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JladopaTtopHas padora Nel
HN3mepenue TBepaocTn

Lleny pabomui:

1. ITo3HaKOMHTBCS C METOIAMHU U3MEPEHUS TBEPJOCTH METAUNINYECKUX MaTepHaIIOB.

2. Ilpuobpectn HaBBIKK U3MepeHUs TBepaocTH Metonamu Poksemna (mpubop TK-2) u Bpunenns
(mpubop TII-2).

3. OcBOUTHh METOIMKY NIEPEBO/A €AMHUIl TBEPJOCTH B €IMHMIIBI XapaKTEPUCTHK MEXaHHMUECKUX
CBOHCTB, MOJTYYaeMbIX MIPU HCIIBITAHUAX HA PACTSKCHHUE.

Kpamkue meopemuueckue céedenus:
1. 3MepeHne TBEpJOCTH METAJUINYECKUX MaTepHaJIOB

PacnpocTpaHeHHOCTh WCIBITAHWH Ha TBEPAOCTh OOBSCHSAETCS OTHOCHUTEIBHOM MPOCTOTOM U
HU3KOH CTOMMOCTBIO WX MPOBEICHUS, BOZMOKHOCTBIO HICTIBITAHUN MATEPUAIOB Pa3IMIHON IIACTHIHOCTH
Y MPOYHOCTHU, HEOOJIBIIIMM 00BEMOM 00Pa3IOB, BO3MOKHOCTBIO TIPOBEACHUS H3MEPEHHI HEIOCPEACTBEHHO
Ha JeTansx. [Ipy ucbITaHUsX Ha TBEPOCTh MOTYT OBITh TIOTYYEHBI OLIEHKH HHBIX MEXaHUYECKUX CBOUCTB,
TaKuX Kak MpeeN TeKy4eCTH, Ipeaes IPOYHOCTH U APYTHE.

HauGonpimee mpakTH4YecKOoe 3HAYCHHWE MMEIOT  CTATHYECKUE  UCHBITAHUS  TBEPIOCTU
B/IaBIIMBAHHUEM B HCIIBITYEMOE TEJIO APYroro, Oojee TBEPJOro Tela - MHASHTOpa [0oT aHri. indentor, ot nat.
in - B, BHyTps u dens ( dentis) - 3y6] (meTonsr bpunemns, Poksenia, Bukkepca, METOX MUKPOTBEPHOETH).
3HAYUTENHFHO PEeKe UCTONB3YIOTCS TUHAMHUYECKUE HCIIBITAHUS TBEPIOCTH TI0 OTCKOKY Mapuka (METOIBI
IHopa, Ilonpau) u emie pexe HUCIOJIB3YETCS H3MEPEHHE TBEPAOCTH LiapanaHbeM (ckiepomerpus). B
MAIIMHOCTPOSHUH W TPUOOPOCTPOSHUH OCHOBHBIM METOJIOM HM3MEPEHHUS! TBEPIOCTU SIBIISIETCS M3MEpEHUe
TBEPJAOCTH BIIABJIMBAHUEM - TIOPOMETPHSL.

2. U3mepenne tBepaoctu metoaoMm bpunemts ('OCT 9012 - 59)

CymHocTts MeTona bpuHeris 3akiroyaercss BO BAABIMBAHWH IIapHKa (CTAIBLHOTO WA M3 TBEPAOTO
CIUTaBa) B 00Opazeln (M3Ienre) Mo ASHCTBUEM YCHITHS, TTPHIIOKEHHOTO TIEPIICHANKYIIIPHO ITOBEPXHOCTH 00-
pasiia B TEUeHHE OMPECIEHHOTO BPEMEHH, U U3MEPEHUH TUaMeTpa OTIeUaTKa MOCIe CHATHS yCHITHUSL.

B kauecTBe MHIIEHTOPA IPUMEHSFOTCSL:

- cTasibHOU mapuk auamerpom 10,0; 5,0; 2.5; 2,0 unu 1,0 mm, umeromuil TBepa0oCTh HE MeHee 850
HV10 (850 emunnir tTBepmoctr o Bukkepey, uamepentoii npu Harpyske 100 H (10 kec)).

- mapuK u3 TBepAoro ciasa auamerpom 10,0; 5,0; 2,5; 2,0 umm 1,0 mm, UMErOIIHiA TBEPIOCTD HE
menee 1500 HV10.

TBepnocTs Mo bpuHEInTI0 IpH MPUMEHEHUH CTAIBHOTO ITapruka 0003HAYal0T CUMBOJIOM HB, a mpu
NPUMEHCHNH IApUKOM W3 TBEpAOTO cruiaBa - cumBosniom HBW. Yucneno tBepaocts HB (HBW) pasna
OTHOIICHUIO MPWIOKEHHOTO ycuius F k tutomanu cheprudyeckoro ornedatka A ¥ pacCUUTHIBACTCS T10

thopmye:

0102-F _ 0102-F

A z.D-(D-VD?-d?)

rae F - yeunue, H; D - nuamertp miapuka, mm; d - tuaMerp otneyarka, mu.

HB(HBW) =

3amuck pe3yibTaTta U3MEPEHHsT COCTOUT W3 YMCJIOBOTO 3HAYCHHUS TBEPJOCTU M3 TPEX 3HAYAIIUX
uudp, cumBona TBepaoctu no bpunemwto HB(HBW), nuamerpa mapuka, NpuiioKEHHOTO YCHJIMS W
NPOJIOIKUTEIBHOCTH BBIICPKKH MO HArpy3Koi, eciu nocuenusis orauyaercs ot (10...15) ¢. Hanpumep,
3anuck 575 HBW 2,5/187/30 o3nawaer TBepmocts mo bpunemtio 575 enuHWI, W3MEPEHHYIO TPHU
OPUMEHEHUW IIapuKa U3 TBEPAOro CcIulaBa JuameTrpoM 2,5 mm, npu ycwmu 187 kec u
NPOJOJDKUTENIBHOCTH BBIIEPXKKHU 1O Harpy3koii 30 c.

IIpu wu3mepenun TBepaocTH HHAEHTOpoM nauameTpoM 10 mm npu ycwinun 3000 xec wu
MPOJOJKUTEILHOCTH BhIIEPKKH OT 10 1m0 15 ¢ TBepaocTh mo bpuHemo 0003Ha4al0T TOIBKO YUCIOBEIM
3HaUeHHEM TBepAoCTH W cuMmBoioM HB wmun HBW, manpumep 185 HB, 620 HBW. Ilpu TBepmoctu
MetaiuioB Oosee 450 eaunnn no bpuHemmo 1 U3MEpeHHs HCHONB3YIOT INApUKH TOJIBKO U3 TBEPAOTO
criaBa, BO M30exkaHue naedopMalvy HHIACHTOPA, a NpH TBepaocTd MeHee 450 enuHMIl HNPUMEHSIOT
CTaJbHBIE MAPUKY WM MIAPUKU U3 TBEPAOTO CIiIaBa. MaKCHMalbHO JOIyCTUMast TBEPIOCTh METAILIOB MIPH
npuMeHeHnn Metona bpunems B 650 equHuL.



OT6Op ¥ TOATOTOBKA 00PA3IIOB K U3MEPEHHUIO COCTOUT U3 CICHYIONINX ATAIOB:

1 Ompenensiercs HeoOXomuMmasi TOJNIIMHA o00pas3la, KOTopas JOJDKHA MpPEBBINIATh TIIyOWHY
oTmeyaTtka He MeHee YeM B 8 pa3. B mro0oMm cityyae mocie MCHBITaHWi Ha MPOTUBOIOJIOXKHONH CTOPOHE
oOpa3sia He JODKHO OBITh 3aMETHO CIIEIIOB MehopManuy OT HHACHTOPA.

2. TToBepxHOCTh 0Opa3ua (M3eNusl) TOJDKHA OBITh TIAAKOH, pOBHOW M CBOOOJHON OT OKaJWHBI WIIH
oKcHIHOU TuieHKH. OOpaboTKy MOBEPXHOCTH oOpasna (M3aenus) ToMycKaeTcs MPOBOIUTE HUTH(OBKOH
Ha HaXJAayHOW Oymare WM MENKUMM HamwibHUKOM. [lpu mcrmonbp3oBaHMM MIapuKa AWaMeTpoM lim
MTOBEPXHOCTH 00pasiia JoKHA OBITH OTIIOJIMPOBAHA.

3. Ucnonpiys cragmapt I'OCT 9012 — 59 BeiOupatoTcs onTUMabHBIE YCUIHA U3MEPEHHS (TUaMeTp
IIApHKa, YCUIIHE, JITUTEIBHOCTD BBIICPKKH).

Huametp oTnedaTka d U3MEPSIIOT ¢ MOMOLIBI HHCTPYMEHTATIFHOTO MUKPOCKOINA WM JIPYTUX CPEl
U3MEPEHHUSL.

3. Usmepenne tBepaocti meronoM Poksemna ('OCT 9013-59)

CywmHocTh MeTOoAa PokBesna 3akmoyaercst BO BHEAPEHHH B MOBEPXHOCTH 00pasia (Win U3AEmns)
alIMa3HOTO KOHyCa WM CTaJbHOTO C(PepHuecKoro HaKOHEYHHKA O]l JEeHCTBHEM IMOCIeN0BaTeIbHO
npuiIaraeMbIX MpeaBapuTenbHoro Fo 1 ocHOBHOro Fi ycunuii M B ompeneneHHH TITyOWHBI BHEOPEHUS
MHJIEHTOpA TOCJe CHATUS OCHOBHOro ycunus Fi. [IpuHOMNUANbHBIM OTIMYMEM METOAA H3MEPEHHS
TBepAocTH 1o Poksemny or meroma bpuHemns 3akimodaercs B TOM, 4To B Merone Poksemia 3a mepy
TBEPJOCTH MPUHUMAIOT INIyOMHY 0THe4aTKa, a B MeTo/ie bpuHemis auameTp oTnevarTka.

Jnst M3MepeHus TBEPIOCTH UCIIONB3YIOT CrienuaibHble pubops! (Hampumep, tBepaomep TK — 2).
IIpuGops! OKHBI 00ECTIeUNBATh IPHIIOKCHNE YCHIINH, YKa3aHHBIX B Ta0I. 1.

B KkadyecTBe HMHICHTOpa HCIOJB3YIOTCSA: AlMa3Hblii KOHYCHbIH HakoHedyHUK (mkaiel 4, C);
CTaJIbHOM IIAPUKOBBIN HAaKOHEUHHK JruaMeTpoM 1,588 mm (1ikansl B).

UYucneHHoe 3HaYEHHE TBEPIOCTH CUUTHIBAETCS CO LIKAJIBI MHIMKATOpA WM MOKa3zaTels uuppoBOro
OTCYETHOTO YCTpOWCTBa mpubopa C OKpyrieHneM pesynbrata A0 0,5 equHuMubB TBEpAoCcTH. 3amuch
pe3yibTaTa U3MEPEHUsT COCTOUT U3 YHCIEHHOTO 3HaYEeHHs TBEPAOCTH M3 TPEX 3HaYalluX HU(pp U CUMBOJA
tBeppoctd. Hampumep, 3amucy 65,0 HRC o3nauaer TBepmocth mo PoxBemry paBHy0 65 yCIOBHBIM
eavHunaM 1o mkane C, MOJy4YeHHBIM IIPY BIABJIMBAaHMM aJIMa3HOTO HAKOHEYHHMKAa B IIOBEPXHOCTH
oOpa3sia (u3nenus) ¢ oouum ycuuem F = 1500 H.

Taomuna 1
YcnoBus m3mMepeHns TBEpAOCTH MeToioM PoxBera
[xana Ob6o3nauenne | IlpexBapurensHoe OcHoBHOE Obuiee Huanazon
TBEPIAOCTH €IMHUIL yeunue Fo,, H ycuiue ycuiue U3MEpeHHs
HU3MEpEeHUs Fi, H FH € TUHUI]
TBEPAOCTH
A HRA 100 500 600 20...88
B HRB 100 900 1000 20...100
C HRC 100 1400 1500 20...70

Ot160p 1 MoAroToBKa 0Opa3LOB K M3MEPEHUIO TBEPIOCTH MPOBOJUTCS AaHATOTUYHO PACCMOTPEHHBIM
B MeTojie bpunems.

TBepmocth mo mKane 4 W3MEPSIIOT Ha TBEPABIX CIUIaBaX, Ha MeTaylax II0CJie MOBEPXHOCTHOM
yOpoYHsIomeH o0paboTKM, HA TOHKMX M XPYNKHX oOpasuax. TBepAocTh Mo mikajie B U3MEpSIOT Ha
CTallIX B OTOXIKEHHOM COCTOSIHWH, Ha IBETHBIX METaJIaX, €CIIM WX TBEPAOCTh He mpeBocxomut 200 HB.
TBepaocte mo mkane C W3MEPAIOT HA YNPOYHEHHBIX TEpMOOOpPAaOOTKOW WM TUIACTHYECKHM
Ile(i)OpMI/IpOBaHI/IeM CTaJIIX U TYT'OIUIaBKUX ME€TaJllaX U CIUIaBax.

Br160p MIKaIbl OCYIIECTBIISIETCS U3 CIEAYIONUX COOOPaKEHHIA:

- €CTM TBEPAOCTHh OOpasma (M31enus) He W3BECTHA, TO IMEPBOC M3MEPEHHE CICAYeT MPOBOIUTH IT0
mkane C;

- €CITM TBEPAOCTH MpH 3TOM okaxercs Ooipme 20 HRC, To 3T0 4mciI0 MpUHUMAIOT 32 pe3yJbTaT
U3MEpEHUS,;

- ecu TBepAOoCTh okaxketcst MeHee 20 HRC, To ciemyeT mMoBTOPHO W3MEPUTH TBEPAOCTH IO ITKAJIE
B.



B Hacrosmee Bpems IOyYeHBI
XapaKTEPUCTUKAMU MEXAHHYECKHX CBOMCTB,

3aBHCHMOCTH,

OITUCBIBAIOMIUX CBA3b TBEPOOCTU C
MMOoJIydyacMbIX IIpW HUCIIBITAHUAX Ha PaACTAKCHUC,

MOJI3y4€CTh, COMPOTUBIICHUEC YCTAJIIOCTH, U3HOC, HCKOTOPBIC U3 KOTOPLIX ITPUBCICHLI B Tabm1.2.

Tabmuia 2

q)OpMyHLI nepeBoaga €ANMHUILL TBEPAOCTU B XapaKTCPUCTUKHA
MMPOYHOCTHU IIPH PACTAKCHUN

®opmyna nepeBojaa [TorpemHocTh OO0iracTh IpUMEHEHUS
G602 = 3,67 HB-240 ~10% JlerupoBaHHBIE CTAJIH MEPIUTHOTO H
MapTeHCUTHOTO KiaccoB (HB>150)
co2= 2 'HB =10 % Toxe (HB<150)
op =345 HB YriepoaucTbie 1 HU3KOJIETUPOBAHHbBIE CTANU
<10 % (HB >150)
op =325 + 207 "exp (0,0377 ‘HRC) Yrinepoaucteie " JIESTUPOBAHHBIE
~2 % KOHCTPYKIIIOHHBIE cTau B JIATOM,
ropsTYeKaTaHHOM u TepMooOpaboTaHHOM
COCTOSIHUSIX
Ortuer

1. Onpemenuts TBEpAOCTH 00pa3lOB pa3IUYHBIX MaTepuanoB. Ha kaxaom oOpasue TBEpAOCTDH
U3MEPHUTH TPU pa3a U 3a pe3ysIbTaT H3MEPEHHH IPHHATH cpetHee apru(MEeTHIECKOe 3HaUeHHE.

2. 3amonHuTh Tab. 3. [ cpaBHEHUS TBEPAOCTH pa3HBIX 00pa3lOB BCE Pe3yNbTaThl H3MEPECHHH,
NOJTy4YeHHBIE IPH PA3IMYHbIX HArpy3KaxX M Ha Pa3iUuHBIX LIKAJIaX MEPecunuTaTh B TBEPAOCTD M0

bpunesnto.

3. Hcrmonw3ys Tabi. 2 OmNpeAenuTh Ipejesl MPOYHOCTH IPH PACTSDKCHHU JUIS UCCIIEyEeMBIX
craneil. [loryueHHble pe3yIbTaThl 3aHECTH B Ta01.3.

4. Cpenatb BBIBOABI O BJIMSHUM COCTAaBAa MaTepuana, TEPMHUUYECKOH, TEpPMOMEXaHHYECKOH |
MeXaHU9IeCKOH 00pabOTKM Ha TBEPIOCTh METAJUIMYECKOTO MaTeprana. YKas3arh, Kakoil crmocob
YIPOYHEHUS cTaleil spisiercs: Hanbosee () (HeKTHBHBIM.

Tabmuna 3
Marepuan Tun Harpys3ka, TBepaocTh Gs,
HWHJIEHTOpA H HRB | HRC | HB | MIla
Mens
JlaTtyns
AnroMuHUM
HropantoMuH

Cranb B XOJOAJHOKATOHHOM COCTOAHHUH

Cranb B TropsA4YCKaTaHHOM COCTOSIHUHU

Crajpb B OTOMOKEHHOM COCTOSIHUHU

Crajp B 3aKaJICHHOM COCTOSIHUH

Cranb B OTIIYIICHHOM COCTOSIHUHN

KoHTpoiibHBIE BONPOCHL:

1. Yro Ha3bIBaETCS TBEPAOCTHIO METAIIOB?

2. Kak o6o3Hauaercs TBeprocTh o PokBenny u bpunenmio?

3. B uem pa3Huia MeTonoB n3MepeHus TBepAocTH no bpunemto u Poksemry?

4. KakuM METOJIOM MOYKHO U3MEPHUTh TBEPAOCTh 3aKaJICHHOM CTaH?

5. Kakum mMeTooM cienyeT u3MepsiTh TBEPAOCTh aTFOMUHHEBBIX JeTanei?

6. Kak BrusieT Ha TBepJ0CTh MeTaJIa TepMOOOpaboTKa, 00paboTKa JaBIeHUEM?

7. 3anummTe pe3ysbTaT H3MEPEHUS TBEPAOCTH, €CIH CTPEIKa HHIUKATOPa TBEPJOCTH

OCTaHOBMJIACh Ha 3HayeHuu 46,75 HRB




8. Ilouemy mpu U3MEPEHHUU TBEPIOCTH HEM3BECTHOIO MaTepHalia Hy»KHO B Ka4eCTBE HHICHTOPA
HUCIIOIb30BaTh ajaMas?

Jlumepamypa:

1.I'OCT 9012-59

2.TOCT 9013-59

3. T'ennep FO.A., Paxmant A.I'. Marepuanosenenue, M., Meramnyprus. 1980. 447c.

4. Camoxoukuii A.M., Kynssckuit M.H. JlaGopaTopHble pa0OTBl MO METAJUIOBEICHHIO U
TepMHuyeckoi 00padoTke MetawtoB. M. MammuocTpoenue, 1981, 173 ¢

5. TMaucor W.B. TlocoOue k mabopaTopHbIM paboTaM IO MaTEPHATOBEACHUIO M TEPMHUUCCKOM
o0paboTtku MetamioB, M., Meramnyprus, 1968, 95¢

JlaGopatopHasi paGoTa Ne 2
Mukpockonu4ecKuii aHAJIU3 MaTepHaJIOB

Ilenwv pabomot :
1.13y4uTh METOUKY MPUTOTOBICHUS MUKPOLILTA(OB
2.VI3y4uTh ONTHYECKYIO CXEMy M KOHCTPYKIUIO BEPTUKAIHLHOTO METAIIOrpaduyeckoro MHUKPOCKOIa
MUM-7
3.3apucoBaTh MUKPOCTPYKTYPbl MUKPOLILTH(OB C MOMOIILI0 MUKpockoria MUM-7

Kpamkue meopemuuecKue ceeoeHus:

Ilon MMKpoaHaTU30M MOHHMMAIOT HM3Y4YEHHE CTPOEHHS METAJUIOB M CIUIABOB C ITOMOIIbIO
MeTaurorpaduaeckoro MUKpockona npu yseiandaennn B 50—2000 pas.
IIpu nomMon MUKPOAHATIN3A ONPEIEISAIOT:
1) dopmy u pazmep KpUCTAJUIMIECKUX 3€PEH, U3 KOTOPHIX COCTOUT METAJLI WX CILJIaB;
2) W3MEHEHHE BHYTPEHHErO CTPOEHMA CIUIaBa, MPOMCXOJALIEE IMOJ BIMSHHEM DPa3IMYHBIX PEXKUMOB
TEPMUYECKOH M XHUMHKO-TEPMHYECKOH O0OpabdOTKH, a TakKe I0cie BHEIIHEr0 MEXaHWYeCKOro
BO3JICHCTBHS Ha CIIJIaB;
3) MHKpONOPOKH MeTajljla — MUKPOTPEIMHBI, PAKOBUHBI U T. I1.;
4) HeMeTalNIMYECKHE BKJIIOYECHUS — CyIb(QUIBI, OKCHIABI U Ap.;
5) XUMHYECKHHA COCTaB HEKOTOPBIX CTPYKTYPHBIX COCTaBISIONIMX TIO0 WX XapakTepHoil Qopme u
XapaKTepHOMY OKpaIlMBAaHUIO CHENHaIbHBIMH PEaKTHBAMU M B HEKOTOPBIX CIy4asx MpUOIM3UTEIHHO
OTIPEAETSAI0OT XUMHUYECKHH COCTAaB N3y4aeMOro CIUIaBa.

Jns MEKPOCKOTIMYECKOTO aHajii3a M3 HCIBITHIBAEMOT0 MaTepHalla BBIPE3aroT o0paser M IMyTeM
psina onepanuii (LUt oBaHUs, MOTMPOBAHUS, TPABICHHUS ) JOBOAT /IO TAKOTO COCTOSIHHMS, KOTIa TIPH pac-
CMOTPEHHH €r0 B MeTaJUIOTpadpuiIecknii MUKPOCKOII BBISBIISIIOTCSI HEMETAJUIMYECKUE BKIIOYCHUS, MEJIKHE
nopsl, rpaduTr B 4yyryHe (mocie HUTU(OBAaHHUS W IOJMPOBAHMS) WIM MHKPOCTPYKTypa (mocie muiu-
(hoBaHwMSI, TOTUPOBAHUS M TPABICHUS).

[MogroroBneHHass Ui MCCIIEAOBAHMS IOJI MHUKPOCKOIIOM IOBEPXHOCTh 00pas3la Ha3bIBaeTCs
MUKPOULTUDOM.

Takum 00pa3oM, MUKPOCKONMMYECKHN aHAIN3 COCTOWT: 1) M3 MPUTOTOBIEHUS MUKPOIUIH(OB U 2)
UCCIIeIOBaHUSI MUKPOLLTHU(OB C MOMOIIBI0 METALIOrpagHIeCcKOro MUKpPOCKOTIA.

Ha BepesanHoM oOpasle BBIPaBHUBAIOT IOBEPXHOCTh, KOTOpas MpeAHa3HAuyeHa s
MuKpoaHanu3a. IlodydyeHue mIOCKOM MOBEPXHOCTH IOCTHracTCsl ONWIMBAHHUEM HANMIBHUKOM (eciu
Marepuan MATKUI) WM 3aTOYKoiW Ha abpa3uBHOM Kpyre (eciam MaTepuan TBepablid). Ilpu 3aTouke
o0pasia U3 3aKaJeHHOW CTald HEOOXOAMMO CIEAUTH 3a TeM, YTOOBI 00pa3el CHIbHO HEe HarpeBascs, TaK
KaKk IpH 3TOM B TOBEPXHOCTHOM CIJIO€ MOXET IPOM3OWTH OTIYCK M CTPYKTypa CTaJd H3MEHHUTCS.
[ToaTomy mpu 3aTouke oOpa3zer; He0OXOJMMO IEPUOANIECKH OXJIAXKIaTh MOTPY>KEHNEM B BOAY.

[Monmy4yeHHY0 TUIOCKYIO TIOBEPXHOCTh 00pasiia nuIMyroT Ha NUTU(OBATBHON (HaXIa4HOW) MIKypKe
C 3epHaMU Pa3IMYHbBIX Pa3MepOB (HOMEPOB) .

[IInupoanne HaYMHAIOT HA IIKypKe ¢ Oosiee KPyIHBIM aOpa3sUBHBIM 3€PHOM, 3aT€M IIOCTEIICHHO
nepexosAT Ha NUTM(OBaHUE IIKYPKOW ¢ 00Jee MEITKUM a0pa3uBHBIM 3€pHOM.

nugyror BpyyHYI0 Ha IIKypKe, MOJOXEHHOW Ha TOJICTOE CTEKJIO, WM Ha CHEHUATbHBIX
mQoBaNbHBIX  cTaHKax. [lpy mmdoBaHuum BpyuyHyl0 o00pasen MOATOTOBIEHHOH IUIOCKOCTHIO
OPWKUMAKOT pPyKOW K HUIM(QOBAIBHOW INKYpKe W BOAAT KM 10 Oymare B HalpaBiICHHUH,



HNEePIEHIUKYISIPHOM K PHCKaM, [IOJIYYEHHBIM IOCiie ONMWIMBaHUA HanwibHUKOM. llnudyror no nmomaHoro
WCYE3HOBEHHUS PHUCOK, TIOCJIE OSTOr0 IOBEPXHOCTh oOpas3la BBITUPAIOT BaTOM (WM TPOMBIBAIOT),
noBopaunBaioT Ha 90° m mumyroT Ha WKypke ¢ Oojee MENKUM aOpa3HBHBIM 3€PHOM IO MOJHOTO
WCUE3HOBEHHUs] PHUCOK, MOJY4YEHHBIX OT mpexaplaymiero mudosanusa. [lpu 3ameHe IIKypKH OJHOTO
pa3Mmepa 3epHUCTOCTU APYTHM 0Opaser] BHITUPAIOT BaTOW M MOBOpaduBarOT Ha 90°, 4TOOBI pUCKH MIPHU
nocieayomeid 00padboTke NoTy4aauch NePIeHANKYISIPHBIMUA K PUCKaM OT MpeAbLAyIIeil 00paboTKH.

MoxHO HUMQOBaTh TAaKKE CHEIHATbHBIMU IACTaMH, HAHECEHHBHIMH HA HEOONbLIME JUCTHI
YepTEeKHOM OyMarm.

Mexanndeckoe NUTH(GOBAHWE OCYHIECTBISETCS HA CIEHUAIBHBIX HUIM(OBAIBHBIX MAaIIHHAX,
UMEIOLNX HECKOJBbKO KpyroB amamerpoM 200—250 mm, 0OpPUBOOMMBIX BO BpalleHHE OT
anekTpoasuraress. Ha HOBEpXHOCTh KPyroB HaleBalOT WM HAaKJIEHBAIOT HUIM(GOBAJIBHYIO MIKYDKY.
MeToauKa MEXaHMYECKOTO NUTH(OBAHUS aHAJIOTHYHA METOJMKE PyYHOTO IUTH(OBAHHSL.

IMocne oxonuanus nuMgoBaHUS Ha NUTM(OBATBHON MIKYpPKE CaMOW MEJNKOH 3epHHUCTOCTH IIO-
JUPOBaHHEM YIAISIOT PHUCKM M oOpalaTbiBaeMasi MOBEPXHOCTh o0Opasla moisryyaercsi OnecTsie
3epkajgbHOM. [lomMpoBaTh MOKHO MEXaHUYECKUM U AJIEKTPOJIUTHIECKUM CIIOCOOaMH.

MexaHndeckoe MOJUPOBaHKUE NMPOU3BOJAT Ha CIELUATBHOM IOJIMPOBAIBHOM CTaHKE, OOTAHYTHIM
CykHOM unu ¢etpoM. CyKHO CMayMBaIOT HOJIHPOBATBHON KUAKOCTBIO.

ITocne monupoBaHust oOpasen MPOMBIBAIOT BOAOH; IMOJUPOBAHHYIO IIOBEPXHOCTH MPOTHPAIOT
BaTOW, CMOYEHHOH CIIMPTOM, a 3aT€M IMPOCYIIHMBAIOT MPHUKIAJABIBAHNEM (PIIBTPOBATBHON Oymaru Wiu
JIETKUM IIPOTHUPAHUEM CyXOH BaTOM.

YroObl NpeAOXpaHUTh MOJUPOBAHHYIO TIOBEPXHOCTh OT OKUCIIEHHSI, 00pa3Libl XPaHT B 9KCHKATOpe
C XJIOPHCTHIM KaJIbITUEM.

[Ipu >7€KTPONUTHYECKOM TMOJIMPOBAHMM B BAHHY C JJEKTPOJUTOM TOTPYKAIOT MOJIUPYEMBIi
oOpasery , ABJIOIIMIICA aHOIOM, M Karol M3 Hepxkasewowmend cranu. s 3IeKTpOTUTHYECKOTO
MOJIUPOBAHMS Pa3IUYHBIX CTalled, YyTYHOB U CIUIABOB IIBETHBIX METAJJIOB MPHUMEHSIOT Pa3IMYHOrO CO-
CTaBa 3JIEKTPOJIUTHI U Pa3IUYHbIE PEKUMBI .

IIpy >7€KTPONUTUYECKOM TOJIMPOBAHUU MOJ [JEHCTBHEM TOKa B IIPOLECCE JJEKTPONH3a Ha
MOBEPXHOCTH MeTajla 00pa3yercsl IUIEHKa HPOAYKTOB AHOAHOTO PACTBOPEHUS: TONIIMHA IJICHKU Ha
BBICTyIIaX 3HAYUTENHFHO MEHBIE, YeM BO BIAJWHAX, IOSTOMY BBICTYNIBI DPACTBOPSIOTCS Ooiee
MHTEHCHBHO U MTOBEPXHOCTH 00pa3iia BEIpaBHUBACTCS.

IIpn 2NEKTPOMUTHYECKOM IIOJIMPOBAaHMM IIOBEPXHOCTH oOpas3ma mnoiydaercss 0e3 IUICHKH
neopMUPOBAHHOTO METallIa |, CIIEIOBATEIhHO, 0€3 MCKaKEHUS CTPYKTYPHI B IIOBEPXHOCTHOM CJIO€, YTO
BO3MO’KHO ITPH MEXaHUYECKOM MOJTHUPOBAHHUH.

ITo 3epkanbHOl MOBEPXHOCTH 0O0pasla, MOJIYYEHHOH IOce MOJMPOBAHUS, HENb3sS CYAUTH O
CTPOEHUH cIljIaBa. TOJIBKO HEMETAIIMYECKUE BKIIOUCHHUS (CYIb(PuIbI, OKCUIBI, TPA(UT B CEPOM UyTyHE)
BCJIEJICTBUE MX OKPAIICHHOCTH B PAa3JINYHBIE [IBETA PE3KO BBHIACISAIOTCS Ha CBETIIOM (DOHE ITOIIMPOBAHHOTO
mukpounuiga.llosromy 11 BBIABICHHS MHKPOCTPYKTYPHl TIOJMPOBaHHYIO TOBEPXHOCTh 00Opasina
MOJIBEPraloT TPaBJIECHHIO, T. €. JEHCTBHIO pacTBOPOB KHCIOT, mienoued, cosed. [lpu TpasieHun
HEOTHOPOHBIE YYACTKH METaJlIa WU CIIaBa CTAHOBSITCS BUAUMBIMHU TI0]] MEKPOCKOTIOM.

CyIIHOCTh Tpoliecca BBISBICHUS CTPYKTYpPhl METAJUIOB U CIUIABOB TPaBJIEHHUEM 3aKIIOYAaeTCs B
Pa3IMYHON CTENEHH PaCTBOPEHUS WJIM OKPAIIMBAHMSI OTAEIBHBIX CTPYKTYPHBIX COCTABIAIOUINX — 3€PEH
YUCTBIX METAUIOB, TBEPABIX pPACTBOPOB, XHUMHYECKHX COENWHEHHWH. PasmudHble CTpYyKTypHBIC
CoCTaBJIsIoIMEe 00JalaloT Pa3sHBIM 3JEKTPOAHBIM TOTeHIHaaoM. Korjga mosiupoBaHHas MOBEPXHOCTH
CIUIaBa TIOKPBITA TPABUTENEM, SBISIOLINMCS JJIEKTPOIUTOM, OJHU CTPYKTYpPHBIE COCTABIISIOIINE CIIABA,
uMerole 0Oosiee 3IEKTPOOTPHULATEIbHBIM AJICKTPOIHBIA MOTEHIMAN, OyAyT SBIATHCS aHOAAMU U
pacTBOPSATHCA, JPYTHe CTPYKTYpHBIE COCTABIIAIONIME, C 0Oo0Jiee IOJIOKHUTEIBHBIM AIIEKTPOTHBIM
NOTEHIUAIOM, OyIyT KaToJaMH W COXPaHSAThCS HEM3MEHHBIMU. Tak Kak TakMX aHOIHBIX M KaTOTHBIX
YY4acTKOB MHOrO, TO B pe3ylbTaTe TpPaBICHUS Ha IIOBEPXHOCTH MHKpouumda o0pasyroTcs
MHOTOYHCIIEHHBIE BIAJAWHBI U BEICTYIIBI, KOTOPBIE U XapaKTepU3yIOT MUKPOCTPYKTYPY CIUIaBa.

IIpn ocBewmieHWH TPOTPABICHHOTO MHKpOLUTH(Aa HAa MeTauIorpauyeckoM MHUKpPOCKOIE JIydd
cBeTa OyAyT HO-pa3HOMY OTPa)KaTbCsl OT Pa3IMYHO MPOTPABHBLIMXCS CTPYKTYPHBIX COCTABIISIOMIMX.
CTpyKTypHBIE COCTaBISIOIINE, MPOTPABUBLINECS ClIabo, OTpas3siT B IOJE 3PEHHS MHUKpOCKOHa Oosblie
my4yeill cBeta M OyOyT KazaThCsl CBETIBIMU; CTPYKTYPHBIE COCTABIIAIOLINE, MPOTPABUBIIUECS CHIIBHO,
OTpa3sT B MOJIe 3PEHUS] MUKPOCKOIA, BCICACTBUE PACCESIHUS CBETa, MEHBIIE Jyded M OyAyT KazaTbcs
TEMHBIMH. TakuM 00pa3oM, Ha Pa3HULE B COCTOSHUU MOBEPXHOCTH M KOJIMYECTBE OTPAXECHHBIX JIydeil U
OCHOBAHO BBISIBIICHUE CTPYKTYPBI CIIIIABOB.



[IponomKUTENEHOCT TPABIIEHHUS 3aBUCUT OT MAapKH CTAlld M CTPYKTYPHI, HO OOBIYHO JOCTAaTOYHA
BBIZICP)KKA B HECKOJIBKO CEKYHI.

[IpuzHakoM TPOTpaBIMBAHUS SIBISETCS MMOTYCKHEHHE TMMOBEepXHOCTH. Ilocie TpaBieHus
MUKPOIIUTA(] TPOMBIBAIOT BOAOW, MPOTHUPAIOT BAaTOH, CMOYCHHOM CITHPTOM, a 3aT€M IPOCYIITHBAIOT
NpPUKJIaIbIBaHIEM (IIBTPOBATIBHON OyMaru WiH JIETKUM MTPOTHPAHUEM CYXOH BaTOM.

B pesynbTare TpaBieHUs JOMKHO OBITh YETKOE BBISIBIICHUE MUKPOCTPYKTYPBHI.

[Mocne u3roToBneHuss MUKpOULIH(a HEOOXOIUMO UCCIEAOBATh €r0 MHUKPOCTPYKTYPY C TOMOIIBIO
ONITHYECKOT'0 MUKPOCKOTIA.

KauecTBO MHKPOCKOIIa XapaKTEepU3yCTCAa BO3MOXXHBIM YBCIMYCHUEM, COBEPIICHCTBOM

I/I306pa)KGHI/I$[, paspemafomeﬁ CIIOCOOHOCTBIO MUKpPOCKOIA.
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Puc. 1 Ontudeckas cxema MUKpOCKOIIa

VBenuueHrne MHUKPOCKOINA PaBHO NMPOM3BEACHUIO YBEJIMYEHHH O0BEKTHBA M OKyJsipa. OOBEKTHB
YBEIMYMBAET PACCMATPUBAaEMBI TPEIMET, a OKYJISAp YBEIHYMBAET JIUIIh H300pakeHHE, MOIydaeMoe
oT 00bBeKTHBa, W He A00aBIAET K HEMY HHKaKMX HOBBIX OCOOEHHOCTEH CTPYKTYpBI, €CIIH OHH He
BBISIBJICHBI OO BEKTHBOM.

YBenuueHne 00beKTHBa

rae | — onrtuyeckas mHa TyOyca, T. €. PaCCTOSIHUE MEXIy cocenqHHMMHU (okycamu F1 u Fa, mms
Mukpockona MUM-7 ono paBHO 250 mm;

fos — (okycHoe paccTosiHue 0ObEKTHBA.

YBenuueHue oKyJsipa, Tak jKe Kak | IS JTYIIbL,

N 250

OK
OK

rae foc — (GokycHOe paccTosiHUE OKYJIsIpa.
OO01iee yBeTUICHIE MUKPOCKOTIA

N = N06N01< =L¥

M
fuﬁ oK
Pa3pemalou_[a5{ CIIOCOOHOCTH MHKPOCKOIIa d (CHOCO6HOCTB pa3ian4aTrb MeJlbYaime JAcTalln
HpezxMeTa) XapaKTECpU3yETCA YpaBHCHUEM

rae A — JUIMHA BOJHBI CBETA B aHTCTPEMax;
A — 4ducnoBas aneprypa 0ObeKTHBA.

