MHWHHNCTEPCTBO ObPASOBAHUA 1 HAYKH YKPANHBI
OAECCKUU HAIIMOHAJIbHbIYM YHUBEPCUTET UMEHU U. 1. MEYHHKOBA
OUSNYECKNUN OAKVYIIBTET

MMPUKJIAJTHASA ®PU3UKA ADPO30JIEH

YUYEBHO-METOJIMYECKOE ITIOCOBUE

OIECCA
OHY
2015



YK 53.07:544.77(075.8)
bbK 24.632481

11759
PexoMenmoBaHa B me4aTh HAyYHO-METOIUYECKUM
coserom OHY umenu 1. . Meunuxkosa.
[TpoTokoa Ne 4 ot 17 nexabps 2015 r.
Peuenzenmeot:

A. A. DHHaH — JOKTOp (PU3UKO-MATEMATUUYECKUX HAYK, TUPEKTOp Du-
3UKO-XHUMHUYECKOTO HHCTUTYTAa OXPaHbl OKPYKAIOIIECH Cpelibl U YeJIOBe-
ka (1. Ogecca)

B. I1. 7KeJjie3Hblil — TOKTOp TEXHUYECKUX HAYK, 3aB. Kadeapoi Terio-
GU3UKKU ¥ TpUKIaIHON dK0I0THuH O1eCCKOM HAIMOHAIBHOM aKaJeMUU
MUIIEBBIX TEXHOJIOTUH;

A. H. CoppoHkoB — TOKTOp TEXHUYECKUX HaYK, npodeccop kadeapsl
XUMUHU OKpyxatomen cpeapl OeccKOro rocy/1apcTBEHHOTO 3KOJIOTHU-
YECKOTO YHUBEPCUTETA.

[1759  TlpukaagHaa ¢usnka adpo3oneil: yueOHO-MeToauyecKoe mocodue /
B. B. Kaiiunuak, C. M. Konutymi, A. C. Yepuenko, C. A. lllekaronuna
— Opecca:  Opecckuil  HallMOHAJIBHBIM ~ YHHBEPCHUTET  MMEHU

H. U. Meunnkosa, 2015. — 130 c.

ISBN 978-617-689-149-9

ITocoOue comepkUT KpaTKHe TEOPETHUYECKHE CBEJEHMS 11O OCHOBHBIM Te-
MaM, a TAaKXe IPUMEPBI pEUICHUs 3a4ad, CIUCOK IPEIIaracMsIX Ul CaMOCTOs-
TEJILHOTO PEUICHUs 3a7ad U JIAOOpaTOpHbIE pabOThl KacaTelbHO KAXKAOH U3 TEM.
[Ipemaraemselii MaTepuan OCHOBAaH Ha Kypcax oomieit ¢pusuku: «Mexanukay, «Mo-
JeKyJsipHas PU3NKaY, «»IIEKTPUUECTBO» U «ONTHKAY.

[Tocobue no kypcy «®Pusmka a’spozoineil» NpeaHa3HAYCHO AJIS CTYIEHTOB
HanpaBineHus «®Pusuka» Qusndeckoro ¢pakynprera OnEecCKOro HalMOHAJIBHOTO
yHuBepcurera umenu M. M. Meunukosa.

YAK 53.07:544.77(075.8)
BBK 24.632a81

ISBN 978-617-689-149-9 © Opnecckuil HalMOHAIBHBII
yHuBepcuteT umenu 1. 1. Meunukosa, 2015



Copep:xanue
Beenenue

['masa 1. JUCIIEPCHBIN AHAJIN3 ADPO30JIEN
Ipumepwvl pewenus 3aoau
3aoauu 0na camocmosamenbHo20 peuleHus
JlabopaTopHas pabora Ne 1 JlucnepcHblit aHAIN3 ad3pO30JI€i U MOPOIIKOB
METOJIOM ONTHYECKOW MUKPOCKOITHH
JlaGopatopHas padota Ne 2 M3mMepeHue rpanyIoMeTpUYECKOTO COCTaBa
MOPOUIKOB METOAOM LKU(PPOBON ONTUYECKONW MUKPOCKOIIUU

I'masa 2. IIOCTYITATEJIBHOE IBUXXEHUE YACTHUI
IIpumepwl pewrenus 3aoau
3aoauu 0na camocmosamenbHo20 peuleHus
JlabopaTopHas pabota Ne 3 M3ydyeHue napameTpoB adpo30Jiei METOI0M
ceMMEHTAIUU
JlabopaTopHas pabota Ne 4 3yuenue ppakiiMOHUPOBaHUS TOPOIIKOB
Y IBUKEHUH YaCTHUI[ B BOCXO/ISIIEM TOTOKE
IIpumepwl pewrenus 3aoau

I'maBa 3. MHEPIIMOHHOE OCAXJIEHUE YACTUIL. U3OKNHETU-
YECKUI OTBOP
Ipumepwvl pewrenus 3aoau
3aoauu 0na camocmosamenbHo20 peuleHust
JlabopaTopHas pabota Ne 5 N3yduenue paboThl KACKaJHOTO UMIIAKTOPA
JlaGopartopHas padota Ne 6 M3mepenue kos¢dpuiinenta acnupaiuu rpy-
00aMCTIEpCHBIX a3p030Jiei

I'masa 4. JUODY3NA HACTUL. bPOYHOBCKOE IBMXXEHUE.
TEIIVIOBAA KOATYJIALMA. TEPMO- U INODY3NODOPE3
IIpumepwvi pewenus 3aoau
3aoauu o camocmosmenbHo20 peuleHus
JlaGoparopHas pa6oTa Ne 7 M3yueHne KUHETUKH OPOYHOBCKOW Koaryisi-
LIAX a3p030J1s

['maBa 5. OCHOBBI ®UJIbTPOBAHMS ADPO30JIEN
IIpumepul pewenus 3a0auy

JlabopaTopHas pabora Ne 8 CuToBO# METO MPOBEACHUS AUCTIEPCHOTO CO-
CTaBa MOPOIITKOB

JlaGoparopHas pa6oTta Ne 9 BecoBoit MeTo 1 M3MEPEHUSI MaCCOBOM KOH-
LEHTPALIMU a3PO30JIEH.

JlaGoparopHas pa6oTa Ne 10 M3yueHue paboThl HECEIEKTUBHOTO pa30aBu-
TEJIs1 a3P030JIEN

14
15

17
22
27
32
35
36
38
40

41
48
50
51
53
59
67
69
70

72
76

77

80

83



I'maBa 6. OGPASOBAHUE ADPO30JIEU ITPU JVCIIEPT IPOBA-
HUN XNJIKNX U TBEPIBIX TEJI
JlaGoparopHas padota Ne 11 M3yuenne paboThl THEBMATHYECKOTO PACIIBI-
JIATENSA a3PO30JIeH
JlaGoparopHas pa6ora Ne 12 M3yueHue XapakTepUCTUK reHepaTopa MOHO-
JTHCTIEPCHBIX Kamesb PeeeBCKOTO TUIA

I'maBa 7. UCITAPEHUE 11 KOHJAEHCALNA B ADPO30JIAX
IIpumepwr pewrenus 3aoau
3aoauu 015 camocmosamenbHo20 peuletus
JlaGopatopHas pa6oTa Ne 13 I'eHepaTop MOHOAMCTIEPCHBIX a3p030JIei
CMECUTEIBHOrO THIIA

[nasa 8. DJIEKTPUUECKUE CBOVICTBA ADPO30JIEU
llpumepwvl pewrenus 3a0au
361061111/{ OJZ}Z camocmosameslbHOo2co pemeﬂuﬂ
JIabopaTtopuas padora Ne 14 MccinenoBanue 3apsIIKU Karellb Ipu JUCTIEP-
T'UpOBAHUU KUIKOCTHU

I'nasa 9. OITUYECKUE CBOMCTBA ADPO30JIEN

JlaGopatopHas pabota No 15 M3yuyeHue xapakTepUCTHK JIa3€pPHOTO CUET-

YMKa YaCTHUI] adPO30Jer
IIpumepul pewienus 3a0ay

JlaGopatopHas pabota No 16 M3mepeHue rpanyioMeTpUYECKOTO COCTaBa
YaCTHUII TOPOIIKOB C TOMOIIBIO JIA3€PHOTO TEHEBOTO CUETUHKA

JlaGopatopHas paborta Ne 17 VM3amepeHnne TuCnepCHOCTH YacTHUIl B CYCIIEH-
3UAX AUGPaKIIMOHHBIM METOI0M (KOHYC THUHIAIS)

CIIICOK PEKOMEH/ITYEMOI JINTEPATYPhI

88
91
93
96
102
103
104
106
111
111
113
115

117
121

123

125

127



BBenenue

N3yueHne OCHOBHBIX XApAaKTEPUCTUK a3pPO30JI€H, HAXOIAIIUXCA B BO3AYXE BO-
Kpyr HacC U B IIPOU3BOJCTBEHHBIX MOMEIICHUSAX, HAIIPABIEHO B OCHOBHOM Ha pelie-
HUE CIEAYIOUUX 3a/1ay:

- CO3/IaHHE YCIIOBUM, OJaronpHUsATHBIX JIJIS 3I0POBbS JIIOJIEH, TyTEM UCIOJIb30BaAHUS
NEPEIOBBIX TEXHOJOTUM U pa3pabOTKU CUCTEM JJII OYUCTKHU BO3AYyXa OT 3arpsi3HSIO-
IUX a3PO30JIEH;

- MPOTHO3UPOBAHUE PACIPOCTPAHEHUS a’PO30JIE B OKPYKAIOIEM [TPOCTPAHCTBE;

- KOHTPOJIb COJEPKAHUS a3p030JIei B MPOU3BOJACTBEHHBIX IOMELIEHUSX, KOT1a OHU
MOTYT HETaTHBHO BJIMSTh HA XOJ TEXHOJOTHUYECKHUX IMPOIeccoB (Tpodiema ‘““ducThIX
KOMHAT”’ B M3TOTOBJICHUH TOTYTPOBOAHUKOBBIX TPUOOPOB M (hapMaKOIOTHH ).

Hapsny ¢ BO3MOXHOCTBIO OIIPEACIICHHS TAKUX NTapaMETPOB a3p030JI€H, KaK CKO-
POCTh UX PACHpPOCTPAHEHHUs BMECTE C BO3IAYXOM, UX CIIOCOOHOCTHIO, HAIIPUMED, pea-
rUpOBaTh C T'a30BBIMH KOMITIOHEHTaMH, KOHJEHCHUPOBAaTh Ha cebe Biary U MHOTHUX
IPYTUX, TMPEXJe BCEro HEOOXOAMMO 3HATh pa3Mep YacTHI] a’3po30Jid Kak ¢akTopa,
OTPEEISAIONIErO MOBEICHNE adPO30JbHBIX YaCTHUIl, (DYHKIMIO pachpeleseHusl yac-
THUI[ a3pP030Jis TI0 pa3MepaM U MX KOHIIEHTpaluio (MAacCOBYIO WM CUETHYIO, T.€. YUC-
JI0 YaCTHII B €IUHUIIE 00beMa).

CoBpeMeHHbIE TpeOOBaHUSA K ONPENEIEHUI0 Pa3MEPOB YACTUL[ CTOJIb BBICOKH,
4YTO ceiyac pa3paboTaHbl METOAbl MU3MEPEHHS Pa3MEPOB B UPE3BBIYANHO IIMPOKOM
obnactu pazmepoB - npuMepHo OT 0.001 10 HECKOJIIBKUX COT MUKPOH; €CTECTBEHHO,
HEBO3MOJKHO C IIOMOIIBIO JIHIIb OJHOTO METOJIa OXBATHTh BECH 3TOT JUANIA30H.

Pa3Ho0o0Opa3ue ucnoap3yeMbIX METOJA0OB U3MEPEHUI 3aCTaBISAET Il IOHUMaHUS
OCHOBHBIX MPUHIIUIIOB PA0O0THI a3PO30JbHBIX MPUOOPOB 3HATH OCHOBBI (DU3UKU a3PO-
30JI€l - HAYKH O MOBEICHUM MaJbIX 4acTull B ra3ax. MakTtuyecku 3Ta HayKa MOBTO-
psieT mo4TH BCIO GU3HKY (€€ OTHeNbHbIE COCTABISIONIUE), HO MPUMEHUTEIBHO HE K
TeJaM 3HAYUTEJIBHOTO pa3Mepa, a K MaJIbIM 4acTUUaM. Tak, OTAENbHO CYIIECTBYET
TaK Ha3blBa€Masi MEXaHHKa a’3p030JI€H - HAyKa O IBUKEHUH YACTHI] B ra3e Kak Mo OT-
HOIIEHUIO K HEMY, TaK U BMECTE C HUM; IIMPOKO Pa3BUThI 3HAHUS O TEPMOIUHAMUYE-
CKHMX IIpoIeccax, MPOUCXOIAIINX C MAJIBIMA YaCTULAMH, O BOSHUKHOBEHUU YACTHI]
U3 Mapa BEIIeCTB (TOMOr€HHas M IeTeporeHHas KOHJIEHCALMs); ONTHUKAa a’po30JieH
SIBJISICTCSI OCHOBOW HAIIMX 3HAHWHA KaK 00 ONTHYECKUX SIBICHUSX B aTMocdepe (B
Halllel MOBCEHEBHOM *U3HU Mbl HEMPEPHIBHO CTATIKMBAEMCSI C 3TUMU SIBICHUSIMHU -
TyMaH, pajyra, 1mioxasi BUAUMOCTh U T.II.), TAaK U B CO3JaHUU IIUPOKO pacHpocTpa-
HEHHBIX ONTHYECKHX MPUOOPOB ISl M3Y4YEHHs MapameTpoB asposoieil. Hakower,
ANEKTPUUYECKHUE 3apsbl HA a3PO30JbHBIX YacTUIAX (KaK Ha M30JIMPOBAHHBIX TEJaX)
MOTYT 3HAQUUTEJIbHO U3MEHATh MOBEACHUE YaCTHIl, U 3TOT (PaKT 3a4acTyIO UCIOIb3Y-
€TCS B U3MEPUTEIIBHOM a3p030JIbHON TEXHUKE.

[ToaToMy Kaka0My pazjiesly HacCTOSIIErO MOCOOUs MOCBSIIEHO OT/EIbHOE KpaT-
KO€ M3JI0’)KEHHE 3aKOHOMEPHOCTEH MOBENEHUS a’3PO30JbHBIX YacTHI], HEOOXOAMMOE
JUTSL JIy4ILIEer0 MOHUMAaHUs (YHKIIMOHUPOBAHUS OMKMCHIBAEMBIX a3PO30JbHBIX METOJIOB
U IpuOOpPOB.



I1asa 1. JUCHOEPCHBINA AHAJIN3 ADPO30JIEN

AdpozonsiMu (a3pOJUCIIEPCHBIMU CHCTEMaMH) [OT Iped. aer — BO3AYyX M Jar.
sol(utio) — pacTBOp] Ha3BIBAIOTCA AUCIEPCHBIE CUCTEMBI C Ta3000pa3HOM Cpeaon U ¢
TBEPION WJIM KUJKON nucrepcHoil gazoit. JucnepcHbie CUCTEMBI — MHUpP, B KOTOPOM
MBI )kUBEM. bosbiast yacte BeenenHolt npedbiBaeT B Buje nbuid. KocMmuueckoe mpo-
CTpaHCTBO, Tuapocdepa u arMochepa, 3eMHast KOpa U HEApPa, TPYHTHI, KUBBIE Opra-
HU3MBI, TMHUIIEBbIE MPOJYKTHI, JIEKAPCTBEHHBIE Mpernaparbl U APYyrue MOTpeOUTEb-
CKHE MPEAMETHI COAEPKAT BEIIECTBA B AUCIEPCHOM cocTosHUU. [losTomMy mucnepc-
HOE COCTOSIHUE SIBJIIETCS OCHOBHBIM COCTOSTHUEM MaTEpHH.

Pa3nuuaroT nucnepraiyoHHbIE M KOHACHCALIMOHHBIE a3P030JIH, KaK € KUAKOH, TaK
U TBEPJOW KOHJACHCHPOBAHHOW (a3oif. [[ucmepranmmoHHbIE a’po307u 00pa3yroTcs
MpU AUCHEPTUPOBAHUU (M3MEJIbUCHUH, PACTIBIIIEHUN) TBEPBIX WU XKUAKUX T WU
IpH TIEPEX0/Ie MOPOMIKOOOPA3HBIX TENl BO B3BEIIEHHOE COCTOSIHUE, & KOHACHCAIIMOH-
Hble — IIPU OOBEMHOM KOHJIEHCAIIMU MEPECHIIICHHBIX MapoB, B pe3yJIbTaTe ra30BbIX
XUMUYECKUX PEAKIUM, BCIEACTBUE UCIAPEHUS TEJ, B TOM YHUCIE U MOJ JCHCTBUEM
IJ1a3Mbl M J1a3€PHOTO M3JyYEHUs, C MOCIEAYIOLIEed KOHJEHcauen napa. YacTuupl
a’p030JIs C KUAKOM HCIIepCHOM (a3oi MMEIOT NMpaBWIIbHYIO chepruueckyro Gopmy,
U TPU KOAryJsil[uu, CIMBAsiCh, CHOBAa 00pa3yloT MIApoOOpa3HYI WHIUBUIYAIbHYIO
yacTuIly. TBepble e YacCTUIIbl UMEIOT Pa3HOOOpa3Hylo GopMy, U MPU KOATYJISIINH
00pa3yloT phIXJIble arperaTsl TaKke pazHooopazHoil popmbl. K Hanbonee n3BecTHHIM
a’PO30JIsIM OTHOCSTCS:

1. TymaH — KOHJEHCAIIHOHHBIN a3p030JIb C KHUJIKON AUCTIEPCHOU (ha3oi;

2. AbIM — KOHICHCAIIMOHHBIN a’p030JIh C TBEPIOM AUCTIEPCHOM (ha3oi;

3. cMor — cMech TyMaHa | JpIMa, CojiepKaiias 0OObIYHO MPOAYKTHI (POTOXHUMHYE-

CKOM peakIuy U napbl BOJbI,

4. NbLIb — TUCTIEPTAIIIOHHBIN a3p030JIb ¢ TBEPJBIMU YaCTUIIAMH, 00Pa3yIOIIUMU
B MIPOLECCAX U3MEIBYEHUS, PA3MOJIE, B3PBIBE, CBEPJICHUH, & TAKXKE IPU MEpe-
CBhIIIAHWH MOPOILKOB;

5. cnpel — AWCHEPTalMOHHBIN a’3p030Jb C KUJIKOW aucriepcHor ¢a30il, BO3HU-
KAIOLMI PU pacnaae CTPYW WM IJIEHOK )KUAKOCTH, HAPUMEDP IIPU pacIblie-
HUU KUJKOCTH TIOJI BO3JCHCTBUEM MCTOUYHHMKA aKYyCTUYECKHUX KOJeOaHUN WM
paspylI€HHEe CTPYH IPU BO3IEUCTBUU SJIEKTPUUECKOTO TOJIS.

YacTo BO3HUKAIOT CMEIIAHHBIE a’pO30JId, COCTOSIIME W3 YAaCTHUI] Pa3JIMYHOIO
MIPOUCXOXKICHHUS.

K a3po3zonsim oTHOCATCA Te, pa3Mepbl YACTHUL] KOTOPBIX JIEXAT B UHTEPBAJE JIHAC-
nepcuoctd oT 107 10 10° Mkm. VIHTepec Ui HAYKH 06 a3pO30IsX HPEICTABISIOT
gactuipl ¢ 10 — 10° MKM, T.K. HIKHSIS TPaHHMIA Pa3MEPOB JIKHUT B 00JIACTH Iepe-
X0Jla OT MOJIEKYJIbl K YacTULE, a KPYIHbIE YaCTHIBI HE MOTYT JJIUTEIBHOE BpPEMS
OBITH B3BEILIEHHBIMU B BO3/1yXe. Pazmep yactuiipl — Hanbosee BaKHbINA apameTp npu
npeicKa3aHuyd MOBEACHUS a’po30iis. Pasmep vacTuilbl OOBIYHO XapaKTEepU3yIOT pa-
OUYCOM WM AUAMETpoM. MOHOAMCIEPCHBIN a’p030Jib CONEPKUT YACTULBI TOJIBKO
OJIHOTO pa3Mepa (BBIOJHSIETCS PENIKO), MOJIUIUCIIEPCHBIN — YaCTUIIBI PA3HBIX pa3Me-
poB. JlJig YacTull k€ HeNpaBWIbHOM (POPMBI AMAMETP YACTHULBI CUIBHO OTIUYAETCS
OT XapakKTepHOro pasmepa. PazHooOpasHbie (HOPMBI a3pO30JIbHBIX YaCTHI] IIEJIECO00-



pPa3HO pa3OHUTh MO CPABHUTEJILHOM MPOTSHKEHHOCTH YAacCTHUI] B TPEX M3MEPEHHSIX Ha
TPH KJjacca:

1. “3oMeTprUecKHre 4acTUIBL, i1 KOTOPBIX BCE TPU U3MEPEHUS UMEIOT IPUMEPHO
OJIMHAKOBYIO BeJIMYMHY (cdepa, NpaBUIbHbIE MHOTOTPAHHUKM M YacCTHIIbI,
OJM3KKe K HUM 110 (hopme);

2. YacTHlbl, UMEIOLIUE B JABYX H3MEPEHHUSAX 3HAUUTEIBHO OOJIBLIYIO MPOTAKEH-
HOCTb, YEM B TPEThEM (IUIACTUHKHU, JTUCTOUKH, YEIIYHKHU, TUCKH);

3. gactuibl ¢ OONBIION MPOTSHKEHHOCTHIO B OJHOM HM3MEPEHUHU (TIPU3MBI, UTIIBI,
BOJIOKHA, HUTH).

Tak kak Bce 3aKOHBI, ONPEIEISAIOIIME CBOMCTBA a3pO30JI€H, BBIPAKAIOTCA MPOCTO
npu mapoodpa3Hoil ¢popMe YacTuil, TO OOBIYHO HCHOIB3YIOT “KO3(pUIUEHT cde-
PUYHOCTH Y, KaK OTHOIIEHHE IMOBEPXHOCTU Iapa ¢ 00BEMOM, PaBHBIM 00BEMY
JaHHOM YacTHIIbI, K ee nmoBepxHocTu. st cdepsl xs = 1, nus moboit apyroit GpopMel
4acTUIBI — ¥ < 1.

Yactuupl a3po30Ji€ii ¥ NOPOILIKOB B OOIIEM CITyyae UMEET HEMPAaBUIbHYIO GOpMY.
[ToaToMy nOHATHE pa3Mep YacTHIl AJIs KaXJI0T0 TUIA a3po30Js (IOpOIIKa) yCTaHaB-
JIMBAETCS] CAMOCTOSITENIBHO B 3aBUCUMOCTH, C OJHON CTOPOHBI, OT T€X 3a/1ay, B KOTO-
PBIX UCHOJIB3YETCS JaHHBIN a3p030Jib (IOPOIIOK) (T.€. B 3aBUCUMOCTH OT TOT'O, Kakasi
U3 XapaKTePUCTUK — IUIOLIAJAb OBEPXHOCTH, Macca M T.JI. YaCTHUIIbI SBJISIETCS OIpe-
JEJSIIoIel B KOHKPETHOU 3a7ade), ¢ APYroll CTOPOHBI, OT NPUMEHIEMON METOJIUKH
aHanu3a aucrepcHoctd. Hamprumep, IKBMBAJEGHTHBIN PAaAMyC YacTHUIBl — Paguyc
mapa ¢ o0ObeMOM, paBHbIM O00beMY JaHHOW yacTulibl. CeJUMEeHTAIMOHHBIN (CTO-
KCOBCKHI) — paJinyC mapa ¢ TOH K€ INIOTHOCThIO U CKOPOCThIO ocepanus. luamerp
depera — MAKCUMAJIBHOE PACCTOSHUE MEXKY KpasiMU KaKIOM YaCTHULIbI.

Eciy yacTHUIIBI UMEIOT MPaBUIIBHYIO T'€OMETpHUUECKyro (opmy (chepuueckyro,
KyOMUYeCcKylo U T.A.), TO JJIsl TAKUX YacTUL MOHIATHE “‘pazMep” ONpeAessieTcss OJHO-
3HaYyHO.

BOJNBIIMHCTBO MPUPOAHBIX M HCKYCCTBEHHO IOJIY4aeMbIX a’po3osied oliamaer
JIOBOJIBHO 3HAYUTENIHOM MONIMIUCIEPCHOCTBIO. B CBSA3M ¢ 3TMM BO3HHMKAeT HEOOXO-
JUMOCTb HalTH paclpeesIeHue YacTull [0 pa3MepaM, KOTOPOE MOXKHO BbIPa3UTh He-
CKOJIBKMMH crioco0aMu. MOKHO 3a7aTh CUETHYIO IOJIIO df WM MAacCOBYIO JOJIO dg

YyuCJa 4YacTHll, pa3Mepbl KOTOPBIX JEXKaT B Mpeenax (r, r+ dr), Kak
df = f(r)dr uwm  dg=g(r)dr.
3aBUCUMOCTH f(7) Ha3bIBACTCS KPUBOIl MJIOTHOCTH pacnpenenenus uiu qudde-
PEeHIUAJBLHONH KPUBOIl pacnpeaeJieHUsl Pa3MEPOB YaCTHIIl, 3aBUCUMOCTh g(7) — KpH-

Bas BeCOBOro pacnpezenenus. OyHKIUH f(7) U g(r) yAOBIETBOPAIOT YCIOBUIO HOP-
MUPOBKH:

oJ?f(l’)dl” =1 " Tg(r)dr = 1.
0 0

B HCKOTOPBIX CJIydasaiX HYKHO ITIOJIb30BATHCA APYTIUMHU (I)YHKHI/IHMH pacipceacic-

HUSIMU ¢ oOmielt Gopmynoit f, (r) =r"f(r)/r", THe n — MONOKUTEIBHOE WU OTPH-
naTenpHoe 1enoe yrcio. Hanbomee BaXkHO KBaapaTHdecKoe pacipenenenus (n = 2).



B HEKOTOpBIX a’3p030JbHBIX MpOOIEeMax IeaecooOpa3HO BBIPAKATh paclpe/ee-
HUE HE MO pa3Mepam, a 1o macce yactuil. OyHKIUS pacnpenesieHuss MacC YacTHII
yKa3blBaeT, Kakasi cuetHas f(m)dm wnu BecoBas Ao g(m)dm dactuil oOjamaet
Maccoli, nesxaeit B npenenax (n,m +dm).

Huddepenunanpuble KpUBbIE pacnpeiesneHuss 007aaroT OOJbIION HArIsaHO-
CThIO, OJTHAKO MpU 00pabOTKEe PE3ylabTATOB M3MEPEHUN YaCTHUIl a’3p030Jed yno0HO
NPUMEHATh MHTErpajibHble (“KyMYJSiITUBHbIE”) KPUBbIE pacrnpeaeeHus, oka-
3BIBAIOIIINE, KaKas T0JIsl YacTHll (110 CYETy WJIU T10 Becy) o0aaeT paauycoM OoJIbIe
F' wnu Menpie F~ aHHOM BenmunHsl 7. COOTBETCTBYIOMME (ByHKIIMH pacipesiee-
HUS TOJY4aloT, HalpuMep, JJIg CUETHOTO paclpelesieHus] MyTeM HWHTErpPUpPOBAHUS
GbyHKIUY f(7) B HY)KHBIX MpeJiesiax:

F@)=f0dr o F @)= fr.
npwaem F (1) +F () =1u [F ()| =-|F* ()] = £(r).

AHanOrMyHO MOYKHO MOJYYUTh (PYHKIIMH MacCOBOTO pacIlpeaesICHUs:
G'(n=[gndr n G (r)=]g()ar,
r 0

npuueM G (r)+G (r)=1mu [G_(r)],: —[G+ (r)],: g(r).

Crenyer 3amMeTUTh, YTO M3 OMNBITA IOJIYYUTh HENOCPEACTBEHHO HENPEPBIBHBIC
KPHUBBIE pacHpeeIeHUs MPAaKTUYECKH HEBO3MOXKHO, U OOBIYHO OINPEAEIISIOT TOJI0
4acTHL], pa3Mepbl KOTOPBIX JIEXKAaT B KOHEUHBIX MHTEpBasax. [IycTe pasmepsl 4acTul
UCCIIEyEMOT0 a3p030Js (IOpOIIKa) JIeKAT B JAUAla3oHe [rmin;rmax]. Pa3obrem nan-
HBIM JMAana3oH Ha k uHTEepBanoB — (pakuuil Ar;. Ilpuyem, MMPUHBI OTAEIBHBIX
(ppakiuii 0ObIYHO MPUHUMAIOTCS HEOJUHAKOBBIMHU, YTO BBI3BAHO KAaK TEXHUUYECKUMU
YCIOBUSIMU IIPOBEJEHUS aHAIN3a, TAK U HEOOXOJUMOCThIO MPABUIBHOIO yuyeTa (u-
3UYECKUX XapaKTepUCTHUK a’po3osel (mopouikoB). Eciu An, — obiiee unciio yacTuil

B TMAmasoHe ;7 + Ar, |, n — 0Blllee YMCIIO YACTHIT B AHATH3UPYEMOiT Tpobe, TO
An,

= AF, = £,(n)Ar;,

rie AF.— mnpeactaBiser coOOM [0JII0 YHMClIa YacTUL, JIEKAIIUX B HHTEpBaje

[rl.;rl. + Ar,.], a fl(’”,) — €CTb JOJIS YaCTHULl, IPUXOJAIIMXCS HA €IUHULYYy UHTepBana Ar;.
OTHOCHUTENIBHOE COJIepKAHUE OTAEIbHBIX (Ppakiui fl(rl) yno06HO u300paxaTh

rpaduuecku. I'padux GpyHKIUI fl(rl) HAa3bIBAIOT TUCTOTPAMMOM, TUIIUYHBIA BUJ KO-

TOpOil IpuBeAeH Ha puc.l.1.
3nech ke mpuBeneH rpaduk HenmpepblBHON AuddepeHunansHoil GyHKIMU pac-
npeneneHus f (r), KOTOpas SIBJIsI€TCA IpenenoM (QyHKIHH fl(rl) npu GECKOHEYHOM

YMEHBUIEHUH MUPHUHBI ppakiuil Ar;:

£() = Tlim /() = lim —2

Ar, =0 Ar;—>0 - A’”,-
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Puc. 1.1. IIlpumep rucrorpammsl 1 Ju(PpepeHnuaIbHOIl KPUBOH
pacnpeaeieHUsi YaCTHI 10 pa3Mepam

JlaHHBIE AUCHEPCHOTO aHalii3a TO3BOJISIOT PAacCUMTaTh CPEAHHN apudMeThde-
CKHI auamMeTp 7, T.e. IUaMETpP YCJIOBHOW MOHOIMCIIEPCHON CHCTEMBI, COAepKaIleit
OJIMHAKOBOE YHCJIO YACTHUIl C aHAIM3UPYEMOU MOJUIUCIIEPCHOW CHUCTEMOM, IpUIeM
CyMMa JuaMeTpoB B 00€UX CHCTEMaX OJIMHAKOBa (AHAJOTHMYHO OMPECIISIIOTCS MOHS-
TUS CPEJTHETO KBaJAPATUUYHOTO, CPETHETO KYOMYECKOTO TMaMETPOB YaCTHIL):

i=k A
_ _An,
F=2n—,
=1 n
_ Ar;
rnc r,=r + >

3HaYCHHE 7 HE JACT IMOJTHOU XapaKTEPUCTHKH adPO30JIs.

JIJIsl OLICHKW CTETICHH OJHOPOIHOCTH YacTHIl (T.€. CTENEHU MPUOIMKCHHUS K MO-
HOJIMCIIEPCHON CHCTEME) BBOJSAT B KayeCTBE XapaKTepUCTUKH Ko3¢¢HIueHT Ba-
puanmu (Ui U3MEHYHUBOCTH):

, ]
ik 2 An, %

rae o= Z(E—F) P — JUCTICPCHUS.
i=1

OO6brynHO nmosaratot, yto eciim ¥ < 0.2, To cucTemMa 6J1M3Ka K MOHOUCIICPCHOM.
JIns kax oM ppakiuy HETPYAHO ONPESTUTh CilaeAyromnue GyHKIMN Kak

i=n i=k
Fn_(rn)zz_:f;(rt)An’ Fn+(rn):Zf‘i(ri)Ari’

KOTOpBIE B TpEJEie SIBISIOTCS MHTETPATbHBIMU (DYHKITUSAMU pacTpeieieHus 0 pa3-
MepaM JacTuil (puc.2):

F= ) =lim Fy () =Tim 3./, (A

Ar;—0 Ar; =0 =]
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Puc. 1.2. UnTerpajibHblie JUCKPETHbIE U HeNPePbIBHbIE
(pyHKIMM pacnipeaeIeHHs] YACTHI] IO pa3MepaM

i=k
F*(r,)=limF, (n)=1im 2. /:(r )ar; .

Ar; =0 Ar;—0 j=n
Bug TUCTOTpaMMbI 3aBHUCUT OT BCJIIMYMHBI (bpaKI_[I/II/I A}"i, B TO K€ BpPCMs KCJIa-

TEJIbHO TOCTPOCHHYIO THCTOIPAaMMY MPEBPATUTh B HEMPEPHIBHYIO KPUBYIO, CTIIAXKU-
Bas MPHU 3TOM HEKOTOPbIE HEMPABUIBLHOCTH, OOYCIOBJICHHbIE HEAOCTATOYHBIM YHC-
JoM u3MepeHuil. HemocpeACTBEHHO criakuBaTh THCTOrpaMMmy HeynoOHo. Jlyure
BHauaje MOCTPOUTH MO SKCIEPUMEHTAIbHBIM TOYKAM IJIaBHYIO UHTETPaIbHYIO KpH-

Byt F(r) (puc.1.2). [Ipu 3TOM CpaBHHUTEIHHO JIETKO UCTIPABUTH CIIy4alHbIE OIINO-

KM U3MEpPEeHUM U (PIIyKTyanui ducia dactuil Kaxaou (paxuuu. [To mHTErpanbHOM
KPUBOM TMOCPEICTBOM H3BECTHBIX NPUEMOB Tpaduyeckoro auddepeHnrupoBaHus
cTtpoutcs 3arem auddepeHiuaibHas Kpusas f(7).

[Tpu GobIION CTOKHOCTH M HEAOCTATOYHON M3YYEHHOCTH MPOIECCOB 00pa3oBa-
HUSI KaK KOHJICHCUPOBAHHBIX, TaK U JUCIIEPCUOHHBIX a3p030Jiel TEOPETUUECKOTO BbI-
Bojia (OPMYJT pacTpeIeICHHsI €IIe HE CYIIECTBYET, HO UMEETCS PSJl IMIUPHUIECCKUX
dbopmy, MPUMEHUMBIX K a3po3oiisiM. Hanbosiee n3BecTHbIC U3 HUX:

1) ®opmyaa Posiepa, nmpuMeHnMas K OOJBIIOMY YHCITY TMPOMBIIUICHHBIX TO-
POIIKOOOPa3HBIX MATEPHUAJIOB:

G (r)= aJr exp(—ij :

Eciu oTi10%uTh 10 0cu abenuce /7, a mo ocu opauHaT ln(G*(r) / Jr ), TO B CIIy-

yae MPUMEHUMOCTH 3TOW (POPMyJibl SKCHEPUMEHTAIbHbIE TOUYKM JOJDKHBI Jiedb Ha
OJIHY IPSAMYIO, IO KOTOPOH JIETKO ONPEIEIUTh a U S.

2) ®opmyaa Paszuna-Pamuiepa, npuMeHHMas K CpaBHUTEIBLHO TPyOOUCIIEpC-
HBIM ITBUISIM U TYMaHaM, IOJIy4Y€HHBIM MEXaHUYECKUM PACIIbUICHUEM:

G'(r)=exp(ar’).

10
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Puc. 1.3. Jlorapummnyecku BepOSITHOCTHAS CeTKA

B stom ClIy4ac IpuxoauTbC:d HOII6I/IpaTL TAaKOC 3HAYCHHUC S, IIPU KOTOPOM IKCIIC-
PHUMCHTAJBHBIC TOYKH JIOKATCA HA IIPAMYIO IIpU BI)I60pC B Ka4CCTBC KOOpAUHAT I”S n
In(G*(r)).

3) HopmasbHoe pacnpejaejieHue WM pacnpeneieHue I'aycca npumeHuMo K

HCMHOIT'UM a3pP030JIsIM, B HaACTHOCTH, K CIIOpaM paCTCHHﬁ:
1

f(r)= o exp[—(r—;f/gﬁz}

_ o ) —\2
rac r — CpeI[HI/II/I paSMep qaCTUIlbI, B = (l" — 7") — CpeILHee KBa,HpaTI/IqHOC OTKJIOHEC-

HUeE (Iucrepcus) BETUYUHBI pa3Mepa YacTUIIbl OT CPEIHETO 3HAYCHUS.
4) Jlorapudpmuyecku HOpMaJIbLHOE pacnpeejeHne TPUMEHUMO K OOJIBIIMHCT-

(lnr —1nrg)2
2In’ B,

1
BY a3p030JIsIM: f(r):\/%-r-lnﬁ exp| —
g

rae r, — CpPEeIHUH TeOMeTPUUECKU pa3Mep YacTHUIlhl: In v, = In7, npencrapisirOMINA

OIHOBPEMCHHO pasMCp 4acCTull, 0 KOTOPOMY BCC KOJIMYCCTBO HACTHUI[ ACIUTCA Ha
PaBHBIC qacTH, Bg — CTaHAAPTHOC IrCcOMCTPHUUICCKOC OTKJIOHCHHC

2 2
(nB,) =(Inr-tnr,)

JlorapudmMuyeckn HOpMAJIbLHOE PACTIPECICHUE MOMYyYal0T U3 HOPMAJIBHOTO pac-
npenenenus ['aycca, HCTIONMB3YysT BMECTO Pa3MEpPOB YACTHUI[ UX JIOTapu(PMbI. DTO BbI-
3BaHO TEM, YTO TAKOH IPHUEM IT03BOJISICT KPUBBIC pACIpESACHUS T MHOTHUX a’po-
30JI€H, UMEIOINE HECUMMETPUUHYI0 (opMy ¢ Oosee KpyThIM HAKJIOHOM B CTOPOHY
MaJlbIX 7, TIpeo0pa3oBaTh K Ooyiee CUMMETpUYHON (hopMe M HEPEAKO IPHOIKAIO-
uiercs K kpusoi ['aycca.

Y4YuThiBas MIMPOKYIO MTPUMEHUMOCTH JOTapu(MUUECKH HOPMAIBLHOTO pacipejie-
JICHUS, CIIEAyeT YCTAaHOBUTHh BO3MOYKHOCTh OIUCAHUS UM a3po30Jid. B mHTerpaanHoiM

11



Tabmuma 1.1
CoorBercTBHE MEKAY 10JIeil YACTHI U APTYMEHTOM MHTerpaJia BepossiTHocTH erf(z,)

E - (t,<0) | [, F (t,>0)| F (t,<0)| [t.| | F (t,>0)
0.500000 0 0.500000 0.115070 1.2 0.884930
0.460172 0.1 0.539828 0.096800 1.3 0.903200
0.420740 0.2 0.579260 0.080757 1.4 0.919243
0.382089 0.3 0.617911 0.066807 1.5 0.933193
0.344578 0.4 0.655422 0.054799 1.6 0.945201
0.308538 0.5 0.691462 0.044565 1.7 0.955435
0.274258 0.6 0.725742 0.035930 1.8 0.964070
0.241964 0.7 0.758036 0.028717 1.9 0.971283
0.211855 0.8 0.788145 0.022750 2.0 0.977250
0.184060 0.9 0.815940 0.006210 2.5 0.993790
0.158655 1.0 0.841345 0.001350 3.0 0.998650
0.135666 1.1 0.864334

dopme PyHKIUS TOrapuPMUYECKU HOPMAIBHOTO paclpeiesieHus YacTHUIl TI0 pa3Me-

paM UMCCT BU:

Inr, 2

Inr—Inr
£l dnr.

o 1 B
PO = Lo g

lnr—lnrg

BBens nepeMeHHyo f = , IpeoOpa3yeM MOCIeIHEE BBIPAKEHUE K BUY:

g

1 £, 1 :
F (t )—ELCXP{—z}dt —E(1+erf(t ))
HaifnieHHble SKCTIepUMEHTabHBIE 3HAYeHus F, (1, ) HAHOCAT Ha JTOTapHOMUEECKH

BEPOSITHOCTHYIO KOOPJUHATHYIO ceTKy (puc.l.3), mpeacTapisionyo coooi mpsimo-
YrOJIbHYIO CUCTEMY KOOPAMHAT, IO OCH a0CIIMCC KOTOPOW OTKJIAIbIBAIOTCS Jorapud-
MBI pa3MepoB (2 MPOCTABIAIOTCS 3HAYEHUSI Pa3MEpPOB), a MO0 OCH OPAMHAT OTKJIAJbI-

BAlOTCS BEJIUYMHBI ¢ (a MPOCTABISAIOTCS 3HAUCHUS [ _(t)). Bennuuner ¢,, COOTBETCT-

BYIOLIME OMNBITHBIM 3HAYEHUAM F _(r ):F _(t), HaxoasaTcs u3 Tabn.l. 3HaueHUsIM

n n

F_(f), MCHBIINX, YCM 05, OTBCYAIOT OTPULATCIbHBIC tn, KOTOPBIC OTKJIAAbIBAIOTCA

BHH3 OT HavanbHoit Touku F(0)=0.5.

I'padux norapudmMuyeckn HOPMAJIBHOTO pAcIpelieieHus] B TaKOl CHUCTEME eCTb
npsimasi. [loaTomy, eciim dKCIEpUMEHTaIbHbIE 3HAYECHHs YKJIA[bIBAIOTCS C TOW WM
MHOW CTENEHbI0 TOYHOCTH Ha IPSIMYIO, TO CIEAYET CUUTATh, UTO pacHpeeIeHUe yac-
THUI] 110 pa3MepaM JorapupMUIEcKu HOpMabHOE.

3HayeHus ¢ = £1 COOTBETCTBYIOT IPAHUYHBIM Pa3MepaM YaCTHIL 7 g4y, ¥ 159, AOJIA

koTopeiXx MeHblie 0.841 u 0.159 cooTBeTCTBCHHO, a 3HA4YCHUE 7, COOTBETCTBYET

pa3Mepy 9aCTHUIBI, II0 KOTOPOMY BCC KOJIMYCCTBO YaCTUI ACIUTCA HA PABHBIC YaCTH,

12



T.e. 1, =ry 5. Onpenessis 9KCICPUMEHTAIBHO BEUYMHbL Tyerr, Foss Tpisos MOIKHO
paccumrath f, 1o Gopmyie:

_Tos

B = Tosar _
g
os  To.159
MeToaMKka NpOBEpKM HA HOPMAJbLHOE paclpefeleHHEe CXOAHA C IPOBEPKOH Ha
JIOFHOpMaJIBHoe paCHpeILeJIeHI/Ie. OTHI/ILH/IGM SIBJISICTCA HpeILCTaBJIeHI/Ie II0 OCH X pa3—
Mepa 4acTHIlbI, @ He uX Jiorapudma. B pesynbrare aucnepcus pacnpeaeiacHus G Mo-

KeT OBITh paccurTaHa 1o Gopmylie:

d d

_ %oga1 _ _%os

dO.S d0.159

JUJis TIOTHOM XapaKTePUCTHKHU a’p030Jield He0OX0IMMO 3HATh paclpeiesieHne Jac-
THUIl, HO HA TIPAKTUKE HEPEAKO MPUXOIUTHCS OTPAaHUYUBATHCS YKa3aHUEM ‘‘CPEIIHETO
pa3Mepa” BO BCEX TEX CIIy4asX, KOTJla HCCIeIyeTcs He paclpeielieHHe pa3MepoB
YacTHIl, a Kakoe-HHOyIb CBOMCTBO a’po30Js, 3aBUCSAIIEe OT pa3mepa vactuil. Ha-
npumep, kodpduruent auddyszun, Tuamerp TMPPaKIUOHHON KOPOHBI. CyIECTBYIOT
pa3IuyHbIe “CpelHUE” BEJIMYMHBI Pa3MEPOB:

1) apudmeTnyeckuii cpeaHni pazmep:

0

4 =77=J.rf(r)dr zZrl.Anl./n,
0 i
IJie 7, — CepelluHa i-ro UHTepBaja, An, — YUCIIO YacTUl] B i-OM MHTEpBaje, 1 —

(¢)

o011ee YHCIIO YaCTHIL.
2) cpeAHNH KBAJAPATUYHBIN (CpPEIHUI IO TOBEPXHOCTH) pa3Mep:

:ﬁ:/wzf()dz/ *An, /In;
7, r !).r rydr Zi:rl n;/n

3) cpenuuii KyOnmueckuii (cpeHuii Mo o0beMy UM CPEHUN BECOBOI) pa3Mep:

7 :3\/1/:3: S/Ir3f(r)dr ~ 3/21;.3Ani/n;
0 i

4) cpeanuii reoMeTpUIECKHI pasmep 7, , onpeersieMblil popmyioi
Inr, = Inr= flnr-f(r)dr ~ Zlnrl.Anl./n;
0 1

5) cuYeTHbIH MeIMaHHBIH pasmep 7

©,  ONpenesieMbli U3  yCIOBHS
F~(r,)=F"(r,), 4T0 0O3HAYAET, YTO MOJOBHHA YACTUI[ UMEET pa3Mep OOJbIIE 7, ,
MOJIOBUHA - MEHBILIE 7, ;

6) MOJAIbHBIN CYETHBIN pa3Mmep 7, 4 XapaKTepu3yeT MAKCUMyM B CUETHOM pac-

MpCacCJICHNN 9aCTHI] I10 pasMCpaM.
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IIpumepsl peuienus 3agau:
3agaua 1. [IpoBeputh HA BO3MOKHOCTb HMCIOJIL30BAHUSA JIOTAapU(PMHUYECKHU-
HOPMAJILHOTO paclpeieleHus] U HAWTH ero XapakTepUuCTUKHU JIsl CJIedyIoIero
pacnpejieieHlsi pa3MepoB KarejeK B CJIOMCTOM TyMaHe:

WHTEpBaJIbl paMyCcoOB Kanesuek | 2.5-4 4-5.5 5.5-7 7-8.5 8.5-10 | 10-11.5
YHUCJIO KaIleJeK 4 6 15 24 24 12
WHTEpBabl paguycoB kKanenek | 11.5-13 | 13—-14.5 | 14.5-16 | 16-17.5 | 17.5-19

YHUCIIO KaleJeK 4 4 4 1 2

Pemienue. [IpoMexxyTounble pe3yiabTaThl OyjeM 3aHOCUTHh B TaOmuiy. Ilopsaox
JIEUCTBUU TaKOU:

i [7i1, 7] ;i Fix niim | flrix) | F (1) t, 7 In(7)
1 2.5-4.0 4 325 | 0.04 | 0.027 | 004 | -1.75| 4.0 | 1.39
2 40-5.5 6 475 | 0.06 | 0.040 | 0.10 | -1.28 | 5.5 | 1.70
3 5.5-7.0 15 6.25 | 0.15 | 0.100 | 025 | —0.67 | 7.0 | 195
4 7.0-8.5 24 7.75 | 0.24 | 0.160 | 049 | -0.02 | 85 | 2.14
5 8.5-10.0 24 9.25 | 0.24 | 0.160 | 0.73 0.61 | 10.0 | 2.30
6 | 100-11.5 12 10.75 | 0.12 | 0.080 | 0.85 1.04 | 11.5 | 2.44
7 | 11.5-13.0 4 12.25 | 0.04 | 0.027 | 0.89 1.23 | 13.0 | 2.56
8 | 13.0-14.5 4 13.75 | 0.04 | 0.027 | 0.93 1.48 | 14.5 | 2.67
9 | 145-16.0 4 1525 | 0.04 | 0.027 | 0.97 1.88 | 16.0 | 2.77
10| 16.0-17.5 1 16.75 | 0.01 | 0.007 | 0.98 206 | 17.5 | 2.86
11| 17.5-19.0 2 1825 | 0.02 | 0.013 1 - 19.0 | 2.94
Aa;=1.5 n=100

1. CooTHOCHUM YHCIIO Kalelb #; B UHTEpBaje pajJlycoB Kamenb [r; 1, #;]. Onpene-
JIsieM pa3Mep Karlik, COOTBETCTBYIOIINIA CepelnHe UHTEepBaja 7+ U OO YaCTHIl 71;/1.

2. Omnpenenum nuddepenmanbayio GyHKLIUIO pacnpenenenus f(ri) = ni/(nlAa;),
OTHECEHHYIO K pa3Mepy KaIllu 7ix, XapaKTEPHU3yIOIIEero BeCh BHIOPAHHBIN MHTEPBAJ.
HuddepennnanpHas KpuBas pacrpenencHus f(r) npeacrapieHa Ha puc. 1.4a. Ee mo-
CTpOCHHE CIIeAyeT HAUMHATh U3 TUCTOTpamMMbl. KpuBast pactpesesieHus 1o KHa TPo-
XOJUTh KaK MOKHO OJIFKE K TOYKaM Ha BEPIIMHAX CTOJIOIOB THCTOTPAMMBI.

021 f (A
015+
014 05+
005+
Ir l r
5 10 15 0 5 10 15 n

Puc. 1.4. Pacuernbie nupdepenunaibHasn (a) u maTerpanabHas (b) pyHkuumn
pacnpeneJeHusl YacTHL Kalelb

14
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Puc. 1.5. IIpoBepka Ha jiorapupMu4ecKu-HOPMAJIbHOE pacipeaejieHue
pa3MepoB KameJb B CJIOUCTOM TyMaHe

i n.

3. Pacuer uHTerpanbHoil pyHKuuu F ’(rl.) = Z—’ (monst yacTul, pa3Mepsl KOTO-

Jj=1
pPBIX MEHbLIE BBIOPAHHOIO I;) U COOTBETCTBYIOUIETO €i MHTErpaia BEpOSTHOCTH t,,
ucnonp3ys Tabmumy 1. MaTerpanbhas ¢yHKIus pacnpeneiaenus F (r) mpeacTaBieHa
Ha puc. 1.4b. 3neck Takxke clelyeT HAaYMHATh C IOCTPOEHUS TUCTOrpaMMBbl. Mckomast
(YHKIIMS MPOXOAUT KaK MOXKHO OJINKE K BBIJICJICHHBIM TOUKaM.

4. TlpoBepka Ha JorapupMuUecKU-HOPMAIbHOE pacmpenenenue. Jlorapupmude-
CKU BEPOSATHOCTHAs CeTKa m3o0pakeHa Ha puc. 1.5. Bce Touku «ykinaapiBaloTCs» Ha
OpSMYIO JIMHUIO, YTO TOBOPUT O BO3MOYKHOCTH IPUMEHEHMS JIOTapU(PMUUECKH-
HOPMAJIBHOTO PACIpEIEICHUS.

W3 rpaduka onpenesstoT iorapupMbl XapaKTEpHBIX pa3MEPOB:

ll'l(l”g) = 11'1(7”0.5) = 214, 11’1(1"0_841) = 249, 11'1(7"().159) =1.76
Y HEMIOCPEJICTBEHHO Pa3MeEpBI ¥y = 8.46 MKM, 7841 =12.03 MKM, 7 159 = 5.81 MKM.
CpenHee KBaJlpaTUUHOE OTKJIOHEHUE (IUCHIEPCHs) OTIPEAEIUM KaK

7 .
B, =—"%=142 wm B, =—>>=1.46 (pasnuuue HE3HAUUTEILHO).

s 10159
5. TaKI/IM 06paBOM, paCHpeI[eHeHI/Ie pa3MepOB KaIicJib B CJIOUCTOM TYMaHe MOKHO
OIInCaThb 3aBUCUMOCTBIO

1 (lnr—lnr )2
fr) = —expl -,
2z -r-Inp, 2In” B,

KOTOPOC ITOCJIC ITOACTAHOBKHA Hpeo6pa3yeTc;I K BUOY:

1 (Inr—2.14)’
ry=——exp| — ,
T =095 0.26

CCJIM pasMCp Kalllld BbIPaXaTb B MKM.

3a/1auu IS CAMOCTOSITEILHOTO pellleHusl:
1. Haiitu cBsi3p mexnay pyHkmusmu pactpenenenus 1) f(r) u g(r); 2) f(r) n

f(m)?
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2. CKOJIbKO 4YacTHIl CEpHOM KHUCIOTHI auameTpoM 0.1 MKM MOIyduTcs mpu Ipo0-
JICHUHW OJHOM YacTUIlsl AuaMeTpoM 10 MKM?
3. IlpoBepuTh Ha BO3MOKHOCTh OMHUCAHUS JOTapuhMUUYECKU-HOPMAIbHBIM pac-
NpEeACICHUEM M HAWTH €ro XapaKTEepUCTHKU ISl CIAEAYIOUIEro pacipeacsieHusl pas-
MEpOB a3pP030JIbHBIX YACTHII:

Bapuant
1 Ar; 1+2 2+3 3+4 45 5+6 6+7 7+8 8+9
;i 6 20 34 30 18 11 7 4
) Ari | 0+10 | 1020 | 20+30 | 30+40 | 40-+60 60100
;i 20 65 90 60 45 20
3 Ar; 1+3 3+5 5+7 7+9 9+11 11+13
;i 15 36 72 42 25 10
4 Ar; 05 5+10 10+15 | 1520 | 20=25 25+30 30+35
;i 20 35 60 44 22 14 5
5 Ar; 03 3+6 69 9+12 12+15 15+18 1821 | 21+24
;i 14 34 42 40 28 16 10 6
6 Arp | 0+1.5 | 1.5:3 | 3+4.5 | 4.5:6 6=7.5 7.5+9 9+10.5
;i 8 16 28 22 14 8 4
7 Ar; 0+4 4+8 8+12 12+16 | 16+20 20+24
;i 13 40 53 24 13 7
8 Ar; 02 2+4 4+6 68 8+10 10+12 12+14
;i 11 30 33 24 12 7 3
9 Ar; | 020 | 2040 | 40+-60 | 60+80 | 80+100 | 100+120 | 120+140
n; 31 77 118 81 63 32 17

4. Onpenenure sl pacnpenesieHus] pa3MepoB Kallellb B CIOMCTOM TyMaHeE (CM.
3aauy 1) cpeaHue pa3Mepbl YaCTHUIl a3pOo30Jisd: CPeAHUN apuMeTUUeCKHil, CpeTHHIMA
KBaJPaTUIHBIA, CPETHUN KyOMUECKUN, CPETHUN FeOMETPUUIECKHI, CUETHBIN MeIraH-
HBIM, MOJaIbHBIM cueTHbI. CpaBHuTe ux. Kakue u3 HUX OJIU3KM (paBHBI) ISl JIOT-

HOPMAJILHOTO pacrpeencHus?

N ks

KoHTposbHBIE BONPOCHI:

. Uto Ha3pIBaeTCsA AUCHEPrallMOHHBIM a3po30jeM? Bubl 1ucnepraiiioOHHOro a’po-

30J141.

UTto Ha3bIBaeTCSl KOHACHCAIIMOHHBIM a3p030J1eM? Bubl KOHIEHCAIITMOHHOTO a3po-
30J141.

Kak Ha3piBaroT a’3po30iib, 00pa3ylolIuiics npu a) ropeHuu; 0) KOHICHCAIUU; B)
pasmoJie; T) paCHbUICHUH KUAKOCTH; 1) AeCyOIuMalliu; €) B3phIBE; ) pa3pyliie-
HUU CTPYH KUAKOCTH; 3) KOATyJIsIUHU (CIUBAHUM Karlemb)?

JJist KaKMX 4acTHI] MOYKHO OJJHO3HAYHO NMPUMEHSATD MOHATUE «pa3Mepar?

Yro Takoe korhPUIIEHT cPepUuHOCTH AJIs1 YACTHUIIBI a3P030J1s1?

[TonsiTue sKBUBaIEHTHOTO pa3mepa u quamerpa depera.

Uro HazbiBaeTcs cueTHOM nuddepeHuanbHol GyHKIMEH pachpeneseHus: a’po-
3o071e#t o pasmepam f(r)? KakoBa ee cBsi3b ¢ cueTHO (GyHKUUEH pacmpeaeseHus
o Maccam a’po30s f(m)?

16



8. Uto HaszwpiBaeTcst cueTHOM AuddepeHimansHol GyHKIMEH pachpenesieHus: a’po-
3o7e# mo Macce g(r)? KakoBa ee cBsi3b ¢ MaccoBO#M (DyHKITMEH pacnipeesieHus 1mo
Macce a3po3ods g(m)?

9. Kaxos ¢usmuecknii cMbic GyHKumit F'(r) u F (r)?

10. UTo HaA3bIBAETCSI CPEJHUM I'€OMETPUUECKUM Pa3MeEPOM?

11. YTo Ha3bIBAETCS CTAHIAPTHBIM F€OMETPUUYECKUM OTKJIOHEHUEM?

12. Uto Oombliie B cilydae HOPMAJIBHOTO paclpeneneHus: cpenHeapupMeTudecKuii
UM MOJANBHBIN pazmep? A B ciaydae JorapupMuuecku HOpMaJIBHOTO pacrpejie-
JICHUS: CPEIHEr€OMETPUUECKUIM WU MOJalIbHBIN pa3mep? [louemy?

13. YeMy paBHO CTaHAAPTHOE OTKJIOHEHHUE G (AJI1 HOPMAJIBHOTO pacipeaeseHus) s
MOHOJMCIIEPCHOTO a3po30Jsi? A CTaHAapTHOE T€OMETPUIECKOE OTKIOHEHHUE P, ?

JIABOPATOPHAS PABOTA Nel
JlMcnepcHbIi aHAIU3 a3P030J1ed H NOPOLIKOB METOAOM
ONTHYECKOH MUKPOCKOIIUHU

Llenv pabomei: OnipenenuTh pacnpeeieHle YacTHI] 10 pa3MepaM B MOPOIIKE METO-
JIOM ONITUYECKON MUKPOCKOIIHH.

OcHOBHBIE 3J1eMEHTbI YCTAHOBKM: ONTHYECKUNA MHUKPOCKON ¢ HA0OPOM OOBEK-
THUBOB U OKYJISIPOB; OCBETUTENb; IPEAMETHBIE CTEKJIA; UCCIEAYEMbIN MTOPOIIOK.

JlucnepcHbli aHanu3, MPOBOJAUMBIN C MOMOIIIBIO ONTHYECKOTO MUKPOCKOIIA, SIBJIS-
eTcsi HauboJee pacIpOCTPAHEHHBIM U3 MPSMBIX METOJI0OB U3MEPEHUS MapaMeTpoB ad-
pPO30JE€M U MOPOUIKOB. B HacTosmiee BpeMss METOJ ONTHYECKOM MHUKPOCKOINHU TPH-
MEHSIETCS I aHalu3a HEeMOCPEJCTBEHHO B CpeJie, TIe ABMXKYTCS YacTHUIIbI, JINOO TOo-
clie TPEABAPUTEIHHOTO OCAXACHUS a’3pO30JbHBIX YACTHIl Ha TOIOKKY. PazMepsl
YaCTHI] OMPEACIIAIOTCS 10 UX MPOEKIUAM Ha 3KpaHe win dotorpadusx. s mpose-
JCHHSI TUCTIEPCHOTO aHAJIM3a METOIOM ONTHYECKONH MUKPOCKOITUU HEOOXOAMMO:

a) MPUTOTOBUTH TPOOBI a3po301s (JIOO MOPOIIIKa),

b) BeIOpaTh paboyre mapamMeTpbl MUKPOCKOIIA, MTOJTOTOBUTH €ro K padore,

C) IPOBECTH U3MEPEHUS Pa3MEPOB YACTHII,

d) o6paboTtath pe3yabTaThl U3MEPEHUMN.

PaccmoTtpum nonoapoOHee KaxKablii U3 MyHKTOB.

a) IIpu ocenanuu a’po30Je WM HAHECEHWH MOPOIIKA Ha MOJJI0KKY BO3HUKAIOT
UCKQKEHUSI MCXOJIHOTO COCTaBa a’po3oJis (mopoiuka). [1oaToMy B KaxkIOM OTIENb-
HOM cllydyae HEOOXOJMMO peIIaTh BOIPOC O JOCTOBEPHOCTH HCCIEAYEeMOIl MpoOHI,
KOTOpasi OMPEAENAeTCsA, C OJHON CTOPOHBI, YCIOBUSMU OTOOpa W MPUTOTOBJICHHEM
MpenaparoB, a, C IPYrol CTOPOHBI, — YUCJIOM aHAIM3UPYEMBIX MPoO W MpEeaCTaBU-
TEIHHOCTHIO (YUCIIOM YaCTHIT) Kaxaou mpoOkl. [IpemapaT MOKHO CUATATh yIOOHBIM
JUTSI TIPOBEICHUS aHAIIM3a, €CIIM PACCTOSTHUE MEX]Ty YacTUIlaMU B Tipemaparte B 2 — 3
pasa OpeBBIIIACT UX pa3Mepbl, a B nose 3peHus npu yBenuuenun 200 — 300x Oyner
e 6osee 60 — 80 yacTuir.

Yuciio u3MepsieMbIX 4acTUll B MPoOE U YUCIO MpoO, MPU KOTOPHIX JOCTUTaeTCs
J0CTaTOYHasi TOYHOCTh PE3YJIbTAaTOB aHAJIU3a, ONMPEACNAETCS CTENEHBIO JTUCIIEPCHO-
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CTH a3p030Jis (mopoika). OnbIT MHOTHX UCCIEIOBAaHUM MOKA3bIBAET, YTO ONTHUMAJIh-
HOE YHCII0 Mpo0 paBHO 3 — 4, a MUHUMAaJIBHOE YKCIIO YacTull B ipobe cocrapisieT 300
— 500, ecnii yacTUIIBI HE pe3KO paziauyarorcs mno pazmepam, u 1000 — 2000 npu 3Ha-
YUTEIHHON MOJIMIUCTIEPCHOCTH.

0) [lepen HavamoMm IUCIIEPCHOTO aHAJIM3a YAaCTUIl HEOOXOAMMO BBHIOPATh METOT
MUKPOCKONUHU U paboyme rmapaMeTpbl ONTUYECKOW CUCTEMbI MUKPOCKOIA, @ UMEHHO,
o00paTh 0OBEKTUB, OKYJIAP U OCBETHTEIb.

MeTox MHKPOCKOIIMH BBIOUPAIOT MCXOS M3 ONTHYECKUX CBOWCTB YACTHUI[ U HMX
ctpoenust. [Ipu aTom AJist OCBElIeHUs MpernapaTra UCHOJIb3YIOT MPOXOIAIIUM U OTpa-
YKEHHBIN CBET, a HAOJIOJIEHUS BelyT HanboJee 4acTo METOIaMU TEMHOTO U CBETJIIOTO
oJIsl.

B MeTone cBeTyIOro mojst MydoK CBETOBBIX Jydel MPakTUUYECKH OeCTpPEensITCTBEH-
HO TIOTIaJaeT B OOBEKTUB U PABHOMEPHO OCBEMIACT B OTCYTCTBUU Iperapara B Mojie
3penusd. [loryomaroniue 3JIeMEeHThl BHITIISIAT TEMHBIMU Ha cBeTJoM ¢oHe. Meron
CBETJIOTO TOJISi B MPOXOJAIIEM CBETE MPUMEHSIOT ISl MCCIEOBAHUU TMPO3PAUYHbIX
IpernapaTroB ¢ 3JIEMEHTaMH, MO-Pa3HOMY MOTJIOMIAIOIIMMEU CBET. MeToa Takke MpH-
MEHUM TIPU pacCMaTPUBAHUU HETOTJIOMIAIOIIUX CBET 0OBEKTOB B TOM Cllydae, KOrjaa
AJIIEMEHTBI UX CTPYKTYPbI OTKJIOHSIOT WJIM PACCEUBAIOT CBET HACTOJIBKO CHJIBHO, UTO
3HAUUTEbHAS YaCTh OCBEIIAIOIIETO MyYKa HE MONagacT B 00 bEKTUB MUKPOCKOTIA.

