYEHUs pacxoja pu YCTaHOBUBILEMCS PE-KUME 3aHECTH
B CBOJIHYIO Tabmuily 3.6 pe3yiabTaToB HKCIIEPUMEHTOB: KaXXI0€ HAOII0ICHUE CIIEAYEeT
IIPOU3BOJIUTH B TEUEHHE MATU MUHYT U TIOBTOPSITh HECKOJIBKO pa3, @ pacXoj TEIJIOHOCUTES B
JIBa pa3a — B Hauaje U B KOHIIE HAOIIOeHUSI.

5. YcTaHOBUTBH HOBBIN TEMIEpAaTypHBINA PEKUM Ha TEPMOCTATE U MPOBECTH HAOIOIEHUS
AQHAJIOTMYHO MEePBOMY; TpeThe HabIoIeHue (Ha OUYepeTHOM TEMIIEPATYPHOM PEKUME
TepMOcTaTa) MIPOBOAMUTCS 110 AaHAJIOTUU C IEPBBIM U BTOPHIM.

Tabanna 3.6 — JkcnepuMeHTAIbHbIE 3HAYEeHHUS pado4nX MapaMeTpoB 110

pe3yJIbTaTaM HA0JK01eHuil
No pexxuma to, °C tax, °C e, °C ts, °C M, kr/ua
1
2
3

O0paboTka pe3yJIbTaTOB IKCIIEPUMEHTA.

3arotaBnuBarOTCs (HOPMBI MPOTOKOJIA I 3aITUCH HAOJIIOICHUIN U pe3yIbTaTOB
00pabOTKH IKCIEPUMEHTAIBHBIX IaHHBIX B COOTBETCTBUU ¢ Tabiuuamu 3.6 u 3.7.

[Tocne okOHYaHHS OTIBITa BEIYUCIUTH CPETHUE TEMIIEPATYPhl U BEIMYHHBI pacXo/ia 110
Kax /101 rpage Tabuuiel 3.6 U1 Kaxa0ro HaOII0JeHUS.

KoaddummenT termonepenaun onpenensieTcs sl KaXI0ro HaOmroaeHus mo gpopmyie

K = M .Cp'(th_thx)

tBX + tBLIX —t 34)

3600 F -

rae M — pacxoj TeTUIOHOCUTEISI, KT/4;

C, — ynenpHas TETJI0EMKOCTh BOJBI IIPU CPEIHEN TeMIiepaType TeIIIOHOCUTEs, paBHAS
4,187-10° x/(xr-°C);

F — nelicTBUTENbHAS TOBEPXHOCTH HATPEBA UCITBITYEMOTO TIPHOOPA, M2,

Pe3ynbTarhl pacueToB 3aHOCATCS B Ta0nuiy 3.7.
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JIns Kaska0ro HaOTI0IEHUs ONPeIeNIAeTCs TEMI00T/Aa4a 1M2 HCIBITYeMOoro
OTOIHTENLHOTO TIpudopa mo Gopmyiie
= K- At, Br/v?
q H ) 3.5)

.+t
r,I[e At: BX 2BLIX _t ,OC;

K — snauenne kosdduimenta temnonepenadu, Br/(m>K);
TeruoBoe HanpsHKeHHE MeTalIa OTONUTEIBLHOTO IPUOOpa onpeaenseTcs no Gopmyie
(3.3). TemnoBOIi MOTOK OTOMUTENLHOTO TPUOOpPaA (OT TETJIOHOCUTEIISI K BO3/YXY) ONPENeNsIeTCs

o popmyie Q = ﬁ M-C, (t, —t..) Br.

Pe3ynbTarhl pacyeToB 1o KakoMy HaOJIOEHUIO 3aHOCITCS B Tabnuiy 3.7.

Tabauua 3.7 — Pe3yabTaThbl 00pad0TKH IKCEPUMEHTAIbHBIX TAHHBIX

[\] K’ q! At’ g’ Q,
No HabnroneHus Br/(M2-°C) Br/nm2 oC Br/(kr-°C) Br
1
2
3

Io pesynbTaTam pacueros crpoutcs rpagux K = f (At).

3.6. Conep:xanue otuyera u ero gopma

Otuer opopmiisiercst B 18-1MCTOBOM TeTpaay U JOJDKEH COJEpkKaTh CIEIYIOLUE TyHKTHI:
— TeMa paloThl,

— 11eTb paloTHI,

—  KpaTKoe onucaHue paboThl;

—  NPUHLIMIIMAIBHYIO CXeMY JJaOOpaTOpHON YCTaHOBKH;

—  IPOTOKOJI 3alIUCHU SKCIIEPUMEHTAIbHBIX JaHHBIX 110 opMme Tadiuibl 3.6;

—  pe3ynbpTaThl 00pabOTKH SKCIIEPUMEHTAIBHBIX JaHHBIX MO popme Tabauisl 3.7;

—  rpaduk 3aBucumoctn K = f(At);
—  BBIBOJIBI 10 PE3YJILTATAM MCCIIE0OBAHMIA.

3.7. Bonpocsl /151 3a1IUTHI Pa00ThI

1. XapakTepucTuka noTpeduTenei Tenaa U TUIBI TEIUIOUCTOYHUKOB.

2. XapakTepHuCTUKa OTOMUTENbHBIX IPUOOPOB, U UX BUJIBL.

3. MeToauka mpoBeeH!s SKCIIepUMEHTa U 00paObOTKH MOTYyUYEHHBIX JaHHBIX.
4. OcHOBHBIE MOJIOKEHUSI METOJUKU pacuéTa TeMJI000MEHHbBIX aIapaToB.

5. ABTOMOOWJIBHBIN paguaTop MepeaaeT OT OXJIKIaeMON BOABI B OKPYXKAIOIIYIO CPeTy
Q =70 xx/c. Cpeanss Temreparypa oxJIaxJIaromen xkKUIKocTu B paauarope tox = 98 °C, a
oxJlaxaaromiei cpenbl — Bo3ayxa t; = 35 °C. TennopaccenBarorasi TOBEPXHOCTh paauaropa F =
8 M%. Onpenenuth K03 UII-EHT TerIonepejauH.

6. Buzsl TEII0BOM HArpy3KH.

7. BuIpl TEMIOHOCUTENEN.

8. Kak onpenensaercs pacyeTHas TeMnepaTypa Hapy»KHOrO BO3]lyXa Ha OTOIICHUE?

9. Marepuainsl, MpUMEHsEMbIE JUIsI OTOMUTEIbHBIX TPUOOPOB.

10. Ha3BaTh OCHOBHBIE BHJIBI OTONUTEIBHBIX TPHOOPOB.

11. HaznaueHnue opeOpeHus B OTOMUTEIbHBIX TPUOOpaXx.
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12. Onpenenenne NoHATUSA "PKBUBAJIEHTHBIN KBaApaTHBIA MeTp".

13. OnpeaenuTs MIOTHOCTh TEMJIOBOIO MOTOKA  YEPE3 MIIOCKYIO CTEHKY
METaJUIMYECKOT0 BOJIOHATPEBATElIs, €CIU 3aJlaHbl: TeMIeparypa rperomux razos tr = 300 °C,
Temneparypa Bojbl B 6ake t; = 90 °C, ko3 puLIMeHTHI TeMI00TAa4l COOTBETCTBEHHO Q1 =
4700B1/(M*-K) 1 a2 =3000 B1/(M?-K), ToNIIMHAa CTEHKH
O = 10 MM 1 KO3 PUIHMEHT TETIONPOBOIHOCTH MaTepuana Ac = 32 B1/(m-K).

14. OnpenenuTs noBepxHOCTh F 11 Harpesa V = 310 M%/a BO31yxa OT TeMIepaTypsl t
=5 °C no t2 = 25 °C, ecnu Temrieparypa Bojbl Ha BXojie B Kaopudep tzx = 95 °C, Ha BEIX0AE tauix
= 60 °C; ko3 dHIMEHT Teronepeaun npuHATh paBHbIM K = 2100 Br/(M?-K). TemnoeMkocTh
BO3/yXa
Cs =1,2 xJIx/(xr-K), mnotaocts Bo3myxa p = 1,15 kr/m®.

15. IlpenenbHble TeMIiepaTypbl HOBEPXHOCTEH OTOMUTENBHBIX MPUOOPOB ISl PA3TUUYHBIX
TUIMOB 3/IaHHM.

16. Cpennuii TeMIiepaTypHbIH HAlIOp OTOMUTEILHOTO TpUOOpa.

17. Cxema peKynepaTHBHOIO TEINIOOOMEHHHKA, BKIIFOYSHHOTO 0 MPSIMOTOKY U
IIPOTUBOTOKY.

18. ®opmya ajist ONpeesieHUs CPETHETO TEMIIEPATYPHOTO HAIlOpa PEKYIepaTuBHOTO
TEII000MEHHHUKA.

19. Yrto Takoe yMArdeHue u jea’paius Boabl? J{Jst 4ero mpou3BOASTCS 3TH ONEpauu?

20. KoaddumnueHT reronepenadn Jyist III0CKOW CTCHKH.

21. OcHOBHOE ypaBHEHHE TEILIONEPEIa4H, ONPEIEIIIONIEe KOJIMYSCTBO TEIUIOTHI,
nepesaBaeMoe OT OJHOTO TEIUIOHOCHTENS K JIPYrOMY Yepe3 Pa3AaeiisIoNlyl0 HX CTCHKY.

22. PazamepHoCcTh KO3 (UITMEHTA TeIUIONEpeaayHn.

23. CnocoOslI 3a1aHus yEIbHON TETIOEMKOCTH.
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JlabopaTopnasi paGora Ne 4 _
COCTABJIEHHE TEIIJIOBOI'O BAJTIAHCA BOAOTPEMHOI'O KOTJIA

4.1. Ilesab u coaep:kaHue

Lenbto HacTosmel paboThl sABiIsgeTcs onbiTHOE onpenenenue K11/ maboparopHoit
YCTaHOBKHU M YCTAHOBJICHHE ONITUMAIBFHOTO 3HaueHUs K03 duiuenTa n30sTka Bo3ayxa (),
pu kotopom KIIJ[ nocruraer makcumyma.

4.2. Teoperuyeckoe 000CHOBaHHE

TenunoBoit Gananc 1a6OPaTOPHON YCTAHOBKH JA€T MPECTABICHHE O PACIIPEICICHIH
BBCACHHOI'O B TOIIKY TCILJIA, B YaCTHOCTH O TOM, KaKas €ro 4aCTb UCIIOJIB3YCTCS HAa HArpeB BOJbI,
U Kakas 0e3BO3BPATHO TEPSETCS C YXOIIIIUMH ABIMOBBIMH I'a3aMH, OT XUMHYECKOH U
MEXaHUYECKOW HEMOJHOTHI CTOPaHHS TOILJIMBA U B OKPYXKAIOILYIO CPelly Yepe3 CTCHKH
YCTaHOBKH.

[Ipoananu3upoBas AaHHBIE TEIJIOBOTO OanaHca, MOXXHO pa3paboTaTh HEOOXOAUMBIE
TEXHOJOTUYECKUE MEPOIIPUATH S, HAIIPAaBJICHHBIC HA YIIydIlleHHEe TIOKa3aTeaeld paboThl
ycTaHoOBKHU. Harprmep, BBISSBUTH ONTUMAIbHOE 3HAUCHHUE KOd(ppuineHTa n30biTka Bo3ayxa ([J),
IPY KOTOPOM SKOHOMUYHOCTB pabOThI JTa00OPaTOPHOM YCTAHOBKH OYy/IET HaUBBICILICH.

TemunoBoit GanaHc cocTaBisieTcst Ha 1 KT TOIUIMBA JJI1 YCTAaHOBUBILETOCS TETIJIOBOTO
peXHrMa KoTJIa. Y paBHEHHE TEIUIOBOTO OallaHca UMEeT B

Qh =Q+Q, +Q+Q, +Q;, (4.)

rae Q}; — HU3MIasl TeIJIOTa CrOpaHus TOIUTUBA, KJK/KT; Q1 — MmoJIe3HOe TeIuIo,

3aTpavyeHHOE Ha MOJIydeHUE Topsiael Bojbl, KJ[K/Kr; Q2 — moTepu Teria ¢ JbIMOBBIMHE ra3aMH,
kJx/kr; Q3 — MOTepH TeIIa OT XMMHYECKOH HEMOIHOTHI cropanus, KJx/kr; Q4 — morepu Teruia
OT MEXaHWYECKOH HETOIHOTHI cropanusi, kKJ[/kr; Qs — moTepu Teria B OKPYKArOIIYIO CPey,
kJK/KT.

Ecnu eByIo ¥ NpaByro 4acTh ypasHenus (4.1) pasnenuts Ha Q), 1 yMHOKUTH Ha 100%,

TO MOJYYHUM YPaBHCHUC TCIIJIOBOI'O OanaHca B IMpOLCHTax OT HU3IICH TEIIOTHI CTropaHuAa
TOIIJINBA, TO €CTh:

100%=¢q, +q, +4; +9, +gs, (4.2)

P
H H

Bennunna (1 IO CMBICITY ¥ YMCJIOBOMY 3HAYCHHUIO COBIIAAACT C KO3(1)(1)I/II_[I/ICHTOM
ITOJIC3HOTO I[GﬁCTBH?I KoTjoarperara, ToO €CTh:

4y =7 = g—;lom - (43)

H
CrnenoBarenbHO, KOA(QGHUIMEHT MOJIE3HOTO JEHCTBUS MOXKHO ONPEAENIUTh U3 YPAaBHEHHUS:
M =100= > G000, =100 (g, +5 + ¢4 +45). (4.4)

[Tpunumas B 3To hopMyIie HOTEPIO OT MEXaHUYECKOTO HEJJ0KOTa TOIIJIMBA, PABHOM
HyI0 ((4=0), a TOTEPIO B OKPYKAIOIIYIO CPEAY ISl BOAOTPEHOTro KOTIa ((s) paBHOU 5%,
HOJYYUM KO3 PHUIMEHT MMOJIE3HOT0 JeHCTBUS KOTIa B 3aBUCUMOCTH TOJIBKO OT (2 U (3. DTH IBa
BUIa TIOTEPh, IPU 33JaHHON TPOU3BOIUTEIHFHOCTH U TIApaMeTpax BOJIBI, TIPH MPOYHMX PABHBIX
YCIIOBHSAX, 3aBUCAT TOJIBKO OT K03 unmenta nzdpiTka Bozayxa ([1). C noBbimeHrneM
[JJmoTepu OT XUMUYECKOM HEMOJIHOTHI cropanus ((3) OyayT yMeHbIIAaThCs, a IOTEPH C
YXOJSIIIUMU Ta3aMH ((2) — yBEITHYHBATHCH.

rze q, =QQ—113100%; q, 23—2100% U T. 1.

4.3. Anmaparypa u MaTepuaJbl
Bopa u3 BepxHeil emkxoctu (1) caMoTeKkoM MOCTyIaeT yepe3 3MEeEeBUK BOJJOHArpeBaTes
(3) B HIKHIO eMKOCTh (4). CHU3Y 1101 3MEEBHUKOM YCTaHOBIIEHA KEPOCUHOBasI ropenka (7).
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JIbIMOBBIE Ta3bl, IPOXOJIS YePe3 3MEEBUK HAIPEBAIOT MPOTEKAIOIIYIO B HEM BOJTY, 3aTeM
YIAISIOTCS HapYyXKy Yepe3 ABIMOBYIO TpYOy (8) Mo AeliCTBHEM CHITBI €CTECTBEHHOH TATH.
Bo3HukHOBEHHE €CTECTBEHHOM TATH 00YCIOBICHO Pa3HOCTHIO IUIOTHOCTEH Cpel ¢ pa3HOM
CTEINEeHBIO HAarpeTocTH. [y aHann3a cocraBa JHIMOBBIX Ta30B UMEETCS XUMHUECKUN
razoananuzarop (5). Temneparypa JbIMOBBIX I'a30B OIIPEEISIETCA ¢ IOMOILIbIO TepMomnapsl (12)
u moteHmometpa (11).

2 — KpaH Ha BOJITHOM KOHTYpE,

6 — coelMHUTENbHBIC IUIAHTH BOASHOTO KOHTYDA,

9 — mutanr 0T6Opa JHIMOBBIX T'a30B,

10 — coeguHUTENBHBIC TPOBOIA.

11

v

Puc. 4.1 — Cxema j1a00paTOPHOH YCTAHOBKH

44. Yka3zaHus 10 TeXHHKe 0€30MACHOCTH

CryneHTsl 00513aHBI BBITIOJIHATH OOIIHE TpeOOBaHUSI OE€30MACHOCTH COTJIACHO
WNucTpykuuu no oxpane Tpyaa B naboparopuu C-108 «Temnnorexnuka. TennorazocHabxenue u
BeHTW M. Ternotexundyeckue usmepenus. CtpoutenbHas Ternodusmnka. OTomieHue.
Tennocuabxenue. Terorenepupyromnye ycTaHoBKH. JHeprocHabxkenne. OXpaHa BO3IyIIHOTO
Oaccelina» kadeapsl «TemnnoTexHuka, TeMIora3ocHa0XeHNe U BEHTUIISLMSY, YTBEPKIEHHOM
26.12.2005 rona. MHCTpYyKTaxX MO TEXHUKE 0€30MaCHOCTH MPOBOAMTCS MpenoaBaTeieM Mo
POCIIKCH CTYJEHTA B ClIeUaIbHOM XypHaJie o «TexHuke 6e301macHOCTH.

45. Mertoanka v NOpPsiIOK NpoOBeeHUs padoThI

B nannoii pabote Heobxonumo cpaBHuTh 3HaueHust KI1J[ ycranoBku, onpeaeneHHbIe Mo
npsMOMY M 0OpaTHOMY OanaHcy.
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|. Onpenenurs KIIJI ycTaHOBKM IO IPAAMOMY 0aJ1aHCy, 5TO 3HAUUT HAUTH OTHOIIEHHE
BEJIMYMH KOJIMYECTBA TEIlIa MOJE€3HO BOCIIPUHSTOTO U TEIJIa BBIAEIUBILETOCS B KaMepe
CrOpaHMsl.

np _ . 0
7" =Q,/Q, -100% 45)

1. OnpesiersieM KOJIMYECTBO 3aTPAuyCHHOM TEIJIOBOM SHEPIHH, T.€. TEIIO BBIICISIONIIeECs
IPY CTOPAHUM TOILUIMBA. DTy BEIUYUHY HECIIOKHO TOACYUTATD, 3Has YACIBHYIO TEIUIOTY
cropanus ToruuBa 0, (k/[oic/ke) u ero pacxon G (ke).

Q3 = qm : Gm 1 K;How
4.6)

VY nenbHas TEIIOTa CropaHus KEPOCHHA OMPEIESETCS O CIPABOYHBIM JTaHHbIM [S]. s
KepocuHa oHa cocTaBuT 43 MJ[x/kr

Pacxox TorimBa MOXXKHO ONPEIETUTh TyTEM B3BEIIMBAHUSI KEPOCUHOBOM TOPETKH J10 U
noce omneita. TakuM o0pa3oMm, pa3HUIa B BECE U COCTABUT PACcX0/ KEPOCHHA 3aTPAu€HHOT0 Ha
TOpEHHE.

2. OmnpenensieM KOJIUYECTBO MOJIE3HO BOCIIPUHATON TETUIOBOM SHEPTUH, T.€. TEIJIO
KOTOpO€ OBLJIO BOCTIPUHSTO HArpeBaroIIeiicsl B 3MeeBUKeE BOIOM. J{Jisi pacueTa 3TOil BETMYUHBI
OTpeOyeTCs 3HATh KOJIMYECTBO HAarpeToit Bobl G, (k2), ee TemoemMkocTh Cp (korcl (ke C)), a
TaKKe MOTpeOyeTcs 3HATh Ha CKOJIBKO IpajycoB Obuia Harpera 3ta Boja At (C).

Q, =G, -Cp A, ke
4.7)

KomnunuecTBo BoJbI HArpeToil B TEYEHUH OMBITA MOYKHO OMPEIEIUTD C TIOMOIIBIO MEPHOM
€MKOCTH.

Jl1a onpezenieHus TeMnepaTypHoro nepenaaa At, Heooxoaumo O0yaeT u3MepuTh
TEeMIIepaTypy BOJAbI HA BXOJI€ B HArpeBaTENb tyo; (KOTOpas Kak MpaBUIIO OCTAETCS MOCTOSTHHOM B
TEYEHHUH BCEX OIBITOB) M TEMIIEPATypy HarpeToi BOJbI Ha BBIXOJE U3 HarpeBarens t.op. OTu
TEeMIIEpaTypbl MOTYT OBITh U3MEPEHBI TPOCTHIM CITUPTOBBIM TEPMOMETPOM.

At = teop _txwz’ c
4.8)

TenmoemkocTh Bofbl Cp ONpeAensieTcs Mo CIPaBOYHBIM JAaHHBIM KaK CpelHss n3o0apHas
TETIOEMKOCTbD IpU cpenHen Temneparype tep=(tooptteos)/2, C.

J1J1 SKCTIEpUMEHTATBFHOTO ONPE/IEICHUS BhIIICYKAa3aHHBIX BETUYMH HEOOXOIUMO
BBITIOJIHUTH OTIBIT B CJIEYIOIIEH MOCIEI0BATEIHHOCTH.

1. HanmonHUTh BEpXHIOI EMKOCTh UCXOJHOM BOJIOH, @ HU>)KHIOIO €MKOCTh IMOJHOCTBIO
OCBOOOIUTE.

2. B3BecuTh KEPOCMHOBYIO TOPEJIKY U U3MEPUTH TEMIIEPATYPY UCXOIHOM BOBI.

3. [lomxeub GUTHIIL TOPETTKH U YCTAHOBUTH €€ Ha CBOE MECTO B TOITOYHOM ITKA(y MO/
3MEEBUKOM.

4. OTKpBITH KpaH Ha BOJSHOM KOHTYpE, 4TOObI HCXO/IHAsl BOJIA, IPOXO/IS UepPe3 3MEEBUK,
HarpeBaiach U cOpachiBaliach B HUHKHIOIO €EMKOCTb.

6. [lanee, y10CTOBEPUBIINCH, YTO OMBIT MPOXOIUT HOPMATIHLHO, HEOOXOIUMO BBDK/IATh
HEKOTOPOE BPeMS, JIJIsl TOTO YTOOBI BBITOpEIa HEKOTOpask CyIIECTBEHHAs YaCTh KEPOCHUHA, YTOOBI
MOTOM M3MEHEHHUE Beca MOKHO ObUIO 3a(hUKCHPOBATh Ha BECAX C JOCTATOYHOM CTENEHbIO
TOYHOCTU. DTO BpeMsl Ha3HAYAETCs MpenoaaBaTeIeM U peKOMeHayeTcs: He MeHee 15 muH. B
TEUEHUHU ATOTO BPEMEHH, CITYCTsI SMUHHYT OT Ha4dayia ONbITa, MPOU3BECTH 3aMEP TEMITEPATYPhI
YXOJSIIIUX Ta30B U BBINOJIHUTH aHAJIU3 POIYKTOB CTOPAHUs Ha Ta30aHaAIN3aTOpE.

5. Koraa Bpems ompITa TOAXOAUT K KOHITY, HEOOXOAMMO U3MEPUThH TEMIIEPATYPy
HarpeToi cOpocHOU BOABI. [[Jst 5TOr0 MOXKHO B3SITh CIIUPTOBON TEPMOMETP U OMYCTUTH €r0
BMECTE CO COPOCHBIM IIIJIAHTOM B MEPHYIO €eMKOCTb. Vcronib30BaHre JAHHOTO MeToa
U3MEPEHUS PEKOMEHIYETCS, JIJIsl TOTO YTOOBI UCKITFOUYHUThH MOTPEIIHOCTbD, CBI3aHHYIO C
OXJIQXCHUEM BOJBI B COPOCHON €MKOCTH 1 HEJIOTPEBOM BOJIBI B TIEPBBIE MUHYTHI OTBITA, KOT/a
UJIET pa30rPeB YCTAHOBKH.
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6. Ilo ucreyeHnn HA3HAYCHHOTO BPEMEHH OIbITa HEOOXOAUMO MOTYIIUTh TOPEIKY U
HEepPEeKPHITh KPaH Ha BOASHOM KOHTYDE.
7. C moMOIIp10 MEpHOH €MKOCTH U3MEPHUTh 00BEM HarpeToi BOAbI M UCTIONb3Ys

3
snauenne ee wiorHoctn ( P, =1000 ke / m”) paccunrars ee Bec.

8. KepocuHOBYI0 TOpENKY CHOBA BBITALUTh U B3BECUTD.

Takum oOpa3om, mpaKTHUECKas YacTh OMbITa 3aKOHYeHA. [ y1oO6cTBa BEIYHCICHUH BCE
U3MEpEHHbIE BEIMUMHBI HYKHO 3aIIUCBHIBATH B IIPOTOKOJI OMBITA, 110 (popme Tabnuiibl 4.1.
TemnepaTypy yXOASIIUX Ta30B U PE3yIbTAThl TA30BOT0 aHAIM3A 3aMKUCcaTh B Tadmuity 4.4.

Tabauua 4.1
Ne Bec kepocHHOB. TOpenku, ke Temmnepatypa Bojbl, “C Bec narperoit
o1 JI0 OTIbITa TIOCJIE OTIBITa HCXOHON HarpeTou BOJIbI, K2
1
2
3

Takum 0Opa3om, 1O BBITIE TPUBEACHHBIM PEKOMEHIAIMSIM HEOOXOIMMO BBIITOJIHUTH
HECKOJIbKO ONBITOB. X KOJIMUECTBO U PEKUM KaXK10I'0 OIBITA 334aK0TCS MTPENO0/1aBATEIIEM.

3arem, uTo0b! onpenenuTs 3HaueHue KIIJI ns kaxxaoro omnbita, HEOOXOAUMO BHITIOJHUTD
COOTBETCTBYIOIIIME PACYEThI, KOTOPbIE PEKOMEHyeTCs CBOAUTD B Tabnuiy 4.2. [IpousBoaumeie
pacdeTsl sl OJHOTO JTF0OO0TO OTBITA JIOJDKHBI OBITH TTOIPOOHO MPEICTABIICHBI C MIOSCHEHUSMHU.

Taoauua 4.2
Ne onn G , ke At, °C Gs , K2 Qs , ke Qn, ko 77”1’, %
1
2
3

1. Onpenenaurs KIIJ] ycranoBku no odparnomy 6anancy, 31o 31Ha4ut ot 100%
OTHATH 3HAYCHUS BCEX TOTCPb TEIIOBOH SHEPTHHU, BBII[GJ'II/IBHIGI\/'ICﬂ IIpU CTOpAaHUH TOILJIWBA.

7% =100 =" 0,pmeps =100 = (0 + 03 + 04 +75) (4.9)
[Tpunumas Bo BHUMaHUE, 4To Q4= 0 1 s = 5% ynpocTtum Gopmyiry
n°% =100 (g, + Q5 +5). (4.10)

OnpenenﬂeM AOJIIO TCILIA, KOTOPAA TCPACTCA OT XHUMHYECKOM HEOIHOTHI CropaHus
TOIIJINBa

qs :100.Q_133, %, (4.11
Ou )
e Q) — TemIOTBOpHAs cocoOHOCTh TotuBa, Q) = 43000 x/lic/xe;

Q3 — moTeps Terma OT HEMOJIHOTHI CrOPaHUs TOTUIHBA.
CO
0, =237C" +158") —————, klloc/xe, 4.12
} RO, +CO (412)

riae CP u SP - pabouee conepskanue yrieposa u cepbl B TOILTHBE, B % MO BECY.

Jlst kepocuHa paboUunid COCTaB TOIUIUBA B % IO BECY CIIEAYFOIIHIA:

CP=86,0; H’=13,7; S"=0; OP+ N”=0,1;

RO2 — TpexaToMHBIe Ta3bl B % 10 00BEMY, ONpeIeIiieMble Ta30BBIM aHAJTU30M, IPUYEM,
npu cropanuu kepocuna SO2=0.

KomunuectBo okucu yriepoaa (CO) u azota (N2) onpenensercs Ha OCHOBE TOJTYYCHHBIX
JTAHHBIX KOHIIEHTpaIu kuciopoaa (O2) u yriekucioro raza (CO»).
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CO =(21-1,6C0, -0,)-0,835, % (4.13)
N, =100—(CO +0, +C0,) o, (4.14)

rae CO, Oz u N2 — mporieHTHOE coiepKaHue COOTBETCTBYIOUIMX Ta30B B MPOIYKTAX
CrOpaHusl.

[Toreps Tema ¢ yXoIAIIMMHU Ta3aMu (2 paBHA SHTAJIBIUH ra30B yIAIIEMbIX B aTMochepy
3a BBIYETOM KOJIMYECTBA TEIJIa, BHOCHMOTO C TOIIMBOM U C IOCTYIIAIOLIMM B TOTIKY BO3YXOM,
JIeIEHHOM Ha TETIOTBOPHYIO CIOCOOHOCTH TOIUINBA, TO €CTh:

Y —0.—
q2 _ WX Q‘:; QB 100%’ (4_
15)
H

rae Yyx — SHTAJbIUS YXOAUINX ra30B, k/[oc/ke; Qt — puznyeckoe Terio TOIINBa,
k/{oic/ke; QB — SHTAJIBINS IIOCTYHAIOIETO B TOIKY BO31yXa, K/[oic/Ke.

[Topsanox noacuera BenuuuH Yyx, Qr, Qs MPUBOIUTCS HIIKE.

DOHTANBIUS YXOAALINX Ta30B MOACYUTHIBACTCS IO YPABHEHHUIO:

Y, =(o,Cro, + V,;fi“ch + V;;‘;CHZO +AVC g )t

(4.
16)
rae Cry ,Cr ,Chy ,C gy — CpefHIEC 00BEMHBIC TEIIOEMKOCTHU Ia30B [PHU IOCTOSHHOM

JABJICHUU: 3HAUCHUS UX MPUBOJATCS B Tabmuile 4.3 B 3aBUCUMOCTH OT TeMIIEpaTyphl, B
kDol (nm® -K); tyx — TemmepaTypa yxoasmmx razos, °C.

Taoauna 4.3. — 3HaueHne cpeJHUX 00bEMHBIX TEIJI0EMKOCTEH Ira30B U BJIAKHOI0
BO3/yXa NPHU MOCTOSTHHOM JIaBJICHHUU.

TeMnepaTypa °C CRO2 ! CRZ ! CH20 J CBB ,
kDol (nm®K) kDol (nviPK) kDol (nni®K) korcl (nmiPK)

0 1,593 1,293 1,494 1,319

100 1,713 1,296 1,506 1,324

200 1,796 1,300 1,522 1,332

300 1,871 1,307 1,542 1,342

400 1,929 1,317 1,566 1,354

500 1,997 1,329 1,589 1,368

OOBeM TpexaTOMHBIX ra30B MOJICYUTHIBAETCS 110 YPABHEHHUIO:
P P
Vo, =0,0186(C" +0,37558"), nmlie, (4.17)

rie CP, SP — pa6ouee conepranue yrieposa u cephl B TOIMBE B % TI0 BECY.
O06beM ABYXaTOMHBIX I'a30B OIPENEISIeTCs 10 YpaBHEHHIO:

_ NP 4,

Ve =0,79%, + 0,8m, nmlie, 18) (
rzae Vo — TeopeTndeckoe KOJIMYECTBO BO3/1yXa, HEOOXOAUMOE [UIsl COKUTaHUS €ANHULIBI
MAacchl TOIIMBA, ONPEAEISAEMOE IO YPABHEHHIO:

V, =0,080C" +0,265H" +0,033S” —0"), nai¥lxz, 19 (4.
rne CP, HP, NP, OP — pa6oumit coctas Tormmsa.
O6BeM BOISHBIX TAPOB OMPE/IEISETCS:
Vi = 0,01249H" +W ")+ 0,016V, , nnilxe, 2) (4.
rae W° — BIaKHOCTD TOIUTHBA, TS KEpOCHHA WP=0.
O6BeM N36BITOYHOTO BO3yXa ONPE/IENSIETCS U3 BHIPAKEHHUS:
AV =(a—1)V,, nm¥xr, ” (4.

rae [ — koo dunueHT n30bITKa BO3AyXA.
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UucnenHoe 3HaueHne Ko uimenTa n30bITka BO3IyXa OMPEASsSeTCs ISl KaXKI0TO
pPeKMMa Ha OCHOBAHUH IMOTYICHHBIX PE3YJIbTATOB ra30BOTO aHAIN3A:
1

71 0,-05C0 ’ (4.22)
29 N,

Takum 006pa3om, 3Hast BCE WICHBI, BXOAAIINUE B ypaBHeHHUE (4.16), TOACUUTHIBAIOT
BEJIMYMHY SHTAIBIHH YXOISIINX ra3oB. TeMreparypa yXoasimux ra3oB tyx Ipu UCIBITAHUT
KOTJIa 3aMepsieTCsl TEPMOIIApO ¢ MOCIEAYIOUICH 3aiChI0 Ha BTOPUYHOM NpUOOpe. 3HaUeHUs
00BEMHBIX TEIUIOEMKOCTEH KOMIIOHEHTOB COCTABJISIFOIINX JBIMOBBIC Ta3bl IPUHUMAIOTCS U3
TabuLbl 4.3 B 3aBUCUMOCTH OT TEMIIEPATYPHI tyx.

3arem onpenensrores Qr u Qp , BXosmme B cocTaB ypaBHeHus (4.15).

O, =C,t, , kxc/ke, (4.17)
Oy =aV ,Cyty, kllxuc/xe, (4.10)

rae Cr— cpeaHsis TeII0eMKOCTh TOILTUBA, PUHUMaemMasi iy raza paBHoi 1,675
Kk[{oc/keK;, tr — TeMIepaTtypa TOILIHBA, IpHHAMaeMas paBHoii 10°C;

] — koapumment uzbpiTka Bo3ayxa; Vo — TEOpETUUECKOE KOTUYECTBO BO3AyXa, HEOOX0IMMOe
nist cropanus 1 xe Tormusa, Hy'/ke, Cp , g — TEIIIOEMKOCTB BO3yXa U ero Temmeparypa. Cp
Oepetcs u3 TabauIsl 4.3 B 3aBUCUMOCTH OT TEMITEPATypHI.

OcymecTBIIsIs MPOIIECC TOPSHHUSI ¢ PA3TMYHBIMEA KOd((QUIIMEHTAaMU H30BITKA BO3AyXa,
MOJICYUTHIBAIOT NTOTEepH 2 U (3. [To momyyeHHbIM 3HaYeHUSAM [] 1 [J 17151 pa3TU4HbIX
IKCILTYaTAI[MOHHBIX PEKUMOB CTPOSIT rpapUueCKyr0 3aBUCUMOCTD:

0 =1f(0).
3nas KIIJ[ koTna, moICYUTHIBAIOT YaCOBOM PacXo/]l TOTUIMBA M0 YPaBHEHUIO:

Qn -7 19)
rae D — marpyska KoTiia, TO €CTh MPOU3BOJIUTEIHLHOCTH IO TOpSTUe BOJIE, Ko/,
26 , lxve — HTAJIBITUS TOPSTYCH U XOJIOAHON BOJIBI, K/{oc/Ke.

Jlns emneparypst 10 100 °C 3HaueHns SHTANBINY TOpAYEii M XOIOIHON BOIBI MOKHO
MPUHSTH YUCIEHHO PAaBHBIMU MPOU3BEACHUIO YAETbHOU TernoeMkocTH Bosl (Cp = 4,190
k/[ic/keK) Ha ee Temmneparypy.

VY aenbHBIN pacxoj TOIUIMBA HA TOJTy4YeHHe | ke ropsdeii BoAbl 3aJaHHBIX TapaMeTPOB
ompenensieTcs mo popmye:

B =PUala) 1000, o, (4.20)
Oy -1
Tabanna 4.4.— JkcnepuMeHTaIbHbIE 3HAYEHHUS Pado4nX MapaMeTPOB M pacueTHbIe
€3yJIbTAThI HX 00pa0OTKH.

N3mepsiemble mapaMeTpal, O6o03Ha HHIEHHH Ne pexuma
pacueTHbIe ToKa3aTeNn YyeHHe
U3MEpEH.
1 2 3 4
Pacxon HarpeBaemoil BOJIbI D KI/9q
TemnepaTypa nurarenbHON tos oC
BOJBI

Temneparypa ropsiueit Boabl trs oC

Temneparypa Bo3ayxa ts oC
MTOMEIEHUs

Temmnepatypa TorumBa t: oC
(kepocuHa)
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1 2 3
Temneparypa yxoasIux razoB tyr oC
CocTaB MPOAYKTOB CTOPAHUS:
Kucnopon O, %
Vrinekuciora CO; %
Oxkwuch yriepona CO %
Azot N2 %
KoaddurmenT nzopiTka . 6/n
BO3/IyXa
XUMHAYECKUH HEIOXKOT Qs, s ;(I[)K/K
r, %
[Torepu ¢ yxongmumu razamu kJIx/x
Q2, 02 0
r, %
KII n %
Pacxop TorutmnBa B b KI/4,
' KI/KT

PaccuuTannbie 3HaueHus KII/[ ycraHoBKM 1o psiMoMy U 0OpaTHOMY OanaHcy
HE00XOUMO CPaBHUTb U CAENATh COOTBETCTBYIOIINE BbIBOIbI

4.6. Conep:xanue oTyera u ero gopma
Otuer odopmiisercs B 18-11CcTOBOIM TETpaau U TOJKEH COACPKATh CISAYIOIIUE MTYHKTHI:

— Tema paboThI,
— IIeJb paboTHI,

— KpaTKoe OIHCaHKe JJAOOPaTOPHON YCTaHOBKH;

— NPUHIUIIHAIBHYIO CXCMY YCTAHOBKU C YKA3dHUEM TOYCK 3aMCPOB pa60‘lI/IX

apaMeTpos;

— MPOTOKOJI 3aMHUCH MOKa3aHUS U3MEPUTEIBHBIX TPUOOPOB U PE3yIbTaTOB 00OPaOOTKH

SKCIICPUMCHTAJIbHBIX JAHHBIX;

— rpauk 3aBUCUMOCTH KO3 (UIMEHTA MTOJIE3HOTO JeHCTBUS KOTa OT KO PUIMEeHTa

n30bITKA BO3/IyXA.

— BBIBOJIBI IO JJAHHOM JTabopaTopHOii paboTe.
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CIIMCOK PEKOMEHAYEMbBIX THOPOPMAINNMOHHBIX NCTOYHUKOB

6.1. Pekomenayemasi Jureparypa

6.1.1. OcHoBHas JJUTEPATYPA

ABTODEI, 3arjaBsue WspatenscTBo, |  Anpec
JI1.1 |TnaneB A. B.,  |Temorexnuka: YueOHoe ocodue Capatos: http://www
KosioB A. B., Hayunas .iprbooksh
Canponosa 1O. kHura, 2012 |op.ru/6350.
JI1.2 |CoopmukoB I'.  [Temnodwusuka u TemaoTeXHUKA. Mockaa: http://www
C., Uubuzona C. |Temnodusuka: [Ipaktukym Wznarensckuii |.iprbooksh
. Jlom MUCuC, |op.ru/5620

6.1.2. lonoJHUTEJIbHAS JUTEPATYPA

ABTOpHI, 3arnaBue WsznmarenncTBo, |  Anpec
JI2.1 |ApytionoB B.  |Termnodusuka, TEIIOTEXHHUKA, Mocksa: http://mwww
A., KarutanoB  |teriooOMeH. MexaHHKa KUAKOCTEH U W3znarensckmii | .iprbooksh
B. A., JleBunkuii [ra3oB: JlabopaTOpHbIN NPAKTHKYM Jlom MUCuC, |op.ru/5612

6.1.3. MeToanueckue pa3padoTku

ABTOpHI, 3arnaBue WszparensctBO, |  Anpec
JI3.1 |[KpyrmoB I'. A., |Temnorexnwuka. [Ipaktudaeckuit Kypc , 2017 https://e.la
Bynrakosa P. U., nbook.com
Kpyrinosa E. C., /book/9625

6.2. Ilepeyenn pecypcoB HHGOPMAIIMOHHO-TEJIEKOMMYHUKAIMOHHOM ceTH ""UnTepuer"

D1 |Kyaunos, U. B. Teopernueckue ocHOBBI TemioTexHUkH. Yacts 1. Tepmoannamuka
[DnexTpoHHEIH pecypc] : yueoHoe ocooue / Y. B. Kynunos, E. B. Credantok. —
DIIEKTPOH. TEKCTOBbIE NaHHble. — Camapa : CamapcKkuii rocyapCTBEHHBIN

22 |Crosinos, H. 1. Teopernueckue OCHOBBI TEIUIOTEXHUKH (TE€XHUYECKAsI TEPMOAMHAMUKA U

TerIoMaccooObMeH) [ DIeKTpoHHBIH pecypc] : yuebHoe nmocodue / H. Y. Crosnos, C. C.
CwmupHoB, A. B. CMupHOBa. — DJEKTPOH. TEKCTOBbIE JaHHbIE. — CTaBpOMnoib :

6.3.1 IlepeyeHb MPOrpaMMHOTO 00ecredeHust

6.3.1.1{Microsoft Windows

6.3.1.2(Microsoft Office Word

6.3.1.3|Microsoft Office Excel

6.3.1.4|{Microsoft Office PowerPoint

6.3.2 IlepeueHb HHGOPMAIMOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1|{IIpodeccronanbubie 6a3bl JaHHbIX CrcteMbl «TexskcnepTy. Pexxum nocryma:

6.3.2.2|Koncynprantllotoc. Pexum noctyna: www.consultant.ru.

6.3.2.3|MexayHapogHbIe 0a3bl JaHHBIX

6.3.2.4|Scopus . Pexxum noctyna: www.scopus.com.

6.3.2.5|Web of Science. Pexxum nmocryma: apps.webofknowledge.com.
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METOAUYECKHUE YKA3ZAHUA

10 BBIMOJHEHUIO Ta0OPATOPHBIX padboT
1o nqucuuruinHe «TemmoTexHuKa
JUTSl CTYZ€HTOB HAapPAaBJICHUSI IOJTOTOBKH
15.03.02 TexHoJOTUYECKHE MAILIMHBI U 000PYAOBaHHE
Hanpasnennocts (mpo¢uib) beIToBble MalIMHBI ¥ TPUOOPHI



(1)
ol

MUHHUCTEPCTBO HAVKHU U BBICIIIEI'O OBPA3OBAHUS POCCUNICKOIM ®EJIEPAIIN

OEJEPAJIBHOE 'OCYJAPCTBEHHOE BIO/UKETHOE
OBPA3OBATEJIbHOE YYPEKTEHUE BBICHIEI'O OBPA3OBAHMUS
«JIOHCKOH IOCYJIAPCTBEHHbIY TEXHUYECKWHA YHUBEPCUTET»

Texnosornyecknii MHCTUTYT cepBuca (puauan) AI'TY B r.CrtaBponoJe
(TUC (puauan) AI'TY B r.CtaBponoJie)

METOJINYECKHUE YKA3ZAHUA

JUIS OpraHU3aluy CaMOCTOSITENIbHOU paboThI
10 JUCHUIUINHE « TernoTexHuKa
JUIS CTYJIEHTOB HAINpPaBJICHUSI TOATOTOBKH
15.03.02 TexHOMOrMYECKHE MAIIIMHBI U 000PYAOBaHHE
HanpasnenHocts (poduiib) beIToBbIE MaIMHBI K TPUOOPHI



Meroandeckue yKazaHUsl MO JAUCHUIUIMHE «TeIuTOTeXHWKa» COAEp aT 3aJaHus IS CTYACHTOB,
HEOOXOUMBIC JJII OPTaHU3AIUN CAMOCTOATEIHLHON PaOOTHI.

[IpopaboTka mpeIoKEHHBIX 3aJaHui MMO3BOJIUT CTYACHTaAM NMPUOOPECTH HEOOXOIUMBIC 3HAHHS B
00J1aCTH U3y4aeMoOM TUCIUIUIUHBI.

[Ipenna3HayeHbl 11 CTYJAEHTOB HampaBieHus noAroroBku 15.03.02 TexHosornyeckue MalivmHbl U
obopynoBanue HanpaBneHHoCTh (TIpoduiib) BEITOBBIE MATMHBI U IPUOOPHI.



COJIEPYKAHUE

Beenenune

. O0m1as XapakTEepUCTHKA CAMOCTOSATEILHON PaOOTHI

. KOHTpOJIbHBIE TOUKHU U BUJIBI OTYETHOCTH 10 HUM

. MeTtonnueckrue peKoOMEHJalUK M0 U3YYEHUIO TEOPETUUECKOTO MaTepuaia
. MeTtonnueckre peKOMEHJALNUH MO IMOJATOTOBKE K MPAKTUYECKUM 3aHATUSIM
. MeTonnueckue peKoMeHJaliy Mo MOAr0TOBKE AOKIaaa

. MeTonnueckne peKOMEHJalH 10 MOATOTOBKE K TECTUPOBAHUIO

. Meroanieckue peKOMEHAAINH 110 BHITOJTHEHHIO KOHTPOJIBbHON PabOTHI

. MeTonnueckrne peKOMEHJALHH 110 MOJATOTOBKE K 3a4ETy

. MeTtonueckre peKOMEHJAUM MO MOJITOTOBKE K AK3aMEHY

Crmcok peKOMEHTyeMbIX HH(POPMAIIMOHHBIX HCTOYHUKOB

OO0 ~NOO A WN K~



BBEJAEHUE

Llens MeTOANYECKNX yKa3aHUI — OKa3aTh HOMOIIb CTYIEHTaM B OCBOCHUH Kypca «TermoTexankay.

JlaHHBIE METOAMYECKHE yKa3aHWs HalpaBlICHbl HAa CHUCTEMAaTH3UPOBAHHOE U  JIOTUYECKH
HIOCJICZIOBATEIFHOE H3y4eHHE OOIIMX 3aKOHOMEPHOCTEH (DYHKIMOHUPOBAHUS C IOMOIIBIO OOCYXKICHHUS
npoOJEeMHBIX BOMPOCOB IO TEME, PELICHUs NpOOJEeMHBIX 3afady M OOCYXKAEHHUS CUTyaluil, TECTOB,
HOATOTOBKH pedepaToB, JOKIA0B, IPE3CHTAINH.

[lepen HauanoMm Kypca 1enecoodpa3HO 03HAKOMHUTBCS CO CTPYKTYPOH AMCHMIUIMHBI HA OCHOBAHUH
IPOrpaMMBbI, a TaKXKe C MOCIEAOBATEIbHOCTHIO M3Yy4CHUS TeM M MX 00beMoM. C Ielbi0 ONTHMAIbHON
CaMOOpTraHU3aIMi HEOOXOIMMO CONOCTaBUTh 3Ty MH(POPMALIMIO ¢ TpapHUKOM 3aHATUH U BBIIBUTH Hanbojee
3aTpaTHbIE MO BPEMEHH W O0BEMY TeMbl, YTOOBI 3apaHee ONpPEAEIHUTh IS cedsl Mepuoisl 00bEMHBIX
3a/laHUN.

1. OBIIASI XAPAKTEPUCTUKA CAMOCTOSITEJIBHOM PABOTBDI

Henpto ocBoenust aucuuiuimabl — Llenpio npenogaBanus naucuuiuivHbl "TemmoTexHuka" sBiseTcs
TEOpeTHYecKass W MpaKTH4ecKas TMOJArOTOBKAa OyAyIIMX CHEIHAIMCTOB K METOAaM IOJYYeHUs,
npeoOpa3oBaHusl, Nepeaadynd U UCIOJIb30BaHUS TEIUIOTHI B TAKOW CTENEHU ONTUMH3ALMU, YTOOBI OHH MOTJIH
BBIOHpaTh U MPH HEOOXOAMMOCTH IKCILTyaTUPOBATh HEOOXOAMMOE TEIIOTEXHUYECKOe 00OpYIOBaHHE MPU
MaKkcUMaIbHOU dKoHOMUU TOP u marepuasioB, HHTEeHCHU(DHUKAIIMA TEXHOJIOTUYESCKHX IPOIECCOB, a TAKXKE
BBISIBJISITH BO3MOYKHOCTH MCIOJIB30BAaHUSI BTOPUYHBIX SHEPTOPECYPCOB U 3aIIUTHI OKPYKAIOIIEH CpeIbl.

[Ipumenenune MeToga CHUCTEMHOTO aHalv3a K M3YUYCHHUIO JaHHOW JMCHUIUIMHBI ONpENemsieT
CIEeyIOIIUe €ro 3aJayd: H3yuyeHue MnpoljeM B HUCTOPUYECKOW TMEpPCHEKTUBE, pACHIMpPEHUE 3HAHHS
CTYJICHTOB, Pa3BUTHE CIOCOOHOCTH CTYACHTOB K MOHUMAHUIO U KPUTUYECKOMY OCMBICIECHHUIO IMPOoOiieM
COBPEMEHHOCTH, 00CYXTaeMbIX B CPEJCTBAX MacCOBOM MH(OpPMAIINH, JIUTEPATYPHI, a TaAKXKEe IPUOOpEeTEHUE
HAaBBIKOB ITOCJIEIOBATEILHO U TPAMOTHO U3J1araTb CBOU MBICIIM B YCTHOM UM TUCBMEHHOM (hopme.

B pe3ynbrare OCBOGHHS JaHHOM JUCHUIUIMHBI (DOPMHUPYIOTCS CIEAYIOIME KOMIETCHLIUU Y
oOyyJaromierocs:

IIK-1: CnocoOHOCTh K CHCTEMATHYECKOMY M3YYCHHMI0O HAyYHO-TEXHHYeCKOil uHdopmManuu,
0TE€4YeCTBEHHOI0 U 3apy0eKHOTr0 ONbITA N0 COOTBETCTBYHIEMY NMPO(HIII0 MOATOTOBKHU

CamoctosiTenbHast paboTta mo nuciuuruinHe «TermmoTexXHuKa» BBITONHSAETCS C LENbI0 MOIYyYeHHUS U
3aKperUIeHUs! 3HaHUM, TPUOOPETEHHBIX MTPH U3YYCHUH TEOPETUUECKOTO MaTepHalia.

2. KOHTPOJIBHBIE TOYKHA 1 BUJAbI OTYETHOCTHU IO HUM

KoHTponb kadecTBa W CPOKOB H3Yyu€HHE TE€M JIEKLUH BBIMOJIHSAETCS B COOTBETCTBUHU C y4EOHBIM
rpaduxom. OdopmisieTcs: B BUI€ KOHCIIEKTUPOBAHUS TEKCTA.

KoHTponp kadyecTBa M CPOKOB BBINIOJHEHUS NPAKTHUYECKHUX 3aJaHUM  OCYLIECTBIIAETCA B
COOTBETCTBUU C yueOHBIM IpadukoM. OpopMIIsieTCsl B COOTBETCTBUH C 3aJJaHUEM.

KoHnTpons kadecTBa chaud JAOKJaJa OCYLIECTBISIETCS B COOTBETCTBUM C Y4Y€OHBIM TIpaduKOM.
OdopmitsieTcst B COOTBETCTBUU C 33JJaHUEM.

YcneBaeMoCTh CTYJEHTOB IO KaKIOW IJUCHMILIMHE OLEHUBAETCS B XOJE€ TEKYLIEr0 KOHTPOJS U
IIPOMEKYTOUYHOM aTTECTALUH.

3. METOAMYECKHUE PEKOMEHJIAIIUHA ITO U3YUEHUIO TEOPETUYECKOI'O
MATEPHAJIA

N3ydyenue moboro pasnena Wid TEMbl CleIyeT HauWHATh C O3HAKOMJIEHHS C BOIpPOCaMH IlaHa
U3Y4eHUS TeMbl. TeopeTHuecKkuii Marepuan TMpeACTaBlIsgeT COOOW KOHCIEKT JEeKIUH, cojepKammui
HEOOXOAUMBIM HaOOp yTBepkaeHW u (opmyn (6€3 meTambHBIX MOAPOOHOCTEH), HO C TMOAPOOHBIM
000CHOBaHHEM WX HCIIOJIB30BAHUS TPHU PEIICHWH KOHKPETHBIX DKOHOMHUYECKHX 3amad. [Ipu m3ydeHuun
MaTepuaia HeOOXOJUMO TMMOMHUMO JICKIIMOHHBIX MaTE€pPHAJIOB HCIIOIh30BaTh PEKOMEHIYEMYI0 OCHOBHYIO U
JIOTIOJTHUTEIBHYIO JINTEPATypy AJIA JYUIIEro YCBOEHUsI MaTepuara.

OcBauBaTh TEOPUIO CIEAYET B COOTBETCTBUU C TOM MOCIIEI0BATENIbHOCTHIO, KOTOpasi IPECTaBIeHA B
TUTaHEe JIEKIMU. MeTouKa paboThl C IUTEPaTypoil mpelycMaTpUBaET BEACHHUE 3aHCH POYUTAHHOTO B BUJIE
IUTaHA - KOHCIIEKTa, OMOPHOTO KOHCIEKTa. JTO MO3BOJHT CJENIaTh 3HAHMSI CUCTEMHBIMHU, 3a(pUKCUPOBATh U
3aKpEenuTh UX B aMSITH.



JUisi  yCIEIIHOTO OCBOCHHUS JUCIMIUIMHBI, HEOOXOIUMO CaMOCTOATENBHO JAETANbHO H3YYHUTh
MPEJICTABICHHBIE TEMbl 10 PEKOMEHIYEeMbIM HCTOYHUMKAM HH(opMmanuu. [Ipu MOArOTOBKE K 3aHATHUAM
ClIelyeT PYKOBOJICTBOBAThCS YKa3aHUSMU M PEKOMEHJAIMAMH IpPENoAaBaTelisi, UCIOJIb30BaTh OCHOBHYIO
JUTEepaTypy W3 TMPEICTaBICHHOro UM crnucka. Jlng Haumbonee TIyOOKOTO OCBOEHHUS JUCIHUILIMHBI
pPEKOMEHAYETCS U3y4yaTh JIUTEPATypy, 0003HAUEHHYIO KaK «IONOJHHUTEIbHASI» B MPEICTAaBICHHOM CIIHMCKE B
PIIA.

Bonpocs! 1J1s1 IOATOTOBKH K YCTHOMY OIIPOCYy TeKyiiero KoHTpoJis (biok 1)
. Texuunueckas TepmoarHaMuka. OCHOBHBIE MTOHITHS U ONPECIICHUSI.
. IlepBblil 3aKOH TepMOAMHAMUKH. BTOpOI1 3aKOH TEPMOINHAMUKHU.
. TepMoarHaMHUYECKHE TTPOLIECCHI.
. PeanbHble ra3bl.
. Boasnoit nap.
. TepMoaMHAMHUYECKNE LIUKIIBL.
. OCHOBBI TEOpUU TEIIIOOOMEHA.
. TemnonpoBogHOCTb.
. KoHBeKkTHBHBIH TEIIIOOOMEH.
10. TerioBOE U3IIy4YECHHE.
11. Teronepenayva.
12. Tumnbl 1 pacueT TEMI000OMEHHBIX aIIapaToB.
13.TennosHepreTnyeckue yCTaHOBKH.
14. DHepreTryecKkoe TOIUIHBO.
15. KoTenbHble yCTaHOBKH.

Bonpocs! 1J1s1 TOATOTOBKYU K YCTHOMY ONIPOCY TeKylnero KoHTpoJs (bJok 2)

16. CTpyKTypHbIE H3MEHEHUS B COBPEMEHHO TEIJIOOHEPreTUKE U XapaKTEpHbIE HAMIPABJICHUS €€ Pa3BUTHS.
17. PacyeT rogoBBIX pacXo0B TEIJIa Ha OTOIJICHUE U BEHTUJISAIIMIO OOIIECTBEHHBIX 3/1aHUM.

18. Meroauka rujpaBIu4ecKoro pacuera TpyOOnpoBOI0B CUCTEMBI TOPSYEro BOJIOCHAOKEHUS.

19. Knaccudukanus notpeduTesneil Temia mno pexkuMy moTpeOIeHns U UX XapaKTePUCTHKA.

20. YpaBuenue Ban-nep-Banbca u mapaMmeTpbl KpUTHUECKOTO COCTOSIHHS BOJIBI.

21. OcHOBHBIE (PU3NIECCKHIE MPUHITUTIBI PAOOTHI BOJIOCTPYWHOTO AJIEBATOPA.

22. HopmaTHBHBII METOJ pacueTa TEIJIOBBIX HArpy30K HAa OTOIICHHE KUJIbIX 3/IaHUMN.

23. CpaBHUTENBHBIN aHAIN3 CXEM BBOJOB 3aKPBITHIX CUCTEM TEINIOCHAOXKEHHUSI.

24. 3ajaun ¥ IPUHIUI PETYINPOBAHUS TEMIIEPATYpPhl HA BBOJAAX MECTHBIX CHCTEM rOPsIYEro
BO/IOCHA0KEHUSI.

25. HopmaTuBHBIE METO/IbI pacyeTa TEIIOBBIX HArPY30K HAa BEHTUJISLIUIO U TETUIOBBIACIICHUS KUITBIX
3TaHHH.

26. XapakTepucTUKa cXxeM a0OHEHTCKUX BBO/IOB OTKPBITHIX CUCTEM TETJIOCHAOKEHMSL.

27. OrpaHuuuTENbHbBIE YCIOBUS, 003aTeNbHbIE K BHIITIOJHEHUIO IIPU TOCTPOCHHUH MTbE30METPUUECKUX
rpaduKoB.

28. MeTtoauka pacyera 4acoBbIX PAcXo0/I0B TeIJIa Ha ropsuee BOJOCHA0KEHHNE KHUIIbIX 3/1aHUH.

29. XapaKTeprCTHKa CXEM BBOJOB 3aKPBIThIX CHCTEM TEIUIOCHA0KEHUS

30. 3agauu ¥ NPUHIUIIBI AaBTOMATUYECKOTO PEryIUPOBAHUS TEIJIOBBIX TYHKTOB.

31. Buasl kosie6aHui TEIUIOBBIX Harpy30K rOpsiuero BoJOCHa0XeHHs U METO/IMKA UX pacyera.

32. IlpucoennHeHNEe MECTHBIX CHCTEM TETUIOMOTPEOICHHS K TETIJIOBBIM CETSIM.

33. Ha3znauenue ¥ npuHIMI pabOThI peryasTopa JaBJIeHUs HEMPSIMOTO JIeHCTBHUS.

33. Meroauka pacyeTa MUKOBBIX TEIUIOBBIX TEXHOJIOTHYECKUX HATPY30K.

Kpurtepun onieHkn ycTHOrO onpoca

[TonHOTa OTBETa Ha MOCTABIIEHHBIM BOMPOC, YMEHHE UCMOIb30BaTh TEPMHUHBI, IPUBOIUTH MPUMEDPHI,
JienaTh BBIBOJIBI.

3a Kax[Iplil OJIOK B cyMMe 00ydJaromuiics JOJHKEeH MOJydUuTh 25 6aiioB, U3 HUX 5 — 3a MocelleHne
3aHATUH, 5 - BrInoJHEHNE TOMOTHUTENBHBIX 33/1aHUH (JOKIa, CTaThs, Mpe3eHTanus ), 10 — 3a BoIIOJIHEHNE
TECTOBBIX 3a/IaHUM, 5 — 3a 3alTUTy JTa0OPATOPHBIX pabOT

Kpurepun nosnyueHus oleHKH:

- pe3yabTaT, COJAEPKAIIUNA MOTHBIA MPABUIILHBIN OTBET — MAaKCUMAJIbHOE KOJIMYECTBO OAJIIIOB;

- pe3ysbTaT, CoJAep KA HEMOJHBIA MPaBUILHBIA OTBET (CTENEHb MOJHOTHI OTBETa — OoJee
60%) nuau OTBET, COAEpIKANU HE3HAUYNTEIbHBIE HETOYHOCTH— 75% OT MaKCUMAaJIbHOTO KOJUYECTBA OAJIJIOB;

pe3yJIbTaT, COEPKALUI HEMOJIHbIN IPAaBUWIBHBIN OTBET (CTENEHb MOJIHOTH 0TBeTa — OT 30 10 60%)

O 0 1N DN B W —



WIN OTBET, COJIEP KUK 3HAYUTEIbHbIE HETOUHOCTH -40 % OT MaKCHMaJIbHOTO KOJMYECTBA OAJUIOB,;

- pe3ynbTaT, COIEepKalINil HETIOIHBIM MPaBWIbHBIN OTBET (CTENEeHb MOJHOTHI 0TBeTa — MeHee 30%),
HENPAaBWIBHBIM OTBET (OTBET HE IO CYLIECTBY 3a/aHus) WK oTcyTcTBHE OTBETa — 0 % OT MakCUMalbHOTO
KOJIMYecTBa OaJuIoB.

4. METOAUYECKHUE PEKOMEHJALIUHA 11O ITIOATI'OTOBKE K IPAKTUYECKHUM
3AHATUAM
[Ipouiecc MOArOTOBKM K MPaKTUYECKHMM (CEMHUHApCKUM) 3aHATUSAM BKJIIOYAET U3ydYCHHE
HOPMATUBHBIX JIOKYMEHTOB, O0S3aTeNbHOW ¥ JOIMOJHUTEIBHONH JIMTEPATyphl IO paccMaTpUBAEMOMY
BOIIPOCY.
HenocpencTBenHoe mpoBeIeHUE IPAKTHUECKOTO (CEMUHAPCKOTO) 3aHATHS MPEIIOJIaracT:
- UHJIMBUTyaJIbHbIE BBICTYIUJICHUS CTYACHTOB C COOOIICHUSIMHU 110 KaKOMY-JIHOO BOIIPOCY U3ydaeMoit
TEMBI,
- ¢poHTaTBEHOE OOCYXKICHHE pacCMaTPUBAEMOM TTPOOIEMBbI, 000OIIICHUS U BBIBOJIBI;
- peleHne 3a7a4d ¥ yInpaxHeHuH 1o oopasiy;
- pellieHre BapUaHTHBIX 33]a4 U yIPaKHEHHUI;
- pelIeHre CUTYallMOHHBIX MPOU3BOJICTBEHHBIX (MPo¢deCcCHOHATBHBIX) 3314,
- TMPOEKTHUPOBAHUE M MOJCIUPOBAHHE pPA3HBIX BHJIOB W KOMIIOHEHTOB MPO(ecCHOHAIBHOM
NESTCIILHOCTH.
[Ipoulecc MOATOTOBKM K MPAKTUYECKHUM (CEMUHApPCKUM) 3aHATUSM BKJIIOYAET H3YYCHHE
HOPMATUBHBIX JIOKYMCHTOB, O0S3aTEIbHOM ¥ JOMOJHUTEIBHON JIMTEPATyphl IO pPaccMaTpUBAEMOMY
BOIIPOCY.

5. METOAUYECKHUE PEKOMEHJIAIIUU 110 IOAI'OTOBKE PE®EPATA

K camocrosTensHO paboTe OTHOCKUTCS HANMCAHKE U 3alliTa JI0KIaaa B cemectpe. [loaroroBka pokiana
1o JuctuIvHe « TeroTexHuKay - OIMH U3 OCHOBHBIX 3TAIlOB y4eOHOIO Mpolecca B 00y4eHHUU CTYJCHTOB,
KOTOpPBIM HEO0OXOJAMMO NPUOOPECTH HABBIKM CaMOCTOSITEILHOTO HCCIIEAOBAHUS M IPEACTABICHUS €0
pe3yibTaToB. Tema BEIOUpaeTCst CTyIEHTOM CaMOCTOSITEIBHO 110 COITIACOBAHUIO C MIPEIOIaBaTEIeM.

[TpumepHBIe TeMBI pedepara:
1. Mcnonp30BaHnEe BTOPUYHBIX SHEPTOPECYPCOB M OTXO0B B KAUECTBE SHEPIE€TUYECKOT0 TOILUINBA.
2. CMel1aHHbIE CUCTEMBI TETNIOCHAOXKEHUS (Ha IPUMEpE UCIIONIb30BaHMsI KOTEIbHON, BETPOreHepaTopa,
TeJIMOYCTaHOBKH U JIp.).
3. IIporuo3sl pacnoyiaraeéMbIxX 3aacoB TOIIMBA U UX ucuepnanus. [Ipobiembl 100b14M 1 TpaHCcIopTa
9HEPreTUYECKOro TOIINBA.
4. SAnepnoe Tomnuso. [IporHo3sl pacnonaraeMsIx 3anacoB U ux ucuepnanus.IIpo6iemsl mpousBoacTBa U
TpaHCHOPTa siZiepHOTro ToruMBa. [Ipo0ieMsl sK0sI0rnyeckoil 6€30MacHOCTH NP MPOU3BOACTBE U TPAHCHIOPTE
AJIEPHOTO TOILJIMBA.
5. 'azu¢ukanus yriaei. I[IpoGiaeMbl 1 nepCceKTHBHI.
6. IlepcniektuBsl npuMenenus [1I'Y Ha 0a3e razudukanyuy TBEpAbIX TOIIUB
7. IcKyCCTBEHHOE KOMIO3MIIMOHHOE KHJIKOE TOIUTUBO U3 yIiis ¥ 3()()EKTUBHOCTB €ro UCIOIb30BAHUS
8. Pabouune Tena nuukioB. bBuHapHbIe UKIIBI.
9. Pabota TOC B ycnoBusiX pblHKa 3JIeKTpo3Heprun. Kpurepun TeXHUKOIKOHOMUYECKOH ONTUMU3AIIH
o0opynoBanus u cxeM TOC B pIHOYHBIX YCIOBUAX
10. CoBepiieHcTBOBaHME cXeM U obopynoBanus TOC
11. Vicnonb3oBaHue TypOMHHBIX S5KOHOMAai3epoB B 0JI0Kax MOBBIIEHHOH 3(hpexTHBHOCTH
12. I'azo-TypOunHbIe HagcTpoiiku TOL]
13. Bo3aelicTBrEe SHEPreTUKU HA KIMMAT 3eMIIU
14. AkkymMynupoBaHUE TETNIOBOU U AJIEKTPUYECKON DHEPTUHU
15. Yrunu3zanus u306ITOYHON TEMIOTH B TEMJIOIHEPTETUUECKUX CUCTEMAax
16. CoBepiieHcTBOBaHHE KOTEIbHOTO 00opynoBanus TOC
17. CoBepiieHcTBOBaHUE TYypOUHHOTO 000pynoBanus TOC
18. Crioco6s! 1 3¢(heKTUBHOCTH MEepeBo/ia KOTENbHBIX B Masbie TOL]
19. TexHOMOTNH YCOBEPIIEHCTBOBAHUS TOMIOYHBIX MTPOLIECCOB
20. [Ipob6sembl 3KCIITyaTallMK BIa)KHOTIAPOBBIX TYpOUH.
21. IIpoGaemsl skcruryaTanuu terogukanuonsbix [ITY.
22. IIpo6nemsl skcmryatanuu odbopynosanus [1TIY.



23. HavanbHble mapaMeTpbl pabodero Teia B MapoOBBIX U I'a30BbIX TYpOMHAX

24. OnpezenieHne MoTeph Teria TpyOOompoBOaMu TIPH PA3IMYHBIX CIIOCO0aX MPOKIAAKH. MeponpusTus
JUISL CHIDKEHHSI pacxojia TeIuia B cucTeMax TersiocHa0xeHus. CoBpeMEeHHbIE BUIBI TETUIOU30JISIIUH.

25. BelpaBHUBaHME TpahUKOB HATPY3KH SFHEPTOCUCTEM M SJIEKTPOCTAHITUHN 32 CUET HUCTIOIb30BaHUS
akkymyssTopoB Teria 1 'ADC. OcobeHHOCTH pacyeTa 3aTpat TOIIMBA TP UCTIOIb30BAHUT
AKKyMYJIATOPOB TEILIA.

26. Be16op emkxoctu akkymynaropos teria u TADC B sHeprocucteme.

27. Cuctema OnepaTuBHOTO AUCTAaHLIMOHHOTO KOHTPOJIS 32 COCTOSIHUEM TEIUIOBBIX ceTeld. CHHUKEHHE MOoTeph
TEIJIa CHCTEMAaMU TETIOCHAOKEHHS JUIsl COKpAIEHUs MTOTPEOICHNS TOIUTMBHO-3HEPTETHYECKIX PECYPCOB.
28. cnonb3oBaHue XOJOIUIbHBIX MAIIMH B CUCTEMaX dHEProCHA0MKEHHS

B pesynbpTare moaroToBku pedepara CTYyJEHT MOXKET BBICTYNATh HA KOH(PEPEHIHMIX U CEMHHAPAX IO
3TOMY BOIIPOCY.

OO0mme pekoMeHIaIUM 0 IOATOTOBKe pedepara

Pedepar nomxen BkiIro4aTh B ce0sl BBEACHHE, OCHOBHYIO YaCTh U 3aKIIIOUYCHHE.

Bo BBexeHnum HEOOXOAMMO OTpPa3uTh OOOCHOBAHME AKTYaJIbHOCTH BBIOPAHHOM TEMBI, KpaTKOe
OIMCAaHKE TEKYILEro COCTOSHUSA MPOOJIeMbl. B HEM CTYyAEHT JOJIKEeH yKa3aTh LIeb U 3a7ja4 padoThl, 00bEKT
UCCJIEIOBaHMsI, 3JIEMEHThI HOBU3HBI, BBEJICHHBIE B IIpoliecce HanucaHus padoTsl. HeoOxoaumo nepeunciuThb
po0OJIeMbl, KOTOPBIE TOJIKHBI OBITH PELICHBI B PAMKaX BHIOPAHHOU TEMBI.

OcHOBHasl 4acTh JOKJIaJa JOKHA COAEPkKaTh BOIPOCHL, PEAYCMOTPEHHBIE B IJIaHE paboThl. B Heil
HEOOXOJUMO OTPa3UTh TEOPETUYECKUE OCHOBBI, PACKPHIBAIOIIUE CYTh MPOOJIEMbI, MPOAHATU3UPOBATH
coOpaHHBIE MaTepHasbl, XapaKTEPU3YIOLIHE MPAKTHUECKYI0 CTOPOHY OOBEKTa MUCCIEIOBaHHA. JTOT pas3jen
MOJKET COJIepKaTh paboune TabauIlbl, AUarpaMMBbI (TUarpaMmbl U Ipyrue MaTepuabl.

B 3axmroueHune HEOOXOAMMO OTpa3uTh BBIBOJABI U MPEUIOKEHUS, IOJyYEHHBIE B pE3yJbTaTe
npenpiaymei pabotsl. OHU JOKHBI OBITH CPOPMYITHUPOBAHBI YETKO U TOUKH.

Crucok JmTepaTypsl BKIIOYAET B al(aBUTHOM IOPSAIKE CIUCOK COBPEMEHHBIX 3aKOHOB U
HOPMATHUBHBIX AaKTOB, COOTBETCTBYIONIEW HAyYHOW JHMTEpaTypbl, Hay4HbIX pPa0dOT, CTaTUCTUYECKUX
COOPHHMKOB U IpYIMX UCTOYHUKOB, BBIITYILIEHHBIX HE pAHEE ISITH JIET.

Od¢opmiienue pedpepaTta 1 NOPSAAOK 3aIUTHI

O6bem paboTel — 4-7 cTpaHUI] TPOHYMEPOBAHHOTO KOMITBIOTEPHOTO TekcTa, mpudTt, 14, nuHTEepBan
1,5, mons crannaptheie. Mmoctpanuu, pororpaduu, pucyHkd, rpaduku, KOTOpbIEe MOSBISIFOTCA Ha TEKCTE,
JIOJIKHBI OBITH IPOHYMEPOBAHBI.

BeimonHeHHbI  f0K7an TpoBepsieTcs mpenongaBateneM. Ecim  goknan  odopmieH  coriacHo
IpeIbsABISIEMbIM TpeOOBaHUSAM, TO PabOTa JOMyCKaeTcs K 3alluTe, O 4YeM IIpernojaBaTesieM JIeIaroTcCs
3allUCM Ha THUTYJIBHOM JHcTe paboThl. Eciam Joknmaag uMmeeT OTpULATENbHBIA OT3bIB, TO JOKYMEHT
BO3BpaIllaeTcsl Ha I0pabOTKy ¢ MOCIENYIOLINM MPEACTaBIEHUEM O €r0 IOBTOPHOM PacCMOTPEHHUH.

TpebGyeMblil ypoBeHb OpUTrHHAILHOCTH He MeHee 50%.

JlokJ1aZibl MOTYT COIIPOBOXAATHCS MPE3EHTALMEN, OTpakarolell OCHOBHbIE MOMEHTHI BBIITOJIHEHHOTO
MCCIIEJOBAHMSI.

Kpurepun ouenku pedepara

Kpurepnii ITokasarens MakcumanbHoe
oIleHKH pedepaTa KOJIMYECTBO 0aJIOB
1.CreneHb pacKpbITHS | - COOTBETCTBUE COZIEpKaHUs TeMe pedepara; 1
CYIIHOCTH TIPOOJIEMBI | - TIOJHOTa W TIIyOMHA PACKPBITUS OCHOBHBIX TOHSTHIMA 1
poOIeMBbI;
- YMeHHe paboTaTh C TUTEPATYPOid, CHCTEMaTHU3NPOBATh 1
CTPYKTYPHUPOBATh MaTepua,
- yMeHHe 0000IIaTh, COMOCTABIATH PA3IUNYHBIC TOYKH 1
3peHHs [0 paccMaTpruBaeMOMY BOIIPOCY;
- apryMEHTHPOBATH OCHOBHBIE MTOJIO’KEHHS W BBIBOJIHI, 1
- yYMEHHE YeTKO M O0OCHOBaHHO (HOPMYIHPOBATH
BBIBOJIBI; 1
- CaMOCTOSATENbHOCTh, CIHOCOOHOCTH K ONpPEAENICHHIO
CcOOCTBEHHOM MO3UIMHU MO NpobiieMe M K NMPaKTUYECKOM 2
aJlanTanyy MaTepuaia
2.Cobmronenune - MPAaBWJIBHOCTh U aKKypPaTHOCTH odopmiieHus pedepara 1
TpeOOBaHUHI 1O | -TOYHOCTh B IIMTUPOBAHMHM W YKa3aHWUU MCTOYHHUKA




odopmIIeHHIO TEKCTOBOTO (PparMeHTa, 1

- coOmoaeHue TpeOOBaHUNW K O00BEMYy U CTPYKType

pedepara; 1

- TPAMOTHOCTB U KYJIbTypa U3JI0KECHUS

1

3.YpoBeHb  3aUIUTHI | - TOKJIAJ CTPYKTYPUPOBAH, PACKPHIBAET TEMY 1
pedepara - JIaHbl TPaBWIbHBIC, apPTYMEHTHPOBAHHBIC OTBETHI Ha 2

YTOYHSIOIINE BOIIPOCHI

- CaiIbI MIPEJICTaBJICHBI B JIOTMYECKOM 1

MOCJICZI0BATEILHOCTH U 0(hOpMIICHUE MPE3CHTAIUH;

- KOJIMYECTBO cjaiioB He Oomee 10 1
MakcuManbHOE KOJIUYECTBO 0aIoB 17

Jlnisi OATOTOBKM TPE3CHTAIlMK K 3amuTe pedepara, oOydaromeMycs HEOOXOJIUMO HCIOJIb30BaTh
PowerPoint. KosimdecTBo citaiiioB pe3eHTaluu K 3ammre pedepara — He 6osee 10.

MakcumanbHOe KOJMYECTBO OallJIOB, KOTOPOE OOYYAFOIIUHCS MOKET IOJYyYUTh 3a IOATOTOBKY
pedepara U mpe3eHTAIMU K HeMy cocTaBisieT 17 0ayuioB. bamisl y9UTHIBAIOTCS B MpoOIECcCce MPOBEICHUS
TEKYIIEr0 KOHTPOJIS.

17 GaioB — OICHKA «OTIUYHOY;

12-16 GayoB — o1eHKa «XOPOIIOY;

8-11 GanIoB — OIlEHKA «YJOBJIETBOPUTEIHHO

Menee 8 6a/UIOB — OlLIEHKA «HEYIOBJICTBOPUTEIBHOY.

6. METOAUYECKHUE PEKOMEHJIAIMHA 11O HOATI'OTOBKE K 3AYETY
IIponenypa 3adera (qudQepeHIMPOBAHHOrO 3a4eTa) Kak OTJEeIbHOE KOHTPOJIBHOE MEPOIpUSTHE
IIPOBOJIUTCA I10 CJIIEAYIOLIUM BOIIPOCAM.
. Texunueckas TepMoarHaMuKa. OCHOBHBIE IIOHATHS U ONIPEACICHUS.
. [lepBbIil 3aK0H TepMOAMHAMUKH. BTOpOI1 3aKOH TEPMOINHAMUKHU.
. TepMoarHaAMHUUYECKHE TTPOLIECCHI.
. PeasibHbIE Ta3BI.
. Bonsgnou map.
. TepMoarHAMHUYECKHE IIUKIIBL.
. OCHOBBI TEOpPUU TEIIIOOOMEHA.
. TemonpoBOJHOCTb.
. KonBekTHBHBII TernooOMeH.
10. TeruioBoE U3IIy4YEeHHE.
11. Tennonepenaya.
12. Tumnsl 1 pacueT TeMI00OMEHHBIX aIIapaToB.
13.TennmosHepreTn4ecKue yCTaHOBKH.
14. DHepreTHuecKoe TOIUIHBO.
15. KorenpHble yCTaHOBKH.
16. CTpyKkTypHBIE U3BMEHEHUS B COBPEMEHHOM TEIUIOPHEPTETUKE U XapaKTEPHbIE HAPABIICHUS €€ Pa3BUTHS.
17. PacueT roioBbIX pacxo/10B TEIUIa Ha OTOIUIEHUE U BEHTUJISAIMIO OOLIECTBEHHBIX 3/1aHHM.
18. MeTouka THIPABIUIECKOTO pacueTa TPyOOpPOBOJOB CUCTEMBI TOPSYETO BOIOCHAOKEHHS.
19. Knaccudukanus norpeduresne Temina no pexxuMy noTpeOaeHns U UX XapakTepUCTHKA.
20. YpaBHenune Ban-nep-Banbsca u napameTpbl KpUTUYECKOTO COCTOSIHUS BOJIBI.
21. OcHoBHbIE (hU3MYECKHE TPUHIUIBI paOOTHI BOJOCTPYHHOIO 3JeBaTopa.
22. HopMmaTHBHBII METOJI pacyeTa TEIJIOBBIX Harpy30K HAa OTOIUICHHUE JKUJIbIX 3/1aHHMN.
23. CpaBHUTEIbHBIN aHAIN3 CXEM BBOJIOB 3aKPBITHIX CUCTEM TETNIOCHAOKEHMS.
24. 3ajaun ¥ IPUHLHUI PETYIUPOBAHUS TEMIIEPATYPhl HAa BBOJAAX MECTHBIX CUCTEM rOpSYEro
BOJIOCHA0KEHMUSL.
25. HopmaTuBHBIE METO/IBI pacueTa TEeIJIOBBIX HArPY30K HAa BEHTUIISILIUIO U TEIIOBBIAECTICHUS JKUITBIX
3aHUM.
26. XapaKTepucTUKa CXeM a0OHEHTCKHUX BBOJIOB OTKPBITHIX CHCTEM TEIJIOCHAOKEHUS.
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27. OrpaHMYUTENIbHBIC YCIOBHS, 0053aTEIbHBIEC K BBIMOJIHEHHUIO IIPU IIOCTPOCHUH MTbE30METPUIECKUX
rpaguKoB.
28. MeTroanKa pacdyera 4acOBbIX PAcX0JIOB TeIJia Ha ropsiuee BOJOCHA0KECHHE KIIIBIX 31aHUH.
29. XapaKTepucTuKa CXeM BBOJIOB 3aKPBITHIX CHCTEM TEITIOCHAOKESHHUSI
30. 3agauu ¥ NPUHLIUIIBI ABTOMATUYECKOTO PEryJIMPOBAHUS TEIIOBBIX IIYHKTOB.
31. Buabl kone6aHui TEIJIOBBIX HATPY30K rOPSYEro BOJAOCHA0KEHUS M METOIMKA UX pacyeTa.
32. HpI/ICOGI[I/IHCHI/IC MECCTHBIX CUCTCEM TQHJIOHOTPCGJIGHI/I}I K TCIIJIOBBIM CETSAM.
33. Haznauenue ¥ npuHIUI pabOThI PEryNATOpa AaBICHUS HEMIPSMOTO JEHCTBUS.
33. Meronuka pacuera IMKOBBIX TEIIOBBIX TEXHOJOTUYECKUX HArpy30K.
3aueT BBICTABIAETCA MO pe3ysibTaTaM paboThl B CEMECTpe, IPH cllaye BCEX KOHTPOJIbHBIX TOYEK,
HNPETYCMOTPEHHBIX TEKYIIUM KOHTPOJIEM YCIIEBAEMOCTH.

