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Mema pobomu: OCBOITM METOJ aHAII3Y PO3MIPHOCTI (PI3MYHUX BEITUYHMH TPU
MOJICTIFOBAHH1 TEXHIYHUX CUCTEM

Ocnoegni 3a¢0anna:

1. BuBuMTH CyTh METOAY aHAI3y PO3MIPHOCTEH (I3MUHUX BEIWYMH MPH
MOJICTIFOBAHHI TEXHIYHUX CHCTEM.

2. O3HaWOMUTHCH 3 METOJMKOK BUKOPHCTAHHS Ta MOXKIIMBOCTSIMH METOIY
aHa13y pO3MIPHOCTEN (PI3MYHUX BEJIUYMH.

3. HaBuWTHCh BUKOPHCTOBYBATH METOJ aHAII3y PO3MIPHOCTEH (Di3MUHMX

BEJIMYMH HA MPAKTHULI TPHU PO3B’sI3yBaHH1 3a7a4.

KOPOTKI TEOPETUYHI BITOMOCTI

1. Xapaxkrepucruka MeTOAy aHAJi3y po3MipHOCTel Qi3 HYHUX BEJIHYHH

O0’eM eKkcrepuMEHTaIbHOT poOOTH O€3MOCEPEAHBO 3AJEKUTh Bl KUIBKOCTI
JTOCIIKYBaHUX — (pakTopiB. J[J11 3MEHIICHHS KIJIBKOCTI HE3AJIC)KHUX 3MIHHHMX
JOCHKYBaH1 (PAaKTOpH Ta MOKA3HWKM 4YM SIBUIIA MOXYTh OyTH 3rpynoBaHl B
0e3po3MipHl KOMOIHAIlli, 3arajibHa KUIBKICTh SIKUX OyJ€ MEHIIA HIDK KUIBKICTh
BUXIIHUX (akTopiB. Meroauka mnoOyAoBH 1HMX O€3pOo3MIpHMX KOMOIHALN
IPYHTYETHCS HA aHaI131 PO3MIPHOCTEN 3MIHHMX, [0 BIUIMBAIOTH HA JOCIIIKYBaHMMA
npoiec. Meroa aHamizy PO3MIPHOCTEH (PI3UUHUX BEJIMYMH MOXKHA €(EKTHUBHO
3aCTOCOBYBATH Y TUX BUMAAKAX, KOJIM HA OCHOBI MPUHHATOT (P13UUHOT MOAEITI CKIaACHI
OCHOBHI1 PIBHSIHHS Ta BCTAHOBJIEHO YMOBH €IMHOCTI iX PO3B s3Ky. OOp0oOKa OCHOBHHX
PIBHSIHb 34 JOTOMOTOI METOJY aHAJIi3y PO3MIPHOCTEH BEIWYMH JTO3BOJISIE 3HAWTH
KpUTEpii NOAIOHOCTI — CTENEHEB] KOMILJIEKCH MApaMETPIB 3a1adi, 00 €IHaHI B OJHE
1[1J]1€ TAMU 3B I3KaMU, K1 3aKJIaCHI BXKE B caMiid OCHOBI BIANOBIAHOTO mpouecy. Lium
JOCATAETHCSl 3MCHIICHHS KIJTBKOCTI (DI3MYHMX MapaMeTpiB, SIKI XapPaKTEPU3YHOTh
SBUILE, Ta OUIBIIA Y3arajJbHEHICTh OACPKYBAHUX PE3YJIBTATIB.

JlocuTh yacTo (pi3nUHMI MPOLIEC HE BAAETHCS OMUCATH MATEMATUYHO. Y BUMAJIKY,
KOJJM HE Ma€ MOXIIMBOCTI 3aCTOCYBaTH TEOPIKD MOAIOHOCTI 3BEPTAIOTHCI  J0
AIBTEPHATUBHOTO MIAXOAY — dHalizy posmiprocmeidi. 11py BUKOPUCTaHH] aHAIII3Y

PO3MIPHOCTEH AOCTaTHBO 3HATH JIMILIE MEPENTIK BCIX BETUYMH, SIKI XapaKTEPU3YIOTh

3



JTAHUH TIPOLIEC.

Ha ocHOBI aHaImi3y po3MIpHOCTEH 3a1a4a MOJICTIOBAHHS PO3B SI3YETHCS 32 TAKOK)
CXEMOIO:

— BHM3HAYAETHCS TUM 3a/a4l 1 BAOUPAETHCS CUCTEMA PO3MIPHOCTEH;

— CKJIQJAETHCS MEPEIK BEJIMYUH, SIKI CYTTEB] AJIs TOCJIII)KYBAHOTO SIBUIIA,

— 3a 7 -TEOPEMOI0 BU3HAYAETHCS YACTO KPUTEPIiB-KOMIIJIEKCIB Ta iX CTPYKTypa.

