MumaHHs1 Onss caMOKOHMp oo 0o po3oiny
7. MexaHi4Hi KonnueaHHs1

=

SIky MexaHiuyHy CHCTEeMy Ha3MBalOThb T'apMOHIYHUM
OCLWJIATOPOM ?
o Take «aMIuTiTy1a KOJMBaHb»?
11lo Take «jacToTa KOJIMBaHb»?
1o Take «amKiiuHa (Kpyropa) 4acToTa KOJIMBaHb»?
1o Take «paza KOMUBaHB»?
Lo Take «aepion KOIUBaHb»?
SIky MexaHIUHy CHUCTEMY Ha3WBalOTh MaTeMAaTHYHUM
MasTHUKOM?
8. Sky MexaHiuHy cCHCTEMY Ha3MBalOThb  (i3UUHUM
MasSTHUKOM?
9. o Take «3BeieHa TOBKUHA (HIZUYHOTO MASTHUKA»?
10. o Take «IeHTP KOJIHMBaHb (i3UUHOTO MASTHUKA»?
11. B uomy mnonsrac oOOpPOTHICTb (HIZBUYHOTO MAasTHUKA?
(Teopema Ttoiirenca).
12.  Yomy A0piBHIOE €HEPTis FTAPMOHIYHUX KOJIMBAHb?
13.  Slki konMBaHHS Ha3UBalOTh BIACHUMU?
14.  Slki konMBaHHS Ha3WBaIOTh 3aracalouuMu’?
15. IIo Take «koedillieHT 3aracaHHsI»?
16.  Ulo Take «iorapupMiuH1ii JEKPEMEHT 3aracaHHs»?
17.  Ski konMBaHHS Ha3UBAIOTh «BUMYLIEHUMU»?
18.  Ski konMBaHHS Ha3MBAIOTh «aBTOKOJIMBAHHAMM»?
19. o Take «OUTTA»?
20. 3a gkUX YMOB TpaeKTOpis MaTepiajibHOI TOYKM Mae
Burisa ¢iryp Jlicaxy?

Noahrwd
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8. ®i3uYHUU NpakMuKyM i3 MexaHiku

@i3u4HMIT TPAKTHKYM i3 MEXaHIKHM B KJITACHYHHUX YHIBepCcHUTeTaX,
SKi TOTYIOTh CTYJICHTIB 3a HampsMamMH <«pi3uKa» Ta <TIpUKJIaHA
¢izuka» Moke CKIafaTucs 3 Pi3HOI KijbKOCTi poOiT. 30kpema, Ha
¢izuko-TexHiYHOMY  (aKyabTeTi XapKiBCbKOrO  HallioHaJbHOTO
yHiBepcuteTy imeHi B. H. Kapasina crTygeHTam npomnoHyeTbes
BHKOHATH HACTYIHI POOOTH:

1. BHBYEHHS PiBHOMPUCKOPEHOTrO PyXy Ta BH3HAYCHHS BEJTUUMHU

NPUCKOPEHHS BUILHOTO MaliHHA Ha MalIUHi ATBy;[al,

2. JocHiJDKeHHS 3aKoHY 30epeeHHs eHeprii 1 BHU3HAYeHHS
MOMEHTY 1HEepIlii MEXaHIYHOTO TiJla BIAHOCHO (hikcOBaHOT oci
obepTaHHS 3a JONMOMOT Ol MasTHHKa MakcBerna,

3. BH3HAYEHHS MPHUCKOPEHHS BIILHOTO MAaAiHHSA 3a JOMOMOTOIO
(hi3MYHOTO Ta MATEMATUYHOTO MASTHUKIB,

4. BU3HAYCHHS MOMEHTIB iHepLii TBEpJOro Tijila 3a JIOMOMOIOKO
KPYTHWJIBHOTO MasiITHUKA,

5. Bu3HaYeHHs KoeQilieHTIB TepTs 3a JIOMOMOTOK TOXHUIIOro
MasTHHKA,

6. BU3HAaYeHHS MIBUJKOCTI MOJBOTY Tla 3a JIONOMOTOKO
0aicTUYHOrO MasTHHKA,
napaMeTpryHi KOJMBaHHS MaTeMaTHYHOTO MasTHUKA,

JOCHiDKEHHS 0COOMBOCTEN pyXy TipoCKomy.

lonoBHa meTa (hi3MYHOrO MpPaKTHKyMy MOJiSrae B TOMY, aOu
MO3HAHOMUTH CTYJICHTIB 13 THUM, K CTaBUTH (Gi3WYHUI JTOCHiN, SK
MPOBOIMTH  BHUMIPIOBaHHA MapamMeTpiB, IO XapaKTepH3ylOTh
JOCHiKyBaHe (i3uuHe sBUILE, a TaKOX K 0OpOOJIATH pe3ysbTaTv
JOCII Y.

Jlo ocHOBHUX 33/1a4 (pi3MUHOTO MPAKTUKYMY CJTi/l BIAHECTH:

! Aty (Atwood) Jixopmxk (1745-1807) -anrmiiichknit Gisuk i MaTeMaTHK;
BUHAXiMHUK MalmWHU 1is aeMonctapuii nii Ilepmoro 3akoHy HbroToHa;
yieH JIOHOZOHCBKOTO KOpONiBCKOTO ToBapucTBa. Jlo Toro k, ATByn OyB
BU3HAHMM IIAXMaTHUM TPOCCMENCTEpOM CBOTO Yacy, 30Kpema, Horo mapTist
3 @pancya-Auape Jlanikanom ®@imimopoM TpuBaTMii dYac CIyXuia
MOCIOHMKOM JUTS INAXICTiB yCi€l MIaHeTH.
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- O3HalilOMJIEHHS 3 HaWNOUIMPEHIIMMU METOJaMH Ta MpHUHOMaMH
BHUMIPIOBaHHS (i3UUHUX BEJTHYUUH;

- HalyTTs HaBMYOK BHUKOPUCTAHHS OCHOBHHMX YHiBepCaJbHUX
BHUMIipIOBaJIbHUX MIPUIALiB;

- Ha0yTTs HaBMYOK 3 OOpOOKHM pe3ysibTaTiB BHUMIpIOBaHb, 3
ypaxyBaHHSIM CUCTEMAaTHYHHX | BUIAJIKOBUX MOXHOOK;

- Ha0yTTsl HABUYOK I'PaMOTHOrO BeleHHsS poOOUMX 3aIluCiB Mij yac
MPOBEACHHs JOCIIAY Ta MPaBHIBHOTO TPEACTaBICHHS OCTaTOYHHX
pe3ysbTaTiB BUMIpIOBaHb,

- HaOyTT# MeplIOro AOCBiAY KOMaHIHOT TOCTiAHMIBKOT poOOTH.

