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BBepeHue

PaccmaTtpuBaemas 3agada cBsisaHa ¢ U3MEpPEHMEM pacxoda MHOIOKOMMOHEHTHbIX cpea U umeet
OTHOLWLEHNe K HedpTerasogobbiBatoLLen, METanyprmiyeckon, XMMMIYECKON, IHEPreTUHECKON 1 Apyrnum
oTpacrnsm HapoAHOro X03ANCTBa.

CyuwecTtytowme cnocobbl onpegeneHns coctaBa MHOFOKOMMOHEHTHbIX Cpef CTPOSITCS, B OCHOB-
HOM, Ha M3MepeHUU MMAOTHOCTU UMK APYroro napameTpa KBasvroMOreHHoM cpefbl, NoslyYeHHon 3a
CcYyeT nepemeLLMBaHMA TEM UM MHbIM CNOCOBOM MCXOOHOW cpefbl, YTO CBOAWUT KONMYECTBO u3mepse-
MbIX KOMMOHEHT K 2 unn 3 n He oTBeYaeT COBPEMEHHbIM TpeboBaHMAM MO KOMMYECTBY U TOYHOCTU
namepsieMblx kKomnoHeHT (http://www.framoeng.no/publications/Production%20Sampling.pdf). O6bl4HO
NpMMeHsieMble 4Na 3TUX Lienen paanom3oTONHbIN NIIOTHOMEP, SAEPHO—MarHUTHbIN aHanu3aTop U no-
A06HbIe MM YyCTPONCTBA Ype3MEPHO AOPOrv U CRIOXHbI B 06CNyXMBaHWUM, TpeByOT orpaHUyYeHHON Npo-
TSDKEHHOCTU MEPHOro yyacTka nonepek noToka, YTO CHUXKaeT BEPXHIO rpaHuUy AuanasoHa nsmepe-
HUIM pacxoaa.

O6wen yepTon CyLLECTBYHOLMNX METOOOB SBMSETCS HanpaBneHHOCTb M3MEPEeHUn Ha OoauH—ABa
puU3nyecknx napameTpa—rpusHaka, UMELNX ACHYI0 (PU3MYECKY0 MHTepnpeTauuio 1 AonycKaoLwmx,
TEM camblM, NPOBEAEHNE MO HUM KannbpoBOYHLIX onepaumin. OgHaKo ANA KOPPEKTHOW MOCTaHOBKM
3a4a4v YNCno NAEHTUPUKALUMOHHbBIX MPU3HAKOB AOMKHO OblTb, NO KpanHEW Mepe, He MeHbLUEe Yucna
KOMMOHEHT n3MepsieMon cpebl, NpuyemM MU30bITOK MHPOPMaLMK 34eCb He ABMSeTCs NULWHUM U BCe-
roa MoxeT 6bITb obpallleH Ha NOBbILIEHNE TOYHOCTU n3MepeHnin. OTaenbHbIM BONPOCOM CTOUT 3aja-
Yya obecneyeHnss unu Bblbopa YyBCTBUTENBHOCTM MUCMOMb3yEeMbIX CPEACTB M3MEPEHUIA, OTBEYAIOLLNM
onpeaeneHHOMY COAEPXKaHUI0 B CMECKU TeX WM MHbIX KOMMOHeHT. NMpegnaraemMbln nogxon, Ha Haw
B3rnsg, COOTBETCTBYET NpeabsBnsaeMbiM TpeboBaHUAM M NULLIEH, MO KpanHEN Mepe, HEKOTOPbIX U3
BblLLeYyKa3aHHbIX HeJOCTaTKOB.