CIIMCOK PEKOMEHAYEMbBIX THOPOPMAINNWOHHBIX NCTOYHUKOB

6.1. Pexomenayemas autepatypa

6.1.1. OcHoBHas JUTepaTypa

ABTODBI, COCTaBUTETHN 3ariaBue W3nparensctBO, TOX Anpec
JI1.1 |T'maneB A. B., Koznos |Termmorexunka: YuebHoe mocobue Caparos: Hayunas | http://www
A. B., Canponosa lO. kHura, 2012 .iprbooksh
W., Maiiopos C. T'. op.ru/6350.

html

JI1.2 |C6opumkos I'. C., Temnodusnka u TerwtoTexunka. Terrodusuka: [pakTukym Mocksa: http://www
Uubuzosa C. U. Wsnarensckuii Jlom | .iprbooksh
MUCuC, 2012 op.ru/5620

1.html

6.1.2. lonoJHUTeIbHAS JIUTEPATypa

ABTOPBI, COCTaBUTENIN 3armaBue W3narenscTBO, IO Anpec
JI2.1 |Apytionos B. A, Tennodusuka, TEIUIOTEXHUKA, TEIII0O0OMEH. MexaHuka Mocksa: http://www
Kammranos B. A., KHUIKOCTEH 1 ra30B: JIabopaTOpHbIH PAKTHKYM Wsnarensckuit lom | .iprbooksh
JleBunkuii 1. A., MUCuC, 2007 op.ru/5612

Mwubanos C. H. 1.html

6.1.3. MeTtonnueckue pa3padoTku

ABTOpBI, COCTABUTEIH 3arnaBue W3parenscTBo, TO Anpec
JI3.1 |KpyrmosT. A., Temnorexauka. [IpakTHaecKuit Kypc , 2017 https://e.la
Bynrakosa P. U., nbook.com
Kpyrnosa E. C., /book/9625

Amnppeesa M. B. 3

6.2. Ilepeuenn pecypcoB HHPOPMALTHOHHO-TEJJEKOMMYHHKAIINOHHOM ceTH "UHTepHeT"

91  |Kynunos, 1. B. Teopernueckue ocHOBBI TeruioTexHUKU. Yacth |. TepmoanHamuka [DneKTpoHHBIN pecypce] : yueOHoe nocobue
/ W. B. Kynunos, E. B. Ctedantok. — DieKTpoH. TeKCToBbIe qaHHbie. — Camapa : CaMapckuii ToCcy1apCTBEHHBIH
ApXUTEKTYPHO-CTPOUTENbHbIN yHUBepcuteT, ObC ACB, 2013. — 172 ¢. — 978-5-9585-0554-8. — Pexxum nocrtyna:
http://www.iprbookshop.ru/22626.htmi

32  |CrosnoB, H. . Teopernueckue OCHOBBI TEIUIOTEXHUKH (TEXHUYECKAs TEPMOJIMHAMHUKA M TEINIOMAacCO0OMeH) [ DIIeKTpOHHBIH
pecypc] : yue6Hoe nmocobue / H. Y. CtosiHos, C. C. CmupHOB, A. B. CMupHOBa. — DJIEKTPOH. TEKCTOBBIC TaHHBIC. —
Crasponons : CeBepo-KaBkasckuil ¢penepanbublii ynusepeuret, 2014. — 226 ¢. — 2227-8397. — Pexum noctyna:
http://www.iprbookshop.ru/63139.htmi

6.3.1 IlepeyeHs NporpaMMHOro odecrnevyeHuns

6.3.1.1|Microsoft Windows

6.3.1.2|Microsoft Office Word

6.3.1.3|Microsoft Office Excel

6.3.1.4|Microsoft Office PowerPoint

6.3.2 Tlepeyenb HHGOPMALMOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1|TIpodeccnonansubie 6a3pr ganHbix Crucremsr « Texakcmep». Pexxum gocryma: https://tech.company-dis.ru.

6.3.2.2|Koncymsrantllmoc. Pexxum mocTyma: Www.consultant.ru.

6.3.2.3|MexayHapo iHbie 6a3bl JaHHBIX

6.3.2.4|Scopus . Pexxum noctyna: WWW.SCOPUS.COM.

6.3.2.5|Web of Science. Pexxum noctyma: apps.webofknowledge.com.

6.3.2.6

6.3.2.7




METOANUYECKHUE YKA3ZAHUA

JUIS. OpraHU3aIuy CaMOCTOSITEILHOM PaOOThI
110 UCcHUIUTNHE « TemIoTeEXHUKa
JUTs1 CTYICHTOB HAaMNpaBJIEHUs TOJATOTOBKHU

15.03.02 TexHonornueckue MalmHbl 1 000PY/I0BaHKE
Hanpasnennocts (mpoduib) BeITOBbIE MaIIMHBI U IPUOOPHI



Ty
ol

MUHHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA3OBAHU S POCCUMCKOM ®EJIEPALINN

OEJAEPAJIBHOE 'OCYJAPCTBEHHOE BIO/KETHOE
OBPA3OBATEJIbHOE YUYPEKTEHUE BBICHIEI'O OBPA3OBAHUS
«IOHCKOU TOCYAAPCTBEHHBIN TEXHUYECKUU YHUBEPCUTET»

Texnosornyecknii ”HCTUTYT cepBuca (puauan) AI'TY B r.CraBponose
(TUC (punauan) AI'TY B r.CtaBpomnoJie)

METOAUYECKHUE YKA3ZAHUSA

10 BBITIOJTHEHUIO TPAKTUYECKUX padOT
M0 TUCIUTIINHE « JCKTPOIPUBO] M CHCTEMBI YIIPABIICHHUS
OBITOBBIX MAIlIMH U TIPHOOPOBY
JUTSI CTYJICHTOB HAMpPABJICHUS TIOJITOTOBKH
15.03.02 TexHonmornueckrue MaluHbBl 1 000pYAO0BaHUE
HaIpaBJIeHHOCTh (MPOQ1IIh) «BBHITOBBIE MAIIMHBI U IPUOOPHI



Meroanueckue ykazaHus MO JUCHUIUIMHE «IJEKTPONPUBOJ U CHUCTEMBl YIPABICHUS
OBITOBBIX MAalllMH W TPHOOPOB» colepkaT 3aJaHusl JUIsl CTYACHTOB, HEOOXOJUMBIC ISt
MPAKTUYECKUX 3aHATHH.

[TpopaboTka nmpeIoKEHHBIX 3aJaHUi MMO3BOJUT CTYACHTaM NMPUOOPECTH HEOOXOIUMBIE
3HaHUs B 00JIaCTU M3y4aeMOM NUCIUIUIUHBI.

[Ipenna3nauensl AJisi CTYJEHTOB HampaBiieHus nmoarotoBku 15.03.02 TexHosiornueckue
MaIIMHBI 1 00opynoBanue. HanpasieHHOCTH (Tpoduib) BeITOBBIC MAIIMHEBI ¥ IPUOOPHL.



Conep:xanue

Beenenue

[TpakTueckoe 3ausatue 1 OmnpeneneHre CUIOBBIX JIEMEHTOB U TUIIA JIEKTPOIPUBOA.
[TpakTuyeckoe 3ansTre 2 BoiOop 1 mpoBepKa 31eKTPOIBUTATEIIS.

[IpakTnueckoe 3ansaTue 3 Pacuer Harpy304HOM AuarpamMMbl JBUATATENIA.

[TpakTueckoe 3ansatue 4 [IpoBepka ABUraTess MO HarpeBy.

[TpakTrueckoe 3ausitue 5 CTpyKTypHas cxema 00beKTa yIpaBlICHUS.

Crimucok peKoMeHAyeMbIX HH(OPMAIIMOHHBIX UCTOYHUKOB



BBEJAEHUME

HpI/I HU3YUCHHU KypCa Hapdaay C OBJIaJCHUCM CTyACHTAMHU TCOPCTUUCCKUMHU IIOJOKCHUAMU
YACIACTCSA BHUMAHHUC HpI/IO6peTCHI/IIO MNPAKTUYCCKHUX HABBIKOB, C TEM, yTOObI OHU CMOTJIA YCHCIIHO
MIPUMEHATH UX B CBOEH MOCIIEAYIOMIEH padoTe.

Lenp ocBoenus pucuumuinHbl — [lonydeHune 3HaHMA W NPAKTUYECKUX HABBIKOB
(YHKIMOHUPOBAHUSI TPHUBOJOB OBITOBOM TEXHHUKH, MX XapaKTEPHCTUK, MPOLECCOB, CHCTEM
YIPaBJICHUS

IIpuMeHeHHe MeTona CUCTEMHOIO aHaIM3a K M3YYCHHMIO JIAHHOM JIMCLMIUIMHBI
ompezieNisieT CIeAYIoIUe ero 3ajJadyu: H3ydyeHHue MNpoljeM B HCTOPUYECKON IEepCIEKTHBE,
pacuipeHre 3HaHHUS CTYACHTOB, pa3BUTHE CIIOCOOHOCTH CTYIEHTOB K IOHHUMAHUIO H
KPUTHYECKOMY OCMBICIICHUIO TTPOOJIEM COBPEMEHHOCTH, OOCYKJaeMbIX B CPEIICTBAX MacCOBOM
uHpOpPMALIUK, JTUTEPATYPhl, @ TAKXKE MPUOOPETEHHE HABBIKOB IOCIEA0BATEILHO M TPAMOTHO
U3JIarath CBOM MBICJIM B YCTHOM M MUCbMEHHOM popme

B pe3ynbrate 0CBOCHUS JaHHOH AMCHUIUIMHBI (POPMUPYIOTCS CIIEAYIONINE KOMITETCHIIUN
y o0yyaromierocs:

IIK-13: VYmenue mnpoBepsATh TeXHHYECKOE COCTOSIHHE M OCTATOYHBIA pecypc
TEeXHOJIOTHYeCKOro O00OpyI10BaHMS, OPraHU30BBIBATH MNPOPUIAKTHYECKHI OCMOTP H
TeKYLIUIl PEeMOHT TeXHOJIOTHYeCKUX MALIHMH U 000py10BaHus

N3yuuB naHHBIN KypC, CTYIEHT JIOJKEH:

3HaTb:

OcHoBHBIE TapaMeTPhI, XapaKTepU3yIolIe padoTy MPUBOIa OBITOBOM TEXHUKHU

YMers:

[IpoBepsTh TEXHUYECKOE COCTOSTHUE M OCTATOYHBIN pecypc MPUBOIOB OBITOBOI TEXHUKU

Bnaners:

O1neHKH 0CTaTOYHOTO pecypca MPUBOIOB U CHCTEM yIpaBJiIeHHs ObITOBOI TEXHUKU

Peanusanus KOMIIETEHTHOCTHOTO MOAXOAA IIPEIyCMaTPUBAET HIMPOKOE UCIIOIb30BAHNUE B
yuyeOHOM TMpoliecce AaKTHBHBIX W WHTEPaKTUBHBIX (OpM TMpoBeAeHUs 3aHATHH (pa3dop
KOHKPETHBIX CHUTYyallli, cobeceoBaHME) B COUYETAHUU C BHEAYJUTOPHOW pabOTON € LENbio
(dbopMHpOBaHUs U pa3BUTHS MTPO(HECCHOHATBHBIX HABBIKOB CHELIUATNCTOB.

JlekMOHHBIN KypC sIBAsieTCs 0a30d JUIsl TOCIEAYIOUIErO MOMY4YeHUs O00Yy4YaroIUMUCS
NPAaKTUYECKUX HABBIKOB, KOTOpPbIE MPUOOPETAIOTCS HA MPAKTUYECKUX 3aHATUAX, TPOBOJUMBIX B
aKTUBHBIX (oOpMax: [eJlOBble WIPbl; CUTYallUOHHBIE CEMUHapbl. MeToauka MpoBeIeHUs
IPAKTUYECKUX 3aHATHUA W UX COJEPKAHUE TPOAMKTOBAHBI CTPEMIICHMEM KaK MOXKHO
s¢(deKkTUBHEE pa3BUBaTh Y CTYJIEHTOB MBILIUIEHUE U WHTYULIHIO, HEOOXOIUMbIE COBPEMEHHOMY
crienuanucTy. AKTUBHBIE (POPMBI CEMUHAPOB OTKPBIBAIOT OOJIBIINE BOZMOKHOCTH JJIS1 IPOBEPKU
YCBOEHUS TEOPETUUECKOr0 U MPAKTHYECKOT0 MaTepHaa.

IIpakTnyeckoe 3anaTHe 1 OnpeneneHue CHIOBBIX 3JIEMEHTOB H THIIA )JIEKTPONPHBOAA.

Less 3ansTHs 3aKkmovaeTcs B GOPMUPOBAHUH Y CTYJIEHTOB MPOPECCHOHANEHON KOMIIETECHITHH:

IK-13

Dnexmponpuso0om Ha3bIBACTCSI INEKTPOMEXaHUYECKOe YCTPOWCTBO, NpEeAHa3HAYeHHOE IS
npeoOpa3oBaHusl IJIEKTPUUECKOM HHEPIUH B MEXAHWYECKYK SHEPrUI0 BpAIIaTeNbHOr0, JHOO
MOCTYNAaTEebHOTO JBM)KEHHMSI UM  BKIIOYAIOLIEE JJIEKTPOMEXaHWYECKUH MpeoOpa3oBareib
(1BUTATEINB) M YCTPOMCTBO YIPABICHHS IBUTATEIIEM.

Onun u3 BapuanToB 010k-cxembl D11 mpuBeneH Ha puc. 17.1.
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Puc. 17.1. BapuaHT G10K-CXE€MBI JICKTPOIIPUBOIA

B o0mem ciydae OI1 Brimrouaer mpeobdpazosarensd [1, anexTpomexaHnyeckuii mpeodbpa3zoBareb
(anextpoasurarens) OMII([]), paboumit mexanusm PM, ycTpoHcTBO (WM YCTPOWMCTBA)
obparroii cszu YOC, cymmmpyrommii y3en CY. IIpeobpasoBarens 1, ycrpolictBa oOpaTHOI
cs3u YOC u cymmupytomuii yzen CY o0pa3yroT ycTpoHCTBO ynpasienus YY. B 3aBucumoctu
ot tuna Ol B VY MoryT BXOAUTH U APYrue 3JIEMEHThI YIIPaBICHUS.

[IpeoOpazoBarens Il mpegHasHayeH ansi  NpeoOpa3oBaHUs — HAMPSDKEHUS  CETH Ucew B
Hanpspkeare Unp Ipyroil 4acTOThl M BETUYMHBI, HANPSDKEHWE TOW K€ 4acTOTHI M NMEPEeMEHHON
BCJIMYHMHBI, ITOCTOAHHOC HAMPSIKCHUC, U3MCHAIOIICCCA I10 BCIWMYMHE, W JP. 9t0 HAIIPs>KCHUEC
nogaercs Ha OMII(/]), koTopbIii, pa3BrBas Ha Baly BpaIlAIOLIMi MOMEHT M, HEOCPEICTBEHHO
WIM 4epe3 IMepellaTOYHOE YCTPOMCTBO NPUBOAUT B JBMKEHHE (BpallaTelbHOE WIIU
HOCTYyMaTeNbHoe) pabounii Mmexanusm PM ¢ MoMeHTOM conpoTuBieHust M.

YOC cnyxut J1st KOHTPOJIsL, U3MEpEeHUs U nocaenytouiero yuera Il perynupyemoi BeTUYHHbI
(Ha puc. 17.1 —y9acToThl BpallleHHs CO).

YC ocymecTtBiser (yHKIMIO CYMMHMPOBAHHUS 3aJalollero HampspkeHus Usaa U HampsbKeHHS
00paTHOM CBS3M IO YacTOTE BpallleHus uiu uHoi BenuunHe Uoc. Pe3ynbTupyromiee HanpsbkeHne
yIpaBJIEHUS] paBHOE PA3HOCTU MEXAY 3aJalOlIMM HalpsHKeHUEM U HaIlpsDKeHHeM oOpaTHOU
CBSI3U, OINpeJeNseT BBIXOAHBIE IMapaMeTpbl IpeoOpa3oBaress M, CIEI0BATEIbHO, CKOPOCTh
BpallCHUS JBUTATEII.

bnok-cxema (cM. puc. 17.1) COOTBETCTBYET CTPYKType aBTOMATH3UPOBAHHBIX 3JEKTPONPHUBOIOB
— Haubonee maccoBomy tumy OII. JIpyrue tunel JI1 MoryT umMeTh CTpyKTypy OoOJblIei win
MEHBIIEH CI0KHOCTH.

Kaaccupukanusa snexrponpusonos. B coorBerctBun ¢ I'OCT P 51137—98 OII
KJIacCU(UITUPYIOTCS MO CIEAYIOUIMM XapaKTePUCTHKAM.

Ilo Kojauyecmey u CeA3U UCNOJIHUMENIbHbLX, pa601tux Op2caHos.

e 1. lnnuBuUyanbHBIM, B KOTOPOM pabOYMil UCTIONHUTEIbHBIA OpraH MPUBOJUTCS OJHUM
CaMOCTOSATENIHBIM JBUTATENIEM, IIPUBOIOM.

e 2. I'pynmoBoi, B KOTOPOM OJWH JIBUTAaTE€Jb NPUBOJIUT B JCHCTBUE HUCIIOJIHUTEIbHbBIC
opransl PM win HeckosIbKO opranoBs ogHou PM.

e 3. B3auMoCBs3aHHBIN, B KOTOPOM J1Ba WU HeCKOJIbKO DMII nmm D11 snmekTpuuecku ninm
MEXaHUYECKU CBS3aHBI MEXAY COOON ¢ LeNbl0 MOJIepKaHUs 33JaHHOTO COOTHOILICHUS

WM PaBEHCTBA CKOPOCTEH, WJIM HArpy30K, WJIA IOJIOKEHUS UCIOJHHUTEIBHBIX OPraHoOB
PM.



4. MHoroABUTaTeNbHBIN, B KOTOpoM B3auMocBsizaHHbie OII, DMII obecneunBaroT
paboTy CII0KHOTO MEXaHU3Ma UK PabOTy Ha OOIIUIA BaJl.

5. DnexTpuueckuil Bai, B3auMOCBs3aHHbIN OlI, B KOTOpOM Ul TOCTOSIHCTBA CKOpPOCTEN
PM, He uMerImnxX MEXaHUYECKHUX CBS3€H, UCIOJIb3YETCA SJIEKTPUUECKas CBSI3b JIBYX WJIU
HecKoabkux DMIL.

Ilo muny ynpaenenus u 3a0aue ynpasieHusi.

1. ABromarusupoBanHblii JlIl, ynpaBiseMblii MyTeM aBTOMaTHYECKOTO PETYJINPOBAHUS
[IapaMeTPOB U BEIMYHUH.

2. Ilporpammuo-ympaBmsgembrii  JIl,  QyHKIMOHUpYIOIIMKA  4Yepe3  MOCPEACTBO
CIELUAIN3UPOBAHHON YIPABIIAIOMIEH BBIYMCIUTEIBHON MAIIMHBI B COOTBETCTBHM C
3aIaHHON [TPOTrpaMMON.

3. Caepgsmmit D11, aBTOMaTHYECKH OTpadaThIBAIOUIUI TEpEeMEeNIeHNe HCTIOTHUTEILHOTO
oprana PM c 3as1aHHON TOYHOCTBHIO B COOTBETCTBMM C IPOU3BOJIBHO MEHSIOIINMCS
CUTHAJIOM YIPABJIICHUS.

4. Ilo3unmonHelid Oll, aBTOMaTU4YeCKH PETYIUPYIOLIUN MOJOKEHUE HCIOJHUTEIBHOTIO
oprana PM.

5. ApantuBHbeii OlIl, aBTomMaTHuecku U30MpAOLIUMN CTPYKTYpY WM IapaMmeTphbl
YCTPOMCTBA yIPaBJIEHUS C LEJIbI0 YCTAHOBJIEHHS ONTUMAIBHOTO pekuMa paboThl.

Ilo xapaxmepy oeudicenusl.

1. OI1 ¢ BpamareabHbIM IBHKCHUEM.

2. JIunennsiii D11 ¢ THHEHHBIMH IBUTATEISIMH.

3. Huckpertnbiii D11 ¢ OMII, noaBmKHBIE YaCTU KOTOPOIO B YCTAHOBUBILEMCS PEXKHUME
HAXOJSATCS B COCTOSIHUU JUCKPETHOTO JBHKEHUS.

Ilo nanuuuio u xapakmepy nepeoamoyro20 ycmpoucmaa.

1. Penykropusiit D11 ¢ peyKTOpoM MIIM MYJIBTUIIIIMKATOPOM.

2. DNeKTpOruAPaBINYECKUN ¢ IEPEJATOYHBIM ITHIPABINYECKUM YCTPONCTBOM.

3. Maruutoruapoaunamudeckuii Ol ¢ mpeoOpa3oBaHHEM 3JIEKTPUYECKON SHEPIHU B
DHEPIHI0 ABM)KEHUS TOKONPOBOJAIIEH KUAKOCTH.

Ilo pooy moka.

1. IlepemeHHOTrO TOKA.
2. IlocTtositHHOTO TOKA.

Ilo cmenenu sasicHocmu 8bINOJIHAEMbBIX onepauuﬁ.

1. I'maBuenii DI, obecrneynBaronInii TIaBHOE IBMKEHHE WM TIABHYIO OIEpanuio (B
MHOTOABUTATENHHBIX JII).
2. Bcnomorarenbnbii OI1.

Bonpocsl A1 o0cyKneHust

1 Dnexmponpusodom Ha3bIBaeTCS

2 Kitaccudukanust s1ekmponpuso0os

3 OnpeneneHre CUIOBBIX JIEMEHTOB U TUIIA YJIEKTPOIIPUBO/IA
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IIpakTuyeckoe 3ansiTre 2 Bo100p ¥ MpoBepKa JIEKTPOABUTATEJIS.
Henpb 3ansaTHA 3aK1I09aeTcs B (POPMHUPOBAHUH Y CTYJAEHTOB MPO(ECCHOHATEHOW KOMIIETECHITHH:

IK-13

OCHOBHBIM TPeOOBAHUEM IIPH BEIOOPE AJICKTPOABUTATEIS SIBIISICTCS €0 COOTBETCTBUE YCIOBHUSIM
TEXHOJIOTMYECKOT0 ITIpoliecca paboueld MamuMHBI. 3ajada BbIOOpAa COCTOMT B IIOMCKE TaKOIO
JIBUTATENIsS, KOTOPBIK OyAeT obecreunBaTh 3aJaHHBIN TEXHOJIOTHYECKUIN IIUKI paboveil MallluHEI,
UMETh KOHCTPYKIMIO, COOTBETCTBYIOIIYIO YCIOBHSM JKCIUIyaTalli WU KOMIIOHOBKH C paboueit
MAILIMHOM, a €r0 HarpeB MPU 3TOM HE JIOJKEH MTPEBBIIIATH JIOITYCTUMbIA YPOBEHb.

BBI60p JABHUI'aTCIIA HCHOCTaTO‘lHOﬁ MOIONHOCTU MOXET IIPHUBECTH K HAPYHICHUIO 3aJaHHOI'O
TCXHOJIOTHYCCKOT'O OUKJIa u CHHMXXCHHIO IMPOU3BOAUTCIIbHOCTU pa60qel71 MAalInuHLI.
HpOI/ICXOI[HH_[I/IC IIpu 3TOM €ro MOBBIIIICHHBIN Harp€B M YCKOPCHHOC CTAapCHHUE HU3O0JIAINN
OIpCACIIAOT Hpe)KI[eBpeMCHHI)If/'I BBIXOJ CaMOI'0 ABUTaTCJIsA U3 CTPOsA, OCTAHOB pa60qel71 MalIuHbI
N COOTBCTCTBYHOIINEC 3KOHOMHWYCCKUC ITOTCPH.

HenomycTuMbIM SIBIISIETCS TAaKXKE MCITOJIb30BAHUE JIBUTATENICH 3aBBIIIICHHON MOIIHOCTH, TaK Kak
IIPU ATOM, UMesl TIOBBIIICHHYIO IEPBOHAYAIIBHYIO CTOMMOCTh, DI padoraer ¢ Huzkumu KIIJl u
KOX(P(UITMEHTOM MOIIHOCTH. TakuM 00pa3oM, OOOCHOBAaHHBIA BBIOOP 3JIEKTPOJBUTATENS BO
MHOTOM OIpEAeNsieT TEXHUKO-IKOHOMUYECKUE ToKa3aTesn paboTel komiuiekca «JI1 - pabouas
MAIIHHA.

Br160p siexTpoaBuraress mpou3BOAUTCA OOBIYHO CIEAYIOLUIIM 00pa3oM:
* paccuMThIBaeTCs Tpebyemasi MOLTHOCTb,
* TIO CTIPAaBOYHUKY BBIOMpPAETCS HEOOXOIUMBIH JIBUTATEIh

* BBIOpaHHBII BUTATENb IPOBEPSETCS M0 YCIOBUIM ITyCKa, IIEperpy3ke U HarpeBy.

Ecnu nBurarens yJIoBIETBOPSET YCIOBHUSAM MPOBEPKHU, TO Ha 3TOM BBIOOp 3aKaHUMBAETCS, €CIIU
e He yJIOBJIETBOPSIET, TO BBIOMpAETCs APYroi ABUrarens (Kak MpaBuiIo, O0IbIIEH MOIIHOCTH) U
IIPOBEPKA IIOBTOPSIETCA.

MouHocTh ABUraTens A 3JIEKTPOYCTaHOBOK B 3aBUCHMOCTH OT MX NpPUHLUIA JEHCTBUS U
(GYHKIIMOHAIBHBIX 0COOEHHOCTEN PacCCUUTHIBAETCS IO Pa3HBIM (opMysIaMm.

Pacuer MomHOCTH 3JIeKTpOABHUIaTE/IeH /51 HACOCOB:

PaccuutsiBaeM MOIIHOCTH QJICKTPOABUTATCIIA 1O (I)OpMYJ'IeZ

p_ K 7-QH
1000 -1, -1

I'ne:



P - MmomnocTh 31€KTpoaBurarens (kBT)

k;=1,1....1,4 - xoadpummeHT 3amaca 1Mo MOIIHOCTH

v = 9810 - mnoTHOCTH MpoKaunBaeMoit xuakoctu. ( H/m3)

Q- MPOM3BOUTENBHOCT Hacoca (M/c)

H - manop nacoca (M)

Nu = 0,3...0,7 -xknx Hacoca

Mo = 1 - kg nepenaun "Hacoc-ABUraress" (MpU 3aKperieHUH Hacoca Ha Baly JABUTATEIs)
Pacuyer MOIIHOCTH 3J1€KTPOABUTATE el /IS METAJI000padaATHIBAIOIIMX CTAHKOB

BrruuciisieM MOIIHOCTB 3JEKTPOABUTATENS 110 hOpMYyIIe:
F -g-U,
1000 -,

P

I'ne:

P - momHOCTE 31eKkTpOoaBuTrarens (KBT)

Fc - ynenpHOE conporupnenue pezanpio (H/Mm)
g - cedeHne CTPYKKH (M?)

Up- ckopocTh pe3anbs (M/C)

Ne = 0,6...0,7 - kg cranka

npumedanue: Fc =2,5...5,5 Fpasp. Fpa3p - conporusnenne paspoisa (H/m)
ans cramu: Fpasp = (300...1200)-10° (H/m)
Pacuyer MOIIHOCTH 3J1eKTPOABUTIaTEJ el ISl IPY30M0AbeMHbIX MEXaHU3MOB:

PaccunTthiBaeM MOIITHOCTH JIEKTPOABUTATENS 110 hOpMYIIE:

p_ k= HQ
1000 -1,
I'ne:

P - MmomnocTh 31€eKkTpoaBurarens (kBT)



K3z =1,2...1,5 — ko3 durueHT 3amnaca 1Mo MOIIHOCTH

H - BricOoTa mogabema rpysa (M)

Q - mpou3BOIUTENBHOCTh MaUHBI (H/M)

Mw =0,3...0,45 - k1 MamHbL

PacueT MOIIHOCTH J1IeKTPOABHUIaTEJIeH 1151 BEeHTUJISITOPOB:

PaccunTaem MOILTHOCTH 3IEKTPOABUTATENS IO (hopMyIIe:

p__ k. H-Q
1000-n, -n,
I'ne:
P - MomrHOCTh 3n1eKTpOABUTaTENS (KBT)
K3 =1,2...1,5 - k03¢. 3anaca 1mo MOITHOCTH
Q - MPOU3BOIUTEILHOCTh BEHTHIIATOpA (M3/C)
H - naBnenue (I1a)
N = 0,4...0,7 - kg BeHTHIIATOpA
Nn = 0,92...0,94 - xna nepenaun

OnpenenvB MOIIHOCTh JBUTATeNss W 3Has TpPeOOBaHUsS, MpPENbABISAEMblE K KOHCTPYKLUHU
JJIEKTPOYCTAHOBKM II0 CIIPABOYHUKY DJJIEKTPUYECKUX MAIIUH OINpPEACIIAeM THII, CEPUI0 U
KOHCTPYKTHUBHOE UCIIOJIHEHHE JIEKTPUYECKOTO IBUTATES.

Bomnpocs! ajst 00cy:xI1eHus1

1 Pacyet MOIIIHOCTH 3IEKTPOABUTATENEH ISl BEHTUIISTOPOB

2 Pacuer MOIIIHOCTH 3JIEKTPOIBUTATENICH JIJISl TPY30IT0IbEMHBIX MEXaHU3MOB
3 PacdeTr MOIIIHOCTH ANEKTPOABUTATENEH /ISl HACOCOB

IIpakTuyeckoe 3ansaTHe 3 Pacuer HAarpy304Hoii AMarpaMmsl ABUTATEJIS.

Less 3ansTHs 3aKkmovaeTcs B GOPMUPOBAHUH Y CTYJIEHTOB MPOPECCHOHATEHON KOMIIETCHITHH:

MK-13

Wcxoauple naHHBIC JUIS BBIOOpa JBHUTATENss OOBIYHO MPEACTABISIOTCS B BUJIE HAZPY30UHBIX
ouacpamm  mexanusma, T.e.  3aBucumocteit M (t) mw(t) ¥  TpuUBeACHHOTO  MOMEHTa
uHepuu J,.¢ (cM. m.2.2). 3aBUCUMOCTH W (t) mrOT IA Ha3bIBAIOT TaxorpaMmMoH.
Wuorna M.(t) 3aBUCUT OT TIyTH, B 3TOM Cliy4ae MPU HU3BECTHON CKOPOCTH MOXKHO TEPECTPOUTH
3aganHbIi rpaduk Mc(j), moiaydus ero B Bume Mc(t).



Harpy3ounble nuarpaMMbl MeXaHHM3Ma, BOOOIE TOBOpS, MOTYT MMETh JIOOOW BUM, OJHAKO
BCErJla MOJYKHO BBUICITUTH MK, T.e. MPOMEKYTOK BpEeMEHH l,, depe3 KOTOPBIA JHarpaMma
noBTopsieTcs. Ecnm xapaktep paOOThI TaKOB, YTO PEKUMBI BOCIPOU3BOJATCS IUIOXO (TUQT,
MOJBEMHBIM KpPaH M T.I.), CTPOSAT HArpy30YHBIC JUArpamMMmbl JijIsi HanOoJjiee BEPOSTHOIO WU
HanOoJIce THKEIOTO IUKIIA.

Crnenyer o0co00 MOMYEpKHYTh, YTO JJIsi OOOCHOBAHHOTO BbIOOpa nBUTATENs Tpedyemas
Harpy3o4Hasi JuarpaMMma MeXaHu3Ma JI0JDKHA ObITh M3BecTHA. Ha puc. 7.2 B kauecTBe mpumMepa
NpUBEJCHbl TpeOyeMble Harpy3o4yHas auarpaMMa M TaxorpamMMma HEKOTOpPOro MeEXaHH3Ma
(BepxHHe 115 Tpaduka).

==
o8 8

2

|

|

|

|

Puc. 7.2. Harpy3quHe AuarpaMmbl MCXaHU3Ma U ABUTATCIIA

Jlnis mpeiBapuTENbHOTO BHIOOpA JBUTATENS 110 U3BECTHOW HArpy30YHOW TUarpaMMe MeXaHHu3Ma
MO>KHO HaWTH CPEAHUI MOMEHT CTATHYECKOW HAarpy3Ku

Fi
Z"?,’ff Iy z'f;'
M =5

rie Mci — MOMEHT CTaTHYECKON HAarpy3KH Ha I-OM HHTEpBaJIe;
ti — MPOAOKUTENHLHOCTD 1-Or0 HHTEPBAIIA;

N — 9uCI0 HHTEPBANIOB, T1e M.=Const.
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HomuHanbHbIIT MOMEHT MUCKOMOTO JBUTATENS C YUYETOM JAMHAMHUYECKUX HATPy30K MOXKET OBITh
OLIEHEH KaK

M, =(LE-13 )M

B kayecTBe HOMHMHAJIBHOW CKOPOCTU CIIEAYET B3ATh Wiaxe, €CIIM PErYIMPOBAHUE OJIHO30HHOE
BHU3 OT OCHOBHOH CKOpPOCTH, UIH Wyuu, €CIIM PETYIIMPOBAHUE OJHO30HHOE BBEPX OT OCHOBHOM
ckopoctH. [lo HaliieHHBIM TaKUM 00pa3oM Beau4uHaM My U W , MOKHO BbIOpaTh JBUTATENb MO
KaTaJloTy U, CIJIEIOBAaTEJIbHO, OMPEACIUTh €r0 MOMEHT HHEPIHUHU, MOCTPOUTH MEXaHUYECKUE
XapaKTePUCTUKHU, KPUBBIE TIEPEXOTHBIX MPOIIECCOB.

[Tocne Toro, Kak [BUTaTeNb  MPEIBAPUTEIBHO  BBIOpAH, MOXXKHO  TEpPEUTH K

MOCTPOCHUIO HACPY30UHOU Ouazpammvl Osucameins, T.€. 3aBUCUMOCTH M(?). DTO TOCTpOeHUE
CBOJIUTCS K PEIICHUIO YPaBHEHUS JBUKEHUS

be )

M=3_+J,

OJIHUM M3 OMMCAHHBIX B IS IIpHUCMOB.

Ha puc. 7.2 BHM3Yy T©OKa3aHa Harpy3oudHas JguarpaMma JIBUTatessi, TOCTPOCHHas B
MPEOJIOKEHNUH, YTO MIPU U3MEHEHUHU ckopocTtu M » CONst , a mpu HaGpoce u copoce Harpy3Ku
NPUBOJ PadOTAET Ha JIMHEHHON MEXaHNYECKOH XapaKTEePUCTHKE.

HerpynHo Buzaerb, 4TO Harpy3odHas AuarpaMMa JABUIaTells] CYIIECTBEHHO OTIMYAEeTCS OT
Harpy3o4Hoi auarpaMMbl MexaHu3ma. Ha puc. 7.3 — 7.5 nokas3aHo emnie HECKOJbKO THUIIMYHBIX
Harpy304HbIX JUArpaMM U COOTBETCTBYIOLIUE

JUHAMHUYCCKUC XaPaKTCPUCTHUKHU ITPUBOAA.

Puc. 7.3 cooTBeTCcTBYET Ciy4aro, Korja Mexanusm ¢ M. = const paGoraet

B PCKUMC I/I3MCH5{IOIJ_ICI\/'IC$I CKOPOCTH. I/II[eaJ'H/BI/IpOBaHHaH JUHAMHUYCCKasd MCEXaHHNYCCKasa
XapaKTCPUCTHKA IIOKa3aHa BHU3Y. CnenyeT OTMCTUTBb, YTO IPU MNOCTPOCHHUHN HATrPy30YHBIX
AuarpaMm ABUTATECIIA 4aCTO HpI/I6eFaIOT K HO,Z[O6HOI>'I nacajin3alnnu, TaK KakKk OJId LICJ'ICI71 BLI60pa
ABUTATCIIA ACTAJIN JUarpaMMBbl, O6yCJ’IOBJ’IeHHBIC OCOOCHHOCTSIMU KOHKpCTHOﬁ XapaKTCPUCTHKH,
0OBIYHO HECYHICCTBCHHEI.

Puc. 7.3. Harpy3ounas quarpamma npu M. = const u w = var
11



Ha puc. 7.4 nokazana Harpy3o4Has JuarpamMMa IpHUBOJA, PaOOTAIOLIETO B PEXHMME YacThIX
IYCKOB M TOPMOKEHHMM, OCYILECTBIAEMBIX [0 XapaKTEpUCTHKAM, IPUBEACHHBIM BHU3Y.
I'paduku w (¢) M(t) TOCTPOEHBI B COOTBETCTBUH C IIPABUIIAMH, H3JI0)KEHHBIMHU B II. 5.2.

M,
. @
ar
s ;
ay ( t :
|
! S o M, My My
Apa 3 e ™2 1
iy
My
Mg}
t
0 | ;=
-c—tuﬁ--—J
=Myt — ——-

Puc. 7.4. Harpy3ouHas quarpamma Mpu 4acThIX ITyCKaX — TOPMOKECHHIX

Ha puc. 7.5 noxa3zansl Harpy3o4Hbl€ JuarpaMMbl 3JIEKTPONPUBOJA C IHUKOBBIM XapaKTEpOM
Harpy3ku IpHU JMHEHHOW MEXaHMYECKOM XapaKTepuCTHKe aBUrareis. MOMEHT craTuyecKou

Harpy3Ku HW3MEHSETCS MIHOBEHHO OT Mo 10 M. MOMEHT, pa3BUBaeMbIil ABUTaTENIEM IIpU
MIPUIIOXKEHUU M BBIPA3UTCS KaK

re

T

M=(M'-M je " + M,

a TpH CHATUH Harpy3Ku

i

M=(M"-M, e ¥+,

@
T = Is ey
W | o

e .

-

Puc. 7.5. Harpy3ounas quarpaMMa MaxOBHUKOBOTO 3JIEKTPOIPUBOIA
12



Bemuuunbt M¢, M¢¢  uw ¢, wW¢¢ npu  3amaHHbIX U1 v {2 onpenensitorcst  3HAUCHUEM [ .
Ecnu T, masia, To MOMEHT, pa3BHUBaeMbIil JBUTATENEM, OYIET MOBTOPITH M3MeHeHue M.. Ecnin,
HANpOTHB, T, Benuka, T0 M¢, M¢¢ mW ¢, W ¢ OyayT Majao OTIMYaThCS OT COOTBETCTBYIOIIMX
cpenHux 3HaueHuM M. o U W ¢, ONarogaps TOMy, 4TO SHEPIHUs, 3alaceHHas BO BpalIarOIIUXCS
JacTsaX MpuBoja Ha untepBaie t1 (M~=M. ) OyaeT pacxoa0BaThCs Ha MOKPHITHE MMUKA HATPY3KU
Ha wuHTepBaie b (Mc=Mc1). Tlpuw »wdTa  DHEprus MPONOPHHOHAIBHA  IUIOIIAMISM,
3alITPUXOBAaHHBIM Ha puc. 7.5. «CropsiMieHue)» Harpy304HOM JuarpaMMbl JBUTATENs MpU
NUKOBOM XapakTepe HArpy3Kh YacTO OKAa3bIBAETCS BEChbMa ITOJIE3HBIM, TaK KaK TO3BOJISET
CHU3UTh TPeOOBaHUS K MEPErpy304HON CIIOCOOHOCTH IBUTATENS U YMEHBIIUTH IOTEPU B
JIBUTATEIIE.

Veemmuenue T, B 3THX cIydasx JOCTHUIra€TCsda HCIIOJIb30BAHMEM MaxOBHUKa C MOMCHTOM

(Jo =T +J0 0

J .
UHEpLUU ~ M BHIOOPDOM  COOTBETCTBYIOLIECH  BETUYHHBI
KECTKOCTH MEXaHHYECKOM XapaKTepUCTHKH ABUTaTels D.

Harpy30qHaﬂ JuarpaMma ABUTraTtciid, KaK OTMEYalloChb, CIYXKHUT OCHOBOI1 AJi1 IIPOBEPKHU
MMpeaABapUTCIbHO BBI6paHHOl"O ABUTaTCJIA I10 neperpySOquﬁ CIIOCOOHOCTH U MO Harpesy.

[TpoBepka 1o meperpy304Hol CIOCOOHOCTH CBOJUTCS K TIPOBEPKE BBITOJIHEHUS YCIOBHS

M e =M G

Af

rae - %% - MaKCMMAaJIbHBIM MOMEHT M3 Harpy304HOM AMarpaMMBbl JIBUTATENs;

AL o
T @0M - JTOIIYCTUMBIM IO NIEPETrpy3Ke MOMEHT JBUTaTCIs.
Jlns nBUraTesns nmocTosIHHOrO TOKa HOPMajabHOTO UCIIOJIHEHUS

A, =f2-25)A,

So
JJISL aCI/IHXpOHHOFO JABUTATECIISA C y‘IeTOM BO3MOXXHOI'O CHUKCHUA HaprDKeHI/Iﬂ IIMTAHUS HA 10%

Af, =083,

o
JJISL CI/IHXPOHHOFO ABUTATCIIA HOpMaJ'IBHOFO HUCITIOJIHCHU A

M, =f2-25M,

o

ACI/IHXpOHHI)Ie KOPOTKO3aMKHYTBIC IBUTaTCJIM AOMOJHUTCIBHO IMPOBEPAIOTCA IO ITYCKOBOMY
MOMCHTY, Ui HOPMAJIBHOT'O ITyCKa JOJI?KHO BBIIIOJIHATHCA YCIIOBUC!

Ad < A

PR e EA

A
roe ™ - MakCHManbHBIM MOMEHT CTaTHYECKOW HATPY3KH, MPH KOTOPOM JOJDKEH

BBITIOJIHATHCA ITYCK ITPHUBO/JIA,

13



Af .
* - yCKOBOI MOMEHT JIBUTATEIIsI.

[IpoBepka 1o HarpeBy, cBOAAMIAsICS K OICHKE (haKTHUECKON TeMIEepaTypbl U30JIALHUA 0OMOTOK
JBUTATENs M CPABHEHUIO €€ C JOMYCTUMOM, TaKkKe BBIMOJHICTCS C HCIOJIb30BAaHUEM
HArpy304YHBIX JMarpaMM ABUTATENs. DTa Omepanus BIIOIHIETCA C UCIOIb30BAaHUEM TEIIOBOM
MOJIEJIA JIBUTATEJIS.

Bonpocsl 175 o0cykneHust
1 Pacyer Harpy304HOil TuarpaMMsbl JBUTATENS
2 [IpoBepka 1o neperpy304Hoi ClIoCOOHOCTH

IIpakTnueckoe 3ansTue 4 IlpoBepka ABUraTeJIsi 10 HATPEBY.

Less 3ansTHA 3aKkmt0o4aeTcs B GOPMUPOBAHUH Y CTYJCHTOB MPOPECCHOHANEHON KOMIETCHIIHH:

MK-13

B noBTOpHO-KpaTKOBpeMEHHOM pexume (puc. 7.8,B), Kak OTMEYaJOCh, OrpaHHuYEHa
JUINTEJIBHOCTBIO IUKIA (ty £ 10 MMH) U OTHOCHTENIbHAS MPOJOJKUTEIBHOCTh BKIIOUEHHs (e £
0,6), a Taxke BBeJIEHBI CTaHAapTHBIE 3HayeHus € = 0,15, 0,25, 0,4 u 0,6.

PaGorate B 3TOM pexume MOTYT KakK CTaHJapTHbIE ABUTaTeNH, MpeAHAa3HAuYCHHbIE s
MPOAOJIKUATEIIBHOTO PEKMUMA, TaK U IBUTATENH, CIIELIUATIBHO CIPOCKTUPOBAHHBIC JJISI TOBTOPHO-
KPaTKOBPEMEHHOT'O PEXHMMa; B MOCIIETHEM CIIy4ae B KaTajore yka3aHbl HOMUHAJIbHbBIC TOKH JJIs
KaKJI0OM CTaHAAPTHON BETUYHHBI €: luo,15, luo2s ¥ T.1I.

Eciu narpyzounass auarpamma M(t) HUMEET HECKOJBKO Y4YacTKOB JMOO 3a CYEeT yueTa
JMHAMUYECKUX MOMEHTOB IIPH ITyCcKe U TOpMOXkeHuH (puc. 7.10,a),

a0 3a cueT U3MEHeHus Mc, yIoOHO MPUBECTH €€, MOJIb3YSICh OJHUM M3 W3JI0KEHHBIX BBIIIE
MIPUEMOB, K SKBUBaJIeHTHOMY Buy (puc. 7.10,0).

Ft At — t—
- tp—d-

ty

Puc. 7.10. Harpy3ounas auarpaMMa B TOBTOPHO-KPAaTKOBPEMEHHOM pexume (a) u ee
SKBUBAJIEHTHOE TIpeicTaBieHue (0)

Tax nns puc. 7.10,a nomyunm

En+Itt, + En

I +1, +!

b3
2

14



Crenyromum marom OyeT NpuBeIeHNe MOTyYeHHONW SKBUBAJICHTHONW HAarpy304HOM JAuarpamMmbl
K CTaHJapTHOMY €.

Ecnu ucnone3yercs ABUraTesns, NpelHa3HAYEHHBIN /715 IOBTOPHO-KPATKOBPEMEHHOI'O PEXHUMA,
BbIOMpaeTCs Ounkaiiee CTaHJapTHOE 3HAYEHUE €cr U UCIIOJIB3YETCA COOTHOLICHUE

K-z

Pt

HE

ra

Feer(7.20)

[Tpu MCHOB30BaHKUHM IBUTATENS TS IIPOJIOIDKUTEILHOTO peskuma u3 (7.20) moaydaem
f}i = j:—lx&“"lg .(7.21)

B IMPHUBCACHHBIX FPY6BIX OLICHKAaX HC YUMUTBIBACTCS YXYAUICHUC TCILJIOOTAAYN BO IIPEMH I1AYy3bI,
T.C. IPUHUMACTCHA

[Tockonbky |y < lyke 1 My < M,is3a CUET TOTO, YTO YACTh IIMKJIA JABUTATENb HE pPabOTaeT, ClenyeT
BHUMATEIJIbHO OTHECTUCH K IPOBEPKE JBUrATEIIA 110 MIEPETPY3KE U 110 IYCKOBOMY PEXKUMY.

Ba)xHbIM 4aCTHBIM Clly4aeM MOBTOPHO-KPATKOBPEMEHHOI'O PEXHMMa SIBISETCA PEXKUM KOPOTKHUX
LUUKJIOB WM 4YacCThIX IIY4YKOB, HCIIOJIb3YEMBbI, HANpUMEpP, B CTAHOYHBIX JIMHHAX, BO
BCIIOMOTaTeJIbHBIX MEXaHM3MaX, OOCIYXKHUBAIOUIUX pa3IUYHble TEXHOJOTHYECKHE MPOIECCHl U
T.I. 3HAUUTEIbHAs JOJS B KOPOTKMX LHMKJIAX JHEPreTUYECKH HANPSIKEHHBIX JTUHAMHUYECKHX
pPeXMMOB MPUBOAUT K OOJBUIMM IOrPEUIHOCTAM IpPH HCIOIb30BAaHUM W3JI0)KEHHBIX BBIIIIE
YIPOLIEHHBIX MpOLEeAyp MpOBEpKH jaBurareied. B 3Tux M momoOHBIX ciydasx yI0O0HO
[0JIb30BATbCS MPHUEMOM, OCHOBAaHHOM Ha COCTaBICHHMM IPSMOrO TEIUIOBOro OajaHca i
nanexoro 1ukia. [Ipumep takoro TeminoBoro OanaHca NpuBeAeH B Ta0u. 7.1 11 aCHHXPOHHOTO
JIBUTaTENs C KOPOTKO3aMKHYTBIM POTOPOM MPHUMEHUTENBHO K TaxorpaMMe Ha puc. 7.11.

15



Puc. 7.11. Taxorpamma B pexxuMe KOPOTKUX LIUKJIOB

Tabmuna 7.1
Y4acTok 1ukia DHeprus, BblAelsgeMas B | DHEPrus, paccenBaemast B
JIBUTATEIIe OKPYKaIOIIYIO Cpely
ITyck, t, DW, 1+
—,8 é‘Pr-;I "
2
Pabora B ycranoBuBmewmcs | DP tyem D P tyem
pexume, tyem
Topmoxenue, t, DW,, 1=
—,3 é'Pr—; {‘m
2
ITay3a, to bDP.to

B Tabiuue DW, u DW,, — notepu sHepruu npu mycke 1 TOpPMOKEHUH;

DP uDP,— norepu MOIIHOCTH B pab04eM U HOMUHAJIBHOM PEXKUME;

b - ko3 durHeHT yXyameHus TeI00TAaYH.

Ecnu TemnoBoi pexuM JABUrareis yCTaHOBWIICA, T.e. IeperpeB tB Hadajge M KOHLE IUKIA

OJINHAKOB, MOXHO CYMTaTh, YTO OHHEPrUsl BBIJCJIMBILIASCA paBHA HHEPruUU, OTJAHHON B
OKPY’KaIOILYIO Cpeay:

P+ . .
'ﬂg{;ﬂ _§_ ﬁpr’.??&' _;h ﬁ?p:?ﬁ = ﬁ &PH{I?? _ ‘*3?2 .}_;h ﬂPE{IESP&. -'f_ ﬁ&.f‘
: 2 : (7.22)

[ToyueHHOE ypaBHEHHE MOXET HCIIOJIB30BAThCA I OLIEHKH JOIYCTHMMBIX IE€PaMETPOB
pexuma.

B Ba)XHOM 4acCTHOM cilydae Ha €ro OCHOBE MOXHO IMOJYYHTHh COOTHOIICHHE IS ONPEACIICHUS
JIOMYCTHMOTO YKCIia BKItoYeHui B gac h = 3600/1,.

IIpunss
J604
o T P &= f}: - f}ﬁ
? i)
i, = 3590 f1—z}
h

Y TIOJICTABUB ITH BBIpKEHUS B (7.22), MOTydnM:

i_&PZ‘i‘ B ﬁp}g_}_ﬁﬁfﬁil

h:

. { 1+ /3 3
ﬁ?ﬁﬂ+&ﬁzp—ﬁfﬁ+fm}~iﬁP+ > AP, - AR, |




niu, €CJIN HpGHGGpC‘{B MOCJICAHUM WICHOM B 3HAMCHATCIIC B CPABHCHUU C OOJIBIIMMU MOTCPAMHU
B ITUHAMHWYCCKUX pPEKUMaAX, 6y,£[eM UMCTh.

AP, —APls+ AP, il -5l
AW, + AW,

;‘I:

. (7.23)

Jns yBenmuuenus h cienyer yBenmuuTh D 10 MaKCUMalIbHOTO BO3MOYKHOTO 3HA4eHUs (BHELIHUMN
0071yB), 1100 CHU3UTh OTEPH B JUHAMUYECKUX PEXUMAX.

Bonpocsl 1715 00cyskaeHust
1 [TpoBepka 1o HarpeBy
2 OneHKa JOMYCTHUMBIX MTAPAMETPOB PEIKUMA

IIpakTuyeckoe 3ausiTue S CTpyKTypHasi cxeMa 00beKTa YIIPABJICHHS.

Less 3ansTHs 3aKkmtovaeTcs B GOPMUPOBAHUH Y CTYIEHTOB MPOQPECCHOHANEHON KOMIETCHIIHH:

IIK-13

OnextponBurarens nocrossHHoro Toka (UIIT) mnpexncraBiser coOoif OOBEKT yHpaBiIeHHS,
peryaupyeMslii, B o011eM citydae, 1o LersM SKops U Bo30yxaeHus [4]. @yHKIMOHaIbHAsL cXeMa
Y CXEMBI 3aMEILEHUs AIEKTPOIBUraTels IPUBEACHBI Ha puc. 4.2.

a) 6)

17



r)

Puc. 4.2. ®ynknuonanbHas cxema (a) U cxembl 3amermieHus (0, B, T) BJICKTPOABUTATEIS
MOCTOSTHHOTO TOKa

IIpumenss nexomnosuuuo JIIT, HeTpynHO 3aMeTUTh, YTO B €ro CTPYKType HMMEKTCA TpHU
OCHOBHBIX TTOJICKCTEMBI WJIH 1ienH (cM. puc. 4.20, 4.2B, 4.21):

- Lemb SKOps, TMuTaemas peryiaupyembiM HanpspkeHueMm U, R., L, — cOOTBETCTBEHHO
SKBUBAJICHTHOE AaKTUBHOE CONPOTHUBJIICHHE M OJKBUBAJICHTHAS WHIYKTUBHOCTh SKOPHOMU
00MOTKH; E, — 3.11.C. 27€KTpOABUTATENS; I — TOK SKOPS;

- Lenb BO30YXIEHUs, NMuTaeMas peryiupyeMbiM HampspkeHueM U.; R., L. — cooTBeTcTBeHHO
HKBUBAJIECHTHOE AKTUBHOE CONPOTUBJIEHME U OHKBHUBAJEHTHAasT WHIYKTUBHOCTb OOMOTKHU
BO30YXICHHUS; I. — TOK BO30YK/ICHHUS;

- DJIEKTPOMEXAHUYECKas 1Ieb, 00eCeYnBarolias Mpeodpa3oBaHue dJIEKTPOMArHUTHOW YHEPTUU
B SHEpPrHI0 BpallleHHs Baja poTopa; J,— MPUBEACHHBIM K Bajy JIBUTaTeNss MOMEHT HHEPIHUU

AIIEKTPOJIBUraTeNls M BpaujaeMoro mexanusma; M, Mc — COOTBETCTBEHHO 3JIEKTPOMArHUTHBIN

MOMCHT DJJICKTPOABUTATCIISI 1 MOMCHT COIIPOTUBJICHUA Ha €ro Bally, Zgn CKOPOCTh BpalllICHUSA

Baja JBUraTess.

[TpuBenem omucanue AIIT B paznuusbIX Qopmax, 4TO MO3BOJUT MPU HEOOXOJUMOCTH JIETKO
YCTaHOBUTB B3aUMOCBSI3b MATEMAaTUYECKUX MOJEIIEH.

Jlnst omurcaHust TUHAMWYECKUX MOJIEJICH SJIEKTPUUECKHX IIETIeH AIeKTpoaBUratTens (cMm. puc. 4.2)

BOCIIONIb3yeMcs 3akoHaMu Kupxroda, a s onmucaHus MEXaHHMUECKOW LU — 2-M 3aKOHOM
Herotona. Torna nonyuum cucremy nuddepeHIanbHbIX ypaBHEHUI:

18



di 1|1, |
L= =W )
A ‘ 3 ,
di, _1{1,, . W
ey Bamantd T
oL /,(4.23)
o _ 1y M)

rme ¥, F - SJICKTPOMArduTHBIC ITOCTOSAHHBIC BPEMCHU COOTBCTCTBCHHO 00MOTKH AKOpS U

0OMOTKH BO30YX/ICHUS, I RE

-

QHGKTpOMaFHI/ITHbIe O ABHUTAaTCIIA B3aMMOCBA3aHbI. HpI/I [moAa4uc HaIIPSAKCHUA & , 110 LCIIN

£ o o o
SIKOpS IPOTEKAET TOK # , CO3Jal0IUU DJICKTPOMAarHUTHBIM MOMEHT, BpalllaloIiuu poTop,

;’%:{:C;&@ii '(424)

C
rne ™ - KOHCTPYKTUBHAA MOCTOSAHHAA ABUTaTCIIA.

ONEKTPOMAarHUTHBIE U MEXAHUYECKasl 1IENb TAK)KE€ B3aUMOCBS3aHbl, T.K. TOK, IPOTEKAOIINHI 1O
00MOTKE BO30YXKJEHHUS, CO3/1a€T MArHUTHBIA NOTOK @, MPOHU3BIBAIOUINI OOMOTKY SIKOps M
HAaBOJISIIIUMI B HEU 3./1.C. BPAILCHHUS,

E =C2o

, (4.25)

C C
rone ¢ - KOHCTPYKTUBHAA NMMOCTOAHHAA ABUTATCIIA, B CUCTCMC CcHu paBHad Mo BCJINYHUHC H

Ananuzupys Beipaxenus (4.24), (4.25), 3ameTum, 4TO NMPOU3BEICHHE IEPEMEHHBIX MPUBOIUT K
HEJIMHEWHOCTH MaTeMaTU4YeCKOW MOJENU JIEKTPOABUTATENsl, PEryIUPYEMOro OJHOBPEMEHHO 10
HersiM skopst 1 Bo3OyxaeHusi. Kpome Toro, npu peryiupoBaHMM HANpPsHKEHHUS BO30YXKIECHUS
JBUTATENsl TMPOSBISETCS HENMHEWHBIM XapakTep HW3MeHEeHHs NoToka @ B (YHKIMM TOKa
BO30YyXK/IeHHS |, (HAMarHUYMBAIOIIEH CHIBI F =W, l.,, TOEW.— YHCIO BHTKOB OOMOTKH
Bo3Oyxaenus). Kpusas namaramuuBanusi J[IIT cooTBeTCTByeT HENTWHEHMHOMY 3BEHY THIA
«HackIenuey (puc. 4.3).

19



g 4

AG{ Pof

.

Puc. 4.3. Kpuas naceimenust Maruutaou nenu 1T

Pabouass Touka A c¢ koopauHatamu {Fo, @} Ha KpHUBOH HAaCBIIIEHHS COOTBETCTBYET
HEKOTOPOMY, HallpuMep HOMHHAJILHOMY pexxumy padotsl I1T.

JIIT xak Henuuelnplii OY, peryaupyemslil 10 LEMSM SIKOps U BO30YX/IE€HUS, B COOTBETCTBHUE C

BbIpaxeHUsIMH (4.23)...(4.25) u puc. 4.3 MoxkeT ObITh MPEACTABICH B BUJIE CTPYKTYPHON CXEMBbI
(puc. 4.4)

M,
U, 1/ ] M 'i 1 @
A W » &, = » 44T_—p0|m+ »
) T.p+l TP
Fa c o X M

L J

U, | vr | L F &
| Tp4l We L

Puc. 4.4. Ctpyxrypnas cxema IIIT, perynupyemoro no nensm sikops

1 BO30YX/I€HUs, KaK HETMHEHHOTro 00beKTa yIpaBJIeHUs

20



IIyctn DJICKTPOABHUTATCJIb PEryInupyeTcsa TOJIBKO

oo

e sikopd (HampspKeHue

I7_ = ropust
BO30YXKIEHHs ~ & , a, CJIEZI0OBATEINBHO,

MaTeMaTU4YCCKasA MOJCJIb SJICKTPOABUTATCIIA IPUMET BU

!

7 d Pt

;;x =_'|:_{£;z-ca¢t:-: w}-zxz
Joa LR , (4.26)
d 1, -
89 e i -

g J '

&

u

=dr = const ) Tora

Maremaruueckas monens B Buje (4.26) onuceiBaet AIIT kak nuHeHBIH 00BEKT 2-T0 MOPSIKA.

Hns mepexoma ot auddepeHumanbHbix ypaBHeHHH (4.26) K ONEpaTOpHBIM ypaBHEHHSIM

d —
MPOU3BENEM 3aMEHY dt . Torga nonyyum
h!
| ] _
NN :
Pi, =7 R—(L 0@ @1, %
A T <, (4.27)

[To omepatopHbiM ypaBHEHUAM (4.27) cOCTaBUM CTPYKTYPHYIO CXEMY D3JIE€KTpPOJBUTaTes,

NPUBEJICHHYIO Ha puc. 4.4.

M,
U, VR, | B M 'J,g
—_— Tp+1 » OB, —FU--D-
B C D, i«

JaP

k 2

Puc. 4.5. Ctpyxrypnas cxema IIT, perynupyemoro 1o nenu skops
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Kak Bugum, crpykrypHas cxema IIT, perynmupyeMoro mo uenu sikopsi, COAEpKHUT 4 TUIOBBIX
JVHENWHBIX JMHAMMUYECKMX 3BEHA: alepUOJUYEcKOe, MHTErpupyromee u 2 Oe3bIHEPLHOHHBIX
3BE€HA, a TAKXKE 2 CyMMHUPYIOIIKX 3BEHA.

Bonpocsl 1715 00cyskaeHust
1 CtpykrypHas cxema 00beKTa yIpaBlieHuUs
2 Maremarunueckas mojaens JIIIT
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CIIMCOK PEKOMEHAYEMbBIX THOPOPMAINNMOHHBIX NCTOYHUKOB

6.1. Pexomennyemas autepatypa

6.1.1. OcHOBHAs1 TUTepaTypa

ABTODHI, 3arnaBue W3narenscTBO, TON Anpec
JI1.1 |Yepusimes A.1O., DJeKTpONpPUBO/I IEPEMEHHOr0 ToKa: YueOHoe nocodue |Tomck: http://znani
Hementnes FO.H. W3natenpcTBO um.com/go
Tomckoro .php?
nonurexaudeckoro | id=701918
yHuBepcutera, 2015
JI1.2 |Kysuenos A. 10., DIIEKTPOTIPUBOJL M DIIEKTPOOOOpyI0BaHKE: yueOHOE HoBocubupck: http://bibli
3omnos I1. B. mocobue HoBocubupckwuii oclub.ru/in
rOCyJapCTBEHHBIH dex.php?
arpapHbIi page=book
yHuBepcurert, 2012 | &id=2304
73
JI1.3 |EmenbsiHoB A. I1., DIIEKTPOIPUBO MAIIIH 1 000pyA0BaHuUs: YuebHOEe Canxr-ITetepGypr: | http://www
Bepumnus B. 1., nocobue CaHkT- .iprbooksh
Kosspyk A. E. IetepOyprekuit op.ru/7813
TOPHBII 7.html
yHuBepcuteT, 2017
6.1.2. JlonoJiHNTEIbHAS JIUTEPATYypa
ABTODHI, 3arnaBue W3narenbcTBO, roa Anpec
JI2.1 |Huxkwurenko I'. B. DIEKTPOIPUBOJT IPONU3BOICTBEHHBIX MEXaHH3MOB: Craspomnons: Arpyc, | http://bibli
yuebHOe mocodue 2012 oclub.ru/in
dex.php?
page=book
&id=2775
20
JI2.2 |WBanoBT. 4., DIIEKTPOIPUBO/L U DIIEKTPOOOOpyI0BaHue: YuebHoe HoBocubupck: http://www
Kysnenos A. 10, nocobue HoBocubupckuii .iprbooksh
Jmutpues B. B. TOCYIapCTBEHHBINM | OP.ru/6482
arpapHsblit 6.html
yHuBepcuteT, 2011
6.1.3. Meroguueckue pa3padoTku
ABTODHI, 3arnaBue W3 naTenbcTBO, rOI Anpec
JI3.1 |bonmapes M. b. DNeKTponpruBOA U dIeKTpoaBTomMaruka. JlaboparopHsrii | MuHCK: http://www
npakTukym: ITocobune PecriyGukanckuii | .iprbooksh
HUHCTUTYT op.ru/6780
podeCCHOHATBEHOT 0.html
0 00pa3oBaHHs
(PUIIO), 2016

6.2. Ilepeuens pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIINOHHOM ceTH ""UHTepHeT"

€)!

DneMeHTHI pUBoa NpUOOPOoB. Pacuer, KOHCTpyHpOBaHKE, TEXHOJIOTHH [ DNIEKTPOHHBIH pecypc]: MoHorpadus/
B.E. Crapxxunckuii [1 1p.].— DIEKTPOH. TEKCTOBbIC AaHHbIe.— MuHCK: benopycckas Hayka, 2012.— 769 c.

32

YrpasieHue 31eKTpoNpUBoIaMHU [ DIEeKTPOHHBIN pecypc]: METOAUYECKUE YKa3aHUs K Ja00paTOpHBIM paboTam/
— DJEeKTPOH. TeKCTOBbIE NaHHble.— JIlnnenk: JIunenkuii rocyjapcTBeHHbIN TeXxHu4eckuil yausepcurer, ObC
ACB, 2013.—41c.

33

Anyuns A.C. CucTeMBbl yIpaBJieHUs JJIEKTPOIPUBOIOB [DIEKTPOHHBIN pecypc]: yueOHUK ATl By30B/ AHYYUH
A.C.— DrnekTpoH. TekcToBble AanHbie.— M.: M3narensckuii jom MBOU, 2015.— 373 C.

24

EmenbsHoB A.I1. DNeKTponpHrBo MAIIUH ¥ 000pyI0BaHUs [ DIEKTPOHHBIH pecypc] : yaeOHoe mocobue / A.IL.
Emenbsno, B.U. Bepunnun, A E. Ko3spyk. — DnektpoH. TekctoBbie nanHbie. — CII6. : CaHkT-
IerepOypreckuit ropHbIi yHUBEpcuTeT, 2017. — 300 ¢. — 978-5-94211-784-9. — Pexum noctyma:

25

HementbeB FO.H. Dnexrpuueckuii npuBoj [DIeKTpOoHHBIN pecype] : yuebHoe nocobue / FO.H.
Hementnes, A.1O. UepHbiies, 1.A. UepHsbieB. — DIIeKTPOH. TEKCTOBbIE JaHHbIe. — Tomck: Tomckuit
MONUTEXHUUECKUH yHuBepcuret, 2013. — 224 ¢. — 978-5-4387-0194-1. — Pexxum mocryna:
http://www.iprbookshop.ru/34739.html

26

Kysnenos A.1O. DnekTponpuBo 1 31eKTPooOOpyIoBaHue [ DNEKTPOHHBIH pecypc] : y4eOHO-METOINIECKOe
nocooue / A.1O. Kysnenos, I1.B. 30H0B. — DnekTpoH. TekcToBbIe NanHble. — HoBocubupck: HoBocnOupckuii
rOCyIapCTBEHHBIN arpapHblii yHuBepcureT, 2012. — 85 ¢. — 2227-8397. — Pexxum nocrtyma:

23




o7

Weanos I".51. DnekrponpuBoa U 3iekTpoobopyaoBaHue [DIeKTPOHHBIN pecypce] : yueOHoe mocobue / I'.51.
HBanos, A.1O. Ky3uenos, B.B. JImurpue. — DIeKTpOH. TEKCTOBbIE AaHHble. — HoBocubupck: HoBocubupckuit
rOCyIapCTBEHHBIN arpapHblil yansepcutet, 2011. — 56 ¢. — 2227-8397. — Pexxum nocryma:

28

Huxkurenko I'.B. DnekTponpuBo1 MpOU3BOACTBEHHBIX MEXaHU3MOB [ DJIEKTPOHHBIH pecypc] : yueOHoe mocodue /
I'.B. HukurteHko. — DJIEKTPOH. TeKCTOBbIE naHHble. — CTaBpornoib: CTaBponoiIbCKU ToCy1apCTBEHHBIN
arpapubiii yausepcuret, ATPYC, 2012. — 240 ¢. — 978-5-9596-0778-4. — Pexxum nocryna:
http://www.iprbookshop.ru/47399.html

29

bonnmapes M.B. DiieKTponpuBOA 1 3JEKTPOaBTOMATHKA. JTabOpaTOpHBI NPAaKTHKYM [ DIEKTPOHHBIH pecypc] :
nocobue / M.b. boHnapeB. — DIIEKTPOH. TEKCTOBBIE JaHHble. — MuHCK: PecnyOIMKaHCKUI MHCTUTYT
npodeccuonansHoro oopaszosanus (PUIO), 2016. — 76 ¢. — 978-985-503-596-2. — Pesxkum nocryma:

6.3.1 Ilepeyenb NporpaMMHOro odecrnedeHus

6.3.1.1|Microsoft Windows XP, Microsoft Windows Vista, Microsoft Windows 7, Microsoft Office maxer, Microsoft

Office Word, Microsoft Office Excel, Microsoft Office Access, Microsoft Office PowerPoint, Microsoft Office
Outlook, Microsoft Office OneNote, Microsoft Office Publisher, Microsoft Office InfoPath, Microsoft Visio
Pro, Koucymsraut+,7- Zip, Komnac 3D LT, Yue6usiii kommuiekr KOMITAC-3D v18, Kaspersky Endpoint
Security, CorelDraw Graphics Suite X3, AutoCAD Electrical, AutoCAD, AutoCAD Mechanical, 3ds Max,

6.3.2 IlepeueHb HHGOPMALMOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1|Koncynsrant ITmoc: http://www.consultant.ru
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METOANYECKHUE YKA3ZAHUA

10 BBITIOJTHEHUIO MPAKTUYECKUX padboT
10 AUCHUIUIMHE «DIEKTPONPUBO U CUCTEMBI YIIPABICHUS
OBITOBBIX MAIIMH ¥ TPUOOPOB»
JUTs1 CTYICHTOB HAaMpaBJIEHUs TOJATOTOBKHU
15.03.02 TexHOMOTrMYECKUE MAILIUHBI U O0OPYI0BaHUE
HanpasnenHocts (mpoduiib) BeITOBbIE MAIIMHBI U TPUOOPHI



(1)
ol

MMHUCTEPCTBO HAVKH U BBICIIIET'O OBPA30OBAHU S POCCUMCKOM ®EJIEPALINN

OEJAEPAJIBHOE 'OCYJAPCTBEHHOE BIO//KETHOE
OBPA3OBATEJ/IBHOE YYPEXKIEHUE BbICHIEI'O OBPA3OBAHUA
«IOHCKOU T'OCYJAPCTBEHHBIN TEXHUYECKUU YHUBEPCUTET»

Texnonornyeckuii HHCTUTYT cepBuca (puamnan) AI'TY B r.CrtaBpomnoJie
(TUC (puuan) AI'TY B r.CraBpomnoJie)

METOAUYECKUE YKA3ZAHUSA

JUTSL OPTaHU3aLUU CAMOCTOATENbHON padOThI
M0 TUCLHUIUIMHE «DJIEKTPONPUBOJ U CUCTEMBI YIIPABICHUS
OBITOBBIX MAIIMH U PUOOPOB»
JUISl CTYZI€HTOB HalPaBJICHUSI IIOATOTOBKH
15.03.02 TexHoJOTHYECKHE MAIIMHBI K 000PYI0BaHHE
HaIpaBJIEHHOCTb (MPOPuIIb) «BBITOBBIE MAIIUHBI U TPUOOPHI»



Metoauueckue yka3aHusl MO JUCHUIUIUHE «DJIEKTPONPUBOA U CHUCTEMBI YIPABICHUS OBITOBBIX
MalliH ¥ TpUOOpPOB» CONEpKAT 3afaHusl Ui CTYJASHTOB, HEOOXOMUMBIC JMJIsi OpTraHHU3aIUuN
CaMOCTOSTEIIbHON PabOTHI.

[TpopaboTKa MpeIoKeHHBIX 3aJaHUi MTO3BOJIUT CTYIEHTaM NMPHUOOPECTH HEOOXOIUMbIC 3HAHUS B
o0acTu U3y4aeMoi NUCHUILINHBL.

[Ipeana3znaueHsl 1751 CTyI€HTOB HampaiieHust moArotoBku 15.03.02 TexHogoruueckre MamiuHbl
u obopynoBanue HanpasineHHOCTh (ipoduiib) BeITOBBIE MaIIMHBI U IPHUOOPHI.



COJEPKAHHUE

Bgenenue

. O0m1as XxapakTepUCTUKA CAaMOCTOSATEILHON pabOThI

. KoHTpOJIbHBIE TOYKHU U BUIBI OTYETHOCTHU 110 HUM

. Metonnueckre peKOMEHJAUK 10 U3YYEHHUIO TEOPETUUECKOTO MaTepuraia
. Meronnueckre peKOMEHJALNH 10 IMOJATOTOBKE K MPAKTUYECKUM 3AHATUAM
. Metonnueckre peKOMEHJAIUK 110 MOJArOTOBKE JI0KJIa1a

. Merouueckrne peKOMEHJALNH MO MMOJATOTOBKE K TECTUPOBAHUIO

. Meroaudeckue peKOMEHIAIMH 110 BBITTOJTHEHUIO KOHTPOJIBbHON PabOThI

. Meronueckre peKOMEHJALUH 110 IMOJATOTOBKE K 3a4ETy

. MeTtonuueckre peKOMEHJAIUHU 10 IMOJTOTOBKE K DK3aMEHY

Crucok peKOMEHTyeMbIX HH()OPMAIIMOHHBIX HCTOYHUKOB

OO0 ~NO Ol W~



BBEJAEHUE

Ilenp MeToaWuYecKHMX YKa3aHMH — OKa3aTh IIOMOILb CTYyJEHTaM B OCBOCHMH Kypca
«QNEKTPONPUBOJL M CUCTEMBI YIIPABJICHHUS OBITOBBIX MAIIMH U TIPUOOPOBY.

JlaHHbIE METOJMYECKHE YKa3aHUs HalpaBlIeHbl Ha CHCTEMaTH3MPOBAHHOE U JIOTMUYECKH
MOCJIeIOBATEIbHOE M3YyUeHHE OOIIMX 3aKOHOMEPHOCTEH (YHKIIMOHHMPOBAHHS C IMOMOMIBIO OOCYXKICHUS
IPOOJEMHBIX BOIIPOCOB IO TEME, PEUIeHUs NPOOJIEMHBIX 3aJady M OOCYXIEHHs CUTyallud, TECTOB,
MOJITOTOBKH pedepaToB, TOKIAT0B, MPE3EHTALINH.

[Tepen HayamoM Kypca 11eaecoo0pa3HO 03HAKOMUTBCS CO CTPYKTYPOM AUCHUILUIMHBI HA OCHOBAHUU
MPOTrpaMMBbl, a TaKXKe C MOCIEJOBATEIBHOCTHIO U3yYeHUsI TeM U uX 00beMoM. C IeNbl0 ONTHMAaIbHON
CaMOOpraHU3alMy HEOOXOJMMO CONOCTaBUTh 3Ty HMHGOpMaIMIO C IpaduUKOM 3aHATHM U BBIIBUTH
HanboJiee 3aTpaTHbIe MO0 BPEMEHU U OOBEMY TEMBI, YTOOBI 3apaHee OINpPENeNUTh A Ce0sl MEepUOJIbI
00BbEMHBIX 3a/1aHUI.

1. OBIIIASI XAPAKTEPUCTUKA CAMOCTOSITEJIbHOM PABOTBI

Ilenp ocBoeHuss aucuUIUIMHBL — llomyuyeHue 3HAaHUH W NPAKTUYECKUX  HABBIKOB
(GYHKIMOHUPOBAHUS IPUBOJOB OBITOBOI TEXHHUKH, MX XaPAKTEPUCTHUK, IPOLIECCOB, CHCTEM YIPABICHHUS

[IpuMeHeHHe METO/Ja CHCTEMHOTO aHaiu3a K HM3YYEHHUIO JaHHOW JAMCUUIUIMHBI OMpPEIeseT
CIIEAYIOIME €ro 3aJayd: H3y4YeHHE MpoOJeM B HCTOPUYECKOW IEPCHEKTHBE, PAaCUIMPEHUE 3HAHUS
CTYJCHTOB, Pa3BUTHE CIIOCOOHOCTU CTYACHTOB K MOHMMAHUIO U KPUTHUYECKOMY OCMBICICHHUIO MPOOIeM
COBPEMEHHOCTH, OOCYXJTaeMbIX B CpEACTBaX MaccoBOM WH(MOpMAIMH, JHTEPATyphl, a TaKKe
MpHOOpEeTEeHNE HABBIKOB MOCJIEIOBATENILHO U IPAMOTHO M3JIaraTb CBOM MBICTH B YCTHOM M MHUCHMEHHOM
dbopme.

B pesynbrare OCBOGHMS NaHHON AMCHUIUIMHBI (HOPMHUPYIOTCS CIEAYIOIIHE KOMIIETEHIIUU Y
oOyuJaromerocs:

IIK-13: VYMeHue mnpoBepAThL TeXHHYECKOE COCTOSHME MW  OCTATOYHBIH  pecypc
TE€XHOJOTUYEeCKOr0 000py/10BaHMsI, OPraHU30BBLIBATH NPOPUIAKTHYECKHMA OCMOTP H TeKYyIUHii
PEMOHT TEXHOJIOTMYECKUX MAIIMH U 000Py/10BAHMS.

CamocrosiTenpHas paboTa Mo JUCHUTIIHHE «DJEKTPOTPUBOJI U CUCTEMBI YIPABJICHHS OBITOBBIX
MalIiH ¥ TpUOOPOB» BBIMOIHIETCS C IENbI0 MOTYYSHHs M 3aKperIeHUs 3HAHUM, MPUOOPETEHHBIX MPH
M3Y4YEHUU TEOPETHUECKOro MaTepuania.

2. KOHTPOJIBHBIE TOYKH 1 BU/Ibl OTYETHOCTHU IO HUM

KoHTposnb kauecTBa M CPOKOB M3Y4EHHUE TE€M JIEKIHH BBIIOIHIETCS B COOTBETCTBUHU C YUEOHBIM
rpaduxkom. OdopMmisieTcs B BUie KOHCIIEKTUPOBAHUS TEKCTA.

KoHTpons kadecTBa M CPOKOB BBIIOJIHEHHS TNPAaKTHUECKUX 3aJaHUMl OCYIIECTBISETCS B
COOTBETCTBHUH C yueOHBIM rpadukoM. OdopMisieTcsi B COOTBETCTBUU C 3aJaHUEM.

KoHTponb kadecTBa cljauu JOKJIAAa OCYLIECTBISETCS B COOTBETCTBUM C Y4YEOHBIM IpauKOM.
OdopmitsieTcst B COOTBETCTBUH C 3aJJaHUEM.

VYcneBaeMoCTb CTYAEHTOB MO KaXKI0M JUCLMIUIMHE OLICHMBAETCA B XOJ€ TEKYIIEro KOHTPOJIS U
MIPOMEKYTOUYHON aTTECTALUU.

3. METOANYECKHUE PEKOMEHIALIUUA 11O U3YUYEHUIO TEOPETUYECKOI'O
MATEPHAJIA

W3ydenue mo0o0ro pasziena WM TEMBbI CleyeT HaAYMHATh C O3HAKOMJIEHMSI C BOIpOCaMU IIaHa
M3Y4YeHHUS] TeMbl. TeopeTHYecKuili Marepuasl MpeAcTaBiseT co00il KOHCHEKT JEeKIUH, COJIepsKalluii
HEOOXOIUMBIM Habop yTBepxkAcHUN u dopmyn (0e3 AeTambHBIX MOAPOOHOCTEH), HO C TOJIPOOHBIM
000CHOBaHHMEM X HWCIOJB30BaHUS MPHU PEIICHWH KOHKPETHBIX YKOHOMUYECKUX 3aaad. [Ipu u3yueHuun
Marepuaisa Heo0X0MMO MMOMUMO JIEKIIMOHHBIX MaTepHUaJIOB UCIIOIh30BaTh PEKOMEHIYEMYIO OCHOBHYIO U
JOTIOJTHUTENBHYIO JINTEPATYPY AJIA JYULIEro YCBOSHUSI MaTepuaa.

OcBauBaTh TEOPHUIO CIEAYeT B COOTBETCTBUM C TOH IOCJIEI0BAaTEIIbHOCTBIO, KOTOpPAs
Mpe/ICTaBjlIeHa B IUIaHE JEKIWU. MeToauka paboThl ¢ IMUTEPATypoil MpeaycMaTpuBaeT BelleHUE 3alUCH
MPOYUTAHHOTO B BHUJE IJJaHA - KOHCIEKTa, OMOPHOrO0 KOHCHEKTa. DTO MO3BOJIUT CleiaTh 3HAHMS
CUCTEMHBIMU, 3a)UKCUPOBAThH U 3aKPEMUTH UX B TAMSITH.



JIist  yCIIEITHOTO OCBOEHUS TUCIUIUIMHBI, HEOOXOIMMO CaMOCTOSITENIBHO JETAIbHO H3yYUTh
MIpe/ICTaBJICHHbIE TEMbI 10 PEKOMEHIYEeMbIM MCTOYHHMKAM HHpopmanuu. [Ipu moAroroBke K 3aHATHUSIM
clielyeT pyKOBOJACTBOBAThCS YKa3aHUSIMU U PEKOMEHAAIUSMU MPETOJaBaTesi, UCIOIb30BaTh OCHOBHYIO
JUTEepaTypy U3 IMpeacTaBiIeHHOro UM cnucka. i Haubonee TiyOOKOTO OCBOGHMSI JHUCLUIUIMHBI
PEKOMEHIyeTCsl H3y4daTh JIUTEPaATypy, 0003HAYCHHYIO KaK «JOTOJTHUTEIbHAS) B MPEACTABICHHOM CITHCKE
B PII/I.

