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JlaGoparopHnasi pabora Ne 1

1.1. Tema: onenka 3¢ (HeKTUBHOCTH MPUMEHEHHUSI TUIIOBBIX METOJOB UCIBITAHUS
JIUCTOBOI'0 MaTepUajla Ha IITAMITyEMOCTb.
1.2. llenb paGOTHI: 03HAKOMUTHCS C TUIIOBBIMH METOAAMH HCTBITAHUS JTHUCTOBOTO

MeTajlla Ha ITaMITyeMOCTh B OIICHUTH ITaMITyEeMOCTh JJUCTOBOTO METaJljIa, OIPEICITUTh
€ro CIOCOOHOCTh K IUTACTHYECKOMY (DOPMOM3MEHEHHIO B 3aBHUCHMOCTH OT CXEMBI
HaAIPSHKCHHO-S(hOPMHPOBAHHOTO COCTOSTHHS.

1.3. MarepuaabHoe oOecreueHue .

1.3.1. Ilpubop DpukceHa.

1.3.2. llltamMn-ipuGop AJs UCTIBITAHUS IO DHTENbrapay.

1.3.3. MeputenbHbIA MHCTPYMEHT: MITAaHTCHIUPKYJIb, MUKPOMETP
1.3.4. I'paduroBas cMa3ka, CnupT peKTuduKar, Os3b.

1.3.5. MeTain 1ucTOBOM.

[TOHATHUE O IITAMIITYEMOCTHU

[ItammyeMocTs (TeXHONOrMYecKass JeOpMHUPYEMOCTh) MeETalIa SBJISETCA
CPaBHUTENBHOU, KOTOPAsi OTPAKaeT MOBEICHUE JTMCTOBOIO METAJlJIa IPH IITAMIIOBKE B
MIPOU3BOJICTBEHHBIX YCJIOBHSX, €r0 CIIOCOOHOCThH IUIACTUYECKU €POPMHUPOBATHCS IO
3aJJaHHOW CXeMe /0 3aJlaHHBIX CTeneHel nedopmanuu U MpHOOperaTh TpeOyemylro
dbopMy B mpoliecce TEXHOJIOTUYECKON onepauuu wim nepexona. llltammyemocts — 310
KOMIIJIEKCHOE TOHATHE, KOTOPOE ONPENENSIETCS CUCTEMON METalll — KOHCTPYKLMS
JeTali — TEXHOJIOTUM INTAMIIOBKM — INTaMIbl — OOOpyJOBaHHE — TMOATOTOBKA
MPOU3BOJICTBA.

TexHonornyeckue HcCObITaHUA (MPoObI) TPUMEHSIOTCS s ONpeneseHus
MpeAeNIbHON CTeNeHu JepopManuy MeTauia B YCIOBUIX, MOJACIUPYIOIUX PA3IUYHbIE
orepaluy XOJIOAHOW JIMCTOBOM MTAaMNOBKU. McnibITaHUs MPOBOASTCS AJIsI KOHKPETHOTO
MeTajia B 3aJaHHbBIX YCIOBUAX 1e(hOpPMUPOBAHHUSL.

I[TOPAJOK BBIITOJIHEHW A PABOTBI
1.1. UcnbiTanus no « OpUKCEHY» Ha TIIyOUHY (POPMOBKH JTyHKHU
VYcenoBuss ucneitanuil  pernamentrpoBansl ['OCT 10510-80. HcnbiThiBaeTcs
Marepuan ToimuHon ot 0,2 MM 0 2 MM Ha npubope DpHKCEHa WM Ha MallluHE —
npuodope moaenu MTJI-10 I'. Ycunue npuxuma coctasisier 10 kH, 3aroroBka — nosioca
mupuHOr 90 MM, arameTp myaHcona 10 u 20 mm. Mepoit uctibITaHus SBISETCS TTyOHMHA
JYHKM B MOMEHT JIOKalu3auuu Jaedopmanuyd M paspbiBa MeTaia (CHaja yCHIIus).
OObeKkTaMu HCCIeI0BaHUS ABIISIOTCS: BbICOTA BBIMTYYUBAHUS JTyHKU; XapakTep pa3pbiBa
METaJIJIa B ITOJIKOCE, aHU30TPOIMHOCTh METAILIA; 3€PHUCTOCTD BBITYYEHHON MTOBEPXHOCTH.
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1.1.1. Meroauka npoBeACHUS UCTIBITAHUM
1.1.1.a. Umerommuecs: oOpasipl MU3BMEPUTH U JaHHBIE 3aHecTH B Ta0. 1.1.
Tabnuma 1.1 -Pe3ynbraThl UCHBITAaHUA 1O «DPUKCEHY» Ha TIyOMHY (HOPMOBKH
JYHKH

No |Mapka| TommuHa Pazmepsl ['nmybuna | Xapakrtep Ouenka
II/T1 [MaT-J1a| 3ar0TOBKH, MM |3arOTOBKH, MM | JIYHKH, MM | pa3pyLICHUs [AHU30TPOITUU

1.1.1.6. IIposectu (B coorBercTBUM ¢ ['OCT 10510-80) ucnpitanus Ha TIyOUHY
dbopmupoBanus TyHKU Ha ipubdope Ipukcena uian MTJI-10 I'. Ins storo:
- 00€3KUpUTH 00pa3zel U 30Hy NPUKUMA IITAMIIOBOM OCHACTKH, YCTAHOBUTH 3arOTOBKY
MEXTy TIPUKHUMHBIM KOJIBIIOM M MaTpuliei (cM. puc.l.1) u 3axarth ¢uiaHel] 3aroTOBKH;

g5

d27

Pucynok 1.1 — Cxema ucnblTaHus 1o « OpUKCEHY» Ha INIyOHMHY (POPMOBKH JTyHKH.

