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[In-Teopust pyHIaMEHTATBHBIX (PU3NYESCKUX KOHCTAHT UCXOIAUT U3
CIICAYIOIIUX MPEANOIOKEHUMN:

1. ®usznyeckas pealbHOCTh CYIIECTBYET KaK KOMIIPOMHCC MEXKIY
MOJHBIM HAJIMYHMEM U IOJIHBIM OTCYTCTBHUEM CaMOM ceOsl.

2. Jlnga onpeneneHuss MPOCTPAHCTBEHHO - BPEMEHHBIX ITapaMETPOB
(PU3NYECKON PEAbHOCTH JIOCTaTOYHO CHCTEMbl eauHul, LT wu
yHCJia MH.

3. ®u3znueckasg Mmacca M ecTb IUIOIIAb L” >KBUBaIEHTHAS JTTAHHOU
(pHU3NYECKON Macce.

M=L M
L2
4. dusnyeckas peanbHOCTb, POPMHUPYsT METPUYCCKUIT HHTEpBAT L,
JIOJDKHA MIOJTHOCThIO CKOMIICHCUPOBATh [, OKBUBAJICHTHBIM €My

ncespomerpuueckum uarepsaiom L =C-T'.

C u T - ckopoCTh 1 BpeMsl KOMITEHCAIUH.
5. CKOpOCTb pacipoCTpaHEHHUS B3aUMOJICHCTBHUM KOHEUHA.
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KoMnieHcanimoHHbIM nprHIMII (anee K-nmpuHiunm), 3anuineM Kak:
LI’Z
0 _
— =1
(V-7)

r7e 7 — Pa3MEPHOCTh IPOCTPAHCTBA.
K-nipuHLmIL, B 00IIEM clIydae, MOXKHO 3aIllicaTh Kak:

S
N-P

P u F, -3nauenus pazmepHoro uiu 6e3pa3MepHOro mapamerpa
(bu3MUecKoil peanbHOCTH, HAXOMAIIUECS B IIPEaeax:

P. <P<P P.<P<P

min. max. min.

P—NPO =0 150)0% &

N - 1enoe 4Mciio, Haxo seecs B mpeenax ISNSN 7
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6.Pusnyeckas pealibHOCTh CYILIECTBYET TOJIBKO B TPAHULIAX CBOUX
napamerpoB L u T:

L. <L<L Lo ST =T
L max I max LmaX _ Lrnin
Lrnin B I min TmaX Tmin

L

min > Lmax; 1 min 9 1 max - TPeIeabHBIE 3HAUYECHHS ITapaMETPOB
L v T puzrnyeckol peaabHOCTH.

7. be3pazMepHbie PyHIaMEHTAIbHbIE (DU3NYECKHUE ITOCTOSIHHBIC HE
U3MEHSIOTCSI CO BPEMEHEM.

8. CripaBelyINB MIPUHIIAIT TPUYUHHOCTH.

9. BbInoaHSIETCS MPUHIMO SKBUBAJICHTHOCTH.

3anuineM B CUCTEME €qUHULL L T IIMPOKO U3BECTHBIC MIIAHKOBCKHUE
napaMeTpbl ((PU3UUECKON peaJbHOCTH
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OrmnpenenuM NOCTOSHHYIO [V 1,

h I h
HpeI[CTaBI/IM m, -ZO = — BBHUIOEC: My W -—=—
C v ¢
rac ¥ - HCKOTOpasid 6e3pa3MepHa>1 ITIOCTOsIHHAasA, TOTrJa.
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— _ 20
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rae m, u A , — COOTBETCTBEHHO Macca ¥ KOMITTOHOBCKas JJIMHA
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B Buay Toro, 4uro:

2\ hG

YpaBHEHHE  B3aWUMOCBS3M  (PYHIAMEHTAIBHBIX  (DU3UUECKUX
KOHCTAHT 3aITAIIETCS KaK:
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YpaBHEHHE B3aMMOCBSI3H (PyHIAMEHTAIbHBIX
(PU3NYECKUX KOHCTAHT

h-Gy 7a
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YpaBHEHHE U pacyeTa JIEMEHTAPHOr0 00beMa

