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ITEPEIMOBA

®di3rKa € 0OCHOBOIO yCiX MPUPOJHUYNX HayK. barato 3akoHIiB
1 TOonoXeHb (I3UKM TPO  OCHOBHI  BJIACTHBOCTI  MaTepii
BUKOPUCTOBYIOTBCS B TPOLIECi BUBYEHHS SIBHUIL YKHBOTO CBITY.
OcTaHHI IECATHIIITTS XapaKTePU3YIOTHCS B3a€EMO30IMKEHHAM (Pi3uKn
i Olororii, TOMy BUHUKJIHM Taki CyMiKHI IUCIUIUTIHH 5K ¢i3nka 3
ocHOoBaMH 0i0(]i3MKH, IO BHBYAKOTH (Gi3n4Hi Ta (i3UKO-XiMidHI
SBUIIA y O10JOTIYHHX 00’€KTax Ta MOCTIKYIOTh (yHIaMEHTaJIbHi
MPOLIECH, III0 CTAHOBIIATH OCHOBY JKHBOT ITPUPOJIH.

[Tpouec BuBUeHHS ¢i3uKku, Pi3UKH 3 OCHOBaMH 0i0(i3NKH Ta
0iodi3ukM y HaBYaNbHHUX 3aKJIaJaX ClIbCHKOTOCHIOJAPCHKOTO
mpoimo  cramioHapHOi 1 3a04HOi (OpM HaBYaHHS MOTpeOye
BpaxyBaHHS ocobmuBoCcTEd 00 €KTIB, 10 BHBYAIOTHCS
(cimbcbKOTOCTIOAAPCHKUX TBapHH). OKPIM IBOTO PO3BUTOK CYyYaCHHX
TEXHOJIOTii Y TBApUHHUIIBKOMY BUPOOHHIITBI Ta BUPOOHUIITBI 3 HUX
NPOIYKTIB XapuyBaHHA BHUMarae e(eKTHBHOTO BHKOPHCTaHHS
OTPUMaHHUX TEOPETHYHHX 3HAHB JJISl IPAKTHYHOTO 1X 3aCTOCYBaHHS 3
METOI0  3a0e3MECUeHHsT  MAaKCHUMalbHOI  NPOMYKTUBHOCTI  Ta
KOHKYPEHTHO{ 3JaATHOCTI Xap4OBOi TPOMHUCIIOBOCTI.

CTpyKTypa NpakTHKyMy TMependadae 3acBOEHHS KOXHUM
CTY/ICHTOM Cy4YacHOi TEXHIKM Ta METOJIB KOMIT IOTepHOI 00poOKH
OTPUMAHUX  EKCIIEPUMEHTAIBHO  pPe3yJbTaTiB Ta  MOXHOOK
BHUMIpIOBaHb, 3aCTOCYBaHHS TaONHIlL 1 JIOBIKOBOTO MaTepiaiy, II0
MOMIIICHUH Y KiHIII TPAKTUKYMY, CHCTeMHU [HTepHeT.

Koxna maboparopua po0OoTa Mae CBOIO HasBy Ta
MMPOHYMEPOBaHAa, BHCBITICHO ii MPaKTUYHY MAOIUIBHICTE 1 MeETY,
OMKMCAaHO TEOPETHYHI BIJJOMOCTI, HABEIEHO OIKC 3aCTOCOBYBaHHX
MpWIaAiB, 3aBIaHHs, XiJi pOOOTH, 3BITHA TAOIMIIA 1 3aUTaHHS IS
CaMOKOHTpPOJIIO0. BinmoBii Ha KOHTPOINbHI 3amUTaHHS CTYACHTH
3MOXYTh JIaTH, O3HAaHOMHBIIMCH 3 J1a0OpPaTOpPHOI POOOTOI Ta
PEKOMEHIOBAHOIO JTITEPaTypOIo.

Hapuanbuuit nocioHuk «JlabopaTopHuii mpakTUKyM 3 Qi3uKu
Ta Oioi3Mkm» pEeKOMEHIOBaHWH CcTydeHTam [-2 KypciB, wIO
BHUBYAIOTh TUCIHUILIIHU «Di3ukay, «Di3zuka 3 ocHOBaMHU 010(i3uKN»,
«biodizuka» i «biodizuka 3 ocHOBaMH KBaJliMeTpii» Ta Moxe OyTn
KOPHCHHM JJISI CTYJCHTIB 320YHOT OCBITH.

[Tix wac caMoCTiliHOT MiATOTOBKH JI0 JTAOOPAaTOPHUX POOIT
PEKOMEH/Ty€ThCSI BHKOPUCTOBYBATH TaKy JIITEPaTypy:
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I. TEOPETUYHI OCHOBMU AJIA PO3PAXYHKIB 10
JIABOPATOPHUX POBIT

§ 1. llonaTTs npo (izuyHi BeJIMUMHHU Ta 3arajbHi NpaBUJa ix
BHUMipIOBaHb

OCHOBHI TOJOXCHHS 1 3aKOHM (hi3uku Oe3MocepeTHbO
OB’ s13aHi 3 eKcriepuMeHTOM. SIK 1 B Oyb-sKii TOUHIM HayIl, y (i3wi
pe3ymbTaTH  eKCINEPUMEHTIB  XapaKTepu3yIOThCA  IMepeaycim
CYKYIHICTIO AESIKHX YHCENl — YACIOBUX 3HAUYEHb (DiI3WYHUX BEIHYHH.
Ile Ti *® cami YHUCIIOBI 3HAYCHHS, SKi BXOASATh Y MaTeMAaTHUYHI
(hopMyIH, 0 BCTAHOBJIIOIOTH 3B’ SI30K MK (PI3UMHUMHU BETHYHMHAMHU
y SIBUIIAX MPUPOAH.

OcHOBHa MeTa TMPAaKTUKyMy — HAaBUYUTH MPaBUIBHO
BUMipioBaTH (Hi3W4YHI BETMYWMHHU 1 JOUUITFHO BHUKOPHUCTOBYBATH iX
YHCIIOBI 3HAYCHHS Y (hopMyIax.

®dizuyHa BeAWYMHA XapaKTepH3ye TMEBHY OCOOJIMBICTD
¢iznyHOTO0 00’€KTa (SBUILA), BiIOOpakae HOTO BIACTHBICTh, CTaH ado
TIPOLIEC, IO BiNOYBAETHCA B HHOMY 1 Ma€ SIKICHUH Ta KiJIbKiCHUH 3MICT.

BumiptoBaHHsS — e eKCIEpUMCHTAIIbHE BHU3HAYCHHS
KUIBKICHOTO  3HaueHHS (i3UYHOT BEIMYMHU 32  JOMOMOIOIO
cHeniaIbHUX TEXHIYHUX 3aC001B.

Buwmipsatu ¢i3udyHy BENTUYMHY — O3HA4a€ TMOPIBHATH ii 3
OJHOPITHOIO ~ BEIMYUHOIO, SKA MPUAMAEThCS 32  OJUHHUIIIO
BUMIipIOBaHHS (OAMHUINIO (i3MYHOI BEIMYWHHU). BUOpaTH oaMHHUITIO
BHUMIPIOBaHHS — 03HaYa€ BUOPATH 32 OJMHHMINIO YHCIOBOTO 3HAYCHHS
¢biznyHo1 BeanunHM (KUIbKICHUH 3MicT (hi3HUHOT BEJIMYMHIN) YUCITOBE
3HAauYeHHsS (I3UYHOT BEJIMYMHM eTaJoOHHOro 00’ekTa. Hampukias,
ICHYIOTh €TaJIOHH JIOBKMHHU Ta MacH - MEBHI Tiia, sKi 30epiratoTh y
creliabHUX yMoBax. JIOBXKMHY Ta Macy HHX TUI MPUAMAIOTh 3a
OJIMHHMITIO. BiMOBiIHO OJWHHWIIO JOBXHHU HA3WUBAIOTh METPOM, a
OOVHMIIO Macu — KiuorpamoMm. OAMHULI BUMIPIOBAaHHS MOXHA
BUOUpATH JIOBUIBHO, ajie SKIIO BOHMU BXXE BUOpaHi, TO TOBHHHI
3aJIMINATACH HE3MIHHUMH B MEXKaX BUOPaHOT CHCTEMHU OJIMHUIIb.

Y wmiknapoaHiit cuctemi ommuuis (CI), sikoro mu Hamami
OyZeMO TepeBaXHO KOPUCTYBaTHCh, € 7 OCHOBHUX OJWHHIb
(Gi3UMYHMX BEIWYWH: METp (M) — IOBXKHWHH, Kijorpam (Kr) — macw,
cekyHaa (c) — wacy, ammnep (A) — cumu crpyMmy, kenmbBiH (K) —




TEPMOIMHAMIYHOI TeMIepaTypH, Kanjena (K1) — CHIH CBiTJa, MOJb
(MOJTB) — KIUTBKOCTI PEYOBWHHM; Ta IBI BEIMYUHA T€OMETPUIHOTO
3MICTY: pajiaH (pan) — IIOCKOTO KyTa, CTepaiaH (CTpaj) — TIIECHOTO
(mpocTopoBOro) KyTa.

IIporiec BHMIipIOBaHHS CKJIANA€THCS 31 CHOCTEPSIKCHHS Ta
BUKOHAHHS MaTEMAaTUYHHUX OIEpalliifi 3 BH3HAYEHHS pE3yIbTaTy
BHMIpIOBaHHSI.

CrocrepekeHHSI — €KCIIEpUMEHTaIbHA OTepallis 3 METOI0
3HaXO/DKCHHS 3HAa4eHHA (i3WuHOi BenW4MHH. PesymbraTtom
BUMIPIOBaHHSI € 4YHCJIOBE 3HAa4YeHHS (I3UYHOI BETUYUHH, TOOTO
BH3HAYEHE YHCIIO BUOpAHHUX OJUHHIIL BUMipIOBaHHS. SIK 3a3Ha4an0Cs
Buile, ¢iznyHa BeMWMYMHA Ma€ SKICHUH Ta KibKicHHH 3MicT. Tomy
MopsiA i3 YHCIOBUM 3HAYCHHSIM BKa3yIOThb MPHUHHATI OIWHHII
BUMiptoBaHHS. Hampukian, npu BHMIpIOBaHHI MacH Tina m
BH3HAYEHO, IO YHCJIOBE 3Ha4YeHHs Mmi€i (i3udHOT BENMWUNHH
CTaHOBUTH 1,5 B OMMHUIIIX MacH €TaJIOHHOTO Tina (kiyorpamax). Tomi
3amucyrTh M = 1,5 Kr, 110 O3HaYa€e: Maca Tija JOpiBHIOE 1,5
Kinorpama. OIWHHIIO BUMIPIOBaHHS, SKa BKa3yeTbCcsS MOPSN 13
YICIIOBUM 3HaY€HHSIM, HA3UBAIOTh PO3MIPHICTIO (Pi3NYHOT BEIMIHHU.

Po3pi3HAIOTE Taki BUMIPIOBAHHS:

1. nOpsMi, mpu SKUX CUTHAI, MO0 HAAXOIUTh Ha BXiJ 3ac00y
BUMIPIOBAaHHS, MICTHTh O€3IOCEpeHIO iH(OpMAIII0 PO
camy (i3muHy BenuumHy. Hanpukmaa: BUMIprOBaHHS
TEMIIepaTypu — TEPMOMETPOM, TUCKY — OapOMETPOM.

2. HenpsiMi, KOJIM 3HA4YCHHsS BEJIMYMHU 3HAXOJSTh Ha OCHOBI
OOUYHMCIIEHP 34 BIZOMAMH 3aJIEKHOCTIMH MIX II€HO
BEJIMYMHOIO Ta BEJIMYMHAMH, BUMIPSHUMH 32 JOTIOMOTOIO
MPSIMUX BUMIPIOBaHb (TOOTO 3a (hOPMYIIOF0).

3. CHUIbHI, KOJM BHUMIPIOIOTh JICKIJIbKAa HEOJHOUMEHHHUX
BEJIMYUH [UIs BCTAHOBJIEHHS 3aJIEXKHOCTI MK HHUMHU. SIK
MPaBUIIO, PE3YJIbTATH CIIJIbBHUX BUMIPIOBaHb MIPEJICTABISIOTh
y BHIIISLI TpadivHuX 3aexHocTel abo TabHIlb.

YoMy 1mpH BHMIpPIOBAaHHAX BUHHKA€ HEOOXIJHICTH Yy
MaTeMaTHYHUX olepaisx (0OYMCIIeHHSIX) OOpOOKH pe3ynbTaTiB
BuMiptoBanb? ToMy 110 MPOBECTH BUMipIOBaHHS aOCOJIOTHO TOYHO
HEMOXIIUBO — OyJlb-SIKE BHMIPIOBaHHS 3aBXIU CYIPOBOIKYETHCS
MOXMOKOI0, 3yMOBJICHOIO IPHHIMIIOBOI0 HEMOXIIMBICTIO (4epe3



3arajJbHUNA B3a€EMO3B’SI30K SIBUIL Y NPHUPOJII) LIIKOM YCYHYTH BCi
CTOPOHHI BIUIMBH Ha IPOIEC BUMiPIOBAHHS.

Ioxubkoto pe3ynbmamy cnocmepedicents (6UMIPIOBAHHS) €
BiJXWJICHHS PE3yNbTaTy CHOCTEPEKEHHS (BUMIPIOBaHH) X (i3UIHOT
BEIMYMHU BiX i1 icTMHHOrO 3Ha4deHHA X. OOYUCIIOIOTH [Ba BUOU
MOXMOOK: aOCONIOTHY — BHPAXAETbCA B OAMHHUIAX BHMIPIOBAHOL
BEJIMYMHU:

Ax = |x — x| (1.1

1 BIAHOCHY, III0 BUPAKAETHCA y BIICOTKAX Bi/I 3HAYCHHS BUMIPIOBaHOI
BEJIMYMHU:

Ax
ox = ~ 100%. (1.2)

1
5x
Ha3uBaeThCs TouHicTIO. Yepes Te mo Oyab-Ke BUMIPIOBAHHS
CYIIPOBO/KY€ETHCSI TOXMOKOI0, BUILIMBAE BUCHOBOK, 110 HEMOXKIIUBO
3HAWTH aOCOMIOTHO TOYHE ICTHHHE 3HAUCHHS, ajie MO)KHA BKa3aTH, B
SKHX MeXax, II0 BU3HAYAIOTHCSA MOXMOKaMHU BUMIpPIOBaHb, BOHO
MicTuThcsl. Hampuknan, po3kpuBlim 3HaK Moayist y gopmyni (1.1),
OTPUMAEMO:

OGepHeHa 110 BIAHOCHOI TOXMOKM BeNWYMHA Y =

Xo — Ax < x < xy + Ax, (1.3)
ane pesyromamu eumiproéanv 3amicthb (1.3) sanucyiome y maxomy
6UNA0I.

X = xy  Ax. (1.4)
[TpuiHATO PO3PI3HATH TPU TUIH MOXUOOK NP BUMIPIOBAHHI
1. Cucrematnuna noxu6Oka. Taka moxuOKa € HaCIiIKOM PiBHS
HEJOCKOHAIIOCTI ~ NpWJaNiB, a TaKOX HENONIKIB  METOJIUKH
excriepuMeHTy. [Ipu TOBTOpEHHI OIHAKOBHX CIIOCTEPEXKEHb I
noxubka € cTajow abo 3aKOHOMIPHO 3MIiHIOETHCS. SIKIO MpUYMHA i
3HAYEHHS €1 MOXUOKHU BiJJOMi, TO i MOKHA IMO30YTHUCS Y KiHIIEBOMY
pe3yibpTaTi BUMIpIOBaHb BBEACHHSIM BiAMOBIIHMX moONpaBok. Jo
CHUCTEMATUYHUX TIOXMOOK HAJIeKUTh MOXHOKAa BHUMIPIOBAHOTO
npuiaay, ska BU3HAYA€Thes Horo kiaacoM TouHocTi Big 0,05 mo 4.
Knac Tounocti nexuts B Mmexax Bizx 0,05 no 4 1 BUpaxkae y BiICOTKax
CHUCTEMAaTU4YHy MOXHOKY NPH MaKCHMajJbHOMY 3HA4Y€HHI MOKa3HHKa
BEJIMYMHHU Ha JTaHOMY Jliaria30Hi BUMIPIOBAHHS HPUIIALTY.
2. BumajgkoBa moxuOka MNpOSABISETHCS Yy XAOTHUHIM 3MiHi
pe3ybTaTiB MOBTOPHUX CIIOCTEPEKEHb, KOJIM BOHH BiJIPi3HSIOTHCS
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OOUH BIiA OAHOIO 1 BIA ICTUHHOIO 3HAYEHHS, SAK HACIIIOK
HEKOHTPOJILOBAHOTO BIUTUBY 0ararboX BHUMAIKOBUX (aKTOpiB
(HaBKOJNMIIHBOTO CEPEeIOBHIIIA, JTIOJCHKOTO (GaKTOpy Ta iH.).

3. Ilpomax. Ilg moxubka € pe3yabTaTOM HEMPaBUIBHOI
IIOCTAaHOBKH EKCHEePUMEHTY, MMOMIJIOK TPU PEeecTparlii Ta OIiHII
JaHUX  CIIOCTEepPeXeHb.  [Ipomaxu  3ayexarh  JHIle  Bij
EKCIIEpUMEHTATOpa, TOMY iX IJIKOM MOKHA MO30yTHCh. BUSBISIOTH
MpOMax® TpH 3HAYHIA BIAMIHHOCTI OTpPHMaHUX pe3yJbTaTiB Bix
pemty Takoro X tumy. Ilpn oMy 000B’SI3KOBO CIIi/I TEPEKOHATHUCH,
IO BiIMIHHOCTI BUKIIMKaHI camMe MOMHUJIKAMH €KCIICPUMEHTATOpa, a
He (QI3UYHOIO CYTTIO SBHIIA.

Y BHMaKy, KOJIU BCI CHCTEMATUYHI TOXUOKH BPaxOBaHi, KJIac
TOYHOCTI BUMIPIOBAIBHOTO TpHIaNy BiIOMHH, 1 3a BiJICYTHOCTI
CYTTEBUX HEBIJOMUX JDKEpeN CHCTEMAaTHYHUX IOXHOOK MOXHA
c(hopMyITIOBaTH JIBa MTPABHJIA BUMIiPIOBaHHS:

1. Sxmo cucremaTyHa TIOXMOKA 3HAYHO TIEPEBUIIYE

BUMAJIKOBY, BUMIPIOBaHHS JIOCHTh IIPOBECTH OJIUH Pa3.

2. Slkmo mepeBakalOTh BUMAJIKOBI MOXMOKH, BUMiPIOBAHHS
CJIiT TIPOBOJIUTH CTiJIbKM pa3iB, 00 MICIs CHerialbHOL
MaTeMaTH4YHOi (CTaTUCTUYHOI) OOpOOKM pe3ynbTaTiB
CIIOCTEPES)KCHb BHIIAJKOBAa IMOXWOKa Oylla MeHIIa 3a
CHCTEMATHYHY.

§ 2. O0uncieHHs Ta ONiHKA a0COJIOTHHX i BiTHOCHMX MOXHOOK
MPH OTHOPA30BUX BUMIPIOBAHHSIX
To4HICTh BUMIPIOBaHHS XapaKTEPU3YEThCSA MOT0 MOXHOKOIO.
AOCOTIOTHOIO TTOXHOKOI0 BUMIipIOBaHHS HA3WBAaIOTh MOJYJb Pi3HHUIIL
MiX 3HAWJICHUM Y {-MY JOCITi/Ii 3HAYSHHSIM X; Ta ICTHHHAM 3HAYEHHSIM
x ¢izuunoi BenmuunHY. [To3HaAYMMO MOXMOKY BUMIPIOBAHHS BETUUMHH
X cUMBOJIOM Ax;, TOm1
Axi = |.X'i - Xl. (21)
Kpim aGcomtoTHOI MOXuOKKW Ax OOYHCIIIOIOTH BIJIHOCHY
noxuOKy &x, sika JOPIBHIOE BIIHOIICHHIO a0CONIOTHOI MOXUOKH JI0
ICTUHHOT'O 3HAaUY€HHS BUMIPIOBAHOI BEIMUMHU:
Ax;  |x; — x|

Ox; = (2.2)

l x . x .
SIkicTh BUMIpIOBaHb HalluacTillle OLIHIOIOTH CaMe BiJTHOCHOIO
MOXMOKOI0, SIKYy MOYKHAa BHPA3UTH y BiJICOTKAX, — 6x; - 100%.

Hanpuxiag, 3po3ymino, 1o a0cojroTHa MoxuOka B 1 MM mpH
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BUMIpPIOBaHH] JOBXXMHU KIMHATH HE Ma€ CyTTEBOTO 3HAYCHHS, a MPU
BH3HAYECHHI JiaMeTpa IBsiXa € CyTTEBOI. Alle BiTHOCHA MOXHWOKa B
nepioMy Bunajaky cranosutb 107 (0,01 %), a B qpyromy  Jecsth i
OlJIbIIIE BiICOTKIB.

3 ¢opmyn (2.1) ta (2.2) BUMIMBaE, MO I OOYUCIECHHS
MOXHOOK HEOOXiTHO 3HAWTH KpPIM BHMIPIOBAHOTO IME ¥ ICTHHHE
3HaueHHs ¢i3uuHoi BeaumynHU. OUYEBHIHO, IO 3HAIOYH ICTUHHE
3HAYEHHS BEJIMYMHU, HEMA€ 3MICTy IIPOBOJUTH BUMiproBaHHA. OHaK
MeTa BUMIPIOBAaHb 3aBXKIH IOJSITAE Y TOMY, 00 Ji3HATHCH Hamepes
HEBIJIOME 3HAauYCHHs (PI3UYHOT BEIIMYMHHM, & CAME ICTUHHE 3HAYCHHS,
abo xou O 3HauYeHHs, SKE BIAPI3HAETHCA BiJl HHOTO HA Maly
BennunHy. ToMy y BHMIpIOBaHHSX MOXHMOKH HE OOYHCIIOIOTH, a
3MIACHIOIOTH 1X OIIHKY.

§ 3. EnemenTtn Teopii iiMoBipHOCTEi i MaTeMaTHIHOL
CTATUCTUKH

PosrnsaemMo Taki TOHATTS, SK BHNPOOYBaHHA (HOCHIM,
EKCIICPUMEHT) 1 TTOiA.

BunpoOyBaHHSIM  HA3WMBA€TLCS  3O1MCHEHHS  IIEBHOTO
KOMIIJICKCY YMOB, /10 SKHX HaJEKUTh METOIUKA POBEACHHS OCTi Ly
OpU HWOTr0 KOHKPETHOMY TEXHIYHOMY 3a0e3Me4eHHi, Tpu SKHUX
MPOBOJATH  CHOCTEPEXKEHHsT (i3W4YHOro sBUIA abo  ¢izuuHOi
BEJIMYHMHU.

Ilomiero Ha3wWBaeThCs pe3yiabTar BuUnpoOyBaHHs. [lomii
M03HAYAIOTh BEJIMKUMHU JIITEpaMH JIATUHChKOTO andasity 4, B, C, ...
Hampuxman, momis A =  {npm mepmoMy  BUMIPIOBaHHI
(BunpoOyBaHHI) OoTpuMaHe 3HaYeHHs Koe(illieHTa B’SI3KOCTI piAWHA
X1 }. O4eBHIIHO, Yepe3 HASBHICTbH PO3TJISHYTHX BHIIE MOXHOOK IIs
OJ1isl € BUMAJAKOBO. 3aKOHOMIPHOCTI peatizallii BUIaKOBUX MTOiN
BUSIBJISIIOTH IIpU O0araTopa3soBUX BUIPOOYBAHHSIX.

Hexait BumagkoBa momisi A4 peamizyBajacs B Ty
BUTIPOOYBaHHSX MPH 3aralibHiil KiIBKOCTI N BUNPOOYBaHb. Uncio ny

. n .
HasuBarOTh 4aCTOTOK, a4 B1JHOIICHHS 7'4 BIJHOCHOK YaCTOTOIO WA
na

(WA = 7) nojii A B paHiii cepii BunpoOyBaHb. BimHocHa YacToTa

3aJCKUTh BiJ] BHUMNAAKOBUX OOCTaBMH, IO CYINPOBOKYIOTH
BUNpoOyBaHHS. SIKIIO pO3IIIIHYTH Pi3Hi cepii BUIPOOyBaHb, TO IpU
3HAYHUX KIUTBKOCTSAX BHIPOOYBaHb BIJJHOCHI 4YacTOTH OyayTh
ONMU3BKMMH 33 YHCIOBUMH 3HAaYCHHSMH. PO3IIISIHEMO HEMOXIUBY
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nofito B, ToOTO Taky, ska He MOKe BiOyTHCS Ipy BUNPOOYBaHHI, a
TaKOX JOCTeMEeHHy mofito C, sika 000B’SI3KOBO BiAOyBaeTbCsA MPHU
BuripoOyBanHi. OueBHaHO, B mepomy Bunaaky W, = 0,a W, = 1.

YucenpHy Mipy MOXJIMBOCTI peanizamii BUIAIKOBOI MOAil
Ha3WBalOTh KMOBIpHICTIO BUmaakoBoi momii. Cdopmymoemo
CTATUCTUYHE O3HAYCHHS HMOBIPHOCTI BUIIAAKOBOI OTii: HMOBIPHICTB
BUIIAJIKOBOI MOMIl A 1I¢ TpaHMIIS BiJIHOCHOI YacCTOTH Ili€l MOMil mpH
HEOOMEXEeHOMY 301IbILICHHI YHCIIa BUIPOOYBaHb.

P(A) = lim -2, 3.1)
n-o N

Y  Teopii  WMOBIpHOCTEH  HEONHO3HAYHI  HACIIiJIKH
BHIIPOOYBaHb, & caMe OTpHUMaHi B pe3yJbTaTi BUIIPOOYBaHb YMCIIOBI
3HAYEeHHS BHMIPIOBAaHMX BEJIWYWH, HA3WBAIOTh BHIIAJAKOBUMHU
BeIMYMHAMHU. BHIagkoBl BEIMYWMHHU MOMLISIOTH HA JUCKPETHI Ta
HerniepepBHi. JlMckpeTHa BeNWYMHA Ma€ CKIHYEHHY KIUJIBKIiCTh
MOXXJIUBUX 3Ha4eHb (HANpUKIad, BIiHOCHA BOJIOTICTH TIOBITpS,
BHUMIipsiHa 3 TOYHICTIO JI0 OJHOTO BijicoTKa). HenmepepBHa BunaakoBa
BEIMYMHA MOXXE HaOyBaTH 4YMCJIOBUX 3HAu€Hb 3 IHTEpBaly Ha
gucnoBiii  oci. [lpukmagoM HemepepBHUX BEIWYMH € BHCOTA
CTOBIUMKA PTYTi Y TEPMOMETPI NPHU AOCIHIIIPKEHHI TeMIepaTypy Tina
OpU WOro HarpiBaHHI YW OXOJIO/PKEHHI. BumaakoBi BenmuuuHH
BHBYAIOTh HA OCHOBI 3aKOHY pO3IMOAUIY - BIIMOBITHOCTI, sKa
BCTAaHOBIIIOE 3B’S30K MiK MOJJIMBUMH 3HAYEHHSIMH BHIAJKOBOI
BEJIMYMHU Ta IX HMOBIPHOCTSIMH.

s mucKpeTHOI BUIAAKOBOI BEIWYMHU X 3aKOH PO3MOMALTY
3aMUCYIOTh Y BUTIISII TaOIUIT

X X1 X2 Xi Xn
P P1 p2 p: Pn
I€ X1, X3, ..., Xy, — MOXJIMBI 3HAUCHHS BEJIUYUHU X D1, D2, ..., Pn —

BI/INOBI/IHI WMOBIPHOCTI JUTs IIMX 3HAYeHb, TOOTO p; = P (X = x;) —
HMOBIPHICTH TOTO, IIO BHUNAJKOBA BEJIMYMHA X MpPU BUNPOOYBaHHI
HaOyze 3HaUeHHS X;.

s HenepepBHOI BUMAAKOBOI BETMYMHH X 3aKOH PO3MOILTY
3a7al0Th 'y BUDIAM  QyHKIil posmopiny F(x), ska JOpiBHIOE
WMOBIPHOCTI Takoi TOil, KOJW BHIIAJKOBA BeIWYMHA HaOyBa€e
3HAYEHHs, MEHIIIOTO Bif X:
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F(x) =P (X < x). (3.2)
Iloximay ¢yHKIIT po3mOAiNy Ha3WBAaIOTh  (DYHKINEO
LITBHOCTI PO3MOJIiTY HMOBIpHOCTEH:
f&x) = F(x). (3.3)
BrnactuBocTi BUIIaAKOBUX BEJTMYUH BU3HAYAIOTh TaKi YUCIIOBI
XapaKTePUCTUKH  PO3MOALTY  (3IpOUKor0 TMoO3HadeHi  (opmynn
OOYMCIIEHHSI  YHMCIOBHUX  XapakTEpPUCTHK A HENepepBHUX
BUMAJIKOBUX BEJIMYMWH, sIKi HA0YBalOTh 3HAUYEHb Ha iHTepBam (a; b);
pemita GopMyII CTOCYIOTHCS AUCKPETHUX BHUIAIKOBHX BEINYNHH):
MateMaTiyHe COOiBaHHS:

n

M(X) = x1p1 + X202 + -+ + XpPp = Z XiDi (3.4)
abo =
b
M(X) = f xf ()dx (3.4)
MCIEePCis: ‘
D(X) = M(X — M(X))’ = Z(xi -M))’p; (35)
i=1
qnu )
D(X) = f (x — M(X))*f (0)dx; (3.5)

a
CEPCAHBOKBAAPATUYHE BiZ[XI/IJ'ICHH)Ii

o(X) = DX). (3.6)
MaremaTnyHe CIOJIBaHHS € «yCepeJIHEHHM» 3HAYCHHIM
BUTIAJIKOBOI BEJIMYMHHU, a JIUCIepCis Ta CepelHbOKBaJpaTHIHE
BIIXWJIEHHS € MIpOI0 BIIXWJICHHS MOXXJIMBHX 3Ha4€Hb BHIIQJAKOBOL
BEJIMYMHU BiJl MATEMaTHYHOI'O CIIO/[IBAHHS.
Hexait moTpiOHO OCTIAUTH TEBHY KUIBKICTH OJHOPIIHHX
00’€KTiB, CYKYITHICTb SIKHUX HAa3UBAIOTh T€HEPATBbHOIO CYKYITHICTIO.
Bci 00’€xTH HEMOKIIMBO JOCTIAUTH Yepe3 HU3KY MOXKIMBHX
npuuuH: 1) JOCHIKEHHS BCiX OO’€KTIB BHMAarae 3HauYHUX
MaTepiaibHUX BHUTPAT; 2) MPH JOCHIPKEHHI 00’ €KTH 3HUIYIOTHCS,
HaNpHUKIaJ, 00 BU3HAYUTHU NPY>KHI BIaCTHUBOCTI KICTKM TBapUHH, ii
Heo0Xi1HO 3a0uTH. TOMY JUIs TOCIIIPKEHHS BHOUPAIOTh (BUMAKOBHM
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YHMHOM) OOMEKeHEe YHCIO 11 00’€KTiB 3 T€HEepaJbHOI CyKYMHOCTI, a
MHOXHHA ITMX 00’€KTIB Ha3WBAETHhCS BUOIpKOIO 00’emoMm n. [ami
CKJIQIAIOTh CTATUCTHYHUHA PSAA PO3MOJUTY BHUITQAKOBOI BETHIHHH —
TaONMUIIO 3HAUYeHb BHUIIAJKOBOI BENMYMHU X; 3 BiANOBIAHUMH iM

. n; o
qacToraMu mn; abo BIJHOCHHMH 4YaCTOTaMH # Hexait CKJIaacHa

BUOIpKa 00’eMOM N 1 3a(iKCOBAaHO 3HAYCHHS BUIAJKOBOI BEIIMYHHH

X1y X2, -.., Xpn. 1IOOYAYEMO CTATUCTUYHMHI PSA POMOJINY:
Xi X1 X2 - Xi Xk
n; N1 Ny .. n; e Nk

SIKII0 OOCHIKYIOTh HENEpepBHY BHUIIAJKOBY BEIWYHMHY, TO
iHTepBan ii 3HaueHb (a; b) po30uBarOTh Ha Kk iHTEpPBAIIiB OJHAKOBOI
JOBXXKMHHW, y TaONWIl CIIBBIIHOIIEHHS X; —N; O3HA4a€, IO
BHIIAJIKOBa BEMMYHMHA HaOyBajla 3HaUY€Hb HA i-TOMY IHTEpBall B N;
BHIIPOOYBaHHSX.

J1s  OWIHKKM  BJACTHMBOCTEH  BHIIAJKOBOI  BEIHUYHHH
00YHCITIOIOTHCS BUOIPKOBI YHCIIOBI XapaKTEPUCTUKH:
BubipkoBa cepenHs:

S|
M=

Xb = xXin;, (37)
i=1
BUOIpKOBA JHCIIEPCis:
1 _
Db = ;Z(xl- — Xb)znl-; (38)
BUTIPABJICHA IUCTIEPCis:
n
52 = Dy; 3.10
— D, (3.10)

BHUOIPKOBE CEpeIHE KBAIPATUUHE BiIXUIICHHS:

0y = /Dp; (3.11)
BHUTIpaBJICHE BUOIPKOBE CepPeIHE KBAJAPATUIHE BiAXUIICHHS:
S =./s2.

OdeBumHO, IO BKa3aHI BEIWYMHH € HAOIMKEHUMU
3HAYEHHSIMM BIJIOBIIHUX YHCJIOBHX XapaKTCPUCTHK BHITaIKOBOL
BeauunHu (dopmynu (3.4) — (3.6)). PisHums MK BIAMOBIIHUMH
3HAYEHHSIMH 3MEHIIYETHCS 31 3pPOCTaHHAM 00’eMy BHUOIpKH 1,
OUYEBHUIHO, 1[0 3HAYEHHS OyIyTh OJHAKOBI, KO OYAYyTh TOCIIKEH]
BCi 00’ €KTH reHepaIbHOI CYKYITHOCTI, TOOTO (popManbHO iX KiJIbKICTh
criBrnaje 3 00’eMOM BUOIpKH.
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3a3HauKMMO, 110 BEIMYMHA S? BUKOPUCTOBYEThCS 3aMicTh Dy,
Ta BIAMOBIIHO S 3aMiCTh 0, TiJIBKH MpH ManuXx BUOipkax (n < 30), a
npu BeukuX BubipKax (n > 30) Benmuunnn S2 i Dy, S i 0}, MpaKTHIHO
30iratoThcsl.

Hyxe 9acTo BHUMAIKOBI BEIMYMHU y BETEpPHHApIl Ta NpH
(hI3MIHUX BUMIPIOBaHHIX MAalOTh HOPMAaBHUN 3aK0OH po3momiry. s
OUX BEJIMYMH XapakTePHUM € Te€, 10 MPHUYMHOIO0 HAOYTTS MEBHOTO
YHCJIOBOTO 3HA4YeHHsS (TOOTO TOTO, IO B pe3yJbTaTi BUMipIOBAHHS
BOHH OTPHUMaIM KOHKPETHE YHCIIOBE 3HAUYCHHS) € Kilbka (akTopiB
BIUIMBY Ha [0 TOJiI0, NPHIOMY cepell HHX HEMa€e CYTTEBO
nepeBakHoro. KaxxyTs, 0 BUMaAKOBa BeTUUNHA X Ma€ HOPMaIbHUI
3aKOH PO3MOJiTy, SKIIO ii (PyHKIIS MUTBPHOCTI HMOBIpHOCTEH Mae
TaKWUU BUTJISI:

1 _(x-a)?
e 20?2 (3.12)

f@) = oVan

i€ 0 1 a - mapaMeTpH PO3MOILTY (a =0(X);a = M(X)).
HaBenmemo HeoOXimHi I MPaKTUYHOTO BUKOPUCTAHHS
(hopmynu Teopii IMOBIpHOCTEH Ta MaTEMaTHIHOI CTATHCTHKH.
1. VIMOBipHiCTB TOTO, 110 HOPMAIBHO PO3MOiIEHA BUIAAKOBA
BeMYKMHA HaOYJIe 3HAYCHHS Ha iHTepBani (¢ f),
00YHCITIOETHCS 3a (POPMYIIOIO:

P(a<X<[?)=d)(B;a)—(D(a;a), (3.13)

ne O(x) — ¢yukuis Jlamaca.

2. VIMOBipHiCTB Y TOTO, IO BiAXMIIEHHS BUGIPKOBOI CepeIHbOi
BHUIIAIKOBOI BEJIMYMHY Bij I MAaTEMAaTUYHOIO CIIOAIBaHHS HE
MIEPEBUIIYE O, TOPIBHIOE:

y=P(X, —MX)| <) =20 06(—\5; . (3.14)
MMoBipHicTs Y  HasuBaeThcs  HajiiiHicTio.  BBiBmIM

5 . to(x .
MO3HAYEHHS t = Sn (Tomi 6 = %), Ha ocHoBI (3.13) 3anmumiemo

o(X)
to(X)

P(IX, — MX)| < )= 20(t), (3.15)
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3BijicH 3a 3aJJaHUM 3HAYCHHSIM HAJIIHHOCTI ¥ MOYKHA 3HAUTH O,
KOPHUCTYIOYHCH Tabuiiero Gpyrkiii Jlammaca O(x).

3aysaosicenns 1. Jna  wmammx  BuOipok  (n < 30)
BUKOPHCTOBYIOTH (hOPMYITY

P(p?b — M) <¥) —, (3.16)
n
me Juis 3HaxokeHHs koediumienta Creiomenta y(n,t,) =y 3a
3aJ]aHUM 3HAYCHHSM ¥ (YM HABIAKW) BUKOPHUCTOBYETHCS t-pPO3MOMALT
Crpronenta 3 n - 1 CTyneHsMu BUIbHOCTI — (1, t), ) = ¥.
3aysascenns 2. Aximo y popmyii (3.13) mepibnocti | X}, —
M(X)| < 6 po3KpHUTH 3HAK MOJIYJIsI, TO OTPHMAEMO
Xp—86<MX)<X,+6,
T0OTO OOuncieHa Beauunaa M (X) nepebysae B inTepBai Xp —
5 X p + &), KKl HA3UBAIOTH HAMIHHUM IHTEPBAJIOM.

Kopucryrounces popmymamu (3.14) - (3.16), MoxHa 3HAUTH
HaJiHWIA 1HTEpBaN 3a 3aaHOI0 HAIMHICTIO ¥ Ta 4HCIoM N, abo
3HAWTH 00’eM BUOIpKH N (HEOOXiJHE YHUCIIO BUMPOOYBaHB), 10O
BUOIpKOBE cepeqHE MOTPAIULUIO0 B 3aJaHUi HAJIMHUI iHTEpBan i3
3aJaHOI0 HAIIMHICTIO.

§ 4. BunaakoBi noxuoxu
Bynemo BBakaTH, 110 CHUCTEMAaTU4HI MOXUOKH JOCTaTHHO
MaJi, o0 HUMU MOXHa 0YJI0 3HEXTYBaTH, @ CYTTEBUMU € BUTIAIKOBI.
PosrisiHeMo nani, oTprMaHi Py BUMIipIOBaHHI TEMITEPATypH
Tija, 0 KO BOHO HArpiBa€Tbcsi B pe3yJbTaTi MEXaHIYHOTO TEPTsI
(mpoBeneno 10 oTHAaKOBUX AOCIIIIB):

Ne. 11213456 |78 9]10
Jocmny
Tenmepa- | 4o | 39 | 41| 40 | 42 | 40 | 39 | 38 | 39 | 40
Typa, °C

3aMiCTh OAHOTO MOTPIOHOTO HaM PE3YJIbTaTy MH OTPUMAIIH
JIecATh, TOMY BUHHMKA€ IUTAHHS: SKE )X 3HAYCHHS TEMIIEPATypH €
HaHOMMKYMM 10 ICTHHHOTO 1 SIK OI[HUTH TOXHOKY OTPUMAaHOTO
pe3yabTaty 3a Gpopmyioro (1.4)?

3HadyeHHsT (i3WYHOT BEIMYMHH, OTPHUMAaHE B Pe3yJbTaTi
BUMIPIOBAaHHS, SIKE HACTUIbKM OJIM3bKE 1O ICTMHHOTO, IO MOXKE
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BUKOPUCTOBYBAaTHCh  3aMIiCTb  HBOTO, HAa3MBAETbCA  AIMCHUM
3HAYeHHSM, a came X y ¢dopmymi (1.1). OueBuano, MO BUMIpsSHA
¢i3vyHa BENMYMHA € BUMAJKOBOIO BEIMYMHOIO. ToMy HaWOiNMbII
IMOBIpHMM 3HaueHHSIM Oyze cepenHe apu(METHIHE BCiX pe3yIbTaTiB
BHMIipioBaHb (3rigHO 3 (opmymnow (3.7) mpu n; = 1), ke MOXHa
MIPUAHATH 3a AiHCHE 3HAYCHHS Xg = X,q -

n
1 x1 + xZ + i + X
Xca = _in = n n’ (4.1)

i=1

JIe N — KUTBKICTB JIOCITIIiB; X;— BUMIipSHE 3HAYEHHS B i~-TOMY JOCII/Ii.

st HaBeZieHOT o MPUKIIaay OTPUMAEMO: X, = 39,8 °C.

IcHYIOTH pi3HI cHOCOOM OIlIHKKM a0COJIOTHOI Ta BiTHOCHOI
MOXMUOOK (SK UII OKPEMOTO BHMIpIOBaHHS, TaK i JJIS CEPETHBOTO
apudmernyroro cepii BuMiptoBaHb). [l KOXHOTO OKpPEMOTO
BHUMIpIOBaHHS 00YHCITIOIOTH MOXUOKH 3a hopmynamu (2.1) 1 (2.2), ae
3aMiCTb X BUKOPHCTOBYIOTh 3HAYEHHSI X.;, TOOTO MiICHE 3HAYEHHS.
CepenHs abcomoTHa ToxuOKa cepii (0araropa3oBuX) BHMipIOBaHb
00YHCITIOETHCS 3a (POPMYIIOI0

Axy + Axy + - Ax, 1
= ZAxi,
=1

n ns

Ax (4.2)
a s Hamoro mpukiany orpumaemo Ax = 1,74 °C. Toni pe3ynbrar
nocmigy 3rigao 3 (1.4) samumetses: x = (39,8 + 1,74) °C.

3a ¢opmymnoro (3.6) 00UMCIIOIOTH CEPEAHIO KBaJIpaTHUHY
MOXHOKY 0, Pe3yJIbTaTy BUMipIOBaHHS:

(4.3)

SIKIF BIIMTOBIZIA€ CePEHE KBAPATUYHE BIJIXUJICHHS 0}, BIAMOBIIHO J0
(3.11). B namomy Bumnazaky o, = 1,16 °C.

Pesynprar gociy 3anmucyrOTh Y TAKOMY BHTJISII:

x = (Xcq * 0y) O BUM.. (4.4)

st po3riasiHyToi TAOMUIN JOCHITHUX JaHWX 3HAYCHHS
(bi3UYHOT BETMYMHY X 3aITUCYIOTh, K X = (39,8 + 1,16) °C.

[Ipoananizyemo ¢opmymu (4.1) i (4.3). OueBuaHO, 110
pe3yibTaT MpH MPaBWIBHIA METOAMIN JOCHiAy ONHM3bKUH 10
ICTUHHOT'O 3HAYEHHS 1 B PI3HUX HE3AJEKHHUX CEPisiX BHUMIPIOBaHb
(BumpoOyBaHb) Mae He3HauyHi BUNAAKOBI  BigxwieHHs.  3i
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30iJBIICHHSAM  YWCIAa  JOCHIMIB  CEpelHE 3HAueHHS  OinbIie
HaOJIMKAETHCS 10 ICTUHHOTO.

3ayBaxkumo, mo Bupasu (4.3) i (4.4) cinig BUKOPUCTOBYBATH
MPU 3HAYHIN KiNBKOCTI BUMIpIOBaHb — KiJIbKa IECATKIB, COTEHb 1 T.1.,
TOOTO JUIIIEe Y BUMAAKAaX MPAKTUIHHUX JTOCIIIKEHB, 0 TOTPEOYIOTh
0CcOOIMBOI TOYHOCTI TPY BH3HAYEHHI 3HAUYEHBb BENWYMHU. ToMy mpu
BUKOHAaHHI poOIT y (i3WYHOMY TMPaKTHKyMi, 1€ BHKOHYETHCS
HE3Ha4YHa KIUIBKICTh BUMIpIOBaHb, PEKOMEHIYETHCS OOUYMCIIOBATH
abCcoFOTHI TOXUOKH 32 Gopmynoro (4.2).

§ 5. O6uncieHHs1 a0CONIOTHUX i BITHOCHUX MOXHOOK NMPH
HenmpsIMUX BUMipPIOBaHHAX

Yacro ¢i3nyHy BenWYMHY X HEMOXIHWBO BUMIPATH
Oe3nocepeIHpo 1 11 3HAXOAATH HEMPSIMHUM BHMIipPIOBaHHSIM, TOOTO 3a
pe3ysbTaTaMM TMPSMUX BHMIPIOBaHb IHIIUX BEJIWYMH 4@, b, ¢, ...,
OO0YHCITIOI0YH 3HAYEHHS X SIK (PYHKIIIFO [INX BEINIHH

x=f(ab,c,..). (5.1)

Hanpukinaza, moTy)HICTh TOCTIHHOTO CTPYMY OOYHCITIOETHCS
sk 1o0yTok P = IU, ne Benuunnu | Ta U BUMIPIOIOTH aMIIEpMETPOM
Ta BOJIbTMETpOM. [lepios KoIMBaHb, 0 BUHUKAIOTH Y €NEKTPHYHOMY
KOJINBHOMY KOHTYpI, 3HaXOATh 32 (hOPMYIIOI0 T = 2nVLC, ne L
— BUMIpsSHE 3HAYEHHS IHAYKTUBHOCTI, a C — BHUMipsiHE 3HAYEHHS
€MHOCT!I.