B metone TemHOro mojsi B 0ObEKTHB TOMAAal0T HE MPSMbIE CBETOBBIC JIyYd, a
JUIIH paccestHHbIC WK nudparupoBannabie dydd. [Ipu aToM B mosie 3peHUs] MUKPO-
CKOIla Ha TEMHOM ToJie (hOHE MOJIYHaIOTCsl CBETJIbIE M300PAXKEHUSI MEJIKUX JeTajeH.
VY KpyNmHBIX BUAHBI TOJBKO CBETIBIE KOHTYPHI. B 3TOM MeTome Henb3s 1Mo BUAY U30-
OpaXeHUs CyIHuTh, TPO3PAYHBI YACTHUIIBI WM HET. MeTOoa TeMHOTO TOJIS B IPOXOIsI-
IEM CBETE MPUMEHUM JJis MOJy4YeHUS M300paKCHUI HEMOMIOMAIONINX YacTHll, a
MMOATOMY HEBUIUMBIX MPU HAOIFOJICHUH B CBETJIOM ITOJIE OOHEKTOB.

Meron uccneoBaHuil B MOJSIPU30BAHHOM CBETE MPUMEHSIOT JIJIsl U3YUESHUS TIpe-
napara, 3JIEeMEHThl KOTOPOTO MMEIOT HEOJIMHAKOBBIE OMTHYECKUE CBOMCTBA IO pa3-
JUYHBIM HampaBlieHusM. Mcronb3oBaHuE MOJISPU30BAHHOTO CBETa JA€T BO3MOXK-
HOCTb MCCJIEIOBATh TOHKYIO CTPYKTYpPY M ONTHYECKHE CBOMCTBA YaCTHII, MO3BOJISIET
TEM CaMbIM CYIUTh 00 MX cocTaBe. YacTo BCTpeyaroTcs HACTOJIBKO OECIBETHBIE U
IPO3payHble a’p030JIbHBIE YACTHUIIbI, YTO OHH TMOYTH HEBHUJIUMBI MIPU UCCIIEI0BAHUU
THO0BIM U3 PACCMOTPEHHBIX BbIIIE METOJOB. 151 HaOMIOIEHUS TAKUX YaCTHUI] MOXKET
OBITH UCTIOJIB30BaH MeTO ] a30BOTO KOHTpacTa. DiryopeciieHTHAass MUKPOCKOIUS Ja-
€T BO3MOXKHOCTh H3Y4YUTh YAaCTHUIBI M3 PA3IMYHBIX BEMIECTB. YIbTpaduoIeToBas
MUKPOCKOIIASI OCHOBaHA Ha HMCIOJb30BAaHUU CBOWCTB M30UPATEIHHOTO TMOTJIOMICHHS
MHOTHX TTPO3PAYHBIX U OECIIBETHBIX 0OHEKTOB B KOPOTKOBOJIHOBOM 00JIACTH CIIEKTpA.

Y CcTaHOBUB METOJ MCCJICAOBAHMS YACTHUI[ MPU AUCTICPCHOM aHAIH3E, BHIOMPAIOT
napamMeTpbl MUKPOCKOTIA ISl paOOTHI.

1) Pazpemaromasi ciocoOHOCTb. 300paxkeHust ABYX COCEIHUX TOYEK Pa3IUyH-
MBI KaK JBa OT/AEJIbHBIX M300pa)K€HUs MPU YCIOBHUH, YTO PACCTOSIHUE MEXAY HUMHU
OyZeT He MEHbIIIE HEKOTOPOU OINpeeIeHHON BETUYUHBI (JJ11 KPYTJIOTO 3payka):

0.61A

5=—"",
4
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rje A — JUIMHa BOJIHBI BUJUMOTO CBETa, A — anepTypa 00ObEKTUBA. DTO CBSI3aHO C TEM,
YTO CBET, MPOXOJs Yepe3 ONTHUYECKYI0 CHUCTEMY (MHKPOCKOM), nudparupyer u mpu
3TOM HM300pa)X€HUE CBETAUIEICS TOYKH MPEACTaBISET COOOM HE TOYKY, & CBETJIBIH
JUCK KOHEYHOro pasmepa (AUCK DpH), OKPY’KEHHbIH TEMHBIMH U CBETJIBIMH KOJIbIIA-
MU, JHAMETP KOTOPOTO 3aBHCUT OT CBETOBOW BOJIHBI, allepTypHOro yria U (popMsl
BBIXOJTHOTO 3paykKa.

N3 Bcex nyuel, UCXOO[IIMX U3 HEKOEW TOYKHU IEpe]l MUKPOCKOIIOM, B ONTHYE-
CKYIO CHCTEMY IMOMAIYT TOJBKO T€, KOTOPbIE HAXOIATCS BHYTPU KOHYCA, ONUpArOLIe-
rocsi Ha BXOoJHOU 3payok. [losoBHHA yria mpu BEpPUIMHE 3TOr0 KOHYCa Ha3bIBAECTCS
anepTypHBIM YIJIoM u, . Bennunna 4 = nsinu,,, e n — N0Ka3aTellb PEIOMIICHHUE

Cpenabl, HA3bIBAECTCS YUCIEHHOM arepTypou WM ITPOCTO anepTypou. YnucieHHoe 3Ha-
YeHUE anepTypbl OOBEKTUBOB BCEr/la IPaBUPYETCA HA MX ONpaBax M yKa3bIBaeTcs B
CIIPaBOYHHKAX.

Cnenyer OTMETUTh, YTO pa3pellarolas CIOCOOHOCTh MUKPOCKOINA 3aBUCUT OT
cnoco0a OCBEIIEHHs Ipenapara U OT KOHTPAacTHOCTH mocienHero. Iloatomy, kak
MpaBUJIO, peajbHas paspenaroniasi CnocoOOHOCTh HECKOJBKO XYK€, HEXKEIU OIpe/e-
JIEHHAs IO TaHHOM (opMyJIe.

2) Iose3Hoe yBesuveHHe. YBEITUUCHUE MUKPOCKOIA TaKKe€ OrPaHUYEHO HEKO-
TOPBIM TPEJEIOM, Ha3bIBAEMbIM IOJIE3HBIM yBEIUUYeHHEM. YenoBeUecKui Tia3 mpu
HOPMAaJIbHOM OCBEIIIEHUH CIOCOOEH pa3inyaTrh JABE TOYKU, KaK OTACNIbHbIC, HA YTIIO-
BOM PacCTOSIHUU B Tipefienax 2’ < & < 4', 4To Ha paCCTOSHUM HAWIYYIICTO BUICHbBS (p
= 25 cm) cootBerctByeT 0.15 — 0.30 mmMm. [lone3Hoe yBenuyeHUE JOKHO OBITH Ta-
KHM, 4TOOBI pa3perniaeMoe UM paccTosiHue o umeno BuauMyto Benuuuny 0.15 — 0.30
MM, T.€.

I'd= (0.15 — 0.30) MM.

Otcrona ipu cpefHelt niuHe BOJHBI BUAUMOTO cBeTa A = 500 HM mose3Hoe yBe-

JUYEHUE MUKPOCKOIIA MPUOTUAKEHHO PAaBHO
I, =(500+1000)4.

YBenuuenne, menbliee, yeM 500 4 , He 1aeT BO3MOKHOCTH YBUAETh BCE TOHKOCTH
CTPYKTYpBI TperapaTa, Tak Kak pa3penraroniasi ClIoCOOHOCTh B 3TOM CITydae MEHBIIIE,
yeM y mukpockona. [Tpu yBenuuenusix 6ombie 10004 Henb3si BHISIBUTh HUKAKUX HO-
BBIX TMOAPOOHOCTEH B M300pakKeHUH, MPUIEM KAYECTBO H300pakeHHsS OyAeT yXya-
maThCcs. XOTs OOJbIIME YBETWYCHUS MPUMEHSIOT MPU UIUTEILHOM HAOIIOICHUH
OYEHb MEJKHUX CTPYKTyp, HampuMmep, MpH HCIOiIb30BaHuu (oTtorpaduu, Tae ria3
paccMmaTpuBaeT n3o0paxeHue 0e3 OOJIBIIOTO HAMPSKEHUS.

3Has MOJIE3HOE YBEIMYEHNE MUKPOCKOIA, MOKHO OINpPENEINTh HAUMEHBIINN pa3-
MEp YaCTHII, pa3periaeMblii MUKPOCKOIIOM. YacTUIIbl MEHBIIIUX Pa3MepPOB MOKHO 00-
HapyXUTh U NOJCUYUTATH UX YUCIIO, OTHAKO, U3BMEPUTH BECbMa TPYIHO.

3) 'nyouna pe3xoctu nzodpaxenus. [Ipu HaOII0AEHUN B MUKPOCKON PE3KUMU
BUJIHBI Takke HM300pa)K€HUsl JeTajeil, yJaJeHHbIX Ha HEKOTOPOE PACCTOSHHE OT
IUIOCKOCTU (POKYCUPOBKH, Ha3blBa€MOEe IIIyOMHOM pe3kocTu u3o0paxkeHus. Kak u B
ClIydae pa3pemraromieil CnocoOOHOCTH, MPUIUHOW ITOTO SBJSETCS AUGPaAKIMs CBETO-
BBIX JIy4el MPHU MPOXOKIACHUH UX Yepe3 MUKpOcKoIl. [IpubmmkeHHo rimyOrnHa pe3Kko-
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CTH I/I306pa)K€HI/IH AJIs1 BEPXHETO IOJIC3HOTO IPEACIa YBCINUCHUA MOXKET OBITh OLC-
HCHa KakK

Ha rpanune pe3skoro u3o0paxxeHHs pe3KOCTb MEHAETCS MOCTENEHHO, W IMO3TOMY
IpaHULBI TTTyOHHBI U300paKEHUS JOBOJIHO YCIIOBHBI.
OO1iee yBeIMYEHHE MUKPOCKOIA PABHO IPOU3BEACHUIO YBEIMYEHUN OOBEKTHUBA
I'ys 1 okyisipa [ ,5, BRI PAaBUPOBAaHHbIE OOBIYHO HA OIPABaXx:
r=r,r,.
BriOpaB 00beKTHB € 3amaHHBIMU A U [',; ¥ BOCHOJB30BABIINCH COOTHOIIECHUEM
JUIS TIOJIE3HOTO YBEIMYEHHU MUKPOCKOIIA, ONPEACIIAIOT YBEIUYCHHUE OKysapa [,

052 .10° <I <Fi-103(mm A =500 MKM).

O
06 06

Paznuynble KOMOMHALIMKM OOBEKTUBOB U OKYJIIPOB MO3BOJIAIOT MOIYYUTh OJHO U
TO )K€ yBeauueHue. B To ke BpeMms ciieyeT MOMHUTb, YTO OOBEKTUBBI C OOJIbLIEH
anepTypoil MOBBIILIAIOT MOJIE3HOE YBEIUYEHHE, HO OJJHOBPEMEHHO YMEHBIIAIOT I0JIE
3peHus U TIIyOUHY PE3KOCTH, UTO SIBISETCS HEXeJIaTeIbHBIMU MIPU JUCIEPCHOM aHa-
au3e. cnonb30BaHne OKYISIpOB ¢ OOJBIIMM YBEIMUEHUEM MOXKET MPUBECTU K TAKO-
My TOJIO)KEHHIO, KOTJIa YBEJIHUEHHUE HE OyAeT BbI3bIBaTh IMOSBICHHS HOBBIX paspe-
1aeMbIX OOBEKTUBOM JI€Tajiell mpemnapaTta. Y BeauueHue 06e3 pa3pelieHns HOBBIX Jie-
Taneil (“nycroe” yBENIMYEHHE) MOXKET TOJBKO YXYAIIUTh KayeCTBO H300pa)KeHUS.
Bri6upates koMOMHAINIO “O0BEKTUB — OKYJSIP” CIEAYET C MOMOIIBI0 OOBEKTHBOB C
OOJIBIION anepTypol W OKYJSPOB C MEHBIINM YBEIMYEHUEM, KOTOpas B Mape AacT
oOlee yBEIMYEHHE, HE BBIXOJSAIIEE 33 PAHMIIBI BEPXHErO M HIKHErO MOJIE3HOTO
YBEJIMYEHUS] MUKPOCKOTIA.

[Tpy MUKPOCKOIMYECKOM HCCIEIOBAHNUN Tpenapara B MPOXOASIEM CBETE O0JIb-
IIyI0 POJIb UTPAeT MPABUIBLHOE HCIIOJIb30BAHUE anepTypbl KoHAeHcopa. Mccnenosa-
HUE JKeJIaTeJIbHO MPOBOJUTH IPU PABEHCTBE allepTyp KOHAEHCOPA U OCBETUTEIIS.

B) M3yuenue npenapara HauMHAETCA ¢ MOMOLIbIO Haubosee caaboro oObEKTUBA,
MUMEIOLIETOCs] B KOMIUIEKTE MUKpockoma. [Ipu 3ToM B 1mosie 3peHust BUAEH HauboIb-
MM y4yacTOK Mpernapara, M0 KOTOPOMY OLIEHHMBAIOT €ro MPUrOJHOCTh U AMANa30H
pa3MepoB vactull. [y 3Toro He06X0AUMO 3HATh ACHCTBUTEIHHOE YBETUUCHUE MUK-
pOCKoIa Al KOHKPETHON Maphl “00BEKTUB — OKYJSAp”’, KOTOpOe Hanbojiee MpocTo
OTIpE/ICTISAETCS C MOMOIIBI0 OOBEKTUB-MUKPOMETpA. Y CTAaHOBUB IIEHY JAEIEHUS OKY-
JSIPHOM CETKHU, U3MEPSAIOT HAMMEHBIINN pa3Mep YacCTHULL, 3Hasi KOTOPBIM MOKHO OIIpe-
JeNIUTh anepTypy paboyero 0ObEKTHBA, a TAKXKE YBETMUYEeHNE 00BEKTHUBA U OKYJISIPA.

JlucnepcHblil aHAIKM3 a3p030JI€ U MOPOUIKOB B Ipenaparax MPOBOASAT IIyTEM H3-
MEpPEHHUsI pa3MepoB M300paKeHUN YacTHIl B MOJE 3peHMs] MUKpockona. Ilpu sTtom
MOKHO HU3MEpSATh JMHEMHBIE MapaMmeTpbl 4acTul] (B 3aBUCUMOCTU OT BBIOPAHHOTO
[pU aHaJIM3€ YKBUBAJEHTHOIO pa3Mepa) WIN OLIEHUBAThH IUIOIAAN U300paXKeHU my-
TEM CPaBHUBAHUS UX C M3BECTHOW IUIOIIAJBIO 3TAJOHHON (DUTYpBI - KPYT, HJLIMIIC,
KBaJIpar.

Eciu B npenapare yacTulibl paBHOMEPHO paclpeelieHbl M0 IJIOLAaaH, TO pa3Me-
PBl YaCTUL PEKOMEHAYETCS M3MEPSITh METOJOM MOCTOSHHOTO MEPEMEIIEHUS BIOJb
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HEKOTOpoi BbIOpaHHOU ocu. [Ipu HepaBHOMEpPHOM pacHpeleseHUH YacTUll UX pas-
MEpPBI ONPENEISAIOT NPH MEPEMELIEHNH IIpenapaTa B HallpaBJICHUAX, MEPECEKAOIUX
HanboJiee XxapakTepHble CKOIUICHUS YacTHII.

B kadecTBe TEXHUYECKHUX CPEJCTB ISl U3MEPEHUS Pa3MEPOB YaCTHUL] IPUMEHSIOT
CETKH M LIKaJbl PA3JIMYHBIX TUIIOB, BUHTOBBIE OKYJIIPHBIE MUKPOMETpHI THIIAa AM-9-
2, MOB-1-15x, a Taxke TUHEHKH U 11a0JO0HBI. YKa3aHHbIE CPEACTBA MPEBAPUTENb-
HO KaJUOPYIOTCS C MOMOIIIbI0 00BEKT-MUKPOMETpA JUIsl KaXKI0i paboueit mapsl “o00b-
EKTUB-OKYJISIP .

Pa3mepsl yacTuil 0OBIYHO U3MEPSIOT MPU OJTHOM WIIHM JIBYX YBEIUYEHUSX MHKPO-
CKOIla B 3aBUCMMOCTH OT HMHTEpBaja MX pa3mepoB. s ynoOcTBa mocieqyroniux
pacyeToB pe3yJabTaThl U3MEPEHUN TPYNIUPYIOT MO (PPAKUUIM B ONPEACICHHBIX WH-
TepBajiax pa3mepos. [Ipu aucnepcHOM aHamM3e METOJAAMH MUKPOCKOIIMU HHTEPBAJIBI
pa3MepoB YacTUll 10 (PpakKsIM PEKOMEHAYETCS IPUHUMATh IO IIKajIe ¢ MOAYJEM 2.

MO>KHO IPUMEHSATH U APYTHE IIKANBI, HAMPEMeP ¢ MoayiaeM V10 umm 10

B Hacrosimeit pabote HEOOXOIUMO MPOBECTU JUCHEPCHBIA aHAIU3 Mopolika. B
KauyeCcTBE METO0/1a MUKPOCKOIUY Mpe/jIaraeTcs METO/ CBETJIOrO MOJIsl B MTPOXOSIIEM
CBETe.

OnTHueckasi cxemMa MHUKPOCKOIA M OCBETUTENSI MOAPOOHO ONMKCaHA B PA3IUYHBIX
y4eOHHMKaX, a KOHCTPYKTUBHBIE OCOOEHHOCTH — WHCTPYKITUSAX, MPUTIAraeMbIX K JaH-
HBIM IpUOOpaM.

B kadecTBe uccneayeMoro mopouika NPUHUMAETCS MOPOLIOK aJTIOMHUHMS (Mar-
HUS1), YaCTHUIIBI KOTOPOTO UMEIOT CPepUUEecKyIO ciiydae Mol pa3MepoM YacTHIl CIeIy-
€T IOHUMATh UX TUAMETP.

ITopsnok BhINOJIHEHNSI PA00THI M 00PA0OTKA Pe3yJbTATOB U3MeEPEeHUil

1. Buayasne noAroToBUTH TAOIMIIBI JIs1 pEe3yJIbTATOB. 3aT€M HEOOXOJUMO MPHUTO-
TOBUTH IMpernapaTsl U3 nopoika. JJis 3Toro cnenraibHON JIONaTOYKoN Mpooy pasiio-
KUTh HAa TPEIMETHOM CTEKJIE U OCTOPOXKHBIM MOCTYKHBAHHEM IO pedpy cTeKia Jo-
OUTbCS PAaBHOMEPHOTO PaCHpE/ICICHUS YaCTHII.

2. IloaroToBUTH MUKPOCKOII K padoTe.

3. YcTaHOBUTH OOBEKTHB C HAUMEHBLINM yBEIMYEHUEM, a OKYJISAp BBHIOpaTh Ta-
KuM, 49TOOBI oOmiee yBenumuenwe Obut0 [ ~200x +300x. Hcmonw3ys 0OBEKT-
MUKpPOMETP, ONPEAEIIUTD LEHY JEJIEHUS IIKaJIbl OKYJISpA.

4. TlomecTHB MpeaMETHOE CTEKJIO Ha pabOYuil CTOIMK MHUKPOCKOMA, MPOCMOTPETh
Ipenapar, BbIACINB YYaCTKHM C PAaBHOMEPHBIM pacupeneineHueM vactull. M3mepursb
HAaUMEHBIIMN U HAaUOOJBIINI IUAMETPHI YaCTHII.

5. OmnpenenuTts ONTUMAJIbHBIE MApaMeTPhl 00BEKTHUBA U OKYJIsIpa MUKpockomna. M3
uMerolerocs Habopa 0ObEKTUBOB M OKYJISIPOB BBIOPATh ONM3KHE K ONTUMAJIbHBIM.
Jist BeIOpaHHOM paboueid nmapbl “00bEKTUB — OKYJIAP~ HACTPOUTH MUKPOCKOI U OII-
pEeAeNUTD LIEHY JIeJICHUs LIKAJIbl OKYJIsIpa.

6. IIpoBectn usmepenus pazmepoB He MeHee 300 yacTui] METOJOM MOCTOSHHOTO
nepeMeleHus npenapara BoJib HEKOTOPOH BEIOpaHHON OCH.
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7. Wcnonb3ys pe3yJIbTaThl U3BMEPEHUHN ITPOBECTH PACUET PE3YIHTATOB AHAIN3A 10
cxeme. Paccuurare cpennuil apudmernyeckuil AMaMeTp, TUCHEPCUIO G U OTHOCH-
TeNpHYIO nucnepcuto V.

8. TMocTpouTh THCTOrpaMMbl JubdepeHuansHoro () M HHTErpanbHOTO

F.(r,) pacmpemenenuii. OUeHATh BO3MOKHOCTb OIMMCAHHS pACTIpENeNeHHii ToTa-

n

pudmMuIecKr HOpMATBHOU (PYHKIIHECH.

KoHTpoJibHBIE BONIPOCHI:

1. Onrtuyeckas cxeMa MUKpPOCKOIIA.

2. Yro HazpiBaeTcd aneptypoil? Kak ee MOKHO yBEIUUUTH?

3. Yro Ha3pIBaeTCs pazpemaronieii cnocodHocTeio Mukpockona? Kak ee yBemu-
YUTh?

4. llouemy mpenenpHas pa3peliaromnias CiocOOHOCTh MUKPOCKOIA OTJIMYHA OT MO-
JIE3HOTO pa3pelieHus ?

5. Kakue mMeTonpl ONTHYECKON MHUKPOCKONHUHA MPUMEHSIOT IJisi AUCIEPCHOTO aHa-
nu3a a3po3odieit (mopoikon)? Koraa ux npuMeHsoT?

6. Bp100Op onTUMaNbHBIX TapaMETPOB ONTHYECKON CUCTEMBI MUKPOCKOIIA.

JIABOPATOPHASA PABOTA Ne 2
N3mepenune rpanyjioMeTPpHYECKOr0 cOCTaBa U (GopMbl YACTHI] IOPOLIKOB
MeTOA0M HU(PPOBOH ONTHYECKOM MUKPOCKOIUU

Lenv pabomul: 3yuuTh MeTOA IU(PPOBON ONTUYECKON MUKPOCKOTIHH.

B Hacrosiee Bpemsi, KOTJia B UCCIEIOBAaHUH HCTIONB3YIOT HU(PPOBBIE KaMEPHI WK
¢doroanmapaTel, CTyl€HTaM BaXHO HAYYUTbCA WX HCIOJB30BaTh, HAMpUMEp, MPHU
1(poBOI ONTUYECKON MHUKPOCKOTNHU. ECTeCTBEHHO, 3TO 3HAYUTEIHHO YMEHBITIACT
BpeMsi 00paboTku pe3ynbraToB. Benp ans moctpoenus auddepeHunanbHOn (yHK-
MU paclpeneneHus He0OX0AUMO ONpeAeNnuTh pa3Mmepbl kak MuHuMyMm 200 — 300
YacTHII.

B nanHoii paboTe MCKYCCTBEHHO HAHOCST, HAIpUMEpP, MAPKEPOM TOUKH Pa3HOTO
pasmepa Ha jucte Oenoit Oymaru (puc. 1.6a). [IpousBoast ¢pororpadupoBanue aucra
U TIEPEHOCAT MOJy4eHHBbINH (paitn Ha kommbroTep. [Iporpamma nenaer 6uHapHy0 00-
paboTKy (oto, BeIACHS Oenble TOUKU Ha yepHOM ¢oHe (puc. 1.6b). 3mech 0coOeHHO
BaYKHBIM SBJISIETCS] BBIOOP MOpora OMHApU3ALMK, IO KOTOPOMY U OyAeT MPOU3BOAUT-
Ccsl pacmpesnereHrue Bcei 00JacT BUAMMOCTH Ha (POH (YEpHBIN) U MPOCKIIUN YaCTHII
(Oemprif). IIporpamMmma mpemycmaTpuBaeT 0OpaOOTKY TOJBKO TE€X YAaCTHII, IUIONIAb
MPOEKIUNA KOTOPBIX OOJIbIIE 33aBacMON BEJIMYMHBI U HE MEPECEKAIOMINX TPAHULIBI
¢dorouzobpaxenus. Ha skpan kommpioTepa BBHIBOAUTCA MUCXOAHOE M 00paboTaHHOE
¢oro. TemM cambiM MOXKHO TPOBEPUTH TO, YTO MporpaMMa oOpadaThIBaeT MpaKkTUIe-
CKH{ BCE€ BUIMMBIC YACTHULIBI.
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Puc. 1.6. Ucxoanoe (a) u ounapuoe (b) ¢poro «yacTuip

JIOMOJIHUTENBHO MPOrpaMma OIpEeNeseT AUaMEeTp KaXIO0M YacTHIbl, KaK JHa-
METp Kpyra, ILIOIaab KOTOPOrOo paBHA IUIONIAAW JAHHOM yacTulbl. B pe3ynbrarte
00pabOTKM BBIBOJAMUTCS THUCTOrpaMMa JU(PPEepeHINAIBHOIO paclpeaesieHus, TAe
JUaMETP YacTHUIbl BBIBOAUTCS B mukcessix (puc. 1.7). Jlns mepeBoga B peasbHbIE
pa3Mepbl ECTECTBEHHO HEOOXOAMMO 3HATh MacIITad pororpadupoBaHus.

Jlnst onpeniesieHust pacipeiesIeHusl YaCTHLL PEAJIbHBIX MOPOIIKOB YaCTHUIbI HAHO-
CSITCSl paBHOMEPHO Ha NOJJI0kKKY. Ha 0MH U3 OKyJIpoB OMHOKYJISIPHOIO MUKPOCKO-
na ¢ oomuM ysenuueHueM 65x — x120 ykperuisiercs BeOkamepa, MOJKIIOYEHHAS K
KOMIIBIOTEPY, C IOMOIIBI0 KOTOPOTO MPOBOJUTCS ChbeMKa U 00paboTKa pe3ysIbTaToB.

[Iporpamma omnpenensieT 3KBUBAJICHTHBINA JUaMETp KakKIOM 4YacTHUILbI, KaK Jua-
METp Kpyra, IIomaab KOTOPOro paBHa INIONIAAN NMPOECKIUN JaHHOM JacTulsl. B pe-
3ynbTate 00paboTKU BBIBOJIUTCS THCTOTpamMma nuddepeHnanibHoro pacipeaeaeHus.
Jns ontuyeckoro yBenumueHus: X80 OH COCTAaBIAET OKOJIO 2-2.5 MKM Ha | mUKcCenb.
Crnenyer OTMETHTb, UTO JTaHHBIA METOJ] IMO3BOJISIET ONPEACIIATh U IPYTUe TUAMETPHI.
Hanpumep, nuamerp depera — pacCTOSAHNUS MEXKAY ABYMS KacaTeIbHbIMU K KOHTYPY
YaCTULBI B YETKO ONPEACICHHOM MOJIOKEHNUH. |'0OBOpsI MPOCTHIMU CIIOBAMH, JaHHBIN

g0 T T T T T T T

g 9 10

Puc. 1.7. Pe3yabTaTel 00padoTK B BHAe TMCTOrPaAaMMbI
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JTUAMETP COOTBETCTBYET H3MEPEHUSM M TAHTCHITUPKYJIEM.

Hcnonb3ys nmaker Matlab npu mmudpooit 06padoTtke (ororpaduu, BO3MOKHO
MOJIy4aTh HE TOJBKO IUIONIA[b YAaCTHUIl B MHUKCENSX U COOTBETCTBYIOUIMN 3KBUBA-
JICHTHBIN nuameTp. Bo3MoKHO, HanpuMep, U ompe/eieHne MaKCUMaIbHOW U MUHU-
MaJbHOM OCH MHEPIIMH JIaHHON TIPOEKITUH.

[TpuHIIMN UX OmpeAeNieHus OCHOBAH HAa TMOHATHUSX MEXAaHMKH TBEPJOTO Tena.
[Tycth N — yncio nukceneu, OTHOCAUIMXCS K 00BEKTY, @ ©X MHOKECTBO B KOOpIUHA-
Tax p(X, y), oTHocsAmuxca k 00bekty — Q. Torna nentp mMacc o0bekTa Ha (oTorpa-
(uu uMeeT KOOpANHATHI

1 1
Xczﬁ Z X n yC:ﬁ Z y.

p(x,y)eQ p(x,y)eQ
Ecin OIIPCACIINTG HCCKOJIBKO BCIIOMOT'aTCIIbHBIX BCIIMYHH:
1 1 1

U =—+— Z (x—xc)z, Uy=—+i Z (y—yc)z,

12 N 12 N

p(x,y)eQ p(x,y)eQ
1 1
U, =t 3 (x=x)(y=ve)s C=y(U,~U,) +4U2 .
12 Np(x,y)EQ

Torna AvHBI MAKCUMAITBHOU A, U MUHUMAIBHON A, OCE MHEPLIUU BBHIYUC-

JIAKOTCA KaK
4. =22 JU +U +C, 4,=22JU +U, -C.

Jljis MaTeMaTu4ecKoro onucanus GopMbl OOBEKTOB MPUMEHSIOT Pa3IUYHbIE KO-
3¢ pureHTs POpPMBI.

CdepuynocTh — OTHOIIICHHE TEPUMETP SKBUBAICHTHOM OKPYKHOCTH (TOU Ke
IUIOIIAAN) K peaibHOMY nepuMeTpy. UeM MeHblle 3HaueHue, TeM 0oJiee HEenmpaBuilb-
HYy10 (hOpMy UMEET YacTHuIla. ITO CBSI3aHO C TE€M, YTO HENpaBWiIbHAs (popmMa YaCTHIIBI
PUBOJIUT K YBEIMUECHHIO €€ repuMerpa. B nanHoi pabore MOKHO HCCIIEeI0BATh IKC-
IEHTPUCUTET U «KOIPPUITMEHT CHEPUIHOCTI.

IKCUEHTPUCHTET — SKCIEHTPUCUTET AJUIUIICA C IJIABHBIMH MOMEHTaMU WHEP-
IIAW, PABHBIMH TJIABHBIM MOMEHTAM HHEPIIUHA OOBEKTA!

20054 )V —(054. Y
P ) O3)

max

OO0uactb 3HaueHuil exut B npeaenax ot 0 1o 1. 3nauenue 0 COOTBETCTBYET OK-
PYKHOCTH, | — CHJIBHO BBITSHYTOMY 3Jutuncy (mapabosouny). T.e. yeM BbllIe 3KcC-
LEHTPUCUTET, TeEM 00Jiee BBITAHYTasl YACTHILIA.

«Koyppuuuent chpepuyHOCTH» — OTHOILICHHE JUIMHBI MAaKCUMAJIIBHOW OCH K
JUIMHE MMHUMaJIBHOW OCH UHEPLIUHU:

kg = f
mn
JIist OKpy’)KHOCTH OH paBeH efuHuIle. Uem Boime kodddumueHT chepuaHocTH,
TeM OOJIBITIIE €T0 OTKIOHEHUE OT cheprl. B pesynprate nudpoBoit o6padoTku ¢GoTto-
rpadguu MOXHO MONY4YUTh nuddepeHranbapie GQyHKIUA PacCTIpeaeaeHus s K03 -
¢durmenta chepuIHOCTH U HKCIICHTPUCUTETA.
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Iopsiiok BbINMOJIHEHHUS PadoOThl U 00padoTKa pe3yibTATOB
Yacrs 1
Hanectn Ha 6emom nucte Oymarn MapkepoM MHOXECTBO TOYEK Pa3HOTO pa3Mmepa
(>kenmaTenbHO MEJTKHUX MOOOJIBIIIE).
Cnenates doto B dopmate jpg ¢ HeOoNbIIUM pazpenieHrem (Hanpumep, 640x480) u
NIEPEHECTH €ro Ha KOMIIBIOTEP B MAaIrKy ¢ nporpammoii. [lepenmenyiite daiin B mpo-
CTO€ Ha3BaHME JJATUHCKUMU OyKBaMHU WJIM IU(PPAMU, HATPUMEDP aero.jpg.
OTtkpoiite nporpamMMy 00paboTKu JaHHBIX B nakere Matlab. B HykHO# cTpouke
BHECHUTE Ha3BaHUE Bailero Qaiia. 3amycTuTe NporpaMmy.
[IpoBepbTe Ha MPaBWIBHOCTH 00pabOTKU QoTo. B ciiydyae yero nusmMeHUTE ypoOBEHb
KoHTpacTHOCTH. [lepe3amycTute nporpammy.
CxonupyiTe KOHEUHbIE PUCYHKH, KOTOPHIEC BHIBEJIHUCH HA DKPaH.
Omnpenenute mapaMmeTpsl JaHHOTO paclpe/eeHus.
Yacrs 2
Pacrnipeenuts paBHOMEPHO HEMHOT'O MTOPOIIIKA IO CTEKIISIHHOMN MOJIOKKE.
C nomo1pto BeOKaMepsl crenarb GoTo B GpopmaTte *.jpg U MEPEHECTU €ro Ha KOM-
MBIOTEP B Mamnky ¢ nporpammoit. [lepenmenyiite ¢aiiin B mpocToe Ha3BaHUE JTATHUH-
CKMMH OYKBaMH WK ITUPpaMHu.
[ToBTOpHTE N.3-5 NpEabIAYIIETO 3a0aHHUS.
Onpenenute napamMeTpbl J1aHHOTO paclpeieseHus s SKBUBAJIEHTHOTO UaMeTpa U
U1 K03 urmenTa chepuyHOCTH.

JIucTunr mporpammsl uugposoii 00padorku ¢ororpaduu B
naxkere Matlab R2012b

% MaclTal: 1eHa JIeNeHus MUKCENs B MKM

scl=2.5;

% MMHHMaJbHas U3MepsieMast 011 b YaCTHIIbI

Smin=10;

% MMHHMAaJIbHOE PacCTOSHUE IIEHTPA Macc YacTHI] 10 FPaHULl U300pakeHUs
xmin=20;

% MMHHMAaJbHBIM ypOBEHb KOHTpPACcTa YaCTHIIbI (4eM OOJIbIIE YPOBEHb, TEM CBETIIEE OOBEKTHI
MO>KHO IpOaHaJIN3UpOBAaTh)

Contrast = 85;

% udTeHne n300paskeHus U3 rOTOBOTO (aiina

L=imread('Pic75a.jpg");

% BBIBOJ MICXOAHOI'O N300paKEHUSI

figure, imshow(L);

% mpeoOpazoBaHKe BETHOTO N300paKEHUS B IOJTYTOHOBOE H300paKEHNE B COOTBETCTBYIOLINE UM
3HAa4YeHUs IPKOCTH

Lg=rgb2gray(L);

clear L;

% BBIBOJI IOJIYYEHHOTO MTOJIyTOHOBOTO N300paskeHUs

% figure, imshow(Lg);

% ompeneneHne MUPUHBI U JUIMHBI H300paykeHUsI B TUKCEIAX

[rows cols]=size(Lg);

% n300paxeHus oT Mycopa

L=[1;

L=zeros(size(Lg));
L(1:rows,1:cols)=Contrast;
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% L < Lg - black on white background (uepusie Ha 6e10M poHE)
% L > Lg - white on black background (6enbie Ha yepHom Qone)
Lb=L>Lg;
clear Lg;
% 3aIloJIHSIET OTBEPCTHUS HA H300paKEHUHN
Lg=imfill(Lb,'holes");
clear Lb;
% co3nanue obnacTell CBI3aHHBIX MHUKCENIeH, CO3/IaHue MaTpUIlsl L 1 onpenenenue ux yucia
[L num]=bwlabel(Lg,8);
% ompezneneHue MapaMeTPOB CBA3AHHBIX 00JACTEH: MIOIIAIH, LIEHTPA Macc
% feats=imfeature(L, 'Area’, 'Centroid', 8);
feats=regionprops(L, 'all');
% TiepenuchIBaHNe 3HAYCHUH TTapaMeTpOB
Areas=zeros(num);
CentX=zeros(num);
CentY=zeros(num);
for i=1:1:num;
Areas(i)=feats(i).Area;
CentX(i)=feats(i).Centroid(1);
CentY (i)=feats(i).Centroid(2);
end;
% DopmupoBaHue H300pakeHUs ¢ 00BEKTaMH, IIOWAAb KOTOPHIX Oojiee Smin, a LIEHTP
% Macc 00beKTa yalieH OT TpaHul] H300pakeHus OoJiee YeM Ha Xmin MuKcenei
[rows cols]=size(L);
idx=find(Areas>Smin&CentX>xmin&CentX<(cols-xmin)&CentY>xmin&CentY <(rows-xmin));
Lg=ismember(L, idx);
figure, imshow(Lg);
% TmouCK CBsI3aHHBIX o0JacTen
[L num]=bwlabel(Lg,8);
% ompezeneHue MapaMeTPOB CBA3AHHBIX 00JIACTEH: MITOMIAH, IEHTPAa MAcC, SKBUBAJICHTHOTO J1ha-
MeTpa, MAaKCUMAJIBHONM 1 MUHUMAJIBHON OCEM MHEPLIMH, SKCLICHTPUCUTETA
feats=regionprops(L, 'all');
Data=zeros(size(8,num));
for i=1:1:num;
Data(1,1)=feats(i).Area;
Data(2,1)=feats(i).Centroid(1);
Data(3,1)=feats(i).Centroid(2);
Data(4,1)=feats(i). EquivDiameter;
Data(5,1)=feats(i).MajorAxisLength;
Data(6,1)=feats(i).MinorAxisLength;
Data(7,1)=feats(i).MajorAxisLength./feats(i). MinorAxisLength;
Data(8,1)=feats(i).Eccentricity;
end;
% IlocTpoeHue rucrorpamm, ng - KOJIMYECTBO HHTEPBAJIOB Ha TUCTOIPaMMe
ng=40
figure, hist([Data(4,:)*scl],ng);
figure, hist([Data(7,:)],ng);
%figure, hist([feats.MajorAxisLength]);
%figure, hist([feats.MinorAxisLength]);
figure, hist([feats.Eccentricity],ng);
clear L Lg idx;
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I'nmasa 2. IOCTYHATEJBHOE ABUKEHUE YACTHUI]

[Ipu ABMIKEHUHU YACTHUILIBI B CPEJie BOBHUKAIOT CUJIbI CONPOTHBIEHUs. Cuia compo-
TUBJICHUSA MPSIMO MPOMOPIMOHAIBHA JUHAMUYECKOMY JaBJICHUIO CO CTOPOHBI CPEbI,
B KOTOPOM JIBMXKETCS yacTuia. s ciaydasi BH)KSHHS YaCTHUIIBI B Ta3000pa3HOM cpe-

AC CUJIa COIIPOTHUBIICHUA OIIPCACIIACTCS KaK

2
u

F, :CD.S.pgTQ

rac pg — INIOTHOCTHB Iada, ¥ — OTHOCHUTCJIbHAA CKOPOCTb JABHKCHUA YaCTHUIBI B CPCIC,

S — momaab MpPOeKLUH Teja Ha IUIOCKOCTh, MEPIEHIUKYIISAPHYIO BEKTOPY €ro CKO-
poctu (Muzeneso cedenue), C,, — K0d(PUIHUEHT CONPOTUBIIEHUS CPELBI.

Koadpounuent C,, 3aBucut ot uucna Peitnonsaca C, = f(Re), u B 607bIIMHCTBE
ciay4yaeB oueHuaercs smnupuyecku. Kpurepuit PeitHouabaca s IBHKyLIEHCS B
CpEAE YACTULIBI ONIPEAEAETCA KaK

dp u
Re= Pe ,
Mg

r7ie d — XapaKTepHBIH pa3Mep YaCTHIBI, 1), — IMHAMHUYCCKAs BSI3KOCTD rasa.

PaccMoTpuM noapoOHee pa3saMYHbIC PEKUMBI IOTOKOB I'a3a BOKPYT YaCTHUIIBL:
1. Jlns mamumaproro motoka (Re < 1) mmeem C,, = 24/Re. B 31oM ciydae s

y y |
CUJIBI COIPOTUBIIEHUS CPEPUUECKON YaCTULBI B IOTOKE, AJII KOTOPOMl § = an , To-

ny4daeMm 3akoH CTokca:
F.=3ndun,=3ndup,v,,

rac Vg )41 ﬂg = Vg : pg — KHHEMATUYCCKasA U TUHAMHWYCCKAA BA3SKOCTb CPCABI.

2. B ciyyae npoMeXyTOYHOTO MOTOKa (1 <Re< 1000) CyLIECTBYIOT MHOTO 3M-
nupuyeckux Gopmyn s Cp, . OgHol u3 Hanbosee yaauHblx ecTh popmyna Kistuko:

24 N 4
Re Rel/ 3
Bonee ynoOHbIMU B MPUMEHEHUHU, HO JIAIOIIME MEHEE TOYHbIC 3HAYEHUS, MOTYT

OBITH creayromue GopmMyJbl:

14 18.5
Cp=qeos @<Re=800) m €=z

Cp=

(1 <Re < 1000).

3. B o6mactu Manoit TypOyJIeHTHOCTH (1 000 <Re <2-10° ) KOd(pPUIIUEHT compo-
TUBJICHHSI
C,=0.44.
B o6nactu BbICOKOW TypOyJIE€HTHOCTU (Re > 2-105) KO3 PUIIUEHT CONPOTHUBIIE-
HUS
C, =0.10.

B clIy4dac, Korjga AUaMcTp 4aCTullbl OYCHbL Mall U OIM30K K cpez[Heﬁ JJINHE CBO-
6OI[HOFO Hp06era MOJICKYJ CPC/bl, CUJIa COIIPOTHUBJICHUA JIBUKCHUIO YaCTUIIbI MCHb-

27



me, 4eM mpejackasbiBaeTcsi 3akoHOM CTokca. DTO MPOUCXOIUT MOTOMY, YTO JIjIst
OOJBIINX YACTHUI] OCHOBHBIM UCTOYHUKOM COTIPOTUBIICHUS SBJISETCS BI3KOCTH CPEJIbI.
JI1s1 MaNeHbKUX YacTHUIL WM MPU OYEHb MaJIOW BSI3KOCTU CPEAbl BCIEACTBUE YBEIU-
YEHUs POJIM MHEPIUHU MOJIEKYJ Ta3a IPHU CTOJKHOBEHUU MX C YacTHUIAMU (SIBJICHUE
CKOJILKCHHS) CUJIa COTIPOTUBIIEHUS CPEIbl CTAHOBUTHCA (YHKIIMEH CEUYECHHs] YacTH-
1el. 11t aToro addexra B 3akone Ctokca BBoauTcs nonpaska Kanunnrema C:

F:37r77gud
c.
2L bd
riae C.=1+—| A+Qexp| — | |=1+Kn-C ,

A=1257, 0 =0.400, b =1.10, Kn=2L/d— aucno Kuyncena, C, — ko3pduiueHt
M30TEPMUYECKOTO CKOJIbKEHHUS, L — cpeaHss AJIMHa CBOOOJHOro mnpodera MOJEKy
raza. s Bozayxa npu 0°C L = 0.065 mxwMm, ripu 25°C L = 0.071 mxm.

B 3aBucumoctu ot uneia Knyjacena, nonpaBky KaHHMHremMa MOXHO anmpoKCH-

MupoBaTth npu Kn <1:
Co=1+Kn-1.257,

anpu Kn>1:
Co=1+Kn-1.657.

[TonpaBky Kannunrema k 3akony CTokca cieayeT UCIOIb30BaTh, KOT/Ia TUAMETP
gacTuipl MeHbile 1 MxMm. [lonpaBka KanHuHreMa y4uThIBaeT MEpexoj OT BSI3KOTO
TEYEHUSI K MOJEKyIsipHOMY. s Oonbiiux 3Ha4eHU d cuiia COMPOTUBIEHUS MPO-
MOPLMOHAJIBHA d, a TPU MaJIbIX — KBaApaTy d.

[IpucyrcTBue npyrux OIM3KO ABHKYIIUXCS YaCTUIl TPUBOJUT K OCIIA0JICHHUIO CO-
MPOTHUBJICHHSI CPENbl M3-3a €€ YIJIOTHEHHsI OKOJIO JIBIDKYIIEHCS dacTuilel. [loatomy
rpynma 4acTuil OyJIeT oceaaTh ObICTpee, YeM H30JMpOBaHHbIE YacTuilpl. [Ipu mame-
HUW BIIOJIH OJTHOM OCH JIBYX YAaCTHI] OJJUHAKOBBIX Pa3MEPOB BEPXHSS JBMKETCS ObI-
CTpee, YeM HIDKHSS, U CYIIECTBYET BEPOSTHOCTh MX CTOJIKHOBEHUs. B cimydae nBu-
KEHUS YaCTHUI[ Pa3HBIX Pa3MEPOB pe3yiabTaTOM OyAET YBEIWYEHUE CKOPOCTH OCela-
Husl o0oux yactull. Korna HUKHSS 4acTHIla MEHbIIIE BEpXHEH, TO BO3pacTaHUE CKO-
pocTH nepBoi OyaeT 60JbIIe, 4eM BTOPOH.

Koraa yactuiipl IBHXKYTCS MapajiebHO TOBEPXHOCTH, TO 00IIee COMPOTUBRIICHNE
BO3pacTaeT 0y1aroaps CONMpPOTUBICHHUIO, OKa3bIBAEMOMY MOBEPXHOCTHIO. Ho 3TO BO3-
pacTaHue IPOUCXOJIUT B OUEHb TOHKOM CJIO€, TaK YTO UM MOXKHO MpeHeOpeyb.

B ciydae nBM)KEHMM YacTHUIIbI B KHAKOW Cpejie cujia CONPOTHUBIICHUS PaCCUUTHI-
BaeTcs MO TeM ke GopMysiaM, 4TO W TIPH JBHUKEHUU B Ta3e, HO MPHU 3aMEHE COOTBET-
CTBYIOIIUX 3HAYCHHUH MUIOTHOCTH U KHHEMATHICCKOMN BA3KOCTH.

Biausinue xecTkocTH YacTHlbL. 3akoH CTOKCA YacCTO MPUXOAUTHCS MPUMEHSTH
JUTS Karelb XuAKoCcTh. [Ipu ABMKEHUU Kamenb B BO3yXe MPOUCXOIUT ux nedopma-
IIMs, B PE3yIbTaTe YETO OHU yTPAuyuBAIOT cepudeckyro ¢opmy. Cruia conmpoTuBIie-
HUS YBEJIUYUBACTCS, 1 OHA UMEIOT MEHBIITYIO CKOPOCTh ABUKEHUS, YeM CPepUIeCKHe
JacTHUIlBL. DTUM 3P(HEKTOM MOKHO TIpeHeOpedh I Kameidbh C AHaMeTpaMHu MEHBIIE
100 Mxm. B TO ke Bpemsi OoJbllIM€ Karjd MOTYT JIPpOOUTHCS, HAIPUMEpP, IPOOATCs
Karuid BOAbI JUAMETPOM CBBILIE 6 MM.
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JIJ1st Karenb )KUJIKOCTH CYIIECTBEHHOE 3HAYCHHE MOYKET UMETh IUPKYJISAIINAS KHI-
KOCTHU TNpHU UX JOBWKEHUU B cpene. OHa oclialisieT TpeHHe Ha MOBEPXHOCTU KarljH,
TaK 4YTO YMEHbIIIaeTcs conmpoTuBieHrne. Cuiia COMPOTUBIEHUS ISl Kareidb C Yy4EeTOM
BCEX yKa3aHHBIX 3(P(HEKTOB CTAaHOBUTHCS PABHOM:

rac 7’]p, 7’]g — JUHAMHUYCCKHUC BA3KOCTH KaIllIh U CPCIBI. I[JISI KaIICJIb X(HI[KOCTCﬁ B

BO3/IyXe 3TUM 3P (HEKTOM MOKHO MpeHeOpeub, Tak Kak BSI3KOCTh KUIKOCTH ropas3zio
O0JIBIIIE BA3KOCTH BO3AyXa.

Ecnu BsI3KOCTh cpesibl 3HAYUTENBHO OOJIBIIE BI3KOCTH Karljid, TO TOMpPaBKa CTpe-
MUTBCS K 2/3, a B cilydand paBeHCTBA Bia3kocTed — k 5/6. Ilocneqnuii ciydail npume-
HUM K 00JIaKy 4acCTHUIl B BO3/1yX€, BA3KOCTb KOTOPOIO MOKHO CUMTATh PABHOU BA3KO-
CTH BO3/yXa.

JlnameTp yacTuil MHOTJA OMPEACIISIIOT MO0 CKOPOCTU OCAXKIEHUS (CeIMMEHTAIINHN )
yacTulpl. [Ipy 3TOM NPUHUMAIOT, YTO BCE YACTHUILIBI, UMEIOIUE OJMHAKOBBIE CKOPO-
CTH CEJUMEHTAllMU, PABHBI IO pa3MepaM HE3aBUCHUMO OT UX (PaKTHUYECKUX Pa3MEPOB,
cocTaBa 1 opMbl. J{71s1 3TOro BBOAST JIBa pa3Mepa:

— a’pOAMHAMUYECKUN AUAMETp — AUaMETp chepruyecKor YacTHUIlbl MIOTHOCTHIO
1000 kr/M’, HMeEIOIIEH TAKYIO %Ke CKOPOCTh OCAKACHHS, KAK H PACCMATPHBACMAS;

— CTOKCOBCKHMI AMaMeTp — JWaMeTp Iapa, UMEIOUIEro TaKhe ke IMJIOTHOCTh U
CKOPOCTb OCaXkJICHHMS, KaK U paccMaTpUBaeMas 4acTHUIIa.

IHocrynarenbHoe nBukeHHe yacTul. PaccMorpum aBuxeHue chepuieckoit as-
PO30JIbHOM YaCTHUIIBI B OJIHOPOJTHOM BO3JYIIHOM IMOTOKE, KOI/Ia Ha HEE JCHCTBYIOT
TOJIBKO CHJIbI TSKECTH, Apxumena U cuia TpeHus. llpenmonaras, 4to ABM)KEHHE
IIPOUCXOJMUT B CTOKCOBCKOM 001acTH, 3alMILIEM YpaBHEHUE ABUKEHUS B BUJIE:

m%zmg—ngg+3nngd(ﬁ—\7), (2.1)
IJIe m — Macca 4acTHIlbl, V — CKOPOCTb LIEHTPAa MacC YacTHULbl, &/ — CKOPOCTb BO3-
JLIHOTO MOTOKa BOJM3K YacThIibl. Pasnenns obe yactu Ha 37n,d W cienas 3aMeHy

’C=m(1—pg/pp)/(37mgd), TIOJTYYHM:
Tﬂ+\7 =18 +U.

dt

2
. 1d’(p,-p,)
Jlnst cheprudeckoii YacTHIlbI T MOXKHO MPEACTABUTh B BHJIE T = 1—#.

8 n,
Bekropsl # U 7¢ — IOCTOSHHBIE, CIIOKEHHE KOTOPBIX JACT IOCTOSHHBII BEKTOP
Uy =u-+1g.
CnenoBaTenbHO, ypaBHEHUE JBUKEHHS IPEACTaBUM B BUJIE:
v
T—+V =1. (2.2)
dt
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Bribepem aexkapTOBYIO CUCTEMY KOOPAMHAT TakUM oOpa3zoM, 4ToObl mpu ¢ = 0
4acTUIa HAXOAWJIACh B €€ HayaJle U OCh X ObLIa HalpaBJIeHa MapaJlIeIbHO 1, .

VYpaBHeHue (2.2) cBOAUTHCS B BEKTOPHOU (hOopMeE K JIBYM CKaJIsIpHBIM TuddepeH-
LMaJbHBIM YpaBHEHUSIM. OJIHO NPE/ICTABIISIET JBUKEHUE BJIOJIb X, BTOPOE — BAOJb ):

dv, B dv, B
T +v, =u, U T——+v,=0.
dt dt
WuTterpupys 3T ypaBHEHHs ¢ HAYaJIbHBIMH YCIOBUAMHU
x=0, y=0, v,=vy,, v, =v, npu ¢t = 0,

IIOJIy4aeM JIBa YPAaBHEHUS JJII KOMIIOHEHT CKOPOCTH a’pO30JbHOW YACTHULBI B MO-
MCHT BPEMCHHU [

v, =uy+ (v, —u,)exp(—t/t) m v, =V, exp(—1/7) (2.3)
a Tak)Ke JIBa yPAaBHEHHMS Ui KOOPAMHAT YaCTHULIBL:
x=ugt+1(v—u, 1-exp(—t/7)) m y=v,,t(1-exp(-t/1)) (2.4)

OTu ypaBHEHUS MOJHOCTHIO OMHMCHIBAIOT MOJIOKEHNE M CKOPOCTh YACTHIIBI B JIFO-
00if MOMEHT ee ABWXKEHHs. PaccMOTpMM HEKOTOpBIE 33Jaud C MPUMEHEHHEM ITHX
YPaBHEHUM.

CrauMoHapHasi CKOpPOCTb OcelaHMsl (CKOPOCTH ceuMeHTanuu). B cmyuae
OCEIaHUsl YacTUIBl MOJ] BO3ACHCTBHEM CHUJIBI TSKECTH B HEMOJIBMKHOM BO3IyXe
u=0u 1, =1g. C TeueHueM BpEMEHHN CKOPOCTb YACTULbI BJOJIb HAIIPABIICHUS CHJIBI

TSDKECTH (T.€. BIOJIb OCH X) OyJeT MpUOIMKaThCs K TOCTOSIHHOM BennuuHe (2.3):
v, =18,
Ha3bIBAEMOM CTAllMOHAPHOW CKOPOCTHIO OCeNaHus. ECiiM 4acThIbl 1OCTAaTOYHO MaJlbl,
TO HEOOXOAMMO yunuThIBaTh nonpasky Kannunarema C.:
v, =1gC,.
Bpemst nocTuxeHus1 yacTuuen CTalfMOHAPHOCTH. brIcTpoTa, C KOTOPON AOCTH-
raeTcsi CTalloHapHasi CKOPOCTh OCEIaHMUsl, OnpeaenseTcs (pakTopom exp(— t/ r). Yem

MEHBIIIE 7, TeM ObICTpee a’p030JibHAs YaCTUIIA JOCTUTACT CTALIMOHAPHOCTH. TaK Kak
exp(— 7) =0.001, To cranoHapHasi CKOPOCTh OCEAaHUsl MPAKTUUECKU OYyJEeT T0CTHUT-

HyTa IpH [ = 7t. I[J'I}I qacTun pasMCepoM MCHBIIHNX, YCM HCCKOJIBKO MHUKPOMCTPOB,
9TO BPCM:A HACTOJIBKO MaJIO, YTO MHCPIHHUOHHBIM YJICHOM B BBIPAXKCHUSA IJII CKOPOCTH
U KOOPpAWHATBI MOKHO HpCHC6p€‘H>.

Paccrosinme TOPMOKCHUS. qaCTI/IHa, BBCJACHHAA B HCIIOABHIKHYIO CPCAy C HCKO-
TOpOﬁ HavyaJIbHOU CKOpPOCTBIO vyO BIOJIb HAITPABJICHUA ), 6BICTpO OCTaHaBJINBACTCAl.

[Ipu 3aMenneHnn oHa MPeog0JIEBAET PACCTOSHUE BOJIb 3TOW OCH, KOTOPOE JIETKO Hal-
TH U3 (4) IpU ¢ = 0 :
Y =V,0T.

DTO pacCTOSIHUE HA3bIBAECTCS PACCTOSHUEM TOPMOMKEHHUS WM TOPU30HTAJIbHBIM
npoberom yactuisl. [j1st 0co60 MajbIX 4acTHUI] OHO OYEHBb MAaJIo.

JBu:kenune npu 0osabmux yucaax Re.

IIpu Gonbmmx umcinax PeliHonbiaca 3akoH CTokca HempuMEHUM. B To ke Bpems
CHUJIa COIPOTUBJIEHUSI CTAHOBUTCS 3HAUUTEIBHOM MO CPABHEHUIO CUJION TSKECTH.
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108 TabOmuma 2.1

/ 3KCHepI’IMeHTaHLHLIe SJHAYCHUA

107 kodpdunuenta Cp u CpRe’ ot uncaa Re.

o ) / Re CD C DR62 Re CD CDR62

v / 0.1 | 240 | 24 | 100 | 1.07 | 10700
. / 02 | 120 | 48 | 200 | 0.77 | 3.810°

' 03 | 80 | 72 | 300 | 065 | 5.6:10°
2 1o 05 | 495 | 124 | 500 | 055 | 13.810°
S 07 1365 179 | 700 | 05 [24510°

3 I [ 265 | 265 | 1000 | 0.46 | 46.0-10°
// 2 [ 146 | 584 | 2000 | 0.42 |16.810°
o2 3 |10.4] 936 | 3000 | 04 [36.0-10°
5
7

/ 6.9 | 172.5 | 5000 | 0.385 | 96.3-10°

101 V / 5.3 259.7 1 7000 039 [19.1-10°
/ e 10 4.1 410 10000 | 0.405 | 40.5-10°

. 7

T 20 [255 [ 1020 | 20000 [ 045 [18.0-107

Re 30 2.0 1800 1 30000 | 0.47 |42.3-10

Puc. 2.1. 3aBUCHUMOCTH KOMILIEKCA 50 1.5 | 3750 | 50000 | 0.49 [12.3-10°
CDRe2 oT Re 70 1.27 | 6223 | 70000 0.5 24.5-10°

PaCCMOTpI/IM YPaBHCHUC ABUWXCHHUA OJIA 4YaCTHIBI IIPpH OonpmMX 4yuciiax Peii-

HOJIBJICA:
dv

m— =
dt
BBeas B 3T0 ypaBHeHHE Ynciio PeitHobca, momydnm:
dRe 3C
=— Dnzg Re’.
dt 4pd
Re, Re,

WNHTterpupys, nojiyqaeM BpeMs ABUKEHHUS { U IPOUICHHBIN ITYTh § = Iv dt:
_ 4pd® { dRe _ 4pd
- 2ot |

-F

o

" dRe
oM, w, CpRe’ 3p, # CpRe

3nece Re; n Re,— HauanpHOE M KOHEYHOC 3HAUYCHHE 4ncia PeiiHonbaca. Ypas-

(2.5)

HeHusd (2.5) yHuBepcanbHbl. 11 UX UCMONIb30BaHUSA HEOOXOAMMO 3HATH BBIPAKECHHUS
g C, B HEoOXOOUMOM HHTEpBaje 4ucen PeliHoibaca, MpU KOTOPBIX JBUKETCS

YacTHIIA.
[Ipu nBYOKEHMHM YaCTHIIBI TIOJT JICHCTBUEM CHUIIBI TSDKECTH B OOIEM ciiydae (3aKOH
CToKkca He BBINIOJHSACTCS) IS ONPEICTICHUS CKOPOCTH CEIMMEHTAITUN U3 YPaBHCHHUS
paBEHCTBA CHJI
2 2
T 5 nd v
—d (P—p )g:C —pP,
D
6 o 4 %2
CJIETyeT, YTO KOMILICKC
3
o re 49 p.(P—p,)g
L, Re =— >
3
N,
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HE 3aBUCUT OT CKOPOCTH CEIMMEHTAIMU U SIBJIACTCS MOCTOSHHOM JIJIsi 3aJIaHHOTO CO-
CTOSTHUS a3pO030JIbHON cHUCTeMBbl. Takum o0pa3oM, MOXKHO, orpeaessas KodphuiueHT
conpotuByieHusa Cp, HalTH 3HaueHue PeliHomnbca Reg, a 3aTeM CKOpOCTh CeTUMEHTA-
1uu. MOXKHO TakXe BOCTIONB30BaThCs rpadukom (puc. 2.1).

Ocenanue B naeajbHO NMepeMelIaHHOM cpeae. Ha npaktuke cpena B 3aKpbITON
Kamepe, e ABMXKETCA 4YacTHIla a’po30Jis, BCErja SABJISETCS MOABIXXKHON. Bo3mayx
BCET/1a IUPKYJIUPYET, U OTHACJIbHBIE CJIOU NIEPEMEIIUBAIOTCS, YTO MPUBOJIUT K BbIPaB-
HUBAHUIO KOHIIEHTpAlMd 4YacTHUI[ a’po30Jis, YMEHbBIICHUE KOTOPOW MPOUCXOIUT
BCJICJICTBUE CEIMMEHTAIMU. B OTCYTCTBUM BHEIIHUX CUJI YUCJIO YAaCTHII, JBUKYIIUX-
Cs BBEPX M BHM3 U MEPECEKAIOIIUX HEKOTOPHIA YPOBEHb BBICOTHI, paBHO. CienoBa-
TEIbHO, U CKOPOCTH JABMXKEHHMS BHU3 U BBEPX YaCTHUIl TaKke OYIyT OJMHAKOBBI.
Buemnsis cunia, HanpuMep, cuiia TSXKECTH, COOOIIAeT YacTUIaM a’3po30J1sl JOMOTHU-
TeIbHYK0 CKOPOCTb V, (CTalMOHapHas CKOPOCTh OCENaHWsI), HANPABICHHYIO BHH3.

BcenencTBue 3TOro cKOpocTh JBUKEHHS YaCTHUI] BHU3 CTaHET OOJIbIlle, YeM CKOPOCTh
JBIKEHUST BBEPX. 3a CUET OCENAaHUSI YaCTHI] a3pO030Jis KOHIICHTPAIUsI YaCTHUI[ B 00b-
€Me CO BpeMEHEM OyAeT 3KCIOHEHIIMAIBHO yObIBATh 110 3aKOHY

vgt

C:COeXp —7 ,

rae C, — KOHLIEHTpalKs B Ha4aJIbHbIII MOMEHT BpeMeHH ¢ = Oc, // — BBICOKa KaMepBhl.

IIpuMepbl penieHus 3a1a4:
3amauya 1. OnpeneauTb CKOPOCTh NaJeHus 10KAeBbIX Kaneib (p, = 10° kr/m’)
auamerpom 20 u 200 Mxm B Bozayxe (g = 18.37-10°° kr/(m-c), pg=1.29 Kr/m).
Pemenne. Bocnonb3yemcs Gopmysiol st onpeaeiaeHuss CKOPOCTH CEIUMEHTa-
uuu, crupaseauBou npu Re < 1:

_14(p, —p,)
e

s xkamm 20 MKM vy = 11.8:10 ° m/c, a aas 200 mxm — v, = 1.184 m/c. Cnenyet
MPOBEPUTH OOOCHOBAHHOCTH HCIOJIb30BAHUS JAaHHOW (HDOPMYIBI AJis pacuera CKOpo-
CTU CEIMMEHTAlMU IIyTEM HaxoXAcHus uucia PeliHonpaca. Ecnu mig xanmm aua-
MetpoM 20 mxkm Re = 0.017 < 1 n monydeHHO€E 3HaYECHHE Vg TPABWIIBHO, TO JJIsI KAIlIA
200 mxm Re = 16.6, u cneayeT UCMOJIb30BATh APYTOM MOJIXO.
4d’p,(p-p,)g

2

N,
noJib3ys rpaduk Ha puc. 2.1 wnu tabnuny 2.1, naet 3Hauenue Peitnonbaca Re = 9.78.
Otcrona peasibHasi CKOPOCTh CEAMMEHTALNK Kari AuaMeTpoM 200 MKM COCTaBIsieT
v, = 0.90 M/c, gaTo Ha 30% oTIHMYaeTcs OT paHee HAICHHOTr0 HETOYHOTO 3HAUCHHS.
OtBet: 0.90 M/c.

= 399. Or0, HC-

2
Craenaem onenky xomiuiekca CpRe’s: C)) Ref =

3agaua 2. lllnudosaiabHbIi KPYr AuaMmeTpoM 15 ¢cM Bpaiaercsi ¢ 4aCTOTOM n
= 900 00/muH. Kak 1ajseko yjeTur oT Kpyra chepudyeckasi 4acTula AMaMeTpoM
0.1 MM, ecsid IpeHeOpeYb BJAUSIHUEM CWIbI TszKecTH? TLII0THOCTH YacTHIBI paB-
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Ha p = 3000 kr/v’. Il10THOCTH BO3AyXa p; = 1.29 KI/M’, KHHeMaTHYecKasi Bsi3-
KocTh Bo3ayxa npu 20 °C v, = 15.2:10°° m%/c.

