IHEPEIMOBA

dizuka — HayKa Mpo MPHUPOIY, MPO HAKMOUIBII (yHIAMEHTAIbHI 3aKOHOMIPHOCTI PyXy
Marepii, ii OyIOBY, BIAaCTHUBOCTI Ta B3aeMOJit0. ['0sloBHa Mera (i3MKM — BCTAaHOBUTH Ta
MOSICHUTH 3aKOHH, 33 IKUMH Bi10yBalOTHCS MPOIIECH Ta SBUIIIA HABKOJIHUIIHBOTO CBITY.

di3uka HeoOXigHA CTyIeHTaM I TMOJAJIBIIOr0 YCIIIIHOTO 3aCBOEHHS OOpaHOi
CHeUiaJIbHOCTI.

B mepury uepry ¢izuka s CTYACHTIB (PI3WYHMX CHEIIaIbHOCTEH Mae Ha MeTi
(opMyBaHHS TEOPETUUYHOI 0a3M Il OCBOEHHS CHELKYPCIB. 3allOPyKOI0 LIbOMY IOBUHHA CTaTH
YITKICTh Ta TJIMOMHA PO3YMIHHS OCHOBHUX TIOHSITh, 3aKOHIB Ta MPUHIIUIIIB (i3HKH.

ITo-ngpyre, i3uka — exkcrnepuMeHTalbHAa Hayka 3 HIMPOKO PO3BUHEHOI CHCTEMOIO
METO/IIB HAYKOBUX JOCTIHKeHb. ToMy mpu BUBYEHHI (i3UKH, BiIOYBa€ThCs 3HAHOMCTBO i3
Cy4yaCHOI HAyKOBOIO amapaTyporo, 3 SBISIOTBCS I[MOYATKOBI HABHYKH TPOBEIACHHS
EKCIIEPUMEHTAIBHUX JTOCIIKEHb, BMiHHS OI[IHIOBATH OXHOKH BUMIpPIOBAHb.

JIaGopatopHi poOOTH TOBHHHI BHUKOHYBATHCSA y J00pe OOJNagHAHUX 1abopaTopisx,
OCHAIIIEHUX CydacHUMH npuiagaMu. CTyIeHTH MOBUHHI MaTH MOKJIMBICTh BUKOPUCTOBYBATH
KOMIT'IOTepU 11 OOpOOKM JaHMX JIaOOpaTOPHOI'O EKCHEPUMEHTY, a TaKOX OTPUMATH
[OYaTKOBI HABUYKH IPOBEJICHHS CY4aCHOTO (Pi3UUHOr0 €KCIIEPUMEHTY, IKUH BUKOHYETHCS Ha
JiH11 3B A3KY 3 KOMIT FOT€POM.

[To-Tpete, 3HalOMCTBO 3 pPO3BUTKOM (i3MKM y CBITI Ta B YKpaiHi 30Kpema, 3
METOIOJIOTIEI0 PO3B’A3aHHS CKIAJHUX MPOOJIEM, 110 BUHHUKAIHU B ii icTOpii, € HEBUUEPITHUM
JOKEpEJIOM TBOPYOTO TIAXOAY JO BHUPIMICHHS CYTO MPUKIAAHUX mpobiem. Kiacuuni
NPUKIAAA BUKOPUCTAHHS AaHAJIOTiM, 3aCTOCYBaHHA MOJICNIOBaHHS (i3WYHHUX TIPOLECIB,
CTBOPEHHS 17I€alIbHUX MO/IeNiell Ta abcTpakiiii HaBYalOTh YMIHHIO BULISITH TOJIOBHE B KOKHIN
npo0JieMi, 1110 BUHUKAaTUME Y TIOBCSIKIAEHHIM poOOTi.

Hacamkineup, ¢i3uka Hece 1 3HauHYy BUXOBHY pOJIb, IIJIKPECIIIOIOUN 3HAUYCHHS
JIOACBKOro (akTopa B OCBOEHHI MPUPOJAM Ta y MOCSAraHHi Ha ii TaeMHui. biorpadii
OUTBIIOCTI BHUJATHUX BYEHHUX MOXYTh CTaTH MPHUKIAJOM CIYXIHHS Hayll 1 JIFOACTBY.
BaxnuBo nonectw mo ¢i3uka, mepeOyBaroud 3aBXAW Ha BICTpI TEXHIYHOIO MpOTrpecy,
BHUCTyNajga SK JDKEPEJIOM, TaK 1 3aco00M pO3B’si3aHHS OUIBIIOCTI MpoOJieM, 30Kpema,
€KOJIOTIYHUX, [aloud HaWOUIbII CHUCTEMHUW TIAX1A JO OI[IHKM €KOJIOTIYHOI CHTYaIllii,
dbopMyroun norisi npo GpopManbHHUM B3aeM03B 30K B [Ipuponi, y HeHTpi sikoi — HailOubIIa
MIHHICTE — JIroquHa.

3acBoeHHs aucHUILIiHE «®Di3uKa» CTyJeHTaMU BiIOYBAa€ThCS MiA Yac CIyXaHHS
JIeKIIiH, BAKOHAHHS JJAOOPAaTOPHUX POOIT, MPOBEJCHHS MPAKTUUHUX YU CEMIHAPCHKUX 3aHATH.
MonekynsipHa ¢i3uka € THM pO3AUIOM 3arajJibHOro Kypcy (i3uKH, B SKOMY BIEplIe
3yCTpi4aeMocs 3 TOJIOBHOIO MP0o06IeMOoto (hi3UKH — MPo0sIeMor0 OyJ0BH PEYOBHUHHU.

[IporioHOBaHMI MpaKTUKYM 3 J1a0OpaTOPHUX POOIT MpPU3HAYEHHUH y Mepury yepry
JOTIOMOTTH CTYJIEHTaM fK MIJrOTOBUTHUCH /10 BUKOHAHHS (PI3UYHOTO EKCHEPUMEHTY, TaK 1
NPaBUIHHO HOTO BUKOHATH, @ TAKOXK O)OPMHUTH PE3yTbTATH EKCTICPUMEHTY.

[IpakTukym miaroroBieHuid Ha 0a3i jmaboparopiil kadenpu Qi3ukH 1 Ximil TBEpIOTO
tina Ilpukapmarcekoro yHiBepcuTeTy 1 MOXe OyTM BUKOPUCTAaHUH  CTYAEHTaMH
Oe3mocepelHbO JUIsI BUKOHAHHA  JIAOOPAaTOPHUX pOOIT, SIK IHCTPYKIIS 3 TEOPEeTHUYHUMH
BiJIOMOCTSIMHU.

JAmurpo ®peik
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3Haxo/MKeHHsI NOXHOOK BUMIPIOBAHHS | 004MC/IeHHA IYKAHNX BeJIMYMH

Metoa Nel. Hexait mykana BennumHa 3agaetbes ¢ynkmiero Z=f(a,b,c,d...), ne a,b,c,d —
BEJIMYUHU , SIKI B XO/1 poOOTH BUMIpPIOIOThCS Oe3nocepentpo. [lo0 obunciutu Z, a Takox
abCOoIIOTHY 1 BIIHOCHY MMOXMOKHU MOTPiOHO:

1. Bumipsaru koxkHy 3 BenuumH a,b,c,d ... mgekinbpka pasiB (N — 4YHCIO BUMIPIOBaHb
KO’KHOT BEJIMYMHU, MOKE OYTH K OJIHAKOBUM i @,0,C,d... Tak i pi3HUM Yy 3aJIe)KHOCTI
BiJl YMOB JIOCITITY).

2. 3HalTH cepeqHE 3HAYCHHS KOKHOI BETMUYUHH

(a) — ajt+az+..+an (b) — b1+b2+...+bn .

) )

3. IlimctaBuTH cepeiHl 3HAYEHHS BHUMIPSHUX BeIWYUH Yy (OpMyly 1 BHU3HAUUTH
(Z);

4. 3HaiTH pi3HHMII

Aa, = (a) —an Abn = <b> - bn;

5. OOYMCIUTH CEpelHI0 KBAaApPAaTUYHY MOXUOKY JJsi KOXKHOI BEIMYMHU (CTaHAAPTHY
noxuOKy) 3a hopmyIoro:

’z" Aa? /2” Ab? .
S, = (e 1) Sp = p— 1T. 1.
6. IlomHOXUWBIIM CTaHIAPTHY MOXUOKY Ha KoedimieHT CTroneHTa t, 3HAWTH aOCONOTHY
MOXUOKY JUIsl KOKHOI BUMIPSHOT BEJIMYUHU
Aa =t,S,, Ab=t,S, iT. 1n;

t, — BUBHAYUTH 32 TaOJIHIICIO

N 2 3 4 5 6 7 8 9 10 | ©
T, |12.7 4.3 3.2 2.8 2.6 25 | 24 23 | 23 |20

7. 3naittu AZ 3a GpopMyIioro:

az= (L)’ e + (L)’ ab2+...

8. 3mnaroum AZ, BU3HAYUTH BiJHOCHY ITOXHOKY: £ = U 100%;

9. Ognepixani pe3ynbTaTh 3anucaty y BUrisiai Z=(Z)+AZ.




Ilpumimka 1.
Sxmo ¢yukuis f(a,b,c,d...) mae Burnsag, 3pyunuii Uit norapudMyBaHHS, HaIPUKIAI,
n_bn
Z = ikj , TO METOIMKa 00uuciIeHb AZ MOke OyTH CIIpOIICHA.
[Ticnst TOTO, SIK BUKOHAHI IYHKTH 1-6 MOCTYMAIOTh TAKUM YHHOM:
1. Jlorapudmyrots Bupa3 s Z, InZ=nlna+minb-kinc=ling

2. Opeprxanuii BUpa3 AUQPEPEHIIOTh

ZnZimZ 4L 14,
Z a b c q
3. 3BawminowTs dZ, da, db...na AZ, Aa, Ab..., a 3Haku (-) Ha ().

4. OOYHCIIOITH

2 2 2 2
e o) 6

AZ . .
5. OpepxkaHe 3HAYCHHS a MHOkaTh Ha 100% 1 01epKyIOTh BITHOCHY MOXHOKY €.

6. AOcomoTHY MOXHOKY BH3HA4Yal0Th 3a popmynoro AZ = (Z)e.
7. Pesynbrar 3anHMCyIOTh 3TiJHO ITYHKTY 9.

Ilpumimka 2.

Sxuio 1 onHOT ab0 NEKUTBKOX BEIMYUH, L0 BXOAATH Yy (pOpMysy JIsi BUSHAUYEHHS
(Z) , moxubka Aa BUXOIWTH MEHIIIOIO BiJl TOYHOCTI MPUIIALY, TO 3aMicTh Aa GepyTh TOYHICTH
MpWIaay sl MACTAaHOBKU Y BIAMOBIAHY opmyiy. SKio >k Hamepea BiIOMO, 10 pe3yabTaT
0araTb0X BHUMIPIOBaHb SKOIiChb BEIMUYMHU OyJe OAMH 1 TOW K€ (HaIpHKIaJ, BUMIPIOBAHHS
BIJICTaHI MiX JBOMAa TOYKaMHU JIIHIHKOI0), TO pOOJISTH TUTBKH OJIHE BUMIiPIOBAHHS, ITYHKTH 2-6
JUIS 11i€1 BEIMYMHU HE BUKOHYIOTh, a B (POpPMYILy HIJCTABIAIOTH 3aMICTh a0COIIOTHOI MOXUOKH
11€1 BEIMYUHU TOYHICTh NMPUIIATY.

Ilpumimka 3.

. Aa L Ab Ac Aq .
SIkmo B (bopMan OJIHA 3 BEJIMYMH — HA0araTro MEHIIA BIJ 1HIINUX 7, —,— 1 T.1I. TO
a c q

HEI0 MOKHA 3HEXTYBAaTH.
Metoa Ne2. 3uaxooowcenns 6i0HOCHOI NOXUOKU.

|. Ilpu npamux eumiprosanusx.

1. BumiproeMo Jekinbka pa3iB IIyKaHy BEIMUUHY:
X1,X2,...Xn
2. 3HaXOAUMO CEpEeHE 3HAYECHHS BEJINYMH:

X+ x+ o x, D
n n

Xep



3. Pi3Huus, B3dTa MO MOAYNIO, MK CEpelHIM 3HAYCHHSM BEIMYUHHM 1 OJHMM 13 11
BUMIPIOBAaHUX HA3UBAETHCS A0COIIOTHOIO MOXUOKOIO BUMIPIOBAHHS .
|%cp — x1| = Axy
|xcp - x2| = Ax,
|cp — x| = Axy,
4. 3Hax0MMO CEPEIHIO A0COIOTHY TOXHUOKY PEe3yJIbTaTiB BUMIPIOBAHHS:
_Axy + Axpt. . +HAX, YL Axg

n n
5. 3HaX0IMMO BITHOCHY MTOXHOKY Pe3y/IbTaTiB BUMIPIOBAHHS:

Axcp

Ax,
g=—=-100%

Xep
6. [cTuHHE 3HaYECHHST BUMIPIOBAHOT BEJTMYMHU PiBHE!
X = Xep £ Axgp

1. IIpu nocepeornix eumiprogannsax.

Hexaii mykana BemMYMHA BH3HAYAE€THCSA SIK (DYHKIS JEKIIBKOX 3MIHHUX, SKi
BUMIPIOIOTBCS OKPEMO:
N=f(y2)
CepenHe 3HaYeHHS TaKOi BEJIMYMHHU PiBHE:
Ncp = f(xcp' ycp'ch)

BinHocHa moxuOka BUMipIOBaHHS
AN
e=—2
Nep
3 iHImIOro OOKY, SIKIIO 3aMIHUTH 3HaK a0COMOTHOI MoxuOKku A Ha audepeniian d, To BUAHO,

1110 BiJIHOILIEHHS dN / N € AudepeHiian Bi HaTypanbHOro Jorapupmy naHoi senunanau N:
dN

— = d(inN)

Buxo/siuu 3 1bOTO, MAEMO aJTOPUTM 3HAXOKEHHS BiJIHOCHOT MOXUOKH:
1. TIponorapudmysatu popmyny N = f(x,y,z):
InN
2. Bssaru gqudepentian Bijg gorapudmy:

1
d(InN) = —dN

3. 3amicTe audepeHiiaaiB HE3aIeKHUX 3MIHHUX 3alMUCyeMO aOCONIOTHI MOXHOKH
3aMIHIOEMO Ha “+”.

(1333

pe3ysbTaTiB IPSIMUX BUMIPIB, 1 BC1 3HAKU
OpnepxuMo BiTHOCHY OXMOKY BUMIpIOBAaHHS:

AN
E = —
N
4. 3Harouu BiAHOCHY MOXUOKY €, 3HAXOAUMO a0COIIOTHY MMOXUOKY BUMIPIOBaHHS:
ANy, = eNgp,
5. IcTuHHE 3HaYEHHS BEJIMYMHU 3aMUCYIOTh Y popMi:
N = N¢, + AN,



L. Ilpuknao 3naxodicennsn 6iOHOCHOI NOXUOKU.
KoeimieHT B’SI3KOCTI 3HAXOIUTHCS 32 POPMYIIOI0:
2P —p1
9
3MiHHUMU BeauunHami € |, t, r,romy:
Inn = In(tr?) — Inl
Inn = Int + Inr? — Inl

, 2 tr?
gtr’ =3 (p2 — pl)gT

1 1 1
d(lnn) = ?dt+ Z;dT—le

Orxe

At Ar Al
e=—+2—+—
t r l



JlaGopaTopHa podoTta Nel

Tema: «BuzHavyeHHs KoedilieHTa B’SI3KOCTI MOBITPS

KANJISIPHAM MeTOI0M))

Excniepumentanbia ycranoska ®OI1T1-1
1 — 6ok pobouoro enementa PE-1; 2- 610k npunanis; 3 — nHeBMo-Kamepa; 4 —
Kaliasip; 5 — peryisTop BUTpaT; 6 — BUMIpioBa4y BUTpAT; 7 — BUMipioBay

nepernagy THCKY; 8 —BMUKay Mepeski; 9 —BMHUKa4 KoMIpecopa.



Mema pobomu - 6ugueHHs GHYMPIUHLO2O MEPMs NOGIMpPs AK 00OHO20 3 ABUW NEPEHOCY 8
easax.

TeopeTuyHi BizoMocTi

Asuwa nepernocy - 1e TpOIECH BCTAaHOBJIEHHS pPIBHOBarM B CHUCTEMI MLUISIXOM
nepeHocy macu (audysis), eHeprii (TEIIONPOBITHICTE) Ta IMIYJIbCY MOJEKYN (BHYTPILIHE
TepTs, a00 B'A3KICTh). YCI 11l IBUIIA 00OYMOBJICHI TEIUIOBUM PYXOM MOJIEKYIL.

[Tpu siBUIII B'A3KOCTI CIIOCTEPIra€Thes MEPEHOC IMIYJIbCY BiJl MOJIEKYIN 13 IIapiB
NOTOKY, SIKI pyXaroThbCsi IIBUAIIE, N0 MOBUIbHINMX. Hampukman, y BUDAAKy HpPOTiKaHHS
pinzuau  abo ra3y NPAMOINIHIHHOIO MWIIHAPUYHOI TpyOOro (KamiisgpoM) 3a Maimx,
MIBUJIKOCTEH MOTOKY TeUisl € JaMiHAPHOIO, TOOTO MOTIK Ta3y PyXaeTbcs OKPEMUMH IIAapaMH,
K1 HE TEPEMIIIYIOThCSI MK CO0010. Y IIbOMY BHUIIQJIKy IIApU SBISIOTH COOOI0 CYKYIHICTBH
HECKIHYEHHO TOHKUX HWIIHAPUYHUX OBEPXOHb, BKIAJACHHUX OJIHA B OJIHY, SKi MAIOTh CHUIbHY
BiCb, 1110 30iraeThes 3 Bicclo TpyOu.

BHacai1ok XaoTMYHOTO TEIJIOBOTO PYXY MOJEKYIU Oe3NepepBHO MEPEXOAsiTh 13
mlapy B IIap 1 NpH 3ITKHCHHSX 3 IHIIAMH MOJICKYJIAMH OOMIHIOIOTBCS 1IMITYJIbCAMH,
HanpsimiieHoro pyxy. llpu mepexoni i3 mapy 3 OUIBIIOI MIBUAKICTIO HAPSIMIIEHOTO PYXY B
map i3 MEHIIOK MIBHJKICTIO MOJIEKYJIH IEPEHOCITh y JpYrHid IIap CBiid IMITyJIbC
HANpsSMIIEHOTO pyXy. Y "OUThII IBUAKUHI" AP NEPEXOATh MOJIEKYIH 3 MEHIIHM IMITYJIbCOM.
VY pe3ynbTaTi MEpLIni IIap ralbMYEThCs, a APYTUi - MpUCKOproeThes. Jlocmia mokasye, o
imnynee 0P, mo mnepemaerhes Big miapy A0 M[Iapy uepe3 IOBEPXHIO S, MPOMOPIHHHUI

. . dv .
Tpadl€EHTy INBHUIKOCT1 E , IIJIOIII1 STa qacy IICpeHOCY dt:

dv
dP=—n-E-S-dt

VY pe3ynbTaTi MiXk IIapaMy BUHUKA€ CUJIa BHYTPIIIHBOTO TEPTS.

dv
dr

_lar| _ _
Fr=| S| =n- |5 -5 (1)
1€ 7] - KOe(ILIEHT B'A3KOCTI.

st igeasibHOTO Tazy

1
n=§-p-(/1)-(vr)

TYT p - IyCTHHA Ta3y; (A) - cepe/Hs JOBKHHA BUIBHOTO MPOOIry MONEKyI; (Vr) — cepenHs
. 8RT |
WBAAKICT TEIUIOBOTO PYXy MOJNEKYI, Ur = |-—= | A — MOJEKyIipHA Maca rasy; R —
yHiBepcaJlbHa ra3oBa cTaja.
Buainumo B kamisisipi ysIBHUH HWITIHAPHYHHN 00'eM Ta3y pajiyca r i JoBxuHH |, 5K

noka3aHo Ha puc. 1. [To3zHaunmo Tucku Ha Horo Topusx P11 Po. Ilpu ycraHoBneHidt  Teuii
CWJIa TUCKY Ha nuiiHap F = (Pl-PZ)- T - 72 3piBHOBAXYETHCSA, CHJIOK0 BHYTpPIIIHBLOrO TepTs Fr,

110 Ji€ Ha O1YHY NOBEPXHIO IMJIiHApa 3 00Ky 30BHIIIHIX 1IapiB razy:



BU3HauaeThes 3a (opmynoro HeroToHa

Cuita BHYTPIIITHHOTO TepTﬂ T _
(1). 3Baxaroun Ha Te, mo S = 2mrl 1 !

mBHAKICTE  V(I) 3MEHUIYETbCA TP

) .. ) dv
BiJIIaJICHH] BiJl OCl TpyoOH, TO6TO¥< 0

MO’KHa 3aIHCaTH: !
\ o | '
Fr=-7m % 2nrl (3) \__ |< R

y LbOMY BHIIAZKY yMOBa Pucynox 1. /Jlo pospaxyuky o06'emnoi

sumpamu 2a3y 6 pasi NpOMiKaHHs 1o2o
uyepes Kaniisap

cTamioHapHocTi (2) 3amumerscs y
BUTJISIJIL:

dv

(P, — Py)mr? + n—-2nrl=0 4)

[HTErpyrouu 1o PiBHICTH, OJEPKUMO:
P — P
v(r)=———=r2+C
4nl
ne C - cTaja iHTerpyBaHHs, SIKa BU3HAYAEThCSl TPAHUYHIMHU YMOBaMH 33/1a4i.
Ilpu r = R mBHAKICTH ra3y NMOBMHHA NEPETBOPIOBATHCH HAa HYJb, OCKUIBKU CHIIA

BHYTPIIITHBOTO TEPTS 00 CTIHKY KaIijspa ralbMy€e CyMDKHHH 3 HEIO IIap rasy.
Tomi

v(r) =2 (R? = 17) (5)

[Tinpaxyemo 06'eMHy BuTpaty razy Q, To0To 00'eM, II0 MPOTIKA€ 3a OJUHHIIO Yacy
yepe3 MornepevyHuil nepepiz Tpyou. Uepes KUbLIEBY IUIOMIAAKY 3 BHYTPIIIHIM PaaiycoM r 1
30BHIIIHIM I' + dr IIOCEKYHIM NPOTiKae 00’ €M rasy

dQ =2 -m-r-dr-v(r)
Toni

R
2" dr = R%? —r? d
Qj; nrv(r)rn f( ) r-dr,

Ab6o

—P;

Q - 8n-l

@opmyny (6), skxa 3BeTbcst ¢opmynoro Ilyaseins, MoXkHa BHUKOPHUCTOBYBATH ISt
€KCIEpUMEHTAIbHOTO BU3HAUYCHHS KOedillieHTa B'sI3KOCTI razy.

®opmyny Ilyaseitns Oyno ofepxkaHo B NPHUITYIIEHH] JJaMiHApHOT Teuii ra3zy abo piavHU.

R (6)

Opnak 13 30UTbIIEHHSIM IIBUJIKOCTI OTOKY PyX CTa€ TypOyJIE€HTHUM 1 IIapU MEePEMIIIYIOThCS.
3a TypOyJIEHTHOTO pyXy MIBHAKICTh y KOXXHIH TOYIIl 3MIHIOE CBOE 3HAYEHHS 1 HaIpsM,
30epiraeThCs TIIBKU CEpeHE 3HAYEHHS MIBUAKOCTI. XapakTep pyxy piiuHu abo rasy B TpyOi
BHU3HAYAETLCA YHUCIIOM PeliHobaca:

R, = L2 (7)

ne (V) - cepenHsi NIBUAKICTh OTOKY; P - TYCTHHA PiHHU abo ra3sy.
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VY rmaakux UATHIPUYHMX KaHalax Mepexi BiJ JamMiHapHOI Tedii A0 TypOyieHTHOI
BiOyBaeThesl pu Ro~ 1000. Tomy B pa3i Bukopuctanas dopmynu [lyaseiins HEoOXiaHO
3a0e3neunTy BUKOHaHHS yMOBU Ro< 1000. Kpim Toro, ekcrepuMeHT HEOOXiAHO CTaBUTH
TaKUM YMHOM, MO0 CTUCIMBICTIO Ta3y MOKHA Oyio 6 3HexTyBaTH. Lle MOXIMBO TOMI, KOIU
nepenaja THCKIB B3[OBXK KamiJisipa 3HaYHO MEHIIMH BiJl CAMOTO THUCKY. Y JaHiil yCTaHOBII
TUCK rasy jaemio Oureimmii Big atMochepHoro (9,8 klla), a mepeman TUCKIB CTAHOBUTH BiJ ~
0,098 klIla, To6To mpubamuszHo 1 % armocdepHoro.

®opmyna (6) crpaBemIuBa IS TUISHKA TPYyOM, B sIKili BCTAaHOBWJIACH CTajia Tedis 3
KBaJPAaTUYHUM 3aKOHOM pO3MOAUTY IBHAKOCTEH (5) mo mepepidy Tpyou. Taka Teuis
BCTAHOBJIFOETHCS Ha JICSKIN BiJICTaHi BiJ] BXOJY B KaIliJsp, TOMY JUIS JOCSTHEHHS JOCTaTHBOI
TOYHOCTI €KCIIEPUMEHTY HEOOXiTHM BUKOHaHHS yMOBU R<<L, ne R - paniyc; L - noBxuHa
Karspa.

ExcnepumenTaibHa yCTAHOBKA

Jlnst Bu3HaueHHs KoedillieHTa B'A3KOCTI TMOBITpS NIpPHU3HAYEHA EKCIEPUMEHTaIbHA
ycranoBka @IIT 1-1, 3aranbauii BUJ K0T 300pakeHU HA TUTYIIBHINA CTOPIHIII 8.

[ToBiTpss B kamiyispi 4 HarHiTaeTbCs MIKPOKOMIIPECOPOM, PO3MIIIICHUM B OJIOI
npuianis 2. O0'emMHa BUTpaTa TOBITPS BUMIPIOETHCS CHELIaIbHUM JaTYUKOM BUTPATH
AWM3300V(0= 1 a/xB), 1 pe3yabTaTH BigoOpakaloThCs UPPOBUM BHMipoBauyeM 6 , a
HeoOXi/JiHEe MOro 3HaueHHS BCTAHOBIIOEThCA perynsTopoM "[loBiTps", sike 3HAXOAUTHCS HA
nepenHid maHeni OJoKy mpuianiB. i BUMIPIOBaHHS PI3HUII THCKY MOBITPS Ha KIHIISX
Kalnuisipa BUKOPUCTOBYEThCS AudepeHmianbHuii natyuk Tucky MPX5010 (mo 10 kIla) 1
pe3ynbTatu BijoOpakarTbes HU(POBUM BUMIpIOBayeM 7.

Tunosi reomeTpuyHi po3Mipu Kamniiaspa — paaiyc R, nosxuna L, BkazaHi Ha pobouomy
Mmicii. @akTHuHI 3HAYEHHS IUX [apaMeTpiB MPUBOASTHCS B aCHOPTI YCTAHOBKH.

ITopsinok BUKOHAHHA podoTH

1. TlonmaTu Ha YCTaHOBKY KMBJICHHs, BKJIIOUMBIIY Ha npuialal nepemukad  «MEPEXKA».
[Tpu npoMy B MOAymi poOOYOro €JIeMEHTY cHajlaXxye MOCTiHHEe MiJCBIYYBaHHS BIACIKY
(3eneHe CBIYEHHs), BKa3ye Ha 110/1a4y >KUBJICHHS.

