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1 3ATAZIbHA YACTUHA
1.1 OpraHi3auyia 1abopaTopHOro NPakTUKymy

NabopaTopHi  3aHATTA 33  Kypcom  «TexHoNoriA  KOBa/lbCbKO-
WITaMMNyBaNbHOroO BMPOOHMUTBA: NMCTOBE LUTAMMYBAHHA» 3aKPINAOKOTL i
nornnbNoITb TEOPETUYHI 3HAHHA CTYAEHTIB, AAalOTb MOHATTA MPO peasibHe
NPOTIKAHHA NpPOLECiB JIMCTOBOrO LUTAMMYBAHHA, 3aKpinATb 3HAHHA Mpo
METOAMKY PO3PaxyHKIB LMX NPOLEeciB, OTPMMaAHI Ha MNPaKTUYHUX 3aHATTAX, a
TAKOX CNpPUAOTb PO3BUTKY B HMUX HABMYOK CAMOCTIMHOI MOCTAHOBKM
eKcrnepumeHTy, 06pobKM ekcnepMMeHTalbHUX AAHUX, 3iCTaB/IEHHA pe3y/bTaTiB
3  TEOPETUYHUMM  3aNEXNKHOCTAMM, BUPOOBAAKOTb YMiIHHA chopMytoBaTU
BUCHOBKMW.

Mig, yac nabopaToOpHMX 3aHATb CTYAEHTM 3HANOMAATLCA 3 KOHCTPYKLIAMM
Ta NPUHUMNOM Aii WTamniB, cnocobammn ix HaKNaZAKM Ta BCTAaHOB/IEHHA Ha
npecax, CnoOCTepiratdTb 3aKOHOMIPHOCTI MNAMHY MeTaay npu JNCTOBOMY
LUTAaMMyBaHHI, OAEPXKYIOTb YABY NMPO CUIOBUM PEXKUM Pi3HUX LUTAMMYBANAbHUX
onepaui, npo ocobnamBocTi AedpopMyBaHHA | TEXHOOFIYHI MOKAMBOCTI
npoueciB INCTOBOrO WTAMMYBaHHA.

BMKOHaHHIO nabopatopHoi poboTn nepeaye CamMoOCTiMHA NiAroToBKa, Y
Xo4i AKOI CTYAEHTM BMBYAOTb OCHOBHI TEOPETUYHI NMONOXKEHHA NO TeMi AaHOI
pob0TH, BUKOPUCTOBYHOUYM PEKOMEHAO0BAHY B NOCIOHMKY niTepaTypy.

JTabopaTopHa poboTa MNOYMHAETLCA 3 BMBYEHHS METUM Ta METOAMUKM
BMKOHaHHA poboTw.

CTyaeHTU NOBUHHI 0O3HAaMOMWUTUCA 3i CKAAAOM | MpUHUMNOM  Aji
YCTATKYBaHHA, NpWAaaiB, WUTAaMNOBOro OCHALWEHHA, IHCTPYMEHTIB, MiAroTyBaTu
iX | camocTiHO B NPUCYTHOCTIi BMKNagaya abo nabopaHTa npoBecTH

eKCNePMMEHTM | CNOCTEPEXKEHHA, a TAKOXK 3apEeECTPYBATU pe3ynbTaTu.

OTpumaHi pesynbTatM, iXx 3icTaBfeHHA Ta 06pobka, rpadiyHe
NPeAcTaB/IeHHA BUABMEHMUX 3aNEXHOCTEM | BUCHOBKM BWMKIAAAOTbCA B
NabopaTopHOMY 30T Y BUFAAAI 3BiTY PO BUKOHAHY poboTy.

Y 3BiTi HE0bXiAHO TAKOX AATU XapPaKTEPUCTUKY BCTAaTKYBaHHA, NPUNALIB,
NPUCTOCYBaHb i IHCTPYMEHTIB, 32 A4ONOMOrOK AKUX BUKOHYETbCA NabopaTopHa
poboTa, NpPMBECTM CXeMy Ta OMNUC EKCMEePMMEHTANbHOTO OCHALLEHHS i
npeacTaBUTU eCKi3n 3pasKiB, WO WTaMnyoTb, 40 i nicna gedpopmadii.

MeToamMKa KOHTPOAO 3HaHb MO /1abopaTOPHUX 3aHATTAX 6a3yeTbCA Ha
PEenTMHIOBIN cucTemi, BnpoBaaxeHin 8 AAMA.

KpuTepii ouiHKM 3HaHb HAcTynHi: «BigMiHHO» — 90...100 6anis; «gobpe» —
75...89 6aniB; «3agoBinbHO» — 55...74 6ana; «He3aposinbHO» — 0..54 6ana 3a
KOXXHY nabopaTopHy poboTy.



1.2 OCHOBHi BUMOTIU TexXHiKu 6e3neKku

CTyaeHTM AONYCKalTbCA A0 NabopaTopHUX POBIT nicna NpPoXoarKeHHS
IHCTPYKTaXYy, AKMN 0POPMAAETLCA Y BCTAHOBIEHOMY MOPAAKY.

OcobnuBy yBary ciif, 3BepHYTU Ha HACTyMHe:

1) YcrtaTKyBaHHA, Npunagm, iHCTPYMEHTW, NpuU3HaYveHi Ana nposeneHHA
POo6IT, NOBUHHI BYTW CpaBHUMM.

2) BKAHOYEHHA BCTAaTKyBaHHA i NpunaaiB NnpoBoAUTLCA TiIbKU 3 A03BONY
BiANoBiganbHOro nabopaHTa.

