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Ilenv padomwi: wccienoBaHWe KUHETUKHM cequMmeHTauuu. IlomydeHune
KpUBOM CEIMMEHTALUU [JIs1 HHU3KOMOJIEKYJIIPHOTO MOPOLIKA; MOCTPOECHHE
UHTErpanbHOil U aud@epeHnnanbHol KpuBoM pacnpenenenus. OnpeneneHue
(paKIMOHHOr0 COCTaBa UCCIEA0BAHHOMN CyCIIEH3UU.

1. TeopeTnueckasi 4acTh

Hucnepcuonnstit ananusz cycneH3uil u 301ei

B nacrosiiee Bpemsi 3aBUCHMOCTH psiia (U3UKO-XUMUUYECKUX CBOMCTB
BEILIECTBA OT CTEMEHU €Tr0 JUCIIEPCHOCTH SBJISIETCS 04eBUIHOM. MMeeTcss MHOTO
0o0IMX 3aKOHOMEPHOCTEW HM3MEHEHHUS CBOMCTB BEIIECTBA B 3aBUCUMOCTH OT
pa3MepoB €ro yactul. Tak, HampuMep, ¢ YMEHBIIEHUEM pa3Mepa YacTUL] HUKE
ONPENEIICHHOTO MpeJiesia pACTBOPUMOCTh BelecTBa yBelnunBaeTcsa. CKOpOCTh
b y3un pacTBOPEHHBIX BEIIECTB TAKKE YBEITUUYMBACTCS C YBEIMYECHUEM UX
nucriepcHocTd. OKpacka MHOTHUX KOJUIOMAHBIX PACTBOPOB H3MEHSAETCS B
3aBUCHMOCTH OT pa3Mepa yacTull. MI3MepeHre BeTUYMHbI YaCTULIbI U MTOJTyYEHHE
JAHHBIX O PaCIHpEeleiICeHUN YacTHUIl JUCIIEPCHOW CHUCTEMBI MO OMpPEAECICHHBIM
pasmepam U SIBIISIeTCS 3a/1a4ueil TUCIIEPCUOHHOTO aHaIu3a.

Pazanuaror KadecTBEHHBIM W KOJIMYECTBEHHBIN JIACTIEPCUOHHBIN
aHanu3bl. KauecTBEHHBIN NUCIIEPCUOHHBIN aHAIU3 YCTAHABIUBACT, SBJISIETCS JIU
uccieayemMas — cucremMa  rpyOOJMCIEPCHOM,  MHUKPOT€TEpPOreHHOW WM
YIBTPAMUKPOTETEPOTEHHOM.

K rpyboaucnepcHbIM cHCTEMaM OTHOCST CHUCTEMbI C Pa3MEpPOM YaCTHI]
oonpie 10 mxm (10000 um). Pazmepsr wactui ot 0,1-10,0 mxm (100-10000 HM)
JeXaT B 00JIaCTM MUKPOTETEPOTeHHBIX cucTeM; JacTulibl MeHbIe 0,1 MmxMm (100
HM) OTHOCST K YJIbTPAMHUKPOTE€TEPOrE€HHBIM.

KonnuecTBeHHBIN TUCIEPCUOHHBIM aHAIN3 3aKJIKOYAeTCA B Pa3/IClICHUU
UCCJIEyEMOTO BEIeCTBA Ha OTHAETbHBIE (PAKIMH, COJACPKAIINE YACTHUIIBI
ONpPENCIICHHBIX Pa3MEPOB, M YCTAHOBJIEHUU MPOUEHTHOIO COJIEPHKAHUS
OTJIETHHBIX (DPAKIIMI B UCCIIETyEMOM TUCIIEPCHON CHCTEME.

MeTtonuku ompeneneHus pa3MepoB YaCTHIl TUCIIEPCHON (ha3bl OCHOBAHBI
Ha Pa3JIMYHBIX CBOWMCTBAX AMCIEPCHBIX CUCTEM: MOJICKYJISIPHO-KUHETUYECKUX,
OCMOTHUYECKHX, CEIMMCHTAIIMOHHBIX, aacopOmMoHHbIX U 1p. HawuGonee
pacmpoCcTpaHEHHBIM  METOJIOM  SIBJISIETCS ~ CEJAMMEHTAIIMOHHBIM  aHaJM3.
CrnocoOGHOCTh TUCIIEPCHONM CHCTEMBI COXPaHSTh PAaBHOMEPHOE paclpe/esieHue
YacTUI[ O BCEMY OOBEMY CHCTEMbl Ha3bIBAIOT CEOUMEHMAYUOHHOU, WIH
KUHemUYeckou ycmoudueocmoio cuctemMbl. OUeBUIHO, O CEIMMEHTAIMOHHOU
YCTOMYMBOCTU WM HEYCTOMYMBOCTH HMMEET CMBICI TOBOPUTH TOJIBKO TIPH
PacCMOTPEHUH CBOOOHOIUCTIEPCHBIX CUCTEM, TJIe KaXk/1as 4acTulla cBOOOIHA U
HaxXOJMTCS B TEILUIOBOM JIBH)KCHUHU.

CenMMEHTAMOHHBIA aHAM3 NPUMEHSETCS IJIs ONpPEAEIICHUs Pa3MepoB
YACTUIL CYCIIEH3HH, SMYJILCHI U IIOPOILKOB ¢ pasmepamu yactuil 102 — 107 cm.
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CenMMEHTAUMOHHBIM aHamu3 JUCHEPCHBIX CHCTEM B TIPABUTALMOHHOM IIOJIE
OCHOBAaH Ha 3aBHUCHUMOCTH CKOPOCTH OCAKIEHUS YaCTHUILl MOJ JAECUCTBUEM CHJIbI
TSKECTH OT HUX pa3MepoB. [lpumMeHeHue 3TOro MeToJa BO3MOXKHO IS
JUCIIEPCHBIX CHUCTEM, COAEPIKAIIMX YACTULIbI, KHHETUYECKAsl SHEPIUsi KOTOPBIX
HEJO0CTaTO4YHa JUIsl INPOTHBOJEHCTBHS cuie TsbkecTd. Kpome Toro, mnop
JENCTBUEM 3EMHOT0 IPUTSHDKEHUS MEJIKHE YacTULBI OCENAI0T OYEHb MEIJICHHO,
YTO OIPAaHWYMBAET [PHUMEHEHHE JIAHHOIO METOJa K BBICOKOJIUCIIEPCHBIM
CUCTEMAaM.

