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MeTtoauuHi peKOMeHAaIlli MiArOTOBICHO BIAMOBIAHO 3 MPOrPaMOI0
Kypcy «@D13uKay 1Jid arpapHUX BUIIUX 3aKJIaJiB OCBITU

MetoauuHi pekoMeHalli A0 BUKOHAHHSA J1a0OpaTOpPHUX poOIT 3
mucuurutind pizuka Moayne — 3 «MonekynspHa (i3uka» MarTh CBOEIO
METOI0 JIOTIOMOTTH 37400yBayaM BHIIOi OCBITM y BHUKOHaHHI Ja0OpaTOPHUX
POOIT 1 O1IBII TITMOIIIOMY 3aCBOEHHIO OCHOBHUX (PI3MYHUX METOIB 1 3aKOHIB,
BOHM MICTATh OMNHUC 3 JIabOpaTOpHUX poOIT 3 po3aury «MosekymaspHa
b13ukay.

Koxxna mabopatopHa poOoTa CKIaJa€eThCA: 3 Ha3BU Ta METH POOOTH,
KOPOTKOI'O BCTYyIy, IIepeNliKy HEOOXITHMX NpHIaJiB Ta Marepiaiis,
KOPOTKUX TEOPETUYHUX JaHUX, METOJWKHA BHUKOHAaHHSI poOoTH, (opmu
3aMUCy  eKCINEPUMEHTAJbHUX  pe3ysbTaTiB, BHU3HAYEHHS  TOYHOCTI
EKCIIEPUMEHTY, KOHTPOJBHUX IMHTaHb Ta TECTOBUX IHUTAHb JJI 3aXUCTY
n1abopaTopHUX POOIT.

MetoauuHi peKoMeHJalli MOJIMIIYIOTh 3aCBOEHHS 3700yBavyaMu
BUIIIOI OCBITU HABYAJIBHOTO MaTepiany, JONoMararoTb OOpOoOJATH JaHHI
EKCIIEPUMEHTIB, B HaAWOLIbIIl AOLUIBHIA (OpMI TPEACTABISTH OTPUMaHI
pe3yIbTaTH.

Jly’xe BaXJIMBO MPOBOJUTH aHANN3 OTPUMAHUX PE3YyJbTaTiB, TaK K, 3
OJIHOTO OOKy 1€ MiJBUINY€E 1H(MOPMATUBHICTh BUMIPIOBAHb (HAMpUKIAJ, 32
pe3yabTaTaMi BH3HAYEHHSI MUTOMOi Baru 1 TYCTMHHM, Ta 3a JOMOMOTOIO
JOBITHUKOBHMX JAaHUX MOKHAa BU3HAYUTU MaTepiaj Tijia), a 3 IHIIOro OOKY 1ie
JI03BOJISIE CTYJCHTOBI CIIB CTAaBUTH OTPUMAaHI HUM JaHl 13 TaOJUYHUMH, 1
TUM CaMHUM OIIIHUTH SIKICTh CBO€1 pOOOTH, SIK EKCTIEpUMEHTATOPA.

[linroToBKa 1 BUKOHAHHS JJaOOPATOPHUX POOIT BHMArae CamOCTIHHO
ONpaIfOBATU BiAMOBIIHUHN JICKIIMHUN MaTepiaid Ta JOBIJKOBY 1 HaBYaJIbHY
miteparypy. lle cmpusie po3BHUTKY CaMOCTIMHOTO MHUCICHHS 1 HaBUYOK
CaMOCTI1THO1 POOOTH.

HaBuuku, oTpuMaHi Mpyu BUKOHAHHI Ja0OpAaTOpHUX POOIT, 3HAHHS Ta
PO3YMIHHS OCHOBHHMX IPUHIIUIIIB TMPOBEACHHS POOIT, OIIHKA OTPUMAaHHUX
pe3yJIbTaTiB Ta iX YsSBICHHS, OyJyThb KOPUCHUMH, SK B 3aCBOEHHI 1HIIUX
TeXHIYHUX AUCHMIUIIH, TaK 1 B MOJANBIIIA TPYJAOBIH MisSTIBHOCTI TIICIIS
3akinueHHs 3BO.

Ilocnidosrnicmsb ma npasuiad 6UKOHAHHA JZCI6ODCImODHMX po6im

Ilpu BukoHaHHI JabopaTopHoi podoTH a00 IHIIOro (i3MYHOro
eKCIIePUMEHTY HeOOXiIHO JOTPUMYBATHCS HACTYNHUX MPABUJI:

1. IlpaBwibHO BHUOUpPATH METOAMKY BHMIPIOBaHb TaK, 00 TOYHICTh
BUMIPIOBaHb BiJIIIOBiAana, MOCTaBJICHIN METI;
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2. BpaxoByBaTH MOKJIUBICTh CHUCTEMATHUYHHX TOMUJIOK 1 BXKUBATH
3aX0JIM 100 1X YCYHEHHS;

3. O1iHIOBaTH TOYHICTh KIHIIEBOI'O pe3yJIbTaTy, BU3HAYAIOUU a0COIIOTHY
Ta BITHOCHY TTOXHOKY BUMIPIOBaHb;

4. IlokazyBaTh  OTpUMaHi  pe3yJibTaTH, BUOWpaOud  HANWOLIbII
HiIecIpsiMOBaHy (GOpMY YSBJICHHS Ta MIPABIIIBHO 0QOPMIISATH TpadiyuHi
Marepiaiu.

O0poOka pe3yJbTaTiB eKCIIEPUMEHTY

OOpoOka  pe3ynbpTaTiB  €KCIEpUMEHTYy  (JlabopatopHa  poOoTa)

3BOAUTHCS /10 OOYMCIIEHb (DI3MUYHUX BEIMYUH 3a JIOTIOMOTOI0 PpOOOYMX
dbopMyJs, BUBHAYEHHIO MOXHOOK, OQOPMIIEHHIO OTPUMAHHUX PE3YJbTATiB Yy
BUTJIsAI1 TpadikiB a00 TaOMMIh Ta aHATI3Y eKCIIEpUMEHTAbHUX TaHUX.

Meta (pI13UYHOTO EKCIEPUMEHTY IMOJsArae B OUIBIIOCTI BUIAJKIB B
TOMY, 100 OTpUMAaTH JaHy YHCJIOBY BEJIMYMHY, 1 TOMY TOYHICTh NpPHU
OOYHCIICHHSIX TaKOXK BAXKJIUBA, SIK 1 MPU BUMIPIOBAHHSIX.

BusHauyeHHs MOXMOKHU NMPU NPAMUX BUMIPIOBAHHAX

Axmo BenmnunHa X BUMIpSHA N pa3iB B OJHAKOBHX YMOBaX, TO TPH

IIbOMY MH OTPHUMAEMO psifi OJU3bKUX 3HAYECHb BEIMYMHHU X, . Pi3ui

3HAUCHHS BETMUMHU X ; MOSCHIOKOTBCS THM, 110 TIPH ii BUMIPIOBAHHSIX OyJn

JOMyIIeH] BHUMAAKOBI MOXMOKK. Tak $SK BHMAAKOBI ITOXHOKH, HOCSTH
CTaTUCTUYHHUN XapakTep (TOOTO BIJAXWIIEHHS B OUIbIIY 1 MEHIINY CTOPOHY
PIBHOBIpPOTiZHI), TOOTO HAWOIIBII OJU3BKAM JO ICTUHHOTO 3HAYCHHS
BUMIPIOBAHOI BEJIWYMHH, OyJe cepemaHe apu(MeThdHe pPe3ybTaTiB BCIX
BUMIPIOBaHb, BUKJIIOUAIOYH TPyO1 MOXUOKHU:

n

S
X+ X, + X5+ 4+ X ,
X _ 1 2 3 n __ i
T - .
n n
OueBuaHO, 1110 YUM OlJIbllle OyJiIe BUKOHAHO BUMIPIOBAaHb, TUM TOYHIIIIE
OyJe crmiBmajaTv cepeHe apupMETHYHE 3HAUYCHHS 3 ICTUHHHUM 3HA4YCHHSIM

aHO1 BEeMWYMHUA. Tak AK ICTUHHE 3HAUYECHHS X i BUMIPIOBAHOI BEIUYUHH B

0araTbOX BHUIIAJIKaX HEBIIOMO, TO 3a I[f0 BEJIMYHMHY NMPUUMAETHCS CEPEIHE
apudMeTUUHE pe3yJIbTaTIiB OKPEMUX BUMIPIOBaHb. 3a aOCOJIIOTHY MOXUOKY
OKpPEMHX BUMIPIOBAHb MPUNUMAETHCS PI3HULISI MK CEPEHIM apUPMETUIHUM
3HAYCHHSM 1 BUMIPSHUM 3HAYEHHSIM BEJIMUUHU

Xicm :ch AXi:‘ch_Xi

OO6uunciieHa TaAKUM YHHOM CyMa MOXUOOK, piBHA HYJIIO 3 TOYHICTIO JI0
OKPYIJICHHSI CepeHbOro apupMeTnyHoro. ToMy 3a cepeaHio aOCOJIIOTHY
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MOXMOKY BHUMIPIOBaHHS TMPUMUMAETHCS BEJIMYMHA, SIKAa PiBHA CEPEIHbOMY
apu(METUYHOMY 3HAUYECHHIO 13 aOCOJIIOTHUX BEJIWYMH BCIX MOXUOOK
BUMIPIOBaHb, TOOTO:

1o Ay
AX,, = =2 [axXi

3rigHO Teopii BIPOTIAHOCTI, AiMiCHE 3HAYEHHS BEIWYUHH X i oyne

mekatTH B Mekax A cp +AX ¢ 3 BiporiaHicTio 64%, mnpu yuc
BUMIpIOBaHb MeHIIE 4. SIKII0 YMCIIO BUMIpIOBaHb n=4, TO BIPOT1AHICTH

CITIBIIAJITAHHS X cp +AX ¢p 3 ICTUHHUM 3Ha4YeHHsIM nopiBHIOE 90%, a mpu

n=9 14 BIpOT1AHICTb 3pocTae a0 98%.

3HayeHHsI a0COIIOTHOI MOXUOKM JIO3BOJISIE BKA3aTW T'PAHUIN, B AKUX 3
BU3HAYCHOIO BIPOTITHICTIO JICKUThH IITYKaHA BEIUIMHA.

KinneBuid pe3ysabTaT MOpsIMOTO BUMIPIOBaHHS (DI3UYHOI BEIMYUHU

3aMUCY€ETHCS Yy BUTIIAI X=X cp. +AX p -

BigHomenus cepeaHboi aOCONMIOTHOI TOXMOKM BHUMIPIOBaHb 10
3HA4YE€HHS [IMCHOI BEJIWYWHU HA3MBAETHCSA  BIJHOCHOK  IMOXHOKOIO

Ach
E=——-100%

X,

BignocHa moxuOka 103BOJISIE€ OIIHUTH CTYIIHB TOYHOCTI OTPUMAHOTO
pe3yJibTaTy 1 MOKa3ye BEIWYMHY MOXUOKHU (Y BiJICOTKAX), JOMYIIEHOI MpPH
BUMIPIOBaHHI.

OuyeBuaHO, MO cepelHe apudMETUUHE 3HAYCHHS NIYKaHOT BETUYUHU

BUMIpIOBaHHs E, sika BUpa)kaeThCsl y B1ICOTKAX

X ¢p , MOTPIOHO OKPYIUIATH A0 TOTO PO3PSAAY, IO 1 aOCONIOTHY IMOXUOKY, a

BIJIHOCHA TIOXMOKa 3aBXKJIW BHUPAXOBYETHCS HE MEHIIE HIX 3 JABOMA
O3HAYarOYUMH I ppamu.

B npesxux Bumagkax HEMOXIHWBO TMOBTOPUTH TMpsIME BUMIPIOBAHHS
JTIMCHO1 BEJIMYMHM JeKiabKa pa3. Toal BUMIpIOBaHHS MPOBOAATH TIIBKU OJUH
pa3, a abCONIOTHY MOXMOKY BH3HAYalOTh a00 MO KJIACy TOYHOCTI MpUiIaiy,
abo0 mpuiiMaroud 3a aOCOJIIOTHY IMOXWOKY IIOJIOBHHY IIIHM HaWMEHIIO]
MOJUIKKA  IIKajdd TMpUiaay, TakK SK TPH BUMIPIOBAHHAX HE MOXHA
TIOMMJTUTHCS OUIBII, HI’K Ha MOJIOBUHY MOJIIKH.

Ha kiHems BiAMITHMO, IO SIKIIO MOXHWOKa, BU3HAYEHA 0 CEPEIHBOMY
3HAYEHHIO, MEHINIa, HDK MOXMOKa BH3HAYEHA MO KJAacy TOYHOCTI, abo IliHi
HaWMEHIO1 TIOAIIKK, TO 3a aOCOJMIOTHY TOXHMOKY B IIbOMY BHIAIKY
MpUHUMAaEThCA MOXUOKA, piBHA HAWOLIBIIIN 13 IIUX TPhOX BEIHYMH.
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Knacom mounocmi npunady Ha3uBa€ThCA BHPAXKEHE Y BIJICOTKAX
BITHOIIICHHSI MaKCHMaJIbHOI aOCOIIOTHOI MOXHMOKK IpUIIaJy JO0 BEPXHBOI
IpaHulll HOTO BUMIPIOBAHb:

Od¢opMiaeHHs pe3yJibTATIB

PesynbpTatu ekcrepuMeHTy (JabopaTOpHOi pPOOOTH) MOKA3y€eThCS Y
BUTJISAI TaOnuill abo rpadika, abo Ma€ThCsA KIHIEBUU pe3yJIbTaT 3HAUYCHHS
IyKaHoi (PI3MYHOI BEIMYMHU 13 3a3HAYCHHSM aOCOJIOTHOI Ta BITHOCHOI
MOXUOKU BUMIPIOBAHHSI.

Haitbip1m iHpopMaTUBHUM CIMOCOOOM TMOKa3y pe3yabTaTiB €
rpadiuHmii crocio.

