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OBIIAS YACThH

JlaGopatopHblil TPaKTUKYM Kypca “TeopeTndec Kue OCHOBbI MEXaHU3ALUU
Y aBTOMATH3alUU IPOLECCOB POU3BOACTBA OTIMBOK IPEIHA3HAYEH MIA3  a-
KPEIJICHNS TEOPETUYECKUX 3HAHUM CTYICHTOB I10 aHAJIN3y KOHCTPYKIHU U P a-
00TBI 000PYIOBaHUS JIUTEUHBIX LIEXOB, a TAK)KE MPUOOPETEHHS HaBBIKOB B IIP  O-
BEJICHUH DKCIIEPUMEHTOB ITOMCKOBOTO XapaKTepa.

Opranusanusi 1a00paTOPHOro NPAKTUKYMA

JIaGopaTopHbIe pabOThI BEIIOTHSIOTCS 10 YTBEPXKAECHHOMY Trpaduky, K o-
TOPBIN BBIBEIINBAETCS B Taboparopuu. YacTs paboOT MOXKET BBHIMIOIHATHCS Ha
NPEINpPUATUSAX TOPOJIa B peaTbHBIX 3aBOACKUX ycnoBusax. K mabopaTopHoii p  a-
00Te A0I yCKaIOTCS CTYAEHThI, 03HAKOMUBIINECS 3a0JarOBPEMEHHO C €€ COJe p-
KAHUEM U METOJMKOW BBIMIOJTHEHNUS, H3yUUBIIIHE COOTBETCTBYIOIIUE PA3/ICIIbI
TEOPETUUECKOro Kypca.

PaGoThI BEIMOTHSIOTCS B MOCIE0BATEILHOCTH, IPUBEICHHON B METOl  U-
4eCKOM yKa3zaHuM. Ha 3akimounTenbHOM dTane Kax ol pabdoThl CTYAECHTHI 00p a-
0aThIBAIOT U AHAJIM3UPYIOT HKCIIEPUMEHTAIbHbIC JaHHBIE, CPABHUBAIOT X C
TEOPETHUECKUMU, AaHATU3UPYIOT IPUIHHBI PACXO0KICHUS TaHHBIX, IETA0T B bI-
BOJIBI 110 pe3ynbTaTaM paboThl. YacTh pacuyeToB BBHIMOIHACTCS MO MpeAaara  e-
MbIM nIporpaMMam Ha [IDBM.

[Tpu 3ammre 1a060 paTopHON pabOTHI CTYIEHT 00sA3aH 3HATh €€ TEOPETHY e-
CKHE TOJIOKECHUS, METOJNKY U3MEPEHH, yMETh OOBSICHUTD MOyUYeHHBIC 3aB  H-
CHUMOCTH U uX xapakrep. K pabote B mabopaTtopuu u Ha IPEANPUATHH IOy  C-
KalOTCs JINIIA, TPOIIEAIINE HHCTPYKTAXK MO TEXHUKE O€30MacHOCTH.

OO0mue ykazanus 1o o(popMJICHHIO OTYETOB

OTtuyeTsl 0 1abopaTOpHBIX paboTax 0HOPMIISIOT B MOPSIKE OYEPETHOCTH
uX BBIMOJTHEHHA. CXeMbl U rpaduKi BHIYEPUUBAIOTCS B KapaHAaIle ¢ MPUMEH -
HUEM YEPTEKHBIX MPUHAJUICKHOCTEN B COOTBETCTBUU ¢ TpeboBanusimu  ECK/I.
['paduueckre 3aBUCUMOCTH, TIOJTydaeMble B pabOTe pEKOMEHYETCS BBIOJIHATD
a1M00 HAa MIJIJTUMETPOBOM OyMmare, Tu00 ¢ UCIOJIb30BAHUEM CIIELHUATIBHBIX P O-
rpaMMHBbIX mporykToB Microsoft Office, Origin, Statistica u ap. Eciu pacuer
BBITIOJTHSAETCS ¢ mpuMeHeHneM [I19BM, To pe3ynbTaThl MOAKIABIBAIOTCI K O T-
4yeTy 1o JabopaTto pHOH paboTe, aHANM3UPYIOTCS U HA OCHOBAHUU 3TOTO JIe]  a-
I0TCS COOTBETCTBYIOIIKE BBIBOJIBI.

OT4eThl TOKHBI COJIEPKaTh: Ha3BaHUE padOThI, €€ LeIb, KPATKOE ONHUC a-
HUE OCHOBHBIX TEOPETUUYECKUX CBEICHUM, CXeMy J1a00paTOPHON YCTAHOBKH,
OTNMCaHUE MPUHIIUMA €€ paboThl, X0/ JIabop  aTOpHOM paboThI, HEOOXOAUMbIE
pacueTbl, 00CyX ACHHE PE3yIbTaTOB HKCIIEPUMEHTA U BHIBOJIBI.



JIABOPATOPHAS PABOTA Ne 1

Hccneoosanue u ananus padomot mapoeoi meibHUYbl

Lenv pabomsl - N3y4UTh KOHCTPYKIIMIO U IPUHITUIT JECHCTBUSI IApOBOM
MEJIbHULIBI, ONPENEIUTh €€ KOHCTPYKTUBHBIE ITIApaM  €TPbI B 3aBUCUMOCTH OT
Pa3HbBIX PEKUMOB pabOTHI.

OO0mue ykazanus

B nutelHbIX 11eXax Ui pa3MalbIBaHUs YIS ¥ TIIMHBI IPUMEHSFOTCS 1T a-
poBbie MenbHUIEL. [llapoBas mensHunia (puc. 1.1) npencrasnser coboit 6ap a-
0aH, BpalaroIMiics BOKPYT TOPU3OHTAIHLHON OCH, B KOTOPBIH 3arpy>KeHBI Ky CKU
pa3MasibIBaeMOro MaTepuaia U MeTaJuIndeckue mapsl. M atepuan B MebHUIAX
U3MeIbUaeTCs] B OCHOBHOM IO/ ICHCTBHEM yapa MaJarolliuX METIOIINX Tell !
YaCTUYHO 32 CUET UCTUPAHUS MEKIy HUMHU. K OCHOBHBIM (hakTOpam >3pdekTu B-
HOCTH paOOThI MEJIBHUIIBI OTHOCSITCS YUCIO 000pOTOB Oap abaHa, Macca 3arpy 3-
K1, pa3Mepbl MEIOIMUX TeN (IIIapOB) U 3arpy’KaeMbIX KyCKOB, TOHKOCTh TIOM  O-
na, Gu3NYecKue CBOMCTBA MaTepHalia, Mo eKallero IpoodIeHUIo.

—A

1 — Omcex 0 3a2py3xu uzmenvuaemozo mamepuana, 2 — Onopa; 3 — CmaHu-
Ha; 4 — Mygma,; 5 — Pedykmop, 6 — Dnexmpoosueamerw

Pucynox 1.1 — Cxema nabopamopHoti ycmano8Ku uaposoli MeibHUYbl

[Tpu BBIOOpE YACTOTHI BpAIICHUS MEJIBHHMIIBI CJICTyET UMETh B BHJTY, UTO
eCITM CIMIIKOM MEJICHHOE BpalleHre 0apadaHa MEJIHHHIIBI BEIeT K YMEHBII  €-
HUIO MTPOU3BOJUTEIBLHOCTH, TO MPH CIIUIITKOM OBICTPO M BpAIlCHUH MOTYT BO 3-
HUKATh CTOJIb OOJIBIITUE IICHTPOOCIKHBIC CHIIBI, YTO MO JCHCTBUEM UX AP
MPKMYTCS K CTEHKaM OapabaHa M BOBCE HE CTAHYT MajiaTh. [Ipou3BoIuTEl  Bb-
HOCTh MEJILHUIIBI OyIeT paBHA HYJIIO.

Uucno o6opoToB 6apabaHa, Ipu KOTOPHIX IIEHTPOOEKHAs CUJIa I1apa
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YPaBHOBELIMBAETCS €r0 MACCOM B CAMOM BEPXHEW TOUKE, HA3bIBACTCS KPUTHY  €-
ckuM. Pabouee unciio 000poTOB JIOKHO OBITH MEHBIIIE KpuTHyeckoro. Mcen  e-
JIOBaHUS TPACKTOPUU JBUXKEHHUS IIAPOB MOKA3aJIM, YTO HAUOOJIbIas SHEPTUs
yAapa npu padoTe MEJIbHUIIBI B PEKUME MaKCUMAJIbHOW MPOU3BOJIUTENLH  OCTH
JOCTUTaeTcs mpu yriie oTpeiBa a=54°40" (puc. 1.2). OT0T yroy Oyaet TOAbKO y
HapY»HOTO CJI0SI IIapOB, B KOTOPOM pa3MellaeTcsi HauOoJIblIee X YUCIO U
TOJILKO TP pabOTe MEIBHUIIBI B PEKUME MAaKCUMAIbHOU MPOU3BOAUTEILHOCTH.

a — pedcuM MaxKCUMaibHoU NPouU3800UMenbHOCMU; O — PeXHCUM MAKCUMALbHOLL
9KOHOMUYHOCTU

Pucynok 1.2 — Sniopul wiaposwix Hacpy30Kk npu pasiuidHblx pesrcumax pabomol:

JUist TOCTHKEHUS peXUMa MaKCUMaJIbHON TPOU3BOIUTEIBLHOCTA HEOOX O-
MO, 4TOOBI paboyas 4acTOTa BpaIlleHUs] MEJIBHULBI JOCTUTAJIa CIE  YIOLIETO
3HAYECHUS

n=232//D,

20e D — nuametp 6apabaHa MEJIbHUIIBI.

JI71s1 yCTaHOBIICHHS peKUMa MAaKCUMAJIBHOM SKOHOMUYHOCTH yTOJ OTPhIBA
mapoB coctaBuT a=40° (puc. 1.2). YacToTa BpalieHus: HaXOIUTCS MO CIEAY o-
IEMY BBIPAKCHUIO

n=237.2//D,

20e D — nuametp 6apabaHa MEJIbHHUIIBI.
Mertoauka pacueTa mapaMeTpoB IIAPOBON METLHUIIBI B 3aBUCUMOCTH OT
pa3IMYHBIX PEKUMOB TIpeACTaBiIeHa B Ta0. 1.1.



Marepuanbl, 000py1oBaHue.

[ITapoBas MenbHULa Monenn XXX, U3MEPUTEIbHBIE CPEICTBA, ABE H a-
BECKH (QOPMOBOYHOM TJIMHBI MO | Kr, MeNIOMIKME Tea pa3IMyHOro pazMepa, CUTO
nabopaTopHOE ¢ HAOOPOM CHUT.

IHopsaoK BbINOJIHEHUsSI pa00THI

1 M3yunTh KOHCTPYKIMIO ¥ IPUHIUT paOOTHI IAPOBOW MEIBHUIIBI .

2 [IpousBecTr HEOOXOAMMEBIE 3aMEePhl OCHOBHBIX TEOMETPUUYECKUX Pa3M €-
poB (ykazansl B Ta0u. 1.1).

3 PaccunTtaTh KOHCTPYKTHUBHBIEC TAPAMETPhl yCTAHOBKH, PE3yJIbTAaThl 3 a-
HecTH B Tabm. 1.1.

Tabnuya 1.1 — Memoouka pacuema napamempos uiaposou MelbHUYbl

Pexum
Mokazatenn MaKCHUMaJIbHOU MaKCUMaJIbHOMH
MIPOU3BOIUTEILHOCTH SKOHOMHUYHOCTHU
dopmyia Pacuyer dopmyna Pacuer
1) JluameTtp mapos, M dy, =2R/9 d, =2R/12
2) AnameTp TpaeKTOpuu
[ICHTPOB TshKecTH 1 a-{ Dy=D - dy D,=D-d,
POB BHEIITHETO CJIOS, M
3) Uucao 000poTOB .
) p n=32/,/D, n=372//D,

MEJIbHUIIBL, C
4) Paaunyc mapoBoii H a-
PY3KHU CIIOEB, M:

- BHYTPEHHETO R, =0,481R R,==0,362R
- BHEIITHEro r=0,866R r=0,585R

- pELyLIMPOBaHHOTO Ry =0,785R Ro=0,752R
5) Koadbdurmenr 3 a-

Ipy3K{ MEJIBHULIBI 1T a- ¢=0,4 ©=0,54
pamu

6) Macca mapoB, 3 a- D’ Dt
rPYXKAEMBIX B MENBH H- G = —— Lop, G'=——Lo¢'pg,
1y, KT 4 4

7) [IpouzBoauren b- Q:aGo,é Q=a( G,)o,é

HOCTH MEJIbHUIIBI, KI/4

8) Mo1HoCTh, IOTpe 0-
nsemast mapoBoit Mes b1 N = 0,01G+/R N=0,01G'vVR
HuleH, KBT

HpHMeanHe. HpI/IBOIII/IMBIC 0003HaYEHHNs BEJIUYUH B (I)OpMyJIaX n ux o II-
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peneneHue:
R - paguyc mapoBoil MEJIBHULIBI, M;
D - BHyTpeHHU! quaMeTp AapOBOU MEIBHULIBL, M;
L - nnuHa 6apabaHa MENbHULIBL, M
p - HaCBhIMHAS IJIOTHOCTH mapos, p = 3500...4000 K/M;

@7 - Ko3hPUIMEHT pa3pbIXJIECHUS 3arpyKaeMoro Marepuaia,
¢;=0,5...0,6;
a- K03 PUIUEHT Pa3MoJIo CIIOCOOHOCTH Matepuaia: JJisl TJIUHBI

a=0,5...2,5; nna yrneit a = 1,5...4,5.

4 OnpeaenuTh SKCIEPUMEHTATBLHBIM TyTEM POU3BOAUTEIHLHOCTh MENT  b-
HUILBL. J[J1 3TOTO B35Th JBE HABECKU IIMHBI UJIU APYroro MaTepuana, no 1xr
Kaxnas. HacTpouTs 0IMH OTCEK MENBHUIIBI HA PEKUM MAKCUM  aJIbHOM 3KOH O-
MUYHOCTH, IPYTOd — MaKCUMaJIbHOU MPOU3BOAUTEIBHOCTH, 3arpyKas pacue T-
HYIO Maccy IIapoB U MaTepualia B Kaxablid oTcek. [lociae paboThl MENTbHUIIHI B
TEUEHUE 5 MUH €€ OCTAHABJIMBAIOT, BHITPY>KAIOT MO OTACIHHOCTH MaTepUall 13
oTcekoB. HaBecky U3 KaXkJ10ro oTceka npoce uBarT Ha cute. [IpoaykT, octa B-
IIUICS HA KaXKJIOM CUTE B3BEILIMBAIOT, U PE3YyJIbTAThl 3aHOCST B Ta0d. 1.2.

5 o cuty 3 BBICUMTATH POU3BOJUTEIBLHOCTh MIPU KAXKIOM PEKUME

Q:m3/ Mog,

20e m; — Macca matepuana Ha cute No3, Kr;
m,g - 00111ass Macca HaBECKH, KT.

Tabnuya 1.2 - Pezynomamul usmenvuenus mamepuaia

Macca marepuraiia Ha CUTE, KT, IIPU PEXKU-
Max
Howmep cura = ”
MaKCUMAaJIbHOHM IIPo- MaKCUMaJbHOU
W3BOJIUTENIBHOCTH SKOHOMHUYHOCTH
3

6 I1o pe3ynbpTaTaM SKCIEpUMEHTAIHHOM YacTu pabOTHI U TIO pacueTaM
C/IeNIaTh BBIBO/I.

KOHTpOJ'IBHBIG BOIIPOCHI

1 OnucaTh yCTPONUCTBO U MIPUHITUIT JEHCTBUSI JIAOOPATOPHOIM YCTAHOBKHU.
2 Onucath X011 paboTHI.

3 Kakum 06pa3zom mpoucxoauT MOMOJ MaTepuaia?

4 KakoB MOpsIOK ONpeAeSICHHs IPOU3BOAUTEIILHOCTH YCTAHOBKHU?

5 OGopyioBaHue JJIsl TPOBEACHUS MTOATOTOBUTEIBHBIX OTEpPaIlni.

6 O0GopyioBaHME Jisl TPOBEACHUS TPOOICHUS.

7 O6opyioBaHKE JJIsl TPOBEACHUS U3METBUYCHHUS.



JIABOPATOPHAS PABOTA Ne 2

Hccneoosanue pabomot cuma u onpeoeieHue
K0I(puyuenma noneznozo oeiicmeus nPpoceuBanus

L]env pabomel - U3y4UTH TPUHIIATL JCHCTBUS, 0COOCHHOCTH KOHCTPYKIIUA
Y Ha3H a4CHUE CUTA; IPUOOPECTH MPAKTUICCKUE HABBIKH 110 OTIPEICIICHUIO K O-
s durmenTa noyse3Horo ASHCTBUS MPOCEUBAHMUS.

OO0mue ykazanus

D¢ dextuBnocts npocenBanust (KIIJI) oniennBaeTcs OTHOIIEHHEM

20e m, - Macca 3epeH, MPOIIECAIINX CKBO3b CUTO, KT;

ms - 00IIas Macca HaBECKH, KT.

OcHoBHBIM (hakTOpoMm, BiustomuM Ha KIIJ] npocenBanus , siBnsieTcs H - a-
IpaBJICHUE JBUKEHUS IPOCEMBAEMOI0 MaTepHaa OTHOCUTENILHO MIOJIOTHA CUTA.
Hau6onee 61aronpusTHeIM ISl IPOCEUBAHUS OyIET HANPABIECHUE JABHXKECHUS
MaTepuana, NeprneHIuKyISIpHOE K TIOJIOTHY cuTa. B 3TOM ciiydae 3epHa uMeror
BO3MOXHOCTb ITPOHUKATh CKBO3b OTBEPCTUSI CUTA, B OCOOEHHOCTH, €CIIU JIBUXK €-
HUE 3 €peH BJO0JIb MOJIOTHA MPOUCXOAUT € OOJBIION CKOPOCThI0. OTHAKO TaKoe
JBUKEHUE MaTepurasa NpUBOIUT K OOpPBIBY MOJIOTHA.

B nute HHBIX LIeXax MPUMEHSIOTCS CUTa IJIOCKHE U OapadaHHbIe
(puc. 2.1). Pabota mockux cut (puc. 2.1, a) ocHOBaHa Ha B3aMMOJICUCTBUU CUJT
TSKECTH ¥ uHepuuu. CyLIHOCTb MPOCEUBAHUS 3aKIIOYAETCS B CIEAYIOLIEM: M a-
TepHall , TOMELIEHHBIN Ha MOJIOTHO CUTA, IBHIKETCA BMECTE C IOJIOTHOM B 3a-
JTAHHOM HaIlpaBJjeHUH. 3aTeM MOJOTHO MO/ ACHCTBUEM NMPUBOJA MEHSIET H a-
IpaBJICHHE, @ YaCTh MaTepHalia MPOJOJKAET 110 UHEPLIMU JBUKEHUE B TIEPBOH a-
YaJIbHOM HampaBJIEHUU A0 TEX MOP, MOKA CUJIA TSKECTH MaTepuaia He IPEB  bl-
CUT CUJTy UHEpLIMH, MaTepual MaJaeT BHU3, IPOUCXOIUT  MpoceuBanue. bap a-
0aHHOE NOJUTOHAJIbHOE CUTO ( puUC. 2.1, ) IPUMEHSIOT TJIABHBIM 00pa3oM st
IpOCEenBaHUs OTPaOOTaHHON (POPMOBOYHON cMecH. B TUTEHHbIX LIexaX OHU I O-
JYYWIH IIUPOKOE PACIPOCTPAHEHUE.

MarepuaJbl, 000py10BaHueE.

Curo nabopaTopHOe ¢ HAOOPOM CHUT, HABECKH U 3MEJIbUYE€HHON POpMOBO U-
HOM TJIMHBI, BECHI.
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a — niockoe mexanuyeckoe cumo: 1 - pama, 2 - pewiemka, 3 - Kopnyc, 4 - 9Kc-
YEeHMPUKOBbLIL 8aTl, 5 - AMOPMUAMOPbL,
6 — bapabannoe cumo: 1 - npugoo, 2 - pama, 3 - bapaban, 4 - KOAHCYX BbIMIAIC-
HoU, 5 - 60ponKa 3azpy3ouHas, 6 - KOHEeliep nodayu cmecu, 7 - KOHgellep Omeo-
0a npocesHHou cmecu, 8 - KoHsetlep 0meooa 0mxo0008

Pucynok 2.1 — Cuma, ucnonvsyemvie 6 1umetHvix yexax
Iopsiiok BbINOJTHEHUST PA0OTHI

1 17151 BBITTOJIHEHUS paOOThI UCTIOIB30BATh JABE HABECKU (bopMOBOYHOMI
TJIMHBI O | KT Ka)kJas, B3SIThIX MMOCIE pa3MoJia Ha IIapOBOM MEIIBHUIIE B pa  3-
HBIX PEKHUMax padOThl MEJIbHUIIBI: MAKCUMAJIbHOM S5KOHOMUYHOCTH U MaKC ~ U-
MaJIBHOU MPOU3BOAUTEILHOCTH. [[pOM3BOIUTE ITpOCEMBaHNE MaTeprUaia U3 pa 3-
HBIX IPYII HaBecoK B TeueHne 180 c. B3pemmBaHueM on peaeinnuTh KOJIUYECTBO
Marepuaia Ha Kaxxaom cute. [1o pasmepam s4eiiku cuTa ONpeAeIIuTb pasMep
IIPOCESIHHOTO MaTepuania.

2 Beiueptuth 1a00paTOPHYIO YCTAHOBKY CHTa, HA KOTOPOM MPOBOAUTCS

paboTa U BBIOJIHUTH €€ OMTUCaHUE.
3 Paccuurats KIIJ] (%) kaxaoro cura ¢ UCIOIb30BAHUEM BBIPAKECHU S

m, ;—m
£n = —1-1—0100),
my_4

eoe m;.1 - MaCcCa HaBCCKH I''TMHELI ICPC MPOCCMBAHHUEM Ha N-OM CUTC, KT,
m, - MaCCa HaBCCKU I'JINHBI, OCTaBIIICHCS HA N-OM CHUTE MOCJIC IIpoce u-

BaHMS, KT.
4 Pe3ynbTaThl 3KCIEPUMEHTOB U PACUETOB 3aHECTU B Tabi. 2.1, mpoaHa-

JIM3UPOBATH ITOJTYUYCHHBIC PC3YJIbTATBI, CACIIATH BBIBO.
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Tabauya 2.1 - Pe3yrnomamul npoceusanus

Hbl HABECKU ()OPMOBOYHOM TJIMHBI

PexxuMbl paboThI 1apOBOW METBHULBL, TPU KOTOPBIX ObUIH MOJIYY €-

Howmep =
MaKCHUMAaJIbHOUM MPON3BOIUTEI b- .
cuTa MaKCUMaJIbHOH YKOHOMHYHOCTH
HOCTH
my 1, KT my, KT e, % my.q, KT m,, KT e, %

KoHTpoJibHBIC BONIPOCHI

1 Onucatp yCTpOMCTBO U MPUHIMI IEUCTBUS Ja0OPATOPHOU YCTAHOBKH.

2 Onucath X011 pabOTHI.
3 OOBACHUTH, B UEM 3AKJIIOYAETCS CYIIHOCTh IPOCEUBAHUA.

4 Kax KII/] cuta cBsizan ¢ paboTON METbHULBI?

5 Onucate npyuHUUI pabOTHI INIOCKOIO0 MEXaHUYECKOTO CHUTA.

6 Onucath NpUHIMI padoThl 0apabaHHOIO MOJIUTOHAILHOTO CUTA.

7 Onucath OpUHIUI paOOThl BUOPAIIMOHHOTO CHUTA.

12




JIABOPATOPHAS PABOTA Ne 3

Hccneoosanue padomul 6e2ynoe u onpeoeienue 6auaHus
KOHCMPYKMUGHBIX RAPAMEMPOE CMeCUmeisi Ha Ka4ecmeo cmecu

Llenv pabomsl - U3yUNTh KOHCTPYKLHIO, IPUHIUI ACUCTBUS M pa  CYET
CMECHTEJIS; ONPEIEIUTh BIUSHUE PACCTOSHHS MEKy KaTKaMU U JHUILEM Oer y-
HOB Ha Ka4€CTBO CMECH.

OO0mue ykazanus

JIJ1st IpUTOTOBJIEHHSI KAUECTBEHHON NIECYAHO -TJIMHUCTON CMECH HEo0X O-
JIUMO, YTOOBI Kaxasi IEeCYMHKA 00BOJIAKUBAJIACH CBS3YIOIINM, B JAHHOM CIIy4ae
MBUJICBUIHOW TTIMHOM. BBICOKOE K a4eCTBO CMEIIMBAHUSA BO3MOXHO TOJIBKO B TOM
cilydae, €Clii MaTepuasbl, 3arpy>KEHHbIE B Yally CMECUTEIIS, H €0JHOKPATHO
MOJIBEPTAIOTCA IEUCTBUIO TUTYKKOB U KaTKOB, PACIIPEAEIISIONINX, YIUIOTHSIFO-
[IUX, Pa3PBIXJIAIONIMX cMech. Takoe AeiicTBUE BO3MOXHO, €CJIU Mo/ KaTKu 0 y-
JIET 3aTST UBAThCS ONPEACIICHHBIN 10 BhicoTe h cioit cmecu ( puc.3.1). UtoObr
YaCTULbl CMECH 3aTATUBAIMCh KATKAMU, YIOJI 3aXBaTa MEXIy Kacareal  bHOM T
(IpoBeIeHHOM MEePIEHIUKYJIISIPHO painyCcy KaTka Ry B Touke kacaHust A ¢ mp o-
M3BOJIbHOM NMECYMHKOMN) U TOPU30HTAIBHONU OChIO X HE JIOJKEH MPEBBIIIATh H  €-
KOTOPOW BEJIMYUHBI, COOTBETCTBYIOIIEN KOHCTPYKTUBHBIM NIapaMETPaM CMEC  HU-
TEJIsI B 3aBUCUMOCTH OT CUJIbI AaBJIEHUs P Ha CMeCh B TOUKE KacaHus IIPU YCII  O-
Buu R 1T.

Pucynok 3.1 — Cxema cxonvorcenus kamka
VYcnoBue 3aTsIruBaHus CMECH M0JT KATOK MOKHO 3aIUCaTh:
Nfcoso>Nsina,

20e N - ycunue, IeUCTBYOIIEe B CMECUTEIIE MTPU TIEpEMEIIEHUN KaTKa T10
cior cMmecu, H;

Nf — cua TpeHusi, BO3HMKAIOIAs IpU JBUKEHUU KaTka, H.
Pemmast HepaBeHCTBO OTHOCUTENBHO KO3 duimenTa Tpenus f, Haxoaum
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sina

>

=tga .
cosa

Ecnu npussTh, 4T0 KO3)PUIMEHT TpeHUs: KaTKOB (MeTau1) — cMecH (11 e-
0
cok) coctasisieT 0.7, To yron 3axBara o=35".
OO111as1 BEICOTA €10 CMECH Ha JHE Yallu

h=h;+h,,

rae h; —BbIcoTa ciosi cMecH, JIeXkKaIIero B 3a30pe MEKy KaTKOM U TH ~ U-

meM gam, hy = 0,010...0,025 wm;
h, — BeICOTa CIlI0s1 CMECH, 3aTATUBAEMOrO MO/ KaTOK, M.

[Tpu KOHCTPYHpPOBaHUU OETYHOB HEOOXOAMMO CBA3aTh U3MEHEHHUE 00b  e-
Ma 3aMeca ¢ KOHCTPYKTUBHBIMU ITapaMeTpaM U — IuaMerpamu yamm Dy 1 kaTka
Dy, mmpuHoii katka by.

JlnameTp yaiy cMecUuTeNsl MOXKHO ONPENeIUTh UCXOAs U3 3aJaHHON € M-
KOCTH 3aMeca U MPOBEPUTH MO BEIOPAHHBIM KaTKkaM. EMKOCTB 0J1HOr0 3ameca
ornpeeauM o Gpopmye

TCD12{
4

V3AM= h ’

20e h - o0mas BEICOTa CIIOS CMECH B Uallie, M, HJIM OTHOCUTEIBHO JHUIIA
yaiy OeryHoB

D
4

2
(b +h,)

Viam=

D
OO0OBIYHO h2=1—§ , Tie D — nmnamerp Karka.