3) TexHONOriYHMN IHCTPYMEHT MOBMHEH OyTU HaAiMHO 3aKpinaeHwui,
BUXiZlHa 3aroTOBKa BCTaHOB/IEHA BiANOBIAHO A0 BKA3iBOK No poborTi.

4) Pobounii xig noB3yHa npeca He NOBUHEH NepPeBULLYBATU BEINYUHMU,
HeobXigHOi AN BUKOHaHHSA onepaLii.

5) 3abopoHseTbcs BBOAUTM pPYKM B HebesneyHy pobody 30HY
NpaLoY0ro BCTaTKyBaHHA.

6) YcTaHOBKa BMXiAHOI 3aroTOBKM i BUAANEHHS [eTaNi BUKOHYETbCA 3a
A0NOMOroto niHueTa abo Kniuis.

7) MNepeHanarogeHHA WTaMmna NPoBOAUTLCA TiIbKU MiCNA BUMUKAHHS
npeca.



2 TABOPATOPHI POBOTHU
2.1 NabopatopHa poboTta Nel. lochiarKeHHA npouecy BUPYOKU

Merta po6otu

BuBuUMTK Nnpouec BUpybKM-NpobmBaHHA AeTanen 3 AMCTOBOro maTepiany;
YCTaHOBUTU 3aNEXKHICTb 3ycunnAa BUPYOKM Big, BAACTUBOCTEM | TOBLUMHMU
MmaTepiany; BM3HAYUTU 3aNEXKHICTb 3yCUAb | AKOCTI BUPYOKM Big, BENUYMHU
3asopy.

OcCHOBHI BigomocTi

OoHMM 3 OCHOBHMX aKTopiB, WO BNAMBAOTb HAa CWUAOBI MapameTpu
BUPYOKN-NPOOMBAHHA, € ONip MaTepiany 3pi3y. BennumHa nMoro 3anexuTb Big
poAy Ta CTaHy maTepiany, 3a30py MiXK mMaTpuuer i NyaHCOHOM, reomeTpii Ta
CTaHY Pi*Ky4YnX KPOMOK iHCTPYMEHTA, WBUAKOCTI AePOopMyBaHHS.

EkcnepmeHTasbHO BCTAaHOB/JIEHO, WO 3a/eXHiCTb Onopy 3pi3y Big
TMMYacOBOro OMNOpPY PO3pPUBY A0CUTb HabaukeHa. TakK, 3B'A30K YMOBHOrO
onopy 3pi3y Ta YMOBHOMO TWMMYACOBOrO OMNOPY pPO3PUBY BUPAXKAETLCA
3aN1eXKHICTIO:

o = (0,7...0,9) - g5, [MNa]. (2.1)
TeopeTuyHe 3ycunna BUpybKN-npobunsaHHA BU3HAYAETLCA 32 GOPMYNOIO:
PF =k LS+ 0, H], (2.2)

Ae k — koedilieHT, WO BpaxoBYE CTaH PiKy4nx KPOMOK, HEPIBHOMIPHICTb
3a30py i TOBWMHM maTepiany, k=1,2;

L; — nepumeTp getani, Wo BUPYOYETLCA, MM;

S — TOBLWMHA NMCTOBOro maTepiany, Mm;

Ocp — YMOBHMIA onip 3pisy, MIMa.

Mpouec pi3aHHA WTamMnaMW CKNAJAETbCA i3 TPbOX CTaAif: NPYXKHOI,
NNACTUYHOI Ta CKONIHOBAHHA.

Ha nepwin cragii BigbyBa€eTbcs MNPYXKHUIA BUITMH MaTepiany 3 Nerknm
BMAABAOBAHHAM MOro B OTBip maTpuui. Mpu uboOMy HanpyXeHHA B maTepiani
He nepeBepLUYOTb MeXi NPYXKHOCTI.

Ha nnactuyHin ctagii BigbyBatoTbcs BAABAEHHA NMyaHCOHA B maTepian i
BMAAB/IOBAHHA MOro B OTBip MaTpuui. beanocepeaHbO Nig, pPiXKy4o KPOMKOHO
MyaHCOHA CTBOPHETbCA HaAMNPy*KEHUM CTaH O06'EMHOro CTUCKAHHA, a Hapg,
Pi’KYy4Or0 KPOMKOK MATPULi — HaMNPyXEeHWM CTaH 3  HaNpPyXeHHAMMU
pagianbHoro po3TaraHHA. Mepwe b6inbw cnpuATAMBE ANA NNACTUYHOTO NAUHY



maTtepiany, a gpyre — MeHL CNPUATINBE | CNPUAE BUHNKHEHHIO MIKPOTPILLUH Y
30Hi pi3aHHA.

[0 KiHuA apyroi cTagii Hanpy*KeHHA NobN3Yy PiXKyYMX KPOMOK A0CAratoThb
MAKCMMaNbHOT BE/IMYMHM, BiANOBIAHOT 40 ONOpYy 3pi3y.

Ha TpeTii cTagii npouecy B piKyunmx KPOMOK MATPULi YTBOPHOOTLCA
TPIWMHN, WO CKOAOKWTbL. [licnAa nNoaanbworo BXOAXKEHHA MNyaHCOHa i
BUYEPNaHHA MiCLEeBOI NJACTUYHOCTI TPILWLMHMN, WO CKONOKTb, BUHUKAKOTbL i Y
PiIXKY4MX KPOMOK nyaHCOHa.