CamocrTiiina po0oTa

Camocriiina poOota 3700yBavya BHINOiI OCBITU — Iie ¢dopma
HaBYaJILHOTO IPOIIECY, 110 € OCHOBHUM 3aCO0O0M OBOJIOJIIHHS HAaBYAJIbHUM
MarepiajJoM 1 MOBUHHA ckjiagaTy He MeHie 50% Bij 3arajibHOro oocsry
TPYAOMICTKOCTI HaBYaHHS 3 TUCIUILUIIHH.

CPC 3abesrneuyerbcsi CHCTEMOI0 HaBUYaJIbHO-METOJMYHUX 3aCO01B
nependavyeHuX JUIS BHUBUEHHS KOHKPETHOI HaBUYAIbHOI JIUCIUIUIIHU:
MAPYYHUK, HABYAJIbHI Ta METOIWYHI MOCIOHUKH, PEKOMEHAIl1, KOHCTICKT
JIeKIIiH, (paxoBa Ta HayKoOBa Mep10UYHa JIITepaTypa TOIIIO.

CamocriitHa po0OoTa Hag KypcoM “@i3uKa ~ MoJIsIrae y:
— BHUBYCHHI TEOPETUYHOTO KYypCy 3a KOHCIIEKTOM JIeKIIH Ta 3
JOTIOMOT0I0 PEKOMEHI0BAHO1 JIITepaTypH;
— MIATOTOBII JIO MPOBEJICHHS Ta 3aXUCTY JJaOOpaTOPHUX POOIT.

Bugom camocriitHoi po0OoTH 3 JHCHUIUIIHK €  o(QopMIICHHSA
1abopaTopHOi poOOTH Ta 11 3aXMCT , TOOTO MOTOYHUM KOHTPOJIb, 110 MA€E Ha
METi TEpeBIPKY piBHS MIJATOTOBICHOCTI 3100yBadya BHIIOI OCBITH Ta
OTPUMaHHS HUM  BIJAMOBIAHOI KIJBKOCTI OaiiB, SKI JOJAIOTHCS IMijA Yac
BUKOHAHHS BCIX BHUJIB pPOOIT , IO € YMOBOIO JOMYCKY JO KOHTPOJIBHUX
3aXO0/IIB.

JlabopaTopna podora Ne8
Busznauenns koedinienra B'sa3kocTi piauau Metoaom Ctokca

MeTta pobdoTH:




1. BuBunTH MexaHi3M BUHUKHEHHS CHUJI BHYTPIITHBOTO TEPTSI.
2. BuzHauutu koe(DilleHT BHYTPIINIHBOIO TEPTS 3a MIBUAKICTIO MaJiHHS
KYJIbKH.
Oo6aaananna: 1. CkasHUM TUIIHAP 3aTIOBHEHUHN P1IUHOIO.
2. CekyHaoMmip.
3. Mikpomerp.
4. MiniMeTpoBa JTiHIHKA.
5. CBUHIIEB] KYJbKHU.

1. TeopeTrnuHi gaHi
IneanwHa pinuHa 1€ piuHa 0e3 TepTa. BeiMm peanbHUM pigHaM 1 razam

B OUIBIIIM YW MEHIIIM Mipi BJIaCTHBA B'S3KICTb a00 BHYTPIIIHE TEPTS.
B's3kicTh  TPOSIBASETBCA B TOMY, IO ICJIS TPUIIMHEHHS TMPUYWH
BUHUKHEHHS PyXy B piauHI a00 rasi, mo HOro BHUKIMKAJIHU, IMOCTYIIOBO
MIPUTTHHSIETHCS.

Pyx piauHM, Tpu SKOMY IIapW PIAWHKA KOB3alOTh OJIUH BIJHOCHO
OJIHOI0 0€3 BUHUKHEHHS 3aBUXPEHb HA3UBAETHCS JaAMiHapHuM. BlacTUBICTh
PIIMHU CTBOPIOBATU OIIpP MEPEMINIEHHIO OJHOTO, 1Py BIJHOCHO JIPYTOro
HA3UBAETHCA 8's13Kicmio, A00 GHYMPIUWHIM MePMM.

MexaHi3M BUHUKHEHHS CHJ BHYTPIIIHHOTO TEPTS: B'SI3KICTh BUHHUKAE
TOMy, 110 Ha TpaHUIl PO3MOAUTY JABOX IIAPIB PIIWHM, 10 PyXalOThCs B
OJIHOMY HaIIpsIMKY, aJi€ 3 PI3HUMU IIBUJIKOCTSIMHU, 1€ CUia, IKa HaMara€eThCs
3pIBHATH IIBUIKICTH 000X mmrapiB. Llg cwmma, oOyMoBiIeHa TIiepeHOCOM
KUIBKOCT1 pyXy 3 OJIHOTO IIapy B 1HIIWIA, 3aBJISIKK TEIJIOBOMY PYXY MOJICKYJI,
1 HA3MBAETECS CUIIOIO B'SI3KOCTI.

3rinHo 3akoHy HproToHa cuiia B'S3KOCTI (BHYTPIIIHBOTO TEPTS), IO
3YMOBJIIOE PYyX IIApiB PiAUHM OJHUH BIJHOCHO JPYroro, MponopiiiiiHa
Koe(IIEHTOBI B’SA3KOCTI, IUIOIII IMIApPiB, MO SKOMY BiAOYBA€THCS PyX, Ta
TPaJIEHTY MBUIKOCTI Teuli.

®opmyna HploToHa 171 cuiu B'SI3KOCTI (BHYTPIIIHBOTO TEPTHA) Y
BUIIAJKY OJZHOMIPHOIO PyXY (v =v(x)) JIOpiBHIOE

dv
F=2n5—-, Q)
dx
1e n— KoedilleHT B’ I3KOCT1, a00 IMHAMI4Ha B’ SI3KiCTb,
S — mo1a B3aemMoii MapiB PIAMHY, 110 PYyXarOThCS,
dv . . .. .
— — Tpali€eHT MBHUIKOCTI pyXy MOJeKylI B3goBXK Bici OX, sgxui

dx
MEePIICHANKYISPHUMN TPAHUIl PO3MOLTY IIapiB PiIUHH.
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. dv A . . ..
BingHomeHHs d—v :EV MOKa3ye 3MiHY HIBUIKOCTI MpPH MEpexoil Bij
X
miapy /0 1apy B HampsiMi X, IEPHIEHIUKYIIIPHOMY 10 HAMPAMY PYyXy ILIapiB,
HA3UBAETHCS TPAJIIEHTOM IIIBUJKOCTI.

AV =V, -V,

ne V,,V, — mBuakocTi mapis, Ax— BifcTaHb MiX IIapamu,
3HaK + y dhopmydi (1) BiamoBijae raJbMyroUiii 1 MPUCKOPIOKOYINA CHUIaM.

Koegiyienm nponopuyitinocmi, axuti 3anedxcums 8i0 Npupoou i CMaHy
PIOUHU HA3UBAEMBCS KOEPIYIEHMOM 8 'A3KOCmi AD0 BHYMPIUHBO2O MEePMAL.

B sazxicme supasicaemocs 6 nackanv-cekynoax (Ila-c): ooun nackaib-
CEeKYHOA OOpIBHIOE KoeqhiyicHmy OUHAMIYHOI 8 S13KOCmi cepedosuuid, 6
AKOMY Npu AaMIHAPHIU meyii [ 2padieHmi WeUuOKocmi 3 MoOyiem, uo
oopisnioe Im/c na Im, suHUKAE cuna HympiuiHb020 mepms 8 0OUH HbIOMOH
na Im? nosepxui domuxy wapie. (Ila-c=1H-c/m?).

Dizuynuii 3micm Koegpiyichma 6'sa3kocmi m: KOEQIIMIEHT B'S3KOCTI
YUCEJbHO JIOPIBHIOE CHUJIl BHYTPIIIHBOTO TEPTS, 110 BUHHUKAE HA MEXI JTBOX
1apiB OJJMHUYHOI TUIOIII IPU TPAJIIEHTI IIBUIKOCTI PIBHOMY OJIMHUIII.

KoeiiieHT B'SI3KOCTI 3aJI€KUTh BIJl pOJIy PIIUHM 1 BiJl TEMIIEPATYPHU. 3
MIJBUILICHHSIM TEMIIEPAaTypu PIAMHU BIH 3MEHILIYETHCA, TaK SK MPU LIBOMY
30UIBIIYETHCS  CEpPEHS BIJCTaHb MIXK MOJIEKyJaMH, 1 BIAMNOBIJIHO
3MEHIITYETHCS 3B'SI30K MK HUMU.

[Ipu pyci Tina y B'S3KOMY CEpPEIOBHII 3 MaJIUMHU IIBHUIKOCTSIMH Ha
HBOTO JII€ CHJIa B'I3KOCTI TOMY, IIIO TiJO SIK€ PYXa€ThCS B PIUHI 3aXOILIIOE
MPUJIETJIi 10 HHOTO MIAPH 1 TOMY 3a3Ha€ omip 3 00Ky piUHU

F=-uv, (2)
7€ 1 — Koe(dIIieHT OMopy CEepPeAOBUINA, 3B'I3aHMI 3 KOS(DIIIIEHTOM B'SI3KOCTI.
V — IMIBUIKICTb BITHOCHOTO PYXY.

[Ipy Manmux MBHUIAKOCTAX PYyXy TUIA, PyX PIAMHU BIJHOCHO HBOTO
MOXHa paxyBaTH JIaMIHApHUM 1 KOE(PII€EHT Omopy B I[bOMY BHUIAJKY
3aJIeKUTh BiJ pO3MipiB Tija Ta KoedimieHTa B'si3kocTi 3akoH CTokca.

Konu kynbka pyxaeTbcsl B PIAWHI HA HEI M1I0Th TPU CWIM: 1€ CHUJIA
TsoKIHHSA Fr, cuna tepts Fop 1 apximenoBa cuna Fa (BUIITOBXyBasibHA) puC. 1.
\ Fa 3rimHo apyroro 3akoHy HbloTOHa BeEKTOpHA cyma

/
A BCiX NPHKIAJAEHUX IO Tijla CHJI YHUCEILHO JOPIBHIOE
B 100yTKy MacH Tila Ha HOro HPHUCKOPEHHSL:
C) ma =F, +F +F, | npu piBHOMIpHOMY pyci a=0,
\/ Binnosimno 0=F, + F,+F, . Copoekryemo BeKTOpH
F

cwi Ha Bice OV: 0=—F. +F,, +F, Orxke yMOBa
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Puc.1 JUISl PIBHOMIPHOTO PyXY KYJIBKH B P1AUHI:
Fr = Fp + F,
3akon CTtokca: miug TUT mapomnofioHoi (GopMu, sKi pyXarThCi 3
HEBEJIMKUMU IIBUAKOCTSIMU, CUJIA OTIOPY PiAMHU F miponopiiiiiHa MBUIKOCTI,
paaiycy Kyl 1 Koe(imMieHTy B’ S3KOCT.

F =6xnhr

2.MeToa BUMIpIOBaHHSI Ta OMIUC YCTAHOBKH.

B naniii poOOTi ayisi BU3HAYEHHSI Koe(illleHTa B'SI3KOCTI PIIUHU
BUKOPUCTOBYIOTh MeTO] CTokca. BiH 6a3yeThCsi HA BUMIPIOBAHHI IIBUAKOCTI
MaJIiHAS KYJBKHA MaJIOr0o PO3MIpy B TOCIIKYBaHIN PiavHI.

Ctokc BuUpaxyBaB KOe(]illIEHT OMOPY CEPEAOBHINA, IO BXOJIUTH B
dopmyay (2):

p=06-mm, (3)
1€ ¥ — paailyc KyJbKH,
N — Koe(iIieHT B SI3KOCTI cepe/IoBUIIA (IMHAMIYHA B'SA3KICTb).
[lincraBuBmm u B Gopmyny (2), OTpUMaeMO 3HAYCHHSI CUJIM OIOPY

CepeJIOBHIIA, 110 i€ HA KYJIbKY PajiycoM 7, SKa PyXaeThCs 3 MBHAKICTIO V'
B P1JIMHI 3 KOC(IIIEHTOM B'SI3KOCTI 1):

F=6mnV (4)
TakuM YMHOM, MOKHA BU3HAYUTH KOE(DIIIEHT B'I3KOCTI
F
(- (5)

aKmo Bigomi £ , 7 V.

Cuny F' 3HaX0AMMO HACTYITHUM CIIOCOOOM.

[Ipu mamiHHI KyJbKU B PIIMHI HA HE1 JIIOTh TPU CWIM: CUJIA TSHKIHHS,
cia Bs3kocti £ i BUIITOBXYBasbHA cHia (3rigHO 3akony Apximena). Lli
CUJIM HaIpaBJICHI MO BEPTUKAJI: CUJa TSDKIHHS — 10 HU3Y, apXiMeJloBa cujia
1 cruta B'si3kocT1 — goropu. Kynbka, 1110 majae B piidHi, CIIOYaTKy PyXa€ThCs
MIPUCKOPEHO, TOMY IO CHWjia TSDKIHHSA OUIbIIa 3a PIBHOMIIOYY CHII, IO
HampasJieH1 JOTOpH. 3 30UIbIICHHSM IIBUAKOCTI MaIHHS 3POCTAa€ BEIUYHMHA

cumu B'szkocti 1 , TOMy HacTa€ TakKMii MOMEHT, KOJIU PIBHOJIIFOYA BCIX CHJI
CTa€ PIBHOIO HYJIIO, 1 KyJIbKa IOYMHAE PYyXaTHUCS PIBHOMIPHO.
B npomy Bunaaky: fr =F,+F,,
4

4
§ﬂ3plg—§ﬂr3ng—6ﬁf7Vr=0, (6)
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Ie  p, — TyCTHHA PEYOBUHH KYJIbKH,

p, — TYCTHHA JOCTIHKYBaHOI PIIUHH,

g — MMPUCKOPEHHSI CUJIU TSHKIHHS.