V umMx BUIaaKax HEOOXIJHO BMITM OOYMCIIIOBATH MOXUOKHU
MIpY BU3HAYCHHI IIIYKAHOI BEJIMYMHH, SKIIIO BiIOMi TOXHUOKH BEITHYHUH,
SIKi BU3HAYAIOTHCA MPSAMHM BHMIPIOBaHHSM 1 (YHKIEI SKUX €
IIyKaHa BeJTM4rHa. 3TiHO 3 TOJI0KEHHSIMH MOTIEPEIHBOTO Maparpada
pe3yJbTaTH MPSIMUX BUMIPIOBaHb MOJKHA 3aIMCATH TAKUM YHHOM:

a=ay=tAay; b = by £ Aby; ... (5.2)
Toxi mykaHy BeMYUHY TEK CITiJI 3alTUCATH Y BUTIISIL
x = xy + Axg, (5.3)
1€ X — CepeHE 3HAUEHHS X, SIKE 3HaXOATh 3a Gpopmyioro (5.1):
xo = f(ag, by, cy, ---), (5.4)
a Axy — cepesiHe 3HaYCHHsST a0CONFOTHOI OXMOKH, SIKE BUPAKAETHCS
4yepe3 BENUYUHH dg, by, Cp, ... Ta 11X moxubku Aag, Abg, Acy, ...

orocepenkoBaHo dYepe3 (yHkito f. OueBWAHO, MO MOXHOKa
HENPSIMOTO BUMIPIOBAHHS 3aJISKUTh Bifl (QYHKLIOHAIBHOI 3aI€KHOCTI
(5.2).
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PosrnsHemo Halinpocrtimmi Bunaaku 3anexxHocTi (5.1). Hexait
LIyKaHa BeJIMYMHA TOPIBHIOE CyMi JBOX BEJIMYMH, SIKI BU3HAYAKOTHCS
IpSMUAM BEMiproBaHHsAM. To0To:

x=a+b, (5.5)
toni 3rijmuo 3 (5.4) xy = ay + by, a BpaxoByroun (5.3), oTpuMaEMo
Axy = Aag + Abg, TOOTO MTOXUOKY CYMH.

Busenemo popmyiy oOunCIeHHS TOXHOKU TOOYTKY:

x =ab = (ag £ Aay) - (by £ Aby) =
= agbg + agAby + Aagby + AayAbg (5.6)

VY piHOCTI (5.6) BeTHUNHOIO TOOYTKY MaJIUX MOPIBHIHO 3 4
i by BenmuuuH AagAb,y (Aay < ag, Aby K by) MOXKHA 3HEXTYBATH 5K
Iyxe Manoro. TakuM 4MHOM, OTPUMAEMO MOXHOKY TOOYTKY

Axy = agAby £ Aagby. (5.7)

BpaxoByrouu, 1o BiJHOCHa MOXMOKAa IIYKaHOI BEITHYMHU

BUPAXKAETHCS PIBHICTIO

AXO
6xyg =—-100%, (5.8)
Xo
1 KOPHCTYIOUHCH pe3yIbTaTaMy MOTMEPeIHIX 00UNCICHb a0COMFOTHIX
MOXMOOK, 3HANWAEMO BIIHOCHY TIOXHOKY CyMU:

_ 290 %8B0 00, 5.9
Yo = ay + by 0 9
Ta BiJHOCHY OXUOKY TOOYTKY:
aglAby + Aaybg Aay Ab,
Oxg = ——-100% = (—+—) -100% =
o * by Qo bo

3 OCTaHHBOI PIBHOCTI BHIUIMBA€ BHUCHOBOK, IO BiTHOCHA
MOX1OKa TOOYTKY JOPIBHIOE CYyMi BITHOCHMX TOXHOOK MHOXHHUKIB.
3a3HaynMo, IO Ui BHUBEJCHHA (OPMYNT OOYHCIICHHS
MMOXWOOK JJIs PI3HUX BUIIB (PyHKIIOHATHHOT 3a1eKHOCTi (5.1) 3pyuHO
BUKOPHCTOBYBATH METO[ arepeHiabHOTO YHCIICHHSI.
Hudepenmian pynkuii y = f(x) oO4HucaoeThCsl K JOOYTOK
noxiiHoi (PyHKIIIT Ta mpupocTy aprymeHTa Ax:
dy =y’ Ax. (5.11)
s Mmanux 3Ha4eHb AX MOXHA BBaXKaTH, 10 IPUPICT PYHKIIT
00unCITIOETRCS 32 (HOPMYIIOI0
Ay =y’ Ax. (5.12)
o  ¢opMyny  BHKOPUCTOBYIOTb  NPH  CKJIaJHHX
GYHKIIIOHATBHUX 3aJIeKHOCTIX Ty X = a”. OTxe, 3rigHo 3 (5.12):
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Axg = (@) - Aay =n-al~1- Aa,.

(5.13)

Ha ocHOBI HaBeIeHUX BHIIC METO/IiB OOUHCIICHD PO3PaxOBaHa
Tabnuis GopMyI 711 OOUHCICHHS TTOXUOOK.

Ne DyHKIII0- IMoxnbka
3.0 HaJbHA .
SATENKHICTD Cepenns abCcoMOTHA CepenHs BigHOCHA
Aao + Abo
1 x=a+b Axy = £(Aay + Aby) 6xg = ———— - 100%
Qg + bo
Aao + Abo
2 x=a-—b Axy = £(Aag + Aby) Sxg = ———— - 100%
ag + by
3 x=a-b Axy = £ (agAby + Aaghgy) 8xy = 8ay + 6b,
a agAby + Aagb
4 x = 3 Axy =+ (%) dxy = 8ay + b,
0
5 x=a" Axg = 2(m-al™t - Aag) 8xy = néay
=%a = 1 _ 1
6 i a1>/na Axy = + <7_1 alt/m=1 -Aao) 8xo = E&lo
7 x =sina Axy = X cosay ' Aay 6xg = ctg ag - Aag - 100%
8 =t Axo = + 20 Sx0 = 290100y
x=tga Yo = L os2 @, X0 = Sin 2a, 0
9 =t Axp = £ %0 50 = 2240 1009
x=cga Yo = I omz g %o  sin2aq 0
10 X =cosa Axy = tsinag - Aagy Sxg = tgag - Aay - 100%
ayAby + Aayhb 1
11 x=Va-b |Dxy== <M> 8xg == (8agy + 8by)
2Jas by 2

§ 6. [lonaBaHHS BUNIAAKOBHX i CHCTEMaTHYHUX NOXHUOOK
Sk paBuIIo, B eKCIIEPUMEHTaX HasiBHI K CHCTEMAaTH4HI, TaK

i BUMaakoBi nmoxuOku. Hexail BOHM XapaKkTepH3YyIOThCS BIiAMOBITHO
CTaHJAPTHUMU TOXUOKaMHU 0, Ta 0. TOJi CyMapHy MOBHY MOXUOKY
0, 3HAXOJIATh 32 POPMYIIOI0

o2 =l + af.

6.1)

Ils dopmyna mokasye, MO 3a HAIBHOCTI CHCTEMAaTHYHOI Ta

BUMAJKOBOI MOXMOOK MOBHA MOXHMOKA EKCHEPUMEHTY OiNbIia, HiX
KOXKHA 3 HUX, B3ITHUX OKPEMO, 10 LIJIKOM HPUPOJIHO.
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3BepHEMO yBary Ha BaKJIMBY 0coOJuBicTh (opmymnu (6.1).
Hampuxitan, sxmo omHa 3 moxubok yaBiui Oinpima 3a iHIIY
(o, = 20y), TOni OTpUMAEMO:

2 2 2. (1 ’ 5
on = |0f tof = |of+ (EO'C) = ZGC = 1,120.. (6.2)

Towmy B (6.2) 3 1OCTATHHOIO TOYHICTIO MOXKHA IPUUHSATH 0;, =
0,. TakuMm YMHOM, MeHIIIa MOXUOKa Maike He BIUIMBAE Ha Pe3yibTarT,
SIKILIO BOHA CTAHOBUTH X0Y OM MOJIOBUHY Bi O1MBIIOI.

Ileil BUCHOBOK y’K€ BAXKJIMBUN. Y BUNAJKY, SKIIO BUIAJAKOBA
MoXHOKa MOCIiAIB X04 OM BABIYI MEHIIA Bl CUCTEMATHYHOI, HEMAE
3MiCTy TIPOBOJUTH 0arato BUMIpIOBaHb, 0O TIOBHA MOXHOKA JTOCHITy
IpU UBOMY HE 3MEHIIYEThCs. ToJi BUMIPIOBAHHS OCUTH MPOBECTH
IBIYi-TpHUdi, I00 MMEePEeCBIMYUTHCH, IO BUMAIKOBA IMOXUOKaA MIHCHO
Maa.

§ 7. BusHayeHHs1 NOXUOOK NPU BUMIiPIOBAHHAX
€J1eKTPOBUMipIOBAJILHUMH MPUJIaIaMHU

Jns  XapakTepUCTHKH TOYHOCTI EJEKTPOBHMIPIOBAILHUX
MPWIaAiB 31eOIbIION0 KOPUCTYIOTHCS 3BEICHOI0 TMOXHUOKOW Jd,,.
3BEZICHOI0 TOXMOKOIO HA3MBAETHCS  BIJHOMICHHA aOCOMIOTHOI
MOXUOKKH [0 TPAaHUYHOTO 3HAYCHHS BHUMIPIOBaHOI BEIUYMHH ),
TOOTO /10 HAWOWLIBIIOro i1 3HAYCHHS, SKE MOXe OyTH BUMIpSHE 3a
HIKAJION0 NPy Ha JaHOMY Jiarma3oHi:

Aa
6a,, = o 100%. (7.1)

2p
3a 3BejIcHY NMOXUOKY MpHiaay 3 JBOOIYHOIO MIKAIOK (HYJIb
MOCEPE/IMHI) MPUHUMAEThCS MOXHUOKA, SKa JIOPIBHIOE BiJHOIICHHIO
a0CONMIOTHOT TOXMOKKM J0 CYMH BEPXHBOI 1 HWKHBOI TpaHUIlb
BUMipIOBaHHs. HeoOximHicTh  BBEACHHS  3BEJCHOI  IOXHOKH
MOSICHIOETBCSL THM, 1110 HABITh IPH HE3MIHHOCTI a0COJIIOTHOT HOXUOKH
Mo BCiM IIKami NpWiIaay BiJHOCHAa MOXMOKAa B Mipy 3MEHILIEHHS
3HAYeHb BUMIPIOBAaHOI BEIMYMHUA HE 3alIUIIAETHCS CTAJIOK, a

301TBITY€ETHCA.

TOYHICTh €NEKTPOBUMIPIOBAIBHUX TPWIAJIB € X TOJIOBHOIO
XapaKTePUCTUKOIO 1 JISKUTh B OCHOBI MOJTY NPHIIAAIB HA KIACH.
BiamoBigHo 10 AEpP)KABHOIO CTaHAAPTy 3a CTYIEHEM TOYHOCTI
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BHUMIPIOBaHHS €IEKTPOBUMIPIOBANIBHI MIPHJIa Iy NOAUISIOTHCS Ha BiCiM
knacis: 0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2.5; 4,0. Iloka3uuk Kiacy
BH3HAYAE 3BEJCHY MOXUOKY BUMIPIOBaHHS y BiZIcCOTKax. AOCOMIOTHA
MoxX1OKa BU3HAYAETHCS TAKAUM YHHOM:

B da,,a

Aa = <4 (7.2)

100%
Hampuximan, mimiammepmerp kinacy 1,0 3i mkamoro 100 MA

nae B Oyb-IKOMY MiCIIi IIKaJIK a0COIOTHY OXUOKY

1,0-100
[Mpunaam xnacis 0,05; 0,1; 0,2; 0,5 3aCTOCOBYIOTH [T TOYHUX

JJA0OPAaTOPHUX BHMIPIOBAaHb I HA3UBAIOTh NMPCHM3IMHUMU. Y TEXHIIl
BHKOPHCTOBYIOTh MEHII TOYHI mpwiamu kiacie 1,0; 1,5; 2,5 1 4,0
(texuiuni). Kitac nprany 3a3HadaeThes Ha HOTO JIMIBOBIH MaHem .

23



II. MEXAHIKA. MOJIEKYJIAPHA ®I3UKA TA
TEPMOJUHAMIKA

Jlabopamopna poboma Nol.

Tema: BuzHaveHHs 00’ €My TIJI MPaBHJIBLHOL
reoMeTpu4Hoi (opmMu

Hpunaan i mMaTepiajm: MTaHTEHIUPKYJIb, MIKPOMETp, HaOip Tix
MPaBUIBHOI TeOMETPHYHOT popMHu.

Mera po0OTH: HABYATHCSH TPOBOIUTH NPAKTUYHI BUMIPIOBaHHA
pO3MIpiB TiT 3a JOMOMOTOI0 IITAHTEHIMPKYISA 1 MIKpOMETpa,
OBOJIOJITH METOAAMU HAOMMKEHUX OOYKCIEHb 1 BHU3HAUECHHS
MOXUOOK.

1. Teopemuuni ¢ioomocmi
O0'eM TiN MpaBUILHOI TEOMETPUYHOI (POPMU BU3HAYAETHCSI
3HSATTSM BHMIPIB 32 JIOTIOMOTOK) BHUMIPIOBAIFHUX — IPHIAIIB.
OtpuMaHi pe3ynbTaTd BUMIPIOBaHb IMiJCTABISIOTECA y (QopMmynn
o0'emy. Hampuknan, mis napajienemninena Takow (QOpMYyJoOw €
IOOyTOK NOBXHH Horo pedep: V = abc (puc.l), mis mwmiHgpa —

2
N00YTOK IUIOLI HOTr0 OCHOBU Ha BUCOTY: V = % h (puc.2, TR
3,14).
c
b h
a
Puc. 1 Puc. 2

11. Onuc npunadie ma memoouxka euMipIo8anHs
Jns  BuU3HAYeHHS  JIHIHHMX  pO3MIpiB  HaWdJacTime
KOPUCTYIOTBCS ~ MacIITaOHOW  JIHIAKOW 3  MITIMETPOBHUMH
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MO3HAYKaMH, 32 JOTIOMOTOIO SIKOi MOKHA BU3HAUYATH JiHIAHI pO3MipH
Tima 3 Ttounictio +0,5 mm. s 3aGesmeueHHst BUIOI TOYHOCTI
BumiptoBanus (0,1; 0,05; 0,02 MM) KOPHCTYIOTBCS ITAHT CHIUPKYJIEM
i mikpomerpoM. OmHUM 13 HaWBaKJIMBIIINX KOHCTPYKTHBHHUX
€JIEMEHTIB IUX TMPIIAAIB € BIAMOBIAHO HOHIYC 1 MIKPOMETPUYHHI
I'BHHT.

Howniycom  Ha3uBaloTh  JONOMDKHY  JiHIHMKY, Ky
3aCTOCOBYIOTh Pa3oM i3 MacmTabHOIO JIHIWKOK IS BiJUTiYyBaHHS
NIECATUX, NBAANATHX abo0 M'SITHECATHX YacTOK MimiMeTrpa. SIkio
HOHIyC TpU3HAuCHHU IS BUMIPIOBAaHHA JECATHX YaCTOK MiliMeTpa,
TO Ha HBOMY Bijianb 9 a6o 19 MM mopinstore Ha 10 piBHUX YacTUH
(puc.3). Tyt BigcTanp Mik moxikamu craHoButh 0,9 a6o 1,9 mm.
OTxe, pi3HHALA MK OJHIEIO TIOIUIKOO JIHIMKH 1 MOMITKOI0 HOHiyca
cranoButh 0,1 MM. Lle 4ymcO HaA3UBAETLCS MOUHICMIO HOHIyCA.
OCKiNTbKM TOYHICTh BHMIpPIOBaHHSI BU3HAYAETHCS TOYHICTIO HOHIyca,
TO B IbOMY BUTIAIKy BOHaA JopiBHIOE 0,1 MM.

[lkana HOHiyca JUIs BUMIiprOBaHHS 3 TouHicTIO 10 0,05 MM
Mae 20 ogHAKOBUX MOAIOK Ha MOBXKHHI 19 MM (puc.4). ITo3nauka
IHOTO HOHIyca, KA 30ira€ThCs 3 OAHIEIO 3 TIOJIOK OCHOBHOI IITKAJIH,
MOKa3y€e YHUCIO JBAALSATHX YacTHH MuiltiMeTpa. s BU3HAuYCHHS
JiHiHOTO pO3Mipy TiNa 3adiKCOBYEMO MMy KUIBKICTh MOJIJIIOK
MacmTabHoi JiHiiKH (11 BKa3ye HyIbOBa MO3HAYKA 1K HOHiycCa).
Jy1s BU3HAaUEHHS 9aCcTOK MilliMeTpa 3HaXOIMMO Ha MKl HOHiyca Ty
MO3HAYKy, sKa Halkpame 30iraeTbcs 3 OyAb-IKOI TOIUTKOO
OCHOBHOI JIiHI¥KH, 1 BU3HAYAEMO JIHIHHUHI po3Mip Tisa 32 POpMyIIor0

L = (m+ 0,05k) My, (D
JIe M — KUIBKICTh I[UIMX MOJIJIOK MaciTaOHOI JHIHKH, K — HOMEp
MMO3HAYKKY HOHIYCHOI IIKaJIH, fKa HakKkpalie 30iraeThCsi 3 sSKOKHCH
HOIIIKO0 MacIITa0HOI JIIHIHAKHA.

0 5 10 0 5 10 15 20

AN T T T [ T B | T T T T T T T A A A A B B

[SfT T T T T T T T T T rrrrprrrrprrro

0 0,1 Mm 5 10 0 0,05 MM D 10 15 20
Puc. 3 Puc. 4

lItanreHtupkynb  (puc.5) CKIAZa€Tbess 3 METAIEeBOL
MacmTabHoi JiHifikK 1, Ha SKiH HAHECEHO TOJUIKH B MiiMETpax,
HepyxoMoro 2 Tta pyxomoro 3 BuctymiB. B o0oiimi 4 pyxomoro
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BUCTYIYy 3 € BIKHO, Ha 3pi3i AKOT0 HaHECeHa IKana HoHiyca 5. [lns
3aKpiMIeHAst 000WMHU B (hiKCOBAaHOMY TIOJIOKEHHI BUKOPHUCTOBYETHCS
TBUHT 6.

3 6 4 1
7 /[
o 1 34 56 7 Zb 11 12 13 14 15 16 17 B 18 20
T '11;)5,(: ',,5!1{.1,' L8 e Ima|uu|nul||||||m||m|numultm|n|_x|m}
ke e < L—
5
Puc. 5
BI/IMipIOBaHHH 3a JOIIOMOI'0X0 INTAHT CHIIUPKYJIA

3IMCHIOIOTHCS B TaK1H ITOCIIIJOBHOCTI:

1.

BceraBnsitoTs BUMipIOBaHy J€Tallb Mi>K HEPYXOMHM 2 Ta pyXOMHUM
3 BHCTyNaMmH, IepeMillyloud Npu oMY 000iMYy 4 3 HOHiycOM
TakK, o0 aeTans OyIa JIETKo 3aTHCHYTa MiXK BHCTYITAMHU.
3a OCHOBHOIO IIKAIOK BU3HAYAIOTH IIiJIe YHCIIO0 MiniMeTpiB. BoHo
JIOPIBHIOE KUJIBKOCTI MOAUIOK OCHOBHOI IIKAJIH, sSIKI PO3MIIICHI
37iBa BiJ HYJIBOBOTO IITpuMXa HOHiyca. Hampukman, skmo «0»
IIKaIW HOHIyca MICTUThCI MK m Ta m+ 1 moginkoro
MUTIMETPOBOI MacIITaOHOI HIKaliK, TO IiJie YHCIO MITiMETpiB
CTaHOBHTH M.
Busnavatote uncio yactok mingimerpa AL. 3rigHo 3 dopmyIioro
(1), Bona mopiBHio€e 100yTKYy TouHOCTI HOHiyca Aa (0,05 Mm) Ha
HOMep Kk Ti€l MOJIKK HOHiyca, 10 HaWTOYHilIe 30iraeThcs 3i
IITPUXOM OCHOBHOT IITKAJIH:

AL =k -0,05mm. 2
TounicTh HOHiyca Aa BH3HAYAIOTh, 3HAIOYH YHCIO IOJIIOK

. . . . 1
HOH1YyCa Ta H1HY MMOJAUIKW OCHOBHO1 HIKAJIN: Aa = ; MM.

BumiproBany noBxuHYy L 3HaxosTh, AOJAOYM I ¥ JIpoOOBI
JacTUHM MiiMeTpa (auB. popmymy (1)).
Mikpomerp (puc.6) ckiamaeTbcs 31 CTanbHOI ckobu 1, Ha

OJIHOMY KIHIII AKOI po3TallloBaHa OINOpHa m'ata 2, a Ha IHIIOMY —
nwIiHApuYHa TpyOka 3. Beepenuni TpyOku o pizb0i nmepeMimtyersest
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MIKpOMETPUYHHUIA TBUHT i3 KpokoM 0,5 MM, 110 Mae BUMIipIOBalIbHY
roBepxHiO 4. [lo rBHHTA MPUKPITDICHUH O6apadaH 5, 1Mo Kparo SKOTo
HAaHECEHO KPYyroBy MIKany, mo mMae 50 oJHAKOBHUX MOIIIOK. Y3I0BX
BHYTPIIIHBOI TPYOKH 3 HaHECeHa pHCKa, MO0 00MIBa OOKH Bij SIKOi €
IIBI MUTIMETPOBI IIKaJIH, 3MIIEHI OJHA BiTHOCHO oxHOi Ha 0,5 MMm.
[Ipu ommomy moBHOMY o00eptTi 3pi3 OapabaHa 1 BiAMOBITHO
BUMIipIOBaJibHa MOBEpXHs 4 mepeminytoTses Ha 0,5 MMm. O4eBUAHO,
o0 IIiHa TIOAUTKM IIKaau OapabaHa MIKPOMETPUYHOTO TBHHTA
cranoButh 0,01 mm.

Puc. 6

BumiproBaHHA 3a JOMOMOTOI0 MIKpOMETpa BHKOHYIOTH Y
TaKiil MOCJIJOBHOCTI:

1. OpuH KiHEIb MpeaMeTa IPUKIIAIat0Th 10 OTIOPHOT I'STH 2,
32 JIONOMOTOIO CIEI[iaIbHOTO TPUCTPOI0 6 (T. 3B. TPICKAYKH)
MOBEPTAIOTh I'BUHT JOTH, JOKM BiH HE TOPKHETHCS 1HILOrO KiHIA
npeamera (Mpy IbOMY 9yTH XapaKTEPHUH TPICK).

2. Bu3HauaroTh YHUCIIO IUIMX 1 MIBIUIMX MITIMETPIB, sKi
BiJICiKa€ Kpaii bapabaHa.

3. BusHauvarTh YHMCIIO COTHUX YaCTOK MimiMerpa. Jlis mbporo
YHCIIO, IO CTOITh HABIPOTH TMO3/I0BXXHBOT pUCKH, MHOXATh Ha 0,01.

4. OrpuMaHi 3HAa4eHHS IUIMX, IIBIUTUX 1 COTHUX YaCTOK
MUTIMETpa I0JIAI0Th 1 3HAXOAITh BUMIPIOBaHY JOBXKHUHY IpeaAMETa.

111. 3a60anna
1. BuBuutu OymoBy mITaHreHIMPKYJIs 1 MikpoMerpa. OcBoitu
METOIMKY BHMIPIOBAHHS IIUMU MPHIIAIAMH.
2. BuznHauuTh 00'eM mapasiesemnine/a i HUIHIpa.
3. OO6uucnuTH NOXMOKK BUMIPIOBaHb.
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1V. Xio po6omu

1. Bu3HaunTH YHCIIO TMOAUIOK N HOHIYCHOI MIKAIX W OOYMCIHTH
noxuOKy HOHiyca Aa.

2. llltaHreHMPKYJIEeM BUMIPSTH IOBXKUHY , IIUPUHY D Ta TOBLUIMHY
¢ mnapanenerineaa. IIOBTOpUTH BHUMIPIOBaHHS BEIHYUH a,b,C
II’SITh pa3iB 1 3HAWUTH TX CepeHl 3HAYCHHS A, by, Cy.

3. OOumcnutu 06'eM mapanenerninesaa 3a GopMmymnoro

V = agbycy. 3)
4. OGumcautu  cepeani  abOcomoTHI  mOXWOKH  Aagy, Abg, Acy,
pO3paxyBaTH BiTHOCHY OXUOKY 3a (hOpMYIIOI0
Aay Aby, Ac
5VO=(—+—+—>-100%. 4)
Qo bo Co

5. O0uucnuTU cepeHI0 a0COMIOTHY OXUOKY:

AV 6V0 b VO 5

°7 100% )

6. MikpoMeTpoM BUMIpSTH JiaMeTp OCHOBH d Ta BUCOTY h LIMITiHApA.
Bumipu nmoBropuTH I1’SITh pa3iB i 3HANTH cepeiHi 3HaUeHHs d Ta
ho.

7. O6uncnuty 00'eM HMITIHIPaA 32 POPMYIIO0

2
v, = <”°4d°> he. 6)

8. 3maiitu cepenni abcomoTHi noxuOku Ady ta Ahy Ta 0OUUCIUTH
BITHOCHI ITOXUOKH

8V = (A"O y22%, AhO) 100 % 7

9. OOumcauTH cepeqHIO a0COMOTHY TOXUOKY
AV _ 6V0 b VO 8
°7 100% ®)

10.3anmcaTi oOCTaTOYHI pe3yJNbTaTH BUMIPIOBaHHS 00'eMy st
napa’seserine/a Ta MUIiHApa Y BUTJIS
V = (Vy £ AVy) Mm% npu 8V, =...%. 9
11.Pe3ynbraT BHMIipIOBaHb 1 OOYMCIIEHb 3alUCcaTd y 3BITHY
TaOJIULIIO.

V. Konmponvui numanns
1. o Take HOHIyC i sika oro OyoBa?
2. SIxi TMNM HOHIYCIB HaifuacTile BAKOPUCTOBYIOTHCS HA IPAKTHUII?
3. Slxa OynoBa HOHiyca JuIg BuMiptoBaHHsI 3 moxuOkoro +0,05 Mm?
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4. Slxa OynoBa IITAaHTEHIUPKYJIS?

5. Slka GymoBa mikpomeTpa?

6. Omnumite METOJUKY BUMIpIOBaHb 3a JIOTIOMOT'OFO
LITaHT CHIUPKYJISL.

7. Onuimite METOANKY BUMIPIOBAaHb 32 TOTIOMOTOI0 MiKpOMETpa.

8. 3Banwmcartu dopmynH AN BH3HAYCHHS 00'eMy Mapaneneninena i
HUTIHApA.

9. 3anwmcatu GopMynu A BU3HAYCHHS aOCOIFOTHOI Ta BiHOCHOT
MOXHOKM 00'eMiB Tapasrenenineaa i muIiHapa.

10. o o3Hauvae 3amuic pe3ysbTaTiB BUMIPIOBaHHs y BUTIAAL: V =
Vo £ AVy?

3BiTHI TAOIHI
Jnst mapanenemninena

Ne a, | Aa, | b, | Ab, c, Ac, v, AV, | &V,
3L | vm | mm | v | owm | oam | oum | | B %

g b~ W

cep.

Jls mutiegpa

Ne d, | Ad, | h, | Ah, v, AV, | 6V,
T Am 3 3| o

3L | MM | MM | MM | MM MM MM %

1

2

3

4
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cep.

3,14

0,005
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Jlabopamopna poboma Ne2

Tema: BuBueHHs 00epTaIbLHOTO0 PyXy TBEPAOIO Tijia 3a
ponoMororw MasaTHuka Odepoexa

Mpunaam i matepiamm: mastauk O0epOeKa, CEKYHIOMIP.
MeTa po0OTH: HABUUTHCS BU3HAYATH MOMEHT iHEPIIii TBEPIOTO Tija
BiITHOCHO HEPYXOMOi Oci 0OepTaHHS.

1. Teopemuuni éioomocmi

PiBHstHES 00epTampHOTO pPyXy HABKOIO HEPyXoMoi oci

(mpyruii 3axoH HeloToHa A1 06€pTOBOrO pyXy) Ma€e TaKUM BUTIISI:

M=1I-p, D
ne M — pe3ynbTyIOunii MOMEHT CHJI OOepTaHHS, SIKi MFOTh Ha TiJO
[H-Mm]; I — MOMeHT iHepIIii Tijla HAaBKOJIO HEPyXoMoi oci; S — KyToBe
MPUCKOPECHHS.

MomeHT iHepuii MaTepialbHOI TOYKH, 10 00epTaeThCs Ha
Bigaaii R BiTHOCHO HEPYXOMOT OCi, IOPIBHIOE TOOYTKY MacH M I[bOTO
TiJa Ha KBaJpar Bigmam R Big HEpyXOMOi Oci 10 MaTepianbHOT TOUKH:

I = mR?. 2

OpnuHMII BUMIPIOBAaHHS - KT * M2.

MomeHT iHepmii TBepIOro Tija BiIHOCHO HEPYXOMOi oOci
o0epTaHHsS BHU3HAYAETHCA SK CyMa MOMEHTIB iHEpIii BCix Horo
MaTepiaJbHUX TOYOK BiJIHOCHO IIi€i OCi:

I= ZmiRiz. 3)

OTxe, MOMEHT iHEpIIii TBEPAOro TiJia BiJHOCHO HEPYXOMOi
oci  obOepTaHHS  BH3HAYAETBCA  IPOCTOPOBUM  PO3MOALIOM
MaTepiaJlbHUX TOYOK — TeoMmerpiero mac. HaBememo mpukianu
MOMEHTIB 1HEpIlil OJHOPITHUX TiJ Pi3HOI TEOMETPUYHOi (QopMHu
BIJIHOCHO X ocell cuMeTpil:

® MOMEHT iHEepIlii TOHKOCTIHHOTO Kbl (00pyua) pajiyca

R:
I = mR?; 4)
e MOMEHT iHepuii Aucka (umiinapa) pagiyca R:
1
=5 mR?; (5)
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e MOMEHT iHepIii KyJi pamiyca R:
2
I = ngZ. (6)

3anexHicTh MOMEHTY iHepmii Biff R MOXXHa BHU3HA4YUTH 3a
noromoror MastHuka ObdepOeka.

I1. Onuc npunadis i memoouxa 6UMIpIOGAHHA
Mastauk OGepbeka (puc.l)
CKJIaJa€ThCsl 3 YOTHPBOX OIHOPIA-
HUX CTepXKHIB 1, 3aKpydyeHHX Yy
BTynKy 2. Ha BTynky HacamkeHuit
HIKIB 171 HAMOTYBaHHS HUTKU. OuH
KiHelb HUTKH TPUKPITUIGHUH 10
mKiBa 3, iHmmii — 1o tupi 5. CrepxHi
1 po3TaloBaHi B3a€EMHO
NEePIEHIUKYISIPHO, YTBOPIOIOYH
xpecToBuHy. Ha crepxHAX Xpecro-
[l BUHU 3al.<pinneHi TaTapii 6 y dopmi
IWITiHAPIB 0JTHaKOBOI Macu. Brynka
4 31 mKiBoM 3 00epTaeThcsi HABKOJIO
> HEPYXOMOI IOpH30HTaNIBHOI oci. Jlo
CTOSIKa, M0 3’€IHYyE BTYJIKy 2 Ta
Puc. 1 mificTaBKy 7, TPHUKPIIUIEHO BEPTHU-
KaJIbHY IIKany 4 3aBAOBXKHU 1,5 M.
ITix nmiero Baru TUpi 5 HATKA PO3MOTYETHCS, BAHTaX OMYCKAETHCS 3
MPUCKOPEHHSIM 1 MPUBOANTH B 00EPTANBHUI PYX MasTHUK.
Ilpu omyckanHi rupi 3 BUcOTH h ii mOTeHIiagbHA CHEpTist

W,, = mgh nepeTBOpIOETHCS HA KIHETHYHY €HEPril0 MOCTYHNaIbHOTO
2
. mv . .
pyxy rupt W, = —,— Ta KIHETHYHY CHEpIiio 00epTaNBHOTO PYyXY
Tw? . . .
masiTHuka W, = -5 Jie m —Maca rupi, h — BUCOTa MiHATTS THPI HAJ

Lfbebotatat bl |

MiJICTABKOK 7; ¥V — KiHIEBa MIBUAKICTh TUPi (MIBUAKICTH 11 Mmif 4ac

yaapy o0 mijicTaBKy); | — MOMEHT iHepIil MasTHUKA; @— KyTOBa

MIBUJIKICTH 00EpTaHHS MasTHUKA B MOMEHT yJIapy TUpi 00 MiJICTaBKY.

VY upoMy BUmaaxy (0e3 ypaxyBaHHSI CHII TE€PTS y MiAIIUIHUKAX Ta

OTIOpY HOBITPA) 3aKOH 30€PEKEHHS SHEPTii A1l THpi 3auIIeThCs SK:
L mv?  Jw?

mgh =— + > (7
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Pyx mamaro4oi rupi 5 3a ZOMOMOTOI0 HUTKH, HAMOTaHOI Ha

IIKIB pafiyca 7, mepemaeThcsl BCI CHUCTEeMi, 1 KiHIEBa MIBHIKICTH
Ma/iHHS TUP1 TOPiBHIOE JiHIHHIN IBUAKOCTI 00epTaHHs 000y IKiBa:
v = wr. (8)

OCKUTBKY TUPS PYXAETHCS PIBHOIMPHUCKOPEHO, a IOYaTKOBa il

IIBUJIKICTH TOPIBHIOE HYIIO, TO
2

at
Vv = at; h = T (9)

Bepyuu no yearu (8) i (9), orpumyemo
_2h _ 2h 10
v= n i w= el (10)

[MixcraBuBmu y piBHicTs (7) 3HaYeHHS U Ta @ 3 dopmyit (9),
oJlepKUMO poOody GopMyidy Ui BHU3HAUYCHHS MOMEHTY 1HEpIIl
MasitHIKa ObepOeka:

; mr?(gt? — 2h) 1
= h : (11)
1I1. 3a60annsn
1. BusHaunth MoMeHT iHepuii MasTHHKa OOepOeka Hpu Pi3HUX
MOJIO’KEHHSX TATAPIIB BiJ HEPYXoMoi oci oOepTaHHS.
2. Ha ocHOBi oxep:kaHUX JOCTITHAX JaHUX 3pOOUTH BUCHOBOK IIPO
3aJISKHICTh MOMEHTY 1HEpIIii BiJl BIZCTaHI 7.

1V. Xio po6omu

1. Maca rupi m i pajgiyc miKiBa r BKa3aHi Ha yCTaHOBIII. 3amucaTn
X y 3BITHY TaOIHIIFO.

2. 3akpinmuTH TATApIli Ha CTEPXKHAX HA HAWOLIBIIIN BiZICTaHI BifJ OCi
obepranna. Ilpu upomy npwian nosuHeH OyTu 30aJaHCOBaHUIN
(nepeOyBaTH y piBHOBa31).

3. Hutky, 1o sKoi mpHUKpilUleHAa THpPS Macol M, aKypaTHO
HAMOTATH Ha IIKIB TakK, o0 OcHOBa Tupi OyIlia Ha PiBHI HYJIHOBOI
MO3HAYKH [IKAIW. BiAMyCcTUTH MasSTHUK 1 OJJHOYACHO YBIMKHYTH
CeKyHJOMIp. Y MOMEHT, KOJH TUpsS YAapUTh 00 IiJICTaBKY,
BUMKHYTH CEKyHIOMip, 3a(ikCyBaBIIM 4ac OIyCKaHHS Tupi t.
Bumipsitu Bucory omyckanns h. docnig nosroputu Tpuyi. s
KOXHOro jociiay 3a gopmynoro (11) obunciauru I. O0UucIuTH
cepe/He 3HaYeHHs | Ta MOXMOKM BUMIipIOBaHb 32 (POPMYJIaMU:
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=

o

3

1 L+L+1;

Iy = §lei = #; Al = |l — L;];
1=

3
1 Al + Al + Al Al
Aly == ) Al; =——F—; 6lp =—-100%. (12)
34 3 I

. =1 . . .
3MiHWUTH BiICTaHb TATAPIIB B OCi 00epTaHHS, HEPEMICTHUBIIN iX
Ha cepeInHy CTepkHiB. BUKOHaTH BUMipioBaHHS Ta OOUUCIICHHS,
BKa3aHi B I1.3.
3MIHUTH BiACTaHb TATAPIIB BT 0Ci 00epTaHHs, IEPEMICTHUBIITH 1X
MakCUMaJlbHO [0 Oci oOepTaHHs MaATHUKA. BukoHaTH
BUMIpIOBaHHS Ta OOYMCIICHHS, BKa3aHi B 1.3.
Pesynpratn BUMIipIOBaHP 1 OOYMCIEHb 3allUCaTH Yy 3BITHY
TaOIIHUIIIO.

V. Konmponvni numanns
[{o Take MomeHT iHEpii Tinma?
3a K010 (POpPMYIIOK BU3HAYAETHCSA MOMEHT 1HEPIlil MaTepiaibHOT
TOYKH, 1[0 00epTAEThCS Ha Bifmani R BIIHOCHO HEPYXOMOi 0ci?
3a sK0r0 (hOpMYIIO0 BU3HAYAETHCS MOMEHT 1HEPIIii OHOPITHOTO
TUcKa pafiyca R?
3a K00 (HOPMYJIOH 00UYHUCITIOETHCSI MOMEHT 1HEPIIT OJHOPITHOT
Ky pamiyca R?
Ska ouHUIIS BUMiPIOBAaHHS MOMEHTY iHepIIii?
Busenite Gopmyny st 0OUMCIIEHHI MOMEHTY 1HEpIii MasTHUKA
O0epOeka.
Sxa dopmyna BHpakae 3aKOH 30epeeHHs MEXaHiuyHOi eHeprii
s MasitHuka O6epbeka? Ha3BaTu oro ckiaosi.
Sk BU3HAUUTH JiHIMHY MIBUIKICTH pyxy 000y IIKiBa i KyTOBY
MIBUJIKICTh 0O€PTaHHS MasTHHKA?
Uu 3MiHUTHCSI MOMEHT iHEpIIii MasiTHUKA, SIKIIO HOr0 BCTAHOBHUTH
y iHIIOMY Micii?

3BiTHA TAOIUILIA.

No | Ne | Ilomoxenns | M, r H, t, I, Al,
JOCI| I/n | TArapus Kl | M M ¢ | kr-Mm? | kr-m?

al,
%
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1 Haiinaneie
cep.

2 Cepenne
cep.

3 Haitommxue
cep.
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Jlabopamopna poboma Ne3

Tema: BusHa4eHHs epiogy KOJIMBAaHb MAaTeMaTHYHOI'O
MAaSITHUKA i IPUCKOPEHHSA CHJI 3¢eMHOT0 TSKiHHSA

Mpunaam i MmaTepianau: MaTreMaTUYHUN MasSTHUK, CCKYHIOMIp, METP.
MeTta poGOTH: HABYNTHCSI BH3HAYaTH TIEpioJ]  KOJHMBaHb
MaTeMaTHYHOTO MasiTHUKA, TPUCKOPSHHS BUTLHOTO TIa/IiHHS.

1. Teopemuuni éioomocmi

Konusannsa € omuuM 3 HAUNOMMPEHIMAX BHIIB PyXYy.
KonuBHa cuctema moxe nepeOyBaTH B noaodicenui pisnogazu. Lle
TaKe TOJIOKEHHS, B SIKOMY CUCTEMa MOXKe nepeOyBaTu SIK 3aBIOIHO
JIOBT0, 32 Bi/ICYTHOCTI 30BHIIIHIX BIUIHABIB.

Konuenum pyxom Ha3HBa€TbCs PyX CUCTEMH BIJHOCHO ii
MOJIOKEHHSI PIBHOBAard TOCIIZJOBHO, TO B OJHOMY, TO B IHIIOMY
Hanpsimi. KonmnBHUM Moke OyTH He JnIe MeXaHIdYHuiA pyX. MoxHa
Ka3aTh TPO KONWBAaHHS OyIb-1KO1 (i3W4HOI BEITMYMHHM, SIKIIO IIS
BEJIMYMHA 3MIHIOETHCS TIOCHIJOBHO B MPOTHJIEKHUX HAmpsiMax Bij
JeSIKOTO CBOT'O 3HAYECHHSI.

KonuBaHHA Ha3UBaIOTbCA GinbHuMu (4N GIACHUMU), SIKILO
BOHHM 3JIIHCHIOIOTBCSA 3a PaXyHOK IIONEPEIHbO HAIaHOI CHCTEeMI
€Heprii i BiICYyTHOCTI B MOJAIBIIOMY 30BHIIIHIX BIUIMBIB HA KOJIMBHY
cucTeMY.

Bumyweni xonueanus 3yMOBIIIOIOTHCS 30BHIIIHIM BILTUBOM,
SIKUH 3MIHIOETHCS 3 YaCOM 32 TIePIOJAUYHUM 3aKOHOM.

KommBHa cuctema MoXe  3ZIMCHIOBATA  TEepioAWYHI
KONUBaHHS. [lepioOuunum € Takuil pyX CHCTEMH, B SIKOMY,
MOYMHAIOYH 3 TIEBHOTO MOMEHTY 4acy, BCi ii MOI0kKEHHS TIOCIiZIOBHO
MOBTOPIOIOTECS. [lepiod Koausawmsi — dac 3IIHCHEHHS OJHOTO

t
IIOBHOTO KOJMBaHHSI: T = N’ ne t — w4ac, MIpoOTATrOM  SIKOI'O

31ilCHIOETECSE N MOBHUX KOJIMBaHb. YMOBa HepioguyHOCTi QyHKIIT
f(t) MaTeMaTHYHO 3aMMUCYETHCS Y BUTIISAII

ft)=ft+T) €Y)

Yacmoma — BeNMYHHA, IO YUCEIBHO PiBHA KUTHKOCTI KOJIH-

. .o N .
BaHb, AKl1 31MCHIOOTHCA 3a OAMHHUIIO HacCcy: vV = ? CniBCTaBIAI0YN

. 1
i popmymu, ogepKyeEMO V = s
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Cepen pi3HHX BUAIB KOJUBaHb HAWOUIBII MPOCTOIO POPMOIO
€ 2apMOHIYHI KOIUBAHHS, TOOTO TaKi, 32 SKMX KOJWBHA BEIMYHHA
3MIHIOETBCS 3 YaCOM 32 3aKOHOM CHHYCa YH KOCHHYCA.

Po3risinemo konuBaHHs (i3MYHOTO MasTHHKA (puc. 1).

Di3uuHUM MAAMHUKOM HA3UBAIOTH TBEPJE TiJIO JOBUILHOI
dhopmu, sIKe KOJTUBAETHCS i MI€I0 TSOKIHHS
HABKOJIO TOPH30HTAIBHOI OCi. 3po3yMiJo,
0 BiCh KOJIMBaHHS MasiTHUKA HE 30iracTbcs

&

o 3 10TO IIEHTPOM Mac.

i C OcHOBHE  DIBHAHHA  JUHAMIKH
00epTOBOro PyXy

H n

i mg

D Mi=J-p
i=1

Puc. 1 ne | — MOMeHT iHepuii; f — KyToBe
NPUCKOPEHHS  Tijla, MO  KOJHUBAETHCA.

Mowment cumu M = [r - F]. Ha ¢i3uununii MasTHUK JIi€ JIUIIE MOMEHT
CWIM TSDKIHHS (MOMEHT CHJI peakilii ONOpH JIOPIBHIOE HYJIEBI).
KonuBanus ¢iznyHoro MasTHuKa OyIyTh TAPMOHIYHUMHU, SKIIO KYTH
BIIXWJIEHHS (0 HE3HAUHi, Tak, MO Sin¢@ =~ ¢. BennunHa MoMeHTY
cui TsokiHast M = —mgl - singp = —mgl - ¢, ne | — Bigcranp Bix
TOYKM MiJBICY /A0 MEHTPY Mac MAasTHUKA. 3HAK MOMEHTY CHIIH
TSOKIHHS TIPOTWJICKHUN JI0 3HAKY (0, OCKUIBKHM KYyT BiJIXWJICHHS
(3MiIIIeHHs) BiPaxOBYETHCS BiJl MOJIOKEHHS PIBHOBarW, a MOMEHT
CHJIU TSsDKiHHS B JIOBUIBHIHM TOYII TPA€EKTOPIii MOBEpTaE MASTHUK JIO

. . . de .
TTOJIOKCHHA p1BHOBAru. OCKUIbKH KyTOBa IBUAKICTb W = d_f 1 KYTOBC

dw d?¢ . . .
MPUCKOpeHHS  f§ = 2t = arzc TOAl  DIBHSHHS  TapMOHIMHMX
HE3racaro4nx KOJUBaHb (Hi3HIHOTO MasTHUKA [TPUIME BHTIISL:
Log=) L2 450 L0 Mot )
-mgl-¢=]-— a6o —+——¢ =0.
g- ¢ dt? dt? Ji ¢
Horo po3B’s130k @ = @, sin(wet + @g) — 3aKon eapmoniu-
. mgl
HUX Koaueansv (hizuunozo masmuuxa. KonoBa gacrora wy = -
Ilepioo xonusanv GizuuH020 MASIMHUKA
T=2m J 3)
mgl
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v YaCTKOBOMY BUIIAIKYy, AKIIO MAATHUK MaTeMaTPI‘lHHfI,
nepiod KOJIUBAHb mamemamuirHoco MaanHuKka

!
T =2m |— 4)
g

Mamemamuunum MasmuHukomM HA3WBAIOTh MaTrepialbHy
TOYKY, MJABIIEHY Ha HEBaroMid 1 HEPO3TSHKHIA HHTIN, IO
KOJIMBAETHCS Y BEPTUKAIBHIN TUTOIIWHI TiJT JI€I0 CHIH TSKIHHSL.

11. Memoouxa eumipiosannsn

BukopuctoByroun Qopmyny (4) ans mepiogy KOIHBaHb
MaTeMaTHYHOTO MasTHHKA, MOXXHA, BUMIDPSBIIM HOTro JOBXKHUHY,
OOYHCITUTH TIePi0]] KOJTUBAaHb.