TpiWwMHM, WO CKONOKOTb, CNPAMOBAHI NO NiHIAX HaNbinbwnx aepopmalin
3cyBY (NOBEPXHAM KOB3aHHS), WBWAKO MOLUMPIOKOTLCA Ha BHYTPIWHI wapw i
BUKAMKAIOTb BiAAINEHHA YaCTUH maTepiany.

Mpu po3ainoBux onepauiax Ha BeAWMYMHY MOTPIOHUX 3ycUab, AKICTb
NMOBEPXHi 3pi3y, TOYHICTb OAEepPrKYBAHOI AeTani 3HAYHMN BNMB MAE BENNYMHA
TEXHO/I0TYHOro 3a30py.

Mpn HOpMmanbHOMY 3a30pi MiXK NMYaHCOHOM i MaTpULEID NOBEPXHI 3CYBY
(niHiT KoB3aHHSA), WO BMHUKAIOTb Y PiXKY4MX KPOMOK MyaHCOHa, 36iratoTbca 3
NOBEPXHAMM 3CYyBY Ta TPILMHAMM, WO BUHUKAN Y PiIXKYUYNX KPOMOK MATpUL, i
YTBOPIOKOTb 3arasibHy KPUBOiHIMHY NOBEPXHIO CKOIOBaHHA (puc. 2.1, a).

Mpy manomy 3a30pi i BEAUKIN TOBLWMHI MaTepiany NOBEPXHi 3CyBY, LLO
MAYTb Bi KPOMOK NMyaHCOHa, He 36iratoTbCA 3 NOBEPXHAMM 3CYBY, LLO BUHUKAN
Y KPOMOK maTpuui. KinbueBa nepemunyka, WO 3aAMWLNAACA, Nepepi3yeETbCA Npu
NOAANbWOMY BXOAMEHHI MNyaHCOHa 3 BWHWUKHEHHAM HOBWUX TPIWMH, WO
CKO/IIOKOTb, MPMYOMY Ha AeTani yTBOPHOTbCA HagpuB i NOABIMHMIA 3pi3 3
3aaupKoto (puc. 2.1, 6). MoBepxHs OTBOPY BUXOAMUTb NOPIBHAHO raAKolo, nLle
B HM)KHIM YACTUHI YTBOPIOETLCA HEBE/IMKUIM LLOPCTKYBATMIN BigKOA. TOMY, AKLLO
NoTPiIOHO oAeprKaTU OTBip i3 rNaAKUMU PIBHUMWU CTiHKAaMK, chnig pobutm
NPO6MBAHHA 3 ManuM 3a30poM. Y BUNALKY BEAMKOro 3a30py Ha MNOBEPXHi
YTBOPIOKOTLCA PBaHi 3a4MPKM Big 3aTAryBaHHA Ta 06pmMBY maTepiany B 3a30pi
(puc. 2.1, B). TaKUM YMHOM, MiHIMaNbHUIA 3a30p, WO 3abe3nevye 36ir TPiWMUH

Ha3MBAETLCA ONTUMAJIbHUM (HOpMaﬂbHVIM) TEeXHONOrNYHNM 3a30pOM.
2/2

PucyHoK 2.1 — HanpamoK mpiujuH, W0 CKoomeb, i 8UO osepxHi 3pi3y
supybaHoi 0emani npu HopmanvHomy (a), manomy (6) i senukomy (8) 3a3o0pax
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1 —nyaHcoH, 2 — koHmeliHep, 3 — mamepian, 4 — mampuys, 5 — Kinsye.
PucyHoK 2.2 — Cxema eKcriepumMeHmasbHO20 wmamna

MarepianbHe 3abe3neyeHHA

1 KpusowunnHu abo rigpasnaiyHmin npec.

2 EKcnepumeHTanbHWUI WwWitamn (puc. 2.2).

3 LWtabwu 3i cTanen i KONbOPOBUX CMNABIB Pi3HOI TOBLUUHM.
4  MikpomeTp, WTaHFeHUUPKYb.

MopAAOK BUKOHAHHA

1 BumipaTt TOBLWMHY WTAb y AEKINBKOX TOYKAX.

2  BumipsaTtu pobouyi po3mipn TEXHONOTIYHOIO iIHCTPYMEHTA.

3 BupybatM  3aroToBKM 3  KOXHOI  WTabum 3  peecTpauieto
E€KCNepPMMEHTANbHOTO  3ycunna aepopmMyBaHHA | giameTpa OTPUMMaHOI
3aroTOBKM.

4 3miHa TEXHONOTIYHOrO 3a30pYy 34IMCHIOBATU 3MiHOK IHCTPYMEHTA.

5 OpaHOB6IYHMIN TEXHONOTIYHMIM 3330P BU3HAYNTU 33 POPMYIOLD:

DM_DH

Z/2 = , [MM], (2.3)

ae D,, — pobounii po3mip oTBOpPY MaTpuLi, MM;
D, — pob6ounii po3mip nyaHCoHa, MM.

6 BuMipsaTU TOBLWMHY BUPYDOaHUX 3aroTOBOK (i3 3a4MPKOI0) Y AEKiIbKOX
TOYKaX i BU3HAUYUTU BENIMYNHY 3aanpKKu AS 3a popmynoto:



Ae S' — ToBLIMHA Kpato 3aroTOBKM Micas NpoBeAeHHA NPOLLECY, MM.
7 Po3paxyBaTu NepuMeTp Kpyraoi 3arotoBku 3a popmynoto:

AS =S"—S, [mm],

L, =m- D, [mm],

ne D — piameTp 3aroToBKKU, MM.