CBeTOBBIC JIyYU OT JEKTPUUECKON JamIibl 1 (puc. 2) mpoxXomsT depe3 KOIJIEKTOp 2 ¥, OTPaxasch
OT 3epKaja 3, momajgarT Ha CBeTOPUILTP 4 (OOBIYHO KENTHIM AJIsl MOMYyUYeHUST H300paKEHHSI C PE3KUMHU
KOHTYypaMHM), 3aTeM Ha amnepTypHyo avadparmy 5 (U1 OrpaHMYCHHS CBETOBBIX IyYKOB U IIOJIyYEHHS
BBICOKOH YeTKOCTH W300paxkeHus ), JTHH3Y 6, (oro3arBop 7, moneByro nuadparmy 8 (s orpaHudeHUs
OCBEIICHHOTO MOJIsl PacCMaTPHUBAEMOI0 y4yacTKa Ha MHUKPOUIUTH(E), MPETOMISIOTCS NEeHTanpu3Mon 9,
npoxoniaT uepes nuH3y 10, momagaroT Ha oTpakaTeNbHYIO INIACTHHKY |1 HampaBnsitoTcst 00bekTHB 12 1



Ha MUKponutid 13, yCTaHOBICHHBIA Ha MPEeAMETHOM cTojimke. OTpa3uBIINCH OT MUKpornumada 13, ryam
BHOBbH IIPOXOOAT YCPE3 0O0BEKTHUB 12 ", BBIXOId M3 HETO IMapaJUICIbHBIM IYYKOM, IIOIMagarOT Ha OTpa-
JKaTeNbHYI0 TIAcTHHKY 11 u axpomaTtwueckyro nun3y 14. [Ipu BU3yanbHOM HaOJIIOJCHUM B XOJ JIy4en
BBOJUTCS 3epkayio 15, KoTopoe OTKIOHSET JIydm B CTOpOHY okyisipa 16. Ilpm dortorpadupoBannm
3epKaio 15 BBIKITIOYaeTCsl BHLABIKEHHEM TyOyca BMECTE C OKYJISIPOM M 3€pPKaJIoM U JIy4H HalpaBisioTCA
HEMOCPENICTBEHHO K (POTOOKYJsIpy 17, MPOXOIAT Yepe3 Hero Ha 3epkayio 18, oT KOToporo oTpaxaroTcst U
MOMAaaroT Ha MaToBoe crekio 19, rme m nmaror m3obOpaxkenue. J[ns (UKCHPOBAaHMS MUKPOCTPYKTYPHI
MaToBoe cTeksio 19 3a MeHseTcsT KacceTol ¢ OTOITACTHHKOM.

Puc. 2. Ontnyeckas cucrema Mukpockona MUM-7

Jis HaOMoJieHnsl B TOJIIPH30BAHHOM CBETE B CHCTEMY BKJIFOUAIOT BKIaaHOW anamm3atop 20 u
nojsipuzarop 21.

Muxkpockon MUM-7 (puc. 3) COCTOHUT U3 TPeX OCHOBHBIX YACTEH: OCBETHUTES, KOPIyCca U BEpXHEH
4acTH.

Ocserutens | umeer GoHaps 1, BHyTpU KOXKyxa KOTOPOrO HAaxXOaUTCs Jiamma. L{eHTpupoBouHbIC
BUHTBHI 2 CIIy’KaT JUIsl COBMELICHUsI LIEHTPa HUTH JIAMIIBI C ONITHYECKON OCBhIO KOJIIEKTOPA.

Kopnyc |l muxpockona. B kopiyce MUKpockona HaXoAsATCs: JUCK 3 ¢ HAOOPOM CBETO(MIBTPOB;
pyKosiTKa 4 mepekItoYeHus] POTOOKYISIPOB; MOCAJAOYHOE YCTPOWCTBO JJISl pAMKH 5 ¢ MaTOBBIM CTEKJIOM
WM KacceTsl ¢ poTormacTuHKoM 9 X 12 mm, y3en anepTyp HoW AuadparMpl, yKpEIUIEHHBIH 101 ONIpaBoii
OCBETHUTEIBHOM JIMH3BI 6; KOJIBLO C HAKATKOW 7, CiyXaliee Uil U3MEHEHHS JuaMeTpa auadparmsl; BUHT
8, BpaleHHEM KOTOpOTrO cMmemniaercst auadparmMa Jisl CO3JaHUs KOCOTO OCBEUICHWs; BUHT 9 s
(buKcaluy MoBOPOTa AaNepTyPHOU Aradparmel.

Bepxusst yacts |11 Mukpockona nmeer ciieayromue JeTajH.

1. Unmomunatopueiii TyOyc 10, B BepXHe# 4acTu KOTOPOTO PACIIONIOKEHO MOCAT0YHOE OTBEPCTHE
noJi 00bekTuB. Ha matpyOke WITIOMUHATOPHOTO TyOyca pacrosiokeHa pamka ¢ JuH3amu 11 st paboTsl
B CBETJIOM U TEMHOM I0JIe U pyKosiTKa 12 ans BkimoveHus: quadparmsl 24 npu paboTe B TEMHOM II0OJIE;
noJ KoxyxoM 13— menrtanpusma. B HiwkHel yactu koxyxa 13 pacnosoxeHbl IEHTPUPOBOYHbBIC BUHTHI
14 noneBo#t AuadparMel, JHaMeTp KOTOPOW M3MEHSIOT MpY oMoty nosoaka 15. [lox koHycom moneBoit
nuadparmel HaxoauTes GoTozaTBop 16.

2. BusyanbHblii (3puTenbHbIil) TyOyc 17, B OTBepcTHE KOTOpOro BcTaBisiercss okyisip 18. Ilpu
BH3YaJIbHOM HAOJIOECHUHN TyOyC BIBUTAIOT JO YIOpa, a mpu  (oTorpadupoBaHUN BBIABUTAIOT €TO JI0
OTKa3a.

3. IpeamerHsrit cromuk 19, xotopeiid mpu momomy BUHTOB 20 MOXKET HepeiBUTATHCS B ABYX
B3aUMHO NEPIEHAUKYJISPHBIX HAIpaBlIeHUsX. B IEHTpe ImpeaMeTHOro CTOJIMKAa MMEETCsl OKHO, B HETO
BCTABIISIIOT OJHY W3 CMEHHBIX MOAKIANOK 21 ¢ OTBepCTUSIMH Pa3NMYHOTO nuamerpa. Ha mpemmeTHOM
CTOJIMKE PACHOJOKEHBl AEPIKATeNH, COCTOALIMNE W3 BEPTUKAIBHBIX KOJIOHOK 22 W TNPYXHHAINX



NPKUMOB 23, KOTOPBIMH MHUKPONUIA() NPMKUMAETCAs K MMOAKIAAKE MNPEAMETHOTO CTOJIMKA.
MakpoMeTpuueckuil BUHT 24 CIyKUT IJIs TEPEMEIICHUS NPEIMETHOIO CTOJHMKA B BEPTUKAIHHOM
HaIpaBlIEHUH W 3TUM TPOU3BOAUTCS TpyOas HaBojka Ha (OKyC. 3aKUMHBIM BUHTOM 25 (UKCUPYIOT
OTIpEJICIICHHOE TIOJIOKCHHUE IPEAMETHOTO CTOJIMKA, YTOOBI OH CaMOIPOM3BOJLHO HE omyckaics. Jlis
YCTaHOBKU CTOJMKA 19 Ha HYXHOW BBICOTE Ha KPOHIITEHHE CTOJMKA HAarpaBHpOBaHA PHCKa, KOTOpas
YCTaHABIMBAETCS IPOTUB TOUKH, HATPABUPOBAHHOMN Ha KOPITYCE MUKPOCKOTIA.

4. MuKpoMeTpHUYECKUI BUHT 26, ¢ TIOMOIIbI0 KOTOPOTO OOBEKTUB MEPEMEIIA0T B BEPTHKAILHOM
HalpaBlieHWH W TOYHO HaBOAAT Ha ¢okyc. Pacxom MHKpoMmeTpudueckoil momadu 3 M, TeHa JeNeHus
6apadana — 0,003 s

Puc. 4. O6umwmit  Bux mukpockona MUM-7

OTYET

1.03HaKOMHUTBCS C KOHCTPYKITHEH U ONTHYECKO# cxeMoil Mukpockona MUM-7.
2.3apucoBaTh MUKPOCTPYKTYPBI MUKPOLLIH(OB
2.Cnenatb BBIBOJIBI IO paboTe

Konmponwvnsie 6onpocowi:

YTo Takoe MUKpOaHaIU3 U IS YETO €0 UCIOIb3YIOT?

Ha3zoBure 3Tansl mpuroToBieHnss MUKpouutuda

UTo BXOJUT B ONTHYECKYIO CUCTEMY MUKpockorna MUM-7?

Urto Ha3bIBalOT OOBEKTUBOM H OKYJISIpOM?

Kak noacuurats obuiee yBeanueHre MUKPOCKOa?

Yro npezcrasiseT coO00H OCBETUTENbHAS YaCTh MUKpOcKona?

Kakue cTpyKTypHBIE COCTABISIONINE MOKHO YBHJIETh HA HETPaBJICHOM HuTH(e?

Noukrwnr

Jumepamypa:

1.T'ennep F0.A. ,Paxmraar A.I'. Martepuanoseaenune, M., Meramyprus.1980. 447c.
2.Jlaxtun F0.M. JleontbeB B.I1 .Marepuanosenenue, .M., Mamunoctpoenue,1980,405¢



3.Camoxormkuii A.U., Kyassckuit M.H. JlabopaTopHbie pabOTHI IO METAJUIOBEICHUIO H TEPMUIECCKOM
o0pabotke MetaioB.M.MamuHoctpoenue, 1981, 173c.

4.ITaucos U.B. [Tocobue k 1ab0paTOpHBIM pabOTaM 110 MaTEPUAIOBEICHUIO ¥ TSPMHUYECKUIN 00pabOTKU
MetainoB,M.,Mertamnyprus, 1968, 95c.

JlaGopaTopHas paGora Ne3
HN3ydyeHne MUKPOCTPYKTYPBbI 5KeJ1e30yIJIePOAUCTBIX CILIABOB (CTAJIH)

Lenv pabomoi:

1. H3y4uTh MHUKPOCTPYKTYpPHl TEXHHYECKOTO JK€Ie3a, YIJIEPOIUCTHIX CTajieil B paBHOBECHOM
COCTOSIHUH.

2. CXeMaTH4ecKH 3apuCcOBaThb W ONHCATh HW3y4aeMble MHUKPOCTPYKTYPBHI.

3. Pa3zo0partb MHUKPOCTPYKTYpHI II0 TUArpaMMe COCTOSHHS KeJIe30—IICMEHTHT.

4. CocraBuTb OTYET O pabdoTe.

Kpamxue meopemuueckue ceedenus:

MUKpOCTpYKTypa TEXHHUYECKOTO jKelle3a W YIJIEPOJUCTHIX CTallell Jisi PaBHOBECHBIX YCIOBHIA
XapaKTepU3yeTCsl HUKHEH JICBOI YaCThiO AUArpaMMbl COCTOSIHUS JKee30-1eMeHTHT (puc. 1).

CmtaBel ¢ comepxanueM 10 0,02% C HaspBaroTcs TexaumueckuM xene3om, ot 0,02 mo 0,8% C —
JIOIBTEKTOUIHBIMU cTassiMu U OT 0,8 1o 2,14% C — 3asBTekTonAHBIMU cTaIsIMU. CIUTaB ¢ COAepKaHUEM
0,8% C Ha3pIBacTCS 3BTEKTOUIHOM CTAJIBIO.

MUKpPOCTPYKTYpa TEXHHYECKOTO Jkee3a. PacTBOprMOCTh yTrieponia B a-)Kee3e IMepeMeHHas (CM.
muanio PQ Ha auarpamme xene3o — 1ieMeHTUT). C MOHM)KEHHEM TEMIIepaTypbl PacTBOPUMOCTh
yriaeponaa B a-xenese nmoHmkaercs. I[Ipu 727° C B a-xkeneze pactBopsiercsa 0,02% C, a mpu KOMHaTHOH
temrepatype 0,006% C. Ilostomy cmnaBel xene3a ¢ coaepkanueMm 1o 0,006% C uUMET CTPYKTypy
TOJIBKO TBEPIIOTO pacTBopa yriepoja B o-kemeze, T. €. deppura. Ha puc.2 mana MUKPOCTPYKTypa
(depputa. B cmnaBax ¢ cogepxanuem ot 0,006 1o 0,02% C B CBS3M ¢ MOHMXKEHUEM PACTBOPUMOCTH
yIIeposia B o-Xkele3e MpH MOHMKEHUH TeMIlepaTypbl U3 geppura BBIIEISETCS IEMEHTHT, Ha3bIBaeMbIN
TPETUIHBIM. TpEeTHIHBIN IEMEHTHUT BBIIEISETCS TI0 TpaHHUIIaM 3epeH (eppura (puc. 3).
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Puc. 1. Hmxuss dacTh amarpamMMbl COCTOSIHHS YKEJIe30 — IEMEHTHT
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Puc. 2. XKenezo — deppur (x 200) Puc. 3. Crans ¢ 0,015% C — deppur u
TpeTHaHbI meMeHTuT (x500)



MUKpOCTPYKTYpa JO3BTEKTOMAHON M 3BTEKTOUJIHOW cTaid. MUKpPOCTPYKTypa JOIBTEKTOMIHOW CTaJIH
(mo 0,8% C) cocrout u3 deppura u nepaura. MukpocTpykrypa 3prekrouanoit cram (0,8% C) cocrout
W3 OJHOTO TepiuTa. MUKpOCTpyKTypa deppura aaHa Ha puc. 2. UTto ke mpeacTaBiseT co0oil BTopas
CTPYKTYpHasi COCTaBIISIONIas IO3BTEKTOMIHBIX CTajeil — mepiauT?

Puc. 4. SBTeKTouJ:[Ha;I craimb ¢ 0,8% C — nmepiut (x1000)

Ha puc. 4 nana mukpocTpykTypa nepauta. [lepaur — 3TO 3BTEKTOMA — MeXaHH4YecKas CMech
(deppuTa U IEMEHTHTA, MONyJaromascs B pesynbrare pacnana aycrenura ¢ 0,8% C. [Ipu TpaBneHun
uutuda cramu ¢ 0,8% C, T. €. 9BTEKTOUAHON CTaJIN, TOBEPXHOCTh UMEET MEePIaMyTPOBBIN OTJIHMB, B CBS3H
C 4eM TaKylo CTPYKTYpy M Ha3BajM nepiuToM. Ha MHKpocTpyKType mepiura oOImuil cBeTblid GoH —
(beppuT, BEICTYNAIOMINE IIACTHHBI— IIEMEHTHT, TEMHBIE MeCTa — TEHH. B 3aBHCHMOCTH OT CKOPOCTH
OXJIQK/ICHHS TUIACTHHBI IIEMEHTHTA B IIEPIIUTE MOTYT OBITh ATMHHEE MM KOPOUYE U TOJIIIE WIN TOHBIIE.

B nosBTeKTOMAHOI CTamy MOCHE TPaBIECHUs (PEPPUT BBISBIIAETCS B BUAE CBETIBIX MOJIEH, a IEPIUT
— B BHJIE TIOJIEH T0JIOCYATOTO CTPOEHHMs, O0oslee TeMHBIX, YeM (¢epput. Konnuecto nepiura u ¢peppura B
JO3BTEKTOMJHOM CTaIM 3aBHCHUT OT cojepxkaHus yrieponga. C yBenMYCHHEM COAEPXKAaHUS yTriepoja
KOJIMYECTBO (eppHUTa YMEHBIIAETCS, @ KOJIUYECTBO MepIInTa yBeTUUnBaeTcs (puc. 5).

[To MEKPOCTPYKTYpE JOIBTEKTOMIHON CTaJId MOYKHO MPHUOIN3UTENBHO ONPENENUTh COACpKaHNe B
Hel yriepona, Ui 4ero 10 MUKPOCTPYKTYpe Hy>KHO OPUEHTHPOBOYHO OMPEIENIUTD IUIONIAb (B IPOLCH-
Tax), 3aHIMaeMyto (GeppuTOM U NEepIUTOM.B CBsI3U ¢ TeM, uTo B peppuTe pacTBOPEHO OYCHb HEOOIBIIOE
KOJIMYECTBO YTJEepoJa, MPAaKTUUYECKH MOXHO CUUTATh, YTO B JIOIBTEKTOMIIHOW CTalld BECh YIJIEPOJ]
HaXOJMTCS B TIEPIINTE.

Puc. 6. Jloarexkronnnsie ctanmm — Qepput u nepiut (x500):
a—20% mnepnura; 06— 40% nepnuta; 6 — 70% mnepaura

F, -038
Torna conepxanue yriaepoaa C B CTalu MOKHO onpeneauTs 1o gpopmyie C = W %
rae Fn — 1uromans, 3aHIMaeMasi mepiuTom, B % .
[pennonoxum, Hanpumep, uro 30% Bceit mwiomanau 3aHsto ¢epputom, 70% — mepiauToMm.
70-0.8
Copeprkanue yriepoja B Takoii cranmm oyuner C = 100 =0.56%

MukpocTpykTypa 3a3BTekTouaHol cranu. Ctanb ¢ conep:kanueM yriaepoga ot 0,8 mo 2,14%
Ha3bIBAETCS 3a3BTEKTOMIHOW M MMEET CTPYKTYpY, COCTOSIIYIO M3 MEpIUTa M BTOPHUYHOTO IIEMEHTHTA.
BTOpHUYHBIN [IEMEHTHUT BBIICIISCTCS U3 AyCTEHHUTA MPHU OXJIAXKICHUU OT TeMOepatypbl A, (uuus SE) 1o
temneparypsl Ary (muHust PSK) (cMm. puc .1) BeneacTBHE yMEHBIICHHUS PACTBOPUMOCTH YTIiiepoja B
ayCTEHHUTE.




[Ipy MeniaeHHOM OXJaXJACHWU BTOPUYHBIA IEMEHTHUT BBIJIENSAETCS B BHUJAE CETKH IO T'paHUIAM
3epeH aycreHuta. [Ipu MoCTKEeHUH TeMIepaTypsl A1 ayCTEHHUT TpeBpariaeTcs B nepiauT. B pesynprare
MEJIJICHHOTO OXJIAXXACHUSI 3a9BTEKTOUIHAS CTallb UMEET CTPYKTYPY

Puc. 7. 3asBTexTOMAHASA CTANIb C 1,2 C — nepaut u nementut (x500)

Uem OoJpllie yriiepoja B 3ad9BTEKTOMTHOW CTalld, TeM OoJieeé MacCHBHOM (TOJICTOH) IOITydaeTcs
IIEMCHTHUTHAsI CETKA.
OTYET

1. IIpocMOTpeTs U M3YYUTh MHUKPOCTPYKTYPHl TEXHHYECKOTO JKeje3a W YTIEPOAMCTHIX CTaiel
C Pa3NIUYHBIM COJIEPKaHUEM YTIIEPOAa B PABHOBECHOM COCTOSIHHU.

2. Kaxxayro MUKpPOCTPYKTYpY 3apUCOBaTh .

3. Tlox xaxxnoil 3apuCOBAHHON MHUKPOCTPYKTYPOM JaTh MOJANUCH C YKAa3aHWEM HAMMEHOBAHMS
CIUTaBa, €ro XUMHYECKOTO COCTaBa, HAMMEHOBAHUS CTPYKTYPBI M yBEINICHHUS.

4. Ha xaxngod 3apucOBaHHOM MHKPOCTPYKTYpe yKa3aTh CTpelKaMH pa3iuuHble Qa3sl U
CTPYKTYpPHBIE COCTaBJISIOIIME U OKOJIO CTPENOK, Ha IIOJIAX, HANHWCaTh WX HAUMEHOBAHUE.

5. N3o0pa3uTh  nuarpaMMmy COCTOSIHHUS JKEIe30—IIEMEHTHUT, IPOBECTH Ha HEHl BEPTUKAITHHBIC
JIMHAHU, COOTBETCTBYIOIIUE pPACCMATPUBACMBIM CIlJIaBaM, U JaTb ONHMCAaHUC IMPOLECCOB HpeBpameHm‘ZI,
MPOUCXOAAINX TPHU OXJIAXKIECHUHU.

Koumponwvnwie onpocwi:

1.Kakue criaBbl Ha3bIBAIOTCS TEXHUUECKUM JKEIe30M?

2.Yro npeacTaBisiioT co00M JOIBTEKTOUIHBIE, IBTEKTOUIHBIC U 3a3BTEKTOUHbIE CTAIN?
3.JlaiiTe XapaKTepUCTUKY CTPYKTYPHOH COCTaBIISIONMICH- IEPIUT

4.Kak uaMeHsieTcs CTpyKTypa CTaIH NMPHU YBEIMUEHUH B HEH KOJUYECTBa yriepoaa?
5.YUto Takoe TpETUYHBIA HEMEHTUT?

6.11o 3aprcOoBaHHBIM CTPYKTYpaM OINHUIINTE MUKPOCTPYKTYPY JOIBTEKTOUTHON CTAU

7. Ilo 3apucoBaHHBIM CTPYKTypaM OMUIINTE MUKPOCTPYKTYPY 3BTEKTOUAHOM CTalu

8. I1o 3apuCOBAHHBIM CTPYKTYypaM OMUIIUTE MUKPOCTPYKTYPY 3a3BTEKTOMIHON CTaIN

Jlumepamypa:

1.'emmep F0.A. ,Paxmrant A.I'. Martepuanoseaenune, M., Meramyprus.1980. 447c¢.

2 Jlaxtun KO.M. ,JIeontneB B.I1 .Marepuanosenenue, .M., Mammnoctpoenne,1980,405¢
3.Camoxouxkuit A.W., Kynssckuit M.H. JIabopaTopHbie paboThI 10 METAJIOBEICHHUIO U TEPMUYECKOM
o0pabotke meramoB.M.MamuHocTpoenue, 1981, 173c.

4.ITancos W.B. Ilocobue k mabopaTopHEIM paboTaM 10 MaTePUATIOBEICHHUIO I TEPMUICCKUI 00pabOTKH
MetamioB,M., Meramtyprus, 1968, 95c.

JladopaTtopHasi pa6oTa Ned
H3yvyeHne MUKPOCTPYKTYPHI JKeJIE30YTJI€POUCTHIX CIVIABOB (4YTyHBI)

Llens pabomur:

1. M3y4nTb MHKPOCTPYKTYPBI: CEPBbIX U OENbIX UyTyHOB B HETPABICHOM U TPABICHOM BHJIE.



2. CXeMaTHYeCKH 3apucOBaTh M OIHCATh U3y9IaeMble CTPYKTYPHL.
3. CoctaBuTh OTYET 1O padorTe.

Kpamkue meopemuueckue ceedenus:

MuxkpocTpyKkTypa 0ebIX 4YyryHOB

B Oenbix 4yryHax Bech YIJIEpOi] HaXOJUTCS B CBS3aHHOM COCTOSHUH, T. €. B BHJE IIEMEHTHUTA.
benerii 4yryH B 3aBUCHMOCTH OT COJZIEpKaHUS yriiepoja pas3ieisercs Ha JodBTeKkTudeckwii (ot 2,14 mo
4,3%C), sprextrueckuii (4,3% C) u 3a3BrexTudeckuii (ot 4,3 mo 6,67% C). Bo Bcex OenpIx gyryHax
HMeeTCs IEeMEHTUTHAs OBTEKTUKA (J1e1e0ypuT). DBTEKTHUECKUI O€JIbIi YyT'YH COCTOHUT TOJNBKO M3 OAHOTO
nene0ypuTa, IO3TOMY PACCMOTPEHHE CTPYKTYPHI 0€JI0T0 4yTryHa 1ejIecoo0pa3Ho HAYWHATE CO CTPYKTYPBI
IBTEKTHYECKOTO O€JI0ro UyTyHa.

MHUKpOCTPYKTYpa 3BTEKTHYECKOTO OeJoro uyryHa. MHKpPOCTPYKTypa 3BTEKTHYECKOTo OeJoro
YyryHa COCTOUT TOJIBKO M3 OAHOTO JeneOypuTa (IeMEHTUTHOH 3BTEKTHKH), oOpasytomerocs mpu 1147°
C mpu 3BTEKTHYECKON KPUCTAJUIN3ALMHU XKUAKOTO cIlaBa ¢ comepxkanuem 4,3% C u coctosmiero (mpu
1147° C) u3 »BTEKTHUECKOr0 IIEMEHTUTA U ayCTeHUTa, conuepkamero 2,14% C (touka E Ha nuarpaMmme
xKenezo— LeMeHTHT). lIpu mocnenyromeMm OXJIaKACHUH BCICACTBHE YMEHBIIEHHS PacTBOPUMOCTH
yraepona B aycteHuTe (U SE Ha aumarpaMMe jkene30—IIeMEHTHT, pUC. 1) U3 ayCTeHUTa BBHIIEIIETCS
(kak W B 3adBTCKTOHMIHBIX CTaJIX) BTOPUYHBIA IIEMEHTHT. BTOPUYHBIA I[EMEHTHUT CJIHBAETCS C
LIEMEHTUTOM HIBTEKTUYECKUM, [IOATOMY B CTPYKTYPE IBTEKTUKH HEBO3MOXKHO yKa3aTb, I'/I€ HAXOAUTCS B
OTJIENTBHOCTH YBTEKTHYECKHUN IIEMEHTUT ¥ BTOPUYHBIN [IEMEHTHT.

IIpu 727° C 3BTEKTHUKAa COCTOUT W3 IEMEHTHTA (IBTEKTUYECKOTO M BTOPHUYHOIO) M ayCTCHHTA C
conepxkanuem 0,8% C. Ilpu 3TOM TemmepaType ayCTEHHT MPEBpallaeTcs B mepiuT. Takum o0paszom,
IIOCIIE TIOJTHOTO OXJIAXKIEHHUS NeneOypuT (IIeMEHTUTHAsE SBTEKTHUKA) COCTOUT M3 IIEMEHTHTA W TepJnTa
(puc. 2).

MUKpPOCTPYKTYpa JIO3BTEKTHYECKOr0 0Oenoro 4uyryHa. J{03BTeKTHYECKHUil OenbIii 4yryH mocie
MIOJTHOTO OXJIAXKJCHHUSI UMEET CIEAYIOUIYIO CTPYKTYpY: JIeaeOypuT (LEeMEHTHUTHas 3BTEKTHKA) + IMEpIUT
+ BTOPHYHBIH IIEMEHTHUT. BTOPWYHBIN IIEMEHTUT BBIICISAETCS W3 ayCTEHHTA, COAEPIKAIIETO IPHU
1147°C—2,14% C, aipu 727° C ;0,8% C.
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Puc. 1. IlpaBast yacTh auarpaMMbl COCTOSHUS Puc. 2. DprexTuueckuii Oenblif 4yryH

JKEJIe30 —IIEMEHTUT

B OenbIx 4yryHax ¢ HM3KMM coAep)kaHueM yriepona (O0muskum K 2,14%) BTOpUYHBIA LIEMEHTUT

BBISBIISIETCS IOCTATOYHO OTYETIIMBO, TaK KaK B TAKUX UyT'yHaX MaJo JeleOypuTa.

C yBenuueHWEM COJACp)KaHHUs yriepoja, Korga JieneOdypuTa CTaHOBUTCS OTHOCUTEIBHO MHOTO,

BTOPUYHBII IIEMEHTUT B CTPYKTYpE CIIMBAETCS C LIEMEHTUTOM JeneOypura (3BTEKTHUECKUM). MOXKHO

CUYHTATh, YTO CTPYKTYpPa TAaKHUX JOIBTEKTHUECKUX OENBIX YYTYHOB COCTOWT U3 JieAeOypHuTa (IIeMEHTUTHOM

3BTEKTUKH) U nepauTa. Ha puc. 3 nana MEUKpOCTPYKTypa JJOIBTEKTHYECKOT0 OETI0ro 4yryHa.
MHUKpPOCTPYKTYpa 3a3BTEKTHYECKOT0 0eJ0ro yyryHa. MUKpOCTPYKTYpa 3a3BTEKTHUECKOI0 OeIoro

YyTyHa COCTOWT M3 JiefieOypurTa (IEMEHTHTHOM 3BTEKTUKN) B IEPBUYHOTO IIeMeHTHTA (puC. 4).
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Puc. 3. I[oaia‘TeKTI/IquKH Puic. 4 3adBTeKTHYECKHi Gebiit YyTyH —
OeIbIil 9yTYH—TEPINT U JIeAeOypuT LIEMEHTHT NepBUYHBIN 1 Ieae0yput (x500)
(x500)

MHuKpOCTPYKTYpa cepbIX YyTYHOB

MHUKpOCTPYKTYpa cepblx 4yryHOB IIpy paccMOTpeHHH B MHKPOCKOII HETPABJICHOTO MUKPOILIH(a
Ceporo uyryHa XOpOIIO BHIHBI BKJIOUEHHs IUIacTUHYaToro rpadura (puc. 5).Ha Bemnumny wu
pacmosiokeHrne BKIIOUEHHH rpaduTa BIHUSIOT CKOPOCTh OXJIAaXKACHUs, TeMIepaTypa U BPeMs BBIIEPKKU
pacIIaBICHHOrO YyTyHa Iepe]l OTIMBKOM, XUMHUYECKUH COCTaB 4yT'yHa, BBEACHUE B UyT'yH HEKOTOPBIX
npuMeceld (Moaudukatopo). Hampumep, CKOpOCTh OXJNaxIEHHS BIUSET TakuM 00pa3oM, UYTO MpH
MIPOYMX PABHBIX YCIOBHUAX IrpaduT 00pasyeTcs TeM KpylHee, YeM MeIJICHHEe OXJIaXICHHE.

. L8 _¢ ‘.-.i 30 % 3.)
Puc. 5. Bkimouennss mnactunyatoro rpagura. lnmudsr Herpasnensie (X100):

a — TPSIMOJIMHEHHbIE; O — 3aBUXPEHHBIC; B — PO3ETOYHBIC; I — MEXICHIPUTHBIC

A t = R

Puc. 6. ®epputhsiii ceppiii  Puc. 7 ®epputo-nepautHeiii  Puc. 8 IlepautHsblil cepbiit uyryH —
YyTyH — (EpPUT U TUIACTHH- CepBId 9yryH — eppurt + TIEPIUT U TUTACTUHYATHINA TpaduT
yaThIiA Tpadut TIePIUTHUIACTHHYIATHINA TpaduT

Yem Oombllie meperpeB KUAKOTO YyryHa M YeM JOJIbLIE BPEMS BBIACPIKKU IPH 3TOM, TEM Mellbue
MOJTy4atoTCcsl TpaUTHBIE BKITFOUEHHS.
[ocne TpaBnenus: B 2—4%-HOM CIIUPTOBOM pacTBOpPE a30THOM KHCIOTHI METAITMYECKAss OCHOBA B CEPBIX
YyryHax OYE€Hb CXOJHAa C MHKPOCTPYKTYpOH CTajllel M B 3aBUCHUMOCTH OT KOJMYECTBA CBA3aHHOTO
yTIepoaa MOXKET ObITh (eppUTHOH, HEePPUTO-TIEPIUTHON U MEPIUTHOH.



TakuMm 00pa3oM, BO3MOXHBI CIEAYIOIIME THIBI CTPYKTYp CEpBIX UYryHOB: ¢eppur +
TUIACTHHYATBIN TpaduT — QeppuTHBIN cepblil uyryH (pHc. 6); peppuT + NepiuT + MIaCTUHYATHIA rpaduT
— (QeppuTo-IepIUTHBINA cepblii uyryH (puc. 7) (COOTHOIIEHHWE KONHWYecTBa (eppuTa U MepiuTa B
CTPYKType 4YyTyHa MOXET OBbIThb pa3iIM4YHbIM, B 3aBUCHMOCTH OT XMMHYECKOTO COCTaBa U YCJIOBHH
OXJIQXKICHHS); TIEPIUT + TIACTUHYATHIN rpaUT — MEPIUTHBINA Cepblil UyTYH (pHC. 8).

MUKPOCTPYKTYpa BBICOKOIIPOYHBIX YYTYHOB
ITpu paccMOTpEeHUH B MHKPOCKOT HETPABJICHOTO MHKPOLLTH(A BEICOKOIPOYHOTO YyTyHa XOPOIIO
BHJTHBI BKJTIOUSHUS IIapOBUAHOTO Tpadura (puc. 9).

Puc. 9. BricokonmpouHbIii 9yTyH—BKIIIOUeHHAS IMapoBuAHOrO Tpadura, mumd aHerpasieH (x100)

TpaBnenne MuKpouuiMda BBHICOKONPOYHOTO YYryHa HOpOM3BOAAT 2—4%-HBIM CHHPTOBBIM
PacTBOPOM a30THOU KUCJIOTHI.

z “ia) - A 55) e
Puc. 10 Bsicokonpounsnii uyryn (x100)
a — deppuT v MWAPOBUAHBIN rpadut; 6 — Qepput + nepiut + MmapoBUAHBIA TpaduT; 6 —
HEPJINT U MIaPOBUAHBIA Trpadut

B BBICOKOIIPOYHBIX YyTyHaX MOTYT OBITH T€ )K€ THIBI CTPYKTYp, KOTOpblE OBLIM yKa3aHbl LI
CepBIX YYTYHOB, HO TpayT B ITHX YyTyHaX MIApOBHIHBIA. TakuMm 00pa3oMm, BO3ZMOXHBI CIIEAYIOIIUE
THUIBI MUKPOCTPYKTYpPBl BBICOKOIPOYHBIX YYTYHOB: (DeppHUT + IApOBUIAHBIN rpadur — (EeppUTHBIIA
BBICOKONPOUHbIA uyryH (puc. 10, a); deppur + nmepautr + mapoBUAHBIA Tpadur — QGeppuTo-
NEepPIUTHBI  BBICOKOTIPOYHBIH 4yryH (puc. 10, 6) (cooTHOLIEHHWE MEXIY KOJIMYeCcTBOM (eppura u
NEpPJINTA B BEICOKOIIPOYHOM YYTI'YHE MOKET OBITh pa3iIMYHBIM B 3aBUCUMOCTH OT XMMUYECKOT0 COCTaBa U
YCIIOBUH OXJIQXKIEHUS ); TIEPIUT + MApOBUAHBIN rpa(UT — MEPIUTHBIA BEICOKONIPOYHEIH ayTyH (puc. 10,

8).

MHUKpOCTPYKTYpa KOBKUX YyTYHOB [IpH paccMOTpeHHH B MHUKPOCKOI HETPABJICHOTO MUKpoLUIH(a
KOBKOTO UyryHa XOpPOIIO BHJIHBI BKIIOYEHHS XJIOMbEeBHIHOTO Tpaduta (yriepoma oTxwura) (puc.
11).Muxkponnid KoBKOTo uyryHa TpaBiT 2—4%-HbIM CIIUPTOBBIM PACTBOPOM a30THOU KHCIIOTHIL.

Merannnueckasi OCHOBa KOBKOTO YyryHa MOXET OBITh (eppUTHOH, (EeppHTO-TICPIUTHBIA U
MIEPIUTHOMN. B COOTBETCTBUM C ATHM pa3iuyaroT QeppUTHBIHA, (heppUTO-TIEPIUTHBIN U MEPIUTHBIN KOBKUI
gyTyH (puc. 12). [Ipu paccMOTpeHNN B MUKPOCKOT HETPABICHOTO MUKPOILIH(a KOBKOTO YyTyHA XOPOIIO
BUJHBI BKIIOUYCHUS XJIOMbEBUAHOTO Tpadura (yrimepoma orxwura) (puc. 11).Ilocme TpaBneHus
METaJUIN4ecKasi OCHOBAa KOBKOT'O UyTYHa MOXKET OBITh (PeppUTHOH, HeppUTO-TIEPIUTHBINA U IEpIUTHOH. B
COOTBETCTBHUHU C 3THM Pa3IHYaOT QEeppUTHBINA, (EeppUTO-TICPIUTHBIA U MEPIUTHBIA KOBKHH 4yryH (puc.
12).
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Puc. 11. KoBkwif 9yryH — BKJIIOUEHHUS XJIOMBEBUAHOTO TpaduTa (yriiepoaa oTKUTa), IITH( HETPaBIeH
(x100)
S 3 i F

2

YIIEpO OTKUTA

‘ : A _ : 67 b :
Puc. 12. Koskuit YyryH:a — QeppUT U yriepol oTxura; 6 — deppur -+ nepaut +
(x200); 6 — mepnuT 1 yraepox orxura (x300)

OTYET

1. IIpocMOTpeTh U H3YYUTh MUKPOCTPYKTYPBI Pa3IHYHBIX YYTYHOB

2. Kaxxayto MUKpPOCTPYKTYpY 3apHUCOBATH .

3. Tloxm xax70ii 3apMCOBAHHON MHUKPOCTPYKTYPOM JaTh MOJMUCH C yKa3aHHEM HAWMMEHOBAHMS
CIUlaBa, €ro XHMMHYECKOrO COCTaBa, HAUMEHOBAHUS CTPYKTYPhI U YBEIUUCHHUS.

4. Ha xaxmod 3aprCOBaHHOH MHUKPOCTPYKTYpE VyKa3aTh CTPEIKAMHU pPa3IHdYHbIC (a3bl W
CTPYKTYpPHBIC COCTAaBJISIONIME U OKOJIO CTPEJIOK, Ha TMOJSIX, HANUcaTh WX HANMEHOBAaHHUE.

5. H300pa3uth jauarpaMMy COCTOSIHHS YKEJIe30—IEMEHTHUT, IIPOBECTH HAa HEW BEPTUKAIbLHBIC
JUHAHA, COOTBETCTBYIOIINE PAacCMaTPUBAaeMbIM CIUIaBaM, W JIaTh OINMCAHHE IPOLIECCOB IPEBpAICHUH,
MTPOUCXOSIINX TIPU OXJIAXKICHHUH.

Konmponwvnsie éonpocwi:

1.Kakue criaBbl Ha3BIBAIOTCS YyTyHAMHE?

2.Yro nmpexncrasiseT co00i MeTalIMUECKasi OCHOBA y cepbIx uyryHoB ? Kakyro posib B popMupoBaHuu
CBOICTB OHa Urpaetr?

