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JlaGoparopnas pabota Ne 1
OKCHEPUMEHTAJIBHOE UCCJIIEJOBAHUE JE®OPMALIUN
CPE3AEMOTI O CJ10s1
OCHOBHbIE IOHATHS
[Iporecc mpeBpaIieHus cpe3aeMoro Cosi B CTPYXKKY SIBISIETCS PEAMETOM
BHUMaHUs OOJIBIIIOTO YKCIa HCCIICI0BATENCH U TIPOU3BOACTBEHHHKOB, ITOCKOJIBKY
OH ITOKa3bIBaET CYIIECTBO CaMOT0 IpoIliecca pe3anus, ero GU3uKy u Teoputo. J{ms

MO3HAHUS MPOIIecca CTPYKKO0OPa30BaHUS MOXKHO MTOJIh30BATHCS PA3IMYHBIMHU Me-

TO/IAMH:

1. BusyanbHoe HaOM0AeHIE OTIIOIMPOBAHHON OOKOBOM MOBEPXHOCTH
oOpabaTpiBaeMOro 00pasia.

2. HaGnronenue ceTku, HaHECEHHOUW Ha OOKOBYIO OTTIOJIMPOBAHHYIO TO-
BEPXHOCTb, U U3MEPEHHUSI €€ UCKAKEHUS B PE3YJIbTATE MIIACTUYECKOM
nedopmalu cpe3aemMoro ciiosi (MeTol KOOPJIMHATHON CETKH).

3. KunocbweMka nporecca pe3anus U CONPOBOKAAIONINX €ro SBJICHUIA.

4, N3yuenne MukponuiidoB 30HBI Pe3aHU.

d. [Tonmapru3aliMOHHO-ONTUYECKOE U3YUEHNE HANIPSKEHUN B 30HE pe3a-
HUS.

6. N3mepennie TBEpIOCTH U pacyeTa HAMPSXKEHUN B 30HE PE3aHMUS.

7. Mukpockonuyeckoe (3JeKTPOHHO-MUKPOCKOIIUYECKOE) UCCIIeIOBaHNE
CTPYKH B 30HE PE3aHHUS.

8. PeHTreHoCTpyKTYpHBIN aHaIu3.

MHOrO4YrCIEHHBIMU 3KCIIEPUMEHTAIBHBIMA UCCIEA0BAHUSAMU JOKA3aHO, YTO
B 3aBUCUMOE OT 00pabaThiBa€MOro MaTepuasna U APYyrux ycIOBUN pe3aHus Mpo-
1ecc o0pa3oBaHUsI CTPYKKH IPOTEKAET Pa3IMyHO, BCIEICTBUE YETO U BUJ] CTPYXK-
k1 u3Mmensercd. [lepememasce, pe3er OKa3bIBacT AABJICHUE HA CIIOM MeTallia TOJI-
IIMHOM @ U CO3AA€ET BIIEPEIN B METAIUIE CI0KHOE YIIPYTO€ HANPSKEHHOE COCTOs-
HUE, TIEPEXO/ISINEe 3aTeM 110 Mepe ABMKEHUS B TIacTHUECKyr0 nedopmanuro. I1o-
CleIHsIsl MpocMaTpuBaeTcst 0TueTauBo B 1iockoctu OT (puc. 1), pacnosioxkeHHON
1o HEKOTOPbIM yriioM . DTy IIIOCKOCTh Ha3bIBAIOT MIJIOCKOCTHIO CABUTA U COOT-
BETCTBEHHO yroJl @ - yroi caura. Baosb 3Toi m10CKOCTH IPOUCXOIUT CABUT
aneMeHTa cTpyxku. [lo Mepe ganpHelero IBMXeHus pe3ia 00pa3yroTcs BCe HO-

BbI€ JIEMEHTHI, U Cpe3aeMblil Je(pOPMUPOBAHHBIN CION METaNIa B BUAE CTPYKKHU



TOHHIHHOﬁ a, u IHPIpHHOfI bl OTXOIUT, IMCPEMCIIAACh B HAIIPABJICHHUHU, HOPMAJIbHOM

IINTIOCKOCTH CABUIA.

Puc. 1. DnemeHTHI pe3aHus Npu CTPOraHUU.

Ha puc. 1 TommmHa CTpY»XKHU @1, OOJBIIE TONIMUHBI cpe3a a (a;>a), mupruHa
cTpyxku b; 6osbme mmpunbl cpe3a b (b;> b), a jymHa cTpyxku L; MeHbIIe 11m-
ubl L (Li<L).

Ycaaka cTpy:kku. OqHOM U3 XapaKTEepUCTUK MPOIECCa PE3aHuUs SBIIACTCS
ycajKa CTpY»KKHU. Y caakoi K Ha3pIBaeTCsl OTHOIIICHUE TOJIIIMHBI CTPYKKH dg, K
TOJIINHE cpe3a a (monepeuHas ycaika), Wik OTHOLIEHUE ITMHBI TyTH L, mpoii-
JICHHOTO PE3IOM, K JUTMHE CHATOU CTPY»XKH L, (mpoonbHas ycaaka). Bemmanna K
SBJISIETCS] OJTHOM M3 OCHOBHBIX XapaKTEPUCTHUK Mpouecca pe3anus. Ee BennunHa
pasivyHa AJis pa3auvHbIX MeTauioB. [Ipu 06paboTke XpynKUX METaIOB, KOTia
oOpasyeTcs CTpy»KKa HaJIJloMa, ycajJKa ee BeCbMa Majla WM oTcyTcTByeT. Ha ee

BEJINYMHY BIIMSIOT TOJIIIHAHA CPE3a a, IEPEIHUMN YTOJ Y U CKOPOCTh pe3aHus V.

_ cos(y —@)
= »

OTHoCHTENbHBIH CABUI. Y CaJiKa CTPY>KKH B OTNIPEJIETICHHOM CTETIEHH Xapak-
TEPU3YET CTENEeHb MIACTUYECKON AedopMalliK CTPYKKHU, HO He Beceraa. OTcyT-
CTBHE ycaJku, korya K = 1, He 03HayaeT OTCYTCTBUE IUIACTHYECKON Aeopmalinu.
OHa B JI€CTBUTEIBHOCTA MOKET UMETh MECTO U BBIPAXKATHCA JCUCTBUTEIBLHBIM
CIBUIOM 3JIEMEHTa CTpyXKU. Ha puc. 2 nokazaHa njaacTuyeckasi 30Ha pe3aHus

OTO; u nedhopMUpPOBaHHBIN AJIEMEHT CTPY>KKH TOIIIMHON O M.



Puc. 2. DnemMeHTHI cpe3aeMoro ciosi.

Mepoit ”HTEHCUBHOCTH J1e(hOpMallUK CYUTAETCS OTHOCUTENBHBINA CIBUT - OT-
HOILIEHUE BEJIMYMHBI AePOpPMAIUU K TOJIIIUHE CJIOS, K TOJIILMHE CJIOS IpeTepIie-

BaIOIIEro 3Ty AehopMallrio, TO €CTh:

q= oT
oM
ITH q=ctgd+tg(@—y) (2)

Coaep:xanue padoThl
1. DKcIepUMEHTAIbHOE OIpe/IeIeHUE 3aBUCUMOCTH KO3 puireHTa
yCaJKH CTPY>KKU K 1 OTHOCHTENEHOTO CIIBUTA ( OT pa3MepoB cpe3a d,
b, L u ckopocTu pe3aHus V.
2. [Toctpoenue rpaduKoB 3aBUCUMOCTH KO3PPUITUEHTA YCAIKH CTPYKKU
K OTHOCHTEIHHO CIIBUTA (] OT UCCIIEYyEMBIX ITAPAMETPOB.

3. BriBobI.

HccaenoBanue aedpopmanuu npu cBoOOoaHOM pe3anuu. KadecTBeHHas u
KOJIMYECTBEHHAs OLIEHKA BEJIMYMHBI U XapakTepa nedopMalnuy B pa3InyHbIX TOY-
Kax 30HbI CBOOOJHOTO pe3aHus HauboJee MPOCTO MOXKET OBITh CIeaHa B Pe3yJib-
Tare HaOI0JIeHUs] OOKOBOM MOBEPXHOCTH OOpadaThIBaeMOro oOpaslia, MOKPHITOM
KoopuHatoil cerkoi. CeTka, HaHeceHHass Ha OOKOBYIO IMOBEPXHOCTH OOpasla
(puc. 3), mpHu pe3aHUM HCKAXaeTcs, YTO JIa€T BO3MOXKHOCTh HAOJIO/IaTh MPOLIECC
nedopMaui BO BCEX TOYKAX 30HBI B €r0 Pa3BUTHH U MpoTekaHuu. s mposeze-
HUS DKCIIEpUMeEHTa pe3ell 1 3akperuisieTcst B peslenepxkaTesie CTporajJbHOro CTaH-
ka. OOpazen 2 B BUJE MJIACTUHBI C HAHECEHHON CEeuKoil Ha OOKOBOM IIOCKOCTH

YCTAaHABJIIMBACTCA U 3 KMMACTCA B TUCKAX HAa CTOJIC CTaHKaA.



Puc. 3. UccnenoBanue negopmanuu npu cBOOOTHOM PE3aHHH.