- BBITSHYTh CPEPUUECKYIO JTYHKY 0 MOMEHTa 00pa30BaHUs TPEIIMHBI HA UCIIBITYEMOU
3ar0TOBKE;
- U3MEPUTH IITyOUHY BBITSIHYTOM JIYHKH M PE3yJIbTaThl 3aHECTH B Ta0M.1;
- BBITIOJTHUTH TO K€, MPEIBAPUTEIIBHO HAHECS CMa3Ky Ha MyaHCOH, Pe3yJbTaThl 3aHECTH
B Ta01.1.1;

1.1.1.8. B coorBerctBun ¢ I'OCT 9045-93 (mpmnoxenune 1, Tadmuisr 1,2,3)
COIMOCTABUTh PE3yJbTAaThl HMCIBITAHHWS W 3amucaTh BBIBOA 10 moapaszzaeny 1.1.1. o

Ka4CCTBC U IIPUT'OAHOCTH UCIIBITAHHOTO MCTAJlJIa K BBITAXKKCE.

1.2. icnibiTaHus Ha BBITSKKY LHUIMHAPUYECKOTO KOJIMauKa ¢ MOMOUIBIO IITaMII-
npubopa (UCTBITAaHUS TI0 DHTEIBrapATy)

WcnpITanus 3aKIF0YAOTCS B BBITSKKE LWJIMHIPUYECKOrO KOJIMAYKa C TOMOLIBIO
mramn-npudopa (cMm. puc. 1.2.) npu noctossHHOM Ko3pduuuente BuITSDKKUA 0,577
(mnametp myancona dn=30...70MM) ¢ paguycoMm 3aKpyriieHus paboueii KpOMKH 4 MM 10
BO3HMKHOBEHHUS MAaKCUMAJIbHOTO YCUJIUS BBITSKKA Prax, 3aTeM (raHen 3aroToBKu
’KECTKO 3akuMaeTcs U puxcupyercs ycunue Py, OTphIBa HA.
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Puc.1.2 - Cxema mrtamn npudopa JijIsi UCIIBITaHUH 110 DHrenprapaTy: 1-matpuna;

2-HIWKHSS TUIMTA; 3-TIPWKUM; 4- BEpXHss IUIMTA; S-TIyaHCOH; G-TIpy’>KHWHA BO3Bpara; /-
MIOJIOCTH T Macia; 8-py4Hoit Hacoc; 9-MaHOMETD.

KputepueM oneHKHM MTaMIyeMOCTH C IOMOIIbIO IITAMII-NIPUOOpa SBISETCS
OTHOCHUTEJIbHAS PA3HOCTh YCHIJIMI OTpPBIBA THA U BBITSHKKY (cM. puc. 1.3.), mokazarens T:

P, — P,
OoT max
T=22 P x 100%
I8 oTp
Yewm Gosbire T, TeM ydiiie MTaMIyeMOCTh METasla.
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Puc. 1.3. — CBsa3b nokazarens «T» ¢ nmpeneabHbIM KO3 (GUIIUEHTOM BBITSKKA
JIOTIOJIHUTENBHBIM YCIIOBUEM MOXKHO CUATATh MapameTp:

N = 27
Pmax
[TIpu N=1 mpoucxomuT paszpyiieHue. 3anac Mo yCHWJIHSIM MOXET Ha3HA4yaThCs B
3aBUCUMOCTH OT YCIIOBUN JehOpMHpPOBaHUS U CBOWCTB MeTaiia. OOBIYHO HUKHUUN
npenen paBeH 20%, T.e. N>1,2 aBisieTcs 1OCTATOYHBIM JJISI KOMIICHCAITMH U3MEHESHUM
CBOWCTB MeTajlla B Ipejesax OJHOW MapKU U yCIOBUU IITAMIIOBKH.

1.2.1. Metoauka npoBeACHUS UCTIBITAHUI:
1.2.1.a. U3meputh umeroriuecs: 00pasiibl U JaHHbIC 3aHECTH B TaoOJ1. 1.2.

Ta6nuna 1 - Pe3ynabTaThl HCIIBITAHUS 110 « DHTEIBrapATY»

Ne | Mapka TonmmHa Hunametp Makec. ycunue | Ycuime oTpbiBa
11/T1 | MaTEpHaJia [3arOTOBKH, MM| 3arOTOBKH, MM | BBITSDKKH, H nHa, H




1.2.1.6. CMa3aTh 3arOTOBKY M OCHACTKY U YJIOXKHUTb 3aTOTOBKY B IIITaMII.

1.2.1.8. I'mapaBau4eckuM HACOCOM CO37aTh HEOOXOIMMOE YCHIHNE MpHKUMa
2--4MlIla (2540 xrc/cm?).

1.2.1.r. BoITsHyTH IeTanb Ha HCHBITATEILHON MallMHe, IPU 3TOM (PUKCUPOBATH
yCHUJue BBITSKKU Py 0 X0y myaHcoOHa.

1.2.1.1. 3adukcupoBaTh MOMEHT BO3HUKHOBEHUSI MAKCUMAJILHOTO YCHUIIUS, 3aTEM
C TIOMOIIBIO THUAPABIMYECKOro Hacoca 8 (cM. puc.l.2) moBecTH ycwive OprKuma Jo
15+20MI1a u mporecc nepopMupoBaHUs 10 MOMEHTa OTpbIBa THA (Porp.)

1.2.1.e. 3anucats B Tabn. 1.2 ycunue otpeiBa 1Ha (Porp ) 1 MakCHMaIbHOE yCHIINE
BBITSDKKH (P).

1.2.1.x. IlomMeHsATHh yCHOBHS HUCHBITaHUS (3aMEHMB MaTepHall) U TMPOBECTU
MOBTOPHO HCTIBITAHUS.
1.2.1.3. PaccuntaTh KpUTEpUH IITAMITYEMOCTH.
1.2.1.1. 3anmcarh BeIBOA 10 mozpasaeiy 1.2.1. (o mraMiryemMocTy MeTalnia).