3./laiiTe XapaKTepUCTHKY CTPYKTYPHOM COCTaBJISIONICH- JIeZeOypUT

4.Kak n3MeHsiercsi cTpykTypa 0eJioro yyryHa npH yBeJIMUCHHU B HEM KOJIMYECTBa yriepoja?

5.B yem oTnmume GENBIX U CEPhIX YYTYHOB?

6.Kakne gyryHsI Ha3pIBalOT KOBKUMH ? KakoBa ux cTpykrypa?

7. Kakue 9yryHBI Ha3bIBAIOT BEICOKOPOUHBIMU ? KakoBa ux crpykrypa?

8. Kakue uyryHbI Ha3bIBarOT OOBIYHBIMHE cepbiMu? KakoBa ux cTpykrypa?

Jlumepamypa:

1.T'enmnep 10.A. ,Paxmrant A.I'. Matepuanosenenne, M., Metanyprus.1980. 447c.

2 Jlaxtun FO.M. ,JIeontreB B.I1 .Marepuanosenenue, .M., Mammunoctpoenue,1980,405¢
3.Camoxonxkuit A.W., Kynssckuit M.H. JIabopaTopHsie paGoTHI 10 METAJUIOBEICHHUIO U TEPMUYECKOM
o0pabotke meramoB.M.MamuHoctpoenue, 1981, 173c.

4.ITancos W.B. Ilocobue k mabopaTopHEIM paboTaM IT0 MaTePHUATIOBEICHHUIO i TEPMUICCKUIH 00pabOTKH
MeTtaioB,M.,Meramryprus, 1968, 95c¢.



JlagopaTopHas padora Ne 5 Tepmuueckasi 00padoTka cramueii

Hean padoTsl

Lenp paboTel — HAyYWTh YYAIIUXCS CAMOCTOSTENBHO TIPOM3BOIUTH 3aKallKy M OTITYyCK
YIJIEPOJIUCTON CTaN.

B mpornecce BbIMoIHEHUs] pabOTHl ydaluecs AOJKHBI M3YUYHTh: yCTPOHCTBO MyQenbHOH meuw;
METOAMKY NPOBEIACHUS U PEXUMBI 3aKaJIKU U OTILYCKA.

IIpu6opsbl, MaTepraabl U HHCTPYMEHT

Hns npoBenerns paboThl HEOOXOIUMO UMETH: MY(ETbHYIO TIeUb; TEPMOAIEKTPHUECKUI TUPOMETD;
MaCJISIHYIO BaHHY; COJITHYIO BaHHY; 3aKaJIOUHBIA Oak C BOJOI; 3aKallOUHBIA Oak C MaciioM; prOOp TUMa
PokBemma; o0pasipl yriiepogucToil craim — KOHCTPYKIMOHHOW 40— 65 u WHCTpyMeHTadbHON Y9—
V12; xnemy; mTaHreHIUPKYJIIh; NUTH(OBaIbHYIO OyMary.

[oaroroBka o00pa3moB Jisi TepMu4Yeckoid o0padoTrkm. OOpasibl JTOMKHBI  OBITH
LWINHAPUYECKHE WM IPSAMOYTOJbHbIE AUaMeTpoM uiu TommuHon 10—15 am, BeicoToit 15—20 mm u3
YTIIEPOIUCTON KOHCTPYKIIMOHHOUW cTamy 40—65 W yriepoaucTo HHCTPYMEHTAIBHON cTtamn Y9—VY12.
Ha 60xoBoii mOBEpXHOCTH KaxI0ro 00pasiia JOKHO OBITh KIEHMO MapKu cTad. MapKy ctanu oOpasna
3amuchiBatOT B rpady 2 nporokona. OOpasubl U3MEPSIOT MPU MTOMOIIM MTAHTCHITUPKYJISA, U PE3yIbTaThl
3aMepa 3aluchIBalOT B rpady 3 mpoToKoIiIa.

OnpenesieHue TBEPAOCTH YIJIEPOAUCTON CTAJIU B HCXOJHOM (OTOKKEHHOM COCTOSIHUM

Onpenenuts TBepaocTh (Mo HRB) 00pasiioB B ucxogHOM (OTOMIKEHHOM) COCTOSIHUH, CHENATh
IepeBoJ] TTOJIYUYSHHOTO pe3yiibTaTa Ha TBepAOoCTh 0 HB u 00a 3HaYeHHs TBEPAOCTH, 3alrcaTh B Tpadsl 4
u 5 nporokona. HopMbI TBEpAOCTH B OTOXKKEHHOM COCTOSHHUH YTIEPOIMCTON CTaIM NPUBEICHHI B Ta0II.
26.

Tabauya 26 HopMbl TBepIOCTH YIJIePOAUCTON CTATH B OTOKKEHHOM COCTOSTHUH

TBepmocTb
TBepaOCTh OTOXK- N
N OTOXKEHHOU
Mapka cranu JKEHHOU cTalu Mapxka cranu
cramu HB (ue
HB (e 6oxee)
boiee)

40 197 Y9 192

45 207 Y10 197

50 217 Y12 207

3akasnka o0pa3noB M onpeieieHHe TBEPAOCTH YIJIEPOAUCTOMN CTATU MOCJIe 3aAKATKH

OoGopynoBanne st 3akainku. CrajbHble 00pasibl HArpeBalOT B My(QENbHBIX 3JICKTpOIedax
Pa3IMYHBIX KOHCTPYKIIUH.

OnHa U3 KOHCTPYKIUi My(denbHOH meun, yA00HOH B 3KCILTyaTaluy, roka3ana Ha puc. 17.1. Ieus
MPEJICTABIIECT COOOH METANIMYSCKUI KOPITYC 1), BHYTPH KOTOPOT'O TIOMeIIeH Mydeinb, coOpaHHbBIN 13
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Puc. 17.1. MydensHas neus
YeThlpeX MMAaMOTHBIX INUT 2. B Kaxmoi TUIMTe MMEeTCsl MO YEThIpe NMPOJOJIBHBIX Ia3a, B KOTOPBIX
MMOMEIIEHB! HarpeBaTebHbBIE CIIHpau 3.
Ha mony meuun ycraHOBJIeHa OTHENbHAs KepaMU4ecKas IUIMTKA 4, Ha KOTOPYIO NOMEIIAIOT HarpeBaeMble
obpasupl. [lpn HeoOXOOMMOCTH KEpPaMHUUYECKYIO IUIMTKY MOXKHO BBIHYTh, HOJOXHTh Ha BBIIBHKHOM
CTOJIMK 5, PacIoJIOKUTh Ha ITUTKE 00pa3Ilbl 1 BHOBb MIOMECTUTH B Medb. [IpOCTpaHCTBO MEXAY IUIMTAMHU
U KODPIIyCOM 3allOJIHCHO TEIUIOM30JIALIMOHHBIM MarepuanoM. Crnepean pabodasi kamepa 3aKpbIBaeTcCs



KepaMU4IeCKOH aBepIiel 6 ¢ MeTaTmaeckoi 00ImMBKOW. B 3aHe# CTeHKE eur UMEETCsT OTBEPCTHE 7 IS
YCTaHOBKU TEPMOIIAPBHI.

TemmepaTypy B IIeUd PEryJIUPYIOT PHIYaKHBIM PEOCTATOM, H3TOTOBJICHHBIM B BHJIE MOJICTABKU &8 K TICUH.
PeoctaT BBOAAT W BBIBOIAT TEPEABIIKECHUEM PYYKH 9, pacIloioKeHHOW Ha TMpaBoil OOKOBOHM CTEHKE
MOJICTABKH, TJe c/eaHbl Haanucu «Beenen» u « BeiBenen».

Ha 3amHell cTeHke MOACTaBKM HaxoMATCS ABe kKiaemMbl 10 Juis MOAKIIOUEHUS IIHYypa U TPH
mTernceNnbHbIX THe3na 11 ¢ 6ykBamu 4, 5 u B. [lpu BKIIFOUEHUM IITEIICENBbHOM BUIKU 12 B rHe31a A u b
Mevb MOTPeOIISeT MOIHYI0 MOIIHOCTb, a IIPY BKJIIOYEHUH B THe31a b 1 B — pabo4yo MOIIIHOCTb.

MakcumanbHas Temmeparypa HarpeBa meuun 1000° C. Bpems paszorpeBa 10 MaKCHMaJIbHOM
teMrepaTypsl 120 vum.

[lepen TemM kak BKJIIOYUTH I€4Yb, PEOCTAT BHIBOIAT, T. €. PYUYKy 9 cTaBAT B KpaiiHee MpaBoe
MOJIOKEHHE, a IITENCeIbHY0 BIIKY 12 BKIIIOUYAlOT B rHe3aa A u b. 3aTteM meub BKIIOUYAIOT B ceTh. Koraa
JIOCTUTHYTa MaKCHUMallbHasi TeMIlepaTypa, INTeNceabHyro BWIKY 12 mepecraBisitoT B THe3na b u B
(paboumii pexxum meun). Ecin HeoOXoawma MeEHBIAs TEMIIEpaTypa, MOCTENEHHO BBOAAT PEOCTaT
nepeIBIKCHUEM PYUKH 9 cripaBa HaJIeBo.

Memoouka nposedenus 3aKaiKu

1. Onpenenuth TeMIepaTypy 3aKalK{d CTalH, TMOJIB3YICh JUIS dTOTO HIDKHEH YacThIO THArpaMMBbI

Kene30—IeMeHTUT (puc. 17.2). Jlist cpeHeyriiepoucThIX JOIBTEKTOUIHBIX cTanel (40—65) HopMmab-
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Puc. 17.2. OntumanpHbeli HMHTEpBaJl TEMIEPATyp 3aKalKW YIJIEPOAUCTON CTaau

HOW TeMIiepaTypou 3akaikw siBisieTcs temreparypa Ha 30—50° C Beie nuanu GS (cm. puc. 17.2), 1. e.
Acz + (30—50° C), ;i BBICOKOYTIIEPOMUCTBIX 3ad9BTEKTOMAHBIX cTaieh (Y9 — V12) mHopmanbHoM
TEMIEpaTypoii 3aKaliku sBisieTcs Temreparypa Ha 30—>50° C Boimie nmunuu PSK (cm. puc. 17.2), T. e. Acy
+ (30—50° C). Temmeparypy 3aKajKu 3anucarb B rpady 6 MpoTOKoIa.

2. OmnpenenuTh BpeMs HarpeBa o0OpasioB u3 pacyera 1,5 mun Ha 1 My nuameTpa WK TOJIIUHBI
oOpasua u 3anmucath B rpady 7 NpOTOKOJIA.

3. OOpa3upl TOMECTUTH B TIeUb, HATPETYIO 10 TEMIIEPATyphl 3aKaIKH ISl CTAlId JaHHON MapKH, U
BBIJICpKATh B Ieun Tpedyemoe BpeMs. [Ipu HarpeBaHMM JO TEMIIEPAaTyphl 3aKallkd o0pa3loB U3
cramu 40 — 65 ucxonHast (eppUTO-TIEpIAUTHAST CTPYKTypa NPEBPATHTCS B CTPYKTYPY ayCTCHHUTa, a B
oOpasnax u3 cranmu Y9—Y 12 npu teMmmeparype 3akaikd OyJIeT CTPYKTypa ayCTeHUT W IIEMEHTHT, T. €.
4acTh [EMEHTHTA OCTAETCS HEPaCTBOPEHHOM.

4. OOpa3ubl MoCleI0BaTeNbHO OAWH 3a APYTUM BBIHYTH W3 €Y W OXJAIAWTh B BOojAe (4acThb
00pa3LoB) U B Maciie [PHU HEMPEPHIBHOM YHEPTUYHOM JIBMXKEHHH 00pas3la B OXJIaXKIAroIIei KUIKOCTH.
[Ipu oxnaxxaeHWW B BOJE IPOMCXOIWT paclaj ayCTeHWTa ¢ oOpa3oBaHHWeM MapTeHcuTa. [lpu
OXJIXKJICHUU B MacJie 00pa3yercsl cMelllaHHasi MaPTEHCUTO-TPOOCTUTHAS CTPYKTYpA.

5. O6a Topua 00pa3LoB 3aYUCTUTH Ha NUTH(QOBAITEHON IIKYPKE.

6. OrmpenenuTtb TBEPAOCTh 3aKajleHHBIX 00pa3noB o HRC u momydeHHBIN pe3yibTaTr 3amucarb B
rpadsl 8 u 9 IpoTOKOIIA.

b

OTnyck o0pa3inoB 1 onpeejieHne TBEPAOCTH YIJIEPOIUCTON CTAIH MOCJe 0TIYCKA



Oo6opynoBanue aJst oTmycka. YrToObl oOecmednTh paBHOMEPHOCThH HarpeBa 00pasIos,
HU3KOTeMInepaTypHblii  otmyck (200° C) Hamo mNpoBOIUTH B MAacisfHOW BaHHE, CpeAHe- U
BbICOKOTeMIiepaTypHblil oTyck (300—600° C) — B comnsHolt BaHHe. [Ipu OTCYTCTBHM MacisiHOM U co-
JITHOM BaHH MOYKET OBITH MCIIOJIE30BaHA dJICKTpHUecKas My penbHas meds (cM. puc. 17.1).

Memoouka nposedenus omnycka

1. Omnpenenuts BpeMs BBIICPKKH MpPH TeMIIepaType OTIycKa M3 pacuera 2—3 mun Ha 1 mm
JraMeTpa WK TOJIUHBI 0Opa3ua u 3anucats B rpady 10 nporokona.

2. OOpa3msl MOMECTUTh, B MacisIHYI0 BaHHYy, Harperyio no 200° C, BwImepxaTh B Hel
HEOO0XOAMMOE BpeMs M OXJIaJIUTh Ha BO3IyXeE.

B pesynbrare otmycka npu 200° C npoucXoauT MpeBpalleHue MapTeHCUTA 3aKaIKH B MapTEHCUT
OTIIyCKa, CHW)KEHHE BHYTPEHHHUX HAIIPSKEHUH M XPYIIKOCTH; TBEPAOCTh OCTAETCS MOYTH 0€3 N3MEHEHUI.

3. O0a Topma 3a4ucTUTh Ha nuIH(OBaIBHOI Oymare.

4. Onpepenuts TBeprocts o HRC u monydeHHsbldl pe3ynbrar 3ammcaTh B rpadsl 11 u 12
IPOTOKOJIA.

5. OO0pa3mpl MOMECTUTE B COJISTHYIO BaHHY, Harpetyio 1o 400° C, BeiAepKaTh B HEMl HE0OXouMoe
BpeMs M OXJIaAUTh Ha Bo3ayxe. B pesynbrare ortmycka mpu 400° C mpoucXoauT NpeBpalleHHe
MapTeHCUTa B TPOOCTHT OTIYCKa (MEJIKOAWUCHEPCHYIO (EeppUTO-IEMEHTUTHYIO CMECh), TBEPAOCTb
CHMIKAeTCsl.

6. O0a Topa 3aYUCTUTH Ha NUTH(OBATBHOM IIKYpKeE.

7. Omnpepenuts TBepaocth mo HRC u momydeHHBI pesynbsTar 3amucath B rpadsl 13 u 14
IPOTOKOJA.

8. OO0pasiupl MOMECTUTh B COJNSHYIO BaHHYy, Harperyio ao 600° C, BeimepkaTh B Hel
HEOOXOAMMOE BpeMsI

U OXJaguTh Ha Bo3ayxe. B pesynbrare ormycka npu 600° C obpasyercss copOMT oOTmycKa,
(eppuTo-1IeMEHTHTHAs CMeCh OoJiee KpyIHasi, 4eM TPOOCTHUT. TBepaOCTb elie Ooiee CHIKACTCS.

9. O06a Topua 3a4uCTUTHh Ha NUTH(OBATBLHOM HIKYpPKE.

10. Ompenenuts TBeprocts 1o HRC u monmyuyenHslid pesynbrar 3amucath B rpads 15 u 16

IPOTOKOJIA.
11. TlocTpouTh KpHUBHIE BIMSHHAA TEMIIEPATyphl OTITyCKAa HAa W3MEHEHHE TBEPAOCTH 3aKaJICHHOM
CTaJli B KOOpJMHATAX TeMIlepaTypa oTIycka — TBepIOoCTh (puc. 17.3).
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Puc. 17.3. KpuBbie BIusiHUS TeMIIepaTyphl OTITYCKa Ha U3MEHEHHE TBEPAOCTH 3aKAIEHHBIX
YIJIEPOAMCTHIX CTAJICH C Pa3IMYHBIM COACPIKaHUEM YIIIepoaa
IIpoToK0J TepMHUUecKOil 00Pa0OTKHU YII€POAUCTOM cTamn
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Bpewms | Teepmocts mocne | TBepmocts nocie | TBepaocTs mocie
BbIepk| otmycka 200° C otmycka 400° C otmycka 600° C

KU IIpH HRC HRC HRC
OTHyCK | 3akanka B | 3akayk | 3akanka |3akanka| 3akajika B | 3aKajik
€ B MUH BOJIC aB BBOJE |BMacie| Boje aB
Macie Macie
10 11 12 13 14 15 16

OTueT o mpoBeIeHHOI paboTe TOHKEH ColepKaTh CleAyIolIee:

1. Bamanue.

2. Lens paboTHL

3. 3amoJHEeHHbII MPOTOKOJ TEPMUUECKOI 00pabOTKH YTIIEPOJUCTON CTaNH.

4. Kpussle BIUSHUS TEMIIEpaTyphbl OTITyCKa HAa U3MEHEHHE TBEPAOCTH 3aKaJeHHOH yTiepoaucToit
CTaJIH.

Jabopamopnasn paboma Neb
IIpoxamuBaeMocTh cTanei

1. HEJIb PABOTBI:
1.1. TIo3HaKOMUTBCA C METOJUKOM OIpeaeNIeHUs] NMPOKAIUBAEMOCTH CTaJIe METOJIOM TOPIIOBOM
3akayiku B cootBeTcTBHM ¢ [OCT 5657 — 69;

1.2. [laTb CpaBHUTENBHYIO OLIEHKY MPOKAINBAEMOCTH YTIIEPOJUCTHIX U JIESTHPOBAHHBIX CTaleH.
2. TEOPETUYECKHWE CBEJJEHU A

OObeMHasi 3aKajika CTajledl Ha MapTEHCHT SIBIISIETCS IJIaBHBIM CHOCOOOM YIPOUHEHHS! OOJIBILIOM
IPYIITBI KOHCTPYKIIMOHHBIX cTaneil. J[is netaneii, paboTaroIINX B YCIOBUSIX PACTSDKEHUS, TPEOYeTCs, YTOObI
MapTeHCHUTHAsI CTPYKTypa Obuia chopMUpOBaHa TI0 BCEMY CEUCHHUIO JieTanei (OO0JIThI, IITIBKH, KOPITYyCHbIC
getamd u T.4.). Jns oOecrieueHMst OZHOPOAHOCTH CTPYKTYpPBl OXJIXKICHWME TPU 3aKajke HEOOXOIMMO
MPOBOJIUTH TAKMM 00Pa30M, YTOOBI M30EXKaTh pacrajia aycTeHWTa Ha (peppuTo - KapOMIHYIO cMeCh. DTOrO
MOJKHO JIOCTHYb, €CITU CKOPOCTh OXJIXKICHHS Vo, OyJIeT TPEBBINIATh KPUTHUESCKYIO CKOPOCTh. Kpumuueckotl
ckopocmuio 3akanku Vy,, Ha3bIBACTCS MUHUMAIBHAST CKOPOCTh OXJIKICHHUH, TIPH KOTOPOW ayCTEHHUT €Ilie He
pacnazaercst Ha (heppHTO - KapOUIHYIO CMECh.

OueBHIHO, YTO VIS TEJ KOHEUHBIX Pa3MEPOB CKOPOCTh OXJIAX/ICHHS Ha TIOBEPXHOCTH Beer/ia OOIblIIe,
YeM B LieHTpe (prcyHOK 1). Ecii ckopocTh oXJakaeHust B IEHTpE Ty OOJIble KPUTHYECKOH, TO BECh 00bEM
ayCTEHHUTA IPH 3aKaJKe NPEeBPAaTHTCA B MapTeHCUT. Ecin B eHTpe Tena CKOpOCTh OXJIaXKICHUsI MEHBIIIE, YeM
KPUTHYECKAs, TO MapTECHCUT 00pa3yeTcss TOIBKO B MIOBEPXHOCTHBIX CNOSIX, TIE Vo > Vip, @ B IIEHTPE ayCTCHHUT
Oyzer pacmamaTbess Ha (GeppuTo - KapOWmHyIo cMech. [Ipu 3TOM Telmo He TPOKAIWTCS HAacKBO3b. HemommHyro
NPOKATIMBAEMOCTh  LIEJIECO00Pa3HO PEKOMEH/IOBATh [UIsl M3IENWH, paloTAIMX B YCIOBHUSX MUKIMYECKOTO

3HAKOIICPEMCHHOI'O HAI'py>KCHU, n3rubda unm Kpy4dCHIs1, KOIrZld HCﬁﬂBYEOHHdC HAIpPsHKCHYST MaKCUMAIbHbI B
TTOBEPXHOCTHBIX CITIOSX.
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Pucynok 1 — CxeMbl, MOKa3bIBaIOIIME PA3THUHYHO CKOPOCTh OXJIAXKIICHHS TI0 CEYEHHIO U CBSI3aHHYIO C STHM HECKBO3HYHO
TPOKATMBAEMOCTB: &) SITI0pa PacIpepeNIeHUsI CKOPOCTEeH OXJIaKICHHS M0 CEYSHUIO MMINHPA TIPH 3aKaJKe;
0) AuarpaMMa U30TePMHUUECKOTO MPEBPAIICHHS ayCTEHUTA U CKOPOCTEH OXJIAXKICHUS MIPH 3aKaJIKe
IWIHHPA

[IpokanmBaeMoCTb SBJIAETCS OJHUM U3 BOKHEHIIMX TEXHOJOIMUYECKHUX CBOMCTB CTAIEW M KOJIMYECTBEHHO
XapakTepusyeTcs TIyOMHOM NPOHWKHOBEHHUS 3aKaJleHHOM 30HBI. [IpOKaIMBaeMOCTb 3aBUCHT KaK OT
BHYTPEHHUX (XMMIUECKUM COCTaB, pa3Mep ayCTeHHUTHOIO 3¢pHa H T.J1.), TAK U OT BHENMHKX (DAKTOPOB (MHTEHCHBHOCTE
OXJIKIICHHS), @ TAKOKE OT TEOMETPUYUESCKUX Ppa3sMepPOB M MACCHI TeJTa (OTHOITICHHE TIOBEPXHOCTH Tejia K ero o0bemy). st
ONHMCAHUs TPOKATMBAEMOCTH KaK CBOWCTBA CTAIM, ONpEENeHHE 3TOM XapaKTEepUCTHKM MPOBOIAT B CTaHAAPTHBIX
YCIIOBUSIX, NCKITIOYAFOLIMX BIMSIHUE BHELIHNX (DAKTOPOB U PA3MEPOB 3aKAIMBAEMOTO Tejla.

Jns  npakTHYecKoM OLIGHKM MPOKaJMBAEMOCTH  MCIOJIB3YIOT KPUTEPHUH, HA3bIBAEMBbIil
kpumuueckum ouamempom D,,, ipeacTaBistommii co0oif MaKCUMaIbHBIM JUaMeTp LUINHJPA, KOTOPHIH
NPOKAJIMBACTCS HACKBO3b B JITAHHOM OXJaauTene (BoJa, mMacio, Bo3AyX M T.A.). OueBHAHO, YTO UIS
pasnnuHbIX oxjagurenel Dy, Oyaer pazHbIM.

J1g 9KCTIepMEHTANBHOTO ONpeETIeHNs MPOKAIIMBAEMOCTH UCIIONIB3YIOT METO TOPIIOBOM 3aKalKu
(F'OCT 5657-69). [ins mpoBeaeHUs: TOPLOBOI MPOObI, MPEeABAPUTEIHHO HOPMAIM30BaHHBIE. CTAaHJApTHEIE
o0pa3ips! (pucyHok 2) B teuenue (30...50) MHH mpoOrpeBaroOT B MEUYW JI0 TEMIIEPAaTyphl, PEKOMEH IyeMOi
JUTST HarpeBa JaHHOW CTaJ M TOJ 3aKajKy. Eciu ams WCheITyeMOl CTaly yKa3aH MHTEpBaJl TeMIepaTyp
HarpeBa TOJ| 3aKajKy, TO oOOpasell MporpeBaloT 10 TeMIepaTyphl, COOTBETCTBYIOLIEH BEpXHEMY
3HAYEHUIO ATOTO HMHTepBana. s MCKIIOYEHUS OOE3yTIIEPOKUBAHHMA M OKHCICHHS HArpeB BeAyT B
3aIUTHON aTtMoc(epe WM B CIIENMATBHOM MPHUCIIOCOOIIEHUH, 00eCTIeYMBAIOIIEM 3aIIUTy TOBEPXHOCTH
o0pasua oT okucieHus1. [IpoJoKUTETbHOCT BBIICPKKH IIPU HarpeBe cocTaBiseT 30 MUH.

CrannapTHelii 00pasel mocje HarpeBa B MeYH ObICTPO MEPEHOCAT B CIIELHAIBHYIO YCTaHOBKY, B
KOTOPOM €ro OXJIaXAal0T CTPyel BOJbI IO ONpPeesIEHHBIM HAIIOPOM TOJIBKO € TOpLa (PUCYHOK 2).
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Pucynok 2 Ycranoska (a) 1 obpazern (0) 1Jist TOpLOBOI 3aKkanku: 1 - ypaBHUTeNbHas TpyOKa Ay
CO37IaHUs TIOCTOSTHHOTO Haropa; 2 — HalopHBIA 0avok; 3 - mrTaTuB; 4 — 00paserr; 5 — coIio;
6 — ciuBHast KOpoOKa.

IMocne momHOTO OXJaXJCHHS OOpa3la Mo €ro JABYM JHAMETPAIBHO MPOTHBOIOJIOXKHBIM
0bpa3zyronmM conuin(oBBIBAIOT IUIOMIAAKH Ha rayouny 0,5 mwm. Ilo mmHe 3THX Mromanok depes 1,5 —
3,0 MM m3MepsitoT meTonoM PoxBemna TBepmocTh mo mkaige C M CTPOSAT KPUBYIO MPOKATMBAEMOCTH B
koopauHarax TBepmocth HRC - paccrosame ot topua |. UeM MeHBINE MPOKAIMBAEMOCTH CTAIH, TEM
ObICTpee maJaeT TBEPAOCTh NPH YAaJCHHHM OT Topua. Jas pasHbIX MJIaBOK OJHONH MapKH CTaju
MoJTy4aeTcsi HabOp KPUBBIX MPOKAMBAEMOCTH, TaK KaK XUMUUYECKUN COCTAB CTajH, a, CIEJOBATEIbHO,
U TMPOKAIMBAEMOCTh MEHSIOTCS B HEKOTOPBHIX mpejenax. lloaToMy cranb ONpEeeHHOW MapKu
XapakTepu3yeTcsl Mapo4yHoOl nonocou npokarueaemocmu (pucyHok 3). Mugekcamu (nudpOBBIMH
HOKa3aTCH5{MI/I) MNpOKaAJIUBAEMOCTU MaApKHU MOTYT CJHYXKUTbh MaKCHMajJlbHasg WJIW MHUHUMAJIbHAA

HRCmax(HRCmin)
I

MaKCUMallbHOC W MHUHHUMAJbHOE pAaCCTOSHUE OT TOpPIa JO TOYEK C 3aJaHHON TBEPIOCTHIO

HRC 60 48
(IT——————). Hampumep, I1— - tBepmocth 60 HRC Ha paccrossauu 10 mm ot topra; [T—— —
I min : I max 10 6:20

tBepaoctb 48 HRC wumeer mecro Ha paccrosauu ot 6 go 20 mM. (ompenensieTcs MO IOJIOCE
HPOKAJTNBACMOCTH).

TBECPAOCTb HA OIPCACICHHOM pPACCTOAHUU OT OXJIAKAAaEMOIro TOpLa (H ), niIn

HRC HRC
HRCuus
h
I, MM I, MM
a) 0)

Pucynok 3 Kpusast mpokainBaeMoCTH, IOCTPOSHHAS TI0 TaHHBIM TOPLIOBOH MPOOHI (2)
Y TI0JI0Ca TIpOKaMBaeMocTH st Tol ke ctanu (0). HRCy; — TBEpIOCTh MOTyMapTEHCUTHOM 30HEI.



[pu olleHKe MPOKANTNBAEMOCTH, 3aKAIICHHBIMH CUUTAIOT CJIOH, B KOTOPBIX COJIEPKUTCS HE MeHee 50
% MapTeHcHuTa U 0CTalIbHOE TPOOCTHUT (TIomyMmapreHcuTHas 30Ha (IIM3)) unmu cioii co cTpykTypoit 95 %
MapreHcuTa. Ecnu umerorcs maHHble 1m0 TBepaoctu S50 (95)-mpoueHTHOro MapTEHCHTHOTO CIOS IS
UCCIIelyeMOW CTaNH, TO, UMesI KPUBYIO MPOKATWBAEMOCTH, MOYKHO OTPEJICIUTh PACCTOSHIE OT TOPIA JI0
COOTBETCTBYIOIIIEH 30HEI h (prucyHOK 3, a).
JlerupoBanue MOOBIMU 3JIEMEHTaMHU, KPOME KOOAJIbTa, YBETHYUBACT MPOKATTUBAEMOCTh CTAJIH.

3. OBBEKTBI UCCIIEHJOBAHI, OBOPYIOBAHUNE

OO0mBexThl uccnenoBanusa — o0pasusl cranei 40 u 40X B HOpManu30BaHHOM cocTosHuM. Harpes
CTalledl MOJ 3aKaJKy OCYIIECTBIISIIOT B KAMEPHBIX Iedax. TOPLHOBYIO 3aKallKy MPOBECTH Ha CIIEHUAIBHOM
ycTaHOBKe. VMI3mMepeHus TBepA0CTH MpoBOAAT Ha npubopax Tuna TK no mkane C.

4. BAJAHUE HA PABOTY

1. IIpoBecTH TOPLIOBYIO 3aKalIKy Ha UCCIEIYEMBIX 00pa3lax;

2. Ha nByx comu@oBaHHBIX IUIOUIAAKAaX H3MEPUTh TBEPAOCTh OO0pa3LNOB HA 3aJaHHBIX
PacCTOSHHSIX OT Topra (Tadinma);

3. TTocTpouTh KpHUBBIE MPOKAIMBACMOCTH, pUHUMAast 3a TBepJocTh HRC cpennee 3HaueHue s
IBYX pe3yJbTaTOB U3MEPEHUI Ha OJJMHAKOBOM PACCTOSIHUH OT TOPIIA.

5. ITOPAAOK BBIIIOJIHEHM A PABOTbI

1. IlpeaBapuTeIbHO HOPMATU30BaHHBIE CTAHJAPTHBIC 00PAa3Ibl U3 YIIEPOIUCTON U JIETUPOBAHHON
cTaslell IOMECTHUTH B IeYb IS HarpeBa IoJ 3aKajlKy. TemrmepaTypy HarpeBa BEIOpaTh B COOTBETCTBHU C
MapOYHBbIM COCTaBOM CTal€il M0 CIIPaBOYHUKY. BpeMs BbIAEPKKU IPU AAHHON TEMIIEPAType COCTABIISAET
25 MUH.

2. IIpoecTn oxnaxkaeHHe 00Opa3IoB B YCTAHOBKE JIJIST TOPITOBOM 3aKajIKH.

3. Ha numdoBanHbIX mmomaakax odpasnos usMeputb TBepaocTh HRC Ha paccTosHHAX OT TopIia,
pEKOMEHIyeMbIX cTaHnapToM (Tabnuna). [loiaydeHHbIe pe3yabTaThl 3aHCaTh B TAOIHUITY.

4. Tlo pe3ynbraTam u3MepeHHs TBEPAOCTH TTOCTPOUTh KPUBBIE MPOKATMBAEMOCTH. IMes naHHbIE 110
tBeproctd 50 (95)-mpOIeHTHOTO MAapTEHCUTHOTO CJIOS OINPEACIUTh TOJO0KEHUE ITOTYyMapTEHCUTHOM
30HBI ¥ 30HHI 95 % MapTeHcura.

6. COOEP’)KAHUE OTYETA

1. Lenp paboTsr;

2. KpaTkue TeopeTndeckre CBEICHUS;

3. ITops10K BBITTOJTHEHUS Pa0OTHI;

4. Pe3ynbTaThl H3MEpEHHIA;

5. KpuBble IpoKanBaeMOCTH AJIsl UCCISAYEMBIX CTaJICH;
6. BriBogie 110 padore.

Tabnuua — PesynbraTel n3MepeHuit

Paccrostmuwe |15 (30 45 |60 |75 (90 |10,5 12,0 | 135|150 | 18,0 | 21,0 | 24,0 | 27,0
OT  TOpIIa,

MM

Cranp 40,

HRC

Cranp 40X,

HRC

7. KOHTPOJIbHBIE BOITPOCBI

1. Yro Takoe mnpokanuBaeMoCTh craneit? Kakas pasHUIla MEXIy MPOKATUBAEMOCTBIO WU
3aKaJIUBAE€MOCTBIO CTaIeH?




2. Kakuwe cymecTBylOT KOJIHYCCTBEHHBIC KPUTEPHU MPOKATUBACMOCTH KOHCTPYKIIMOHHBIX
cranei?

3. Uro moxpa3ymeBaeTcs MOJ 3aKAICHHBIM CII0eM?

4. Kakwue BHEIIHNE U BHYTPEeHHNE (haKTOPHI BIUAIOT HA TPOKATHUBAEMOCTD CTaJICH?

5. B kakux ciygasx Heooxoammo 3uanue 50 % mpokanuBaeMocTd wiu 95 % mpokanuBaemocTu?

Jabopamopnas paboma Ne 7
MuxkpoaHa/u3 CIUIABOB Ha OCHOBE Me/IH

Heas paGoTsl

Lenp paboThl — HAYYHUTH YyUAIIUXCS CAMOCTOATEIHHO NMPOBOAUTH MUKPOAHAIN3 MENH, JTaTyHel u
OpoHs.

B mpouecce BeImonHEeHUs paboThl yYaluecs JOKHBI U3yYUTh MUKPOCTPYKTYPBI MEJH, JIATYHEH U
OpOH3 B CBSI3U C TUarpaMMaMH COCTOSTHHSL.

IIpu6opsbl, MaTepuaabl U HHCTPYMEHT

Jns mpoBeneHuss paboOTBl HEOOXOAMMO HMETH: METALIOrpadMuecKUil MUKPOCKOI; KOJUIEKLIUIO
MUKpOIUTH(OB MEH, TaTyHEeH 1 OpOH3; IUPKYJIb U THHEHKY.

MukpocTpyKTYpa Meau

MukpocTpyKkTypa AehOpMHPOBaHHOH M OTOXOKEHHOM Menu naHa Ha puc. 1. Ctpykrypa —
3epHUCTAs, C HATMYUEM JTBOMHHUKOB.

Kucmopon ¢ memsio obpasyer coemmnenme Cu.0 (3akuck menu). Ilo muarpamMme coCTOSHUN
CUCTeMBbI Menb—kuciaopon (puc. 2), npu coaepxanuu kuciopoga 0,39% (3,4% Cu.0O) obpasyercs
spTekTHKa CU—CU20.

B menu, HemocTaToOuYHO PACKUCIIEHHOW MPH BhIIUIABKE, COXPAHSIOTCS BKIFOUYEHUS 3aKkucu menu. Ha
puc. 3 maHa MHUKPOCTPYKTypa JIMTOH Menu (HeTpaBJeHbId HUTM(}), COOTBETCTBYIOLIAs MO AWATpaMME
COCTOSIHMI CHCTEMBI MEIb—KHUCI0POJI SBTEKTHIECKOMY CILIaBY.

-\

7
£

Puc. 1. MukpocTpykTypa 1eOPMHUPOBAHHON M OTOMXOKCHHOHW MEJH; TPABJICHHE COJITHOKHCIIBIM
pactBopoM XmopHOro skeneza (x200)
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Puc. 2. JluarpamMma COCTOSHUSA MeIb—KHCIOPOL
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Puc.3. Mukpoctpykrypa menu, coxepxamei 0,39%
KUCIIOPOJia — 3BTEKTHKA
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Puc. 4. [lmarpamma cOCTOSHUS MeIlb —IIMHK
MukpocTpyKTypa JaTyHeil

JuarpamMma COCTOSHMH CHCTEMBI MeIb—IUWHK AaHa Ha puc. 4. IlpakTuyeckoe NpHMEHEHHE
HaxoxaT onHo(aszHbIe JATyHHU C coaepkaHueM LuHKa 10 39% (a-nmaTyHu) U AByX(QasHble JATyHH C

Puc. 5. MukpocTpykTypa a-naTynu: a — nutasi(X250); 6 — nedhopmMupoBaHHass M OTOXIKECHHAs
(X100); TpaBiieHHe COISHOKHUCIIBIM PACTBOPOM XJIOPHOTO JKee3a

Puc. 6. MukpoctpykTypa nmo + ayH c 40%uHHKa (tuma J162) (x150); TpaBienue
COJISTHOKHCIIBIM PACTBOPOM XJIOPHOTO Kele3a
MuUKpOCTPYKTYpa a-jaaTyHell. MUKpOCTpYKTypa a-aTyHH ¢ coaepxkanueM 30% uunka (JI70)

JlaHa Ha puc. 5.



MukpocTpyKTypa JINTOH o-aTyHU (pHC.5, a) uMeeT ACHAPUTHOE cTpoeHne. CBETIIble y9acTKu —
JACHAPUTEIL, 60FaTI)Ie MCIbIO, 3aTBEPACBIINE IIEPBBIMU U3 XUIAKOTO COCTOSAHHA; TCMHBIC YYaCTKHU — MEXK-
JEHIPUTHBIE TPOCTPAHCTBA, 00OTALICHHBIC IIMHKOM.