D
N3BecTHO, uTO Hamnyulee cootHomenue Dg=0,5Dy, Toraa h, = 2—: )

[Ipu nu3smeHeHun oobeMa 3aMec  a JJisl OJTyYeHHUs KaUeCTBEHHON CMecH
KOHCTPYKTHUBHBIE IMTAPAMETPhI CMECUTENISI HEOOXOAUMO U3MEHHUTH C YUYETOM CJI -

OYIOLIMX OrPaHUYEHUN

2
VA< % 0,02+ 24

W'DIZJ g
——-h :
1 YR,

HCXOI[SI N3 IICPBOTI'0 OTPAHUYCHUA BHIYUCIIUM Dq
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[Tonyuennoe 3nauenure Dy uzmensieM jo tex mop (uepes mar 0 ,1), moka
HE BBITIOJTHUTCSI BTOPOE OIPaHUYCHUE

2
™4 (9, 0p4+ Du
4 24

Viam< Dy).

Haninem yrounennoe 3nauenne Dy. llupuny xaTka onpenenum us coo T-
HOILLICHUSA

L.t

..—)Duy.
10 1) Du

by =(%..%)DK i by =(

JuameTtp katka u3 cootHomeHus 0,417Dy>Dyg>0,325Dy.
JlnameTp kaTtka BpIOMpaeM TakuM o0pa3oM, YTOObI PY BEIYUCIECHUU 11l Y-
PUHBI KaTKa 10 NEPBOMY WJIM BTOPOMY BapHaHTY MX 3HAUEHMS COBIIAJIH.

MarepuaJibl, 000pya10BaHue.

berynsl nabopatopHble, HICXOAHbIE KOMIOHEHTHI JJIs1 IPUTOTOBIICHUS
NECYAHO-TTTMHUCTON CMECH, KOTIEp JUIsl PUTOTOBICHUS CTAHIAPTHON TPOOBI,
I'WJIb3a, YCTAHOBKA JJIs1 ONPEEICHHS POYHOCTH (POPMOBOUYHOM CMECH.

Onucanue 1a00paTOPHON YCTAH OBKH

VYcraHoBKa npencTaBisieT co00i OEryHbI ¢ BEpTUKAIbHBIMU KaTK amu
(puc. 3.2). OcnoBanuem OeTyHOB siBisieTCsl qHUIIE 11, HA KOTOPOE YCTaHOBI €HA
yama 1. B yamie Bokpyr BepTUKaJIbHOTO Baja 2 BpalllaeTcs Ha MOJAIMIH HKax 3
KOpoMbIciio 17 ¢ 1ByMs KaTkamu 5 U Tutykkamu 9. Ua 1ma v THuUIIe on uparoTcs
Ha 4eThbIpe cToiiku 14. B gHMILE nMeeTcsl OTBepCTUE AJIs BbIAAUU IPUTOTOBIIE H-
HOM cMecH. DTO OTBEPCTUE MEPEKPHITO KpbIlKon. [Toa 3arpy30uHbIM OTBEpCT U-
€M YKpEeIUIeHbI JTOTKHU (Ha cxeme He mokasaHsbl). K Baiy 2 uepes koco3yboe 3  a-
neruienre 10, 12 u Ban 13 (3T 0 yCTpONCTBO SBISIETCS PEYKTOPOM) MIPUCOE] U-
HeH yepe3 MydTy 15 anextponsurarens 16.
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Pucynox 3.2 — Cxema nabopamopnoul ycmanosKku 6e2yHos

Kaxx1plii KaTOK yCTaHOBJIEH Ha Baly Ha MOJIIMIHUKAX 7 A obecriey  e-
HUS BpAaIllEHHs KaTKOB BOKPYT ocH Bana 6. [IpyxuHa 4 oT:)KMMae T CTakaH C p bl-
Ya)KHBIM YCTPOMCTBOM §, oOecreunBast MOCTOSIHHBIA MPHKUM KaTKa K CMECH.
Kopowmeiciio 17 B BepxHEM MOJNOKEHUU Ha CTaKaHe 00ecreunBaeT 3 a3op 25 Mm
MEXIy KaTKOM U JHULIEM. 3a30p MOKET PETYIUPOBATHCSA B CTOPOHY YMEHBII  €-
HUS.

Ceinmyuue n06aBku (yke OTI03UPOBaHHbIE ) BBOJSTCS B Yallly Uepe3 0  T-
BEPCTHE B KPBILIKE, TTIMHUCTAS OMYJIbCUSL  — yepe3 00beMHbIH 1o3atop. [1pu
BpallleHUH BEPTUKAIBLHOTO Baja ILTY>KKH MEpeM €IIaloT CMeCh K o0edaiike Jyaim
U K LeHTpy vamn. CMech pa3phIXJIsIE€TCs, IEPEBOPAYMBACTCS U HAIPA  BJISETCS
10J1 KATKH, KOTOPbIE YIUIOTHS IOT CMECh, UTO CIIOCOOCTBYET MOKPBITHIO 3€pEH
IIECKA CBA3YIOLIVM.

IHopsaok BbINOJIHEHUsSI Pad0ThI

1 U3yuuTh ycTpOMCTBO J1aOOPAaTOPHOTO CMECUTEIS.

2 PaccunTaTh HEOOXOIUMBIN 00BEM 3ameca AJis 1abOopaTOPHOIO CMEC  U-
TeJA, 3aMEPUB, €TI0 IIapaMETPBI.

3 YcTaHOBUTH MEXKIYy THUILEM U KaTK OM MaKCHUMAaJIbHO BO3MOKHBIN 3 a-
30p. 3arpy3uTh pacCuUuTaHHBIA 00beM MaTepHasioB. BKIIIOUNTH IPUBOJ U TIEp  €-

16



MeIIMBaTh B TeueHue 3 MuH. OCTaHOBUTH OCTYHBI, B3SITh IPOOY U MPOB  €PUTH
Marepuai Ha ChIpYIO IPOYHOCTh. JlaHHbIe 3aHecTu B Tad. 3.1.

4 TToBTOPUTH AKCIIEPUMEHTBI C 3a30pOM MEXY THUILEM U KAaTKOM MUH U-
MaJbHO BO3MOKHBIM U CPEIHUM MEXKAY MAKCUMAIbHBIM U MUHUMAaJIbHBIM.
Jlannbie 3anectH B Ta0d. 3.1.

5 Cnenatb BBIBOJ O AKCIIEPUMEHTAILHON YacTh PaOOTHI.

Tabauya 3.1 - Pe3ynomamul 5Kcnepumenmos

Bpewms ne- CeIpast IpOYHOCTH CMECH HA
Homep | O6bem 3a-
3 pemenm- | cxkarue (klla) mpu 3a3ope (MM)
poObI Meca, M
BaHUs, C 0 15 30

1

2

3

Cpennee 3HaueHUE

KoHTpoJIbHBIC BONIPOCHI

1 OOBSACHUTH CYLTHOCTH MMPUTOTOBJICHUS] CMECEH B CMECUTEISIX.

2 OOBSACHUTH YCTPOMCTBO OETYHOB M MPUHIUI UX 1€ UCTBUSI.

3 MeToaibl p acuyeTa OCHOBHBIX TEXHOJIOTMYECKHUX apaMeTPOB pabOThI
CMECUTEIIEH.

4 Yto Takoe yroi 3axpaTa CMECH, KaK OH ONpPEAEISIETCS?

5 Kakum o0pa3om 3a30p MEXIy THUIIEM Yalll U KATKOM CMECHUTEs
BIIMSET HA KAYECTBO CMECHU?

6 Knaccudukanus cmMemmBaronmx yCcTponcTs.

7 OCHOBHBIE BBl CMECUTENEH.

8 LleHTpoOexHbIE OETYHBI.

9 JlonacTHbIE CMECUTENH.

17



JIABOPATOPHAS PABOTA Ne 4

AHanuz padomol npeccosoil MawuHvl U ROCMPOEHUE UHOUKAMOPHO
ouazpammul RPecco6020 MeXaAHUIMa

Llenv pabomsl - N3y4UTh KOHCTPYKTUBHBIE OCOOCHHOCTH M ONIP  €EJIUTh
OCHOBHBIE KOHCTPYKTHUB HbIE€ TAPAMETPHI IPECCOBOTO0 MEXaHU3Ma (PO PMOBOUYHOMN
MAaIlMHBI, IOCTPOUTH U IPOAHAIN3UPOBATh UHAUKATOPHYIO I1 arpaMmy IIo
IPaKTUYECKUM JAHHBIM.

OO0mme ykazanust

OaHMM U3 METOJOB YIJIOTHEHUS JTUTEHHBIX (POPM SIBIISIETCS IPECCOBAHUE.
[{enbro yIIIOTHEHUS SIBISIETCS TOCTHXKEHHE TAKOM T JIOTHOCTH M IPOYHOCTH
(bOpMOBOYHOM CMECH, TIPU KOTOPO TuTeitHas (opMa HE U3MEHSET CBOM pa3M  e-
pBI ITOJ1 BIUSIHUEM CTaTUYECKOTO, TUHAMUYECKOTO U XUMHUKO ~-T€PMHUYECKOT0
BO3/JICHCTBUS 3aJIMBAEMOI0 B HEE MeTaJlJla M 00ECIIeYnBaeT MOTyYeHUE TOUYHOU
OTJIMBKH C TJIAJAKOU MOBEPXHOCTHIO.

CymHoCTh nponecca YIjoTHEHHsI PECCOBAHMS 3aKIII0UAETCS B TOM, YTO
IIPU TIOCTATOYHO OOJIBIIMX HAarpy3Kax cMech B 3aMKHYTOM oObeMe (OMoKe) I e-
peTeKaeT 13 NoJIoCcTel 0oJiee YIIIOTHEHHBIX B TIOJIOCTH MEHEE YIUIO THEHHbIE, B
pe3ysbTare 4ero popMa paBHOMEPHO YIUIOTHAETCA, T.K. [I€ pPETeKaHUE 3aKaHY U-
BAETCS U YIUIOTHEHHE 3aBEPILAETCS MPH JOCTHIKEHUU B PA3JIMYHbBIX I OJIOCTSIX
(OpMBI COCTOSTHUS IPEJIETBHOTO PABHOBECHS.

Hcnons3yroT iBa ciocoba mpeccoBaHusl - BepxHee U HuxHee (puc. 4.1, a).
bonee pacnpoctpanens! (POpPMOBOUYHBIE MAIIIMHBI C BEPXHUM MIPECCOBAHUEM .
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a — 6epxHee npeccosaHue, O - HudiCHee npeccoesarue

Pucynok 4.1 — Cxemwt npeccosanus, npumensemole 8 YOPMOBOYHbLIX M Q-
wunax: 1 - Henoosudichas mpaegepca, 2 - npeccosas Konooka, 3 - HaNOJIHUMe b-
Has pamxa, 4 - onoka, 5 - mooenn, 6 - MOOeIbHAS NIUMA, 7 - NPecco8vlil cmoi, 8
- HenooOBUINCHbBILL CIOJL

[Ipu rcnoap30Ba HUK MTPECCOBOM MAIIMHBI IPOLIECC IEPETEKAHUSI CMECH
IPOJOJIKAETCS 10 KOHIAa BHEAPEHUS TPECCOBOM KOJIOJKU B 00bEM HAIOJIH u-
TEJIbHOW PAMKH.

OcHOBHBIM (PAKTOPOM YILJIOTHSIOIIETO BO3ACUCTBUS Ha POpMY MpH Ipe C-
COBAaHMH SIBJISIETCS yelIbHOE JaBiieHue npeccoanus P. UccnenoBanus, mpos  e-
nennbie H.I1. AKCeHOBBIM, MNO3BOJIAIIN MMOTYYUTh 3aBUCUMOCTh CPEJIHEHN TJIO  T-
HOCTH O ¢p (r/cM’) muTeiiHOl (OpMBI OT yJIeBHOTO JIaBJIEHUS IPeccoB  aHus P
(KF/CMz) Y HA4aJIbHOM TIOTHOCTH O (F/CM3), 00b1yHO & ¢ =1,0

8ep =8y +CP"?
P=((3,, —80)/0)",

2o0e C - xoapdunuent ymiorHsiemoctu, C = 0,4...0,6.

DTO SMIUPUYECKOE YPABHEHUE MO3BOJISAET ONPEACIUTh CTENEHb  YIUIO T-
HEHUS cMecH B (hopMe IIPH YIEIbHBIX JAaBJICHUSX HE BBIIIE
0,5...0,6 MIIa (5 ... 6 krc/em?).

OCHOBHBIM TOKa3aTeJIeM S3KOHOMUYHOCTU PAaOOTHI TPECCOBOTO MEXaHU  3-
Ma SIBJISICTCSI OTHOIIIEHHE PaOO0THI CKATOTO BO3yXa, 3aTPAau€HHOI'0 Ha YUCTOE
MpEeccoBaHue, K paboTe CHJI TPEHUsI, BOSHUKAIOIINX B MPOIECCE MPECC  OBaHUS.
Onpenenutb 3T0 OTHOIICHHE Y00HEE BCEro MyTeM MOCTPOCHUS MH/ WKATOPHOU
JIMarpaMMBbl.

NuaukaropHas auarpamma UeajibHOTO MPECCOBOTO MEXaHU3Ma
(puc. 4.2) ctpoutcs B koopauHatax P —S, rae S - xon nmpeccoBoro nopiuias. [1o
TJIOIAIM MHIUKATOPHOM AHarpaMmMbl U 1O €€ (popMe MOXKHO CYJIUTh O BEJIUY  U-
HE TI0JIE3HO 3aTPayeHHON pabOoThI, a TAKXKE OMPEACIIUT b XapakTep HEUCIPABH O-
CTE€M B JAHHOW MaIlIHE.
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Pucynox 4.2 - Hnouxamopmas ouazpamma npeccosozo mMexaHuama

J171s1 OOBIYHOTO MPECCOBOT0 MEXaHU3Ma C BEPXHUM MPECCOBAHUEM, H
MOJIBUKHOW TJIOCKOU ITPECCOBOM KOJIOAKOW U NIEPEMELIAIOLIAMCS BBEPX MPE

COBBIM MOPIIHEM C MOJE3HON H arpy3koil B Tabnuiie 4.1 onucaHbl XapaKTepHbIe

TOYKH Ha HHﬂHKaTOpHOﬁ auarpamMmme.

Tabauya 4.1 - XapakmepHvie mouxu Ha ouazpamme

Homep 3
HA4YEeHHE TOUKHU
TOYKHU
1 Hauano nogsema nopurss
5 Bricora nogbema [OPIIHS, IPA I\(JOTOpOI\/'I BLI6IEpaeTcsI 3a30p
MEK/1y HAOJHUTENbHON paMKOM U MTPECCOBON KOJIOJKON
24 HaqanovBHez[peHnﬂ IIPECCOBOM KOJIOAKM B 00BEM HAIOJIH HU-
TEJIbHOU paMKu
[IpoMexyTOUHBIE TOUKH , KOTOPBIE ONPENEISAIOT XapaKkTep
ny, Ny KpUBOMW JIMHUU HAa y4acTKe 2a -3, COOTBETCTBYIOLIECH U3M €-
HEHUIO JaBJICHUS BO3/lyXa MIPH €ro JIBUKEHUU BBEPX
OxoHuaHMe npolecca MPeccoBaHus, OCIe KOTOPOro Bes
3 CMECh U3 HAIOJIHUTEIBHOW PaMKHU MEPEMECTHIIACh B 00beM
OTOKH
4 OxoHYaHU € BBITYCKA BO3/1yXa U3 LIWJIMH/PA U HAYaJl O OIyC-
KaHUS OPIIHS
5 OnyckaHue NOpHIHS B UICXOAHOE MOJIOK EHHE.
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Metoauka pacducTa NpeCCOBOro MEXaHnui3ma

Pacuet npeccoBoro Mmexanusma CBOJUTCS B TaOIULLy 2.
Tabnuia 2 - Pacuer mpeccoBOro MexaHusma

I1a- Koopaunartsl Touek Pa
paMeTpbl CYeT

1 S1=So,
Touka 1 reS, - IpUBEIECHHAs BBICOTA

S| cM, | BpeIHOTO TPOCTPAHCTBA,
P1 1"/CM2 So = V() / FH.

ITycth S =5 MM.

Pl - naBneHwme BoO3myxa Ha
MOPIIIEHb, KOTOPOE JIOJKHO OBIThH
JOCTAaTOYHBIM, YTOOBI MPEOJ0JIETh
CUJTY TSDKECTH MOJJHUMAEMbIX YacTel
MAIIIMHBI C OCHACTKON U CMEChIO Q 0
U CUJIY TPEHUS MOPIIHS O CTEHKH 11 U-

nuHapa R:
Pl = (QHOH+R)/ FH)
rae Q non = V oMe-
CHYCMCCH+VOHOKHYMCT;
R =0,25 Quox
2 S; =S+ z,
Touxka 2 TI€ Z - pacCTOSIHUE OT Haro Ji-

82 CM, HUTEIbHOMN pPaMKH 10 KOJIOJKH,
2
P2 r/cM P2 = P1
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3 S2a = SZ)

Touxa 2a P2.=P>+((80-1)/C)* (For/Fy),
S2a riae Oy - HadabHas TUIOTHOCTh

cm; P 2a | CMECH:

r/em’ ecmu 8g=1r/em ° (T.€. cMech

phIXJIasi), TO CONPOTUBIEHUE (HOPMBI
YIUIOTHEHUIO B HAYaJIbHBII MOMEHT
npeccoBanus P (=0 u nuHua npecc o-
BaHUs MHIMKATOPHOMN IHarpaMMbl
NOKa)XeT IJIABHOE HapacTaHUE Ja B-
JIEHUS OT TOYKH 2; €CJIM KE Hayal b-
Has INIOTHOCTH CMECH O=(1,1-1,3)
r/cM’, CMech TOCTIE 103aTOpa, TO
JaBJICHKUE BO3/1yXa MO/ MOPIIHEM H a-
pactaet ckaukooOpa3Ho. Bennunna
ckauka P,, mponopunoHanbHa pasH o-
CTH Oy.1, HAXOISIICHCS B TOUKE 2a

4 S3=h,
Touka 3 Pi=P, +((  §-1)/C)
Sz eM; |Fo/Fy,
P; r/cm’ rme O, - KOHEYHAs IIOTHOCTh
cMecu Jaga Gopmabl, r/cM
5 Sy = hy,
Touka n P,=P3+((8,-1)/C)"
SueM; | Fou/Fy,
P, r/em’ rae oy, - INIOTHOC Th CMECH IO

cpe3y dhopmbl Ha BeICOTE hy,
[Tponomxkenue Tabauipl 2

ITa- KoopaunaTsl ToYeK. Pa
pameTpsl CYET
6 S4=Ss,
Touka 4 P,=1+(Q-R)/F;
S4 cm;
Ps1/ oM’
7 S5=S1=S,,
Touxka 5 Ps=P,
Ss cMm;
Ps r/em’
[Ipumeuanus:

1 IpussTh 90 opy en. = 1,7 10° kro/m® = 1,7 F/CM3,

2 I'abGapuThI OTIOKU M MOJICIIH, PACCTOSIHUAE Z 10 KOJIOJAKU U3MEPHUTh.

3 [I1oTHOCTH B HavaJie YIUIOTHEHHSI  Op, B KOHIIC YIUTOTHCHHS Oy, T.C. HA
naae GopMbl, a TAaKXKE ITIOTHOCTh Ha cpe3e POpPMBI Ol 3aMEPUTh.
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4 PacyeThl 3aHECTH B TaOIUILy U 1O PACUETHBIM JIAHHBIM MTOCTPOUTh U H-
JMKATOPHYIO UarpaMmy.

Pacuet pabGoThl npeccoBaHusi MO MHIUKATOPHOU JUarpamme

[1nomaas MHAUKATOPHOU JUarpaMMbl - 3TO paboTa, COBEpLICHHAs
MEXaHU3MOM M 3allMCaHHas B COOTBETCTBYIOIIEM MacLITade.
[To myomansM HHAUKATOPHOM AUAarpamMmbl U 1O €€ (hopMe CYAST HE TOJT b-
KO O BEJIMYMHE MOJIE3HO 3aTPaye€HHOM pabOThl, HO M O XapaKTepe HEUCIIPAaBH  O-
CTEH B TaHHOM MallIMHE.
O6mmas mnomwans f ; ”HIUKATOPHOM JUArpaMMsbl (CM. PUCYHOK 2)
COCTAaBJISACT :
fi= S(1-2-2a-3-3a-4-5-1),
T.€. IJIOIIA b paBHa paboTe CKATOrO BO3/1yXa, OTHECEHHOM K 1M ? uIoma-
JTY TIOPILIHS.
PaboTa nmpeccoBaHus BbIPaXKaeTCsl Ha AUAarpaMMe IUIOIAABI0 Fipqp

Frpas=S(2-2a-3-3a-2).
Pabota Tpenus BeipakaeTcs Ha AuarpaMmme F e
Fres=S(1-3a-4-5-1).

Pacuet pacxopna cxaroro Bozayxa - KII = Fpas/Foou.

ITo otHOmMEHHUIO F ¢p/Fipas, KOTOPOE NOJKHO HAXOAUTHCS B IIPEX  €-
nax 0,1...0,15, MOKHO CyUTh O COBEPIIEHCTBE KOHCTPYKLUHU ITPECCOBOTO
MOPILIHEBOTO MEXAHU3MA, & TAKXKE 1aTh PEKOMEHAAIMHU 110 YMEHBILIEHUIO 3TOT0
COOTHOILEHUS, T.€. YBETUUCHHUIO pabOThI IPECCOBAHUS.

WNHaukaTopHBIN pacxoj CBOOOTHOTO BO3/IyXa Ha OJTHO IIpeccoBaHue (K y-
OMYeCKHUil METP) C HEKOTOPBIMU JIOMYIIEHUAMH MOXHO HAalTH, €CIIM U3 00beMa
BO3/yXa B TOUKE 3, MEPECUYUTAHHOI'O HAa aTMOC(EPHOE aBJIEHUE, BHIUECTh K O-
JMYECTBO BO3/yXa, O CTABILIEr0CS BO BPEAHOM MPOCTPAHCTBE MOCIE BRIXJIONA (B
TOYKE 5):

V= (Fs S - Vo)(Po+10)-Vo,

rjae F, - miomnaas npeccoBoro mopiixs, M2

S - xoa mpeccoBOro nopiiHs, Mz;

Vj - 00BeM BpeIHOTO TPOCTPAHCTBA, M,

Py - naBnenue Bo3nyxa B cety, Ila, Py=35 10° a.
CeueHust BmyCKHOTO fy; M BBITTYCKHOTO f;;; OTBEPCTHIT B TPECCOBOM 11 H-

JUHJPE TOJKHBI OBITh MPUMEPHO PAaBHBIMU U OTMIPECIISIOTCS TI0 (hopMyJIe.
an = fBBIl'[ = VBI‘I/ (TBH VBI‘[))

TJI€ Ty, - BpeMs BITyCKa (BBIITYCKa)BO3AyXa B LIMJIUH/IP, C.
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TBH:TBLIH:4 C;
Vin - CKOPOCTH BITyCKa (BBIMYCKa) B (M3) HUIUHAP(A),
Vir=Vaun=20 M'/c.

AHaM3 UHAUKATOPHOU HarpamMMBbl

1 Tlo otnomenuto K,ILJ[,= Fmpas,/Foobi, 1aTh peKkoMeHaluu 1o
YBEIUYEHUIO KO3 (UIIMEHTA MOJIE3HOTO ICUCTBUS.
2 Ilpoananu3upoBath, KAKUE MapaMETPhI BIUSIOT HA U3MEHEH He
MOJIE3HOM, BPEAHOM, 00111ei paboThl. Pe3ynbTaThl aHaIM3a HAHECTH HA UHJIUK  a-
TOpHYIO AuarpaMmy. CpaBHUTh CTapblii BAPUAHT UarpaMMbl ¢ HOBbIM. CenaTth
BEIBOJIBI.

X0 BBITTOJIHEHUS PAaOOTHI
JlaGopaTopHas ManmHa

Pabota BeInOIHSAETCSA HA BUOpOIIpeccOoBOM (POPMOBOYHON MaIIMHE
M0A.226. MairHa (puc.1) COCTOUT U3 TPECCOBOTO IMIMHAPA 1, MpeccoBoro
NOPUIHS 2 CO CTOJIOM, YCTPOMCTBA 3 I NPOTSKKY (M3BJICUEHHUS) MOJIETH U3
(bopMBI, TPECCOBOM KOMOJKH 7, 3aKPEIICHHOM Ha MTOBOPOTHOM TpaBepce; K CT O-
JIy MaIllMHbI KPETUTCS MOJIENIbHAS TUINTA 4, HA KOTOPYIO HA/IE BAETCS OMNOKA 5 U
HaIOJIHUTENIbHAS paMKa 6.

Onoka ¢ HaNmoOJHUTEIbHON paMKOW 3anoiaHseTcss GOPMOBOUYHOM
cMechro. Haj HanmosHUTENbHOM PaMKOM Ha TIOBOPOTHOM TPaBEPCE YCTAHABIIUB a-
€TCs IpeccoBas KOJIOJAKa. B mpeccoBbIil HUIMHIP MTOAAETCS CKATHIM BO3AYX 10
nasnerreM 500 -600 k[Ta (5 -6 kr/cM ). TIpeccOBBIi MOPIICH IOAHAMAE  TCS
BBEPX, MPHU 3TOM (POPMOBOYHASI CMECH U3 HATIOJHUTEIBHON PAMKHU IIPECCOBOM
KOJIOJIKU IEpeEMeEIIaeTcs B ONoKy. [lociie CHATUA TaBiIeHUs PECCOBBIN 10 p-
LIEHb BMECTE CO CTOJIOM U OIIOKOM OITYyCKAaeTCsl BHU3. 3aTEM C MIOMOIIBIO ChbEe M-
HOro Mexanu3Mma 3 rotosas noiydopma nogHumaetcs BBepX. [Ipoucxonut np o-
TSKKa MOJIEIIN.

Ha npeccoBbix MammHax nmogo0HOro TUIIA U3TOTaBIMBAIOT MOJT Y-
dbopmMmbl BeicoTOM He 6osiee 200 MM, T.K. TUIOTHOCTD 110 BBICOTE ONOKU HE PaBH O-
MepHa, HanboJIb1Ias TUIOTHOCTD - MOJ1 IPECCOBOM KOJIOJIKOM, a HAU MEHbIIAs - Yy
IJIOCKOCTHU pazbema POpPMBI.

Pucynok 1- Cxema (hopMOBOYHON MalTMHBI

1 3yunTth yCTPOMCTBO IPECCOBOM MAIIMHBI.
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2 TlpousBectu 3amepsl rabapurtos onoku B, C, H, m:
- MOJICJIbHOM IJIMTHI,
- MOJIETH,
- OIIOKH,
- HAIIOJIHUTEJILHOW paMKH,
- pacCTOSHUS OT HAIOJHUTEIBHON PAMKH 10 KOJIOJKH Z.
3 Beruncnuts miomaas npeccoBoro nopiHs F; (mpussats Dy, = 400 mm).
4 Bprauciuth 00beM BpETHOTO MPOCTPAHCTBA IIMIIHHAPA V

5 YcTaHOBHTB Ha CTOJI MAallIMHBI OCHACTKY, 3aChIIaTh CMECh U MMPOU3BECTH YIUIO T-
HEHUE.

6 3amepuTh TBEPAOMEPOM TBEPJO CTh IO JIAAy MOy (HOPMBI, ISl PACUETOB B3SITh
CpeliHee 3HaUeHUE O.

7 Pa3pesats noiaygopmy U cAenath 3aMepbl TBEPJOCTH B CEPEAMHE YIUIOTHEHHOM
(GopMbI, B35B JIJIsl paCUETOB CPEAHEE 3HAUCHUE TBEPAOCTH O, U 3aMEpUB pa C-
CTOSIHUE JIO TOYKH, B KOTOPOW MPOU3BOAUIIU 3aMephI h .

