OIA.®.02.02 COTPOTUBJIEHUE MATEPUAJIOB
YYEBHO-UCCIIEAOBATEJIbCKAS PABOTA

Mer OIUYCCKHNC YKa3aHU K NIPAKTUICCKUM 3aHATUAM

B JAHHBIX METOANYCCKUX YKAa3aHUAX MPCAJI0KCHA MCTOAWKA BBINIOJHCHUS CTYACHUYCCKUMU I'pyHIlaMu
y‘l€6HO-I/ICCHeHOBaT€HLCKOﬁ pa6OTI>I Ha ayAUTOPHBIX 3aHATUAX IO CONPOTHUBIICHUIO MATCPUAJIOB. HpI/IBC-
JCHBI aHAJIN3 (bOpMyJ'I, IIOCTAaHOBKA LICIIM M 3a4a4 HMCCICA0BAHMUS, IIOCTAHOBKA OIBbITA, aJI'OPUTM BBIIIOJI-
HECHMS MCCIICIOBAHM,; aHAIU3 PE3YIbTATOB; KOHTPOJIBHEIC BOIIPOCHL.



ITPEANCJIOBHUE

JlaHHBIE METOMUECKHE YKA3aHUS BKJIIOYAIOT B ¢€0s TEXHOJIOTHIO BBITIOJN-
HEHUS CTYJICHTaMH y4eOHO-MCCIIeIOBATEILCKOM padOThl HA ayIUTOPHBIX 3a-
HATHSIX 1O COMPOTHBIICHUIO MarepuaiioB. Jlaboparopasie padorsl "Omnpene-
JICHUE TIepeMeIeHui B Oalike mo ¢gopmyiie Mopa" u "Onpeaenenne peakiuu
JIUIIHEH CBA3M B CTAaTMUECKH HEOMPENeIUMON Oajke" MOCBAIEHBI MUCCIEN0-
BAHHUIO 3aKOHOMEPHOCTEH COTPOTHBJICHHS CTAaTHYCCKH OMpPEHACIIMMBIX W CTa-
TAYECKHA HEONPEACTUMBIX OaJIoK MpHu npsiMoM m3rubde. Ha mpakTuaeckux 3a-
HATHAX "PacyeT TOJCTOCTEHHBIX HMUJIUHIAPOB W TPYO" M "Pacuer cocTaBHBIX
nuauHaApoB U TpyO. KoHTakTHaAs 3amaya TEOPUU YNPYTOCTH' UYHMCICHHBIMH
METOJAMH HCCIIEAYIOTCS OCOOCHHOCTH HANPSIKEHHOTO COCTOSHUS B TPyOax,
HAXOAIUXCSl TI0Jl BHYTPEHHUM W BHEIIHMM JaBliecHHeM. PaccmarpuBaercs
TOJIBKO yIPYTOE COCTOSHUE MaTepHaia.

TexHONMOrUA TPOBEACHMS 3aHATHNA OCHOBaHA HAa OPraHM3aIliH KOJUICK-
THBHOTO METO/A BHITIOJIHEHUA YueOHO-UCCIeA0BaTeIbcKOM padoTsl. Kak mpa-
BHJIO, B TIOCTABJICHHOM 3a/1aue BapbUPYETCS OJWH M3 MAPaMETPOB, BXOIAIITHX
B M3y4daeMbie (popMyJIbl CONTPOTHBIICHHS MaTepraaoB. CTyACHUECKYIO TPYTIITY
JENAT Ha MOArpynmnsl 1o 2-3 deloBeKka, Kakaas W3 MOATPYII BBITTOJHICT
pacueT A8 OJHOTO OTACIBPHOTO 3HAUCHHWs BapbUpyeMoro mapamerpa. Pe-
3yJbTaThl CBOAAT B TAOJHITy, 3aT€M aHAJU3UPYIOT BCIO COBOKYMHOCTH YHC-
JICHHBIX 3HAYCHUHU.

[TapaymiensHOE BBIMTOJIHEHHUE THIIOBBIX PACUCTOB TO3BOJISAET JIETKO IMPO-
KOHTPOJIUPOBATh NMPABMIBHOCTH BBIIOJTHEHHS ajareOpandecKux u apuMeTH-
YECKUX OIepaluii v mpeoOpa3oBaHUid, a TAK)KE BBISIBUTH OIMIMOKH CPaBHCHHEM
PE3yJIbTaTOB MPOMEKYTOUHBIX PAacUyeTOB, MOJYYCHHBIX APYTHMH IOATPyIIIa-
MW CTYACHTOB TSl ONM>KalIMX 3HAUYCHWH BapbHPyeMOro mapamerpa 'crpa-
Ba" u "cnesa".

CBeieHHE BOCIMHO COBOKYITHOCTH PACUETHBIX W OIBITHBIX JAHHBIX TIO-
3BOJISET:

- MOJYYUTh JOTIOTHUTEIIBHBIE CBEACHUS 00 H3y4aeMOM OOBEKTE,

- BBITIOJTHUTH CTATHCTHUECKHUM aHAJIM3 U CJeaTh BHIBOJ O MPUMEHUMOCTH
METOJOB M THUIIOTE3, CMPABEUTMBOCTH MPUHIIAIIOB U TEOPEM, HCIIOb3Ye-
MBIX B COITPOTHBIICHHH MAaTEPHAIOB.

[Ipn 3ammre mabopaTropHOM pabOTHl KaXkaasl MOATPYIINA BBITTOIHIET OT-
JENBHBIA OTYET, B KOTOPHIH BKITIOUEHBI. HA3BAHME, I1eJTb; 00IIas MOCTaHOBKA
3aaud;, TMOAPOOHOE TMOSICHEHWE TOW dYacTh pPabOThl, KOTOPYIO BBITIOJHSIIA
JaHHas MOArpynmna; oomme TabarIlbl PaCueTHBIX M SKCIIEPUMEHTAIbHBIX 3Ha-
yeHui; rpaduku; odmue BeiBoABL. [Ipy 3TOM B TaONHIIBI CBOAHBIX 3HAYCHHI
HE HY)KHO BKJIIOUATh 3aBEJOMO HEBEPHBIC PE3YJIbTATHI, a KOJIOHKH 3HAUCHHM
B CBOJHBIX TaOJMIIaX, KOTOPBIC 3aMOJNHICT AaHHAs MOATPYTIA, XKEJIaTeIbHO



BBIJICINTD. I[J'I?I OOArOTOBKHM K 3alUTC B JAHHBIX MCTOJHYCCKHUX YKA3aHHUAX
COCTAaBJICH HpI/IMepHHﬁ NCPCUCHb KOHTPOJIEHBIX BOIIPOCOB 110 Ka)I(HOﬁ TCMC.

1. JIa6opaTopuas padora: "OIPEJEJEHUE NEPEMEIEHNI
B BAJIKE ITPU U3I'MBE 110 ®OPMYJIE MOPA"

1.1. O6cy:xkaeHue 0CHOBHBIX (hopmy.Ja

Meton onpenencHus nepememenuii mo ¢popmyse O. Mopa (1874) sapns-
€TCA PHEPreTHUCCKUM METOAOM, YHHUBEPCAJIbHBIM ISl JTUHEWHBIX CTEPIKHE-
BbIX CHUCTEM. MoskeT ObITh MPUMEHEH AJi OMpPEACTEHUsA YIJIOBOTO WU JIH-
HEWHOTO MEpEeMEIEeHNU CCUCHHUI OaJikh, BBIMOJHCHHOM W3 yIpPyroro marte-
puana.

Nzyuaemsbiii 00bekT (puc. 1.1) mpencrasnser coboit 6anky MOCTOSHHOTO
CEYEHUs MO BCEH UIMHE / , YCTAHOBJICHHYIO HA IIAPHUPHBIE OMOPBI U HArpy-
YKEHHYIO B CCUEHUU j COCPEAOTOUECHHOW CHIJION P .

[py3osoe cocToAHuUE
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Jlns paccmarpuBaemoro oobekTa popmysia Mopa [uist BBIYUCIICHHS TIPO-
ruba ao00ro ceueHus (i =1, 2, 3,...10) , ecau NpeHeOpeub BIUSHUEM TOTIEpey-

HBIX CHJI, PEJICTABIISIET COOOM I/IHTeraJ'I onpeneneHHoro BUJIA:

ZJ

k Iy x
B dopmyne Mopa: M, - dyHkims n3rubaroiiero MOMEHTa OTHOCHTEIBHO
MOTMEPEYHON OCH X OT CAMHWUYHOM CHIIBI BCIIOMOTATENbHOTO COCTOSHMS, M |

- (pyHKIIMA W3rHOAOIMET0 MOMEHTA OTHOCHTEIIBHO IOMEPEYHON OCH x OT
BHEIIIHEH HArpy3Ku, & - KOJIMUECTBO YYaCTKOB, HA KOTOPBIE JEIAT CXEMBbI
IPy30BOrO U €IUHUYHOTO COCTOSHUSA JIA BBIMOJIHEHUA pacueTa; [, - ATuHA

OTAENBHOTO y4acTKa;, £ - MOAYJb YOPYTOCTH MaTepuana; /, - MOMEHT UHEP-

L[UU TIOTMIEPEYHOTO CEUCHHUSI.

Hurerpan Mopa mMokeT ObITh BBIUMCICH KAaK aHAIMUTHUECKH, TAaK U YHUC-
JICHHBIM METOJOM. BosbIiioe pacnpocTpaHeHHe B MHXCHEPHON MPAKTHKE TO-
ayuniu opmyia CuMiicoHa 1 mpasuio Bepemaruna.

[TonOXKUTENBHOE YHMCIIO0, TOJYYEHHOE B PE3YJIbTATe BBIUYUCIICHUS HHTE-
rpaia Mopa, 03HauaeT, yTo peajibHOE HaMpaBjieHue Mporuda COBMAAaeT ¢ Ha-
MPaBJICHUEM BEKTOPa 00OOIIEHHOM CUJIBbI, @ OTPULIATENBHOE — YTO TMPOTUod ce-
YEHUSl MPOTUBOMOJIOKEH HAMPABJICHUIO €IMHUYHOTO BEKTOpa. JInHEHHbIE Me-
pEMENICHUS CEUCHU OalKu, COBMAAAIOIINE C OMOPAMH, PaBHbI HYJIO, B TO
BpEMs KaK YIJIOBbIC MEPEMEIIECHUS MOTYT ObITh JIOObIMH (cM. puc. 1.1) —
BAXXHOE OOCTOSATENIHCTBO, KOTOPOE OyIeT MCIOJIB30BAHO B CICAYIOMICH J1a0o0-
paTopHOit paboTe NpU UCCAEAOBAHUHN CTATUUECKH HEOTPEIETUMOM OaJIKH.