['panunpl mpUMEHEHHsS OOBIYHOIO CEAMMEHTAlMOHHOIO aHaiu3a Uit
BBICOKOJIMCIIEPCHBIX CHCTEM 3aBUCAT KaK OT BEJIWMYMHBI YacTHL, TaK U OT
Pa3HOCTH IUIOTHOCTEM MEXKIYy YAacTHLEH M JUCIIEPCUOHHOM cpenmou. i
TSDKEJIBIX YaCTHILl, HAIlpUMEpP METAJUIMYECKMX C IUIOTHOCTBIO mopsaka 9-10
r/cM?, IPAKTUYECKH HEJb3sI ONPENENATh YaCTULBI C pagnycoM Menbiie 500 HM,
a JUJIs 4aCcTUIl C MEHbLIEH TUIOTHOCTBIO 3Ta rpaHulia elle OOJbIIe CIBUTaeTCs B
CTOpOHY KpyINHbIX uactull. [loaToMy OoJibllIOE BHUMaHHUE OBUIO YNIEJIEHO
pa3paboTKe METOJI0OB  CEAMMEHTAlMOHHOTO  aHali3a, OCHOBAaHHBIX Ha
HaOJIIOJICHUH 32 CKOPOCTBbIO OCEAAHMs YAaCTULl MOJ JEHCTBHUEM LIEHTPOOEKHOI
cwibl  (C  TOMOIIbIO  YJIbTPALlGHTPU(PYTH). YCKOpPEHHE,  BBI3BIBAEMOE
LIEHTPOOEKHOM CUIION, TOXOAUT IpH 3TOM 10 6-10%-g, riie g — ycKopeHue Cuiibl
TsKecTH. [103TOMy TakMM METOOM MOXHO MCCJIEI0OBATh KOJIJIOUIHBIE CUCTEMBI
BBICOKOW CTENEHU AUCHEPCHOCTH (HApUMEpP, C PagUyCOM YacTHUIl J0 2 HM).
Pa3mepbl MHKpOTreTeporeHHbIX 4acTUI[ MOTYT OBbITh OIpENeeHbl ¢ MOMOUIbIO
YJIBTPAMHUKPOCKOIIA U 3JIEKTPOHHOIO MUKPOCKOIA, IPUYEM B ITOCIEAHEM Cllydae
MUMEETCSI BO3MOXXHOCTb CYJIUTh U O (hOpMe YaCTHII.

CeoumenmayuonHwlil AHAIU3 CYCNEH3UTL

MCTO,Z[ CCAMMCHTAIMOHHOI'O aHalIn3a OCHOBLIBACTCA Ha IIPHMCHCHUU
3aKOHa CTOKC&, COIIaCHO KOTOpOMY CuHJla COIIPOTHUBJIICHUMA (F) JABHUKXCHHIO
map006pa3H0ﬁ qaCTHUOLbI B JKUAKOCTH BbIPAKACTCA CJICI[YIOH.IGﬁ 3aBUCHUMOCTBIO:

F = 6mnru, (1)

I7I€ M — BSI3KOCTb XUAKOCTH, I — PaJHyC YAaCTHIbI, U — CKOPOCTb JBM)KCHUS
YACTHIL.
Ecnn dacthma ocemaeT B MOJ€ 3€MHOTO  TATOTEHHUS, TO CHUIIOW,
BBI3BIBAIOIIICH €€ IBMKEHUE, OyIET ee BeC
p=mg=4/3 nr’Dg,
IJIe m — mMacca YacTUIbl, € — YCKOPEHHE CWIbl TSDKECTH, D — IUIOTHOCTB
aucnepcHo (aspl (MIIOTHOCTh YaCTHILIbI).



IloTeps B Bece YacTUIBl, HAXOIALICWCS B JKUJAKOCTH, IO 3aKOHY
ApxuMmeia COCTaBIISIET
p =4/3 nridg,
rie d — IUIOTHOCTh  JIUCHEPCHOHHOW cpenbl (IIOTHOCTh JKUAKOCTH).
CnepnoBarenbHO, cuja, MOJA ACHCTBUEM KOTOPOM OCENAET YAaCTHLA B JKHUJKOU
cpexne,
Fi=p — p1 =4/3 n’(D - d)g. (2)

Brauane IBM)KEHHE YAaCTHULBI MPOUCXOAUT C ycKopeHueMm. OgHako mnpu
BO3PACTAHUU CKOPOCTH JBWIXKEHMSI 4YaCTHULbI, COMVIACHO YypaBHeHuwo (1),
YBEJIMYHMBAETCS COINPOTHUBICHHE CpPENbl, T.€. YCKOPEHUE YMEHBIIAETCS U B
HEKOTOPbI MOMEHT BPEMEHH CTaHOBUTCS PaBHBIM HYJIO. B 3TOT MOMEHT cuia
CONPOTHUBIICHUS CTAHOBUTCSA pPAaBHOM CUJE, TMOA JEUCTBUEM KOTOPOWU
IPOUCXOIUT JBM)KEHHE YacTHIlbl, U JaJiee YacTULA JABMXKETCS C MOCTOSHHOM
CKOPOCTBIO, KOTOPYIO JIETKO HaTh u3 ypaBHenuit (1) u (2), Tak kak F=F win

6mnru=4/3 nr’(D - d)g,
OTKyJa
u=2/9 gr? (D-d)/ n

nJIn

r=Onu)/ 2D - d)g) . (3)

Tak kak JIIs JIJAaHHOM CHCTEMBbI BCE BCIIMYHMHBI, KPOME CKOPOCTH, SABJIAIOTCA
IMOCTOAHHBIMHU, MOKHO 3allMCaThb CIACAYIOIICC YPaBHCHUC

r=K\/u,

rre K=v9n) / 2(D - d)g).