8 IlpousBecTu pacueTbl, CBECTH UX B TaOIUILY.

9 IlocTpouTh MO PacUYETHBIM JIaHHBIM (KOOPJAMHATAM TOYEK) MHIUKATOPHYIO U  a-
rpaMmy.

10 IIpoBecTn aHanM3 UHAUKATOPHOW JUArpPAMMBbl U PACCUYUTATh MHAUKATOPHBIN
pPacxo]l CKATOro BO3/lyXa M IMAMETPHI BIIyCKHOT'O U BBIIIYCKHOTO OTBepCTHi. 110
pacyeTHbIM MapaMeTpaM BhIYEPTUTh B MACILITA0€ MPECCOBBI MEXaHU3M.

11 BeiBoa 0 paboTe MpeccoBOro MexaHU3Ma CAENaTh Mo MOJYyYEHHOUN TuarpaMme.
JlaTh peKOMeHJaluu 1o yBeIUYeHUI0 padoTel npeccoBanus, K, I1,/1, MamuHsl,
YMEHBIIECHHIO PAcX0a CKaToro BO31yXa.

12 ITposectu pacuer Ha [I9BM, (nmporpamma « PRESS»).

KoHTposibHBIE BOIIPOCHI

1 OOBsicHUTH pabOTy IPECCOBOIO MEXaHU3Ma MO0 CXEME M MHJIUKATOPHOU 1 a-
rpaMMe.

2 B ueM 3axmtovaercsa (pU3NUECKUl CMBICIT MPEeCCOBaHUS?

3 Ilouemy B OCHOBY pacyeTa NpeccOBOr0 MEXaHM3Ma I0JIOKEHO YPaBHEHHUE
H.II. AkcenoBa?
4 Tlo kakuM napaMeTpam MOKHO CYJUTh O COBEPILIEHCTBE MAIIHbI?
5 Kak yBenuuuth paboTy npeccoBanus?
6 Kak ymeHbmuTh paboTy TpeHus?
7 UTo BIUAET Ha Pacxo]i CKaToro Bo3ayxa?

25



JIABOPATOPHAA PABOTA 2
AHa/u3 padoThl BCTPAXUBAKOLIEH MAallIUHbI U IOCTPOCHUE MHIUK a-
TOPHOI AUArpaMMbl BCTPAXMBAIOIIECI0 MEXaHU3MA 110 NIPAKTHYECKUM /12 H-
HBIM

Heab padoTbl - U3YyYUTh KOHCTPYKTUBHBIE OCOOCHHOCTH BCTPSIXUBA  FO-
LIEH MAlIUHBI, OIIPEACIIUTH OCHOBHBIE ITAPAMETPhI BCTPSIXUBAIOIIETO MEXAHU  3-
Ma, PaCCUMTATh, IOCTPOUTH U IPOAHAIU3UP OBATh UHAUKATOPHYIO AUATPAMMY.

OO6mue ykazanus

YunorHenue Gopm BCTPSAXUBAHUEM MPOUCXOAUT MO ACHCTBUEM CHIT
uHepiuu cMmecu. [logaumasics Ha HekoTOpytO BhicoTy (0,05...0,08)M, cTon
BCTPAXUBAIOLIECH MAIIMHBI BMECTE C OMIOKOW, HAIIOJITHEHHOW CMECHIO, MTAJAET,
yaapsieTcst o kopiyc nuuiausapa. [Ipu 3Tom KuHeTHuec Kas SHeprus, COOOIIeHHAs
CMECH, NEPEXOUT B paboTy €€ YIIIOTHEHUS (HUKHUM CIIOM TOPMO3UTCS M o-
JEIIbHOU IUIUTOM, a MOCJIEAYIOIIUE CII0U IIPOJOJKAIOT ABUTaThCs 110 UHEPLIUH,
VIUIOTHSIS IPYT Apyra.

[Tocne nexotoporo yucna (20...60) yaapoB HacCTymaeT crabuiu3aius y I-
JIOTHEHUS, T.€. ISl KAKJIOTO BapUAHTA, CBSI3aHHOTO C U3MEHEHHEM IabapuTOB
OTOKH, MOJICTTbHOM TUTUTBI, MOJIEJIM, MOXKHO HAalTH U 3aJ1aTh TaKOUW pexuM pad o-
ThI (ONITUMAJIBHOE YUCJIO YJapOB MPU JAHHOW BBICOTE BCTPSAXUBAHUS ), IPU K O-
TOPOM Ka4eCTBO YIUIOTHEHUS OyJET BBICOKUM, a pacX0J SHEPTUU MUHU  Mallb-
HBIM.

[TpeccoBo — BeTpsAxuBaromas (GopMoBOYHAs MalllMHA

OcHoBHbIE Y3716l (PUCYHOK 3): TPECCOBBIN IIMIIMHIP 1, IpeccoBblii o  p-
HIEHB 2, BCTPSIXUBAIOLINN MTOPIIEHb CO CTOJIOM 3, YCTPOMCTBO 4 ISl U3BICUYECHUS
Mozenu u3 Gopmbl, mpeccoBas konoaka 8. K crony MammHbl KpenuTest MoJied b-
Has [JIMTa 5 C ONOKOM 6 M yCTaHABIMBAETCSA HAMOJHUTEIbHASA paMKa 7.

Paboma mawunosl

[Tepen HayasioM pabOTHI IPECCOBBII MOPIIEHD 2 U BCTPAXUBAIOIIUN IO p-
IIeHb 3 OIMYIIEHBI B UCXOIHOE MOJOXKEHUE TAK, UTO CTOJ OMUPAETCS Ha KOPITYC
IIMHApPA 1, Ipy 3TOM O0TBEpCTHS «a» U «O0» co BMelleHbl. Ha cTon ycTanasn u-
BAETCsl MOZIENIbHAS IIUTA 5, onoKa 6, 3achlIaeTcs CMECh, KOJIOJKa 8 Ha TpaBepce
IIOBEPHYTa OT PabOUEro CToja BIPaBo.
3areM 1oj BCTPSAXUBAIOIIMN MOPUIEHB MOJJAETCS CKATHIN BO3AYX IO
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KaHajlaM «a» 1 «0», BBIOMpaeTcsi BpeAHOE IPOCTPAHCTBO V() U BCTP AXUBAOLIUI
NOpUIEHb HAYWHAET NOJIHUMATHCA BBEPX, IPU ATOM BBIOMPAETCS X0/ HAIOJIH -
HUsl Se U NepeKphIBAETCS BITyCKHOE OTBEPCTHE (IIPOUCXOIUT OTCEYKA BO3/1yXa),
BIIYCKHO€ OTBEPCTHE €I€ 3aKPBITO, IPOUCXOAUT PACIIUPEHUE BO3IyXa 10 TEX
IIOp, ITOKA HE OTKPOETCS BBIITYCKHOE OTBEP CTHE, XOJ BCTPSAXUBAIOIIETO MOPIIHS
IIPH 3TOM COCTaBMT BENUYMHA Sy + Sr. CTOJ C ONOKOM MOJHUMAETCS HA MAKC HU-
MAaJIbHYIO BEJINUMHY S.

3aTeM OTKPBIBAETCS BBIXJION «B», IOPIIEHb NAAAECT BHU3, 3aKPbIB a-
€TCS BBIXJIOITHOE OTBEPCTUE U UEPE3 HEKOTOPOE BPEMS OTKPBIBAETCS BIIyCKHOE
OTBEPCTHE, IPOUCXOIUT YIap CTOJIA O KOPITyC LWJINHIPA.

ITocie MHOrOKpaTHOIO cpadaTbiBaHUS BCTPAXUBAIOLIECIO Il M-
JMHIPa, padoTa ero npexkpamaercs. [lopopayuBaercs Tpasepca ¢ nmpecc o-
BO#l KOJIOAKOH HA pa0d0o4yl0 NO3UIUI0O HAJ cT0JIOM. Bo3ayx momaercs moj
IPECCOBBII MOPLICHD 2 (OTBEPCTH € «I») U MPOUCXOAUT A0YIJIOTHEHHE
BEPXHHUX €J10€B (popMBbI IpeccoBanueM. CT0/1 BO3BPAIIAETCH B HCXOIHYI0
MO3HMIHIO.

3arem MexaHu3M 4 MOAHUMAETCS BBEPX U CHUMAET OINOKY C MOJEIBbHOU

IUTMTHI, MOJHUMAs OMOKY BBepX. ['oToBas mosydopma cHUMaeTCs: BpyUHYIo, a
MEXaHU3M IPOTSKKU BO3BPALIAETCS B UCXOAHOE MOJIOKEHHE.

16 a, 6 — oTBepcTHA ISl BIIyCKa BO3AyXa MO/ BCTPSIXUBAIOIIMI MEXaHU3M; B

Rl

— OTBEPCTHE IS BBIITYCKa BO3/1yXa U3 BCTPSIXHUBAIOIIETO MEXAHU3MA; T —
OTBEPCTHUE JJI BITyCKa BO3/1yXa MO IPECCOBBIN MOPUIEHb
Pucynok 3 - Cxema npeccoBO - BCTPSAXMBAIOIIEH MAIIIUHBI.

[Ipu mpoekTUpOBaHNY THEBMATUYECKOTIO BCTPSIXUBAIOILIETO LIMJIMHIPA
OCHOBHOM 11€JIbIO SIBJISIETCSI BBIOOp ONTUMANIbHBIX KOHCTPYKTHBHBIX IIapaMe  T-
pOB, 00ecreunBaIMUX HanobobIIyio 3G pexkTuBHOCTS Mexanu3ma. K takum 1 a-
pamMeTpaM OTHOCSTCS: IIOIIAlb BCTPAXUBAKOLIErO MOPIIHS F,, BbICOTa OgbEMA
pa0ouero cToia S, 3JEMEHThI BO3IyXOpacupeaeseHuss S, S;, pacXxo[ CKaToro
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BO3/lyXa Ha OJIMH yJlap BCTPSAXUBAHUS V, CEUEHMSI BIIyCKHBIX OTBEPCTUH oy, fopm.

D¢ deKTUBHOCTh BCTPAXMBAIOIIETO MEXaHU3Ma MOXKET OBbITh OI  e-
HEHA ero MPOU3BOJUTEIBHOCTBIO, T.€. 0 TAAauel KaKJ0ro KyOH4eckoro MeTpa
M3pacX0JJOBaHHOTO BO3/1yXa U MPEBPAILIEHUEM €T0 B MOJIE3HYIO padoTy yIjio  T-
HEHUS CMECH.

Br160op 1 aHanmu3 BapuaHTOB KOHCTPYKTUBHBIX PELHICHUI BCTPAX HU-
BAaIOILIET0 MEXaHU3Ma y100Hee BCEro NpOBOAUTH ITyTEM MOCTPOCHUS UHIUK  a-
TOPHBIX JUArpaMM, SIBJISIO LUXCsl U300pakKEHUEM MPOLIECCOB, KOTOPBIE JTOJIKHBI
NPOTEKATh B IUJIUHAPE MAIIHH.

WNuaukaropHas quarpaMma, oJlydeHHas [0 METOy MpUOJInKe  H-
HOT'O MOCTPOEHUS IO ONBITHBIM JaHHBIM, pazpaboTtana H.II. AkceHOBbIM Ip  U-
MEHUTENBHO K YCIOBUSAM BCTPSXUBAIOIIEIO MEXaHU3Ma C OTCEYKOM M pac IIMpe-
HUEM Bo3ayxa (pucyHoK 4) B koopauHaTtax P-S, T.e. paccMOTpeH mpoliecc u3M e-
HEHUS JABJICHUS B MEXaHU3ME OTHOCHUTEIBHO IUIOIIA U TIOPIIHS, TAe S-
BBICOTHBIE MTApaMEeTPbl MEXaHU3Ma (PUCYHOK 4).

Onucanne nuarpaMMbl

Touka 1 quarpaMMbl COOTBETCTBYET OKOHUAHUIO 3aIIOJTHEHUSI B 03yXOM
o0beMa BpeIHOTO IPOCTpaHCcTBa V), KyOnueckuii Mmetp B muinHape. OpauHaTa
TOYKH | — S| COOTBETCTBYET NPUBEIEHHOM BBICOTE BPEIHOTO TPOCTPAHCTBA Sy,
M: Sl=SO= V()/Fn ,

rae F, — miomane nopuxs, M.

JI71s1 MaIIHBI ¢ MOPITHEBBIM BO3TyXOpacipeaesl €HHUEM Sy OOBIYHO Tp u-
Humarot (0,07..1,0)S, rae S- monHsbIi X0 MOPIIHS.

JlaBiieHnE BO3AyXa HA MOPILIECHb JOJIKHO MPEOJ0JIETh CYMMAPHYIO
CUJIY TSIKECTH MOJIHUMAEMbIX YAaCTE€W MAIIUHBI C TTOJE3HOU HArpy3Kou Q g, KT :
Qoou=Q11 Q2+ Qs,
rae Q;— Macca ocHactku, Q= (ax bx h) yy, kr;
a,b,h — raGapuTsl onoxwu;
Yy — INIOTHOCTH METAJIJIa OTIOKH;
Q; — macca cmecu, kT, Q= (ax bx h) v, kr;
Y. — YJIE€IbHBIN BEC CMECH, KI/M;
Q3 — Macca NOJIHMMAEMbIX YaCTEeW MalllMHbI; IPUHUMAEM
Q5= 0,25(Q1+ Qo).

Torma naBieHue BO3J yxa Ha MOPIIEHb MEPE]l HAYaJIOM €ro NoAbeMa
JIOJIKHO cocTaBisaTh Py, I1a:

Pl = ((Q06m+R)/Fn)a

rae R — cuna tpeHus nopiiHs o cTeHKu nuiaunapa, R=0,25 Q ey

Touka 2 guarpamMMbl COOTBETCTBYET MOMEHTY 3aKpPBITHS BITYCKH O-
ro OTBEPCTHS, T.€. KOHILY HAITOJIHEHHUS IIUIMH/IPA BO3AYXOM U Haydajy paciiup e-
HUs Bo3ayxa. JlaBnenue Boznyxa P, mopKHO OBITH MEHBIIE WIIM paBHO P ( (1aB-
JICHUE CXKATOTO BO3/lyXa B CETH) M COCTABUT:
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P, =P;+(0,5..1,0).
OpuHaTa TOYKH 2. S>=S¢+S.,
rae S, — JUIMHA X0Ja MOPIIHS, TPU KOTOPOU UITUHIP HATOIHSAETCS CKATHIM BO3J Y-
xom, S.=(0,4 .. 0,5) S.
Ha yuactke 1-2 nuarpammsl uaust OyJeT UMETh MapaOoMuecKuil BUJI, TaKk
KaK CKOPOCTh MOPIIHS B MEPUOJ] HATTOJIHEHUS BO3PACTaET.

ucyHoK 4 - HaukaTopHas AuarpaMMa BCTPSIXMBAIOIIETO IMJIMHPA C OTCEUKOU U
pacuIMpeHreM BO3Iyxa

Touka 3 guar pamMmbl COOTBETCTBYET MOMEHTY OTKPBITHSI BITyCKHOTO OTBE -
ctusi. Ha yuactke 2-3 npoucxoaut pacuimpenue Bo3ayxa. CTeneHb pacuiapeHus
BO BCTPSXUBAIOIINX MallIMHAX 00bIYHO HeOombIas. [1yTh pacimpenus S,
oonbIeit yacteio coctapiset (0,2 - 0,4) S, myTu HanonHeHus. J[aBieHue BO3 Y-
Xa B TOYKE 3:

Ps=P2((So+Se)/(So+Se+Sy)"
BcenencrBue ObICTPOTEUHOCTH TIpoOIiecca MPUHUMAEM, YTO U3MEHEHUS ¢ O-
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CTOSIHUS BO3/1yxa OyneT agunadbarudeckuM, rae k=1,41 - mokazarens aguadaThl.
Opaunata touku 3. S;=So + Se + Sr.

Ha yuactke quarpammbl 3 -4 Ipu OTKPBHITOM  BBIITYCKHOM OTBEPCTUU U OT-
CYTCTBUU IIPUTOKA BO3/lyXa U3 CETU MOPILIECHb MPOJOJIKAET ABUTATHCS BBEPX 3a
cueT cui uHepuuu. [1yTh, KOTOPBIN MPOXOAUT MOPIIEHD MO UHEPIIUU

Si=S — (Se+Sr) =(0,6...0,7)S.

Touka 4 nuarpamMmbl COOTBETCTBYET MOMEHTY, KOT'/Ia MOPIIEHb, UCIIONT  b-
30BaB BECh 3amac COOOIIEHHON eMy HEpruu, OCTAHABIMBAETCS U HAUUHACT 1T a-
nath. JlaBiaeHue B Touke 4 MPUHUMACTCS:

Py=1,2*10°
P, < (1 +(Q-R)/F,) *10°.

Opaunara Touku 4. S4=S¢+S+S+S;.

Touka S nuarpaMMbl COOTBETCTBYET MOMEHTY 3aKPBITHUS BBIITYCKHOIO O T-
BEpCTUS MPU JBU )KCHUU MOPIIHA BHU3. [laBneHre Bo3ayxa OObIYHO HE MPEB  bI-
maer Ps=(1+(0,1...0,15))*10°.

[TonoxxeHne MOpIIHA COOTBETCTBYET OpAMHATE S5=S3=S¢+S.+S..

Touka 6 nuarpammbl, COOTBETCTBYET MOMEHTY B KOTOPBIM OTKPBIBACTCS
BITYCKHO€ OTBEPCTUEC U LIWJIMH/IP HAUMHAE T HAMIOJIHITHLCS CKAThIM BO3yxoM. Ha
ydacTke 5-6 BO31yX B HUIMHIPE C)KUMAETCS, IPUUEM JIaBJICHHE €T0 B ’TOT M O-
MEHT MOXET ObITh OMPEICIICHHO TaK K€, KaK U JJIsl TOYKH 3:

Pe=P5((So+Se+S)/(SutSe)".
86=SQ+Se.

Ha yuactke 6 -1 nuarpaMMbl HUIMHAP HAMOJIHSAETCS BO3AYXOM, /I aBICHUE
Ha MOPIIEHb PACTET U IO JOCTWKEHUH UM 3HAYEHUs1 P; HAUMHAET MOJHUMATHCS.
OnucaHHbBIN TUKII IOBTOPSETCA.

Pacuer BCTpsAXuBaIOILIEro HMIMHAPA CBECTH B TaOIuUIy 3.

Tabnuia 3 - Pacuer BCTpAXUBAIOIIETO MEXaHU3Ma
[TapameTtp Koopaunats T o- | Pac-
yek/popmyna 4eT
1 2 3
81:V0/Fn, rac S():SZS,O
CM,
V=F:So;
Touka 1 Fn=n Dn2/4;
S, em; P; /e’ D,=15,0 cm;
P=1+((QugurtR)/Fy),

rae-Qobmr u R — cwm. mab.

pao6.1
Touka 2 S>=S¢+Se;
S, eMm; P, r/em’ rae-S.=0,5S;
P2=P 1+0,5
Touka 3 S3:SO+Se+Sr,
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S; cMm; P r/em” rae - Sr=0,3S.;
P3=P2((So+se)/(so+se+sr)
)
rae - K=1,41
Touxka 4 S4=SQ+Se+Sr+Si, SiZS-
S4cm; Py r/em’ (Se-S)), m

P=1+(Q-R)/F,

Touka 5 Ss=S3=S(t+S.tS,, M;
Ss em; Ps r/em’ Ps=1+0,1
Touka 6 S6:S()+Se;

2
S cM; P T/cm

)

P6:P5((So+se+sr)/(so+se)
k

Pacxon Bo3nyxa

V:FH(SO+Se+Sr)(P3'P5)

3a 1 ynap, oM’ 107
IIpousBoau- e=cF,/V,
TeJBLHOCTH 1M
rie € — JHEeprus yaapa,
BO3AyXa —

[0Ka3arejb IKO-
HOMHYHOCTH pa-
0O0TBI

OTHCCCHHAA K CIANHUIIC
IUIOLIAIM MOPIIHS,
e=250 * 10* [ix/m’

1);

ITnomanes ceu e-
HHSI BIIyCKa

CTHe,

FBH =V 1-2 / Ug tBl‘I)
rie V o= Fn(SO+Se)(P2—

Uy - CKOPOCTh MPOX0J1a
BO3/yXa
4yepe3 BIIYCKHOE OTBE -

L;=20 M/c;
tsn  — BpeMs BITYCKa,
ty=Se / Lp,
Uy — CpeaHsis CKOPOCTh
oabeMa
nopiHs, v, = 0,5 M/c

[Tpogomxenue TadauIs 3

1

2 3

IMaomane ceuenus
BBIIyCKA

FBLIH = V 3-4 / Ugpm tBBIl'I s
e Lgn—10 M/c,
POCTH BBIITYCKA,

- CK O-

tBI)Il'I = tB]'[

IIo PACYCTHBIM OAHHBIM IIOCTPOUTH AUATIPAMMY.

Pacuer 3aTpayeHHOM YJHepPIrUH
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DHeprus, coodiaemas MOPITHIO, TPH MaJeHUH BCTPSIXUBAIOIIETO CTOJIA U
€ro MoAbEME MOKET OBbITh ONpe/iesieHa TyTeM aHaIN3a UH]T WKaTOPHOW 1M a-
rpaMmbl. Tak, Mpy JBUKEHUH CTOJIA BHU3 BCS SHEPrUsi, coo0IIaeMas MOPIIHIO,
WM paboTa ABMKYIIMX CUJI, OTHECEHHAs K €IMHUIIC TUIOIIaAu nopuiHs, Jx/m 2,

Aw=((Q-R)/F,)S,

BBIpaXKaeTCs TUIOMIA/IbIO a-B-C-K Ha WUHJIUKATOPHOM AuarpaMmme (CM. pUCYHOK 4)
Pabota cun conp OTHUBIEHUS IPU 3TOM paBHA pabOTE CKATOIO BO3AYXa,
HaXOJISIIETOCs MO/ MOPIIHEM U OKa3bIBAIOIIETO OMPEICICHHOE TPOTUBOIABI  €-
HUe. JTa paboTa BeIpaXkaeTcs Iiomnaapo 1-6-5-4-s-a.
DHeprus yaapa npeicTaBisieT pa3HOCTh YKa3aHHBIX IUIOMIAAeH, T.€.:
e=(a-B-c-Kk)-(1-6-5-4-B-a)=F ;5 - Fripas.

W3MepuB Ha AuarpaMMe WIH PacCYUTaB MO JUarpamMme IIomaan mon  y-
YUM SHEPTHIO yaapa.

[Tpu aBM>XKEeHMU cTONA BBEpX paboTa ABMKYIIMX CHJI paBHA paboTe CHKAaToro
BO3/yXa U paboTe OTpakeHHUs CTOJA €' Mocye MPEAIIeCTBYIONEro yaapa. Pabora
CHJI CONIPOTHBIICHHS IIPH 5ToM, JIK/M:

Aconp = (( Q+R)/F,)S

U BbIpaxkaeTcs miomaapto a -B-d-1. Pabota ke ABMXKYLIMX CUJI BhIpaXKaeTcs
miomaneko 1 -2-3-4-B-a-1 Ha HAUKaTOPHOM AUMarpamme. Toraa sHeprus oTp  a-
JKEHHS CTOJIA €' MPEICTaBIsIeT PA3HOCTh STUX [UIOMA/ICH:
e'=(a-B-d-1)-(1-2-3-4-B-a-1)=f,c; ~Fipas.

B 3axntouenue paz00pa MHAMKATOPHOM AMArpaMMbl BCTPSXUBAIOLIETO
LHWIMHJIPA C OTCEUYKOM U pacIIupeHUEM BO3AyXa HEOOXOJUMO PaCCMOTPETh
BJIMSIHUE Ha HEE INIaBHEHIINX (PaKTOPOB: 3JIEMEHTOB BO31yXOpaclpeeIeHH s,
JTaBJICHUS BO3/AyXa, HArPy3KHU.

Benuunna HaronHeHust Se BIUSET HA 1Ma rpamMMy CIEAYOIUM 00pa3oMm.
IIpu yBenuueHnn Se yBeINYMBACTCS IUIOMAAb  fipas, CIIEIOBATENBHO, YBEIUY H-
BaETCsI CBsI3aHHAsS C Hel riomanb fie,, a Takke myTh S, u S;. B pe3ynbTaTe yB €-
JMYMBAETCs BBICOTA MOJAbEMa S BCTpsSIXMBaroIIero nopiHxs. [Ipu ysennueHHOM
Si BeIXJION Oy1IeT 00J1 ee TIyOOKUM U DHEPTUs yaapa, Kak MPaBUo, YBEJIUUUB a-
ercs. [Ipu ymenbiienun Se HabonaeTcst oOpaTHasi 3aBUCUMOCTb.

Bnusinue o0beMa BpeIHOrO MPOCTPAHCTBA CBOJIUTCSA K CIEAYIOIIEMY:
BPEAHOE IPOCTPAHCTBO YBEIMUMBAET PACXOJ CKAaTOTO BO3AyXa, T.K. IPU BIIyCKE
BO3/lyXa B LIWJIM HAP OHO TaKke KaxAbli pa3 HanoaHseTcss. OHAKO MpH CIIK  11I-
KOM MajioM Sy IO CPAaBHEHUIO C XOJIOM MOPILIHA S JaBJICHUE B IIMIMHJPE HA
ydacTke xo/1a BHU3 4-1 cTano Obl MOBBIMIATHCS CAUIIKOM pe3ko. [lnomanps  Fie,
OT 3TOT0 YMEHBIINIACh, & IUIOIAAb  Fi,.s yBeIMUMIace. Benuunna sHeprun
y/aapa B pe3yJibTaTe cTajia Obl MEHBIIIE.

O BIMSIHUM JIaBJIEHUS BO3yXa B CETH CIIEYET CKa3aTh, UTO MPU NOHMXK  €-
HHH TOTO JIaBJICHHUs yMEHBINAETCS JAaBICHUE B T. 2 quarpamMMsbl. Ilnomans fip..
CTaHOBMUTCS MEHbIIIE, BBICOTA MOJIbEMA BCTPSIXMBAIOIIETO CTOJIA U SHEPTUS Y11 a-
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pa YMEHbBIIAIOTCS U, HAKOHEII, IPU MaJIOM JaBJICHUHU BO3/lyXa MallllHa IepecT a-
eT paboTaTh.

[ToBbImIEHUE K€ TABJICHUS B CETU YBEIUYMBAET BHICOTY MO bEMA CTOJIA U
SHEPTUIO0 yaapa.

Harpy3ska, cuna TpeHus U 1io1a b BCTPSIXUBAIOIIETO MOPIIHS TOXKE BIU  SI-
10T Ha guarpamMy. Ecim Bemuunny  ( Q+R)/F, yBennuur b, To mmomans — fipas
YMEHBIIUTCS U BBI30BET YMEHBIIECHUS BHICOTHI BCTPSIXMBAHUS U SHEPTUU yJlapa.
YMeHbIIeHNE YKAa3aHHOW BEJIMUUHBI OYJI€T OKa3bIBaTh 0OpAaTHOE BIUSHHUE.

Xoa padoTsl

I 3yunTs yCTPOUCTBO BCTPSIXUBAIOLIEH MAILIUHBI.

2 IIpoussectu 3amepsl (A, B, H) : MoebHOM MIUTHI , OTIOKH, HATIOJTHUTE b-
HOM paMKu. Beicunrate Maccy ook Qom, QcMm, IUIOMaap BCTPAXUBAIOIIETO
nopurHs Fn, 06beM BpeHOro npocTpancTBa Vo,

3 YcTaHOBHUTH Ha CTOJI MAalIMHBI OCHACTKY U MPOU3BECTU YIUIOTHEHHE CM  €-
CH.

4 T1o noJTy4YeHHBIM IaHHBIM IPOU3BECTH PACUEThI, (CM. Tabauna.2).

5 Ilo pacueTHbIM napaMeTpaM HOCTPOUTH UHAUKATOPHYIO JUAarpaMMy U CX€ -
My MalIUHBI.

6 I[IpoBecTn aHAIN3 UHAUMKATOPHOM THAarpaMMBbl, CPABHUB MOJTYYEHHYIO
DHEPIUIO C TEOPETUYECKOU.

7 JlaTb peKOMEHIaluy 110 YBEINYECHHUIO SHEPTUHU yaapa U OTPaKEHUs,
YMEHBUIECHUIO PAaCcX0/1a CKaToOro BO3Y Xa.

8 IIpoussectu pacuersl Ha [I9BM (mporpamma FORMOVKA).

KoHTpoJibHBIC BONIPOCHI

1 O0BsICHUTH PabOTy BCTPSAXUBAIOIIETO MEXaHMU3Ma IO CXEME U UHJIUKATO -
HOU MarpaMMe.
2 Ilo xakuM mapameTpaM CyJAT O COBEPIICHCTBE MAIIUHbI?
3 OOBSACHUTH TIO TUarpaMMe BIMSHHUE X OJa HAMOJHEHHUsI, X0a pacill u-
PEHUS HA U3BMEHEHUE YHEPTUH yaapa U OTPaAKECHUA.