1. Bubpoakycrtuyeckme namepeHums

MpegnaraeTca ncnonb3oBaTb BUBpOaKyCcTUYECKME UBMEPEHNS NS ONpeaeneHns coctaBa MHOMo-
KOMMOHEHTHbIX cpen Mo aMnnuTygHoO—da3o4acToTHBIM AnarpaMmMamM KMHEeTUYECKOro uMnegaHca pe-
30HaHCHbIX BUbpoaatyunkos [1, 2]. MNogobHble AnarpammMbl CTPOSITCS MO pe3ynbTaTtaM M3MepeHui Ha
9NEeKTPUYECKOM BXo4e OaT4MKOB, npuyemM copma 1 pasMepbl agnarpaMm onpenenstoTcs Xxapakrepom
aKyCTU4EeCKON Harpysku KOHKPETHOro Aatyuka u MoryT ObiTb MCMOMb30BaHbl ANA vMAaeHTudurkauum
MHOTOKOMMOHEHTHbIX cped. JaTynky nerko ycTaHOBUTb Ha MOBEPXHOCTU NPOOYKTONPOBOAA Tak, YTO-
Obl OHM He BbICTYyNanu 3a ero npeaensl, YTO YCTpaHAeT NapasuTHble Nnotepu aaeneHus. aeHtudumka-
LS KOMMOHEHT cpefpbl 30eCb MOXET OblTb OCHOBaHa Ha paboTe cUCTEMbI TUMNA «YepPHbIN ALLUMK» B BU-
e, Hanpumep, KoppensaunoHHO—PErpeCcCMOHHON MOAENU UNU HenpoceTn, obyyeHHOW B pesynbTaTe
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N3MepeHnin nmnegaHc—anarpaMmmM Ha M3BECTHbIX AONYCTUMbIX Anst AaHHOro Tuna U3MepeHuin cpepax.
Takas mofenb MOXeT 3aTeEM MCNONb30BaTbCA Ha paboyeM MecTe B peXXmMme QUHaMUYECKUX N3MEPEHUN.

OpHako, B METPOJSIOTMM NPUHATO AOBEPSTb TONBbKO MPSAMbIM (OObIMHO CTaTU4ECKMM) MeToaaM U3-
MepeHnn, NoaTomy TpebyeTcs obecneunTb B npouecce paboTbl NEPUOAMNYECKYIO KannbpoBKy pesynbTa-
TOB TakMx U3MEPEHUI, YTO B HACTOSLUMA MOMEHT N SIBMSIETCS OCHOBHbIM CAEPXXMBAOLWUM (DAKTOPOM.
EcTtecTtBeHHbIMM PU3MHECKUMI NapaMeTpamMm SBASIKOTCA NMIIOTHOCTb, CKOPOCTb 3BYKa U BA3KOCTb M3Me-
PSiEMOI KBa3UroMOreHHOW cpefpl, HO €Cni NepPBbI NapaMeTp MOXHO KOHTPONMPOBaTb OAHUM U3 BECO-
BblX METOAOB, TO ABa NOCneaHuX napameTpa TPyAHO KOHTpOnupoBaTb M3—3a pacnaza cpenpl, U3Bne-
YEHHOW M3 30Hbl CMeLMBaHMA. Taknm obpas3om, KanmbpoBka BO3MOXHA TOMNbKO ANs NpeaBapuTesibHO
NMoAroTOBIEHHOW cpeabl B BUAE ras3a W XXMOKOCTU B pesynbTaTe pasfeneHunst ee, Hanpumep, rpaBuTa-
LUMOHHBbIM cenapaTopoM. EcTecTBeHHO, Takoe pasgeneHue SBnseTCs He MOSHbIM M XKMOKOCTb OCTaeTcs
rasmpoBaHHON C NnoKanbHbIMKU hparMeHTamu MeHbl, a ra3 CoOAePXKUT XKUOKOCTb B BUAE NapoB Unn Men-
KMX Kanernb onpeaeneHHbIX pakLui XXMOKOCTU, YTO CTUPAET YETKYHO rpaHnLy pasmexeBaHus das.

MpoBeneHHbIE UCCregoBaHNst MOKa3bIBaKOT, YTO BMOPOaKyCcTUYECKNE U3MepeHUs Takke addek-
TMBHEE NPOBOAWTL OTAENbHO B XMAKOCTU W rase M3—3a OrpaHU4eHHOCTU OuanasoHa W3MepeHUn
N YyBCTBUTENbHOCTU AATYMKOB. B 3TMX ycnoBuax 3agadva KanvbpoBKM CTAHOBUTCS BO3MOXHOW YyXe
He No OgHOMY, @ MO TPEM BhblleYyKa3aHHbIM MapameTpam, YTO CYLLECTBEHHO MOBbILIAET AOCTOBEp-
HOCTb M3MepeHui. Hangem cBsA3b pe3ynbTaToB BUOPOAKYCTUYECKNX U3MEPEHMI C BbllleyKazaHHbIMN
dusnyecknmn napameTpamn. Takasa 3agada OTHOCUTCHA K BUOPOPEOnormm XnakoctTu u ra3a n He Mo-
XeT OblTb NpakTUyeckn peweHa 6e3 NpeaBapUTENBHOIO aHANUTUYECKOTO NU3YYEHMS.