Ha puc.2 300pakeHa ycTaHOBKa, IO IPEJCTaBIIsIE COOOK BHCOKHM
CKJISSHUM IWIIHJApP, HA MOBEPXHI SIKOTO € JIBI TOPU30HTAJIbHI PUCKH M 1 A.
[uniaAp HAMOBHEHO JOCHIIKYBAaHOIO PIAWHON. PiBeHb PIIMHU B IWIIHAPI
MTOBHHEH OyTH BHIIIC PUCKH 771.

Sxmo BUKOHY€ThCS yMoBa (6), TO IIBHIAKICTH

ﬁ\\ /g " PyXy KyJIbKU
1 S~ i [

ad

T

. I 2 @)
' ?T ne [ — BiJicTaHb MIXK PUCKaMH m 1 n Ha IAHAP] (JIUB.
f ¢ puc.2) , t — d4ac, 3a SIKMH KyJbKa HPOXOJUTH IIIO

J B1/ICTaHb.

Buxonsiuu 3 (5), (6) 1 (7) oTpumyemo:

Bt e N‘L,..;..;w:-z;_'- 6 Vi), 9 l
1 d*t
Puc.2 n =§87(Pl —Pz), 9

ne d=2r, p=116-10°k2/ M’ , p,=1,26-10’ke/ M’

Xia poboTw.
1. Bumipsitu Bigctanb I MK MiTKaMu ,,m" Ta ,,n" MWIHAPUYHINA MOCYIWHH,
1110 HAITOBHEHA P1AMHOIO (TJILIEPUH, KACTOPOBE MAcCJIo0).
2.MikpoMeTrpoM Bumipati Jiametp d TPbOX KyJdbOK (NMPUOIU3HO
OJHAKOBHX ).
3.Kugatu KyJibKy B piIMHY TaKUM YHHOM, 1100 BOHA pyXajlaCh B3JIOBXK
HEHTPAJIbHOI YAaCTUHU IMIIIHApPA; 3adikcyBaTH 4Yac MaaiHHSA KYJIbKU ¢ MIXK
MiTKamu ,,m" ta ,,n"
4.Pe3ynbTaTd NpsSiMUX BUMIpIOBaHb d, I, t Ta TaOnW4HI naHi pPi,P,,8
3aHECTHU Y TaOJIUIIIO.

5. O0uucnuty 3HaueHHA n 3a Gopmysioro (9) mJisi KO)KHOTO BUMIPIOBaHHS, a
MOTIM 3HAUTH 7], An, AT .
KinneBuit pe3yapTat MojgaTu y BUTTISIL:

n=n., An,, )[a-c]
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No Tabnuuni gani Pesynpratn Pe3ynbpraTu HenpsMUx

1/ MPSMUX BUMIPIOBaHb
1 BUMIPIOBaHb
pl,[xe//w?’] pz,[,(z/’wa] g’[M/CZ] l) M d) M ty C n > ncep > A 7, A ﬂcep b

ITac | TTa'c | [Ta'c | TIac

3.KoHTpobHI TIUTAHHS.
1. TTosicHITH ME€XaH13M BUHUKHEHHSI CHJI BHYTPIIIIHBOTO TEPTSI.
2. ChopmynroiiTe 1 3aNUIIITh 3aKOH BHYTPIIIHLOTO TEPTS (3aKOH
HrroTona)
3. Illo Ha3UBa€ETHCS TPATIEHTOM IIBUIAKOCTI?
4. Illo Ha3uBa€eTHCS KOEPILIEHTOM BHYTPIIIHHOTO TEPTA? B AKHUX OAMHULISIX
BiH BUMIpIO€ThC? SAkuit fioro gizuuauii 3mict?
5. Ilpu sikux ymMoBax KyJibKa pyXa€eThCs B PiAUHI PIBHOMIPHO?
6. ChopmyiroiiTe 1 3anmuiIiTh 3akoH CTokca.

4. TecToBi MUTAHHS JJISA 3AXUCTY JIA0OPATOPHOI POOOTH:

1.111o Ha3UBa€ETHCA B’ A3KICTIO PIAUHU?
a) cuJia , 3 SIKOIO piJWHA JIi€ HA 3aHYPEHI B HEl T,
0) BJIACTUBICTh PIIMHHU CTBOPIOBATH OITIP MEPEMIIICHHIO OJTHOTO MIapy
PIIMHH BITHOCHO 1HIIIOTO;
B)B3a€MO/I1s] MI’)K MOJICKYJIAaMU P1JIUHH.
2.PiBasuHs HeroTOHA M1 CMIH B’ I3KOCTI:
a) FF=mg;
0) F=0-/;
B) F= in@-S .
dx
3.Bixa 4oro 3aiexuTh KOepIIIEHT B’ I3KOCT1?
a)B1]1 IUIOIIl B3a€EMO/IIFOYUX IAPiB P1IUHMU;
0)Bi7 poy PIIWHM 1 TEMIIEPATYPH;
B)B1J IIBUJKOCTI PyXy MOJIEKYJI PIJIUHH.

12




4.@opmyia CTokca:

a) F=6nnur;
6) F=g M.
¥
B) F:d—P.
dt

5.5k 3aneuTh KoeilieHT B’ A3KOCTI BIJ TeMIepaTypu?
a) 3MEHIIYEThCA 3 MIJBUIIICHHIM TEMIEPATYPH;
0) 301IBIITYETHCA 3 TIABUIIICHHIM TEMIIEPaTyPH;
B) HE 3aJICKUTH Bl TeMIEpaTypHu.

6. ki onuHUII BUMIpIOBaHHS KOe(DiIlieHTa B’ I3KOCTI?

M+ K2
) .

2 M
C

0) Ila-c;
B) A

oHC
5
M

7.51x1 cuny I1t0Th Ha KYJIBKY, IO PyXa€ThCs B piauH1?
ay F,, F,...F.

soic? 8’ sA3K 9

6) P,F,, . F

mep”’ © 8" 3K »

B) F ’ P’Fmep’FG'}b’K'
8. YMoBa 151 piBHOMIPHOTO PyXY KYJIbKU B P1JIMHI:
a) ma=F +F_ +F,

0) F, =F_ +F,;

653

9

B) F =6rnur.
9.4xuit pyX Ha3UBAETHCS JTaMIHAPHUM ?
a) pyX KOJIY B PiIMHI BUHUKAE TIepeMIiIleHHs a00 3MIIlICHHS I1apIB;
0) pyX PIAMHH 31 CTAJIOK IMIBUAKICTIO L = const;
B) pyX IIApIB PIAMHU MapajieIbHO OJIUH OJTHOMY 03 3aBUXPEHb.
10.KoeditrieHT B’SI3K0CTI — 1€ (Pi3UUHA BETUUYMHA, SIKA YUCEJIHHO JOPIBHIOE:
a) CUJI1 TIOBEPXHEBOTO HATATY, 1110 J1€ HAa OJUHHUIIIO JOBKUHU KOHTYpA,
10 OOMEXY€E MOBEPXHIO;
0) cuii BHYTPIIIHBOTO TEPTS ,III0 BUHUKAE Ha MEXK1 ABOX IIapIB
OJMHUYHOI ILJIOII MPU I'PaJi€EHTI MIBUIKOCTI PIBHOMY OJIMHHUIII;
B) PE3YJbTYIOUili BCIX CHJI MOJICKYJISIPHOTO MPUTSATAHHS, TIFOYNUX Ha
OJIMHHUITIO TTIOBEPXHI.
11. ®opmyna rpajieHTa MIBUIKOCTI:

13



AS .
6)E ;
Av
B)——.
Az
12. YoMy 1OpIBHIOE YHUCIIO ABOTAAPO:
a) Ny=91-10""kz;
6) Ny =6,022:10" mons’;

B) Ny=831— 2%
(monv/ K )

JlaGopaTopna pooora Ne9

BusnaueHHs1 koe(ilieHTa MOBEPXHEBOI0 HATATY METOJ0M BiIpUBY
Kpamjii

Meta po0oTH :
1. BuBuuTH siBHIIIE TOBEPXHEBOTO HATSTY;
2. BuzHauuTu KoedillieHT TOBEPXHEBOIO HATSTY PIAUHI.

Ipuiaaau Ta 00JATHAHHA :

1. CkisHa OropeTKa 3 KpaHOM.
2. Konmbouxka.
3. TexHi4Hi Tepe3u 3 pi3HOBAramMu .

4. Mikpomerp.

1. TeopeTuuHi naHi

[ToBepxHEBI SBHINA CIIOCTEPITalOTHCS HA MEXK1 PO3MOALTY ABOX (has,
HaMpUKIaZ, PIAMHU 1 1i HaCMYEHOI TapH, PIAWHU, 1 TBEPAOrO Tija, JBOX
plIYH, 0 HE 3MilTy0Thcs. [loBepxHEBI sIBUIIA BIIITPAIOTh BAXKIUBY POJIb B
TaKuX TMpoliecax, sk 30aradeHHss pya 3 JIOMOMOroro (orarii, TOTJIMHAHHS
IIK1JIMBUX Ta31B 1 Mapy, OTPUMAaHHSA CTIHKUX eMYJIbCIH Ta 1H.

[ToBepxHsT MeXi PIi3KO BIJIPI3HAETHCS CBOIMU  (PI3UKO-XIMIYHUMHU
BJIACTUBOCTSIMHM BiJ1 000X TPaHUYHUX (a3.

PosrnssHeMo TOBEpXHIO MEXi Ta3 - piauHa. MoJlekyiau B piauHaX
pO3TallloBaHl Ha BIJICTaHi, IO BIJAMNOBIJAIOTh MIHIMAJIBHOMY 3HAYEHHIO
eHeprii B3aemoii. Ha Takux BiICTaHAX MOJICKYJIM IHTEHCHBHO B3a€MO/IIIOTb.
Cunm B3aeMOJI1 3aJ1e)KaTh BiJl MPUPOIA MOJIEKYJ 1 3HAYHO BIAPI3HIIOTHCS MO
BEJIMUUHI JJI1 PI3HUX piauH. TernoBuit
pyx MOJIEKYJI piauHu CYTTEBO

BIIPI3HSETBCA B TEIJIOBOTO  PyXY
14
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MoJieKky razy. CepeaHi BiICTaHi MK MOJIEKYyJIaMH OJIM3bK1 10 PIBHOBAKHUX.
Ile o3Hauae, 110 MOJIEKYJIM KOJHUBAIOTHCS O1/1s1 MOJI0KEHHS pIBHOBAru, ajie B
3B'A3KYy 3 XAOTHYHICTIO TEIJIOBOTO PyXy, aMIUIITyda KOJWBaHb CYCIJIHIX
MOJIEKYJI pi3Ha 1 Yac BiJl 4acy HACTIJIbKH, IO ACAKl MOJIEKYJIH EPECKaAKYIOTh
B HOBE IIOJIOKEHHSI PIBHOBAard 1 MNOYMHAIOTH 31ACHIOBATH KOJIWBAHHS
HABKOJIO HOBOT'O TOJIOKEHHSI pIBHOBAaru. TakuM YMHOM MOJIEKYJIa MaHJIpPY€
110 BChOMY 00'€eMy pIIUHH.

Ha Monekyiy, 110 3HaXOAuThCsl BCEPEIUHI piAuHU (pUC.3, MOT0KEHHS
I), TFOTH CHIIM B3aEMHOTO TSKIHHS 3 OOKY BCIX OTOUYHOYHX 11 MOJIEKYII.
PiBHOIIrOUA IIUX CHJI B ITOJIOKEHH] |

Puc.3
JOPIBHIOE HYJIO 1 JUIS TEPEeMIMICHHS MOJCKYJId BCEpEeAWHl PIAUHU HE
MOTPIOHO BUKOHYBAaTH poOO0Ty. CHUIM MDKMOJIEKYJISIPHOTO 3B'SI3KY [IIOTh
TUIbKW Ha JyXe€ OJU3bKUX BiJICTAHAX, TOMY Ha MOJIEKYJY J€ CUJia TUIbKHU 3
OOKYy 1i HAMOJMKUYMUX CYCIJIIB.

Jlnst MoJieky:1, po3TaioBaHux no noeepxHi (puc 3. nmonoxkenus 11, III)
HE BCl CWJIM MOJICKYJISIPHOTO MPUTSATHEHHS OyAyTh CKOMIIEHCOBaHi. lLle
MOSICHIOETBCS THUM, IO B Ta30Bid ¢a3l (map Haa PIAUHOI) MOJEKYJIH
pPO3TaIIOBaH1 OJHA BiJ OJHO1 HAa BEJIMKHUX BIJICTAHSX, JI1FOUYl MK HUMH CHJIH
MDKMOJICKYJISIPHOT B3a€EMO/I1T HaJ3BUYAHO MaJll 1 Ha MOJIEKYJIM Ha TTOBEPXHI
III0Th CWJIM TIIBKM 3 OOKy MoJIeKysn piiuHH. OTXe, BC1 MOJICKYJH, IO
3HAXO/AThCS Ha BIJICTaHI BiJ MOBEPXHI , 10 po3auisie dha3u, MEHIIe pajiyca
Jii MOJEKYJSAPHUX CUJI, BIIUYBAIOTh MPUTIATHEHHA 3 OOKY MOJIEKYJ CBOEI
dazu. [ng HuX piBHOAIIOUA MOJIEKYJISIPHUX CHJI HE JOPIBHIOE HYIIO 1
HampasJieHa BCEPEIUHY PiAUHH.

Pesynomytoua 6cix cun MmonekyiapHoco npumsaeanHs Oilouux Ha
O0OUHUYIO NOBEPXHI, HAZUBAEMBCS MOJIEKYAAPHUM a00 8HYMPIUHIM MUCKOM.
Ile came To#t THUCK, sIKMI MOTPIOHO OyJI0 O T00ABUTH 330BHI, IS TOrO 1100
30epertyd 00'eM piAMHU HE3MIHHHMM, SIKIO O 3HUKJIO B3a€EMHE MPUTATHEHHS
MoJsiekyJ. BayTpimHii Tuck y Boau — 15000 at™., y 6ia307a — 4000 aTwm.