8 Po3paxyBaTu TeOpeTUYHE 3ycunna npotecy 3a popmynoto (2.2).
9 Po3spaxyBaTtu

dopmynoto:

TeopeTnyHe 3HA4YeHHA YMOBHOMO OMopy 3pi3y

YMOBHWM

eKcnepMMeHTaNbHUM
P3
3 — B
Op = L5 [MMa].

Oc

AOLATKOM A. 3piBHATU 3HAYEHHA Oy, | 3p06UTU BUCHOBKM.
10 Pe3ynbTaT BUMIpIB i pO3paxyHKiB 3aHeCTn B Taba. 2.1.

T
p

Tabnuysa 2.1 — EKcnepumeHmMasnbHi ma po3paxyHKosi 0aHi

onip

3pi3y

(2.4)

34

(2.6)

BM3HAYAETbCA 34

Ne
nia-
rpynm

Bua Dm,
maTepiany MM

Dn,
MM

Z/2,
MM

D,
MM

S,
MM

AS,
MM

P2,
KH

Py,
KH

3
Ccp’
MMa

T
Ccp’
MMa

BE/IMKOMY 3a30paX, i 3apncysat Gopmy NOBEpPXHI 3pi3y.

FLR =), KR =fD), R =f(Z/2),05 =f(Z/2),AS = f(Z/2).

CamocriiHa poboTa
11 BipibpaTty Tpu pi3Hi AMUCKK, BUPYOaHi Npu ONTUMaNbHOMY, MaNOMY i

12 MobyaysaTtu rpadikmn 3a1eKHOCTI:

13 3pobuTK BUCHOBKM NO PobOTi.

MuTaHHA 4NA CAMOKOHTPOIIO

cONO UL B WN B

(Vo)

npouecy.

flka nocnigoBHICcTb Noainy matepiany npu BupyobL,i?
AKi daKTOpM BNAINBAIOTL HA ONip 3pi3y?

AK BNIMBAE 3MiHA BE/IMYNHU 3a30PY Ha AKICTb NOBEPXHI 3pi3y?
Bnane TexHONOriYHOro 3a3opy Ha 3ycuana npouecy.
Brnauve TeXHONOrYHOro 3a30py Ha BEIMYUHY 3a4MPKU, ONip 3pi3y.
Bnane TexHoNoriYHOro 3a3opy Ha onip 3pi3sy.

MOHATTA TEXHONOTIYHOrO 3a30py.
YTBOPEHHA | NOWNPEHHA TPILWLWH, WO CKONKOKOTb.

Bnave TOBLWMHKM MaTepiany i pO3mMipiB 3aroTOBKU Ha BEAAMYMHY 3YyCUINA




2.2 JlabopatopHa po6ota No2. [ochigXeHHA npouecy BUTAXKKMU
LUNiHAPUYHKX BUPObiB

Merta po6otu

BM3HAUMTM rPaHUYHMN  KOEeDILEHT BUTAXKKM  EKCMEepUMMEHTANIbHUM
LWAAXOM, €KCNepUMEHTANIbBHUM | aHANITUYHMM LNAXOM PO3paxyBaTu 3yCcuAnA
BUTAXKKM Ta OLIHWUTM BMN/AMB KOe@iLiEHTA BUTAXKKM HA 3YCUNNA BUTAXKKMK,
BCTAHOBUTU BMN/IMB 3MALLEHHA HA BEJIMYMHY FPAHMYHOIO KOeQiLLIEHTA BUTAXKKM i
3ycnnna aedpopmyBaHHA.

OcCHOBHI BigomocTi

ButAXKKa — ue npouec NCTOBOro LWTAMMYBaHHA, NPU AKOMY i3 NJIOCKOI
3aroTOBKM OTPUMYIOTb MPOCTOPOBY MOPOXHIO AeTanb, a ANA HACTYNHUX
onepauin — ue 3MiHa pPO3MipiB nonepeaHbOo BUTATHYTOro Hanisdpabpukaty
(3meHLWweHHs aiameTpa i 36inblIEHHA BUCOTH).

ONna BUTAMKKN XapaKTEPHUN CKNAAHUNA HanpyXeHOo-4ePpOopPMOBaHMM CTaH.
Y ¢naHui 3aroToBKM L4ilOTb pagianbHi  PO3TAryBasibHi  Ta TaHreHLUia/bHi
Hanpy*KeHHA. [lebopmoBaHUIA CTaH Y Uilh 30Hi 06'emHuit. Ha pagiyci matpuui
3aroToBKa TaKOXK 3a3Ha€ 06'emHoi aedpopmalii, BUKNMKAHOI BUTUHOM HaBKOJ10
pagiyca maTtpuui, pagiaibHUM PO3TArAHHAM Ta TaHreHLUia/AbHUM CTUCKAHHAM. Y
UMAIHAPUYHIA CTiHUI BMPODOY Ait0Tb TiNbKU PO3TAryBasibHI Hanpy»XeHHA. [JHo
AeTani 3a3Ha€ A4BOXOCbOBOrO PO3TAraHHA.

Hanbinbwe CcTOHWEHHA npu BUTAXKLUI cnoctepiraeTbca 6ins pagiyca
3aKpYrneHHs nyaHcoHa, Halbinblle cTOBLWEHHA — 6ina Kpato pnaHua. Y 30Hi
HaNBINbLIOro CTOHLWEHHA MOXe BUHUKHYTK aedeKT y BUurnaai obpmsy gHa.

