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Coaepxkanue
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[Ipaktnueckoe 3ansthe Ne 1. OneHka HHTErpaJlbHONW CBETOYYBCTBUTEIBHOCTH
(OPMHBIX TUTACTHUH IIOCKOHM O(PCETHOM meyaTn

ITpaktuueckoe 3ansitue Ne 2. CpaBHUTEIbHAS OIEHKA MUKPOHEPOBHOCTEW MOBEPX-
HOCTH MOJJI0KEK (POPMHBIX

ITpaktuueckoe 3anarue Ne 3. OueHka MOJIEKYISPHO-TIOBEPXHOCTHBIX CBOMCTB Me-
YyaTaroumx U NpoOeNbHbIX 3IEMEHTOB (POPM IJIOCKOM oceTHON neyaTu

IIpaktuueckoe 3anstue Ne 4. OrieHKa U3HOCOCTOMKOCTH MPUEMHBIX CIIO€B U OKCHU/I-
HOM TUIEHKU OCETHBIX (POPMHBIX TUIACTUH



BBenenne

[TpakTdeckue 3aHATHA 1O JUCHUILTHHE «OCHOBBI MOJIUTPadguIecKoro U ynakoBo4Ho-
ro NMPOM3BOACTBA» BKIIOYAeT pabOThI, OCBSIICHHBIC OIIEHKE OCHOBHBIX MOKa3aTeNlel MeYaTHBIX
(hopM 110CcKOM opceTHOH, THITOrpadcKoH, diekcorpadckoit U rryOOKOM nmeyaTu: CEHCUTOMETPH-
YECKHX, PEPOYKIIMOHHO-TPA(QUIECKUX M TEXHOJIOTHYECKUX. [IpakTHKyM comepkuT Takxke pado-
ThI UCCJIEJIOBATEIILCKOTO XapaKTepa, CBA3aHHbIC ¢ M3YyYEHHEM BIIMSIHUS YCJIOBUN U PEKUMOB U3-
TOTOBJICHUSI MeYaTHBIX (POPM Ha TOKa3aTesn X KadecTBa. VcciienoBaHus MPOBOJATCS Ha CO-
BPEMEHHBIX THIAX (POPMHBIX MAaTEPHAIIOB, IPUMEHSIEMBIX B HACTOSIIEE BPEMS ISl TIOTyICHUS
reyatHbIX GopM (POpMATHOM U TTOIIEMEHTHOM 3aITHUChHIO.



IIpakTuyeckoe 3ansaTue Ne 1

OLIEHKA UHTEI'PAJTIbHOM CBETOYYBCTBUTEJIbHOCTU ®OPMHBIX IIJIACTUH
IUIOCKOM O®CETHOM IIEYATH

1. ey paboTsl

O3HaKOMUTBCSI ¢ METOAUKOM M ONPENEIUTh MHTErPajJbHYI0 CBETOUYBCTBUTEIBHOCTH KO-
MUPOBAIBHBIX CJI0€B (POPMHBIX IJIACTUH IIOCKOH 0()-CEeTHOM mevaTH.

2. Conepsxanue padoTbl

2.1. U3yuuTh METONMKY ONpPEAEICHUS] UMHTErPalbHOW CBETOYYBCTBUTEIBHOCTU KOMHUPO-
BaJIbHBIX CJI0€B (DOPMHBIX MJIACTHH IIOCKON o(ceT-HOM meyary.

2.2. OueHuTh UHTETPaIbHYIO CBETOUYBCTBUTEILHOCTh KOMUPOBAJIBHBIX CIIOEB PA3TUYHBIX
TUNOB (POPMHBIX IJIACTHH.

3. TeopeTnueckoe 000CHOBaHUE

HurerpanpHast (00I11ast) CBEeTOUYBCTBUTEIILHOCTD, TAK)KE KaK U CIICKTPabHAs CBETOUYBCT-
BUTEIILHOCTh, KOX((PHUIIMEHT KOHTPACTHOCTH M IIM-POTAa OTHOCSTCS K CEHCUTOMETPHUYECKUM
CBOMCTBaM KOIMHPOBAJIBHBIX CJI0EB (DOPMHBIX IIACTHH.

Jis mpakTUYecKuX 1eel yaille BCEro ONMpEesiOT UHTErPalbHYI0 CBETOUYBCTBUTENb-
HOCTB, TO3BOJISIIOIILYIO OLIEHUBATH SKCIO3MIMIO, HEOOXOAMMYIO ISl 3aIllUCH M300pakeHUsA Ha
pasnuyHbIX TUNax croes POPMHBIX TUTACTHH.

HHTerpampHasi CBETOUYBCTBUTEIBHOCTD Sy SBISIETCS MEPOM BO3ICHCTBUSI aKTUHUIHOTO
M3JTyYeHUsT Ha CBETOYYBCTBUTENbHbLIW citoil. OHa ycTaHaBIMBaeT B3aMMOCBS3b MKy CTHMY-
JIOM, BBI3BIBAIOILIMM OIpeeeHHbIE (PM3UKO-XUMUYECKHE MPEBPAICHUS, U BETUYMHON (WU CTe-
TIEHBI0) ATUX MIPEBPALLIEHUH B CJIOE.

C Touku 3peHust (HPOTOXUMHUECKUX MPEBPAIICHUMA, MPOUCXOSAIINX B KOMUPOBATHHOM
CJI0€, €ro CBETOUYBCTBUTENbHOCTb JOIMKHA OnpeaenaATbesi KBAHTOBBIM BBIXOJOM B COUETAHUU
C (pUBMKO-XMMHUYECKHM COCTOSIHUEM OOpa3oBaBIIerocst Mmpojaykra. OmHaKo Uisl ompeneieHust
KBaHTOBOT'O BBIXOJa TPEOYIOTCSl 3HAHHS HE TOJBKO MeXaHH3Ma (DU3UKO-XMMHYECKUX IpeBpa-
LIEHUM, MPOUCXOIAIINX IO ACHUCTBUEM HU3IYyYE€HHUS, HO M NPOBEACHHUE JTOCTATOYHO CIIOYKHBIX
SKCIEPUMEHTOB U PacyeTOB, B TOM YHCJIE, C UCIIOIb30BAHUEM CIIELIMAIIBHON aIapaTyphbl, 4acTo
HE OIPaBABIBAIOIINX ceOsT HA MPAKTHKE.

B nacrosiiiee Bpemsi He CyILIECTBYET €IMHOTO METOJA OLIEHKH BEJIMYMHBI UHTETPATbHOU
CBETOYYBCTBUTEJIIBHOCTH, HO JUIS LEJIE MPAaKTUYECKOTrO MCIOIb30BaHUS MPUMEHSETCSI METO,
OCHOBAHHBIN Ha OMNpPEACTICHUN S,y 0 U3MEHEHHIO TEXHOJIOTHYECKUX CBOMCTB. COIIaCHO 3TOMY
MeToAy MO aHajoruu ¢ GpororpadUIeCKUMH MaTepruaIaMu Sy OIIEHUBACTCS BETUIMHOM, 00paTHO
MIPONOPIIMOHATIBHOM SKCIIO3UIINH, BBI3BABIIICH B ClIO€ 3apaHee 3aJaHHbINA AP (DEKT.

B kaudecTBe kputepus mipu onpeacieHuu dpQexTa BO3ICUCTBUS U3TYyUSHUS UCIIOIb3Y-
FOTCSI XapaKTEPUCTUKHU TIPUTOJHOCTH KOMUPOBAIBHOTO CJOS IS Tiesiel ()OpMHOTO M IeYaTHOTO
nporieccoB. [IpUrogHOCTh CJI0s1 OLIEHUBAETCSl IO HauOoJiee CYIIECTBEHHBIM TEXHOJIOTHUYECKUM
MpU3HAaKaM, TO €CTh, IOCTHXKEHUIO HEKOTOPBIX, 3apaHee 3aJJaHHbIX, TaK HA3bIBAEMBIX, «Pad0UNX
CBOMCTB». TaKuMU CBOWMCTBAMHM CJIOSI SIBJISIEFOTCS: YCTOMUMBOE 3aKpeIUICHHE M300paKeHUs Ha KO-
1Y TIOCIIE €€ TPOSBIICHUS, TpeOyeMble PenpoayKIMOHHO-TpapUYECKUe CBOMCTBA, XUMUYECKas
YCTOHYHBOCTB K 00pabaThIBAOIINM PACTBOPAM.