1.3. KoHTpoJIbHBIE BOITPOCHI

YTOo NOHUMAIOT MO/ ITAMITyEMOCThIO MeTaia’?
Kakne MeTo/1bl OIIEHKH IITAMITYEMOCTH CYIIECTBYIOT?
CyTb M€TO/1a UCTIBITAHUI METAJUIA M0 DPUKCEHY.
Kpurepnn OLEHKH IITaMITyEMOCTH 110 DHTEJIbrapATy.
JI71s1 94ero MCnoap3yI0T AUarpaMMbl MpeIesibHbIX AedhopManuii?
Uto Takoe aHW30TpONUs MeTaia?
Kak BaMSIOT Ha I[ITaMIyeMOCTh MeETajlla BEJIWYMHA 3€pHA, XUMUYECKUE
AIIEMEHTHI?
e Kakue cymecTByoT BUIbl TEXHOJOTUYECKUX UCTIBITAaHUN? B yeM ux cyTh?
o Kak ompenenuts KO03(QGUIMEHT HOPMAIbHOM aHU3OTPONIMKM M TIOKAa3aTelb
ne(pOpMaIIMOHHOTO YIIPOYHEHUS?

JlabopaTtopnas paGora Ne 2

2.1. Tema: nccnegoBanue mpoiiecca BoIpyOKH, MPOOMBKH JINCTOBOTO MaTepuaia B
[ITaMIIax.

2.2. llenb paOoOTHI: HCCIAEAOBATh BIMSHHUE TEXHOJOTHYECKUX TMapaMeTpoB
npoiiecca BbIpYyOKH (IPOOMBKM) HAa CONPOTUBISIEMOCTh CpE3y, YCHIIME BBIpYOKH M
KaueCTBO MOJIy4aeMoro pesa.

2.3. MarepuansHoe obecreyeHue:

- OKCTICPUMECHTAJIbHBIHN IIITAMIT JIJIS1 BEIPYOKH;

- MEpUTEIBHBIN HHCTPYMEHT;

- ucnbelTarenbHas mammaa UI1500;

- 3arOTOBKH, BETOIIIb, CMa3Ka.

2.4. TlopsioK BBITIOTHEHUS PaOOTHI
2.4.1. Tlo 3amanHOMYy uepTexy aetanu (cm. puc.2.1.) pa3paboTaTh 3CKH3 IITaMIa

(cMm. puc. 2.2) ¢ KECTKMM ChEMHHKOM C yKa3aHHEM OCHOBHBIX 3JICMEHTOB IITaMIia U
Marepuana Jjsl UX U3roTOBJICHUS.



2.4.3. PaccunTtarh UCIONHUTENbHBIE Pa3Mephl HHCTPYMEHTA C YUYE€TOM 3aJIaHHOMN

TOYHOCTH BBIpyOaeMoi eTaau (MCIOJIb30BaTh PEKOMEH ALY, TPUBEICHHBIE HUXKE).
2.4.4. PaccunTarh TEOPETHUECKHU COIMPOTUBICHHE Cpe3y U YCHIIME BBIPYOKH B

3aBUCHUMOCTHU

oT

S/d-

OTHOCUTEIHHOU

PEKOMEHIAIluH, TPUBEICHHBIC HUXKE).
2.4.5. YCTaHOBUTH IITAMII HAa TIPECC U MPOBECTU pabOThI, CBSI3aHHBIE C HAJIAJIKOU

mrTaMiia.

TOJIIIIUHEI

3aroTOBKH

(MCTIOIBL30BATh

2.4.6. Ilpoectu BBIpYOKY JAeTalid, TOCIEIOBATEIbHO MEHSSI 3arOTOBKH C

Pa3IMYHON TONIUHON, GUKCUPYS IIPH 3TOM YCUIINE BBIPYOKH.
2.4.7. JlaHHBIE SKCTIEPUMEHTOB 1 aHAIMTUYECKUX PACUETOB 3aHECTH B Ta0. 2.1.

2.4.8. 1o manubM Tabmump! 2.1. mocTpouTh rpaduku 3aBucuMocTel G,=f(S/d),

Pyp=F(Z) u

Py, =F(V).

2.4.9. CnenaThb BBIBOJIBI IO paboOTe.
Tabnuma 2.1 - JlaHHbIC 2KCIIEPUMEHTOB M aHAJTUTHYECKUX PAcueTOB

Mapka | Tommumnaa, OtHOCUT.| CKOPOCTH Ycunue Conpotus | KauectBo
matepuan S, MM | TommuHa |neopmu- | nehopmupoBanus, H| 7neHwme | moBepxHO
JI€Talu, | POBaHMS cpesy, CTH
S/d V, M/ceK Teop., | Sxenep., oep, MIla cpesa
PTeop P JKCII '
}ﬁﬁjgfg
Hit b +/2ﬂ4
Lmamw 7
Puc.2.1 — Dckus neranu.
Z J 4
"
\\'\'--\"\\\\\\ !
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1|
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Puc.2.2 — Dcku3 mramna: 1-myaHcoH; 2-TuikTa BEpXHsisl; 3-XBOCTOBUK; 4-BTYJIKH;
5-cpremMHHK; 6-KOJIOHKH; 7-TIIIHTaA HIKHSI.



Jlyis pacueTa HMCIOJHUTENBHBIX Pa3MEpPOB MHCTPYMEHTA MOKHO HCIIOJIb30BaTh
dbopmyutel /1,2/, mpuBeICHHBIC HIDKE M TAHHBIMH W3 Ta0JI. 1 1 2 B IPHIIOKCHUHN 2

a) IIJIs1 BEIpYOKHU 0) U1t IPOOUBKH
LM= (LH = HI/I )+ SM; LH: (LH+HI/I )-81‘[;
I—n= (LH - HI/I = Z)- om LM= ( LH+HI/I+ Z)+ 8;

rjae Ly - HOMUHANBHBIN pa3Mep MTaMITyeMOro 3JIEMEHTa;
I1, - npunyck Ha U3HOC MATPUIILI U MTyaHCOHA;
Oy, On - IPENICTTLHOE OTKIIOHEHUE pa3Mepa MATPHUIIbI HIIA ITyaHCOHA,
Z - 3a30p MEK/ly IIyaHCOHOM U MaTPHULEH.