OcaellieHue 30HbI pe3anusi A npou3BoauTcs Jammol 3. Jlyd cBera, oTpakeH-
HbII OT OOKOBOW CTOPOHBI IJIACTUHKU-00pasiia, MPOXOJUT Yepe3 ONTHYECKYIO
TpyOy 4, naronryro yBennuenue B 20-30 pas, u monajaer B 1oJjie 3peHus HabJroa-
Tens. B kauecTBe onTHYECKO TPYOKH UCIIONB3yeTCs TyOyC ymbl bpunens.

[Ipu nccnenoBanmm mporecca CTPyKK000pa30BaHUs 3TUM METOJIOM IIJIACTHH-
K1 00pa3ia peKOMEHIyeTCsl M3rOTaBIMBaTh U3 CTAllU, MEAU, OPOH3bI, YyT'yHA.

[lepen HaHeceHMEM KOOPJMHATHOM CETKU Ha OOKOBYIO IMOBEPXHOCTbH ILJia-
CTUHKHM 00pa3la ee TIATeIbHO MoJupyroT. CeTka MOXKET ObITh HaHECEHa TOIO-
rpagu4YecKuMd METOAaMH WM IaparmanueM. [Ipu Hamuyuu CHeruanabHOTO WH-
CTPYMEHTa METOJ I[apamaHusl OKas3bIBaeTcs MpovHee Tororpaduaeckoro. B kade-
CTBE MHCTPYMEHTA JUIsl LaparaHusi O0OKOBOM MOBEPXHOCTH IMJIACTUHKU MOTYT CITy-
KUTh KPYIJIbIE WJIA MpU3MATHUYECKUE TPEOCHKU JIs1 Hape3aHusi pe3bObl C 1IaroMm
0,5MM. Takoro poga MHCTPYMEHT IO3BOJISIET 3a JIBa IPOX0/1a MPOBOJUTH Cpa3y He-
CKOJIBKO MapajuiesIbHbIX PUCOK, MepeceKaronuxcs noa yriaom 90°. OTu pucku ais

00JIbIIIEeH YETKOCTH MOYKHO 3aTE€M 3aIllOIHITh YEPHOH KPACKOM.

JKCIepUMEHTA/IbHOe oOlpefeeHUe 3aBHCHMOCTH KOI((HUIHMEHTa YCaaKu
CTPY’KKHU K U OTHOCHUTEJILHOIO CABUTA (| OT 3JIEMEHTOB Pe;KUMa pe3aHusi
[TpoBoaMTCS 1BE CEpUU OTIBITOB:
1. Omnpenenenre ko3pGUIUEHTa YCaaAKH CTPY>KKH U OTHOCUTEIIBHOTO

caBura mpu V = const u S # const.



2. Omnpenenenne korhuIMEeHTa YCAAKU CTPYKKH U OTHOCUTENBHOTO
caBura Ipu V # const u S = const.

PCBYJ'II)TaTBI OKCIICPUMCHTOB 3aHOCATCS B IIPOTOKOJ UCCICAOBAHNA.

[Iporokou uccnegoBanus

Vel pe3na Pa3mepsr cpesa & 5 '
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Puc. 4. 3aBucumocts k03 punmenTa ycaaku ot 6, S u V.

OmnpenenuB 3HaueHUs K 111 BCEX MPOM3BEACHHBIX OMBITOB, HEOOXOAUMO II0-
CTPOUTH TrpaMKu 3aBUCUMOCTH KOA(PPHUIMEHTOB ycanku oT yria pezanust K=f(0)
(rme 6 =90° - v), momauu k = f(S), k = f(v) (puc.4). Crnenarh BEIBOIBI O XapaKTepe
IIOJTyYEHHBIX 3aKOHOMEPHOCTEMN.

HexoTopsie 3HaueHus ko3 puiienTa ycaaku CTpy>KKH MOTYT OBITh POBEpE-
HBl C HCIIOJIb30BAHUEM BTOPOTO CIOco0a OIpeaeNeHus, KOTOPbIH Ipeanoaraet
3HaHUE TUIOIAAM MOMEPEYHOro ceueHHs cTpyxKu. Ilnomanp monepeynoro ceue-

HHA CTPYKKH F1 MOKHO OIIPEACINTD ITYTECM B3BCHIMBAHUS.



Meroanka pabOThl MPU 3TOM 3aKIIIOYAETCS B CIEIYIONIEM: OT HCCIIEIyeMOM
CTPYKKHU OTIENSAETCS DJIEMEHT MPOU3BOIBHON JIMHBI A M B3BEIIMBACTCA HA aHA-
JUTUYECKUX BEcax; MMyCTh BEC ATOTO Kycouka Oyzet G.

Bec cTpyxku cBs3aH ¢ BEMMUUHON A M MOKET OBITh BBIpaKEH (POPMYIIOH:

_FAp
~ 1000
rae A — IJMHa Kycodka CTPYKKH, MM;

P — INIOTHOCTh MaTCpualia 3arOTOBKH;

F - 1000G .
Ap
Torna ko3pGUIMEHT ycaaKu CTPY>KKHU MOXKET OBITh OMpeieieH 1Mo popMmyie:
F, _1000G
F  Apts
KoHTpoJibHBIEC BONIPOCHI
1. IIpu 00paboTke Kakux MaTepuayioB HabMtomaeTcs “oTpuIlaTenbHas

ycanka cTpykku? OObsSICHUTE MEXaHU3M 3TOTO SIBJICHUS.

2. Kakue mapameTpsl B MpOIECCE pPE3aHUsl OKa3bIBAIOT CYIIECTBEHHOE
BJIMSIHUE HA YCAJIKY CTPYKKH?

3. MOXHO M CYUTaTh, YTO OTCYTCTBUE YCaJKH CTPY>KKH O3HA4aeT OT-
CYTCTBHE IJIACTUYECKON Aedopmaninu?

4, B dem BbIpaxaeTcsi CBA3b MEXAY BEIMYMHOMN YCAJIKU CTPYKKU U OTHO-
CUTENBHBIM CIBUTOM?

5. Kak paccuntarh 3HaueHHE YCaJKU CTPYXKKH, IIPH KOTOPOH oOecredn-

BaCTCA MUHHUMAJIBHOC 3HAYCHHUEC OTHOCHUTCIIBHOT'O CI[BI/II‘a?

Coaep:xkanue u opopmiieHHE 0TUETA
Otuet no nabopaTopHOt paboTe JOJIKEH BKIIIOYATD:
HasBanue nabopaTopHoii paboOThI;
[{ens paboThI;
[IpOTOKOJIBI OIBITOB;
['paduku 3aBUCUMOCTEH;

Pacuetnbie popMybl;

2 A A e

3aKJIYEHHUE.



JlabopaTtopHas pabota Ne 2
SKCINEPUMEHTAJIBHOE UCCJIEAJOBAHUE CUJI PE3AHUS

Benuuuny cuit pe3anus U UX 3aBUCHMOCTD OT Pa3IMYHbIX (PaKTOpPOB HEOOXO-
JTIMMO 3HATh IS pacdeTa MOITHOCTH CTaHKA, MPOYHOCTA MHCTPYMEHTA, IPUCIIO-
COOJICHHUSI 1 MEXaHU3MOB, TOYHOCTH OOPaAOOTKHU.

Kpowme Toro, n3mepenune Cul pe3aHus MO3BOJSET peliaTh BOMPOCHI, CBA3aH-
HBIE C UCCIIEZIOBAHUEM TEIUIOBBIX SIBIICHUI, N3HOCOM HHCTPYMEHTA, Ha3HAYCHUEM
OTNITHUMAJTBHBIX PEKUMOB pe3aHus.. MHOTOYHCICHHBIMU YKCIIEPUMEHTATLHBIMH HC-
CJI€IOBAaHUSIMHU YCTAHOBJIEHO, YTO 3aBUCUMOCTh YCHIINA pe3anusi P oT anemMeHToB
peXHrMa pe3aHasi yJIOBJICTBOPUTEIHLHO OMKCHIBACTCSl YPaBHEHUEM THIIA

P=C, t*.s%.v® (1)
rae Cp — MOCTOSIHHBIN K03()PUIMEHT, 3aBUCAIINI OT CBOMCTB 00pabaThiBae-
MOTO MaTepualia, TEOMETPUHU U MaTepHalia PeXKyIel 9acTi MHCTPYMEHTA, HaJu-
9Hsl U BUJA OXJIAKACHHS, THaMeTpa oOpabOTKHU U IpYyTruX (HaKTOpOB;
Xp, Yps Zp — TIOKA3aTeINH, ONPEACIAIONINE CTENEHb BIUSHNUSA Ha YCHIINE PE3aHUs
P sneMeHTOB pexnma pe3anus: TiyouHsl t, mogauu S u V.
Iean padoThl — UCCIIENOBATH 3aBUCUMOCTh YCHIINN PE3aHUSI PHU TOUCHUU OT
3JIEMEHTOB peXUMa pe3aHus - IIyOuHsl t, mogauu S u ckopoctu V.
Conepxanue padoThbI:
1. DKCIepUMEHTAILHOE ONPE/ICIICHUE 3aBUCUMOCTH CHJI PE3aHHMsI OT TITy-
OuHbI pe3anus t, mogauu S u ckopoctu V.

2. [TocTpoenue rpad kOB 3aBUCUMOCTH YCHIJIMH pe3aHUs OT UCCIEaye-
MBIX ITapaMeTPOB.