Bonpoch! 1J1s1 MOATOTOBKH K YCTHOMY ONpocy Tekyiero KoHTpoJs (biok 1)
. DMeKTpONpPUBOA OBITOBBIX MAIIMH U IPHOOPOB - KJIAaCCUPHUKAIHS SJIEKTPOIIPUBOIOB
. Harpy3ouHble 1 MEXaHUUECKHE XapaKTEPUCTUKH;
. YpaBHeHHE IBIKEHHS DJIEKTPOIPHBO/IA;
. OCHOBHBIE THIIBI 3JIEKTPOJIBUraTeNIeH: IOCTOSIHHOTO TOKA, CHHXPOHHBIE, ACUHXPOHHBIE, KOJUIEKTOPHBIE.
. YHuBepcanbHble KOJUIEKTOPHBIE MUKPOABUTATEIH 1 UX IPUMEHEHHE;
. OnHoda3Hble ACHHXPOHHBIE IBUTaTENY;
. MexaHndeckue XapakKTepHCTHKU U CIIOCOOBI BKIIIOUSHHUS TpeX(a3HbIX IBUraTeseil B oqHO(a3HYIO CeTh;
. ACUHXpOHHBIE ABUTATENIN C IyCKOBOX OOMOTKON M KOHAEHCATOPHBIC JBUraTEIN B MalllMHAX ObITOBOTO Ha3HAUECHUS,
. ACHHXPOHHBIE UCIIOIHUTENbHBIE MUKPOJBHUIATEH C TOJHBIM POTOPOM;

O 001N N LN —

Bonpoce! 111 NOATOTOBKM K YCTHOMY ONPoOCy TeKyuiero KoHTpoJs (biok 2)
10. IITaroBsle MEKPOJBHUTATEIIH [T CUCTEM YIIPABJICHUS OBITOBBIX IPUOOPOB BPEMCHH;
11. Mertoauka BbIOOpPa 37IEKTPOIBUTaTENICH.
12. Cucrembl yrpaBiicHHsI OBITOBBIMH MAaIlIMHAMH U TIPHOOpaMH.
13. TIpakTHYecKue CXeMbI y3JI0B YIIPABICHHS M aBTOMAaTHYECKOTO PErYIMPOBAaHUS PEXKUMAMHU OBITOBBIX IIPHUOOPOB U MAIlINH;
14. DnexTpoHHbBIE NaTYMKH TEMIIEPATyPhI, JaBICHUS, YPOBHSI,
15. Mukpomnpoueccop Kak yCTpOWCTBO yIpPaBJICHUS;
16. TexHUUECKHE XapaKTEPUCTUKHA COBPEMEHHON CepHH MHKPOIPOIIECCOPOB IS YIIPABICHUS TEXHOIOTHIECKAMH IIPOLIECCAMH
OBITOBBIX YCTaHOBOK;
17. YHuBepcanbHast 3JIeKTPOHHAS CHCTEMA YIIPaBICHHUS OBITOBEIMH AIIEKTPOIPHOOpaMH.

Kpurepun onieHKn ycTHOro onpoca

[lomHoTa OTBETa Ha TMOCTaBJICHHBIA BOIPOC, YMEHHUE MHCIOIB30BaTh TEPMHUHBI, MPUBOIUTH
MIPUMEPHI, JeNIaTh BIBOIBL.

3a Kax /bl OJIOK B CyMMe O0YYaroIuiicst TOIDKEH MOTYYHUTh 25 0aioB, U3 HUX 5 — 3a MOCEIICHNE
3aHATUN, S5 - BbImonHeHWe IOMONHUTENBHBIX 3adaHuil (HOKIaA, cTraThs, mpe3eHtanus ), 10 — 3a
BBITIOJIHEHUE TECTOBBIX 3aJaHUH, 5 — 3a 3aIIUTy J1a00paTOPHBIX paboT

Kputepun nomyueHus OLEHKH:

- pe3ysbTaT, COJAEPKAIIUN TTOTHBIA MPABUIBHBIN OTBET — MAKCUMAJIBHOE KOJIMYECTBO OAJIIIOB;

- pe3ynbTaT, COAEp KAIUN HETOJNHBIN MPaBHIBHBIM OTBET (CTENEHb MOJTHOTHI OTBETA —
oonmee 60%) wiaM OTBET, cColepKaIMA HE3HAYUTENIbHbIE HETOUYHOCTH— 75% OT MakCHMalbHOTO
KOJIM4YecTBa 0aJioB;

pe3yabTaT, COAEPKAIIMNA HEMOJIHBIA MPaBUIIBLHBIM OTBET (CTENEeHb MOJHOTHI oTBeTa — OT 30 10
60%) wuam OTBET, cojepKalluii 3HAYUTENbHbIE HETOYHOCTH -40 % OT MaKCHMaJIbHOTO KOJUYECTBa
0aJJIoB;

- pe3ynbTar, coAep:Kalluii HETOJHBI MPaBWIBHBIM OTBET (CTEMEHb MOJHOTHI OTBETa — MEHEe
30%), HempaBWIbHBIA OTBET (OTBET HE IO CYIIECTBY 3aJaHus) WU OTCyTcTBHE oTBeTa — 0 % oOT
MaKCHMaJbHOTO KOJTMYECTBa OAIIOB.

4. METOAUYECKHUE PEKOMEHJAIIMHA 110 ITIOAT'OTOBKE K IPAKTUYECKHUM
3AHATUAM

[Iporiecc MOATOTOBKM K MPAaKTUYECKMM (CEMMHApPCKHM) 3aHATHUSM BKJIIOYAeT U3y4YCHHE
HOPMAaTUBHBIX JOKYMEHTOB, OOs3aTe€IbHOM W JIOMOJHUTENBHOM JIUTEepaTyphl MO pPaccMaTPUBAEMOMY
BOIIPOCY.

HenocpencTBeHHOE NMpoBeiCHNE MPAKTUUECKOTO (CEMUHAPCKOTO0) 3aHATHS IPEATNOIaraeT:

- WHIMBHUIYyaJbHbIC BBICTYIUIEHUS CTYAEHTOB C COOOLICHHAMH IO KaKOMY-IHOO BOMIpOCY
H3y4aeMOU TEMBI;

- (hpoHTANIEHOE 00CYX/IEeHUE paccMaTpuBaeMoi po0eMbl, 0000IIEHNs U BHIBOJIBI;

- pellieHue 3aja4d ¥ yrpakHeHU| o oopasiy;

- pellleHrEe BapUAHTHBIX 33]1a4 U YIPaXKHEHUI;

- pellleHre CUTYallMOHHBIX TPOU3BOJICTBEHHBIX (MPOpEeCCHOHANbHBIX) 33/1a4;

- TPOEKTHPOBAHUE U MOJCIMPOBAHHE PA3HBIX BUIOB M KOMIIOHEHTOB MHPO(ecCHOHATBHOM
NESITeIbHOCTH.



ITpouecc MOArOTOBKM K MNPAKTUYECKUM (CEMHMHAPCKMM) 3aHATHSM BKIIOYAET H3Y4YECHHE
HOPMAaTUBHBIX JOKYMEHTOB, O0Os3aTE€IbHOM W JOMOJHUTENBbHOM JUTepaTypbl MO paccMaTpUBaeMOMY
BOIIPOCY.

5. METOAUYECKHUE PEKOMEHJALIUUA 110 ITIOAI'OTOBKE JOKJIAJTA

JlaHHBI BUJ CaMOCTOSATEIbHOW pabOTHl paboueil mporpaMmol AWCHHUILTUHBI (MOIYJs) HE

MIPEAYCMOTPEH
6. METOAUWYECKHUE PEKOMEHJIAIIUUA MO NOATOTOBKE K TECTUPOBAHUIO

YcnemHoe BBIMOJIHEHUE TECTOBBIX 3a/laHUM  SBISETCS HEOOXOJUMBIM YCIOBHUEM HTOTOBOM
II0JIO)KUTEIIbHOW OLIEHKU B COOTBETCTBMM C PEHTHMHIOBOI CUCTEMOM 0OydeHHs. BblllOHEHUE TECTOBBIX
3aIaHUl MPEJOCTABISIET CTYJEHTaM BO3MOYKHOCTb CaMOCTOSITENIbBHO KOHTPOJIMPOBATh YPOBEHb CBOUX
3HaHU, OOHAPYKUBAThH MPOOEIBI B 3HAHUAX U MPUHUMATh MEPHI N0 UX JUKBHIAIMH. Dopma H3II0KEHUS
TECTOBBIX 33JJaHUM MO3BOJISET 3aKPENUTh U BOCCTAHOBUTH B MaMSITH NPONIAEHHBIN MaTepuain. TecToBbie
3aJlaHUsl OXBATHIBAIOT OCHOBHBIE BOIIPOCHI MO JUCHUILIMHE «DJIEKTPONPUBOJ M CHCTEMBI YIIPABJICHUS
OBITOBBIX MAIIIUH U PUOOPOBY.

VY cryneHTa ecTb BO3MOKHOCTH BbIOOpa IMPaBMJIBHOIO OTBETA WJIM HECKOJIBKUX IPAaBUIBHBIX
OTBETOB M3 YMCJIA MPEJIOKEHHBIX BapUAHTOB. /{151 BBINOJHEHUS TECTOBBIX 3aJaHU CTYJIEHThI 1OJKHbI
W3Y4UTh JIEKIIMOHHBIN MaTepuai 1o TeMe, COOTBETCTBYIOIIME Pa3/ieiibl yUeOHUKOB, Y4€OHBIX OCOOUN U
JIPYTrUX UCTOYHUKOB.

KOHTpOIbHBIN TECT BBIMOIHAETCS CTYIEHTaMU CAMOCTOSITEIILHO BO BPEMSI CEMUHAPCKUX 3aHSATHI.

TecToBBIC 3a7aHNA
1.Kaxkoii BuI JIeKTpOABHTaTENICH IPUMEHSETCS JJIs BPAIICHUs CTUPAOIIEro OapabaHa Ha MallliHE
«BsiTka aBTOMaT»?
1.CUHXpOHHBII. ¢ peryaupyeMblM TOKOM OOMOTKH SIKOpS
2.Tpéxda3zublii ABYXPEKUMHBIHI
3.ACHHXPOHHBIN. C KOHJICHCATOPHBIM IIyCKOM JBYXPEKUMHBIN
4.0H0da3HbIi. ¢ MyCKOBOI 0OMOTKOM
2.Kaxkoiil Buj1 IyCKOBOI'O yCTPOMCTBA AIEKTPOABUTATENSI KOMIIPECCOPA YCTAHOBJIEH Ha OBITOBOM
XOJIOOUILHUKE?
1.Brixntouarens
2.KHonka
3.Ilepexirouarens
4.Ilycko3ammrTHOE pee
3.Kaxue BbI 3HaeTe CrIOCOOBI PEryIMPOBAaHUS YaCTOTHI BpPAILLlEHUS JIEKTPOBUTATENEH OCTOSIHHOTO
TOKa?
1.3meHennemM yncia pabounx U KOMIIEHCAIIMOHHBIX 0OMOTOK
2.TopmoxxeHneM poTopa
3.IlepexintoueHreM B CETh IEPEMEHHOIO TOKA
4.MI3MeHeHrEeM NTATAIOLIETO HANPSDKEHUS. TOKA SIKOPsl. CONPOTHUBIICHUS LIENH SIKOPS
4.Kakue Bbl 3HaeTe OCHOBHBIE MTApaMETPbl UICTOUHUKOB MUTAHUSA?
1.1IBeT uCTOUHMKA TUTAHUS
2.Jlnametp poTopa
3.Pa3Mephl HCTOYHUKA TUTAHUS
4.Pon HanpsiKEHHsl. MOIIIHOCTb. TOMYCTHUMbIE KoJieOaHUs HaNpsKeHUs. paboyasi TeMieparypa
5.Kakue 37eKTpoiBUraTeI NpeuMyieCTBEHHO IPUMEHSIOTCS B OBITOBOI TeXHUKE?
1.1maroBbie
2.Tpéxda3zHble
3.1ByxdazHble
4.onH0(azHbIC
6.Kaxoe coennHenne o0OMOTOK YHUBEPCAIbHBIX KOJUIEKTOPHBIX 3JIEKTPOJBUTATENICH cuuTaeTcs
MIPEANOYTUTEIBHBIM JJIs1 OBITOBBIX MPUOOPOB?
1.ITapannensHOE cOeTMHEHUE
2.B tpeyrosnbHUK
3.IlocienoBaTeaIbHOE COEMUHEHUE
4.CmenaHHOe COeTMHEHNE



7.Kakum 00pa3oM U3MEHSETCS YUUCIIO 000POTOB Ha PYUHOM 31eKTpoapenn?
1.MexaHn4eCKUM TOPMOKEHUEM pOTOpa

2.MI3MeHeHneM urcia nap mnojrocoB

3.Ilyrem n3MeHeHHUs TepeIaTOuHOTO OTHOILIEHUS OT Baja K paboyemMy opraHy

4.C noMoIIbIO 3JIEKTPOHHOTO PErysiTopa

8.Mosxet 51 paboTath TpaHchOpMAaTOp. €CIIU €ro MOJAKIIOUYUTh K CETH MOCTOSIHHOTO TOKa?
1.MoeT. HO IpU HAJTM4WU APYroro TpanchopmaTopa

2.Moxer

3.MoxeT npu HAIMYUK peoOpa3oBaTes HaPsHKEHUS

4.He moxer

9.0t yero 3aBUCHUT YacTOTa BpPAIIEHUSI POTOPA CHHXPOHHOTO 3JiekTpoasuraresna? 1.0t momuoctu2.0t
YaCTOTHI CETH

3.0t pazmepo4.0OT pojia TUTAIOLIETO HANPSKEHUS

10.ITo kakoii mpuurHe HA TAOIMYKAX HEKOTOPBIX AIEKTPOABUTATENSIX OBITOBBIX MPUOOPOB CTABAT
Haanuch (be3 Harpy3ku He BKIIIOYaTh)?

1.JIBuraTenp nMonaET BpazHoc

2./lBurarenb Cropur

3. TpeOyercs kaKkoe-TO MEePEKIIOYCHHE

4./lBuratenp HE MYCTUTCS

11.ITo kakuM OCHOBHBIM KPUTEPUAM BHIOMPACTCS 3JEKTPOABUTATEIH?

1.I1o pony 1 BeTMYMHE MUTAIOLIETO HANPSKEHUS. YACTOTE BPALIEHUS. MOLTHOCTU U BUAY KPETIJICHUS
2.11o marepuany, U3 KOTOPOro U3rOTOBJIEH KOPIYC

3.Ilo nuametpy Basa

4.11o uBety u dpopme

12.ITpuMeHsI0TCS 11 B OBITOBOM TEXHUKE TPEX(a3HbIE JEKTPOJBUTATETH?

1.penko

2.1a

3.B OCHOBHOM

4.1er

13.IToueMy yHMBepCalbHBIN KOJUIEKTOPHBIN 3JIEKTPOABUraTeNb C MOCIEI0BATEIbHBIM BO30YXKIEHUEM
HeNb3s BKIIIOYaTh 0€3 Harpy3ku?

1./IlBurarens noia€T Bpa3HOC

2.JIpurarens He OyneT BpalaThCs

3./IBurarens mOUAET B 0OpATHYIO CTOPOHY

4.]IBurarens OyJeT rperbes

14.CKonbpKO 37€KTpOABUTATENEN YCTAHOBIEHO HAa CTUPAJIbHOW MalIMHE « BsTka - aBTOMaT»?
1./IBa

2.YeTtsipe

3.01un

4. Tpun

15.Yem oTanyaercs TpynmnoBoi 3J€KTPOIPUBOJL OT OJITHOABUTAaTEIBHOI0?

1. HannuneM aiieKTpoaBUraTeliell ¢ pa3HbIM HANPSHKEHUEM ITUTAHUS

2.Hanuyuem TpaHCMUCCHOHHOTO BaJIa U OJTHOTO 3JIEKTPOIBUTATEINS

3.HanuuuneM anektpoaBUraTesiell pa3sHol KOHCTPYKLIAN

4. HannuneM penykropa

16.Uem 3agaércst pexuM paboThl peskuM paboThl CTUPabHON MalMHbI «BsiTka aBTOMAT»?
1.Knonkou

2.CrnenuanbHbIM HHCTPYMEHTOM

3.Komanpoanmnapatom

4.BxiIro4eHHEM MallNHbI B CETh

17.byner nu paboTaTh KOJUIEKTOPHBIN AJIEKTPOIBUTaTelb C TOCTOSTHHBIM MarHUTOM IPY BKJIFOUEHUH €T0
B CETh MIEPEMEHHOTO TOKa?

1.Byzner. HO ¢ mepeMEeHHbBIM YnCIOM 000pOTOB

2.byzer. HO He OyAET pPerylIupoBaThCs YaCTOTa BpAILlEHUs] pOTOpa

3.He Oyner

4.byner npu HaIUYUU BBITPSIMUTENS



18.Byzner a1 paboTaTh MIATOBBINA 3JIEKTPOABUraTEIb €0 BKIIOYUTH HAMPsAMYIO B ceTb 220 BOJIBT
MEPEMEHHOT0 TOKa?

1.He 6yner

2.byner npu HaJTMYHMH CIICIIMAIBHOTO AJIEKTPOHHOTO 0J10Ka

3.byner

4.byneTr. HO HEBO3MOXHO €ro yIIpaBJICHUE

19.Kak 0TIIMYUTH KOJUIEKTOPHBIN JIEKTPOIBUraTEllb JBUTATEIb [IOCTOSIHHOI'O TOKA OT JIBUraTelIs
MIePEeMEHHOTO ToKa?

1.mo uBety

2.110 HAJIMYMIO METOYHOTO arnmapaTa

3.110 BHELIHEMY BUlY

4.0 pazmMepam

20.Kak kmaccuunupyroTes SIeKTPOABUTATENH 110 BPEMEHU BKITIOUCHUS?

1./IBurarenu KpaTKOBPEMEHHOTO UJTU JATUTENILHOTO PeKUMa BKIIOUESHUS

2./IBurarenu. padoTaroLme onpeaeiEéHHOe KOJIMYECTBO MUHYT UM CEKYH/T

3.[IBurarenu. pabotatonirie He 6osee TPEX YacoB

4.J1Buratenu pabOTarOIIKE HEMTPEPHIBHO

21.Kak omimiunth ogHO(a3HBIN 2JIEKTPOABUTATENb OT TPEX(hazHoro?

1.mmo yrcmy 0OMOTOK cTaTopa

2.110 YUCIY MOJICOeIMHUTENBHBIX TPOBOJIOB

3.1mo pazmepam

4.1mo BenuuuHe NOTPeOIsIeMOro ToKa

22 .Kak Ha3bIBa€TCs AJIEKTPOJIBUraTellb. YACTOTA BPAIIEHUS POTOPA KOTOPOTO KECTKO 3aBUCUT OT
YacTOTHI CETH?

1.acHHXPOHHBIN

2 .KOJUIEKTOPHBIN

3.yHUBEpCcaIbHbIN

4 .CUHXPOHHBII

23.Kaxk OyzeT Ha3bIBaThCSI AIEKTPOIIPUBO/]. TPUBOASAIINH B IBIKEHIE KOYEMOIKY?
1.MHoroaBurarenbHbIA

2.I'pynnoBoit

3.YHuBepcalibHbIi

4.0OHO0ABATATEIbHBIN

24.Yem oTaMYaeTCs JBUTaTENIb CMELIAHHOTO BO30YXAE€HUS OT IBUTaTesIel ¢ mapauieabHbIM UITH
MOCJIEI0BATEIbHBIM BO30YKICHHEM?

1.MomHoCTBIO

2.Ha3Banuem

3.CxeMoil coeIMHEHUS

4.JluameTpomM 0OMOTOYHOTO MPOBOIA

25.Yem oTIM4YaeTCsl ACHHXPOHHBIN 3JIEKTPOIBUTATENb C ITYCKOBOMH OOMOTKOM OT 3JIEKTPOBUTaTENs C
KOHJICHCATOPHBIM ITyCKOM?

1.Cxemoil BKITFOUEHUS

2.MoOIHOCTEIO

3.PogoM nuTaromniero HanpspKeHUs

4.T'abaputamu

26.YT0 0THOCHUTCS K HOMMHAJIBHBIM JAaHHBIM JIEKTpONpUBOAa?

1.IIuraromiee HanpsKEHHUE MOIIHOCTh U 000POTHI

2.®opma kopiyca

3.BeIcoTa u gyirHa Kopiryca

4./InameTtp Bana

27.Kak Ha3bpIBatOTCS OOMOTKH Ha CTAaTOPE AJICKTPOBUTATENSI TEPMETUIHOTO KOMITpECCOpa OBITOBOTO
XOJIOOWILHUKA?

1.5lkopHBIE OOMOTKH

2.KommneHcanmoHHbIe 0OMOTKH

3.Pabouas u myckoBas

4.06MOTKH BO30YKICHUS



28.Kak u3meHsieTcs BeJIMUMHA KPYTSILIET0O MOMEHTA 11aroBOro 3JIEKTPOABUTATEINS PU YBEIMUYECHUU
YacCTOThI BpalieHus?
1.YBenuuuBaercs
2.I3MeHseTcs MUKINYECKU
3.ITagaer
4.Ilponanaer
29.Kako# BUJI 2JIEKTpOABUTATENICH PUMEHSIETCS 1Jisl JoMalHuX nibuiecocoB? 1. 111arosbiit
ANEKTPOABUTATEND
2.0H0(a3HbIi CHHXPOHHBIH
3.Ko1eKTopHbIN YHUBEPCAIbHBIN
4.01H0(ha3HbIi ACHHXPOHHBIHI
30.Kakoii Buj 37€KTpoABUTaTENe B OCHOBHOM IPUMEHSETCSl HA PYYHBIX AJIEKTPOMHCTPYMEHTAaX
paboTaroyx oT ceTu nepemMenHoro Toka 220 B?
1.01H0(a3HEbIH. ¢ MyCKOBOH 0OMOTKOM
2.JIBUraresnp MoCTOSIHHOTO TOKa
3. Tpéxdazuplil MEKTPOBUTATETH
4.YHuBepcaJIbHbIN KOJUIEKTOPHBIN JIEKTPOIBUTaTEINb
31.Kakoii Buj 37eKTpOoABUTaTENeH IPUMEHsIETCsS Ha GPUKIIMOHHBIX TPUBOJIAX MPOMBIILIEHHBIX
MIBEHHBIX MaIIvH?
1. Ko1eKTOpHBIi 2JIEKTPOABUTATEb
2. JIByx(a3ubiii
3. TpéxdasHblil AIMEKTPOIBUTATETH
4.0tHO0(a3HBIN. ¢ TTYCKOBOH 00OMOTKOMN
32.Kakoi Buj coeAMHEHUs 0OMOTOK 3JIEKTPOABUTATENsI IPUMEHSETCS Ha AIEKTpOoOpUTBax?
1.C mapasienbHbIM COETMHEHNEM OOMOTKH BO30YKACHUS
2.Co cMelIaHHbIM COEIMHEHUEM
3.C coenMHEHHEM B 3BE3Y WIH TPEYTOJIbHUK
4.C nocrienoBaTelbHBIM COEIMHEHHEM 00MOTOK BO30YKIEHUEM
Kputepun onennBanus KoMmneTeHIUii
OLeHKa «OTJIMYHO» BBICTABISACTCA CTYACHTY, €CIIM KOJUYECTBO IPABWIBHBIX OTBETOB Ha
TeCTOBbIE 3a7anus npesbiaet 90 %.
OLeHKa «XOpOIIO» BBICTABISECTCA CTYIAEHTY, €CIM KOJUYECTBO IMPABWIBHBIX OTBETOB Ha
TecTOBbIE 3aanus npesbimaet 70 %).
OueHKa «yJIOBJIETBOPUTENIBHO» BBICTABISAETCA CTYIEHTY, €CJIM KOJMYECTBO IPABUIIBHBIX
OTBETOB Ha TECTOBbIE 3a/1aHus mpeBbIacT 50 %).
OLeHKa «HEYIOBIETBOPUTENBHO» BBICTABIAECTCS CTYACHTY, €CIM KOJIMYECTBO MPABUIBHBIX
OTBETOB Ha TECTOBLIE 3a7aHus cocTaBisieT MeHee 50 %, 1100 OTBETHI 3aMMCTBOBAHEI.
Od¢opmiieHHe 0TBETOB HA TECThI
OTtBeThl Ha TecTbhl OPOPMIISIFOTCS HA CTYIEHTOM Ha OTIEIBbHOM JIMCTE CAMOCTOSTENbHO. B
npaBoM yriay npoctasisercss @O u rpymnma, ganee cieayeT HOMEp TecTa U BBIOpaHHBIM BapuaHT OTBETA.

7. METOJJMYECKHUE PEKOMEHJIAIIMU 11O BBIIMTOJHEHUIO KOHTPOJILHOM PABOTHI
JlaHHBIN BHUJ CaMOCTOSITENIBHOM paboThl paboued MporpaMMOi JUCIUIUTMHBI (MOIYJsl) HE
IIPEyCMOTPEH

8. METOAUMYECKHUE PEKOMEHJIAIMHA 110 HIOATI'OTOBKE K 3AYETY
JlaHHbIN BUJ OTYETHOCTH paboydel mporpaMMoil TUCHUIUIMHBI (MOIYJIs) HE PEeyCMOTPEH

9. METOAUYECKHUE PEKOMEHJIAIMHA 11O NOATI'OTOBKE K OK3AMEHY

[TpomexxyTouHas arrectanus B opMe dK3aMeHa MpelycMaTpUBAET MpOBeIeHHe 00s3aTeIbHON
9K3aMEHAIMOHHOM mporeAypsl. [lepes sK3aMEeHOM CTYACHTY HEOOXOAMMO TMOJHOCTHIO BBIMOJHUTH BCE
3aJJaHMs K PAKTUYECKUM 3aHATHM, TOJITOTOBUTH U 3AIUTHTh CAaMOCTOATENbHYIO paboTy. [Tpu Hannuuu
3aJI0JKEHHOCTH IO TeKYIeH aTTeCTallud 10 JaHHOW JTUCUUIUIMHE CTYJIEHT K 9K3aMEHY He JI0ITyCKaeTCs.
DK3aMeH N0 AUCLUILIMHE MTPETyCMOTPEH B YCTHOM opMe 1o OHieTaM.

Bomnpock! ajist 5x3aMeHa:
1. DnexTponpuBo/ OBITOBBIX MAIIWH U MPHOOPOB - KIACCUPHUKAIHS SJIEKTPOIIPUBOIOB



2. Harpy3ouHble 1 MEXaHUYECKHE XapaKTEPUCTHKU;
3. YpaBHEHHE ABUKEHHUS DJICKTPOIPUBOJIA;
4. OCHOBHBIE TUIIBI AEKTPOJABUIaTENIEH: TOCTOSHHOTO TOKA, CAHXPOHHBIE, aCHHXPOHHBIE,
KOJIJIEKTOPHBIE.
5. YHuBepcaabHble KOJUIEKTOPHBIE MUKPOABUIATEIN U UX IPUMEHEHHUE;
6. OnHoda3HbIe ACHHXPOHHBIE ABUTaTENIH;
7. MexaHU4YeCcKre XapaKTEPUCTUKH U CTIOCOOBI BKITIOUCHHSI TpeX (Pa3HBIX ABUTATENICH B OJHO(PAZHYIO
CETh;
8. ACHHXPOHHBIE ABUTATEIH C IIyCKOBOW OOMOTKOI M KOH/IEHCATOPHBIE JBUTATENIN B MAILIMHAX OBITOBOTO
Ha3HAYEHUS;
9. ACUHXpOHHBIE UCIIOIHUTEIbHBIE MUKPOJIBUTATEINH C IIOJIHBIM POTOPOM;
10. IITaroBble MUKPOABUIaTENH ISl CUCTEM yIpaBJIeHUsS ObITOBBIX IPUOOPOB BPEMEHU;
11. Metoauka BeIOOpa 3JIEKTPOABUTATEIICH.
12. Cucremsl ynpasieHus ObITOBBIMU MAllIMHAMU U IPUOOPaMHU.
13. IlpakTHueckue CXeMbl Y3JI0B YIPABJICHUS U aBTOMAaTUYECKOTO PETYJIMPOBAHUS PEKUMAMU OBITOBBIX
puOOPOB U MallNH;
14. DnexTpoHHbIE AATYUKU TEMIIEPATYpPHl, JaBJICHUS, YPOBHS;
15. Mukponporeccop Kak yCTpOMCTBO yIpaBiIeHUs;
16. TexHuueckue XxapakKTEpUCTUKN COBPEMEHHOM CepUM MUKPOIIPOLIECCOPOB ISl YIPaBICHUS
TEXHOJIOTHYECKUMU MPOLIECCAMU OBITOBBIX YCTAHOBOK;
17. YHuBepcanbHas 3JEKTPOHHAS CHCTEMa YIPABJICHUS OBITOBBIMHU DJIEKTPOIPUOOPAMHU.

Ilopsiiok M KPUTEPHH OLIECHUBAHUS

DOk3aMeH sBhsieTcs (OpPMOIl OIEHKHM KadecTBa OCBOCHHS OOYyYaromuMcs 00pa3oBaTeIbHON
IIporpamMMsl 1o JucuuiinHe. IIpoBepka kauecTBa MOATOTOBKU CTYJIEHTOB Ha SK3aMEHaX 3aKaHYMBAETCS
BBICTABJIEHUEM OTMETOK I10 MIPUHITON MATUOAIUIBHOMN HIKaie (cM. 11.1.2) (OIleHKa «OTIMYHOY, «XOPOILOY»,
«yIlOBJIETBOPUTEIHHO» UIIH «HEYIOBIETBOPUTEIHHON).

Pacrnipenienenne 6ayioB 1o sx3aMeHy (MpOMEeXyTOUHas aTTecTallns)

Bun yuebnsix padbot IIpomexxyTouHas arrecranus

110 TUCUUIUINHE Ornenka, 6aJuIbl Kpurepun ouieHKn
VYerueiit otBeT Ha | OnieHKa «OTIMYHOY - 1) momHO W apryMEHTHPOBAHO OTBEYAET IO
JK3aMEHe 40 6annos COJIEP’KaHUIO BOIIPOCA;

2) oOHapyXuBaeT IIOHUMaHUE MaTepuana,
MOXET  OOOCHOBaTb  CBOU  CYXKICHMS,
MPUMEHUTh 3HAHHWS HA TPAKTHKE, MPUBECTH
HE00X0/IMMbI€ IPUMEPBHI;

3) wuzmaraeT Mmarepuana MOCIEAOBATEIIbHO U
NPaBUIbHO, C COOIOIEHUEM HCTOPHUYECKOW U
XPOHOJIOTUYECKOH MOCIIEI0BATETLHOCTH.
Komnerennus (1) nim ee yactb chopMHpOBaHa

OreHKa «xXopo1o - OTBET, YIOBJIETBOPSIOLIUI TeM xKe
30 - 39 GamoB TpeOOBaHUSAM, UYTO W IS OIECHKH «5», HO
nomyckaetr 1-2 ommOKkH, KOTOpBIE caM ke
WCIPABIISET.
Kommnerenmus u (wnm) ee yacte copMupoBaHa
Ha 2 ypOBHE.
Onenka 1) uznaraer Marepuan HEMOJIHO U JIOMYCKaeT
«YIOBJICTBOPUTEIIBHO» - | HCTOYHOCTH B ONPEICIICHUN TOHITHA HITH
15 - 29 6annoB (hopMyIMPOBKE MPaBUI;

2) He yMeeT [JOCTaTO4HO TIyOOKO U
JI0Ka3aTeIbHO OOOCHOBATH CBOU CYXKJIEHUS H
MIPUBECTH CBOM MPHMEPHI;

3) u3naraeT marepuas HENoCJIeIOBATENbHO U
JOTTyCKaeT OITUOKH.

Komnerenmus u (wim) ee 4acte chopMHpOBaHA
Ha 1 ypoBHe.




Onenka 1) cTyneHT oOHapyXMBaeT HE3HAHHE OTBETA HA
«HEY/IOBJIETBOPUTENILHO» | COOTBETCTBYIOLIHII BOIIPOC;
- 0 - 14 6amnos 2) nomyckaeT OmHUOKH B (QOPMYITUPOBKE
onpeAeNieHu W MpaBWil, HCKaXalollue HX
CMBICIT;
3) OecrnopsiioYHO W HEYBEPEHHO H3JIaraer
MaTepHa;
4) Ha JIOTIOTHUTEIIbHBIE BOIIPOCHI
mperosaBaTenss  oOydJaromiuiicss  HE  JeT
IPaBUJIbHBIE OTBETHI.
Komnerenmuss u  (wi) ee 4YacTb He
chopMHupoBaHa.
Pemenue 10 6amioB 3aiava pelieHa, CIeJIaH BbIBOJI
9K3aMEHalMOHHON 0 6amioB 3anaua HepelieHa
3aJ1a4u
MaxkcumainbHasi cyMMa 0aJJIoB MPOMEXKYTOYHOH arTectanuu - 50

CIIMCOK PEKOMEHAYEMbIX UH®POPMAINMWUOHHBIX NCTOYHUKOB

6.1. Pexomengyemas JiuTepaTypa

6.1.1. OcHoBHas JuTEpaTypa

ABTOPBI, COCTaBUTEIHN 3arnaBue W3narenscTBO, roa Anpec
JI1.1 |Yepubmmes A.IO., DIIEeKTPOPUBOJI IEPEMEHHOTO TOKA: Y4ueOHOe TTocobue Tomck: http://znani
Hementhes FO.H. W3naTenbcTBO um.com/go
Tomckoro .php?
nonuTexuunueckoro | id=701918
yHuBepcureta, 2015
JI1.2 |Kys3memnos A. 1O., DIEKTPOTIPUBOJL M DIIEKTPoobopynoBanue: yaebHoe mocodre  |HoBocuGHpCK: http://bibli
3onos I1. B. HoBocubupckuit oclub.ru/in
rOCYIapCTBEHHBIIH dex.php?
arpapHsbIi page=book
yHuBepcurert, 2012 | &id=2304
73
JI1.3 |Emenssnos A. I1., DeKTPONPUBO MalluH 1 000pynoBanus: YuebHoe mocodue  |Cankr-IletepOypr: | http://www
Bepumnun B. U., CaHkT- .iprbooksh
Kosspyk A. E. IMetepOyprekuit op.ru/7813
TOPHBIN 7.html
yHuBepcutet, 2017
6.1.2. lonotHUTeTbHAS INTEPATYPA
ABTOpBI, COCTaBHTEIH 3ariaBue W3parenscTBO, TOA Anpec
JI2.1 |Hukwurenko I'. B. DIEKTPOTIPUBO/T IIPON3BOICTBEHHBIX MEXaHU3MOB: yIeOHOE Crasponons: Arpyc, | http://bibli
nocobue 2012 oclub.ru/in
dex.php?
page=book
&id=2775
20
JI2.2 |WBamnosT. 4., DEeKTPONPUBOJL U AIIEKTpoobopynoBanue: YuedHoe mocobue |HoBocHOHPCK: http://www
Kysnenos A. 10, HoBocubupckuii .iprbooksh
Jmurpues B. B. roCyJapCTBEHHBIN op.ru/6482
arpapHsIit 6.html
yHusepcuret, 2011
6.1.3. MeTtoauueckue pa3padoTku
ABTOpBI, COCTaBHTEIH 3arasue W3parenscTBO, TOA Anpec
JI3.1 |bonmapes M. b. DJEeKTPONPUBOJ U AJIEKTpOoaBTOMaTHKa. JlabopaTtopHbIit MuHck: http://www
npakTtukym: [Tocobue PecnyOnukanckuii .iprbooksh
HHCTHUTYT 0p.ru/6780
npo¢eCCHOHANBEHOT 0.html

0 oOpa3oBaHus
(PUIIO), 2016

6.2. Ilepeuens pecypcoB nHGOPMAIHOHHO-TEJIEKOMMYHHKAIINOHHOH ceTn ""UHTepHeT"

€)!

DneMeHThI IPUBOA PUOOPOB. PacueT, KOHCTpyHpPOBaHUE, TEXHOIOTHH [ DJIEKTPOHHBIN pecypc]: moHorpadus/ B.E.
CrapxuHCKUH [U 1p.].— DIEKTPOH. TeKCTOBbIE NaHHbIe.— MuHCK: bernopycckas Hayka, 2012.— 769 c.




22

YnpasieHue 351eKTponpruBogaMHy [ DIIEKTPOHHBIN pecypc]: METOIUUECKHE yKa3aHUs K JJAOOpaTOPHBIM pabotam/ —
ONeKTpOoH. TeKCTOBbIE JaHHble.— JIunenk: Jlunenkuii rocyjapcTBeHHbIN TexHudeckuil ynusepcurer, 9bC ACB, 2013.—
41c.
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Anyunn A.C. CucteMsl yrpaBlieHHs dJIEKTPONPUBOAOB [ DIEKTPOHHBIN pecypc]: yueOHuk amns By3o8/ Anyuns A.C.—
DNeKTpOoH. TeKcTOBbIe nanHble.— M.: M3natenbckuit nom MOU, 2015.— 373 c.
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EmenbsanoB A.I1. DnexTponpuBo] MalluH U 000pynoBaHus [D1eKTpoHHbI pecypc] : yueOHoe nocobue / A.Il. EMenbsHOB,
B.U. Bepumnun, A.E. Kozspyk. — DnekrpoH. TekctoBbie ganHbie. — CII0. : Cankr-TleTepOyprekuii TOpHbIN
yHuBepcutet, 2017. — 300 ¢. — 978-5-94211-784-9. — Pexum noctyna: http://www.iprbookshop.ru/78137.html

95

HementbeB FO.H. Diexktpuueckuii npuBoj [ DIEKTPOHHBIN pecypce] : yueOHoe nocodue / FO.H.
Jementnes, A.1O. UepHblies, M.A. UepHsiieB. — DIIEKTPOH. TEKCTOBbIE JaHHbIE. — ToMcK: TOMCKHI ONMUTEXHUYECKUHA
yauBepeutet, 2013. — 224 ¢. — 978-5-4387-0194-1. — Pexum nocryna: http://www.iprbookshop.ru/34739.html

26

Kysnenor A.1O. DnekTponpHBo U 3JeKTpoo0opyaoBaHue [ DIEKTPOHHBIH pecypc] : yaeOHO-MeToAn4ecKoe mocooue /
A 1O. Ky3nenos, I1.B. 30H0B. — D1eKTpoH. TeKkcToBble faHHble. — HoBocubupck: HoBocubupckuil rocynapcTBeHHbIN
arpapublii yauBepcuret, 2012. — 85 ¢. — 2227-8397. — Pexum nocryna: http://www.iprbookshop.ru/64824.html

o7

WBanos I'.51. DnekTpornpuBoa U 3ekTpoobopyaoBanue [ DneKTpoHHbIN pecypce] : yueOHoe nocobue / I'.51. Banos, A.1O.
Ky3uenos, B.B. JImutpueB. — DIeKTpOH. TeKCTOBbIE AaHHble. — HoBocubupck: HoBocubupckuii rocynapcTBeHHbIH
arpapHblii yauBepcuret, 2011. — 56 ¢. — 2227-8397. — Pexum nocryna: http://www.iprbookshop.ru/64826.html
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Huxurenko I'.B. DnexrpornpruBoa Npou3BOACTBEHHBIX MEXaHU3MOB [ DJIEKTPOHHBIH pecypc] : yueGHoe nmocodue / I'.B.
Huxurenko. — DnekTpoH. TekcToBBIe naHHBIEe. — CTaBpomnoib: CTaBpOMOIbCKUN TOCYAapCTBEHHBIN arpapHbIit
ynusepcuret, ATPYC, 2012. — 240 ¢. — 978-5-9596-0778-4. — Pesxxum nocrymna: http://www.iprbookshop.ru/47399.html

29

Bonnapes M.b. DnexTponpuBo 1 31eKTpoaBToMaTrKa. JIabopaTOpHBIH MPakTHKYM [ DIeKTpOHHBIN pecypc] : mocobue /
M.B. bonnapeB. — DJEKTpOH. TEKCTOBBIC TaHHbIC. — MUHCK: PecnyOnuKkaHCKH HHCTHTYT MPOQGECCHOHAIBLHOTO
obpazosanus (PUII0), 2016. — 76 ¢. — 978-985-503-596-2. — Pexum goctyna: http://www.iprbookshop.ru/67800.html

6.3.1 Ilepeyenb MporpaMMHOro odecrevyeHust

6.3.1.1

Microsoft Windows XP, Microsoft Windows Vista, Microsoft Windows 7, Microsoft Office maxer, Microsoft Office Word,
Microsoft Office Excel, Microsoft Office Access, Microsoft Office PowerPoint, Microsoft Office Outlook, Microsoft
Office OneNote, Microsoft Office Publisher, Microsoft Office InfoPath, Microsoft Visio Pro, Koucynerant+,7- Zip,
Kowmmac 3D LT, Yue6nsrit kommiekt KOMITAC-3D v18, Kaspersky Endpoint Security, CorelDraw Graphics Suite X3,
AutoCAD Electrical, AutoCAD, AutoCAD Mechanical, 3ds Max, Inventor Professional, Maya.

6.3.2 IlepeueHb HHGOPMALMOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1

Koncynwrant [Intoc: http://www.consultant.ru




METOAUYECKHUE YKA3ZAHUA

JUTSl OpraHu3aluu CaMOCTOSITENbHOM pabOThI
10 TUCHMIUIMHE «DNEKTPOIPUBO U CUCTEMBI YIIPABICHUS ObITOBBIX
MaIlIuH U TPUOOPOB»
IUISl CTYJICHTOB HalpaBJICHUS] TOATOTOBKU
15.03.02 TexHonornueckue MalmHbl 1 000PY/I0BaHKE
Hanpasnennocts (mpoduis) beITOBbIE MaIMHBI U TPUOOPHI



Ty
ol

MHHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA30OBAHU S POCCUNCKON ®EJIEPALIN

OEJEPAJIBHOE TOCYJAPCTBEHHOE BIO/UKETHOE
OBPA3OBATEJIbHOE YUYPEKTEHUE BBICHIEI'O OBPA3OBAHMUSI
«JIOHCKOHU IOCYJIAPCTBEHHBIY TEXHUYECKWHA YHUBEPCUTET»

Texnosornyeckunii MHCTUTYT cepBuca (puauan) AI'TY B r.CraBponoJe
(TUC (puauan) AI'TY B r.CtaBponoJie)

METOANYECKUE YKA3AHUA

10 BBIMOJHEHUIO MTPAKTUYECKUX padOT
o IucuUIuIHE «BBenenne B mpoecCHOHANBHYIO IEATEbHOCThY
JUISl CTYZI€HTOB HapPAaBJICHUSI IOJTOTOBKH
15.03.02 TexHoJOrHYECKHE MAIIUHBI U 000PYAOBaHHE
HanpasnenHocts (poduiib) beiToBbIE MalIMHBI K TPUOOPHI



Meronudeckue ykazaHus O AUCHUIIIMHE «BBeneHue B Mpo(eCCHOHATBHYIO IESTEILHOCTDY
coJieprKaT 3aJjaHusl ISl CTYACHTOB, HEOOXOAUMBIE JIJISl IPAKTUYECKUX 3aHATHIA.

[TpopaboTKa npeaIoKEeHHbIX 3aaHui MO3BOJIUT CTYACHTaM MPHOOPECTH HEOOXOAUMBIC 3HAHUS
B 00J1aCTH M3y4aeMOM AUCIUILINHBIL.

[Ipeana3znaueHsl sl CTYI€HTOB HarnpaiieHus moAroToBku 15.03.02 TexHosornueckue MaiuHbl
u obopynoanue. HampasiaeHHOCTH (Mpoduiib) BeITOBBIE MaIMHBI U TPUOOPHI



Conepxanue

BBenenue
[Ipaktuueckoe 3anstue |1HoOBbIE NPOU3BOJCTBEHHBIE TEXHOJOTHMH B
MAIIMHOCTPOEHUH

[TpakTnueckoe 3aHAtue 2 PoOOTH3MpOBaHHBIE YCTAHOBKU B IPOM3BOJICTBE
OBITOBBIX MAIlIMH U MPHUOOPOB

[TpaxTrueckoe 3ausatue 3 Knaccudukanus MeTamiopexyImx HHCTPYMEHTOB
1 000py0BaHUs

[Ipaktrueckoe 3ansatue 4 BeiOop o0opyaoBaHus A Pa3IUYHBIX METOJOB
00paboTKH

[IpakTueckoe 3anATHE 5 Pacder TEXHOJIOrMYECKOW HOPMBI BPEMEHU Ha
MEXaHUYECKYI0 00pabOTKy JeTanu

Crmcok PCKOMCHAYCMBIX I/IH(bOpMaI_[I/IOHHBIX HNCTOYHHKOB



BBEJIEHHE

[Ipu u3yueHun Kypca Hapsily € OBJIAJICHUEM CTYJEHTAaMHU TEOPETUUECKUMHU
HOJIOKEHUSIMU YAEJAETCS BHUMAaHHUE NMPUOOPETEHHUIO NMPAKTHUUECKUX HABBIKOB, C
TEM, YTOOBI OHU CMOIJIM YCIIELTHO IPUMEHSTh UX B CBOEH MOCIeaAyIouleil padore.

L{enb 0CBOEHMS TUCLUIUINHBIL:

- IOMOIIb CTYACHTaM | Kypca aJanTUpOBaTHCS B BbICIIEM yU4€OHOM 3aBEJICHUU
- 3HaKOMCTBO C OCOOCHHOCTSIMH Oynymield mnpoecCHOHAIbHOU AeITeIbHOCTH,
XapakTepoM Oyayiiedl WHXKEHEpPHOW JesATeNbHOCTH OakajmaBpa B oOjacTu
(bupMEHHOTO 00CITY)KMBaHHS U MTPOESKTUPOBAHMSI OBITOBBIX MAIIMH U PUOOPOB
- BOCIIUTaHHUE Y CTYJCHTOB JKEJIaHUS TIy0>ke MO3HATh OCHOBHI (PyHIaMEHTAIbHBIX
Y TIPUKJIQJHBIX HAYK

[IpuMeHeHne MeToJa CHCTEMHOIO aHajluM3a K H3YYEHUIO JaHHOU
JUCHMIUIMHBL ONpEAeNseT CJIEeAyIOIIMe €ro 3aJaud: Hu3ydyeHue MnpoljeM B
VUCTOPUYECKON IEPCHEKTHUBE, pPACIIMPEHHE 3HaHUSA CTYJICHTOB, pPAa3BUTHE
CHOCOOHOCTH CTYAEHTOB K MOHMMAHHUIO U KPUTHUYECKOMY OCMBICICHHIO ITPOOIIEM
COBPEMEHHOCTH, OOCYXJaeMbIX B  CpEICTBaX MaccoBOM  uH(popMaluu,
JUTEpaTyphl, a TakXKe MPUOOPETEHUE HABBIKOB IOCJIEJOBATEIbHO U TIPAMOTHO
U3J1araTth CBOM MBICJIM B YCTHOM M MUCbMEHHOM popme
B pesynbrare OCBOEHUS MaHHOW AMCLHUILUIMHBI (POPMHUPYIOTCS CIEAYIOIINE
KOMIIETEHIIUU Y 00YyYaroIerocs:

OIIK-4: IloHumaHue CYIIHOCTH W 3HA4Y€HUs HH(OpMAUUU B PpPa3BUTUU
COBPEMEHHOIr0 00IIeCcTBa, CIIOCOOHOCTh MOTy4YaTh U 00padaThiBaTh HHPOPMALIUIO
U3 Pa3JIMYHbIX MCTOYHHUKOB, TOTOBHOCTh MHTEPIPETHUPOBATH, CTPYKTYPUPOBATH U
oQopMIIATH UH(OPMAIIUIO B TOCTYITHOM I IPYTUX BUJE.

[TK-1: CiocoOHOCTh K CUCTEMATUYECKOMY M3YUYEHUI0 HayYHO-TEXHUYECKON
uHpOpMaIlMK, OTEUECTBEHHOTO M 3apyO0€XHOIro ONbITa MO COOTBETCTBYIOIIEMY
PO(HITIO MOATOTOBKH.

WN3y4uB TaHHBIN KypC, CTYJEHT JOJIKEH:

3HaTh:

Cy1HOCTb ¥ 3HaueHue MHPOPMAIMH B Pa3BUTHH COBPEMEHHOTO OOIIECTBA.
HayuyHo-TexHHUYecKy0 HH(OpPMAaINIO, OTEYECTBEHHOIO U 3apyOeKHOro OIbITa 10
COOTBETCTBYIOIIEMY MPOQHIIIO MOATOTOBKH.

YMeTh:

[Tony4ats 1 06padaTeiBaTh MHDOPMALIUIO U3 PA3IUYHBIX HCTOYHHUKOB.

CucremMaTnyecky M3y4daTh HayYHO-TEXHUYECKYI0 MH(OpMaIMio, OTEYECTBEHHOTO
1 3apy0e’KHOTO OMbITa IO COOTBETCTBYIOUIEMY NMPOGUITIO MOATOTOBKH.

Bnanern:

HaBbikamu uHTEpHpeTalyu, CTPYKTYpHUpOBaHUS U odopmiieHUs MH(OpMaLuU B

JOCTYITHOM JJIL IPYTUX BUJE.

N3ydyeHneM Hay4HO-TEXHUYECKOW MH(OPMALINU 110 COOTBETCTBYIOIIEMY IPODUITIO

NOJATOTOBKH.

Peanuzanust  KOMIIETEHTHOCTHOTO  NOJAXOJa  NPENyCMaTPUBAEeT  IIMPOKOE

UCIIOJIb30BaHUE B Y4eOHOM TMpOIECCe AKTHUBHBIX M HWHTEPAKTUBHBIX (POpM
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npoBeneHusl 3aHATHH  (pa300p KOHKPETHBIX CHUTyanwii, cobOecemoBaHue) B
COUCTAHWHM C BHEAYJAMTOPHON paboToil C 1menbio (OpMHUPOBAHUS U Pa3BUTHUSA
po(heCcCHOHATLHBIX HABBIKOB CIICIIUATHCTOB.

JIeKIMOHHBI ~ Kypc  sIBisieTcss  0a30d Uil TOCIEAYIOMIETO  IMOJYYCHHUS
OOyJaloOIUMHUCST  MPAKTUYECKUX  HABBIKOB, KOTOpPBIE MPHOOpETAOTCS  Ha
NPAKTHYECKUX 3aHATHSAX, MPOBOJWMBIX B aKTHUBHBIX (OpMax: JEIOBBIC HIPHI;
CUTYaIlMOHHBIE CEeMUHAphl. MeToauKa MPOBENCHUS MPAKTUUCCKUX 3aHITHA M HUX
coJiep KaHue MPOJIUKTOBAHBI CTPEMIICHHEM KaK MOXKHO 3 (eKTHBHEE pa3BUBATH y
CTYJICHTOB MBIIIJICHUE WU WHTYHINIO, HEOOXOIMMBIE COBPEMEHHOMY CTICITUAIIHCTY.
AKTHUBHBIE (POPMBI CEMUHAPOB OTKPHIBAIOT OOJIBIITNE BO3MOKHOCTH JIJISl IIPOBEPKU
YCBOCHUS TEOPETUIECKOTO U MIPAKTUIECKOTO MaTepuaa.

HpaKaneCKoe 3aHaTue 1 HoBble NMPOU3BOACTBCHHBLIC TCXHOJIOI'MHU B
MAIIMHOCTPOCHHNH

Llens  3aHsTust  3akmoyaeTrcs B (GOPMHPOBAHUU Y  CTYACHTOB
npodeccuonansuort  kommnerenuuu:  OIIK-4, TIK-1 o3HakoMuTbca ¢
WHHOBAIMOHHBIMU TEXHOJIOTUSMH B MAILIMHOCTPOEHUHU.

CBeneHus1 n3 TeOpuu

CoBpeMeHHOE MalIMHOCTPOEHUE COCTOUT U3 Oosiee yem 70 oTpaciieid, Yucio
OTpacieil MOCTOSHHO pPacTeT, HO IO XapaKTepy BBITYCKAEMOM MPOAYKLHH H
(dakTopam pazMenIeHUsI UX MOXHO Pa3/IeIuTh Ha TpU OOJIBILINE TPYIIIBI.
KpynHeiimue meHTpbl MalmmMHOCTpoeHUs B Hamiedl ctpane : Cankt-IlerepOypr,
MockBa u MockoBckas obnactb, PocroB-nHa-nony, Kpacuomap, KpacHospck,
TonbstTtu, Ilerpo3zaBoack u apyrue ropoja. KoHeUHO mOTpeOHOCTH B
obopynoBanuu B Poccum HampsiMmyro 3aBUCSAT OT MOCTaBOK C 3alaJHBIX CTpaH U
HUMIIOPTA.

I'maBHBIMM  (hakTOpaMM MaUIMHOCTPOEHUS SIBJISIOTCS  KOOIEPUPOBAHUE,
KOMOMHMpOBaHMEe U crneuuanuzanus. Cpenum oTpacieid  MalIMHOCTPOEHUS
BBIJICISIIOT TSDKEJIOE MAIIMHOCTPOECHHME, CPENHEE MAIINHOCTPOEHUE, PEMOHT
aBTOMOOMJIE M JAPYrUX MaIIUH, HM3TOTOBJIEHWE METAJUIypPru4ecKUX H3AeIui.
CenpCKOX0341MCTBEHHOE MAUIMHOCTPOEHUE PAa3BUTO BO BCEX SKOHOMHUYECKUX
pa3BuThHIX paiioHax Poccumn. B poccuiickom mammHoctpoeHuu 80 MIPOIEHTOB
NPEANPUATANA SABJISIFOTCS YacCTHBIMM, OCTaibHble, 20 MPOIIEHTOB, HAXOHATCS B
pyKax rocyapcTBa u SIBJISIIOTCS HAYYHBIMU HPEITPUATUIMU.

B nocneanee BpeMsi HOBblE TEXHOJOTHU B MAIIMHOCTPOEHUU MOSBISIOTCS
BC€ OoJiee MaccoBO. ITO 00YCIOBIECHO OYEPETHOM CTYIIEHbIO POrpecca, KOTOPbIH,
NpexJae  BCero, HampaBleH  Ha  MPOU3BOJCTBEHHYIO  JIESITEIIbHOCTb.
MamuHocTpoeHre MNpeACTaBiIseT COOOH OTPOMHYIO OTpacib C MHOKECTBOM
pPa3BETBJICHUM, KyJa BXOIAT TAaKUE HANPABIEHUS KaK: IHU3ailH U IPOU3BOJCTBO
TpaHCIIOpPTa, pOOOTOTEXHUKA, W3TOTOBJICHUE MPOMBIIIJICHHBIX CTAHKOB, OBITOBBIC
npuOOpBbl, paIUOTEXHUKA, IEKTPO-TEXHUUECKAast TPOMBIIIJIEHHOCTH U TIp.



CaepximpouHble Matepuaibl. CenuaaucThl aBTOMOOMIIBHON, aBUAITMOHHOM
U KOCMHUYECKOW IPOMBINIUIEHHOCTH MHOIO JIECSTKOB JIET 3aJAl0TCS E€IUHBIM
BOIIPOCOM O CO3JaHUU HOBOI'O MaTepHaia, UMEIOIIEr0O MUHUMAJIbHBIN BEC, HO MPHU
ATOM  OOJIAJAIOIIMM  UCKIIOUYUTETBHOM  MPOYHOCTHIO. Yem  BbIIE  3TH
XapaKTEPUCTHKU, TEM SKOHOMUYHEE, SKOJOTMYECKH Oe3olacHee U HaAEKHee
BBIITYCKA€MBIE B 3TUX OTPaCisAX TPAHCIOPTHBIE CpeacTBa. ['pynna uccinenoBarenen
n3 CesepHoii Kaponunel 1 KaHanbl CMOTIIM CUHTE3UMPOBaTh CIUIAB HOBOTO THIIA,
KOTOpOMY  MpEApPEeKaloT  MPOU3BECTH  PEBOJIOIUI0O B TEXHOJIOTHAX
MarmuHocTpoeHus. CIiiaB 1moKa He TMOJIYYrIT 0(UIIHATFHOTO HAa3BaHUS.

Pucynok1- Kpucrammueckas pemerka CBEpXIpOYHOro MaTepuana

CocraB mnpencraBiger co00il cMech 5 HM3BECTHBIX METAJIOB: MarHus,
AIIFOMHUHMSI, JINTUS, TUTAHA U CKaHAMSA , CMEIIAHHBIX B MPUOIU3UTEIBHO PABHBIX
IPOTIOPIUSX.

[InoTHOCTP MaTepHana HE NPEBBIMIACT IUIOTHOCTh AIIOMUHHA, a IO
OPOYHOCTH OH TMPEB30MIEN BXOMALIMM B €ro cocraB THUTaH. AOCOJOTHas
MJIOTHOCTH HOBOTO CIIaBa paBHaA 2.67 rpamMMa Ha KyOuueckuit cantumetp. OH ObLT
NOJIy4eH IyTeM TUIATEJbHONO CMEUIMBAHUSA TOPOIIKOB HHIPEIUEHTOB C
rpaHyjamMd OKoJio 12 HaHOMETpPOB, KOTOpble OBUIM CIUIABJIEHBl METOJ0M
¢usuueckoro aud@dy3roHHoro ruiaBieHuss nona aAasiennem B 5.9 [Tla.
HoBblil cruiaB  OJHOBPEMEHHO JIEMOHCTPUPYET HHU3KYIO IUIOTHOCTb, YTO
OTpEJENISIET €ro MaJjblii BEC, U BHICOUYANIIYIO MPOYHOCTh. 3HAYEHUE COOTHOIICHHUS
ATUX TOKa3aTelel CTOJb BBICOKO, YTO K HEMY Jaxe OJIM3KO HEe MpUOIMKAITCS
3HAUEHUS  AHAJOIMYHOIO  TMOKaszaTenst  JIIoOoro - M3  CYIIECTBYIOIIMX
KOHCTPYKLIMOHHBIX MaTepranioB. Ceifuac BeayTcs: pa3paOOTKH MO BBIMYCKY CIJIaBa
B TPOMBIIUICHHBIX MacmTabax M MO YJCHICBICHUIO €ro MpPOU3BOACTBA M0
MUHUMAJIBHBIX 3HAY€HUHA. A TIOKa CHELNMAIMCTBI W YYEHBIE Ha3bIBAIOT €ro
«MarTepuasioM OyIylIero», U MOCKOJIbKY Y 3TOM TOUKH 3pEHHUSI B HAYUHBIX Kpyrax
HET NPOTUBHHUKOB, MOKHO HAJIESIThCS, YTO UMEHHO TaKasl pOJjb €My U YTOTOBAaHa.



JlBurarenyn ¢ 1miuacTMaccoBbIMM y3naMu. JKelaHue MaKCUMAaJIbHO ITOBBICHUTH
3HEprod(PeKTUBHOCT MU SKOHOMUYHOCTh TPAHCIOPTHBIX CPEACTB  CTaja
OPUYUMHOM TOrO, YTO HOBBIE MAIIMHBI, HEOOJbIINE M KpPyHMHOrabapUTHbBIE
IUIABCPENCTBA U CAMOJIETHI CTAHOBATCS BCE sierde. OCHOBHBIM ITYHKTOM CHMXKCHUS
Beca B cdepe TpaHCIOpTa BCEr/la CUUTAIOCHh O0JIErYeHUE KOHCTPYKIUH 3a CYET
CHIDKCHMS BeCa Ky30Ba U IIAcCH. JIOCTUTHYB B 3TOM 3HAYUTENBHBIX PE3YyJIbTATOB,
MAalIMHOCTPOEHUE HAIJIO HOBYIO TEXHOJOTHIO, KOTOpas JacT BO3MOXKHOCTH
npoAoDKUTh obnerdenue. Yuéusie u3 ®dpaynrodepa (I'epmanus) pemmnau, 4to
CIEIYyIOIMM 3TaloM JIOJDKHO CTaThb OOJIETYEHHE JBUTATENSl BHYTPEHHETO
cropanusi. CTaHIApPTHO OH BBIIOJIHAETCS U3 TSHKEIBIX COPTOB METAIOB, KOTOPHIE
00JararoT MOBBIIIEHHONW TEPMOYCTOWYMBOCTHIO, HO MCCIIEIOBATENIN MPEIITPUHSIN
CMEIIyI0 TOMBITKY 3aMEHHTh METAUTMYECKHE JeTanu OoJee  JETKUMHU
IJJACTUKOBBIMU KOMIIO3UTaMH.

Pucynok 2- /IBuraTens U3 IUIACTHKOBBIX KOMIIO3UTOB

bein  co3maH  OMHONMJIMHIPOBBIA JBUTATENh, B OOJIBIIUHCTBE Y3JIOB
KOTOPOTO OTKa3aJMCh OT METAIUIMYECKUX COCTaBIAONMX. WX 3aMeHmIn
MJIACTUKOM U3 apMUPOBAHHOTO BOJIOKHA, KOTOPBIH COOTBETCTBYET MHKEKIIMOHHON
dbopmoBke. TecThl MoOKazanM, 4TO TAKOE W3MEHEHHUE IMO3UTHBHO OTPA3WIOCh HE
TOJIbKO Ha BEC€ JBUTATENII U TPAHCIOPTHOTO CPEACTBA B IIEJIOM, HO M CTaJIO
NPUYUHOM OoJiee TUXOM padoThl ABUraTess. B kadecTBe emé ogHoro 0oHyca ObLUIO
BBISIBJICHO, 4YTO TaKas HOBas TEXHOJOTHS II03BOJIIET CHHU3UTHh KOJHMYECTBO
3aTpayMBaeMOr0 TOTUIMBA, IMOCKOJBKY JETAIM W3 IUIACTUKOBOTO apMHPOBAHHOTO
BOJIOKHA OTJAIOT MEHbIIEE KOJIMYECTBO TEIjla B OKPYXalollyo cpeay. I naBHOU
npoOJieMoii ObLIO CO3/1aHUE HAJEKHOTO METOJIa KPEIUICHUs IJIAaCTUKA K METalIy,
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MOCKOJIBKY JTH JBa Marepuaja COBEPIICHHO I0-Pa3HOMY PACIIUPSIOTCS TIOJ
JeCTBUEM BBICOKON TemmepaTypbl. CI0XKHOCTh TPEJCTaBIIssIa U YCTOMYMBOCTD
IJJaCTHKa K OPraHMYeCKHUM BeIIeCTBAM, TaKMM KaK MAaIllMHHOE Maciio, OCH3HH,
KOMIOHEHThl aHTudpu3a W T.a. Jlng 3Toro B cocTtaB ObUIM J100aBJICHBI
TePMOpPEAKTHUBHbIE CMOJIBI. JleTaqu BBUIMBAIM B 3arOTOBJICHHBIC (POPMBI, MOCIIE
KOTOPBIX OTIaJla HEOOXOJUMOCTh JOBOJIKH 3JIEMEHTOB, KaK 3TO OBIBAaET C Me
TAJUTMYECKUMU JICTAJIIMH, YTO 3HAYMTEIBHO COKpAIlaeT BpeMsi Ha IPOU3BOJICTBO
JIBUTATEJIEH HOBOT'O THUIIA.

[Ipeononenne Tpenus. Hammonanenas maboparopust Aprorsa (CIIA) npen-
CTaBWJa HOBYIO TEXHOJIOTHIO, pa3padOTaHHYIO IJIi MAalTHHOCTPOEHUS, KOTOpas
MO3BOJISIET CHU3UTh TPEHHE JBYX PAa3HBIX MATEPHAIOB MPAKTUYECKH J0 HYJS Ha
MaKpOCKOITMYECKOM ypoBHE. TpeHue — mapaMeTp, KOTOPBIA TPeOyeT SHEPTUU IS
JBIDKCHUSI JI0OOOT0 MexaHuszma. UeM BbIllI€ TPEeHHE, TeM OoJibllle HEOOXO0IUMO
TOILIMBA ISl €r0 MpeofosieHus. UToObl YMEHBIIUTh 3TOT HapamMeTp HUCHOJIb3YIOT
COBPEMEHHBIC CMa304YHbIC MaTepHajbl, HO CHHU3UTh €ro TaKUM O00pa3oM
nojy4yaercsl HesHauuTeabHOo. [loaToMy aMepukaHCKue y4€Hble peliian o0paTUTh
CBOE BHMMaHHE Ha TPEHHE HA YPOBHE HAHOYACTHI], ITOTOMY YTO MMEHHO 3]IeCh
aTOMHOE TMPUTSHDKCHUE Ba)KHEE HEPOBHOCTEW, BBI3BIBAIOIIMX TPEHHE B
MakpomaciiTade.

Pucynoxk 3- HanonoAmmnmauku U3 aiMasa
Pa3paboTunku B X0Jie TECTOB OJHY IJIOCKOCTh MOKPHUTH rpadeHOM, a Ha JPYTYIO
MOBEPXHOCTh HANBUIMIM aJIMa3HO-yraepoaHbiii coctaB. Ilocme »storo o0e
MOBEPXHOCTH TMepememand Japyr mno apyry. Koraa kpoileuHbie —anamasbl
OTPBIBAJIUCh OT CBOEW IUIOCKOCTA U KAaTAIMCh MEXKIY MOBEPXHOCTIMU,
KO3(PUIIMEHT TPEeHUsI CTAHOBUJICS MPAKTUUECKU HYJIEBBIM. [[1s1 mOATBEpKACHUS
CBOEU JIOTaJIK y4YEHBIE MTPOBEIIM €€ OJMH OMBIT: OHU MCKYCCTBEHHO MOMECTHUIIN
HAHOMOAIIMITHUKY U3 ajMa3a, U TPEHUE NP JIBUKECHUU CTAHOBWJIOCH HACTOJIBKO
MaJIO, YTO U3MEPUTH €ro MPU MOMOIIY JaXEe CaMOW YyBCTBUTEIBLHOU anmapaTypsl
HE yJaBaJloCh. MeXaHM3M JEUCTBUS ATOM TEXHOJOTHMM OCHOBAaH Ha TOM, YTO
HaHOIIAPUKH OJHOTO CJI0S BBIOMBAIOT M3 TpadeHa XJIOMbs, KOTOPHIE BBIMOJIHSIIOT
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poJib  MOIU(DHUIIMPOBAHHON CMa3Kh. ODKCHEPUMEHTHl MPOBOAMINCH B Pa3HBIX
YCIIOBUSIX, TPHU Pa3HbIX CKOPOCTSIX TPEHHS M Pa3IUYHbIX Harpys3kax, HO
K03 PUIMEHT ocTaBalics HyJEBbIM. EJHMHCTBEHHBIM YCJIOBHEM, KOTOPBI MOT
nomenarb (PeHOMEeHy, CTajo TOMaJlaHue BOJAbl MEXIY B3aUMOICHCTBYIOIIUMU
MOBEPXHOCTSIMHU.

NHHOBalMi0 € HHTY3Ma3MOM B3SJIM B O0OpOT MAaIIMHOCTPOMTEIIH,
3aHUMAIOUIUEC KOCMUYECKUMHU pa3pabOTKaMH, TJI€ HOBBIA MOJXOJI HaMEPEHbI
peanu3oBaTh B Omkaitiue 15 ner.

HoBblii Tum  w3roToBsieHMs feraneil. MammHocTpoeHne Bc€ OoJbIme
BHEJIPSET B MPOU3BOACTBO pPa3pabOTKH, B KOTOPHIX MIPHU BBINOJIHEHUU PaOOT
YeJIoBEeUeCKHil (DaKTOp CBOIUTCS K MUHUMYMY. BCE dalie n3roTOBICHHE CIIOMKHBIX
U CBEPXTOYHBIX JETaleil CTAHOBUTCS JI€JIOM JIa3€pHBIX YCTaHOBOK. [Ipu momoiu
Ja3€pHOT0 Jy4ya HaINpaBJIECHHON TOYHOCTH BBINOJHSAETCS TOHKas pe3Ka MeTaia ¢
JTH00BIM UHTEPBAJIOM U Trpaduyueckum y3opoM. [1o cpaBHEHHIO ¢ MEXaHUYECKUMHU
MHCTPYMEHTAMH Y TAKOTO METOJA €CTh PsJl HEOCIIOPUMBIX IMPEUMYIIECTB:
BO3MOYKHOCTh PE3KHU CILJIaBOB JIFO0OM IMJIOTHOCTHU U JTFOOBIX (PU3HUECKUX CBOWCTB;

- TOJHAas ~ aBTOMAaTW3aluMs ~ Ipolecca 3a  CYET  MOPEABaApPUTEIBHOTO
IPOrpaMMHUPOBAHUS YCTAHOBKH JIJI MACIITAOHOTO UCTIOIh30BaHMUS;

- CKOPOCTb BBITIOJTHEHUS PaOOTHI;

- OTCYTCTBHE OIMOOK M HECOBEPIIIEHCTB BHITIOJIHEHHBIX JIEHCTBUM.

Jlazep wucnonp3yercss W I CBapouHbIX paboT. OcoOeHHO Ba)kHA STa
TEXHOJIOTHUS B CJydae KpPYMHOTa0apUTHBIX JeTajed M3 METaIOB, MMEIOIIHNX
OOJBIION BEC W IIHMPOKYIO CBApHYIO IUIOMaAb. BCE yame 3ToT MeTo NpUMEHSIOT
Ha BO3JlyX€ B aprOHHOW cpejae, oTMe4ass ero HaA&KHOCTh, SKOHOMHUYHOCTh W
CKOPOCTb.

Ho camass mHHOBaIlMOHHAs TEXHOJOTUS MAITMHOCTPOCHMS, CBSI3aHHAsI C
MPUMEHEHUEM Jia3epa, KacaeTcs MeEToJa Ja3epHOro TMOCIOWHOTO CHHTE3a.
brnaronmapsi emy BBINOJHSIOT BbIpallUBaHUE JaeTaned cioxHou Qopmel. [lpu
MOMOIIIM JIA3€PHOT0 CUHTE3a CO3AAI0T PA3IMYHbIC AETAIN U3 XKAPONPOUYHOUM CTalH,
antoMUHUS WM ThTaHa. [IpoucxoauT 3TOT mpouecc no 3D-TeXHONOruu: Jazep
OIUIABJISIET TMOPOIIOK, M3 KOTOPOTO 3a HECKOJIbKO YacOB BBINOJHSAETCS JETallb.
Takue wu3menus XapakTEPU3YIOTCS HWJICATbHOW IUIOTHOCTBIO, YTO TO3BOJSET
IIMPOKO MPHUMEHATh UX B aBHALIMOHHOM UM KOCMHYECKON OTpaciu. DTOT MOIXO]
MO3BOJIIET CBECTU K HYJIIO BO3MOXHBIC JeopManvu M TOJIOMKH, KOTOPbIE
BO3HUKAJIM MPU MPUMEHEHUHU CTAPhIX METOIOB.




Pucynox 4 -O6paboTka ieTanu J1azepoM
Marepuan — mnepo. Hacrosmenn ceHcauueil B MUpE MaIIMHOCTPOCHUSA CTajia

WHHOBAIIMOHHAS TEXHOJIOTHsI, TIpe/icTaBlieHHas komnanuei Boeing. Ero sBisercs
cBepxJIETknid MaTtepuan Microlattice, KOTOpwlii uMeeT B CTpyKType 99,99%
BO3ayxa. M3-3a upesMepHOW JETKOCTH HEOONBIION KYCOK HOBOTO MaTrepHasa
croco0eH MapuTh B BO3yXE HAMoOA00We Tepa Wi oayBaH4YMKa. Kpome Toro, oH
YpE3BbIYAIHO 2JTACTUYCH, 00J1a/1aeT YAUBUTEIHHOM CIIOCOOHOCTHIO K MOTJIOMICHUIO
yAapOB, MOKET BBIICPKMUBATh MOBBIIIEHHOE JABJICHUE U Ja)XKE€ BOCCTAHABIMBAET
NepBUYHYIO CTPYKTYpY nocie 50% nedpopmanuu. Ctpykrypa Microlattice cocrout
U3 YIBTPATOHKUX TMOJUMEPHBIX TMOJBIX TPyOOK, uMewmux Ttoiammay 100
HAaHOMETPOB, YTO B THICAYY pa3 TOHBIIE MO CPABHEHUIO C BOJIOCOM YEJIOBEKA.
TpyOku pacmonararoTcsi yHopsiiodeHHO B GOpMe MOJICKYJIIPHON peréTKr
OTJICTBHBIX METAIOB. Mexay TpyOkamMu BCE CBOOOIHOE MPOCTPAHCTBO 3aHSATO
BO3JIyXOM.

YauBHATENTEHO CBOWCTBO TOTJIONIATh JHEPruto, mpucymee Microlattice. beum
MIPOBEICHBI JKCTIICPUMEHTHI, B XOJ€ KOTOPBHIX YCTAHOBJICHO: YTOOBI COXPAHHTH
IEJTOCTHOCTh CKOPJIYIIBI CHIPOTO KYpPHHOTO SifIia, COPOIIEHHOTO ¢ KpbImu 25-
ATa)KHOT'O JIOMa, HEOOXOIUM CJION YIMaKOBOYHOM TIJIEHKH TOJIIMHOM B 1-2 MeTpa.
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Pucynok 5 - Ctpykrypa Microlattice
UToOBl cOoXpaHUThH SHMIIO0 HEBpEIMMBIM Ipu momoiu Microlattice, gocTaTtoyHO
BCCro 1mapy JACCATKOB CAHTHUMCTPOB JOTOI0 MaATCpHaJIa. KOMHaHI/Iﬂ Boeing
AaHOHCHpOBaJIa, YTO HaA I[aHHI)Iﬁ MOMCHT pPaCCMAaTpPHUBACTCA BO3MOKHOCTDH
MaCCOBOTI'O BBIITYCKa MiCI‘OlattiCG I UCIIOJIB30BAHUA HC TOJIBKO B aBUACTPOCHHH,
HO U B APYTHUX C(bean MAaIIUHOCTPOCHHUA. CHCHI/IaJ'II/ICTLI HC UCKIIIOYAr0T, UYTO YK€
ucpes 10 JCET MPAKTHUYCCKHU BO BCCX TPAHCIIOPTHBIX CPCACTBAX B TOM HJIM HMHOM
MPOIIEHTHOM COOTHOIIeHHH OyaeT mpucyTcTBoBaTh Microlattice. He nckimouator
BO3MOXHOCTBH €ro HpI/IMeHeHI/IH U B HU3TOTOBJICHHUHU pO6OTOB, a TaKXCEC 6BITOBOI>1
TCXHUKH.
https://www.stanki-zavod.ru/news/153/
https://www.nanonewsnet.ru/news/2015/kompaniya-boeing-razrabotala-novyi-
sverkhlegkii-material-zapolnennyi-vozdukhom-na-9999-pro

BOITPOCHI 1 3AJJAHUA

1. 3y4nTh 1 3aKOHCIIEKTUPOBATH TEOPETHUECKYIO YacTh PaOOTHI.

2. IlepeuncinTh OCHOBHBIE MHHOBALMOHHBIE ITPOU3BOJCTBEHHBIE TEXHOJOTHUU B
MaIIMHOCTPOCHUHU

IIpakTuyeckoe 3ansitue 2  PoOoTH3MpOBaHHBICE YCTAHOBKHM B
NMPOU3BO/JACTBE OBITOBBIX MAIIIUH M MPUOOPOB

Lens  3aHsTuss  3akimoyaercs B (GOPMHUPOBAHUM Yy  CTYACHTOB
npodeccuonanbHoi kommneteHiuu: OIIK-4, TIK-1 , u3ydyeHue u Ha3HayeHUE
POMBIIIIEHHBIX POOOTOB.

Ceenennsi 3 Teopun
[IpompIliuieHHBIA  POOOT — aBTOMATWYECKas MaIllMHA, CTallMOHApHAs WU
NEpEeBUKHAS, COCTOfAIlAas W3  HCHOJHUTENBHOTO  YCTpOWCTBA B  BHUJE
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MaHUITYJISITOPA,  MMEIOIIEr0  HECKOJBKO  CTENEHE  NOABMXKHOCTH, U
MEepPENnporpaMMUPYEMOr0  YCTPOMCTBA ~ MPOTPAMMHOTO  YIIPABICHUS IS
BBITIOJIHEHNSA B MPOM3BOACTBEHHOM IIPOLECCE JBHUIATEIBHBIX W YIPABISIOMINX
byHKIUH.

[lepenporpaMmMupyeMoOCTh — CBOMCTBO MPOMBIIUIEHHOTO poO0Ta 3aMEHSTh
YOPaBISIONIYI0 MPOrpaMMy AaBTOMAaTHYECKM WM MpU IMOMOIIM 4YenoBeka. K
nepenporpaMMUPOBAHUI0 OTHOCHUTCS M3MEHEHHE IMOCIeI0BATEIbHOCTH W (UJIN)
3HAYCHHUH MepEeMEIICHUI 10 CTENEHIM MOBUKHOCTU U YIPABISAIOMUX (YHKITHIH C
MOMOILBIO CPEJICTBA YIPABIICHHUS.

OcHOBHBIE PEUMYIIIECTBA TPOMBIIIJICHHBIX POOOTOB:

- TOBBIIICHHE MPOU3BOAMTEIILHOCTH BBIMOJHEHUS OINEpPalUi 0 CPABHEHUIO C
UCIIONB30BAaHUEM PYYHOrO Tpylna pabodymx; - BO3MOXKHOCTb MHOTOKPATHO
BBIIIOJIHATH TOBTOPSIIOIIKECS ONEpPAllMU C BBICOKOW TOYHOCTBIO, YTO 00ECIIEYMBAET
BBICOKOE Ka4ECTBO U3/CIINS;

- crnocoOHOCTh paboTaTh B HEONArONPUATHBIX JJI YENOBEKAa YCIOBUAX (Hampu-
Mep, IIPU BBIIIOJHEHUH TSXKEIBIX U MOHOTOHHBIX PaboT, B 3albIJICHHBIX U
3arpsiI3HEHHBIX CpeJlaX), OTCYTCTBUE OrpPaHUYEHUH, CBOWCTBEHHBIX YEJIOBEKY:
yTOMJISIEMOCTH, IOTPEOHOCTH B MUTAHUU U CHE.

[To TMIYy KOHCTPYKIMH IPOMBILUIEHHBIE POOOTHI MOKHO Pa3AeuTh Ha HECKOJIBKO
TPYIIIL.

1 JlekapToBble (KapTe3nanckue) po0oTbl. OOBIUHO UMEIOT TPU B3AUMHO

NEepHeHANKYJIIpHbIE JIMHEWHbIE OcH niepemenieHus. Pabouee npoctpancTso I1P B
TOM ciydae umeeT popmy napamienenunena (pucyHok 1). Ora rpynmna poOOTOB
OTJIMYAETCsl MPOCTOTOM KOHCTpYKUMH. braronapss ManoMy KOJIMYECTBY IIAPHUPOB
JIOCTUTaeTCs BBICOKAs )KECTKOCTh KOHCTPYKIMHU U IOCTaTOYHO HU3Kasi CTOUMOCTb.
Tak, nexaproBeie poOoThl cepuu ZP (ZP1, ZP2 w papyrue), BblITyCKaeMble
mBenapckorn  ¢upmoit  Gudel, wWMerOT AMaANa3oH  IEPEeMEIICHWH 110
ropusoHTaigbHOM ocu Y — 8-10 M (6e3 cThikOB), a co cTbhikamu — 16-100 M,
rpy3onoaseMHOcTh — 0T 100 kr 1o 25 000 kr, nuHelHy0 ckopocTh — ot 100 go
200 m/MuH.
K HemocrarkaM  MOXHO  OTHECTM  HHM3KOE€  COOTHOILIEHHE  Pa3MEpOB
OOCIIy’)KMBa€MOro ¥ 3aHMMAaeMOro poOOTOM MPOCTPAHCTB, OIPAaHUYEHHBIC
BO3MOYXHOCTH OPUEHTHUPOBAaHHS HHCTPYMEHTA U  CIIOXKHOCTb  BBIITOJIHEHUS
orepanuii B OrpaHUYeHHOM MPOCTPAHCTBE.

Pucynok 4.1 — JlekapToBble (kapTe3uaHCKHe) poOOThI
a) MPUHLUINHAIIbHASA cXeMa, 0) MOPTaIbHOTO TUNA, B) THNa XYZ
12



BBuay manoro uncia ynpapisieMbIX oceil (0OBIYHO MX TpH) TaKue poOOTHI HAILIH
HauOoJpllIee NMPUMEHEHWE TPU BBHIIOJHEHUHM TaKUX OIepauui, kak paboTta ¢
JUCTOBBIM MaTepuajioM (HampuMmep, CBEpJCHHE, pa3pe3aHue, CKICHBAHUE),
pa3iMBKa KHUIKOCTEH, yKiIaaka U (acoBKa M3JeNud U T.M. Takum oOpasom, s
00CITy’)KUBAaHUSI METaTI000pabaThIBAIONINX CTAHKOB TaKue POOOTHI MPAKTHUECKU
HE MPHUTOJIHBIL.