Ha npakTtuke «paboune cBOWCTBa» OIEHUBAIOT BU3YyaIIbHO Ha (hOpME, MOTyYECHHOM TOCIIe
SKCIIOHUPOBAaHUSI U TPOSIBIIEHUS. [[J11 3TOro cjior0 HeoOXOIUMO COOOLIUTH PSiJi SKCIIO3UIIMHN
(Ipy OAHOM U TOM K€ BPEMEHHU SKCIIOHUPOBAHUS), HAIIPUMEDP, C MOMOIIBIO ONTUYECKOr0, CTY-
TEHYATOr0 KIJIMHA, COCTOSIIIETO U3 MOJIeH ¢ KaTMOpPOBaHHBIMH BEJTMUMHAMH ONTHYECKHUX TJIOTHO-
creii D, (n =1, 2, 3 ... ), yBeIMUYMBAIOIIUMUCS Ha KaXK10¥ cTynenu (puc. 1.1).

B 3aBucuMOCTH OT BEJIMYMHBI ONTUYECKOUN TNIOTHOCTHY MOJIEN KIIMHA PACIIPEAECIICHUE OC-
BEIIEHHOCTH EN Ha MOBEPXHOCTH KOMUPOBAIBHOTO CJIOSI 2, HAHECEHHOIO Ha TMOMJIOKKY 3, a,
CJIEZIOBATENBHO, U AKCMO3ULIMA 32 KaXKAbIM MonemM yMeHbllaercs Ha BenuuuHy B 10D,,.

Pazmnunrie skcniosunmu H, = H, x IO'D“, KOTOpbIE€ MOJIy4aeT CJIOW B TE€UEHHE OJHOIO U
TOTO k€ BpeMeHHU t (13BecTHO, uTo H = E X 1, r1ie t — BpeMsi SKCIOHUPOBAHMS ), BBI3BIBAIOT B HEM

HU3MCHCHHA B 3aBUCHUMOCTHU OT TUIIA KOITMPOBAJIIBHOT'O CJIOsA: HCTATUBHOI'O — a U ITIO3UTHUBHOI'O —
0.

EEERINTET!

Dy Dy Dy

Puc. 1.1 Cxema konupoBaHUs CTYNIEHYATOT'O KJIWHA:

| — pacnpenenenue OCBEIIEHHOCTH Ha KOMUPOBAJILHOM CJIOE;
Il — popmupoBanme N300pakeHUs HA CIIOSX:

a — HETaTUBHOM; O — MO3UTUBHOM

[Tocne nposiBieHUst KOMUK MOJT OAHUMU TOJISIMA ONTHYECKOTO KIIMHA CJIONM COXpaHSETcs,
MO/ IPYTHUMHU YJIAISIETCS TIOTHOCTRIO; OyIyT TaKXKe U MOJIS, O KOTOPBIMU CIIOW COXPaHSIETCs Jac-
TH4YHO. Bo Beex ciyyasx uMeeTcs Takoe MoJjie ¢ KpUTepHaabHOM ONTHYECKON IUNIOTHOCTBIO Dy, 32
KOTOPBIM MPU MUHUMAJIbHOW OCBEIIEHHOCTH E, NEUCTBYIOIIECH B TEYEHUE BpeMeEHHU t, cioi npu-
obpetaeT (WM COXpaHsieT) «paboyre CBOMCTBaY.

Oxcniozurus Hyp dopmupyromias mojae ¢ «pabounMu CBOWCTBAMUY, UCTIONB3YETCs IS
pacuera CBETOUYBCTBUTEIHHOCTH KOMTUPOBAIHHOTO CIOSL

WHurerpanbHas S pa3iIMYHBIX CIIOCB HEOJWHAKOBA W 3aBHCHT B OCHOBHOM OT JBYX (pakTo-
POB:

1) CBOICTB KOMUPOBAILHOTO CJIOS ¥ TIOIOKKH, 3aKJIa[BIBAEMBIX TIPH TTPOU3BOICTBE (HOpM-
HBIX [JJACTHH, HAI[PUMEP: XUMUYECKHI COCTaB CJI0S U KOHIIEHTPAIUsl €r0 KOMIIOHEHTOB; ONTHYE-
CKH€ CBOMCTBA CJI0S Y MOJJIOKKH, TOJIIHMHA CJIOSI, YCIIOBHUS U3TOTOBJICHUS KOMTMPOBAIBLHOTO CIIOS;

2) ycioBuil U3rotoBiaeHus: Gpopm, Takue Kak, yCJIOBUS 3KCIOHUPOBAHUS (CIEKTpPaIbHBIH
COCTaB JEUCTBYIOLIETO HM3JTYyUYEHHs, BEIUUYMHA SKCIO3UIIMHU, TEMIEpaTypa U BIAXHOCTb OKpY-
KAIOIIET0 BO3/1yXa) U YCIOBUS NPOSIBICHHS (TEMIIEpaTypa, BpeMsi U CIoco0 MPOSIBICHHUSA).



4. MeToaMKa BbINOJHEHUS PadoThI

[Tpu npoBeneHny paboThI IO ONPEAETICHUIO Sy KOMMMPOBAIBLHBIX CIIOEB MUCIIOIB3YETCS Me-
TOJl, OCHOBaHHBIA Ha 3KCIIOHUPOBAHUM CTYNEHYATOW MOTYyTOHOBOM miKaibl, Hanpumep CIIII-K
(cm. pabory Ne 3. TexHomorusi GOPMHBIX MPOIECCOB, 4. 1). DKCIIOHUPOBAHHUE CIIOEB U IIPOSIBIIC-
HHUE TMOJYYEHHBIX KOMUN MPOU3BOJSAT COTJIACHO TEXHOJOTMUYECKOM MHCTPYKLUHU JIJIs1 KOHKPETHO-
ro ciost. IHTerpaibHyr0 CBeTOYYBCTBUTEIILHOCTD S,y PaccuuthiBatoT no hopmyiie:
5 HHT = = (11)
H

Kp

rae K — xoaddurment nponopuuoHanbHocTh; Hy, — 3xcnosunus, popmupyromas noie ¢
«pabourMu CBOMCTBaAMM» M PaBHAS:

Eqt
H. ==
KT 100z

(1.2)

I'me Ey — ocBemenHocTs moBepxHocTH mkanel CIIII-K. B pabore E, (B TI0KCax) u3Me-
psieTCsl Ha MOBEPXHOCTH CTEKJIa KOMMPOBAJIBHOIO CTaHKa; t—Bpems 3kcnoHupoBaHus, MuH; D
— onTuyecKast I1oTHOCTH o mkansl CIIII-K, mox KoTopeIM KONMPOBAJIBHBIN CIIONH cOXpa-
HWI (WK TIproOpenn) paboure CBOMCTBA.

s atoro nocne konupoBanus mkaiabl CITII-K Ha nposiBIEHHONW KOMMKU ONPEACIISIIOT HO-
MEp MOJHOCTBIO IIPOSIBIEHHOTO IOJISI U HOMED IOJIs, TAE CJIOW MOJTHOCTBIO COXPAHWICS, a 3aTeM
HaXOoJAT IOJIe, PACHONI0KEHHOE MOocepeInHe MexXy HUMHU. OnTtuueckas IoTHOCcTh D, 3Toro
TIOJIS1 UCTIOIB3YETCS IS pacyeTa Syyr 1o Gopmyre:

5 K K10% (1.3)
mET HHF E,t
rae D, — ontndeckas muotHocts nons mkans! CIII-K, cooTBeTcTBYIOIIETO HAICHHO-

My cpenHeMy noitro. Ji1st ynoOcTBa CpaBHEHUS S,y PA3TTMYHBIX CJ10€B K MPUHSTA PaBHBIM 108, Io-
CKOJIBKY Eo U3MEPSIETCS B JIFOKCAX, a I B MUHyTax, TO OLIEHUBAETCS B k™ x M

Meron ynobOeH yisi CpaBHEHUSI CBETOUYBCTBUTEIIBHOCTH KOMUPOBATHHBIX CIIOEB Pa3IIAY-
HBIX (POPMHBIX IDIACTHUH U TIPUHST HPU BBITTOJIHEHUH JTAHHOM PadoTHI.

5. IllopsiAOK BBINOJIHEHHS PA0OTHI

5.1. Hapesatb no ogHOMY 00pasily Kaxaoro Tumna (OpMHBIX IUIACTHH, pa3MepoM 6X18 cm.

5.2. I3MepuTh OCBEIIEHHOCTh CTEKJIa KOMUPOBAJIBHOIO CTaHKA JIIOKCOMETPOM.

5.3. Cxommmposats mkany CIIHI-K Ha npemyioxenHbie hOpMHBIC MIACTUHBI TTPU 3aJaHHBIX
pexuMax (3a4ar0TCs MPErnoaaBaTeIeMm).