3. Br1Bo1 000011I€HHBIX YpaBHEHUH HCCIEAYEMbIX 3aBUCUMOCTEH THUTIA
Q).

B npouecce pe3anust uamepsitores cocrapisitomue Py, Py, u Pz obmiero ycu-
st pe3anus R. Cxema pacmoioKeHus: ’TUX COCTABIISIONINX, IEHCTBYIOMNX Ha pe-
3e1] Ipy TOYEHUH, IOKa3aHa Ha puc.4.

W3mepenne cuit pe3anusi OCYIIECTBIICTCA JuHaMoMeTpamMu. Cxema UCTOb-
3yeMoro B paboTe TPEXKOMIIOHEHTHOTO TOKaPHOTO JUHAMOMETpa MOKa3aHa Ha

puc. 5.



Hix

Puc. 1. PaznosxeHnue ycuius pe3aHus Ha COCTaBIISIOLINE

N |

_|/4
I:I\\5
. __F
7 N
2 (0]
3

Puc. 2. IlpunuunuanbHasi cxema TPEXKOMIIOHEHTHOT'O TEH30METPUYECKOT0 TUHAMOMETpa

Pesen 1 kpenures B Jiroibke 2 quHaMoMeTpa. B nepenneit yactu mronpka 2
IIOJIKATa, C YEThIPEX CTOPOH YIPYTUMH ITyCTOTENbIMU CTEpKHAMHU 3. C 3aHen
CTOPOHBI B/I0JIb OCH JIFOJIbKA MTO/IKUMAETCS yIpyrum crep>kHeM 4. Ha noBepxHo-
CTH CTEpKHEU 3 U 4 HAKIJICEHbI TECH30METPUUYECKHUE TaTYUKH CONIPOTUBIICHUS 5, KO-
TOpBIE CIYXaT JJIsl U3MepeHus aedopMaiuil CTepKHe, BOSHUKAIOIIUX O] 1eH-
CTBHEM cOCTaBIsIONIMX Py, Py, 1 Pz. Curtansl OT JaTYMKOB MOCTYNAIOT HA BXO/
TEH30METPUYECKOT0 YCHIIUTENS, a OTTYAa Ha PErucTpupyomue npudopsl. YToOb
BBIPA3UTh CUJIbI PE3aHUS B KWJIOIpaMMax, HE0OOX0JMMO BOCIIOJIb30BaThCSl TAPUPO-

BOYHBIM Fpa(I)I/IKOM, OoTpaxXaromrM 3aBUCHUMOCTb MCKAY ITOKa3aHUAMUA HpI/I60pa
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(MHJUTMBOJIBTMETPA, OCHMILTOTpada U COOTBETCTBYIOIIMMH UM Harpy3kaMu B KH-

JOrpaMMax).

JKcIepUMEHTAJILHOE ONpe/ieJieHre CUJI pe3aHus

Omnpenenenre 3aBUCUMOCTH CUJT PE3aHUS OT 3JIEMEHTOB pekuMa 00paboTKu
MPOM3BOJUTCS MIPU TOYEHUH HA TOKApHO-BUHTOPE3HOM cTaHke 16K20 cranbHOM
3arotoBku guamerpom 50-100MM. MPOXOAHBIM PE3LIOM, OCHAIIEHHBIM TIACTUHOM
TBEpJOro ciiaBa. ['eomeTpruyeckue napaMeTpbl MHCTPYMEHTA U PEKUMBI PE3aHUS
3a/IaF0TCS IPENOJAaBaTEIEM U 3aHOCATCS B MTPOTOKOJ.

[Tpou3BoAUTCS TPU CEPUM OTBITOB:

1. Onpenensitorcst cuibl Py, Py, 1 Pz ipu pa3nnyHbIX 3HaUY€HUSX t U TOCTOSIH-
HbIX V=V 1 S=Sc.

2. Onpenensitorest cuibl Py, Py, 1 Pz ipu pa3audHbIX 3HAYEHUAX S U MOCTO-
aHHBIX V=V u t=tc.

3. Onpenenstores cuiibl Py, Py, u Pz ipu paznuunbIx 3HaueHusX V U MocTo-
STHHBIX t=tc u S=Sc.

PCBYJ'II)TaTBI OKCIICPUMCHTOB 3aHOCATCS B IIPOTOKOJI HCCHCHOB&HHﬁ.

OO0padoTka pe3yJabTaTOB

1. I'padoananuruyeckuii MeTox

ITo pe3ynbTaTaM SKCIIEPUMEHTOB CTPOSATCS B JBOMHOMN JJOTapu(PMUUECKON CH-
cTeMe KOOpJMHAT (Ha JorapupMuuecKkoi Oymare uiv mpu MOMOIIH JiorapruhMu-
YECKOU JIMHEUKH ) TpaUKH YaCTHBIX 3aBUCUMOCTEH:

P, =Cp t*; P, =C, -S"™; P, =C,, V™

P, =C,, -t"™; R =C, -S™; R =Cy V™

P, =C,, t**; P,=C, -S™; P, =C,, V™

rje corjacHo ypaBHeHus (1)

Cpy =Co S ™ V™ Cp =Cp ™™ V™ Cp =Cpy ot -5, ™

Cpy, =Cpy-Sc™ V™ Cpp =Cpy -t V™5 Cpp =Cpy 17 -5

Cp, =Cp, - Sc ™ V™ Cyp, =Cp, 1t V™% Cp, =Cp, 1™ -5 (3)
[IponorapudmrpoBaB ypaBHeHue (2), Mbl IOJTYyYUM JMHEHHBIE YpaBHEHUS BHU]IA

IgP, = IgCPXT +Xp, -lgt; IgP, :IgCPXS + Ve, -19S; IgP, = |9Cva +2,, -19V;

IgR :IgCPyT +Xg, -lgt; IgR, :IgCPys +Yp, 19S; IgR, = IngyV +2p,-1gV;

11



lgP, =19C;, +Xp, -1gt; 1g9P, =1gCy, +Vp, -19S; 19P, =19Cy, +2,, -1gV;
WIA B OOIIIEM BHUJIE
y =a+ bx
CrnenoBaTenbHO, B TOTapu(MUYECKON CUCTEME KOOPIUHAT 3aBUCUMOCTH (2)
OyayT n300paxaThCsi B BUJIE IPSIMBIX HAKJIIOHHBIX JIMHUM. TaHTeHC yTriia HaKJIOHA

ATUX JIMHUHN K OCU abCIIMCC €CTh MOKa3aTelb CTENEeHN MPU COOTBETCTBYIOIIEM ap-
I'YMEHTE.

Hanpumep, B pe3ynbrate MpoOBeACHHUS YEThIPEX IMEPBBIX OMBITOB cepuu Pz =
f(t) momyuwmu mpu

t, =0,5mm. P, =38kec

t, =1,0mm. P,, =76kec

t; =15mm. P,, =103kec

t, =2,0mm. P,, =130kec

3navenus P,,P,,,P,, u P,, HAaHOCATCA Ha rpaduke B JOTapUPMUUESCKUX KOOP-

nuHartax B Buje Touek 1,2,3,4 (puc.6), KoTopble coeuHA0TCS psiMoid Ab.

=

B0~ =g = = = — |- -

-

B\
Débéuxcoic _ A\

AD2QPLPMUHECKAS
AUHEU et

Adganra K 50‘(_3;107'05 w

LA A A e
2 3 BN A R
U M 3t S Y G g )

-

b <k
.

Puc.3. Ilpumep rpadgudeckoro n3o00pakeHus 3aBUCUMOCTH

Ecau ipu 3TOM pe3ysbTaT KaKOro-To OJJHOTO OIBITA PE3KO BBINAAAET U3 IPs-
MOM, KOTOpasi yIOBJIETBOPUTEIIBHO IPOXOINAT YEPE3 OCTAIBHBIE TOUKH, €I0 MPH
IIPOBEJCHNH NPSAMOU HE YUMTHIBAIOT. [Ipu 3TOM npennoyrenne otaaercs pe3yJib-

Taram, rje 3HadeHus aprymenTa (1, S wim V) Bbiiiie, T.€. B 3TUX OMbITaX OTHOCH-
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TCJIbHAs MMOIrPCIIHOCTD ITPOBCACHUA SKCIICPUMCHTA U HSMCPCHHﬁ, KakK IIpaBHJIo,

Mmenble. Tanrenc yrna bAB 4uciieHHO paBeH nokasartesnto Xp Npu riiyOuHe pe3a-

Hus t B ypaBHeHusx (2) u (1). Haubonee yno6HOo oTpe3ok AB BeIOMpaTh paBHBIM

100mMm. Toraa nnuua otpe3ka bB B nennmeTrpax YMCI€HHO paBHA TAHTEHCY yTiia

BAB. B namem cinyuae bB=45mm., AB=50mm. CnenoBarensro, Xp = 45/50 =

0,90.

AHaJIOTHYHBIM 00pa3oM CTposiTcs rpaduku 3aBucuMocteit P = o(S) u P =

y(V) u onpeenstoTes 3HaUCHUS OKa3aTeieH Yp U Zp.

3nauenns k03 hunmueHToB Cp; , Cps , Cpy OIpenesnsieM oTHUM U3 CICTYIOITIX

CIOCO0OOB:

1) N3 npotokosia HaOroieHui: eciau HanpuMmep t, S uim V B KakoM-To
OTIBITE paBeH 1, TO, corjlacHO ypaBHeHUsIM (2), 3HaueHue Cp OyaeT
YHUCJICHO PaBHO 3HAYEHUIO YCHIIMS B 3TOM omnbiTe. Hanpumep, s
HaIIero oneita uMeeM Pi-1=76xr, cnegoBareabHo, U Cp,=76.

