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[In-Teopus GyHAAMEHTAIBHBIX (PU3UYECKUX KOHCTAHT UCXOOUT M3
CIIEAYIOIIUX MPEATIOI0KECHUIM:

1. ®usznueckas peanbHOCTh CYMIECTBYET KaK KOMIIPOMHUCC MEXKITY
MOJIHBIM HAJTUYHUEM M IIOJIHBIM OTCYTCTBHEM CaMoOm ceOsl.

2. Jlna onpeneneHus MPOCTPAHCTBEHHO - BPEMEHHBIX ITapaMeTPOB
(pU3NYECKON pealbHOCTH AOCTATOYHO cucTeMbl enuHull LT u uncia
TH.

3. dusnueckas Macca M ecTh wiomaas L SKBUBAICHTHAS JaHHOM
(HU3nYeCcKOi Macce.

M=I M
L2
4. duznyeckas peajbHOCTh, POPMUPYST METPUUECKUN HHTEPBAI L,
JIOJDKHA MOJTHOCTBIO CKOMIICHCHPOBaTh [, OKBUBAICHTHBIM €My

ncespomerpudeckum unrepsaaom L =C-T.

C u T - ckopoCTh M BpeEMsT KOMIICHCAIIHH.
5. CKOpOCTh pacnpoCTpaHECHUS B3aUMOACUCTBUM KOHEYHA.
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KomnieHcanmonHbI npuHOun (ganee K-mpuHIMIT), 3aUIIeM Kak:
Ll’l
0 =1
(v-ry
7€ 71 — PA3MEPHOCTH NPOCTPAHCTBA.
K-nipuHIun, B 0011eM citydae, MOXKHO 3aIllMCaTh Kak:

T
N-P

P u F, -3nayenus pasmMepHoro uiu 6e3pasMepHOro napamerpa
(HU3NYECKOM peaJbHOCTH, HAXOISAIIHUEC B IIpeienax:

P <P<P P. <P <P

min. max. min.

P_N})O :O NJIN:

N - menoe 4ncio, Haxomsmeecs B npexenax 1< N <N,
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6.Pu3NUeCcKast peaIbHOCTh CYIIECTBYET TOJBKO B IPAHUIIAX CBOUX
napamMeTpoB L u T

L <L<L Lo ST =T,
Lmax — T max LmaX — Lmin
Lmin I min T max Tmin

L., L5 1.:; 1 . IpeaeabHbIE 3HAYEHUS [TApaMETPOB
L v T pusznyeckoi peaabHOCTH.

7. be3pasMepHbie PyHIaMeHTaIbHbIC (DU3UUECKHUE MOCTOSIHHBIC HE
M3MEHSIOTCS CO BPEMEHEM.

8. CripaBeyIMB NPUHILIUI IIPUYUHHOCTH.

9. BHINOJHAETCS NPUHITUIT SKBUBAJCHTHOCTH.

3anuineM B CUCTEME eaUHULL L1 MMPOKO N3BECTHBIC IIJTAHKOBCKHUE
napaMeTphbl (PU3UUECKON pealbHOCTH:
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OmpenenuM NOCTOSHHYIO NV,

[, h
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rne m, u ﬂ,e — COOTBETCTBEHHO Macca U KOMITOHOBCKas JJIMHA
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YpaBHeHHE  B3aMMOCBS3M  (DYHAAMEHTAJbHBIX  (DM3UYECKUX
KOHCTAHT 3aIlMIIETCS KaK:
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YpaBHEHHE B3aMOCBSI3U (PyHAAMEHTAIbHBIX
(PU3UYECKUX KOHCTAHT

h-Gy v

© B.b. Cmonenckuit 2007 [Mu-Teopus pyHmaMeHTATBHBIX (HU3NIECKUX KOHCTAHT



YpaBHeHHE JJI pacueTa dJIeMEHTapHOIo 00beMa

nz.(a.ﬁ)?;@:ﬁ

C
nt(a-BY A2 A, ===m, A

M3 mocneaHero ypaBHeHUs CIEAYET, YTO DJICKTPOH JOAKECH UMETh
Maccy TOKOS, T.K. TIPH JIOOOM M3MEHEHHH A, 3IeMeHTapHbI

e
00beM — HE OyHeT IOCTOSHHBIM.
C
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YpaBHEHUE 1A