Pemenne. Hayanbnas ckopocTs yacTuusl v, = or = 2nnr = 7.07 m/c. Toraa yucio

PeiiHonbca 1 yacTuilbl B Ha4aJdbHBIM MOMEHT BpeMeHu Rey = 46.5. Tak kak 4dac-
TUla OyNeT 3aMeIIThCs, TO BeIOMpaeM Ghopmyny st Kodpduimenta conpoTuBie-
nust, Hanpumep, Cp = 18.5/Re™®, cnpasemmusyio mpu 1 < Re < 1000. Toraa auHa
MyTH, HA KOTOPOM 4Hcio PeifHob/ica MagaeT OT HAa4aJIbHOTO /10 3HAYEHHUS, PABHOTO
1, onpenenum Kak

_4pdj- dRe __4pdj dRe _  4:3000-10" o o

=0.252 m.

" 3p,J C,Re  3p, J 185Re™  3.1.29:18.5-0.6

Jnst 3Hauenunii Perinonbaca ot 1 go 0 ucnons3yem popmyny Cp = 24/Re. Cneno-
BaTEJIbHO, PACCTOSTHUE, MPONICHHOE YaCTHUIIEH, paBHO

_4pd]1a’Re _ 4-3000-10"*

Re,
Re

Re|'=0.013 m.

3p, 1 24 3-1.29-24

[TomHoE paccTosinue paBHO s = 51+ 5, = 0.252 +0.013 = 0.265 m.
OTtBet: 0.265 M.

S, =

3agaua 3. YacTuna amamerpom 30 MkM u miioTHocThIo 1000 kr/M°, ocenaro-
asl ¢ MOCTOSIHHOM CKOPOCTHIO vy = 0.027 mM/c, monagaeT B rOpu30HTAJbHBIN 10-
TOK BO31yXa, MMeui ckopoctsb u = 0.508 M/c U HanpaBJIeHHbIH B BBITHAKHOM
mkad. Paccunrarh CKOPOCTH U MOJI0KEHHE YaCTUIIBI Yepe3 1 Mc mocJe nonaja-
HMS ee B IOTOK.

Pemenne. /{5 nmpumenenus moiaydeHHbIX Gopmyd (2.3) u (2.4) HE0OOXOAUMO BbI-
OpaTh JEKapTOBYIO CHCTEMY KOOpJMHAT TaKUM 00pa3oM, 4ToObl B HaYaJbHBIA MO-
MEHT BPEMEHHU YacTHUIla HAaXOJujach B €€ Hayaje M OCh X ObLIa HampaBlieHa IMapai-
JENBHO U, =u+1¢g =u+V, (puc. 2.2). B 3TuUX KoOpauHATaxX HadalbHAas CKOPOCTb

YacTHUI[bl HampamjieHa BJIOJb OCH X M €€ BelWYMHa B JAaHHOM cllydyae paBHa
u, =+u’ +v> = 0.509 m/c. Yron moeopota 0 1aHHOW CHCTEMBI KOOPJMHAT OTHOCH-
TeJIbHO BepTUKaNIU (J1TabopaTtopHol cuctembl koopauHaT JICK) onpenensercs u3 Bbl-

paxenus sin@=v, /u, :
0 = arcsin 00271 _ 3.
0.509

CkopocTp yacTuLbl B Ha4aabHbI MOMeHT BpemeHHu B JICK:
Voo =0,V =V

s °

Torna B BEIOpaHHOI CUCTEME KOOPIMHAT:
Vo =V 8SIN0=v sin0=0.027sin3" = 1.4-10° m/c,

X

Vo =V,0c080=v cos®=0.027cos3"= 0.027 m/c.
Ldz(pp _pg)
g

Torna, ucrnonwszys opmynsl (2.3) u 7 = =2.72-10 " ¢ umeem
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y Y

Puc. 2.2. BBeieHue HOBOM CHCTEMbI KOOPAUHAT

v, =0.509+(0.0014 — O.509)exp(—10’3/2.72 107)=0.1576 m/c,
u v, =0.027 eXp(—10_3/2.72 107)=10.0187 m/c.

TTonHast CKOPOCTh YaCTHIIBI V = [V + vi =0.158 m/c.

KoopauHAThl 4aCTHIIBI B BEIOPAHHON CHCTEME KOOPIMHAT ONpeaesuM 1o (4.3):
x=ugt +1(v,y —t,)(1—-exp(—t/7)) = 84.3-10 °m,
y=v,,t(1-exp(-t/1)) =22.610 Rave

Bo3sBpammasice u3 BeiOpanHoil cuctembl koopauHat B JICK u ucnonb3ys cooTBeT-
CTBYIOIIUE TIEpeXOAHbIe (POPMYIIBI IPU MOBOPOTE CUCTEM KOOPAMHAT, MOTYYUM IS
CKOpPOCTEM:

v, =v,cos60—v sinB =0.156 m/c

v, =v,sinB+v cos6 =0.027 m/c.

M JUTSE KOOPIMHAT YaCTHIBI:
x'=xcos0— ysin® = 82.7 MkM,
y' =xsin®+ ycosO = 27.0 Mxm.

AGCOIIOTHASL CKOPOCTB YaCTHIIBI V = ,[V> + vi, =0.158 m/c.

CnenyeT OTMETHTH, YTO AJISI THUIHYHBIX Pa3MEPOB a’pO30JbHBIX YACTHUI[ IKCIO-
HEHIMaJIbHbIe (PyHKIMU ObICTPO YOBIBAIOT M YacTHIIA JOBOJIBHO OBICTPO MpHoOpeTa-
€T CKOPOCTb I'a30BOT'0 IMOTOKA.

Ortser: 0.158 m/c.

3agaua 4. MaccoBasi KOHIEHTPALMs AbIMA B a3P030/ILHOI Kamepe 50 mMr/m’.
Ecan ponycrturhb, 4T0 4acTuubl abiMa chepudeckue ¢ puamerpom 0.75 Mkm u
miotHocThI0 10° KI/M’, TO KaKkoBa GyIeT NX KOHIEHTPAIMs B KOMHATE CIYCTS 3
yaca? Beicora cocyaa 1 m.

Pemenue. [{ns mapukoB nuametrpoB (.75 MKM CKOPOCTh CEIMMEHTAIlMUA B BO3/AY-
xe npu 20°C (N = 18.37-10°° kr/(m-c), pe=1.29 KI/M°) ¢ TIonpaBKoii KaHHHHreMa:
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% :idz(pp _pg)
* 18 n,

[Monpaska Kanuunrema Ce st tanHoro ciydas (uucno Kuyncena Kn=2L/d =
0.19 <1, L =0.071 mxm) onpenenserca no popmyine C. =1+ Kn-1.257 =1.238.

Torga ckopocTh ceAMMEHTAMU YacTHIIbI AbIMaA vy = 20.6 MKM/C.
MaccoBas koHIeHTpanus ApimMa yepe3 Bpems t = 3u = 10800¢ paBHa

206 107°-10800
1

gC..

=40-10° kr/m® = 40 mr/nt’.

v it P
C=C,exp —% =50-10"exp
OtBer: 40 mr/n’.

3a1auu 119 CaMOCTOSITEILHOTO PellleHUS:

1. Ky6Guueckuii kpuctamt xnopuaa Hatpus (p = 1165 kr/M’) ocelaeT co CKOpOCThIO
0.003 m/c. OnpenenuTs ero a3poAUHAMHUYECKUM U CTOKCOBCKUH JUaMETP.

2. OmpenenauTh CKOPOCTh OCEaHUs B BOJIE 30JI0TOTO Iapuka guamerpoM 10 MM (p
= 19300 kr/m’, n = 0,1 kr/(m-c))?

3. Boruucauth cuibl conpoTuBieHus st chepbl quamerpom 100 MKM mipu ee J1BH-
KEHUH B BO3JIyXE U B Bojie co ckopocThio 0.01 m/c.

4. Bpruucnautb nonpapky Kannunrema npu 293K a1t yacTUIbl CHIMKATHOW LA (P
= 2650 kr/™’), uMeroruii guaverp 0.5 Mxm. CHHTATD YaCTUIY CEPHISCKOI.

5. Kak OplcTpo mogHMMaeTcsl My3bIpek Bo3ayxa auameTpoMm (.1MKM B cTakaHe BO-
617

6. IlokaszaTp, 4yTO AJisl OYEHH MAJICHBKUX YACTHUI] CUJIA CONMPOTHUBJICHUS MPOMOPIHO-
HabHA d .

7. OnpenenuTh KOHIICHTPAIMIO YACTHUI] B a3pO30JbHOM chepHueckoM oOJiake aua-
MeTpoM 10M, mpu KOTOpO# OHO OyJIET pacceuBaThCA

8. Bo3nyx B ropu3oHTaIbHOM KaHajie umeeM ckopocth 0.04 m/c. Onpenenuth duc-
JICHHOE€ 3HAa4YE€HHUE BEKTOpa U, JJIA 4acTULbl 1ruaMeTpoM 30 MKM IpH r=2.73-10""

C C YYETOM CHJIBI TSDKECTH.

9. PaccunrtaTh 3HAYeHME T JUIS YACTHIBI ABYOKHCH KpeMmHus (p = 2650 kr/m’) nua-
MeTpoMm 15 mMxM. OnpenenuTs CTalMOHAPHYI0 CKOPOCTh OcelaHus, yucio Peii-
HOJIbJICA [IPU 3TOM CKOPOCTH, PACCTOSIHHE TOPMOKEHHS.

10.KakoB guamerp cdepHueckoil dacTUIpl WIOTHOCTBI0 1000Kr/M’, MMeroweil mpu
CTalMoHapHOM ckopocTH ocenanus Re = 0.5? Yepes kakoe Bpemsi epBOHAYAIBHO
MOKOMBIIASICS YaCTULIA JOCTUTHET CKOPOCTH, COCTABJISIIOLIEH MOJOBUHY CTAIlMO-
HApHOU CKOPOCTH oceaHus?

11.Cheprueckas gactuma u3 3010ta (p = 19300 kr/m’), quamerpom 10 MKM OTpbIBa-
€TCsl OT IUJIACTUHBI, HaxoAsIecss Ha BoicoTe 3.05 M. Omnpenenutb Bpemsi, yepe3
KOTOpPOE OHAa YIaJeT Ha 3€MJII0, C YUYETOM M 0€3 yyeTa CONPOTUBIICHUS BO3yXa.

KoHTposbHBIE BONIPOCHI:
1. Yrto Takoe cenumeHTaIus?
2. Uto Ha3bIBAETCS CTOKCOBCKUM M a3pOJIMHAMUYECKUM JTHAMETPOM YaCTHUIIBI a3-
po3oJIst?
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3. Kak omnpenensiercss KodPpGUIMEHT CONPOTUBICHUSI TEa B MEXAHUKE a’p030-
neun?

4. Kakue xapakTepHble 0COOEHHOCTH MMeeT KOd((DUIIMEHT COPOTUBIICHUS B 3a-

BUCHUMOCTH OT 4yucJiia PeitHoinnaca?

Korna u kak yuntsiBaetcsa nonpabka Kannuarema? Yucno Knyzacena.

6. Kak yuutbsiBaerca nsmeHeHue GopMbl KUIAKOW YACTHUIIBI MPU ABUKEHUU B KO-
a3 PUIUEHTE COMPOTHUBIICHUS?

7. Tlouemy 00JaKO YacTUIl TPYJHO PaccesiTh, €CJIU €ro 00AyBaTh BO3AYIIHBIM I0-
TOKOM?

8. Kak MOXHO onpeAeuTh CKOPOCTh CEAUMEHTAIIMHU a3PO30JIbHOM YaCTULIBI?

()]

JIABOPATOPHAS PABOTA Ne3
N3y4yenue mapamMeTpoB a3po30Jieil METOAOM CeTUMEHTALMH

Lenv Da607’l’Ibl.' I/ICHOJII)?»Y}I MCTOA CCAMMCHTAIUK, IIPOBCCTH adHAIIU3 ad3pP030JId,
IMOJIy4acMOro 1pu pacCiiblZICHUHA KUIAKOCTH.

Opnum u3 Hanbosee pacHpoOCTPAaHEHHBIX METOJIOM U3MEPEHHUS [TapaMeTPOB adpo-
30JIE ABJSETCS METOJ CEAUMEHTAlWH. B OCHOBE MeTOAa JICKUT ONMPEICICHUE pas-
Mepa OMHOKOW a’pPO30JIbHON YACTHULBI 10 CKOPOCTU €€ YCTAHOBUBIIETOCS ABHKECHUSA
(CKOpPOCTH CEIUMEHTAIIMH) B TIOJI€ CUJIBI TSXKECTH.

N3BecTHO, 4TO Ji1 yCTAaHOBUBIIETOCS JABUXKEHUS (YCKOPEHUE YACTHUI] PABHO HY-
J0) OAMHOYHOW CHEpPUIECKON YaCTHUIBI JUAMETPOM d B TOJIE CHJIBI TSDKECTH IS
ciaydas Re <<1 n Kn <<1 M0XHO 3anucarsb, 4ToO

mg = 3andv,
Orcrona

i
e

Sl Ey
R

a

,.

ot

[ ]

Puc. 2.3. [IpyHMnnaabHAasA cCXeMa CeIMMEHTAIIMOHHOM KaMepbI:
1 — Byck wacruil, 2 — Hacoc, 3 — kpaH, 4 — nazep, 5 — BeO-kamepa,
6 — KOMIIBIOTEP
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%d3pg:3m1dv 7 d=(18;7vs/pg)l/2.

Taxkum o0pa3zom, u3Mepsist CKOPOCTb CEAUMEHTAUN V,, HAIPUMED, IPU OOKOBOU

IIOJICBETKE, YIBTPAMUKPOCKOIINYECKH, MOKHO OIPEAEIUTD Pa3MeEpP YaCTHLIBI.

N3mepenHne CKopocTr CeIMMEHTALIMU TPOBOIAT B TEPMETHUECKON (CEIMMEHTalU-
OHHOI) Kamepe, Mpeamnoiaras, 4To B Hed ra3 HemoaBuxkeH. OJTHOM M3 OCHOBHBIX
IIPUYUH JIBMKEHUs Ta3a SBIIETCS €CTECTBEHHAS KOHBEKLMS, BbI3BaHHAs HEPABHO-
MEpPHBIM HAarpeBOM CTEHOK. [l ee moJaBieHusl CEAMMEHTALMOHHYIO KaMepy M3ro-
TaBJIMBAIOT U3 MaTeprala BBICOKON TEINJIONPOBOIHOCTH (MEb, IATYHb), YTOOBI CTEH-
KM KamMepbl UMEIH OOJIbIIYIO TONIIMHY. B 3TOM ciiydae ciydyaliHble U3MEHEHUS TEM-
nepaTrypbl OAHOU U3 CTEHOK OBICTPO UCYE3alOT.

PasMepbl H3MEPUTEIBHOT0 00heMa BHIOHPAIOT ZOCTATOUHO MambiMu (< 1 cm’). B
CTEHKaX KaMephbl YCTaHABIUBAIOT HEOOJIbIIIME OKHA JIJIsI OCBEIICHUS YaCTHll, JJis Ha-
OJIFO/ICHMSI 32 UX OCEIaHMEM U JIJIsl BBEJECHUS UX B Kamepy. CBETOBOI MOTOK HE J10J-
KEH COJIEPKAaTh 3HAYUTEIHLHON COCTaBISIONIEH MH(PAKPACHOTO U3TyUeHHUs BO n30e-
*aHue HarpeBa yactull. C 3TOM 1IeNbI0 B HACTOsIIEEe BpeMsi YI0OHO HMCIOIb30BATh
MaJIOMOIIHBIN JIA3E€PHBIA MOIYJIb, U3JIYYAOIIUKA KpacHbIM CBET. Jlonroe Bpems s
pPETUCTpAIMK JIBIXKEHUSI YACTHUIl HCIIOIb30BAIM OOBIYHBI MUKPOCKON HIU (HOTO-
MPHUCTABKY, OJHAKO celyac Al HAOMIOEHUS MPUMEHSIOT BUACOKAMEPY, MOAKIIO-
YEHHYIO K KOMIIBIOTEDPY.

Jl1is mpoBeieHrs U3MEPEHU B TAHHOM 1a00paTOpHOM paboTe UCTIONb3YETCs TIIH-
LIEPUHOBBIN a3p030J1b, 00PA3YIOUINIICS B KOHJEHCAI[MOHHOM T€HEepaTope MOHOUC-
IIEPCHOTO a3p030s. M3BECTHO, 4TO TaKOM a3p030JIb MEIJIEHHO UCHAPSAETCS U UMEET
pasmepsl Kamnenb nopsaka 1-3 MkM. CKOpOCTh OCaXIEHUS TaKUX Kallelib — OKOJIO He-
CKOJIBKUX MUKPOH B | ¢, TO3TOMY OH y100€H 1Ji MPOBEACHUS MPOOHBIX U3MEPEHU.

ITopsanok BhINOJIHEHNSI PA0OTHI M 00PA0OTKA Pe3y/JIbTATOB U3MeEPeHUil

l. BximtounTh mUTaHUE TEHEpPATOpa MOHOAMCIEPCHBIX a’3pO30JIEM M JOXKAAThCS
BBIXOJ1a €0 Ha pabouunii pexxuM (rmpumepHo 10-15 mun).

2. BKJIIOYUTH KOMIIBIOTEP C NPUCOEAUHEHHON K HEMY BUIEOKaMEpOil U JTa3epHbIN
MOJTyJIb CEIMMEHTAIIMOHHONW KaMephI.

3. CoenuHUTH TOHKOM TPYOKO#l BXOJ CEIMMEHTAIMOHHON KaMephbl C TOTOKOM a3-
PO30J1s1 U3 reHepaTopa MOHOAUCIIEPCHOTO a3PO30JIsl.

4. KopoTkuM BKJIIOYEHHEM Hacoca OToOpaTh MpoOy a’spo30iii W MPOBEPUTH Ha
MOHHUTOPE BO3MOXXHOCTh PETUCTPAIIMU YACTHUII, B TIOJIC HAOIIOMCHUS JOJIKHO
ObITh He Oosiee 10 yacTuil.

5. Jlanmee B3sITh HECKOJIbKO MIPOO M 3amucaTh MOJTyYeHHbIE BUI€O(hanbl sl JaH-
HOM TEMIIEpaTypbl F€HEpaTopa a’dpo30Jid.

6. OnpenenuTh CKOPOCTh CEIUMEHTALIMH BUJIUMBIX YAaCTHI] U PACCUUTATH UX CTO-
KCOBCKUH (CeIMMEHTAIIMOHHBIN) pa3mep.

7. IlocTpouTh TUCTOTPAMMY pacIpeleseHus s MOJYYEHHOrO MaccuBa pa3Me-
POB YacTHUIl a3pO30JIsl.
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JIABOPATOPHAS PABOTA Ne 4
N3yyenne ppakumoHUPOBAHMS OPOIIKOB NMPHU ABUKEHUHN YACTHUIl B
BOCXOSIIIIEM MOTOKE

Llenv pabomwi: UccnenoBath AUCHEPCHBIN aHAIU3 MOPOIIKOB C TTOMOIIBIO Cema-
paropa ['onens.

Bo MHOruX TEXHOJOTHAX MIMPOKOE MPUMEHEHUE HAXOAAT MOPOIIKOOOpa3HbIE Ma-
TEpPHUAaJbl, TO €CTh MMOPOILIKM Pa3HBIX BEUIECTB. IX CBOMCTBA OUYEHB 3aBUCAT OT pa3Me-
POB YaCTHUI[ U JUCIEPCHOCTH YacTUl]. OOBIYHO MPHU MOJYYEHUH MOPOUIKOB (HAIMpH-
Mep, MIPH pa3MoJie TBEPJbIX BEHIECTB) 00pa3yrOTCsl YaCTHUIBI pa3HBIX pa3mepos. [lo-
TOMY Ba)KHBIM TEXHOJIOTMYECKUM IPOLIECCOM SIBISIETCS TaK Ha3blBaeMoe (hpakiuo-
HUPOBaHHUE MOPOIIKOB — pa3/IeJICHNE MAacChl YaCTHUIl HA HECKOJBKO (hpakiuii, B KOTO-
PBIX YaCTHULbl UMEIOT IPUMEPHO OJMHAKOBBIE pa3Mephl. /{15 peanusanuu 3TOro mpo-
1ecca pa3paboTaHbl MHOTOUHCIEHHBIE YCTPONUCTBA, OOIBIIMHCTBO U3 KOTOPBIX pado-
TaeT Ha MPUHIIUIE MPeoOpa3oBaHusl HEKOTOPOH MPOOKI BEIIECTBA B IMTOTOK a3pO30JIs C
MOCJICYIONIMM pa3/IefIeHHEeM YacTHIl B 3TOM IOTOKE Ha OoTAeibHble ¢pakuuu. [lo-
BUJIUMOMY, TaKO€ pa3AeJICHUE JOJKHO MPOUCXOAUTH IMOJ NEUCTBUEM HEKOTOPBIX
CUJ1, IPUPOJIa KOTOPBIX MOXKET OBITH Pa3HOI.

PaccMmoTpum ycTpoicTBO U paboTy cernapaTopa nopoiukoB ['oHens, neicTBue Ko-
TOPOIr0 OCHOBAHO HA MCIOJb30BaHUM IPaBUTALMOHHBIX cwil (puc. 2.4). [{ns nomyye-
HUS U3 TOPOIIKA CUCTEMbI YACTHII, B3BELIEHHBIX B BO3AyXe (a’poB3BECH), B 3TOM
npuOope HCIONB30BaH TaK HA3BIBAEMBIA KHUMSAIIUNA CIOW. DTO COCTOSHUE MOPOIIKA,
KOTOPO€ BO3HHKAET MPH MOMEIICHUHM €Tr0 B BOCXOJAIIMK IIOTOK BO3JyXa B pacIlu-
pstoreticss (koHndeckoi) Tpyoe. CKOpoCTh TTOTOKAa BBIOMpAETCS Takoi, 4TOOBI BCE
YaCTHUIIBl TOPOIIKA B CAMOM Y3KOM (HMKHEM) CEUEHUHU TPYObI JBUTAIMUCH BBEPX IMOJ]
JeUCTBUEM TOTOKa Bo3ayxa. [1o Mepe IBHKEHMs TOTOKA BBEPX CEUEHHE TPYObl yBe-
JIMYUBAETCS, CKOPOCTh MTOTOKA MAJaeT U CHayaja camble KpyIHbIE, a 3aTEM U BCE OC-
TaJbHbIC YAaCTULIbl HAUMHAIOT NaJaTh. BO3HUKAET CII0kKHAsA CMECh YAaCTHI] TOPOIIKA U
BO3/lyXa C MHTEHCUBHBIM TYpPOYJEHTHBIM MEpPEMEUIMBAHUEM. JTO U €CTh KHIISIIHMA
CJIOM.

SIcHO, 4TO TP OMPEAENIEHHON JOCTATOYHO BBICOKOM CKOPOCTH MOTOKA CAMbIE Ma-
JIbl€ YaCTHULIbI OyIyT BBIHOCUTHCS BBEPX M3 KUMSIIEro cios. Eciu noaaepxuBarh Ta-
KOW THIPOJAMHAMUYECKUN PEXUM JOJITOE BPEMsI, TO ITOCTEIEHHO U3 KUIIALIErO CJIOS
OyAyT BBIHECEHBI BCE YACTHUIIbI, Pa3MEpP KOTOPHIX MEHBIIIE HEKOTOPOTO KPUTUYECKO-
ro. Takue yacTUIBI MOKHO Jajie€ OCAAUTh U3 MOTOKA C MOMOIIBIO, HAIIPUMED, LU-
KJIOHA U Pa3JEeInTh, CIEI0BATENBHO, BCIO MOPLMIO ITOPOIIKA B KUISIIEM CJIOE HA JBE
dpakimm.

3aTeM ClelyeT YBEIUYHUTh CKOPOCTh MOTOKA M BBIOpATh U3 KHUIALIErO CJIOS Yac-
TUILBI OoJblliero pa3Mepa. [1o1o06Hy0 onepanuio MOXHO MPoeNaTh HECKOIBKO pas,
U TIOCTETICHHO Pa3eIUTh MOPOIIOK Ha 3-5 Gppakuuil.

KOHCTpYKTMBHO OCHOBHAs 4acTbh cenapaTopa ['oHemst COCTOUT U3 TPEX AIEMEHTOB
— HWJIMHAPUYECKON YaCTH, HUYKHEN KOHMYECKOW YacTU UM BEPXHENM KOHUYECKOU 4ac-
. B HIkHEHN yacTu npu paboTte cenapaTopa oOpazyeTcsl KUISIIUNA CJION, B IIUIIMH/I-
PUYECKON YacTH MPOUCXOJAUT cenapalus YacTHIl, B BEpXHEW YaCTH BbHIHECCHHBIC U3
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KOMIIpeccopa

]

Puc. 2.4. llpunuunuanbHas cxema padotbl cenaparopa I'oness:
1 — cenapatop I'oHens, 2 — mopoIIoK, 3 — HUKIOH

KHIIAIIETO CJIOST YAaCTHIIBl YCKOPSIIOTCSL M BBOJSTCS B KaKO€-THOO0 MOAXOASIIEE YIaB-
JIMBAIONIEE YCTPOUCTBO.

Pacuer paGoTsl cemapaTtopa ['oHens OCHOBaH Ha TPEIIOJIOXKEHUU O TOM, B IIH-
JUHAPUYECKONW YacTh TPyObl mpoduiib ckopocTH umeer I1-o0pa3Hblit BUA, TO €CTh
MOYXHO IPEANOJIONKUTD, YTO PA3ACIICHUE YACTUL IO pasMepy B BOCXOJMSIIEM IOTOKE
OyZeT MpOUCXOAUTh OYE€Hb TOUHO B COOTBETCTBHM CO CKOPOCTHIO BOCXOMSILIErO IO-
TOKa. B JEHCTBUTENBHOCTH IyJIbCALIMM BO3/1yXa, BO3HMKIIME B KHIIAIIEM CIIOE, B
BOCXOJSIEM MOTOKE HE OYAYT 3aTyXaTh B ITOJIHOM CTENEHU, U MIOITOMY pa3JeieHHe
YacTHULL IO pa3MepaM He OyJeT UJ1ealbHbIM.

IHopsiiok BbINOJIHEHHUS Pa00ThI U 00Pa0OTKHU pPe3yJibTATOB U3MEPEHMH.

1. Vcnionb3yss ONTUYECKUH MHUKPOCKOI, OLIEHUTh AMANa3oH H3MEHEHUs Pa3MEpPOB
yacTull nopoimika. BeiOpath ycioBHO 5-6 3HaueHH pa3MepoB (PaBHOMEPHO MO
BceMy MHTepBally). OLEHUTh CKOPOCTU CEIMMEHTALMU JJI1 KaXJI0TO U3 JUaMET-
poOB. 3Hasl IMJIOIIA/Ib BHIXOJHOTO OTBEPCTHUS ISl BO3JyXa pPacCUUTaTh COOTBETCT-
ByIOLIME 00BbEMHBIE pacxosl Bo3ayxa: O =v.S.

2. B3BecuTh omnpeesieHHYI0 10110 MOPOIIKa U BChINAaTh BHYTPb TpyOsl mpudopa I'o-
HeJIsl.

3. BxirouuTh KOMIIpeccop M yCTaHOBUTh HaMMEHbIINN pacxoi. Yepe3 HeCKOJIbKO
MUHYT BBIKJIIOYUTH KOMIIPECCOP U cOOpaTh MOPOIIOK, OCEBIINA B IUKIIOHE.

4. TIoBTOpPUTH 3KCIEPUMEHT, IOCTEIIEHHO YBEJIMYMBas pPacxoi BO3AyXa COOTBETCT-
BEHHO PACCUUTAHHBIM 3HAYEHUSAM.
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5. Ilony4yeHHbIe 3HaUEHUS NPEACTABISAIOT B BUJI€ HHTETPAIbHOW MacCOBOM (PyHKIUU
pacnpenenenus G (7).

6. Ilpoussectu nepepacuer G (r) B F(r) U OLEHUTh HA BO3MOKHOCTb OIHUCAHUS
JaHHBIX JIOTapU(PMUUECKH-HOPMaJIbHBIM PAaCTIpECICHUEM.

IIpumep pelieHus 3a1a4u:
3aoaua. PaccuuTaTh MUHMMAJIBHBINA pacxoa Bo3ayxa (N, = 18.37-10°° kr/(m-c),
pg=1.2 KF/M3), He00X0uMoe IJIs1 BLIHOCA U3 KUNSIIEro ¢Jiosi cenapartopa I'one-
Jd yacTtul co cpeanum auamerpom S50 u 200 mxm. JInaMerp NUWIHHAPHYECKOH
yacTH cenaparopa d, =S cM. IIIIOTHOCTH YaCTHI IPUHATE (P, = 1.5:10° kr/v’).

Pemenne. CKOpOCTh CEAMMEHTALMU JUIsSl YaCTUL JAHHOTO JuameTpa d B HEIMOJ-
BI)KHOM BO3JIyX€ ONPEJIENIUM COTJIaCHO (popMyIie:
2
1 d°(p,—p,)
ViT1e . &
S 18 n
4
B pesynprare momywyaem anst wactuinbl guamerpom 50 mMxm vy = 0.11 m/c, a ans
200 mxMm — v, = 1.78 Mm/c.
MuHMMaIBHBIN pacxoa BO31yXa, HEOOXOIUMBIN Uil BHIHOCA YAaCTHUI] U3 cemapa-
T
TOpa (Y4aCTHULBI BUCAT) OIPENEINM COrsacHo Q =v S = szdo .
B pesynbraTe nmeem it JaHHBIX pasmepoB uvactuil, 0.218 1/c u 3.48 n/c, coot-

BETCTBEHHO.
Omeem: 0.218 11/c u 3.48 n/c.

40



I'1asa 3. AHEPIIUOHHOE OCAKJIEHUE YACTHII.
MN30KUHETUYECKHUHU OTBOP

HaI/I6OJII>HI€€ PACIIPOCTPAHCHUC IIPHU HCCICOAOBAHUAX a3po3oneﬁ IMOJIYYHJIN 3KC-
IMCPUMCHTAJIBbHBIC MCTOAbI, ITO3BOJIAIOIINC ITPOBOJIHUTDH IIPICHCpCHBIfI dHAJIN3 4YaCTUIl
MpCABAPUTCIIBHO YIAJICHHBIX M3 IIOTOKA U ITYTCM HCCIICIOBAHUS 0T06paHHBIX Hp06.

OIIHI/IM N3 OCHOBHBIX MCXAHHU3MOB YAAJICHHUSA YaCTHI[ U3 aTMOC(I)epBI, SIBJISICTCA
HCIIOJIB30BAHUC LIGHTpO6€)KHOI71 CHIJIBI, ,HCP'ICTBy}OHleP'I Ha 9aCTHuIy. Ha HEM ocHOBaHO
HpI/IHI_II/IH )j[eﬁCTBH}I I/IMHaKTopOB, aapOBOJIbHBIX HeHTpI/I(l)yF 1 ITUKJIOHOB.

[Ipn nBMKEHNH YAaCTUIL 10 OKPYXKHOCTH pajgnyca » C YIJIOBOM CKOPOCTBIO @ €€

padruaJIbHOC YCKOPCHHUEC U TaHT'CHLIUAJIbHAA CKOPOCTh PABHBI d, = 0)21” nvy, =aor.

HpH ABHJKCHHUH YAaCTHIBI a3p030JIs1 Ha HCC CpCaa 6YII€T OKa3bIBATb COIIPOTUBJIC-
Hue. 13 PaBCHCTBA CUJIBI PAAUAJIBHOI'O YCKOPCHUSL mia, U CUJIbI COIIPOTUBJIICHUSA FC )

CUMTas YaCTHULy c(hepruecKoi, HETPYJHO HANTH paJuallbHYyIO0 CKOPOCTb V,. !
2
v, = =22 ¢
r
Nmnaxropsl. [Ipy n3MeHeHnn HanpaBiIeHUs BO3AYIIHOIO ITOTOKA, COIEPKALIETO
a’po30Jib, BBI3BAHHOTO NPEIMETOM, OKAa3aBIIMMCS B MOTOKE, YaCTHULBI BCIIEICTBUE
MHEPLUU CTPEMSTCA ABUTAThCA B MPEXKHEM HarpaiieHud. [Ipouecc coynapenus yac-
THUI, 00JIaJJAIOIINX 3HAUYUTEIbHON KMHETHYECKOW PHEpPrueH, C 3TUM MPEIMETOM Ha-
3bpIBACTCS MMNaKMsA. IMnakuus npuMeHseTcsl 1 OYUCTKH BO3/yXa U Mpo0ooTOo-
pa as’po3zoieir. Hanbosee nmpocToit UMNakTop uMeeT JUIMHHYIO MIeb UupuHoi 2W u
BBICOTOU 7, 4yepe3 KOTOPYIO MOCTYIAET BO3AYyX CO CKOPOCTBIO U, U ITJIOCKOCTH, pac-
MOJIO)KEHHOW HOPMAJIbHO K MCXOJHOMY HANpPaBJIEHUIO MOTOKA HA PACCTOSHUH S OT
kpas menu (puc.3.1). Bo3ayx, nocTynuBIINiA U3 TIEJIU, MEHSET CBOE HAMpPaBIIEHUE HA
90° u cBoOOIHO pacTekaeTcs. YacTHIlbl, HE CyMEBIINE U3MEHUTh CBOE HAIpaBJICHUE
JBYKEHUs, OYIyT COYyAapAThCs C IUIOCKOCThI0. B Hanbosee npoctom citydae Oynem

CUMTaTh, YTO JIMHUM TOKA HA Kpar IICJIM SABJIAIOTCI AYraMHU OKPYXXHOCTH U W = S.

W

E —
I

i < — s

Puc. 3.1. Cxema npocreiiniero MMnaKkropa
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Puc. 3.2. 3aBucumocts 3)peKTUBHOCTH OCAKIEHHSI UMIIAKTOPAa 0T yuciaa CTokca

TaHI‘GHHI/IaHBHaH CKOpPOCTb 4aCTHUIIBI B HCKOTOpOﬁ Touke B paBHa v, =u, paaualib-

Has v, = u’t/r. YacTuua 3a Bpems df CMECTUTCS B HaNpPaBIEHNH TIOCKOCTH Ha pac-
CTOSIHUE
02
ds =vdt =v, singdt = 7rsm pdt,

rae ¢— yroi Mexnay auHued BC U IUIOCKOCTBIO, U3MEHEHHE KOTOPOIO 3a 3TO XKe
BpEMs COCTaBUT

dp = odt =L dt.
r

[Ipoiins no ayre nosaubie 90°, yacTuIila CMECTUTCS C JIMHUU TOKA HA PACCTOSIHHE
/2
0= Iursingm’go =ur.
0
Yactuia Oyner cMemarbesl 10 T€X MOp, MOKa 3a CUET CHJIbI COMPOTHUBIICHUS HE
NOTEPSET BCIO CBOIO NMEPBOHAYAIBHYIO CKOPOCTh B HANPABJIEHUHU, KOTOPOE OHA UMelIa
Ha BXOJIe B LIeJb. TaK KaK BCE YACTHUIIbI, HAXOMASIIMECS OT CEPEeIMHbI IIeNIM Ha pac-
CTOSTHUM, HE TIPEBBIIAIONMEM 0 (0 — pacCTOSHUE TOPMOXKEHHSs), OyIyT ocelaTh Ha
MJIOCKOCTH, TO MaKCUMalibHas 3(()EKTUBHOCTh UMIIAKTOPA COCTABIISIET
e=0/W =ut/W.
XapakTepUCTUKH peaTbHbIX UMITAKTOPOB 3aBUCST OT psAsia (HaKTOPOB, B TOM YHCIIC
OT PaCCTOSTHUS MEKy CPE30M COIlIa M TIOIJIOKKOM, (popMbI coria, urcen PeitHomba-
ca JUIsl COTUIa ¥ YaCTHIIBI, BEPOSITHOCTH “PHIIMIIAHUS YACTHII K TTOJIOKKE, OCaXKIC-
HUS Ha CTCHKW UMITakTopa. /|yt onmucanus mpoieccoB, MPOUCXOASAIINX B UMIIAKTOPE,
ucnonp3ytoT yucio Crokca: St =ut/W, rae W paBHO NMOJIOBUHE HIMPUHBI IIETU B
UMIIAKTOpaxX C MPSMOYTOJbHBIM BXOJHBIM OTBEPCTHUEM, & B UMIIAKTOPAX C KPYTIIbIM
OoTBEpCcTHEM — paauycy orBepctus. CyliecTByeT Kputuueckoe 3Hayenue uncia Cro-
KCa, HUXKE KOTOPOTO OCAXJACHHS YAaCTUIl HE MPOUCXOAUT. s uMmakTopa ¢ mpsimo-
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YTOJBHBIM OTBEPCTUEM 3TO 3HaUY€HHE cocTaBiseT 1/4, a ¢ kpyribim — 1/8. [lns une-
aJIbHOTO MMIIAKTOPA CYILECTBYET, KaK ObLIO MOKAa3aHO, €MHCTBEHHOE 3HAUEHUE KPH-
Thyeckoro yucna CTOkca, M, CIEIOBATEIbHO, BCE YAaCTHULBI, pa3MeEpPbl KOTOPBIX
00JbIlIE ONPENEICHHON BEIMUMHBI, TOJKHBI OCaXJaThcs. B peanbHOM ciydae mpo-
UCXOJMT YJIAaBJIMBAHUE C Pa3INYHBIMU 3 PeKTUBHOCTUAM [ yacTull (puc.3.2), pas-
MepBI KOTOPBIX paclpeesIeHbl B HEKOTOPOM HMHTEpBaie. [lo3ToMy XapakTepuCTHKOM
UMIIaKTOpa MHOTJA CiIykUT uncio Ctokca, coorBercTBytouiee 50%-oii 3ppexkTuBHO-
CTH 3axBaTa YacTHI OIIPEAENIEHHOIO pa3mepa. BenmnunHa 3toro pasmepa A UMIIaK-
TOpa C MPSIMOYTOJILHBIM COTUIOM JJIMHOM L u mupuHou 2 W 3agaercsa Gpopmynoil:

36u L
dy, =St |y
CpQ
a JJIs UMIIAKTOPOB ¢ KPYIJIBIM COIJIOM AUAMETpoM D (hopMyJIoii:

Onu D’
dSO =~/Sl‘ L .
4CpQ

3ILCCI> Q — 00BEMHBIN pacxon, H, — AUHaAaMHUYCCKas BA3KOCTD Ir'a3a, p — INIOTHOCTb

yactulibl, Cc — nonpaBka KanHunrema.

[Ipu onHMX U TeX Ke 3HaYeHUsIX PerHosbaca ISl UMIIAKTOpA ¢ KPYTJIBIM OTBEP-
ctueM gucio Crokca, coorBercTBytomas 50 %-aast 3 (PeKTUBHOCTD 3aXBaTa OPHUCH-
TUPOBOYHO B 1.5 pa3 Oosibliie, 4eM JIJisi UMITAKTOpa C IPSIMOYTOJIbHBIM OTBEPCTHUEM.

JIns ynydilieHusl 3axBaTa 4YacTHUI] MHOTJA Ha TMOIJIONKKY HAHOCAT CMas3Ky. OTO
MPENATCTBYET OTCKOKY YaCTHI] OT MOJIOKKHU U BO3BPAIIEHUIO UX B OCHOBHOM IMOTOK.

HenTpudyru. Yaanenue yacTuil U3 BO3Ayxa pasMepaMu MeHee | MKM, CKOpOCTH
CEMMEHTAIMU KOTOPBIX OYEHb Mallbl, MPOUCXOIUT TOJ BO3JECUCTBHEM OOJBIINX
HEeHTPOOEKHBIX cuil. [Ipu momaganuy 4acTuil B 3aKpyYEHHBIN MOTOK OHU MOJIYYaroT
0oJIbIINE TIEHTPOOESKHBIE YCKOPEHHMSI, 3HAUUTEJIbHO MPEBBINIAIONINE YCKOPEHUE CBO-
06onHOTO ManeHus. B a’spo30yibHBIX LEHTpU(YTaxX YacTULIBl ABMXKYTCS MO CIUPAIH,
IIOKa HE CTOJIKHYTCA C BHEIIHEN CTEHKOW. PazMep dacTUIbl XapaKTepHU3yeTcs pac-
CTOSIHUEM, MPOWICHHBIM YaCTUIEN 10 CTOTKHOBEHHS.

PaccmoTpum gacTHIly, MOMagaronyio B HEHTPU(PYTY OKOJIO BHYTPEHHETO pajnyca
R, u, mpoxozas KOJbLEBOE MPOCTPAHCTBO, OCENAIOIIYI0 Ha BHEIIHEM paauyceR,.

PaCHpCI[CJ'ICHI/IC CKOpOCTeﬁ IIOTOKA B KAaHAJIC I10 paauyCy ABJISACTCA Hapa60J'II/I‘{CCKI/IM:

4k
u(r)=— L (R YR, 7).
WR,-RY 7

2 T 1Y
rae O — o0beMHasi CKOpOCTb MOTOKA, /1 — BBICOTA KaHala, k — KO3 PUIIUEHT, paBHBI
1.5 nns y3kMX KaHajioB, U 3 — I IIUPOKUX KaHAJIOB. Torjaa yacTuua 10 CTOJIKHOBE-
HUS NIPOMJET paAuaJIbHBIN IyTh R, — R, ¥ TAHT€HUUAJIbHBIN I1yTh, PaBHBIN

R,

l. =judt= delf = 2sz L +R12 + 2R 3lnﬁ

RV Wt (Rz_R1) (RZ_RI) R,
IMKIOHBI. 3arpsA3HEHHBINA BO3MyX BBOJMTCA B LMKIOH TAHTCHIMAILHO Yepes3
BEPXHIOIO YaCTh IMIMHIPA CO CPEAHEN CKOPOCTBIO V,, @ BBIBOAWTCS Yepe3 IaTpy-

00k, pacronoxeHHbI B 11eHTpe (puc.3.3). [Ipu 3ToM BO3ayX ycmeBaeT cuenath N
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IEIH

Puc.3.3. Cxema padoThl mpocTeiinmero MuKJIOHA

27RN
000pOTOB BHYTPH LIMKJIOHA, IPOOBIB TaM Bpems ¢, = —— . Ilpu 3TOM npeamnonara-

v

0]

€TCsl, YTO T'a3 HEC)KUMAEM U CKOPOCTh BpallleHUsI B IUKJIOHE paBHA CKOPOCTU MOTOKA
Ha BXOJle. DTO CHpaBEeAJIMBO B TOM cllydyae, KOIJla IIMpUHA MOJABOASIIEH TpyObl b
paBHA MIMPUHE KOJBIEOOPA3HOIO MPOCTPAHCTBA MEXAY BBIXJIONMHOW TPyOOil U CTEH-

KaMHM LIUKJIOHA. 3a TO K€ BPeMs f, YaCTHLA IJIOTHOCTBIO P ABMXKETCA MO JEHCTBHEM
tw

IEHTPOOEKHOM CHUIIBI K BHEIIHEW CTEHKE M MPOXOJIUT MyTh X = Ivrdt =v,t,. Ilpn
0

CTOJIKHOBEHUM C BHEUIHEH MOBEPXHOCTHIO MaJlble YacTHIlbl MPUJIMNAIOT K HEW,

OOJIBIIINE — OCBINAIOTCS U BBIBOJATCA uepe3 KosuiekTop. Kputnueckuii pazmep vac-

TUlbl, yraaBiauBaeMbid co 100% 3¢ deKTUBHOCTBIO, JETKO HAUTH U3 YCIOBUS X =b,

riae b — mupuHa NOTOKa BO31yXa B LIUKIIOHE:
9hm
pv N

g

cr

OddexkTuBHOCTH PaOOTHI ITUKIIOHA € = Yo an et N st
b (b/2)

Koaddumuent N 3aBucut ot GOpMBI U pa3MepoB ITUKIOHA U UMEET 3HAYCHHS OT
0.5 mo 10. HlupuHa BO3AYNMIHOTO TTOTOKA B OOJBINEH CTEMEHU 3aBUCUT OT AHAMETPa
CaMoro LUKJIOHA, B MEHBIIIEH — OT IHUPUHBI BXOJJHOTO OTBEPCTHUSI.

[Ipu naHHOM paccMOTpeHUH PabOTHI IUKIOHA MOTOK B HEM MPEANOJaraercs Jja-
muHapHbIM. Ha camom zaene oObuHO HaOmromaeTcs TypOyJeHTHBIA MOTOK, KOTOPBIH
IPENSTCTBYET MEPEMEIICHUIO YaCTUIl K CTEHKAM, MPUBOJUT K OTPHIBY OCAXKJICHHBIX

HacTHUI, 4YTO BCACT K YMCHLIICHUTIO 3(1)(1)CKTI/IBHOCTI/I OUKJIOHA.
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IIpo6ooToopunku. OT60p MPoO a’3p030Jist OOBIYHO OCYILECTBIISIETCS MyTEM 3aca-
ChIBaHUS (acHUpANMH) adPO30JIbHBIX YAaCTHUI[ BHYTPb MpuOOpa HJisi JalibHEHIIero
IIPOBENICHUSI, HATIPUMED, TUCIIEPCHOTO aHAIK3a. ACIUpaIys a3po30Jie OCyIIeCTBIIs-
€TCsl C TOMOUIbIO MPOOOOTOOPHUKOB (30HI0B) pa3IMYHON KOHCTpyKUMH. [Ipu sTOM
MOTYT BO3HHMKATh CYIIECTBEHHBIE HCKKEHHUS CTPYKTYPbl AHAIU3UPYEMOM MPOOBI
(xoHIIeHTpauu, GYHKIUUA pACTIPEEICHUS ), U3 KOTOPhIX MOXXHO BBIICITUTH YETHIPE
OCHOBHBIX MCTOYHUKA UCKAKECHUI:

1) uckpuBiEeHHE TUHUU TOKAa BOJM3U 3a00PHOr0 YCTPOMCTBA M CMEILIEHUE C ITHX
JVHHUHA 4acTHIl O1aroapsi iX HHEPLUHUOHHOCTH;

2) OTCKOK M IpOOJICHHE YaCTUIl HA HAPY>KHBIX TOBEPXHOCTAX 30H/IOB;

3) ocaxxaeHHe YacTUI] Ha BHYTPEHHUX MOBEPXHOCTSAX a’pPO30JIbHBIX TPAKTOB IPH-
00poB;

4) HEOTHOPOAHOCTH a3PO30JbHBIX TOTOKOB MO CEUYCHUIO B KaHAJIaX.

OTU UCKaXEHUSI YUUTHIBAIOT C MOMOIIBIO MOMPABOYHBIX KOIPPUIIUEHTOB: HHEP-
IIMOHHOIO Ko3(¢unuenTa acnupauun 4, ko3dduuuenta orckoka A4,, kodappunu-

CHTa OCaXKICHUS A ,, KoapUIHeHTa HEPABHOMEPHOCTH TI0TOKa asposons 4, . O6-

M TOMPaBOYHBIN KOA(OUIIMEHT acUpalvK, YYUTHIBAIOUN BCe OMMOKH 0TOOpa
po0 a’po30J1eil, MOXKHO MPEJCTABUTH B BUJIE
A=4,-4.-4,-4,.
Koaddumument acnupanum ynoO0HO ONpeAesuTbh depe3 JOJI0 YacTHI] a’dpo30Jis,
MPUXOAIINXCS HA €IMHUIY 00beMa BO3IyXa, MPOIIEIIeTro yepes npudop. Eciu <C>

— MOTOYHAs KOHIIEHTPAIHS, U3MEPEHHAss TprOOpoM, a <C0> — MOTOYHAsl KOHIICHTpa-
1US a3PO30JIbHBIX YaCTHIL B cpefie, TO A = <C> / <C0>.

PaccMoTpuM Tpu crenyromux cirydas mpodooTtoopa:

1) Pacnonoxxenrne nmpo600TOOpHON TpyOKH HE COBMAAeT C OCBIO JIMHUN MOTOKA B
cpene. YacTp yacTuil MOTyT OBITh M3-3a 3TOrO MOTEpsIHHBIMU. [loaTOMY H3Me-
peHHas KOHILIEHTpalus OyJIeT HUXKe, YeM UCTUHHAs, U 4 < 1.

2) Pacnonoxxenue npoO60OTOOPHOM TPYOKH COBIANAET C OChIO JMHUM TOTOKA B
cpelie, HO CKOpPOCTh MOTOKAa B MPOOOOTOOPHUKE MPEBBIIIAET CKOPOCTh NMOTOKA B
cpene. JIMHUM TOKa JOMKHBI CY’KaThCs nepen MpoO0OTOOPHUKOM, U HEKOTOPHIE
YaCTHIIbl M3-32 MHEPLMH CMECTATCA C JMHUN TOKAa M HE MOMaayT B KOJJIEKTOP
(MpoOTOOPHHMK), UTO TAKKE MPUBEAET K 3aHUKEHUIO U3MEPSIEMOI KOHIIEHTPALIUH
nuA<l.

3) Pacnonoxxenne mpoOOOTOOPHON TPYOKHM COBMAIAET C OCBIO JIMHUM IMOTOKa B
cpele, HO CKOPOCTh MOTOKa B MPOOOOTOOPHUKE HUXKE CKOPOCTH IMOTOKA B Cpeie.
Tenepb TUHU TOKa PaCHIUPSAIOTCS MEepe KOJIJIEKTOPOM, U YaCTHUIIbl, HAXOSIIHE-
Csl HA JIMHUSAX TOKA, KOTOPbIE HE BXOJAAT B MPOOOOTOOPHUK, BCIEACTBHE MHEP-
MU MOTYT IMOMNAacTh B KOJUIEKTOP (MPOOOOOTOOPHHK). ITO MPUBOAMUT K 3aBbI-
HICHUIO0 UICTUHHOW KOHLIEHTpauuu u 4 > 1.

[TosTOMY MIeanbHBIM CIydaeM, Ha3bIBAEMbIM M30KMHETHUECKUM OTOOPOM, SIBJISI-
€TCsl TOT, KOorJja MpoO0OTOOPHHUK PACTIOIOKEH COOCHO C JMHUSMU MMOTOKA U CKOPOCTU
MIOTOKAa B TPOOOOTOOPHUKE U B cpefie paBHbBL. Toraa ko3 PUImeHT acnupaiuy paBeH
SAVHHUIIE.
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Haitnem BeIpaxxeHue 1151 BETWYMHBI NOTOYHOM KOoHUEeHTpauu C. [Iycts n — cuer-
Hasi KOHIICHTpAIIUs, T.€. YUCJIO YacTUIl B eIuHUIle oObema. Torjga 4ucio MOHOMAMC-
MEPCHBIX YACTHUII, POLIEIINX Yepe3 MIOMIAIKY dS B €IMHUILY BPEMEHU PaBHO

dN =n(v-ds)=nv,ds,
rZie V — BEKTOpP CKOPOCTHU YaCTUIIBL; V, — IPOEKIUS BEKTOpA HA HAIPaBICHHE HOpMa-
7 K iomaaku ds . [lycte 00beMHBIN pacxo/ Bo3ayxa uepes Ty JKe IIIOIMAIKY ds
dQ = (iids ) = u,ds ,
rie U, U, — BEKTOP CKOPOCTH M INPOEKLHS BEKTOPA CKOPOCTH Tra30BOT0 MOTOKA HA
HaIpaBJIeHUE HOPMAIH K TUIOLIAJIKE ds.
Torna BennurHa NOTOYHOM KOHILIEHTpauu C, 1O HalpaBJICHUIO, PaBHA
c=W _m

dQ u

AHaAJIOTHYHO MOXHO BBECTH IOHATHE CPEIHEN MOTOYHOW KOHLEHTPALUH YaCTHIL
a’po30Jisl, MPOUIEAIIET0 YEPE3 KOHEUHYIO TUIOIIAKY S

(C)= ( ! )n(vdg) /(! )(ﬁdE).

Bunno, uro C = n (1160 <C > = <n>) TOJIBKO B TOM CJIy4dae, Korjua v =1u .

n

OO0b19HO KO3 (UIIMEHT acTipaIuu A SBISIETCS CIIOKHON (YHKITHEH pa3mepa Jac-
THI], TOTOKOB, TEOMETPUIECKUX MApaMETPOB 30H/a, a3PO30JbHBIX TPAKTOB H T.1. Ec-
T A7 JAHHOTO TpuOopa M 30HAa OH OIpENesieH, TO TOT/Aa M0 U3MEPEHHOM MOTOoY-
HOM KOHIEHTPAllMd MOXHO BOCCTaHOBUTH HCTUHHBIC XapaKTEPUCTUKH IUCTIIEPCHON
cuctembl. HecMOTpsi Ha OrpOMHYIO MPAKTUYECKYIO0 3HAYUMOCTh MPOOJIEMBI acmupa-
[IMY, K HACTOSAIIEMY BPEMEHHU HamOoJiee MoApOOHO PEIIeH BOMPOC TOJIBKO 00 WHEp-
LIUOHHOM KO3 pHIMeHTe acnupanuu 4. .

PaccMoTpuM BiMsSHME MHEPLMM YAaCTHUIl HA MCKAKEHHE a’pO30JbHOM MpoOBI s
TOHKOCTEHHOTO IWJIMHAPUYECKOTO 30H/1a, OPUEHTUPOBAHHOI'O HABCTPEUY a’pPO30Jib-
HOMY IIOTOKY.

Ha puc. 3.4 noka3zanbl TUHUM TOKA TEUECHHS raza BOJIW3M 30HJA (CILIONIHBIC JIM-
HUW), @ TAK’K€ TPACKTOPHH a3pO30JIbHBIX YAaCTHIL] (IITPUXOBAHHBIE JUHUM). JIMHUAM
(1 — 3) COOTBETCTBYIOT KPUTUYECKHE JIMHUHU TOKA, KOTOPBIE PA3JEsAIOT Ta30BbIi MO-
TOK Ha JBE€ YacTH, OJHA W3 KOTOPBIX MPOXOJUT Y€pe3 30HM, a Apyras MUHYET €ro.
JIunusim (2 — 3) COOTBETCTBYET MpeJieNIbHbIE TPACKTOPUM YACTHII, T.€. TAKHE TPacK-
TOPUH, KOTOPHIE 3aMBIKAIOTCSA Ha BHYTPEHHEH MOBEPXHOCTH IMJIMHIPUYECKOTO 30H-
na. HetpyaHo yBUIETh, YTO BCE YACTHIIBI, TPOXOAsIIKE yepe3 ceueHue (2 — 2), nona-
YT BHYTPh 30HJa BMECTE C 00BEMOM BO3/yXa, MPOXOadIuM yepe3 ceuenue (1 — 1).

Ecnu N — noTtok uucia yactul uyepe3 ceduenue (2 — 2), a Q — pacxoj Bo3yxa ye-
pe3 30H/1, TO



(1 1) 2y (1
&

i
19

=] e

=

(3) (3)

=l

Puc. 3.4 JIuHUM TOKA TeYeHUs ra3a U TPAeKTOPUH a3P030JIbHBIX YACTHII
BOJIN3H 30HIA

Torna
A = (y)D*
l <u>d2 ,

rac <1/l0>, <u> — CpCOAHUC CKOPOCTU TCUCHUA I'a3da BAAJIMU OT 30HIAA U HaA CPC3C, COOT-

BETCTBEHHO; D — quameTp TpyOKH IpeleibHON TpaeKkTopuu; d — BHYTPEHHHUU Aua-
METpP LWJIMHIPUYECKOTO 30H/1A.

[Ipu acnuparyu 6€3UHEPIIMOHHBIX YACTULl UX TPACKTOPUU HE OyAyT OTIMYATHCS
OT JIMHUM TOKA, U MOCKOJIBKY (O = (,, T0 A, =1. IHEepIMOHHOCTh peaJbHBIX a3pO-

30JIbHBIX 9aCTHUIl HC paBHAa HU HYJIIO, HU OECKOHEUHOCTH. HOBTOMy 3Ha4YCHUC Ai Ha-
XOOUTCA MCIKAY ABYMA NPCACIIbHBIMU 3HAUYCHUAMMU: 1 n <u0>/<u> . YKa3aHHbIEC 3aKO-

HOMEPHOCTH CIIPABEJIMBBI TOJBKO I TOHKOCTEHHBIX TPYOOK, KOT/a OTHOIICHHE
TOJIIIMHBI CTEHOK Ad K nuameTtpy Tpyoku d He meHee 3HaueHus 0.01.

Jlig pacueToB 4. HEOOXOOUMO OIPENEIUTH MOJIE CKOPOCTEW ra30BOr0 IOTOKA U
npeaenbHble TpaeKTOpuM YacTull. Kak rmokaspiBaeT TEOpPETUUECKUI aHaIN3, KO3 Pu-
LIUEHT aclUpaly onpenessieTcs psaoM 0e3pasMepHbIX apaMeTpOoB:

4, = A(St, K, L Re, Re"..).
3necp St :<u0>r/ (d/ 2) — yucno Crokca, K = <u>/<u0> — ko3¢ PULMEeHT aHu30-

KUHETUYHOCTH, L — TeOMETPUYECKUE TapaMeTphl Teuenus; Re, Re® — uucna Peii-
HOJIbJICA JIJISl IOTOKA M YacTUILIbI, COOTBETCTBEHHO. J[J11 O€3rpaHUYHOrO CTalMOHap-
HOTO OTPBIBHOT'O TOTOKA 0€3 yueTa B3aMMOJAEUCTBUS YaCTHI] MEXKIY COOOM U BIMsI-
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HUS YaCTHIl Ha XapaKTEPUCTHKHU MOTOKA YAAIOCh TOJYYUTh BBIPAKEHUS I KO-
¢uumenTa 4. :

A=1+ B(st, Kk -1),
rae f (St, K ) — HekoTopas pyukius uncen St u K.

B pe3ynbTaTeé MHOTOYHMCICHHBIX JKCIEPHMEHTAIBHBIX HCCIENOBAaHUM YIalIOCh
HAWTH IMITMPHUECKYIO 3aBHCHMOCTb 1 f(St, K):

B(st. K) = (2+0.62K)- St |
1+(2+0.62K)- St
Torga MOXHO IOJIy4HTh BeIpaXkeHUe M A, :
(2+0.62K)-5t- (k" -1)
1+(2+0.62K)-St

VYkazaHHasi 3aBUCUMOCTh CIIPaBEJIMBA VISl CIAEAYIOUIUX TUANa30HOB BEJIUYUH St
nK:

4 =1+

0.05< 8t <20; 0.2<K <10.
I'py6o Bemmumny B(St, K) MOKHO oneHHTH 1 110 popmyie JleBuca:

25t
St, K)= )
B( ) 1+ 28t

C moMoIIpI0 MPUBEICHHBIX (OPMYIT MOYKHO MOTYYUTH T€ KE PE3YJIbTATHI, YTO U B
skcnepumenre: 1) A, =1, xoraa, <u0> >0, St<<1; 2) 4= <u0> /<u>, KOr/a,

St > o; 3) 4. =1, xorna, <u0> :<u> B cmyuae, xorna <u0> =0(K — o), nanHas

3aBUCHMOCTb HE JaeT MPAaBUIBHOIO 3HAYEHUS KOA(P(PHULUEHTA acIupaluy, HadIo-
JAEMOr0 SKCIEPUMEHTanbHO: 4, =1.

IIpuMepsl pelieHus 3a1a4:
3agaua 1. ¥ umnakropa ¢ comiom auamerpom 0.3 cm uyuciao PeiiHosbaca B
comuie pasxo 3000. Haiiti quamerp yactun miotuocrsio 10° kr/m’, koropsre 3a-
nep:kuBaioTes ¢ 3dpdexTnBHOCTHIO 50%. Il1oTHOCTH Bo3ayxa 1.29 kr/M’. Kune-
MaTH4ecKasi BAI3KoCTh Bo3ayxa 15.2:107° m*/c.
Pemenne. OnpenenuM CKOPOCTh YacCTHUIIbI, KOTOpasi MPAKTUYECKU COBHAJAET CO
CKOPOCTBIO MIOTOKA

A%
u= Re-Eg =3000-15.2-107%3-107° = 15.2 m/c.

D PeKTUBHOCTL NBUICYIABIMBAHUS onpenensercs, kak €=2ut/D = 0.5. Tak,

2 N
Kak XapakrepHoe BpeMms T = d p/(18v,p,), TO AMAMETP YacTHUll, COOTBETCTBYIOILUIA
naHHOM 3(PPEKTUBHOCTH UX OCAKICHUS, ECTh

18 9Dv .2.1073. .107° .

dy, = &: —gpgs :\/9 3-107-15.2 12 1'29-0.5 =2.95 (MKM).
p 2up 2-15.2-10

Ot1Bet: 2.95 MKM.
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3agaya 2. KakoB MUHUMAJIbHBIN AMAMETP YACTHULl, YJIABJIUBaeMbIX € d(pek-
TUBHOCTHIO 100 % B HUKJIOHE, CiayKaleM BXOAHOH CTyNeHbIO MPO0OOTOOPHUKA
BAbIXxaeMoi nblIM? IlpunsaTe R =5 Mmm, b = 2.5 mm, Q = 2.810° m/c, N=35, p=
10’ kr/m’. Bxoanoe oTBepcrie nMeeT (JopMy KBaApaTa.

Pemienune. B stoM cimywae R # b. JInsg OleHKH MUHHMAJILHOTO YJIaBIMBAEMOTO
JMaMeTpa 4acTHUI] BOCTIOJb3YeMCs TeM K€ METOJIOM, YTO U paHee JJid ciayyas R = b.
[Ipeanonoxxum, 4To TUAMETP BBHIXJIOMHON TPyObl Mas. BO3MylIHbIN MOTOK paciiupsi-
€TCs TaK, 4YTO OOIIMI pacxoi COXpaHseTCs

Q=v,b>=v bR,
TJE V,, U V, — CKOPOCTH BO3/yLIHOTO [OTOKA BO BXOJHOM OTBEPCTUH U B IUKIIOHE.
Orcrona v, = Q/bR=2.24 m/c.
Bpems npeObiBaHus BO3IAyXa B IMKJIOHE TNpuU coBepuieHun N 060pOTOB
2nRN

VCO

t

(0]

. 3a 9TO0 XKe BpeMs f,, 4acCTHLA ABMXKETCS MOJ AEHCTBHEM LIEHTPOOEKHOU

CWJIBI K BHEITHEH CTEHKE W MOKET MPOUTH MaKCHMaIbHBINA yTh Tipu 100% 3¢ dek-
TUBHOCTH IIUKJIOHA, PABHBIN:

2
R=vt ,v. =v.1/R, rzi%.
18 n,
B pesynbTaTe mOACTaHOBKH MOJYYUM MHUHUMAJIBHBIA THAMETP, XAPAKTEPU3YIO-
it 100% 3¢ dekTuBHOCTS paboThI IUKIIOHA:
9Rn, _\/9-5-103-18.37-106
10°-2.24.5-3.14

dipo = =4.8 (MKM).

PV, NT -

OTtBet: 4.8 MKM

3anaua 3. TpyOka nuamerpom d = 25.4 MM ucCHoJIb3yeTcH i 0TOOpPa AbIMAa
U3 TPYObI, B KOTOPOii ra3 MoJHUMAETCS CO CKOPOCTHIO Uy = 9 m/c. Hacoc npobo-
0TGOPHHKA MO:KeT obecmeunTb pacxox Toiabko O = 45107 m’/c. Onpeneants
OIIMOKY, BO3HUKAKIIYI0 NpH oT0Ope: a) yactul auamMerpom d; = 10 MkMm u
IUVIOTHOCTBIO Py = 2:10° KF/M3; b) wacTtun nuamerpom d, = 0.01 MKM M IJIOTHO-
CTBIO Py = 10-10° kr/nt’.