5.4. IIpoBUTH KOIIMM B COOTBETCTBYIOLIMX MPOSIBJIAIOIINX PAacTBOpaX B TEUEHUE OJHOMN
MUHYTBHI.

5.5. BICyIIHTh U3rOTOBJIEHHBIE 00Pa3IIbl IEYaTHBIX (OPM B CYIIMILHOM IIKaQYy.

5.6. OnpenenuTh HOMEP MOJIHOCTHIO POSIBJIEHHOTO NIOJIS1 U HOMEP MOJIsL, TJ€ CJIOW MOJIHOCTBIO



coxpanwics. PesynpTaTel 3aHecTr B Ta0. 1.1.
5.7. Onpenenutb HOMEp MO0JIs, HAXOSIIErOCs MOCEPEANHE MEKY OTYYEHHBIMU TOSIMH.
5.8. Paccuutath o gopmyne (1.3) S,y KOMMPOBATBHBIX CIIOEB HA WCCIIEIOBAHHBIX (HOPM-
HBbIX ITUIACTUHAX U CPABHUTDH UX.

6. O0opynoBaHue 1 HHCTPYMEHT

6.1. KonupoBasnbHblil cranok mapku Copytop.

6.2. Ctynenyaras noixytoHoBas mkana CITII-K.

6.3. JIrokcomerp.

6.4. CexyHaomep.

6.5. [luakopyonka.

6.6.I1poreccop mst 06pabOTKM MOHOMETAJUTMIECKUX TIACTUH (IOIMYCKAeTCsl MCIIOJIb30BAHKE
JUTSI TIPOSIBIIEHUSI KOITUM KIOBETHI).

7. MaTtepuaJibl 1 pado4une pacTBOpPbI

7.1. MoHoMeTandeckue (pOpMHBIC TUIACTHHBI C MO3UTHBHBIMH M HETaTUBHBIMU KOIHPO-
BaJIbHBIMU citosimu Gupm Fuji, Agfa u ap.
7.2. [lposiBiisitone pacTBOPHI JJIs TO3UTUBHBIX U HETaTHBHBIX KOMTUPOBAIBHBIX CIIOCB.

8. Coaep:xanne NUCbMEHHOI0 OTYETA

8.1. Ha3zBanwue, 11e716, COJIepKaHUE U J1aTa BHITOTHEHUS paOOThI
8.2. Mapkwu uccieryeMbIx (POPMHBIX TUTACTHH.

8.3. PeXxuMBbI SKCIIOHUPOBAHUS U TIPOSIBIICHUS.

8.4. Pe3ynbpTaThl pacueToB CBETOUYBCTBUTEIILHOCTH CJIOEB

8.5. BeiBoibI 110 pabore.

Tabauya 1.1
[Toxazanust mkansl CITII-K mist pacuera Sy
Tun (wm TTokazanwns mkansr CITIHI-K
Nen/mm | mapka) wmc- Ne mon- Ne nons,| Ne cpequero D 1
CIeIyeMBIX | HOCTBIO NPOSB-| IZl€ CI0il HOJIHO-| mons cpeaHero Sur [DIK™ X
-1
JIeH- CTBIO oJIst MUH ]
ILUTACTUH HOTO COXpaHUIC

9. bubaunorpaguuyeckuii CIUCOK

Honanckuii H.H. Texunonorust ¢popMHbIX nporeccoB : yueonuk / H.H. IlonsHckuid,
O.A. Kapramesa, E.b. Hamuposa. — M. : MI'VII, 2010. —C.72-81.




IIpakTyeckoe 3ansaTue Ne 2

CPABHUTEJIbHAS OLIEHKA MUKPOHEPOBHOCTEN
MOBEPXHOCTH NOJIOKEK ®OPMHBIX IIACTUH
IIJIOCKON O®CETHOM ITEYATH

1. Heab padoTsl

O3HAaKOMUTBCS C METOJIMKOM OIIEHKH MHKPOHEPOBHOCTEH MOBEPXHOCTH MOATIOKEK (DOPMHBIX
TUIACTHH TJIOCKOHM O(pCeTHOM MeyaTu U OLCHUTH HX.

2. Cogepxanune padoTsl

2.1. O3HaKOMUTBCS C METOIMKON OIICHKH MHUKPOHEPOBHOCTEH MOBEPXHOCTHU (IIIEPOXOBATO-
CTBI0) TTO/ITIO’KEK (DOPMHBIX TUIACTHH.

2.2. Onpenenutb MIEPOXOBATOCTh MOBEPXHOCTH METALUIMYECKOW MOMJIOXKKH U KOIMHPO-
BaJILHOTO CJIOSI Pa3JIMYHbBIX (POPMHBIX TIACTHH.

2.3. Jlatb cpaBHEHHE BEJIIMYMH MHUKPOHEPOBHOCTEH MOBEPXHOCTH MOMJIONKEK PA3TUYHBIX
(hOPMHBIX IJIACTHH IJIOCKOW O0()CETHON MEYATH.

3. TeopeTnueckoe 000CHOBAHUE

[Ipy M3roToBIECHUM COBPEMEHHBIX (DOPMHBIX IUIACTHUH IIOCKOW O(CETHON medyaTu Ha
CTaJMU UX U3TOTOBJICHUS MOBEPXHOCTHU IMOJJIOKKHU MPUIAIOT CIIOCOOHOCTD K aCOPOIIMU BOJIBI
Ha MOBEPXHOCTU OYyIyIIMX MPOOETbHBIX 3JIEMEHTOB MeYaTHON (OPMBI U 00ECTIEYUBAIOT XOPO-
LIYIO aATe3HI0 KOIMPOBAIBHBIX CIIOEB K ITOMJIOKKE. JIOCTUraroTCs TaKue CBOMCTBA ITyTE€M MpUAA-
HYS IIEPOXOBATOCTH MOBEPXHOCTH AIFOMUHHUEBON IOUIOKKH, TO €CTh CO3JaHUSI MUKPOHEPOBHO-
creil Ha Hel. [1o cpaBHEHMIO C TUIAJIKOM MOBEPXHOCTHIO TaKasi IOBEPXHOCTh C MUKPOHEPOBHOCTSMU
obecrieunBaeT Kak JIydIryto aJicopOIio BOAbI Ha MPOOSTHHBIX dJIEMEHTaX, TaK U JIyUIIyO ajre-
3UI0 KOIUPOBAJIBLHOT'O CJIOSI K IOJUIOXKKE.

Jns co3naHus MUKpOHEPOBHOCTEN (IIEPOXOBATOCTH) IMOBEPXHOCTU MOUIOKKY 3EPHSAT
ANEKTPOXUMHUYECKHM CTIOCOOOM B PacTBOPAX COJISTHOM MJIM a30THOM KHCJIOT. J{pyrue TUIIbI 3epHe-
HUSI, HallpUMEp, MHOTOYPOBHEBOE KOMOMHHUPOBAHHOE 3epHEHHUE (puc. 2.1), MO3BOJISIOT MOIY-
YUTH OBEPXHOCTH C O0JIee CI0KHOW MUKpOreoMeTpren. JlocTUraeTcst 3T0 COYeTaHUEM MEXaHU-
YECKOI'0, XUMUYECKOT0 U AIEKTPOXUMHUYECKOTO CIIOCOOOB 3€PHEHMSI.

Puc. 2.1. Pa3pe3 aTloOMUHHUEBOU TTOJIOKKH (POPMHBIX IIJIACTHH: @ — KPYITHOE; O —
cpeliHee; B — MEJIKOE 3€pHEHUE

MukporeoMeTpHs MOBEPXHOCTHU CIIOSI 3aBUCUT OT MUKPOT€OMETPUH TMOBEPXHOCTH TOJ-
JIOKKH, ¥ HE MOXET HE CKa3aTbCs Ha CMAaYMBAEMOCTH ITOBEPXHOCTH 3TOTO CJIOS MTPOSIBIISTIONINMH
U IpyruMu 00pabaThIBaIOIIE paCTBOPAMHU.



OOBIYHO 1J1s1 OLICHKH HEPOBHOCTEH MOBEPXHOCTH HCIIOJIB3YIOT MPO(PHIBHBIE CIIOCOOBI,
OCHOBAaHHbBIE HAa CEYCHUU HUCCIIETYEeMOIl TOBEPXHOCTH (IIONEPEYHOM, NPOJI0JILHOM U ip.). [Ipo-
(UM TUTTMYHBIX MTOBEPXHOCTEM COCTABIICHBI U3 MOBTOPSIOIIUXCS HEPOBHOCTEH € Pa3INYHBIMU
maramu (pacCTOSTHUSAMH MEXXTy BEpIIMHAMU XapaKTEPHBIX HEPOBHOCTEH npodus) (puc.2.2).