Teopetnueckoe ycunue Pr B pa3menurenpHbIX ONEpanusax B IITAMIAX C
napayieIbHBIMU PEXKYIIIMMHI KPOMKaMU ITyaHCOHA U MaTPHUILIbI OIIPENIETISIOT M0 popMyJie:
P=LxSxg, xK,

rae L - nepuMerp KOHTypa BBIPYOKH, MM;
S - ToJIMHA [ITAMIIyEMOT0 MaTepuana, Mum;
O¢p - conpoTtusieHue cpesy, Mlla;
K — xoaddummeHT, yInTHIBAIOMMA MPUTYIUICHHE PEKYIUX KPOMOK ITyaHCOHA HIIH
MaTpuIibl, mpuauMaem K= 1,1+1,15.

JIJ1s1 TEOPETHYECKOTO OTIPEICIICHHSI BETMUYUHBI COMTPOTHBIICHUS Cpe3y (Gcp ) MOXKHO
BOCITOJIb30BaThCs BhIpakeHueM /1, 3/:

S
Op = (M X ] + 0,6) X 0

rjae h, - BeIMurHa Mm1acTU4eCcKoi 30HbI Cpe3a;

X—
S—nh,

m - ko3 dunment, (mpu Z=0,15xS, npuaumaem m=1,2);
Gp — IpeieN MPOYHOCTH MaTtepuaina, Mma (cM. puiioxenue 1, Tabnuia 4).

Jlyis ompeneneHuss OTHOCHUTENBHON BeIWUYMHBI h,/S MOXHO BOCIIOJIB30BATHCS
naHHbIME puc. 2.1, wmu popmysoit /1, 3/: hy/S =0,67-0,04xS-0,0012xn (mis ctanum 20);
h./S =0,76-0,035%S-0,0014%n (mst cramu 08KIT)

hy/S . —
0.6 l-crame 0SKII (G =300MI1a)
. %— |
0.5 2 crams 20T (G =~I-E!'[I'}.-1Ha}

0.4 _:h 3 -ctams 30KTI (G, =500MI1a)
03 e "\\\H\\/i
0.2 - [ h\hh_“-‘-_rh:‘::?
0.1 J,-mfm;jum( . =600MILa)
| I
?1,31 0,42 0.72 1,12 145 V m/c
60 120 210 330 450 N X/MHH

Puc. 2.1 - 3aBucumocts hy/S ot umcia xomoB N (ckopoctu aedopmanuuV): 1 -
ctanb 08KII (6;=300MlIIa); 2 - cranb 20 (c,=400MlIla); 3 - ctans 30 (c,=500MIIa);4 -
cranb 50 (0,=600MIIa) /1,3/.



2.5. KoHTpoIbHBIE BOITPOCHI
2.5.1. UTo MOHUMAFOT MO ONITHMAIIBHBIM 3330POM.
2.5.2. Kakue OCHOBHBIE TEXHOJIOTHYECKHE TTapaMETPhl ONPEACIIAIOT KaYeCTBEHHBIN pe3
IIPU BBIPYOKE, MPOOMBKE B IITAMIIAX.
2.5.3. Kakue 0CHOBHbBIE TEXHOJOTUYECKUE MTapaMeTphl BIUSAIOT HA YCUIINE BBIPYOKH.
2.5.4. Ykaxure criocoObl YMEHbIIICHUS YCUIIHS BRIPYOKHU.
2.5.5. YTo MOHUMAIOT MO/JI YCIIOBHBIM U 3KCIEPUMEHTAIBHBIM COMPOTUBIICHUEM CPE3Y.
2.5.6. Kak u3MmeHsieTcsi BeJIMYMHA HAKJIENaHHOW 30HBI C YBEJIMYEHUEM YHKCIA XOJIOB
npecca.
2.5.7. HazoBuTe cTaanu mporecca pe3aHus MTaMIIaMyd U KPaTKO 0XapaKTepU3ynTe ux.
2.5.8. HazoBuTe mapamMeTphl, OT KOTOPBIX 3aBUCUT PACUET UCTIOTHUTEIBHBIX (padounXx)
pa3MepoB UHCTPYMEHTA.
2.5.9. Kak Biusier napametp S/d Ha conpoTHBIIeHHE Cpe3y MaTepuaa?
2.5.10. Kak BiusieT NpUTyIUICHUE PEXYIIUX KPOMOK Ha YCUIJIHE BHIPYOKH?

JlabopaTtopHasi paGora Ne 3
3.1. Tema: uccienoBanue mpoiiecca THOKM JTUCTOBOTO MeTalia
3.2. llenb paboThI: O3HAKOMUTBHCA U HCCIENOBaTh Ipouecc oaHoyrioBo (V-

o0bpa3znoil) cBOOOHOM TMOKY JTUCTOBOIO METaLIa.
3.3. MarepuanbHOe 00€eCIIeUeHUE:

- SKCTIIEpUMEHTAIIbHBIN TITam st V-06paszHotl eubku,

- ucnbelTarenbHas mammaa UI1500;

- MEpUTEIBHBIN HHCTPYMEHT: yTIOMEp, PaInyCoOMep, ITAHT CHIIUPKYJIb;

- 3arOTOBKH, BETOIIIb, CMa3Ka.

3.4. [Topsiiok BHIMOTHEHUS PaOOTHI.

3.4.1. Pazpaborarb 5cku3 mrammna s V-obpasuou eubku (cm. puc. 3.1),
YCTAHOBUTH IITAMII HA YHUBEPCATLHYIO UCITBITATSIBHYIO MAIIIUHY, TTPOU3BECTH PabOTHI,
CBSI3aHHBIC C HANIAJKOM IIITaMIIa.

3.4.2. IlpoBecTu WHCCIENOBAHUE BAUAHUA VCUAUSA 2uOKU Ha BEIUUYUHY Yeud

npyotcunernus, 1Jjis1 3Toro.

a) 3aMKCHPOBaTh paguyc ruOku (I, - paguyc nyancona) 10 mm, yroa ru6ku 90°;

0) yJ0xuTh oOpasel] (3aroTOBKY) Ha 3epKajio MaTPHUIIbL;

B) ycuiue ruoku u3mMeHsth ot 20kH no 80xH ¢ marom 20 kH;

I') TOCHe KaXJIOro Iara Harpy>KeHHs H3MEpSATh TOJYyYCHHBIH yrojl THOKH |
pe3yabTaT 3aHOCUTH B Tab. 3.1;

3.4.3. TlpoBecTu WuCCIEIOBAaHUE @GIUAHUA Veld 2uOKU Ha BEIUYMHY YTJa

NPYXUHEHUS] U HA BEJIMYUHY JePOopMalui KpalHUX BOJIOKOH, TIPU ITOM:
a) yCTaHOBUTH UHCTPYMEHT C paguycoM Tudku 10 mwm;
6) m3meHaTh yroi ruoku ot 60° go 120° ¢ marom 30°;
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B) MPH KKJOM yIJie THOKHU ycuine Harpyxenus 80 kH.