Ecnu wactuma nBuKeTCs B MMOJE€ 3€MHOTO TATOTEHHS B Cpelie C
IIOTHOCTRI0O d, TO JABWKeHHE OyAeT HampaBlIeHO BHU3 WM BBEPX B
3aBUCHUMOCTH OT TJIOTHOCTH BemiecTBa 4acTUIsl D u mmotHOocTH cpenst d. Ecnm
IUIOTHOCTH BemiecTBa 0obIne mioTHOCTH cpeabl (D > d), To yactuia mamaer Ha
nHO cocyna. Eciau minoTHOCTE cpenpl Oombine mioTHOCTH BemectBa (D < d), To
YyacTHIla BCIUIBIBACT BBepX. Hampumep, oOpa3oBaHHE CIMBOK B MOJIOKE HWJIH
BCIUTbIBaHUE Macyia B Bojae. OOBIYHO B CYCHEH3HSIX YACTHIIBI CEAUMEHTUPYIOT
BHU3.

VpaBuenue Crokca ObUIO BBIBEACHO MpPH COONIOACHUM HEKOTOPBIX
OTNpeIeTICHHBIX YCIOBHM, KOTOPHIM HE BCEr/la OTBEYAIOT PEAJIbHBIC CHCTEMBI.
Paccmotpum 311 ycnoBus 60s1ee moapoOHoO.

1. Yacmuywl 0ondichvl 66imsb chepureckumu. ITO YCIOBUE BBITIOTHACTCS
TOJIBKO B CJIy4ae dMYJIbCUN C Majoil KOHIICHTpAlUel SMYJIbIUPOBAHHOM (hasbl.
YacTuipl cycrneH3uid UMEIT OOBIYHO pa3iudHylo (OpMy, WHOTJA CHIIBHO
OTJIMYANOIIYIOCS OT cdepudeckoid. OgHako OBLIO MOKa3aHO, YTO B OOBIYHBIX
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U3MEIBYEHHBIX  BEIIECTBAX  IMOJIyYalOlIUeCs  OTKJIOHEHHUSI  BCJEJCTBHE
HemapooOpa3Hoil (OpMbI MpPU OCEJAaHWW HEBEJMKHU, 32 HCKIIOUYEHHEM TeX
ClIy4daeB, KOTJla Mbl HMMEEM BBITAHYTbIE YacTHUIlbl (TJIACTUHYATHIE WU
Najg04YK000pa3HbIe), T.€. CUIBLHO OTKIOHSIONIUECS OT chepruueckoil PopMBI.

PeasibHO cycneH3UM 4acTO COJEPHkKAT YACTULBI, CUIBHO OTIMYAKOLIUECS
no ¢opme ot 1mapooOpa3HbIXx yacTuil. [Ipu uccnenoBaHuM TakWX CYyCHEH3UN C
NOMOINIBI0O  CEIMMEHTALlMOHHOIO  aHajlii3a BEJIWYMHA pajuyca YacTHil,
BBIYHCIICHHAA U3 ypaBHEHHs (3), mpeacTaBisieT co0oi paanyc BOOOpakaeMbIX
mapooOpa3HbIX YaCTHUI[ OCEAIONIUX C TAaKOW K€ CKOPOCTHIO, YTO U YACTHUIIBI
U3y4aeMou cycreH3uu. BBIYUCICHHBI TakuM 00pa3oM paguyC Ha3bIBAETCS
9KBUBATEHMHBIM.

2. Omcymcmeue 83aumooeticmsusi mexcoy wacmuyamu. Bzaumoaeincraue
MEXIy YacTUIlaMi ¥ 00pa30BaHWE MEXITy HUMH arperaToB HapyIIaeT OCETaHMe
OT/ICJIbHBIX YACTHI] U HE yuuThIBaeTcs ypaBHeHHeM CTokca. OJHAKO B3aUMHOE
BIIMSHUE YACTHUI[ NMPU MalbIX KOHIICHTPAIUSAX CYCIEH3UH, KOTJa PaCCTOSHHE
MEXy YacTUIlaMU TPEBBLINIAET UX pa3Mepbl HEe MeHblle 4yeM B 10 pa3, oueHb
Majo0 W HE OTpaXkaeTcs Ha IMOJydaroumxcs pesyiabratax. IloaTomy
CEeMMEHTAIIMOHHBIA aHAIU3 CYCHEH3U OOBIYHO MPOBOJAT MPU HEOOIBIIUX
KOHIIEHTpalusax (He Bbime 1—2%).

3. Heusicywuecss uacmuyvt 00NCHbI ObiMb MeepobiMu U enaokumu. B
Clly4yae aHayn3a CYCICH3UH YCJIOBHE TBEPJIOCTH YACTHUIl BCEra COOIIIOIaeTcs;
YTO K€ KACAeTCsl YCJIOBHUSA ITAJKOCTH YACTHII, T.€. OTCYTCTBUS LIEPOXOBATOCTH
Ha UX IOBEPXHOCTH, TO 3TO YCIOBUE HA MPAKTUKE JAIEKO OT BBINOJIHEHHS.