MuxkpoctpykTrypa AeGOpMHPOBAaHHON M OTOXOKEHHOW a-laTyHH (puc.5, 6) MMeeT 3epHHCTOe
CTPOCHUE U XapaKTEPHBIE MTOJIOCKH JBOHHHUKOB.

BcenencrBue pasnuyHONM OpPHEHTHPOBKM 3€peH (QHM30TPONMH) OHH TPaBATCS C  pasHOU
HWHTEHCUBHOCTBIO, IIO3TOMY IOJIyYalOT Pa3INuHYI0 OKPAaCKy.

MukpocTpykTypa o + B-jaaryHeii. ['panumeir Mexay onHo(pa3HON 0-TaTyHBIO U AByX(a3zHOU o +
B-matynbio siBrsiercst 39% nuHKa (M. puc. 4).

Muxkpoctpykrypa o + B-naTyHu ¢ conepkanuem 1mHKa 40% B IUTOM COCTOSIHMU J1aHA Ha PUC.
6. CTpyKTypa moX0’Ka Ha BUJMAHIITETTOBY CTPYKTYPY JTUTOH CTalH.

MMuKpPOCTPYKTYpPa CJI0KHBIX (MHOTOKOMIIOHEHTHBIX) JaTyHeil. MUKpOCTPYKTYpPBl HEKOTOPBIX
CIIOJKHBIX JIATYHEH MPUBEIEHDBI HA puc. 7.

- o))
Puc. 7. MEKpPOCTPYKTYPBI CIIOKHBIX (MHOTOKOMITOHEHTHBIX ) JIATYHEH:

a — nuTtas almoMuHueBas atyHb JIA77-2 (X75), AeHAPUTHI O-TBEPIOTO PacTBOpa; 6 — auTas
*xkese3omapranioBuctas Jatynb JOKMip 59-1-1, X 250, a- u B-dasel. Menkue Touku Ha o-haze —
BKJIIOUEHHUSI JKeJIe3a; 6 — CBUHIOBUCTAs nuTas JaTyHb JIC74-3, X250. [1o rpanumiam 3epeH o-TBEpAOro
pacTBOpa BHIHBI TEMHBIE BKIIOUEHHUS CBUHIIA; & — JIMTAas ATIOMHHAEBO-HHUKeNeBas TaTynb Tuna JIAHS9-
3-2, X250. TemHbIe KpUCTaIUIBI — [-(a3a, Ha HOHE KOTOPBIX BUIHBI CBETJIbIC BBIICICHNUS 0.-(ha3bl,
oOpasyrommuecs pu pacnaje -KpucTaaioB; TpaBIeHUE COISTHOKUCIIBIM PACTBOPOM XJIOPHOTO JKene3a

MuxkpocTtpyKkTypa OpoH3

MHUKpOCTPYKTypa OJNOBSHHOM OpoH3bl. YacTh auarpamMMbl cocTosiHus cucteMbl CU—SN naHa Ha
puc..8. Crutomnas nuausi Abdg xapaktepusyeT coCTOsSHME, MOJyYalolleecsi MPU OYSHb MEJUICHHOM
OXJIAKACHHUU WM OTXKUIC IIOCJIC OTJIMBKHU; TAaKHUEC YCJIOBHUA IIpU O6I)I'~IHOI>1 OTJIMBKE HE AOCTHUIAaIOTCA.
IMynktupnas nuaus Ab'h xapaktepusyer coOCTOsIHME, KOTOpOE TOJIydaeTcs B OOBIYHBIX YCIOBHSX
ornuBku. LTpux-myHkTHpHas nuHus g XapakTepu3yeT COCTOSIHHE, MOJydarolieecss MpU OYCHb
JUTUTEBHOM (THICSYH YaCOB) OTXKHUTE.

IIpu comepxkanuu g0 6—7% Sn (ieBee Touku h Ha puc..8) MHKPOCTPYKTypa JMTOW OpOH3BI
COCTOMT W3 HEOJHOPOAHOTO TBEPJOrO O-pacTBOpa; CTpoeHume neHaputHoe (puc. 9, a). Ha
MHUKPOCTPYKTYPE TEMHbIE MecTa (OCH JCHAPUTOB) Oojice OOTaThl ME/IbIO, @ CBETIIbIE MecTa (MEKIYOCHBIS
npocTpaHcTBa) Ooliee GOraThl OJIOBOM.

MukpocTpykTypa 3TOH OpOH3BI MOCJIE OTXKHra NPEACTaBIsIET OJHOPOAHBIE MO COCTaBy 3€pHA
TBEpIOTO a-pacTBopa (puc. 9. 6).

ITpu conepxanun Oombiie 6—7% Sn (mpaBee Touku h Ha puc. 8), HO MeHbIe 14% (JieBee TOYKH
q), Harpumep mipu conepkanuu 10% Sn, 1y1st paBHOBECHBIX YCIIOBHIA I0JDKHA OBITH CTPYKTYpa TBEPIOTO.
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Puc. 8. Yacthb auarpammbl COCTOSHHUS MEb—OJIOBO

Ty,

Puc. 9. MukpocTpyKkTypa 0JIOBSIHHOM OpOH3bI ¢ 5% 0J10Ba; TPaBJieHHE aMMUAYHBIM PACTBOPOM JIBOHHON
COJIU XJIOPUCTON MEAH U XJIOPUCTOI'O aMMOHHUSI:

a—mmrtas  (X300); 6~ nocie omxura (X 150)

»

Puc. 11. Brmtouenus SnO-, B JTHTOH  ONOBSHHOI Oponze, unmd He TpasneH (X250)



SBIISIETCS TO, YTO PACTBOPHUMOCTH OepHIUIHS B MeIU yMeHbInaercs ¢ 2,7% mpu 866° C no 0,2% mpu 300°
C. Ipwu 3akanke B Bojie ¢ 800° C ¢ukcupyeTcss HEyCTOHUNBOE cocTosiHue o-ha3wl wiu o + B-das, a npu
nocneayrouiem crapernu 300—350° C IPOMCXOJIUT BBIJC/ICHUE v-¢assl
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Puc. 18. Yacts mmarpaMMbl COCTOSHHS MeIb—OCPHILIHIA

Puc. 19. MukpoctpykTypa OepULineBo b2 nocne 3akanku u crapenus (X250);
TpaBJIEHUE COJISTHOKUCIIBIM PaCTBOPOM XJIOPHOTO JKeJle3a

Ha puc. 19 nana mukpoctpykTypa OepuneBoil 6ponssl bp.b2 ¢ comepxkannem 2% Oepusuns,
rocJie 3aKanku u ctapeHus. Ha ¢one 3epeH TBepaoro o-pacTBOpa BHIHBI MEJIKHE CBETIIbIE BKIIOYECHUS Y -
¢assr (CuBe).

MeTtoanka nNpoBeJeHHsT MUKPOAHAJIN3A

1. TIpocmotperp m m3yunth npu yBenmdeHHsXx oT 200 mo 500 pa3 MHKPOCTPYKTYPHI MeEIH,
JaTyHel u OpoH3.

2. MHUKpOCTPYKTYpHI 3apucoBaTh B Kpyrax auaMmerpoM ~60 mm uru 6 KBajapaTrax pa3MepoM
~60x60 mm.

3. Tlom xaxmoi 3apuUCOBAaHHON MHKPOCTPYKTYpPOH NaTh MOAMNMCH C YKa3aHHEM HAaUMEHOBaHUS
MeTajjia ¥ CIijlaBa, MapKH, XMMUYECKOTO cOCTaBa, 00pab0OTKH, HAUMEHOBAaHUS BKIIOUEHUN U CTPYKTYPBI,
YBEJTUYCHHUS.

4. Ha xaxmoil 3apuMCOBAaHHOM MHKPOCTPYKTYpe YyKas3aTb CTpelKaMH pasiudHble (a3l U
CTPYKTYpHBIE COCTaBIIAIONINE M OKOJIO CTPEJIOK, Ha TOJISAX, HAMUCaTh UX HAUMEHOBAaHHUE.

5. M300pa3uTh AuarpaMMbl COCTOSHUN (MJIM MX 9acTH) CIUIaBOB MEIb—KHUCIOPOJ, MEIb—IHUHK,
MeIb—OJIOBO, MeIb—CBHUHEIN, MeAb— OepWUIMd, TPOBECTH HA HHUX BEPTUKAJIbHBIE JIMHUH,
COOTBETCTBYIOIINE paccMaTpUBAaeMbIM CIJIaBaM M JaTh ONMCAaHUE IPOLECCOB, MPOUCXOISAIMINX TPU
OXJIaKACHUU.

CocraBiieHHE 0T4eTa

OTuer 0 MPOBECHHOM paboTe JOJHKEH COJIepKaTh CIeIyolee:

1. 3apanue.

2. llenb paboTHI.

3. PuCyHKH BKIIOUCHHH U MHKPOCTPYKTYP C COOTBETCTBYIOIIMMH IOSCHEHUSAMHU (IIPUMEDP CXEMBI
3apUCOBKH MUKPOCTPYKTYPBHI IMMOKa3aH Ha puc. 20).



Puc. 20. Cxema 3apuCOBKHA MUKPOCTPYKTYPBI JIUTON OJIOBSIHHOM OpOH3EI ¢ 5% 0JI0Ba — JACHIPUTHI
TBEPAOrO 0-pacTBopa. TpaBieHnEe aMMUAYHBIM PACTBOPOM JIBOMHOW COJIM XJIOPUCTON MEAU U
xmopuctoro ammonus (X300)

4. JlnarpaMMbl COCTOSIHHN (MJIM WX YaCTH) CIUIABOB MeIb—KHUCIOPOA, MEIb—IIHHK, MEb—OJIOBO,
Meb—CBHHEL, MeAb—OCPHUIHN ¢ YKa3aHHEM Ha HUX PAacCMAaTPHUBACMbIX CIUIABOB U OMHCAaHUEM IIPO-
UCXOSIIUX MPOIECCOB MPEBPAICHUI MPU OXJIAKICHUH.

Jlabopamopnasn paboma Ne 8
MukpoaHain3 CIJIABOB HA OCHOBE AJTIOMHUHUS

Hean padoTsl

Llenp pabOTBl — HAy4YHUTh YYALIUXCSI CAMOCTOSTEIBHO MPOBOAUTH MUKPOAHAIIN3 aTIOMUHHUEBBIX U
MarHMeBbIX CILJIABOB.

B nporecce BhIMOTHEHUST pabOTHI yUaIIuecs JOKHBI H3YYUTh MUKPOCTPYKTYPBI QIIOMUHHEBBIX U
MarHMeBbIX CIJIABOB B CBSI3H C IMarpaMMaMH COCTOSHHUSL.

IIpu6opsl, MaTepuaabl U HHCTPYMEHT

Jns npoBenenust paboOTBl HEOOXOAMMO WMETh: METaLIOrpapUuecKuil MHUKPOCKOIL; KOJUIEKLIUIO
MHUKPOIUTA(OB aTIOMUHUEBBIX 1 MATHUEBBIX CIUIABOB; IUPKYJIb U JIUHEHKY.

MuUKpPOCTPYKTYpa aTIOMHUHUEBBIX CIIJIABOB

MuxkpocTpykTypa cuaymuHa. CHIYMUHAMH Ha3blBAIOT CIUIABHl AIIOMUHHS C KPEMHHEM C
conepxanueM 6—13% Si. Ilpu comepxannu 11,6% Si oOpasyercs IBTEKTHKa M3 KPUCTAIUIOB TBEPIOTO
pacTBopa KpeMHHs B allOMHHHH (a) ¥ KpuctawioB kpemuus (Si) — a + Si (puc..l). Cunymun c
COZIep)KaHUEeM KPEMHHUsI, OJIM3KUM K 3BTEKTHYeCKOMY coctaBy (cruiaB AJI2 ¢ 10—13% Si), B ocHOBHOM
COCTOMT M3 IBTEKTHKU M HEOOJIBIIOTO KOJIUYECTBA H30BITOYHBIX KPUCTAILIIOB a MITH Si.

Ha puc..2, a nana MuKpocTpykTypa cuiiymuna ¢ 12% Si (3asBrekruueckuii cruiaB). CTpykTypa
COCTOMT M3 KPHCTA/UIOB KpeMHHUs (Oesble) U 3BTEKTHKH a + Si rpyboro cTpoeHusi, B KOTOPOW KpeMHHUI
HAXOJUTCS B BUAE KPYyHHbIX HIN. CHIYMHH C TaKOW CTPYKTYpOH 00jagaeT HU3KHMMH MEXaHUYECKUMHU
CBOMCTBaMU.
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Puc..1. lnarpamma coCTOSIHUSL alFOMUHUA— KPEMHUI
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Puc. 2. Mukpoctpykrypa amomuHreBoro ciasa AJI2 (x200); TpaBieHne pacTBOPOM
(hTOPUCTOBOOPOAHON KHCIIOTHI B BOJIC: ¢ — JTUThE HEMOIU(PUIIMPOBAHHOE; O — JIUTHE
Moau(HUIIPOBaHHOE

Eciu B XKuAKWMil CIUIAB IIepel e€ro KpHcTam3anueil BBecTH HeGomboe koiamdectso (0,01—0,1%)
HATPUs, 3TO MPUBOJUT K U3MEIbUCHHUIO BKIIFOUCHUH KPEMHMS U 3HAYUTEIHLHOMY YIIYUIICHUIO MEXaHH-
YECKUX CBOWCTB CHJIYMHHA. OTOT MPOIECC HCKYCCTBEHHOTO PEryJHUPOBAHUS pa3sMEepoB U (POPMBI
Ha3bIBaeTCS MOAU(DUIIMPOBAHUEM.

XapakTepHbIM SBJSICTCS TO, YTO INPU MOAM(PHUIMPOBAHMK CHIYMHUHA HATPUEM CHIDKACTCS
TeMIepaTypa KpUCTAJUIM3AIlMM KPEMHHS W 93BTEKTHKH, TOYKa 3BTCKTHKH CIBUracTCS BIPABO U
3a9BTEKTUYECKUH CIIaB CTAHOBHUTCS JOIBTEKTHYECKUM (pHC..3).

Ha puc..2, 6 nana MUKpocTpyKTypa cuiymuHa ¢ 12% Si mocie ero Moau(pUIMPOBAHUS HATPHEM.
CTpyKTypa 3TOrO CIuiaBa J0 MOIUGHUIMPOBaHHS ObLIa 3a3BTEKTUYECKOW, a MOCIIC MOIUDUIIMPOBAHUS
cTala JI03BTEKTHYECKOM.

CTpyKTypa COCTOWUT W3 TEPBHYHBIX JIEHIPHUTOB TBEPAOTO pacTBOpa KPEMHHS B aTIOMUHHUH (a)
(bernbie) ¥ PBTEKTUKH a + Si TOHKOTO CTPOEHHSL.

MUKpOCTpYKTypa aJIIOMHHUEBOMEIHBIX CIUIaBOB. YacTh JuarpaMMbl COCTOSIHUH —CIUIaBOB
ATIOMUHUA—Me/b 10 KOHIIEHTPAIMU, OTBevaroniel xumMuueckomy coequnenuio CUAl,, nana Ha puc. 4.
WHaue ee MOXHO Ha3BaTh JHArPaAMMOI COCTOHHI/HZI cuctemsl Al—CuAlo.
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Puc. 3. luarpaMMa cOCTOSIHUSA CIIJIAaBOB ATIOMUHUH—KpPEMHUN (ITyHKTUPOM MOKA3aHO CMEIICHHE
JIMHUHA MOCIIE BBEACHUS MOUPUKATOPA — HATPHUS)
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Puc..4. Yactp nuarpaMMbl COCTOSIHUSI aJFOMUHUA—MeENb
AMOMHHHEBOMEIHEIN cruiaB, HampuMep ¢ 4% Cu, UMeeT CIeAyIOIIe MUKPOCTPYKTYPBI:
a) TOClIe OTXKHra — 3epHa TBeproro o-pactBopa meau B amomubuu (0,1% Cu) m ToueuHble
BKJIFOUEHHsI XuMuueckoro coeaunenns CUAl (puc. 5, a);
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Puc. 5. MuKpoCTpyKTypa alTltOMIHUEBOTO cruiaBa o 4% MC,I[I/I
a — nocne orxura mpu 360° C; 6 — mocne 3akanku B Boze oT 530° C; 6 — mocie 3aKalku B BOJIE U
HCKYCCTBOHEOTO CTADEHHA TDH 250° C; TpaBneHue paCTBopOM q)TopHCTOBo;[oponHon KHCIJIOTHI B BOJIE

Puc. .6. MI/IKpOCprKTypa JTypaJfOMHHA I[l (X200) TpaBneHne paCTBopOM (I)TopHCTOBouopoz[Hon
KHCIIOTHI B BOJIE: @ — TOCJIe OT)KHTra; 0 — IMocjie 3akaJku B Boae OT Temmeparypy 540°C

0) mocie 3akanku B Boge ¢ 530° C — 3epHa TBEpHOro -pacTBopa (TMEPECHILICHHOI0) MEAU B
amromunanu (4% Cn) (puc..S, 6).

IIpu HarpeBe BkitoueHus CHAl, pacTBOPWINCH B aNOMUHHHU, W OBICTPBIM OXJIQXKICHHEM OBLI
3a(UKCUpPOBaH NePECHILIEHHBIH TBEPABII 0-pacTBOp;

B) MOCIE 3aKJIKK M HMCKyCCTBEHHOro crapeHus mpu 250° C — TBepablil 0-pacTBOp Menu B
AIIFOMUHHUH U TOYEYHbBIC MEJIKOIUCIIEPCHbIC BKIIIOUCHHUs Xumuueckoro coeaunenus CUAls (puc. 5, 6); atu
BKJIFOUEHMSI BBIICJIMIINCH U3 TBEPJOTO 0-PAcTBOPA B IIPOLIECCE UCKYCCTBEHHOI'O CTapEHHUS.

MukpocTpyKkTypa aypaidioMuHa. JlypalioMUH XapakTepH3yeTCsl CIEAYIOUIMM CpEIHUM
cocraBoM: 4% Cu, npumepto 1o 0,5% Mg, Mn, Si, Fe, ocransHoe — amromuHuii. Takoil qropaaroMuH
Ha3bIBaeTCs HOpManbHBIM (Mapka J[1). Hammune 3THX 37€MEHTOB NPUBOANT K 00pa3oBaHUIO psna ¢as,
pacTBOpUMBIX Ipu Harpese (ynpounstoiiux), Hanpumep CuAly, MgsSi, Al,CuMg (Tak Ha3siBacMas dasa
S), u HepacTBOpuMBIX, HanpuMmep FeAls, CuFeAl (tak HazsiBaecmas daza N), (MnFe) Als.

MuKpocTpyKTypa AypaidroMuHa mocie omkura npu 360° C (puc.6, a) cocTouT U3 TBEPAOTO a-
pacTBOpa U BKIIOUEHHUH Pa3IMUHBIX IEPEUNCIICHHBIX BhIlIE (a3.

MHUKpOCTpYKTypa OypajioMiHa nocie 3akaiku B Boze ot 510° C (puc..6, 6) coCcTOUT U3 3epeH Ie-
PECHIIIIEHHOTO TBEPJIOTO O-pacTBopa (Oenble) U BKIFOYEHUH (TeMHBIE), HE PACTBOPHUMBIX B AITIOMHHUU

rpu Harpese (a3 (KEIE3UCTHIX M MAPTAaHITOBUCTHIX COC,I[I/IHGHI/II/I)
t°c T
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Nlecupyrwmuu 3AEMEH T
Puc. 7. HauanpHble 0071aCTH TUarpaMM COCTOSIHMSL MarHHs € Pa3UYHBIMU dJIeMEHTaMHU
MMuKpPOCTPYKTYPa MArHHMeBBIX CIUIABOB
MarHueBsie CIUIaBBl COJEpPKAT KPOME MarHus TakKe aJlOMUHWM, MUHK U Mapraden. Ha puc. 7
JaHbl HaYaJbHBIE 00JIaCTH IUarpamMM COCTOSIHUN C aJlOMHHHEM, IMHKOM, MaprasueM. Kak BuaHO, Bce



9TH AJIEMEHTHI 00JIaAaf0T OTPAHUICHHOM MOITOMY IIPH OTIPEACICHHOM XHMHYECKOM COCTaBE MarHHEBHIE
CIUTaBBI CIIOCOOHBI TOJIBEPraThCs TEPMUUICCKON 00pabOTKe (3aKalike U CTAPCHHUIO).

Ha puc.8, a 1ana MUKpOCTpyKTypa JIMTEHHOro MarHueBoro ciuiaBa mMapku MJIS (7,5—9,0% Al,
0,2—0,8% Zn; 0,15—0,5% Mn; ocTtanpbHOEe — MarHuii) MOCJIE JTUTHSI.

CTpyKTypa COCTOWT W3 a-TBEPIOTO PAcTBOpa CIOKHOTO COCTaBa (CBETJIOE ITOJIC) M BKIIFOUCHHIA
Mg4A|3.

08 v ? [) = ; Y,
Puc..8. MukpocTpyKTypa TMTEHHOr0 MaraueBoro ciiasa MJIS:
a — TIOCTIe JINThS; 0 — TIOCIIe OT)KUTA ¥ 3aKainku (X250); TpaBIeHHE pacTBOPOM IIABEICBOM KUCIOTHI B

BOIC

Puc. 9. Cxema 3aprCOBKH MUKPOCTPYKTYPBI aTIOMUHHEBOTO cIuiaBa AJI2, MoIupHIMPOBAaHHOTO HATPUEM
— JICHIPHUTHI TBEP/IOTO PACTBOPA KPEMHUS B AIFOMHUHUH (2) U 9BTeKTHKA a + Si. TpaBiieHre pacTBOPOM
($TOPHUCTOBOIOPOIHOM KHCIOTHI B Boe(x200)

Crpykrypa 3toro cruiaBa (MJIS) mocne nuddysuonnoro orxura npu 360° C u 3akanku ot 410—
415° C c oxuaxieHreM Ha BO3/IyXe NpHBeJeHa Ha pucC. 8, 6. BHYTpH U 1Mo rpaHuIaM 3epeH 0-TBEpAOoro
pacTBOpa BHUAHBI BKJIIOYEHHS MapTaHIOBHCTON (a3l M OCTaTKH HEPACTBOPWBIIETOCS COEIMHEHUS
Mg4A|5.

MeTtoanka nNpoBeIeHHs MUKPOAHAJIN3a

1. IIpocMOTpeTh M M3YYHTHh MHKPOCTPYKTYPHI aIFOMUHHUEBBIX W MarHWEBBIX CILUIABOB.

2.  MUKpOCTPYKTYpBI 3apucOBaTh B Kpyrax guameTrpoM ~60 mm WM B KBajparax pa3MepoM
~60X60 mm.

3. Tlon xaxmol 3apuCcOBaHHONW MHKPOCTPYKTYPOH AaTh MOANUCH C YKa3aHHMEM HaMMEHOBaHUS
CIUIaBa, MapKu, XUMHYECKOTO cOCcTaBa, 00padOTKH, HAMMEHOBAHUSI CTPYKTYPbI, YBEITHUCHHSI.

4. Ha xaxzaol 3apuCOBAaHHON MHKPOCTPYKTYype YKa3aThb CTpeJKaMH pa3iudHble (azbl U
CTPYKTYPHBIE COCTABIISIOLINE U OKOJIO CTPEJIOK, Ha IOJISIX, HAIIMCATh UX HAUMEHOBAHUE.

5. MHM3obOpa3ute auarpaMMmbl COCTOSHHMK (WJIM WX YacTH) CIDIABOB AIOMHHUI—KPEMHHHA W
AMIOMUHUH—MEeIb, MPOBECTH HA HUX BEPTHKAIbHbIE JUHHHM, COOTBETCTBYIOIIME paccMaTpUBAEMbIM
CIUTaBaM, U JATh ONHCAHUE MPOLIECCOB MPEBPAIICHUH, MPOUCXOAAIINX MPU OXJIAKACHUU.

CocraBJjieHne oT4eTa

OT4eT 0 MPOBEACHHOM paboTe OKEH CoJIepKaTh CleIyoIIee:

1. 3apanue.

2. llenb paboTHI.

3. PuCyHKH MHKpPOCTPYKTYP C  COOTBETCTBYIOLUIMMH  IOSCHEHMAMH (TIIPUMEP CXEMBI
3apUCOBKM MHUKPOCTPYKTYpBI IOKa3aH Ha pHc. 9).



4. JlnarpaMMbl COCTOSTHHM (MJIM MX YaCTH) CIUIABOB aTFOMHUHUH— KPEMHUU U aTIOMHUHUA—MENb C
YKa3aHUMEM Ha HUX paCCMAaTpUBACMBIX CIUIABOB U OIMHMCAHUEM IMPOUCXOAAINHNX MNPOILECCOB npeBpameHMﬁ
P OXJIAKICHUU.

JladopaTtopHasi padora Ne 9
JIEJIOBASI UITPA: BBIBOP MATEPUAJIOB 1 TEPMAYECKOM OBPABOTKH JIJIS
JETAJIEM HHCTPYMEHTAJBHOT'O ITIPONU3BOJICTBA

1. HEJIb PABOTHBI:
1.1. O3HaKOMHUTBCS C CYIIHOCTBIO 3aKAJIKH CTAJIM M YCIOBUSAMH €€ TEXHUYECKOT'O TPUMEHEHUS

1.2. Ompenenenre oNTUMAIBHONW TEMIIEpaTyphl HarpeBa Mo 3aKajiKy YIJIEpPOAUCTHIX CTAJEH.

2. TEOPETUYECKHUE CBEJAEHUA

3akaika — TepMHIecKas 00paboTKa, 3aKITI0YAIOIIAsICs B HarpeBe BEIIIEC TEMITEpaTyphl (ha30BbIX
NPEBPAIICHUI WM TEMITEPATYPhl pACTBOPEHHS U30BITOUHBIX (Da3, B BHIACPIKKE U MOCIEIYIONIEM
OXJIAKACHUU CO CKOPOCTBIO, MPEBHIIAONIEH KpuTH4ecKy0. CriocOOHOCTH CTaJI TIOBBITIATh

TBEPAOCTD B PC3YJIbTATC 3aKAJIKU HA3BIBACTCA 3aKaJIUBACMOCTBIO.

Ha3nauenue 3akaiku — nony4eHre BbICOKOM TBEPAOCTH U IMpodHoCTH. [lnacTuueckue cBoiicTa u
BA3KOCTb MOCTIE 3aKaJIKH HU3KHE.

OcCHOBHbBIE TMapaMeTphl 3aKaJKM — TeMIepaTypa HarpeBa, BpeMsl BBIJIEPKKH U CKOPOCTb
OXJIAXKICHHUS.

TemmepaTypa HarpeBa W BpeMs BBIICPKKH JOJDKHBI OBITH TAaKHUMH, 4YTOOBI TPOU3OILIH
HeoOxoauMble (ha30BbIE MPEBpAICHHs, HApHUMEp OOpa3oBaHHWE BBICOKOTEMIIEpATYpHOU (azbl —
ayCTECHUTA.

MapTeHcuTHOE NpeBpalleHre HabIoaaeTcs Npy 3aKaike B cTarsix. OHO NPOUCXOIUT IIPU O4YEHb
OBICTPOM ¥ HEMPEPHIBHOM OXJIAKACHUM B HHTEpBaje Temmneparyp Havana (M,) u konma (M)
MpeBpalieHusi, YTOOBl TOAABUTH BO3MOXKHBIE AU(PPYy3MOHHBIE TMPOLECCH O0pPa30BaHUS TEPIUTHBIX
cTpykTyp. Ha cxeme mmarpamMMmbl M30T€pPMHYECKOTO MPEBpAIICHUS ayCTeHHWTa (PUCYHOK 1.) YCIOBHO
II0Ka3aHa 00JIaCThb MApTEHCUTHOI'O IPEBpAILEHHs. YCJIOBHO, TaK KaK B IIOAABIIIOIIEM OOJBLIMHCTBE

craiei MapTEHCUTHOC MIPCBPAICHNC B U3OTCPMUYCCKUX YCIIOBUAX HE PA3BHUBACTCA.
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Pucynok 1. J/luarpamma u30TepMHUYECKOT0 paciajia ayCTeHHTA.
Vo<V, <V

B yrimepoaucThix cranmsx, coaepxainux 6omnee 0,6 % C, npu oxnaxaenuu a0 temneparypsl 0 °C B
CTPYKTYpPE MOKET OCTaBaThCsi HEKOTOPOE KOJMYECTBO ayCTEHNUTA (OCTATOUHBIH ayCTEHHT Aocr).

MuHHMaNTbHAST CKOPOCTh OXJIAXKJICHHUS, MPH KOTOPOH ayCTEHWT MpEBpaIlacTcs B MapTCHCHT,
Ha3bIBAIOT KPHUTUYECKOW CKOPOCThIO 3akajku V.. Ee MOoXHO onpeaenuts 0O JUarpamme
HM30TEPMHYECKOTO IMPEeBpaIeHHsI aycTeHUTa (pUCYHOK 1.), Kak kacarenbHyIo kK C — 00pa3HOi KpHUBOM.

KpuTtndeckas CKopocTh OXJIaKISHHS 3aBUCUT OT COJEPIKaHMsI yIiepoaa B cTanu (Tadbmuma 1)

Tabnuma 1 - TBEpocTh cTamu, OXJIKIACHHON ¢ KPUTHUECKON CKOPOCTHIO

ConeprkaHue yrieposa, Teepnocts HB KpurHnueckas ckopocTb
% OXJIQXKICHHUS, TPajl/C
0,025 150 33000
0,2 352 1200
0,4 534 600
0,8 627 200

CKopocTh OXJaKACHUS B CIOKOWHOW Boae coctaBiusier 600 rpan/c, cienoBarenbHO,
MHUHHMAJILHOE COAEPKaHHE YIIIEpOia B CTaNIM JUI 3aKaJlKH B BOJIE TOJDKHO ObITh He MeHee 0,4 %.

MapreHcuTHOEe mpeBpalleHre — 3T0 0e3audQy3nOHHBIA TpPOLECC, a MAPMEeHCUm — 3TO
NepECHILICHHBI TBEPBI pacTBOp BHEIpeHUs yriepoia B o — Fe. B mpomecce MapTeHCHTHOTO y—a
MIPEeBpAIlEeHHUs YTIJIEpO OCTAaeTCsl B TBEPJIOM PAacTBOpPE, HCKaXkash KPUCTAIIMYECKYIO pelieTky a - Fe, Tak
KaK ero pacTBOPUMOCTH B o - F€ 3Ha4NTENhHO MEHbIIIE, YeM B Y — Fe. MapTeHCHUT UMeeT TeTparoHaJbHYI0
MIPOCTPAHCTBEHHYIO PELIETKY.

CBoiicTBa MapTEHCUTa CTajieil 3aBHCHUT OT KOJMYECTBa PAaCTBOPEHHOI'O B HEM YIJepoja: C
yYBEIMYEHHEM KOJIMYECTBA yTIIepo/ia BO3PACTaeT TBEPIOCTh U XPYNKOCTb.

g onpeneneHust ONTHMAaIbHON TEMITEpaTyphl HarpeBa, IMO3BOJISIONIEH TOTYyYUTh MaKCUMAaJIbHYIO

TBEPIOCTH CTAJH MPHU 3aKaJIKe, HCIIOIB3YIOT JUarpamMmy coctosaus Fe - FesC (pucyHok 2).
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Pucynok 2 «CtanbHO# ydacTok» AuarpamMmel coctosiHus Fe - FesC

Ha pucysnke 2 1uHIN 03HAYAIOT COBOKYITHOCTH KPUTUYECKUX TEMIIEPATyp U TPU HATPeBe

o0o03HayaroTcs cieayomum oopazom: muaus PSK - A¢;, nmunus GS - A¢s, muaust ES — Aem.

Harpes mosBTeKTOMIHON CTaH HIKE A3, HO BBITIE Ac; MPUBOAUT K HETIOTHOM 3aKajike. AyCTCHHUT,
MOCJIE PE3KOr0 OXJIAXKACHUS, IPEBPATUTHCS B MAPTEHCUT, HO HApsAly C MAPTEHCUTOM, COXPaHSIOTCS
HE TIpeTepreBIIre MpeBpalleHus Ipu Harpese 3epHa msrkoro ¢eppura (80 HB). Harpes mo
TeMITepaTyphl 3HAYUTEITHLHO BBIIE A3, MOXKET BBI3BATH MIEPETrpeB WK mepeskor. ClenoBaTenbHO,

ONTUMAJIbHAS TEMIIEpaTypa HarpeBa moj 3akanky - Acz + 30 + 50 °C.

HaneB 333BTCKTOPI,Z[HOI>1 CTaJIu IOJ 3aKaJIKy HHXKC Aci HE BBI30BET O6p8.30BaHI/I$[ ayCTCHUTA U,
CJICAOBATCIIBHO, PE3KOC OXJIAXKACHUC HE NPUBCJCT K 3aKaJIKE. Cranpb ocTaeTcs OTHOCUTEIIBHO MSATKOM.
HaneB BBIIIE Acm BEI30OBET PacTBOPCHUC IEMCHTUTA BTOPUYIHOT'O, POCT 3€pHA ayCTCHUTA U, KaK
CJICACTBUC, MTOHUKCHUC TBCPAOCTH ITOCJIC 3aKAJIKHU. HOSTOMy OITHUMAaJIbHOM TeMnepaTypoﬁ HarpeBa

0[] 3aKalIKy siBjsiercst Temneparypa Ac; + 30 + 50 °C.
Cxembl IpeBpallieHUi yIIepoAUCThIX cTajlel IPU HAarpeBe U 3aKallke:
Hoszemexmoudnvie cmanu.

Hazpes oxnacOenue
Ac;+30+50°C d+11 > A+ @ >M+®(®oquLM${rKI/Iﬁ,

CJIeZI0BATEIbHO, HU3Kasl TBEPAOCTh CTANIN)

Hapes oxnaxcoenue

Ac;+30+50°C Dd+1II 7 A 7 M — onTuMaibHas TeMIeparypa

HarpeBa 1o 3aKajkKy

Demexkmouonvie cmaiu.



Hazpes oxaaxcoenue

Aci +30+50°C T1I 7 A 7 M — onTuManbHas TeMIeparypa

Harpesa MoJ 3aKajKy
3asemexmouonvie cmanu:
Hazpes oxnasicoenue

Ac; +30+50°CII+ Iy > A+ 1 7 M+ 1 (H” OYE€Hb TBEP/IbIH,
CJIEIOBATEIbHO, BEICOKAsI TBEPIAOCTD CTAIN) —
ONTUMaJbHAs TEMIIEpaTypa HarpeBa 1oz
3aKaJKY

Hazpes oxnaicoene

N
Am+30+50°C II+ L 7 7 M (pacTBOpeHHE LEMEHTHUTA, POCT
ayCTEHHTHOTI'O 3€PHa, CJIeI0BAaTEIIbHO,

TBEPAOCTh HIDKE, ueM y M + L1 ).

CymecTByeT ABa BUAA 3aKalKH — oOvemHas u nogepxnocmuas. Ilpu o0ObeMHOH 3akanke
3aKaJIMBAETCs BECh 00BhEM M3/1eHs (CKBO3HAS 3aKalKa), a IPY MOBEPXHOCTHONW — TOJIBKO MMOBEPXHOCTHBIE
ciou. s 00beMHOM 3aKaJkyd B 3aBUCHMOCTH OT TeMIIepaTyphbl HAarpeBa pa3indaioT MOJHYIO 3aKaJIKy
(cTpykTypa mociie 3aKajdKd - MapTeHCHT) W HETOJHYIO 3aKalKy (B CTPYKType MOMHMO MapTEHCHUTa

coxpamnsieTcst Bropas (aza — @ wm 11).

3. OBBEKTbBI UCCIIEHJOBAHI, OBOPYIOBAHUNE

OO0bektol uccnenoBanus — cramu Ct3, 40, Y10 B OTOXOKEHHOM COCTOSHHUH. TepMHUYECKYIO

00paboTKy MPOBOSAT B KAMEPHBIX Ieyax. Mi3MepeHus: TBepA0CTH MPOBOIAT Ha npubopax tuna TK.

4. BAJAHUE HA PABOTY

HpOBeCTI/I HU3MCPCHUA TBEPAOCTU 06pa3u013 B OTOXKKCHHOM COCTOSHHWMH,

[MpoBectu 3akanky craneit ot 700, 750, 850u 920 °C;

[IpoBecT U3MepeHus TBEPAOCTH 00Pa3IOB B 3aKAJICHHOM COCTOSTHHH;

M WD oE

OrnpeaenuTs CTPYKTYPY CTAJICH B 3aKaJCHHOM COCTOSTHHH.

5. ITOPAAOK BBIIIOJIHEHMA PABOTBI

1. O3HaKOMUTBCS C KPATKUMH CBEJCHISIMH U3 TEOPHH.



2. 3meputhb TBEpIOCTH 00pa3IoB, U3rOTOBIEHHBIX u3 ctaiei Ct3, 40, Y10 B 0TOXKEHHOM

COCTOAHHUU. HOJ'IyLIeHHLIG PE3yJIbTaThl 3aHCCTU B Ta6J'II/II_Iy 2.

3. Harpeth 00pasiibl Becex Mapok cranu o temmepatyp 700, 750 850u 920 °C, Boiaepxkath B neun 20

MUHH. " 3aKaJIMTh OXJIAXKJICHUCM B BOJIC.

4. Meronom Poksemia (TOCT 9013-59) uzmepuTs TBEpAOCTH 00PA3LOB MOCIE 3aKaJIKU U PE3YJIbTAThI
u3MepeHuit 3aHecTH B Tabnuily 2. [TomyueHHble 3HaUeHUs TBepAOCTH nepeBecty B HB, ncnons3ys

CHeHHaNIbHYIO TaONUIy TIepeBoia 3HAUCHUH TBEPAOCTH, ONpPEAEIeMON Pa3TNIYHBIMI METOAAMH.