2. [INOTHOCTb U CKOPOCTb 3BYKa

B ocHoBy pelueHusi 3agayn Bubpopeonorun AsyxasHoro CXMMaeMoro Crosi XXUAKOCTU NonoXxe-
Ha dpeHoMeHororuyeckas moaenb. CBoicTBa cpeabl 3adalnTcd (PEeHOMEHOMNOrMYeckummn 3aBUCUMO-
CTAMU crneayowero Buaa:

—NNOTHOCTb cpeapl

p=p1+a1(po—p1), (1)

rae po U pq — NNOTHOCTY ra3a u >XUAKOCTY;
—BSI3KOCTb Ccpefbl

p=pq+a2 (po—p1), (2)

roe po U puq — BA3KOCTU ra3a v XXUOAKOCTU;
—3aBUCMOCTb MeXay NIOTHOCTbIO N AaBlieHNneM P

p=kP3. 3)

roe o4, o2, 0,3 — napameTpbl razocogepxaHus, 6nmskne apyr apyry (o) u onpegensemMble B Kax-

JOM KOHKPETHOM criydae no AaHHbIM 3KkcnepumeHTa. pu TakoMm noaxone rasocopepXaHne pasHO-
MepHO pacnpegensietcs no obbemy. [NpeacTaBneHHble 3aBUCUMOCTU HEMPEPBLIBHO OMUCLIBAOT CO-
CTOsIHME cpeabl OT YncTom xumakoctn (a=0) go umctoro rasa (a=1).

PaccMoTpuM cnyyain usnydyeHusi 8 HeozgpaHU4YeHHyto cpedy, Korga pasmepbl uanydarollen no-
BEPXHOCTM CpaBHUMbI N Borblle ANUHBI BOSHbI 3ByKa B 3TON cpefe. B nobon Touke 3ByKOBOro no-
nga konebaTenbHasa CKOPOCTb YacTuL v 1 3BYKOBOE AaBneHne P MoryT GbiTb BblpaXKeHbl Yepes akyCcTu-
YeCKUN NoTeHLMan CKopocTen ¢ B 3TON TOYKE:

v=-V¢, P=p(d¢/dt), (4)

roe V=i0/ox+ jo/dy+ko/oz . B cnyy4ae cuHycoupanbHbiX KonebaHuii ¢ yrinoBoin YacToTon o NOTeHLU-
an ckopoctn ¢=> exp(jot) yaoBneTBopseT BOSTHOBOMY YpPaBHEHUIO

(v2 +k2)c1>=o, (5)
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)1/2 =w/c=2n/A, A — ANWHA BOMHbI, C — CKOPOCTb 3BYKA,

raoe k — BONHOBOE 4ncno cpeabl kz(o(p/E

E — moaynb o6bemMHOM ynpyroctu cpefpbl. PeweHne BONHOBOro ypaBHeEHMS (5) XOpOLLO M3BECTHO U
uweTcsa B BUAE CyMMbl FapMOHMYECKUX AN NOCKOW BOMHbI Unu 6eccenesblX OYHKUMIA ANS UMNUHA-
pu4eckon n cpepnyeckon BOSH, NPUYEM NPOU3BOST B PELUEHUAX YCTpaHAeTCsa YAOBEeTBOPEHNEM CO-
OTBETCTBYHOLUNX KPAEBbIX YCIOBUNA.

PelwweHne ypaBHeHus (5) no3BonsieT HanTWN None cKopocTen 1 gasneHun no dopmynam (4), Koto-
pble MOXHO WCMONb30BaTb ANS OnNpefeneHns MMnedaHca usnyvyeHusa patuvmka Zz no dopmyne

Za:(IPsds)/vS, roe Ps 1 vg — OaBneHne M CKOPOCTb Ha M3ry4arollen NoBEPXHOCTM S AaTuumka.