I') TMOCJe Ka)JIO0ro Inara Harpy»XeHHs H3MEpsTh IMOJyYCHHBIH Yrojl THOKH W
pe3yabTaT 3aHOCUTH B Tab. 3.1.

3.4.4. UccnenoBaTh srusHue paduyca 2uOKy HA BEIUYUHY Veld NPYVICUHEHUs W

aﬂuHV HeﬁMDaﬂbHOZO CJIOA.

a) yCTaHOBUTh MHCTPYMEHT C yriaoM ruoku 90°;

0) U3MEHSATH PAJANYC THOKH C IIaroM 5 MM oT 5 MM 10 20 MM;

B) IIPU KaXJI0M pajaunyce ruoku ycuive HarpyxeHus: 80 kH.

I) Mocje KaXJO0ro Iiara HarpyXeHHs WU3MEpSATh MOJYYEeHHBIM Yroil THOKH H
pe3yabTaT 3aHOCUTH B Tab. 3.1.

3.4.5. Ilo pe3ynbraTaM SKCIEPUMEHTAIBHBIX HMCCICAOBAHUN U aHAIMTUYECKUX
pacdeToB (CM. TabJIMIly) TOCTPOUTH TPaPUKH:

- U3MEHEHUS yTJIa IPYKUHEHUS OT YCUITUS THOKU;

- UI3MEHEHUS yTJIa IPY>KUHEHHUS OT yIjia THOKU;

- U3MEHEHUE yTJia IPYXKUHEHUs OT pajuyca ruOKu;

- U3MEHEHHUE BEJIMYMH JiepopManuu oT yriia TuOKu;

- U3MEHEHUE BETMYMH AepopMaluu OT paguyca TuOKH;

- I3MEHEHUE JUTMHBI HEUTPAILHOTO CIIOS OT yTIJia THOKH;

- I3MEHEHHUE JUIMHBI HEUTPAILHOTO CJI0 OT paJnyca THOKH.

3.4.6. Cnenatp BBIBOABI O BIHMSHUM Ha YroJl MPYXUHECHHUS U BEIUYHUHY
aepopMaIum ucciaeayeMbIX IapaMeTpoB.

)

Puc. 3.1 - Cxema OTKpBITOTO LITamma Ajisi OAHOYTJIOBOM V-ob6paznoi eubku: 1-
MOJI3yH; 2-TTyaHCOHOIepKaTelb; 3-1yaHCcoH; 4- oOpaselr; S-maTpuiia; 6-CToJI Ipecca.
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Ta6J'II/II_Ia 3.1 -PCByHbTaTBI OKCIICPUMCHTAJIbHBIX U AHAJITUTHYCCKHUX I/ICCJ'IGILOBaHI/Iﬁ

Ne |Veunue| Pamgmyc | Yron | Yron Yron JnuHa
n/m.| TuOku, |TUOKH, I, | THOKK | M3rMda | TPy KUHEHMUS, HEUTPaAIBHOIO
kH MM |f., Tpan.|netany, |[Okcnepu| Pacuer, | E, | cros, |, Mm
bo, Tpan.\mer, AB,|  AB,
1 20 10
2 40 10
90
3 60 10
4 80 10
5 80 10 60
6 80 10 90
7 80 10 120
8 80 5
9 80 10
90
10 80 15
11 80 20

Yriom npyxuHeHus (Af) Ha3pIBAIOT Pa3HUILY MEX/Ty TOJYyYEHHBIM yTJIOM U3ruda
B nietanu () v yrioM rudku (f. — yroa ruOKu myaHCOHA WM MaTpuilbl, cM. puc.3.1)
12,3/ +AB = Sy — p-

Bennunny nedopmarun kpaitHux BosiokoH (E,) 171t pacTsSHYTOr0 Harpy»KeHHOTO
ciost TuOku «R» MoxHO onpenenuts no Gopmyse /1/:

Tn

aS+1
Tm &
S 2

r7ie Iy — BHYTPEHHUH panyc THOKH (paguyc MyaHCOHA), MM;

E=% -1

o — K03 OUITMEHT YTOHEHUS
S — ToaIMHA 3arOTOBKHU, MM.
Bennuuny ko3 duiinenta yTOHEHUS MOXHO OMPENeNuTh 1o rpaduky /1/:

3
= =1
x=73
10 T
0,95 AT
0.9 at
A ///
085 //’

: r
OB 00T G5 040506 08T 45 2 3 ¢ 4 6709M0S
Puc. 3.2 — Kosdppumuent yronenus mpu rudke Ha yron 90° (crams 10+20) /1/
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JITMHY HEHUTPaJILHOTO CJI0Sl B M30THYTOM y4yacTKe onpezesseM mo gopmye /1/:
| =0,017% B x (r + xxS),

riae fr— Tpedyemblii yron ruoku (cm. puc.3.1), Tpagychr;
S — ToiIIMHA 3arOTOBKH, MM;
X - KO3(PUIIUEHT CMEIICHUS HEUTPAJIBHOTO CJI0s (CM. Ta071.3.2).