JIABOPATOPHAS PABOTA 3
AHau3 padoThl CTEPKHEBO MAaIIMHBI U ONpeAeIeHHe KOHCTPYKTHBHBIX
NapaMeTpoB MEeCKOCTPEIbHOI0 MEeXaHU3Ma

Heab padoThl - U3yYUTh KOHCTPYKIUIO, TPUHIIUI paOOThI MECKOCTPEN b-

HOM MAallIMHBI U OIIPCACIUTD BJIMAHNUC UBMCHCHU MACCHI CTCPKHA HAa KOHCTPY K-
TUBHBIC IIAPpAMCETPBI T'OJIOBKH.
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OO0mue ykazanus

[Tpu yniI0THEHUH CMECHU TIECKOAYBHBIM CIIOCOOOM CTEPKHEBASI CMECh
TPAHCIOPTUPYETCS BO3YXOM B CTEPKHEBOM SIILMK U, 3aIIOJHSSA €ro, YIUIOTH  s-
etrcst. OcBOOOIMBILNICS BO3AYX YAAISIETCS Yepe3 BEHTHIIH.

[To mpuHIMITYy pabOThI CTEPKHEBBIE MAIIUHBI JENSTCS HA IECKOyBHbIE
KOI'/Ia CTEP’KHU M3TOTABIMBAOTCS IPU MHTEHCUBHOM CMEIIMBAHUH BO3/yXa CO
CMECBIO, M IECKOCTPENIBHBIE - KOT/1A CMECh, IPEIBAPUTEIILHO 3aCHIITAHHAS B
T'WJIb3Y, BEIOPAChIBAETCS B CTEP’KHEBOM SIIMK MIHOBEHHO IIPH MaKCUMaJIbHOM
JABJICHUH BO3/yXa.

JJ1s TeCKOTyBHO -NIECKOCTPEIBHOr0 CIOC00a YIUIOTHEHUS BaXKHOE 3H  a-
YEeHHE UMEET CIIOCO0 BEHTUIISILIMM BO3/1yXa Yepe3 CTEPKHEBOU AIMK. Paznuu  a-
eTCsl 8epxHas eenmunAyus (Korjga BEHTHIIb PAcoaratoTcs o pa3bemMy U B
BEPXHEW YaCTH SIILUKA) U HUNCHASA 6eHmunAyus (KOTJa BEHTUIN HaX0ATCS BH U-
3y CTEpKHEBOTO SIIMKA). /{151 paBHOMEPHOIro yIUIOTHEHUSI COBMEIIAETCA U
BEPXHSS U HUKHSIST BEHTUJISLIUSL.

Y CTpONCTBO IECKOAYBHOM CTEPKHEBOU MAIMHBI I0KA3aHO HAa CXEMeE
(puyHok 5). Pabouuii mporiecc u3ro TOBJICHUS CTEPKHEH HA MECKOJyBHO -
IIECKOCTPEIbHBIX MAIIMHAX COCTOUT B MEPEMEILEHNUN JEHCTBUEM CKATOTO BO 3-
JlyXa CTepKHE BOI cMecH U3 pabouero pe3epByapa MallluHbl B CTEPKH eBOi
AIIUK, B YINIOTHEHUH 3TON CMECH B SIIIUKE U (POPMUPOBAHUU B HEM CTEPKHS.

[Iporiecc ocyecTBisieTcs ClieyomuM 00pa3om, (puc.6). 3 6ynkepa 8,
Pa3MEIIEHHOr0 HaJl MAIlIMHOW, CTEPKHEBASI CMECH NIPEABAPUTEIBHO IMOAAETCS
NUTaTeNIeM B IECKOYBHBIN pe3epByap 3 (B ruib3y). [lutaTens 7 ycTaHOBIIEH Ha
TpaBepce Ha CIEUalbHON OMOpE  -pecuBepe U CHaOXkeH BUOPaTopoM, Npu
BKJIFOUEHUH KOTOPOTO CMECH MOCTYIMAET B paboUyI0 MOJIOCTh NECKOAYBHOIO P €-
3epByapa 4. Ilocne storo mmbep 6, NPUBOIUMBIN B TBHKEHHE MTHEBMOIIUIN H-
JpOM, TIEPEKPHIBAET BEPXHEE BIIyCKHOE OTBEPCTUE paboUyero peseppyapa, re  p-
MeTu3upys ero. Paboumnii cToJ1 MallIMHbI ¢ YCTAHOBJIEHHBIM HAa HEM CTEPK HEBBIM
ALIUKOM 2, TOJHUMASICh, IPUKUMAET SIILMK K HaayBHOU muute 9. OTKpbIBaeTcs
KJanaH 1yThs 5. CxKaThIil BO3IyX U3 pecUBEpa ycTpeMiisieTcst B pabouuii pese p-
Byap 4 yepes BepTukanbHbiel 1 H ropuzoHTansHeie 10 mpope3n B CTEHKAX TUIT  b-
36l 3, BCTaBJIEHHOM B pe3epByap (kopiyc) 4, ¥ BO3JEHCTBYET HAa HAXOSIIYIOCS B
HEM CMECh.

JlaBneHue B MOTOKaxX (PUIBTPYIOMIETOCS CKBO3b CMECh BO3lyXa, B Pa3HBIX
MeCTax BHYTPH pe3epByapa HEOJAMHAKOBO, YTO MPUBOJUT K BOSHUKHOBEHUIO H €-
CTAllMOHAPHOTO CUJIOBOTO MOJIsI, 00YCIaBIMBAIOLIET0 UCTEUEHUE CMECH U3 P e-
3epByapa B SIIMK YEPE3 OJHO MIN HECKOJIBKO BBIITYCKHBIX OT BEPCTUI B HACAJIKE
9 (HanpyBHOU unTe). MicTeueHne HauUMHAETCA B TOT MOMEHT, KOTJIa HAalpsKEHUS
B CJIOSIX CMECH, PACIIOJIOKEHHBIX Y BBIXOJHOI'O OTBEPCTHUS, CTAHOBSTCS OOJIbIlIe
CHUJI CLIETUICHUS] MEXIY YaCTULIAMH.

[Tpouecc hopMupoBaHUsl CTEPKHS MOKHO pacCMaTPUBATh COCTOSIIIIUM U3
JBYX 3TanoB: I) 3amoyiHeHre CTEP>KHEBOTO SALIUKA C IPEIBAPUTENbHBIM YIUIO  T-
HEHUEM CMECH 3a CUET KMHETUYECKON SHEPruM CTPYH U Mepenaaa JaBjieHui, 2)
YIUIOTHEHHE CMECH 3a CUET BbIAABIMBAHUS MPECCYIOIIET0 KOMa U3 HACA/IKU B
CTEPKHEBOM SIIIMK, KOTOPOE MPOUCXOAUT MO JIEHCTBUEM PA3HOCTHU AABIECHUS
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BO3/1lyXa B pabodeM pe3epByape U SILIUKE.

Ha nepBom 3Tamne neckoayBHBIM pe3epByap Mo CyLIECTBY UTPAET POJIb
nurtarens. CMeCh MOCTYIAET B CTEPKHEBOM SAIMK B BUAE PBIXJIOM, IOUYTH HEY II-
JIOTHEHHOU cMecHu. Ha BTopoM  3Tare npouCXOAUT BbIIABIUBAHUE JOIOJIH  U-
TEJIbHOM MOPLIMM CMECH U3 BBIXOJAHOI'O OTBEPCTHUS pe3epByapa B IPEABAPUTET b-
HO 3aM0JIHEHHBIN CTEPKHEBOU AMUK. CMECh, MOCTYIANIas B IIUK, IPUHUM  a-
eT popMy KOMa, IPECCYIOIIEro KaK HIbKeNIexallue, Tak 1 O0KoBble ciiou. Eciu
B pe€3€pByape U MEETCSA HECKOJIBKO BBIXOAHBIX OTBEPCTUHU, TO U3 KAXKJIOTO B bl-
JABJIUBAECTCS OTAEIbHBIN IIPECCYIOLINN KOM, IIPUYEM, KOMbSI, BBIXOIALIUE U3
OJIU3KO PACHOJIOKEHHBIX OTBEPCTUN, MOTYT CITUBATHCS.

Bb100p 0CHOBHBIX apaMeTPOB

Pacuet paGouunx pezepByapoB MECKOCTPEIbHBIX MALIUH COCTOMUT B OIp  €-
JIEJICHUH TaKUX 3HaYE€HUN OCHOBHBIX KOHCTPYKTHBHBIX MapaMeTPOB, KOTOPbIE
o0ecreynBaloT HENPEPhIBHOE MUTAHUE SIUKA CTEPKHEBOM CMECHIO U CO3AAI0T
yCJOBHS, HauboJee 0JIaronpusiTHLIE 1J 00pa30BaHUs MPECCYIOIET0 KoMa U
YIUIOTHEHUS] CMECH B SIIIMKE.

[ToMuMO 3TOrO MpPU NPOESKTUPOB AHUU MECKOTYBHON MAIlIMHbI MOJJI€KAT
pacuery 3JI€MEHThI €€ KOHCTPYKIIUH.

[Tpu npoeKTUPOBAHUU MTECKOYBHBIX MAIIMH UCXOJHBIMU ITapaMeTpaMHu
SBIIAIOTCS] HAMOONBIINK 00BEM CTEPKHS U padoydasi EMKOCTb [IECKOyBHOTO p  €-
3epByapa.

Pa3mepbl HayBHOM IUIATHI, pACCTOSHUE OT pabOyero cTojia 0 HaTyBHOU
IJIMTHI MAIIWHBI, TPOJIOJKUTENBHOCTD IMKAa pernamentupyrores ['OCT 8907 -
81.

:

1 — DpUKUMHOM CTOJI; 2 — CTEPIKHEBOM SIIMK; 3 — IECKOCTPENbHAs FOJIOBKA

35



C HacaaKou; 4 — TpaBepca, B KOTOPOM HAXOAUTHCA IMECKOCTPEIbHAS TOJI0OBKA
C KJIAIIAHOM JyThbs; 5 — muoep; 6 — JI0TOK;

7 — KOJIOHHA, B KOTOPOU HaXOJUTHCS PECUBEP; 8 — CTAHMHA C BO3yX0pa C-
IPEACIIATENEM; 9 — THEBMOIIPUKUMBI

cyHOK 5 (Cxema 0o011ero Buia NeCKOCTPEIbHON MaIIUHBI

PucyHnok 6 Cxema paboTbl IECKOCTPETBLHOTO MEXaHU3Ma

Kpome nepeunciieHHbIX TapaMeTpoB ONp €NENSA0T TaKke auameTp [ u
BbICOTY H rumb3bl, miioma s NpoXoAHOTO CEYEHHS BAYBHOTO KianaHa Fy;,, cym-
MapHYI0 IJIOIIA/Ib IPOPE3U B TWib3e F |, TuIomaas cedeHus: BBIXOIHOTO OTBE p-
cTus F 4x, CYMMapHYIO IUTOIIA/Ib CEUEHHS] BEHTUISILUOHHBIX OTBEPCTUN F ey,
eMKOCTh pecuBepa V (, HE00 X0AMMOe ycuiiue Nmprkuma siuka P. 3nauenus
ATUX MapaMeTPOB HAXOIAT MO AMIUpHUUECKUM (popmyiam (Tabmauna 4).
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Tabauna 4 - PacdeT BCTpAXUBAIOIIETO MEXaHU3MA

HaumenoBanue nap a- | Pacuernsie hopmyIibt Pac-
METPOB 4eT
1 2 3

D=90..1003/G ,

| [InameTp ruab3sl, MM | A G — macca crepxns,
KT, PACCUUTATh MO
CTEP>KHEBOMY SIIIIUKY

2 Bricora runn3er, MM: | H=H,+H,

BepxHeii(ropuzonran b- | H;=(0,4..0,5)D

HBIE ITIEJTH) H,=(1,5..1,8)D

HMOKHeH  (BepTHKaJb-

HBIC I11EJIN)

3 JlnameTrp mpoX0oTHOrO

OTBEpCTHS KiamnaHa 1 y- | dg,=(0,2..0,5)D

ThsI, MM

4 CymmapHas HHOH;&I[B F.—nd.. /4

KJIallaHa Iy Ths, MM

5 CymmapHoe ceueHue

npopesei, Mm: F:=(0,3..0,4) Fy,

BepxHeit yactu ruwin3bl | F,=(2..4) F,

HUKHEH YaCTH TUJIb3bI

6 lIupuna npopese,

MM B;=0,3..1 mm

BepxHeii yacTu rwib3sl | By=0,3..0,5 Mmm

HUKHEH YaCTH TUJIb3bI

7 lnamer p BBIXOJHOTO

(BoyBHOTO) oTBepcTHs | d5yx=(0,3..0,4)D

T'WIb3bI, MM

8 CyMMapHO€ ceueHue

BBIXOJHO-TO CEUECHHS Foun=Tt g /4

TUJIb3bl B HAJYBHOU Fienr=0,5 Frux

IUIATE, MM

9 OGbEM THIIB3bI, MM> V,=nD%4 (H;+Hy)

[Tponomxkenue Tabnuip 4

1 2 3
10 O6BeMm pecusepa, V,=V(In(1/9)/(1,032+0

3
MM

03D))™,

rae ¢ =0,03..0,05, yem
OoJIbIIIC THITB3a, TEM
MEHBIIIE PECHUBEP

11- [InameTp uminHapa
NPUKU-MHOTO CTOJIA,

Dy,=,/4P,, /7P, ,

rae P =5 xr/cm 2 I1a B-
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MM JICHUE CKATOTO BO3/lyXa
B Maructpaiu (pad  o-
yee)

12 Ycunue nmpuxuma | P=0,5P Fyy

CTEP>KHEBOTO SIIINKA K rie F,y — momanp

HaJTyBHOU TUTUTE, KT SIIUKA B IUIAHE

Xon paboThl

1 M3y4nTh KOHCTPYKLHUIO MIECKOCTPEIBHON MAIIWHBI.

2 U3MepuTh radapuThl CTEP:KHEBOI0 SALIUKA

3 IlpousBecTH HEOOXOAUMBIE PacyeThbl.

4 Hanectun pacdeTHbIE TAPAMETPHI THIIB3bl HA CXEMY.

5 OObsicHEHUS BAUSHUS Ta0apUTOB CTEP>KHSI HA KOHCTPYKTUBHBIE Iap ~ a-
METPBI, BBICOTHI TWJIb3bl, JUAMETPOB KJIAllaHA IyThs, pa3MeEphl POPE3eH JaTh B
BBIBOJIaX K pabore.

KoHTposibHBIE BOIIPOCHI

PacckazaTh 00 0COOEHHOCTSAX KOHCTPYKLMHU NECKOCTPENbHOM MAIlIMHbI U €€
OCHOBHOTI'O YIJIOTHSIOLIETO MEXaHU3Ma— [IECKOCTPEIBHOM rOJIOBKE.
2 Kak BIUsIOT KOHCTPYKTUBHBIE TapaMeTpPhl TOJIOBKHU Ha IJIOTHOCTb CTEP K-
HA?
JIABOPATOPHAS PABOTA 4
AHau3 padoThl U BIOOP KOHCTPYKTHBHBIX IAPAMETPOB HMITYJIbCHOM T 0-
JIOBKH 110 NPAKTHYECKHM JIaHHbIM.

Heab padoTbl — U3y4 UTh KOHCTPYKIMIO UMITYJIbCHOM T'OJIOBKH; HA Y-
YUTHCS PACCUUTHIBATh KOHCTPYKTUBHBIE [TAPAMETPhl UMITYJIbCHOW FOJIOBKU U
OTIpEeAeINIATh 3aBUCUMOCTh pab0YEro AaBJICHUS OT radapuTOB OMOKH.

O0mme ykazanust

WmirysibecHbIN c10c00 yIuioTHEHUs: (OpM — IPOrPeCcCUBHBIN criocod ¢o p-
MOOOpa3oBaHusl, 00eCIeYBaIOLIMN BEICOKYIO CTETIEHb U PABHOMEPHOE YILJIO  T-
HEHUE, CTA0OMIIBHO MOBTOPSIOIIEECS MO BBICOTE U IIOMIAIU (POPMBI.

WmmynbeHbIN ciocoO GOPMOBKHA OCHOBAH Ha KPaTKOBPEMEHHOM BO37€ -
ctBuu (0,01¢) BO3ayIIHOM cpe/ibl Ha 3aChINIAaHHYIO B OMOKY CMECh MOCPEACTBOM
BITYCKa B 3aMKHY TYIO [TOJIOCTh HaJl CMEChIO HEOOJIBILIOTO 00BEMA CIKATOTO BO  3-
JyXa, 3aKJII0OUYEHHOI0 B PECUBEPE UMITYJIbCHOW FOJIOBKU IIPH IABJIECHUH 5 -10
MIla u ¢punbTpanum 3TOro Bo3ayxa CKBo3b CMECH.

CxeMa NMITyJIbCHOM TOJIOBKM MPE/ICTABICHA HA PUCYHKE 7.
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Pabdora MMy 1bCHOM TOJIOBKH .

Bo3nyx noa nasinennem no 10 MIla nomaercs B mojgocTe  a pecuBep U
MOJIOCTh 6 3aMMPAIOLLYI0 OJOCTh. 3aUPAIOIIAs TOJOCTh yIEP>KUBAET KJIaraH 2
OT MPEXIEBPEMEHHOI0 CAMOIIPOU3BOJI BHOTO CpabaThIBaHUs, IO3TOMY JaBJICHHUE
B PECHBEPE U 3aMHUPAIOLIEH OJOCTH U3MEHSETCS OJJHOBP EMEHHO.

[To nocTHKeHnM 3aJaHHOTO J1aBJIEHUS BO3/IyX U3 MOJOCTU O YEpe3 BBII Y-
CKHOE OTBEPCTHE @ CTPABIMBAETCS, HACTYIAET Mepenaj AaBJICHUN B MOJIIOCTIX a
U 0, YTO MPUBOJUT K PE3KOMY MOJHATHUIO KJIAIaHAa U OTKPBITUIO BBIITYCKHOTO
oTBepcTus 2. Bo3nyx ycrpemusiercs (U3 -3a nepenajaa JaBieHuil B MOJOCTIAX a U
2) uepe3 BBIITYCKHOE OTBEPCTHE U pacceKaTesb B OMOKY, B KOTOPOW MpeABap  U-
TEIBHO 3achlliaHa (POPMOBOYHASI CMECh, (DUIBTPYETCS CKBO3b CMEChH, YIUIOTHSSA
€€, U BBIOPAChIBAETCS Yepe3 BEHTUIIM B MOJIETIbHOM IJIUTE B COOPHUK OTpad  O-
TAHHOT'O BO3/yXa.

OCHOBHBIMU KOHCT PYKTUBHBIMH MapaMeTpamMu UMITYJIbCHOM rOJIOBKH
SBJIIFOTCS IMAMETP BBIITYCKHOTO OTBepCTUs Dy,

0o0beM pecusepa Vi,

xon kinamaHa Hy,

BBEIHOCJIUBOCTH P,

IUIOLIA/Ib CEUEHHsI OTBEPCTUIN PACCEKATENS Fors pac.

paboyee aBiaeHUE AJIs1 TPOBEPKH TONIIMHBI CTEHOK KOpITyca Ha
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1 — xopnyc, 2 — knanas, 3 — kpbliika, 4 — 60T,
S — mpoxkJiazika, 6 — WMTyIep

Pucynok 7 Cxema UMITYJIbCHOM TOJIOBKM BBICOKOTO JAaBJICHUS

Xo/ BbINOJIHEHUs pa0oThI
1 3ameputh rabapuThl OOKH MO radapuTamM UMIYJIbCHOM FOJIOBKH, OIIPEN  €-
JUTh 00BEM OMOKU V oy, CUUTAS BBICOTY OIOKU BMECTE C HAIIOJHUTENBHOU pa M-
ko 700mm.
2 PacueT OCHOBHBIX IapaMETPOB TOJIOBKHU M JIaBJIEHUS  MPOBECTH IO PEK O-
mengamusam . OpioBa, u I'. I'eiineOpexona:
2.1 Haiitu 00beM pecuBepa U3 COOTHOIIEHH 00beMa pecuBepa  V , ¢ 00beMOM
ONOKHU Von: €CIIU YIJIOTHEHHE (DOPMBI TPOBOJAUTCS BHICOKUM JABICHUEM,
Vp/Von = 0,6, ecr HU3kUM - T0 Vp/Vor=2.
2.2 JlnameTp BBIIIYCKHOTO OTBepCcTus [ ;= 3\/_4Vp/ .

2.3 Xon nopuHa knanana Hy, = 0,25 [1;
2.4 TInomanp ceyeHus OTBEPCTUHN pacceKaTens
FOTB.pac.= T I[zB/ 4
2.5. Pacuer paboyero nasnenus P,

Benuunna pabouero aBjieHHs] B UMITYJILCHOM T'OJIOBKE SIBJISIETCSI OUEHb
BaKHBIM (DAKTOPOM, OTIPEEIISIONINM BeCh Mpoliecc yrioTHeHus. [IpaBuibHBIM
BBIOOp ONTUMAJILHON BETUYMHBI UCXOIHOTO JAaBICHUS CIIOCOOCTBYET MOAYyY  €-
HUIO TEXHOJIOTUYECKH HEOOXOIUMON CTETICHH YIJIOTHEHUS, yMEH bIIICHUIO Pa C-
X0Zla BO3yXa Ha | M’ OMOKH M yMEHBIICHHIO IABICHUS HA OCHACTKY.

CyTb pacueTa 3aKJIFO4aeTCs B TOM, UTO YIUIOTHEHHUE BO3YXOM BBICOKOTO
JABJICHUS pAaCCMAaTPUBAEM KaK CKOPOCTHOE MPECCOBAaHUE, MPU KOTOPOM YILJIO  T-
HEHHUE MPOUCXOIUT B pe3yJIbTaTe yaapa BO3AYIIHOTO MOTOK  a U U30BITOYHOTO
JaBJICHUSI, BOSHUKAIOIIETO HaJl cMechio. [Ipu 3TOM cyMMa BceX CKUMAROIITUX
CHUJI, BO3HUKAIOIIUX B MIPOIIECCE UMITYJIbCHOTO YIJIOTHEHUS U JEHCTBYIOIIMX Ha
CBOOO/THYIO MIOBEPXHOCTh (DOPMBI, BHIPAKAETCS yPABHEHUEM

P., 2P;+ P,+ Py + Py,

ITo cpeaneMy nHAMKAaTOpHOMY AaBiieH uio P o, ompenensem HeoOXoauMoe
JaBJICHUE BO3/yXa B MHIAUKATOpHOU rojnoske P, . =P, npeanonaras, 4yro pa c-
IIMPEHUE BO3IyXa HaJl CBOOOHON MOBEPXHOCTHIO OMOKU UJET O€3 TerI000M  e-
Ha, T.€. MPOIECC aquadaTUICCKUM, TAKUM 00pa3oM
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P,=P, . =P, (1-K)((Vo/Vion)-D/(Ve/ Vion) 1)),

riae K — nokazarens aguadatsl, K = 1,401,
V; — 00beM, 3aHMMaeMblil BO3AYXOM I0OCJIE YIUIOTHEHUSI CMECH;
Viox - 00BEM BO3/yXa B UMITYJIbCHOM T'OJIOBKE (pECUBEPE) , B HACTO fI-
1iee BpeMs HaWIy4lIUM YCIOBHEM padOThl UMITYJIbCHBIX TOJIOBOK SIBIISIETCS C  O-
OTHOLIEHUE

Vi/Vier=8.

P, — cymMMa Bcex CKUMAIOIIMX CHUII, BOSHUKAIOIIKX B IIPOLIECCE U M-
MYyJIbCHOTO YIUIOTHEHMSI U IEHCTBYIOUIMX HA CBOOOIHYIO OBEPXHOCThH (DOPMBI .
3 Cocrassromue P, onpenenseM cieayomum o0pa3oMm.