Oco0OeHHOCTH:

1) cxema BcrmoMoraTeIbHOTO €IMHUYHOTO COCTOSAHUS MeTona Mopa nipen-
CTaBJISIET COOO OaNIKy, HArPy KCHHYIO 000OIIEHHOM CHIJION IO HaIlpaB-
JIEHUIO HCKOMOTO MEPEMEILIECHNUS,

2) k - MUHEMAJIbHOE YUCJIO YYACTKOB, HA KOTOPHIE ACAT CXEMbI TPY30-
BOT'O U BCIIOMOTATEIILHOTO €TMHUYHOTO COCTOSHHUS,

3) B opmyne Mopa M, u M ; = 9T0 (YHKIHMH OJHOW ¥ TOH e KOOPAH-

HATbhl NPOU3BOJILHOTO CEUYCHMS, COCTABJICHHBIE C OJJHUM U TEM XK€ Mpa-
BHUJIOM 3HAKOB.
[lpu nunelino ynpyrom aedopMHUpOBaHWMK OajdKd BCE MEPEMENICHUS OyIyT
NPOMOPLUMOHANIbHBI CUJI€ P, BBI3BIBAIOLLEH 3TH nepeMemeHHﬂ:

NN Zj MM

klk x



rae M ; - m3rubaromyii MOMEHT OT eIMHMYHOW BHEWIHEH cunbl P =1, mpu-

JIO)KEHHOM K CEUCHUIO | .

Ecmm cuna P Oymer mpuioxkeHa k ceuenmto i (puc. 1.2), To Torma ¢op-
mysia Mopa jis nporu0a ceueHusa j OyAeT UMETh BUJL

Aji:ZIM.

jMi dz
k I 1

E

X

roe M e m3rudarommii MOMEHT OT 0000IIEHHON €IMHUYHOM CHIIBI BCIIOMO-

raTeabHOr0 COCTOSHUSA; M ; - M3rudarorii MOMEHT OT BHEIIHEH HArpy3KH.
Cormacro 3akony ['yka mepementenne A j; Taxke MPONOPUHUOHATBHO CH-

e P

M M.
L dz
EI,

Aji=Pd; 5= ]
k[k

rae M, - u3rubarolnii MOMEHT OT €IMHUYHOW BHEIIHEH cuibl P =1, npu-
JI0YKEHHOU K CEUEHHUIO | .

lpy3oBoe cocmosnue

Bcnomoz2amensHoe cocmosHue J
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HOCKOHBKy HOJIYUYCHHBIC MHTCTPAJIbHBIC BBIPAXKCHUA OJUHAKOBEIC, TO

OTa 3aBUCUMOCTh aHATMUTUYECKU BbIpaxkaeT Teopemy /JI. K. Makcsenna (1864)
O B3aUMHOCTH NEPEMEILICHUN.

1.2. IlocTaHoBKA eJIM U 32124 UCCJICT0BAHAA

[leab: ombiTHAs TpoBepka nmpuMeHumMocT Gopmyssl Mopa ajis ornpee-
JICHUA TEPEeMEICHUA MPU W3ru0e M CIPaBEIJIMBOCTH TEOPEMBbI
MakcBenia 0 paBeHCTBE B3aUMHBIX MEPEMELICHUN .

Jlns nmpoBepku MpuMEeHUMOCTH (popmysibl Mopa HE0OXOMMO BBIUNCITUTH

MEPEMELIECHUS HECKOJIBKUX CEUEHUU OAKKM MPU HEU3MEHHOM TMOJIO0KEHHUH
rpy3a P B C€UEHUH j, 3aMEPUTh COOTBETCTBYIOLIME NEPEMEILECHHS HA OTBIT-

HOW YCTAHOBKE M CPABHUTH IMOJTYUYEHHBIE COBOKYITHOCTH PACUYETHBIX U JKCIIE-
PUMEHTANbHBIX 3HAueHWW. Kakmas W3 3THX COBOKYNHOCTEW IHCKPETHBIX
3HaUeHUI 00pazyeT rpaduk W30rHyTOM OocH Opyca.

Jlns mpoBepku TeopeMbl MakcBesuia 0 B3aMMHOCTH TiepeMElIeHU HeoO-
XOJMMO BBIUYMCIUTH PAJ 3HAUCHUN TPOru0OB OAHOTO M TOTO K€ CEUEHUA |

MpU MIEPEMEILICHUH TPy3a BIOJIb OCH Opyca JUIsl OTACJIbHBIX KOHKPETHBIX MO-
JIOKEHUM €ro Ha 3TOH ocu. MI3MepuTh COOTBETCTBYIOIIME MPOTHUObI HA OTBIT-
HOW YCTAaHOBKE U CPABHUTH MOJIyUYCHHBIE COBOKYITHOCTH PACUYETHBIX M IKCIIE-
pUMEHTAIbHBIX 3HaUeHUU. Kaxkaas U3 3TUX COBOKYNMHOCTEH OTpPa)KaeT BIIMS-
HHE TIOJIOKCHUS Tpy3a P Ha BEIWUYWHY MEPEMEMICHUS CCUCHHSA /. 3areM

CpaBHUTH OTACIIBHO OPAWHATLI I‘pa(i)I/IKOB HSOFHyTOﬁ OCH U JIMHHUU BJIUAHUS.
Takum 006pazom, HEOOXOUMO PEIINUTH JBE 3a/aUH.
3aaada 1: noCTpoeHUE U30THYTOM OCH Opyca OT CUJIbl P, MPUJIOKEHHOHN B
CEUCHUH | .

3ajaya 2: NOCTPOEHUE JIMHUMU BIIMAHMS MOJIOXKEHUS Tpy3a HA nporud ce-
YEeHUS | .

1.3. IlocTtanoBka onbiTa

VYcraHoBka Ajid BBITIOJHEHHUS J1a0OpaTOpHBIX ombITOB (puc. 1.3) mpen-
cTapjiseT coOoi Oanky B BUJC CTabHOM JHMHEWKH 1 qouHOM 1 M, mpsmo-
YIOJILHOTO ceueHus 38x6 MM, 3aKperieHHOW ¢ 000ux KOHIOB. ONOpHbIE Y3-
JIBI 2 TPEJCTABJISIOT COOOM KOHCTPYKIIMH TOMIMAITHAKOB CKOJIBKEHHS, KOp-
Imyca KOTOPBIX JKE€CTKO 3aKpeIIeHbl Ha MaccHBHOM ute 3. Ha crampHOI 1u-
Helike |1 puckamu HaHeceHbl neneHus uyepe3 kaxasie 10 cm. Harpyxenue
ONBITHOM OaJKH OCYIIECTBJIAIOT C MOMOIIBIO HA0opa Ipy30B P, yCTaHaABIIH-



BAGMbIX Ha MOJBECKY 4. Bapbupys BeIuuuHy CWibl P ¥ MOJ0XKEHUE MOABEC-
KH 4, MO’KHO CO3JaBaTh Pa3jINUHbIE BETUYHHBI MPOTUO0B.

2 i i‘ 5 ' 2
i /1
&

Puc. 1.3

IIporuGsl ceueHuii, 0003HAUCHHBIX PHUCKAMU, M3MEPSIOT HHAMKATOPOM
4acoBOTO THUIIA 5, 3aKpeIyICHHBIM Ha mtatuBe 6. Kopnyc mrarusa 6 nepeme-
IAaeTCA BJOJIb CTAaHWHBI 3 KakK BJOJIb HampaBJisiolned. (s CHUXKEHUs To-
IPEIIHOCTH M3MEPEHHUs OT 3a30pa B Mape CKOJbKEHUS 6-3 KOpIyc IITaThBa
MPUTATUBAKOT CTOMOPHBIM BUHTOM 7 TIOCJE YCTAHOBKH MHAMKATOPA 5 K HYXK-
HOMY CEUCHHUIO.

JI71st mOCTPOCHMS ONBITHON KPUBOM M30THYTOM OCH MOJBEC 4 MOMEIIAIOT B
ceueHue ; Opyca. banky HarpysxaroT rpy3amu. [IpousBoasr 3amep nepeme-

meHusa ceuenut i =1, 2, 3,..9 Opyca, I KaXI0ro 3amepa nepemenas Ira-
THB 6 WHAWKATOpa 5 BAOJb HampaBismoiield crtaHuHbl 3. [lo 3aMepeHHBIM
JWICKPETHBIM 3HAYCHUAM A;; CTPOST rpauK H30THYTOM OCH.

I[J'ISI MNOCTPOCHHUA JIMHWHU BJIMAHHWA IMOJIOKCHHUA I'Py3a Ha HpOFI/I6 CCUCHUA
j Oanku 3amep TEPEMENICHUH BBIMOJHIIOT MPHU HEU3MEHHOM TOJIOKECHUH
ITaTHBA MHAUKATOPA B CEUCHUM | , a MojBeC 4 mepeMeInaroT BAOIb Oanku 1,
coBMmeIias ¢ puckamu ceuennit i =1, 2, 3,..9. banky narpyxatot. Ilo 3ame-
PEHHBIM TUCKPETHBIM 3HAUCHHAM CTPOSAT JTUHHUIO BIUSHHUS.

1.4. ITopsinok BHINOJIHEHUS Ja0opaTOpHOii padoThI

1.4.1. [locTpoeHKE U3OTHYTOM OCH
Benuuuna cunbel P 1 HOMEp CEUE€HHUS j, K KOTOPOMY IPUJIOKEHA CHUJIA,

3a;aeTcs mnpenojaaBareneM. TakuM 00pa3oM, KOHKPETH3UPYETCA 3aJaHHOE



rpy30BO€ cocrosiHue Oanmku. ['pynma meauTcs Ha MOATPYNIBI, KaKaas MOJ-
TPyIia BBHITIOJNHACT pacueT JyUisi OJHOTO M3 HOMEPOB CCUCHHUH Oaliku
i=1,2,3,..9 (Homep ompenenseT NpernoaaBaTeb ).

1.4.1.1. Jlna 3amaHHOM pacyE€THOM CXEMBI IPYy30BOTO COCTOSIHHS MOCTPO-
HTb SMIOPY M3rHOAOIMX MOMCHTOB A/ ;. DTa 4acTh BBIYHUCIMTEIIBHON pado-

THI — 00IIast I Bcew rpynmsl. JlanpHelmas padoTa WHINBHIYJIbHO BBITIOJ-
HAETCH KaXIOW NOATPYIITION.