[Ipy 1pOMY NPUHLMIIOBE 3HAYEHHS MAKOTh JIBA MOMEHTH: BHOIP CHCTEMHU
PO3MIPHOCTEH Ta MEPEITIK CYTTEBUX BeTMUrH. OOUABI MPOOJIEMH BUPIIIYIOTHCS TITBKH
HA OCHOBI JIOCTAaTHHO TNIMOOKOI0 PO3YMIHHS (PI3MUYHOIO MEXAHIZMY JOCIIIKYBAHOTO
npoiiecy. XapakTEePHO OCOOIMBICTIO aHAII3Y PO3MIPHOCTEH € T€, 1110 BIH HE BUMArae
3aJTly4YEHHs] OCHOBHMX PIBHSIHb 3amaul. KpiM TOro, 4acto BHUHHMKAaE CHTyallis, KOJA
PIBHSIHHS BIAOMI, MPOTE AHANITAYHE iX JOCIIDKEHHS HAITOBXY€THCS Ha HEMEPEOOPHI
MareMaTU4yHl TPYJAHOILINl. Y TaKuWX BHMAAKaX TOJIOBHY PoOJib  BIAITParOTh
€KCIIEPUMEHTAIbHI METOIN JTOCIIKEHHS, SIK1 TO3BOJISIFOTh BCTAHOBUTH HAMMPOCTIIIi
dakTh 1 3anucard iX y BUITISAl JEIKMX MAaTEMATUYHUX CHIBBIAHOWIEHB. Jl7st
NPABWIBHOT MOCTAHOBKH €KCIIEPHUMEHTIB 1 y3araJlbHCHHsI OJICP>KaHUX PE3YJIbTaTIB HA
BUIMAJIKU, KOJIM €KCIECPUMEHT O€3MOCEPEIHbO HE MPOBOJMBCS, HEOOXIHO BMITH
cknaaaty O0e3po3MIpHI KOMILJIEKCH 13 BEJIMYMH, SIKI CYTTEB1 JUIS MPOLECY 1 SIK1 AJIst
NOMIOHUX SIBUL 3AJIMINAOTHCS HE3MIHHMUMH. MOXIIMBICTH TAKOTO MONEPEIHBOIO
TEOPETUYHOIO aHAI3y SKpa3 1 3a0e3neuye Teopisi pO3MIPHOCTEH.

[lepm HIK MepeTH 10 MPEAMETHOTO BHBUEHHS TEOPIi pO3MIPHOCTI MOTPIOHO
3'CyBaTH, IO Take B3araj € posmipuicmv. TIOHATTS PO3MIPHOCTI HEPO3PUBHO
OB sI3aHE 3 OAMHUIIMUA BuMipy. [lin oounuyero eumipy ciijg po3yMmiTH Mipy, 3a
JOMOMOTOK) ~ SIKOT  OTPUMYKOTH  CBOi  3HAUeHHS (I3MYHI YM  TE€OMETPUYHI
XapaKTEPUCTUKU CHUCTEMH, TOOTO L€ MACIITA0, y JOJIIX YAaCTHH SIKOTO BUMIPHOETHCS
BIJIMOBIAHA BeMMYMHA. [[pUKiIagaMu OOUMHHIE BUMIPY MOXYTh CIYTYBAaTH METP Ta
(YHT y BHNAAKy BHMIpPY JIHIHHUX po3MIpiB, rpaayc 3a llenbciem Ta rpaayc 3a
KenbBiHOM y BUMIAIKY TEMIIEPATYPH, CEKYHIM Ta XBHJIMHYU Y BUMAJKY 4Yacy 1 T.4. [Homi
3aMICTh TOrO, OO Ka3aTH, IO JOBXKWHA BUMIPIOETBCS Y METPAX, 4 TEMIEPATypa B
rpaaycax, KaKyTh, [0 PO3MIPHICTh JOBXHHH € METPH, a TEMIIEPATYPH — TPAAYCH.
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AHAJIOT14HI BUCJIOBU MOKHA 3aCTOCOBYBATH 1 10 Oy Ab-SKOi 1THIIOT OJJUHUI[I BUMIDY.

BuHukae mATaHHSA: PO3MIPHOCTI € a0COMOTHUMH YHM BIAHOCHUMH 32 CBOEK)
cyTTIO? B1anoBib Ha 11€ 3anUTaHHSI MOKE OYTH TaKOI0: 3BUYAtHO, PO3MIPHOCTI — II€
BIJIHOCHI BEJIWYMHU. AK€ 3 TaKUM CaMHUM YCIIXOM MH MOXEMO BHMIPIOBATH
JOBKMHY HE B METPAaX, a B METpPaxX KBAJAPATHUX, BBAKAIOUM 3a OAVHHIIKO BUMIPY
CTOPOHY Y J1aroHaJib KBAAPATa, IJIOIIA IKOTO CKIAAae OJWH KBaJAPaTHUA MeTp. Ase
HaM 3HAYHO MPOCTILIE MOPIBHIOBATH MK COOOK BEIWYMHM OJAHIET mpupoau. Tomy
JOBKWHU MH MIPSEMO Y JOJIIX €TAJOHHOI JOBKWHHW, 3HAUYEHHS SIKOI MPUIHATO
BBA)KATH 32 OJIUH METP.

Po6oui oneparii BUMipy MOBUHH1 OyTH TaKuMU, 1100 (pI3WYH1 CIIBBIIHOIICHHS,
K1 BUKOHYIOTHCS JJIS1 BEJIMYKMH, BUMIPSHUX Y OJHUX OJUHMIISX, MaJIU MICIE 1 s
BEJIMYMH, BUMIPSHUX Y OYJb-SKMAX 1HIIMX OAMHHLX. Lle Oyae BUKOHYBATHCA, SKINO
3HAQUEHHS BEJIMYMHU, OTPUMAHE B PE3yibTari BUMIpPY, Oyne 0OEpHEHO MPOMOPLiiHEe
BEJIMUMHI OJTMHUII BUMIpY. BenMUnuHM, YMCITOBE 3HAYEHHS IKMX 3aJIEKUTh Bl BUOOPY
MacmTadiB, TOOTO Bl BUOOPY CUCTEMH OJMHULL BUMIPY, HA3UBAKOTLCS POSMIPHUMU
gesudunamuy. SIKIo YMCIIOBE 3HAYCHHS BEIMYMHA HE 3aJI€KUATh BiJl CACTEMH OJMHHULD
BAMIPY, TO TaKa BEMYMHA HA3UBAETBCA Oe3posmiproio. TIpUKnagaMu po3MIpHUX
BEJIMYMH MOXKYTh CITYTYBaTH JOBXHMHA, Yac, CUja, WBUAKICTE 1 T.14. be3po3mipHuMu
BEJIMYMHAMU MOKHA BBOXKaTH KyTH, aedopmanii, BITHOIIEHHS JBOX OJAHOHMEHHHMX
BEJIMYHH.