7[2.(05.13)3.15 _h

C
7t (a-p) A2 A, ===m, A

N3 nociiegHero ypaBHEeHUs CIEAYET, UTO AJIEKTPOH JOJIKEH UMETh
MAacCy IMOKOS, T.K. IIPH JIIOOOM H3MEHCHHUH A 3JIEMEHTAPHBIN

e
00beM = He OyJEeT MOCTOSIHHBIM.
c
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YpaBHenue it Y
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YpaBHEHHUE JJIs pacyeTa rpaBUTALIMOHHOMN
IIOCTOSTHHOU
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da30BbIN PAANYC BCEICHHOMN

2
RF:2 C
Gy
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Da30BbIN 1 METPUYECKUN OOBEMBI TEJIA

m, -1Macca
N — 91CII0 YacTHI] COCTABIIAIOIIUX TEO.

V.. - (a3oBblil 00beM TeNa
T

V., — METpUYECKHU 00BEM Tella

T
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Bcerna n1oKHBI BBIITOJIHATHECSI COOTHOIIIECHUS

aT:GN-Z—zTZGN

M

<V.

T

VM

T

m, - Macca Tela

R,, - METPUUYECKUU pAAUYC TeNa

d; - YCKOpCHHE Tesa
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YPAaBHCHUE B3aUMOCBS3H
dGyHIAMEHTAIbHBIX (PU3UYCCKUX
KOHCTaHT

h(GY 4

c \c [7;2.(05.,3)3]3
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npuMeHeHne K-npuanuma (4acTHBIM CIydai)
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3eMiId

Ve = \/V[3]min. 'V[3]max. Mg = \/mo -M
Ve - 00beM 3emin M - macca 3emnu
V[3]max, = VI3 min. - N, — 00bEM BCEIICHHOU
~h
[3]min. -

3 <
M = R, — Macca BCEIIEHHOU
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OrnpenenuM a0COTIOTHYIO MYCTOTY KaK HEKYIO MapaMeTPUIECKY0 a0CTPAKIIUIO
- Cpeay, KOTOpOM HET M B KOTOPOM HHYEro HeT. Toraa, yCIOBHO TOBOpS, B
TaKOU Cpelle HENb3sd CO3/1aTh WM ONPEAECIUTH HAAXKE OJHY TOYKY, BEIb CPEIbI
HeT. Onpeaenum a0COIOTHYIO MTOJHOTY KaK CIJIONIHYIO CPENY, KOTOpas €CTh U
B KOTOPOM BCE €CTh. Torma Mbl HE CMOXEM YHUUYTOXUTH WU ONPEIEIUTH
TOUYKY B 3TOM CIUIOIIHOM Cpele, MTOTOMY YTO TOYKHU CPEIbI JOJKHBI OTIUYATHCS
Ipyr OT Apyra, a OTIMYWAM HET. Jlake HET MOHATHS TOYKH, TOTOMY 4YTO Cpeaa
CIUIOILIHAsA. Eciu MBI HE MOXKEM ONPEIEIIUTh TOUKY B CPElE, TO 3HAYUT, MbI HE
MOXEM CYIUTh O Cpele, T.€. YEeM SIBJISICTCS cpela: ad0CONIOTHOW MyCTOTOW WU
a0COMIOTHOM TONMHOTOM. KakuM 00pa3oM TakHWe CYIIHOCTH Kak aOCOJIFOTHBIC
MyCTOTAa W MOJHOTAa MOTYT NposABUTH ce0a? [lpenmonoxum, uto I[lpupona He
MOKET pPEaIv30BBIBATHCS WM CYIIECTBOBAThH B BHJIE TOJIBKO a0COJIOTHOMU
MyCTOTHl MJIM TOJIbKO a0COJIOTHOM IOJHOTHL. Torpa, eciu 3To Tak, IIpupona
J€JaeT BBIOOP, €CIIM Peaanu3yeT TOJBKO OJWH M3 BAPUAHTOB: WJIM a0COJFOTHAS
MyCTOTA WX a0CONIOTHAA MOJHOTA. lIpencraBisieTcss BEpHbIM MPEIIOI0KHUTD,
YTO JIOJDKEH OBITh KOMIOPOMHCC B BHJIE pEAIM3allUM KOMIEHCAIIMOHHOTO
npuHIMIa, T.€. [[pupoaa cymecTByeT 0JHOBPEMEHHO Kak a0COIIOTHAS ITyCTOTa
M KaK a0COJIFOTHAS MOJHOTA, KOTOPBIE KAKUM-TO 00Pa30M CKOMIICHCHPOBAHBI.
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JloOGaBieHue XOTs ObI OJHOT'O PJEMEHTa K aO0COIIOTHOM IyCTOTE ACiaeT e¢ He
a0COJIFOTHOM MyCTOTOW. Y MEHBIIIEHUE a0COIIOTHOM MOJHOTHI XOTS Obl HA OJINH
AJIEMEHT JIeNaeT ee He a0ComoTHOM nonHoToM. Kak [Ipupona MOKET M3MEHUTH
(YMEHBIINTH) aOCONIOTHYIO MOJIHOTY U M3MEHHUTH (YBEIMYHUTH) aOCOIIOTHYIO
nycroty? Ilpupoma mnoauuHsAETCS  CICAYIOMIEMY  KOMIICHCAIMOHHOMY
yPaBHEHMUIO:
S— abconromuas nycmoma +1 = abconromnasn noasnoma — 1
abcontomHas noaHoma — abcoaomuas nycmoma = +2