2. Bxmountn B moxym mpunaniB nepemukad «KOMIIPECOPy. Ilpun npomy BiACiK B
MOJTyJli poOOYOTO €JIEMEHTY MiJICBIYye MUTOTIUBUM YEPBOHUM CBITJIIOM BKa3YIOYH Ha Te,
10 MIKpOKOMIIPECOp MoYaB MPOKauyBaHHS Kamisipa 3 MiHIMATbHO MOXKIIUBOIO BUTPATOIO
HOBITPSI.

3. IlmaBHO obepTaroun 3a TOJMHHHUKOBOKO CTpiikoio peryisitop «BUTPATU» BcranoBuMO
3a MoKa3aMH BUTpATOMipy BUOpaHe 3HaueHHs 00'eMHOI BUTpaTu noBitpss Q. Burparomip
BUMIpPIOE BUXIJIHY HAmNpyry JaTyuKa BUTPATH Yy BOJbTAX, a 3HAUEHHS BUTPATH B JI/XB.
BU3HAYAETHCS 110 TPATYIOBAIbHIN TaOIHIII.

4. 3HATH BIANOBIAHI MOKa3M 3 BUMipioBaua pizHMLI THUCKY AP B klla. 3Hauenns Q 1AP
3aHeCTH B Tabmuio 1.

5. TloBroputu BuUMiptoBaHHS 1. 2-3-4 11 5 3Ha4eHb 00'€MHOT BUTPATH TOBITPS B Alana3oHi
Bix 0.1-1.0 n/xB.

6. BcranoButH perynsTop BUTpaTh TMOBITPs Ha MiHIMyM 1 BUMKHYTH «KOMIIPECOP».
[Ticnst 1bOro BUMKHYTH yCcTaHOBKY TymOsepom "MEPEXA".
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O0podOka pe3yabTaTiB BUMIPIOBAHb

1. JIns KO’KHOTO pexuMy BH3HAUUTH 3a (hopmyroro [Tyaseiisnst koedilieHT B'I3KOCTI MOBITPA:
_mR*AP
8-Q-1

3HaiiTH cepeiHe 3HAUYCHHS KOedilli€HTa B'S3KOCTI.

8RT .
2. 3a dopmynoro (vy) = e OOYHCIUTH CEPEIHIO MIBUAKICTH TEIJIOBOTO PYXy MOJICKYJI

MOBITPSI, BPAaXxOBYIOUHM, IO MOJIIpHA Maca MOBITpsA U=29 ke/kmonb, a yHiIBepcallbHA
rasosa ctaina R=8,31" 10° Lic/(kmonv™ K).

3. 3a dopmymoro (1) = % OOYHCIUTH CEPEIHIO JIOBXHHY BUIBHOTO MPOOITY MOJEKYI.
T

[Tpu 11bOMY TYCTHHY MOBITps 3HalTH 3 Taba. | /uis BIZOMUX 3HA4YE€Hb TEMIIEpaTypH U
TUCKY B JIa0OpaTopii B Mpo1eci BUKOHAHHS €KCTIEPHUMEHTY.

4. OuiHATH TOXUOKY PE3yNbTaTiB BUMIPIOBAHb.

3BiT PO BUKOHAHY Po6OTY
1. Poboui gpopmynu
KoedimieHT B'sI3KOCTI OBITPSI:

_TmR*AP
80l

1)

2. Pesynomamu excnepumenmy

Tabnuys 1

‘ Ne BumiproBanHst ‘ Qm3/c ‘ AP Ila ‘ n,ke/(m-c) ’ % |

3. Obouucnenns noxuboK 6UMIpIOBAHHA:

Metoa Ne 1

a) AOcomnoTHa MOXMOKa BU3HAYEHHSI Koe(illieHTa B'I3KOCTI MOBITPSL:

_ /Zgﬂ((ﬂ)—’?n)z

ne t,- BiagnoBinHui koediieHT CThIOEHTA.
6) BigHocHa moxuOka BU3HAYEHHS JiaMeTpa Kpyra:

— An 0
£ =15 100% ©)

Metona Ne 2
a) BusHnaueHHs BITHOCHOI MOXWOKM BU3HAYCHHS KOE(IIIEHTA TETUIONPOBITHOCTI:

12



_TR*AP
8Ql

Inn = InR* + InAP — InL — InQ

Inn = 4InR + InAP — InL — InQ

d dR dAP dL d
_7’=4___|______Q
n R AP

An_ AR AP AL AQ
R AP L Q

— (48R L AP AL AQY)
= (4 22 Q) 100%
0) AOcoroTHA ITOXHOKa!
An=¢-n

4. Bucnosku 3anucamu ¢ makomy euznaoi: n=(n) + An

KonTpoabHi 3aB1anus

l.
2.

b

W

8.
9.

10.

11.

12.

Po3kaxiTh po sIBUILA IEPEHOCY B rasax.

[TosicHITH sIBHIIE BHYTPIIIHBOTO TEPTSA B iI€aTHBHOMY T'a3i 3 TOUKH 30py
MOJICKYJISIPHO-KIHETHYHOT TE€OPii.

Hanumits 1 nosicauts popmyiny HeloToHa 17151 BHYTPIIIHBOTO TEPTH.

Axuit G13uuHMiA 3MicT KoedirienTa B'si3kocTi? B saxux omunuisix Cl BuMiproeThes 115
BenIuuynHa?

3anuuiite popmyiy A KoedilieHTa B'S3KOCTI 11€albHOTO ra3y.

Slka BenMUMHA HA3MBAETHCS CEPEAHBOI0 IIBUIKICTIO TEIJIOBOIO PYyXy  MOJEKYI
11eanbHOTrO0 razy? Bij skux Qpi3uYHUX BEIMYUH BOHA 3aJI€KUTH?

SIka BenMurHa 3BEThCS CEPEAHBOIO IOBXKUHOIO BUIBHOTO IIpo0iry mosiexkynu? Bin sxux
(13MYHUX BETUYMH BOHA 3AJIEKUTH?

VY yomy nosisirae KanIsIpHUM METOJ] BU3HAUSHHS KoedillieHTa B'SI3KOCTI Ta3iB?
Busenite popmyny Ilyaseitns. 3a skux ymMoB ii MO’KHa 3aCTOCOBYBaTH?

Sk 3MIHIOETHCSI IIBUIKICTH PyXY Ta3y MO pajilycy KaHally 3a JIaMIHApHOTO pEXUMY
Teyii?

SIK OLIHUTU CepelHI0 JIOBXKHMHY BIIBHOIO MpoOiry Ta e(eKTHBHUN [aiameTp
MOJIEKYJIH ra3y, BUKOPUCTOBYIOUH SIBUIIIE BHYTPIIIHBOTO TEPTS y razax?

Yomy mnpu OYyIiBHUITBI MaricTpajJbHUX TIa30MpOBOJIB BHKOPHCTOBYIOTh TpPyOH
BEJIMKOTIO JliaMeTpa, a He 301IbIIYIOTh TUCK Ta3y, SKUH TPAHCIIOPTY€EThCS.

13



TEXHIYHI XAPAKTEPUCTHUKHA

BuTpara nosiTps depes pobounii exement Bix 0,33*10° m*/c 10
1,6%10° m%c

Big 0,2 1/XB. 10
1,0 n/xB.

[Tepenan Trcky Ha poOOUOMY elleMeHTi He Oibine, klla. 5
Po3mipu kamninsipa po604oro eIeMeHry:
- JOBXKHMHA, M 0,1
- liaMeTp, MM. 0,95
[Toxubka Bu3Ha4eHHs KOoe(]ilieHTa B'A3KOCTI OBITPS MIPH 15
BHTpaTi yepes karmimsp 0,75 x10™ m° /c He Ginbie, %
JKuBJIeHHS YCTAaHOBKH BiJl MEPEKI 3MIHHOTO CTPYMY.

+23
- Hanpyra, B 22074,
- Yacrota 50+1
CrnoxuBaHa MOTYXHICTh, BT, He Oinbiie 15
YcTaHoBKa JIonyckae 6e3nepepBHy poOOTY MPOTITOM, TOI. 12
I"abaputHi po3mipu, MM, HE OiTbIIE 290x220x220
Maca ycTaHOBKH, KT, HE OifibIie 5
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Tabmuis mepeknany nokasanp npunany «Butpara Q», B Butparu B 1/ xB

Haruuk Tucky AWM 3300DP

Ao Ilokasu npunady eumpama 6 Ao Ilokasu npunady eumpama 6
«Bumpama Q», B J/X8. «Bumpama Q», B J/X8.

1 1.00 0.00 19 4.06 0.450

2 1.39 0.025 20 4.17 0.475

3 1.71 0.050 21 4.25 0.500

4 2.01 0.075 22 431 0.525

5 2.29 0.100 23 4.35 0.550

6 2.54 0.125 24 4.39 0.575

7 2.69 0.150 25 4.43 0.600

8 2.85 0.175 26 4.48 0.625

9 2.99 0.200 27 4.53 0.650

10 3.11 0.225 28 4.58 0.675
11 3.21 0.250 29 4.63 0.700
12 3.33 0.275 30 4.70 0.750
13 3.47 0.300 31 4.75 0.800
14 3.56 0.325 32 4.79 0.850
15 3.65 0.350 33 4.86 0.900
16 3.75 0.375 34 4.90 0.950
17 3.89 0.400 35 5.00 1.00
18 3.98 0.425 36 5.05 1.04

15




JlaGopaTopHa podota Ne2

Tema: «Bu3Ha4YeHHs po3MipiB MOJIEKY/JIM PULMHOBOT

oJIiD»

EKcnepuMeHTaana YCTaHOBKa

1 — OropeTka; 2 — KroBeTa 3 BOJIOIO; 3 — JMiHIWKY; 4 —pUIIMHOBA OJisl; S — LITATUB;
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Mema pobomu. npaxkmuune BU3HAYEHHS NIOWI NONEPEeYHO20 nepepizy I eucomu
MOAEKYIAPHO20 Wapy PUYUHOBoI Oii.
Ilpunaou i mamepianu: 610pemka, puyuno8a ouis, Kooeema 3 600010, JIHIUKA, WMAMus.

Teoperuuni BitomocTi

Ha moBepxHI0O BOAM B KIOBETI Majga€ OAHA KpaIulsl PUIMHOBOI OJIii fKa PO3TIKAETHCA
MOHOMOJICKYJIIDHUM IapoM. JliaMeTp YTBOPEHOrO Kpyra BH3HAUYAEThCA SIK CEpEIHE
apudmMeTHyHe:

D:D1+D2++Dn

1
. ®
Benuuuna D no3Bossie PpO3paxyBaTH IUIOITY IIOIICPEYHOTO Hepepi3y OJTHI€T MOJICKYJIN:
S
SM = N (2)

1e S- momia yrBopeHoro kpyra, N - KibKicTh MOJIEKYI B KparinHi. Yucio MoieKkys B Kparuii
O0YHCITIOIOTH 32 POPMYIIOK0:

n=—N, ©)

ne ( {- MOJIIpHA Maca PMLMHOBOI OJii, m— Maca oxHiei Kpamti. BpaxyBaBiuu 3B'S30K Mix
o . nD? .
IJIoIer0 Kpyra ta HOro A1amMeTpom S = T y 3HAXOJAUMO IUIOHYy MOMEPCHHOI0 IEpepi3y

OJIHI€T MOJICKYIIU:

T
w=7To—D? (4)
4N,m
BI/ICOTy h MOJICKYJIM MOJKHa 06‘II/ICJ'II/ITI/I, BBAXAO4YU LIap ol OOTHOMOJICKYJIAPHUM. I[J'I}I
. . m
oporo cCma IMnoAUIMTH 00'eM Takoro mapy(V =; , A€ p — T'YCTHUHA OJIll) Ha TUIOIIY S
YTBOPCHOI'O Kpyra:
4m 1
=== 5
TP D2 ( )

[TapameTpu eKCIIEpUMEHTY:
- TYCTHHA pUIMHOBO] ouii p - 950 kr/m;
- MoJIIpHa Maca pUIIMHOBOI oJii y = 870 r/MoJb;
- Maca KparimHa m = 2,3 T.

KouTtpoJbHi 3aB1anus
1. OcHOBHI TTOJIOKEHHS MOJICKYJIIPHO-KIHETHYHOI Teopii Oy/I0BH pEYOBUHHU.
2. TIoHATTS PO CUIJIM MOBEPXHEBOTO HATATY PIJIMH Ta NPUYMHU IX BUHUKHEHHS.
3. Cwn, 1110 BUHUKAIOTh HAa MEXI1 IBOX CEPEOBHUIIL:
a) piauHa — TBEpe TLIO;
0) piauHa - piauHa.
4. TloepxHeBo - akTuBHI peuoBuHH (IIAP) Ta ix 3acrocyBaHHS.
5. Teopis metony.

IHopsinok BUKOHAHHS POOOTH
1. TlocunaTu MOBEPXHIO BOAM Y KIOBETI JIETKHM IIAPOM JEPEB'SHOTO MOPOLIKY,
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2. Kannytu kparmio pugHOBO] oii, 11100 BOHA PO3TEKIacs 1 yTBOpHIIA YITKY KPYTILy
UMY .

3. JIiHiiiKOoI0 BUMIPSATH B JEKUIBKOX HAMpsMKax JiaMeTp YTBOPEHOTO Kpyra, 3HAUTH CepeHE

3HAUEHHS JiamMeTpa.

OOGUMCIUTH MIIONTY MONEPEYHOr0 Nepepizy MojleKyu S, Ta ii Bucory h.
PozpaxyBaTu moxuOKH.

Pesynsratu npeacraBut y Burisiai S, = (S,) + AS,,, h = (h) £ Ah.

No o s

CdopmymnroBaTi BUCHOBKH.

3BIT NP0 BUKOHAHY PO0OTY
1. Poboui ¢popmynu

I ; . __u 2
TIOIIA MONEPEIHOr0 EPEPizy MOICKYIH: Sy = ——
A
am 1
Bucora Monekymi: h = ——
np D
2. Pe3ynvmamu excnepumenmy Tabauys 1
Ne i/ | D,m (D), M S.m* AS,M% | &, % hov | AhM | &, %
| | |

3. Oo6uucnenna noxudox euMiplo6anHs:

Metoa Ne 1

a) abcoroTHA TOXMOKa BU3HAUCHHS JllaMeTpa Kpyra:

_ ., [Eie-s?
AS = to |F S (6)

ne t, - koedinieHT CThIO/IEHTA.
0) BiJHOCHAa TOXMOKa BU3HAYCHHSI JiaMeTpa Kpyra:

a> 100 %
£€=7=" 0
(S)
Metoa Ne 2
OO6uncnenHs MOXUOOK 7Sl BUBHAYSHHS IO MOJIEKYIIH:
a) podoua dopmyna:
s
Sy = D?
M 4Nym
U
InS,, =1In +2InD
,m
as, . dD
S, D
0) BITHOCHAa NOXMOKa BU3HAYEHHSI ILJIOLII:
=2 ab 100 % 7
S — <D> 0. ( )
B) a0COJIIOTHA TMOXMOKA BU3HAYCHHS TUIOIII:
AS, =S, " & (8)

18



O0uncieHHs1 NOXUOOK 1JIs1 BU3HAYECHHS] BUCOTH MOJICKYJISPHOIO HIAPY.
a) poboua popmyna:

_4m1

0) BiTHOCHA TOXMOKAa BU3HAYCHHS BUCOTH MOJIEKYJISIPHOTO IIapPy:

—ZAD 100 %
&p = <D) 0.

B) a0COJIOTHAa TOXHOKa BU3HAUYEHHS BHCOTH MOJIEKYJISIPHOTO LIapYy:

Ah:h'gh

3. BucHoexku npedcmasumu y 6u2iaoi.
Su=(Sw) £ AS,, h =(h) £ Ah, D = (D) + AD

%)

(10)
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JladopaTopHa podota Ne3

Tema: « Bu3HaUYeHHs Koe(ilieHTAa TeNJIONPOBIIHOCTI
MeTO/I0M HATrPiTOI CTIHKH »

Excnepumentanbua yctanoska @I1T1-3

1- Onox npuniazis; 2 — uudpoBuil TepMoMeTp; 3 — 60K PoOOUOro elIeMEHTa;

4 — Bonb(pamMoBa ApOTUHA; 5 — CTOSAK; 6 — JATUMK TeMIepaTypu (TepMoriapa)
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Mema pobomu: eusueHHs menionposioHOCMi NOGIMpPsL AK 0OHO20 3 A8ULY NEPEHOCY 8 2a3aX.

Teoperuuni BitomocTi

[TommpeHHss TemIOTH Yy Ta3ax BiIOYBAa€ThCS TPhOMA CIIOCOOAMHU: TEIUIOBUM
BUIPOMIHIOBAHHSM (TIEPEHECEHHSI €HEPTii eEeKTPOMArHiTHUMHU XBWJISIMH), KOHBEKII€O (TIe-
pEHECeHHsI €Heprii 3a paxyHOK MEPeMIIIeHHS IIapiB ra3y B IPOCTOpPi 3 oOyiacTei 3 OUIbII
BHCOKOIO TEMIIEPATYPOIO B 00JIACTI 3 HIKYOKO TEMIIEPATYPOIO) Ta TEIUIONPOBIIHICTIO.

Tennonposionicms - 1ie TIpoOLIEC MEepeaayi TeIIOTH BiJ OUIBII HATPITOTO APy Ta3y 0
MEHIII HarpiTOro 3a PaxyHOK XaOTUYHOTO TEIUIOBOTO pyxXy MouieKyi. Ilpu temmonpoBigHoCTi
BiZIOYBa€ThCs Oe3MocepeHs mepenada eHeprii Bii MOJICKYJI, [0 MAlOTh OUIBIITY €HEpPri€ro, 10
TUX, [0 MAIOTh MEHIIY. J{JIs CTalioHapHOTO MPOLECY, 3a SAKOr0 Pi3HUI TEMIepaTyp y mapi
ra3y He 3MIHIOETBCS 3 4YacOM, KUIBKICTh TEIIOTH OQ siKa TEPEHOCHTHCS BHACIIIOK

TETUIOTIPOBITHOCTI 32 4aC dT 4Yepe3 MOBEPXHIO IJIOUICI0 S, MEPNEeHAMKYISIPHY A0 HAINPIMY
NEepeHOCy eHeprii, B HampsAMi 3MEHILIEHHs TEMIIEpaTypH, BU3HAYAETHCS 3aKOHOM Dyp'e:

6Q=—)(-Z—:-S-dr (1)

ne y — koedimieHt TertonposiaHocTi; dT /dr — rpagieHT TeMIepaTrypu.

J514 ineanbHOrO ra3y

X:

W=

() (vr) Gy (2)

TYT p - TyCTHHA ra3y; (1) — cepefHs MOBXHHA BUIBHOTO MPOOIry MOJEeKyu; (Vr) — cepenHs

. 8RT .
MMBUJKICTh TCIJIOBOTO PYXY MOJICKYII, <‘UT> = E, CV — IIMTOMa TCIUIOEMHICTD I'a3y 3a

CTaJIoTo 00’ eMy.

PosrnsineMo 1Ba KoakciaJbHUX LMIIHAPU, HPOCTIP MK SIKUMHU 3alIOBHEHO Ta30M.
SIK110 BHYTPILIHIM IMIIIHAP HArpiBaTH, a TEMIepaTypy 30BHIIIHBOIO IMIIIHAPA TIATPUMYBATH
CTaJIOl0, HMXKYOIO 3a TEeMIlepaTypy HarpiBHMKa, TO B KUIBL[EBOMY IlIapi razy BUHHKA€E
pajianbHUN MOTIK TEMJIOTH, HAIPSAMIICHUH) BiJ BHYTPIIIHBOTO LHWIIHJPA 10 30BHIMHBOTO. [1pn
[bOMY TEMIIepaTypH ILIapiB rasy, NpUIErIMX A0 CTIHOK LMJIIHJPIB, TOPIBHIOE TEMIleparypi
CTiHOK. Buminmumo y rasi kinblieBuil map pagiycom I, ToBmmHOw dr i moexkunHoro L. 3a
3akoHoM Dyp'e (1) TermnoBuit notik q = §Q/dt, TOOTO KiJBKICTh TEIUIOTH, IO MPOXOIAUTH
yepes 1eH 1ap 3a 0JIHy CEKyH/y, MOXHA 3alluCcaTH y BUTIISII:

dar dr
q=—Xx;S=—x;2mr-L (3)
PozninuBim 3MiHHI, 01€PKUMO:
dr 2-m-x-L

—=——>"dT

r q
Tomi

RZ TZ
dr 2wy L

oo rnetfa
r q

R1 Tl

abo

R 2 yL
In—2==""22(T — Ty) 4)
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Tyt Ty,R11 T, R, — BINNOBIIHO TeMMepaTypu TMOBEPXOHb Ta PaflyCH BHYTPIIIHBOTO 1
30BHINIHBOTO UJIIHAPIB.

3 piBHsHHA (4) oxepxxkyeMo hopMyy IS BUSHAYCHHS Koe]ilieHTa TerIonpOBITHOCTI
razy:

2L (T, —T,) ®)

@opmyny (5) oxepkaHO y MPUIYIICHHI, IO TEMJIOTA MEPEHOCUTHCS BiJl BHYTPIIIHOTO
710 30BHIIIHBOTO LJIIHAPA TIABKH 3aBASKH TEIUIONPOBiAHOCTI. Lle mpumyIieHHs € 10CTaTHBO
OOrpyHTOBAaHUM, OCKUIBKH IOTIK MPOMEHHCTOI €Heprii NMpu HEBHUCOKUX TeMIeparypax i
MaJIOMy JiaMeTpi HarpiBHMKa CTAQHOBUTh HE3HAYHY 4YAaCTHHY KUJIBKOCTI TEIUIOTH, IO
NEPEHOCUTHCS, @ KOHBEKIIiS yCYBA€ThCS MiIOOPOM JliaMeTpa 30BHIIIHBOTO MUJIIHIpA Ta HOTO
BEPTUKAJIHHUM PO3MIIICHHSM B €KCIIEPUMEHTANIbHIN YCTaHOBIII.

BHyTpimHIM IIITIHAPOM MOKE CIIY’)KUTH TOHKA IPOTHHA (HUTKA), 3BUYAHO BOJIL(PPaMOBa,
sIKa HarpiBa€ThCs CNEKTPUYHUM CTPYMOM. TOi MiClisi BCTAaHOBJICHHS CTAI[IOHAPHOTO PEKUMY
TETUIOBHH MOTIK MOKHA IPUKUHATH TaKUM, 1110 TIOPIBHIOE TIOTYKHOCTI €JICKTPUIHOTO CTPYMY Y
JPOTHUHI

q =JuUy
ne Jy — ctpym uepes apotuny; Uy - criaj Hanpyry Ha APOTHUHI.

SIKII0 TTOCITIIOBHO 3 APOTHHOKO MiTIMKHYTH €TAIOHHUH pe3ucTop onopy Rp, TO

Up
Ju “ R,
1 Tomi
Up " UH
q=—"F— (6)
Rp

ne Up — cniajy Hanpyrul Ha €TAJIOHHOMY PE3HCTOPI.

BuxopuctoBytoun piBHIcTb (6) y popmyi (5), onepkumo:

UP'UH'ln%
_ 7
X = wL Rp-AT 7

Tyr D i d — nmiamerpu 30BHIimHBOTO IwiniHApa W apotunu; AT = Ty — Ty — pi3HHISA
TEeMIIEpaTyp IPOTHHU i 30BHINIHBOTO IHIIHApA ( TPYOKH).

Temneparypy T1pyOku Tr MOKHA B3STH TakKOK, IO JJOPIBHIOE TEeMIEpaTypi
HaBKOJIMIIHBOTO TMOBITpsA. st oOuucnenHs pizHuui Temneparyp AT mapi rasy 3amuiieMo
dopMynH, 10 BU3HAYAIOTH OMIp JIPOTHHU NPH TeMIepaTypi HABKOJIHUIIHBOTO TOBITPA 1 y
HarpiTomy CTaHi:

Ryo=Ro-(1+a-tp)

RH=R0'(1+a't)

ne Ry — omip npotmrn npu t=0°C; a — TemmeparypHuil  KOeQiIlieHT ormopy MaTepiary
JPOTHHH.

BuxmounBimm 3 nux piBHOCTEH Ry, 3HaH1€MO!
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BpaxoByroun, mo Ry = —

U U
—H—ﬂ)'(1+a-t0)

ar = Tiog ®)

Upo

ne Uy, Uy — cman Hampyrd Ha JApOTHHI BIAMOBIIHO y HArpiTOMY CTaHi 1 Ipu TeMmnepaTypi
HABKOJIMIIHLOTO TOBITPs ty; Up, Up o — CIa HAmpyru Ha €TAJTOHHOMY PE3UCTOPI BiMOBITHO
MIPU HATPITIA IPOTHHI 1 IPU TEMIIEPATyPi HABKOJUITHBOTO TOBITPS L.

ExcnepuMeHTa/IbHA YCTAHOBKA

s Bu3HaAueHHs KoedillieHTa TEIJIONPOBIIHOCTI TOBITPS TpHU3HAYEHA CKCIIe-
pumenTtanbHa ycraHoBka OIIT1-3, 3aranpauii BUTTIS sIKOT 300pakeHO HA THUTYIBHINA CTOPIHI
20.

PoGounii eneMeHT ycTaHOBKHU SBJsi€ COOOI0 CKISHY TPYOKY, 3allOBHEHY MOBITPSIM,
y3IOBXK OCl sKOi HaTsirHyra BojdbdppamoBa apotuHa 4. Temmepatypa TpyOku B Xomi
EKCIIEPUMEHTY MIATPUMYETbCA CTajJOl0 3aBISKH MPUMYCOBIM IUPKYISAMIl MOBITPS MiX
TPYyOKOIO 1 KOXYyXOM OJOKy poOodoro enemeHra 3, sika 3IIHCHIOETbCS 3a JOIOMOTOIO
BEHTUWJISITOPA, IO 3HAXOAUTHCS B 001 pobodoro eneMenTa. Temmneparypa MOBITPsl HABKOJIO
TPYOKH BUMIPSETHCS JATYUKOM TEMIIEPATYpPH 1 PEECTPYETHCS LUPPOBUM KOHTPOJIEPOM IS
BUMIpY TeMmrepaTypu. 3HauUeHHs MaJliHb HApyry Ha eTaloHHOMY pe3uctopi Up 1 Ha ApOTHHI
Uy BUMIPIOIOTBCST TU(PPOBUM KOHTPOJIEPOM Uil BUMIpY HAmpyrd. 3HaueHHsI HANpyrd Ha
JPOTHHI BCTAHOBIIOEThCS perymnstopom "HarpiB", sikuil 3HaAXOAUTHCS Ha MEpeaHIA MaHel
6soxy npunazaiB 1. 'eomerpuuni po3mipu poOoUOro enemenra - aiamerp Tpyoku D, niamerp
apoturu d, moBxkuHa TpyOKH L, TemrieparypHuil KoedillieHT OMopy MaTepiany IpOTHHU & —
BKa3aHi Ha poOOYOMY MiCIIi.