3Har04uM Tepio] KOJNWBaHb, MOXKHA 3HAWUTH MPUCKOPEHHS
BUILHOTO MaiHHS 32 (HOPMYJIO

a2t
g =4’ 5

Jns Bu3HaueHHS | HEOOXiIHO 3HAMTH IOJIOKEHHS TOYKH
MiABICY 1 MEHTpa TSHKIHHA Tija, AK€ KoJuBaeTbes. s Toro, mob
M030yTHCS OXUOOK, SIKi TIOB’s13aH1 3 BUMIPIOBAHHSM IIUX BEJIMYMH, B
POOOTi BHKOPUCTOBYIOTH HACTYITHY METOAMKY. CIIOYaTKy BUMIipIOIOTh
nepioj] KOJIMBaHb MasiTHUKA JOBXHUHOIO [;. [ToTiM BKOpOUyrOTH HOTO
1, BUMIpSIBIIM 3MEHILCHHS JIOBXXHHU, BU3HAYAIOTH I1EPi0JI KOJIHBAHb
MasiTHUKa JO0BXKHUHOMW [,. BukopucroByrouun dopmyry (5) mis 000X
MAasITHUKIB, JIETKO OTPUMATH, IO

L-1h
2 T2 72 (6)
1 2

Otxe, mNOTPIOHO JIMIIE BHUMIPATH PI3HUIIO JIOBKUH

MasITHUKIB, a HE CaMi JIOBXKHHHU.

g =4

111, 3as0annsn
1. BwuzHauWTH NEPioa KOIMBAHb MATEMATHYHOT'O MasiTHHKA.
2. BU3HAaYUTH TPUCKOPEHHS BIIBHOTO MAJIHHA 32 JOTOMOTOHO
MaTEMaTUYHOTO MasiTHHUKA.

1V. Xio po6omu
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1. 3BamucaTd TONOXKEHHS HIWKHBOrO Kparwo Kyiabku (l;) 1,
BIAXWJIMBINM 11 HA 4 — 6°, BU3HAUNTH t; — 9ac N KONHWBaHb Ta
3HAWTH Mepioa KOJUBaHHA T = %

2. Jlocmia IpoBECTH I TPhOX PI3HUX JAOBXKHH MasTHHKA.

3. 3a gopmymnoro (5) 3HaiiTH g.

4. 3maiftu  abcomrotHi moxubOkm Agq,Ag,,Ags TacepenHio
abCcoMOTHY TOXHOKY Agy.

5. OOYMCIUTH BiTHOCHY MOXUOKY 8 7.

6. PesynbraT BUMipIOBaHb i 00UYHCIICHD 3aHECTH Y 3BITHY TaOIHIIIO
1 3amMcaTH KiHIIEBUN Pe3yIbTaT O0UHCIICHb.

V. Konmponvni numannsa

1. SIxi konuBaHHS HA3UBAIOTHCS BIACHUMH KOJMBAHHSIMH CUCTEMU?

2. SIxi xomMBaHHS Ha3WBAIOTHCS TAPMOHITHUMU?

3. Mo Take nepioa KOJIMBaHb?

4. Illo Take yacToTa KOJMBAHb?

5. YoMy MasTHHK 3iiCHIOE KOITUBHUHN pyX?

6. Sk 3a1MeXUTh MPUCKOPEHHS BITLHOTO MAiHHS Bi reorpadiaaoi
HIPOTH?

3BiTHA TAOIULIA
N |y t, T, T?, I, g, Ag, | é6g,
3.1 c c c? M wct | wit | %
1
2
3
cep.
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Jlabopamopna poboma Nod

Tema: BuzHayeHHs BOJIOTOCTi MOBITPA

Hpunagm i marepianm: mncuxpoMeTp ABrycra, acmipamiiHUHA
TICUXPOMETP, TYMOBI IpyIia i MineTKa, TUCTHIF0BaHA BOJA.

MeTta Ppo0OTH: HABYMTHCS BHU3HAYATH BOJIOTICTH TIOBITPS 3a
JIOTIOMOTOI0 TICUXpOMeTpa ABrycTa i aclipamiiHoro IcuXpoMeTpa

1. Teopemuuni éioomocmi

VY moBiTpi, M0 HAC OTOYYE, 3aBXKIU € BOJsAHA mapa. Bmict
BOASHOI Tapu B MOBITPI XapakTepU3yIOTh JBOMa BEINYMHAMH:
a0COJIIOTHOIO 1 BITHOCHOIO BOJIOTICTIO.

Abcomomna onocicms nosimps f KiJbKICHO JOPIBHIOE Maci
BOJISIHOT TIapH B KiJlorpamax, sika Mictuthes B 1 M3 (ToOTo i rycTuni)
mpu naHii Temmeparypi. B meteoposnorii abcomoTHY BOJIOTiCTH
XapaKTepU3yIOTh MapHiaJIbHUM THCKOM P BOASHOI MapH, sSKa € B
MOBITPi (YMCENBHO JTOPIBHIOE MapliaIbHOMy THUCKY BOJSIHOI Mapu B
MOBITPI1 IIpH AaHi{ TeMreparypi), i BApaKaIOTh B OMUHHLISAX THCKY.

Maxkcumanvroro onozicmio  f,, HA3UBAETHCSI Maca BOISHOI
mapu B KiJgorpamax, ska Hacudye 1 M° MHOBiTps mpu JaHii
Temreparypi, a0o BiIMOBITHO MapiialbHUN THCK HACHYEHOT TapH TIPU
Till )K€ TeMIeparypi.

Maca BoasHoi napu f;,, ika Hacuuye 1 M3 nositps (rycTuna),
1 BIJMOBIIHWI MapiiadbHUN THCK P,, HACHUYEHOI MapH MpH JECAKUX
TeMIlepaTypax HaBeJeHi B Ta0uili 1.

Taomuus 1.

tes fm'10>31 Pm '1021 te fm'lo_g’ Pm '102’

°C Kr/M° Ila °C Kr/M° Ia

15 12,8 17,05 21 18,3 24,87

16 13,6 18,17 22 19,4 26,44

17 14,5 19,37 23 20,6 28,93

18 15,4 20,64 24 21,8 29,84

19 16,3 21,97 25 23,0 31,68

20 17,3 23,65 26 24,4 33,61

Bionocna eonocicme B Bu3HauaeTbcd  BIIHOIIEHHSM
a0CcoMOTHOT BOJIOTOCTI f /10 MakCUMallbHOI f;,, 1 BUpaXKaeTbCs Y
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Bigcotkax: B = (f/fy) - 100 % abo 4epe3 mapuiansHuii THCK: B =
(p/pm) - 100 %.

BigHOoCcHa BONOTICTH XapaKTEepPH3y€e CTYMiHb HACHYEHHS
MOBITPs BOJSHOIO Maporo. YuM MeHIa BiIHOCHA BOJIOTICTh MOBITPS,
THUM IIBU/IIIE BUITAPOBYETHCS BOJA B JAHUX YMOBAX 1 HABIIAKH.

Crymiap HaONWKEHHS [0 CTaHy HAacWYeHHS BH3HAYAE
nedimut Bonorocti. Jedinur Bosorocti d — 1ie pI3HUISA MK
MaKCUMAaJIbHOIO BOJIOTICTIO fp, 1 aO0COJIOTHOIO BOJIOTICTIO MOBITPS f
npu gaHiit remneparypi: d = fp,— f. Ilpu BimHOCHi# Boorocti 100%
neiuT BOJIOTOCTI TOPIBHIOE HYITIO.

Bonoricte  moOBITPS  Mae  BaXJIMBE  3HAYCHHS IS
KUTTEIISUTBHOCTI )KUBUX OpPTaHi3MiB. 3a paxXyHOK OKHCHHX PEakIliid B
OpraHi3Mi BHIUTSIETHCS TEIUIOBA CHEPTisA, YaCTHHA SKOI BiIAETHCA B
HABKOJIMIIHE CEPEJOBHUIIE MPH BHUIAPOBYBaHHI BOIM 3 JIETEHH 1 3
MOBEPXHI MKIPHOTO TOKpHBY. IS JKUTTA IIOAMHU 1 TBapHH
HOPMAaJTbHOIO BBKAETHCS BifHOCHA BoJoricTh 40 — 70 %. HeoOximHa
BOJIOTICTh MiATPUMYETHCS B My3esx i 0i0mioTekax il Kpamioro
30epeskeHHs TBOPiB MUCTENTBA, PYKOIHCIB 1 PiIKICHUX KHUT.

II.  Onuc npunaoie i
MemoouKa UMIprO8anHs

BouoricTs HOBITPS
BUMIPIOIOTH 3a JIOIIOMOTOIO CITelli-
QThHUX TPWIAAIB — TIrPOMETPIB 1
ncuxpomerpis. HalmommpeHimmm €
ncuxpoMmerp ABrycra, mo CKia-
Ja€Thcsl 3 JIBOX TEPMOMETPIB —
cyxoro i mokporo (puc.l). Cyxwuii
TepMoMeTp | ToKazye Temmeparypy
noBiTps.  PesepByap  Mokporo
TepMOMeTpa OOTSATHYTHI KJIanTu-
KoM  OaTmCTy, KiHelb  SIKOTO
omylieHuid y Boay. Boma migHima-

Puc. 1 €ThCA O TKaHWHI 1 pe3epByap

TEPMOMETPA  3aBXKAM  MOKpPHH.

BHacniziok BUTIIApOBYBaHHS BOJM 3 IMOBEPXHI TKaHWHU pe3epByap

OXOJIOIKYETbCSA 1 MOKPUH TEPMOMETP HOKa3y€e TEMIIEPaTypy, HIKIY
HIK CYXHH.

VY 3BHYAMHUX YMOBaX MK IOKa3aMH CyXOro t. i MOKPOIo
ty TEPMOMETPIB OJEPIKYETHCS TICUXPOMETPUYHA PI3HHUL TeMIle-
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paryp At. Uum cyximie moBiTps, TUM iIHTCHCUBHIIIE BUIIapOBYBaHHS,
THM OilbIlIa TICHXpOMETPHUYHA PI3HUIIA, 1, HABMAKHW, BOHA MEHIIIA,
SIKIIO OlbIna BiHOCHA BoyioricTh. [Ipu BigHOCHIH Bosorocti 100 %
NCUXpoMeTpuyHa pizauLs t. — t,, = 0.

3a [JOMOMOrOI TICHXPOMETpa BH3HAYAIOTh  BIIHOCHY
posoricte B. Il 3HaxomsaTe uepes 3icTaBneHHS MOKasiB cyXoro i
MOKpPOTO TEPMOMETpIiB, 3a OMOMOTOI0 CIIELiaIbHO PO3pPaxoBaHOL
MICUXPOMETPUYHOT Ta0IuII 2.

Ilokasu mcuxpomerpa ABrycra CHIBHO 3aJlieXaTh Bif
LIBUJKOCTI TIOBITPSHUX TMOTOKIB B 00JacTi Majiux 3HAa4YeHb
LIBUIKOCTEH, a IPU BEJIMKUX IIBUAKOCTSIX 3MiHIOIOTHCS Majo. Tomy
3aIPOIIOHOBAHO KOHCTPYKIIIO TICHXpPOMETpa 3 NPUMYCOBHM PYXOM
MOBITpA — acmipamidHuit ncuxpometp. [lns 3abe3meueHHst cTaimoi
MIBUJKOCTI TOBITPSHUX TMOTOKIB B AacHipamiifHOMy TMCHXPOMETpi
BUKOPUCTOBYIOTH BEHTHJISITOD, SIKU TPUBOJUTHCS B PYX MPYKHUHHUM
MexaHismMoM. KpiM Toro, obmimBa TepMOMETpH B acmipaliifHoMy
MICUXPOMETPI 3aKpirJieHi B ONMCKyUill MeTaneBiii ompasi, 0 3aXHUILIAE
X BiJl 30BHIITHHOTO BHITPOMIHIOBAHHSI.

Taomus 2.

IToka3zu Mokporo Tepmometpa, °C

o O

5

; QE) 10 (11| 12 | 13 | 14 | 15 16 17 18 19 20 21
Qo

5 3

= 2 Bignocna Bosoricts, %

15 [ 52 | 61| 71| 80 | 90 | 100

16 | 46 | 54 | 62 | 71 | 81 | 90 | 100

17 [ 39 |47 | 55|64 | 72 | 81 90 | 100

18 | 34 | 41 | 49 | 56 | 65 | 73 82 91 | 100

19 35|43 | 50 | 58 | 65 74 82 91 | 100

20 37 | 44 | 52 | 59 66 74 83 91 | 100

21 39 | 46 | 53 60 67 75 83 91 | 100
22 40 | 47 54 61 68 76 84 91
23 42 48 55 62 69 76 84
24 43 49 56 63 70 77

II1. 3asoanns pooomu
1. Bu3HayuTH BOJIOTICTH IOBITPS 3a JOMOMOIOI IICHXPOMETpa
ABrycra.
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Bu3zHauuTi BOJIOTICTH TOBITPS 3a JIOTIOMOTOKO acCHipaIlifHOro
IICUXPOMETpA.

1V. Xio pooomu
3MouNTH OAaTHCT CYXOTO TEPMOMETpa AacHipalliifHOro ICHUXpo-
MeTpa, 3BEpHYBLIM IIpH LbOMY YBary Ha Te, 100 Boxa He
noTpanwia Ha cyxuil Tepmomerp. Yepes 5-10 xB, Koau mokasu
BCTAHOBJISATHCS, 3aIMUCATH . 1 ty,.
3a moka3zaMu Cyxoro t. i MOKporo t, TepMOMETPIB ICHXPOMETpa
Asrycra i 3a Tabm. 1 i 2 Bu3HAUuTH f;, 1 B.
OO6uncnautn abcomoTHY BoJoOricTh f 1 gediuuT Bomorocti d
BIAMOBIIHO 32 hopmyiamu: f = f,, *B/100%id = f,,, — f.
3MounTH  0GaTHCT MOKPOTO  TEpPMOMETpa  acHipalifHOTO
MICUXPOMETpa, 3BEpHYBIIH NPH [[LOMY YBary Ha Te, 1100 BoJa He
MOTpanuia Ha CyXUil TEPMOMETP i Ha BHYTPIIIHIO TOBEPXHIO
TpyOku. Kimrouem 3aBecT BEHTHISATODP (4-5 MOBOPOTIB KITOYa) i
CTEeXKHUTHU 32 IMOKa3zaMH TepMoMeTpiB. Uepe3 4-5 XB, KoM MOKa3M
BCTaHOBJISATKCS, 3AIMCATH 3HAYCHHS ¢, 1 t,,.
3a Tabmumamu i dopMynamMu, BKa3aHUMU B TyHKTax 2 1 3,
BU3HAYUTH fp,, B, f 1d.
VY KO’KHOMY BHIAJKY JOCIi/I TIOBTOPUTH HE MEHIIE TPHOX pasiB y
pi3HUX Micusx Jaboparopii i MOPIBHATH pe3yabTaTH.
Pesynpratn BUMIipIOBaHb 1 OOYHCIIEHb 3amlKcaTH y 3BITHY
TaOJIULIIO.
Jiisi KOX)KHOTO 3HAUCHHS TEeMIIEpaTypH t., 3alKcaHoi y 3BiTHY
Tabmuio, 3 Tabn. 1 3Halitm p, 1 obumciuTH p Ta AeQinUT
BoJstorocti d’ 3a hopmysiamu:
P =bm B/100%id" = p, —p.

V. Konmpononi numannsa
Sxy mapy Ha3zuBaioTh HacuueHow? HenacuueHoro?
[I{o Take abcoOTHA BOJIOTICTH MOBITPS?
[I{o Take MakcuMabHa BOJIOTICTH TOBITPS?
[I{o Take BiTHOCHA BOJIOTICTH HOBITPA?
Slxka ¢opMyna BHKOPHCTOBYETHCS ISl BU3HAUEHHS JediluTy
BOJIOTOCTi?
YoMy BOJNOTHH TEPMOMETP HOKa3ye HIXKYY TEMIIeparypy, Hix
cyxuit?
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7. Slkoto Oynme pi3HHMLSA B TMOKa3ax TeMIIEpaTypu TEPMOMETPiB
[ICUXpOMETpa IPH BiIHOCHIH Bosorocti moritps 100 %?
8. Slka ¢opmyna BUKOPUCTOBYETHCS IJisi BU3HAUCHHS BiTHOCHOI

BOJIOTOCTI MOBITPSI?
9. SIke mpakTH4YHE 3HAYCHHS MA€ BUMIPIOBAHHS BOJIOTOCTI HOBITPs?

3BiTHa TaOIMISA I ICUXPOMETPa ABrycTa
Ne | to | tw| fon 1073 Dy 102 B, | f-10°%] p-102 | d-1073] d' - 102
30 | °C | °C| xr/m® Tla % | xr/md Ia Kr/™m° Ia

3BiTHA TAOJIUIIA JJIs ACipaIliiHOTO ICUXPOMETpa
Ne | to | tw| fon 1073 ppp-102 | B, | £-1073] p-102 [ d-1073] d’ - 102
30 | °C | °C| xr/m® Ia % Ia Kkr/™m3 Ia

Kr/M3

cep.
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Jlabopamopna poboma N5

Tema: BusHayeHHs Koe(illieHTa MOBEPXHEBOT0 HATATY
PiAMHT MeTOAOM BiIpHBY KpPallJIMHU

Mpuiraam i Martepiaam: cramarMoMeTp, PO3YMHH CHUPTY Pi3HOL
KOHIICHTpAIIil, JUCTHILOBaHA BOJA, PE3UHOBA TpyIla, TEPMOMET,
XIMIYHUH CTaKaH

Meta po6oTH: 3aCBOITH METOJ BiJPUBY KPAILIMHU JJI1 BU3HAYCHHS
KoeilieHTa MOBEPXHEBOTO HATSATY.

1. Teopemuuni ¢ioomocmi

[loBepxHEBWA HATAT BiZirpae Ba)UIMBY pOINb Y MPUPOAL Ta
MeIMIuHI. IS XKHTTEOISUIBHOCTI >KUBHX ICTOT BEJIUKE 3HAUYCHHS
MAalOTh BIACTUBOCTI MIOBEPXHEBOTO LIAPY PiUHH, SIKUH 3HAXOAUTHCS
B crnenudiuHOMy cTaHi Harary. SKmo B CyAWHY [OHaIaloTh
OynpOaIKy TOBITPSA, IMOBEPXHEBUH IMap pIOMHH € TPUYHHOIO
3aKYMOPKH CY/IHH.

3HavyeHHs1 kKoedillieHTa MOBEPXHEBOTO HATATY O10JOTiYHMX
PiAMH MOKe CITY>KUTH J1arHOCTUYHUM MOKa3HUKOM. Tak, Hanpukiaz,
P 3aXBOPIOBAaHHI Ha >KOBTSIHHIIO TIOBEPXHEBUN HATAT Cedi Pi3KO
3MEHIIIY€ThHCSI BHACIIZIOK HAsIBHOCTI Y Hill )KOBYHHUX KHCIIOT.

Ilpu  pmiabGeri Ta  JmesAKUX  IHIIMX  3aXBOPIOBAHHSX
i IBUTITYETHCS BMICT JIIITa3H y KPOBI, a Bifl 11 KOHIIEHTpAIIi1l 3aJIeKUTh
KoeillieHT MOBEPXHEBOTO HATSTY. Ha MoBepXHAX PO3/iTy piJUHA Ta
il HACUYEHOI Mapw, JBOX HE3MIIIyBaHUX PiJMH, PIAMHU 1 TBEPAOTO
Tila BHUHUKAE CHJA, 3YMOBJICHa PIi3HOI MIDKMO-JIEKYJISPHOIO
B3a€EMOJII€I0 HAa MEeXi X cepenoBuil. KoxHa Monekyna BcepeluHi
PiAMHU PIBHOMIPHO OTOYEHA CYCIJIHIMH MOJIEKYJIaMH 1 B3a€MOJII€ 3
HUMH. AJle piBHOAIMHA HMX cui piBHa Hymo. Ha momekyny, sika
3HAXOAUTHCS MOONM3Y MeXiI [BOX CEpelOBHUIN, i€ cujla, He
CKOMIIEHCOBaHa  IHIOIMMH  MOJIEKYJIaMH  pifuHH.  BuHHKae
HaTPY>KEHUH CTaH MMOBEPXHEBOI'O IIAPYy PIAWHM, KU HA3UBAIOThH
nosepxuegum Hamsaeom (BiH OOyMOBJICHHH CHJIaMH B3aEMOJII MiX
MOJICKYJIAMH IIHOTO IIapy).

BektopHa cyma cuIl IpUTSTaHHs, SIKi JIIIOTh Ha KOHTYp, IO
OOMEXy€e TOBEPXHIO DPIIUHM, HA3UBAETHCS CUTOI0 HOBEPXHEBO20
namszy F. Bona mpomnopiiiiHa 4ucily MOJIEKYJl, MPHISTAl0UUX 10
KOHTYpY, SIK€, B CBOIO YepTy, IPOIOpIIiiiHe Horo MoBKuHi [
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F = al, €Y)

Ie « — Koe(ilieHT TpONMOpIIHHOCTI, SKHH HA3HBAETHCS
Koe(ili€eHTOM TTOBEPXHEBOT'O HATATY:
F

a=-, (2)

l

T00TO, KOe(illieHT TIOBEPXHEBOTO HATATY PIAMHH YHCEIHHO
JOPIBHIOE CHIII TIOBEPXHEBOTO HATATY, MPHUKIAICHIA 10 OTUHHUII

JOBXKUHU KOHTYPY, [0 OOMEXYE ITOBEPXHIO PiHIL.
H

B CI posmipuicts [a] = B CIC [a] = f—:

[ToBepxHeBHii HATAT MOKE OyTH BU3HAYCHUH 1 CHEPreTUYHO:
JUIs IepeMilIeHHs MOJIEKYI 3 00’ €My B MOBEpXHEBUH 1ap HEOOXiAHO
BUKOHATH poOoTy. | TOAl TOBEpXHEBUIl HATAT BH3HAYAETHCS
po0OTOI0, BUTPAYECHOIO HA CTBOPEHHS NIEAKOI TIOBEPXHI PiTUHU MPHU
CTaJIil TeMIIepaTypi, J0 IUIOIII Ii€l TOBEPXHI:

a = E (3)

B cucremi CI posmipaicts [a] = ﬁ—’f, 8 CI'C [a] = 22,

cm?

3MiHa TeMIepaTypu CHIBHO BIUIMBA€E Ha 3HAYCHHS
KoedilieHTa  TOBEepxHEBOro  HaTary. [loO6mm3y  KpHUTHYHOL
TeMIepaTypd 3HaueHHS « Chajgae JiHIMHO 13 3pOCTaHHAM
Temneparypu. Ha 3HadeHHss « JayKe BIUTMBAIOTH i JOMIIIKH, IO
3HAXOAAThCS B piauHi. PeyoBWHa, 10 3MEHIIye « piJuHY,
Ha3UBAETHCS NOBEPXHEBO-AKMUBHOIO.

st BomyM TOBEpPXHEBO-aKTHUBHUMHU € CIHPT, edip, HadTa,
MMJIO 1 T. 1. Lle SABUIIIE MOACHIOETHCS MOJICKYJIIPHOIO TEOPIi€I0 OYI0BU
PEYOBHHU: CUIIM MPUTATAHHA MK MOJIEKYJIaMH PiIMHH OiNbIIl Bij
CHJI IPUTSTAHHS MK MOJIEKYJIAMH PiJIUHH 1 TOBEPXHEBO-aKTUBHUMH
noMmimkamMud. ToMy MOJEKy/IM TOBEPXHEBOTO INapy piAWHH
MPUTATAIOTECS  YCEpEAWHY PIIWHM CHJIBbHINNE, HDK MOJIEKYIH
JIOMIIIOK — TPUYOMY MOJIEKYJIM TOBEPXHEBO-aKTHBHOI PEYOBHHHU
BUTICHAIOTHCS Ha ii moBepxHIO. Jleski pedoBUHM 30iJbIIYIOTH «
piauar. CTOCOBHO BOJIY MPHUKJIAJIaMU TAKOT'O POAY JOMIIIOK € I[yKOP
1 ClITb.

OueBUAHO, IO MOJEKYJIM TaKUX JOMILIOK OYAyTb BTATHYTI
ycepeluHy PiIMHY 1 B TOBEPXHEBOMY IIapi 3aJIUIIATHCS MTEPEBAKHO
MOJIeKyH pinuHu. s Bu3HaueHHS KoedilieHTa IOBEPXHEBOTO
HATSTY ICHYIOTb TaKi METOJIH:
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1. Memoo niopaxyunxy Kpanaun — HaWOIIBII YacCTO BUKO-
puUCTOBY€eThCA B MenuiuHi. [Ipn moBiTpHOMY BUTIKaHHI piAWHU 3
BY3bKOi BEPTUKAIBHOI TPYOKH Ha ii HIPKHBOMY KiHIII YTBOPIOIOTHCS
Kparmmuad. Kparmnrna BiapuBaeThes B TOM MOMEHT, KonH ii Bara (P)
crae piBHOWO cwii ToBepxHeBoro Hatsry(Fy):P = Fy. 3rigHo
BU3HAYCHHSI, CHJIa TIOBEPXHEBOTO HATATY Fyy = al.

JoBxuHa KOHTYpPY [, B3JOBX SIKOTO AilOTh CHJIM TOBEpX-
HEBOT'O HATATY, IS KPaIUIMHU piBHA:

l =2mr,
ne r — paaiyc mmiku Kamiasgpa. Tomi piBusHHS (2.4.4) MoxHA
3alucaTh y BUTIISI:

P =2nra (2.4.4)
pv
n
YHUCIIO KparuinH B gaHoMy oO'emi V. IlinctaBuBmmn 3HadeHHs P B
(2.4.4), onepxxumo:

Bara onniel kparmmuan: P = —, ne p — rycTUHA PiTuHA, N —

vV
P = 27nra,
n
3BIIKH
_ PV 245
a= — (2.4.5)

Llieto (popmysor0 3pydHO KOPUCTYBATHCS Ul BH3HAUCHHS
8i0HOCHO20 KOe(DillieHTa TTOBEPXHEBOTO HATSITY.

Fpywa SAkmo Maemo JBi  pi3HI  pigMHU 1
MipaxyeMoO KibKICTh KpalUIMH N, Ta N,
A YTBOPEHHX NpU BUTIKaHHI OJTHAKOBUX 00'eMiB
IUX PIIUH 4Yepe3 OJMH 1 TOH Ke Kamisp
M (omHakoBe 1), TO, 3rigHO Gopmynu (2.4.5), mis
nepiIoi i APYroi piuHA OIEPIKAMO:
B _ poV _piV
Qo =5 A =5
mrng 2mrny
Puc. 2.4.1 [oxinuBum mepiuie piBHAHHS Ha ApYyTe,
Cranarmomerp. ~ OFCPHUMO: a  Po M
—=—— (2.4.6)
@y p1 Mo

3BifcH KOEQiLieHT MOBEPXHEBOIO HATATY AOCIHIIKYBaHOL
piaunu Oyje piBHHIA:
_ Pio

PoNy

Qg ag- (2.4.7)
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Ile i € poboua dopmyna maHoro mMeromy. A BiAMOBIAHHUN
TIpUITa] HA3UBAETHC cmaiazmomempom (puc. 2.4.1).

2. Memoo kaninapuux mpybox — piuHA, CTUKAKOUUCH 3
TBEPIUM TiNoM, abo Horo 3Mouye, abo He 3MOUye. SIKIO CKISHY
TpyOKy 3 ManmuM (KamiIsIpHUM) OTBOPOM OIMYCTUTH B TOCYIUHY 3
PIOMHOIO, TIOBEPXHS PIAMHMA TPHHMAae B Kamuigpi BBITHYTY (IpH
3MOuyBaHHI — puc.2.4.2, a) abo onyknay (MpH HE3MOYYyBaHHI —
puc.2.4.2, 6) dopmy. 3a paXyHOK BHUKPHUBIICHHS ITOBEPXHI PiTUHU
BUHHKA€ AomaTkoBuid Tuck AP. el THCK BH3HAYa€THCSI 3a

dhopmyoro Jlamnaca:

ap =28 2.4.8
== (2.4.8)

Ie R — pajiiyc KpUBU3HM TIOBEPXHI PiTUHH, & — ii KOe(iIlieHT
MTOBEPXHEBOTr0 HATATY. PiBEeHB PiAMHN B KamisApi MigiHMaeThCs MPH
3MOYyBaHHI a00 OMyCKaeThCS MPU HE3MOUYBaHHI Ha BHCOTY h Hax
piBHeM y mocyauHi. [ligHATTS ab0 OmMyCcKaHHs PiAUHMA B Kamisipi
BiIOYBa€ThCSA IO TaKOi BHCOTH h, Ha SKiil TiAPOCTATHYHUN THCK

pimmEE pgh 3piBHOBaXKyE MOJATKOBHM TUCK AP, ToOTO:
2a
[lpy moBHOMY 3MOYYBaHHI pajiyc KPHUBWU3HU TIOBEPXHI
piauHu B Kamiysipi R mopiBHIOE paaiycy Kaminsipa r: R = r. 3Harouu
TYCTUHY PiIMHU, BUCOTY 11 MTHATTS B KaIUIApi 1 pafiyc r Kamiispa,
MOKHa OOYHCITUTH KOe(illiEHT TOBEPXHEBOTO HATATY 3a (popMyIioro:

r
a= E-pgh. (2.4.10)

Puc 2.4.2. TlimusatTs (2) Ta ormyckaHHs (0) BOAM B KaIlisIpi.
3. Memoo 6idpusy Kinvys — OCHOBAaHHMH Ha BUMipIOBaHHI CHII
F,, HEOOXIiMHOI s BIAPUBY TOHKOI'O KUIbL, SIKE CBOIM TOPLIEM
TOPKAETHCS MOBEPXHI PITUHH 1 YTPUMYETHCS CHJIOI0 TTOBEPXHEBOTO
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HATATY, IO Ai€ 10 30BHIIIHFOMY Ta BHYTPIIIHEOMY 00BOJIaM KiJTBIIS:
l=n-1; + m- [, de [l; — BHyTpilHIH, a [, — 30BHINIHIN JiamMeTp
kinbipst. Tomi B, = an(J; + [1,), 3Biaku koedillieHT TTOBEPXHEBOTO
HATSTy
Fa
Q=——-:.
([y + A2)

Mpywa

(2.4.11)

Puc.2.4.3. Cxema metony Pebinnepa

Cuny F,BHU3Ha4arOTh 3 JONOMOTOIO TOP31MHUX Tepes.

4. Memoo Pebinoepa (a00 MaKCUMaIbHOTO TUCKY OyibOari-
kn). [Ipu pomy B mocyAnHy 3 AOCIiAXKYBaHOIO PiIUHOIO OIYCKAIOTh
Ha HEBEJIMKY TNTMOMHY KamninsipHy TpyOky T paniycom 7, 3'enHany 3
pe3uHOBOIO rpymieto [ 1 uyTiuBUM BOJSHUM MaHoMeTpoM M (puc.
2.4.3).

OO0epeHO HarHiTal4W TPynierd B TPYOKy MOBITps, 100U-
BalOTHCS YTBOPEHHs Ha 11 kiHIl OynwsOamku I1. B MoMeHT BigpuBy
OynpOamku 1mo MaHoMmeTpy GikcyloTh AP, [kl 3piBHOBaXYE
JIOJTATKOBHI THCK TIi/I KPUBOIHIHHOIO MOBepXHEr0 OynpOamku. et

2a . . .
THCK AP = - (panmiyc OynpOaliky HNPUPIBHIOETHCS OO pajiyca 1

. AP
TpyOKn). 3BiAcH a = - [uM MeTOAOM MOXHA TAKOXK BU3HAUYUTH

KOEIIi€HT MOBEPXHEBOTO HATATY, SIKUM BHHUKAE HA MEXi PO3ILTY
JIBOX HE3MIIIyBaHUX PiIWH.

II. 3aeéoannsa

1. Busnauutu KoedimieHT [TOBEPXHEBOIO HaTATy
(i310JI0TIYHOTO PO3UUHY.
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111. Xio pooomu
Hanouutu pesepByap M (puc.2.4.1) AMCTHILOBaHOO BOJOIO
JI0 BEPXHBOI MITKH A.
3HSBIIN PE3UHOBY TPYILY, II0YaTH BiAPaXOBYBATH KPAIUTMHA
70 THX TIip, OKH BOJa HE OIYCTHThCA 10 MiTku b. Takum
YHHOM OyZe OTPHMaHO M.
[IpopoOuTH Te x came 3 JOCHIPKYBAaHUMH PiTUHAMH — PO3-
YMHAMH CIUPTY PI3HOI KOHIIEHTpAIii — MiApaxyBaTH 14, N,
ns.
3a dopmynoro (2.4.7) obuncnut KOE(]IliEHTH MOBEpXHE-
BOTO HATATY Q1,(y, X3 JIOCIIHKYBAaHUX DiIUH (3HAYCHHS
00, P1, P2, P3 1 P4 B3SITH 3 TAOIHUIIB).
Pesynpratn BuMIpiB 1 OOYHMCIICHb 3amucaTd y 3BiTHY
TaOIHIIIO.
PozpaxyBatu cepennro abcomoTHY TOXHUOKY Y BU3HAYEHHI 01
JIOCITIDKYBaHOT PiTMHU Aalo. Biamogias 3anucaty y BUTISIL
a =y, Aaq,
PospaxyBaru BiTHOCHY MOXHOKY:

Aaq,

a,
[MoGynyBatu 3anexuicts a = f(C%) Ta 3ammcatd BHUC-
HOBKH.

V. Konmpononi numanns
SIK BUHWKA€E MOBEPXHEBHUI HATSAT?
VY qomy nonsrae GizuyHuA 3MicT KoedillieHTa HTOBEPXHE-BOTO
HaTATY Ta HOTO OJWHUII BUMIpY?
Bij goro 3anexuts KoeillieHT TOBEPXHEBOTO HATSTY?
Ski € MeroauM BHU3HAYCHHS KOe(QillieHTa IOBEPXHEBOTO
HaTATY?
HaBectn mpuknanm 3HavueHHs Koe(illieHTa MOBEPXHEBOTO
HaTATY B 010JIOTIT Ta MEIUIIHHI.
Sxka ponp KoedilieHTa TOBEPXHEBOTO HATATY IPH
JIIarHOCTHIII 3aXBOPIOBaHb?

3BiTHA TaOIHUIIA
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o, a, | az, | a3, | Aaq,
3 ,I[H?C ™ ,I[H}M ,I[HiM ,HH?M ,E[H/é bay,
r/cM ITYK %
M M M M M
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Jlabopamopna poboma N6

Tema: BuzHauenHsi koedinieHTa B’A3KOCTI pigunu
i KPpUTHYHOI IIBUIKOCTI Tedil

Hpunagm i wmarepianu: kamisipauid  Bickozumerp BIDK-1,
CEKYHIIOMIp, TOCIIPKyBaHa piarHA.

Merta pobotu: o3naiiomutHcs 3 OymoBorw BickosmmeTpa BIDK-1,
HABYUTHCH KOPUCTYBATUCS HUM [l BU3HAUCHHS B'SI3KOCTI PiIUHH.

1. Teopemuuni éioomocmi
[Tpu BigHOCHOMY 3MillIeHHI IapiB PiIUHKA a00 ra3zy BUHUKAE
CHJIa BHYTPIILIHBOTO TEPTS, SIKA TaIbMY€ PyX IIApiB, 10 PyXaroThes 3
O1IIBIIO0 MIBUAKICTIO, 1 NPUCKOPIOE PyX IIapiB 3 MEHIIIOFO IIBH/IKICTIO
(puc.1). Cuna BHYTPIHIHBOFO TEPTS € pe3yabTaToM [ii CHI
I MOJIEKYJISIPHOTO 3YEIUICHHST Ha MeEXi JIBOX
1IapiB 1 IEPEeX00M MOJIEKYJI 3 OJHOTO HIapy

B 1HIIIWHA.
‘A): Cuiia BHYTPILTHBOTO TEPTS
A F = AUS 1
- 77 AX ) ( )

Je Av — pI3HMIS IIBUIKOCTEH PyXOMHX
mapiB; Ax — HalKOpOTIIAa BiJICTaHh MiX
y 2 nuMu  mapamu;  Av/Ax  —  rpagieHt
| HIBHJIKOCTI; 77 — KOE(IIi€EHT BHYTPIIIHOTO

I 1 1 | || teprsabo muamiuna B’s3KicTb.
JuHamidyHa B'SI3KICTH 77 YMCEIEHO
Puc.1. JIOPIBHIOE CWJII BHYTPIIIHBOTO TEpTS, SKa
BUHUKAa€ MDK JIBOMa IlIapaMM PiJIMHU OJMHUYHOI IuIONI S, MpH
IpaieHTI  IIBHJIKOCTI, 110 JOpiBHIOE  oauHUIl.  OIUHUI
BUMIPIOBaHHS JUHAMiuHOI B’SI3KOCTI — mackaib-cekyHna (Ila-c). 1
I[Ma-c — me AMHAMIYHA B'A3KiCTh PiMHM, M Ak0i HA | M? moBepxHi
JOTHKY IapiB npwu rpagienti mBuakocti 1 ¢ mie cuma 1 H (1 Tla= 1

H/m?).

CriocrepiraroThes JiBa BUAM Tedii piauau (abo razy). B oganx
BUTIAJIKAX PIJWHA PO3JUIAETECS HA WIAPH, SKI KOB3alOTh OJMH
BiTHOCHO OJHOTO HE MEepeMillylounch. Taka Tedis Ha3MBa€ThCA
namiHapHOIO (J1at. lamina — racTuHA).
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[Ipu 30inbLIeHH] IIBUAKOCTI a00 TMOIMEPEYHHUX PO3MIpiB
MIOTOKY BHWHWKA€ TEepeMillyBaHHA ImapiB piguHu. Taka Tedis
HA3UBAETHCS TypOyIECHTHOIO.

AHTITIChKUH y4eHUW PeWHONBIC, MOCHIIKYIOUH TOTOKH
pimmH 1 Ta3iB, 3’ACyBaB, IO XapakTep OyIb-SIKOTO IOTOKY
BH3HAYAETHCS 0€3PO3MIpHUM YHCIIOM

Re = p_vl'
n
e p — TyCcTUHA pianHU abo Ta3y; U — WIBHAKICTh MOTOKY; | —

XapaKTepHUH IS TOTEePEeYHOr0 TMepeTHHY po3Mip (HalpHKIa,
CTOpPOHAa TpW KBaJIpaTHOMY II€PETUHI, JiaMeTp YW pajiyc mpu
KpYIJIOMY TIEPeTHHi); 77 — B’A3KICTh. 3HaiileHe TakuM cIocoOoM
YHCIIO Ha3UBAETHCS YNCIOM PeiiHonbaca.
s moToky B Kpyrumii TpyOi miametpom d mpu Re < 2000
MOTiK JamMiHapHud, a npu Re > 2000 moTik HeCTIHKWMH 1 Jerko
MepexoAnuTh y TypOyneHTHuil. OTxe, AN MEBHOTO JIiaMeTpa TpyoH
iCHye KPUTHYHA WIBHKICTb TE€Uil Uy, BUILE BiJl AKOI TeUis PifMHM
MepexoInuTh y TypOyneHTHY. 3a PeitHonbpacom
n 2000 2000

Vgp =——— =V——
P p d d
BigHOmIEHHST AMHAMIYHOI B'SI3KOCTI 77 10 TYCTHHU O PiAWHU
Ha3MBAETHCS KIHEMAaTHYHOIO B'SI3KICTIO:

n
V==,

p
i BUMiproeThCs B M%/C.

B's3kicTh 3aleXUTh BiJi MOJNEKYJSApHOI OYIOBU PIAWHU YU
razy 1 ix TemmnepaTypu. 3 MiIBUIIEHHSIM TEMIIEPaTYPH B'SI3KICTh PiIUH
3MEHIIIY€EThCSI, @ B'A3KICTh T'a3iB 3011bITYETHCS.

B's3kicTh € BaXIMBOI XapaKTEPHCTUKOK PiauH 1 rasis.
B's3KicTh BOJH 1 TOBITPsI CIPUYMHIOE 3HAYHUH OMIP IBUAKOX1THOMY
TPaHCHOPTY; B TPyOOMpoBOAaxX BSI3KICTh PIMH 1 Ta3iB 3yMOBIIOE
CHajl TUCKY; B'3KICTh XapaKTEePU3Y€ SIKICTh MACTHIIL.

B'S3KicTh € BaXJIMBOIO KOHCTAHTOIO ONMCY MATOJOTIYHHX
MpoIieciB y MeAMIIMHI Ta BeTepuHapii. Hanpuknas, B'sI3kicTh KpOBi
3HWKYETHCS TP aHEMii i i JBUILY€THCS IPHU MOMILUTEMII.
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11. Onuc npunadie i memoouxka eUMIpIOBAHHA

Ha mpakTurii B'SI3KICTE BHUMIPIOETHCS PI3HAMH METOJTAMH,
30KpeMa METOJOM TPOTiIKaHHS piAWH Yepe3 Kaminsipu. Bin
IPYHTY€ETBCS HA BUKOpPHUCTaHHI piBHAHHS [lyaseiins

v nrtApt )
= 8 (2)
ne V — o0'em pinuHy, 10 MPOoTEKiIa 3a 4ac T Yepe3 Karsip pajiycom
7 1 TOBXHMHOIO [, Ap — pI3HMIIS TUCKIB Ha KIHIAX Kamiispa. PiBHIHHS
(2) nmilicae mns nmamiHAapHOi Tewil MPW 3HAYHOMY Yaci MPOTIKAHHS
piaunu (100 c i Ginbiue).

BusnauuBmmm B mporeci
JocIiay o0'eM Ta iHIN BEIHYWHH,
10 BXOJATh Y piBHAHHS [lyazeiins
(2), MO>xHA OOUMCIUBIIN KOEili-
€HT B'A3KOCTI PiAUHU.

[Ipunan nuist BUMiprOBaHHS
B'I3KOCTI DIAUH — KamiJISpHUHA
Bickozumerp BIDK-1 (puc.2) —
CKJIaJa€ThCsl 3 BHMIPIO-BaJIbHOTO
pesepByapa 1, skuil oOMeKeHHI
JIBOMa KiJBIIEBUMH TTO3HAYKAMH
M; 1 M,. PesepByap 1 nmepexoanuts
y kamimsip 2 i pesepByap 3,
3'€JIHAHUI 3 3ITHY-TOIO TPYOKOIO i

Puc. 2 TpyOKoOIO 4.

Hwxnst yactuHa TpyOKH 5
3aBEPIIYETHCS Pe3ePBYapoM 6, Ha IKOMY HAHECEHO JIBI MO3HAUKKH My
i My. JocnipkyBaHy piluHy 3aJMBalOTh Y YHCTHH BiCKO3HUMETD uepe3
TPYOKy 5 Tak, mo0 i1 piBeHb ONMUHHUBCS MK IMO3HaYKamu Mz i My.
Kinenp TpyOku 8 3a momomoror rymoBoi TpyOKH Ta TPHUXOJOBOTO
KpaHa 9 3’emHaHui 3 TymoBolo rpymero. Ha kinens TpyOkum 4
HacapkeHa ryMoBa TpyOka 3 kpaHoMm 7. JlocmipkyBaHa pinuHa 3a
JIOTIOMOT'010 TYMOBO{ IpyIIi BTATYETHCS 0 Kaniyispi 2 3 pe3epByapa 3
B pe3epByap 1. [lig yac mocnigy piauHa 3 pesepByapy 1 mo kamiispy
2 cTikae B pe3epByap 3 i1 Ii€r0 CUITK TSOKIHHS. SIKIIO piivHa BUTIKae
TUTBKU MIiJ] BIUTMBOM BIIACHOI Bard, TO PI3HMIS THUCKIB Ha KIHIIIX
Kariisipa Ap JOpIBHIOE TiIpOCTaTHYHOMY TUCKOBI Ap = pgh, ne p—
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TYCTHHA PiMHHW, g — NPUCKOPEHHS BUIBHOTO MajiHHA, h — BUCOTa
BOJU B KaITiJIspi.
[TizcraBuBmy 3HaYeHHs Ap y hopmyiny (2), oTpuMaeMo

tpghr*t
y =PI T
8nl
3BIIKHU
_ mpghrtt
-8V
1 BIZIIIOBITHO
nghrit
Vv = n_ g—’ 3)
p 8Vl
Hns nanoro Bickosumetpa BITXK-1 npu npoTikaHHi 0gHOTO 1
4
TOro % 00’eMy V pigvHM BenTMUMHA HB‘}Z = ( € cTasnoro i BKazaHa Ha
npwiazi. 3 ypaxyBaHHAM 11b0ro ¢opMmyiia (3) HaOyze BUIIISILY
v =_(t, 4

Je T — 4ac MPOTIKaHHS PiAWHA Yepe3 Kammisip Bia mo3Hauku My 1o
Mmo3Hayku M, .

3 dopmynu (4) 6aurmMo, 110 Yac BUTIKAHHS PIAWHU TPSIMO
MPOMOPIIIHHUI KiHeMaTu4Hid B’si3kocTi. Bupas (4) € pobodoro
(hopMyIor0 TSI BUBHAYCHHS KIHEMAaTUYHOI B’SI3KOCTI 32 JJOTIOMOT OO
KarisipHoro Bickozumerpa BITK-1.

3HauM KiHEeMaTHuYHYy B’SA3KICTh V 1 aiamerp Kamiaspa d,
MO’KHA BM3HAYUTH KPUTUYHY LIBHJIKICTh MOTOKY PIAMHU B LOMY
Karusipi 3a GopMyIior

2000
Ugp =V 7 (5)

111. 3a¢0annsa
1. BwusHaunTH KiHEMaTH4HY B'S3KICTh JOCII/DKYBaHOI PiIUHH
KarmisipHuM BickozumeTpom BIDK-1.
2. Bu3HauMTH KPUTUYHY IIBUKICTH MOTOKY PIJAWHU B KaIiJIspi
Bickozumerpa BITK-1.

1V. Xio pooomu
[epexputn kpaHoM 7 TpyOKy 4.
2. lloBepHyTH TPUXOJOBHH KpaH 9 Tak, 100 MO3HAYKA HA HOMY
30irmacs 3a HarpsiMoM 3 TpyOkoro 10.

=
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10.

11.

12.

CTHCHYTH Tpylly, Mics YOr0 MOBEPHYTH TPUXOMOBHH KpaH
Ha 180° i TMOBUNBHO BiAMyCKaTH TPYUly IOTH, IOKH HE
3alOBHUTHCS JIOCHIDKYBAaHOIO PIOUHOI0 pe3epByap 3 1
MTOJIOBMHA PO3IIMPEHHS TPYOKH 8.

TpuxomoBuii kpaH moBepHyTH Ha 90° Tak, mo0 mo3Hadka Ha
HbOMY 30iriacs 3 TpyOKOr, JO SKOi IiJ’ €IHaHA TpyIIa.
Bignyctutu rpymry.

TpuxomoBuii KpaH MOBEPHYTH TakK, MI00 MO3HAYKAa HA HHOMY
30irmacs 3 Tpyokoro 10. 3auexkaTH, JOKH pidiHA B Kamispi 2
He MiiHIMeThCs Bulle mo3Hauku M, . [ToBepHyTH TpuxomoBHit
KpaH 9 y MoYaTKOBE TOJIOKEHHS.