Puc. 2.2. Cxematndeckoe otoOpaxeHue mpoduiaei MOBEpXHOCTENH: a — CyMMapHBIN
npouiib TOBEPXHOCTH; 6 — IIEPOXOBATOCTh; 8 — BOJIHUCTOCTh; 2 — IUIOCKOCTHOCTH IO-
BEPXHOCTHU

[IlepoxoBaToOCTh, XapaKTEPU3YIOIIasi MEKPOT€OMETPHIO TTIOBEPXHOCTH, MPEACTABISIET CO-
00if COBOKYITHOCTh XaOTHYECKH PACTIONIOKEHHBIX BBICTYIIOB U BIAJUH C OTHOCUTEIIEHO MaJTbIMHU
[araMu Ha Tak Ha3bIBaeMoi 6a3oBoii aimuHe L (puc. 2.3).

bazoBas mnmHa L sBIsieTCs NTMHOM 3JIEMEHTApHOTO Y4YacTKa, KOTOpasi BhIOMpAeTcs s
M3MEpEHUS IIEPOXOBATOCTU 03 ydyeTa APyruX BUIOB

L

: \/% AVAV/‘/\V M\HAW‘%

INuHuA BnaguH

JNInHWA BbICTYNOB

Puc. 2.3. Tlpumep onpexaenenus napamerpa K,

HEPOBHOCTEH, nMeronmx mar oosee L. CraHgapTH3NpOBaHHBIMH SIBJISIFOTCSL 3HA4YeHMs L,
nexane B nipeaenax 0,08 — 25 mm. [ToBTopsronmecs: HEPOBHOCTH C IIaraMH, MPEBBIIIAIOITUMU
0a30BYIO JIJIHY, OTHOCSITCSl K BOJTHHCTOCTH TTOBEPXHOCTH M TFIOCKOCTHOCTH TIOBEPXHOCTH (CM. pHC.
2.2, 8, 2). OLileHNBaeTCS MUKPOT€OMETPHS TIOBEPXHOCTH YaIlle BCETO MapaMeTPoOM IIepOXOBATOCTH
K,, npencraBisroniuM co0oi OTKJIIOHEHHE NpOQHIs OT cpenHed JMHUM (10 HOpMalu K Hei) B
npenenax 0a3oBoi mHEI o hopmyne(2.1):

o

T T
R, = Eilulyl_ledx (2.1)

Wi npuOmmKkeHHo (mo  dopmyre 2.2):
R, ¥ =T |yl (22)

rae x—aocuucca mpo-  Guisl, KOTopas OTCUMTHIBACTCS 10 0a30BOM JMHUM; Y(Xx) —
(dyHKIWs, onuckiBaromas npoduib; y. (i = 1,2... N) — opauHaThl # ToYeK Mpoduist B Mpeaeaax
0a30BOM JUTMHBI L, HCTIONIB3yeMO U1 BBIICIICHHUSI HEPOBHOCTEH, XapaKTEPHBIX IS IIIEPOXOBATO-
CTH.

CpemHIo JIUHUIO, OT KOTOPOH OTCUMTHIBAIOT OTKIIOHEHHS MTPO(MHIISL, MPOBOISAT MOCEpe-



THE POt TAKUM 00pa3oM, YTOOBI CyMMa KBaJIpaTOB OTKIIOHEHU HEPOBHOCTEH OT ATOM JIH-
HUU ObLIa ObI MUHUMAJIBHOM.

B psne ciydaeB MUKporeoMeTpHsi TOBEPXHOCTH OLICHUBAETCsl rapameTpoM Rs, xapaxre-
PHU3YIOIIUM KOJIMYECTBO BBICTYIIOB Ha IIIEPOXOBATOM MOBEPXHOCTH HA TWHE B 1 cM.

[IpakTudeckoe mpUMEHEHHUE TSI OINPEISICHUS IIEPOXOBATOCTH (POPMHBIX TUIACTUH HAXO-
JUT METOJ OLIYNBIBAHUS MUKPO peibe(HOM MOBEPXHOCTH TOHKOM alMa3HOW WIJIOW Ha Mpodu-
nometpe (puc. 2.4). Ilokazanus aOCOMOTHBIX 3HaYeHUH R, 0603HauaroTcs Ha Tado mpudopa.

Pexomenmyercst st OOJbIIIe HAEKHOCTA PE3yIbTaTOB M3MEPEHUN MPOBOJNUTH X Ha
HECKOJIbKHUX 0a30BbIX miuHaX (Li, Lo,Lsu T. 1.), Tak KaK U3MEpEeHUs JUIIL HA OJHOW 0a30BOM
JUIMHE Ha HEKOTOPBIX MOBEPXHOCTSX MOKET MPUBOAMTH K IMOJYYEHHIO PE3yJIbTAaTOB, OTIMYAIO-
IIMXCcs OT CPEeIHUX T10 BCe IUIoUaay B iBa U Oosee pasa.

3nadyenus R, 60MbpIIMHCTBA O(CETHBIX MIACTUH O0BIYHO NEXHUT B npenenax 0,4 — 0,8 Mk,
npudeM, 4yeM Oosblie 3HaueHue R, TeM Jryuiie aacopOLnOHHas CIIOCOOHOCTh MTOBEPXHOCTH.

4. Meronuka BbIIOJIHEHHSI Pa00ThI
OreHKa IepOX0BAaTOCTH MOBEPXHOCTH UCCIIEYEMbIX TUIIOB (POPMHBIX IIACTHH OCYIIECT-
BIIsieTcsl Ha ripoguiomerpe (puc.2.4).

Puc. 2.4. Bueunuii Buja npopuioMeTpa

OurynpIBaHME TOBEPXHOCTH MPOBOJIUTCS TOHKOM alMa3HOM HIJIOW C paiiyCcoM 3aKpyT-
JIEHUs, paBHBIM 2 MKM. Takasi urja 3Ha4UTeIbHO TOUYHEE BOCIIPOU3BOJIUT MPOPHIb U3MEPSIEMOM
noBepxHocTu. [Ipu 3TOM ycuiine npukuMa UIriibl K U3MEPSEMOil MOBEPXHOCTU HE MPEBBIIIAET
0,1 r, cKkOpoCTh IEpeMeNIeHHs UTJIBI TIPpU paboTte nmpubdopa cocrasisiet 0,7 Mm/c.

[Ipu mpoBeneHny UCTIBITAaHUH IJIs1 00ecTeueHus MIIOCKOCTHOCTH 00paslioB WX BBIPABHHU-
BAIOT C IIOMOILBIO CHEUAIIBHOIO yCTPOICTBA.

Uccnemyembie 00pa3isl co cioeM U 0e3 Hero (i yAaJIeHUs CII0sl, €CIIM OH IMO3UTHUBHBIH,
(hOpMHYIO IJIACTUHY SKCIIOHUPYIOT U MPOSIBIISIFOT; €CJIM HETaTUBHBIM — MPOSBIISIIOT) MOMELIAIOT
Ha MPEIMETHBIN CTOJUK MPOpUIOMETpa U U3MepsIoT BennunHy (R,) mepoxoBaTocTH 1Mo mokasa-
HusiM nipubopa. [loBTOpsitOT M3MepeHus: He MeHee TpeX pa3. Pe3ynbrarsl M3MEpeHU BHOCST B
Tabn. 2.1.

5. llopsiAOK BBINOJIHEHHS PA0OTHI

5.1. Hapesatb o0Opa3iibl pasmepoM 2 X 4 cM.
5.2. C nomoipio mpopuioMerpa U3MepHTh rnapameTp R, moBepxHOCTH 0(ceTHBIX PopM-
HBIX TUTACTHUH CO CJI0EM (IPOBECTH HE MEHEE TPEX U3MEPECHUN ).



5.3. IIpoBecTH SKCIIOHUPOBAHNE U TIPOSIBIICHUE (MJIM TOJIBKO MPOSIBJICHUE) CIIOEB 00pa3-
OB ()OPMHBIX TUIACTHH, TTPOMBITH BOAOH 00pa3ilbl U BeICYIUTh. M3Meputh R, Ha moBepxHOCTH
noIokKKU. JlaHHbIe 3aHecTr B Ta0bnuiry 2.1.

5.4. CpaBHUTH IIEPOXOBATOCTH IMTOBEPXHOCTEN CIIOEB U MOJIOXKKH.

5.5. U3meputsb 3HaueHue nokazarensi R, ¢ 000poTHOM cTOPOHBI MOUIOKKH. JIaHHBIE BHE-

¢ty B Tadi. 2.1.