Dedopmauis npu BUTAXKLiI HaYacTilLe XapaKTepU3YETbCA KoedilieHToM
BUTAXKKM M, AKUIM OOPIBHIOE BiAHOLWEHHIO NepMmeTpiB HaniBpabpuKaTie nicna
Aedbopmalii (oTpumanmin) i oo aedopmalii (noyaTKkoBUN).

Tak,

— NPU BUTAXKLI UMNIHAPUYHUX BUPODOIB i3 KPYra10i 3aroTOBKM:
nd _d

mD D

ae d i D — signosigHO apiameTp HaniBpabpukaty i AiameTp NNOCKOI
3aroTOBKY;
— NPU BUTAXKLI UMAIHAPUYHUX BUPODOIB i3 NPAMOKYTHOT 3arOTOBKM:

m-d d
m—m—1,57'm, (28)

Ae aib—BianoBigHO WKMpPUHA i AOBKKHA NNOCKOT 3arOTOBKM.

10



Mpu ubomy cTyniHb aedopmalii NpU BUTAXKLI MOXXHA pPO3paxyBaTu 3a
dopmynoto:
e=1—-m. (2.9)

TakMM YMHOM, YUM MeHLIEe 3HAYEeHHA M, TUM iHTEHCUBHILE NPOXOAUTb
NMPOLLEC BUTAMKKMW.

OCHOBHMM CNOCOBOM BUTAXKKN € BUTANKKA i3 MPUTUCKOM, AKWUM
BMKOPUCTOBYETbCA A5 3anobiraHHS yTBOPEHHS CKNaaok (rogpis).

TeopeTnyHa BeNMYMHA 3YCUNNA NPUTUCKY PO3PAXOBYETHCA 33 GOPMYNOLO:

Q" =F-q,[H], (2.10)

Ae F —nnowa 3arotoBKM, AKa NPUTUCHYTA 40 MATPULi NMPUTUCKOM, MM

q — TUCK NPUTUCKY, NPUMHATE 3a AoCBiAYeHMM gaHnmn, MMa.

Tak, gna crani g = 2,5...3,0; ana anominito g = 0,8...1,4; ana migi
q=1,0..1,5.

Buxoasauu i3 3anexHocTi (2.10) moxkHa 3anmMcaTn octaTouHi dopmynn ana
PO3paxyHKiB 3yCUANA NPUTUCKY:

— MPU BUTAXKLI LUNTHAPUYHNX BUPODBIB i3 KPYra10i 3aroTOBKM:

QT =0,785-[D? — (D, + 2-1,)?%] q, [H], (2.11)

ne D, i r, — BignoBigHO poboumin giameTp maTpuui i pasiyc KPOMKM
MaTpULi, MM;
— NPU BUTAXKLI UMNIHAPUYHUX BUPODOIB i3 NPAMOKYTHOT 3aroTOBKM:

Q"=[a-b—0,785 (D, + 2-1,)?] - q, [H]. (2.12)

TeopeTnyHa BeNMYMHA TEXHONOMYHOrO 3yCUNNA BUTAXKKU LUNIHOPUYHMNX
BUpPOHiB BU3HAYAETHCA 338 GOPMYIOHD:

P'=L,-S0,"k;=m-d-S-0;"kq,[H] (2.13)

Aae L, —nepumeTp KOHTYypy BUpoby, Mm;

k — KoediuieHT, WO BPaxOBYE BEAMYMHY pafiaIbHUX HAMPYXKEeHb Y
npoueci BUTAXKMK, WO 3aNeXXUTb Bi4 BIAHOCHOI TOBLWMWMHM 3aroTOBKM,
KoedilieHTa BUTAXKKW | pagiyca KPOMKM MaTpuui. BennumHy paHoro
KoedilieHTa NPUNHATK 3a AoaaTKoM b.

NoBHe 3ycMNnAa WTamMnyBaHHA 3aBXKAWM CKNAALAETbCA 3 TEXHOJIOTMYHOro
3ycMnnAa npouecy i 3ycuab ONIPHUX €e/IeMEHTIB Y KOHCTPYKLUIl wTamna,
HaNpWKNag, akTUBHMUX NPUTUCKIB, BULUTOBXYBAUIB.
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Tomy,
Pg = P" +Q7, [H]. (2.14)

Cxema wTamna Ana BUTSXKKM UMAIHAPUYHMX BUPOBIB i3 NPUTUCKOM
3aroTOBKWM NpeAcTaBneHa Ha puc. 2.2. LLtamn cKknagaeTbca 3 BePXHbOI NAnTn 1,
HUXKHBOT NANTU 2, HANPAMHUX KONOHOK 3, matpuui 4, KinbuAa 5, WO UEHTPYE,
NPUTUCKY 6, NyaHCOHa 7, BULWITOBXYyBa4a 8, NyaHCOHOTpUMa4a 9, npoknagkum 10,
HanpamHux 11 i 12, npoknagok 13, 14, 15 i 16, remHTie 17, 18, 19 i 20,
HaAaNPAMHUX BTY/IOK 21, xBOCTOBMKA 22, wTtudtis 23 i 24, noniypetaHOBMX
bydepis 25 26.