Pemenne. OnpenenniM CKOPOCTh BO3yXe B TpyOKe MpoOOOTOOpHUKA KaK OTHO-
[IEHHE Pacxo/ia K IUIOIIAIA MOTIEPEUHOT0 CEYEHUS TPYOKHU:

-4
U= 40 _ 4-4.5-10 ~=0.89 m/c.

nd®314.(25.4-10°)

Tak Kak CKOPOCTh BO3/lyXa B TPYOKE # MEHbIIIE CKOPOCTH BO3/yXa B CpPEAe Uy, TO
u3MepsieMasi KOHIIEHTpaIs YaCcTUIl AbIMa <C > OKaXETCs1 OOJIbIIIE UCTUHHON KOHIICH-

TpaLuu <C0> A= <C>/<CO> >1.
JI1st Hadana onpenesuM XapakKTepHoOe BpeMs (UL p >> p,):
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T _Lpdi g, T _1pdh 500,
18 n, 18 n,
Uncno Crokea St =u,t,/(d/2)=10-6-10"/(25.4-107/2) =0.47, S,=2.4-10".
Koadpuument annsoxkunernanocta K =u/u, =0.89/9 ~ 0.1,
Onpenenum KodHPUITUEHT aCTUPALINN:
(2+0.62K)-St,-(K ™' ~1)
1+(2+0.62K)- St,

Takum oOpaszom, ommOKka NpU U3MEPEHUU KOHIIEHTPAIlUU JABIMOBOTO a3pO030Jis
nepBoro tuna coctanisieT 440%, a 171 BTOpOro oHa mpakTHiecku HUuToxkHa — 0%.
OtBer: a) 440%, b) 0%.

A =1+ —54ud,=1.

3anaum U1 CAMOCTOSAITEIbHOIO PellleHNs]:

1. BxogHoe mpsiMOYyTroJibHOE OTBEPCTHE UACAITBHOIO0 UMIAKTOpa uMeeT JiuHy 2.08
cM u mmpuny 0.358cm. OmnpenenuTs pacxoa Bo3Ayxa, KOTOpBIM moTpedyercs
s 100%-ro 0ca)IeHus YaCTHI] JUAMeTpoM 15 MKM M IIOTHOCTBIO 10° Kr/m.

2. HaiiTi maMeTp 4acTHIBI IIIOTHOCTEIO 10° KI/M°, KOTOpas IOIKHA 0CECTh B 2CM
OT BXOJ]a B LIGHTPU(YTY, COBEPIIAIONIYIO 5 000POTOB B CEKYH/Y; CPEIHSS CKO-
pOCTh B KaHaje cocTaBisieT | M/c; BHyTpeHHHMI auametp ueHTtpudyru 0.15 M,
mupuHa kaHana 1 cm. CuutaTth K03hdunment k = 2.

3. Onpenenuts 3QPEKTUBHOCTD yIaBAUBAHUS CPEPUUECKUX YACTHI] TUAMETPOM 5
MKM H IIOTHOCTBIO 10° KI/M’ B HeGONBIIOM IHKIOHE, HMEIOIEM KBaApaTHOE
otBepcTue co ctoponoit 0.3 cm. O6bemHast ckopocTh moToka 1.7 n/mun. N = 1.

4. HeoOxomuMo oToOpaTh 4acTHIlbl TymMaHa pasmepoM 0.1 MKM, IBHXKyIIHECS B
JTLIMOBOM TpyOe co ckopocThio 1M/c mpu temnepatype 200°C. InoTHOCTh yac-
tir 10° kr/m’. Iuametp Tpy6ku npoGootGopruka 1 cm. Onpenenuts ko3ddu-
[UEHT acIupaluu, eciu CKOpocTh MmpodbooToopHuka coctasisieT 0.01 ckopoctu
JpIMa B TpyOe.

5. Omnpenenuth KO3PGUIUESHT acTIUpaIuu Ipu 0TOOPE TMPOOBI a3p030Jis (YaCTHIIHI
nuaMeTpoM d; = 1 MKM M IIOTHOCTBIO p; = 2:10° kr/M) 4epes TpyOKy AmaMer-
pom d = 10 MM u3 TpyOBbI, B KOTOPOH a3 MOJHUMAETCSI CO CKOPOCTBIO Uy = 5 M/c.
Hacoc npo6ooTGopHuKa obeceunBaer pacxox Toiasko O = 6.3-107* m’/c.

KoHTpoJibHBIE BONIPOCHI:
OnummTe NpUHLKI JEHCTBHS UMIIAKTOPA.
. Onummre NpUHLKI ASHCTBUS LIUKJIOHA U LEHTPUPYTH.
. Uro Ha3zpiBaeTcs acnupanuei a’po3ois? KakoBbl NpUYMHBI MCKAXKEHHI HC-
XOJTHOTO COCTaBa a’3p030Jiei acupalMOHHBIMU TprOopaMu’?
4. Tlouemy BaXXHO IIPU aCMUPALMU UCIOJIB30BATh N30KUHETHUECKH 0TOODP?
. OU3NYECKUI CMBICI MOTOYHONU KOHIEHTpAMU U Ko3(ppuienTa acnupanuu.
6. Kpurnueckue JTMHAN TOKA U IPEAEIbHBIE TPACKTOPHUHU.

W N =

V)]
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7. Or d4ero 3aBucUT KodpduuueHnt acnupauuu? Ilouemy npu St— oo,

4, —><u0>/<u> ?

8. Korma ko3 puuueHT acnupaiu B peajibHbIX YCIOBHAX OJIM30K K €IMHULIE?

JIABOPATOPHAS PABOTA Ne 5
N3yuenne padoThl KACKATHOTO HMIIAKTOPA

Llenv pabomul: I3yunTth paboTy KacKaJHOTO UMIIAKTOPA U UCCIEAOBATH C MTOMO-
b0 HErO JUCIEPCHOCTh a3PO30JIsl.

st otObopa aspososielt HanOobIlIee PACIPOCTPAHCHUE TMOJIYUHIA UMIAKTOPHI,
KOTOPBIE COCTOSIT M3 HECKOJIbKHX COTIEN YMEHBIIAOIINXCS pPa3MepoB (KacKaTHBIHN
umnaktop) (puc. 3.5). Bo3ayx nociegoBaTeabHO IPOXOAUT CHavalla IMPOKKE, a 3a-
TEM y3KHe coruia. Takol Kackaj oOecTieunBacT pa3AeICHHE a3p030JIe Ha HECKOIBKO
dpaknuii o yuciy comenl. OcaxacHHbIC (PPaKIIMN YaCTHI] AHATU3UPYIOTCS U TOJY-
YaroT JaHHBIC O PACTPEACICHNH YacTHII [0 pa3MepaM WM WX MaccaM B JJaHHOM ad-
posone. Pa3mep, KOTOpOMY COOTBETCTBYET BhIOpaHHas (pakiusi a3po30Jiel, ABIseT-
cst quametp dsg, T.€. 3aJIep>KUBAIOIIUNCSA JTAHHBIM COIUIOM KAacKaJHOTO MMIIAKTOpPa C
BEepOATHOCTBHIO 50 %.

Puc. 3.5. Cxema KOHCTPYKIMH KACKAJTHOT0 MMIIAKTOPA

OCHOBHBIMHU XapaKTEPUCTUKAMHM KACKaJHOTO WUMIIAKTOpa SIBJSIOTCS KpUBBIC d(-
(EKTHBHOCTH OCaXICHUS YaCTHI] HA Kax0u cTyneHu. [lo-BuammMomy, Takue KpUBbIC
TOJDKHBI UMETH B Hiealie (hOpMy CTYNEHBKH, TaK YTOOBI B JAHHOW CEKITMU UMIIAKTOpa
OCaXKJIaJMCh YaCTHUIIBI pa3Mepa JIUIIb OOJBIIIE HEKOTOPOTO KPUTHUYECKOTO. PeanpHbie
KpUBBIE UMEIOT OoJiee mIaBHyto hopmy (puc. 3.6).

B cooTBeTcTBHM C BBINIECKa3aHHBIM SICHO, YTO HA KaXXJIOW CTYMEHU KACKaTHOTO
UMIIAKTOpa OCaXTAFOTCS YACTHIIBI, JISKAITUE B OCHOBHOM MEXIy COCETHUMHU KpH-
BbIMH 3P PEKTUBHOCTH ocaxaeHus. CiieJ0BaTeIbHO, €CIM 3TH KPUBBIE U3BECTHBI JJIS
3aJJaHHBIX TTAPaMETPOB AKCILTyaTaIllil UMITAKTOPa, OTHOCUTEIHHOE KOJIMYECTBO Yac-
THI], OCEBIINX HA KKJOW CTYIEHH, JACT MX JIOJIIO B PACIPEICICHUN YaCTHI] IO pa3-
MEpaM B M3y4aeMOM a’po30Jie. ITO U €CTh OCHOBHOE CBOMCTBO KacKaJIHOTO MMITaK-
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Puc. 3.7. Cxema umnaxkropa AHjaepceHa ¢ 2-Msi CTylleHAMU

TOpa, KOTOPOE MO3BOJISIET OMPEACIUTh paclpeieIeHUEe YacTull 1o pa3mepam 0e3 u3-
MEpEHUS Pa3MEPOB CAMHUX YACTHII.

[Ipu Kcronb30BaHUU TAKUX UMIIAKTOPOB IMOCIE MPOTSKKUA Yepe3 HUX HEKOTOPOTO
KOJIMYECTBA a3p030Ji U3BJICKAIOTCS MJIACTUHBI U3 KAXKJAO0W CTYNEHHU U TIPOU3BOIUTCS
MOJICYET C MOMOIIBIO MOAXOISIIEr0 MUKPOCKOIIA JIUIIb KOJTUYECTBA YaCTHI] HA OIpe-
JIEJICHHOM TII0IIaau (HaIpuMeEp, B MOJI€ 3peHusi MUKpockona). ConocTaBiieHHE TaKUX
MO/ICUCTOB HA PA3HBIX CTYMEHSIX U Ja€T UCKOMYIO (DYHKIIMIO pacCIpeIesICHNs YacTHII
10 pa3MepaM.

B ycrioBusix HOpManabHOTO JIaBJICHUSI BO3[yXa HE yAA€TCS MHEPLIMOHHBIM CIIOCO-
OOM OCaXKJaTh HA TUTACTUHKHU YACTHUIBI IPUMEPHO MEHBINE, 4eM | MKM, U 3TO 3HaYe-
HUE ONpeneisieT NPUMEHUMOCTh OOJBIIMHCTBA MUMIAKTOPOB IO H3MEPEHUIO AMC-
NEPCHOCTU TE€X WJIA UHBIX a3PO30JICH.
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Bce Gonbliee pacnpocTpaHeHue 3a pyOexoM MOJIy4aloT TaKk Ha3blBaeMbIE HM-
NaKkTOpbl AHIEPCCEHA, B KOTOPBHIX B IHJIMHIPUYECKOW 000WMe ApYyr Haja JpPYrom
PaCIOJIOKEHBI TIACTUHBI ¢ OOJIBIIMM KOJIMYECTBOM OTBEPCTHUH (COTeN), TuaMeTp Ko-
TOPBIX, HO HE YMCIIO, PACTET OT IUIACTUHBI K IJIACTUHE. Pe3ynbTaThl U3MEpEeHH 1Oo-
Jy4aloT B3BEIIMBAHMEM 3THUX IUTACTMH Ha aHAJUTHYECKUX Becax. BuJl OCHOBHBIX
AJIEMEHTOB JIBYX CEKIIUW TaKOr0 UMITAKTOpa MPUBEEHBI HA puc.3.7.

B kadectBe nmpumepa mpuBeAeM MPUMEP MOJYUYCHHBIX JTaHHBIX C MOMOIIBIO IIeC-
TUCTYNIEHYATOTO UMIaKTOpa. OWIBTP, MOMENICHHBIA TTOCIIe HMIIAKTOPa, MOKHO CUH-
TaTh 3aKIIOYUTEIHFHONU CTYNIEHBIO, 00SCIIEYNBAOIICH YIaBIMBAHNE BCEX MPOIICIITHX
9yepe3 UMIIAKTOP YaCTHII.

CTyneHb dso, MKM Macca ynosnen- | Jlonst yioBieH-
HBIX 9aCTHI] HOT'O BEIIECTBA

2 1 15 3.30

3 4.4 35 7.69

: 2.65 110 24.13

5 1.7 190 41.76

6 0.95 80 17.58

GuIBTp — 25 5.49

IMopsi10k BHINOJHEHHS PAOOTHI

1. M3yunTh YCTaHOBKY, COCTOSIIYIO M3 KOMIIPECCOpa, pacxoaomepa, KacKaJHOTO
MMIIAKTOPAa U ONTHYECKOTO MHUKPOCKOIMA Il M3ydeHus: (Qpaxiuii pacibUIEHHOTO
MOpPOIIKA.

2. VY3uarp nuametp dso 1 KpuTHueckoe yncino CTokca A KaXJI0ro U3 COMeN Kac-
KaJTHOTO UMITaKTOPA.

3. Cma3zaTh MacjaoM KaXIyl0 U3 yJIaBIMBAIOIUX [UIACTUHOK Ui YBEIMUYEHUS BEpO-
ATHOCTH YJIaBIUBAHUS YaCTHULL adPO30JIA.

4. Bxmrounts kommpeccop. [logath H0CTaTOYHO MalIbIMH MOPLMSIMH BBIOPAaHHBIHN
MOPOILIOK HAa BXOJ UMITaKTOpa. BBIKIIOUUTE KOMIpeccop.

5. C nmomouipi0 MUKpPOCKOIA OMPEAETUTh MPUOIMKEHHO CPEeHEEe KOJIUUYECTBO a’po-
30JIbHBIX YaCTHII, OCEBUIMX Ha KKAYIO U3 YJIaBIMBAIOUINX TIACTHHOK.

6. IlocTpouTth AMarpaMmy pacipeaeseHus YacTHIl IO pa3Mepam.

JIABOPATOPHA PABOTA Ne6
N3mepenue ko3 dunuenTa acnupanuu rpyooaucnepCcHbIX a3p030J1e

Lenv pabomui: Vicnonb3yst METOA “TOHKOW CTPYH Karelb’, IPOBECTH U3MEPEHHUS
MHEPLUHUOHHBIX KO3(PPHUIIMEHTOB acHUpaluu Jii TOHKOCTEHHOTO NpoOO0OTOOpHHUKA
OpU 3HAYEHUSAX Ko3(pPUIMEHTa AaHU30KUHETUYHOCTH <u> / <u0> >1; <u> / <u0> <1;

<M>/<MO> =1. PGBYJIBTaTBI 9KCIICPUMCHTOB CPABHUTH C U3BCCTHBIMU TCOPCTUICCKUMMU.
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= I'3-33
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Puc. 3.8. Cxema 3kcnepuMeHTAJILHOH YCTAHOBKHM: | — 3BYKOBOM reHeparop; 2 —
BO31yXOAyBKa; 3 — nuddysop, 4 — cetku; 5 — urna; 6 — OJI0K reHepaTropa MOHOAMC-
MEPCHBIX Kalelb; 7 — KamuUIsp ¢ )KUAKOCTBIO; 8 — ynpyras MJIaCTUHKA; 9 — KaTYIIKa;
10 —mpodunupoBanHoe como; 11 — peometp; 12 — kamepa; 13 — npobooT6opHUK; 14
— peometp; 15 — Bo3nyxoayBka.; 19 — Mukpomerp

JI71s1 SKCIIepUMEHTAIBHOTO OmpesieeHus KodppuiiueHTa acnupaiy u3 JaMuHap-
HBIX IIOTOKOB MOKET OBITh UCTOJb30BaH METO/I “ TOHKOW CTPYH ~°, KOTOPBIN YCIIEITHO
npUMEHsUICS JUIs uccnenoBanuil nuddysunodopesa, monepeuHor MUTpAINK, SBICHUI
MHEPIIMOHHOT'O OCaXKECHUSI, IPOBOJMMBIX B pa3HbIe I'oj/ibl Ha Kadeape TerI0Ppru3uKH.

CyliHocTh METO/Ia COCTOMT B 3aMEHE HaOIOJICHUS 32 OJJMHOYHOM 4YacTUIICH Ha-
OJIFOICHHEM 33 CHCTEMOW YacCTHUI[ OJAMHAKOBOTO pa3Mepa, ABUKYIIUXCS MO0 OJHOW U
TOU K€ TPaeKTOpHUH. Takas cucrema 4acTULl B OTCYTCTBUU HEPETYJISIPHBIX BO3MYIIIE-
HUW HAONIOAACTCs MPU TEMHOIOJIBHOM OCBEIICHUU B BUJEC TOHKOW CBETJIIOW HUTH,
MOJIOKEHUE KOTOPOI B IPOCTPAHCTBE JIETKO MOKET OBITh 3a(DUKCUPOBAHO.

[IpakTruecku peanuzanus METOJa “TOHKOM CTPYW Kameslb OCHOBAaHA HA MpUMeE-
HEHUU TEHEPATOPOB MOHOJMCIIEPCHBIX Karellb, pabOTaIONUX B PEKUME TOYHOTO 3a-
JaHWSI UX KOOPJMHAT U HAYAJIbHBIX CKOPOCTEM.
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Puc. 3.9. Cxema 3xcnnepuMeHTAIbHOM YCTAHOBKU:
17, 18 — Mukpockonsl Jyist HaOroAeHMS; 20 — OCBETUTEIb

Ha puc. 3.8, 3.9 uzo0paxena cxema yCTaHOBKH, OCHOBHBIMH Y3JIaMH KOTOPOM
ABIIAIOTCS: OJIOK TeHepaTopa MOHOAMCIIEPCHBIX Karelb, NPOQHINPOBAHHOE COILIO
(cormno BHTOMIMHCKOT0), MUKPOCKOIT JIJIsl HaOJIIOJEHUS 32 MPOLIECCOM acHupalu B
KaMmepe, II€ YyCTaHOBJICH LUJIMHAPUYECKHI MPOOOOTOOPHUK, YCTPOMCTBO I U3Me-
pEeHHS AMaMeTpa TOJOKEHUS MpeleabHON TPaeKTOPHH, BO3AYyXOAyBKa, nuddy3op c
CETKaMH, PEOMETPhI IJIsl U3MEPEHHUs] PACXOJOB TIas3a, peryiaupoBouHble kpaHbl (K,
K,), MUKpocKoOMN JIJ1s1 U3MEPEHNUS pPa3MEPOB Karelb (Ha CXEME HE TIOKa3aH).

I'enepaTOop MOHOAMCIEPCHBIX Kaleiab ¢ BUOPUPYIOIIEH UIJIONW M3 Kaluiuisipa co-
CTOUT U3 KallWJuIApa C )KUAKOCThIO, YIPYTOi IUIACTUHKU C UTJION, DJIEKTPOMArHUTHON
KaTyIIKH{, MCTOYHUKA IEPEMEHHOT0 HaNpsKEHUs - reHepaTopa ['3-33.

IToTok BO31yXa M3 BO3IYyXOAYBKH IOCTYNaeT B AU(PPy30p, COETUHEHHBIN C OJI0-
KOM FeHepaTopa MOHOJMCIIEPCHBIX Kaleib. | 'eHepaTop MOHOAUCIIEPCHBIX Kallelb pa-
6otaeT cnexyroumm oodpa3om. [lnacTunka ¢ urioil, HacTpoeHHas: B pe30HAHC Ha 3a-
JAHHOW YacTOTEe, COBEPIIAET BHIHYKICHHbIE MEPHOJNUECKHIE KOieOaHusl B IepeMeH-

55



HOM MarHUTHOM IOJI€ KaTyIIKH. AMIUIUTYAa KojeOaHWW KOHIIA WTJIBI 3aBHCHT Ha-
OpsDKEHUS. Ha KaTyllke, KoTopoe perynupyercs reHeparopom ['3-33. Konen koie6-
JFOLIEHCST UTJIbl TIEPUOJANYECKU TOTPYKAETCS B JKMJIKOCTh, HAXOJSIIYIOCS B Kalul-
asipe. Ilpu BbIXoae M3 KUAKOCTU MEXTY KOHILIOM HIJIBI U CAaMOW KHUJIKOCTBIO BO3HU-
KaeT MepeMbluKa, KOTOopasi B HEKOTOPbIII MOMEHT pa3pbIBae€TCs BHAUaje y MEHHCKa, a
3ateM y urisl. OOpa3oBaBIIasCs U3 MEPEMBIYKU Kalljisi BMECTE B IOTOKOM BO3/yXa,
TPOiiIs COII0 BHTOMMHCKOTO', MOCTYHAET B KAMepy, T/Ie YCTAHOBIICH IIMJIMH PHYIe-
CKM TOHKOCTEHHBIM MPOOOOTOOPHUK, CHAOKEHHOM MHUKPOMETPHUYECKHMM BUHTOM
IUTI U3MEPEHUS ero nepeMenieHus. Borxoa mpob6ooTO0pHUKA MOAKIIOYEH K BO3TyXO-
TyBKe.

Ecnu reneparop MOHOAMCIIEPCHBIX Kalelb HACTPOEH B PEKMME TOYHOTO 3a/IaHUs
HAYaJIbHBIX CKOPOCTEH M KOOPAMHAT TeHEPUPYEMBIX Kalelb, TO CUCTEMA JIBIKYIIHX-
Csl Kamenb MPU TEMHOMOJIBHOM OCBEUICHHHM B Kamepe BHAHA KaK TOHKas CBETJas
HUTb, (pOpMa KOTOPOH COOTBETCTBYET TPACKTOPUHM OJAMHOYHOM Kamu. [lonb3ysch
kpanamu K; u K;, MO)XHO U3MepsITh CKOPOCTH BO3JYIIHBIX TOTOKOB Ha BBIXOJE CO-
m1a Burommuckoro (u,) 1 Ha Bxoze npo6ootéopHuKa (u). CKOPOCTH IOTOKOB U3-

MepSOTCs peoMeTpaMu. [naMerp nmpeaenbHON TPAeKTOPUHU M3MEPSIETCS] MUKPOMET-
POM P €€ PErUCTpaluyu B NOTOKE C IIOMOILBIO 3pUTENBHOM TPYObl KATETOMETPA.

Pa3mep reHepupyembIX Kamesb ONPENENsIeTCs] ¢ MOMOIIbI0 ONTUYECKOIO0 MHKPO-
CKOIIa I10CJIE OCaXKIEHUS Ha IPEJMETHOE CTEKJIO, IOKPHITOE CHELUAIBHBIM COCTaBOM.
DTO NOKpPBITHE NMPEAOTBPALIAET paCTEKaHUE Kalleb 10 CTEKIy U UX ucnapenue. Ecnu
KaIlJll BOJASHBIE, TO COCTAB IIPEICTaBIsAET OO0 cMech Ba3elnnHa ¢ TpaHcpopMmaTop-
HBIM MAacJIOM, KOTOpasi TOTOBHUTCS NPEIBAPUTEIBHO IO CIEIUAIBHONW TEXHOJIOIHMH.
Jlis orOopa Karesnp MpeAMETHOE CTEKIIO BBOJUTCS B KaMepy depes I1eib, Ipope3aH-
HYIO B CTEHKE MEXIY cpe3amu coruia BurommHackoro u npo6ooTOOpHHUKA.

Iopsinok BbINMOJIHEHUSI pa00THI U 00pPadOTKa Pe3yibTATOB U3MEPEHHIi:

1) TloaroToBUTH TAOMHIIBI TSI 3ATTUCH PE3YJIbTATOB U3MEPEHHUI U UX 00PaOOTKH.

2) Bxmrouutsb 3ByKOBOI reneparop 1'3-33.

3) IloaroToBUTH NPEIMETHBIE CTEKIJIA, MOKPBITUS JJIA CTEKOJI U MUKPOCKON JJIst
U3MEPEHHS Pa3MEPOB BOASHBIX Kalleib, KOTOPIE UCIIOJIB3YIOTCS B KAUE€CTBE MOJIEIb-
HBIX YaCTHI] B JaHHOU padoTe.

4) CHAB BEPXHIOK KpPBIIIKY T'€HEPAaTOpa MOHOJIMCIIEPCHBIX Karellb, HACTPOUTH
reHepaTop.

5) 3akpbITh BEpXHIOIO KPBIIIKY 0JIOKa reHepaTopa.

6) BxiaounTh BO3yXOIYBKY.

7) Manunynupys kpanamu K; u K,, yctaHOBUTH 3aJJaHHBIE TIPETOJAaBATENIEM CKO-

pocTH <u0> , <u>, UCIIOJIB3YSl PEOMETPBI U IpafupoBoUHbie rpaduku (puc. 3.10).

8) BKIIOYUTH OCBETUTEIH.

9) llepenBuras 3purenbHyto TpyOy katetomerpa KM-6 (mukpockoma (17)), mo-
OMTHCS XOPOIIIEro BUJICHUS “‘CTPYH Kameiabh Ha TEMHOM II0JIE.

10) Ilepemerias mpoOOOTOOPHUK IIPU MOMOIIM JIBYXKOOPJAWHATHUKA (HA MUKPO-
MeTpe), HaOro1ast 3a “CTpyer Kamenb’ ¢ MOMOIIbI0 MUKPOCKOIIA U KaTeToMeTpa, COo-

! Corno BHTOMIMHCKOrO MO3BOISET HA CPE3E COILIA MOMYYaTh MpO(GHIb CKOPOCTH, GIn3Kuii k [1-06pasHoMY.
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BMECTHUTh (DOKAIBbHYIO MJIOCKOCTh KATETOMETPAa M JIMaMETPaIbHYIO IUIOCKOCTH MPO-
0600TOOpPHUKA CO ’CTpyeH Kareins”.

11) Usmeputs auametp TpyOKH npeaenbHoi Tpaektopun D. Jlng sToro Heo6xo-
JTUMO:

a) MUKPOMETPUYECKUM BHUHTOM TOJIBECTH MPOOOOTOOPHUK CIIpaBa K “CTpye Ka-
neap’ M OTMETUTH ACJICHHUE O] HAa IIKAJIE MUKPOMETPUYECKOTO BUHTA B MOMEHT, KO-
raa “ cTpys Kanenb BOWIET BHYTPbh IPOOOOTOOPHUKA;

0) mponBuras najaee NpoOOOTOOPHUK, ONMPEETUTh JIEJICHUE O, B MOMEHT, KOTrJa
“CTpys Karmesb” KOCHETCS] BHyTPEHHE! MOBEPXHOCTH MPOOOOTOOPHHUKA;

B) JJaHHBIE U3MEPEHUI O} U O, BHECTH B TAOJIUIIBI ISl PE3YJIbTATOB U3MEPEHHUS.

') MOBTOPUTH OTEpaInH a, O, B HECKOJIBKO pas3.

12) V3amepuTh pa3Mepsl Karesb ¢ MOMOIIbI0 ONTHYECKOr0 MUKpockomna. JlJis 3To-
o HEOOXOIUMO:

a) HAHECTH HA YUCTOE MPEIMETHOE CTEKJIO C MOMOIIBIO APYrOro CTeKJIa TOHKUH
cioit Harperoro a0 40-50°C Ba3zenuHa;

0) HaOpaB B MUMETKY MIPUTOTOBJICHHBI MACIISTHBIN COCTaB, HAHECTH OJIHY WJIM JBE
KaIlId COCTaBa Ha MPEIMETHOE CTEKJIO;

B) OTKPBITH 3aTBOP Kamepsl (12);

I') BHECTH MPEJAMETHOE CTEKJIO B KaMepy U, COBepIliasi BO3BPATHO-NOCTYATEIbHOE
JIBMKEHUE CTEKIIOM MO/ “CTpyeH Karelb”, 0ToOpaTh Npo0y Karelb JJis aHaIn3a;

1) yOpaTh NMPeMETHOE CTEKJIO U 3aKPbITh 3aTBOP KaMephl;

€) 3aKpeMuTh MPEAMETHOE CTEKJIO Ha MPEIMETHOM CTOJMKE MUKPOCKOIIA;

) OTPEeNeIUTh pa3Mephl Karelnb (He MeHee 10) mo uucity JeineHuil oKyisipa MUK-
pocKoma, KOTOpbIE OTKJIAIBIBAIOTCS HA TMaMeTpe Karuid. /JJlaHHble u3MepeHuid BHECTH

<ur, M/c <uy, w'e

e

0,26 A 26 yd
0,2 / 2,0 /

0,14 / 1.4 /

N201 N203

0,08 / 0,8

60 120 H,, Mv 60 120 180 H

Puc. 3.10. I'pannpoBo4HbIe rpadpuKky I peoMeTPOB
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B TaOmuILy.

13) IlepecTpouB pexuM TEUEHHS B Kamepe U B MPOoOOOTOOpHUKE (CM. 1.7), Tpo-
BECTH U3MEPEHUs [uameTpa TpyOKH NpeaesbHON TPaeKTOPUH, CKOPOCTEN MOTOKOB U
JMaMETPOB Karelb, PyKOBOACTBYSCH 1.9 — 12.

14) ITpuctynuth k 00paboTKe NaHHBIX. Pe3ynbTaThl BHECTH B TAOJIHUIIBI.

15) PaccunTaTh aOCOIIOTHBIE TOTPEITHOCTH BenuuuH K, St, A5 .

16) IIpoBecTn CpaBHUTENBHBIN aHAINA3 PE3YJIHTATOB U3MEPEHUN U PACUETOB IO
TeopeTudeckor popmyse. g 3Toro noctpoutsh 3aBUCUMOCTh A5(K) u A7 (K).

17) OTKOppEKTUPOBATH PE3YIbTAThl TUCIIEPCHOTO aHAIM3a, IPOBEIEHHOIO HEKO-
TOPBIM aCMUPAIMOHHBIM MPUOOPOM (30HIIOM). YCIIOBUS HU3MEPEHUII: <u0> = 1Mm/c;
<u> =3 m/c.

18) Bocmonb30BaBmKCh MPEABIIYIIMMU pacdeTaMd KOd(pUIIMEHTa acIUpaluu
JUIA yKa3aHHBIX YCIOBHM MPOO00TOOpPA, pacCYNTATh MOTOYHBIE KOHIIEHTPAIIMH a’po-
30J1bHBIX YacTUl] Cy Kax 01 (ppakiuy B HEBO3MYILIEHHOM IOTOKE;

19) ITocTpouTh TUCTOrPaMMy U3MEPEHHBIX U CKOPPEKTHPOBAHHBIX AU depeHIm-
ANbHBIX U UHTETPATbHBIX QYHKIUN pacipeneseHus;

20) Cuuras pacnpeneiaeHus: YacTHIL 0 pa3MepaM Jorapu(pMUIecKu HOPMAJIbHbIM,
0/100paTh MapaMeTpsl pactpeieseHus B, 1 7, .

KoHTpoJibHBIE BONIPOCHI:
1. IIpuHun paboThl M YCTPOMCTBO TeHEpaTOpa MOHOAMCIEPCHBIX Kareidb C
“BUOpHUpYIOIIEH U0 .
2. CymHoCTh METO/1a “TOHKOW CTPYH Kareb .
3. Kaxkast ocHOBHast 0COO€HHOCTH coruia Burommuckoro?
4. Kaknm 00pa3oM JOCTHraeTcs yCIOBHE H30KMHETUYHOCTH?
5. Kak ouenuts uncio Crokca?
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I'nasa 4. JM®PDPY3UA YACTUL. BPOYHOBCKOE /IBUKEHUE.
TEIJIOBASA KOAT'YJIAUSA. TEPMO- U INODY3NODPOPE3

Menpuaitimme yactunpl (d < 0.1MKM) MOTYT CaMOMPOM3BOJILHO BBIBOJAUTHCS W3
a’pO30JIbHON CUCTEMBI ABYMS MTyTSAMMU:

1) coequHsAThCA APYT C IPYyroMm J0 TeX IMOp, MOKa 00pa3oBaBIIMECS YACTHUIIBI HE
CMOTYT YAQISATHCA IIyTEM CEAMMEHTALNH, UMIAKIUU U T.1.;

2) MUTpUpPOBaTh, T.e. TUDPYHIUPOBATH, K MOBEPXHOCTU U MPHU COYJAPEHUU OCTa-
BAThCS HA HEW; TAKOE IBMYKCHUE HA3BIBAETCA OPOYHOBCKHMM.

Huddy3us yacTuil ONUCHIBAETCS TEMU K€ 3aKOHAMH, YTO U MOJIEKYJIApHas aug-
dy3us:

1) IlepBoiii 3axkon Puka. Macca yacTuil, IepeceKaromnuX B €AUHUILY BPEMEHU
yepe3 €IMHUYHYIO IUIOIIAJKY j, IPONOPLHUOHAIbHA TPAaAUEHTY KOHUEHTPALUH C,
HOPMAaJbHOMY K 3TOM IUIOIIAJIKE:

j=-Dgradc=-DVec,
I j — ITIOTHOCTb MIOTOKA MACChl a3pO30MIBbHBIX YacTHIl, Kr/(M’c); D — kodddHiment
mudbysun, M/c’; ¢ — abCOMIOTHAS MACCOBAs KOHIEHTPALMS adPO30IbHBIX YACTHII,
kr/M’; V — onepatop Habia.

2) Bropoii 3axkon ®@uka. [Ipon3BoHass KOHIIEHTPAIIMK a’PO30Jisi IO BPEMEHH B
HEKOTOPOI TOUKE IIPOCTPAHCTBA OMUCHIBACTCS CIIEAYIOIINM YPABHEHUEM:

de _ DAc =DV?e,
ot

rae A — oneparop Jlamnaca.
Bropoi 3akoH ®@uKa sSBIsSETCS 3aKOHOM COXPAHEHMS MACChl a9PO30JIbHBIX YACTHLL.
Koaddutment auddys3un a3po30JbHBIX YACTHI] MOXKET OBITH MPEICTABICH, HCXO-
151 U3 TEOPUH OPOYHOBCKOTO JBMKEHHS DUHINITEHHA, B BUIE

D=kT Y = kTS~ (y/m)iT.
mg 3mn,d
[Ipy OPOYHOBCKOM IBMKEHHHM YacTHIIA COBEPILACT PsAJ MEpEeMElIeHHH, MpruieM
Cpe€aHcC CMCHICHUEC IJIsI BCCX YACTHIL 6y,£[eT PaBHO HYIIIO. OI[HaKO CpeaAHCKBaJApaTH-
YCCKOC CMCUICHUC § OTJIMYHO OT HYJII U UBMCHACTCA IMPAMO IMPOIOPLHHUOHAJIBHO BPC-
MCHU:

1) s* =2Dt — 1 MI0CKOTo IBUKEHHS (ypaBHeHHe DiiHIITeiiHa-CMOIYyX0B-
CKOTIO0),

2) s? = (4/ n)Dt — JUISl TPEXMEPHOTO JABUKEHHUS.

Crnenyer 3aMeTUTh, YTO BEPOSITHOCTh BO3BpPATAa YACTHUII B UCXOJHOE COCTOSIHUE
0JIM3Ka K HYJIIO.

[Ipu OpOyHOBCKOM JBMKEHUM YaCTHIIA MOXKET TaKXe COBEPIIATh U Oecropsaoy-

HBIC BpaHIGHI/I}I, KOTOpLIC OIINCBIBAKOTCSI CJ'ICI[YIOHII/IM ypaBHCHI/IeMZ
5 _ 2KT

_nngd3 ’

rae 0 — cpeHeKBaIpaTUYECKU yroJl BpallleHUs YaCTUIIbl OTHOCUTEIBHO HEKOM BbI-
OpaHHOM ocu B paguaHax. bpoyHoBckoe BpaiieHue oObIYHO HAOII0JaeTCs [ Yac-
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TUIL pasMepamu OT 110 20 MKM, T.K. BpPaIllEHHE YACTUL] MEHBIINX Pa3MEPOB CIUIIKOM
BEJIMKO, a OONBIINX - CIMIIKOM MEJJICHHOE, U UX BpallleHHE HEAOCTYNHO Halrofe-
HUIO TJIa30M.

B paBHOBECHOM COCTOSIHUUM YacCTHIBI OyAyT UMETh Ty € CPEIHIOI SHEPTHUIO IO-
CTYNATEIbHOIO IBUKEHU, 4YTO U MOJIEKYJIbL. [103TOMY XaoTHUeCcKu ABHXKYyIIMECs ad-
PO30JIbHBIE YACTHUIBI B Ta3€ UMEIOT TAKOE K€ MAKCBEJI-00JIbIIMAHOBCKOE pacipeie-
JIEHHE CKOpPOCTEH, YTO U MOJIEKYJbl raza. M oHM pacnpenensrorcs 1o BEpTUKAIHA B
COOTBETCTBUM € OapOMETPUYECKHM WM OOJBLIMAHOCKHM YpPAaBHEHUEM, HaIpUMED,
MOHOJHUCIIEPCHBIE a3PO30JIH PACIPENEIIAIOTCS B COOTBETCTBUY C BBIPAXKCHUEM

c=c exp(— n;{—‘ihj ,

rjie 7 — BbICOTA HaJl HEKOTOPOW KOHTPOJILHOW TOYKOM, B KOTOPOW M3MEpSIETCS KOH-
LEHTpalus C; ¢, — KOHLEHTPALUs YacTHULl B KOHTPOJbHOU Touke. JlaHHBIM 3 dek-

TOM MOXHO MpeHeOpeub /It 4acTHll pasmepom d > 0.3 MKM, KOTOPBI HE MOTYT J0J-
ro HaXOJUTHCSI BO B3BEILIEHHOM COCTOSIHMU U OBICTPO OCEAAIoT.

BceneactBue Toro, 4ro Macca 4acTula BO MHOIO pa3 0oJibllle MacChl MOJIEKYJI Ta-
332, TO U3MEHEHUE HaNpPABJICHHS BHKEHHUA OpPOYHOBCKOM 4YaCTULIBI MPOUCXOIUT HE
CKAauKOM, a IUIABHO, YTO SIBISIETCS CJICICTBUEM CYMMHPOBAHUS YAAapOB MHOTHUX MO-
JEKyJ. YUMUTBIBAasl BpEMs peJlakcaliy, 3a KOTOPOEe 4acTULla U3MEHHUT CBOE HaIlpaBlie-
HUE JABWKEHHUES, YpaBHEHHE DUHIITEHHA-CMOIIyXOBCKOTO IIPUMET BU:

s* =2D[t — 7(1 - exp(~/7))].

[Tpu ¢ > 107 (0Obr4HO BpeMs HAOIIOJIEHUSI 3HAUUTEIHLHO OOJBIIE T) MOMpPaBKa HA
MHEPLIMIO OPOYHOBCKON YaCTHUILIbI HECYILIECTBEHHA.

YacTo BO3ayX, COIEpKAIIMKA YaCTULBI adPO30JIs, COBEPIIAET IIEPEMEILIEHNE BMe-

cTe ¢ yacTuiamu. Takoe siBICHHE MEPEeHOCa Ha3bIBACTCS KOHBEKTUBHOU AU(PQy3HUEil.
B sTom ciyuae nepBbiit 3akoH Puka OyaeT mpecTaBiIeH B BUE

j=cu—Dgradc,
r7ie i — CKOPOCTh IMOTOKA.

Bropoii 3akon ®duka B o0uiemM ciayyae ¢ y4eTOM KOHBEKTHBHOTO MEpeHoca Mpu-

HUMAcCT BU:

oc
—=DAc—uVc+0,,
Py %

rae (0, — KOJIMYECTBO YacTHULl, 00pa3yrouuxcs (MOIIOMaIuXcs) B eAUHULE 00be-

Ma 3a €IMHULlY BpEMEHU 0J1aro1apsi UICTOYHUKY (CTOKY) YacCTHL,

B kauecTBe mpumMepa mpoCTENIIen 3aJa4i MOKET CIY>KUTh 3aJladya ONpeAcsIeHUs
CKOPOCTH OCEJJaHUsl YaCTHI] a3p030Jisl Ha CTEHKY, BOJM3H KOTOPOIl KOHIEHTpAIUs ad-
pPO30J1s1 paBHA HYJIO, U3 30HBI C MOCTOSIHHOM KOHUEHTpauuen yactul co. CormacHo
nepBoMy 3aKkoHy duka, MIOTHOCTh MOTOKA YACTHULl ONPEAECIUTCS, KaK

j=Dc,/d,
r7ie 0 — pacCTOsIHUE J0 30HbI C MOCTOSHHOM KOHIICHTpAaIMel (TONIKHA TOTPaHUYHO-
ro Cj0s).

B Gonee peanbHOM ciyyae KOHIICHTpPAIUS a3pO30Jisl B IPOCTPAHCTBE MEHSIETCS CO
BpeMeHeM BcieacTBHE AUPPY3UH U oceqaHus Ha moBepxHocTax. U3 pemienus ypas-
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HeHud i dy3un s 3a1a4M OCeAaHus adpO30Jis Ha MIIOCKYIO0 CTEHKY B OECKOHEUYHO
00JbII0M 00bEME a3p030JIs C MOCTOSSHHOW HAa4yaJbHOW KOHIIEHTpALUel ¢y MpH yclio-
BUH, YTO COYAAPSIOIIMECS CO CTEHKOM YacTULBl OCENAIOT Ha HEH, IOJIy4EHO, YTO
KOHLIEHTpALKs a’3p030Js Ha pPACCTOSHUU X OT CTEHKH CO BPEMEHEM U3MEHSETCS KaK

X

JaDt )

2¢, ¢ )
c(x,t)=——=|exp|—y /(4Dt))dy = c,erf
VéanDt '([ ( ) ’
rae erf(t) — maTerpas BeposarHocten (tadm. 4.1).
Yucno oceBmMxX 4yacTuil N Ha €IMHHIIEC TIOBEPXHOCTH 3a BpeMs ¢ HaWAeTCs 1o

dbopmyie
N =2¢c,\NDt/m,

rae D — koadduruent quddy3nn yacTuil a3po30Jis.
BenuunHoi, moka3biBaroIiel COOTHOMIEHHE MEXay auddy3ue u KOHBEKIHEH,
apisieTcst uncio [lexie:
Pe = uk ,
D
rJie U — CPedHsisi CKOPOCTh B cucTeMe, L — xapaktepHas jaiuHa. [Ipu Manbix dyncnax
[lexne npeobnanaer MmonekyssipHas quddy3ust, Tpu OOIBIITUX — KOHBEKIIHUS, U BKJIA]
g ¢y3un HezHauuTeneH. Beuay Toro, 4to kodhdunrents nudy3un o4eHb Mabl,
npeobnaganue MOJeKysipHOH Aud@dy3ur BO3MOXKHO TOJBKO Ha HEOOJBIIUX pac-
CTOSIHUSIX OT CTEHKU WJIA TIPU MAJIBIX CKOPOCTSAX JIBWDKCHHS a’po30jsi. Takwe 30HBI
BOJIM3M TOBEPXHOCTH, TNI€ PE3KO YMEHBIIACTCS KOHIIEHTPAIHMS YaCTHUIl U CKOPOCTH
MMOTOKA, HA3bIBAIOT MOTPAHUYHBIMH C0siMH. [Ipy maMuHApHOM TEYSHHUH BIIOJIh CTEH-
KW TIOTPAHUYHBIN CJION TIOCTETICHHO YBEIMYHMBACTCS B HAITPABJICHUH TIOTOKA:
5=5 | Ds
UpPg
rje O — TOJIIMHA MMOTPAHUYHOTO CJIOS, T.€. PACCTOSTHUE OT MOBEPXHOCTHU 10 TOUYKH, B
KOTOPO# CKOpocTh AocTuraeT 3HaueHus 0.99 oT cKOpOCTH OCHOBHOTO NMOTOKAU; X —

pacCTOAHMUC BAOJIb ITIOTOKA OO0 3TOM TOYKH, T]g — JUHaAMHYCCKas BA3KOCTb CPCAbI I10-

TOKA, Py — €70 INIOTHOCTb.

[Ipu namuHapHOM TIOTOKE B TpyOE M paBeHCTBE 0 = R (R — paauyc TpyObl) BO3HHU-
KaeT IMya3eHIeBCKUi MOTOK, TPU KOTOPOM YCTaHABIMBAETCS MapabOIMUeCKUid Mpo-
bunb ckopocTe:

2/ p2
u(r) = um(l—r /R ),
rje u, — MakCUMajbHas CKOPOCThb IOTOKA Ha OCH TPYyObl, paBHasl YJIBOECHHOW Cpe-
HEH CKOPOCTHU IIOTOKA U, = 2u .

Baxkneiiniee siBneHure B a3p030JiAX — KOATYJASIUMA YaCTHII, TO €CTh 00bEAUHEHNE
IBYX U OoJiee yacTull B oAHYy. [IprunHbl Koaryasiuuu MOTYT ObITh OY€Hb pa3HbIMU. B
pe3ynbTaTe KOaryJisiiUM CBOMCTBA a3pO30JIEH CYIECTBEHHO U3MEHSAIOTCS — YCUIIMBA-
€TCsl UX T'PaBUTALIMOHHOE OCaXKJECHUE, OCJIA0IISIeTCd HHTEHCUBHOCTD AU(P(PY3MOHHBIX
IIPOLIECCOB U T.II.

Bce BO3MOKHBIE KOAryJISILIHOHHBIE IPOLECCHI MOXKHO Pa3/IeIUTh Ha JIBa THIIA:
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X

0

0,00 0,0000

1

[\ —
S O 0 N O bR WND R, O VO 0NN N R WD

O 0 I &N W A~ W N =

0113
0226
0338
0451
0564
0676
0789
0901
1013
1125
1236
1348
1459
1569
1680
1790
1900
2009
2118
2227
2335
2443
2550
2657
2763
2869
2974
3079
3183

1
0011
0124
0237
0350
0462
0575
0688
0800
0912
1024
1136
1247
1359
1470
1581
1691
1801
1911
2020
2129
2238
2346
2454
2561
2668
2774
2880
2985
3089
3193

Taomuna 4.1

X
2 7
3HaveHHs] MHTerpaJia BepositHocTu erf (x) = Tje dz
T
0

2
0023
0135
0248
0361
0474
0586
0699
0811
0923
1035
1147
1259
1370
1481
1592
1702
1812
1922
2031
2140
2249
2357
2464
2572
2678
2784
2890
2995
3100
3204

3
0034
0147
0260
0372
0485
0598
0710
0822
0934
1046
1158
1270
1381
1492
1603
1713
1823
1933
2042
2151
2260
2368
2475
2582
2689
2795
2901
3006
3110
3214

TBICAYHBIC

4
0045
0158
0271
0384
0496
0609
0721
0834
0946
1058
1169
1281
1392
1503
1614
1724
1834
1944
2053
2162
2270
2378
2486
2593
2700
2806
29011
3016
3120
3224

62

5
0056
0169
0282
0395
0507
0620
0732
0845
0957
1069
1180
1292
1403
1514
1625
1735
1845
1955
2064
2173
2281
2389
2497
2604
2710
2816
2922
3027
3131
3235

6
0068
0181
0293
0406
0519
0631
0744
0856
0968
1080
1192
1303
1414
1525
1636
1746
1856
1966
2075
2184
2292
2400
2507
2614
2721
2827
2932
3037
3141
3246

7
0079
0192
0305
0417
0530
0643
0755
0867
0979
1091
1203
1314
1425
1536
1647
1757
1867
1977
2086
2194
2303
2411
2518
2625
2731
2837
2943
3047
3152
3255

8
0090
0203
0316
0429
0541
0654
0766
0878
0990
1102
1214
1325
1436
1547
1658
1768
1878
1988
2097
2205
2314
2421
2529
2636
2742
2848
2953
3058
3162
3266

9
0102
0214
0327
0553
0553
0665
0777
0890
1002
1113
1225
1386
1448
1558
1669
1779
1889
1998
2108
2216
2324
2432
2540
2646
2753
2858
2964
3068
3276
3276



Taomuna 4.1

X
2
3HaveHHs] MHTerpaJia BepositHocTu erf (x) = Tje_z dz (nmpomoikeHue)
T

TBICSIYHBIC
X 0 1 2 3 4 5 6 7 8 9

0,30 0,3286 3297 | 3307 | 3317 3327 | 3338 | 3348 3358 | 3369 3379

1| 3389 3399 3410 3420 3430 3440 3450 3461 3471 3481
3491 3501 3512 | 3522 3532 3542 3552 3562 3573 3583
3593 1 3603 | 3613 3623 3633 3643 3653 3663 3674 3684
3694 3704 3714 3724 8734 3744 2754 3764 3774 3784
3794 3804 3814 3824 3834 3844 3854 3864 3873 3883
3893 1 3903 | 3913 3923 3933 8943 | 3953 | 3963 3972 3982
3992 4002 4012 4022 4031 4041 4051 4061 4071 | 4080
4090 4100 4110 4119 4129 4189 4149 4158 4168 4178
4187 4197 | 4207 4216 4226 | 4236 4245 4255 | 4265 4274
4284 1 4294 4303 4313 4322 4332 4341 4351 4361 4370
4380 4389 4399 4408 4418 | 4427 4437 4446 | 4456 4465
4475 4484 | 4494 4503 4512 4522 4531 | 4541 4550 4559
4569 4578 4588 4597 4606 4616 4625 4634 | 4644 4653
4662 4672 | 4681 4690 4699 4709 4718 4727 4736 4746
4755 4764 4773 4782 4792 4801 4810 4819 | 4828 4837
4847 4856 | 4865 4874 4883 4892 4901 4910 4919 4928
4937 4946 | 4956 4965 4974 | 4983 4992 5001 | 5010 5019
5027 | 5036 | 5045 5054 5063 5072 5081 | 5090 5099 5108
5117 5126 5134 | 5143 5152 5161 5170 | 5179 5187 | 5196

AN
S O 0 9 N R W

O 0 I &N W»n A~ W N =
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— OpoyHOBCKas (TEII0Bast) KoaryJssius,

— KMHEMaTU4ecKas KOaryJssius, IPUINHON KOTOPO MOKET ObITh BIUSHUE BHEIII-

HUX MOJIEH Ha ABM)KCHHUE YaCTHIL.

[lepBbIil TUN KOATyJSIUU BBIIENEH, IOTOMY YTO OPOYHOBCKOE IBHUKEHUE — ITO
JIBMKEHUE YACTHI] MO BIUSHUEM YIapOB MOJIEKYJI, HE3aBUCSIIEe OT BHEITHUX CHII U
nosiel. TenoBoil KoaryJisiniueil a3po30JIbHBIX YACTHUIl HA3bIBAIOT MPOIIECC CIMMA-
HUSL WK CIIUSIHUS a3PO30JIbHBIX YaCTUIl BCIACACTBUE UX CIyYalHBIX JBUKEHUN U TO-
CIIEIYIOIIUX CTOJKHOBEHHUI. B Teopuu xoarymsuuu OOBIYHO UCXOASAT M3 MPEIIOIIO-
KEHUS, YTO YACTUIIBI KOATYJIHUPYIOT MPU KKIOM CONMPUKOCHOBEHUH, YTO Hamboee
MIPaBOMEPHO JJII HE OYCHb KPYMHBIX YacTHIl. B Teopun CMOIYyXOBCKOTO TEILIOBOM
KOAryJISIIIUA MOHOJMCIIEPCHOTO a’p030Ji ¢ MIapoo0pa3HbIMU YaCTULIAMU TIOTyYEHO,
YTO yOBIBAaHHME CUCTHON KOHIIEHTPAIMK YaCTHUIl W3-3a KOATYJISAIUN 3aBUCUT JIUIIb OT
KBaJpaTa KOHIICHTPAIIMU YaCTHI] U KOHCTAHTHI KOATYJISAIUH:

_de =K.
dt

JlaHHast 3aBUCUMOCTb CIIPaBEAJIUBA JUIsl 4acTUIll 00JbuX, yeM 0.1 MKM.

[Ipu BBICOKOI CYETHOW KOHIICHTPALIMM KOATYJSIUS MPOTEKAET HACTOIBKO OBICT-
PO, YTO KOHIIEHTPAIIMS YACTHUI] Yepe3 HECKOJIbKO MUHYT MPAKTUYECKU HE 3aBUCUT OT
HAaYaJIbHOM KOHIIEHTPAIMU YacTHUIl. DTO OOBSICHSAET, MOYEMY B JIbIMAax, MOJYyUYECHHbIX
U3 pa3HbIX KOJUYECTB BEIIECTBA C PA3IMYHBIMU CPEAHUMHU pa3MepaMu YacTHll, CUET-
Hasi KOHLEHTPAIUs adPO30JIsi MOXKET CAeNaThCs MPAKTUYECKU OJIMHAKOBOM.

KoHcranTa koarynsuuu BeipaxaeTcs: GopMysnon

K, =8nrD = ﬂk—TCC ,

3n .
TJIC 7 — PAJNYC YaCTHIIBI.
B uHTErpansHOl (hopMe YypaBHEHHE KOATYJISIIMM HMEET TAKOW BHI:

1 1
———=Kt wm c= %

c ¢ 1+ Kt
TZI€ 1y — Ha4aJIbHasl KOHLIEHTPAIUsl YaCTHLI.

Crporo roBopsi, IpUBEICHHBIE BBIIIEC YPABHEHUS NMPUMEHUMBI JHUIIb JJISI TAKUX
a’p030Jieil, YaCTUIbl KOTOPHIX MOJYMHSAIOTCS MAaKPOCKONMMYECKUM 3akoHaM auddy-
3un. Kak yxe OblI0 OTMEUEHO BBIIIE, IPU aHANM3€ JBMXKEHUS MaJIbIX YacTHUI] HEOO-
XOJIMMO YUYUTBHIBATh MOJIEKYJISIPHO-KUHETUYECKHE 3(PGEKThl sl 4acTull (BBOAMTH
nonpasky KanHuHrema), pasmep KOTOPBIX COMOCTABUM CO CPEAHEH JUIMHOU mpobera
MOJIEKYJI Ta3a IPY JAaHHBIX YCIOBHX. I cirydass COM3MEpUMOCTH pa3Mepa YaCTULIbI
C JUIMHOM «CBOOOJHOTO mpoberay» 4acTHUBl B rase L, CIIenyeT BBOAHMTH IONPAaBKY
Odykca:

-1
dc L
——=Kc*, K=K,|1+A4-2
dt r
rae A — NOoCTOsIHHAsL, 3aBUCsIIas OT pazMepa yactull, 4 = 0.75 + 0.9.
Tak kak MOJIEKYJbI Ta3a MOCTOSTHHO «00MOapIHpyIOT» a’3pO30JbHBIC YaCTHUIIBI,

TPACKTOPHUHU ABHIKCHHSA YaCTUI a3pPO030JId OUCHL CIJIa’KCHHBIC. [loHsiTHE NIMHEBI «CBO-

64



6OI[HOFO Hp06era>> Lp JacTUulbl B Ira3€¢ COOTBCTCTBYCT CPCAHCMY HpOfII[CHHOMy qac-
THHGﬁ PaCCTOAHUIO, KOT'Ia HAIIPaBJICHUC JIBHWKCHHUA U3MCHHUTCA Ha 90° ot IICPBOHA-
yanbHOro. MaeiMu CJIoBaMH, CPCIHCC paCCTOAHUC — 3TO IIYTh YaCTHUIBI 10 TOM TOYKH,
rac €€ CKOPOCThb B IaHHOM HaIIpaBJICHHUH HC CTAHCT paBHOﬁ HYJIIO, T.C. 3TO PaACCTOA-
HHUC TOPMOKCHUSA:

— d2 (p B p g ) C Sk_T

L =tu=

p s

C
18ng m
IJie U — CPEAHEKBAAPATHIECKAsi CKOPOCTh YaCTHIIBI B Ta3e, M — Macca YacTHUIIbI.

[Ipu HOpMaTbHOM JIaBJICHUU U TemIiepatype raza 20°C, Hanpumep, 1Jis 4acTHIl
nrametpoM 0.01, 0.1 u 1 MxM u mmotTHOCTHIO 1000 KT/M JUTMHA «CBOOOHOTO TTpobe-
ra» yactuipl B Bo3ayxe cocrasisier 0.031, 0.013 u 0.016 mxm. 1 nmpakTUYECKHUX
pacyeToM MOXHO MCIIOJIb30BaTh OLEHOYHOE 3HAYeHUE L, = 0.01 MxMm.

Jlist cimydast 0JIM30CTH pa3MEpOB YaCTHUIL a9PO30JIsi U MOJIEKYJT Ta3a CKOPOCTh KOa-
TYJISIIUAU BhIpaXkaeTcst POpMYIION JUTsl UMCiia CTOJKHOBEHHUM MEXTy MOJIEKYIaMU Ta-
3a:

dc _
—? = 2\/57[1’2ug02 ,
t
/e U, — CPCIHsIs apudMeTHIEeCKass CKOPOCTh MOJICKYJI ra3a.

Jliis qacTuil ¢ paanycoM » > 1 MKM KOHCTaHTa KOaryJsiui MajJOo4yBCTBUTEIbHA
K 3¢ (PEeKTUBHOCTH coynapeHus yacTull (rmoaHas 3pHEKTUBHOCTh — KaXKJ10€ CTOJIKHO-
BEHUE BEJCT K KOATYISIUHN). DTO OOBSICHICTCS TIOCTATOYHO OOJIBIIION BEPOSTHOCTHIO
MOBTOPHOT'O CTOJKHOBEHUS C JPYTMMH YacTHUIIAMU TIPU yJaJCHUH HA HE3HAUYUTEITh-
HOE€ PacCTOSHUE TIPU HEYJJAYHOM CTOJIKHOBCHHH.

Ecnu B HauanpHBI MOMEHT BPEMEHH a3p030Jib ObLT MOHOJIUCIIEPCHBIM C pa3Me-
poM d, TO Yepe3 HEKOTOPOE BPEMs BOSHUKHET HEKOTOPOE KOJMYECTBO YAaCTHUIl ¢, C

pa3mepoM d,. CornacHo Teopur CMOITyXOBCKOTO
(¢, — c)gi1
Cq=—""7">
=)
i€ g — YHCJI0O MOHOMEPOB, U3 KOTOPBIX 00pa30Baiach 4acTUIIA Pa3MePOM d, (g = 2 —
auMep, g = 3 — TpuMep U T.10.).

Jliis oncanust OPOYHOBCKOW KOATYJISIIIUK TOHIMCIIEPCHBIX adpo30Jieid Heo0Xo-
JUMO 3HaTh GOPMYITy IS pacpeIeIeHNs] YaCTHII TI0 pa3Mepam U 6osee o0Iiee BbI-
pakeHHe M KOHCTAHTHI Koaryisiuu. OMNBIT MOKAa3bIBAET, YTO HCIOJIh30BAHHUE
CpeIHUX 3HAYCHUU IS pa3MEpOB YaCTHUI] U COOTBETCTBYIOIIETO 3HAUEHUS KOHCTaH-
TBI KOATyJISIAN AT BO3MOXKHOCTH OIPENEIATh pa3Mep YaCTHII IO CKOPOCTH Koary-
JISIITUH a3PO3071s1.

W3 BBIIETIPUBECHHBIX ypaBHEHUH SICHO, 4TO OOpaTHasl KOHIIEHTPAIUS YaCTHUI]
npu OPOYHOBCKOM KOATyJISILIUU MPSIMO MPOTOPIIMOHATBHO 3aBUCUT OT BpEMEHHU. JTO
O3HauYaeT, YTO Ha rpauKe 3Ty 3aBUCUMOCTh MOXKET BOCIIPOU3BECTH MPSMOM JTHUHU-
eil. Kpome Toro, HakyioH 3T0i npsMoit OyaeT 3aBuceTh oT Kodpduuuenta audady-
3uK 4acTull D, TO €cTh OT pa3MepoB YacTUll. Eciau u3mMepaThs KOHIEHTPAILUIO a’po-
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30J11 B 3aMKHYTOM COCYJ€ JTOCTaTOYHO JOJITO, TO MO HAKJIOHY HAaWJICHHOW MPSIMOMN
—1 )
¢ (#) MOXHO, CIIEJOBATEIbHO, ONPEAEIUTD CPEAHUN pa3Mep YacTHII.

TUNUYHBIM IPUMEPOM KUHEMATUYECKON KOATyJSIUU SIBISETCA IPaBUTAL[MOHHAS
KOaryJisiiys, Korjaa noj AeHCTBUEM CHIIbI TSDKECTH YacTHIbl Pa3HbIX pa3MepoB Ooce-
JIAI0T C Pa3HBIMH CKOPOCTSAMH M OOJIBIINE YACTHUIIBI MOTYT CTOJIKHYTBCS U CIIUTHCS C
MEHBIIMMHU. DTOT NPOLECC B 00JaKaxX MPUBOJUT K BBINAICHUIO TOXKIS.

Jlnst omucaHus KOAryJisiliMM YacTHUIL] JBYX pAa3JIMYHbIX Pa3MEpPOB HCIOIb3YIOT
KOHCTaHTY KOaryJsiiuu

K, ("19”2) =8t —; X 42‘D2 w - K, (”17’”2) =8nn,D,,
rze ry, ¥, — paAnycel yactui, Dy, D, — koapburueHTs! AuPy3un 4acTHIl.

KoHcranta koarymsiuuu K, OBICTPO pacTeT MO MEpe YBEIMYEHHS] OTHOILLICHUS
pa3MepoB yacTull. [Ipu Koaryiasiuu KpymHBIX M MEJIKHUX YacTHUI] pa3Mep KOHIJIOMeE-
paToOB MPAKTUYECKU HE OTIMYAIOTCS OT pa3Mepa KpynHbIX yacTuil. [losToMy B momnu-
JUCIIEPCHBIX a3pO30JIIX MEJKHUE YaCTHIIbl OBICTPO MOIJIOIAIOTCS KPYIHBIMHU, T.€. B
IpOLECCE KOATYIISUU MOIUAUCIIEPCHOCTh HE BO3PACTAET.

B o01em ciydyae KOHCTaHTa KOAryJsILUK MOJIUIMCIEPCHOTO a3p030Jis BbIpaykaeT-
cs1 hopmyoit

K=TTKU(1”1,1’2)f(r1,t)f(1’2,l‘)d7”1d1”2 ]

rae f (r,t) — (YHKIIUS pacnpeeleHus pa3MepoB YacTHIl B MOMEHT BPEMEHH t.

Tepmodopernyeckoe IBUAKEHHE a3PO30JbLHBIX YacTull. Ecim B asposoine cy-
IIECTBYET TeMIIEPaTypHBIM TPAUECHT, TO YACTHUIIbI JBWKYTCS BIOJb JUHUNU TEMIIE-
paTypHOTO MOJIsi B CTOPOHY MOHMXKEHHUS TeMIiepatypsl (Tepmodopes). [Ipu nomana-
HUW YaCTHUIIBI MEXTY TEIJIOM M XOJOJAHOM MOBEPXHOCTSMH, OHU JIBUTAIOTCS K I0-
CIIeHEN M ocaxAaroTcsl Ha Hel. DTO OOBSACHSICT BOSHUKHOBEHHE BOJU3HM HArpEThIX
TEJI CBOOOJHOTO OT BTN Ta30BOT0 CJIOS.

Jlns1 caydast MaJoCTH IJTMHBI CBOOOHOTO TTpo0era MOJIEKYJIbI ra3a Mo CPaBHEHUIO
¢ pazmepoMm yactullbl (L << d) DUHIITEWH MOJy4uJI BEIpaKeHUE I TepMOGOPETH-
YECKOM CWJIBL, ICMCTBYIOIIEH HA YaCTULY THAMETPOM d B BUJE
R

2p,T 20, +A
TI€E Mg, Py — AMHAMHYECKAS BA3KOCTh U INIOTHOCTB T'a3a; Ay, A — KOOQQHUIUEHT TEIIO-
IIPOBOJHOCTH T'a3a U YaCTHIIbI.