5.6. OueHuTh BIUSHUE MHKPOT€OMETPUM ITOBEPXHOCTH ATIOMHHHEBOM TIOJIOKKHA Ha
IEPOXOBATOCTh TOBEPXHOCTH CIIOSL.

5.7. Ilpoananu3upoBaTh MOIyYE€HHBIC pe3yJIbTAThI U CJIENIATh BHIBOJIBI ITO padoTe.

Pesynbrarel usmepenuii R,

Tabnuya 2.1

/o

Ha-
HUMEHOBaHUE
IJIaCTUH

R, Ha mnoBepx- R. mBa 1o-
HOCTH CJI051, MKM BEPXHOCTHU oJI-
JIO’KKH, MKM

R. #ua 000-
pOoTHOM CTOpPOHE
HOIJIOXKKH, MKM

cpenHee cpenHee
1 2 |3 |3Hauenue |(1 |2 |3 |3HayeHUE

cpenHee
1|2 |3 |3HauenUEe

6. O0opynoBaHMe U HHCTPYMEHTbI

6.1.KonmnposarnbHbIi cTaHOK Mapku Copytop.
6.2. Iporteccop Jiy1st 00pabOTKM KOMUIA U KtoBeTa A1 NPOSIBIICHUSL.
6.3. IIpodmmomerp monenu 283H-318.

6.4. [ TuakopyOUIKa. ’

7. MaTtepuaJjibl U padoune pacTBOpPbI

7.1. Odcernsie popmusble mactuabl Gupm Agfa Fuji u ap.
7.2. IIposiButens it HOPMHBIX TII1ACTUH: MO3UTUBHbBIX N HErATUBHbIX.

8. ConepxxaHue MUCHbMEHHOI0 0TYETA

8.1. Ha3Banwue, 11716, COIEp)KaHUE U 1aTa BBHITTOJTHEHUS PabOTHI.
8.2. Mapku npuMeHsieMbIX ()OPMHBIX TIJIACTHH.

8.3. Pesynbrarel uamepenus R, (tabmra 2.1).
8.4. BeiBOz1BI 110 padoTe.

9. bubaunorpaguyeckuii CIUCOK

9.1. Ionanckuu H.H. Texnonorus (GopMHBIX IPOIECCOB :
O.A. Kapramesa, E.b. Hanupoa. — M. : MI'VII — 2010. —C. 147-148.

yueOnuk / H.H. TlonsHckwid,

9.2. Jlubepman H.HM. KonTposbHO-U3MepUTEIbHbBIE TTpuOOpkl B nonu-rpadhun / H.U. JIu-




oepman. — M.: Kuwra, 1965. — C. 65.



IMpakTu4yeckoe 3anstue Ne 3

OIIEHKA MOJIEKYJISIPHO-IOBEPXHOCTHBIX CBOMCTB
MEYATAIOIIAX U TPOBEJBHBIX JIEMEHTOB ®OPM TIJIOCKOI O®CETHOM
INEYATH

1. Iless padoThI

CpaBHUTH MOJIEKYJISIPHO-TIOBEPXHOCTHBIE CBOMCTBA M (PU3UKO-XUMHUUECKYIO YCTOWUH-
BOCTh IIEYATAIOUIUX U MPOOEITBbHBIX 3JIEMEHTOB (POPM IUIOCKON O(CETHOI mevyaTu ¢ yBIax-
HEHHEM MPOOEITbHBIX HIIEMEHTOB

2. Conep:xanue padoThbl

2.1. 3y4uTh METOAWKY OIIEHKHU MOJIEKYJISPHO-TIOBEPXHOCTHBIX CBOMCTB (hopM
IUIOCKOM ITe4aTu.

2.2. OnpenenuTs KpaeBoOM yrojl CMadyMBaHUs Ha MOBEPXHOCTH T€YATAIOIIMX U MPO-
OEJIbHBIX IIEMEHTOB O(PCETHRIX (OPM.

2.3. MeTooM JIenpeccHpOBaHUs OLICHUTH (PU3NKO-XUMHUYECKYIO YCTOMYMBOCTD Ie-
YaTaIONIMX U MPOOEIIbHBIX 3JIEMEHTOB (POPM IUIOCKOM O(CETHOM MevaTH ¢ yBIIAXKHEHUEM Ha
IUTACTUHAX Pa3INYHbIX TUIIOB.

3. TeopeTnueckoe 000CHOBaHUE

N3buparenbHOE€ CMauyMBaHWE TI€YATAIONIUX M MPOOCIBHBIX JIEMEHTOB (OpPM ILIO-
CKOM TIeYaTH OCHOBAHO Ha (PU3MKO-XMMUYECKHX 3aKOHOMEPHOCTSIX CMAadYUBAHUS TBEPIBIX
MOBEPXHOCTEN KUAKOCTAMU. [[prUunHON cCMaunBaHUs ABJISIETCS ar€3MOHHOE B3aUMOICHCT-
BHE MEXIY TBEPABIM TEJIOM U >KHIKOCTBIO, HAXOISAIICHCS C HUM B KOHTaKTe. Mexy paboToit
anre3un W, u KpaeBbIM YTIJIOM CMauyWBaHUs HAOIIOMAETCs 3aBUCUMOCTBH, KOTOPYIO MOYKHO
oxapakTepuszoBaTh ypaBHeHueM FOnra-/{iomnpe:

W,=6,(1+Cc0se) (3.1)

TJI€ Gy — MOBEPXHOCTHOE HATSKEHUE HA TPAHULIE XKUJIKOCTh-Ta3; © — KOCUHYC
KpaeBoTo yrja CMayMBaHMS Ha rpaHulie pasnena ¢as.

B peanpHBIX yCIOBHSIX Ha MOBEPXHOCTH O(PCETHHIX MEYATHBIX (OPM C yBIAKHEHHUEM
B3aMMOJICUCTBYIOT JIBE KUJKOCTH C Pa3IMYHON MOJISIPHOCTHIO (MeuaTHash Kpacka M yBJax-
Hsomui pactBop). [Ipu 3ToM mMeer MecTo M30MpaTeNbHOE CMayMBaHUE IMEYATAIOINX U
MPOOETBHBIX JIEMEHTOB, COOTBETCTBEHHO KPACKOUW U YBIIQKHSIOIIUM PAaCTBOPOM. MoneKy-
JISIPHO-TIOBEPXHOCTHBIC CBOMCTBA TPOOEIHHBIX M MEYATAIONIUX SJIEMCHTOB OIICHUBAIOTCS
BEJIMYMHON KPAeBOIr'0 yIJia CMayMBaHUs B M30MpaATEIbHBIX YCIIOBUSX Ha TPAHHIIE pa3aeiia

da3 (puc. 3.1).



Puc. 3.1. Kanns KUAKOCTH Ha NOBEPXHOCTU TBEPAOIO TEa

B miporiecce neyaty ¢ yBIIGKHEHHUEM, KOTJIa TIOBEPXHOCTH (POPMBI KOHTAKTHUPYET O/I-
HOBPEMEHHO C JABYMSI Pa3IMYHBIMHU 1O MOJISIPHOCTH >KHUIKOCTSIMH, THAPOMHIIEHAS XKUJIKOCTD
JIy4Ille CMa4yuBacT TUAPOPIIIBHYIO MTOBEPXHOCTH MPOOEBHBIX JIEMEHTOB U 3HAYUTEIIHHO
Xy>ke ruApoPOOHbIE MTeYaTaronIe 3JIEMEHTRI. YTJIbl CMauMBaHUsI, COOTBETCTBEHHO, COCTAaB-
ot 20-50° u 115-145°.

[TpobGembHbIMM 3IIEMEHTAMH MOHOMETAJUTMYIECKHUX (OPM C YBIIQXKHEHHUEM CITY>KUT
TUIPATUPOBAHHBIN OKCHJI ATFOMHUHUSL, a TIeYaTaronMu — TUAPOGOOHAs TUICHKA PErucT-
PUPYIOLLETO CJI0sl. Y CTOMYHUBOCTh THAPOMPHIHGHBIX U THAPOMOOHBIX MJICHOK 3aBUCUT OT UX
OPUPO/IbL, YCIIOBUIH CO34aHUSI 1 MUKPOT'€OMETPUH (POPMHOM TTOBEPXHOCTH, TIO3TOMY yCTOM-
YUBOCTH KaK MEYaTaloIINX, TaK U MPOOEIIHHBIX AJIEMEHTOB PANTUYHBIX (hOPM HEOAMHAKOBA.

DdusnKo-XUMHYECKasi YCTOMYHMBOCTD aJCOPOITMOHHBIX TUICHOK Ha TIOBEPXHOCTH TIPO-
OeNbHBIX M MEYaTAOIINX 3JIEMEHTOB OIPEIEISIeTCS] TEM, HACKOIBKO YCTOMYNBO O€3 u3Me-
HEHUSI CBOMX CBOMCTB 3TH AJIEMEHTHI IPOTHUBOCTOSIT pa3pyIIaloNIeMy JASHCTBHIO JIENPECCH-
PYIOILMX PacCTBOPOB.