Hapsgy ¢ vmnegaHcoM M3nyyeHusi paccMaTpuyBaloT YAEnbHbIN UMNEAAHC Zg=Z,/S=ry+ jX5, KOTO-
pbIi COCTOUT U3 AENCTBUTENBHON N MHMMOW YacTen, NpUYeM akTMBHasa 4YacTb MMNegaHca onpeaens-

€T MOLLHOCTb U3nyyeHnsi Py =v2r,S, a peakTuBHas — NPUCOEAMHEHHYIO K AaTYMKy Maccy cpefpl, KO-

Topasi onpegensieTcss BeNMYMHOW BOBMEYEHHOW B konebaTenbHbi Mpouecc Maccbl U3MepseMon
cpeabl 1, crnefoBaTenbHO, 3aBUCUT OT (DOPMbI, HaCTOTbl M aKyCTUYECKMX XapakTePUCTUK Cpeabl.

Hanpumep, yaenbHbIi MNeaaHc U3nyyYeHus Kpyrmnoro Aucka pagvyca R, coBepLuatoLLero nopLu-
HeBble konebaHnsi B 6€CKOHEYHOM 3KpaHe WX, YTO PaBHOCUIBbHO, KonebaHus aHTUCUMMETPUYHbIE
Hag 1 nog nopliHem 6e3 aKkpaHa, MOXHO MONYYUTb U3 PELLEHUs ypaBHEHNS (2):

za=poza=pe| 1 2R jky 2R, | ©)
kR 2k’R?

roe Ji n K4 — dyHkuum beccens. N3 BelpaxeHua (6) cnegyeT, 4ToO MHMMasa 4acTb C pOCTOM paguyca

aucka R 3atyxaeT GbicTpee, 4emM BTOpoe criaraeMoe u npu kR>5 atnm cnaraembiM MOXHO NpeHeo6-

peyb. Ecnn R>>)\, TO MOXHO npeHebpeyb 1 BTOPbIM craraeMblM AEACTBUTENBHOM YacTK, YTO NO3BO-

NSeT YyCTaHOBUTb NPUBNMKEHHOE PaBEHCTBO Zg~pC WU, B Criydae NPUHATUSA onpedeneHHbIX KOHCT-

PYKTMBHbIX Mep, TOYHOe paBeHCTBO. M3mepeHue 2z, BO3MOXHO MO AuarpaMmam KUHEeTUYecKoro

umnegaHca [1] u, cnegoBaTenbHO, BO3MOXHA KannbpoBka BMOPOaKyCTUYECKUX U3MEPEHUIN CIINYEHU-
€M C Npou3BeAeHneM pcC , MNOSTyYEHHbIM B pe3ynbTaTe NPsMbIX CTaTUHECKUX U3MEPEHUIA.

3. BaskocTb cpeabl

PaccmoTpum gpyror npefenbHbI ciyyan, Korga gaTyuvk U3nydaeT B 02paHUYeHHbIl o06bew,
npeacTaBnaWmnn cobon moHKyr wesb. Takas KoHdUrypauusa no3BonsieT caenatb NpeanorioxeHne
0 6e3nHepLUMOHHOCTM cpedbl U, criegoBaTenbHO, MMNeAaHC N3NyYeHnsa JOSHKEH UMETb TOMbKO BA3KO-
CTHbIN XapakTtep. OTO AOSMKHO cAenaTb BO3MOXHbLIM M3MEPEHNE BA3KOCTU. Tak nNn 310?