. 1
Vio]: N :Nmm' :—:1
NF Nmin. 1

N N 1
I/[O] = = max. = - = 1
NF Nmax. 1
N N_. 1
I/[O]min = = =
| NF Nmax. NF

© B.b. Cmonenckuii 2007 [Tu-Teopus hyHIaMEHTANBbHBIX (U3UIECKUX KOHCTAHT



[1yCcTh BBITIOJIHIETCS COOTHOIIIEHUE:

abconromuas noaHoma —abcoaomuasn nycmoma =1+1

[IycTh nosiBUIICA TOJIBKO 0MH O-MEpHBIN 00BEM, T.€.
BBITIOJIHAETCS YCIIOBUE:

]\'[:‘]\'[F:]\[min.:1

V N len _1:1

o N, N 1
[IpyryeM nosABUIICS UMEHHO O-MepHBII/I O6’beM, a HE €r0o OpAruHaTa,
T.K. B CI/IJIy COOTHOIIICHUA.

Torna;

1

Ry = (V) = (V)

opJuHaTa R[O] o0beMa HYJICBOM pa3sMEPHOCTH HE OMPEACIISISTCH.
BMECTE C V[o]1 IOKEH MOosIBUTHCA 0-MepHBIN 00beM V[o]z:
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NJIN N,

HOquaCTC}I, 4TO OAHOBPCMCHHO HJOJIKHEBI CYIIICCTBOBATDH 00BEMBI
I/[()]l 51 I/[()]2 , IIPUYCM:

v

o = Vo

o =1

o —

|

Torma MOXHO 3arucarTh:;

Nmin. <
V[O]l :N—. - V[o]z - Z(I/[O]min.)l. =1

min. i=1
Mbl HMeeM CBOE€OOpa3HbIi MOPUHLMUII  HEOIPEACICHHOCTH:
HEU3BECTHO, COJECPKUT JIM €AUHUYHBIN O-MEpHBIM 00BEM TOJIBKO

oauH O-MepHbI 00bEM MJIH COACPKUT O-MEpPHBIX 00BEMOB.
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Torna MOXXHO 3anucaTh:

abCoNOMHAs NOAHOMA — AOCOIOMHASL NYCMOoma = o]t + V[
Hcxonas u3 Toro, 4ro:

V[n+1] Pl T M 1] — V[n]

o2 —

V . 1 _ Nmin. _ 1 . .
[l]min. R o N o N o [l]min. o [O]min.

F F F

Hcnonb3ys cooTHOmeHue st K-npuHmuna:
P

E—

N-P
3aIlUIIEM;

Pmin Pmax
abCcoNOMHAs NOJIHOMA — AOCOIIOMHASL NYCMOMA = +
Nmin.Pmin NmaX.P'

2

=1+1
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NJIN.

