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Hapuanpuuii ¢Gi3WYHUN EKCIIEPUMEHT SK OpraHiuyHa CKJIaJIoBa
METOAMYHOI CUCTEMU HaB4YaHHA (i3uKku 3a0e3nedye (GopMyBaHHS B
YYHIB Ta CTYJCHTIB HEOOXIJHMX MPAKTUYHUX YMIiHb, JOCIITHULIBKUX
HABUYOK Ta OCOOMCTOrO JOCBIY €KCIIEPUMEHTAIBHOIL JIISUIBHOCTI.

BumuM  cTynieHeM CaMOCTIHHOTO €KCIEPUMEHTY YYHIB €
Ja00pATOPHUI MPAKTUKYM, 1]l Yac MPOBEICHHS SIKOTO HAaOyTl BMIHHS
YAOCKOHAIIOIOTHCSl Ta Yy3arajibHIOIOTHCA. JlabopaTopHUl MPAaKTUKYM €
00OB’SI3KOBOI0  CKJIAJIOBOIO BHUBYEHHSI WIKUIBHOTO Kypcy (izuku. Y
OUIBIIOCTI IIKLI 00JIacTl OpraHizalisi Ta MPOBEACHHS MPAKTUKYMY
noB’si3aHa 3 OaraTbMa TpyAHOIIaMu. OCHOBHOIO 3 HUX € BIICYTHICTb Y
kabiHeTax (I3UKKM HEOOXIJTHOTO HaBYAJIBHOIO OOJIaJIHAHHS  JIJIS
BUKOHaHHS po0IT nmpakTukymy. I[Ipore, sik BiamiueHo y [Iporpawmi [3, C.
11], 3amexHO B yMOB 1 HasBHOI MaTepiasibHOI 0a3u (PI3MUHOrO
KaOlHeTy BUYMTEIb MOXE 3aMiHIOBaTH OKpeMi poboTu  abo
JEMOHCTPAIIINHI JTOCTIY PIBHOLIIHHUMH, BUKOPUCTOBYBATH iX MOXJIUBI
BapianTu. Jlesiki poOoTH 1a00paTOPHOrO MPAKTUKYMY MOKHA BUKOHATH
3 BUKOPUCTAHHSIM METOAY MOJEIIOBAHHS 1 HE JIMIIE KOMIT FOTEPHOTO.
Hamu pospoOiieHa 1 BHTOTOBJIEHA YCTaHOBKAa JJIS MOJCIIOBAaHHS
MOJICKYJISIPHUX SBUIII (YMMA), aKa nae MOXJIUBICTh
MPOJAEMOHCTPYBATH PSiJi MOJICTBHUX JAOCIIIIB: TEMJIOBUM PyX MOJIEKYJ Yy
TBEPJMX TLIaX, pIAMHAX 1 ra3zax; TUCK Tra3y; OpOYHIBCbKUM pyX; nU(y3is
y razax; audy3sis y piiuHaX; BUMAPOBYBAHHS PIAWH; PO3IMOIIT MOJICKY
ra3y B IOJII 3¢€MHOTO TsDKiHHA, apxiMmemoBa cwia [1, C 40-42]. Kpim



JEMOHCTpAIIMHUX  eKCIIEpMMEHTIB  JlaHa  YCTaHOBKA  JIO3BOJISIE
BUKOHYBATH JesiKi JaboparopHi podortu [2, C.5-8].

BuuTenb opraHizoBye mpoliec HaBYaHHS Ha OCHOBI JisSJIbHICHOTO
niaxony. [Ipu nbomy moTpiOHO 3a0€3MEUNTH HE JIMIIE 3aCBOECHHS 3HAHb,
a W PO3BUTOK TBOpPYMX 3A10HOCTEN yuHiB. [ opMyBaHHS TBOPUOIO
pPIBHSI aKTMBHOCTI HEOOXITHO BUKOPHUCTOBYBAaTU MOJETI, SKI MalOTh
TOCTIAHUIBKUK ~ xapaktep. Came WM BUMOraM  BIJANOBIAAIOTH
HABYAJbHO-EBPUCTUYHI Mozemi. Po3risiHemMo mnpukiajg BUKOHAHHS
Ja00opaTopHOi poOOTH 3 MOJIEKYISAPHOI (p13UKH 3 JorToMorow Y MM,

JlabopaTopna podora

Hocaixxenns Ha YMMS 3ajexHocTi eHeprii 4YaCTHHOK Bi
CIJIH CTPYMY

3apmannsa 1. JlocmiauTu 3aJIeKHICTh CEPEAHBOI €HEPrii YaCTUHKU
B1JI CUIM CTPYMY B KOTYIUIIIL.