[lix nmi€et0 HE CKOMIIEHCOBAaHHUX MOJICKYJISIPHUX CHJ MOJICKYIH 3
IIOBEPXHEBOTO IIapy HaMararTbCs IMEpPEeHTH A0 cepeauHu piakoi daszu.
[lepexim MojeKysl 3 TMOBEpXHI B 00'eM O3Hayae€ CKOPOYEHHS BIJIBHOI
MOBEpXHI piiuHU. Takum YMHOM, piAWHA Tl JI€H0 BHYTPILMIHIX CHII
HaMaraeThCs 3MEHIITUTH BIJIbHY MMOBEPXHIO, SKIIO IIbOMY HE 3aBa)KalOTh 1HIIII
cuiu. Tak, HaNpuKia, HEBEJIMKI Kparuli TYMaHy MarTh Gpopmy chepu, TOMY
10 chepa Mae HAUMEHIITY TOBEPXHIO MPHU 33JJaHOMY 00'eMi.

Jns toro, mo0 30UIBIIMTH BUIBHY IIOBEPXHIO PIIUHH, MOTPIOHO
BUKOHATHU POOOTY THM O1JIBIITY, UMM O1IbIIE TIPUPICT MOBEpXHi. ToOTO

Ad=0c-AS, (1)
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e 6 — Koe(DilieHT TPOMOPIIHHOCTI, IO HA3MBAETHCA KOEDIIIEHTOM
ITOBEPXHEBOTO HATATY, YH IIPOCTO ITOBEPXHEBUM HATATOM.
OueBuaHO, 110
_AA

Dizuynut  3micm  Koeghiyichma  nosepxmegoco  Hamszy. Ilpu

AS =10~ AA Koeghiyienm nogepxHe8020 HAMA2Y YUCEIbHO OOPIGHIOE

pobomi, 5Ky nompiOHO BUKOHAmMu OJisi 30L1bUeHHsT NOBEepXHI PIOUHU HA
oounuyio. B cucmemi CI nosepxnesuii namse eumipiocmocs 6 Jluc/m*>  uu
H/m.

Komu mig Ji€r0 Cuidl  MOJIEKYJSIPHOTO MPUTSATAHHS — MOJICKYJIH
Nepexo/iATh y CEpeAuHYy PIAWHH, TMOBEPXHS cKopouyerhes. [lpu mpomy
MIKpPOCKOITIYHA KapTHHA CHWJI, 110 J1I0Th Ha KOXKHY OKpeMy MOJIEKyJy, OyIe
JTOCUTh CKJIQJIHOI. Pe3ynvmyroua Oiti cull, wo HanpaseieHi 00 cepeluHu
piounu, exsisanreHmua Oii 0esKoi Cuiu, nepneHOUuKyIapHoi 00 KOHmMypda, uo
00MENCYE NOBEPXHIO PIOUHU | HANPABIEHA NO OOMUYHIL 00 NOBEPXHI PIOUHU
HA3UBAEMeECs CUNOK NOBEPXHEB020 Hamsey. SIKIO PU CKOPOUYCHI MOBEPXHI

pebpo KOHTypa 3MIllyeThCAd HA BENMYMHY @X, TO TPH IBOMY CHJIOIO
MTOBEPXHEBOTO HATATY 3I1MCHIOETHCS poOOTa

dA =F -dx (3)
Cwii MOJISKYJISIPHOTO TIPUTATAHHS 31HMCHIOIOTE 3a TOW 9ac poOoTy
dA=0-dS (4)

7 dS — 3MiHa MOBEPXHi, Ky MOXHA MPEACTABUTH 5K 100yToK [ - dX

ne [ — ToBKWHA KOHTYpa, 1110 00Mexye noBepxHio. [lopiBHsBIIU 111 BUpa3u
orpumaemo Ol -dx = F - dx

3BijicH

=T (5)

mpu [ =1,0 =F Orxe, MmoxiuBo gatu i apyre BusHaueHHs koedirieHTa
MOBEPXHEBOTO HATAITY: KoeQiyicHm nosepxne8o20 HAMAZY HUCENAbHO
OODIBHIOE CUNI NOBEPXHEB020 HaAMs2y, W0 OI€ HA OOUHUUIO OO0BICUHU
KOHMYPA, SIKA 00OMeNCYE NOBEPXHIO.

Benuuuna nosepxnegoco namsey O 3anedxcumsv 6i0 npupoou piouHu
ma yMo8 8 SIKUX 80HA 3HAXOOUMbCA, 30Kpema 8i0 memnepamypu. Tomy, 1100
BU3HAUYUTH O , HEOOX1MHO 3adiKCyBaTH TeMmIepaTypy Ipu sKiid Oynu
3p00JIeHI BUMIPIOBAHHS.
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HampyxeHuit cTaH TIOBEpXHEBOTO Iapy pPIAWHH HA3UBAETHCS
NnOBepXHe8UM Hamsaeom; 1€l CTaH BU3BAHO CHUJIAMM IIETUICHHS  MIX
MOJIEKYJIAaMH L[bOTO IIapYy.

[lix cunoro nosepxnesoco namsaey F' po3yMilOTh CyMy CHJI IPUTSTAHHS,
110 1I0Th HA KOHTYP, IKUW 0OMEKY€ MOBEPXHIO PIJUHH.

F=0o-l

Kaninsipsi sBuiiia B nporiecax 00poOITKY IPYHTY:

Ha  Oe3CTpyKTypHHMX, pO3NWICHUX  IPYHTaX  pPaHHHOBECHSHE
OOpOHYBaHHSI HEOOXiJAHE, OCKUIBKM KalUIApHI IIIJIMHU B HUX 30€piraroThCs
710 TOBHOT'O BUCHXAHHS IPYHTY.

2. MeToa BUMIpIOBaHHS
[Ipu BimpuBI Kparui, [0 BUTIKa€e 3 TPyOKH, Ha HEl MIIOTh
JB1 cWJIM: Bara kparuii P 1 piBHOAIIOYA BCIX CHJI MTOBEPXHEBOIO
Hatary F, 1o npukiaaaeni go jiHii po3puBy 1 (puc 4).
SAkI10 cuiia MOBEPXHEBOTO HATATY O1JIbIlIa, Baru Kparuli, Kparis
He BiJipBeThcs. [lpu  301nbIIEHHI pO3MIpiB Kparui ii Bara
30UIBIITY€ETHCS 1 TO1, KOJIM Bara Kparuii CTa€e piBHOIO

o

Puc.4  pe3ynpTyrodiil U TOBEPXHEBOTO HATATY, TOOTO Tipu P = F, xparms

BIJIIpBETHCS. TakuM YMHOM, JJIi BU3HAYEHHS CWJIM IMOBEPXHEBOT'O HATSTY
JOCUTh BU3HAYMTHM Bary Kparuii, 110 BiJipBajack. (s 1IbOro BH3HAYarOTh
Macy BEJIMKOr0 4YHuCjia KpariMH 1 pO3paxoBYIOTh Macy OJIHIE€I Kparuii 1Mo
dbopmyi
m=—.
n
e  m — Maca Kparui, 7 — 9UCcJIo Kparnenb, M — Maca, 7 KUTbKOCT1 Kparielb.
Bara onniei kparti P = mg 1OpiBHIOE CUJII TOBEPXHEBOTO HATATY F.

Y BianoBigHOCTI 3 dopmynow (5) Koe(ilieHT TOBEPXHEBOIO HATSTY
3HAXOSTh 32 (OPMYIIOI0

_F_mg
G_Z_Tcda (6)

1e d — iaMeTp Kparuii B MOMEHT B1JIPUBY,
m - Maca ITi€i Kpari.

3. Onuc oOnaHaHHSA
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CkasHUM TIOCY[, 3aKpIIJICHW Ha IITaTHBi, IO Ma€ KpaH IS 3MIHH
IIBUAKOCTI BHUTIKAHHS PIAUHU. B HWKHIA YacTHHI MOCYAYy 3HAaXOJUThCS
Kamijsip.

4. Xig podotu
1. Ha TexHiuHMX Tepe3ax 3 TOYHICTIO 70 1,0 MI 3BaXXUTH MOPONKHIO
KOJIOOUKY ISl BU3HAYEHHS Macu M,
2 TligcTaBuUTH T KamiasgpHY TPYOKYy MOPOXHIO KOJOOYKY 1 TpH
BIIKPUTOMY KpaHi HaJWBaKOTh BOJAYy B BOpOHKY. IIpomutn
oOnamHaHHS, CIIAKYIOYM 3a THM, MO0 B TPyOIll HE YTBOPIOBAIIHCS
OyJbOAIIKY HOBITPSI.
3. 3aKpUTH KpaH CKJISIHOI OIOPETKM 3allOBHEHO1 BOA00. KopHCTyHOUYHCH
KpaHOM 3MIHWTH IIBHAKICTh BUTIKaHHSA BOJW, HaMarar4uch, 1mod 3a
XBWINHY BiJpuBajioch He Ouibmie 8 — 10 kpamens. Komm pexum
BUTIKaHHS OyJile BCTaHOBJICHO, IIJCTaBUTH KOJOOYKYy, Bara sikoi My, 1
BIIpaxyBaTH KIJbKICTh Kpameiab 3aJaHy BUKJIa1aueM.
4. Buznauutu Mmacy M KOJI00YKH 3 KPATUISIMU BOJIH.
5. Bu3HauuTH 3 JI0NIOMOT0I0 MiKpOMETpa JiaMeTp KaluIIpHOi TpyOKku d.
6 Jlocmig moBTOpUTH 3 pasw.
7. Pe3ynbpTaTvi BUMIPIOBaHb 3aHECTHU B TAOJIUIIIO:

.N@ n, MO} M]} M:M]' d, o, O-CP’ AO-, Ao-cp,
n/n | T |KC | KC My, xr M H/m H/™m H/m H/m
1
2
3
8. [ToBepxHEBUM HATIT OOUUCITIUTH 32 POPMYIIOIO:
Mg
O =
nd

9. O0uucIuTH abCOJIIOTHY Ta BIJIHOCHY MOXUOKH, KIHIIEBUH pe3ybTat

3aMUCYIOTh Y BUTJISIIL:
o= (Gcep + Aacep )%

5.KoHTpoibHI MUTaHHS
1 . SIxi 0cOOMMBOCTI BiIPI3HSIIOTH MOBEPXHEBY ILTIBKY PITUHU BiJl YCIET
1HIIIOT MaCH PITUHU?
2. o Take BHYTpIIIHII TUCK piaguHU? YuM Bij 00yMOBIIEHUM ?
3. lIlo Ha3WBaKOTh CUJIOK0 MOBEPXHEBOIO HATATY ?
18



4. SIxuii h13uaHU 3MICT Koe]iIlieHTa MOBEpXHEBOT0 HATATY ? B sikmx
OJIMHMIISX BIH BUMIPIOETHCS?
5. Bkazatu cuiu, 1110 JiF0Th Ha Kparuiro?
6. SIK BUKOPUCTOBYIOTh KaIJIIPHI SBUIIA B TIPOIIecax 0OpoOITKyY
IpYHTY?
6. TecToBi NUTAHHS JJIA 3aXHCTY JIa0OPATOPHOI POOOTH:

1.Homy OopisHioe koegiyiecnm nosepxnesoco Hamszy?
AS
o=—o-
a)  AA,
6)o =AA-AS;
AA
o=—"
B) AS
2. o nasusaemuvcs nogepxnesum Hamsazcom?
a) HaIpy>XKeHUU CTaH MOBEPXHEBOTO LIAPY PiAUHU;
0) Oyap-sSKui CTaH MOBEPXHEBOTO APy PIAUHU;
B) IOBEpPXHEBA ILJIIBKA P1IMHHU.
3. ll]o nazusaecmucs cunow nogepxuesozo Hamsazy?
a) HaNpyXeHUU CTaH MOBEPXHEBOTO IIApY PIAUHU;
0) CcyMmMy CWJI TIpUTSTaHHS, IO JIFOTh HAa KOHTYp, SKHUH OOMEKY€
MMOBEPXHIO PIJUHU;
B) CuJa, IO i€ HA TOBEPXHEBY IUIIBKY PiIMHHU.

4. @opmyna cunu nogepxneso2o Hamsizy?
AS
U —
a) AAj
0O)F=ol
B) F'=mg
5. Axi oounuyi eumiproeanus xoeghivichma nosepxuesoco Hamsey?

2) /2a60]17
5) Mﬁlofc abo A]

) / ; abo epadyc EHefzepa(OE)
B M .

6. Bio yozo 3anexcums enuyuHa NOBEPXHEBO20 HAMA2Y PIOUHU?

a) B1J MPUPOAM PIAMHU Ta YMOB, B SIKUX BOHAa 3HAXOJUTHCS;

0) BiJ 00’eMy pIIMHU Ta JlaMeTPy KaIiispa;

B) BiJl CWJIH, 3 KOO piJIMHA J1€ HA CTIHKM Karjisipa.

7. Lo nazusaemuvcsi 6HYmMpIiIHIM MUCKOM PIOUHU?

a) cuila, sSiKa JIi€ Ha OAWHUIII0 JOBXXWHHU KOHTYpA, III0 OOMEXKYE
MMOBEPXHIO;
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0) pe3ysbTyr04a BCiX CHJI MOJICKYJIIPHOTO IPUTSATHEHHS, J1F0UMX HA
OJIMHUIIIO TOBEPXHi;

B) CHJIa, 3 IKOIO PiJMHA JII€ Ha 3aIypeHi B Hel Tiia.