OnucaHne OBwxeHMst cpefbl MOXHO caenaTb Ha OCHoBe ypaBHeHusi HaBbe—CToOKCa, Npu 3TOM
MOXHO OrpaHnYnTBLCA MasbiMU Ynucnammn PenHornbaca v nNiioCKOW KapTUHOW TeYeHUs XXUOKOW cpeabl.
MpeHebperaem mMaccoBbIMM cunamu, APGPEKTOM B3aMMOOENCTBUA MEXAY BA3KOCTBH U CXUMaEMO-
CTblo. Torga ypaBHeHUs1 ABMXKEHUS UMEKOT BMA ypaBHeHUn PeltHonbaca:

2 2
Aop_OVe 1P OVn o oP 7)
H: o = 0z2" Hy on =~ 022 oz
roe Ve 1V, — CKOpPOCTM B HanpasrieHn 0606LEHHbIX KPUBONMHENHBIX KOOPAWHAT &, 1, Z, Npyudem
He v H, — cooTseTcTByloWwme napameTpel flave.
YpaBHeHWe HepaspbIBHOCTU Ars 3NeMeHTapHoOro obbema XUaKocTu 3anvilemM B Buae

2p, OpVeHy) 0(pHEVy) alpVeHeHy)
ot o o oz

H:H =0. (8)

WHTerpmpys atn ypaBHeHust ¢ y4eToM 3asucumocten (1)—(3), nonyymum ypaBHeHMe ns pacnpe-
AeneHnst gaBneHnn B AByxdgasHoMm croe. Ecnn BBECTU B pacCMOTpeHne cneumduyHbie ans TOHKOro
cnos [3] 6e3pa3mepHble NepeMeHHble U NnapameTpbl, BKoYas 6e3pasmepHoe Bpems no copmyne
t=vgt, rae vg — vacrorta konebaHuin, To ypaBHeHue (6) MOXHO nNpeobpasoBaTb K BUAY
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L 20-1)/ 1 1 20-1)/
1 i[i[l"’( oo gpTa yha gH2eo j—AuLB‘Pa(VKﬁLWx)}

L;LL[; O\ L;L 1+a O\ 201 O\
(10)
2a-1)/ 1 1 20-1)/
+i Ly [ H2oNa gpta  gha (2o o _AuLklPa(VB"'WB) . Ay 6‘1’0"
oB| Lp T+a op 201 B ot
o« ba 12uvgR2
roe W*=P%H, A,= P52 L;, Lg — napameTpbl Jlame ans 6e3pasmepHbIX 060OLLEHHbIX KO-
0
opavHat A n B, 8 — HOMMHanNbHas ToMWMHA 3a30pa; v, U R — XapakTepHble 4acTtoTa u pasmep,
Ug, Viu,... — COOTBETCTBYHOLLME NPOEKLNM CKOPOCTEN ABMKEHUS OrpaHNYMBatOLLNX 3a30p NOBEPXHO-

creit; h u H — pa3mepHas n 6e3pasmepHas dyHkuus 3asopa H=h/hy=1+A, cos2nt, A, — amnnu-

TyAa Bubpaunm gatymka.

Ana nonyyeHnss aHanNUTUYECKOro peLleHuUs MOXHO MCMOoMb30oBaTb acMMNTOTUYECKMn metopq [3],
NMHeapu3yLWNA, No CyTU, AaHHYI0 KpaeBylo 3agady. B cooTBeTcTBUM C 0o6WEN naeen meToga BBe-
OEM B pacCMOTpeHMe [Ba BpeMeHn — «OBbicTpoe» t n «megneHHoe» T (T =Qqt, vg>>Qq ). Nonara-

€M, YTo YacToTa koneGaHuii 3a3opa v, HaCTOMNbKO BEMWKA, YTO A, —>o0 W, KaK CNEACTBUE, PYHKUUA

Y He 3aBUCUT OT BPEMEHU T. ITO MO3BONHAET NPOUHTErpUpoBaTb AaHHOE YpaBHEHUE MO BPEMEHU T
3a Nepuoj BbICOKOYACTOTHbIX kKonebaHui 3asopa. B pesynbrate nony4yaem acMMnTOTUYECKOE ypaBs-
HeHue aByxdasHoro crnos ans oyHkumm Yo, :

1 LL_B Ho oyl yho oHp
L?»LB O\ Lk 1+o  OA 20-1 OA

—AyLg ¥ & (Voo +Woo) |+

ol L[ Hy ovke who oH, o oY
+| ALY E (Vg +W, =A ,
B|Lg\1va B 2a-1 B | U «VpotWho) | r=Ao =7 ()