8.1. O6pobka ma nodaHHSI pe3ysibmamie
eumMiproeaHb

VYV ¢izuni BUMiproBaHHS OYAb-KOT BETWUYUHM IIOJISATAE Y
BCTAHOBJIEHHI 1 YMCMOBOr0 3HAYEHHA Ta MOXWUOKN (MOMUJIKH)
BUMiptoBaHb. YucrmoBe 3HauyeHHs ~ (Pi3MYHOI  BETMYMHM 32
pe3ysbTaTaMH eKCHEePUMEHTY MOKHa BU3HAYUTH JIMIIE 3 TIEBHOIO
TOUHICTIO. BixuneHHs pe3ynbTaTy BUMIpPIOBaHHS BiJl “ CIIPaBXKHBOT"
BEJIMYMHM  Ha3MBaeTbcs  MOXUOKOWO  BuMiptoBanb.  Tepminu
“cipaBxHiii” 1 "nomunka’ y Teopii BHMIpIOBaHb HE HECYTb
MO3UTUBHOrO a00 HEraTMBHOTO  HAaBaHTa)KEHHsS, a  [MPOCTO
BiJOOpakaroTh TOW piBEHb HEBU3HAYCHOCTI 3HaHb MPO KOHKPETHE
3HAUCHHS BUMIPIOBAHOI BEJIMYMHM, IO CKJIAaBCS Ha MOMEHT
NpoBeAeHHs BHUMipioBaHb. Lleli piBeHb BW3HAYAETBCS HE TINBKU
00’ eKTUBHUMH (aKTOpPaMH, HaMNpUKIal, SKICTIO BHUMipIOBaJIbHOI
anapaTypu, ajie W cy0' eKTUBHMMHM (hakTOpamMH TaKoX, HaIllpHKIan,
YBa)KHICTIO BUKOHABLIIB BUMipIOBAHHS.

Pe3ynbrar BUMipiOBaHHS BETUUMHU A 3aMUCY€EThCS Y BUMIISII

A=X#AY, (8.1)

ne X — ue cnpaekHe 3Ha4YeHHsA BenwuuHu;, AX — me noxuOka
BUMipIOBaHHS.

8.1.1. Ab6cosnromHi ma eiOHOCHI Noxubku

YV dopmyni (8.1) noxubka AX 3amucyeTbcs B THX CaMHX
OJIMHUIIAX BUMIpIOBaHHS, 110 ¥ X. BoHa HasuBaeThCs abcontoTHOO
MOXMOKOI BUMIpIOBaHHs. BennunHa
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AX
=" 100 %, (8.2)
X

Ha3MBAETHCs BIAHOCHOI MOXMOKOIO Ta BUPAXKAETHCS, SIK MPABUIIO, Y
BIJICOTKAX BiJ BUMIPIOBAHOT BEJTMYHHHU.

8.1.2. lMpsmi ma HenpsiMi e UMipro8aHHs

SIKIo BUMipIOBaHa BENWYMHA BU3HAYAETHCS O€3MOcepeTHbO
3a TMOKa3HMKaMHW MpWIaay, TO Take BUMIPIOBAHHS Ha3UBAETHCS
npAMuUM. OpHak HalyacTille BeJMYMHA, SKa Hac LiKaBUTb, He
BUMIpIOETbCs Oe3mocepeHbo, a PO3paxoBYEThCS 32 (HOPMYJIOHD, /10
AKOT BXOJWTh HM3KA IHIIMX BEJIMYWH, IO MiJISATAIOTh MPSIMHUM
BHUMIipIOBaHHSIM. Hamnpuknan, y poboTi » BUBUEHHS
PIBHOMPUCKOPEHOr0 pPyXy Ta BU3HAYEHHS BEJIMUMHM TPUCKOPEHHS
BIJILHOTO MajiHHA Ha MaliMHi ATByAa’ BeJIMYMHA TPUCKOPECHHS
BiJILHOTO naJiiHHs BU3HAYAETHCS 3a dbopmyoro
g=(2M + m)s?/(2mS§t?), ne S Ta S — uEe JOBKMHM IIAXY, IO
MPOXOIUTb TATapelb MpPU PIBHOMIPHOMY Ta PiBHOMPUCKOPEHOMY
pyxax, BinoBiaHo, M Ta M — 1ile Macl OCHOBHOTO Ta JIOTIOMi>KHOTO
TATapLiB, BiAMOBiAHO, ! — 4Yac piBHOMipHOro pyxy. Ilpu upomy
Benmmunan M, m, t, S, S BuMipioloTbcs Ge3nocepenHso 3
BiMOBIAHUMU  moxuOkamMu. OTKe, BHU3HAYCHHS TMPUCKOPECHHS
BUIBHOTO TMajiHHA y LbOMY BHIIQJIKy € pe3yJbTaToM HEemnpsmoro
BHUMIipIOBaHHS.

8.1.3. CucmemamuyHi ma eunaokoegi MoMUJIKu

[lomunku BUMIpIOBaHb TMOAUISIOTBECS HAa JBa KIIacH:
CUCTEMATMYHI Ta BMNAAKOBI (abo CTATUCTMYHI). Kpim Toro, mo
OKpeMOT rpyIu BiHOCATH Tak 3BaHi rpy0i momuiku (abo I'IpOMaXIg),
L0 BHUHHUKAIOTh 4Yepe3 HEYBaKHICTb eKcrepuMeHTaTtopa abo
HECMPaBHOCTI BUMIPIOBAILHOT anapatypH.