MarepianbHe 3abe3neyeHHsn

1 MexaHiuyHuni abo rigpaBniyHNIA icnMTOBMI Npec.

2  YHiBepcaNbHUIN eKCnepumMeHTaibHUI WTamn ANa BUTAXKKK (puc. 2.2)
3 KOMMJIEKTOM BUTAXKHOTO IHCTPYMEHTA.

3 TlnOcCKi 3aroTOBKW 3i CTani Ta KONbOPOBMX CMAABiB TOBLWMHOK A0
1,5 mm pi3HOro posmipy.

4 BuMmiptoBanbHUI  IHCTPYMEHT:  padiycomip,  WTAHIFeHUUPKYb,
MiKpOMeTp.

NMopAAOK BUKOHAHHA

1 BuMipATU TOBLLMHY MaTepiany B AEKINbKOX TOYKAX.

2  BumipaTtn poboyi po3mipu TEXHONOFYHOIO iIHCTPYMEHTA i 3aroTOBOK.

3 Pobutnm BUTAXKKY, NMOCNiAOBHO 36inbliyio4M PO3MIip 3aroTOBKU A0
BMNAAKy obpmBy aHa. PikcyBaTn eKcnepumeHTanbHe 3ycunna gebopmyBaHHA.
BM3HAUNTKM rpaHUYHUI  KoedilieHT BUTSAMKKW, WO BiANOBIiAAE cayvato
PYMHYBAHHA.

4  BumipAaTn po3mipu getanemn nicnsa BUTAXKKM.

5 [JocnigKyBaTu geTani Ha HAABHICTb AedeKTiB. YKa3aTH iXHi NpUInHM.

6 [loBTOpUTU eKcnepuMmMeHTU nNpu  3MiHI  O4HOro0 3  HACTYMHUX
napameTpiB: BmMAy MmaTepiany, TOBWMHM MaTepiany, pagiyciB 3aKpyrieHb
nyaHCOHa i MaTpuL, yMoB TepTa (3p0bUTU BUTAXKKY Be3 3MalLleHHA).

7 Po3paxyBaTu TEOpPEeTUYHI Ta eKCnepMmeHTaNnbHi NOKA3HMKKM npouecy
3a popmynamm (2.7 - 2.14). TeopeTUyHe 3HAYEHHA YMOBHOTO ONOPY PO3PUBY T,
BM3HA4YaETbCA 3a pgogdatkom A. PeKomeHOoOBaHe TeopeTUYHe 3HA4YeHHA
KoedilieHTa BUTAXKKM BMU3HAYAETbCA 3a AoAaTKom B. OaHOGIYHMI 3330p MiXK
IHCTPYMEHTOM BU3Ha4vaeTbes 3a popmynoto (2.3).

8 Pe3ynbTaTh BUMIPIB i po3paxyHKiB 3aHecTu B Tabn. 2.2.

Tabnuys 2.2 — EKcnepumeHmasnbHi ma po3paxyHKoai 0aHi

= ?m s s = s %.9 £

£ C = s | T E | ©
o 2 Sa|S|E| |52 |25 2|2|2|2|8|w|lnl=|=|=|EE|3
Z.E[é'q_) - = N 3 < - - 8 R | & g w Wl on| e g.e.g

= 2| ~ Fls QAT = [ -

275 &7 S| TS| ¢ g% |8

3MaLLEeHHA
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CamocrtinHa poboTa

9

MobyayBaTu rpadikm 3a/1€KHOCTI:

P2, Ps = f(5), Pg = f(m).
10 3pobuUTK BUCHOBKM NO PobOTi.

MuTaHHA ANA CAMOKOHTPOIIO

1
2

MoHATTA Npouecy BUTAXKKMW.
AKa cxema HanpyxeHo-a4edbOopMOBaAHOrO CTaHy MpU BUTAXKLi i3

MIOCKOI 3aroTOBKMW.

3

LLlo Take KoediliEHT BUTAXKKN?

4 [le Hebe3neyHWi nepepia, N0 AKOMY MOXKe Biabytuca po3puBs
mMmaTepiany npu BUTAXKLUiI? Yomy po3puB BiabOYyBaETLCA B Liill 30HI?

5

6
7
8

AKe Npu3HaYeHHA NPUTUCKY?

AK 3MIHIOETbCA TOBLMHA BUXiAHOTO MaTepiany Npu BUTSMKLI?
AKa ponb 3MaLLEHHA NPU BUTAXKL,iI?

AK BU3HAYNTW 3YCUNNA BUTAXKKK | 3yCUNNA NPUTUCKY?

14
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NOOATOK A

MexaHiuHi BNacTUBOCTI INCTOBUX MaTepianis,
3aCTOCOBYBAHMUX Y JIMCTOBOMY LUTaMMNYyBaHHi