1.4.1.2. CocTtaBuTh CXE€MY BCIIOMOTaTEIbHOTO €IUHUYHOTO COCTOSHHSA M
MIOCTPOMTH LISt HETO 3Mopy M.

1.4.1.3. Beruucauts nepememenne ALY mo dhopmysie Mopa YHCIeHHBIM
ij

METOJIOM, UCTIONB3Ys hopmyiry Crumricona wim npuem Bepemaruna. J{is ato-
ro CJIeAYET BBIACIUTh OJIMHAKOBBIE YUACTKUA HA AMIOPAX IPY30BOTO U €AMHUY-
HOTO COCTOSIHWM (KaK MPaBWJIO, TAKAX YYACTKOB ISl BBIUMCICHHUS MHTETpaia
k =3) ¥ BBIUACTUTH 3HAYCHUS JOTIOJTHATEIILHBIX TPAHNYHBIX OPJIWHAT.

Brruncnennoe 3nauenue 3anecty B Tadm. 1.1.

[TpoBeprTh COOTBETCTBHE PACUECTHOI'O 3HAUCHUS BCEH COBOKYITHOCTH 3HA-
YEHWH, BHECEHHBIX B OJIHY CTPOKY. Eciu pacueTHOe 3HAUEHUE HE OTBEUACT
CNMHOW TJTaBHOH (PYHKIIMOHAJIBHOW 3aBUCHMOCTH, TO TOATPYIIIE, BBITIOJN-
HABIIEH 3TOT pacueT CIEAYET CBEPUTh BCE MPOMEKYTOUHBIE PE3YJIbTAThl BbI-
YUCJIEHUN C COOTBCTCTBYHOIIUMHU YHUCICHHBIMUA 3HAYCHUAMHU, TTOJITYUYCHHBIMHA
CTY/ICHUECKUMU MOJTPYIIAaMU JJIsI CMEXHBIX CEUECHUH.

Tabnuya 1.1. OpauHAThl K30THYTOM OCH Opyca

1 2 3 4 5 6 7 8 9 110

i

AT, MM

O OO

AT, MM

5., % -

i

1.4.1.4. I3mepuTh HA OMBITHON yCTAHOBKE MEPEMEICHUE TOTO K& Ceue-
HUS, U1 KOTOPOTO BBIMIE OBIT BBITIOJIHEH pacdeT. [ aToro: moasecky 4 mo-
MECTHUTh B CEUCHHE | ; MTATHB 6 MHAMKATOPA 5 MOJBECTH K CCUCHUIO / H 3a-

KPEMUTh CTOTIOPHBIM BUHTOM 7; YCTAHOBUTD IIKAJTY WHIWKATOPA, COBMECTHB
HYJIEBOE 3HAYEHHUE CO CTPEINIKOM;, MPHUIOKHUTH TPy3 P B BHAE HaOOpa Tapupo-
BAaHHBIX CTAHJAPTHBIX TPY30B; 3aMEPUTh TEPEMEIICHUE TI0 MIKaje (IeHa Je-
JICHUS yKa3aHa Ha IIKaJIe).



IMonyuennoe skcriepuMenTanbHoe 3Hauenue A7 samectu B Tabn. 1.1.

[IpoBepuTh COOTBETCTBHE pe3yJibTaTa 3aMepa BCEH COBOKYIMHOCTH OMBITHBIX
3HAUYCHUN, BHECEHHBIX B OJTHY CTPOKY.
1.4.1.5. BeiauicniuTh MOTPEITHOCTS — MPOIICHT PACXOXKIACHUAS MEXKIy pac-

YETHBIM M OTIBITHBIM 3HAYCHUEM TIEPEMEIIICHUS CCUCHUS [
Apacq _ 9KC}’I
VY 100%

pacu ’

g

Pesynbrar 3anectu B Ta0n. 1.1.

1.4.2. IlocTpoeHne JTUHWN BIIUSHUSL.
Jlnisa Bcelt rpymmbl HOMEP j W BEIMYMHA BHEMIHEH CHiIbl P OCTArOTCsA Ta-

KHUMH K€, Kak U B TIEpBOM 3amaue. Homep 11 kakaod mOATPYIIIBI TakKe OC-
TAETCS MPEKHUM.

1.4.2.1. Iloka3arh BcoMorarejibHOE cocTosiHue Metoaa Mopa amsa onpe-
JIeTIeHHs TIEPEMEILCHNS CeUEHUsA | M MOCTPOUTb dIopy M ;- OTa Yactp pa-

O0THI — 00IIIast A7 BCEH TPYIIBI; MOCISAYIONIAs — MHIAWBUAYaJbHAas.

1.4.2.2. CocTaBuTh pacueTHYIO CXeMy I'pPy30BOro cocrosuus. OHa npen-
CTaBIIIET COOOM MBYXOIMOPHYIO OalIKy C COCPEIOTOYECHHOW CHIIOW P, TIpuio-
KEHHOW K cedeHuto i. [TocTpouTs Ui Hee 3Mopy HM3rHOArONMX MOMEHTOB
M.

i

1.4.2.3. Boruncomte nepememenne A’ mo dopmyne Mopa uncieHHbIM

METOJOM, aHAJIOTHYHBIM BBIYMCIICHUIO TICPEMEITICHHS B NIPEABIAYINCH 3a1aue.
PesynpraT pacdera J0JDKEH OBTOPHTH PE3yJIbTaT MPEApIaAyIIeH 3aaaun. [Ipu
HECOBNAJACHUH HAWTH OIMMHUOKY, TIOATAITHO MPOAHAIU3UPOBAB TTPOMEKYTOUHBIE
OTICpAINH JBYX PacU€TOB.

IlonyuenHoe 3HaueHue 3anecT B Tad. 1.2.

Tabnuya 1.2. OpauHaThl TUHUKA BIUSHUSA

i 0 1 2 3 4 5 6 7 8 9 |10
AR MM 0 0
A" MM 0 0
5., % - -

1.4.2.4. 3mepuTh HA ONBITHOW YCTAHOBKE MEPEMEIICHUE CEUEHUs | TpHU

HarpyXeHWH OAIIKW CHJIOW B CEUEHWH [ . [[711 3TOr0: MHAUKATOP 5 YCTAaHOBUTH
B CCUCHHUM j, a MOJBEC 4 B CEUCHWM [, BHICTABUTh HYJICBOC 3HAUCHHE HA



IMKaJIC THAWKATOPa IMMOBOPOTOM J'II/IM6a; OPUITOKUTDb I'PY3bI, CHATH IIOKA3aHUA
CO IIKajbl MUKpoMmeTpa. [lokazaHue MOMKHO ¢ HEOOJBIIOW MOTPEITHOCTHIO
MOBTOPUTH U3MEPEHHE B MpEAbIAYyINEH 3anaue. [Ipyn HECOBNAACHUH OMBIT MO-
BTOPHUT.

Wsmepennoe 3navenmne A’ samucath B Tabn. 1.2,

1.4.2.5. BolUucIuTh MOTPENTHOCTh — MPOLICHT PACX0XACHUA MEXIY pac-
YETHBIM M OTIBITHBIM 3HAYCHHEM TIEPEMEIIICHUS CCUCHUS

Apacq KCn

act _ A%
5 =—1 100%.
Apactt
Ji
[1pu paBUIILHOM BBIMIOJTHEHHUH PAOOTHI BEIMUMHBI MOTPEIIHOCTEN, TOMyUEH-
HbIC TIPY PELIEHUH IBYX 3a7a4, Oy IyT OAMHAKOBBIMHU.

Pesynbrar 3anectu B Tabn. 1.2.

1.5. AHanm3 pe3yibTaTOB

1.5.1. TloctpouTs rpaduku U30THYTOM ocH Opyca MO PacueTHBIM M SKCIIe-
puUMEHTaIbHBIM JdaHHBIM Tabn. 1.1. IlpoananuszupoBars rpaduku u caenaTh
BBIBOJI O MpuMeHUMOCTH popmyJiel Mopa.

Ecmn nuaum rpadukoB MHOrO pa3 MEpeceKkaroTcss M MOTPELIHOCTH O,

MPUHAMAIOT Pa3HbIC 3HAUCHUS MO BEIWYMHE W 3HAKY, TO OIMHOKH OMBITOB U
pacyeToB UMEIOT ciydyaiHbld xapaktep. [1o cpenHeil BenuurHe MOrpeHOCTH
MOYKHO CYJWTh O TOYHOCTH METO/A.

Ecmu nuanm rpadmkoB He mepeceKkaroTes (3aBeOMO HEBEPHBIC Pe3yJsIbTa-
TBHI TIPH 3TOM CIIEYE€T OTOPOCHTH) M MOTPEITHOCTH J; MO BEIMYMHE U 3HAKY

OJIMHAKOBBIE, TO B TAKOM CJTydae OIMHMOKH UMEIOT CUCTEMATHUECKUI XapaKTep
U CJIEAYET BBIABUTH BO3MOKHBIEC IPUYHHBI.

Bo-mepBbix, HEyUeT BIMSHUS MOMIEPEUHOM CHIIbl B (popmyiie Mopa MoxkeT
MPUBECTH K HEOOJBIIIOMY CHIDKCHHUIO PACUCTHBIX 3HAUCHHM.

Bo-BrOopeIX, ciemyeT oOpaTuTh BHHUMAaHWE HA KOHCTPYKLMIO OMNOp, Ha-
CKOJIKO OHHM O0E€CMEUYMBAIOT UACATIbHOE IIIAPHUPHOE ONMHUPAHUE U COOTBETCT-
BHE PACUCTHOM CXEME. OTCYTCTBHE JIMHEWHBIX TEPEMEIICHUH W CBOOOIHBIN
MOBOPOT OTHOCUTENBHO OCH x . Kak mpaBuiio, Ha OOJBIINX KOHTAKTHBIX IMO-
BEPXHOCTAX B y3JIaX TPEHHUA MPH IUIOXOW CMa3Ke U HU3KOU TeMIEparype co3-
JAFOTCS. JOTIOJTHUTENBHBIEC YCUIIUA, YMEHBIIAKOIIME YIOa ITOBOPOTA U, CIIENO-
BATEJIbHO, CHUCTEMATHUUYECKHA CHWKAIOIME DKCIIEPUMEHTAJIbHBIE 3HAYECHUS
nporudos.