2) U3 rpaduxos 3aBucumocteit (2). Eciu mapamertp t, S unu V pasen 1,
TO 3HAYEHUE OPJUHATHI TOUKH C abcuuccor 1 YucneHHo paBHO BeJu-
guHe Cp. ITOT cIOCOO TOYHEE, T.K. YUUTHIBACT CIy4yaiiHbIE TOTPEIIHO-
ctH omnbiTa. Tak, 1 Hamero onbiTa U3 puc.6 umeem Cp,=73.

3) AHaMTUYECKH, U3 ypaBHEHUH (2), T.e.

o :é; Coys = P\)((i » Coo = Pé(i :
to™ S;™ A

CPyt = F:Zi d CPys = P:((i J CPyv = I:)zYi ,
ti ” Si Y Vi ”
C_PZiC:PZiC:PZi

Pzt th,Z o S Yo, ' P VZF,Z ’

r]ie | — HOMEp OIbITa B KaXKJIOW CepHUH.

JIns Hamero ciry4as UMeemM
130

Pz, 208

=71

Hanee onpenensem koddduinent Cp ypaBHenus (1) st Kax10i cocTaBis-

IOIIICH.
= Pa . — L-
Pxr ™ Ypx Zpx ! Paa 4 Xpy Zpy
Sc 'Vc tc 'Vc
_ CPyt . _ CPyS .
R - Ypy Zpy ! Rr2 - XPy Zpy !
S’ -V, 5V,

— PXv
Pas T Ypx Xpy
S,

Cp

Y

PVS_S yPy .t xpy7
c c
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P21 . C st . C PZv

P2 - S Ypz V Zp, ! P22 =t Zp, vV Zp, ! Pzs - S Ypz X
. . .t
C C C C C C

Tak kak nmpu MPOBEICHUHU IKCIIEPUMEHTOB U 00pabOTKE pe3yIbTaTOB HEU3-
OCXXHBI MMOTPEITHOCTH, TO B 0011IeM BHIe st Kaxkaon coctapiisitoiieid Cp#Cpr#Cps.
[TosTomy Haxoaum 3HaueHue Cp Il KasKJ0M CUJIBI:

C — CP1+CP2+CP3.

Pcp 3

Onpenenus, TaAKUM 00pa3oM, YUCIEHHBIE 3HAYCHUS KOO (UIIMEHTOB U MTOKa-
3areiniedd B ypaBHeHUsX (1) ais Kaxk10il cuiibl, mojrydaeM (popMyJibl JJis onpeene-
HUSI BEJIMYMHBI COCTABJISIIOIIMX YCUJIUSI PE3aHUS B 3aBUCUMOCTH OT ITyOUHBI pe3a-

HUA, TOJa91 U CKOPOCTH.

2. AHAJITUTHYECKUH METO
Ecin ToukH He j10KaTcs CTpOro Ha KpUBYIO, OHA MPOBOJUTCS PUOIHIKEHHO €
TaKUM PacuyeToM, YTOOBI CyMMa KBaIPAaTOB OTKJIOHEHUH UX OT 3TOW MpsIMO ObLia

MUHHUMAJIbHOM (METO/ HAUMEHBIIINX KBaJPaTOB), T.C.

2

Z[yi - f(x;))] =min.

Pasnocts Y; — f(X;) — ecTh OTKIIOHEHUE 110 OpIUHATE IKCIICPUMECHTATBHOM
TOYKU OT 3aMEHSIOIICH KpruBOM. /{7151 ypaBHEHUsI TpsiMOl B JJorapu(PMUUIECKUX KO-

opaunarax IgP = IgC + xp-lgt ocHOBHOE yc10BHE IPUMET BH/I

N 2

S"=>[lgP - (IgC + X, -lgt;)] =min.

i=1

Cymma S* OyneT MUHMMAaIbHOM, €ClU € YaCTHBIE MTPOU3BOIHBIC IO Mapa-
MeTpaM C U Xp paBHbI HYJIIO:

08" _o S _,

oc X,

[Ipoussens nuddepeHurpoBaHue U COOTBETCTBYIOIIME MTpeoOpa30BaHuUsl, MO~

Jy4UM CUCTEMY YPABHECHHMU
N

ZN:IgPi—N-IgC—xp-ZIgti =0

i=1 i=1

Igt, -ilgPi —IgC~ilgti —xpilgzti =0
i=1 i=1

i=1
B KOTOpbIX N — 4mciio onbITOB B cepun. Pemras cucreMy ypaBHEHUH, NOTy-

yuM (HOPMYJIBI JJIs1 OTIPEIEICHHS] HCKOMBIX TOCTOSHHOU C U mokaszaTens Xp:

14



ilgPi -ilgzti —ilgti -ilgF’i -lgt,
1 =1 =1 .

IgC == i:N i . i :(5)
N2 lo*t -2 lgt)

N IgR gt~ Igt, D lgR
— i=1 i=1 i=1 .

Xp I i (6)
ND lg*t - (Q_lgt)*
HpOTOKOJI OIIBITOB
Ne |V, S, t |E |P,
[Ipumeuanue

/| M/MuH. | MM/00. | MM. | MB | kT.

K nonyuennro popmyiet P = f(V, S, t) rpadoananmutinueckum meronom

IgP &

IgP |

IgS

y—

IgP |

gt
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Conep:xkanue 1 0(popMiIeHHE OTHYETA
OT4er o 1abopaTtopHOil paboTe MOKEH BKIIOUYATh:
7. Hazpanue nabopatopHOil paboThI;
8. Ilenb paboTHI;
9. TIpOTOKOJIBI OTIBITOB;
10.'paduku 3aBUCUMOCTEM;
11.PacueTHbIC (OPMYIIHI;

12.3akiroueHue.

KoHTpoJ/ibHBIEC BONPOCHI
1. C xaxoii 1enpo MPOU3BOANUTCS U3MEPEHHE YCUIIHI pe3aHus?
Ha xakue coctapisonye pasiaraercst oolee ycuinue pe3aHus U 11 4ero?
3. Pacckaxute 00 ycTpoHCTBE U PUHITUIE PaOOTHI TOKAPHOTO JUHAMOMET-
pa?
4. Kak npou3BOANUTCS TApUPOBKA AUHAMOMETpa?
5. Kak mpousBoauntcst 06paboTka pe3ynbTaToB JMHAMOMETPUYECKIX U3Mepe-
HUH B JIOTapU(PMUIECKON CUCTEME KOOPIAUHAT?
6. Uto oka3piBaeT HanOOJbIIEE BIUSHUE HA CHIIbI pE3aHus: TITyOUHa pe3aHus

t, mogava S uiam ckopocTs V.

16



Jlabopatopnas pabora Ne 3
NCCJIEJOBAHUE
TEMIIEPATYPHOI'O 1OJISI B PE3SLHE METOJIOM
SJEKTPOMOJIEJIUPOBAHUSI

[enbto HacTosied pabOThI SBIIAETCS O3HAKOMJICHHE CTYAEHTOB C METOAM-
KOH OIpefesIeHus] TEMIIEPATYPHOIO OJIS B pe3lie, OCHOBAHHOM Ha 3JIEKTPOMOJE-

JMPOBAHUM TEMIIEPATYPHBIX MOJIEH.

OCHOBHBIE NOJIOKECHUA METOAa 3JICKTPOMOACIUPOBAHUA

HpaKTI/I‘{eCKI/I MMPUMCHAIOTCA ABC PA3HOBUAHOCTU MOICIIMPOBAHUA KAK CHOCO6a
pemieHust uddepeHnnaIbHOT0 YpaBHEHHs TEIIONPOBOAHOCTH. B mepBoii — mpo-
eCC pacrpoCTpaHCHUA TCIUIOTBI B TBCPAOM TCJIC H3YUACTCA HAa OCHOBC aHAJIUN3C
CXOOHOTO IIponecca pacipoCTpaHCHUA TCIIJIOTBI B MOACIIN. Bo BTOpOﬁ — U3YUCHUC
nmponecca TCIIONPOBOAHOCTHU B PCAJIBHOM TCJIC OCHOBBLIBACTCS HA aHAJIM3C ITPHH-
MUITNAJIBHO APYTOoro (I)I/IBI/I‘IGCKOI“O ABJICHUA, UMCHOIIICTO, OJHAKO, CXOAHOC MATec-
MATHUYCCKOC OIIMCAaHUC.

IIprumepoM MOaenupoBaHUs MEPBOW PAa3sHOBUIHOCTHU SIBJISIETCS U3YUYEHHUE TEII-
JIOBOro Imponecca B MCTaJIC IIOJ ,Z[eI)'ICTBPIeM Ja3€pHOro umilyjabCa B3aMCH HUM-
Hynbca TCIIJIOTHI, KOTOprM SABIISACTCA HpOI_[eCC pGBaHI/IH OTACJIIBHBIM 36pHOM HpI/I
IHJII/I(I)OBaHI/II/I. Bo3moxxHOCTE YHOpaBJIATE HHTCHCUBHOCTBIO JIA3€PHOI0 MMIIYJIbCA,
€ro pa3MepaMy U JJTUTEIHHOCTHIO B3aMMOJICUCTBHUS HA 00pabaThIBAEMbIN METaILT
I1IO3BOJISICT I/IByT-II/ITB CprKTypHLIe N3MCHCHUA B HOBerHOCTHBIX CJI0AX 3aroToOBKH,
TEMIICPATYPbI U APYIUX nokasareJieu Inmpouecca U 3TUM IIYTEM BBIACHUTL HCKOTO-
pBIe BaKOHOMepHOCTI/I, KOTOpre MOFyT HNMCTHh MCCTO B peaJ'IbHOM HIJ'II/I(lJOBaHI/II/I.