ITopsinok BUKOHAHHA po0doTH

1. VBiMKHYTH ycTaHOBKY TyMOsepom "Mepexa". Yikiarountu Tym6nep "HarpiBanus".

2. Harucuytu kHonky “Up» (pedUM BUMIDIOBaHHS CHaxy HaOpyrd Ha €TAJIOHHOMY
pesucropi) 1 3a gonomororo perynastopa "Harpis" BctanoBuTtH cnaa Hanpyru Up o He
outemn 0,06 B, 3a sikoro Temmeparypa APOTHHU 3aJTUIIAETHCS MPAKTUYHO HE3MIHHOIO
("HenarpiBarouHii" cTpym).

3. Harucaytn xHOmKy (U)X peXuM BHUMIPIOBaHHS Clagy HAmpyrd Ha APOTHHI) i
3apeecTpyBaTu 3Ha4eHHS Hanpyru Uy .

4. TloBroputH BuMipu 3a mm. 2-3 mig 3 3HaueHb Hanpyru Up . OOUMCIUTH cepenHe

P.0
3HaueHHs Up 1 Uy . Yci pe3ynbratu 3aHecTy B TaOauIo 1.

Tabauys 1
Ne Up.o, Un.o, to,°C Up, Uy, AT, X &
BHUM. MB MB. MB. MB. K Br/(m°K) ”
0
| | |
| | |

5. Harucuyru knHonky «Up» 1 3a momomoroio perynstopa «Harpi», BCTAHOBUTH cHaj
HaIpyTry Ha eTaIOHHOMY pe3uctopi Up y miamazoni 0,3...6,5 B.
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6.

7.

8.

3adekaBiy 2 XBUJIWMHY, 10 HEOOX1AHO MJIs1 cTa01Ti3aIliil TEMIOBOro peKUMY poO0doro
€JIEMEHTa, HATUCHYTH KHOMKY « Uy)) 1 BU3HAYUTH CIIaJaHHs HAnpyru Ha ApoTi Uy.
[ToBTOpUTH BUMIpIOBaHHS 3a Mmil. 5-6 i 3-5 3HaueHb criany Hanpyru Up. PesynbpTatu
3aHecTu B TaOmuIo 1.

BceranoButu pyuky perymaropa «HarpiB» Ha MiHiMyM. BigiMkayTH TyMOnep
«HarpiBy, micis 4oro BiIIMKHYTH YCTaHOBKY TyMOepoM «Mepexkay.

O0podxka pe3yJbTaTiB BUMipIOBAHb

1.

Jiss KO)KHOTO BUMIpIOBaHHS 3a (GopmyIoro (8) po3paxyBaTH Pi3HHLIO TeMIEpaTyp
AT, a 3a dopmynoro (7) — KoedillleHT TEIUIONPOBIMHOCTI 7 1 3aHECTH OJEprKaHi
3HAYEeHHSA 10 Ta0mumi 1.

3HalTH CepeHE 3HAUYCHHS KOe(illieHTa TeIUIOMPOBIIHOCTI MOBITPs ().

OnuiHiTh MOXUOKY pe3yNbTaTiB BUMiPIOBAaHb.

KonTpoabHi 3aB1anus

1.
2.

10.

11.

12.

Po3kaxiTh po MOKITUBI CIIOCOOM TIepeaadi TeII0TH.

Y YoMy cyTh SBHUIIA TEIUIONPOBIAHOCTI? Slka BENIWYMHA TIEPEHOCHTHCS TIPU
TEIUIOTPOBITHOCTI?

SIka BennumHA 3BETHCI TEIIOBUM IMOTOKOM? VY sxmx omguaungx Cl Bona
BUMIPIOETHCS?

Sxoro popMysor0 ONHCY€ETHCS MOTIK TETJIOTH, IEPEHECEHOT TPH TEIUIONPOBITHOCTI?
Sxuit ¢iznyHMi 3micT KoediuieHTa TernonpoinHocTi? Y sakux oxuHHux Cl
BUMIPIOETHCS 1151 BETMYUHA?

3anuiite GopMyIy s KoeillleHTa TEIUIONPOBIIHOCTI 171€alIbHOTO razy.

[TosicHITH TOHATTS TPaJIEHTa TEMIIEPATYPH.

Y domy mosfrae MeTOJ Harpitoi HHUTKM Ui BU3HAa4YeHHS KoedilieHTa
TEIUIONPOBIIHOCTI ra3is?

Busenite po3paxyHKoBY (popmyny Juisi BUSHaYEHHS KOeQill€HTa TEIIONPOBITHOCTI
METOJIOM Harpitoi HUTKH.

[TosicHITP TMpHU3HAUEHHSI ETAaJOHHOIO PEe3UCTOpa y CXeMi eKCIepUMEHTalbHOI
YCTQHOBKH.

SIK BM3HAYA€THCS PI3HULSL TEMIIEpaTyp JAPOTHHU 1 30BHIIIHBOI TPYOKM y AaHid
po6oTi?

SIK OLIIHUTHU CepeslHIO TOBXKHUHY BUIHHOIO MPOOITY Ta €PEeKTUBHUMN AlaMeTp MOJIEKYIN
ra3y, BUKOPUCTOBYIOUH SIBUIIIE TEIUIONPOBITHOCTI?
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TEXHIYHI XAPAKTEPUCTUKU
XapaKkTepUCTUKU METATIYHOI HUTKH:
- marepiai Bosisdpam
- JIOBKHHA, M 0,402
- Jgiamerp, M 64x107°
- TemneparypHuil koeilieHT omopy, K1 4,1x1073
- omip mpu 20°C 1B+1
HarpiB HUTKH BiTHOCHO HABKOJHUIIIHBOTO cepeaoBuIna, °C 0...30
BayTpimHiii giameTp TpyOKH poO0YOro eneMenTa, MM 26+1
[ToxunOka BUMiIpIOBaHHS TeMIepaTypu NOBITps, %o 5
Jliana3oH peryitoBaHHs poO04oro cTpymy, MA 2+200
’KuBneHHs YCTaHOBKH BiJl MEpEXi 3MIHHOTO CTPYMY:
- B
!
- 4acTor
o 50+1
[ToTyxHicTh criokuBaHHs, BT, He Oinblie 100
["aGapuTHi po3MipH, MM, He OiJibIIe 430x565x220
Maca ycTaHOBKH, KT, HE OlIbIIe 5
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JlaGopaTopHna podota Ne4

Tema: « BU3HAYeHHS MUTOMOT TENJIOEMHOCTI PiTHH

eJIEKTPOKAJIOPUMETPOM))

ExcriepumenTanbHa ycTaHOBKa
1 — nBa kamopumertpu; 2 — 1Ba TepMOMETpH; 3 — ABI cmipaii; 4 — mKepeno

CTpYMY; 5 — LITATUB; [VIILEPHUH, 3 €HYBaJIbHI [IPOBIIHUKY.
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Meta poboTH: npakmuune  O3HAUOMIEHHA 3  HOPIGHANbHUM CHOCOOOM BUHAYEHHS.
RUMOMOI MeNnI0EMHOCI 21iYePUHy KALOPUMEMPUUHUM CHOCOOOM.

Mpuaanu i marepiasm: 0sa oonaxosux Kanopumempu,  euiyepuH,  08a MepmMoMempu,
06i Haepigni  cnipani,  0dxcepeno cmpymy 3'€0HY8anNbHi NPOGIOHUKU,
wmamus.

Teoperuuni BitomocTi

[Mpunamum Ui BUMIPIOBaHHS KUTBKOCTI TEIUIOTH  HA3WUBAIOTh KAIOPUMEMPAMU.
OCHOBHOIO YaCTHHOIO KaJOPUMETPIB € 2 MOCYIWHHA IUJIIHAPHUIHOI (POPMH PI3HOTO JiaMeTpy,
BKJIQJICHI OJHA B OJHY (BHYTpIIIHS - METajeBa, 30BHINIHSA - IUIACTMACcOBAa) 3 JESKUM
MNPOIIAPKOM  MOBITPS 10 3a0e3rneyye MiHIMAIBHUNA  TEIUIOOOMIH 3  HABKOJMIIHIM
CepeIOBUILEM.

Kanopumempuunoro  cucmemoro  Ha3WBA€THCS  CYKYNHICTH T, MK SKHMH
BiJI0YBa€THCS TEILNIOOOMIH.

Tennosuti exgigarenm ranopumempa K - 11e CyKynmHICTh TEIUIOTH, sfKa MOTpiOHA AJs
3MIHU TEMIIEPATypPH KaJOPUMETPUYHOI CUCTEMH Ha OJIUH KEIIbBIiH:

K = mycy (D

KanopumeTrpu JOKOMILIEKTOBYIOThCS CHIPAISIMHU, 3'€THAHUMH 3 JHKEPEIIOM CTPYyMY Ta
KaJIOPUMETPUYHUMHU TepMoMeTpamu. KiTbKiCTh TEIIOTH, $Ka YTBOPIOETHCS BHACIIOK
NPOXO/KEHHS CTPYMY IO CHIpalsix, BUTPAYAEThCS HA HArpiBaHHS JIBOX KaJOPHUMETPHYHHUX
CUCTEM.

Jns kamopuMeTpa 3 BOAOIO:

Q= (K +cmy)(t — t5) 2
ne K - TeroBuil eKBIBAJICHT allFOMIHIEBOTO KAJIOPUMETPA
K =mycy 3)
t2,t1- xinuena i moyaTkoBa TeMIepaTypy BOJU Y KaTOPUMETPI,
Cy4» Ca1, My, My, — TUTOMI TEIUIOEMHOCTI Ta MacH BOJAHM 1 KAJIOPUMETPA BiJIOBIIHO.
J11a kanmopuMeTpa 3 TIIIEePUHOM:
QZ = (K + Crnme.v) (tazv - tzl.v) (4)
ne t2, t1, - KiHesa i moyaTKOBa TEMIEPATYpH IIIIIEPUHY y KATOPHMETPL.
PiBHSHHS TemIoBOroO OalaHcy:
Q1= Q: ()
(K + Csme) (tez - tgl) = (K + CFJ'ImZJI) (tezfz - telfl) (6)
OTxe nuToMa TerioTa A0CIHIKYBAHOTO TILEPUHY piBHA:

t?2 —t}!

1
. l(K +c,m,) —t221 Y - K (7

CI‘J'I
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IMocainoBHiICTH BUKOHAHHA PO0OTH
1. 3anecTu B TaGIMIIO TOYATKOBI TOKa3K TepMoMeTpiB t! Ta tl.

2. a) yBIMKHYTH JKEPEJIO KUBJICHHS;
0) criKyBaTH 3a MOKa3aMu TEPMOMETPIB;
B) IiC/Ist 3pOCTaHHs Temmeparyp Ha 5-6 °C BUMKHYTH JKEpeIo CTpyMy;
r) 3aQikcyBaTH 3HAUEHHs TeMIeparyp t2 ma t2, i 3aHecTH iX B TAOJIHIIIO.

3. O6uucnutu crany kanopumerpa K 3a popmynoro K = my.cy; -

4. Pospaxysatu 3a popmMyioro (7) 3HAYECHHS C,,.
5. BuBectu Ta oOuuciaute GopMyny IS 3HAXOPKCHHS BiIHOCHOI OXUOKH E.

KouTpoabHi 3aB1anHsA
1. BuytpimmnHs eHeprist piauH. 3MiHa BHYTPIIIHBOT €HEPrii 1 KUTBKOCTI TEIUIOTH.
2. MousipHa 1 TUTOMA TEIUIOEMHOCTI PiJTUH.
3. 3anexHICTh MUTOMOI TEIUIOEMHOCTI PIAMH BiJl TUCKY, TEMIEPATypy Ta MOJIEKYJISIPHOT
CTPYKTYpH.
4. Teopiss MeTOIy KAJIOPUMETPUYHOTO BU3HAUCHHS TEIUIOEMHOCTI pinuH. BuBeneHHs
pobouoi popmymnu.
3BiT 32 BUKOHaHY podoTy

1. Poboui popmynu:
K =mycy (3) - crana xanmopumerpa;
L[k + cm,) 55
mZJ te.'z_tav
Tabnu4Hi BETUYHHHU:
C4; - MATOMA TEIJIOEMHICTh AIIOMIHIIO, C4; =8,79 [owc/ke K;

Cry = - K] (7) - muTOMa TEMJIOEMHICTH TIILEPHUHY.

C,- IUTOMA TEIJIOEMHICTh BOJIH, 6824,197-10'3 Jlowc/ke K,
my, - Maca Kaopumerpis, m;=33,3-10 ke,
m,, - Maca riuinepuny, m,,=0,189 ke.

2. Pesynomamu excnepumenmy. p ;
Tabauys

CFJ'I 4

Ne tl, K t2, K tl K t2, K | Joc/(xe K) | Acy, | €.%
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3. Obuucnenna noxudoK eUMIpIOBaAHHA:

a) cepelHe 3HAYCHHS

1 ty—ts .
m [(K + Cgmg)m — K] ; Am = 0.1¢2p.; At = 0.5 p.

Inc,, =Inm, +1In(t,—t,) —Inm,, — In(t,, — t.,)

Crn =

dey, dm, dm, d(t,—t,) d(t,—t.,)

Cr me m,, (te; - t@) (tzvfl - te/z)

0) BiIHOCHA OXMOKa BUMIPIOBAHHS:

Am, Am,, At,+At, At +At,,
€= + + +— +100 %

mg m, ly — ts tn — toy
B) a0COJIIOTHA MMOXMOKA BUMIPIOBAHHS

Acrn = &ECy cep
4. Bucnoeku 3anucamu y maxkomy eu2isoi.

Ce,n = Ce,n cep i ACZJZ'



JlabopaTopHa podota Ne5

Tema: «Bu3Ha4YeHHs Koe(illieHTa MOBEPXHEBOT 0

HATATY pianH MeToaoM Pedinaepa

ExcnepumenranbHa ycTaHOBKA:

1 —acnipaTop; 2 — rymoBi TpyOKku; 3 — MaHoMeTp; 4 — Kaniisp; 5 — 4oTupH Koidu
(3 Bozmoro, riinepuHoM, 60% ta 80% po3uMHOM CHMPTY); WITATHB; 3aTUCKAY IS

I'yMOBO{ TPyOKH.
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Mema pobomu: 031HaNOMUMUCL 3 OOHUM i3 CNOCO0I8 BU3HAUEHHS KOeDIiYICHMA NOBEPXHEB020
HamA2y 2niyepuny ma 6CmaHo8umu 3anexcHicme  Koeiyienma
N0BEPXHEB020 HAMSA2Y POZUUHY CNUPMY PI3HOI KOHYeHmpayii.

Ilpunaou i mamepianu: acnipamop, 2ymosi mpyoxu, manomemp, kaniiap, 4 xorou (3
6ooomw, eniyepunom, 60% ma 80% pozuunom cnupmy), mepmomemp,
JIOMOK, WIMAmMue,aitiKa, 3amuckay 0 2yMo8oi mpyoxu.

Teoperuuni BitomocTi

Komu 3 acmiparopa moBUIBHO BUTIKa€ BOJA, TO TUCK Y MOr0 BEpXHIH 4YacTHHI 1 B
MPaBOMY KOJIiHI MaHOMETpa 3MEHIIyeThcs. [Ipu mpoMy depe3 Kamiisap y Koily 3 piauHOO
norparisie OynpOamka moBiTpst. Pi3HUI TUCKIB aTMOC(epHOro MOBITPS 1 MOBITPS B KOJIOi
BUMIPIOETHCS PI3HUIICIO BHCOT PIBHIB PiJIMHU B KOJIiHAX MaHoMmeTpa N, mm.600. cm. 3 iHIIOTO
Ooky, OynpOarika BiTdyBae THCK, CTBOPEHHMH CHJIAaMH TIOBEPXHEBOTO HATATY DITUHH, SIKi
HaMararoThCs 1i CTUCHYTH.

OTxe, Koe(ilieHT TOBEPXHEBOTO HATATY PIAMHU O B MOMEHT BiApUBY OY/IbOAIIKH PIBHHIA:
c=A"h (1)

ne h - pi3HUIS BUCOT piMHU B KOJIiHAX MaHOMeETpa, 4 — cTaja Mpuiany, sKa 3aJIeKUTh Bl
PO3MIpiB KaMiJIIpPHOTO HAKOHCYHUKA.
JIyist BU3HAYCHHS CTAIO1 TpUiiaay A, MPOBOIATE AOCTIJ 3 PIAUHO0, KOS(ili€EHT TTOBEPXHEBOTO

HATATY SKO1 BimoMuii (i3 Bo1010). 3 popmynu (1):
O

A= (2)
6
3HarouM cTally npuiaay A, MOXKHA BUBHAUUTH KOe(illi€EHT MOBEPXHEBOI0 HATATY 0 OyAb-SKO1
piauHu
0-(5’
oc=—h=A-h 3)
hq

1e h - BucoTa JOCIiKyBaHOT PiAMHHU.

ITocainoBHiCTH BUKOHAHHSI POOOTH

1. HanoBuutu  acmipatop Bojoi0 Ha 2/3 iioro o0'emy. TpyOky 3 KamiasipHUM
HAaKOHEYHMKOM 3aTHCHYTH B KOJOYy 3 BOJOIO Tak, 1100 KIHYMK Kamuigpa Jeab
JOTUKABCS JI0 MIOBEPXHI BOJIN.

2. Tlocmabmoroun 3aTHCKad TYMOBOT TPYOKH 3 JIIHIHKOI0, 3a0€3MeYNTH TOBUTHHUA BUTIK
BOJIY 3 Kamjsipa.

3. CninkyBatu 3a mosiBoro OynpOamiok Ha KiHLI Kamuisgpa. [Ipm ix mosBi 3adikcyBatu
nokasu Mmanometpa h, mm.600.cm.

4. 3a cnemialbHOIO TAa0NWICIO (IUB. MOJATOK) 3HAUTH  KOe(illi€eHT MOBEPXHEBOTO
HaTATY BOJIU O, IpU KIMHATHIH Temneparypi t , °C.

5. 3naiitu crany maHoro npuiany 3a Gopmyinoro (2). [TomiaaTu ko0y 3 BO/IOIO HA KOJIOY
3 TITIEPUHOM.

6. IToBroputn myHKTH 2 1 3. 3adikcyBaTH pi3HUIIO MOKa3iB MaHOMETpa h,, BU3HAYUTH
3a hopmyoro:

Orn = A" hyy
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7. AHaNOTiyHO MPOBECTHU JOCIII JUIS IHIIUX JTOCITIIKYBaHUX PEUOBHH.

8. O0uncnuTH KoedilieHT MOBEPXHEBOIO HATATY TIIIEPUHY:

9. OO6uucnuTH KoediieHT moBepxHeBOro HATATy 80-TH % PO3YHHY CIIUPTY:

O =A- hm

Tg00 = A * hgoo,

10. OGuuciautu xoediuieHT moOBepxHeBoro Harary 60-tu %

KonTposbHi 3aB1anns
1. SIBuma Ha Mexi piAnHM 3 iHIUMU Tinamu. KoedilieHT mTOBEpXHEBOTO HATATY.

2.
3.
4

Teopis metony PeGinaepa.

3BiT 32 BUKONaHy podoTy

1. Poboui hopmynu:

0 = A- hezz )
Og0 = A * hgoo

Os0 = A * heoo

Ts0p = A * heoo

= % (5.2) — crana npunany, [A]-H/m.

2. Pe3ynomamu excnepumenmy.

Tabnuya 1. BusznayeHHs CTaJIOl IpUIIaIy.

Cunu noBepxHEBOro HATATY. Jlociiau 3 MUIBHUMU TUTIBKAMHU.
3anexHICTh CUJIM MIOBEPXHEBOI'0 HATATY BiJl TEMIEPATypH PiAUHU.

Ne n/n o, 1073, H/m

A, H/m

1 72.5-1073

Tabnuys 2. BuzHavueHHs KoedimieHTa MOBEPXHEBOTO HATATY TIIILIEPUHY.

pPO34YUHY CIIMPTY:

Ne n/n h., M

0., 1073, H/u

Ao,

s, %

Taonuys 3. BusHaueHHs KoedimieHTa moBepxHeBoro HaTATY 80-TH % PO3UUHY CITUPTY.

Ne n/n hgoo, M

Ogoy, * 10_3,H/M

Adgoo,

s, %

32




Taonuys 4. BuznaueHnHs koedinieHTa moBepxHeBoro HaTiAry 60-Tu % po3unHy CHOUPTY

Ne n/n h’60% "M O609% " 10_3,H/M

Adgo,

s, %

3. Obuucnenna noxubok
1) o,=A-h,
In(a,,) = In(h,,) — In(h, )
do,, dh,, dh,

O-Zfl B h?fl h6
Aoy, Ahy AR,
o-FJ] B hrf[ hB
2) &= (3=+5%)-100%

Ao,, = Ah, = 1 MM. pT.CT

3) Ao-m =& O-cep.

4. Bucnoeku 3anucamu 6 makomy eu2naoi.

O-Zﬂ = O-eﬂ.cep. i AO—&Y
080% = 080%.cep. £ DT80,

O60% = O60%.cep. T AT60%
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JlabopaTopHa podota Ne6

Tema: «BU3HAYeHHS BiJHOIIEHHS TEIJIOEMHOCTEMH

NOBITPS MPH CTAJIUX TUCKY i 00’ emy)»

3arajbHUi BUTTIS eKcriepuMenTanbHoi ycranoBky OIIT1-6
| — maHeHb ynpaBiiHHS; 2 — aHeNb NPWIaaiB; 3 — indopMaliliHa MaHelb;
4 — BMHKau Mepexi; 5 — BMUKA4 KoMmmpeccopa; 6 — KiIanaH 3’€IHaHHS i3

aTMocdeporo;7 — BUMipIoBadi TemiiepaTypu; 8 — BUMIpIoBaui THCKY.
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Mema pobomu: euguenHs npoyecie 6 I0eanbHUX 2a3aX, 6USHAYEHHS BIOHOUIEHHS

. Cp
menioemHocmen’y = —=
|4

Ilpunaou i mamepianu: ycmanosxka @IIT 1-6.

Teoperuuni BitomocTi

Tlumomoro mennoemuicmioo peyoguHu HA3WBAETHCS BEIMYWHA, IO JOPIBHIOE KiTHKOCTI
TEIUIOTH, SIKY IOTPIOHO HAJATH OJWHUII MAacu PEUOBUHU JJIS IMiIBUIIICHHS 1i TEMIIEpaTypy Ha
oauH KenbBiH:

8Q
= dr @
m
TeHJ’IOGMHiCTL OJHOT'O MOJIA pGIIOBI/IHI/I 3BCTHCA MOJ'IS[pHOIO TeHJ'IOGMHiCTIOZ
5Q
uC = zm—. (2)
M ar
u

Jae m - maca, 4 — MOJIsIpHA Maca pe4OBHUHU.

3HaueHHs TEMJIOEMHOCTI Ta31B 3aJIEKUTH BiJl YMOB, 3a SKHX BiI0OYBa€ThCS IX HarpiBaHHS.
3rifHo 3 MEpIIMM 3aKOHOM TEPMOJMHAMIKM KUIBKICTh TemiotTh 48Q, HaJaHa CHUCTEMI,
BUTPAYA€THCs HA 301IbIICHHS BHYTPIIHBO1 eHeprii dU 1 Ha BUKOHaHHS CUCTEMOI0 poOoTu 64
HPOTH 30BHIIIHIX CHIL:
6Q =dU + 64 3)
[Tpupict BHYTpIIHBOI €Heprii i1ealbHOrO Ta3y B pa3i 3MiHU Horo remnepatypu Ha dT':
m i
dU=—-=-R-dT 4)
u 2
TYT | - YHCIIO CTYICHIB BIJIBHOCTI MOJICKYJH, MiJ SKAM PO3YMIETHCS YHCIO HE3AICIKHUX
KOOPJIMHAT, 10 BU3HAYAIOTh MOJIOKEHHS MOJIEKYJIH Y IPOCTOpi: § = 3-/171s1 OJHOATOMHOI; § = 5
- JUIA AIBOATOMHOI; i = 6 - 1 Tpu- Ta 6aratoaToMHOi, R - yHiBepcasibHa ra3zoBa crana; R =
8,31 Jlorc/(monv K).
[Tpu po3impenHi ra3y cucrema BUKOHY€e poOoTy

SA=P-dV (5)

Sxuro rasz HarpiBaeThes pu cragomy o6'emi V=const, To §4 = 0 i 3rigHo 3 (3) Bcsa oaepkaHa
ra3oM KUIBKICTh TEIJIOTH BUTPAYAEThCA TIABKM Ha 30UIBIIEHHS HOro BHYTPIIIHBOI eHeprii
6Qy = dU 1, omxke BpaxoByroud (4), MOJSPHA TEINIOEMHICTH 1/I€aIbHOTO Ta3y 3a CTaJIOTO
00'emy

au i

uly == =5"R (6)

Sxio ra3 HarpiBa€ThCs 3a CTAIOTO THCKY P=const, TO oxepkaHa ra3oM KiJIbKICTh TEIJIOTH

BUTPAYAETHCS HA 301IBIICHHS BHYTPIIIHBOI eHeprii dU Ta BUKOHaHHS poOOTH JA:
6Qp=dU+P-dV

Toni MonsipHA TETUIOEMHICTD 1/1€aIbHOTO Ta3y 3a CTAJIOT0 TUCKY
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uCp = aw +P- (d—V)P (7)

dT dT
BuxopucTtoByroun piBHSHHS CTaHy ieadbHOTO Ta3y (piBHsSHHSA Knanelipona-Menaeneena)
m
PV =—-RT
U
MO>KHA JOBECTH, 10 JIJISl MOJIS Ta3zy
P (L) <
ar/p,
1, OTIKE
i[+2
BinHOIICHHS TEMIIOEMHOCTEH:
_Cp i+2 )
Y=, 7

Aoiabamuynum 3BETbCA TpOLEC, SKUM BigOyBaeThcsi 0e€3 TEIIOOOMIHY 13 30BHILIHIM
cepenoBumieM, 6Q = 0. IlpaktuuHo BiH MoOXe OyTH 3IIMCHEHWH y CHCTEMi, OTOYCHIH
TETUIO130JII0I0Y0I0 00OJIOHKO0, ajie OCKUIBKU U TEII000MiHYy MOTpiOCH NesKUi Yac, TO
a/liadaTUYHUM MOYKHA BBa)KATH TaKOX IPOIIEC, SIKUH BiIOYBAEThCS TaK IBUJIKO, IO CHCTEMA
HE BCTUTAa€ BCTYNIMTH Y TEIJIOOOMIH 13 HAaBKOJMIIHIM cepenoBuiieM. llepmmii 3akoH
TEPMOJMHAMIKH 3 ypaxyBaHHAM (4)-(6) 1 aniabaTUYHOTO IPOLECY MAE BUTITISA

m
;'#'Cv'dTZ—PdV (10)
[TponudepenuiroBasim piBHsAHHA Knaneiipona-MeHneneea
m
PdV—VdP=;-R-dT

1 miacrasuBiy dT 1o popmymu (10), onepxumo
(uCy + R)PAV + uCyVdP =0

BpaxoByroun criBBiIHOIIEHHS MK MOJISIPHUMHU TEIJIOEMHOCTSIMHU 1/1€aJIbHOTO Ta3y 3a CTaJINX
THUCKY Ta 00’ €M1, sike onucyeThest hopmyrnoro Maiiepa (8), a Takox (9), gictaHemo:

av dp

V P
Po3B's130k 3anmucanoro AudepeHIliiHOTO PIBHSIHHS Ma€ BUTJIS
PVY = const 11

PiBusinus (11) HasuBaetwest pisusanusm adiabamu (piensunsm Ilyacona), a BBenena y (9)
BEJIMYMHA Y - TIOKa3HUKOM a/iiabaTu.