[Tomin BemMYMH Ha PO3MIPHI Ta OE3pO3MIPHI € B JEAKI MIpl YMOBHHM.
Hanpuknan, kytu Hamu Oysi0 BIAHECEHO 10 O€3pO3MIpHUX BeMMuMH. [IpoTe Bigomo,
10 KyTH MO>KHA BUMIPIOBATH K y paJiaHax, BIAHOCSYM JOBKWHY BIIMOBIAHOI AyTH
KOJIa 10 Horo pajlyca, Tak 1 B rpaaycax abo rpaax — piBHUX YaCTHHAX MPSIMOIO KyTa.
AJIe OCKIJIBKHM B YCIX CUCTEMAX BUMIPY (CUCTEMAaX OAWHHIb BUMIPY) BUKOPUCTOBYOTh
B SIKOCT1 OCHOBHOI OJUHUIIl BUMIPY KYTIB pPajliaHu, TO KYTH AICHO MO>KHA BBAKATH
0€3pO3MIPHOIO BEMMUMHOK0. Tak camo, sKIIo O B yCiX cucTeMax BUMIpy Oysa BuOpaHa
OJIHA 1 Ta K OJUHUI BUMIPY JAOBXKHHH, TO JOBKMHA TEK Oyna OW O€3pO3MIPHOIO
BEIMUMHOMO. [IpoTe B pI3HMX CHCTEMAX ICHYIOTh PI3HI OAWHHMII TSl BUMIPY TOBXHHH,

110 NOSICHIOETHCS TUM (PAKTOM, [0 MOAIOH1 (PIrypH MarOTh PIBHI KYTH, aJi€ HE 3aBXKIU

5



PiBH1 po3Mipu CTOPiH. OTKe TOBKHUHA € PO3MIPHOKO BETUYHHOKO.

TuCcK 3BHYAHHO PO3IMSAAKOTh SIK PO3MIPHY BEJIWYHMHY 1 BHUMIPIOIOTH HOTO B
[Tackansax (11la=1H/m*) abo B kl/cmM?. 3 iHmoro OOKy, B 0ararbox 3agadax
3YCTPIYAETHCS Y BUTTISAL HApaMeTPy aTMocPepHuil TUCK, TOOTO THCK CTOBIA MOBITPS
Ha piBHI noBepxHi mops (10°Ila). Lleil mapamerp MOXKHA BHKOPHCTATH y SKOCTI
€TaJIOHa 1 BUMIPIOBATM TUCK Yy YAaCTUHAX Bl aTMOC(epHOro THUCKY, TOOTO B
atmoc(epax (am). Tuck BumipsHuil y atMocdepax € 0€3p03MIPHOIO BEIMUMHOK, 00
HOTO 3HAYEHHS HE 3AJIEXKUTH BiJl CHCTEMU OJIMHULLL BUMIPY.

TakuM 4MHOM, TIOHSATTS PO3MIPHUX Ta OE3PO3MIPHUX BEIUYHH € BITHOCHHUMHU.
[Ipn moOymoBI CUCTEMH BHMIPY BBOAMTHCS NEIKWH 3amac OAWHMIL BUMIpY. Toni
BEJIMYMHU, JJI SKMX OJWHULl BUMIPY OJHAKOBI B YCIX CHCTEMax BUMIPY, OyAyThb
0e3po3MipHUMU. B1AMOBIIHO BC1 1HII BEJIMYMHU OyAyTh PO3MIPHUMH.

Pi3H1 (i3W4H1 BEIMYMHU TOB A3aHI MK COOOKO MEBHUMH CII1BBIJAHOIICHHSMHU.
ToMy MU HE MOKEMO BC1 OIMHUII BUMIPY BUOMPATH HE3AIC)KHUMU. SIKIIO IEAK] 3 HUX
MU BUOEPEMO HE3ATECKHUMU, TO OJMHUII BUMIPY JUIsl IHIOMX MOXKHA Oy 1€ moOyyBaTu
Ha iX OCHOBI. BenwuWHW, OJMHWII BHMIPY SKHX BHOWUPAOTBCS HE3AIEIKHO,
HA3WBAKOTHCS ocHoBHuMY ab0 nepeunHumMy BETWYMHAMH. [HIII OTpUManu Ha3By
noxionux adbo 6mMopuHHUX BEIINYKH.

[Tpy BUBYECHHI MEXAHIYHUX SIBHIL TOCTATHHO BUOPATH HE3AJECKHUMH JIMIIE TPU
OJIMHHULII BUMIPY. SIK mpaBWjIO, L€ OJMHMIN, SIKI BIAMOBIIAIOTH TPHOM OCHOBHUM
(pu10COPCHKUM KaTeropisiMm — MPOCTOPY, Yacy Ta Marepii, ToOOTO OAMHULI JOBKUHU
[/1=L, vacy [t]=7 Ta macu [m]=M . [HKOJM 3a HE3AJC)KHI OJUHUIIl 3PYUHO B3SITH
OJIMHUIIl TOBXHHH, 4acy T4 CHJIM. 3BHYAIHO, B SIKOCTI OCHOBHHX OAMHHIb MO>KHA
BAOWPATH 1 THIIII.

B 3agavax €NeKTpOMEXaHIKH [0 OJMHHIL BUMIPY Yacy, JOBKHHUA Ta Macu
JOIa0Th 1I€ OJMHMII BHMIPY cuium cTpymy [i]=1. B 3amavax noB si3aHuUX 3
npouecamMm TEIOOOMIHY A0 OCHOBHMX OJWHMIL JOJAKOTh OAWHHII BHMIPY
Temmneparypu [k] = K.

Po3noain BenuyrH HA OCHOBHI Ta MOXIJIHI HEOOXITHUM YAHOM MPHU3BOJUTH 10
BUHUKHEHHS LI€ OJHOrO MOHATTS — PO3MIPHOCTL. [l posmipnicmio cmp po3ymiTu

6



BHpPAa3 JJIs NOX1JHOI OJIMHULI BUMIPY Y€PE3 OCHOBHI OJIMHULII BUMIPY.
Jlam po3MIpHICTh BETUYMHU X OyJIEMO MO3HAYATH KBAJAPATHUMHU Ty>KKaMu: [X].