Ecmu paccMOTpETh 3JIEMEHTAPHBIN CIIOM CMECH, HA KOTOPBIM AEUC  TBYET
JABJIEHHUE BO3/yXa, TO MOXHO (C OMpPEACICHHOM CTENEHBIO TOMYIICHH ) HAUTH
nojo0ue 1eWCTBUSI CUJT Ha 3JIEMEHTApHbIN CJION B Cilydae OJHOTO yAapa mpH
BCTPSIXMBAHMM, 4TO onuckiBaeTcs ypaBHeHneM [I.H.AkceHoBa, T.e. B OCHOBE
yYpaBHEHMsI YIUIOTHEHHUS /KaK U PECCOBaHUsA/ - BEJIMYMHA YCKOPEHUS U CTENEHb
YIUIOTHEHUS TIPU UMITYJIbCHOM MTPECCOBAHUH T10 BEIMUMHE OYIyT PaBHBIM YCKO -
PEHUIO U IUIOTHOCTH, MOJYy4YaeMbIM IIPU JEHCTBUM OJJHOTO yAapa IPU BCTPAX H-
BAaHWMU:

F()P Pi—E.,PifU dy+F60dy+(F 60/q)J dy:O,

rae U - mepumerp Onoku, cMm;
F-tinomanabs onoku, cMm
P; - MrHOBEHHOE JaBJIEHHE B MOMEHT yJiapa B 3JIEMEHTapHOM 00beME
(ITa), kr/em  ;
& -koaurment 6oxoBoro nasnenus, =0,45;
f - koappunmenT Tpenus GopMOBOUHON cMecH O cTeHKH onoku, f= 0,65,
Op - IIIOTHOCThL CMECH JI0 yaapa, 0= 1,15 F/CM3;
] -yCKOpeHue MHepLUU, KOTOpOe IEHCTBYET B MOMEHT yjapa B ClIO€ Y,
j =180 m/c*;
Q- YCKOpEHHUe CHIIBI TsDKecTH, q =10 m/c’.
Pemas ykazaHHOe ypaBHEHUE OTHOCUTENBHO TITyOUHBI 3JIEMEHTAPHOIO
y4acTKa y, MOJy4YUM BhIpaXKEHHE JUIS Y, 3aT€M U3 HEro ONpPEJICINM JIaBJIeHUE B
MOMEHT yzapa (umiyibca) P

Pi=(F8/UgN(j/q+1)(1-PD=),
I7ie € - OCHOBaHUE HATypaJIbHOTO Jiorapudma, .
Yp=H +h, rue H - BeicoTa onoku, cwm;

h - BbICOTa HANOJIHUTEIBHONU PAMKH.
4 YTtoOBI nepelTH OT HAPSKEHHOM YacTu o0beMa BHU3Y opmbl  Pi k cx u-
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MarouyM yCUJIUsAM B BerHCI\/'I yacTu 3Toro oobrema P B, YUUTBIBACM BHCIIHECC
TPCHUC O CTCHKHU OIIOKH WU MOACIIN:

P,=ocie (H, £ U/F),

rae H,, — Beicora mogemu, H,, = 0,65 Hyuoxu, CM;
C; — BEIMYMHA C)KUMAIOIINX YCUJINNA, CBSI3aHHAS C TEM, YTO BHEITHSS
Harpy3Kka, IHCTBYIOIIas Ha CBOOOHYIO TOBEPXHOCTh, HE CKUMAETCS B T€4 -
HUE BCETO MEPHo/ia YIJIOTHEHUS, a B CJIO€ CMECH Ha IITyOWHE BO3HUKAIOT I O-
MOJTHUTEIHHBIC CKUMAIOIITUE CHIIBI, IO IEHCTBUEM KOTOPBIX CMECh YIUIOTHSIE T-
Cs OT Og IO Oy, T.€. TEXHOJIOTMYECKH HEOOXOAUMOH IJIOTHOCTH

6= Pi (Suman/Sa— 1)’ / (Bmax/Sc— 1)),
1€ Omax — INIOTHOCTH CMECH IIpU MaKCUMaJIbHOM YIJIOTHEHHH,
Omax = 2,0 F/CM3;
04 — IVIOTHOCTh CMECH, YACTUYHO YIJIOTHEHHON B MOMEHT yAapa,
8, = 1,499 r/em’;

3
Ox — TEXHOJIOTUYECKH HEO0X0IUMast TNIOTHOCTh (hOpMBI, O, = 1,7 r/cM”,
¢ — koa(pdunuent yminorusemocty, ¢ = 0,4..0,5.

5 B nporiecce uMITyJIbCHOTO ITPECCOBAHUSA BO31YX, HAXOISIIUKCS B Iapax
HEYIUIOTHEHHOU cMmecH, cxkumaercs. [Ipu cxxaTtuu cTpyKTypHO -CBOOOAHOTO
BO3/YyXa MOSBJISIOTCSA CUJIbI, KOTOPBIE OKA3bIBAIOT COMPOTUBIICHUE BHEIIHEN Ha-
rpy3ke. YBenuueHue AapiaeHus Py onpenenum o dhopmyiie

P,=Pu ( V./Vy),
rjae P, — naBneHue cTpyKTypHO- CBOOOHOTO BO3/lyXa B HEYINIOTHEHHON CMECH,
2
P,=11/c™m’;
V., — o0beM nop B eAMHUIIE Beca HEYIJIOTHEHHOM CMecCH,
3
V,=484 cm’/r;
V, — 00beM IOp B €AMHHULIE BECA YIIJIOTHEHHOW CMECH,
3
Vu=222 c™m/T;
6 IIpoTuBoAaBICHUE WU THIPABINYECKOE COTPOTUBIICHHUE CJIOS TOJNI  H-

HOH (I)I/IJIBTpa]_II/II/I BO3AYIIHOI'O IMTOTOKA MOKHO OIMPCACIINTDL U3 BBIPAKCHUA JIA
ra3ornpoHnIacMOCTH
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Py=Vy y/ K,

rae Yy - CKOpocTh (puibTpanuu Bo3ayxa, Ve = 6 10° CM/MUH,;
K - razonponunaemocts popmsl, K. = 105 -10° em’/ (xr-MuH);

y = HOHOKI/I 'hHaHOJIHI/IT.paMKI/I'

V - TonmuHa GUIBTPALIMOHHOIO CIIOS
JIns mpoBeieHUs pacyeToB BCE NTapaMETPhI IEPEBECTU B €AUHYIO CUCT  €-
My U3MepeHHUs .BbIuncieHHbIe TapaMeTphl TOJOBKU HAHECTH Ha CXEMY I'OJIOBKHU.
[IpoBecTn pacyeT KOHCTPYKTUBHBIX apaMeTPOB rosioBku Ha [I9BM
(mporpamma IMPULS)

KoHTponbHBIE BOIPOCHI
1 CyIlIHOCTh UMITYJILCHOTO CIIOC00a YIIJIOTHEHMUS.
2 OCHOBHbIE KOHCTPYKTUBHBIE TAPAMETPbI TOJIOBKH.
3 Kak paccuntarh HEOOXOAMMOE JaBJICHHUE B FOJIOBKE [ 5 YIJIOTHEHUS (POpM
OIpezesIeHHbIX rabapuToB?
4 OOBSICHUTH JACHCTBUE FOJIOBKHU.

JIABOPATOPHAA PABOTA 8

Hccaenopanue MeToa0B 3a4YMCTKH JUThS HUIH(OBAJIBLHBIMH KPyramMu M
pacuer HUIMG0000PYAOBAHUS MO NPAKTHYECKUM JAHHBIM

Lleny pabomwr — uccnenoBaTh 3aB MCUMOCTh MapKH HUIM(OBAJIBHOTO
Kpyra , KOJInYecTBa O00OpOTOB KpyTa , pekuMa IIudOoBaHUS OT MaTepuasa
U KOH(PUTypalHuHu OTJIMBKH ; paCCUUTATh MOIIHOCTh MPHUBOJIA CTAHKA.

O0mme ykazanus.

3auncTKa JUThs aOpa3suBHBIMU (LUIU(POBAIBHBIMU) KPYTraMu SIBIISIETCSI
HauOoJiee pacnpOCTPaHEHHBIM METOJIOM YJAJE€HUs 3ayCEHLEB , 3AJIUBOB , I1 €-
PEKOCOB , HEPOBHOCTEW OTJIMBKHU.

HInudoBanbHbIl Kpyr COCTOMT M3 3€peH aOpasMBHOrO MaTepuania,c oO-
€IMHEHHBIX MpPH IMOMOIIU CBs3ymoIllero BemecTBa. OCHOBHBIMU TOKa3aT  e-
JSIMM KauecTBa a0pa3MBHOIO MaTepHuala sIBISIOTCS TBEPIOCTb , popma 3epeH
, CTENIEHb BSI3KOCTH W TEIJIOYCTONYHMBOCTb.

B kauecTBe aOpa3uBHBIX MaTepuajoB 4Yalle BCEro MPUMEHSIOTCS 3Jie K-
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TpokopyH[ (Al,O3) u kapbopyun ( SiC) . DIEKTPOKOPYHT YCTYMAeT MO TBE p-
JIOCTH KapOOpyHAY , H 0 3aTo 00Jyiajaer Oojblied BA3KOCTHIO . OOBIYHO UM
oOpabaThIBalOT CTajb , KOBKMU UYyTryH , HauOoJyiee BSI3KME COpTa OpOH3BI U
HEKOTOpbI€ aJlOMUHUEBbIE cruiaBbl .KapOopyHa npumensercs ayisg oOpabo T-
KM MarepuayioB , 00NaalollluX HHU3KUM CONPOTHBICHHEM pa3pbiBy , a TaKXKe
XpYIKHX MaTepuajgoB - CEpOro M KOBKOIO YyryHa ,JaTyHU U JIp.

KauecTBOM CBSI3KM ompenensieTcss TBEpAOCTh (IPOYHOCTh) Kpyra U p  e-
XKUM paboTbl. CBA3Ka JOHKHA OBITH JAOCTATOYHO IMPOYHOH , YTOOBI BBIAE -
KUBaTh HaNpsKEHUE OT LEHTPOOEKHOM C Wbl U JIaBJIEHUS BO BpeMs I U-
(doBaHus , yAep>KUBATh 3€pHA , IOKA OHU OCTPbIE U JaBaTh BO3MOKHOCTh
BBINIAIaTh UM IIPU NOTEpPE PEXyIeld CIHOCOOHOCTH .

[Tpumensiemble npu 00pabOTKe JTUThS aOpa3WBHBbIE KPYTM HM3rOTaBI  HU-
BatoTcsi Ha kKepamuueckux (K) , 6akenu ToBbix (b) u BynkanutoBbix (B) cBs 3-
kax .Kpyru Ha kepaMH4eCKOW CBSI3KE I OIMYCKAIOT OKPYXKHYI CKOpocTh 30 -
50M/c, Ha OGakenuToBOM — 1m0 40M/c W Ha ByJkaHUTOBOM — 70 50 M/c.B 1 o-
clieHee BpEMsI MPUMEHSIOTCS KPYTd Ha HOBBIX CHHTETHYECKUX CBA3KaX ,
00alalolMX BBICOKOM 3JaCTUYHOCTBIO M JIOMYCKAIOUIMX OKPYXHBIE CKOp O-
ctu g0 100m/c u OGoiee .

Pexum mmmdoBaHus — CKOPOCTh M TIIyOMHA pe3aHus — BbIOUpAIOTCA U3
yCIIOBUS camMo3aTauMBaHUs Kpyra.Yem OoJiblie OKpYy>KHas CKOPOCTb Kpyra
, TEM MEHbIIE JUIUTEIBHO CTh CONPHUKOCHOBEHHS aOpa3MBHOIO 3€pHA C M e-
TaJJIOM M TE€M MEHbIIEH MOXXET ObITh TBEPIOCTh Kpyra,Tak KakK 3epHa
€ro He Tak OBICTPO OYyIyT TYNHTHCS .

st 00603HaueHusi TBEPIOCTH KpPyroB pa3paboTaHa IIKaja U3 BOCBMHU
KiaccoB (UT — uepe3Bbruaiino tBepaplii ,BT — Becbma TBepabiii , T — TBEpABIi
, CT — cpennerBepapiii , C — cpeqnuii , CM  — cpennemsrkuii , BM  — Becbma
MATKUH , UM — dyepe3BbIYaliHO MATKHM .

OOnupouHble pabOThl BHINOJHSAIOTCS KpyraMH CpeJIHEW W CpeaHETBE p-
N0l (BbIlLIE CpeHEeH) TBEPAOCTH .

Jlnst aOpa3uBHOM 3a4MCTKU JIMThSl MPUMEHSIETCA CleAyrolee o0opya o-
BaHUE : MEXAaHU3UPOBAHHBIA PYYHOM HHCTPYMEHT , CTAHKM OOBIYHBIE , aBT  O-
MaTU3UPOBAaHHBIE CTAHKW M aBTOMATHUYECKUE JIMHHH .

OObluHbIE CTaHKW 1751 aOpa3WBHOM 3aYUCTKUM MOTYT OBITH CTal[MOHA p-
HBIMU U  ToABeCHbIMU . CTaHOK Monenu 3M  — 636 ¢ MHAUBHAYAJIbHBIM
npuBOJIOM (puc 12) ©MEeeT MacCHMBHYIO YYTYHHYIO CTaHMHY 1 cO cTolMKaMu
JUIsL OTJIMBOK 2 M wmnuHAeneM 3 ¢ ABYMsI Kpyramu 4 1o KOHIaM , 3allld  T-
HBIMH KOXyXaMu 6 U mpuBOJOM 5 .UToOBI MpU H3HOCE KpP YrOB MOXXHO O bI-
JIO COXpaHATh B Ipeiesiax HOPM HX OKPY)KHbIE CKOPOCTH , HA paboueM B a-
Jy UMeeTcsi cTyneH4arbld 1mKkuB . H ampaBieHue BpamieHusl JOJKHO OBITh
TaKUM , YTOOBI OTJIMBKM TPEHUEM Kpyra MpUKUMAIUCh BHU3 K CTONY.
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CTaHMUHA; 2 CTOJUK JJIsI OTJIUBOK; 3 — IIMUH/CIb;
4 mndaoBaNbHBIN KPYT; 5 TPUBOL; 6 - KOXKYX

Pucynok 12 — CrannoHapHbIil 3a4UCTHON CTaHOK

Ha crankax mogoOHoN koHdurypaiuu oOpabaThIBalOT MEIKHE OTIM B-
ki BecoM 110 30 Kr, KOTOpblE MOXHO YJepkaThb B pykax . [IpousBoj u-
TenbHOCTh Takux cTaHkoB 0.1 -0.3 1/4. [Ipu BeIOOpe nUIMQOBATBLHOTO 00 O-
pYyIOBaHUS HEOOXOAMMO MPAaBWIBHO HA3HAYUT b MapKy HUIMQOBAIBH Or0
Kpyra B COOTBETCTBHHM C MAaTe€pUajioM OTJUBKH, YUCIO OOOPOTOB Kpyra,
MPOU3BECTH PacCyeT MOIIHOCTH TPHUBOAA CTAaHKA .

IHopsinok BbINOJHEHUs PadOThI

1 U3yuuTh KOHCTPYKLHMIO CTaHKA .

2 Ilo BBIIAHHBIM 3aroTOBKaM Ha3HAYUTh MApPKy LUIM(POBAIBHOIO Kpyra
, OOBSCHUTD , TOYEMYy Ha3Hau€Ha Takas MapkKa Kpyra , yCTAaHOBUTb KpyI Ha
CTAaHOK M TPOM3BECTH 3aUUCTKY HEOOXOJUMBIX MECT Ha OTJIMBKE .

3 [IpousBecTu pacyeT MOIIHOCTU MNPUBOJA .

O¢ddexTrBHAS MOIIHOCTH MpU NUIM(OBAHUU OTpeAeNseT csi 1no ¢GopM y-
JaMm:
npu nu@oBaHuK nepudepuet kpyra —

N=Cy V, " §¥d?;
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npu nUM(OBaHUU TOPLOM Kpyra —

rac

N=Cy V, B*t*;

t — myOuHa nuMdoBaHus ;

pUHBI Kpyra )

V. — CKOpOCTb BpallleHUs Kpyra;

S — mpononpHas moxada (B JOJAX II M-

Jns npenBapurensHoro nuindoBanus V, HaXOIUTh MO Tabm9 t

=0,015 - 0,04Mmm,

S =0,4- 0,7 noneil mmpuHbl HUIM(POBAIBHOIO Kpyra .
UYucnosele 3HaueHus kodp¢uuuentoB Cy,r,X,y, Z, q OOPEIEISIOTCS

nmo tabmune 10.

4 Onpenenuth Ko3((PHUIMEHT UCHOJB30BAHMS MOIIHOCTH HPHUBOJA
CTaHKA W CPaBHHUTHb €ro ¢ pekoMeHayeMbiM .I1lo 3ThMm mapamerpam caenartsb

BBIBO[J .

Jlns mpoBeneHus pa®oT Bocmosib3oBaThes Tabnaumamu 9 u 10.

Tadoauua. 9 - PaGoune oKpy:KHbIe CKOPOCTH a0pPa3MBHOIO Kpyra

(TOCT 4785 -83)

AOpa3uBHBI UCTPYMEHT Bun nmogaun aGpa- DkpyxkHasi CKOpocTh V., M/(
HaumeHnoBanue DO6o3HaueHy 3MBHOIO HMHCTPY- | AJIA
(hopMbI MEHTa MHCTPYMEHTa Ha CBA3KE
K b B
1 2 3 4 5 6
[[nockue mpsimoro I[III  Pyunas 30 40 35
npodus MexaHn3npoBaHHAs 35
Kpyru - nucku | Pyuynas wnmu Mexa- | - 50 50
HU3MPOBaHHAs
Kpyru - Tapenku IT,3T Pyunas 25 30 -
[Imockue mpsiMmoro
npoduis:
IS OO TUPOYHO - 11T Pyunas 50 50 -
T ()OBATIBHBIX
priepaluil -Jj1si BHEIIHEro
Kpyrioro nuidgosa
HUS , KDYTH Jua- [T Mexannueckas 50 50
meTrpom ot 300 10 42
750 MM, BBICOTOM 0 75
MM
U1 BHYTPEHHETO 111 50
KpYyrjaoro nuii@oBaHUs
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KPYrd OUaMeTpOM JI0
D0 MM , BEICOTOM

no 50 mm

Tabmuua 10 - 3HadyeHue KOA(P(ULUMEHTOB M IMOKas3arejned creneHu B (GopMm Y-
Jax JJIsl pacuera MOIIHOCTH IMpH NITH(OBAHUU

XapakrepMatepuan [nudoBanbHbIA KpyT
ngoBa-3arotoBkd Adpasur Cssskg  3epH. | Tsepa
HUS MaTepH- Cn T X y £ o
an
1 2 3 4 5 6 |7 8 9 10 11 [2
Kpyrnoe  Crane HePnektpo Kepammy 36 CM2 .3
HapyxHoe Bakan.u kopyHna [Ke) 46 CM1 [I,2 D,750,75D,7
sakan .  [OK) 46 CM2 |4
Bpesnoe 36 Cl 0,14 D,8 D,8 1,0 0,2
Kpyrnoe  Cranp He| DK Ke 36 CM1 D2 D5 D4 DA D,3
BHyTpPHEE  BaKal . 46 Cl 0,27
Hyryn  Kapbun | Ke 46 CM1 D,81 D,5501,0 D,7 D,3
KpeMHuus
(KK)
ITnockoe | Cranp H Ke 36 CT1 |0,68
nepudep. | 3aKal. OK 36 Cl 0,5911,0/0,8(0,8
Kpyra 36 CM2 | 0,52
[Iponomxenue Tabnuibt 10
1 2 3 4 6 7 8 19 |1 |11 |12
0
ITnockoe | Cranp H OK b 16 M2 0,17
TOPLIOM 3aKan . 16 Cl 0,3910,710,5 0,6
Kpyra 16 CT1 |0,59
Cranp v OK Ke 36 CM2 | 2,01
3aKan 36 M3 1,3110,5]0,5 0,6
24 M1 1,81
Uyryn oK Ke 36 CM2 | 2,6
36 CM1 4,030,404 0,45
24 CM2 |3,92

KoHTpoJibHBIE BONPOCHI :
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| HaznaueHue 3a4MCTKU JIUThS ?

2 Yto Ttakoe uuindoBajdbHBIA KpyT ?

3 U3 yero cocrouT mumM@oBabHBIA Kpyr ?

4 Yto sBNseTCs MOKa3aTeleM KauecTBa MaTepuaja HUIM(OBAIbHOIO
Kpyra ?

5 Kak BbIiOupaeTcss nuiM@oBaNbHBIM KPYTr AJii MATKUX 3aroTOBOK
(TBepabIX) ?

JIABOPATOPHAA PABOTA 9
HccaenoBanne padoThl NPOMBIIIVICHHBIX BBIOMBHBIX PELIETOK
U pacyer pado4ux mapamMeTpoB ¢ npumMeHenueM IBM

L]env pabomsi - U3y4UTH OCOOEHHOCTH PAOOTHI U KOHCTPYKTHUBHBIE
napaMeTphl B LIOMBHBIX PEMIETOK; O3HAKOMHUTHCS C TEXHUICCKUMU XapaKkTep H-
CTHKaMHU ¥ METOJUKOHN pacueTa; CPaBHUTHh OCHOBHBIC MTOKA3aTEIU MPOMBIIIIE H-
HBIX BEIOMBHBIX PEIICTOK.

OO6mue ykazaHus

Haunbonee pacnpocTpaHeHHBIMU ClIOCOOAMU BHIOUBKU SIBJISIFOTCS
MHEPLMOHHBIN 1 BUOpAlIMOHHBIN. PemieTku, npu MeHseMble 1711 BHIOMBKU OO b-
IIMHCTBA (OPM, UMEIOT MEXAHUUYECKHUI MMPUBOJ U MO CIOCO0y BO30YKICHUS
BUOpALIMK JIESATCS HA TPU THUIIA: UHEPLUOHHbIE, SKCIIEHTPUKOBBIE U YIapHbIE.

B ocHOBY BbIOOpa mapaMeTpoB pekuma KoeOaHuil MeXaHMYeCKOM
PELIETKH MOJI0KEH TEXHOJIOTMYECKH MpoIiecC BbIOMBKU JIUTEHHON (HOPMBEI, T. €.
Pa3zpymenue HaOuBku GOpMBI U yaaieHue ee u3 onoku. Pabora pemierok Oyaet
3¢ (HEKTUBHOM, €CIM B MOMEHT NaJeHUs U yAapa Mo BBIOMBHOM p  €IIETKE OMoKa
OyJeT UMETh MAaKCUMAJIbHYIO CKOPOCTb. Y JAPUBILUCH O PEUIETKY, OHA BHOBb
MOJIHUMAETCS BBEPX, LUK JABM>KEHHsS moBTOpsieTcs. [IpuHiun paboTel 3kcue H-
TPUKOBBIX PEIIETOK Pa3JIMYHbINA. DKCUEHTPUKOBBIE PEIIETKN TPUBOIATCSA B JI€ 1-
CTBHE OT Baja C NOCTOSHHBIM dKCIEHTPUCUTETOM, HHEPLIMOHHBIE ~ — OT Bajla C
nedanancoM. B 3KCIEHTPUKOBBIX pelIeTKax MPOUCXOAAT MPOCTbIE TAPMOHUY €~
CKHE K0JIeOaHUs C MOCTOSIHHOW aMILUTUTYIOM U 4acTOTOM 0e3 u3MEeHEeHus Xapa K-
Tepa IBUXKEHUS OMOKHM BO BpeMs yaapa (puc. 13 a). PacueT s3KkCIIEHTpUKOBBIX
pELIETOK CBOAMUTCS K PELIECHUIO 3a/1a4i BBIOOpA ONTHUMAJIBHOTO PEKUMA KOJI  e-
OaHMii pelIeTKH, T.€. OMOKa JOKHA YIACTh Ha PEUIeTKY B Takoi ee (aze KoJ e-
0aHMii, KOT/1a CKOPOCTb OMIOKH OTHOCUTENIbHO PEIeTKH Oy1eT MaKCUMAaIbHOM.
OnTuManbHbIN peKUM KoeOaHUN peleTKH ¢ MaKCUMalIbHOM dHeprueit coyn  a-
peHuil OyeT XxapaKTepru30BaThCsl OTPHIBOM OMOKH OT peIeTKU B paze 2 7 u co-
y/apeHueM OIOKH C pPelIeTKoN Takxke B (aze 27, T. €. ¢ HH(pa3HBIM NEPUOIUY €-
CKUM JIBUKEHUEM OIOKHU U PEIIETKU C IEPUOOM B OAMH LIMKJI KOJICOaHU p  e-
LIETKH.

NHepunOHHBIE PEMIETKH HE UMEIOT )KECTKOTO ITPUBOJA, IOITOMY
HEypaBHOBEIIECHHAS CUJIa 3aCTABIIAET UX KoJieOaThCsl Ha CBOUX oropax. Bept u-
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KaJIbHAsI COCTABIISIOINIAS BO3MYIIA FOIIEH CUITBI U3MEHSETCS 10 TICPUONISCKOMY
3aKOHY TApMOHHYECKOTO KOJICOAHHSI K UMEET TTOCTOSHHBIC aMIUTUTY Ty ¥ TIEPUO]T
(puc. 13, 6). Bo30yxnaembie KojieOaHNs UHEPLIIUOHHON PEIIETKU COCTOST U3
COOCTBEHHBIX M BBIHYXJICHHBIX KOJICOAHUI ¢ YACTOTOM, OTIIMYHOMN OT YaCTOTHI
BO3MYIIIAIOIICH CHIIBI, U TT0 (a3e, CABUHYTONH OTHOCUTEIIEHO CHHYCOUIBI U3M  €-
HEHUs TOW cuiibl. VX gacTora, amruntyaa, (a3a 3aBUCAT OT MAacChl PEIIETKU U
AKECTKOCTH €€ OTIOp.

Onucanue NpOMbIIVICHHbIH YCTAHOBOK.

OO1muii BUJT SKCUEHTPUKOBOM PEIIETKH MPECTaBIEeH Ha puc.14.
PemeTka cocTouT 1 3 ocHOBaHUs | ¥ COOCTBEHHO PELIETKH 3 CO BCTPOCHHBIM B
HEe SKCLEHTPUKOBBIM BaJIOM, 3aKPBITBIM KOKyXoM 6. Pabouee mosioTHO pemie T-
KU, COCTOSIIIEE U3 CEKIUM, KPEIIUTCS K JIMTOU pame 7, YCTAaHOBJICHHOU B KOPII Y-
ce. CaM KopITyC COCTOUT U3 ABYX IIEK (4 U 5), B 3TOM cily4yae BbICTya  IOIIHE
4acTH 11IeK 00p a3yloT HampasJisirolue 6opTa pemerku. JIutas crtanbHast CeKIus
MOJIOTHA PEUIETKU KpenuTcs K pame BUHTaMHu. [lonepeunsie pedpa pererku
UMEIOT JJOCTaTOYHYIO BBICOTY, UTOOBI IPEIOTBPATUTH BO 3MOKHOCTb yJapa OMOK
npu paboTe 0 paHee BHIOUTYIO cMech. PerieTka coei HAETCsI C OCHOBHBIMU Y €-
TBIPbMSI aMOPTHU3ATOPAMU 8, KK/l U3 KOTOPBIX COCTOUT U3 PE3UHOBBIX I O-
JYIIEK, 3a5KaThIX MEXAY TOPU30HTAIbHBIMU TUIMTaMU, KPOHILITEHHAMU U OCH  O-
BaHUEM PEIETKH.
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a - DKCIIEHTpUKOBas penierka; 6 - MlHepunonHas pemerka

Puc.13. Xapakrep xosneOaTenbHbIX IBUKEHUM pemeTku | u onoku 2:

Pemerka npuBoANUTCS B ABMKEHUE DKCIIEHTPUKOBBIM BaJioM, Bpalia  0-
HIMMCS B POJIMKOMOIIMITHUKAX, YCTAHOBJIEHHBIX B C(hepUUEeCKUX ONopax Ha
MOJABUKHOM paMe. DKCLIEHTPUKOBBIN Baj NIPUBOJUTCS B ABUKEHUE OT DJIEKTP O-
JBUTATENS 2 yepe3 KIMHOPEMEHHYIO Ilepeaady. Banm ycTaHOBIEH Ha JIMHUM 1€ H-
Tpa TSKECTHU pelieTKu. [Ipu TakoM pacnosioxKeHUU pa3andHble YaCTU PELIETKU
OyayT UMeTh TPUOIUZUTEIHHO OJAMHAKOBYIO aMIUIUTYy Ay KoseOanuil. B 3aBuc u-
MOCTH OT YCJIOBHM paOOThI pelieTka MOKET ObITh YCTAHOBJIEHA B TOPU3OHTAN  b-
HOM TMOJIO)KEHUH WM HAKJIOHEHA M0 OTHOLIEHUIO K ONMIOPHOM paMe Ha yroa 6 °.

[IpyuHUIMN IeHCTBUS DKCLIEHTPUKOBOM PEIIETKU: IPU BpallleHUU
AKCLIECHTPUKOBOTO BaJIa 3 CUET €ro SKCLIEHTPUCUTETA PEIIETKA COBEPIIAET K O-
nebaTenbHbIe IBUKEHUS U (opMa, CTOAIIAsE HA paMe PEIIETKH, OTPbIBAETCS OT
Hee, MoJ0packIBaeTCsl HA HEKOTOPYIO BHICOTY M Ma/1a€T Ha PEIIETKY. 3aTeM UK
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noBTopsieTcst cHoBa. [Ipu ynape popMmel 0 peleTky BO3HUKAIOT HHEPLUUOHHbBIE
CHJIBI, IEHCTBYIOLIME HA BECh 00BEM CMECH U Ha OTIIMBKY, B PE3YJIbTATE YETO
HaOMBKa (DOPMBI Pa3pyLIAETCS U CMECH C OTJIMBKOM B bIMAIA€T U3 OTIOKH.

OO1mumii BUJT MHEPLIMOHHOM peleTKy npecrasieH Ha puc. 15. Ko p-
nyc 5 onupaeTcs Ha J1Ba OJI0Ka NpYKUH (TI0 LIECTh NPY>KHUH B KaXJI0M OJIOKE),
KOTOpBIEC YCTAaHOBJIEHBI HA paMy 6. BHyTpH K0Kyxa, IpUBAPEHHOT0 K CTEHKaM
KopIyca 5, B pOJIMKONIOAIIMITHAKAX, YCTAHOBJIE HHBIX B CTaKaH, BpaIlaeTCs Ip U-
BOJIHOM Bai 4. Ha Bany Ha 1IMOHKaX yCTaHOBJICHHI JiBa JcOananca. Bai npuB  o-
JIATCS B JEUCTBUE OT AJEKTPOABUraTelisl 1 uepes3 KIMHOPEMEHHYIO Nepeaady 3.
HatsxeHne peMHsI IpOU3BOAMTCS YCTAHOBOYHBIMU BUHTamu 2. [Ipu Bpamenun
Bajia BO3HUKAIOT LIEHTPO OEXKHBIE CUJIb, KOTOPBIE MPU HAIUYUU JUHAMHYECKHUX
HEYpaBHOBELIEHHBIX MaccC /1e0alaHCOB HAUYMHAIOT KOJIeOaTh Bajl U CKP EIUIEHHYIO
C HUM penieTky. YacrtoTa kosiebaHMil pelIeTKy paBHa 4acTOTe KoJeOaHuil Baja.