B ciydae ke CyIIecCTBEHHOTO MPEBBIMICHUS JJIMHBI CBOOOIHOTO Mpodera MoJie-
KYJIbl Ta3a MO CPaBHEHHIO C pa3zMepoM 4acTuilel (L >> d), To TepmodopeTnyeckas
cuja TMPEJCTABISIET COOOH PEe3yJbTUPYIOIIYI0 HMITYJIHCOB, COOOIIAEMBIX YaCTHUIIC
ooMmbapaupyromMu MoJiekysiamu. CoryiacHo DUHINTEHHY TepModopeTHIecKas CH-
Jla B 9TOM CJIy4ae UMEET CICAYIOIINN BUT

F=-L1PL ST
8T

F=-9

b

r7ie p — AaBlieHUe rasa, L — cpennss JuyimHa cBOOOAHOro mpobera.
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HarpeB WMHTEHCHMBHBIM ITyYKOM CBETa OJHOCTOPOHHE TOBEPXHOCTH YACTHIIHI,
NPUHYKJAET WX ABUTATHCS JMO0 B HAIIPABJICHUH U3TyYeHUS (MOJI0KUTEIbHBIA (o-
Todope3s), MO0 NMPOTUB HEro (OTpuLATeIbHBIH poTodope3). Ecnu cunvHee Harpe-
BaeTCA CTOPOHA YaCTHIIbI, OOpareHHasi K MICTOYHHUKY CBETa, TO 33 CYET YCUIIUBIIEHCS
OoMOapaAMPOBKE ATOM CTOPOHBI MOJIEKYJIaMHU OKPY’KAIOIIETo ra3a yacTUlla CMEIaeT-
Csl OT UCTOYHHMKA cBeTa. Ecin ke cuiibHee HarpeBaeTcsl MPOTUBOMOJIOKHAS CTOPOHA
YacTHIIbI, TO TOJy4yaeTcss obpatHblii 3ddexr. Habmomnaempblit s3ppext 3aBUCUT OT
pasMepa u (hOpMBI YACTHII, TPO3PAYHOCTH BEIICCTBA YACTHIIBI AJI PA3TUIHBIX JJTHH
BOJIH U Pa3HOCTH (a3 B MaJarolIei, MPEJOMIEHHON U OTPaKEHHOW CBETOBBIX BOJ-
Hax.

Hcnapsromascsi ¢ TOBEpXHOCTH KUIKOCTh MOYKET CO3/1aBaTh CBOOOHBINA OT MBLIN
cioit. [Ipu sToM HaOMIOIANTOCH MEpEMEIICeHHE a’pO30JIbHBIX YaCTHUI[ 10 HampasJe-
HUIO K Karule, Ha KOTOpor KoHaeHcupoBaics nap (auddysuodopes). [Ipu ucnape-
HUU C TTOBEPXHOCTU 00pasyeTcsi rpaIueHT KOHIIeHTpanuu napa. [lockonbky obiiee
JABJICHUE JIOJIKHO OCTaBAThCsl MOCTOSIHHBIM, BO3HUKAET THIPOJIMHAMUYECKOE Teue-
HUE BO3JyXa K TMOBEPXHOCTH, Ha3blBaeMoOe CcTe(aHOBCKMM TedeHHeM, KOTOpOe
KOMITEHCUpYET Nu(Py3nOHHBIN MOTOK Mapa.

Ckopocts muddysnodopesa cheprudyeckux 4YacTHIl, MEHBIINX CpPETHEH ITUHBI
CBOOOTHOTO MpoOera MoJIeKy1 rasa,

Jm D dy,

? 71\/;1"'3’2 m, dx

rae D — koaddunuent nuddys3un napa B rase, m;, m, — Macchl MOJICKYJI IIapa U rasa;
Y1, Y2 — OTHOCUTEJIbHBIC MOJIIPHBIC KOHIIEHTPAIMH NTapa U rasa.

1%

IIpuMmepsl pemieHus 3a4a4:

3agaua 1. Onpegeaurs ko3GPuuneHT TUPPY3UH YacTUI TAOAYHOIO JAbIMA
nuamerpom 0.25 MM # miaoTHOCTHIO 900 Kr/M® npu Temuepatype 20°C. Ckouib-
KO BpeMeHH Heo0X0auMo, 4To00bI OHU npoaudynauposaau Ha 0.305 m?

Pemenune. Korddumment nuddys3um nas Takoil METKONW YaCTHIIBI OTMPEIETNM T10
popmyne (ng = 18.37-10°° kr/(m-c))

C. 1.38-107°-293-1.714

3nn,d 3.3.14-18.37-10°-0.25-10°°
rne C. =14+ Kn-1.257 =1.714 npu Kn =2-0.071/0.25 = 0.568.

s oueHkn BpemeHH AudQy3uu ucmoibdyeM ¢opmyny OiHmTeitHa-CMOITy-
XOBCKOTO ISl TPEXMEPHOTO JBUKECHHS:

‘e ns®  3.14-0.305%

4D 4-1.6-107"

Takum o6pazom, nuddysust BakHA TOJIBKO MPH PACCMOTPCHHUH TMOBEACHUS Yac-

THI], 3aKJIIOYCHHBIX B HEOOJBIINX O00BEMaxX HIJIM KOTJla YaCTHI[bI HACTOJIHKO MAbI,

yT0 MX K03 dunueHTsl auddy3un npudImKarTcs K 3HAYCHUIO MOJICKYJISIPHBIX KO-

s punuenToB auddy3uu.
Otser: 1.6 10 '"m%/c, 14.5 ner.

D=kT =1.6-107"" m°/c.

=4.6-10°c = 14.5 ner.
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3agaua 2. Ilpeamosiarasi, 4T0 4YeJOBEK MOKET 3aMeTHTh He 0oJiee NATH
BCIIBIIIEK CBETa B CEKYHAY, HATH MHHUMAJBHBIA pa3Mep 4acTull, AJA KOTO-
PBIX OyJeT NPOABJIATHCA MePLHAHUE B JIy4aX COJIHEYHOI'0 CBeTA.

Pemienne. 1T MepuaHusiM COOTBETCTBYET JIBa C MOJIOBUHOW MOJHBIX Kpyra
BpAIICHUS YaCTUIIBI (CUUTAEM, YTO OTPAKEHHUE CBETA OT YACTHIIBI TPOUCXOUT C JIBYX

IIPOTHUBOMNONOKHBIX cTOpoH): 07 = 51. Torjaa coOTBETCTBYIONIMI TUAMETP YACTUIIBI
MIPU ATOM OMPENICIIUTCS KaK

d=;

-1=0.8 (MKM™).

2kT ; 2-1.38-107%-293
—f =3
m,6’

3.14-18.37-10°-(5-3.14)’

OtBet: 0.8 MKM.

3agauya 3. O6aako yactun auamerpom 0.05 MkM HaXoauTCHA B 00JIbIION Ka-
mepe. HauanbHast KoHuenTpauus a’po3oast 10~ M. Kakoii 6yaer KoHmeHTpa-
uus a3po3oJia 4yepe3 20 muH B 0.1 MM ot ctenkn? Yepe3 kakoe BpeMsi KOHIICH-
Tpauus a3po30.s B 1 cm ot crenku cocrasut 107 M2

Pemienne. /[ Hayana omnpenenuMm koddduiment nuddy3un adpo30apHOM yac-
THUIIBI B BO3/TyXE:

C.  138-107%-293-(1+2-0.071/0.05-1.657)
3m,d  3-3.14-1837-10°-0.05-10°

a) Jlns ompeneneHuss KOHLEHTPAMM HAa HEKOTOPOM YAAJCHHUH OT CTEHKH BOC-
MOJIb3yeMCsl pelieHueM ypaBHeHus nuddysuu:

D=kT =2.7-10"m’/c.

X 107
c(x,t)=c erf(—j =107 erf(
" V4Dt J4-2.7:10° 2060

3HayeHue WHTerpana BeposTHocTel erf (0.028) = 0.034, cienoBaTelbHO, UCKO-

Masi KOHIICHTpaLMs paBHA ¢ = 3410 M.

3 3
0) Konmentpanust a3po30ibHbIX acThil ¢ = 10" M~ COOTBETCTBYET 3HAUYECHHIO
MHTErpagy BEPOSTHOCTH U ApTYMEHTY

erf( al J:izo.ln - 0.09.

\N4Dt Co 4Dt

OTCIO,Z[a BpEM: YCTAHOBJICHUA KOHICHTPAIINH Ha PACCTOSHUHA 1 cM OT CTEHKH

j =10"erf (0.028).

2
— _9(0'01j =1.14-10° ¢ = 13.2 nmeit.
4-2.7-10710.09

Otser: 3.4-10 * M, 13.2 nueii.

3agauya 4. BerunciauTh 3HaYeHHEe KOHCTAHTHI KOATYJISIUMH JJSl YaCTHL 1HA-
MeTpom 0.07 u 3 mkm B Bo3ayxe npu temneparype 20°C.
Pemenne. Onpenenum ko3pduuuents nudy3un gyacTui:

D :kT1+2L/d‘ -1.657 ~1.4410° ¥, D, =kT 1
31, d, 3nn,d,

=7.79-10"% m*/c.

68



U panyChl YaCTHIL:
, =0.035 MkM, 7,= 1.5 MKM.
KoHcTaHTa KOaryJsinuu npy 3TOM paBHa:
-9 -12
K, :8n0'0352+1'5 10°. 1.44-107+7.79-1077 13910 a¥c.

2
Oteer: 1.39-10* M/c.

3anaum 11 CAMOCTOSAITEIbHOIQ PellleHNs]:

1. Onpenenutsh kodpPuimeHt nuddy3uu B BO3Ayxe IJIs YaCTUIl AUAMETPOM 5
MKM H T10THOCTBIO 1000 Kr/M° mipu 20°C. CpaBHUTB Pe3yabTaThl ¢ KOG QHIHEHTOM
muddy3un yactuipl nuametpoM 0.5 MkM, a Takke i Temneparypst 100°C.

2. Anpo3osib Taba4HOrO JbIMA, COJACPKAIMUM dYacTHIBl auamerpoM (.25 MKM,
oToOpanu B chepuyeckyto Kooy auamerpoM 5 cM. CKOIBKO BpeMEHHU MoTpedyercs
YacTHIIE, HAXOSIICHUCS B IIEHTPE, YTOOBI TOCTUYb CTEHKH KOJIObI?

3. Ompenenuth cpeaHee YUCIo 000pPOTOB, KOTOPOE COBEpIIaeT 3a |MUHYTY Yac-
TUIIA TUAMETPOM 5 MKM B Bo3ayxe npu temmeparype 20°C.

4. Vcnonb3ys 6apomMeTpuuecKkyro hopMyiTy, pacCUUTaTh BBICOTY, 10 KOTOPOH Oy-
nyT pacnpenenensl 50% wuactun guamerpoM 0.05 MkM M mioTHOCTBIO 10° Kr/m’
BCJICJICTBUE COYJIAPEHUM C MOJIEKYyJIaMH.

5. KakoBa OymeT MpoOIOKUTENBHOCTh JKCHEpUMEHTa Mo Aud@y3uu dacTuiy
muamerpoM 0.01 MKM M IIOTHOCTBIO | KI/M’, 4TOGBI OLIHOKA B M3MEPECHHH COCTAB-
nsina He 6onee 1%7?

6. B aspo3oipHOE 061aK0, HMEIONIEr0 KOHIEeHTpamuio 0.1 M ° 4acTHIl AUAMETPOM
0.02 MKM, BHOCSIT CTEKJISTHHYIO TUIaCTUHKY pa3mepoM 4 x 4 cMm. Ecnu B niosne 3peHus
mukpockona 50 x 50 Mxm cocuutano 100 dacTull, TO KaKOBO CpeHEE YUCIIO YaCTHII,
OCEBIIMX Ha EIUHUIY TUIOMIAN IMJIACTUHKUA M KaK JIOJIro IJACTUHKAa HaXoJuiach B
a’p030JHbHOM O01aKe?

7. B aspo3zone, npoTekaromeM no TpyOKe, MOCTOSTHHAS KOHIICHTPALUSI COXpaHsi-
€TCs Ha yJaJIeHHd | MM OT CTE€HKH. A’pPO30Jb COCTOMT W3 yacTul auamerpom 0.5
MKM ¢ KoHmenTparmeil 10 M. Heo6X0HMO paccuuTaTh CKOPOCTh OCEIAHMS dac-
i Ha 1em® cTeHKn nipu 20°C.

8. B aspo3zone, npoTtekaroiieM 1no TpyoOe, MOCTOsIHHAS KOHIIEHTpaIUs COXPaHSET-
Cs Ha yJajaeHuu | MM OT CTeHKU. APPO30Jib COCTOUT U3 YacTull JuameTpom 0.5 MKkm
¢ koHmenTpamueit 10~ M. Paccyntarh CKOPOCTh OCEIAHMS YaCTHII HA | CM® CTEHKH
npu 20°C.

9. Paccumutars uncio yactun auamerpom 0.1 MM, ocenaromux 3a lyac Ha lom?
CTEHKH, HAXO/SIIEHCS B MOTYyOECKOHEYHOM IPOCTPAHCTBE ¢ KOHIIEHTpAaLUel a3po30-
s 107 M.

10. Aspo3oiib, cocTosUi U3 chep TUaMeTpoM 5 MKM, UMEET HAaYaJIbHYI0 KOH-
nenTpamuio 3.53-10° M. Kakoii 6y1er KOHIeHTpawus aspo3ois depes 1 cytku? Ue-
pe3 Kakoe BpeMs [epBOHAYANIbHASI KOHLIEHTPAIIMS YMEHBIIUTCS B IBa pa3a?

11. BeruucauTh 3HaUY€HUE KOHCTAHTHI Koaryssmuu s cep quamerpom 1.0 u 0.1
MKM.
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12.Yactuipl 1uamMeTpoM 1 MKM KoaryJupyroT B atMocdepe, TeMieparypa KoTo-
poit 85°C u naBnenue 67 [Ta. Beruncauth 3Hau€HUE KOHCTAHTHI KOATYJISIIUM.

KoHTpOobHBIE BONPOCHI:

[Touemy HaOrO7aETCSI OPOYHOBCKOE JIBHXKEHHE a3PO30JIbHBIX YaCTHIL?

KaxoB ¢usnueckuit cmpici koddduienta OpoyHoBckoit nudy3un yactuir?

[ToueMy cpeaHee cMeleHHe YacTUll Ipu OpOyHOBCKOU MU dy3un paBHO HYJIO?

KakoBbl xapakTepHble MOPSAKH KOIP(UUHUEHTOB OpOyHOBCKON nud@ys3un vac-

TUIl U KO3PHUIIMEHTOB MOJEKYIsIpHOM b dy3un?

OT KaKuX XapakTEPUCTHK 3aBUCUT KOdhdUmeHT 6poyHoBcko auddy3nn?

6. Kak MoxHO 00BSICHHTH TOT (hakT, yTo Kod(PuumeHtT 6poyHoBckoi auddy3un
OYEeHb CJIa00 3aBUCHUT OT MACChI a3PO30JIbHON YaCTHUIII?

7. Uto Takoe KaKyUIUHUCs CpeTHUN CBOOOIHBIN MTPOOET a3p030IbHbBIX YaCTHIL?

8. KakoBbl OCHOBHBIE MPEANON0KEeHUsT Teopur CMOITYXOBCKOIO JIJIsi KHHETUKUA Opo-
YHOBCKOM KOaryisiuu?

9. Kak 3aBUCHUT OT BpEMEHHU 4YKCIIOBas KOHILIEHTpAIUs YaCTHI[ MPU OpPOYHOBCKOM
KOaryJsaiuu?

10.Kak o11eHUTh KOHCTAHTY KOATyJISIIIUU MOHOAMCIIEPCHOIO U MOJUAUCIEPCHOTO a3-
po3oJIst?

11.006wscHuTe siBnenus repmodopesa u nuddysuodopesa.

L=

W

JIABOPATOPHAA PABOTA Ne 7
N3yyeHue kuHeTHKH OPOYHOBCKOM KOAryJISIMU a3P030J1s

Llenv pabomul: onpeenUTh KOHCTAHTY OPOYHOBCKOM KOAryJIsIuu.

JI7ist BBIMOJTHEHUSI JTaHHOM J1a00paToOpHOM pabOThl UCIIONIB3YETCs a’dpO30JIbHas Ka-
Mepa o0bemoM 0kos10 300 J1, B KOTOPO METOJ0OM BO3TOHKH MOXHO IMOJIy4aTh a3po-
30JI1 HEKOTOPBIX BelIECTB. B kamepe ycTaHOBJIEH HEOOJBIION BEHTUIISTOP, MpPEIHA-
3HAYEHHBIN JJIs1 pABHOMEPHOTO PacIpeAesICHUs a3p030Jisl IO BCEN Kamepe.

N3mepenust KOHIEHTPALIMK a3P030JI1 MOXKET ObITh TPOBEICHO ABYMSI METOJIAMMU:

1. ¢ moMouIk0 BU3yallbHOTO cueTunka yactull tuna B/IK;

2. C UCIOJIb30BAHUEM JIA3€PHOr0 CUETYMKA YACTHUL TIOIXOAIIErO TUIIA.

BusyaneHbiii cyeTunk vactun ajspososied BJIK ocHOBaH Ha permcrpanuu cBera,
PacCcestTHHOTO OTAEIbHBIMU YaCTHIIAMH TPHU MEPECeUeHUN UMH Jiyda cBeTa (Ioapoo-
Hee cM. paszen «OnTHYecKre CBOKWCTBA a3po30Jieii»). DTO — SABJIEHUE YJIbTPAMUKPO-
ckonuu. Cxema cuetunka BJIK nmpuBenena Ha puc. 4.1. YacTo OH HOCUT Ha3BaHHE
NOTOYHOI'O YJABTPAMHUKPOCKOIIA.

[IpoOa aspo30iia BcachlBaeTCsl B CTEKJIIHHYIO KIOBETY 5, KOTOpasi COCTOUT U3 ABYX
TpyOOK.

C top1a oHa 3aKkpbITa Ipo3payHbIiM OKHOM. Uepe3 00e TpyOKH a’spo30Jib B KIOBETE
OCBEIIAETCs IOTOKOM CBETa OT HEeOOJIbIION JamIibl 1 ¢ (OKyCUPYIOIIUMH dJIeMEeHTa-
mu 2, 3, 7. Ilpu HaOI10I€HUM B MUKPOCKOM 6 32 OCBEILICHHOW 00JIaCThI0 BHYTPH KIO-
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Puc. 4.1 Cxema cuetunka BJIK

BETHI Uepe3 MPO3PaYHOE OKHO U OU€Hb MEJIJIEHHOM TEUEHHUH a’p030Jisi MOKHO BUEThH
«BCIIBIIIKW» CBETA, PACCESTHHOTO YaCTUI[AMU MPU NEPECEUEHUU UMU CBETOBOTO JIyya.
3Hasi CKOPOCTh TEUYCHHUSI M BEIMUYMHY MOJSI 3pEHUS] MUKPOCKOIIA, JIETKO PacCUUTaTh
KOHIICHTPAIIMIO a3p030J1s B KioBeTe. [[1s1 3TOro HeoO6XoauMo MoACYUTaTh YHCIIO T10-
NaJaloIIKNX B MOJIe 3pSHUS YaCTHII 3a ONpe/IeIeHHOe BpeMsl, HarpuMmep, 3a 1 MuH.

[ToncueT yucina 4acTUI] MOKET OBITh BBHIMOJHEH KaK BU3YaJIbHO, TaK M C TIOMOIIIBIO
BUJICOKaAMEPhl, YKPEIUICHHON Ha OKyJisipe Mukpockona cueruynka BJIK u coenunen-
HOM C KOMITBIOTEPOM.

N3mepenust ¢ momomibio BJIK BO3MOXKHBI JUIIE SISl JOCTATOYHO MajbIX YaCTHII,
00BIYHO MEHBIIUX, YeM (mpuMepHo) 1 MkM. B mpoTUBHOM citydae a’po30Jib U3 Mpo-
OBI OCSAJIET HA JHO KIOBETHI.

AHAJIOTUYHBIE U3MEPEHUSI KOHIIEHTPAIIMU YaCTHUI[ MOTYT OBITh BBITIOJIHEHBI C MO-
MOIIBIO JIA3€PHOTO CUETYMKA YACTHI], OMMCAHHOIO B cieayromux pazgenax. [Ipore-
Jypa MOJy4YeHUs JaHHBIX B 3TOM CJIy4ae yCKOPSIETCS BO MHOTO pas.

JIyist BBITIOJTHEHUS JTa0OpaTOPHOW pabOTHl B a3pO30JHHOM KaMepe CO3/aeTcs, Ha-
puUMep, a3p030JIb TIPU BO3TOHKE HAIIATHIPs MO0 KaHup o, bpoyHoBCcKkas koaryssi-
U — MPOLIECC MEMJICHHBIM, U U3MEHEHUE KOHIICHTPAIlMK a’po30Jisl MPOUCXOJNUT B
TEYEHUH MHOTUX MUHYT. [103TOMY BBhIlICONMCAaHHBIE U3MEPEHUS CIETYET MPOBOIUTH
kaxaplie 10-15 muH, He gae.

Iopsaok BeIMOTHEHUsI padOThI:

1. B 3akpbITON CO34aTh IIyTEM HAarpeBa ONPENEICHHOE KOJUYECTBO AbIMA KaHHU-
(Gosu ¥ ¢ MOMOIIBI0 BEHTUIISITOPA CO37aTh PABHOMEPHOE Pacpe/IeIeHe YacTHUll.

2. [loaroroBuTh K paboTe Ja3epHbIi cueTynk yacTull u cuetunk BJIK.

3. IIpoBecTH 5-7 u3MepeHuil KOHUEHTPALMHU a3p030J1sl C UHTEPBAJIOM B 10 MUHYT.

4. IlomyueHHble JaHHBIE HAHECTU HA Tpaduk 1/c OT ¢ W MO HAKIOHY HANTH 3HA-
yeHne kodpounuenta qudpdysun D u 3aTeM CpeHUN pa3Mep YacTUl] U3y4aeMoro
a’po30JIs.

5. CpaBHUTB pe3yJbTaThl, IIOJIYYEHHBIE IIPU HUCIIONB30BAHUU PA3JIUYHBIX CUECTUHU-
KOB YaCTHLI.
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I'nmaa 5. ®PUJIBTPOBAHHUE

B ¢unbTpanmoHHbpIx cemapaTtopax O4YHMCTKa BO3IyXa (ra3a) OT a’po30JbHBIX 3a-
IpsI3HEHUH (TIBLTH, CaXU, KaleJIbHOW BIarv) MpOUCXOIUT MPU TMPOXOKIECHUHN 3arpsi3-
HEHHOTO TOTOKa Yepe3 CIION MOpUCTOro marepuana. B kadecTBe GUIBTPYIOIIETO
CJIOS UCTIONB3YIOT TKaHU, KOKC, TpaBUi U JIp.

[Ipouiecc puiibTpaniuu OCHOBaH HA MHOTHX (DU3WYECKUX SIBICHUSX:

— 3 dexT 3anenieHus, B TOM YKClie CUTOBBIN d(PPEKT: a3p030JIbHbIC YaCTUIIBI 3a-
JEPKUBAIOTCS B TIOpaxX M KaHaJIax, MMEIOIIUX CEYCHHE MEHBIIIee, YeM pa3Mepbl Jac-
THI;

— NEWCTBUE CHJI MHEPITUHU: TP U3MEHEHUHN HAIPABJICHUS JIBIKCHUSI 3alTBLIICHHOTO
MOTOKA YaCTHUIIBI OTKJIOHSIOTCSL OT 3TOTO HAIPABJICHUS U OCAXKIAIOTCS Ha AJIEMEHTaX
¢unbTpa;

— OpOYHOBCKO€ JIBIKEHHE: B 3HAUUTEIHHONW Mepe OIpenemseT MepeMenieHUe Bbl-
COKOJIMCIIEPCHBIX CYOMUKPOHHBIX YACTHII,

— JICMCTBUE TPABUTALIMOHHBIX CHUJI;

— JIEUCTBUE IEKTPOCTATHUECKUX CHII: a3PO30JIbHbIC YACTHUIIBI U MaTepran puibT-
pa MOTYT UMETh DJIEKTPUUECKUE 3apsi/ibl WK ObITh HEUTPATbHBIMHU.

Jlona BKJIaZa KakJI0TO M3 HUX MOXET M3MeHsThcs oT 0 10 1 B 3aBUCUMOCTH OT
YCIIOBUIA, B KOTOPBIX MPOUCXOIUT OCAKICHHUE.

MaccuBHbIE YacTHUIIBI BCJIEICTBUE WHEPIIMU HE MOTYT OrMOaTh MPENsSTCTBUE BMeE-
CTE C Ta30BbIM MOTOKOM. COHS C TUHUU TOKA, YACTHUI[BI MOTYT CTOJIKHYTHCS C TIpe-
MATCTBHEM WJIM 3arenuTh ero. [Ipm (uibTpanuy 3a cueT WHEPIHMOHHOTO 3axBaTa
OCaKIAIOTCS YaCTHUIIBI pa3MepoM Oosee 1 MKM.

['paButanmst, quddy3uss U MEKTPOCTATHUCCKUE CHIIBI OKA3bIBAIOT BIUSHUC Ha
OCaKICHHE YaCTHII TOJIKO B ONPE/ICICHHBIX YCIOBUAX. [ paBUTAlIMOHHOE OCaXICHHE
MOXET OBITh 3aMETHO, €CJTH B (PUIBTPYIOIIEH cpeic BOBMOXKHO 00pa30BaHME 3aCTOM-
HBIX 30H, HAIIPUMED, B KPYTJIbIX MOPaxX U MOJIOCTSIX.

YacTuipl pazmepom Menee 0.1 MKM MOTYT MpHUOJU3UTHCSA K MPENSITCTBUIO, CO-
Bepliasg XaoTHUHbIe TiepemenieHust (MudPyHanupys) moa Bo3AeHCTBUEM OPOYHOBCKO-
ro JABWXeHUs Mosiekyl. [ons auddy3uoHHOTO OcaxaAeHHs B yJaBiIMBaHUU OoJee
KPYMHBIX YaCTHI] HE3HAYUTENIbHA.

[lo Tumy CTPYKTYpHBIX 3JIEMEHTOB MOPUCTOTO CIJIOS Pa3IMYalOT BOJIOKHUCTHIE,
TKAHEBBIE U 36PHUCTHIE (DUITBTPBHI.

B BoslokHucTHIX puabTpax (Hanmpumep, GUIbTpOBaIbHAas Oymara, KapTOH, Bata,
myX) GUIBTPYIOMIHI CJION 00pa30BaH OTHOCUTEIIEHO PABHOMEPHO pPaclpe1eICHHBIMH
TOHKMMH BOJIOKHAMHU (UIBTPYIONIUX MaTepUaIoB. DTH (PMIBTPHI MpeaHA3HAYCHBI
TUTS YITaBIMBAHUS YaCTHI] MEJIKOIUCIIEPCHOM U 0CO00 MENTKOIUCTIEPCHON ThuH. Bo-
JIOKHUCTHIE (QUIBTPHI MOTYT OBITH MOJPA3/CICHB Ha TOHKOBOJIOKHUCTBIC, TIIyOOKHE
U TpyOOBOJIOKHUCTBIE (PUITBTPHI.

TOHKOBOJIOKHUCTBIE (PUIIBTPHI UMEIOT JMAMETPHI BOJOKOH MEHEEe 5 MKM U HC-
MOJIB3YIOTCS JIJISl YJaBJIMBAHUS BBICOKOJMCIIEPCHON MBUIM U JIPYTUX a3P0O30JIbHBIX
gactull pazmepoM 0.05+0.1 MM ¢ 3HEeKTUBHOCTHIO IO CYOMUKPOHHBIM YacTHUIIAM
He MeHee 99%. YnenbHas Harpyska (yIenpHbIN pacxoi oOpabaTbhiBaeéMbIX ra3oB Ha
€JIMHUIlY TTOBEPXHOCTH (PHIbTpa) HA GUIBTPHI MOJOOHOTO THIA HAXOJIUTCS B TIpee-
max 0.01+0.1 M’/(M>C), CONPOTHBIICHHE YHCTHIX (GHIBTPOB — B mpexenax 200-300
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) [la, otpabGoraBmmx — 700+1500 [Ila.
28 OunbTpsl NpeAHA3HAUEHBI I IITUTENIBHOM
paboThl (OT HECKOJIBKMX MECSLEB M0

HECKOJBKMX  JIET) TpPU  HEBBICOKOM
collepKaHUM JMCIIEPCHON TpuUMecH (10
0.5MF/M3) C MocCHeAymoler 3aMEeHOM,
MIOCKOJIbKY pereHepanus (BOCCTaHOBIICHHUE)
0TpabOTaHHBIX (PUIBTPOB HEBO3MOXKHA.
['myOokue QuiIbTpbl — QUIBTPHI JOJITO-
|

BPEMEHHOTO TMOab30BaHusA. llepBwlii cion
iy bunbTpa Ha MYTH ABUXKEHUSI OYMIIAEMOU
n Cpedbl COCTOUT M3 TPYOBIX BOJOKOH, IIO-
CIEAHUM CIIOM — U3 TOHKUX. Jluamerp rpy-
OBbIX BOJIOKOH 8+19 MKM. OUIBTPHI UMEIOT
BBICOTY (uIbTpytomiero cjos ot 0.3 10 2 M
U paccyuTaHbl Ha paboTy NP JABIECHUU 10
0.3 MIla. ®unbTp NEPUOIUYECKH CTEPUIIU3YIOT OCTPHIM MApoOM, 3aT€M MPOCYIIHBa-
I0T CyXUM BO3AyXoM. Paccuntansl Ha cpok ciyxk0b1 1020 mer.

['py6oBonokHUCTBIE DUIBTPHI (TTPeAGUIBTPHI) UCTOJIB3YIOT MEepe]l TOHKOBOJIOK-
HUCTBIMH (PUIIBTpAMU IS MPEABAPUTEIBHON OYMCTKH BO3ayxa (razoB). biaromaps
TOMY CHUYKAETCS CTOMMOCTb OYUCTKH, IMOCKOJIBKY CTOMMOCTb IPyOOBOJIOKHHCTBIX
¢uapTpoB oyt B 10 pa3 HIKE TOHKOBOJIOKHHUCTBIX, UX JIETYe 3aMCHSTh WM pere-
HepupoBaTh. OUIBTPOBANBHBIN MaTepHall IpeadUuIbTpa COCTOUT U3 CMECH BOJIOKOH
muamerpoM oT 1 10 20 MkM. ['pyGOBOIOKHHUCTBIC GUIBTPHI OTIMYAIOTCS HU3KUM Ha-
yajabHbIM comnpoTuBiieHneM (riopsaka 100 Ila) u Beicoko# mbuIeeMKOCThIO. [Ipu
yaensHOit Harpyske 0.05+1 wm/(M*c) QHIBTPBI JODKHBI MOTHOCTBIO Y/IABIMBATH
YacTHUIBI KpyriHee 1 MKM.

BonokHucTteie QUIbTphl BCIEACTBUE MX CPAaBHUTEIHHO OOJBIIOrO THApaBIYE-
CKOT'O COTMPOTHUBIIEHUSI B OOJBIIMHCTBE CIIy4aeB IKCIUTYaTUPYIOTCS MPU MaJIbIX CKO-
POCTSIX TEUEHHS, NMPU KOTOPHIX UX COMPOTHUBIICHHE MPOMOPIIMOHAIBLHO MEPBOM CTe-
NEHU CKOPOCTH (JIaMUHApHBIN XapakTep TeueHus). TeueHue raza B BOJOKHHUCTBIX
(GUIBTPaX HOCUT OYEHb CIOXKHBIM XapaKTep, TaK Kak MOTOK HEMPEPHIBHO MEHSET Ha-
npaBiieHue, orudasi 0ecropsiI0YHO PacHoiokKeHHbIe BoJoKHA (puc. 5.1). [lns onieHnku
BEJIMYMHBI OCAXJIECHUS a’p030Jield B BOJIOKHUCTHIX (UIBTPAX MOXKHO PAacCMOTPETh
UCATM3UPOBAHHYIO MOJIETh (PUIBTPA, COCTOSIIEM B MOMEPEYHOM pa3pe3e CUCTEMbI
13 OJIMHAKOBBIX MapaJIEIbHBIX HUJIUHIPOB (BOJIOKOH), PACIOJIOKEHHBIX B IIaXMaT-
HOM TIOPSIIKE HAa PACCTOSIHUU 2/ APYT OT JApyra. Tak Kak mopucTocTh (00bem mop B 1
cM’ MaTepuaia) B GUIbTPOBATBHBIX OyMarax i KapToHAX BapbHPYETCS IPHMEPHO OT
0.70 mo 0.98, To otHOMIEHUE A/R 3aKII0YeHO MPUOIM3UTENHHO B Tipeaenax 0.6 — 5.0.
Onpenenenue MoJisi TEUCHUs JaXKe B ATOM, KpallHe YMPOIIEHHOM Mojenu (QuibTpa
IPEICTaBIIACT OYEeHb OoJibllie TpyAHOCTU. Elle TpyaHee, KOHEYHO, BBIUHUCIECHUE
s pexkTuBHOCTH PHIIbTpA.

B kauectBe rpyObIX pacueToB B MPEANOJI0KEHUH MAJIOCTH BPEMEHH yCTaHOBIIE-
HUS [1ya3eiJIeBCKOT0o MPO(HIIs TeUCHUS MEX]ly BOJIOKHAMU KOHLIEHTPAIUIO a3PO30JIs
Ha BbIXOE€ U3 (PUIBTPA MOXKHO OINPEACIIUTh KaK

Puc. 5.1. Moaejan BOJIOKHHUCTOIO
¢puabTpa
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n=nye ",
i€ 1o — Ha4aJIbHasi KOHIICHTpAaIusl, oL — KO3 PUIIUEHT MOTIIOMIECHHUS.
D¢ dexTuBHOCTh GUIbTPa (101 3a/1epP’KaHHBIX YacTull) paBHa £, =1—e".

Ecnu otBneuncst ot aPexra aMeKTPOCTATUIECKUX CHII, TIPH OCAXKICHUU a’p030-
Jied Ha BOJIOKHUCTHIX (GPUIBTpaxX JACHCTBYIOT YEThIPE MEXaHW3Ma: MHEPIIMOHHBIN 3(-
dekr, ad ekt 3anemnenus, ceauMeHTanus u Auddy3us 4acTull.

WNuepuronHbii 3QPEeKT MOKHO paccuuTaTh, Kak B cliydae MIEJIEBOTO MpUOOpa
(MMMIakTopa), MpUHUMAs, OJJHAKO, YTO JIMHUM TOKa MOBOpayuBaroTcs He Ha 90°, a
npumepHo Ha 30-45°. Takum oOpa3om, JUIsl OLIEHKH KO3(PPHUIMEHTa HHEPIIMOHHOTO
OCaXJIEHUs MpUMEHnMa (hopmyJa:

Tu H
o, =—F=—

SRV NEVE
r7ie Uy — CKOpPOCTh T'a3a Ha Bxojie B GpuibTp, H — Tonmuna ¢punsrpa.
Koaddumment nornomenus 6aaroaaps 3pdekTy 3anernieHus paBeH
o = 3r°H
" 23R (R+R)
TJIe T — paauyc adpo30IbHON YaCTHUIIHI.

Kosdduiment cenMeHTaliMOHHOTO MOTJIOMIEHUS a3P030Jisl PHUIBTPOM
gt

Bu,R(1+h/R)
Koaddumment audpy3nonnoro ocaxaeHus a3po3ojeii B puiabTpe paBeH
2HD2/3

3Vu2BRE (14 h/R) "

rae D — koaddunment quddysun.

CymmapHnas 3QGeKTUBHOCTh ACHCTBHSI KaXXIOTO U3 MEXaHU3MOB OOJIBIIE OTIENb-
HBIX CJIaraeéMbIX, HO MEHbIIIE UX apUPMETHUECKON CYMMBI.

TrkaneBble PUIABLTPBI CIyXKaT s 3aJ€pKAHUS CPABHUTEIBHO TPyOBIX a’po30-
neil. PykaBHble TkaHeBble (UIBTPHI MPUMEHSIOTCS ISl OYUCTKU OONBIIMX 00BEMOB
BO3/yxa (ra3oB) CO 3HAYUTENIbHON KOHLEHTpauuen nbuii. OUIbTPYIOLUMHU 3JIEMEH-
TaMH B ATHX allapaTax sBISIFOTCS pyKaBa U3 CHELUalbHON (PUIbTPOBaIbHON TKaHMU.
BcaceiBaroniye (uiabTpel yCTaHaBIMBAKOTCS 1O BEHTHJIATOPA, T. €. Ha €ro BCACHI-
BAaIOILECH JIMHUM, HEJOCTATKOM KOTOPBIX SIBIIICTCA HAJIUMYHUE 3HAYUTEIBHBIX ITOJCOCOB
Bo3ayxa. HarnerarenbHble pykaBHbIE (DUIBTPHl YCTAaHABIMBAIOTCA HAa HAarHETATEIb-
HOW JINHMM B IIOMELICHUH, KyJa NOCTyIaeT OYMILNECHHbIA Bo3ayx. Hegocrarkom Ha-
THETATEIbHBIX (PUIBTPOB, ABJIAETCSA MOCTYIJIEHUE BO3]lyXa Mocie (GUIbTPOB B ITOME-
[ICHHE, YTO MPH HAIMYUHM HETUIOTHOCTEH B pyKaBax MPHUBOJIUT K BHIOMBAHUIO IBLIN B
nomenieHre. K Tomy ke 3anbUIeHHbIA BO3yX HNPOXOJUT Y€pe3 BEHTUIISATOP, YTO BbI-
3bIBaeT OoJsiee OBICTPBIN N3HOC BEHTUIISITOPA.

B TkaHeBbIX (UIBTpax MPUMEHSIOTCS TKaHbIe WIM BajsUIbHbIE MaTepHalibl, BbI-
MOJIHAIOLIUE POJIb MOAJIOKKH st PUIBTPYIOLIEH Cpelibl, KOTOPOH SBIIAETCS MEPBUY-
HBIH CJIOW yJOBJICHHOM MbUIH. TKaHu A1 QUIBTPOB U3rOTABIUBAIOT U3 HATYPaIbHbBIX
WU CUHTETHYECKHX BOJIOKOH auaMmeTpoM 10+30 MKM, CKpy4MBaeMbIX B HUTH Jua-

N
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MeTpoM okojio 0.5 mM. Pazmepsl nop mexay HUTAMU 0ObIYHO cocTaBisitoT 100200
MKM.

[Tpu npoxoxaeHUH 3ambUIEHHOTO BO3AyXa (raza) yepe3 TKaHb MbUICBbIC YaCTHIIbI
3aJIepKUBAIOTCS MEXy HUTSIMU U BopcoM. Hanumume Bopca moBbimaeT 3¢ ¢heKTHB-
HOCTh (punbTparuu. Bopc nomken ObITh 0OpallieH HaBCTpedy 3albUICHHOMY MOTOKY.
[Ipy nBMXKEHUM 3aMBUICHHOTO MOTOKA BO3AYX NMPUKUMAET BOPCHUHKU K TKaHW. [Ipu
oOpaTHOM MPOAYBKE MPOUCXOIUT BHITIPSIMIICHUE BOPCUHOK, U HAKOMUBIIHUECS TbLjIe-
BbI€ YACTULBI yJaustorca. Eciau e Bopc OyleT HampaBieH B MPOTHUBOINOJIOKHYIO
CTOPOHY, TO KOJIMYECTBO 3a/I€PKAHHOW MBUIA YMEHBIIAETCS, TOCKOIBKY MPOUCXOIUT
BBIIIPSIMJIEHUE BOPCUHOK. 3aTpyIHSAETCA U pereHepanus GuibTpa, Tak Kak BOPCUHKH
MPUKUMAIOTCA K HUTSAM U MPEMSATCTBYIOT OTJEICHUIO TBUIA OT TKaHHU.

Yucrast TkaHb He oOecrieunBaeT HeoOXoauMyto dhdexTnBHOCTS ouncTKH. [locie
pereHepanyy Ha TKaHW OCTaeTCsl HEKOTOPBIN CIIOM MbUIH. [10Cne HECKOJIBKUX IUKIIOB
(3amblIEHUE - pereHepanus U T. JI.) TKaHb NpuoOpeTaer padbouee coctosiHue. B Hel
CO3/Ia€TCSl OCTATOYHBIM CJIOW TBLIM, KOTOPHIH BMECTE C TKaHbIO 00pa3yeT (QuibT-
pytomuid cioit. B mpomecce dunbTpanuu 3TOT ciior yBenuuuBaetcs. [locne ouepen-
HOM pEreHepanuu OH YMEHBIIAETCS OO OCTAaTOYHOM BEJIMYHMHBI U CONPOTHUBICHUE
TKaHu cTabunusupyetcs. OHAKO B HEKOTOPBIX CIydyasxX CONPOTUBIECHHWE TKaHU He-
IPEPBHIBHO PACTET B CBS3U C YEM YMEHBIIAETCA CEYEHUE MOP MPHU OCAKICHUHN MEKIY
BOJIOKHAMH TKAaHU MbUIEBBIX YaCTHUL, KOHICHCALIMU BJIard Ha MOBEPXHOCTH, 3aMaciu-
BAHUU TKAHU U T. [I.

Pereneparust GunbTpoBanbHONW TKAHU PYKABOB MPOU3BOIUTCS MyTEM MEXaHUYe-
CKOTO WJIU a3pOJUHAMHYECKOr0 BO3ACHCTBUS HAa (PMIBTPOBAIBHYIO TKAHb C IIEIBIO
paspyLICHUs U YIAJEHUs CJIOS OCEBLIEH MBLIN.

OCHOBHYIO pOJIb B TKAHEBBIX (DUIBTPAX UTPAET UHEPIIMOHHOE OCAXKIACHUE YaCTHUI]
Ha HUTAX. Ecan oTHOmIeHHe mpocBeTa Mexay HUTAMU 2h k ux nuamerpy 2R Gombiie
1 (penkast TKaHb), TO TEUCHHE Ta3a Yepe3 TKaHb MaJIO OTJIMYAETCA OT 0OTeKaHUs U30-
JUPOBAHHBIX HUTEH, U TPHU 3TOM 3PHEKTUBHOCTh PUIBTPA MPHU MAJBIX CKOPOCTSIX
TE€YEHHUSI OUCHb HEBEIIUKA.

Opnnako mpu yMeHbIIEHUU //R IMHUM TOKAa MPUOIMKAIOTCS K MOBEPXHOCTU HHU-
Tel, U 3PPEKTUBHOCTD OCAXKIEHUS TOJKHA 3HAUUTENIbHO yBennunBaeTcs. K coxane-
HUIO, pacrnpeieieHue CKOpOCTel B rase, TEKyIleM depe3 IUIOTHYI0 TKaHb (/4/ R <1),
OOBIYHO HEU3BECTHO.

OnBITHI ¢ MHOTOCTIOWHBIMU TKAaHEBBIMH (DHITBTPAMU TTOKA3aJIH, YTO KOHIICHTPAITUS
Ny a3P030JIs, TPOIIEAIIECTO Yepe3 k CII0EB, MOKET ObITh MPUOTMKECHHO BBIpaKeHA
bopmynoii:

n, =nyexp(—ka),
I€ Ny — HaYaJlbHasl KOHUEHTpAUUs. ITO COOTHOUIEHUE CHPABEIIMBO TOJBKO B TOM

Cclly4yae, €CJIM KaXKJIblii CJIOM MPOIYCKaeT OAHY U TY K€ JI0JII0 € © BXOSIIUX B HETO
yacTUll. B nmoauaucnepcHbIX a’spo30isaX 00 UMEET PA3IMYHYI0 BEJIMUYUHY IS pa3HbIX
dpaknuii. s gactur, ¢ paguycom, npesbimaronmm 0.1 MKM, 0 YBEIUYUBAETCS C
BO3pacTaHUEM HX pa3Mepa, MO3TOMY B JIOOOBBIX CIOSX (DUIBTpa 3alepKUBAIOTCS,
IJIaBHBIM 00pa3oM, 6oJiee KPYyIMHbIe YaCcTUIlbl. Tak KaK KPYMHbIE YaCTUIbI ObICTPO 3a-
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OuBarT J1000BbIE CIIOM (UIBTPA, MOCIEIHUE PEKOMEHIYETCS BpEMs OT BPEMEHHU
CMEHSTb.

3epHucTBIe PUIBTPBI HCHOIB3YIOT IIPU BBICOKOM TeMIiiepaType cpenpl. OuibT-
pYIOLUi CIOM B 3€pHUCTBIX (UIbTpax 0O0pa3oBaH 3epHaAMU CHEpPUUECKON WU Jpy-
roif popMbl. MoryT UCIOJIB30BaThCS MPHU BBICOKUX Temmeparypax (1o 500+800°C),
KOT'Jla HEBO3MOXKHO MIPUMEHSTh TKaHEBbIE. Pa3nnuaroT HachIHbIE 3€pPHUCTHIE (DUIIBT-
Pl (Harpumep, MecoK, LUIAK), B KOTOPBIX 3JIEMEHThl (PMIIBTPYIOLIETO CJIOSI HE CBsI3a-
HBI JKECTKO JPYT C IPYroM, U KE€CTKHE 3€pHHUCTbIE (DPUIBTPHI (HampUMep, KepaMuye-
CKHE), B KOTOPBIX 3TH 3JIEMEHTHI MIPOYHO CBSI3aHbl MEX]Yy COOOW MyTEeM CIEKaHMUS,
IIPECCOBAHMS, CKJIEMBAaHMs U 00pa3yloT MPOYHYIO HEMOJABUKHYIO cucteMy. llocnen-
HUe 00JIaJal0T 3HAYUTEIbHON YCTOMYMBOCTBIO K BBICOKOW TEMIIepaType, KOPPO3HH U
MEXaHWYEeCKUM Harpy3kam. HenocTaTkom 3epHHUCTBIX (DUIBTPOB SIBISIOTCS — BBICO-
Kasi CTOMMOCTh, OOJBbIIOE THUAPABIUYECKOE COMPOTUBIEHHE, TPYAHOCTh pEreHepa-
UH.

IIpuMepsl pemieHUs 3a4a4:

3agauya 1. Paccuurath 3()()eKTHUBHOCTH PA3JIHYHBIX MEXaHU3MOB IOIJIOIIE-
HHES 23Po30Jeil IoTHOCTHIO 1000 KI/M® B BOJOKHHCTOM (UJIbTPEe TOJNIMIHHOM 2
MM € paanycoM BoJIOKOH 10 MKkM u ¢ cooTHomeHueMm h/R = 0.7 npu aByX CKOpoO-
cTrsax Teyenus Bozayxa 0.01 m/c u 0.2 m/c. OueHKH NPOBECTH JISl YACTHUIL Pa3Me-
pos 0.01, 0.03, 0.1, 0.3, 1, 3, 10 MmxMm.

Pemenune. DG (HEKTUBHOCTH KXKIOTO M3 MEXaHW3MOB (MHEPIIMOHHOTO OCAXICHUS
E;, 3anemenus E,, cenmmenTanmonnoro ocaxaeaus Eg u nuddy3snonHoro ocaxme-
Husa Ep) onpenenum mo o6o06meHHoi dpopmyne E=1-¢e*, Beipaxkennyio B %. Pe-
3yJNbTaThl MpeacTaBuM B Tabmwuie. s pacdyera koadduiuenta auddy3un 4acTHIl
a’po30Jis ucroyib3yeM popmyny D = (r/ m)kT nipu 293 K.

J MKM U=0.01 m/c U=0.2wm/c

’ E,% | En,% | E,% | Ep,% | Ei,% | Ew,% | E, % | Ep, %

0.01 0 0 0 100 0 0 0 84

0.03 0 0 0 100 1 0 0 59

0.1 0 1 0 95 7 1 0 33

0.3 3 5 1 75 47 5 0 17

1 30 41 11 47 100 41 1 8

96 99 66 26 100 99 5 4

10 100 100 100 13 100 100 45 2

Hns gactunr quamerpom menee 0.1 mMxM Hambosee >QQEKTHBHO MPOSBISETCS
1 Gy3nOHHOE OCKICHUE, a JUII AUaMETPOB O0JbIIe 1 MKM — HHEPIIMOHHOE OCaX-
JeHue u 3anerieHue. DG PexT ceuMeHTauu 0ObIYHO Mall.

CrnenoBaTenbHO, IPH OYEHBb MaJIbIX 3HAYCHHSIX JUaMeTpa 4acTull 3p(HEeKTUBHOCTh
¢unbTpoB pomkHa ObiTh 100%. Takum obGpa3om, kpubas 3PPeKTUBHOCTU PUIBTPA
OT MaMeTpa UMEET MUHUMYM TPU HEKOTOPOM pa3Mepe.
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KoHTpoJibHBIE BONIPOCHI:
Ha xaxkux ¢u3nueckux sBICHUIX OCHOBAH MpoIecc GuiabTpanun?
. Urto HazpiBaeTcs 3¢ (HEKTUBHOCTHIO BOJIOKHUCTOTO (puiibTpa? OT 4ero oHa 3aBU-
cut?
[Touemy o mepe ciyk0bl 3P HEeKTUBHOCTH PUIHTPOB BO3pACTALT?
4. Kakue Guibtpbl HanbOonee d3pPeKTUBHBI Il yIaBIUBAHUS CYOMUKPOHHOMU TbI-
mu? CpaBHUTENBHO KPYITHBIX YacTHUIL?

N —

W

JIABOPATOPHAS PABOTA Ne 8
CuToBOIi MeTO/1 Onpe/IeIeHUs] TUCTEPCHOCTH MOPOIIIKA

Llenv pabomei: U3y4nTh OCOOCHHOCTH MPOBEIEHUS CTAaHAAPTHOTO METOJa OIpe-
JEJIEHMS] TUCTIEPCHOCTH MOPOIIKOB — CHTOBOT'O aHAJIM3a.

Cumoeoii ananu3 — 5To ornpeaeiiecHne PPaKIMOHHOTO COCTaBa WM pacmpeee-
HUS TI0 pa3MepaM YacTHIl MOPOIIKOB U rpaHysl MpoceuBaHueM yepe3 cuta. CUTOBOM
aHaJIN3 OCYIIECTBIISIIOT MPOCEMBAHUEM MPOO Marepuasa yepe3 Habop CTaHAapTHBIX
CUT, pa3Mep OTBEPCTUN KOTOPHIX MOCIEAOBATEIIbHO YMEHBIIIAETCS CBEPXY BHU3, B pe-
3yJbTaTe Yero MaTepual pa3jiensercs Ha Qppakiuu.

Hcnonb3oBaHre CUTOBOTO aHAIM3a UMEET PsiJi OTPaHUYCHUM:

— JIJI IPOBEJICHUsI aHau3a TpeOyeTcs, Kak MPaBUJIo, JOCTATOYHO OOJIBIIOE KO-
JMYECTBO MOpoIKa (0OBIYHO — HE MEeHee 25 T);

— METOJl HEMPUMEHHUM K HECHIITyYHM WJIM 3a0MBAIOLIUM OTBEPCTHUSI CUTA MOPOIII-
KOOOpa3HbIM MaTepuajiaM (MaciSHUCTBIM, JIUTIKUM, CKJIOHHBIM K KOMKOBAHHUIO H
ap.);

— €CITu MCcCcleayeMble 00pas3Ibl TUTPOCKOITMYHBI WM, HAITPOTUB, JIETKO TEPSIOT
BJIary, Ipy MPOBEJACHUU aHAIN3a CJIEIyeT KOHTPOJIUPOBATh BIAKHOCTh U TEMIIEPATY-
Py OKpY>Karolieil cpessl;

— B cllyyae aHajiu3a dJIEKTPU3YIOIIHUXCS BEUIECTB K 00pasily cleayeT A100aBIsiTh
AHTUCTATUK (KPEMHHUS AUOKCU KOJUIOUAHBINA, aTFOMUHUS OKCU U Jp.) B KOJIMYECTBE
1o 0,5 % mo macce.

CuToBO# aHAIIM3 MOXKET UCIOIB30BATHCS ISl MIPEABAPUTEIILHON XapaKTepUCTH-
KU U3METbYEHHOCTH MopolKa (Tad.), a Takxke i onpeaeseHust GpakiuoOHHOTO CO-

Tabmuma 5.1
Knaccudpukanusi mopoumkoB 1Mo u3MeaTb4eHHOCTH

Pa3mep oTBepcTuii (MKM) CUT, Yepe3 KOTOPBIE MPO-

HaumenoBanue .
HopouKa XOJIUT aHATM3UPYEMBIN OPOLIOK
He MeHee 95 % He 6osee 40 %
OueHb KPYIHBIN TOPOIIOK — 1400
KpynHslii mopomok 1400 355
CpenHeMenkuii MopoIIoK 355 180
Menkuii mOpoOIIOK 180 125
OueHb MEIKUN MOPOIIOK 125 90
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CTaBa MOPOIIKOB WM IpaHyJl.

Jlna omnpeneneHus: (ppakMOHHOIO COCTaBa MOPOIIKAa COOMparoT HabOp CHUT ¢
pa3MepamMH OTBEPCTHM, MOKPHIBAIOIIMMHU BECh JUANa30H pa3MEpOB YacTUI] B o0pas-
e.

Ilepen npoBeeHNEM aHAJIA3a CUTA TIIATEIBHO MMPOBEPSIOT HA HAJIMYNE UCKPHB-
JICHUH U TPEIIMH, OCOOEHHO B MECTaX KpEIUJIEHHUsI CETKH K paMe. YHCTKY CUT peko-
MEHJyeTCsl IPOBOJUTh CTPYEH BO3AyXa WK napa. Ecim mociie 3Toro HeKOTophle OT-
BEpPCTUSL OCTAIOTCS 3aKyNOPEHHBIMHU, TO JIOMYCKAETCS OCTOPOMKHO MPOUYUCTUTH UX C
HWKHEW CTOPOHBI C MOMOIIBK) MSTKOM KWUCTH WIM IIETKH. [l OLIEHKH CpEeIHETO
pa3Mepa OTBEPCTHI KaTHOPOBKY CUT MOKHO IPOBOJUTH ONITHYECKUM METOJIOM.

B 3aBUCHMMOCTH OT CBOMCTB HCCIEIYyEMOr0 MOPOIIKAa U TOCTABJICHHBIX 3a/1a4
(TEXHOJIOTMYECKUX 1I€JIei) CUTOBOM aHaJU3 MOYKET BBINOJHATHCS CIEAYIOIIUMU Me-
TOJIAMH:

— MEXaHU4ECKOE IPOCEUBAHUE;

— BO3yXOCTPYHHOE IIPOCENBAHME;

— 3BYKOBO€ IIPOCEUBAHUE.

CuTOBOW aHAIU3 C MEXAHUYECKUM RPOCEeUuanuem OObIYHO NPUMEHSIOT IS
aHaJM3a NOPOLIKOB WM IpaHytl, y KOTOpbIX He MeHee 80 % yacTuil MMErT pasmep
6onee 75 mxMm. [l OGojee MENKMX YacTUIl, a TakXe JJIs 4acTULl C BBIPAKEHHBIM
CBOMCTBOM CIIMIATbCS WK NPUINIATH K IOBEPXHOCTU CUTA, O0Jiee MOAXOASILUM SB-
JSIeTCS BO3IYXOCTPYWHOE MIIM 3BYKOBOE IIPOCEUBAHMUE.

B 6030yxocmpyithom meTonie npocenBaHue OCYLIECTBISETCS NOTOKOM BO3/1yXa.
Kak nmpaBuiio, B JaHHOM METO]IE€ UCIIOJIb3YIOTCA 00Jiee MEIKUE CUTa IO CPABHEHUIO C
MEXaHUYECKHUM MTPOCEHBAHUEM.

B mMerone 36yk06020 npoceusanua McnbITyeMblid 00pa3el] BHOCUTCS B BEpPTH-
KaJIbHYI0 BUOPUPYIOIIYIO KOJOHHY BO3/yXa, KOTOpasi MOJHUMAET 00pasel] U IepeHo-
CHUT €ro 00paTHO CKBO3b OTBEPCTHS CUTA MPU 3aJJaHHOW 4acTOTE BUOpaIHil.

Pa3Hble ciocoObl mpocenBaHMsl AT Pa3IUYHbIE PE3YJIbTaThl CUTOBOIO AHAJIM-
3a, 4YTO HEOOXOAMMO YUUTHIBATDH IIPU OLIEHKE PE3YIbTATOB UCIIBITAHUSI.

BHe 3aBHUCHMOCTH OT BBIOPAHHOIO METO/1a IPEABAPUTEIBHO ONPEAEIIAIOT ONTH-
MaJIbHYIO Maccy IpoObl U BpeMsI IPOCEUBAHMSI.

Buibop maccet npoowi. 11pn BeIOOpe MHTEpBaJla HABECOK MOPOIIKA YUYUTHIBAIOT
€r0 HAaChIIHYI0 IUIOTHOCTh M IIPEABAPUTEIBHO OIPENEICHHYK) HW3MEIbYEHHOCTD
(tabm. 5.1). Tak, Hampumep, €clii MOPOIIOK OINpeneseH KaK KPYIHBIM, MOKHO HC-
oyib30BaTh HaBecku oT 25 1o 100 r. Ilpu aHanu3e METKUX U OYEHb MEJIKHUX MOPOLI-
KoB — 0T 10 10 25 1, a B OTZAENBHBIX ClIydasx OoT 5 T u MeHee. B npenenax BeIOpaHHO-
ro MHTEpBaia OepyT He MeHee Tpex HaBecoK. Eciu mo pesynbpraraM mpoBeACHUS UC-
NBITaHUS HaBecka nopoiika, Harnpumep 100 r, umeer Oosee HU3KUN MPOILIEHT MPOXO-
KICHHUS 4epe3 CaMO€ MEJIKOE W3 MCIOJb30BAHHBIX CUT, TO MPEANOYTEHUE OTIAIOT
uHTepBany ot 25 10 S0 r.

Buioop épemenu npoceusanusn. OnpeneisroT MacCy KakJ10ro CUTa ¢ TOYHOCTBIO
10 0.1 r. TouHyrO0 HaBECKy HCIBITYEMOI'O IOPOIIKA ITIOMELIA0T Ha BEPXHEE CUTO U
3aKpbIBAIOT KpbIIIKOW. [IpoBomAT mpocenBaHue JIOOBIM U3 METOJOB B TEUEHHUE 5
MUH, 3aTEM OCTOPOXKHO (0€3 MOTEph BEIECTBA) CHOBA B3BELIMBAIOT KAXKIOE CUTO U
OIIpPEAEIISAIOT MacCy BEIIECTBA Ha KAXKIOM U3 CUT. TakuM e criocoOOoM ONpeesisioT
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Maccy BelecTBa Ha nojajgoHe. CHOBa cOOMPArOT Ha0Op CUT, BCTPSAXUBAIOT B TEUEHUE
5 MHH U B3BELINBAIOT KaXKJO€ CUTO, KaK ONMKUCAHO BBILIE. DTH IMPOLELYPHI IOBTOPSIOT
70 TeX MOp, MOKa U3MEHEHHE MacChl MOPOILIKA Ha JIOOOM M3 CUT He OyJeT COCTaB-
1aTh MeHee 5 % unu MeHee 0.1 T 1o CpaBHEHUIO ¢ IPEABIAYIIENH MacCOM BEIECTBA Ha
3TOM CHTE.

Ecnu Ha mo00oM U3 CUT Macca BellecTBa COCTaBlsieT MeHee 5 % ot ob1el Mac-
Chbl MCIIBITYEMOT0 00paslia, TO U3MEHEHHE Macchl He JOJDKHO mpesbimaTh 20 % 1o
CpPaBHEHHUIO C MpEeAbIAyIIe Maccoil Ha 3TOM ke cute. Ecnu Ha m1000M K3 CUT Haxo-
autcs 6osiee 50 % ot 001Iel Macchl UCIIBITYEMOro 00pa3ia, To Py OTCYTCTBHH JAPY-
TUX YKa3aHUM, UCTIBITAHUE MOBTOPSIIOT, HO B HA0OP CUT 100aBis0T OoJiee rpydoe cu-
TO: MEXIY TeM, KOTOPOE€ HECET U30BITOUYHYIO MaccCy, U MPEAbIIYIINM, O0ee rpyObIM
CUTOM.

CpaBHuUBaIOT 001IME MAcChl BEIIECTBA 0 U mocie ucnbiTanus. OOmias moreps
HE JI0JKHA MPeBbIaTh 5 % OT nepBoHavaIbHOW Macchl oOpasua.

[ToBTOPSIOT MCTIBITAHKE, UCTIOIB3YsI 001ee BpeMsl IPOCEUBAHMsI, PABHOE CyMMe
BpPEMEH, ONPEJIECICHHBIX BbIIIE, YTOOBI YOEIUTHCS, YTO OOIIEro BpEMEHH XBAaTaET IS
JOCTHKEHMSI YKa3aHHBIX BbIllIe M3MeHEeHUN Mmacc. OmpeseneHHoe TakuM o0pa3om
BpEeMs IPOCEUBAHUS UCHOJB3YIOT I MOCIEIYIOIINX UCIBITAHUN JAaHHOIO BELECT-
Ba.

Memoouka onpedenenusa Gpakyuonnozo cocmaega. ONUpenensiOT Maccy Kax-
noro cura ¢ ToYHOCTBIO 10 0.1 . TouHyI0 HaBECKy HCHBITYEMOIO BEIIECTBA ITOME-
[IaI0T Ha BEPXHEE CUTO W 3aKPBIBAIOT KPBIIKOW. [I[poBOAAT MpocenBanue ar00bIM U3
METOJIOB B T€UEHHE YCTAaHOBJICHHOTO BPEMEHH, 3aTEM OCTOPOXKHO (06€3 moTeps Belle-
CTBa) CHOBA B3BELIMBAIOT KaX/10€ CUTO M ONPEAEIAIOT MAacCy BEIIECTBA HAa KaXJI0OM
u3 cuT. TakuMm ke crmocoOOM ONMPENENSIOT MAacCy BEIIECTBA HA MOJOHE.

[Tpu BO3MyXOCTPYHHOM MPOCEMBAHUU MCIBITAHUS MPOBOJAT HAa KaXKIOM U3 OT-
JEJIbHBIX CHUT, HauMHasi C CaMOI'0 MEJKOTO, C €JUHOBPEMEHHBIM HCIIOJIb30BaHUEM
TOJIBKO OJTHOTO CHTA.

Ecnn ocraBuieecst Ha Jr000M M3 CUT BELIECTBO COCTOMT U3 arperaTtoB YacTHIL,
00pa30BaBIIMXCS B MPOLIECCE TPOCENBAHNS, aHAIN3 PU3HAETCSA HEICHCTBUTEIBHBIM.
B sTOoM cinyuae HEoOXOOUMMO HUCHOJIB30BaTh APYrOM METOJ OIpENETeHUs pa3sMmepa
YaCTHIL.

Ilpeocmagnenue pesynvmamos. PpaklIMOHHBIA COCTaB MOPOILIKOB U TPAHYI U
pacnpesiesieHue 4acTull 10 pa3MepaM BBIPAXKarOT B BHJIE€ MAacCOBOW JIOJM MOPOIIKA,
MIPOCESTHHOTO Yepe3 CUTa, B poueHTax. [Ipu 3Tom cieayer yka3aTh MacCcy HCHbITye-
MOTo oOpasia, BpeMs MpOCEerWBaHUsA, MeToJ ucrhblTaHus. [Ipu HeobxomumocTH mo-
IIOJIHUTEJIPHO YKa3bIBAIOT YCJIOBHS IPOBEIECHUS HCIBITaHUS (BIAXXHOCTh, TEMIIEpa-
Typa, UCTIOIb30BaHHE aHTUCTATHKOB, 00OPYIOBAHHE U AP.).

ITopsok BhINOJIHEHUS PAa00THI U 00PA0OTKH Pe3yabTATOB U3MeEPEeHUIl
1. TlepenucaTh pa3Mepbl OTBEPCTUH CUT, KOTOpBIE OYIyT MCIIOIB30BaTh JJIsI aHa-
nu3a. B xommekre ecth cuta ¢ otBepetusimu 0.040, 0.045, 0.050, 0.063, 0.080,

0.100, 0.125, 0.160 mm.
2. OmnpenenuTh HEOOXOAUMYIO MacCy MOPOLIKA U BpeMs MPOCEUBAHUS.
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3. CJHOXuTh CHTa B BEPTHKAJIHLHOM TIOJIO)KCHHH TI0 MEpPE YMEHBIIICHUS pa3Mepa
CUT HaUYMHAsI C BEPXHETO. 3aKPBITh BEPXHEE CUTO KPBIIIKOM.