8. Dizuunuti 3micm Koe@iyieHma noBepPxXHe8020 HAMA2).

a) KoedilieHT moOBEpXHEBOr0 HATATY YUCEJIbHO JOPIBHIOE CHUII1
MOBEPXHEBOI'0 HATATY, SIKA JII€ HA OJMHULIIO JOBXUHU KOHTYpa , 110
00MeXy€e TTOBEPXHIO ;

0) e dizuyHa BeIMYMHA, SIKa YHCEIbHO JOPIBHIOE CHJII B3aEMO/IIT MIXK
MOJIEKYJIaMH PiAUHU;

B) PE3YJIbTYI0Ya BCIX CHJI MOJICKYJISIPHOTO MPUTSTHEHHS , IIIOUYUX Ha
OJIMHHUITIO TTOBEPXHI.

9. o nasusaemucs kaninsapom?

a) Tpy6bKa, miamerp sicoi ¢ = 1A

6) TpyGKa, giamerp sikoi [ <d <10mm,
B) TpyOKa, miametp sKoi 4 =1,

10. ILJo maxe 3mouyeanns?

a) KOJIU B1I0YBAETHCS B3AEMOJ1SI MK MOJIEKYJIAMH Tijla 1 PIAUHU ;
0) KOJIM BIJICYTHI CUJIM TTIOBEPXHEBOTO HATSTY ;

B) KOJIM HE BIIOYBAETHCS B3a€EMOI1sI MIDK MOJICKYJIaMH T1J1a 1 p1INHHU.

JlabopaTopna podora Nel(
BusHaueHHs1 BOJIOTOCTi aTMOC()EPHOTro MOBITPS

Meta poGoru: BusHauutu aOCOJIOTHY 1 BIJHOCHY BOJIOTICTh

MOBITPS NCUXPOMETPOM ABrycCTa.

Ooaagnanna: 1 Ilcuxpomerp ABrycra, kosnba 3 JIUCTHILOBAHOIO

BOJIOI0, TAOJUIIA TUCKY HACUYEHOI BOASHOT apy MpU PI3HUX TeMIIEpaTypax.

1. TeopeTtuuHi nani

3aBAsSKM BUNAPOBYBAHHIO BOJU 3 BIIKPUTHUX MOBEPXOHb Ta 3 JIMCTKIB
POCJIMHHOCTI B TOBITp1 arMocdepu 3aBXKIU 3HAXOJUTHCS JAEsKa KIIbKICTh
BOJSIHUX TIapiB. B 3a€XHOCTI Bi X KUTBKOCTI MOBITPS, B TIM YW 1HIIN MIpi
€ BOJIOTUM.

Bosoricts o7Ha 3 BOKIIMBUX XapaKTEPUCTUK MOTOU Ta KiaiMary. BoHa
Ma€ BEJIMKE 3HAYEHHS TpU 0ararboX TEXHOJIOTIYHUX Mpolecax, B
OyIiBHUIITBI, 30€piraHHi TBOPIB MHUCTEITBA, JITEPATypH, CLILCHKOMY
TOCITOJIapCTBI.

BosoricTs moaiisieThess Ha aOCOMIOTHY Ta BITHOCHY.
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Abcontomna 8on02icms «e» BU3HAYATHCS KIJIBKICTIO BOJISHUX TapiB (B
rpamax), 10 MicTAThcs B 1M moBiTps abo mpyxHicTio (mapuianbHUi
TUCKOM) BOASIHOI MapH.

Bionocnow eonocicmio nosimps «r» € BIIHOIICHHS aOCOMIOTHOT
BOJIOTOCTI 10 KiIbKOCTI BOASHOI Iapu, sKa Hacudye 1M° moBiTps mpu maHii
TeMrepaTypi.

Boosany napy, axa swaxooumwvcs 6 OuHamiuHill piGHOBA3I 3 PIOUHOIO
Hasusaromov Hacuyenoro. CTaH TIPU SIKOMY YHUCIO MOJIEKYJ, SIKi TMOKUJIal0Th
PIIVHY, JOPIBHIOE YHUCITY MOJEKYJ, SKI TTOBEPTAIOTHCS 10 HEi HAa3WBAETHCS
JTMHAMIYHOIO PIBHOBArolo.

Boosny napy, sika ne 3naxooumuvcsi 6 OUHAMIYHIU PIBHOBA3I 3 PIOUHOIO
HAa3u8aOmMsb HEHACUUEHOIO.

['yctTuHa Ta TpYyXHICTH HACUYEHOI Mapu 30UIBLIYETHCS  MOPH
M1IBUILIEHH] TEMIIEPATyPH.

B Meteoposorii BiIHOCHOIO BOJIOTICTIO HA3WBAIOTh BEIMYHHY, SKa
BUMIPIOETHCSL BIIHOIICHHSM MapIiaJbHOrO THUCKY BOJSAHOI MapH, sKa
3HaXOJIUThCA B MOBITP1, 0 TUCKY BOJISIHOI IMapH, sika HACUYYE MOBITPS MpPHU
TIH K€ TeMIIepaTypi.

llapyianbruti muck — 11e TUCK KUMKW MaB OHW Ta3, SKIIO BCi 1HIII Ta3u
OyJii O BUTICHEHI 3 IILOTO 00’ €MY.

BigHocHa BOJIOTICTh TTOBITPSI 3JICKUTH HE TIIBKHU BiJ TeMIEpaTypH, a 1
B1Jl a0COJIFOTHOT BOJIOTOCTI.

AKIIO KUIBKICTh BOJSIHOT Mapu B TMOBITPI HE 3MIHIOETHCS, TO 3
MOHIDKCHHSM TeMIIepaTypH BITHOCHA BOJIOTICTh IMIABUITYETHCS, TaK K, YUM
HIDKUYE TeMIepaTypa, TUM OJMK4e BOJIsIHA TTapa JO HACUYCHHS.

BigHocHa BOJIOTICTh MOBITPSl BUBHAYAETHCSA 3a (POPMYII0IO

e
r=—x1009
7 % (1)

BosoricTe MOBITPsi BUMIPIOETHCSA IICUXPOMETPAMU Ta TITPOMETPAMH.

PiBusans bonbpiimana: p=nkT mokazye Ha IpsIMY 3aJI€KHICTh TUCKY Bif
temrneparypu - p~T. 31 30UIBIIEHHSAM TEMIIEPATYPU 301IBITYETHCS
aMIUTITY/Ia KOJIUBAHHS MOJICKYJ, MIXKMOJIEKYJIpHA BiJICTaHb 1 BiAMOBIIHO
CyMapHa KIUIbKICTh yJapiB Ha CTIHKM #OocyauHu (Tuck). OTxe 31
30UIBIIIEHHAM TEMIIEPATYPHU 301IBITYETHCS 1 TUCK.

2. byjoBa Ta npuHIMI J1i NpUIaay
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[lcuxpomerp ABrycra, 10 BHUKOPHUCTOBYEThCA B JaHiii poOOTI,
ST CKJIAJIA€THCA 3 JBOX OJHAKOBUX PTYTHHX
v TepMomeTpiB 1 1 2, 3akpimmeHmx 3
s cuemianpHii  ompaBi 9.  Pesepyap
KOXXHOTO TEPMOMETpa 3aXHIIEHO JIBOMA
o ~ - Tpy6xamu 3 i 4 3 NOBITPIHUM MPOMIKKOM
HiE % wmikx wumm. Lle#t 3axuct pasom 3
- _ - MOBITPSIHUM IIIAPOM 3aXHINAE PE3epPByapu
5 4 | , e BII HarpiBaHHA COHIIEM, [UIS YOIO
11 Kl |E{ (+——= 30BHImNHIO NOBEpXHIO TPYyOOK 3pOOIEHO
1Bt B omuckyuumu. TpyOku 3 1 4 3'ennani 3
Bl TOJIOBHUM TOBITPS TMPOBOAOM 5, 1O
3HAXOJUThCA  MIDXK  TEpPMOMETpaMH 1
3'€ THY€E€THCS BEPXHIM KIHIIEM 3
acipatopom C. B acmiparopt €
BEHTWJIATOP, JUIi  OOEpTaHHS  SIKOTO
BUKOPHUCTOBYETHCSI MEXaHI3M, MPY)KHWHA SKOTO 3aBOJUTHCA Kiroduem 8. Llei
MEXaHi3M 3aKPUTHU KOBITAKOM.

PezepByap mpaBoro TepMoMeTpa 3arOpHEHO KJIANTHKOM TKAaHWUHU B
onuH map. [lepen poOOTOIO TKaHMHA 3MOYYETHCS AUCTHUIHOBAHOIO BOOIO.
[ToTiM 3a MOMOMOTOI0 KiIHOoYa 8 MPUBOAUTHCS B JIIF0 BEHTHIATOP, SKUM
BTAT'YE B MpHUiIaj MOBITPs, II0 00TIKAae pe3epByapu 000X TepMomeTpiB. Lle
poouThCsT IsE TOro, 10 3a0e3MeUUTH BUMIPIOBAHHS BOJOTOCTI SIK
HaUOUIBIIOT0 00'eMY TIOBITPSI.

3aBasgKM 3aTpaTaM TeIlJla Ha BUMAPOBYBAHHS BOJW 3 TKAHWHU, B SKY
3arOpHEHO pe3epByap TEpPMOMETpa 2, el TEPMOMETP MOKA3y€e TEMIIEPATypPy
ty , OUIBIN HU3BKY, HDK TeMIepaTypa t;, Cyxoro tepmomerpa 1, mo mokasye
TEMIIEpaTypy HaBKOJHUIMHBOTO TIOBITPSA. UYMM MeEHIa BOJIOTICTh THUM
IHTEHCUBHIIIIE BUTTAPOBYBAHHS 1 HUYKUYE MOKA3HUKH ""BOJIOTOr0" TEpMOMETpA.
Takum ymHOM, pi3HHIT Temmepatyp 'cyxoro" 1 "Bojororo" TepMOMETpiB
XapakTepu3ye BOJIOTICTh TOBITpsA. Temmeparypa "BoJsiororo" TepmoMeTpa

A
N

repecTae  3HMKYBATUCh, KOJHU KigpKicTh Teria O, mo ige Ha
BUIIAPOBYBAaHHSA BOJM 3 IIOBEPXHI TKAaHWMHU 3a MACAKUN dYac, JIOPIBHIOE
nputoky Terna ¢, , 3 30BHi 3a Leii yac.
3rigHo 3akoHy HeroToHa
0, = Ax(t’ —1)sT, )
ne S — MoBepXHs pe3epByapa ""BOJIOroro' TepMoMeTpa;
A— KOE(IIIEHT MPOMOPIINHOCTI, IO 3aJIe)KUTh BiJ BJIACTHBOCTI

MTOBEPXHI.
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Kinpkicte Temma ¢, mpomopuiiina msugkocti V. ta wacy T
BUTIAPOBYBaHHS
Q,=bVT,
ne b — koediieHT TPOIOPIIHHOCTI.
JlanpToH BUBIB (hOPMYITY IJIS MIBUIKOCTI BUTAPOBYBAHHS

v =k 5 —e)
H
ne E' — mpyKHICTh HAaCMYEHOTO Mapy NpH TemIepaTypi HaBKOJUIIHBOTO
CEpEeIOBUIIIA;
e — IPY>KHICTh Mapy, 0 MICTUTHCS B MOBITPI;
H — armocdepHmit TUCK;
k — xoedilieHT TPOTOPIIHHOCTI.

bk ,
0, :EXS(E —e)T 3)
[TpupiBHtotouu Q1 1 2 OTPUMYEMO:
e=E'-A-H({t] -1)) (4)

Benmnuvna A Ha3WBAEThCS TICUXPOMETPUYHOIO CTajOI0, 1 3aJIeKUTh BiJ
IIBUJIKOCTI PyXY TMOBITPS, IO MPOTIKAE HABKOJO "BoJIOroro" pesepByapy
TEpPMOMETpA.

Jlns ncuxpomerpa Asrycra A =0,0008!/rpan.

3. Xig poboTtu
1. 3MounTH TKaHMHY Ha pe3epByapl 2. IJs UbOTO MPaBUU TEPMOMETP
3aHYpUTHU B KOJIOOUKY 3 BOJI0I0 Ha 20 C.
2. O0epexHO, 100 HE 31pBaTH NPYKUHY, 3aBECTH BEHTUJISATOP.
3.Ha wdeTBepTii XBWIHMHI, TICIAsA IIyCKy BEHTWIATOpa, 3adiKCyBaTh
TeMIepaTypy Ha MPaBOMY TEPMOMETPI.
4. [IpyxuH1 BEHTUJISTOpA JaTH MOBHICTIO PO3KPYTUTHUCS, TICIAS YOTrO
TOCIIIJT TOBTOPHUTH.
5. BumiproBanHa t; HEOOXiJHO 3poOMTH HE MeHIe 3-X pasiB, I
pE3yJIbTATH 3aHECTHU B TAOJIUIIIO:

Ne|t,® |t |t1 -|E, |H, |E |e |ewx|Ae|Aepllalr, |Tcyp,|Ar, | Alep,

>

C °C | °C|Ila|Ila|Ila|Ila|Ila |Ila % % % | %

p—
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3nauenHs E 1 E' GepyTp 13 Tabnumi B kiHmi poootu. (E Bigmosimae
temneparypi t2 , a E' temneparypi HaBKOIUIIHBOTO mOBITps t1). Ilpu
KopucTyBaHHI Tabnuieto 3HaueHHs E ta E' mepepaxyBatu B cuctemi Cl,
To0TO B [1a.

1106 nepeBectu Benmuman E' i E 3 mm.pr.cT. y IIa HEoOXimgHO
CKOPUCTATUCh HACTYIHOIO TMPOIMOPIIIE€I0, BpaxyBaBIIM 10 | MM.pT.CT. =
133,3 I1a:

6. Benmnunny e Bu3Hauutu 3a popmyrioro (4). KiameBuit pe3yiabTat ais
MPY>KHOCTI BOJISSHUX TapiB 3aMKUCaTH Y BUTJISAIL:

€= (ecep as Aecep) ITa

7. BimHOcHY BoOJOTICTh BH3HAuUMTH 3a (opmyinoro (1). Kinmesuit
pe3yJIbTaT 3aMucaTy y BUTIISII:
r=ry £87,), (%)

cep cep
6. KouTposbH1 TUTaHHSA

1. laTn BU3HAYeHHS a0COIIOTHOI BOJOTOCTI. 3anucatu Gpopmyy s 1i
BU3HAYCHHS.