2 PoGoret SCARA. BrepBble MNpeACTaBiI€Hbl SAMNOHCKUMH KOMIAHUSMU
SankyoSeiki, Pentel u NEC B 1981 romy. PoGoTbl mnony4ymiu Ha3BaHHE
«cbopouHasi poOOTH3MPOBaHHAsA pyKa C u30uparenbHO THOKOCThIO» (Selective
Compliance Assembly Robot Arm), wmm cokpamenno SCARA (pucyHok 2).
JIOCTOMHCTBO PpOOOTOB 3aKIIOYAETCs B MapaieIbHOM PACIONIOKEHUH Ocel
COCIMHEHUW, O0OECIeUnBaIOIEM JIETKYI0  IOJABHKHOCTh  pykd. Jlpyroii
ocobeHHocthto  poboTtoB CKAPA  sBasiercss JOBYX3BEHHAas  KOHCTPYKIIHS
COCMHEHMSI 3JEMEHTOB MAaHMIIYJISITOpa, MO3BOJIAIOIIAs €My, IOJO0OHO pyKe
4eJIOBEKa, BBITATMBATHCS, BTATUBATHCS WM IOBOPAUYMBATHCS. ODTO OCOOEHHO
yIOOHO [UIsl 3arpy3ku Jeraied B pabouyr0 30HY CTaHKa C OrpaHUYEHHBIMU
paszMepami.

Pucynox 2 — I[Ipomsitniuiennsiit pooor SCARA

Po6otet SCARA o6nagator 0osiee BBICOKOH CKOPOCTHIO BBITIOJIHCHHSI
Omnepanuii, 4em JAEKAPTOBbIE MAHUNYJISITOPBI PABHOIO Kjacca. Tak, MOHTUPYEMBIN
Ha notojke win crene podbot TH 450 pupmer Toshiba Machine mpu nnmune pyku
450 MM ¥ IONyCTUMOM HAarpy3kKe 5 KI BBINOJHSAET €JUHUYHBIN OlNepaluOHHbBIN
uuki 3a 0,3 ¢ ¢ TouHocthio nosTopenus £0,01 Mm.
3 MapansneabHble po60Tbl. OCHOBaHbI HA UCMOJIB30BaHUU TuTaT@opMbl CTrOapTa,
MO3BOJISIONIEH C TMOMOIIBIO JIMHEHHBIX MPUBOAOB OCYILECTBIATH IMEepEeMELICHUE
m1aTGOpPMbl OTHOCHTEJILHO OCHOBAHUSI MO IIECTH HE3aBUCUMBIM KOOpAMHATaM
(pucynok 3). Takue mMexaHU3MbI MO3BOJISIOT MapaUIENbHO YNPABIATH YCUIIHEM,
CKOPOCTBIO M MIEPEMELIEHUEM 110 OJHON KOOPJIMHATE BBIXOJHOIO 3BeHA. biarogaps
O0COOEHHOCTSIM KOHCTPYKIIMH OHU MOJIYYHJIA 0011le€ Ha3BaHUE «JIeTbTa-POOOTHI».
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Po6oTHI 5TOTO THIIA BBIMOTHSIOT MEPEMEIIEHUS CO CBEPXBBICOKUMH CKOPOCTSIMH.
Tak, oHM crIOCOOHBI BBIOJIHATH 10 150 3axBaToB M3Aenuil B MUHYTY. [IpuMepom
apisgercss podor Adept Quatro ¢upmsl Adept Technoogy (CIHIA), kotopbiit
CMOHTHPOBAH Ha Bpallaronieiics miarpopme, pacCUUTaHHON Ha HArpy3Ky 10 2 KT
U o0ciy-xuBaHue 30HBI auamerpoMm 1,3 m. Adept Quatro cniocobGeH pa3BUBaTh
MaKCUMaJIbHYI0 cKOpocTh 10 M/c

P
Pucynok 3 — [lapannenbHblil poOoT (AenbTa-poooT)

4 IapuupHsbie po6oTHI. [0 BO3MOXHOCTAM MEPEMELIEHUS HANOMHHAIOT
JercTBUsS pyKu dYenmoBeka. KoHCTpykius poOoTa COAEPKUT KaK MUHUMYM TpU
MOBOPOTHBIX COEIUHEHMsI, 00pa3yloIMX MOJSPHYI0 CHUCTeMy KoopauHat. Tpu
yIpaBisieMble KOOPJIUHAThI oOecrneunBaroT MoBOpoT pyku (J1), ee HakjIoH B
«mieueBom» coenuHeHun (J2) u crubanume B «mokTteBom» 3BeHe (J3). Tpu
JIOTIOJIHUTENIbHBIE TMOBOPOTHRIE ocu (J4, J5, J6) mO3BOJAIOT MaHUIYJISATOPY
nepeMeIaThes B JI000M HalpaBJICHUU Ha TpeOyeMoe pacCTOsIHUE (PUCYHOK 4).
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Pucynox 4 — lllapaupHbie poOOTHI

[TogoOHass KOHCTPYKILHS MO3BOJSIET MAHUITYJISITOPY OOXOAUTH MPENSATCTBUSA,
3aHMMaTh J000€ TMOJOKEHHE W HANpaBJICHHE BHYTPU 30HBI OOCTY>KHBaHUS.
PoGoThl ¢ mIapHUPHONW PYKON MCHOJNB3YIOTCS B CaMbIX Pa3IMYHBIX IIEJISX.
Hampumep, poOOT ¢ mapHUPHOM PYKOM MaHUIYJIHUPYET CBAPOYHOW TOJOBKOMN
IOYTH TaK K€, Kak 3To je-iaerT yenoBeK. lllapHupHble poOOTHI KOMIIAKTHBI U
00ecreurBalOT MOBBIILIEHHBIE pa3Mepbl 30HbI O0CTYKHUBaHUSI.

OnpeneneHHbll  HEAOCTATOK IIAPHUPHBIX pPOOOTOB  3aK/IIOYaeTCs B
IOBBILICHHON CII0)KHOCTH YIIPABIICHUS, KOTJA JUIS MEPEMEIIECHUs KaXKI0ro 3BEHa
UCIOJIB3YETCSl MPUHUUI MUHUMAJIBHOTO 3Ha4eHHs TpedyeMoro yria. ITo
O3HAYaeT, YTO TPACKTOPHUS NEPEMEIIECHHUsS HHCTPYMEHTA HE SBJSETCA MPSIMOM
munuen. IlpuBengeHHas kiaccudukanus poOOTOB MO THUIMY HX KOHCTPYKLUHHU
JIOCTAaTOYHO YCJIOBHA. Tak, poOOTHI ¢ IIAPHUPHOM PYKOW MOTYT yCTAHABIMBATHCS
Ha Tuiatdopme ¢ JAeKapToBOM cucteMoi mnepemenieHus, podotei SCARA uacto
JOTIOJHSIOTCS [IAPHUPHBIMA MAHUITYJISITOPAMH.

Texnosnornyeckne Bo3MoxkHOcTH [IP onpenensroTcs psaaoM MHoKa3aTenei:
HOMUHAJIbHOU rpy30101bEMHOCTBIO, TUTIOM CUCTEMBI YIpaBJICHMUS,
r€OMETPUYECKUMHU, CKOPOCTHBIMU U TOUHOCTHBIMH XapPaKTEPUCTUKAMHU.
[lenecooOpa3HoCTh NpUMEHEHHs TOro Wi uHOro IIP B mMpoOU3BOJICTBEHHBIX
YCIOBUSIX ONpPENENsIETCs ¢ yUeTOM psiia TpeOOBaHUI:

1 CootBerctBHE rpy3onoabemMHocTu [IP macce (Becy) 00bekTa MaHUITYTUPOBAHHUS.
[Tpu 3TOM crieyeT UMeTh B BUY, UTO B IPYy30I0IbEMHOCTh POOOTa, KPOME MacChl
(Beca) o0OBEKTa, BXOJIUT U Macca (Bec) 3aXBaTHOTO YCTPOMCTRA.

B TexHumyeckux XapakTepHCTHKaX poOOTa dYacTO YKa3blBaeTCsi HE TOJBKO
HOMHUHaJbHAsi, HO W MaKCHUMaJbHasi Harpy3ka, KOTOpas MOXET CYLIECTBEHHO
MPEBOCXOAUTH HOMUHANIbHYI0. Tak, oreuecTBeHHbIN poOoT Monenu TUR 15 umeer
HOMHUHAJIbHYIO TPYy30MOJBEMHOCTh 15 Kr, a JONOJHMUTENbHAs Harpy3ka IpHu
HOMHUHAJIBHOW Trpy3onoabeMHocTd cocTaBisier 10 kr. PoGor momenn TX-40
¢bupmbl Staubli nonmyckaer MakCUMaIbHYIO Harpy3Ky 2,3 Kr npyu HOMUHaIbHOM 1,7
Kr; npombliuieHHbIH poboTr Adept Cobra-i600 mnpousBoactBa CIIA mnpu
HOMUHAJIBHOU TPY30MOBEMHOCTH 2 KI' UMEET MAaKCUMAJIbHYIO TPY30M0IbEMHOCTh
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5,5 xr. Ho pabora Ha MakcHUManbHOW Harpy3Ke 3a4acTylo HelelecooOpasHa, T.K.
py ATOM HEe 00€CTEUMBAIOTCS IPYTUe MaCIOPTHBIE XapaKTEPUCTUKU, HAPUMED:
COKpAIllaloTCsl pa3Mepbl pabodeil 30HbI, CHUMXKAETCS CKOPOCTh U TOYHOCTH
MEPEMEILIECHUS U T.I1.

COOTBETCTBHE TEXHOJIOTHYECKUX BO3MOxkHOcTel [IP, ompenensembix BO
MHOTOM BHUJIOM CHUCTEMBI YIIPaBJICHUS, COACPHKAHUIO HEOOXOUMbBIX MAaHUITYJISIITUN
c oObekToM. Tak, poOOTHI C TO3UIMOHHOM CHCTEMOW YIpaBJiCHHsS, KOTOpHIE
NPEUMYIIECTBEHHO  NPUMEHSIOTCS s aBTOMAaTU3MPOBAHHOM  3arpy3Ku
METAJIOPEXKYIINX CTAHKOB, OCYIIECTBIISIOT MEpeMelIeHus] paboyux OpraHOB IO
CIIOHBIM TPACKTOPHSIM C OOJBIIMM KOJIMYECTBOM TOYEK MPOrpaMMHUPOBAHMUS.
PoboT ¢ amanTHBHON cCHCTEMOW yHOpaBJIEHMs, OCHAUIEHHBbIM 3D-ceHcopamu,
MO3BOJIIET «BUJETH», PACIIO3HABATh M BBIMIOIHATH CIIOXKHBIE MAHUMYJSAIUU C
oObekTamu. Takoil poOOT, HampUMeEp, MOKET 3arpy’kaTb CTaHKH 3arOTOBKaMHU,
Xa0TUYHO PACIIOJIOKEHHBIMHU B OOBIYHOM Tape.

CooTBeTcTBHME  ymWcia  creneHed  noaBwkHOcTH [P MUHUMAaIBHO
HEO0OXOMMOMY MX YMCITY JUIsl BHITTOJTHEHHS TpeOyeMbix oneparuii. CoBpeMeHHbIE
poOOTHI UMEIOT OT YETHIPEX 10 LIECTH W BBILIE yHpaBiisieMblX ocell. Tpebyemoe
YUCJIO CTENEHEH MOABUKHOCTU ONPEAEISIETCS COAECPKAHUEM MAaHHUMYJISIIMOHHBIX
JNEUCTBUN, pa3sMepaMH U PaCHOJIOKEHHEM paboyux 30H O0OCIYyKHBAEMOTO
00OpyZIOBaHUS U €T0 KOJIMYECTBOM, a TAKXKE PSIIOM JPYTruX (PaKkTopoB.

CooTBeTcTBHE pazMepoB paboueld 30HbI I[P pa3mepam, ¢opme u
PACIIOJIOKEHUIO PabOUNX 30H 00CTYKMBAEMOT0 000PY/I0BAHMUS.

CooTBeTCTBHE CKOpOCTE nepemenieHust pabounx opraHoB [IP Tpedyemoit
MPOU3BOAMTENILHOCTH; COOTBETCTBHE MOrPEIIHOCTH MO3UIMOoHUpoBanus [IP
TpeOOBAHUSIM TI0 TOYHOCTH BBHIMIOJIHEHUSI OCHOBHBIX WJIM BCIIOMOTATEIbHBIX
omnepanuii.

IIpocToTa W KpaTKOCTh 1MKJA [EpEHalajKku, KOHCTPYKTUBHOU U
MpPOTPAMMHOM CTBIKOBKM C JIPYTUMH TOJICUCTEMaMH aBTOMAaTU3UPOBAHHOTO
MIPOU3BO/JICTBA, HAZAE)KHOCTh, SKOHOMUYHOCT.

B mnactosiimee Bpemsi 0oJibllloe YHCIO 3apyOeXHBIX (UPM BBITYCKAET
pa3HOOOpa3Hyl0 raMMy MPOMBIIUICHHBIX POOOTOB pa3IMYHOM KOMIIOHOBKH, C
IIMPOKUM JIMAMAa30HOM XapakTepUCTHK. HanOonbiyr0 U3BECTHOCTH MOIYUYUITU
po6otel mpousBoacTBa Anonun (Fanuc, Kawasaki, Toshiba, Nachi, Motoman),
I'epmanuu (Kuka, Reis, Denso), Iseiinapuu (Gudel, Staubli) 1 MHOTHX Ipyrux
cTpaH. B nmocneanee Bpemsi HAUMHAET OCBAMBATHCS BBITYCK COBPEMEHHBIX POOOTOB
B Hamei ctpane (OOO «BomKCKHIl MalIMHOCTPOUTENBHBIN 3aBoa», OO0
«Pobokony).

st aBTOMATU3UPOBAHHOMU 3arpy3Ku MeTaIII000padaTHIBAIOIIETO
o0opynoBanusi HauOosiee 3PGEKTUBHBI IIAPHUPHBIE MNPOMBIIIJIEHHBIE POOOTHI,
oOnaaronye MUPOKUMU TEXHOJOTUYECKUMH BO3MOXKHOCTSMU. [IpOMEITIeHHbIE
po6oTel SCARA B OCHOBHOM MPUMEHHUMBI JIJIs1 TAJUIETHPOBAHUS (CKIaAUPOBAHUSA,
(dbocoBKH); M OOCTY>KMBAHHUSI CTAHKOB MCTOJB3YIOTCS JOBOJBHO PEIKO BBUIY
OTPAHUYEHHBIX MAHUNYJALMOHHBIX BO3MOXKHOCTEW (YMEHBUIEHHOE YHCIIO
CTEIICHEH TOJBMIKHOCTH, MaJbld JHarna3oH IEepeMEIIeHUu, OCOOCHHO II0
BEPTUKAIbHON OcH). JlenbTa-poO0Thl OTANYAIOTCA BBICOKHUM OBICTPOJCHCTBHEM U
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Takke HaubOonee HPGEKTUBHBI [ BBINOJIHEHHUS oOmepauuil  pachacoBKH,
NEPEKJIaIKi, B MEHbBIIEH CTENEHU MNPUTOIHBI JJIS 3a-TPYy3KH METaIOPEkKYLIUX
CTAHKOB.

Po6or Kuka KR-6 R900 SiXX — ckopocTHasi BHICOKOTOYHAss MHUHHATIOPHAs
MOJieb, CO3/laHHasi Ui pabOThl B OrPAaHUYEHHOM IIPOCTPAHCTBE B TEUEHUU
JUINTEIBHOrO BpeMeHUu. OH uAeaqpHO NOAXOAUT 1 Jaboparopuid u
IPOM3BOJCTBA MENbYANIINX JeTaned, 00JagaeT MOpPa3UTEIbHOW TOYHOCTBIO U
nouytd He Tpebyer oOciyxkuBaHUs. MaHUNYJISTOP OCHAIIEH CHUCTEMOM
pacro3HaBaHUs HOBOTO IOKOJICHHA. JTO 6-TH 0ceBOil poOOT, KOTOPBIM MOXKET
OBITh 3aKpEIUICH MPAKTHUYECKU Ha JII000H MOBEPXHOCTH, B TOM UYMCJE Ha MOTOJIKE
WM noity. MakcumaneHbii paanyc 901 MM, a HOJHATH MOYKHO Ipy3bl 10 6 KT, IpU
COOCTBEHHOM Bece — 52 KT, KOJIHYECTBO OCeil 6.

Ocob6ennoctu moaenu KR-6 R900 sixx:

- BBICOKasi TOYHOCTh B padoTe;

- IIMpoOKasi 00J1aCTh MPUMEHEHUS;

- IPOCTOTA B YCTAHOBKE U 0OCTYKUBAHUHY;

- BO3MOYKHOCTh MHTETPAIIMHA B KOHBEHEPHBIC JICHTHI;
- cneunanuzupoBanHoe [10;

- BBICOKAsi CKOPOCTh pabOTHI.
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BOITPOCEHI 1 3AJJAHMA

1. U3yuuTh ¥ 3aKOHCIEKTUPOBATh TEOPETUUECKYIO YaCTh PAOOTHI.
2. O603HaunTh B 0TYETE NMpeumyIecTBa podota KR-6 R900 sixx.
3. OnpenenuTsb U clieNIaTh 3CKU3 OMACHOM 30HBI poOOTA.

4. OCHOBHBIE TPEUMYILIECTBA MPOMBIIIJIEHHBIX POOOTOB.

5. Knaccuduxkanus poOOTOB MO TUITY UX KOHCTPYKIUU.

6. Pabouas 30na I1P.

IIpakTnueckoe 3anaTue 3 Kiaaccupukanuss MeTaLIOPEKYIIUX
HHCTPYMEHTOB U 000PYy/10BAHUS

Ilens  3amsTust  3akmoyaeTcs B (QOPMHPOBAHUM Yy  CTYACHTOB
npodeccuonanbuoi komrerenimu: OITK-4, TIK-1 | o3HakoMJIeHHE C Ha3HAYECHUEM
METAJUIOPEKYIIUX UHCTPYMEHTOB.

CBeeHus1 M3 TeOpUH
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NucTpyMeHT — opyaue, ¢ TOMOIIBIO KOTOPOTO 00pabaThIBAIOTCS MPEIMETHI M
IIPOU3BOAATCS Kakue-1100 paboTel. K HHCTpyMEHTY OTHOCSITCS:

- pexxymui (pesiibl, hpesbl, cBepiia v T.1.)
- U3MEPUTEIIbHBIN (CKOOBI, TPOOKH, IITAHTCHITUPKYIIH U T.]I.)
- cliecapocOOpOYHBIH (KITFOUH, OTBEPTKH).
K TexHOIOTHYeCcKO OCHACTKE OTHOCSTCS: MPHCIOCOOJIeHHs, mpecc-hopMbl. B
MAIIMHOCTPOCHUHM i1 OOpabOTKM JeTajied MamdH HEOOXOJAWMO MHOTO
WHCTPYMEHTOB.

PH /" 3 Cxema obpaboTkM 3aroToBKU
/ METOOOM TOMEHUSA:

%
\ ~ 1 - obpabaTbiBAaeman
V

NOBEPXHOCTh;
' 2 - MOBEPXHOCTb PE3AHUSA;

3 - obpaboTaHHasn
Y 2 NOBEPXHOCTb
( V - ckopoCTb pesaHus;
S np. - noga4a NpoAonbHas;
t - rnybuHa pesaHus)

d

/1A

SHEJ.

Pucynoxk 1 — Cxema 00pabOTKH 3aroTOBKH

Pexxymiuii ”HCTpyMEHT, cpe3asi TOHKHE CJIOU MeTalljia, PUAAeT 3arOTOBKE
HY)XKHYI0 (opMy, pa3Mepbl M IIEpPOXOBATOCTh MOBEpXHOCTHU. [lo0 cpaBHEHMIO C
JPYTUMU METOJAaMH TIOJNy4EHHs JeTalied MailuH, oOpadaThiBaHUE pPE3aHUEM
oOecrieynBaeT HaWOOJIBIIYI0 WX TOYHOCTh U THOKOCTh MPOU3BOJIUTEIHLHOTO
nporiecca. PaboToCroCOOHOCTh PEXKYIIEro HMHCTPYMEHTa, €ro HaJeKHOCTh
OKa3bIBAIOT CYIIECTBEHHOE BIMSIHHUE HAa OKOHOMHUYECKYI0 3(h(HEKTUBHOCTh
npou3BoJIcTBA. DPHEKTUBHOCTH — 3TO MOJTYYEHHUE HAUOOJBIIUX PE3YyIbTATOB MPHU
HAaUMEHBIIUX 3aTparax. Pexyluii HHCTPYMEHT 0OecCIieunBaeT BHYTPEHHUE CBSI3U
npoiiecca 00pabOTKH.

KadyecTBO ¥ CTOHKOCTH HMHCTPYMEHTA ONPEACISIOT MPOU3BOJUTEIHHOCTh U
3¢ dexTUBHOCTL mpolecca 00padOTKHU, MOJy4eHHE AeTanu TpeOyemoul (opMbl,
Ka4yecTBa U TOYHOCTH.

CTONKOCTh HHCTPYMEHTA — 3TO BPEMs €ro paboThI /10 3aTyTUICHHUS.

POCCHS BHecna cyliecTBEHHBIM BKJIAJ B Pa3BUTHUE HAYKH IO PE3aHUIO.
Hayunsle uccienoBanus Hauanuch B cepeanne XIX Beka. [IepBbie 3xcIEpUMEHTHI
noctaBui npodeccop Y. A. Tumd. B cBoem ocHoBHOM Tpyne «CompoTuBIICHUE
METaJUIOB PE3aHUI0», KOTOPHIM Bbiliea B 1870 r., TuMd BIEpBBIE paccMOTpEI
mpoiiecc pe3aHuss W mpoiecc oOpaszoBaHust CTpyKku. OH BHEpBBIC jaal
kinaccudukanuo BugoB cTpyxku. B 1893 1. mpodeccop 3BopbikMH B cBoei
pabore ‘“PabGora u ycuiaue, HEOOXOAUMBIE IJig OTACJIICHUS MEXaHUYECKOU
CTPY>KKH~ BIIEpBbIE Yy4el BCE€ CWHJIbI, JCHCTBYIOIIME B TIporiecce padoTh
WHCTPYMEHTA, U Jaj ONpeAesICHUE ISl ONpeeeHUusT YCUIUM. 3BOPBIKMH MPOBEI
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SKCHEPUMEHT M0 BIUSHUIO YCWIMS cpe3a. Bombliyio poiib B HayKe ChIrpaliv
pabotel Ilpukca “Pesanue wmetamioB” 1896 r1., B KOTOpOH BIEpPBBIC
CUCTEMATU3UPOBAHbl MaTepuajbl MO HW3YYEHHUIO JIE3BUIHBIX HHCTPYMEHTOB H
00pa30BaHUIO UMU CTPYXKKU IIpU 00paboTke MeTayioB. KauecTBeHHO HOBBIN ATar
B M3YyYCHUM PEXKYIIET0 WHCTPYMEHTAa HAYMHAETCA C OIyOJMKOBaHUS PabOTHI
YcaueBa ‘““SIBieHMS, NPOUCXONSIIME IPU pe3aHud MeTawioB”. OH MepBbIU
pazpaboTanl METOAbl M3MEpPEHUsI TeMIlepaTypbl Ha JIE3BUM HWHCTPYMEHTA.
HekoTopbIMU M3 HUX MOJIB3YIOTCA 10 CUX TOP.

Y Hac B cCTpaHe€ NPOU3BOACTBO HMHCTPYMEHTOB pa3BUBACTCA B JBYX
HaIpaBJICHUSX:

- CO3JaHHu€e CIEUUATN3UPOBAHHBIX 3aBOJ0B, KOTOPBIE 3aHUMAIOTCSI U3TOTOBICHUEM
WHCTPYMEHTA U TEXHOJIOTUYECKON OCHACTKOM;

- CO3/laHME€ WHCTPYMCHTAJIBHBIX II€XOB Ha BCEX METAI000padaThIBAIONIUX
PEANPUATHSX.

Crennanu3nupoBaHHbIE UHCTPYMEHTAJIbHBIC 3aBO/JIbI 3aHUMAIOTCS
U3TOTOBJICHUEM CHEIHAIU3UPOBAHHOTO CTAHIAPTHOTO HWHCTPYMEHTa, a Iiexa
U3TOTABJIMBAIOT CIICIIUATIbHBIE HHCTPYMEHTHI.

B mpoiiecce 00paboTku pe3aHreM 3arOTOBOK Ha METAJIOPEKYIIUX CTaHKaX
PEXKYIIUNA UHCTPYMEHT SIBJIICTCS OJHHUM U3 OCHOBHBIX (DAKTOPOB, OMPEEIISIONTNX
MIPOU3BOJIUTEIIBHOCTH MPOLIECCA, TOYHOCTh PA3MEPOB U KAYECTBO MTOBEPXHOCTH.
Haunboiee pacipocTpaHEHHBIMH SBJISIFOTCS CIEAYIOLIME TPYNIIbl HHCTPYMEHTOB:

1. Pe3upl - Haubojee NPOCThIE PEXKYIIUE HWHCTPYMEHTHI, NPUMEHSEMbIC B
OCHOBHOM Ha TOKapHBIX, CTPOTaJbHBIX, JOJOEKHBIX cTaHkax. Haubombiiee
pacnpocTpaHeHUE MOJYyUYUIIM TOKAPHbIE PE3LIbI:

- MPOXOIHBIC TPSMBIC, OTOTHYTHIC, YIMOPHBIC - IJIsI OOTAaYMBAHHS HAPYKHBIX
ITIOBEPXHOCTEN TEN BpaICHUS;

- OTPE3HbIE - JJIs1 TPOTOUYKH KAHABOK U OTPE3KHU;

- IOJIPE3HBIE JIJIS1 MOAPE3KH TOPLIOBBIX MIOCKOCTEN;

- pacTOYHBIE - JIJISl PACTAYMBAHMS CKBO3HBIX M TTIyXUX OTBEPCTHUH;

- pe3b00BBIE - [IJIs1 HApE3aHUsl HAPY)KHBIX U BHYTPEHHUX Pe3b0;

- (bacoHHbIE WM TMPU3MATHYECKUE - I OOTAYMBAHUS HAPYKHBIX (HhaCOHHBIX
(CIIOKHBIX ) TTOBEPXHOCTEH.

2. UnctpymenTsl 11 0OpaOOTKH OTBEPCTHM, MPUMEHSEMbIE Ha CBEPIUIIBHBIX,
PACTOYHBIX, TOKAPHBIX CTaHKAX:

- cBepJia JJis MOJTYy4YEHUsl OTBEPCTUI B CILUIOIIHOM MaTtepuaie, Hauboiee
pacnpocTpaHEHHbIE U3 KOTOPBIX CIIUpaIbHbIE CBEpIIa, UMEIOLIUE JBE PEKYIIUX
KPOMKH,

-3€HKEPhI - JUISl YBEJIMYCHHUS JAUaMeTpa OTBEPCTHsA, UMEIoIue 3 - 4 pexKyIux
KPOMKH 151 00pabOTKH TOPIIOB, MPUJIETAIOIIMX K OTBEPCTHUSIM - TOPLIOBBIE 3€HKEpa
(LICKOBKM); 3€HKOBKM - [JI1 OOpaOOTKM UMIUHAPUYECKHUX ¢ KOHUYECKUX
yrayOJIeHu B OTBEPCTHSIX;

- pa3BepTKHU /I OKOHYATEIbHON (YUCTOBOM) O0OpabOTKM OTBEPCTHIl HAa CTaHKaX
(MamMHHBIE Pa3BEPTKH) WM BPYUYHYIO (CIecapHbie pPa3BEPTKH, MMEIOIIME Kak
paBuiIo, 6 Win 00Jee PEKYIINX KPOMOK;
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3. ®pe3bl — UHCTPYMEHT IJsi 0OpabOTKM IUIOCKOCTEH, Ma30B, yCTYHmoB M (a-
COHHBIX (CJIO’KHBIX) MTOBEPXHOCTEH, MPUMEHSIIONUXCS Ha (Ppe3epHBIX CTaHKaX, MO
Ha3HAYEHUIO OBIBAIOT:
-  UWIMHAPUYECKUE - JUIsi O0O0paOOTKM TOpPU3OHTAJIBHBIX MOBEPXHOCTEH Ha
TOPU30HTAIBHO - (PPE3EPHBIX CTAHKAX;
- TOPIOBBIE MPUMEHSIIOTCSI Ha TOPU30HTAIILHO-(PE3EPHBIX CTaHKaX JIJIsi 00pabOTKU
BEPTUKAJIbHBIX MJIOCKOCTEN, HAa BEPTUKAIBHO-(PE3EPHBIX CTaHKAaX UM 00padOTKU
TOPU30HTAJIBHBIX U HAKIIOHHBIX TJIOCKOCTEH, Ha MPOA0IbHO-(DPE3EPHBIX CTAaHKaX -
Uit 00pabOTKM TOPU3OHTAIBHBIX, BEPTUKAIBHBIX W HAKJIOHHBIX IJIOCKOCTEH, Ha
pPacTOYHBIX CTaHKaxX - JJIsi 00pabOTKM TOPLOBBIX IJIOCKOCTEH, MPUJIETAIOMUX K
OTBEPCTHUSM;
-INCKOBbIE TMa30BbIEe - Ui 00pabOTKM TMAa30B M YCTYNOB Ha TOPHU3OHTAILHO-
(dbpe3epHbIX CTaHKaX;
- YTJIOBBIE - J71s1 00pabOTKK HAKJIOHHBIX MOBEPXHOCTEN, CKOCOB U T1a30B;
- JMCKOBBIE OTpEe3HblE (TOMMMHOM 10 3..5 MM) - Ul OTpPE3KH 3aroTOBOK M
MPOPE3KHU Y3KUX KaHABOK;
- KOHIIEBbIC (TaJbIEBbIE) - JUIsi OOpaOOTKM KaHABOK, Ia30B, YCTYNOB Ha
BEPTUKAIIbHO-(PE3EPHBIX, KOMUPOBAIBHO-()PE3EPHBIX U APYTUX CTAHKAX;
- (paconHbIe AJ11 00paOOTKHU CIOKHBIX ((haCOHHBIX) TOBEPXHOCTEM.
4. IHCTpyMEHTHI JIJIsl Hape3aHusl pe3b0, OCHOBHBIMU U3 KOTOPBIX SIBIISIIOTCS:
- METYHKH - JUISI Hape3aHus pe3b0 B OTBEPCTHUSX;
-TUTAIIKY - [T Hape3aHus pe3b0 Ha HAPY>KHBIX TOBEPXHOCTSIX.
5. MHcTpyMeHTa i1sl Hape3aHus 3y04aThiX KOJIeC:
- MOAYJbHBIE, TMCKOBBIC U MANbIIEBBIC ()PE3BI - IS Hape3aHusl 3yObeB Ha
TOPU30HTAJIBHBIX U BEPTUKAIBHBIX CTAaHKAX;
- MOJyJIbHbIE YepBsiuHble (pe3bl - I Hape3aHus 3yObeB Ha 3y0odpe3epHbIX
CTaHKax;
- MOJTyJIbHBIE JIOJOSIKY - 111 Hape3aHusi 3yObeB Ha 3y00J0T0ESKHBIX CTAHKAX;
- 3y0OCTpOTaNIbHBIE PEHKH U PE3IIbl - JJIsl Hape3aHus 3yObeB Ha 3yOOCTPOraibHBIX
CTaHKax.
6. [IpoTSKKY - BBICOKOIIPOU3BOAUTEIIbLHBIE MHOTOJIE3BUMHBIC MHCTPYMEHTHI
JUTst 00pabOTKM OTBEPCTUM KPYTIION U HEKPYTIION (OPM, IITMOHOYHBIX U MUTHIIEBBIX
Ma30B, YCTYIIOB, TIIOCKOCTEH U (DACOHHBIX MMOBEPXHOCTEN HA MIPOTSHKHBIX CTAHKAX.
OxoHuaTenbHass  00pabOTKa  TMOBEPXHOCTHM  MPOTSDKKOM, KAk  MpPaBUIIO,
OCYILECTBIISIETCS 32 OJIMH pabO4YHUil XO/I.
7. AOpasuBHBIC, alMa3HbIC HWHCTPYMEHTHI W3 CBEPXTBEPIbIX MaTCpHUATIOB
NPUMEHSIOTCS, B OCHOBHOM, /I YHCTOBBIX M OTHCJIIOYHBIX paboT Ha
U (OBATBHBIX, XOHMHTOBAJIBLHBIX U APYTHX CTaHKAX:
- muTMOBaTBHBIC KPYTH U JTUCKH;
- T OBATBHBIC CETMEHTHI U OPYCKH;
- nuTdOBaIBHBIC JICHTHI HA OyMare Uiu MOJIOTHE.
Knaccunduxanus pexymux MHCTPYMEHTOB.
[Ipu o00paboTKe HAPYXKHBIX M BHYTPEHHUX UWIUHAPUYECKUX U TUIOCKUX
MOBEPXHOCTEH MCIOJIB3YIOT Pa3INUYHbIE PEXYIIMEe MHCTPYMEHTHI: pe3libl, CBEpIIa,
3€HKEPHI, pa3BepTKy dpe3bl, abpa3uBHBIA HHCTPYMEHT.
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Toxapnbie pe3ibl. Pe3iibl knaccupuupyroTes:

B [10 HaIllpaBJICHUIO MTOJAaYu — IPABbIC U JIEBBIC;

B 10 KOHCTPYKIIMH TOJIOBKH — TPSIMbIE€, OTOTHYTHIE U OTTSIHYThIE (puc. 1);

WII0 pOJy Marepuana — M3 OBICTPOPEXKYIIEed CTadu, U3 TBEPAOro CILIaBa, U3
ceepxtBepporo  marepuana  (CTM), anmasHele  pesubl, ¥ T. IL;

Pue. 2.1
Peayue
I — nemnte, 2 — npasete; g —

pAMBIE, 6 — OTOTHYThIE, 8 — OT-
TAHYTRIC.

a 6 a
W 110 CI0CcO0Y U3TOTOBJIEHUSI — LI€JbHBIE U cocTaBHbIEe. Hampumep, Kk cocTaBHBIM
OTHOCST pe3Lbl ¢ IUIACTUHKAMU U3 TBEPAOTO CILIaBa, KOTOPHIE B CBOIO OYEpEdb
UMEIOT MASIHYIO MIACTUHKY WUJIM C MEXAHUYECKUM KPEIUICHUEM;
B 10 CEUYECHUIO CTEPXKHS — MPSAMOYTOJIbHbIE, KBaIPATHBIE U KPYTJIbIE;
B 1[I0 BUAy 0OpaOOTKH — MNpPOXOJHBIE, MOAPE3HBIE, OTPE3HBIE, MPOPE3HBIE, pac-
TOYHbIE, (PaCOHHBIE, Pe3bOOHApPE3HBIE U ApyTHE (pUC. 2).

Pucynox 3 - TokapHbie pe3libl A Pa3IuIHbIX BUIOB 00pabOTKU

a — TPOXOJIHOM OTOTHYTHIN JJII HAPY>KHOTO TOYEHHS; O — MPOXOAKON Mps-MOU
JUIS. HApY>KHOT'O TOYEHHUS; B — MNPUXOJHOU YIIOPHBIM ISl HAPYKHOTO TOUCHHUS C
MOJIPE3aHUeM yCTYIIa; T — MPOPE3HON JJIsi TeUCHUS KaHABOK; 1 — (haCOHHBIN IS
TOYEHHS PAJIUYCHOU TaNTENN; € — PACTOYHOU JJIsI PACTAYNBAHUS OTBEPCTHUS; XK, 3,
U — Pe3b00BBIC 711 HApe3aHUs Pe3bObl HAPYKHOW, BHYTPEHHEHN U CTICITUATIBHOM.

CBepjla B 3aBUCUMOCTH OT KOHCTPYKUMHM M Ha3HAYeHUs ObIBAIOT
CHUpaJIbHbIE, IEPOBBIE, IS TIIyOOKOro cBepJieHUs (MyIIEYHbIE), KOJIbLIEBBIE U JIP.
(puc. 4, 6). Haubonee pacnpoctpaHeHbl cnupaibHble cBepiia. OHU UMEIOT JIBE
TJIAaBHBIE PEXYIIHNEe KPOMKH, 0Opa30BaHHBIC MEPECCUYCHUEM MEPEeIHUX BUHTOBBIX
MOBEPXHOCTEH KAHABOK CBEpia, MO KOTOPHIM CXOJUT CTPYXKa, C 3aJHUMU
MOBEPXHOCTSAMHU, OOpalIeHHBIMA K TIOBEPXHOCTH  PE€3aHUs; TEPEMBIUKY,
o0pa3oBaHHYI0 IIepecedyeHHueM 00eux 3aJHUX IOBEPXHOCTEH, U  JBe

22



BCIIOMOTATENIbHBIE PEXYIUE KPOMKH, OOpa30BaHHBIC TMEPECEUCHHEM MEPETHUX
MOBEPXHOCTEHN C MOBEPXHOCTHIO JICHTOYEK.
JlenTouka cBepyia MPEJCTABISAECT COOON Y3KYIO MOJOCKY Ha €ro HUIUHIAPUYECKOU
MOBEPXHOCTH, PACTIONOKEHHYIO BJI0JIb BUHTOBOW KaHABKH, NMPEAHA3HAYCHHYIO JIJIS
HaIlpaBJICHUU CBEpJIa MIPU pe3aHuU.
VYTroJs HaKJIOHA BUHTOBOM KaHABKH () — YTOJ MEXKIY OCbIO CBEpJia M KacaTeJbHOU
K BUHTOBOM JIMHUU T10 HApy>KHOMY JHaMeTpy cBepia (o = 20... 30°).

VYros HaKJIOHAa MOMEPEYHOU PEXYIIEe KPOMKHU (MIEPEMBIUYKH) \y — OCTPBIH
VIOl MEXAY NPOCKIUSIMHU TONEPEYHON M TJIABHOM pEXYyIIMX KpPOMOK Ha
MJIOCKOCTh, MEPIICHIUKYIISIPHYIO ocH cBepia (y =50...55°).

05
Pucynox 4 - Cgepna: a — chOMpalbHOE C KOHMYECKHMM XBOCTOBHUKOM; 0 —
CIOUpPAIbHOE C IWIMHJIPUYECKUM XBOCTOBMKOM; B — Iylle4yHoe: 1 — pabouas

4acTh, 2 — COUpajbHAas KaHaBKa, 3 mIelka, 4 — XBOCTOBHUK, 5 — Janka, 6 —
1epo, 7 — MOBOJAOK, 8 — 3aKUMHAasl 4acTh.
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Pucynok 5 - CxeMbl 00pabOTKH OTBEPCTHI CBEpilaMU: a — CHUPAIbHBIM;, 0 —
MyIIEYHBIM OJAHOCTOPOHHErO0 pe3aHus ¢ BHemHuM otBogoM COX; B —
KOJIBIIEBBIM; T — TyIIEYHbIM ¢ BHyTpeHHUM oTBojoM COX (cma3zouHo-
OXJIQXKIAFOIIIEH KUKOCTH).

3eHKepbl ObIBAIOT Li€JbHbIE U HacagHble . OHU MpeAHa3HAueHbl IS
00pabOTKN UWIMHAPUYECKUX M KOHHYECKUX OTBEPCTUH U TOpUOB. LlenbHbIE
3€HKEPBI U3TOTOBILIIOT AruaMeTpoM A0 32 M. [1o BHEmIHEMY BUIYy OHM HECKOJIBKO
NOX0XM Ha CHOUPAJbHBIE CBEpja, HO HWMEIT TPU BHUHTOBBIE KaHAaBKU W,
CJIEI0BATEIbHO, TP peXylIUe KpoMku. Pexymias, unu 3adopHas, yactb 1 (puc. 6
a) BBITNOJIHAET OCHOBHYIO padoTy pe3anusd. KanubOpyromas yacts 2 nmpeaHazHayeHa
JUTsl KaJTMOpOBaHUs OTBEPCTUI M HANpPABIICHHsS 3€HKEpa MPHU pe3aHUuu. XBOCTOBHK
CIIy’KUT JJIs 3aKPETIJIEHUS] 36HKEpa B CTAHKE.
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Pucynok 6 — 3enkep

3eHKOBaHNE

BrimonHexe KOHMHECKIX M LAUTMHAPOBAHHBIX Ctporo nepriesnmkynapHas obpaborka
yravonenwii moj rofloBKM BUHTOR M bontos B MIOCKVIX [TOBEPXHOCTEH CO CTOPOHBI
MpeaBapuTENEHO 00paboTaHHEIX OTBEPCTHAX. Topua oteepcTia. [Iponzeoantca
O6paboTiy BEINMONHAIOT 3eHKEPAMM U 3EHKOBKAMMN. 3EHKOB KON -[TO/IPEIKOIt, LIEKOBKOIN.

Pucynox 7 — Cxembl 00pabOTKH OTBEPCTUH 3€HKEPAMHU
Hacannbie 3eHKepbl NPUMEHSIOT JUisi 00paboTKH oTBepcTuil quamerpom 10 100
MM. OTH 3€HKEpbl UMEIOT YEThIpE BUHTOBBIC KAHABKU M, CJIEIOBATENIO, YETHIPE
pexymue kpomku. OHM KpemsTcss Ha onpaske. Jns mnpenynpexaeHus
MIPOBOpAYMBaHUs 3€HKEpa BO BpeMsi pabOThl Ha OMpPaBKE MMEETCA JIBA BBICTyIa
(LIITOHKM), KOTOpPbIE BXOJAST B COOTBETCTBYIOIIME Ma3bl Ha TOpLE 3E€HKepa.
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3eHKephl M3TOTABIMBAIOT M3 OBICTPOPEKYIIEH CTaiM, a TakKe OCHAIAIoT
IJIACTUHKAMHU U3 TBEPJIbIX CILJIABOB.

Paspeptku. OHM mpenHa3HayeHbl A1 00pabOTKU OTBEPCTUH, K KOTOPBIM
IPEIbSABISAIOT BBICOKHE TPEOOBaHUS MO TOYHOCTU U IIEPOXOBATOCTH OBEPXHOCTH
(puc. 8).

PaznuuaioT MammHHBIE W pYy4YHBIE Pa3BepTKH, a 1Mo QGopme 00padaThIBAEMOTO
OTBEPCTUS] — LMWJIMHAPUYECKHE U KOHMUYeckue. Yuciao 3yoreB pa3BepTku 6... 16.
Pacripenenenne 3yOpeB 'y pa3BepTOK IO OKPY)KHOCTH, Kak TPaBHIIO,
HEpPaBHOMEPHOE, YTO obecreunBaeT Oojee BBICOKOE KauecTBO 0OpabOoTaHHOM
MOBEPXHOCTH OTBEPCTHSI.

[lo KOHCTPYKIIMM XBOCTOBHMKAa Pa3BEpPTKU MOTYT OBbITh C UWJIMHAPHUYECKHM U
KOHUYECKHM XBOCTOBHKAaMH. XBOCTOBasl IMJIMHIpPHUYECKAsl pa3BEepPTKa COCTOUT U3
pabodeit wactu, mIEHKHM W XBOCTOBHKa. Pabouass dYacTe BKIIOYaeT B ceOA
HaIpaBJISIIOMIMNA KOHYC C YIJIOM Ipu BepiinHe 90°, pexylryro, KaauOpyrouryro
4yacTb U OOpaTHBIN KOHYC.

TR PR TR L AL

'l it

Pa3zsepTum:

a —— pPYy4uHas, 6 — MGUIMHHERA, B — HOHMYESCKIsH

Pucynox 8- Korctpykiiuu pazBepTok

Pexxymiast yacTe BBIMOJTHSET OCHOBHYIO pa0OTy pe3aHus. Y PYUYHBIX Pa3BEPTOK
JUTMHY PEXYIed 4YacTH JENA0T 3HAYUTEIBHO OOJBIICH, YeM y MAalluHHBIX, C
OYEHBb MAJIBIM YTJIOM B ILJIAHE.

Kanubpyromas d9acTe CIyKUT s HampaBiCHHs] pa3BepTOK NpPH DPE3aHUH U
KaOpoBaHuu OTBepcTUsi. OOpaTHBI KOHYC, HaxOJSIIMICA 3a KanuOpyromien
YacThblO, YMEHBIIIAET TpPEHUE pa3BepTku 00 00pabOTaHHYIO TOBEPXHOCTh U
CHI)KAET BEJMYMHY Pa3OMBKH OTBEPCTHS. Y PYUYHBIX Pa3BEPTOK JUAMETP OKOJIO
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meiikn Menbme kamuoOpytomero Ha 0,005...0,008 MM, y MammHHBIX — Ha
0,04.,.0,08 mm.

XBOCTOBUK y PYUYHBIX Pa3BEPTOK BBHIMIOJHEH IMWIMHAPUYECKUM C KBaJIpaTHBIM
KOHIIOM, Y MAIlIMHHBIX — KOHWYECKUM W HWJIMHJIPUYECKUM. JIJIsi TOBBIIICHUS
MPOU3BOJIUTEIIBHOCTH  TpyJda TIIpu  00pabOTKe  OTBEPCTUH  MCHOJB3YIOT
KOMOMHUPOBAHHBIN HHCTPYMEHT.

PaccBepiuBanue 3CHKOBaHUE [{exoBanune
OTBEPCTHS TOpLIa OTBEPCTHSA TOpLIa OTBEPCTUA
V.
d/> LG ]

J

. ""'"'“'H)V

—5]

AANANAA
WNVNVY

AANAAA.
VNN

Wv

Pa3BepTeiBanuE
OTBEPCTHUSA

Hapeszanue
pe3b0bI

[T1amky TpUMEHSIOT JUTsl Hape3aHus WM KaTuOpOBaHUS HAPYKHBIX pe3b0 3a OJUH
xon. Hanbomnee mmpoko MCMONB3YIOT TUTAIIKA JJIs Hape3aHWs pe3bd AuaMeTpoM
10 52 mm (puc. 9), Ilnamka npeacraBiser coO0N 3aKaJeHHYIO TalKy C OCEBBIMU
OTBEPCTHSIMU, 00OPA3YIONTUMHU PEKYIITUE KPOMKH
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B Pucynok 9 - [Tnamku

OOBIYHO Ha MJANIKax UMeeTcs 3...6 OTBEPCTHH Il OTBOJA CTPYKKH.

Tonmmuua mnamku BeIOMpaeTcss B mpenenax §...10 BuTkoB. Pexymias yacTh
IUIAIIKK  BBITIOJIHEHA B BHJIE BHYTpPEHHEro Konyca. JlnmHa 3a0opHOM dacTu
coctapisieT 2...3 Butka. Yroa 2¢ = 40...60° mpu Hape3aHUM CKBO3HOU pe3bObI U
90° npu Hape3aHuu pe3bObI 10 yrnopa. [lepenuuii yron y cTaHIapTHBIX IUIAIIEK Y =
15...20°. 3agHuii yroa o BBIMIOJHEH TOJBKO Ha 3a00pHOW (pexyliei) dactu. Y
CTaHJIAPTHBIX IUIAIIEK 3aJHUM yroja o = 6...8°.

®pe3bl — MHOro3yObId PEXYIUA WHCTPYMEHT, KOTOPBIM MPUMEHSIOT IS
00paboTku Ha (Hpe3epHBIX CTAHKaX HAPYKHBIX UUIMHAPUYECKUX U (PACOHHBIX
MOBEPXHOCTEH, Ma30B, JILICOK, KAHABOK U JIP.
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Pucynok 10 — ®@pe3bl

[Io wmarepuany pexyuieil uactu ¢pe3bl JelAT Ha  YIIEpOAUCTHIE,

OBICTpOpEXKYIllME, TBEPIOCIUIABHBIE M  OCHalleHHble  KoMmmo3uToM. [lo
KOHCTPYKUUHU (Ppe3bl ObIBAIOT LEIbHBIMU, 3yObs KOTOPBIX BBIINOJHEHBI 3a07HO C
KOPITyCOM, U COOPHBIMH CO BCTaBHBIMH 3yObsIMH (HOXKaMH) UM IutacTuHKaMu. [1o
croco0y 3aKpeIuieHus pa3uyaroT (Gpe3bl HacaaHble, 3aKPEIIIeMbIe Ha OPABKE CO
LITIOHKOM, ¥ KOHIIEBBIE, 3aKpEIUIsIEMBIE 32 XBOCTOBHK. [10 Ha3HAaYEHUIO (XapakTepy
BBITIOJTHSIEMBIX pa0OT) U PaCIONOXKEeHHIO 3yObeB (pe3bl (cMm. puc. 10) ObiBaroT
UUWIMHAPUYECKUMH,  TOPUOBBIMHM, JUCKOBBIMH  OTPE3HbIMHU,  (DACOHHBIMH,
KOHLIEBBIMU, IIITOHOYHBIMU U JPYTUMHU.
AOpa3uBHbIE Marepuanbl W HWHCTPYMEHTHI. JlJIsi M3rOoTOBIEHUS aOpa3MBHBIX
WHCTPYMEHTOB B OCHOBHOM NPUMEHSIOT UCKYCCTBEHHbIE a0pa3vBHbIE MaTEpPHUAIIbI.
®opMma u pa3mepbl adpa3UBHBIX UHCTPYMEHTOB YCTAHOBJIEHBI TOCYAapCTBEHHBIMU
cragaapramMu. Ha kpyrax auamerpom cBeime 40 MM MapKUpPYIOT TOBAPHBIN 3HaK
NPEANPUATHAA-U3TOTOBUTENSL W €r0 OCHOBHBIE XapaKTEPUCTUKUA. Y KpPYroB
JuaMeTpoM cBhiiie 250 MM TOTIOJIHUTENFHO YKa3bIBAOT pazMephl kpyra (DxHxd),
cTpykTypy. PopmMa u pa3Mepbl aOpa3UBHBIX HMHCTPYMEHTOB YCTaHOBJICHBI
rOCyAapCTBEHHBIMH CTaHAAPTAMHM.

HInudoBanbHple Kpyrd MOTYT HMMETh pa3IUYHbI NpopMib B OCEBOM
CEUEHUU: MPSAMOYIOJbHBIM, YalleYHbl (UWIMHIPUYECKUH U KOHUYECKHUN),
tapenbuatbli u  gap. lnudoBanbHble OpYyCKHM M3rOTOBISIOT M3 OEJIOro
AIIEKTPOKOPYHJIA 3€PHUCTOCTHIO OT 25 m0 M7 (pa3Mep 3epeH B MKM) U 3€JICHOTO
KapOuaa KpeMHHs 3epHUCTOCThIO OT 16 1o M7. Ilo ¢opme nonepedyHoro ceyeHus
paznuyator kBazapaTHeie (BKB), npsmoyronshusie (bII), tpeyromnbusie (bT) u
npyrue nudoBaibHble OpYCKU.

[InudoBanbHble MIKYpKH BBIMYCKAIOT Ha TKAaHEBOM M OYMa)KHOHM OCHOBE,
aOpa3vBHBIA CIION 3aKPEIUISETCS Ha OCHOBE BOJOCTOMKUMHM HMIIM HEBOJIOCTOHKHUMU
cBsizkamu. Ha nummdoBanbHbie HIKYPKH MOKET HAHOCUTHCS JIEKTPOKOPYHT OeIIbIii

Liinpras
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¥ HOPMaJIbHBIN, KapOHUI KPEMHHUS, 3JI600p, aiMa3 U Ap. 3epHUCTOCTh a0pa3uBHOTO
Martepuania MoxeT ObITh 0T 80 10 M4 («HyIEBKAY).

AOpa3uBHBICE TIACTBI COCTOSIT W3 a0pa3sWMBHBIX MATEPUAIOB, CBSI3KH U
MOBEPXHOCTHO-aKTHBHBIX BEIIECTB. B KkadecTBe aOpa3WBHBIX MaTepUaOB
NPUMEHSIOT JJIEKTPOKOPYHI, KapOua KpemHwus, kapOuj Oopa, anMa3 u ap. B
KayecTBE a0pa3MBHOIO MaTepuaja MacThl MOTYT BKIIOYaTh OKCHIBI JKEJe3a,
XpoMma, alFOMHHUS U Ap. AOpa3uBHBIC TACTHI MOAPA3CISIIOT IO KOHCUCTEHITUU Ha

tBepabie (T) um MmazeoOpasubie (M), MO CMBIBAEMOCTM — Ha CMBIBAEMBIC
oprannueckumu pactBopurensimu  (O), Bomoir (B), a Takke BoIOM WU
oprannueckuMu pactBopurtessiMu (BO); mo KOHIIEHTpalluu — Ha TMOBBIIICHHbBIC

(IT) u swopmanwhbie (H). B kadecTBe CBSI3KM MOTYT OBITh HCIOJB30BaHbI, B
3aBHCHUMOCTH OT BBITIOJIHEMOI pabOThl, >KMBOTHBIE XHUPbI, CTe€apuH, mapaduH,
BAa3€IMH, BEpeTeHHoe Macino W Ap. Ha kpyrax npmamerpom ceeime 40 mMm
MapKUpPYIOT TOBAapHBIA 3HAK NPEANPUATUA-U3TOTOBUTENSL M €r0 OCHOBHBIE
XapaKTEPUCTUKU. Y KPYroB auameTpoM cBbimie 250 MM JIOIOJIHUTEIBHO
yka3bIBatoT pazMepsl kpyra (DxHxd), crpykrypy. [loBbllieHre aKTUBHOCTH HacT
JIOCTUIaeTCs BBEJIECHUEM IOBEPXHOCTHO-aKTHUBHBIX 3JIEMEHTOB, K HMM OTHOCAT
OJIEMHOBYIO U CTEAPUHOBYIO KHUCJIOTBHI.

BOITPOCHI 1 3AJAHUA

1. 3y4nTh U 3aKOHCIEKTUPOBATH TEOPETUUECKYIO YacTh PaOOTHI.

2. J1aTh XapaKTEepUCTUKY PEXYLIMX HHCTPYMEHTOB, X Ha3HAUEHUE.

https://reductory.ru/literatura/tehnologija-mashinostroenija-kn-2-proizvodstvo-
detalej-mashin/shemyu-obrabotki-otverstii-sverlami-/

IIpakTnueckoe 3anaTHe 4 BpiGop o0opynoBaHusi ISl Pa3IHMYHBIX
MeTOA0B 00padoTKH

lens  3amsTust  3akmoyaeTcs B (GOPMHPOBAHUM Y  CTYACHTOB
npodeccronansuoit komrerennun: OITK-4, [1K-1 | o3HakomiieHHe ¢ Ha3HaYEHHUEM
METaJUIOPEXKYIIETO 000PYTI0BAHUS.

CBeeHus n3 TeOpuu

Meramiopexyiee 000py/0BaHUE — 9TO CIEUUAIbHBIE CTAHKH, KOTOPHIC
npea-Ha3HAYCHBI I TPUJIaHUS OTpeeICHHOW (OPMBI 3arOoTOBKaM M3 MeETalia.
KoHpurypanuss 1 pa3sMepbl TOTOBOTO H3ICIHS 3aBUCIAT OT (POPMOOOPA3YIOMINX
JBIDKEHUN, KOTOpBHIC COBEpIIACT CTaHOK. B 3aBUCHMOCTHM OT Ha3HAYCHUS U
UCIIOJB3yeMOoro  crmocoba  oOpaboTKM  JeTajed  BBIJCHSIOT  HECKOJBKO
KJ1accu(ukanuii METaIopexKyIero o0opya0BaHusl.

MertaiiopexKymmu  CTaHOK —  TEXHOJOTMYECKas MalluHa, KOTopas
npeaHa3HaYeHa Jjisi 00paOOTKU METAUTMYECKUX 3arOTOBOK MOCPECTBOM CHSITHS
MaTepuajia MEXaHWYeCKUM CcrocoOoMm  (pe3aHus), B  pe3yjabTaTe  dYero
oOecrieunBaeTcs 3aaHHas opMa U pa3Mephl 3aTOTOBKH.

[Ipomiecc 06pabOTKM Ha CTaHKAaX OCYIIECTBISETCS C MOMOIIBIO JIBYKCHHIMA
dbopmooOpazoBaHusi, B KOTOPBIX YYaCTBYIOT HHCTPYMEHT W 3arOTOBKA. J[BKEeHMsI
dbopMooOpazoBaHusi MOTYT OBITh JBIDKCHHSIMHU PE3aHUS U JABUKEHUSMHU TOJIAYU.
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OTH JABWKEHHUS B Ipoliecce pe3aHus oO0pa3yloT Ha 3aroTOBKE 3a/laHHbIE
HOBEPXHOCTH.

B ocHOBHOM, 3TOT mporecc 00pabOTKK MPOU3BOAUTCS MOCPEACTBOM CHSTHS
CTPY’KKH C MOMOUIBIO PEXYILIEro MHCTPYMEHTa (JIE3BUIHOIO WM aOpa3uBHOIO).
OmHAaKo CyIIECTBYIOT OCOOBIE METOABl 00pabOTKU:  3BIEKTPOXMMHUYECKHUE,
ANIEKTPOPU3NYECKUE, TOBEPXHOCTHBIM  IUIACTUYECKUM  J1€(OPMHUPOBAHUEM,
ONTUYECKUM JIA3E€PHBIM JIyUOM, a TAaK)K€ OIepalvy 10 U3MEPEHUIO UM KOHTPOJIIO
oOpabaThIBaeMbIX JeTa-JIeH, a TAKXKe C UX COOPKOH.

JI1st mydiiero noHMMaHus BOIIpoca JAaIUM OIPEACIICHUS TEPMUHAM «3arOTOBKa» U
«IeTaNIbY:

3aroToBKa — 3TO MPEAMET TPYAd, U3 KOTOPOro MyTEM U3MEHEHUS pa3MEPOB,
(bOpMBI U CBOICTB MOBEPXHOCTH U3TOTABIMUBAIOT JIETAb.

[letanb — 3TO TPOAYKT TpyJa (U3lIenue), KOTOPBIM MpeaHa3HAdyeH s
UCIOJB30BaHUSl HA NOPEINPUSITUM B OCHOBHOM WJIM  BCIOMOIaTe€IbHOM
IIPOU3BOJICTBE.

OcHoBHasl Ki1accu(UKalys METANIOPEKYITUX CTAHKOB
OcHoBHas Kkinaccuukaiys, KOTopas npeiokeHa JKCIEPUMEHTAIbHBIM Hay4YHO-
UCCIIEIOBATEIbCKUM ~ MHCTUTYTOM  MeTauiopexymux craikoB (OHUMCO),
ABJIsIETCS LU(POBON U MpEoaaraeT pasesieHue METaUIOPEXKYLIUX CTAaHKOB Ha 9
IpyNI MO TEXHOJOTUYECKOMY IMPHU3HAKY (MO BUAY OOpabOTKU M NMPUMEHSIEMOMY
pexymeMy HHCTpyMeHTy). Kaxnayio rTpymmy mNoApaszfaensioT Ha  THUIIBI
(moarpynmel), a KaXKIablid TUIT — HA TUIIOPA3MEPHI.

['pynnel CTaHKOB OMPEAENSIOT MO TEXHOJIOTMYECKOMY HA3HAUEHUIO CTaHKa
(TOKapHble, CBepAWIbHbBIE, (Ppe3epHble, MITU(OBATbHBIE U T.1.), TUIIbl CTAHKOB —
[0 PpACIOJIOKEHUI0 PadOYuX OpraHoB (BHYTpHULLIU(OBaIbHBIE, OECHEHTPOBO-
UM (QOBAJIbHBIE), TI0O YKUCITY OCHOBHBIX pa0OYMX OpraHoB (MHOTOIINWHAEIIBHEIE,

OJTHOIIMHUH/ICIBHBIE), 10 CTENIEHU aBTOMAaTH3alluU (ABTOMAThI, ITOJTyaBTOMATHI).
—

Pucynok 1 - Cranox Tokapuslit Jet JWL-1220L 550W
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Pucynox 3-UnctpymenTtansubiil ppesepubiit ctanok JET JTM-1230W3 DRO
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Pucynok 4- KpyriaoumudoBaiabHbIi CTaHOK J[UIsi BHYTPEHHEH M Hapy>KHOU
nndosku GD-3080A/B

BOITPOCHI N 3ATAHUA

1. U3yuute TeOpEeTUYECKYIO YacTh pabOTHI.

2. B nurepaTypHBIX HCTOYHHMKAX HAWJAWTE CTAHKH, YKa3aHHbIE HAa PUCYHKaX.
MOSICHUTE UX Ha3HAYECHUE.

IIpakTnueckoe 3aHaTHe S Pacyer TEXHOJOrHYeCKO HOPMbI BpPeMEHHM Ha
MEeXaHM4YEeCKYI0 00padoTKy AeTaan
[enp 3aHaTHs 3akimodaercss B (OPMHUPOBAHUU Y CTYJIEHTOB MPOQPECCUOHATIBHON
xomrerenuu: OIIK-4, TIK-1 ,O3HakOMHUTBbCSI € HOPMHPOBAHUEM OINepaluid
MEXaHUUYECKO 00pabOTKHU JeTasne.

CBeneHus n3 Teopuu

TexHu4Yeckyr0 HOpPMY BpPEMEHHM OIPENETSIOT Ha OCHOBE TEXHUYECKHUX
BO3MOXXHOCTEl ~ TEXHOJOTMYECKOM  OCHACTKH,  PEXYIIEro  HHCTPYMEHTA,
CTAaHOYHOTO O0OPYOBAHUS U MPaBUILHON OpraHu3aIuu pabovyero Mecra.
OO6mast HopMa BpeMeHU (MUH) Ha MEXaHUYIECKYI0 00pabOTKy OHOM 3aTOTOBKH

Tm=To + T+ To6 + Tor + Tu-3/n ,

rjae
To — OCHOBHOE TEXHOJIOTUYECKOE (MAIIMHHOE) BPEMSI, MUH;
TB — BcrioMorareasHOe BpeMsl, MUH, BpeMs, 3aTpaurBaeMOEe Ha BBIMIOJHEHHUE pa3-
JUYHBIX  JEUCTBUM, O0OECMEeUMBAIOIIUX  BBIMOJHEHUE OCHOBHOM  pabOThI
(ympaBjieHUE CTaHKOM, CHSITH€ M YCTAHOBKY JETaliM, TMOJIBOJI U OTBOJ
WHCTPYMEHTA, KOHTPOJIb ACTAIH U T.I1.);
ToO — BpeMs Ha oOciykKMBaHHE pabO4yero MecTa M CTaHKa, MUH (CMa3Ka CTaHKa,

yOOpKa CTPY>KKH, CMEHa HHCTPYMEHTA | T.I1.);
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Tor — BpCMsI IICPCPBIBOB HA OTAbIX U JINYHBIC HaI[O6HOCTI/I, MHH,
Tno-3 — MMOATrOTOBUTCIIbHO-3AKIIIOUUTCIIBHOC BPEMs, MUH;
N — KOJN4YECTBO I[GT&JICﬁ B H&CTpOG‘lHOﬁ IMIapTUH, IT.,

OCHOBHOE TEXHOJOTMYECKOE BPEMs, MHH
To= Lp.x" i/ nlII- s

rae Lp.x. — pacuérHas pyivHa pabo4ero xo/1a UHCTPYMEHTa, MM;
| — 9MCII0 IPOXOIOB MPH 3aIaHHOM PEXKHIME;
nllIIT — gactoTa BpameHusl MIMAH/EIS, MPUHATAS 110 TACIIOPTY CTaHKa 00/MUH;
S — mojiaya, MPUHATAS 110 TACIIOPTHHIM JTaHHBIM CTaHKa, MM/00.
Lp.x=Lpe3. + L1 +L2+ L3+ Laon
Lpes. — npyuHa pe3anusd (qiuHa 00paO0TaHHON MOBEPXHOCTH), MM;
L1 — nyHa moABOAa PEXKYIEro MHCTpyMeHTa — 1...2 MM;
L2 — nnuna Bpe3anust uactpyMenta (L2 =t ctgo), mm;
L3 — mna nepedera pexymiero uHeTpymenta — 1...3 mMm;
Laomn — nonoyHUTENbHAS JUTMHA X0/a UHCTPYMEHTA, MM.

CyMMy OCHOBHOTO M BCIIOMOT'aTE€JIbBHOIO BPEMEHU Ha3bIBAIOT ONEPATHBHBIM
BpeMeHeM. BcrnomoraTtenbHoe BpeMsl ONPENENSIOT N0 HOPMAaTHWBHBIM JIaHHBIM B
3aBUCUMOCTH OT BBIODAHHOM TEXHOJOTMYECKOM OCHACTKM H CTAaHOYHOIO
obopynoBanus. s TokapHoit oneparuu 3...5 MUH.

Bpewms Ha oOcnykuBaHue pabodero MecTa U BpeMsi Ha JUYHbIE TOTPEOHOCTH
OepyT B IpOIEHTaX OT OMNEpaTUBHOIO BpeMeHU. BpeMs oOciyxuBanus paboudero
Mecta coctaBisieT 3...8%, a BpeMs Ha JuuHble mnoTpeOHOCTH 4...9% oOT
OMEPaTUBHOIO BPEMEHHU.

IToATOTOBUTENBHO-3AKITIOYUTEIBHOE BpEMS — BPEMS Ha NIEPEHAIAIKY CTaHKa
— CMEHY M HaJlaJIKy IPUCIIOCOOICHUN U UHCTPYMEHTA, O3HAKOMJICHUE C YePTEKOM
JIeTaIH TIPU Mepexosie oT 00paboTKu oaHOUM maptuu neranedt k apyrou (10...15

Hucno geranen B napTuu

n = Q/252
rne Q — rogoBas mporpamMma BBIITyCKa J€Tane, mrT.;
252 — gucno pabounx AHEH, BO BpeMs KOTOPBHIX M3TOTABIUBAIOT JAHHYIO JCTallb.
Bce pe3ynbTaThl pac4€TOB M MPOEKTUPOBAHUSI TEXHOJOTUU M3TOTOBJICHMS E€TaIU
OQOpPMIISIOTCS] B MAPLIPYTHYIO U OTIEPALIMOHHYIO KAPTHI.
BOITPOCHI 1 3AJAHUE
1. 3aueM Hy’»KHO HOPMHPOBAHUE TPY/la B MAITUHOCTPOCHHUU?
2. Kakue Bbl 3HaeTe cOCTaBIAOLIIME HOPMBI BPEMEHN?
3. U3y4uTh TEOPETHUUECKYIO YacTh PabOTHI.
4. OmnpenenuTh OOIIYI0 HOPMY BPEMEHHM HA MEXAHHYECKYH0 0OpabOTKy OJHOU
3arOTOBKH.
5. OnpenenuTts roI0ByIO MpOrpaMMy BBIITYCKa.
6. OhopMHUTH OTYET, OTBETUB B OTYETE HA KOHTPOJIbHBIE BOITPOCHI
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CIIMCOK PEKOMEHAYEMbIX NTHOOPMAIIMOHHbLIX NCTOYHNKOB

6.1. PexoMenyemas nureparypa

6.1.1. OcHOBHAs JTUTEpaTypa

ABTODBI, 3arnaBue WznmarenscTBo, roa |Aapec
JI1.1 |I'puropseB A. Jl. |DnekTpoaumHamuka u MukpoBoiHoBasi|, 2007 http://e.lan
TEXHHUKA: y4eOHUK book.com/
books/elem
ent.php?
pll_cid=25
2nll id=118
JI1.2 |3ybapes FO. M. |BBenenue B uHxeHepuymwo|, 2018 https://e.la
JeSITeTIbHOCTD. MaruHoCTpoCHuUE: nbook.com
y4eOHOe mocodue /book/1049
J1.3 (Pomun A.B.,|CoBpemMeHHBIC XOJOAMILHHUKH. | MOCKBa: http://znani
Tronun H. A. YcrpoiictBo 1 peMoHT: lIpaktrueckoe|U3marenscTBo um.com/go
nocobue "COJIOH-IIpecc", |.php?
2016 10=910743
JI1.4 |Xapuenko A.O. |MeramiooOpabaTeiBaromue CTaHKd #|MoOCKBa: http://znani
000pyI0BaHHE MAIIMHOCTPOUTEIbHBIX |By30BcKuii um.com/go
POM3BOJICTB: YueOHOe mocodue yuebHuk, 2019 .php?
id=100874 9
6.1.2. lonoyHUTENBHAS JIMTEPATYPa
ABTOpBHI, 3ariaBue W3pmarenscTBO, roa |Aapec
JI2.1 |I'puropseB A. /l.,|MuUKpOBOIHOBAS JIEKTPOHUKA , 2016 http://e.lan
HWBanos B. A, book.com/
Monokosckuii C. books/elem
. ent.php?
pll id=74
JI2.2 |CoxkomnoBa, XK. M. |MHUKpPOBOTHOBBIE npruOOpPHI u|Tomck:  Tomckuii|http://www
YCTPOMCTBA: y4eOHOE Mocooue rocyaapctBeHHslid  |.iprbooksh
YHUBEPCHUTET op.ru/1394

CUCTEM YIIPABJICHUS
u

5.html

PaIHOdTIEKTPOHHKH,
2009
J2.3 [Kmyns B.A.,|/lunamuka  MexaTpoHHbIX  cucteM:(HoBocubupck: http://znani
Opannys3osa [.A. |YuebHOe mocobue HoBocubupckuii  [um.com/ca
rocyaapcTBeHHblii  [talog/docu
TEXHUUYECKUN ment?
VHUBEDCUTET 10=95260

6.1.3. MeToamdeckre pa3paboTKH

|ABTOpBI,

|3arnaBI/1e

|I/I3)IaTeJ'IBCTBO, TOJI |A)1pec
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JI3.1 |[AT'TY, Kad.|OxcnepumenTansHoe ompenenenue|Pocros  w//l.: UII|https://ntb.
"Tulll™;  COCT.:|9KCITyaTallMOHHBIX napametpos|AI'TY, 2018 donstu.ru/c
B.B. PomaHoB  |OBITOBOM XOJOAWIBHOM MAIIUHBI TIPH ontent/eksp
€CTECTBEHHOM u BBIHY)KJICHHOM erimentaln
BO3yXOO0OMEHE KOHJIEHCATOpa: METO/I. oe-
yKa3aHusl K J1abOpaTOPHO-NPAKTHYECKUM opredeleni e-
3AHITUSIM o JMACHUATUIMHAM ekspluataci
«DKCIUTyaTalisi ¥ CEPBHUC XOJOIUILHOU onnyh-
TEXHUKI u «[lepcriekTuBHBIC parametrov -
HaTMPABJICHUS PA3BUTHS OTCYCCTBEHHBIX U bytovoy-
3apyOEKHBIX XOJOJHIBHBIX YCTaHOBOK, holodilnoy -
CHCTEM KOHAMIIMOHHMPOBAHMS BO3AyXa U mashiny- pri-
CHUCTEM BEHTHJISIIIUU [TOMEILIEHUI estestvenn
om-i-
vynuzhden
nom-
vozduhoob
mene-
kondensato
ra-metod-
ukazaniya- k-
laboratorno -
praktichesk
im-
zanyatiyam
JI3.2 |TumodeeBckuii, |ABTOHOMHBIC KOHauIHOHepsI. [Ipomeccs |Cankt-IletepOypr: |http://www
A. JI.,|o6paboTku BO3/TyXa, CEepPBUC u|YHuBEepcUTET .iprbooksh
[IuBmHCKUM, A.|[ImarHocTuka, nokanpHas|UITMO, 2016 op.ru/6576
JI3.3 CoBpeMeHHbIE KOHIUITMOHEPhl. MOHTax,|MockBa: http://znani
JKcIuTyaTanuss U pemMoHT: lIpaktnyeckoe|M3naTenseTBoO um.com/go
nocobue "COJIOH-IIpecc", |.php?
2015 1d=902297
JI3.4 |Xapuenko A.O. [MerammooOpabareiBatonue CTaHKd —u|MockBa: http://znani
000OpyIOBaHHWE  MAIIMHOCTPOMUTEIbHBIX [By30BCKHUt um.com/ca
MPOM3BOJICTB: YueOHOe mocobue yueOHuK, 2022 talog/docu
ment?
10=386887
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METOJMYECKHUE YKA3AHUA

10 BBITIOJIHEHHUIO MPAKTHICCKUX PadboT
o aucruIuinHe «BBegaenre B npodeccuoHanbHYO AESATEIIBHOCTDY
JUJIs1 CTYJICHTOB HaIpPaBJIECHUS MTOATOTOBKHU
15.03.02 TexHOIOTMYECKHUE MAIIIMHBI K 000PY/I0BaHHE
Hanpapneranocts (mpoduib) BeITOBBIE MaITMHBI M IPUOOPHI
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MHHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA30OBAHU S POCCUNCKON ®EJIEPALIN

OEJEPAJIBHOE TOCYJAPCTBEHHOE BIO/UKETHOE
OBPA3OBATEJIbHOE YUYPEKTEHUE BBICHIEI'O OBPA3OBAHMUSI
«JIOHCKOHU IOCYJIAPCTBEHHBIY TEXHUYECKWHA YHUBEPCUTET»

Texnosornyeckunii MHCTUTYT cepBuca (puauan) AI'TY B r.CraBponoJe
(TUC (puauan) AI'TY B r.CtaBponoJie)

METOJINYECKHUE YKA3ZAHUA

IUI OpraHU3aluy CaMOCTOSITEIbHOU pabOThI
1o IucuuIuiHe «BBenenne B mpoecCUOHANBHYIO IEATEIbHOCTDY
JUISl CTYZIEHTOB HaIPaBJICHUSI IOArOTOBKH
15.03.02 TexHOJIOTUYECKHE MAILIMHBI U 000pYAOBaHHE
HanpasnenHocTs (mpoduiib) beIToOBbIE MalIMHBI K TPUOOPHI



Meroauueckre ykazaHus 10 JUCHMIUIMHE «BBemeHue B IpodeccHoHaIbHYIO
NeSITeIbHOCThY COAEp)KAaT 3aJaHus s CTYACHTOB, HEOOXOAWMBIE JJsi OpraHu3aluu
CaMOCTOSITENIbHON PaOOTHI.

[TpopaboTka mpeIoKEHHBIX 3aJaHUH TO3BOJIMUT CTYACHTAM HpUOOpecTH HEOOXOIUMbIe
3HaHUS B 00JaCTH U3y4aeMOM JUCLIUILIMHBI.

[IpennasHauensl A  CTy#eHTOB  HampaieHus  noarotoBku — 15.03.02
TexHonornueckue MamuHel M obOopynoBanue HampasineHHocTs (npoduis) beiToBbIE
MAIlIMHBI U IPHOOPHI



COJEPKAHUE

BBenenue

. O01as xapakTepUCTHKA CAMOCTOATEIHLHOM PaboThI

. KouTponbHbIe TOYKH ¥ BUABI OTYETHOCTH 110 HUM

. MeToaudecke peKOMEHIalluy 110 U3YYCHHUIO TEOPETUIECKOr0 MaTepuana
. MeToauyecke peKoOMEeHIalliy 10 MOATOTOBKE K MPAKTUYECKUM 3aHATUSIM
. MeToaudeckue peKoOMEeHIalliy 10 MTOATOTOBKE JOKIIaaa

. MeTonuyeckue peKoMEHAaluU MO MOATOTOBKE K TECTUPOBAHUIO

. MeToaudeckne peKOMEH/Ialliy TI0 BBHITIOJHEHUIO KOHTPOJIBLHON pabOTHI

. MeToauyecke peKoOMEeH1alliu 10 MOATOTOBKE K 3a4eTy

. MeToaudeckne peKOMEHIalluU 10 TTOATOTOBKE K dK3aMEHY

Cnucok peKOMeHIyeMbIX HH(POPMAILIMOHHBIX HCTOYHUKOB
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BBEJAEHUE

Llenp MeTOOMYECKMX YKa3aHMH — OKa3aTh IIOMOIIb CTYACHTaM B OCBOCHHHU Kypca
«BBenenue B mpoeCCHOHATBHYIO AEATEIBHOCTDY.

JlaHHBIE METOIMYECKHE YKa3aHHs HAIlPaBJICHbl HA CUCTEMATU3UPOBAHHOE U JIOTMYECKU
MOCJIEI0BATEIbHOE HM3y4YeHHE OOIIMX 3aKOHOMEpHOCTEH (YHKIIMOHHPOBAHUS C MOMOIIBIO
o0CyXIeHusI MPOOJIEMHBIX BOIPOCOB IO TEME, PEIICHHs MPOOJEMHBIX 331a4 M 00CYKACHUS
CHUTYaIlUii, TECTOB, OJATOTOBKU pedepaToB, TOKIAA0B, IPE3ECHTALINH.

[Tepen Havanom Kypca Ieleco00pa3sHO O3HAKOMHTHCS CO CTPYKTYPOH AMCIMIUIMHBI Ha
OCHOBAHMHU MPOTPAMMBI, a TAKXKE C IOCIEA0BATEILHOCTRIO M3y4eHHs] TeM U uX oovemom. C
[EeIbI0 ONTHUMAJIBHOW CaMOOpPraHW3aliid HEOOXOJUMO CONOCTaBUTH ATy HH(POPMAIHIO C
rpaduKOM 3aHATUH M BBIIBUTH HamOoJee 3aTpaTHbIE MO BPEMEHH M OOBEMY TEMbI, YTOOBI
3apaHee OIPEeIeTUTh st ce0s eproIbl 0ObEMHBIX 331aHHH.

1. OBIIASI XAPAKTEPUCTUKA CAMOCTOSTEJBbHOM PABOTHI

Ilenb ocBOCHMSI TUCUUIUINHBIL:

- IOMOILb CTYZIEHTaM | Kypca alaliTupOBaThCs B BBICIIEM YU€OHOM 3aBE/ICHUU.

- 3HAaKOMCTBO C OCOOEHHOCTSAMM Oynymed mnpodeccuoHanbHON —AEATEeNbHOCTH,
XapakTepoM Oyaylied WHXEHEPHOH JesTelNbHOCTH OakajgaBpa B 00macTH (UPMEHHOTO
00CITy’)KUBaHUS U IPOCKTHUPOBAHUS OBITOBBIX MAIIMH U IPUOOPOB.

- BOCIIUTaHHWE y CTYACHTOB XENaHWs TIIy0Ke MO3HAaTh OCHOBBI (DyHIAaMEHTAJIbHBIX U
IIPUKJIAIHBIX HAYK.

[IpumeneHne MeToAa CHCTEMHOIO aHaliM3a K U3YYEHUIO JAHHOM JMCLMILIMHBI
onpeneNnseT Ccleaylollue €ro 3ajadyd: H3yuyeHue NnpodjaeM B MCTOPUYECKOW IepCHeKTHBE,
paclIMpeHue 3HaHMUsI CTYJIEHTOB, pPAa3BUTUE CIIOCOOHOCTH CTYJAEHTOB K IIOHUMAHHUIO M
KPUTUYECKOMY OCMBICIIEHHUIO NMPOOJIEM COBPEMEHHOCTH, 00CYKIAeMBIX B CPEICTBaX MacCOBOU
uH(pOpMalluu, JTUTEpaTyphl, a TakKe MPUOOPETEHHE HABBIKOB IOCJIEI0BATENIbHO M I'PAMOTHO
u3JaraTb CBOM MBICIH B YCTHOM U MHCbMEHHOH opme.

B pesynbTate ocBOEHUS TaHHOW AMCUMITIMHBI POPMHUPYIOTCS CIEAYIOUINE KOMIETEHIINH
y o0yy4aromierocs:

OIIK-4: TloHumaHue CYIIHOCTM W 3HauyeHHus MHQopManuum B Pa3BUTHH
COBPEMEHHOI0 001IeCTBa, CHOCOOHOCTH MOJy4aThb M 00OpadarbiBaTh HH(pOpManuio wu3
Pa3JIMYHBIX HCTOYHUKOB, TOTOBHOCTH HHTEPNPETHPOBATH, CTPYKTYpPHPOBaTh U
0popMIATH HH(POPMALHMIO B IOCTYIIHOM VIS IPYTHX BHJE.

IIK-1: Cnoco0HoCTh K CHCTEMATHYECKOMY H3YYEHHI0 HAYYHO-TeXHHYeCKOil
HH(OpPMaALNH, 0TEYECCTBEHHOI0 U 3apy0esKHOI0 ONbITA IO COOTBETCTBYIOLIEMY NPO(PHIIO
MOATOTOBKH.

CamocrosarenbHass pabota 1o gucuuiuiiHe «BBeneHne B mpodeccuoHanbHYO
JIESITEIIbHOCTDY BBITIOJHAETCS C LENbI0 MOyYeHUs U 3aKpeTyIeHUs] 3HaHuH, TpUOOPETEHHBIX MpU
W3Y4YEHUH TEOPETHUECKOI0 MaTepuaia.

2. KOHTPOJIBHBIE TOYKU U BUJIbl OTYETHOCTHU 11O HUM

KOHTpOJ'IB KaueCTBa U CPOKOB H3YUCHHUC TEM HGKHI/Iﬁ BBITIOJIHACTCSI B COOTBETCTBHHU C
yueOHbIM TpadukoM. OdopMisieTcst B BUIe KOHCIIEKTUPOBAHUS TEKCTA.