5. YkazaTs npeamnonaraeMyo ctpykrypy craneit Ct3, 40, Y10, monydeHHYIO B pe3yabTaTe 3aKaKd OT

pa3IMYHBIX TEMIIEPATYP.
6. IloctpouTts rpaduk 3aBucumocTn TBeproctr HB o1 TemmepaTypsl Harpesa Mo 3aKajKy CTalew.

7. IIpoaHanu3upoBaTh U3MEHEHUS CTPYKTYPBI U TBEPAOCTHU CTAJIEH B 3aBUCUMOCTH OT TEMIIEPATyPhl

HarpeBa 1o 3akajKy U MapO4YHOIro XUMHYCCKOro CoOCTaBa UCCIIEAYEMBIX 06pa3u013.

8. CrmenaTh BBIBOIIBI IO PabOTE M MTOATOTOBHUTH OTYET.

6. COAEP’)KAHUE OTUETA

1. Lenp paboTsr;

1. KpaTkue TeopeTnueckre CBEACHNUS;

2. Pe3ynbTaThl M3BMEpEHU;

3. I'paduxk 3aBucumocTH TBepaocT HB oT TemnepaTypbl HarpeBa noj 3akanky Taac

4. BoiBojiBI 110 paborTe.

Tabnuia 2 — Pe3ynbTaThl U3MEpeHUH

Mapka HB cramu Taax, °C TBepnocTs cranu MuxkpocTtpyKTypa
CTalu rocie MOCIIE 3aKAJIKH CTaJu 1OCJIe
OT)KUTA HRB HRC HB 3aKaJIKU

700

c3 750

850

920

700

40 750

850

920




700

Y10 750

850

920

7. KOHTPOJIbHBIE BOITPOCBI

1. Uro takoe mapTeHcuT? Kakue ycimoBus ero oopazoBanus? Kakas KpucTauindeckas perieTka y
MapTeHcura?

2. Kakas ctpykTypa OyAWT y 1OBTEKTOMAHOM, 3BTEKTOUAHON M 3a3BTEKTOMAHON CTajel mocie
MIOJIHOM M HETIOJTHOU 3aKaiKu?

3. Kak BnusieT copeprkaHue yriepoja B CTaIM Ha BBIOOP CKOPOCTH OXJIaXACHU?

4. C xakon CKOPOCTBIO CJICAYCT OXJIaXKAAaTh CTaJIb, 4TOOBI OHA 3aKAINIACH?

Jabopamopnasn paboma Nel(

HEMETAJ/UIMYECKHUE MATEPUAJIBI.
Yacts 1.IHIOCTPOEHUE TEPMOMEXAHUYECKUX KPUBBIX IIOJINMEPOB

1. HEJIb PABOTHBI:
OcCBOWTH METOJMKY CHATHS TEPMOMEXaHUYECKIX KPUBBIX Ha pubope Buka.
OnpenenuTs TeMIepaTypsl IEPEXOJIOB: TEMIIEpaTypy CTEKJIOBaHWS W TEMIIEpaTypy TEKy4YeCTH It

TEPMOIUTIACTUYHBIX ITOJIMMEPOB.

2. TEOPETUYECKHWE CBEJIEHA

Paznuuus B cBoiicTBaX MOJMMEPOB OOYCIIOBJIEHBI CTPYKTYpOH HMX MaKpOMOJIEKYJ, KOTOpbIE
HPEACTaBISAIOT COOOH LIENOYKH, COCTOSIIIUE U3 OTAEIbHBIX 3BeHbEB. [IJIMHA 1IENTH B HECKOJIBKO THICSY Pa3
Oonplle WX MOMEPEYHOTO0 CEYECHHS, MOITOMY MAaKpOMOJIEKYJaM IIOJIMMEpa CBOWCTBEHHa THOKOCTB,
KOTOpasi SIBIISIETCS OAHOW M3 OTJIMUUTENBHBIX OCOOCHHOCTEH MOJMMEPOB. MakpOMOJIEKYJIbl HOIUMEPOB

MOTYT UMETh JIMHEHHY0, PA3BETBICHHYIO WIN CETYATYIO0 CTPYKTYpY ( pUCYHOK 1).




Pucynok 1. CTpykTypa MakpoMOJIEKYJl B IOJUMEpax:

a- HHHCﬁHaﬂ, 0-— Pa3BCTBJICHHAsA, B - c€TUATaA

BryTpr MakpoMoJieKybl MEXy aTOMaMHU BO BCEX TPEX CIIydasx AECHCTBYIOT MPOYHbIE KOBAJIEHTHBIE
CBA3U. Y IONMMEPOB O JIMHEHHOW U Pa3BETBICHHON CTPYKTYpOH, K KOTOPBIM OTHOCSTCS T€PMOILIACTHI,
MEXJly MakpoMOJIEKyJaMH JeMCTBYIOT HempouHble BaH-nep-BaanbcoBbl CBA3M, TO MO3BOJSET UM NpHU
HarpeBe pacIIaBIATHCA [0 BBICOKOBSI3KOM MKHJIKOCTH, a TpPU OXJIAKICHUM BOCCTaHABIMBATH CBOHU
CBOWCTBA. Y TOJMMEPOB C CETYATON CTPYKTYpOH — PEAKTOILUIACTOB - MEXIYy MAaKpOMOJIEKYJIaMH1
JEHCTBYIOT IJTaBHBIM 00pa30M MpPOYHbIE KOBAJICHTHBIE CBSI3M, UIO JIUIIAET UX CIIOCOOHOCTH Pa3Msrdarbcs
IpH TOBBIIICHWH TeMmmnepaTypsl. Ilpm mgocTMKeHMHM JOCTATOYHO BBICOKOH —TemImepaTypsl OHHU
paspy1iaroTcs.

MexaHn4eckne CBOMCTBa MOJIMMEPOB (YHpPyTHe, MPOYHOCTHBIE) 3aBHUCAT KaK OT WX (U3NIECKOMH
CTPYKTYPBI, TaK ¥ (PU3UUECKOIO COCTOSHUS, TeMIepaTypsl U T.I. Ilonnmepsl MOTyT HaXOIUTBCA B TPEX
(bU3UUECKUX COCTOSHUAX: CTEKI000pa3HOM, BBICOKORJIACTUYECKOM U BSI3KOTeKydeM. OCHOBHOM NMPUYNHOM
WU3MCHEHHUS] COCTOSHUS SBIISIETCSl TemJIoBas »JHEpPrus, KOTopas IPUBOAUT B KojeOaHHE LENu
MaKpOMOJIEKY L.

JInsi OLIEHKH OCHOBHBIX TEXHOJIOTMYECKUX M JKCILTyaTalMOHHBIX CBOMCTB IOJHMMEPOB HEOOXOIUMO
3HaTh TEMIEpaTypHble O00NacTH mepexoAa MOJMMEPOB M3  CTEKIOOOpa3HOTO  COCTOSIHHSA B
BBICOKORJIACTHYECKOE M M3 BBICOKODJIACTUYECKOro B Bs3KoTekydee. OOHapyXHUTh 3TH (U3NUECKUE
U3MCHEHMS BO3MOMKHO C HCIIONIB30BAHUEM TEPMOMEXaHHUYECKOrO METOJd, CYIIHOCTb KOTOpPOTO
3aKIII0YaeTCs B ONpEAeTeHUH Ae(OpMUPYyEMOCTH TONUMepa Mo ASHCTBHEM HEM3MEHHOH U MaJlol 1o Be-
JIMYMHE HATPY3KH.

Kaxnomy ¢uznueckoMy COCTOSIHUIO COOTBETCTBYET CBOW THN Jedopmaruu. B creknooOpazHoOM
COCTOSIHMHM HaOIIIoJlaeTcsl TOJIBKO yTpyras JeopMarus Evnp.' ATOMBI, BXOJSIIME B COCTaB

MOHCKyHHpHOﬁ emny, CoOBEpUIiaroT KoJlebaTebHOe ABHMIKCHHUEC OKOJIO ITOJIOKCHUS PABHOBECHUS: ABUIKXCHUSA

3BCHBCB M ICPCMCIICHUE MAKPOMOJICKYJI HE IMPOUCXOIUT. Brime TEMICPATYPbl CTCKJIIOBAHUS K JTOH

nedopmary J00aBISIEeTCsS BRICOKO3TIACTUYECKAs! COCTABIISAIONIAs & gam..» KOTOpas IPEeBOCXOMIUT YIPYTYIO
COCTaBJIAIONIYIO B ThICSYM pa3. Poct nmedopmamum 3mech OOBSCHIETCS pacHpsSMICHHEM [UIMHHBIX WU

3aIlyTaHHBIX MAaKpPOMOJICKYJI.

B Bs3KOTEKyYEM COCTOSHUM BBISABIISIETCS €Ie OJ{HA COCTABIIOIAs AedopMauy — BA3Kast Egas.
KOoTOpasi OOYyCJOBIMBAaeT pa3BUTHE HEOOpaTUMOM naedopMaluM, CBA3aHHOW C MepeMelICHUEeM
MaKpOMOJIEKYJI OTHOCHTEJILHO JIpyT Apyra. B obmem ciyuae nedopmanys TepMOIIACTUYHOTO MOJIMMEpa
COCTOMT M3 TpPEX COCTABJIAIOIINX, KOTOPbIE WIparoT pPAa3IWYHYI0 pOJb MNPH HHU3KUX M BBICOKHX

TeMIepaTypax:

€= Eynp. +Eon + &g



[TpousBens u3mepeHus nedopManuu o0pasLa NpH pasIUyHBIX TEMIIEPAaTypax, MOKHO IOIYyYUTh €€
TEMIIEPAaTypHYIO 3aBUCHMOCTb, KOTOpas XapaKTEepH3yeTCs TEPMOMEXaHWYECKOH KpuBOH. OCHOBHBIMHU
napamMeTpaMu TEPMOMEXAHWYECKOTO METOJa SBISIOTCS THUII OCYIIECTBISIEMOH AedopMaluy, PeKUM
HarpeBa, BEJIMYMHA MPUIAraeMOro HampsDKeHHS M XapakTep €ro BO3IACHUCTBHS (IPEPHIBHBIA HIIH
HENPEepBIBHBIN).

Ha pucynke 2 mpencraBieHbl TepMOMEXaHUUYECKUE KpuBbIe monuMepoB. Kpusas tuma [ xapakrepHa
JUIsl TEpMOIUIACTUYHOTO IOJIMMEpPA - BUHUIUIACTA, KOTOPBIM C M3MEHEHUEM TEMIIEPATypbl MCIBITAHUMN
MOXXET HaxOOUTbcI B TpeX (HU3MUECKUX COCTOSHHAX, UYTO COOTBETCTBYET TpEeM ydacTKam
TepMOMEXaHNYEeCKOH KpuBOW. Ilepexonq M3 OXHOrO (QHU3MYECKOTO COCTOSIHHA B JIPYroe Ha3bIBaeTCs
TEMIEpaTypHBIM IIEPEX0/0M, a CpeIHHE TeMIepaTyphl TepeXOAHbIX oOJlacTel - TemmepaTypamu

HIePEX0/I0B.
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Pucynok 2. TunuuHsle TepMOMEXaHHUECKHE KPUBBIE HEKPUCTAIIIMUECKOro JuHeHoro (1),
cetyaToro (2) u kpuctasumueckoro (3) nomumepos: I, 11, 111 — 30151, cOOTBETCTBEHHO, CTEKI000pa3HOTO,
BBICOKORJIACTHUECKOTO U BAZKOTEKYYEro COCTOSTHUIM HEKPUCTAIUINYECKOTO U KPUCTAIITNIECKOTO
nonumepoB; Te, Tuy, Tr, Tx — TEMIEpaTypbl, COOTBETCTBEHHO, CTEKJIOBAHUS, TUIABJICHUS, TEKYUECTH U

Haydajla XUMHUYCCKOI'0 pa3IOKCHUA

OmHMMH W3 OCHOBHBIX XapaKTEPHCTHK TOJHMEPOB SBIAIOTCS TEMIIEPATyphl IIEPEXOJI0B:
TeMIiepaTypa crexsoBaHus Tc, Temneparypa Tekydectd Tt M Temmneparypa IuiaBieHUs T, KOTOpbIE
OIPEIENAT ONTUMAJIbHBIE TEMIIEPATYPHBIE PEXUMBI 3KCIUTyaTallUM IOJIMMEPHBIX MAaTEpUalIoB U UX
nepepaboTKH B U3EIHSI Pa3HBIMH METOAMH.

B mammHOCTpOeHHH NOJMMEpPHI HCIOJB3YIOTCS, KaK MPaBWIO, B CTEKI000pasHoM (Hmwke Tc) u
BhICOKOANIacTHYeckoM (Hmwke Tr) coctosHmax. IlepepaGoTka ux B W3OENMs METOOAMH JIMTBS MOJ
JIaBIICHUEM, 3KCTPY3UM (BBIIABIUBAHUA) WM Topsdeil IITaMIIOBKM OCYILIECTBISAETCS B BA3KOTEKydeM
(Beize Tt) U, pexe, B BBICOKOANACTUIECKOM COCTOSHUSAX.

KpuBas 2 xapaxTepHa UIsl ToIMMepa ¢ JMHEHHON CTPYKTypoi MakpOMOJIEKYJI, KOTOPBI BIUIOTH JI0



TEeMIIepaTyphl Iu1aBiaeHUs T HaXoAUTCs B TBepAoM coctosiuuu. [lpu temnepatype T 9TOT TepMomac-

THUYHBII MaTepuall MIaBUTCA U Z[G(I)OpMaLII/ISI CKa‘lKOO6pa3HO BO3pacTacT.

3. METOJIMKA U3MEPEHHII

MeTtoanka CHATHS TEPMOMEXAHMYECKUX KpPUBBIX TEPMOIIACTUYHBIX MaTepHalloB OCHOBaHa Ha
u3MepeHnn uX JIedOopMaluif, BO3ZHHKAIOIIMX B pe3yibTaTe IMEPHOANYECKOTO  BAABIMBAHUS
IIHHIPAYECKOTO HAKOHEYHHKA C TIOCTOSHHON CHJIOH B oOpasel, HarpeBaeMblii CO CKOPOCTBIO 1-2
°C/muH. s cHATHS TepMOMEXaHMUYECKUX KPUBBIX HCIONB3yeTcs nprubop Buka (mogpoOHoe ommcanue
KOTOPOI0 JIaHO B Mpeabiayieii padore). O0pasiisl AeopMUPYIOT NpHu Hanpsikenud, pasaom 0,2-0,3 MITa.
HarpyskeHne IUIMHAPHYECKOTO MHAEHTOpA C IUIOMIAIbI0 OCHOBaHMA 1 MM TpoBojaT B ToueHme 10 ¢
yepe3 kaxzasle 10 °C (mns tepMocTOWKHX moiuMepoB) mwim depe3 5 °C (Uil MeHee TepMOCTOMKHX
NOJIMMEPOB), HAuyWHasi C KOMHATHOM TeMIeparypsl, a (UKCUPYIOT MAOCTUIAaeMyl0 MpH JaHHOMH
TEMIIEpAType 3a 3TO BpeMsl Ae(opMaIHIO ¢ IIOMOIIBIO HHIUKATOPa 4YaCOBOI'0 THIIA.

JI71st MCIBITaHUS MCTIOIB3YIOT MUIHHAPUIECKe (MIN KBaapaTHBIE) 00pasibl THAMETPOM (CTOPOHOM )
10-20 MM 1 TonmuHO#N 6-8 MM. [Ipy HCHBITAaHUM TUIGHOYHBIX MaTEpUANOB 0Opa3lbl MOMYYaroT IMyTeM
HaOopa MakeTa COOTBETCTBYIOLICH TOMIIMHBEL sl moiydyeHHs CTaOMIBHBIX OAHHBIX UIS Pa3IHYHBIX
00pa3LoB U3 OJHOTO M TOTO K€ MaTeprala U3rOTaBIMBAIOT 00pa3lbl OANHAKOBBIX Pa3MEPOB.

HcnpITanust NpoBOAST B KHUIKOCTHOM TEPMOCTATE B Ka4eCTBE TEIJIONEPEAAIOIeH KUAKOCTH MOTYT
OBITh MCIIOJIL30BaHBI TPAHC(HOPMATOPHOE MACTIO, TIUIEPHH U IPYTUe KHUIKOCTH, KOTOPbIE HE OKA3hIBAIOT
BJIMSIHUSL HAa U3MepsieMylo BelMuuHy. Temmeparypy B mpolecce U3MepeHuil PUKCHPYIOT M0 MOKa3aHUsM
TepMomeTpa ¢ TouHocTbio + 1,0 °C.

[To nanHBIM H3MepeHUs NeQOopMalH CTPOAT KPUBYIO 3aBUCHUMOCTH JAedopMalus-TeMieparypa
ornpenensoT rpadgudyeckn mo mepernbaM Ha TEPMOMEXAHUYECKOW KPUBOW TEMIIEPaTyphl NEPEXOJOB:

TeMIlepaTypy cTekiioBanus Tc, Temneparypy Tekydectu Tt u Temneparypy miaBieHus T

4. OFBEKTHI NUCCIIEAOBAHUS, ObOPYJJOBAHUE

O6pasupl:  00pa3ibl TEPMOIUIACTUYHBIX  IOJUMEPOB:  MOJMMETHIMETAKpUIaT  (OPrcTeKo),
HOJIMBUHWIXJIOPHU, TOTHUCTUPOIL.
OO6opynoBaHue W MaTepualibl: U3MEPUTEIbHBIM MHCTPYMEHT - INTaHTCHUUPKYJb; Inpubop Buka,

TEpMOCTAT, TEPMOMETP.

5.3AJAHUE HA PABOTY
1. [loaroroBUTh 0OPA3IBI AJIs UCTIBITAHHIA;
2. Ha ocHOBaHMHM TOJYYEHMSIX MJAHHBIX MOCTPOUTH TEPMOMEXAHMUYECKYI0O KPHUBYIO [UISI KaKIIOTO

MMOJIMMEPHOr'0 MaTepuaa.



6.I10OPA/IOK BbINIOJIHEHMA PABOTDI

1. 3meputh BEICOTY 00pasma hg ¢ TOYHOCTHIO J10 0,1 MMm.

2. Obpazen; U3 miuacTMacchl yCTAaHOBUTh HA OCHOBAaHWHM INTaTHBa MpHOOpa MoJ HEHArpyKEHHBIM
MHJIEHTOPOM TaKUM 00pa3oM, YTOOBl HHICHTOP HaXOIWIICS B LIEHTPE WIM Ha PACCTOSHUHM HEe MEeHee 3 MM
OT Kpas 00pasIia.

3. Ilpubop Buka ¢ o0pa3moM mOrpy3uTh B JKHAKOCTHOH TepmocTar. CTpenka HWHIUKATOpa
nepeMenieHUH TOJKHA COOTBETCTBOBAThH HYJIEBOMY IOJIOKEHHIO.

4. BKIIOYUTH TEPMOCTAT C TEPMOPETYIHPYIONIMM YCTPOWCTBOM, 3aJaB CKOPOCThH ITOBBIIICHUS
temnepatyps 1-2 °C/mMuH.

5. HaumHast ¢ xoMHaTHOW Temmeparypbl depe3 kaxzaple 510 °C B 3aBHCUMOCTH OT Marepuaina,

MIPOHU3BOANUTE AehopMupoBanre odpasna B Tedenne 10 ¢ npu Hanpsokernn 0,3 MIla, pukcupys mpu 3TomMm
MOKa3aHUs HMHAWKATOpa MO TNPOHWKHOBEHHIO HWHAEHTOpa BIUIyOb o0Opasila Ha BEIUYHHY Ah (Mm).

OtHocuTenbHas aehopManus E oOpa3na TpH BAABIMBAaHUHM HHAECHTOpAa OIpeAemseTcss Mo Qopmyre
Ah 0
E= o 100 ;‘E,rﬂehg - ICXOJHAasl BEICOTA 00pa3iia, KoTJa CKUMAroIasl Harpy3Ka paBHa HYJIIO.
a

6. V3MmepeHusi NpeKpalialT M0 JOCTIDKCHUH TEMIIEPATyphl IUIaBICHUS TONUMEpPa, O YeM
CBHJIETENBCTBYET PE3K0OE yBEIHUEHNE AehopMaIiny odpasIa.

7. Wamenenue nehopMHUPYEeMOCTH OOpPAa3lOB OCTATbHBIX MOJMMEPHBIX MAaTEpUaloB B MpOIECcCe
HarpeBa MPOBECTH COTIACHO mil. 1-6. Pe3ynbTaThl n3MepeHHii 3aHECTH B TAOIHILY.

8. Ha ocHOBaHMHW TMONYYCHHUSAX AAHHBIX TMOCTPOUTH TEPMOMEXAHHUECKYIO KPHBYIO JUIS KaXKJOTO
TONIMMEpHOro Matepraia u 1o nepernbam ua kpuoit & = f (T ) onpenenuts Temmneparypsl mepexoos:

TeMIepatypy cTekioBaHus Tc, TemrnepaTypy Tekydectu Tt 1 TeMnepaTypy miaBiaeHus T

Tabnuma [oka3atenu gehopMupyeMOCTH OJTUMEPOB IPU HATPEBE U MX TEMIIEPATypPhbl IIepexoa

Ne | TTonumepHsbIit Temmnepatypa, °C Temnepa- Temnepa- Temnepa-
n/m | Marepuan Typa Typa Typa
CTCKJIOBAHUAI, TEKYYECTH, IIJIABJICHUA,
Hedopmanus €, % Te.°C Tr.°C Ton, °C

5. COAEP’)KAHUE OTUHETA
B oryere HEoOXoAMMO oOmucaTh CYIIHOCTH TEPMOMEXAaHHYECKOTO METOd, HPUBECTH CXEMY
nedopmupoBanus oOpasua, gaHHble 00 uccaeayeMoM marepuane. OT4eT OOJDKEH BKIIOYaTh TAOMULy U

IMOCTPOCHHBIC TCPMOMCXAHWYCCKUC KPHUBBIC I PA3JIMYHBIX MATCPUATIOB. AHaJ’II/ISI/Ip}IH IMMOJIYYCHHBIC



JaHHBIC 10 TEMIICpATypaM IMCpexoaa, COCTAaBUTb PCKOMCHAAIIMU TII0 TCMIICPATYPHOMY PCKUMY

SKCILTyaTalluu I/ISILGJ'II/Iﬁ U3 IMOJIMMEPOB U UX nepepaGOTKH.

6. KOHTPOJIbHBIE BOITPOCBI

1. Kak BiusieT CTpyKTypa MakpoOMOJEKYJIbl MOJMMEPOB Ha HX (DU3UKO-MEXaHUYECKHE
cBolicTBa?

2. JlaTh KpaTKyro XapaKTepUCTUKY (PU3NIECKIX COCTOSHUN TOJIMMEpa.

3. B uewm 3akirodaeTcs CyIIHOCTh TEPMOMEXaHUIECKOTO MeTo1a?

4. Urto Ha3bpIBaETCS TEPMOMEXAHUYECKON KPUBOL?

5. Kak onmpenenuts Temneparypsl nepexoaoB noianmepos? Kakyro nHpopMaIuio oH1 Jaf0T O

TEXHOJOTUYECKUX U OKCILTYyaTallMOHHBIX cBoiicTBax?

7. BUBJIMOT' PAGUYECKUI CITMCOK
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TEPMHUYECKOE PACIIUPEHUE MATEPUAJIOB. OTPEJEJIEHUE BEJINYUHbI
TEMIEPATYPHOI'O KOD®PUIIUEHTA JIUHEHHOI'O PACILIUPEHMSI (TKJIP)

1. HEJIb PABOTBI
1. Uzyuuts MeToauky uaMepenus BennuuHsl TKJIP Ha HHAMKAaTOpHOM JUIIaTOMETpE.

2. Omnpenenuts BennurHbl TKJIP MeTamminueckix 1 HeMeTAIUTHYECKUX MaTepHaJlOB.

2. TEOPETUYECKUE CBEJJEHA

Termodu3udeckne CBONCTBA MaTepHAIOB HWMEIOT BaXHOE 3HAYCHHWE MJIS1  ONpeAeNeHHS
MPAKTHYECKOW WX IIEHHOCTH. BCeACTBHE TEIUIOBOTO pacIIMpeHHs  BO3MOXXKHO BO3HHMKHOBEHHE
TEPMHUYECKUX HAMPSDKEHUI B MECTaxX COMPSDKEHUS JAeTalel WK CJIO0EB U3 PA3HOPOJHBIX MaTepUANIOB, YTO
MOXET TPUBECTH K BO3HUKHOBEHHIO TPEIIMH M pa3pylIEHUIO 3JieMeHTOB KoHcTpykuuil. TKIIP
TPaOULIMOHHBIX MAaTEepHajoB (CTalH, AJIIOMHUHHSA, OpPOH3BI, JAaTyHH) U MOJUMEPHBIX MAaTepUaIOB
oTanyaoTcs B cpenHeM B 10 pas, 4TO co3maeT cephe3Hble TPYAHOCTH IPU KOHCTPYUPOBAHHUU U
9KCIUTyaTaluyd OMMaTepuanoB, I€ HEM30EKHBIM SBJISIETCS] HEIOCPEACTBCHHBIM KOHTAaKT MaTEepPHajoB C
paszmuunbiMu TKJIP. Ognako 3Hauenue TKJIP monnmMepoB MOKHO pe3Ko MOHM3UTH Kak 3a CUET BBEJICHUS
HaIOJHUTENEH, TaK M 3a CUET W3MEHEHHWs CTPYKTypbl MojauMmepa. B Takux ciydasx CTpeMsTcs IO
BO3MOXXHOCTH K MAaKCHMAJIbHO OJHM30CTH TEIUIOPU3UUECKUX XapaKTEPHUCTUK CONPSATaeMbIX MaTEpUalIOB
BO BCEM MHTEPBAJIM TEXHOJIOTMYECKUX U SKCIITYaTAl[HOHHBIX TEMIIEPATYP.

Peakuuss wmarepuana Ha TEIJIOBOE BO3JEHCTBHE CBsi3aHA C BHYTPEHHHUMH CTPYKTYpHO-
MOJIEKYJIAPHBIMU ~ [IepecTpoeHusiM. Tak, TpuW HarpeBaHWM METAJUIOB BCJICJACTBHE YBEIHMUEHUS
MEKATOMHOTO PAcCTOSHUSI B KPUCTAIIMUECKON PEIIETKH YBEIUYMBACTCS O0BEM Tela W YMEHBIIAeTCs
IUIOTHOCTh. TEIUIOBOE pacUIMpeHHe TBEPAbIX TeNl YHCICHHO XapaKTepU3yeTcs TeMIlepaTypHbIM

ko3 dunrenToMm o0beMHOro pacmmpeHusi. HempepblBHOE paciIMpeHHe IpH HarpeBe OMHCHIBACTCS

hopmyoit

V, = V(1 +B(T, — Tp)) @
rne ¥y uw V] — oObem Tema mpu HaIMYHOW W KOHEYHOW W KOHEYHOW Temreparypax Lg m T4

COOTBETCTBEHHO; 5 — K03 QHUIHEHT 0GBEMHOTO PACIIUPEHHS.

Paznuuarot cpeannii K03 GUUNMEHT pacInpeHusi, OTHOCAIIMICS K HEKOTOPOMY HHTEPBAJly TEMIIEPATyp,

E_VI_VD 1 [ 1 ]
_Tl_TI} 1, Lrpag

(2)

Y UCTHUHHBIA K02((UIMEHT paclIupeHusi, OTpeIeIeHHON TeMIeparype,



1dV[1] (3)

rpan
HOCKOJIBKy HCII0JIB30BaTh HI/IKHOMeTpI/IT-IeCKI/Iﬁ NN FI/II[pOCTaTI/I‘IeCKI/Iﬁ METO/J IMPHU NOBBIIICHHBIX
TeEMIICpaTypax HEIb34A, Ha MPAKTUKE HU3MEPAIOT U3MCHCHUA JIMHEHHBIX PasMEPOB U 3aTEM BLIYUCIIAIOT

COOTBCTCTBYIOIINE N3MCHCHUA o0beMma.

Jnuna o6pasua u3MeHseTcs MPH HarpeBe TakK, YTo

1= lo[1+ a(T; — Ty)l, (4)
rae 11 Iy — nmHa 06pasua npu HavanbHEIX M KOHEUHBIX Temnepatypax T1H Tg; & — xordduiuenT

JIMHEHHOTO PaCLIUPEHUS.

[Tpu 3TOM UCTHHHOE U CpeHee 3HAYCHUSI TEPMUIECKOTO KOdPPHUILIMEHTa THHEHHOTO

pactmupenus (TKJIP) onpenenstoT cOOTBETCTBEHHO, KaK

a1

&=y [r—paa;]’ ()
1 I,-1 1

§=_.A|: ] (6)
l, T,—T,lrpax

I[J'ISI HU30TPOINHBIX B OTHOIICHUU TCIUIOBOIO paCHIMpCHHUA MATCpHUaIOB C Ky6PI‘IeCK01>i

KPUCTAIUIMYECKON  pEIeTKONH JUHEHHBIH H  00beMHBIH KOP(POHUUMEHT pACHIMPEHUS] CBA3aHBI

3apucumocthio 5 = 3a, [f =3& , uro mNO3BOJAET pacCMAaTPUBaTh HX KAaK PaBHOLIEHHBIE
XapaKTEPUCTHKH.

Jlnst  aHM30TPOINHBIX ~ MaTEPHaIOB HEKYOMYECKMX CHCTEM paclIUpEHHs [0  PasIunYHbIM
KPUCTAIIIOrpad)MueCKUM HAIPABICHUSIM B 00IIIEM CiIydae HEOAnHaKoBO. Ecii 0603HauuTh KOAPHUITHEHT
BJIONb TJIaBHOH KpucTamiorpadpudeckodfl ocum ), a s HampaBleHHS, TNEePIEHIUKYIIPHOMY
IJIABHOMY £, CBA3b MEXAy KOd(p(QUIHEHTOM O0O0BEMHOrO pacuiupeHds 3 U JIUHEHHBIMH
K02 dunrenTamMu ¢t || H ¢ BBIPA3UTCS: = |t 2ay.

MOHOTOHHOE TIJIaBHOE H3MEHEHHE pPa3MEpPOB Tela IPU HATPEBAHHU XapaKTepHO TONBKO AJIA
TEMIIEpPaTyPHBIX UHTEPBAJIOB, 1€ OTCYTCTBYIOT (Da30BbIE MPEBPALIECHUS, TaK Kak (a30Bble MPEBPAILCHHS
COIIPOBOXKAAIOTCS CKAYKOOOPa3HBIM U3MEHEHHEM yebHOro oobema u Benuuuabl TKIIP.

N3ydyeHneM u3MeHEHHUs pPa3MEpOB TeJl, CBA3AHHBIX C HArpeBOM M OXJIAXACHUEM, 3aHUMaeTcs
OUIATOMETpHs, a CIHEIHalbHO BBICOKOUYBCTBHTENIBHBIE MPHOOPHI, CIyKallde A HCCIeIOBaHUS
TEIUIOBOTO PacIIMPEHNs], Ha3bIBAIOTCS AUIATOMETPaMHU.

Meronsl onpeneneHuss K03()OUIHEHTOB TEPMUYECKOTO PACIIUPEHHUS MOXKHO pa3feliTh Ha IBE

OCHOBHBIE TPYTIIIBIL:



1. A6comotnble MeTonbl m3Mmepenus TKJIP, xorma wsmenenus miumubl Al nmpu u3meHeHuu
Temreparypsl Ha BeauuuHy ATH3MEpSIOTCS HE3aBHCHMO OT TEIJIOBOTO PACIIHPEHHS

M3MEPUTEIHLHOTO YCTPOUCTBA HITH JIeprKaTelis oOpasiia.
2. OTHOCUTEIBHBIC METO/Ibl U3MEPEHHUS, OCHOBAHHBIC Ha CPaBHEHUH KO3 (UIIMEHTA PaCIIUPECHUS
MCCIIeIyeMOro MaTepuaia ¢ Ko3QGHUIMEHTOM STAIOHHOTO BEIIECTRA.

HenocpenctBeHHOe M3MepeHUE W3MEHEHUS JUIMHBI o0pasila B Mpolecce HarpeBa aOCOIOTHBIM
METOJIOM OTHOCHUTCS K CPaBHUTEIBHO CIIOKHBIM METPOJIOTUYECKUM 3ajlayaM, YTO OTPAaHUYMUBAET €ro
MIPUMEHEHHUE.

OTHOCHUTENEHBIE METOIBI TMONYYHIIN IMAPOKOE PACIPOCTPAHECHHE B J1aOOpaTOpHOU IpakTuke. Mx
npuMeHsitor kak mist omnpeneneHuss TKJIP, ucmonb3yemMbiX B HHXKEHEPHBIX pacuerax, Tak W JJd
uccienoBannus ¢Ga3oBbIX mpeBparieHuil. [lo u3aMeHeHHIO KOd(h(PHUIMEHTa TEPMHUYECKOTO PaCIIHPEHUS
MOJIMMEPHOTO MaTepuaia U ero TeMIepaTypHOH 3aBUCUMOCTH MOKHO CYJIUTh O ITpolieccax MepecTporKu
MOJIEKYJISIPHOM CTPYKTYPBbI, IPOLIECCOB MOJUMEPU3ALIUUA U CTPYKTYPHOTO CTEKJIOBAHUSI.

BoNbIIMHCTBO OTHOCHUTENBHBIX METOJIOB OCHOBAHO Ha NMPUMEHEHUH U3MEPUTEILHOTO YCTPOUCTRA,

COCTOSIIETO W3 MUIMHAPUIECKOTO oOpasiia 3, momMereHHoro B Tpyoky 1 (puc. 1).

Puc.1. CxemaTnueckoe H300pakeHre U3MEPUTEIBHON TPyOKH AUIaTOMETpa.

B mpomecce wu3MepeHUil CpPAaBHUBAIOT BEJIMYMHY TEPMUYECKOTO paclIMpeHusi oOpasia u3
HCCIIelyeMOr0 Marepuala C TeIUIOBBIM paclIMpeHHueM TpPyOKH, B KOTOpoW OH momemniaercs. TpyOky
W3TOTABJIMBAIOT W3 3TAJIOHHOTO BEIIEeCTBa, KOTOpoe ob6iamano Obl HM3KMM W TocTOSHHBIM TKIJIP B
HIMPOKOM JIMaNa3oHe TemIeparyp. TakuM MaTtepualiaM MOXKET CIYXKHTh TUIABJICHBIH KBapll, KOTOPBIH
UMEeT MOCTOSHHBIN KOA(QUIMEHT JHMHeWHOoro pacumpenus, cocrasistommii (0,55-0,56) 105K 1
uHTepBane Temmeparyp ot 0 1o 1100 °C.

[Ipn m3mepennax obOpazen; 3 momemaroT B TpyOKy 1 c 3amasHHBIM JHOM Tak, YTOOBI MEXIY
0o0pa3oM W CTeHKaMH TPYOKH coxpaHsuics HeOombIIoi 3a3op. HrkHIOI dacTe TpyOKM ¢ oOpasmom
MMOMETIAIOT B HArPEBaTEIbHYIO M€Y WM BaHHY TaKUM 00pa3oM, 4ToOBI TeMItepaTypa 1o JUTiHHe oOpasiia
ObLIa MOCTOSIHHOW. BepxHsist yacTh TpyOku 1 BbIBEJICHA M3 HATPETOM 30HBI H MOXET UMETh KOMHATHYIO
temmneparypy. Han oOpa3nom B TpyOKe MOMeNaoT KBapLeBblid IITOK TOJIKATeNIb 2, KOTOPBIH HAXOJUTCS B
TEX K€ TeMIEepaTypHBIX YCIOBUSAX, YTO M OKPY’KAaIOIasl €ro 4yacTb TPYOKH, U MX TEIUIOBOE PACLIMPEHUE
OIMHAKOBO. TakuM 00pa3oM, OTHOCHTEIBHOE CMEIIECHHE BEPXHEro TOpLA CTEPXKHS M Kpas TPYyOKH
OTpenesieTcss TOJNBKO PasHOCTBIO YIUIMHEHHWH oOpasla M OKpYy’)Kalollel ero HIKHEH uyacTu TpyOkw,
HaXOIIIMXCS B M30TEPMHUYECKOH Kamepe. 3Has KOA(QUIMEHT JIMHEWHOTO pacUIMpeHds MaTepHhaja

TpyOku (MaBieHbIH KBap1), Terko paccuntath TKJIP uccnaenyemoro marepuana.



Puc.2. CxemaTtuueckoe u300pakeHue HHANKATOPHOTO AUIATOMETPA.