HaanKnaz[, OJUHUIIA I]_IBI/II[KOCTi BU3HAYUTBHCA TAKHUM YHMHOM:

_m_
vl =4

ne L, ' — BIAMOBITHO PO3MIPHOCTI OJJUHUIL JOBKHUHH 1 4acy.

| =~

- = LT,
Bu3HayanesHUM PIBHSHHIM OVHHMILI CUJIH € APYTrUid 3aKoH HeroToHA:
F =ma; [F] =[m] - [a] = MLT2.
Po3MipHicTe 0quHMI pOOOTH:
[A] = [F]-[l] = ML*T2

B ocHOBy 3acTocyBaHHsS aHaji3y PO3MIPHOCTEH TMOKIAACHO TT-TEOPEMY
no1iI0HOCTI, sika (POPMYITFOETHCA TAKUM YUHOM:

Axwo icnye 0oOHOpiOHa GIOHOCHO PO3MIPHOCHEN 3ANEINCHICHb, WO NOBHICIIO
onucye npoyec abo seuwe, Vv maxomy eueisioi: (Y, X1, X2, Xz, v, Xn—1) = 0, siKka
36 ’53y€ B Pi3UYHUX 8eIUYUH 30 OONOMO20I0 K OCHOBHUX OOUHUYD, MO Y5l 3ANEICHICIb
3a62C0U  MOdIce  OYmMuU  NOOAHd SIK  3AlediCHICmby  Midie  (n-k)  Oe3po3miprumu
KOMOIHayismu, ymeopenumu 3 yux seaudut, @ my, Ty, Mg, ., Tp_g) = 0.

TyT BUKOPHCTAHO MOHATTS OJHOPIAHOT BITHOCHO PO3MIPHOCTEH 3a1€KHOCTI, 1T
SIKOIO PO3YMIIOTh PIBHSIHHS, (DOpMa SIKOTO HE 3aJIEKUTh Bl BAOOPY OCHOBHHUX OJVNHUIIH
BAMIpIOBaHHs. Hanpukiaz, 3anuc Apyroro 3akoHy Her0TOHA HE 3aJIEXKUTh Bl BUOOPY
OJIMHUL BUMIPY MacHl pyXOMOTIO TiJja.

2. IIpuknan 3aCTOCYBAHHS METOAY aHAJNI3Y PO3MIPHOCTEi (Pi3MIHNX
BeJIHYUH

MeTon po3riITHEMO Ha MPHKIIAAl BAOCKOHAJIECHHS IMJIaHY €KCIEPUMEHTAIBHOIO
JOCIIKEHHST OE€3KOHTAKTHOIO KOHTPOJIIO  IJIOCKUX JIeTajieli 3a  J0MOMOTrORo
MMHEBMATHYHOTO BUMIPIOBAJIBLHOTO npujaay (puc. 1, B).

Y BUMIpIOBaJIbHY Kamepy MNpwiaay 4Yepe3 BXIIHHMA JpOcesb 13 MPOXIAHUM
JIaMETPOM d, HAJAXOJWTh CTUCHEHE MOBITPS M1 TUCKOM py. CTUCHEHE TMOBITPS
BUXOJIMTh 4€pPe3 KUIbLICBUI 3a30p BHUCOTOK) /1, IO YTBOPIOETHCS MIK BUXIJIHUM

JPOCEJIEM 3 IIAMETPOM d;, Ta BUMIPIOBAHOKO ACTAUIIO. THUCK HA BXOJ1 y TPWIAI Py



NiATPUMYETLCA NOCTIMHMM, a TUCK Yy BUMIPIOBa/bHIN KaMepi pi 3anexartume Bif
BMCOTK KinbueBoro 3asopy W Tuck pi BUMIpPIOOTL i 3a MOro 3Ha4YeHHAM Po6NATb
BMCHOBOK MNP0 BiACTaHb Bif MOBEPXHi AeTani A0 BUXigHOro agpocens W, a omxe, npo
TOBLLMHY deTani.

EkcrnepumeHTanbHe AOCNIMKEHHA npunagy nepepbayvyac BUMBYEHHA BMNAMBY Ha
TUCK Y BUMIPIOBa/bHIN KaMepi pi NOCTIMHOro BXigHOro TUCKY po, AiaMeTpiB BXiAHOIO
ci2 1 BUXIQHOrO Cif gpocenis, a TaKoX BigcTaHi MK BUXiAHUM ApOcenem Ta AeTanito
(puc. 1, a). O4eBMAHO, BBaXKAETHCH, L0 MOBITPA € HECTUCUBUM, TEPTHA MOBITPAHUX

CTPYMEHIB Y npunagi BiACyTHE, IHEPUIAHI CUIX NPU BUMIPHOBaHHI TAKOX BiACYTHI.

) B

Puc. 1 BuxigHa (a) i BOOCKOHasneHa (6) CXeMU eKCNEPUMEHTY Ta KOHCTPYKL A
TOBLWMHOMIpa (B): 1- BXigHWIA gpocenb, 2 — BUMIptOBanbHa KaMepa, 3 — BUXi AHWIN

apocenb, 4 — aetanb

3aneXxHicTb MK UMMK 3MIHHMMW HeBifoma, TOMY 3anuwiemMo Ti Yy 3arabHil
opmi gk pr = <p(p0,/i,
Y Haibinbw 3arafbHOMYy BMMNaAKy MDK UMUMKW 3MIHHUMW  iCHyBaTume
CNiBBIAHOLUEHHSA
Pi = (PIPO' bb> Ill> "2 )m
PO3MIpHICTb YCiX 3MIHHUX BMXIAHOT 3aneXHOCTI MOXe O6yTu BupaxeHa 3a

AOMOMOrOK TPbOX OCHOBHUX O4MHULUbL: Macu M, foBXnHM b Ta vacy T (Tabn. 1).