MeTton BU3HaueHHs MOKa3HMKa amiabatu, 3ampornoHoBanuil Kiiemanom i1 Jlesopmom
(1819 p.), TpyHTYETHCS HA BUBUEHHI MMapaMeTpiB JAESIKOI MacH rasy, sika MepeXxouTh 3 OJHOTO
CTaHy B IHIIMKA JBOMa IOCHIAOBHUMH IpoLecaMH - aaiadaTHYHUM Ta 130XOopudyHHUM. Lli
nporecu Ha giarpami P-V (puc. 1) 300pakeni kpuBuUMH BianosigHo 1-2 1 2-3. SIkmno y 6ajoH,
3'€MHaHUA 3 BIIKPUTUM BOJSHUM MaHOMETPOM, HaKayaTH TIOBITpS 1 3a4eKaTd Jo
BCTAHOBJICHHS TEIUIOBOI PiBHOBArd 3 HABKOJUIIIHIM CEPEIOBUIIEM, TO B IIbOMY ITOYATKOBOMY
crani 1 ra3 mae mapamerpu P; Vi Ti, mpudomy temmeparypa ra3y B OaJOHI JOPIBHIOE
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TeMIIepaTypi HaBKOJIMIIHBOTO cepemoBummia T1=To, a Tuck P1=Po+P' Tpoxm Ounpmmii Bix
aTMocgepHoro. SIKmo Ternep Ha KOPOTKUH yac 3'€lHaTH OaJIOH 3 aTMOC(EpPOI0, TO CTAHEThCA
aniabaruyHe posmmpeHHs nositps. Ilpu npomy moBiTps B OanoHi mepeiiae y craH 2, HOro
TUCK 3HU3UTKCS 10 atMochepHoro P, = P Maca moBitps, mo 3anumuiocst y 0ajioHi, ska B
crani 1 3aliMana yacTuHy 00'eMy OayioHa, pO3LIUPIOIOYHCH, 3aliMe Bech 00'eM V. Ipu ipomy
TeMIepaTypa MOBITPs, L0 3ATUIIWIOCH y 0anoHi, 3Hu3UThCA 10 To. Ockinpku mnpouec 1-2 €
aziabaTUYHMM, 10 HHOTO MOYKHA 3acTocyBaTu piBHAHHSA [lyacona (11):

)4 )4
Y _ 14 L _ 5
Pll/l - PZ‘/Z 6160 Py_l - Py_l
1 2

3BiacH

)G

Lexito

Pucynok 1. IIpoyecu sminu cmany 2asy nio uac
npoeederHst 00CHioy

[Ticns xopoTkouacHOTO 3'eHaHHS OajgoHAa 3 aTMOC(EpPOr0 OXOJO/KEHE aj1adaTHUYHUM
pO3LIMpEHHSAM TMOBITpsI B OanoHi Oyae HarpiBaTuch (mpouec 2-3) 10 TemmepaTypu
HaBKOJIMIIHBOTO cepenoBuiia T3=To 3a cramoro o6'emy V3=V,. [Ipu npomy THCK y OainoHi
nigBunmThes 10 P3=P,+P. Ockinbku mporec 2-3 € 130XOpUYHMM, JUIS HBOIO MOXKHA
3acTocyBatu 3akoH [llapss:

P, Pj
T, Ts
3Binacu
Py +P" T,
o - _ 0 13
Py T, (13)

3 piBHaAHb (12) Ta (13) nictanemo:
Py + PN\t Py + P\
( P, ) - ( P, )
[Tponorapupmyemo:

’ "

(V—1)1n<1+§0)=yln<1+P—>

0
Ockinpku HaJUIMIIKOBI TUCKU P' Ta P" myxe mani mopiBHSHO 3 aTMocepHUM THCKOM Py,

BPaxoBy04H Te, 110 Kouu x << /, 1o In(1 + x) = x, maTuMemo:

(V - 1)P' = )/P"'
3BiaKH
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P’
y = 4 n
P —-P
Hapnumkosi Tucku nositpst P' 1 P" BuMmiproroTs 3a nonomororo U - moaiGHOro MaHoMeTpa 3a

(14)

PI3HMIICIO PIBHIB PiJIMHU 3 TYCTHHOIO O:

P’ = pgH; P" = pgh (15)
3 (14) i (15) nictanemo po3paxyHKOBY (hOpMyITy Ui BA3HAYEHHS ) -
H
= — 16
Y=4"7 (16)

ExcnepumeHnTajibHa YCTAHOBKA.

. . ) Cp
JIs  BU3HAYEHHS  BIJAHOIICHHS TEIUIOEMKOCTEH TIOBITpA Y = - Tpu3HaYCcHa
|4

ekcrepuMeHTaibHa ycraHoBka DIIT1-6. 3aranbHuil BUTIISAA SIKOT MOKAa3aHWUW HA THUTYJIBHIN
cropiHti 34.

YcraHOBKa CKIQMAEThCA 31 CKISHOI KOJIOM €eMHICTIO 3 miTpu, 3’€aHaHOI 3
MIKPOKOMIIPECOPOM, PO3MIIIEHMM B Ojomi mpmiaaiB 2. MIiKpOKOMIIPECOp BKIFOYAETHCS
nepemukaueM "Mikpokomrmpecop”, BCTAaHOBJICHMM Ha NEpeAHId TaHem YyCTaHOBKH 4.
[TaeBMoTyMOIIEp "ATMOChEpa" 6, 103BOJISIE IPU MMOBOPOTI HOTO 32 TOJMHHUKOBOIO CTPLIKOIO
10 KIAIlaHHSA, IIBUAKO 3'eqHaTH Koinly 3 armocheporo. Tuck y Kombi BUMIPIOETHCS
mudepeHmianbHuM TaTaukoM THCKy Triry MPX5010dp. B ycranoBmi nepembadeHo Takox
KOHTPOJIb, TEMIIEPATYPH K BCEPEANHI KOJIOU, TaK 1 330BHI.

IMopsiiok BUKOHAHHSA POOOTH
1. BxirounTH yCTaHOBKY BUMHKaueM "Mepexa'.
2. Jlng mojadi moBiTps B KOOy BKIIIOUMTH Nepemukad "Mikpokommpecop";

3. 3a JI0mOMOror BHMIPHOBAIBHOTO IMpuiany «THCK» KOHTPOMIOIOTh THCK y Koj01. Komn
TUCK y K0J101 tocsirie Pj xIla, BigkIrounTy nosavdy noBiTps.

4. 3auekaTu 2 ... 3 XB., IOKH TeMIIEpaTypa MOBITPS B KOJIO1 3pIBHAETHCSA 3 TEMIIEPATypOIO
HABKOJIUITHBOTO MOBITPS T, B KOJO1 TIPH I[bOMY BCTAHOBUTHCSA MOCTIMHHMA THCK Pj.
3HATH MTOKa3W BUMIPIOBa4ya TUCKY YCTAJIEHOTO B KOJIO1, a OTpUMAaHe 3HAYEHHS 3aHECTH B
tabnuro 1.

5. Ha xopotkuii yac 3’eqHaTé KOOy 3 aTrMocdeporo, MOBEPHYBIIM IMHEBMOTYMOJIEp
"ATmocdepa" 3a TOIMHHUKOBOIO CTPLIKOIO JI0 KIIAI[aHHS.

6. Yepez 2-3 xB., KOnM B Koj0OiI BCTAaHOBUTHCS TOCTIHHUN THCK Py, 3HATH  TOKa3u

BUMipIoBaua THCKY P, ycraneHoro B ko0l i OTpuMaHe 3HauU€HHs 3aHECTH B TAOJUIIO
1.

7. TloBropuTu BuUMIpIOBaHHS 3a M. 2-6 He MeHme 10 pa3iB mpu pi3HUX 3HAYEHHSIX
BEJIMYMHU.

8. BuMKHYTH ycTaHOBKY BUMHKadeM «Mepexay.
O0polOka pe3yabTaTiB BUMIPYBAHHS

1. Jlng KOXHOTO BHUMIpIOBaHHS BHU3HAUWTH 3a (Qopmynoto (16) BimHOIIEHHS
TEIUVIOEMHOCTEN Y. 3HAUTU CEPETHE 3HAUEHHS <Y > .

2.  OuiHuTH MOXUOKY pe3yJbTaTiB BUMIPIOBAHb.
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KoHTpoJbHi 3aB1aHHsA

1. IIfo Take i3ompouecH i sIKUM 3aKOHaM BOHHM MiJKOpsOThCA? Hamamoiite rpadiku mux
IPOIIECiB.

2. ChopmysmroiiTe nepmuii 3akoH TePMOJUHAMIKH. 3alHIIITh 1Iei 3aKOH U 1300apHOTO,
130XOpHOT0, 130TePMIYHOTO ¥ a/11abaTUYHOTO TTPOIIECIB.

3. JlaliTe BU3HAYEHHS MUTOMOI Ta MOJIApHOI TeruoeMHocTel. B saxux onuuaunsgx CI BoHH
BUMIPIOIOTHCS?

4. Y dYoMy O0COOIMBOCTI TeIIOEMHOCTI Ta3y? Busenitb Gopmyny mis MOJSAPHUX
terutoemHoctedt uCy 1 uCp imeanbHOro Tazy.

5. JlaiiTe BU3HAaYECHHS YMCIa CTYIICHIB BUTbHOCTI MOJIEKYIIH. YoMy TOpiBHIOE BEIMYMHA 1
g 1-, 2-, 3- 1 0araTroaroMHUX 11€ajJbHAX ra3is?

6. Sxuii mporec Ha3uBaeThes aniabaruyHuM?. Busenits piBusaHHs [lyacona.

7. PospaxyiiTe TeopeTHyHEe 3HAUEHHS TMOKa3HMKa aniabatu g 1-,2- 1 3-aTOMHOrO
1IcaJIbHUX Ta3iB.

) Cp
8. ¥V uomy nmossirae Meton Kiiemana ta Jle3opma 1 BU3HAYCHHS BiTHOIICHHS C—?
74

9. Onuurite po6OYM IUKI eKCIIEPUMEHTAIbHOI YCTaHOBKH 3a P-V miarpamoro.

10. Buenitb pobouy popmyiry s BU3HAYCHHS Y.

3BiT PO BUKOHAHY pPo6oTY

1. Poboua ¢popmyna
BiHomeHHs TEMI0EMHOCTEH:

2. Pe3ynomamu excnepumenmy Ta6 i
a0nuis

‘ Ne n/n ‘ H.Ila ‘ h, ITa y ‘ (y) ‘ Ay ‘ &, % ‘

| | | | | | |

3. Obuucnennsa noxubok

Metox Ne 1

a) abCoMI0THA MOXUOKA BU3HAYCHHSI JllaMeTpa Kpyra:

N_ () = ¥n)?

Ay =t ,
V=ta T NN 1)

ne t, - BiamoBiaHUM KoedinieHT CThIOEHTA.
0) BiTHOCHa TOXHMOKa BU3HAYCHHS JlIaMeTpa Kpyra:
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Ay
e=—-100%
(y)

Metoxa Ne 2

a) BuznadyeHHs BiTHOCHOI MOXMOKM BU3HAYEHHS Koe(illi€eHTa TETIONPOBITHOCTI:

H

T

Iny=InH —In(H — h)

dy dH dH N dh
Yy H H-h H-h

£=(A7H+2%)-100%

0) AGcomroTHa moxubKa

Ay=e-y

4. Bucnosku sanucamu ¢ maxomy euznaoi .y = (y) t Ay

TEXHIYHI XAPAKTEPUCTUKHU

1 MaK.CI/IMaJ'IBHI/II\/'I tuck B ycranoBii ®IITI1-6n. Ila. 10000
He OlbIIe

2 Yac Habopy pob0o4oro THUCKY, C 20
IToxnOka BU3HAYEHHS BIJHOIIEHHS

3 TEIJIOEMKOCTEH TMOBITPSL MpPH CTAIOMY THCKY 10
craiomy o0’emi, %, He OLIbIIE
xuBjeHHs yctaHoBkU DIIT1-6H Big Mepexi

4 3MIHHOTO CTPyMY:
- Haripyroo. B 220122
- 4acToTOI0, I'1] 50+1

5 Crnio’xuBaHa MoTYXHiCThb. BT, He Oinblie 20

5 YcTaHOBKa JIOMTycKae Oe3nepepBHy 6
poOOTY MPOTSTOM, TOJI.

7 ["aGapuTHi po3MipH, MM 290 x 220 x 335

8 Maca ycTaHOBKH, KT, HE OLIbIIe 5
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JlaGopaTopHna podota Ne7

Tema: «BU3HA4YeHHS BiIHOLIICHHS TEIJIOEMHOCTe
MOBITPA 32 CTAJIUX THCKY il 00’€MYy pe30HAHCHUM

METOI0M)>

3arajabHUN BUTIISLT eKcliepuMeHTalbHol yctanoBky OI1T1-7

1 — 610k npunanis; 2 — 6710k po6o4oro eneMeHTa; 3 — cTosk; 4 — Tpyda 3

HarpiBHUKOM.
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Mema pobomu: euguenHs npoyecy NOWUPEHHs 36YKOB0I XBUN, SUMIDIOBAHHA WEUOKOCH
36YKy Y NoGimpi 3a pi3HUX memnepamyp md GU3HAYEHHS BIOHOUEHHS

o Cp
menjioeEmMHocmeu’y = C_
\4

TeopeTuyHi BizoMocTi

Ipyoscnumu xeunsimu 3ByThCS MEXaHIUHI 30ypeHHS, SKi MOIIUPIOIOTECS Y MPYKHOMY
cepenoBuini. Hexail B3A0BXK OJHOPITHOTO IMJIIHAPUYHOTO 3pa3ka 3 IUIOIICIO MOMEPEYHOTro
nepepizy S MOIIMPIOETHCS MPYXKHA MO3J0BXKHA XBUJSA. OTKe, 3pa3koM 13 IIBHIAKICTIO U

. . Al .
HOLIMPIOETHCS BiHOCHA Jedopmanis & = T(pnc.7.1). BunumBimm Aesiky 4acTUHY 3paskKa,

3HaWIEeMO I'YCTUHY HeZle()OpPMOBAHOIO CEPEIOBUIIIA:
m

=T 1
P =g (1)
ne | — 1oBXXMHA BHJIUICHOT YaCTHHHM 3pa3Ka.

Crucky BiAnoBijae 30UIbLIEHHS I'YCTUHHU, OT)KE, TYCTHHA B 00JIaCTi CTUCKY
m

,0+Ap=m (2)

Tyr wMu BpaxyBajy, W0 IUIOIIA
MOTIEPEYHOro Tepepizy S 3pa3ka He

3MIHIOETHCS npu MTOITUPEHH1
MO3/I0BXHBOI XBuii. Y Qopmyii (2) -

JIOMHOXMMO YHCEIbHHUK 1 3HAMEHHUK -
Ha Beymunny (I + Al);

m(l+Al)
P + Ap = m

[Hx\\m\ﬁiz

BpaxoByroun, mo Al? « [2, nicranemo

m(l+Al)
P + Ap = m

Pucynok 7.1 Cxema nowwupenns 36ypenns
6300624 00HOPIOH020 3pa3Ka

3Biacu BpaxoByroun Gopmyny (1), maemo:
Al
ptlp=p+tp-—
abo

Ap = pe. 3)

[Tommpenns 30ypeHHs siBisie cO00I0 pyX 00JIaCTi CTUCKY 13 MIBUAKICTIO ¥ B3JIOBXK 3paska. 3a
MPOMIXKOK Yacy dt depes MmomepeuHuil mepepis mpoiiie AITHKa CTHCKY JOBXHHOIO dXx = vdt.
Maca uiei ninsakun dm = Ap - S - dx , abo, BpaxoBytouu (3) dm = p - €S- v-dt. Macadm
PYyXaeThes 31 MIBUAKICTIO U i Mae iMmynbec v dm = p-e-S-v?-dt
s 3miHa iMIynTbCy Macu dm (OCKUTBKH JI0 TIPOXOJKCHHS 30yPIOBaHHS IS Maca Iepe-

OyBaJia y CIOKOi) 3a JIpyruM 3akoHOM HpIOTOHA MOpiBHIOE AOOYTKOBI Jit040i Ha HEl CHUIK
MPYXKHOCTI 1 9acy ii aii. 3anucyroun cuiy Mpy>KHOCTI 3a 3akoHOM [ 'yka

F Al

sTET =
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IiCTaHEMO
F-dt=E-¢-5-dt
ne E —Monynb MpyKHOCTI.
Otxe
preSvi-dt=E-e-5-dt
3BIJIKH

2

E
Ve =—
p

1 IIBUAKICTD MOIIUPEHHS MPYKHOT XBUI
- )
v= |—
p

SIkio npykHa XBWIISI TIOIIUPIOETHCS Y Ta3l, SKUHA MICTUTBCS Y TJIaJICHBKIA TPSIMOJIIHIMHIN
TpyOl 31 CTANIUM MONEPEYHUM MEePEPi30M, TO, BPAXOBYIOUH, L0 HA BiIMIHY BiJ TBEPAUX TiI,
ra3d HE YUHSITH ONOPY 3CYBY, B HUX MOXYTh BHHUKATH TUIBKH MO3JOBXHI XBHII, 1, OTXKE,
MIBUJIKICTh TIOMIUPEHHS MPYXKHOI XBWJII B Ta3l MOXE OOYHCIIOBATHCH 3a (Gopmyior (5).
Busnaunmo BenwuuHy E g ra3y. Skmio 3a gii cum F Ha neskuid 00'eM ra3y THCK Y HOMY
OJICPXUTh TMPHUPICT AP 10 BiIHOWIEHHIO 10 TUCKY razy P B He30ypeHOMy cTaHi, TO 3a
aHajoriero 3 (4)

AV
AP = E - 7
Baxkaroun 3minu THCKY dP 1 00’ eMy dV HECKiHUEHHO MajluM, MOKHA 3aIHCaTH
dpP
E= Qv (6)
|4

Jie 3HaK MIHYC O3Hauae, M0 30UIbIIEHHS TUCKY BIAMOBIIa€ 3MEHIIICHHIO 00'eMY.

Hexaii y rasi mommproeTbcst 3ByKOBa XBWJIA, SIKa SIBJISIE COOOI0 TPYKHY XBHIIIO Majloi
IHTEHCUBHOCTI, 3JaTHY BUKJIMKAaTH BITYYTTA 3BYKYy, 3 dYactororo Bix 16 mo 20000 TI'm.
KosmBaHHS TyCTMHM y 3BYKOBIM XBHWJII BiIOYBalOThCSA TaK MHIBHJKO, IO TEMJIOOOMIH MiX
mapaMy rasy, SKi MaioTh pI3HI TeMmmepaTypu, He BcTurae BinOyrtucsa. Tomy mporiec
NOLIMPEHHsS] 3BYKOBOi XBMJII B Ta3l MOKHA BBaXaTH aAia0aTMYHUM 1 10 HBOTO MOKHA
3actocyBatu piBHsAHHSA Ilyacona. Jludepeniitorouun 1ie piBHIHHSI, OACPKYEMO:

VY-dP+y-P-V¥1.-dV=0

3BijcH
dP
v ="r P (7)
%
3 (6) 1 (7) 3naiimemo
E=y-P. (8)

BusnauuBmm P 3 piBHsHHA Knaneiipona-MeHaeneeBa 1 BpaxoOBYIOUH, IO TYCTHHa Ta3y
p= %, IiCTaHEMO

p R-T
T

P

[TincraBumo 3naueHHs Py (8), i Toxi
£ R-T )
— y . p - —
U
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[TincraBuBmm chiBBigHOmEeHHS (9) y ¢opmyny (5), matumemo Qopmyny Jlammaca s
PO3paxyHKY IIBUKOCTI 3BYKY B Tasi:

Y R-T
v= |—— 10
p (10)
3 K01 BUILUIUBAE
Cp vi-u
= _— = 11
VEO TR (11)

Takum YWHOM, UISS BHU3HAYCHHS BIJHOIICHHS TEIUIOEMHOCTEH Ta3y ¥ JOCTaTHBO
BUMIpATH ioro Temmneparypy T Ta MBUAKICTH MOMUPEHHS 3BYKY VY IIbOMY Tasi.

[IBuakicTh 3BYKY 3a JOaHOI TeMIeparypu Moke OyTH BU3HAUCHA PE30HAHCHHUM
metogoM. Ilig 9ac mommMpeHHS XBWJI B3JO0BXK 3aKPUTOr0 KaHaTy, BOHAa Oararopa3oBo
BiJIOMBAETHCS BiJ] TOPIIB, 1 3BYKOBI KOJIMBAHHS B KaHAJl € PE3yJIbTaTOM HAKIAJACHHS ITHX

. . . . na
BIIOMTHX XBUJIb. SIKIIO AOBXKMHA KaHay L JOpiBHIOE IIIOMY YHCIY MiBXBHIb L = ~ (n -

OyIb-siKe IIie 4ucio, A- JOBXKMHA XBHJ), TO XBWJS, BiAOWUTa BiJ TOpLS KaHAIy,
MOBEPHYBIIMCH O HOT0 MOYaTKy 1 3HOBY BiOMBaIOuuCh, 30iraerecs mo (asi 3 mpsaMoro
xBwiIero. Taki XBWI NiACHIIOIOTh OJJHA OJHY, aMILIITY/1a KOJIMBAaHb MPH LIbOMY Pi3KO 3pOCTa€e
— HacTae pe3oHaHc. I1ix yac 3ByKOBHMX KOJMBaHb LIapH a3y, OIpUJIETIi A0 TOPIIB KaHaly, HE
3a3HAIOTH 3MIMICHHA. Y LUX MICISX YTBOPSTHCS BY3JIM 3MILICHHS, SIKI TOBTOPIOIOTHCS Yepes3
A/2 mo BCii MOBXHHI KaHalmy. MiX By3JaMH 3HAaXOJSATHCS MAKCHUMYMH 3MIIICHHS
(myunocri). HIBuAKICTh 3ByKy ¥ 3B'si3aHa 3 4acTOTOIO KOJHUBAHb V 1 JIOBXKHHOIO XBHII A
CHIBBIAHOMIEHHSIM ¥V = AV, 3 ypaxyBaHHSM SIKOTO YMOBY PE30HAHCY MOXHA 3alUCcaTH y
BUTJISLIL

2:-Lvg=n-v (12)

1€ Vo — p€30HAaHCHA YacToTa.
3anexHicTh (12) pe3oHaHCHOI YacTOTH BiJA HOMepa pE30HAaHCY N Moxke OyTH
nepeBipeHa eKCIIepUMEHTAIbHO. 3MIHIOIOUM YacTOTY KOJIMBaHb 3a CTaJOi JIOBKMHHM KaHaly,
HeoOximHo moOymyBaTh Tpadik 3amexnocti Vy=f(n), 3a kyroBuM KoedilieHTOM SKOTO

v .
K, = 7. BUSHAYAETLCS NIBUIIKICTD 3BYKY.

EKCl’lepI/IMeHTaJIbHa YCTaHOBKa

. o . Cp
I[HH BU3HAUCHHA BIJHOMICHHA TCIUIOEMHOCTEU TIOBITPA Y = e PE30OHaAaHCHUM
|4

METOJIOM iCHYe ekcrnepuMeHTanbHa yctanoBka ®IIT1-7, 3aranbHuil BUMIIS SK0i MOKa3aHO HA
TUTYNbHIN cTOpiHLi 41.

Po6ounii enemMeHT yCTaHOBKHU fBJIsi€ COOOI0 CKIISIHY TPYOy MOBXXKHMHOIO L , Ha TOpLAX
K01 po3MileHi TenedoH ta MikpodoH. Temneparypy noBiTps y TpyOi MOKHA 3MIHIOBAaTH 3a
JOTIOMOTOK0 ~ HarpiBalbHOi ~ cmipaii, HaBUTOi Ha TpyOy. IloTyXHicTb HarpiBHHMKa
YCTaHOBIIOEThCSL  perynaropoM "Harpis", sikuif 3HaxXoIUThCS Ha MepenHid maHeni OJIOKY
npunaaiB 1. Temneparypa noBitTps y TpyO1 BUMIPIOETHCS HAIIBIIPOBIIHUKOBUM TEPMOMETPOM
1 peecTpyeThCs Ha UppoBoMy iHauKaTopi "Temnepatypa". ¥V 6ol npunaaiB po3TalioBaHui
reHepaTop 3BYKOBHX KOJIMBaHb, MiJIMKHEHHH 10 TenedoHa, SKUH 30YyIKye 3BYKOBI
KOJHMBaHHS B TPpyOi. YacToTa KONMHMBaHb, SIKi 3a/1al0ThCS 3BYKOBHM T'€HEPATOPOM, PETYITIOETHCS
pyukamu "I'py6o" 1 "Touno" i peectpyerbcst Ha uudpoBomy iHngukaropi "Hacrora". Curnan
BiJl MiIKpo)OHa BUMIPIOETHCS MiJiaMIepMeTpoM - "i{HAMKATOpOM pe30HaHCY", UyTIUBICTDH
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SKOTO peryiroerbess pyukoro "[locunenns". MakcuManbHi 3HaUEHHSI CTPYMY, 3apeecTpOBaHi
MiTiaMIIEpMETPOM IIiJ] Yac IJIaBHOT 3MIHM YaCTOTH KOJIMBaHb, BiANOBIAAI0Th MOSIBI pE30HAHCY
Ha KaHaui. JlopxuHy TpyOu L BKazaHo Ha poOOYOMY MiCIIl.

IHopsinok BUKOHAHHSA POOOTH

1. VBiMKHYTH ycTaHOBKY TymOsepom "Mepexa'.

2. Pyukum "I'py6o" 1 "TouyHo" BCTaHOBUTH Yy KpaiiHE JiBe IOJOKEHHS. Pydkoro
"Ilocunenus" BigperyiIoBaTH YyTIUBICTH "iHAWKAaTOpa pe3oHaHCy" (CTpiika
MOBHHHA OyTH MPUOIU3HO HA TPETHHI IIKAJIH).

3. I[InaBHO 36imbIIyIOYM 32 JomoMoror pydok "I'py6o" 1 "TouHo" yacToTy KOJMBaHb,
AK1 3aJal0TbCsl 3BYKOBMM TI'€HEpAaTOPOM BHM3HAUUTH 4YacTOTy 1-ro pe3oHaHcy IO
HaWOUIBIIOMY BIAXWJICHHIO CTPUIKM Ha MIKadi "iHaukaTopa pe3oHancy". Pe3ympraT
BUMIPIOBaHHS 3aHECTH 10 Ta0muii 1.

4. TlnaBHO 301NBIIYIOYM YaCTOTY KOJMBaHb 3a AOMOMOrow py4ok "I'py6o" i "Touno" 1
BUOMpAOUYM MOTPIOHY YYTJIMBICTH CHCTEMH IHJAMKAILII PE3OHAHCY PYKOSTKOIO
"l[locunenus", BU3HAUUTU YACTOTy 2...6 pe3oHaHciB. PoOmsiun Bumipu mpu
3MEHIIEHH] YaCTOTH, NMEPEKOHATUCS Yy IMOBTOPIOBAHOCTI pe3ynbTarTiB. Pe3ynbpraTtu
BHMIpIOBaHb 3aHECTH 10 Talmwmi 1.