3aBaaHHs 2. BU3HAUUTH CEPEHIO CHEPTiIO 3B’ SI3KY YaCTUHKHU.

Ilpunaou ma mamepianu: YMMIS, perynstop 3MIHHOI HalpyrH,
JEMOHCTPAILIMHUI aMIIEpMETP, JIIHIHKA, TEPE3H 3 BAXKKAMMU.

TeopeTnuHi BiZOMOCTI Ta OIKC YCTAHOBKH

Heranpauii onuc YMMS nano B [1, C 40]. Haramaemo, 110 B Hii
KyJIbKa B3a€EMOJI€ 3 MAarHiTHUM IIOJieM KOTYIIKH. BHacmigok i€l
B3a€EMO/IIi KYyJIbKM OTPUMYIOTh KIHETUYHY €HEpPrito, sika MEPEXOaUTh y
NOTEHLIANbHY Y TpaBiTalliiHOMY 1oJ1 3emil. [Ipu nboMy iX NIBUAKICTB
Ta BUCOTA MiAHATTS BiJHOCHO JHA KIOBETH OE€3MEPEPBHO 3MIHIOIOTHCS.
SAKIIO BUMIPATH CEPEAHI0O BHUCOTY MIAHATTS KYyJIbOK, TO MOXHA
OOUYUCIIUTH E€HEPTII0 OJHIEI KYJIbKA MPU KOHKPETHIN CHJl CTpymy 3a
dbopmysioro W =m g h.

Cuiia BIAIITOBXYBAHHS MK KYJIbKaMH BUHMKAE 1] 4aC iX MPYKHUX
CIIBY/IapiB.

Korymka 3 ocepasm (3) CIOyXdTh Uil CTBOPEHHS 3MIHHOTO
MarHiTHOTO TIOJIs, B SIKOMY pPYXaloThbCS TIHOIUIACTOBI KYJIbKH 3

KepaMIYHUMHU  MarHiTUKaMH. KoTyiika JKMBUTBCS ~ 3MIHHOIO
perynroBaHoto Hampyrow (0-250 B) Big MWKUIBHOTO peryistopa
HaIpyTH.

JleMOHCTpaliiHuil  aMIepMeTp BUMIPIOE CHUIIy CTPyMy, SIKY
CIOKHMBa€e OOMOTKa KOTyWIKH. [lokaxkemo, 110 cuia CTpymy B i
YCTAHOBIIl MOJICNIIOE TeMIepaTypy BIAMOBIAHOI CHCTEeMH (Ta3, piauHA,
TBEPE TLJIO).

Enepris Kynbok, SKI MOJIETIOIOTH PyX MOJIEKYJd PEYOBHHU ¥
BIIMIOBITHOMY  arperaTHOMy CTaHI, IIOMOBHIOETBCS 3a PaxyHOK



Mar”iTHOTO MOJs KOTymKH. [lo3HauMMoO cepemHe 3a mepioj] 3HaYeHHS
IHAYKIIi MarHiTHOrO IMOJIS KOTyIIKH 4epe3 B,. KepamiuHuié MarHiTuk

KYJIbKM MOKHA PO3TJISAATH SIK MarHITHHHA IUIIONb 3 MOMeHTOM P_. Toxi

CEPEIHIO MOTEHIIAJIbHY €HEPrito B3a€MO/I1i KOKHOI KYJIbKU 3 MarHITHUM
II0JIEM MOKHA OOUYHCIIMTH 32 (DOPMYJIOO:
w, = (B, -B.)="P, -B, coscr (1),

— . —

1€ a—KyT MK BeKTOpamu P 1 B, .

Cepenne 3a nepio 3HAYEHHS 1HAYKIIT MarHiTHOTO MOJIS IS JaHO1
KOTYIIKM MOXHA MPUOJM3HO BU3HAYMUTH 3a BIANMOBIIHOK (HOPMYIIOIO
Ui HECKIHYCHHO JIOBIOTO  COJICHOIjA: B, = syl
(2)
7€ N - KUIBKICTh BUTKIB IPOTHUHY KOTYIIKH, IO PHUIAAAE HA OJUHHITIO 11
JOB)KHHH.

Sxmo BpaxyBaTH, IO KOTYIIKa, SKa BHKOPHUCTOBYETHCS B JaHIN
YCTAHOBIl, HE € HECKIHYEHHO JOBIUM COJICHOIAOM 1, KpIM TOr0, Mae
MICIIE JIeSTKe PO3CIFOBAHHS MarHiTHOTO MTOTOKY, TO

B, = B, nl
(3),

ne fB-NesKuid KoeQilieHT, SKuii BpaxoBye 111 (haKTOpH.