8.1.3.1. CucmemamuyHi noMunku

CunctemMaTUYHi MOMMIKM — L€ MOCTiMHI MOMWIKA a0 Taki
MOMWJIKH, IO MOBIJIBHO 3MIiHIOIOThCS B 4aci 3a BEIMYMHOIO (Tak
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3BaHi ,Jpeldyroui” nomuiku). BoHM CHPUYMHSAIOTH MEBHUH 3CYB
BMMIpPIOBAHOTO 3HAYEHHs BIJHOCHO crpaBxkHboro. llel 3cyB He €
BUNAJKOBMM, i TOMYy HOro BIUIMB HE MOKHA YCYHYTH METOIAMH
CTaTUCTUYHOI ~ OOpoOKM  pe3ynbTaTiB  BUMIPIOBAHb. Ane
HaHEeNPUEMHILIOKW 00CTaBUHOIO MPH LILOMY € T€, L0 Ha BiJMiHY BiJ
BMIIAJIKOBUX MOXMOOK CHCTEMATHUHi NMOMWJIKHA HE MNPU3BOIATH [0
ABHOTO (HA0YHO BUMMOTO) PO3KMJIY YMCJIOBHMX 3HAYEHb PE3YJIbTaTIB
BUMIpIOBAHb, | TOMy €KCIIEPUMEHTATOP MOXKE HABITb HE 1103PIOBATH
Tpo iXHE iCHyBaHHS Ta iXHIH BIUIMB Ha KiHLEBUH pe3ynbTar.
ITpy4MHKM CHCTEMATHYHUX MOMWJIOK € Pi3HUMH Ta, 10 CYTi
CrpaBy, BUPIlIATLHAM (AKTOPOM MJis  iXHBOrO BHABJEHHS Ta
YCYHEHH € TMpPOBENEHHS BHUMIPIOBaHb IHLIMM METOIOM i3
BUKOPUCTAHHSIM  IHIIMX  BHUMIplOBaJibHMX  mpuianiB.  Jyxe
BXITUBUMU € KBatliikalis Ta JOCBi ekcriepuMmeHtaTopa. KoxkeH
eKCTMIepUMEHTAaTOp TOCTYMOBO HAMpauboOBY€e CBOi ,aliTOPUTMH’
BUSABJICHHS Ta YCyHEHHs CMCTEMATU4HHMX NoMMIOK. Jlna HaGyTrs
NOiGHOrO IOCBIY MOKHA PEKOMEHIyBAaTH B MPOLIEC] MiIrOTOBKH Ta
MpPOBEACHHS JOCIiAy OOMIpKyBaTH HAcTYyHHI MOXIUBI [Xepena
cncreMaTuHHnx noxmbok:
- HEeIOCKOHAJIICTh BUKOPUCTOBYBAHOTO METOJY BHUMIpIOBaHHs, BUOIp
HEeBJAJ0i METOOWKHM TMOpiBHAHHSA 3 eTaloHoM. llpu mnpoBeaeHHi
HEeMNpSMUX BUMIpPIOBaHb CIIi[ CTEXKHUTH, a0W MPUIYILLEHHs, 33 SKUX
Oy/no  BUBENEHO CIPOLIEHY PO3PaXyHKOBY —(hopmyiy, MiCHO
BMKOHYBAJIUCA B XOJIi 10CTify,;
- HEJIOCKOHAIIICTh  BUKOPHUCTOBYBAHOI BUMIPIOBAJILHOI araparypu
(ctonn  Hanexarb  MOMMIKHM, IO TOB'A3aHi 3 BMOOpPOM
BHUKOPUCTOBYBaHUX BI/IMipIOBaI[LHI/IX NpUIafiB  HEAOCTATHBO
BMCOKOrO KJIaCy TOYHOCTi, TOOTO TOMMIIKM JIiHIHHOCTI ILKan Ta
nepeaaBanbHUX (QYHKLUINA MpunaniB, Apeiid iXHbOI HyJIBOBOI TOUKH,
rpajiyroBajibHi  MOMUIIKH, HECTIHKICTh POOOTH JpKepes KHUBJICHHS,
HasIBHICTb CMYT 3aCTOIO Ha LIKaJIi, TOH_IOf
- HEHaJIeXKHE HANALITYBaHHS BMMIPIOBAIBHOI anaparypH, HEBAAO
niaiopaHi pexxumu ii podoTy;
- MIHJIMBICTL YMOB JOCHiQy Ta BIUIMB 3MiH y HaBKOJHWIIHBOMY
CEpENIOBHILI HA BUMIPIOBAHY BEJIMMUHY H BUMIPHOBAJIbHI NPUJIAIU.
Cepell cHCTEeMAaTHYHKX TOMHIIOK BapTO OCOGINBO BUILIATH
Tak 3BaHl "MpuNaposi” noxuOku. Hapite skmo Bei  iHuI
CHUCTEMATHUYHI MOMWJIKM YCYHYTO, TO 3aMLIAIOTHCA MOXMOKH, sKi
00YMOBJIEHO K/IACOM TOYHOCTI BUMIPIOBAJIbHUX TPHUIIAIIB. Benuuuta
TIPUJIA/IOBOT  MOXUOKK Ul KOXKHOTO TMPHIIaJy BCTAHOBJIIOETHCS
BHACIIJIOK HOro METposIoriyHoi mepeBipkd Ta KaniOpyBaHHS Ta
3anmcyeTbes B Horo macmopti (omuci). Ilpunamosa moxubka, sk
MpaBWjIO, 1 BHM3HAYa€ TMOMHWIKY pe3yJbTaTy 3a BiJICYTHOCTI
CTaTMCTMYHMX  NOXMOOK.  SIkmo, Hampukiaza, — Gararopasosi
BMMIPIOBAaHHs JliaM€Tpa MPyTKAa IITAHTEHLMPKYJIEM i3  LIHOIO
nozinku Howiyca 0,1 mm nawoTb Ty camy BenuduHy — 3wm, TO
pesyabTaT 3anucyerbes y Burisini D=(3,020,1) vm.
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8.1.3.2. Bunadkoei (cmamucmuy4Hi) NOMUsKu

Bunaskoei MOMWIKM — L€ MOMWJIKH, SIKi OOyMOBJIEHO
BiaxuneHHaM (rykTyalli€ro) pe3yibTaTiB CHOCTEPEKEHD 32 NEBHOIO
BeJIMYMHOIO IPM BUKOHAHHI [OBTOPHHMX BHMIDIOBAaHb L€l K
Bennmunnu. [lpupoma umx QuykTyaumidi Moxe BM3HAa4aTUCs, MO-
nepLIe, IOBO/UKEHHAM»  €aMoi  BMMIpIOBaHOi  BEJIMYMHM  abo
BUMIpIOBAJILHOTO TpUJIaay, NO-Apyre, yMOBaMM BMMiproBaHHs, a0
oboma My aktopamu. OnHaK, BOKIMBO 3a3HAUMTH, IO B3AEMOJLis
UMX MpUYMH 1 iXHA 3MiHA B XOAi BHUKOHAHHA ii JOCHiIKEHb
MPU3BOANUTH A0 BUMNALKOBOI 3MiHM pe3ysbTaTy 3a BENUYMHOIO Ta
3HaKoOM.