Binkputn kpan 7. Piguna 3 TpyOKM MOYHE BUTIKATH 4epes
Kamsp 2.

VY Toli MOMEHT, KOJH piBE€Hb DPIJUHH MPOXOAUTHME Yepe3
Mo3HauKy M{, YBIMKHYTH CEKYHIIOMIp, @ B MOMEHT IIEPEXOIY
yepe3 M, — BUMKHYTH.

Hocnig moBTOpUTH 4 pasu, 3alUCyl0Yd KOXKEH pa3 YHCIOBE
3HAYEHHs Yacy T y 3BITHY TaOJHIIIO.

OO0uuncnuTH cepeHe 3HAYEHHS 9acy T 1 CEPEeIHI0 a0COOTHY
noxuoKy At.

BukopucToByl0UM cepelHE 3HAYEHHSI 4acy T, OOYHCIUTH
KiHEMaTH4Hy B’S3KICTb Vg 3a Qopmyinowo (4). 3nauenns C
BKa3aHO Ha YCTAHOBIII.

3Haoun Vv, 1 giaMeTp kamnisipa dy, OOYUCITUTH KPUTHUHY
HIBHJIKICTH 32 Gopmyioro (5). HiameTp kaminspa d, BkazaHO
Ha YCTaHOBIII.

[ToxnOKM 0OUNCITIOIOTHCS 32 TAKUMHU (HOPMYIIaMHU:

vy = (AC" + ATO) 100%; Sv.. = (AV" + Ad") 100%
VO B CO TO 0 UKpO - VO do o
8vg - Vo SVip, " Vip,y
Ay, = 20 Yo, Av. =—To Po
Yo =700 % Yo = 7100 %

13.

14.

1.

PesynpTatn BUMIiproBaHb i OOYMCIICHb 3aHECTH Y 3BITHY
TaOJIULIIO.
3anucaTti KiIHUEBUH PE3YNBTAT IS V 1 Uyp,.

V. Konmponvui numanns
o 3yMOBIIIO€E B’ SI3KICTH pinuHI?
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3a ko0 (OpPMYINIOI0 BU3HAYAETHCS CHJIA BHYTPIITHHOTO
TepT?

3. llo Take rpamieHT MWBHIKOCTI? B sSKkUX OJMHUIX BiH
BUMIPIOETHCS?
4. Y gomy nomnsrae QisuaHAN 3MICT KoedimieHTa TUHAMITHOL
B’SI3KOCTI?
5. JlaiiTe BW3HAYCHHS OWHUIII BUMIPIOBaHHS KoedillieHTa
TUHAMIYHOI B’ SI3KOCTI.
6. Illo Take kimemaTWyHa B’S3KiCTh? B SKHMX OZMHHIIIX BOHA
BUMIPIOETBCSI?
7. MAxuit  pexxum  Tewil ~ Ha3WBAaETbCA  JIAMiHAPHUM?
TypOynentaum?
8. Ak 3amucyerncs popmyna [lyazeiins? Ha3BiTe Ben4nuHy, M0
BXOJAThH 110 Hel.
9. Busenits pobody Qopmyrny mis BH3HAYCHHS KoedillieHTa
KiHEMaTHYHOI B’ SI3KOCTi.
10. o Take KPUTUYHA MIBUAKICTH?
11. Slka poboua ¢opmyna i BHU3HAYEHHS KPUTHYHOI
IIBUIKOCTI?
3BiTHA TAOIHIA
Ne | 1, | At,| C, AC, | v, | Av, | 8v,| d, | Ad,| Uxp| Auy Sy
3aL | ¢ | ¢ |M¥c? M [M¥e (M¥e | % | m | M |(m/c |Mic | %
1
2
3
4
5
cep.
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Jlabopamopna poboma Ne7

Tema: Buznayenns monyJs FOura 3a nedpopmaniero nporuny

Mpuaaam i maTepianu: YcraHoBka JUis BU3HaUeHHS Moayiis FOHra
METOJIOM TPOTHHY, ITaHTEHIMPKYIb, MIKpOMETp, Halip TATapiis,
TOCTIKYBaHAN CTEPKEHb.

Mera poGoTu: HaBuUMTHCS BHU3HauaTH MoAynb FOHra 3a
nedopMaIli€ro mporuHy.

1. Teopemuuni ¢ioomocmi

Bynp-sike TiJI0 i A€o 30BHIMIHBOT CHIIM 3a3Ha€ aedopmartii,
TOOTO 3MIHH CBOTO PO3Mipy abo Qopmu. 3anexHO Bl XapakTepy
30BHINIHBOI Aii MOXYTh 3MiliCHIOBAaTHCS nedopMallii pi3sHUX BHIIB.
Po3pi3HAIOTH M'ATh OCHOBHUX BU/IB AedopMallii: po3TAr, CTHCK, 3CYB,
KkpydeHHs 1 3ruH. Jledopmamii TBepaux Tinm OyBarOTh MPYKHUMU 1
TUTACTUYHUMU.

[MpyxHOIO Ha3uBaeThes AedopMalis, sika 3HUKAE Pa3oM 3
MPUIMHEHHSAM Jii 30BHINIHBOI cwid. ToOTO TuIO micis TaKoi
nedopmariii moBepTaeThCs y MOYATKOBUHN CTaH.

[TnacTuyHOIO HA3WMBAEThCs Aedopmaris, sika 30epiraeTbes
MICJISE NPUTIMHEHHST i1 30BHIIIHIX CHII.

Hedopmariist xapakTepru3yeThCs BITHOCHOIO JTehopMalti€ro &,
sIKa JIOPIBHIOE BiJHOIICHHIO 3MiHA AX Oy[b-sIKOTO PO3MIpy Tija Iif
€K CWIH A0 IOYaTKOBOI BEJIMYUHH X .

€ =Ax/x. (D

IIpu nedopmamii B Timi BUHWKAE OCOONWBUU CTaH, SIKUH
HA3UBAETHCS MEXaHIYHUM HANpYKEHHAM O. 0 — (Di3U4YHA BEJIMYMHA,
sIKa YMCEJIbHO JIOPIBHIOE NPYKHIN cHiTi F, 1110 MpUIIaia€ Ha OJIUHUIIEO
wronti S mepepisy Tina, HOPMaJIBHOTO 10 HampsMmy cuin. OTxe, o =
F/S.

BiamogigHo no 3akony I'yka, BimHOCHA JedhopMalrist Ipy>KHO
neGOpMOBaHOTO Tila € TMPSIMO TIPOMOPIiiiHA MeXaHIYHOMY
Hanpy>XeHHI0, TOOTO

oc=E-g 2
ne E — xoedilieHT NporopiLiiHOCTI, SKHi HA3UBAETHCS KOe(DIliEHTOM
npyxHocti (260 Moayniem FOHTa), SIKUit 3a5IeKUTh BiJI MaTepiay Tina.
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P v

Puc. 1

Monyns FOHra 1e Take MexaHiuHe HampyKeHHS, sSIKe HACTae
B TiJIl IPU MOTO OJAVMHUYHIN BITHOCHIM nedopmaitii: E = g, SKIo € =
Ax/x = 1.

B CI moayns FOHra BUMIprOEThCS B H/Mm2.

Mogyns FOHra MokHa BU3HAUUTH 32 JAeQopMallic€to IporuHy.
Jia mporo 1Ba KiHIL JTOCIIIKYBAHOTO CTEPXKHS KIAAyTh Ha TOCTPI
Kpai aBox mpusM (puc.l), a 10 HOTO CepeArHN MiABIIIYIOTh TATapelb
Baroio P. [Ipu nmporuHi cTepHs HOT0 cepeinHa NepeMilllyeThCsl BHU3
Ha JeSKy BEIMYMHY A, SIKa Ha3MBAETHCS «CTPIOI MporuHy». Ls
BeIMYMHA € Miporo aedopmariii MporuHy i AN AaHOTO CTEPIKHS
3aJICKUTh BiJl JeOPMYIOUOi CHIIM Ta MOIYJISl IPYKHOCTI Martepiainy,
3 SIKOTO BHMIOTOBJICHWH CTepikeHb. MOKHAa TOKaszaTH, IO CTpijia
NPOTHHY B IAHOMY BUTIAJIKY JIOPIBHIOE:

P3
~ 4Eab® )

ne P — Bara Tarapust; [ — ToBXKHWHA CTEPKHS (BiAalb MK IPU3MaMH );
a — IIMPHUHA TONEPEYHOTO Mepepizy CTePXKHS; b — TOBIIMHA CTEPIKHSL.

I3 (3) 3Haxonumo monynp FOHra:

p PI?
" 4ab3)’ )

®opmyna (4) € pobouoro s Bu3HaueHHs Moaynsa FOHra 3a

nedhopmMarriero IporuHy.

11. Onuc npunadis i memoourka eUMIpI0GaAHHA

IIpunag ans Bu3zHaueHHs Moayna HOHra MeTomoM IMpOTHHY
(puc.2) cknagaeThbest 3 MacHBHOI 1atdopmu 9 3 1BOMa cTosAKaMu 7,
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2//3
5
7 \ A
) — /7
8
—_ I
|—
Puc. 2

BEPXHI KiHIIl IKUX MaIOTh (DOPMY TPUTPaHHUX MPU3M. BincTanp Mix
CTOSIKaMH IpY MOTpeOi MO’KHA 3MIHIOBATH, ajie pedpa MpHu3M MOBUHHI
Oytu mapajnenbHi Mik coboro. IlocepemuHi MK CTOSKaMH Ha
miatdopmi HEPYXOMO 3aKpiIuleHu# ctepkeHs 6. [lo 1poro crepikHs
MPUKPITUICHUN 1HAUKATOP TOJUHHUKOBOTO TUMY 5. [HAMKATOp SBISE
co0010 BUMIpIOBAIBHUH MU i3 3y0UacToro mepegadeto, Jis IKoro
TPYHTYEThCSI Ha TIEPETBOPEHHI MajnX IHIHHUX TepeMillleHb
BUMIPIOBAJILHOTO CTEpXKHSA 3 Ha 00EpPTOBI TeEpeMillleHHS CTPLUIKA
iHuKaTopa. JIiHitHOMY TIepeMillIeHHIO CTePKHS 3 Ha OJTUH MLTIMETp
BiJIMTOBiTa€ TOBHUH 00epT CTpiIKH iHauKaTopa. LliHa moainky mkasmm
ingukaropa cranoButh 0,01 MM, Bimmik minmmx  MimiMerpis
peaizyeThCst MajIOK CTPUIKOIO Ha IIKaNi 1HIUKATOpa.
HocnipkyBaHuil crepkeHb | BCTAaHOBIIOKOTH yCEPEIUHY
XOMyTHKa 2 1 000Ma KiHIFIMH KJIaIyTh HAa TOCTPi Kpai TpUTpaHHUX
npusM. [Ipu iboMy pedpo TpUrpaHHOT MPU3MU XOMYTHKA 2 TIOBUHHE
JNOTOPKATHCS [0 BEPXHBOI IUIONIMHU JOCHIDKYBAHOTO CTEPKHSI.
YcTaHoBKa iHAMKATOPa HAa HYJIb 3IIHCHIOETHCS 00epTaHHAM 00iKa 4,
3'€IHAHOTO 31 MIKAJIO0 IHIUKAaTOpa. [HIUKaTOPOM BU3HAYAIOTH CTPLILY
MIPOTHHY CTEPKHS A T/ JIEFO TATapIIiB, PO3TANIOBAHUX HA TijBici 8.

I1I. 3a60anns

1. BusHauntu Moxyns KOHTa JOCTIIKYBaHOTO CTEPIKHS.
1V. Xio pooomu
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Nook~wnhE

[lItaHTeHIUPKYIEM BHUMIpPATH BIiACTaHh MiXX TOCTPUMH
pebpamu mpusm croskis 7. Ls Bigcrans qopiBHIOE TOBKUH] |
JOCHIPKYBaHOTO CTEPIKHSI.

MikpoMeTpoM BUMIpATH N'STh pa3iB y PI3HUX MICIIX
NIHPUHY @ 1 TOBHIMHY b mepepidy crepxHs. OOYUCTUTH
CepeIHE 3HAYCHHS A 1 by.

[IpocyHyTu cTepkeHb y XOMYTHK 2 W TMOKJIAacTH Horo Ha
rocTpi pebpa TPUTPaHHUX MPU3M CTOSIKIB 7 Tak, 100 BOHU
TOPKAJUCS TUTOIUHH CTEPKHS.

[Noknmactn Ha mimBic TArapelb 1 3a INKAJIOK IHAMKATOPA
BU3HAYUTH CTPUTYy NpOruHy A; crepxkHa. [loTiMm, moknaBmmn
Ha TEpIIUH JPYTUH TATapelnb, BUMIPATH A,; TOKIABIIH
TPETIil - BUMIPSATH A5.

Po3BaHTakuTH CTEp)KEHb MOCTYMOBO (3HIMATH MO OJHOMY
TATAPIIO) 1 3amucaTy BiAMOBIIHI Ay 1 A5.

[lincTaBuBIIYM 3HAHCHI eKCTIEPUMEHTAbHI 3HAUEeHHS A4, 45,
A3, A4 Ta A5, 1 BiAMOBiAHI IM 3HAYEHHS BEIHYUHH
HaBaHTaxeHus P;, P,, P;, P,, Ps, a Takox [ i cepemHi
3HA4YeHHS A Ta by y popmyny (4), oduncnuti Moxynb FOHTa
E;,..., E5 1 3HaiiTu cepenne 3Ha4eHHS K.

[ToxnOku 00UMCIUTH 33 TAKUMH (POPMyITaMu:

3
1 AE; + AE, + AE,
AB; = |By = Eil;  ABg =3 ) ARy = — 2=,

i=1

AE,
6E0 =" 100 %
Eo
Pesynpratn BUMiprOBaHb 1 OOYMCIICHH 3allUCaTH y 3BITHY

TaOJIULIIO.
3anucaru KiHIeBHH pe3ynbTat ajis E.

V. Koumponvhi numannsa
1o Take nedopmariisi?
Sxa nedopmarisi HA3UBAETHCS NMPYKHOIO?
Sxa nedopmarisi HA3UBAETHCS MIIACTUYHOIO?
SKi € OCHOBHI BUH JehopMariii?
o Take BinHOCHA nedopmaris?
SAx popmymtoeTbes 3akoH ['yka?
o xapakTepusye momysb FOura?
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8. Sfxa ogmuuis BumiptoBanHs Moxyis FOnra B CI?
9. Ska Gopmyna «CTpiId MPOTHHY» CTEPIKHSI?

10. SIxa poGoua dopmyna amst BusHaueHHs Moyist FOnra?

3BiTHA TAOIUIISA

Ne l a, b, P, A, E, AE, OE,
3IL | M M M H M H/Mm? H/m? %
1
2
3
4
5
cep.
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Jlabopamopna poboma Ne8

Tema: BuzHayeHHs TYCTUHHM MOJIOKA JAKTOJA€HCUMETPOM

Hpumaagm i wMaTepianum: MeEH3ypka NWIIHAPUYHOI  (opmH,
JIAKTOJICHCUMETP, MOJIOKO.

Mera poGoTM: BHBUMTH TNpPUHOUN podoth 1  OymoBy
JIAKTOJICHCUMETPA Ta OBOJIOJITA METOJMKOK BH3HAYCHHS HUM
TYCTHHU MOJIOKA.

1. Teopemuuni ¢ioomocmi

Monoko € UiHHMM TPOAYKTOM XapuyyBaHHS. BoHO
XapaKTepPU3y€eThCsl 0araTOKOMITOHEHTHUM CKIIAJIOM, SIKUI 3aJIe)KHUTh
Bill minoi HU3KK (DaKTOPiB: TOMIBI, YMOB YTPHUMAaHHS 1 Tepioxy
JIAKTallii, BIKy Ta Mopoau TBapuH. Huxde HaBeIeHUH CepeIHIN CKIa
Mouoka y %:
Bona 87,3
Cyxa pedoBUHA 12,7
Yy TOMY YHCIIi:

OLIIKH 3,2 OpraHiYHI KACIOTH 0,16

KIPH 3,6 MiHepanbHa pedoBuHa | 0,7

BYTJICBOJH 4,6 MaKpOEJIeMEeHTH JyXe Maja
MIKpOEIEeMEHTH KUTBKICTB
BiTaMiHH

CepeiHi TIOKa3HUKHU (DI3UYHUX BJIIACTUBOCTEH MArOTh TaKU
BUTJISI:

3890,9
3 . '
I'yctuna 1028,5 kr/M° | ITuToMa TEMIOEMHICTD T/ (1K)
.. IIuToma
B’s3kicTh 1,79 mlla-c . 0,455 Cm/m
CJIEKTPOTIPOBITHICTh
Koedimient
MIOBEPXHEBOTO 0,044 H/m Toxasrn 1,35
3aJIOMJICHHS
HATSTY
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3anexxHicTh (Pi3UKO-XIMIYHUX BIACTUBOCTEH MOJIOKA BiJT HOTO
CKJIQly TIOKJIaZieHa B OCHOBY METOJIB BH3HAYEHHS SIKOCTI MOJIOKa,
T00TO Hioro 0i0JOTIYHOI IHHOCTI Ta MPUAATHOCTI O BXKUBaHHS.

[Ipouec BU3HAUCHHS SKOCTI MOJOKA TPOMI3AKHMA, OCKITBKH
MOJIATaE y BU3HAUYEHHI TIEpeidveHnX BHIE KOMITOHEHTIB. OqHUM i3
HaWIIPOCTIMNX 1 HAWITOMIMPEHIMUX aHali3iB, 32 JOMIOMOTOI0 SKOTO
BH3HAYAIOTh NPUAATHICTD MOJIOKA JI0 B)KMBAHHS, € BU3HAUCHHS HOTO
T'YCTHHU.

I'yctuna piguman — e Gi3ndyHa BeTMYrHA, 10 TOPIBHIOE Maci
piauHu B onuHMLI 00’ eMy. SKiIo piguHa Macoro M 3aiimMae 06’em V,
TO ii TyCTHHA JOPIBHIOE:

P=7

['ycTuHa BUMIpHOETECS Y Kr/MS. Y NIPaKkTUYHIN JisIBHOCTI
I'yCTHHY YacTille BUMIpIOKOTh y I/cM>,

['ycTuHa piguHU 3aIeKUTh Bil Temneparypu. st ycix piauH,
KpiM Boau, B TemmeparypHomy iHtepBanmi Bim 0°C mo 4°C
CIOCTEpPIracThcs 3MEHIIIEHHS TYCTHHY TIPH HarpiBaHHi. [ 'ycTuHa Boan
mpu 3poctanHi Temmnepatrypu Big 0°C go 4°C 30imbmryerbes i
cranoBuTh 1000 kr/m3 ipu 4°C.

I'yctuna sikicHoro mMonoka npu 20°C moBUHHA Mepe0yBaTH B
mexax 1,027-1,032 r/em® (1027-1032 kr/m®), a 3HEKHPEHOro —
1,033-1,036 r/cm®.

11. Onuc npunadie ma memoouxa uMipro6anH

[lpunan, sSKMi 9acTO BUKOPHCTOBYETHCS y BETEPUHAPHO-
TiTi€HIYHIM MPaKTUI I BA3HAYSHHS TYCTHHH MOJIOKA, HA3MBAEThCS
JIAKTOJCHCUMETPOM (MOJIOUHUM apEOMETPOM).

[Mpuanmn nii apeomerpa (puc.l, a) IpyHTYETbCS Ha 3aKOHI
Apximena. Bimomo, mo Ha TijIo, 3aHypeHE B pIaUHY, i€
BUILTOBXYBaJIbHA CHJIA ﬁA (puc.2), sxa BHU3HAYAETHCS 3aKOHOM
Apximena: Ha Tislo, 3aHypeHe B piauHy (ra3), i€ 3 00Ky Li€l piiuHHI
HampsiMJIEHA BrOpy BHINTOBXYBaJlbHAa CHIIA, sKa JIOPIBHIOE Ba3i
BUTICHEHOT P1AUHU:

Fp = ppgVa,
1€ pp, — TycThHa pinunu; V; — 06’ €M 3aHYpPEHOT B PiIMHY YaCTHHH TiNa.
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Puc. 2

Jlaktonencumerp (puc.l, 6)
BiZIpi3HAETHCS Bim apeomerpa (puc.l,

B @) TUM, 10 B HHOMY TIOPSIZ 31 IIIKAJIO0
J TYCTHHU 2 MICTHTBCS TEPMOMETp 3i
a 6 mKaiorw 1.
Y  BeTepuHApHO-TITiEHIUHIN
Puc. 1 MPaKTHUII HOIIMPEHUMHE €

JIAKTOJCHCUMETPH TpOrpagyioBaHi B
rpanycax apeomerpa (°A). Jlist mepeBeieHHsT BUMIPSHOTO 3HAYCHHS B
MeTpuuHy Mipy ryctunu (r/cm®) HeOOXiZHO mepea 3HAaYEHHAM
ryctuand B (°A) nocraButu nepmni asi mmbpu (1,0). Hanpuknan,
BHUMIipsiHa TyCTHHA piBHA 35,5°A, TO B METPUYHUX OJUHUISX TYCTHHH
BOHa cranoBuTHME 1,0355 r/em®.

OJICpKaHHs TpaayciB apeoMerpa HEOOXIJHO BiJl YHMCIOBOTO
3HAYEeHHS I'YCTUHH, BUPAXKEHOI B I/cM®, BikuHyTH nepiui aBi uudpu
(1,0) 1 mepectaBuTM KOMy Ha JABa 3HaKu npaBopyd. Hampukmap,
ryctuna Mmosoka 1,0355 r/cm®, ryctuma, BupaxkeHa B rpamycax
apeomMeTpa, ctranoBuTUMe 35,5°A.

Ha nmpaktumi rycTMHa  MOJOKa  BHM3HA4YaeTbesd  NPH
temmneparypi Bixg 10°C no 25°C. OckibKu TycTHHA MOJIOKA 3aJI€KUTh
BiJ TEMIIEpaTypH, TO il IPUIHATO BU3HAYATH pH Temnepatypi 20°C.
SIK1Io rycTrHa MOJIOKAa BH3HAYAETHCSI NPU TeMIeparypi, BiMiHHIN
Bix 20°C, to BBOmuThcs mompaBka 0,2°A/°C, ska mae 3Mory
TEOPETUYHO OOUYKCINTHU I'yCTHHY MoJioka ripu 20°C.

Posrisinemo aBa npukinaau. Hexail BU3HaUMIM 3a JOIOMOI'OFO
JIAKTOJICHCUMETpa, 1110 Ipu Temreparypi 12°C ryctuHa MoJjioka o,

BUM
cranosuia 30,6°4 (1,0306 r/cm®). Toni:

65



1) BuU3HAaYaeMo TeMIepaTypHy HONpaBKy t, (TOOTO Ha CKiJIbKH
TpagyciB BiIPI3HAETHCS TeMIlEpaTypa AOCHTIIKYBAaHOTO MOJOKa
Big 20°C):

t, = (12°C — 20°C) = —8°C;
2) 3HAXOIMMO MOMPABKY 0 TYCTHHU MOJIOKA Py
p, =0,2°A/°C-t, =0,2°A/°C- (—8°C) = —1,6 °4;

3) 3HAXOIMMO TEOPETUYHO OOUYHMCIICHY TyCTHHY Mosioka ripu 20°C:

P =Pyt P, =30,6°4—1,6°4=29,0°A (1,029 r/cm3).
Hexaii Bu3HaumiIM 3a 10MOMOT00 JIAKTOJAEHCUMETPA, 110 MPU

Temnepatypi 24°C ryctuna Monoka o - craHosuia 38,4°A (1,0384

r/cm®). Togi:

1) Bu3HAaYaeMO TeMIepaTypHy MOMNPaBKy t, (TOOTO Ha CKiJIbKH
TpaayciB BiIPi3HSETHCS TEMIIEpPAaTypa IOCTIIKYBAaHOTO MOJIOKA
Big 20°C):

tn, = (24°C — 20°C) = 4 °C;
2) 3HAXOJMMO MOMPABKY 10 TYCTHHU MOJIOKa Pyt
p, =02°A/°C-t, =0,2°A/°C-4°C=0,8°4;
3) 3HaXOJMMO TEOPETUYHO OOUYKMCICHY T'YCTHHY MoJioka ripu 20°C:
P = Py TP, =384°4+0,8°A=39,2°A (1,0392 r/cm?).

I11. 3a60anna
3. HaBuuTHCh BU3HAYaTH I'YCTHHY MOJIOKA JIAKTOICHCUMETPOM.

1V. Xio po6omu

1. TIlo criani men3ypku Hamuta 500 Ma moOpe mepeMiliaHoro
MOJIOKA.

2. Yuctuii cyxuil TaKTOACHCUMETP HOBIJIBHO 3aHYPUTU Y MOJIOKO.
JlakTomeHCHMMETp He MOBUHEH TOPKATHCS CTIHOK MEH3YPKH.

3. Uepes 1-2 xB 3p00UTH J1Ba BIJUTIKH: 33 TEMIICPATYPHOIO IIKAJIOK
1 BU3HAUWTH TEMIepaTypy MOJIOKA, 3a IIKajIow 2 — HOro
TYCTHHY.

4. Bwumipy MOBTOPUTH JABiYi IIPH Pi3Hiil TeMIepaTypi MOJIOKa.

5. OOGuuciutu TycTMHy Momoka p; (°A) Ta p, (r/cm®) npm
temmneparypi 20°C.

6. OOumciuTH cepeHi 3HaUEHH, aOCOIOTHI Ta BiJIHOCHI MTOXUOKH

p1y (CA)ipy, (r/em®) 3a popmysamu:
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p11+p12+p13_ p21+p22+p23.

plo = 3 ’ p20 = 3 )
Apy; = |P10 - P1i|; Apy; = |P20 - P2i|i
1 ° Api, +Apy, +Ap
1 1 1
Apy, :ngpu = ! 32 %
i;l
1 Apz, + Apa, + Ap;
Apzy = 52 Apy; = : 3 2 %
i=1
Apq Ap;
8p1y = —2- 100%; 8pzy = ——>-100%.
19 pZQ

7. PesynmpTaTH BUMIpPIOBaHb 1 OOYHCIEHb 3aluCcaTH y 3BITHY
TaOIHLIO.

V. Konmponvni numanns

IIlo Take rycTuHa pe4oBUHUA?

SAxuit $hizuyHM 3MIiCT TycTUHHA?

Bin sixux ¢i3udHUX mapaMeTpiB 3alexHuTh TycTHHa?

B sxux omuHUIESIX BUMiproeTbes ryctunaa B CI?

SAx hopMymoeThes 3aKoH Apximena?

Ha sikoMy 3aK0HI TPYHTYETBCS Aisl JaKTOIEHCHMETpa?

Ska OyznoBa akTogeHcuMeTpa?

SIK BBOAMTHCS TeMIIEpaTypHa IONpaBKa MIPHU BU3HAYCHH] T'YCTHHU

MoOJIOKa?

SIx nepeBecTH oauHULI rycTiHK °A B 1/cM3?

10. 3anucaTtu TemnepaTypHy NMONPaBKy I'YCTHHH MOJIOKA, SIKIO HOTro
Temneparypa menmia Big 20°C.

11. 3amucaTtu TeMnepaTypHy MOMPaBKy TYCTHHU MOJIOKA, SKIIO HOTro
Temneparypa Oinbiia Big 20°C.

NN E

w
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3BiTHA TAOIHIA
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III. EJIEKTPUKA I MAT'HETHU3M

Jlabopamopna poboma N9

Tema: BumiproBaHHSI OIIOPY NPOBiTHNKIB 32 10NMOMOTI 010
MiCTKa CTaJIOro CTPyMy

Mpunagu i matepianmu: mict P4833, Habip pe3ucTopiB, MPOBiJHUKH.
Meta podoTu: 03HaHOMUTUCH 3 TpUHIKIIOM poboTh Mocta P4833 i
BH3HAYHTH OIIOPU PE3UCTOPIB

1. Teopemuuni ¢ioomocmi

Yci Tima 3a  XapakTepoM TIPOXO/DKEHHS dYepe3 HHX
CJIEKTPUYHOTO CTpyMy MOUISIOTHCS Ha MIPOBIAHUKHY,
HAMIBIPOBITHUKA Ta JieNeKTpukd. Jlo TpOBITHHMKIB HaJekKaTb
MeTajH, SKi MalOTh MOJIKPUCTATIUHY CTPYKTYpy — CKIIQJAIOThCS 3
IpiOHUX XaOTHYHO OPIEHTOBAHUX Y MPOCTOPI KpHCTANHKiB. bymoBy
OKpEMOro KpHCTaJMKa MOXHa YSIBUTH COO1 Y BHTIJISAI BEIHUYE3HOT
KUTBKOCTI €JIeMEHTAPHUX KOMIPOK, NEpiOJMYHO PO3MILICHUX Y
mpocTopi. Y By31ax KOMipOK MICTSATBCSI IO3UTHBHO 3apsiKeH] 10HH,
SIKi KOJIMBAIOTHCSI HABKOJIO CBOTO MOJIOXKEHHS piBHOBAru. Mixk ioHaMu
PYXaloThCsl BUIBHI €JICKTPOHH. 3a MOBEIIHKOI CYKYITHICTh BUIBHUX
CJICKTPOHIB MMOJI0OHA 0 ilealbHOro rasdy, TOMy ii IIl¢ HA3WBaIOTh
«EJIEKTPOHHHUM Ta30M».

3a BIZCYTHOCTI ENEKTPUYHOIO TIONS BiJbHI EINEKTPOHU B
METaJli PyXarThCsl XAOTUYHO. SIKIO 1O MPOBIIHUKA MPUKIACTH
Hanpyry, TO Ha BUIbHI eleKTpoHH nouHe fisitu cuna Kynona F = eE,
1ie e — 3apsiz eJIEKTPOHa, E - BeIMunHa HanpyXeHOCTI eJIEKTPUIHOTO
moyiss.  [lim  giero  cwm  Kynmona pyx — eJEKTPOHIB  CTae
BITOPSIKOBAHIIIUM — OUIBIIICTh 3 HUX IOYUHAE PYXATHCh TPOTH ITOJISI.
TakuM YMHOM, HakKJIaJaHHA 30BHIIIHBOTO TOJNA Ha IPOBIAHUK
3YMOBJIIO€ BUHHKHEHHS B HbOMY €JIEKTPHYHOTO CTPYMY.

Sxmo 6 y By3nmax TpaTku He Oylio 10HIB, NIBHJIKICTb
eJIeKTpoHiB mix aiero cunu Kynona Bech yac 3pocrana 0. OpHak y
MpoILeCi CBOTO PyXy BUIBHI €JIEKTPOHH CTHKAIOTHCSA 3 IMO3UTHUBHO
3apsDKCHIMH 10HAMH TPaTKH, BIJIAIOTh IM YaCTHHY CBO€i eHeprii,
BHACIIIZIOK YOr0 IIBUJKICTH HANpSIMIICHOTO pYyXy €JIEKTPOHIB
3MEHILYEThCSI, a MeTaj HarpiBaerbcs. llpotuais 3 OOKy iOHIB
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KpPHUCTaTIYHOI TPAaTKH HAPSIMIIEHOMY PYXOBi €JIE€KTPOHIB HA3UBAETHCS
OTIOpOM R TIpoBigHHKA. 3a OMUHUITO BUMipoBaHHA R B Cl mpuitHATO
Om. 1 OM — 11e ormip Takoro MpoBiJHHKA, B IKOMY NpH Hanpysi 1| B
MPOXOAUTH CTPYyM BenndnHOI0 1 A. Omip 3a5eXuTh Bil Marepiaiy Ta
FCOMETPUYHUX  pPO3MIpiB  TpoBimHWKAa. o  MpOBIAHUKIB
OWTHApHYHOI (GOopMH, B SKHX JiaMeTp IONEPEeYHOTo Tepepi3y
HabaraTo MEHIIMH 3a HOTO JOBXKHUHY |, BETMYMHA OTIOPY BUPAKAETHCS
(dhopmyoro
l
3 €Y)
e S— muoma Horo MOMEpevyHoro mepepisy; p — MUTOMHM omip.
[MuToMuit omip — 1e Omip MPOBIAHWKA MOBXHHOK | M i TUTOmIEIO
HOMEPEeYHoro mepepisy 1 M2

Opuauni BumiptoBaasg p — Om-M. [Tutomuii omip 3aneKuTh
TIABKM BiJl MarTepialy Ta arperaTHoro CTaHy pPEYOBWUHH, 3 SKOI
BUT'OTOBJICHUH TIPOBITHUK.

3 MiIBUINEHHSM TEMIIepaTypH OIip MeETalliB 3pOocTae 3a
3aKOHOM

R=p

R =Ry(1 + at), (2)
ne R, — omip meramy mpu temmeparypi 0°C, a — TemmepaTypHUA
Koe(illieHT OTIOpY, SIKUil TOPiBHIOE % K™1, t — remneparypa B °C.

Yacto pe3rctopu (O1opH) 3’ €AHYIOTH MiXK COOOIO MTOCIIOBHO
(puc.1, a) abo mapanensHo (puc.l, 6). llpu mocmigoBHOMY 3’€THaHHI
PE3UCTOPiB CyMapHHUA OTIip JOPiBHIOE CyMi OTIOPIB:
RHOC = Rl + RZ + R3

— R R: Re f— + 3
[pu napajieinbHOMY
a) 3’€ITHAHHI CyMapHHU#l  omip
Ri BU3HAYAETHCS 3 HOPMYJIH:

1 1 1 1
=—+—+—+ (4

R2 R nap R 1 R 2 R 3
0 .

) Ha IPaKTULI 4acTo

Rs JIOBOJUTHCS pO3paxoByBaTH

eJIEKTPUYHI KOJIa, SIKi MAOTh PO3Taly>KEHHS
(By3nm). Taki KoJla HA3UBAIOTHCS PO3TATYKEHHMHU.
Bysox (puc.2) — e Oyap-sika ToUKa po3raiayKeHHs
KoJa, Yy SKid 30iraerbcsi He MEHIIE TPhOX

Puc. 1
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MPOBIAHUKIB.
Po3paxyHOK po3rary)KeHHUX KiJl 3HAYHO TOJICTIIY€ETHCS, IKIIO0
ckopucTaTucs npasuiamu Kipxroga.
[Mepmre npaBuino Kipxroda (mis By3na): anreOpaiuyna cyma
CTpyMiB [;, 0 30ITaf0ThCst y BY3JIi, IOPIBHIOE HYJIIO:
n

Z =0 (5)
i=1

JIe N — 9UCJ0 CTPYMIB, IO 30irarotbcs y By3mi. [Ipu mpomy cTpymm,
HampsMJIEHI 70 By37a, BBAXAIOTh ITO3UTHBHUMH, CTPYMH, SKi
BiJIXOJSATH BiJl By3Jia, — HETATHBHUMH.

3acTocyeMoO TiepIle IpaBHIIO

L I. Kipxropa mo 300paxkeHoro Ha puc.2
By3JIa:
f L+L+I,—1,=0. (6)
I Puc.2 Jpyre mpasuno Kipxroda e
1 .

y3arajgbHEeHHAM 3akoHy Oma s
3aMKHEHOTO E€JICKTPUYHOTO KOHTYpY Ha pO3ralyXeHi Kona i
dopMmymoeTbcst  Tak: |y OyOp-SIKOMY 3aMKHYTOMY  JIOBUIBHO
BHOpPaHOMY KOHTYpi pO3TalyXeHOro Koia anreOpaiuHa cyma
NOOYTKIB CUJ CTpYMiB I; Ha onopH R; BiAMIOBITHUX AUISTHOK KOHTYPY
JOPIBHIOE anreOpaivHii cyM1 eneKTpopyIHMan cun E; y koHTypi:

zm ZE (6)

Jie N — KUTBKICTh OKPEMHUX I[IJIHHOK, Ha SKi BY3JIM TIOAUISIOTH KOHTYP.
Yci ctpymu I;, HanpsiM SIKUX 30iTa€Thes 3 HAIPSIMOM 00X0/1y KOHTYPY
3a TOJMHHHKOBOIO CTPUIKOI, BBaXKAIOTh MO3UTHBHUMU. E; IKepen
CTPYMiB, $SIKi CTBOPIOIOTH CTPYMH, CIIBHANpPSIMIICHI 3 HANPSIMOM
00X0omy KOHTYpY 3a TOJMHHUKOBOIO CTPUIKOIO, BBa)KArOTh
MO3UTHBHUMU.

11. Onuc npunadie ma memoouka eUMIpOBaHHs:
€ Oararo cnoco0iB BHMIPIOBaHHS OIOPY TPOBIJHHKIB.
OpHUM 3 HAHOUTBIT TONMUPEHUX 1 JOCTATHHO TOYHUX € METOJ «MiCTKa
VYiHCTOHAY, Ha MPUHIIMIT IKOTO Aie P4833.
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[TpuHnmmoBa cxema
Mocta (pmuc.3)  sBiIE
co0010 KOJO, CKIaJeHE 3
JIBOX MapaieibHO YBIMK-
HeHux BiTok MCN i
MDN. Birka MCN
CKJIaJa€ThCs 3 JBOX IJIe-
yeii MC 1 CN, a BiTKa
MDN - 3 mneua MD i DN.
[Tneui YTBOPIOIOTh
3aMKHYTHH  YOTHPHUKYT-
HUK. Y medi MD
YBIMKHEHUH pE3UCTOp 3
onmopoM 4, y DN — 3
Puc. 3 omopoM X, y MC - 3
omopoM B, y CN — 3i
3MiHHUM omopoM R. 3 dotupbox omopiB X € HeBigomum. J[lo
MPOTHJICKHUX BEPIIMH MOCTa MiJ €AHYETHCS JIKEPENIO CTaJIOTo
cTpymy b 3 enekrpopymrifiHoto cuioro E Ta ranpBanomeTp 1.

3acrocyemo nepie npasuio Kipxroda (5) no By3nis C i D:

o muiBy3naC:lg—Ip— Iz =0; @)

o muiByanaD: Iy +Ir—1Iy =0; (8)
3acrocyemo apyre mnpaBuwio Kipxroda (5) 10 KoOHTypiB
MCDM i CNDC:

e s koHTypa MCDM: IgB + IR — [, A = 0; 9)

o st koHtypa CNDC: IxR — Iy X — IrRp = 0; (10)

3MiHIOIOYH Omip R, MOXHa 1OOUTHCS TOTO, L0 CTPYM Yepe3
rajJibBaHoMeTp He Oyne npoxoautu. Lle Oyme Toai, KOJu MOTEHIianu
touok C i D onnakosi. PiBusuaus (7) — (10) OynyTe MaTu Takuit
BUTJISIL:

Iy = Ig; (79 IgB = I44; ©7
Iy =Ix; (®) IrR = IxX; (107
Bpaxysasum (7") ta (8"), nogimumo (97) na (10°): g =
;i(, 3BIIKHA
X=1R 11
== (1D



®opmyna (11) € pobodoro ansi po3paxyHKY HEBIOMOTO

onopy X 3a nonomMororo mocta P4833.

wnN

o

1.

1II. 3ae0anns
ExcriepuMeHTabHO BHU3HAYUTH OIMOPH TPHOX PE3HCTOPIB Ta
CYMapHHIA Omip iX MOCIiJJOBHOTO Ta MapajelbHOTO 3’ €IHAHHS.
Teopermuno 3a dhopmynamu (3) Ta (4) o0UHCTUTH CyMapHUN
OTIip ITOCITIIOBHOTO Ta MapajielIbHOTO 3’ €AHAHHS PE3UCTOPIB.

1V. Xio po6omu
YcranoBuTH BCi iekaaHi nepemukadi Ha «0» Ta BifITycTUTH BCi
KHOIIKH MOCTA.
[Tix’ennatu pesuctop Ry no xiewm I1; ta I1,.
Hartucaytn xkHotikm «I'», «BbM», «MO-2%», «Z».
Pyuxoro BigHOmeHHs miedeid A/B BCTaHOBUTH MHOMXKHHK
Jiarma3oHy HAIIPOTH MOLIKY 31 3HAYCHHSIM 1.
[ToBepTaHHSIM PyUYKH JEKAAHUX MMEPEMUKAYiB IPH HATUCHYTIH
KHOMII M, a TOTIM TIpy HATUCHYTIH KHOTIi hdd BCTAHOBUTH
cTpinKy rampBaHoMmerpa Ha «0» mkamu. [Ipu HeoOXimHOCTI
3MIHUTH 3Ha4YEHHS MHOKHHUKA Jiana3ony. 3a ¢opmymnoro (11)
o0umncIuTH omip pesucropa Ry .
Bumipsaru onopu pesuctopiB R, Ta R3 Ta mociinoBHe i
napajeibHe 3’elHaHHs onopiB Ry, R, R3 3rigHo 3 11.5.
3a ximacom To4yHOCTI ¥ mpunany (ans mocra P4833 y = 0,5) i
TpaHMYHMM 3HAYCHHSM MpWIagy Ha JaHOMY Jliana3oHi
BU3HAYUTH a0COIIOTHY Ta BIIHOCHY TOXHOKH
Y Xip AX,
= m ; 5X0 = 7 100 %
OGuucnuTy omip NapanenbHoro Xp,, Ta MOCII0BHOTO Xpoc

AX,

3’eHaHb 3a hopmyiamiu (3) Ta (4), BIANOBIIHO.
Pesynbratu BUMiploBaHb 1 0OUMCIIEHB 3aIIMCATH Y 3BITHY
TaOJHIIIO.

V. Konmponvui numanns
o Take omip npoBigHUKa?
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N

V sikoMy BUTIaJKy OIip MPOBiAHKUKA AOpiBHIOE 1 OM?

3. 1o Take mUTOMUI OIip MPOBiAHUKA?
4. 3amumite ¢GOpMyTy 3a’NeKHOCTI OMOpPY TMPOBITHUKA Bif
TEeMITepaTypH.
5. 3a skoro QopMmynolo OOYHCTIOETBCA 3AIEKHICTH OIOPY
MPOBIAHUKA Bi/l TEOMETPUYHUX PO3MipiB?
6. YoMy IOpIBHIOE CyMapHHU OIip IOCHTIIOBHOTO 3’ €THAHHSI
oropiB?
7. YoMy OOpiBHIOE CyMapHHH OMip HapaJelbHOTO 3’€IHAHHS
oropis?
8. Cdopmymroiite i 3anmmriTs nepire mpasmino Kipxroda.
9. Cdopmymroiite i 3anmumite Apyre nmpasuio Kipxroda.
10. HamaunroiiTe i MOSICHITH IPUHITUIIOBY cxemy MocTa P4833.
11. Sk 3amucyerbes nepiie npasuio Kipxroda ans syznis C i D?
12. Sk 3amucyerbess apyre mnpaBwio Kipxroda mns KoHTypiB
MCDM | CNDC?
13. BuBenith po3paxyHKOBY GOpMyITy U HEBIOMOTO OTopy X.
3BiTHA TAOIHIA
A/B, R, X, AX, 06X, | Xuoer | Xuap’
-- Om Om OmMm % Om OMm
Ry
R
R3
RHOC
nap
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Jlabopamopna poboma NelO

Tema: BuzHaueHHsI eJIEKTPHYHOI EMHOCTI KOHIEHcaTopa

[puiraan Ta MaTepiajau: KOHICHCATOPH, BOJIBTMETpP, aMIICPMETP,
peocrTar, Kiitod, 3’ €JHyBaJIbHI MPOBITHUKH.
MeTta po0OTH: O3HAWOMHUTHCS 3 METOJOM BH3HAYCHHSI €MHOCTI
KOHJICHCATOpa CTPyMaMH HU3bKOT 4aCTOTH.

1. Teopemuuni éioomocmi

Y OaraThbOX eNEKTPOHHHUX NpUiIagax 3acTOCOBYIOTbH
KOHJICHCATOPH — TPpWIaAH, TpPH3HAYCHI UISI HAarpOMajKEeHHS
SNEKTPUYHMX 3apsiB Ta enekTpuuHoi eHeprii. KonmeHcaTtopom
Ha3WBAETHCSl CHCTEMa 3 JBOX OJIM3BKO PO3TAIIOBAHWX OIMH BiJ
OJIHOTO TPOBIJTHHKIB, SKi HA3MBalOTHCA OOKJIAIKaMH, PO3AUICHHX
TOHKUM ImapoM jienekTpuka. OmHa 3 OOKIAaZOK 3apsuKa€eThCs
MO3UTHBHO, 1HIIIA — HETaTHBHO.

[Tpu HagaHHI KOHACHCATOPOBI 3apsily  Pi3HUII MOTEHIIATIB
MiX Horo oOknagkamu npuiime 3HaueHHst U. Benmuuna

_4a
=7 &

HA3UBAETHCS CIICKTPOEMHICTIO. EJIEKTPOEMHICTD YUCEIILHO JIOPiIBHIOE
KUTBKOCTI 3apsmy Ha O0OKIaakaXx KOHAEHCAaTopa TMpH Pi3HMII
notenuiaitie 1 B. Oqununeto emuocti B cucremi Cl e dapana (D). 1
@ — 11e EMHICTh TaKOT'O KOHJICHCATOPA, B IKOMY PI3HUIlA TOTSHITIaJIIB
roro oOkmaok 3miHEThes HAa 1 B 3apsmom 1 K. ®apana — mgyxe
BEIMKA OJIMHUII €MHOCTI, TOMYy Ha TPaKTHI KOPUCTYIOThCS
yacTuHHUMH ouHuIAME (1 Mikpodapana (Mk®) = 1076 @, 1
nikodapana (nd) = 10712 @),
VY pi3HUX €NEeKTPUYHHUX KOJIaX BMHUKA€E HEOOXimHICTh abo
MaTH BEJHUKY EJIEKTPOEMHICTh, a00 3a0e3MeYuTH BHCOKY poOouy
Hanpyry. BiamosigHo 70 1[bOro 3aCTOCOBYIOTH Mapaiienbhe (puc.l, a)
a6o mocmigoBHe (puc.l, ©0) 3’€AHAHHA  KOHJIEHCATOPIB.
EnextpoeMHicTh OaTapei, 10 CKIaJaeThCsl 3 KiABKOX HapalieIbHO
3’€IHAaHUX KOHJICHCATOPIB, TOPIBHIOE CYMi IX €NIEKTPOEMHOCTEH:
Crap =C1+Co +C3+ . 2
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N
|

a) 0)
Puc. 1

v BUIIAAKY HOCJ'IiI[OBHOI‘O 3’ €IHaHHs KOHI[CHC&TOpiB

CJICKTPOEMHICTh OaTapei BU3HAYAETHCS 3a (OPMYIIO0

1 _ 1 4 1 4 1 4 3)
Cnoc Cl CZ C3 .