14
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YpaBHEHHUE 1A pacyeTa rpaBUTALIMOHHOU
IIOCTOSSHHOU
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da30BbIN paINyC BCEICHHON
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da30BbIM U METPUICCKUN OOBEMBI TEIA
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BCGFI[& JTOJIZKHBI BBITTOJIHATHCA COOTHOLICHMUA.

m, -1 afnna oaéa
R, -1 ao0c+anéee Oadeon oaéa
d, - YCKOpPEHHUE Tela
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YPaBHECHHUE B3aHMOCBSI3HU
(GyHIaMEHTAJILHBIX (PU3NYECKUX
KOHCTAHT

Pl .ﬁ.(§\4: v

Ce ) w(aB)T
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npuMeHeHne K-nmpruanuia (4acTHBIN Claydan)

© B.b. Cmonenckuit 2007 [Mu-Teopus pyHmaMeHTATBHBIX (HU3NIECKUX KOHCTAHT



3eMiIsd

V N \/V 3| min. . S]max. M@ I \/mo - M
Ve 00BEM 3eMIH M _macca 3emin
V[3]max. ~ " [3]min. . NF — 00BbEM BCEJICHHOU

~h
[3]min. o

M = R;. — Macca BCeleHHOM
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OnpenenuM aOCOMIOTHYIO ITYCTOTY KaK HEKYIO MapaMEeTPUUECKYI0 aOCTPAKIIUIO
- cpeny, KOTOPOU HET U B KOTOPOU HUYETO HET. Toraa, yCIIOBHO rOBOPsI, B TAKOU
CpENEe HEIb3sl CO37aTh WJIHM OMNPEACIUTh JaXE OAHY TOYKY, BEAb CPEIbl HET.
Ornpenennm aOCONIOTHYHO TOJHOTY KakK CIUIOLIHYIO CPEedy, KOTOopas €CTh U B
KOTOPOM BCE €CTh. TOrma Mbl HE CMOKEM YHUUTOKUTh WIIA ONPEJACIUTh TOUKY B
3TOM CIUIOLIHOM CPEAE, MOTOMY UTO TOYKH CPEJIbl JOJLKHBI OTIAYATHCS IPYT OT
Ipyra, a OINYUAM HeT. Jlake HET NOHATUSA TOYKH, HOTOMY YTO CpeJla CIUIOIIHAS.
Ecin Mbl HE MOXEM OMNPEAECIUTh TOYKY B CpElle, TO 3HAYUT, Mbl HE MOMXEM
CyOAuThb O Cpelie, T.€. 4YeM SBIAECTCA cCpela: aO0COIIOTHOM MYCTOTOM WA
a0COIIOTHOM MoJIHOTOW. KakuM 00pa3oM Takue CYIIHOCTH KakKk aOCOJIOTHBIE
MyCTOTa W MOJIHOTAa MOTYT NposiBUTH ce0sA? [Ipennonoxum, uro Ilpupona He
MOXKET PpPEan30BbIBAaThCS WM CYLIECTBOBaTh B BHJAE TOJBKO a0COIIOTHOM
IyCTOThl MJIM TOJBKO aOCOIIOTHOM MOdHOTHL. Torma, eciau 3t1o Tak, Ilpupona
JeJaeT BBIOOP, €CM peaau3yeT TOJBKO OAWH W3 BAPUAHTOB: WJIM a0COJIOTHAS
yCTOTa WM aOCONtOTHasE MosHOTA. [IpenacraBiseTcs BEpHBIM MPEAONOKHUTD,
4YTO JOJDKEH OBITh KOMIIPOMHCC B BHJIE€ pPEald3allid KOMIICHCALIMOHHOIO
npuHIuIa, T.e. [Ipupoaa cyiecTByeT OJHOBPEMEHHO Kak abOCOJIFOTHAS MyCTOTa
M KaK a0COJIFOTHAS MOJIHOTA, KOTOPBIE KAKUM-TO 00pa3oM CKOMITICHCUPOBAHBI.
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JloOaBiieHuEe XOTs1 Obl OJTHOTO 3JIEMEHTA K a0COIIOTHOM MYCTOTE JIEJIACT €€ HE
a0COIIOTHOM IMYCTOTON. YMEHBIIIEHUE a0COIIOTHON MOJHOTHI XOTs Obl HAa OJWH
AJIEMEHT JIeJIaeT €€ He a0comtoTHOM noyiHoTou. Kak Ilpupoma MoxkeT W3MEHUTH
(YMEHBIINTH) a0COJIOTHYIO MOJHOTY M HU3MEHUTH (YBEIHWYUTH) aOCOJIIOTHYIO
nyctory? Ilpupoma  moOmuuHSIETCS  CICAYIONIEMY  KOMIEHCAITMOHHOMY
ypaBHEHUIO:

S— aaniépoiayionoiroa+l=adniépoiayiiéiioa—1
abconromuas noanoma — abcoaomuas nycmoma = +2

N N_ 1
V[O] = = min. _— _ — 1
NF Nmin. 1
1
I/[O]: N :Nmax. :—:1
NF Nmax. 1
N _ Nmin. _ 1

| = —
[O] | NF Nmax. NF
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[lycTh BBINOTHAETCS COOTHOILIICHUE:

abconromuas noarHoma —aocoaromuas nycmoma =1+1

IIycTh mOsSBUIICS TOIBKO OJMH 0-MEpHBIN 00BbEM, T.€. BHIIOIHICTCS
yCIIOBUE:

]\]:]\'[F:]vmin.:1

| N _ Nmin. — l —1
[oJt — B 1
NF Nmin. 1
HpI/Iqu IHOABHNJICA UMCHHO O-MGpHBIfI O6T)€M, d HC CT'0 OpAHXHATA,
T.K. B CHUJ1y COOTHOIICHM .

Torna;:

1

Roy= (M) =(%g )w

OpJuHaTa R[O] o0beMa HYJIE€BOM Pa3MEPHOCTH HE OIPEACIISICTCH.
BMECTE C V[o]1 TOJKEH MOSIBUTHCS 0-MEpHBIN 00beM V[o]2:
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N 1
V[0]2 = N o max. = — = 1
NF Nmax. 1

N

V[o]z - Z(I/[O]min.)l. =1

i=1

NJIN

HOﬂyqaeTCH, 9TO0 OJHOBPCMCHHO HOJIZKHBI CYIIICCTBOBATDL O6T)CMI)I
I/[O]l %1 I/[()]z . HpI/Iqu:

v

[ VO]2 =1

[

o~
Torma MOXXHO 3arnucarhb;

N_. &
I/io]l - Nmm' - V[o]z - Z(V[o]mm.)i =1

min. =1

Mbl  uMeeM CBOCOOpa3HBIM MNPUHIUII  HEONPEACICHHOCTH:
HEU3BECTHO, COJACPKUT JIM €AUHUYHBIN O-MEpHBIM 00BEM TOJIHKO

oauH 0-MepHBIM 00bEM UJIU COACPKUT (-MEPHBIX 0OOBEMOB.
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Torma MoXXHO 3arnucarhb;

aOCoONOMHAs NOJHOMA — AOCONIOMHASL NYCMOMA = V[O]] + V[O]2 =2
HMcxonst u3 Toro, 4ro:
Vs Pty = My = Vg
V . 1 _ N min. __ 1 _ _
[1]min. R o N o N o [1]min. — " [0]min.

F F F

Hcnonb3ys cootHonenue ainda K-npuHiuna:
P

B

N-P,
3AIIUIICM.

. P
abCoNOMHAsL NOTHOMA — AOCONIOMHAS NYCMOMA = ——+ = 1+1
N min P min N max ])min
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NJIN.