BTOpaH Pa3SHOBHUIHOCTL MOACIIMPOBAHUS 6a3preTc;1 Ha CXOIACTBC MaTEMaTH4YC-
CKOI'0 ommucaHus IMponeccCoOB paClIpOCTPaHCHUS TCIIOTBI M OJICKTPHUYCCKOT'O ITOJIA.

N3BECTHO, YTO MPOLIECC PACOPOCTPAHEHHS TEIUIA B IJIOCKOM ITpOLECCE IpHU
YCTAaHOBHUBHICMCsI TGHJIOO6M€H€ OIIMCBIBACTCA YPABHCHHUCM!

R CIRC) _

ox? " 8y2 0,

rae ® - remmneparypa,
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X, Y — KOOpAMHATHI TOYKH pe31ia.
AHQJIOTUYHO 3alKUCHIBAETCS YPABHEHHUE PACIPOCTPAHECHHUS JIEKTPUUECKOTO TOKA
B JJIEKTPOIIPOBOIHOM JBYXMEPHOU Cpelie:

o°U oMU

P oy’ 0,

rae U - temnepatypa;
X, Y — KOOpJIMHATHI TOUKU B 3JIEKTPOIPOBOTHOMN Cpejie.

CrnenoBarenbHO, €CIIM MPHU OMpPENEICHHBIX YCIOBUAX H3ydaTh paclpocTpaHe-

HHE 3JIEKTPUYECKOr0 TOKAa Ha MOJIEIIH, TO MOKHO CYJIHUTh O PACIpOCTPAaHECHUH Tell-
JOTHI B MHTEPECYIOIIEM Hac Teje. AKTyalbHOCTh TaKOM 3a7aud BUJHA U3 CIENy-
foriero npumepa. IlpeacraBuM, 4To HaM HEOOXOAWMO BBIACHUTH TEMIIEPATypHOE
0JI€ B PEXKYILEM UHCTPYMEHTE.
HeTtpyaHo moHATE, 4TO C 3TUM MOJIEM CBS3aHbI Pa0OTOCIIOCOOHOCTh HHCTPYMEHTA,
ero TeIUIOBbIe JeopMalru B Mpollecce U3rOTOBICHUS JleTalleil, a 3HaYUT U TOY-
HOCTb nocienuux. Ho peser; uMeeT orpaHu4eHHbIE pa3Mephl, U JIJIMHA €T0 KOHTAaK-
Ta CO CTPYXKOH, OTKy/Ja MOCTYMaeT OCHOBHOM IMOTOK TerJjia, U3MEPSETCS BCEro
OJIHUM-TpEMsI MUJUTUMETPaMH, peako Oosiblie. Eciu ke crenaeM OOJbIIYIO dJIEK-
TPUUYECKYIO MOJEIb U3 JAPYroro MaTepuana U o0ecreurM YCJIOBUS MOA0OHS Tem-
JIOBOTO TIpoIlecca B pe3lie U IEKTPUIECKOT0 — B MOJIENH, TO MBI PEIIUM Hallly 3a-
Jady 3HAYUTEIHHO TPOIIIE, YeM €CJIA OBl MBITAINCh U3MEPHUTh TEMIIEPATYPHI B pe-
aJIbHOM MHCTPYMEHTE.

YcnoBus mogoOus MPOIECCOB B PealbHOM OOBEKTE U MOJETH COCTOSIT B CJie-
IYIOLIEM:

a) MOJIeJb I0J>KHA ObITh T€OMETPUUECKH MOJJ00HA peanbHOMY OOBEKTY

0) NOHKHO OBITH 0OECIIEYEHO PABEHCTBO O€3pa3MEpPHBIX KOOPJAUHAT TOYEK MO-
JeNd U

pearbHOro O0BHEKTa;
B) JOJHDKHO UMETh MECTO PaBEHCTBO KPUTEPUEB MOAO0US ISl MOJEIH U O0BEK-

Ta.

18



IIpn MonenrpoBaHUM TEIJIOBBIX IPOLIECCOB UCIIOIB3YyeTCs Kputepuii Kupnnue-

Ba, MPECTABIAIOMUN cO00 B Oe3pa3MepHBIX CHCTEMaX UHTEHCUBHOCTD MOTOKA:

dLe
Ko =—-—2,
° 10

m

r7ie (| — ”HTCHCUBHOCTh UCTOYHUKA;
L, - XapakTepHBII pa3Mep;
A — KO3 HUIMEHT TEMIOMPOBOIHOCTH;

@, - HEKOTOPOE 3HAUYECHHE TeMIIepaTypbl, IPUHITOE 32 MACIITa0.

m

[ToTpeOHOCTH B ©, BO3HUKAET MOTOMY, YTO MPU ONMUCAHUU MOJOOHBIX SIBJICHUN

)
UCIIOJIB3YIOT Oe3pa3MepHbIe 3HAUCHHE TEMIIEPATypPhl v, =g > PeACTaBIIIOIIKE

m

co0ol OTHOIIEHUS (PaKTUYECKUX TeMIEepaTryp K MaciitaOHoil Temmepatype. Ilpu

ql, _ d,

PaBEHCTBE COOTBETCTBYIOIIMX KPUTEpUEB Mopodus K, =K, 6. 0
m m

U Tpu

o U
reoOMCTpUICCKOM HO,Z[O6I/II/I 663pa?>MCpHBII/I MoTCHUMAJl Ha MOICIU v/, =U— YHC-

m

JIEHHO paBeH 0e3pa3MepHOU TeMmepaType w, B CXOAHOW TOYKE TBEPJOTO Teaa. A

ATO 3HAYHT, YTO €CJIA MBI COOTBETCTBYIOIIMM 00pa30M BEIOEpEM JIJIMHY HCTOYHUKA
Toka Ly Ha MOJienu, TJIOTHOCTh TOKa O, MaciTaOHbIi noTeHuuan Uy, To, uzyyas
M0JIe TIOTEHIIMAJIOB HAa MOJIEIHN, MOXKHO CHEJIaTh 3aKII0YCHUE O TeMIIEpaTypHOM

noyie B HarpeBaeMoMm oObekTe. Ilepexon oT Oe3pazMepHOil TeMmmepaTyphl y, K
TEMIIepaType B Ipajycax ® OCYLIECTBIISIETCS MO PE3YJIbTaTaM MOJEIUPOBAHUS C
NOMOILBIO COOTHOILICHHUS:

qle

O=0 _—
ml//G)_ iKU

Vo

5‘_U

rae K, = - k03 purmeHT GopMbI MOACIIH.

m
MogenpoBaHu€e TEIUIOBBIX IIPOLECCOB B TEXHOJIOTMYECKUX CUCTEMAxX BBIMOJI-
HSIETCS C MOMOIIBIO CIUIONIHBIX cpef (JIEKTPOIPOBOIHAS OyMara) WU CETOK 3

AKTHUBHBIX COHpOTI/IBHeHI/Iﬁ M €eMKOCTH Tak Ha3biBaeMbIX RC — ceTok.
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MopenupoBaHue yCIEMIHO NPUMEHSIETCS U ISl PELIEHHS] HEKOTOPBIX BOIIPOCOB
HaJaJKyl TEXHOJOTMYECKUX CHCTEM. Tak, Hampumep, NpH PELIEHUH BOMNpPOCa O
HaJaJKe MpOoIecca BBIMTAXKUBAHUS IIAPOBBIX MOBEPXHOCTEM Ha Tellax KAaueHHs C
nomouibio MojenupoBanus Ha RC — ceTkax ynanock onpeaenuTh TeMIepaTypy B
MeCTe MepeceueHus] TPACKTOPUI MHCTpyYMEHTa Ha 00pabaThiBaeMoOil MOBEPXHOCTU
U OTBICKaTh YCIIOBUS, KOT/Ia 3Ta TeMreparypa OyAeT UMETh TPUMEPHO MOCTOSIHHOE
3HaYEHUE Ha BCEW MOBEPXHOCTH IIapa. ITO, B CBOIO ouepe/ib, 00ECIeUnBaeT paB-
HOMEPHOCTbh TBEPJOCTH U APYTUX CBOMCTB METAJlJIa, CBA3aHHBIX C TEMIIEPATypOH B
MIOBEPXHOCTHBIX CJIOSIX BBITVIAXKEHHOTO 1Iapa.

Ms1 paccMaTpuBaiayM MOJEIMPOBAHHE HA OCHOBE 3JIEKTPOTEILIOBOM AHAJIOTHH,
TO €CTh Ha OCHOBE CXOJICTBA MAaTEMAaTHYECKOTO0 OMHCAHUS MPOIIECCOB paclpocTpa-
HEHUS TEIUIOTHl M 3JIEKTPUYECKOIO IOJs B TBEPABIX Tenax. Jius MoaennpoBaHus
MOKET MPUMEHATHCA TaK)Ke TUJIPOTEIIOBAsI aHAJIOTHS, KOTa UCIIOIb3YETCsl CXO/-
CTBO 3aKOHOB pAacCIpOCTPAaHEHHUsI TelJia U JIBHXKEHUS >KHIKOCTU. BenencrBue rpo-
MO3JKOCTH YCTPOWCTB TAKOI'0 pOAa METOJ I'MAPOTEINIOBOM AHAJIOTHH UCIOJIb3YyET-

Cs BHAYUTCIIBHO PEKE MCTOAA BHCKTPOTCHHOBOﬁ aHaJIOTHH.
PacueTHasi cxemMa TenjioBOro nmpomecca

1. Tlonmaraem, 4TO TEIJIOBOW MpolleCC B pe3le SBISETCA IUIOCKUM (JABYXMEp-
HbIM). DTO, HAaIpUMEpP, UMEET MECTO MPU CBOOOTHOM PE3aHUM, KOT/Aa JJIMHA
peXylIel KpOMKY PaBHA IIUPUHE U3ICIIHS.