Konnencarop, yBIMKHEHHH Y KOJIO TIOCTIHHOTO CTPYMY, SIBIISIE
co0OI0 PO3PHB Y KOJIi, TOMY CTPYM 4Yepe3 TaKe KOJIO IICHS 3apsIKu
KOHZICHCATOpa HE MPOXOAUTAME. Y KOJi 3MIHHOTO CTPYMY, ITO3MIHHO
3apsDKAIOYUCh 1 PO3PSKAIOUNCH, KOHICHCATOp 3abe3medye pyx
3apsiliB 1 y IEBHOMY PO3YMiHHI HE PO3pPHBAaE KOJa.

Hexaii no 00ki1a1ok KOHIEHCAaTOpa MPUKIIAACHO HATIPYTY,
sKa 3MIHIOETBCS 3a KOCHHYCOigalbHUM 3akoHOM (puc.2,a) U =
U,, coswt, ne U, — ammuiiTygHe 3HAY€HHS HANPyTH; W =
2n/T = 2n f — muxmivyHa 4dactorta; T - mepioJ KONWBaHb; f -
YacToTa.

[
»

CI I jr[/z I
| |
O UO Up = I,/0C
@ 0)
Puc. 2

SK1110 3MiHHA HaIIpyTa MPHUKIaicHa 10 KOHISHCaTOpa, TO BiH
YBECh Yac Mepe3apsKAEThCS 1 B KOJI MPOXOJIUTh 3MIHHHUHA CTPYM.
OCKiNnbKM 30BHIIIHSA HamNpyra NPUKIAJCHA JIO KOHJEHCAaTopa, a
OIOPOM TPOBIAHUKIB MOPIBHSIHO 3 OMOPOM KOHJIEHCATOpa MOYKHA
3HEXTYBAaTH, TO
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q

i U. = U, cos wt. 4)
Cuna cTpyMy TOJI 3alHUIIEThCS K
I = dq —wCUy, sinwt = Iy, cos (wt + E) (5)
dt 2/
ae
U
L, = wCU,
T /O]
Benuuunna
1
= —. 6
== ©

Ha3WBAa€ThCS €MHICHUM oOmopoM (abo pEeakTUBHUM €MHICHHM
oropom). st cranmoro ctpymy (w = 0) RC = oo. Tomy cranuit
CTpYM dYepe3 KOHJEHCATOP MPOXOAWTH He Moxke. Craja Hampyru Ha
KOHJZICHCATOP1

1
U, = le cos wt. 7

3i cmiBcraBneHHs Qgopmyn (4) ta (5) BUAHO, MO CHafg
Hanpyru U, Bincrae 3a (pa3oro Big cTpyMy I, sSIKUi TPOXOAHTH Yepes
KOHJIeHCaTOop, Ha 1T/ 2. lle moka3aHo Ha BEKTOpHiH miarpami (puc.2,
0).

Ha mpaktuni ammepMeTpu i BOJBTMETPH IIOKa3ylOTh He
aMIUTITYAHI 3HaueHHs [, Ta Uyy,, a T.3B. eeKTHBHI 3HAYCHHS qu, Ta
Uep, fKI 3B’sS3aHI 3 aMIUNTyJAHUMH 3Ha4YeHHAMH [, 1 Up
CIIIBBITHOILIEHHAMU

m = V2lep;  Up =V2Uqy. (8)
EdexrtnBHa cuia 3MIHHOTO CTpyMy IOPIBHIOE CHIII TaKOTO
MOCTIHHOTO CTPyMy, HMOTYXHICTh SIKOTO Taka cama, SIK 1 cepemHs
MOTYXKHICTh JAHOTO 3MiHHOTO CTpyMy. BukopucTaBmm piBHSHHS (5)
1 TiICTaBUBIIIN CITiBBiTHOMIEHHS (8), OTPHIMAEMO:

U, Ues
c=To=T ©)
m ed
3navenHs R, migcrasisemo y Bupas (6). Toxi
Leg,
C=c7r. 10
277.'er¢ ( )

Ls dpopmyna € podouoro it OOUMCIIEHHS eJIEKTPOEMHOCTI.
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1I. Onuc npunadie i memoouxka euMipI06anHs
EnexkTpoeMHICTh KOHIEHCAaTOpa MOXKHA BH3HAYUTH 34
JIOTIOMOT'0I0 YCTAaHOBKH, €IeKTPHYHA CXeMa SIKO1 300paskeHa Ha puc.3
JUTSL OJTHOTO KOHJICHCATOPa, Ha PUC.4 JIJIs TApaJIeIbHOrO 3’ €IHAHHS, a
Ha prc.5 — IJIA TOCiIOBHOTO 3’ €THAHHS KOHIeHcaTopiB. [lo3HaueHHS
Ha puCcyHKax: A —ammepmerp, V —BoibT™MeTp, R — peoctar, K — kirou.
K R K

zx\ g;\\

C
x):: ~220 G) ~220

Puc. 3 Puc. 4

Cl—— E{j
)
S 2
(a)
N
Puc. 5

111, 3a0anns
BusnauuTn emHicTh KOHAEHCATOPIB €1 1 C;y.
2. BusHauWTH €MHICTH IIOCHIJOBHO 1 TNapajeibHO 3 €IHAHUX

Lo

KOHJICHCATOPIB.
1V. Xio po6omu
1. 3iOparu enekTpuyHE KOJIO 32 CXEMOIO pHUC.3 AJisl KOHJEHCATOpa
C.

2. Ilicna mepeBipkuM Kojla BHKJIaadeM 3aMKHyTH kimrod K i
BU3HAYUTH log, 1 Uy,

3. Amnanoriyno (3a m.1 i 2) BU3HAUMTH leg, i Ueg, U151 KOHIEHCATOPA
C, Ta Gatapei KOHJIeHCATOPIB, 3’ €JHAHNX TapalelbHo (puc.4) i
MOCIiA0BHO (pHc.S).
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3a popmyroro (10) obuncnuT eMHOCTI KOHACHCATOPIB Cq 1 C5,
a TaKOX €MHOCTI TOCIHIJIOBHOTO 1 TapalieIbHOTO 3’€JTHAHHS
KOHJICHCATOPIB.
Bu3Haunti kjacM TOYHOCTI aMmepMmerpa 1 BOJBTMETPA,
rpaHnYHi 3HaUeHHs1 CTpyMy I, 1 Hampyru Uy, Ha BiANOBIAHMX
Jliarma3oHax Ta OOYHCIHTH aOCOJIOTHI MOXHOKH aMIlepMeTpa i
BOJIbTMETpA 32 PopMyIamMu

AL = AN - AU - Upp6Usy

*® 7 100%" " %0 100%

O0uncnuTy BiJTHOCHY MOXHUOKY BUMIPIOBAaHB 32 JOPMYIIOI0

Blet | 2o | 80 19005 (12)
Ied)o Ue(bo fO

1 a0COJIIOTHY MTOXUOKY:
_ Gy6Cy

ACO_lOO%' (13)
BuxopucToByroun eKCIIEpUMEHTANBHO 3HAMIeHI 3HAYeHHS
€MHOCTI KOoHJeHcaTopiB C; 1 €, o0uMCIUTH €MHICTH OaTapeit
KOHJICHCATOPIB, SKi 3’€IHAHI MMapalelpbHO 1 IOCIIJOBHO, 3a
TEOPETUYHUMHU (HOPMYIIaAMHU:

(11)

6C0 =

Chap = C1 + Cy; (14)
GG

crT =—"—. 15

TP+ G, (15)

3anucatu pe3yabTaTd 0OYNCIICHb.

V. Konmponvni numanns

Ilo Take koHaeHcaTop?

st 9oro mpu3HAYCHH KOHIeHCaTOp?

o Take e1eKTPOEMHICTH KOHIEHCaTopa?

YoMy 4HCenbHO JOPIBHIOE EIEKTPOEMHICTH KOHIeHCaTopa?

B sSKuX OAMHUIIAX BUMIPIOETHCS ENEKTPOEMHICTh Y CHCTEMI

CI?

o Take dapana?

7. Yomy IOpiBHIOE €TIEKTPOEMHICT OaTapei, 0 CKIAAEThCS 3
napaieibHO 3’ €IHAHIX KOH/ICHCATOPIB?

8. 3a Kot GopMyII0I0 0OYUCITIOETHCS EIEKTPOEMHICTEL OaTapei
MOCTIIOBHO 3’ €IHAHUX KOH/IEHCATOPiB?

9. SMxuit Burnsan mae ¢dopmyna Juisi OOYUCICHHS €MHICHOTO
omopy?

arwnE

o
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. Sxmit Burmsan Mae poboya dopmyna Anas  OOYMCICHHS
€JIEKTPOEMHOCTI?

3BiTHA TAOIHIA

fo | ey | Dlegy | Ueg | AUeq | C, | AC, | 6C, | CT,
Tm| A A B B O| D | % | D
C1
Ca
Crap
Cpoc

80



Jlabopamopna poboma Nell

Tema: BuzHaueHHs mapaMeTpiB TpaHcdopmaTopa

Hpunaagm Ta w™matepianu: ongHoda3Huit Tpancdopmarop, aBa
aMIepMeTpH, ABa BOJBTMETPH, PEOCTaT, BUMHKAd, 3’ €IHYBaIIbHI
MIPOBITHUKH.

Mera pobotu: o3HailiomuTHCs 3 OymOoBOK TpaHchopMaTopa,
HaBUHTHCS OOYHCITIOBATH KOEQiIlieHT TpaHchopMallii i KoedilieHT
KOpHCHOI 1ii TpaHchopmaropa.

1. Teopemuuni gioomocmi

TpanchopmaTop — 1€ e€NEKTPOMArHITHHNA TpWial, SKU
CIly’)KUTH ]Il TIEPETBOPEHHS 3MIHHOI HANPYTH 1 CHIM CTPYMY MpH
HE3MiHHIH 4acTOTi.

TpanchopmaTop CKIIagaeThCs 13 3aMKHYTOTO — OCEp/I,
BUI'OTOBJIGHOTO 3 M’SIKOI cTayli ab0 (pepoMarHeTHKa i CKJIaJCHOTO 3
OKPEMHUX 130JIbOBAaHMX OJIMH BiJ OJHOTO JIMCTIB JUIS OCJAOJICHHS
BUXPOBUX CTPYMiB, Ha SIKOMY € IBi 130JbOBaHi OJHA BiA OIHOL
KOTymKkd (iX Ha3WMBarOTh OOMOTKAMH) 3 DIi3HUM YHCIOM BHUTKIB.
[lepBuHHY OOMOTKY BMHKAaIOTh y MEPEXKY 3MIHHOTO CTPyMY.
OOMOTKa, 10 SKOi Wi’ €IHYIOTBCS CHOXHBAadi, Ha3UBAETHCS
BTOPHUHHOIO.

CTpyM y mepBUHHINI OOMOTIII CTBOPIOE B OCEpiAl 3MIHHUH
MAarHiTHUHA TOTIK, SKUA HAaBOJUTH OJHAKOBY €.p.C. 1HAYKIIi & B

ao
KO>KHOMY BUTKY 000X OOMOTOK: &; = — - Skmio nepBuHHAa 0OMOTKA

Mae€ 1My, a BTOPUHHA N, BUTKIB, TO €.p.C. IHIYKIIl B 0OMOTKaX MPsSMO
MIPOTIOPITiiHA YUCITY BUTKIB Y HUX:
&M
12 €)
& N
[Ipu po3iMKHYTOMY KOJi BTOPUHHOI OOMOTKH («XOJOCTHII
xin Tpanchopmaropa) Hanpyra U, Ha 11 3aTHCKadax JOPIBHIOE €.p.C.
&,. Y nepBUHHIA 00MOTII TpH IbOMY POXOJIUTH cIa0Kuil cTpyM g,
SKHH Ha3UBaIOTh CTPYMOM «XOJOCTOTO» Xony. OCKUIbKM cmaj
HaNpyTH HA ONopi OOMOTKH Jyke Mallnii, To Hanpyra U; Oyne Tpoxu
OinbIa 3a e.p.c. &, aje npakTuaHo U; = &;.
OTxe, B Mpoleci «XOJIOCTOro» XoXny TpaHcdopMaTopa
HaTpyru Ha OOMOTKAX MPSIMO MPOTNOPIIKHI YUCITy BUTKIB OOMOTOK:
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Uy my
= (2)
U, n,

SIK110 YKCIIO BUTKIB Y BTOPHHHIN 00MOTLI N, Oifble, HIX Y
MIEPBUHHINA 74, TO TpaHC(HOPMATOP HA3WBAIOTH IMiJBUIIYBAILHAM 3a
HaTpyrolo, a SIKIIO N, MEHIIE, HiX N4 — 3HIKYBalIbHUM. 3 (2) crigye,
IO A7 3HIKYBAIBHOTO TpaHC(hopMaTopa cuiia CTpyMy Y BTOPUHHIH
oOMoTHi Oinbla, HK y TEpPBUHHIN, TOMy Taki TpaHc(opmaropu
BUKOPDHCTOBYIOTh TP  eJIeKTpo3BaproBaHHi.  [ligBuIryBambHi
TpaHC(OPMATOPU 3aCTOCOBYIOTH IMPH MEpeavi eJICKTPUIHOT SHEepTil
Ha BEJUKi BiACTaHi y JiHIAX eJeKTpoliepeaad. BigHomieHHs uyucna
BHUTKIB BTOPHHHOI OOMOTKH IO YHCIIa BHTKIB IEPBUHHOI OOMOTKH
Ha3MBaIOTh KOe(illieHTOM TpaHCopMalrii:

k = M ﬂ 3)
n, U,

Omxe, k migBUIIYBaJILHOTO TpaHchopMaTopa OuUIbIIE 3a
OJMHHLIIO, a 3HIKYBAJILHOTO — MEHIIIE 33 OAMHULIIO.

Slkmo koo BTOpHHHOI OOMOTKH 3aMHKArOTh (POOOUHA Xi
TpaHcdopmaropa), TO CTpyM BTOPHHHOI OOMOTKM [, CTBOpIOE B
ocepIi MarHiTHUH MOTIK, HAMPSAMIICHHN Ha3yCTPid MMOTOKY MIEPBUHHOI
oomMotku. ToMy cTpy™m y Hill 3pocTae A0 Takoro 3HaueHHS [, pH
SIKOMY 1i MarHiTHHI MOTIK CKOMIIEHCY€E 3yCTPIYHUN MOTIK BTOPUHHOT
KOTYIIKH, 1 pe3yJIbTyIOUHi MOTIK B ocepi Oy/e MomnepeaHiM.

OCKibKM MarHiTHUI HOTIK KOTYIIKH OPONOPLIiHKHN unciy il
BHUTKIB 1 CTpyMy, MOXXHa HaONMKEHO BBaXaTH, mo Iinq = In,
(nactipaBmi I;n4 Tpoxu Oinbiie Bijg I,Nn,. 3Bijacu

I
- E’ 4)
I, ng
TOOTO Ccuia CTpymMy B OOMOTKax OOEpHEHO MpOMOpIliiiHa YHCITy
BUTKIB.

VY tpanchopmaropi iCHyIOTh HE3HA4YHI BTpaTH €HEPrii, TOMY
Horo xoediieHT KOPUCHOT il (K.K.J1.) MEHIINH 32 OJTUHHMITIO.

Koedinientom kopuchoi nii TpancdopmaTopa Ha3UBAETHCS
BiJTHONIEHHS KibKoCTi eHeprii W,, siky BTOpHHHAa OOMOTKa BijJac
CIOXHBavYy, J0 KiIbKOCTI eHeprii Wy, sika miaBOAUTLCS J0 IEPBUHHOT
0OMOTKH:

W,
n=—"-100% (5)
Wy
Eneprito Mo)xHa BUPA3UTH Yepe3 MOTYKHICTh P Tavact: W =
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Pt. Tom

= P2 1000 = 222 1000 6)
T=p, 1,0,

Orxe, K.K.JO. TpaHchopMmaTopa JOPIBHIOE BiTHOIICHHIO
KOPHCHOI TOTYXHOCTI P, 10 TOTYXHOCTi Pj;, SKy CIHOXUBa€E
TpaHchopMaTop 3 NEKTPUIHOI MEPEKi.

11. Onuc npunadie ma memoouka eUMipro8anHs;

[Mapametpu Tpanchopmaropa MOXKHAa BH3HAYUTH 32 JOMOMOTOIO
YCTaHOBKH, €IEKTPHYHA CXeMa K01 300pakeHa Ha puc.1, me Ay i V] —
amMIepMeTp 1 BOIBTMETP JJISl BUMIPIOBAHHS CHIJIM CTPYMY 1 HAIIpyTH y
NEPBUHHOMY  KOJIi,
A, iV, —ammepmerp
1 BOJBTMETp IS
BU3HAYECHHS  CHIIU
CTpyMY 1 Hampyru y
BTOPUHHOMY KO,
K - xmou, R -
peocrTar.

Puc. 1
II1. 3a60anns

1. BwusHauwmtu xoedilieHT KOPHUCHOI i TpaHchopmaTopa Hpu
Pi3HUX HaBaHTAKCHHSIX.

2. Tlobynysatu rpadik n = f(I).

1V. Xio poobomu

3i0patu eIeKTpUUHE KOJIO 33 CXeMOto puc.l.

2. BuW3HAaYNTH KIaCW TOYHOCTI BCiX BUMIPIOBAIILHUX MPHIIAIB,
TpaHWYHI 3HAa4YeHHS BHMIpIOBaHOI BEIWYMHU Ta OOYMCIUTH
aOCONMIOTHI ~ MOXMOKH  aMIepMeTpiB  Ta  BOJBTMETPIB
BIJIMTOBITHO 32 TaKUMH (HOPMYJIaMHU:

Al = L1p6lsy _ Urp6Usg
~100%’ ~ 100 %

3. Tlicnst mepeBipkH Koja BHUKJIAJadeM MpU POIIMKHYTOMY
BAMHKa4l BHUMIPSTH HANpyry Ha TEpPBHHHIA 1 BTOPHHHIN
0o0MOTKax TpaHchopMmaropa i 3anucaTv ix 3Ha4eHHs B Ta0I. 1.

4. OO6umcnuty KoediieHT Tpanchopmaiii

=
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10.
11.

agkrwnE

o

ko =—, 7
0=y ™
BiTHOCHY MOXHOKY

Sk <AU2° + AUI“) 100 % (8)
= _ 0,
0 Uy, Uy,
CepeHI0 a0CONMIOTHY MTOXUOKY
Ak = kodkg 9
7100 %' ©)

Peocrar R yBIMKHYTM Ha MOBHHMH OHip 1 3aMKHYTH KOJO
BTOPMHHOI OOMOTKH. 3amucaTd IOKa3d BUMIiPIOBAIBHUX
TIpUITaIiB B Ta0.2.

3aMKHYTH KOJIO BTOPHHHOI 0OMOTKH. [TocTynoBo 3MeHIINTH
OIip HABaHTAXEHHs BTOPUHHOI OOMOTKH peoctaToM R i
3aIlMCcaTh MOKa31 BUMIPIOBAJIBLHUX MPHIIA/IIB.

Hocnix mpoBecTH ciM pasis.

OOuncnuTh 3HaYeHHS K.K.JI. TpaHchopmaropa Uit KOKHOTO

3HAYEHHS HAaBAaHTAXXEHHS BTOPUHHOT 0OMOTKH 3a (HOPMYJIOIO:
U1,
=—=-100 %. 10
No U.l, 0 (10)

Jlns HaMO1MBIIOro 1 HAMMEHIIIOTO HABAHTAXKEHHS OOUYHMCIIHTH
BiJIHOCHY TIOXHOKY
Al, AU, Al AU

8 =(— —)-1000 11
Mo 12+U2+11+U1 % (A1)

1 a0CONIOTHY TTOXHOKY:

UNL

Jani Ta pe3ynbpTaTi 00UHCICHD 3aIUCATH Y 3BiTHI TaOJIHII.
[TobymyBaTtu rpadik 3ajekHOCTI K.K.J. TpaHCpopmaropa 7
BiJl BEJIMUMHU CTPyMy HaBaHTaXEHHS [, (n =f (Iz)).

V. Koumponvhni numanns
[{o Take Tpanchopmarop?
3 SIKUX €JIEMEHTIB CKJIaIa€Thes TpanchopmaTop?
Sxa oOMoTKa TpaHcopMaTopa Ha3MBAETHCS TIEPBUHHOIO?
Sky e.p.c. iHAYKUi{ HABOAUTH CTPYM Y MEPBUHHIIM KOTYIIILIi?
Axuit  pexxum poboTH TpaHchopMmaropa Ha3UBAETHCS
«XOJOCTUM»?
o Take xoedinieHT Tpanchopmarii?
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7. Sxwuii TpanchOpMaTOp HA3UBAETHCS MiABUILYBAIHLHUM ?
8. Skumit pexum poboth TpaHchopMaTropa HA3HBAETHCS
pobounm?
9. o Take k.k.1. Tparchopmaropa?
10. 3a skow  GOpPMYNIOID MOXHA  OOYHMCIHTH  K.K.JI.
Tpanchopmaropa?
3BiTHA TaOIMI 1.
U, AU;, U,, AU,, k Ak 5k,
B B B B - - %
3BiTHA TAOIMULI 2.
N | 11 | Al | Uy | AUy | I, | AL | Uy | AU, | m | An | 8n
3.0

A|A|B| B |A| A |B B % | % | %
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Jlabopamopna poboma Nel2

Tema: BusHayeHHs iIHIYKTHBHOTO OTOPY COJIeHOia

[puiraam Ta MaTepiajau: COJCHOIN, amMIIepMETp, BOJBTMETp, JBa
peoctaTH, BUMHKad, HaOip MeTaJeBUX OCEpIb, 3 €IHYBaIbHI
MIPOBITHUKH.

Merta po6oTH: BU3HAYUTH IHAYKTUBHUH OIip COJICHOINA, a TaKOX
BIUTHB METAJIEBUX OCEPJib HAa BEINYUHY iHIYKTHBHOTO OIOPY.

1. Teopemuuni ¢ioomocmi

[lpy mpoXomKeHHI 3MIHHOTO CTPyMYy 4epe3 KOHTYp
3MIHIOETBCS MATHITHHHA TOTIK HAaBKOJO IIFOTO KOHTYpa i B HBOMY
BHHHUKAE eJEKTPOpYIIiiHa cuia (e.p.c.) iHayKIil. BUHUKHEHHS €.p.c.
IHAYKIIi B KOJII BHACTIZAOK 3MIiHM B HbOMY CTPYMY Ha3HBA€ThCS
SIBUIIEM CaMOIHAYKIii. E.p.c. caMoOiHIyKIil CTBOPIOE 1HAYKIIHHUI
CTpyM, sIKHWiA 3a 3akoHOM JleHma mpoTumie 3MiHI CTpyMy B KOJIi:
CTHOBUIBHIOE HOro 3pocTaHHs abo 3MeHIIeHHs . BennuwmHa e.p.c.

: - . . di
CAMOIHJYKIIT € NPONOPIIHHA UIBUIAKOCTI 3MIHM CTpyMy — B
MPOBITHUKY 1 BU3HAYAETHCS 32 (HOPMYIIOHD
dl
g =—L— (€Y)

dat’
ne L — iHIyKTHBHICTh KOHTYDY.

OpnuHMLS IHAYKTUBHOCTI Ha3uBaeThes reupi (I'u). [enpi — e
IHAYKTUBHICTh MPOBIHUKA, B IKOMY IIPH 3MiHi CHIIM CTpyMy Ha 1A
3a lc BUHHKAE e.p.c. camoinaykuii 1B.

[HAYKTUBHICTD 3aNeXUTh BiJ GOpMHU 1 PO3MipiB KOHTYpY, a
TAKOXX BiJ CepeloBUINA, B sIKE€ BiH IMOMIlIeHWH. |HIYKTHBHICTH
JMHIAHUX TIPOBIMHUKIB Maja. Benwky 1HAYKTUBHICTP MarOTh
COJICHOIIM — KOTYIIKU HATIHJAPUYHOI (GOPMH 3 JPOTY, BUTKH SIKHX
HaMOTaHi B oJHOMY Hampsimi. [lyisi Ge3MeXHO IOBroro colieHoiga
IHAYKTUBHICTh BU3HAYAETHCS 32 (POPMYIIOLO:

L = ppon?v,
JIe N — YUCJIO BUTKIB Ha OJMHHINO JOBXHHU cojeHoiga; V — 00’ eM
coneHoina; po = 4m-10"’TH/M — Mar”iTHa cuma; p— BigHOCHA
Mar”iTHa NPOHHUKHICTh CEPEIOBHINA, sSKa Ma€ BEJIUKI YHCJIOBI
3HA4YeHHs A7 (epoMarHiTHUX MarepiaiiB (3aii30, KOOaJIbT, HiKeNb
TOIIIO).
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Omip coneHoiga NOCTIHHOTO CTPYMY Ha3HMBAETHCS aKTUBHUM
oropoM. BiH 3anexuTh JHIIe BiJl MaTepiany, 3 SKOTO BUTOTOBICHHUN
MNPOBIAHUK Ta MOTO TEOMETPUYHHUX PO3MIpiB. SKImo comeHoin
YBIMKHYTH B KOJIO 3MIHHOTO CTPyMY, TO BHACHiJOK MEpPiOIUYHOI
3MIHM CTpyMy BHHHKAa€ €.p.C. CaMOIHOYKIli, $Ka TPOTHUIIE
MIPUKJIAeHiil 10 colleHoina Hampy3i. B pe3ynprari 1iporo Horo ormip
3poctae. OTKe, B KOJIi 3MIHHOTO CTPYMy COJICHOII MaTUME KpiM
aKTUBHOTO Omopy R, mie i iHAYKTHBHHUN omip R;. Y 3aMKHyTOMY
KOJI1 3MIHHOTO CTPyMY IIi ONOpH IoaatoThes (puc.l, a).

Hexaii mo xiHIs OOMOTKH COJICHOIAa MPHKIAIEHO HAmpyry,
sIKa 3MIHIOETBCS 32 KOCUHYCOIJaIbHUM 3aKOHOM:

U, = Uy coswt,
ne U, — ammiitymHe 3HaueHHs Hanpyru; = 2n/T = 2nf —
HUKJIIYHA 9acToTa; T — mepiol KoJiMBaHb; f — 4acToTa.

A
< Ur Jo U
< 1 >
U 5
O~———~—"—""U
° ~ ©° RD In !
a) 6)

Puc. 1

BiamosigHo mo apyroro 3akony Kipxroda, mpuknaneHa 1o
CJICKTPUYHOTO KOJIA HAampyra IOPIBHIOE CyMi CHajiB Hampyr Ha
aktuBHOMY (R() Ta imgykrtuBHoMy (R;) onopax. Cran Hanpyru Ha

. . . di
AKTHMBHOMY OIIOP1 TOPIBHIOE /R, a HA IHAYKTUBHOMY - L T Tomy

dl
Uncoswt + IRy — LE =0, 2
I3 (2) BurutuBae, 1o (pu Ry = 0)

dl

U, = La = U,,coswt, 3)
TOMY
1

dl = I mcoswtdt, 4

[Mpoinrerpysasim (4)
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I t
1
fdl = Zf U,,coswtdt, (5)
0 0
OTPUMAEMO
U U T s
I = w—rzsinwt = w—TZ cos (a)t — E) = I,,cos ((ut - E)' (6)
ne I, = Uy /(wl). Toxi 3a ananoriero 3 3akoHoM OMa JUis TiTSTHKH

KOJIa BETUUUHY
R, = wL = 2nfL @)
HAa3WBaIOTh IHAYKTUBHUAM OMOpPOM. 3 piBHSHHS (7) BUILIUBAE, IO HA
CTaJIOMy CTPYMi iHIYKTHBHUI OMip KOTYLIKH JOPiBHIOE HYIIIO.
[MigcraBuBmu (6) y (3), orpumaeMo
U, = wLl, coswt. (8)
IopiBHsaHHS Bupa3iB (6) Ta (§) MPUBOIUTH A0 BIHCHOBKY, IO
naainas Hanpyru Uy, Buniepemxac 3a pazoro cTpyM I, sIKHid TPOXOAUTD
4yepe3 KOTYIIKY, Ha 7T/2, 0 W MOKa3aHO Ha BEKTOPHii miarpami
(puc.1, 0). ITpu akTuBHOMY omopi R # 0, ammityaa Uy, npukiaaeHoi
HamNpyry MMOBHHHA JIOPIBHIOBATH CyMi aMILTITY] CMajiB Hampyr Ha
aKTUBHOMY R Ta iHAYKTHBHOMY omopax. Slk 6auyumo 3 BEKTOpPHOI
niarpamu (puc.1,0), KyT ¢ BuU3HA4ae pi3HUIO (a3 MK HAMPYTOrO Ta
CHJIOIO CTPYMY:

tgp = ok 9
99 = R ©)
I3 npsamokyTHOTO TpUKyTHHKa OAB 0oTpMaemo
(ROIm)2 + (Q)le)z = Urzn- (10)
3 (10) 3HaiiIeMo aMILTITyTHE 3HAYEHHS CUJIH CTPYMY
U
I = (11)

JRZ + (wL)?

Z= /Rg + (wL)?. (12)

HA3UBAETHCS TIOBHUM OMOPOM (iMIieiaHcoMm) kona. 3 piBHsHHS (12)

3HAWEMO IHAYKTUBHICTD L:
L=YZ - Ro 13

AmmutiTyaHe 3HaueHHs cuim ctpymy (11), BpaxoBytoun (12),
MO>KHA MTOJaTH Y HACTYITHOMY BUTJIISIIL:

Beanunna
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I, = —=. (14)

AmMmepMeTpH 1 BOJIETMETPH BUMIPIOIOTH e(heKTUBHI (CepemHi
3a MepioJ| KOJIMBAHb) 3HAYEHHS CHIIU CTPYMY log 1 HANIpyTH Ugg, sIKI
3B’s13aHi aMutiTyaHuMH (I, 1 Upy,) CHIiBBITHOIICHHAMMU:

- I | @ Im=\/§le¢;

Ry R, Upm = V2Uep. (15)
EdextuBna cuia

- ° (mampyra) 3MIHHOTO CTpPyMY
‘ JIOpiBHIOE  cwiii  (Hampys3i)

K MOCTIHOTO CTpyMYy, SIKUH Mae

TaKky > TIOTYXHICTh, MO 1
Puc. 2 JaHWH 3MiHHUH CTPYM.
Bpaxosyroun cniBBigHomeHHs (15), dopmyny (14) moxHa

3aMycaTH y HACTYITHOMY BUTIIAII:
U
7=-"2 (16)
L

1. Onuc npunadie ma memoouxKa eUMIpIo8aHHs;
[HAYKTUBHMIA OMIp COJIEHOIZ]a BU3HAYAETHCS 3a JIOTIOMOTOI0
€JIEKTPUYHOTrO KOJIa, CXeMa SIKOTO IpecTaBieHa Ha puc.2, ne R; 1 R,
— peocratu, A — ammepMmerp, V — BoibT™MeTp, K — Bumukay, L —
COJICHOI/.

111. 3ag0annsn

1. BusHauuTu iHAYKTUBHICTH coOJieHOina Oe3 ocepas Ta i3
3aJI3HUM OCEpP/IsM.

2. Po3paxyBarv iHIYKTHBHI OIOPH CoJieHoia 0e3 ocep/s Ta i3
3aJI3HUM OCEPIsIM.

3. 3poOWUTH BHCHOBOK TPO XapakTep BIUIMBY OCEpPAb 3
¢epomMarHiTHUX 1 He (QepoMarHiTHUX MarepialiB Ha
BEJIMYMHY 1IHAYKTUBHOTO OTIOPY COJICHOIAA.

Xio pooomu

1. YacroTroMipoM BH3HAYHUTH YacTOTy 3MiHHOTO CTpymy f B
SIIEKTPUYHINA MepexKi.
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ok

10.

11.

12.

3i0patu enexkTpu4He Koo 3a cxemoro puc.2. Ilicns nepesipku
KOJIa BUKJIaJa4eM, yBIMKHYTH B KOJIO [DKEPEIIO.

3amkHyTH Koo BuMukauem K. 3a momomororo peocrata R,
3MIHHTH OMip KOJa TaK, 00 B HhOMY IPOXOHB CTPYM CHIIOIO
0,55 A. 3a mokasamu BOJBTMETPAa BH3HAYUTH €()EKTHBHUI
craj Halmpyrd Ha coleHoimi. Takok edeKTHBHI cnaau
HamNpyTry HA COJICHOIAI BUMIPSTH st cTpyMiB cuioro 0,65 1
0,75 A. Pe3ysbpTaTi BUMipIOBaHb 3aHECTH B 3BITHY TaOJIHITIO.
3HaveHHS Ry BKa3aHO Ha COJICHOII.

3a dopmyioro (16) oOUMCIUTH TOBHI Onopyu Z s 3aJaHUX
3HAaYeHb CHWJI CTPYMiB 1 BUMIpSHHX CHaliB Hampyrd Ha
COJICHOI .

3a ¢opmymoro (13) mis TpbOX 3HaUYeHb Z BH3HAYUTH
IHIYKTHBHICTh cofieHOina L. 3HalTH cepeHe 3HaYeHHs Lg:

Li+L,+ Ls
o=t (17)
Ta CepeIHI0 a0COIOTHY MTOXUOKY:
AL, + AL, + AL,
ALy = . (18)

3
3a dopmynoro (7) KOPUCTYIOUUCH CEPEAHIM 3HAYCHHSIM

IHAYKTUBHOTO OTopy Ly OOYHCINTH iIHAYKTUBHAHN OIIIp.
OOYHUCIIUTH CEPEIHIO BIIHOCHY MTOXHOKY:

SR, = (M 4 Moy ALO) 100% 19
Ly — T fo Lo 0 ( )
Ta a0CONIOTHY MOXHOKY:
AR, = RudRi 20
L™ 100% - (20)
KinmeBwii pe3yibTar 3armcaTv y BUTIISI
R, = (Ry, £ AR,) Om. (21)

B otBip comeHoina BcTaBuTH 3aiizHe ocepisd. [lpum cmimax
crpymy 0,45; 0,55; 0,65 A 3rimHO 3 myHKTaMu 3-8 BU3HAYHTH
IHIYKTUBHICTb L3 Ta IHAYKTHBHUH Omip R coneHoina.
BusHaunTH, y CKiIbKM pa3iB iHAYKTUBHUHN OMip COJICHOIAA 3
3ai3HUM OCep/aM R, Oinblumid BiJ iHXYKTMBHOTO OMOpY
cojieHoina 0e3 3amizHoro ocepas R .

Pesynpratn BUMIipIOBaHb i OOYMCIICHb 3alMCcaTd y 3BITHY
TaOJIULIIO.
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V. Konmponvui numanns
VY sKoMy BUTIaAKY B KOHTYPi HABOAUTHCS €.p.C. IHAYKIIi?
[lo Take sBHIIE CAMOTHITYKITii?
3a s1k010 POPMYIIOI0 BU3HAYAETHCS €.p.C. CAMOIHAYKIIi1?
VY sKkoMy BUTIaKY iHAYKTUBHICTH KOTYIIKH qopiBHIOE 1 ['H?
Sxa 6ynosa coneHoina?
3a siKor0 (POPMYIIOI0 BU3HAYAETHCS IHAYKTUBHICTH O€3MEKHO
JOBIOTO cosieHoiga?
Sxoro popmymoro BupakaeTscs ApyTHil 3aKoH Kipxroda mist
3aMKHYTOT'O KOJIA 3 aKTUBHUM Ta iHAYKTUBHHM OIIOpaMu?
3a siko10 POpMyIIOI0 BU3HAYAIOTh IHAYKTUBHHMN OIip?
Mo Take edexTHBHA chia CTPyMy 1 SK BOHA 3B’s3aHa 3
aMILTITYTHAM 3HAYCHHSIM CHUJIA CTPYMY?
10. 3a sikoro GopMyIIOI0 3HAXOUTHCS IHAYKTUBHICTH COJleHOiga?

ok whE

~

© o

3BiTHI TaOIHUII.

be3 3anizHoro ocepas

Ne | I, |U | f, |Af,| Z, | L, | AL,| @ | A | R;, | AR,,| 6R;
3. A | B |Tu|Tug | OM | ITn | TH - - OM | OM | %
1

2

3

cep.
N | I | U | Z | L | AL | Ry | ARy, | 6Ry, | Ry

cep.
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Jlabopamopna poboma Nel3

Tema: BusHayeHHsI mapaMeTpiB iHAYKUiHOr0 JiYWJILHHKA
eHeprii 3MiHHOT0 CTpyMy

Mpunagn Ta Martepiajm: IHAYKOIMHUN JIYUIBHUK ENEKTPUYHOL
eHeprii, BOJIBTMETP, MiliaMIIepMeTp, PEOCTaT, JIAMITIOBHI peocTar,
CEKYHAOMIp, 3’ €AHyBaJIbHI TPOBIAHUKH.

Meta po6oTH: 03HAOMHUTHUCS 3 OYyIOBOIO JIIYMIBHUKA €NEKTPUIHOL
eHeprii Ta BU3HAYUTH MapaMeTpH, 110 HOTo XapaKTepH3yIOTh.

1. Teopemuuni ¢ioomocmi

EnextpudHnii MYUNBHUK — 1€ TpWIag Uit OOJiKy
BUKOPHCTAaHOI 3a TIEBHHWHA dYac eNeKTpu4YHOi eHeprii. JliummbHUK
3MIHHOTO CTPyMy MOOyIOBaHWH Ha 1HAYKUIHHOMY TPUHIIUII.
[HayKUiiHUME HAa3WBaIOTHCS BUMIPIOBAJIbHI MPUIIAAHN, TEPEMilICHHS
PYXOMO1 YaCTHHH SIKUX 3IHCHIOETHCS BHACIIIOK B3aEMOJIIT 3MiHHAX
MAarHiTHUX TOTOKIB 31 CTpyMaMH, HaBeIEHHUMH HUMH, B aKTHBHOMY
€JICMEHTI PyXOMOT YaCTHUHH.

[HOYyKIiAHWA ~ TIYUIBHUK — CKIIAAAE€TBCS 3 PYXOMOTO
AIFOMIHIEBOTO JMCKA, TOCTIHOTO TalbMIBHOTO MAarHiTy, JIBOX
€JIEKTPOMATHITIB, JIIYMJIBHOTO MexaHi3My. Ha ocepas opaHOro
€JIEKTPOMArHITy HAcaJHKeHO Bl KOTYHIKH A 3 TOBCTOTO JPOTY i 3
Majow KUIBKICTIO BUTKIB. Lli KOTyIIKM BMHKalOTH B KOJIO CITKH
MOCHIIOBHO 3 CIIOKMBavyaMH enektpoeneprii. Ha apyre ocepas
Haca/DKeHa OJ{Ha KOTYIIKa B 3 BEJIMKOIO KUIbKICTIO BUTKIB 3 TOHKOTO
130JIbOBAHOTO JAPOTY, SIKYy BMHKAIOTh Yy KOJIO MapajieiabHO [0
CIOXHMBAYiB.

[Tpu yBiMKHEHHI IHAYKIIHHOTO JYMIBHUKA B KOJIO 3MiHHOTO
CTpYMy IO KOTYIIKax A MPOXOAWUTHME CTPYM I, YHACTIIOK 4Oro B
EJIEKTPOMATHITI CTBOPIOETHCS 3MIHHMWA MarHiTHHA TOTiK @y,
nponopuidHuiA cTpyMoBi I;. Lleli moTik, IPOHU3YIOUH Y TBOX MICIISIX
JIICK JIYWIIbHUKA, iHIYKYyBaTUME B JINCKY BUXPOBi CTpyMHu Dyko i;.

[Ipu nanpy3i U mo obmotui korymku B Oyne mpoxoautu
CTpyM [, YyHAcHiIOK YOro BHMHUKAE MarHiTHUM mOTIK Py,
MpoNopLidHUHA 10 Hanpyru. [Ipu 3MiHI IBOTO MTOTOKY, 10 IEPETHHAE
JICK, B OCTAHHLOMY 1HJIyKYIOTbCSI BUXPOBI CTpYMHU i,. B pe3ynbrari
B3a€MOJIi1 BUXPOBUX CTPYMIB i 1 i, 3 MarHiTHUMH notTokamu @y Ta
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@,;, CTBOPIOETHCS PE3YNBTYIOUH 00epTOBUH MOMEHT Mg, SIKHiA
MIPOTIOPIIIHHUI aKTHBHIN MOTYKHOCTI P, BUTpadeHiil B KOJi:

M06 = ko6P ’ (1)
ne, kg — KoediieHT mponopuiiHOCTI.

Ilim BmTMBOM O00EPTOBOTO MOMEHTY [WCK JIIYMIbHUKA
o0epTaeThCsi, MPUUOMY IIBHIKICTh 0OEpTaHHS 30LIBIIYETHCS ITOTH,
JOKH 00epTOBHI MOMEHT HE 3piBHOBAXKUTHCSI TAIbMiBHIM MOMEHTOM,
KWW 1€ Ha JUCK.

TanpMiBHAIT MOMEHT CTBOPIOETHCS B3aEMOIIEI0 MarHiTHOTO
MOTOKY MOCTIHOTO MarHity 3i crpymamMu @yko 3aBIskyd 00epTaHHIO
JIUcKa B TOJI TOCTiiHOro wmarHity. ['anpmiBHUIT MoMeHT My
MIPOTIOPIIHHUH IBUAKOCTI 00epTaHHS AMCKa (YUCITy 00EpTiB IHCKa 3a
1c¢):

M. = kn, 2
ne k. — koeillieHT TPOMOPIIHHOCTI.

IIpu cramii mBuakocTi oOepTaHHSA AWCKa 00epPTOBUH 1
raJlbMiBHUH MOMEHTH PiBHI MiXk co0010, a came:

o M06 =M, r (3)
a00 3 ypaxyBaHHsIM cIiBBigHOMmEHS (1) Ta (2):
ke
P=-—n. 4
. k06 . .
[TomHOXMBIIM OOWABI YaCTUHU piBHAHHA (4) Ha 4ac t i
k .
MO3HAYMBIIM K = k—r, OJIEp’KMMO, IO BHUTpayeHa EHepris
06
MIPOTIOPITiiiHA YUCITy 00EpTiB AMCKA 32 Yac t CIIOKUBAHHS €HEprii:
W = kN, (5)

ne W = Pt — Bukopucrana eHeprisi; N = nt — yuciio o0epTiB Aucka
JYuIbHUKA 32 vac t; k — crana miywibHUKa. Bimnik yuciia o0epTiB
JMCKa 3AIMCHIOETHCS 32 JOMOMOTrOI JIHYMJIBHOTO MEXaHi3My, ILIO
MIPUBOIUTHCS B JIiIO BiJ 4epB’IYHOI IIepesadi.

EnexTpu4yHuil  JYMIBHUK  XapakTepU3YETbCS  TAKUMH
napameTpaMy: YyTJIMBICTIO, MOPOIOM YYTJIMBOCTi, HOMiHAJIBHOIO
CTaJIo0, JIHCHOIO CTANOKO.

YyTnuBicTIO JMiYMIbHUKA & HA3WBAETHCS BiTHONICHHS CTPYMY
Iy, IpY STKOMY JTUCK 3/1MCHIOE OJIMH 00epT 3a 1 XB, 10 HOMiIHAIBHOTO
ctpymy [, SKuil 3a3HayYeHWH Ha JULIEBIH NaHeNl JIYMIbHHUKA
(BUpaXkaeTbCs Y BiICOTKAX):
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Iy
§=—-100 %. (6)
]H
[Mopir uyrtnuBocTi — 1e MiHIMaIbHE HABAaHTAKEHHS

(BUpaxxeHEe y BIIICOTKaxX BiJl HOMIHAJIBHOTO), TIPH SIKOMY pyXxoma
YacTHHA TOYNHAE 0e3 3yMTMHKNA 00epTaTHCh.

HowminanbHo cTanoro k,, Ji9nIbHUKA HA3UBAETHCS KIIBKICTh
eHeprii, sika BiAmoBinae ogHoMmy o0epTy aucka. Ha nuuesiit maneni
JMYUIBHUKA BKa3aHO 4YHCIO 00epTiB amcka N,, IO BiAMOBimae
BUKopucTaHii eneprii W . Toxai

k, = —. 7

Yepes HasBHICTH BIACTUBUX 1HIYKIIHHUM BUMIPIOBAIEHUM
MeXaHi3MaM TOXHOOK, 30KpeMa, MOXHOOK Biff TepPTS 1 TOMATKOBUX
TaIbMIBHAX MOMEHTIB, 10 BHHUKAIOTh y PE3yIbTaTi MEPEeTUHY
auckoM moTokiB @y i @;, nmificHa cTaga JTYWIBHHKA JEHIO
BIJIPI3HAETHCS BiJl HOMIHAIBHOI.

. . JIificCHOIO CTalIoX0
JITUITBHIK JYMIBHUKA HA3WBAETHCS
L2 3 4 KUTBKICTh ~ eHeprii, sika

Qe Q0 pearbHO BHTPAYAETHCS B
@—‘ SNeKTPUYHIA Mepexi 3a
~220B yac  OJHOTO  00epTy
% [ ] JIMCKA!

L= k=l (@)

g N ’

Puc. 1
ne I — ctpym; U — Hampyra B kouti; N — KiJIBKICTh 00€pTiB 3a 4Jac t.
BinHoCcHA moxuOKa IYMIIFHIKA TOPiBHIOE

kg — ki
Sk =-2—"100 %. )
kg

JIYHIBHIK
1 2 4
[

Qéé@@

Sy
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Puc. 2
11. Onuc npunadis i memoouxka eumipiosamns
Jlnst BU3HAYEHHS YyTJIMBOCTI JIIYUIIEHUKA BUKOPUCTOBYETHCS

YCTaHOBKa, €JIEKTPHYHA cXeMa SKoi 300paxxeHa Ha puc. 1.

JlificHa cTaja JNYHJIBHUKA BHU3HAYAETHCA 3a JIOIOMOTOIO

YCTaHOBKH, €JIEKTPUYHA CXeMa SKOi MoKa3aHa Ha puc.2.

ok ow

o

o

10.

11.

12.

13.

14.

111. 3aé0anns
BusHaunTH YyTNIMBICTH JYMIBHUKA, HOTO HOMIHANBHY 1
IilicHy crany.