Tabauys 1

(V)
Ne pezonancy t;=°C t, =°C ty = °C €%

Vi lv,m/c |y v, T'y |v,M/c Y v, I'y |v,m/c Y

5. Temnepatypa t, piBHa KIMHaTHIMH.

6. YBiMkayTH TyMmOnep "HarpiB" i peryistropomM TemmnepaTypH HarpiBy JTOCATTH
TemrepaTrypu MoBiTps B TpyOi t, = 40...45°C. Ilicna crabimizauii TeMnepaTypu
MOBTOPUTH BUMIpH 3a M. 2-4.

7. 30impIIyIOuM HarpiB, JOCATTH TeMIlEpaTypu MOBITpsS B Tpydi t3 = 55...60 °C.
[Ticna crabinizamuii TemnepaTypu HOBTOPUTH BUMIPH IO M. 2-4.

8. Perymstop TemmepaTypu HarpiBy BHBECTH B KpaiHE JIiBE IMOJIOKEHHS, BUMKHYTH
tymOnep "Harpis", pyuku "[locunenns", "['py6e" 1 "Touno" ycraHoBUTH B KpaitHE
JIiBE TOJIOXKEHHS, MICIIs YOro BUMKHYTH YCTaHOBKY TyMmOsiepoMm "Mepexa'.

OO0poOka pe3yabTaTiB BUMipIOBaHb

1. [ToOynyBatu rpadiku 3aIeKHOCTI pe30HAHCHOT YaCTOTH BiJ] HOMepa pe3oHaHcy Vo=f(n),
JUIS KOXKHOI 3 TeMIepaTyp Ta BU3HAUUTH KyTOBI Koe]iieHTH K, A Ko>KHOTO Tpadika.

2. Jlns KOXKHOTO 3HA4eHHsS TeMIepaTypd MOBITpS B TPyOi, BUKOPUCTOBYIOYH 3HaWICHI
KyTOBI KoedimienTn K,, BU3BHAUYNTH MBHUAKICTh 3BYKY vV 3a popmynoto v =2-L-K, Ta
BIIHOIIEHHSI TEIUIOEMHOCTEN 3a (opmynoro (11), BpaxoByrouu, o0 MOJISIpHA Maca
noitpss u = 29 - 1073 kr/mMons.

3. OwiHUTH MOXUOKY pe3yJbTaTiB BUMIPIOBAHb.
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KouTtpoJbHi 3aB1aHHA

1.

o

o Take npykHa xBWwiIst? OXapakTepU3ylTe MpoLeC MOUIMPEHHS  MPY)XHOI XBUJI B
rasi.

BuBeniTs hopmyny MBHAKOCTI MOMUPEHHS MPYKHOT XBHIII.

Chopmymrorite | 3aKkoH TepMOAWHAMIKK. 3amMINITh e 3aKOH JUIsl 1300apHYHOTO,
130XOpUYHOTO, 130TEPMIYHOTO Ta aiadaTHIHOTO MPOIIECiB.

Busenite hopmyy Maiiepa.

Busenite piBusiHus [lyacona.

Mo take amiabaTnuyHmii nporec? YoMy mporec MOMUPEHHsT 3BYKOBOi XBHWIII B rasi €
amiadaTuyHuin?

o Take 3BykoBa xBUjsi? BuBeniTe hopMyny HIBUIKOCTI 3BYKY B rasi.

VY dyomy nonsArae pe3oHaHCHUI METOJ1 BU3HAYEHHS IIBUKOCTI 3BYKY B ra3i?
YoMy mpu HOLIUMPEHHI 3BYKY B 3aKpUTOMY KaHalli MOXYTh YTBOPIOBAaTHCH BY3JIH Ta
CKyIT4eHOoCTi? 3a KO yMOBH BOHH YTBOPIOIOTHCS?

10. Sk 3MiHIO€THCS IIBUAKICTH 3BYKY B MOBITPi 31 3MiHOIO HOoro Temmeparypu?

TEXHIYHI XAPAKTEPUCTUKHU

1 Biacranp mMix BIZOMBaIOUUMH TOPISIMU, M 0,51
2 Jliama3oH 3agaHux 9acToT, 111 Bix 360 mo 2800
3 [ToxnOka BUMIpIOBaHHS 4acTOT, % He Olble 2
KUBJIGHHSI YCTaHOBKM B Mepexi 3MIHHOTO
CTpyMY:
4 - Harpyroo. B 220*22
-33
- 4aCTOTOIO, I 11 50+1
5 CnoxuBaHa NOTYXHICTh. BT, He O1nb1e 100
6 Jianazon BI/IMipIOB'aHHSI TEMIEpaTypyu MHOBITPS B 3 20 10 70
pobodomy enemenTi, °C
["aGapuTHi po3MipH, MM 640 x 310 x 290
8 Maca ycTaHOBKH, KT, 7
9 [Toxubka BUMiprOBaHHs TeMIIepaTypu, % 5
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JlabopaTopHa podoTta Ne8

Tema: « BU3HAYEHHS TENJOEMHOCTI TBEPANX TiI»

3aranbHHUI BUITISL eKClIepUMeHTaIbHOI yeraHoBKkH DIIT1-8
1 — 6ok npuazis; 2 — 670K poOOUOTro eIeMeHTa; 3 — CTosK; 4 — HarpiBHUK;

5 — JocIiuKyBaHi 3pas3Ku.
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Mema pobomu: susHauenHs MenI10EMHOCMI 3PA3KI6 MEMANi8 KANOPUMEMPUUHUM MEMOOOM 3
BUKOPUCMAHHAM eIeKMPUUHO20 HACPIBAHHL.

Teoperuuni BitomocTi
3 Teopii imeanbHOTO ra3y BIiAOMO, IO CEpPeaHS KiHETHYHA EHEpris OJHOATOMHHX
MOJIEKYJI (1307 IbOBAaHUX YaCTOK)

3
(Ex)=5-k-T
2
ne k — crana bonbiMana.
Tonmi cepeaHe 3HaueHHS TIOBHOI €HEprii YacTUHKH 3a KOJHBAJIBHOTO PYyXy Y
KpHUCTaTIuHil rparii
<U0) = 3 ' k -T
[ToBHy BHYTpIIIHIO eHEeprito U 0XHOTrO MOJIS TBEPJOrO Tija OJCPKUMO JOMHOKHUBIITH
CEPeIHIO CHEPril0 OJ(HIET YaCTUHKHM Ha YUCJIO YAaCTHUHOK, IO HE3aJCKHO KOJUBAIOTHCSA, SKI
MICTSITBCSI B OJTHOMY MOJIi, TOOTO Ha ctainy ABoraapo Ny:

U=(Uy)*Ny=3"Ny-k-T=3-R-T (D
ne R - yniBepcanpHa razosa ctana, R = 8,31 Jx/(monb-K).
Jlnst TBepIUX TiJ, BHACIIAOK Majioi BEMYMHU KOEIIiEHTa TETIOBOTO PO3IIUPEHHS,
TEIUIOEMHOCTI 32 CTAJIMX TUCKY Ta 00'€eMy MPaKTUYHO HE BIAPI3HSIOTHCS OJIHA BiJ OJHOI.
Tomy, BpaxoBytou (1), MOJIIpHA TETJIOEMHICTh TBEPJIOTO Tia:

C = C—dU—SR 2
pl=ply=-m= (2)

[TincTaBUBIIM YMCENbHE 3HAYEHHSI YHIBEPCAIBbHOI ra30BO1 CTAJI01, 0JIEPKUMO:

u - C = 25 JIx/(momps-K).

s piBHICTH, 0 3BeThCS 3aKOHOM Jlrosionra 1 IITi, BUKOHYETHCS TOCUTH TOYHO JIJIst
OaraTbOX pEYOBUMH 3a KIMHATHOI TemmepaTypu. OnHaK 13 3HIKEHHSM TeMIepaTrypu
TEIIOEMHOCTI BCIX TBEPAMX TiJA 3MEHUIYIOThCs, HaOmmkarouuch 10 Hyns 3a T — 0. bins
abCOJIOTHOrO HyJIs MOJSIPHA TEIUIOEMHICTh yCiX Tinm mpomopiiiiHa T3 i TiNbKM 3a JOCHTH
BUCOKOI, XapaKTepHOi JUIsl KOXKHOI PEUOBHHM TeMIIepaTypi MOYMHAE BUKOHYBATHCS PIBHICTh
(2). L1i 0co0nMMBOCTI TEINIOEMHOCTEH TBEPAMX Ti 3a HU3BKHUX TEMIIEPATyp MOKHA MOSICHUTH
3a JIONMOMOT0I0 KBAaHTOBOI TEOpii TeII0eEMHOCTI, cTBOpeHoi ElfHinTeitHoM Ta Jlebaem.

Jlis excnepruMeHTaIbHOIO BU3HAUEHHS TEIJIOEMHOCTI OCIPKYBaHE TiJI0O BMIIIYETHCS B
KaJOPUMETp, SIKHI HAarpiBAa€ThCs EICKTPUIHUM CTPYMOM. SIKIIO TemIeparypy KalopuMmeTpa 3
JOCIIJKYBAaHUM 3pa3KoM JIy>Ke MOBLIBHO 301IbIIYyBaTH BiJ mo4yaTtkoBoi Ty Ha AT TO eHepris
€JIGKTPUYHOTO CTPYMY IIiJIe Ha HarpiBaHHA 3pa3ka i KalopuMeTpa:

J:U-t=my-co AT + m-c - AT + AQ 3)
ne J 1 U - ctpyM 1 Hampyra HarpiBava; T - 4ac HarpiBaHHS, Mg 1M — MacH  KaJopuMeTpa 1
JOCIIJKYBAHOTO 3pa3Ka, Col ¢ — IMUTOMI TEIUIOEMHOCTI KaJOpUMeTpa 1 JOCIHIHKYBAaHOTO
3pa3zka, AQ —BUTpaTH TEIUIOTH B TEIJIOI30JIALIIO KAJIOPUMETpa Ta B HABKOJIMILIHINA IPOCTIP.

Jns BUKIIOYEHHS 3 PiBHAHHA (3) KIUIBKOCTI TEIUIOTH, BUTPAu€HOi Ha HarpiBaHHA
KaJOpUMeTpa, 1 BUTpAT TEIJIOTH B HABKOJMUIIHIA MpPOCTip, HEOOXimHO 3a Tiel camoi
NOTY)KHOCTI HAarpiBHMKa HarpiTi MOPOXHIiM KamopumeTp (0e3 3pa3ka) BiJl NOYATKOBOI
temriepatypu To Ha Taky camy pi3Hump Ttemmeparyp AT. Butpatu teminotu B 000X
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BUMNA/IKax OyayTh MPAKTUYHO OJHAKOBHUMH 1 TOCUTh MAJHMH, SIKIIO TeMIepaTypa 3aXHCHOTO
KOXKyXa KaJIopuMeTpa B 000X BUIQ/IKax CTajla i JOPiBHIOE KIMHATHIN:

J-U-1t9g=mg-co AT + AQ, 4)
3 piBHsHB (3) 1 (4) BUILTUBAE

J-U-(t—19) =m-c-AT (5)

PiBHsiHHS (5) MOke OyTHM BHMKOPHUCTaHE ISl E€KCIIEPHUMEHTAILHOTO BU3HAYEHHS MMHTOMOI
TEIUIOEMHOCTI MaTtepiairy JOCTiIKYBAaHOTO 3pa3ka. 3MIHIOIYH TEMIIEpaTypy KalopHUMETpa,
HeoOXiHO moOyayBaTu rpadik 3aJIe)KHOCTI PI3HULI Yacy HarpiBaHHs BiJ 3MiHH TeMIIepaTypH
nociipkyBanoro 3paska: (T —1y) = f(AT), 3a xyroBuM KoeirieHroM sikoro K, MoxHa
BU3HAYHUTH MIUTOMY TEIUIOEMHICTh 3pa3Ka.

ExcnepumeHnTaibHa yCTAHOBKA

Jlns. BU3HAYEHHS TEIUIOEMHOCTI TBEPAMX TUI MpH3HAYeHAa EKCIIepUMEHTAbHA
ycranoBka ®I1T1-8, 3aranpauii BUTIISA SKOT 300paKeHO HA THUTYIIBHIN CTOPIHII.

3pa3ku HArpiBarOTHCS B KAJIOPUMETPi, CXeMa SKOTro HaBeneHo Ha puc. 1. Kamopumerp
CKJIAJIA€ThCS 3 JIATYHHOTO KOPITYCY 3 KOHIYHHUM OTBOPOM, KYIHM BMIIIYEThCS JOCIIKYBaHHMA
3pa3ok. Ha 30BHIIIHII MOBEpXHI KOPMYCY B CIELIaJbHUX I1a3ax pPO3MillleHa HarpiBajbHa
cripaib. 330BHI KOPIYC KaJOPHUMETPa TEIUIOI30JIbOBAHO IIapaMu a30ecTy 1 CKJIOBOJIOKHA Ta
3aKpUTO AIOMIHIEBUM KOXXYXOM. Kajmopumerp 3aKpHBa€ThCS TEIUIOI30Jb0BAHOK KPHIIKOIO.
JocnipkyBaHi 3pa3kd po3TalioBaHi B THiI3max y Omomi pobodoro enmementra 2. Ilicns
3aKIHYCHHSI CKCIIEPUMEHTY 3pa30K MOXKHA BUINTOBXHYTH 3 KOHIYHOI TIOPOKHUHHU KOPITYCY
KaJOpHMETpa 3a JIOTIOMOTOI0 TBHHTA. J[JIs1 BUJaeHHsT HArpiToro 3paska 3 KaJopuMeTpa Ta
YCTaHOBKH 3pa3Ka B HarpiBHUK BUKOPHCTOBYETHCS PYKOSTKA, PO3MIIIIEHA y CHEIiaTbHOMY
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A AN

A2

v

V LPkepero
MKUBTIeHHS

N/

.
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v

AALA A AN NS N )
NS 7
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=
=X
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Pucynok 1. Cxema xanopumempa: 1 — 3pasox; 2 - xopnyc; 3 — azdbecm,; 4—
KoXxcyx, 5 - pykoamka, 6—cCK108010KHO, 7—eeunm; 8 — oamuux memnepamypu, 9 -
Haepienuk, 10 — kpuwka.
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THI3AI TOpyY 3 JOCHIPKYBaHMMH 3pa3kaMu. Temreparypa KaJopUMeTpa BUMIPSETHCS
U(PPOBUM TEPMOMETPOM, JIATUMK SKOTO 3HAXOAUTHCS B KOpIyCi Kajmopumerpa. Y Oori
npuianiB 1 po3TamioBaHe TAaKOX JDKEPENIO SJKUBJICHHA HArpiBHUKA, IOTY)XHICTh SIKOTO
YCTaHOBIIOEThCA perynsitopoM «Harpi». Hampyra i cTpyM y KoJii HarpiBHHKa BUMIipPIOIOTHCS
BOJIBTMETPOM 1 aMIIEpMETPOM, KI 3HAXOAAThCSA Ha TMepeaHiii maHemi Onoky mpunazgiB. Yac
HarpiBaHHs KaJOpHUMETpa BHMIPIOETHCS CEKYHIOMIPOM, PO3TAIIOBAHWM Yy OJIOII TPHIIAIIB.
ATOMHI MacH 3pa3KiB puBeAcHI B Tadmii 1.

Tabauus 1
Ne /it Marepian 3pa3ka ATOMHa Maca, ke/Moib
1 Hropanb 26.98 10"3
2 Jlatynp 63,57'1(I'3
3 Craip 55,85-10"3

IHopsiiok BUKOHAHHS POOOTH
1. 3HATH KOXYyX 3 OJIOKYy poOOYOro ejaeMeHTa YCTaHOBKU 1 IIJBICUTH HOro Ha
I'BHHTAX 3aJ(HbOI 1MaHeli. BBIMKHYTH ycTaHOBKY TyMOnepoM «Mepesxay.
2. TlopoxHiil KamOpUMETp UIUIBHO 3aKpUTH KPUIIKOH. BBiIMKHYTH TymOiep
«HarpiB». 3a pomomororo perynstopa «HarpiB» BcTaHOBHTH HEOOXiIHY
Hanpyry B KOJIL.

3. 3a temnepatrypu kanopumerpa t = 25°C yBIMKHYTH BIIUIIK yacy. 3poburu 7-
10 BuMmipiB yacy HarpiBaHHS MOPOKHBOTO KajopumeTpa depe3 inTepBan 1 °C.

Pe3synbratu 3anectu g0 Tadnumi 2. Tabauus 2
Ne U, /, AT To» T, T— T C Uc %
BuM. | B A K c c c Jox/(xrK) | dox/(monb-K)

4. BumknHyTH TymOnep «HarpiB», BITKpUTH KPHUIIKY 1 OXOJOJUTH KaJIOPUMETP 10
IOYaTKOBOI TeMIEpaTypu t.

5. OOepratouyu I'BUHT YJIBO, MOMICTUTH B KaJOPUMETP OJIUH 3 JOCHIPKYBAaHHX
3pa3kiB, B3SATHM 3a BKa3iBKOIO Bukiagaya. IIlinbHO 3akpUTH KpUIIKY
KaJOpUMETpa 1 3a4eKaTH 3 XB. /0 BUPIBHIOBAHHS TEMIIEpaTyp KalopuMeTpa i
3paska.

6. BBIMKHYTM HarpiBHUK KaJOpUMETpa, BCTAHOBMBIIM TE€ caMe€ 3HAYCHHS
HafpyTH B KOJIi, 10 i MpH HarpiBaHHI MOPOKHBOTO KAJTOPUMETPA.

7. BBIMKHYTH BIJIIK 4acy 3a Ti€l caMoi MoYaTKOBiM Temmeparypi ty. 3pobutu 7-
10 BuMipiB 4Yacy HarpiBaHHs KaJOPHUMETpa i3 3pa3koM T uepe3 IHTepBal
temneparypu 1 °C. PesynbraTi 3aHecTu 10 Tabmmi 2.

8. Perymarop «HarpiB» ycTaHOBHTH B KpaWHE JIiBE TIOJOXKEHHS, BUMKHYTH
TymOnep «HarpiB», BIAKpUTH KPUIIKY KajopumeTpa. [ BunangeHus 3paska 3
KaJOpUMeTpa TBHUHT OO€pTaTH BIIPABO, MICIS YOTO 3a JIOMOMOTOK PYKOATKU
BUHHATH HarpiTHi 3pa3ok.

9. BumkHYTH yCTaHOBKY TyMOiepoM «Mepexay.

50




O0po0xka pe3yJbTaTiB BUMIPIOBAHb

1. TloOymyBatu rpadik 3aJeXHOCTI PI3HMLI Yacy HArpiBaHHS KaJOpHUMETpa i3

2

3pa3koM 1 MOPOKHBOT'O KaJOpUMETpa BiJ 3MiHU TeMIIEpaTypu KaJOpHMETpa
(t —19) = f(AT) Ta BU3HAUUTH KyTOBUH KoedimieHT K, .
. BukopucroByroun 3HaiieHuil KyTroBuil koediuieHT K, BU3HAUYUTH MUTOMY

) JU
TEIJIOEMHICTB 3pa3ka 3a popmyiioro C = — Kq.

3. BukopucroByrouu gaHi Ta0nwuili 1, BASHAYUTH MOJISIPHY TETUIOEMHICTD 3pa3Ka.

4. OmuinuTy NOXUOKY pe3yJIbTaTiB BUMIPIOBaHb.

KoHTpoJibHi 3aB1aHHA

1

10.

. Slka BenMYMHA 3BETHCS TEIJIOEMHICTIO PEYOBHUHU, MHTOMOK 1 MOJSIPHOIO
TeroeMHIcTIO? Y sikux onuHUISIX Cl BOHM BUMIPIOIOTHCS?

Busenits hopMyity 1715 HOBHOI BHYTPIIIHBOI eHeprii | MoJist TBepAOro Tina.

Y 4yomy 0cOOJIMBOCTI TEIJIOEMHOCTEH TBepaux Tin? Busenite dopmyny ans
MOJISIPHOT TEIUIOEMHOCTI TBEPOTO TiJa.

3anumriTe 1 MosICHITH 3akoH [lromonra i I1Ti.

Pozpaxyiite, Buxonsuu i3 3akony Jromonra i IlITi, muTOMi TemaoeMHOCTI
amominito Al3} Ta 3amiza Fes.

Y doMy TmonsTaEe METOA CINCKTPUYHOTO HarpiBaHHS JUIsi BU3HAYCHHS
TEIUIOEMHOCTI TBEPAUX TiJ1?

Busenite hopmyiy amsi eKCIIEpUMEHTaIbHOTO BU3HAUYEHHS TEIIOEMHOCTI.

Yomy mij yac BUKOHAHHS €KCIIEPUMEHTY HarpiBaHHS MOPOKHBOT'O KaJIOPUMETPa
Ta KajopuMeTpa i3 3pa3koM HEOOXITHO TPOBOJUTH MPU OJHIA 1 T camii
MOTY>KHOCT1 HarpiBHUKa?

. UuM oOMmexkeHa MaKCHMajJbHO JIOMYCTHUMa TEeMIepaTypa HarpiBaHHI

KasopumeTtpa’?
OcHOBHI Jixepera TOXHOOK JaHOTO METO/1y BUMIPIOBAHHS.
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JlabopaTopHna podota Ne9

Tema: « BusHayeHHs B’A3KO0CTi pizun MeTtogom CTokca»

EKCHepI/IMeHTaHLHa yCTaHOBKa

1 — cxustHi nuainapy; 2 — Api0 CBUHLEBUIA; 3 — MIKPOMETP; CEKYHIOMIp; B’sI3Ki

PIIUHH.
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Mema pobomu:.  03HAUOMUMUCH 3 OOHUM 3 CNOCODI8 BU3HAYEHHS 8'A3KOCMI 2liyepury ma
macmuna. O3HauOMUMuUcy 3 npUHYunom 0y0osu i Oii sickozumempa.

Ilpunaou i mamepianu: cxisani yurinopu, 6'a3xi piounu, Opio ceunyesull,  MiKpomemp,
CEeKYHOOMID.

TeopeTuyHi BizoMocTi
Ha kynbKy, sika BUIBHO MaJa€ B PiAMHI, TIFOTh TaKi CHJIH:

1. Cuna TsKIHHS:

P =mg ¢y
Jle M- Maca KyJabKu. BpaxyBaBiuu, 1o
4 s
My = iV = piez T (2)
Iie T - pajilyc KyJIbKH, MATUMEMO:
4
P =2mripeg (3)
2. BumroBxyBanbHa cuia (cuina Apximena):
F A= mping (4’)
Jle Myix = Ppix g mr3- Maca piJiuHu.
OTxe,
4 s
Fy= 377 Pping (5)

3. Cuna BHyTpimiHbOTO TEpTs (cuna CTokca, B'I3KICTD):
F = 6mnrV (6)

ne 7- KoeQiieHT AUHAMIYHOI B'A3KOCTi: V- HMIBHIKICTH MaJiHHS KYJIbKH, SIKYy BU3HAYalOTh
yepe3 IUIIX | mpoleHnit KyJabKOro 3a yac t MiX JBoMa 3a(piKCOBaHUMH MITKaMH IMJIHApa

Cr[oanKy PYX KYJIbKHU HpHCKOpeHHﬁ, MOTIM (HpI/I 3piBHOBa)KeHHi apXiMe,I[OBO.f CHJIN FA) CHJIN

B’s13kocTi F Ta cunm TsokiHHA P), pyX KyJi cTa€ piBHOMIpHUM. 3amMIIeMoO piBHOJAIRHY BCIX
CHJI, 11O JIOTh Ha KYJBbKY:

4 s 4 s
3T P8~ 3T Ppin8 — 6mmrV =0 (7)
3BigKH,
2, (k= Ppin)
— 2 p1A
= _—gr2~- P77/ 8
n=g8r 7 (8)

Bpaxysasuu, mjo V = l/t , MaeEMO:
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2(px — Ppin)
n=———=

T grit 9)

2 2t
=5 (px — Prin)8 (10)

HOpﬂ)IOK BUKOHAHHSA pOﬁOTI/I

1. Bumipatu MIKpOMETPOM PaiycH I' ECTH KYJIbOK.

2. 3opieHTyBaTH MO OCI IMJIiHApA KYIbKy 1 omycTuTH ii B pimuHy. CexyHIOMipoM
BU3HAYUTH MPOMDKOK 4acy t MpPOTArOM SIKOTO KyJIbKa MPOXOIUTH BiacTaHb | Mix
JIBOMa MITKaM¥ Ha IWITIHJPI.

3. Jocmin mpoBecTH TpU pa3u sl MWIIHAPA, 3aIIOBHEHOTO TIIIIEPUHOM 1 TPU pasu yis
IWJTIH/IPA, 3aII0BHEHOTO MACTHIIOM.

4. Jawuir,t, | 3anect y Tabmiti A7st TIHEPUHY 1 TSI MACTHIIA.

5. 3a dopmynoro (10) oOumcauTH 1) A TIIIEPUHY 1 MACTHIIA.

KonTpoabHi 3aB1anns

1. TIpupoga BHYTpPIlIHBOTO TEPTS B piIUHAX.
2. KoedirmieHT B'I3K0OCTI piivH Ta HOTO (HI3UIHHI 3MICT.
3. Teopis meroxy Ctokca ansi BU3BHaYeHHS KoeilieHTa B’I3KOCTI PiIKH.

3BiT 32 BUKOHaHY podoTy
1. Poéboua gpopmyna:

2
th . (10) — koedirient quHamiuHoi B’si3kocTi, [n] — IMa-c.

2
1 =5k = Ppin)g
TaOnuuH1 BETUYUHU:

pr- TYCTHHA TTinepuny, p.= 1,26-103 kr/m3;
Pu- TycTuHa MacTuia, p,,=0,9-103 kr/m3;

Px - TycTHHA KynbkH, p,=11,35-103 kr/m3.

2. Pe3ynvmamu excnepumenmy
Tabn. 1. Busnauenns koedimieHTa AMHAMIYHOT B’ I3KOCTI1 TITIIIEPUHY.

‘Ngn/n ‘I’,M l, m ‘t,C ‘n,Ha-c ‘8,% ‘ An
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Ta6mn. 2. BuznaueHHs koe(ilieHTa JMHAMIYHOT B’ A3KOCTI MacTUIIA.

‘ Ne ni/m ‘ r, m |, m t,c n,Ma-c ‘ £,% ‘ An

3.00uucnenns noXudoK 6UMIPIOBAHHA:
Metoa Ne 1

a) AGcomoTHA TOXUOKA!