KOHTpOJ'IB KaueCTBa M CPOKOB BLIIIOJJHCHHUA IMPAKTUYCCKUX 3anaHm71 OCYIICCTBIISACTCA B
COOTBETCTBUU C Y4eOHBIM IpadukoM. OPopMIISETCS B COOTBETCTBUHU C 3aJJaHHEM.

Kontponp kauecTBa cpaum JOKiIana OCYIIECTBISAECTCS B COOTBETCTBHH C y4eOHBIM
rpaduxom. OdopMisieTcsi B COOTBETCTBUHU C 3aJJaHUEM.

YcneBaeMoCTh CTYACHTOB IIO Ka)K}IOﬁ AUCHUIUIMHE OLCHUBACTCA B XOJ€ TCEKYIICTO
KOHTPOJIA U TPOMEXKYTOUHON aTTECTAlUU.



3. METOAUYECKHUE PEKOMEHJAIIUU 110 U3YUYEHUIO TEOPETUYECKOI'O
MATEPHUAJIA

N3yuenue m000ro paszena win TeMsbl CleyeT HauuHaTh C O3HAKOMJIEHUS C BONIPOCAMHU
IUIaHa U3y4yeHUs TeMbl. TeopeTnyeckuil Marepuai IMpeAcTaBiIseT co00M KOHCHEKT JIEKLUH,
coJIepXKaIiii HeOOXOIUMBIM HaOOp yTBepXkAeHUN u hopmyna (0e3 ACTaIbHBIX MOAPOOHOCTEH),
HO C MOAPOOHBIM 00OCHOBAHUEM HUX MCIIOIB30BAHUS MIPU PELUICHUH KOHKPETHBIX YKOHOMHYECKHX
3agay. llpm wu3yyeHMM MaTepuajsa HEOOXOOUMO IOMHUMO JIEKIHMOHHBIX MaTepuasioB
UCIIOJIb30BaTh PEKOMEHYEMYIO OCHOBHYIO M JOIOJIHUTENbHYIO JUTEPATypy AJs JIy4LIEero
YCBOEHMsI MaTepuaa.

OcBauBaTh TEOPHUIO CIIEYET B COOTBETCTBUM C TOW IOCIIEOBATEIbHOCTBIO, KOTOpas
IpejcTaBieHa B IJIaHe JeKIuU. Metoauka paboThl ¢ IUTEpaTypoil mpeaycMaTpuBaeT BeleHUE
3alKcy MPOYNTAHHOTO B BUJE TUIaHA - KOHCIIEKTA, OTIOPHOI'O KOHCIIEKTA. DTO MO3BOJIUT CIEJIATh
3HAHUS CUCTEMHBIMHU, 3a()UKCUPOBATh U 3aKPEMUTh X B MAMSATH.

JUis ycHemHoro OCBOEHUS JUCLUIUIMHBI, HEOOXOAMMO CaMOCTOATEIbHO JETalbHO
U3Yy4UTh MPEJCTABICHHbIE TEMbl II0 PEKOMEHAYEeMbIM HCTOYHMKaM uHpopmauuu. [lpu
NOJArOTOBKE K 3aHATUAM CJEAYeT pPYKOBOJACTBOBAaTbCA YKa3aHUSIMM M PEKOMEHIALUSIMU
IpernojiaBaTessi, UCIOJIb30BaTh OCHOBHYIO JIMTEPATypy U3 IMpPEICTAaBICHHOIO UM crucka. J{is
HanOosee TIyOOKOTO OCBOCHHUS JUCHHMIUIMHBI PEKOMEHAYETCS H3y4daTb JIUTEPaTypy,
0003HaUCHHYIO KaK «JIOMOJIHUTEIbHAsD B Mpe/icTaBieHHOM criucke B PIT/L.

Bormpock! 115t TOArOTOBKY K YCTHOMY oripocy Tekyuiero kontpos (biok 1)

1. Uctopus pa3BUTHS TEXHUKHU M MAIMHOCTPOeHUs B Poccun. MammHocTpoeHue Ha
CETOAHSIIHUN J€Hb, HOBbIE TEXHOJIOTHH.

2. Uctopus nosiBIIeHUs U Pa3BUTHsI OBITOBBIX CTUPATbHBIX MAIIUH .

3. WcTopus nosBiIeHUS U pa3BUTHS OBITOBBIX XOJIOAWIBHUKOB

4. OCHOBHBIE HAIIPABIICHUS PA3BUTHUSI TEXHUKU U TEXHOJOTUU MALLIMHOCTPOCHHUS HA
COBPEMEHHOM 3Tarle.

5. IlepcriekTHBHBIE HANPABICHHS HAYYHO-TEXHUYECKUX UCCIIEIOBAHUM B TEXHOJIOTUHU
MaIIMHOCTPOCHUS

6. [Ipon3BOACTBEHHBIN U TEXHOJOTUYECKUN MPOIIECCHI.

7. 3nenve n Mpou3BOACTBO B TEXHOJIOTUN MAallIMHOCTPOEHUS.

8. Tunsl U opraHu3aloHHbIE (HOPMBI TPOU3BOJICTBA.

9. ABTOMaTu3aIus MPOU3BOJICTBEHHBIX IMPOIECCOB

10. Knaccudukanus MeTaiopexyux HHCTPYMEHTOB U 000py10BaHUS

11. OcHOBHBIE BOIIPOCHI TEXHOJIOTUU MAIIMHOCTPOCHHUS.

12. DneMeHThI TEXHOJIOTHYECKOT0 Mpoliecca MeEXaHNIeCKoi 00paboTKH.

13. CtpykTypa TEXHUYECKON HOPMBI BPEMEHHU.

14. TexHOMIOTMYECKHE METO/IbI pa3MepHON 00pabOTKHU AeTanel MalluH.

15. PoGoTu3npoBaHHbIE YCTAHOBKU B ITPOU3BOJICTBE OBITOBBIX MAlIMH U MPHUOOPOB
16. OcHOBHBIE TOHATHUS O TOYHOCTH OOPAOOTKU U KauecTBe MOBEPXHOCTHU JeTajel MallliH.
17. XapakTepuCTUKH TOYHOCTH U (DAKTOPHI €€ ONPEEIISIIOITHE.

Bonpocs! 1t MOATOTOBKH K YCTHOMY OIPOCY TeKylero KoHTpods (biok 2)

1. KauecTBO moBepxHOCTH (OINpeeeHHs] © OCHOBHBIE TIOHSATHS)

2. ITapameTpsl OLIEHKH IIEPOXOBATOCTH IOBEPXHOCTH.

3. Meroasl U CpecTBa OLEHKHU MIEPOXOBATOCTH MOBEPXHOCTH.

4. BinsiHMe KauecTBa MOBEPXHOCTH Ha DKCIUTyaTallMOHHBIE CBOMCTBA JIeTaled MalIMH.

5. B3auMocBs3b 11€pOX0BATOCTH MOBEPXHOCTEN U TOUHOCTHU IIPU Pa3IMUHBIX BUAAX 00pabOTKU
JleTajei MallvH.

6. TeXHOJIOTMYHOCTh KOHCTPYKIIUN U3IETHH.



7. O01re NTOHATHS O TEXHOJIOTUIHOCTH KOHCTPYKITHIA.

8. Cramuu 0TpabOTKH U3AETUS Ha TEXHOJIOTHYHOCTb.

9. [lokazaTenu TEXHOJIOTUYHOCTH

10. Knaccudukanusi ObITOBBIX MAIIMH ¥ MPUOOPOB

11. BeiOop panoHaIBHON 3arOTOBKU IIPU MTPOSKTUPOBAHUH MTPOIIECCa H3TOTOBIICHUS ACTATN
12. PacdeTr TEXHOJIOTHYECKOW HOPMBI BPEMEHH HAa MEXaHHUYECKYI0 00pabOTKy JeTan

13. [Ipumycku Ha 06pabOTKY U BUABI 3arOTOBOK JI€TaICii MaIlluH

Kpurtepun ouneHku ycTHOro onpoca

[TonHOTa OTBETA HA MOCTABICHHBIN BOIIPOC, YMEHUE UCIIOIb30BaTh TEPMHUHBI, TPUBOIHTH
MIPUMEPBHI, JAeJIaTh BHIBOJIBI.

3a KaXIplii OJIOK B CyMMe OOYYArOIIMICS JOJDKEH MONTY4YuTh 25 0amioB, U3 HUX 5 — 3a
MMOCCIIICHUE 3aHSITHH, 5 - DBbllogHEeHHE JONMOJHUTEIBHBIX 3aJaHui  (IOKJaJ, CTaThs,
npe3enTanus ), 10 — 3a BBIIOJIHEHUE TECTOBBIX 3a/IaHH, 5 — 3a 3alTUTy Ja0OPaTOPHBIX paboT

Kpurepuu nonydeHus: olieHKU:

- pe3yJabTaT, COAEpKAIlWil MOJHBIA MPAaBUIBHBIA OTBET — MaKCHUMAaJbHOE KOJIUYECTBO
0aJlJIOB;

- pe3yNbTaT, COACpXKAIIUi HEMOJNHbI NpPaBUIbHBIA OTBET (CTENEHb MOJIHOTHI
orBeta — Oomee 60%) wiaM OTBET, COAEpKAIIMK HE3HAYMTENbHbIE HETOYHOCTH— 75% OT
MaKCHMAaJIbHOI'O KOJIMYECTBA OaIOB;

pe3yibTaT, COJAEPKAIIUM HETOIHBIN MPaBUIbHBIA OTBET (CTENEHb MOJHOTHI OTBETA — OT
30 no 60%) wiam OTBET, comepiKalllMii 3HAYMTEIbHbIE HETOYHOCTH -40 % OT MakCHMaJbHOTO
KOJINUECTBa 0alIoB;

- pe3ynbTaT, COIEPKAlUil HEMOJHbII MPaBWIbHBIN OTBET (CTEMEHb MOJHOTHI OTBETA —
menee 30%), HempaBUIIBHBIN OTBET (OTBET HE O CYIIECTBY 3a/laHMs ) WIIH OTCYTCTBUE OoTBeTa — 0
% OT MaKCHMMAaJILHOI'O KOJHUYeCTBa OalJIOB.

4. METOAUYECKHUE PEKOMEHJAIINU 11O TIOAI'OTOBKE K IPAKTHYECKHUM
3AHATUSAM

ITporiecc MOATrOTOBKM K MPAKTUYECKUM (CEMMHAPCKUM) 3aHATHSM BKIIOYAET M3ydeHHE
HOPMAaTUBHBIX  JJOKYMEHTOB, 00f3aTe€IbHOW W  JOMOJHUTEIBHOW  JUTEpaTypsl IO
paccMaTpuBaeMoOMy BOIIPOCY.

Henocpencrsennoe IIPOBEICHUE MIPAKTHYECKOTO (ceMHHApCKOrO) 3aHATUSA
IIPEIoJIaracT:

- UH/IMBUyaJIbHbIE BBICTYIIJICHUS CTYJEHTOB C COOOLIEHUSMH IO KAaKOMY-JTHO0 BOIIPOCY
M3y4aeMOU TEMBI;

- ppoHTaTBEHOE O0CYKIEHHE paccCMaTpPUBAEMOM TTPOOIEMBbI, 000OIIICHUS U BBIBOJIBI;

- peleHue 3ajay ¥ ynpaxHeHul 1o oopasiy;

- pellieHne BapUaHTHBIX 33]a4 U yIPaKHEHUI;

- pelleHne CUTYallMOHHBIX TPOM3BOJICTBEHHBIX (MTPO(heCCHOHANBHBIX) 33/1ay;

- TNpOEKTHpPOBaHME W  MOJECIMPOBAaHME  pa3HbIX BUJAOB M  KOMIIOHEHTOB
npodecCHOHATBLHOMN 1eATeTbHOCTH.

[Ipoiecc MOATOTOBKU K MPAaKTUYECKUM (CEMHUHAPCKUM) 3aHITHSIM BKIIOYAET H3y4eHUE
HOPMATUBHBIX  JIOKyMEHTOB,  OO0s3aTeNbHOW W JIOTIOJIHUTENBHOM  JINTEpaTypbl IO
paccMaTpuBaeMoMy BOMPOCY.

5. METOAUYECKHUE PEKOMEHJIAIMMU 110 IMMOAI'OTOBKE JOKJIAJa

K camocrosTenpHOl pabOT€ OTHOCHTCS HaNKCaHWE M 3alyTa JOKIaJa B CEeMecTpe.
[TonroroBka nokiana no gucuuminHe «BBeaeHue B mpoeccuOHaNbHYIO 1€ATEIbHOCTE) - OJIUH
U3 OCHOBHBIX JTaloB Yy4eOHOro mpoliiecca B OOYyUYEHHHU CTYICHTOB, KOTOPBIM HEOOXOIMMO
MpUOOPECTH HABBIKM CAMOCTOSITEIHHOTO HCCIEAOBAHUS M TIPEICTABICHUSI €ro pPe3yJbTaToB.
Tema BBIOMpAETCS CTYICHTOM CaMOCTOSITENILHO 10 COTJIACOBAHUIO C MPENOaBATENICM.
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[IpumepHbIe TEMBI TOKIAL a
1. UcTopus pa3zBuTHs TEXHUKHA U MAllIMHOCTPOEeHUA B Poccuu.

2. OcHOBHBIE HalPaBJIEHUS Pa3BUTHSI TEXHUKU U TEXHOJOTUU MAIIMHOCTPOEHHUS Ha
COBPEMEHHOM JTarle.

3. IHHOBallMOHHBIE TEXHOJIOTUH Pa3BUTUSl MAlllMHOCTPOEHHUS

4. ABToMaTH3a1ysl IPOU3BOICTBEHHBIX IIPOLIECCOB B IPOU3BOACTBE OBITOBBIX MALIMH U
npuOopoB

5. Knaccudukanus MeTaJuIopexyIux HHCTPYMEHTOB U 000py10BaHUs

6. PoGoTH31MpOBaHHbBIE YCTAHOBKHU B MPOU3BOCTBE OBITOBBIX MAILIMH U PUOOPOB
7. XapakTepUCTUKH TOYHOCTH U (aKTOPBI €€ ONpeesItoIue.

8. KauecTBo moBepxHOCTH (OMpe/IeIeHUs] U OCHOBHbBIC TTOHSITHS)

9. TexHONMOTNYHOCTh KOHCTPYKIMN OBITOBBIX MAILIMH U MPUOOPOB

10. Knaccudukanus ObITOBBIX MallIMH U IPHOOPOB

B pesynbrate MOArOTOBKM JOKJIaJa CTYAEHT MOXXET BBICTYNATh HAa KOH(EPEHLUHUAX U
CcEMHHapax 10 3TOMY BOIIPOCY.

O01mme peKoMeHIAUM 110 MOATOTOBKE JI0KJIa1a

JlokJiaj 1oJIKeH BKIIIOYaTh B €051 BBEJEHHME, OCHOBHYIO YacTbh U 3aKJIIOUEHUE.

Bo BBeneHunm HEOOXOOMMO OTPa3UTh OOOCHOBAHME AKTYaJIbHOCTH BbIOPAHHOW TEMBI,
KpaTKOE OMNMCAHMUE TEKYILIEro COCTOSHMS MpoOsieMbl. B HEM CTyneHT NoJKeH yKas3aTh Lelb U
3a7jauu paboThl, OOBEKT UCCIEI0OBAHUS, IEMEHTH HOBU3HBI, BBE/IEHHBIE B ITPOLIECCE HANIMCAHUS
pabotel. HeoOxoqumo mnepeyucinth npoOiieMbl, KOTOpPbIE JODKHBI OBbITh PEIIEHBl B paMKax
BbIOPAHHOW TEMBI.

OcHoOBHasl yacThb JI0KJa/Ja JOJDKHA COJAEp)KAaTbh BONPOCHL, IMPEIYCMOTPEHHBIE B ILJIaHE
paboTbl. B Hell Heo0X0AUMO OTPa3UTh TEOPETUUYECKHE OCHOBBI, PACKPBIBAIOIINE CYTh MPOOIIEMBI,
[IPOAHAIM3UPOBAaTh COOpaHHBIE MaTepHalbl, XapaKTEpPU3YIOLIUE MPAKTUYECKYIH0 CTOPOHY
00BEKTa HCCIENOBaHMA. OTOT pa3fesl MOXKET coJepkaTb pabouue TaOJaMILbl, AUArpaMMbl
(ImarpaMMBbl U Apyrue MaTepuasbl.

B 3akmroueHne HEOOXOOUMO OTPA3UTh BBIBOJBI U MPEIJIOKEHHUs, MOJyYEHHbIE B
pe3yabTaTte npenpiayniei padotel. OHM TOJKHBI OBITH CHOPMYITUPOBAHBI YETKO U TOUKH.

Crniucok auTeparypsl BKIOYAET B aji(paBUTHOM MOPSJIKE CIIMCOK COBPEMEHHBIX 3aKOHOB U
HOPMAaTUBHBIX  aKTOB, COOTBETCTBYIOIIEW HAyyHOM JMTEepaTypbl, Hay4dHbBIX padoT,
CTaTUCTHYECKUX COOPHUKOB M JPYTUX UCTOYHHUKOB, BHITYIIEHHBIX HE paHee MSTHU JIET.

Odopmiienue 10KIa1a U NOPSAAOK 3ALMTHI

O6Bem paboTel — 4-7 cTpaHMIl MPOHYMEPOBAHHOTO KOMITBIOTEPHOTO TEKCTa, WpudT, 14,
uHTepBan 1,5, monst cranmaptHeie. Mmmoctpanuu, dororpadun, puCcyHKH, rpaduku, KOTOPHIE
HOSBIISIOTCS HA TEKCTE, IOJIKHBI ObITh IPOHYMEPOBAHBI.

BoinmonHeHHbI 0K TpoBepsieTcss npenojasateneM. Ecnu  gokman  oopmiieH
COIJIACHO TpEeABSABISIEMbIM TpeOOBaHUSAM, TO paboTa JOMycKaeTcs K 3alluTe, O YeM
npenojaBaTesieM JeNalTcs 3alucH Ha TUTYJIbHOM JjucTe pabotel. Ecim nmoxnan umeer
OTPHUILIATENIbHBIA OT3bIB, TO JOKYMEHT BO3BpallaeTcss Ha J0pab0TKy C MOCIEeAYIOIUM
MPEJICTABICHUEM O €0 MIOBTOPHOM PACCMOTPEHHH.

Tpebyemsblil ypoBeHb OpUrHHaIbHOCTH He MeHee 50%.

Jloksiazpl MOTYT CONPOBOKIATHCS MpPE3eHTAlMEH, OTpa)karolle OCHOBHbIE MOMEHTHI
BBITIOJTHEHHOT'O UCCIIEZJOBAHHUS.

Kpurepun oueHku aokJjiaga

Kpurepuii ITokaszarens MakcumanbHoe
orieHKH pedepaTa KOJIMYECTBO 0aJIOB
1.CreneHb pacKpbITHs | - COOTBETCTBHE COJEpKaHUs TeMe pedepara; 1
CYLTHOCTH IIPOOJIEMBI | - TIOJIHOTA M TIyOMHA PAaCKPBITUSI OCHOBHBIX 1
MOHATHUH NPOOJIEMBI;
- yMeHue paboTaTb C  JUTEpPaTypoil, 1
CHUCTEMATHU3UpOBaTh U  CTPYKTYpHUPOBATH




Marepua, 1

- yYMEHHE 0000111aTh, COIIOCTABIIATE

pa3IndYHbIC TOYKH 3peHus 1o 1
paccMaTpuBaeMoMy BOTIPOCY;

- apryMEHTHUPOBATh OCHOBHBIC IOJIOKCHHS H 1
BBIBOJIBL

- yMEHHUe YETKO H 000CHOBAHHO 2

(hopMyIIMpPOBATh BBHIBOJIBI;

- CaMOCTOSITENILHOCTh,  CHOCOOHOCTH K
ONpEeIeJICHUI0O COOCTBEHHOM TMO3ULUU  TIO
npobjieMe M K TPaKTUYECKOH aJanTainuu

Marepuasia
2.Cobnronenue - IPaBUJIBHOCTh M aKKYypPaTHOCTh O(OPMIICHHUS 1
TpeOoBaHMI no | pedepara
0(OpPMIICHUIO -TOYHOCTh B UIUTHUPOBAHUM U YKa3aHHUH 1
MCTOYHUKA TEKCTOBOTO (pparmMeHra,
- coOmoaeHue TpeboBaHuUM K o00beMy U 1
CTPYKTYpe pedepara;
- TPAMOTHOCTH U KYJIbTypa U3JI0KEHUS 1
3.YpoBeHb  3alUTHI | - IOKJIAJ] CTPYKTYpPUPOBAH, PACKPHIBAET TEMY 1
pedepara - JaHbl TpPaBUIbHBIC, APTYMEHTHUPOBAHHBIC 2
OTBETHI HA YTOYHSIOIINE BOITPOCHI
- Claiapl MPEACTaBICHBI B JIOTHYECKOM 1
IIOCJIEJOBATEIIbHOCTH u odopmiieHHe
MPE3CHTAIINH; 1
- KOJIMYECTBO ClIaiioB He Ooiee 10
MaxkcuManpHOE KOIHYECTBO 0aII0B 17

JInsi TOATOTOBKM TIpPE3eHTallud K 3amuTe pedepara, oOydaromemycs HEOO0XO0IuMO
ucrons3oBats PowerPoint. KoiruecTBo crai1oB nmpe3eHTaMu K 3anre pedepara — He Oosee
10.

MaxkcuManbHOE KOJIMYECTBO OaioB, KOTOpOE OOYYarOIIMICS MOXKET MOJNy4UuTh 3a
MOATOTOBKY pedepaTa U Mpe3eHTAIlMM K HEMY cocTaBiseT 17 GamioB. bamisl yuauThiBaroTCs B
IIPOLIECCE NPOBENEHUS TEKYILETO KOHTPOJISL.

17 GaylJIOB — OLIEHKA «OTJIIMYHOY,

12-16 6anoB — OLIEHKA «XOPOILO»;

8-11 GamoB — OlEHKA «YOBJIETBOPUTEITHHOY

Memnee 8 6amIoB — OIlEHKA «HEYAOBIETBOPUTEIHLHO.

6. METOAUYECKHUE PEKOMEHJIAIIUU 11O MOATOTOBKE K TECTUPOBAHHUIO
JlaHHBIN BUJ CAMOCTOSATEIHHON pabOTHI TPOTPaMMO HE MPETyCMOTPEH

7. METOJJUYECKHWE PEKOMEHJIAIIMY 11O BBIIIOJTHEHUIO KOHTPOJIbLHOMN
PABOTBI

Kontponbhast pabora, kak ojnHa u3 (OpM OILEHKH YpPOBHS MOATOTOBKU CTYACHTOB,
CTAaBUT CBOEM ILEIbI0 3aKPEIJIEHUE TEOPETHUYECKUX 3HAHWUM, MOJYYEHHBIX CTYJIEHTaMU B
MpoIecce M3y4YeHUs MAaHHOW IUCIUIUIMHBI, M TMPUOOPETeHWEe WMH HABBIKOB MPAKTUYECKOTO
aHanm3a oco0eHHOCTe! (YHKITMOHUPOBAHUS OpPTaHU3aIlUi B COBPEMEHHBIX YCIOBHUSX.

BrimonHeHne KOHTPOJIBHOW pabOTHl  CMOCOOCTBYET MPHUOOPETEHUIO CTYIASHTAMU
HABBIKOB CaMOCTOSITENILHON pabOTHI C MEePBOMCTOUYHUKAMH, YI€OHOM, HAYYHON U CIEIUAIBHON
JTUTEPATYPOM, YMEHHI BBIJICIATh B HUX TJIaBHOE, aHAJTU3UPOBATh, 0000IIATh, JIOTHYHO H3J1araTh
M3Y4YEHHBIN MaTepual.



Llesb10 HanMCaHUsI KOHTPOJIBHON PabOTHI SBISETCA CO3AAHUE y CTYJCHTA LEIOCTHOTO
BIICYATJIEHUS O NPOPECCUOHATBHON AEATEIBHOCTH, YTO CIIOCOOCTBYET BBIPAOOTKE y CTYICHTOB
YMEHMSI OPMEHTHUPOBATHCA B 3aKOHOAATEIBCTBE M CAMOCTOSTEIbHO NPUHMMATH PELIEHUS IO
IPAaKTUYECKUM CUTYallUsIM; 3aKpENMTh 3HAHUA, MOJYUYEHHBbIE B PE3YJIbTaTe CAMOCTOSTEIbHOU
paboThI HaJ yUeOHBIM MaTEPUATIOM.

K BBINOJHEHNIO KOHTPOJIBHOM pabOThl CTYIEHTHI IPUCTYNAOT TOJBKO MOCIE YCBOCHUS
BceX TeM mporpammbl. KoHTponbpHas paboTa sIBISETCS OTYETOM O CaMOCTOSITEIbHON pabote
CTYZCHTA.

KonrponsHast pabora mpenctaBisieT co0oil CKBO3HOE 3aHSTHE IO OCHOBHBIM TeMam
Kypca 10 BapuaHTaM M BKJIIOYAeT B ce0sl CICAYIOLINE Pa3/Iebl:

1. UcTopus pa3BUTHS TEXHUKU U MalllMHOCTpoeHus B Poccuu.

2. OCHOBHBIE HAIpaBJICHUs Pa3BUTHs TEXHUKH U TEXHOJIOTUU MALIMHOCTPOEHUS Ha
COBPEMEHHOM JTaIle.

3. VIHHOBallMOHHbIE TEXHOJIOTUHU Pa3BUTHSI MAIIMHOCTPOCHUS

4. ABTOMaTH3aI¥sl MPOU3BOICTBEHHBIX MTPOIIECCOB B MPOM3BOACTBE OBITOBBIX MAIIHH U
puoOpOB

5. Kimaccudukarusi MeTaJuIOpeXyIIUX HHCTPYMEHTOB U 000pyJOBaHUS

6. PoG0TH31MpOBaHHbBIE YCTAHOBKH B IIPOU3BOCTBE OBITOBBIX MAILIMH U IPUOOPOB
7. XapaKkTepuCTUKN TOYHOCTH U (PAKTOPHI €€ OMPEeIeIISIOIIUE.

8. KauecTBo noBepxHOCTH (ONpeeIeHNs] U OCHOBHBIE TIOHATHS)

9. TeXHOJIOrMYHOCTh KOHCTPYKLMI OBITOBBIX MAIIMH U IPUOOPOB

10. Knaccudukanust ObITOBBIX MAIIMH ¥ PUOOPOB

Od¢opmiieHHe KOHTPOJIbHOIH PadoThHI M MOPSIA0K 3AIUTHI

KontposnbHas pabora 10DKHA UMETh TUTYJIbHBIHN JIHCT, MJIaH PabOThl, HEOCPEICTBEHHO
TeKcT (YCI0BHE 3a/1a4 U PEILIEHUE).

KontponbHass pabora gomkHa ObITh  akkypatHo  odopmiena(dpopmar A4,
MalIUHOMUCHBIN TEeKCT, pazMep JjeBoro mois 20 mm, npaBoro — 10 mm, BepxHero — 20 mm,
HIDKHero — 20 MM, OTcTyn KpacHO#l cTpoku 1,5, mexcTtpounslii unHTepBan 1,5, mpudt 14,
TimesNewRoman), umeTs HyMepalnuio CTpaHHI] U CHUCOK MCIIOJIb30BAHHBIX HMCTOYHUKOB, B
KOTOPOM YKa3bIBAaIOTCS BCE HCIOJIB30BAHHBIE JIMTEPATypHblE HMCTOYHUKH, PACIIONOKCHHBIE B
an(aBUTHOM NOPSAJKE U MPOHYMEPOBAHHBIE.

KontponsHast paboTa mpeiacTaBiseTcs Ha NPOBEpKY MpernojaBareniio, —Jaiee
OCYIIIECTBIISIETCS 3aIIMTa B BUJIE COOECET0BaHUSI.

Kpurtepun oneHuBaHNs KOHTPOJILHOM padoThI

YpoBeHb KauecTBa NMHCbMEHHON KOHTPOJIBHOM paOOThl CTYAEHTa ONpPENENsIeTcs C
MCIIOJIb30BAaHUEM CIIEYIOIIEN CUCTEMBI OLIEHOK:

Tabnuna 6 - Kpurepun orieHKH KOHTPOJIbHOM pabOThI

Kputepuu oneHku MaxkcumainbHOoe
KOJIMYECTBO OAJIIOB

BBIIIOJIHEHUE 3aJaHUi

SOOIk WN P
N WWWwww

MakcuManbHOE KOTUYECTBO OAJIIOB 17

[To pesynbTaTam yCTHOrO oOMpoca MO KOHTPOJIBHOW paboTe oOyyaromemycs
BBICTABJISICTCS OIIEHKA «3aYTCHOY, UM «HE 3a4TCHOY.
O11eHKa «3a4TEHOY BBICTABIISIETCS] 00 yJarOIIEMYCsl, CCITH:
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- oOyyaroImuiicsi 3HAaeT W BOCHPOM3BOJUT OCHOBHBIC MOJOXEHHUSA JUCIHIIIMHBI B
COOTBETCTBUM C 3aJJaHHEM, NPUMEHSET HX JJs BBIIOJHEHHUS THUIIOBOTO 3aJaHMs, B KOTOPOM
OUYEBHJICH CIIOCO0 peIIeHUS;

- oOydaromuiics 1eMOHCTpUpyeT 0a30Bble 3HAHMS, YMEHUS U HABBIKU, MPUMEHEHHBIC
IIPY BBIIIOJIHEHUH 33JaHUHA KOHTPOJIbHON paboOThI;

- y oOyyaroierocs He UMEETCs 3aTPyIHEHUN B KCIOJIb30BAHUU HAayYHO-TIOHATUHHOTO
amrmapara B TepPMHUHOJIOTHU Kypca, a €CIIM 3aTPYJHEHUSI UMEIOTCS, TO OHU He3HAYUTEIbHBIC,

- Ha JIOTIOJIHUTEIbHBIE BOMPOCHI MperoaaBaress 00yqaroImuics 1ain IpaBUIbHbIE WIN
YaCTUYHO MIPABUIIBHBIC OTBETHI.

Kommnerennus(-u) wim ee (ux) 9actb(-u) chopMUpoBaHbl Ha 0a30BOM ypOBHE (YPOBEHB
1) (cm. Tabm.).

OrneHka «He 3a4TeHO» CTaBUTCS 00ydaromeMycsl, eCiu:

- 00ydaroluiics MMEeT MPEICTaBICHHE O COJACPKAHWU AMCUMIUIMHBI, HO HE 3HAeT
OCHOBHbIE TOJIOKEHUS (TeMbl, pas3fesia, 3aKOHa U T.[.), K KOTOPOMY OTHOCUTCSl 3a/laHue, He
CHOCOOEH BBIMIOJIHUTH 33JaHHE C OYCBHIHBIM PEIICHHEM, HE BIAJICeT HAaBBIKAMH B 00JacTu
M3y4aeMOl TUCUUTUINHBI;

- o0y4aromuiicss He JEMOHCTPUPYET 0a30BbIC 3HAHUS, YMEHUS U HABBIKH, HEOOXOIUMBIE
JUTSI BBITIOJTHEHUS 3aJJaHH KOHTPOJIBHON PadOTHI;

- B TIpolecce OTBeTa 10 TEOPETUYECKOMY M MPAKTUYECKOMY MaTepuany,
coJieprKaleMycsi B BOIIPOcax KOHTPOJIbHOM padoThl, JOMYIIEHbl TPUHIUIINATbHBIE OIIMOKH TpU
U3JI0KEHUU MaTepuaia.

Komnerenmus(-u) umu ee (ux) 4actb(-1) HE CHOPMHUPOBAHEI.

KontponsHast pabora, nmpu3HaHHas HE OTBEUAIOMICH NpPEAbABISEMBIM TPeOOBAHUSM,
BO3BpAIlaeTCs CTYACHTY IJIsl OPaOOTKH, MPU ITOM YKa3bIBAIOTCS €€ HENOCTATKU U JIAl0TCs
pexoMmeHmanuu sl uX ycrpaHeHus. CTymeHTy Tmpeiaraetcss C  y4eToM 3aMeuyaHHi
IpenoaaBaresss BTOPUYHO MPEICTaBUTh KOHTPOJIBHYIO paboTy BMECTe ¢ IepBO pabOTON.

8. METOAUYECKHUE PEKOMEHIAIIUUA 110 IOATI'OTOBKE K 3AYETY
[Iponienypa 3audera (nuddepeHIUPOBaHHOTO 3aueTa) Kak OTIEIbHOE KOHTPOJIbLHOE
MEPOIPUITHE TPOBOJUTCS 110 CIEAYIOIIMM BOIIPOCAM.
1. Ucropus pasBUTHsI TEXHUKHU M MAIIMHOCTPOEHHUs B Poccun. MammHocTpoeHne Ha
CETOAHSIIHNN JI€Hb, HOBBIE TEXHOJIOTHH.
2. UcTopus nosiBI€HUS U pa3BUTHSI ObITOBBIX CTUPAIbHBIX MAIlIKH .
3. Vcropus nmosiBICHUS U pa3BUTHsI OBITOBBIX XOJIOAUIBHUKOB
4. OcHOBHBIE HaIIPABJICHUS PA3BUTHUS TEXHUKU U TEXHOJIOTUH MAIIMHOCTPOCHUS HA
COBPEMEHHOM JTaIlle.
5. IlepcriekTHBHBIE HANPABICHHS HAYYHO-TEXHUYECKUX MCCIIETOBAHUM B TEXHOJIOTUU
MAaIIMHOCTPOEHUS
6. IIpon3BOCTBEHHBIH U TEXHOJIOTUYECKHIA TIPOIIECCHI.
7. N3nenue n npou3BOACTBO B TEXHOJIOTMH MAIIMHOCTPOEHHUS.
8. Tumbl 1 opraHu3almoOHHbIE POPMBI TPOU3BOJICTBA.
9. ABTOMaTH3aIys NPOU3BOICTBEHHBIX IIPOLIECCOB
10. Knaccuduxarius MeTauiopexxyiux MHCTPYMEHTOB U 000pyA0BaHUS
11. OcHOBHBIE BOIIPOCHI TEXHOJIOTUN MAIIMHOCTPOEHUS.
12. DneMeHThl TEXHOJIOTHYECKOI0 MPoLiecca MEXaHNYeCKO 00pabOTKH.
13. CtpykTypa TEXHUYECKON HOPMBI BPEMEHHU.
14. TexHonmornyeckre METOAbI pa3MepHON 00pabOTKH JeTaliell MalllkH.
15. PoboTu3npoBaHHble yCTAHOBKH B IPOM3BOJICTBE OBITOBBIX MAIIMH U MPHOOPOB
16. OcHOBHBIE OHATHS O TOYHOCTH 0OPAOOTKH M Ka4eCTBE MOBEPXHOCTHU JICTAICH MAIIWH.
17. XapakTepuCTUKN TOYHOCTU U (PAKTOPHI €€ OIpeaeIIsIOLIHE.
18. KauecTBO MOBEpXHOCTH (ONpPEEIECHUS U OCHOBHBIE TTOHSITHS)
19. ITapameTpbl OLIEHKH IEPOXOBATOCTU IIOBEPXHOCTH.
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20. MeTtoabl U cpeACTBa OLIEHKHU IIEPOXOBATOCTH IOBEPXHOCTH.
21. BausiHne KauecTBa MOBEPXHOCTH Ha AKCIUTyaTallMOHHbBIE CBOMCTBA JETajIei MAIlIUH.
22. B3anMOCBS3b IEPOXOBATOCTH MOBEPXHOCTEH U TOYHOCTHU MPH PA3IHMUHBIX BUIAX 00pabOTKU
eTajied MalllyuH.
23. TeXHOMOTUYHOCTh KOHCTPYKIIMI U3EH.
24. O0mue MOHATHS O TEXHOJOTUYHOCTH KOHCTPYKITHH.
25. Craguu oTpaOOTKH U3/1€NIMs Ha TEXHOJIOTUYHOCTb.
26. [loka3zaTenu TEXHOJIOIMYHOCTH
27. Knaccuduxanus ObITOBBIX MAIIMH U IPUOOPOB
28. Bpi0op panroHanbHOM 3ar0TOBKU IIPU MTPOEKTUPOBAHUH MIPOLIECCA U3TOTOBJICHUS JeTaln
29. PacyeTr TEXHOJOTHYECKOW HOPMBI BPEMEHH HAa MEXaHHUYECKYI0 00paboTKy JeTanu
30. IIpunycku Ha 00pabOTKY M BHJIBI 3aTOTOBOK JIeTaJIeH MaIIiH
3ayer BBICTABIACTCS IO pe3ylbTaTaM paboOThl B CEMECTpe, IpH CAade BCeX
KOHTPOJIbHBIX TOYEK, MPEIyCMOTPEHHBIX TEKYIIIUM KOHTPOJIEM YCIIEBAEMOCTH.

9. METOAUYECKHUE PEKOMEHIALIUU 110 ITOATOTOBKE K DK3AMEHY
JlaHHBIN BUJ CAaMOCTOSTEIHHON pabOThI TPOrpaMMON HE PETyCMOTPEH

CIIMCOK PEKOMEHAYEMbIX UH®POPMAINMWNOHHBIX NCTOYHUKOB

6.1. Pexomenayemas Jurepatypa

6.1.1. OcHoBHast 1UTEpPaTYpa

|ABTOpI)I, COCTaBHTeJ‘II/Il 3arnaBue | W3narenbcTBO, roj | Anpec
JI1.1 |T'puropses A. [I. DNeKTPOMHAMHKA 1 MUKPOBOJIHOBAsI TEXHUKA: , 2007 http://e.lan
YUEOHHUK book.com/
books/elem
ent.php?
pll_cid=25
&pll_id=1
18
JI1.2 |3y6apes 0. M. BBejieHre B HEDKEHEPHYIO ESTETLHOCTb. , 2018 https://e.la
MainHOCTpoeHHe: y4eOHoe mocobue nbook.com
/book/1049
44
JI1.3 |Pomun A.B., Trornr |[CoBpeMeHHBIE XOJIOAMIFHUKA. Y CTPOUCTBO U peMOHT: |MockBa: http://znani
H. A. IMTpakTudeckoe nocodue WznarenscTBo um.com/go
"COJIOH-TIpecc", .php?
2016 id=910743
JI1.4 |Xapuenko A.O. MeranioobpabaTsiBatoIie CTaHKH U o0opynoBanne  |Mocksa: Bysosckuii | http://znani
MAaIIMHOCTPOUTENILHBIX IPOU3BOJCTB: YueOHOe yaebnuk, 2019 um.com/go
nocobue .php?
id=100874
9
6.1.2. JlonoJiHNTeIbHAS JTUTEPATYpPa
ABTOpHI, 3arnaBue WznarenscTBo, rox Anpec
JI2.1 |I'puropwes A. 1., MHUKpPOBOJIHOBAS IEKTPOHUKA , 2016 http://e.lan
WsanoB B. A., book.com/
MomokoBckuit C. U. books/elem
ent.php?
pll_id=74
674
J12.2 |Coxomnosa, XK. M. MHUKpPOBOIHOBEIE TPHOOPEI M YCTPOHCTBA: yueOHOE Tomck: Tomckuii http://www
nocobue rOCYapCTBEHHBIN .iprbooksh
YHHBEPCHUTET cucTeM | 0p.ru/1394
yIIpaBIeHUS U 5.html
PaIHO3IEKTPOHUKH,
2009
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J12.3

Kmyns B.A.,
®pannysosa . A.

JlnHaMKKa MEXaTPOHHBIX CUCTEM: YueOHoe mocobue

HoBocubupck:
HoBocubupckuii
TOCY/IapCTBEHHBII
TEXHUYECKUI
YHHUBEPCUTET
(HI'TY), 2014

http://znani
um.com/ca
talog/docu
ment?
id=95260

6.1.3. MeTtonnueckue pa3padoTku

| ABTODBI, 3arnaBue | V3narenscTBo, ToJ | Anpec
VII: 150302-22-1TUC.plx ctp. 10
ABTODBI, COCTABHTEITH 3arnaBue W3parensctBo, Tog | Anpec
JI3.1 |AT'TY, Kad. "Tulll"; | xcriepuMeHTAIBHOE OTpejielicHue SKeIutyaTanuontbix  |Pocros v/]l.: 1 | https://ntb.
coct.: B.B. PoMaHOB |mapameTpoB OBITOBO XOJOAMIBLHON MAIIMHBI TIPU Ar'TY, 2018 donstu.ru/c
€CTECTBEHHOM U BBIHY)K/ICHHOM BO3JyXOOOMEHE ontent/eksp
KOHZIEHCATOpa: METO/I. YKa3aHus K JJabopaTopHO- erimentaln
MPAKTHICCKUM 3aHATHSM IO JUCIUILTHHAM oe-
«IKCIUTyaTaIst ¥ CEPBUC XOJIOIMILHON TEXHUKN H opredeleni
«IlepCrieKTHBHBIC HATIPABICHUSI PA3BUTHS e-
OTEYECTBEHHBIX M 3aPYOEKHBIX XOJIOAMIBHBIX ekspluataci
YCTaHOBOK, CHCTEM KOHAUIMOHUPOBAHHS BO3yXa U onnyh-
CHCTEM BEHTHJIALUH TIOMEIICHHN parametrov
-bytovoy-
holodilnoy
-mashiny-
pri-
estestvenn
om-i-
vynuzhden
nom-
vozduhoob
mene-
kondensato
ra-metod-
ukazaniya-
K-
laboratorno
praktichesk
im-
zanyatiyam
JI3.2 |Tumodeerckuii, A. |ABTOHOMHBIC KOHIUIIMOHEPHL. IIponeccs 00paboTKu Canxkr-IlerepOypr: | http://www
JI., ITuBMHCKMA, A.  |BO3IyXa, CEpPBHC M AMATHOCTHKA, JTOKATbHASL VYHuBepcHUTET .iprbooksh
A., Kouenkos, B. H. |nucneruepuzanus: yue6HO- METOANYECKOE [TOCOOHE UTMO, 2016 op.ru/6576
0.html
JI3.3 CoBpeMeHHbIe KOHIULIHOHEPBl. MOHTaX, SKCITyaTanus (Mocksa: http://znani
1 peMoHT: [IpakTHaeckoe mocodue W3natenbcTBO um.com/go
"COJIOH-IIpecc", .php?
2015 id=902297
JI3.4 (Xapuenxko A.O. MertamnooOpabaTeIBaroNue CTAHKH U 000pyI0BaHUE Mockaa: http://znani
MAaIIHHOCTPOUTENBHBIX MIPOM3BOACTB: YueOHoe nocobue |By3oBckuii um.com/ca
yuebHuk, 2022 talog/docu
ment?
id=386887

6.2. Ilepeuens pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIINOHHOM ceTH ""UHTepHeT"

€}

CoBpeMeHHbIE CTHpaJIbHBIE MAIIMHBI [ DNeKTpoHHBIN pecypc]/ B. KoukuH [u ap.].— DIeKTpOH. TEKCTOBBIC
nanabie.— M.: COJIOH-TIPECC, 2012.— 136 ¢.— Pexwum nocryma: http://www.iprbookshop.ru/20913.— 3BC

12




92

Hayrosa O.b. Opranuzanus caMOCTOSITEIBHON PabOThI CTYICHTOB BBICIICH MIKOJBI [ DJIEKTPOHHBIH pecypc]:
y4eOHO- MeToAMYecKOoe ocodue I penoaaBarenel Beicie mkoisl/ JJayroBa O.b.— DIeKTpoH. TeKCTOBBIE
nannbie.— CII6.: Poccuiickuii rocynapcTBeHHbIH eparorndeckuii yausepeureT uM. AWM. I'epuena, 2011.— 110
¢.— Pexxum nocryna: http://www.iprbookshop.ru/20776.— 9BC «IPRbooksy, no naposnto

33

PeMoOHT OBITOBOM TeXHUKH [DIEKTPOHHBIH pecypc]/ — DnekrpoHn. TekcroBbie nanusie.— M.: COJIOH-TTPECC,
2011.— 120 c.— Pexxum pocrymna: http://www.iprbookshop.ru/20903.— DBC «IPRbooks», o mapoio

24

I'puropees, A.Jl. DneKTpoAUHAMHKA 1 MUKPOBOJIHOBAs TEXHUKA [ DNEKTPOHHBIN pecypce] : yueOHuk / A .
I'puropreB. — DinektpoH. gaH. — Cankr-IlerepOypr : Jlanb, 2007. — 704 ¢. — Pexxum nocryma:

95

Coxkomnopa JK.M. MHKpPOBOJIHOBBIE IPHOOPHI M yCTpOiicTBa [ DNEKTPOHHBIH pecypce] : yaeOHoe mocodue / K. M.
CoxonoBa. — DIIEKTPOH. TEKCTOBBIE JaHHbIe. — ToMck: TOMCKHIA TOCYJapCTBEHHBIN YHUBEPCHTET CHCTEM
YIpaBJICHUS U PaAU03IeKTpOHUKH, 2009. — 272 ¢. — 2227-8397. — Pexxum nocryna:

26

CoBpeMeHHbIE XONOJWILHUKHU. Y CTpoicTBO U peMoHT ITpakTudeckoe nocobue Ponun A.B., Tronun H. A.
Mocksa: U3narensctBo "COJIOH-IIpecc" 2016 112 c. 25.01.2019 15:47:48

http://znanium.com/go.php?id=910743

VII: 150302-22-1TUC.plx crp. 11

27

MuxkpoBosHoBas 3nekTponuka I'puropses A. 1., Banos B. A., Monokosckuii C. M. 2016 1-e u3z. 1 496 c.
http://e.lanbook.com/books/element.php?pll_id=74674

28

Kwmyne B.A. luHaMuKa MEXaTPOHHBIX CUCTEM [ DIIEKTPOHHBIN pecypce] : yueOHoe nocobue / B.A. XKwmyns, I'.A.
@pannysosa, A.C. BoctpukoB. — DIeKTpoH. TeKcToBbIe JanHbIe. — HoBocubupck: HoBocubupckuit
rOCyJapCTBEHHBIN TeXHUYeCKui yHuBepcutet, 2014. — 176 ¢. — 978-5-7782-2415-5. — Pexum gocryna:
http://www.iprbookshop.ru/45367.html

29

DKCIIEpUMEHTAIBHOE OTIPE/ICNICHHE KCILTYyaTAlIMOHHBIX MTApaMETPOB OBITOBOM XOJIOIUILHON MAIIIMHBI TIPH
€CTCCTBCHHOM U BBIHYXJCHHOM BOS,ZLyXOOﬁMCHe KOHJICHCAaTOpa METOA. YKa3zaHUsA K ﬂaGOpaTOpHO-HpaKTH‘{GCKHM
3aHATHAM 10 AUCLUITIIMHAM «91<cnnyaranm U CEPBUC XOHOHHHLHOﬁ TECXHUKW» U «HepCHeKTI/IBHHe HanpaBJICHUA
Pa3BUTHA OTCYCCTBCHHBIX U Sapy6e>KHI>IX XOJIOAUJIBHBIX YCTAaHOBOK, CUCTEM KOHAUIIMOHUPOBAHUS BO3AyXa U
cucreM BeHTWIsAIMK oMetneHui» AT TY, Kad. "Tulll™; coct.: B.B. Pomanos Poctos w//1.: UL AT'TY 2018 2
25.01.2019 11:45:50 3 https://ntb.donstu.ru/content/eksperimentalnoe-opredelenie-ekspluatacionnyh-parametrov-
bytovoy-holodilnoy-mashiny-pri- estestvennom-i-vynuzhdennom-vozduhoobmene-kondensatora-metod-
ukazaniya-k-laboratorno-prakticheskim-zanyatiyam

910

Tumodeerckuii A.JI. ABTOHOMHBIC KOHAUIIMOHEPHI. [Ipoliecchl 06pabOTKK BO3/1yXa, CEPBUC U AUATHOCTHKA,
JIOKaJIbHAs IUCTeTYepHu3aus [ DIeKTPOHHBIN pecype] : yueOHo-MeToauueckoe nocodue / A.JI. Tumodeerckuii,
A.A. TTuBunckuii, B.H. Kouenkos. — DnekTpoH. TekcToBble qanuble. — CII0. : Yuusepcuter UTMO, 2016. —
39 ¢. — 2227-8397. — Pexum noctyna: http://www.iprbookshop.ru/65760.html

Ol1

CoBpeMeHHbIe KOHIUIUOHEPBl. MOHTaX, SKCITyaTanus 1 peMoHT: [Ipaktuueckoe nocodue - M.:COJIOH-IIp.,

2015. - 192 c.: ISBN 978-5-91359-157-9 - Pexxum pocrtymna: http://znanium.com/catalog/product/902297

METOANYECKHUE YKA3ZAHUA

JUIs OpraHU3aIuy CaMOCTOSTEILHON paOOThI

10 AU CHUIIIINHEC «BBGI[CHI/IC B HpO(beCCI/IOHaJH)HYIO ACATCIIBHOCTB»

IJIA CTYACHTOB HAIIPABJICHUSA ITOATOTOBKH
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MHHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA3OBAHU S POCCUNCKON ®EJIEPAIIN

OEJAEPAJIBHOE N'OCYJAPCTBEHHOE BIO//KETHOE
OBPA3OBATEJIbHOE YUYPEKTEHUE BBICHIEI'O OBPA3OBAHMS
«IOHCKOU TOCYJAPCTBEHHBIN TEXHUYECKUU YHUBEPCUTET»

Texnonoruyeckuiit UHCTUTYT cepBuca (puauan) AI'TY B r.CrtaBponoJe
(TUC (pusuan) AI'TY B r.CrtaBpomnoJie)

METOINYECKHUE YKA3AHUA

10 BBITIOJIHEHUIO MPAKTUYECKUX PadoT
10 JUCIUILINHE «YTIPaBJICeHUE TEXHUUYECKUMH CUCTEMaMI)
JUJISl CTY/ICHTOB HaIPaBJICHUs TOATOTOBKU
15.03.02 TexHOMOTUYECKHUE MAIIIMHBI U 000pYI0BaHKE
HaIpaBJICHHOCTH (Mpoduiib) « BBITOBBIE MAIIMHBI U TPUOOPHI»



Meroandeckue yKa3zaHUS IO JTUCHUIUIMHE «YTIPABICHHE TEXHUYECKUMH CHCTEMaMM)
COJIepIKaT 3aJaHus IS CTYJACHTOB, HEOOXOAMMBIE JIJIsl TPAKTHYECKHUX 3aHATHH.

[IpopaboTka MpeaIOKEHHBIX 3aJaHUKM TMO3BOJIUT CTYACHTaM NPUOOPECTH HEOOXOJUMBIC
3HaHUs B 00JIaCTH M3y4aeMOM NUCIUIUIUHBI.

[Ipenna3zHauensl 111 CTyACHTOB HampabiieHHs: nmoarotoBku 15.03.02 TexHonoruueckue
MaIIuHBI 1 00opynoBanue. HanmpasieHHOCTH (Tpoduib) BeITOBBIC MAIIMHEBI ¥ IPUOOPHI.



Conep:xanue

Bsenenue

[Tpaktuyeckoe 3anstue 1 JIuneapuzanus aupdepeHnanbHbIX YpaBHECHHH IBIKEHUS,
IIPOLIECCOB, ITepeaay.

[TpakTueckoe 3anstue 2 [loctpoeHre Moseneil cucTeM yrpaBieHUs! dJIEKTPUUECKUX U
MEXaHUYECKUX 0OBEKTOB.

[Tpaktuyeckoe 3anstue 3 OnpeaeneHre NapaMeTpoB MEPEaaTOUHbIX (QYHKIUH.
[TpakTueckoe 3austue 4 [loctpoenne Mozesneil BXOA-BBIXO/ IO ypaBHEHUSIM B hopMme
MIPOCTPAHCTBA COCTOSIHUM.

[TpakTrdeckoe 3austue 5 [lomydenue nepenaTogHbIX GYHKIHMA [0 CTPYKTYPHOU cXeMe
CJI0’KHOM CUCTEMBI YIIPaBJICHUS.

Crucok peKoMeHAyeMbIX HH(OPMAIIMOHHBIX HCTOYHUKOB



BBEJEHUE

HpI/I HU3YUCHUHN KypCa HapsaAay C OBJAACHUEM CTYACHTaMHU TCOPECTUUYCCKUMHU IIOJIOKCHUAMU
YACIACTCSA BHHUMAHUC HpI/IO6peTCHI/IIO MPAKTUYCCKHUX HABBIKOB, C TEM, yTOOBl OHHU CMOILJIH yCHIeIHO
MPUMEHSThH UX B CBOCH MOCIICAYIONICH padoTe.

Lenb ocBoeHUs AMCUMILIMHBI — M3yueHue Teopuu, KOHCTPYKLUHU U MPUHIUIIOB PadOTHI
3JIEMEHTOB aBTOMaTUYECKHUX CUCTEM, METO/I0B MIOCTPOCHUSI MaTEMAaTUYECKUX U 3HAKOBBIX MOJEJIEH
ABTOMATUYECKOT'0 YIIPABJICHUS, UX CUHTE3a U aHATIU3A.

[IpuMeHeHne MeToa CUCTEMHOIO aHajdu3a K U3YyYEHUIO TaHHOM JUCLMIUIMHBI ONPEIEISIeT
CJICAYIOIINE €T0 3a/la4M: W3y4eHHUe MPOoOJieM B UCTOPUUECKON MEPCHEKTHBE, PACIIMPEHUE 3HAHUS
CTYJIEHTOB, Pa3BUTHE CIIOCOOHOCTU CTYAEHTOB K MOHUMAHHUIO U KPUTUYECKOMY OCMBICICHUIO
npobJeM COBPEMEHHOCTH, OOCY)KJaeMbIX B CpPEACTBAaX MAacCOBOW WH(pOpPMALWH, JUTEPATYypHI, a
TaKk)kKe IPUOOpEeTEeHUE HABBIKOB IOCJIEOBATEILHO U IPAMOTHO M3JIaraTh CBOM MBICIHM B YCTHOW U
NMMCbMEHHOU (popme

B pesynbpTaTe 0CcBOEHUS AaHHOUN TUCHUILIMHBI (POPMUPYIOTCS CIEAYIOIINE KOMIIETSHIIUN Y
oOyyJaromerocs:

IIK-5: Cioco0HOCTh, NPUHUMATH y4acTHe B padoTax 1mo pacyery H NPpOEeKTHPOBAHUIO
AeTajeidl M y3JI0B MAaIIMHOCTPOMTEIbHBIX KOHCTPYKIHI B COOTBETCTBMH C TeXHHYECKHUMU
3aJaHUAMH U MCII0JIb30BAHUEM CTAHAAPTHBIX CPEJCTB ABTOMATH3AMHU MPOEKTUPOBAHMNS.

N3yuuB 1aHHBIN KypC, CTYIEHT JIOJKEH:

3HaTh:

OcHoBHBIE PYHKIIMOHATBHBIE OJIOKM CHCTEM aBTOMAaTHYECKOTO YIIPABJICHUS.

YMeTs:

[IpuMeHSTh TUIOBBIE pACUYETHbIE METOAMKU JUIS PacueToB DIIEKTPOTEXHUYECKUX U
3IEKTPOHHBIX YCTPOICTB OBITOBOM TEXHUKU B COOTBETCTBUU C TEXHUUECKUMU 33JJAHUSIMHU.

Bnagers:

HaBbikamMu BBINOJIHEHMSI pPACUETOB IMpPU MPOCKTUPOBAHUM  JIIEKTPOTEXHUYECKUX U
AIIEKTPOHHBIX ~ YCTPOMCTB OBITOBOM TEXHMKHM C HCIIOJIb30BAHMEM CTaHAAPTHBIX CPEICTB
aBTOMAaTHU3alluu IPOESKTUPOBAHUS.

Peanu3zanusi KOMIETEHTHOCTHOTO IMOAX0/a MPEIyCMaTpUBAEeT HIMPOKOE HCIOJIb30BAHUE B
y4eOHOM IpOLIEeCCe aKTUBHBIX M MHTEPAKTUBHBIX ()OPM MPOBENCHUS 3aHATUH (pa300p KOHKPETHBIX
CUTyalui, cobeceloBaHNE) B COUETAaHUU C BHEAYJUTOPHOW paboToil ¢ 1enpio (GOpMUPOBAHUS U
pa3BUTHS TPOPECCHOHATILHBIX HABBIKOB CIELIUATNCTOB.

JlekuUMOHHBIN Kypc sIBisieTCss 0a30¥ JUIsl TMOCIEAYIOMIEro TOJYYSHHUS OO0ydYaroImUMUCs
MPAKTUYECKUX HAaBBIKOB, KOTOpPbIE MPUOOPETAIOTCS Ha MPAKTHUYECKHUX 3aHSATHUSAX, MPOBOJUMBIX B
aKTUBHBIX (opMax: [EJIOBblE WIPhl; CHUTYallHOHHBbIE CEMHMHAphl. MeToauka MpOoBEIEHUs
NPAaKTUYECKHUX 3aHATHH U UX COJepKaHUe MPOAUKTOBAHbI CTPEMIIEHUEM KaK MOKHO 3¢ dekTruBHEee
pa3BUBATh Yy CTYJIEHTOB MBIIUIEHHE U HHTYHUIMIO, HEOOXOJUMbIE COBPEMEHHOMY CIEIHAIUCTY.
AKTUBHBIE (OPMBI CEMHHAPOB OTKPBIBAIOT OOJBIINE BO3MOXKHOCTH Ul TPOBEPKU YCBOEHUS
TEOPETUYECKOr0 U MPAKTHUECKOT0 MaTepuania.

IIpakTuyeckoe 3ansaTue 1 JIuneapuzauus n1udgepeHnaTbHBIX YPABHEHUI IBHKEHUS,
NPoLECCcoB, nepeaay.

HeJI]) 3aHATHUA 3aKIHOYACTCA B (l)OpMI/IpOBaHI/II/I Y CTyACHTOB HpO(l)eCCHOHaHBHOfI KOMIICTCHIINU
TK-5.

BaxuelnmmMm >Tamom Ipru CO3JaHUHU CUCTEM ABTOMATHUUYCCKOI'O YIPAaBJICHUA SABJIACTCA
000CHOBaHNE MaTEMaTHUYECKUX MO)ICJ'ICfI U JUHaAMHUYCCKHUX XapaKTEPHUCTHUK OJJIECMCHTOB, H3
KOTOpPBIX OHA COCTOWT. 3HaHWE MATEeMAaTUYECKUX MOJENed M TUHAMHUYECKHX XapaKTEePUCTUK
AJIEMEHTOB HEOOXOAMMO ISl oOecrieueHusl TpeOyeMoro KayecTBa YIpPaBIICHUS CHCTEMBI IPH
MPOCKTUPOBAHUU. YHHBEPCATBHBIM CPEICTBOM MATEMaTHYECKOTO OIHMCAHHUS  OTIEIBHBIX
JJIEMEHTOB U CHUCTEMBI B IEJIOM SBISIOTCSA U QPEpeHINaTbHbIE YPaBHEHHUS, ONMCHIBAIOIIHEC
TUHAMUYECKHe Tmporecchl. B oOmem ciydae auddepeHnnanbHble ypaBHEHHS SIBIISIOTCS
HEJIMHEHHBIMH, OJTHAKO COTJIACHO 2unomesze 0 MAl0Cmu OMKIOHEHUll KOOpOUuHam TPUMEHSIOT
MCTOJbI JIMHCApU3allii, OCHOBAHHLIC Ha PA3JIOKCHUU B PAI IO CTCIICHAM MaJIbIX OTKJIOHEHHUH.



Paccmorpum  auddepeHnmnansHoe  ypaBHEHHE TPEThETO TOPSAKA, OIMKCHIBAIOIICE
MOBEJICHNE HEKOTOPOW CHUCTEMBI C BXOJHOMW (3ajaroreii)

KOOPMHATOM Y3, BBIXOJHON KOOPAMHATON ) M BO3MYILAOLIMNM Bo3eicTBrEM f.

F(y3l }él y;y'yr)):(P(f;f) (1)
HOCKOJ’IBKy B PEXKHUMEC HOPMAJIBHOI'O (bYHKI_[I/IOHI/IpOBaHI/IH BC€ IICPEMECHHBIC

0 0
CHCTEMbI HMEIOT HOMUHAJIbHBIE (IIOCTOSHHBIE) 3Ha4eHus Y3 =y, Y=Y , § = f " To BCE

npou3BoHbIC B (2.1) CTaHYT paBHBIMU HYJIIO U

F(y03, 0,¥,0,0, o)z (p(fo, o). (2)

VYpaBuenue (2.2) xapakTepu3yeT yCTaHOBHBIIHICS IMpoIlecC B cucteMe. Brporecce
(bYHKIII/IOHI/IpOBaHI/Iﬂ CUCTCMbI HMMCIOT MECTO OTKJIOHCHUS KOOpAWHAT

Ays, Ay ¥ BO3MYIIAIOLIErO BO3ICHCTBHS Af . Tak KaKk 3TH OTKJIOHCHHUS MAJIbI, TO

B OCHOBC OIIMCAHHA AMHAMHUYCCKOI'O IIponueccca JICKAT COOTHOIICHUS
0 0
Flys.0.3.0.0,0)=0lf". 0]

C yuérom (3) pasinoxkeHue B Ps MO CTENEHSIM MaJbIX OTKJIOHCHUH
muddepennnansHoro ypapuenus (1) gaér

F,? 01000}+—F

&F
Ayy +—
39 oy

agy + F

At i‘ Ap+
300 3°=0
;{ m+4{ a5+ =olf0. 0+ ~{ éf+—{ A+
$°=0 =0 fl 7020

(4)

B nosmy4eHHOM pa3iioKEeHUN HE MOKa3aHbl WICHBI BBICIIUX MOPAIKOB, IIOCKOJIBKY, B CHUILY
TUIOTE3bI O MAJIOCTH OTKJIOHEHUH KOOPAMHAT, UMH MOKHO ITpeHEeOpeyb.

JInst Toro 4ToOBI 3amucaTh JIMHEAPU30BAHHOE YPABHEHUE CHUCTEMBbI, HEOOXOIMMO W3
BeIpakeHus (4) BeruecTh BeipakeHue (2). B pesysbrate moayunm

oF A.m% PO - B
¥y .‘-E 8.1'3 -I;] -0 6‘1 l\'D av IG‘=0
lyP=0 Vg0 af 70 c?f 700 )

VYpaBuenue (5) sBistercss MPHOMMKEHHBIM W JTHHEHHBIM OTHOCHTEIHHO

OTKJIOHCHUH Ay;, Ay, Ay, Ay, Mm Af, Af. OHO omuCHIBacT THMHAMHYCCKHE



MMPOLECCChI B CUCTCME aBTOMATUYCCKOTI'O YIIPABJICHUSA TPCTHCTO

Mopsi/IKa.

Ha mpaxtuke Hambosnee 4yacTo BCTpeyaroTcsl ciiydad, koraa snemeHTsl CAY umeror

HEJIMHEHHbIE CTaTHYECKUE XapaKTepUCTUKH. [Ipumep momoOHOM XapaKTepUCTHKU TOKa3aH Ha
puc. 1. IIpu 3TOM COOTBETCTBYIOIIAsA 3aBUCUMOCTD MEKJY BXOJHBIM M BBIXOIHBIM CUTHAJIAMHU

3JIeMEHTa MOXET OBITh 3aIkcaHa B BHE QYHKIUM
Ugpix = (P(UBX)'
lMBLIX

Bty 1

(6)

HBI:IX _________

0
0 Meee

-
Mpx

Puc. 1. Jluneapuzanust HEMMHEWHON CTATUYECKON XapaKTEPUCTUKH

[Iponecc  nmHeapuzanuu CTaTUYECKOM  XapaKTEPUCTUKH 3aKJII0YaeTcs B

3aMeHe KpuBOl AB KacaTelbHON K HEeM B Touke ycraHoBuBLIerocs pexuma C c

0
KOOPJAMHATAMH (u BX, Uy, ) JUist TIOAICHEHHMs! TIpolecca JMHEAPHU3aLUU IIPOBEAEM
A3JIOKCHUC BBIPAXCHUA 6 II0 CTCIICHAM MaJIbIX OTKHOHCHI/Iﬁ
p p (6) Augy, AUgyx

OTHOCHUTCIIbHO TOYKH YCTAHOBUBIICTOCH pECIKUMA. Torma

”EHK ='~'P(:“E}; J

1 COOTBCTCTBYIOIICC PA3JIOKCHUEC IIDUMCT BUI:
k1 !
0 o
+

lHppm = ':I:’{”B};

k1

' 0

Mo | O
BEX
Upx

BerunTas u3 Beipaxkenus (8) Boipaxenue (7), moixydum

[l { ]
Mpprx “Wprm = — |  \Mex “Upx /-
Cligy | 0 :
LT

(7
(2.7)

(8)

©)



O603HauuM B (9) .
Uper — Mppm = Migpr - Upy — gy =Aligy.

~ = K
Cltgx |y,0

" INEPEIUIIEM BBIPA)KECHUEC KaK
Ay = Ktig .
: (10)

Koaddunuent K onpenensiercs o popmyse (cm. puc. 2.1)
K =tgy
M Ha3bIBaeTCA KoaghguyueHmom nepeoayu

asnemeHma.

Takum  o0pa3oMm, Tmepexox K JIMHEAPU30BaHHOU dopme  zamucu  (10)

rpaM4ecKn O3HAYaeT MEepPEeXO] K HOBBIM MEpPEeMEHHBIM AlUgy, AUgpx U MEPEHOC
Hayana koopauHar B Touky C. B 3Toil cBsi3u 3HaK HpHpalieHUs A MOXHO
OIyCTHTH ¥ niepenucarth Boipaxkenue (10) B Buie

Ugpix = Kugy-

3amMeTuM, YTO MpPOBEAEHHAs JIMHEAapu3allus CIpaBeJiiBa Ha HEOOJBIIOM Y4YacTKe U He
MPUMEHSIETCS TIPU 3aBUCUMOCTSX, UMEIOIUX CKaYKOOOpa3HbI XapakTep, K KOTOPbIM OTHOCSITCS
pelneliHble XapakTepuCTUKU. OHU SBISIOTCS CYHIECTBEHHO HEJIMHEWHBIMM, U K HUM IIPUMEHSIOT
apyrue, 0ojee CIO0XKHbIE, METOAbl JIMHEapU3alMM, KOTOPbIE H3YYalOTCsS B paMKax TEOpHUH

HEJIMHEHHBIX CHCTEM aBTOMAaTHYECKOT'O YIpaBJICHUA.

Bonpocsl 1711 o0cyskneHust

1. Hazosure niens inHeapuzanuu quddepeHnmnanbHbx ypapHeHuit CAY.

2. [Tosicuute, )14 4ero NpuMEHSIETCsl TUIIOTE3a O MaJIOCTH OTKJIOHEHUH koopauHat CAY?
3. [lepeuncaure crnocoOb! JIMHEeapU3aluu HEJIMHEWHBIX CTaTUYECKUX
XapaKTEPUCTHK.

4. ITosicHute T€OMETPUYECKYIO MHTEPIIPETALINIO JMHEApU3aLN HEJIMHENHOU
CTaTUYECKON XapaKTEPHUCTHUKH.

5. ITosicaute JIMHEAPU3aLINIO muddepeHIManbHbIX ypaBHeHUH  OMY ¢

MMOMOIIBIO CTATUYCCKUX XAPaKTCPUCTHUK.



IpakTnyeckoe 3ausiTue 2 [locTpoenne Moaesiei cuCTeM ypaBJeHHUs JJIEKTPHYECKUX M MeXaHHUYEeCKHUX
00bEeKTOB.
Hean 3ansaTHs 3aK1049aeTcs B QOPMUPOBAHUH Y CTYIEHTOB MpodeccnonanbHol kommnerenun: [1K-5

1. OcHOBHBIE TEPMHUHBI H ONIPeIe/ICHHUS

duznyeckre BeTUYUHBI, ONPEACIISIONINE X0/ TEXHOJIOTMYECKOro MmpoIiecca,
HA3bIBAIOTCS  hapamempamu  mexHoao2u4ecko2o npouecca. Hanpumep,
napamMeTpaMH TEXHOJOTUYECKOro Mpollecca MOTYT ObITh: TEMIIepaTypa, J1aBliCeHUE,
pacxo/i, HanpsHKeHUe U T. 1.

[lapameTp  TEXHOJOTMYECKOTO  IMpoliecca, KOTOPBIA  HEOOXOIUMO
MOAACPKUBATh TMOCTOSHHBIM WJIM HM3MEHSTh [0 OMNPEACICHHOMY 3aKOHY,
Ha3bIBACTCS PecyIupyemoil 6eTUYUHON VI PecyIupyemovim napament- pom.

3HavYeHUE PEryupyeMor BEIUYMHBI B pACCMAaTPUBAEMbIN MOMEHT

BPEMEHU HA3bIBACTCSA MCHOBEHHBIM 3HAYUCHUEM.

3HAUYCHHUE PETYIHPYEMOW BEIWYMHBI, TIOJyYEHHOE B pacCMaTpH- BaeMBIM
MOMEHT BpEMEHH Ha OCHOBAaHHWH JTAHHBIX HEKOTOPOTO U3MEPH- TEIHLHOTO prOopa,
Ha3bIBACTCS €€ UIMEPEHHBIM 3HAUCHUEM.

Oovexkm ynpasnenusa (00bEKT PEryJIUPOBAHUS) — YCTPOMUCTBO, TPEOYEeMbIil
peXUM pabOTBl KOTOPOTO JOJDKEH IOIJACPKUBATHCS HW3BHE CHEIUATBHO
OpraHU30BAHHBIMU YIPABJISIONIUMEI BO3JCHCTBUSIMH.

Ynpasenenue -  popmupoBanue YIPABJISIFOITUX BO3JICHCTBHUIA,
oOecreunBaNMX TpeOyeMblil peskuM paboThl o0bekTa ynpasienus (OY).

Pezynuposeanue — 4acTHBIA BUJ YIIPABJICHUs, KOTAA 3aJayeld sIB- JISIETCS
oOecrieueHre MOCTOSTHCTBA KaKOW-TM00 BBIXOTHOM BeTMIUHBIOY .

Aemomamuueckoe ynpaeienue — yupaBieHHe, OCylIeCTBIsieMoe0e3
HEMOCPEICTBEHHOTO y4aCTHsI YeTIOBEKA.

Bxoonoe so30eiicmeue (X) — BO3CHCTBUE, T10JaBa€MOE Ha BXOACHUCTEMBI
WJIM yCTPOWCTBA.

Bbvixoonoe eo3zoeiicmeue (Y) — BO3ACHCTBHE, BbIJAaBa€MOE Ha BBI- XOJE
CUCTEMBI UJI YCTPOMCTBA.

Buewinee 6030eiicmeue — BO3A€CTBHE BHELIHEN CPENBI HA CU- CTEMY.

JIrobast cuctema ympaBieHUs (py4yHOTO, AaBTOMATUYECKOTO WJIH aB-
TOMATU3UPOBAHHOTO) B 0053aTEIIBHOM MOPSAKE COAEPKHUT UYEThIpE dJie- MEHTa
(WM YeThlpe MHOXKECTBA 3JIEMEHTOB), OOBEIMHEHHBIX B 3aMKHY- ThI KOHTYp
nepeaayu Bo3AeucTBU (pUCYHOK 1):

- 00BEKT yIpaBJIeHHUs,

- YOpAaBJISIIOLIAs YacTh,

- JaT4uK (AATYUKN),

- UCTIOJIHUTEJIBHOE YCTPOMCTBO (YCTPOICTBA).

Ynpasnatowian




Puc.1. Mozaens cuctemsl yrpaBlieHUS

Jamuuk (/]) — yCTpOHCTBO WIIM KOMILUICKC YCTPOWCTB, MpeoOpa- 3yIOMIHX
HU3MEPSACMBI MapaMeTp TEXHOJOIMYECKOTO IMpoIllecca B BHI, YAOOHBIA IS
JManbHEHIIEH Tmepesayd W HUCIOJb30BaHMsA. Kak MpaBHIIO, TEXHOJOTMYECKHE
mapaMeTpbl HEYJOOHO WM HEBO3MOKHO KOHTPOJM- poBaTh (HaOIIOIaTh,
BBIBOJUTH HAa INYJIbT OIeparopa © T.J.) HampsAMyl 0e3 JIOTMOJHUTEIbHBIX
TEXHUUYCCKHUX CPEJICTB.

Hanpumep, Temmeparypy Henb3ss HaOOaTh BHU3YyalbHO, KOH- TpOJIb
TEeMIIEpaTypbl Teja BO3MOXKEH TOJIBKO B CPaBHEHHH CO CTEICHBIO HArpPeTOCTH
Kakoro-inbo apyroro Tteia. UroObl KOHTpPOJL MApaMETPOB CTal BO3MOKCH,
UCIIOJIL3YIOT PA3HOTO POJAa JTATYMKH, KOTOPBIC MPE00- pasyloT u3MepseMbie
mapamMeTpbl B TIIOKa3aHUS Ha MIkaje mnpuoOopa (1Mo- KasbIBaroOIIUE JIaTYMKH,
HampuMep, PTYTHBIA TEPMOMETp), B pa3HOCTh IOTCHIMAJIOB (HAIpUMep,
TEPMOIapbl) B COMPOTUBJICHUE (TEPMOMETPHI COMPOTUBIICHHUS), B JaBJICHUEC
(mHeBMaTHueckue naTauku) [1-3].

JIaTyrk M3MepsieT TEXHOJIOTHYCCKHI TapameTp, MpeoOdpasyeT eroB Apyroi
BUJI SHEPTHHU U MIEPEIacT yIPaBIISIONIEH YacTH.

Ynpasnawowan uwacms peanuzyer anropuTmsl yhopasieHus. B aB-
TOMATHYECKUX CUCTEMAX YIPABIEHUS 3TOM YACTBIO SBIIIETCS PEryJisi- TOp, IS
CUCTEM PYYHOIO YIPABJIECHHUS — 4YeJIOBEK-ollepaTop. B ympas- msromend dactu
TeHEPUPYIOTCSl YNPABISAIOUIME BO3ACUCTBUS Ha OOBEKT yHpaBlieHUs (Hampumep,
pEIIEeHUsI Ha BKJIIOUYEHUE/BBIKIIOUEHUE py- OMJIbHMKA, U3MEHEHUs HANPSKEHUS U
T.A.). i peanuzanuu ynpasiisi- IOMMX BO3JACUCTBUI CIIYXaT UCHOIHUMEIbHbIE
yempoiicmea (HY).

Pabota paT4MKOB M  HUCIOJHHUTEIBHBIX YCTPOMCTB B OTJIMYHUE OT
YOPABJISIIOLIEN YaCTH 3aKJII0YAETCS JIUIIb B IPEOOpa30BaHUU SHEPTUU, U3MEHEHHUS
uHpopManMu B HUX NPAKTUYECKM HE MPOUCXOAUT (€Cau He CUMTaTh
norpeutHoctH). [loaToMy Npu aHanu3e ¥ CUHTE3€ CUCTEM YIPaBJICHUS Yalle 3TU
gyactu CY omyckaioT, cuuTas UX KO3((UUUEHThl YCHJICHUS PaBHBIMH «1».
HaunbGonee yacto B TAY (Teopun aBTOMaTHde-CKOTO YIPaBICHUS) MPU pacdeTax
MOJIB3YIOTCS 0011l cxeMoit o1HO- KoHTypHO#H ACP (puc. 2).

CYyMMaTo Jf

X —> > P > QY y
A

Puc. 2. OgnoxkonTypHas
ABTOMATHUYECKAS] CUCTEMA PETYIUPOBAHUS

Ha cxeme npuHsaTh 0003HaUEHUS: X — 3a/1atolee BO3AeicTBUE (3aaHue), €
= Xx—y — omuOKa peryJmpoBaHus, U — yOpaBlisiomee Bo3- jgelicrBue, f —
BO3MYIIIAIOIEE BO3ACHCTBHE (BO3MYIIIEHUE).



DneMeHT Ha3bIBACTCA CyMMaTopoMm. Ero nencTBhe 3aKkiroyaercs B
CYMMHUPOBAHHM TIOCTYMAIOIMMX K HeMy curHaioB. Ecim kakoii-mubo cextop
CyMMaTopa 3auepHeH, TO CUTHaJI, MOCTYNAIOUINi B JaHHBIM cek-Top, OepeTcs co
3HAKOM «MUHYyC». [loaToMy B [1aHHOM cxeMe OIuMOKa e Ompelnesercs Kak
Pa3HOCTh MEXAY X U ).

3aoarowee 6o30eiicmeue (BXOTHOE BO3JCHCTBHE X) — BO3JCH- CTBHE Ha
CUCTEMY, OIpeaestoniee TpeOyeMblii 3aKOH M3MEHEHMsI pery- JHpyeMO
BEJINYMHBI).

Ynpasenarowee 6o030eiicmeue (U) — BO3JICHCTBHE  YIPABIISIONIETO
YCTpOICTBa Ha OOBEKT yIpPaBICHHUS.

Ynpasnarowee ycmpoiicmeo (YY) — yCTpOHCTBO, OCYIICCTBIS- FOIIEE
BO3/ICIICTBHE Ha OOBEKT YNPABJICHUS C LIEJbIO 00EeCIEUeHUs Tpe- OyeMOoro pexxuma
padoTHI.

Bosmywarowee eo30eiicmeue (f) — BozneiictBue, crpemsimieecsi HAPYIIUThH
TpeOyeMyto (YHKIIMOHAIBHYIO CBS3b MEXKIY 3aJalolllUM BO3JICHCTBHEM |
PETYIIUPYEMOU BEIIMYUHOM.

Ouwiuoka ynpasnenusn (e=x-y) — pa3HOCTb MEXIY MPEAMUCAHHBIM

(X) 1 IEUCTBUTEIBHBIM (y) 3HAYCHUSIMU PETYIUPYEMOUN BETUUUHBI.

Pezynamop (P) — KOMIUIEKC YCTPOMCTB, IPUCOEAUHSAEMBIX K pEry-
JUPYEMOMY OOBEKTY M O0OECHEeUHMBAIOIIMX aBTOMATUYECKOE TOJJEpKa- HHE
3aJIaHHOTO 3HAYEHUsI €ro PEryJupyeMoil BEJIWYMHBI WM aBTOMAaTH- YECKOE
M3MEHEHUE €€ M0 ONPECICHHOMY 3aKOHY.

Aemomamuueckan cucmema pezyauposanus (ACP) - apromatu- yeckas
chucTeMa ¢ 3aMKHYTOH IIEMbI0 BO3JCHCTBHsI, B KOTOpOM ympaB- JeHue (U)
BbIpa0aThIBAETCS B PE3yJIbTaTe CPABHEHMS] MCTUHHOTO 3HAuUe- HUS ¥ C 3aJaHHBIM
3HAYEHUEM X.

JlonoyiHUTENbHAS CBSA3b B CTPYKTypHOUl cxeme ACP, HampaBieH- Has OT
BBIXOJIa K BXOAY paccMaTpUBaeMOro y4yacTKa L€ BO3JIEW- CTBUM, HA3bIBAETCS
obpatHori cBs3pt0 (OC). OOpatHas CBSI3b MOXET OBITh OTPHUIATEIBHON WIIN
MOJIOKUTEIIBHOM.

Ilpunyun  @ynxkyuonuposeanus  ogHoxkoHTypHOU  ACP: perynsaTop
MPOU3BOJIUT TIOCTOSIHHOE CpaBHEHHE TEKYIIEro 3HA4YeHUsI pEryaupye- Mou
BEJIMYMHBI ) C 3aJlaHHBIM 3HAUYCHHEM X, ompenelisis omuoky e. Ec- nu Tekyiiee
3HAQYEHUE PaBHO 3aJ]aHHOMY, TO PEryJsTOp HE U3MEHSET YMPaBJISAIOIICe
BozaeiicTBue (ACP paboTaer B yCTaHOBUBILIEMCS PEXKHU- M€), B IPOTUBHOM ClTy4yae
VOpPABISIIOIIEE BO3JCHCTBHE HAa OOBEKT U W3- MEHSETCS B COOTBETCTBUH C
BeTMYMHONW OmuoOku. Yem Oojbine omuOKa perynupoBaHusi (M JOJIbIIE OHA
Ha0IroAaeTCs), TeM OOJIbIIIe U3MEHEHUEYTIPABIISIONIETO BO3ACHCTBUS.

JlaHHast cxeMa crpaBejiuBa Kak JJisi aBTOMaTUHYECKOr0, TaK U i1 PyYHOTO
yopasieHus. [lpu pydHOM perymMpoOBaHUM 4YEJIOBEK-OMepaTop, Habmomas 3a
MOKA3aHMUSIMU JTATYUKOB, MBICJICHHO CPABHUBAET UX C 3a- JAHHBIMU 3HAYEHUSMH,
T.€. ONPEACIISICT BEIMUYMNHY OIMUOKU PETYIUPO- BaHUS U, HICXOS U3 ATOTO, PEIIacT,
KaKue IeUCTBUS MPePUHUMATD.