. . . . BigHocHe
) Onip 3pi3y Merka miyHoCTi NOAOBKEHHS 6, %
HanmeHyBaHHA Mapka Ocp O, (He meHL)
MMa MnMa
O d10
1 2 3 4 5 6
Crl 280...340 320...400 33 28
TOHKONMCTOBA Cr2 290...360 340...420 31 26
BYrneuesa 38M4anHOI Ct3 330...400 380...470 25 21
AKOCTI C14 360...450 420...520 23 19
(FOCT 380-71, rpyna A) C15 430...530 500...620 19 15
$=0,5..4 mm C16 520...620 600...720 14 11
Cr7 2600 2700 10 8
08kn 250 2300 35 -
08 280 330 33 -
10kn 270 320 33 -
10 290 340 31 -
ToHKonncToBa 15kn 310 360 29 -
Byrneuesa fAKicHa 15 320 380 27 -
KOHCTPYKLUiHa 20Kn 330 390 27 -
(FOCT 1050-74, rpyna I; 20 360 420 25 -
TY 3a FOCT 16523-70) 25 390 460 23 -
$=0,2..4 mm 30 430 500 21 -
35 460 540 20 -
40 490 580 19 -
45 520 610 16 -
50 540 640 14 -
TOHKONMCTOBA AKiCHa 08kn,
HU3bKOBYraeuesa gnA 080Kn, 220...280 260...330 - 44
aBTOMODBINbHUX KY30BiB 08to0
(FOCT 9045-70)
$=0,8..1,5Mmm OCB, CB 220...290 260...340 - 42
e | -]
HW3bKOJ1eroBaHa ’
KOHCTPYKLUiHa 10XCHA
(FOCT 19282-73) 14X20 470 540 - 16
$=4..10 mm 10|’H|£|| iiH.
60r 470...680 550...800 - 14
ToHKONMCTOBA NerosBaHa 65l 510...720 600...850 - 12
KOHCTPYKLUiHa 70r 550...760 650...900 - 10
3ara/lbHOro NPM3HA4YeHHA 10M2A 340...490 400...580 - 22
(FOCT 1542-71) 25XICA 420...600 500...700 - 18
$=0,5..4 mm 39XICA 450...640 550...750 - 16
12M2A 420...550 500...650 - 18

16




MpoposXKeHHA noaaTka A

1 2 3 4 5 6
ToHKOAMCTOBA
BMCOKO/1IEFOBaHa, 12X13 340 400 21 i
KOPO3iMHOCTIMKA i % 20X13 430 >00 20 )
KapOCTiiiKa S 30X13 430 500 15 -
(FOCT5632-72;TY3a |J ok 180 260 B ]
FOCT 5582-75) @ 12X17 430 500 18 -
15X25T,15X28 460 540 17 -
$=0,8...4 mm
08X18H9 460 540 45 -
ToHKoAMCTOBA 12X18H9 470 550 35 -
BMCOKON1ErOBaHa, © 12X18H10T 460 540 40 -
KOpPO3iMHOCTIlKa i e 17X18H9 510 600 35 -
¥KapocTiiKa g 08X18H12b6 460 540 40 -
(FOCT 5632-72; TY 3a g 20X23H18 470 550 40 -
FOCT 5582-75) ™M  20X25H20C2 470 550 35 -
$=0,8..4 mm 14X17H2 940 1100 10 -
20X13H4r9 560 650 40 -
ToHKonucToBa
eNeKTPOTEXHIYHA 31100,31200 350 400 - -
KpemeHucTa 33100,33200
(FOCT 214270-75) 32100,32200 430 500 - -
$=0,2..0,5 mm
ToHKOAMCTOBA
€NEeKTPOTEXHIYHA
HWU3bKOBYr/eLeBa TMny 3, 9A, 9AA 250 300 i 40
ApmKo
(FOCT 38336-73)
$=0,2...4 mm
NatyHb: nes 260 300 40
M'AIKa XONOAHOKATaHa 7162 260 300 i 35
NCc59-1 300 350 25
NatyHb: HanisTBEpAA nes8 300 350 25
XO/I0IHOKaTaHa ne2 330 380 ) 20
NatyHb: nesg 340 400 15
TBepAa Xo/04HOKaTaHa N162 360 420 i 10
NC59-1 400 450 5
NaTyHb MapraHuesucTa:
M'AKa 340 390 30
HanieTeepaa Mus8-2 400 450 - 25
TBEpAA 520 600 3
BpoH3a onos'sAHO-
¢docdopucrta Ta
0/10B'AHO-LUMHKOBA: bp0®6,5-0,25
M'siKa bpOLI4-3 260 300 38
TBEpAa 480 550 - 5
ocobnu1Bo TBEPAA 500 650 2
bpoH3a
antoMiHieBa:
BiAnaneHa BPA7 520 600 10
HeBMNaneHa 560 650 ) 5
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MpoposXKeHHA noaaTka A

1 2 6
BpoH3a 010BAHHO-
LUMHKOBO-CBUHLEBA:
M'AKa bpOLIC4-4-2,5 240 300 35
HanieTeepaa 340...430 400...500 10
BpoH3a 6epuniesa:
M'sIKa Bpb2 340...500 400...600 30
TBEpAA 550 650 2
Migp:
M'sIKa M1, M2, M3 180 210 30
TBEpAA 260 300 3
ANOMiHIN:
M'AKUI A2, A3, 70 75...110 30...20
TBEPAUI A0, A1 110 120...150 9..6
Ldypantomin:
BiANaneHuin 016 A-M, 150...200 180...250 12
3arapToBaHW 016 A-T 270...300 340...880 15
MarHiesi cnnasu:
XONO4HUM MA1 120...140 170...190 3.5
MAS 150...180 270...240 14...15
nigirpitnin go 300°C 30...50 55...60 50...52
50...70 65...80 58...60
Hikenb:
M'AKNIM H1, H2, H3 350 400 35
TBEPAUN 470 550 2
Hensnnobep:
M'AKMI 300 350 35
TBEPAUN MHLU-15-20 480 550 1
ocobnmBo TBEpPAMiA 560 650 1
Menbxiop:
M'AKNIM MH19 260 300 30
TBEPANN 340 400 3
u1, uz,
LmHK 3, L4 120...200 140...230 40...36
C1, C2,
CBuHeub C3, C4 20...30 25...40 50...40
TuTaHoBI CrAGBH: BT1-1 360...480 450...600 >25...30
BignaneHi BT1-2 440...600 550...750 >20...25
BT5 640...680 800...850 215
Kosap: H30K18 380...520 450...600 35..50
M'AKUI
Flepmaro: H78 550...600 650...700 30..35
M'AKUI
Hixpom: X20H80 640...700 750...800 35..45
M'AKUI
beponiken: H-52 520...640 600...750 30..35
M'AKUI
MpUMITKK: onip 3pi3y € TEXHONOrYHOK BE/IMYMHOK, @ HE MeXaHIYHOIo