TaGmuus 1. [lo3HaueHHS Ta pO3MIPHOCTI 3MIHHUX Y (POPMYJIl BUBHAYEHHS THCKY

y BUMIPIOBAJIbHINA Kamepi

Ne 3miHHA Io3naueHHs Po3mipHicTs
1. | Tuck y BUMIpIOBaNIbHIlH Kamepi D1 ML™1T—2

2. | BXigauit HOCTIHHUIH THCK Do ML™1T~2
3. | HdiamMeTp BUMIpIOBAILHOTO APOCENS d, L

4 JliaMeTp BX1HOTO JpOCes d, L

5 Bincrans BiJ apocens 10 aeraii h L

[TixcTaBUMO y BUXIIHY 3JIEKHICTh 3aMICTh 3MIHHUX X PO3MIPHOCTI
MLIT™2 = [(ML™1T~2)%, 1P, L¢, [*]

Skmo g0 1Oro BUPa3y BUCYHYTH BUMOTY OAHOPIAHOCTI  BIAHOCHO
PO3MIPHOCTEH, SIK Y T - TEOPEMI, TO MOKA3HUKK CTENEHS B JIIB1 Ta MpaBiii yacTUHAX
noBUHHI OyTH piBHI. ToAl OTpUMAEMO

JJist M: l1=a
pal: —1=—a+b+c+d
s T: —2=-2a
Mwu oTpuUMaii TPU PIBHSHHS 13 YOTHPMa HEBIAOMUMH. BUKIHOUMMO 13 CHCTEMU
PIBHSIHb BEJIMUMHU a 1 ¢. Toml
l=aq, c=-b—-d; 1=a.
[TixcTaBUBLIIM OTPUMAHI BETUYAHHU Y BUXITHY 3aJI€KHICTb, 3AMALIEMO
p1 = o(ps, h°, di"™¢, df).
O0’eqHAEMO WICHM 13 OJHAKOBUMM IMOKAa3HUKAMM CTEMEHS, 110 JacTb 3MOTY

nepenT 10 6€3po3MIPHUX KOMOIHAIIM 3MIHHUX

B (k day
Po d1,d1 '

Takuii mepexiy JaB 3MOry CHPOCTUTH CKCHEPUMEHTAIBHE JOCIIKCHHS,
OCKIJTbKH 3aMICTh I STH BUXIAHUX 3MIHHMX B €KCIEPUMEHTAIBHOMY JOCIIIKCHHI
OpaTtumyTh y4acTb Jile Tpu 0e3po3MipHI KoMOIHaMii nux BenuuuH (puc. 1, 0). [1pu

[IbOMY 3HAQYHO CHOPOUIYETHCS TpaiyHE MPEACTABICHHS CKCIEPUMEHTATBHUX JaHUX

(puc. 2).
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Puc. 2. Pesynbtatn foCnigKeHHA
OuiHMMO OTpMMaHuin pe3ynbTaT, MPOBIBLWM TEOPEeTUYHMI aHani3 npouecy
(PYHKLIOHYBaHHS MHEBMATUYHOIO BMMIPHOBa/IbHOTO NPUCTPOID MPU AOMNYLLEHHI NPO

HECTUCNUBICTb NOBITPSA. BUTpaTh MOBITPS Yepes conno 06UYNCANMO 3a (hOPMY/I0H

2(p0 —Pi
<2=/ (p i)
N

ne/ — nnoluya conna; p — rycTuHa nosiTps.

Toai 06’eM MOBITPSA, WO 3aiWN0 Yy BUMIpPHOBaNbHY Kamepy 4epe3 BXigHWNA

Apocenb, [0OpiBHIOBaTMMe 06’€My MOBITPS, WO BUALLINO 4epe3 KifbLeBY LLIINHY
BMXiHOTO Apocens, T06To

necin P i
2(Po —Pi) i i 2pi
N N
abo nicna nepeTBOPEHb | CKOPOUYEHb OTPUMAEMO:
'n(%\ 2(po-pi) 2pl
— {TCu™ "H,) }
Pi
Po

3afieXHIiCTb,  OTpUMaHa  LWAAXOM  TeOpeTUYHOro  aHanisy  npouecy
()YHKLIOHYBaHHSA MHEBMATMYHOrO TOBLIMHOMIpPA, MICTUTL Taki cami 6e3po3MipHi
KOMGiHaLiT 3MiHHMX BeNIMYMH, AKi OTPMMaHi WASXOM aHanisy po3MipHOCTEN.

Be3CcyMHIBHOIO nepeBarold aHanidy pPo3MIpHOCTEA € MOX/IMBICTbL KOro
3aCTOCYBaHHA B YMOBax HeBIAOMOT 3a/Ie)KHOCTI MK 3MIHHUMU BeMYUHAMU, LLO
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OMHUCYIOTh JOCHIUKYBAaHWWA MpOLEC YK sBHALIE. Bpaxyemo Ttenep, Hampukiam,
BJIACTHBICTh TOBITPS CTUCKATHCS MPU BUMIPIOBAHHI. 3 W€D METOK JOMOBHUMO
3MIHHI, IO OMMCYIOTh MPOLEC, TAKUMH MApaMETPaMU, SIK TYCTHHA TMOBITPS P Ta
npuckopeHHs 3emni g. Tomi
p1=o(ps, Rk, df, df, g° o).
[TigcTaBUMO 3aMICTh IIUX 3MIHHUX iX PO3MIPHOCTI:
MLT ™2 = [(ML™'T~%)% I, L¢, L%, (LT~2)¢,(ML™3)/ |
[3 yMOBM OTHOPIZHOCTI BIAHOCHO PO3MIPHOCTEH MO OCHOBHUX BENMYMHAX M, [,

7 oTpUMA€EMO BIAMOBITHO CUCTEMY PIBHSIHb!

l=a+f
—1=—-a+b+c+d+e—3f
—2=2a—2e

Po3p’soxeMo i BITHOCHO 4, ¢, e:
a=1—-f,;e=14+a=f;c=f—b—d.
[TincTaBnsieMO LI 3HAYECHHS Y BUXIJHY 3aJ€XKHICTh, IO MOAU(DIKye ii Takum
YUHOM:
p=o(p, ', kb, a7, af,g°%p").
OO0’emHAaBIIN 3MIHHI 3 OJHAKOBHUMH MOKA3HWKAMH, MaTUMEMO Taki KomOiHarii
0€3pO3MIPHUX BEJIUYMH:

(ke dang
Po d1,d1, Po ,

: : : .. d
Cepel SIKUX CTHCIMBICTD MOBITPS BPAXOBYETHCS OE3PO3MIPHOI0 KOMOiHarier0 —22.