[IpuHIMIT IEUCTBUA UHEPLUMOHHON PELIETKU: IIPYA IBUKEHUU P €-
HIETKU BBEPX (POpM a, cTosiIIast Ha 3TOM pelieTKe, MOJHUMAETCS BMECTE C HEM,
3aTeM B HEKOTOPOH Touke 2 1 (popMa OTpbIBAECTCS OT PELIETKU U, MOJHSABIIUCH
Ha HEKOTOPYIO BBICOTY, MAJaeT Ha pelieTKy. Pemerka c MOMeHTa oTpbiBa o  p-
MBI JIO0 TIOCJEAYIOLIEr0 CTOJKHOBEHHUS ¢ HEH COBEpUIAET CIOKHbIE KoJieOaTesl  b-
Hble aBrkeHus. [lpu yaape GopMsbl 0 pelieTky IpoucxXoauT pasrpyxkenue Go p-
MBI

o
| R
Puc. 14 — O6muii BUA 3KCIEHTPUKOBOM perie T-
KU

I
.
.\'-

Puc. 15 — OOuuii BUJ1 MHEPIIMOHHOM PEIIETKU
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IHopsiaok BbINOJIHEHUsST Pa00ThI

O3HaKOMHUTBHCS C KOHCTPYKIUSMU BbIOWBHBIX PELIETOK.
[TpousBecT 3aMepbl, HEOOXOIUMBIE JIJIsl pacyeTa MapaMeTpoB Pell €TOK.
Pe3ynpTaThl H3MEepeHUii U pacyeTOB NPEACTaBUTh B BUAE TaOauIbl 11.
CpaBHUTBH OTHOCHUTEIIBHBIE TTOKA3aTENH 10 PACYETHBIM ITAPAMETPAM

PEIIEeTOK.

Cnenatpb BBIBOABI IO BBIITOJIHEHHOH padore.

Tabnuua 11 — DkcnepuMeHTalIbHbIE U pACYETHbIE TOKA3aTEIN PEUIETOK.

[TapameTpsl Pacuernas ¢popmyna Pesynbrar pacuera
1 2 3
DKCUEHTPUKOBAsI peleTKa
Yucino 060poToB K C- K \/g
LEHTPU-KOBOIO Baja n, ¢ 1+ R\ e,
YrinoBas CKOpOCTb ), w=2-7-n
ol
BennuunHa skcueHTp u- BT 1-R
CUTETA w’cosp 1+R
E,m
Mo1HOCTh IpuBOIA N - ngG, 1-R
N, kBt n-o 1+R
MHepuunonHas pererka
YrioBasi CKOpOCTH B a- 20+ ) g
J1a BUGparopa , ¢’ @= u(1+R).ﬂ.\/;
YacTora 060]i)0TOB B a- ne @
na BuOpaTopa n, ¢ 2
Benuunna Bo3m - 1-R a
IAkoIe cuitbl F,, KT ’ F, =G+ G‘P)’Tﬂ(l T
[Tponomxenue Tabnuibl 11
1 2 3
Macca HeypaBHOB  e- G Fg
neHHoro rpysa Gy, Kr @i
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CymmMapHast xec T- Y Kp=wM,,.,,
KOCTb IIPYKHH oM~ G,+G,
g
MOIIHOCTE IPUBOAA N = mgGy1-R1+pu
WHEPLUMOHHOU permieTku N, n- 1+R u
KBT

[Tpumeuanue. B ¢popmyiiax ucronb30BaHbl 0003HAYECHMUS:

K — nmoBTOpEeHME BEIMYMHBI COYyJAPEHUN YEePE3 ONPENCICHHOE KOJIUYEC T-
BO 00OPOTOB AKCIEHTPUKOBOTO BaJia, K=1;

R — koappuument orpaxkenus: ckopoctu: R=0,15 (11 4yryHHBIX ONOK),
R=0,25 (1151 cTajbHBIX OMOK);

€y — DHEPrus yjaapa, 3aBUcsiliasi OT OTHOILLIEHHUSI MacChl PEIIETKU K Macce
opMs (1):

eciu p=1, - ep=25, ecoim 075<p<l1, - ¢5=40;

¢ — (pa30BBIil yroi, odbecneynBarouil yCTOMUMBOE IBUKEHUE (DOPMBI U
peuietku, =35, cosp=0,85;

Gy — Macca gopmsl, kI, G¢=750;

G, — Mmacca pemerku, kr, G,=1000;

1N — K03 PUIIHEHT TT0JIE3HOTO JiercTBus pemnietku, N=0,7...0,8;

g — YCKOPEHHeE CHIIBI TSDKECTH, M/c”, g=9.,8;

™, — 4aCTOTA KOJIEOAHUI pEIIETKH, c_l, ®p=350...60;

I — paJInyC OKPY>KHOCTH, MPOXOSIIEH Yepe3 HEeHTP TSIKECTH HEeypaBH  O-
BEILLIEHHOI'O I'py3a, M,

r=0,1.
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Ipunoorcenue A
IlocTpoeHue ¥ aHAIU3 HHAUKATOPHBIX JHATPAMM K JIA00OPATOPHBIM
padoram 1 u 2

Pacder u aHanM3 MHIMKATOPHBIX AUArPaMM IPECCOBOTO U BCTPSAXHBA  FO-
HIero LWJIMHAPOB NpuBeAeHbI B cucteMe Windows 95.
Pabora ¢ quckeroii.

1 Boittu 8 Word. []j1s1 TOro MBIIIKOM MEPEBECTH KypCcOp Ha 3aJjaHue
Word u HaxaTh /Ba pa3a KJIaBUILy MBILIKH.

2 Bcerasute quckery «AI».

3 YCcTaHOBUTH KypCcOp Ha «DAUII» 1 onun pa3 WEIKHYTH JIEBOW KHOIIKOU
MBIIIKH.

4 B nosiBuBmemMcs okue Bbiopats komanay «OTKPBITb» u oqun pa3 men k-
HYTb JIEBOW KHOIIKOW MBIIIKH.

5 [TepeBectu kypcop Ha komanay «ITAITKA» u onuH pa3 MENKHYTh J€BOU
KHOITKOM MBIIIIKH.

6 Bri6pats «JUCK A».

7 Kypcopom mbIm BeiOpath Tpedyemyto nporpamMmmy «I[TPECCy» unmu «1 U-
JINHJIP» n nBa)k1bl NIEIKHYTh JIEBOM KHOIIKOM MBIIIH.

8 OTBeTUTH Ha MOCTaBJIECHHBIEC TPOTrPAMMON BOIIPOCH! (BBECTH 3a/1aHHbBIE
napameTpsl).

9 Pesynbrarsl pacuera pacriedararb py OMOIIM KOMaHAbl F6.

10 PacmeuaTky BKJIEUTh B OTHYET 110 JabopaTOpHOU paboTe.
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MUHUCTEPCTBO OBPA30OBAHUS U HAYKU YKPAWHBI
JIOHBACCKASI TOCYJIAPCTBEHHA S MAILIMHOCTPOUTEJILHAS
AKAJIEMUSI

METOANYECKUNE YKA3AHUA
K JIABOPATOPHBIM PABOTAM I10 KYPCY "Teoperuueckue OcH o-
BBl MEXaHU3AIMU U aBTOMATU3AIMU IIPOLIECCOB MPou3BoacTBa 0TIUBOK (T O-
MA)»
JUIA CTYJAEHTOB CIITEHMAJIBHOCTH 7.090403

KPAMATOPCK 2002

MUHUCTEPCTBO OBPA30BAHUS M HAVKU YKPAWHDI
JIOHBACCKASI TOCYJIAPCTBEHHASL ~ MAIUMHOCTPOUTEJILHAS
AKAJIEMUS

METOANYECKUNE YKA3AHUA
K JIABOPATOPHBIM PABOTAM I10 KYPCYVY «Teopernueckue OCH o-

BbI MEXaHHM3AIMH U aBTOMATHU3AI[UH MPOIIECCOB Mpom3BoicTBA OTIHBOK (T O-
MA)»
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JUIA CTYJEHTOB CIELIHATBHOCTH 7.090403

YTBepKIAECHO
Ha 3aceganuu kapeapst TOJII
[TpoTokon Ne6 ot 9.02.2002

KPAMATOPCK 2002
YK 621.74.06

MeTtonnueckue ykazaHus K JJabopaTOPHbIM paboTaM IO AUCLHUILT H-
He “TeopeTrueckrie OCHOBBI M €XaHU3AIMU U aBTOMATU3aLIUU [TPOLIECCOB IIPOU 3-
BOJICTBA OTJIMBOK~ JUIsl CTYIeHTOB crienranbHocT 7.090403 nHeBHOM M 320  4-
Hoil popmbl 00yuenust /Coct. U. U. I'yHbko — Kpamaropck: II'MA, 2002. -
C.

Coneprxatcs 1abopaTopHbie pabOThI MO U3YUYEHUIO KOHCTPYKIIUH,
MPUHIIKIA JIeH CTBUS (POPMOBOYHBIX U CTEPIKHEBBIX MaITH, 00pa0OTKE TaHHBIX
Ha [I9BM. JlaGopaTopHbie paboThl 00y4aloT CT YACHTOB OCHOBAM OpraHU3aIluu
Y TIPOBEJICHUIO UCCIICIOBAHUM, TIOUCKY ONTHUMAJIBHBIX PEIICHHUIA ITPU OLICHKE
JEHCTBYIOIIETO 000PY0BAHUS U TIPH MPOCKTUPOBAHUH HOBOTO.

CocTaBuTeln N. U. I'ynbko, 1o1.
OTBETCTBEHHBI 32 BBITYCK H. I1. Kanamnuk, 3am. 3aB. kade-
pon
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METOJNYECKUE YKA3AHUA
K JIABOPATOPHBIM PABOTAM I10 KYPCYV «Teopernueckue OcH o-
BbI MEXaHU3ALMKM U aBTOMATU3aLIUU MTPOLIECCOB MPOU3BOIcTBA OTIMBOK (T O-
MA)»
JUIA CTY/IEHTOB CIIELTUA/IBHOCTH 7.090403

CocraButens Uuna HBanoBHa I'yHbKoO

Penakrop Henum AsnekcanapoBHa XaxuHa
[Toamn. B meu. ®dopmar 60x84/16.20
Od¢cernas nevats. Yci. mey. JI. Yu.-u3a. i

Tupax  9k3.

—APMAS 43S e Kpasatopex; yr Hixanmnosa; 72

CO/IEP)KAHUE
OO61as yacTb Crp.
1 JIABOPATOPHAA PABOTA 1

AHanu3 paboThl MPECCOBOM MAIIMHBI U T O-
CTPOCHHE UHJANKATOPHOM TMarpaMMbl IPEeCCOBOTO
MexaHu3Ma
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JIABOPATOPHAS PABOTA 2

AHanu3 paboThl BCTPSIXUBAIOIIEH MaIlIMHbI
¥ TIOCTPOCHHUE WHIANKATOPHON AUAarpaMMBbl BCTP f-
XMBAIOLEr0 MEXaHU3Ma MO MPAaKTUYECKUM Ja  H-
HBIM
JIABOPATOPHAS PABOTA 3

Ananu3z padomol cmepiHcHeEol MAUUHbL U
onpeoesenue KOHCMPYKMUGHbIX NAPAMEMpPOs
NEeCKOCMPENbH020 MEXAHUZMA
JIABOPATOPHAS PABOTA 4

Ananu3 padbomot u 6b100p KOHCMPYKMU 6-
HbIX RAPAMEMPO8 UMNYIAbCHOU 207106KU O
npaKkmu4uecKum OaHHbIM.
JIABOPATOPHAS PABOTA 5
HccnenoBanue n ananus padoThI IIAPOBOWA MEN b-
HUIIBI
JIABOPATOPHAS PABOTA 6
HccnenoBanue paboTbl CUTA W OIpEAeSiCHUE
K03 (ULIMEHTa TOJE3HOr0 JACHCTBUS MPOCEUB a-
HUS
JIABOPATOPHAS PABOTA 7

Uccnenoranue paboThl OETYHOB U Olpes  e-
JICHUE BIIUSHHUS
KOHCTPYKTHBHBIX TapaMETPOB CMECUTENS Ha K a-
YECTBO CMECHU
JIABOPATOPHASA PABOTA 8
HccnenoBanue METOJOB 3a4YMCTKH JUThS WLTUG
BaJbHBIMU KpyTraMH U pacyeT Huim@oodopyoB
HUS TI0 TPAKTUYCCKUM JIaHHBIM

JIABOPATOPHAS PABOTA 9

Uccnenoranue paboThl TPOMBIITUICHHBIX
BBIOMBHBIX PEIIETOK
U pacuer padoymnx NapamMeTpoB ¢ NIPUMEHEHUEM
9BM

Ilpunosxcenue A
IlocTpoenune u aHAJIN3 HHAUKATOPHBIX 1M a-
rpamMm K JadopaTopHbiM padoram 1 u 2
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1 IPOT'PAMA KYPCY TA METOJWYHI BKA3IBKHU JIJI1 HOI'O B U-
BYEHHA

1.1 Tema 1. Ocnosu peonocii. Bumikanna memainy 3 kosuia ma moz2o
PYX 6 TUBHUKOBII cucmemi

1.1.1 Ocobausocmi piokoeo memany sk 2iopaeniynoco 06 'exmy. Peonoeis

Oco0aMBOCTI PIAKOTrO METaNly s K rifpaBiiyHoro o0’ekty. IlpyxHe Tij0
I'yka, B’s13ka pinuHa HerotoHa, muiiactuyne Tuto Cen —Benana. [ToHsTTs mpo p e-
osiorito. [Ipocti peonoriuni Tia. HetoToHiBChbka piannHa. binramoso Tino. [lce B-
JIOTUTACTIYHE T1JI0 a00 HEHBIOTOHIBCHhKA piauHa. MakcBeioBebKa piauHa. Tino
[lIBenoBa.lneanbHo Kpuxke TU10 Peonorivuxi BIacTUBOCTI P1IKMX METaNIB, IpU
TBEPAIHHI Ta MPU OXOJIOJKEHHI OBHICTIO 3aTBEPALIIOrO METaNYy.

Iocunanus Ha jgirep atypy: /1/ 8-24, /2/ 380-387, /3/ 7-21, /4/ 15-46, /5/
4-217, /6/ 11-3, /7/ 5-63.

MeToanuHi BKa3iBKH

[Tpouec (o pmyBaHHS BUIMBKA CYIPOBOIKYETHCS IEPETBOPEHHIMU M €-
Taiy, 10 BIAOYBAIOTHCSA y Mipy HOro oxono/pkeHHs. CroyaTky MeTall IpeacT  a-
BJISIE B'I3KY PIAMHY, IPU KpUCTaji3allli BiH MEPETBOPIOETHCS HA TETEPOrCHHY
cepeny, HUXK4YE 3a TeMIIepaTypy KpUcTalizallii yTBOPIOEThCS TBEPJE KpU XKE Ti-
J10, SIKE B Mipy MOJAJbILIOT0 OXOJIOJKEHHS Ha0yBa€ MIACTUYHICTD 1 IPYKHICTb.
JIiist 311iiCHEHHSI MATEMAaTUYHOTO aHaJT13y MOBEAIHKN PEUOBUH CTBOPEHI ysi B-
JICHHS MPO 11€albHI Tija: 11eajJbHa HECTHCIIA TacKaJIeBa PiiHA 31 3CYBHIM B'S 3-
KICTIO, PIBHOIO HYJIIO; B'SI3Ka HBIOTOHIBC bKa PiMHA; aOCOJIIOTHO TBEPJE, €BKII i-
JI0Ba T1J10, K€ He 1eopMyeThes pH OyAb -IKUX HABAHTAXKEHHSX; TBEPJIE NP Y-
*He ['yKoBO TU10. YABIIEHb PO KJIACUYHI T1JIa HEJOCTATHI 1€ i TOMY, IO B'S  3-
KICTb 1 IPY>KHICTh MPUTAMAHHI B Til YU 1HIIIHN Mipi BCiM (Pi3uyHUM Ti1ax. Tomy
B TUX BUNAJKaX, KOJIU (aKkTop yacy Mae iCTOTHUMN BILJIUB HAa MOBEIHKY Tija 1 B
HbOMY IPOSIBIISIFOTHCS IPYXKHO -B'SI3K1 BIACTUBOCTI, 1/1€alIbH1 YSBJIECHHS, 10 3 a-
CTOCOBYIOTHCS B KJIIACHYHHUX HAyKaX, FIAPOAMHAMIII 1 TEOPil NPY>KHOCTI, BUS  B-
JSI0THCSA HEMTPUAATHUMU.

[Tpouecu 3MiHM HaNpy>KeHb 1 AepopMalliil y yaci 3 ypaxyBaHHSIM B'S3KUX
1 IPY>KHUX BIACTUBOCTEH PO3IIIAIAI0THCS peonorieIo 1110 € 3araJIbHO0 HayKOIO
Ipo IUIMH Ta AedopMallii pedoBUH. PeosioriuHi Tijla - MPOMIKHI MI>K TBEPAUMH 1
piakumu. BoHu, KpiM TOTO, 1/1€abH1 B ToMy CEHCI, 1110 HE ICHYIOTb B IPUP  O/II.
BiMiHHICTB BCSIKOTO PEajbHOrO TiJIa BiJl PEOJOTTYHHUX MOJIATAE 1€ B TOMY, 1110
BOHO MOXe JlehopMyBaTHCs 3a pI3HUMH 3aKOHAMU 3aJIeKHO BiJl yMOB. OTxe,
PEOJIOT1YHI, TiJIa BIIMOBIJAIOTh HE peaJbHUM TUIaM, a X CTaHIB Ta OMHUCYIOTh
PEOJIOT1YHI SBUIIIA.

Peosnoriuni Tijla CT BOPIOIOTH 33 JOMIOMOTI'OO TaK 3BaHUX CTPYKTYPHHUX
Mozenel. [ XxapakTepuCTUKY PEOJIOTTYHUX TEN 3aCTOCOBYIOTh I'padiku, 110
BUPAXXaIOTh 3aJI€XKHICTh JeopmMallii BiJi HABAaHTAKEHHS, 30KpeMa rpadiku 3 a-
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JICKHOCTI TpajlieHTa MIBUIKOCTI TeUli Bil HANPYTH 3CyBY. Taki KpUBi 3BYyThCs
PEOJIOTTYHUMU KPUBUMU KOHCUCTEHIII1. K OCHOBHUM THIIaM PEOJIOTIYHUX Kp  H-
BUX KOHCHUCTEHIII1 BIAHOCATh HBIOTOHIBCBbKY pIMHY, OIHIaMOBO T1JI0, ICEB  O-
IUTACTIYHE TUIO a00 HEHBIOTOHIBCHKY PIAMHY, MAaKCBEJIJIOBCHKY PIIMHY, T1JIO0
[[IBenoBa, i1€aIbHO KPUXKE TLIIO.

IIuranus 11g camonepeBipku

[TOHATTS NpO TiIPaBIMKY.

[Ilo BXOaUTH 10 0COOIMBOCTEHN JIMBAPHOT T1IPaBIUKHU?

SIK po3paxoBy€eThCA TAPOCTATUUHUN TUCK?

PiBHSIHHS HEPO3PUBHOCTI MOTOKY.

Sk po3paxoBy€eThCS MIBUAKICTh BUTIKAHHS peaabHOI pIAUHU?

SIK po3paxoBy€eThCS BUIITOBXYIOYA cuiia?

VsBiIE€HHs PO 171€alIbHI TiJa.

[Ilo Take peosnoris?

XapakrepucTHKa peosoriyaux Tul. HeroToHiBebKa pinuna. [IceBnomnactiube
T1710 200 HEHbIOTOHIBChKA piauHa. Tino [IBenosa.

XapakTepuCcTHKa peosIoriyHuX Tul. biHraMmoBo Ti510. MakcBeioBChbKa piauHa.
[neanbHO KpUXKE T1IIO.

1.1.2 OcnosHi noodxcents 2iopocmamuky ma 2iopooOUHamiKu

3axoH [lackans. PiBHsIHHS HEpO3pUBHOCTI NOTOKY. PiBHAHHS Toppiveri.
3akon Apximena. JIuHaMI4HMIA TUCK PIIUHU, IO pyXaeThes. PiBHsaHHS bepHymi
JUIS 171€aJIbHOT Ta pealibHOl P1IUHU.

Iocunanus Ha jgireparypy: /4/ 4-11, /7/ 5-63.

MeToan4yHi BKa3iBKH

['apocratuka — 1e po3Aul T1IpaBiIiky, SKUi BUBYA€E 3aKOHH poOOYOro ¢ e-
pENOBHUIIA 1 B3aEMO/III0 HOT0 3 TBEPIMMHU CTIHKAMHM 32 YMOBH, 1110 poboye cep e-
JOBMILIE 3HAXOAUTHCS Y CTaH1 CIIOKOI0, 200 y BIAHOCHOMY pyci. 3a LIUX YMOB Y
po0. cep. He MpOosBII. BiIa CTUBOCTI B’si3K0CTI. Criokiit pinuau OyBae abcoyo T-
HUM (MOCYIMHA CTOITh HA JOBLIBHIN IUIONINHI) 1 BITHOCHUH (TIOCYIMHA pyX  a-
€THCSI B3JIOBX TOPU30HTAIBHOI YU MOXUIIOI MIJIOLIUHU).

Cuy noaUISIIOTh Ha 30BHIIIHI Ta BHYTPIIIHI (CHJIM B3a€MOJIII MIXK YacT H-
HKaMu piauHu). Ha piiuHy B cTaHi COKOIO J1I0Th 2 TPYIH CUJI: MACOBI CHIIH,
K1 11F0Th Ha BC1 YACTUHKH PIAMHU 1 MPOMOPLIHHI Macl YaCTUHOK (CHJIM TSXKIHHS
Ta cuid iHepuii. CuiM iHepuii Jit0Th Ha PIAMHY Y CTaH1 BITHOCHOTO CIIOKOIO) Ta
MOBEPXHEBI CUJIH, SIK1 TPUKIIAIAI0THCS HA MMOBEPXHIO PO3JUTY PiAM  HU 3 Ta30M
abo TBep010 CTIHKOI0. [ToBEpXHEB1 CUITU BITHOCATHCS /10 30BHIIIHIX CUI. Y P e-
3yJIbTaTI Jii BHYTPIIIHIX 1 30BHINIHIX CHJI Y 00’ €Ml piIMHA BUHUKAE CTUCKAIbHA
Hampyra, gKa € riApPOCTaTHYHUM TUCKOM P. I'igpocTaTHUHMI THCK Ma€ HACTYIHI
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BiacTUBOCTI: Cuila TUCKY M@ € HalpsiM [0 HOpMaJli J10 IJIOLIMHU Ha SIKy BOHA
TE.

PeanpHa pivHa - MOENb NPUPOIHOL PIAMHHU, IO XapAKTEPU3YETHCA 13 O-
TPOMHICTIO BCIX (PI3MUHUX BJIACTUBOCTEMH, ajie Ha BIJIMIHY BiJ 1/1€alIbHOI MOJIEN,
BOJIOZIIE BHYTPIIIHIM TEPTAM IPH PYCI.

[Tpu BUBYEHHI pyXy peanbHOi (B'sl 3K01 p1JIMHM) MOKHA IITH IBOMA PI3H U-
MU IUIAXaMU: CKOPUCTATUCA TOTOBUMU AU(PEPEHIIAIbBHUMH PIBHAHHAMM 1 iXH 1-
MU PIILIEHHAMH, OTPUMAHUMU IS 1]1eanbHOl piguHu. OOIiK MPOSBH B'SI3KUX
BJIACTUBOCTEN 3/11MCHIOETHCS 3 TOMOMOIOI0 BBEJECHHS B PIBHSAHHS JOJATKOBUX
NONPABOYHUX WIE HIB PIBHSIHHS, BABECTH HOB1 PIBHSHHS JJIs B'3KO1 P1IUHU.
JI1st mpakTUYHOT 1HKEHEPHOT IISTIbHOCTI OLIbII MPUHHATHUM CIIiJl BBAXKATU T €-
PIUIMIA HAMIBEMIIPUYHUHN IUISAX, IPYTUH CIIiJl BAKOPUCTOBYBATH JIUILIE B TUX B U-
najKax, KOJu NOTPiOHO JeTalbHE BUBUEHHS MPOIECY PyXY B'sI3KO1 pi JIVHH.
YMOBH 3acTOCYBaHHS pIBHSIHHS bepHyui: a) pyX, 10 BCTAHOBUBCS, 3 MACOBHUX
CHJI JII€ TUTbKH CHUJIA TSDKIHHS; 0) IEpeTUHU OepyThCs TUIBKU TaMm, /1€ TOTIK T a-
paJIeTbHOCTPYMYACTUN 200 MJIaBHO 3MIHIOETHCSA, IPU LIBOMY 30BCIM HE 000B'S 3-
KOBO, 11100 MOTIK Ha BCI{ JUISHII MK pO3IVISIHYTUMU NiepepizaMmu OyB OJIM3bKUM
JI0 MapaJIeIbHOCTPYMYACTOI'0; B) AJIsE CTUCIIMBOL PIAMHHU pyX Mae BIIOYyBaTHUCA
IIPU MOCTIHHOMY TUCKY 1 TeMrepaTypi 6€3 po3puBiB CTPYMEHIB 1 yTBOPEHb Iy C-
ToT. [lepepi3u MOTOKY IUIOCKI 1 EPHEHAUKYJISAPHI BEKTOPAM IIBUKOCTI.

IIuranus Aas caMmonepeBipku

[Ilo BuB4ae rigpocratuxa’?

Sxi MOXKYTh OyTH BUJIM CLIOKOIO?

SAxi cuim 1iI0Th Ha poOoue cepenoBuiie?

Sk 3anMcy€eThCS OCHOBHE PIBHSHHS T'IPOCTATUKH B AU(epeHuianbHii hopmi?
Sk 3anMcy€eThCS OCHOBHE PIBHSHHSA TAPOCTATUKY JJIS Tija, AK€ 3HAXOUTHCS Y
PI3HUX YMOBax

Sk po3paxoByeTbcsa 00’€MHA BUTpATa PIAMHH Y €I€MEHTAPHOI CTPYMHUHKH Ta
MOTOKY, MacoBa 1 BaroBa BUTPATU MOTOKY?

SKi € pexuMu pyxy piAMHM B 3aJI€KHOCTI BiJ kputepito PeiiHonbaca?

1.1.3 Bumikauns memarny 3 Koguia

ButikaHHs MeTany 3 CTOINOPHOTO KOBIIA, KO BIIIa 3 HOCUKOM Ta ITUOECPHUM
3arBopoM. KoHcTpykiiist ctonopHoro koBmia. [luroma 06’eMHa BUTpaTa MeTary
3 koBmia. [IIBUIIKICTE CTpyMEHS MeTaly Ta 4yac CIIOpOXKHEHHS KoBIia. Po3pax y-
HOK HEOOX1THOT'O pO3Mipy CTOMOPHOTO cTakaH4ynka. KOHCTpyKilis KOBIIA 3 H  O-
CUKOM. TpaeKkTopisi pyxy CTpyMeHS.

Iocunanus Ha jgirteparypy: /5/ 11-18, /6/ 21-27.

MeToanuHi BKa3iBKH
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Meran BUIIaBJIEHUH B NI€Yi 3a3BHYail CIOYATKY BUITYCKalOTh B KiBII, 3
SKOTO B 3AJIMBAJIBHOMY IPOJIbOTI 1IEXy HOoro 3ayiuBaroTh y (hopmu. B okpemux
BUIAJKax (OPMHU 3aJIMBAIOTHCS O€3M0CEepEAHbO 3 11 edl. BijibHa 3aMBKa HEBEI U-
KHUX TOpU1M MeTany (3a3Bu4aid 10 1 T) - yaByHYy a00 KOJIbOPOBHUX CIUIaBIB - BU-
poOIsETHCS 3 TOBOPOTHUX KOBUIIB Yepe3 HOCUK. Benmuki KUIbKOCTI MeTamy, B
0COOJIMBOCTI CTaJll, 3aJIMBAIOTHCS 3 KOBLIIB 3 CTOIIOPHUM NPUCTPO€EM. BisibHa
3aJIMBKa 3 MOBOPOT HUX 1 CTOMOPHUX KOBIIIB € CIIOCOOOM, 110 TIEPEBAKAE BT U-
BapHOMY BUpOOHUITBI. [Tpu 3anuBanH1 AeTanei, 1o MaroTh CieIUu(pIYHy KO  H-
¢irypanito abo Many TOBUIMHY CTIHOK, JJIsl TOJIETIICHHS 3JIUBKH, a TAKOXK 3
METOIO0 MEXaHi3allii 1 aBToOMaTh3allil 3aCTOCOBYIOTh IPUMYCOBY 3aJIUBKY:
HEHTPOO1KHE JINTBO, TUTTS M1J] TUCKOM 1 T.1I.