IIpu B =90°;

I = 1,57 x (r + xxS),
Ta6m. 3.2 - KoadduimeHTt cmenieHns: HERTPaTbHOTO CIIOS

r/S X r/S X r/S X r/S X
0,05 0,27 0,50 0,38 1,20 0,43 3,0 0,47
0,1 0,30 0,60 0,39 1,5 0,44 4,0 0,47
0,15 0,32 0,70 0,40 1,8 0,45 5,0 0,48
0,25 0,35 0,80 0,41 2,0 0,45 7,0 0,49
0,40 0,37 1,00 0,42 2,5 0,46 10,0 0,50

JI7is aHaJIMTUYECKOTO ONpeieicHus yriia npyxuHenus (Af) npu cBodogHoi V-
obpasnoii 2ubke Ha 90° MOXKHO BOCIIOIB30BaTHCSA IPHUONMKEHHBIMU YAOOHBIMH IS
MPAKTUYECKHUX pacueToB popmyraamu /1/:

tg 4B = 0,375x é x 2,
rie | — paccrosHue Mexy onopamu (rybamu) MaTpuis! (cM. puc.3.1);
S — ToMNIIMHA 3arOTOBKH, MM;
X - KO3 GUIIUEHT CMEIIEHUsI HEUTPaIBHOTO ¢Jost (CM. Tab1.3.2);
or— Ipenen Tekydectu marepuaia, Mlla (cMm. Ta6i.4 npunoxenue 1);
E — monyns FOura, MIla (cm. Ta6m.4 [punoxenue 1).

Jins ruOku ma yron 60° m 120° yron mpyXMHEHHS MOKHO ONPENENHUTH MO
OMIUPUYCCKUM 3aBUCUMOCTSIM /3,4/:

Ay 60=0,64(r,/S)-0,23 (nns rubku Ha yron 60°);
Ay 120=0,37(r/S)-0,58 (ms ru6kum Ha yron 120°).

Panuyc 3akpyrieHusi myaHCoOHa Iy, HMPUHUMAIOT PaBHBIM TpeOyeMOMY pPaiuycCy
3aKPYTJICHUS T IITAMITyEMOU JIeTaH.

Pannyc 3akpyTiieHUs MaTPHUIThl PABEH:

rh=(0,6...0,8) (r,+S)
Paaunyc Ha pebpe matpuiibl npuHumaror /1,2/:
rw=(1+2)xS.. 9)

(pa3mep
OPHEHTHUPOBOYHO MPHUHATH HA OCHOBAHUU JAHHBIX, MPUBEJICHHBIX B UCTOYHUKAX /1,2/,

Paccrossane Mexay omopamu (ry0amMHu) MaTpHIIBI ) moxHO

P YCIIOBUH, YTO JJTMHA TIOJIKH JIeTaiu OoJbIe SOMM:

| = (15+20)xS.

-12 -



JIu6o reomeTpudeckuM nocTpoenreM. Haiinennsie 3Hauenus |, 1y, I’y cpaBHMBaIOTCH C
AKCIIEPUMEHTAIBLHBIMU U yTOUHsIOTCS /1,2/2].

3.5. KoHTpoabHBIE BOMPOCHI.
3.5.1. Yrto moHMMAIOT NOJ YTJIOM NPY>KMHEHUS.
3.5.2. YTo NOHUMAIOT TOJ1 MOJIOKUTEIBHBIM U OTPUIIATEIIHBIM YTJIOM MPYKUHEHHUS.
3.5.3. Kakue TexHonmornyeckue napaMeTphbl BIUSIOT HAa YIOJl NPy KUHEHUS U Kak?
3.5.4. Kak y4yuThIBaeTCsi yroja MNpyKUHEHUS MPU MPOCKTUPOBAHUM HHCTPYMEHTA IS
THOKH.
3.5.5. Uto Takoe MUHUMAIBHBIA paanyC U3ruoda.
3.5.6. Uro moHMMAIOT TOJ OKOHYATEIhbHBIM HM3THOOM W KaKUMH CIOocoO0aMu OH
JIOCTHUTACTCHL.
3.5.7. lns 4wero paaumyc MaTpHIlbl JIETAeTCs OTIWYHBIM OT pajauyca IyaHCOHA WM
JieaeTcs mas.
3.5.8. Vkaxure cnocoObl, yMEHBIIIAIOMINUE YTOJI IPY>KMHEHUS IPU THOKE.
3.5.9. Yto noHUMAIOT 1101 HEUTPaAIbHOU MOBEPXHOCTHIO Jiehopmaruii?
3.5.10.Kak u3MeHseTcs CeUeHne IeTanu Mpu u3ruoe Ha pedpo?
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[Tpunoxenue 1
Tabmuma 1 - ['myOuna chepudeckoil TyHKH MTPU UCIBITAHUH 110 JPUKCEHY

I'1yOrHa TyHKH IPH TOJIIIMHE MaTeprajia, MM

Mapia craim 0510710809110 1215] 181920
TTo TOCT 9045-93
BOCB 9,7 104 | 10,7 | 11,0 | 11,2 | 11,6 | 12,0 | 12,3 | 12,4 | 12,5
OCB 94 | 10,2 | 106 | 109 | 11,1 | 115 | 119 | 12,2 | 123 | 12,4
CB 9,2 100 | 104 | 106 | 10,8 | 11,2 | 11,6 | 120 | 12,1 | 12,2
BL 9,0 9,7 1000 | 10,3 | 105 | 110 | 115|119 | 12,0 | 12,1
I'B 1o TOCT 16523-
70 8492|9599 101]106/112]11,7 116119
08KTT 8086|8890 92| - | - | - | - | -
LOKIIT 80|89 |93|96|99|102/11,0|114|116/118
TO e Jp. MapoK
HB 1o [OCT 16523-70
08K 80|89 |93|96|099|104/110]115/117|118
10mc (15km): 76 | 80 | 8,4 | 8,6 - - - - - 8,2
Cr L 6.9 | 75|82 | 84 88 9296979978
Cr lnc: 69| 75|82 |84/88|92|96|97]|99]|78
Cr lem 69| 75|82 |84/88|92|96|97]|99]|78
110 TOCT 24244-80
08k1 95 10,0103 105110115 11,9 120|121 | 10,2
25XICA 70| 76 | 80 | 82
12X2HB®A 7076180 82| - | - | - | -] - |78
122: 68| 75|83 | 85 8.0
16I2: 68|75/83 /85| - | - | - | -] - |so
30XTCA 65|70 75 77 - | - | - | -1 - 76
03X18H12 96 | 10