[lepenbaunTy BeNMYMHY BHMMAAKOBOT TMOMMJIKM OAHOTO
€IMHOTO BHMMIPIOBaHHS HEMOXJIMBO. AJle SKIIO € MOXJIMBICTb
npoBeCTH 0araTopas’oBi BMMIPIOBaHHS, TO 3HAYEHHsS BHUMIipIOBAaHOI
BEJIMYMHU Ta NOXMOKY i BUMIPIOBaHHS MOYKHA BU3HAYUTH METOJAMU
CTaTUCTHYHOT OOpOOKM pe3yJsIbTaTiB BUMIpIOBaHb, fAKi pO3risaac
Teopis  NOMMIOK. JIOKIAaJHO i3 LUMM METOAaMH  MOXHA
no3HaHOMMTHCA Yy crietianbHuX MoHorpadisx. Ty HaseneHo nuuie
HalmpocTilwi npaBuwia oO0poOKkM pe3ynbTaTiB  BUMIipIOBaHb i3
BUMAJKOBUMH MOXHOKaAMHU.

8.2. PekomeHOauii 3 06pobku eumiproeaHb
i 3anucy pe3ynbmamie

PesynbTaTh BUMIiprOBaHb MOKYTh OyTM NpeJCTaBJeHi B
1 poBOMY, aHATIITUIHOMY Ta TpaiqHOMY BUIJIAAAX.

8.2.1. lNpaeuna 3anucy pesynbmamie

1. 3anuc uMpoBHX pe3yNbTATIB BUMIpIOBaHb Mae OOOB'A3KOBO
MICTUTH 3Ha4YEeHHs caMOl BEIMYMHM Ta MOXHUOKHM i1 BUMIpIOBaHb, 10
BHUPaXKEHI B OJHAKOBUX OAMHULAX. AJle SKIIO MOMMJIIKA 3alUCY€EThCS
OKpEeMO Bif] pe3yJbTaTy, TO 11 MOJKHa BUPA3UTH Y BiICOTKAX, YacTKaX,
toulo. [lpuxnaau:

1) niametp nmpytka D = (3,020,1) mm;

2) koncranTa Bonmbimana” k=(1,3804%0,00005)107° epo(°K) ™

2 pombuman (Boltzmann) Jiomsir Exyapn (1844-1906,) —aBcTpiiichkuit
¢i3uK, Akuii 3poOMB BEJTWKMH BHECOK y PO3BHTOK TEPMOIWHAMIKM Ta
CTaTUCTHYHOI (Di3VIKM HAa OCHOBiI aTOMiCTUYHUX ysiBiieHb. UieH BimeHchkoi
AH. BiH BUBiB OCHOBHE PiBHAHHS KiHETHYHOI TeOpii ra3i, 1aB CTAaTUCTUYHE
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3a3HauUMO TaKOX, WLIO JJIS  BUMAAKOBOI  BEJIMYHMHH
(HampuKIa], iIHTEHCHMBHOCTI & -J)Kepena), OKpiM caMoro 3Ha4eHHs Ta
CTaTUCTHUYHOT TOXMOKM BHUMIpIOBaHb, pe3yjbTaT y 3araJibHOMY
BUMAJIKy Ma€ MICTUTH 1Ie U JOBipYy WMOBIpHICTH p TOro, IO
CIpaBXKHE  3HAYEHHS  JIOKWTh Yy  3a3HA4eHOMY  Jliama3oHi:
X=(39626) uactunok/c, p=0,95.
SIKIo BeMMUMHY HMOBIPHOCTI B SIBHOMY BWIVISZI HE 3alMcaHo, TO
ISBg)é(aeTBCSI, 110 BOHa Mae “CTaHAAPTHE” 3HaueHHs, L0 JOPiBHIOE
2. Kinpkicte 3HauMMuX 1udp, sKi CIiJl HABOOUTH TpPH 3aIuci
pe3yJbTaTy, 3aJIe)KUTh BiJl TOYHOCTI BUMIpIOBaHb. 3a3BUYal TOYHICTh
BHUMIpIOBaHb y HaBualbHil JabopaTopii He MepeBHUIIyE OAMHHULb
BIZICOTKIB, TOMY OCTAaTOYHHI pe3yJIbTaT BUMIPIOBaHb B LbOMY
BUIMAJKY MOBUHEH MICTUTH He OLlbLIe TPhOX 3HAUYMMHUX LU(p (mis
MPUKJIaay PO3MJITHEMO JIaHi, 1110 HaBeaeHO B Tabmuili 8.1).

Tabmuug 8.1.
3anuc pe3ysabTaTis BUMipioBatb g (v/c?)
3aJIeKHO Bijl BEJIMYMHU MOXUOKU

Pospaxynkopuii pe3yibtar | IloxubOka | [IpaBunbHMi 3a111C
9,831%0,02816! 0,0¢ 9,8+0,0
9,831%0,2636! 0,2 9,&+0,5
9,831%3,4281!t 3, 10,3,C

YV NpoMiKHHMX po3paxyHKaX fK JUIs BUMIDFOBAHMX BEJIMYHMH,
Tak 1 1/ BEJIMYMH, WO B3ATO 3 JOBIOHWKIB, PEKOMEHOYETHCS
BUKOPUCTOBYBATH Ha OJHY 3Hauumy uudpy Oitbure. OcTaHHS
3Ha4MMa UuQpa OKPYTIAEThCA 3a 3BMYaUHMMM NpaBuiaamMu. SIKino
BUMipIOBaHa BEJIMYMHA BiJOMa 3 TOYHICTIO JI0 JPYroro 3HaKy Micis
KOMH, TO pe3yJIbTaT pEKOMEHAYEThCS MPECTaBIsATH caMe Y BUIJISAIL
3,2x10% a ne 3200.