1V. Xio pooomu
O3HaiiOMHUTHUCH 3 OYAOBOIO TIUMIILHHKA.
Busnaunti 3 nuneBoi  maHenmi  mpwiagy — 3HaYeHHs
HOMIHAJILHOTO CTPyMY 1,,.
3i0paTu eleKTprUIHe KOJI0 32 CXEMOI0, 300pakeHO0 Ha pucC. 1.
Bucrasutu peoctatr R Ha MakCHMaibHE 3HAYEHHS OTOPY.
[Ticns mepeBipkM Koja BHKIAJa4eM BCTAHOBUTH PEOCTATOM
TaKy CUIy CTpyMmy [y, TIpH SKif TUCK JIYMIBHUKA 3iHCHIOE
obepr 3a 1 xB.
3a popmyoro (6) BU3HAYNUTH Yy TIAUBICTH JIIYMIBLHUKA.
BuzHauuTH 3 UIIeBOT MaHeNi MPHIaLy YUCiIO 00epTiB JHCKa
N,,, o BiAmoBinae BuTpaueHiit eneprii W,.
3a ¢opmyiioro (7) BU3HAUNTH HOMIHAIBHY CTaTy JiUUIbHHUKA.
3i0patu eIeKTpUYHE KOJIO 32 CXEMOI0, HABEJICHOIO Ha puC. 2.
[Ticns mepeBipkM Kojla BHKJIagadeM 3aMKHYTH KOJIO W
YBIMKHYTH 2 JIaMTI04YKH. Bu3Hauntu vac t necstbox o0epTiB
JICKa 1 3amucaTy 3Ha4eHHs cTpyMy [ Ta Harpyru U.
30UTBIINTH HABAaHTAXKEHHS KOJIa, IIOCTYNOBO BMUKalo4H 3, 4,
5 mamroyok. 3amucaTH NMPH KOXXKHOMY HaBaHTa)KEHHI dac t
JecaTd o0epTiB AMCKa i 3HaYeHHs cTpyMy I 1 Harpyru U.
OOuucnutu 3a ¢dopmyor (8) 3HaYeHHS MIHCHOI cTanol
JTYMIBHUKA IPU KOXKHOMY HAaBaHTaXKCHHI.
OO0uucnuty 3a Gopmynoro (9) BigHOCHY OXUOKY 0k crasnoi
JIHYHIIbHUKA.
Pesynpratn BuMiptoBaHb 1 OOYMCIEHBb 3amMcaTH Y 3BiTHI
Tabmumi 1 ta 2.

V. Koumponvhni numanns
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SIKi BUMipIOBaJIbHI MEXaHi3MHU HA3UBAIOThCS IHAYKIIHHUME?

3 SIKMX YaCTUH CKJIANAE€THC JTIYNILHUK?

Sk BU3HAYAETHCSA OOSPTOBUI MOMEHT, 1110 JIi€ Ha TUCK?

UuM CTBOPIOETHCS TaIbMiBHUI MOMEHT?

o Take 4yTJIUBICTh TYMILHUKA?

[{o Take mopir 9yTAUBOCTI JTIYHUITHHUKA?

3a SIKOI0 CXeMOIO BU3HAYA€THCS Uy TIAUBICTh JIIYMIBHUKA?

I1lo Take HOMIHAJIbHA CTAJIA TIYMILHAKA?

. IIlo Take mificHa cTana JiYMILHAKA?

10. 3a saxor0 ¢GopMmyTOl0 OOYMCIIOETHCS — JilicHa crTana

©CoNoOk~wWNhE

JIIYUIIBHUAKA?
3BiTHA TaOmML 1.
]0’ [H’ fl VVH; N]-p kHl
A A % Jhx 00. JIx/00.
3BiTHA TaOMULIA 2.
1, U, N, t, kg, Sk,
Nz A B 00. c Jx/00. %
1
2
3
4
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IV. OIITUKA. ATOMHA TA CYBATOMHA ®I3UKA

Jlabopamopna poboma Neld

Tema: BuzHayeHHsI TOBKHHH eJIeKTPOMATHITHOI XBHJIi 32
AOTIOMOT 010 IBONIPOBiTHUKOBOI JIiHil

IIpuiaau Ta mMarepianum: JaMroBuil reHEpaTOp, ABOIIPOBIIHHKOBA
JIiHis, KOHTPOJIbHA JIAMITOYKa, MacIITa0Ha JiHiliKa, IKana.

Meta po0OTH: HaBUMTHCS BH3HAUYATH JIOBXKHUHY €JICKTPOMArHIiTHOL
XBUJII 32 JIOTIOMOTOIO JBOIIPOBITHUKOBOI JTiHii.

1. Teopemuuni ¢ioomocmi
EnexrpomarnitHa XBWJISL SBJIS€ COOOIO MPOIEC MOMIMPEHHS
3MIHHOTO €JIeKTPOMAarHiTHOro momst y mpocropi. lle omuma 3
0cOoOJMBHUX BHJIB pyXOoMoi MaTepii, SKHH iCHye HE3aJeKHO BiJ
SIEKTPUIHHX 3aPSIiB.
XBUIS XapakTePH3YETbCS MOBKUHOIO A, IIBUAKICTIO U,

inTeHcuBHICTIO [. IIIBUIIKICT €IEKTPOMArHITHOT XBUJI1 IOPIBHIOE:
1 C

= = 1

v HioEE Ve’ W

nme ¢ = 3-108 M/C — MIBHIKICTh XBWJII Yy BakyyMi; [ - BiTHOCHa

MAarHiTHa NPOHUKHICTh PEUOBHMHH, a & - BIJIHOCHA JieNeKTpUYHA

MPOHUKHICTh peuoBHHU. IIIBUIKICTH MOIMIMPEHHS CBITJIOBOT XBUJI B

CEpENIOBUII XapaKTepu3ye aOCOJTFOTHUH TMOKA3HUK 3aJOMJICHHS M.
C

v

n=-
v

IHTeHcuBHICTIO XBWITI | HA3UBAEThCs (hi3MUHA BEJIMUYMHA, 1110
YHCENbHO JOPIBHIOE CepeNHii eHeprii, sKy MepeHOCUTh XBHJIS 3a
OJIMHHMITIO Yacy Kpi3b OJMHUIIIO TUIOIII MMOBEPXHi, MEPHEHIUKYIISPHO
J10 HANPAMY NOMUPEHHs XBrII. OUHKUIS BUMiproBanHHs B1/m2,

I_<E>_<E> _<E> ,
T s VT Ty YT @)

- <E>
ne V = tSv — 00’ em, skwuii 3aiimae mone; w = - 00’eMHa rycTHHA

€Heprii eNeKTPOMAarHiTHOTO TOJIA.
VY BekTopHil Gpopmi Gpopmyna (2) Mae HACTYITHUIN BUTIISI;
[ = wi. 3)
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Bekrop I, sixuii MOKA3y€ HANpsAM TOUIUPEHHS XBWIi 1
YUCENHHO TOPIBHIOE ii IHTECHCHBHOCTI, HA3UBAETHLCS BEKTOPOM Y MOBa-
[NoiinTiHTa.

EnextpomaruiTHi XBWJII MaloTh IyaJiCTHYHUH XapakTep,
TOOTO M TpHUTaMaHHI KOPIMYCKYJSIPHI Ta XBHIJIBOBI BIIACTHBOCTI
omHOYacHO. YrM OiTbIa MOBKMHA XBHIIL, TUM YITKIIIIE IIPOSBIISIOTHCS
XBWJIBOBI BIACTHBOCTI CBiTHa.. Jl0 SBUII, Yy SIKMX TPOSBISETHCS
XBHJILOBA TIPHPOAA CBITIIA, Hajekarh iHTepdepeHmis, mudpakiis,
moysipu3ariss. UMM KOpOTIIa IOBXKMHA XBWJI, THM YiTKIiIle
MIPOSABIISAIOTHCS KBaHTOBI (KOpIyCKYJIsIpHi) BJIACTHUBOCTI
CJICKTPOMATHITHUX XBWJIb. SIBUIAaMHM, B SKUX HPOSBISIETHCS
KOPIYCKYIIIpHa  TpUpoja CBiTia, €  Qoroedekr, TermaoBe
BUITPOMIHIOBAHHS 1 JIIOMIHECIIEHIIis TOIIIO.

[lkana JOBXHH €IEKTPOMATHITHHX XBHIIb BKIIIOYAE:

1. pagiomianazon Bix A = 10 xm 1o 4 = 0,1 mMm;
2. iu(pauepBoHUH (TEIUIOBUH) Miama3oH - BigA = 1 — 2 MM 10

A =780 uwMm;

3. Buammuii mianaszoH - Bix A = 400 um 10 A = 780 um;
4. ymerpadionerosuii giamazon - Bix A = 400 am 10 4 = 50 HM;
5. penrreniBcbkuit miana3on - Bix A = 0,01 am 1o 4 = 10 HM.

EnextpomaruitHi XBWJII PI3HHX Jialla30HIB MO-Pi3HOMY

B3a€EMOJIIIOTH 3 PEYOBHUHOIO.

11. Onuc npunadie i memoouka euMipro8anHs

[ BUMIpDIOBaHHSI JIOBKMHU €JIEKTPOMATHITHOI XBHJIi B
JiamnasoHi yJbTPaKOPOTKHX XBWJIb 3aCTOCOBYIOTh YCTaHOBKY, CXeMa
skoi 300pakeHa Ha puc.l. BoHa ckiamaerbcs 3 TreHepaTopa
BUCOKOUYACTOTHUX KOJMBaHb [, CHUCTEMH JIBOX MapaieIbHUX
MIPOBITHUKIB (JBOTIPOBITHUKOBA JIiHIS) IHIYKTHBHO 3B’S3aHUX 3
TEHEePaTOPOM; KOHTPOJBHOI JIaMMOYkd K 3 KOB3HMM KOHTAaKTOM;
MaciTabHoi mkanu I, Y3108k Takoi ABOIPOBITHUKOBOI JIiHIT, sKa
CIIY>KHTb HAITPABJISIOYOIO JIJIS TIONIMPEHHS SJIEKTPOMArHITHOTO TOJIs,
MOIIUPIOETHCS EIEKTPOMAarHiTHa XBwiId. JlOXOAs4u A0 KiHIS JTiHii,
€JICKTPOMATrHITHA XBUJIS BiJJOMBA€THCS (SKIIO IiHISA HE 3aMKHYTA).
Bixxyda Ta BigOuTa XBHJII KOrepeHTHI. Hakaiaounch ojHa Ha OJIHY,
TOOTO iHTEp(hepyroUun, BOHU YTBOPIOIOTH CTOSIYY €IEKTPOMATHITHY
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XBHJIFO 3 JOBXHWHOIO XBHITI

101 Aer- SIkmio OBl cucteMu
FTTTTTT T €IeKTpPOMarHiTHUX KOJUBAHb
A K, OJIHAKOBOT'O nepioay
!
I

IO PIOIOTHECSA 10

! A
J( ®\ / U ;'! MPOBIJHAKY B MPOTHIEKHUX

\/, i HampsiMax, TO  JOBXHHA
hem | . . .
! | CTOSYO1  eNIEKTPOMArHiTHOT
Pre.l e . P .
XBUI A yIOBiUi MeHIIa Bif

JOBXHHU 01KYy401 XBHUIIL:

Aer = A/2.
Touku, B SKMX BEIMYMHA 3MIHHOTO CTPYMY MakCHMajbHa

Ha3WBAIOThCS IYYHOCTSAMH, a TOYKH, B SKHUX BEIMYHHA CTPyMY
MiHIMallbHa, — By3JamMu cTpyMy. Das3u Hampyru i cTpymy B CTOSHIH
XBWII BIiIPI3HSAIOTECS HA TT/2, TOMY By3JIaM HAaIllpyTH BiAIMOBiTalOThH
MYYHOCTI CTpyMy 1 HaBmaku. Yepes3 me enmekrpuyHa jgammodka K
(muB.puc.1) sickpaBO CBITHTBCS B MICIl, JIe CTOSYa XBWJISL Mae
My4YHICTH CTPyMY (BY30JI HampyTu), i HE CBITUTBCS Y BY3JlaX CTPyMY
(Ty4IHOCTSIX HATIpyTH).

=

111. 3a¢0anna
BumipsTu monoxeHHs MaKCUMYMiB CTOSIYO0T XBHITI.
OOuncaNTH TOBKUHY CTOSIMOI €JIEKTPOMArHITHOI XBHJII.

1V. Xio pooomu
VYBIMKHYTH reHepaTop y Mepexy 3 Harpyroto 220 B.
[lepecyBatoun €JIIeKTPUYHY JAMIOYKY B3JIOBX

JIBOTIPOBITHUKOBOI JTiHIT, 3HAUTH TOJOXEHHS [}, 1 KUIBKICTh
MaKCUMYyMIB k, sSiKi MICTSTbCS Ha Hiil (MaKCUMyMHU OyIyTb Y

MICIISIX HalsICKPaBIIIOTO CBIYEHHS JIAMITOYKH).

. . UL
Bu3HaunTH JOBKUHY CTOSYOT XBUI 32 (OPMYIIO0 A = ﬁ
OO0uunCIUTH CepeHE 3HAUCHHS Ay, CepeIHI0 a0CoMOTHY A,
1 cepeiHIO BiTHOCHY A MOXHUOKH.
Pe3ynbTaT BUMIpIOBaHb Ta OOYHCIICHb 3aMUCATH Y 3BITHY

TaOJIALIO.

V. Koumponvhni numanns
[I{o Take eneKTpoMarHiTHa XBUIsI?
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ok~

o

8.

9.

3a ko0 (OopMyI0I 00UYHCITIOETHCS MIBUAKICTh MMOIIUPEHHS
€JICKTPOMAarHiTHOI XBHJII B JiCIEKTPHUIHINA peIOBHHI?

3anuurite hopmyny HIBUJKOCTI MOIIMPEHHS
CJIEKTPOMATHITHOI XBWJII dYepe3 MOKa3HUK 3aJlOMJICHHS
PEYOBHUHMU.

Ilo Take IHTEHCUBHICTh XBUJIi?

3a Ko (GOPMYIOK OOYHCIIOETECS BEKTOp YMOBa-
[oitaTiHTa?

V SIKUX SIBUIAX TPOSBISETHCS XBIILOBA IPUPOJIA CBITIIA?

VY SKHX SIBUINAX TPOSBISAETHCS KOPIMYCKYJSpHA MPUPOAA
cBiTna?

Sk yTBOpIOETHCS cTOSTYA XBUJIIS?

[Io Take mMyYyHOCTI CTOSYOT XBHJIi?

10. o Take By3/1 CTOSYOT XBHIIi?

3BiTHA TAOIUILIA.

N | k[ 4 | L | A | Ay | 64
3.11. - M M M M -
1
2
3
4
5
cep.

100



Jlabopamopna poboma Nel5

Tema: BuzHayeHHs 30iJIbIIEHHS MiIKPOCKOIIa Ta po3MipiB
KJIITHHHA

Mpunagm Ta Mmarepiajm:  MIKPOCKONI,  OKYJISIp-MiKpOMETp,
00’ EKTUBHHUI MIKpOMETp, JOCITIKyBaHa IIKaJIA.

Meta poboTu: BUBUMTH OyJOBY MIKPOCKOIIA, HABUUTUCH BU3HAYATH
301IBLICHHS] MIKPOCKOIA Ta BUMIPIOBATH PO3MIPH MIKPOCKOMIYHHX
00’€eKTiB.

1. Onuc npunadie i memoouka eumipro6anns
Mikpockor sBisie co00l0 ONTHYHY cucteMmy (puc.l), 1o
CKJIQIa€ThCH 13 TBOX 30ipHUX JIiH3, MEpINa 3 SKAX PO3TalloBaHa Oilis
JIOCIIIIPKYBaHOTO 00’exTa i
Ha3uBa€eThCsl 00 ekTUBOM. OO0’ €k-
tiB OO0 cTBOprOE miiicHe 00ep-
HeHe 300pakeHHs1 4181 mpenMeTa
AB. Y cBoro uepry 300paKeHHS
A1B1 € mnpeaMeTroM s Apyroi
niH3u — okymsapa Ox. Oxkymsp aie
K Jyna, TOOTO Jae ysBHE Ta
30inblIeHe  300paxkeHHsT  A2B>
npenmeta A1B1. A2B> MiCTUTBCS Ha
BIJICTaHI HaWKpaIioro 3opy S =
25 oM Big okymspa Ok.
VY cy4acHUX MIKpOCKOIax
Prc. 1 BHKOPHCTOBYIOTHCS c.)6’€KTI/IBlfI i
OKYJISIDH, IO CKIIQJIAIOThCS 3 JEKUTBKOX IIiH3.
Bionoriuauii mikpockomn (puc. 2) CKIaNa€ThCsl 3 TAaKUX OCHOBHHX
yacTuH sK. 1 — ocHOBa; 2 — n3epkano; 3 — niadparma; 4 — KOHAEHCOP;
5 — MpeaMeTHWH CTONMHMK, 6 — 00 ’€KTHB; 7 — pEeBOJBBEp IS
po3TanryBaHHA 00’€KTHBIB; 8 — THI3IO AJIS MOXMJIOI MOHOKYJISIPHOL
Hacanku; 9 — okymsap; 10 — tyOycorpumay; 11 — pydka rpyboro
¢okycyBanHs; 12 — MIKpOMETPHUUHMH MEXaHi3M  TOYHOTO
(hoxycyBaHHS.
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O0’exTUB  3aMiHIO-
I0Th 32 JIOTIOMOTOI0 PEBOJIb-
Bepa. CywacHmii OioJoriu-
HUI MIKpDOCKOI Ma€ TpH
KOMIUIEKTH  OO’€KTHBIB 1
OKyJsIpiB. 30LITBIICHHS OKY-
nspa 1 o0’exkTUBa Ta HOro
YHCIIOBa amepTypa BKasaHi
Ha OmpaBax OKyJspiB 1
00’ €KTUBIB MIKPOCKOIIiB.

OcBiTIIOBABHUAN
MIPHUCTPill MiKpOCKoma CKJia-
JA€ThCS 3 A3epKalia, KOHICH-
copa i miadparmu. /[3epkano
HampaBlisi€e  TPOMEHI  BiA
JDKepena CBiTia B3IOBX OCI
mikpockorma 00" (puc.1).
BoHO mae€ mocky Ta BrHYTY
noBepxHio. Bruyra moBepx-
HS TpU3HAYeHa sl KOH-
LIEHTpaIlii CBIiTJa Ha PO3IJIAyBaHUi 00’€KT. 3aCTOCOBYIOTH il TO,
KOJIM HE BHKOPUCTOBYIOTh KOHjAEHCOP. KOHIEHCOpP KOHIEHTPYE
CBITJIO, BigOWTE BiA TUIOCKOTO J3€pKaia, B 30DKHHHA ITyYOK,
HaIpsAMJIEHUI Ha pO3MJIAlyBaHUMN IIPEIMET.

Skmo po3mipu  OCTiKYBaHOTO OO0’€KTa CIHiBMIpHI 3
JIOB)KMHOIO CBITIIOBOI XBHIJII A, TO CTa€ MOMITHUM SIBUIIE TUPPAKIIii
CBITJIOBHX XBHJIb, IKE€ OOMEXKY€E PO3AUILHY 3JaTHICTh MiKpocKona Z.
Po3ninbHa 31aTHICTh MIKpOCKONA Z — I1I€ MiHIMajbHa BiJICTaHb MK
JIBOMA III€ PO3UTIOBAHUMH TOYKAMH JOCIIIKYBaHOTO 00’ €KTa!

7 0,611 1
"~ n-sin U, M
ne A - TOBXKHHA CBITJIOBOT XBHUJI, SIKa Maa€ Ha IPEIMET; Nl — MOKa3HUK
3aJIOMJICHHSI CEpelIOBHILNA, B SKOMY MICTUTBCA MNpEIAMeT; U —
anepTypHUil KyT (KyT MK ABOMa KpallHiMH NPOMEHSIMH KOHI4HOTO
CBITJIOBOTO ITy4Ka, 110 BXOAUTh B 00’ EKTHB MIKPOCKOIIA).

Bemuunna A = n-sinu/z HAa3UBAETHCS YHUCIIOBOIO amep-

Typoro 00’ exTuBa. SIKII0 00’ €KT MICTUTBCS B MOBITpi (n = 1) 1 #oro
PO3MipH MIKPOCKOMIiYHi, TO PO3AiJIbHA 3MaTHICTh NOPiBHIOE Z = A /2.
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VY Bumaaky Bi3yanbHUX criocTepexxkeHb A € mopsaaky 500 HM (Buauma
YacTWHA CHeKTpa). ToMy MIKPOCKON A€ MOXKIUBICTH PO3PI3HITH
00’€KTH, PO3MIIIIEHI OJMH BiJ] OJHOrO Ha BijgctaHi O01m3pk0 300 HM.
[TigBuIIMTH PO3ALTBHY 30aTHICTh MiIKPOCKOTIA MOYKHA, BHKOPHCTABILH
ynbpTpadioneToBl MPOMEHi i 30UTBIIYIOYH HOTO YHCIOBY amepTypy
(IpocTip MK O0’€KTOM Ta MPEIMETOM 3aIIOBHIOIOTH CIICIiaIEHOIO
iMEepCiiiHOIO P1TMHOIO, IO AA€ 3MOTY 301JIBIIUTH PO3IIIbHY 34aTHICTD
B 1,5 pasn).

®DoKycyBaHHA MIKpPOCKOMa, TOOTO OAEpKaHHA UiTKOTO
300paKCHHS, 3IHCHIOETBCS 3MIHOIO BiJICTaHi MiX 00’€KTHBOM Ta
JOCHIDKYyBaHUM ~ 00’€KTOM. BimHomenHs JiHifHOTO  po3Mipy
300paxenHs npenMera A,B, 10 miHifHOTO po3Mipy mpeamera AB
HAa3WBA€THCS 301IIBIIIEHAAM MIKPOCKOTIA!

_ A;B, @
~ AB

Axumio niHiMHI po3mipu npeamera AB Ta A,B, BHpasuTu
Yyepes BiAMNOBIAHI XapaKTEePUCTUKHU ONITHYHOI CUCTEMH MIKPOCKOIIa, TO
oTpuMaeMo GOpMYITy s 301TBIICHAS] MIKPOCKOIIA!

L-S
— (3)
f okf ob
ne L — ontuuHa pomkuHa TyOyca Mikpockona (L = 160 mm); S —
BifcTaHb Haiikpamoro 3opy (S =250 mm); fop | for — doxycHa
BiJICTaHb 00’ €KTHBA 1 OKYJIApa BiAMOBIIHO.

Oxynsip-MiKpOMETp — 11€ MiHiaTIOpHA IIKaja, SKa MiCTUTHCS B
IUTOIIMHI AilicHOTO 300pakeHHs mpeameTa A,B,. JlocmimkyBaHuii
peaMeT MOXKHA PO3IIISLIATH PAa30oM 13 L€ LIKAJIOH0.

s rpangyioBaHHS OKyJIsApa-MiKpoMeTpa BHUKOPHCTOBYIOTbH
00’ ekTUBHMIA MikpomeTp. OO’ €KTUBHUN MIKpOMETp — IIe MiHiaTIopHa
IIKaJia 3 BiJIOMOIO IIHOO MOJUIKK ay. Hexall micist cyMillleHHs mKa
00’ EKTUBHOT'O MiKpOMETpa Ta OKYJISIpa-MIKPOMETpa 3 IIHOK MOAUTKA
a,, Ha Ny Toa1ijok 06’ eKTUBHOTO MiKpoMeTpa npunanae Ni MoaijIoK
oKyJsipa-mikpomerpa. TooTo

’y:

Noay = Nyay, 4)
3BIIKH
a = N, ap- )

3HalOuM IiHy TOAUIKKM  OKyJspa-MikpoMeTpa a; Ta
BU3HAYMBIIM 4HCIO moniiok N,  OKyisipa-Mikpomerpa, sKi
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BKJIIAlOTHCSI Y BiNOBIAHUN pO3Mip mpernapary, MOKHa OOUUCIUTH
foro po3mip d:

=

©

d= a; - NX' (6)

11. 3a60anns
BusHaunT po3mipu JOCTIKYBaHOTO 00’ €KTa.
BusHauuTH 30UTBIIICHHS MIKPOCKOTIA.

1II. Xio pooomu
BcraHoBUTH OCBITJICHHS MIKPOCKONA Tak, 100 TOJie 30py
OKyJIsipa OyJ10 PIBHOMIPHO OCBITJICHHM.
[loxmacTr Ha IpeMETHAN CTOJIMK MIKPOCKOIA 00’ €EKTHBHHAN
MIKpOMETPTAK, 00 MOIKA HOTO MIKaIH OyJH MapalieibHi
710 TIOZIUIOK LIKAITK OKYJIsIpa-MiKpoOMeTpa.
CdokycyBatn MiKpockonm Ha 00 €KTHBHUH MIKpOMeETp i
BH3HAYUTH YHCIIO TOAIOK Ny 00’ €KTHBHOTO MIKPOMETpA, 110
BIJIMIOBITa€ YMCITy MOAUIOK Ny OKyJIsipa-MiKpoMeTpa.
3amaouuch Pi3HUMH 3HAYCHHSIMH Ny, 3HAWTH BiAMOBIAHI
3HadeHHss N;. OOYHCIWUTH MiHY TOAUTKH @ OKYJspa-
MikpomeTpa 3a popmyoro (5).
3HATH 3 TPEAMETHOTO CTOJIMKA MIKpOCKOINa 00 €KTHBHUHN
MIKpOMETp 1 TMOCTaBUTH Ha HOro Micue IOCITiPKyBaHHUI
00’ €KT.
CyMicTUTH 4iTKe 300pakKeHHs JOCIIPKYBaHOTO 00’€KTa 3
IIKAJIOK OKYJIsIpa-MiKpOMETpa 1 BU3HAYUTH YHUCIIO TMOJIIJIOK
N,. OOumciautu po3mip d IOCHIIKYBaHOrO O0’€KTy 3a
dbopmyioro (6).
JuBnsUMCh B OKYyJSIp MIKpOCKONa, 1 Ha JIHIAKY 3 Mimi-
METPOBHMH TMOJIJIKaMH, SKa pO3TAallOBaHA Ha BiACTaHi
Haiikpamoro 30py S = 250 MM, BHU3HAYUTH KUIBKICTh
nofinok N, OKyJsApa-MiKpOMETpa, SKi MOMIIIAIOThCS MDK
nBoma (’sAThMa, AECSATbMA) CYCIIHIMH TOAUIKAMHU JiHIH-
ku.O0UHCIUTH 301IBIIECHHS Y MIKPOCKOIIA 33 (hOPMYJIO0

a
y = 1/b0’ ne by =N,a,.

3anucary KiHIEBUH pe3ybTar.
PesynbraTtu 004KCIICHD 3aMKCaTH Y 3BITHY TaOJIHIIFO.

V. Konmponvui numanns
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RBoOoo~Nooor~wNE

0.

Sxa GynoBa mMikpockomna?

Sk 300pa3uTH XiJ MPOMEHIB y MIKpOCKOTTi?

[lo Take po3ainbHA 31aTHICTH MiKpOCKOIIa?

SIK miABUINMTH PO3AUTBHY 34aTHICTh MiKpockona?

o Take ameprypHuUit KyT?

3a K010 (popMyII0I0 OOUHCITIOETHCS YHCIIOBA anepTypa’
o Take 00’ eKTHBHUIT MiKpOMETp?

[{o Ha3MBa€eTHCA OKYISAP-MIKPOMETPOM?

Sk 3HAWTH WiHY MOAUTKA OKYJIsIpa-MikpomeTrpa?

[lo Ha3uBa€eThCS 301TBIICHHSIM MiKPOCKOTIa?

3BiTHA TAOJIUIIA.

NO' Nlr Nx, Ny; ao, al: Aalt bO' y! d'
moa. | moxa. | moAd. | moA. | MM | MM MM MM - MM

Ad,
MM

cep.

105




Jlabopamopna poboma Nelb

Tema: Bu3dHa4YeHHs MOKA3HUKA 32JI0MJIEHHA MIPO30PUX
TBepAMX TIJI 32 I0NMOMOr010 MiKpOCKoOna

Mpuiraagm Ta MaTepiajam: MIKPOCKON, MIKPOMETp, Mpo30opa
TUTOCKOTapanieibHa IIIACTHHKA.

Meta podOTH: OBOJOIITH METOAMKOW BU3HAYCHHS ITOKa3HUKA
3aJIOMJICHHS IPO30PUX TBEPIUX TiJI.

1. Teopemuuni eioomocmi

VY mpo3opux pedoBHMHAX CBITJIO IMOIIUPIOETHCA 3 Pi3HOIO
IIBUIKICTIO 3aJIe)KHO BiJ iX JieNeKTpHYHUX BiacTuBocTed. Ha mexi
MOITY TaKUX HPO30PHX CEPEIOBHIN HAmpsM MOMIMPEHHS CBITIa
3MIHIOETBCS, TOOTO CBITJIOBHI MPOMiHb 3asioMIIOeThCs. KyT maninns
a — 1e KyT MK NEepIeHAUKYISPOM, OMYIIEHHUM Y TOYI MagiHHA
MMPOMEHSI 10 MEXi pO3Iily cepe-
JOBUI 1 TaJalo4yuM TIPOMEHEM
(puc.1). Kyt 3anmomienns S — ue KyT
MDK TIePIICHIUKYIISIPOM, OITyIIIEHHM
y TOHIlI MAJIHHSA TIPO-MEHSA JI0 MeXi
PO3AUTy CEpPElIOBHIL, 1 3aJIOMIICHUM
npomenem (puc.l1).

AOGCOMIOTHUIA MTOKa3HUK
3aJIOMJICHHSI YHCENILHO JIOPIBHIOE
BIJHOIIEHHIO IIBHAKOCTI C IOIIU-
peHHS CBITJIA y BakyyMi A0 IIBHJI-
KOCTi L TIOITMPEHHS CBITIIA Y CEPEIOBHIII.

n=c/v. (D

BigHOCHMI MTOKa3HUK 3aJIOMJICHHSI 1151 JAPYTOro CEPEIOBHILA
BiJIHOCHO TIEPIIIOTO YHCEIHHO JTOPIBHIOE BiHONIICHHIO aOCOIOTHUX
MOKAa3HHUKIB 3aJIOMJICHHS JPYroro Ta TMepHIoro cepenoBuil, abo
BiJTHOIICHHIO IBHUJIKOCTI IOIUPEHHSI CBITJIA B IEPIIOMY CEPEIOBHIII

U4 JI0 MIBUJIKOCTI TIOIIMPEHHSI CBITIIa B IPYTOMY CEPEIOBHIII U :
n, Yy
N1 =——=—. (2)
ny v

—
2]
Q

3aKOH 3aJIOMJIEHHS CBiT/a (OPMYIIIOETHCA TaK:
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1) maparoumii, 3aMOMICHUH TPOMEHI Ta MEPHEHIUKYISP 0 MEXI
MTOJIUTYy CepPEIOBUII, OMYIIEHHUH B TOUKY MaIiHHs, MICTATECA B OIHIN
IIJIOIIKHI;

2) BIIHOUICHHS CHMHYCa KyTa MajAiHHS A0 CHHYCa KyTa 3aJOMIICHHS
JIBOX TPO30PHX CEPEIOBHUIII € BETMINHOIO CTAJIOIO:

sina
= Ny;. 3)

sinf

YacTo BBaXarOTh, IO aOCOMIOTHUN MOKA3HUK 3aJIOMIICHHS
MOBITPsI IOPiBHIOE | (IJ1s1 HAIOTO BUNIAZIKY CepeAoBHILE 1), OCKITBKH
IIBUJIKICTH CBITJIAa Y BaKyyMi OJM3bKa /10 IIBUAKOCTI CBITIIA B TIOBITPI.

Uepes Te 110 MOKa3HUK 3aJOMIICHHS 3aJICKUTh BiJl JOBXHHU
XBHWJI Maarovoro ceitna (n = f (1)), Horo npuiHATO HOPMYBATH JI0
ninii matpiro /I (A = 589,3 nm) i 3anucysatu ny. Ane 4acTo iHaeKC
[l oryckaroTh, mam’ATalouu Mpo 3raja”y ymMoBy. Y Tabin.l HaBemeHO
MOKa3HUKH 3aJIOMIICHHS ACSKUX PEUOBHH.

PeuoBuna n PeuoBuHa n
MOBITPS 1,000274 OeH3on 1,501
BOJA 1,333 (harooput 1,4339
TIIIEPUH 1,470 nix (273 K) 1,310

I1. Onuc npunadie i memoouka 6uUMiprO8anHs

3HaiiTu n Oe3nocepeHbO 332 KyTOM MaIiHHA Q@ Ta KyTOM
3aJIOMJICHHS [§ CKJ]aIIHO OCKUTBKHM KYTH B2)KKO BUMIpSTH. TOMY B it
S nabopaTopHiii poOOTI TTOKa3HUK
3aJIOMJIGHHSI TBEpIOi MHPO30pOi
MJIOCKOMAapajebHOI MIACTUHKH,
Kpi3b SIKy TpPOXO-AUTH Oine
CBITJIO, BU3HAYAETHCS 3a
____________ JONIOMOrOI0  MIKpOCKoIlla — Ta
Mmikpomerpa. bynoBa wikpoc-
KOIla omucaHa y JiabopaTOpHil

poboti Ne 14.
Puc. 1 Pre.2 Posrnsaemo xix mpome-
HIB y IDIOCKOMAapaseNbHii TIac-THHIII TOBIIWHOO
d, BepTHKaJBbHUHA po3pi3 Kol mojgaHo Ha puc.2. Hanecemo omHy
MOJIPSATIMHY Yy BUTJISL MPSAMOT JiHIT Ha HIKHIO ToBepxHIO (T. B), a
IpyTy — MEePHEeHINKYISIpHY 10 Hei Ha BepxHIo noBepxHIo (T. E). Yci

'
|
|
|
|
I
1
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TOUKU Wi€i MOAPANMHHU OYyAyTh [KEpelaMH PO3CISHHX IPOMEHIB,
gacTMHA 3 SKUX TOTparuiie a0 O00’€KTHBa  MIKpPOCKOTIIA,
PO3TalIOBaHOTO HaJ MIacTHHKOIO. Hexaii nBa kpaitni mpomeni AC Ta
AS, KyT pO3XOmKEHHS SIKMX OOMEXEeHHH po3MipamMH 00’ €KTHBa,
BUMANUM 3 T.B, i, 3aJlOMUBIINCE HAa MeXI PO3ILTY CepelOoBHII,
MIOTPAILIIOTh B 00’ekTHB. Jlms cmocrepirava, SKHH ITHBHTHCS
BEpPTUKaNbHO BHM3 Yy370BX Hopmami BE, mpomeni AC Ta /S
nepeTHyTbes B T. O — yaBHOMY 300paskeHHi T. B. CykynHicTh Takux
TOYOK JACTh ysBHE 300pakeHHA noapsmnuHu. OTXxe, ysBHA TOBIIMHA
IIACTUHKY d', Ky 6a4MMO B MiKPOCKOIIi, MEHIIA 32 JiMCHY TOBIIMHY
d.

BuMipsiBI 3a JOMOMOIOI0 MIKPOCKONA YSBHY TOBILIMHY
mIacTUHKA d' Ta 3a JOIOMOIOK MIKpOMETpa JilCHY TOBIIMHY d,
MOYHa O0YMCIIUTHA BITHOCHUI ITOKA3HUK 3JIOMJICHHS IUIACTHHKHA. A
came: 3 ABJE: JIE = BE-tgf = d-tgf; 3 AOJE: IE = OE-
tga = d'-tga. BpaxyBasuiu, 110 IpH MaIux KyTax & Ta f sinff ~
tgf, sina = tga, onepxuMo

d sina
T simp v ()

OTxe, aOCOMIOTHUN MOKAa3HHUK 3aJIOMIICHHS JAHOI MPO30poi

IJIACTUHKHA MOYKHA OOYHCIIHUTH 32 GOPMYIIO0

Nyq = 4’ (6)
ne d — niiicHa ToBiuHA; d' - ysIBHA TOBIIMHA [UIACTHHKH.

1II. 3a60annsn
1. Bumipsatd MIKpPOCKOTIOM VSIBHY Ta MIKPOMETPOM MdifCHY
TOBIUHY IJTACTUHKH.
2. OOuncnIUTH a0COMOTHHN OKAa3HUK 3AIOMIICHHS TNIACTHHKH.

1V. Xio po6omu
1. PosmicTHTH TIpO30pY TUIACTUHKY HA MPEJMETHOMY CTOIHUKY
MIKpPOCKOIIa TaK, 1100 TOYKa YSBHOI'O MEPETUHY MOAPSIHH
HIJKHBOTO Ta BEPXHBHOTO IIAPiB IJIACTUHKH NepeOyBaiu B
I10JI1i 30py.
2. 3a J1omoMoror TBUHTAa TpyOOro (OKYCyBaHHS OITYCTHUTH
TyOyc MIKpOCKOIa MakCUMajbHO BHHU3 J0 BEPXHHOTO ILIapy
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o u

10.

.

riacTUHKH. [Ipu bOMy MIKpOMETPUYHHI TBHHT TIOBEPHYTH
3a TOAWHHUKOBOIO CTPUIKOIO IO YIIOpY, a IcIs IbOTO Ha
omuH o0epT Hazaj. OO’€KTHB MIKpPOCKONa HE TOBHHEH
TOpKaTHCA MOBepXHI mMmiuacTUHKH. CHocTepeKeHHs BECTH
IWBJISTYMCH HE B OKYJISIP, @ 300Ky, KOHTPOJIIOIOYH BiJICTaHb
MiX 00’ €KTHBOM 1 IJIACTUHKOIO Ha OKO.
I'BuaTOM TpyOOrO (OKYCYBaHHS TMOBIIBHO IEpEMillyBaTH
TyOyC yropy IOTH, JOKH B OKYJSIpi HE 3’ SIBUTHCS UiTKe
300paykKeHHS TOAPSIIIMHN HAa HIDKHIA TTOBEPXHI IIACTHHKH
(t. B). OctatouHo 4iTKiCTh 300pa’k€HHS BiIPErYIIOBATH
MiKpOMETPUYHUM I'BUHTOM 1 3adikCyBaTH M0 MKaji 6apabana
BIIUTIK.
MikpOMETpHYHUM TBUHTOM, IIOBEPTAIOYM IOTO MPOTH
TOAMHHUKOBOI CTPUIKH, JOOMTHUCS YITKOTO 300pa)KeHHS
MOAPSNMHA Ha BepxHid moBepxHi mmacTuHkH (T. E). Ipm
IOMY BiJIpaxyBaTH KiJIbKiCTh TOBHHX 00epTiB OapabaHa k i
MOAUIOK M IKkanu OapabaHa, $Ki BiJNOBINAIOTH HOTO
HETIOBHOMY 00epTy. BuU3HaunTH ysIBHY TOBUIMHY TIACTUHKH
3a ¢popmynoro d' = (50k + m)0,002 mm.
JilicHy ToBIINHY d TIACTUHKHA BUMIPSITH MIKPOMETPOM.
BumiproBannst d ta d' HOBTOPUTH TpHYi.
Buxkopucrosyrouu cepenni 3nauenns d, ta d’'( 3a GopMyInorn
(5) oOumciutr aOCOMIOTHUH  TOKA3HUK  3aJIOMJICHHS
TUTACTHHKH.
OOuKCINTH CepeTHIO BiIHOCHY TIOXUOKY M.
Ad, Ady'

d_+d’ +100 %. (8)

0 0
OOYHUCIIUTH CEPEHIO a0COTIOTHY OXHOKY An:
6 Nz1, " M21, 9

100 % ©)
Pesynbpratn BUMipoBaHb Ta OOYHCIIEHb 3alMCATH B 3BITHY
TaOJHIIIO.

511210 =

An21 =

V. Koumponvhni numanns
[{o Take KyT HaJliHHS Ta KyT 3QJIOMJICHHS?
K hopMyITIOETHCS 3aKOH 3aJIOMIICHHS CBiTIa?
I1lo Take abCOMIOTHUI Ta BIAHOCHUI ITOKA3HUKHU 3aJI0MJICHHS
cBiTia?
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4. Slxuii 3B’A30K IOKAa3HUKA 3aJIOMJICHHS CBITJA 31 MIBUAKICTIO
TIOIIMPEHHS CBITJIa B CEPEIOBHUIITI?

5. 3a skor (GopMyNoO BU3HAYAETHCS IMOKA3HUK 3aJIOMJICHHS

cBiTna?

300pa3uTu Xi1 IPOMEHIB Y TIOCKOTAPaIeNbHIA TUTaCTHHIII.

7. BuBectu poOouy ¢dopmyrry uid OOYHCICHHS [MOKa3HUKA
3aJIOMJICHHS CBITJIA.

8. fka poboua Gopmyna aisi 0OOYHCICHHS BIJHOCHOT MOXUOKH
MTOKa3HUKa 3aJIOMJICHHS CBiTiIa?

o

3BiTHA TAOIHULIA.

Ne d’, Ad', d, Ad, | nyqy, | Anyy, | 6nyy,
3.10. MM MM MM MM - - %

cep.
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Jlabopamopna poboma Nel7

Tema: IlepeBipka 3axony MaJiioca

Mpunagn Ta matepiaau: nonspoinu, GoToomip, MiKpoaMIepMeTp,
OCBITJIIOBAY.
MeTta podoTH: EKCIICPHUMEHTAILHO TIEPEBIPUTH 3aKOH Majroca.

1. Teopemuuni éioomocmi

CBiTJIOBa XBHJIA — I1€ TTOTIEPEYHA €JICKTPOMAarHiTHA XBHIIS, sIKa
€ CYKYITHICTIO B3a€MHO TEPIICHAUKYJISIPHUX XBUJIb — CJIIEKTPUYHOI Ta
MAarHiTHOI.

Harmpsim mommpenHst cBiTia Ha3uBaeThCs mpoMeHeM. CBiTo,
CIeKTPUYHANA BEKTOpP SKOTO KOJHMBAETHCA B OJHIN IUTONIWHI,
Ha3MBAETLCS TMOJIAPU30BaHMM. [LmomuHa, B SKid KOJUBAETHCS
EIIEKTPUIHAN BEKTOP, HA3UBAETHCS IUIOMIMHOO KONKBaHb. [ LmomuHa,
B SIKii KOJHMBA€THCS MATHITHUI BEKTOp, HA3WBAETHCS IIOUTMHOIO
MOJIIpU3aIlii.

CBiTIIO, 10 BHIIPOMIHIOETHCS  130JIbOBAHUM  aTOMOM
YIPOJOBXK TEPIOAY BHIIPOMIHIOBAHHSA, € IMOJISIPHU30BAHUM. bymb-ske
peasibHe JHKEPEIIO CBITIIA CKIIAJAEThCS 3 BEIMUYE3HOT KIJIbKOCTI aTOMIB,
[0 BUIPOMIHIOIOTH CBITJIOBI XBWJII 3 HaWpi3HOMAHITHIIMMH
OpI€HTAIISIMH TUIONIMH KOJHBaHb. Take CBITIIO, B IKOMY OyIb-SKHIA
HampsiM KOJIMBaHb EIIEKTPHUYHOTO BEKTOpa € pPIBHONMOBIPHUM,
HAa3UBAETHCS MPUPOTHUM.

Bimomo, mo ¢dizionoriuna, poroximiuaa, poToeneKTpUIHA Ta

iHI  [ii  CBiTNIa  3yMOBIEHI
0, KOJIMBAHHSAMHU  €JICKTPUYHOTO
BekTOopa. Tomy  mpuiiHATO
TOBOPUTH  TPO  CBITJIOBHU
BEKTOD, MAIOUH Ha YBa3i BEKTOP
HaIPY)KEHOCT1  €JICKTPHYHOIO
TIOJIS.

I3 mpupoanoro cBitia
MO>XHa OTpuMaTH
HOJSIPU30BAHE, SKIIO
Puc. 1 IOPOIYCTHTH  HOro  depes
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ONTUYHO  aHI30TPONMHUH  KpUCTald 3
ONITUYHOIO BICCIO (HAIIPHUKIIAJ, TypMAaIiH,
reparnaTur). AHI30TPOTHUMU
HA3UBAIOTbCS PEYOBMHH, BIACTHBOCTI
SIKHX  Ppi3HI B PI3HHX  HampsMax.
ONTHYIHOIO BIiCCIO B KPUCTAJIl HA3UBAETHCS
ysiBHA TIpsiMa, BiHOCHO $KOI aTOMHU B
KpPUCTAJIIYHI  TpaTmi  po3TamroBaHi
cumerpuano. [Ipupomue cBiTiio (puc.l),
MPOMIIOBIIH qyepe3 TUTACTHHKY
repanatuTy l, o BUpi3aHa MapaneiabHO
onTuuHii oci 001 KpHcTaia, MOBHICTIO
NOJSAPU3YEThCA, TOMY Ma€ eJIeKTPUYHI
KOJIMBAHHS TUILKM B TOJOBHIN INIOMIMHI
Qq, TOOTO TmTIIOMmWHI, SKa MICTUTh ONTHYHY BICh Ta IPOMIHb.
[TomicTuMO Ha HIIAXY XOAy IPOMEHS 3a IUIACTHHKOIO TepanatuTy |
TaKy X camy miacTuHKy 2. OpieHTyeMO MIacTUHKY 2 Tak, 1ol ii
ontuyHa Bick 0,05 Oyna meprneHAuKy/IspHa ontuuHii oci 0,07
miactuaky 1. Tozi depe3 mracTuHKY 2 MPOMiHB HE Mpoize, 00 ioro
CIeKTPUYHI KOIWBAaHHS TEPIECHIUKYISIPHI TOJOBHIA ONTHYHIN
IUTOIIMHI @, TIIACTUHKH 2.

