Ypok 02 Metoau HAayKOBOTO mizHaAHHSA. Di3N4YHI BeJTMYMHM Ta IX BUMIiPpIOBAHHS.
HeBu3Ha4yeHOCTiI BUMipIOBAHD

Merta ypoky:

HaguaabHa. /lati y4HSM YSBIEHHS PO METOAU HAYKOBOTO MI3HAHHS; MOBTOPUTH
Marepiaq Mmpo BUMIPIOBaHHS Ta (PI3MYHI BEJIMYMHM; HATOJOCUTH MPO HEOOXITHICTH
BUKOPHUCTOBYBaHHSI MiXkKHapoiHO1 cucteMu oguHuLb Cl; 03HAOMUTH yUHIB 3 TOHATTIM
«MOXUOKa BUMIPIOBAHbY.

Po3BuBasibHa. Po3BUBaTH JOriyHE Ta aNrOPUTMIYHE MUCITIEHHS.

BuxoBna. BuxoByBaTu KyibTypy HAyKOBOTO MHCJICHHSI Ta BIIEBHEHICTh Yy CBOIX
3110HOCTAX Ta 3HAHHAX.

Tun ypoky: ypoK 3aCBOE€HHSI HOBUX 3HaHb.

HaouHicTh i 00,1alHaAHHS: HABYATbHA TIPE3CHTAITIS], KOMIT I0TEp, IiIPyYHHK.

. . Xin ypoky
I. OPTAHIBAIIIMHUU ETAII

1. [TpoBectu Gecimy 3a marepianom § 1

becioa 3a numannuamu

1. Axi emanu pozeumky npouwna @izuxa sax Hayka?
2. Axi idei po3eusanucs Ha KOJCHOM) 3 emanis?

3. Axumu npobremamu onikyemcs cyuyacHa gizuka?
4. Hazsimv imena 8i0omux 6am yueHux-gizuxis.

5. V akiu eanysi ¢izuxu éonu npayrosanu?

6. Biokxpumms 6 saxux obracmsax @izuxu 00380auU1u cmeopumu nodymoei npucmpoi?
Haeseoimv npuxnaou.

2. [lepeBipuTu BukoHaHHs BripaBu Ne 1: 3aBganus 1 — 5 — ycHo.

II. AKTYAJII3AIIA OITOPHUX 3HAHB TA BMIHb

KoxeH 13 Bac 1101€HHO JTOCIIIXKY€E HABKOJIMIIIHIM CBIT 1 OEP’KY€ HOBI 3HAHHS.
SIK OTpUMYIOTH HOBI 3HaHHS BUEH1?

SIK mpoBOAATH HAYKOB1 AOCIIKEHHS BUEHI?

[3 yoro moynHa€eTHCS AOCIITHUIIbKA pOOOTA BUCHUX ?

III. BUBYEHHSI HOBOI'O MATEPIAJTY

1. ®izuuHe T0CTIZKEHHA TA HOT0 MEeTOIH

Cnocrepe:xxeHHs1 — 1€ CIPUMHATTS NMPUPOIAUA 3 METOI0 OJePKAHHS NMEePBUHHUX
TAHUX JJIS MOAAJIBIIOT0 aHAJTI3Y.

Ilpoonemnui numanns
* Un 3aBXKIM CIOCTEPEKEHHS BEAYTh /10 MPABHJIHHOTO BUCHOBKY?
* [Ilo poGnsaTh yueHi, mo06 cupocTyBaTH a00 TOBECTH BIACHI BUCHOBKH?

Dizu4He JOC/IKeHHS — e HiJIeCHPIMOBAHe BUBYCHHS SIBMII i BJIaCTUBOCTEH
npupoau 3acod0aMu QisUKH.



MeToau pizUIHUX JOCTITAKEHD:

1) ExcnepumenmanvHuit memoo. EXCiepuMeHT — TOCTiKEHHS (QI3UIHOTO SBHUIIA
B YMOBaX, SIK1 IepeOyBarOTh IiJl KOHTPOJIEM YUEHOTO.