B-TpeTbux, mOrpeniHoCcTh ONBITHBIX 3HAYEHUH MOXKET CO37aBaTh U U3MeE-
PHUTENBHOE YCTPOMCTBO, TAK KaK MPHU KAXKAOM H3MEPEHHUM OCYIIECTBIACTCSA
ero nepeycraHoska. Kpome toro, B HeM Takke umeercs napa tpenus. Ilo-
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ATOMY TOTPEITHOCTh U3MEPEHUS MOXKET UMETh KaK CIIydalHBIN, TaK U CUCTE-
MaTUYECKUN XapaKTep.

1.5.2. [TocTpouTh JTUHUU BIUSHUA MOJIOKEHUS TPy3a HA MPOTUO CEUEHUA
M0 PACYETHBIM U OTMBITHBIM 3HAYEHU M.

[Ipoananu3upoBath OTACIBHO 3HAYEHUS OJUHAKOBBIX CTPOK JBYX Tald-

JIULL A‘Z”c” — N]’.f” : A?-]’-(c” — Agﬁcn . Cenarb BBIBOJ O B3aMMHOCTH IEpEMeE-

LIEHUM.
[Ipn paBeHCTBE COBOKYMHOCTEHW 3HAUEHWW NMEPEMELICHUNA MO CTPOKaM M
DA OJAMHAKOBBIX COBOKYIHOCTAX O; TeopeMy Makcsenna MOXKHO CUUTaTh

JIOKA3aHHOW OMBITHBIM MYTEM.
1.6. KoHTpo. ibHbIE BONIPOCHI

1. Vkaxwure 11enpb 1a00paTopHON paboTHI.

2. Kakue 3a1aun pemanuch B jadoparopHoi padbore?

3. Kakue nepemeliieHnsi COBEpPIIAIOT CEUCHUS Mpu U3rude Oanku?

4. Yto HaA3BIBAIOT MPOTHOOM?

5. Kakoe nmepemernienre MOKHO onpeaenuTh o dopmyiie Mopa?

6. UTo 03HAYAIOT MHASKCHI B 0003HAUCHUN MEPEMECIIICHUA?

7. KakoB mopsmok oOmpeaeieHuss MEPEeMENICHUs] MPH HWCTOIb30BAHUT
dhopmyasr Mopa?

8. Kak BpIOHMpaOT BCOMOTaTelIbHOE COCTOSAHUE?

9. Kak BeruncistoT uaterpai Mopa?

10. Kakum 9rCIIEHHBIM TIPUEMOM MOKHO BOCTIOIIB30BATHCS JUTS BBIUUCIIC-
Hus uHTerpana Mopa?

11. Kak ctposr rpaduk uzornytoit ocu 6pyca?

12. Copmynupyiite Teopemy Makcsesia.

13. Kakue BbIBOABI CAEIAHBI B PE3YJIbTATE BHIMOJHEHHS J1A0OPATOPHOM
paboThi?

2. JIadoparopnas padora: «OIIPEIEJIEHUE PEAKIIUU
"JUIIHEN" CBSI3M
B CTATUYECKHU HEOITPEJAEJIMMOMU BAJIKE»

2.1. OdcyxaeHue 0CHOBHBIX GopMyJ1
OO0ObeKTOM 1a0OPATOPHOTO MCCICIOBAHUA SBIISIETCS Oajka ¢ TPeMs CHUM-

METPUYHO PACHOIOKEHHBIMUA OMOPAMH, HArpyXeHHAsi COCPEIOTOUCHHON CH-
noii P (puc. 2.1).
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3adaHHan cucmema

15\14\9 7 .‘P 3 1

L

0,6m 0,6m

——

1
Ixbubasenmuas cucmema

|
lpy3osoe COCmoAHuUE

}P

i~

Puc. 2.1

OmHUM W3 METOJOB PACKPHITHS CTAaTHYECKON HEONMPEASTUMOCTH, TO €CTh
OTIPEACIICHUS PEAKIUi "TUIMHNX ' CBA3CH, ABIIICTCA MeTo A cril. Ecim mrst mc-
CJIEAyEMOr0 O0OBEKTa pEeakLUIO CpeAHEH "nuinHed" omopsl 0003HAa4uTH X,

TO KAHOHHYCCKHUM YPABHCHHUCM, KOTOPOC MO3BOJIMT BBIYHUCIINTH 3TO HCHU3-
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BECTHOE, OyJIeT ypaBHEHHE CYMMApHOTO MEPEMEIEHUs ceueHusi 1 B SKBHUBa-
JeHTHOM cucteme (puc. 2.1):

X1y +Ay =0,
rae O); - MEPEMENICHUE CeueHust | Mo HaNpaBIeHUIO CHIbl Xy OT CHIIBbI
X 16) = 1 (cM. BCIOMOTATENbHOE EIMHUYHOE COCTOSAHME); A, - MepeMerne-

HUE ceueHHs | OT BHENIHEH CHJIBI, MPUJIOKCHHONW B CEUCHHUHU i (CM. TPYy30BOE
COCTOSIHHE).

KosddunmenTsr kaHOHMUECKOTO YpaBHEHHUS HMEIOT CMBIC TEpeMeIne-
HUH U MOTYT OBITh HalieHbI TI0 popmyiie Mopa:

MM
511=Z ——Ldz;
kz{ El

MM,
Ay = iy
Y

Takum o6pa3oM, KaHOHWYECKOE YPaBHEHHWE METOJa CHJI OCHOBAaHO Ha
JBYX THIIOT€3aX CONPOTHBJICHUS MATEPHAJIOB. TPHUHITUIIE HE3aBUCHMOCTH
JNEWCTBHA CHJI (IPUHITUT CYTICPIIO3UIINH ) M TUTIOTE3€ O MPOMOPIUOHATFHOCTH
NEPEMEIICHHI CHUJTaM, UX BBI3BIBAIOIIHM (3aKkoH ['yka).

2.2. IlocTaHOBKA 1IEJIH U 32424 UCCJICA0BAHUS

[{enb: MpoBEepKa MPUMEHUMOCTH METOAA CHJI JJISI PACKPBITHUA CTaTHYe-
CKOM HEONPEACTUMOCTH OaKH.
[IpoBepKy MOKHO BBITIOJTHATH PEIIEHUEM CIICTYIONMNX 3a/1ad.

1. Jlns Ganku npoctoro Buaa (puc. 2.1) BEMMCIATE P 3HAUCHHN X fif)c ¢

MPY PA3IMYHOM TIOJIOKECHHH BHEITHEH cubl (i =2, 3,4, ...,10). Ha onbiTHO#

YCTaHOBKE BBITIONHATH COOTBETCTBYIOIME M3Mepenns X ;)" . ITpoanammsu-

POBaTh MOJIYUCHHBLIC COBOKYITHOCTH PACUYCTHBIX M JKCIICPUMCHTAJIbHBIX 3HA-

YEHHH, NPOBEPUB PABEHCTBO X 1’2?)0 * =Xy, Caenars BBIBOI O MPAMEHHMO-

CTH METOJa CHJI JiJ1sA OaJIKy MPOCTOTO THIIA.

Kaxxnas COBOKyImHOCTh AMCKPETHBIX 3HAUEHUH COCTABUT JIMHUIO BJIUSHUS
MOJIOKECHMS TPy3a HA BEJIMUMHY PEAKIUK ''JTUITHER" CBA3H.

2. IIpoBepuTh CIPaBETMBOCTD MPUHIIMIA CYTEPIO3UIIHH.

JIJist 3TOrO Ha OMBITHOW YCTAHOBKE 3aMEPHUTh BEIWUYMHY PEAKIUU ' JTUII-

Hell" cBA3M Xy, TPU HAarpysKEHHH GATKW ABYMA CHJIaMH P OJTHOBPEMEHHO

B JIByX CeueHUusAX, Hampumep, B i =3 u i =10 (puc. 2.2). [IpoBeputs, Oyaer

JIA BHITIOIHATCA PaBEHCTBO X1z = X 1(;25) + X 11210
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aKCn

1(5)

Puc. 2.2

3. IIpoBepuTh CIIPaBENTUBOCTD 3aKOHA MPOMOPIIMOHATBHOCTH.

Jlist 5TOro BHITIONHUTL U3MEPEHME peakiuu "mumiHei” cesasu X', Ha

OMBITHON YCTAHOBKE, TIPHIIOKHUB K JIBYM CEUCHHSIM CHJIBI, OJTHA M3 KOTOPBIX
OyneTr kpaTHa cuie P, HanmpuMep, Tak, Kak moka3aHo Ha puc. 2.3. [IpoBepuTs,

OyJeT N1 BBITIONMHATLCS PABEHCTBO X'y = X115 + nX1( 1)) -

9Ken
1(ng)

Puc. 2.3

[Ipy BBIMOJHEHWM BCEX PABEHCTB C HEOOJBINIMMH TOTPEITHOCTIMH (B
npeaenax 1-2 mporeHToB) caenaTh BHIBOJ O MPUMEHUMOCTH METOA CHIT IS
m000it ynpyroi Oajiku mpu U3ruoe.

2.3. IlocTtaHoBKa onbITa

YcraHoBka HAMOJBHOTO THIIA JJ11 BBIITOJIHCHU A J'Ia60paTOpHI>IX OIIBITOB
(puc. 2.4) npencrapisier co0OM CTABHYIO MOJIOCY | MPSAMOYTOJBHOTO Ceue-
Hus JaHOM 2.4 M, ¢cBOOOIHO JIexkarnyto Ha omopax 2. KOHCTpyKTHBHO depes
JKECTKYIO paMy OHH CBsI3aHBI C MAaCCHBHBIM OCHOBaHueM 3. [Ipu Takom cBo-
O0MHOM OTNUpPaHWKM OAJTKA C MaJBIMH KOHTAKTHBIMH IMOBEPXHOCTSIMH JIETKO
obecreurnBaeTcsl TOBOPOT OMOPHBIX CEUCHMM OaJKh OTHOCHTEIBHO IOIEpey-
HOW OCH;, ONHpaHWE COOTBETCTBYET HJACAJbHOMY IapHUpHOMY. PaccrosHue
Mexay ormopamu 1,2 M. Ha moBepxHOCTH CcTalbHOM TOJIOCKI HAHECEHBI JIENe-
HUA yepe3 Kaxapie 10 cm.
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Harpysxerue onbITHOH OaNKy OCYIIECTBIISIFOT C TTIOMOIIBIO Ha0opa IPy30B,
ycTaHaBiMBaeMbix Ha mojasece 4. [loasec 4 MOKHO MOMECTUTH B Jit0OOE Cce-
yeHre Oaky, KaKk Ha KOHCOJIbHOM Y4YacTKe, TaK M B TIPOJIETE.

[Tocepenune mposieTa yCTaHOBJIEH MUKPOMETP YaCOBOTO THMA 7, KOTOPBIH
00ecreuynBacT U3MEPEHUE MEPEMEIICHUS CPETHETO CEUCHUA OaJIKH.