P
aoCcoNoOMHAs NOJIHOMA — AOCONIOMHASL NYCMOMAa = Hhix + LA =1+1
4 N_. -P N P
min max max ) min
Torma MOXHO 3arucarTh:.
( v
[l]mm [l]max.
abCconomHas NOIHOMA — AOCONIOMHASL NYCMOmMA = + =1+1
1 ) I/[l]mln NF ) Vil]min
%
V: V:
[l]max. [l]max.
aoOCcooOmHuas NoJaIHoma — abcontomuas nNycmoma = + =1+1
4 W7 N -V
"V [1]max. F "V [1]min.

\

B O0IIEM ClTydae:

-

V.. . V:
abCcoNtOmMHAsA NOJIHOMA — AOCONOMHAA nycmoma = [#]min. + [ =1+1
-V, N V...
) [n]mm. F [n]mln.
I/[n]max. I/[n]max.
abCcoNtOmMHAsA NOJIHOMA — AOCONOMHAA nycmoma = + =1+1
1- I/[n]max. NF | I/[n]min.

.
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I8 00BEMOB C Pa3MEPHOCTBIO OOJIbIIIE HYJIS BBINOIHICTCS
COOTHOUIECHHUE: Ny
Vin]max. = le(l/[n]mm) # 1
Ilocnenusa cucrema ypaBHelHHﬁ IpeICTaBIIeT COOOM HH 4YTO
MHOE€ KAaK MATEMATHYECKYI  HHTEPNPETALMI0  IIPUHIIMAIIA
OpUYMHHOCTH. [IpHpoaa He MOXKET CO3/1aTh BHadajie OOBEMBI C
Pa3MEPHOCTHIO OOJBIIE HYJIS, T.€. METPUUECKHE O0OBEMBI, a TOTOM
YK€ HYJbMEPHBIE 00BEMBI. ITO JIOTUUECKH HEKOPPEKTHO. bonee
TOTO, BO3HMKAET Cpa3y BOINPOC, a KAKOE€ KOJUYECTBO
MHUHHUMAJIbHBIX METPUYECKUX 00BEMOB HYKHO c03/1aTh. IIpupona,
BOOOIIIEC TOBOPS, JIOJDKHA CO3/1aTh, KAK MUHUMYM, XOTsS Obl OJIMH
(PU3NYECKUN OOBEKT HAXOJSIIUNCS B JIBYX Pa3HbIX COCTOSHHUSX,
HanmpuMmep, OOBEKT HMMEIOIINN OJHOBPEMEHHO MHWHHUMAJbHBIA M
MaKCHUMaJbHbIH METPUUYECKUU 00BEM. ITO HEBO3MOKHO, B BHUIY
KOHEYHOM CKOPOCTH PACIIPOCTPAHCHUS B3aAMMOJACHCTBUN M, €CIIU

MMETh B BUJly pE€aJIbHbIM MaKCUMAaJIbHBIM METPUYCCKUI O0BEM.
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[Ipupoaa co3aarb 3TH METPUUYECKUE O0OBEMBI HE MOJKET, T.K., I1O
YCIOBHUIO, (PU3UYECKUHA OOBEKT OJHOBPEMEHHO HE MOXKET
HAXOJUTHCA B JBYX PA3HbIX COCTOAHUAX, T.€., B HAIEM Cllyyac,
MMETh JIBA Pa3HBIX TPEXMEPHBIX METPUUECKUX 00beMa. M, Tem He
MeHee, llpupoma HaxoauT BBIXOA U3 NOJOXKEeHUA. I[Ipupona
CO3Ja€T OJIMH MUHHUMAJIbHBI METPUUECKHUN 00BEM, PABHBIM:

4 - (V[z]min. ' V[l]min. ) N

[3]min.

V[s]min. - (V[z]min. \/NiF) ' (V[l]min. JFF)
O0603HaUYNM:
my = (V[z]min. \/NiF) by = (V[l]min- m)

Torna;:

NJIN.

mo-lon[
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3anuiem Uit 4-X MEPHOTO Cllydas CUCTEMY YPaBHEHUU:

-

N ) ' V[l]min.

Vi = (Visjoin
V[ Jmin. N ) ' V[z]min

2
2
Vi2]min. NF)V

[1]min

[4]min.

(
\
(
[4]min. \

N3 cucteMbl ypaBHEHUM CIIEYET, YTO:

V.. #V?