N — 1. )2
AT] — ta n—l((”) nn) (6)
N(N—-1)
ne t, - koedimienT CThIO/ICHTA.
0) BignocHa moxuoOka:
An
e=-—-100%
()
Meton Ne 2
1) BusHaueHHs cepeqHbOI BEIMUYMHH KOedillieHTAa JMHAMIYHOI B’SA3KOCTi MAacTHia i
[IILEPUHY.
2 2 rczep tcep

ncep = 6 (pk - ppiz{)gr K'

2) BusHayeHHs BiJHOCHOT MOXHOKH

Inn = In(r?t) —Inl

Inp=Int+2Inr —Inl

dn dt dr dl
n t r l

e=(T+27+3)-100%
t r l

At = 0.5 cex, Ar = 0,05 M. M, Al =1wmmMm

3) A6comoTHa moxubKa

A’I =& ncep.
4. Bucnoeku 3anucamu ¢ maxkomy eu2naoi:
1N = Neep. £ AN
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JlabopaTtopHna podoTta Nel(

Tema: « BusHauYeHHs1 BOJIOrocTi moBiTps. I'irpoMerpu
Ta ICUXPOMETPH)

ExcriepyMenTaibHa yCTaHOBKA

1 — mcuxpomerp; 2 — rirpomerp; 3 — TepMoMeTp; Oapomerp, minertka, edip,

CKJISTHUH CKpaH.
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Mema pobomu: o3natiomnenHs 3 0essKUMU PI3UUHUMU OCHOBAMU MEMEOPONO02Ii.
Ilpunaou i mamepianu: ncuxpomemp, cicpomemp, egip, bapomemp, ninemka, mepmomemp,
CKAAHUL eKDAH.

TeopeTuyHi BizoMocTi

1. PoGora 3 rirpomeTpom.

Temmneparypa, npu siKiii BOJsSHA Mapa CTa€ HACHYCHOIO HAZUBAETHCS «MOUKOI POCUY.
Jlist Bu3HaueHHS "TOYKH pocH" JOCTATHHO OXOJOJUTH METAJEBUH MpeaMeT 3 OJMCKYYOr0
noBepxHero. TemmnepaTypa B MOMEHT IOSIBM Ha IMOBEPXHI JIETKOTO CEPIIaHKY BOSHOI MapH y
BUTJISIAL POCH 1 OyAe TeMmepaTyporo TOYKH pocu. B rirpoMerpi MOBEpPXHIO METAJIEBOTO
J3epKajia KaMepH 0XOJIO/KYIOTh IIBUIKUM BUIIAPOBYBAaHHSIM HAJIUTOTO B KaMepy edipy, Kpi3b
SKUI IPOJYBaIOTh MOBITPsl. 3HAIOUM TEMIIEPATYpPy «TOUYKH pocu» (t,) 3a TrIrpoMETpUYHOIO
TaOIMIICIO 3HAXOATh KUIBKICTh BOJASIHOI mapu (B rpamax), ska € B 1 M3 MOBITPS B MOMEHT
CIIOCTEpEKEHHs, TOOTO abCONOTHY BOJIOTiCTh (M) Ta MPYXHICTH (P) 1iel mapu (B MM. PT. CT.).
JIns BU3HAYECHHS BiTHOCHOI BOJIOT'OCTI IMOBITPSI HEOOX1IHO 1€ 3HAWTH KIJIBKICTh BOASHOI Mapu
(mH), HEOOXITHOI AJIT HACWYEHHS MOBITPS MpH TeMmepaTypi B KiMHarTi. 3Ha4eHHs (M) Ta
npyxHocti HacudeHoi mapu ( Pyc) Tpu KiMHaTHINA TemmepaTypi OepyThb 3 TirpOMETPUYHOT
TaOJIHII.

BigHomeHHsT KUTBKOCTI BOJSHOI IMapH, IO € B MOBITPI B MOMEHT CIOCTEPEKEHHs (B
TOYIIl POCH), 10 Ti€T KITLKOCTI, SIKa HEOOXiJHa /71 TOBHOTO HACUYEHHS HA3UBAIOTh BIOHOCHOI
80J1021CMI0 NOBIMPAL.

® =——-100% (1)

mg

Ha npakrtuii yacrinie BU3Ha4a0Th aOCOJIOTHY BOJIOTICTh HE 3a KIJBKICTIO BOJASHOI Iapu B
. 3 . . . .
rpamax, 10 MICTHTBCS B M TIOBITPSI, a 32 11 IPYXKHICTIO, BUPAXKEHOIO B MM.p.CI..

P

@ =——-100% 2)

HK

P, -TIpy>KHICTh HACHUEHOI BOJSTHO1 TApH MPU KIMHATHIN TeMIiepaTypi .

2. Po0oTa 3 ncuxpomeTpom.

Buacnigok npojyBaHHsS MOBITpS, IO MPUCKOPIOE BUMApOBYBaHHs edipy 3 Oatucry,
MOKpHUH TepMOMETp IMOKa3yBaTUME TEMIIEpaTypy HUXKUYY HDK Cyxwil. UM MeHIa BOJIOTICTh
HaBKOJIMIIHBOTO TMOBITPS, TUM IHTEHCUBHIIlIE BUNIAPOBYBAHHS 1 TUM MEHIII MOKa3H MOKpPOTO
TepMOMeTpa. 3a pi3HHIEI TMOoKa3iB cyxoro (t.) Ta wMokporo (t,) TepMOMETpiB 3
NICUXPOMETPUYHOI TAaOJUIIl MOYKHA 3HAMTH BIIHOCHY BOJOTiCTh moBiTps (¢). Temmeparypa
BOJIOTOTO TepMOMETpa OyAe 3HMXKYBAaTHCS 1O THX Iip, JOKH KiJbKICTh Teroth Qi, sika
HA/IXOJUTh J0 TEPMOMETpa 3 HABKOJMIIHHOI'O CEPEJOBHINA 33 OJMHHIIO Yacy CTaHe piBHA
KUTBKOCTI TettoTu Qy, sika HeoOXi/IHa AJIsS BUTIAPOBYBAHHS:

Q1=Q: (3)
KinpkicTs Termoru Qp, 3HaX0AUMO 3a 3aKkoHOM HproToHa:
Q=aS(t.- t) 4)
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e a- kxoe(illieHT TerooOMiHy, S- 1uioma mnoBepxHi Oaructy. llepemmiemo piBHSIHHS
TEIIoBoOro 6anancy (3) y BUTTISAAL:

aS(te- ty)=qm AS (5)
. d . .
A€ (mn — MBUAKICTE BHUIIAPOBYBAHHSA d—TB OJWHHUIl IIOBEPXHI, A- TIMTOMA TeEIUIOTa

BUNIApOBYBaHH:. 3 piBHOCTI (5) U151 pi3HMIII TIOKA31B TEPMOMETPIB MAEMO:
__ QqmA
te-ty, = 0 (6)

H_IBI/I,I[KiCTB BHUIIAPpOBYBAHHA 3HAXOAATH 3da 3aKOHOM Z[aJ'IBTOHaI

760
G =ttyy (P, = Pu) 2> (7)

amm

1€ O, - KoedilieHT BUnapoByBaHHS, B, - TUCK HAacCHYEHOI Mapu MpU TEMIIEPaTypi MOKPOTO
TepMomeTpa, B,- TUCK mapu B HABKOJMIIHBOMY TOBITpi (aOCOJIFOTHA BOJIOTICTB), P,,,-
atmochepuuit Tuck. [lincrasusmm (7) B (6) , MaeMo:

760t 1A
te-t, = Tm;n (PM - PHK) (8)
BBiBLIM [103HAYeHHS A= ——— | MOJKEMO nepenucaty (8) y BUTIIAIL:
760 ;A
PHK:PM - PaTM (tc - tM)A (9)

B naniit po6ori 3 hopmynu (9) BU3HAYarOTH HE aOCONIOTHY BOJIOTICTh P, a cramy npuinany A
3a 3HaUYEHHSM aOCOIIOTHOI BOJIOTOCTI, 3HAIIEHOT IpU pOOOTI 3 TIrPOMETPOM:
Py —Pyx

A= o et

(10)

KonTtpoJbHi 3aB1aHHA

1. TToHATTa aGCOMIOTHOI Ta BITHOCHOT BOJIOTOCTI MOBITPSL.
2. Ipuanmn OyxoBu Ta il rirpoMetpiB. Touka pocu Ta ii BU3HAUYEHHS.
3. [lcuxpomerpu, mpuHIUT OyIOBH Ta [l

a) BU3HAYEHHS BOJIOTOCTI MOBITPS ICUXPOMETPOM ACCMaHa;

0) BU3HAYCHHS CTAJOI IPUIATY.

ITopsinok BUKOHAHHA po0dOTH
1.Po6oma 3 cicpomemponm.

1. ¥V xamepy rirpoMeTpa HaJUTH JeKiIbKa Kpaneiab edipy 1 BKJIACTU TyAH TEPMOMETP, 11100
foro Kynapka po3Mictuiacs B edipi.

2. BimokpeMuTH TirpoMeTp BiJ ce0e CKISHUM €KPaHOM.

3. 3a 1OMOMOror TYMOBOI TPYIIIl HarHITaTHA MOBITPS B TiIrpoMeTp. B MOMEHT MOSIBH JIETKOTO
CepmaHKy - pOCH Ha HIKEeIbOBAaHIA TOBEPXHI NPUIMHUTH HaKAauyBaHHS TOBITPS 1
3adikcyBaTH MOKa3H TEPMOMETPA t;.

4. 3adikcyBaTu TemnepaTypy t, B MOMEHT 3HUKHEHHS CEpPIaHKYy.
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t1+t,
2

W

. 3a 3HAYCHHSAMHU t1 1 t, 3HAHUTH TeMIepaTypy TOUKH POCH: by =

(o)

. JlocIig MOBTOPHUTH TPUUi B PI3HUX MiCLAX KIMHATH.

. 3a JIomoMOror TirpoMeTpudyHoi Tabnauill (IMB. JOAATOK) 3HAWTH MPYXHICTH mapu P
(abconroTHY BOJIOTICTH) 1 MPY>KHICTh HACHYCHOT 1mapu P, Ipu KIMHATHIN TeMneparypi.

8. Bu3sHauuTH BiTHOCHY BOJIOTICTH MOBITPS ¢ 3a hopMyIoro (2)

3

2.Poooma 3 ncuxpomempom
1. 3a 70moMOror MmMneTK: 3MOYUTH OATUCT BOJIOTOTO TEPMOMETPA.

N

3aBecTH BEHTHWJIATOP TPHOMA - YOTUPMa 00epTaMH 3aBiTHOTO KIHOYA.

3. Ilicmst mpunuHeHHsS poOOTH BEHTWIATOpa 3adiKCyBaTH IOKa3HM CYXOro t,.Ta MOKpPOTO
t,,TEPMOMETPIB.

4. 3a pi3HHIEIO0 TIOKA3iB TEPMOMETPIB 1 MICUXPOMETPUYHOIO TaOIMIICI0 BU3HAYUTH BiIHOCHY

BOJIOTICTB TOBITPS @ .

3. Busnauennsa cmanoi npunaoy.

1. 3 Tabmuri 2 B3ATH cepeliHi 3HAYCHHS TeMIieparyp t. it,, .

2. 3a J0TOMOTrOI0 TIrPOMETPHYHOI TaONMUI[ 3HANTH MPYXHICTP HACHYCHOI Mapu IpH
TEeMIEepaTypi MOKpPOro Tepmometpa b,.

3. 3 Tabnuii 1 B3STH 3HaYEHHS a0COJIIOTHOI BOJIOTOCTI MOBITPS.

&

3a mokazamu OapomMeTpa BUSHAYUTH aTMOCHEPHUN TUCK Py,
5. 3maiitu ctany ncuxpomerpa 4 3a popmyrow (10).

3BiT PO BUKOHAHY Po6OTY
1. Poéboui ¢hopmynu

BinHocHa BOMOTICTh MOBITPS :

P
¢=-— 100%
Crana npunany:
PM — B HK
A=——7——
l)aTM (tC - tM)
3. Pe3ynrvmamu ekchepumenmy
Tabauys 1
P, Pux
Ne t,°C t,°C t,°C % &%
MM.pT.CT. MM.pT.CT
Tabauys 2
Ne t.°C t,°C (te-ty)°C ® % e%
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Tabauys 3

t,°C

Py
MM.pT.CT.

PHK’
MM.pT.CT.

Pf:lTM
MM.pT.CT.

A

1
> oC

3. Bucnoexu
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JlabopaTtopHna podoTta Nell

Tema: « BU3HAYEHHSI 3MIHU €HTPOIII IPU NJIABJICHHI
0J10B2)

3aranbHuil BUIIIsL ekcriepuMenTanbHoi yeranoBky GIIT1-11
1 — crosik; 2 — KpoHWITEHH; 3 — HATPIBHUK; 4 — MaTYMK TeMIeparypu; 5 —
TUresb 3 JOCIIIKYBaHUM MaTepiajioM; 6 — OJI0K poOoyoro eiemMeHTa; 7 —

0J10K npuIIaziB
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Mema pobomu: eusnaueHHs 3MiHU eHMPONii 3a Paz08020 nepexody nepuioco poody Ha
NPUKIAOi N1AGNIEHHSA 01064.

TeopeTuyHi BizoMocTi

Dazosuti nepexio nepuiozo poody - 1e Ga3oBe MEPETBOPEHHS, SIKE CYIPOBOJIKYETHCS
MOTJIMHAHHAM 200 BUAUICHHSAM JCSIKOI KIJIBKOCTI MPUXOBAHOI TEIUIOTH Ta 3MIHOKO IMHTOMOIO
00'eMy pEHYOBHHU; TEMIIEpATypa MEPEX01y 3ATUIIAETHCS CTAIOK0 1 3AJICKHUTH BiJ THCKY. OTXe,
JUTSL PO3IUTABIICHHS JESIKOT MacH M PEYOBHHM, IO 3HAXOAUTHCS MPHU TEMIIEPATypi IUIABICHHS
T, HEOOXiAHO BUTPATUTH KIJBKICTh TETUIOTH

Qn=4-m (1)
ne A - mUTOMa TEIUIOTa IJIABJICHHS JaHOT PSUYOBHHHU.

Eumponicio Ha3uBaeThcs Taka (QYHKINS CTaHy TEPMOIMHAMIYHOI cHUCTeMH, audepe-
HIlia] K01 OS B 000pOTHOMY MPOIIECi TOPIBHIOE BiJHOIICHHIO HECKIHYEHHO Masioi KiTbKOCTI
Terotu 6Q, HaTaHOI CHCTEMI, IO TEPMOIUHAMIYHOT Temriepatypu 7 CUCTEMH:

5Q

dS:T

EHTpOHiH 34BN BU3HAYAETHCA 3 TOYHICTIO 0 cTaoi BCJIIMYMHH, TOMY 3MICT Mae€

nvie i 3MiHa Ipy Iepexoii cucteMu 3i crany 1 no crany 2:
2

AS=16TQ (2)

1
[Ipomec TuTaBIIEHHS OJIOBA MPOXOIUTH 3a cranol temmeparypu T = Ty 1, oTxe, €

130TepMIUYHUM. 3MIHY EHTPOIIIi Yy TAKOMY MpOIleci MOKHa 3HalTH 3a popmyoro (2):

1
1 Qn
ASp=—- | 6Qp ==.
71 Zf Cn Th

3 Bupasy (2) BUIUIMBAE, II0 3MiHY €HTPOIi IpU HarpiBaHHI 1 IJIaBJIEHHI 0JIOBA MOYHA
BU3HAYUTH K CyMY 3MiHHM €HTpPOII] pU HarpiBaHH1 HOro BiJ MOYaTKOBOi Temnepatypu Ty A0
TEeMIEepaTypu IUIaBlieHHs Ty Ta IpHU IJIaBJICHHI 0JIOBA!

80

Tn
0
AS = ASy + ASp = f%+ T
Tk

BpaxoByroum, mo 6Qy = ¢-m - dT, i06epyun no yBaru popmysy (1), mictaemo:
T

4T A-m
AS=c-m- ?+ T
Tk
abo
lTn A-m
AS=c-m nT—K+ T 3

Je ¢ 1A - mMTOMa TEIJIOEMHICTh Ta MUTOMA TEIUIOTA TUIaBJiIeHHs onoBa. Popmyna (3) Moxe
OyTH BUKOpPHCTaHA IS €KCIIEPUMEHTAILHOTO BHW3HAYEHHS 3MIHM €HTPOIIi NMPU HarpiBaHHI
Ta TJIaBJICHHI 0JIOBA MICIIsl BUMIPIOBaHHS 3Ha4eHb Temneparyp Tk 1 Tf.
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EKCHepHMeHTaJILHa YCTaHOBKa

Jlnsi BU3HAYEHHsS 3MIHM C€HTPOIIi MpW HarpiBaHHI 1 TUIABJICHHI OJIOBAa IMPHU3HAYCHA

ekcriepuMeHTaibHa yctaHoBka DIIT1-11, 3aranbHuil BUTIISIA SKOI MOKa3aHO Ha THUTYJIBHIN

cropiHii 61.

HarpiBanHs oyioBa BiIOyBa€eThCS B THUTJI 32 JOIIOMOTOIO €JICKTPUYHOTO HAarpiBHHUKA 3,

JDKEPEIIO JKUBJICHHS SIKOTO po3MileHe B 001 npunaais /. Temneparypa oj0Ba BUMIpSETHCS

U(PPOBUM TEPMOMETPOM, PO3TAIIOBAaHUM Yy Oiomi pobodoro enemenrta 6. Yac HarpiBaHHs

BUMIpA€THCS LU(GPOBUM CEKYHIOMIPOM, pO3TalIOBaHUM Yy Ousomi mpuianiB. CexyHIOMIp

MIPUBOJIUTHCS B JIIF0 BMUKAHHSIM KHBJICHHS OJIOKY TIPUJIQ/IIB.

ITopsinox BUKOHAHHSI po00OTH

1.

VBIMKHYTH yCTaHOBKY TyMOiepoM «Mepexa» Ta BHMIPITH [OYAaTKOBY
temmepatypy onosa (Tk).

. OnHOYacHO BBIMKHYTM HAarpiBHUK Ta CEKYHAOMIp 1 yepe3 KOXKHY XBUIIMHY

BUMIpIOBaTH TEMIepaTypy OJiOoBa. BHMipioBaHHS TNPOBOIUTH JOTH, JOKU
TeMmIepaTypa micias JocsrHeHHst cranoi  BenumumHu  (T;) He  modHe
iIBUIIYBAaTUCh. Pe3yiibTaTu BUMipIOBaHb Mo3HauuTH Ha rpadiky 7 =f(t).

. BUMKHYTH HarpiBHUK i MPOBECTU AHAIOTIUHI BUMIPH MPU OXOJIOIKEHHI 0JIOBa,

[03HAYa04u TeMIIEpaTypy Ha TOMY camoMy Irpadiky, 110 1 B 11.2.

4. BUMKHYTH yCTaHOBKY TyMOiepoM «Mepesxkay.

O0podka pe3y/bTaTiB BUMIPIOBaHb

1.

2.

3a nBOMa OJlepKAHUMHU TpadikaMu BU3HAUUTH TEMIIEPATYpPH, SIKi BiJINOBITAIOTH
TUTSTHKaM, MapalielbHUM OCi Yacy 1 3a iX cepeiHiM 3HaYeHHSIM 3HAlTH Temiiepa-
Typy IJIaBJICHHS 0JIOBA.

3a dopmynoro (3) BUSHAUUTHU 3MiHY SHTPOIIII M Yac HArpiBaHHs Ta IMJIABJICHHS
onoBa. [IuToMy TemnoTy miaaBieHHS Ta MUTOMY TEIIOEMHICTH OJIOBa 3HAUTH y
JIOBITHUKAX.

3. OuiHUTH TOXUOKY pe3yNIbTaTiB BUMIPIOBAHb.

KoHTpoJibHi 3aB1anHst

[EEN

[I{o Take ¢a3zoBuil nepexin nepuoro poay?

2. o Take eHTpoOITisS?
3.
4. BuBeniTh OCHOBHY pO3PaxyHKOBY (hOpMyiy, sika BUKOPHCTOBYEThCA y JaHii

Yomy nOpiBHIOE 3MiHA EHTPOIII 3a 130TEPMIYHOTO Ta aiabaTUYHOTO MpoLeciB?

po6orti?

Y domy mnonsrae MeTOoJ] BH3HAUYEHHS 3MIHM EHTPOMii 3a HarpiBaHHsA Ta
TUTABJIEHHS OJIOBA, SKUI BUKOPUCTAHO Y JIaH1i poOoTi?

Jo sKxoi TemmepaTypu Cii HarpiBaTd OJIOBO y THUIVII IpU BUKOHAHHI
€KCIIEpUMEHTY?

. SIki ocHOBHI J)Kepena MOXHUOOK JAaHOTO METOy BUMIipIOBaHHS?
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TEXHIYHI XAPAKTEPUCTUKHA

1 JocmipkyBaHuil MaTepian 0JIOBO
2 Maca onosa, r 150
3 JKuBnenHss HarpiBavya 3IHCHIOETHCS MOCTIHHUM 10
CTPyMOM
4 HowminanbHa Hanpyra Ha HarpiBadyi, B 24
5 Jiama3oH perysroBaHHs Hapyrd Ha HarpiBadyi, B 5+24
6 [Toxubka BUMIpIOBaHHA CTPyMy HarpiBaua,% 5)
7 [Toxnbka BUMIpIOBaHHS HAaNpyry Ha HarpiBaui, % 5
Jiama3oH BUMIpIOBaHHS TEMIIEPAaTypH HarpiBaHHSI
8 o 0...300
osoBa,°C
9 [Toxubka BUMiproBaHHs Temreparypu, °C 2
10 Jiama3oH BUMiproBaHHS yacy mu(poBoro 1...1999
KOHTpoOJIepa, ¢
11 [Toxubka BumiproBaHHs yacy, % 5
12 Yac narpiBaHHs 0JIOBa /10 TeMIIepaTypH IIaBJICHHS, 20
XB.
13 JKvBneHHS yCTaHOBKH BiJl MEpPEXi 3MIHHOTO
CTpyMy:
- manpyra, B 220133
- yacToTa, 11 50+1
14 [ToTyxHicTh criokuBaHHA, BT, He Oiblie 130
15 ["aGapuTHi po3MipH, MM, He OiJbIle 430x382x220
16 Maca ycTaHOBKH, KT, HE OUTbIIIE 7
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JlabopaTtopHna po6oTta Nel2

Tema: «BU3HAYEHHS MOJISIPHOI MacH NOBITPs
METO/IOM BiJIKauyBaHHs))

I N e Pyt B s i

Excnepumentanbna ycranoska GIIT1-12

1 — Baru; 2 — BakyymMMeTp; 3 — BaKyyMHHI KpaH; 4 — BUMIPIOBaIbHHUI 0JIOK;

5 — komrpecop; 6 — cTosik; 7 — Koi0a.
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Mema pob6omu: o3HAUOMIEHHS 3 OOHUM 13 MemOoOi8 BGU3HAYEHHS MOAEKVIAPHOI macu i
2YCMUHU 2a3).

Teopernuni BitomocTi

Monexynspnoio (MonspHo0) macor HA3UBAETbCS Maca OJHOTO MOJIS PEYOBHHHU. Y
cucreMi CI 11 BeMUMHA BUMIPIOETHCS B KUIOTpaMax Ha MOJib. Mo — KUIBKICTh PEYOBHHH,
SIKa MICTUTh CTUIBKH K CTPYKTYPHHUX €JIEMEHTIB (MOJICKYJ, aTOMIB 1 T.J.), CKUIbKH aTOMiB
MICTUTBCS B 130TOIII BYTJIEITIO 12C macoro 0,012 xr. MonsipHy mMacy razy MOKHa BU3HAYUTH 3
PIBHSIHHS a30BOTO CTaHy.

[Ipn He nyXe BUCOKMX THUCKAax, aje JOCHUTh BUCOKHX TeMIlepaTypax TIa3 MOXHA
BBaXKaTH i1eanbHUM. CTaH TaKoOro ra3y onucyeThbcs piBHAHHIM MeHneneeBa- Kianeiipona:

P-Vz%-R-T 1)

ne P — tuck rasy; V — o0’em razy; m — maca rasy; [ — MoJsapHa maca rasy; R = 8,31
JIx/(monb-K) — yHiBepcanbHa ra3oBa ctaina; T — abCONIOTHA TeMIIepaTypa rasy.
3 piBusHHA (1) MOxHA ofepxatu GOpPMYITY A MOJISIPHOI MacH rasy:
m-R-T

H="pv @

Sxuio BumiproBaHHS TUCKY P, 06’emy V., temmneparypu T rasy, ToOTO mapamerpiB
rasy, ki BXOJTh 10 ¢hopMyinu (2), He BUKIMKAE OCOOTUBUX TPYIHOILIB, TO BU3HAYCHHS MacH
ra3y BHMKOHATH NPAKTUYHO HEMOXXJIMBO, TOMY IO Ta3 MOXHA 3BOXUTU TUIBKH pPa3oM 3
K010010, B SIKIM BIH 3HaXOAUThbCsS. ICHye 1HIIMI cnoci0 BU3HAYEHHS [, SKUM J0O3BOJISIE
BUKJIIOYUTH HEBiZIOME 3HAYEHHS Macu Koinou m,. Lle MokHa 3poOHTH, PO3TIIAHYBILU
PIBHSIHHS CTaHy JIBOX Mac M, 1M, TOr0 caMoro ra3y npu He3MiHHUX Temriepatypi T ta o0'emi
V.

Hexait y xon6i o6'emoM V 3HaXxoguThCcsl Tra3 Macow m, Mig TUCKOM P; 1 3a
temneparypu T. PiBHsHHS cTany (1) U1t LbOro ra3zy Mae BUTIISA:

my
Pl-V=7-R-T 3)

Binkauaemo wacTuHY ra3y 3 KoOIOHM, HE 3MiHIOIOYM iforo Temmneparypu. Ilicmus
BiJIKaUyBaHHsI Maca ra3y, 110 3aJIUIINBCS y KOJ01, Ta HOT0 THCK 3MEHITyI0Thes. [To3Haunmo ix
BIJIMOBITHO M, 1 P, 1 3HOBY 3alMIIIeMO PIBHSHHS CTaHY

m;
P,-V=—-R-T 4)
U

3 piBHsHbG (3) Ta (4) nicTanemo:

my—m, R-T

P,—-P, V ®)
Oneprxana ¢opmyna (5) 1ae MOKIMBICTh BUSHAUYUTH U, SKIIO BiJOMa 3MiHA MacH rasy

(ame HEe caMa Maca), a TAKOXK 3MiHa TUCKY, TEMIIEPATypH Ta 00'eMy Tazy.

M:

VY nanHiii poOOTI JOCHTIKYBAaHUM Ta30M € TOBITPs, SKE SBIISE COOOI CyMINI a30Ty,
KHCHIO, apTOHY Ta 1HIITUX Ta3iB.

®opmymna (5) mpunatHa i 1 BU3HAYCHHS [ CYMIIII ra3iB. 3HaWICHE Y IIbOMY BHIIAIKY
3HAYCHHs 1 sBJIIE COOOIO JIEAKYy cepenHio abo epeKTHBHY MOJSPHY Macy CyMIiIli rasiB.
Mousipra Maca cymimi Tra3iB Moke OyTH po3paxoBaHa 1 TEOPETHYHO, SIKIIO BiJOMHIA
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IPOIIEHTHUI BMICT Ta MOJISIpHA Maca KOXKHOTO 3 Ta3iB, KM BXOIMTH JO CKJIAIy CyMiIIi, 3a

dbopmyoro
1
Helmy 1 omp 1 m, T ©
m . m Uy m  Un
Jie %, % % — BIJHOCHUH 3MICT KOKHOTO Ta3y; Uy, U, ..., Uy — MOJISIPHI MacH Ta3iB.