[Mpocreiimum npubopoM st U3MEPEHHUH TEPMHUYECKOTO PACHIMPEHUsS SBISETCS MHIUKATOPHBIN
munarometp (puc. 2). [IpuGop coctout w3 kBapueBoil TpyOku 1, Tonkatens 2, WHAMKATOPHOTO
MHUKpOMeETpa 3 1 U30TePMHUUECKOI KaMepsl 5 (HarpeBaTellbHas Iedb, TEPMOCTAT ¢ MaciioM). Temmeparypy
oOpasia u3MepsIoT B MeYH TepMomapoi 4, Topsueil crail KOTOpPbI BCTaBJIEH B HEOOJBIIIOE OTBEPCTHE B
obpasiie; B TepMOCTaTe — TEPMOMETPOM. Ecin Tipu HadaapHOM KOMHATHON TEMIIEPAType HHIUKATOPHBIHA
MUKPOMETp TIOKa3bIBae€T YUIMHEHHE oOpaslla, paBHOE HYJIO, TO IpPH MOBBIIICHHON TeMmIepaType
TI0Ka3aHUsl MMKpOMeTpa S OysieT ONpelelsThcs pasHOCThIO yimuHeHus obpasuoB Aly u xBapuesoit
Tpy6ku Aly. BenumumHa TepMMUECKOro yIMHEHHs 00pasia NpHM 3TOM MOYET OBbITh HPEACTABIECHO

BBIPA’)KCHUCM

ALy(T) = AL(T) +5(T), (7)

U3 KoToporo noayuynin Bennuuny TKIIP

1d(l,) 1d(y) 1dS
0 = — = — _|__

—, =
l, dT 1, dT 1, dT (8)

rie |y — HavaneHas anmHa o6pasia.
ITepBoe cnaraemoe B mpaBoil actu ypaBuenus paBHo Benmunne TKIIP kBapma. [1oaToMy oKOHYATETHHO

BhIpaXkeHUEe Uil Ko3(duiMeHTa JMHEHHOrO pacIIMpPeHHs HCCIeayeMoro ooOpasia Mmartepuana Oynaer

UMETH BU

3. OBBEKTBI UCCJIEJJOBAHIM S, ObOPYIOBAHUE
OO0pas3isr:



— 00pasLbl METAJIIOB, OIUMEPHBIX MAaTEPHAJIOB.
ObopynoBaHue U MaTepUaIbL:

— U3MEPUTEIIbHBIM HHCTPYMEHT

— IITaHTeHIUPKYJIb

— HarpeBaTellbHas IeYb

— TepMocTar

— WHIVKATOPHBIN TUIaTOMETP

— TEPMOMETP

4. 3AJAHUE HA PABOTY

Hcnonp3ysi MHAWKATOPHBIA AWJIATOMETP, OMPEAETHTh TepMHUUECKHHd Kod()(PHUIMEeHT IMHEeHHOTro
pacmmpeHus 00pa3LoB METAUIMYECKUX U HEMETAUIMYECKUX MaTepHaIoB.

DKcHepUMEHTalbHble NaHHble rpaduueckun npexactaButh B Buae S = f(T). Ha xpuBoii
3apucumoctu 5 = f (T )BbIOpaTh JOCTATOYHO TMHEHHBIH yUacTOK, TOraa onpeaenseMoe 3HaueHue TKJIP
OyIeT ABNATHCS UCTUHHBIM 3HAUEHUEM IS CpeIHEN TeMIepaTyphbl TeMIIEpaTypHOro HHTEpBaa:

AS=5,—5,;AT =T, —T,.

Pacuer TKJIP nccnenyeMbix MaTepualioB mpou3Bectu o Gopmyie (9).

5. ITOPAAOK BBIIIOJIHEHMA PABOThBI

1. Usmeputh aiamHy HccieayeMbix 00pas3noB. BcraBuTh oOpaszeln B KBapleBYIO TPYOKY TOJIOBKH
aunatomerpa. Jlanee TOJNIOBKY IMIATOMETpa € METAUIMYECKUM OOpasloM IOMECTHTh B
TpyOUaryro mneus, a ¢ 00pa3oM MOJMMEPHOTO MaTepraia — B TepMOCTAT. BKIFOUUTH edb U
TepMOCTaT.

2. TlpousBecTn u3MepeHHE NOKa3aHUH MUKPOMETpA MPU HArpeBe B JUAMA30HE TEMIIEPATyp OT
koMHaTHO# 10 600 °C Metammueckoro obpasma ¢ uHTepBanoM uepes 40 — 50 °C. Ilpu

0
HarpeBe oOpasua u3 nonumepHoro matepuana usmepenue S(T) BeimoaauTh yepe3 10 "C B

MHTepBale TeMIepaTyp oT KoMHaTHoii 10 100 °C.

6. COOEP’)KAHUE OTYETA

1. 3nayenue S(T) 3amucarh B BUJAC TAOJNHUIBI, MOCTPOUTH IPadHK ISl KAKIOTO HCCIEAYEMOTO
MaTepuania.
2. Haiitu 3nauenust TKJIP MeTannoB U HEeMeTaNTMUECKUI MaTepHaoB.

3. ComnocraButh 3nauenus TKJIP HCCICAYCMBIX MaTCPUAJIOB U CACJIATH BBIBOJLI 110 pa60Te.



7. KOHTPOJIbHBIE BOITPOCBI

Hackonpko otnuyaetcs nopsaok 3HadeHnii TKJIP meTanioB u monuMepHbIX MaTepranoB?
Kax moxno nonnzuts TKJIP miactmacc?
KakoBa nprpojia TepMHUYECKOT0 paciupeHus?

KaxoB mpuHIUT yCTpoHCTBa HHAMKATOPHOIO AUIaTOMeTpa?

o > LD

Kakyio ¢usndeckyro xapakTepHCTUKy HEOOXOJMMO YUWTHIBATH NPU KOHCTPYHPOBAHHU H

JKCIUTyaTaIliy OMMaTepraioB U moueMy?
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C.

JlabGopaTopHas padota Nell
OCHOBBI aTOMHO-3MHCCHOHHOI0 CIEKTPAJLHOI0 AHAJIM3A.
1. Ilesan padoTsI:
1.1 MOJIY4YUTh 3HAHUA TCOPCTUICCKUX OCHOB ATOMHO-5MUCCHOHHOT'O CIICKTPAJIbHOI'O aHaJInM3a
(ADCA);
1.2. U3yYUTH METO/ABI AaTOMHO-3MUCCHOHHOTO CIIEKTPAJIbHOTO aHAIH3a;
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1.3 u3y4uTh YCTPOMCTBO M pabOTy aTOMHO-3MUCCUOHHOTO criektpomerpa MCA I,
1.4 0CBOUTH METOJIUKY MOJTOTOBKH 00PA3I[OB JJIsl CIIEKTPAILHOTO aHAIN3a;

1.5 mpoBectu pexkanubpoBky crnekrpomerpa MCA |l 1 TecToBoe onpeneneHue XUMHIECKOTO
cocTaBa 00pa3loB CTalleif H3BECTHOTO COCTaBa;

2. TeopeTnueckue cBeIeHUSA

2.1 O6mue ceenenusi. Kimaccudpukamus merogoB ADCA

Henp npakTHYeCKOro YMUCCHOHHOTO CIEKTPaJIbHOIO aHaJu3a COCTOUT B KaUu€CTBEHHOM
00OHapy’KEeHHUH, B MOIYKOJUYECTBEHHOM HJIM TOYHOM KOJIMYECTBEHHOM ONpEAEICHUN JIEMEHTOB
B QaHAJIU3HPYEMOM BELIECTBE.

MeTonpl CHEKTPaJIbHOIO AaHANW3a, KakK IPaBWIO, IPOCTHI, 3KCIPECCHBIE, JIETKO
HOJJAIOTCS MEXaHU3allMd M aBTOMAaTH3alUH, T. €. OHU MOAXOAST Ui PYTUHHBIX MAacCOBBIX
aHanmu3oB. [Ipy Mcnonb30BaHMM CHELMATIbHBIX METOAMK TMpeaesbl OOHApy>KEHHUs OTAEIbHBIX
3JIEMEHTOB, BKJIIOYasi HEKOTOpPbIE HEMETAJUIbI, YPE3BbIYAMHO HU3KH, YTO JENIAeT 3TH METOJUKU
IIPUTOJHBIMU JJI1 ONPENEIICHUS MHUKPOKOJIMUYECTB IPUMECEH. OTH METOABI, 33 MCKIIOUYEHUEM
Clly4yaeB, KOrja B HAJIMYUU UMEETCS JIMIIb HE3HAYMTEIbHOE KOJUYECTBO NIPOObI, SBISIOTCS
NPaKTUYECKH HEpa3pyLIAOIIUMU, TaK KaK JJIS aHaju3a TPeOYIOTCs TOJBKO MaJible KOJIMYEeCTBa
MaTepuaia 00pasioB.

To4YHOCTH  CHEKTPaJbHOIO aHajgu3a, B OOLIEM, YAOBIETBOPSET MPAKTUUYECKUM
TpeOOBaHUSIM B OOJBIIMHCTBE CIy4yaeB OIpEJIEIeHHUs] NpUMeced U KOMIIOHEHTOB, 3a
UCKJIIOYEHHEM OIPEIEICHNUs BBICOKMX KOHLEHTPAalUi OCHOBHBIX KOMIIOHEHTOB CILIABOB.
CrouMOCTh CHEKTpPaJIbHOTO aHalli3a HH3KAa, XOTS IEepBOHAYAJIbHbIE KAlUTAJIOBIIOKEHUS
JOCTAaTOYHO BBICOKM. OjHAaKO TmoOcieIHUE OBICTPO OKYMHAalOTCsS BCIEACTBUE BBICOKOM
IPOU3BOJUTENBHOCTY METO/Aa M HU3KUX TpeOOBaHMH K MaTepuansaM M 00CIIyKUBArOIIEMY
IEpCOoHAIly.

Bo30y>x1aemblii crieKTp U3JIy4eHUs MPOOBI PETUCTPUPYETCS C MOMOIIBIO ClieKTporpada,
CHEKTpOCKONa WM crekrpoMeTpa. [loaToMy cHocoObl OLIEHKH CHEKTPOB B CIEKTPAIbHOM
aHAJIN3€ MOTYT OBbITh pa3/ieleHbl Ha TP TPYIIIIHI.

B cnektporpadguueckoM KadyeCTBEHHOM aHAllM3€ 3aK/IIOUEHUE O MPUPOJIE DIEMEHTOB B
aHAJTM3UPYyEeMOM 00pasiie MOXKHO CJIeJIaTh Ha OCHOBAaHHUHU JJTUHBI BOJHBI CIIEKTPAJIbHBIX JTUHUHA. B
KOJIMYECTBEHHOM aHalli3e NMOoYepHEeHUE JIMHUHN, 3apEeruCTPUPOBAHHBIX Ha (OTOIUICHKE, B 00IIEM
clly4ae CIYXUT MEPUIOM MX MHTEHCHUBHOCTU M, CJEI0BATEIbHO, HCKOMOI'O KOJINYECTBEHHOIO
cocTaBa IPOOBI.

[TpuGopsl CHEKTPaTbHOTO aHaNW3a JJIsl BU3YAJIbHOW CIEKTPOCKONHU OTHOCHUTEIHHO
JEIIeBbl, U aHaJdM3 C MX TOMOIIbIO BBIMONHAETCA OBICTPO. OMHAKO ATH METOABI OCHOBAHBI
UCKITIOUYUTENFHO Ha CyOBEKTHBHBIX CIOCO0aX HM3MEpeHUs MHTEHCHUBHOCTH JWMHUHA. [loaTomy
MOJTy4yaeMble Pe3yJIbTaThl BCET/Ia HOCST MOJYKOJIMYECTBEHHBINA XapaKTep.

[Ipy npumMeHeHnn CIEKTPOMETPUYECKUI METOA, MHTEHCUBHOCTbD JINHUM B ONPEIEIISIIOT C
nomotipio dporoymHoxurenss (OOY) unu TBepAOTENbHBIX MUGPOBBIX MPUEMHUKU CBETa THIIA
[13C-nuneek (mpubOpBI C 3apsAI0OBOM CBA3BIO, JTUHEWHBIE AHAJIOTH MATPUYHBIX MPUEMHUKOB
CBeTa B COBpeMeHHBIX HUGPOBBIX (doToammaparax) W HM3MEPHUTEIBHON 3JIEKTPOHHOM
anmnaparyphl.

CoBpemennble @DV - 370 mMpuOOPHI ¢ HEMPEB30HIACHHBIM OTHOIIEHUEM CHUTHA/IIYM,
OHM HE 3aMEHMMBI B CilydasX, Korjaa TpeOyeTcs aHajau3 OuY€Hb YMCTHIX METaNIOB, HO BMECTE C
TeM OHHU OoO0yajgarT HexocTarkamu. OOUH W3 KOTOPBIX 3akitoyaeTcss B ToMm, 4to OOV mMoxer
perucTpupoBaTh TOJBKO | CHEKTpalbHYH JIMHUIO, 7@ M Ty HAJAO BBIAEISITh TOYHBIMU
ontuyeckuMu mensiMu 10-100 Mmxm. Takum 00pa3oM, mody4aercs, 4To JUisl CIEKTPOMETPOB C
DDV HeoOxoaumo: 1) Ha KaXAbId aHATUTHYECKUN KaHal MMETh CBOM OTAenbHBIN DIV, 4TO
yBeIMYMBaeT OOBEM U CTOMMOCTh MpUOOpa; 2) KECTKO coOmonaTe TpeOoBaHUS IO
MEXaHUYECKOM CTaOMJIBHOCTH 3JIEMEHTOB ONTHKH, a CJIEI0BATEIIbHO, TEMIIEPATYPHOMY PEXKUMY
BIioTh 70 0,1°C. B psge ciayuyaeB ux npumMeHeHHe (OCOOEHHO KOT/Aa He0OXOAMMO IPOBOANTH
aHaJM3bl MHOTHUX OCHOB) SBISICTCS HEONpPAaBJaHHO JOPOTHM, T.K. TpeOyercss Oobiioe
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KOJIMYECTBO  AHAJUTUYECKUMX  KaHaJIOB (M COOTBETCTBEHHO, OOJIbIIOE  KOJUYECTBO
noporocrosuux OIY).

Tem He MeHee, 3a moyrue roabl Takwe mnpuoboper ODC Ha DDOY noBeACHBI JI0
COBEPIICHCTBA M HA METAJUTYPTUYECKUX MPEANPUATUAX C OOJIBIIUM 00bEMOM MPOIYKIIUHU, HO HE
OTJIMYAIOMINXCS OONBIIMM acCOpTUMEHTOM (He Oosiee 2-4 OCHOB), a TaKke MpPH aHAIN3E
MHUKpPOIpUMECE B UUCTBIX MeETaulaX, HUX MCIOJIb30BaHHEe Hauboiee 1e1ecoo0pasHo.

OTO XOpOIIO M3BECTHBIE U XOPOLIO 3apeKoMeHjoBaBlIue cedsi crnekrpomerpel ARL,
OBLF, SPECTRO, SHIMADZU u 1.1. 13 oTe4ecTBEHHBIX MPUOOPOB 3TO crieKTpomeTphl JJDC-
51 u M®C-8.

[Tpu6opst ¢ I13C nosBUIUCH TOJIBKO B CaMble MOCIEAHUE TO/bl. DTH MPUEMHHUKH CBETa
00JanaT 3aMeyaTesbHON crnocoOHOCThIO0. Jleno B TOM, YTO YyBCTBHUTENbHAs K CBETY 30HA
pa3dbuta Ha COTHM U THICSYM OTHCIBHBIX sf4YeeK (MUKCcenel), KOTOpble MOTYT H3MEpSTh
MHTEHCUBHOCTh IIQ/IalOIET0 Ha HHUX CBeTa HMHAMBHIyaslbHO. [loaTOMy HX mpHUMEHEHue
MO3BOJIMJIO PETMCTPUPOBATH BECH CIIEKTP M3IY4YEeHHUs (COTHU M THICSIUM JIMHUI) B AMAINa30HE, HA
KOTOPBIA paccuMTaH NMpuOOp, a HE TOJIBKO OT/AEIbHbIEC IMHUH, KaK 3TO IPOUCXOJUT B MpudOpax
c ®OY.

Ux nosBieHune mno3Bonmio: 1) pe3Ko COKpaTUTh TrabapuTbl CHEKTPOMETPOB;
2) aHaIM3UPOBATh HA OJHOM IPHOOPE BCE METAIUIBI U CILIABBI, HE 3a00TACH O KOJIMYECTBE

2.2 OcunoBbl ADCA

ATOMHO-?MHCCUOHHBIA CIEKTPaJbHBI aHamu3 (- METOA SJIEMEHTHOrO aHalu3a,
OCHOBaHHBIM Ha U3YYEHHUH CIIEKTPOB UCIyCKaHHsI CBOOOIHBIM aTOMOB M HOHOB B ra30Boii (paze B
oOmacty mH BoaH 150-800 HM.

[IpoOy wuccienyemoro BeliecTBa BBOJIAT B HMCTOYHUK HM3IYUYEHHs], IJl€ MPOUCXONAT €€
UCMapeHHue, AUCCOLMAIMS MOJIEKYJd M BO30YXKAEHHE OOpa30BaBIIMXCS AaTOMOB (HMOHOB).
[TocneaHue MCHYyCKAalOT XapaKTEpHOE H3JIydYEeHHE, KOTOpPOE IIOCTYyNaeT B PETUCTpUpYIOIlee
YCTPOHCTBO CHEKTPAILHOTO MpUOOpa.

[Ipn xauectBeHHOM ADCA crekTpel NpoO CpPaBHUBAIOT CO CIEKTPAMU H3BECTHBIX
3JIEMEHTOB, MPHUBEJACHHBIX B COOTBETCTBYIOIIMX aTjacax M TaOJHIaX CIEKTPAIbHBIX JIMHUU, U
TaKUM O0O0pa30oM YyCTaHABIMBAIOT OJIIEMEHTHBIM COCTAaB aHalIM3upyemMoro Bemiecta. [lpu
KOJIMYECTBEHHOM aHAJIM3€ OMPENENSIIOT KOJUYECTBO (KOHIIEHTPAIMI0) MCKOMOTO 3JeMEHTa B
AQHAIN3MPYEMOM BEILIECTBE IO 3aBUCUMOCTH BEIMYMHBI aHAJIMTHYECKOIO CUTHaja (TUIOTHOCTH
MOYEPHEHUS WIH ONTHYECKUN TUIOTHOCTh aHAIMTUYECKON JTMHUU Ha (POTOIIIACTUHKE; CBETOBOM
MOTOK Ha (POTOITEKTPUUECKUIN NMPHEMHHUK) MCKOMOTO 3JIEMEHTa OT €ro Cojep:KaHus B mpooe.
OTa 3aBHCHUMOCTBH CIIO)KHBIM O0pa3oM OMNpeneNseTcs MHOTUMU TPYIHO KOHTPOJIHPYEMBIMU
¢dakTopamu (BaJIOBOM COCTaB MpOO, MX CTPYKTypa, IAHCIEPCHOCTh, MAapamMeTpbl HCTOYHHUKA
BO30Y>KIEHHUsSI  CIIEKTPOB,  HECTAOMIBHOCTb  PETUCTPUPYIOIIUX  YCTPOMCTB,  CBOMCTBa
dororuractiHOK ¥ T.A.). [loaTOMy, Kak mpaBWio, /IS €€ YCTAaHOBIECHUS HCIONB3YIOT HaOop
00pa31oB id TPajyupoOBKH, KOTOPHIE MO BaJOBOMY COCTaBy M CTPYKType BO3MOXHO Ooiiee
OJIM3KM K aHaJIM3UPYEMOMY BEIIECTBY M COJEpP’KAaT H3BECTHBIE KOJUYECTBA OIPEAEIAEMBIX
37eMeHTOB. TakuMu o0pa3liaMu MOTYT CITY>KUTh CHEIHabHO MPUTOTOBICHHBIE METAJUTMYECKHE
CIUIaBbI, CMECH BEIIECTB, PACTBOPHI, B TOM YHWCJIE W CTaHAApPTHbIE OOpasIlbl, BHIITYCKAaeMbIe
MPOMBIIIIEHHOCTHIO. J{J1sl yCTpaHeHUs BIMSIHUSI Ha PE3yJIbTaThl aHaJIN3a HEU30€KHOTO pa3Inyus
CBOICTB aHAJIM3UPYEMOI'0 U CTAaHAAPTHBIX OOPA3LOB MCMOIb3YIOT pa3HbIe IPUEMBI; HAIIPUMED,
CPaBHHMBAIOT CHEKTPaJbHBIE JTUHUH OIpPENesieMOro 3JE€MEHTa U TaK Ha3bIBaMOM 3JIeMEHTa
CpaBHEHUs, OJM3KOTO MO XMMHYECKMM M (PU3MYECKUM CBOWCTBaM K ompenensemMomy. Ilpu
aHaJIM3€ OJHOTUITHBIX MAaTEPHUAJIOB MOXKHO TPUMEHATh OJHU U T€ K€ TIpagyUupOBOYHBIC
3aBUCUMOCTH, KOTOPbIE EPUOINYECKU KOPPEKTUPYIOT MO MMOBEPOUHBIM 00pa3Lam.

UyBcTBUTEIHHOCTE U TOYHOCTE ADCA 3aBUCAT TJIaBHBIM 00pa3oM OT (U3UYECKUX
XapaKTEePUCTHK HCTOYHUKOB BO30OYXKICHHS CIIEKTPOB - TEMIIEPATypbl, KOHIIEHTPAIIH
JJIEKTPOHOB, BPEMEHHU MNpEObIBaHUS aTOMOB B 30HE BO30YXKACHHUS CIIEKTPOB, CTAOMIBLHOCTU
peXMMa UCTOYHWKA W T. A. Iy pemeHuss KOHKPETHOH aHaJUTUYECKOM 3aadd HEOoOXOAUMO
BbIOpaTh MOAXOMANIUMN HMCTOYHUK H3ITyYEHHUs, TOOUTHCA ONTHMHU3AIMU €r0 XapaKTEPUCTUK C



MOMOIIBI0  PA3JIMYHBIX MPUEMOB - WCIOJB30BAaHWE HMHEPTHOM arMocdepsl, HaJOKEHHE
MarHUTHOT'O TOJIsI, BBEJICHUE CHEeMATbHbIX BEIIECTB, CTAOMIN3UPYIOIINUX TeMIepaTypy pa3psaaa,
CTETIeHb MOHMU3ALNU aTOMOB, MH((y3nOHHBIE TPOLIECCH HA ONTHMAIBHOM YpPOBHE H T.1. BBUIY
MHOrooOpasusi B3aUMOBIHUAIONIMX (AKTOPOB MPH 3ITOM YACTO MCIOJB3YIOT METOJbI
MaTEMaTHYECKOI0 IUIAHUPOBAHUSI SKCIIEPUMEHTOB.

2.3 CymHocTh MeTo/Aa

ATOMHO-3MHUCCUOHHBIN CIIEKTPAJIBHBIN aHAIN3 — 3TO METOJ ONPEICICHUS XUMUYECKOTO
COCTaBa BEIIECTBA 10 CHEKTPY M3IyUYEHHUS €ro aTOMOB I10]1 BIUSHUEM UCTOYHUKA BO30YKICHUS
(myra, UcKpa, Maams, IiazmMa).

Bo30yx1enue aToMOB MPOUCXOAUT MPH MEPEX0ie OJHOTO WM HECKOJIBKHUX 3JIEKTPOHOB
Ha Oosiee  OTHAIEHHBIM  HSHEPreTMYEeCKHi  ypoBeHb. B HOpMallbHOM  COCTOSIHUU
(HeBO30YkKIEHHOM) aTOM MMEET HauMEHbIYI0 3Hepruto Eo. B Bo30ykaeHHOM (HEeyCcTOHUMBOM)
COCTOSHHH aTOM MOJKeT HaXOJWThCA O4eHb KopoTkoe Bpems (=107 — 108 cex) u Bcerma
CTpEMHUTCS 3aHATh HOPMalbHOE HEBO30OYXAEHHOEe cocTtosiHMe. [Ipu 3ToM arom oOTHaér
M30BITOUHYIO SHEPTHIO B BUJE U3JTydyeHus (OTOHA.

AE =E,—E,=hv=h=

A5

rae E2,E1 — sHeprus BepXHero u HMKHEro ypoBHS; V — 4acTOTa; ¢ — CKOPOCThb CBETa; A —
JUIMHA BOJIHBI M3Ny4yeHus; h — mocrosiauas [lnanka.

s mepexona aroma Ha 0ojiee BBICOKMH SHEPreTHYECKUH ypOBEHb €My HEo0XO0IUMO
nepeJaTh SHEPrui0 Ha3blBaEMyl0 IOTEHLUanoM Bo30yxnaeHus. HaumeHbmas sHeprus
HeoOXxouMasi JJ1 OTpbIBa OT HEBO30YKIEHHOTO aTOMa €ro BHEIIHEro BaJEHTHOIO 3JIEKTPOHA —
NOTEHIIMAT HMOHU3ALIUHU (SHEPTHS BO30YKICHUS).

CrexTpasnbHas JUHUS — U3IyYeHHE KaKOH-TM00 OAHOM JUTMHBI BOJIHBI, COOTBETCTBYOIAS
OTIpeNIeIEHHOMY SHEPreTHYECKOMY MEPEeX0oay Bo30yKIEHHOTO aTOMa.

WNnTteHcuBHOCTh  cnekTpaibHOM  auHuUM  (I) mpsAMO  NpONMOPIMOHAIBHO — YUCITY
B030yxnéHEBIX uactui (N°), T.K. BO30OYKJIEHHE aTOMOB MMEET TEPMUUYECKYIO IPHPOJLY.
Bo30yxnénHble 1 HEBO30YyKIEHHbIE aTOMBI HaXOJATCS MEXay co00il B TEpMOJMHAMHUYECKOM
PaBHOBECHH, KOTOpasi ONMChIBAaeTCs ypaBHEHHEM boibpiimana:

N* g _E

= —=xg kT

ﬁg“

rae NO — uncio HeBO36Y)IEHHBIX aToMOB; §°,g° — craTHueckue Beca BO30YKIEHHBIX H
HEBO30YKJICHHBIX COCTOSIHUI aToMOB; E — sneprust Bo30yxaeHus; K — nocrosiuaas bonbimana,
T — reMneparypa.

TakuM 06pa3oM, Ipu MOCTOsHHOH Temmeparype N* mpsmo mpomoprmonansao N, T.e.
dakTHuecku oOLmeMy 4YHCIy JaHHBIX aToMoB B mpobe. OOmiee YUCIO aTOMOB MPSIMO
MIPOTIOPITMOHAILHO KOHIIEHTpAIMH (C) d7IeMeHTa B Ipooe.

Takum 00pa3oM, MHTEHCUBHOCTh 3MUCCHOHHOW CHEKTPAJIBbHOW JHHUU MOXET OBITh
HCIIOJIb30BAaHO B KAuecTBE AaHAJIUTHUYECKOrO0 CHUTHajda JUIsl ONpeNeeHHUs KOHLEHTpaluu
JJIEMEHTA:

I=a=*c

rae 8 — kodhULKMEHT, 3aBUCIINIA OT YCIOBUH Mpoliecca.

B ADCA pemaromiee 3HaueHHE MMEET MPABWIBHBIA BHIOOpP YCIOBUH aTOMHU3alMM U
M3MEPEHUS] aHATMTUYECKOT0 CHTHAJIa, TOATOMY B peaibHbIX ychnoBUsiXx ADCA wucnonb3yercs
dopmyna Jlomakuna — [laii6e:

I=a=c?

roe b — mocTosHHBIN KO3()MUIMEHT, 3aBUCALIMHA OT JHEPrETHYCCKHUX MEPEXOJIOB,
OOYCJIOBJICHHOW HW3JIy4YEeHHEM JaHHOW CHEKTPaJIbHOM JIMHUM, OIpEAeNsieT YroJl HaKJIOHA
rpagyupOBOYHOTO rparika KOHTPOIUPYEMOTO SJIEMEHTA.



b=tza

T
lgeb=1tga

«I'pagyupoBouHbIii TIpaduK 3aBUCUMOCTH HMHTEHCUBHOCTU CIEKTPAJbHONW JMHUU OT
KOHIIEHTPALUU OIPEEISIEMOTr0 dJIEMEHTa»

Tak Kak XUMHYECKUH COCTaB OOpa3llOB KOHTPOJIUPYETCS B LIMPOKOM HWHTEpBaJe
KOHIeHTpanui, popmyny Jlomakuna — [1laiibe ncnons3yroT B 1orapuMUIECKUX KOOPIUHATAX:
lgl =lga+ b=*lgc

«MaTEeMaTUIECKOE OCHOBAHUE JIJIsl TPOBEACHHS KomuecTBeHHOro ADCAY

2.4 O01acTh NpUMEHEHUs!

OcHoBHBIE 0077aCTH MPUMEHEHHS — aHAJIU3 COCTaBa METAJIJIOB U CIUIABOB B METAJLITyprUu
N MallMHOCTPOCHHHU, HCCIICAOBAHUC TCOJIOTHYCCKUX 06pa3u013 U MUHCPAJIBHOTI'O CBIPbA B
TOPHOA00BIBAIOIIEH MPOMBIIIUIEHHOCTH, aHAJIU3 BOJ M IOYB B JKOJIOTHMH, aHAJIU3 MOTOPHBIX
Macell U APYTUX TEXHHUYCCKUX }KHHKOCTeﬁ Ha NIpUMECH MCTAJLUIOB C MCJIBHO AUArHOCTHUKH
COCTOSIHUS MalllUH U MEXAHU3MOB.

2.5. UcTOYHUKH BO30YXK/ACHHS CIIEKTPOB

B mpakTuke aTOMHO-3MHUCCHOHHOTO CIIEKTPaJIbHOI'O aHAJM3a B KAYeCTBE HMCTOYHHUKOB
BO30Y>KJCHHsI CIIEKTPOB MPUMEHSIOT TUIaMsl, JIEKTPHUUECKHE JYTH MOCTOSHHOTO U MEPEMEHHOTO
TOKa, HU3KO- M BBICOKOBOJIBTHYIO KOHJICHCHPOBAHHYIO HCKDPY, HH3KOBOJBTHBIA WMITYJIbCHBIH
pa3psij, paznuuHble (OPMBI TICIOIMIETO Ta30BOTO paspsaa W Ap. 3a mocinegnue 10-15 mer
IIMPOKOE PACIPOCTPAHCHHUE TOJMYYWIA Pa3IMYHbIE BHJBI BBICOKOYACTOTHBIX  Pa3psIOB:
BBICOKOYACTOTHAs MHIYyKTUBHO-cBsi3anHas 1uiazma (MCIT) B atMocdepe MHEPTHBIX Ta30B MPU
aTMOC(hEpHOM JIaBJICHHH, CBEPXBBICOKOYACTOTHBIN (MHUKPOBOJHOBBIN) pas3ps U Jp.

Ilnamst

[Tnams WCTIONB3YIOT KaK aTOMH3ATOP W HUCTOYHUK BO3OYXKIACHHS CIIEKTPOB B METOJC
dboToMeTpUM TUIAMEHHU, a TaKXKe KaK OJUH M3 OCHOBHBIX CIIOCOOOB aTOMH3AI[MU BEIIECTB B
METO/IE aTOMHO-a0COpPOIMOHHOTO aHaim3a. Hambosee 4acTo HMCMONB3YIOTCS IUTaMEHa CMECH
Bo3nyx—areTuieH (T=2100-2400 K) u okcun azora(l)—anerunen (T=3000-3200 K), pexe —
miameHa cmeceit Bozmyx—ipornasn (T=2000-2200 K) u oxcun azota(l)—mnponan (T=3000 K).

BBon aHanmsumpyeMoil KHAKOCTH B IUIaMs OOBIYHO OCYIIECTBISIETCS IyTEM e
MMHEBMATHYECKOTO pachblUIeHUs. [IpUMEHSIOT paclbUIMTENM TJIAaBHBIM 00pa3oM JBYX THIIOB:
VIJIOBBIE W KOHIIEGHTPHYECKHE, pabOoTarolmue BCIEACTBHE CO3/1aBa€MOT0 pa3psHKCHHUS Hall
OTBEPCTHEM PACHBUISIONICTO Kamujuisgpa (MM BOKPYT HETO0), BTOPOM KOHEIl KOTOPOTO MOTPYKEH
B pacTBOp aHaIM3UpyeMoil mpoObl. BeITekaromias M3 Kamwuispa >KUIKOCTh pa3OpbI3THBaeTCs



CTpyel Taza, oOpa3yst a’po30ib. KadecTBo pabOThI pacHbUIUTENsS OICHUBAIOT 10 OTHOIICHUIO
KOJIMUECTBA JKUAKOCTU U ra3a (Mx/Mr), pacXoJyeMbIX B €JUHULYY BPEMEHU.

Temnepatypa miaMeHun oOecnedyMBaeT JOCTaTOYHO HU3KUH THpenen OOHapyKeHUus
3JIEMEHTOB, PHEPruM, BO30YXKAECHUS PE30HAHCHBIX JIMHUM KOTOPBIX HE MpeBbILAIT 5 3B; ux
COCIMHEHUS B JIOCTATOYHOM Mepe aToMu3MpyloTcs B IuiamMeHH. Ocoboe 3HaueHUE METO[
doTroMeTpur IMIAMEHH HUMEET sl OINpEeNeIeHUs] MUKPOKOIMYECTB COCJAMHEHHMH IIEJIOYHBIX U
IIEJI0YHO-3EMEJIbHBIX METAJUIOB, JUIsl KOTOPBIX Mpezesl 00HapyKEHUs 3TUM METOJO0M HAaXOJIUTCS
B auamnazo”e 0,0001-0,01 mr/n. Bricokast nmpocTpaHCTBEHHO-BpEMEHHAss CTaOUIBHOCTD IJIaMEH
o0ecreyrBaeT XOPOIIyI0 BOCIPOU3BOJUMOCTD PE3yJIbTaTOB, MOMYyYaeMbIX 3TUM MeTojoM. [lpu
UCIIOJB30BAaHUM  HENPEPBIBHOTO  pACHbUIEHUS PAacTBOPOB OTHOCHUTEIBHOE CTaHAAPTHOE
OTKJIOHEHHE, XapaKTEPU3YIOLIEEe BOCHPOU3BOJUMOCTh, HaxoauTcss He ypoBHe 0,01 mis
coJIepKaHUH, MPEBBIIAIONINX Ha J[Ba MOPsAJKA U Oojiee mpeses 0OHapYKEHHUS.

OCHOBHBIMHU OTPaHUYECHUSIMH METOJIa (OTOMETPUU IJIAMEHH SBIISIOTCA: HEOOXOJUMOCTh
HepeBeICHUsl aHAJIM3UPYEMBIX NMPOO B PAcTBOP, CPABHUTENBHO BBHICOKUN YPOBEHb MaTPUUYHBIX
3(PeKTOB 1, KaK MPaBUIIO, OTHOAIEMEHTHOCTh aHAJIN3A.

DJleKTpuYecKas 1yra

DJIeKTpHYecKasi 1yra NoCTOSIHHOT0 TOKa

DnexkTpuyeckas Iyra HOCTOSHHOro Toka (puc. 1) — Ooyiee BBICOKOTEMIIEPATYPHBIH
UCTOYHUK, 4YeM IUlaMs. AHaIu3upyemblii o0paszell B HM3MEIbUEHHOM BHUJAE IOMEIIAI0T B
yriayOneHue (KaHall) B HUDKHEM 3JIEKTPOJie, KOTOPBIH, KaK MPaBWIIO, BKIOYAIOT aHOJOM B IIETb
TyTH.

—

0 8§ 16 24 i 4

Puc. 1. Jlyra mocTOSSHHOTO TOKa KaK HCTOYHHK BO30YXICHUS CIIEKTPOB:

a) cxemMa MHWTaHUA JYTd TIOCTOSHHOTO TOKa; 0)BOJbT-aMIlepHas XapaKTepHCTHUKA
JyTOBOTO paspsifia IMOCTOSHHOTO TOKa; @) CXeMma IepeHOoca aTOMOB W3 KaHajla yTOJBHOTO
anekTpoaa: 1 -mons aToMoOB, YYacTBYIOIIMX B 0Opa3oBaHHM aHaJUTHYECKOro curHana (la —
BBIHOC B CBOOOJTHOM COCTOSIHMHM, /6 — BBIHOC B CBSI3aHHOM COCTOSIHUM B KOHJIEHCHPOBAaHHOMU
daze); 2 — BBIXOJ] BEIIeCTBa TOMUMO 30HBI BO30YXIeHus; 3a, 30 — muddy3us B CTCHKH U THO
COOTBETCTBEHHO; 4a, 460 — mepexo] BellecTBa B 30HY BO30Y)KJIEHHUS B BHJIE€ aTOMOB MWIIU
COEIMHEHUH U3 CTEHOK U JIHA AJIEKTPO/Ia.

TemmepaTypa maa3Mbl JyTH 3aBUCHUT OT MaTepuana JJIEKTPOJIOB W HOHU3AMOHHOTO
MOTEHIIMaNa Ta3a B MEXDIJIEKTPOAHOM MpoMmexxkyTke. Hanbomnee BbicOkas Temmeparypa Miia3Mbl
(~7000 K) mocturaercsi B ciiyyae TPHUMEHEHUS YTOJBHBIX AJIEKTPOMAOB. s Iyru Mexmy
MEAHBIMU 3NeKTponaMu oHa coctaBiseT ~5000 K. BBexenue coneill IMIETOYHBIX AIIEMEHTOB
(HarpuMmep, Kajusl) CHUXKAeT TeMmneparypy miasmsl ayru 1o 4000 K.

[Tox meiicTBueM ayru Topel aHoAa pazorpeBaercs npumepHo 10 3500 K (a1t yronbHbIX
AJIEKTPOJIOB), Oylaromapss yeMy OOECIEUYMBACTCS WCIAPEHUE TBEPIBIX MPOO, MOMEIICHHBIX B
Kpatep aHoaa. OqHaKo TeMIepaTypa dJIeKTPo/ia B HAMPaBICHUH OT TOPLa OY€Hb OBICTPO MaaeT
u yxe Ha paccrosauu 10 MM cocrtasisier Bcero ~1000 K. ITpumaBast anexkTpoay crenuaibHyIO



¢dopMy, MO’)KHO YMEHbIIaTh OTBOJ TEIJIa U TEM CaMbIM YBEJIWYHBATh JO HEKOTOPOHU CTEHEHHU
TEMIIEPATYPY JIEKTPOJA.

B yronpHO# 1yre mOCTOSTHHOTO TOKa BO30Y KIAIOTCS CIIEKTPHI IMTOYTH BCEX AIIEMEHTOB, 32
UCKIIOYEHHEM  HEKOTOPBIX TIa30B W HEMETAUIOB, XapaKTEpU3YIOLIUXCA  BBICOKHMHU
noTeHnuagamMu Bo30OyxaeHus. [lo CpaBHEHHIO C W3MEPEHUSMH SMHCCHU WM abcopOumu
IUIAMEHH, JYyTOBOW pa3psa 0O0ecreuuBaeT CHIDKEHHE IMIpefesia OOHApYKEHHsS HIIEMEHTOB
IPUMEPHO Ha MOPSAJAOK BEIMYMHBI, a TaKXe CYIIECTBEHHOE CHMKEHUE YpPOBHS MaTPHUYHBIX
s dexToB.