Tomy eHeprist B3aeMo/Iil KyJbKH 3 MarHiTHUM MOJIEM KOTYILIKH Oyie
piBHa:

W, = P, u,unl cosa 4)

KO NPUITYCTUTH, III0 MAarHITHI MOMEHTH KYJIbOK Mai>kKe OJTHaKOB1
1 MarHiTHUM MOTIK PO3MOAIISETHCA MPUOIMU3HO PIBHOMIPHO MO BCiid
OCHOBI1 KIOBETH, TO €HEpPTis B3aemoii (4) mpu AaHiil cuii cTpyMmy Oyne
3aJeXaTh TIIbKM Bl 3HAYEHHSA cosa 1 3MIHIOBaTuMeTbes Bix O 1o
JESIKOTO MaKCUMaIbHOTO 3HAUYCHHS:

meax = P, kol
()
OckUIbKU MOTEHIlIabHA eHepris (5) MepeTBOPIOETHCS B KIHETUUHY
CHEPril0 KYyJbKH, TO ITIJIKOM 3PO3yMIJIO, 110 MaTUME MICIIE PO3MOJLI
KyJIbOK 3a €HEprisiMdU 1 3a MIBUAKOCTSIMU. TOMYy Ha OCHOBI 3aKOHY

30epeKeHHS eHeprii MO)KHa 3alMCaTH:
2

e — gty (6)

[Toxmagemo, 1m0 KOXkKHA KyJIbKa Ma€ TPU CTYMEH1 BUTBHOCTI, TOI:

2
Momax 3
T2 ¢ (7)



[IpupiBHsBImIM TipaBi cTOpoHU piBHOCTI (6) 1 (7), OAEPKUMO:

3
EkT:ﬂPmluO:unl .

3BiJIKH 3HAXOIUMO: T= %,‘Pg+ﬂn I (8)
. _ Zﬂpm/,loﬂn . .
BBiBIIM HOBY cTaiy: 7 = T g »DIBHICTS (8) MOkHa 3anmucaTy Tak:
T=y-1(9).

3ayBaXuMoO, M0 KOE(PIIIEHT MPOMOPLUIMHOCTI MOXXHA BUMIPSITH
EKCIIEPUMEHTAIBHO Ha 111 YCTaHOBIII.

Sk BumHO 3 piBHOCTI (9), Temmeparypa CHUCTEMH MOJICIIOETHCS
CUJIOIO CTPYMY, K2 BUMIPIOEThCSA JEMOHCTpALIHHUM amnepMeTpoM. Ha
YCTAHOBIII MOKHA JOCJIIUTH 3aJICKHICTh CEPEHbOI KIHETUUHOI €Heprii
NOCTYNAJIBHOTO PYXY ,,MOJIEKYJ BiJ ,,TeMnepaTrypu’.

Xix poooTn
JI71s1 3HaXOIPKEHHSI MacHu OJIHIET KYJIbKU 3BAKYIOTh BCl Ta OTPUMAHE
3HA4YEHHS IUISITh Ha iX KUIbKICTh. Hampukiaa B 0JHOMY 3 BUMIpIOBaHb
OyJIi OTpUMaHI1 TaKl Pe3yJIbTaTH:
m= (9,28+0,01)-10°%r , moz%%:z,n.w KT
JInst criponieHHsI OOYKCIIEHb 3HAY€Hb €HEePrii MOKHA CKOPUCTATUCS
dhopmyJioro:
W=2,32-10"k2-9.82% -h=2,27.10° .1
C M
Bucoty migHATTA KyJbOK BHUMIPIOIOTH 32 JOMOMOTIOKO JIIHIMKH.
Cuity cTpymMy B KOTYUIII BUMIPIOIOTH JJA0OPAaTOPHUM aMIIEPMETPOM 13
sminaumu  wkanamu (0;0,5), (0;1), (0;2,5). BumiproBaHHsI BUCOTH
MOYMHAIOTh, MPH TaKOMy 3HAYEHHI CHUJIM CTPyMy, SKe 3a0e3mnedye
MOJICTIOBAHHSI Ta30Mo/IIOHOT0 CTaHy pPEYOBUHU. BcTaHOBIIOIOUU
3Ha4YeHHsA cuiiu cTpymy uepe3 0,1 A, BUMIPIOIOTH BHUCOTY MIJIHATTA
KYJIbOK JIJIs1 BIATIOBiAHUX 3HaueHb /. Ha 0CHOB1 BUKOHAHMX BUMIPIOBAHb
o0uMCIIO0Th 3HAaUeHHs eHeprii W. JlaHl BuUMipioBaHb Ta OOYMCIICHBb
3aHOCSATH B TAOJIMIIIO.