B cpennem ceueHnm Oallky yCTAHOBJICH IMOJBEC 5 ¢ €MKOCTHIO 6, B KOTO-
PYIO MPH BHITIOJTHEHUH OTIBITA 3aCHIMAIOT IPY3 (ApPOOB).

Takum 00pa3om, cTanbHas MOJOCA SABISIETCS CTAaTHUECKH OMPEACTTMMON
Oankoi — pU3NIECKOI MOIEITBIO SKBUBAJICHTHONW CUCTEMBI ¢ puc. 2.1.

OnpIT MPOBOJAT CIICAYIONTAM 00pa3oM.

2.3.1. YcranaBnuBaioT nojipec 4 B 3aJaHHOE CCUCHME i, MOJBEC 5 — B
cpenHee ceueHre Oaniku 1. BBICTABIAIOT HyJIEBOE MOJOKEHUE LIKAJIbI MHIM-
Karopa 7 MOBOPOTOM €€ IO COBMEIICHHS CO CTPEIIKOH.

Puc. 2.4

2.3.2. Ha noasec 4 ycTraHaBIUBAIOT Ipy3 P U 3aMEPSIOT NPOrud CpeaHero

ceuenust AT

2.3.3. Ecnu cpenHee ceueHne Oanku mepeMecTuinocs BHU3 (cM. puc. 2.1),
TO TPy3 CHHMAIOT. 3aT€M HA MOJBEC 5 3aKPETIAIOT €MKOCTh 6 M HACHIMAIOT
Jpo0Ob B KOJIMYECTBE, KOTOPOE CO3AaCT TOUYHO TaKOW k€ MPOrud, Kak U3Me-

peHHbIi B 1. 2.3.2. EMKOCTh 6 CHUMAIOT M B3BEILIMBAIOT Ha Becax. Bec emko-

cTH ¢ ApoGbio umcnenHo OyneT paseH X ;)" . DTO 3HaueHHMe 3aHOCAT B Tab-

JIMIY OIIBITHBIX JAHHBIX C ITOJIOKHUTCIIBHBIM 3HAYCHHUCM.
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Ecmu cpennee ceuenune Oaikm OT Tpy3a P TMEpEeMECTHTCS BBEPX (Takoe
oyner mist i =8,9,10,11), To B 3TOM cllydae K TOJBECY 5 KPEMAT €MKOCTh 6

M HACHIMAIOT APOOb B TAKOM KOJIMYECTBE, YTOOBI CTPEIKA MHIAUKATOpa 7 Bep-

HYJaChb B ICPBOHAYAJIbHOC HYJCBOC ITOJIOZKCHHUC. Emkocts ¢ Z[pO6I>IO CHHMaA-

Ki

IOT M B3BEUIMBAIOT Ha Becax. DTOT BEC UMC/IEHHO Oyjer papen X" . 3Haue-

HUE 3aHOCAT B TAOIUIy C OTPULATENIBHBIM 3HAKOM, TaK KAaK B OMNBITE CUJIA TA-
KECTH €MKOCTH 6 ¢ TPy30M HampaBjieHA BHU3, 4 HA PACUETHON CXeMe YKBHBA-
JICHTHOTO COCTOsIHUA (cM. puc. 2.1) peakuus "nuinHEH" CBA3M HampaBJeHA
BBEPX.

2.4. Ilopsiaok BbINOJIHEHHS J1a00PaTOPHOI padoThI

Benwuuny cunel P 3amaet npenoaasatens. Kaxkaoit moarpymnmne cTyacH-
TOB MPENOAABATENb YKA3bIBAET HOMEP CEYEHUS i, K KOTOPOMY OYIET MPUJIO-
KeHa cuita P

2.4.1. CocTaBuTh pacueTHbIE CXEMbI 3aJJTAaHHOTO, SKBUBAJIEHTHOT'O I'Py30-
BOTO M BCIIOMOTATEIBHOTO €IMHUYHOTO COCTOSTHUSA. 3amucaTh KAaHOHHYECKOE
yPaBHEHHE METOAA CHII.

2.4.2. Iloctpouts smopy M- | Y BBIYUCITUTH KOA(DIHUIHUEHT J,;. DTa 4acTh

padoTel — obmas ays Beer rpynmsl. [locnemyromas pabora — MHIUBHAY allb-
Hasl.
2.4.3. [loctpouts >m0py M ; ¥ BBIYHCIUTH IPy30BOH KOAPPHUIHEHT A, .

2.4.4. PemmTh KAHOHMYECKOE yPaBHEHHe, BBraUCIHB X (™

2.4.5. BemonaaTh AehOPMAIIMOHHYIO MPOBEPKY, MOCTPOUB MIOPY H3TH-
OaroLIMX MOMEHTOB U1 SKBUBAJIEHTHOr0 cocTosiHuA M , (cM. puc. 2.1):

MIMS _
;ledZ =0.
k

[Ipu ycrioBHH BBITTOJIHEHUS MPOBEPKH MOTYYEHHOE 3HAYEHUE PEaKIUy ' JTUI-

Heit" ¢BA3u 3amucarh B a0 2.1.

Tabnuya 2.1. OpAuHATHI TUHUAW BIAUSHUA

i | 2 3 4 5 6

pacy
X, H

O O

KCn
Xl(i) > H

0, % - -
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[To mepe 3amonHeHus Tadn. 2.1 mMPOBEPUTH COOTBETCTBUE MOMYUECHHOTO
PacyeTHOrO 3HAYEHHS BCEH COBOKYNMHOCTH 3HAQUEHHM, BHECEHHBIX B OJHY
cTpoky. Ecnu 3HaueHue He OTBEYAET €IWHOW IMIaBHON (DYyHKITMOHAILHOM 3a-
BUCHMOCTH, TO MPOBEPUTH PE3YyJIbTAThl BBIUMCICHUNA HA BCEX ATAlax pacyeTa,
CBEpPUB UX C COOTBETCTBYIOIIMMH YHCIICHHBIMUA 3HAYCHHUAMU, KOTOPBIE MOJTY-

YEeHBI B APYTUX MOArpynnax g 'cCMeKHbIX' 3HaUCHHUH peakiuii Tadm. 2.1.

2.4.6. Vsmeputh 3HaueHne X;)" Ha ONMBITHOH YCTaHOBKE, BBIOIHHB

nercTBus mo aaroputmy 2.3.1.-2.3.3.
2.4.7. BplUMCIUTh TOTPEIIHOCTh — MPOIICHT PACXOXKIACHHUS MEXIy pac-

YETHBIM ¥ OTIHITHBIM 3HAUYCHHUEM:
pacd IKCn

Sy = —2 100% .

[Ipyn NpaBWJIBHOM BBIMOJIHEHUH JTA0OPATOPHOM PabOThl PACXOXKIACHHUE, KaK
MPaBWJIO, HE MPEBHIIIAET 2 MPOICHTOB.

T[Tocneayronme UCTBITAHKS SBIISOTCS OOIMMU [T BCEM TPYIIITHI.
2.4.8. BhInONHUTH U3MepeHHe X|(y) Ha SKCIIEPUMEHTATLHON yCTaHOBKE,

TPUIIOKHB K OaJike TPYy3bl B IBYX CEUCHHAX, Hampumep (cM. puc. 2.2) B cede-

Husax 3 u 10 (Homepa ceueHuid MOTYT OBITh 3aJaHbl TIPEMOIABATEIEM MTPOU3-

BOJIbHO). B 3TOM Ciyuae 1o Gy et sHauenne X3 o).

IKCn (%)
2.4.9. BoIMONHATE U3MEPEHUE X (3 10y HA OTBITHOW YCTaHOBKE, MPHIIO-

’KHMB K OJJHOMY CEUCHHIO TPy3 P, a KO BTOPOMY KpaTHbIi Tpy3 nP (kpar-
HOCTb 33/1a€T TIPEIOIaBaTENb).

2.5. AHau3 pe3yJIbTaTOB

2.5.1. IlocTpouTh NTUHUM BJIMAHMS MOJOKEHUS I'Py3a HA BEITUYMHY PEak-
WX "TUIIHER" CBA3H, OTJIO0KHB B MAcIITa0€ PaCUETHBIE U SKCIEPUMEHTAIb-
HBIE 3HAYECHUA.

[Ipoananu3upoBaTh BEIUUYMHY M XapAKTEP MOTPELIHOCTH MO COBOKYITHO-
CTH 3HAYCHWH O(;) (ClyuaiiHas WIM CHCTEMATHYECKas, 3HAYMTEIIbHAS I

Majas).
2.5.2. IIpoBepUTh PaBEHCTBO

Ken IKCn IKCn
X110 =X13) + X1(10)-
Cnenarb BBIBOJ O CIIPABEATUBOCTH MPUHIUTIA CYTICPIIO3UIIUH.
2.5.3. [IpoBepUTh PaBEHCTBO
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CI[GJ'IaTB BBIBOJ O MIPUMCHHUMOCTH IIPUHIUIIA IIPOMOPIHHUOHATIBHOCTH.

2

.5.4. Ha ocHOBaHuHU pe3yJIbTATOB BCEX MPOBEPOK CAENATh OOIIUN BBIBOJ

O IPUMCHHUMOCTH MCTOAA CHJI JIA paCuCTa CTATHUYCCKHU HCOIIPCACIIMMbBIX Oa-

JIOK.

NN B W N =

7
8
9

2.6. KoHTpobHbIE BONIPOCHI

. YKaxuTe 11e16 1abopaTopHoit paboTHI.

. Kakyto cuctemMy Ha3bIBalOT CTAaTHUECKH HEOTIPEICITAMOT ?

. Kakoii cMbICT IMEEeT KaHOHHUECKOE yPaBHEHUE METO/1a CHJT?

. Kakoii cmpicit umeroT Ko UITUEHTH KAHOHHYECKOTO YPaBHCHHMSI?

. Kakue 3agaum pemrensl B mjaboparopHoii padore?

. Kakum crmoco6oM BRIYUCIISIIN KOA(D(DUITHEHTH KAHOHUYECKOTO YpaBHE-
HUSA?

. B uem cmbica nedopmanmoHHOM MpoBepKu?

. Kak onbITHBIM MyTeM ONPECIIAIOT MEPEMEIICHUS ?

. JInis Kako# 1eNm Ci1ysKar TEH30METPhI?