2) Teopemuunuiit memoo. AHani3z OTPUMAHHUX y PE3yJbTaTl EKCIIEPUMEHTIB JTaHUX,
(dbopmyIIOBaHHS 3aKOHIB IPUPOIH, MOSCHEHHS IEBHUX SIBUIIL 1 BIACTUBOCTEM HA OCHOBI
IMX 3aKOHIB, TNependadyeHHd ¢ TeopeTWyHe OOIpyHTYBaHHS HOBUX SIBHI 1
BJIACTUBOCTEM.

Ilpoonemni numanns

* Ski cocTepexeHHs, TEOPETUYHI W EKCIIEPUMEHTAIbHI JOCIKEHHS BU MOV O
MIPOBECTH, 1100 TOCIIIUTH CBITIHHS 3BUYANHOT JIAMITH POKAPECHHS?

* KoueHHsi CKJISHOI Kyli — CYHOPOBOMKYETHCS MEXaHIYHUMH, TEIUIOBUMH,
CJIEKTPOMArHiTHUMHU, ONTHYHUMH SBUIIAMH. Yu ciif
ypaxoByBaTH BCl IIi SIBUINA, BU3HAYAIOUN, HATIPUKIA,
yac KOYEHHS Kyii?

Ha xoyeHHs cCckassHOI Kylli HE BIUIMBAIOTh
3aJIOMJICHHSI CBITJIa B KyJlli, 3MiHa TeMIeEpaTypH Kyli, a
Tako)X He3HayHa naedopmauis Kyal. Tomy mijg yac
JOCIIJKEHHS. KOUEHHA Kyl MOXKHa BpaxoByBaTH
TUIBKM 11 Macy, ¢opMy Ta po3Mmipu (CTBOPIOIOTH
@izuuny Mooenb poIecy KOUCHHs KyJIl)

®DizuyHa MoJeJib — L€ YABHUN ifeasi3oBaHuii 00’€KT, [0 MA€ TOJIOBHI pucH
PeasiLHOrO i 103BOJISA€ CIIPOCTUTH AHAJII3 SIBUIIL.

2. BumiproBaHHs Qi3UYHMX BeJIMYMH

Ilpoonemne numanns

* Ski KUTBKICHI XapaKTEPUCTUKU MU BUKOPUCTOBYEMO OTHCYIOYH PyX aBTOMOO1IsS?
(BUAKICTH, IPUCKOPEHHS, YaC PYXY, CHJIA TATH, MOTY>KHICTH)

®DizMyHa BeJMYHUHA — Le KUIbKICHA Mipa NEeBHOI BJIACTHBOCTI Tija, MEBHOIO
¢izuuHoOro mpouecy ado spuia.

IlIpoonemni numannsn
* Sk BU BBaXKa€Te, HACKLIBKY YaCTO JIFOIM BUKOHYIOTh BUMIPIOBaHHS ?
* [1{o o3Ha4yae BUMIpATH (P13UYHY BEIIMUUHY?

BumipsaTn ¢Qisu4YHy BeJMYMHY — 3HAYUTh MNOPIBHATH I 3 OJHOPIAHOIO
BEJIMYNHOI0, Ky NPUHMAKTH 32 OIMHUIII0.

Buan BuMipoBaHb:

Ilpsami — BennurHy TOPIBHIOIOTH 13 11 ONUHUIICIO (METPOM, CEKYHJIOI0, KIJIOTPaMOM,
aMIiepoMm) 3a JOMIOMOTOI0 BUMIPIOBAJIbHOTO MPUJIATY.

Henpami — BennunHy OOYMCIIOIOTH 32 pE3yJIbTaTaMU MPSIMUX BUMIPIOBaHb 1HIINX
BEJIMYMH, TMIOB’SI3aHUX 13 BHMIPIOBAHOIO BEJIWYMHOI TMEBHOIO (DYHKI[IOHAIBHOIO

. m
3aJICKHICTIO (p = 7)



3. Mixknapoana cucrema onuHunb CI
VY Hayli BUKOPUCTOBYIOTh OJMHUII (PI3UYHHX BEIUYUH, BU3HAUeH1 MidcHapoonoio
cucmemoio oournuysv CI.