2n 2n
rme Ho :2_1n J' HEaA e e W = 2_1n J.WB g, A —12YO0R:
0 0

> C aCMMNTOTOTUYECKUMWN KpaeBblIMU
)

Po

ycnoBuAamMn. AHnanus noNy4eHHOro ypaBHeHuaA nokasbliBaeT, YTO BHYTPEHHAA obnacrtb, raoe cnpasen-
JINBO aCMMIMTOTUHECKOE UIMN «NnopLuHEeBOe» nosegeHune CXKUMaEMOW KMUAOKOCTM, orpaHmn4yeHa nepmcbe-

PUIHOM 30HOW, MPOTSIKEHHOCTb KOTOPOWM MpOrMopLMoHanbHa Bemuunte 1/(aAy )2, npudem npu
o—0 npocTpaHcTBeHHas 06nacTb NOPLUIHEBOrO NOBEAEHNSI NPAKTUYECKM MCYe3aeT.

HacTtoTHble napameTpbl A, U Ao ONPeaensioT BIMsSHUE BA3KOCTM Ha pelleHne 3adaqv, nosTomy
cyuiecTByeT ABa crnocoba 3acTtaBuTb 3TV NapameTpbl NposiBUTb cebsa — nubo npuaate O4HOM U3
OrpaHVYMBalOLLMX 3a30p NOBEPXHOCTEN CTaHOAPTHOE MMMYfbCHOE WU TecTupylolee, Hanpumep,
konebaTtenbHOe ABWXEHWE, Koraa peanuayeTcs napameTp Ag B NpaBon Yactu ypaBHeHus (11), nnbo

MCMoNb30BaTh KBA3UCTALMOHAPHOE peLUEHNe 3a4ayun Npy KOHEYHOM 3HaYeHun A, , Korga CyLlecTBy-

eT npaBasg YacTb ypaBHeHus (10), Nnpn 3TOM MCTOYHUKOM TECTMPYIOLLErO ABMKEHUS ABNAETCS cobCT-
BeHHasa Bnbpaumsa gatymka. MNocneaHui BapuaHT nerye peanu3oBaTb TEXHUYECKU, NOITOMY paccMOT-
puMm ero 6onee nogpobHo.

PelweHune kpaeBon 3agayun, Nosiy4eHHON Ha ocHoBe ypaBHeHus (10) ¢ ycrnoBusiMn «cBOGOAHOIoO
Kpas» ana cdyHkumm ¥ npoBedeHO YncneHHo. lonyyeHa uTepaunoHHas CxXxema pelleHus 3agadu
C NuHeapwusauunen no metoay HetotoHa—KaHTOpOoBMYaA. NS NPOM3BOSILHOIO UTEPALMOHHOIO Lara
CoCTaBfneHa KOHcepBaTMBHas pas3HOCTHas cxema BTOPOro rnopsiaka annpokcumauun, Kkotopas pe-
LeHa MeToAO0M MOCIOMHOM NPOroHkW. NpoBeaeH aHann3 CXOAMMOCTM Pa3HOCTHOW CXEMbl U uTepa-
LUMOHHONM npoueaypsbl. [MokasaHo, YTO yCrnoOBUSA CXOANUMOCTU YXYALAKTCA C POCTOM HEPaABHOMEPHO-
cTn opmbl KonebaHun, yBenMYeHUs1 CTEMNEHU «SBHOCTM» pPAa3HOCTHOM CXEMbl, YMEeHbLUeHUs
4YacTOTHOro napameTpa A, W napameTtpa rasocogepxaHus o. B 4acTHocTu nony4eHo, 4YTO AocTa-

TOYHbIM YyCIiOBUEM yCTOI;I‘-WIBOCTI/I pa3HOCTHOIZ CXeMbl MO HadanbHbIM OAHHbIM ANS HEABHOW CXEMb
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asnseTcs A, >(25...30)At/a, OTKyda BUAHO, YTO NapaMeTp ra3ocoAepKaHusi okasbiBaeT oTpuuaTeslb-

HOe BMUSHWE Ha CXOOMMOCTb YUCMEHHOW CXeMbl. AHanNn3 CXOAMMOCTU UTepaLMOHHOro npouecca no-
KasblBaeT, YTO OrpaHMYEeHMs Ha «Llarm» CEeTKM No BPEMEHU 1 koopanHaTe elle bonee ycunmealTCs.
Hanpumep, ana cummeTpuyHon cxembl (oc=0,5) nony4yeHO orpaHuyeHue Ha Lar ceTku Mo BpeMeHu
A, >50At 1 nokasaHo, 4TO HanborbLUasi CKOPOCTb CXOANUMOCTU AOCTUraeTcsa npu Bbibope n—oro npu-
OnvxeHnsa ¢ npeablgyLero BpEMEHHOro Cros.