[Ipu BUTIKaHHI 3 KOBILIA METaJ] YTBOPIOE B MOBITP1 BUILHUI CTPYMIiHb.
[IBHAKICTh MOJAYl METATy Yepe3 HEBEIMKUN KPYTJIU OTBIp Y HI CYJIMHHU, SIK 1
OyIb-sIKO1 P1JIMHU, OTIUCYETHCS piBHAHHAM Toppidemni. Ha Benukux BiacTaHsax
BIJl KPYIJIOTO OTBOPY Ha CTPYMIHb [TOYMHAIOTH JISATH 30ypyIOoUl CHUJIM MIOBEPXH €-
BOT'O HATATY Ta rpOCKOMiuHI €()EeKTH, B PE3yJIbTaTI YOIO BOHA PYWHYETHCS Ha
kparuti. [Ipu BuTikaHHI 3 OTBOPY HENMpPaBUIIbHOI (DOPMU HA MMOBEPXHI CTPYMEHS
BUHUKAIOTh OKPEMI IMOTOKH 1 BIH MIBUAKO PYHHYETHCS .

[Tpu BUTIKaHHI Yepe3 HOCUK POJIb TIPOCTATUYHOrO HAMOPY I'Pa€ BiJACTaHb
BIJl HIOKHBOI TOUYKM HOCHKA JI0 MIOBEPXHI JI3epKajia P1IKOro METaay B KOBILIL.
Burpara metany 3 HOBOPOTHOI'O KOBIIA 3aJI€KUTh B1Jl MOTJIMOJIEHHS KaHATY B
HOCHKY, IIIBUJKOCTI MTOBOPOTY 1 TJIOII MOBEPXHI (3 epKaja) MeTaly B KOBIII.

IIuranus nis camonepeBipku

Knacudikariis cnoco6iB 3aquBKH QopM.

SIki BU 3HA€TE €J1€MEHTH JIMBHUKOBHUX CUCTEM?

SIKy posib BUKOHYIOTH P13H1 €IEMEHTH JIUBHUKOBUX CUCTEM?

SIki BU 3HA€TE TUIM JIMBHUKOBUX CHCTEM?

Sk po3paxoByeThCs HEOOXITHUI PO3MIpP CTOMOPHOIO CTAKAHYUK?

Sk onMCy€eThCS TPACKTOPIS PYXy CTPYMEHS METaly, 0 BUTIKAE 13 KOBLIA 3
HOCUKOM?

1.1.4 Pyx memany 6 1u6HuUKo8iU 4auii i BOpOHYI Ma 6 CIMOSKY

3aiMBaHHS METaly B JIMBHUKOBY Yallly Ta BOPOHKY. 3aTpUMaHHS HEMET a-
JIYHUX 4acTOK B yaili. CTOSKH, SIK1 TPAIIOI0Th 1] PO3PIIKEHHIM 1 i Haja T-
MochepHuM TuckoM. KoHirypartlis cTosIKiB.

IHocnianns Ha gireparypy: /1/ 8-13, /5/ 21-22.

MeToanuyHi BKa3iBKH

[Ipu nogaui po3riaBy B Yally BUIBHO MaJIal0YUM CTPYMEHEM HOro moB  e-
PXHsI, 10 KOHTAKTY€ 3 HABKOJIUIIIHIM MOBITPSIM, OKUCIIO  €ThCS, IHTEHCUBHICTh
OKHCJICHHS PO3IUIABY 3pOCTAE 13 30UIBIIEHHSM BUCOTH Ma/llHHS CTPYMEHS, a T a-
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KOX IIpH 11 po30pu3KyBaHHI (IpoOJICHH1) 1 pO3pUBI OKCUIHOI II1BKU. Tomy npu
3anuBIl (OPM BIIKPUTUM CTPYMEHEM HEOOX1THO JOTPUMYBATHUCS 3aXOA1B, 10
3a0€31e4yI0Th MiHIMaJIbHE OKUCIICHHS PO3ILIaBY.

[Ipu pyci MeTaly 1o IHy 4Yaliii 3 TOPOroM B Hilf CTBOPIOETHCSI BUCXITHUMN
NOTIK, 1110 CIPHUSA€ BUHOCY LIUIAKY Ha MMOBEPXHIO PO3IUIABY, 1 BUHUKAE 30HA 3aB U-
XPEHH 3 TOPU30HTAJIBHOIO BicClo 00epTaHHs. [Ipy bOMY Ha KOXKHY YacTKy
[UTAKy J1F0Th TPHU CWIM: MiANOMH a P (pH IIIJIHOCTI YaCTUHKH, MEHIIIOI 11T b-
HOCTI pO3IUIaBy), CHJIa, III0 HECE YacTKy ynepen P, 1 1oueHTpoBa P;, cipsiMOBa-
Ha /10 0ci 00epTaHHs.

Po3pi3Hst0TE IEpEOIT 13 3aII0BHEHUM 1 HE3aIIOBHEHUM IIEPEPI30M CTOSIKA.
VY 3al0BHEHUX CTOSIKAX PO3ILIAB, SIK IPABUJIO, TPOXH OKHUCIIO  €THCH 1 IIJIaK HE
3aTPUMY€ETHCS, TOMY IO HIIBUAKICTh MOTOKY PO3IUIaBY B HUX Y JACKIJIbKa pa3iB
O1JIbIlIe MAKCUMAJIBHOI IBUJIKOCT1 CIUIMBAHHS IIUTAKIB, PIBHUHM, HATpUKIad, 8,1
B aJIOMIHIEBHX 1 6,9 cM/c y MarHieBuX ciuiaBax. Pyx crjiaBy B HE3alIOBHEHUX
BEPTUKAIBHUX CTOSKAX MAJIO YHUM BIJPI3HIETHCS BiJl pyXy BUIbHO Maal0u0ro
CTpyMeHs. Y TaKMX CTOsIKax BiOYyBa€ThCS YACTKOBHI MPOIIEC OIIAKOBYBAHHS
MeTaly, a B pasi iX HOXUJIOr0 po3TallyBaHHS 3MEHIIYETHCS 3aXOIUICHHS OBl T-
psi, po30pHU3KyBaHHS 1 3aBUXPEHHS NOTOKY. [[03UTUBHUM YMHHUKOM MpH 337U B-
11 Yepe3 He3alOBHEH1 CTOSKHU € TaKOXK Te€, [0 BUTIKAHHS CIUIABY 3 HUX BIIOYB a-
€THCSI 3 HEBEJIMKOIO IIBUJIKICTIO, 3Ba)KAal0OUM HA MaJie 3HAUYEHHS CTATUYHOTO H ~ a-
1Opy METaiy.

IIuranus nas camonepeBipku

Sy pounb Biirpae JUBHUKOBA Yallla Ta BOPOHKA?

Sk Bi1OyBa€eThCs TaCiHHS CTPYMEHSI MeTaja Ipu Horo majiHHI HAa TOXUITY CTl H-
Ky?

SKi cuaM i0Th HA HEMETAaJIeBY YaCTUHKY B JIMBHUKOBIN Yallll 3 MOpOrom?
Ha3BiTh yMOBU, IpH AKUX Oy1yTh CIUNIMBATH HEMETAIEBl YACTUHKI B JINBHUKOBIN
yarii.

Ski 0cOOMMBOCTI B KOHCTPYKIIT AUISTHOK CTOSIK -TMBHUKOBUM X1/ 0€3 po3Ill UpeH-
HSl, 3 PO3IIUPEHHAM 1 TOHUKEHHSM JIHA JIMBHUKOBOTO X011y ?

Ski 0cOOMMBOCTI B KOHCTPYKIIT AUISIHOK CTOSIK  -JIMBHUKOBHUH X1J1, 110 3a0e31 e-
YyIOTh Kpallle BIJOKPEMJICHHS IJIAKOBUX YaCTUHOK?

Ha3BiTh (popMU Ta TUNH CTOSKIB AJIsl PI3HUX CILIABIB.

1.1.5 Pyx memany 6 wi1akoenoenosayi

Pexumu pyxy Metany. 3aTpuMaHHsl HEMETAIIYHUX YAaCTOK Y UIAKOBIIO B-
moBayl. Pyx MeTany »KUBUJIbHUKAX Ta MOPOKHUHI JIMBApHOI popMu. J[oBxKMHA
KUBUJIbHUKIB Ta iX MONepevyHuil nepetuH. Brume koHdirypaiiii Ta crany noB  e-
PXHI MOPOXKHUHU (popMHU Ha pyX MeTany. [Ipuznayenns i Heo  OXiAH1 po3Mipu
Haropy.

Iocunanus Ha jgirteparypy: /1/ 7-25, /3/ 271-284, /5/ 24-27, /6/ 21-33.
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MeToauuHi BKa3iBKH

Hi B sKOMy 1HIIOMY MiCLIl IUBHUKOBOI ~ CHUCTEMH 30ypEHHS B OTOLII 32
CBOIM OOCSITOM 1 XapaKTepOM HE MOXK€e 3pIBHATHUCS 31 30ypeHHSIMH 1 IMOB'A3aH  U-
MU 3 H UMW HETaTUBHUMHM HACIIAKaMU, 1110 PO3BUBAIOTHCS HA JUISIHII CTOSK -
JMBHUKOBUH X171, TOOTO Ha MOYATKOBIM AUIAHLI cucTeMu. OTKe, KOHCTPYKIIS
NOYATKOBOI AUISHKY CUCTEMH, L0 BKJIIOYAE 3yMII( CTOSIKA, METaloNpuiimay,
PI3HI IPOMI’KHI KaHaJIM, TOBUHHI B MAKCUMAaJIbHOMY CTYIEHI  CHPHSITH IOM'S K-
HICHHIO yJapy 00 JHO CTOsIKa, 3MEHIIEHHIO MHO - 1 BAXPOYTBOPEHHSI, IJIABHOTO
BBEJICHHS PO3IUIaBY B JMBHUKOBUMU X1/ 1 3aTPUMaHHS YTBOPEHUX 1]l CTOSIKOM
HEMETAJIIYHUX BKIIFOYEHb HA MOYATKOBIN JUISHII TUBHUKOBOTO XOY.

106 nepi mopiii po3miiaBy He MOTPAILISIN B )KUBUJIBHUKU, OCTaHHI HE
MO>KHA PO3MIIIATH 1]l CTOSIKOM, BUKOHYBATH I1]] IUBHUKOBUM XOJIOM a00 Mp H-
€IHYBaTH 0 HOro 3aAHii CTiHII. Y OUIBIIOCTI BUNAAKIB KUBUIBHUKU PO3T  a-
IIOBYIOTh B OJ[H1M MIB(GOPMI 3 TMBHUKOBUM XOJIOM 1 BIIBOJIATH BiJ] HHOTO i
npsiMUM KyToM. L{e BUKITIOU a€ BIJIMB Ha )KMBWJIBHUK IIBUAKICHOTO HAIOPY M €-
Tajy, 110 IPOTIKA€ B JUBHUKOBOMY X0/1. KpiM Toro, Biarany>kKeHHs KUBUJIbH U-
Ka 1] IpSIMUM KyTOM CTBOPIOE BEJIMKHM TpaBIIIYHUH OIIp HA BXOJI B )KUB  H-
JIbHUK, 110 3HWXKYE IBUJKICTh MOTOKY. OJJHAK y LIbOMY BUIIAJKY B )KUBWJIbH  U-
KaxX MOX yTh YTBOPUTHCS HE3AIIOBHEHI 30HU 1 OyJ1€ MOKJIMBUHI M1ACOC MOBITPS
NOTOKOM po3iaBy. ToOMy >KMBHUIIBHUKH HEOOX1/IHO TUIABHO 3'€JTHYBaTH 3 JIW ~ B-
HUKOBHUX XOJOM, a IPU MOXKJIMBOCTI BIJBOJAMUTHU BiJl HHOTO MiJ TYIIUM KyTOM.

V pasi po3rairyBaHHS )KUBWIHBHUKIB HUKYE JIHA TUTHUKOBOTO X0/ Y (Ha-
KJIJH1 )KUBWJIBHUKH ) METaJ, SKUH Teue Mo JIHY JJUBHUKOBOTO X0y, 3yCTPIBIIU
Ha CBOEMY LIUISIXY KaHaBKY, BAAPSAETHCSA O ii CTIHKY 1 IEpeAYacHO MOTPAILISE B
XKUBWIbHUK. KpiM TOro, yCTYNH B TUTHUKOBOMY XO/II CTBOPIOIOTH JOJATKOBI
30ypeHHs, 110 30UIbIIYIOTh TYpOYJIEHTHICTh ~ TOTOKY B )KMBWJIbHHKAX. TOMY,
SKILO 11€ HEOOX1/IHO 32 YMOBaMH (pOpMyBaHHs, B HIXKHIN 101y(hopMe po3m 1-
IIYIOTh YaCTUHY JIUTHUKOBOTO X0y (3BMUaifHO He Oiibie 0,2 -0,3 ioro BUCOTH)
1 B1] HET BXK€ B1IBOJSITh )KMBUIIbHHUK.

Opna 3 yMOB IpaBUJILHOTO (DYHKIIIOHYBaHHS JUBHUKOBOI CUCTEM U 3 ]I €-
KUTbKOMa UBUJIBHUKAMU - PIBHOMIPHUNA PO3MOJILT pO3IIaBy Mixk HUMU. Jljis
I1BUIIEHHS PIBHOMIPHOCTI [I1i )KUBUJIBHUKIB B TOPU30HTAJIBHIN CUCTEMI pEK  O-
MEHAY€ETHCS TIaBHO (HE CXOAMHKOI0) 3MEHITYBATH ILJIOLII ONEpEeYHUX nepep  i-
31B JINBHUKOBOT'O XOJ1y MICJISI KOKHOTO >KMBHJIBHUKA .

HewmetasiuHi yacTku BIIPI3HSIOTHCS 3a MIUIHHICTIO BiJ METAJICBUX CIUT  a-
BIB 1 TOMY MalOTh 3[aTHICTb JI0 CAMOCTIHHOTO pyXy. Y CIUIaBax Ha OCHOBI 3aj i-
3a, M/l 1 TUTaHy IUIAKH, (DIFOCH 1 OKCUAM BCIX KOMIIOHEHTIB JIeTIe, HIXK PLAKI
CIUIaBH, 1 iX YaCTKM CIJIUBAIOTh HA MMOBEPXHIO I OTOKIB. Y CIUIaBaX Ha OCHOBI
QJIFOMIHIIO 1 MarHito iXH1 OKUCIIM BayK4e CILIaBIB 1 TOHYTh B MOTOKaX. BUHATOK
CTaHOBJISATh OKCUIM HATPIIO, SIK1 YTBOPIOIOTHCS MPU MOJIM(DIKYyBaHHI aJIFOMIHI  €-
BUX criaBiB. DIocy B adIOMIHIEBHUX CIUIaBaX IIaBalOTh HA MOBEPXHI K OUIbII
JIeTK1; Yy MarHi€BU X CIUIaBaX BOHM 3HAXOJSATHCS HA JIHI JIaBWIbHUX TUrIIB. T a-
KUM YUHOM, 00pOTH0A 3 HEMETAJIEBUMHU YaCTKaMH Y BaKKHX 1 JIETKHUX CIUIaBax
NOBUHHA MPOBOJAUTUCA CYTTEBO PI3HUMHU METO/IAMHU.
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IMutanHs a0 camonepeBipku

Sk 3ano00IrTH HEPIBHOMIPHY A110 KUBUIbHUKIB?

Sk Mae OyTu CK OHCTpyHOBaHa JINBHUKOBA CUCTEMA 3T1JIHO pekoMeHaarisam XK.
B. Tokapesa?

SIx MOXKHA YCYHYTH PO3PIHKEHHS 1 1HKEKIIII0 TOBITPSI 1 ra3iB B JINBHUKOBUX
KaHauax?

Ske piBHSHHA ONUCYE 17€aIbHUNA TPOP1Ib?

YuM Ha IpaKTUlll 3aMIHIOIOTH 1J1ealibHUM PO UTb CTOsIKA?

Sk MOKHA YCYHYTH THXKEKIII0?

Tunu HeMeTanYHUX YacTOK.

SK po3paxoBy€eThCA WIBUAKICTD CIUTMBAHHS HEMETAIIYHUX YACTOK ?

Ski ciBBIAHOILIEHHS TUIOIINH €JIEMEHTIB JTUBHUKOBUX CUCTEM BUKOPUCTOB V-
I0TbCA?

10 fIka pi3HULIA MIXK 3alIEpPTUMU Ta HE3aNEPTUMHU JUBHUKOBUMH CHUCTEMaMU?
11 1o Take apocenabHi JUBHUKOB1 CUCTEMU?

1.2 Tema 2. Dinompysannus memasiy
1.2.1 Cimyacmi ma 3epHucmi ginompu.

TexHonoris 3acTocyBaHHs ciTyacTuX PuUIbTPIB. PUILTPYBAaHHS METaNly 32
JIOTIOMOT 00 3epHUCTUX (PLIbTPIB. MexaHi3M Ta pexumu GuibTpyBaHHsa. Bulip
pO3Mipy OTBOPY CITKH. BIuivB po3MipiB Ta IPUPOAH 3€PEH 1 peKUMy QLIBTP Y-
BaHHA Ha €()EKTUBHICTh OYUIICHHS PO3ILIaBY.

IHocunanus Ha jgirteparypy: /5/ 28-38, /8/ 10-85.

MeToanuHi BKa3iBKH

Cituactuii puIbTp — 1€ CiTKA, Yepe3 sIKy MPOIyCKatoTh po3iuias. [{imkom
IPUPOHO, 1110 IPU LBOMY 3aTPUMYIOThCS BKPAIUIEHHSI , PO3MIPH SIKUX TIEPEB U-
IIYIOTh PO3MIPH CITKH. Martepial CITKM HE TOBUHEH PO3YMHSATUCS KOMIIOHEHT a-
MU CIUIaBY, @ caMa BOHA MMOBMHHA 30€piraTtu AOCTAaTHIO MILIHICTb, 100 HE py  W-
HYBaTHUCS MiJ J1€I0 METAIOCTaTUYHOIO TUCKY IIPpU TeMIiepatypi posmiany. L
YMOBH BUKOHYIOTBCSI IPU BUTOTOBJIEHHI CITKH 3 OOPaIFOMOCHIIIKATHOTO CKJIA.

Bubip po3Mipy Biuka CITKM BU3HAYAETHCS B 3JIEKHOCTI BiJ 11 MEXaHIYHOL
MIIIHOCTI Ta HEOOX1THOTO METAJIOCTATUYHOTO HAIIOPY JIs TIOIaJlaHHs Kamliias -
HOT'O MPOTUTHUCKY, IO BUHUKAE BHACII1JIOK HE3MOUYYBAaHHS METAJIOM MaTepiainy
CITKH.

3epHucTUil GUIBTP — L€ HIap 3epeH Pi3HOrO po3Mipy (3BUUAMHO BiJ 5 10
15Mm) Ta ToBuMHOIO 10...20CcM, Yepes siKuii MPOMYyCKalOTh PO3IUIaB.  3€pHa I10-
BHUHHI MaTu JOCTaTHIO BOTHETPUBKICTh, OyTH XIMIYHO IHEPTHUMU Ta HE pO34  H-
HATHUCS B KOMIIOHEHTaxX cruiaBy. HallOu1b11 4acTo iX B UTOTOBJISIOTH 3 HACTYITHUX
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MmatepianiB: kopyHay Al Os; marnesutry MgO; rpadity C; ciiaBy ¢prop u-
niBCaF,+MgF,; amtomodTopucroro Harpito NazAlFs.

IIuranus nos camonepeBipku

Ski G1TbTpH 3aCTOCOBYIOTH B JIMBApPHUX L€XaxX JJIA BIIOKPEMIICHHS Ta 3aTp  U-
MaHHSI HEMETaJIIYHUX BKpaIUI€Hb Yy pO3IUIaBax?

Sk npattoe cituactuit GLIbTP?

Sk poOuThCs BUOIp po3MIpy OTBOPY CITKU?

S po3paxoBy€eThCA MIHIMAJIBHO HEOOXITHUN METATIOCTATUYHUIN Harip?

Jle BCTaHOBIIIOIOTH CITYACTI (PUILTPHU?

Sk npattoe 3epHrCcTUI QUIBTP?

3 AKUX MaTepianiB iX BUTOTOBIIAIOTH?

3a paxyHOK SIKMX JBOX IPOILIECIB B1AOYBa€ThCS OUMIIECHHS PO3IJIABY BiJ HEM €-
TaJ1YHUX BKpAIUIEHb?

Sk po3paxoBy€eThCsl MUTOMY 00’ €MHA BUTpaTa MeTauty yepe3 GuibTp?

1.2.2 Kepamiuni, ninokepamiuni ma npecosaui inempu

®dinbTpyBaHHS METaly 3a A0MOMOror0 kepamiyHux ¢uisTpiB. [IpecoB aHi
Ta IiHOKepaMiuHi pibTpu. TexHoorid 3aCTOCYBaHHS KepaMidyHUX (DUIBTPIB.
[TpecoBani Ta niHokepamiuHi GpinbTpu. CriBBIAHOUIEHHS IO PUIBTPY Ta T O-
NIEPEYHOT0 NEPETUHY JIMBHUKOBOTO X0/1y. TeXHOJIOT1sl BATOTOBJIEHHS KepaMi Y-
HUX (PUIBTPIB.

IHocunanus Ha jgirteparypy: /5/ 28-38, /8/ 10-25.

MeToan4Hi BKa3iBKH

[TinokepamiuHi PUIBTPU  — 1€ BUCOKOMOPHUCTA MJIACTUHA TOBILUHOIO
10...30 MM, yepe3 sKy nponyckatoTe  posmias. [lopucricte dibTpa nocsrae
90...92%, a kinbKicTh MOp Ha 1 cM JTOBKKUHU PUIHTpa 3MIHIOETHCS Bia 4 10 20 .
Voro rycruna ckiaznae 0,40...0,45 r/cm °. TTiHoKkepaMivnmii GigbTp, TAKUM 4 H-
HOM, Ma€ 3HaYHy KUIbKICTh 3BUBUCTHUX MOP MEPEMIHHOTO MEPETUHY. 3aTpUMa H-
HSl HEMETaJIIYHUX YaCTOK BIIOYBA€EThCA K 332 PAXyHOK CITUACTOrO TaK 13a pax y-
HOK ajare3iHux suil. [Ipu npomy 1€ Bi10yBa€eThCs OJJHOYAC HO I10 BCbOMY
00’emy dutbTpa. OTpUMYIOThH MiHOKEpaMiuHi GUILTPH pi3HUMH MeTofamu. H  a-
NpUKIa, ToJIMEpHY I'yOKy, HalOUIbLI 4acTO MOJlypeTaHOBY, CTUCKAIOTh 13  a-
HYPIOIOTh Y IUTIKEP CMETaHOMO110HOT KOHCUCTEHIII].

[Ticns HacudeHHs ryOKH HUTIKEPOM ii BUIIy4aroTh 1 MPOMYCKalOTh  Yepes
OOTUCKYBaJIbH1 BaJbIll JJIs1 BUAUICHHS HAUTUIIKY Hutikepa. Bimkarty ryoky
IPOB’SITIOIOTH HA MOBITP1 1 pIXKYTh HA IIMATKU MOTPIOHUX pO3MIpPIB Ta GopM
(kBagpatTHi, KPyTJi, NOJIroHa bH1). OTpuMaHi 3aroTOBKH BUCYIIYIOTh IIPU T€ M-
nepatypi 150...200°C 1t BUaieHHs: BOJIOTH 1 3MIITHEHHS 1 MOTIM BUTIATIOIOTh
P BUCOKHUX TeMIeparypax /i crikanHs. [Ipu BunamoBanHi ryOka MOBHICTIO
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BUTOpsie, PUILTP HAOyBa€ HEOOX1THOT MIITHOCT1 BHACIAOK CIIKaHHSI YaCTOK B O-
THETPUBKOI'O HAMIOBHIOBAYa, a TAKOK BTPAYa€ ra30yTBOPIOBAIBHY 37aTHICTb.

IIuranus 1ig camonepeBipku

SKi MarOTh XapakTEPUCTUKH MIHOKepaMIuH1 QLIbTpU?

3a paxyHOK 4Oro B HUX B1JJOYBA€ThCS 3aTPUMaHHS HEMETAIIUHUX YaCTOK?
Ha3BiTh cxianu nuiikepy.

o € HalBaXXJIMBIIIMMHU XapaKTEPUCTUKAMH MHOKEPAMIYHOTO PUIbTPY ?
Jle BCTaHOBIIIOIOTHCS IIHOKEpaMidHl (PUIBTPU B JTUBHUKOBINA cUCTEM1?
[TepeBaru niHokepaMigyHUX (QUIBTPIB.

1.3 Tema 3. /lunamiuna ma cmamuyna O0isa memany Ha hopmy ma
CHPUIICHI

KinetnuHa eHeprisi CTpyMeHs1 MeTaly Ta ioro noTyxkHicts. Cuna yaapy
CTPYMEHS y CTIHKM (JOPMU Ta CTPUKHIB Ta il 3MeHIIeHHs. ['iapaBniynuil ynap y
BEPXHIO MiB(OPMY IIPH 3aBEPILECHHI 3AJIMBAHHS Ta PO3PAXyHOK HOTr0 BEIUYHUHH.
Po3paxyHok 6€3p03MipHOTO KpUTEPIiI0 €po3iiiHo1 cTilikocTi popmu. CTaTUUHUI
THUCK MeTaly Ha CcTiHKU (hopm. J(uHamiyHa ais metany Ha Gopmy. [ligHiMansHa
CWJIa Ha BEpXHIO HamiBGopMy. ApxiMe0Ba CUJI a Ha CTepKHI. Po3paxyHok 3ar a-
JILHOT MTHIMAJIBHOT CUJTU Ta €JIEMEHTIB CKPITUICHHS HaAMiBGOPM.

IHocunanus Ha jgdirteparypy: /1/ 25-66, /2/ 389-408, /3/ 39-50.

MeToan4Hi BKa3iBKH

3anoBHEHHS MOPOXKHUHU (POPMU BiJIOYBA€ETHCS 3a MEBHUI pO3paxOBaHUM
BIJIPI30K Yacy — TPUBAJICTh 3aJIUBAHHS Ts,; , SIKA 3QJICKUTH BiJl Macu BUJIMBKA,
TOBIIMHHU MOTO CTIHOK, KOHCTPYKLIi TUBHUKOBOI CUCTEMHU. JIJIs1 JOCATHEHHS 3  a-
MOBHEHHS TIOPOKHUHU (DOPMHU 32 BUBHAYEHUH Yac PO3PaxXOBYIOTh HEOOX1THUM
NEPETUH €JIEMEHTIB JIMBHUKOBOI CUCTEMH, IPUIIMAIOYH 10 YBaru MBUAKICT I O-
TOKY METaJly B JKUBHJIbHUKaX Wy, SIKa CYTTEBO 3aJIEKUTH BiJ] METAJIOCTATUYH O-
ro Hafopy B JIUBHUKOBIM cucTeMi. B 3a1€KHO CTi Bij] MOJIOKEHHS KUBUIILHUKIB
10 BIIHOUIEHHIO 0 TOPOKHUHU (POPMU, METATIOCTATUYHUHN HAIIp B MPoILIeci 3 a-
JIMBAHHS MOKE 3aJIMIIATHCS HE3MIHHUM a00 MOCTYMOBO ~ 3MEHIIYB aruch. Tomy
IIpU pO3paxyHKax JIMBHUKOBUX CUCTEM BUKOPUCTOBYIOTH IMOHATTS PO3PAXYHK O-
BOT'O (CepeIHbOr0) METaJI0CTaTUYHOro Haropy Hp, BeIMUUHY SIKOTO 00YHCIT F0-
I0Th HACTYITHUM YMHOM JIJIsl HAMOUIbII MOIIMPEHUX TUIIIB TUBHUKOBUX CUCTEM.