Ocnoeni oounuui CI
Beanuuna OnuHuns

HasBa ITo3HayeHHs Ha3Ba ITo3HavyeHHs

Maca m KiJIorpam KT
JomxuHa l METP M

Yac t CEeKyHJ1a C

Cuna ctpymy I aMmrep A
KinpkicTh peuoBHHU % MOJIb MOJIb
Temmeparypa T KEJIbBIH K
Cuia cBiTia IV KaHeia K1

Ilpoonemni numannsn
e Illo BUKOPHUCTOBYIOTH ISl 3PYYHOCTI pegircu kpamnux i
3aMKCy BEJIMKUX 1 MajuX 3HaYeHb (PI3MYHUX

0 YACMUHHUX OOUHUUD
BCJIUYHUH .
IIpedikc Ilo3Hayenns MHOKHHK

. . . | arTo- a 1078
Kpammni oounuui € 6ipIIMMH 32 OCHOBHI —
: - : dbemTo- ¢ 10
omuuuti B 10, 100, 1000 i 6inbIme pasis. - —
KO- 1 10
-9
Yacmunni odunuyi € MeHIMMEH 3a |[LoHO H 10 -
. . ys MIKPO- MK 10™
ocuoBHl oguHuni B 10, 100, 1000 1 OuIbIIIE L 5
pasis. MLJTI- MJT 10
CaHTU- C 102
. : 3
4. IToxuOxku BUMIpIOBaHb KUIO- K 10
. 6
IlIpoonemnui numannsn Mera- M 10
e Sk BH BBaXKAacre, YU MOXKJIMBO |Ilra- I 10°
3MIHCHATH BUMIPIOBaHHs abCOIIOTHO TOYHO? | Tepa- T 10"
nera- I 10"
Ioxubka (HeBM3HAYEHICTD) | exca- e 10"

BUMIpPIOBAHHS — II€ BiIXWJICHHSI 3HAYEHHS
BUMIipsIHOI BeJIMYUHM BiJl Tl iCTHHHOTO 3HAYEHHS.

Abconromna noxudxa eumiproeanna Ax — ue MOIYJb PI3HULI MDK BUMIPSHUM
(x ) Ta ICTUHHUM (X) 3HAYCHHSIMH BUMIiPIOBaHOT BEJIMYMHH.
BUM

Ax =

X - X|
BUM



Bionocna noxuoka eumiprosanus € — e BITHOIIIEHHS a0COJIOTHOI IMOXUOKU 10

BUMIPSHOTO 3HAYEHHSI BUMIPIOBAHOI BEJIMYUHU.

Ax Ax
€ = abo £ = -100%
X X X X
BUM BUM

[loxubku B X0l BUMIPIOBaHb (DI3UYHUX BEIUYMH OyBalOTh BHIAJAKOBI Ta
CHCTEMATHYHi.
Bunaokoei noxuoku nog’s3ami 3 npoyecom UMIPIOBAHHSL.

IlIpoonemni numannsn
* SIk moKpamuTH pe3yabTaT BUMIPIOBaHHS ?

BumiproBanHs TpoBOmATH KUTbKa pa3iB 1 BHU3HAYAOTh CEPEOHE 3HAYEHHS
BUMIPIOBAHOI BEIUYUHIL.!
x1+x2+...+xN

BUM cep N

X s X e X, — PE3YIBTATH KOXKHOTO 3 N BUMIpIOBaHb.

Bunaokosa abconromna noxuoka:
X —X

Ax — | 1 BUM
BUII N

X —X WX —X
+| 2 Bl/IM|+ +| N

BUM

SKo0 BUMIPIOBAHHS TPOBOAIINCS OOUH pdA3, MO BUNAOKOBA NOXUOKA OOpPI6HIOE
NON0BUHT YIHU NOOLIKU WIKAIU NPUNAO).

Cucmemamuuni noxudku (noxubku npunady) nog’si3ani Hacamnepeo iz ubOpom

npunaoy.
AO0COJI0THI MOXHOKH AesIKUX (PI3MUHUX MPUJIATIB

. . Hina momijiky mKaau | AOCOJIOTHA MOXHOKA
DizuvHUIl MpuJIaj

npuJaagy npUJIagy
JIiH1liKa y4HIBChKa 1 MM +] MM
Ctpluka BUMIpIOBaJIbHA 0,5 cm +0,5 cMm
IITaHTeHIMPKYIIb 0,1 mm +0,05 mMm
Ipmiaap BUMiproBaJIbHUI 1 mn +1 mn
CexyHIoMIp 0,2 ¢ +1 c3a 30 xB
JInHaMOMeTp HaBYAJIbLHUI 0,1H +0,05 H
TepmomMeTp 1aboOpaTopHUil 1 °C +] °C
AmMnepMeTp MKIILHUN 0,1 A +0,05 A
Bonsr™MeTp mikiasHUN 0,2 B +0,1 B