4. BcbmaTh TOPONIOK B BepxHee cuTo. [IpocenBath 5-10 MUHYT BCIO CTOTIKY CHT.

AKKYpaTHO CHATH Kaxjoe cuTo. CTpSXHYTh MO OYEpEIr COJAEPKUMOE CUT Ha

Oenblil rmankuil TucT Oymaru. M3aMepuTs Maccy mopoIlka, HaXOJAIIErocs B

KaKJIOM U3 CHT.

6. Ilo momydeHHBIM JAHHBIM MOCTPOUTH MUDPEPEHIMAIBHYI0O U UHTErPAIbHYIO
MaccoBbI€ pacnpeneneHuss dactul. OO0paboTath Ha BO3MOXKHOCTH OMHCAHUS
pacnpenenenuem Pasuna-Pamiiepa u Ponnepa.

)

JIABOPATOPHAS PABOTA Ne 9
BecoBoii MeTO/1 H3MEpPEHHUS MAaCCOBO KOHIIEHTPAIIMHU a3Po30Jieii

L]env pabompi: U3y4nTh OCOOCHHOCTH U3MEPEHUS CPEAHEN MAacCOBOM KOHIIEHTpa-
IIUU a3p030JIeH B Ta30X0/1aX C MOMOIIbIO MPOOOOTOOPHBIX yCTpoucTB. [IpoBecTu u3-
MEpEHUS] YKa3aHHOW BEJIMYMHBI JJIA clydasi ABYX(})a3HOTo MOTOKAa B adpoJuHaMUYe-
CKOM TpyOe 3aMKHYTOI'O THUIIA.

[IpoBeneHHbIE paHee MCCIENIOBAHUSA IO U3MEPEHUIO paclpeielieHUus KOHIICHTpa-
I[UU YaCTHUIl U CKOPOCTEH MOTOKa B pabouel 30HE a’dpOoAMHAMUYECKOMN TpyObI MoKa3a-
7, 9YTO KOHIIEHTPAIMH YaCTHUI] MOHOJUCIIEPCHOTO a3pO30Jsi U CKOPOCTH MOTOKA O/I-
HOPOJHBI 10 ceueHuto padoueil 30HbI. [loaTomy 3nauenus <C,> paBHO 3HAUYEHUIO
JIOKaJIbHOM MacCOBOM KOHIIEHTPAIIMH B MECTE YCTAaHOBKU IPOOOOTOOPHHUKA.

H3mepenusi MaccoBOM KOHIIGHTPAIMM a’pO30Jisi BECOBBIM METOAOM BKJIIOYAET
CJIeyIOIIKEe OTepaluu: oTO0p a’dpO30JIbHBIX YACTHUIl U U3MepeHne o0bema rasa, co-
JIEpIKaIlEero YacTHUIIbl;, MOJHOE YJIaBIMBAaHUE YACTHII, COAEpKalIuXcs B poOe; B3Be-
IIMBAHUE OCAKJICHHBIX YaCTHII.

OO6mas cxema Juisi U3MEPEHUsI MAaCCOBOM KOHIIEHTpALMM MOKa3aHa Ha puc .5.2.
Abspo3zosibHas TpyOa noctymaet B 3081 (1), a 3aTeM MO TPaHCIMOPTHOM MarucTpaiu
(2) monmagaer B ¢uasTp (3), rIe NpoOUCXOAUT ocaxkaeHue yactuil. KomnuecTBo rasa,
IPOLIEAIIET0 Yepe3 MpoOOOTOOPHUK 3a OMpEeNEICHHOE BpeMs, ONpeleNsieTcs peo-
MeTpoM (4). C moMoIIpl0 BaKyyMHOTO Hacoca (7) OoCyIIecTBIseTCs moaada mpoOsl.
PerynmupoBounbie BeHTH M (5) 1 (6) TIO3BOJISIIOT 3a7]aBaTh HEOOXOAMMBIA PEXHUM OT-
oopa.

PaccMoTpuM OCHOBHBIE KOHCTPYKTHBHBIE OCOOEHHOCTH MPOOOOTOOPHUKOB U He-

.
.
|:12 : g ;ﬂ O*

Puc. 5.2. Biiok-cxemMa 3KCIepUMEHTAIbHON YCTAHOBKH

80



KOTOPBIE BOIIPOCHI TPAHCIIOPTHUPOBKH a3p030JIbHBIX Mp0o0. s oTOopa npod ucnos-
3YIOT 30HJBI Pa3MYHbIX KOHCTpYyKIui. Haunbornee pacmpocTpaHeHbl MUIMHAPUYE-
CKue 30H/bl. B 3aBHcHMOCTH OT ycioBuil 0T00pa Mpod MCHOJB3YIOT MPOCThIE 30HIbI,
THEBMOMETPUYECKHE (UM CKOPOCTHBIE), HYJIEBbIE (UJIM U30KUHETUYECKHE), KOTOPBIE
IPUMEHSIOTCST B MPOOOOTOOPHBIX CXeMmax ¢ “BHEIIHEW TuO0 “BHYTpeHHEH (QUiIbT-
panuelt (MoHATUA “BHEIIHENH” W “BHYTpeHHEH (QUIbTpalldd O3HAYAeT MECTO YCTa-
HOBJICHUS OCAJUTENIbHBIX 3J1€MEHTOB ((UIBTPOB) — BHE JIMOO BHYTPH HCIIOIB3YyEMOM
CHCTEMBI).

[IpocTbie 30HABI — 3TO TOHKOCTEHHbIE TPYOKH JIMOO TOJICTOCTEHHBIE C 3aTOYECH-
HBIM IIOJ] OCTPBIM YIJIOM HAaKOHEYHUKOM. [IpUMEHSIOT Takue 30HAbl B OCHOBHOM IS
OJIHOPa30BbIX M3MEPEHHUI U3 MOTOKOB C U3BECTHBIM CTALIMOHAPHBIM MPOPUIEM CKO-
pocth. CylIeCTBEHHBIM HEIOCTAaTKOM SIBISIETCS HEBO3MOXHOCTb M3MEPEHHS (OAHO-
BPEMEHHO C OTOOPOM MPOOBI) CKOPOCTH MOTOKA B MECTE PACIOJIOKEHUS 30H[A.
[THeBMOHMYECKHE WJIM CKOPOCTHBIE 30H]IbI HApsily ¢ 0TOOPOM MPOObI U3MEPSATH -
HAMUYECKUN HANoOp W CTAaTUYECKOE JIaBJIEHWE, a MO0 STUM BEJIIMYMHAM OIPEACIAThH
CKOpOCTh MOTOKa. HymneBbie 30HbI paboTaloT B pexkuMe, OJM3KOM K M30KHHETHYe-
CKOMY, KOTOPBI OMpeaesseTcs Mo paBeHCTBY CTATUYECKUX JABJICHUM, N3MEPSEMbIX
BHE U BHYTPH 30H]1a.

JIBa mocienHux TUIA 30HJI0B MO3BOJSIOT ONTUMU3UPOBATH U aBTOMATU3UPOBAThH
nporecc orbopa npod. OaHaKo BBEACHHE MAHOMETPUUECKUX TPYOOK MPUBOAMUT K
YBEJIMYEHUIO TabapUTOB HAKOHEYHHKOB 30HJIOB, YXYAIICHHUIO OOTEKaHUS HX IMOTO-
KOM, B3aUMOJEICTBHUIO a3pO30JIbHBIX YACTHI] C UX JIOOOBOM MOBepXHOCThIO. He me-
Hee BAKHOU SABISETCS MpobiieMa TPaHCTIOPTHPOBAHUS MPOOBI B cydae AUCTAHIIMOH-
HOTO 0TOOpa MpOOHBI (cxemMa BHEUIHEH (UIbTpalnu), IPU KOTOPOM HEKOTOpast 4acTb
YaCTUIl OCAKIAETCSl Ha CTEHKaX MpoO00TOOpHOI Maructpanu (2), Hapymias TeM ca-
MBIM TIPEJICTaBUTEILHOCTH TPOO0OTOOPA.

Abspo3oJibHas YacTHIla, KOCHYBIIUCH CTEHKH, MOXKET JTUOO yJIepKUBAThCS Ha HEW,
A1M00 YHOCHUTHCS MOTOKOM. DKCIIEPUMEHTAIbHBIE TaHHbIE MMOKa3bIBAIOT, YTO MEJKHE
YacCTHULBI, TUAMETPOM MeHbIle | MkM, npaktudecku co 100% BepOSATHOCTBIO MPUITH-
NaloT K CTEHKE MPH JIIOObIX TeueHusx raza. s 6osiee KpynHbIX YaCTHUI] BEPOSITHOCTD
ylepxKaHus, KOTOpasi 3aBUCUT KaK OT MaTepuayia 4YacTUIl U CTEHKH, IIEPOXOBATOCTH
CTEHKH, HAJU4Msl 3apsiIOB Y YACTHII, TAK U OT XapaKTEPUCTUK ra30BOro MOTOKa, Ma-
JaeT ¢ POCTOM pa3zmepoB yacTull. CI0KHOCTh U MHOTOOOpa3ne pacCMOTPEHHBIX BbI-
e 3 PexToB 3aTpyAHAET BbIIayy HEKOTOPBIX OOIIMX PEKOMEHIAIUIl M0 opraHusa-
[IUU TPAHCTIOPTHPOBKHU a’3pO30JIbHBIX MP00. B Kaxa0M KOHKPETHOM ciiyyae HE0OXo-
MO Ha OCHOBE 3KCIIEPUMEHTAIBHBIX M TEOPETHUECKUX HCCIEIOBAHUSX BbIOUPAThH
ONTHMAaJIbHBIE PEKUMBI TPAHCTIOPTUPOBAHUSI TPOO a’PO30JIEH.

Onucanue IKCIEPUMEHTAIBHOH YCTAHOBKHU
JIJist u3MepeHrs MacCOoBOM KOHUEHTpPALMK a’po30Jsi B paboueM oO0beMe a’poju-
HAMUYECKON TPYyObl 3aMKHYTOI'O THIIa KCIOJB3YIOTCSA MPOCTbIE TOHKOCTEHHBIE IIH-
JUHIAPUYECKHUE 30HBI.
Ha puc.5.3 nokazan pabouunii 00beM a’dpoIMHAMUYECKONU TPYObl U PaCIOIOKEHUE
npoboorbopHuka. [Ipennomnaraercs onpeaeuTb MaCCOBYIO KOHIEHTPAIUIO a3PO030JIs
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Puc. 5.3. JxcnepumeHTaIbHAA YCTAHOBKA

JUKOMOIUSI, KOTOPBIM MOJIy4aeTcsl paclblIEHUEM MOPOIKA JUKOMOIUS C MOMOIIBIO
reneparopa tuna [11—1.

B BO3aymiHbIiA MOTOK, CO3/1aBa€Mblii IIEHTPOOEKHBIM BEHTHJIATOPOM, BBOJSATCS
YaCTHI[bl JTUKOIMOAMS, KOTOPBIE 3aTEM MOCTYMNAIOT B pabOuyl0 YacTh adpoJuHaAMUYe-
cKkoil TpyObl. PabGouast 30Ha — 3TO y4acTOK MeXAy NMpoduIMpOBaHHBIM corioMm (1)
(coruio Burommnuckoro) u muddysopom (2). B neHTpanbHyo 4acTb BBOAUTCS MPO-
6ooTOOpHUK (3), 3aKperuieHHbI Ha MpoOke (4), KoTtopas BMecTe ¢ QuiIbTpoM (5)
BcTaBisgeTcs B cTtakad (6). [locmeqnuit yepes mryuep (7) coeIUHIETCS ¢ PEOMETPOM
¥ BaKyyMHBIM HacocoM (9). PeomeTp, a Takxke ympaBisIOUINe pacXoJOM BO3ayXa
BEHTWJIM, PACIIONIOKEHBI HAa MyJbTe ynpasieHus (8). B kauecTBe ¢uibrpa npumeHs-
eTcs punbTpoBaHHas Oymara (Ko3(ppHUIMEeHT MPOCKOKa JaHHOTO MaTepuaia JJis yac-
tul 6onbine 20 MkM paBeH 0).

JIJist MCKITIOUEHHMSI aCTIMPAIMOHHBIX MMOTPEUIHOCTEN 30H] T0JKEH padoTaTh B U30-
KUHETHYeCKOM pexume. C 3TOH LEenpl0 CKOPOCTh acHUpalMd BBIOMPAIOT PaBHOM
CKOPOCTH MOTOKA B a3poarHamMuueckoit Tpyoe. [locneausis onpenensercs no pe3yib-
TaTaM U3MEPEHHUIl CKOPOCTHU C TIOMOILIBI0 TepMOoaHeMoMmeTpa. Bpemsi oTbopa mpoOsl
U3MepseTcs CeKyHaoMepoM. Macca oToOpaHHON MPOObI U3MEPSETCs Ha aHAJUTUYe-
CKHX Becax.

IMopsnok BeInoTHeHUs1 padoThl U 00padoTKa pe3yabTATOB U3MEPEHUM
[ToaroToBUTH ¥ MPOHYMEPOBATH (QUIBTPHI ISl YIaBIMBaHUA YacTull (5 mrT).
B3Becuth kaxnplii U3 QUIBTPOB HAa aHATUTHYECKHX BecaX. J[aHHbIE BHECTHU B
TabuIy.

N —
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3. BcraBuTh QuiibTp BMECTE C 30HAOM B (UIBTPOAEPKATENb. 3aMyCTUTh a3POIU-
HaMHYECKYIO TPYyOy.

4. 3arpy3uThb reHepaTop MOPOIIKOM U BKIIFOUHUTD.

Hcnonp3ys rpaagupoBOUYHBIA IpaduK, ONpeaeanuTh CKOPOCTh BO3AYLIHOTO MOTO-

Ka Ha BBIXOJIe coruia ButomumHckoro.

6. Ucnonw3ys rpagupoBoyHbie rpaduku s HAbopa peoMETPOB M0100paTh TaKOU
pacxo]l Bo3ayxa 4epe3 30HI, IPU KOTOPOM peain3yeTcs M30KMHETHUECKHUI pe-
XKUM TTP0000TOOpa. Y CTAaHOBUTH HYKHBIN PacXo/, MAaHUITYJIHPYS PETyIUPOBOY-
HBIMHU BEHTHUJISIMHU.

7. BBectu mpoOOOTOOPHUK B pabOuyl0 30HY, BKJIKOYUB OJJHOBPEMEHHO CEKYHJO-
Mep.

8. Uepes 5-10 muH BrIBeCTH IPOOOOTOOPHUK, BEIKIIOYHB BaKyyMHBII HAacoOC.

9. B3BecuTh Kaxablid U3 PUIBTPOB HA AHATMUTHYECKUX BeEcax.

10.0Onpenenuts MaCCOBYIO KOHIIEHTPALIMIO MBLIH.

)

JIABOPATOPHASA PABOTA Ne 10
N3yuenne padoThl HECEJEKTUBHOTO pa3daBuTeIsi a3po30Jiei

Lenv pabomor: I3yunth pUHIMIT paOOThl HECEIEKTUBHOTO pa30aBUTENS adp030-
Jeil u onpenenuTh KodpUIUEHT pa30aBiIcHHUS.

B mpakTuke a’po30JIbHBIX HCCICAOBAHWM 3a4acTy0 MPUXOIUTHCS YMEHBIIAThH
KOHIIEHTPAIMIO UCXOTHOTO a3p030JIs, T.€. MprleraTh K ornepauu pa30aBieHus a’3po-
307151, B kadecTBe nmpuMepa mpuMeHEHUs pa30aBICHUS YKaXKeM JIBa CIIydast:

a) U3MEpEHHE XapaKTEPUCTHKU a’3pO30Jis C UCHOJIH30BAHUEM CUETYMKA OJMHOY-
HBIX YaCTHI] C HU3KUM 3HAYCHHEM MaKCHUMAaJbHOW CYCTHON KOHIICHTPAIIUH;

0) u3mepenue kodhduimenTa Npockoka GUIBTPOB UM (PUIBTPOBATBHBIX MaTe-
PHANOB ISl BBICOKOIMCIIEPCHBIX a3po30iiei ¢ Bhicokoii (Gombime 10* cm ) koHIeH-
Tpanueld HepeToOMEeTPUIECKMM METOJIOM C HCIOJB30BaHWEM YKPYITHUTEICH THIIA
KYCT.

OTMeTHM 0COOEHHOCTH U TPEeOOBAHHUS, IPEIBIBISEMBIC K Pa30aBUTEIISM.

B mepBoM citydae, Korja U3MEpeHUsIM TIOJIeKAT pacipe/eieHne YacTHUIl 10 pa3-
MepaM, “UieanbHbIi’ pa30aBUTENb JOHKEH ObITh HECEEKTUBHBIM, T.€. HE U3MCHSTH
MCXOIHOE paclpeiesieHue YaCTHI] 10 pa3MepaM.

Bo BTOpOoM ciyuae, TpeGoBaHME K OTCYTCTBHUIO CEIICKTUBHBIX CBOMCTB pa30aBUTE-
7S HE SBIIAECTCS CTOJb KECTKUM, OCOOEHHO, €CJIH a’3pP030Jib, TOJICKAIINA YKpYITHE-
HUIO, OJIU30K K MOHOJIUCIIEPCHOMY.

OOBIYHO, paccMaTpUBasl Ty WIM WHYIO CXeMy pa30aBUTENsI, BHAYANIC OMPEICISIIOT
€r0 KOJMYECTBCHHBIC XapaKTEPUCTUKU 0€3 yueTa CEeJICKTUBHOCTH, a 3aT€M IPOBOJIST
aHaJIN3 BO3MOXKHBIX MPUYUH UCKAXKEHHS HUCXOTHOTO PACTPECIICHUs YacTHUIl TI0 pa3-
mepam. Takol moaxoa, Ha HaIl B3TJISA, COACPIKUT METOIOJIOTHYECKYIO OIIHOKY, YTO
HE TO3BOJIACT pa3paboTdyrMKaM a’po30JILHOTO 000pyAOBaHUsA (B YaCTHOCTU — pa3da-
BUTEJICH) aHAJIM3UPOBATH MPOIIECCH B KOMILIEKCE.
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[TosToMy paccMoTpum paboTy Jr00BIX paz0aBUTENCH ¢ OOIMMX MO3UIUN, YIUTHI-
Basi OJJTHOBPEMEHHO KaK YMEHbIIIEHUE KOHIIEHTpAIuH, TaKk U TpaHchopmaiuio QyHK-
IIUU pacTpeeIeHs YaCTHII 10 pa3Mepam.

B kauecTBe xapakTepUCTHKU pa3z0aBiIeHUsI k, OOBIYHO HCIIOJIB3YIOT OTHOIIEHUE
YUCJICHHBIX KOHILIEHTpaui 110 (1) u nociue (n) pa3doaBieHuss HEKOTOPOTo “MOHOJUC-
NEPCHOTO” a3p030JIs:

_ny
k, . (5.1)

Takoe ompejeneHre He YUUTHIBAET, C OJIHOM CTOPOHBI, JUHAMUKY IIpoliecca pas-
0aBleHUsI, a C JPYrol — pealibHble XaAPAKTEPUCTUKU (MOTUAUCIEPCHOCTD) UCIIOIb-
3yEMBIX a3p030JIEH.

BBenem B kauecTBe XapaKTEPUCTUK JBMKYIIETOCS a’pPO30Jis MOTOYHBIE KOHIICH-
tpauuu dCy u dC HekoTOopol (hpakuu MOTUAUCIEPCHOTO a3pP030Jisl, ONpPECTICHHbIE
JUTsI KOHTPOJIBHBIX CedeHni Ha Bxojne (Sy) u Beixozae (S) pazbaButens, mojaras mpo-
CTPAHCTBEHHYIO OJHOPOJHOCTH paclpeaesieHuid dactull no pasmepam. llox koH-
TPOJLHBIMU CEUEHUSIMU MOHUMAIOT CEUEHHUS Ta30X0JI0B, B KOTOPBIX MOTYT MPOBO-
JUTHCS U3MEPEHUS YKAa3aHHBIX BbIIIE BEJIUMYUH. Toraa

dn, [ %,dS,
dC,=—2 (5.2)

dC=—35 . (5.3)

B dopmymnax (5.2), (5.3) BBeAeHBI cieaywoIiue oO0o3HaueHus: dny, dn — 4UCIO
YJacTHIl B €IMHUIIE 00beMa Ha BXOJIE M BBIXOJIE, pa3Mephl KOTOPBIX JICKAT B TUATA30-
He [D,D +dD]; V,,V — CKOPOCTH 3THX YaCTHLL; iiy,il — CKOPOCTH Fa30BOrO [OTOKA.

Ecmu f,(D), f(D) — gyHKIuM pacnpeseneHus 4acTHLl 10 pa3MepaM (HOpMHUPO-
BaHHBIC K SUHUIIC) JI0 U TIOCTIe pa30aBIeHHsI, TO

dn, =n,f,(D)dD, (5.4)
dn=nf(D)dD. (5.5)

Ucnonv3ys (5.4), (5.5), HaliieM MOTOYHBIE KOHIIEHTpAIUU JJIsi BCETO CIEKTpa

pa3MepoB YaCTHII:

ny | 9,dS,
C,=——, (5.6)
i dS
g[uo 0
n j VdS
C= %. (5.7)



BBeneHHBIC BBINIE XapaKTEPUCTUKH (MIOTOYHBIE KOHIICHTPAIIMH) TTO3BOJISIOT OII-
peaenuTh ABa Tuna kodhduireHToB pazdoaBieHuss — GpakiuuoHHOrO k. (“MOHOIUC-
IIEPCHOT0”) U UHTErPaibHOIO Ay (“osimaucrepcHoro’):

k;:ﬁ?, (5.8)
@:%%. (5.9)

P aACCMOTpUM cnyqaﬁ, KOrja CKOpOCTH YaCTHIl COBIIAAAOT C JIOKAJIbHBIMHU CKOPO-
CTsMH Ira30BOI'0 IIOTOKA, T.C.

V=i, V=i (5.10)
Torna =9 g (5.11)
dn n

Bripaxkenne mis unterpansHoro kosdduimenta pazoasienus (5.11) copnagaer ¢
TPaIUIIMOHHBIM (5.1) TONBKO MPHU CACIAHHBIX BBIIIE JOMYIICHUSIX O ITOJIHOM yBIIeUe-
HUH a3pPO30JIbHBIX YaCTHI] TIOTOKOM, YTO, HaIlPUMEpP, HECIIPABEIIIUBO /ISl TPpy0O0 JTuc-
NEePCHBIX a’po3osieid. Ha 3ToT (hakT 0O0BIYHO HEe 0OpaIiaroT BHUMAHUS MPH MTOCTPOE-
HUW KOJUYECTBEHHOW TEOPHUH TOTO WM MHOTO pa30aBUTEINS.

Pacuer pazbaBuTens ans MOJMAKUCIEPCHBIX a’po3osield TpeOyeT TIIATEIbHOTO
aHajM3a BO3MOXKHBIX MPUYMH MCKKEHHsS (QYHKIHMH pacmupeneiacHus. Beemem Heko-
Topyto GyHKIuio A(D), XapaKTepu3yIOIlyl0 TpaHcpopMaInio CIEeKTpa pa3MepoB
YACTHIL:

a(p)=LL)
fo(D)
Hcnons3ys (5.4), (5.5), Haiinem 3Hauenus k, u k, mo (5.11):
ny 1 1

==k, ——.
n A(D) A(D)

Jlns HecenekTUBHOTO pazbasutens A(D) = 1 u, cnenoBatensHo, k, =k, =k, .

Taxum 00pa3oM, TOJIBKO JJIsl HECENEKTUBHBIX pa3z0aBUTeIel U IpU YCIOBUH MOJI-
HOTO YBJICUCHHSI a3PO30JIbHBIX YacTHIl TOTOKOM (5.10), koapduruentsr pazdaBieHus
COBMAJAIOT ¢ TpaAuLMOHHBIM (5.1). 3BecTHBI ABa MpuHLMIA pazbaBieHus. OIuH U3
HUX OCHOBAaH Ha CMEIIEHUM a’3p030JIbHOTO MOTOKA C ra3oBbIM (T.€. MOTOKa Oe3 yac-
THII), @ IPYrOi — Ha pa3/IeIeHUH a3p0O30JIbHOTO MOTOKA Ha JIBE YacTH, GHIbTPOBAHUU
00JIbILIEN YaCTH MO U NOCIEAYIOLUM CMEIIEHUEM 000UX YacTeH.

Onpenenum ko3 PuuueHTsl pa30aBieHUs AJid MEPBOrO Cilydas, BOCIOJb30BaB-
IIMCh PAaBEHCTBOM IOTOKOB YacTHIL (YKa3aHHOE IPEANO0JI0KEHNE PAaBHOCUIIBHO MpeE-
IIOJIO’KEHUIO 00 OTCYTCTBUU CEJIEKTUBHOCTH):

n,Q, = n(Qo + Ql)

nin dn,Q, :dn(Qo +Q1)‘
O +9, @)
O k,=k,==—"=1+=. 5.12
reon : o o 12
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OueBHIHO, YTO JAHHBIA CIIOCOO MOXKHO MCIOJIb30BAaTh B TOM CiIydae, KOT/ia a’po-
30JIbHBIN TTOTOK Maj U MaJibl KoddduireHTsl paszdabienus. J{s cTenna, Ha KOTOPOM
IPOU3BOIUTCS UCTIBITAHUSL (PUIBTPOBAIBHBIX MaTepuainoB, Oy = 30 i/mun. [losTomy
naxe s k =10 3Hauenne Q) = 270 1/MUH, 4TO TEXHUYECKU TPYIHO PEAIU30BATh.

[IpoBeaem ananu3z BToporo tumna pazdaButeis (puc. 5.4). A3po30JbHBINA MOTOK C
UCXOJHBIMH MapameTpamu uy, O, fo(D) moctynaer B 30HY 1, r/ie MPOUCXOAUT €ro
paznenenue Ha 2 yactu. OnHa u3 HuX (OoJbliasi) ¢ mapamerpamu uy, Qi, fo(D)
¢uabTpyeTcs B BBICOKOA(DPEKTUBHOM (GUIBTpE, a Apyras ¢ napamerpamu iy, (s,
fo(D) nmpoxoauT npoOOOTOOPHUK, KOTOPBIA MPEACTABISIET COOOM LMIMHIPUYECKYIO
TOHKOCTEHHYIO TPYOKY.

Jist puabTpanuy a’po30is 0OBIYHO MCHOJIB3YIOTCS BOJOKHUCTBIE (DUIIBTPBI, KO-
TOPBIE SIBISIFOTCS] CEJIEKTUBHBIMU, a TIPU MPOXOKICHUH a3p030Jis Yyepe3 IIINHApUYe-
CKYIO TPYOKY BO3HHKAIOT PA3IMYHOTO POJia aCUPAIMOHHBIC NCKAKEHUS, BRI3BAHHBIC
UHEpIME YacTull, ceauMeHTanue, 1uQpy3noHHbIM ocaxaeHueM u T.1. [loaromy
Ha BbIXojie M3 QuiabTpa M U3 MpoOOOTOOPHHUKA MapaMeTphl a’po30Js OyIyT OTIH-
yaTbCs OT BXOAHBIX. [Iycth uy, Oy, fi(D) u uy, Q,, f-(D) — KOHLEHTpauH, QYHKIIUU
pacnpeiesieHUs: U ra30Bble pacXo/ibl Ha BBIXOJIE U3 PUIbTpa U MPOOOOTOOPHUKA, CO-
OTBETCTBEHHO. YKa3aHHbIC J[Ba IMOTOKA MOMAJAalOT B 30HY 2, IJIe MPOUCXOAUT HUX
cMmenieHue. byaem moinaraTh, 4TO Ha BBIXOJIE M3 CMECUTENS a’dpo30Jib OyleT mpo-
CTPaHCTBEHHO OJHOPOJHBIM ¢ mapameTrpamu u, Q = Q,, f(D). BBenem ko3¢ durmeHt
acnupanuu A, Kak OTHOIIEHWE MOTOYHBIX KOHIICHTpAIMil Ha BBIXOJAE U3 MPOOOOT-

AP OEOJIEH EHH IOTOK

. npobooThopHEE

soHa l |- T 4
""-\-\_\_\_\_\_\_r.r

T
i — ﬁ !
¥ DHIBTRY N g
K MaHOMETRY
~ 1T -~
oT PHIABTRA 4 4
——= | !
AN e

pazbAENEHHEA DOTOK
Asp oS oI

Puc.5.4. JxcnepumMeHTaILHASI YCTAHOBKA
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0opHuka dC, K MIOTOYHON KOHILIEHTpauu Ha Bxozae dCy:
— dCZ
A4 9
dC,,
a Takke Kod(pPuuueHT npockoka 4, s puiabTpa B BUAEC OTHOIICHUS MTOTOKA YaCTHII
3a GuabTpoM dN; K IOTOKY YacTHUIl Ha BXojie B puiibTp dNj:
4= dN,
. :
dN,
Torga cBsi3p MeXIy MapaMeTpaMu a’3po30Jisd 3a U A0 MpoO00TOOpHUKA U (PHIIbTpa
B CIy4ae paBEHCTBA CKOPOCTEM YACTHUI] U OTOKA!

dn, =dn,- A4, dn,=dn,- A,
o nfi(D)=nfy(D)A,,  nfi(D)=n,fy(D)A,.
B 30He cMeleHust JOJKEH BBINOIHSTLCS CIIEYIOUINE YCIOBUS:
dN =dN, +dN, u 0,=0,+0,,
WIIn dnQ, = dnQ, +dn,0, = dn,(A4,0,+ 4,0,).

Hcnonb3yst ompenenenue ¢pakiuroHHoro koddduimenta pazdasimenust (5.11),
HaiiieM ero 3HaucHHeE:

k.= # (5.13)
4,0, +4,0,
Ecnu ¢punetp “abcomotnsiii” (4, = 0), a acnupaliMOHHbIE HCKAXEHUS OTCYTCTBY-
10T (44 = 1), BeipaxkeHue (5.13) coBmagaeT ¢ U3BECTHBIM:

L 0,0

===14+=L
2 2
Tak, xkak Q, >>(Q,, TO yKa3aHHbIH pa30aBUTENIb MOKHO UCIIOJIB30BaTh B CXEMaX C

00JIBIIUMHU O0BEMHBIMH PACXOaMHU.

Iopsiiok BHINOJIHEHUST PAOOTHI

1. BKIIOYHTH KOMIIPECCOP U TEHEPATOP adPO30JIeH.

2. Bepknas 1 MUHYTY, H3MEPSIOT 3HAUECHUS PACXOIOMETPAMH BXOTHOTO M BBIXOJI-
HOTO ITOTOKOB.

3. OnpenensroT K03 GUIUESHT pa30aBICHUS.

4. Vicrioib3ysl BOJIOKHUCTBIM (PHIIBTP HA BBIXOJIEC YCTAHOBKH OTPEICITUTD TPHPOCT
MAcChI B STUHUITY BPEMCHH.

5. PaccunTaTh UCXOMHYIO KOHIICHTPAITUIO MTBLIN JI0 pa30aBlIcHUsI.
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I'nasa 6. OGPASOBAHUE ADPO30JIEM ITPU JJUCITEPTUPOBAHUU
AKUAKUX U TBEPJABIX TEJI

[Ipu pacnbuieHNU KUJKOCTEH coobIaemast 00beMy KUJIKOCTH SHEPTHsI 3aCTaABIIS-
€T MPUHSTH €€ HEeyCTOWUMBYIO0 (popMy M pacnagaThcs Ha Karau. Cuibl TOBEPXHOCT-
HOTO HATSDKEHHUS CTAaOUIM3UPYIOT OKOHYATENbHYI0 (OpMY yYacTuil oOpa3oBaBIIehCs
nucnepcHor ¢asbl (chepuyeckue Kariv). BeIIensoT Tpyu OCHOBHBIX MYTH pacxoia
SHEPIUu:

1) oOpa3zoBaHre HOBOW MOBEPXHOCTU KUAKOCTU MPHU APOOJICHUU €€ Ha KaIliu
(TUI0Ia b TOBEPXHOCTH MHOTOKPATHO YBEJIMYUBACTCS);

2) TpeoJIoNeHUE CUJT BSI3KOCTHOTO TPEHUS, CBS3aHHOE C JIMCCHUMAIMENd SHEPTUu
MIPU U3MEHEHUH (POPMBI KUJIKOCTH;

3) motepu, oOyclOBIeHHBIE HEIPPEKTUBHOCTHIO METOJOB TEpENadd SHEPTUU
KUJIKOCTH (OOBIUHO ATa COCTABJIISAIONIAs TpeobiaaeT).

Cpenu METOJIOB pacbUIEHUS KUJIKOCTEN pa3InyaroT CIeayOLue:
1. [THeBMaTH4ecKoe (UM adPOAMHAMUYECKOE) PACIIBUICHHE;
2. M'mapaBnuyeckoe (WK THAPOAUHAMUYECKOE) PACIIBLUICHHUE;
3. llenTpoOexKHOE pacIbUICHHUE;
4. Ilpourie METOBI (AIEKTPOCTATUYECKOE, AKYCTHUECKOE U IPYTHE).

Teopuss Kactabmena. Paznuyaior Tpu craguu ApoOJICHUS CTPYU KUIAKOCTH IO
NEUCTBUEM Ta30BOr0 MOTOKA. BHayane Ha MOBEPXHOCTU KUIAKOCTH BO3HUKAIOT HE-
OOJBIIE BO3MYIIEHUS B BHJIE MECTHBIX MYJIbCAIlUW, T.C. YTOJIIEHUN U CYKCHUU
ctpyu. Takoro pona ¢iayKTyallMOHHBIE MTPOTIECCHI BOZHUKAIOT BCETIa M M30€KaTh UX
MPaKTUYECKH HEBO3MOXKHO. [log meicTBHEM a’poAMHAMUYECKUX CHII, O0YCIIOBJICH-
HBIX BO3AYIIHBIM TOTOKOM, 3TH BO3MYIIIEHUSI Pa3BUBAIOTCS, U U3 MTOBEPXHOCTH KHJI-
KOCTH HAYMHAIOT BBITATUBATLCA KUIAKKWE HUTH. HUTH 3aTeM pacnajatoTcsi Ha OTIEIb-
HbI€ KaIUIM MOJT JEHCTBUEM CUJI TOBEPXHOCTHOTO HATSXKECHHUSI.

Teopus KactibMmeHa npenckas3bplBaeT, UTO C MOBBIIMIEHUEM CKOPOCTH BO3IYIIHOTO
NOTOKA TUAMETP KUAKUX HUTEH W BPEMS MX JKMU3HHM YMEHBIIAKOTCS, a MPU pacnaje
CTPYH KUJKOCTU 00pasyroTcst Bce Oosiee u Oosee Menkue Kamnenbku. Ecnu u3 HutH
nuameTpoM 2R oOpasyeTcsi Karuis paguycoM I, TO OHU CBSI3aHbl COOTHOIIIEHUEM
R =0.53r. Tak, nna xarm Boasl npu 20 °C u » = 5 MKM painyC HUTH paBeH R = 2.7
MKM. BepxHuii npeaen BpeMeHu pacnaja BOJASHON HUTU COCTaBidaeT ¢ = 1.5 107 c.

Teopus KacTibmMeHa ONUCHIBAET TOJBKO OJWH W3 MEXAHU3MOB JUCIIEpranuu
KUJIKOCTH (0Opa30BaHUE Kalellb U3 KUJKOW HUTH) U HE MPETeHAYET, HAlpUMep, Ha
KOJMYECTBEHHOE OMMCAHNE PACIiajia TOHKUX TUICHOK (TesieH) KuakocTu. Omaaako ¢u-
3UYECKUM MEXaHW3M 00pa30BaHUS Kaleidb U B JPYTUX CUTYaALMSX OCTAETCS TEM XKe
CaMbIM M CBSI3aH C Pa3BUTHEM TOW WJIM WHOW PA3HOBHIHOCTH HEYCTOMYHMBOCTH (HOP-
MBI KHUJKOCTH.

MexaHu3M NMHEBMATHYECKOI0 pacHblIeHUs KUAKOCTed. B HEM BbITEKaromas
U3 COILIA XKUIKOCTh JPOOUTCS JBUXKYIIMMCSI BOKPYT Hee ¢ OO0JIbIION CKOPOCTHIO BO3-
JyXOM WJIM UHBIM T'a30M (CKOPOCTh k€ MO0JIayu >KUIKOCTH B COILJIO HEBENHKa). Tex-
HUYECKHE YCTPOMCTBA, OCHOBAHHBIE HA 3TOM MEXaHHM3ME, Pa3HOOOpa3Hbl: KPacKo-
pacnbUIMTENbHBIE MUCTONETHI, PopcyHKHn BeHTypu, JiekapcTBEHHbIE PACHIbUIUTENN U
ap. CrekTp pa3mMepoB 00pa3yroUIuXcs Karellb OTIUYaeTCsl OUeHb OOJIBIINM JUanaso-
HOM.
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MexaHu3M rujapaBiuveckoro pacnbuieHusi. OH OCHOBaH Ha pacmajge CTpPyu
AKHUJIKOCTHU (BCJIEACTBUE €€ TMIPOJIMHAMUYECKON HEYCTOMYMBOCTH), BBITEKAIOUIEH U3
coryia ¢ OOJIBIION CKOPOCTBIO U JpOOsIIelics Ha CHEeIUalIbHBIX Mperpanax u OTBep-
ctusix. OTiinune JaHHOro crocofa OT CrHocoda MHEBMAaTUYECKOTO PacHbLICHMsS 3a-
KJIFOYaeTCsl B CKOPOCTU UCTEUEHUSI )KUJIKOCTH U3 coruia. OueBUHO, YTO SHEpreTnye-
CKU 3TOT MEXaHU3M MEHEE BBITOJICH M0 CPaBHEHHUIO C MHEBMAaTHYECKUM (OOJbIINe
3aTpaThl Ha MPOKAYKy 00bEeMa KUAKOCTH, IUIOTHOCTh KOTOPOM Ha MOPSAJKHU OTJIMYa-
€TCsl OT TNIOTHOCTH MOTOKA Ta3a MPH MHEBMATUYECKOM PACIIBLICHUH).

LenTpobe:xHoe pacnblienne. OHO MHUPOKO UCHOIB3YETCS B YCTPOICTBax, Ha-
3BIBAEMBIX TUCKOBBIMH pachbUTUTeNsIMH. [IpuHIMT MX pabOThl TaKOB: YHCTas KUJ-
KOCTb (WJTM CYCIIeH3HS) MTO/IaeTCsl Ha OBICTPO BPAIIAOLIUIICS TUCK MU OTIPOKUHYTHIH
KOHYC M cOpachIBaeTCs ¢ HETO B paJlajibHOM HAMpaBICHUH B BUJE MAJCHBKUX Ka-
nenb. OO0pa3oBaHMe Kamenb Yy KpaeB BPAIAIOMIErocs AUCKa BO MHOTOM aHAJIOTHMYHO
IpoIIecCy OTpPbIBa Karelb MOJ ACWCTBUEM CHIIBI TSKECTH C HETOABHIKHOTO OCTPHS,
TOJIBKO LIEHTPOOEKHOE YCKOpEHHE MOKET MHOTOKPATHO MPEBBIIIATh YCKOPEHHE CH-
JIBI TSKECTH.

[Tpu xopomieM cMauMBaHUU MOBEPXHOCTU JTMCKA KUAKOCTHIO OHA CTEKAeT B BUC
TOHKOH TUIGHKH OT LEHTpa K Kpar JAMCKAa M HAaKaIUIUBAeTCs TaM JI0 TeX IOop, MOKa
[EeHTPOOEKHAs CHJIa HE MPEBBICUT CHUJIbI TOBEPXHOCTHOTO HATSHKCHUS, YICPKUBAIO-
IIMe )KUJKOCTh Ha TUCKE:

Ed3p0)22 > nod ,
6 2
r7ie ® — yrjoBas CKOPOCTh BpallleHUs IMCKa WU KoHyca, D — nmamerp aucka wiu
KOHYCa, p — IJIOTHOCTb JKUAKOCTH, d — TUaMeTp OTphIBAIOLICHCS KaluIi. G — KO3 Pu-
IIMEHT MOBEPXHOCTHOTO HATSDKEHUS KHUAKOCTH.
JICcKOBBIE pacTIBUIUTETN OOBIYHO PabOTAIOT B peXKUME, KOT/Ia
Dp

do £ = const,
c

r7ie BeIMYMHAa KOHCTAHTHI cocTaBisieT 3 — 5. Ecliu ckOpoCTh MOJauu KUJIKOCTH B
LEHTP AWCKA HEBEJIMKA, TO MOYKHO MOJYYUTh MPAKTUYECKH MOHOJIUCTIEPCHBINA KUI-
KOKaIeJIbHBIN a3p030Jib. Pa3mep kamenb JIETKO peryiupyercss N3MEHEHUEM YTII0BOM
CKOpOCTHU BpaieHus: aucka. [logoOHbie ycTpolicTBa HAXOAAT MIMPOKOE MPUMEHEHHE
HE TOJIbKO IIPU MOJIYYEHUH TECTOBBIX YaCTHUII-KANENb B TaK HA3bIBAEMBIX 2eHepamo-
pax as’po3soe.

Ha puc. 6.1 npencrasnen camobanaHcupyomuiics Bouok Yonrona u [Ipyarra.
[IpuBoauTCs B NEHCTBUE CXKATHIM BO3AYXOM (BXOJ CIpaBa), YIJIOBasi CKOPOCTh Bpa-
IIEHUS] — HECKOJIBKO ThICSIY 000POTOB B CEKYH]y, paJHalIbHOE YCKOPEHUE — MOpsIKa
MUUTHOHA g. JKHUIKOCTh MOJaeTCs CBEPXY M3 y3KOW TpyOku 3 B IIEHTP poTopa 2 |
pacTeKkaeTcs Ha €ro MOBEPXHOCTH B BUAE TOHKOM IUIeHKH. Karum oTpeIBaroTCsS OT
KOHYCa pOTOpa, TOHOKOJAUCIEPCHBIA TyMaH BBIXOJAUT B 3a30P MEXKY BPAIIAIOIIUMCS
POTOPOM M KOPITYCOM BOJIYKA.

PacnbuieHne :KUAKOCTH YJbTPa3ByKOM. DTOT METOJ OCHOBAH Ha SIBJICHUU Ka-
BUTaIMK (0OpPa30BaHUU U CXJIOTIBIBAHUH ITy3bIPHKOB BO3yXa BHYTPH KUAKOCTH). Ha
MOBEPXHOCTh PACTIBUIIEMOMN KUIKOCTU (DOKYCHUPYETCsl MY4YOK CXOIALIUXCS YIbTpa-
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Puc. 6.1. Camobanancupyommiicss Boa4ok Yosarona u Ilpysrra

3BYKOBBIX BOJIH C IIOMOIIIBIO MIOIPY>KEHHOT'O B HEE BOTHYTOI0 peduiekTopa win (Hoky-
cUpyrouiero usiyuyarens. Ha moBepxXHOCTH KUIAKOCTH 00pa3yeTcs TyMaH U3 Karesek
pazmepamu 4-5 MkM. OOpa3oBaHusl TyMaHa MOXHO JOCTUYb U IPU pa3pyLICHUH TOH-
KOH IJIEHKHU XUAKOCTHU, MOKPBIBAIOIIEH TOBEPXHOCTh M3ITy4yaTelis, BCIEICTBUE 00pa-
30BAaHMS HAa HEM ITOBEPXHOCTHBIX BOJH. PazMep kamelsek B TymMaHe CBsI3aH C 4aCTOTOU
KoneOaHui wu3nmydarens (AecATKu M COTHU KI'II); mMpH 3TOM 00pasyroTcsi TyMaHbl C
BBICOKOW CUETHOW KOHLEHTPALHEHW, KOTOPYIO MOKHO JIETKO PEryJIMpOBaTh, H3MEHSISA
AKyCTHYECKYIO0 MOIIHOCTb M3JIy4aTers.

Teopusa Jlanra mokasbIBaeT, YTO CPEIHHUI JUAMETp OOpa3yroIIMXcsa Kameyek d
MOET OBITh OIICHEH 10 CIeMyIomIel hopmye:

&nc

pf’
rae 6 — Kod(PUIMEHT MOBEPXHOCTHOTO HATSDKEHUSI, p — TUIOTHOCTh KHUIAKOCTH, [ —
94acTOTa yJIBTPA3BYKOBBIX KOJICOaAHUIA.

DJIEKTPOCTATHYECKOE paclbleHue KuaKocTeil. Mexanu3m oOpa3oBaHus Ka-
neilb — HEYCTOMYMBOCTh 3apsKEHHOM MOBEPXHOCTH KUAKOCTH. [Ipu yHUMNOIsApHOM
3apsJIKe JKUJKOCTU AIEKTPUUECKHUE 3apsiibl Ha MOBEPXHOCTU PACTAIKMBAIOT COCEIHUE
AJIEMEHTHI €€ TOBEPXHOCTH, CHIKASI IEUCTBHE CHUJI TOBEPXHOCTHOTO HATSKEHUSI.

PacnbliieHne ¢ moMomb0 Npone/uieHToB. MexaHu3M 00pa3oBaHHs Karleib
pU PACTBUJICHUU — BCKUIIAHUE CTPYH HU3BKOKHUIIAILIEH (Ieperperoi) »KUAKOCTH MpH
BBIXOJIC M3 COIUIa YCTpoWcTBa. PacmbuiseMoe BEmecTBO B BUAC IMYIbCUU HIIU CYC-
MIEH3UH B CMECH C TPOMEUICHTOM 3aJMBal0T B OayutoH. [IpomeneHT BRIMOTHSET IBE
byHKIIUU: co3/aeT HeoOX0AMMOe JaBICHUE IS MOAAYM PACHbUIIEMOrO BEIIECTBA U
TUCTEpTUpyeT 3TO BemecTBO. OOBIYHO 3TO CKWKEHHBIA Ta3, WM, YTO TPHUBJICKA-
TeIbHEE, HU3KOKHUIIAIIAS JKUIKOCTh. KOHCTpyKIMK KilamaHa v coruia 0ajuioHa TIia-
TEIHHO OTPA0OTAHBI: YEM MEHBIIEC JUAMETP OTBEPCTHUSI, TEM MEHBIIIE pa3Mep Kariemb.

d=0.34;
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JlucneprupoBaHue MNPOUCXOAUT B pe3ybTaTe OypHOro BCKHUITAHUS MPOIEIJIEHTa, Ha-
XOJIAILErocss B CMECH C PACHBLISIEMBIM BellecTBOM. 11y3pIpbKy Mapa U3HYTpPHU pas3phl-
BaIOT CTPYIO, CO3/1aBast 00JIaKO IUCIIEPTalliOHHOTO a3p030Jis, HA3bIBAEMOIO CIIPEEM.

JNucneprupoBanue TBepAbIX Tes. OOpazoBaHue a’po30jeil ¢ TBEpAOH Iuc-
nepcHoil pa3oil MOKHO JIByMs crioco0aMu: MO0 MOABEPrHYTh MacCUBHBIE 0OPA3IIbI
TBEP/BIX TEJ MPOLECCY JUCHIEPraliu, TM00 paclbUINTh B BO3AYXE MOPOLIKH.

K aucnepranuy TBEpABIX TEN NPUBOJAAT, B YACTHOCTH, ITPOLIECCH] MEXAaHUUYECKO-
ro U3MEJIbYEHMs], KOTAa K 00pasly MpUIaraloTCcsl CPE3bIBAIOIINE, PACTATUBAIOLIUE U
kpyTsamue ycuwius. [Ipy MexaHm4eckoM M3MeJIbYeHHH, OJIHAKO, HEBO3MOXKHO IIO-
JYYUTh YaCTHUIBl MEHBUIE TOMYCTUMO MUHUMAJBHBIX Pa3MEPOB, TaK KaK YCTaHABIIU-
BaeTCsl JUHAMHYECKOE PAaBHOBECHE MEKIY OOpa3yIOIIUMMUCS B MPOLECCE U3MEIIbYe-
HUS CaMbIMU MaJbIMU YacTHI[AMU M MX CHEKAHHEM JIPYT C JIPYyroM 3a CYET BblJIe-
JSOLIEHCS TEIJIOTHl TpeHUs. B3pbIB HE NMPUBOIUT K OOpPA30BAHMIO OYEHb MEJKHX
YacTHL], HECMOTPSI HAa €ro OrpOMHYIO 3Hepruro. [IpuunHa 3aKiaro4aeTcs B TOM, 4YTO
007bIlIas YaCTh SHEPTUM B3PbIBA PACXOAYETCsl Ha MPUBEJEHUE YaCTUIL[ B JBUKECHUE,
HO HE UX U3MEIIbYECHUE.

YacTuipl MHOTHX IBUIEM M TOHKOJMCIEPCHBIX ITOPOIIKOB JIETKO arperupyror
(cozpator arperatbl). [IpyurHa — BO3HMKHOBEHHE M INPOSIBICHHUE TaK Ha3bIBAEMBIX
arJe3MOHHBIX CWJI, IEPBONPHUYMHON KOTOPBIX SBIIAETCS JelcTBHE cuil Ban-nep-
Baanbca (cnaOblx IpUTATMBAIOLINX CUJI HEKYJIOHOBCKOM mpupo/sl). Beuay Toro, uto
3TU CHJIBI IPONOPLMOHAIBHBI pa3Mepy 4acTHIlbl d (MPU YCIOBUHU MOCTOSIHHOM TOJI-
IIMHBI 3330pa MEXJIy YacTUIIAMH), a 0ObEMHBIC U TIOBEPXHOCTHBIC CHIIBI — d° 1 d-,
COOTBETCTBEHHO, MEJIKME YaCTHUI[bI TOPA30 TPYAHEE OTAEIUTH APYT OT Apyra, Hexe-
JIM KpYyTIHBIE.

[lepen paGoToil muTaTE EH MBI, UM BHAYAJIE IPECCYIOT B CYXUE U YHUCTHIE
MOPOIIKOBBIE OPUKETHI, & YACTULIBI B HUX JIETKO TIEPEBECTH B a9PO30JIbHOE COCTOSTHHE
IIyT€M COCKpEObIBaHUS OYEHb TOHKOIO CJIOS C MOBEPXHOCTH OpHKETa B BO3AYLIHOM
IIOTOKE.

KoHTpoJibHBbIE BONPOCHI:

1. KakoBbl (pu3nueckue NpuuuHbl BOSHUKHOBEHUSI HEYCTOMUHUBOU (POPMBI 3KHJIKO-
CTH Ha MepBOHAYAIBHON CTAJIUU Pa3BUTHUS Ipoliecca?

2. Kakoli ¢usnyeckuii MexaHu3M JIEUCTBYET Ha 3aKJIIOUYUTENIbHON CTaauu 00pa3o-
BaHUS KAMEJIbHOTO a3p030Jisl IPU TUCTIEPTALINY KUIKOCTH?

3. Kakoil u3 cnoco0oB pachbUICHHS KUJKOCTEH — MHEBMATUYECKUM WM THUIPaB-
JMYECKUI — SJHEPTreTUYECKHU 00Jiee BHITOICH U ToueMy?

4. KakoBa pojb MpONEUIeHTa B TUCIIEPTAINK KUIKOCTEH B a9PO30JbHBIX OAJIIIOH-
yukax?

JIABOPATOPHAA PABOTA Ne 11
N3yuyenne padboThl MHEBMATHYECKOT0 PACTIBLIIMTEISA a3P030J1ei

Lenw DCZ6OI’I1blZ Hccnenosath JAUCIICPCHOCTDb ad3pO30JIsd, MMOJIYy4acMOro B IITHCBMAaTHYC-
CKOM pPacCIIbIJIMTECIIC.
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Puc. 6.2. OcHOBHBIE Y3JIbI M 1€TAJIH YCTAHOBKH:
| — mHeBMAaTUYECKUI TeHEepaTOp a’po30Jieii; 2 — a’po3oibHas KaMmepa; 3 — 3a00pHOe yCT-
pOMCTBO; 4 -CEIMMEHTAlMOHHAS KaMEPA; 5 — OCBETUTEND; 6 — MUKPOCKOMN; 7 — KOMIIPEC-
cop tuna YK-25; 8 — xponorpa¢ neuatarouuii 21-372I1; 9 — 610k nuTaHus XpoHOrpa-
¢da; 10 — 6ok mUTaHUS JaMIbl HakaauBaHus ocBeTuTens (5) tuma KAT-16; 11 — Baky-
ymHbI# Hacoc; @, ®, —punbtpsl, K, K;, K5 — kpansl nHeBMaTuueckue

[THeBMaTHUeCKU pacnbUIMTENb padoOTaeT ciaeAyronmuM oopazom. Bo3nyx, Harue-
TaeMBbIi KOMIIPECCOPOM, BBITEKAET C OOJBIION CKOPOCTHIO U3 COILIa, BOIU3U KOTOPO-
ro yCTaHOBJICHA TPyOKa, HIDKHHUWA KOHEI[ KOTOPOW HAXOJUTCA B CTaKaHE C YKUIKO-
CTBIO, TTOJIeKAIIEH pactblly. Tak Kak B CTpye JaBJICHUE MEHbIIE aTMOC(HEPHOTO, TO
KHUJIKOCTh, TIOJHUMASCH MO0 TPYOKE, BHITEKAET U3 HEE W TOMAaJaeT B BRICOKOCKOPOCT-
HOM MOTOK BO3yXa, IJIe OHA APOOUTCS Ha KaTlIH.

HccnenoBaHus MOKa3bIBAIOT, YTO TPU MTHEBMATHYECKOM pACIbLIE TOTYYarOTCs
NOJUANCTIEPCHBIC a3po30iH. CTETeHb MOUIUCTIECHOCTH MOKET OBITh YMEHbIIICHA 32
CUeT MPUMEHEHHsI TaK Ha3bIBAEMBIX OTOOMHHKOB — TEPEropoJIOK, yCTaHOBJICHHBIX
BOJIM3M coruta. KpymmHble Karm, JeTsiye ¢ 00IbII0 CKOPOCThI0, MOTYT OCaXIaThCs
Ha yKa3aHHBIX MEPEropoIKax, MOBHIIIAS TEM CaMbIM CTEIIEHb MOHOAMCIIEPCHOCTH ad-
po307l.

ABpP030JTb, TTOJIy9aeMbIi PACTIBUIOM KHAKOCTH (TpaHC(hHOPMATOPHOE MAciio) B Te-
HepaTope, MOCTYIAeT B a3p030JIbHYI0 Kamepy (puc. 6.2). [Ipobda ucciemyemoro aspo-
307151 HaIllpaBJIsIeTCs B CEAMMEHTALMOHHYIO KaMepy depe3 3a00pHOe YCTPOICTBO MpH
MMOMOIIA BaKyyMHOTO Hacoca. TpeXJIMH30BbII OCBETUTENh B IEHTPE CEAMMEHTAIIHU-
OHHOU KaMepbl GOPMUPYET PABHOMEPHO OCBEIIEHHYIO 30HY. YacTHIIBI a3p030Jis, Ha-
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XOJIAIIMECS B 3TOM 30HE, HAOMIOAAETCs Yyepe3 MUKpPOCKoN. B okymsp Mukpockona
BMOHTHPOBaHbI 4 CBETOBO/IA, KOTOPHIE JAIOT 4 OTCUETHBIE TOUKU. PaccTosiHue Mexy
TOYKaMH, B TIEpecUeTe Ha WX M300paKeHHE B MOJI€ 3peHUs] 00BEKTHBA MUKPOCKOIIA,
U3BECTHBI. MI3Mepsist BpeMs IPOXOKACHUS YaCTUIEH paccTosHue L Mexay IByMs OT-
CUETHBIMU TOYKAMH C TIOMOIIBIO MeYaTaronierocs XxpoHorpada, MOXHO paccuuTaTh
CKOPOCTb CEAMMEHTAIIMU U, COOTBETCTBEHHO, pa3Mep YacTHIIbl IO M3BECTHOU (op-
MyJIe.

IHopsaok BeINOTHEHUsI pad0ThHI H 00PadOTKHU Pe3yIbTATOB U3MeEPEeHUH

1. Ilepen mpoBeneHMEeM HW3MEPEHHWH BHMMATEIBHO HM3YYUTh CXEMY YCTAaHOBKHU
(puc.2.3) 1 MHCTPYKLHIO K XpoHOoTpady. Bkirounts xpoHorpad.

2. BKJIIOYUTH TaMIy OCBETUTENS U JIAMITy TIOJICBETKH OKYJIIpa MUKPOCKOIIA.

3. BKiIOUMTH KOMIIpECCOp Ui 3allycKa Ie€HepaTopa a’po30Js, YCTAHOBHB yKa-
3aHHOE mpenoaaBareneM aasieHue. Yepes 10 — 20 cexkyHa OTKIIIOYNATH TEHEPATOP a3-
pPO30JIEH.

4. TlpoBecTtu 3a00p a’3p030Ji1 B CEAUMEHTAIIMOHHYIO KaMepy, UCIOJIb3Ysl KPaHbI
K, K, K.

6. Mcnonp3ys xpoHorpad, mpoBeCcTH U3MEPEHHE BpeMeH TajeHust aro0bx 20 — 30
yactul mexay 11 u Il cBeTAmMMuUCS TOUKamMu B OKYJISIPE.

7. Ouuctuth Kamepy (mpu oTKpbsITOoM KpaHe K; oTkpbITh K3).

8. [ToBTOpUTH OTOOP a3p030JIsI M U3MEPEHHS S — 6 pas.

9. 3aKOHYMB H3MEPEHUS, BBIKIIOUNUTH OCBETUTENH, MOJICBETKY OKYJIApa MHKpPO-
CKora, XpoHorpad ¥ KOMIIpeccop.

10. O6paboTKy pe3yabTaTOB M3MEPEHUN PEKOMEHIYETCS MPOBOIUTH B CIIEIYIO-
1IEM TOpSJIKE:

a) TaHHBIC O BpEMEHaX MaJIeHHsI BHECTU B Ta0JI. ISl pacyYETOB;

0) paccuMTaTh IMaMETPhl YACTHUIL U TPOBECTH pa3OueHne Ha Qpakiny;

B) BBIYMCIIUTH CPEIHUN pa3Mep 4acTull <d>, TUCIEPCHUIO G, OTHOCUTEIIbHYIO JIHC-
nepcuto (ko3¢ durueHt usmenuuBoctu V),

') IOCTPOUTH TUCTOrpaMMbl UG GEPEHIIUATBHOTO U UHTETPATLHOTO pacipeesie-
HUW U OLIEHUTHh BO3MOYKHOCTb OINMCAHUS HAWUJEHHBIX PACHpPEAEIICHUN C MOMOILBIO
aorapuMUYECKU-HOPMAIIBHOTO pacipeieICHus.

JlaGoparopHas padora No 12
M3yvyeHne XapaKTePUCTHK reHePaTOpa MOHOAUCIIEPCHBIX KaTeJb
peJieeBCKOro THIMa

Llenv pabomul: ViccaenoBatbh OUCIIEPCHOCTH a3po030Jisd, MOJIy4aeMoOro B reHepaTope
MOHO/IUCIIEPCHBIX Karellb PEIeeBCKOro TUIIA.

I[.TI}I PEUICHUSA PA3JIMYHBIX a9PO030JIbHBIX 3aJa4 OYCHb YaCTO MCIIOJBb3YIOTCS I'CHC-
paTOphl MOHOAUCIICPCHBIX Kall€jlb, B KOTOPbLIX OAWMHAKOBBLIC KalllIu O6p8,3y}OTCH Ipu
pacmoaac TOHKOM CTPYH KHUIAKOCTH. Bl'IepBBIC O9TO SABJICHUEC OIIMCAHO 3HAMCHHUTBIM
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Puc. 6.3. IIpuHuMNHAILHAS CXeMa I'eHEePaTOopPa MOHOAMCIEPCHBIX Kameb
pejieeBCKOro Tuma: 1 — mojgaya KUAKOCTH, 2 — yIBTPA3BYKOBOM DIIEMEHT, 3 —

Han}I6OK AJI1 OUMCTKU OTBCPCTHUA, 4 — ImoJiava CKaToro Bo3ayxa, 5 — mIacTuH-
Ka C OTBCPCTUCM

¢usukom PeneeM B koH1Ee 19-ro Beka. COCTOUT OHO B TOM, 4YTO IIPHU HAJIOKEHUH HA
TOHKYIO CTPYHO JKUIKOCTM MEXAHMUYECKUX KOJeOaHWM MOAXOZSAIIEH 4YacTOThl OHA
paspylaeTcs Ha oAuHaKkoBble Katuid. CTporast Teopusi IOKa3bIBAET, YTO 00pa30BaHUE
OJIMHAKOBBIX Karellb MPOUCXOAUT IIPHU Pa3pblBE CTPYH HAa OTPE3KH IJIMHOU, PaBHOU
4,5 nuamerpa cTpyd. Eciau u3BecTHBI 1uamMeTp cTpyu d U 00bEMHasi CKOPOCTh UCTE-
YEeHUsl KHUJIKOCTH W, TO JIETKO paccuuTaTh ONTHUMAJbHYIO 4acTOTy KoyieOaHUM, BO3-
JNEUCTBYIOIIUX Ha XKUAKOCTb. Kak m3BecTHO, cornacHo Tteopuu Pones, dacrora v,

O6p330BaHI/I}I KallCJib IIpu pacraic CTpYﬁ MaJIOBSI3KOM KUIAKOCTU OIIPCACIIACTCA CO-
OTHOIICHHCM .

— ucmpyu
Y41,
: cmpyu
TAc u ud — CKOpPOCTb U TUaMCTp CTPYH, BBITCK&IOIHCﬁ N3 OTBECPCTHUA.

cmpyu cmpyu

IIpn HENpEPBIBHOM M3MEHEHMHM pacxoAa AUCIIEPTUPYEMOM KUIKOCTH TaKXKE He-
IPEPBIBHO U3MEHSIIOTCSI CKOPOCTh CTPYH M 4acTtoTa oOpa3oBaHus Kamnenb. CienoBa-
TEJIBHO, MOHOJMCIIEPCHBIE KAIUIM MOTYT 0Opa30BaThCs TOJIBKO MPU HEMPEPHIBHOM
PE30HAHCHOM COBIIA/ICHUN YaCTOThI KOJICOaHUM BUOPUPYIOLIETO AJIEMEHTA U cOOCT-
BEHHOW 4aCTOThI 00pa30BaHUs Kalleb.

K Hacrosniemy BpeMEHH U3BECTHBI PA3IIMYHBIE KOHCTPYKIIMM TaKMX T€HEPATOPOB
Kariejab, OJHAKO HanOOJIblIee pacHpOCTPAHEHUE MOJIYUYWJI FE€HEPAaTOp C BUOPUPYIO-
et auadparmoid. B HeM ToHKas cTpys KUIKOCTH 00pa3yeTcst Ipu ee MpoyCKaHUH
4yepe3 Majoe OTBEPCTHE B TOHKOMU IIacTUHKE. CTaHIapTHAs MJIaCTUHKA C OTBEPCTHEM
(mnadparmMa) UMeeT BUJ TOHKOTO JMCKA U3 HUKENS auaMerpoM 11 MM u TonmumHoON
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0.1 mm. OTBepcTHe OOBIYHO M3rOTABIMBAETCS C MOMOILBIO Ja3epa U UMEET pa3Hble
JIMaMEeTphl B 3aBUCHMOCTH OT TPeOyEeMbIX pa3MepoB Kareib. JTa IJIACTHHKA 3aKuMa-
€TCsl Ha BBIXOJIHOM Y3JI€ KOpIlyca FeHepaTopa U MOKET ObITh JIETKO CHATA JJIs 3aMe-
Hbl. BHYTpu KopIlyca reHepaTtopa YCTAaHOBJIEH IbE303JIEKTPUUECKUM BUOpaTop Uis
BO30YXJACHUs KOJIEOaHUM >KUIKOCTH MoAaxozsmend yactotel. Kpome natpyOka s
nojgayu paboueil KUAKOCTH, Ha BBIXOJHOM Y3JI€ TeHepaTopa UMEIOTCS NaTpyOooK s
IPOAYBKH OTBEPCTHS M MATPyOOK JJIsl MOJAa4YM CHKATOTO BO3/yXa, MPOCTPAHCTBEHHO
OTIEIAIOLIEr0 Kaluli IpYyr OT Apyra. Becy reHepaTtop COEOUHEH CO BCIOMOTATENb-
HBIMHU YCTPOMCTBAMHM, OOECIIEUMBAIOIINMHU N0/1avy >KUIKOCTH U BO3ayXa I pa30as-
JIEHUS a3p030J1s U KOJIEOAHU TbE€30JIEMEHTA.