Jlenpeccupyroniuii pacTBOp OKa3bIBaeT pa3pylIarolliee BO3ACUCTBHE Ha aacopOIm-
OHHYIO IUICHKY, a €r0 COCTaB OOYCJIOBJICH HMCXOJIHBIMHU MOJICKYJISIPHO-TIOBEPXHOCTHBIMH
CBOMCTBaMH aJICOPOLIMOHHON TUICHKU. JlenpeccupoBaHmue aicOpPOIMOHHBIX MJICHOK Ha Te-
YaTaroNIMX U MPOOEITBHBIX AIIEMEHTAX MPOBOJNTCS B MOACIIBHBIX PacTBOPaX, COCTaBbI KOTO-
PBIX 00ECIIeunBalOT HAMEPEHHOE CHIKEHUE THAPO(GOOHBIX W TUAPOPHIIEHBIX CBOMCTB.
B pesysnbrare [iuTenbHOro JIEnpecCUpOBaHUsl 3TH CBOMCTBA MOCTENIEHHO YyTPauyUBarOTCS
U MOYKET HPOM30MTU MHBEPCHSI CMAaYMBaHUsI, BRIPAKAIOIIASICSI B TOM, YTO, HallpUMeEp, IPo-
OeNbHBIE JIEMEHTHI TEPSIFOT TUAPOPUILHOCTD, U BEJIMYMHA KPAeBOIO yIila CMAauyUBaHUS Ha
X TTIOBEPXHOCTH OKa3bIBaeTCst Oosbie 90°.

KpuBas nenpeccupoBaHusl yCTaHABIMBAET CBSI3b MEXKAY IJIUTEIHLHOCTHhIO 00pabOTKH
MOBEPXHOCTH JCMPECCUPYIOIIUM PACTBOPOM M H3MEHEHHEM CMAauyMBA€MOCTHU ITOBEPXHO-
CTH, MPOUCXOSIINM B pe3yibTaTe 3Toro BozaeicTeus (puc. 3.2). [loreps ycroiumBocTU
aJICOPOIIMOHHON TIJIEHKH COOTBETCTBYET MEPEXOAY KPUBOM B 00JIACTh MPOTUBOMOJIOKHBIX IO
3HaKy 3Ha4Y€HUI KOCHHYCa KpaeBOro yria cMauyuBaHus (Kpuas 2).

+C0se

{en, MUH
-C0Sse
Puc. 3.2. Kpusble fenpeccupoBaHust

OreHKa MOJIEKYJISIPHO-TIOBEPXHOCTHBIX CBOMCTB ITPOBOAUTCS Ha oOpasmax oCeTHBIX



(opm ¢ yBrnaxkHeHHEM MPOOETIBHBIX AJIEMEHTOB, M3TOTOBJICHHBIX Ha (POPMHBIX IJIACTHHAX
PAa3JIUYHBIX THUIOB, KOTOPhIE OTIWYAIOTCS MOJISIPHOCTHIO U TOJIIIMHOW CJIOS, a TaKKEe MUKPO-
reoMeTpuen momIoKkKu. Oo6pasibl PopMHBIX TIacTHH 2 X 10 cM HCCIIeayroTcsl B ABYX OC-
HOBHBIX TEXHOJIOTMYECKUX COCTOSHUSAX: SKCIIOHUPOBAHHOM U NPOsIBIICHHOM. POpMHBIE ILIa-
CTUHBI AKCIIOHUPYIOTCSI U MPOSIBIISIIOTCS IIPU PEKUMax, PEKOMEHIOBAHHBIX ITPOU3BOANTE-
sstMua (POPMHBIX TUTACTHH.

KpaeBo#i yron cmaumBaHus HU3MEpSIETCS Ha ONTHYECKOM CKaMbe B M30MpaTEIIbHBIX
YCJIOBUSIX Ha rpaHule paszzena ¢da3. M3MepeHue MoaeKyJIspHO-TIOBEPXHOCTHBIX CBOMCTB
MPOBOJSIT B Cpelie HEMOJSIPHOro BazeaMHOBOro macia. Ha mcciaenyemyro moBepXHOCTH
oOpasna pasMmepom 1 X 2 cM HINPUIIEM HAHOCSITCS OJUMHAKOBBIE IO pa3Mepy Karuti JTUCTHII-
JIMPOBAHHOM BOJIbI. C MOMOIIBIO OTITHYECKON CUCTEMBI N300pakeHUE Karelb IMPOCIUPYyeT-
cs1 Ha 9KkpaH. KpaeBoii yroi onpeniensercs 1o HakJIOHYy KacaTeJIbHOW, MPOBEACHHON B TOYKE
KacaHUsl K MPOEKIHUM Karuiyd BoAabl (cM. puc. 3.1), KaKk cpelHee 3HaueHHUE U3 TpeX Iapai-
JIeTIbHBIX HaOMoneHui. B kauecTBe nenpeccanTaisi MpOOEIbHBIX SJIEMEHTOB HCIIOIb3YyeTCs
pacTBOp OJIEMHOBOM KHUCJIOTHI B HEMOJSIPHOM Ba3eJIMHOBOM Maciie. Kunetuka nenpeccupo-
BaHUsI OINPEIEIISIETCS IIyTEM U3MEPEHUSI KPaeBOro yrijla CMadMBaHUsI 110CJIE BO3EHCTBUS
JIEIPECCUPYIOIIET0 pacTBopa B TeueHne 1 — 1SMUHYTHIOCTpOCHHUsAKpUBOM C0se = f(t).
JlenpeccaHTOM IeyaTaromIMX S3JIEMEHTOB CIIY>KUT TUAPOPUINZUPYIONIUN, YBIAKHIIOIIUN
pacTBOp WJIM OYHILAIOLIAS] SMYJIbCHUS, CIyamas 1yl oOpaboTKyu MpoOeNbHBIX 3JIEMEHTOB
(hopMBI B TIpOIIECCE TICUaTaHUS.

5. IlopsAAOK BBINOJHEHUSI PA0OTHI

5.1. CdopmupoBath reyaTaromme U NnpodeIbHbIE 3IEMEHTHI (POPM YaCTUYHO 3aKpPhI-
Basl yYaCTKH IUTACTUH Y€pHON OyMaroi mpu 3KCIIOHUPOBAHUH.

5.2. OnpenenuTh KpaeBble yIilbl CMAYMBAHUS HA SKCIIOHUPOBAHHBE U MPOSIBICHHBIX
KOIIHSIX, U3TOTOBJICHHBIX Ha IUIACTUHAX 11 OPCETHOM MeYaTH C YBIaXKHEHUEM MPOOETbHBIX
2JIEMEHTOB.

5.3. Onpenenuth 3HaYCHUsI COSO Ha MeYaTaroninuX 1 MPoOeTIbHBIX dJIeMeHTaxX GopM, 13-
TOTOBJICHHBIX Ha Pa3IMYHbBIX (POPMHBIX IUTacTHHAX. JlaHHbIe 3aHecTH B Tabuiry 3.1

5.4. TlpoBecTu nempeccupoBaHHE MPOOETBHBIX AJeMEeHTOB B TeueHue 1,5,10, u 15
MHHYT IIyTeéM 00pabOTKH B pacTBOpE ACIpEeccaHTa U ONpPENeSIUTh 3HAUECHHUsI KpaeBoro yria
CMa4uBaHMUS.

5.5. OnpenenuTh 3Ha4YCHUsI COSO© M 3aHECTH TTOJTyUCHHbBIE pe3ynbTaThl B Ta0d. 3.1. I1o-
CTPOUTH KPUBbIE KUHETUKHU JACTIPECCUPOBAHUS MPOOEIIHHBIX 3JIEMEHTOB (hOPM, TOTYyISHHBIX
Ha pa3JINYHbIX TJIACTUHAX.

5.6. OnpenenuTh KpaeBble YIilbl CMAauYUBAaHUS Ha MEYaTaroOlINX 3JIEMEHTaxX MpHu 00-
paboTKe TOBEPXHOCTH OJHHUM M3 JCHPECCUPYIOLIUX pacTBOpoB B TedyeHue 1,5, 10 u
15SmMunyT.

5.7. TlocTpouTh KpHUBBICE KHHETHKH JICIPECCUPOBAHMS II€UATAIOLUINX 3JIEMEHTOB
(opmMm mtockoit oceTHOM neuaTH.

5.8. OpopMHUTh MUCHEMEHHBIN OTUET O pabOTEe, B KOTOPOM CJIeNaTh BbI BOJIBI O MOJICKY-
JISIPHO-TIOBEPXHOCTHBIX CBOMCTBAX U (PU3MKO-XMMHUUYECKONH yCTOMYMBOCTU T€UATAIOIINX U
MPOOEITBHBIX JIIEMEHTOB (hopMm.