SKIIo BU KOPHCTYETECHh 1HITUMHU IpHIagaMHy, TO BBaXKaWTe, IO MOXHOKa MpUiIady
TIOPIBHIOE NONOBUHI YiHU NOOLIKU WKATU YbO2O NPUTLAOD).



Abconromna noxuoka npamozo eumiproeannsa (Ax) BpaxoBye€ SIK CUCTEMATHUHY

MOXUOKY, 3yMOBIIEHY MpHUIaJ0M (AxnpmI , TaKk 1 BHUIIAJKOBY IOXUOKY (AxBHH),

3yMOBJIEHY MPOILIECOM BUMIPIOBAHHSI:
Ax = Ax + Ax
npua BHII
Ilpoonemni numannsn
* Sk BU3HAUUTU aOCOJIOTHY Ta BITHOCHY MOXUOKH HETIPSIMHUX BUMIPIOBaHb?

Henpame eumiprosannsa Mae J1Ba €Taru:
1) MeToOoM IpSIMUX BUMIPIOBaHb 3HAXOASITH 3HAYCHHSI IICBHUX BEJIMYWH, HATIPUKIIA]T

X, Y,
2) 3a BIAMOBITHOO (hOPMYIIOI0 OOUUCIIOIOTH IYKAHY BEJIMYHHY f.

Bua popmyau (dyHkmii) BigHocHa moxu0Oka
Ax+A
— o — Axtdy
f - x y Sf x—y
f=xy
€. =¢ +¢
f _ X f X y
oy
f — xn Ef = TlEx
n 1
f= \/} € ;= €

AOconoTHY MOXHOKY BU3HAYAIOTh 33 BIIHOCHOIO MOXHOKOIO:
Af =€ o
f f f BUM

SIKI0 eKCIIepUMEHT MPOBOJIATH, 1100 3’SICYBaTH, YU CIIPABIHKYETHCS TICBHA PIBHICTH
(manpuknan, X = Y), ToO BIAHOCHY MOXUOKY €KCIIEpUMEHTAIbHOI MEPEBIPKU PIBHOCTI
X = Y MmoxxHa 00UHuCIUTH 32 HOPMYJIOLO:

e = |4 — 1/100%

5. Pe3yjabTaTu BUMIpIOBaHHA
IIpoonemni numannsn
* SIk mpaBUIILHO 3aMTUCATH PE3YJIbTaTH BUMIPIOBaHHS?

AGcontoTHy MOXHOKy AX OKpYIVIIOIOTH 10

. . . xBI/IM_Ax Xpum xBHM+Ax
OJIH1€1 3HA4YyII01 HI/I(I)pI/I 13 3aBUIICHHAM, a

: 2Ax



pe3yabpTar BUMIPIOBAHHS X  — 11O BEJTMYUHU PO3PSIAY, IKUN 3aIUIIUBCS B A0COMIOTHIN
BHUM

MOXUOII1 MICS OKPYTJICHHS.

IV. BAKPIIIVIEHHSA HOBUX 3HAHb I BMIHb

1. lIlo6 moBecTH 3aKoH 30epexKEHHS MEXaHIYHOI €Heprii, MPOBEIH EKCIEPUMEHT.
Byno orpumano, Mo cepeHs €Hepris CUCTeMH Til 10 B3aeMoii mopiBHIoe 225 JIxk, a
micis B3aemozii — 243 JIx. OiHiTh BITHOCHY MOXHUOKY €KCIIEPUMEHTY.

Mano: Po3é’azannsn
E L= 225 JIx BigrocHy moxuOKy o0uucIoeMo 3a (HopMyIIoko:
E
e = |-+ — 1/-100%
E, = 243 Ix E, 0
— £ = [ 5ee — 1]-100% = 8%
Bionogiov: ¢ = 8%.