XapaKTepuctmkot. Mpu BUpY6bLiI cTanen, AKMX Hemae B Tabauui, NPUNHATK

Ocp = 0,8'0'8.
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OOAOATOK b

3HaueHHA KoediuieHTiB k;
ANA NepLUOT BUTAXKKN LUNIHAPUYHUX AeTanen

BigHOCHa 3HauyeHHsn k; npu KoedilieHTax NepLIol BUTAXKKM My

TOBLUMHA

3aroTOBKM 0,45 0,48 0,50 0,52 0,55 0,60 0,65 0,70 0,75

(s/D)-100
5,0 0,95 0,85 0,75 0,65 0,60 0,50 0,43 0,35 0,30
2,0 1,10 1,00 0,90 0,80 0,75 0,60 0,50 0,42 0,35
1,2 - 1,10 1,00 0,90 0,80 0,68 0,56 0,47 0,37
0,8 - - 1,10 1,00 0,90 0,75 0,60 0,50 0,40
0,5 - - - 1,10 1,00 0,82 0,67 0,55 0,45
0,2 - - - - 1,10 0,90 0,75 0,60 0,50
0,1 - - - - - 1,10 0,90 0,75 0,60

MpUMITKM: Npyu Manux pagiycax 3akpyrneHb r = (4...6) S KoedilieHT
k, 6epeTbca Ha 5% binblie 3a3Ha4YeHOro, a 30Ha 06pmMBIB TPOXMU 36iNbLUYETLCS.
KoediuieHT k; ABnAe coboto BigHoweHHA k; = o, / 0, Ae O, — pafianbHe
HaMpy»eHHA BUTAXKKU 3anexHo Big m ta (S/D)-100.

[OAATOK B

KoediuieHTU BUTAXKM LUNiHAPUYHUX aeTanein 6e3 pnaHua

. 3HayeHHA KoedilieHTIB BUTAXKN NPU BiAHOCHIM TOBLUMHI
Koediujentn 3aroTtosku (S/D)-100
BUTAXKKN
2,00...1,50 1,50...1,00 1,00...0,50 0,50...0,20 0,20...0,06
m; 0,46...0,50 0,50...0,53 0,53...0,56 0,56...0,58 0,58...0,60
m, 0,70...0,72 0,72..0,74 0,74...0,76 0,76...0,78 0,78...0,80
ms 0,72..0,74 0,74...0,76 0,76...0,78 0,78...0,80 0,80...0,82
my, 0,74...0,76 0,76...0,78 0,78...0,80 0,80...0,82 0,82..0,84
AOAOATOKT
MatematunuHi popmynu
b
[0
A
, a b a b c C
Since = —, COSQx = —. tga = . Clga = —. secax = 7. cosecox = —.
c C b a b a




MpoposBXeHHA gopaTtka I’

Q 0%0 pag) 30° (/6) 45° (1r/4) 60° (1r/3) 90° (1r/2) 180° (1) 270° (31/2) 360° (2m)

sin v 0 % \/7§ \/73 1 0 -1 0
cosw 1 ? ? % 0 -1 0 1
1
tga 0 7 1 V3 | na | 0 N/A 0
ctga | NA | /3 1 \/ig 0 N/A 0 N/A
secar 1 % V2 2 NA | —1 N/A 1
coseca NA 2 V2 % 1 NA | —1 N/A
7!'_ 01_ °£— o ~ o 37 03 _ o271' °
a ﬁ—15 10—18 8—22.5 5—36 ﬁ_54 5 =67.5 ——72
dng V3-1 VB-1 o B \/5 \/_ \/_+1 V2+ 2 \/5+f
22 4 2 2
cosa V3L \/5+V6 243 ¢3+1 \/5—\/5 V2- 2 \/5—1
22 2v2 T 2 4 22 2 4
2 [v2-1 / V2+1
tga 2 V3 4\ [1-— V5—-2v5 I+ % 5+2V5
Vi \V2+1 \va—1 V°7 V5
V241 [, 2 V2 -1 2
ctgal 2 3 1+ — — 1-—
+V3 \/5+2\/5\\/§_1 \/5\/5 2\/5\\/§+1 /5
B
c p
a
a
A b C

a = arcsin (a/c) = arccos (b/c) = arctg (a/b) =
= arccosec (c/a) = arcsec (c¢/b) = arcctg (b/a)

Teopema cuHyciB

a b c
- = — = — = 2R,
sina  sinB sinv
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MNpoaosXeHHA fogaTtka
Teopema KOCHHyciB
a’ =b>+ ¢ — 2bccos a,
Ae a, b, c — CTOPOHU TPUKYTHUKA;

a, B, y — BiANOBiAHO NPOTUNEXKHI IM KyTH;
R — pagiyc onucaHoi 611M3bKO TPUKYTHUKA OKPYMKHOCTI.
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