P P
abcontomuas NOJTHOmMa — aOCOIIOMHASL NYCMOMmMa = ——+ = =141
Nmin .Pmax Nmax 'Pmin
Torma MoOXXHO 3arnucarhb;
s V |
[1]min. [1]max
abconromuas noIHoma — abCcoaOmMHAs NYCmoma = =1+1
1 ) I/[l]min. NF ) Vv[l]min
<
V[l]max. I/[l]max.
abconromuas NOIHOMA — aAOCONOMHASL NYCMOMA = + =1+1
§ 1 ) I/[1]max. NF ) I/[l]min.
B OOIIeM clIydae:
AbCONOMHAs NOJIHOMA — AOCONIOMHAS N _ __lnmin [rmax- 14
YCOMA = =1+
1 ) Vin]min. NF ) Vin]min.
<
[n]max. [n]max.
abCoNOmMHAs NOJIHOMA — AOCONIOMHASL NYCIMOMA = =1+1
1 ) I/[n]max. NF ) I/[n]min.

.
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o1 00bEMOB C PpPa3MEPHOCTbIO OOJIbIIIE HYJIS BBINIOJHSICTCS
COOTHOIIICHHE: N,

V[n]max. - Z(Vn]min.)i #1

i=1 |
[locnenHsst cucteMa ypaBHEHUN IPEACTABISICT COOOM HU YTO MHOE
KaK MaT€MaTHYECKYK HHTEPIPETALMIO MPUHIUIIA TPUYUHHOCTH.
IIpupona He MOXKET co3daTh BHadajie 00bEMBI C Pa3MEPHOCTHIO
OoJIbllIE HYJIsA, T.€. METPUYSCKHE OOBEMBI, a IIOTOM VXK€
HYJIbMEPHBIC 00bEMBI. DTO JTOTMUYECKH HEKOPpPEeKTHO. boiee Toro,
BO3HMKAECT Cpa3y BOMNPOC, a KAKOE KOJMYECTBO MHHHUMAJIbHBIX
METPHUYECKUX OO0OBEMOB HYXHO co31arh. lIpupoma, BooOIIE
roBOpsl, OOKHA CO3JaTh, KaK MHMHHMMYM, XOTS OBl OJMH
(Hu3nYeCKUil 0OOBEKT HAXOMSAIIMNCSA B JABYX Pa3HbIX COCTOSHHUSIX,
HanpuMmep, OOBEKT HMMEIOIIUI OJHOBPEMEHHO MHHHUMAJbHBIM M
MaKCUMAaJbHBIM METPUUECKHUI O00bEM. ITO HEBO3MOXKHO, B BHUIY
KOHEYHOM CKOPOCTH PACIIPOCTPAHCHUSA B3aUMOACHCTBUH H, €CIIH

MMETh B BUY pEaJIbHBIM MaKCUMAaIbHBI METPUYECKU OOBEM.
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[Ipupona co3naTh 3TH METPUUYECKHE OOBEMBI HE MOXET, T.K., IO
YCIOBHIO, (DU3UYECKUU OOBEKT OJHOBPEMEHHO HE MOXKET
HAXOIUTHCA B JIByX PA3HbIX COCTOAHUAX, T.€., B HAIIEM CJydYae,
MMETh JIBA Pa3HBIX TPEXMEPHBIX METPUUYECKUX oO0beMa. M, Tem He
MeHee, [Ipupona HaxoauT BBIXO U3 MON0KEeHUA. [Ipupona co3naer
OJINH MUHUMAaJIbHBI METPUYECKU 00bEM, paBHBIMN:

V[3]min. = (V[z]min. 'V[1]min. ) N

WU
Voo = (V. Ve )-(Figon N )
O0o3HaUnM:
m, = (V[z]mm. \/NiF) ly = (V[l]min- m)
Torpa:
My by = V[3]min.
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3anumem 1 4-X MEpHOTo ciy4das CUCTEMY YPaBHCHUM:

-

[4]min.

[4]min.

L [4]min.

1z

\ [3]min.

1z

\ [2]min.

V

[1]min.

)

N )

[

2] min

( 2
4 I/[l] min

\ [2]min.

)

M3 cucteMbl ypaBHEHUH CIEIYET, YTO:

d

V[4]min. - (

2] min

V[3]min. Ny ) '

£V

[1]min

(

%

[ V:

V[z]min. "Ny ) '

1]min.

Wu, B 6oee o0111eM ciydae:
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[#]min [n—1]min

V[n]min. - (V[n—l]min. Np ) ' V[n—3]min - (V[n—z]min. N ) ' V[n—z]min.