6. O0opynoBaHNe M HHCTPYMEHTBI



6.1.9KCNOHUPYIOIIECYCTPOMCTBO.
6.2.0nTHyecKasiCKaMbsl.
6.3. Cexynaomep.

6.4. KroBeTa 1151 IpOsIBICHMUS.
6.5.CymmbHbIi mKadg.

6.6. TpancnopTup.

7. MaTepuaJjibl 1 padoure pacTBOPbI

7.1 ®opmHBIE TUTACTHHBI I OPCETHOM TMeYaTH C YBJIaXKHCHUEM NPOOETHHBIX dJie-
MEHTOB paziuuHoro tuma ¢pupm: Agfa, Fuji waum mp.

7.2 TlposiBnsironiue pacTBOPHI, PEKOMEHIOBAaHHBIC MPOWU3BOAUTEIIEM JJII 00paOOTKHU
HCClIeTyeMbIX MOHOMETAUTMYECKUX O(CETHBIX IIIaCTHH.

7.3. BazenuHoBOE Maclio.

7 4 Jlenpeccupyromuii pacTBOp AJisi 00padOTKH MPOOETBLHBIX 3JIEMEHTOB COJISPKAIIIHIA
5% pacTBOp OJICMHOBOU KUCJIOTHI B Ba3€JIMHOBOM Maclie.

7.5. Jlenpeccupyroniue pacTBOPHI JJisi 0OpaOOTKU MeYaTaronuX JIEMEHTOB: THIPO-
dbunusupyromui pactsop, conepxkammii 30 M H3PO4 (yaensnsriit Bec 1,7) u 300 ma KMI]
(5%pacTBOp) YBIAXKHSIOIINN PACTBOP U OUHUILAIONIAS SMYJIbCHSI.

8. Conep:xanue NMCbMEHHOI0 OTYETA

8.1. HazBaHwue, 11€71b, COZIEpKaHMUE, 1aTa BBITIOJTHEHUS paOOTHI.
8.2. DKcriepuMeHTaIbHbIC TaHHbIe (Tabm. 3.1).

8.3. KpuBnie nenpeccupoBaHusl.

8.4. BeiBoibI 110 paborTe.

Tabnuya 3.1

Pe3ynbTarsl OIEHKH MOJIEKYJISIPHO-TIOBEPXHOCTHBIX CBOMCTB MEYaTaIOMINX U MPoOesb-
HBIX 3JIEMEHTOB

HanmenoBanue Hccnenyembie Kocunyc kpaeBoro yria cma-
Ne  |popmHBIX nIacTUH 3JeMEHTHI PopM YUBaHMUS
/11
B orcyT- Bpewms ne-

CTBUH JICTIPEC- |IPECCUPOBaHUS,
CHPOBaHUS MHH

[Ipo6enbHBIC
AJIeMEHTHI (popMm




IleyaTaromue
AJIeMEHTHI (popMm
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IIpakTHyeckoe 3ansarTue Ne 4

OILIEHKA M3HOCOCTOMKOCTHU MPUEMHBIX CJIOEB U OKCH/THOM IIJIEH-
KH OPCETHbBIX ®OPMHBIX IIVIACTUH

1. e padoTbl

N3yuuth METONBI OIEHKH MU3HOCOCTOMKOCTH CJIO€B (DOPMHBIX IUIACTUH TIOCKO#M odceT-
HOM [€YaTH U OLICHUTDH €€.

2. Conep:xanue padoThl

2.1. IBy4uTh METOJIbI OIICHKH W3HOCOCTOUKOCTH O(hCETHBIX (DOPMHBIX TUTACTHH.
2.2. O1eHuTh U3HOCOCTOMKOCTh MPUEMHOTO CJIOSI 1 OKCHIHOU TUICHKH O(PCceTHBIX (popm-
HBIX TJIACTHH.

3. TeopeTrnueckoe 000CHOBaHUE

BaxHpIMU XapaKkTepUCTHKaMH O(CETHHIX (POPMHBIX IIACTUH (MX MPUEMHOIO CJIOS M OK-
CUHOM TUICHKH) SIBJISTFOTCSI TEXHOJIOrauyecKue CBoHcTBa. IMEHHO ATH CBOMCTBA MO3BOJISIOT
peanm3oBaTh KOHKPETHBIH (opMHEIN Tiporiecc. [lo cyiecTBy ATH CBOWMCTBa ONPEACISIOT
BO3MOXKHOCTb Me€4aTHOM (POPMBI, TTOITyYEHHOU Ha (POPMHOMN TUIACTUHE, B IIPOLIECCE €€ U3ro-
TOBJICHUS M TIPU TIOCIIEIYIOIEM HMCIIOJIb30BAaHUU B MEYATHOM IIpoIiecce o0ecrieunBaTh U3-
HOCOCTOMKOCTB I€YaTaroluX U MPOOEIbHBIX FJIEMEHTOB, XapaKTepHU3ys THPAKECTOMKOCTh
dhopm.

M3HOCOCTONKOCTh IIPUEMHOIO Ci10s1 (DOPMHBIX IIIACTUH SIBIIAETCSI OCHOBHBIM Mapamer-
POM, OCKOJIBKY OH BBINOJIHSET (DyHKIMU N€YaTaroIIero eMeHTa opM U B MpoLecce Ie-
YaTaHus MOABEPraeTcs: M3HOCY (paspylieHuro). MI3HOCOCTONKOCTh OKCHUTHOM TUICHKHU (M TH-
POGMIBHOTO CIIOST) XapaKTEpHU3yeT BO3MOXKHOCTh MPOOEIBHBIX AJIEMEHTOB COXPaHSITh CBOU
CBOICTBA IO/ ACHCTBUEM Pa3pyLIAOIIET0 MEXaHUYECKOTO BO3AEUCTBHUSI.

M3HOCOCTONMKOCTh OLIEHMBAETCsl 4epe3 IPOYHOCTHBIE CBOMCTBA. [l MX OLIEHKH HC-
MOJIB3YIOTCSI, B OCHOBHOM MEXaHWYECKHE METOJbl, TAKME KaK UCTUPAHUE, BIABIMBAHHUC,
n3rubaHue, apamnaHbe U Ipyrue.

Ha npakTtike N3HOCOCTOMKOCTh ONPEAEIISIOT ITyTEM OLIEHKH Tabep-(hakTopa uzHoca Ty
IMyTeM HUIM(OBaHUS MMOBEPXHOCTU CJIOEB C MOMOIIBIO a0pa3sUBHBIX KPYrOB IPH 3apaHee
BbIOpaHHOU Harpyske. IIpuueM, yem MeHble 7y U3HOCA, TEM BBIILE YCTOWYUBOCTH CIIOS K HC-
TUpaHuio. s 3TOH 1enu UCHOJIb3YIOT, HallpuMep, npubop tuma «Abpazep» (puc. 4.1), koto-
PBIil OLICHUBAET COMPOTHUBIICHUS TTOBEPXHOCTH a0pa3uBHOMY U3HOCY.




Puc. 4.1. Buenamii Bun «AbGpasepa

Uctuparomee neiictBue «Adpaszepa» JOCTUTaeTCs MyTeM KOHTAKTa C UCIBITYEMbIM 00pas-
LIOM, BPaIAIOIIMMC BOKPYI BEPTHKAJIBHOM OCH, NMPH CKOJB3AIIEM BpPALICHUH JBYX a0Opa3HBHBIX
KpyroB. Kpyru npuBoasiTCs B IBH)KEHUE HCIIBITYEMBIM 00pa3lioM B NMPOTHBOMOJIOKHBIX HAIpPaB-
JICHUSIX OTHOCUTENIBHO TOPU30HTAIBHOW OCH, CMEIIEHHOW MO OTHOIICHHIO0 ocu oOpasua. Ilomy-
YeHHBIA B pe3ysbTaTe cjel Ha oOpasile MOKPHIT CeTKOM ayr. OcoOeHHOCThIO «AOpaszepay sBIIs-
€TCs TO, YTO JIyTH Ha ClIe/ie TIePEeCceKaloT Mo KPYry BCIO MOBEPXHOCTh 00paslia U MOKa3bIBAIOT a0-
pa3suBHOE CONPOTHUBIICHHUE CIIOEB 110 BCEM HAIIPABJICHHUS.