4. Omcymemesue ckovdcenus medxcoy oceoaroujell yacmuyeu u cpeooti. B
cly4dae ABUKEHHS TBEPJIOW YACTHUIILI B )KUIAKOCTHU, TaK K€ KaK U MPU JABUKECHUU
JKAJIKOCTA  BJOJb HEMOJBMKHOW TBEPAOM CTEHKH, Ha MOTPAHUYHOMN
MOBEPXHOCTH 00pazyeTcsi TUAPOJUHAMUYECKUM CJIOH, B KOTOPOM CYIIECTBYET
HEKOTOPBIM TPAIUEHT CKOPOCTH OTHOCHUTENIBHO MEPEABUKEHUS >XKHUAKOCTU. B
YCIOBUSX CMauyuBaHUs MOJIEKYJIBI HKHUJKOCTH, PacIoJIOKEHHbIC
HEIMOCPEACTBEHHO HAa ITOBEPXHOCTH TBEPABIX YaCTHUI, JABUKYTCS BMECTE C
yacTulen. B ciaydae ke IBUKEHHUS )KUIKOCTU BIOJb TBEPJION CTEHKU MOJIEKYJIbI
KUJKOCTH, PACIIOJIOKEHHBIE HAa €€ IMOBEPXHOCTH, OCTAKOTCA HEMOJBHXHBIMHU.
Takum 00pa3oM, CKOJIBKEHHE MPOUCXOTUT MEXKAY CIOSIMU KUIAKOCTH, a HE
MEXKy *KUJIKOCTbIO UM TBEPAOW MOBEPXHOCTHhIO. OTHUM M3 OCHOBHBIX YCIJIOBHIA
OTCYTCTBHUSI CKOJIBKEHHUS MEXKIY OCEIAIOIICH YacTULEH W CPEIou SBISETCS
MOJIHAS CMAYMBAEMOCTh OCEJAIOIINX YACTHI] KUJIKOCTH. ECiau yacTuilbl mioxo
CMa4yMBalOTCS  CpelAod, TO  oOpa3yeTcss  HEyCTOWuMBash  CYCICH3WS,
KoaryJupymliass B mpolecce  ocenanus. B cioyuae  mpoBeneHuUs
CEIMMEHTAIMOHHOTO aHaJIN3a JIUCIEPCHON CHUCTEMbI, YaCTHUIbl KOTOPOU IIOXO
CMauuBaIOTCs Cpefoi, HEeOOXOAUMbl J00AaBKU CTAOMIM3UPYIOMIMX BEIIECTB,
YIIYUIIAIIINX CMauBaHUE.

5. Ilocmosaunas cxkopocmv ocedanusi yacmuy. Kak yKa3plBajioCh IMpU
BbIBOJIC ypaBHeHHUA (3) yacTulla B Hayalle OCEIaHUsl JBUXKETCS C HEKOTOPBIM



YCKOPEHHEM M TOJBKO IOCIE TOTO0, KaK IBWKYLIAsACS CHJIA YpPaBHOBEIIEHA
CUJIOM COIIPOTHUBJIEHUS CPEAbI, YACTHULA OCENAET C IMOCTOSHHOM CKOPOCTHIO.
Bpems, B TeueHHE KOTOPOrO 4YacTHIa JOCTUTAaeT IOCTOSHHOW CKOPOCTH
OCEJIaHMsI, HACTOJIBKO MAJIO, YTO HE MOXET OKa3aTh BIMSHUSA HA PE3YJIbTaThI
CEIUMMEHTAMOHHOTO AHAJIN3A.

Kpome paccMOTpeHHBIX YCIOBUM INpuMeHMMOcTH 3akoHa CrTokca K
peanbHBIM CHUCTEMAaM, CBS3aHHBIX C JONYIICHUSMM IIPU BBIBOJE DTOI'0 3aKOHA,
CIIElyeT yUYUTHIBaThb U APYTHe€ OCOOCHHOCTH HM3y4aeMbIX OOBEKTOB, a TaKXKe
BIUSIHAE BHEIIHUX (pakTopoB. Tak, CycneH3us TOJDKHA ObITh yCTOWYMBOM, HE
KOaryJaupoBarb B Iponecce ceaumeHtauuu. OcenaHue 4YacTUll JOJDKHO
IPOXOJUTH B CIIOKOHHOM XKuAKOCTH. Heo0X01umMo MOCTOSHCTBO TeMIEpaTyphl B
YCJIOBHSX OIbITAa. BCe 4acTUIBl TOJKHBI KMETh OJIMHAKOBYIO IUIOTHOCTH U IIPH
MaJbIX pasMepax 4YacTULl CIEAyeT YYWTBIBATh HAJIMYME COJBBATHBIX W
CTAaOWJIM3UPYIOIIUX  CJIOEB  (3TO BHOCUT HETOYHOCTh B  PE3YJbTaThI
onpeneneHuil). B qucnepcHoi cucremMe He JOJKHO OBITh My3bIPHKOB BO3/1yXa,
HaIlpaBJICHUE JBWKEHHUS KOTOPBIX IPOTHBOIMOJIONKHO OCEHAIOIIAM YacTHULAM;
03TOMY HeoOX0ouMa TIaTeNIbHask NOAr0TOBKa o0pa3La /sl OlbITa.

Meronbl CEIMMEHTAIMOHHOTO AaHAJIW3a MOXHO IOApa3JeiauTh Ha
HecKoIbKo rpymnm. K mepBoil rpynmne OTHOCATCS METOABI, B KOTOPBIX AHAJIN3
IPOU3BOIUTCS MyTEM pa3/eieHus JUcHepcHOM (a3bl Ha OTAeNbHbIE (paKluu B
CIIOKOMHOM XUJKOCTH WIM B TEKYILIEW cTpye X)uIKocTU. Ko BTOpoOH rpytie
OTHOCSTCA METOJbl, B KOTOPBIX HE MPOU3BOAUTCA HEIOCPEIACTBEHHOE
paszJiesieHne IUCIIepCHOM CUCTEeMbl Ha (PpaKlMU, HapuMep, TpaBUMETPUUECKUN
METOJ| aHaJIU3A.