2./laTy BU3HAaYEHHSI BITHOCHOT BOJIOTOCTI. 3anucaTu Gopmyiy s ii
BU3HAYCHHS.

3. SIk 3a)1€KUTh TUCK BOJISIHOI IMapH BiJ TeMrnepaTypu ? 3anucatu GopMyi1y
bonsimmana.

4. SIxkni1 nap Ha3UBAE€THCA HACUYCHUM, HEHACUYCHUM?

5.5 kuil TUCK Ha3MBAIOTh MapUiAJILHUM TUCKOM BOJSIHOI apu? B skux
OJUHUIISIX BIH BUMIPIOETHCS?

Tuck 1 rycTMHA HACMYEHOTO Mapy MpHU PI3HUX TeMrepaTypax. TUck
BMMIpPIOETLCS B MM. PT. CT. |'yCTUHA BUMIPIOETLCS B I/M°

Taomuig 1
t E e t E e t E e

-30 0,28 | 0,33 0 4,63 | 4,84 30 | 31,82 | 30,3
-29 0,31 | 0,37 1 4,93 | 5,22 31 33,70 | 32,1
-28 0,35 | 0,41 5,29 | 5,60 32 | 35,66 | 33,9
=27 0,38 | 0,46 5,69 | 5,98 33 | 37,73 | 35,7
-26 0,43 | 0,51 6,10 | 6,40 34 | 39,90 | 39,6
-25 0,47 | 0,55 6,54 | 6,84 35 | 42,18 | 40,6

| B~ Wl DN
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-24 0,52 | 0,60 6 7,01 7,3 36 | 44,56 | 41,8
-23 0,58 | 0,66 7 7,51 7,3 37 | 47,07 | 44,0
-22 0,64 | 0,78 8 8,05 8,3 38 | 49,69 | 46,3
-21 0,7 0,80 9 80,61 | 8,8 39 | 52,44 | 48,7
-20 0,77 | 0,88 10 9,21 9,1 40 | 55,32 | 51,2
-19 0,85 | 0,96 11 9,84 | 10,0 45 | 71,88 | 65,4
-18 0,94 | 1,05 12 10,52 | 10,7 50 92,5 | 88,0
-17 0,03 | 1,15 13 11,23 | 11,4 55 118,0 | 104,3
-16 1,13 | 1,27 14 11,98 | 12,1 60 149,4 | 130
-15 1,24 | 1,38 15 12,79 | 12,8 65 187,5 | 161
-14 1,30 | 1,51 16 13,63 | 13,6 70 | 233,77 | 198
-13 1,49 | 1,65 17 14,53 | 14,5 75 | 289,1 | 242
-12 1,63 | 1,80 18 15,48 | 154 80 | 366,1 | 293
-11 1,78 | 1,96 19 16,48 | 16,3 85 | 433,6 | 354
-10 1,95 | 2,14 20 17,54 | 17,3 90 | 525,8 | 424
-9 2,13 | 2,33 21 18,65 | 18,3 95 | 633,9 | 505
t E e t E e t E e
-8 2,32 | 2,54 22 19,83 | 19,4 100 | 760,0 | 598
-7 2,53 | 2,76 23 | 21,07 | 20,6 - - -
-6 2,76 | 2,99 24 1 2238 | 21,8 - - -
-5 3,01 | 3,24 25 123,776 | 23,0 - - -
-4 3,28 | 3,51 26 | 25,21 | 24,4 - - -
-3 3,57 | 3,84 27 126,74 | 25,8 - - -
-2 3,88 | 4,13 28 | 28,35 | 27,2 - - -
-1 4,22 | 4,47 29 130,04 | 28,7 - - -
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7. TecTOBi NUTAHHS JJIA 3aXHCTY JIa0OPATOPHOI POOOTH:

1.1l]o nazusaembca abconomHo0 80102iCMio NOGImps?
a) KUTbKICTh BOJSIHUX MapiB y MOBITPI;
0) KiJbKIiCTh BOJSHUX MapiB (B rpamax), o MicTaThes B ImM® abo
NPYXHICTh  (MapialbHUNA TUCK) BOJSTHOT ApH;
B) BOJISHA Tapa, sSKa 3HAXOAWTHCA Y JWHAMIYHIM PIBHOBa3l 3 PIAWHOIO,
a00 KUIbKICTh MOJIEKYJI BOJI B MOBITPI.
2.11]o nazusaemwvcs 8i0HOCHOWO 8oN102icmIO?
a) YUCJIO MOJICKYJI ,I[0 MOKUAAIOTh PIIMHY 3a OJIMHUIIIO Yacy;
0) KiNbKICTh BOASHUX MHapis (B rpaMax), IO MiCTATLCS B 1M> moBiTps,
a00 MPYKHICTH (TapHiabHUN TUCK) BOJSHOT APH;
B) BIAHOIIIEHHSI a0COJIIOTHOI BOJIOTOCTI JI0 KiJIBKOCTI BOJISIHOI ITapH, siKa
Hacuuye |M> moBiTps Ipu KaHiil TeMmeparypi.
3. Ak euznauumu 8iOHOCHY 80102IiCMb NOBIMP?
aye=E—-A-H(t,-t,);

6) r=—100%;
E

B) o =L 100%.
e

4. Axumu npunadamu 6UMIpro0OmMs 80102iCMb NOGIMps?
a) TEPMOMETPaAMU;
0) MCUXpoMeTpamMu Ta TIrPOMETPaMH;

B) OapomeTpamu.
5.Bio uoeo 3anedxcums 6i0HOCHA 80102ICMb NOBIMP?

a) abCOJTFOTHA BOJIOTICTb ;
0) TeMmeparypa;
B) a0COJIFOTHA BOJIOTICTh 1 TeMIIepaTypa.
6. AKuti 36’ 130K MIidHC NAPYIATbHUM MUCKOM [ 2YCIUHOI0 napu?
a) Ipu 30UIBIICHHI TEMIIEpaTypHu I'YCTUHA HACUYEHOT NTapHu 301IbIITY€EThCS,

a TIPY>KHICTh 3MCHIIIYEThCS;
0) r'yCTHHA Ta MPY>KHICTh HACMYCHOT MTapH 3MEHIITYEThCS TIPHU 301IBIIICHH1

TEMIIEPaTypH;
B) 'yCTHMHA Ta HACMYEHA Mapa 30UIbIIYETHCS TPU M1JIBUIIICHHI
TEeMIIepaTypH.

7.1lJo make muck 2a3zy?
a) cyMapHa Jiisl MOJIEKYJI ra3y Ha JIHO 1 CTIHKM IOCYIUHH;
0) cymapHa KUIBKICTh 31TKHEHb MOJICKYJ] Ta3y 3aHypEeHUMHU B HBOTO

TUIaMU;
B) CyMapHa Bara MOJIEKYJ ra3y.
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8.Yomy Oopienroe HopmanbHul ammocgepruii muck?
a) 670MM pT.CT.;
6) 760mMM pT.CT.;
B) 780MM pT.CT.

9. Pisnsauns bonvymana:

a) p=nkT;
6) r=—100%;
E

E
B) 0 =—100%.
e
10. Lo nazusaemvcs napyiantbHUM muckom?

a) cymMapHa Jiisi MOJICKYJI Ta3y Ha JTHO 1 CTIHKH MOCYINHHU;

0) cymapHa KUIBKICTh 3ITKHEHb MOJIEKYJ] Tra3y 3aHypeHUMH B HBOTO
TUIAMU;

B) 1I€ THCK SIKMM MaB OU ra3, SKIO BC1 1HII ra3u Oyiu O BUTICHEHI 3 I[bOTO
00’emy.

JlabopaTopna po6ora Nell
Bu3zHaueHHS BiIHOIEHHS MOJISIPHUX TEIUVIOEMHOCTEi NMOBITPS1 MEeTOI0M
aniadaTUYHOr0 PO3IIMPEHHSA

Meta poOotu: Bu3zHauuTH BiJHOIIEHHS MOJISIPHUX TEIJIOEMHOCTEH
MOBITPSI METOJIOM aJ11a0ATUYHOTO PO3LIUPEHHS
Oob6JagHaHHA YcTaHOBKA Ui BU3HaueHHs koediiienta [Iyaccona razy

METOI0M ajiabaTuuHoro posmmupeHHs €p /c,

I. TeopeTuuHi gaHi

BrnactuBocTi peanbHUX rasziB, B TOMY YHCII MOBITPS, NP HEBEIUKOMY
TUCKY 1 HE JTy’K€ HU3bKUX TEMIIEpaTypax, OJU3bKi JI0 1JI€aJIbHOTO Ta3y.

3 TOYKH 30py MOJICKYJSIPHO - KIHETUYHOI TEOpii ideanbHum 2azom
HA3UBAETHCS Ta3, WI0 CKIAMAETHCS 3 MOJEKYJ, $KI MOXHa BBa)kaTu
MaTtepiaibHUMHM TOYKAMH, MOTEHIIAIBHO E€HEPri€l0 B3a€EMOJII TaKUX
MOJICKYJI MOKHa 3HEXTYBAaTH 1 B3a€MOJIII0 MOJIEKYJ MOKHA PO3TJISAaTH SK
31ITKHEHHSI IPY>KHUX KYJIb.

IneansHOrO ra3zy B MpUpOAl HE ICHYE. ICHYIOTh TUIBKHM pealibHI Ta3H.
PeanbHumii Ta3 MOKHA BBKATH 17I€aTbHUM MPU HU3BKUX TUCKAX 1 HEBEIUKUX
TeMIiepaTypax.
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Cran ijealbHOTO Ta3y OINHUCYETbCS PIBHAHHAM  MeHpeneeBa-
Knaneipona

m
PV =—RT
R ()

ne P — tuck rasy, V — iioro 00'em, T — Temneparypa rasy, m — maca razy, M —
MOJISIpHA Maca, sika JOpIBHIOE Maci ofHoro Mmojsi pedoBuHu 1 B Cl
BUMIPIOETHCS Y KIJIOTpaMax Ha MOJIb Y MIHYC TIEpIIOMY CTEIEHI.

O0'eM ogHOrO MOJISI 1I€aTLHOIO Ta3y MpU HOPM, yMoBax (p = 760 mMm
pr. cr. = 101,325 kIla, t=0°C) nopisuroe 0,0224m> /Mons; R = 8,314510
JIx/(monb K). R — yHiBepcanbHa ra3oBa crajia.

Di3uynull 3MIicm YHIBEPCANbHOI 2A3080i cma/loi. yHIBEepcallbHA Ta30Ba
cTaja R 4ucenbHO JOPIBHIOE POOOTI PO3MIUPEHHS 1 MO 1/I€albHOTO Ta3y
npu 1300apHOMY HarpiBanHi ioro Ha 1K.

IIporuec, 110 Bi1OYBA€ETHCS MPHU CTaIlil BEJIMYMHI OJHOIO 3 MapaMeTpiB
ra3zy Ha3UBaIOTh i30NPOYECOM.

[Ipomtec, 1o BiOYBA€ThCA MPU MOCTIHHOMY THUCKY  HA3UBAIOTH
i300apuum (3axoH I'eii- JIroccaka)

M

— V J—
P =const | m=const, g const 2)

[Iporuec, 1110 BiAOyBa€THCS MIPU MOCTIHHOMY 00'eMi — i30xopHum (3aKOH
[Tapss)

V =const | m=const, — =const 3)

P
T
[Iponec, mo BiAOYBa€ThCS MPU TMOCTIMHINA TEMIEpaTypi HAa3UBAETHCS

i30mepmiuHuM 1 ONMUCYEThCS pPiBHAHHAM boitns — MapioTTa.
T =const, m=const, PV = const 4)
[Iporiec, o BimOyBaeThes 0€3 TEIIOOOMIHY MiX Ta30M 1 HABKOJIHUIITHIM
CEepEJIOBUILIEM, HA3UBAETHCI adiabamuynum 1 OIUCYETHCS PIBHSHHSIM

ITyaccona

PV’ = const, (5)

C

Je TIOCTiHA JJIsI KOXKHOTO CTaHy Ta3y BEJIWYMHA Y =C—p, Koeiyienm

v

Ilyaccona, € BINHOIIEHHS MOJSAPHOI TETUIOEMHOCTI Ta3y MpU 1300apHOMY
MPOIIECi, 10 MOJISIPHOI TEINIOEMHOCTI ra3y IpH 130XOPHOMY IPOIIECI.
Monapna mennoemunicmo 2a3y BUMIPIOETBCS KUIBKICTIO TEIJIOTH, IO
HEOoOX1Ha JUIsl HarpiBaHHSA OJHOTO MOJIA ra3y Ha oJuH KenbBiH 1 3al1€XUTh
BiJl YMOB HarpiBaHHsI.
C,>C, TOoMy, IO KUIbKICTh TEIIa SIKa HAJIAE€ThCS MPH 1300apHOMY

MpoIEeCi 17Ie HE TUIbKM Ha 30UIbIIICHHS BHYTPINIHBOI €HEprii razy, a i1 Ha
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BUKOHAHHS POOOTH MPOTH 30BHINIHIX CHJI B Tporieci posmupeHHs. [lpu
IOMY
C,=C,+R, (6)

ne R — yHiBepcalibHa ra3oBa cTaja.
Ieit Bupa3 Ha3uBaroTh (hopmylioro Mailiepa.