CyIHOCTh peanu3yeMoro ¢ noMouplo «AOpasepa» METOAAa COCTOMT B OLICHKE BEIMYMHBI
MOTEpH Beca 0Opaslia Mocje UCTUPaHMsI Yepe3 OIPEIeIEHHOE KOJIMYECTBO LIUKIJIOB, TPUBOASIINX K
pa3pylICHHUIO TUICHOK, KOTOpbIe (POPMUPYIOT IedaTarolye U mpoOebHbIC AJIEMEHTHI (hOPM.

Jlia npumeHeHus Ha «AOpa3epe» AOCTYIHbI HECKOJIBKO THIOB CTaHAAPTHBIX HUTM(OBAIb-
HBIX KPYTOB, BbITyCKaeMbIX (pupmoii «Tabep». Kaxxaplii m3 HUX MCHONB3YyeTCs AJIs UCHBITAHUN
MAaTEpPHUaIOB € Pa3IMYHOMN ITOBEPXHOCTHIO U OTIIMYACTCS ONPEAETICHHON CTPYKTYPOM.

4. MeToayka BbIOTHEHNs1 pad0ThI

Ouenka Ty n3HOCa (CKOPOCTH UCTUPaHUA), T. €. moTepH Beca (B Mr) Ha 1000 LuKI0B UCTH-
paHMsI OCYIIIECTBIISICTCS MPU UCIIBITAHUSX, BHITTOJHEHHBIX MIPH ONPEACTIECHHBIX YCIoBUsAX. [ aTo-
ro o0pasipl ¢ TPUEMHBIM CJIOEM (MJIM C OKCHUIHOM TUICHKOM) TOJIBEPral0T UCTUPAHUIO TIPH OMpe-
nerneHHou Harpyske (Hampumep, S00 1). KommuectBo 1inkinoB N MOCTETIEHHO YBETUYMBACTCS, YTOOBI
3aUKCUPOBaTh, TP KakoM N clioi (MU TUICHKA) UCTUPAIOTCA. {711 9TOro mocie Kakaoro u3-
MEHEHUSI KOJIMYECTBa IUKJIOB 00pasell B3BEIIMBACTCS HAa aHAIMUTUYECKHX BecaX, YTOOBI OLICHUTH
M3MEHSIETCS JIM ero Bec. McTupaHue mpekpalaeTcs mocie Toro, Kak MmepecTaeT U3MEHSThCS BEC
CJIOST; aHOJIHYIO TUICHKY MPEKPaIaloT HCTUPATh, KOTJ]a CTAHOBUTCS BUICH ATFOMUHUH (TTO/II0KKA
IJIACTUHBI).

B pabote (corimacHO MHCTPYKIMH IO HCIIOJNB30BAHUIO «AOpazepa») UCHONb3YIOTCS IS
HWCTUPaHUS TIPUEMHBIX cioeB Kpyru CS-O, a 1 uCTUpaHust aHoHOM tuieHKH Kpyru CS-10. Ot
KPYTH OTHOCSITCSI K TPYTIIE 3JACTUYHBIX KPYTOB C pa3InyHON abpa3suBHOCTHIO: CS-O — pe3nHo-
BBIM 3JIACTMYHBIN KPYT U3 HEONPEHOBOrO KaydyKa, HEe COAEep Kaluil abpa3uBHBIX YacTHIl ([ pa-
6ot ¢ Harpy3kamu 250, 500, 1000 r); CS-10 — snacTuuHbBI KPYT CpemaHel aOpa3suBHOCTH (IS
pabot c Harpyskoi 500 uu 1000r).

[Ipu npoBenenny ucnbITaHU 00pasubl (pazmepoM 10 x 10 cM) B3BELIMBAIOT JI0 U MOCIIE
uctupanus (P, u P2 cooTBeTCTBEHHO) 1 OLICHUBAIOT BeMUUHY TmoTepu Beca AP. Ilepecuer 3naue-
HUI IOTepHU Beca U MoKas3arenb 1y OCYHIECTBIIAETCS 10 (hopMyJIe:

_ AP1000-10°

TIIS' = (41)

rae AP = Py — P, — notepst Beca oOpasiia; N— 4uciio 1uKiIoB uctupanus. [1o momydeHHbIM
JTaHHBIM CTPOAT 3aBUCHMOCTh: AP = f(N) (puc. 4.2), koTopast XapakTepHu3yeT MpHU KaKOM KOJIHYe-
CTBE IIMKJIOB HacTymnaeT uctupanue nosepxnoctu u 7y = f(N), mokassiBaromiast H3MEHEHHE H3HO-
COCTOMKOCTH OT KOJIMUYECTBA IIUKJIOB IPH UCTUPaHUU (pHc. 4.3).



Puc. 4.2. 3aBucUMOCTb TOTEPH BECA OT KOJIMYECTBA IIUKJIIOB TP UCTUPAHUM

Puc. 4.3. 3aBucrMMOCTh U3HOCOCTOMKOCTH OT KOJIMYECTBA IIUKJIOB MPU UCTUPAHUN

OcymecTBisisi UCTUpAaHUE CJOEB (POPMHBIX IUIACTHH PAa3IMYHOTO TUIA MOXHO IPOBOJIUTH
CpaBHEHME MX M3HOcocToiKocTH. Ciemyer oOpaTUTh BHUMaHHUE Ha TO, YTO MPHU OLIEHKE W3HOCO-
CTOMKOCTH HETaTUBHO pabOTAIOIIUX CIOEB UX MPEABAPUTEILHO HEOOXOIMMO MOABEPTHYThH KC-
MMOHUPOBAHUIO, MTOCKOJIbKY IMeYaTalolure AIEeMEHThl Ha TaKUX CJI0SX (GOPMHUPYIOTCS Ha CTaIAUHU
M3TOTOBJICHUS TIedaTHON (hopMbl. MI3HOCOCTONKOCTh TTO3UTUBHO PpabOTAIOIMIETO CJIOSI OIICHUBACT-

Csa Ha UICXOJHOM CJIOC.

5. Ilopsinok BbINOJIHEHUSI pA00THI

5.1. IloaroroButs o6pa3usl pazmepom 10x 10 cm nis ucnbITaHUi.
5.2. C moMoIIpio aHATUTUYECKUX BECOB OIICHUTH BEC 00pa3IioB 10 UCTHPAHUSI.
5.3. YcranoBuTh 00pasell B mpudop «AdGpaszep» 1 MPOBECTH UCTUPAHKE PUEMHOTO CJIOS TIPH

Pa3IMYHOM KOJIMYECTBE IIUKJIIOB.
5.4. OneHuTH BeC 0OPA3IIOB MOCIIE UCTUPAHUS TPUEMHOTO CJIOSI MIPH PA3TUIHOM KOJIUYECTBE

LIUKJIOB UCTHPAHHUSL.
5.5. AHanornyHo (cM. 1. 5.2 — 5.4) ouieHUTH Bec 00pa3IioB MOCIe UCTUPAHUSl OKCUAHON TUICH-

KM (IIpeaBApPUTEIHHO MPUEMHBIHN CIION JOJIKEH OBITh yAaJeH).
5.6. Jlannble n3mepenus Py u P, 3anectn B Ta0m. 4.1.
5.7. Onpenenuts 3Ha4eHUE AP 1 pe3ysibTaThl TAK)Ke 3aHECTH B TAOJHILY
5.8. Paccuutats no ¢popmyiie 1 3HaueHue 7y U 3aHECTH €70 B Ty K€ TAOJIMILY.
5.9. Ilo pe3ynbraram tabmuuel noctpouts 3aBucumoct AP = f(N) u 77, = f(N)

6. O0opynoBaHne 1 HHCTPYMEHTbI

6.1. [Tpubop «Abpazep» c HabOpoM aOpa3UBHBIX KPYTOB

6.2. AHaTMTHYECKIE BECEL.
6.3. Pe3ak.

7. MaTepuaJbl 1 pado4yue pacTBOpbI

@opMHBIE TIJIACTUHBI PA3IMUHBIX (PUPM - IPOU3BOIUTENECH.

8. Conepxanne NUCHbMEHHOT0 0TYETA



8.1. HaumeHnoBaHue, 11€71b ¥ coiep’kaHue pabOTHI, 1aTa €€ BHITIOJHCHMUS.
8.2. Pe3ynbrarhl M3MepeHuid, IIpeICTaBJICHHbBIC B BUC TAaOIUITBI M TPaQUKH TTOTyUECHHBIX 3aBH-
CHUMOCTEM.
8.3. BeiBozibI o padore.
Tabmuwma 4.1

Neri/i|Bec  oOpasma no|Bec oOpasua nmocne uc-|KomumuectBo AP, T Ty
UCTHUPAHUS, T TUpAHUSI, T HUKI0B, N
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