OOBIYHO CeTMMEHTAIIMOHHBIN aHaIn3 HU3KOAUCIIEPCHBIX CUCTEM BEAYT B
IPAaBUTAILMOHHOM I10JI€, BBICOKOJAMCIEPCHBIX — B IEHTPOOEHKHOM.

CeoumenmayuonHlil AHAIU3 CYCREH3UTL MEMOOOM HENPEPLIEHOZ0
636€UIUBAHUA

CycneH3un cojiepkKaT 4acTHIlbl, 3HAYUTEIbHO OTIMYAIOIIUECsS APYr OT
Jpyra o ux pasmepam. Ha mpakTuke TUCHEpPCHYIO CUCTEMY XapaKTEepU3YIOT He
TOJIBKO pPa3MepaMMu CaMbIX KPYMHBIX U CAMbIX MEJKHUX YacTHUL, HO U IMOJIHBIM
(GpakIMOHHBIM COCTABOM JIMCIIEPCHBIX CHUCTEM, MO3BOJISIIOIIUM YCTaHOBUTH
MIPOLIEHTHOE COJIepKaHUE B HUX OTIEIbHBIX (Dpakiuii B 3aJJaHHBIX MHTEpBajax
pPaauyCcoB YacCTHUIl. DTU XapaKTEPUCTUKH MOKHO MOJIYUYUTh, AHAIU3UPYS KPUBbIE
ocaxkaeHusi. KpuBble ocaxaeHus (CeIUMEHTAIMU) MPEICTABISIOT COO0Oi
3aBUCUMOCTh MacChl OCEBIIIETO BEIIECTBA OT BpeMeHH ocaxaeHus P = f(1).

PaccmoTpum mporiecc ocejaHus 4acTUI] MOHOJUCIIEPCHOM CHCTEMBI, T.€.
CHUCTEMBI, B KOTOPOM BCE YaCTUIIbI UMEIOT OJMHAKOBBIN pa3mep.

JIisi MOHOAMCHEPCHBIX CHUCTEM KpHBasi CEIUMEHTAIlMU MPEJCTaBIISICT

coOoi NpsMYIO JIMHUIO, BBIXOJAINYH0 M3 Hadajla KOOpAHMHAT, Tm — BPEMA, B



TEUYEHUE KOTOPOTO OCSAYyT BCE YACTHIBI JIAHHOTO paauyca. TaHTeHc yria
HAKJIOHA €€ XapaKTepU3yeT CKOPOCTh HAKOILICHHUs ocajka (puc 1.).

P

¢

Puc.1. CenumenTariysi MOHOJIMCIIEPCHOM CYyCIIEH3UN

B OunucnepcHoil cucTeme, COCTOSIIEH U3 JIBYX MOHOJHMCIIEPCHBIX
dbpakuuii, YacTUIIBI PA3HOTO pazMepa 0Ceal0T OAHOBPEMEHHO.

P

T, T2 T

Puc.2. CenumenTanust OMauCriepcCHON CyCIICH3UN

Ocenanue KpyINHBIX YacTUI 32 BpeMs Ti OyJeT NPOUCXOAUTH IO MPSMOM
OA, a MeNIKuX yacTull 3a BpeMs T2 — 1o npsiMmoi OB.

3a Bpemsi T1 OyJIyT OJJTHOBPEMEHHO OCEJaTh KPYITHbIE U MEJIKUE YaCTHUIIbI.
CymMMmapHOE yBEJIWYEHHE MacChl CEIUMEHTAIIMOHHOTO OCagKa 3a 3TO BpeMms
Oyaer mpoucxoauTh mo npsimMord OC, MONyYEeHHOH MyTeM CIIOKEHUS OpJuHAT
muauiik OA u OB (AC=A'C'). JlanbHeiiniee yBEJIMYEHHE  MAacCChI
CEIMMEHTAIMOHHOTO OCaJKa MPOUCXOAUT 32 CUET OCENaHUsI MEIIKHX YaCTHI] IO
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aunnu CII (mnaus CJll nmapauensia OB, a BB'= J[/1"). Takum oOpa3zom, kpuBasi
oCakJieHUs1 OUJIUCTIEPCHOM CHUCTEMbl omnuchiBaeTcs JomaHod nuHuert OC/I,
COCTOsALIEM M3 JBYX IPAMOJIMHEWHBIX OTpe3koB. [Ipu yBenmnueHun uwucia
bpakuii OyJeT yBEIUYMBATHCA M YHCIO HW3JIOMOB Ha CEAMMEHTAIIMOHHOM
JIMHUU, U U PEaJbHOM MOJUIUCIIEPCHOM CYCHEH3UM OHA IIPEBPATUTHCS B
IJIaBHYIO KPUBYIO, OJIM3KYIO K Tapadouie.

T, —

NN

min 2 3 4 5 max

Puc.3. KpuBas ceauMeHTanuu NoIuaAUCIIEPCHON CYCIIEH3UN

W3 pucynka 2 BugHo, uTo opauHata OO cooTBeTcTBYeT P1 Macce nmepBoit
¢pakuuu, a orpe3ok 0102 — P2 — macce Bropoit ppakuuu (OO1=AA"; 010

=B'B=[1']l).
Ecnu x HECKOJIBKMM TOYKaM Ha CEAMMEHTAllMOHHOW KpuBoW (puc. 3)
COOTBETCTBYIOIIIMM PpPa3HOMY BPEMEHH OCeIaHus dYacTull (Ti, T2, ... Tuax),

MIPOBECTU KaCaTeJIbHbIE, OHU OTCEKYT HAa OCH OpPJIMHAT OTPE3KH, PABHBIE MaCCE
Y4aCcTHI] BO (PPAKIUAX, BHIABIINX K MOMEHTY BPEeMEHH Tn: Q1 3a Bpems T1; Q2 3a
BpEM T2 U T.J.