JlyroBoil paspsAx OTIMYAECTCS HEYCTOMYMBOCTBIO, OJHOW W3 IPUYMH OSTOTO SBIISETCS
HENpephIBHOE IEpeMElIeHHe KaTOJHOro ISITHA, KOTOpPO€ COOCTBEHHO U o0ecredyuBaeT
TEPMOIEKTPOHHYIO 3MUCCHIO, HEOOXOIUMYIO AJis MoAaJepkaHus paspsaa. g ycTpaHeHus
HEYCTOWYMBOCTH JyTM B €€ Lielb BKIIOYAIOT Oosblioe OamnactHoe compoTuBieHue R. Tok,
TEKYIIUK Yepe3 AyTy, 1o 3akony Oma

3nec U — HanpsikeHHe MCTOYHHUKA, MUTAIOIIEro AYTY; I — CONpPOTHBIIEHHE TYyTOBOTO
IPOMEXKYTKA.

or
R+y

Yem OoublIe 6ayutacTHOE COIIPOTHBIIEHHE R, TeM MeHbIle BIUSHHE
KoeOaHuM I Ha M3MEHEHHE 3JIEKTPUYECKOro Toka ayru. [lo 3Toil ke mnpuyuHE BBITOJHO
yBEJIMYMBATh HANpsDKEHUE NHUTaHUS JIyrd (MOXXKHO B3sATh Ooisbiiee R). B coBpeMeHHbIX
reHepaTopax HalpspDKeHWe TuTaHus Ayrd oOsraHO cocrtaBiser 350 B. Cuna Toka mayru, Kak
IpaBWIo, HaxoauTcsa B JuanazoHe 6-10 A. Jlng wucnapeHusi TYrolulaBKMX MaTepHalloB
(nanmpumep, Al203) tpebyercs yBenuuyeHue cuiibl Toka 10 25-30 A. DieKTpOHHBIE CPEICTBa
MO3BOJISIFOT CTaOMJIM3MPOBATh TOK IYTd Ha ypoBHe 25 A ¢ ¢uykryauusmu He Oonee 1% mpu
M3MEHEHUHU MNHTaLero HamnpsokeHuss B npeaenax 200-240 B, a mpuMeHeHHE MarHUTHBIX
YCWINTENEH B KadeCTBE PEryJUpPYyIOLIEr0 3JEMEHTa JaeT BO3MOXHOCTH MNOBBICUTH KIIJ]
nyroBoro reHeparopa 10 90%.

Jns  ynydiieHus YCIOBUH BO30YXAEHHUS CHEKTPOB IPHUMEHSIOT KOHMPOIUpyemblie
ammocgepvl (HalpuMep, aproH WM ApPYTHE Ta30BbIE CPEAbl), CTAOMIN3ALMUIO TOJOKECHHUS
IUIa3Mbl B IPOCTPAHCTBE MAarHUTHBIM IOJIEM (B YaCTHOCTH, BPALIAIOIMMCS) WIN ITOTOKOM rasa.
[IpumeHeHne KOHTpOIHMpPYEMOW aTrMocdepsl TO3BOISIET H30aBUTHCS OT TIOJOC IIMaHa,
HaOmogaronuxcs B oonactu 340420 HM M MEPEeKPHIBAIOIINX MHOTHE YYBCTBUTEIIbHBIC JTUHUU
Pa3HBIX JIEMEHTOB.

DJleKTpHYecKas 1yra nepeMeHHOro Toka

JIlyroBo# pa3psl MOKHO IIUTATh U IIEPEMEHHBIM TOKOM, OJIHAKO TaKOM pa3psii HE MOXKET
CYLIECTBOBaTb CaMOCTOATENbHO. IIpM W3MEHEeHMM HampaBIeHUS TOKa 3JIEKTPOAbI OBICTPO
OCTBIBAIOT, TEPMOAIEKTPOHHASI IMUCCHS MPEKPAIAETCs, TyTOBOW MPOMEKYTOK JEHUOHU3UPYETCS
U paspsj TacHeT, MOATOMY JUIsl NMOAJEP)KAaHUS TOPEHUs OyI'M HCIHOJB3YIOT CIIELHaIbHbIE
MO/DKUTAIOIINE YCTPOMCTBA: AYTOBOM MPOMEKYTOK MPOOUBAIOT BBICOKOYACTOTHBIM MMITYJIECOM
BBICOKOT'O HaIPsKEHUs, HO MaJlIOi MOILITHOCTH (pHUc. 2).

1=

Puc. 2. Cxema HU3KOBOJITHON aKTUBU3UPOBAHHOM IyTH MEPEMEHHOTO TOKA:
| — ocHoBHO# KOHTYD; || — BcromorarensHbI KOHTYP; R — peoctar nuranus nyru; A



— amnepmerp; d — pabounii MPOMEKYTOK IyrH; L — BTOpUYHAS KaTyIIKa BHICOKOYACTOTHOTO

Tpancpopmaropa; C — OnokupoBouHblil koHAeHcaTop (0,5-2 Mx®); 7p — MNOBBIIAIOLINIA
TpaHcopmaTtop ; La — mnepBHYHAs KaTyllKa BBICOKOYACTOTHOro TpaHcpopmaropa; Co —
KoHzaeHcaTop aktuBuzatopa (3000 mMk®); Rtp — comporuBieHue akTtuBu3atopa; da —

pa3psIIHBIA TPOMEKYTOK aKTHBH3AaTOPa

CxeMy Takoil Jyrd MOKHO Pa3JeIUTh HA JIBE YAaCTU: OCHOBHYIO U BCIIOMOIaTEIbHYIO.
OcHOBHasi YacTh CXEMbI BBITVIIAMT TOYHO TaK kK€, KaK W JJIS JIyTHM TOCTOSHHOTO TOKa, 3a
UCKJIIOUEHHEM IIyHTUPYIOUIEro KoHJeHcatopa C, NpeaynpexIaioniero MNPOHUKHOBEHHE
BBICOKOYACTOTHBIX TOKOB B CETh.

B akrtuBuzatope nosbiuaronmii Tpancopmarop (120/260/3000 B, 25 Bt) co3naer Ha
BTOpHYHON 0O0MOTKe HampsikeHue ~3000 B u 3apsukaer xkongeHcatop Ca. B MomeHT mpoOost
BCIIOMOT'aTEeNILHOTO pa3psaHuKa O; B KOHType, COCTOSILIEM U3 KaTyWKu La, koHaeHcaropa Ca u
paspsiHuKa Oa, MOSIBISIOTCS KOJeOaHUsS BBICOKOW 4YacTOThL. B pesynbrare Ha KOHI[AX BTOPOM
(BbIcOKOBONBTHOM) KaTymku L Bosznukaer DJIC okono 6000 B, mpoGuBaromas pabGouunit
npoMexxyTok d. DTu mpobou U CityKaT Ui MEPUOJUYECKOro MOKOra JITyTH, MATaeMOoN depes
OCHOBHYIO II€TIb.

CTaOWIBHOCTD DIIEKTPHUYECKUX M ONTHYECKHUX MMapaMeTpOB IYTH MEPEMEHHOTO TOKa
3aBUCUT OT CTAOMJIBHOCTH HAIPSDKEHUs, MPU KOTOPOM MPOMCXOTUT MpoOOH. YrpaBiieHHe
MO/DKOTOM TI0 TPOOOI0 BCIIOMOTATEIBHOTO IMPOMEKYTKa HYKHOW TOYHOCTH HE JaeT H3-3a
OKHCIICHHS M JPYI'MX HM3MEHEHUH pPabouyMX MOBEpXHOCTEH pa3psgHMKa BO BpeMeHU. bonee
CTaOWIBHYIO pabOTy QyTrd MOXKHO 00€CTIeUHTh, peryaupys (a3y mojpkora paspsiga ¢ MOMOIIbIO
JNEKTPOHHBIX ~ ycTpoiicTB. Takue cXeMbl yOpaBiI€HHUS HUCHONB3YIOT B  OOJBIIMHCTBE
COBPEMEHHBIX T€HEPaTOPOB.

Jlo HEeKOTOpOH cTeneHW MMIYJIbCHBIM XapakTep Iyrd MNEpEeMEHHOro TOKa HPUBOIUT K
TOMY, YTO TEMIIEpaTypa pa3psijia CTAaHOBHTCSI HECKOJIBKO OOJIbIIE, YeM B AyTe MOCTOSIHHOTO TOKa,
a M3MEpeHHMs HWHTCHCUBHOCTEH  CHEKTPaJbHBIX JIMHUH  XapaKTEepU3YIOTCS  JydIllen
BOCTIPOM3BOJAMMOCTBIO. B TO e Bpemsi cxema ymnpaBieHHs MOXKET OBITh HACTpOEHa TaKUM
o0pa3oM, 4yTOObI MPOOOH MPOMEXKYTKA OCYLIECTBISUICA HE KaX/Ibli MOJIyNepHos, a 4yepe3 OJHH,
7IBa, YeTbIpe M T.J. DTO TMO3BOJSIET PETYJIMPOBATH HATPEBAHUE 3JEKTPOJIOB, YTO MOXKET OBITH
HE0OXO0IMMBIM, HaIIpUMeEp, IPU aHAJIM3€ JIETKOIUIABKUX CILIABOB.

Jlnist CHIDKEHHSI TIpe/ieioB OOHApyKEHUs 3JIEMEHTOB M YIIyUYIIEHUS! BOCIIPOU3BOAMMOCTH
pe3yJbTaTOB aHalu3a MpHU paboTe C JYTOBBIMH pa3psiiaMd LIMPOKO HCIOJIB3YIOTCS J00aBKH
HEKOTOPBIX pEareHTOB B aHAJIM3UpPyEMbIe MPOOBI C LENbI0 WHUIMUPOBAHUS PA3IMYHOIO Poja
TEPMOXUMHUYECKUX PEaKLUUI HEMOCPEJCTBEHHO B KaHajaxX 3JIEKTPOJOB AyTU. DTH peakiuu
MO3BOJISIFOT TEPEBOJUTH OTpE/esieMble PUMECH B JIETKOJIETyYHE COCJUHEHUS, a DJIEeMEHTHI
MaTpHIIbl, MELIAIONIUE ONPEACICHHUIO IPUMECEH], B TPy IHOJIETYYHE COSAMHEHUS.

Jyra B BapuaHTe NpoChHINKA

Kpome TpaauiioHHOro BapuaHTa JyrH ¢ BEPTUKAJIbHO PACIIOIOKEHHBIMU AJIEKTPOAAMH,
IPY aHajJIU3€ MOPOLIKOBBIX NpPOO (Hampumep, pyd M MHUHEpAJIOB) NPUMEHSETCS Ayra B Tak
Ha3bIBAEMOM BapHAHTE NPOCHLINKU (60Y8aHUsA), KOTIa METIKOIUCIIEpCHAs ITP0oOa He ucnapsieTcs u3
KaHaJla yTOJILHOTO 3JIEKTpOJa, a MpOChImaeTcs (BAyBaeTcs) 4epe3 IUIa3My IyroBOTO paspsijia
MEXIy ABYMs (MM TpeMmsi — MpH Tpex(da3HOM NMUTAHUM) TOPU3OHTAIBHO PACIOI0KEHHBIMU
YTOJILHBIMU 3JIEKTPOJIAMH.
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Puc. 3. [IpuHuunuaneHas cxema BBO/Ia MOPOILKOBOW MPOOBI B IyTOBOW pa3psii METOI0M
IPOCHIIKU—BAyBaHUs: 1 — mopomkoBasi mpoda B BUOPUPYIOMIEH BOPOHKE; 2 — BJIEKTPOJIBI
OyrH; 3 — OXJIQXJAIOMMHA U M1a3M000pa3yromuil NOTOKH BO3AyXa; 4 — MMIMHIPUYECKUIMA
BO3IyXONPOBOJ; 5 — 1u1a3ma ayru; 6 — OKHO B BO3IYXOIIPOBOJIE JUIS HAOIIOEHUS U3ITyICHUS
u3 paboyeii 001acTH {yroBOH MIa3MBl.

KoHcTpykuus u npuHUun AecTBUs Takoil qyru rnokasansl Ha puc. 3. [lo mapamerpam u
XapaKTepUCTHKaM FOPU30HTANIbHAS JAyTra MaJIo OTJIMYAETCsl OT BEPTUKAIBHOM, OHAKO Oaronaps
TOMY, YTO MpoOa BBOAUTCS B AYry MOTOKOM Ta3a (0OBIYHO—BO31yXa), OH CTAOWMIM3UPYET
dopMy U TOJOXKEHHE AYrOBOM IUIa3Mbl, YTO CaMO IO cebe yxke CIOCOOCTBYET CHMKEHHUIO
CIy4allHBIX ~MOTPEIIHOCTEH aHalu3a IO CpPaBHEHUIO C OOBIYHOM IPOCTPAHCTBEHHO
HECTaOMIM3UPOBAHHON Jyrol MexXJIy BepTHKaJbHBIMU 3JekTponamu. Kpome Toro, mpu
PaBHOMEPHOM BJIyBaHUU IOPOIIKOB COCTaB 00Jlaka JYr'M BO BPEMEHHU OCTAeTCsl HEM3MEHHBIM,
CJIeZIOBATENIbHO, OCHOBHBIE MTapaMeTPhl TyTOBOM IJ1a3Mbl (KOHLIEHTPAIUS aTOMOB M 3JIEKTPOHOB,
TEMIEpaTypa) TaKXKe OCTAIOTCSl IMOCTOSHHBIMHM, YTO 3HAYUTEIHHO YIPOIIAET BBHINOJIHEHUE
aHanmu3a. OCHOBHBIE MTPOOJIEMBI aHAINM3a METOJIOM B/IyBaHHs CBSI3aHBI C HEMOJIHBIM HUCIIAPEHUEM
YACTHII TOPOIIKA BCIEACTBHE KPATKOBPEMEHHOCTH HX TpebbiBaHus B miasme (3* 10°-5* 1073
C), 4To 0OYyCJIOBIMBAET 3aBUCUMOCTb WHTEHCHBHOCTH CIEKTPAJbHBIX JHMHUH OT pa3MepoB U
COCTaBa YaCTHI] MOPOIIKOOOPA3HBIX MPOO.

Hckpa

Hu3koBobTHASA HCKPa

VYBenuueHne eMKOCTH IIyHTHPYIOIIEro KOHAEHCATOPa MPUBOIUT K TOMY, UYTO 3allaCEHHAs
B HEM DHeprusi OyJeT urpaTh 3aMETHYIO poJib B oOmieMm OamaHce paspsaa. Takoil Tun paspsjaa
IOJy4nJ Ha3BaHUE HHU3KOBOJIBTHOM HCKpHl. B 3aBUCMMOCTM OT ©lapaMeTpoB KOHTypa
HU3KOBOJIbTHOM HCKpPbl MOKHO TIOJyyaThb pa3jM4YHbIE DPEKUMBI pa3psaja: KojaedaTeabHbIN
(CR?/4L<1), xputnueckuii (CRY/4L>1), anepnoanueckuii (CRY/4L=1).

Hanpspkenne Ha KOHAEHCATOpax pa3psIHOrO KOHTypa OOBIYHO BapbUPYIOT B MHTEpBAJIE
450-1000 B. M3MeHss1 eMKOCTh KOHJEHCATOPOB, COMPOTUBJIEHHUE PEOCTATOB B CUJIOBOW IIETIH U
MHAYKTUBHOCTh BTOPHMYHON OOMOTKM TpaHc(opmaTropa, MOKHO PEryjIMpoBaThb COOTHOIIEHHE
MEXJly CHJION TOKa pa3psiia KOHIEHCATOPOB U CHJION TOKa, MPOXOIALIEH Yepe3 CUIIOBYIO LIETb, U
TEM caMbIM IUIABHO MEHSTh TEMIIEpaTypy pas3psla B HYXHOM HAIpaBlIEHUU (OT MSTKOIO
JIYTOBOTO PEXUMa J0 YUCTO UCKPOBOro). COBpEMEHHBIE 3JIEKTPOHHBIE CPEICTBA MO3BOJISIOT
CTaOUIIM3HUPOBATH SHEPTUIO EAMHUYHBIX UMITYJIBCOB C TOUHOCTHIO HE Xyxke 0,1%.

BbicokoBoJIbTHAsA MCKpa

[Ipn cnexTpasbHOM aHaidM3€ METAVIOB M CIUIABOB HauOoJiee 4YacTO B KadecTBe
UCTOYHUKA CBETa UCIOJb3YIOT BBICOKOBOJIBTHYIO KOHJEGHCHUPOBAHHYIO MCKpYy (puc. 4).
[NoBeiuarouuii Tpanchopmarop 3apsxkaet koHaeHcatop C no Hanpsbkenus 10—-15 kB. 3nauenue



HANpPsDKEHUS. OIPEAENeTCs] CONPOTUBICHUEM BCIIOMOTraTENIbHOTO NMPOMEXKYTKa B, KOTOpoe B
CBOI0 OuYepe/lb BBIOMPAIOT BCErAa OOJBIIUM CONPOTUBICHUS paboyero mnpomexyrka 4. B
MOMEHT MPO0O0sI BCTIOMOTATEIHLHOTO MPOMEKYTKA OJHOBPEMEHHO MPOHMCXOIUT TaKXKe U MPOOOH
pabouero npomMmexyTka, kKoHaeHcatop C paspspkaercs, a 3aTeM 3apsbkaercs. B 3aBucumoctu ot
apaMeTpOB CXEMbl M CKOPOCTU JEHOHHU3ALMU NPOMEXKYTKa CIEIYIOMMA MpoOoH MOKeT
IIPOM30MTH WUJIM B 3TOM K€, MM B ApyroM noiynepuofe. IIpocrora u HageKHOCTh 3TOM CXEMBI
o0ecreuniiu ee yCIEeIHY 0 dKCILTyaTalltIo.

FeY

R

Puc. 4. Cxema yrnpaBiisieMOi KOH/IEHCUPOBAHHOM BbICOKOBOJIBTHON UCKPBI:

T — nosblmatonuii Tpancopmarop Ha 15000 B; C — xonnencarop; L — nepemenHas
WHIYKTUBHOCTh, I — OJIOKHpYIOIllee COMpPOTUBIEHUE; 4 — pabouyuii MPOMEXKYTOK; B —
IOCTOSIHHBINA BCIIOMOTaTeNbHBIN MPOMEXYTOK; R — peryiupyemoe conpoTUBICHHUE

B MomeHT mpo6osi B y3KOM HMCKPOBOM KaHajle MPOUCXOIUT BO30YXKICHHE, a TaKKe
BBICBEUMBAHME aTOMOB M MOJIEKYJ a30Ta M KHUCIOpOAa BO3/AyXa; 3TO OecIole3HOe U Jake
Memaroniee uinydenue (pon). Oxuako ero mmrensHocth Heenuka (11078 ¢). B cnemyromuit
MOMEHT TOK (10 50 A), mpoxoasiuii yepe3 KaHaj, pa3orpeBaeT mMaiayro miomaiaky (0,2 mm)
snekTposa. IlnotHocTs Toka mocturaet 10* A/cM?, m MaTepuan >JeKTpoja BHIOpachIBAETCS B
pa3psAHbIA MPOMEXYTOK B BUJIE (akesa pacKajleHHbIX MapoB, MpUYEM, KaK MPaBUIIO, HE BIOJb
MCKPOBOI'O KaHajla, a [0/l HEKOTOPBIM CIIy4YailHbIM YIJIOM K HEMY.

Kaxxnpiii HOBBIM mpoOO BO3/IEHCTBYET Ha pa3Hble Y4acTKH MOBEPXHOCTU oOpasla, U
nociae OOBICKpHMBAaHUS B TEUYEHHE BCErO BBHIOPAHHOIO BPEMEHHM SKCIO3UIMH Ha o0pasle
BO3HUKAET MATHO OOBICKPUBAHUS AMAMETPOM 10 3—5 MM, HO HE3HAUMUTEIbHOW TiIyOuHBI (TpU
paboTe C YroabHBIM MPOTUBOANEKTpoaoM — Bcero 20-40 wmkMm). OOmiee KOJIUYECTBO
ucnapsroencs 3a BpeMs S3KCIO3UIMH TBEpJ0i MPOOBI BECbMa HEBEIMKO: HAPUMED, AJIs cTanen
OHO OOBIYHO COCTABJISIET OKOJIO 3 MT.

daxen BRIOPOIICHHBIX MapoB UMeeT TemmepaTypy mopsaka 10000 K, T.e. mocratounyro
HE TOJIBKO /7151 BO30Y KJECHUS CIIEKTPOB METAJIJIOB, HO TaK)Ke€ HEMETAJNIOB U MOHOB. TemmepaTypa
HENOCPEACTBEHHO B Hauase uckpsel focturaet 30000-40000 K.

Bbicoko4yacToTHAs HHAYKTHBHO-CBSI3AHHASA IJIa3Ma

bnaronaps nosiBneHno0 HOBOro cnocoda Bo30y:K/I€HUs CIIEKTPOB C IOMOUIbIO HCTOUYHUKA
BBICOKOYACTOTHON HWHAYKTHBHO-CBsizaHHOW ma3mbl (MCII), pabGoraromeli mpu armochepHoM
JIABJICHUH, TPOM30IIENl Pe3KHi CKAa4OK B Pa3BUTUU (PU3UKH, TEXHUKH U TPAKTHKH ATOMHO-
SMHCCHOHHOTO  CIEKTpPaJbHOrO  aHanu3a. JIaHHBIM  MCTOYHMK  NpeAcTaBiIsieT  coOoi
Pa3HOBUAHOCTh  OE33JIEKTPOJHOTO  BBICOKOYACTOTHOTO  pa3psna, MOJAECPKUBAEMOIO B
CHeLMaNIbHOM ropesike, COCTOAIeH U3 KOHIIEHTPUYECKH PacIlOIOKEHHBIX TpexX (pexe — JABYX)
KBapLEBbIX TPyOOK (puc. 6). B 3a30p Mexny BHEIIHEH U MPOMEXYTOUHON TpyOKamH Irojaaercs
BHEITHHUH (OXJIaXKIAIOIINIA) MTOTOK ra3a (aproH Wil MOJICKYJISIPHBIN ra3), mo cpenHei Tpyoke —
IPOMEXKYTOUHBIM MOTOK (TOJIBKO aproH), MO LEHTPAIbHOM TpyOKe OCYIIECTBISETCS TPAHCIOPT
a’po30Jid  AHAIM3UPYEMOro pacTBopa B IutasMy. OTKpPBITBIM KOHEL] TOPENKH OKpYKEH
OXJIAKJIAEMOM BOJOW HWHAYKUMOHHOM KATYyIIKOM, coenuHeHHOM ¢ BY-renepatopom. Jlns
MOJTyYeHHUsl TUIa3Mbl UCTIONB3YIOT BU-reHepatopsl ¢ morpebdnseMoit MomHocThio 1,5-5 kBt u
paboueii yactotoi B quamnaszone ot 27 go 50 MI'm.



"':_t OxnaKaalowHii ras (aprox, a3ot)
T [Tna3moo0pasyroutmii ras (aprou)

TpascnopTHPyIOMMi ras (aprox)

Puc. 5. Cxema ropesku ajsi BBICOKOYaCTOTHOT'O MHAYKIIMOHHOTO pa3psija:

1 — ananuTHyeckas 30Ha; 2 — 30HA MEPBUYHOTO M3ITy4eHUs; 3 — 30HA paspsijaa (CKUH-
cioi); 4 — TEeHTpaJbHBIA KaHaj (30Ha IPEIBapUTEILHOIO HarpeBa);, 5 — HWHIYKTOp; 6 —
3alUTHAs TpyOKa, MpenoTBpamnaronias npoOoil Ha MHIYKTOp (yCTaHABIMBAETCS TOJBKO Ha
KOPOTKHX Tropenkax); /7, 8, 9 — BHemHAA, NPOMEKYTOUHAs, IEHTpPaJIbHAs TPYyOKH
COOTBETCTBEHHO

Jlis Bo3Oy»kaeHus pa3psaaa HeoOXoAuMa MpeaBapuTeIbHasi HOHU3ALUS Ta3a, MOCKOJIbKY
HanpsHKeHUE Ha MHIYKTOPE 3HAYUTEIbHO MEHBIIIE HamnpspkeHus nmpobost pabouero raza. C sroi
LEJIbIO Yallle BCEro MCMOIb3yIOT BRICOKOBOJIBTHYIO UCKpPY (KaTyuiky Tecna). B nonusupoBanHom
rase BO3HUKAET pa3psiji, MUTAEMbId MAarHUTHBIM MOJIeM. TOK BBICOKOM 4acCTOThI, MPOTEKAIOIINI
yepe3 KaTyIIKy-COJIGHOHJ, CO3/laeT IMepeMeHHoe MmarHuTHoe moie. [lox ero BosaelicTBueM
BHYTPH KaTYIIKH HHIYIUPYETCS BUXPEBOE AIIEKTPUUYECKOE MoJie. BUXpeBO# AJIeKTpHUECKuil TOK
HarpeBaeT M HOHM3UPYET MOCTYMAIOIIME CHU3Y MOPIUHM ra3a 3a CuUeT JDKOYJIEBOro Terlia.
TokompoBogsmass  mjaa3Ma  aHAJIOTMYHA  KOPOTKO3aMKHYTOW  BTOPUYHOM  OOMOTKE
TpaHchopMaTopa, MAarHUTHOE TTOJIE KOTOPOM CKUMAET KOJIBIIEBOM TOK B TOP (CKHH-3(DEKT).

[ToTok aproHna, rmojaBaeMblil B 3a30p MEXIy MPOMEKYTOYHOW M BHEIIHEH TpyOKamu,
OJIHOM CTOPOHBI, CIY>KUT IJIa3MO0OPA3YIOIIUM ra3oM, a C APYyroil — OTKUMaeT PacKaJIeHHYIO
IJ1a3My OT CTEHOK TOpENIKHM, MpeAoXpaHsis HX OT HeperpeBa M paspylieHus. Aspo30iib
aHAIM3UPYEMOU TIPOOBI pacIpOCTPAHAETCS BIOJb IIEHTPAIBHOTO KaHala pa3psjia, MPaKTUIECKU
HE 3aJieBasi AJIEKTPONPOBOJSALIETO CKUH-CJIOS M HE BIMSISL Ha €ro XapaKTEpPUCTUKH; B 3TOM
3aKJII0YaeTcsl ojHa U3 riaBHbIX ocoOeHHocTel UCII-paspsaa, oTinyaromnias ero, Harpumep, ot
JYTOBBIX IJIA3MOTPOHOB.

OOBIYHO B TIa3My BBOJST a’p030Jib, 00pa30BaHHBIN PacTBOPOM MPOOBI B BOJHOM HIIU
OpraHu4eckoM pactBopuTene. Hapsay ¢ 5TuM mpuMeHsieTcss BBEIACHHE Tpo0 B BUJE
KOHJICHCATOB, 00pa3ylouuxcs MpU HCHApeHUH MPOOBI B DJIEKTPOTEPMUUYECKOM aTOMHU3ATOPE,
Jyre, WCKpe, Iula3Me Ja3epHoro (akena, a TakkKe B BUAEC TOHKOIHMCIIEPCHBIX MOPOIIKOB,
B3BEIICHHBIX B MOTOKE ra3a WM KUIKOCTH. /711 BBOJA KHUJIKUX MTPOO HCTIONB3YIOTCS pa3InyHbIe
KOHCTPYKLMH ITHEBMAaTUYECKUX paclbUIMTENEH (KOHLIEHTPUUECKUH pacnbuiuTens MeitHxapaa,
YTOJIKOBBIE PACHBLIUTENH, paciblUINTeNs babuHrTOHa, ceTyarsiii pacnbuInTens [ unbnedpanaa u
Ip.), a TaKKe yJIbTPa3ByKOBBIX pacnbuinTeneil. Bo Bcex Tumax pacnbuinTeNned HCIOJIb3yeTcs
NPUHYAUTENbHAS T0Jja4a pacTBOpa MpoOkl ¢ MOMOIIBIO MEPUCTATBTUYECKOTO Hacoca.

B ynpTpa3BYKOBBIX pACHBUIMTENSX PpACHbUICHHUE MPOUCXOAMT 3a CYET DSHEPIuu
aKyCTHYECKHUX KOJeOaHul, a Ta30BbIi MOTOK CIY>KUT TOJBKO IS MIEPEHOCA a3pPO30JIsl B TOPEIIKY.
OTH pacHbUIMTENN 00pa3yIOT TOHKUHM a’3p030Jib C Y3KUM PacCIpeieICHUEM YacTHUIl [0 Pa3MEpPaM.
D¢ dexkTuBHOCTH UX T€HEpaLuy, 10 KpaitHel mepe, B 10-20 pa3 Gosnblie, 4eM y MHEBMaTHYECKUX
pacmbuIMTeNei, YTO TO3BOJISET TOIYyYaTh JIydllee OTHOIICHHE CUTHAT /(OH W CHIDKATh MpeJie



oOHapy KeHUsl.
MoxHO BBIACNUTH cleAyomue Oe3yciaoBHbIE gocToMHCTBa ucrtouHuka HCII
MPUMEHUTEIBHO K 33J]a4aM aTOMHO-dMUCCUOHHOTO CieKTpaibHOro aHayimsa (ADCA):

1. Omaromapst BO3MOXHOCTH 3(P(EKTHUBHOTO BO30YXKIEHHS Kak JIETKO-, TaK U
TpyAHOB030yumbIxX JuHui MCII siBisieTcs ogHUM M3 Hambosiee YHUBEPCAIbHBIX MCTOYHHKOB
CBETa, B KOTOPOM MO’KHO OIIPEJEIIATh (AETEKTUPOBATh) MOYTH BCE 3JIEMEHThI MEPHOANYECKON
cucrembl. VCII nauOosiee yHUBEpCANbHBIM HCTOYHMK HE TOJIBKO I10 YHCIY OIpPEAEIsSeMBbIX
3JIEMEHTOB, HO U 110 TUILY COAEPKAIUX ITH JIEMEHTBI COCIUHECHMI;

2. B MCII MOXXHO aHanM3MpOBaTh Kak OOJIBIIME MacChl pacTBOPOB, MOJABasi MX B
IUIA3MOTPOH HENPEPHIBHBIM MTOTOKOM, TaK 1 MUKPOOOBEMBI (ITOPSIKa COTEH MUKPOJIUTPOB) MpHU
UX UMIIYJIbCHOM BBEJICHUM B TPAHCIIOPTUPYIOLIUN a3 U UMITYJIbCHOM PErUCTPALIMU CIIEKTPOB;

3. UANa30H  OMPENEIseMbIX KOHILEHTpAlMid i OOJIBIIMHCTBA  AJIEMEHTOB
coctaBiisieT 4-5 nopsankoB, T.e. B MUCII MOXHO ompenesnsiTh Kak Majible W CpelHHE, TaKk W
OoJibllIME KOHIICHTPALIMM TOTO WM HHOTO D3JIEMEHTA, YTO 3aTPyJHUTEIBHO I APYTrHX
HMCTOYHHKOB BO30YXKIEHHUs CHEKTpOB. ['pamaynpoBouHble TrpaduKu IJIi MHOTHUX DJEMEHTOB
OPSIMOJIMHEWHBI, MapajieNbHbI APYT APYTY U UMEIOT Yrojl HaKJIOHa OKoJio 45°, 4Tto ympouaer
IPalyUupPOBKY M CHID)KACT BEPOSTHOCTD MOSBJICHUS CHCTEMAaTUYECKHUX MTOTPENTHOCTEH aHaN3a;

4, Omaromapsi BbICOKOH 3((EKTUBHOCTH BO30YXICHHS M MajoMy (OHY, Mpeebl
oOHapy>keHHs] OOJBIIMHCTBA DJIEMEHTOB Ha 1—2 mopsaka HWXKE, YeM B JIPYTHMX HCTOYHHKAX
BO30ykJeHUs crekTpoB. CpenHuil mpenesn oOHapy>KEHHUs NPU aHaJIM3€ PAaCTBOPOB IO BCEM
aieMeHTaM coctaBiisieT mpuMepHo 0,01 mr/i, cHMxkasch a1 HekoTopsix u3 HuX 10 0,001-0,0001
MI/II;

5. npy CTaOWIM3allMk W ONTHUMH3aluMUd Bcex paboumx ycnoBuit ¢aken MCII
o0Jazaer Xopouieil MpocTpaHCTBEHHO-BPEMEHHON CTAOMIBHOCTHIO, YTO 00ECTIEYUBAET BBICOKYIO
WHCTPYMEHTAIBLHYIO BOCIIPOU3BOIMMOCTh aHAJTUTHYECKUX CHTHAIOB, MHOT/Ia HA ypoBHE 0,5-1%.

K nemocratrkam merona crektpomerpun MCII oTHOCHTCS CpaBHUTENBHO BBICOKas
CTOMMOCTh JIKCIUTyaTallid CHEKTPOMETPOB, CBA3aHHAs ¢ OonmpmmMM pacxoaom aprona (15-20
n/muH). OmpezneneHue CJIEIOBBIX COACpPNKAHMM METaUIOB BOMW3M Tpefena OOHapy>KeHUs
OCJIOXKHSIETCS HaJIMUueM B criekTpe MoseKyssipHbix mosnoc —NO u —OH B o6nactu 200-260 u
280-340 M, KOTOpBIC BO3HUKAIOT Ha nepudepun paspsa, B MeCTe KOHTAKTa ero ¢ aTMoc(epoi.
JIJisi CHUKEHHSI HHTEHCUBHOCTH 3TUX IMOJIOC IPUMEHSIOT TOPEIKH C YUTMHeHHOW Ha 40-50 MM
BHEIIHEH TpyOKoil ¢ Mpope3aHHbIM OKHOM JIJISl BBIBOJIA M3JTYUECHHUS.

Jns UCII-pa3psina xapakTepHbl OUY€Hb Pa3BUTHIE CHEKTPHI, C OOJBIINUM YHCIOM JIMHUH,
MPUHAJJISKAIINX aTOMaM, a TakK)Ke OJTHO- U IByX3apsAIHBIM HOHAM. B CBs3U ¢ 3TUM NpUMEHEHHE
JTAHHOTO HWCTOYHUKA BO30YXKACHUS OCIOKHEHO J((}eKTaMu CHEKTPAIbHBIX IIOMEX, YTO
oOycrioBiuBaeT 0ojee BHICOKHE TPeOOBaHUS K pa3pellaroniell Cuiie CIeKTpaibHBIX MPHOOpPOB.
N3-3a MeHbIIeH IPKOCTH UCTOUHHUKA BO3PACTAET POJIb PACCESIHHOTO CBETa B MIpUOOpE.

2.6. TOMOJIOTUYECKHUE U AHAJIMTUYECKUE ITAPbI CIIEKTPAJIBHBIX
JIMHUI

[Ipu m3MeHeHnn TemmepaTypbl UCTOYHHMKA Bo30yxneHus crnekrpa (MBC) 3HauntensHO
U3MEHSETCS UHTEHCUBHOCTh CIIEKTPAJIbHBIX JMHUH, MOATOMY B KadeCTBE aHAJUTHUYECKUX Hap
CHEKTPaJIbHBIX JIMHUN UCIIOJIB3YIOT TOMOJIOTHYECKUE CIIEKTPaIbHbIC JIMHUU.

CrniexTpasbHble JIMHUHM, KOTOpblE C HM3MEHEHHEM IlapaMeTpoOB paspsiia H3MEHSIOTCS
OJINHAaKOBO, Ha3bIBalOT FTOMOJIOTMYECKUMHU CHEKTPAIbHBIMU JIMHUSAMHU.

OTHocuTenbHAasE MHTEHCUBHOCTh (R) IByX TIOMONOTMYECKMX JIMHUA pPa3IU4HbIX
AJIEMEHTOB HE 3aBUCHUT OT TEMIIEPATYpPhl, a ONPEENSIETCS TOJIBKO UX KOHLEHTpalue C1 U C2.

I c
I Cs



Tac B — nmocTosHHAas BeIMUMHA.

JIuHUIO CcpaBHEHHs BBIOMPAIOT TaK, 4TOOBl OHA MpPHHAJIEkKala CHEKTPY DIIEMEHTa,
COACPIKAaHUEC KOTOPOIrO B Hp06e HC HU3MCHACTCA WM 3aBUCUT TOJBKO OT KOHICHTpaluWunu
aQHAJIHM3UPYEMOTO AJIEMEHTA.

Jluauu aHANMM3UPYEMOTro SJEMEHTa M DJIEMEHTa CpaBHEHHUs (BHYTPEHHETO CTaHAapTa)
00pa3yIoT aHAIUTUYECKYIO Mapy JuHUA. OTHOCUTENbHAS UHTEHCUBHOCTh aHATUTUYECKON Maphl
3aBHCHT TOJIKO OT KOHILIEHTPALUH aHAJM3HPYEMOT0 SJIEMEHTA.