2. XapaKTepUCTHKH U MOJIeJIH YJIEMEHTOB M CHCTEM

2.1. OcHoBHBIE MOIE/IH

PabGoty cucTeMbl peryiupoBaHUs MOXHO ONUcaTh cioBecHO. Tak, B 1.l
onKcaHa CUCTEMa PEryJIMPOBaHUS TEMIEPATYphl CymUIbHOTO miKkada. CiroBecHOe
OMKMCAHUE TOMOTaeT TMOHATh NPUHIMI JEHCTBUS CUCTEMbI, €€ Ha3HauYeHHE,
0CO0EHHOCTH (DYHKIMOHUpOBaHUS U T.A. O/- HAKO, YTO caMO€ TJIaBHOE, OHO HE
JAeT KOJMYECTBEHHBIX OIIEHOK Kaue- CTBA PETYIUPOBAHUS, TIOITOMY HE IPUTOAHO
JUISL  U3YYeHHMS  XapaKTepu- CTHUK CHUCTEeM M TIOCTPOCHHUS  CHUCTEM
apromatusupoBanHoro ympasieHusi (CAY). Bmecro nero B TAY ucnonb3yrorcs
0o0Jjiee TOYHBIC MAaTEeMAaTH- YSCKHE METO/IbI OTICAHHS CBOMCTB crcTeM|2-4]:

- CTaTUYECKUE XapaKTEPUCTUKHU;

- BPEMCHHBIC XapaKTePHUCTHKH;
muddepeHmanbHble YypaBHEHUS;
nepenaToyHbie GyHKIIUU;

YJaCTOTHBIE XapaKTEPUCTUKH H JIP.

B nro0o#t U3 3TUX MOJened cucteMa MOXKET ObITh MpEICTaBiI€HA B BHUIC
3B€HA, MMEIOIIETO0 BXOJHBIE BO3ACHCTBUS X, BO3MyIleHUSs F U BBIXOJHBIC
BozfericTBust Y (pucyHok 3). [log BaustHUEM BXOJHBIX BO3- JACHCTBUN BBIXOJHAS
BEJIMYMHA MOXKET U3MEHSThCSI.

iF

X—>| 3BeHO —> Y

Puc.3. Moaenb cucTeMbl aBTOMaTU3UPOBAHHOTO YIPABICHUS

Yemanoeuswuiica percum — OTO PCXKUM, IIPpU KOTOPOM pacCXoiK- ACHUC
MCKAY MHCTUHHBIM 3HAYCHHUCM perynnpyeMoﬁ BCINYHWMHBI H €€ 3a- OJaHHBbIM
3HAa4YCHUCM 6YI[CT IMOCTOAHHBIM BO BPCMCHMU.

2.2. CTtaTH4ecKne XapaKTePUCTHKH

Cmamuueckoil xapakmepucmuKkoil >JeMEHTa Ha3bIBACTCS 3aBH- CUMOCTh
YCTAHOBUBIIIMXCS 3HAYCHUN BBIXOJAHOW BEJIWYMHBI OT 3HAue- HUSl BEJIMUYUHBI Ha
BXOJI€ CHCTEMBHI, T.€. Yyer = O(X).

Yyc

> X

Puc. 4. Cratuueckas XxapakTepUCTHKA JIEMEHTACUCTEMbI
aBTOMATU3UPOBAHHOIO YIIPABJICHU

CraTudeckyro XapakTepucTUKy (puc. 4) 4acTo u3o0paxkaror rpa- puiyecku B
BUJIE KPUBOH Y(X).
Juneiineim cmamuyeckum 31emMeHmoM Ha3bIBACTCA O€3bIHEPLM- OHHBIN



AIIEMEHT, 00JIaTafOIIHN TMHEWHON CTATUIECKON XapaKTEPHUCTH- KOM:
Vyer = K'x + ag.

Kak BugHO, crarnueckas XapakTEpUCTHKA DJIEMEHTA B JAHHOM Cllydae
UMeeT BUJI MIpsIMOH ¢ ko3 duirentom HakioHa K.

JIuHEeHbIE CTAaTUYECKHUE XAPAKTEPUCTUKHA, B OTIAYHE OT HEJIU- HEWHBIX,
6osee yaoOHBI 11t u3y4yeHus O6narogaps cBoeit mpocrtore. Ec- nmu Mmoaens oObekTa
HE JIMHEHHA, TO OOBIYHO €€ MpeoO0pa3yloT K JHUHEH- HOMY BHUAY NyTeM
JIUHEapU3auuun.

CAY HaszpIBaeTcsi cmamuueckoil, €Cild TPU TOCTOSIHHOM BXOJ- HOM
BO3JICUCTBUM OIIMOKA YIPaBIEHUS € CTPEMHUTCS K IOCTOSSHHOMY 3Ha4y€HHUIO,
3aBUCSIIEMY OT BEJIMYMHBI BO3ICUCTBUS.

CAY HazbBaeTcsd acmamuueckoil, €Clli TPU TOCTOSHHOM BXOJ- HOM
BO3JICUCTBUM OIIMOKA YIpPaBJICHUS CTPEMUTCS K HYJIIO BHE 3aBH- CUMOCTH OT
BEJINYMHBI BO3/ICVCTBUS.

2.3. BpeMeHHBbIE XapaKTePHCTHKH

[Tepexo CUCTEMBI OT OJJHOTO YCTAHOBUBIIErOCSA PEKUMA K JIPYy- TOMY TIPU
KaKUX-IM00 BXOIHBIX BO3JCHCTBUAX HAa3bIBAETCS IEPEXOJ- HBIM IIPOLIECCOM.
I[TepexoHbIe TPOLECCH MOTYT H300paKaThCs Tpadu- 4ecku B Buze kpuBoi Y(t).

Hanpumep, nporiecc HarpeBa CyHIMIIBHOTO InKada J0 yCTAHOBHB- IIErOCs
3HAYEHUSA MOKET UMETh BHJI, IPEICTABIEHHBIM Ha pUCYHKE 5.

T

Puc.5. Mogens nporiecca HarpeBa mkaga CyluibHOro

T.e. mepexoaHBI MPOLECC XAPAKTEPU3YET IAUHAMUYECKUE CBOW- CTBa
CUCTEMBI, €€ ITIOBEJICHHUE.

Cnenyer pa3nuyaTh JIMHAMUYECKHME M CTAaTHYECKUE XapaKTepu- CTHUKH,
IIOCKOJIbKY OHH CTPOATCS B Pa3HbIX KOOPAWHATAX U XapaKTEpPU- 3yIOT Pa3JIUYHbIE
CBOMCTBA CUCTEMBI. 3Has HA0Op AMHAMUYECKUX Xa- PAKTEPUCTUK MPHU PA3TUIHBIX
BXOJIHBIX BO3JICMCTBUSIX, MOKHO MOCTPO- UTh CTATUYECKYIO XapaKTEPUCTUKY, HO
M0 CTATUYECKOUN XapAKTEPUCTU- K€ BOCCTAHOBUTH JUHAMUKY HEBO3MOXKHO.

[TockonbKy BXOJHBIE BO3ACHCTBUSA MOTYT U3MEHSTHCS BO BpEME- HU, TO U
MEePEXO0JIHbIC XapaKTEPUCTUKKU OyIYyT KaX bl pa3 pa3Hbie. [IsampocToThl aHam3a
CHUCTEM BXOJIHbIC BO3JICUCTBHS MTPUBOMST K OJJTHOMY M3 TUIMOBBIX BUJIOB CUTHAJIOB

(pucyHoOK 6).
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a) € IMHUYHBIN 6) S'CI)}’HKHI/IH B) JINHENHBIN F) CHHYyCOHUAJIb-
CTYIIEHYAThIN (nenpra- CUTHAJI HBIH
CUTHAaJ QyHKIHS, (rapMOHHYECKUT)
UMITYJIBC) CUTHAaJ

Puc.6. TunoBbie BUIBI BXOIHBIX CUTHAJIOB

B 3aBucuMocTr OT BHMJa BXOJHOTO BO3ACHCTBHSA (PYHKUMS y(t)
MOXKET UMETh pa3HOe 0003HAYCHUE:

1. Hepexoonoii xapaxkmepucmuxoii h(t) HassiBaeTcs peakius 00bEKTa Ha
eOUHUYHOe cmyneHuamoe BO3JCUCTBHE (CUTHAJ) NPHU Hy- JIEBBIX HAYaJbHBIX
ycinoBwmsix, T.€. mpu x(0) = 0wu y(0) = 0.

2. Hmnynvcnoii xapakmepucmukoii 6)(t) Ha3pIBaeTCa peakusoObEKTa HA
O-pyHKIMIO TTPU HYJIEBBIX HAYaIbHBIX YCIOBUSX.

[Ipu nmogave Ha BXoJ 00bEKTa CHHYCOMIATLHOTO CUTHAJa Ha BBI- XOJIE, KaK
MPaBUJIO, B YCTAHOBHUBIIEMCSI PEXKUME TMOJY4YAETCS TaKXKe CH- HYCOUAATbHBIN
CUTHAJI, HO C APYTroi aMIUTUTY10M U (a3oi:

Y = Apxsin(o-t + @),

rae Agux — aMIUTATYA, O — YacTOTa CUTHaIA, ¢ — ¢asa.

3. Yacmomnoii xapakmepucmuroii (UX, AD®X u n1p.) HaselBaeT- cs
3aBUCUMOCTh  aMIUIUTYABl ¥ a3kl BBIXOAHOTO CHUTHAjda CHUCTEMbl B
YCTAHOBUBIIEMCA pEXKHUME NPU TPWIOKEHUHM HA BXOAE T'apMOHHYECKOIO
BO3JICUCTBUS.

Bonpocs! 1J1s1 o6cyxaeHust

1. Uro Takoe mapamMeTpsl TEXHOJIOTHYECKOTro mporecca?

2. Uro Takoe perynupyemas BeTHdrnHa?

3. Uro Takoe peryiaupyemslii mapamerp?

4. Uro Ha3pIBaeTCs MIHOBEHHBIM 3HAUCHHEM DPEryJIMpyEeMONBEITUYUHbI?

5. Uro HasbIBaeTCs WU3MEPEHHBIM 3Ha4e€HHEM perympyemMon
BEITUYHHBI?

6. Uro Takoe 00BEKT yIpaBICHUSA?

7. [Haiite OIIpEeJICIICHUE TIOHSITUIO «YmpaBiaeHue» B paMKax
TAY.

8. Haiite onpenenenue noHATHIO «PerynupoBanue» B pamkax TAY.

9. UYro Takoe aBTOMaTH4YECKOE yIpaBieHHe?

10. Uro Takoe aBTOMAaTH3UPOBAaHHOE YIIpaBiIeHue?

11. UeM aBTOMaTHYECKOE YIPABIECHUE OTIIMYACTCS OT aBTOMATH-3UPOBAHHOTO?

12. Uem BxomHOe Bo3neicTBUE (X) oTMyaercs OT BhIxogHOro?Kak o6a Bo3mencTBUs
o0o3HayvaroTcs B pamMkax TAY?

13. Yr0 Takoe BHEIIHEE BO3AeHCTBHE?

14. [MocTpotiTe 0011yI0 MOJENDb JTI000H CUCTEMBI YIIPABICHHUS.

15. Yt0 Takoe AATYMK U JJI1 9ETO OH UCIIONb3yeTCs?

16. Jiis BBITTONTHEHUS KaKUX (DYHKIHHA MpegHa3HaueHa yIIPaB-JIAIoIias 9acTh B CHCTEME YIPaBICHUA?



17. UTo Takoe HCHOJHUTEIHHOE YCTPOWCTBO B CHUCTEME YIpPaB-JICHUS?

18. Uem xapakTepusyeTcs BO3MYILAIOLIEE BO3JCHCTBUE HAa CH-CTEMY?

19. Uro Takoe 3aaaromiee Bo3eicTrre?

20. Uro takoe ympasistoliee Bo3zeiicTBue? YeM OHO OTIHYAET-CS OT BO3MYIIAIOMIET0?

21. st yero npeaHa3HAYCHO YIPABIISAIONIEE YCTPOUCTBO?

22. Uro Takoe ommoKa yrpaBieHus ?

23. st yero npeaHazHadaetcs perynstop B ACP?

24. [aliTe onpeneneHne aBTOMaTUYECKOH CUCTEME PEryJIHpOBa-

HUSL.

25. KaxoB mpuHIAN (yHKIIMOHUPOBAHUS OJHOKOHTYPHON aBTO-

MaTHYeCKON CHCTEMBI PETYITHPOBAHUS?

26. Uro takoe yctanoBuBLIMiica pexxum CAY?

27. [ocTpoiite u oxapakTepu3yiHTe MOJEIb CUCTEMbl aBTOMATH-3UPOBAHHOTO YIIPaBJICHUSI.

28. Uro Takoe cratuueckas xapakrepuctuka sjemMeHTa CAY?

29. Uto Takoe IUHEWHBIN cTaTuueckuii anemeHT CAY?

30. Ji1st 4ero UCTIONB3YIOT METO/IBI JINHEAPH3AINHN ?

31. OnummTe TUMOBBIE BUIBI BXOJIHBIX CUTHAJIOB.

32. [Haiite onpeneneHusi XapakKTepUCTUKaM: HEPEXOIHOM, UM-ITyIbCHOM, YaCTOTHOU. UTO B HUX
o61ero?

IIpakTnyeckoe 3ansiTue 3 OnpeaeseHue NnapaMeTpoB NepeIaTOYHbIX (yHKIMIA.
Hean 3ansaTus 3aKo4aercs B QOPMUPOBAHUH Y CTYICHTOB MpodeccnonanbHol kommerenun: [1K-5
1. Omnpepnesienne nepeaaTo4Hoil GyHKIUH
[IpeoOpazoBanue muddepeHIMaIBHBIX YpaBHeHHI 10 Jlaruiacy n1aeT BO3MOXXHOCTh BBECTH YI00HOE
MOHATHE TIePeIaTOYHON (QYHKIINHU, XapaKTepU3yIOIeil THHaMIYeCcKre CBoiicTBa cuctembl [1-3].
Tak, onepaTopHoe ypaBHEHUE
3s2-Y(s) + 4s-Y(S) + Y(S) = 25-X(s) + 4X(s)
MOYHO MpeoOpa3oBath, BeiHecs X(S) 1 Y(S) 3a CKOOKHM ¥ MOJICITHB IPYT Ha Ipyra:
Y(s):(3s% + 4s + 1) = X(5) (25 + 4)
_Y(9) 25 +4

2
X(s)3s” +4s+1
[TonyueHnHoe BhIpaX€HNE HA3BIBACTCS HEPEOamoyHoil hyHKyueil.
Ilepedamounou ¢hynkuuei Ha3bIBaeTCsI OTHOIICHNE H300paKeHHsT BBIXOAHOTO Bo3aeicTBHs Y(S) K

n300pakeHUI0 BXOAHOTo X(S) MPHHYJICBBIX HAYATbHBIX YCIOBHSX:
Y(s)
W(s) = 1)

X(s)
[lepenaTounas ¢GyHKIUsS SABISETCS IPOOHO-pAIMOHANIBHON (YHK-IIMEH KOMIUIEKCHOW MEPEeMEHHOM:

_B(s) by +bysH J‘JE.S‘Z b bmsm‘

W(s) 2)

; 2 ’
A(S)  gp+as+ars”+. +a,s”

e B(s) = bo + b1s + b2s% + ... + by S™ — monmHOM uncTHTENS,

A(S) =ao+ais+ a s+ ... + an S" — MOJMHOM 3HAMEHaTeJIs.
[Tepenarounast pyHKIIUSA UMEET MOPSI0K, KOTOPBIH OMpEAeIsSeTCATOPAAKOM MOJIMHOMa 3HaMeHaress (N).



N3 (1) cnemyer, 4uTo M300pa)KCHHUE BBIXOJHOTO CHTHAlA MOXXHOHAWTH Kak
Y(s) = W(s)-X(S).
Tak kak mepenarouHas (pyHKIHS CHCTEMBI ITOJHOCTHIO ONPEAEISIET €€ TUHAMHUYECKHE CBOWCTBA, TO

IIepBOHayalibHasl 3ajaya pacueTa aBTOMAaTHuUecKoM cucteMbl peryinupoBanus (ACP) cBoautcs k
OIpeICIIEHUIO €€ niepeaarounoi Gpyukuuu [1, 4-7].

2. IIpuMepbI THNOBBIX 3B€HBEB ABTOMATHYECKHUX CHCTEM PeryJiupoBaHuUs
3eenom ACP Ha3bIBaeTCsl €e 3JIEMEHT, 00JaJatoInii ONpeieIeHHBIMHA CBOMCTBAMH B JMHAMUYECKOM
otHomeHuu [1,5]. 3BeHbsS CHUCTEM pETyIMPOBAHHS MOTYT WMETh Pa3HYK (U3HUYECKYI0 OCHOBY
(3MeKTpH- YecKue, MHEeBMATUYECKHUEe, MEXaHUYECKHUE U Jp. 3BEHbsS), HO OTHOCUTCSK OJHOW IpyIIIe.
CooTHollIEHHE BXOJHBIX W BBIXOJHBIX CHUTHAJIOB B 3BEHBSX OJIHOM TPYNIbl OMUCHIBAIOTCS
QOUHAKOGLIMY TIEPEAATOYHBIMU QYHKIUSIMHU.

K mpocreiiimmm TUIIOBBIM 3BeHbsIM OTHOCATCS [1,7]:
- YCUIIUTEJIBHOE;
- UHTETPHUPYIOIIIEE;
- nmuddepeHnupyoiee;
- arnepHoaANYECcKOe;
- KosebaTenbHOE;
- 3ama3/bIBaloIIIee.

> YceniaurenabHoe 3BEHO.
3BEHO yCUJIMBAET BXOJHOU curHai B K pa3. YpaBHEHHE yCHIINTEIbHOIO 3BEHA
UMeeT BUL:
y = K'x,ero nepenatoyHasi pyHKIMsI UMEET BU:

W(s) = K.
HapaMeTp K nas3piBaercs Koaéﬂuyueumom YCUJICHUA.

BrixonHOM cuUTHaAN Takoro 3B€Ha B TOYHOCTH IMOBTOPSIET BXOJHONCUTHAI, yCHIICHHBIN B K pa3 (puc.
1).

YK

t 7

Puc. 1. I300pakeHune BBIXOIHOTO CUTHAJIaycUIuTeNbHOro 38eHa ACP
[IpumepamMu TakuX 3BEHBEB SIBISIIOTCS: MEXaHUYECKHE Mepeaydu,JaTuuku, Oe3bIHEPIUOHHBIE
YCUJIUTENHN U JP.

> Hurerpupyromee.

° HNneanbHoe MHTErpUPYIOLIIEE.
BrixogHas BenMuyMHA HMICATBHOTO HHTETPUPYIOLIETO 3BE€HA MNPONOPLUHUOHAIBHA UHTErPay BXOJHON BEJIUYHHBL.

VYpaBHEHHE UEAITBHOTO HHTETPUPYIOLIETO 3B€HA UMEET BUI:
t

y = K[x(t)dt;
0

nepeaaroyHas GyHKIH 3BeHa UMEET BU;

W(s)= K/ S



[Ipu nmomaue Ha BXOJ 3B€HA BO3JIEUCTBUS BBIXOJHON CUTHAJI MOCTOSIHHO BO3pacTaeT (puc. 2).

y

T

Puc. 2. U300pakeHue BBIXOAHOTO CUTHATaUACaIbHOTO0 HHTErpupyroliero 3seHa ACP
OTO 3BEHO acTaTUYECKOE, T.€. HE NMEET YCTAaHOBUBLIETOCS PEXKHUMA.

° PeasibHOe MHTErpHpYIOLIIEE.
[lepenaTounas GyHKIUS peaibHOTO HHTETPUPYIOLIETO 3BE€HA UMEET BUJIL:
K
W(S) =
s(Ts+1)
[lepexoanass XxapakTepHCTHKA, B OTIMYHE OT HICATHHOTO 3BEHA,ABJSCTCS KPUBOH (pHC. 3).

Y /

Puc. 3. I/I306pa>1<eHHe BBIXOJHOT'O CUTHAJIAPCAJIbHOI'O HHTCTPHUPYIOLICTO 3BCHA
ACP

HpI/IMepOM HHTCIPUPYIOHICTO 3BCHA ABJISACTCA JABUTATCIIb IIOCTOSAHHOTO TOKa C HCE3aBUCHUMBIM
B036y)KI[€HI/IeM, €CJIM B Ka4€CTBC BXOJHOTO BOSHGﬁCTBHﬂ INPUHATH HAIIPSXKCHUC IMUTAHUA CTAaTopa, a
BBIXOJHOT'O

— yroJj moBOpOTa POTOpa.

> JAuddepenuupyromee.

L] HNpeanbHoe nuddepenuupyroiee.
BI)IXOJIHaH BCJIMYMHA NPOIIOpHHOHAIbHA HpOHSBOJIHOfI 0 BpEMEHU OT BXO}IHOﬁ, NMECT BU:
dx(t
y=K ® , —
dt
nepenaToyHasi QyHKIIHs 3B€Ha UMEET BU/I;
W(s) = K:s.

[Tpu cTyneHyaToM BXOJHOM CHTHAJIe BEIXOHOM CUTHAI MPEICTABISIET cO00M UMITYIbC (O-QYHKIIHIO).

L] PeanbHoe nuddepennupyromee.
Uneansubie muddepeHnupyomyue 3BeHbs (U3UYEeCKH HE peann3yeMbl. BOJIBIIMHCTBO OOBEKTOB,
KOTOpBIE TIPEACTABIAIOT Cco00i  muddepeHupyommue 3BEHbA, OTHOCATCS K  peaJbHbIM

i depeHIUpYIOIUM 3BeHbsIM (pHC. 4).
[TepexoaHas XapakTEpUCTHUKA U NTEpeAaTOYHAs (QYHKIMS 3TOTO 3BEHA NMEIOT BUI:



W) =K
Ts+1

4 | =

t

Puc. 4. 300paxeHne BBIXOJHOTO CUTHAJIA peajbHOro Au(depeHIUPYIOIEro 3BeHa

ACP
> Anepuoauveckoe (MHEPIUOHHOE).
BreixogHas BenMMuYWHA anepuoIUYECKOro 3BEHA omperaelsercs u3auddepeHIHaTb,HOTO YPaBHCHHSI BHIA:
dy
T 7 +y=Kx.
dt
[Tepenarounas byHKIUS arepruoaUYECKOro 3Bena ACP  umeer
BUJI: K
W(s) = .
©) Ts+1

Ecnu Ha BXOZ 3TOro 3BeHa MOCTYNACT CTYIICHYATOC BO3JCHCTBUEBEIIMYMHEI X0, OpUrnHal BBIXOJHOM BEIMYHUHBI

HMMEET BUJ:
t

y(t)=Kxo(l-e T)~

[TocrossnHas 7 Ha3bIBAECTCS ROCHIOAHHOU 8DEMEHU.
BonbIIMHCTBO TEMIOBBIX OOBEKTOB SIBISIFOTCS alepHOIUYECKIMU3BEHbSIMH.

3. Coenunenus 3seHbeB ACP
Hccnenyemblit 0ObEKT B LEAX YIPOLICHUS aHaIN3a QYHKIIMOHU- pOBaHUS HEO0X0IMMO pa30nBaTh Ha
3BEHBSI, TIOATOMY TIOCTIe ONpezelie- HUs NMepeaaTOuHbIX (GYHKIMH s KaKJ0T0 3BeHa BCTAeT 3ajada
00b- eJMHEHHS UX B OJIHY TIEpEeJaTOuHyI0 (yHKIMIO o0bekTa [1,6,7].
Bun nepenatounoit pyHKIIMM 00bEKTa 3aBUCHT OT MOCIIEI0BA- TELHOCTH COCTMHEHNUS 3BEHBEB.

ITocaenoBarenbHOE coeJUHEHHE.
[Ipn mocnemoBaTenbHOM COENMHEHHWH 3BEHBEB (pHC. 6) WX TMepedaa- TOYHBIE (PYHKIHH
MEPEMHOXKAIOTCS:



W= Wi1-W2-Ws-...-Wh.

—> W >W, >Ws3 —=>
Puc. 6. [1ocienoBarenbHoe coequuenue 38eHpeB ACP

IMapaJiesibHOE COeIMHEHUE.
[Ipu napannenbHOM COeIMHEHNHT 3BEHBEB (PHUC. 7) UX MepeaaTou-Hble PYHKIIUN CKIIAIbIBAIOTCS

W=Wi+Wz+Ws+...+W,.

%Wl |
X l y

W

\W3

Puc. 7. [TapannensHnoe coequnenue 3seHreB ACP

OopaTtHasi cBSI3b.
[Mepenatounast GyHKUMs mpu OOpaTHOM CBSI3U 3BEHBEB (pUC. 8)MMeeT BU:
W1
W= -

1+WqW»
i€ 3HaK «+» COOTBETCTBYET OTPHUIATENLHON 00OpaTHOM CBS3U, 3HAK «-»COOTBETCTBYET MOJIOKUTEIBHOMN
o0paTHOI CBsI3H.

X y

%@éWl

W,

Puc. 8. ObpartHnas cBs3b 3BeHbeB ACP

st ompesenieHnsl TEpeNaTOYHBIX (YHKIUA OOBEKTOB, MMEIOIMUX 00Jiee CIOKHBIE COCIUHECHHS
3BEHBEB, UCTIOJB3YIOT JHOO0 MOCIIE0BATEILHOE YKPYITHEHHE CXEMBI, JIN0O Mpeodpas3yroT 1o Gpopmysie
Mesona [6,7].

4. Omnpenesienne nmapaMerpoB mnepeaaToyHoil GyHKUHMH O0BbEKTa IO INEpPexXOaHOM
KPHUBOM.
[Tporecc nomydeHus neperaToyHoON QyHKIMH 00BEKTa, UCXO M3 AaHHBIX O MEPEXOTHOM Ipoliecce,
Ha3bIBaeTCs uAeHTHuKkanmeii 00beKTa.
[IpenmnonoxumM, 4TO HpU IOJAa4Y€ HAa BXOJ HEKOTOPOro OOBEKTACTYNEHUYATOro BO3AEHCTBHS Oblia

y




HOJTy4eHa [epexXoIHas XapakTeprcTHkKa (puc. 9).
Puc.9. N306paxkenne BHIXOAHOTO CUTHATIAMCKOMOW TIepe1aTOYHON (QYHKIIUU

Tpebyercs onpenenuTh BUJ M IapameTpbl MepeiaTo4yHOi (YHKIMH.
IIpenonoKuM, uTo repeaaToynas GpyHKIUsS UMEeT BUJL:
K
W(s) = e ™

Ts+1
rne K — ko3 dunment ycunenus; 7 — NOCTOSHHAS BpEMEHH; T — 3a11a3a/IbIBaHHE.
Ilo BHCIIHEMY BHIAY nepez[aTquoﬁ (1)YHKI_II/II/I BHUJHO, YTO OJ3TO 3BCHO CHCTCEMBI SABJISICTCA
I/IHepI_[I/IOHHBIM C 3a11a3IbIBAaHHUCM.
KOZ)QQI/I!!I/ICHTOM YCUJICHMS HA3bIBACTCA BCIMYKMHA, ITOKA3bIBaroIlas, BO CKOJBKO pa3 IaHHOC 3BCHO
YCWJIMBAET BXOJHON CHTHai (B YCTAaHOBHUBIIEMCS pEXHME), U paBHAa OTHOIICHUIO BBIXOJHOU
BCJIMYHHBI Y B YCTAHOBUBIICMCA PCIKUME KO BXO,Z[HOP'I BCJIIMYHHE X.

K :yycm

X
YcranoBuBIeecss 3HAYEHHUE BbIXOZ!HOﬁ BCJIWYHUHDBI Vycr — 9TO3HAYCHHUE y IIPU t — o0,

3anasipiBaHMeEM T Ha3bIBAETCS IIPOMEKYTOK BPEMEHU OT MOMEH- Ta U3MEHEHUS] BXOJIHOW BEJIMYUHBI
X J10 HayaJla U3MEHEHUs BBIXOJIHOM BEJTUYHUHBI .

IlocTosinnas BpemeHu 7 MOXET OBITh OIpeesieHa HECKOIBKIMH METO/IaMHU B 3aBUCHMOCTH OT BU/IA
nepenatouyHol Qgyukumu. g pac- cmarpuBaemoil mnepeaarodyHoidl ¢yHknuu 1-ro mopsanka T
orpernessieTcs HauboJee MPOCTO: CHAadala IMPOBOJIMTCS KacaTelbHas K TOYKE meperu- 0a, 3arem
HaxoJATCsl TOUKU IEPECEUEHHUs C OCbK0 BPEMEHU M ACUMITO- TOW Yycr; BpeMsi 1 ompenaensercs Kak
MHTEPBaJl BpEMEHU MEX1y 3TUMU TOUKaMH.

B cnywae, ecnum Ha Tpaduke MexIy TOUKOM mepernba HMeeTcs BO- THYTOCTb, OIpeNeseTcs
JOMOJHUTEIBHOE 3aI1a3/(bIBAHUE Tron, KOTOPOE MPUOABIAETCA K OCHOBHOMY: T = T + Tyon.

3aganme.

[To 3amanHbIM TepenaTouHbiM QyHkuusM W(S), ucrmonb3yst naHHble Tabmun | U 2 MpakTHYECKOM
pabotsl Ne 4 [1-5], monyunts opuruHaist W(t).

BapuanTbl 3a1anuii

Bapuanm Ne 1
) W(s)= T gwe= 2
S 6s” +5s+1
9s” +s+1
Bapuanm Ne 2
2
) W(S) = gwE= 2
Y (s+1)(s” +1)
6s” +5s+1
Bapuanm Ne 3
2 _
) W(S) = oowe= 2
5 6s” +5s+1
(s+1)(s™ +1)
Bapuanm Ne 4
2) W(s) = 4s +1 . 6) W(s) = 8s

5 (s +1)(s2 +5+1)
6s” +5s+1



IIpakTuyeckoe 3ansaTue 4 [locTpoeHue Moaesell BX0A-BbIX0/ 110 yPaBHEHUsIM B popme
NMPOCTPAHCTBA COCTOSTHHUM.

Henpb 3ansaTUdA 3aK109aeTcs B (GOPMHUPOBAHUH Y CTYJAEHTOB MPOPECCHOHATEHOW KOMITETEHITUH:
IIK-5

[Tycte quddepenunanbabie ypaBHeHUsE 00bEKTa WM CUCTEMbI YIIPaBICHUS 3alMCaHbl B opme
MPOCTPAHCTBA COCTOSIHUIA:

& _
dt
A + Bf, (0); 1)
y =C +df.

JIJ1s TpOCTOTHI MPUMEM OJHOMEPHBIH CTydail: IepeMeHHbIC BXOa U BbIxoa f 1 y SBISIOTCS
CKaJsipaMu; MaTpuia Bxoaa B - ctonberr; matpuna Beixona C - crpoka; d - ckamsp ooxona.

[Ipeobpazyem ypaBuenws (1) o Jlammacy npu HyJeBbIX HAYaIbHBIX YCIOBHUSX:
s(s) = AV(s) + BF(s); 2
Y(s) = C(s) + dF(s).

Bripa3um pelieHue CHCTEMbI aJIredpanyecKux ypaBHeHH - H300paskeHne BEKTOPa COCTOSTHUI
- B caenywiei gpopme:

() = (sl - A)*BF(s), ©)

rae (sl - A)? - maTpuiia, oOpaTHas XxapakTepucTuieckoi matpuie (sl - A) matpunsl A; I - emuHIYHAS
matpuna. [logcrasum (2) B (3) 1 mosrydnm

Y(s) = W(s)F(s) = [C(s] — A)*B + d]F(s).
[lepenaTounas pynkuus W MoKeT ObITH 3alMcaHa ¥ UHAa4Ye, €CIIM y4eCTh, YTO
(sl-A)yr=(sl-A)1A(s), 4)
rae (sl - A)* - npucoeIMHEeHHAs MaTPHIIA,
A(s) = det(sl - A), )

A(S) - ompenenuTeNb XapaKTEPUCTHUECKOW MATPHIBI - XaPAKTCPUCTUYCCKUN IMOJUHOM CHUCTEMBI
muddepeHnnaIbHBIX YPaBHEHUH .

C yuerom (5) nepenatounas GyHKINS 3aMHIIETCS KaK

* N
B(s) C(sI—A4) B+dd(s)
_4[:5) _-.l(_E) (6)
DreMeHTaMu MPHUCOSTUHEHHOW MaTpuilbl (sl - A)* SBIsIIOTCS anreOpanyecKue AOMOTHEHUS
AIIEMEHTOB XapakTepuctuueckod Matpuubl (sl - A), T.e. moiaumHombl. MX cTeneHH HE MOTYT

npeBoCXoauTh n - 1. Takum oOpa3om, kak BUIHO U3 popmynsl (32), crenens m = degB monnnoma
yucnuTens nepenatoyHod Qynkumm W He MoxkeT ObIThb Bblle cTenmeHd nh = degA

Wis)=




XapaKTepUCTHUECKOTO IOJIMHOMA W paBHA €l TONBKO IPH . DTO OTrpaHUYMBAET BO3MOXKHOCTH
ONMCaHUs JMHAMUYECKUX CUCTEM B HOpMaJIbHON (hopMe MPOCTPAHCTBA COCTOSHUIA.
Nmess monuHoMBbl mepemarouHoil Qynkuuu (6), Jserxko 3anucath auddepeHuuanbHoe

YpaBHEHHUE N-TO MOPSAKA.
[peobpasyem mo Jlamnacy ypaBaenus (2)

s(s) - (0) = A(s) + BF(s)
U TIOJTyYUM BBIpaXXECHUE U N300pa’keHHsT BEKTOpa COCTOSTHUS

() = (s - A)*(0) + (sl - A)* BF(s). (7)
B »T0ii cymme mepBoe ciiaraemoe - CBOOOIHOE, a BTOPOE - BBIHYKJICHHOE JIBIKEHUS CUCTEMBI. J[ist
HOJY4YEHHUs] OpUTHHama - GYHKIUN BpeMeHH (t) BBIOJHSAETCS ONepalus 0OpaTHOro nMpeodpa3oBaHUs
Jlanmaca. B naHHOM citydae BhIpaKeHHE IS M300paskeHUsT MPEICTaBIsIeT cO00i MaTpuIly, OJTHAKO
CIpaBeJIMBa aHAJIOTHs CO CKAIPHBIM citydaeM. OpUrHHal CKaJsIpHON QyHKIUN

g 1 -1 -1
L r=1L 'r(_z—f.f] ']|=em

|5—a
UMECT BU OKCIIOHCHTHI. OKa3bIBaeTCH, YTO aHAJIOT'MYHOC BBIPAXKCHUC UMCECT MCCTO U B MATPUIHOM
ciy4ae, T.e.

Le{(sl - A)'} = ex=D(v),
4TO SIBJISETCS MATPUYHOW OKCIIOHEHTOW, Ha3blBaeMOil Marpuieil mnepexoza. I[Ipou3BeneHHIO
U300pakeHUH OTBEYAET CBEPTKA OPUTHHAJIOB, 3TO CHPABEIUIMBO W Uil MaTpuil. [loaTOMy BeKTOp

COCTOSIHUSA KaK (pyHKIMs BPEMEHH OIy4aeTCs U3 BhIpakeHus (6) 1 HMEET CIeMy OMunii BU:
T
V() = v(0)+ [ e VB (e
’ (8)
N300paxeHre MEPEMEHHOM BBIXOJAA TIPU HYJIEBBIX HadadbHBIX ycioBusax (0) = 0 momyuures
TI0JICTAHOBKOM BTOPOT'O CJIaraéMOro BBHIPAXKEHHS BO BTOPOE YPABHEHHE CHCTEMBI:

Ecnun Ha BXOX cHCTEMBI NMOJAeTCs €IUHUYHBIM uMIynabc, T.e. F(s) = 1, To peakuus cucremsl
(uMnysbCHas nepexoHas (pyHKIMSA) onpeenseTcs U3 BhIpaKeHHs.

Ortcrozia cieayeT OAuH U3 COCOOO0B MOTyYCHHs MaTPHUIIBI Iepexo/a myTeM odpaiieHus no Jlamracy
marpuisi (sl - A)L

Bomnpocs! 1iist 00cyxaeHus
1. Yro Ttakoe paboyas Hady3Kka?
2. Y10 Takoe alqIuTUBHOCTE?
3. OCHOBHBIE IPUHIIHAITHI TTIOCTPOCHHS MAaTEMAaTHIECKIX MOJIEIICH.
4. Bxoa-Beixo]1 B hopMe 3aIUCH B TPOCTPAHCTBE COCTOSHUM.
5. UTto Takoe KOMITO3UTHAs cucTeMa?
6. Uto Takoe nepepaToyHast GyHKIUS TUHEHHON CUCTEMBI?

IpakTnyeckoe 3ansitue S [losyyeHue neperaToyHbIX (PYHKUMIA M0 CTPYKTYPHOM cxeme
CJIOKHOM CHCTEeMbI YIIPABJICHHS.

Less 3ansTHA 3aKI04aeTcs B GOPMUPOBAHUH Y CTYIEHTOB MPOQPECCHOHAIEHON KOMIIETEHIINN:
IIK-5

1. 3apaya npeoOpa3oBaHus Mo/eJsieil CO CI0KHON CTPYKTYPOU
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Mopnenu B (opme CTPYKTYpHBIX CX€M OOBIYHO BBICTYNAIOT B KadyecTBE
ucxoaHot wuH(popManuu. JeWCTBUTENIBHO, B TaKUX MOACIAX (C PACKPBITON
BHYTPEHHEH opranusaiueii) B SBHOM BHUJI€ MPUCYTCTBYIOT 3BE€HbSI U CBS3U MEXKIY
HUMH, a TaKXKe OMepaTopbl 3BEHHEB CO CBOMMHU mapameTpamu. [lpu kakux-amdo
U3MEHEHUSX B CTPYKType (Hampumep, MOAKIIOYCHUE UM OTKIIOYEHUE CBSI3U) UITU
BapuaIlMsax MapamMeTpoB (HACTpoika Kod(UIMEHTAa YCWICHHS B PETYISATOPE)
UCIIOJIB3YIOTCS MOJEIN UMEHHO 3TOTO BUJA.

C npyroi CTOpOHBI, XapaKTEPUCTUKHU U MOKA3aTeIM KAaYECTBA OMpPEACSIOTCS
KaK pa3 Mo MOJENSIM CO CBEPHYTOM CTPYKTYpOMl, TO €CThb THIA ‘“BXOJ-BBIXOX .
Takme  wmomenu B BHAEC  MAaTEMAaTHYECKOTO  OIEpaTropa  COJEPIKAT
XapaKTepUCTUUECKUH TMOJIMHOM, oOTBevaromuii 3a ycrowunBocte CVY. Ilo
onmeparopaMm B Buue [I® onpegensroTcs  BPEMEHHBIE W YaCTOTHBIC
XapaKTEPUCTHUKHU.

B c¢Bsi3u ¢ 3Tum pacuetsl auHENHbIX CY coaepkar, Kak MpaBuiio, MPOLEAYPY
repexosa OT CTPYKTYPHOUM CXEMbI K XapakTepuctudeckomy nonuHomy u 11D, o
YEM CBHUJICTEIBCTBYET TAKXKE MATEPHUAJ, NU3JIOKCHHBIN B MPEABIIYIIMX pa3aeiax.

Hnsa CY ¢ TUIOBOM CTPYKTYpOM XapakKTepUCTUYECKHil mnoauHoM u [1D
BbIpakatoTs yepe3 [ID 3BEHBEB MPSIMOro KaHajga IO MPOCTHIM COOTHOLICHUSIM
(cm. mozpas. 2.5, 2.6).

Jns nuHaAMHAYECKUX CHUCTEM C IMPOU3BOJIBHOW CTPYKTYPOH ISl MOJYYEHUS
XapaKTEepUCTUIECKOro nojanuoma u [Id MoxkHO MCHoIb30BaTh AlITOPUTM, KOTOPBI
ONMKCAaH HUXKE. DTOT AITOPUTM OCHOBAH HA HEKOTOPBIX MOHATHUSAX TEOPUH rpadoB.
CtpykTypHas  cxeMa  TakXke  MOpeAcTaBisieT  coO0OM  Pa3sHOBUIHOCTH
OpUEHTHUPOBAHHOTO CHUTHaIbHOTO Tpada. Bepmmuamu (y3namu) Takoro rpada
ABJIAIOTCS 3BEHbs cO cBoumH omnepatopamu (I1D), a B kauecTBe Aayr (BeTBei)
BBICTYIIAIOT HAIIPABJICHHBIE CBS3U MEXKY 3BEHBIMMU.

2. HeoOxoaumble cBe/ieHHsI U3 Teopuu rpagos

Kak 6b1710 oTMEUeHO B moapa3a. 1, CTpyKTypHas cxema MpeacTaBisieT co0oit
opueHTupoBaHHbIil Tpad (“oprpad”). C nomoipsto npumepa (puc. 1) paccmorpum
HEKOTOpbIE TMOHSTHS U ONpEeleieHus U3 Teopuu rpadoB, KOTOpbIE OYIYyT
HEOOXOIUMBI JJIs PEIICHUs TPUBEICHHBIX Jajnee 3aJad pacuera CTPYKTYpHO-

cinoxuex CVY.
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Puc. 1

Ilympo Pq_,r oT 0s10Ka (BepIIMHBI Tpada) o HoMepoM ( K OJIOKY (BEPIIHHE)

110JT HOMEPOM I — TI0CJIE€10BATEIBHOCTh OJI0KOB, OMIAPHO COETMHEHHBIX CBA3SIMH.
Inemenmapuulil nymv — MyTh, B KOTOPOM KaXKJbIA OJIOK M Kaxaas CBA3b
BCTPEYAIOTCS IO OJJHOMY pasy.
B naHHOM KOHTekcTe OyIyT HMCHOJIB30BaHbl TOJBKO 3JIEMEHTapHbIE IMyTH
(cJI0BO “37IeMEHTapHBIN B ajJbHENUIIEM U3JI0KEHUH MaTepuaia OIyCKaeTcs).
[Tepeuncnum HoMepaMu OJIOKOB COCTaB Bcex MyTel oT Oio0ka 1 k 610Ky 6:

Pl s: {186} (BbmeneH Ha puc. 1);
P2 6:{12756};

/D31_)6:{123456}.

llepedaua nymu — npon3BeIeHUE ONIEPATOPOB OJIOKOB MYTH.
O06o03naunB Wj onieparop i-ro 0J10Ka, 3aIMIIeM Mepeadn STUX MyTeH:
Pl 6= WiWgWe; P21 6 = WiWoW7WsWe; P31_,6 = W1 W W3 W, WsW .

Kommyp Kj — samkuyTelii myTh. 3pech Takke IOJpa3yMeBAIOTCS

aJieMeHTapHble KOHTYphl. KOHTYphI rpada He CBs3aHbI ¢ HA3HAYEHHBIMHU BXOJaMU
WM BbIxogamu. JIrobas BepiInHAa KOHTYpa MOXKET OBITh MPHUHATA 3a HAYAIbHYIO;
9Ta K€ BepilrnHa OyNeT W KOHEeYHOU mpu “o6xoxe” koHTypa. ['pad (cTpykrypHas
CXeMa) COACPKUT KOHEYHOE YUCIIO DIIEMEHTAPHBIX KOHTYPOB.

Ilepeoaua konmypa — IpoU3BEACHUE ONIEPATOPOB OJIOKOB ATOrO KOHTYpA.
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[Toxaxkem cocTaB KOHTYpOB TpHBEIEHHOM Ha puc.2.1 OIOK-CXeMbI
IEPEYUCIICHUEM MHOKECTB HOMEpPOB OJIOKOB, BXOJAIIMX B COCTaB Ka)J0ro

KOHTYpA:
Ki: {18614} Ks: {19}
Ko:{1275614}; Ke:{512};
Ks:{12345614}; K;:{210};
Ks:{1213}; Kg:{411}.
3amnuiiem nepeadn NepeuncIieHHbIX KOHTYPOB:

K1=W;WgWgW14; Ks = W1 Wo;
Kz = Wi WoW7WsWeW14; Ke = W5sW12;
Kz = W;Wy W3W,4W5WeW14; K7 = WoWy;
Ka = W1 WoWy3; Kg = W4W4.

OtmeTuM crenyronie 0coOCHHOCTH H300pakeHHOro Ha puc. 1 rpada.
Bo-nepBbiX, Bce BepuMHbI Tpada (OJIOKH CTPYKTYPHOM CXEMbI) U BCE CBS3HU
BXOJSIT B COCTaB XOTs Obl OJHOTO KOHTypa. Bo-BTOphIX, Mexay ir00i mapoi
BEpUIMH €CTh M0 KpallHEeW Mepe OJUH MyTh B 000OMX HampaBiieHuax. Takoi rpad
HA3bIBACTCS “‘CUNbHO C8A3HbIM . DTa U OCOOCHHOCTH OTBEUAIOT 3a DS BaXKHBIX
CBOMCTB JUHAMUYECKUX CUCTEM.

Omnowenue nexacanus napsl koutypos: Kj i Kj. JlBa koHTypa cumrarorcs

HeKacaruwumMucs, €CJIIi OHU HE UMEIOT 00IIMX OJI0KOB (U, CeA0BaTEIbHO, CBS3EH ).

[lepeunciuM MHOXKECTBA HOMEPOB KOHTYPOB, KOTOPBIX HE KacaeTCsl KaKIIbIi
I-i  KOHTyp mnpuBeAcHHOro Ha pwuc.2.1 rpada. Ilpu sToM OyaeMm YeTKO
MPUACPKUBATHCA ““TTEKCHUKOTpadUuecKoro” MopsiAKa CIeAOBaHHS HOMEPOB, MPH
KOTOPOM KaXKJIbI MOCHEAYIOMIMN HMHIEKC “MaXOpUpyeT’ NpPeablaylIHnii, T. €. OH
0O0JIbIIIE MTPEBIAYIIETO:

Ki:{678} Ks: {678}
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K,:{8% Ke: {78}
Ks: {D}; K7:{8%}
Ks: {68} Kg: {T}.

OrHoureHne HekacaHus kommytatusHo, T.e. u3 KjF Kj cuenyer Kjr Ki.

HGKCI/IKOI‘pa(I)I/ILIeCKHﬁ IMOPAAOK ITO3BOJIACT OIITUMHU3HUPOBATH IIPOLICCC ITIOHUCKA I1ap
HCKaCaromunxcs KOHTYPOB U n30eKaTh HOBTOpeHI/Iﬁ IIpHu UX NCPCUNUCICHUNU.
AHanOTrHYHBIM 06p330M BBOAUTCA OTHOIONCHHUC HCKACAHMWA IIYTH WM KOHTYpa

FPyor T K. IlyTs ¥ KOHTYp CUMTAIOTCS HEKACAIOWUMUCS, SCITA OHH HE MMEIOT

o01mux OJIOKOB (M, CJIEIOBATEIIBHO, CBS3CH ).

3. Onpegeaurenanb rpada. XapakrepucTU4eCKUN MOJTMHOM CJI0KHOH CHUCTEMBI
yIIPaBJIeHUA

Paccmotpum mMozens CY, cTpykTypHasi cxema KOTOPOH MpeCTaBIseT co0on
CUIbHO CBs3HbIM Tpad (cm. puc. 8.1). Kpome nstoro, Oymem cuurtarhb, 4YTO
OTCYTCTBYET (MMO0 HUTrHOpHUpYyeTcs) MHPOpMalMg O BXOJAaX W/WIM O BBIXOJIAX
cucteMbl. Takum 00pa3oM, B JTAHHOM CIy4ae UMEEM JIEJI0 C MOJIEIbIO “‘COOCTBEHHO
cuctemsr”. IIpu 3agannu monenu CY nuddepeHnnanbHbpIM ypaBHEHUEM aHATIOTOM
MOJIeJId COOCTBEHHO CHCTEMBI SIBJISIETCS OAHOPOAHOE ypaBHeHHue. OHO oOpa3yeTcs
MPUPABHUBAHUEM HYJIIO MTPABOM YaCTH MCXOJIHOTO YPaBHEHUS, B KOTOPOW Kak pa3
W MPUCYTCTBYET BXOJHAs KOOpJWHATA. PelieHue ke OAHOPOIHOTO YpaBHEHUS
oTIpeieNsieT COOCTBEHHBIC JBUKEHUSI CUCTEMBI U, CIIEOBATEIHHO, YCTONYHBOCTD
CVY (cm. pasm. 2).

DyHIaMEHTATBFHON XapaKTEepPUCTUKOM TakoW Mojenu, (GopMUpyeMoil Ha
OCHOBE aHaJIM3a CTPYKTYPbI CUCTEMBI, SBIIIETCS onpedeaumens epaga.

Onpenenutens rpadga A mpenacraBisier coOOH CIEIYIOUIYI0 KOHCTPYKIIMIO,
COCTaBJICHHYIO M3 Mlepeiad KOHTYPOB:

A=1—;Ki+iZJ;Kin—izj:IKinK|+---. (1)
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B 5TOM BBIpa)kK€HUU MPUCYTCTBYIOT CIAEAYIOIINE TPYIIbI CIaraeMbIX:

e YKj- CyMMa nepejiay BceX KOHTYpoB rpada;
i

o Z KiKj~- CyMMa IIPOU3BEICHUH IIepead Bcex nap
] HEKACAIONIMXCS KOHTYPOB;

e YKiK iKi— CyMMa IIPOU3BEICHUH NIepeiad BCEX TPOEK MOMAapHO
i, ]l

dopMUpOBaHUE ONPEIETUTENST 3aKaHYMBAETCS, KOTJAa IEPEUrCIIEHbl BCE
BO3MOXKHbIE KOMOWHAllMM M3 TOMAPHO HEKACAIOIIMXCS KOHTYPOB; YETHbIE
KOMOMHaIUU (Tapbl, YETBEPKU U T. 1.) CYMMUPYIOTCS CO 3HAKOM ““+”°, a HEUETHbIE
(OIMHOYHBIE KOHTYPBI, TPOUKH, IMATEPKHU U T. 1I.) — CO 3HAKOM “—.

B kauectBe mnpumepa cdopMupyeM M 3alMIilieM B CHMBOJIBHOM BHUJE
orpenenuTelnb rpada, CTpyKTypHasi cXxeMa KOTOpOro NpejcTaBieHa Ha puc. 1.
A=1-K;-Ky—K3—-Ks—-—Ks—-Kg—K;—-Kg +
+K1KgtK1 K7+K1Kgt+KoKg+ K4 Kg K Kg+KsKg+Ks K7+ KsKg+KgK7+KgKg+K7Kg —
— K1KsK7 — K1KeKg — K1K7Kg — K4KgKg — KsKgK7 — KsKeKg — KsK7Kg — KeK7Kg
+ K1KeK7Kg + KsKgK7Kg .

B pe3ynbTate, onpenenurens 3Toro rpada cogepxut 31 ciaraemoe.

MoXXHO 3aMeTHTh, YTO 1 (OPMUPOBAHHUS TPOEK M MOCIEAYIOIIUX
cllaraeéMbIX OINpEAeNUTENs YK€ MOXHO o0oiTHCch 0€3 cocTaBa KOHTYPOB;
JnocTatoyHas MH(opManus 3ajJ0kKeHa B MEpeYHe Map HEKACAIOLIUXCS KOHTYPOB.
Hewcreurensho, s Toro 4rodsl napel KiKj u KjK| obpasosamu tpoiiky KiKjK],
HeoOxoaumo B mepeune nap Hairtu Take u KjK|. Ilpudyem crporuii
JeKcuKorpauyeckuil mopsi0K CIeI0BaHUSI MHIEKCOB MO3BOJISIET MPU F€HEpaLUn
MOCJIEYIONIMX CJlaraéMbIX aHaJIU3UpOBaTh TOJBKO T€ KOMOWHAIMH, KOTOPbIE
OTJMYAIOTCA MOCIEIHUMH HMHJEKCaMU. OJTH OCOOEHHOCTH [JAlOT BO3MOKHOCTb
CYILLECTBEHHO MOBBICUTH 3(PPEKTUBHOCTH (POPMUPOBAHUS ONpEAENUTeNs rpada.

[Ipu 3amanum omepatopoB OJIOKOB CTPYKTYpHOM CXEeMbl NEpeaaTOYHbIMU
byuxmusmu Wi(s) = Bi(s) / Ai(S) mepemada kaxaoro KOHTypa SBISETCS APOOHO-

paumoHanbHol ¢yHkuuend. Eciu B (8.1) moacraBuTh nepenayd KOHTYPOB U
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MIPOM3BECTH HEOOXOAHMMBIE ajreOpandyecKkue NEHCTBUS, TO OMpeAeNuTeNb Tpada
Takke Oy/eT MpUBeJeH K IPOOHO-paIlMOHATBHON (DYHKITHH:
A = A(S) = A(S) / Ap(S) . (2)
B Beipaxenun (8.2) Ap(S) — “XapaKTEpPHCTHUYCCKHH ITOJIMHOM ITOJHOCTHIO
Pa30MKHYTOM CHCTEMBI”; OH paBEH MPOM3BEACHUIO 3HAMEHATEJICH IepeaaTOYHbBIX
GyHKIIHI BceX 3BEHBEB paccMaTpuBaeMoro rpada.
Honunom uucnumens A(S) ompedenumens epagpa A npeocmasnsem coboi
XapaKmepucmu4eckuti  NOAUHOM — KOHMYpPHOU  uacmu  cucmemsl.  Iloomomy
onpedenumend spagha A6semcs XapaKmepucmukou, omeedarouell 3a yCmoudugocmy

CcV.

4. ITosryyeHune nepeaaToYHbIX (PYHKIMI 10 CTPYKTYPHOU CXeMe CJI0KHOH
CHCTEMbI yIIPaBJICHUSA

[Tpu Ha3HaueHnn B CY KOHKPETHBIX BXOAA M BBIXOJIA MOKET OBITh MOJTyYeHa
“nepenaya” — oreparop CBSI3M BXOJHOW M BbIXOAHOW KoopauHat. [lo cyTu Takas
IpoLeaypa SIBISETCS NEPEXOAOM OT MOJAENN C PACKPBITOM CTPYKTYpOH K MOJIEIH
CO CBEPHYTOH CTPYKTYpOW, TO €CTh K MOJEIH ‘‘BXOA-BBIXOJ , KOTOPYID MOKHO
IpEICTaBUTh OJHUM OJIOKOM (cM. pasn. 2). Jns cuctemsl nuddepeHnranibHbIX
YPaBHEHUHN Pa3IUYHBIX IOPSAJIKOB, COCTaBJIECHHBIX OTHOCUTEIIBHO KOOPIHMHAT-
BBIXOJIOB OJIOKOB CTPYKTYpHOM CXEMbl, Mepexol K K Takol MoJenu
COMPOBOXK/IAETCS HCKIFOYEHHEM BCEX BHYTPEHHMX IIEPEMEHHBIX W 3aMEHOM
CUCTEMBI YpaBHEHUHN OJTHUM TU(DPepeHInATbHBIM YPABHEHHEM.

Eciu omnepatopsl 05I0KOB 3afaHbl NepeJaTOYHbIMU (YHKIUSMH, TO H
orepaTrop IMepefadyd B KOHEYHOM CcyeTe Takxke OyJeT NpeJCTaBlIeH B BHUJEC
nepenatouron pynkuuu CVY.

PaccmoTpum crnoco® monydeHus nepegaud 1o rpady  CUCTEMBI €
ucnojp3oBaHueM (opmynsl Ma3oHa. JlocToMHCTBaMU 3TOro crocoba SIBISIOTCS
ero 4erkas (popManu3anusi U BO3MOXHOCTb COCTaBJIEHUS €IMHOIO alrOpUTMa JUIsl
IPOU3BOJIBHBIX CTPYKTYP JIHO00M CI0MKHOCTH.

®opmyna Ma330Ha UMEET CAEAYIOLIUT BU:

N AN

. (8.3)

ch—>r =
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3nece Dq_,p omeparop mepeiadd OT BXOJAHOTO OJIOKa C HOMEPOM ( K
BBIXOJTHOMY OJIOKY C HOMEpOM [; Pan — nepeaava N-ro myTd OT BXOJa (] K BBIXOAY

r; Ar(]qr — “MUHOpP” N-TO MyTH OT BXOJ1a J K BRIXOAY I; A — ompenenurens rpada.

BunHo, uto 3HameHaTenb (GOPMYJIbl COCTABISACTCS €AMHOXKIBI MPU pacdyeTax
MHO>KeCTBa Mepenay KoHkpeTHou CVY.

Uucnurens GOpMysbl COAECPKHUT CTOJBKO CIIara€MbIX, CKOJIBKO HMEETCS
BO3MOXXHBIX MyTEH OT BXOJa K BbIxoay. Kaxmoe crmaraeMoe mpeacTaBisieT coOoi
pou3BeJeHUE Tiepeiadu N-ro MyTH Ha MUHOP TOTO MYTH.

Munop mnytu (Kak HW ONpeACIuTeNb, O0003HAYaeMbli HMHAEKCOM “A”),
dbopmupyetcs 1o (8.1), HO TOJIBKO U3 TEX KOHTYPOB, KOTOPBIX IyTh HE KACAETCS.

B kauectBe mnpumepa HaiigemM umciautenb nepegaun ®1 5 g CY,

CTPYKTypHasi cxema KOoTopoul mpuBeiecHa Ha puc. 1. [lo komumuectBy myrei
yucautens Gopmyds (8.3) OyaeT conepkarh TpU ClaraeMblX.

Iyrs 1. Ilepemaua storo nmytu Ply_g = WiWgWe. DTOT myTh BBHIZCHCH Ha
puc. 1. Jlng HaxoxaeHUS MHMHOpAa NYTH MOXKHO 00pa3oBaTh YacCTHYIO
HEN30bITOUHYIO MOJIEITb, YAAIUB U3 rpada Bce OJIOKH MyTH ¢ “UHUUJECHTHBIMU UM
CBS3SIMU (CBSI3SIMHU, KOTOpBIE BXOJST B Ha3BaHHBIC OJIOKM U BBIXOJAT U3 HUX), a
TaK)ke OJIOKM, OCTaBUIMECS B “pa3pylI€HHBIX KOHTypax. OCTaBIIMECS AJIEMEHTHI
00pa3yloT KOHTYPbI, KOTOPBIX HE KOCHYJICS YAAJIECHHBIN MyTh.

Ha puc. 8.2 uzobpaxen nmoarpad, oopasyrominii MUHOP TIEPBOTO My TH.

7 1 4 5

|:'IO |:11 |:12

Puc. 2

B pesynprare nonyunm:
All_)G =1-Kg—K7-Kg + KgK7 + KgKg + K/Kg — KgK7Kg .

IlyTs 2. [lepenaya mytu P21 5= W1W,W7W5Wg. 3T0T IIyTH BBIZIENEH Ha puc. 3.
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Puc. 3
4 [Tonarpad, cocrosiuuii U3 €AMHCTBEHHOTO KOHTYpa, KOTOPOTO
E HE KOCHYJICA BTOpOM myTh, u300pakeH Ha puc. 4. Takum
e 11 00pa3oM, MUHOp BTOPOTI'O IIyTH A?L 6 =1—-Kas.
Puc. 4 IyTs 3. Ilepenaua sroro mytu P3;_ = Wi WoW3W,W5We.

JlanHbIi MyTh BbIAETEH HA puc. 8.5. BumHo, 9TO yKa3aHHBIA MyTh KOCHYJICS

BCCX KOHTYpPOB rpa(ba, T. €. IOAMHOZKCCTBO TCX KOHTYPOB, KOTOPLBIX 3TOT IIYTh HC

KacCacCTCiAa — IIYCTO. B takom ClIy4ac UMCCM GI[HHI/IIIHblf/'I MHHOD IIYyTH A?L 56— 1.

8

TD—‘
Tl 24 342 4 5 4 6%
o ulmod Ly Ll

13

14

Puc. 5

Takum 06p2130M, B CHMBOJIBHOM BHAC MOXCM 3allMCaTb BbIPAXKCHHUC OJIA

oreparopa rnepeIayu:

1,1 2.2 3,3
O . = PisA1e + PigAls + PisAle
156 — A .
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Bce cocrapmsitoniye 3Toro BbIpa)KeHUs MPUBEICHBI PAHEE.
Haiinem Tenieps nepenauy 3 mus Toit xxe CY. [lepecuntarh He0OX0UMO

TOJIBKO YHCTUTEND (opMybl. Ha puc. 6 BbIfCIeH eMUHCTBEHHBIN MTyTh OT OJIOKa 3
K 0110Ky 6. [lepenaua storo mytu Pls g = W3W,4;W5Wg .

8

7p—‘
1 2 34 4+ 5 6 5
qu +E10* [.11 <12

113

[

14

Puc. 6

Ha puc. 7 uzo6paxken noarpad, 00pa3yrouyii MUHOP JAHHOTO IyTH, KOTOPBIi

paBeH:
Ay o =1—Ks—Ks— Ky + KsKz .
Taxum 06p2130M, MOXEM 3allucCaThb: E
_ PysAge P 9

D36 = N

rac BCC COCTAaBJIAIOIINC MMPUBCACHHOT'O

BBIPKEHMUS TOJTYyUYEHBI paHee. no-ee

Cnenyer OTMETHTh, 4YTO €ClIH C(HOPMHPOBAHO U COXPAHEHO TIOJTHOE
BBIPKEHUE JJISI OTNIPEICIUTENS BCero rpada, To MUHOP JH000T0 MyTH MOKET ObITh
MOJIYYCH W3 BBIPAKCHHS ISl OMPEICIUTENs MyTeM YAAJICHHS BCEX ClIaraeMbIX,
coJiep KalluX KOHTYPbI, KOTOPBIX KOCHYJICS JAHHBIN MyTh.

Bomnpocs! ajst 00cy:xI1eHus1
1. 3amaua mpeobpa3zoBaHMS MOJIETEH CO CIOXKHON CTPYKTYPOH
2. HeoOxoammele cBeieHus U3 Te0puu rpados
3. Onmpenenurens rpada. XapakTepUCTHISCKHN TIOJMHOM CIIOXHON CUCTEMBI YIIPABICHUS
4. Ilomyuenne nepenaTOYHBIX (PYHKINH IO CTPYKTYPHOM CXEME CII0KHOW CUCTEMBI YIIPABICHUS
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CIIMCOK PEKOMEHAYEMbBIX THOPOPMAINNMOHHBIX NCTOYHUKOB

6.1. Pexomennyemas autepatypa

6.1.1. OcHOBHAs1 TUTepaTypa

ABTODHI, 3ariaBue WsnarensctBo, rox Anpec
JI1.1 |3amoxueix B. M., VipaBieHHe TEXHHUSCKUMH CHCTEMaMH Boponex: http://bibli
HBanuukos B. A. Boponexckast oclub.ru/in
rocyJapCTBEHHAs dex.php?
JIECOTEXHUYECKAsT page=book
akagemus, 2010 &id=1423
03
JI1.2 [Apxwurmos C. H. OCHOBBI TEOPHH YIIPABICHUSA TEXHUIECKUMU HoBocubupck: http://www
cucteMamu: YuebHOe mocobue Cubupckuit .iprbooksh
rocyiapcTBeHHbli | 0p.ru/7066
YHHUBEPCHUTET 6.html
TENIEKOMMYHHUKAIIN
i 1 ”HPOPMATHKH,
2016
JI1.3 |Cropoxes B. B., CHCTEeMOTEXHHKA 1 MEXaTPOHUKA TEXHOJIOTUIECKUX Mocksa: http://znani
®eoxkrrcroB H.A. MaIliH 1 000pYI0BaHHS M3nmarenscko- um.com/go
TOproBas .php?
KOPIIOpAIHs id=513143
"lamkos u K", 2018
6.1.2. lonotHUTeTbHAS INTEPATYPA
ABTODHI, 3ariaBue W3nparensctBo, TOX Anpec
JI2.1 [TaBpunos A. H., CpezncTBa U cHCTEMBI YIPaBICHUS TEXHOJIOTHYECKUMUM |, 2017 https://e.la
Isarakos 1O. B. MIpOLECCaMU nbook.com
/book/9189
3
JI2.2  |Pemernsk E. IT. VYnpasnenue TexHUUeCKMMHU cucTeMaMu: KoHcnekr Capatos: http://www
JISKIMHA JJ1S1 CTYJICHTOB criennanbHoCTH «llumeBas CapatoBcKHid .iprbooksh
WHKEHEPUS MAJIBIX TIPEIIPHSTHID) roCyIapCTBEHHBIH | 0p.ru/8147.
arpapHbIi html
YHUBEPCHUTET UMEHH
H.W. BaBunosga,
Bysosckoe
oOpazoBanue, 2011
6.1.3. MeTtonnueckue pa3padoTku
ABTODBI, 3arnaBue W3narTenbcTBO, rOI Anpec
JI3.1 |3s6poB B. A., TTorioB |OCHOBBI aBTOMATHKU U TCOPHH YITPABICHUS Mockga: http://www
. A. TEXHUYECKUMH CUcTeMaMu: MeTouuecKue MockoBckast .iprbooksh
peKoMeHIanun roCy/apCTBeHHAS op.ru/4794
aKaJIleMUsl BOJAHOTO 3.html
Tpancnopra, 2015
JI3.2 |Bemnuxun B. A., HcnonHuTenbHbIE MEXAHU3MBI B TEXHUYECKUX Mockaa: http://www
3aBbsuioB B. A., cuCTeMax ymnpasieHus: MeToandeckue ykaszaHusi o  [MockoBckuit .iprbooksh
Bekkep 0. JI., [Tobat | aucuurminzae «YpaBieHHe TEXHUUECKUMHU roCyIapCTBEHHBIH | Op.ru/3846
C.B. cUCTeMaMu» AJIsI CTYJICHTOB OakalaBpraTa CTPOUTENBHBIN 7.html

HarnpasiieHus noarotosku 27.03.04 Ynpasnenue B
TEXHUYECKUX CHCTEMAX

YHUBEPCHUTET, Aid
ITu 9p Meaua, 9bC
ACB, 2015
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JI3.3

Iomos /1. H., Pacuer HEMMHENHBIX CUCTEM CTAOMIIM3ALIAN C , 2006 http://e.lan
Cuyxun M. B. THAPONIPUBOaMHU: METOIMYEeCKHE YKa3aHUs K book.com/
BBINIOJHEHMIO TOMALIHETO 3aJaHHs 10 JUCLUILINHE books/elem
«VTIpaBlIeHHE TEXHUYECKUMH CHCTEMaMID) ent.php?
pll_id=62
021

6.2. Ilepeuens pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIIUOHHOM ceTd "UHTepHeT"

€)!

Apxumnos, C. H. OCHOBEI TEOpHY yIPaBICHHS TEXHUYECKUMH CHCTEMaMH [ DNIeKTPOHHBIN pecypc] : yaeOHOoe
mocobue / C. H. ApxumoB. — DIeKTpOH. TeKCTOBbIe AaHHble. — HoBocuOupck : CHOMPCKUiA TOCYAapCTBEHHBII
YHHBEPCHUTET TeJIEKOMMYHUKAIMil 1 nHdopMatukn, 2016. — 166 ¢. — 2227-8397. — Pexum nocryma:
http://www.iprbookshop.ru/70666.html
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3anoxueix, B.M. Ynpasnenue texuuueckumu cucremMamu / B.M. 3anoxusix, B.A. VIBanaukoB. - Boponex :
Boponexckast rocyaapcTBeHHas jJecoTexnuueckas akanemus, 2010. - 55 c. - ISBN 978-5-7994-0370-6 ; To xe
[Dnexrponnsiii pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=142303

23

CucreMOTEXHHUKA U MEXaTpOHHKA TCXHOJOI'MYCCKHUX MallluH U o6opyz[03aHI/m / CTOpO)KeB BB, deokTHCTOB
H.A. - M.:[JamkoB u K, 2018. - 412 c.: ISBN 978-5-394-02468-9 - Pexxum nocryna:
http://znanium.com/catalog/product/513143

24

Pemernsix, E. I1. YnpapneHnue TeXHHUECKUMHI CHCTEMaMU [ DIEKTPOHHEIN pecypc] : KOHCHEKT JISKIIAN ISt
CTYICHTOB criennansHoCTH «[IumeBas nmwxkeHepus Mansix npeanpustuid» / E. 1. PemeTHsk. — DnekTpoH.
TeKcToBbIe JaHHble. — CapaToB : CapaTOBCKHIA TOCYIapCTBEHHBIN arpapHbIi yHuBepcuteT nmern H.U.
Basuinosa, By3zoBckoe o6pazosanue, 2011. — 207 ¢. — 2227-8397. — Pexum noctyna:
http://www.iprbookshop.ru/8147.html

95

Cpe/icTBa U CHCTEMBI YIIPABJICHHS TEXHOJIOTHYECKMMUM miporieccamu ['aBpuiioB A. H., [Tsarakos 10. B. 2017 2-
e u31., crep. 1 376 c. Pexxum nocryna: https://e.lanbook.com/book/91893

26

3516poB, B. A. OcHOBBI aBTOMaTHUKHU U TEOPUU YIIPABICHHS TEXHUUECKUMU CCcTeMaMHt [ DIeKTpOHHBIH pecypc] :
MeToandYeckue pekomenaanuu / B. A. 316pos, JI. A. ITomoB. — DIEKTPOH. TEKCTOBBIE JaHHBIC. — M. :
MockoBcKas rocyJapcTBEHHasl akaJleMUsl BOAHOIO TpaHcmopTa, 2015. — 46 ¢. — 2227-8397. — Pexxum
nocryma: http://lwww.iprbookshop.ru/47943.html

27

Pacuer HeNMHEHHBIX CUCTEM CTAOMIM3ALMU C TUAPONPHUBOJAMU: MeTOIMUECKUE yKa3aHUs K BHIIIOJIHEHUIO
JIOMAIITHETOo 3a/IaHus TI0 JUCHHIUINHE « Y IpaBieHne Texandeckumu cuctemamm» [lomos JI. H., Cuyxun M. B.
2006 24 c. Pexxum nocryna: http:/e.lanbook.com/books/element.php?pll_id=62021

28

VcnionHuTenbHBIE MEXaHU3MBbI B TEXHUUECKHX CUCTEMaX yIpaBlIeHUs [ DNEeKTPOHHBIH pecypc] : MeToAuYecKre
YKa3aHUs [0 JUCLUILIMHE « Y IpaBlIeHNe TEXHUYECKIMH CHCTEMaMmy JJIs CTy/IEHTOB OakajaBpHuara
HarnpasieHus noArotosku 27.03.04 YopasineHue B TEXHUUECKUX CUCTeMax / cocT. B. A. Bennukus [u 1p.]. —
DIIEeKTPOH. TEKCTOBBIE JaHHbIe. — M. : MOCKOBCKHU rocyHapCTBEHHBIN CTPOUTENBHBIN yHUBepcHuTeT, Aif [In Op
Menua, 36C ACB, 2015. — 30 ¢. — 978-5-7264 -1143-9. — Pexum nocryna:
http://www.iprbookshop.ru/38467.html

6.3.1 [lepeyenb MporpaMMHOro odecrevdeHust

6.3.1.1

Microsoft Windows XP, Microsoft Windows Vista, Microsoft Windows 7, Microsoft Office maxer, Microsoft
Office Word, Microsoft Office Excel, Microsoft Office Access, Microsoft Office PowerPoint, Microsoft Office
Outlook, Microsoft Office OneNote, Microsoft Office Publisher, Microsoft Office InfoPath, Microsoft Visio Pro,
Koncynsrant+,7- Zip, Kommac 3D LT, Vue6nsiit kommiekr KOMITAC-3D v18, Kaspersky Endpoint Security,
CorelDraw Graphics Suite X3, AutoCAD Electrical, AutoCAD, AutoCAD Mechanical, 3ds Max, Inventor
Professional, Maya.

6.3.2 Tlepevens HHGOPMANMOHHBIX CIIPABOYHBIX CHCTEM

6.3.2.1|KOHCYJII>TaHT Ilmoc: http://lwww.consultant.ru

6.3.2 Tlepevyens HHGOPMANMOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1|K0Hcym,TaHT Iiroc: http://www.consultant.ru
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METOANYECKHUE YKA3ZAHUSA

11O BBITIOJIHCHHUIO ITPAKTHYCCKHUX pa60T
110 JUCHOUIIIIMHEC «YI'IpaBJICHI/IC TCXHUYCCKHUMHU CUCTCMaMM»
JJIA CTYACHTOB HAIIPpABJICHUA ITIOATOTOBKH

15.03.02 TexHonornueckue MailMHbl 1 000PYy10BAHUE
Hanpasnennocts (npoduis) BeIToOBEIE MAITMHBI ¥ TPUOOPHI
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(1)
ol

MMHUCTEPCTBO HAVKH U BBICIIIET'O OBPA30OBAHU S POCCUMCKOM ®EJIEPALINN

OEJAEPAJIBHOE 'OCYJAPCTBEHHOE BIO/KETHOE
OBPA3OBATEJ/IBHOE YYPEXXIEHUE BbICHIEI'O OBPA3OBAHUA
«1IOHCKOU TOCYJAPCTBEHHBIN TEXHUYECKUU YHUBEPCUTET»

Texnosiornyeckuii HHCTUTYT cepBuca (punuan) AI'TY B r.CraBponoJe
(TUC (puauan) AI'TY B r.CtaBponoJie)

METOINYECKHUE YKA3ZAHUA

JUTSI OPTaHMU3AIUN CAaMOCTOSATEIILHON pabOThI
10 JTUCITUTIINHE « YTIpaBJICHHE TEXHUYECKUMH CUCTEMaMHM
JUTSI CTYZICHTOB HAMPAaBIICHUSI IOJTOTOBKH
15.03.02 TexHomorMYeCKHE MAIIMHBI U 000PYI0BaHUE
HaIPaBJICHHOCTH (Mpoduiib) «bBITOBBIC MAIIMHBI U TPUOOPHI»



MeTtoandeckue ykazaHUs MO TUCHUILINHE «YTIpaBiIeHWE TEXHUUYECKMMHU CHCTEMaMH» COJAEpIKaT
3aJlaHus JAJIsl CTYJCHTOB, HEOOXOUMBIC AJIsi OPTaHU3AIMH CAMOCTOSATEIHHON PaOOTHI.

[TpopaboTka mpeaIoKEHHBIX 3aIaHU TTO3BOJIUT CTYICHTaM MPHUOOPECTH HEOOXOIUMBIE 3HAHUS B
o0acT U3y4aeMoi TUCIUTLINHBL.

[Ipenna3naueHsl il CTyACHTOB HampaBiaeHust moaroToBku 15.03.02 TexHoimornueckrue MarimHbl
u obopynoBanue HampasneHHOCTh (podwiib) BEITOBBIE MATUHBI U IPUOOPHI.



COJEPKAHUE

Bgenenue

. O0m1as XxapakTepUCTUKA CAaMOCTOSATEILHON pabOThI

. KoHTpOJIbHBIE TOYKHU U BUIBI OTYETHOCTHU 110 HUM

. Metonnueckre peKOMEHJAIUK 110 U3YYEHHUIO0 TEOPETUUECKOTO MaTepuaia
. Meronnueckre peKOMEHJALNH 10 IMOJATOTOBKE K MPAKTUYECKUM 3AHATUAM
. Metonnueckre peKOMEHJAIUK 110 MOJArOTOBKE JI0KJIa1a

. Merouueckrne peKOMEHJALNH MO MMOJATOTOBKE K TECTUPOBAHUIO

. Meroaudeckue peKOMEHIAIMH 110 BBITTOJTHEHUIO KOHTPOJIBbHON PabOThI

. Meronueckre peKOMEHJALUH 110 IMOJATOTOBKE K 3a4ETy

. MeTtonuueckre peKOMEHJAIUHU 10 IMOJTOTOBKE K DK3aMEHY

Crucok peKOMEHTyeMbIX HH()OPMAIIMOHHBIX HCTOYHUKOB

OO0 ~NO Ol W~



BBEJAEHUE

Llenp METOAMYECKHUX YKa3aHUW — OKa3aTh IMOMOIb CTYJIEHTaM B OCBOCHHH Kypca «YTpaBlieHHE
TEXHUYECKUMHU CUCTEMAMMU.

JlanHbple MeTOIWYECKHE YyKa3aHUs HaIpaBJIeHbl Ha CHCTEMAaTU3HPOBAHHOE U JIOTUYECKHU
MOCJIeIOBAaTEIbHOE M3yueHHE OOIIMX 3aKOHOMEPHOCTEH (YHKIMOHHMPOBAHHS C IMOMOMIBIO O0CYXIECHUS
MPOOJIEMHBIX BOMPOCOB MO TEME, PElIeHUs MNPOOJEMHBIX 3a7ad U OOCYXKICHHS CUTYyallUl, TECTOB,
MOJITOTOBKH pedepaTos, TOKIAI0B, MPE3eHTALNH.

[lepen Hauamom Kypca 11e1ecoo0pa3HO 03HAKOMUTBCS CO CTPYKTYPOH TMCHUIUIMHBI HA OCHOBAaHUU
IPOrpaMMBbl, a TaKXXe C MOCIEI0BATEIbHOCTIO U3yYeHHUS TeM M MX 00beMoM. C IeNbl0 ONTHMAalIbHOMN
caMOOpraHu3aluu HEeOoOXOIUMO COMOCTaBUTH 3Ty HHPoOpManuio ¢ rpaduKoM 3aHSITUA WU BBIIBUTH
HanboJiee 3aTpaTHbIe MO0 BPEMEHU U OOBEMY TEMBI, YTOOBI 3apaHee OINpPENeNUTh A Ce0sl MEepUOJIbI
00BEMHBIX 33/IaHUH.

1. OBIIIASI XAPAKTEPUCTUKA CAMOCTOSITEJIbHOM PABOTBI

[lenb oOCBOEHUS IUCHUIUIMHBI — VI3yuyeHUe TEOpUHU, KOHCTPYKIUU U MPHUHIMIIOB PadOTHI
9JIEMEHTOB aBTOMATHYECKUX CHUCTEM, METOJOB IOCTPOCHUS MAaTEMAaTHMUYECKHMX W 3HAKOBBIX MOjENeH
aBTOMATHUYECKOTO YIPABJICHUS, UX CHHTE3a U aHAJIHN3a.

[IpumeHneHrne MeTola CHUCTEMHOTO aHalv3a K HW3YYCHUIO JAHHOW AUCIUIUIMHBI OINPEICIsieT
CIIEyIOIIME €ro 3aJayu: H3y4YeHHe MpoOdJeM B HCTOPUYECKOM TEPCHEKTUBE, PACHIMPEHUE 3HAHUA
CTYJCHTOB, Pa3BUTHE CIIOCOOHOCTH CTYACHTOB K NMOHMMAHUIO U KPUTHIECKOMY OCMBICIICHHIO TIPOOIeM
COBPEMEHHOCTH, OOCYXJAaeMbIX B CpEIACTBaX MAaccoBOM HHQOpMAIMK, JUTEPaTypbl, a TaKxKe
MPUOOPETEHNE HABBIKOB ITOCIICIOBATEILHO W IPAMOTHO M3JIaraTh CBOM MBICITU B YCTHOW M MHUCHMEHHOM
dbopwme.

B pesynbrare OCBOCHHMS ITAHHOW JUCHUIUIMHBI (POPMUPYIOTCS CIEAYIONIME KOMIETCHIIMU Y
oOyuarolerocs:

IIK-5: Cnoco0HocTh NPUHMUMATH y4acTHe B padoTax Mo pacyery U NPOEKTHPOBAHUIO
AeTajied M Yy3J0B MAIIMHOCTPOMTEJbHBIX KOHCTPYKIHI B COOTBETCTBHH € TEeXHMYECKHMH
3aJaHUSIMU U MCTI0JIb30BAHUEM CTAHIAPTHBIX CPEJACTB ABTOMATH3ALMU MPOEKTUPOBAHMUS.

CamocTosaTenpHas paboTa MO JUCHUIUIUHE «YTpaBICHHE TEXHUYECKMMH CHCTEMaMu»
BBITIOJIHSIETCS. C IIEJIbI0 TIOYYEHUS] M 3aKpeIUICHUs] 3HAHWM, TPUOOPETEHHBIX TMPU H3YUCHHUH
TEOPETUUECKOr0 MaTepuara.

2. KOHTPOJIBHBIE TOYKH 1 BU/Ibl OTYETHOCTH 11O HUM

KOHTpOJ’II) KaueCTBa U CPOKOB HU3YUYCHUC TEM J'ICKIII/IfI BBIINTOJIHACTCA B COOTBETCTBUU C y‘~I€6HI>IM
rpapukom. Odpopmiisercs B BUe KOHCIIEKTUPOBAHUS TEKCTa.