HccnenoBanue paboOThl TeHepaTopa MPOU3BOAUTCA ABYMs MyTsMU. Bo-nepBbIX,
MOHO MPOBOAUTH HAOIIOAEHUE 3a KaIIIMU C MOMOILIBIO OOBIYHOIO MHUKpPOCKONA
IpU CTPOOOCKONUYECKOM OcBeleHUu. [Ipu 3TOM BO3HHMKaeT crosyas KapTHHA JBU-
JKEHUS Kaleib, U3 KOTOPOM JIETKO HaTH uX pa3Mep. Bo-BTOpPBIX, Kaluii BOJBI WM
BOJHBIX PACTBOPOB MOKHO OCAJUTh HA CTEKJISIHHYIO ITOJIOXKKY, ITOKPBITYIO MAaCIIsIHOU
IUIEHKOM, ¥ 3aTEM U3MEPUTh UX BEJIMUMHY C [IOMOLIBI0 MUKPOCKOIIA.

IHopsinok mpoBeneHnsi padoThI

1. K renepartopy noacoeauHsAeTCs U BKJIFOYAETCS IIIIPULIEBOM HACOC ¢ OYMILCHHON

BOJIOM;
2. YcTaHaBIMBAETCA CKOPOCTH MOJAYM KUIAKOCTH, ONPEIEICHHAS IO TPUBEICHHOU
dbopmyne ans yactoTsl okoso 10 kI';
BxutrouaeTcst mojada cxaToro Bo3ayxa co CKOpPOCTBIO TOpsiAKa 2 JI/MUH;
Bxutrouaercst reHepaTop 3JeKTpuuecKux konedanuii ¢ vacroton 10 kl;
MeTonoM ynaBnMBaHUs Kaneiab Ha MOAJIOKKY TPOBEPSIETCSI MOHOJHMCIIEPCHOCTh
00pa3yIoIINXCs Kanellb U ONPEAEISeTCs UX pa3Mep.

D B~ W

95



I'maa 7. ICHAPEHUE U KOHAEHCAIUSA B ADPO30JIAX

SIBjeHUsT KOHICHCAIIMM U UCTIAPEHUs UTPAOT OOJBIIYIO POJb MpU 00pa30BaHUU
00J1aKOB, B3aUMOJICHCTBUU TYMaHOB C MPOMBIIUIEHHBIMU BBIOpOCaMU, 00pa30BaHUU
MHOTHX MPOMBIIUICHHBIX BHIOPOCOB, HAXOSAIIUXCS B BUE adp030Jeil ¢ JanbHeIen
UX KOHJEHCAILINEM.

[Tponecchl ucnapeHus U KOHACHCAUMU MPUBOJAT K U3MEHEHHUIO pacIpeieeHus
0 pa3MepaM a’po30JIbHBIX YACTHIl C KUAKOW JuCrepcHOM (ha30if, 4TO MOXKET MO-
BIUATH Ha 3()(PEKTUBHOCTH paOOTHI YIABIMBAIOLIEH anapaTyphl.

Jlns oOpazoBaHus a’p030Jel ¢ KUIKOU JucrepcHor (a3oi mpexie Bcero Heoo-
X0JIMMa MOBEPXHOCTh ISl KOHAEHCALIUK, TO €CTh HAIMUNE siAep KOHAEHCAIUU. JTO
MOTYT OBITh KJIACTEPHI MOJICKYJI Tlapa, HOHBI ¥ HEOOJBIINE YaCTHUITHI PA3TUIHBIX Be-
mecTB. Ecim KoHAEHCAaus IPOMCXOIUT Ha KJIacTepax, 00pPa30BaHHBIX MOJIEKYJIaMH
3TOrO K€ Mapa, TO MPOLECC HA3BIBACTCSI TOMOTCHHOM (CIIOHTAHHOM) HYKJIeauue. B
Cly4yae KOHJICHCAllMU Mapa Ha 4acTHILAX APYroro BEUIECTBA — IeTEePOreHHOM HYK-
Jeanment. Hykneanust mpoxoauT B HECKOJIBKO CTaIHM:

1) map npu pacuiupeHuu JOJBDKEH CTaTh MEPECHIIIEHHBIM HACTOJIBKO, YTOOBI MIPO-
UCXOJINJIA €T0 KOHJEHCALINS;

2) oOpa3oBaHHe MOJEKYJSIPHBIX KJIACTEPOB (TOJBKO MPU TOMOIE€HHOM HYyKJea-
LUH);

3) map KOHIEHCHPYETCS Ha 3apOoblIIax WM YaCTUIAX, KOTOPBIE MPU 3TOM PACTyT
Y MPEBPAILAIOTCS B KaILIU.

I'omorennas nykieanus. CreneHb nepechileHus napa B ra3e MOXKHO OMUCATh
BEJIMYMHOM:

__ P
Do (T)
r7ie p — MapuuaibHOE JAaBlieHHue napa B rasze, p, (1) — naBlIeHHE HACHIIEHHOTO Tapa

HaJl TTOBEPXHOCTHIO XKHUJAKOCTU Tipu Temnepatype 7. Ilpu S >1 map nepecsiieH,
S =1 — HaceieH, S <1 — HEHACHIIIECH.

HacelieHHblid map B ra3e MOXHO C/ENaTh MEPECHINICHHBIM IMyTeM aauadarhye-
CKOT'0 paclIUpeHusi CUCTEMBI. [Ipu 3TOM cTeneHb NEPECHIEHUS S HECI0XHO Mpe-

CTAaBUTH B BUAC:
LM
S=n"exp| —(n""-1)|,
p[RT( ﬂ

A€ n — OTHOLICHUC 00BHEMOB CHCTEMBI MOCTIEC U A0 paCliupCeHusda, Y — OTHOIICHUC TC-

MJIOEMKOCTEH Tra3a IMpH MOCTOSHHBIX JIaBJICHUU U 00beMme, L — y/elbHas TerioTa ma-
pooOpazoBanus, R — yHUBepcallbHas Ta30Basl MMOCTOsIHHAsA, T — TeMIieparypa rasa o
pacumpenus, M — MojsipHasi Macca apos.

OnHako nake B HACHIIIEHHOM Mape MaJeHbKHE KAk MOTYT HUCHAPATHCSA, YTO
CBSI3aHO C OOJIBIIEH BEPOSITHOCTHIO MTOTEPH MOJICKYJI BBINTYKJION MOBEPXHOCTHIO, UEM
miockoi. CTeneHb NMEepechIeHus mapa, HeoOXoauMoe Il 00pa30BaHUs KaIllu ITy-
TEM CIIOHTAaHHOW HYKJICAllMH, CBSI3aHA C pa3MepaMM Kallld COTJIACHO YPABHEHHIO
KeabBuHa:
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Puc.7.1 3aBucuMOCTb CTENeHH NepechIleHUus napa oT [uaMmeTpa
KAIUIM NIPU CIOHTAHHOW HYKJIealun

doM .
2
pRTd
rae 6 — K03 PUIMEHT MOBEPXHOCTHOT'O HATSKEHUSI )KUAKOCTH, M ¢ — MOJICKYIISIpHAsI

InS =

Macca XUAKOCTH, p — IJIOTHOCTh KUAKOCTH, T — TemrepaTypa KUAKOCTUH, d — KpH-
TUYECKUN JuaMeTp Kari. Ecnu ns kammm guamMeTpoM d BENHYMHA S JIEKUT ClieBa
OT JHMHHUM, TO Kamisi OyJeT HCIapsAThCs, €CIOM clpaBa, TO Kamjisl Oyaer pactu
(puc.7.1).

C pocTOM CTENEHU HACBIILIEHUS AMAMETP U, CIEA0BATEIbHO, KOJIMUYECTBO MOJIEKYJ
B KJacTepe, MpU KOTOPOM HAuMHAETCsl CIIOHTaHHBIA POCT Kallld, yMeHbllaercs. B
pe3ysbTaTe CKOPOCTh 0Opa30BaHMsl Kalelb B €JUHULIE 00beMa 3a €IMHUILY BPEMEHU
JIOJDKHO BO3pPAcTH B CBSI3U C OOJIbLIEH BEPOSATHOCTHIO 0OpA30BaHUSI MOJIEKYJISIPHBIX
KJIACTEPOB C MEHBLINM YHCIOM MOJIEKYIL.

Bunbscon oOHapy»ui, 4TO NMpU NPUCYTCTBUM HOHA B CUCTEME ra3-Iap CIOHTAHHAs
HyKJIeallusl IPOMCXOAUT IIPU MEHBIIEH CTENEHU IepeckilieHus. B atom ciydae cre-
IIEHb TEPECHIIIECHNS CBSI3aHA C KPUTHYECKUM JHAMETPOM CJEAYIOLIEH 3aBUCHUMO-
CTBIO:

4o q’ I 1

M
lnS= £ — ~ 5 | T )
PpRT| d 2ngd | e, ¢

rac g — 3apsa Kaljik UK KiacTepa, Sg U € — AUIJICKTPUYICCKHUC ITPOHUIIACMOCTH TI'a-

. 12
30BOM Cpebl U JKUAKOCTH, €, — MIEKTpUUecKass nocrosHHas 8.85 - 107~ d/m.

Kak u 17151 cimyyast OTCYyTCTBHSI MOHA B ra3e MPU CTETECHSX MEePECHIIICHUs, paciio-
JIO’KEHHBIX BBIIIE KPUBOM Ha pHcC.7.2, Karuid Bcerjga OyayT pacTu; €ClH K€ CTEIEHb
NEPECHIIEHUS HAXOIUTCS HUXKE ITOM KPUBOM, KAIJIM UCTIAPSIIOTCA.
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Puc. 7.2. 3aBUCHMMOCTD CTeNEeHU NMepechilleHus Napa oT JAUaMeTpa Kamjiu
IIPH CIIOHTAHHO} HYK/IealNH ¢ IPUCYTCTBHEeM HoHa 3apsimom 1.6:107" Ka

I'eTeporenHasi Hykiaeanusi. B GonpInHCTBE ciyyaeB map KOHIEHCHUPYETCS Ha
MEJIKMX YacTULAX MbLIM, IpuYeM He Ha Bcex. Kak cnenyer u3 puc. 7.3, caMbIMu ak-
TUBHBIMH SIBJISTFOTCSI CaMbl€ OOJIbIIKE Apa KOHASHCAINH, /IS KOTOPBIX HE TpeOyeTcs
BBICOKOT'O TepechllieHus napa. K akTUBHBIM OTHOCST U PaCTBOPUMBIE SiApa KOHJEH-
caunuu. Bee sapa KoHAeHCcalMi MOKHO pa30UTh Ha JIBa Kiacca:

1) HepacrBopumble sigpa. Jlerko cmaunBaeMsble sjipa ObICTpO 00pa3yroT Karuiy,
U, CJIEAOBATENbHO, UX B JaJbHEHIIEM MOXHO pacCMaTpUBATh KaK YUCThIE KallJld, U €
HEKOTOPOW TOUYHOCTHIO MPUMEHSATh K HUM ypaBHeHUe KenbBruHa. Ha HecMaunBaeMbIx
Apax KoHAeHcauus 3aTpynHeHa. KoHaeHcupyromas >KUIKOCTb CTPEMUTBHCS CO-
OpaThCsl B MaJICHbKHE LIAPUKHM Ha MOBEPXHOCTHU s/Ipa, U JKUIKUN cloil oOpasyercs
TOJIKO TOTJa, KOT/1a IIOBEPXHOCTH SApa MOJHOCTBIO UMM MOKphIBaeTcs. [yt KOH1eH-
caly Ha HECMAavYMBaEeMBbIX AJIpax HEOOXOAMMa BHICOKAs! CTETIEHb MEPECHIIICHHUS.

2) PactBopumble saapa. [Ipu koHaeHCalMM HA PAaCTBOPUMOM sIJIpe CHavalia oopa-
3y€TCsl HACBIIIECHHBIA PAacTBOP, M IPHU JAJbHEWIIEW KOHAECHCALMH PACTBOP CTAHO-
BUTHCS Bce Oojiee pa30aBleHHBIM, TTOKAa 0Opa3oBaHHAs Karlisi He OyaeT ceOs BecTH
KaK Karuis YUCTOU KUIKOCTH.

Crenens niepecoitenust S' = p'/p, (T) Haa KawisiMu pacTBOpa B 3aBHCHMOCTH OT

araMeTpa Karuii d MOXHO MPEICTaBUTh B BUJIE:

46'M

In§'=——"=~%—ygvM _,

p'RTd
rjae 0003HAYCHUS CO IITPUXOM OTHOCSATCS K CMECH PacTBOPHTENb — PACTBOPEHHOEC
BEIIIECTBO, 0€3 ITPUXa — K YHCTHIM BEIIECTBAM; g — MOJISUTbHBIA OCMOTHYECKUHN KO-
3 PUIHCHT, 3aBUCAIIMNA OT KOHIIEHTPALUU PacTBOpa (YMCI0 MOJIeH paCTBOPEHHOIO
BEIIIECTBA B 1 KT pacCTBOPHUTEIS) U YKMCIa HOHOB Y, 00Opa3yrONIMXCS MPU MOJHOM auc-
COIIMAIIMN MOJIEKYJIbI;, V — YKCJIO MOJICH paCTBOPEHHOI'O BEIIECTBA B CIUHHIIC MACCHI
PacTBOPHUTEJISL.
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Puc. 7.3. 3aBUCHMOCTH CTeNeHH MepechIlleHUsI 0T KPUTHYECKOTro JuaMeTpa Kanjiu
JJISE PACCTBOPUMBIX siIep Maccoil 107" (Hm 107" (2) kr

3aBUCHMOCTb CTEICHU MEPEChIeHus] S’ OT KPUTUIECKOTO JAUaMeTpa Karlld Jac-
TO Ha3bIBalOT KpuBbiMU Koxiiepa (puc.7.3). Ciaegyer OoTMETUTbh, UTO MPUCYTCTBUE
PacTBOPEHHOI'O BELIECTBA JEIAET BO3MOXKHBIM KOHACHCAIUIO JTaXe NP OTHOCHUTEIb-
HOUW BiIaXHOCTU MeHbIe, ueM 100%, To ects npu S’ < 1. HeGosnblne u3MeHeHuUs
BJIQXXHOCTH M3-32 3(p(PeKToB rucrepesrca MOryT HE MPUBOAUTH K M3MEHEHUIO CTa-
OMJIBHOTO pa3Mepa Karuid B OTJIIMYKE OT Karelb, COCTOSIIINUX U3 YUCTHIX pACTBOPUTE-
neil. 'mcrepesnc NposiBIsieTCs B TOM, YTO (pa30BbIi NEpexo] pacTBOPEHHOTO Belle-
CTBa MPOUCXOIUT MPU OJHOM 3HAUYEHUHU BJIAKHOCTH TMPHU €€ BO3pACTaHUU U MPHU JPY-
T'OM IIPU €€ YMEHbIIICHHH.

Poct kaneas. Hanbosee npocTeiM ypaBHEHHEM, ONMKMCHIBAIOIINM UcHIapeHue cde-
PUYECKOM KaIljii B 3aBUCUMOCTH OT BPEMEHHU, SIBIIsieTCs ypaBHeHue MakcBesuia:

I=2zDd(c,, —c,),

rne I =dm/dt — macca napa dm, yXOISIIErO WM BXOJSAIIETO Yepe3 CHepHIECKYIO

MOBEPXHOCTh KaIlIu, 32 €AMHUILY BpeMEeHU dtf (MaccoBasi CKOPOCTh UcnapeHus); d
— auamMetp karmm, D — xo3ddunuent nupdysuun napa; c,,.,c, — MaccoBasi KOHILIEH-

Hnac?

TpaIy HACBHIIIEHHOTO Mapa W Ha OOJBIIOM yJajdeHuu OT Karu. Eciam ydects, 9TO
KOHLIEHTpAILMs Tapa CBs3aHa C €€ MaplUajJbHbIM JAaBICHUEM Kak ¢ = pM / RT , TtO

ypaBHeHHE MakcBesia MOKHO IPEICTaBUTh B BUAE:

I 2xDMd

- T(pyac _pO)’

rae p, .., Po — AaBJICHHC HACBIIICHHOTO I1apa U NapuuajJbHOC JABJIICHHE I1apa HaA yAa-
JICHHUC OT KallJIu.
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Koadpdunmentsr quddys3un pazaudyHbiX ra3oBbIX CMECE 3aBUCAT KaK OT TEMIIe-

parypsl 7, Tak U OT JaBieHus P:
3/2

D= D, Tl 51 D=0D, g
0 0
JlaBieHue HACHIIEHHBIX MMAPOB KUJIKOCTHU MPU PA3IUYHBIX TEMIEPATYPax MOKHO
ONPENETNTD, UCTIONB3YS 3aK0H Knay3nyca-Kianenpona:
P =Rexp| S == .
Kun
rae 7, — TeMIepaTypa KUIeHHUs Tpu JaBjIeHuu raza P, (ais atMocdepHoro naie-
HUA TeMIiepaTypa kunenus Bojasl 373 K).

VYpaBHeHrne MakcBeiia BBIBOAUTHCS B IPEANOIOKEHUU, YTO MOJIEKYJbl MOTYT
MOKUHYTH KaruTio myTeM audPy3un u HaJ TOBEPXHOCTHIO KAaIIi KOHIIEHTpAIUs mapa
paBHa KOHLEHTpPAIMU HACBIIEHHOTO Mapa. DTO CIPaBEAJIMBO, KOTJIa TUAMETP KaIljau
CpPaBHHMM C JJIMHOM cBOOOAHOrO mpolera mMoiekyn mapa (Maible uyncia Kxyncena).
[ToaToMy ypaBHeHMe MakcBesuia NPUMEHUMO JJisi KPYIHBIX Kallejlb YUCTOro Belle-
CTBa M MIPHU UCIIAPEHUU U KOHACHCAIIMU B BO3/lyXe 0€3 yueTa U3MEHEHUS TeMIlepary-
PBI KaIuiy.

HpI/I HUCIIApCHUHN KaIllIn €C AUAMCTP HU3MCHACTCA. Hpezmonaraﬂ, 9YTO N3MCHCHHC

T
MacChl CBSI3aHO C U3MEHEHUEM JIMaMeTpa Karuid dm = Ed *p-dd m Wcronke3ys ypas-

HeHue MakcBeiia, IMEeM BhIPaKEHUE ISl CKOPOCTH U3MEHEHHMS pa3Mepa Karuiu:

dd 4DM

E—M(Pm —Po)-

Bpems ucnapeHus kammm guameTpom d 10 auamerpa d, paBHO (ypaBHeHHe JIeH-
rMiopa):
pRT(d’-d;)  pRT(d’-dj)
 8DM(p,,.—p,) 8DMp,, (1-S)

rae S — creneHs nepecwiiieHus. B ciyyae konaeHcanuu napa (S > 1) Takxke npume-
HUMO ypaBHeHue JleHrmiopa, rae d, — KOHeuHbI pasmep kamuu. Kak cienyer us3

ypaBHeHUs1 JIeHrMopa, CKOpOCTh pPOCTa MaJIEHbKHMX Kallellb BbIIIE, YEM OOJbILINX.
[ToaTomMy B ciyyae MOJIMAMCIIEPCHOTO pPAcHpeleeHUs Karellb, Ha KOTOpBIX Oyaer
IPOUCXOANTHh KOHJAEH AL, [0 pa3MepaM CTPEMUTCS CTaTh MOHOJUCIIEPCHBIM, €CIIH
TOJIBKO JIOCTaTOYHO Mapa /s KoHaeHcanuu. [lpu ucnapenun noiauaucnepcHoro oo-
JlaKa Karejib CTENeHb MOJUANCIIEPCHOCTH YBETUUUBACTCS.

JUis yacTull ¢ AMaMETPOM, MPUOIUZUTEIHHO PABHBIM CPEIHEN ATMHE CBOOOAHOTO
npoOera ra3oBbIX MOJEKYJ], ypaBHEeHUE JIeHrMiopa HEMPUMEHHMO, MOCKOJIbKY OHO
IPUBOIUT K OOJIBIIUM BEITMYMHAM CKOPOCTEH MCIYCKAHUS MOJIEKYJ, YeM CKOpPOCTb
ucrapenus B Bakyyme. [l npeononenns 3Ton TpyaHOCTH DyKC MPEaonoKuil, 4To
I Gy3UOHHBIN MEPEeHOC HAYMHACTCS HA PACCTOSHUHU, MPHUOIM3UTEIBHO PaBHBIM
JUIMHE CBOOOAHOIO Mpo0era MoJeKyJ OT IIOBEPXHOCTH Kallld; OH YTOUHUJ ypaBHeE-
Hue JIeHrMiopa npy nCapeHny Kariiu B IPOCTPAHCTBO, I1e p, = 0:
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RT (d* dD A +2A
AN NN |
DMp,,..\ 8 2av, 2
1/2
m, +m,
rie A=A ———= | — paccTosiHMe, KOTOpPOE€ HCHapsIoNias MOJIeKyJia J0JHKHA
m,

IIPOWTH IO €€ CTOJKHOBEHHUS C Ta30BOM Cpelod, A — CpemHss JIMHA CBOOOJHOTO
12
kT

2mm,

npoOera ra3zoBbIX MOJIEKYJ, ,, M, — MacChl MOJIEKYJ I'a3a U napa, v, = , O
— ko3 dunmeHT akkoMoaanuu (s uuctor Boabl paBeH 0.034, a s BOJHBIX pac-
TBOPOB OH MEHBIIE).

[TonpaBka dykca MOKHA 3HAYUTEIBHO YBEJIUYUTH BPEMS JKU3HU OYEHb MaJbIX
Karesb 1 BIUSET JaKe Ha UCIIapeHue Karelb AuaMeTpoM cBbilie 10 MKM.

Jlist ydeTa U3MEHEHUs TeMIIepaTypbl Kallid B MPOIECCe UCIapeHUs U KOHJIEHCa-
IIUU U, CJIeIOBATEIbHO, N3MEHEHUE JABJICHUS HACHIIIEHHOTo napa, MelcoH yTouHuI
ypaBHeHue Jlenrmiopa B hopme:

. Lp(%_lj_l_ pRT |d*—d;
AT\ RT DMp,,. )8(1-S5)

rac L — CKpPbITas TCIIOTA KOHACHCAIUHN WUJIN UCIIApCHUA, /1g - KOB(I)(i)I/IHHCHT TCILIO-

IMPOBOAHOCTH BO31yXa.
TeMHepaTypa KalllJId B CTAIUOHAPHOM COCTOSHHUH (HOCTOHHH&H CKOpPOCTB HUCIIapcC-
HUsA, HCU3MCHHAasA TeMHepaTypa) OoIIpCACIIACTCA BbIPAKCHHUCM

rae Ty — teMnepaTrypa OKpYKarIen Cpeibl.

TemnepaTypa Kamin OKa3bIBa€TCsl HE 3aBUCSLIEH OT ee pa3Mmepa. ITO MO3BOJSET
ONpPENENIATh IKCIEPUMEHTAIBHO TEMIIEpaTypy Kalull Kak TeMIIepaTypy BIIaKHOTO
TEPMOMETPA.

B naceimenHoii napamu cpege (S > 1) MelKkue Kamid COTVIACHO YPaBHEHUIO
KenbBuna moryt ucnapsatbes. s cnydas S = 1 cKOpocTh UCTIapeHUs SBIISETCS TO-
CTOSIHHOM BEJIMYMHOM M HE 3aBUCUT OT pa3Mepa Karuiu:

2
I 2nDop,,.( M
p RT
Bpemsi onHOro ucnapeHus Kaijiu B cpefie, ONM3KOoI K HaChIEHHIO, PABHO:

__d  (pRT ’
12Dop, \ M )’

[Ipu nBMKEHMM KAl B Cpelle CKOPOCTb €€ MCIApEHUsS MOKET H3MEHSThCS
BCJICJICTBUME YHOCA CpPEJOM MOJIEKYJ Napa, HaXOASIIMXCS Y IMOBEPXHOCTU KaIlIH.
DKCnepruMEeHTAIBHO MMOKa3aHo, 4yTo npu Re > 1 Bo3pacTaHne MHTEHCUBHOCTH HCHa-
peHusi Ha JIOOOBOM YacCTH Kaluld KOMIIEHCHUPYETCS YMEHbBIIEHHEM HCHapeHHsl Ha
TBUIBHOW YacTH Karuti. Takum o0pa3oM, CKOPOCTh UCTIAPCHUS HE H3MEHSETCS.
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Kunernueckmii pesxkum ucnapenuss. Gopmyna MakcBenna crnpaBejivuBa st
mudPy3MOHHOTO peKUMa MCIAapeHusl WIM KOHJEHCAIIMOHHOTO pOCTa Karui (4Hciio
Knyncena Kn << 1). [Ipu Kn >> 1 HaGntogaeTcsi KWHHETHUECKUI MM CBOOOTHOMOJIE-
KYJISIDHBIN PEXXUM UCIIAPEHUS.

B sTom cnyuae cpenusis AjiMHa CBOOOHOTO Mpodera MoJIeKyJl Mapa 3HAYUTEIbHO
IPEBBIIAET paANyC Kariu. MaccoBasi CKOPOCTh UCIIAPEHUS] B KHHETUYECKOM PEKUME
UcIapeHus onpenensercs coraacHo popmydie I'epua — Knyacena:

I = L nd? ﬂ Ml
16 RT \ M

rine M — MoisipHas Macca napa, o, — Ko3(pQUIUEeHT ucrapeHus WM YUCICHHAs 101

a’m(po_pnac)’

MaJaroInX MOJIEKYJI Tapa, KOTOPbIe KOHACHCUPYIOTCS B XKUAKYIO (a3y.

OTMeTuM, YTO B KMHETHUYECKOM PEXKMME HCMApeHus (KOHJEHCAUWH) MacCOBBIN
MOTOK MPOTIOPIIMOHATCH KBaApaTy paanyca 4acTUIbl, B TO BpeMs Kak B nuddy3non-
HOM PEXUME — IEPBOM CTEIICHU PAIAYCA.

IIpuMepsl pemieHus 3a4a4:
3agaua 1. O0bem Bo3ayXa, HAXOAALIEr0CA HA YPOBHE MOPSI IPHM TeMIlepaTrype
21°C, npu noabeme Ha BbIcOTy 250 M yBeanumwics. Onpenesursb CTeneHb nepe-
ChILIEHUSI S, ecJIM BO3AYyX NEePBOHAYAJIbHO HACBHILIEH BOASIHBIM MapoM, a pac-
IIMpeHne aauadaTnyeckoe.
Pemenne. YBennuenne o0bemMa Npu aguabaTUYECKOM PACIIUPEHUN OMPEICITUM,
ucnoabp3ys ypasHenue Ilyaccona:

Py = (po - pgh)Vy.

CumTas IIOTHOCTh BO3IyXa paBHoit (mpu 21°C ) 1.2 kr/M’, 1aBieHne HaJ ypoB-
Hem mops 10° ITa u xosdduument agmabats! mms Bozayxa y = 1.4, ciemyroriee
ypaBHEHUE OIPEEISIET OTHOCUTEIBHOE YBEINUYEHHE 00beMa:

n=V/V,=1.022.

VY nenpHas Terota napoodpazoanust L mist Boasl (M= 0.018 kr/mMonb) paBHa 2.26

M]Ix/xr. Torma cTeneHb MepechImeHns Bo3ayXa mapaMu BOJIbI paBHA:

oMy, N
S =n YCXP[E(I’ZY —1):|— 112
OtBer. S=1.12.

3ajgaua 2. OnpeaeJuTh PABHOBECHbII 1MaMeTP BOASHON KAaIlJIM, COJAepPKa-
el TP MOJIOKUTEIbHBIX 3apsiia, €cJiM OTHOCHTEIbHAsl BJIAKHOCTh U TeMIle-
patypa paBHbl 90% u 21°C.

Pemenne. [ Bosbl KO3 (HULIMEHT MOBEPXHOCTHOTO HaTsKeHUs npu 21°C pa-
Ben 72:107° H/Mz, IJIOTHOCTH BOBI 10° Kr/nr. KoapdunmneHTsl AUIIEKTPUUYECKOM
MPOHUIIAEMOCTH JUISl BOJBI €, = 81, Bo3oyxa— ¢ = 1.

19
[To ycnoBusim 3amaun S = 0.9 u 3apsin karum g = 4.8 - 107 Ko,
Torpaa, ucnosne3yst GopMyily CBSI3U CTENIEHU NEPECHILICHUS U JUaMETPa KaIliau
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g

M 2
n§=—e|20 ¢ |1 1
PRT| d 2n'ed e, ¢
MOJTyYHMM YHCIICHHBIM 00Pa30M PaBHOBECHBIH pasmep Kamm 16 - 1070 m.
Otser. 16 - 107" m.

3agauya 3. OnpenenuTs BpemMsi HCIAPEHUS KAIUIM BOAbI fMaMeTpom 10 Mmxm
B BO3/1yXe PH OTHOCUTEJbHOU BaaxHocTH 50 % u remnepartype 20°C. CpaBuu-
Te ¢ BpeMeHeM HCNAPEHNs KAIIU ¢ Y4eTOM U3MEHEHU TeMIepaTypbl KA.

Pemenne. [1norHocts Boau p = 1000 Kr/M°, MossipHast Mmacca M = 0.018 Kr/M°,
ko3 duImeHT 1udy3nun BOAIHBIX Mapos B Bozayxe mpu 20°C D = 0.219-107* m*/c,
yenbHas TEmoTa mapoodpaszoanust L = 2.26 - 10°[[K/Kr, TEmIompoBOJHOCT BO3-
nyxa mpu 20°C A, = 0.024 Bt/(m'K).

JlaBneHre HaChIIEHHOTO BOJASHOTO Mapa npu temmeparype 20°C paBHo:

6
Prae =107 exp(z'%'lo '0'018( - D =2.78 -10° ITa.
8.31 373 293

CornacHo ypaBHeHHIO JIeHrMIOpa BpeMsi MOJIHOTO UchapeHus Kariu Boabl (dy =
0) paBHO:

pRT(d* ~d?) 10°-8.31-293-(10-10°°)’
{ = =
8DMp,, (1-S) 8-0.219-10-0.018-2780(1—0.5)

C YUCTOM HU3MCHCHHUA TCMIICPATYPLI KAIlJIM B ITPOLCCCC HUCIIAPCHUA BpCMA HCIIA-
peHUA OIIPCACIIACTCA COTTIACHO YPABHCHUTIO!

2 2
t:(i(ﬂ—lj-k PRT ]d b _0183¢ =

= 0.056c.

AT\ RT DMp,,. |8(1-1S5)
\2
_[2.26-10°-10° 2.26-106-0.018_1 . 10° -8.31-293 .(10-106)
0.0237-293 8.31-293 0.219-107-0.018-2780 ) 8(1-0.5)

C ydeToM momnpaBKu Ha U3MEHEHHE TeMIEepaTyphl KaIljiu BpeMs MOJHOTO UCIape-
HUS YBEJIMUUBAETCs O0JIbINe, YeM B 3 pasa.
Ot1Bert. 56 mc u 183 mc.

3agaum U1 CAMOCTOATEIbHOIO PelICHNUS:

1. B xamepe comep:kuTcsi BO31yX, HAChIILIEHHBIM BOISHBIM MTapOM, KOTOPHI annaba-
TUYECKH pacimpsieTcs B 1.25 pa3a mo cpaBHEHHUIO C €ro nepBOHAYaIbHBIM 00be-
MoM. OmnpeaennuTb CTeNeHb MEPECHIEHUs NOoce paciupenusd. Temneparypa 10
paciupenust pasHa 9°C.

2. Onpenenute 3Ha4eHUE S, MPU KOTOPOM BojasHas Kamisd auamerpoMm 0.03 Mk
IPOJOJIKAET POCT.

3. Omnpenenutb paBHOBECHBIM AMAMETP BOASHOM KaIUIM, COIAEP)KAIIEH IO OJHOMY
JIEMEHTAPHOMY 3apsily IIPM OTHOCHUTEJIBHOM BIIAKHOCTU M TEMIIEPAType, PABHBI-
mu 80% u 21°C.
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Onpenenuth, HACKOJIBKO JAaBJICHUE NApOB HAJ Kallied BOJHOTO pacTBOpa
(NH4)SO,4 muametpom 0.1 MKM OTIMYaeTcss OT JABJICHUS HaJ Karied 4uCTOTO
pactBopurens npu 20°C. JIuamerp wactuisl (NH4)SO, paBen 0.01 mMkwm, mioT-
HOCTB 1770 Kr/M™.

Onpenenuth BpeMs KU3HU Karuik OeH3osa nuametpoMm 50 MKM, ecliu ee rmomMec-
TUTH B Kuciopos ripu 25°C. HaliTu BpeMst )KM3HH € y4eToM nonpaBku Dykca.

. UeMmy paBHO BpeMs BBICBIXaHUSI BOJSIHOM Karui nguamerpoM 10 MKM, yduTbhIiBas
M3MEHEHHUE €€ TeMIepaTypsl pu aTMochepHOM AaBieHUH. Temneparypa Bo3ayxa
20°C.

Kanns nnamerpom 200 MkM ucnapsiercs B Bo3ayxe npu temneparype 25°C u ot-
HOCUTENBbHOU BIaXHOCTH 40%. BBIUUCANTH BHYTPEHHIO TEMIEPATYPY KaIlid
IpU PaBHOBECHH.

KoHTpoJibHBIE BONIPOCHI:

KakoBa QyHKIIMOHAIbHASI 3aBUCUMOCTh JTABJICHUSI HACBILIEHHOTO Mapa HaJl MJIo-
CKOM TpaHuliel pa3aena ga3 oT TeMrneparypbi?
MoskeT U mpoliecc TOMOreHHOM Hykieanuu 3(PQPEeKTUBHO MPOSBIATHCA B pe-
aNbHBIX aTMOC(EpHBIX yciaoBusax? Ecnu HeT, To mouemy?
[Touemy HEoOX0MMMOE TIEPECHITIICHUE TTapa MPU HATMYWN Y YaCTHIIBI PAaCTBOPH-
MOTO SiJIpa KOHJICHCAIIMU CYILIECTBEHHO MEHBIIIE, YEM JIJIsS KarlIh YUCTOTO Belle-
cTBa’?
[To xako¥ (H3MIECKON MPUUNHE HOHBI MOTYT SBIATHCS 3((HEKTUBHBIMU SIpaMu
IIpU TE€TEPOreHHON KOHJIeHCaIuu napa’?
[Touemy Karuist >KHIKOCTH MOKET HUCIAPSATHCSA JTaKe B Cpelie COOCTBEHHOTO Ha-
CBILLIEHHOTO T1apa?

. Urto siBRsieTcs ABMXKYILEH CHIION MPOIECCOB UCHApEeHUsI/KOHACHCAIUU COTJIACHO
dbopmynam Maxkcenna u I'epiia — Knyncena?
Kak BbI moHnMaeTre TepMUHBI «IUDPY3UOHHBIN» U «KUHETUUECKUN» PEKHUMBbI
ucnapeHus?

JIABOPATOPHAS PABOTA Ne 13
I'eHepaTOp MOHOAMCIIEPCHBIX a3P030JIel CMECUTEILHOT0 THIA

Llenv pabomwi: VI3ydyeHne NTUCIIEPCHOTO aHAIM3a a3p030JIsl ¢ MOMOIIBK KOHIEHCALIN-

OHHOro yKpynHuTtens cmecutenbHoro tumna (KYCT).

HOJ’Iy‘ICHI/IG MOHOIUCIICPCHBIX a:«)posoneﬁ SIBIISICTCS BaKHOU 3az[aqel”4 HJIsL 1IpO-

BEJICHUSI pa3HBIX a’3pO30JIbHBIX UCCienoBaHul. B pa3zHooOpa3HbIx MeToaax oOpa3o-
BaHMS a’dPO30JIEW YACTUIIBI U KAIlJIM UMEIOT Pa3HbIE Pa3MeEPbI, U MOIYYUTh a3p030JIU C
OJIMHAKOBBIMM YaCTULIAMH JOBOJIbHO TPYAHO. OIHMH M3 METOAOB UX IOJIYyYECHHUS —
CO3[IaHHE YCIIOBUM TaKOM KOHJIEHCALlMU [TAPOB HEKOTOPBIX BEILECTB, IPH KOTOPHIX Ha
a]ipaXx KOHJIEHCALUK Pa3HOTO pa3Mepa 00pa3yroTcsl OJJUHAKOBBIE (MOHOAMCIIEPCHBIE)
kari. Cpeld TeHepaTOpOB MOHOJUCIIEPCHBIX a3p030Jiel TAKOro TUIla HauboJjee u3-
BecTeH Tak HazbiBaeMblil KYCT — KOHJIEHCAIlMOHHBIN YKPYIHUTEIh CMECUTEIBLHOTO
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Puc. 7.4. llpuHOUNuaJbHAasA cXeMa KOHJAEHCAIIMOHHOIO YKPYIHHUTEJsl CMeCH-
TeJbHOro TuUma: 1 — paboyasi KHUAKOCTb, 2 — HarpeBareib, 3 — TepMoIiapa ¢ u3Me-
puTenaeM HampsbKeHUs, 4 — BXOJHOE OTBEPCTHE ISl MOTOKA YUCTOTO BO3ayXa, 5 —
UCIIapUTeNbHas Kamepa, 6 — BXOJHOE OTBEPCTHE JJIs BO3JyXa C SApaMHU KOHJEHCa-
KU, 7 — y3ell CMEIIEHUsI TOTOKOB, 8§ — TPyOKa ¢ TEPMOU3OJISIIIUEH

tuna (puc. 7.4). Ero HazBaHue mokasblBa€T, 4TO B HEM IPOUCXOAMUT KOHAECHCALUS
apoB MPU YKPUYITHEHHU siIep KOHACHCALMH, a IPOLECC OPraHU30BaH 3a CUET CMeELIe-
HUS JIByX TIOTOKOB — INOTOKA INEPECHILIEHHOIO Mapa pabodei >KUIAKOCTH U MOTOKA
BO3/yXa, COJIEPKALLETOo siipa KOHJIEHCAMU. TeXHUYECKH OH COCTOUT U3 pe3epByapa
c ropsiueil paboueil KUAKOCTbIO (HampuMep, INIMLEPHUHA), YCTPOMCTBA AJIs MOIyde-
HUS si7ep KOHACHCAIMH, Y3Jla CMEIIEHUsI TOTOKOB M LIMJIUHAPUIECKONU TPYyOBl, B KO-
TOPOM MPOUCXOJUT POCT Kalelb Ha sSApax KoHAaeHcauuu. C MOMOLIBI0 TaKoro reHe-
paTopa a’po30Jiell MOYKHO MOJIy4aThb NPAKTHYECKH MOHOJUCIIEPCHBIE ad3pPO30JH B
npezaenax npuMepHo ot 0.7 1o 5 MkM.

IHopsinok BbINMOJIHEHNUSI PadOTHI:

1. ITpoBepuTh HaNMuMe >KUJIKOCTH B MCHApUTENbHON Kamepe. BKIIOUUTH B CETh
HarpeBartelb.

2. Ilpu goctmkenuu temnepaTypsl kuakoctu 60°C BKIIOYUTH MMOJIa4y YUCTOIO
BO3/lyXa U BO3/lyXa C AJ[paMu KOHEHCAIUH.

3. CobOpaTph HEOOJIBIIIOE KOJUYECTBO KarelleK Ha CTEKISIHHYIO MOAJIOKKY, pa3Mec-
TUB €€ BOJIM3U BBIXOJIHOTO OTBEPCTHSI U3 TE€HEPATOPA.

4. IIpoBepUTh MOHOJIUCIIEPCHOCTH MOTYUYEHHBIX Kalledb U ONPEIEIUTh UX pa3Mep
C IOMOIIBIO OMTUYECKOTO MUKPOCKOTIA.
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I'1asa 8. JIEKTPUUYECKHUE CBOMCTBA ADPO30.JIEN

K mexaHu3mam 3apsiiku a3p030JIbHBIX YACTUIl OTHOCSTCS:

1) npsimMast MOHHU3ALMS YACTHIL;, 2) CTaTUYECKas JIEKTPU3AIUs YacTHIl; 3) CTOJK-
HOBEHUS C MOHAMU; 4) MOHU3ALIUS YACTHUI DJIIEKTPOMATHUTHBIM H3TyYEHUEM.

IIpsimasi MOHU3AIUSA YACTUL — MOHU3AIUS a3PO30JIbHBIX YACTHUI] BBICOKOIHEPTE-
TUYECKUMH aTOMaMHU U MOJIEKYJIaMU (HO HE 3JIEKTPOMArHUTHBIM HU3iydeHueM). Bru-
7y MaJIOCTH YMCIIa adPO30JIbHBIX YaCTHUIl OTHOCUTEIBHO YHCIIa MOJIEKYJI T'a3a, OCHOB-
HOM 3 PeKT noHu3anuu OyJeT NPOU3BOAUTHCS 3a CUET MOJIEKYJ BO3yXa, KOTOPHIN
TIPU OOBIYHBIX YCIOBHSIX HECYIICCTBEHEH.

CraTtuyeckasi 3J1eKTPpU3aNUsl MOXXET MPOTEKATh 3a CUET JACHCTBUSA Pa3TUIHBIX
MEXaHU3MOB.

1) Snekmporumuueckue 3¢hghexmot. Xapakrepruzyercs 0OMEHOM HOHAMH Karlelh
KHUJIKUX PacCTBOPOB C BBICOKOW TUAJIEKTPUUYECKOW MPOHUIIAEMOCTHIO C METajuIhye-
CKMUMH WM JPYTMMHU TBEPIbIMH MOBEPXHOCTSAMHU. Kamim oTTamkuBaroTcs APYr OT
Jpyra, TaK Kak 3aXBaThIBAIOT 3apsi/Ibl OJHOTO 3HAKA.

2) Konmaxmmnasn snekmpuszayus. B >ToM 1mipoiiecce 3JIEKTPOHbBI C YUCTBIX CYXUX
MOBEPXHOCTEH PA3TUYHBIX METAJIOB, HAXOISAIIMXCA B CONPUKOCHOBEHUH, MEpeme-
HIaroTcs B TiyOb MeTaiuia ¢ 0ojiee HU3KOW paboToi BBIXOJIAa 3JIEKTPOHOB. Tak Kak
OpU 3TOM MEXAY KOHTAaKTUPYIOUIMMHU TOBEPXHOCTSMHU JOJHKHBI OTCYTCTBOBATH
IUICHKU MPUMECH, TO ITOT MEXAaHU3M, IO BCEH BUIMMOCTH, HE MOXET UMETh CYIIECT-
BEHHOTO 3HAYEHHUSA B MPOLIECCAX CTATHUYECKOM 3apsiIKN YaCTHII.

3) Dnexmpu3zayus npu pacnwiienuu. B BepxHeM ci0€ KUIKOCTH C BHICOKON U~
AIIEKTPUYECKON MPOHHUIIAEMOCTHIO Oarojapsi ACMCTBHIO TMOBEPXHOCTHBIX CHJI BO3-
pacTaeT KOHIIGHTpAIUs dSJCKTPOHOB M OTPHUIIATEIBHBIX HMOHOB. [Ipm pacmpineHUn
KHUJIKOCTU 3TOT MOBEPXHOCTHBIN CIION paspyliaeTcs, 1 o0pa3yroluecs MEJIKUe Kai-
71 B OCHOBHOM 3apsDKAIOTCSl OTPUIIATEIILHO, B TO BPEMs KaK KPYITHBIC 3apsKArOTCS
MOJIOKUTENIBHO JIMOO OTPUIATENIbHO WJIM OCTAlOTCA HE3apsSHKEHHBIMU MPUMEPHO C
paBHOU BeposiTHOCTHIO. Karu, oOpa3oBaBiimecs: pyu paclbUIEHUH, OOBIYHO COJIEp-
AT JIUIIb HECKOJBKO JIEMEHTApHBIX 3apsi/I0B.

4) dnekmpuzayus mpenuem. Cyxue HEMETATUMYECKUE YACTHUIIBI MPUOOPETAIOT
3aps]l MpU KOHTAKTE ¢ METalUlaMUd WM JPYyrUMH 4dactuiiamu. Hekoropele neranu
JAHHOTO MPOIECCa XOPOILIO U3YUYEHBI, XOTd (PyHIaMEHTaJIbHbIe MPUYUHBI FTOTO pac-
IPOCTPAHEHHOTO MEXaHU3Ma OCTAIOTCS HE JI0 KOHLIA MOHATHBIMU. JIJ1sl OLICHKM 3HaKa
3apsAIKA MOKHO BOCITOJIB30BAThCA CIACAYIOUINM PSIOM MaTepHUAaIoB

Acbecr, ctekio, kBapil, Mg, Pb,runc, Zn, Cu, Ag, Si, S.

[Ipu B3auMOAeHCTBUN ABYX BEIIECTB MOJOKUTEIBHBIN 3apsiI OJTYIUT MaTEepHa,
CTOSILIMM B psAy IpaBee, a OTPULATEIBHBIN — JIEBEE.

[Ipu oTHOCHTENBHOM BiaxxHocTu Bbilie 50-60% 3apsiaka mpoTeKkaeT MeJIeHHEe
13-32 00pa30BaHUs Ha YACTHUIAX TOHKOTO CJIOS BOJBI.

5) Honuzayusa ¢ nnamenu. O4eHb 3HAUUMbBI MEXaHU3M 3apSAKUA YaCTHULI, UMEIO-
MU [IUPOKUE TEXHOJOTWYECKHE MpuioxkeHus. Hampumep, B peaknuoHHOW 30HE
BO3/TyIIHO-YTJIEBOIOPOIHOIO IIAMEHH KOHIEHTpaIs HoHoB jgocturaer 10 — 10"
M >, IpHYEM TaM OIpENEICHHO IPHUCYTCTBYIOT MOJOKUTEIbHbIe HOHBI. Hamuune B
IUTAMEHU MEJIKUX YacCTHI] BEUIECTBA 3HAYUTEIBHO YBEIMUYMBAET KOHIIEHTPALIMIO CBO-
OO0JIHBIX JEKTPUYECKUX 3apAnoB. Hampumep, Ha yronbHoU yactuue guamerpom 0.02
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MKM, 00pa30OBaBIIEICS MPU CTOPAHUU AlETHIEHA, B CPEAHEM COACPKUTCA NECSTh
3JIEMEHTApPHBIX 3apsI0B, YTO cOOTBETCTBYeT 107 3IeMEHTAapHBIX 3apsIOB HA KMIIO-
rpaMM.

CToJIKHOBEeHUs1 ¢ HOHAMH. OHBI MOTYT BOSHUKHYThH B BO3AYyX€E, HAIIPUMED, MPU
PUCOCIMHEHUN HEUTPaIbHBIMH a3pPO30JIbHBIMUA YACTUIAMHU TOJIOKHUTEIbHBIX WM
OTpPULIATETBHBIX 3aPSA0B, BO3HUKIIUX 34 CUET IHEPTUU d-, B- U Y-Ilydell B Mpoiiecce
PaAMOaKTUBHOTO pacnaga u3otornoB. OOpa3oBaHHE MOHOB BO3MOXKHO U TPHU 3JIEK-
TPUUECKUX pa3pAlax pa3IMyHOTO TUIA.

PaznuuaroT nBa MexaHu3Mma 3apsaiaku: 1udPy3uoHHAs 3apsaKa U 3apsaKa B dJIEK-
TPUYECKOM I10JIE.

Jugpgyzuonnan 3apaoka. B nponecce nuddy3MoHHON 3apsIKu a’3po30JibHBIC
YACTUIIBI 3apsHKAIOTCS TPU CTOJIKHOBEHUHU ¢ MU YHAUPYIOIMMMUA HOHAMH B OTCYT-
CTBHE€ BHEUIHETO JIEKTPUYECKOro Mmosist. YacTUlbl 3apsHKatoTCss HOHAMHU OJHOTO 3Ha-
Ka (YHUIIOJSIPHBIMH HOHAaMH) B OTCYTCTBHUE BHEIIHETO JJIEKTPUYECKOTO IOJIS.
CTONKHOBEHHUS MOHOB C YaCTHUIIEH TPAKTYIOTCS KaK PE3ysbTaT XaOTHYECKOrO TETLIO-
BOTO JIBIDKCHHSI HOHOB, & OPOYHOBCKHUM JIBJKEHHEM CaMUX YaCTHUI[ OOBIYHO MpEHEO-
peraror.

3apaoka 6 Inekmpuyeckom noJe. B 3ToM mnporiecce 4acTHIlbl pUoOOpeETaroT 3a-
P, CTAJIKMUBAsICh B OCHOBHOM C MOHAMM, JABUKYIIMMHUCS MO HAIIPABJICHUIO BHEIITHE-
r'0 3JEKTPUUYECKOTO MOJIS.

CKOpOCTh 3apsiiKi B DJICKTPUUECKOM ITOJIe BhIMIE, yeM npu audPy3noHHON 3a-
psaake. s oueHb Menkux dactul quddy3noHHas 3apsiaKa Urpaet OOJBLIYI0 POJb
JaXkKe B IPUCYTCTBUH BHEIIHETO 3JIEKTPUUYECKOTO MOJIS.

[Ipn TeopeTHUYeCKOM PAacCMOTPEHHUH 3aPSAKH MPEANOJararoT, 4To: 1) dyacTHIlbl
chepudeckre (MU U30METPUIECKUE), 2) YaCTUIIBI adPO30Jisi MOHOAMCIEPCHBIE (TT0-
JUAUCIEPCHOCTh YCIOXHSET, HO HE ONMPOBEPTaeT TEOPHIO), 3) YacTHUIIbl HE B3aUMO-
JEUCTBYIOT MEXIY cO00H (4TO MOKHO MPHUHSTH MPU UX MAJIOM CYETHOM KOHIIEHTpa-
1uu), 4) OKOJO KaXJA0W YaCTUIbI KOHIEHTpAIMsl MOHOB U 3JIEKTPUYECKOE ToJIe Of-
HOPO/HBI.

Teopus Yaiita nudpdysuonnoii 3apsiaku. [Ipennonaraercs, 4ro noHsl 1up yH-
TUPYIOT B Tra3e B COOTBETCTBUU C OCHOBHBIMHU TIOJIO)KEHHUSIMU MOJIEKYJISPHO-
KMHETHUYECKOU TeopuH. [Ipu CTOJIKHOBEHUH € YaCTUIIEH MOH OCTAeTCsl Ha HEMl, TaKuM
o0pa3oM oHa HakaruiMBaeT 3apsaj. OH MOPOKAACT INEKTPUUECKOE IM0JIe, KOTOPOE OT-
TaJKWBAET MPUOIKAIOIMIMECS MOHBI TOTO K€ 3HaKa; M0 MEPE HAKOIUICHMs 3apsiia
YaCTHUI[bl CKOPOCTb €r0 HAKOIUIEHHS] CHHXKAETCS.

KonuyecTBO MOHOB C 3apsiIOM PAaBHBIM Z 3JEMEHTApPHBIM 3aps/ioM, CTAJIIKUBAIO-
IIMXCS C YaCTHIIEH TuaMeTpa d, ONpeAensioT o01uil 3apsa yacTulsl. M3mMeHnenue 3a-
psiZia YaCTHILIBI ¢ B €MHUILY BPEMEHU OTPEIEINIAETCS KaK

ﬂ:l(ze)nuindz, n=n, exp(zj:no exp| ——22¢

d 4 kT 2ne,dkT
rjle 71 — KOJIMYECTBO MOHOB, HAXOJSNIMXCS y TOBEPXHOCTH YACTHIIBI; 7y — CPEIHSS
KOHIIEHTpALMsl HOHOB 1, — CPEJIHEKBAIPaTHECKas CKOPOCTh MOHOB, W — OTEHIH-
aJbHas SHEPIUsl HOHA y OBEPXHOCTH YACTHIIBI.
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Ecan NCPBOHAYAIIBHO YaCTHILIA HC 3apsKCHa, 3aBUCHUMOCTD 3apsda/ia 4aCTUIbI OT
BPpCMCHH UMCCT BU/:

2ne dkT e’ nud
qg=——In| 1+ ————¢
ze 8e kT

BunHo, 4TO OBICTPBIN POCT 3apsiia Ha YAacTUIIE B HAYAJIbHBIA MEPUOJ BPEMEHU
cMeHseTcs 3ateM Oosee MenieHHBIM. [lo Teopun Yaiita mpenensHOro 3apsijga 4acTH-
bl HE CYIIECTBYET, UTO (PU3UYECKU HEBEPHO — MPHU JTIOCTHKEHUH OMPEIETICHHOTO 3a-
psAlla 4acTUIlbl HAUMHAETCS 3MHUCCHUS JJIEKTPOHOB € €€ moBepxHocTH. Kpome Toro,
JaHHAsl TEOpHUS CIIPABE/JIMBA JIMIIb B T€X CIIy4asiX, KOrJa CpeIHss JjIuHa CBOOOIHOTO
npoOera MOHOB MEHbIIIE WM MOPSIKA pa3Mepa YacTHLbl, T.€. PaKTUYECKH JJIs Yac-
THI] C TUaMeTpoM Oosee 1 MKM.

B Teopuu Takke HE YUTEH CTOXACTHUECKUN (HEONpPEIeICHHbIN, CIy4aliHbIN) Xa-
pakTep npuoOpeTeHus YacTullen 3apsaa. Benb U3 MOJydeHHOTO YpaBHEHHMsI CIIEAYET,
YTO MPU MaJbIX 3apA1axX YaCTUIbl U BPEMEHAX PACCMOTPEHUSI BO3MOYKHO CYLIECTBO-
BaHME ApoOHOro 3apsaa. [losTomy paccunTaHHbIE 3HAYEHUs 3apsAa CleayeT pac-
CMATPUBATh KAK YCPEIHECHHBIE.

Teopus VYaiita Obuta ycoBepieHcTBoBaHa DykcoM U HE3aBUCUMO OT Hero bpu-
KapJIOM IIyTeM y4eTa ACHCTBHS 3€pKAJIbHBIX CHJI Ha 3apsaky yactul. Teopus dykca
— bpukapaa Xopolo corjiacyercs ¢ 3KCIIEpUMEHTOM.

3apsiaka yacTuL B JIEKTPHYECKOM II0JIe.

3apsiiKa B 3JIEKTPUUYECKOM I0JI€ MPOUCXOIUT B YHOPSJAOUYEHHOM MOTOKE JBHXKY-
IIMXCS MIOHOB B NPWJIOKEHHOM ToJie. [IpeanosnoxuB, 4To HE3apsHKEHHBIE MTPOBOAS-
mue cepruyecKkue a’po30JIbHbIE YACTHUIBI B OJHOPOJHOE 3JICKTPUUECKOE IIOJIeE.
DNEKTPUYECKOE TOJIE OKOJIO YACTUIBl MCKAXKAETCA, U MOHBI, JBUTASICHh BAOJb CHIIO-
BBIX JIMHUM, HAYMHAIOT €€ 3apshKaTh. 3apsKEHHAs 4acTUIlAa HAYMHAET OTTaJKUBATh
VOHBI, U BUJl CWJIOBBIX JINHUM MOJs u3MeHseTcs. [[o Mepe HachlleHus 4acTUlbI 3a-
pAIaMy YMEHBIIAETCS YUCIIO MOHOB, BCTYIAOIINUX B KOHTAKT C YaCTULEH.

CKOpOCTh M3MEHEHUS 3apsijia YacTUIlbl B JIIOOOH MOMEHT BPEMEHH 3aBHCHUT OT
YHCJIa HOHOB, TIOCTUTIIINX J0 €€ MTOBEPXHOCTH, CIOCOOHOM MPUHSATH ST UOHBI:

dg . 4 (q )

—=JjAlq), Alq)=—7"

=), Ala) =,
r/i€ j — INIOTHOCTh MOHHOTO TOKAa B HEBO3MYILIEHHOM T0Jie, A(q) — MI0IIaab CEUeHUS
HEBO3MYILIEHHOTO MOHHOTO IMOTOKA, JOCTUTAIOLIEr0 YaCTHUIIBI € 3apsAIoM ¢, U(q) —

ANIEKTPUUYECKUHN TTOTOK (IMTOTOK BEKTOPA HAMPSIKEHHOCTH AJIEKTPUUECKOTO TOJIs), BXO-
JSIIUNA B 4acTUIly, Ey — HAIPsKEHHOCTh HEBO3MYIIIEHHOT'O AJIEKTPUUECKOTO MO
BOJIM3U YaCTHUIIEL.

DNEKTPUYECKUM MOTOK, MaJalolIil Ha 3apsHKEHHYIO YacTHUIly, HaXOASUIYIOCSd B

OJHOPOJHOM J3JICKTPUYICCKOM II0JIC, paBCH
2

nd’ q 3¢
=t E|1l-—L || - ,
V(@) §4 7 meLEd? : e+2

rac € — JUBJICKTPpHUUYCCKAA IPOHUIACMOCTb KaIlJIu.

108



IIpu BEIBOZIE 9TOH (GOPMYIBI MPEANONaraeTcs, 4To pa3Mep YacTUIBI HAMHOTO
GoubliIe cpeiHeil JUTMHBI TPOOera HOHOB.
HacplleHne 9acTHIbI 3apsiioM mponsoiizet, korna y(g) =0, T.e. mpu 3apsize:

=ng,EEd’.

[110THOCTH HOHHOTO TOKA B HEBO3MYIIIEHHOMN Cpejie paBHA MPOU3BEIICHUIO 3apsi/ia

B €JIMHUIE 00BEMa Ha CKOPOCTh Jpeiida MOHOB:
J=Neew;, o,=pE,,

rae Ny — cpeiHss KOHLEHTpalus MOHOB, ®, — CKOPOCTb Jpeida HOHOB, [, — moa-
BKHOCTH MOHOB.

XapakTepHasi BelTMYMHA MOABWKHOCTH HMOHOB B BO3ayxe cocraBmser 1.4-107
(m/c)/(B/m).

Takum 00pa3om, CKOPOCTh HApACTAHUS 3apsi/ia YACTHUIIBI OMIPENEISAETCS BhIpaxke-

HUEM:
dg , nd’ 2
T
49 &—N eB.E,| 1- %
dt ne,SE,d
HuTerpupoBanue ¢ Ha4aJIbHBIM yCIOBUEM (B HaYaIbHBI MOMEHT BPEMEHU Yac-
TUla He3apsbkeHa) q = 0 npu t=0 naer:
g=q. t - 4e,
t+t, * NP,

[TapameTp t, XapakTepusyeT ObICTPOTY 3apsAkH yacTuupsl. Ilpu ¢ =¢ dactuma

I10JIy4aeT IOJIOBUHY IIPEAEIBbHOrO 3apsna, nmpu ¢ =10¢, — 91% npenenpHOro 3apsna.
3aMeTuM, 4TO f, HE 3aBHCHUT OT pa3Mepa yacTulbl. [103TOMy OTHOCUTEIBHBIE CKOPO-

CTH 3apsiIKU 4YacTull paBHbl. KpymHble yacTHIlbl TPUOOPETYT OONBIIMKA 3apsll, YeM
MEJIKHE, HO OTHOUIEHUE ¢ /¢, U1 HUX OyAeT OJUHAKOBBIM.

Eciau Hanpsik€HHOCTh JOCTATOYHO BEJMKA, YACTUIIbl HAYHYT TEPSTh U30BITOU-
HBIU 3apsii MyTeM CIIOHTAHHOW YMUCCUU MOHOB WJIM 3JEKTPOHOB. 151 sMuccHm 3meK-
TPOHOB B BO3IyXe TPeOyeTCs MOBEPXHOCTHAsS HampsikeHHOCThb E, okono 10° B/m, a
JUIsl MOHHOM 3Muccur B 20 pa3 Oosblie. 3aps, TpruoOpeTaeMblil YacTUIEH B TaKuX
CUJIBHBIX TIOJISIX, SIBJISIETCS a0COTIOTHBIM MpeiebHbIM 3aPSiI0M YaCTHUIbI:

q, =ne,Ed’

B 10 ke Bpems 3apsij KUAKON KaIljid HE MOXKET JOCTUTHYTh MPEIEIbHOI0 3Have-
HUSI, 32 UCKJIIOYEHUEM cllydasi, Korja ee pa3Mepbl oueHb Maibl. Ha 3apsn Haknaabl-
BAETCsl JIOMOJIHUTENbHOE orpaHndeHue (npenen Panes). CuiibHO 3apsbKeHHast Karuist
OyneT ucmapsThCs 0 TeX IMOp, MOKa BHEUIHSS CUJIA DJIEKTPUYECKOTO TOJIS Ha TI0-
BEPXHOCTHU KAl HE MPEBBICUT BHYTPEHHIOIO CUJTYy €€ TTOBEPXHOCTHOTO HATSHKEHHUSL.
B »TOT MOMEHT Kamisi pa3opBETCs HA YACTH, a €€ 3aps]l paclpeaesIuTCs Mo OOJbIIeH
MOBEPXHOCTH HECKOJBKHUX 00Jiee MENKUX KamesieK. Panel momaydyun BeIpakeHue JUist
3apsjia Kamii, HeoOX0IUMOTO sl €€ pa3phlBa:

=+/2ncd’ ,

rac o — KOB(b(bI/IHI/IeHT ITOBEPXHOCTHOI'O HATAKCHUSA JKUIKOCTH.
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[Tockonbky mpenen Penmes mis 3apsiaa 4acTUIBI IOHWKAETCS C YMEHBIICHUEM
pa3Mepa Karuid, Karuid, KOTOPhIE MOTYT WCHapsSThes, OyIyT YMEHBIIAThCs JO TeX
nop, MOKa JUaMeTphl OOpa3yIIIUXCS Kamleslb He cOocTaBsAT npubdimsutensHo 0.01
MKM.

[TomosxuTepbHO 3apsHKCHHAS Karuis OyAeT HEeMPEepPhIBHO YMEHBIIATHCS 10 MOJIE-
KYJIIPHBIX pa3MepOB, a OTPHUIIATEIILHO 3apsDKEHHAS — IPOOUTHCS JI0 Kamelb Ompee-
JICHHOT'0 MUHUMAJIBHOTO pa3Mepa.

PaBHOBecHOe pacnpejiesieHue 3apsii0B.

3ayacTyio B OKpy»Kalolllei cpefie, U, ClieI0BaTe/IbHO, HA YacTUIAX B MPUOJIU3U-
TEJBHO PAaBHBIX KOJIMYECTBAX MPUCYTCTBYIOT MOHBI 00OMX 3HAKOB, TOT/Ia KaK BEpO-
ATHOCTHh HAXOXKJEHUS Ha YacTUIE OOJBIIOTO YKCIIa 3apsAA0B OJHOTO 3HAKa OUYEHb Ma-
na. 3a cyet moHooOpa3oBaHMUs B aTMoc(epe MOHBI HAXOASITCS B PAaBHOBECHUHU, HO B
PAaBHOBECHUH JIOJDKHBI HAXOAUTHCS M BEJIMYHMHBI 3apsAI0B HA YaCTHUIIAX aTMOCHEPHBIX
a’po30Jiell. YCIIOBHE TaKOTO PAaBHOBECHS O3HAYAET, YTO adPO30JIbHBIC YACTHIIBI OTI-
penenenHoro (hbUKCHPOBAHHOIO) pa3Mepa BKIIOUAIOT B ceOsl ompeaeieHHyo Gpak-
IO He3apsDKEHHBIX YacTHIl M (PAKIUH, COJIEPIKaIIe TI0 OJJHOMY, ABa U OoJiee dJe-
MEHTapHBIX 3apsa0B. HecMOTpsl Ha AMHAMHUYECKUE MTPOLIECCHI 3aPSIAKK IS OTACTBHO
B3SITOM YaCTHIIBI, KOJMYECTBO YaCTHIl B KaKOW-THO0 3apsnoBoi Pppakmuu atMochep-
HOTO a3P030JIs1 KaK IEJIOT0 JOKHO OCTAaBATHCS HEM3MEHHBIM.