Sxmo BilomMa MOJSpHA Maca rasy, TO MOXKHA JIETKO BH3HAQUUTHU 1€ OJHY BAXKIUBY
XapaKTepUCTHUKY ra3zy — oro ryctuny p. ['ycTruHa ra3y — 11e Maca OJUHUII 00’ eMy rasy:

== )
P=V
Bupasusmu % 3 piBHsAHHSI MenneneeBa-Knaneiipona, nictanemo:
P-u
=" 8
P=pT (8)

['yctunHa cymimii ra3iB MoxHa 00uuciuTu 3a Gopmysorw (8), posymiroun mif Y ePeKTUBHY
MOJISIPHY Macy CyMIIlIi.

ExcnepumenTaibHa yCTAHOBKA

Jlnsi BU3HAUEHHS MOJICKYJISIPHOI MacH TMOBITPS TpHU3HAYEHA EKCIIEpUMEHTaJIbHA
ycranoBka ®OIIT1-12, 3aranpHuii BUTIIS SIKOT 300pakeHU HA TUTYJIbHIM CTOpiHII 65.

PoOounii eneMeHT yCTaHOBKHU SIBJIsIE COOOI0 CKIsIHA KouiOa 8, 3'€HaHy 13 CTPIJIOYHUM
BaKyyMMETPOM 2, ITOKa3u SKOro P BiINOBITAIOTh Pi3HUII aTMOC(EpHOro THCKY y abopaTtopii
Py 1 Tucky raszy B konbi Pg. Konba mae BiIpocTOK 3 KpaHOM, SIKMH 3a JOIOMOIOI0 T'YMOBOI
TPYOKH 3'€HYETHCS 3 BXIJHUM MaTpyOKoM 5 Kommpecopa 6, pO3MIIIEHOIO Ha CTOSKY 7.
Konly BcTaHOBIIEHO Ha €JeKTpOHHUX Barax 1. 3HaueHHs 00’emy V konbu BKa3aHO Yy
MacIopTI.

ITopsinok BUKOHAHHA po0doTH

1. llonaTn Hampyry S>KMBJICHHS Ha €JIEKTPOHHI Bard, BBIMKHYBIIM YCTaHOBKY
TymOsiepoM «Mepexar.

2. 3a JI0TIOMOTro0 €JICKTPOHHHX Bar BU3HAYUTH Macy KOJIOH 3 MOBITpsM (mg + m;)
IIPU TUCKY P;.

3. YBiMKHYBImI KoMmIipecop TymOnepoM «Ilyck» i, BIIKpHBIIM KpaH, BiKadaTH
NOBITPS 3 KOJOM 10 TUCKY P,, miclig 4YOro, 3aKpUBIIM KpaH 1 BUMKHYBIIH
KOMITPECOp, BU3HAYHMTH 3a JIOTIOMOTOI0 Bar Macy KOJIOH 3 MOBITpsM (Mg + m,)
3a TUCKY P,. OeprkaHi pe3yibTaT 3aHECTH A0 Tadymii 1.

Tabauysa 1
Ne BuM. mo +my my +m, my; —m,, Py, P,, P, — P, T, u, 0, €
KT KT KT Ila Ila Ila K KI/MOJIb kr/M3 | o

| 1 ] 1 1 [l 1

4. TloBTOpUTH BUMIpH IO IIl. 2-3 HE MEHII 5K 3 pa3u.

5. BuMipstu Temneparypy moBiTps B 1abopatopii.
6. BuUMKHYTH ycTaHOBKY TymMOJIepoM «Mepexay.
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O0podOka pe3yabTaTiB BUMIPIOBAHb

1. JIns KOXKHOTO BUMIPY BU3HAYUTH Macy BigkadaHoro moitps (m; —m,) Ta

pizHHIO TUCKIB (P; — Py).

2. 3a ¢popmynoro (5) o0UMCIUTH AT KOKHOTO BUMIPY 3HAYSHHS MOJISIPHOT Macu

MOBITPS [. 3HAUTH CepeHe 3HAUCHHS < [ >.

3. 3a dopmynoro (8) 00UMCIUTH [JII KOXXHOTO BHMIPY TYCTHHY TOBITS,

BHUKOPUCTOBYIOYH 3HaﬁH€He 3HAa4YCHHA MOJ'IHpHOll. Macu U.

4. OuiHuTy MOXUOKY PE3y/IbTaTiB BUMIPIOBAHb.

KonTposbHi 3aB1annus

1.

Hlo Take MoOJeKynsgpHa Maca pEYOBHHM 1 B SKHX OJMHHISAX BOHA
BUMIPSIETHCS?

3anuiiTe i MOSCHITH piBHIHHS MenneneeBa-Kianeiipona. B skux Bumaakax
HOro MOXHa BUKOPUCTOBYBATH JJIsl IPAKTHUYHUX OOUUCIICHD?

Sk TeOpEeTUYHO po3paxyBaTH MOJICKYJISIPHY Macy CyMilli ra3iB?

[Ilo Take ryctrHa raszy i ik ii MO>KHa BU3SHAYUTHU €KCIIEPUMEHTAIBHO?
BuBenite po3paxyHKOBY (GopMmyny Ui BHU3HAUYE€HHS MOJIIPHOI Macu, IO
BUKOPUCTOBYETHCS B JIaH1H POOOTI.

YoMy MoIsipHY Macy ra3y HE MOXHA BHU3HAYUTH O€3MOCepeaHbO,
BUKOPHUCTOBYIOUHM PiBHAHHS MeHaeneeBa-Knaneiipona?

VY 4yomy monsrae MeTO]| BiJKauyBaHHS JJIi BU3HAUYEHHS MOJISIPHOI MacH
rasy?

OcHOBHI JiKepera TOXHOOK JJaHOTO METO/1Y BUMIPIOBAHHS.
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TEXHIYHI XAPAKTEPUCTUKHU

1 Jliama3oH BUMipIOBaHUX THCKIB, Klla Bin 0 no -101
IToxubka BUMIPIOBaHHS THUCKY (ipm
2 . t1
atmocheprnomy Trcky 101 kxIla), %, ne 6inbiIe
3 0O0’eM koI10H, 1 1+10%
4 Jiama3oH BUMipIOBaHHS MacH, T 2-+250
5 [ToxubOka 3BasKyBaHHsI, MT 38
Kusnenns ycranoBku @IIT1-12 Bim Mepexi
6 3MIHHOTO THCKY:
- Hampyroio, B 220*22
- 4acToToIo, 11 50+1
7 [ToTyxHICTh criokMBaHHS, BT, He OUTbIIIE 130
g yCTaHO'BKa JIONTyCKAae HeNepepBHy poOOTy Ha 12
IpOTSI3i, TOJ
9 ["abGaputHi po3mipu, MM 630x380x220
10 Maca ycTaHOBKH, KT, HE OiJIbIIIe 10
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JlaGopaTopHa podota Nel3

Tema: «BU3HaYeHHsI KpUCTadi3alii TBePAUX TLI
METOI0M KPHBOI 0X0JI0KEHHS)

EKCHepHMCHTaHbHaYCTaHOBKa

1 — mimiBombTMeTp; 2 — TepMonapa; 3 — nocyauHa i3 ciuiaBoM Bypa; 4 -

CJIICKTPOILIUTKA
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Mema pobomu: GusHawumU NUMOMY MEWIONy ma memnepamypy Kpucmausayi  cwiasy Byoa ,
PO3DaXy8amiL IViHy eHIMPONIT MEMOOOM SHAMNAL KPUBOL KpUCAi3auil.

Ilpunaou i mamepianu: MmineoMMEMp O3€PKATLHULL, MEPMONAPa, NOCYOouHa 3i cwiasom  Byoa |
EIEKIMPONIUMKA, MENAIEBULL CTEPIHCEHb, KEPAMIMHA NIOKTIAOKA.

TeopeTuyHi BizoMocTi

Kpucmanizayis - ue piBHOBaXHHMH (ha30BHI Mepexi] KPUCTATIYHOTO TiJIa 3 PiJIKOTO
cTany B TBepAuil. [lumoma menioma niaenenHs A - KUIBKICTh TEIUIOTH, SKa HEOOXI1JIHA IJIA
PO3IIJIaBIICHHS OAMHUII MAaCH KPUCTAIIYHOT PEYOBUHH ITPH TEMIIEPATYpi TIABJICHHS.

+ Coami oo Temmeparypy IUIaBJICHHS Ty
T, R : o BM3HAYAIOTh METOJIOM 3HSATTSA KPUBOI

T o R AT ©7 | mnaBnenHs (3aNEkKHOCTI TeMIeparypu
.~ | Bim wacy), abo, mo 3pyyHime Ha
-T.,‘-‘-'E. S HPaKTHULI, 3HATTSIM KPUBOi TBEPIHCHHS
' (kpucTamizariii).

CxeMaTH4YHO TIJIaBJICHHS IMPpOXOaUTDH

TpH €Tanu:
1. [ornuHanHs TBEPAUM TLJIOM JIEAKOT

> KUTBKOCTI TEIJIOTH, IO MPUBOJMTH JIO
t t, ts pyWHYBaHHS KPHUCTAIIYHOI TPaTKH,

" Puc.13.1. Kpusa. o © . | BHaCIIJOK 4YOTro TBEpJE TII0 MOYMHAE

CTaBaTH piI[KI/IM;

2. Cam npoliec MIaBJIE€HHS TaKOX CYIPOBOIXKY€ETHCS MOTIMHAHHAM JIESKOT KUIBKOCT1 TEIUIOTH;
3. Pinkuit cTan, njs miaTpUMaHHS SIKOTO HEOOX1/1HA MTeBHA KIJTBKICTh TETUIOTH.
3BOPOTHIM MPOIIECOM € KpUCTaJi3aIlis, sika TAKOXK CKIAJAETHCS 3 TPhOX €TalliB:
a) TBEpIHEHHs pos3ljaBieHoro Tuia (cwiaBy Byaa), mo  cynmpoBoKyeThCs
BUJIUUIEHHSIM 3a OJMHHUIIIO Yacy KUIbKOCTI TEIJIOTH (] !

Q T, Ty
q1 = ﬁ (meia + mycy) Atlp 1)

Jie M 1Cpiy - Maca i MUTOMa TEIJIOEMHICTh piaKoro cruiaBy Byna, my ic, -maca i muroma
TEIUIOEMHICTh NOCYAMHHM , [1- NOYaTKOBA TeMIEpaTypa TBEpAHEHHS, I, - TemIepaTypa
KpUCTani3alii, o piBHa TeMneparypi miuaBieHHd Iy, = Ty, At; — IPOMDKOK yacy Bin
MOYaTKY OXOJIOJKEHHS J10 MOYaTKy KpUCTali3alii.

0) mporec KpHUCTai3aIii CympOBOIKYETHCS BUJUICHHSIM 32 OJMHHIIO Yacy
JIeSIKO1 KIJTbKOCTI TETJIOTH (5

_ QZ _ Aim 2

92 = At, Aty (2

Je A - nuToMa TeruioTa MiaBieHHs (Kpucranizanii), At - yac KpucTaizaiii.
B) OXOJIO/DKCHHS TBEpAOrO Tilla, MIO TaKOX CYNPOBOKYETHCS  BHUALICHHAM

3a OJUHUITIO Yacy JIeAKOI KITbKOCTI TeTIOTH (3

Q Tyo—T
ds = A_t?; = (mcmb + mncn) Zt?, - (3)
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o€ Cmg - THTOMA TEIUIOEMHICTh TBEpPAOro ciaBy Byma, 7> KiHIeBa TeMIiieparypa
0XOJIO/KEHOTO cIuiaBy Byna, At - yac 0X0n0mKEHHS.

SIKII0 MPOMIXKKHM 4acy BBayKaTH OJHAKOBUMH At; = At, =Atz, TO BelIWYHHY (, MOKHA 3HANTH
SK cepeliHe aprupMeTHIHE BEIUYHH (1 1q3

_ q1tq:
Q2 =" 4)
BpaxoBytoun piBaocti (1) - (4), orpumaemMo Bupa3 Uis MUTOMOI TEIJIOTH IUIABJICHHS
(kpucTam3artii):

1
- [(mcpiy + mucy)(Ti—Typ) + (MCpp + Mycy)( T, — T2)]
[Iporiec TBEPAHEHHS 3 HACTYIIHAM OXOJIOKCHHSIM TBEPOrO CILIaBy Byaa CylpoBOIKYeThCS

3MiHOI0 eHTporii dS, Ky 004YHCITIoI0Th 3a HOPMYIIOI0:
T. dT | Am T. dr
dS= [ *mcpp —+=—+ [ *mcpp —
Tch T Kp Txp T

Q)

abo

T, Am T
dS=mc,;, In -2 + ——+mcp,, In=>
Tl Ticp Ticp

I[TapaMeTpu eKCIepUMEHTAJIBLHOI YCTAHOBKHU
Maca criaBy m =212 r;

Maca NOoCyJIMHU My = 43,8 T;

. A
NUTOMA TECIJIOEMHICTh ITOCYJIUHH Cp = —)KK
KI*

IMTOMA TEIUIOEMHICTD PIAKOIO CIIIABY Cpig= 146ﬂ—";<
KI*

. !
IUTOMA TEIUIOEMHICTh TBEPJIOTO CILUIABY Cppp = 248ﬁ
-

KoHTpoJibHi 3aB1aHHsA
1. ®a3zoBuii nepexia Nepuoro Ta APyroro poay.
2. Ilpouecu cyOmimamii, mnnaBiaeHHs. [luToma TemnoTa IUTaBIEHHS. 3alleKHICTh
TEeMIIepaTypH TIJIaBJICHHS BiJl THCKY.
3. IIpouec kpucranizanii. Pa3osa giarpama.
4. TloHATTS eHTpomii.
5. Teopis merony. BuBenenus po6odoi hpopmyu.

Ilopsinok BUKOHAHHS PO0OTH

1. Tloxmactu nmocynuHy 3i cruiaBoM Byna Ha €eKTPOITUTKY.

2. Cmait TepMoniapu OIyCTUTH B OCYUHY TaK , 100 BiH JOTOPKABCS CILJIaBY.

3. YBIMKHYTH €JEKTPOIUIMTKY 1 depe3 JesIKUil Jyac MepeBipUTH METAJIEBUM CTEP>KHEM
CTaH PO3IUIaBY.

4. Komu cruiaB Byna crane pinknm, 3adikcyBati mokasu migiBoiasrmerpa (Uz).

5. BumkHyTH enekTporumTKy. [locyauHy 3 po3IuTaBoM 3HATH 3 TUTUTKH Ha KEpaMidHy
T IKJTAJIKY.

6. Uepes xoxHl 30 cekyHn ¢ikCyBaTH TeMIEpaTypy CIUIaBy J0 IOBHOTO HOTO
OXOJIOJKEHHS 710 KiMHaTHOT Temneparypu. Jani Ty ,To,..., T, 3anectu B Tabnumio 1.

7. TloOynyBaTu KpHBY OXOJIOPKEHHS 1 3HAWTH 3a HEI0 TEMIIEpaTypy KpUCTati3allii.
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8. OOUYMCINTH MUTOMY TEIUIOTY IIABJICHHS 1 3MiHY €HTpPOMIi.

9. CdhopmynroBaTH BUCHOBKH.

3BiT I1P0 BUKOHAHY PO0OTY
1. Poboua ¢popmyna.
IIntoma Tenora riaBjIEHHS:

1= [(meo + mac)(Tu=Toy) + ey + macy)(T,, = T2)]

. _ Ty , Am
3mina entpomii: dS=mc,;, In o + T—Kp+mcmb In

2. Pe3ynomamu excnepumenmy.

T
K]

T,

v

Tabauys 1
t' T’ °C TK s °C K 9K 9
X ‘ P pRa a5t (€%
e KT KT

3.Kpuea oxon00xcennsn

T, °oC A

4. Bucnoexu.

uN‘ r
(@)
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JlaGopaTopHa podora Nel4
Tema: «@a30BHH Mepexia NepuIoro poay Ha NpUKJIALL
1nepexoay BOAH B apy NpH TeMIepaTypi
KHIIIHHSD)

EKCHepI/IMCHTaJILHa YCTaHOBKa

1 — mxepesio cTpymy; 2 — BOILTMETP; 3 — amIepMeTp; 4 — KUl SITUIbLHUK

BOJOIO; 5-— XOJIOAUJIbHUK, IITATUB, FYMOBi pr(SKI/I, CKJISITHKaA JJIst BOJOU.

3
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Mema pobomu: 03natuoMUMUCL 3 OOHUM i3 MemOoOi8 NPAKMUYHO20 — BUSHAYEHHS NUMOMOL
meniomu ¢hazo6020 nepexooy 600U 6 napy Npu Mmemnepamypi KUniHHs.

Ilpunaou i mamepianu: Odxcepeno cmpymy, NpPOSIOHUKU, BOJbMMEMP, amnepmemp,
wmamue, Kun 'SmulbHUK 3 600010, XOJOOULbHUK, 2YMOGI MpYOKU, CKIAHKA
0151 80OU.

TeopeTuyHi BizoMocTi

Ilumomoro mennomoro nepexody piouru 6 napy (A JI)k/Kr) Ha3UBa€ThCS BETUYMHA, KA
YHUCENbHO pIBHA KIUTBKOCTI TEIUIOTH, AKY MOTPIOHO HAAATH OJMHHUII Macu DIIUHH JUIA
NEepeTBOPEHHS 11 B Mapy NpH MOCTiHHIN Temmeparypi KumiHas. TernoTa, sika miABOAUTHCS 110
piIMHU TpU  130TEpPMIYHOMY BHIIAPOBYBaHHI, i€ Ha poOOTy MO NOJOJAHHIO CHII
MOJICKYJISIPHOTO MPUTATAHHA 1 HA pOOOTY MPOTH CHJI 30BHIIIHBOTO THCKY.

Yepe3 nmesxkuil yac micisl 3aKUMaHHS BOAM BCTAHOBHUTHCS MPUOIM3HO OJHAKOBA PI3HHIIA
TEeMIEepaTyp KOJIOM 1 HAaBKOJHUIIHBOTO CEPEAOBHUIIA 1, MPOXOASYM Yepe3 KOHJAEHCATOop, mapa
OyJe epeTBOPIOBATUCSA B PIAUHY .

[Ipy mpoxo/KEHHI ENEeKTPUYHOTO CTPYMYy IO MPOBIAHUKY BUIISETHCS KUIBKICTD
TEIUIOTH, YUCEIBHO PiBHA POOOTI IEOTO CTPYMY :

Q=A=1LUt )
ne U; ,- Haripyra Ha KiHIIX MPOBIIHUKA, [; - CHJIA CTPyMY, SIKa MPOXOJHTH 110 MPOBITHUKY
IpoTSroM 4acy t. B Hamomy BHUITaKy TaKUM IPOBITHUKOM € CIIipajib HarpiBHUKA.

IIpore He Bcs Ttermora Q, oTpuMaHa BOJOIO BiJX HArpiToi cmipaii, #ae Ha
NEPeTBOPEHHS BOAM Macoro ml, B mapy - dYacTuHa i1 BHUTpadaeTbcss Ha HArpiBaHHS
HABKOJIUIITHBOTO CEPEIOBHINA (TEIIOB1 BTPATH):

Q=m1+q )
Jie A - TUTOMa TEIUIoTa NMepexoAy BOJU B mapy, ( - TeraoBi BTpaTu. AGo 3 BpaxyBaHHsM (1):

LU;t=myd +q (3)

TemnoBi BTpaTé BaKKO BU3HAUUTH €KCIIEPUMEHTAIBHO, TOMY JIOCH1/I OBTOPIOIOTH MPU

IHIIIHA MOTYKHOCTI €JIEKTPUYHOTO CTPyMY, BBA)KalOUH, 110 TEIJIOBI BTPAaTH Taki cami, AK 1 B
HepUIOMY AOCII, AKIO Yac NPOTIKaHHS CTPYMY OJJHAKOBHIA:

1L,Ust :.mle +qQ (4)

3 BupasiB (3) i (4) nerko 3HaX0UMO A :

_ (I4U1=RUy)t

mi—m;

A (5)
KounTtpoJbHi 3aB1aHHA

1. TlousaTts dazu. ®a3oBi mepeTBOPEHHS.

2. BunapoByBanHs. Kuminns. [lpuxoBaHa TeruioTa KWITIHHSA Ta ii 3aJeXHICTb BiJ
temneparypu. CTaH JUHAMIYHOI piBHOBarM piguHM 1 napu. Hacuyena mnapa,
MPYXHICTh HACUYEHOT MapH.

3. Teopis metony. BuBenenns pododvoi opmyiu.

IHopsinok BUKOHAHHS POOOTH

1. VBimMkHyTH mxepeno crpymy. IloBepHyTH pyuky peryisropa Tak, 100
Harpyra U; =80B. 3nauenns U;, Ta mokas3u ammnepmerpa I, 3aHecTd B TaOIHITIO 1.
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IToxu BOJa B KHH'SITPIJIBHI/IKy 3aKHIIUTH, 3BAXUTU IOPOKHIO CKIMHKY IJId BOOH.
3HaveHHS M, 3aHeCTH B Tadmmiro (1).

[Ticist Toro, SIK 3 XONOAWJIbHHKA MOYHE KalaTh KOHIEHCAT, MITKJIACTH CKJISHKY.

HabupaTtu koHIeHCaT MPOTIATroM 3a/1aHOTO Yacy.

3BaXUTU CKISIHKY 3 KOHJCHCATOM M, y. 3JHAWUTH Macy KOHJEHCOBAHOI IMapu:
my = Meyp—Mc

BumMkHyTH 13Kepeno cTpyMy, 1100 Boja y KUI'ITHIIBHUKY IIepecTana KUITITH.

Yepes AesKui 4ac MTOBTOPHUTH III.. 1-6 MPH 1HIIOMY 3HAYCHHI HAIIPYTH
U, = 60B. 3nauenns U,, I, Ta m, 3aHecT B Ta0IuUIto 1.

OO0unCIUTH TUTOMY TEIIOTY IMAPOYTBOPEHHS BOAHM, AOCONIOTHY Ta BiIHOCHY
HOXUOKH.

PesynbraTu npeacraButu y BUrisigi A = b + AL ChopmyaoBaTH BUCHOBKH.

3BiT PO BUKOHAHY Po6OTY

1. Poooua ¢popmyna

[TuToma TennoTa napoyTBOPEHHS:

_ (I,U; — LUyt

A
my —m;
2.Pe3ynomamu ekcnepumenmy
Tabauys 1
U,;B I;,A mpkr | U, B [I,A mo, K© |t,C N Mx A Mx
By "kr e,
%
3. Obuucnenna noxudoox
InA= (U, — LU, + Int — In(m; —m,)
dﬂ. _ U1dl1 + IldU1+U2dZZ + lszz + At dm1 - dmz
ﬂ. N l1U1_12U2 t ml_mz
a) BIJHOCHA NOXMOKA BU3HAYEHHSI TEIJIOTU MapOYTBOPEHHS:
_ (AIU1+U)+AU(Iy+]p) | At am\
e = (FEIT I 4 21 227 - 100% (6)

ne Az— abconroTHa MOXMOKa BUMIPIOBAHHS BEIWYMHM Z (CHJIM CTPYMY, HAIpYrH, 4acy,

MacH).
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0) abcoJrroTHA TOXUOKA:
AA=¢c A (7

4. BucHnog6ok 3anucamu y maxii ¢popmi:
A= Aept 4 A
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JlabopaTtopHna podoTta Nel5

Tema: «BU3HAYeHHS] KpUTHYHOI TeMIlepaTypu
€THJIOBOT0 CIUPTY»

EKCHepI/IMeHTaHI)Ha yCTaHOBKa

1 — npoekuiiinuii anapat (POC-115); 2 — miniBonbT™METp; 3 — amityia 3 edipom;
4 — ekpaH Ha IUTaTUBI; TepMoliapa ( Milb-KOHCTaHTaH); TaOIULs I'palylOBaHHs

TepMOIIapH; eJIeKTPOHATPIBHUK.
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Mema pooomu: oocrnioumu nepexio emuniogozo epipy uepe3 KpUMUYHUL CIMAH NPU HASPIBAHHI
Ma 0X0J1004CEHHI.

Ilpunaou i mamepianu: npoexyiunuu anapam DPOC-115, minisonemmemp, mepmonapa
(MiOb-KOHCManman), mabauys epadylo8ants MepMonapu, amnyia 3 egipom,
e1eKmpoOHAZPI6HUK, eKPaH HA WMAMUel.

TeopeTuyHi BizoMocTi

T4 Ha tepmonunamiuniii niarpami (puc. 1)
obmacti | 1 |l BimmoBimaroTe cTany

s l@\\ pimuHE 1 ra3y  BiJAIMOBIIHO.

, /// \\\ 3amrpuxoBaHa 00JacTh  BiAIOBigae

! \ PIBHOBa)XHOMY CHIBICHYBaHHI PIAMHHU 1
napu. Cran y Ttouni K , nme 3HuKae

‘
“, pi3HHMIT MDK (a3zaMu —  PIIUHOKO 1

I | 1‘\ I1 apor0 - HA3UBAETBCS  KPUMUUHUM
| \ cmanom peuoBuHu. Cama Touka K

/ : \ HA3UBAETHCS KPUTHYHOIO. Oxin

/ , \\ KPpUTHYHOI TOYKM - 1€ o0iacThb

/ = ; : \\ po3BuHYTHX  (uykTyanid. B yceomy
et 2 e \\\ o0'eMi razy  yTBOPIOIOTBCS 1 3HOBY

PO3MaIaI0ThCs MicCLEeB1 LEHTPH

> 17 ) )
Kp 3I'yHICHHS. IHTEeHCUBHICTE PO3CIHOBAHHA

CBITJIa PEYOBHMHOI THUM Oinbina, yuM Oinbimi (raykTyarii rycTuHH. B KpuTHuHOMY CTaHi
daykTyarii TyCTUHH, OCOOJIMBO BENMKi, BOHU MOLIUPIOIOTHCSA B 00JaCTsIX 00'eMy, 110 B KUTbKa
pasiB mepeBHINye paaiyc MOJICKYJIApPHOI ii. [HTEHCHBHICTH PO3CISTHOTO CBITJIA 3aJIEKUThH BIJ
JOBKMHM XBWJIl Majarodoro cpitina. Jlns razy uYuM piguHU I IHTEHCUBHICTH OOEpPHEHO
IpomnopuiiHa 4YeTBEPTOMY CTENEHEBl JOBXUHM XBWUl. [[ins pedoBuHM, 1m0 mnepeOyBae B
KPUTHYHOMY CTaHI, IHTEHCUBHICTh OOEpHEHO MpOMOpIliiiHa KBaJapaToBl TOBXHWHM XBUii. Jls
PI3HUX JOBXHUH XBWJIb, B KPUTUYHOMY CTaHI, CIEKTPAJIbHUI CKJIaJ PO3CISIHOTO CBITIIa TaKUH
caMMii sK 1 magaroyoro. Tomy po3cisiHe CBITJIO HaOyBae KalaMyTHO-O01710r0 3a0apBiIeHHS, sKe
Harajye KoJip MiHepally onajly (Tak 3BaHe SsBUILE KpUTHYHOI onanecreHuii). Kpurnuna
OMaJeCLEHIs] CHOCTepIraeThCsl caMe B KPUTUYHIM TOYIll, a HE BMILNE YM HIDKYE BiJ Hel.
JlocnmiKeHHs TTOKa3yloTh, M0 HUXKYE 3a Iy, B pIAMHI € Oarato ApiOHMX OyiIpOamlIoK mapw, i
pLAMHY MOXKHa TOPIBHATH 3 TIyOKOIO, SIka HacH4yeHa maporo (piiuHa B JJAHOMY BHIIAJKy —
JMCcIepCiiiHe cepefoBHIIE, a rapa - qucnepciiina ¢asa). Bume 3a 7, OCHOBHUM CEPELOBHUILEM €
napa, B K1l MICTSTbCSI HAWIpiOHIII Kpanenbku piquHu. Husbka BeanurHa BIIbHOI TOBEPXHEBOT
eHeprii mpu Temneparypax O0aM3bkux 10 7T, , CTBOPIOE CIPHATINBI YMOBH I (IyKTyauii Ta
B3a€MHHX MEPEXOiB Mapy B PIIMHY 1 HaBNaku. MakcuMyM (iyKTyarlii 30iraerbcs 3 MOMEHTOM
KPUTUYHOI TOUKH, KOJIM TUCIepCiiiHe cepepoBuIle i nucnepciiina ¢aza MiHSAIOTbCA MicisiMu. B
JaHiii poOOTI ISl BU3HAYEHHS KPUTUYHOI TEMIIEpaTypH €THIIOBOTO e(ipy BUKOPHUCTOBYIOTH
MeToJ ABeHapiyca, /i€ 3aCTOCOBYIOTh I'€pMETHYHI aMIlyJM 3 HE3MIHHOI MacOl PEYOBHHHU.
[TigBuIIEHHS TEMITepaTypy PEYOBHHH B aMITyIi JIO JAESIKOTO 3HAUYEHHS MPUBOAMTH JIO ITEPEBOIY
peYoBHHM 3 ABOGA3HOTO CTaHy B OJHOPIAHMI. Bi3dyallbHO 1€ crocTepiraeThesi Mpu 3HUKHEHHI
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MEHICKY 1 mosiBi omanecteHnmii. Yepe3 neskuii 4ac sBUIE OMaJCCIEHINI 3HUKAE 1 3HOBY

cnoctepiraetbcst MeHick. lLle BimOyBaeThcsi mpu Jeskiii Temmeparypi 72. 3a KpUTHUYHY
Temreparypy 0epyTh cepenHe apupMEeTUIHE TEMIIEPATyp MOMEHTY 3HUKHEHHS 1 TIOSIBH MEHICKa!