Tak kak paauyCc 4YacTHll, MNPOUICAUIMX 3a BpeMsS  Ti BCIO BBICOTY
CYCIIEH3UH
r = KN H/ T1, To Q1 — 3TO Macca 4acTULIbl CUCTEMBI T > r1. AHaJIOru4HO, Q2
€CTh
KOJIMYECTBO ITOPOIIKA C T > 12 = KNH/ 1, uT.a

OOBIYHO OMPENENAI0T OTHOCUTEIBHYI0 MAcCy OCEBIIETO MOPOIIKa, TO
€CTh MPOIIEHTHOE COjAepKaHWe Kaxaou (pakmuu B cucteme. B atom cimydae
Puae=100%, a Bemuuunbl Qi, Q2, Q3 ... mpeacTaBisioT coOOH MPOIEHTHOE
cojaepkanue Gpakiuil ¢ paanycoM COOTBETCTBEHHO I > T, T > 12, r>r3. Q +
Q2+ Q3 +... Qn=100%.

Bemnuuny Q% BeraucistoT mo ypaBHEHHUIO: Q% = - Q / Pyake.-100%, T1e



Q — macca ¢dpakiuit, Mr; Pyace. — 001151 Macca CeIMMEHTAIIMOHHOTO 0CAJIKa, MT.

Ha ocHOBaHMM CKa3aHHOTO, MOXXHO TrpadUIecKu MOCTPOUTH
WHTETPAIbHYI0 KPUBYIO PACIPEICICHHS YaCcTHIl 10 pa3MepaM, BBIPAKAIOIIYIO
3aBHCHMOCTH TPOIICHTHOTO cojiepkanust ¢ppakimuii Qi, Q2, ... or pamguyca. OHa
ctpoutcs B koopaunarax Q% = f (r).

Q%

Q,
Q,

1) r I'makc r

Puc.4. UnTerpanbHas KpuBas pacipe/esieHus

JInst TOCTPOEHMST MHTErPAIIBHOW KPUBOM JAHHBIE IPEACTABISIOT B BUIC
TaOJIULIBL.

Tabmauma 1
T (Bpemst), MUH r (paguycsl) Q %
TMmum. I'makc. Q 1 Q 1
T1 I1 Q2 QZ
Tmaxkc. I'vimm, 100%

NHuTerpanbHas KpuBasi MO3BOJISET OMPEACIUTh MPOIEHTHOE COACpKAHUE
060t dpakuuu B AaHHOW cycnieH3uu. Hampumep, nis gpakuuu ¢ pazmMepom
YaCTHI] OT I1 JIO I2.

bonee HarnsaHoe mpencraBieHue O (PaKIUMOHHOM COCTaBE CYCIIEH3UM
naet nuddepeHnmranbHas KpUBask paclpelesieHus, MpecTaBisiomas co0oit
3aBUCUMOCTh MaccoBor ¢yHkiuu pacnpenenenus f (r)=AQ%/Ar ot pamuyca
gactuny (r). U3 muddepeHnmansHoll KPUBOM MOXKHO HAWTH SKBHUBAJICHTHBIM
paanyc, COOTBETCTBYIOIIMA MAaKCHMAaJbHOMY YHCIY YacCTHUI[ OMPEIEICHHOTO
pasmepa B mgaHHON cycneHsud. JuddepeHunanbHy0 KpPUBYIO CTPOST B
koopauHatax p(r) —r, tae p(r) = (AQ% / Ar)




p(r)

i

I, r

Puc.5. IuddepenunansHas KpuBas pacrpeieiaeHus.

3naueHust AQ% MOXHO OIIPENETUTh CIEAYIOIUM 00pa3oM:

1. U3 uaTerpanpHoOil kpuBoit onpeaenssioT  AQ1% = Q2% —Q1%,
AQ%2=Q3%—Q2% wu T.4., a Takke Ari=ri—r2, Arn=r—r; U T.A. 3arem
paccuntbiBatoT (AQ% / Ar)1=(Q2%—Q1%)/(r1—12). [Ipupamenue AQ onpenenstor
Uit cepun (ppakumii Ar.

2. HenocpenctBeHHO U3 KpuBOM cenumeHTauuu, ompeaenss AQ kak
OTpE3KH, OTCEKAEMble COCEHMMHU KacaTeJlbHbIMU Ha ocu opauHar. Hampumep,
AQ=Q2 — Q1, AQ% = AQ / Puaxc.):100%.

JUis HaxoxzaeHus:t Ar =ri—r2 HEOOXOAMMO ONPENEIUTh PaJuyChl YACTHUL,
OCEBILIMX B MOMEHT T1 U T2.

[IpouenTHOE coaepkaHMe (PpakUMil ¢ pa3MepaMu YacTULl OT I JO I2
XapaKTEpU3yeTCs IUIOMIAbI0 Y4YacTKa II0J KPHMBOWM, a IUIOHIaab IOJ BCEH
KpuBOM paBHa Macce Bcex uyactul cucteMbl (100%). Ha xpuBoii MOXHO
BBIICJINTh TPHU HauOoJiee XapaKTepHbIE [JIs CUCTEMBbl pa3Mepa YaCTHIL:
MUHUMAITBHBIN — Tyun., HANOOJIEE BEPOSITHBIN — Iy, OTBEUAIOIINIA MAKCUMATTLHOMY
3HAYEHUIO (PYHKUUN, U MAKCUMAJIbHBIA — Tyaxe. ONHMCAHHBIA BbIIIE CHOCOO
NOCTPOEHUSI KPUBBIX pACIpeIesIeHNs Ha3bIBACTCS «METOJOM KacaTeIbHBIX).

Jns  ynobctBa mnoctpoeHus auddepeHunanbHoil  KpUBOM  Cleayer
COCTaBUTb TAOIUILY 2.