2. Tenmnodusnueckre KoIPHUIMEHTH CUUTAEM HE 3aBHCSIIMMH OT TeMmIepa-
Typbl

3. TemnoBoiif MOTOK MojaraeM ycTaHOBUBITUMCS. Ha pucyHke mpuBeeHa reo-
METpUUYECKasi MOJIENIb Pe3lia B IIIABHOW CEeKyIler niuockocTu. [Ipeaycmorpe-
HO, YTO Ha JIJIMHE KOHTaKTa pe3lia co CTPYXKoii |, B pesenr mocrymnaer pas-

HOMEPHO PACHPENEIECHHBIN TEMIOBOM MOTOK

i(@_@j =(, = const
on 0-1
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6 b

Ha yuactke 4-5, To ecTb B MecTe KpEIUIEHUs pe3la B pe3Lelepikareie, B

NEePBOM MPUOTMKEHUN MOKHO CYHTAaTh, YTO TEMIIEpaTypa MOICPKUBACTCS
IIOCTOSIHHOM

t1s=t,=const, paBHOM TemIleparype OKpyKaroumen cpeapl. Bce ocranbHbie

Y4aCTKH WHCTPYMEHTA TPUHUMAeM aauabaTHBIMUA, TO €CTh HE OTHAIONUMHU

TEIJIO B OKPYKAIOUIYIO CPELy.

Conepxanue padoThbl
1. W3mepeHne reoMeTpHUECKUX MapaMeTpoB M (OpMbI pe3la, BBLAAHHOTIO
npenojaBaTenieM. BeruepurnBanue pesia B 3aJJaHHOM MaciiTaoe.
2. PaboTra Ha TOKapHOM CTaHKE IO PEKHMMaM, 3aJaHHBIM IPENOJABATEIEM.
N3mepeHne InuHbBI KOHTAKTa Pe3la 10 3aAHEN U IEpEaHEN TPAHSIM.
3. Ilepexon k Moaenu pes3la, BHIMOJIHEHHON M3 3JIEKTPOIPOBOJHOW OyMmarm.
CocraBieHue AIEKTPUIECKON CXEMBbI MOJIETUPOBAHUS
4. H3MepeHune napamMeTpoB 3JIEKTPUUECKON MOJIEIH:
- uHeI KoHTakTa |, u l;;
- HalpsbKeHUs B BepiurHe pesna Uy,
- COIIPOTHUBIICHUS 3IEKTPUUECKO Moaenu Ry;
- JIIEKTPUYECKOTO TOKa |.
5. HaxoxneHnne Ha MOJIenM JTMHUN PAaBHBIX OTEHIMAIIOB C TIOTEHIHAIAMM:

U=u,,, rae y;1=0,8; y>=0,6; y3=0,4.
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6. Ilepexom oT Ge3pa3MEpHBIX BEIMYHH, MOTYYCHHBIX HA AIEKTPUIECKON MO-

JeNH, K TEMIIepaTypam:

0, = ILo ,rae K, = Ly .
A’KU Nm

[InoTHOCTH TOKA HaXOAHUTCA KAaK OTHOIICHHMEC TOKAa K AJIMHC KOHTAKTa, TO

| |
eCTb 6 = n WA O = T DJIEKTPONPOBOJIHOCTh MaTepUalia MOJEIH Y, ONpeie-
n 3

JSIeTCsl KaK BEJMYMHA, 00OpaTHasl COMPOTUBIICHHUIO 3JIEKTPOINPOBOAHON Oymaru,

1
TO CCTb 7, =R—. MNHTEHCHUBHOCTh TEMJIOBOIO IOTOKA J MOXHO OIpEACIMTH
2

CIIEAYIOIIMM 00pa3oMm:

Q Fv 0250,L,bv
Leb  Lgb Lob

g= =0,250,v,

I7e o, - BpeMEHHOE COIPOTHBICHHE MaTepraia 3ar0ToBKr, H/M;
v - CKOPOCTh p€3aHus, M/C;
Lo - A7IMHA KOHTAaKTa, M;
b — mpuHa oTpe3HoTO pesna, M

/. N3o0OpaxkeHune Ha 3CKU3€ pe3lia TEMIIEpaTypHOTO MOJIS U PacyeT U30TePM.

KoHTposbHBIE BONIPOCHI
1. Ha xakoMm npuHIUIE OCHOBAaHO M3YYE€HUE TEIUIOBBIX SIBJICHUM B pe3Lax Me-
TOJOM MOJICIUPOBAHUS?
2. Kak 3a1a10Tcsi rpaHUYHBIE YCTIOBHS MPU MOJICTUPOBAHUH?
3. Kak Bnusier ko3¢ (pULMEHT TENI0NPOBOJHOCTHU pe3lia Ha TEMIIEPATypy €ro

MTOBEPXHOCTHU?
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JlabopaTtopHas paborta Ne 4
IKCIHEPUMEHTAJIBHOE UCCIIEJOBAHHUE

TEMIIEPATYPbI
PE3AHUA ITPU TOYEHUH

Temneparypa, BO3HUKAIOIIAs B 30HE PE3aHUs, CYIIECTBEHHO BIIMAET HAa U3HOC
U CTOMKOCTh PEXYLIUX HHCTPYMEHTOB, HAa Ka4ecTBO 00pab0TaHHON MOBEPXHOCTH
¥ TOYHOCTH oOpabateiBaeMoit Aetanu. [[03ToMy n3yyeHue TEerIoBbIX SIBICHUN CO-
CTaBJISIET BYKHYIO 3aJ1a4y HayKH O PE3aHUU.

MHOrO4YUCIIEHHBIMU YKCIIEPUMEHTAJIBHBIMU UCCIIEIOBAHUAMHU ITI0KA3aHO, YTO
cpenHss Temneparypa © B 30HE pe3aHus yI0BIECTBOPUTEIIBHO ONMCHIBACTCS ypaB-
HEHUEM THUIA!

® =Cgo- t50- Y0 . 20 (1)

rie Ceo— NOCTOSIHHBIN KO3 PHUIMEHT, 3aBUCSILIUN OT CBOMCTB 0OpabaThiBae-
MOT0 MaTepualla, FTeOMETPUHU U MaTeEpHalla PeXKyLIEH YacTH NHCTPYMEHTA, HaJlU-
YMs U BUJA OXJIAXKACHUS, JUaMeTpa 00pabOTKU U Ipyrux (pakTopos,;

Xeo; Yo, Zg— MOKa3aTeNn, ONPEALIABIINE CTENIEHDb BIUSIHUS HA TEMIIEPATYPY

O 37eMEHTOB peKUMa pe3aHus: rayounsl t, mogauu S u ckopoctu V.

Llenb paboter: MccnenoBars 3aBUCUMOCTD CpEeIHEH TeMIepaTyphbl pe3aHust
IpY TOYCHUU OT DJIEMEHTOB peXXUMa pe3aHusi: TyOouHsl {, mogaun S u ckopoctu V.

Conepsxanue pabOTHI:

1. DkcrepuMeHTaNbHOE — OIpEeIeJICHUE 3aBUCUMOCTH TEMIIEpaTyphl pe3aHus
oT ri1yOuHslI t, monayu S u ckopoctu V.

2. [Toctpoenue rpaduKoB 3aBUCUMOCTH TEMIIEPATYpPbI pe3aHusl OT HCCieaye-
MBIX ITapaMeTPOB.

3. BeiBo1 000011IEHHOTO YpaBHEHHUS UCCIIETYEMbIX 3aBUCMOCTEH THIIA YpaB-

Henus (1).