B pesynbtate npoBedeHHbIX pacyeToB onpeaeneHbl, B YaCTHOCTU, pacnpeaeneHs gaBneHni B
OByxcasHoOM crnoe, KoTopble npeactasneHsbl B opMe pasnoxeHunsa paga Pypee. Hyneeon uneH pas-
NOXeHns onpeaenseT HeCyLyto CNOCOBHOCTb NN NOABEMHYIO CUITY CIOS, a NEepBbIN YNEH pasnoxe-
HWSi — CMHXPOHHas COCTaBnsALWAaa AaBNEHUN — OUHAMWYECKYHO peakumto, KoTopasi nogpasgensercs
Ha cuHdasHyo F 1 KkBagpaTypHyo f cocTasnswoLwiue:

1 1

Fcz1 22 ch(r)sign(wo(r))rdr, F = 22 IPK(r) sign(wo(r))rdr,
_X —
X x
roe sign — 3HakoBasi (oyHKumsi, r=r/R — Ge3pa3mepHbli paguyc, y — Ge3pasmepHbIi paguyc

npeanonaraeMoro LieHTpanbHOro OTBepCTUS Ha U3ny4atoLlei NoBepxHOCTM Aatuuka, w(r)=w(r)/s —
6e3pa3mepHaa amnnutyaa npormba orpaHuymMBaroLLmx noBepxHocTen. CuHgasHasa CocTaBnsoLas on-
pefeneHa B 30He OeNCTBUS MopLuHeBOro adpdekTa, a KBagpaTypHasa Ha nepudepumn nsnydarowien no-
BEPXHOCTM U CTAHOBUTCS MCHE3aloLLe Marion ¢ pocToM A,, Npu PUKCUPOBAHHOM ra3ocodepKaHunm o.

Hecywaa cnocobHocTb M cHHtpasHaA
COCTaBNALWAA Crof
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Puc. 1.

Mpadmkn 6Ge3pasmepHOn Hecylien CrnocoBHOCTU Cnosi, WMHTErpanbHbIX BENUYMH CUH(asHon
M KBagpaTypHOW COCTaBNANOLWEN OaABMEHWMIA AN NopLluHeBon dopMbl konebaHnin npy pasHbliX 3Ha4ve-
HUSX o (NOCne 3HaKa «paBHO») B 3aBMCUMOCTW OT YaCTOTHOro napameTpa A, W nNpu NOCTOSAHHOMN b6e3-

pasmepHon amnnutyge Ay =0,5 nokasaHbl Ha puc. 1 n 2. OHM UMEKT ABe XapaKTepHble 30Hbl NoBe-

AeHna — 30Ha HapacTaHnA M 30Ha aCUMMNTOTUYECKOro mnoBeaeHnA. YMeHbLUEHNE napameTpa
rasocogepxxaHuma o npueoanT K yBeENTMYEHUIO Hecyu_|,e|7| cnocobHocTK, CI/IHd)a3HOl7I n KBaﬂpaTypHOVI Cco-
cTaBnswowen gasneHnn. Bbixon KpuBbIX B 30HY HacCbllWeHNA C yMEHbLUEeHNEM o ABHO CMeLllaeTCA
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B CTOPOHY 60onbLUMX 3HAYEHUN A, M MMEET NpakTU4ecku nNuHenHblh xapaktep ot 0 go A, =10 ansa
BCEX 3HaYeHU napameTpa rasocogepXaHus.

KeappaTypHas cocTaBnsaolasn peakuum
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YacToTHbIM NapaMeTp Av

Puc. 2.