Tabnuna 2 - ['mybuna cepudeckoii TyHKH MPU UCTIBITAHUN 110 DPUKCEHY IIBETHBIX
METaJUIOB U CIJIABOB (COCTOSIHUE MaTeprasia — MATKHA)

Marepunan ['1yOuHa JIYHKM [P TOJIIMHE MaTepuasa
0,14-0,16 |0,18-0,28 |0.30-0,55 |0,60-1,11 |1,20-1,80 |1,70-2,00
MenHas jieara 7,5 8,0 8,8 9,5 10,0 -
JlaryHHas neHra
JI90 7,0 7-9,5 7-9,5 . =
JI80 8,0 - - - - -
JI88 8,0 9,0 10,0 11,5 12,0 12,5
JI163 7,5 8,0 9,5 10,0 10,5 11,0
bponzoBas neHTa
bpb2, 8,0 8,0 - - - -
bpBbHT1,9 8,5 8,5 8,9 8,5 8,9 8,9
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[Tpunoxxenue 1 (mpogosnkeHue)

Tabnuna 3 - ['mybuna cheprueckoit JIyHKH IPU UCIIBITAHUAX 110 DPUKCEHY

senTsl 1o I'OCT 503-81 u3 cramu 08kmr. 08mc, 10xm, 101c

[Hupuna Cocrosiaue ['myOvHa TyHKH TP TOJIIMHE MaTepraia, MM
JIEHTEI marepuana | 0,2-0,3 | 0,3-0,4 | 0,5-0,7 | 0,8-1,0 | 1,2-1.5 | 1,6-2,0
90 oM 7,7-8,1 | 8,3-8,9 | 9,0-9,4 | 9,6-10,110,5-11,011,2-11,7
M 70-74 | 7,6-8, | 8,1-8,6 | 8,9-9,3 (9,7-10,3 10,5-11,0
90-55 oM 53-5,6 | 5,7-6,1 | 6,3-6,8 | 7,0-7,4 | 7,8-8,5 -
M 44-47 | 49-53 | 5,4-58 | 6,0-6,5 | 6,8-7,5 -

Tabnuua 4 - Mexanndyeckrue CBOMCTBA HEKOTOPBIX MaTEPUAIIOB

Marepuan [Ipenen texyuectu |IIpenen mpounoctu | Moayns FOHra, E,
Marepuana, or , Mlla marepuana, oz, Mlla I'Tla
AJIIOMUHUHT 60 100 70
Menb 0TOXOKEHHAS 80 250 112
Jlatynp JI68 120 320 120
Crainp 08k 300 400 200
Crans 10 300 370 200
Crans 20 380 470 200
Crans 30 292 550 200
Craisb 35 312 570 200
Cranp 40 350 600 200
Cranp 45 366 610 200
Crans 50 400 680 200
Cranb 55 410 700 200
Crans 60 420 750 200
Cranp X18HOT 450 650 210
JlypantomMuH 120 450 75
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[Ipunoxenue 2

Tabnuna 1 - /IBycTopoHHUE HOPMAaJIbHBIE 3a30pbl MEXKAY MaTpULIEH U ITyaHCOHOM

200<0¢,<360 | 360 < 6o < | Gep > 520
Mefg;;“;iﬂ y 0p=200 M1 MITa 520 MTTa MITa
’ Z AZ Z AZ Z AZ Z AZ
o 0.1 0,004 0005 | - 0006 - 0007 -
CB.0,1710 0.2 0.008 0.010 0,012 0014
b 0.2 03 0,012 0,015 |, 0 010/0928] 1 6 0100921 0 010
by 03 » 04 0016 0.020 0,024 0,028
> 04» 05 0.020 0025 0.030 0.035
b 0.5» 0.6 0.024 | T9:010 5439 0,036 0,042
> 0.6» 0.7 0,028 0,035 0,042 0,049
> 0.7» 0.8 0,032 0,040 | +0,020 |0,048|+ 0,020(0,056| +0,2
> 0.8» 09 0,036 0.045 0,054 0,063
by 0.9» 1,0 0,040 |+0,020| 0,050 0,060 0,070
b 1.0» 12 0,060 0,070 0,080 0.100
+0,03 +0,030 +0,030
b 12%» 1.5 0,080 0,090 0.110 0.120
b 1.5» 1.8 0090 |+0,030| 0,110 0.130 0.140
b 1.8» 2.0 0.100 0.120 |+ 0,050 |0.140| +0,050 |0,160| + 0,050
s 2.0 2.2 0.130 0.160 0.180 0.200
+ 0,050
by 2.2 » 2.5 0.150 0,180 0,200 0.230
> 2.5 » 2.8 0.170 0,200 0.220 0.250
> 2.8 » 3.0 0180 |+0,050| 0,210 |+ 0,100/0.240|+ 0,100|0.270| +0.100
Ce.3.0103.5 | 0,240 0,280 0.320 0.350
> 3.5 » 4.0 0,280 0.320 0.360 0.400
> 4.0» 45 0320 |+0,100| 0,360 |+ 0,100(0,450(+ 0.100(0,540|+ 0.100
by 45% 50 0,350 0,400 0,500 0,600
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Ta6nuna 1 (mpogoipKeHue)

[Tpunoxxenue 2 (Mpogo0JKEHHE)

» 2,5 » 2,8 10,170 0,200 0,220 0,250
» 2,8 » 3,0 ]0,180(+0,050 0,210 +0,100] 0,240 +0,100 0,270| +0,100
Cs. 3,0 10 3,5 {0,240 0,280 0,320 0,350
» 3,5 » 40 (0,280 0,320 0,360 0,400
» 4,0» 45 10,320(+0,100 0,360 + 0,100/ 0,450 |+ 0,100(0,540(+ 0,100
» 4,5» 50 (0,350 0,400 0,500 0,600
» 5,0» 6,0 (0,420 +0.100 0,500 0,600 0,700
» 6,0 » 7,0 (0,490 0,700 0,900 1,000
» 7,0 » 8,0 |0,700 0,800 + 0,200/ 1,000 |+ 0,200{1,100{+ 0,200
» 8,0 » 9,0 |0,900 (+0,200 1,100 1,300 1,400
» 9,0» 10 |1,000 1,200 1,400 1,600
» 10 » 11 | 1,600 1,600 1,800 2,000
» 11 » 12 | 1,700 1,700 1,900 2,200
+0,300 +0,300 + 0,300 + 0,300
» 12 » 13 |2,100 2,100 2,300 2,600
» 13 » 14 |2,300 2,300 2,500 2,800

[Tpumeuanus: 1. O603HaUeHUs: Z — HaMMEHbIIIEE 3HAYCHUE HAYaIbHOTO ONTUMAJILHOTO
JIBYCTOPOHHETO 3a30pa; AZ — mnpeeabHoe OTKIOHEHHE JIBYCTOPOHHETO 3a30pa.