Tabnuua 2

r Ar Q AQ% AQY%/Ar

10




2. DKCHepMMEHTAJIbHAA YaCTh
2.1. Ilpubopsl, peakTUBbI, O0OOPYIOBAaHHUE: TOPCUOHHBIE BECHl C
YalIeYKOM, CTakaH XMMMUYECKUH €MKOCThIo | I.; Melanka; CEeKyHIOMeEp;

HCCIICAYCMOC BCIICCTBO B BUAC ITOPOIIIKA.

2.2. Tlopsimox BBITIOJHEHUS PAOOTHI.

4

Puc.6. CxeMa TOpCHOHHBIX BECOB

1. YcraHoBUTh BeChI MOCPEACTBOM OIOPHBIX BECOB | U 2 1O YPOBHIO.

2. OTKpbIB appeTup 3, YCTaHOBHUThH CTPEIKY S5 Ha HyJIe C MOMOULIBIO
ppruara 4. Ilpu  mpaBWIBHO YCTAHOBJIEHHBIX BECax CTpPEJIKA-yKa3aTelb
paBHOBecHsT 6 HAXOOUTCSA HA HYJIEBOM JEJIEHUM IIKaibl. Eciu paBHOBecue
CMEILEHO, €r0 BBIPABHUBAIOT IIPU IIOMOILM BUHTA 7.

3. 3aKphITh apPETUP BECOB.

4. Hanosauts crakan 10 qucTWInmMpOBaHHOM BOJOM 10 YpOBHs Ha 1-2
CM. HIKE Kpasi CTaKaHa.

5. OnycTuTh B CTaKaH 4YalleyKy, ITOJABECHB €€ Ha KPIOYOK KOpoMbIcaa 9.
Yameuka q0JKHA HAXOAUTHCS B IEHTPE CTaKaHa, BBILIE JHA CTaKaHa Ha 2—3 CM.

6. OTKpBITH appeTup 3 W JBUKEHHEM pbluara 4 yCTaHOBUTH YyKa3aTellb
paBHOBecUsA 6 B HYJIEBOE IOJIOKEHUE, CTPEIKA BECOB S5 IMOKAXET Ha IKaJe
Maccy 4Jalleuku B Boje Po, mr.

7. 3aMepuTh JIMHEHKOW ITyOUHY MOTrpy»KeHus Jamedku H, cm.
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8. 3aKpbITh apPETUP U BBIHYTh YAIICUKY U3 CTAKaHa.

9. BHectn B cTakaH C BOJIOM NOPOIIOK (KOHILIEHTpalMs IOpOIIKa B
cycnen3uu = 1%) u nepeMeiaTh CyCeH3UI0 MEeIIaNKol 1—2 MUHYTBHI.

10. BeicTpo onmycTUTH B CTakaH 4amedky 9 M BKIIOYUTH CEKYHIOMED.
(Baumanue! Ha yameuke He JOHKHO OBITh Iy3bIPHKOB BO3/1yXa).

11. Yepe3 onpeneneHHble TPOMEKYTKH BPEMEHM, YKa3aHHbIE B TaOJuUIle
3, HaXOJWTh BEC YalllEYKH, OTKPBIB appeTup 3 U nepemenias psiyar 4 10
yCTaHOBJIEHUs paBHOBecHsl. Pe3ybTaThl B3BEIIMBaHUS 3aHECTU B TaOIMILy 3.

12. Korma Macca yane4ykyd He U3MEHUTCSI B TEUCHUE 6—8 MUHYT, 3aKpbITh
appeTup, pblyar 3 NepeJBHHYTh BIIEBO, YCTAaHOBUTH CTPEJKY-yKa3areiab 5 Ha
HYJIEBYIO OTMETKY.

13. OnsIT noBTOPUTH 4—5 pa3 ¢ TOU Ke CyCHNEH3UEN, KAXKIBIA pa3 XOpOLIO
nepeMeIInBas ee.

14. 3anonHUTH TAOIUILY 3.

Tabnuna 3

Macca

HNuTepran
BPEMEHH,
CeK.

Macca
Janieyku
c
0CaJIKOM,
P mr

Macca
Janieyku
c
0CaJIKOM,
P mr

Macca
Yyaneuyku
C
0CaJIKOM,
P mr

Yyameuyku
c
0CaJIKOM,
P mr

P mr
(cpenn.)

20

20

20

30

30

30

30

60

60

120

180

240

300

2.3.00paboTKa pe3yJIbTaTOB KCIIEPUMEHTA

1. Onpenenuts SKBUBAJIEHTHBIE PAINYCHI YACTHUIL 11 & — 9 3HAYEHUI T 11O
bopmyne:  —— -

r=KVH/t, tne  K=0On)/ (D - d)g).

Hpumeuanue: Tlnornocts xBapua Di=2,7 r/cm’, miotHocTs KapOoHaTa
kanpuus D>=2,7 r/cM’, mnotHoCcTs cynb(ara Gapus D3=4,5 r/cM’, IIOTHOCTE
kapbonara Gapus Ds=4,3 r/cm’.
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2. 1o pe3ynbTaTaM 3KCIEPUMEHTA MOCTPOUTHh KPUBYIO CEAMMEHTAIINU B
koopauHatax P = f(1).

3. IlocTponuTh MHTErpaIbHYIO KpHUBYIO. /[ MOCTpOEHUsT MHTErpalbHOU
KpUBOM pacmpelefieHusi 4YacTUI[ [0 pa3MepaM HCIOJIb30BaTh  «METOJ
KacaTelbHbIX):

a) mpoBecTH 7—8 (WM MaKCUMaJbHO BO3MOXKHBIX) KacaTelIbHBIX K
AKCIIEPUMEHTAIIBHOW KPUBOW CEAUMEHTAIUM B TOUKAX T1, T2, T3, ...;

0) HaiiTu Ha rpaduke 3Ha4YeHHs oTpe3koB Qi, Q2, Qs3, ..., OTCEKAEMBIX
KacaTeJbHBIMKH Ha ocu opauHar. 3HadeHus Qi, Qz, Qs, ... Qn moka3bIBalOT
Maccy BBIIIABIIETO OCAJKa 3a BPEMsI OCEIaHUs Ti, T2, T3, ... Tn.