3 MOJIEKYJISIPHO — KIHETHYHOI Teopii Bigoma (opmysia sl BU3HAYCHHS
C, 1 C, nns 1IeaJIbHOTO Ta3y.
i+2

K, (7)

i€ [ — YHMCJIO CTYIICHIB BITLHOCTI MOJICKYJIU 1/1€aJIbHOTO Ta3y.
Uucnaom CTyneHiB BUIbHOCTI MOJIEKYJIM € YUCIO MIHIMAJIBHOI KiJTbKOCTI
KOOPJAMHAT, 1110 TOBHICTIO BU3HAYAIOTh MOJIOKEHHS MOJIEKYJIH B TIPOCTOPI.
Jnga omHoatromMHOro rasy i = 3; 1 JIBOXaTOMHOTO I = 5; JJIA
TPHOXATOMHOI'O 1 6araToaToOMHOTO i=6.

l
CV:ER’ CP:

C, i+2
. . _ 7 p _ . .
Akmo BiIOMO BigHOIIEHHS 7 =Cc 5 s T0 HEOOXIJHICTh B
v
eKCIIEPMMEHTAILHOMY Bu3HaueHHi C, Bigmamac i Tomi C, 3HaxomuMrThes 1O

dbopmyii 7.

B naniii mabopartopHiii poOoTi Bu3HauaeThes kKoedimient Ilyaccona 7
TSl IOBITPSI.

Dizuynutl 3micm memooy adiabamuozo po3uiuperHs TOoIsArac B TOMY,
10 TpH aJia0aTHOMY PO3IIMPEHH1 3MEHIICHHS THUCKY 3YMOBJICHE HE TUIBKH
301JIBIIIEHHAM HOTO 00’ €My, a il 3MEHIIICHHSIM TeMIepaTypHu.

2. MeToa BUMIPIOBaHHSI 1 OUC YCTAHOBKH.
Ha puc.4 300paxkeHa ycTaHOBKa Bu3HaueHHs koedirienta Ilyaccona

Y . Ilpu 3akputoMy KpaHi A mosiTps B cudoHi 3aiimae iforo 06'em V mpu
atMochepHoMy THCKY H. 3a J0MOMOrorw KOMIIpecopa HarHiTalTh ACSKY
KUTBKICTh TIOBITPS y cU(dOH. TUCK y cu]OHI MIABUILYETHCA, 301IBITYETHCS
Horo temreparypa. BigkpuBaoTh kKpaH A, Npu I[bOMY pIJIMHA Y MAaHOMETPI
3MIHIOE€ CBiM piBeHb. [licis 3akpuTTS KpaHy A 3HAXOIATh PI3HUIO PIBHIB
pinvan h B MaHometpi. BigkpuBiiu kpaH A, BUITYCKaIOTh YaCTHUHY IOBITPS
MOKM TUCK B CU(OHI HE 3pIBHSETHCS 3 aTMOC(EPHUM, MICIST YOro KpaH
3aKpUBaIOTh. Tak $K BUPIBHIOBAHHS THCKY MPOXOJHWTH JIOCHUTH IIBUJIKO,
TEMJI000OMIHOM 3 HaBKOJIMIIHIM CEPEAOBHUIIEM MOXKJIMBO 3HEXTYBaTH 1
paxyBaTH IIpoliec aaiadaTHYHUM.
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["a3 macoro my,, 1o 3anumuBcs B cudoHi, 3aiiMae 00'em cudona V> npu
atMoc(epHomMy THCKY H 1 TeMmepaTypi ty <t/

Jlo BiAKpUTTSA KpaHy A B cH(OHI 3HAXOAWIOCH OUIBIIE MOBITPS, TOMY
MOBITpsi Macoro m 3akiManio o0'em V; < V, mpu tucky H-+h, 1 KIMHATHIA
TeMIeparypi ¢;.

[lapameTpu Ta3y Macorw m A0 BIAKPUTTA KpaHy A 3B'sa3aHi 3
napaMeTpamu raszy npu BiIKpuTomy KpaHi A piBHsiHHAM [lyaccona

(H-f-hl)'Vly:H'Vly (8)
[licnst nedaxoro wyacy Temmeparypa TMOBITPS B CU(OHI BHACIIIOK
TEIJI000MIHY 3HOBY CTaHE€ PIBHOIO f; 1 THCK 3 MIJIBHIICHHAM TEMIIEpaTypu
3pocte 10 H+h, - pizHuusg piBHiB B MaHomerpi. Ilo 3akony boins —
Mapiora (¢;=t2)
(H+h1)’V1:(H+h2)'V2 9)
(H+m) -V =(H+h,) -V} (10)
IToninmumo nounenHo (10) Ha (9)
(H"'hl)y 'VlY (H"'hz)y 'sz

H+h) V)  HV}
( 1) 1 2

C
Puc.4 YcranoBka Ui BU3HAUEHHS BIIHOIIEHHSA Y = C—p
[IponorapudgmyeMo 0OUIBI YaCTHHU OACPKAHOTO PIBHSIHHS
v-In(H +h)—In(H +h,)- V' =y-In(H + h, )~ In(H ) (11)

Sxmo tucku H, H + h; 1 H+h; HeHabarato BiApI3HAIOTHCS OJWH BIJI
OJIHOTO, TO PI3HMIN iX Jorapu@miB MNPUOIU3HO MPOMOPLINHI PIZHULISM
THCKIB

, (H+h)-H h,
(H+h1)_(H+h2) (h1_h2) ( )
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hl
" ) ()

Xig poboTu
1.  Jna noxadi moBiTps y cuoH HEOOX1JHO BKIIOYUTH KOMIIPECOP 1 Uepes
nesKui dac, mpuoau3Ho depe3 20 ¢, BIAKPUTH KJIamaH, HATUCHYBIIUA PYYKY
cu(ona.
2. 3adikcyBaTu pi3HULIIO PIBHIB PIIMHU B MAHOMETP1 BiAMTYCTUBIIH PYUKY
cudoHa 1 3HATH TTOKa3| h| ke BiAMOBIAAE ¥l PI3HUIILI.
3.  Jlng cnonydeHHs cudoHa 3 aTMocdeporo HEoOXigHO Po3'€IHABIITU
TpyOKYy siKa MiJIBEJICHA JO KOMIIpEcopa, HATUCHYTU Ha pyuyKy cudona Ha 1-2
CEeKYH/JH 1 3HOBY BIJIITYCTHUTH.
4. Ilig'emnatu TpyOKy 10 cudoHa 1 MICIsS BCTAHOBJICHHS PIBHS PIIUHHU B
MaHOMETp1, 3HATU MOKAa3HUKHU hy sIke BIIMOBIIAE I PI3HMIILI.

5. Hocnig-noBroputy 3 pa3u. [lani BHeCTH A0 TaOIUIIi:
Tabnurst

NH/H hl h2 V4 j/cep. A}/ Aycep

1

2

3
6. 3HaueHHs ) 3HaxoAuThCs 3a Gopmysow (13) amda KOXKHOTO AOCIHiIY
OKpEMO.
7. 3HaWTH MOXUOKY JJISI KOKHOTO JIOCHIY, KIHIIEBUM pe3yIbTaT 3alucaT y
BUTJISUL YV =Veep. T Ay cep.

3. KonTponpHi TMUTAHHA.
1. Sxuit raz HasuBaeTbcs ineanbHUM? Ilpu sSKux yMmoBax peajabHUH Ta3
MOYHa BBa)KaTH 1€ TbHUM?
2. 3anucartu 1 NosICHUTHU piBHAHHS MeHnneneeBa — Knanelipona.
3. Sxuit (i3uuHMI 3MICT yHIBEpCAIBHOI ra30BO1 CTAJO1?
4. Skuii npouec Ha3zuBaeTbes aniabatudyHuM? kWil BUJI Mae PIBHAHHSA
ITyaccona?
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5. Sxuit mporiec Ha3MBAETHCS 1300apHUM, 130XOPHHM, 130TEPMIUYHUM?
PiBHSHHS 1110 1X XapaKTEePU3YIOTh.

6. [1lo HA3MBA€ETHCST MOJISPHOIO TEMJIOEMHICTIO Tazy?

7. 3anucatu popmyny Maitepa. [loscautu, uomy C, > C, ?

8. IloscauTH (Pi3udHUI 3MICT METOTY a/11a0aTUYHOTO PO3MIUPESHHS ?

4. TecToBi NUTAHHS JJIA 3aXHCTY JIa0OPATOPHOI POOOTH:
1. ®opmynia Maiiepa:

1

0) Cp,=C, +R;
B) C, =Cp +R.
2. PiBusinnas Kianelipona-MeHnjieneeBa:

m
a) pV =—RT;
) P V

6) p=L:
)p S,

B) p=m-g;
3. OcHogue piBHsiHHS MKT ieanbHOro rasy:
2
LV
Q) 4=
6) p=m-g;
=2

B) —ln-m TR
p 3 0 )

4. BHYTpIIIHS €HEepris 1/1eaIbHOTO Ta3y:

ayU=1-R,;

B) ZM =& Z 1; .
i=1 i=1
5. PiBasaHA bosbpiimaHa:
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a) p=n-k-T;
6) T=t +273;
B) p=pgh;

6. XapaKTepUCTUKH 130XOPHOTO MPOIIECY:

a) g =const; m=const, Pr_P:_ = const ;
T T,
1
0) I =const; m=const; &:p—zz....:const;
T T,
1
B) V= const, m = const; &zp—zz....:const;
T T,

7. XapakTepUCTUKH 1300apHOTO MPOIIECY:

Vi 1
a) p=const; m=const; ——=——=..=const;
I, T,
Vv, V¥
6) p=0; m=const; —=—>=..=const;
I, T,
V
B) S=nR’; m = const &:—2=....:const;
I, T,
8. XapaKTepruCTUKH 130TE€PMIYHOTO MPOIIECY:
a) T=0; m=const; p;Vi=p:V,=...=const,
0) I'=const; m=const; piVi=p:V,=...=const,;
B) p=const;, m=0; p1Vi=p2V>=...=const;

9. lllo Ha3uBa€eTHC 1I€ATLHUM ra3om?

a) ra3, B SKOMy MOJIEKYJIH HE pyXarTbcs, Ep= 0;

0) raz mpu BUCOKUX TEMIIEpaTypax 1 BUCOKOMY THUCKY;

B) T'a3 , B IKOMY B3a€MOJII€I0 M)XK MOJIEKYJIaMH HEXTYIOTh, Ep= 0;
10.Axuit mporiec Ha3UBAETHCS aAla0aTUIHIM ?

a) TpoIiec, 0 BiI0YyBAETHCS MPHU MOCTINHIN TeMIIeparTypi;

0) mporiec, 110 BiI0YBAETHCS IPU MOCTIMHOMY THUCKY;
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B) TIpoIIeC, IO BiI0YBAETHCA 0€3 TEINIO0OMIHY MiK Ta30M 1 HABKOJIMIITHIM
CEPEIOBHUIIICM.
11. [Ilo Ha3UBa€eTHCS TEIJIOEMHICTIO Ta3y?
a) KUTbKICTh TEIJIOTH , III0 HEOOX1/THA IS HarpiBaHHS OJHOTO MOJIS Ta3y
Ha oquH KenbBiH;
0) KIIBbKICTh TETUIOTH, 1110 HEOOX1HA /I HarpiBaHHS OJUHUII Mach
peuoBuHM Ha oauH KenbBiH;
B) KIJIbKICTh TEIUIOTH , SIKa IIepeiaHa TiIy.

JlabopaTopna podora Nel2
BumiproBanHs koedinieHTa JiHIHHOTO PO3MIUPEHHS METAJLy

Mema _podomu: BU3HAYUTHU OIIp HE HArPITOrO 1 HArpiTOro METaJeBOTO
IpOTy, Ta WMOr0 BHUJIOBXKEHHS MpPU HArpiBaHHl Ta KOE(DIIIEHT J1HINHOTO
BUJIOBKEHHSI.

Ilpunaou i ooradnannsa: HixpomoBuil apit (Nx 90 %, Cr 10 %), mxepeno
MOCTIMHOTO CTPYMy, BOJIBTMETP, aMmIepMeTp, MpYyXKUHA, IIKanda s
BHUMIPIOBAHHS JOBXHUHU JAPOTY.

1. TeopeTtuuHi nani

Jocnig mnokasye, 1O 3 MIJIBUIICHHSIM TeMIEpaTypu BijOyBa€eThCs
PO3ILIUPEHHSI TBEPAUX TII, 1 1€ SBUILE MA€ Ha3BY TEIJIOBOIO PO3LIMPEHHS
a00 BUJOBXKEHHS. [ XapaKTEpUCTUKU I[HOTO SIBUIAa BUKOPUCTOBYIOTHCS
Koe(llieHTH JiHIMHOrO Ta 00'eMHOTO po3mupeHHs. Hexalt /o — goBxkuHa
Tia npu temnepatypi 0°C. BHUIOBXEHHS LbOro Tijla A/ MpHU HarpiBaHHI,

ioro o temmeparypu t°C mpomopuiliHe IIOYaTKOBiM HOBXUHI [y i t"C
TeMIIepaTypi.
Al=oa-l,-1t°C,
ne a — KOe(QIUIEHT JIHIKHOTO BUJIOBXKEHHS, 1[0 XapaKTEPU3Y€E BIJTHOCHE
BUJIOBXKCHHSI A/, sIK€ BiOyBaeThbCs mpu HarpiBanHi Tina Ha 1 K. 3Bijgku
JOBKUHA Tija npu temnepatypi °C.
=1, +Al=1(1+a’C)
o [-1,
o (1)

TennoBe BUIOBXKEHHSI OUIBIIOCTI TBEPJUX TUI JAyKE HE3HAUHE, TOMY
noBxkuHa [p npu 0°C Maibke HE BIAPIZHAETHCSA BiA JOBXHHU [ TIPH 1HIIIN
TeMmnepaTrypi, Hampukiaja KimMHatHii. Tomy B dopMmyni koedimienta
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JiHiMHOTO posmmpeHHi (1) BemuuuHy [y MOXXHA 3aMIHMTH Ha [; , a
BEJIMUMHY / Ha JIOBXKUHY [, TIPU TeMIepaTypl, sika 3Ha4HO OUIbIIA HIX /1.

lz — ll 7
11 (tz _tl) )

[IpyurHOIO BUAOBXKEHHS TBEPAMX TiJ MPU HArpiBaHHI € 30UIbIICHHS
aMILTITyIM TEIIOBUX KOJHMBaHb aTOMIB. Jl0 OHATTS PO KOJWBAHHS aTOMIB
TBEPJIOTO Tija MOYKHA MIMTH HIJISAXOM aHANI3y MPUPOIU MI>KATOMHUX CHIL
ITomo)xeHHsT pIBHOBAarM aToOMIB BH3HAYAETHCS 3 YMOBH PIBHOCTI CHII
MIPUTATAHHSA 1 BIAIITOBXYBAHHS, JIFOYHUX HA aTOM.