Po

TakuM 4MHOM, 3aCTOCYBAaHHSI METOIB aHAJI3y PO3MIPHOCTEN I AOCTIIKEHHS
IOPOLECIB, MO0 MPOXOJATh Yy TEXHOJOTTYHUX CUCTEMAX, CTBOPHOE MEPEIYMOBH SISt
CYTTEBOTO CIPOLICHHS SIK 00’€MIB €KCMIEPUMEHTAILHUX JOCTIIKEHb, TaK 1 poOiIT 3
00poOKH iX pe3yJIbTarTiB.

Bapiantu 3aB1aHb
Bapianm 1.
Cuna onopy tepts Frp TOHKOT MPAMOKYTHOI TUTACTHHM, 10 OOTIKAE€THCS TOTOKOM

PIAMHM, 3aJIEKUTh BiA TUIOMI OOKOBHMX IMOBEPXOHb IJIACTHHA W, TYCTHHH P Ta
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HMIBUJKOCTI V PIAWHY, MPUCKOPEHHS BiTbHOTO namiHus g Fp=f(w, p, v, ). 3HaliTn
0e3po3MipHi KOMOiHALIi, SKUMHA OMHUCYIOTh MPOLEC, SKIIO (POPMYIN PO3MIPHOCTEH
(isuyrrx BenMuMH MaroTh BUDIAN [Fp]SMLT?;, [w]= L2 [p]FML?3; [g]=LT>;
[VI=LT.

Bapianm 2.

[InacTvHa TUIOMICKD S PyXa€ThCs BITHOCHO HEPYXOMOI TUIACKOI MOBEPXHI, SIKY
HAMOYEHO PIAMHOK0, 13 MBHAKICTIO V. ToBmMHA mapy h, B’S3KICTh (. 3yCHILIs, SKE
NPUKIIAJIEHE 0 MJIACTUHY, BU3HA4aeThes QyHKieo Buay F=f(S, v, h, p). 3naiitn
0e3po3MipH1 KOMOiHALI{, SKUMH OMHCYIOTh TMPOLEC, KO (POPMYJIA PO3MIPHOCTEH
(isuunnx BeanuuH MaroTh BUraaL: [F]=MLT2, [S]=L2 [v]=LT!, [h] =L; [u]=
MLITL.

Bapianm 3.

J10 MOTY3KHM AOBKUHOKO R, 0JIMH KiHELb SKOi 3aKPITUICHUI HA HEPYXOMIil TOull],
NPUB’A3aHUI KaMiHb Macoro m. Kaminb 006epraeThes 31 BUAKICTIO V. [IpuckopeHHs
BIJTLHOTO TAJIHHS JOPIBHIOE g, a CUJIA HATATYBAHHS JIAHLIOTA, SIKa BU3HAYAETHCS B
nochiai - F= f(R,m, v,g). 3naiitin 6e3po3MipHi KOMO1HAILIli, IKUMH OMUCYIOTh MPOLIEC,
AKILO (POPMYIIH PO3MIPHOCTEN (PI3UUHMX BEIUUMH MAKOTh BUrIs: [F]=MLT?; [R] =
L; [m]=M; [v]=LT"; [g] =LT*

Bapianm 4.

Butpara Bogu Q 4epe3 UMITHAPUYHHANA HACAJ0K 3AIEKUTh BiJ iioro aiamerpa d,
niametpa TpydonpoBoaa D, Hanopa mepen HacaakoM H Ta MpUCKOPEHHS BUIBHOTO
nagiaasg g Q= f(d,D, H, g). 3naiitu Ge3po3MipHi KOMOIHALIi, SKUMH ONUCYIOTh
IPOLIEC, AKILO GOPMYJIH PO3MIPHOCTEN (PISMUHUX BEITMUUH MaroTh BUrsn: [Q]=L3T,
[d]=L; [D]=L; [H]=L; [g] =LT".

Bapianm 3.

[ToTy>kHiCTh Ha Basly Hacoca N 3ajiexxuTh BiJ Hanopy H, skuii cTBOproe Hacoc,
nojnayl Q, TyCTHHHM PIAVHH p, TPUCKOPEHHS BibHOrO maaiHHs g N=f(H, Q, p, g).
3HaiiTh 0e3po3MipHI KOMOIHAIli, SKMMH ONUCYIOTh MPOLEC, SKIO (opMysn
po3mipHOCTEN (PI3UUHMX BENUUMH MarOTh Burian: [N]J=ML?T-; [H] =L; [Q] = L°T;
[p] = ML [g] = LT~
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Bapianm 6.