N3mepeHue TeMnepaTypbl pe3aHusi METO0M eCTeCTBEHHOI TepMonapbl
Kax u3BecTHO U3 Kypca pu3uku, Mex1y CBOOOAHBIMU KOHIIAMH 3JIEKTPOJIOB,
W3TOTOBJICHHBIX U3 JIBYX Pa3HOPOIHBIX METAIOB, UMEIOMINX OOIIYI0 TOUYKY Cras,
BO3HHUKAET Pa3HOCTH JEKTPUIECKUX TTOTCHIIMAIOB BCIKUIN pa3, KOT/1a TeMITepaTy-

pa CIiadg 6y,Z[eT OTIIMYAaTbCs OT TEMIICPATYPhI CBO60,Z[HI>IX KOHIIOB. Ecin CBO6OI[HI>IC
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KOHLIBI 3JIEKTPOIOB 3aMKHYTh JIEKTPUUYECKUM POBOJHUKOM, TO B TAKOW LIETH
BO3ZHMKAET 3JIeKTpuueckuii Tok. [Ipu aToM Tepmosic OyeT TeM OobIie, YeM
O0JIBIIIE Pa3HOCTh TEMIIEPATYP HAIPETOro Clas U XOJOAHbIX KOHIIOB. [Ipu pezanuun
METAJIJIOB Ha IUIONIa/IKaX KOHTaKTa MHCTPYMEHTa C 00pabaThiBaeMOil 3ar0TOBKOMA
BO3HHUKAIOT BBICOKHE, 1O HECKOJBKUX THICSY aTMOc(ep, TaBlIEHUs, KOTOPhIE B
COYETAHUHU C BHICOKMMHU, B COTHHU I'PaAyCOB, KOHTAKTHBIMU TEMIIEpaTypaMu, pas-
MSATYarT METAI B 30HE PE3aHusl, 00eCeunBatOT OOJIBIIYIO INIOTHOCTh KOHTAKTA.
Tak kak mpu pe3aHu B KOHTAKTE HaXOAATCS UJI€aIbHO YHUCThIE (HEOKUCIICHHBIE)
NOBEPXHOCTH, TO MOKHO CYUTATh, YTO B SJEKTPUUECKOM OTHOLIEHUHU TAKOH KOH-
TaKT SKBUBAJIEHTEH cnato. Ciie10BaTENbHO, PE3€Ll U IETANIb B JAHHOM CIIy4ae -

QJICKTPOAbI TCPMOIIAPLI.

lg e
6 / g —

Puc.1. Cxema uzMepeHus TeMIepaTypbl pe3aHus METOI0M €CTECTBEHHOM TepMOIIaphl.

N3mepenne Temneparypbl pe3aHus CXEMaTHYHO IT0OKa3aHo Ha puc.l. Diek-
TpOJaMH TEPMOIIaphl ABIAIOTCA 0OpabaTbiBacMas ieTanb 1 1 pesel 2, KOTopble
CIIELMAJIbHBIMU NPOKJIAAKaMH 3 U30JIMPYIOTCA OT Macchl cTaHKka. COeIMHEHHE XO-
JIOJHBIX KOHIIOB 3JIEKTPOAOB OCYILECTBIISETCS MOCPEACTBOM T'MOKOIO BalIMKa-
IPOBOJHUKA 4, PTYTHBII KOHTAKT 5 1 ranbBaHoMeTp 6. UTOObI BBIpa3UTh TEPMOI/IC
PErUCTPUPYEMYIO FaJIbBAHOMETPOM 6, depe3 TeMIlepaTypy pe3aHus B rpajaycax,
HEO00XO0JMMO BOCIIOJIb30BAThCSl TAPUPOBOYHBIMU I'pauKaMH, OTPaXKAOIIUMHU 3a-
BUCHMOCTb MEX/y ITOKA3aHUSMHU raJlbBAHOMETPA U COOTBETCTBYIOLIMMU UM 3HA-

YCHUAMU TCMIICPATYPLI PC3aHUA.
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TapupoBaHue 3aKI0YaeTCS B TOM, YTO JJIsl KOHKPETHOM TepMONaphl AeTallb-
peselr cposT rpaduk, MOKa3bIBAIOIINN 3HAUCHUS TEMIIEPATypPbl COOTBETCTBYIOIINE

pa3IMYHBIM OTKJIOHEHHSIM CTPEJIKU MUJUIMBOJIETMETPA, BKIIFOUSHHOTO B IICITh
(puc.2).

e
400 e
300 g

200 /

70 v

0 7/ Z 3 4 5 M

Puc.2.

TapupoBka npou3BOAUTCS C TOMOIIIBIO HATPEBATEIBHBIX MPUOOPOB (My(eb-
Hasl TeYb, IECOYHas BaHHA U T.I1.) U paHee MPOTapUPOBAHHON KOHTPOJIBHOM Tep-
MOTIapoH.

[Ipotiecc TapupOBKU €CTECTBEHHBIX TEPMONIAP MOYXKHO YCKOPUTH U YIIPOCTUT,
€CJIM BOCIOJIb30BaThCsl ypaBHeHueM B.B. [oxange:

E =B - exp(-b/ ®+273), (2)

KOTOPOE CIIPABEAIUBO VIS JIF0OOM Mapbl METAIJIOB, HAXOSIIUXCS B KOHTAKTE.

J171s1 TOTO, 4TOOBI KOHKPETU3UPOBATH (OpMYJTy (2) IPUMEHHUTENBHO, K UHTE-
pecyrolieil Hac TepMoInape, 10CTaTOYHO MPOBECTHU JBA ONbITA C U3BMEPEHUEM Be-
arnuuH O u E. 310 no3Bosut onpenenuts ko3 duuuents! B u b, u ciegosarensHo
HaIlMCaTh YpPaBHEHNE IPayUpPOBOYHON KPUBOU.

B Tabnuue | npuBenenst ko3 dunmenTs! B u b k rpaqynpoBoYHBIM KPUBBIM

AJIs1 HCKOTOPBIX TEpMOIIap.
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Ta0mumna 1

Koaddunmentst B hopmyiie (2), onmuchIBaIONIECH rpagyupOBOYHbIE KPUBBIC

CCTCCTBCHHBIX TEpMOIIAp

N3nenue | Uactpyment | Ilpenenst 8| b
W3 CTalM | W3 CIUIaBa | TEMIIEPATYP
40 T30K4 130-1150 26,0 | 1273
40 T15K6 20-1150 31,3 | 1101
45 T15K6 20-600 26,8 | 890
mx1s T15K6 20-650 30,3 | 1000
40 T5K10 20-1100 40,8 | 1133
40 BKS 20-1100 40,2 | 1083
40 BK6 20-1100 48,2 | 1127

JKCIEePUMEHTAJIbHOE ONpeAe/IeHHe TeMIIepaTypPhbl pe3aHus

OHpGI[CJICHI/Ie 3aBUCUMOCTH TCMIICPATYPBI pC3aHUA OT 3JICMCHTOB pCKUMaA

00pabOTKU MPOU3BOJIUTCA MTPU TOUEHUHU CTATBHOU 3arOTOBKU JuaMeTpom 60-

100MM. Ha TOKapHO-BUHTOPE3HOM cTaHke 1K62 nmpoxoaHbIM pe31ioM OCHAIIEHHBIM

IJIACTUHOW TBEPJOTo cruiaBa. ['eoMeTpruyeckue mapaMeTpbl HHCTPYMEHTA U PEXKU-

MBI PC3aHus 3aat0TCs ITPCIIOaBATCIICM.

[IpoBoaUTCS TpU CEpUU OTIBITOB:

1. Onpenensercs TeMIiepaTypa pe3anus Mpy pa3InvHbIX 3HAYEHUSIX T 1

1mocTostHHBIX V=V u S=S..

2. Omnpenensercs TeMIiepaTypa pe3aHus Py Pa3INIHBIX 3HAYCHUSIX S U

noctosHHbeIX V=V u t=t;.

3. Onpenensercsd TeMiiepaTypa pe3aHus Mpu pa3IudHbIX 3HaUeHUsIX V U

IIOCTOSIHHBIX t=t.u S=S;.

PCBYJ'II)TaTBI OKCIICPUMCHTOB 3aHOCATCS B IIPOTOKOJI HCCHCHOB&HHﬁ.

[IpoTokou uccienoBaHuii

~ JIEMEHTBI pExKrMa p€3aHus
g =
E 8 05 = 1
) < = 1 . o . a0 -
g : 5 2 |52 | dg | €52 |§§cs
~ = » § = s < o & S 8 = g
= o O = o = = OE o 92 <
= 2 £ > 3 = = g =% £ 2 =
3 s E © =
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Temmneparypa, ® -C

IIpumeuanue
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OO0padoTka pe3yabTaTOB
1. I'padpoananutuueckuii METON
[To pe3ynbraTam 3KCIEPUMEHTA CTPOSITCS B IBOMHOMN JorapuMUIecKoil cu-
CTeMe KOOpJIMHAT (Ha Jiorapu(pMuyeckoi Oymare Win npy MOMOLIH JIorapupmu-
YECKOU JIMHEUKH ) TpauKH YaCTHBIX 3aBUCHMOCTEH
®=Cgq t'°, ®=Ceq,- S¥°, ®=Ceq, V*°, (3)
KOTOpBIE B IBOMHOM JIOTapu(MUYIECKON CUCTEME KOOPAUHAT, MPEACTABIISAIOT CO-

0ol ypaBHEHUS MPSAMBIX, TJI€ COTIaCHO ypaBHEeHHIO (1):

Cot=Co- SCYQ‘ Ve;
Cos=Co- tc"- V7%

Cov=Co- tc*®- Sc™°. (4)

Ecnu pe3yibTaThl SKCIEPUMEHTOB HE JIOKATCS CTPOTO Ha MPSMYI0, OHa Mpo-
BOAMUTCS NPUOJIMKEHHO C TAKUM PACYETOM, YTOOBI CyMMa KBaJpaTOB OTKJIOHEHU
WX OT 3TOM MPSMOM ObLTa MUHUMAJIBHOM (METOJT HAUMEHBINUX KBaApaToB). Ecnu
IIPU ATOM Pe3yJIbTaT KAKOTO-TO OJIHOTO OIbITA PE3KO BHINAJAAET U3 MPSIMOM, KOTO-
pasi yAOBJIETBOPUTEIBHO NPOXOAUT YepPE3 OCTAIbHBIE TOUKH, €T0 IPU MPOBEACHUU
npsiMOil He yuuThIBatoT. [Ipu 3TOM npennouTenre oTaaeTcs pe3ybTaTaM, Te
3HadyeHus aprymenTa (t, S unu V) Bhllie, T.K. B 3TUX ONbITaX OTHOCUTEIbHAS T0-
I'PELIHOCTh MPOBEEHUS IKCIIEPUMEHTA U U3MEPEHUI MEHBIIIE.