8.2.2. lpaesuna eusHa4yeHHs1 NOXUbKu nNpssMux
eumMiproeaHb

Ha mpaktuiii po3maitTs BUMIpIOBaHUX BEJIWYMH, MPOLETYP
BUMIPIOBaHHS Ta JDKEPEN TIOMMJIOK € TakuM OaraTum, 11O
HEMOXITUBO BCTAHOBHMTH CIJIBHI TpaBWJIa, 3aCTOCYBaHHS SKHX
rapaHtye BiporigHuii pesyibtaT. ToMy npaBwia, IO HaBEJCHO
HUOKYE, CITJ PO3MJIANATH, AK JefAKi 3arajibHi peKOMeHMalii, 1o
MPUITYCKAIOTh ~ PeTelbHY  MEpeBipKY  MOXJIMBOCTI  IXHBOTO
3aCTOCYBaHHS OKPEMO B KO)KHOMY BUIAJKY.

TIAyMaueHHS 2-T0 3aKOHY TepMOJWHAMIKHM i €HTPOIii, OOTPYHTYBaB 3aKOH
TerioBoro BunpoMiHtoBaHHs Ctedana (3akoH Credana-bBonbumana).
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1. Skuo BUMiprOBaHa Belu4uHA X 3a CBOEKO MPHUPOIOK HE HOCHTH
CTAaTUCTHYHOTO XapakTepy Ta PO3KHJ 3HA4YeHb 1i BUMIpIOBaHb €
ICTOTHO MEHINWM 3a TOXMOKW NPWIAIiB BUMIPIOBAHHS, TO MOXHUOKA
pesyabraty AX Geperbesi Takoro, 10 J0piBHIOE NOXUOLi npunagy
AX,,. (IlpupomHo, TOMEpEHBO MM MaeMO MEpPeKOHaTHCs B
MOXJTUBOCTI 3HEXTYBAaTH IHUIMMH CHUCTEMAaTHYHUMH TMOXMOKaMH.)
BimHocHa mTOMHWIIKA TIpY [IbOMY BH3HAYA€ThCA B TaKHid crocio:
X = AXIX.
2. SIkio BUMiprOBaHa BeJTMUMHA MA€ CTATUCTUYHUI Xapaktep Ta/abo
pesynbraTi il 6araTopa3oBMX BHMIPIOBaHb MalOTh PO3KHA, IO
MEpPeBUIlye TOXWOKWM TpWIaiB  BUMIPIOBaHHSA, TO  OIliHKA
CMPaBKHHOTO 3HAYCHHS BU3HAYAETHCS SIK CEPEAHE apnPMeETUNYHE:
X =

1
- Xk s (8.3)

||M3

P

1

ne Xy — ue pesynbTaT, IO 3100yTi B €KCIEPUMEHTI BHACIIIOK
OKpeMHUX BHMIPIOBaHb BeJMUMHU X; K = 1, 2... N— HOMep OKpeMoro
BUMiptoBaHHS. Bech «Habip» 3 N MpoBeieHUX OKPEMUX BUMIpPIOBaHb
Ha3MBaETLCS BUBIPKOO X,

3. JIyis BU3HAUeHHs1 BUMAQKOBOT MOXUOKM YHHSTH y TaKHii criocio.
A. SIKIO KUTBKICTh CIIOCTEPEKEHb 7y BUOIpLI € JOCHUTh BEITUKOIO
(1o 3HAYMTPH «BeNKMKa», MU MOOAYUMO HWXKYE, B M. 4), TO BETMUHHY
BUMAJIKOBOI MOXWMOKM CepegHbOro 3HadyeHHs X BU3HAuYalOTh 3a
¢dhopmynoro:

S = (8.4)

IMoBipHicTB P TOTO, IO CIpaBKHE 3HAYCHHS BUMIPIOBAHOT BEJIMUMHU
HaJISKUTH 110 TIEBHOTO iHTepBaNly Bil X —4X 10 X +4X , Ha3UBalOTh
JIOBip4OIO HWMOBIipHicTIO a0o KkoedillieHTOM HaJiiiHOCTI, a caMm
iHTEepBaJl — IOBIPYMM IHTEPBAJIOM.

Tabnunsg 8.2
Koedinientn CthroaenTa ty
n-1

0,68: 0,9t 0,9¢ 0,99
2 1,32 4,7C 9,¢ 19,z
3 1,2C 3,1¢ 5,8 9,7
4 1,1 2,7¢€ 4.€ 6,
5 1,11 2,51 4.C 5k
6 1,0¢ 2,4t 3,7 4.¢
7 1,0¢ 2,31 3, 4t
8 1,07 2,31 3,4 4.3
9 1,0¢€ 2,2€ 3,2 4.1
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1C 1,0t 2,2% 3,2 4,C
2C 1,0c 2,0¢ 2,8 3,4
5C 1,01 2,01 2,8 3,6
10C 1,0C 1,9¢ 2,6 3,1
20C 1,0C 1,97 2,€ 3,C

[Moxubka, sKy Bu3HaueHO criBBigHOmeHHAM (8.4), HazuBaeThCs
CepeHPOKBAJIPATUYHOIO MOMUJIKOI0 CEPEAHBLOTO, 11 BUBHAYEHO 114
noBipuoi  KmosipHocti p=0,68. Y wubomy Bumanky pesysbTar
BHMIpPIOBaHb 3aMKMCY€EThCS B HACTYITHOMY BUTJISIII:

X=X+AX=X+S. (8.5)

b. Axiwo uucio N € HeBENWKUM, TO [OJi1 BU3HAYEHHS MOMUWJIKU
pe3y/nbTaTy BBOAATH YTOUHIOOUYMH KoedilieHT tp, 1o Horo

HazuBaloTh KoediyieHTom CtbtogeHTa™ (nuB. Taba. 2). V upomy
BUMAJKY pPe3y/IbTaT BUMIPIOBaHb 3aMUCYETBCA Yy HACTYMHOMY
BUTJISL