UwucnenHas OJIS adpO30JIbHBIX YacTHIl JAaHHOTO auamerpa Oosee 0.01 MKwm,
MMEIOIIUX 3aJIaHHBIN 3apsii], MOXKET OBbITh PaCCUUTaHa COTIIACHO BBIPAXKEHHUIO

2 2

e q
T D=\ e it P\ " ame, kT

CpenHee 4ucIio 3apsiIoB JIFOOOTO 3HaKa Ha YacTuile ¢ qruameTpom 6osee 0.1 MM
MOYKHO OLICHUTH KaK
dkT

2
e

HpI/I 9TOM CPCAHEC YUCJIO IMOJIOKUTCIIBHBIX U OTPULATCIIbHBIX 3apAJ10B COCTAB-
JIICT ITOJIOBUHY ATOW BEJIUYHUHEI 71 .

I[BI/I?KGHI/IC 3aPS’KCHHBIX YaCTHII B 3JICKTPUYIE€CKOM I10.I€.

ypaBHGHI/IC JABHIXKCHU A SapHX(GHHOﬁ aBPOBOHLHOﬁ JaCcTHUIbI B 3JICKTPUYICCKOM
ITOJIC MO2KHO 3aIluCaThb B BUC:

n=,|4g,

—

m%zSndng(ﬁ—\?)+m§—Eq

1580051 r—=ﬁ—\7+rg—EB, Bz—qc"’ .
dt 3mn,d

3nech B — MOABMXKHOCTH YACTHI] B JJICKTPUUECKOM TOJ€ (CKOPOCTh, KOTOPYIO
npuodpesna Obl 4acTHUIIA B DJICKTPUUYECKOM MoJie HanpsbkeHHOCThI0 1 B/M), C. — no-
npaBka Kanaunrema, E — HanpsH»KeHHOCTH TOJIS.

OOb1yHO BpeMs T Mano. [losToMy mpu IBMKEHUU B IIEKTPUUYCCKUX TOJIAX, KO-
r71a JIEKTPUIECKUE CHUIIBI TTPEOOIaqaloT Ha/l CUIIAMH TPEHUS U TSDKECTH, YpaBHEHHE
JIBYDKEHUS YaCTHUIBI MOXKHO YIIPOCTHUTh. B pe3ynbTaTe moyiy4eHo, 94TO 4acTHUIla JBH-
KETCsI C MOCTOSIHHOM CKOPOCTBIO V — CKOPOCTBIO AJIEKTPUUIECKOTO peiida o :
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v=on=—EfB.
3HaHUE CKOPOCTH DJIEKTPUYECKOTro Jpeiia a’po307bHBIX YACTHIl BAXKHO IS
TEOPETUYECKON OLIEHKU A(PPEKTUBHOCTH IJIEKTPOCTATHUECKOTO OCAAUTENs TpyOua-
TOTO W IJIACTUHYATOTO TUIIA:

So
e=l—exp| — |,

rze S — nojHast IIomaab MOBEPXHOCTH OcaauTeNs, () — pacxoJ raza ¢ 4aCTULAMHU.

CTouT OTMETUTB, YTO 3/1€Ch MPEANOIAraeTcs, YTO YaCTHUIlA OCEBIIAs HA KOJIJIEK-
TOp, OcTaeTcsl Ha HeM. JIJIsl )KUIKUX Y9acTHI] 3TO BbiNoJHsAeTca. OgHaKo cyxas TBep-
Jasi 4aCTHULA, NIPOBOJAIIASL TOK, OBICTPO TEPSET CBOM 3apsi, MOJy4YaeT 3apsj JJIeK-
TPOJa OCAIUTENS U MOKET OTTAIIKUBATHCA OT HETO.

IIpumepsbl pelieHus 3a1a4:
3anauya 1. Bpems npeObIBaHUsI YacTHIBI B CEKIUM 3aPAAKHU 3JIEKTPOCTATH-
yeckoro ocaauresas 0.6 c. KakoBa KOHIEeHTPAUUsi MOHOB, €CJIM 32 3TO BpeMms
yacTuua npuodperaer moJOBMHY NpeaebHOr0 3apsiaa?
Pemenune. Bpems, 3a KoTopoe 4acTuiia MpuoOpeTaeT MOJOBUHY MPEACIBbHOIO 3a-

80
o€

pszaa, paBHO ¢ = . OTKyZa KOHUEHTpAaIsl HOHOB:

yo_de 4885107
" Bt 1.6-10"-1.4:107*-0.4
Oteer. 4 - 10'* wonos/M>

~4 - 10" (noHOB/M’)

3agaua 2. Onpeaenursb A0au yactul auamerpom 0.5 MKM, coaep:Kamux B
cpeaHeM TpHU M YE€ThIPE 3apsaaa, IIPU PAaBHOBCCHOM pacHpeacJiCcHUM 3apsa10B B
BO3/yXe¢ KOMHATHON TeMIepaTyphl.

Pemenue. 3ap;m YaCTHUObI, COACPKAMNX TPU U UCTHIPC JJICMCHTAPHBIX 3aps/a,
COOTBCTCTBCHHO, PABHBI
¢, =48-10"Knu g, =64-10" K.

J0J1t0 4acTHIl ONIPEAETNM COTJIACHO BBIPAXKEHUIO:
2
e
= |[————=c¢
T =\ e it
Ananoruuno f(g,) =0.031.
OtBert. 6.8% u 3.1%.

2
xp| —&B 1=0.068.
Ame, dkT

3agaum U1 CAMOCTOSATEIbHOIO PellleHNs :
1. HanpsxkeHHOCTh 3JeKTpuueckoro moiis 3emiau coctaisier 128-B/m. Onpene-
JUTh HAauOOJBIINHN 3apsij], KOTOPBIM MOXET MPUOOPECTH B ATOM IoJe chepuye-
CKas yacTHIlbl fuameTpoM 10 Mkwm, eciu & =3.
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Bpewms npeObiBaHUST 4acTUIIBI B CEKIMH 3apsiAKUA AJIEKTPOCTATUYECKOTO OCaIu-
tenst paBHo 0.4 ¢. Kakyro yacTh mpeeabHOro 3apsijia MpruoOpeTyT 3a 3TO BpeMs
YACTHIIBI, €CII KOHIIEHTPALMS HOHOB cocTaisieT 10" M >?

Onpenenure HaUOOJBITUN TOJIOKHUTEIBHBIN 3aps]l chepruyecKor YacTHUIIbI JUa-
metpoM 0.01 mxm. CpaBaute ¢ ipeaenom Pernes.

OnpenenuTh MOABMXHOCTD C(HEpUUECKON YACTHIIBI JUAMETPOM 5 MKM B BO3Y-
xe, ecnu ee 3apan 200e.

Cdepuueckas vactuna guamerpoM 0.25 MKM MoOMeIleHa B Cpeay ¢ KOHIIEHTpa-
nueit noroB 3-10'* moHoB/M’. OLEHHTH BEIMUNHY 3apsia, 06pa3yIoIIero Ha Heil
nyteMm 1uddy3noHHoi 3apsaku yepes 10 ¢, ecnu Temneparypa pasaa 20 °C.
Onpenenuts 101 YacTull guaMeTpoM 0.5 MKM, coliepKaliux B CPEIHEM OJIUH U
JIBa 3apsija, Ipy paBHOBECHOM pacIpeeICHUN 3apsii0B.

Onpenenuts cKOpocTh Apeiida chepuueckoit yactuipl auamerpom 0.1 MKM u
IUIOTHOCTBIO 2650 Kr/M°, eciu oHa comepxut 200 dIeMeHTapHbIX 3apsioB. Yac-
THIIA HAXOUTCS B IIOJIE C HAmpsDKeHHOCTHIo 7 -10° B/M.

. Ans ynaBnuBanus yactuil guamerpom 0.5 MKM TpeOyeTcst 3JIeKTpOCTaTUYECKUN
ocauTenb ¢ 3PHeKTUBHOCTEIO 99.6 %. OnpeneauTs HEOOXOIUMYIO IJIOIIAIb
KOJLIEKTOpA, eciii 00beMHast ckopocTh mpokadku 10* M*/aac. Crkopocts apeiida
yactull paBHa 0.075 m/c.

KoHTpoJibHBIE BONPOCHI:

1. Ilepeuncnure U KpaTKO 0OXapaKkTEPU3YUTE OCHOBHBIE MEXAHU3MbI YHUIIOJISAPHOU
3apsIIKA a3PO30JIbHBIX YACTHIL.

2. [louemy HanM4ue B IUIAMEHHU MEJIKMX YaCTHUI] BEIIECTBA 3HAYUTEIBHO YBEIINYU-
BAET KOHIICHTPAIMIO CBOOOIHBIX AJIEKTPUUECKUX 3apsAI0B?

4. Tlouemy BO3HHUKAaeT JBOWHOW AJICKTPUUYECKUN CJIOW BOJM3U TMOBEPXHOCTH
KuakocTu? Kakyro poiib OH UTpaeT B 3apsIKe YaCTHUIl, 00pa3yoIUXCcs MpU JTUC-
neprauuy KuJIKOCTH?

5. ITouemy B Teopun Yaiita nis nuddy3uoHHON 3apsaku GopMaIbHO OTCYTCTBY-
€T IIPEAEN HACBILICHHS YaCTULbI 3apsaoM?

6. Kakoii ¢pu3nueckuii MEXaHu3M B PEabHOCTU OTPAaHUYMBAECT HAKOIUIEHUE 3apsi-
Jla Ha YacTtulle rnpu ee 1udpdy3noHHOMN 3apsiake?

7. IloueMy mpu 3apsiAKe B BJIECKTPUUECKOM I10JI€ BO3ZHHUKAET MPEAECIbHBIA 3apsi
gactuil? KakoB ¢puznueckuii MEXaHu3M ITOTO SIBICHHUS?

8. KakoB (pu3myeckuii MexaHW3M OTpaHUYCHHS MPEAEIHHOTO 3apsia Ha MOBEpPX-
HOCTH XUJKOU Kariu o teopuu Panes?

9. Uto siBnsieTCSI MICTOYHUKOM BO3HUKHOBEHHUS PABHOBECHOT'O AJIEKTPUUECKOTO 3a-
psia aTMOC(EpPHBIX a3po30JIeh?

10. Yto mpeacTaBisitoT co00M PU3NUECKH HOCUTEIN OTPUILIATEILHOIO U MOJIOKHU-
TEJILHOTO 3apsJa a’pPO30JIbHBIX YACTHUIL?
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JIABOPATOPHAS PABOTA Ne 14
Hccienopanue 3apsaaKy Kanejb P JUCHEPIHPOBAHUM KUIAKOCTH

Lenw DCZ6OI’I’Ibl.' HCCHGIIOB&TB 3aBUCHUMOCTD 3apsga KallJId OT €€ pasMcEpa Ipu JUCIICP-
T'MpOBAHUU KUIKOCTH.

ABP030JIbHBIE YAaCTHIIBI KaK U30JUPOBAHHBIE T€JIa MOTYT HECTH Ha ceOe dJIeKTPH-
YECKHE 3apsi/ibl, KOTOPhIC 3HAYUTEILHO BIMSIOT HA MOBEJICHUE YACTHUIl, B YACTHOCTH,
ux aBuxeHue. [Ipuposia BOSHUKHOBEHUS 3apsiIOB HA YaCTHUIIaX 3aBUCUT OT YCJIOBUH,
B KOTOpBIX 00Opa3yloTcs W HAaXOAATCS 4yacTulbl. B maHHOW nabopartopHOi paboTe
M3y4aeTCs SIBIICHUE 3apSAKU Kareab BOJBI B MPOLIECCE €€ NUCIIEPTUPOBAHUSA.

HawnGoee mpocTo uccneaoBaTh 3TO SBICHUE MOXKHO JUIS CIIydas 00pa3oBaHUsS U3
BOJIBI MOHOJMCIIEPCHBIX Kamesb, KOrJa MpOLECC MHOTOKPATHO MOBTOpsAETCA. Takoi
IIPOIIECC PeaNn3yeTcs B DKCIIEpUMEHTaIbHON ycTaHoBke (puc.8.1). B Helt Monomauc-
MepPCHBbIE Karuii 00pa3yroTcs MPU MEePUOANICCKOM MOTPYKEHUH TOHKOW UTJIBI B Me-
HUCK BOJbI. [Ipn 3TOM BBIXOASIIAS W3 KUAKOCTH WIJIa BBITATUBACT JJIMHHYIO KU/JI-
KYIO0 HUTh, IIPU pa3pbIBE KOTOPOM 00pa3yeTcs Karuis.

Tak kak BojAa SIBIACTCS MOJISIPHOM >KUIKOCTBHIO, TO HA €€ MOBEPXHOCTU MMEETCA
JIBOMHOW WOHHBIN 3JIEKTPUUYECKUU CJIOM, B KOTOPOM HOHBI Pa3HbIX 3HAKOB BOJIBI U
MpUMECE MPOCTPAHCTBEHHO pa3/iesieHbl. SIBJIE€HHUE CYIIECTBOBAHUS JIBOMHOIO AJIEK-
TPUYECKOIO CJIOS Ha MOBEPXHOCTH CYIIECTBEHHO BIIMSIET Ha 3apsiAKy Kallellb MPU UX
oOpazoBaHuu. IMEHHO, HECUMMETPUYHOE JBUKEHUE MOHOB MPU OTPHIBE KAIUIM OT
MacChl BOJBI BCETZIa MPUBOJUT K MPUOOPETEHUIO KAIUSIMU YHUCTON BOJBI OTPHUIIA-
TEeIBLHOTO 3apsana. Eciu ke Ha 00JacTh OTphIBA KaIllJid OT >KUJIKOCTH HAJIOKHUTh
BHEIIIHEE AJIEKTPUUYECKOE TOJIe, TO MOHBI MOJ| €ro BO3JACHCTBUEM OYAYT JIBHUIaThCS
WHBIM 00pa30M M Karulid MOTYT 3apsDKaThCs MHAYe. ITO — TaK Ha3bIBaeMasi MHAYKITU-

—

3

L)
50T

OOOOOOOOOO_:;

Puc .8.1. lIpyHuunuanbHas cxeMa YCTAHOBKH 110 M3Y4YCHUIO 3apsi-
KM KameJib NPH AUCNEPrUPOBAHUM KHUAKOCTH: | —TpyOKa C XKUIKO-
CThIO, 2 — UTJIa, 3aKPETICHHAs Ha JKEJIe3HOM IIacTUHE, 3 — coJieHou, 4
— peocTart, 5 — HICTOYHHUK IOCTOSIHHOTO TOKa
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OHHas 3apsaka. BHemHee sjieKTpuyeckoe Mmosie B 00JACTH Kalellb JIEFKO CO3/AaTh,
[10/1aBasi pa3HOCTh IIOTEHIUAJIOB MEXKY UTJIOM U MEHUCKOM KUIKOCTH.

BTopoii BaxHBI BOIPOC NPHU MU3YYECHHUH DJIEKTPUUYECKHUX SBJIICHUNA B a’pO30JISX —
METO/Ibl U3MEPEHHMS 3apsA 0B YacTULl. B TaHHOM ciyyae Mmpouecc u3MEepeHus 3apsa0B
CYLIECTBEHHO YNPOILAETCs, TaK KaK 00pa3yroIIrecs Karid BOAbl UMEIOT OJJUHAKOBBIE
pa3Mepbl U OJIMHAKOBBIC 3apsbl (Kak MOKa3alM Mpeablaylue uccienoBanus). s
ATOro ciy4as YJ0OHO BOCIOJIb30BAaThCA MPOCTHIM METOJOM OCAXIACHHS Kareilb Ha
ANEKTPOJI, COEAUHEHHBII C YyBCTBUTEIBHBIM M3MepHUTENIeM Toka. Kamim, ocaxnasch
Ha 3JEKTPOoAd, OyAYyT OTJAaBaTh €My 3apsjbl U BO30YykJ1aTh TOK. OOBIYHO KaIlJid B Ta-
KOM TeHepaTope Kameiab 00pa3ytorcst ¢ yactoroi 50 I'm, ciienoBarenbHO, 3HAS CHITY
TOKa, JIETKO pacCcuuTaTh 3apsi OJHOM Kariau. UyBCTBUTENBHBIM 3IIEKTPOMETPOM
MOKHO M3MEPUTh TOK BIUIOTh g0 107 *A, Torna MUHMMATBHBIA H3MepsAeMblil 3aps
oaHo# Karu coctasut 1074: 50 =2 107"° K.

IMopsiok BeiNnoIHEHUs] padoThI:

Bxro4aroT yCTaHOBKY JIJIsl CO3JJaHUSI TOHKOM CTPYH MOHOJUCIIEPCHBIX Kalleb,

. OTnaxxuBaroT Npoleaypy ONpeAeCHHs] pa3MepOB Kareilb METOJIOM HX OCaXk-
JICHUS HA CTEKIITHHYIO TTO/JIOXKKY.

3. BKIIOYAIOT 3JEKTPOMETPUUECKUM YCHIIUTENb U IPOBEPSIOT HA HEM YCTAHOBKY

HYJIS.

4. BxurouaroT mpuOOp AJIs MOIaYy HA UTITy YIPABIAIOIIEr0 MOTEHIIMANA.

. MI3MeHss BeMMYUHY YNPABISIONIET0 MOTEHIMAIAa U U3MEpAsl pa3Mep Kamedb,
HaxOJST 3aBUCUMOCTh MEXIY pa3MepoM Kareb, IPUIOKEHHBIM MOTEHIINATIOM
Y UHIYKIITUOHHBIM 3apsJIOM Kamneib.

N —

W
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I'1aea 9. ONTUYECKUE CBOMCTBA ABPO30JIEN

A3po30J1 IIpY MMAJIEHUN HA HUX CBETOBOT'O U3JIyYEHHs B3AMMOJECHCTBYIOT C HUM
JBOSIKUM 00pa3oM. Bo-mepBbIX, YaCTHIIBI paCCEMBAIOT CBET, TaK UTO PACCESIHHOE W3-
Jy4EHHE PaCIpOCTPAHSAETCA B Pa3HbIE CTOPOHBI. BO-BTOPBIX, PHEPrUs MANArOIIETO
CBETa IOTJIOIIAETCS BEIECTBOM YACTHII, HarpeBasi €ro, U Mo3TOMY IPOXOISIINNA Ye-
pe3 a3po30JIb CBET TEPSIET CBOK JHEPrUI0. PaccesHue, oTpakeHUE M IOIVIOLICHUE
CBETA a3pO30JISIMH 3aBHCUT HE TOJIBKO OT JJIMHBI BOJIHBI MMA/IAFOIIETO CBETA, HO U OT
pa3mepa, GopMbl U IPUPOABI YACTHII.

Bo MHOTMX NpakTUYECKH BAXKHBIX CIy4asx MOIJIOLIEHWE AOCTATOYHO Majio, U
UM MOKHO IpeHeOpeyb. PaccesHue e cBeTa yacTUIlaMU BCTPEYaeTcs OYeHb 4acTo, U
€ro 3aKOHOMEPHOCTH JIOCTATOYHO XOPOLIO U3yUYEHBI.

PaccesHrem cBeTa Ha3bpIBalOT U3MEHEHUE KaKOH-IMOO XapaKTEpUCTUKH MOTOKa
ONTHYECKOTO M3JIy4eHHs] IIPU €ro B3aHMMOJEHCTBUU C BelecTBOM. PaccesHue cBera
IPOUCXOJUT MPU B3AUMOJACHCTBUH 3JIEKTPOMArHUTHBIX BOJIH C 3JIEKTPOHAMH PACCEU-
Barolero BemiectBa. [lajgaroiue BOJIHBI BBI3BIBAIOT TNEPHOJUYECKUE KOJIEOAHUS
ANEKTPOHOB. McmyckaeMble BTOPUYHBIE BOJIHBI U COCTABIIAKOT PACCESIHHOE H3Iyye-
HUE.

B crmomHoit cpene paccesiHue cBeta 00yCIIOBICHO ONTHYECKMMU HEOJIHOPO/I-
HOCTSIMH CpEJbl, B MpPEAEIax KOTOPhIX BO3HUKAET 3HAYUTEIbHOE U3MEHEHUE TTOKA3a-
Tens npejaomiieHud. [Ipu cnabblx HapylIeHUsIX OJTHOPOJHOCTH PACCESTHHBIN B CTOPO-
HbI CBET COCTABJIET JUIIb MAIYIO JOJIIO MEPBUYHOIO Mydka. [lapainensHplid my4ok
CBETa B BBICOKOKAYECTBEHHOM CTEKJIE MJIM TLIATEIbHO OYMILEHHON BOJIE MOYTH HE
BUJICH NpU HAOJIOIEHNU COOKY, T.€. CBET MOUYTH HE PacCeMBaeTcs B CTOPOHBL. B ToO
K€ BpEMs IIy4OK CBETA OTYETIMBO BUJEH CO BCEX CTOPOH, €CIIM B BOJE COJAEPXKATCA
MeJbYailie My3bIpbKH BO3AYyXa WM KalleJIbKH JPYyroidl HEpacTBOPUMOM KUIKOCTH,
HaxoJAIIMecs BO B3BEUIEHHOM COCTOSIHMU. PaccesHue cBeTa MpOMCXOAWUT U TOTJA,
KOrJa CaMM YacTHUIbl UMEIOT pa3Mepbl, MEHbBIINE JJIMHBI BOJIHBI BHUAMNMOTO CBETA.
Takue cpenbl Ha3pIBAIOT MYTHBIMH.

W3BecTHBI IBE TEOPUHU OMUCAHUS PACCESHUS CBETa Ha CPepUUYECKUX YACTHUIAX:
Penest (o7eKTpoH 3aMeHsIETCS TUHEHHBIM OCIMJUIMPYIOIIMM JunosieM) U Mu (Teopust
ANEKTPOMArHUTHOTO ToJist). Teopust Penest mpuMennma K yacTuiiam, pasmepbl KOTO-
PBIX HAMHOTO MEHBIIE JJIMHBI BOJIHBI MTAJAIOIIET0 cBeTa. Teoprus Mu He UMeeT Takux
OTPaHUYECHHI U MPENEIbHOM CIIy4ae MPUBOIUT K TEM K€ pPE3yJIbTaTaM.

g chepsl U3 AUAICKTPUKA B CIydyae HEMOJSIPU30BAHHOTO CBETa MPUMEHSIETCS

3aKoH PeJiesi:
2

= owy [ m ~1 (1+cos29),

TR mE 42

rac [0 — MHTCHCHUBHOCTD IIaJaronicro CBETa, [6 — MHTCHCUBHOCTL PACCCAHHOI'O CBETA

B HampaBJieHUH O (yroa MeXy MaJaroliiM U PacCesTHHBIM CBETOM), V — 00beM vac-
TUIBI, R — paccTosiHre OT TOYKM HAOMIOJEHUS JO YaCTUIIBI, A — JIJIMHA BOJHBI Ta-
JAIOIIIETO CBETAa, M — OTHOILICHHUE MOKA3aTeNIe MPEeJIOMIICHHS YaCTUIbI U CPEJIbI.

Nupukarpuca paccessHusi (KpuBasi, Tpaduuecku oToOpa)karolas paziudyue B
MHTEHCUBHOCTSIX CBETAa, PACCESIHHOTO B pa3HBIX HANpaBJICHUX) Ui ciiydas Penes
npeacTaBieHa Ha puc. 9.1.
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Puc. 9.1. Unaukarpuca paccessHusi HENOJIAPU30BAHHOIO
CBeTa HA YACTHLAX MAJIbIX Ppa3MepoB

Puc. 9.2. Uuaukarpuca paccesiiusa Mu Ha yacTuuax ¢ » =A/4(a)u r =\ (0)

N3 3akona Penes CICAyCT, YTO HHTCHCUBHOCTDb PACCCAHHOIO CBCTA ITPOIIOPIHUO-
HaJbHA LIECTOM CTCICHU AUaMCTpa 4aCTUllbI U O6paTHO IIPOIIOpHOUOHAJIbHA YCTBCP-

TOif cTenenu mmuHbl BosHbL: [, ~d° /)%,

CYMMapHaH HHTCHCHUBHOCTD I10 BCCM HAIIPABJICHUSAM paBHA:

47:3V—2 _m2—1 2

I=1,-2

0
A m®+2

Peneil mokasai, 4To paccesHHBII CBET COCTOUT U3 ABYX HEKOTE€PEHTHBIX KOMIIO-
HEHT, IUIOCKOCTU MOJSPU3AlMK KOTOPBIX B3aUMHO NEPHEHIUKYIApHBI. MHTEHCHB-
HOCTb PACCESIHHOT'O CBETA SIBJIAETCS] CyMMON HHTEHCUBHOCTEH ABYX ATUX KOMIIOHEHT:

Iy =i, +10,(0)

VHTEHCUBHOCTD i} KOMIIOHEHTBI C KOJEOAaHHAMHU DJIEKTPUYECKOTO MO, Hep-
MEHAUKYJSIPHBIX IJIOCKOCTH HAOIIOAEHUs, HE 3aBUCHUT OT yria 0. A MHTEHCUBHOCTb
KOMIIOHEHTSBI I, € IMJIOCKOCTBIO MOJISIPU3ALMHY, AapalIeNbHON K INIOCKOCTU HaOIIoe-

Hus, 3aBUCHT 0T cos’ 0. IIpu 6 = 90° cBET HOTHOCTBIO MONSPU3OBAH B IIOCKOCTH,
NEPIEeHIUKYISIPHON K MIIOCKOCTU HAOIIOICHUSI.

3akoH Pernest BBINOHSIETCS HAa MPAKTUKE JJ1s1 yacTull ¢ paguycom r < 0.03 Mkm.

VYrnoBoe pacrpeneneHie UHTEHCUBHOCTH PACCESTHHOTO CBETAa CUMMETPUYHO OT-
HOCHUTEIBHO IJIOCKOCTH, MEPIEHAUKYIAPHONW K manawomemy cBeTy. [lpu pasmepax
YacTHUIlbl, OJU3KUX K JJIMHE BOJIHBI MAaJAIOLEro CBETa, paccesHue BIEpel 3Ha4yu-
TeIbHO OOJIbIIIE, YEM Ha3a/l.

YpaBaenne Mu 10106H0 3aKkoHy Pernies MOxeT ObITh 3alKCaHO B BUJIE

A
]6 :87527(11 +l2).
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KOMITOHEHTHI ] U 7, BbIpaXXaroTcs paaMu, KO3PPUIUEHTbl KOTOPBIX @, U b, co-
nepskat ¢yukimu beccens, Jlexannpa, XaHkesst u mapameTpbl m u o, = nnd /. .

0

[TonHOE paccessHre OAHOM YACTULIEH BBIPAKACTCS PAIOM:
9\’2
I=1,-2=3 (2n+1)(

)
2145

Kak cnenyer n3 ypaBHeHnuii Mu, yrioBoe pacrpeiesieHie HHTEHCUBHOCTH pacce-
SHHOTO CBeTa (MHIAMKATPHCA PAaCCesiHMA) BBIPAXKACTCSA YPE3BBIYANHO CIIOKHON
¢ynknuei. C yBeaMueHHEM pa3Mepa YacTHULIBI Ta CIO0KHOCTh Bo3pacTaeT (puc. 9.2).
WNunukaTpuca paccesHus 3aBUCUT U OT JJIMHBI BOJIHBI, HO IIPU IOCTOSSHHOM OTHOLIE-
HuK d/2)\ = const OHa TaKKe MOCTOSHHA.

2

b

n

a,l +

KoHTpoJibHBIE BONPOCHI:
. UTo moHMMaeTcs MoJ TEPMUHOM «3a1a4ya Mu» B ONTHKE a3p030J1eii?
Kak nmoHnMaTrs TEpMHHBI «PIJIEEBCKOE paccesHue» U «paccesnue Mu»? Kakomy
CIIy4ar0 COOTBETCTBYET PACCESHUE M3IIYUEHHUs] HA PEATbHBIX a3pPO30JIbHbIX YaCTHU-
nax?
3. UYrto Ha3bIBaeTCAd UHIUKATPUCON pacCestHUS?
Kaxkoii nponecc xapaktepusyet 3akoH byrepa — JlamGepta — bapa?

N —

JIABOPATOPHAA PABOTA Ne 15
HN3ydeHue XxapaKTePUCTUK JIA3€PHOT0 CYETYMKA YACTHIL

Lenv DCZ6OI’I’Zbl.' HCCJ’ICI{OB&TB 3aBUCUMOCTDb SHCPIUH paCCCUBACMOI0 CBCTA OT pa3sMce-
pa 4aCTHUILI.

[IpakTHyeckne pacyeTsbl ¢ UCMOIb30BaHUEM TEOPUM MM OYEHB CIIOXKHBI, HO TIO-
cineaHue rojpl B MIHTepHETE CO3/1aHbl CalThl, C MOMOIIBK KOTOPBIX MOXKHO HANTH
pElIeHNe CaMbIX Pa3HbIX 3a7a4 [0 ONTUKE a3po30Jieid. OJHOI U3 OCHOBHBIX SABIISIETCS
3aja4a HaxXOXKAeHHs rpaduka pacrpeaesieHus: SHEPTUH, PaCCesTHHON OJTHOM cdepuye-
CKOM 4acCTHUIIEH, IO yTJIaM IpH IaJICHUM HA YAaCTUIY IIOCKOM CBETOBOM BOJIHBI. Ta-
KO€ pacIpelleJIEHne HOCUT HA3BaHUE UHIMKATPUCHI PACCESTHUS.

OnpeneneHrne MHANKATPUCHI paCCEIHUSI UMEET 0C000 BaXKHOE 3HAYEHUE MPU KOH-
CTPYHPOBAaHUU (HOTOINEKTPUUECKUX CUCTUYMKOB YACTHUIl, B KOTOPHIX YACTHIIBI a3PO30-
J IO OJHOW NEPECEKAIOT TOHKMU CBETOBOM JIyY, U PACCESIHHBIN Ka)XXIOW 4acTULEU
CBET B BHJIE KOPOTKOI'O UMITYJIbCA PETUCTPUPYETCS BBICOKOUYBCTBUTEIBHBIM (HOTO-
IPUEMHHUKOM. DTHUM METOJIOM PETUCTPHUPYETCA HE TOJIBKO KOJUYECTBO YACTHUIl B IO-
TOKE BO3/1yXa, HO U UX pa3Mephl, TaK KAK DHEPrUs PACCEIHHOrO0 KaXKIOW YacCTHUUEH
CBETA 3aBUCHUT OT pa3Mepa 4acCTHULIbI.

B ¢doToanekTpuueckux cueTyMKax pa3HbIX KOHCTPYKLMM (OTONMPUEMHHKHN pacce-
SHHOTO CBETa MOT'YT PacIioJlaraTbCs MO/ Pa3HbIMU yIJIaMH 11O OTHOLIEHUIO K HaIlpaB-
JICHUIO MTAIAI0IIEro CBeTa. B mocienHue roapl B Ka4YeCTBE MCTOYHUKOB CBETA BCE Ya-
1€ HCIIOJIB3YIOTCS JIA3€PHBbIE HCTOYHUKH, U ITIOITOMY HAIIPABIEHUE PACCEIHHOIO CBE-
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Ta 0 yIJIaM MOKHO OTCUUTBIBATH OT HAIIPaBJICHUS PAaCIpOCTPaHEHUs JIA3EPHOTO JIy-
ya. OOBIYHO KCIOJIB3YIOTCS JIBa BapHaHTa — YCTaHOBKA (DOTONMPHUEMHHKA IOJT MAJIbIM
YIJIOM 10 OTHOLIEHHIO K JIa3epHOMY JIydy (paccesHue «BHEpen») JUO0 Moj YIiioMm,
npumepHo paBHbIM 90°. BO3MOKHBI M IPOMEKYTOUHbIC BapHaHThl. Tak Kak (HoTo-
IPUEMHUK UMEET KOHEYHBIN pa3Mep, TO PACCESTHHOE U3IyUYEHHUE PACIPOCTPAHSETCS U
PETUCTPUPYETCS B HEKOTOPOM TEJIECHOM yTJIe, KOTOPBI 0OBIYHO M3BECTEH. B KoHEuU-
HOM CUe€Te ONpeAesAloTCs cleAyrouue (QyHKINOHAIbHbIE 3aBUCUMOCTH — 3aBUCH-
MOCTb 3HEPI'HMH PACCESHHOTO CBETA OT pa3Mepa YACTUILIbI, JJIMHBI BOJHBI a1aI0IIETO
CBETAa W TUNA MOJIIPU3ALINH M1AJIAI0IIETO CBETA.

N3BecTHBI BecbMa pa3HOOOpa3Hble KOHCTPYKIIMU a3PO30JbHBIX CUETYUMKOB Yac-
TUL, OCHOBaHHbIE, B YACTHOCTH, HE Ha SIBJICHUM PACCESHUS CBETAa YAaCTULAMH, a Ha
TeHeBOM 3(pdekTe, (Koraa u3MepseTcss yMEHbIIEHUE MOTOKa CBETa MPU NEPECEUECHUN
YacTHUIEH CBETOBOIO Jy4ya) WM Ha PErHMCTPAallMd METOJIOM pacCEMBaHMs CBETA YCKO-
PEHHUS YacTUI] B ITIOTOKE ra3a.

OTMmeTuM, HaKOHEIl, YTO HamboJiee PacHpOCTpPaHEHbl CUCTYUKU MJII U3MEPEHUS
pa3MepoB YacTull B auana3zoHe pasmepoB npumepHo 0.3 — 20 MKM U CUETHOM KOH-
IIEHTpaluu He 0oJee, 4ueM 10° yacTUI[ B | c™m.

OcHOBHBIM TpeOOBaHHEM YCHEITHOW PabOThI JIHOO0TO (HOTOIIEKTPUUECKOTO CUET-
YUKa 4acTUll ABJISeTCs (OPMHUPOBAHKE B MPOCTPAHCTBE TaK HA3bIBAEMOT'O CUETHOTO
o0beMa — OCBEIIEHHON 30HBI MAJOro pa3Mepa, MPOXoJid Yepe3 KOTOPYIO He yalile,
YeM 10 OJIHOW, YaCTHUIIbl PAacCEUBAIOT CBET, PETHCTPUPYEMBIH (DOTOMPUEMHUKOM.
VIMEHHO B TakoM CIy4yae MOKHO, WCIOJb3Ysl CTATUCTUYECKHM IMOAXOM, MOJYYHTh
JO0CTATOYHO TOJHBIE CBEJCHUS O KOHIICHTPAIMH a’po30Jii U 0 (QYHKUUHU pacmpese-
JIEHUS YaCTHI] 110 pa3Mepam.

B 2-x naunbonee pacnpoCTpaHEHHBIX KOHCTPYKLIHAX CYETUYMKOB YACTHI] (B KOTO-
PBIX PErHCTPUPYETCSI CBET, PACCESHHBIM YacTULIAaMU TOJ yriamu, Omu3kumu K 90°
1160 0° Mo OTHOUIEHUIO K HAMPABIECHUIO CBETOBOTO JIyya) cueTHbIe 00beMbl (PopMu-
pYIOTCSl pa3nuyHbIM 00pa3oM. B mepBoM ciyuyae — nmytem auagparMupoBaHus Jydya
CBETa W MOJisi 3peHusi (HOTONMPUEMHHKA, BO BTOPOM — CY>KEHHEM IMOTOKa a’po30Jisl.
OnHako BO BTOPOM CIly4a€ MHTEHCUBHOCTh PACCESHHOIO YaCTULAMH CBETA BO MHOTO
pa3 OoJiblle, YTO MO3BOJIAET MCIOJIB30BaTh B KOHCTPYKIIMM CUETYMKOB OoJiee Mpo-
CThIE€ ONTUYECKUE U DIIEKTPOHHBIE 3EMEHTHI. C Ipyroi CTOPOHBI, MPEAEN CUETHOMN
KOHLICHTPALMU ISl CAETYMKOB IIEPBOT0 U3 YKA3aHHBIX TUIIOB B HECKOJIBKO Pa3 BHILIE,
TaK KaK YMEHBIIUTH AuadparmMy MoJisi 3peHHs] U/UIN CeYeHHe CBETOBOTO IMydkKa 3Ha-
YUTENBHO MPOIIE, YeM CY3UTh MOTOK a’po30iiid. B KkoHeuHoOM cdeTe BbIOOp TOM 100
MHOM KOHCTPYKILIMU CUETYMKA OMpeAesieTcs ero OyaymuM ucnois3oBanueM. [lpen-
MOJIOXKUM, YTO HanboJiee BOCTPEOOBAHHBIMU SIBIISIOTCS CUCTUMKU JIJIS1 U3MEPEHUS ad-
PO30JIBHOTO 3arps3HEHUS BO3/lyXa B IPOU3BOICTBEHHBIX TOMEIIECHHSIX, U TOTA SICHO,
YTO MOAXOJSIIAM BAPUAHTOM KOHCTPYKLHMH SBIISIETCS CUETYMK, UMEIOLIUN BBICOKYIO
YYBCTBUTEIBHOCTh (TO €CTh CIOCOOHOCTH M3MEPSATH JOBOJBHO Majble YaCTHUIIbI), HO
HEBBICOKHMH MpEAEN U3MEPEHUSI CUETHONW KOHUEHTpauuu. FMIMeHHO TakuMu mapamer-
pamu 00J1aJjaeT cxema, B KOTOPOM pacCesHHbIN 4acTUIIaMK CBET PETUCTPUPYETCS MO
MaJbIMH YIJIaMHU, & CYETHBIA 00beM (pOpMUpyeTCs MyTEM CY>KEHHSI IIOTOKA a3PO30JIsl.

PaccMOTpUM KOHCTPYKTHUBHBIE OCOOCHHOCTH TUIIMYHOIO CUeTYMKa yactull. Ero
cxeMa MpuBe/ieHa Ha puc. 9.3.
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Puc. 9.3. Cxema cueT4nKa 4acTHI]

CyeTurK UMEET 0CECHMMETPUYHYIO KOHCTPYKIIUIO, B KOTOPOI HA OCH IMJIMHPU-
YECKOI'0 KOpITyCa YCTAHOBJIEH MOJYNPOBOAHUKOBBIN HM3iIy4aTesb (Ja3epHbIA AUON),
CO3/IAIONINI MOUTH MapaulesibHbIN (cnabo cxoasuuiicsa) nmotok ceera. [loTok aspo-
30J151 MOJAETCS B CUETYUK YEepe3 BXOJAHOE COIUIO U Jajiee BBIXOAUT U3 KOpIlyca CUeT-
YMKa 4Yepe3 BBIXOJHOE COIUIO HECKOJIbKO OoJpiiero nuamerpa. [[ns obecnedenus Ta-
KOTO IOTOKa a’3p030Jisl BECh KOPITYC CUETUMKA TepMETU3UPOBaH. PaccesiHHbIN yacTH-
[[aMH CBET COOMpaeTcsi OOBEKTUBOM (POTONPUEMHHUKA, UMEIOIMUM (POKyCHOE pac-
cTosiHUE nopsaaka 4 cm u auamerp 40 mm. Ha paccrostnum nopsiika 8 cM OT 0OBbEKTH-
Ba yCTaHOBJIeHa JuadparMa pOTONpPUEMHHUKA, THaMeTp KOTopoi paBeH 5 mMm. Hermo-
CPEICTBEHHO 3a HEW pacroyoxkeH (GOTOAN0/, YyBCTBUTEIbHAS 30Ha KOTOPOIO UMEET
auametp nopsaka 6 MM. @OTOIMON yCTaHOBJIEH HEMOCPEICTBEHHO Ha MAaHENH, Ha
KOTOPOM cOOpaH yCHJINTEIb UMITYJIbCOB.

B HameMm ciyyae BBIXOJHOE CEYEHHME coIula JJIs MOJa4d a’po30Jisl UMEET pa3Mep
0.5 x 8 MM’, ¥ YaCTUIE! IPOXOJAT Yepe3 IUIOCKHIl JIyd CBETa TOJIIMHON IOpSIKa
0,25 mm. CnenoBarensHO, BeTUYMHA CYETHOTO 00beMa paBHa | MM, DTO COOTBETCT-
ByeT KOHIIGHTPALMH, PaBHOM mpuMepHo 500 - 600 wactui B 1 cv’.

JUis W3ydeHHs ONTUYECKUX CBOWCTB a’po30is YJOOHO HCIOJIb30BaTh CauT
philiplaven.com/MiePlot.htm, coznanusiii mpodeccopom dununmnom Jlaenom (I"o-
nanaus). OH IpenHa3HayeH [ ObICTPOro ONPENENIEHUs CaMbIX pa3HOOOpa3HBIX 3a-
BUCUMOCTEH ONTHYECKUX CBOMCTB a3p0O30JbHBIX YACTHI] OT OCHOBHBIX IapaMeTpOB
cuctembl. Hanbonee HaryssIHBIMU SIBISIOTCS MOJSIPHBIE JUarpamMmbl 3aBUCUMOCTHU
MHTEHCUBHOCTH PACCESIHHOTO CBETa OT yrioB. [IpuBenem npumMep Takoi 1uarpaMmel,
IIOJyYEHHOW C IIOMOIIIbIO OMMCBIBAEMOTO caiTa (puc.9.4), s Kamim BoAsl pa3Mepa-
MU 2 MKM U 10 MKM.

By ocCHOBHOroO OKHa caiiTa mpeacTaBieH Ha puc.9.5. B 3aBUCMMOCTH OT 3aiauu
MoJIy4yaeMble JaHHBIE MOKHO OTOOPa3UTh HECKOJIBKUMU CIIOCOOaMH — B BUje TaOu-
(bl TAaHHBIX, MOJISIPHOM UJTH MPSMOYTOJILHOM TUArpaMMBl.
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Puc. 9.5. 3aBucumoctsb IJHEPIUMA PACCEAHHOI0 CBE€TA OT MapaMeTpoOB CUCTEMBI
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IIpu BBIBOZE caiiTa HA MOHUTOP IO YMOJIYaHHUIO BO3HUKAET UCXOJHAs KAPTUHA, Ha
KOTOpOI NMPUBEICHA 3aBHCHMOCTh HHTEHCHBHOCTH paccesiHHOro ceeta ot 0° 1o 180°
IUIsL Karneab BoAbl paauycoM 10 MKM (OKHO BBEpXY IOCEPEAMHE) MPHU JJIMHE BOJIHBI
cBera, paBHOU 0.65 MKM (KpacHass MapKa HEMHOIO JIEBEE) JJIs ABYX THUIOB MOJSPH-
3aI[My CBETa — MMAPAJUIENbHON U NEPIEHIUKYIAPHOM.

JUig aHanu3a padoThl CUETYNKA MHTEHCUBHOCTh PACCESTHHOIO CBETA HE HYXHA, TaK
KaK 3TO — BEJIMYMHA DHEPIUH, pacCESIHHONW TOYHO MOJ JAHHBIM YIJIOM, a HaM HY>KHa
SHEPrUsl PACCEIHHOI'O CBETAa B HEKOTOPOM TeiecHOM yrie. [loatomy HeoOxoaumo
IEPEUTH B Jpyroe OKHO (OKHO cIIpaBa BBepXy moj cioBoM Mie). Tam HyHO BbI-
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Opath onuuio Scattered power vs diameter — paccestHHasE SHEPTHUS B 3aBUCUMOCTH OT
auameTpa JacTuilpl. Ha 3Toil e cTpaHuIle ecTh OKHA ISl BBEJCHUS JIPYTUX Iapa-
METPOB.

B kaudecTBe mosie3HOro npuMepa pacCMOTPUM BO3MOMKHOCTbH OINPEIEICHUS dHEP-
TUU PACCEMBAEMOr0 CBETa OT pa3mepa yactuil. C 3TOH 1eNbl0 BKIOYAEM COOTBETCT-
BYIOLIUH PEXUM pacyeToB (B MPaBOM BEpXHEM OKHE, puc. 9.4), BriOUpaeM auamna3ox
YIJIOB U Pa3MEpOB YaCTHII, TTOKA3aTelb MPEJIOMIICHHUS BEIIECTBA YaCTUIl U BUJ OTO-
OpakeHus pe3ysbTaToB. BriItoueHue npoueaypsl B BEpXHEM JIEBOM YIJIe HEMEJIEH-
HO MPUBOJIUT K OTOOPaXKEHUIO HA MOHUTOPE TPeOyeMoro pe3ysbTaTa.

B npencraBiennom npumepe (puc. 9.5) noiaydeHa 3aBUCUMOCTb SHEPIHH, PACCEH-
BaeMOil OJHOW Karuiedl BoAbl (KO3(PGUIMEHT MNpeioOMJICHUs] BEUIECTBA YaCTHI] —
1.3325704) npu najeHny Ha HEE KPacHOTO cBeTa (AyirHa BOJHBI cBeTa — (.65 MKM) B
nuanaszoHe pazMepoB oT 2 10 20 mkM B TenecHoM yriae ot 80 mo 100 rpagycos (To
ecTh npuMepHo noj 90 rpaja. OoT HampaBiIeHUs Majaroilero cera). Yucsao maros npu
pacuete — 10. Cet HenomnsipuzoBaH (unpolarised), 3HaUeHHS] Ha OCSIX MPEICTABICHbI
B JIMHEWHOM BHJIC.

B nanHo# paboTe UCHONB3YETCs CYETUHUK CO CIASAYIOMUMH XapaKTePUCTUKAMMU:

1) nuama3oH u3MepseMbIX pa3MepoB B MKM: Tpu ppakiuu 0.3 —1,1-3,3 - 5.

2) Tounocth u3mepenus 10 %,

3) ckopoctb acimpanuu, 0.1 — 0.5 j1/mMuH,

4) Bpemst uzmepenus 10 — 60 cek.

IopsiioK BbINOJIHEHUS PadOThI
Yacrs 1. J{ng BeIModgHEHHs J1abopaTOpHOW pabOThl HEOOXOAMMO OMPEICIIUTh
SHEPI'UIO PACCESTHHOIO OJTHOM YaCTHIIEW CBETA JJIS Psia YKAa3aHHBIX IIPENOIaBaTEIEM
I1apaMeTPOB.

Yacrs 2.

1. YTOUYHHUTH XapaKTEPUCTUKHU CUETUHKA.

2. BxmtounTh cueTduk yacTull. 11010K1aTh HECKOIBKO MUHYT.

3. PacnbliuTh HEMHOTO JbIMa B MPOCTPAHCTBE OKOJIO cueTyuka. B xadecTBe 00-
paslla MOXHO HCIOJIb30BaTh, HANpPUMEpP, IbIM KaHU(OIU WIM TacCHYBIIEH
CIIUYKH.

4. 3anucarh T€ pe3yJabTaThl YKCIIa YACTHUIL 110 KaXKI0M (Qpakinu, KOTOPhIE 32 Bpe-
MsI HECKOJIbKMX U3MEPEHUIN TPAKTUUYECKU HE N3MEHSIOTCS.

5. OGpaboTaTh pe3yabTaThl U3MEPEHUS, CuuTasi, 4To yacTull Hwke 0.3 u BhImIe 5
MKM B JIBIME HET.

IIpuMepsI pelieHus 3axa4:
3agaua 1. [Hoanyuurs nuddepeHunaIbHy0 (YHKIMIO pacipeaejeHuss YacTHI
AbIMA, CYMTAsl ero JorapupmMuuecKu-HOPMAJIbHBIM pacnpenencHuemM. Pe3syiib-
TaThl H3MEPEHUH, IM0JTyYCHHbIE JIa3ePHBbIM CYETYHKOM, JaHbI B Ta0JuIe:

WHTEPBaJIbl TUAMETPOB YacTHll, [d; 1, d;], MKM 0,3-1 1-2.5 2.5-5
apcIio yactu, 713, 107 eM 480 150 20
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Pemienme. /{1 Havana mo uMerOnUMCcs 4 TOYKaM CTOMM HHTETPAIbHYIO (PYHK-
LUIO paclpeneeHus 1o pasmepaM dacTul ' (d)=n, / n, cUATas, 4TO YACTUL[ HUXKE

Fid a
| F@ 2 b
l:ll N /}/_/—./
1_.

0,6 -
0,4 -

0.5
0,2

. d, »mcm d, mEcn
0 1 2 3 s g a 1 2 3 4 3

Puc. 9.6. Uurerpanbnas u nudppepeHuuaibHas GyHKIMUs pacnpeaejeHust
YacTUll AbIMA

0.3 u BhIlIe 5 MKM B jAbIMe HET (puc.9.6a, uepHble TOUKH). 37€Ch 1 — OOIIEe YUCIIO
YJaCTHII.

ITo umeromeiics kpuBort F~(d) ompenensemM 3HAUEHHWE MHTETPAIbHOM (DYHKIUU
pacnpeneneHus Uis MPOMEXYTOUHBIX JuaMeTpoB (puc. 9.6a, Oenbie Touku). Jlms
npumepa, 31o 0.4, 0.5, 0.75 u 1.5 Mxm.

B kaxmoM moJlydeHHOM HHTEpBaje OMpEAeNiieM COOTBETCTBYIONIYIO JIOJIO Yac-
THI U AU depeHnnanbayo GyHKLuio pactpenenenus f(d,,) (ta6a.9.1):

ni _ - - _ ni —
L F )= F (), (d) = de=05(d )
Tabmura 9.1
Pe3yabTaThl BHIYMCICHUI
1 d F dx, MKM ni/n Ad, Ad+), MKM
0 0.2 0 0.25 0 0.1 0
1 0.3 0 0.35 0.115 0.1 1.15
2 0.4 0.115 0.45 0.145 0.1 1.45
3 0.5 0.260 0.625 0.320 0.25 1.28
4 0.75 0.580 0.875 0.158 0.25 0.632
5 1.0 0.738 1.25 0.142 0.5 0.284
6 1.5 0.880 2 0.089 1.0 0.089
7 2.5 0.969 3.75 0.031 2.5 0.012
8 5 1.000

[TapameTpsl pacnpeieaeHus onpeaestorces u3 puc. 9.6a. Tak cpennuil reomerpu-
YECKHH AMaMeTp COOTBETCTBYET I (7,5)=0.5 1 7y, = 0.68 MKM.
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JIABOPATOPHAS PABOTA Ne 16
N3MepeHHe rPaHyJIOMETPHYECKOr0 COCTABA YACTHII MOPOIIKOB € MOMOIIbI)
JIA3ePHOT0 TEHEBOT0 CYETUYNKA

Llenv pabomei: Vicnionb3ysl Ja3epHbI TEHEBOW CYETUMK, ITPOBECTH JUCIEPCHBIN
aHaJIN3 ITOPOLIKA.

[Topomky pa3nu4HBIX BEIIECTB HAXOIAT IIMPOKOE NMPUMEHEHUE B COBPEMEHHOU
TEXHOJOTMH (abpa3uBHbBIE MOPOLIKH, HUIM(-TMOPOIIKH, MOPOIIKOBAas METaTyprus,
IOPOIIKOBBIE KPACKH, CHIITYYHE CTPOUTEIBHBIE MATEPUAIIBL, IBIIICYTOJIBHBIE TOPIOYNE
BEIIECTBa, MUIIEBas U (papMaleBTUYECKass MPOMBIIIJIEHHOCTh U T.1.). CBolicTBa Mo-
POILKOB YPE3BBIYANHO 3aBUCAT OT pa3MepoB YacTUll. COOTBETCTBEHHO BEChMa aKTY-
aJIbHOU SIBIISIETCA 3aJjaua U3MEPEHMsI pa3MepoB YacTULl B MOPOLIKAX W/HUIU (PYHKIHUU
pacnpezeneHus yactul no pazmepam. Kiaccuueckum (IpsiMbIM) METOJOM IpPOBEJIe-
HUSI TAKUX W3MEPEHUN SBISAETCA TAK HA3BIBAEMbIN TUCIIEPCHBIA MUKPOCKOINYECKUI

B

A

\

{

-
L

Puc. 9.7. UMnyJibCHbIE CUTHAJIBI HA (OTONPHEMHUKE

PacmermiTem:
M0 POIIa

Tazep

DoTONpHE MHHE

Puc. 9.6. IIpyHuunuanbHas cxeMa H3MepeHuid pa3MepoB
YacTHI| TEHEBbIM METO10M
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aHaJIM3, KOI/Ia YaCTULIBI MOPOIIKAa HAHOCATCA HA MPO3PAYHYIO MOJJIOXKKY (IIpeameT-
HO€ CTEKJIO) ¥ UX pa3Mep ONPEAEIATCS ¢ MOMOLIBI0 OKYJISIPHOM CETKH MOAXOJSIIETO
Mukpockona. Ecnu HeoOXxoauMo onpenenuTh (GyHKIMIO pachpeesIeHUs] YacTUll o
pasMepam, IPOBOIATCS M3MEPEHUS PasMEpPOB MHOIMX YaCTHIl, U 3aT€M CTPOUTCS
muddepeHnranbias UM WHTETpalibHas KpHUBasi paclpe/iefieHus YacTHll Mo pa3Mme-
paMm. Yare Bcero ¢ moMoIbl0 TaKOM METOIUKH (BU3yalbHOM MO0 KOMITBIOTEPHOM )
OTPENEIISIETCS TaK HAa3bIBAEMBIN MPOECKIIMOHHBIN pa3Mep.

N3mepennss TUCIEPCHOCTH MOPOIIKOB (OTOIIEKTPUUECKUMU CUETUHKAMU a3pO-
30JIBHBIX YACTUL, PETUCTPUPYIOLINE PACCESIHHBIN CBET, NPAKTUYECKU HE IPOBOMSTCS
10 ABYM IIpUYMHaM. Bo-niepBhIX, JOCTATOYHO TPYAHO MEPEBECTH IMOPLHUIO NOPOIIKA B
a’pO30JIBHOE COCTOSIHUE; BO-BTOPBIX, YACTHUIIBI PAa3HOM IPHUPOIBI PACCEUBAIOT CBET
MO-pa3HOMY M3-3a Pa3HUIIBl B KOAPPUIIMEHTAX MPETOMIICHHS CBETa Pa3HbIMU Belle-
CTBAMM.

B pazpaboranHOil aBTOMATHU3UPOBAHHOW CHCTEME OMpEEICHUS TUCIEPCHOCTU
MOPOILIKOB MPOU3BOJUTCS NMPAMOE M3MEPEHHE Pa3MepoB YACTHUIl N0 MX TeHH, KO-
TOopast 00paszyercs Npu NEPECEUCHUH YaCTHI] B CPEIHEM IO OJIHOM TOHKOI'O CBETOBO-
ro (J1azepHoro) aydya. BaxkHbIM 3JIEMEHTOM CHCTEMBI SIBJISICTCSI PACIIBUIMTENb ITOPOII-
KOB, 00€CTIeUrBAIOIINI X Jie3arperaiuio.

CxeMa u3MepuTenbHOro 610ka cucteMbl ((POTOIEKTPUUECKON STUEHKHN) MpUBeEIe-
Ha Ha puc. 9.6. B dorosnekrpuueckoi suerke MPOUCXOIUT U3MEPEHHUE Pa3MEPOB
yactul. JJ11 3TOro IMoAHBIN Ja3ep CO3AACT IIOCKUM JIyd CBETA, MEPECEKAIOIIUH 110-
TOK BO3JIyXa C YaCTUIIaMU. DTOT MOTOK CBETa MajaeT Ha ¢oTonpueMHuk (poroamon),
KOTOPBI TEHEPUPYET HEKOTOPBIN MOCTOSIHHBIA TOK. [Ipu nmepeceuennn ogHON 4acTu-
1[e} JTa3epHOro JIy4a OCBEIICHHOCTh (DOTOMPHUEMHHKA MAJAeT, U Ha BXOJE PErUCTPH-
pyIOIIe CcXeMbl BO3HUKAET KOPOTKHI OTpULATENbHBIM uMIlyibc (puc.9.7). Ecau
TOJIIIITHA CBETOBOTO JIy4a OOJIbIIE TUaMeTpa YaCTHIIbl, TO aMIUTUTYAa 3TOTO UMITYJIb-
ca OyJeT mponopIHOHalIbHA MMPOSKIIMOHHOMY pa3Mepy 4dacTuilbl. B ipyrom ciydae,
KOT/Ia pa3Mep 4YacTHUIlbl 3HAYUTEIBHO OOJbIIE TOJIIMHBI JIy4a, pa3Mep YacTHUIlbI
MOKHO OIPEIEINUTh MO JIUTEIBHOCTH UMIYJbca (MPU MOCTOSHHOM CKOPOCTH JIBU-
YKEHUSI YaCTHII).

BakneiiuM CBONCTBOM TakOro METOJa U3MEPEHUM SIBISETCS TOT (akKT, 4TO MpHU
CTaOMJIbHOW OCBEHICHHOCTH (DOTONPUEMHHMKA M HM3BECTHOM CEYEHHH Jiyya CBETa
YMEHBIIEHUE OCBEUIEHHOCTH JAeT MPSAMYI0 HH(POPMAIIUIO O pa3Mepe YacTHUllbl, U TO-
3TOMY, B OTJIMYHE OT APYTUX METOAOB U3MEPEHUH, CCTeMa He TpeOyeT KanuOpOBKH,
TO €CTh He TpeOyercs MpoBepKa ee padoThl C MOMOIIbIO MOPOIIKOB C M3BECTHBIM
pacrpeneneHueM 4acTUll 10 pa3Mepam.

JIyist BBeIEHUSI 9aCTHI] TIOPOIIKA B (DOTOIIEKTPUUCCKYIO SUCUKY CITY)KUT PACIIbI-
JIUTENb, YCTAHOBIICHHBIN HaJ ATOU sIYeiKoi. B HeM m3 HEOOIBIION MOPIMH MTOPOIIIKA
C MIOMOUIBIO LIEHTPOOEIKHOTO YCTPOCTBA 00Opa3yeTcs a3poB3BECh, B KOTOPOM MOJIHO-
CTBIO pa3pyllieHbl arperaTthbl yacTull. [lapameTpsl pacnbuiUTeNsi BHIOpAHbI TAKUM 00-
pa3oM, UTO CUETHASI KOHLIEHTPALUS YaCTHUIl B a9POB3BECH HEBEIUKA, U IIPU €€ JIBHKE-
HUU 4yepe3 (POTORIEKTPUUECKYIO SYEHKY YacTHUIlbl MEepeceKaloT CBETOBOW JIyd MpaK-
TUYECKH IO OJHOM.

Hapsny ¢ doTtosnekTpudyeckoi sSYEHKOW M paclbUIMTEIEM-103aTOPOM, CHUCTEMA
COJIEPKUT DJIEKTPOHHBIN OJIOK, PErMCTPUPYIOIIMI CUTHANIBI OT (OTONPUEMHUKA, U
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0JI0k 00pabOTKH ANEKTPUUECKUX UMITYJIbCOB. [locneanuil ciayKut ais npeodpas3oBa-
HUSI CUTHAJIOB B IM(PPOBYIO GOPMY U UX CEJIEKIIMH 110 aMIUIUTY1€ WIH JTIUTEIbHOCTH
U1 IOCTPOCHHUS paclpeesIeHUs] YaCTULL IO pa3Mepam.

IMopsinok BHINOJHEHHST PAdOTHI

1. Brmrounth cdyeruuk. [lomokaaTe HECKOIBKO MUHYT. [[OJKITIOYNTH €ro K KOM-
IBIOTEDPY.

2. Bcebinaths HEOOJIBIIIYIO 103y MOPOIIIKA B JIe3arperaTop.

3. IlpousBecTy HM3MEpEHHE TPAHYIOMETPUYECKOrO COCTaBa IMOPOIIKA. MEpPeru-
caTh pe3yabTaThl MU (HEPEHIIMATBLHOTO CYETHOTO PACIPEACICHUS M0 YaCTH-
am.

4. OO6paboTath pe3yJbTaThl U3MEPEHUS HA MPEIMET OMHMCAHHS JIOTHOPMAIBHBIM
pacrpeeeHueM.

JJABOPATOPHAS PABOTA Nel7
N3mepenune 1UCNEPCHOCTH YACTHIl B CYyCIIEH3USIX
auppakuuoOHHBIM MeTOA0M (KOHYC TuHIA/IA)

Llenv pabomur: OnpeenuTh paclpeeIeHHe YaCTUL IO pa3MePaM B CYCIIEH3UAX.

Cytb 3 dexra Tunnmans mpocta (puc. 9.8): mpu MpoX0KICHUN IMyIKa CBETA Yepe3
ONTHYECKU HEOAHOPOJIHYIO Cpeny — Oyab TO JHOOBIE HEMPO3padHbIe, KPYIMTHBIC WIIH
MeJKue CKoruieHus npeameToB. OOycioBiaeH Audpakifeil cBeTa Ha OTACIbHBIX Yac-
TULIAX WM 3JIEMEHTAaX CTPYKTYPHOW HEOJAHOPOIHOCTH CpEIbl, pa3Mep KOTOPHIX Ha-
MHOTO MEHbIIIE JJIMHBI BOJIHBI PACCEMBAEMOI0 CBETA. XapaKTepeH AJI KOJIJIOMIHBIX
cucTeM (Hamp., TUAPO30Jei, TabauHOro AbIMA) C HU3KOM KOHIICHTpAlUEeW YacCTHII
JTUCTIEPCHON (pa3bl, UMEIOIIMX MOKa3aTellb MPEeTOMIICHUSI, OTIUYHBIA OT MOKa3aTess

a
) = =
W ) E = L] 4 - —
Heroanug - | HeTommmn d
CHETA ) CHETO ("
HoTHHHEE FIEpaH Epnnonaneii HKpan
TRLE TR pacTHOp

Puc. 9.8. Liutroctpanus 3¢ppexra Tunmans
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IIPEIOMIIEHUS AUCTIEPCUOHHOM Cpeabl.

OO0b1yHO HaOIIOAAETCA B BUJE CBETJIOrO KOHyca Ha TEMHOM (oHe (koHyc Tunaa-
J51) TIpU MPOIMYCKaHUU C(POKYCHPOBAHHOTO CBETOBOTO My4Ka COOKY uepe3 CTeKJISH-
HYIO KIOBETY C IUIOCKOIIApaJUIEIbHBIMU CTEHKAMM, 3aII0JIHEHHYIO KOJIJIOMJIHBIM pac-
TBOpoM. KopoTkoBOJIHOBas cocTaBisitomias 0enoro (HEMOHOXpOMAaTUYECKOT0) CBETA
paccenBaeTcsl KOJUIOMAHBIMU YaCTHIIAMH CUJIbHEE JUIMHHOBOJIHOBOM, MOATOMY 00pa-
30BaHHBIM UM KOHYC TUHAASA B HEMOIJIOMIAIOIIEM 30J1€ UMEET TOIyOOl OTTEHOK.

Oddext Tunmans BOCIPUHUMAETCS HEBOOPYKEHHBIM IJ1a30M KaK paBHOMEPHOE U
HEIPEPHIBHOE CBEUEHNE HEKOTOPOU YyacTu 00bEMa paccenBarolieil ceer cucreMol. Ha
CaMOM JIeJIe CBET UCXOJUT OT OTACNIbHBIX TOYEK — AU(PPAKIUOHHBIX MATEH, XOPOUIO
Pa3IMYUMBIX TOJI ONITUYECKUM MHKPOCKOIIOM IPH JOCTATOYHO CUJIBHOM OCBEUIEHUU
pa30aBieHHOrO 30Ji1. VIHTEHCUBHOCTb PacCEsIHHOIO B JaHHOM HAIPaBJICHUU CBETa
(MpY MOCTOSTHHBIX MapaMeTpax MaJarollero CBeTa) 3aBUCUT OT YKCJIa PACCEUBAIOIINX
YacTHUILl U UX pa3Mmepa.

IMopsiok BeINOJTHEHUS] padOThI
[IpuroToBUTH CyCHEH3UIO.
PacnonokuTh KIOBETY C CyCIIEH3UEH Ha MYTH Ja3epHOro JIyya.
3. Omnpenenuthb pacnpeesieHle YacTull 1o (pakiusM, pacroiaras CUeTYuK MO/
yraom 0° K UCXOJJHOMY HaIpaBJICHHUIO JIA3EPHOTO JyyYa.
4. Vcnone3ys popmyiry Pesest onieHUTh cpeHUI pa3Mep YacTHIL.

N —
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