[IpomorapudmuposaB ypaBHeHus (3), MbI OTYyYUM JTUHEHHBIC YPaBHCHUS
BUJIA:

1g® =1gCe: + Xo - Igt;
1g® =19Cq; + Xo - 19S;
1g0 =19Cey+ X0 IgV  (5)
WJIK B O0OIIEM BHJIE
y =kx +h.

CrnenoBaTenbHO B JorapuMUUECKOr CUCTEME KOOPIMHAT 3aBUCUMOCTH (3)
OyayT n300paxaTbCsi B BUJE MPSIMBbIX HAKJIIOHHBIX JIMHUM. TaHreHC yriia HaKJIOHA
ATUX JIMHUU K OCU aOCIMCC €CTh MOKa3aTelb CTENeHU MPU COOTBETCTBYIOIIEM ap-
ryMeHTe. 3HaUeHUEe TEMIIEPATYPhI IPU APTYMEHTE, PABHOM €JIMHUIIE, YUCICHHO
paBHO cooTBeTcTBYIomEeMy Kodddumumenty C u3 cuctemsr (3). B ciydae, ecim wc-

CJIICAYEMBIC 3HAUYCHUA apTYMCHTA CYIICCTBCHHO OTJIMYAIOTCA OT CANMHUIIBI (MCHI)HIC
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0,61 unu 6omeie 10), 3HadeHnst k03P huieHToB C BRIYUCISIOTCS HETIOCPE -

CTBEHHO U3 ypaBHeHui (3), T.€.

i 0, . 0, .
Cot = - ; Cos :S-Y—(‘” Co =ViZ® , (6)

r1Ie MHIEKC | 0003HaYaeT MOPSIKOBBI HOMEP OTBITAa B CEPUU.
Hanpumep B pe3ynbTare NpoBeICHHs YEThIPEX NEPBBIX OMBITOB CEPUU MOITY-
YN
npu t; = 0,5mMm. ©; =270°C
opu t, = Imm. O =335°C
npu t3 = 1,5mMm. ©; =420°C
npu t, = 0,5mMm. ©; =445°C
3HaueHus O, O, , O3u O4HaHOCATCS HA TpaduK B IorapuMUUECKUX KOOP-
JIMHAaTax B Buje Touek 1, 2, 3, 4 (puc.3), kotopsie coeauustores npsimoit Ab. Tan-
redc yrina BAB uncnenno paBen nokaszatento Xe pu riayouHe pesanus t B ypas-
Henusix (3) u (1).
Hawnbonee yno6Ho otpe3ok AB BbiOupaTh paBHbiM 100MM. Torna qivHa ot-
pe3ka bB B 1m uucnenno pasHa tg<bAB. B namewm ciyuae bB = 0,361Mm.
Xe=0,36.
3nauenue ko3pduirenta Coi MOKHO ONPEACIUTD CIETYIOIMUM CIIOCOOOM.
1. N3 porokoia, Cey = ®, = 340 (npu t=1). DTM criocoboM ciieayer

ITOJB30BATLCA, KOT'/Ia TOYKA JICKUT Ha HpHMOﬁ Ab.

2. I'papmuecku, Cor= O, + Ay = 355 (npu t=1), korna Touka ®, IEKHUT Ha
IIPAMOM.
3. AHanuTthyecky, o popmye (6), mpuyem U3 NpoTokoia 6epércs To

3HaueHue ®j, KOTOpoe Jy4yllle JPYTHX JOKHUTCI Ha IPSIMYIO Ha Tpadu-

K€, HarpuMep, Touka Os.
420 420

= =— =365,
%15 115

bonee TouHO
_@i T A, _®3 A

T

Cor — 366.
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Puc.3. TIpumep rpaduueckoro nzodpaxkenus 3apucumoct @ = f (t).

Hanee onpenensem koddduinent Cg ypaBHeHus (1) nmo hbopmynam, BeITEKa-

IOIIUM U3 BhIpaKEeHUM (4):

C@t . " C@s . "o C@v

® = ave 70’ 0 7 X0 20’ 0 7 X0 Yo -
SCAVE tXe.v te.s!

(7)

Tax xak Mpu NPoBEACHUN YKCIIEPUMEHTOB U 00pabOTKE pe3yIbTaToOB HEU3-

OCIKHBI MMOorpC€mHOCTHU, TO B O6III€M BHUJIC
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C@ * C@ — C@ .
HOC‘)TOMY HaXOJIHUM CPCAHCC 3HAYCHUC

Co=3-(cs+ci+ci) (8

Onpenenus uncieHHble 3HaueHus Co, Xo, Yo, Ze ¥ IOJICTABUB X B ypaBHE-
Hue (1), momyuaeM ¢opmyity sl ONIpeeTCHUs CpEAHEN TeMIIEpaTyphl pe3aHus B

3aBUCUMOCTH OT FJ'IY6I/IHI>I pe3anus, nmoaain U1 CKOpOCTH.

2. AHATUTUYECKUN METON
B ocHOBe MeTO/1a HAMMEHBIINX KBAIPATOB JIS)KHUT CIICAYIOIICE MOJIOKEHHE.
Hawnyuiiiee npu0iimikeHre anmnpokcuMupytorien ¢pyHkiuu, Hanpumep, Q=f(t) k
IKCIIEPUMEHTAIHHBIM JJAHHBIM OYJIeT B TOM CiIy4ae, KOrjia CyMMma KBaJpaToB OT-
KJIoHeHn pacueTHbIX 3HaueHut f(ty), f(t,),...f(t,) oT axcnepumenTanbHbIX @4, O

.... O, ABIIETCSI MUHUMAJIBHOM, T.C.
n 2
Mo, - f(t)] =min.
i=1

Pasnocte O; — f(t)) B BeIpaKeHUU €CTh OTKJIIOHEHHUE 110 OPINHATE DKCIICPUMEH-
TaJbHOW TOYKU OT 3aMEHSIOIIEH KpUBOU. /{151 ypaBHEHMS KpUBOM B JiorapudMuye-
CKMX KOOpAMHATAX

lg®=IgC, + X, -Igt OCHOBHOE YCIIOBHE MPUHUMAET BH/T
s =>[lg®, —(IgC, + X, - Igt;)J* =min.
i=1

Cymma S* 6yner MUHMMAIBLHOM, €CTu €€ YaCTHBIE TPOU3BOIHBIE 0 Mapa-
MetpaMm Cg 1 Xg paBHbI 0:

08" o 08" o
oC, X g

* *

[TpousBoas nudpepuHIMpPOBaHHNE U COOTBETCTBYIOLIEE MpeoOpa3oBaHue,

IIOJIyYUM CUCTEMY YPaBHEHUM

N

ilg@i ~N-1gCy — X, - D lgt; =0

i=1 i=1

Igt, -ilg@i —-1gC, -ZN:Igti
i=1 i=1

B KOTOpbIX N — 4nciio onbITOB B cepur. Pemias cucreMy ypaBHEHH, MOIyYUM

dbopMyIIBI TSI OTIpeiesIeHUsI ICKOMBIX TTocTosiHHOM C 1 mokazatens Xg:
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|gC® — i=1 i=1 i
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Z|g®i 'Zlgzti _Zlgti'

N N N N

®i 'Igti
i=1

N
N->'1g®, -Igt, -
_ i=1

N N

lgt, - > 1g@,
=1

i i=1

N -%“Igzti —(ilgti]z

i=1

Tpeb6oBaHusA TEXHUKH 0€30MIACHOCTH
[Tepen paboToit n3y4aeTcsi yCTPOMCTBO U MIPUHITUII ACHCTBUS Jabopa-
TOPHOI YCTAaHOBKH C €CTECTBEHHOU TEpMONapoi 1 TpeOOBaHUS TEX-
HUKH 0€30I1aCHOCTH padOThl HA TOKAPHOM CTAHKE.
PaboTa Ha cTaHke OCylIeCTBIISIETCS JIAOOPAHTOM, CTYJIEHTHI pU pado-
T€ C JIA0OPATOPHOU YCTAHOBKOM JTOHKHBI HEYKOCHUTEIHHO COOTIOIATh
BCE€ €ro TpeOoBaHMs.

be3 paszpelienus npenoaaBaTeis 3apelaeTcs Tporatb NIpuoopsl, HE

OTHOCSIIIUECS K JJaHHOU paboTe.

Conep:xkanue 1 opopMiIeHHE OTHYETA
Ha3Banue paOoThI.
[ens paboTHI.
Pe3ynbTarhl 3KCTIEpUMEHTAIBHBIX UCCIIEIOBAHHH.
['padvku 3aBUCUIMOCTH TeMIEepaTyphl OT TITYOHHBI PE3aHHUsI, TOaYHU U
CKOPOCTH I'NIaBHOT'O JIBMKCHUA.

3aKIr0ueHue 1o pe3yibTaTaM padoThI.

KoHTpoJibHBIE BONIPOCHI

Pacckaxxute 00 U3MepeHUr TeMIEPaTyphl pe3aHus METOJIOM ecTe-
CTBEHHOW TEPMOIIApPHI.
Kak npousBoautcs TapupoBKa TepMonapbl?

Kaxk npousBoautcst 00paboTka pe3yJbTaToOB U3MEPEHUIN?
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