10. Kak ycTpoeH uHAMKATOP 4aCOBOTO THUMA?

1

1. Kakoe nepemenieHre Ha3bIBAIOT YIIPYTHM ?

12. Kak moctpoeHa TUHUA BIUSHUA?

13. Kak, ucnonp3ys JUHUIO BIWSHUSA, ONPEACIUTh PEAKIUIO JIAIIHEH"
CBSI3M OT COBOKYITHOCTH COCPEIOTOUCHHBIX CHJI?
14. Kakue BBIBOIBI C/ICTIaHBI B PE3YJIbTATE BHIMOJHECHHS JJa00paTopHOit pado-

ThI?

3. IIpakTuyeckoe 3aHsTHE:
"PACUYET TOJICTOCTEHHBIX IWINHIPOB U TPYB"

3.1. O6cy:xneHe 0CHOBHBIX (popMy.JT

Ecnu Ha mocTtaTouHOM yAaJIeHUHW OT JHUIL [UJIHUHAPA UIH TOPLOB TPYOHI,
rie He OOHApPYKWUBAETCS BIIMSHUE ATHX JHHUI M TOPIOB, JABYMs IapajLiciib-
HBIMH TOMEPEUYHBIMU CEUCHHUSIMHU BBIICITUTh OOBEKT €TUHUIHON JUTMHBI (PHUC.

3.1),

TO IJIA TaKOI'O O6’beKTa, pacducTtHad CXEMa KOTOPOro IIOKasaHa Ha pPuc.

3.2, cripaBeAIMBBI OYyAYT CIEAYIOIINE 3aBUCUMOCTH:

o

2 2 2.2
_hh T ch B (‘11 _Q2),L
rt = :
r22 - r12 r22 - rlz r?
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) _J-'%
S
4 ] —— ~
I’ > N
Puc. 3.1 Puc. 3.2

B stux dopmynax: o, ; - COOTBETCTBEHHO PaJUalIbHOE (7 ) U TaHTE€HIUAb-

HOe (!) HampsDKCHWE B TOUYKAX TOMEPEYHOTO CEUCHHUS, PACTIONOKEHHBIX HA
OKPYKHOCTHU pajauyca r; 1 U 7, - BHyTPEHHUH W Hapy KHbII paauycsl (raba-
puThl) 00BEKTA;, ¢, U ¢, - PABHOMEPHOE MO JJIMHE BHYTPEHHEE M HApPYKHOE
JTaBJICHHE.

JlarHbIe (hOPMYJIBI IS CITydasl YIPYroro COCTOSIHHSI MaTepralia 00beKTa
BoiBeieHbI [, Jlam» u onyOnukoBansl B 1852 r. @opmyibl NpUMEHSIOTCS I
pacueToB. IWJIMHIPOB MHEBMO- M THAPONPHUBOJOB, TPYO MHEBMO- M THAPO-
MPUBOIOB BBHICOKOTO JABJICHUS, KOJIEI] TIOITUITHAKOB CKOJIb)KEHHUS, CTBOJIOB
APTUJJIEPUNCKUX OPYIUM.

[IpaBuio 3HAKOB: yKa3aHHBIM HANPABJICHUSAM BEKTOPOB HA PACUCTHOM
cxeMe puc. 3.2 COOTBETCTBYIOT MOJIOKUTEIIbHBIC YHUCIICHHBIC 3HAUCHUS BEITH-
quH B hopmyite Jlamn.

3.2. [TocTaHoBKA LIEJIH U 3224 HCCJIeI0BAHUA

Cornacuo ¢opmyne Jlam> pamuanbHble W OKPY>KHbIE HANpPsOKEHUS pac-
MPEACIIAIOTCA HETMHEHHO N0 TOJIIMHE CTEHKU. Kpome Toro, cama BelM4unHa
HANPsHKEHUH O, U O, CIOKHBIM 00pa3oM 3aBUCUT OT BHEIIHETO JABICHHSA

g, U ¢,, rabapuTHBIX pa3MEpPOB 7; U F, W UX COOTHOLIEHWH:q,/q, U K/T,.

OueBUTHO, UTO MPHU MPOCKTUPOBAHUU MOKHO YCTAHOBHUTH TaKOW HAOOP KOH-
CTPYKTHBHBIX TTAPaMETPOB M BHEITHUX (PaKTOPOB, MPH KOTOPHIX MPOYHOCTH U
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YKOHOMUYHOCTh KOHCTPYKIUU OyayT omTuMajabHbIMH. J[J11 3TOTO Cliemyer
YCTaHOBUTH XapaKTep W OCOOCHHOCTH BIUSHUS KOHCTPYKTHBHBIX TTapaMETPOB
M BHCIITHUX HAIrpy30K HAa BCIIMYHUHY HaHpﬂ)KeHI/Iﬁ B OMACHBIX TOYKaX 00BEKTA.
[lenb. MccnenoBanne BAMSAHMS psAa MapaMeTPoOB HA MPOYHOCTh TOJICTO-
CTCHHBIX ITUJIMHIPOB U TPYO.
3ajaua 1. HMccrnenoBaHue BIIMSHHS BHEIIHErO JABJICHHA ¢, Ha MPOY-

HOCTB, €CJTM M3BECTHBI: TPE/IENT TEKyUECTH MaTepualia o ; rabapuTHbie pas-
MEPHI 7 U 1y, BHyTpEHHEE AaBieHue ¢; (puc. 3.3).

B nanHOM cnydae 1enecooOpa3HO paccMaTpUBaTh Ps JMCKPETHBIX 3HA-
4YeHWH ¢, Ha HMHTEpBalle OT ¢, =0 10 ¢, =2q; C 1WaroMm, 3aBHCAIIUM OT
yucyia MOATPYINN B y4eOHOW rpynmne U yao0CTBa BHINOJHEHUS apudMeTHye-
ckux omepanuii. Takol nuanaszoH ¢, MO3BOJISIET rPAPUUECKH JIETKO YCTaHO-

BUTh SKCTPEMAJIbHBIN XapaKTep 3aBUCUMOCTH Kod(dduimenTa 3amaca mnpou-
HOCTH.
3anaua 2. MccnenoBanue BIUSHHUA BHEIIHETO pa3Mepa 7, Ha MPOYHOCTb,

€CJI U3BECTHBI: MPeeNl TEKyUeCTH Marepuaia o ; AaBJIeHUE BHyTPEHHEE ¢
1 BHEIIIHEE ¢, ; BHYTPEHHUH pa3mep # (puc. 3.4).

2,=vav

X

Puc. 3.3 Puc. 3.4
IIpu pemennn 3T0# 3aa4M LENECOOOPA3HO PACCMATPUBATh P IUCKPET-
HBIX 3HAUYEHWH 7, HA WHTEpBaje OT 1, ~llx no r, 10K ¢ yBenuuusaro-

IIMMCS [IaroM IPH YBEITUYEHUH TEKYLIEro pasmepa #, .Takoe BapbupoBaHUE

TOJIIIHMHBI CTEHKH MIJIMHAPA MO3BOJIAET TpaduUeCKu MPUOIHKEHHO YCTaHO-
BUTH TPEICIHbHOE 3HAUCHUE 3araca MPOYHOCTH PAcCMaTPUBAEMOro O0OBEKTA.
IIpu 5TOM 3HaUYE€HHE BHEIHETO AABJICHUA ¢, CIEAYeT 3a/aTh MEHBIIIE BHYT-

PEHHETO ¢, UCXOMS U3 BBIBOJOB, IOJYUYEHHBIX PaHEE.
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3.3. AroputMm peuieHusi 3a1a4

3.3.1. JIna xaxa0i COBOKYIMHOCTH MCXOJHBIX JAHHBIX BBHIYUCIUTH KOH-
crautel (| 1 C, dopmynsl Jlamd 1 MOMyuuTh YpaBHEHUS pacpeaACieHUs Ha-

Hpﬂ)KGHI’IfI U 110 TOJIIHUHE CTCHKH B YHCJIICHHOM BHUAC!:

1
Gr:CI_CZ_z;
r
1
Gt:C1+C2—2,
r
2 2 2.2
C _qih — 4,y C _nn (611—612)
rac 1— D) P s 2~ ) ) 0
r —h rn —h

3.3.2. IlocTtpouTh SMIOPHI PaACOPEACIICHHUS HAMPSHKCHUH IO TOJIIUHE
creaku (puc. 3.3, 3.4). Cnenyer oOpatuTh BHUMaHHWE HA TO, YTO TIPH Mpa-
BIJIBHOM BBIYHCIICHUH KO3 umeHToB C, u C, OPAWHATHI SIOPHI PATHAAITE-
HBIX HANPSHKEHUM U1 TOUEK BHYTPEHHEW W BHEINHEW MOBEPXHOCTU LIWJIMH/I-
pa COBHNAAlOT MO BEIUYMHE C MPUIOKEHHBIM JABIEHUEM: O,  =—(;;

o, = —q,. JlonycTumas norpemnocTs — B npeaenax 2 %. Ecim oTo yenosue

HE BBITIOJIHACTCS W MOTPEITHOCTh cOCTaBiseT Oonbiie 2 %, TO CleayeT MOBHI-
CHUTh TOYHOCTH BBITIOJIHCHHS BCEX ITPOMEKYTOUHBIX BBIUMCICHUH. Ecmu Be-
JIMYMHBI PAAUATBHBIX HAMPSHKEHUH O, B TOUKAX MOBEPXHOCTEH CYIECTBEHHO

OTIMYAIOTCA OT JABJIIEHUH ¢ U ¢, , TO CIEIyeT MCKaTh OIIMOKY B pacyeTrax,
cpaBHuBasd 3HaueHHd C; u C,, BBIYMCICHHBIE JUIA OMMOKAMIIUX 3HAUCHUN
BapbUPYEMOro B 3aaaue napamerpa. Psael nuckperHsix 3Hauenuit C; u C,

00pa3yroT IIaBHBIC 3aKOHOMEPHOCTH.
3.3.3. OnpeaenuTh MOJOKEHUE OMACHBIX TOUEK TPYObI, BRIUMCIHUTH IS

HUX SKBHBAJICHTHOE HAIPSKEHUE IO TPEThEH KIIACCHUUECKOM TUIOTe3€ Mpoy-

ur _ _ 1
HOCTH O ,,, = 0| — O3 U Kodpduuuenr 3anaca k = o, /0, .