X=X#1tS;. (6)

Bemnnunna KoegiuieﬂTa CTbrOA€EHTa 3AJIEXKNATH BIJl KIIBKOCTI
CIOCTepeXeHb Ny BUOIPLI Ta BiA CTyneHs HajiHHOCTI pe3yJbTary,
AKui Mu GaxaeMo onepkatu. 3 Tabmuui 8.2 JIerko 3po3ymiTd, 1o
3HAUNTD «BEJMKa» ab0 «Maa» KUIbKICTb CrocTepeskeHb y BHOipLi.
SIkmo, HampuWKIam, Hac 3a/0BOJIBHS€E  HAIMHICTB, 3a  SKOT
BU3HAYAETBCS «CTaHAApTHA MoMmuika», To6to p=0,68, To Bike npu
KibKOCTi BUMiptoBaHb n=6 (n—1= 5) KerJluleHT CrprofieHTa
nopieHioe 1,11, Ile o3Ha4ae, 1m0 YTOYHEHHs, SKE& BHECEHO
KoecbluleHTOM t, (oo MOXVNGKY BUMIpIOBaHb, a He 10 camol
cepeaHbol BeanHHH') cTaHOBUTH He Oinbiue 11%.

4. 3i 36i1bLIeHHSIM KilbKOCTI BUMIPIOBaHb 1y BHOIpLi BeMunHa S;
BHITAJIKOBOT TOMHIIKH 3MEHIIYETBCS. SIKILO € MOXKIIMBICTD 301IbLUNTH
Cepil0 MOBTOPHHMX BUMIPIOBaHb, TO MOXHA PO3B'S3aTH 3BOPOTHY
3aJjauyy — 3HaWTM TakKy KUIbKICTb BUMIpIOBaHb 7, ska 0O pjana
MOXJIMBICT ~ 3pOOMTH  BUMAAKOBY TOMMJIKY  MEHIIOIO 32
§H§TeMaTHqHy. Jlnsg 1poro MoXKHa CKOPMCTATHCS AaHWUMH TaOJHLi

o ] Tabnuns 8.3
KinbkicTh BUMIpIOBaHb 7, 10 rapaHTy€e BEIUYMHY 00paHOT

% Toccer (Gosset)Yinbam Cini (1876-1937) -Binomuii yueHuii-cTaTUCTHK,
Oinbime Bimomuit mig cBoiM TiceBmOHIMOM CTBIOAEHT i 32 cBOi poboTH 3
JOCITiKeHHS TaK 3BaHOTO po3moAiTy CThIOICHTA.
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YaCTKU BUMNAJKOBOI MOMUJIKH &

P
0c]10,7]0,]0,9¢]0,9€¢ | 0,99¢
2 3 S ! 11 17
3 6 |13 ] 18 | 31 50
4 8 [19 ] 27 | 46 74
6 | 13| 32 | 46 | 78 | 12/
13129 | 7C [ 99 [ 171 | 277
47 1 16¢ | 275 | 387 | 66€ | 108¢

m
2

el=l=l= =TI
=N O DN O

XI

Ipuxnao euxopucmannss mabnuyi 8.3 )

Hexaii cucremaTiuHa moxubka BeTU4IUHU X € BiIOMOIO i CTAaHOBUTH
AX. (Hanmpukiiaj, 1i€l0 BEJIMYHMHOI MO)Ke OYTH MOXHOKa Mpuiary
BI/IMlpIOBaHHSI) Toni MoXHa BCTAHOBUTH MPHUITYCTUMY BEJIMYUHY
BUMAJKOBOI TMOMWIIKM Sy, TOKJIABIIM 1i BeJMYMHY, HAINPHKJIIa,
Takoro, 1o nopiBHioe 10% Bin cucremarmunol: S =0,14X. VYV
3arajibHOMY BUNanky S; = EAX, ne AX — BenuuMHA CUCTEMAaTHYHOI
MOMUJIKH, Sy — BEJIMYMHA BUNIAJKOBOI MOMUIIKH, £ = S; /AX —uacTka
BHIIaJIKOBOT TIOMHJIKM 10 CHCTeMaTH4HOI. [IpuposHo, mo yacTka &
Oyze nopiBHIOBAaTH BCTaHOB/IEHIH Benmunni 10% nuine cratuctuyno.
Tomy cnin 3anatu AMOBIpHICTb p, 3 KOO MU Oaxaemo 3100yTH
yactky £ KinbkicTh BUMIpIOBaHb 7 JIIS 3aJIaHKUX p 1 £ 3HAXOJUMO B
Tabn. 3.

5. Skmo cratuctMuHa S Ta cuctematuuHa AX moxubku €
MpUOIM3HO OJHAKOBUMHM, TO CyMapHy MOXHOKY pe3yJIbTaTy MO>KHa

BU3HAYUTH 32 (POPMYIIOIO
SZ :,IS§+(AX)2 . (87)

8.2.3. Bu3Ha4yeHHs1 Noxubku HenpsiMux euMiproeaHb

Hexaii mnotpi6bna Benuumna N (pe3ynLTaT HenpsMOro
BUMipIOBaHHs) € (yHkuUieto iHmMX BenuuuH A, B, C (pe3ynbrariB
npsamux  BumipioBanb).  N=f(4,B,C). BustiaueHHs HOXHUOKH
pe3yNbTaTy iCTOTHO 3alIEKMTh Bill XapakTepy MOXMOOK BENMYMH, AKi
J0 Hel BXOIATh. YM TO BOHHM € TUIbKM CHCTEMaTHMYHHMH, TibKH
CTaTUCTUYHUMHU, 200 MPUCYTHI Ti i iHIII.