KOHTpOJ’II) KaueCTBa M CPOKOB BBIIIOJHCHUA MPAKTHYCCKUX SaI[aHI/II\/'I OCYHICCTBIIAACTCA B
COOTBETCTBHUH € y4eOHBIM rpaduxoM. OpopmiisieTcst B COOTBETCTBUU C 3aJJaHUEM.

KoHnTponb kauecTBa chaud JOKJIa/Ja OCYIIECTBISETCS B COOTBETCTBUU C YUEOHBIM TIpadHUKOM.
OdopmiisieTcst B COOTBETCTBUU C 3aJaHHEM.

YcneBaeMoCTh CTYACHTOB 11O K&)K)IOfI AUCHUIUIMHE OUCHUBACTCA B XOA€ TCKYUICTO KOHTPOJA U
IIPOMEXYTOYHOM aTTeCTaluu.

3. METOANYECKHUE PEKOMEHJALIUUA 11O U3YYEHUIO TEOPETUYECKOI'O
MATEPHAJIA

W3ydenue mo0oro paszziena UM TEMBI CleyeT HauYWHATh C O3HAKOMJICHHsI C BOIPOCaMU IIJIaHa
M3y4deHUss TeMbl. TeOopeTHYeCKHi MaTepuall MPEJCTaBIsSET COOOM KOHCIEKT JIEKIUH, COIepKallnui
HeoOxonuMbIii HaboOp yTBepkaeHUN u Qopmyn (6e3 AeTanbHBIX MOAPOOHOCTEN), HO C MOJAPOOHBIM
000CHOBaHHWEM WX HWCIOJB30BAHUS MPH PEIICHUH KOHKPETHBIX dKOHOMHYECKUX 3aaad. [Ipu m3yueHuun
MaTepuaga HeoOXOAMMO MOMUMO JIEKIIMOHHBIX MaTePUAIIOB UCIIOIB30BaTh PEKOMEHIyEMYIO OCHOBHYIO U
JOTIOTHUTEIBHYIO JIUTEPATYPY IS TyUIIero YCBOCHUS MaTepHara.

OcBauBaTh TEOPHUIO CJEAyeT B COOTBETCTBUM C TOH TIOCIEIOBATENILHOCTBIO, KOTOpPAS
Mpe/icTaBjleHa B IUIaHE JIeKIuu. MeToauka paboThl ¢ JUTEpaTypoil MpeaycMaTpuBaeT BeleHUE 3alucH



MPOYUTAHHOTO B BHJE IUIAHA - KOHCIIEKTA, OMOPHOTO KOHCIEKTa. DTO MO3BOJIUT CIHENaTh 3HAHUS
CUCTEMHBIMH, 3aUKCUPOBAThH U 3aKPEMUTh UX B MAMSITH.

JUIs  yCremHoro OCBOEHHUSI TUCHUIUIMHBL, HEOOXOIMMO CaMOCTOSTENBHO MAETAIbHO H3YYUTh
MIpe/ICTaBJICHHbIE TEMbI 0 PEKOMEHIYyEeMbIM MCTOYHHMKaM HHpopmauuu. [Ipu moAroroBke K 3aHATHUSIM
CIIEyeT PYKOBOJCTBOBAThCS YKA3aHUSAMHU U PEKOMEHIAUAMU IMPETOaBaTelis, UCIOIb30BATh OCHOBHYIO
JTUTEpaTypy U3 IMpeAcTaBIeHHOro UM chucka. i Hambonee TiyOOKOTO OCBOCHHS JTUCIUILIAHBI
PEKOMEHAYeTCs U3y4aTh JINTEPATYPY, O003HAYCHHYIO KaK «OMOJHUTEIbHAS» B IPEACTABICHHOM CITUCKE
B PII/I.

Bormpocs! 151 TIOATOTOBKY K YCTHOMY OIpocy Tekyuiero koutpos (biok 1)
. XapakTepHble OIHUOKH B YIIPaBICHUH OOJIBITUMHI CUCTEMaMHU.
. IloHsATHS ynpaBieHus, OCHOBHbIE ()aKTOPHI, Onpeaesisitoniie 3(pHEeKTUBHOCTh YIPABICHUS.
. DTarsl ynpapieHus, IJe y4acTue pyKOBOJUTENS BBICHIETO YPOBHS ABIISETCS 00s3aTEIbHBIM.
. B3aMMOOTHOIIEHUS! CHCTEMBI U €€ 3JIEMEHTOB, YCJIOBUS BKJIIOUEHUS 3JIEMEHTOB B CHCTEMY.
. OcHOBHBIE 3TaIlbI MpOIlecca YIpaBICHUS.
. 3HaYeHHE UTEPATUBHOIO XapaKTepa YIpaBJICHUS CHCTEMAaMHU.
. Kectkas u rubkas (c 0OpaTHON HH(POPMAITMOHHOM CBS3bIO) CUCTEMBI YIIPABJICHHUSI.
. [IporpaMMHO-11€J1€BOM METOJA YIIPABIICHHUS.
9. [lousTus ueneBoi GyHKIMUU MPU PEIICHUN TEXHUYECKUX BOTIPOCOB.
10. Ha3nauenue nepesa I1elieil, pemaeMple STHM MPUEMOM YIIPABICHUYECKHE 3a0a4H.
11. Ha3znauenue aepeBa cUCTEM, pelIaeMblie STUM MPUEMOM YIIPABICHUECKHE 3a/1a4H.
12. Conepxanue noacuctemsl «lIpuMeHeHne 000CHOBAaHHBIX HOPMATHBOB CHCTEMBI».
13. Coneprxanue nojacucteMbl «O6ecrneuyeHHOCTh MTPOU3BOICTBEHHO-TEXHUUECKOM 0a30i».
14. Coneprxanue nojacucteMsl «BbIOOp palimoOHATBLHBIX THIIOB U MOJICICH OBITOBOM TEXHHUKN.

0NN KW~

Bonpocs! 11t MOATOTOBKH K YCTHOMY OIpoOCy Tekyriero koutpods (biok 2)

1. Conepxanue noacucreMsl «/I3MeHeHUE CTPYKTYphI apKay.

Copneprxanue nojcucreMsl «ObecrnedeHrne NpeAnpusaTHs NEPCOHATIOM.

Copneprxanue nojcucreMsl «CoBEpIICHCTBOBAHUE CUCTEM CTUMYJIUPOBAHUS ITEPCOHATIA.
Copneprxanue nojacucreMsl «Pa3BuTHe KOJIIEKTUBHBIX ()OPM pabOThI MEPCOHAIA.
Conepxanue noacucreMbl «CoBEpILIEHCTBOBAHUE CTPYKTYPbI CUCTEMbI CHAOKEHUS».

. ConepxaHue NOJCUCTEMBI «YTIpaBIeHUE BO3PACTHOM CTPYKTYpoit mapka. PannonanbHble CpoKn
cny>1<6r,1»

7. Conepxanue noacuctemsl «lloBblieHne ypoBHS YHU(DUKALMN U3AETUA U MaTepUaIoBy.
8. OrpaHuyeHHs YKcia peajibHO YIPaBIIEMbIX ITOJCHCTEM.

9. OcHOBHBIE 3Tanbl pa3pabOTKU U peain3allii HHHOBALIUH.

10. Ponb OusHec miiaHMpOBaHMS IPU pa3padOTKe U peaTu3aluy HHHOBALIMH.

11. OcHOBHBIE BUJIBI PUCKA U HEOIIPEIEIECHHOCTEM.

12. OcHOBHBIE METO/IbI IPUHATHUS PELICHUH.

13. OcHOBHBIE IPEUMYIIECTBA KOJUIEKTUBHOM pabOThI 3KCIEPTOB.

14. AnpuopHoe paH)XHpOBaHHE

SNVIFRESY:

[lepeueHp BONPOCOB [Tt TPOBEACHUS IPOMEXYTOUHOM aTTecTaluy (3a4era):

XapakTepHble OIIMOKH B YIPaBJIECHUU OOIBIINMU CUCTEMAMHU.

[TonsTHS ynpaBieHus, OCHOBHbIE (DaKTOPHI, ornpeesstone 3(p(HeKTUBHOCT YIPABICHHUS.
Otanbl ynpasieHus, IJe y9acTue pyKOBOAMUTENS BBICIIETO YPOBHSI SIBJIAETCS 00S3aTENbHBIM.
B3auMoOTHOILIIEHUS CUCTEMBI U €€ 3JIEMEHTOB, YCJIOBHS BKIKOYEHHSI SJIEMEHTOB B CUCTEMY.
OcHOBHBIE 3TaIlbl MpoIiecca yIpaBIeHHUs.

Ha3nauenue urepaTUBHOIO XapakTepa yIpaBJIeHHUs CUCTEMaMHU.

Kectkas u rubkas (c 0OpaTHOI CBSI3bI0) CUCTEMBI YIIPABIICHUS.

[TporpaMMHO-11€71€BOM METOI YIIPABICHHUS.

9. Ilonartus ueneBor GyHKUUHU MPU PEILIEHUN TEXHUUYECKUX BOIPOCOB.

10. Ha3nauenue nepeBa 1ieieH, periaeMble 3TUM IPUEMOM YIIPABJIEHYECKUE 3aJauH.

11. Ha3naueHnue naepeBa CUCTEM, PEIIAEMbIE 3TUM MIPUEMOM YIPABJICHUECKHUE 3a/1a4UH.

12. Copeprxanue noacucteMsl «IIpumeneHrne 000CHOBaHHBIX HOPMATUBOB CUCTEMBI.
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13. Copeprxanue moacucteMsl «O0ecredeHHOCTh TPOU3BOICTBEHHO-TEXHUUECKOM 0a30ii».
14. ConeprxaHue MoacUCTEMBI «BBIOOp parimoHAIBHBIX THIIOB M MOJIEICH OBITOBON TEXHUKNY.
15. Coneprxanue noacucremsl «M3MeHEHHE CTPYKTYpBI TapKay.

16. Coneprxanue noacuctembl «O0ecriedeHre Mpepus TS IEPCOHATIOM.

17. Conepxanue noacucteMbl «COBEPIIEHCTBOBAHUE CUCTEM CTUMYJIMPOBAaHUS IEPCOHAIIAN.
18. Coneprxanue noacuctemsl «Pa3BuTHe KOJIIEKTUBHBIX (hOpM pabOTHI EpCOHATIA.

19. Copeprxanue noacucteMsl «COBEPIIEHCTBOBAHUE CTPYKTYPBI CHCTEMBbI CHA0KEHUS.

20. CopeprxkaHue MOJACUCTEMBI «Y IIPABICHUE BO3PACTHON CTPYKTYpOU mapka. PaiimoHanbHbIe CPOKU
CITYKOBI».

21. Conepxanue nmoacuctemMsl «IloBbIIeHNE YPOBHS YHH(DUKAIIUN U3ICTUI 1 MATCPUATIOBY.
22. OrpaHuyeHUs YMCIIa PEAbHO YIIPABISIEMBIX TOJCUCTEM.

23. OcHOBHBIE 3Tanbl Pa3padOTKU U peaau3aii HHHOBAITH.

24. Ponn OU3HEC MIaHUPOBAHUS MPHU Pa3pabOTKE U peaTu3alui HHHOBAIIUH.

25. OCHOBHBIE BUJIbI PUCKA U HEOIPECICHHOCTEM.

26. OCHOBHBIEC METO/IbI IPUHSTHUS PELICHUH.

27. OCHOBHBIE IPEUMYIIECTBA KOJUICKTUBHOM paOOTHI IKCIIEPTOB.

28. AnpuopHoe paHXHpPOBaHHE.

Kpurepuu onieHKn ycTHOro onpoca

[lomHoTa OTBETa Ha IMOCTaBJIEHHBIM BOMPOC, YMEHHUE HCIOJIb30BaTh TEPMUHBI, IPUBOIHUTH
MIPUMEPHI, JENIaTh BIBOIBL.

3a Kax /bl OJIOK B CyMMe O0YJaroIuiicst TOIDKEH MOMYYHUTh 25 0aioB, U3 HUX 5 — 3a MOCEIICHNE
3aHATUN, S5 - BbImonHeHWe IOMONHUTENBHBIX 3adaHuil (HOKIaA, cTaThs, mpe3eHtanus ), 10 — 3a
BBITIOJIHEHUE TECTOBBIX 3aJaHUl, 5 — 3a 3aIUTY JIa0OPaTOPHBIX paboT

Kputepun nomyueHus OLIEHKH:

- pe3ysbTaT, COJAEPKAIIUNA MOTHBIA MPABUIBHBIN OTBET — MAKCUMAJIBHOE KOJIMYECTBO OAJIJIOB;

- pe3yNbTaT, COAEpXKALUN HETOJHBIN MPaBWIBHBIM OTBET (CTENEHb MOJTHOTHI OTBETA —
6onee 60%) wium OTBET, coACpXKAIMMK HE3HAYUTEIbHBIC HETOYHOCTH— 75% OT MaKCHMAalbHOTO
KOJIM4YecTBa 0aJioB;

pe3yabTaT, COAEPKAIIMNA HEMOIHBIA MPaBUJIBLHBIM OTBET (CTENEeHb MOJHOTHI oTBeTa — OT 30 10
60%) wnu OTBET, CONEpKallMii 3HAaYyuTeNlbHble HeTouyHOCTH -40 % OT MakCHMajIbHOTO KOJHMYECTBa
0aJJIoB;

- pe3ynbTar, CoAep Kallui HETOJNHBIM MPaBUIBHBIM OTBET (CTEMEHb MOJHOTHI OTBETa — MEHEe
30%), HempaBWIbHBIA OTBET (OTBET HE IO CYIIECTBY 3aJaHus) WU OTCyTcTBHE oTBeTa — 0 % oOT
MaKCHMaJbHOTO KOJTUYECTBa OAIJIOB.

4. METOAUYECKHUE PEKOMEHJAIMHA 110 ITIOATI'OTOBKE K IPAKTUYECKHUM
3AHATUAM

[Iporiecc MOATOTOBKM K MPAKTUYECKMM (CEMMHApPCKMM) 3aHSATUSM BKIIOYAeT H3Yy4eHHUE
HOPMAaTUBHBIX JOKYMEHTOB, 0Os3aT€IbHOM W JIOMOJHUTEIBbHOM JIUTEpaTyphl IO PaccMaTPUBAEMOMY
BOIIPOCY.

Henocpencrsennoe npoBeieHHE MPAKTUYECKOTO (CEMUHAPCKOI0) 3aHATHUS MPEoaraer:

- HHIMBHUIYyaJbHbIC BBICTYIUIEHUS CTYIEHTOB C COOOIICHUSMH IO KaKoMy-IMOO BOMIpOCY
H3y4aeMOU TEMBI;

- (hpoHTaANIEHOE 00CYX/IEeHUE paccMaTpuBaeMoi po0eMbl, 0000IIEHNs 1 BHIBOJIBL;

- pelleHue 3aa4d U yrpakHeHU| o oopasiy;

- pellleHNEe BapUMAHTHBIX 33]1a4 U yIIPAXKHEHU;

- pellleHre CUTYallMOHHBIX TPOU3BOJICTBEHHBIX (MMPO(eccrOHAIbHBIX) 3a/1a4;

- TPOEKTHPOBAHHUE U MOJECIMPOBAHHE PA3HBIX BUJOB M KOMIIOHEHTOB NPO(ecCHOHATBHOM
NeSITEIbHOCTH.

[Iporiecc MOATOTOBKM K MPAKTUYECKMM (CEMMHApPCKMM) 3aHATHSAM BKJIIOYAET H3y4YeHHE
HOPMAaTUBHBIX JOKYMEHTOB, OOs3aTe€IbHOM W JOMOJHUTENIBHOM JIUTEepaTyphl MO pPaccMaTPUBAEMOMY
BOIIPOCY.

5. METOANMYECKHME PEKOMEHJIAIUMU IT1O TIOJAT'OTOBKE JOKJIAJA
K camocrositenbHON pabOTe OTHOCWTCS HAMCAaHWE W 3alluTa JOoKiaga B cemectpe. [loaroroBka
JOKJIaga II0 OUCIUIIIINHEC ((praBHeHI/Ie TEXHUUYCCKUMHU CUCTCMaMH)» - OIUMH HU3 OCHOBHBIX 3TallOB



yuyeOHOro rmpormecca B OOy4eHHH CTYACHTOB, KOTOPHIM HEOOXOAMMO TMPUOOPECTH HABBIKH
CaMOCTOSITENIFHOTO MCCJEIOBaHUS M TPEACTABICHUS €ro pe3ysbTaToB. Tema BBIOMpPAETCS CTYACHTOM
CaMOCTOSATENIbHO MO COTJIACOBAHMIO C MPETOJaBATEIIEM.
[TpuMepHBIEe TEMBI JOKIIAA!
. @akTopsl, onpeaensomue 3pGeKTUBHOCTD yIpaBIeHUS.
. B3auMooTHOIIEHNS cUCTEMBI YIIPaBICHUS U €€ SJIEMEHTOB.
. OCHOBHBIE METO/IbI YIIPABICHUS.
. 'mOxkas (c oOpaTHOM MHPOPMAITMOHHOH CBS3BI0) CUCTEMBI YIIPABIICHUS.
. Kecrtkas cuctemsl ynpasicHUsI.
. [IporpaMMHO-11€7I€BOI METO/1 yIIpaBICHUSI.
. 3HAYEHUE METCBOW (PYHKIIMH MTPH PEIICHUN TEXHUYSCKUX BOIIPOCOB.
. IlonsiTue nepesa uenei.
. OcHoBa noacuctemsl «IIpumenenrne 000CHOBaHHBIX HOPMATHUBOB CUCTEMBI».
10. OcHoBsI moacucTeMbl «O0eCIeYeHHOCTh TPOU3BOACTBEHHO-TEXHUUECKON 0a30i».
11. OcHoBbl noacucreMsl «3MeHeHnE CTPYKTYpBI TapKay.
12. OcHoBsl moacucteMbl «O0ecreueHrne MPeANPUITHSI IIEPCOHATIOMY.
13. OcHoBbl noacucteMbl «COBEPILIEHCTBOBAHUE CUCTEM CTUMYJIMPOBAHUS IIEPCOHATIA.
14. ba3oBble METOJIUKHU MIPUHITHUS PEIICHUM.

O 0 I N DN WN ~—

B pe3ynbraTe moAroToBKU AOKJIala CTYIEHT MOXKET BBICTYNATh Ha KOH(GEPEHIMIX U CeMHHApax
10 3TOMY BOIPOCY.

O01mue pekoMeHIAUH 110 MOATOTOBKE IOKJIa1a

Jlokitan noikeH BKIIIOYaTh B €051 BBEJICHUE, OCHOBHYIO YacTh U 3aKJIIOUEHUE.

Bo BBeneHMHM HEOOXOOUMO OTpPa3UTh OOOCHOBAaHME aKTYalbHOCTH BBIOPAHHOW TEMBI, KpaTKOe
OIMCaHHUE TEKYIIETO COCTOSIHUS MpoOJjeMbl. B HEM CTyneHT JOJDKeH yKaszaTh Ielb M 3aJadd padoThl,
O00BEKT HCCIEeI0BaHUS, JIEMEHThl HOBU3HBI, BBEJCHHbIC B Ipoliecce HamucaHus pabotsl. HeoOxoanmo
MEPEYHCIUTH TPOOIEMBI, KOTOPBIE TOJKHBI OBITH PEIICHBI B PAMKaX BHIOPAHHOH TEMBI.

OcHOBHas 4acTh JOKJaJa JAO0JKHA COZIEp)KaTh BOIPOCHI, MPEAyCMOTPEHHbIE B IU1aHe paboTel. B
Hell He0OXOMMO OTPa3UTh TEOPETHUECKUE OCHOBBI, PACKPBIBAIOIINE CYTh IPOOIEMBI, TPOAHATU3UPOBATH
coOpaHHBIE MaTepHajbl, XapaKTEPU3YIOLIUE IMPAKTHUYECKYI0 CTOPOHY OOBEKTa HCCIeAOBaHHUS. ODTOT
paszzies MOKET coJiepKaTh paboune TaOauIlbl, AMArpaMMBbI (JUarpaMMbl U Ipyrue MaTepuasbl.

B 3axitoueHne HeoOXOAMMO OTPa3UTh BBIBOJBI U MPEUIOKEHUS, TMOITy4YE€HHbIE B pe3yibTare
npenpiaymen padbotsl. OHU JOJIKHBI OBITH CPOPMYITUPOBAHBI YETKO U TOUKH.

Criucok JuTepaTypbl BKJIIOYaeT B aln(aBUTHOM TMOPSAJKE CIHCOK COBPEMEHHBIX 3aKOHOB M
HOPMAaTUBHBIX aKTOB, COOTBETCTBYIOIIEH HAy4yHOH JUTEpaTyphbl, HAay4YHbIX pPalbOT, CTATHCTUYECKUX
COOPHUKOB M JIPYTUX UCTOYHUKOB, BBIYIIEHHBIX HE PaHee MATH JIeT.

OdopMieHue 10KIaAAa U MOPSIAOK 3A U THI

O6wvem paboTel — 4-7 CTpaHUI] MPOHYMEPOBAaHHOI'O KOMIIBIOTEPHOIO TeKCTa, HpudpT, 14,
uHtepBan 1,5, mons crapgaptHele. Miumoctpauuu, Qortorpadguu, puUCyHKH, TpaduKH, KOTOphIE
MOSIBJIIFOTCS] HA TEKCTE, JI0JIKHBI ObITh IPOHYMEPOBAHBI.

BoinonHenHblil J10K7an mposepseTcs mnpenogaBaTteneM. Ecnu  goknan ogopMieH COIIacHO
IPEIbsIBIIEMBbIM TpEOOBaHUAM, TO padoTa JOIMYCKaeTcs K 3alluTe, O 4eM IpernojaBaTesieM JeNIaloTcs
3alMcl Ha TUTYJIBHOM JMcTe paborhl. Ecim fokiajg vMeer OTpUIATENbHBIM OT3bIB, TO JTOKYMEHT
BO3BpallaeTcs Ha JopabOTKY C MOCIEAYIOIIUM MPEACTABICHUEM O €r0 TOBTOPHOM PACCMOTPEHUHU.

TpeGyeMmblil ypoBeHb OpUTrHHAIBHOCTH HE MeHee 50%.

Jlokiagel MOTYT CONpPOBOXKJIATbCS — NPE3EHTALMEH, OTPAKAKOLEH OCHOBHBIE MOMEHTHI
BBITIOJTHEHHOTO UCCIIEJOBAHMSL.

Kpurepun oneHkH 1okjaana

Kpurepnit IToka3aTens MakcumanbHoe
OlLIeHKHU pedepara KOJINYECTBO 0aJIJIOB
1.CreneHb pacKpbITHS | - COOTBETCTBHE COJEpKaHUs TeMe pedepara; 1
CYILIHOCTH MpPOOJIEMBbI | - MOJIHOTa U TJyOMHA PAacKpHITHUS OCHOBHBIX 1
MOHSTHH MTPOOIIEMBI;
- ymeHue paboTaTh C  JIHUTEpaTypoH, 1
CHCTEMaTU3UpOBaTb U  CTPYKTYpUPOBATh
Marepuai, 1




- ymeHue  0000maTh, COTIOCTABJISATh

pa3IuYHbIC TOYKH 3peHUS o 1
paccMaTpuBaeMoMy BOTIPOCY;

- apryMEHTHUPOBATh OCHOBHBIC IMOJIOKCHHS H 1
BBIBOJEL;

- yMeHHUe YETKO H 000CHOBAHHO 2

(hopMyIIHPOBATh BHIBOJIBI;

- CaMOCTOSITENILHOCTh,  CHOCOOHOCTh K
OMpEeNICJICHUI0O COOCTBEHHOM TMO3ULUU  TIO
npobjieMe M K TPaKTUYECKOH aJanTainuu

Marepuaia
2.Cobnronenue - IPaBUJIILHOCTD U aKKypPaTHOCTh O(OPMIICHHUS 1
TpeOoBaHU o | pedepara
0(OpMIICHHUIO -TOYHOCTh B IUTHUPOBAHUM U  YKa3aHUH 1
HMCTOYHUKA TEKCTOBOTO (pparMeHTa,
- cobOmoneHne TpeboBaHM K 00BeMy U 1
CTPYKTYpe pedepara;
- TPAMOTHOCTH U KYJIbTypa U3JI0KEHUS 1
3.YpoBeHb  3alUTHI | - IOKJIAJ] CTPYKTYPUPOBAH, PACKPHIBAET TEMY 1
pedepara - JaHbl MpPaBUIIbHBIE, APTYMEHTHUPOBAaHHBIE 2
OTBETHI HA YTOUYHSIOIINE BOIIPOCHI
- Cllaiabl TPEACTaBICHbl B  JIOTUYECKOM 1
MOCIIEI0BATEIHLHOCTH u odopmieHue
MpE3EHTAaLNH; 1
- KOJIMYECTBO ciiaiinoB He Oosee 10
MakcrMaabHOE KOJIMUYECTBO 0aJJIOB 17

JIJ1s TOATOTOBKH MpE3eHTAlH K 3auuTe pedepara, odydaromemMycs HeoOX0IMMO HCIONb30BaTh
PowerPoint. KosimdyecTBo ciiaii1oB mpe3eHTaIiu K 3anmre pedepara — He 6omee 10.

MakcumanabHOe KOJUYECTBO OajlioB, KOTOpOE OOydYaroLIHiics MOMKET MOJYyYUTh 3a MOATOTOBKY
pedepata u npe3eHTAIMN K HeMY cocTaBisieT 17 0amioB. bamibsl yUuTHIBalOTCS B MpoIecce MPOBEACHUS
TEKYILEr0 KOHTPOJIS.

17 GaioB — OIIEHKA «OTIUYHOY;

12-16 6annoB — OLIEHKA «XOPOILIOY;

8-11 GanyoB — OIEHKA «YIOBJIETBOPUTEIHLHO

Menee 8 6a10B — OLIEHKA «HEYOBIETBOPUTEIHLHON.

6. METOAUYECKHUE PEKOMEHIALIUWHA 110 NIOATI'OTOBKE K TECTUPOBAHUIO
JlaHHBIN BUJ CaMOCTOSITENIBHOM paloThl paboueld MpOrpaMMON TUCHUIUIMHBI (MOJYJIs) HE
IIPENYCMOTPEH
7. METOJUYECKUE PEKOMEHJIAIIAM IO BBHINTOJTHEHWIO KOHTPOJIbHOM PABOTHI
JIaHHBIN BHJ CAMOCTOAITEILHON padoThl padoyeii NporpaMmMoi JMCUMIIMHBI (MOYJIs) He
NpeaycMOTpeH
8. METOAUMYECKHUE PEKOMEHJIAIMHA 110 HOATI'OTOBKE K 3AYETY
[Tpouenypa 3auera (quddhepeHINPOBAHHOIO 3a4eTa) KaKk OTAEIbHOE KOHTPOJIbHOE MEPOIIPUSATHE
IIPOBOAMTCS 110 CJIEAYIOLIUM BOIIPOCAM.
1. [TonsTus ynpasieHusi, OCHOBHbIE (haknopsl, onpezensonue 3pGeKTUBHOCT YIPaBIECHUS.
2. B3auMOOTHOILIEHUS CUCTEMBI U €€ 3JIEMEHTOB, YCIIOBUS BKIIOUEHHS DJIEMEHTOB B CUCTEMY.
3. OCHOBHBIE ATaNbI MPOLECCA YIIPABICHHUS.
4. IIporpaMMHO-1IENIEBOI METO/ YIIPABIEHUS.
5. Ilonsartus ueneBol GyHKIUU MPU PELICHUH TEXHUYECKUX BOIIPOCOB.
6. HazHaueHue nepeBa Leseil, pemaeMple STUM IPUEMOM YIPABIEHUYECKHUE 3a/1a4H.
7. Conepxanue noacucreMsl «lIpruMeHeHne 000CHOBaHHBIX HOPMATHUBOB CUCTEMBDY.
8. Conepxanue noacucteMbl «O6ecnedeHHOCTh MPOU3BOCTBEHHO-TEXHUUECKOM 0a30ii».
9. Conepxanue noacuctembl «MI3MEHEHUE CTPYKTYPHI MMapKay.
10. Conepxanue noacuctemsl «ObecrieueHre MPeaIpUsTHS IEPCOHATIOM).



11. Coneprxanne nojacuctemsl «COBEPIIEHCTBOBAHUE CUCTEM CTUMYJIMPOBAHUS [IEPCOHANIAN.
12. OrpannyueHus yucsiaa peaibHO YIPABISIEMbBIX MOACUCTEM.

13. Ponp Gu3HEC IUIaHUPOBAHUS MIPU Pa3pabOTKE U peaTr3alui HHHOBAIHHA.
14. OCHOBHBIE METO/IbI TPUHATHS PEIICHUM.

3aueT BBICTABIISAETCS IO PE3yJIbTaTaM pabOThI B CEMECTpPE, IIPU CJau€ BCEX KOHTPOJIBHBIX TOYEK,
MIPElyCMOTPEHHBIX TEKYIIIMM KOHTPOJIEM YCIIeBaeMOCTH.

9. METOAUYECKHUE PEKOMEHIAIIUHA 110 IOATI'OTOBKE K 9K3AMEHY

JaHHbII BUI OTYETHOCTH pabodeil MporpaMMOi TUCIUILTHHBI (MOYJIs) HE IPEAYCMOTPEH.

CIIMCOK PEKOMEHAYEMbBIX THOPOPMAINNWUOHHBIX NCTOYHHUKOB

6.1. Pexomenayemas autepatypa

6.1.1. OcHoBHas JUTepaTypa

ABTODBI, COCTaBUTENN 3arnaBue W3narenscTBO, TON Anpec
JI1.1 |3anoxuex B. M., VYpasineHne TEXHUIECKMMH CHCTEMAMH Boponex: http://bibli
VIBaHHUKOB B. A. Boponexckas oclub.ru/in
roCy/IapCTBEHHAs dex.php?
JIECOTEXHUYECKas page=book
akazgemus, 2010 &id=1423
03
JI1.2 |Apxunos C. H. OCHOBBI TEOPUM YIPABIICHUS TEXHUYECKUMU CUCTEMAMU: HoBocubupck: http://www
VuebHoe mocodue Cubupckuit .iprbooksh
rocyJapcTBeHHBIH | Op.ru/7066
YHHUBEPCHUTET 6.html
TEJIEKOMMYHHKaIH 1
¥ HH)OPMATHKH,
2016
JI1.3 |Cropoxes B. B., CHCTEMOTEXHUKA U MEXAaTPOHUKA TEXHOJIOTHUECKHX MaliH 1 |MockBa: http://znani
®eokrrcros H.A. 000opynoBaHUs W3znarenscko- um.com/go
TOproBast .php?
Kopropanus id=513143
"JlamkoB u K", 2018
6.1.2. lonotHUTeTbHAS INTEPATYPA
ABTODBI, COCTaBUTENIN 3arnaBue W3naTenbcTBO, rOI Anpec
JI2.1 |Taspmmos A. H., CpezicTBa U CHCTEMBI YIIPABIEHHS TEXHOIOTHYECKUMHUM , 2017 https://e.la
ITsraxos 1O. B. nporeccamMmu nbook.com
/book/9189
3
JI12.2  |Pemetnsk E. I1. VYmpapnenne TeXHHUECKAMHU crucTeMaMu: KOHCTIeKT JeKiuit CapatoB: http://www
JUISL CTYAEHTOB crenuanbHocTH «[IumeBas nmkenepust Manbix |CapaToBckuii .iprbooksh
TIPEIIPHUITHI rOCy/lapCTBEHHBINH [ 0p.ru/8147.
arpapHslit html
YHUBEPCHUTET HIMEHU
H.N. BaBunosa,
Bysosckoe
obpazoBanue, 2011
6.1.3. Meroaguueckue pa3paboTKu
ABTOpBI, COCTaBUTENN 3arnaBue WznarenscTBO, TO1 Anpec
JI3.1 |3s6poB B. A., [TonnoB  |OCHOBBI aBTOMAaTHKH ¥ TEOPUH YIPABICHUS TEXHUIECKUMHU Mocksa: http://www
I A. cucreMaMu: MeTOHUECKHE PEKOMEHIAIUN MockoBcKas .iprbooksh
roCyJapCTBEHHAas op.ru/4794
aKaJeMHs BOIHOIO 3.html
TpaHcnopra, 2015
JI3.2 |Bemnukun B. A., HcnonnutenbHble MEXaHU3MbI B TEXHUUECKUX CUCTEMAaxX Mocksa: http://www
3aBbsioB B. A., yIpaBJieHus: MeToInYeCcKHe YKa3aHus M0 AUCIUILTHHE MOCKOBCKHIA .iprbooksh
Bekkep 10. JI., [Tobat |[«YnpaBieHue TEXHUYECKUMH CUCTEMaMM ISl CTYICHTOB TOCYIapCTBEHHBII op.ru/3846
C.B. OaxanaBpuara HanpasieHus: noArotosku 27.03.04 YpasneHue |cTponTenbHbIH 7.html

B TCXHHUYCCKHUX CUCTEMaAxX

yHuBepcutet, Al [l
Op Menua, ObC
ACB, 2015




JI3.3

IMTonos [I. H., Cuyxun |PacdeT HEIMHEHHBIX CHCTEM CTAOMITH3AIINH C , 2006 http://e.lan
M. B. THAPONPUBOAAMHU: METOANYECKHIE YKAa3aHUs K BBITIOJHEHHUIO book.com/
JTOMAIITHETO 3a/IaHMs TI0 TUCIUIUTHHE « Y TIpaBIeHue books/elem
TEXHUYCCKUMH CHCTEMAMMUY ent.php?
pll_id=62
021

6.2. Ilepeuens pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIIUOHHOM ceTd ""UHTepHeT"

€)!

Apxumnos, C. H. OCHOBBI TeOpUH yIpaBJICHHUsI TEXHUUYECKUMH CHCTeMaMu [ DIeKTPOHHBIH pecypc] : yaeoHoe mocobue / C.
H. ApxunoB. — DJeKTpoH. TeKCToBbIe JaHHble. — HoBocuOupck : Cubupckuii rocy1apcTBEHHbBIH YHUBEPCUTET
TeleKOMMYHHKanuit u nHGopmaruku, 2016. — 166 ¢. — 2227-8397. — Pexxum nocryna:
http://www.iprbookshop.ru/70666.html

32

3anoxHbix, B.M. Ynpasnenue texuuueckuMu cucreMamu / B.M. 3anoxusix, B.A. FIBanHukoB. - BopoHex : BopoHexckas
rocyaapcTBeHHas JiecoTexundeckas akaaemusi, 2010. - 55 c¢. - ISBN 978-5-7994-0370-6 ; To »xe [DaekTpoHHBI pecypc]. -
URL: http://biblioclub.ru/index.php?page=book&id=142303

23

CucTeMOTEXHUKA U MEXaTPOHUKA TEXHOJIOTMUECKUX MallIuH u obopynosanus / Cropoxes B.B., ®eoxrucros H.A. -
M.:MamkoB u K, 2018. - 412 c.: ISBN 978-5-394-02468-9 - Pexxum moctyma: http://znanium.com/catalog/product/513143

24

Pemernsix, E. I1. YipaBnenue TeXHHUECKUMU CUCTEMaMU [ DNEKTPOHHBIN pecypc] : KOHCTIEKT JEKIUH JIJIsl CTYIE€HTOB
cnenuanbHOCTH «lInieBas nH>xeHepus ManbIx npegnpustuid» / E. 1. PemeTHsk. — DeKTpoH. TEKCTOBBIE JaHHbBIEe. —
Caparos : CapaTOBCKHU# roCcyJapCTBEHHBIN arpapHblii yHuBepcuter nMenn H.J. BaBuiioa, By3oBckoe oOpa3oBanue,
2011. — 207 ¢. — 2227-8397. — Pexum noctyma: http://www.iprbookshop.ru/8147.html

95

CpencTBa U CUCTEMBI YIIPaBICHHS TEXHOIOTHYeCKUMUM Mpotieccamu [ aBpuioB A. H., [Tarakos 0. B. 2017 2-e u3n.,
crep. 1 376 c. Pexxum noctyma: https://e.lanbook.com/book/91893

26

316poB, B. A. OcHOBBI aBTOMAaTUKK U TEOPUH YIIPABJICHUS TEXHUUECKUMU CUCTEMaMU [ DNIeKTpOHHBIH pecypc] :
MeToandeckue pekoMmenaanuu / B. A. 316pos, JI. A. TTonoB. — DeKTpOH. TEKCTOBbIC AaHHbIE. — M. : MOCKOBCKas
rocylapCTBEHHas! akaJieMHs BOJHOTO TpaHcnopTa, 2015. — 46 ¢. — 2227-8397. — PexumM poctyna:
http://www.iprbookshop.ru/47943.html

27

Pacuer HeIMHEHHBIX CUCTEM CTaOMIM3AIUU ¢ TUAPOIPHBOJAMU: METOIMUECKUE yKa3aHHs K BHIIIOJIHEHUIO JOMAIIHETO
3a[jaHusl 110 IUCHUILTAHE « Y IIpaBiieHue Texandecknmu cuctemamm» [lomos [I. H., Cuyxua M. B. 2006 24 c. Pexxum
npocryna: http://e.lanbook.com/books/element.php?pll_id=62021

28

HcnonauTenbHbIe MEXaHU3MBI B TEXHUIECKIX CHCTEMaXx YIpaBIIeHUs [ DIIEKTPOHHBINA pecypc| : METOAMUECKre YKa3aHHs
0 TUCLUITIMHE «YTIPaBIeHUE TEXHUUECKUMHU CUCTEMaMU» ISl CTYAEHTOB OakanaBpuaTa HalpaBIeHHUs HOATOTOBKH
27.03.04 YpaBieHue B TEXHHUECKUX cucTeMax / cocT. B. A. Benuukus [u ap.]. — DIEKTPOH. TEKCTOBbIC AaHHbIE. — M. :
MoOCKOBCKHI TOCYJapCTBEHHBIN CTpoUTEbHbII yHUBepcuTeT, Al Iu Op Meauna, 9bC ACB, 2015. — 30 ¢. — 978-5-7264
-1143-9. — Pexxum mocryma: http://www.iprbookshop.ru/38467.html

6.3.1 Ilepeyens mporpaMMHOro obecrne4eHust

6.3.1.1

Microsoft Windows XP, Microsoft Windows Vista, Microsoft Windows 7, Microsoft Office maker, Microsoft Office Word,
Microsoft Office Excel, Microsoft Office Access, Microsoft Office PowerPoint, Microsoft Office Outlook, Microsoft
Office OneNote, Microsoft Office Publisher, Microsoft Office InfoPath, Microsoft Visio Pro, Korcyneraur+,7- Zip,
Kommac 3D LT, Yue6usriii kommiekt KOMITAC-3D v18, Kaspersky Endpoint Security, CorelDraw Graphics Suite X3,
AutoCAD Electrical, AutoCAD, AutoCAD Mechanical, 3ds Max, Inventor Professional, Maya.

6.3.2 llepevyenb nHGOPMALHOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1|Koncymsrant ITmoc: http://www.consultant.ru




METOAUYECKHUE YKA3ZAHUA

JUIsl OpraHU3aluy CaMOCTOSTEILHON paOOThI
0 JUCHHUILIMHE « Y TIPaBICHUE TEXHUUYECKUMHU CUCTEMaMU»
U1 CTYJAEHTOB HAIPABJICHUS TTOJITOTOBKHU

15.03.02 TexHOMOTrMYECKUE MAILIUHBI U O0OPYI0BaHUE
Hanpasiennocts (mpoduib) BeITOBbIE MaIIMHBI U TPUOOPHI



(1)
ol

MUHUCTEPCTBO HAVKH U BBICIIIET'O OBPA3OBAHU S POCCUMCKOM ®EJIEPALINN

OEJAEPAJIBHOE 'OCYJAPCTBEHHOE BIO//KETHOE
OBPA3OBATEJ/IBHOE YYPEXKXIEHUE BbICHIEI'O OBPA3OBAHUAA
«TOHCKOU TOCYJAPCTBEHHBIN TEXHUYECKUHU YHUBEPCUTET»

Texnonoruyeckuiit UHCTUTYT cepBuca (puauan) AI'TY B r.CtaBpomno.ie
(TUC (puuan) AI'TY B r.CraBpomno.ie)

METOJINYECKHUE YKA3ZAHUA

0 BBITIOJTHEHUIO MPAKTUYECKUX paboT
no aucuumuHe «[IpoekTrupoBaHue TEXHOIOTUN BOCCTAHOBIICHUS
paboTOCTIOCOOHOCTH OBITOBBIX MAIIIMH U PUOOPOBY»
JUTS CTYJIEHTOB HAMPABJICHHSI TOATOTOBKH
15.03.02 TexHOMOTMYECKHE MAIIIMHBI B 000PYI0BaHHE
HaIpaBJIeHHOCTh (MIPOQuIIb) «BBITOBBIE MAIIMHBI U TPUOOPHI»



Meronudeckue ykazaHus 1O JucHUIUIMHE «[IpOEKTUpOBAaHUE TEXHOJIOTUH BOCCTAHOBICHUS
paboTOCITIOCOOHOCTH OBITOBBIX MAaIllMH M TPUOOPOBY COAEPIKAT 3aJaHUs I CTYJAECHTOB, HEOOXOAMMBIC
JUISL TIPAKTUYECKUX 3aHATHIA.

[TpopaboTka mpeIoKEHHBIX 33JIaHUi TTO3BOJIUT CTYJICHTaM MPHOOPECTH HEOOXOIUMbIC 3HAHUS B
o0acT U3y4aeMoi TUCIUTIINHBIL.

[IpennasnaueHsl sl CTyAEHTOB HampaBiaeHusi moarotoBku 15.03.02 TexHomornvyeckue MamiuHb
u obopynoBanue. HanpasieHHOCTS (poduiib) BEITOBBIE MATUHBI U IPUOOPHI.



Conep:xanue

Benenune

[Tpaktuyeckoe 3anstue 1 Boibop ycranHoBouHbIx 0a3. CocTaBieHue miaHa
TexHoslorndyeckux onepauuil. [londop o6opynoBanus, npucrnocodaeHUH, THCTPYMEHTA.
[TpakTryeckoe 3ansTue 2 Pacder mpumyckoB Ha 00pabOTKY MPH PEMOHTE U
W3TOTOBJICHUM JIETaJIeH.

[TpakTuueckoe 3ansatue 3 Pacuer pexkMMOB MEXaHHMUECKOH 00pabOTKH JIeTalIeH.
[Tpaktrueckoe 3anstue 4 Knaccudukarus 3arpat padodero spemeru. CoctaB
TEXHUYECKH 000CHOBAaHHBIX HOPM BPEMEHHU.

ITpakTryeckoe 3ansaTe 5 TeXHUUYECKOE HOPMUPOBAHKUE CTAHOUYHBIX paboT Ipu
MeXaHU4eckoi oopabotke. OnpeaeneHre OCHOBHOTO BPEMEHH Il TOKAPHBIX PadoT.
ITpakTryeckoe 3ansatue 6 OnpezeneHre OCHOBHOIO BPEMEHHU Ul CBEPIMIIBHBIX U
pacTouHbIX paboT.

ITpakTryeckoe 3ansatue 7 OnpeneneHre OCHOBHOIO BpeMeHH (ppe3epHBIX padoT.
[IpakTnueckoe 3ansatue 8 OmnpenenaeHre OCHOBHOIO BPEMEHH JUIsl HUIH(OBAIBHBIX padoT.
ITpakTryeckoe 3ansaTue 9 TexHuueckoe HOPMUPOBAHUE ClIECAPHBIX padoT, pa30OpOUHO-
cOOpOUYHBIX paboT.

ITpakTruyeckoe 3ansarue 10 TexHonornueckuii mporecc peMoHTa JeTajei.
[IpakTuueckoe 3ansatue 11 TexHnueckoe HOPMUPOBAHUE CBAPOUYHBIX U HAILJIABOYHBIX
pador.

[Tpaktuyeckoe 3anstue 12 TexHomorNs pa300pOYHBIX U 1e(EKTOBOYHBIX padoT.
[TpakTuyeckoe 3ansarue 13 TexHuyeckoe HOPMUPOBAHHE IAJIbBAHUUECKUX PAOOT.
[Tpaktruyeckoe 3anstue 14 Co60pka OTPEMOHTHPOBAHHOTO 00OPYIOBAHUS.
ITpakTryeckoe 3ansatue 15 TexHuueckoe HOpMHUPOBAaHUE MAIPHBIX PaldoT.

Crucok peKoMeHAyeMbIX HH(POPMAIIMOHHBIX HICTOYHUKOB



BBEJEHMUE

HpI/I HU3YUCHUHN KypcCa HapsAdy C OBJIaJACHHUCM CTYACHTAMU TCOPCTUYCCKUMU IOJIOKCHUAMU YACTIACTCA
BHUMaHUC HpI/IO6pCTEHHIO NPAKTUYCCKHUX HABBIKOB, C TEM, YTOOBI OHM CMOTIJIH YCIICUIHO NPUMEHATH UX B cBOCH
nocieayomieit pabote.

Llenb 0cBOEHMS AUCLUIUINHBL:

HAYy4YUTh  CTYJCHTa  pa3pabaThlBaTh  TEXHOJOTHYECKHME  TPOLECCHl  BOCCTAHOBIICHHSA
paboTOCIOCOOHOCTH OBITOBBIX MAIIMH U IPUOOPOB C YUETOM TEXHUKO-3KOHOMUYECKUX ITOKa3aTelie.

3amaua M3ydeHHUs AUCHUIUIMHBI COCTOMT B TOM, YTOOBI CTYJEHT OCBOMJI CIIOCOOBI U CPEICTBa
BBINOJIHEHUS IPOU3BOJCTBEHHBIX MPOLIECCOB BOCCTAHOBIEHHSI paO0OTOCIIOCOOHOCTH OBITOBBIX MAIIMH, U
npuOOPOB Ha MPEANPUATUSIX (PUPMEHHOTO OOCITYKUBAHUS.

[IpumeHeHne MeToJa CHCTEMHOIO aHaJInW3a K M3YyYEHHMIO JaHHOM JUCLUIUIMHBL ONpeAesseT
CIICAYIOIIME €ro 3aJayd: M3y4eHHe MpoOJieM B HCTOPUYECKOH TMEpCIeKTHBE, pPACIIMPEHHE 3HAHUS
CTY/IEHTOB, pa3BUTHE CIIOCOOHOCTH CTYJIEHTOB K INOHUMAaHMIO M KPUTHUYECKOMY OCMBICICHHIO IpoOiIeM
COBPEMEHHOCTH, OOCYX/JaeMbIX B CpEICTBAX MAacCOBOM WHGPOpPMAIMH, JHMTEPATyphl, a TaKKe
IpUOOpETEeHNEe HABBIKOB I1OCIEI0BATEIbHO U IPAMOTHO M3JIaraTh CBOU MBICIH B YCTHOW M MUCbMEHHOMN
dhopme

B pesynbrare ocBOEHMS MAHHON AMCUMILIMHBI (DOPMHUPYIOTCS CIEAYIOIIME KOMIIETEHLIUHU Y
oOyuarolerocs:

IIK-13: VYMmeHume mnpoBepsATh TeXHHMYECKOE COCTOSSHME M  OCTAaTOYHBIA  pecypc
TEXHOJIOTH4eCKOro 000py/A0BaHMsl, OPraHU30BBLIBATH NPOPUIAKTHYECKHA OCMOTP M TeKyLUMi
PEMOHT TEXHOJIOTHYeCKHUX MAIIMH ¥ 000pYy/10BaAHHUSA

W3yuuB naHHBINA KypC, CTYJEHT JOJKEH:

3HaTh:

O pexuMax BBIIOJHEHHMS] TEXHOJIOIMYECKMX OIEpaluii BOCCTAHOBIEHHs PabOTOCHOCOOHOCTH
OBITOBBIX MAIIMH U IPUOOPOB.

YMers:

Br16upate MaTepuansl A1 BHIIOIHEHHUS] BOCCTAHOBUTEIBHBIX ONEparvii.

Bnaners:

HaBbikamu paGoThbI ¢ TOUHBIMU U3MEPUTEIBHBIMUA HHCTPYMEHTAMU.

Peanuszanusi KOMIIETEHTHOCTHOIO IOAXO0JA IPEAYCMaTpUBAET IIMPOKOE HCIOJIb30BAaHHUE B
y4eOHOM TpOIleCCe aKTUBHBIX W HMHTEPAKTUBHBIX (opM mpoBedeHHs 3aHATUN (pa300p KOHKPETHBIX
cCUTyalui, cobeceloBaHNEe) B COYETAaHUH C BHEAYTUTOPHOM paboToii ¢ 1enbio popMUPOBAaHUS U Pa3BUTHS
podeccuoHaNbHBIX HABBIKOB CIIELUAIHNCTOB.

JIeKIMOHHBI Kypc sABIseTcss ©0a30M JuId TOCIEAYIOIIEro TIOJIyYeHUs O0y4yaroIUMUCs
MIPaKTUYECKUX HAaBBIKOB, KOTOpbIE NPUOOPETAIOTCS HAa NPAKTUYECKUX 3aHATHUAX, IMPOBOJUMBIX B
aKTUBHBIX (hopMax: JEJIOBble UIPHI; CUTyallUOHHbIE CEMHUHapbl. MeToIuKa MPOBEICHHS MPAKTUYECKUX
3aHATUA U MX COJIep)KaHHWE MPOJUKTOBAHBI CTPEMJICHHEM Kak MOXXHO 3¢ (deKTHBHee pa3BUBaTh Yy
CTY/ICHTOB MBIIIJICHUE U WHTYUIMIO, HEOOXOJUMbIE COBPEMEHHOMY CHEIMAINCTy. AKTUBHBIE (OPMBI
CEMHHApOB OTKPBIBAIOT OOJbIINE BO3MOKHOCTH JJIsi TPOBEPKH YCBOEHUS TEOPETUYECKOTO U
IIPAKTUYECKOI0 MaTepuasa.

IIpakTuyeckoe 3ansaTue 1 Boi6op ycTanoBouHbIX 6a3. CocTaBjieHUe MJIaAHA TEXHOJOTHYECKUX
onepauuii. [Toxdoop o6opynoBanusi, NpucnocodIeHnil, THCTPYMEHTA.

Hean 3ansaTHSA 3aKTI09aeTCs B OPMUPOBAHUU Y CTYJEHTOB MPOPECCHOHATHPHON KOMIETEHITUH:
I1K-13

[Tox mpou3BoACTBEHHBIM MPOLECCOM TOHUMACTCS COBOKYITHOCTD BCEX DTAIOB, KOTOPHIE
MIPOXO/AT BCE MUCXOJHBIC MPOAYKTHI HA MYTH UX MPEBPAIICHUS B TOTOBYIO MAalIMHY (ITOTydeHHE
3arOTOBOK, MeXaHudeckas o00paOoTka, TepMuyeckas o00pabOTKa, XHMHUKO-TEpPMUYECKas
00paboTKa, KOHTPOJIb, TPAHCIIOPTHPOBKA, XpaHEHHE, COOpPKA U Tak Jajee).

[To oTHOmIEHWIO K OOBEKTY MPOU3BOJACTBA pA3IMUYHBIC ATAIbl MPOU3BOJCTBEHHOTO
IpoIecca MPOSBIISIIOT Ce0sl MO-Pa3HOMY:

. OJTHHM U3 HUX MEHSIOT ero KayeCTBEHHOE COCTOsiHUE ((opMmy, pazmep,



CTPYKTYpPY, XUMHUYECKHI COCTaB, BHELTHUI BUJ U TOMY TIOJJO0HOE);

. Ipyrue (TpaHCIIOPTUPOBAHUE, XPAHCHHE, KOHTPOJIb U TaK J1ajiee) He
OKa3bIBAIOT TAKUX BO3JIEHCTBUM, HO HYXHBI JJI OCYIIECTBIECHUS IPOU3BOJCTBEHHOTO
nporecca.

Oranbl  IPOM3BOJICTBEHHOTO IpoOLlecCa, HA HNPOTSDKEHHMM KOTOPBIX  IMPOUCXOIAT
KAueCTBEHHbIE  HU3MEHEHMsI OOBEKTa IPOU3BOJCTBA, HA3BIBAIOTCA  TEXHOJOrHYECKHMH
npoueccamu. Hanpumep, TeXHOIOrHYEeCKU MPOLIECC N3TOTOBICHUS JeTa- Jiei, COOPKH, OKpacKH
1 TOMY TTOJ00HOE.

MOo0’kHO TOBOPUTH O MPOU3BOACTBEHHOM IIPOLIECCE HE TOJIBKO 3aBOJIA, HO U 11€Xa, Y4acTKa,
€CJIU IPUCYTCTBYIOT Pa3IMYHbIC 3TAllbl U3TOTOBICHUS U3AEIHSL.

TexHoNOrnuecKkuii Mpouecc BHIIOIHAETCS PadOUYMMU C MOMOIIBIO TEXHOJO- THYECKOTO
000pyIOBaHUS, WHCTPYMEHTOB, MPUCIOCOOJCHUH, pa3MEIleHHbIX B  (1MO-  MEIIEHHH)
IIPOCTPAHCTBE.

Pabouyee MecTo — YacTh IpocTpaHCTBa Iiexa (ydacTka), IIpeJHa3HAueHHass MAJIs BbIIOJHEHUS
omepauMu OJHMM WM TIPYyNIod paboyux, B KOTOPOH pa3MelIeHbl 000pyAOBaHHE, HWHCTPYMEHTHI,
IIPUCIIOCOOIEHHUS.

TexHonOrHYECKHii poIiecC OOBIYHO JEIIAT HA YaCTH.

Omnepanusi — 3aKOHYEHHAsl YaCThb TEXHOJIOIMYECKOIO MPOLIECCA, BBINOJIHAEMas Ha OTHOM
pabouem Mmecte. Omepanus SBISETCS HAUMEHBIIEH YacThIO TEXHOJOTHMYECKOTO IpOIecca, s
KOTOPOH pa3pabaThIBAETCsl TEXHOJIOTHMUECKasi JOKYMEHTALMsI, 10 KOTOPOM BEAETCs IUIaHUPOBAaHUE
H yYer.

Heo6xonuMocTh JiesieHusl TEXHOJIOTHUECKOro Mpoliecca Ha Olepalyu Mo-poXkIeHa IByMsI
pUYMHaMu: (pu3ndeckuMu (HEBO3MOXKHO 00paboTaTh JAeTalb C IIECTH CTOPOH; HEOOXOIUMO
pa3nuyHoe OoOOpyJOBaHME Ui YHCTOBOM M YEpHOBOM 0OpabOTKM); SKOHOMHUYECKUMHU
(1es1ecoo0pa3HOCTh CO3/IaHUS CTICIIMAIBHOTO CTAHKA).

IMepexoa — 3aKOHUEHHAs! 4aCTh OINEPALUH, BBIOJIHAETCS OJHUMHU M TEMH XK€ CPEACTBAMU
TEXHOJIOTUYECKOI'0 OCHAIIEHUS MPU MOCTOSTHHBIX pPeXUMaxX U YCTaHOBKE 3arOTOBKHU.

[Tepexon cBsi3aH (Hpu pe3aHMM) C MOJyYEeHHEM KaXJIoW moBepxHocTH. Hampumep,
00paboTKa OTBEPCTUSI MOKET BBIIOJIIHATHCS HECKOJIBKUMH MHCTPYMEHTAMMU: CBEPJIOM — 3€HKEPOM
— Pa3BepTKOM — B 3TOM Cilydae HEOOXOAMMO TpH Iepe- Xojaa. PacTaunBaHMe TPEXCTYINEHYATOTo
OTBEpCTHS OJIOKOM PE3LOB — OJINH NEPEXO/I.

Pa3nnyaroT nepexonst:

. OCHOBHbI€ — HEIIOCPEJICTBEHHO CBSI3aHHBIE C OCYIECTBICHUEM
TEXHOJIOTUYECKOI0 BO3JEHCTBUS (CBEpJIEHUE, TOUYEHHE U TOMY IOJ00HOE);
. BCIIOMOraTejibHbIe — JCHCTBUS paboyero 1 MEXaHU3MOB, HEOOXOAH

MBI€ JUTSI BBITIOJTHEHUSI OCHOBHOTO Iepexoia (yCTaHOBKA U 3aKpeIUICHHE JeTalll, CMCHA
MPHUCTIOCOOJICHMSI, OTBO/I, TOABOJ 1 TOMY OJJOOHOE).

Ilpuem — 3aKOHYEHHAsl COBOKYITHOCTb ACHCTBUI, HAIIPABICHHBIX HA BBIIOJIHEHHE
Mepexo/ia Ui €ro YacTH U OObEeTUHEHHBIX OJTHUM IEJIeBHIM Ha3HAUCHHUEM.

Hanmpuwmep, mepexom — «yCTaHOBUTH 3arOoTOBKY» BKIIIOUAeT B CeOs psi JEHCTBUI: B3SThH
3aroTOBKY M3 Tapbl — MEPEMECTUTh K IMPUCIIOCOOICHUIO — 3a0a3UPOBATh — 3aKPETHUTh.

[Tepexon npu mMexaHudeckoi oOpabOTKE MOXKET BBIMOIHSATH 32 OJUH pabouMil XOJ WU
HECKOJIbKO (4epHOBasi 00paboTKa, HUIM(pOBaHUE).

PaGoumnii xox (mpoxoa) — OJHOKPATHOE OTHOCHUTENBHOE JBMIKEHUE NPUCIOCOOJICHUS U
3arOTOBKH, B pe3yJbTaTe KOTOPOTO C €€ MOBEPXHOCTH YJIAISAETCs OJMH CIOM MaTepuasa, paBHbIHI
rinyouHe pe3anus (puc. 1).

YroOsl 00paboTaTh 3aroTOBKY €€ HEOOXOAMMO pPAacIOJIOKUTh OTHOCHUTEIBHO PabOUYMX
OpPraHOB CTaHKa M 3aKpPeNnuTh (3apUKCUPOBATH).

[Tponiecc npunanus TpeOyeMOro MOJOXKEHHUS JETadM M 3aKpEIUIEHHE Ha3bIBaCTCs
ycranoBoM. [list mostHON 00paboTKU IeTany HY»KHO, KaK IPaBHIIO, HECKOJIBKO YCTaHOBOB.

JUis BBINONHEHUS OTHEJIBHBIX 4YacTeil onepaluy WIM TEeXHOJIOTMYECKOro Ipolecca B
1esaoM ObIBaeT HEOOXOJMMO TEepeMeNIeHHe O0BEKTa MPOM3BOACTBA B IMPOCTPAHCTBE BMECTE C
IPUCTIOCOOTICHUEM



IMo3uumsa — Kaxaoe HOBoe (UKCHUPOBAHHOE TMOJOXKEHHE OOBeKTa MPOU3BOACTBA
COBMECTHO C TMPHUCIOCOOJICHHEM, B KOTOPOM YCTAHOBJIEH OOBEKT, OTHOCHTEIb HO pabounx
OpraHOB CTaHKa.

[lpy BBIMONHEHWH JIOOOH YacTH ONEpali WM  TEXHOJIOTHYECKOro Tporiecca
3aTpavyrBaeTCs KaKOE-TO KOJUYECTBO Tpylaa pabouux Haajexamed KBaauuKauu. 3aTpaTsl 3TH
U3MEPSIOTCS TIPOI0JDKUTEIBHOCTBIO, TO €CTh BPEMEHEM.

TpynoeMKOCTh — KOJMYECTBO BPEMEHH, 3aTpaylBaeMoe padOTaIOUIMM IIPU HOPMAalIbHOM
WHTCHCUBHOCTH TPyJda Ha BBIIOJIHCHHUE TCXHOJOTHMYECCKOI'O IIpoIecca WA €ro 4acrtu. EI[I/IHI/II_Ia
U3MEpEeHus — yesoBeKo-vac. /i IulaHupoBaHUsl 3aTpaT Tpy/ia UCIIOIb3YIOT:

. HOpMY  BpeMeHM —  BpeMs, YCTaHOBICHHOE  pabouemy,
COOTBETCTBYIOMIEH KBaTU(UKAIUY HA BBITIOJHEHUE OTEPAIlMU WM TEXHOJIOTUYECKOTO IMpoIiiecca
B



HOPMAaJIbHBIX MPOU3BOICTBEHHBIX C HOPMAJIbHOM HHTEHCUBHOCTBIO TpyAa. EnnHnnan3Mepenus — 34. 5-ro paspsaa.
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Pucynox 1.1 PaGounii mpoxo

. HOPMAa BBIPA0OTKH (JUIsI HOPMUPOBAHUS MAJIIOTPYJOEMKUX paboT) —
YCTaHOBJICHHOE KOJIMYECTBO M3JIEIHIA, KOTOPOE JOIHKHO OBITh M3TOTOBJICHO B €IMHUILY BpeMeHu. Enununa

usMepenus — 1000wr. B 14., 3-ro paspsaa.
Iuka — OTPe30K KalICHIApHOTO BPEMEHH, ONPEACIAIOIINNA UIMTEIbHOCTh TEPUOTUICCKU

MOBTOPSIFOLIENCS TEXHOJOTUUECKON ONEPALIMH OT Havasia [0 €€ KOHIIA.

NHTEeHCUBHOCTH MPOU3BOJICTBA OJIMHAKOBBIX U3/CIIUNA XapaKTEPUIYETCsI TAKTOM BBITYCKa.

TakT — IPOMEKYTOK BPEMEHHU, Yepe3 KOTOPBIM NEPUOJUYECKU OCYLIECTBISIETCS BBITYCK H3JIEIHA.
Ecnu roBopsT, 4TO MalmnHy U3TOTOBJISIOT C TAKTOM B 5 MUH,3TO 3HAYUT, YTO Yepe3 KKIble 5 MUH 3aBOJ
BBHIMYCKAET MAIIUHY.
PurMm BhIMyCcKa — BeNMWYHHA 0OpaTHAsl TaKTy.

[Toxazarenu MpOU3BOACTBEHHOIO U TEXHOJIOTUYECKOIO Mpoliecca (TPYA0EMKOCTh, UK, TAKT) MOTYT
ObITh HOMHHAJIbHBIMH, JEHCTBUTEIbHBIMU M HM3MEpHUTEIbHbIMU. CiydaiHbIi XxapakTep ACHCTBUTEIbHBIX U
M3MEpUTENIbHBIX 3HAYEHHUH MoKa3aTesel NPOM3BOACTBEHHOTO U TEXHOJIOTHYECKOI0 IpoLecca

3acTaBiIeT paccMaTpuBaTh MX BO BPEMEHH C MO3UIMH TEOPUH CIydalHBIX(DYHKIHM.

3ananue
[1o 3aganHOMY ONIEPALIMIOHHOMY 3CKU3Y ONPEIETUTh:

Ha3BaHUE ONEPALNH;

- HeoOXO0JaMMbIe BCIIOMOTaTeNbHbIe (YCTaHOBOYHBIE) TIEPEXO/IbI;

- OCHOBHBIE IIEPEXOBI;

- NpHUEMbI, paboYre XO0/Ibl, O3UIUH - €CIIM OHH HEOOXOIUMBI.

Bonpocs! qu1s1 3ammThl padoThl:

1. Crpykrypa TeXHOIOrMYIECKOrO IpoIecca.
2. Ha30BuUTe THIIBI IEPEXO/I0B
3. EquHuna naMepeHus TpyI0EMKOCTH.
4. Ha3oBuTe NPUYMHBI JENEHHS TEXHOJIOTHYECKOTO TIPOIECCA Ha OTIEPALIUH.
5. JlaiiTe onpenenenune CIeayrOIMM TTOHATHAM: LUK, TAKT, PHTM.



IIpakTHyeckoe 3anATHE 2 PacueT npumyckoB Ha 00padoOTKY NPU PpeMOHTE U U3rOTOBJIEHUHU AeTaJIei.
Lens 3ansaTHs 3aKa049aeTcsi B GOpMHUPOBAHMHU Y CTYAeHTOB npodeccuonanbHoii komnerenmun: IMK-13

OOUenpuHATO TPUITYCKOM CUMTATh CIOW MaTepuana, yIaIseMblii C TOBEpX- HOCTH

3aroTOBKH B ICJIIX JOCTHXXCHHUA 3aJaHHBIX CBOMCTB O6pa6aTBIBaeMOﬁ I10- BCPXHOCTH.

O,Z[HaKO COBpCMeHHBIfI B3IJsIO Ha IPUITYCK IIpearnojaracTt IMpUIIYyCKOM CYH- TaTb cIIon

MaTepUana, MoAJMeKAMMH yIaJeHH0 C IIOBEPXHOCTH 3arOTOBKHU B LEJAX JOCTHKEHUS 3a/IaHHBIX
CBOMCTB 0OpabaThiBaeMOii TIOBEpXHOCTH. Takoe TIOHATHE TIpUIIyCKa B OoJblmeld Mepe
COOTBETCTBYET €r0 Ha3HAYeHUI0. Paznuumne 3akiaoyaeT- ¢4 B pa3HOM IOHMMaHUH MaKCHUMaJIbHOTO
TNPUITYCKA Zny (pHC. 1).
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Pucynok 1. CxematnyHoe 0TOOpakeHHEe pa3inyus B TOTKOBAHUU MOHATUS “NIPUITYCK”
TaxuM 06pa3oM, peKHee MOHUMAHHE —, HOBOE IOHUMAHHE — Zgue = 2qin T d1a TJI€

£ 5 — MAKCUMAITBHBIH IPUITYCK; Zpin

— MUHUMAJIbHBIN TIPUITYCK;

T yene — TIOJIC JIOTTYCKA HA BBIIEPKUBACMBIH Pa3Mep JCTAIN L aan |
T, — mose nomycka, OrpaHAYMBAIONIEE OTKIOHEHHE Pa3Mepa 3ar0TOBKH.

[punycku pa3nuyarT Mo PsAy HPH3HAKOB, KOTOpPbIC MPUBEICHBI Ha cxeme(puc. 2).
OnpeneneHnue MpUITyCKa SBJISETCS BaXXHOW TEXHMKO-3KOHOMMYECKOH 3ajaa-
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Pucynox 2. Kmaccudukanus npumyckoB

Tabmuuer u I'OCThl 1NO3BOJAIOT  OHpPENENSATh NPUIIYCKHM HE3aBUCHUMO OT TeX-

HOJIOTHYECKOT0 Tpolecca 0O0pabOTKH 3aroTOBKM M YCIOBHH €ro OCyIIecTBIeHHsS. Bennunna



MIPUITYCKA, KaK MPaBUIIO, B 3TOM CIIydae SIBISICTCS 3aBBIICHHOM.

Konebanue pazmepa o6pabaTsiBaeMOil TOBEPXHOCTH 3arOTOBKH B TIpEeiax JOMycKa Ha ee
W3TOTOBJICHHE BBI3BIBACT KOJICOAHWE BEIUYMHBI MPUMYCKa. [l03TOMYy M pasIuvarOT MPUITYCK
MHHHAMAIBHBIH (Zpi ), HOMHHATBHBIHA (Z e , MAKCHMAIIBHBIH

(Zawe) -
Z:w.m =Eminz +?:—1, Emaxi = Ew.m y
Ha PUCYHKC MHICKC 7 OTHOCHUTCH K 3arOTOBKE;
. '
i J-:I:i Er_ j?
E Jmin -2 \r%r
- = ‘__._ ! 19.-;-
NN _"}f/ 4 :
r@l Hmn .f-hr t ‘mr
q |5 47 2,3
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Pucynok 3. Cxema npumyckoB U JOMYCKOB pa3MepoB

Z:u::mi—ﬂ = Zminz'—ﬂ + |€I3az |; Emuxi—z = Em'm'—z

d — K meranm
W3 cxemsl (puc. 3) BUIHO, CIIAYIOIIEE:

Z o - PA3HOCTH HOMHHAJIGHBIX Pa3MEPOB 3aTOTOBKH JI0 M ITOCIe 06paboTKY;

Zyw - MAKCHMANBHBIA CIOH MaTepwana, MOMISKAUINN yraleHHio. B psie ciydae Ha
HEKOTOPBIX IEPEXOJax Em I/Izm MOT'YT COBIIAaAAaTh,

Zpw - MUHMMANbHBIA CIOH MaTepuasna, HEOOXOIAMMBIH 1Js ycTpaHeHus ne- (PEKTOB
3arOTOBKM M OO0CCIICUeHUs BO3MOXKHOCTH TIepeXoja OT 3aroTOBKH K JCTald TMPH HATHIUU
MOTPENIHOCTH YCTAaHOBKHM 3arOTOBKM W TOTO PAaCHpEeeNIeHUs TMPUIMYC- KOB HA TMOBEPXHOCTSIX,
MOIeXKAIMX 00paboTKe, KOTOPOE MPOU3OIIIO B Pe3yJbTaTe BHIOOPA TEXHOJIOTHYECKUX 0a3 s
MIEPBOM OTEepaIlHH.

B 3aBucuMocTu ot TOro0, Kakasi MoBEpXHOCTh 00padaThIBaeTCs a) HapyxkHas (puc. 6.4); 0)
BHYTpeHHsIs1 (puc. 5); KaK pacroiaraercsl Mojie JOMycka Ha BBIIAEp- KUBAaeMbIid pasmep a) “B
teno” (puc. 4, a), (puc. 5, a); 6) cummerpuuno (puc.4 6), (puc. 5 0); — HOMUHATHHBIA U
MaKCHUMaJIbHBIA IPHUITYCKU OTPEACIISIOTCS M0- PA3HOMY.
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Pucynok 4 Cxema ompeneneHuss NPHUITYCKOB TpH 00padOTKE HAPYKHOU
MMOBEPXHOCTH:

a) Emm'zz +?:= Emuxz'zz:w.m';
+70 mari-1 = < unai-1r

1= mmz—l
2?:.1: gmmz %ﬂ T — "Tmai =+ 'n:i-l_T

i
:w.m -2 i-2 T “mini-2 927
0) ward = Lppg TE5 T |‘9fz-1Ts Zowia = Zpini T 51
Lyoniz = Emim‘—:: +es, +|‘5'f | muei 2 = Sminia T e

Crnemyer OTMETUTh, YTO OCHOBY U Zuou, U Zmax cOCTaBIsieT Zmin. [lo3TOMy
pacyeTHOM BEJIMYMHOM SIBIIECTCS MUHUMAJIbHBINA ITPUITYCK.

B Hacrosimiee Bpems cuuTaeTcs, 4TO Ul ONPEAENCHUS MUHHUMAJIbHOTO IPUITYCKa
HEOOXOMMO TOJB30BAaThCS  (OPMYINOH, Ooee TONHO YYHUTHIBAIOMIEH (HaKTOPHI,

HeﬁCTBYIOIHHC 1810)51 06pa60TKe MMOBCPXHOCTH ACTAIN:
7, =RAT+I+E+V+P

rac

Fy — BBICOTa MUKPOHEPOBHOCTEH MOBEPXHOCTH 3aTOTOBKH II0CIIE €€ 00pabOTKH Ha
MIPEIIIECTBYIONIEM TIEPEXO/IE;

T — TnyOuHa AeQEeKTHOTO MOBEPXHOCTHOTO CIJIOS, MOJNydeHHas Ha MPEAlIECTBYIOIIEM
epexoie;

J7 — TIOTPEIIHOCTh CMEIIEHUSI U MOBOPOTa MOBEPXHOCTH 3arOTOBKH OTHOCHUTENHHO €€
TEXHOJIOTHYECKHX 0a3;

Z6— TIOTPEIIHOCTh (POPMBI TTOBEPXHOCTH 3arOTOBKH, JIOMYIIEHHAS MPH ee 00paboTKe Ha
MIPEIIIECTBYIOMIEM TIEPEXO/IE;

3 — IOTrPEIIHOCTh YCTAHOBKM 3arOTOBKHU HA JJaHHOM MIEPEXOAEL,
L'— OTKJIOHCHHE ITOJIOKCHHUSA ITOBEPXHOCTHU 3arOTOBKH, moAnexanien 06p360TKC,

OTHOCHUTCIIBHO €€ TCXHOJOI'MYCCKUX 633, BO3HHUKIICC B PE3YJIbTATC paclipe- ACICHUSA
IMPUITYCKOB IIPpH MOATOTOBKE TEXHOJIOTHICCKUX 0a3 Ha IMEPBLBIX OINEpalUriX.
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Pucynok 5. Cxema ompeneneHusi MPHUILYCKOB Tpu 00paOOTKe BHYTpeHHEH



MIOBEPXHOCTHU:

Zors = Lumi T 5 Zui = L’
a)  Zygge = Zppin T n Zpmicl = a1
Zoonics = Zuii-a T B Zamis = Zawicz + Tas
Z g = Spps T E5; +|Efm|; i = Epgs T 5o
0) Zypi = Zmpin T B, +|Ef!. » Zpmia = Zpmin T s
Zyori-z = Zmmia T ES g +|Ef!-_1 ; Znwia = Loz T e

Metox M HeoOXOAMMBIE JaHHBIE Ui pacyeTa <gp JOCTATOUHO MOAPOOHO
MPEJICTABJICHBI B CIIPABOYHOM JINTEPATYPE, IPU ITOM BBEJICHBI CIICIYIOIINE 0003HA- YCHHS:
_y D=4 T

T=h, v, Y=8

DopMyITBI, peKOMEH IyeMbIE IS PACyeTa &gy, , UMEIOT CIIELYIOIIHA B

. pu 00pabOTKe OTIACIIBHOM MTOBEPXHOCTH (OAHOCTOPOHHUMN TIPUITYCK )HA
I-M mepexoe:

Zpin; = (8 +?3:|=__1 + & +&;

oV

. IIpU NapajuieabHoi 00paboTKe IPOTUBOMOIOKHBIX TOBEPXHOCTEH
(IBYCTOPOHHHUI MIPUITYCK):

. pu 00paboTKe HAPYKHBIX U BHYTPEHHUX MOBEPXHOCTEH BpAIlICHUS:

27 = 2([Rz+ﬂz)i_1 the

EZm=2([Rz+»‘s)i_l+ % +e-%-)-,_

3HaHWE BEMYHHB] £g 5 HEOOXOINMO MU ONPEJICICHNN PEKUMOB PE3aHHs, TaK KakK
MMEHHO ATOT MPUITYCK MPUHUMAIOT B KAYECTBE TITYOHHBI PE3aHHUsI.

B Tom cnywae, korga moOBEepXHOCTh 0OpalaThiBaeTcsi (B COOTBETCTBHHM C IIJITAHOM

00pabOTKH) 3a HECKOJIbKO TMEepPEeXOJI0B, MPUITYCKU OMPENENSIIOTCS B HANpaBlICHUH “OT

JIeTali K 3ar0TOBKe”. B mepByro odepeb OnpeensoT MPUITYCK Ha OTIACIIOYHBIN MTepexoI,

3aTeM YHCTOBOU U, HAKOHEIl, YePHOBO.

3Has KOJHMYECTBO TIEPEXOJIOB W MPHUIYCKH, HEOOXOIUMBIC JUIS BBITIOJHEHUS
KOKIOro TMepexoia Mo o00paboTKe TMOBEPXHOCTH 3aroTOBKH, MOXKHO OIPEAETUTh
MEXIIepEeXOHbIC Pa3Mephl, pa3Mep UCXOAHON 3arOTOBKH M 3HAUCHHUE OOIIEero MpUITycKa Ha
00paboTKy. BBIMOIHKUTE 3TO MPOIIIE ¢ MOMOIIBIO cxeM (puc. 6, 7).
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Pucynok 6.Cxema cCBs3ed MEXAy MEXIEPEXOAHBIMU pa3MepaMH, MPUITYCKaMU |
AOIYCKaMHU JId OXBATbIBACMBIX HOBerHOCTefI



B cootBercTBuu co cxemoii (puc. 6.6) mpenenbHbIC 3HAYCHUS MEKIIEPEXOJHBIX
pa3sMepoB PaBHBIL:

s =8+ 2, P = P+ Zpp
fowi1 = Fope Fnpi 1 Faw = Pows T Znmats
fnpm = a1 T Zmiin Pmece = fnwi1 T Lnpa

[IpenenpHbIe pa3Mepbl 3ar0TOBKU MOYKHO MPEJICTABUTH B 00IIIEM BUJIE:

'km'nm = 'Egd +E;E:f _Tm;

— Ry
'sgmm{mz - '33:3 +Emax :
HpeHeHBHHe 3HA4YCHU NPUITYCKa I/ICXOI[HOI‘/'I 3aroTOBKHU:

E]

ey .

" szaxi _?:a.zs
i=l
» .

o H

;f = ZZma.xi,
iml

rie
# — KOJIMYECTBO MEPEX0/I0B M0 00padOTKE MOBEPXHOCTH 3arOTOBKH,

T, 2 — JOIIyCK, OTPaHMYMBAIOLIMI OTKJIOHEHUE pa3Mepa UCXOJHOM 3aroToB-
KH.
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Pucynok 6.7.CxeMa cBs3eil MEXIY MEXKIIEPEXOIHBIMU pa3MepaMH, TPUITyC-KaMH U
JIOTTYCKaMU JIJIsl OXBaThIBAIOIIMX TTOBEPXHOCTEM



Hanpumep, npenenpHbie 3HaYEHUS JUaMETPa OTBEPCTUS UCXOIHOM 3arOTOBKUPABHBL:

Hapsny ¢ paccMOTpeHHBIM pacyeTHO-aHAJTUTUYECKUM METOJOM OIPEICICHUS MIPUITYCKOB

— [ pmeRy.
Dminm: - D:ﬂ EEJmcx :
CyIIECTBYEeT TaK Ha3bIBaeMbIM ‘‘TaOMWUHBIN’ MeToa. B 3ToM ciydae pacyeTsl BeayTcs C
— ) _ Doy
Dmuxsaz - D:i' Ezmux +Tﬂz'

UCIOJIb30BaHUEM TaOMMYHBIX 3HAYEHUH OOILEro MpHUIyCKa U MPUITYCKOB HAa OTJEIbHBIC BUIBI
00paboOTKM TOBEPXHOCTH, MPHUBOJUMBIX B cooTBeT- cTByrommx ['OCTax wu crnpaBoYHOM
JuTeparype.

3ananue

Jns  3aJaHHON  TTOBEPXHOCTH 3arOTOBKM W TepexomoB  e€  00paboTku
OIIPE/ICIUTE!

1. [llepoxoBaTOCTh IOBEPXHOCTH U ITyOUHY N1e(EKTHOrO CIIOs;

2. TIpocTpaHCTBEHHbIE OTKIOHEHHS M IIOIPENIHOCTh YCTAHOBKY 3aTOTOBKH HAKAXKIOM
NEPEXO0JIE;
3. Onpenenurs MeXIEPEXOHbIE PA3MEPE;

4. PacunTaTh pasMep MCXOIHON 3arOTOBKU M 3Ha4eHHE OOLIEr0 MPHUIYCKa HA0OpaboTKy
5. TTocTpouTh cXeMy MEKIIEPEXOIHBIX PA3MEPOB U JIOMYCKOB

Bomnpocsl 1151 321U THI padoThHI:

1. Anroput™m pacuéra oOLIero npuIycka
2. Krnaccudukanus npumyckon
3. Onpenenenne MEXIIEPEXPAHBIX Pa3MEPOB

IIpakTnyeckoe 3ansiTe 3 Pacyer pe:kuMoB MexaHHYecKOi 00paboTKH aeTadeii.

Lean 3aHATHA 3aK1I09aeTCs B QOPMUPOBAHUH Y CTYJEHTOB IIpodeccroHanbHoi komneTenuun: 11K-13

BpeMeHHI)Ie CBA3H — OTO COOTHOIICHHUEC MCKIY (bOHHaMI/I BPEMCHH, KOTOPLIMH pacrojararot

TEXHOJIOTHYECKoe 000pyI0BaHue, pabouue, MPOU3BOICTBEHHOE MoIpa3iesieHne (y4acTok, 1eX U T.11.) U
SanaTaMI/I BpeMeHI/I Ha BBLITIOJITHCHUC TCXHOJIOI'NYCCKOI'O HpOHCCC& N3Ir0OTOBJICHUA I/I3)1€J'II/II71 1 OTOCIIBHBIX
onepauui.

Bpemennbie cBsi3u  00pa3yloTcs Takke B pe3yslbTaTe WICHEHUs 3aTpaT BpEMEHU Ha

COCTaBJIAOIIHUC.

I/ICXO)IHBIM, B OIIpCACICHUN (bOHZIa BpPEMCHH, CIYXKUT KaAJICHAAPHOC BpEMs 3a BBIUCTOM

Hepabouux JTHeH B U30paHHOM MEepHOJE.