Yac t mporecy CrnoposKHEHHSI BEPTUKATBHOTO IMTTHAPAYHOTO 0aka 3aJIe’KuTh Bl
miametpa D OGaka, piBHs H piamnu, miamerpa otBopy d y aH1 Gaka, MPUCKOPEHHS
BipHOrO nafinHs g: t=f(D,H,d,g). 3naiiti 6e3po3mipHi KOMOiHALi, SKUMH OIUCYIOTh
MPOIIEC, SAKIIO (OPMYIIM PO3MIPHOCTEM (PI3UUHUX BEIMUMH MaroTh BUIISA [t] =T [D]
=L; [H]=L; [d] =L; [g] =LT>
Bapianm 7

KinpkicTe TEMa 3a OAVMHUINO Yacy (, IO BIAJAETHCS TUIOM, IO MOMIIIEHE B
PIAMHY 3aJIEKUTh BiJ MOro JHIHOro po3mipy L, nepenany temneparypu T, mATOMOT
TEINIOEMHOCTI ¢ 1 Koe(dimieHta TtemnonposiaHocTi A: q=f(d, T, ¢, A). 3nHaiitu
0e3po3MipHl KOMOiHALI{, SKUMH OMHCYIOTh MPOLEC, KO (POPMYJIA PO3MIPHOCTEH
(ismurnx BenmuuH MmawTe Bunsn [ = L; [T] = ML?T~2;[c] = ML™3; [1] =
Lt
Bapianm 8

[IporvH y KOHCOJIBHO 3aKpIMUICHOI Oalk JOBXKMHOK [/, HA KIHI SKOi
3aKPIIJIEHUI BaHTAX M 3aJ€KHUTh Bl MOIYJs MPY>KHOCTI Mmarepiany Oaiku F Ta
MOMEHTY 1HEPIi 1i MONEPEYHOro NEPEPI3y /, a TAKOXK MPUCKOPEHHS BUIBHOTO A 1HHS
g v=AI, m, E, I, g). 3HaiiTi 0€3p0o3MipHiI KOMOIHAIII1, IKUMHA OMUCYIOTh MPOILIEC, SIKIIO
bopmMyu po3MipHOCTE# Pi3MUHKMX BeJIMUYMH MaroTh BUrIAa: [I] = L; [m] = M; [E] =
MT=2L7% (11 = L*; [g] = LT~?

Bapianm 9

Cuna onopy kopabns F, Macor m, mo pyxaerbcs 3 MIBHIAKICTIO V TakoX
3QIEKUTH B1J OT0O JIIHIHHOTO PO3MIpY /, TPUCKOPEHHS BUIbHOTO MAIHHS g, TYCTUHU
pinuHu p, B’s3K0cTi moBiTps W F=f(m, V, /, g, p, ). 3naiitn 6e3po3mipHi KoMOiHaIi,
SKUMH OMHUCYIOTh MPOLEC, KO (POPMYJIN PO3MIPHOCTI (PI3UYHUX BEJIMYMH MAKOTh
pursi  [FI=MLT? [m]=M; [V]=LT™ [l] =L; [g]l =LT7% [p] = ML™3;
[W] = ML T~
Bapianm 10

MakcuMarnpHa 1anbHICTh MOJIBOTY KYJII ¢, BUIMYLICHOI 13 ICTONETA 3ATIEKUTh BiJl
ii MacH m, MOYaTKOBOI IIBUAKOCTI }/ BUCOTH, HA SIKI BOHA BUNYIECHA /1, TPUCKOPECHHS
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BIJIHOTO TAJiHHS PIBHE g, B S3KOCTI MOBITPS W Ta ii JiHIAHOrO po3mipy D: a =
f(m,V,h, g, D). 3naiitu 6e3po3mMipHi KOMOIHAIIIT, IKUMH OMUCYIOTH TPOIIEC, SKIIO
dopMysm po3MipHOCTi (Hi3UYHUX BEWYMH MaroTh BUTIISN: [a] = L; [m] = M; [V] =

LT [hl =L; [g] = LT7% [u]l = ML™'T~%, [D] = L.

Ilpuknao po3e’aszanna 3a0aui.

Po3xig pimvHu QQ yepe3 NPAMOKYTHUH BOJO3NMB € (PYHKLIEH TYCTHHU P,
B’S3KOCTI PIAMHU L, BACOTH h BOAM HAJ MOPOroM, IIMPUHK b MOPOry Ta MPUCKOPEHHS
BiTbHOrO mamiHHsA g Q=f(p, u, h, b, g ). 3naiitu Oe3po3mipHi KOMOIHAIIi, SKUMHU
OINMUCYIOTh MPOLEC, AKINO (POPMYIN PO3MIPHOCTI (PI3UYHUX BEMYMH MAOTh BUTIIS!
[QIFL3T; [p]=ML"?, [u]-ML"'T"'; [h]=L; [b]-L;[g]-LT>

Posz¢’asanna:

YnopsakyBaHHs (pyHAAMEHTAIBHUX BETMYMH BUKOHAHO y BHMIISAL Taln. 2, ne
BKA3aHE MO3HAYEHHS BEJIMYUHM, ii po3MipHICTh Y cuctemi CB, popmyna po3mipHOCTI,
MOKa3HUK CTYMEHIO JUIsl MOJAIBIINX PO3paxyHKIB (Ta0dn.2.1.1).

Tabmung 2 — BuxigHi JaHH1 A7 PO3PaXyHKY KPUTEPIiB MOAI0HOCTI

dyHIaMEHTAIbH1 Po3MipHICTE dopmyna po3MIPHOCTI [Toka3zHuk
BEIIMYMHU CTETICHIO
Q M3/To [LP[T]! a
p Kr/m> [M][L]? b
M KI/MC [M][LT![T]? C
h M [L] d
b M [L] €
g m/c? [L][T]? f

OCKIJIbKY Y HaBeACHOMY TpUKIaAl n=6, a k=3, 3riIHo0 T-Te€OpeMU NOBUHHO OyTH 6 —
3 = 3 kpuTepiiB noAIOHOCTI.
OnHOpiAHE BIAHOCHO PO3MIPHOCTEH PIBHSIHHS HEOOX1IHO B11OOPA3UTH Y BUTIISAIL