B ciyuae, korjga HanpssKeHUS ¢, BO BCEX TOUKAaX CEUeHHUs TPYObI pacTs-

THBAOIINAE, HET COMHEHHUSA, YTO OMACHBIMU TOUKAMH SIBJISIOTCS TOYKH BHYT-
peHHel moBepxHocTH TPYObI (T. A Ha puc. 3.4). B cnyuasx, koraa sniopa o,
nByx3HadyHas (puc. 3.3), cieayeT BBIYMCIUTH 3HAYCHHS SKBUBAJCHTHBIX Ha-
NpsOKEHUN B TOUKax BHYTpeHHEH (4) u BHemHel (B) moepxuocTh. [1pu mpa-
BUAJIbHOM BBITIOJTHEHWW PACUYETOB OMACHOE COCTOSHWE BCeTaa OyaeT BO BHYT-
PEHHUX TOUKaX TPYOHI.
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S
>  ©
151 S|
— - —-t.—-z —— B—‘-—- 2
c,=0,,0,=0; 03 =0,. 0,=0;0,=0,;,0;=0,

npu lar‘ < ’Gt|.

3.3.4. BeluncaeHHbIe HAPSIHKEHUS 3aHECTH B CBOAHBIC Ta0. 3.1 1 3.2,

Tabnuya 3.1.

Hanpsbxenus B onacHbIX TOUYKaxX TPYObl U OLICHKA
MPOYHOCTH

q,, Hvm®

)
o, , Hmm

)
o;, Hmm

J77, 2
O g » H/MM

K

Tabnuya 3.2.

Hanpsbkenus B omacHbIX TOUYKaX TPYObI U OLICHKA
MPOYHOCTH

¥y, MM

)
o, , Hmm

)
o, , H/mm

1l 2
O g » H/MM

K

Komonku Tadn.

3.1 u 3.2 3anmoiHAIOTCA MO MEpe 3aBEPIICHUS PacueTOB
MOATPYINaMu CTyAeHTOB. [lo Mepe 3amonHeHHs TaOmWIl aHAIH3HPYETCS
MJIABHOCTh M3MEHEHHUS PACUETHBIX MapaMeTPoB Mo cTpokaM. [Ipu BeisBICHUN
JOMYIICHHBIX OTACIBbHBIX OIMMOOK OHHM MCHPABJISAIOTCA TakK, 4TOOBI 0OIIas

(I)yHK]_[I/IOHaJ'IBHaSI 3aBUCHUMOCTb HUT'AC HC HAPYIIAJIACh.
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3.4. AHau3 pe3yJIbTaTOB

3.4.1. Ilpoananu3upoBaTh COBOKYMHOCTh AaHHBIX TaOn. 3.1 u 3.2 u cue-
J1aTh MEPBBIA OOIIMKA BHIBOA: MPHU JIFOOBIX BHEIIHUX BO3JCUCTBUSAX U KOHCT-
PYKTUBHBIX MapaMeTPax OMACHBIE TOYKU BCETAQ BHYTPEHHHE.

3.4.2. Tlocrpouts TpaduKkH, OTPAKAIOIIUE 3aBUCUMOCTH MPOYHOCTH OT
BHEITHETO MaByicHus (puc. 3.5) m BHemHero pamuyca (puc. 3.6). OOparuTh
BHUMAHHE HA TO, YTO XAPAKTEp BJIMSAHUSA Pa3HbIil. 3aBUCUMOCTb IMTPOYHOCTH
OT BHEIIHETO AABJICHUS HMMEET SKCTPEMAIbHBIM XapakTep, MaKCHMajbHas
IIPOYHOCTb JOCTHUTAETCS, €CIU ¢ = ¢, . FI3MeHeHue npoyHOCTH NPU yBENH-

YEHUHW BHEITHETO paauyca (TOJIIUHBI CTEHKH ) HOCHT MPEACITbHBIN XapaKTep.

6!"

K8 L1 K

Soxs

0 91 ql 2,
Puc. 3.5 Puc. 3.6

Kaxxno# moarpymme cTyIeHTOB CeIyeT CaMOCTOSTEIbHO OMHUCATh MOJY-
YeHHBIC rpaduuecKue 3aBUCUMOCTH B BBIBOJIAX.

3.4.3. O0GCyauTh TEOPETUUECCKUE 3HAYCHUA TTPEACIbHBIX HAMPSKCHUH TS
YACTHBIX BUJOB KOHCTPYKITHH.

Cayugait 1. Jleranp THNa MJIACTHHBI C KPYTJBIM OTBEpCTHEM (7 —> 0),
BHEIITHEE JaBJICHHE OTCYTCTBYET (¢, =0).

HpI/I OTCYTCTBHH BHCIIHCTO JaBJICHHA

2 ))
q1h"

_n
Gr,t:ﬁ 1+—2
ry —H r
2
_z4h
Hna 1, —> oo c,, =%

> ]/'2

B omacHo¥ Touke Ipy # = 7} HANPsKEHKE O, , = ¥4 .
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) P _ i/
o,=4q,;0,=0; 05 =—q,. Torna o,,, =2q,.

Cayuyaii 2. Jletanb T CTEPXKHS MOJ] BHEIIIHUM JIaBJICHUEM, BHYTPEHHEE
JIABJICHUE OTCYTCTBYET (q; =0).

2 2
g . =__12" |1zh
) 2 2
Ecmm =0, 0,,=—q;.
L SAR T
Gz=$2

B stom CjiydyacC BO BCCX TOYKaxX ACTAJIM ABYXOCHOC PAaBHOCTOPOHHCC CXKAaTHC.

Viig
DKBUBAJICHTHOE HANPSDKEHUE O, = (5.

Ecnm B LIEHTpE MMeEETCS OTBEPCTHE, HO OECKOHEYHO MAJIOro pasmepa, To
ectb 4 — 0, HO HE paBeH HYJIO, TOrJa B OMACHON TOYKE NpU » = OydayT
crenyomue Hanpspkenus: o, =0; o, =-2q,.

}e§=2?z
A

1
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m

OKBUBAJICHTHOE HANPSKEHUE O,

2q, . CnenoBaresbHO, OTBEPCTHA MAJIO-

ro pasMepa CO3Jal0T KOHIICHTPAIMIO HaMpsoKeHWH ¢ KO3 HIHEeHTOM
k,=2.

3.5. KoHTpoJIbHBIE BOMPOCHI

1. Vkaxure niens 1abopaTopHoit paboThI.

2. Kakue HampsykeHUS BO3HUKAIOT B TOYKAX MOMEPEUHOTO CEYCHUS TPY-
Obl, HAXOAAIIEHCS IO/ JaBJICHUEM ?

3. Kakue Touku TpyObl OymyT Hanbosiee HAMPsHKEHHBIMU TIOJ] ACHCTBAEM
BHYTPEHHETO (BHEIIHETO) JABJICHUS?

4. KakoMy 3aKkOHY MOAYMHEHO PACHPEICIICHUE TAHTCHIIUAIBHBIX (paau-
AJTbHBIX ) HAPSKEHUHA?

5. Kakue HanpskeHusa Ha3bIBalOT riiaBHbIMU? Kakumu cBoiicTBamu obma-
JTAFOT TJIaBHBIC HAPSDKCHUA?

6. Kak 0003HayaroT rJiaBHbIC HAMpPSKEHUS B Cliydyae OObEMHOrO Hamps-
YKEHHOTO COCTOSAHHUS?

7. Kak oleHuBaroT MPOYHOCTH TPH MIIOCKOM HANPSKEHHOM COCTOSTHUN?

8. Kakme BBIBOIOBI caenmaHbl B PE3YJbTATC BHITIOJHEHHUS PaCUYETHO-
MCCIIEA0BATENbCKOM padoThI?

9. Kak MOXHO TOBBICUTH TPOYHOCTH TPYObI TIPH HEM3MEHHOM BHYTPEH-
HEM JaBJICHUU?

4. lIpaxkTunyeckoe 3aastue: "PACUET COCTABHbBIX ITUJIMH/IPOB
N TPYB. KOHTAKTHAS 3AJIAYA TEOPUUA YIIPYT'OCTHU"

4.1. O0cy:xn1eHue 0CHOBHBIX (opmyt

[{UIMHAPUYECKUE COCTMHEHUA C HATATOM NMPUMEHSIOTCS 4acTO B MHKE-
HEPHOM MPAKTHKE. COCTABHBIC LIWJIMHJIPBHI U TPYObl, COCTaBHbIE CTBOJIBI ap-
TUJUICPUNACKUX OPYAWM;, HEMOABUKHBIEC MOCAIKH TMOAIIUITHUKOBBIX KOJEI[ B
KOPITyC Y Ha BaJ...

Harar A - pa3HOCTh MeXIy BHEIIHUM PAaJWyCOM BHYTpPeHHeH netanu 1
coenuHeHHs NBYX MWIMHAPOB (puc. 4.1) U paguycom OTBEpCTHs aeTand 2.
l'ocynapcTBeHHBIE CTaHAAPTHI PETIAMEHTUPYIOT AOMYCKH HAa M3TOTOBJICHHE
ATUX pa3MepoB Ajs o0ecneueHus MocaaoK cTaHIapTHOro Buja. Kak npasuio,
BEJIMYMHA HaTAra A CBs3aHAa C TEXHOJOTHEH O0OEClEeUeHUs HEMOJBHKHOIO
COCIMHEHHUSI, IPU 3TOM KOHTAKTHbBIE HAMPSKEHUS B COCIMHEHUAX [UTSI Pa3HBIX
pPaarycoB ¢ OKa3bIBAIOTCS HEOAMHAKOBBIMHU Ul OAHMX M TEX K€ CTaHIapT-
HBIX MOCAJIOK.
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Y]

R

2c

2‘21

Puc. 4.1

KoHrakTHOE maBneHue p., BOZHMKAKOIIEE HA KOHTAKTHON LMJIMHAPHAYE-
CKOW MOBEPXHOCTH pajuyca ¢, Ipu YIPYroM COCTOSHUHA Marepuana JeTajaen
1 u 2 mponopuvMoHANBbHO HATATY A M CII0KHO 3aBUCHT OT (PUINUYECKUX
CBOWCTB M PA3MEPOB KOHTAKTHOW TAPHI;

2 2 2 2
_A e (- +n (1+ﬂ1)+ cTd-p)+r (d+u,)
' 22 22 '
¢ G Ey(ry =c7)

B stom BeIpaxenwnn g, £y - koaddurmment [lyaccona u Mmoxyiib ynpyroctu

4

BHYTPEHHETO UWWIHHAPA 1; 45, [, - TO *e Ui BHEIIHETO UWJIMHApPA 2.