CTpyMiHb METally, 10 BUTIKAE 3 KOB 114 YW KUBUJIHHHUKIB 3 IIBUJIKICTIO
W, Mae eBHy KiH €THUYHY €HEprilo 1 CTBOPIOE TUHAMIYHUI THCK Ha MOBEPXHIO
dbopmu.

B MoMeHT 3aBeplieHHs 3a110BHEHHS TOPOXKHUHU (POPMU pIIKHUIA MeTa,
110 IT1 THIMAETHCS B MIOPOKHUHI 3 TIEBHOIO MIBUAKICTIO Wiy, yAapsi€ B BEPXHIO
niBopMy 3 neBHO cuinoro Fryy. Lle siBuilie Ha3uBaIOTh T1IpaBIIYHUM YAAPOM, 1
BOHO IPOSIBIISIETBCS B PI3KOMY MMIJBUIIEHHI TUCKY METaly B BEpXHiX mapax ¢ o-
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pMU Ha BeMYUHY A hy,« B TOPIBHSHHI 3 CTATUYHUM TUCKOM  h¢; 1 HACTYITHUM
3HIDKEHHSIM TH CKY Ha BeinuuHy Ah . [Iporiec moBToproeThes eKiibKa p a3iB B
3aTyXar4uoMy pexuMI.

MertanocTaTU4HMIA Harip — 1€ BIACTaHb 10 BEPTUKAII BiJ TOPU30HTAIBHOL
IUTOLIMHHU, 10 MPOXOAMUTH YEPE3 pIBEHb METANTYy B JINBHUKOBIHM Yaill abo BOPO H-
11 10 TOYKH, II0 PO3TIIAAAEThCS. BEKTOpH CHil TUCKY B TOYIII, IO 3HAXOAUTHCS B
cepeMHl MeTaly, AI0Th PIBHOMIPHO Y BCIX HaIpsIMKax

IIuranus nis camonepeBipku

YoMy 0piBHIOE pO3paXyHKOBH HaIlip AJI BEPXHIX TUBHUKOBUX CUCTEM?

YoMy 10piBHIOE pO3paXyHKOBHM HaMip AJI HUKHIX TUBHUKOBHX CUCTEM?

YuM BU3HAYAETHCS IUBUIKICT PYXY PIAMHU Y€pe3 3aHyPEHUI OTBIp?

JJ1st 40r0 BUKOPUCTOBYIOThH O14HI JUBHUKOBI CUCTEMU?

YoMy nponopuiiiHa cuiia yaapy CTpyMeHsl METally y CTIHKY (popMu?

[Ilo Take epo3ist popmMH 1 10 YOO BOHA MPU3BOIUTH?

Sk po3paxoByeThCs TiApaBIIYHUN yaap y popmi?

Sk po3paxoByeThCs WIBUAKICTD MigoMy MeTainy y popmi?

B yomy nossirae HeraTUBHUM BIUIMB T'1IpaBiIIvHOIO yapy Ha (hOpMyBaHs BUII U-
BKiB?

1.4 Tema 4. TI'iopaeniuni ocrnoeu po3paxyHKy JTUGHUKOBUX CUCHEM

Knacudikariisi cnoco6iB 3aj1MBaHHsI METaNy 1 TUIHM JIUBHUKOBUX CHUCTEM.
Bu3HaueHHs onTUMaNbHUX TPUBAIOCTI 3aJIMBaHHA. PO3paxyHOK MET anocTaThy-
HOTO HaIopy Ta IOl BY3bKOT'0 MEPETUHY JUBHUKOBOT CUCTEMU. PaltioHanbHi
00acTi 3aCTOCYBaHHS BEPTUKAJIbHO —IIJIbOBUX JINBHUKOBUX cucteM. [Ipu3n a-
YEeHHS JIOIIOBUX JIMBHUKOBUX CHUCTEM Ta X KOHCTPYKIIs 1 pi3HOBUAM. Po3pax y-
HOK BEPTHKAIbHO—/IPOCENIbHUX Ta TOPU30HTA IbHO—APOCEIbHUX CUCTEM. SpycHi
JIMBHUKOBI CUCTEMH Ta IX 3aCTOCYBaHHS.

IHocunanus Ha jditeparypy: /1/ 67-233, /3/ 285-409.

MeToau4Hi BKa3iBKH

BuOip koHCTpyKIIii cUCTeMHU € TOYAaTKOBUM 1 B TOM K€ 4ac HalOIbII Bl JI-
NOBIJAJIbHUM €TaroM il MPOEKTyBaHHS, B1J] YCIIIIIHOTO B MPILLIEHHS KOO 3aJl €-
KUTh KIHLEBUM PE3yNbTaT pOOOTH — MPOEKTYBAHHS PalliOHAIbHOT JIUBHUKOBOI
CUCTEMH.

JIMBHUKOBI CUCTEMHU MOXKYTh CKJIaJaTHUCA 3 JIBOX €JIEMEHTIB (JIMBHUKOBA
Jifika, TMBHUKU); TPhOX €JIEMEHTIB (JINBHUKOBA JIIMKA, CTOSIK, IMBHUKH); YOT H-
phOX €JIEMEHTIB (JIUBHUK OBA JIiiKa, CTOSIK, PO3MOIILHUN KaHaI, TUBHUKH).
Po3paxyHOK JTMBHUKOBOT CUCTEMH IOJISITA€ B 3HAXOKEHH1 TUIOI MTONEPEUHUX
nepepiziB 1 JIHIMHUX PO3MIPIB 1i OCHOBHUX €JIEMEHTIB: CTOSIKA, INTHUKOBOTO
XOJy 1 XUBWIbHUKIB. [[ppyoMy criouaTky po3paxoByOTh HaWMEHIIUH (po3p  a-
XYHKOBE), TOOTO peryiouy BUTpaTy, IEPETHH JTUBHUKOBOI CUCTEMHU, 3a3BUYAN
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CTOSIKA, a TIOTIM, BUXO/ISTUYM 3 IPUUHATOTO CIIBBIAHOMIEHH — F . F) 4 F}; BU3H a-
YaloTh IUIOII CYMapHUX MONEPEUYHHUX MEePEePi3iB IHIIUX €IIEMEHTIB.

[I1o6 nuBHUKOBA cHUCTEMa BUKOHYBaja CBOi (PyHKIIIl, po3Mipu  ii OCHO B-
HUX €JIEMEHTIB CJIi/I PO3PAXOBYBATH BUXOSYH 3 TAKUX YMOB: pO3MIpHU JIUTH  U-
KOBOH Yallll - 3 yMOBH 3an00IraHHs M1JACMOKTYBAHHS LIJIaKy Yepe3 BEPXHIM T e-
PETHH CTOSIKA Ta 3a0€3MeUeHHs TO3UTUBHOTO TUCKY pO3IlIaBa B HbOMY; PO3MIpH
HWKHBOTO MOMEPEUHOT0 NEPEPI3y CTOSIKA - 3 YMOBHU 3a0€3MeUEHHS MPOTIKAaHHS
PO3IUIaBY B HUX 1 poO0YOi MOPOKHUHHU (POPMU 3 JOIMYCTUMOIO TYpOYJIEHTHICTIO,
a TaKOX 3aIOBHIOBAHOCTI (DOPMU; pO3MipU BEPXHBOIO MEPEPI3Y CTOSIKA - 3 YMO-
BU 3a0€3MeueHHs1 He0OX1JHOTO TUCKY PO3IUIaBy Ha HOTO CTIHKH; pO3MIPU JIM  B-
HUKOBOT'O XOJ1y 1 JKUBWJIBHUKIB - 3 YMOBHU 3a0€3M€U€HHS MIPOTIKAaHHS PO3ILUIaBY B
HUX 3 IONYCTUMOIO TypOYJIEHTHICTIO 1 3aTPUMaHHS IIUIaKYy.

BianosigHo 10 1boro nepeadayaroTh Taki BUJIM PO3PaXyHKIB:

- PO3paxyHOK CyMapHHX IUION] MOMEPEYHUX Nepepi3iB OCHOBHUX eJieMe H-
TI1B JINBHUKOBOI CHCTEMH: CTOSKIB, TMBHUKOBHUX XO/IB 1 )KUBUJILHUKIB;

- pO3paxyHOK YMCJIa Ha3BaHUX BUIIE €JIEMEHTIB 1 BU3HAUEHHS iX pO3M  1-
piB;

- PO3paxyHOK Bi/ICTaHI BiJl CTOSIKA A0 MEPILIOTO )KUBUIbHUKA;

- BU3HAYEHHS PO3MIpPIB JIUTHUKOBOM Yall abo BOPOHKHU.

IIuranus nas camonepeBipku

Sk nocsiraroTh HEOOX1HUN TUCK METaly B KaHaiaxX JUBapHOi hopmu?

Ski ymMOBH 3a0€3ME€UeHHsI 3alI0BHIOBAHOCT1 (DOpMU po31IaBom?

SIKi OCHOBHI MOJIOKEHHS, Ha SIKUX MA€ FPYHTYBATHUCS MPOEKTYBaHHS JIUTHUK  O-
BOU CUCTEMHU?

YoMy BUOIp KOHCTPYKIIi1 JINBHUKOBOI € HAHOUIbII BIAMOBIJAIBHUM €TalloM il
IIPOEKTYBaHHS?

Sk 0O6uparoTh MOJIOKEHHS BUWIMBKA y QopMi 1 po3'eM popmu?

Sk obupatu crnoci6 1 Miciie miABeeHH po3iiaBa y hopmy?

Sk po3paxyBaTH BEpTUKAIBHO —APOCENbHI Ta TOPU30HTAIBHO —IPOCEIbHI CUCT e-
MH?

2 TIPAKTUYHI POBOTH

[TpakTukyM IpOBOAUTHCS 3a AJIsi MOTIMOJ €HOr0 BUBUEHHS OCOOIMBOCTEN
PYXY PIIKOTO MeTally y JUBapHiil popmi.

[Tpaktuuna podota 1 - Po3paxyHok giameTpa OTBOPY CTOMOPHOTO CTaK a-
HuMKa. Po3paxyHku yacy 3anuBaHHs (JOpPM Ta MUTOMOI HIBUIKOCTI 3aIMBaHHS
¢dbopM. Po3zpaxyHkH IIBUIKOCTI CTPYMEHSI METAIly Ta Yac CIIOPOKH E€HHS KOBIIA.
Po3paxyHok aiameTpa oTBOpPY CTOINOPHOTO CTaKaHUYMKA Ta BUOIP HEOOX1THOT
eMHOCTI KoBIly. XiJ pilieHHs poOoTu HaBeAeHo y npukiam 2.1 (- /5/, c. 18.).
BapianTu 3aBanp 70 nepiioi NpakTUYHOI poOOTH HaBeeHO B Ta0uii 2. 1.

Tabauys 2.1 — Buxioui dani 0ns po3e ‘a3anusa npakmuynoi pooomu Ne 1
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No Buxigxi maxi
3aBJ. Qla KI'| T, C Q27 KI'| Tp, C Q37 KI'| 13, C Q49 KI'| Ty, C Q53 KI'| 75, C

110 15 90 10 100 20 | 120 | 22 80 10

120 22 | 300 | 30 180 25 | 220 | 28 160 23

980 60 | 550 | 60 900 57 | 800 | 50 750 40

950 60 | 1850 | 100 | 830 55 [ 1650 | 70 650 50

1050 | 60 | 1750 | 70 980 58 | 2250 | 120 | 1950 | 100

1760 | 65 | 1890 | 67 | 1200 | 60 | 2740 | 80 | 2370 | 70

3500 | 170 | 1000 | 70 | 2450 | 120 | 1050 | 60 | 3980 | 180
1900 | 100 | 3590 | 130 | 4780 | 180 | 1750 | 110 | 3960 | 150
4860 | 120 | 2600 | 100 | 5960 | 140 | 1700 | 100 | 4870 | 160
5990 | 180 | 6890 | 130 | 4450 | 120 | 7590 | 100 | 5050 | 150
5790 | 110 | 8890 | 160 | 9570 | 200 | 5690 | 100 | 9940 | 220
11790 | 200 | 8890 | 190 | 10570 | 250 | 7690 | 150 | 10940 | 260

100 15 70 10 130 20 | 150 | 22 50 10

130 22 | 290 | 30 190 25 | 250 | 28 140 23

1080 | 60 | 450 | 30 950 57 | 850 | 50 650 40

1090 | 60 | 1750 | 100 | 780 55 [ 1790 | 70 590 50

= | | | | | | =
\]O\Qh-lkwl\)b—to\ooo\]o"\ﬁh-hwl\)»—i

950 60 | 1850 | 70 | 1080 | 58 | 2150 | 120 | 1950 | 100

[TpakTuuna pobota 2 - Po3paxyHOK Hanmopy Ajsi pi3HUX TUIIIB JIUBHUK O-
BUX cucTeM. Po3paxyHOK HIBUAKOCTI Ta BU3HAYEHHSI peXXUMa pyXy MOTOKY pi  JI-
KOT'0 YaBYHY IIPU BUXO/1 METaJy 3 K MUBWJIbHUKA B OPOKHUHY JIMBAPHOI POPMHU.
Po3paxyHOK MIBUAKOCTI Ta BU3HAUYEHHS PEXHUMa pyXy MOTOKY PIJIKOi CTall MpU
BUXO/Il METaTy 3 YKUBUJIbHUKA B MOPOXKHUHY JUBapHOi popmu.  Xij pilIeHHS
pobGotu HaBeneHo y npukiaai 3.1 ( /5/, ¢. 27.). CxeMa TUBHUKOBO1 CUCTEMH, KA
HeoOX1Ha 1711 pO3paxyHKiB HaBeJieHa Ha puc. 2.1. BapianTtu 3aBnanb 10 qpyroi
INPAKTUYHOI POOOTH HAaBEJIEHO B TaOIMII 2.2.

Pucynok 2.1 — Cxema ausnuxogoi cucmemu

Tabauys 2.2 — Buxioui 0ani 0ns po38 ’sa3anHs npakmudnoi pooomu No2

‘ Ne ’ Buxiaa1 mani
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3aBA. | a, MM |b,MMm |c,mm |d, MM | e, MM | f, MM | g MM | h, MM | k, MM o

p—

40 400 | 28 30 32 40 | 400 | 22 12 30°

40 400 | 28 30 32 40 | 400 | 22 12 60°

40 400 | 28 30 32 40 | 400 | 22 12 90°

50 500 | 33 35 37 45 | 450 | 30 15 30°

50 500 | 33 35 37 45 | 450 | 30 15 60°

50 500 | 33 35 37 45 | 450 | 30 15 90°

25 250 | 22 25 28 30 | 250 | 20 8 30°

25 250 | 22 25 28 30 | 250 | 20 8 60°

O |0 (I[N |Nn| B |[W|D

25 250 | 22 25 28 30 | 250 | 20 8 90°

10 55 550 | 38 40 42 45 | 450 | 35 17 30°

11 55 550 | 38 40 42 45 | 450 | 35 17 60°

12 55 550 | 38 40 42 45 | 450 | 35 17 90°

13 60 550 | 42 45 48 50 | 500 | 35 17 30°

14 60 550 | 42 45 48 50 | 500 | 35 17 60°

15 60 550 | 42 45 48 50 | 500 | 35 17 90°

16 30 300 | 18 20 22 60 | 300 | 20 10 30°

17 30 300 18 20 22 60 | 300 | 20 10 60°

[TpakTuuna podota 3 - Po3paxyHOK KiHETHKHU (IbTpyBaHHA MeTalny ¢ i-
abTpaMu. OUIBTPYBaHHS PO3IUIABIB Uepe3 CiTd  acTi puibTpu. OUIbTpYyBaHHS
po31uIaBiB yepes 3epHicTi putbTpu. [liHokepamiuHi ¢piabTpu. Xif pILIEHHS p O-
0ot HaBeneHo y npukiani 3.2 (/5/, ¢. 39.). Bapiantu 3aBnanp 10 TpEThOi mpa K-
TUYHOI poOOTH HaBeseHO B Tabmuii 2.3.

Tabauys 2.3 — Buxioni 0aui 015 po38’3anHs npakmuyroi pooomu Ne3

Buxigai maui
Ne 3aBn. | Temmeparypa posmnaBy | Po3mip Biuka ciTku, MM
T, °C
1 700 0,6x0,6
2 700 1,3x1,3
3 700 1,7x1,7
4 800 0,6x0,6
5 800 1x1
6 800 1,3x1,3
7 800 1,7x1,7
8 900 0,6x0,6
9 900 1x1
10 900 1,3x1,3
11 900 1,7x1,7
12 1000 0,6x0,6
13 1000 1x1
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14 1000 1,3x1,3
15 1000 1,7x1,7
16 1100 0,6x0,6
17 1100 1x1

3 METOJNYHI BKA3IBKHA 110 BUKOHAHHIO
KOHTPOJIBHUX POBIT

MeTta BUKOHAHHSI KOHTPOJIBHOI pOOOTH - 3aKpIIUIEHHS 3HaHb, SIKI OTPUM a-
Hi IpY BUBYEHHI JUCUUIUIIHY 1 PO3BUTH HABUYK U CAMOCTIMHOI pOOOTH HaJ T€ X-
HIYHOIO JIITEPaTyporo, TOBIAHUKAMU, HOPMAaTUBH UMHU JOKYMEHTAMHU.

KoHnTpoabsHa poboTa cTporo 1HaUBIIyallbHA, CIOHYKA€ CTYJIEHTIB “TI0  p-
L1HO” 3aCBOITH BEJIMKHUI MO 00’ €My KypcC 1 KOHTPOJIFOBATH HOTO 3aCBOEHHS.
KonTposabsHa poboTa MICTUTh Y c001 po3 paxyHOK OCHOBHUX JIIJIbHUIb
JMBAPHOTO LIEXY 3a HA/JIaHOK TEMOIO.

Po6oTy HeoOX11HO BUKOHYBATH Ha apkymiax ¢popmary A4 pyKOnMCHUM
ab0 IPYKOBAaHUM CIIOCOOOM.

He nonyckaeTbcst KonitoBaHHS i BKJICIOBAHHS rpapiuHUX 300paXKeHb 13
JITepaTypHUX JKepen . Takox He A0MyCKA€EThCS IOBTO  PIOBATH BUKJIAJACHUN y
JITepaTypHUX JKepenax TekcT. Ha Bukopucrany jirepaTypy, CIUCOK SIKOi 00 0-
B'I3KOBO MOBMHEH HABOJUTHUCS HAMPUKIHI pOOOTH, pOOJIATHCS MOCUITAHHS.

BukoHyeThCsl OIMH BapiaHT KOHTPOJIbHUX 3aBAaHb. Ha TUTYynpHOMY @ p-
KyIIl HEOOX1/IHO BKa3aTH:

- TOUYHY Ha3BY AUCLMILIIHU;

- BaplaHT KOHTPOJIbHOI po0OTH;

- TeMY KOHTPOJIBHO1 pOOOTH;

- Ipi3BHUILIE, IM'Sl, 1O OATHKOBI B POJJOBOMY BIJIMIHKY;

- (haKyJIbTET, IPYITy, KYpPC 1 CIELIaIbHICTb.

KonTposisHa poboTa noBuHHa OyTH MiANKCAaHA CTYJIEHTOM 13 3a3Ha4ye  H-
HSIM JIaTH il BUKOHAHHA. POO0Ta BBa)kKaeThCs 3apaxOBaHOI IPU MO3UTUBHIN Ha
Hel pelieHsii. Y NpoTUBHOMY BUIIAJKy KOHTPOJIbHA poOOTa BEPTAEThCA HA B U-
MpaBJIeHHS U JTOPOOKY.

JI71st BAanoro 3aXxuctTy KOHTPOJIbHOI poOOTH Tpeba JaTu BIANOBIAb HA Ba
TEOPETUYHUX MUTAHHS Ta BMITH PIILIATH IPAKTUYHI PpOOOTH.

4 3ABJIAHHSI HA KOHTPOJIBHY POBOTY

[lepenik TeOpeTHYHUX MTUTAHb, SKi BXOJISATH 10 KOHTPOJIBHOI POOOTH:
1)  OcolauBOCTI PIAKOTO METAITY SIK T'1APABIIYHOIO 00’ €KTY.

2)  IlouarTs mpo peoorito.

3)  IlpocTi peonoriugi Tija.

4)  IIpyxwue Tino I'yka.

5)  B’sa3ka pinuna Helorona.

6)  Ilnactuune Tino Cen—Benana.

7)  CxkrnagHi peoJoTivuHi Tija.

73



8)  Tino KennBina.

9)  Tino Makcgena.

10) Tino IlIBenona.

11) PeonoriuHi BIacTUBOCTI PiIKUX METAIIB IPU TBEPAIHHI Ta PU
OXOJIOJI?KEHHI MOBHICTIO 3aTBEPALIONO METAIY.

12)  OcHOBHI MOJIOKEHHS T1APOCTATUKH Ta T1JIPOTUHAMIKH.

13) T'igpocTaTU4HMIA TUCK B HEPYXOMIHl PIIMHU HA IJIOCKI CTIHKH.

14) T'igpocTaTU4HMIA TUCK B HEPYXOMIiH p1IMHU HA KPUBOJIIHIMHI CTI H-
KH.

15) JluHaMiyHUH TUCK Pi1IMHHU, IO PYXA€ETHCS.

16) PiBusHHsS bepnyii uis i1ealibHOL Ta peaibHOT PiAMHM.

17) Burtikanas meTany 3 cTonopHoro kosmia. [IIBUAKICTh cTpyMeHs
MeTaly Ta 4ac CHOPOKHEHHSI KOBIIIA.

18) Po3paxyHOK HEOOX1THOTO PO3Mipy CTOMIOPHOTO CTaKaHYMKA.

19) BurtikanHs MeTany 3 KOBIIA 3 HOCUKOM. TpaekTopisi pyxy CTpyM e-
HSl.

20) Pyx Merany B IMBHUKOBIH Yallli 1 BOPOHIII.

21) 3arpumaHHS HEMETAIIYHUX YACTOK B Yallll.

22) Pyx merany B cTOAIII.

23)  Crosiky, SIKi MPALO FOTh M1 PO3PIIKEHHAM 1 I HAIATMOCHEPHUM
tuckoM. KoHdirypanist CTOsIKIB.

24) Pyx MeTaiy B IJIaKOBJIOBJIIOBaYl.

25) Pexumu pyxy meTainy.

26) IlagiHHS WIBHIKOCTI PYXY, PO3PAXyHOK KOE(IIIEHTY BTpAT HAMOPY.

27) 3arpuMaHHS HEMETAJIIYHUX YACTOK Y IUIAKOBIIOBIIOBAYI.

28) Pyx Merany *KUBWJIbHUKAX Ta MOPOKHUHI JIMBAPHOI (POPMHU.

29) JloBkuHAa >KMBUJIBHHKIB Ta iX MONEpeYHUid nepeTuH. Biius koHd 1-
rypariii Ta cTaHy NOBEpXH1 MOPOKHUHU (POPMH Ha PYX METAIy.

30) IlpusHaueHHA 1 HEOOX1IHI pO3MIpU HATIOPY.

31) Kinetuyna eHeprisi CTpyMeHsI METaIly Ta MOro MOTYXHICTb.

32) Cwuna ygapy CT pyMeHs y CTIHKM (pOpMH Ta CTPUIXKHIB Ta i 3Me€  H-
HICHHS.

33) KiHeTuyHMI THUCK CTpYMEHS Ha MOBEPXHIO (POPMU Ta CTPUKHIB Ta
BIJIPUB YaCTOK CyMIIIIi.

34) Po3paxyHOK 0e3p03MIpHOT0 KPUTEPIIO epo31iHOT CTIHKOCTI PopMu.

35) TigpaBniuHuil ynap y BepXHio miBGopMy IpH 3aBEpILCHHI 3a]l  U-
BaHHA Ta PO3PAXyHOK HOT0 BEJIMYHUHH.

36) BmuwmB riipaBiiyHOro ynapy Ha (OpMyBaHHS NPUTApY, YKUMUH,
ra3oBUX PaKOBUH, NIAHATTS BEPXHBOT MiBHOPMHU.

37) CraTU4HMIA TUCK METaTy Ha CTIHKU (HopMm.

38) JuuamiuHa ais metany Ha popmy. [ligHiManbHa cuila HA BEPXHIO
HaniBpopmy. ApXiMe10Ba CHJIa Ha CTEPKHI.

39) Po3paxyHOK 3arajgbHO1 IiJHIMAJIBHOI CUJIU Ta €JIEMEHTIB CKpPIIUIe H-
Hs HarmBdOpM.
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40) Knacudikaiis cnoco01B 3aJIMBaHHS METAy 1 TUIU JIMBHUKOBUX C H-
CTEM.

41) Bwu3HaueHHs ONTUMAIbHUX TPUBAIOCTI 3aJIMBAHHS, PO3PAXYHKOB O-
r0 METaj0 CTATUYHOI'O HAIMOPY Ta IJIOLII BY3bKOI'O M€ PETUHY JUBHUKOBOI CH C-
TEMU.

42)  ChiBBIIHOILIEHHS IJIOL] MOMEPEYHOI0 NEPETUHY €JIEMEHTIB JIMBH HU-
KOBOI CUCTEMH.

43) OO6nactb 3acTOCYBaHHS Ta OCOOJUBOCTI IPOCEIbHUX JINBHUKOBUX
CUCTEM.

44) Tunu Ta €eIEeMEHTH IPOCETbHUX JTUBHUKOBUX CUCTEM.

45) Po3paxyHOK BEPTHKaIbHUX JIPOCEIBbHUX CHUCTEM.

46) Po3paxyHOK rOPU30HTAIBHUX JIPOCETBbHUX CUCTEM.

47) PauioHanbHi 00J1aCT1 3aCTOCYBaHHS BEPTUKAIBHO — IIUIBOBUX JIU B-
HHUKOBUX CUCTEM. EJIEMEHTH CHCTEM Ta 1X PO3PaXyHOK.

48) SlpycHi TMBHMKOBI CUCTEMH Ta iX 3aCTOCYyBaHHA. MeToauka po3p a-
XYHKY.

49) Ilpu3HayeHHs JOLIOBHUX JIMBHUKOBUX CH CTEM Ta iX KOHCTPYKLIS 1
pizHOBUAM. MeToIMKa pO3paxyHKy.

50) Oco0aMBOCTI TUBHUKOBUX CHCTEM JIJISI CTal.

BapianTtu 3aBnasp st KOHTPOJIBHOT pOOOTH HaBeleH1 B Ta0. 4.1.
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Tabnuya3.l — Bapianmu 3a60anb 0J151 KOHMPOJILHOL pobomu

Teopernyna Teopernuna

IIpakTuyHa IIpakTruHa

No yacTuHa (mu- YACTHHA No yacTuHa (1u- YACTHHA

Bap. TaHHS) Bap. TaHHS)
Ne 1 No2 Ne | Ne za- 0 1 Nod Ne | Ne za-

I.p. B/I. I.p. B/I.

| 7 35 1 | 26 1 20 2 9

2 8 36 2 | 27 3 22 3 9
3 9 37 3 | 28 5 24 | 10
4 10 38 1 2 29 7 26 2 10
5 16 39 2 2 30 9 28 3 10
6 17 40 3 2 31 2 30 | 11
7 18 21 | 3 32 4 32 2 11
8 19 22 2 3 33 6 34 3 11
9 20 23 3 3 34 8 36 | 12
10 1 24 1 4 35 10 38 2 12
11 2 25 2 4 36 31 40 3 12
12 3 30 3 4 37 33 41 | 13
13 4 31 1 5 38 35 42 2 13
14 5 32 2 5 39 37 43 3 13
15 6 33 3 5 40 39 44 | 14
16 11 34 1 6 41 11 45 2 14
17 12 26 2 6 42 13 46 3 14
18 13 27 3 6 43 15 47 1 15
19 14 28 | 7 44 17 48 2 15
20 15 29 2 7 45 19 31 3 15
21 7 50 3 7 46 21 32 | 16
22 8 49 | 8 47 23 33 2 16
23 9 48 2 8 48 25 34 3 16
24 10 47 3 8 49 27 35 | 17
25 11 46 1 9 50 29 36 2 17
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