[2]min [1]min

V[3]min. "Np ) ' V[l]min. - ( [ [

2] min

V[4]min. - ( VZ]min. "Ny ) -V

Wiu, B 60jee o011eM ciiydae:
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[n]min 7 [n—l]min

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

M3 mnocieaHero ypaBHEHHS Mbl MOJYy4a€éM OTBET Ha BOIPOC
[IOYEMY IPOCTPAHCTBO TPEXMEPHO.

[Toromy uro, npu n =2, o0bem V}, 5 ;. sanmmercs xak V[_l]min .
[IpencraBnsieTcss BEpHBIM HHTEPIPETUPOBATH 3TO OOCTOATEIBCTBO
kak  3anper Ilpuponpl Ha  cymiecTBOBaHHE  OOBEMOB
OTPUILIATEIILHOW PA3MEPHOCTU U, OYEBHUJHO, KaK CJIEJACTBUE,
3aIpeT Ha CYIIECTBOBAHUE OTPUIIATEIBHBIX OOBEMOB.

3anuiieM CICAYIONUE BRIPAKEHUS, MPOSICHAIONINE CIIOKUBIIYIOCS

CUTYAIINIO.
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Bripaxenue:

V =V

[3]min. [

MO>KHO 34aIIMcaTtb B BUJIC.

V[:s]min. - V[z]min. '(V[l]mm. 'NF)

2]min. . [l]min.

1 B BUJIE:

V[3]min. — (V[z]mm. "Ny ) ' V[l]min.

3anucaHHbIC YpPaBHEHUS TOXKJIECTBEHHBI a0COJIOTHO, II03TOMY
IIpupona gomkHa peanu3oBaTh 00a BapuaHTa. Ho MBI 0 3TOro
BBIACHWJIA, YTO HEBO3MOXHO OJHOMY (HU3UUYECKOMY OOBEKTY
OJTHOBPEMEHHO HAaXOJUTHbCA B [ABYX Pa3JIUUYHBIX COCTOSHUSX,
nostoMy IIpupoaa oqTHOMOMEHTHO CO3/1a€T:

1.Metpuueckue 0ObEMBI:
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Vz Jmin. '(V[1]mm NF)

mm ( mln ) 1] min.

2. ®azoBbIe OOBEMBL:

[3 min.

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

VF[3]maX. - (V[z]min. Np ) ' \/( V[z]min. "Np )

%

F[3]max.

N, =

[S]min.
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Cnenyer MMETb B BUJY, YTO V[g]mm €CTh PEAJbHBI METPUUYECCKUHU
00beM, a Vi, - TCEBLOpeanbHbIl 00bEM, KOTOpBIA paBeH
MAaKCUMaJbHOMY 3HAYCHHUIO PEATbHOTO METPHUYECKOTO O00BbeMa
V[3]max Hamie BcelleHHON. Takum oOpa3oM, BCeJeHHas OOJKHA
PACIIUPATHCS OT peajlbHOro 00beMa V[3]min 10 peaabHOro 00beMa
V5maxPaBHOTO Vippsy, . BO3MONXKeH 1 0bpaTHbIii iporiecce. B moGom
ClyYae, Ha TEPEXOIHBIA MPOLIECC U3 OJHOTO COCTOSIHUS B APYroe,
IPOXOSIIMN ¢ KOHEUHOM CKOPOCThIO TpeOyeTcs BpeMs. B atoM u
COCTOMUT NpHupojaa BpeMeHu. CTpena BpEMEHU UMEET TOJBKO OJHO

HaIpaBJICHHUE.



Kakune skcnepuMeHTalIbHbIC (PAKThI MOTJIN ObI
OIIPOBEPTHYTH TE€OpUIO

]. Hapyiuenue npuHIuna npuuauHHOCTH.
2. Hapyuienne npuHIIUIIa SKBUBAJICHTHOCTH.

3. IlepeMeHHOCTB CO BpeME€HEM (PyHIaMEHTAIBHBIX O€3pa3MEPHBIX
KOHCTaHT.

4. beCKkOHEYHass CKOPOCTh PACHPOCTPAHEHUS B3AUMOICHCTBHUM.
5. HecTtaOMIBLHOCTH IPOTOHA.
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