T, +T,
kp =7 5 ey
KoHTpoJibHi 3aB1aHHA
1. PiBHsHHS cTaHy peaiabHUX Ta3iB (piBHAHHS BaH-nep-Baanbca).
2. I3oTepmu Ennproca ta Ban-nep-Baansca, ix anais.
3. Kputnunmii craH pedoBUHHM (KpUTHYHUK THCK, oO0'eM 1 Temmeparypa). SBurie

OHaJIeCLIEHII].

4. MeToiMKa BUBHAUYEHHSI KPUTUYHOI TEMIIEPaTypH.

HOpﬂ)IOK BUKOHAHHSA pOﬁOTI/I

L A

10.

[lepeBipUTH KOHTAKT TEPMOIIAPHU 3 AMITYJIOHO.
VYBIMKHYTH IPOEKLIHHUN anapar.
Jlobutucs 4iTKoro 300paxeHHsI MEHICKa Ha €KpaHi.

VYBIMKHYTH €NEKTPOHArpiBHUK 1 CIOCTepiraTu 3a MpollecamH, IO BiAOYBarOThCS B

aMITyJIi.

B MoMmeHT mosBH oOmajecueHiil 1 3HUKHEHHS MeEHICKa
MutiBoasT™MeTpa Uj.

Jlani cmoctepiraT 3a OMaJICCICHIIIEID 1 MOMEHTOM ITOSIBU MEHICKA.

B MoMeHT mosiBu MeHicKa 3a¢ikcyBaTu moKasu MiiBoabT™MeTpa U,.

3aikcyBaTH MOKa3u

3a Tabnuuero TpaayloBaHHS TEpMOIapH MepeBecTH 3HauyeHHs Hampyru , U; ta U,

TeMmmeparypy.

OOUNCTUTH KPUTUYHY TEMIIEPATypy, aOCOIIOTHY Ta BITHOCHY OXHOKH.

Pesyneratn mnpeacrasuth y BHrIAal  Tip= T+ ATy,
CdopmynroBaT BACHOBKH.

3BiT PO BUKOHAHY pPo6oOTY

1.

Kpurnuna remneparypa : T,,=

Pooboua gpopmyna

_(T»1+T»,
2

2. Pesynomamu excnepumenmy

Tabauys 1

B

Ne

Ul 5 MB Tl ,OC U2 5 MB Tz y °C TKPOC

AT ,°C %
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3. O6uucnennsa noxuook
AT; = |To, — Ty

AT, = |T,, — T,

AT,
e=—"2-100%

T,

4. Bucnoeok 3anucamu y maxiu gpopmi:

Tip= Tipp£ ATy
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JlabopaTtopHa podoTa Nel6

Tema: «IlepeBipKa OCHOBHHUX Ta NMPOMIiKHUX TOYOK
PTYTHOI'O TEPMOMETPA))

EKCI’IepI/IMCHTaHBHa YCTaHOBKa

1 — mocmimkyBanuii pryrauii tepmometp (Bix 0°C go 100°C); 2 — 3pa3koBuii
prytauii tepmometrp (Bim 0°C mo 250°C); 3 — mocynmHa 3 Bomowo; 4 —

CJIICKTPOIUINTKA, KY6HKI/I JbOay, LITaTUB.
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Mema pobomu: o3HatloMumucs 3 0OHUM i3 MemoOoié nepesipKu OCHOBHUX MA NPOMINCHUX MOYOK

Ilpunaou

00CNIOHCYBAHO20 MepMoMempa 6 NOPIGHAHHI 3i 3pazkoeum ma nobydysamu
KpUu8y nonpasokx.

i  Mmamepianu: wmamus, OOCHIONCYBAHUL  PMYMHUL — mepmomemp  (8i0
0°C oo 100°C), 3pasxosuti pmymuuti mepmomemp (8i0 0°C do 250°C),
nOCYOUHA 3 800010, KYOUKU 1b00Y, eNeKmMpPONIUmKA.

IHopsiiok BUKOHAHHS POOOTH

Hns mepeBipku HynmboBoi Touku  (0°C) TepmomeTrpa MiArOTYBAaTH MOCYIMHY 13
CYMIIIIIIO BOJU 1 TOBYEHOTO JBOY.
[ToxnmacTu mocyIMHy 3 MIATOTOBJIEHOIO CYMIIIIIO HA XOJOIHY €IEKTPOILUIUTKY.
OnycTuTy TEPMOMETPH B MOCYAMHY TaK, 1100 pe3epByapu pTyTi Oynu 3aHypeHi B
JaHy CyMIIIL.
Yepes nesxuii gac 3aikcyBaTH M1OYaTKOBI MOKa3U TEPMOMETPIB (Eyo¢ 15, )-
Jlns mepeBipkd MPOMDKHHMX TOYOK YBIMKHYTH €JIEKTPOIUTUTKY 1 4epe3 JesKHid Jac
¢bikcyBaTH MoOKa3u 000X TEPMOMETPIB:

a) 1o 60°C yepe3 koxHi 10°C 3MiHU TeMIiepaTypu;

0) Big 60°C 1o TemmnepaTypu KUIiHHS 3HIMATH TIOKa3u 3 iHTepBaioM B 5°C.
Jnist mepeBipKy TOYKU KUIIHHS BOJH pE3epByap 3 PTYTTIO TEPMOMETpa MOMIIIAIOTh He
y BOZY, a B T1apy.
Jist 1o0yn0BU KPUBOi TIOMPABOK:

a) 3HAHTH PI3HUIIIO B MIOKa3aX TEPMOMETPIB At =t,, - ty,. (°C);

0) modymyBatu rpadik 3anexnocti At °C Bix t,,,. (°C);

KouTtpoJbHi 3anuranus

R A

TemmnepaTypa Ta criocoOH ii BUMIpIOBaHHS.

TepmoarHaMIUHI KA TEMITEPaTyp.

bynosa, nist 1 npu3HaYeHHsI pI3HUX BUIB TEPMOMETPIB.

OcHOBHI XapaKTEepUCTUKH  TEPMOMETpa: YyTJIMBICTh, 1HEPILiHHICTh, TOYHICTH,
KOHCTaHTa OXOJIOJKEHHS.

Teopis MeTOAy CTaIMX TOYOK.

3BiT PO BUKOHAHY Po6OTY

1. Poéoua ¢popmyna.
PizHuis B okazax TepMOMETPIB: Af = ty, - Lo,
2. Pesynomamu excnepumenmy.
Tabauys 1
No typ , °C toe » °C At, °C
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3. Kpuea nonpasok

1. Bucnoeok

'
ALK

v

=~

doc

, °C
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JlaGopaTopHa podora Nel7
Tema: « BU3HaAYeHHs cepezmbo'l' JIOBKHUHHU BIJILHOTO

npoodiry Ta epeKTUBHOIO JliaMeTPy MOJIEKY.JI
NOBITPS»

ExcrniepiMeHTanbHa yCTaHOBKA
1 — kpan; 2 — mipHa nocyauHa; 3 — JinHiiika; 4 — ckIsiHUN 0aIoH 3 BOJIOIO;
5 — Kaniisp; WTaTuB.
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Mema pobomu: o3natiomumucsi 3 OOHUM (3 CHOCODI8 eKCNePUMEHMATbHO2O BU3HAYEHHS
CcepeOHboi 00BIAHCUHU BLILHO2O Npodicy ma egekmueno2o diamempy MOJEeKY
nogimps.

Ilpunaou i mamepianu: cxisinuii OAIOH, HANOBHEHUL 80000, WIMAMUE, MIPHA NOCYOUHA, 8a2d
i3 PI3HOBAJICKAMU, MEPMOMEMD, aAepOMemp.

TeopeTu4Hi BizoMocTi

[Ipu BuTikanui 3 OamoHa Boau, 00'eMoM V, THCK BcepenuHi OanoHa 3HUXKYyeTbes. Lle
3HWKCHHSI TIPUBOJMTH JI0 BCMOKTYBAHHS Yepe3 Kamuisgp Takoro >k 00'emy moBitps. Llel 00'em
3Hax0AUMO 3a Gopmynoro [Tyazerins:

_mrtapt
V= 1)

Ie I - paaiyc Kaminsipa, | - moBxkuHa Kamiispa, Ap - pisHHIA THCKIB Ha KIiHIIX KaIlijspa

Ap = P8 )

hy i h, - mowarkoBuii i KiHIIEBUI PiBHI BOISHOIO CTOBMA; 1 - KOE(DILI€HT B'I3KOCTI, KU
BUHUKA€ BHACTIJIOK B3a€EMOJIi MK CYCITHIMHU IIapamMH TOBITps, IO PYXalOThCs 3 PI3HUMHU
HIBUJIKOCTSIMU OJTMH BiTHOCHO OJTHOTO, TOOTO 13 BUHUKHEHHSIM CHJI BHYTPILITHHOTO TEPTSL.
MonekynsipHO-KIHETHYHA TEeOpis Ja€ 3B'I30K MK KOe(illi€HTOM B'A3KOCTI MOBITPS 7] 1
CEpPEIHBOIO JIOBKUHOK BUTLHOTO MPOOITy XaOTUYHOT'O TEIUIOBOTO PYXY MOJICKYII ra3y:

1
n=;<v> Ap 3
1€ A —cepenHs TOBKHHA BUILHOTO MPOOIry MOJIEKYIT; <V> - cepeHs apu(pMeTHYHA [IIBUIKICT
MOJIEKYJT; P-TYCTHHA rasy.
BpaxoByrour MakCBENIBCHKHM PO3MOALT MIBUAKOCTEH MOJIEKYJI Ta CHI B3a€MOJIl
PEaLHOTO Ta3y MaeMo:

n= % <v>IAp 4
3BiIKH
_
A= p<v> (®)

s obuncnenHs A3a ¢opmynoro (17.5) i3 piBHAHHSA MenzaeneeBa-KnaneiipoHa 3HaX0AMMO
T'YCTHHY

= bu
P =0 (6)
I3 popmynu Ilyazeiins (1) 3Hax0AUMO KOEQIIIEHT B'SI3KOCTI:
L
o8l v ()

Cepennst apupMeTHUHA MIBUAKICTh BU3HAYAETHCSA 32 (DOPMYIIOIO:

8TR
<v>= T (@)
BpaxoBytouu (6),(7),(8), MmaTumemo:
3 = TR, At ©)
81pumuy/21 V
Jlnst Bu3Ha4YEHHSI e()eKTHBHOTO JliaMeTpy MOJIeKy/ii 0 BUKOPUCTOBYEMO CITiBBITHOIIICHHS:
A= —— (10)

V2md?n
JIC N - KOHIIEHTPAIlisl MOJIEKYII, IKY BU3HAYAIOTh 3a (DOPMYJIOH0:
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p Kim TO
L PoTyin (1 1)

ne L — aucno Jlommiara.
Orxe , epexTuBHUM aiametp, 3Haiaemo 13(10) ta (11) 1 Bin Oyne piBHMIA:

d: PoTyin (12)
R ZnLPamMTO

IHocinoBHICTL BUKOHAHHS PO00TH
1. 3anoBHUTH MOCYANHY HA Y4 11 00’ €My 1 BIAMIPATU PIBEHb BOJIU.

2. Bigkputn HWXKHIN KpaH 0JIOKa Tak, 00 BoJa BUTIKana kpamisaMmu. [ligkmactu MipHy
MOoCyANHY 00'eMOM V, BBIMKHYTH CEKYHJIOMIp.

3. Ilicns 3amoBHEHHS] MIpHOT MOCYAWHU BOJIOIO, 3yIMUHUTU CEKYHAOMIp, 3aKPUTH KpaH 1
BIZIMITUTH HOBHH piBeHb BOAM h,. SIKIIO HeMae MIpHOT MOCYAMHHU, TO 00'€M BOJIH, IO
BUTEKJIa, BA3HAYAIOTH TAK:

a) 3BAXUTU TMOCYAWHY, $KYy MiJIKIagaloTh i KpaH MOpOoxHbOI (Pg-Bara
MIOPO’KHBOI TIOCYIUHN);

0) TOTIM 3BXUTH TIOCYHUHY 3 BOJIOIO (P - Bara MOCYIWHU 3 BOJOIO);

B) 3HAuYCHHS Pi3HUI P1-Py € Macoro BOJH, IO BUTEKJIA!
My,o= P 1-Po
3Ha04Yu Macy m,,,, 3HaX0AUMO 00'eM BOJIH:
V:meo()
Psoo
4. Jlocii TOBTOPUTH 3 pa3H.
5. 3nauenns Besmund V, hy ta hy 3aHecT B TabauLo.

6. OOuucnuTH PI3HUIO THCKIB AP 3a GopMyIoL0:

hy + hy

Ap = pgodgT

7. O6uncautu 3a Gpopmysoro (9) cepeaHIo TOBKUHY BUIBHOTO MPOOIry MOJIEKYJ MOBITPS
A,

8. Busectu ¢opmyiy A BU3HAUEHHS BIIHOCHOI MOXMOKHM BUMIPIOBaHHS.

9. 3a dhopmynoro (12) obuncnuTu epekTuBHUIA giamerp d;

10.BuBectn (opmMyny asisi BUZHAYEHHS BiIHOCHOT ITOXUOKM BUMipIOBAaHHS.

KouTtpoJbHi 3anuranus

1. Monekynsapauii pyx. IlosicHeHHsSI 31TKHEHHsSI MOJIEKYJ Ha OCHOBI MOJIEKYJISIPHO-
KIHETUYHOI Teopii.

2. CepenHe 4uCIO 31TKHEHb MOJIEKYN 3a OAMHHUINO 4Yacy. CepeiHs JOBXKHMHA BLIBHOTO
npo6iry mosexyi. EdexTuBHMiA qiameTp MOJIEKy razy.

3. 3aJeXHICTh JOBXHUHU BUIBHOTO MPOOIry Ta e(peKTUBHOIO JiaMeTpy MOJEKYJ Ia3y BiJ
TEMIIEPATypH 1 TUCKY.
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4. Teopis merony. ®opmyna Ilyaseitnsi, i BUKOpPUCTaHHS ISl BU3HAYCHHS CEPEIHBOL
JOBKHMHU BITBHOTO MPOOITY MOJIEKYI MOBITpst. BuBectu pobouy dhopmymy.

3BiT 32 BUKOHaHY podoTy

1. Poboui gpopmynu

AP = Pupo8 hl;hz (2) — pi3uuis THCKIB Ha KiHIsX Kamimspa[Ap]=Ila;

nr* [nRT;, Apt

A=——7F (9) - cepenns moBKHHA BITLHOTO IPOOIry MOJIEKYI MOBITPs [A]=M

8ip\/2n v

PoTyin

d= AT (12) - edexrunuii giamerp[d]=m
2. Tabnauuni eenuuunu
L- uncno Jlomminra , L=2,7-1025 m-3;
r-pagiyc kaminsipa, r=5*10-4m ;
| - moBskuHa Kamimspa , 1=0,135 M ;
WL - Maca OJHOTr0 MoJis MOBITPs, =29*10-3 Kr/mMomb;
p- ryctuHa Boad, p=103 kr/m3 ;
V- 06'em MipHOi nocyauau , V=50mMn1=5%10-5m3;
R —yniBepcanpHa razosa ctana [R]=8,31 x/(Mmonp*K) ;
Do, To — THCK i TeMIlepaTypa mpy HOpMaIbHHUX yMOBax p, = 10°, Ty = 273K.

Ta6auus 1
| N Jhym [Hom [t,c [Puy Tla|Ta K|[d,m [d,m [e% |AL |

3. Obuucnumo 3nauenns 1.

a). A= nr*,/nRT, Apt
T epy2u v

0). OGUMCIICHHS BiTHOCHOI MMOXHOKHU
InA = In(4p) + Int — InV

dA _d(dp) dt dv

=t —
A Ap t %4
_ (A@p) | At | AVy.
s—(Ap +—+-7)100%
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B). OOuncneHHs abCOMIOTHOT MOXUOKH

Adl= €A

4. Bucnoeok 3anuwiemo y maxiu gpopmi:

A=A

cep

cep

+A42
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JlaGopaTopHa podora Nel8

Tema: « Bu3Ha4YeHHs1 Koe(ilieHTA JIHIHHOTO
PO3LIUPEHHS TBEPIAUX TLI METOIOM
MenesieeBa

ExcniepyMenTanbHa ycTaHOBKA

1 —npobipkorpumau; 2 — npoOipku; 3 — MeTasesi cTep:kHi; 4 — IHAUKATOP

TOAUHHUKOBOI'O THUITY; 5-— HarpiBaq.
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Mema pobomu: 03HAUOMUMUCA 3 KIACUYHUMU MEMOOAMU 8U3HAUEHHS Koeiyicuma 06 eMHO20
PO3UUpenHs 2aiyepury ma Koe@iyicHmie NIHIlIHO20 PO3WUPEHHS CIEPICHIB
PI3HUX Memanis.

Ilpunaou i mamepianu: npunrao [ononea i Ilmi, enekmponiumka, Konba 3 800010 , yMo8a
mpyoxa , nocyo 01 300py KOHOEHCO8AHOI napu, mepmomemp,  bapomemp,
mpu memanesi cmepoucHi ( 3anizo, Miov ), npobipxu, ninyem 3 0Oepes'siHO0
PYUKOI0, NPOOIPKO-MpUMay , MacumabHa JAiHitiKa.

Teoperuuni BitomocTi

Busnavenns koedinieHTa JiHIHHOT0 PO3IIMPEHHSA METAJIEBUX CTEPKHIB.

[Tpu HarpiBaHHI TBEpAUX TLI 3 POCTOM TEMIIEPATyPH 3pOCTA€E CHEPTisl TEIUIOBOTO PYXY,
a OTXe, 1 cepeqHs BIACTaHb MK aToMaMu. ToOTO, BHACIIOK KOJMBHUX PYXiB aTOMIB HABKOJIO
CBOTO MOJIOKEHHSI PIBHOBAru, 30UIbIIYETHCS 00’ €M TBEpAMX TiM. SIKIIO O YACTHMHKU TBEPAOTO
Tija 3AIMCHIOBAIM TAPMOHIYHI KOJIMBAHHS, TO TBEPAl TUJIa HE MOBUHHI Oyl O pO3MIMPIOBATHCS
npu HarpiBaHHi. g pi3HuUX KpucTtamorpadiyHUX HANPSAMIB BiJIICTaHI MK CTPYKTYPHUMH
YacTUHAMH Pi3HI , a OTXKE, Pi3HI 1 CHIM NPHUTATAHHSA Ta BIIIITOBXYBAaHHA MK HUMH. Tomy
TEIUJIOBE  PO3MIMPEHHS  TBEPIUX  TiI Ma€  aHi3oTponmHMi  xapakrtep. KinbkicHOIO
XapaKTEPUCTHKOI0  TEIUIOBOTO PO3MIUPEHHS € Koe(ilie€HT JHIHHOTO pO3MIMPEHHS a - IIe
BEIMYKMHA, fKa JOPIBHIOE BIiJIHOIIEHHIO BigHOCHOrO BumoBkeHHs Al/ly Tima mo 3miHm
temneparypu AT , sika 3yMOBHJIA 116 BUIOBKCHHS .

Al 1 Al
Froar "1, ar @)
ne o -nosxwuna Tina mpu 0°C .

Kopucrysatuce ¢opmyrnoro (1) mias BU3HAUEHHS @ HE3PYYHO, OO BAXKKO CTBOPUTHU
HYJBOBY TEMIIEpaTypy JJisi BU3Ha4YeHHsS [, .B nmaniii poO0OTi MaeMo MeTaleBUH CTEp:KEHb
LHWTIHIPUYHOT GOopMHu:

V1: S |1 (2)

Je S — mIolia MonepevHoro mnepepisy, |1 — moBxuHa crepxHs mpu Ti.
[Tpu 3pocTanHi Temnepatypu 10 T2, 00’ €M 30UIbIIYETHCS O BETUUMHHU:

Vo=S-1, (3)
ne |, - moBxuHA CTepKHS MpU TeMmeparypi T2 BpaXxOBYHOUH , IO

Vi== Vo= =
P1 P2
B piBHOCTSX (2) Ta (3)
A Y gy ¥
p1 ! P2 ?
3HANIEMO BITHOIIEHHS 301TBIIIEHHS 00’ €MY:
l
2= (@)

L p2
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OCKUIBKH

py =22 py = 2 (5)

- 1+aT, - 1+aT,

PIBHICTB (4) MaTUME BUTJISI :

= ®)
1+aT2 1+aT1

I3 (6) 3HaxX0AMMO:

-l Al

(1)

ITocainoBHiCTE BUKOHAHHSI POOOTH

1.

10.

11.

3 JI0MOMOTror0 MacIITaOHOT JIHIMKKA BU3HAYUTH TIOYATKOBY JIOBXKHHY CTEpxKHs |li(MM) 1
3aHECTH B TaOJIMIIIO.
Hanutu B poGipKy BoAM, BKJIACTU B HEl CTEPIKEHB 3 aJTIOMIHIIO.
[TpoGipKy pO3MICTHTH B TEIUIOI30JbOBAHY KOJIOY HarpiBaya, 3aTHCKayeM I1HAMKATOpa
TOAMHHUKOBOTO THILY 3aKpPIIUTH CTEPKEHb y BEPTUKAIBLHOMY IOJIOKEHHI; IBUHTOM
3a(hikCyBaTH MOJIOKEHHSI CTEPIKHS, 100 MMO3HAYKa iHANKaTopa Oyia piBHa HYIIIO.
BBiMKHYTH B MEpexy HarpiBad.
3auekary, 100 BoIa B KOJIO1 3aKHUIILIA. 3a el Jac 3a CIEniaJIbHOI0 TaOIHIEI0 3HAWTH
temneparypy kumiHHs Boau 712(K), momepenHhO BU3HAUMBIIM aTMOC(HEPHUI THUCK
P,y 32 mokazamu O6apometpa. 3HaueHHs 1, Py, Ta KIMHaTHY TeMmrepaTtypy 71 3aHECTH
y Tabnuizo 1.
[licnis MOMEHTY 3akuIaHHsS BOAM 3HATH IIOKa3uW I1HJIUKATOpa, TOOTO BEITUYUHY
BigHOCHOTO BUAOBXKeHHA Al 1 3aHecTu B Tadimio 1.
BuMkHyTH 3 Mepexi HarpiBad.
3 10TIOMOror0 MiHIeTa BUWHATH IPOoOIpKy 1 BKJIACTH B MPOOIpKOTpUMAY.
[ToBroputu myHkTH 1-7 10y CTEpKHIB 13 3aiiza Ta MiAi. Pe3ynbTatu BUMipIOBaHHS
3aHeCTH B Tabamio 1.
BumipsiBmu Benmmuuny, [; ta Al 3HAX0AMMO 3HAYCHHS [, 32 popMyIIor0:

L, =1 +4l
Oo6uncnutu 3a popmyoro (7) koedilieHT TIHIHHOTO PO3LUIMPEHHS 0 JIBOX 3pa3KiB.

KonTtpoJbHi 3aB1aHHA

1.
2.

3.

MosnekynsipHO-(i3UyHE TIIyMauyeHHsI TEIIOBOIO PO3IIMPEHHS TBEPIUX TiJI.
BusnadenHs1 koedimieHTa 00'eMHOr0 po3lmMpeHHs piiuH  MerojgoM Jlrosmonra- IITi.
Teopis metony. BuBenenns pobodoi popmynu.

BusnauenHs  koedilieHTa JIHIHHOTO  pPO3UIMPEHHS TBEPAUX TUI  METOAOM
MenneneeBa. Teopis meTomy. Poboua ¢popmyma.

3BiT 32 BUKOHaHY po6oTy

1. Poboui chopmynu :

L4y Al
LTo—1Ty 1 Ta_lpTy

()
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Koe(ilieHT JiniiiHoro posmmpenHs rinepuny| af = K™1;

Tabauys 1
No Marepian L, m i, m Al m T, K T,,K | a, K™ | e%
1 3aiizo
2 MIJIb
4,
a,= ——
° ll3 T2_123 Tl
a — ASJ]
" llM TZ_IZM Tl
2. Obuucnenna €%
Ina=In T nAl — In(l4LT, — 1,T;)
da dAl 1 dAl

[d(l1T2)_ d(lzT1)] =

= — d(lL/T, — ,Ty) =
a Al llTZ_lle (1 2 2 1)

Al B llTZ - lle

_aal 1
T Al UT-LT

[dllTZ + dell - dlle - dTllz],

da _ 4D L [ALT, + ATy, — ALT, — AT L,
a_ Al lsz_lle 142 241 241 120

Aa,  A(AL) 1
a; Al3 l13 TZ - l23 T1

[AlL, T, + ATyl + Al T, + ATl

Aa,  A(4L,) 1

= - Al T, + ATl Al T, = AT,
Ay Al LinTo—1ly T1[ w Iz + ATy + Alyy 1y 1lou]

1
€ =1, =i, LAl 2+ AToh & Aoy Ty + ATa L] - 100%
imM42 2m1t1
E=— [ A113T2 + AT2113 + AlZSTl + AT1l23] . 100%
l13T2 - l23T1
£ =22-100%;
£y =22 100% ;

3. O6uucarwemo:
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4. Bupaxogyemo:
a,=a,  Adas;
ay=a, * day;
5.Bucno6ok 3anucamu y maxkomy eu2naoi:
a, = ascep + Aa3

a, = amcep + Aa.w
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3mMmicT
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