1. Slkmo Bei MOXMOKHM NPAMUX BMMIpIOBAaHb € CHUCTEMaTHYHHMH
(nampukian, MOXMOKAMH BHMIPIOBAIBHHMX TMPHJIALIB), TO MOXHOKA
pe3ysbTaTy BU3HAYAEThCS 32 (POPMYIIOH0:

‘ (8.8)
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ne N=f(X;,%,...%) — ue noTpiOHa BenMYMHA, SKY PO3PaxOBYIOTh 3a
pe3yibTaTaMU BHUMIPIOBAHHS IHIIMX BEIIUYUH X;; Of/0kj — yacTUHHI
noxigHi ¢yHkuii f 3a BigmoBigHuMM X;; A% — abcomoTHa moxuOka
i-ro BUMIpIOBaHHS, MPAMI Ay>KKH 03HAYal0Th MOJYJb T00YTKY.
2. dxmo Bci noxubku BenuuuH A, B, C... HOCATb CTATUCTUYHUU
XapakTep, To MOXHOKa pe3ysbTaTy BU3HAYAETHCS 32 (OPMYJIOL0:

ne Sgs — Lie MoxvOKka pe3ynbTaTy HeMpsIMOro BUMIDIOBaHHS; S —

NnoxuOKa pe3ysbTaTy i-ro MpsMOro BUMipIOBaHHS, SIKY pO3paxoBaHO
3a ¢opmynamu (8.4) — 8.6{

Ttabnuui 8.4 mpencraBieHo ¢GopMmysid (GYHKLIOHATBHOT
3aJIeKHOCTI  pe3ysbTaTiB  HENpsAMHUX BHUMIpIOBaHb, SKi  4YacTo
3yCTPIYalOThCs HA MPAKTHLI MPH EKCIIEPUMEHTAILHOMY JTOCITIKEHHI
pI3HOMaHITHUX (i3UYHUX sBULI. B Hili Takok HaBeJEHO BUpa3u JJIs
pO3paxyHKiB  aOCONIOTHOI Ta BIJHOCHOI MOXMOOK Uil LMX
(YHKIIOHATBHUX 3aJI©KHOCTE.

Tabnuus 8.4
DopMyIH 17151 OLIIHKHA MOXMOOK Pe3yJibTaTy HENMpsMOro
BUMIPIOBAHHS
Burnsa dyHkiil AGCO/II0THA MOXHOKa BinHocHa moxubka
N=A+B+C AA+ABHAC AA+AB+AC
A+B+C
N=A-B AA+AB LA+AB
A-B
N=AxBxC ABXAC+BC xAA+AC xAB A—A + ﬁ + %
A B
N=A" nA"AA nlAA/ A
N="A =YAmA/n AA/(nA)
A BAA+ AAB AA AB
N=— —_— —+—

B B2 A B
N=sInA AAXcoSA AAXctgA
N=cosA AAXSInA AAXgA

N=tgA A oA
cos? A Sin AxcosA
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(8.9)

AA AA

N=ctgA -
sin2A sin Axcos A

8.3. [paghiyHe npedcmaeneHHs
eKcriepumMeHmMasibHUX pe3ysibmamie

Jns Kparoro CIIPUHHATTS pe3ynbTaTiB
EKCIePUMEHTANILHOTO AOCIiIPKEHHS MEeBHOro (hi3MYHOro mpouecy
4acTO BUKOPUCTOBYIOTH rpadidHe TpeAcTaBieHHs 3400yTHX
pesynbraTiB. Lle MOSCHIOETBCS MOJMJIMBICTIO IIBOTO  METOIY
Mpe/ICTaBUTH 3100y Ti pe3ysIbTaTH 0/Ipa3y Ta B LIJIOMY.

8.3.1. lpaeuna nobydoeu epaghikie

I'padiune  npencrapieHHs — matepianiB, 1o  3000yTO
JOOCTITHAM  IUIAXOM, (rpadpixkm,  miarpamm,  ricTorpamu,
(doTomarepiaiv, MaJIOHKHA) BUKOPUCTOBYETBCS 3 Pi3HOIO METOIO:

- HaoO4YHe 300paKEHHS EKCTNEPUMEHTAIbHMX JAHMUX [ SAKICHOro
aHaJlizy MOBEAIHKHM JOCHIKYBAHOTO «00'€KTy»,

- BU3HAYeHHs (AKiCHe, KilbKiCHE) XapaKTepHHX TOYOK i mapameTpis
MPOIIECiB 32 HASBHOCTI «OCOOJIMBOCTEI» - MaKCMMYMiB, MiHIMYMIB,
TOYOK MeperuHy, 371amy, CTpuOKiB, TOLIO;

- anpoKcHMallis TOCTiHAX TOYOK KPUBMMH Ta BU3HAYCHHS 32 HUMH
3aKOHIB 1 3aKOHOMipHOCTE# MOBEIIHKH «00'€KTY»,

- mepeBipka mnependadyBaHUX ~Ta  BHUSBJICHHS  HEBiIOMHUX
3aJIe;KHOCTEH, SIKi BUPayKatOThCsl aHATITUYHUMH (PYHKLISIMH, TOLLO.

3anexHO Big MeTH rpadiyHOro MpeacTaBIeHHs pe3ysbTaTy
BUTIISA Ta crnoci® rpadivyHoro mpeicTaBieHHS MOXKYTb OYyTH
pisaumMu. [padiku Ta niarpaMu JOCHIAHUX Ppe3yJbTaTiB, sKi
CTYAEHTH HaJaloTh y 3BiTaX MPO BUKOHAHHS (Pi3MUHOTO MPaKTHUKyMY,
MAalOTb 33JJ0BOJILHATH HACTYTHUM BUMOTaM:

- MaTH OCi KOOpJMHAT 3 HAaHECCHUMH Ha HUX HaiiMEHyBaHHIMH Ta
OJVHULIIMU BUMIpIOBaHb,

- MICTUTH IOCHiaHI TOYKK (sKiio rpadik OyayroTh MO TOYKaXx, SKi
OTPUMaHO BHACIIJIOK BI/IMipIOBaHBS); OakaHO BKa3aTH MaciuTad
TOMMIIOK, XapaKTepHHUX Ui Pi3sHUX AinsHOK rpadiky. (Macwitab
TNOMHMJIOK  300paKy€TbCsl BIAPI3KAMH MpPSAMKX, MPOBENECHHMX Yepe3
eKCTIepUMEHTaIbHI TOYKM MapajielbHO JO OCed KOOpOWHAT, 3
JIOBXKUHOIO, 10 JIOPIBHIOE MOMMIII B Macuitadi BiIMoBigHOT oci
KOOpP/IMHAT);

- anpoKCHUMYIOUi KpHBi, SKi MPOBEIEHO MO JOCTIIHUX TOYKaX, He
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MOBMHHI 3aTyJISTH caMi TOUKM Ta IXHil CIpaBXHili PO3KUA.