2. IlpuMepsl mWTaMIyeMbIX MaTEpUaoB: NMpu G, < 200 MIla — wmsrkas menp,
ATFOMUHHUN HEKOTOPBIX Mapok; mpu 200 < o, < 360 MIla — crans mapok 08O, O8KII,
08IIC, 12X13, 351eKTpOTEXHUUECKUE CTAJH, JIATYHb, A IFOMHUHUEBBIE CILIABBI; ITpU 360 <
Gep < 520 Mmna — crans mapok 20, 30, Ct311IC, CT4KII, 1212, 421°C, 20X13, 40X13,
HUKEJIEBbIE CIUIaBbl, OpOH3a; MpHU G¢, > 520 Mna — crans mapok 40, Ct6lIIC, 65T,
AIEKTPOTEXHUYECKUE CTaIH, OPOH3a, KOPPO3SUOHHO-CTOMKHE CTaIH.
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[Tpunoxxenue 2 (MpoaoJKEHHE)
Tabnuma 2 [lpumycku Ha U3HOC U TIPEACIIbHBIE OTKIIOHSHUS Pa3MEPOB MATPHIIBI U
ITyaHCOHA MPH UX COBMECTHOM HM3TOTOBJICHHUH

Pasmep IToJist JOIYCKOB HOMMHAJIBHBIX Pa3MEPOB ITAMITyEMOTO
IITAMITyEM 3NIEMEHTa
oro H9; h9 H10: h10 H11; hll
JIEMEHTA, | A I, Sy O | A | ILi | Oy | On | A | IL
MM
Cs.1 1o 3/0,025(0,025 (0,008 (0,005/0,040(0,040(0,0110,008|0,0601(0,060

» 3 » 60,030/0,030 (0,009 |0,0060,0480,048/0,014|0,010(0,075(0,075
» 6 » 100,036/0,036 (0,011 |0,008|0,058/0,058(0,017|0,012/0,090 (0,090
» 0 » 180,043/0,043 (0,012 |0,009/0,070/0,070(0,021/0,015/0,110(0,100
» 18 » 300,052|0,052 (0,016 [0,012|0,084|0,084(0,025|0,019/0,130(0,120
» 30 » 500,062(0,062 (0,019 [0,014|0,100/0,1000,030(0,022/0,160 (0,440
» 50 » 800,074/0,074 (0,022 |0,017/0,120/0,1000,030(0,022/0,190(0,170
» 80 » 1200,087(0,087 |0,026 |0,019|0,140/0,120(0,035(0,030/0,220(0,170
» 120 » 1800,100(0,100 (0,030 |0,022|0,160(0,1400,035|0,035(0,250(0,200
» 180 » 2500,115/0,100 (0,030 |0,022(0,1850,145/0,035|0,035(0,290 (0,240
»250» 315/0,130(0,120 (0,035 |0,030(0,210(0,170/0,035|0,035(0,320(0,250
» 315 » 4000,140(0,120 (0,035 |0,0300,2300,180/0,035|0,03510,360 (0,300
» 400 » 5000,153(0,140 |0,035 |0,030/0,250/0,200/0,04510,045 10,400 |0,300

Pa3Mep [Tons AOITYCKOB HOMHUHAJIBHBIX PAa3sMCPOB INTAMITYCMOI'O
MTaMITyCM QJICMCHTA
oro H12; h12 H13; h13 H13; h14
SJIEMEHTA, A HI/I SM Sn A HI/I 6M 611 A HI/I
MM

Cs. 110 3|0,025(0,025 (0,008 |0,005(0,0400,040/0,011|0,00810,060 0,060
» 3 » 60,030(0,030 (0,009 |0,0060,0480,048/0,014|0,010(0,075(0,075
» 6 » 100,036/0,036 (0,011 |0,0080,0580,058(0,017|0,012|0,090 (0,090
»10 » 18§0,043/0,043 (0,012 |0,009(0,070(0,070/0,021|0,015/0,110(0,100
»18 » 300,052(0,052 (0,016 |0,012(0,0840,084/0,025|0,019(0,130(0,120
»30 » 500,062(0,062 (0,019 |0,0140,1000,100/0,030(0,0220,160 (0,440
»50 » 800,074/0,074 (0,022 |0,017(0,120(0,100/0,030(0,022|0,190(0,170
» 80 » 12000,087(0,087 (0,026 |0,019(0,140(0,120/0,035|0,030(0,220(0,170
» 120 » 180[0,100(0,100 (0,030 |0,022(0,1600,140/0,035|0,03510,250 (0,200
» 180 » 2500,115(0,100 0,030 |0,022/0,185/0,145|0,035(0,035/0,290/0,240
»250» 315/0,130(0,120 0,035 |0,030(0,210(0,17010,035(0,035/0,3200,250
»315» 4000,1400,120 0,035 |0,030/0,230/0,18010,035(0,035/0,360 (0,300
» 400 » 5000,153 /0,140 |0,035 |0,030/0,2500,20010,045|0,045/0,400 0,300
[Ipumeuanne. OOo3HaueHUs:: A — TMpeaeabHOe OTKIOHEHHE HOMHUHAJIBLHOTO
pa3Mepa mTaMIyemMoro sieMenTa; I, — npumnyck Ha U3HOC MyaHCOHA (MaTpULbl); Oy U
On — TIpeebHbIE OTKJIOHEHUS UCTIOJHUTENIBHOTO pa3Mepa COOTBETCTBEHHO MaTPHULIbI U
ITyaHCOHaA.
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