NOKA3HUKOBOI (PYHKIIT B (YHIAMEHTATEHUX 3MIHHUX.
o{[Q1% [p1°, [ul°, [R]4, [b1%, (g1} =0
G{IILIP[TI7H]%, [[M][L]731P, [M][LITHITIS, [L]9, [Z]°, (LTI 72} =0
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Ons Toro, wo6 po3mipHiCTb NpaBoi Ta NiBOT YaCTUH HaBEAEHOr0 PiBHAHHA Gyna

0[lHaKOBO}O, Ta B1pa3 6yB 0OAHOPIAHUM BiJHOCHO PO3MiPHOCTI, MOBUHHI BUKOHYBaTUCSA

YMOBMU:
"IM] >b+c=0; (D)
Xl =3 —3b—C+cda+e+f — 0 (2)
[T -a-c- 2f=0. (3)

IHWKUMK cnoBamu, OTPUMann CUCTEMY TPbOX PIBHAHL i3 LWIICTbOMA HEBIAOMUMN.
Ons oTpuMaHHA TpboX 6e3p03MipHMX KOMGiIHaui HeoOXigHO BUKIKYUTU TPU
HeBigoMUX. Bifg TOro, fki 3MiHHI BUKIOYATLCA, 3a/IEXKUTb BUTNAL 6€3p03MipHUX
KoM6GiHauin. byab-sKi KomMb6iHaLiT (hopManbHO 6yayTb NpaBuabHUMKU. OfHAK He BCi 3
HUX MatOTb i3NYHKIA BMICT. TOMY pilleHHs 3aaadi iHofi Tpeba NoBTOPHOBATM.
13 (2): c=—b (4)
Migctasmumo (4) B (3):
—a+b—2/=0
a=b—2f (5)
Migctasumo (4,5) B (2):
3(b —2/) —2b+ b+ d+e-\-/ =0 (6)
d=Sf-e-b (7
TaknuM YMHOM, AKLLO NiACTaBUTM 3aMiCTb HEBIAOMUX @, C,  TX 3HAYEHHS 3rigHO
Bupasie (5), (7), (4) BignoBigHO, BUXifHE PIBHAHHSA NMEPETBOPHOETHCA 40 BUAY:
®{Neb~rr. [pMM M -b, [Tp-b-B, MBNe } =0
Bignosiab
BuKoHaBWW rpynyBaHHS BE/NYMH i3 O4HAKOBMMMK MNOKa3HMKAamMn CTeneHi,

OTPUMAEMO TpK 6e3p03MIPHUX KpUTEPIT.

(Op
ub . . e:
3MiCT 3BITY
1 TuTynbHa CTOpiHKA
2. 3MICT 3a4auyi 3rifHO BapiaHTy
3. Po3B’a30K 3agaui
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MiHicTepcTBO OCBITH | HAYKH YKpaiHu

TepHoninbCHKMIT HAIOHAIBHUI TEXHIYHUI YHIBepCHTET

imeni IBana Ilysros

Kadgheopa xoucTpyroBaHHs

BEPCTAaTiB IHCTPYMEHTIB Ta MAllIWH

3BIT
3 npakmuydnoi pooomu No |

HA TEMY:

" Moae/IIOBAaHHSI TEXHIYHHX CHCTEM METOI0M aHAJIi3y PO3MipHOCTEH

(i3nYHNX BEJIUYUH "

Pobomy suxonas : Pobomy npuiinse

cm. ep.

TepHomniib, 2016
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Konmponvni numanns

1. B skux BUNaAKax JOULIbHO BUKOPUCTOBYBATH METOJ aHANI3y PO3MIPHOCTEM
(13MYHUX BETUYHH?

2. SIkoro € JocTaTHs YMOBA AJIsi BAKOPUCTAHHS METOLY PO3MIPHOCTEMN?

3. BkaxiTh MOPsI0K MOJEITFOBAHHS 32 METOJIOM aHAJII3y PO3MIPHOCTEH.

4. TTOSICHITh TEPMIHU «PO3MIPHICTEY, KOJUHULS BUMIPY.

5. ITosicHITh TOHATTSI @OCOIOTHOCTI Ta BIAHOCHOCTI BUMIPIOBAHUX BEJIMYHMH.

6. ITlosCHICTP MOHATTS PO3MIPHUX Ta OE3PO3MIPHUX BeNWYMH. HaBemiTsh
NPUKIIA]IN.

7. T10SICHITH MOHATTS IEPBUHHUX T4 BTOPUHHUX BEJIMYKH.

8. SIki 0IMHUII BUMIPY BUKOPUCTOBYIOTHCSI HAMYACTIIIE 1 IK BOHW TO3HAYAKOTHCS
B TEOPIi PO3MIPHOCTEH?

9. BkaxiTh pPO3MIPHOCTI sl IWIBHAKOCTI, CUJIM Ta PoOOTH B TEPBHHHUX
BEJIMYMHAX.

10. 1o Take m-Teopema moaidHOCTI 1 KA ii CyTh?
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2001. —232c.

2. l'aiimydok B. M. Teopis 1 TEXHOJOTIS HAYKOBUX JOCIHIDKEHb. HAaB4. MOCi0. /
laiinyuok B. M., 3arxeii b. 1., Jlinauk M. K. — JIbBiB: Adimia, 2006. — 232 ¢

3. Kemmu T.FO. OcHoBM Teopii mOAIOGHOCTI Ta aHANI3y PO3MIPHOCTEH Ta iX
3actocyBaHHs B 3amadax mexadiku / Kenwu T.1O., Kynenko O.I'. K.: KuiBcbkmii
HalloHanbHUH yH-T iMeHi Tapaca [llepuenka, 2004. — 100 c.

4. MeToau4Hi BKa31BKM J0 CaMOCTIHHOI poOOTH 3 HOPMATHBHOI HABYAIBHOI
JUCLMIUTIHU NPOQeCiiiHOl Ta MPaKTUYHOI MIATOTOBKU «Teopis TEXHIYHUX CHCTEM)
(U1 CTYAEHTIB HANPAMKY MiArotoBky 6.050503 «MamuHoOynyBaHHs»). / YKnaaaui:
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