[lnactmaka 1, sKa TOJSAPU3YyE CBITIO, HA3HUBAETHCA
nonsgpuzatopoM. [lnactuHka 2, sika BHSBISE CTYMiHb HOJSpU3ALi
CBITJIa, HA3UBAETHCS aHAII3ATOPOM. SIKIIIO 7K ONTHYHI OCI MIACTHHOK
112 OynyTs yTBOPIOBAaTH KYT &, BiqMiHHUH Bij 90°, TO mpomiHb Oyjie
NPOXOANTH Yepe3 IUIACTUHKY 2 3 YaCTKOBOKO BTPATOI aMILIITYIH
CJIEKTPUYHUX KONHMBaHb. st ammutityau E, elnekTpuyHuX KOTUBaHb
Ma/1al04Y0T0 Ha TUIACTUHKY 2 MOJIIPU30BAHOTO CBITIIA Ta aMILTITy (1 E
eNeKTPUYHMX KOJIMBAHB, 0 NPOWILIM 4Yepe3 IUIACTHHKY 2 (pHc.2),
OTPUMAEMO

E =Eycosa. D
Bpaxysasum, mo I ~ E2, 3 (1) otpumaemo 3axoH Mamoca:

I = Iycos?a, 2
ne [y — 1HTEHCHBHICTH MOJSPU30BAHOTO CBiTJA, IO MaJaE Ha
IUTACTUHKY 2, | — IHTEHCHBHICTh IOJIIPU30BAHOTO CBITNA, SIKE
MpOWIUIO uepe3 TUIACTHHKY 2. TakuM 4YHHOM, TOBEpTaHHS
MOJISIPU3aTOPa HABKOJIO MOJISPU30BAHOTO TMPOMEHS MPUBOIUTH [0
3MIiHM IHTEHCHBHOCTI CBITJIa, 1110 IIPOXOIUTh Yepe3 LeH MoJIIpU3aTop.
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3a 3akoHOM Manroca, MakCUMyM iHTEHCHUBHOCTI Oyne mpH
0° (omrrruHi OCi MONSAPHU3ATOPIB MapajienbHi), MIHIMYM — IpH
90° (onTHYHI OCi MOJIIPU3ATOPIB MEPIICHIUKYIISPHI).

Ha npaktumi s momsipus3amii  cBiTiia  HIMPOKO
BHKOPHUCTOBYIOTHh Tonsipoiau. [lomsipoing — me mpo3opa momiMepHa
IDTiBKa, Ha Ky HAHECEHO 0Oararo ApiOHWX IITYYHUX KPHUCTAIHKIB-
MOJISIPU3ATOPIB (HANPHUKIIAA KPUCTANMKIB repanatuty). OnTudHi oci
BCiX KPHCTAIMKIB TepanaTUTy OJHAKOBO HampsMieHi. ToMy Takuii
TIOJISIPOIN A€ TIOJIIPHU30BaHE CBITIIO 3 KOJMBAHHIMY E B OIHIN MIEBHII
IUIOLIMHI.

[lonsipu3oBane CBITIO IIUPOKO  3aCTOCOBYETHCS  MPH
JOCTIDKEHHSIX ONTUYHO aHi30TPOIHUX €JIEMEHTIB Pi3HUX CTPYKTYD,
30KpeMa TKaHWH oOpraHisaMy. Hampukian, KoiareHHi BOJIOKHA
MOBHICTIO aHI30TPOIHI, ONTHYHI OCi X pO3TalloOBaHi B3IOBXK OCI
BOJIOKHA. Mirenn B M SKOTHIH 000NOHII HepodiOpum Takox
aHI30TPOMHI, ajleé X ONTHYHI OCi PO3TAllOBaHI B pamiaJbHHUX
HanpsiMax. ToMy B OaraTboX BHIIQJIKax MOXHa 3’sCyBaTH OyIOBY i
pO3TalryBaHHs CIIEMEHTIB CTPYKTYpH 3a JIOTIOMOTOFO
MOJIIPU3AIIiTHOTO MIKpPOCKOTIA.

a
a

11. Onuc npunadie ma memoouxka euMipro8anHs

B YCTaHOBITI

@ (puc.3) BHKOPUCTOBYETHCS

B pav MOJIIPU30BAHE CB%TJ]O
- (mxepeno —  poscisiHE

z COHSIYHE CBITJIO 3 BikHa 200

Puc. 3 CBITJIO €JIEKTPOJIAMIIOUKH).

[Mpupoane CBITIIO,

TNPOHILIOBIING, TOISPY34TOP B, monspusyerpcs. Ikpmsapusgrop| Mepie

enPTFaATUCH HA3RBRKOHO PROFO—HEHTDA 1 PAROM—23 TIM—RITHOCHO
1O BHO1+o < B

MOBEPTATHCH—HABKO! SHTPa,a—PagoM—3—THUM HOCHO

Hepyxomopg nanizardpa 3i3kanoBOipoiPnyibafigrdlibibani8a.

]

tobapoiS5 AFavisandpl DARANER s s e

LiHADM R Bey /K T 3p6e3nedye noTpRILIAHHS Ha djoToomip Juie
<) o

TOT] RITHA  grra TTANTIT N ranman AR obha Al gnaT o Hnorilamie s
O— o d; 7hkC—rppit (S s oD

HO—UEPE3-00HH ssipoian—Hposinicrs
o roonop}l 3MIHIOEbCS MPAMQ TPOTIQPIIHHO 10 [HTEHCHBHOCTI
nazna@mggqxlﬁmﬂyﬁpro ¢BITJIa i| € MakfUMaJbHOI TIpH KyTi MiX

OIITHYHUMH OCSMHU MOJIIpU3aTopa Ta aHamsartopa @ = 0°. 3a 3aKOHOM
Owma a5t IISTHKY KOJIa TIPH CTallill Hanpys3i BETMUMHA CHITK CTpyMYy [
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B KOJi OOEpHEHO TPOMOpIliifHA OMOpy KOJa, a TOMY MpPsAMO
TIPOTIOPITifiHA iIHTEHCUBHOCTI ITa1at0u0To Ha HHOTO CBITIIA.

N =

©oNO~wWNE

111. 3aeoannsn
[o6yayBaTi eKcriepHMeHTaNbHi 3anexHocTi I = Iycos?a Ta

I = f(a).

SIxicHO mepeBipUTH 3aKOH Masroca.

1V. Xio pooomu
[ligxmo4ynTH yCTaHOBKY A0 JKepena cranoi Hanpyru 12 B.
CrnpsMyBaTH Ha MOJISIPU3aTOP OCBITIIOBAY.
[ToBepratoun mossipusatop Ha Kytd, kpatai 30° (0°
30°...360°), 3apeecTpyBaTH BIiAMOBIAHI M 3HAYEHHS CHIIN
CTyMY 1 3amucary aHi y 3BiTHY TaOJHIIIO.
[lobynyBaTtt y  TONSApHUX  KOOpAWHATax  rpadikd
sanexuocreit | = f(a)Tal = Iycos?a (KyT a BiapaxoByIOTh
MPOTH TOJMHHUKOBOI CTPIIKU; JIOBXHH y pajiyca-BEeKTOpa
CTaBJIATH y MPSIMY BiAMOBIAHICTD 3HAYCHHSIM CHIIU CTPyMY ).
Pesynprat BUMiprOBaHb Ta OOYHCIICHb 3alHCAaTH B 3BITHY
TaOIMLIO.

V. Konmpononi numannsn
Ilo Ha3uBaeTbCs npoMeHeM?
o stBasie OGO CBITIOBA XBUJIS?
Sxa npupoja CBITIIOBOT XBUITI?
Ske CBITJIO Ha3UBAETHCS NOISAPU30BAHUM?
IIlo Take muouKHA KOJIUBaHb?
o Take ruIOIIMHA TOISPU3ALIIi?
SKke CBITJIO HA3UBAETHCS MPUPOTHUM?
o Take momsspu3aTop? aHamizatop?
SIK 3MIHIOETHCS aMILTITY 14 KOJIMBaHb EJICKTPUYHOTO BEKTOPA
MOJIIPU30BAHOIO CBITJIA MICIIs MPOXOKEHHS aHamizaTopa?

10. Sk 3anucyetbes 3akoH Maioca.
11. Jle 3aCTOCOBYETHCS MOJISIPU30BAHE CBITIO?
12. SIki pe4OBMHHM HA3MBAIOTHCS aHI30TPOITHUMU?

3BiTHA TAOIULIA.

Ne 1 2 3 4 5 6 7
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a,° 30 60 90 | 120 | 150 | 180
cos’a 0,75 | 0,25 0 0,25 | 0,75 1
I, MKA

I-

cos?a, MkA
Ne 8 10 11 12 13
a,° 210 | 240 | 270 | 300 | 330 | 360
cos’a 0,75 | 0,25 0 0,25 | 0,75 1
I, MKA
I-
cos?a, MxA
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Jlabopamopna poboma Nel8

Tema: Bu3Ha4eHHs NPOLEHTHOr0 BMiCTy IIYKPY B PO34MHi
IJIIOKO3U MO PUMETPUYHUM MeTOA0M

Mpunagn Tta wmarepianu: noxspumerp kpyroBuii CM-3  abo
mykpomeTp yHiBepcanbHuii CY-3, TpyOKH 3 PO3YMHAMH TIIFOKO3H
BiJIOMOI Ta HEBiJJOMOT KOHIICHTpAIIii.

Merta podoTH: OBOJOIITH METOAMKOI BUMIPIOBAHHS MPOIIEHTHOTO
BMICTy IIYKPY 32 JJOMOMOT OO TOJsIpUMeTpa abo IyKpoMeTpa.

1. Teopemuuni ¢ioomocmi
1106 IIBHJIKO

BHU3HAYUTH KOHIEHTpALiIO
OTITUYHO AKTUBHHX
B ~  PEYOBHH BHKOPHCTOBYIOTH
MOJIAPU3AIiiHI  TIpUIIan
(nonsipumeTpH, LIYKpO-
a o B

MmeTtpu). Humm kopucry-

IOTBCSL U1 KUIBKICHOTO

Puc. 1 BH3HAYEHHS BMICTy LYKpPY B

MOJIOIII, B KITIHIYHIH

npaktui Tomo. Pobora mux mnpunamiB IPYHTYEThCS Ha SIBHIII

MOBEPTAHHSI IJIOLIMHY MOJIIPU3aLlii ONITHYHO aKTUBHUMH IIPO30PUMHU
PO3YMHAMH 1 piTUHAMH.

CBiTI10 sIBJIsSIE COOOIO MOMEPEYHY EIEKTPOMATHITHY XBHJIIO, B

-

SIKIM BEKTOP HAIPY>KEHOCTI €JIEKTPUYHOro noJjs E, MarHiTHOro mnosus
—

H T1a HampsM IIBUAKOCTI INOIIMPEHHS XBWJII B3a€MHO IEpIICH-
JUKYJIsipHi. CBITJIIO HA3WBA€ETHCS MOJSPU3OBAHUM, SIKIIO BEKTOD

= cu :
HaIpPy>XCHOCT1 E CJICKTPUYHOTI'O IMTOJIA KOJIMBAETHCA B OJIH1M IIJIOMIUHI.

R

HJ'IOH_II/IHa KOJIMBaHb BCKTOPA HANPYKECHOCTI E CIICKTPUYHOI'0 IIOJIA

HA3UBAECTHCA IUIOIIMHOIO KOJIMBAHb  ITOJIIPU-30BAHOIO CBITIA.
-

[InommHa KonMBaHB BeKTOpa MarHiTHOI iHAYKWii B Ha3uBaeThCs
TUTOIIMHOIO TOJIAPHU3AaLii.
Bynp-sike mpuUpoAHE JHKEpENo CBITIa BUIPOMIHIOE CBITIIOBI

. . = .
XBWJI1 3 PI3HUMM HalpsiIMaMu KoJinBaHb BekTopa E. Tomy cBiTiO, siKe
. .. =
HE Ma€ BHUALICHOI IUIOIIMHHU KOJMBAHb EJEKTPUYHOro BekTopa E,
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Ha3UBa€eThCs MpUpoJHUM (puc.1,B). CBiTIO, edeKTpUUHUNA BEeKTOp E
SIKOTO KOJIMBAETHCS B OZHIM IUIOIIMHI, HA3UBAETHCS MOSIPU30BAHUM

(puc. 1,a). CBiTnO, KOJIMBaHHS ENEKTPUIHOTO BEKTOPA E sKOro MaroTh
BUIICHUI HAMIPSM KOJIMBAHb, ajie BiH HE € BUKITIOYHUM, HA3UBA€ETHCS
9acTKOBO TMoysipu3oBanuM (puc. 1,0). Ilpupombe cBiTIIO MOXHa
HOJISIPU3YBATH, TOOTO IEPETBOPUTH Ha nojsipu3oBane. [lonspuzoBane
CBITJIIO OJICPKYETbCS TPU HOro BiJOWBAaHHI BiJ JiCICKTPUYIHOL
MIOBEPXHi; TPH 3aJOMICHHI; TP TPOXOKCHHI CBIiTIIa depes
KpUCTanM, Ui SKUX  XapakTepHe  SBHIIE  IOABIMHOrO
MPOMEHE3aTOMIICHHS CBIiTIA.

SBume NOABIHHOrO NPOMEHE3AIOMIICHHS CBiTiIa — I
PO3ABOEHHS CBITIIOBOTO TIPOMEHS HA JIBa MOBHICTIO IMOJISIPU30BaHI y
B3a€MHO TEPICHINKYJSIPHUX TUIONIMHAX MPOMEHI B aHI30TPOIHOMY
kpuctam. [IpenMeTn, siKi pO3MNIANAIOTBCS uepe3 TaKUW KpUCTal,
BUTJISAAIOTH PO3ABOEHUMU. HarpsiM, y310BX SIKOTO BIZICYTHE SIBUILE
MOJBIHHOTO MPOMEHE3aJOMIICHHS CBITJIA, HA3UBA€THCSI TOJOBHOIO
ONTHYHOIO Bicclo KpucTana. OnNTHYHA BiCh € OJHOYACHO BICCIO
cuMeTpii kpuctana. Kpucranu, B sIKMX € O1HA TaKa BiCh, HA3UBAIOTHCS
OJHOBICHMMH, JB1 OC1 — JBOBICHHMHU.

[IpoMiHb, KM TOBHICTIO MiAJIATa€ 3aKOHAM 3aJIOMJICHHS
CBITJIa, HA3MBAETHCSI 3BUMAHHIM «3», SIKUI HE MiISIrae UM 3aKOHaM,
— He3BHYAHUM «H» (puc. 2,a). KonuBaHHs eeKTPUYHOTO BEKTOPA Y
3BUYANHOMY Ta HE3BUYANHOMY IIPOMEHSX B3a€MHO
NepHeHTUKYISPHI.

Crpinku Ha pHc.2 CUMBOJII3YIOTh KOJHBAHHS €JIEKTPUYHOTO

AlA
YYYy g

a) 6) 3

Puc. 2

BEKTOpa y IUIOUIMHI MalllOHKa, KPYXEYKH — Yy Hampsmi,
NEePHEHIUKYISIPHOMY JI0 TUIONIMHU MAaJFOHKA.

[ opepkaHHS TOJNSAPU30BAHOTO MPOMEHS KOPHCTYIOTHCS
npusmoro Hikons. e kpucran iciaanachKoro mmary, po3pizaHui 1mo
JiaroHani Ta CKJIEGEHWH KaHaAChkuM Oanb3amom (puc.2, 0). Ilpu
Ma/IiHHI TPUPOJTHOTO TIPOMEHS Ha TpaHb NMpu3Mu Hikoisi BHACHTIOK
MOJBIMHOTO MPOMEHE3AJIOMJICHHS, B KPHCTaJl HOIIMPIOIOTHCS BA
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NpOMEHI — 3BHYaliHUI Ta He3BHYaiHUi. [loka3HUK 3aIOMIICHHS
KaHAJAChKOro 0ajab3aMy MEHILUUI BiJ [TOKa3HUKA 3aJIOMJICHHS M, UL
3BUYAWHOTO MPOMEHS 1CTIaHACHKOro MNAaTy 1 OLIBIINMA, Hi’K TTOKa3HUK
3aJIOMJICHHS Ui HE3BUYAHOTO TPOMEHS iCIaHACHKOTO IIMATy 1.
Tomy nans 3BHYAHOTO TIPOMEHS KaHAJACHKUK Oanp3aM €
CEepEeIOBUILEM ONTUYHO MEHII T'YCTHM, a AJIS1 HE3BUYAHHOro — 0111
TYCTHM, HiX icTaHAchKUi mmat. Yepes 1e 3BUYaiHUI TPOMiHb, SIKHHA
najae Ha map Oajabp3aMy MiJ KyToM, OUTBIIMM 3a TPaHWYHUI, 3a3HA€E
MTOBHOTO BHYTPIIIHHOTO BiJOMBAHHS, & HE3BHYANHHWNA MPOMIHB 3a
Oy/Ab-sIKUX KyTiB MaiHHS IPOXOAUTH Yepe3 1ei map (puc.2, 6).

3BUYAHUII TPOMiHb, 3a3HABIIM ITOBHOTO BHYTPILIHBOTO
BiIOMBaHHS, Manae Ha OiYHY TpaHb, MMOKPHUTY YOPHOIO (apOoro, e
MOBHICTIO TTOTJIMHAETHCS.

B pesymprari 3 npmsmm Hikoias  BUXOAUTH  OJIUH
nossipu3oBannii ipominbk. [Ipm3ma Hikons, sxa 3acTOCOBYEThCS AMS
OJICpKAaHHS MOJISIPU30BAHMX IPOMEHIB, HA3UBAETHCS MOJSIPU3ATOPOM.
IMpusmy Hikons, SKy 3acTOCOBYIOTH IJisi BHSIBICHHS CTYICHS

/ 7 /

I~/ NN N

a) . ~.90°%-

Puc. 3

noJjisipu3anii NMPOMEHiB, Ha3WBalOTh aHamizaropoM. lIpu wmBOMY
BUKOPUCTOBYETHCS Ta BJIACTUBICTb, LIO B NMPHU3MH, PO3TAIIOBaHI
OJTHA 32 OJTHOIO, MOBHICTIO MPOITYCKAIOTh CBITJIO, SIKIIO iXHI ONTHYHI
oci mapanesnbHi (puc.3, a) 1 He NPOIMYCKAIOTh CBiTJa, SKIIO IXHI
OINITHYHI OCi B3a€MHO NIEPIIEHIUKYIISAPHI (pHc. 3, 0).

VY mpupoai € 6araTo pedyoBHH, 34aTHUX [TOBEPTATH IUIOLIUHY
MOJIAPHU3AIIil CBITIOBOI'O IIPOMEHS, 1[0 IPOXOAUTH Yepe3 HUX (puc.4).
Li pe4oBMHM Ha3MBAIOTHCSI ONTHYHO AKTUBHUMH (HAIIPUKJIIAJ, KBapL,
BUHHA KHUCIIOTa, IIYKOp). SIBUILE MOBEpTaHHS IUIOMIMHH KOJIUBAHb
MOJISIPU30BAHOTO  CBITJAa BHKOPHCTOBYETHCS JIISl  BU3HAUCHHS
KOHIIEHTpaIii OyJb-IKOi ONTUYHO aKTHBHOI PEYOBHHH B PO3UYHUHI
(HampuKyan, BOIHUX PO3YMHIB LIYKPY B MOJIOLI, IYKpPY B ceyl mpu
niaberi).
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Kyt ¢ moBopotry mnouuHu KonuBaHb (puc.4) y po3uusi P
MIPSIMO MIPOTIOPIIHHUH KOHIIeHTpamii C po34iHY 1 TOBIIMHI HOTO IIapy
d:
@ = Ckd, D
Je k — MUTOMUIA KYT TIOBEPTAHHS TUIONIMHU KOJHWBAaHbL CBITIOBOTO
MIPOMEHSI.
YucenbHO k TOpiBHIOE

9 > KyTY, Ha SIKUU

S-’I _.-”f \ TTT ? F TIOBEPTAETHCSA
/ il .ﬁ v v m(p IUIOIIMHA  KOJIUBAHb
MOJIIPU30BAHOTO

Puc. 4 CBiTJIA pu

MPOXO/PKEeHHI  HoTo
Yepes Hiap po3uuHy OJUHUYHOT TOBIIMHU Ta OAMHUYHOI KOHIIEHTpAIii
(koHueHTpanis C po34MHY BHPAXKA€ KiIBKICTh ONTHYHO aKTUBHOTO
KOMITOHEHTA B TIEBHIH KiJIbKOCTI CyMilIri).

Takum guHOM, K 6aunmo 3 (1), sxmo Bimomi k i d, To s
BU3HAYCHHS KOHILIEHTpalii pO3YMHY JOCUTH BHMIPSITH KYT ¢
[IOBOPOTY IJIOIIMHH KOJIMBAaHb €JICKTPUYHOTO BEKTOPA.

[lpunagu, mo BHU3HAYAIOTH KYT (¢ IIOBOPOTY IUIOIIMHH
KOJNIMBaHb  CJEKTPUYHOTO  BEKTOpa  IOJSPH30BAHOTO  CBITIA,
HA3UBAIOThCA MOJSpUMeTpaMu. [lonsgpuMeTpu, MmO JarTh 3MOTY
Oe3mocepelHbO0 BH3HAYMTH KOHLEHTPALil0 ILYKPY B PO3YHHI,
HA3UBAIOTHCA LIYKPOMETPaMH.

I1. Onuc npunadie i memoouka euUMipro8anHs

HaniBrinboBuii kpyrosuit monsipumerp CM-3 (ykpomerp
CVY-3) ckmamaeTscsi 3 ABOX OCHOBHUX YacCTHH: MOJSpHU3aTOpa Ta
aHajtizaropa (puc.5).

[Monstpu3aTop CKIANAEThCS 3 ABOX MOJSPU3ALINHHUX MPHU3M
Hikons: Benukoi I ta posramoBanoi 3a Hero Manoi n. [0j0BHI
MEPEeTHHN IMX TPHU3M YTBOPIOKOTH MK COOOI0 HEBEIUKHUI KYT.
CaiTIno, sike #e Bix [pkepena S, MPOHIIOBIIN Yepe3 MOHOXPOMATOp
M (MOHOXpPOMATOP MPOITYCKAE CBITIIO TUTLKU OHIET JOBKIHU XBHITi ),
npoxoauTh depe3 npusmy Hikons I1. TlonoBuHA CBITIIOBOTO MydKa,
MOJISIPU30BAHOTO B TICBHIM IUIONIMHI, TpOHae depe3 TpyoOKy,
3allOBHEHY ONTHYHO AaKTUBHMM pO34MHOM P, a moTiM uepes
anamizatop A. [lonoBuHa, nepir HiXk MOTPANUTH B ONTHYHO AKTUBHHUN
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PO3YHH, TPOXOAUTH Yepe3 MAJIMH MOJAPU3aTOp N, BHACTIJOK YOTO
IUTOLIMHA KOJIMBAHB CBITJIOBOTO TIPOMEHS JICIIO 3MIHIOETHCSL.

TakuM YMHOM, SIKIIO aHAII3aTOp MOCTABICHHH Ha IMOBHE
3aTEMHEHHS OJHi€1 MOJIOBUHU CBITJIOBOTO My4YKa, TO iHIIA MOJOBHUHA
OyZe 9acTKOBO 3aTeMHeHa. BHacIHioK I[pOro mose 30py B OKYISIpi
PO3AUTUTHCS Ha JIBI MOJIOBHHM 1 JiHIEO ToAiny Oyme pedpo mamoi
MPU3MHU 1.

Y po6oTi BU3HAYAIOTh HEBiIOMY KOHIIEHTPAIIIIO TTFOKO3H. K
O6aunmo 3 (1), icHye mTpsAMO TPOMOPIIiHA 3aleKHICTh MK
KOHIICHTPALI€I0 PO3YMHIB TIIOKO3U C Ta KyTOM MOBOPOTY IUIOIIUHH
MoJIApU3allii CBiTJIa, SKE MPOXOIUTh Yepe3 KIOBETH OJHAKOBOI
tToBIIMHY d. SK1mo Cy — BiloMa KOHIIEHTpAIIisl pO3UNHY TIOKO3H; (g
— KyT MOBOPOTY TUIOIIMHHA MOJSPHU3AIii CBITIa Y pEYOBHHI 3 BiIOMOFO
KOHIICHTPAIIEFO TIFOKO3H; (0 — KYT MOBOPOTY IIOLTUHH TOJISIPH3ALIii
CBITJIa y PEYOBHHI 3 HEBIJIOMOI KOHIEHTPAIIEI TIIOKO3H, TO 3 (1)
OTPUMAEMO

Cy =Cp ﬁ (2)
PB

111. 3ag0annsn
4. Bu3HAYUTH NPOLIEHTHUH BMICT I[YKPY Y PO3UHHI [IFOKO3H.

1V. Xio pooomu

VYBIMKHYTH MOJISIPUMETP Y MEpexy 3 Harpyroro 220 B.

2. CdoxkycyBatu okyisap 30poBoi Tpyou 3 (puc.5). 3 mi€ero
METOI0, O0epTaloud OIpaBy OKYJspa, AOOUTHUCH YiTKOTO
300paskeHHS MiBKPYTiB Pi3HOTO 3aTeMHEHHs Mo 30py. llpu
BOMY Y Kamepl MOJsIpUMETpa HE TOBHHHO OyTH TPYOOK 3
PO3UMHAMU.

3. BcraHoBHTH mpuiaa y HYJNbOBE MOJIOKEHHS 33 JOIIOMOTOIO
BUHTA, PO3TAIlIOBAaHOrO Ha mpuiani. Ilpu 1poMy HyJIbOBI
MOJIJIKM IIKaJIM 1 HOHiyca IOBHMHHI 30iraTucs, a oOHBa

=
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10.

ocoukrwE

MiBKPYTH OKyJsipa 30poBOi TpyOM OyIoyTh OJHAKOBOTO
4epBOHO-(10IETOBOTO KOIBOPY.

[lokmacTu B kamepy mossipuMeTpa TPYyOKy 3 PO3UMHOM
BigoMoi koHueHTpaunii. [Ipn mpoMy mITONmIMHA MOMSpU3aALil
MOBEPHEThCS HAa NEAKHHA KYT, 1, THM CaMUM, 3MIHUTHCS
OJTHOPIAHICTD OCBITJICHHS IOJII 30pY IIBKPYTiB OKYJsIpa
30poBoi TpyOu. I[loBepTarouum TBUHT, PO3TAIIOBAHUI Ha
npuiafgi, 3HOBY HalalITyBaTH @pwiaj HAa OJHAKOBY
OCBITIICHICTH MIBKPYTiB, 5K I1e OyJI0 B HYJIbOBOMY ITOJIOKEHHI.
[Tome 30py Oyae TEMHIIINM, OCKIIbKM YacTHHA CHEPTii
CBITJIOBOTO MyYKa MOTJIMHETHCS PO3ZYHMHOM TIIFOKO3H.

3a IIKaJIOI0 Ta HOHIYCOM HOJIAPUMETPA BU3HAUYNTH MTOKa3H Qg
3 rounicTio 110 0,01°. HoHiycoM KOpUCTYIOTBCS Tak camo, SIK
MPU BUMIPIOBAHHSX IITAHTCHIUPKYJIEM.

Bumipwu 3rinHo 3 myHKTamMu 4-5 TOBTOPUTH IIIE Bidi.
BuifHaTH TpyOKy 3 pO3YMHOM BiIOMOi KOHIIEHTpAIii i
BCTAaHOBUTH Ha 11 Miciie TpyOKY 3 JOCIIIPKyBaHUM PO3YHHOM,
Ta, BUKOHYIOUHW BCI Jii, 3a3Ha4eHi B 1.4-5, BUBHAYUTU KYTH
PH-

3a 3HAUCHHAMH @y Ta (Pp 3HAUTH 3HAYEHHS KOHIICHTpAIii
oKo3u Cy B TOCIIHKYBAaHOMY pO34MHI 32 (hopMyJIoro (2).
AOCONIOTHY Ta BIIHOCHY TOXMOKHM OOYHCIWTH 32
hopmynamu:

ACg, N Agg, 4 Apy,

0Cy = =100 %);
Ho Cs, ®¥B, ®H,
CHO * 5CH0
Al = 00 % ®)

Pesynpratn BUMipioBaHb Ta OOYHCIICHb 3alUCATH Y 3BITHY
TaOJIULIIO.

V. Koumponvhni numanns
SIke CBITJIO Ha3UBAETHCS TIOJIIPH30BAHIM?
SIKke cBITJIO HA3MBAETHCS IPUPOTHIM?
SIKke cBITJIO HA3MBAETHCS YACTKOBO MOJISIPU30BAHUM?
SIKi € METO/IM OTPUMAaHHS TOJIIPH30BAaHOTO CBiTIa?
[I{o Take rojJoBHa ONTHYHA BiCh KpHcTana?
SIKi KpUCTaIN HA3UBAIOTHCS OJJHOBICHUMU?
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12.

13.
14.
15.

SIxi mpoMeHi Ha3UBAIOTHCS 3BUYAHUMU?
SIki mpoMeHi Ha3WBAIOTHCS HE3BUUAHHUMU ?
Sxa 6ynosa npusmu Hikomns?

. SIk 300pa3uTH Xif npoMeHiB y npusmi Hikomns?
. 3a sIKOr0 (OPMYIIOI0 BU3HAYAETHCA KYT IMMOBOPOTY TUIOIINHHI

KOJIMBaHb ITOJSIPU30BAHOTO CBITIIA?

Ska pobOoua dopmyma IS BU3HAYCHHS  HEBIIOMOL
KOHIICHTpAITii TOJIIPUMETPHIHIM METOTOM?

Juig 9oro y BeTepuHapii BAKOPUCTOBYIOTH ITOJIIPUMETPH?
SIKi peYOBMHM HA3UBAIOTHCS ONTUYHO AKTUBHUMHU?

UoMy [OpIBHIOE TIMTOMHI KyT TIIOBOPOTY ILIOUIUHH
KOJINBaHb?

3BiTHA TAOIULIA.

Ne Pp, A(pB) PH) A(pH' CB' CHJ ACH: SCH:
3.I. | Tpag. | rpaa. | rpax. | rpam. | % | % | % %
1
2
3
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Jlabopamopna poboma Nel9

Tema: BuByeHHs iHTepdepeHIii MOASIPU30BaAHUX MPOMEHIB
3a monomoror nosipuckona [MKC-500

Hpuaagm Ta martepiamm: nomspuckon IIKC-500, 3pasku s
JOCTIKEHHS.

Mera poOoTH: OOYMCIMTH TOBIIMHY TMPO30PUX OO €KTIB 3a
noromororo mossspuckomna [TKC-500.

1. Teopemuuni éioomocmi
CBiTJIO — LIe CYKYITHICTh €JIEKTPOMATHITHUX XBHJIb, B AKIH Yy
B3a€EMHO  MEPHECHAMKYSPHUX  IUIOMIMHAX  KOJWBAIOTHCS — 3a

TapMOHIYHUM 3aKOHOM eJIeKTPHYHUI E rta marnitauii B BEKTOPH.
CBiTII0Ba XBHJISl BUIPOMIHIOEThCS OKpeMuM aTtomoM 3a 10™8c. By -
SIKE pealbHE JDKEPENIO CBITJIA CKJIANAEThCS 3 BEJIMKOI KUIBKOCTI
atoMmiB. ToMy Take CBITIO CKJIQmaeThCsl 3 BEIUKOI KIJTBKOCTI

—

eNIeKTPOMArHITHUX XBHJIb, KOJIMBAHHS €JIEKTPUYHOrO BekTopa E B
SIKMX B1IOYBAE€THCS B PI3HUX IJIOMIMHAX.

[Inommua, B sKii BigOyBalOThCS KOJIMBAaHHS BEKTOpa E,
Ha3WBAETHCS IUIONIMHOIO KOJHMBaHb, a MEPHEHAUKYIIpHA 10 Hel
(IToLIMHa, B SKiif BiIOYBAIOTHCS KONMBAHHS BEKTOPA B) — IIIOIMHOK
TIOJISIpHU3aIlii.

[IpoMmeHi, B SIKMX KOJHMBAaHHS BEKTOpa E BiIOYBalOThCS B

OJIHIH IUIOIMH] HA3HBAKOTBCA TOMAPU30BAHUMH. SIKIO KONMBaHHs E
BiOYBAalOTbCS B PI3HUX IUIOIIMHAX aje MalTh IEpPeBaKaroumii
HarpsM, TO IPOMEHI Ha3UBAIOTHCS YACTKOBO MOJISIPU30BaHUMH. SIKIIIO
K KOIIMBaHHSA EJEKTPUYHOTO BEKTOpa € Yy BCIX IUIOIIUHAX

PIBHOHMOBIpHHUM, TOOTO E ne mae MIEPEBAYKHOTO HAIPSIMY KOJIHMBAHb,
TO TaKe CBITJIO HA3UBAETHCS IPUPOIHUM.

[lonspu3zoBaHi MpPOMEHI MOXHAa OTpPUMAaTH  KiJIbKOMa
croco0aMu: TpW BIIOMBAaHHI BiJi METAJNEBHX IOBEPXOHb, MpPHU
3aJJOMJICHHI, TpM MPOXO/UKEHHI IPOMEHIiB uepe3 Kpucramd. B
OCTaHHbOMY BHWIIQJIKy KpPUCTaJl TIOBHHEH BOJIOAITH SBHIIEM
JIBO3AJIOMJIEHHS CBITIJIA.
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Posrasiuemo

JTOKJTa THIIITe SIBHIIIE

JIBO3AJIOMJICHHSI CBITJIA.

Lle sBumE po3AUICHHS

@ NpoMeHs, KW MpoXo-

IUTH depe3 KpucTai, Ha

- nBa (puc.l) MOBHICTIO

MTOJISIPU30BaH]  IPOMEHI,

Pue. 1 IUIOIMAHA  TIOJIAPU3ALIii

SKMX B3a€EMHO MEPIEeHAMKYISIpHi. Kpykeukamu 300pakeHO Hampsim

KOJIMBaHb €JICKTPUYHOTO BEKTOPA B IUIOIIMHI, MEPIEHANKYIISIPHIH 10

IUIONIVMHA PUCYHKA, CTPUIKAMH — HAMpPSIM KOJIWBaHb EIEKTPUIHOTO

BEKTOpa B IUIOIIMHI pucyHKa. OIWH 3 LIMX TPOMEHIB Miajsrae

3aKOHaM 3aJIOMJICHHS CBITJIa i HA3UBAETHCS 3BUYAHHIM «3». [HIIN He

MiUIarae  3aKOHaM 3aJOMJIGHHA CBITIa 1 TOMY HAa3HBAa€ThCSA
HE3BUYANHUM «HY.

Y KpucTanax € HampsM, HOMIMPIOIOYUCH B3JOBXK SKOTO
OpOMiHb HE PpO3AUIsSeTbess Ha JnBa. Lledl HampsiM Ha3MBaeThCS
ONITUYHOIO BicClo KpucTaimy. Kpucramu, muis Skux HasBHA OJHA Taka
BiCh, HA3UBAIOTHCS OJHOBICHUMH, 1Bl — JBOBICHUMHU.

Marepian abo npuiaj, SKuii TOISIPU3YE CBITIO0, HA3UBAETHCS
nossipu3aTopoM. [Ipunaz, 3a TOTOMOTOr0 SKOTO MOYKHA BU3HAYUTH
CTYIiHb TIOJSAPU30BAHOCTI CBITJIA, HA3WBAETHCS AaHAII3aTOPOM.
[MonsipuzaTopoM Ta aHaIi3aTOPOM MOXKE CIYXHTH Tpu3zMa Hikons
(masmpIe — HIKOJB).

3BUyaiiHUil Ta HEe3BHYAHHMN TPOMEHi, SKi BHHHUKAIOTbH
YHACJIZIOK  sIBHIA  TOJABIMHOIO  NPOMEHE3AJIOMJICHHS  IPH
MIPOXOJUKEHHI MPUPOIHOTO CBITIIA Yepe3 KpHucTal, HekorepeHTHi. Lle
TIOSICHIOETBCS THUM, IO TPHUPOJHE CBITIIO CKIAJIAETHCS 3 BEIHMKOI
KUTBKOCTI XBHJIb, KOJHMBAHHS B SIKMX BiJOYBarOTbCS B PI3HUX
IIONIMHAX, AKI HE TIOB’s3aHi OJ{HE 3 OJJHUM 1 TOMY HE MalOTh CTaJIOi
pizHuLi ¢a3. 3BuvaliHuii Ta HE3BUYAMHUI TPOMEHI, 110 BUHUKAIOTH 3
OJTHOTO i TOTO X IOJISIPU30BAHOTO IPOMEHS, KOTepeHTHi. ToMy Ko
KOJINBAHHS JIBOX TaKUX MPOMEHIB IPUBECTH JI0 OJHIET TUIONUHHU, TO
BOHM iHTepdepytoTb. [na  cmocrepexeHHs — iHTepdepeHwii
MOJISIPU30BAHUX MIPOMEHIB KOPUCTYIOTHCSI CXEMOI0, 300paskeHOI0 Ha
puc.2.

<=
<>
<>
<>
<>
<>
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Puc. 2

[Tnockomomnsipu3oBaHuii  NPOMiHb, SKWH  BUMIIOB 3
nonsipuzatopa I, B kpucram K posainserscs Ha 1Ba NOJISPU30BaHi y
B3a€MHO TEPHECHIUKYISIPHUX TIUTOMWHAX npoMmeri. Lli mpomeni
MOLIMPIOIOTECST B OJHOMY HamlpsMi aje 3 Pi3HUMU LIBHIKOCTSAMHU.
Skmo omntuyra Bick 00’  kpucrama napanensHa  abo
MEepHIeHINKYISIpHA 0 TOJIOBHOI TUIOUIMHU MOJSApU3aIii HIiKOIS, TO
Yyepe3 KPUCTAJ MPOe TIIbKU OAWH MPOMiHB: 3BUYAHHUI «3» abo
He3Buyaknuil «H». ko ontuyna Bick 00’ Kpucrana nmoBepHyTa Ha
JICSIKAHA KYT BIJIHOCHO TOJIOBHOI IUIONIMHM TOJIAPU3AIli HIKOJISA, TO
MOJISIPU30BAHE CBITIIO, 110 MAIa€ HA KPUCTAJl, PO3KJIANAETHCS Y HBOMY
Ha JiBa MIPOMEHI — 3BUYAHHUN «3» Ta He3BHYaHWNA «H». KoxHui 3
[UX [TPOMEHIB, TPOXOJISTYN Yepe3 aHAII3aTOP A, TAKOXK PO3KIATAE€ThHCS
Ha 3BUYAHMI Ta He3BWYalHWH TpomeHi. He3puyaliHWil MpoMiHb
BUXOANUTH 3 aHamizatopa. OOuaBa NPOMEHi, L0 BUXOAATH 3
aHamizatopa A, € KOTepeHTHHMH 1 TOMY TIpH HakKJaJaHHI
iHep(EPYIOTh.

IIpu npoxo/pKkeHHI Yepe3 MIIACTUHKY TOBLIMHOIO d KOXKEH 3
MMPOMEHiB BificTaHe 3a (a3or Ha BenuuuHy 21d /A, ne A - JOBXKUHA
XBWJII JaHOTO MpOMeHs B KpucTami. [y 3BHYaiiHOTO NpOMEHs
JOBXHHA XBHII A, = v, /v, 1 He3BUUYalHOTO — A, = v, /V, ne v -
LIBUIKICTH MIPOMEHS, V - YaCTOTa KOJIMBaHb. BpaxyBasmy, 1o v, =
c/n, iv, =c/ny, 1e n, i n,; — MOKa3HUKH 3aJIOMJICHHS BiIMOBIIHO
3BHYAWHOTO T4 HE3BUYAWHOTO MPOMEHIB, 3HAWIEMO PI3HUIIO a3 MixK
HUMH:
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2nd 2md 2md/ 1 1 v
Ap = - = ( )zanz(nB—

A Ay c v3/v_vH/v
2nd

= T (ns - nH)'

TakuM 4yuHOM, pi3HULS (a3 MK MPOMEHSIMH 3AJICKHUTH Bif
TOBIIMHU IJIACTHHKH d 1 PI3HMII N, — Ny, KA HA3UBAETHCS CHIIOKO
MTOABIHHOTO TIpOMEHe3aloMIIeHHs. SIkmo Ha momspm3atop Il
CHpSIMYBaTH OUJTNI IPOMiHB CBITIIA, SKHH CKIIAAAETHCS 3 XBHIIb Pi3HOT
JOBXHHHU, TO iHTepdepyBatu OyayTh TINBKH Ti MPOMEHi, AN SKHX
BHKOHY€ETHCS YMOBA 1HTEp(EpeHIIii:

2nd
AQO = T(ns - n]—l) = 2mk, (1)
a0o0 1S pi3HMILI XOIY
A= d(n, —n,) = Ak. (2)

Omxe, pe3yabTar iHTEp(EpEeHIll 3aleKUTh BiJ JTOBXKUHU
XBHJIL.

Sxmo mix Hikomsimu A i 11 (puc.1) momicTuTH aHI30TPOITHY
pedoBHHy, TO sBUIIE iHTepdepeHuil Takok Oyle crocTepiraTHcs.
HITy4HO ONTHYHO aHI30TPOIHY PEYOBHHY MOKHA OJCPIKATH, SIKILO
130TpONHY pedYoBHWHY (CKJIO, IUIacTMaca) MiAgaTH MeXaHiuHiH
nedopmartii. Hampuknan, npu ogHOOIYHOMY CTHCKaHHI ab0 po3Ts3i
TIJIO CTA€ aHI30TPOITHUM.

Hexaif CBITJIO MOIIMPIOETECS Tak, SK MMOKAa3aHO Ha pHC 3.
Jlocnin mokasye, IO Cuiia MOABIHHOTO NMPOMEHE3ATIOMIICHHS N, —
n, = PB, ne P — nedopmariist, B — koHCcTaHTa. Pi3HUIS X01y, SIKY
OTPUMAIOTh 3BHYAMHMI Ta HE3BUYAWHUN TPOMEHI YHACHIIOK
MTPOXOJPKEHHS TiJia TOBIIUHOIO d, TOPiBHIOE:

A= dPB. 3)

3aBasKku 3alexHOCTI Bix P mpocBiTieHe npu aedopmarii

noJie 3adapOoOBYEThCSI aHATIOTIYHO A0 TOTO, AK 3a(apOoByeThCS TOIIe
IIPU CIIOCTEPEKEHHI XPOMATHYHOT MOJISIpH3aLtii.

[onBifiHe TNPOMEHE3ANOMIICHHSI CIIOCTEPIraeThCsl 1 TpHU
MPUITUHEHHI [iT 1eOopMyI0U0i CHIIK 32 YMOBH, IO B TiJli YTBOPHIIKCS
3anumKkoBi pedopmanii. LTyune mnonsiiiHe NpoMeHE3aJIOMIICHHS
BUKOPUCTOBYETHCS Ha MPAKTHLI AJIs BUBUCHHA AedopMaliiil i Hanpyr
y mnpo3opux Ttinax. [loyisipu3oBaHe CBITJIO 3aCTOCOBYETHCS IPH
JOCHI/DKEHHI TKaHWH OpraHi3my. B OaraTthox BuUmajmkax mpu TaKHX
JOCHIDKEHHSIX BaKIMBO BH3HAUMTH PO3TAIIyBaHHSA Ta OyAOBY
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CJIEMCHTIB CTPYKTYp, SKi HE BUSBISIOTECI MIKPOCKOIIOM Y
MIPUPOTHOMY CBITIIL.

11. Onuc npunadis i memoouxa eUMipI06aHHA

ITonspuckon IIKC-500 mpu3HadeHWil I  BHBYCHHS
MTO/IBIHHOTO TPOMEHE3aJIOMJIEHHSI Y Tpo3opux Tinax. lpwHmwumn mii
npwiagy  IPYHTYETbCS ~ Ha  CIOCTEPEKEHHI  MOABIHHOTO
NPOMEHE3IOMJICHHSI B JIOCHI/DKYBAaHOMY  3pa3Ky  METOJOM
iHTepdepeHIii.

[Ty4ok CBITIOBMX HPOMEHIB BiX /pkepena cBitia 1 (puc.3),
MPOMIIOBIIN KOHACHCOP 2, 13epKaiio 3 i mosipu3aTop 4, BUXOAUTH 3
TaKOi CUCTEMU IUIOCKOIMOJISIPU30BaHUM. L{el miiocKononspu3oBaHuil
Iy4OK CBITJIa TMOTPAIUISE HA OCTIKYBAaHUHA MPO30PHIA 3pa3oK 6, B
SIKOMY CIIOCTEPITa€ThCS SIBHILE IMOJBIMHOTO MPOMEHE3aJIOMJICHHS
cBiTia. ToMy TIpOMiHB CBITJIa PO3KIANAEThCI HA [[BA MPOMEHI —
3BUYAHUN 1 He3BWYaWHWH. [LMOmUHM TMX TPOMEHIB B3a€MHO
NEepHIeHINKYISIpHI, a caMmi KOJMBaHHA 3CYHYTI 3a (a3o OJuH
BiTHOCHO OAHOTO Ha Oinblie a00 MEHIIEe 3HAYCHHS 3aJIeKHO Bij
BEJIMYMHM HANpPYXKEHHS Yy 3pasky. AmHamizatop 7 TPUBOJHUTH
KOJIMBAaHHS 3BHYaHHOTO Ta HE3BUYAaHHOTO TPOMEHIB B OJHY
IUTOIMHY, BHACTIZIOK 4Oro TpomeHi iHTepdepyroTs. Croctepirau
4yepe3 aHaiizaTop 7 Ha MpPEAMETHOMY MAaTOBOMY CKJIi 8 Oa4uTh
KapTUHY, XapaKTepHy IS TOTO YH iHIIOTO HAPYKEHHS Y 3pa3sKy.

3a inTepdepeHIiiHOI0 KapTUHOI MOYKHA SKICHO CYJTUTH PO

HasiBHICTb Ta BEIUYUHY
HanpyxeHb.  KBaprosa

| — -
MJIACTUHKA 5,
BCTaHOBIIEHA IIiJi KyTOM
T)ﬁ 45° no oNTUYHHUX Ocel
ﬁdf 3 nonsipuzaropa Il Ta

2 . .
1 aHajtizaropa A, 30inbinye
*‘QX} f YYTIHUBICTh npuiaany,
BHACJIII0K 4Oro

Puc. 3 inTepdepeHriiiae
3a0apBIeHHS TIOJIS 30py

CTa€ IMypIypoBO-(ioJETOBUM.
3HalO4YM 3HAYCHHS N, — Ny, MOXHA BU3HAYUTH ONTHYHY
PI3HHUIIIO XOAY XBHJIb:
A= d(n; —ny) (4)
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ne d — TOBIIMHA JOCIiIKYBAaHOTO 3pa3Kka, MKM; N, — N, — PI3HUL
MOKA3HHKIB 3aJIOMJICHHSI 3BUYalfHOTO Ta HE3BHYAWHOI'O IPOMEHIB.
Bennunny A Bu3HaAualoTh  Oe3MocepeHbO 32 KOJIBOPOM
inTepdepenmiitnoi xkapTuHnM: A, = 1,5-107° M (3emenwuii); A, =
4,5-107% M (poxesuil); A,= 2,25-107° M (opamxkesuil); A, =
2,55 - 107° M (:xoBTHIN).

el N =

111. 3a60anna
BuBunty inTepdepeHuiiini KapTHHU B IpEAMETIB 3 HA0OPY
0 TIOJISIPUCKOTIA.
OO4KCcaUTH TOBIIMHH AOCIIIKYBaHUX 3pa3KiB.