M3 1ocieqHero ypaBHEHHST Mbl MOJIY4YaceM OTBET HAa BOIPOC

IIOYEMY IIPOCTPAHCTBO TPEXMEPHO.

IToTomy uTo, ipu 71 = 2, 00BEM V[n_3]min 3AIUIIETCS KaK V[_I]min.

IIpencraBiaseTcss BEpHbIM HHTEPHIPETUPOBATH 3TO OOCTOSATEIHCTBO
kak 3amnpeT IIpupoabl Ha  CyIIECTBOBaHME OOBEMOB

OTPUIIATEIIBHOM Pa3sMEPHOCTH M, OYEBHJHO, KaK CJECICTBHUE,

3alpeT Ha CylIECTBOBAHUE OTPUIATEIIBHBIX 0OBEMOB.

3anuiieM CICAYIOIINE BRIPAKECHUS, TPOSACHSIOIINE CIIOKHBIITYOCS

CUTYaAllUIO.
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BripaxeHue:

[3]min. — V[z]mm. "7 [1]min. N
MOYKHO 3aIIUCaTh B BUJIE:

V[3]min. — V[2]min. '(V[qmin. 'NF)

V[s]min. — (V[z]min. N ) ' V[l]min.

3anMcaHHbIE YpPaBHEHMS TOXKJICCTBEHHBI aOCOJIIOTHO, MO3TOMY
IIpuponga pgomkHa pealn3oBaTh 0o0a BapuaHTa. Ho MBI 0 3TOro
BBISICHUJIM, YTO HEBO3MOXKHO OHHOMY (DM3HUYECKOMY OOBEKTY
OJHOBPEMEHHO HAXOJIMUTHCA B JBYX PAa3JIUYHBIX COCTOSHMSIX,
nmosromy IIpuposa OTHOMOMEHTHO CO3/AET:

1.MeTpuueckue 0ObEMBI:

U B BUJIE:
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mln

V[s]mm V Jmin. '(V[l]mm 'NF)
( o Ve ) Vi

2. ®a30BbIc OOBEMBI:

VF[3]min. = I/[2]min.\/l/i2]min.

VF[3]max. — (V[z]min. Np ) ' \/(V[z]min. "Ny )

V

F[3]max.

N, =

[3]min.
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Cnemyer uMETh B BHUY, YTO V[3]min €CTh pEaJIbHbII METPUYECKHAM
o0beM, a VmeaX.— IICEBJIOpEaIbHBIA  00bEM, KOTOPBIM paBEH
MaKCHUMaJIbHOMY 3HAQYEHHUIO PEaIbHOTO0 METPUYECKOro oObeMa
V[3]max Hamie BcejieHHOHN. TakuM 00pa3oM, BCeIeHHAs IOJDKHA

min 210 PEATBHOTO 00heMa

pacIHIUPATHCS OT peanbHOro oobema Vi,
V3 max PABHOTO V1 Bo3MOXEH U oépaTHblﬁ nponecc. B aro6om

[3] max 3] max *
cjlydae, Ha MEPEXOAHBIN IIPOLIECC U3 OJTHOIO COCTOSIHUS B IPYroe,
IPOXOJSAIIMN ¢ KOHEYHOM CKOPOCThIO TpeOyeTcs: BpeMs. B aToM u
COCTOHUT Ipuposa BpeMeHu. CTtpeia BpEMEHN UMEET TOJIBKO OIHO

HaIIPpaBJICHHUC.



Kakue sxcniepyMeHTaabHbIe (DAKTHI MOTJIN ObI
OIIPOBEPTHYTH 1€OPUIO

1. Hapymenue npuHuna npUYMHHOCTH.
2. Hapyuienue npuHIyna 3SKBUBAJIEHTHOCTH.

3. IlepeMeHHOCTH CO BpeMEHEM (PYyHIAMEHTAIBHBIX O€3pa3MEpPHBIX
KOHCTAHT.

4. beckoHEYHAasI CKOPOCTh PACIPOCTPAHECHUS B3aMMOJICHCTBUM.
5. HectaOunbHOCTH MPOTOHA.
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