Taoaums 1.
I, A 0-0,5 0,5 0,5-0,9 0,9 1 1,1 1,2
h,10% M TB. TUIO | IU1aBiIeHHs| PiguHa 0,5 1,0 15 2
W, 10° ik 1135 |227 |34 |455
I, A 1,3 1,4 1,5 1,6 1,7 1,8 1,9




h,10%m 2,5 3 3,9 4 4,5 ) 5,5
W, 10° JIx | 5,7 6,8 79 91 10,2 114 |125

Ha ocHOBi oTprMaHKuX pe3yJbTaTiB OyayI0Th Irpadik 3aIeKHOCTI
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W =1(1).

3 OTpUMaHOro rpadika TPSMOi 3HAXOMSTh aHAJITUYHY

3QJICKHICTD:
-5
W= 2,27-10 [ =221 e ;4

014
Tom W=11,35-10'5ﬂ—”’c-l—9,1-10*5ﬂ9fc
A

[IpogoBxkyt0Th Tpadik OTPUMAHOI JIHIMHOT 3aJIEKHOCTI O
NEPETUHY 3 OCSIMU KOOPAUHAT Ta MPOBOJAATH HOTO aHai3.

IIpu I =0 A enepris yacTuHky Big’emaa W= -9,1-10™ JIx.

B nanomy BHUMaaKy YaCTUHKHU MarOTh JIMIIE OTEHIIAIbHY €HEPTII0
B3acMOIl Ta 3HAXOMAThCA HaA [HI HOOTEHIUaJbHOI sMHU. B padiid
YCTaHOBIII 3MIHA TEMIIEPATypu CHUCTEMH MOJCIIOETHCSA 3MIHOIO CUIIH
CTpyMy. 30UIBIIEHHS CHJIM CTPyMYy (TeMIIepaTypu) Bele A0 3pOCTaHHS
KIHETUYHOI €Heprii TEeIMJOBOTO PYXy YAaCTUHOK (MOJEKyJ), Mo W
nocy1a0itoe 3B’ 430K Misk HUMU. [Ipu fesskoMy 3Ha4eHH1 CUii cTpymy [ =
0,8 A KiHETHMYHAa EHEpTrisi YaCTUHOK 3PIBHIOETHCS 3 MOTECHIIATIbHOIO
eHepriero mnputsaranHg. [Ipm nmanpmiomMy 301TBIIIEHHI CHIIM  CTPYMY
3pOCTa€ MIBUAKICTh MOCTYMAJIBHOTO PYyXy YAaCTHMHOK, a TaKoX iX
KiHeTMYHA €HEPIisl.



AHaM3yI04YM PO3MOJALT MOJIEKYJ Tra3y II0 BChOMY 00’€My, MH
BpPaxOBYBaJIM JIHIIE iX TEIJIOBUU (XaoTW4YHUM) pyX. BiH mpuBoauth 10
TOro, IO MOJEKYJU Ta3y PO3NOAUISIOTBCA PIBHOMIPHO IO BChOMY
00’emy. Takuii cran OyJe B TOMy BUMAJAKY, KOJIM Ha MOJICKYJIH HE A1IOTh
CTOpPOHHI Ccwid. B mpoTMBHOMY pasi i CuUl TOJs BeAe [0
BCTAaHOBJICHHSI HEPIBHOMIPHUX T'YCTHUH y PI3HUX YacTHHAX 00’e€My rasy.
[Ipukinamom Takoro cTraHy Moxe OyTH PO3IMOJIiT MOJIEKYJ aTMOochepu B
MOJTI CHJT 36MHOTO TSKIHHSL.

BukonaHHs 1aHoi 1abOpaTopHOI POOOTH MOXKHA 3alpONOHYBaTH
Ha PakyIbTaTUBHUX 3alHATTAX B 10 KJaci akageMIqHOTO piBHS a0 IS
71a00paTOPHOTO TPAKTUKYMY Y TpodiabHUX Kiacax. [Iporpamu s
npodUTbHUX KJIACiB MPOIMOHYIOTH AEMOHCTpPAlil0 HEOOOPOTHOCTI SIBUIIIA
mudy3ii Ha moaeni [4, c. 9; 38].
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