1V. Xio po6omu
[TomicTuTH KpyT 3 MOCTiIKyBaHUMH 3pa3kaMu (BiKOHIA 1, 4,
7, 10) Ha o;tMH 3 KpaiB MaTOBOTO MPEIMETHOIO CTOJIHKA.
Ho’XHO0 KHOTIKOIO BBIMKHYTH OCBITJICHHS Tpritany. KHonky
TPUMAaTH BBIMKHEHOIO He Oinbie 3-4 c.
Uepe3 aHamizaTop, pO3TallOBaHWH NEPHEHAUKYISPHO [0
BiKOHEIIb, PO3TJISIHYTH KOKHHH 31 3pa3KiB.
[ToBepraTu B paBuii Oik (32 TOAMHHUKOBOO CTPIIIKOIO) KPYT
31 3pa3kaMd 10 OJEp)KaHHS OJHAKOBOTO KOJIbOPY BCiX
BiKOHeIb (KOJip BiKOHENb i MaTOBOTO CKJIa MIOBUHEH OyTH
ITypIrypoBo-(hioIeTOBHIA).
3HOBY MOBepTaTH Kpyr y MNpaBuil OiK A0 onxepX aHHS
HAMsACKPABIIIOrO 3€JIEHOr0 KOJbOpY IEpLIOro  3paska.
BusHaunTH KObOpH iHTEphEepEeHIIHHIX KApTHH 3pa3KiB 4, 7,
10.
3a KOJIBOPOM IHTEp(EPEHIIHHOT KAPTUHH BU3HAYUTHU
PIZHUIIIO X0y JUTS KOKHOTO 3pa3Ka.
OOuncanTH TOBIMIMHY AOCIHIIIKYBaHUX 3pa3KiB 3a (POPMYJIO0
d=A4/(n, —ny), nen, —n, = 0,03.
Pesynbraru 3anucaty y 3BiTHY TaOJIHIIIO.

V. Konmponvui numanns
Slke CBITIIO HA3UBAETHCS MOIAPU30BAHUM?
SIKi CBITIIO HA3UBAETHCS YaCTKOBO MOJIIPU30BAHUM?
SIKke cBITJIO HA3UBAETHCS IPUPOTHUM?
Sxuit TpOMiHb Ha3UBAETHCS 3BUYANHUM?
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N O

MIpOMeHiB?

©w

Sxuit TpOMiHb Ha3UBAETHCSI HE3BUUAHHUM?
SIki KpHECTaIy HA3WBAIOTHCS OJTHOBICHUMH? JTBOBICHUMU?

3a sIKMX YMOB 3BHYaiiHi Ta He3BUYalHi MPOMEHI KOrepeHTHi?
Sxa Qopmyna pizHumi a3 3BUYAHHOrO 1 HE3BHYAWHOTO

TOBILIUHH 3pa3Ka i Jedopmariii B Hbomy?
10. fIxa poGoua dopmyIa sl BU3HAYCHHS TOBIIUHH 3pa3Ka?

3BiTHA TAOIHULIA.

SK 3ameXWTh PI3HWIM XOAYy CBITIOBHX TIPOMEHIB Bif

Howmep
BIKOHIIA

Komip BikoHIIS

A, M

d, m

1

4

7

10
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Jlabopamopna poboma Ne20

Tema: Bu3HaueHHsI JOB:KMHM XBHJIi i eHeprii kBaHTa
BHUNPOMiHIOBAaHHS Ta30BOr0 Ja3epa

Mpuiraagm Ta Martepianm: ra3oBuil Jasep, AUQpakiliifHa TpaTka,
OTITHYHA JIaBa, CKpaH 3 JIHIMKOI0, MacIITa0Ha JTiHIHKa.

Metra po0OTH: HABYMTHCS BU3HAYATH JOBXKUHY XBHWII Ta
00YHCITIOBATH CHEPTil0 KBAaHTa T'a30BOT0 Jia3epa.

1. Teopemuuni éioomocmi

Hudpakmiero CBITIIa

f  HasuBaeTbCs OTMHAHHS

%L CBITJIOBUMH XBWJISIMH IEPEIIKOJ,

L} i TOOTO  BigXWICHHS iX  Bif

—>B! d  nupsamoniHiiiHOro MOIIUPEHHS.
> i . .

-G Hdudpakmist crocrepiraeTbes MpH

C! ' e  TIPOXO/KEHHI CBiTIIa Kpi3b

Puc.1 OTBOPH, WIUTMHHU, MPH PO3CISTHHI

CBITJIa Ha MIKPOHEOIHOPITHOCTSIX
cepenoBuma. SBume audpakmii
BUSIBIISIETHCS TUM YiTKiIlle, YAM OJIMK4i pO3MipH Mepetiko/i (OTBOPIB,
IIUTAH, HEOHOPITHOCTEH) IO JOBKWHU MAJaf0401 Ha HUX XBHIIL.
Hudpaxuis, gk 1 iHTepdepeHIist cBiTia, 3yMOBIEHa HOTO
XBHIJILOBOIO TIPUPOJIOO 1 TOMY TIOSICHIOETHCSI XBHIILOBOIO TEOPI€I0 HA
ocHOBi mpuHImy [roiirenca-®penens. Hexaii miocka cBitioBa
xBwis ABC manae Ha otBip (puc.l). Ilpunmmmn [roiirenca: xoxxHa
TOUKa XBHJILOBOI moBepxHi (ABC), siky XBWIIS JOCSIIa B JaHUN
MOMEHT 4acy t;, € LHEHTPOM €JIEMEHTapHUX BTOPMHHUX XBWJIb 1 iX
30BHIIIHS OruHatoya Oylle XBHJIHOBOIO IOBEPXHEI0 B HACTYIHHN
MOMEHT 4acy t,. [Ipuniun OpeHens: BTOPUHHI XBUIII KOT'€PEHTHI i
npu HakianaHHi iHTepdepyroTh. Ha puc.l MWTPUX-TTyHKTUPHOO
niHiero ABC mo3HaueHO MOJIOKEHHS XBHJILOBOI MMOBEPXHI B MOMEHT
qacy t;, a LITPUXOBOIO KPHUBOIO JIIHIEI0 — TMOJOXKEHHS XBHJIHOBOI
MOBEPXHI B MOMEHT 4acy t, (TOOTO ()POHT XBHJII B MOMEHT Yacy t;).
I3 puc.1 BUAHO, IO XBIIILOBA TIOBEPXHS CBITIOBOT XBUIIL, SIKa
npoiiiuia yepes MiIMHY, IUIOCKa TUTBKU B [IEHTpanbHii yacTuHi. Ha 1i
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kpasix (. A 1 C) BigOyBaeTbcsd BIOXWIEHHS MPOMEHIB Bij
MIPSMOITIHIITHOTO TTOIIMPEHHS — CTIOCTEPITAEThCS SBUIIE TUGPaKIIii.

3rigHo 3 npuHiMnoM MOpeHens, MPOMEHi, SKi BUXOAAThH i3
BTOPHMHHUX KOTE€peHTHHX Jkepen (T. A, B, C) xorepeHTHi i OyayTh
MIpH HaKJIagaHHI iHTepdepyBaTH. 3aleXHO BiA PI3HMII XOXIy, Ha
eKkpaHi e BT. d | f OyayTh CLIOCTEPIraTUCS MAaKCUMYMH 200 MiHIMyMH.
TakuM uMHOM, Ha e€KpaHi OTpHUMaeMoO AW(QPaKUiHHY KapTHHY —
CHCTEMY CBITIIMX 1 TEMHHUX CMYT.

HudpakmiiiHy KapTUHY MOXHA OTPUMATH 3a JOMOMOTOIO
nudpakniitHol rpaTKH, sSiKa SBJsie COOO00 CYKYMHICTh BEIUKOTO YHCa
nmapajieIbHUX — PIBHOBIJAJICHUX OJHA Bil OJHOI IUIMH. Y
HaWTIPOCTINIOMY BapiaHTi TaKOIO TPATKOIO € CKIISTHA TUIACTHHA, Ha SKIi
3a JOMOMOTOI0 MJUIMIBHOTO TPUCTPOIO dYepe3 pIiBHI MPOMIKKH
HAaHECCHO TMapaJiebHi JiHII — moapsnuHu. Ha MoBXWHI B OOUH
Mimimetp ix MoxHa Hanectd noHaa 1000. i moxpsmuHM po3Citol0Th
CBITJIO, HE MPOIMYCKAIYH HOTO, @ TPOMIKKH MiXK HUMH € TIUTHHAMH,
IO MPOITYCKAIOTh CBITIIO.

Ha puc. 2 cxemaTnuHO 300pakeHO MU PAKIIHHY TPaTKy 2. a
— MIUPYHA [UTHHA; b — IIPUHA HETPO30POi YaCTHHY MK IIUTHHAM,
d = a + b—nepion (cTana) audpaxkuiiHOI IPaTKH.

' Hexait Ha

TUGPaKIifHy T'paTKy 3 JBOMa

) Avya b B LIJIMHAMU nagae
< MOHOXPOMAaTUYHUH MyYOK
o S napasenbHuX CBITJIOBHX

7 < C » nOpomeniB. Lli minuHM €
KOT'€pEHTHUMHU IDKEpernaMu

CBITJIA. Axio 3a

€ D TUQPPAKIIHOI  TPaTKOKw &

po3ramryBatu 30ipHY IH3Y .7,
TO Ha €KPaHi e, MO0 MICTUTHCS Y
(doKaNmbHIA IJIONIMHI JH3H, OJEPX)UMO JU(DPAKIIHHY KapTHHY.
Hudpakuiiina kapTHHa € pe3yapTaToM ABOX mpotecis: 1) qudpaxmii
CBITIIa BiJl KOXKHOI IMUIMHU 30Kpema; 2) iHTepdepeHIii Big 000X
LIJIVH.

PosrnssHeMo iHTEepdepeHIlito BiJ 000X IMIUIHH, B3SBIIW IS
MPOCTOTH JBa MPOMEHI, [0 MaJalTh HAa JIBI Kpal IMIITUHHA 1
TdparyroTh miJi KyToM @. 3 puc. 2 6a4nMo, o pi3HUI Xoay A =
BC = AB - sina, To0T0

Puc. 2
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A=d-sina. D

Skmo A 1opiBHIOE HENTAPHOMY YHCITY IIBXBHIIb 2k +
1)A/2, To B po3rnsayBaHiii Toulli D ekpaHa OTPUMAEMO MiHIMyM:
A
d-sina = (2k+1)5, k=0+1,%2,£3 ... 2

SAxuio pizHULS X0A4y A NOPiBHIOE TApHOMY YHCITY MiBXBHIIb
A .o .
2k 2> TO B PO3IJIA/yBaHiH TOUII D expaHa oTpUMaEeEMO MaKCHUMYM:

d-sina =k A, k=04%1,%£2,%3,... 3
PiBusinHs (3) 3anuIIaeTbes CHOPaBEAJUBUM Y BUIAIKY
0araThOX MIUTHH 1 HA3UBAETHCS (POPMYITOI0 Au(paKkIifHOT TPaTKH.
SIKI10 OCBITUTH IIITHHY O1TUM CBITIIOM, TO JUIS KOXKHOI 3 IOT0O
CKJIaJIOBUX (MOHOXPOMAaTHYHUX XBHIIb) NPU JaHOMY K OAEPIKHUMO
cBiii MakcumyM. Jlasi MakcuMyMmy HyJaboBoro mnopsaky (k = 0)
pi3HHIL X0qy A mist XBUIb OyAb-KOi OBXHHU JOPIBHIOE HYJIIO.
Tomy Ha ekpaHi HaBNPOTH cepeanHU MUPAKIIIHOI rpaTku Oyze
CIIOCTEPIraTHCh CMyra OUIOro KOJIbopy (LEHTPAIbHUA MaKCUMYM).
[lo obumBa OOKM Bim LEHTPATHHOTO MAKCUMYyMy, UYEpTYIOUHCH i3
TEMHUMH cMyramd (MiHIMyMaMH), CHMETPHYHO PO3TAIIYIOThCS
CHEKTpaJIbHO 3a0apBieHi cMyru (Makcumymu) l-ro, 2-ro, 3-ro Ta
IHIINX TOpPSIKiB. bimkde K0 HyIbOBOTO MakKCUMyMy OyayTb
3HAXOMUTHCS 30HH (PioIeToOBOro KOMHOpY (3 HaiiMmeHmow A), 3
MPOTHIICIKHOTO OOKY — 30HH YE€PBOHOTO KOIBOPY (3 HAHOLIBIIO0 A).
Mix ¢ioneToBUM Ta UYEPBOHUM KpasMd KOXXHOTO MaKCUMyMY
PO3MICTATbCA BCi 1HIII CHEKTpaJibHI KOJNBOPH. Y 3B’S3Ky 3 LHUM
MU PAKITITHI MAKCUMYMU Ha3UBAIOTHCS TU(MPAKIiTHIMA CIIEKTPaMHU.

11. Onuc npunadis i memoouxa eUMipI0GaHHA
VYcraHoBKa, CXeMaTHYHO 300paXkeHa Ha PHC.3, CKIIQIa€eThCS 3
ONTHYHOI JIaBU, Ha SIKifl BCTAHOBJICHI /DKEPEIO MOHOXPOMATHYHOTO
cBiTia S (razoBuil Jazep), AudpakiiiifHa rpaTka ¢ Ta ekpaH e. Meton
BUMIPIOBaHHS TIOJISiTa€ B TOMY, L0 AUPPAKIIHHUNA MaKCHUMyM
PO3TIIAIAETHCS HA €KpaHi e 3a BiICYTHOCTI JIH3H.
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Ponp mim3m TyT
BUKOHYE KPHUCTAJIUK OKa
crocTepiraya, o
¢ikcye Ha CITKIBII OKa
mapajenbHi  MPOMEHI,
SKi  oJepXkKaHi  TICIsT
NPOXOUKEHHST  uepes
I paKIiitHy TpaTKy.

Puc. 3 3 dhopmynu

Judpakuiitnoi rpatku (3)

BHU3HAYMMO JIOBXKUHY CBITJIOBOI XBHJI, SIKY BHUIPOMIHIOE Ta30BHH
nasep:

d-sina

Ane 3 AOBC: tga = 1l/L , ne L — BigcTap Mix
TG PAKITIITHOIO TPATKOO i eKpaHoM; [ — BiICTaHb MiXK HYJIBOBUM Ta
k-m mudpakuiitauM makcumymamu. [Ipu Manux kyrax tg a = sina,

TOMY

2 dl )
kL
Marouu JOBKUHY XBHJII A, JIETKO O0YMCIUTH SHEPTi0 KBaHTa

BI/IHpOMiHIOBaHHH ra3oBOro Jia3epa:
hc
=7 ®)

ne h = 6,63-1073* JJocc — crana Ilnanmka; ¢ = 3-10% m/c —
IIBUJIKICTH CBITJIa Y BaKyyMi.

III. 3aeoanns

1. O3HallOMUTHCE i3 YCTaHOBKOIO.

2. BusHauuTH MJOBXMHY XBWII BHUIPOMIHIOBAaHHS Ta30BOTO
nasepa.

3. OO4YMCIUTH EeHepriro KBaHTA BUIPOMIHIOBAHHS Ta30BOTO
nazepa

1V. Xio pooomu
1. BcranoButu audpakuiiHy rpatky Ha Bifctadi 10-15 cM Bix
BIKOHIIS Jia3epa.
2. Ha iHmomy KiHIli ONITHYHOT JIABU BCTAHOBUTH E€KPaH.
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10.

11.

.

o

VYBIMKHYTH OJIOK HUBJICHHS ra30BOT0 Ja3epa B Mepexy 220
B. 3a mommomororo Tymbiepa yBIMKHYTH Jla3ep.

JlazepHuii IPOMIHB CIIPSIMYBATH Ha cepeauHy AudpaKmiiHoi
TpaTKH Tak, MO0 INeHTpanbHuii MakcumyMm (k = 0) OyB
rocepenuHi ekpaHa. [lo oOmmBa OOKM Bia IIEHTPAILHOTO
MaKCHUMyMYy MOBHHHI (ikcyBaTucs MakCUMyMHu 1-ro Ta 2-TO
MOPSIAKIB.

Buwmipsatu BiacTass L Big mudypakmiifHOl TpaTKH IO €KpaHa.
Bumipsatu Bifctani l; Bil LEHTPAILHOTO MaKCUMyMY 0
MaKCUMYMY IIEPIIOT0o HOPSAKY JiBOPYY 1 MpaBopyH.
Bumiparu Bigctani [, BiIl LEHTPaJbHOTO MaKCHUMyMy OO
MaKCHUMyMY 2-TOMOPSAKY JiBOPYY i mpaBopyd.

3a dopmynoro (5) oOYMCIUTH MOBXHUHY CBITIOBOI XBHJi A
npuk = 1,2.

OOYuCIUTH CepeIHE 3HAYCHHS JOBKUHH CBITJIOBOI XBHJII Ag,
cepenHio abcomotHy AAdy Ta BimHOCHY OA; MOXWOKH 3a
dhopmynamu:

4
1 MEAL+A3+A
AO=Z§AL-—1 2 My = — Al
i=1

B 4
4
1 AN, + AN, + Adg + AL
Axo=ZzAxi= e

i=1

AXg
6y = =—100 %.
Ao
3a ¢opmyioro (6), BAKOPUCTABIIU Ay, OOUHUCINTH EHEPTil0

KBaHTa ra30BOro Jla3epa €.
Pesynbpratn BUMipioBaHb Ta OOYHCIIECHBb 3alUCATH Y 3BITHY
TaOJINLIIO.

V. Koumponvhni numannsa
o Take mudpaxmis?
Sx opmymroerbes npunuun [roirenca-dpenens?
Sk mosicHIOEThCS siBHIIE AUGPAKIIIi TIPU TPOXOJHKEHHI CBITIIA
Yyepe3 MUIMHY Ha OCHOBI npuHImy [ roiirenca?
o Take nepioa audpakuiiHoi rparku?
Busectn dhopmyny mudpakiiiHoOi TpaTKH.
1o Take iHTEp(EPEHIS CBITIOBUX XBHJIbL?
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7. 3anmcaTH yMOBH [UII MaKCHUMYMIB Ta MIiHIMyMIB IpH
iHTepdepeHIIii CBiTIIa Ha TUGPaKIiHHIA TPATIIi.

8. SfIke cBITJIO HA3MBAETHCSI MOHOXPOMATHUYHUM?

9. SIki XxBUJIl HA3UBAKOTHCS KOTCPEHTHUMU?

10. Busectr po6ouy GopMymy sl BU3SHAYCHHS A.

3BiTHA TAOIHIA

Ne k, d L, A, AL, | 64, g,
3.11. -- M M M M M % JIx

o~

1

2

1
1
3 2
4 3

cep.
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Jlabopamopna poboma Ne21

Tema: BuB4yeHHs1 B3a€MOIil pagioakTHBHOIO
B — BUNPOMiHIOBaHHSI 3 PEYOBHHOIO

Hpunagn Ta marepiasm: paxmiomerp b-4, mxepeno f3-
BUTIPOMIHIOBAHHS, TUIACTUHKA 3 KiCTKW TBapWHH, IITAHTCHIIUPKYJIb,
CEKYHJIOMIp.

Mera podotu: o3HaiomuTHCS 3 OyI0BOIO pamiometpa b-4,
ITITOTOBUTH HOTO 10 pOOOTH Ta MPOBECTH BUMIPIOBAHHSI.

1. Teopemuuni ¢ioomocmi

PanioakTHBHICTIO HA3MBalOTh CIIOHTaHHE (CaMOBLIBHE)
MIEPETBOPEHHS S/Iep HECTIMKUX i30TOMIB OJHUX €JIEMEHTIB Ha sIpa
130TOIIIB {HIIUX €JIEMEHTIB, SIKE 3yMOBJIEHE BHYTPIIIHIMA PUIHHAMHA
Ta CYMPOBO/DKYETHCS BUIPOMIHIOBaHHSM «Q-, [3- YaCTUHOK Ta Y-
(dhoToHiB.

PamioakTHBHICTD TMOAUISIOTE HA TMPHPOIHY Ta MITYYHY
3aJIe’KHO BiJI TOTO, IK OYB CTBOPEHMI HECTIHKHUI 130TON — IITYYHO YH
iCHYBaB y IpHPO/Ii.

PamioakTrBHE -BUMPOMIHIOBaHHS SIBIISiE COOOIO TOTIK sAep
Tellilo0 3 BUCOKOIO KIHETUYHOIO eHeprieio (2-9 MeB), mBHIIKICTIO Bij
14 1o 20 THCSY KM/C, BEIMKOIO 10HI3yOUO0I0 3aTHICTIO (Y MOBITpi 30
TUC. TIap 10HIB Ha 1 cM mpoOiry) i BiAMIOBIAHO MajOK MPOHUKHOIO
3ATHICTIO — MOBHICTIO MOTJIMHAIOTHCS MIapOM 010J0T1YHOT TKAaHUHH
ToBIUHOIO 0,12 MM (y moBiTpi 3-9 cm).

PanioakTuBHE [-BUNPOMIHIOBaHHS — 1€ MOTIK IIBHJIKHUX
€JIEKTPOHIB 200 IIO3WUTPOHIB, SIKi HA3UBAIOTHCS [S-UYACTHHKAMH.
HIBuakicte [-yacTHOK mopsaky 160 Tuc. km/c, maca B 7350 pasis
MEHIIIa 33 Macy a-4acTUHOK, i0Hi3yIo4a 31aTHicTh B 100 pa3iB MeHIna,
a MPOHUKHA 3JIATHICTh Y CTUTBKY K pa3iB OUTbINA, HIX y Q-4aCTHHOK
(1polir y GionoriyHii TKAaHWHI €JIEKTPOHA CTAHOBHTH 6 cM, y
noBitpi — 110 40 m).

Y -BUINPOMIHIOBAHHS € TIOTOKOM (DOTOHIB (KBaHTIB) i3 Iyxe
KOPOTKOIO JOBKWHOK XBwJi (MeHmor 3a 0,05 um). IlIBuakicte y-
KBaHTIB JOPIBHIOE IIBUIKOCTI cBiTia. [oHi3yroua 3MaTHICTh Y -KBaHTIB
y TOBiTpi He3HayHa — 1-2 mapu ioHiB Ha 1 cM mpoOiry, MPOHUKHA
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3MaTHICTh BEJIMKA: TiJIO JIIOAWHU POHU3YIOTh HACKPi3b, MOBITPS — HA
JeKiJTbKa COTEHb METPIB, IIap CBHUHITIO — 10 5 CM.

BaxnmBumu mapameTpaMu, SIKi XapaKTEpU3yIOTh IPOLEC
B3a€MOJi1 10HI3YIOUMX BHIIPOMIHIOBaHb 3 PI3HUMH PEYOBUHAMHU €
Koe(ILI€HT JIIHIHHOTO BOMPAHHS i Ta II1ap II0JOBHHHOTO BOMpaHH: d.

Koedirmient mixifiHOrO BOMpaHHS Y YHCEITHLHO TOPIBHIOE
BiJIHOCHOMY 3MEHIICHHIO I1HTCHCUBHOCTI BHIIPOMIHIOBaHHS Ha
OJIMHHLIIO TOBKUHH | IPOHUKHEHHS:

2,303 Ny
p=—lg—, €y

l N
ne Ny — KiNbKicTh YaCTUHOK PaJioaKkTHBHOTO BUIPOMiHIOBaHHS, IO
magaroTh Ha Timo; N — KUIBKICTP YacTHHOK pPaliOaKTHBHOTO

BHIIPOMIHIOBAaHHSA, 10 MPOUIIUTH Yepe3 Tino. ONUHUI BUMIpIOBaHHS
emt,

[lap nomoBHHHOTO BOMpaHHS — 1€ TaKa TOBIIMHA Iapy JaHOL
pEYOBHMHHU, sKa  3MEHIIYE  IHTEHCHUBHICTh  paJiOaKTHBHOTO
BUIIPOMiHIOBaHHSI BIBiUi (IHTEHCHBHICTb palioakKTUBHOTO
BUTIPOMIHIOBaHHS TPOTOpIiiiHa yuciay [B-4acTHHOK). BuzHaumBmm
KoeQilmieHT IiHiHHOTO BOWpPAaHHA [l PEYOBHHHW, TOBIIUHY IIapy

MTOJIOBUHHOTO BOMPaHHS OOYHCIIOIOTH 32 (POPMYII0I0
Q= 0,693 @
P
BigHomienust p/p (ne p — rycTMHA PeYOBWHH) HA3UBAETHCS

MacoBuM Koe(ilieHToM BOMpaHHs (BUMIpIOeTbCs B cM?/r). Jlociau
MIOKa3yI0Th, 110 BIHOLIEHHS U /p Maike He 3aJIeKHUTh BiJ] pEYOBHHH,
sIKa OTIPOMIHIOETHCSI.

PangioakTBHE  BUIPOMIHIOBAHHS  3aCTOCOBYIOTH  JUJIS
JIarHOCTHKY 3aXBOPIOBaHb BHYTPINITHIX OPTaHiB; BUBYEHHS IIPOIIECIB,
110 BiJIOYBAIOTHCS B OPTaHi3Mi; JIKyBaHHS 3JIOSIKICHUX TYXJIMH.

VY BeNMKHUX 703aX PaJiOaKTUBHE BUIIPOMIHIOBAHHS IIKIITMBO
Jlie Ha OPTaHi3M i BUKIIMKAE MPOMEHEBY XBOPOOY.

11. Onuc npunadis i memoourka eUMIpI0GAHHA
YyTIMBUM NPHUIAOM ISl BUSIBICHHS 1 BUMIPIOBaHHS HU3KH
XapaKTePUCTUK PaJioaKTHBHOTO BUIPOMIHIOBAHHS € YCTAaHOBKA THITY
B-4. Biok-cxema pamgiomerpa b-4 ckiamaerbcst 13 OJioka ra30BHX
nmiunnbpHuKiB BI'3-4, nepepaxynkoBoro npunany (I1I1-16) 3 BuxigHum
MPUCTPOEM Ta O10KOM KuBJIeHHs. brok razosux sniunnbaukis BI'3-4
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€ BUHOCHHM 1 i1 eHy€eThes 1o npunany [111-16 3a momoMororo 18ox
BHCOKOBOJIBTHHX KabeniB (Hampyra 390 B).

[B-BUNPOMIHIOBaHHSI PEECTPYETHCS Ta30BUM JIIUMIBHUKOM
Iefirepa-Mroiiepa, sIKvii BCTAHOBJICHUH y TpUMadi BHHOCHOTO OJIOKa
bI'3-4. Ilpwamun  pobotm  mivymnpHWKA [ 'eirepa-Mromiepa
TPYHTYETHCS Ha 10HI3aIlil Ta3y eJeMeHTapHIMH YacTHHKaMHu (puc.l).
Bin sBisie 00010 LMITIHAPHUYHMN KOHICHCATOP, OJHIE€I0 OOKIaIKOI0
sIKOTO € MeTaneBnii muiHap (karox K), a iHIIOI0 — HATATHYTa B3AOBXK

oci OWTHIpA
K MeTajieBa HUTKa (aHO.

A ) A).
_________ '_ B mwmiampi

M THUCKOM Tiepedy-
Bae cymim razi. Jlo
| ‘ ‘ OWTHApa 1 HUTKH
- + MpUKIaeHa BHCOKA
Harpyra CTasioro
Puc. 1 ctpymy. IlozutuBHa
KJIeMa JpKepela BHCO-KOi Hampyru
Yyepe3 BENUKHHA OIip MiAKII0YAETHCSA 10 BUMIPIOBAIBHOTO TTPUCTPOIO
Ta aHOAY JIYMIbHHUKA. ENEKTPOH, MOTPaNUBIIY B JTIYMIbHHK, 10HI3YE
ra3. CuinpHe €JEeKTpUYHE II0JIe MK OOKIJIQJKaMH KOHJIEHCaTopa
MIPUCKOPIOE 10HH, i BOHU, Y CBOIO Yepry, 10HI3YIOTh iHII MOJIEKYIIH
rasy, TOOTO BHHUKA€ Ta30BHHA PO3PA] i KOJIO MK HWTIHIPOM Ta
HUTKOIO (KaTO/IOM Ta aHOJIOM) 3aMHUKa€eThCs. Po3psa MUTTIO racUThCA
Yyepe3 Craj Hanmpyrd Ha BEJIMKOMY omnopi R, i JIYMIBHHK 3HOBY
TOTOBHUH JIO peecTpallii HaCTYIHOTO eJIeKTpOoHa. IMITyibcu cTpymy, siki
BUHUKJIM TIPH PO3Ps/iaX y JTIUWIGHUKY, MiJCHIIOIOTHCS 1 MOJAIOThCS
Ha [1I1-16.

TakuM YWHOM, TIpH TIOTPAIUISIHHI B Ta30BUH JIIYWIBHUK [5-
YaCTUHOK BWHHMKAIOTh KOPOTKOYACHI EJEKTPUYHI IMITyJIbCH, SKi
MMOJAOThCA Ha BXif JiuwibHOro mnpuctporo I[II1-16. OcHOBHUMMU
€JIEMEHTaMU 1[LOTO  TIPUIIANLY € JTiYMnbHI Jexanu, 3i0pani Ha 6
ra3opo3psiIHUX JlamIax TIIYoro po3psay (JekaTpoHax), sKi
CIy’KaTh JIISl TIPaXyHKY BXIiJHUX IMIYJbCIB 1 pO3TallioBaHi Ha
nepeaHid maHeni npuiany. JlekaTpoHM MiAPaxoBYIOTH IMITYJIbCH B
ecATKOBIN cucremi uncieHHs Bijg 0 go 10.

R| mmI-16

III. 3agoannsn
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[epeBiputu npaBUILHICTE POOOTH YCTAHOBKH.

BusHaunT mpupoIHAil pamioakKTHBHUKN (OH.

Busnaunti KkoediuieHT niHiliHOrO BOWpaHHS [ KICTKH
TBapHHHU.

Bu3HauuTH Mmap IOJOBHHHOTO BOWMpaHHS d Ta MAacCOBHIA
koediieHT BOUpaHHsa u/p.

1V. Xio po6omu
YBIMKHYTH MPUIIAJ] Y MEPEXy 3MIHHOTO cTpymy 220 B.
Hartucuytu i 3adikcyBatu kHONKY «CeTb» («OKuBICHHS»).
[Tpu 1bOMY TOBUHHI 3aCBITHUTHUCS BCi JCKAaTPOHH.
Harucuytu i Bimnyctutu kHonky «Copocy («BcraHoBICHHS
Ha (0») — MOKa3M BCiX JEKATPOHIB BCTAHOBIIATHCS Ha «O».
[lepeBiputu poOOTY yCTaHOBKH. [IJis 1IbOIO HATHCHYTH 1
3a(hikCcyBaTH KHOMKH: a) «~»; 0) «Pabora 50 I'iy («Pobota
50 I'my»); B) «lIlyck» i 0HOYACHO YBIMKHYTH CEKYHIOMIp.
[Tpu upoMy Ha BXiJ Mpuiiany MOAA€ETbCA 3MIHHA HAIpyra 3
gacrotoro 50 I'm i mekarpoHu mOBUHHI paxyBatu 50
iMITyneCiB 32 1c. Y KiHII HepInoi XBWJIMHWA HATHCHYTH i
3a¢ikcyBatn KHONKy «Ctom». [lpm 1mpoMy nexaTtpoHH
noBuHHI 3adikcyBaru npubau3Ho 3000 immynbcis. [lokasu
HpUIIaly 3aIUCaTH B 3BITHY TaOmuIo y rpady «KoHTpomb».
Bigmyctutu kHomKH «~» Ta «Pabdora 50 Ty («Pobora 50
I'm»)
BumiproBanHs pagioakTuBHOr0 (GoHy. HatnckoM KHOMKH
«Copocy» («BcranoBnenHst Ha 0») BCTAHOBUTH TTOKa3U BCiX
nexatpoHiB Ha «0». HarucHytn i 3adikcyBaTH KHOIKY
«[lyck» 1 OgHOYACHO YBIMKHYTHM CEKyHIOMip. Y KiHII
HEpIIOi XBWJIMHUA HATUCKOM KHONMKM «CTOI» 3yNUHHTH
pOOOTY JIEKaTPOHIB,3HATH BiTIK Ny i PE3yNbTaT 3anucatu
y rpadi «Dony. [licns nporo HaTUCHYTH KHOTIKY «COpOcy»
(«BcranoBnenns Ha 0»).
BuMmipsatn iHTEeHCHBHICTH (KUIBKICTP YacTHHOK 3a |
XBHJIMHY ) BUIIPOMIHIOBaHHS PadioaKTUBHOTO jxkepena. s
[BOT'O TIepe]] BIKOHIIEM TpUMaua MOCTABUTH PaliOaKTHBHUI
npenapar. HatucHytn i 3adikcyBatn kHONKY «Ilyck» i
OJTHOYACHO YBIMKHYTH CEKyHIOMip. Y KiHII Hepmoi
XBHJIMHA HATUCKAHHSIM KHONKU «CTOID» 3yIMUHUTH POOOTY
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JEKaTpPOHiB, Ta BUMIPATH iHTEHCHUBHICTh N, Iukepena. Big
Ny BigasTa Ny,

7. MK pamioaKTHBHHUM IDKEPEIIOM Ta BIKOHIIEM JIYMIIbHAKA
MOCTaBUTH IUIACTUHKY, BHpi3aHy 3 KICTKM TBapHHHU.
Hatucunytu Ta 3adikcyBatu kHonky «Ilyck» i ogHOUacHO
YBIMKHYTH CEKYHAOMip. Y KIHII TepIioi XBWIHHU
HATUCKaHHSIM  KHONMKM  «CTom»  3ymUHHUTH  poOOTYy
JEKaTpOHIB Ta BHUMIpATH iHTeHCUBHICTh N mOTOKYy f-
YaCTHHOK, SIKi TIPOWIUTA Yepe3 KiCTKOBY TKaHWHY. Bim N
BIIHATHA Nq,.

8. Harucuyrtu kuomky «Cetb» («KupieHHs») 1 Bix eaHatu
MIPUJIAJ BiJl €JIEKTPOMEPEIKI.

9. BumipsaTyd 3a I0OMOMOrOK INTAHTEHIMPKYJIS TOBIIUHY [
JIOCITI/KYBaHOT TUTACTUHKH.

10. 3naueHHs TycTHHHM KicTku gae ukiazad. 3a (1) ta (2)
004YuCIUTH KOoe(DIillieHT JHIHHOTO BOWpaHHS | Ta IIap
MIOJIOBUHHOTO BOWpaHHsS d, 32 (opMynoro [/p— MacoBUit
KoedillieHT BOUpaHHSI.

11. PesynbraTé BUMIpIOBaHb Ta OOYMCIICHb 3alMCATH Y 3BiTHY
TaONuIIo.

V. Koumponvni numannsa
o Take pa/1i0aKTUBHICTH?
[{o Take a-BUNpOMiHIOBAaHHS?
[{o Take B-BUnpoMiHIOBaHHS?
o Take y-BUIPOMIHIOBAHHS?
SKka MBHIKICTh -, $-4aCTHHOK Ta Y-KBAaHTIB?
Ska ioHi3yrOoUa 3AaTHICTh -, S-4ACTHHOK Ta Y -KBaHTIB?
Ska MpOHWKHA 3/1aTHICTh -, f-9aCTUHOK Ta Y-KBaHTIB?
o Take KoedilieHT JTIHIHHOTO BOUpaHHS?
[I{o Take map MOJOBUHHOTO BOMpaHHA?
10 [I{o Take MacoBuii KoedilieHT BOupaHHs?

CoNO WM E

3BiTHA TAOIULIA.

Konrpous, | Ny, No—Ng| N=Ng, | I, |, | d, | u/p

PeuoBuna . . . . 2
IMIL/XB. | iMm./xB. | IMIL/XB. | iMIL./XB. |CM |cM cM | cM“/T
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JTONATKHI

Tabauysa 1

[aTerpan iMOBipHOCTeﬁ (bynkuisa Jlamaca)

O(x) = \/_fexp< >du

7 CoTi YacTKH
0 2 4 6 8

0,0 | 0,00000 | 0,00798 | 0,01595 | 0,02392 | 0,03188
0,1 | 0,03983 | 0,04776 | 0,05567 | 0,06356 | 0,07142
0,2 | 0,07926 | 0,08706 | 0,09483 | 0,10256 | 0,11026
0,3 | 0,11791 | 0,12552 | 0,13307 | 0,14058 | 0,14803
0,4 | 0,15542 | 0,16276 | 0,17003 | 0,17724 | 0,18439
0,5 | 0,19146 | 0,19847 | 0,20540 | 0,21226 | 0,21904
0,6 | 0,22576 | 0,23237 | 0,23891 | 0,24537 | 0,25175
0,7 | 0,25804 | 0,26424 | 0,27035 | 0,27637 | 0,28230
0,8 | 0,28814 | 0,29389 | 0,29955 | 0,30511 | 0,31057
0,9 | 0,31594 | 0,32121 | 0,32639 | 0,33147 | 0,33646
1,0 | 0,34134 | 0,34614 | 0,35083 | 0,35543 | 0,35993
1,1 | 0,36433 | 0,36864 | 0,37286 | 0,37698 | 0,38100
1,2 | 0,38493 | 0,38877 | 0,39251 | 0,39617 | 0,39973
1,3 | 0,40320 | 0,40658 | 0,40988 | 0,41308 | 0,41621
1,4 | 0,41924 | 0,42220 | 0,42507 | 0,42786 | 0,43056
15| 0,43319 | 0,43574 | 0,43822 | 0,44062 | 0,44296
1,6 | 0,44520 | 0,44738 | 0,44950 | 0,45154 | 0,45352
1,7 | 0,45543 | 0,45728 | 0,45907 | 0,46080 | 0,46246
1,8 | 0,46407 | 0,46562 | 0,46712 | 0,46856 | 0,46995
1,9 | 047128 | 0,47257 | 0,47381 | 0,47500 | 0,47615
2,0 | 047725 | 0,47831 | 0,47932 | 0,48030 | 0,48124
2,1 | 0,48214 | 0,48300 | 0,48382 | 0,48461 | 0,48537
2,2 | 0,48610 | 0,48679 | 0,48745 | 0,48809 | 0,48840
2,3 | 0,48928 | 0,48983 | 0,49036 | 0,49086 | 0,49134
2,4 | 0,49180 | 0,49224 | 0,49266 | 0,49306 | 0,49343
2,5 | 0,49379 | 0,49413 | 0,49446 | 0,49477 | 0,49506
3,0 | 0,49865

4,0 | 0,49997
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Tabnuya 2
Posnoxaur Creronenra

3HaveHHd t* Taki, o

ffT(T.V)dt =P(T|<tH=P

_t*

v
n- 0,5 0,8 0,9 0,95 0,98 0,99 0,999
1 | 1,000 | 3,078 | 6,314 | 12,706 | 31,821 | 63,656 63%57
2 0816|1886 | 2920 | 4303 | 6965 | 9,925 | 31,600
3 [ 0,765 ] 1,638 | 2,353 | 3,182 | 4541 | 5,841 | 12,924
4 10,741 | 1533 | 2,132 | 2,776 | 3,747 | 4,604 | 8,610
5 0,727 | 1,476 | 2,015 | 2,571 | 3,365 | 4,032 | 6,869
6 | 0,718 | 1,440 | 1,943 | 2,447 | 3,143 | 3,707 | 5,959
7 | 0,711 11,415 ] 1,895 | 2,365 | 2,998 | 3,499 | 5,408
8 0,706 | 1,397 | 1,860 | 2,306 | 2,896 | 3,355 | 5,041
9 [0,703 1383|1833 | 2262 | 2,821 | 3,250 | 4,781
10 | 0,700 | 1,372 | 1,812 | 2,228 | 2,764 | 3,169 | 4,587
12 10,695 | 135 | 1,782 | 2,179 | 2,681 | 3,055 | 4,318
14 10,692 | 1,345 | 1,761 | 2,145 | 2,624 | 2,977 | 4,140
16 | 0,690 | 1,337 | 1,746 | 2,120 | 2,583 | 2,921 | 4,015
18 | 0,688 | 1,330 | 1,734 | 2,101 | 2,552 | 2,878 | 3,922
20 | 0,687 | 1,325 | 1,725 | 2,086 | 2,528 | 2,845 | 3,850
25 10684 | 1316 | 1,708 | 2,060 | 2,485 | 2,787 | 3,725
30 | 0,683 | 1,310 | 1,697 | 2,042 | 2,457 | 2,750 | 3,646
40 | 0,681 | 1,303 | 1,684 | 2,021 | 2,423 | 2,704 | 3,551
60 | 0,679 | 1,296 | 1,671 | 2,000 | 2,390 | 2,660 | 3,460
120 | 0,677 | 1,289 | 1,658 | 1,980 | 2,358 | 2,617 | 3,373
o | 0674|1282 | 1645 | 1960 | 2,326 | 2,576 | 3,290
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z

1
p(z) = Eexp( >

2

)

Tabnuuys 3
DyHKIIS MITBHOCTI CTAaHAAPTHOTO HOPMAJIBHOTO PO3IOALTY

CoTl yacTKH

4

5

0,0

0,399

0,399

0,399

0,399

0,399

0,398

0,398

0,398

0,398

0,397

0,1

0,397

0,397

0,396

0,396

0,395

0,394

0,394

0,393

0,393

0,392

0,2

0,391

0,390

0,389

0,389

0,388

0,387

0,386

0,385

0,384

0,383

0,3

0,381

0,380

0,379

0,378

0,377

0,375

0,374

0,373

0,371

0,370

0,4

0,368

0,367

0,365

0,364

0,362

0,361

0,359

0,357

0,356

0,354

0,5

0,352

0,350

0,348

0,347

0,345

0,343

0,341

0,339

0,337

0,335

0,6

0,333

0,331

0,329

0,327

0,325

0,323

0,321

0,319

0,317

0,314

0,7

0,312

0,310

0,308

0,306

0,303

0,301

0,299

0,297

0,294

0,292

0,8

0,290

0,287

0,285

0,283

0,280

0,278

0,276

0,273

0,271

0,268

0,9

0,266

0,264

0,261

0,259

0,256

0,254

0,252

0249

0,247

0,244

1,0

0,242

0,240

0,237

0,235

0,232

0,230

0,227

0,225

0,223

0,220

1,1

0,218

0,215

0,213

0,211

0,208

0,206

0,204

0,201

0,199

0,197

1,2

0,194

0,192

0,190

0,187

0,185

0,183

0,180

0,178

0,176

0,174

1,3

0,171

0,169

0,167

0,165

0,163

0,160

0,158

0,156

0,154

0,152

14

0,150

0,148

0,146

0,144

0,141

0,139

0,137

0,135

0,133

0,131

15

0,130

0,128

0,126

0,124

0,122

0,120

0,118

0,116

0,115

0,113

1,6

0,111

0,109

0,107

0,106

0,104

0,102

0,101

0,099

0,097

0,096

1,7

0,094

0,092

0,091

0,089

0,088

0,086

0,085

0,083

0,082

0,080

1,8

0,079

0,078

0,076

0,075

0,073

0,072

0,071

0,069

0,068

0,067

1,9

0,066

0,064

0,063

0,062

0,061

0,060

0,058

0,057

0,056

0,055

2,0

0,054

0,053

0,052

0,051

0,050

0,049

0,048

0,047

0,046

0,045

2,1

0,044

0,043

0,042

0,041

0,040

0,040

0,039

0,038

0,037

0,036

2,2

0,035

0,035

0,034

0,033

0,032

0,032

0,031

0,030

0,030

0,029

2,3

0,028

0,028

0,027

0,026

0,026

0,025

0,025

0,024

0,023

0,023

2,4

0,022

0,022

0,021

0,021

0,020

0,020

0,019

0,019

0,018

0,018

2,5

0,018

0,017

0,017

0,016

0,016

0,015

0,015

0,015

0,014

0,014

2,6

0,014

0,013

0,013

0,013

0,012

0,012

0,012

0,011

0,011

0,011

2,7

0,010

0,010

0,010

0,010

0,009

0,009

0,009

0,009

0,008

0,008

2,8

0,008

0,008

0,007

0,007

0,007

0,007

0,007

0,006

0,006

0,006
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OcHOBHI (i3U4HI KOHCTaHTH

®iznyHa cTana IlozHauenHs | Yucnope 3Ha4YECHHS
Hprcxoperris g 9,81 wm/c?
BiJIGHOTO MaIiHHs
Yucno ABoraapo N, 6,02-10% monp™?
YHiBepcalibHa razona R 831 Ilc/(omsK)
crana
Momnspanii 00’ eM
ineanpHOrO rasy 3a Vo 22,4107 M*/mob
HOPpMAJIbHHUX YMOB
Crana Bonbiimana k 1,38-102% JIsx/K
Enementapnuii 3apsin 1,60-10° Kn
Maca enexrpona me 9,11-103 kr
Crana ®apajest F 9,65-10* Ki/mous
H_[BI/IILK%CTI) CBITIIA Y c 3108 a/e
BaKyyMi
Crana ITnanka h 6,63-103* JIxk-c
Crana Pinbepra R 1,10-10" mt
ATOMHA OJIHHII 2.0.M. 1,66-10% kr
Macu
Enextpuuna crana & 8,85:102 d/m
MarsiTHa crana Ko 47-107 Tu/m
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MHOXHHKH 1 Ipedikcu
JUIE TBOPEHHS KPaTHUX 1 YaCTKOBHUX BEIIMYMH

MHox- _ [pedikc Mpuxaz

HUK Haiimen. ITo3Hau.
10%2 Tepa T tepaom (TOm)
10° rira r rirarepu (I'T'ix)

5 MeTrapKoyJIh
10 Mera M (M)
10° KiJ10 K KiJiorpam (Kr)
10? IeKTO rexrap (ra)
10t neKa K JEKATITp (IKII)
10° - -
10t TICIH I aenumetp (M)
102 CaHTH c caHTHMeETp (CM)
103 Mii M Mimirpam (Mr)

" . MiKpoammep
10 MIKpPO MK (MKA)
10° HaHO H HaHOCEKyH/1a (HC)
1012 KO n nikogapana (nd)
101 demTo ¢ demrorpam (¢r)
1018 aTTo a arTokynoH (aKu)
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