B) BBIYHCIIUTH MTPOIICHTHOE COJIEPKAHUE KXo Ppakiuu o Gopmyiie:
AQ% =(AQ / Puakc.)'100%. Ha ocHOBaHWUW cIeTaHHBIX PACUYECTOB 3aIIOJTHHUTH
Tabuuiy | ¥ MOCTPOUTh MHTErPATIBHYIO KPUBYIO B KoopauHaTax: Q% = f(r).

4. Tloctpouts auddepeHunanbuyo KpuByto. g  mocTpoeHus
nuddepenuuanbaoin kpuBon: (AQ% / Ar)=f(r) mago 3amoaHuTh TabIUIy 2.
3nauenus AQ nns cepum (Ppakuuil Ar cieayer OnpenensTb, HCHOJb3Ys
UHTErpajgbHyto KpuByto. [Ipu aTom nonyuennoe 3Hauenne AQ% / Ar oTHOCST K
cpenHeMy Uil JaHHOM (pakuuu paanycy.

HuddepenumanbHylo  KpUBYIO  MOXHO  TakKe  MOCTPOUTh U
HEIMOCPEACTBEHHO U3 KPUBOU C€IMMEHTAIU. /{7151 3TOro onpenenstoT 3Ha4YeHUs
AQ Kak OTpe3KH, OTCEKaeMbI€ COCEJHHMH KacaTeJIbHbBIMH Ha OCH OpJHHAT,
Harpumep, AQ1=Q>—Q1, 11 HaxoxkaeHus Ar; =ri—r2 HEOO0XOJMMO OTPEICIIUTh
paanycChl YaCTHII, OCEBIIMX K MOMEHTAM BPEMEHU T1 U T2 .

5. Ha ocHOBaHWYW MOJYyYEHHBIX TPaQUKOB M PacdyeToOB CACIATH BHIBOJ O
XapakTepe pacipeeseHns YacTUI] [0 pa3MepaM B UCCIEAYEMOM CyCIEH3UU.

Ilpumeuanue: Bce rpauku T10IHKHBI OBITH BBITIOTHEHBI TOJBKO Ha
MUJITUMETPOBOM Oymare u kapanjaiom. Kaxibiii rpaguk 101KeH ObITh
03arJiaBJIeH U BKJIEEH B TETPab.

BOIIPOCHI IJIS1 OTUETA 11O TEME
«MOJIEKYJSIPHO-KUHETUYECKHUE CBOUCTBA JUCIIEPCHBIX
CUCTEM»

1. YUem o00yciioBieHO OpOYHOBCKOE MABMIKCHHE YaCTHI[ JUCIEPCHBIX
cucteM? B kakux cuctemax BO3MOXHO OpOoyHOBCKoe nBrkeHue? Ilpusemute
IPUMEPBI.

2. Kak MOXHO XapakTepH30BaThb IBWKEHUWE 4YacTUL B JHCIEPCHBIX
cucremax?

3. uddysus. na xakux cucreM xapakrtepHa auddysus? Kak MoxHO
XapaKTepHU30BaTh CKOPOCTh TuhPy3uun?

4. IlpuBenute ypaBHEHHE, YCTAaHABIMBAIOIIEE CBSI3b MEXKAY CIBUIOM U

kodppunmenTom nuddys3uu.
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5. Kak MOXHO onpeiesiuTh pazMepbl YaCTUL] U3 YPaBHEHUS DUHIITEHA?

6. Kak MOXHO omnpenenurs pa3Mepbl AUCHEPCHBIX YacTHLl WIH
KOHIIEHTPALUIO UX B JIMO30JI5X IO OCMOTHYECKOMY JABJIEHUIO?

7. Kakne qucnepcHsle CUCTEMBI OTHOCSTCS K CyCIEH3HAM?

8. Ha d4eM OCHOBBIBAa€TCi CEIUMEHTALMOHHBIM aHamu3? B dem
3aKJIH0YAETCS CEAMMEHTAMOHHAS YCTONYMBOCTh? ArperatuBHas?

9. Hammmwure ypaBHeHue CTokca  JJIsi CKOPOCTH CEIUMEHTALIMM B
rpaBUTAllMOHHOM ToJie. KakoB ¢pu3nyeckuil CMbICT BXOIALIUMX B HETO BEIMYUH?
M3mMeHeHneM Kakux [apamMeTpoB CHUCTEMBI MOKHO HW3MEHATH CKOPOCTH
OCaXKII€HUS YacTHIL?

10. KakoBsI ycnoBus coontogeHus 3akona CToKca IpH CeIMMEHTALUN?

I1. Yro Takoe KOHCTaHTa CEAMMEHTAllMM W UYTO OHA XapaKTepusyer?
Hanummre BeipaxkeHue 111 KOHCTAHTHI CEIUMEHTAMU CHEepUUECKO YacTHIIbI,
€CJIM OCAKJICHHUE €€ OAUNHIETCS 3aKkoHy CTOKca.

12. Kaxkne CHUCTEMBI Ha3bIBAIOT MOHOJUCIIEPCHBIMHU 51
MOJIMAUCTIEPCHBIMU ?

13. KakoBo Ha3Hau€HUE MHTETPAIbHBIX U AU(PPEpeHIInaNbHbIX KPUBbIX
pacupeneneHus 4acTHI] 1o pazMepam?

14. Kak onpenenuTs coAepaHWE 4YacTUL I JaHHOIO MHTEpBala
pa3MepoB 0 UHTErPaJIbHON U AU PepeHInanbHON KPUBBIM pacipeiesieHns?
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