JI1st e IMHUIBI 060PYI0BaHNS HOMUHAIBHEIH (DOH/T BPEMEHH COCTABIISAET:
B =(Ts tog —Hop ta)(1-25 /100)

rae — yfifo pabounx JHEH B INIAHUPYEMOM HEPUOIE, Tepr — YMCIO PAOOYUX YACOB B

CYTKH,

c. AYACII0 PabOUMX JTHEH COKPAILEHHOMN ITPOIOIKUTEILHOCTH,



— 9HCII0 YacoB, HA KOTOPOE COKPAIICHBI paboune CyTKH,
i
— HﬂcﬁmpyeMoe BpeMsi npocTtost obopynoBanus (3—6% — ans yHusepcaibHoro, 10-12% —
JUIS. YHUKAJIBHOTO 000PYA0BaHMS).
JleiicTBUTENBHBIH GOHA BPEMEHH T OTIMYAETCS OT HOMHHAIBHOIO ‘LiHa BEIHUHHY MOTEPh
fl;  (onma BpeMeHH W3-3a CIy4aiiHBIX COOBITHii, CONPOBOXKIAMOMIMX JHOOOH MPOU3BOACTBEHHBIN
npouecc. ITotepu poHa BpeMEHN MOKHO OIPEIEIHUTh!

B, = Fy— 11,

[Torepu ¢oHIa BpEMEHN MOXKHO OIPEACTHUTh:

H-f - Hém + Hqﬁ.ﬂ.ﬂr + H?.P' y

e {7 srpx — MOTEpH POHIA BPEMEHH 110 TEXHUYECKUM MPUUUHAM; 45 npr — TIOTEPH
(hoH/1a BpeMeHHt 0 OpraHU3alHOHHBIM TIPMUMHAM; £ »— HOTepU GOHIa BpEMEHH IO
BUzE paboyero.

3aTpaThl BpeMEHH Ha BBINOJHEHHUE ONepaluii TEXHOJIOTHYEeCKOro Ipolecca,

HAa3bIBACTCA IITYYHO-KAJIbKYJIAIUMOHHBIM:

£
= m4+.tm,

rae  — IGEFOTOBHUTENbHO-3aK/IIOYUTENBHOE BpPEMs  3aTPAYMBAcTCAs HA IOATOTOBKY K
M3TOTOBJICHUIO MAPTUU JieTajeil (MoJydeHHe 3aJlaHus, O3HAKOMJICHHE C HUM, M3y4YeHHE 4YepTexel u
TEXHUUYECKON JOKYMEHTAllMHM, IIOATrOTOBKa pabodyero MecTta, HACTpolka o00OpyJoBaHHUA, caya
W3TOTOBJICHHBIX U3/ U IPYTroe);

— YU IO U3JENIHM, COCTABISAIOLINX NapTHUIO.

ITyyHoe Bpems MpeACTaBIIAeT COOOM CyMMY YEThIpeX ClaraeMblx:

Lyw =lpp Tiat+iggn +5,z; .

B c¢opMyne . — of3OBHOE TEXHOJIOTMYECKOE BpEMs — OTO BpEMsS HENOCPEACTBEHHOIO
BO3/ICHCTBUS Ha OOBEKT MPOU3BOJICTBA (M3MEHEHHS (JOPMBI, Pa3MEPOB, CTPYKTYPHI MaTepHana u T. J).

BcnomoratensHoe Bpems (25) — BpeMsi, 3aTpauMBaeMoOe Ha TMepexXoAbl, COMYTCTBYIOIINE
MPOIIECCY HEMOCPEICTBEHHOTO BO3JIEHCTBUS HA OOBEKT IMPOU3BOJACTBA (YCTaHOBKA, OTBOJ, IMOABOJ
WHCTPYMEHTA, BKJIIOUEHUE, BBIKIIOUECHHUE 000PYI0BAHNA).

CyMMy OCHOBHOT'O TEXHOJOTHYECKOTO M BCIIOMOTATENbHOTO BPEMEHH HA3bIBAIOT
OTICPATHUBHBIM:

fog =lor Tig
Bpemst obcnyxuBanus pabouero mecra ( ) Lapems, KoTopoe 3a-
Tpa4ynMBaeTcss pabOYUM Ha yXOJ 3a padOYMM MECTOM M TOJJIepKaHUEeM ero B pabouem cocTosiHuH. Ero
MOPA3ACISIOT Ha JIBe 9aCTH: BPeMs TEXHHUECKOro 0OCIyKUBAHKS | frex ape) BPEMsi OPraHM3ALHOHHOTO
00CITy>)KUBaHUS (topr0sc.) .

Bpems Ha TexHuueckoe o0OCITy)KHBaHHME 3aTpPayMBaeTCsl Ha IOAHACTPOUKY TEXHUYECKOU

Lope = brpx oo T iopr o
CHUCTEMBI, CMEHY 3aTYINHBIIETOCS HWHCTPYMEHTA, YAAJICHHE CTPYKKH C pabouWx OpraHoB CTaHKa,

npUCrocoOIeHUH.
Bpems Ha opraHu3anioHHOE 00CITY)KUBaHUE 3aTPauyMBaeTCs HA CMa3Ky U YUCTKY 00OpYIOBaHUS,
yIalleHHe CTPYKKH C pabovyero MecTa U MPUBEJCHUE €ro B MOPSIOK.

Bpemst nononHuTensHoe (f;;r) BBIJICJIACTCS. Ha OTJIBIX, PErJIaMEHTUPYETCSl YCIOBUAMHU PaOOTHI
(TSDKECTBhIO M MHTEHCUBHOCTBIO TPY/1a), Ha TMYHbIE HATOOHOCTH.



Bpewmst Ha oOcnmyXUBaHUE U JTOMOJHUTEIBHOE ONPEACNAIOTCS MPOLEHTOM OT

OTIEPAI[MOHHOTO.
Bpewms, 3aTpaunBaeMoe Ha BBINOJHEHHE OIEpaluii, MOKET ObITh HOMUHAJIBbHBIM,
JIEMCTBUTEIILHBIM U U3MEPEHHBIM.

3ananue
J11s1 3a1aHHBIX OTEepaIiid BBITIOJHUTD:

1. CocraButh pacuéTHyro cxemy Iepexoa;
2. PaccuutaTh OCHOBHOE TEXHOIOTHYECKOE BPEMS;

3. Paccumnrath IOTYYHOC U ITYYHO-KAJIbKYJIIHOHHOC BPEMs Ha OIICpaluio.
BOHpOCLI AJIS 3alMThI paﬁoTbI:

1. Packpoiite moHsTHE OCHOBHOTO, BCHOMOIaT€JIbHOTO U TEXHOJIOTHYECKOrO BPEMEHH.
2. HazoBute ocHoBHBIE oTepu (hoHAa BpeMeHH. [IoHsATHE IITYYHOrO BpEMEHH.

IIpakTuyeckoe 3ansaTue 4 Kitaccudukanms 3arpar pabouero Bpemerr. CocTaB TEXHHUYECKH 000CHOBAaHHBIX HOPM
BPEMEHH.
Hens 3ansaTHsI 3aKm049acTcs B (GOPMUPOBAHUH Y CTYACHTOB MpodeccuoHabHoM komnerenuuu: 11K-13

Jnst pa3paboTKu MPOM3BOACTBEHHBIX HOPM 3aTpaThl pabouero BpeMEHH W BPEMS HCIIOJIb30BAHHS MAaIlUH
JTISIT Ha JIBE KATETOPUU: HOPMUPYEMBIE 3aTPaThl BPEMEHH U HCHOPMHUPYEMBIE.

Hopmupyembie 3atpaThl pabo4yero BpEeMEHH COCTOST M3 BpPEMEHHM TI0JE€3HOH paboThl; BpeMeHHU
MEPUOJIMYECKUX KPATKOBPEMEHHBIX MEPEPHIBOB HAa OTABIX BO BpeMsi pabOThI, BpEMEHH Ha JIMYHBIC HAJTOOHOCTH W
BPEMCHHU TCXHOJOTNMYCCKUX IMMEPCPHIBOB, BBI3BAHHBIX 0COOEHHOCTSIMHU IMPOMU3BOACTBCHHOI'O ITpoLEcca.

Bpems nonesnoui pabomsi, B CBOXO 0UEpe/lb, CIAracTCs U3 3aTpaT pabovyero BpEMEHU Ha ONlepaTHBHYIO paboTy (Croja
BKJTIOYAETCS] OCHOBHAS M BCIIOMOTaTENIbHAS, TOATOTOBUTEIHHO-3aKITIOUNTENbHAs paboTa).

Bpems onepamusnoii pabomwvl COCTOUT U3 BPEMEHH OCHOBHOH pabOThl M BPEMEHHU BCIIOMOTaTelibHOI paboThl. K
OCHOBHOU paboTe OTHOCHUTCS pabodee Bpems, 3aTpadyeHHOEC HAa HW3MEHEHHE (OpM, pa3MEepOB, BHEIIHETO BHUJA,
COCTaBa, CBOWCTB, COCTOSIHHS W B3aHMMOPACIIOJIOXKCHHS YacTeH MaTepHalioB, W3JCIUi, KOHCTPYKIUI IMpeaMera-
TpyAa, T.e. BCE 3aTrpaThl pabo4yero BpEeMEHH, KOTOpBhIE HEMOCPEICTBEHHO CBS3aHBI C IOJyYCHHEM pe3yibTara
JAHHOTO MPOU3BOJICTBEHHOr0 Tporiecca. Hampumep, k OCHOBHOM paboTe SKCKaBaTOPIIMKA OTHOCSTCS yIpaBlICHUE
MAaIIMHON BO BpeMsi €€ paboThI.

K ecnomocamenvnoti pabome otHocuTcs pabodee Bpems, 3aTpaunBaeMoe pabOYMM Ha JIOTIOJTHHUTEIIbHBIC
JeNCTBHS, 00ECIIEeUNBAIOIINE BO3MOXKHOCTh OCYIIECTBICHUS OCHOBHOW pabOThI M TEXHOJOTMYECKU CBSI3aHHBIC C
BBITTOJIHEHUEM TIPOW3BOACTBEHHOTO 3alaHus. Hampumep, mepexosl IEKTPOMOHTAaXHUKOB OT CTOJI0A K CTONOY,
MepecTaHOBKa CTPEMSHOK BO BpeMsi paOOThI U T.1I.

Bpems ocnosHoll pabombl, KaKk W BpeMsl BCIIOMOTATEIBHOW Pa0OTHI, MPSMO MPOMOPIUOHANBHO 33JaHHOMY
00beMy padoT.

3ampamsl paboueco épemenu HA NOO20MOBUMENbHO-3AKIIOUUMENbHYI0 PA0OTY CBS3aHBI C MOJITOTOBKOW K
pabote paboyero Mecta, opyIuil Tpyaa U IpUBEIEHNEM HX B MOPSAIOK B KOHIIE paboyuell CMEHBI.

[Tpo0KUTETFHOCTh BPEMEHH Ha TOATOTOBUTEIBHO-3aKIIOYUTENBHYIO paboTy HE 3aBUCHT OT 3aJlaHHOTO
o0beMa paboT, HO B psle CIy4yaeB CBS3aHA C COJEpPKAHUEM MOJIYYEHHOro 3ajaHus. Vcxonas U3 3TOro ciemayet
pa3nuyaTh BpeMs OrOTOBUTEIFHO-3aKIIIOYUTEIFHON paboThI 32 CMEHY M Ha 3a/IaHUE.

Bpemsa noocomosumenvho-3axniouumenshotl pabomel Ha CMEHY BKIIIOUAET €XeTHEBHbIE 3aTpaThl BpeMEHH Ha
MOJTyYeHne WHCTPYMEHTA, MPHUCIOCOOJICHNH, MaTeprasoB, Ha IMOAJAEpKaHHe padodyero MecTa W Opyauid Tpynaa B
YHCTOTE U B pabodyeM COCTOSIHUM Ha MPOTSHKEHUH paboyero JHs.

3arparel pabouero BpeMeHH Ha TOATOTOBUTEIHHO-3aKIIOUNTENFHYI0 pPad0Ty Ha 3aJlaHue CBSI3aHBI TOJBKO C
KOHKPETHBIM 33JJaHUEM.

Hampumep, mosryueHune Hapsjga, W3ydeHHE YepTeka, MONydeHHe yKa3aHWid OT TEeXHHUYECKOTO MEepCOHaa o
MOpSAKE M CHocoOe BBHITIOMHEHHUS 3a/laHusl, TMOJYYeHHEe HWHCTPYMEHTOB M TPUCIIOCOOJICHUMN, CBSI3aHHBIX C
BBITTOJIHEHUEM TOJIBKO JAHHOTO KOHKPETHOTO 3aJlaHMsl, c1ada paboThI IMOciie €e OKOHYAHHSI.

Ko épemenu omowixa oTHOCATCA 3aTpaThl pabodyero BpeMeH! Ha KpaTKOBPEMEHHBIE MEpephIBbl B paboTe Ha
MPOTSKEHUH CMEHBI JUIsl MOIeP KaHNsl HOpMaJIbHON TPYA0CIOCOOHOCTH.



B HOpMy BKIIIOYAIOTCS U MEPEPBIBBI Ha OT/ABIX, PACCUUTAHHBIE OT MPOEKTHPYEMOIl HOPMBI BPEMEHH B 1IEJIOM B
CIIEYIOIINX pa3Mepax st padbot, %o:

e * $UBHYECKH JIETKHX — J10 6;

* cpeaHel TpyIHOCTH — 70 9;

e TSDKENBIX — 710 15;

e * QUEHb TIKEIBIX — 110 25.

Bpems na nuumvie madobHocmu — 3TO 3arpaThl pabodero BpPEMEHH, CBA3aHHbIE C JIMYHON TUTHEHOW H
€CTECTBCHHBIMU  HAIOOHOCTSIMH  paboTaronmx. Bpems Ha OTABIX W JIMYHBIE HAAOOHOCTH — 3TO
peraaMeHTHpOBaHHbBIE MTEPEPHIBBI B paboTe B TeUeHUE paboueil CMEHbI, MPOJOHKUTEILHOCTh KOTOPBIX 00YCIIOBICHA
COBOKYITHBIM BO3JICHCTBHEM HA OpraHU3M pPabOuero KOMIUIEKCA CaHUTaPHO-TUTUEHUYECKHX IPOU3BOIACTBCHHBIX
YCIIOBUH TpyZia U YPOBHS (PU3NYECKOM U HEPBHO-IMOLIMOHAILHOM Harpy30K.

TexHomornyeckue TMepepbiBEI B pabOTE BBI3BIBAIOTCA CHCHU(PUUYESCKUMH OCOOCHHOCTSIMU CTPOUTEIIBHO-
MOHTAaKHOTO TIPOIIECCa, BBIIOIHAEMOTO B YCIOBUSAX MPAaBUILHON OpraHM3aluy MPOU3BOJCTBA U Tpynaa. Hampumep,
nepepsiB B pab0Te MOHTAXKHUKOB BO BpeMsl TIoIbeMa 0JI0Ka KpaHOM, TIEpephiB B padboTe modepa BO BpeMsi Harpy3Ku
camocBaja HT.1.

[Ipu wuccrnenoBaHuKd TPOU3BOACTBEHHBIX IPOILIECCOB HEOOXOAMMO TIHIATEIBHO aHAJIU3UPOBATH BpeEMs,
3aTpavyrBaeMO€ Ha TEXHOJOTHYECKHE MePEPhIBbI, U CTPEMUTHCS K €r0 MAaKCUMAJIBHO BO3MOKHOMY COKPAILIEHHUIO.

HenopMupyembie 3arpaThl pabodero BpEeMEHH CKIIAABIBAIOTCS W3 BPEMEHU HEMPEABUICHHOW pPabOTHI,
BPEMEHU JIMIIHEH padoThl, BPEMEHH OPTraHM3AIMOHHBIX MPOCTOEB, CIYYaHBIX MPOCTOEB M IMOTEPh pabouero
BPEMEHH H3-3a HAPYIIEHUHN TPYIOBOU TUCITUTUINHBI.

Ko spemenu nenpeosuoennoti pabomsi OTHOCSITCS MPOU3BOAUTEIBHBIC 3aTPAThl TPYyJa, HE OTHOCSAIIUECS K

JAaHHOMY MPOW3BOJCTBEHHOMY Mpoueccy. Hampumep, Bo Bpems wuccienoBaHusi mnpoiecca «HaBecka OKOHHBIX
MEPEIUIETOBY CTOJSP B OJHOM M3 KOMHAT HAaBECWJ JBEph. 3aTpaThl BPEMEHM Ha HEMPEABHICHHYIO padoTy MHpH
MPOEKTUPOBAHUM TPOU3BOJICTBEHHBIX HOPM HE YYHTHIBAIOTCSA, TaK KaK OHHU HE OTHOCSTCS K HCCIEIyeMOMY
MPOIIECCY, XOTA MPOAYKIIMS HEMPEIBUACHHON pabOThl paboueMy OIIauYuBaAETCS.
Bpemsi nuimmHedl pabGoThl HE CBSI3aHO C YBEJIMYEHHEM O0bEMa MPOAYKIMH MO JAHHOMY IPOU3BOJCTBEHHOMY
MPOIIECCY WJIM C TOJYYEHHEM JIOMOJHHUTEIBHONW MPOJIYKIUU 0 APYroMy BUIY paboT. 3aTpaTbl BpEMEHU Ha ITH
paboThl BBI3BIBAIOTCSA HCIpaBICHWEM Opaka WM BBINOJIHEHHEM paboT, HE MNPEAYyCMOTPEHHBIX HOPMAaIbHOMN
TEXHOJIOTUEH W BO3HUKAMOIIUX MO BUHE PabOYMX WM TEXHUYECKOTO IMEPCOHANA, a TaKKe M3JMIITHEH 00paboTKOM
y>K€ TOTOBOU MPOIYKIIHH.

K opeanuzayuonnvim npocmosim OTHOCATCA TOTEPU pabOYEro BPEMEHH, BBI3BAHHBIE OPraHU3AI[MOHHO-
TEXHUYECKUMH TPUYMHAMU ¢ SBISIOUIMECS CIEICTBHEM IIJIOXOM OpraHu3aluu Tpyda U TMPOU3BOACTBA
(HecBOeBpeMEHHasl Toja4a MaTepuajoB Ha paboyee MECTO, HENOCTAaTOK WM HEUCHPABHOCTh OPYIWU TpyIa,
HECBOEBPEMEHHAsl MOATOTOBKAa (poHTa pabOT, OTCYTCTBHE HEOOXOJUMBIX yKa3aHUN TEXHHUYECKOTO IepcoHala U
T.IL.).

K cayuaiinvim npocmosm oTHOCATCA BCe BUIBI IPOCTOEB, BOZHUKAIOIINE 10 HE 3aBUCSIIMM OT PYKOBOJICTBA U
WHKXEHEPHO-TEXHUUECKOT0 IMepCcoHala MpUYMHAM, KakK, HampuMmep, NPOCTOH, BbI3BaHHBIM aTMochepHbIMU
SBJICHUSIMU (CHJIBHBIM J0XKIb, I'Paj, METeNb, HU3Kasl TeMIlepaTypa) WIN CBS3aHHBIM C MpeKpalleHueM MoJauu Ha
CTPOIKY 31€KTPOIHEPTHH, BOABI, MTapa  T.II.

K napywenuam mpyoosoii oucyunaunst OTHOCATCS OTEpU paboyero BpeMeHH, BbI3BaHHBIE OMO3JJaHHEM Ha
paboTy B Hauaje CMEHbl WJIM IOcje 00EIEHHOro MepephiBa U MPEXAECBPEMEHHBIMH yXOJaMU C paboThl mepen
00€e/IeHHBIM TIePEPHIBOM HJIM KOHIIOM CMEHBI.

Knaccudukanus coctaBa 3aTpar pabo4yero BpEMEHH, OIpeNeisioias NepedeHb 3JIEMEHTOB TEXHUYECKHU
000CHOBAHHOM HOPMBI, MPUBE/IEHA HA pUC. 1.

Bpems ucnonb3oBaHMs MallMH TOJpa3Aensercs, Kak W NpU PYYHBIX IpoOIeccax, Ha JIBE€ OCHOBHBIE
KaTeropuu: HOPMHUPYEMOE BpeMsi U HeHopMupyeMoe BpeMs. Hopmupyemoe Bpems HCIOJIB30BAHHUS MAIIUH
cllaraeTcsi U3 BPEMEHM I0JIE3HOM pabOThl, OTHOCSILENHCS K HOPMHPYEMOMY IPOLIECCY, BPEMEHH HEyCTpaHHUMOMN
paboThl BXOJIOCTYIO M BPEMEHHM TEXHOJOIMUECKHX MNEepephIBOB B padoTe MaIllMH, CBS3aHHBIX C HOPMHUPYEMBIM
IIPOLIECCOM.
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Pucynok 1. Knmaccudukanus cocraBa 3arpat pabodero BpeMeH!

Bpems none3Hol paboTbl COCTOMT U3 BpPEMEHM Pa0OThl MAalUHBI MOJ MOJHON Harpy3koil U 0OOCHOBAHHO
MOHM)KEHHOM Harpy3koil. Ko BpemeHM paboOThl MOJ MOJHOM HAarpy3Kol OTHOCHUTCA BpPEMs, B TEUEHUE KOTOPOTO
MalipHa paboTaeT Ha ONTUMAJbHOM pEXHUME B COOTBETCTBUM C €€ NAaclOPTHBIMU JAaHHBIMH U IpPaBUIaMHU
TEXHUYECKOW IKCILTyaTallH.

PaboTa noxg 060CHOBaHHO MOHMKEHHOM HArpy3Koil ©IMeeT MecTO TOrJa, KOT/a M0 TEXHOJIOIMYECKUM NPUYuHaAM
HEBO3MOXXKHO 0O0€eclednTh padoTy B ONTUMAIBHOM pPEXHUME MU, CJIEI0BaTENIbHO, HE JOCTUTrAeTCd MaclopTHas
IIPOM3BOIMTENILHOCTh MallMHbL. Hampumep, nepeBo3ka Ha aBTOMOOMWJIAX JIETKUX TIPY30B, HE I03BOJISIOLIMX
MIOJIHOCTBIO MCIOJIb30BaTh I'PY30II0AbEMHOCTDh MAaIIMHBI, MOHTaXX KPaHOM JIETKMX KOHCTPYKLUH, Macca KOTOPBIX
HUXKE IPY30II0JbEMHOCTH KpaHa, U T.II.

Heyctpanumass paGoTa BXOJIOCTYIO BBI3BIBAETCS OCOOEHHOCTSIMM TEXHOJIOTMUECKOTO Ipoliecca WU
KOHCTPYKTUBHBIMU OCOOCHHOCTSMU caMoil MmamuHbl. Hanpumep, oOpaTHbIi X0oa OallleHHOro KpaHa Juis HoJbeMa
CleyoIllel JAeTand, OOpaTHBIM IOBOPOT CTPENbl HKCKaBaTopa IIOCJIE€ OINOPOKHEHUS KOBIIAa W T.I. Bpewms
HEYCTPAaHUMOM pabOThl BXOJIOCTYI0 MOXXET OBITh COKpAIEHO WIM YCTPAaHEHO TOJBKO IIyTeM H3MEHEHUs
TEXHOJIOTUYECKOI0 MPOLIEecca UM KOHCTPYKIIUU MAIlIUHBL.

TexHonornueckre mnepepbiBbl B paboOTe MalIMH CBS3aHbl C TEXHOJOTHMEH M OpraHu3anueidl CTPOUTENbHO-
MOHTAKHOTO IIpoliecca, ¢ OCOOEHHOCTSIMHM SKCIUTyaTallud M OOCIYXMBAaHUS MAIIUH, C OTIABIXOM M JIMYHBIMHU
Ha/100HOCTAMU pabounx. TexHoJgornyeckue nepepuiBel B paboTe MallluH, CBS3aHHBIE C TEXHOJIOTHEH CTPOUTENIBHO-
MOHTA)KHOTO IPOLIECCa, MOBTOPSAIOTCA B Ka)XJ0M LMKJIE PA0OThl MAaIMHBl WIM 4Yepe3 KaKhe-TO INPOMEKYTKHU
BpeMeHU. B nepBoMm cirydae nepepsIBbl Ha3bIBAIOTCS IMKIMYHBIMU, BO BTOPOM — NEPHOIUYECKUMH.

K yncny nUKIMYHBIX TEXHOJIOTMUECKUX MEPEPHIBOB OTHOCSTCS, HAIIPUMED, IEPEPBIBBI B padOTE KpaHa BO BpeMs
3aKpeIUIeHUs] YCTaHOBJICHHOH MaHeNH, IepephIBbl B pab0oTe aBTOMOOMIIS BO BpeMs Harpy3KHU U BBITPY3KH.

K uncny nepuonnyeckux TEXHOJIOTHYECKUX NMEPEPHIBOB B pabOTE MAIIMHBI OTHOCATCS, HAIPUMEp, IEPEPHIBHI B
paboTe pacTBOpOHacoca, 3aTUPOYHON MAIIKMHBI, TAPKETHO-CTPOTaIbHON MAIIMHBI MPU MEPEMELICHUH UX C OJHOTrO
pabouero Mecta Ha Jpyroe.

TexHonornueckre mepepbIBbl, CBSI3aHHBIE C OCOOCHHOCTSAMH SKCIUIyaTallud M OOCTY)XKMBAaHUS MAlIUHBI,
BBI3bIBAIOTCSl TJIABHBIM 00Opa30M BBIMIOJHEHUEM MOATOTOBUTEIBHO-3aKIIIOUUTENBHBIX M BCIIOMOTaTeIbHBIX padoT,
TpeOYIOIMX OCTAaHOBKM MAIIMHBI (OCMOTp MAIIUHBI Mepeja IMyCKOM, IMOACOCTUHEHHE MAIlMHBl K 3JIEKTPOCETH,
3ampaBKa MalIMHBI BOJIOM, TOpPIOYMM, YHCTKAa, cMa3ka M T.NM.). TexHoJlornyeckue ImepepbiBbl B paboTe MalluH,
CBSI3aHHBIE C OTABIXOM M JIMYHBIMM HaJ0OHOCTAMH pabouux, MOTYT HaOIoJaTbcs B TeX ClydasX, Korja
He0o0X0IMMOE IS 3TOTO BpeMs He MEePEKPBIBAECTCS APYTUMHU HEYCTPAaHUMBIMU IIEpEPhIBAMU B pabOTE MAIlIUHBI.

Henopmupyemoe BpeMs UCHOJb30BAHUS MAIIMH CJaraercs U3 HENpeABUACHHON paboThl, JHIIHEH
(Hempou3BOAUTENBHON) pabOThl, YCTPaHUMOIN pabOThl BXOJOCTYI0O M IIPOCTOEB, BO3HUKAIOLIUX BCJEICTBHE
OpPraHU3aIMOHHBIX, CIyYalHBIX NPUYUH W B pe3ysibTaTe HapyleHHs TPYAOBOH IMCHMIUIMHBI padounmu. Ko
BPEMEHH HETPEABUACHHOI pabOThl OTHOCUTCS BpeMs pabOThl MAIIMHbI 10]] HEOOOCHOBAHHO HETIOHON Harpy3Koil u
BpeMs paboThl, HE OTHOCSILEHCS K UCCIIeTyeMOMY MPOLIEcCy.

Paborta mox HenmosiHOM Harpy3KOW MPOUCXOJUT MO BUHE pabOYuX WM MO BUHE TEXHUYECKOTO MepcoHana Mpu
HapyLIEHUH HOPMAIbHOW TEXHOJIOTHH IPOU3BOJICTBA PadoT.



Ko Bpemenu paboThl, HE OTHOCALIEWCA K MCCIEIyeMOMY IIpOLECCY, OTHOCUTCS BpEMsl BBIIOJIHEHHS BCEX
MIPOU3BO/ICTBEHHBIX PA0OT, TEXHOJIOTUYECKH HE CBA3AHHBIX C UCCIIEAYEMBIM IPOLIECCOM.

Ko BpeMenu ymmiHel paboTbl OTHOCUTCS BPEMsI BBIITOJIHEHHS paOOThI, HE PEyCMOTPEHHON TEXHOIOIMYECKUM
IIPOLIECCOM M HE JAIOLIEW NPUPOCTa NPOAYKLUUU WM YIY4YIICHHUs €€ KayecTBa, HalpuMep, BbIEMKAa IPYHTa
HKCKABaTOPOM HIMKE IIPOEKTHOM OTMETKH [IHA, IIEPEMELIMBAHUE CMECH B PACTBOPOMEIIAIKE CBEPX HOPMATUBHOIO
BPEMEHH.

VYcrpanumas paboTa BXOJOCTYIO, KaK MPaBWIIO, BO3HUKAET IO BUHE OOCIIY)KMBAIOUIMX MALIMHY paOouux, He
00€eCTIeYNBAIOIINX CBOCBPEMEHHYIO 3arpy3Ky M palliOHAIBHBIA PEXKUM PaOOThl MAIIMHBL, WIIM TI0 OPraHU3AIMOHHBIM
IpUYMHAM (HampuMmep, TPAaHCIOPTEp NPUBEAEH B JABWKEHME, a I10Jlaya MaTepuana Ha JICHTY HE OpraHU30BaHa,
CTpesia JKCKaBaTopa IIOBOPAYMBACTCA HAa U3JMINHE OONBIIOW YroJ BCIEACTBHE HENPABUIBLHONW YCTaHOBKH
CaMOCBAJIOB).

IIpocton 1O OpraHU3allMOHHBIM IPUYMHAM BO3HMKAKOT BCIEICTBHE IUIOXOW OpraHM3aluu Tpylda U
Ipon3BOoJACTBA. K HUM OTHOCATCS IMPOCTOM HM3-3a HECOIIACOBAHHOCTU MEXaHU3UPOBAHHOTO MIPOLECCa CO CMEKHBIMU
C HAM PY4YHBIMH, IIPOCTOU H3-3a IOJOMKH WX IIOPYM MAIIMHBI, BBI3BAHHOMN IUIOXUM YXOJOM 3a HEM WM HU3KUM
KayecTBOM pPEMOHTa, M3-3a Iepe00eB B CHA0KEHUM TOPIOYMM, DJHEprued, IapoMm, MaTepuajaMi, Hu3-3a
HECBOECBPEMEHHOM BbIJA4M 3aJaHUs, YKa3aHUU TEXHUYECKOIO [IEPCOHAIIA U T. 1.

K ciyuaiiHbIM NpOCTOAM OTHOCATCS NEPEphIBBI B pabOTe MAIIMHBI, BbI3BAaHHbIC CIy4allHIMHU MPUYMHAMM:
HEeOJIaronpusATHBIMA aTMOC(HEPHBIMU SBICHUSMH, TPEKPAIIEHUEM TOJIA4YX HA CTPOIKY AJIEKTPOIHEPTHH, BOJIBI U T.11.

Ko BpemeHu mpocToeB W3-3a HApyUICHHS TPYIOBOW IUCIUILIUHBI pabodnMu, OOCITY)KHBAIOUIMMH MAIIUHY,
OTHOCHUTCS BpeMs IIPOCTOEB MALIMHBI 3-3a OIM03/1aHUs pPa0OYMX B Hayajue CMEHbI WK IOcie 00€€HHOTO MepephiBa,
MIPEKIEBPEMEHHOI0 yX0/1a C pabOThl, CAMOBOJIBHBIX OTIy4YeK B pabouee BpeMs U T.II.

Bce Buapl norepb pabodero BpeMeHH pabouuxX M MALIMH MPU HPOEKTHUPOBAHUU IPOM3BOJCTBEHHBIX HOPM He
YUUTBHIBAIOTCS, YTO NPUIAET IMPOU3BOJACTBEHHBIM HOpPMaM OpPraHU3YIOLIYI0 poOJib B Jiel€ OOecleueHus: pocTa
IIPOU3BOAUTENBHOCTH TpyAa. Kinaccudukaius BpeMeHH HCIOIb30BAHUS MALIMH [IPUBEJICHA Ha pUC 2.
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Pucynok 2. Knaccugukaiys BpeMeHH! UCII0Ib30BaHUS MALTUH

Bonpocs! pos1 o0cyxneHnst
1. Knaccuduxanus cocraBa 3aTpaT pabouero BpeMeHH

2. Knaccudukanus BpeMeHH UCIIOJIb30BaHUS MAIIUH

IIpakTnyeckoe 3ansaTHe 5 TexHUYECKOE HOPMUPOBAHHUE CTAHOYHBIX padOT IPU MEXaHUUYECKOI 00paboTKe.
OmnpezneneHre OCHOBHOTO BPEMEHH Il TOKAPHBIX PadoT.
Ilesb 3aHATHS 3aKiTI09aeTCsl B QOPMHUPOBAHUM Y CTYIAEHTOB IpodeccuoHanbHoi kommnerenunu: 11K-13



BpeMmeHnHbIE CBS3M — 3TO COOTHOIIEHHE MEXIY (HOHAAMHU BpEMEHH, KOTOPBHIMU PACIIONIAraroT
TEXHOJIOTHYECKoe 000pyI0BaHue, paboune, TPOU3BOACTBEHHOE MOapa3ieieHue (y4acTokK, eX U T.I.) U
3aTpaTamMy BPEeMEHHU Ha BHITIOJHEHHE TEXHOJIOTUYECKOTO MPOIlecca U3TOTOBICHUS U3SIIUN U OT/ICITbHBIX
onepanui.

Bpemennsie cBsizu  00pa3yloTcs TakKe B pe3ysibTare UWICHEHHS 3aTrpaT BPEMEHHU Ha
COCTaBJISIIOLIHE.

HcxonueiM, B ompeneneHud (oHAa BPEMEHHU, CIYXKHT KaJICHJAPHOE BpEeMsl 3a BBIYETOM
Hepabouux JHEH B U30paHHOM TIEPHO/IC.

Jyis eiuHUALIBI 000PYAOBaHHUS HOMUHABHBIN (DOH/I BPDEMEHH COCTABIISCT:

‘Iﬁg: [rﬂir;- Lonr _ﬂﬁ.c.'fc.)[l_fmﬂm) )

rue — ylifo paboumnx JHEH B IIIAHUPYEMOM HEPUOIE, Tepr — YMCIO PAOOYMX YACOB B
CYTKH,
c. A9@CII0 paboyMX JHEN COKPALIEHHOM IIPOJOIIKUTEILHOCTH,

— YH¢JO YacoB, HA KOTOPOE COKPAILEHBI paboune CyTKH,

— NAZHUPYEMOE BpEMs IIPOCTOsi 000pynoBanus (3—6% — nng ynusepcanbnoro, 10-12% —
JUTSL YHUKAIBHOTO 000pYAOBaHNUS).
JleiicTBUTeNbHBIH GO BpeMeHH FgoTiHuaeTcsi OT HOMHHAIBHOrO FxHa BETHUMHY MOTEPH
IT; QoHga BpeMeHM M3-3a CITyYailHBIX COOBITHH, COIPOBOXKAAIOIIMX JH000H MPOM3BOACTBEHHKII
npouecc. [Torepu ponga BpeMeHU MOKHO OINPEETUTh:

B, =Bp— 1,

[Totepu GoHIa BpeMEHU MOYXKHO ONIPEAETUTh!

H@ - Hqsm + Hqﬁ.mr + Hqﬁ.}* y

rie 1 gy — mOTepH (hOHIA BPEMEHH M0 TEXHUUYECKUM MPHIMHAM; 45 ger — OTEpH
(OH/Ta BpEeMEeHH 110 OPTaHM3aIHOHHBIM IPHUMHAM; 44 p— OTepH (GOH/Ia BPEMEHH TI0
BuUje paboyero.

3arpaThl BpEMEHHM Ha BBIMOJHEHUE OINEpaIiii TEXHOJIOTHYECKOTO MpoIiecca,

HAa3bIBACTCA INTYYHO-KAJIBKYJIAIIMOHHBIM:

£
= m4+ﬁm,

rae  — TGEFOTOBHUTENBHO-3aKIIOYNTEIBHOE BpPEMs  3aTPAYMBAETCs HAa MHOATOTOBKY K
W3TOTOBJICHHUIO MAPTUHU JieTajeil (MoJydeHHe 3aJlaHusl, O3HAKOMJICHHE C HUM, W3ydeHHE 4YepTexel u
TEXHUUYECKON JOKYMEHTAllMH, IIOATOTOBKa pabodyero MecTta, HACTpoWka o0O0OpyIOBaHHUA, cada
W3TOTOBJICHHBIX U3/ U IPYToe);

— YU IO U3JIENIHNM, COCTABISIONINX MapTHUIO.

HITyyHoe Bpems MpeACTaBIIeT COO0M CyMMY YeThIpeX ClaraeMblx:

Lyw =lgr tigtigpntig,

B ¢opmyne . — oOGHOBHOE TEXHOJIOTHYECKOE BpEMs — O3TO BpPEMsS HEMOCPEICTBEHHOIO
BO3JICUCTBUS HA OOBEKT MPOU3BOJICTBA (M3MEHEHHS ()OPMBI, Pa3MEPOB, CTPYKTYPHI MaTepraia u T. 1).

BcmomorarensHoe Bpemst (22) — BpeMs, 3aTpaurMBaeMO€ Ha TIEPEXOJbl, COIYTCTBYIOIINE
MIPOLIECCY HEMOCPEICTBEHHOTO BO3JIEHCTBUS HA OOBEKT IMPOU3BOJCTBA (YCTAaHOBKA, OTBOJ, IOJABOJ
WHCTPYMEHTA, BKIIIOUEHUE, BHIKIIIOUEHUE 000PYIOBAHUS).

CyMMy OCHOBHOTO TE€XHOJIOTHYECKOTO W BCIIOMOTATEIHLHOTO BPEMEHH Ha3bIBAIOT
ONEPATUBHBIM:

log=lgr+ig



Bpemst obcnyxkuBanus pabouero mecra ( ) — Bpemsi, KOTOpoe 3a-
TpayrBaeTcss paboyuM Ha yxoJ] 3a padovYrM MECTOM M TMOJJCP)KaHUEM €To B pa6c3qu coctrosianu. Ero
TOPA3/IEISIOT Ha BE YaCTH: BPeMs TeXHHUYECKOTo 00CIyKHBAHUS | frpy apcr) BpeMHECOpFaHI/ISaHI/IOHHOFO
00CITy)KMBaHUS l':f.gpr_gm) .

Bpemss Ha TexHHYecKoe OOCITy)KMBaHHE 3aTPaYMBACTCS HA IOJHACTPOMKY TEXHUYECKOM
CHCTEMbI, CMEHY 3aTYNHBIIEroCs HHCTPYMEHTA, YOAJICHUE CTPYXKH C pabOvYMX OpraHoB CTaHKa,
PUCTIOCOOTICHUH.

Lope = bz oo T ioer one
Bpems Ha opranu3anmoHHOE 00CTY)KUBAHUE 3aTPAYMBACTCS HA CMa3Ky M YHCTKY 000pYIOBaHUS,

ylajgeHue CTPYX KU ¢ pabouero MecTa U MpUBEACHUE €ro B MOPSIOK.

Bpems nononHurensHOE (f;;r) BBIJICJIAETCS. HA OTJIBIX, PErJIaMEHTUPYETCS YCIOBUAMHU PaOOTHI
(TSKECThIO M MHTEHCUBHOCTBIO TPY/), HA JINYHBIE HAJOOHOCTH.
Bpewmst Ha oOcinykMBaHUE U JONOJHUTEIBHOE ONPENEIIAIOTCS MPOLEHTOM OT

OICpalnOHHOI0.
BpeMH, 34aTpavuruBacMOC Ha BBIIIOJIHCHHUC onepauI/Iﬁ, MOJKET OBITH HOMHMHAJIBHBIM,
JIEHCTBUTCIILHBIM U HU3MCPCHHBIM.

3ananue
J1J1s 3aJaHHBIX ONEPALUIA BBIIIOJTHHUTD:

1. CocraBuTh pacuéTHyI0 CXEMy HEpExXoa;
2. PaccuutaTh OCHOBHOE TEXHOIOTHYECKOE BPEMS;
3. Paccuurarh ITYYHOE U IITYYHO-KAILKYJIAIMOHHOE BPEMs Ha ONEPalUIO.
Bonpocs! 11 3aI0UTHI Pa00ThI:
3. PackpoiiTe IOHATHE OCHOBHOTO, BCIIOMOTAaTENLHOIO M TEXHOIOTHYECKOTO BPEMEHH.
4. HasoBute ocHOBHbIE TOTepH (oHIa BpeMeHH. [IOHATHE IITYYHOr0 BPEMEHH.

IIpakTnyeckoe 3ausaTHe 6 OnpeneneHre OCHOBHOTO BPEMEHH I CBEPIIUIBHBIX U PACTOYHBIX padoT.

Lean 3aHATHSA 3aK1I09aeTCs B QOPMUPOBAHUH Y CTYJEHTOB IIpodeccroHanbHoi komnerenuun: 11K-13

CBepnwiibHBIE — OlEpalMd  HPEACTaBIAIOT Cco00l  00pabOTKy OTBEpCTHH  CBEpJIEHHEM, DPAacCBEpIIMBAHHEM,
3eHKEepOBaHHEM, pa3BEPTHIBAHMEM U Hape3aHue pe3bObl METYMKAMH Ha CBEPIIMIIBHBIX CTaHKaX. BO3MOXKHBI TpU BapHaHTa HX
OCYILECTBJICHUS: — B OJHY OINEPALUIO IPU OAHOM yCTAaHOBKE 3arOTOBKH C 3aMEHON MHCTPYMEHTA; — BBIIEJIEHHE KaXI0ro
Nepexo/ia B OTACNIBHYIO ONEPaltio; — B OJHY OIEPALHIO C IPUMEHEHHEM MHOTOIINWHAEIBHON TOJI0OBKY U OBOPOTHOTO CTOJIA
(arperaTHple W CHeNMAIbHBIE CBEPIWIbHBIE CTaHKW). Ha mpakTuke Hamboliee 4acTO MCIONB3YIOTCS TEpBbie JBa BapHaHTA.
OcHOBHOE BpeMsl IO HUM IPUMEPHO OJMHAKOBO, a BCTIOMOTATEIbHOE BPEMsI Pa3iIMdHO, T.K. TIPU MEPBOM BapHUaHTE BO3MOKHBI
OoJbLIMe 3aTpaThl BpEMEHHU Ha M3MEHEHHE PEXUMOB PE3aHUs U 3aMEHY HHCTPYMEHTOB.

I'maBHBIM JBM)KEHHEM TIPH CBEPJICHHWH, PACCBEPIMBAHMM, 3€HKEPOBAHWU M DPa3BEPTHIBAHHM SIBISETCS BpalleHHE
WHCTPYMEHTA.

[Togauy mosyyaeT IINMHAEIb BMECTE C MHCTPYMEHTaMHU WJIM CTOJI BMECTE C JIeTajbio. JleTanb ycTaHaBIMBaeTCs Ha
CTOJIE ¥ B IIporiecce 00pabOTKM HEMOABI)KHA OTHOCHTENILHO CTOJIA.

I
é 7R T
t
D
al

Puc. 1. Cxembl pe3anus:
@ — TPH CBEPJICHNH, O — NPH PACCBEP/IMBAHMN, 3eHKEPOBAHUH W Pa3BEPTHIBAHIM

rny6buHa pesaHua onpeaensercs:



— Npu cBEPAEHUM:

t=P, (1)

2

— NPV paccBep/IMBaHUU, 3€HKEPOBAHMM U Pa3BEPTbIBAHUK:

_D-d.

t (2)

2
rae D — nuamerp oTBepcTHs ITOCIIE BBIIIOJIHEHUS IEPEX0/1a;
d — tmameTp OTBEPCTHS MEePE]] BHIITOJIHEHUEM MIEPEX0/1a;

PacuéTtHas anmnHa 06paboTku onpenensetcsa no dopmyne:
L=l+l1+1; (3)
rie |- nuHa 06pabaTeiBaeMOi MOBEPXHOCTH (OTBEPCTHS); IPUHUMAETCS 110 YSPTEIKY;

|1 — minHa Bpe3aHusi, 3aBUCUT OT TE€OMETPHUECKON (POPMBI HHCTPYMEHTA U TITyOHUHBI PE3aHuUs; IPUHUMACTCS B
npenenax 0,5...2 MM u 6oiee, TOUHO ompeensercs o Gopmye:
— Npu cBEPAEHUU:
| = E ctgQ (4)
)
r7ie ¢ — TJIaBHBIHM yToJ B IJ1aHe; I pacuéra npuHuMarot 2¢ = 118°;
— MpwV paccBepNBaHNKN, 3eHKEPOBAHUN U Pa3BEPTbIBAHNN:
I =" " .ctgo; (5)
b2
I> — BemmumHa nepebera MHCTPYMEHTA; IIPH CBEPJICHUHM TIIyXUX oTBepcTHid He yunuThiBaetcs (l2 = 0), a mpu padbote
Ha TPOXOJ MPUHUMAETCS 10 3 MM B 3aBUCUMOCTHU OT pa3Mepa UHCTPY-MEHTA.
Cymmy 3Ha4YeHMi Bpe3aHus U nepedera npuHuMaeM o taods. 1.

T.x. mpumnyck npu padoTe peKyIluM HHCTPYMEHTOM, HMEIOIIUM MOCTOSIHHBIN pa3mep, Bcer/ia CHUMAeTCs 3a
OJIUH PabOYnit XOJI, YUCII0 pabOUUX XOJJ0B PABHO €IUHUIIC.

ITonauy Ha oAMH 0OOPOT MPUHUMAIOT 1O (POpMYIIE:

BBIOMPAIOT IO HOPMATUBAM B 3aBHCUMOCTH OT 00pabaThIBa€MOIro MaTepHala, pexy- Iero HHCTPYMEHTa,
TOYHOCTH 00pabaThiBa€MOil MOBEPXHOCTH U KECTKOCTU 0OpadaThIBae-MOU JeTalu:

So = Sor - Ks (6)
raec Sor — Ta6HI/ILIHOC 3HAYCHUC I10da4Yu I10 HOpMaTI/IBaM B 3aBUCUMOCTHU OT 06pa6aTLIBaeMOFO MaTepI/IaJ'Ia,

PEeXYIEro MHCTPYMEHTa, TOYHOCTU O0OpabaThIBAEMOW IMOBEPXHOCTH M KECTKOCTH oOpabaThiBaeMOM JeTaiu;
MPUHUMAIOT 110 Taba. 36 — 37,

Ks — monpaBouHblii K03QPHUIMEHT HA TOJady; MPUHUMAIOT 10 MpuMedaHusM Tads. 36 — 37. [lomyuennyro
Pacu€THyIO MoJady COMOCTABIIAIOT C II0Aa4YaMHu 10 acIOPTY CTaHKa;

KaK MpaBUJIO, IPU CBEPJICHUH MPUHUMAIOT OOJbIINE MOJaul, IPU 3eHKEPOBAHUU U, OCOOEHHO PU Pa3BEPTHIBAHUHI
— MEHBIINE.

CkopocTb pe3aHus ornpesensercs mno Gopmyie:
— Mpu CcBEp/IeHUM:

Cc -D9
v=—y"— K, (7)

v
Tm.sY

— NpK paccBepAnBaHMM, 3eHKEPOBAHUN N Pa3BEPTLIBAHMM:
C-D9

ve—-—v K, (8)

v



Tm . gxv . gy

3navenus kodhdunrenTo Cy 1 mokasarenei cTeneHu (, Xv, Yv, M MPUBEICHBI I CBEpJICHUS B Ta0. 28,
ISl pacCBEPIIMBAHMUS, 36HKEPOBAHMSI U Pa3BEPTHIBAHUS — B Ta0J1. 29,3HaueHus neproaa croifkoctu 7 — B Ta0I.

30.
OOuwmii monpaBoOYHBIN KOA(PHUIMEHT, YUUTHIBAIOUINHA (PaKTHUECKHUE YCIOBUS pe3aHus, ONpeaesieTcs o
dhopmyire:
Kv :KMV 'KI/IV 'Klv 'Krlv’ (9)
rae Kvv — koaddunmenT, yauteiBaromui oopadaTeiBaeMblii MaTepua, onpeaensercs motadn. 1 —4 [12, ¢.358];

Kuv — k03¢ hUIMeHT, yIuTHIBAIOIIUI BIMSHIE MaTepralla pexXylleil YacTH HHCTPYMEHTA; IPHHUMAEM 110 Tadi1. 6
[12, c. 361];

Kiv — ko3 duImenT, yunThIBalOUIHiA ITyOMHY CBepieHus; npuHuMaeM 1o 1adm. 31 [12, c. 368]; Kny —
KO3 (QUIMEHT, yYUTHIBAIOIINN BIMSIHUE COCTOSHUS IOBEPXHOCTH 3arOTOBKH IIPH pac- CBEPIMBAHUU U
3€HKEPOBAHUH JIUTHIX U IITAMIIOBAHHBIX OTBEPCTHH; MPUHUMAEM 110 Tadi. 5 [12, c. 361]; ans ycnoBuii 3anauu npu

0o0paboTke panee 0OpadoTaHHbIX oBepxHocTen Kry = 1,0.
Yucno 0600pOTOB AeTaiu B MUHYTY HAXOIUTCS B CIEAYIOUICH 3aBUCUMOCTH OT CKOPO-CTH PE3aHMUsL:
,_1000-v (10)
n-D
r7ie V — CKOPOCTh pe3aHusi, M/MUH.;
D — nmameTp oOpabaTeiBaeMOil 1eTanu (HauOOIBIIIHIA), MM;
1000 — yrcnoBOI MHOKUTENH IS IEPEBOA METPOB B MIJUTUMETHI.

PaC‘IéTHy'I-O 4acTOTYy BpalllCHUA KOPPECKTUPYEM I10 ITACHOPTY CTAHKA Ner .@axkTuueckas
CKOpPOCTD pC3aHUsA:

, _T D (12)
1000
MuHyTHas Mofaya OnpeaeseTcs 1m0 GOpMyIIE:
Sw=So0" Ner . (12)

OcHoBHOE BpeMs onpezienseTcs no popmyse:
r=" . (13)

J11s 06paboTKH OTBEPCTUI MPUMEHSIOT HHCTPYMEHTHI U3 OBICTPOPEKYIIEH CTalli, aTaK)Ke OCHAIIEHHbBIE
IUTATUHAMU U3 TBEPAOTO CILIABA.



3ananue
OrnpenenuTb HOPMY BPEMEHH Ha 00pa0OTKY OTBEPCTHSI B IETAIM C MCIOJIb30BAHUEM MHOTOIITUHICTBLHOMN
TOJIOBKH C HECKOJIbBKUMHU HHCTPYMEHTAMH C PUMEHEHHUEM TTOBOPOTHOTOCTOJIA (TTOCIe0BaTEIbHAsE MHOTOMECTHAS
00paboTKa).

Howmep Martepuan oopabaThIBacMOH eTaIl [Hepo- Macca
Bapu- D L xoBa- JIeTaJIH,
aHTa Mapxka MexaHI/ume- TocTs Ra, KT

CKHUE CBOMCTBA MKM
1 50 60 Crains 45 o = 610 MITa 0,8 10
2 40 90 Crams 50 o5 = 750 MIla 1,6 9
3 30 | 220 Crans 20X o = 800 MITa 3,2 7
4 20 70 Crans 40 o = 1000 MIla 0,8 2,5
5 50 70 Crans 38XMIOA o = 850 MITa 1,6 11
6 40 | 130 Cr3 o5 = 450 MIIa 3,2 13
7 30 70 Cr5 o5 = 550 MIIa 0,8 3
8 20 40 Cranb 25]1 o = 440 MIla 1,6 2
9 50 60 Cranb 35]1 o = 490 MITa 3,2 10
10 40 | 300 Crane 15J1 o5 = 390 MIIa 0,8 14
11 30 30 CY 15 HB =200 1,6 2
12 20 70 CY 21 HB =240 3,2 4
13 50 70 CY 32 HB =250 0,8 11
14 40 70 AJI9 o5 =200 MIla 1,6 3,5
15 30 | 190 J163 os = 400 MIla 3,2 5
16 20 65 BpAX9-4 oz = 400 MIIa 0,8 55




IIpakTuyeckoe 3ausaTue 7 OnpenencHrne OCHOBHOTO BpeMEHHU (hpe3epHBIX padoT.

Hess 3ansTHs 3aKkm04aeTcs B GOPMUPOBAHUH Y CTYJICHTOB MPOPECCHOHANBLHON KOMIETECHIINN:
IK-13

®pe3epHbIe PabOTHI MPEACTABISIOT cO00I 00padOTKY IITOCKUX W KPUBOJIUHEHHBIX TOBEPXHOCTEH
MHOTOJIC3BUHHBIM HHCTpYMEHTOM — ¢pe3oil. KoHdurypamus oOpabaTeiBaeMOil TOBEPXHOCTH U BUA
00OpyIOBaHMsI OMPEACISIOT THIl TNpuMeHseMoi ¢pe3bl. EE€ pasMepsl ompenensioTcst pasMepamu
o0OpabaTeiBaeMOll OBEPXHOCTH M TITyOWHOM cpe3aeMoro cios. sl cokpamieHnuss BpeMeHn 00pabOTKH U
pacxoa HMHCTpyMEHTa JuaMeTp (pe3bl BBIOMpPAIOT HAaWMEHBIIMM, YYHTBIBas  KECTKOCTh
TEXHOJIOTHYECKON CUCTEMBI, CXeMY pe3aHus, GOpPMY U pa3Mepbl 3ar0TOBKH.

[Tpu ToprioBoM (pe3epoBaHUH ISl JOCTHKECHUS IPOU3BOJAUTEILHBIX PEXKUMOB PE3aHUS THAMETD
¢dbpe3pl MpUHUMAIOT OoJbIie MHUPHHB (pesepoBanust, T.e. Ddp = (1,25...1,5)'B, a npu o6paboTke
CTallbHBIX 3arOTOBOK 00s3aTeNbHBIM SIBIAETCS MX HECHMMETPHYHOE PACIOJIO0KEHHE OTHOCHUTEIBHO
(dpe3bl: A 3arOTOBOK M3 KOHCTPYKIIMOHHBIX M JISTHPOBAaHHBIX CTaliell — CABHI WX B HAIpPAaBICHUH
Bpe3aHus 3y0a (pesbl, yeM oOecreyrBacTCs HAvalio pe3aHus MPH MaJOW TOJNIIUHE CPe3aeMOro CIos
(puc. 1, a); ans 3arOTOBOK W3 JKapONPOYHBIX U KOPPO3MOHHO-CTOMKHX CTajlel — CHBUT 3arOTOBKH B
CTOPOHY BBIXOJa (pe3bl M3 pe3aHusi, 4eM OOecIleunMBaeTCs BBIXOJ 3y0a W3 pe3aHusi ¢ MUHHUMAaIbHO
BO3MOKHOH TONIIHHON cpe3aemoro cios (puc. 1, 0). ['myOuna pe3aHus t mpu TOPIIOBOM (pe3epoBaHUN
ompeieNseTcs JTUHOH Je3Bus 3y0a Gpe3bl, y4acTBYIOUIETO B Pe3aHHH.

Hlupuna QpesepoBannss Onpenensercss MPOAODKUTEIFHOCTBIO KOHTakTa 3yba ¢pes3sl ¢
3aroTOBKOM B HAINPaBJICHUU, TIEPIICHIUKYIIPHOM K ocH (Gpe3bl. [Ipu apyrux Buaax ¢pesepoBanus t u B
MEHSIFOTCS. MECTaMH.

Ppe3si yusuwdpuvecsue Yo1 mooued ®pessi
pe. wipu Poesor moouelve A A

3y

say ARanani aasieii. o 1
8 I
2
Ppess: Jucnobsre E R
_e ) ) Y~
L)
Poesai N
vopeanme 8 |IL— 1
MNP Mamnss wasads in
it B fnd =R T =
C Bsinynnsrm Ppess: @ACONNBIE i,_ C Bozngmest
APOPUNPM ADODuUAEM

,E

11

8

Ppe3ss wnowovauie npu padome :
0 CMaNKga ¢ NO Btpmund rend-

m:: ’::: o @Eoetdepubx
oMa wad s
.
) (# edun apored)

Pucynok 1.

['maBHBIM JBIKEHUEM IpH (Qpe3epoBaHUM SABISETCS BpalleHHe nHCTpyMmeHTa. [logady nomyyaer
CTOJI BMecTe ¢ jAeTanblo. JleTanb ycTaHaBIMBAaeTCs Ha CTOJE M B Ipolecce oOpabOTKH HEMOJBIKHA
oTHOCcHTENBHO crona. [Ipu ¢pezepoBaHny pa3aMyarOT MOAAYM: — HA OAMH 3y0 sz , MM/3y0.; — Toj1ady Ha
oJtuH 000poT (pe3sl S0 , MM/00.; — MoJa4y MUHYTHYIO SM, MM/MHH.



3apanue

Onpenenuts HOPMY BpPEMEHH Ha 00pabOTKy IUIOCKHX IMMOBEPXHOCTEH KOpIlyca TOPLIOBOM HIIM
KOHIICBOM (hpe30i W3 OBICTPOPEKYIICH CTad WM OCHAIIEHHOW TBEPAOCIUIABHBIMH IUTACTUHAMH C
UCIOJIB30BaHUEM CIICIIUAILHOTO MPUCIIOCOOJICHUS C THEBMATHUYCSCKUM 32KUMOM.

Howmep Pazmep
. lepo-
BapHaHTa Marepnar Onepanua i i ) coma. | apTHH
10 CIHC- Iis A B C E K n,
OTIHBKH ) TOCTh
KYB pacuéta Ra LT,

AypHane
1 Ciaiic Ornepaus 150 | 140 | 50 | 200 | 200 19 100
2 2571 | 200 | 200 | 40 | 300 | 250 ” 150
3 & :4;"] 250 | 350 |30 | 350 | 300 16 200
10 &MHa 150 | 140 | 50 | 200 | 200 ) 250
11 Ornepauys 200 | 200 | 40 | 300 | 250 0.8 100
4 P 150 | 140 | 50 | 200 | 200 ’ 150
5 CY 15 200 | 200 | 40 | 300 | 250 16 200
6 HB = 2{)0 250 | 350 | 30 | 350 | 300 ) 250
12 150 | 140 | 50 | 200 | 200 12 100
13 Onepaius 200 | 200 | 40 | 300 | 250 i 150
7 3 150 | 140 | 50 | 200 | 200 16 200
8 200 | 200 | 40 | 300 | 250 . 250
9 0A=J[§(‘l(] 250 | 350 | 30 | 350 | 300 0.8 100
14 BM]Ia Onepara 150 | 140 | 50 | 200 | 200 ’ 150
15 | 200 | 200 | 40 | 300 | 250 19 200
16 250 | 350 | 30 | 350 | 300 ” 250

Jns Bcex BapuaHTOB:

- pa3mep D = 100 mm;

- IPUITYCK HA CTOPOHY — 3,5 MM.
[TocnenoBaTebHOCTH 0OPAOOTKHU KOpIyca:
1. ®pesepoBaTh moBepxHOCTH 2 U 1.

2. ®pesepoBaTh NOBEPXHOCTH 3 U 4.

3. ®pe3epoBaTh MOBEPXHOCTH 5.

| N 2 i
& 4 4
i) | &
gl ot ——~-I-—-—--- =
& I &
¢ o o
s

25



IIpakTuyeckoe 3ansaTue 8§ OnpeneneHrne OCHOBHOTO BpeMEHH /sl MITU(OBAIBHBIX PaboT.

Less 3ansTHA 3aKT049aeTcs B GOPMUPOBAHUH Y CTYICHTOB MPOQPECCHOHANEHON KOMIETCHIUH:
I1K-13

[llnudoBaHre OTHOCUTCS K OKOHYATENIbHBIM YHCTOBBIM BHIAaM OOpaOOTKHM M NPHUMEHSETCA K
JeTajsiM, NpPeABAPUTENbHO 00paOOTaHHBIX HAa TOKApHBIX, CTPOTaJbHBIX M (ppe3epHBIX cTaHKax. B
3aBHUCHMOCTH OT TpeOOBaHUII K TOYHOCTH M KadecTBY OOpabOTaHHBIX IMOBEPXHOCTEH pazUYaloT: —
o0aupovHoe (4epHOBOE) NUIN(OBAHNE — IPUMEHSETCS B3aMEH IpeABAPUTEIBHON 00paOOTKH JIe3BUHHBIM
MHCTPYMEHTOM, BBIIOJIHACTCSA HA PEKUMaX CHJIOBOIO U CKOPOCTHOTIO HUIN(OBAHUS;, — MPeIBapUTEIbHOE
nuTQoBaHUe — BBIMOJIHSIETCS MOCJe JIe3BUHHONW 00paboTKM IjIsl co3iaHus 0a30BBIX MOBEPXHOCTEH IO
TEPMUYECKOH 00pabOTKM MM B KayecTBE MPOMEKYTOUYHOM OMepalyy Ui MOArOTOBKU MOBEPXHOCTH K
OKOHYATEeNIbHOH 00paboTKe. — OKOHYaTeNnbHOE (YMcToBOE) uMdoBaHue — A oOecreyeHns BBICOKOH
CTECTIEHN TOYHOCTH M HHU3KOH LIEPOXOBATOCTH; — TOHKOE HUTH(pOBaHWE — IS OOECTeYeHUs] HHU3KOH
nrepoxoBatocTd. OOpabaThIBAIOIIMM WHCTPYMEHTOM SIBIIsieTCsl HUTM(OBAJIbHBI KPYyr U3 abpa3sMBHOTO
Marepuaia.

Bribop mmudgoBanbHOrO Kpyra 3aBUCHT OT 00pabaThiBaeMOro Marepuana, NpUIycKka Ha
00paboTKy, pa3MepoB oOpabaThiBacMOW JETalM, KOHCTPYKIIMM CTaHKa W Jp. JJis W3roTOBJICHUS
aOpa3uBHBIX HHCTPYMEHTOB HCIIONB3YIOT 3JIEKTPOKOPYHI Pa3IMYHBIX MapoK, MOHOKOPYHI, Kapoun
KpeMHUs 3en€HbIN U u€pHbld. O01acTH NPUMEHEHHS YKa3aHHbIX MaTepHaIOB IPUBEACHBI B IPUIIOKECHUH
1 (tabm. X.1) - 2 - 3epHUCTOCTh YKa3bIBACT HA Pa3Mep PEXKYIIUX 36PCH OCHOBHOM (hPaKITUH.

AOpa3uBHBIC MaTEpHAIIBI TI0 36PHUCTOCTH Mopa3aesaoTes Ha dethipe rpymisl (TOCT 3647-80):
— muud3epro 200 — 16 pazmepom 2000...160 mxm; — numdnopomiku 125 — 40 pazmepom 125...40 Mkm;
— Mukpouumpnopomkn 63 — 14 pasmepom 63...14 MkM; — ToHKMe MuKpouumdmopomku 10 — 3
pazmepom 10...3 MxMm. COBOKYIMHOCTH 3€peH NUTH(OBAIFHOTO MaTepraia B YCTAHOBICHHOM HHTEpBAIC
pa3MepoB HasbBaroT (paknued. Dpakimuio, mpeoOmamaronIyr0 Mo macce, 00bEMY M UYHCITY 3EPEH,
Ha3bIBAIOT OCHOBHOM.

3epHUCTOCTh JIOTIOJIHSAETCS OykKBeHHBIM uHaekcoM B, II, H, ]I, onpenenstoomuMm OpOLEHT
OCHOBHOH (ppakiuy B MHCTPYMEHTE, KOTOPBI MOKeT ObITh paBeH 36...60 %. ObmacTu nmpuUMEHEHHS
aOpa3suBHBIX HMHCTPYMEHTOB pa3MYHON 3€pHUCTOCTH TpPHUBEINCHBI B mpwiokeHun 2 (tadm. X.2).
TBEpAOCTEIO HA3BIBACTCS BEIMYHMHA, XapaKTEpHU3YIOIIas CBOHCTBO aOpa3sHMBHOTO HWHCTPYMEHTA
COIIPOTHUBIIATHCSA HAPYIICHHUIO CLEIUICHUS] MEXAY 3€pHAMH U CBSI3KOM NPU COXPAaHEHUH XapaKTEPHUCTHK
MHCTPYMEHTA B IIpeeiaX yCTAaHOBJICHHBIX HOPM.

TBEPAOCTH OLICHUBAIOT OMPENEIIEHHBIMH TTOKA3aTesIMA B 3aBUCHMOCTH OT METOJ]a M3MEPEHHUS.
VYcraHoBneHa cieAylomas Ikaita crerneHel TBEPAOCTH abpa3uBHOro MHCTpyMmMeHTa: — BMI1 nu BM2 —
BecbMa Msrkuil; — M1, M2 u M3 — markuii; — CM1 u CM2 — cpennemsarkuii; — C1 u C2 — cpeanuii; —
CT1, CT2 u CT3 — cpeanerBépabiii; — T1 u T2 — tBEpnpiit; — BT — Becbma tBEpHBIN; — UT —
ypesBbuaitno TBEpABIA. Ludper 1, 2 w 3 XapakTepu3yloT Bo3pacTaHue TBEPAOCTH aOpa3UBHOTO
WHCTPYMEHTa BHYTPH CTENeHH. TBEPAOCTh a0pa3WBHOIO HMHCTPYMEHTAa XapaKTepH3yeT NPOYHOCTb
yraepkaHus aOpa3wBHBIX 3EpeH CBS3KOM B Tene uHCTpyMeHTa. OO0nacTu mpuMeHeHHs aOpa3uBHBIX
MaTepHajoOB Pa3InYHON TBEPIOCTH NpuBeAcHB B npuiiokeHuu 3 (tadbn. X.3). CooTHoueHue o0bEMOB
NUTHQOBATEHOTO KPYTa, CBSI3KH M MIOP B a0pa3WBHOM MHCTPYMEHTE OTpeiessieT CTPYKTYPY HHCTPYMEHTA.
- 3 - CTpyKTypy IpUHITO 0003HaYaTh HOMEPAMH.

Uzmenenne o0bEMOB KoHUeHTpauuu Pa mumdoBansHOro Martepuaia Ha 2% B HHCTpYMEHTE
COOTBETCTBYET Mepexory oT oaHoro Homepa Cy CTPYKTYpHI K Ipyromy HoMmepy 1o dpopmyne: Cy = 0,5 -
(62 — ®a). [lyist 064upOUIHOTO NUTH(OBAHKUS MIPH ChEME 3HAYUTEILHOTO PHUITYCKa (TIPU MPEIBAPUTEIILHOI
00paboTKe MaTepuasioB C HEOONBIIMM CONPOTHUBICHHUEM pa3phiBy) PEKOMEHIYETCSl HCIOIb30BaTh
WHCTPYMEHTBI BBICOKMX HOMEpPOB CTPYKTyp. s umcToBoil oOpaboTku, st 0OpabOTKM TBEPABIX H
XPYNKHX MaTepUaIIOB, TIPH MOBBIIIEHHBIX YIIEIBHBIX HATPY3Kax B 30HE MUTM(GOBAHUS IPUMEHSIOT KPYTH C
MEHBIIMMH HOMEpaMH CTPYKTYp. CTpyKTypa XapakTepu3yeT COOTHOIIEHHE MEXIY 00bEMOM aOpa3uBHBIX
3€peH, CBA3KH M MOp B Tese HHCTpyMeHTa. O01acTH NpUMEHEHHs a0pa3uBHBIX MaTEPUANIOB C PA3IHYHON
CTPYKTYpOH TMpuBeAeHH B mpmwioxeHuun 4 (tabm. X.4). BemecTBo WM COBOKYIHOCTH BEIIECTB,
NPUMEHSEMBIX JIJIsI 3aKperuieHus 3EpeH NUIM(OBAIBHOTO MaTepualla M HAINOJHUTENs B aOpa3BHOM
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WHCTPYMEHTE, Ha3bIBAIOT CBS3KOW. HarmonHuTens B CBSI3KE MpeqHA3HAYEH YIS MPHUIAHUS WHCTPYMEHTY
HEOOXOIUMBIX (PU3UKO-MEXaHHUYECKHUX, TEXHOJIOIMYECKUX W DKCIUTYaTAIIMOHHBIX CBOMCTB. CBsI3Ka BIMSET
HAa TCOMETPHUIO peiabeda paboueli MOBEPXHOCTH WHCTPYMEHTA U TMapaMeTphbl IIEPOXOBATOCTH
00paboTanHO# moBepXxHOCTH. CBsI3Ka OMpEeseT MPOYHOCTh M TBEPJOCTh MHCTPYMEHTA. AOpa3vBHBIC
WHCTPYMEHTHl H3roTaBnuBatoTcs Ha kepamudeckor (K), OakemmroBoii (b), BynkanuroBoit (B) u
CIECIUATBHBIX CBA30K.

Bunel cBsi3ok u 00jacTM TpUMEHEHUs aOpa3sWBHBIX MaTCPUAJIOB HA PA3JIMYHBIX CBSI3Kax
npuBeneHbl B npuioxeHnn 5 (tabn. X.5). Tumer (popma) u pasMeps! nuUM(OBAIBHBIX KPYTOB OOIIETO
MIPUMEHEHUS TIPUBEICHBI COOTBETCTBEHHO B IPHIIOKEHUAX 6 1 7 (Tadm. X.6 u X.7).

3amanme

Onpenenuts HOPMY BpEeMEHM Ha Kpymioe numdoBaHWEe  3aJaHHON  JeTalid  Ha
KpYrJIonuin(poBaTbHOM CTaHKE C YCTAHOBKOW B IICHTPaX C BBIBEPKOW MO HMHAMKATOPY W IOJKATHEM
3a/iHel 0a0KOM.

Ie-
Homep
g poxo-
obpata- -
PHO Marepuan ThiBae- ) Iy, Dy, Iy, Ly, Ls, Ls,
CTYAEHTa AeTanu Mo l::;' . MM MM MM MM MM MM
MOBEPK-
wocti | PN
HOCTH
1 1 50 100 B0 100 20 B0
2 2 L& 50 100 B0 100 20 B0
3 Crane 45 3 50 100 (] 100 20 B0
4 1 £ 150) 100 120) 30 120
5 2 08 B0 150 1040 120 30 120)
& 3 B0 150 100 120 30 120
7 C 1 100 180 125 160 40 150
8 X 1119 2 04 [100 | 180 | 125 160 | 40 | 150
9 3 100 180 125 160 40 150
11 1 B0 150 100 120 30 120
12 2 0z B0 150 1040 120 30 120)
13 3 B0 150 100 120 30 120
14 4-21 1 100 180 125 160 40 150
15 2 0.8 1040 180 125 160 40 150
16 3 100 180 125 160 40 150
I L L

£
o
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IIpakTnyeckoe 3auaTHe 9 TeXHUYECKOE HOPMUPOBAHKE CIECAPHBIX padOT, pa30OPOUHO-
COOpPOYHBIX padoT.

Lesb 3ans1THA 3aKII04aeTCa B (POPMUPOBAHUH Y CTYIEHTOB MPOQPECCHOHAIBHON KOMIIETEHIIUN:
IK-13

CrnecapHele pabOTBl TPEACTABIAIOT cO00H XONOAHYIO 00pabOTKY METaJUIOB pe3aHHeM,
BBIMOJTHSEMYIO pDYYHBIM (HAalWJIbHUK, HOXXOBKa, pa3MeTka, pyOka Meramma ©  Ap.) WK
MEXaHM3UPOBAHHBIM (PYYHON TPEcC, dIEKTPOAPENb U Ap.) crmocodaMu. ITH padOTHI BBHITIOTHIIOTCS TPU
cOOpKe MalIuH W MEXaHH3MOB JIHOO BMECTO OOpaOOTKM Ha CTaHKAaX HM3-3a HETOYHOCTH MEXaHHYIECKOM
00paboTku. Yem MeHblIe TakuX pabom, TeM COBEpIIEHHee MpuMeHseMas TexHoiorus. Hambompmmit
YIENbHBIN gec CIECAPHBIX pabom, BBIIOIHAEMBIX MpU COOpPKE, HMEET Mecnmo B MHIUBHIYaTbHOM U
MEJIKOCEPHIHOM MPOU3BOACTBAX.

[ponecc cOopku NpeACTaBIsET coboit COBOKYITHOCTb TEXHOJIOTHYECKUX
orepauuii 7o COeIMHEHHUIO AeTanei (y3/10B) B ONPEACICHHOW KOHCTPYKTUBHOHN TOC/IEA0BATEIbHOCTH AJIS
NOJMy4eHUs: u3genuss TpeOyemoro kadectsa. OOBIMHO [UIs LelNed HOPMHPOBAaHMS OH 3aIaeTcs
pasBepHYTOH cXeMOW COOpKHM, TEXHHYECKMMU TpeOOBaHHAMH, OOECIEUMBAIOIIUME HEO0O0XO0AUMOE
KauCCTBO M3ACIMA, U YCIOBUSAMHU BBIIIOJTHCHUA pa6om. C TOuYKH 3pCHUA TCEXHOJIOTUH, C60p0‘-IHI)II\/'I
IPOLIECC MOXET OBITh HEOAHOPOIHBIM W BKIKOYATh PErYIHPOBOYHBIC, MPUTOHOYHBIC, CIECAPHBIE H
npyrue padotel. Takue onepayuu Ha3bIBAIOTCS ClleCapHO-COOPOUYHBIMU.

B otnnume oT HOpMUPOBAHUSI MEXaHUUECKUX H JAPYTHX BUAOB pabom HOPMUPOBAHHE CIIECAPHO-
COOPOYHBIX OTIEpaIii UMEET CIEAYIONINe OCOOCHHOCTH.

B kauectBe TIpaHMLBI pacwIEHEHHS TEXHOJIOIMYECKOT0 TMpolecca COOPKHM HCIONb3yeTcs
cOopouHas eOunuya, T. €. KOMIUIEKT (COeTUHEHHE AeTayied), KOTOPBI XpaHWUTCS, MepeMeIlacTcs H
nojaeTcsl Ha JallbHEHIIyro cOOpKy (C oHOro pabouero MecTa Ha JIpyroe) kKak eauHoe 1enoe. COopoyHoi
eINHAIIE MOTYT OBITh cOOpouHas mapa (TIEpBUYHOE 3BEHO COOPOYHOTO COCTUHEHHS), COOpPOUYHBIN
KOMITIEKC (4acTh y3ma), y3ell, epynna, arperar, uznenue. [Ipuy HopMupoBanuu cOOpOYHON onepayuu Mbl
MUMEEM JIeJIO He C OJTHOM JIETAlbIO, a C KOMIUIEKTOM.

OOBEeKTOM HOPMHPOBaHHA sIBIsieTCd cOOpOYHas omepauusi, IOJ KOTOPOHW ITOHMMAeTcs
3aKOHYEHHAs] YacTh TEXHOJIOTMYECKOTO TIpOoIlecca, OTpaHWYeHHas pabdoToi HaJ OJHON CcOOpPOYHOMN
eJVHHUIICH Ha OJTHOM pabodyeM MecTe.

OmnepatuBHOE BpeMsl  CIECApHO-COOPOUHON onepayuu CONEPKUT  OCHOBHOE BpeMs  Ha
TEXHOJIOTHYECKHI TEPeX0J M BCIIOMOTaTelIbHOE BpEMs, BKIIOUAlOIlee Takue paldoThl, Kak '"B3ATh
WHCTpYMEHT", "TIOJTHECTH €ro K MecTy o0paboTKu", "OTIOXKHUTh MHCTPYMEHT", "BO3BpaTHOE JBUIKEHUE
WHCTpyMeHTa" TP ONMWIMBAaHMHM WM PE3aHUM MeTajula. Tak Kak ciecapHble pabOoThl SBIISIOTCS
NPEUMYIIECTBEHHO PYYHBIMH U 3JIEMEHTHI BCIOMOTaTeIbHOW PabOThl TECHO MEPEIUIETAIOTCSl C OCHOBHOM,
HOPMAaTHUBBI COAEPKAT ONIEPATUBHOE BPeMsI HA TEXHOJIOTHUECKUH Mepexol.

OCHOBHBIMH (aKTOpaMU, BIUSIOMIMME Ha MPOJOKUTEIHLHOCTD BBITIONHEHHS ClIeCapHBIX pabom,
SBJSIFOTCS: BHJI CJIECAPHBIX pabom, NIPUMEHSEMbI HHCTPYMEHT, o0pabaTeiBaeMblii MaTepuai, GopMa u
pasMepel  00pabaTbiBaeMON TOBEPXHOCTH, TpeOyemas moyHocms 00paboOTKH, CTeneHb ymoOcTBa
BBITIOJIHEHUS pabom, MaclITad pOU3BOJICTRA.

[pornecc pacuera TexHUYeCKH 0OOCHOBaHHBIX HOPM BPEMEHH Ha CIIECAPHO-COOPOYHBIE PaOOTHI
COCTOUT M3 CIEAYIOIINX JTAIOB.

1. YcranaBnuBaTCsl OOBEKT, LIEb U METOJl HOpMHpOBaHMs. Ha 3ToM 3Tare 4eTko ompeaensercs
cOopouHas eJMHWIA, 3aJaeTcsl TEXHOJOrMYeckas cxemMa CcOOpKM U  BbIOMpaeTcs MeEToJ
HOPMHPOBAHHS (aHanMTHYECKU-PACUETHBIN o HOpPMAaTUBaM 130071 aHAJTUTUYECKU-

HCCJICI0BATCIBCKHIMA ).

2. [IpoBoautcs aHanu3 (GakKTHUUSCKUX YCIOBHH IMPOM3BOJCTBA, TJE OCYIIECTBISCTCS OIEPalys.
3amonHseTcs o0IIas 4acTh HOPMHUPOBOYHOW KapThl.

3. BriOuparorcss HOpPMATHBEI IS HOPMHUPOBAaHUS B COOTBETCTBHM C THIIOM IIPOU3BOJICTBA,
XapaKTepoM paboThI.

4, Omnepanyss pacuieHSeTCs Ha pPacyeTHbIE KOMILICKCHI IPHUEMOB pPabOThI M BBISIBIAETCS

COOTBECTCTBHUEC (baKTI/ILICCKI/IX YCHOBI/II\/'I Tpyda HOPMATHUBHBIM. B CJIydya¢ HMX OTKJIIOHCHHSA HaXOOAT
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MOIIPaBOYHbIC KOX(P(HIMEHTHI, a eciau B TaONHIaX OTCYTCTBYIOT JaHHbIE M HET YKa3aHWU#i o
npuOIKeHHOM 3HadeHHH ('10" OmNpenesiecHHON BEIWYWHBI), HCIOIB3YIOT HEOOXOIUMEBIE IS
pacdera SMIUPHYECKUE POPMYIIHL.

5. PaccuutbiBacTCsl onepaTMBHOE BpeMs Ha OIEpanvio (WM HEMOJMHOE IITYYHOE BpeMs),
OTIpeieNIIeMOe KaK CyMMa OIIEPATUBHOTO BPEMEHHU BCEX BXOJAIIMX B HEE PACUCTHBIX KOMILICKCOB

o opmyie
L)
Tl’:-ll = 2 :?-:lell'k.'-'
i=1
FI[CToni -0MCPATHUBHOC BPCMS BBIIIOJIHCHU A i-FO pacyeTHOTO KOMILJICKCA, MUH.;
ki -CyMMAapHBI TMOMPAaBOYHBIA KOA(PQHUINEHT Ha W3MEHEHHBIE YCJOBUS PadOTHl MpH

BBINOJIHEHUH 1-T'0 pacueTHOTO KOMILIEKCa;
i = 1, 2,-4KciO PacUYETHBIX KOMIUIEKCOB, BXOJSIINX B ONEPALHIO.
o 11
B ycnoBusix MenKOCepuiHOro U eIMHUYHOTO MMPOU3BOJICTB ONIEPATUBHOE BPEMSI P HOPMHUPOBAHUHT
ciecapHO-cOOpOYHBIX PabOT He BblAeseTcs. Pacuer ocymecTBisieTcs yKPYIMHEHHO 110 IITYYHOMY
BpPEMEHH ISl KQXKJOT0 i-T0 pacueTHOTO KOMILIEKCA.

6. PaccunteiBaeTcst BpeMsi Ha 00CITy>)KHBaHHE pa004Yero MecTa, OT/IBIX W JIHYHBIE HaTOOHOCTH. DTO
JOIOJTHUTENBHOE BpeMs 3aJaceTcsi B HOpPMAaTuBaX (B HPOLEHTaX K ONEPATUBHOMY BPEMEHH) U
BhIpaxkaeTcs KO3 PHUIIMCHTOM:

K= Aooe T dorz,
rAeao6.-BpeMsl 00CTyKUBaHUsI pabodero Mecta, % OT ONepaTUBHOIO BPEMEHH;

dorn-BPEMS Ha OTABIX M JIMYHBIE HATOOHOCTH, % OT ONEpaTHBHOTO BPEMEHH.
B ycioBusix cpemHecepuMHOrO UM CEpUHHOIO MPOU3BOACTB, TA€ HIPOJODKUTEIBHOCTD
NOATrOTOBUTEIBHO-3aKIIOUNTEIFHOIO BPEMEHH Ul CIIECapHO-COOPOYHBIX PAa0OT HEBEIHKA, NPU
HEOOXOTUMOCTH MOJrOTOBUTEIBHO-3aKIIOUATEIFHOE BPEMS an; TAKKE 3aJaeTcsl B NPOLEHTax K
OINEpPaTUBHOMY BPEMEHHM U BKJIOYAETCs B BelNU4UuHy K:
K= A 