ATOT haKT No3BONSET peanv3oBaTb U3MEPEHME BA3KOCTM KBA3UFOMOrEHHON cpefbl Npu UKCK-
POBaHHbIX 3HAYEHUsIX paguyca NMOBEPXHOCTM U3Ny4veHusi R, okpyxatowlero gaeneHus P, 3asopa &

N YacToTbl BUGpauum 1, (CM. BblpaxeHue ansa A, ), Npy 3TOM cama BA3KOCTb ABNAETCH (PyHKUMEn ra-
3ocodepxaHusa a no dopmyne (2). mnegaHc mnanyyeHmsa cCOCTOUT U3 LEWCTBUTENBHOW U MHUMOW
yactm zz=A, |:KFC/((1)A0)+jKFK /(ovo)], rae Kr, n Kfg, — COOTBETCTBYIOLIMIA KOIMDNLMEHT Ha-

KnoHa rpacukos B guanasoHe 10>A,, >0 Ha puc. 1 1 2, KOTOpbIE MOXHO Takke OonpeaenuTb Npu Ka-

nmMBpoBKE Ha M3BECTHbLIX cpeaax.

Xapaktep noBefieHNss COOTBETCTBYHOLLMX COCTABMASAOLLMX NPU U3MYyYEHUU B HEOTPaHNUYEHHOe Npo-
CTPaAHCTBO M B LLEfb OAMHAKOB — MHMMbIE YacTu Kak B TOM, TaKk U B APYroM criy4ae CTaHOBATCH MC-
yesarolle mManbiMM C POCTOM paguyca MOBEPXHOCTU M3nyveHust R, a OeACTBUTENbHbIE YacTu CTpe-
MATCA K CBOEMY acMMMTOTUYECKOMY 3HadeHuto. OTnuume nuwb B TOM, YTO B MEPBOM chny4yae
onpeaensioWnMm ABNAITCA UHEPLMOHHbIE CBOMCTBA XXWOKOCTW, @ BO BTOPOM — €€ BA3KOCTHbIE
ceorictBa. [InanasoH paboTbl gaTymka onpegensdercs pabodnm AnanasoHOM 3HAYEeHMI YacTOTHOro
napameTpa M Npu 3agaHHbIX 3HAYEHUsIX, HaNpMMep, YacToTbl U NMOLWaaN U3NyyYeHnsi, MoxeT ObiTb
3agaH B cepeauHy nnHenHoro yvactka (A, =4 ) nogbopom BennyMHbl 3a3opa o.

3aknryeHue

lMpoBeaeHHbIN aHanM3 NokasbiBaeT BO3MOXXHOCTb NMPOBEAEHUSI U3MEPEHNI BOTHOBOIO CONPOTUB-
NEeHNs N BA3KOCTM FOMOreHHoW AByxdasHon cpefbl. Llenbio paboThl He ABNsieTCs TexXHUYeckas pea-
nmsaumnsa nsamepuTernbHbIX YCTPOUCTB, OAHAKO aBTOP HaOEeTCs, YTo pesynbTaTbl paboTbl MOryT ne-
XXaTb B OCHOBE WX NPOEKTUpoBaHus. KOHCTpyKUMSI M3MepUTENsl BA3KOCTM rasa K HacToswemy
BPEMEHU HaMKN peann3oBaHa U MOXeT ObiTb MPMMEHEHA aBTOHOMHO B Nt0OOM rasonpoBoge, 4ns, Ha-
npumep, yCTpaHeHust BA3KOCTHOM MOrPELLHOCTU CTaHA4apTHbIX CpeacTB nsmepeHun. Ctatba asnseTcs
O[HVM U3 pe3ynbTaToB BbIMNOMHEHUS MEPBOro atana perMoHanbHoro rpaHta PO®U «TeopeTunyeckoe
N SKCMNepUMEHTANbHOE UCCnefoBaHNE MexaHu3ma OpMMPOBaHMS MOTPELUHOCTU NpU yYeTe Npoayk-
LMK HepTSHbIX CKBaXuH (rmapogvHamuka, Tennomacconepenada, BMbpoamMarHoCTmka MHOroasHbIx
MHOTFOKOMMOHEHTHBbIX Cpesa)».
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