Ha puc. 8.1.HaBeneHo nmpukiaa rpadika (Z0CTiIHUX TOYOK i
KPHBOI, Ky CIEUialbHO 3pOOJIEHO 3INIAKEHOI0), WO 300paxye
sanexHicTe Hanpyrn Uc Ha KoHpeHcatopi Bin wacy t mpu iHoro
PO3psAALI Kpi3k MEBHHI aKTUBHUI OIip.

300 [ U, (1), B
250+
2001

1501
100 ¢
50
0

0 X, - 6 8 10

Puc. 8.1.T'padik po3psaku koHIEHCATOPA

SAkmo Metoro rpadivyHOro MpeACTaBlIeHHS € MepeBipka
nependauyBaHOT ~aHATITMYHOI 3aleXKHOCTI  eKCHepUMEHTATbHUX
JlaHMX, TO Jly’K€ KOPMCHHM TNPUHOMOM BHSBISETHCA JliHEAPU3aLjs
rpadika nUIsIXoM BUOOPY HeliHIHOrO MaciuTady Ha BiAMOBiqHIN oci
KOOP/IMHAT.

Hanpuknan, nependavyBaHUi 3aKOH PO3psAIKU
KoHzleHcaTopa Ha puc. 8.1. —ue excronenta: U=Ugexp[ —t/(RC)].
[Tponorapugmyemo Lieii BUpa3 Ta BBEIeMO HOBi MO3HAYEHHS: 3aMiCTh

t .. .
InUc=|nUo—E BBOJMMO HOBi 3MiHHI y=a — bt. fkuo B3momxk oci

opavHaT Binknamatu Hanpyry U; y rorapudmiuHomy Maciuta®i
(y=InU), TO mnepenbauyyBaHa 3anexHicTh Oyne BimoOpakaTucs
NpsAMOIO JTiHi€r0, KyToBHUi KoedimieHT sikoi mopiBuioe (—1/RC) (aus.
puc. 8.2).

»JIiHeapu3alis”  3HauUHO  CMpPOILYE  MEPEBIPKY  THILy
sasesxHocTi. [opisHroroun pucynku 8.1ta 8.2, nerko no6auuTy, 1o
eKCIIEPUMEHTAIIbHI TOUKKM 100pe HAKJIafaroThes Ha MpAMy JiHil0. Y
TOM JKe Yac 3 MepLIoro pUCyHKY BaKKO BU3HAUMTH, UM HAJIEXKATh
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Puc. 8.2. JlineapuzoBanuii” rpagik po3psaaku KOHAEHCATOpa

TOYKM EKCIOHEeHTHIH 3anexHocTi abo sKili-HeOyAb CTyneHeBid
(dhyHKIii.

8.3.2. Memod HalimeHwux Keadpamie

Hexaii ouikyBaHa 3anexsicte Beavuunu Y=f(X), 1o
BU3HAYAETHCS BHACIIIOK JOCIITY, Ma€ BUTIIS MPSIMOT

Y=a+bx, (8.10)

(30kpema, ne Moxe OyTH «liHeapu3oBaHa» 3alexHICTb). Jlocmiani
ToukHu Y Xy, K=1, 2,...0 sIk npaBuio, He JiexkKaTh Ha OJHIK NpsAMii, a
pO3KHMaHi B €Kil CMy31 3HaueHb. BuHukae 3ana4a npoBecTu yepes
TaKi TOYKH ONTUMalbHy TpPAMY JIHIFO Ta BWU3HAYMTH MOXHMOKy ii
napametpiB. Lo 3ana4y MOKHAa BMpILIMTH 3a JOMOMOrol0 METOAY
HaMeHLUUX KBaAparTiB.

Ilpoectn npsmy, wo 3anoBonbHse piBHsHHIO  (8.10),
O3HaYa€ 3HaWTH mapaMeTpu a i b mo 3amaHux (BHUMipSHHX
eKCTIePUMEHTAIbHO) TapaX TOYOK YiX.

PosrnsHemMo  BUManoKk, KOMM  TMOXWMOKAa  BHUMipIOBaHHS
aprymenty AX e HabaraTto MEHIIOK 3a MOXUOKY camol QyHkuii AY.
VY upoMy BUMaAKy HaliKpalla npsiMa Mae 3aJ0BOJIbHATH HACTYITHUM
YMOBaM:

1) npsmMa Mae TPOXOAMTH Kpi3hb LEHTP Bark AOCTITHHX TOYOK,
BU3HAYSHHH SK TOYKA 3 KOOpAUHATAMU
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x=1
n

n - 1
> Xy Yzﬁ

S (8.11)
k=1

2) cyma KBaJIpaTiB BiAXWIEHb NOCTITHUX TOYOK BiJl MPSIMOi Mae OyTH
MiHIMaJIEHOIO

n
L5 (v ~bx, —a)? =min. (8.12)
k=1

VY Teopil MOMUIIOK IOBECHO, IO IIUM YMOBaM 3aJIOBOJIBHSIE MpsiMa 3
HACTYITHUMH MapaMeTpamu:

a=yY _bX, bzf, (813)
x2 - (X
PR n — n
v=13xy: x2=1yx2. (8.14)
Ny=1 Ny=1

BignoBingHi  MOXMOKM  po3paxyHKiB  TapaMmeTpiB  MpsAMOI
BU3HAYAIOThCS HACTYTHUMH BHUpa3aMu:

S= (8.15)

ae S, — ue noxubka GyHkuii Y (cMyra nomunok), S, i § — noxubka
BU3HAYEHHs KoedillieHTiB a i b BignosigHo.

CIIMCOK JIITEPATYPU
1. Kynue X.-U. Metoau ¢iznunux BumiptoBans. M.: Mup, 1989.
2. Teiinop JIx. Beryn o Teopii momuiiok. M.: Mup, 1985.
3. ®i3uunwuii npakTUKyM. MexaHika ta MoJiekyJsipHa ¢izukal ITin
penaxuieto B.I. IBeponoBoii. —M.: Hayka, 1967.
4. Slnomm JI. Teopis 1 mnpakTka OOpOOKH pe3ynbTaTiB
BUMiptoBaHb. M.: Mup, 1968.

302