B piBHOBa31 moTeHIllaJibHA €HEPTis TBEPJOTrO Tija TMOBUHHA OyTH
MiHIManbHa. Ha puc. 5 mnokazaHa 3aleXHICTh NOTEHUIAIbHOT €Heprii
B3a€MOJI1i CyciHIX aTomiB. [Ipu OIIBIIMX MIXKATOMHUX BiACTaHsSX (TOOTO
pu OUIBIIIOMY 00’ €Mi, B SIKOMY 3HAXOASATHCS aTOMH) MOTEHIIAIbHA €HEPTris
YMOBHO TMPUUMAETHCA PIBHOIO HYJIO, OCKIIBKH 3a IIMX yMOB aTOMH HE
B3a€EMOJIIIOTh OJIMH 3 OJHUM. B Mipy 3MEHIIEHHS BiJICTaHI MiX aToMaMu
MOTEHINabHA €HEPTisl 3MEHINY€EThCS. Take 3MEHIIEHHS IIJIKOM OYEBHIIHE,
TaK SIK TBEp/ll TUIA ICHYIOTh 1 32 BIJICYTHOCTI 30BHIIIHIX CTUCKAIOUYUX CHJI, 1
TaKOMYy CTaHy MOBUHEH BIAMOBIIATH MIHIMYM MOTEHIIaJIbHOI eHeprii. [Ipu
JOCSITHEHH1 JIesIKOi BIJICTaHI To IMOTEHIlIajJbHAa €HEpris MIBHAKO 3pOCTa€e 13
3MEHIIICHHSM I, 10 TIOB’SI3aHO 3 HASBHICTIO KOPOTKOJIIOYHMX CHII
BIJIIIITOBXYBaHHS.

o =

N 3M1Ha- PO3MIpIB

W TBEPAUX TIiT TIOB’s3aHa 3
BIAMIHHICTIO B 3aKOHI CHII

To r MPUTSATaHHS 1
W BIJIIITOBXYBaHHS npu

! 3MIIIEHH] aTOMIB 3

b s 5 _ , ) _ TIOJIOKEHHS pIBHOBArw.
uC. 5. 3anexHicTh moTeHUiameHO! eHepril g, HOTEHIIATEHO
atoma BIJI BiacTanl MDK aroMamu (Y cTaHl eHEprii Mae acHMeTPUYHHUIA
pIBHOBaru B TBEPAOMY TUIl BIJACTaHI MIXK BUIJISL, BiTHOCHO
aTOMaMH BiJIIIOBIIal0Th MiHIMaJIbHIN €HEPTil). BEPTUKAILHOI  JIiHil, 110
POXOJUTH yepe3

MOJOKEHHA  piBHOBaru. Ilpm  307dMKEHHI  aTOMIB  €HEPris  CHII
BIJIIIITOBXYBAHHS 3BUYAHO 3pOCTA€ MIBUIIEC, HI)K €HEPTisl CUJT IPUTSITAHHS
3a BIJMOBITHOTO 3MIIIEHHS aTOMIB. I3 301IbIIIEHHSIM aMIUTITyAu TEIUIOBUX
KOJIUBaHb aTOMIB B KpPHUCTall MiHIMaJlbHA BIJCTaHb 3MIHIOETHCS MaJlo, a
MaKCHMalbHa MOJKE JIOCHTh CHJIBHO 30UTbIIMTHCA. TakuM YHHOM IIpH
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HarpiBaHH1 BiJOYyBa€ThCA 3OUIBIICHHS CEPEAHBOI BIJICTaHI MIX aTOMaMH,
TOOTO PO3IIUPEHHS Tija.
2. MeToa BUMIPIOBaHHS 1 OMKC YCTaHOBKU

Cxema J1abopaTopHOi YCTAHOBKU HaBeJIeHa Ha pPUC. 6.
HixpoMoBuit apit 1 3akpimieHo MK kiemMamu 2,3, MpUuoMy Kjiema 3
3'elHaHA 3 PO3TATYHOUOIO0 TpYyXkuHOIO0 4. Ilo ApoTy MpOXOAWTh MOCTIMHUN
ctpym. Cuna ctpymy | Bumiproerbcsi ammnepmerpom A, a Hampyra U —
BOJIbTMETPOM.
2 1 3 4
o ‘ AMNN—F
L

5 35 |[36

AN

Puc.6
JlaGopaTopHa ycTaHOBKa Ta METOJIMKA BUMIPIOBAHHS.
[IpoxomkeHHsT CTpyMy dYepe3 MPOBIJHHK, SKIIO BiH HE IepedyBae B
CTaHl  HAJIMPOBIAHOCTI, CYMNPOBOJKYEThCS Horo HarpiBanHsMm. lle
MOSICHIOETHCSL THUM, IO EJEKTPUYHI 3apsiiv, PyXalouucCh HaMNpPSMIIECHO,
3a3HAIOTh OMOPY B CEPENOBHILI MPOBIIHUKA. Lleli BUCHOBOK Ha3UBAETHCA

3akoHom J[ocoynsa-Jlenya KUTBKICTh TEIJIOTH 0 , III0 BUAIISIETHLCS Ha MEBHIN
TUISHIN TPOBIAHUKA, MPSAMO TMPOMOPIIIAHA CUJII CTPyMy [, IO TPOXOIUTH
4yepes MPOBIAHUK, HAMPy31 Ha Horo KiHisx U 1 4acy ¢ IpOXOIKEHHS CTPyMY:
Q=Ult=I’Rt 3)

1€ t —4ac mMpoxXopKeHHs cTpyMmy, I — cuia ctpymy, U — Hanpyra, R — omip.
Sximo cuiy cTpyMy B3SITO B amIiepax, Hampyry y BOJIbTaX, a 4ac B
CEKYH/JIaX, TO KUIbKICTh TEIJIOTH, 110 BUIAUISETHCS, BUPAKAETHCSA Y JHKOYJISIX.

JpiT HarpiBaeTbcs, OMIp MeTaly 30UIbIIYETHCS 31 301IBIICHHSIM
TEeMIIepaTypH 3a 3aKOHOM

R, :R1[1+ﬂ(t2_t1)]a (4)
ne  Ri— omip apoty npu KIMHaATHIN Temmeparypi ¢ °C,
R>— omip apoTy npu HarpiBaHHi Horo 10 Temnepatypu ¢ °C
B=4-107 1/K — TeMmmepaTypHuil KoedillieHT, OIOPY HiXPOMOBOTO

IIpOBOLY.
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3 cniBBIHOIIECHHS (4) MOKHA BU3HAYUTH PI3HULIIO TEMIIEPATYP

At=t,—t, = —R;Q _,BRI (5)
1
R,—R
t, =——"+1,
R p

SKIIO BIJIOM1 BEJTMYMHHU OTOPIB R; Ta R, .
Omnip R BU3HaYaeThcsi Mo GPopMyIai

1 ,
Ri=ps=r—ary, (6)
ne /1= 0,35 M — 1oBXHuHa MPOBOJIY MPU KIMHATHINA TeMnepaTypi.
0, =10 OM'M — nmuTOMMIi omip Hixpomy pu °=20° C
d = 0,4 MM — T giameTp.
Onip npoBoay R, mpu TeMmmepaTypi f» BU3HAYAETHCA 3TIAHO 3aKOHY
OmMa i1 TUISTHKY KOJ1a

=7 (7)

BunoBxeHHs TTPOBOAY Al=1,-1, IIpU HarpiBaHHI BUMIPIOETHCS 10
mkau 5.
3. BukonanHs po0oTH.

1. BBiMmkHyTH mkepeno cTtpymy. 3adekatu 20 — 30 c. Iloku gpir
HarpiBa€ThbCcs JI0 MaKCHMaJbHOI TeMmepaTypd 1 HacTaHe CTaH
TEIJIOBOI piBHOBAaru. BuMipsaTu cuily cTpyMmy, HallpyTy 1 BUJAOBKEHHS
npoony Al.

2. Bumipsatu Temrieparypy noBiTps ¢ B 1adopartopii.

3. Ilo ¢popmymi (6) o6uucIUTH OIip NMPOBOAY R Mpu Temmeparypi ;.

4. lns 3nadens I ta U BU3HaUUTH omip npoBoay Rz Iipu TemnepaTypi 2,
BUKOPUCTOBYIOYM 3aK0H Oma (7).

5. BukopuctoByroun cmiBBigHOIIEHHS (5), OOYHMCIMTH  PI3HHUIIO
TeMmIeparyp f2-t;. 3HalTH TeMIIepaTypy HarpiToro ApoTy £2.

6.3a GopMysi0r0 BU3HAYUTH KOE(PIIIEHT JIHIMHOTO PO3MIUPEHHS (G s
HIXPOMOBOTO JIPOTY

Al

a e —
Lt~ t)

7. IlopiBHSTH KIHIEBUHN PE3YIbTAT o 3 TAOJUUYHUM 3HAYCHHSM.
8. OgopmMuTH 3BIT, OOUUCICHHS 3aHECTH Y TAOJIUIIO:
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[ Al R, At, o,

rpag

4. KoHTpOIbHI NMHUTaHHS.

1. JlaiiTe BU3HAUeHHS Koe]ilieHTa JIHIHHOTO PO3IIUPEHHS TBEPAUX T1J?
2. IoSCHITH MPUYMHY TETJIOBOTO PO3LIMPEHHS TBEPIUX TIJI.
3. SIk BU3HAYAETHCA OMip NMPOBOAY R MpU KIMHATHIN TemmepaTypi £ Ta omip
HarpiToro npoBoay R?
4. YoMy mnpuW TPOXOKEHHI CTPyMy IO METaJleBOMYy IIPOBIIHUKY BIH
HarpiBa€eThCs?
5. 51k 3MIHIOETHCS OIip MPOBIAHUKA IIPU 3MIHI TeMIepaTypu ?
6. Sk Bu3HAYaeThCs B poOOTI TEMIIEpAaTypa HarpiTOro MpoBoay ?
7. SIk MOXHA BU3HAYUTH KUIBKICTh TEIJIOTH, 110 BUAUISETHCS B TMIPOBITHUKY
MIPU MIPOXOIKEHH1 CTpyMy ?

5. TecToBi NUTAHHSA JJIA 3aXUCTY JIA0OOPATOPHOI PO0OTH:

1. Sk BU3HAYA€THCS KOSPILIEHT JIHIMHOTO PO3MIUPEHHS TBEPAUX T1I?
a) a=1,(1+Al-t),
l,+Al

2.YoMy O0piBHIOE A0COTIOTHE BUJIOBKEHHS JIPOTY?
a) Al=1,—1,;
0) Al=1,(1+a-t);
B) Al =1,(t,—t,).

3.Bija 4oro 3aiexXuTh Omip MpOBiTHUKA?
a)U, S, p;
0) L1, p;
B) S, 1, p.

4 .51k 3MIHIOETBHCSI OMIP MPOBITHUKA MTPU 3M1HI TeMIlepaTypu?
a) HE 3MIHIOEThCS;
0) 301IBILIYETHCS 31 301IBIICHHSIM TEMIIEPaTypH;
B) 30UIBIITY€ETHCS 31 SMEHIIICHHSIM TeMIIEpaTypH.
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5.5lka npuurHa TEMIOBOrO PO3MIUPEHHS METATY?

a) 301IBIITYETHCS PO3MIP MOJICKYT;

0) 301IBITYETHCS KUTbKICTh 31ITKHEHb M)XK MOJICKYJIAMU,

B) 3pOCTa€ aMILIITyia KOJIMBaHb MOHIB Y KPUCTATIUHIN TPpaTIII.
6.5k MOXHa BU3HAYUTU KUIbKICTh TEIUIOTH, 1110 BUIIISETHCS B MPOBITHUKY
MIPH TIPOXOKEHH] CTPyMYy ?

a) O=1I"Rt;
0) O=c-m(t, —t;);
B) O=A-m.

7.51xa npuynHa BUHUKHEHHS OTIOPY B MPOBITHUKY?
a) TEIJIOBUM PyX YaCTHUHOK;
0) TeIIOBMI pPyX YaCTHHOK Ta B3aEMOJIS €JIEKTPOHIB 3 10HAMH
KPHUCTAIIYHOT TPaTKH;
B) B3a€MO/IisI €JICKTPOHIB 3 10HAMU KPUCTATIYHUX I'PATOK.
8.5k B mabopaTopHiii poOOTI BU3HAYAETHCS OMIp APOTY R mpw KiMHATHIM
TeMrepaTypi Ta omip HarpiToro Ipoty Rj?

/ U
a R: ) R :_;
) 1 ,DS 2 J
47 1

6) R, =P 5 R, =P
S U
R,=p—, R,=p—.
B) I, =p ] 2=P 7
9.51k B mabopatopHiii poOOTI BUBHAYAETHCS TEMIIEpaTypa HarpiToro aIpoTy?

a) t, =t +A4t,

6) t2:t1+R1—ﬂ;
RZ_RI
R,—R
R,-p

10. Yomy npu mpOXOKEHH] CTPYMY MPOBITHUK HArPIBAETHCA?
a) TEIJIOBMHM pyX YacTMHOK Ta B3aEMOISI €JIEKTPOHIB 3 10HAMH
KPUCTAIIYHUX IPATOK;
0) TETUIOBUH PyX YaCTHHOK;
B) B3a€MO/IisI €JICKTPOHIB 3 10HAMHU KPUCTAJTIYHUX TPATOK.
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