2. Busnauarouu giaMeTrp JApPOTY 3a JOMOMOTOKO INTAaHTCHIIUPKYIIS, BUMIPIOBAHHS
IIPOBOTAIIN YOTHPH pasm. Byno oJIepKaHO TaKli pe3yNIbTaTH:
d1 = 2,2 MM; d2 = 2,1 mm; d3 = 2,0 MmM; d4 = 2,0 M. 1) OOuucnith cepegHe

3HAYEHHS JlIaMeTpa APOTY, BUMAJIKOBY OXHMOKY BUMIPIOBaHHS, a0COJIIOTHY Ta BITHOCHY
nmoxuOku BUMIiprOBaHHs. 2) OKpyINIiTh Ofep)KaHl pe3yidbTaTd W 3amulIiTh PEe3yJIbTar

BUMIPIOBaHHS.
/ano: Po3é’azannsn
d1 = 2,2MM | Cepenne 3Ha4YCHHS BHUMIPIOBAIBHOI BEIMYMHH 3HAXOAUMO SIK
cepenHe apupMeTHIHE 3HAUCHHS
d +d +d +d
d =2,1MM d =d =-—11238"+
2 — —
BUM cep N
d,=2,0MM | pe N = 4 (KIIBKIiCTB TOCHIIiB)
— 2 0 MM 2,2 +2,14242
d4 0 d =d =——"—==2,1(MM)
BUM cep 4
N =14
d - ? :
cep BumnankoBy moxu6Ky BUMIpIOBaHHS 00YHCIIOEMO 32 (POPMYIIOIO:
|d1_dBl/IM +|d2_dBHM +|d3_dBnM +|d4_dBHM
Ad — 2 Ad =
BUI ) BUI N
Ax — 7
2,2—2,1|+|2,1-2,1|+|2—2,1|+|2—2,1 0,14+040,140,1 03
Ad = 4] |+] [+] L _ _ ~0, 1
e — ? BHII 4 4 4




AOGCoMOTHY MOXHOKY BUMIPIOBAHHS PO3PaXx0OBYEMO 3a (POPMYIIOI0:
Ad = Ad + AdBPI

npu i

hi(S Adnpm = 40, 05 MM — Ta0JInYHE 3HAYEHHS.

Ad = 0,05 + 0,1 = 0,15 (Mmm)

AOCONIOTHY TOXHOKY €KCIIEpUMEHTY OKpPYDIIOIOTh J0 OJHIE]
3Ha4ymIoi udpH i3 3aBuieHHsIM, ToMmy Ad = 0, 2 MM.

Bignocna moxuOka BUMIpIOBaHb — II€ BiJHOIICHHS aOCOIOTHOL

ITOXHUOKHU A0 CCPCAHBOI0 3HAYCHHA!

e — dAd s=;’:—f= 0,095, 260 9, 5%

BUM

Pe3ynbrar BUMiproBaHHS 3aIIUCYETHCS TaK:
d=2,11+0,2wMm.

I

€=95%;d=21+0,2wMm.

Bionogiob:d = 2,2vMM; Ad = 0,1mMM; Ad = 0,2 MM™;
cep BU

V. IIABUTTSA HIACYMKIB YPOKY

becioa 3a numannamu

1. Hazeimb ocHogHi memoou izuunux oocniodxcensb. Hasedimo npuknaou.

2. Hasedimv npuxnaou ¢izuunux mooeneu. Yomy ¢hisuuna moderv — ye
ioeanizosanuil 00 'ekm?

3. Hazsimb ocnoeni oounuyi CI ma eenuuunu, 011 BUMIPIOBAHHS SAKUX BOHU
cy2yiomo.

4. Axi 6uou noxubok eumiprosans eu 3nacme?

5. Ax euznauyumu eunaoko8y noxuoxy eUMIpro8anHs?

6. Yum susnauaemuvcs abconomua cucmemamuina noxuoka?

7. ll]o nasusaromsv 8i0HOCHOIO NOXUOKOI BUMIDIOBAHHSA?

8. Ax npasunvro okpyanumu ti 3anucamu pe3yiomamu GUMIpIO8aHs?

VI. IOMAIIHE 3ABJIAHHA
OmnpaitoBaru § 2, BripaBa Ne 2 (1 — 3)