B cocraBHOM mmnuHApe Aetanb 1 mpeacTaBisieT cOOOM LUIMHAP, HAXO-
JAITANACS TI0JT BO3ICMCTBUEM BHEITHETO JABJICHUS, paJuaibHbIC U TaHT CHIIN-
aJbHbIC HAPSKECHUS B HEH ONMpeaestoTcs o (hopmyJie

2 2
C _ N
__ P |2

r,t =
6‘2 - 7’12 7’2

o

BHemuuii nuauHAp 2 UCHBITHIBAET JACHCTBUE BHYTPEHHETO JABJCHUA, Ha-
MPSKEHUS OTIPEACTIAIOTCS 1o popmyie

2 2
p.C _r
o= | 1¥ 5
Py —C r

Pacnpenenenne HanpspkeHU nokasaHo Ha puc. 4.2.
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dnwopa G,
— t
Inwopa G, l\ P

|
2 .2
] ?z-c
a—— t
- 2!2-&&'- 2
% fe pi_c* ~—-———cz+2'
2 1 o2
A N c-zi\
2?1 P zcl
T Te o2 gt
. 2¢ o
- ¥
223 -
Puc. 4.2

Takum 00Opa3om, pacueT COCTaBHOTO LMJIMHAPA CBOAMUTCS K COBOKYITHOCTH
JIBYX YaCTHBIX PaCUYETOB.

[Tockonbky paHee yke ObLJIO YCTAHOBJIEHO, YTO OMACHBIMM TOYKAMU B
UMJIMHIPE TP JJF000M HArpy>KeHUH BCETIa SIBJISIOTCS TOUKM BHYTPEHHEH Mo-
BEPXHOCTH, TO YCIIOBHE NOCTH)KEHUS MPEIEIBHOTO COCTOSHUS LUIUHAPUYE-
ckoro coeaunenus no 1l runorese Oyaet umers cneayrommii Bua. [ BHyT-
peHHero mwmHApa |

D 2¢2
c 9 ) 71>
¢’ —-n

JUTSI BHEIITHETO IAJIAHIpa 2

4 r22 2r22

Pe——F+P. =0, WL Pp,———F=07).
2 2 2 2
ry —cC ry —¢C

B 5TuX BBIPAKEHUAX Oy U O, - NPEAEIBl TEKYYECTH MAaTEPUAIIOB LIWJIMH]-
poB | 1 2 COOTBETCTBEHHO.

4.2. ITocTaHoBKa e/ U 32124 UCCIIA0BAHUSA
[{enp: YCTAaHOBUTH XapaKkTep BIUAHUA pa3MepoB (MaciutadHoro (akTopa)
1 (U3HYECKHX CBOMCTB MaTePHAJIOB KOHTAKTHOM Iaphl Ha BEJIMUYMHY IIpe-

JEJIbHO JIOTYCKAeMOT0 HaTAra, 00ECIEUNBAIOIIETO YIPYTOe COCAUHEHUE IBYX
LHMJIMHAPUYECKUX MOBEPXHOCTEH.
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3agaua 1. Onpeaenuth MakCUMaJbHO JIOMYCTUMbIA HATAr, O0ecreuu-
BAIOMIMKA yrpyTue AeGopMalvii B IMWIMHAPHYECKOM coeauHeHuu (puc. 4.3),
BHYTPEHHUH paanyc KOTOPOTO 7 UMEET HOPMAIM30BAHHOE 3HAUYCHHE, a Pa3-

MEPBl KOHTAaKTHOM MOBEPXHOCTU ¢ M BHEIIHWH rabapuT 7, - MPONOPLHO-
HaJIbHBI 7. Y CTAHOBUTH, KaK BIUSAET MAcIUTAOHbIN pa3Mep 7| Ha MPEACIIbHYIO
BEJIMUMHY HaTAra A .

no

A

OO K

Yy
AN
o

N

22,
dc

22,

A

Puc. 4.3

3amaya 2. [Ipn oAHHMX M TeX K€ pa3Mepax COEAUHEHUS 7, C, F, YCTaHO-

BHTb, KaK BJIMSACT MaTCPHaJl KOHTAKTHOM maphl HA MPEACIbHYIO BEIUYMHY Ha-
Tsra. PaccMOTpeTh CiIeayoIye BaprHaHThl: OpOH3a — CTallb, OpOH3a — UyTYH;
CTajlb — UyTYH.

4.3. Aaroputm peltieHust 3a1a4

Tunopasmep coenuHeHHs MBYX MAIUHAPOB (M. puc. 4.3) Kaxaou moj-
TPyIITe CTYJASHTOB 33/a€T NpenoaaBareb. /st HopMaTu30BaHHBIX 3HAUCHHMA
BHYTPEHHETO JIMaMeTpa JIaHHbIC 3aHeceHbl B TaOu. 4.1. Martepuan ania usro-
TOBJICHHUS JICTAJICH KOHTAKTHOM Taphl 3aJ1a€T MPENOAABATENb.

28



Tabnuya 4. 1. Pe3yapTaThl pacueTa MpeaeIbHOTO 3HAUCHUSI HATSTA

H, MM 20 30 40 50 70 80 90 100

c=12r,mMm 24 36 48 60 84 96 108 | 120

r, =151, MM 30 45 60 90 105 | 120 | 135 | 150

OnacHas
JeTallb

A, MM

Al

4.3.1. 1ns kaxxa0i COBOKYIMHOCTH UCXOIHBIX JAHHBIX COCTABUTH YCIIOBUE
MNPEAETBHOIO COCTOSIHUA neTanien coequHenud no 1l runorese npounoctu n
OIIPEAEIUTD MPEAEIIBHO AOIYCTUMOE KOHTAKTHOE JABJIICHUE P, .

4.3.2. BbIYUCIUTh COOTBETCTBYIOUIYIO BEJIMUMHY HATATA, MPUHAB Clie-
JYIOIUE 3HAYCHHUS MEXAaHUIECKIX XaPAKTEPUCTHUK U (PU3NIECKIX KOHCTAHT:

JUIS CTalu Orem =400 Mra; E, =2 -10° Mna;
Hem = 0,26

JUISl UyTYHA O Ty =220 Mma; Eyp = 1,2-10° Mna;
Hyy. = 0,28

JU1 OPOH3BI orgp =140 Mma; Eg, = 1,1-10° Mna;
Hep =0,36.

4.3.3. ITocTpouTs 3MOpsl paauaIbHBIX U TAHT€HLIUAJIbHBIX HANPSKEHUHN B
COCTABHOM CEUECHHH JJIsl BBIOpAHHOTO HaTsra. [pu mpaBuIbHOM BBHITIOJIHEHUN
pacueToB MpeAebHOE COCTOAHUE OyAeT HaOIoAaThes MO0 B TOUKAX BHYT-
PEHHEH MOBEPXHOCTH AeTalv 1, 10O B TOUKAX BHYTPEHHEHN MOBEPXHOCTH e~
Tamu 2. B octanbHBIX TOYKAX — 3aMac MpOYHOCTH.

Pesynbrarsr pacueros 3aHecTu B Taom. 4.1.

4.3.4. PacueTsl I COEAMHEHUS LUAJIUHIPOB U3 JPYTUX MATEPHAJIOB BbI-

MOJIHUTH BCEH TPyNoi coBMecTHO. KOHCTPYKTHBHBIE pa3Mephl COSIUHEHHUS
3ajaeT nmpemnoaasarelni. PaccMorpets Tpu Bapuanta (Tabi. 4.2).
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Tabauya 4.2. PeaynpTarsl pacueTa MAKCHMAIBHOTO HATATAa B KOHTAKTHOM Tape

Marepuan BKJIaapIa OpoH3a OpoH3a CTajb
Marepwuan kopryca CTaJTb 9yTyH 9YT'YH
OnacHas nerajgb

A, MM

Aln

B mepBom BapuaHTe mpeaes TEKyd4eCTH W MOAYJb YIPYrOCTH MaTepHalia
BKJIAJbIIIA MEHBIIE YeM y MaTepHajia KOpIyca, BO BTOPOM BapHAHTE OHH
MIPUMEPHO OJMHAKOBBIE, B TPETHEM —IIPEAET TEKYUECTH M MOYJIb YIIPYTOCTH
MaTepHuaia BKJIAJbIIa OOJbIlle ueM y MaTepuana kopmyca. OQHO3HAYHO 3a-
Jaua O MOJIOKEHHH OMACHBIX TOYEK pelleHa ObITh HE MOKET, TaK KaK Ha pac-
npeae/icHHE HANPSOKEHWH B COEIUHEHHH CYIIECTBEHHO BIIMSET €Ie OJHA Je-
dbopmanmonHas koHcTaHTa — ko3 dunuent [lyaccona.

4.4. Anasmm3 pe3yJIbTaTOB

4.4.1. 1o nannbiM Tabin. 4.1 moctpouTts rpadmk 3aBUCUMOCTH TPEACITHEHO-
ro HaTAra, 00ECIEUNBAIONIETO YIPYTHEe KOHTAKTHBIE AeOpMallid B COCIH-
HEHUU, OT BEJIMUMHBI paauyca 7. Crenarb BbIBOJA O BIMSHUM TUIIOPA3MEPA.

4.4.2. Ilpoananu3upoBath JaHHbie Ta0. 4.2 ¥ onucaTh BJIWSHUE COUYETa-
HHS MaTE€pUajiOB KOHTAKTHOM Maphl HA MOJIOKEHUE OMACHBIX TOYEK B COEIM-
HEHUU W HA BEJIMUYHHY MPEIETBbHO JOMYCTUMOIO HATATA.

4.5. KoHTpobHBIE BOTIPOCHI

1. Vkaxure 1ieb 1aboparopHoit paboThI.

2. Kakne HampspkeHHs BO3HHKAIOT B TIOTNIEPEYHOM CEUCHHHM COCTaBHOM
TpyObI, COOpaHHOM C HATATOM?

3. Kakue TOUYKH B COCAMHEHHUH ¢ HATATOM OyIyT HamOoJiee Hamps >KCHHBI-
Mu? Kak 3To MOKHO yCTaHOBHUTH?

4. Kak BIUsgeT BEIWYMHA HATATA HA BEIIMUWHY KOHTAKTHOTO JIaBJICHUS B
YIIPYTOM HETOABHUKHOM COCTUHECHHUH ITAJTUHIPOB?

5. Kakue BBIBOABI CHACIAHBI B PE3YJIBTATC BBIMTOJIHCHUS PACUCTHO-
MCCIIeI0BATENLCKOM paboThI?

6. Ilpu BO3ACHCTBHMM OAMHAKOBOTO BHYTPEHHETO MABJICHHUS W TIPH BCEX
MPOYMX PABHBIX YCIOBUAX MPOYHOCTh KaKOW TPyObI OyJET BBIIIE, CIUIONTHOM
nunu coctaBHOU? OOBACHUTE, TOUEMY .
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