2.7. MIPUHLIUITUAJIBHASI CXEMA ITIPOBEJIEHUSA ADCA

B ocHOBe cCHEKTpallbHOTO aHalnM3a JIEKUT HW3YYEHHE CTPOSHHSI CBETa, KOTOPBIN
U3JTy4aeTCsl WIN MOTJIOIASTCS aHAIU3UPYEMbIM BEIeCTBOM. PaccMOTpUM cXeMy SMHUCCHOHHOTO
CHeKTpajibHOro aHanu3a (puc. 6). yig Toro ytoObl BELIECTBO M3JIy4aJO CBET, HEOOXOAUMO
nepeaaTtbh €My JOIOJHHUTEIbHYIO 3HEPrui0. ATOMBI U MOJIEKYJIbl aHAJTU3UPYEMOI0 BeELIeCTBa
HepexosIT Torga B BO30YXKICHHOE COCTOsiHHME. Bo3Bpamasch B OOBIYHOE COCTOSHHE, OHH
OTJAIOT U30BITOYHYIO SHEPTHIO B BUJE CBETA. XapaKTep CBETa, U3JIy4yaeMOro TBEPJbIMU TEIaMu
nin XKUAKOCTAMU, 00BIYHO OYEHH MaJIO0 3aBUCHUT OT XHMHYECKOTO COCTaBa U IMO3TOMY €T'0 HCJIb34
UCNONb30BaTh s aHanu3a. CoBceM Jpyroil xapakrep wHMeeT u3inydyeHue ras3oB. OHO
OIIPEJIETISIETCS] COCTABOM AaHAIN3UPYEMOW MPOObI. B CBSI3M ¢ 3TUM NpH MHUCCHOHHOM aHAJIM3e
nepes Bo30yX/IeHHEM BEIIECTBA €ro He00X0AUMO UCTIAPUTh.

f’
)
Puc 6. [IpyHuunuanbHas cxeMa SMHUCCUOHHOTO CIIEKTPAIIbHOTO aHAJIN3a:

1 — wucTOYHMK cBeTa; 2 — OCBETUTENbHBIA KOHAEHCOP; 3 — KIOBETa JUIs
aHANMM3UpyeMol TpoObl; 4 — CHeKTpaJbHBIA amnmapaT; 5 — perucrpamus crekrpa; 6 —
OlpesieNieHUe JUIMHBI BOJHBI CIEKTPAJbHBIX JUHUM WIM MOJIOC, / — KayeCTBEHHBIH aHAIU3
poObI C TOMOIIIBIO Ta0JIHII U aTNIacoB; 8 — omnpeAeneHue HHTEHCUBHOCTH JTUHUI UITH TOJI0C;

9 — KOJMMYECTBEHHBIN aHAJIN3 TIPOOBI 10 TPATYUPOBOUYHOMY TpaduKy

Hcnapenue u Bo30yKIeHNUE OCYLIECTBISIOT B UCMOYHUKAX C6emd, B KOTOPbIE BBOJIUTCS
aHanmm3upyemasi mpoba. B KauecTBe HMCTOYHMKOB CBETa HCIOJIB3YIOT BBICOKOTEMIIEpATypHOE
laMsi WM pa3iiyHble THUMBl 3JEKTPUYECKOTO pas3psjga B raszax: Iyry, Uckpy u ap. us
MOJTYYCHHUS DIIEKTPUIECKOTO paspsijia ¢ Hy)KHBIMH XapaKTEPUCTUKAMU CITYKaT 2eHepamopbl.

Bricokass Temmeparypa (TBICSYM W JIECATKM ThHICSY TpagycoB) B HCTOYHHMKAX CBETa
NPUBOJUT K pacragy MOJIEKYJ OOJNBIIMHCTBA BEIIECTB HAa aTroMbl. [103TOMY 3MHCCHOHHBIE
METOABI CIyXKaT, KakK IMpaBWJO, /A AaTOMHOTO aHaliu3a M TOJBKO OY€Hb PEAKO s
MOJIEKYJISIPHOTO.

W3nyyeHne MCTOYHUKA CBETa CKJIAIBIBACTCS M3 W3IYYEHHS AaTOMOB BCEX 3JIEMEHTOB,
NpUCYTCTBYIONMX B mpoOe. i aHamm3a HEOOXOAMMO BBIICIHTH H3IYYCHHE KaKIOTO
JJIeMEHTa. JTO OCYUIECTBISIIOT C IOMOIIBIO ONTHYECKUX MPUOOPOB — CHEKTPAJIbHBIX
amrmaparoB, B KOTOPHIX CBETOBBIE JIYYH C Pa3HBIMH JJTMHAMH BOJH OTJEIISIOTCS B TIPOCTPAHCTBE
JIpyr oT Apyra. M3myueHWe MCTOYHHMKA CBETa, Pa3JIOKEHHOE IO JJIMHAM BOJIH, Ha3bIBaeTCs
CHEKTPOM.

OCHOBHBIMU YacTSMHU CHEKTPaJIbHOTO HpuOOpa (pHc. 2) SBIAIOTCSA: BXOAHAs IIENb S,
ocBelllaeMasi UCCIIETyeMbIM H3Ty4eHHeM; 00beKTUB KojutuMaropa O1, B POKAIbHOMN MIOCKOCTH
KOTOPOTO pAacIoyio’keHa BXOAHAs ILIeNb S; aucneprupymomiee ycrpoiictBo D, pabotaromee B
napajuieJIbHBIX MydKax Jydei; Gokycupyronuii o0bekTHB (2, CO3/AIOMNNA B CBOSH (hOKATbHON



MOBEPXHOCTU P MOHOXpPOMATUYECKHE U300paKeHHsI BXOAHOM IIENH, COBOKYITHOCTh KOTOPBIX U
oOpa3yeT cnekTp. B kadecTBe IuCHEpPrUpYIOLIETro 3JIE€MEHTa MCIOJb3YIOT, KaK MpaBuilo, JIMOO
NPU3MBI, THOO IH(PPAKIIUOHHBIE PEIICTKH.

Puc 7.. IlpyHIMNuansHas ONTHYECKAs CXeMa CHEKTPalbHOTo mpubdopa (A 1< A2<A 3)

CriexTpasbHbIe anmapaThl YCTPOCHBI TAKUM 00pa30M, YTO CBETOBBIE KOJEOaHUS KaKIOH
JUIMHBI BOJIHBI, TMOMAJaroIue B mpuOop, o0paszyroT ofHy JUHUIO. CKOJBKO Pa3iWYHBIX BOJIH
NPUCYTCTBOBAJIO B M3IyYCHHH MCTOYHHMKA CBETA, CTOJILKO JIMHUH IOJIy4aeTCs B CIIEKTPAIHLHOM
amrmapare.

ATOMHBIC CIIEKTPBI JJIEMEHTOB COCTOSIT M3 OTICIbHBIX JIMHUH, TaK Kak B W3JIyYCHUU
aTOMOB HMMEIOTCS TOJIbKO HEKOTOPHIE OIpE/eICHHBIE BOJHBI . B HM3Iyd4eHHH pacKaleHHBIX
TBEPJBIX WIH JKUAKUX TEJ MPUCYTCTBYET CBET JIIOOOH JUIMHBI BOJHBI. OTHENBbHBIC JIMHUU B
CHEKTPAJILHOM ammapare CIMBAIOTCS Jpyr ¢ ApyroMm. Takoe H3iIyueHHE HMEeT CIUIOUIHON
CHEeKTp. B ommyme OT JMMHEHYATOro CreKTpa aToMOB, MOJICKYJISIPHBIC CHEKTPBI HCITyCKaHHUS
BEIIECTB, KOTOPbIE HE PAacHalMCh MIPU BBICOKOH TemIieparype, sSBISIOTCsS noiocatbivu . Kaxas
nojioca o0pazoBaHa OOJIBIITUM YUCIOM OJIM3KO PACTIOIOKCHHBIX JIMHHM.

Haubonee TeMHBIM MECTaM B CHIEKTPE COOTBETCTBYET HAUOOJIbIIAsi HHTEHCUBHOCTH CBETA
(HeTaTUBHOE M300paKCHHE)

CBeT, paslOXEHHBI B CIEKTPAJILHOM armapare B CIHEKTP, MOXHO pacCMaTpHUBaTh
BU3yaJIbHO WJIM 3apeTUCTPUPOBATh C TOMOIIbI0 (oTorpaduu wWinm  (HOTOIIEKTPHUSCKUX
npubopoB. KoOHCTpyKIHMs CIIEKTPaIbHOTO ammapaTa 3aBUCHT OT METO/Ia PETUCTPAIH CIIEKTpa.
Jlnss  BH3yaJIbHOTO HAONIOJIEHHS] CIIEKTPOB CIY)KaT CIIEKTPOCKONBI — CTHJIOCKOIIBI |
ctunoMeTpbl.  DororpadupoBaHUe CIEKTPOB OCYIIECTBISIOT C IOMOIIBIO CIEKTPOrpagos.
CriekTpasbHbIE amlmapaTbl — MOHOXPOMATOPBl — IIO3BOJISIOT BBIACIATh CBET OJHON JUTMHBI
BOJIHBI, ITOCJIE YETO OH MOXXET OBITh 3apETUCTPUPOBAH C MOMOIIBIO (POTOTIEMEHTA WM JIPYTOro
AIIEKTPUUYECKOTO TPUEMHHKA CBETA.

[Ipu kauecTBEHHOM aHaNIM3€e HEOOXOAMMO OIPEENIUTh, K U3ITYYEHUIO KaKOro 3JIEMEHTa
OTHOCHTCSI Ta WJIM WHAsl JHUHUS B CIEKTPE aHAJIM3UPYEeMO# MmpoObl. s 3TOro Hy»XHO HaWTH
JUIMHY BOJIHBI JIMHUU TIO €€ MOJIOKEHHIO B CHEKTPE, a 3aTEM C TIOMOIIbIO TAaOJIHIl ONIPEEeIUTh ee
NPUHA/IJIKHOCTh TOMY WJIH HHOMY 3JeMEHTY. [ paccCMOTpeHUs yBETMYEHHOTO H300paKeHUs
crekTpa Ha Qororpauyeckoil IUIACTUHKE W ONpENeNieHUs JUIMHBl BOJHBI  CIyXat
U3MEPUTEIBHBIE MUKPOCKOIIBI, CIEKTPOTIPOCKTOPHI U IPYTHE BCIIOMOTATEIbHBIC IPUOOPHI.

VHTEeHCUBHOCTD CNIEKTPabHBIX JTUHUN PAcTeT C YBEJIMYEHUEM KOHIEHTPAIMU 3JIEMEHTa
B npobe. [loaTomy [uIst poBeeHHsI KOJMYECTBEHHOTO aHAlM3a HY)KHO HAWTH WHTEHCHBHOCTh
OJTHOW CTIEKTPaJbHON JIMHUM OIIPENeNIIEMOro dieMeHTa. IHTEHCUBHOCTD JIMHUHM U3MEPSIIOT WIN
[0 ee MOYepHEeHUI0 Ha (Qororpaguu crHekTpa (CIEeKTporpamMMme) WM Cpa3y IO BeIUYHHE
CBETOBOT'0 MOTOKA, BBIXO/IAIEr0 U3 CIEKTPAIBHOTO ammnapaTta. BenuunHy nmouepHeHus TUHUHA Ha
CIIEKTpOTpaMMe OMPEIEISIOT Ha MUKPO(OTOMETPAX.

CBs3b MEXIy MHTCHCHBHOCTBIO JIMHHUM B CHEKTpPE W KOHICHTpalMed »JIeMEHTa B
aHAJM3UPyeMOM TpoOE€ yCTaHABIMBAIOT C TIOMOIINBID ASTaJOHOB — O0Opa3IoOB, MOJOOHBIX
aHAJTU3UPYEMBIM, HO C TOYHO U3BECTHBIM XUMHUYECKUM COCTaBOM. DTY CBSI3b OOBIYHO BBIPAKAIOT
B BUJIC TPAJlyHPOBOYHBIX TPAPHUKOB.

2.8. KIACCU®UKAIUA METO0B A9CA



[Toce mosy4yeHus CHEKTpa CIEAYIOUIEH OIepalueil SBISETCA €ro amnoJIMTHYEeCKast
OIICHKa, KOTOPYI0O MOXXHO TIPOBOAUTH OOBEKTHBHBIM JHOO CYOBEKTUBHBIM METOIOM.
OOBeKTUBHBIE METOABI MOXHO TMOAPA3ACIUTh Ha HENpsiMble W Tpsmbie. [lepBas rpyrmma
OXBaThIBaeT CIEKTporpaguueckue, a BTOpass — CIEKTPOMETPUYECKUE MeToAbl. B
criektporpaduueckom  meTone  (OTOIMYNIBCHUS  TO3BOJIAECT TMOJYYUTh  MPOMEKYTOUHYIO
XapaKTEPUCTUKY UHTEHCUBHOCTH JIMHUU, B TO BpEMs KaK CIEKTPOMETPUUYECKHI METOJ] OCHOBaH
Ha OpsAMOM U3MCPCHUN MHTCHCUBHOCTH CHGKTpaHBHOﬁ JIMHUHU C ITIOMOIIIBIO q)OTOBHGKTpH‘IeCKOFO
NpUEeMHUKa CBeTa. B CyOBEKTUBHOM METOJIe OIEHKM UYyBCTBUTEIBHBIM AJIEMEHTOM SIBIISIETCS
YEJIOBEUECKHUH IJ1a3.

Crnexrporpapuyeckuii aHaIn3

Crnektporpadudeckuii MeToj; COCTOUT B (hoTorpadupoBaHUM CHEKTPA M. MOIXOJSIINX
IUIACTUHKAX WIM IUJIEHKE C IOMOUIbI0 COOTBETCTBYIOIIEro crnekrporpada. IlomyueHHbie
CIIEKTPOTpPaMMbl MOKHO MCHOJB30BaTh [Isl KA4ECTBEHHOI'O, MOJYKOJIUYECTBEHHOIO U
KOJMYECTBEHHOTO aHanu3oB. [lpu Bo30yxnmeHun u ¢GororpadupoBaHUU CIEKTPOB MPOO
pa3IMYHbIX MaTEPUAIOB HEOOXOAMMO CTPOTO MPHUAEPKUBATHCS COOTBETCTBYIOIIUX HHCTPYKITHIA.
Cnenyer  0o0CyauTh  TakKe  OpraHM3alMOHHbIE  BOIPOCHI  CO3JaHUsl U pabOThI
cnekTporpaduyueckoil 1abopaTopum.

Crnektporpaguueckie MeTO/bl CIIEKTPaIbHOIO aHalIM3a MMEIT 0co0oe 3HaueHue. ITo
00yCIIOBJIEHO TJaBHBIM OOpa3oM BBICOKOH UYYyBCTBUTEIBHOCTHIO (POTOIMYyNbcHUM U €€
CIIOCOOHOCTBIO MHTETPUPOBATh HHTEHCHUBHOCTh CBETa, a TaKKe€ OIPOMHBIM O0BEMOM
uH(GOpMAIlMK, 3aJI0)KEHHBIM B CIEKTPE, U BO3MOXXKHOCTBIO COXPaHATH 3Ty HH(POpPMAIUIO B
T€YeHHE JUINTENbHOro BpemeHH. HeoOxonumelie mnpubopsl U Jpyroe 000pyAOBaHUE
OTHOCUTEIIbHO HEJOPOTH, CTOMMOCTh MaTe€pUaioB HU3KA, METOJ HECIIOKEH U JIETKO MOJIAeTCs
crangaptu3anuu. Crnextporpaduyeckuii CHEKTPAIbHBIA aHadu3 MPUTOJIEH Il PYTUHHOTO
aHaJdu3a U HAy4yHBIX HcciaeqoBaHuM. Ero HemocTaTok 3akirovaeTcss B TOM, YTO BCIEICTBUE
TpyZa0eMKocTH (OoTOrpadUuecKrx onepanuii OH He MPUTOJEH 7Sl IKCIPECCHBIX aHAIM30B, U €r0
TOYHOCTh HHI)KE, HallPUMEP, TOYHOCTH CHEKTPOMETPUYECKOTO MIIH KJIACCHYECKOTO XMMHYECKOT0
aHayM3a. JTO HE BCEr/la MIMEET MECTO IPH ONPEACIICHUU CIIEI0B 3JIEMEHTOB. MOXKHO HaJEAThCS
Ha TO, YTO CHEKTporpaduyecKuil aHaIW3 MOJYYUT OOJBIIOE pa3BUTHE, OCOOEHHO B 00JIaCTH
00paboTKK OTPOMHOTO 00BbEMa MOJIE3HONH MHPOPMALINH, 3aKIIOUYEHHON B CIIEKTPE, ¢ TIOMOIIBIO
ABTOMAaTUYECKOTO MHUKPO(OTOMETPA, CBSI3aHHOTO C BBHIUMCIUTEIHFHON MAaITMHOM.

CnekTpoMeTpryecKnil aHAIN3

CrieKTpoOMeTpUYECKHil aHAIUTUYECKHIT METOJ OTIMYaeTCs OT CHEKTpPOorpaduueckoro
METOAa IO CYIIECTBY TOJBKO CIIOCOOOM W3MepeHHsl CheKkTpa. B To Bpems Kak B
CHeKTporpauueckoM aHalu3e HWHTEHCHUBHOCTH CIIEKTpa H3MEpPSIOT 4Yepe3 MPOMEXYTOUHYIO
ctaiuio  ¢dororpadUpoBaHUs, CICKTPOMETPUYECKUI  aHAJM3 OCHOBAaH HA  MPSIMOM
dboToMeTpUpPOBAHUM  WUHTCHCUBHOCTH  CIEKTPAIbHBIX  JIMHHM. [Ipsimoe  u3mMmepeHue
WHTEHCUBHOCTU MUMEET JIBa MPAKTUYECKUX MPEUMYIIECTBA: U3-32 OTCYTCTBUS MPOIOKUTEILHON
oreparuu  00paboTku coTorpa@upoBaHHBIX CIEKTPOB M CBSI3aHHBIX C HEW HCTOYHUKOB
MOTPEIIHOCTEN CYIIECTBEHHO BO3PACTAaET KaK CKOPOCTh aHAJIN3a, TaK U BOCIIPOU3BOJAUMOCTh €TI0
pe3ynbTaToB. B crmekTpoMeTpuyecKkoM aHalu3e omnepauudd mpobooTOOpa, MOATOTOBKH U
BO30YK/ICHHUS CIEKTPOB MJIEHTUYHBI COOTBETCTBYIOIIMM OMEPALMSIM CHEKTPOrpaduyecKoro
MeTona. To ke OTHOCHTCS KO BCEM IpolleccaM, MPOTEKAIOIMIUM BO BpeMs BO30YKICHHS, U
CIOHTaHHBIM WJIM HMCKYCCTBEHHO co3laBaeMbiM 3¢ ¢dekram. [losromy oHm He OyayT 31ech
Oombie oocyxkaaTbest. OnTHYecKas yCTaHOBKA, UCIIONIb3yeMasi U CIIEKTPOMETPUUYECKOM METO/IE,
BKJIOYasi HMCTOYHHK M3Iy4YEHHs, €ro OTOOpa)K€HHe, BCIO JUCHEPIHPYIOUIYI0 CHUCTEMY U
MONyYeHUE CIEKTpa, MPaKTUYECKH HWISHTHYHA CcreKTporpadudeckoid ycraHoBke. OIHaKO
CYILLIECTBEHHOE pa3JIMYMe, 3aciIy’KUBaIOLIEe OTAEIBbHOrO OOCYXJIEHHS, COCTOUT B crocode
MOJBECHUS CBETOBOM HSHEPTrUU CIEKTPAIbHBIX JHHHA K (OTOINEKTPUUECKOMY  CIIOIO
¢oroymHoxurenss. KoHeuHas onepanus aHaiau3a, a HMEHHO HW3MEPEHHE, COBEPILEHHO
OTIIMYAeTCS OT COOTBETCTBYIOUIEH omepanuu cnekrporpaduueckoro merona. [loatomy sta



cTaaus aHanu3a OyJeT o0Cy>KAaThCs PU pacCMOTpeHHH padoThl criektpomerpa MCA 1.

BusyaibHbIil aHaH3

Tpetbs Tpymnna METO0B SMUCCHOHHOTO CIIEKTPAIbHOIO aHaM3a BKIIOYAET BU3YaJIbHbIC
METO/bI, KOTOpblE OTJIMYAIOTCA OT CHEKTPOrpa)uiyeckoro M CHEKTPOMETPHUECKOTO0 METOOB
CIIOCOOOM OLIEHKM CIIEKTpa M, 32 UCKIIOYEHHEM pPEIKHX CIIy4aeB, MCIOJIb3yeMOW 00JacTbio
cuektpa. Crnoco0 OLEHKH CHEKTpa CYObeKmueHvlli B TMPOTHUBOIMOJIOKHOCTh OOBEKTUBHBIM
crocobaM JIByX Opyrux MeToJ0B. B BU3yallbHONM CIIEKTPOCKONHUU MPUEMHHUKOM CBETa SIBIISETCS
YeJIOBEYECKHI IJ1a3 U UCIIOJIb3yeTCsl BUAUMAs 00J1acTh criekTpa npumepHo ot 4000 1o 7600 A *.

B Bu3yanbHBIX METOJaX CIEKTPAJIbHOIO aHAJIM3a MpeABapUTeIbHas MOArOTOBKA Mpod U
BO30YKJIEHHE MX CIIEKTPOB I10 CYIIECTBY HE OTJIMYAIOTCA OT aHAJIOTMYHBIX ONEpaluil Apyrux
METOJIOB CHEKTPaJIbHOTO aHajn3a. B To ke BpeMsi pa3joKeHUe CBETa B CIEKTP MPOU3BOIUTCS
UCKJIIOUUTENBHO C TIOMOLIBIO CIIEKTpocKomna. Y HakoHell, BCaeICTBUE CyObEKTUBHOCTH CII0c00a
OLICHKHM BU3yaJIbHbIE METOJAUKHU CYIIECTBEHHO OTJIMYAIOTCS OT CIEKTPOrpapuueckux 1 0COOEHHO
CHEKTPOMETPUUECKUX METOJMK. DTO O3HA4aeT TAKKE, YTO U3 TPEX METOJOB CIEKTPaIbHOIO
aHaJM3a BU3yaJIbHBINA 00J1aJ]a€T HAUMEHBIIEH TOYHOCTHIO.

IIpenen oOHapy>keHHs BH3YyaJbHOTO MeETOJa OTHOCHTENbHO Benuk. Haubonee
YYBCTBHUTEJbHBIE JIMHUU 3JEMEHTOB, 3a HCKIIOYEHHEM MIEJOYHBIX M IIEeJOYHO3EMEIbHbIX,
HaXOJATCS B yJbTpaduoaeToBoi o0nacTu crnekrpa. B BuaumMon 001acTi pacroyiokeHbl TOIbKO
OTHOCHUTEJIHO clla0ble JIMHUK Haubosiee BaXKHBIX TsDKENbIX MeTayuioB. [loatomy ux mpexpen
oOHapy’KeHHUs] BU3yaJbHBIM METOZOM OOBIYHO XYXE B JI€CATh — CTO pa3. 3a UCKIIOYCHHEM
OUYEHb PEJIKHX CIIy4yaeB, BU3yaJIbHbIIl METOJ| HE MPUTOJEH JJIs ONpeAesiCHUs] HEMEeTATMUEeCKUX
JJIEMEHTOB, IOCKOJbKY HX JMHUUM B BHIUMOW oOmactu ocobeHHo cialel. Kpome Toro,
BO30Y’KJ€HIE HEMETAJUIMYECKUX 3JIEMEHTOB TpeOyeT CHEUAIbHOTO CI0KHOI0 000pYy1I0BaHUS U
MHTCHCUBHOCTb MCTOYHHMKA CBETa HEJOCTAaTOYHA JUIsl OLIEHKM CHEKTPAJIbHBIX JIMHUMN
HEBOOPY>KEHHBIM IJ1a30M.

B npoTHBOMOJIOKHOCTE OTMEUYEHHBIM BBIIIE HEJOCTaTKaM OOJbBIIOE MPEUMYILECTBO
BH3YaJbHOI'O METO/1A 3aKJII0YAETCs B €ro MPOCTOTE, CKOPOCTU U Majiol ctoumoctu. Paborats co
CIEKTPOCKOIIOM OY€Hb JIETKO. XOTs I OLIEHKU CIEKTpa HeoOX0AMMa HEKOTopas TPEHUPOBKa,
BBITTOJIHEHHUIO TIPOCTEHININX aHAIM30B MOKHO OOYYHTHCS OBICTpO. CIIEKTPHl MOKHO OIICHHUBATH
HEBOOPY’KEHHBIM TJ1a30M 0€3 TeX TPYAHOCTEH, KOTOpbIe NMPHUCYIIH KOCBEHHBIM METO/AaM. DTOT
METOJI SKCIIPECCEH: Ha ONpeIeNieHHe OJHOTO KOMITIOHEHTa TpedyeTcst 00bIYHO He 00Jiee MUHYTHI.
CToMMOCTh OTHOCHUTENIBHO IPOCTOI0 BCHOMOTaTeNbHOIO O00OpYJIOBAaHUS M BU3YalbHOI'O
METO/a HHU3Ka, MPEHEeOPEKMMO Majbl TakXKe 3aTpaThl HA MHCTPYMEHT JJisi o0paboTKH MpoO,
MaTepHuaibl il IPOTUBOAJIEKTPOAOB M 3JIEKTPOIHEPrHI0. METOAUKN HACTOIBKO MPOCTHI, YTO
10CJIe HEKOTOPOH TPEHUPOBKU aHAJIM3BI MOTYT BBHITOHATH HEKBATH(PHUIIMPOBAHHBIE JTA00OPAHTHI.
BcnenctBue BBICOKOH 3KCIIPECCHOCTH MeETOJa TPYAO3aTpaThl Ha OJMH aHajdu3 HU3KH.
OkoHOMHUYecKas 3(pPEeKTUBHOCTh METO/A YBEJINYHMBACTCS TAaKXKE B CBA3M C TEM, YTO aHAJIM3
MOXKHO HpPOBOJIUTH 0€3 pa3pylleHHs aHaJIu3upyeMoro oOpas3lla WU Ha TOM MeCTe, IJleé OH
HaXOAMUTCS. DTO 03HAYAET, YTO C MOMOIIBIO MOPTATUBHBIX MPUOOPOB MOXKHO aHAIU3UPOBAThH 0€3
npobooTéOpa Ha MecTeé MX HaxXOXKJIEHHs MPOMEXYTOUHYI MpOAYKLHUIO (Hampumep,
METAJIJIMYECKUE ILUTAHTH), TOTOBYIO NPOAYKLUHIO (HampuMep, JeTald CTaHKa) WIH YXkKe
BMOHTHUPOBaHHbIE U3/IeNus (HalIpuUMep, eperpeBaeMble TpyOKH MapoOBBIX KOTIOB). DKOHOMSTCS
TaKK€ HWHCTPYMEHT M BpeMsl, YIpOUlaeTcss OpraHu3alMoHHas paboTa M OTHAJaeT
HE00XO0JIMMOCTh B JIECTPYKTUBHBIX METO/1aX MpobooTOopa.

Haunbonee BaxxHOM 001aCThbI0 MPUMEHEHUS BU3YAIBHOI'O METO/IAa CIIEKTPAJILHOTO aHaIN3a
ABJISIETCA KOHTPOJIb METAJUIMYECKHX CIJIaBOB M IJIABHBIM OOpa30M JIETMPOBAaHHBIX CTallell B
IpOLECCe HX IMPOU3BOJCTBA C LENbI0 COPTUPOBKHU. Mcrmosnb3yercs MeETOo Takke Ul
KJaccu(UKaluy METaJUIOB WJIM JIETMPOBAHHBIX CTaled Nmpu OoTOOpe LEHHBIX MaTepHajoB M3
METAJIJINYECKOI0 JIOMa.



3. O0beKTHI HCcCIeA0BaHUs, 000PYA0BaHUE

AToMHO-3MHccnoHHBIH ciekTpomeTp MCA |1, ctanaapTHble 00pasiibl COCTaBa,

OO6pa3iibl cTanei Jyisi ONpeAeIICHHs] XUMCOCTaBa.

4. 3aganue Ha padoTy

N3y4uTh yCTpOMCTBO U MPUHIMI PaOOThl aTOMHO-3MHCCUOHHOTO criekTpomerpa MCA 1.

[IpoBecTn MOATOTOBKY HCCIIEIYEMBIX OOpa3IOB CTalel K MPOBEACHUIO CIIEKTPAIHLHOTO
aHanu3a.

[IpoBecTn pekamMOpPOBKY CIIEKTPOMETpa M TECTOBBIA aHAIN3 XWMHUYECKOTO COCTaBa
00pa3LoB cTajei N3BECTHOIO COCTaBa.

5. Ilopsinok BbINOJHEHHS PA0OTHI
1. YcBouth TpeGoBaHuUs MO TEXHUKE 0€30MacHOCTH MpH padoTe Ha criekTpomerpe MCA ||
2. U3yunth Ha3HaueHUE, yCTPONCTBO U pabOTy OCHOBHBIX 3J1eMeHTOB criekTpometrp MCA |1
3. O3HaKOMUTHCS ¢ PaOOTOM, MOPSIIKOM BKJIFOUEHHS U BBIKIIOUeHUs ciekrpomerpa MCA 11
4. TlpuroToBUTH 00pA3IBl MCCIEAYEMBIX CTalleH ISl CIEKTPAJbHOTO aHAINW3a M BBIOJIHUTH
aHaJu3.
OIIMCAHHUE U PABOTA CHEKTPOMETPA MCA 11
Ha3nauyenue
Cnexrpomerp « MCA» nipeHa3HaueH U U3MEPEHUSI HHTEHCUBHOCTEH aHATUTHYECKIX
CHEKTPAIbHBIX JIMHUH pa3InYHbIX 3J1eMeHTOB. [locie kamuOpoBKH 10 CTaHIAPTHBIM 00pa3aM
COCTaBa CIIEKTPOMETP HCIIONIB3YETCS ISl KOMTMYECTBEHHOTO SMUCCHOHHOTO CIIEKTPAILHOTO
aHaJM3a METAJJIOB U CIJIAaBOB IIPU BBIIJIABKE MJIM BXOJHOM KOHTPOJIE MAaTEPUAIOB.
CrnieKTpoMeTp BBITIOIHEH B HACTOJILHOM BapUaHTE, MOXKET OBITh YCTAHOBIICH KaK B

71a00paTOPHOM MTOMEIIEHHUH, TaK U HETIOCPEICTBEHHO B IIEXE.
B ocHOBY pa0oThI crieKTpoMeTpa TOJOXKEH METOJ SMHUCCHOHHOTO CIEKTPAIBHOTO aHaju3a,
UCTIONIB3YIOUINH 3aBUCUMOCTh MHTEHCUBHOCTH CIIEKTPAIbHBIX JTMHUN OT COJEpKAHUS HIEMEHTOB
B mipo0Oe. OOIIMii BUJ] CIIEKTPOMETPa MIPEICTABICH HA PUCYHKE 8.



Puc 8. CnektpomeTtp amuccuoHHbINH «MCA .

YerpoiicTBo 1 paGoTa ciekTpoMeTpa

Hpunuun geiicTBUs

B ocHOBY paboThl crieKTpoMeTpa MOJIOKEH METOJT IMUCCUOHHOTO CIEKTPaIbHOTO aHaJH3a,
UCTIONB3YIONINI  3aBUCUMOCTh WHTCHCHBHOCTH CIIEKTPAJIbHBIX JUHUH OT KOHIICHTPAIMH
JJIeMeHTa B o0pasIie.

[Ipob6a ycranaBnuBaeTcs Ha Pa3psSAHBIA CTOJMK MOJIUXPOMATOpPA TaK, YTOOBI TEPMETHIHO
MEPEKPHITH OTBEPCTHE PA3PSIIHON KaMephl, U MPUKUMAeTCs MPUKUMOM, KaK 3TO MOKa3aHO Ha
puc. 6.

Me:xnay npoOoif ¥ MOACTaBHBIM AJIEKTPOJAOM Pa3psSAHOrO CTOJNMKA MPHU MOMOIIN UCTOYHUKA
BO30YKJCHHSI CIIEKTPOB BO30YXKTaeTCs DIIEKTPUYECKU paspsa. B paspsjge mpoucxoaut
ucnapeHue M Bo30yXKJIE€HHE CBEueHUs aroMoB oOpasma. CBeueHue paspsaa € MOMOIIBIO
KOHJIEHCOPHOM JIMH3bI OCBEIIAET BXOIHYIO IIEJIh APrOHOBOrO MOJIMXPOMATOpPa U OJTHOBPEMEHHO
MPOEKTHUPYETCS Ha TOPEI] ONITOBOJIIOKOHHOTO Ka0essi BO3AYIIHOTO MOJIUXpOMaTOpa, MPOXOAUT IO
Ka0eJTr0 M OCBEIIAeT BXOHYIO MIETh BO3IYIIHOTO MOJIMXPOMATOPA.

[TonmuxpomaTtop ¢GopMUpyeT MyYKH Jy4el MOHOXPOMATHYECKOTO H3Iy4YeHHS B BHIE
CHEKTpabHBIX JIMHUNA. COBOKYITHOCTH CIEKTPAIBHBIX JMHHHA MPEACTaBISET COOOH CIEKTp,
XapaKTepU3yIOUINil cocTaB o0Opasia: KaXIOMy 3JIEMEHTY COOTBETCTBYET CBOSI COBOKYITHOCTb
CIICKTPaJTbHBIX JTUHHUA, MHTCHCUBHOCTHh KOTOPBIX 3aBUCHUT OT KOHIICHTPAITUH JIEMEHTOB B IMPOOE.

Jnst ananm3a mpoObl clieyeT BhIOpATh Mapbl aHATUTHYECKUX JIMHUN U3 CIEKTpa KaKIIOTO
AQHAJIM3UPYEMOT0 3JIEMEHTA U JTUHUN CPABHEHUS U3 CIIEKTPa OCHOBBI.



B cnektpomeTpe MOXKHO OJIHOBPEMEHHO PETUCTPUPOBATh MHTEHCHUBHOCTH JIFOOOT0 4Hcia
CHEKTPAJbHBIX JINHUM.

W3nyuenne cnekTpaibHbIX JuHUM npoeuupyercs Ha [I13C-nuneliku. OObI4HO
CHEKTpaJbHas JIMHUS 3aXBaThIBA€T CBOMM H3JIyY€HHUEM HECKOJbKO UyBCTBUTEIBHBIX JIEMEHTOB
[I13C-nuneliku. AHaIUTUYECKUI CUTHATT MOXKET (OPMUPOBATHCA PA3IMYHBIMU MPOTrPaMMHBIMU
cnocobamu. Hampumep, aHaIUTUUECKUH CUTHAJI paBEH CyMME MOJTY4YEeHHBIX HHTEHCUBHOCTEH Ha
onpeAeiEHHOM KOJINYeCTBE (OTOUYBCTBUTEIBHBIX 3JIEMEHTOB, 3aCBEUCHHBIX AHATUTHYECKON
JUHUEH, 1eNEHHONW Ha CyMMY MOJYYEHHBIX MHTEHCUBHOCTEH (POTOUYBCTBUTEIBHBIX 3JEMEHTOB
nojx JuHMEW cpaBHeHUs. [ns momydenust Oojiee TOYHBIX PE3yJIbTaTOB YacTO HCHOJIb3YIOT
BapuaHT (OPMHUPOBAHMUSA CHUTHAJA OT AHAWINTHYECKOM JIMHUM Kak CyMMYy [OJYYEHHbIX
MHTEHCUBHOCTEH Ha OIpeneaEéHHOM KOJIHYecTBe (POTOUYBCTBUTEIbHBIX 3JIEMEHTOB MHHYC
CyMMa cpeaHe(OHOBOro CHUrHajga BOJM3M AHAIUTUYECKOH JMHUM Ha TOM JKE€ KOJIUYECTBE
a1emMeHTOB. [1o100HBIM 00pazoM (GOPMUPYIOT CUTHAI OT JIMHUHU CPABHEHUS U 3a aHATUTUICCKUN
CUrHaJI OepyT UX OTHOLICHHUE.

Pabora crnektpomeTrpa OT MOMEHTA BKJIIOYEHHS] MCTOYHUKA BO30YXKIECHUS CIEKTPOB [0
IIOJly4YEHUs1 PE3yJbTaTOB HA JKPAaHE BHUJIECOMOHUTOpA OCYIIECTBISAETCS AaBTOMATUYECKH I10
3a/laHHOM MMPOrpaMMe ¢ IOMOIIbI0 KOMIIBIOTEPA.

MaremaTnueckoe obecrieueHle aHAIU3UPYET MOJI0KEHUE CIEKTpa MO JMHUAM OCHOBHBIX
3JIEMEHTOB aHAJIM3UPYEeMOro MaTepuaia U JejlaeT IONpPaBKUM Ha TEMIeEepaTtypy WM yJlap,
BBI3bIBAIOIMM CBUT CIIEKTpA.

Jlis KOJIMYECTBEHHOrO0 ONpENEeIeHUs XMMHUYECKOro cocTaBa 00pa3loB CIEKTPOMETP AOJKEH
OBITH IPEABAPUTEIHHO MPOrPAAYUPOBAH MO CTAHIAPTHBIM 00pa3aM C U3BECTHBIM XUMHUYECKUM
COCTaBOM.

Jis  xaxgoro siaeMeHTa (KaHana) JOJDKHA OBITh 3KCIIEPUMEHTAIBHO OIpeeseHa
rpagyupoBOYHAs XapaKTEpPUCTHUKA, OTpaKaroulash 3aBUCHUMOCTb aHAJUTUYECKOTO0 CHUTHala
(MHTEHCHBHOCTH) COOTBETCTBYIOIIMX CIIEKTPAIbHBIX JIUHUN OT COAEPIKaHUS 3JIEMEHTa B Ipooe.

I'pagynpoBo4Hasi XapaKTEpUCTHUKA ONPEAENAETCS pacuyeTHbIM cnocobom. Omna
npezcTaBisiercs B BUAE (OPMYJbl WIM B BHUIE COBOKYIHOCTH (OpMyJ (IIOJMHOMOB IEPBOM,
BTOPOIl MM TPEThEW CTENEHH) U BBOJUTCS B MaMATh KOMIBIOTEPA. AHAIUTUYECKUE CUTHAJIBI
CHEKTPAJbHBIX JIMHUM aHAIN3UpYeMON POOBI CIeyeT MOoIy4aTh B TEX JK€ YCIOBUAX, B KOTOPBIX
Oblla oOmpeneieHa TIpalyHMpOBOYHAs XapaKTEpUCTHKA, M € TOMOUIbI TI'pagyHpOBOYHOMN
XapaKTEPUCTUKH OMPEAETATh KOHIIEHTPALNIO aHATU3UPYEMOT0 3JIEMEHTA.

@OyHKIMOHAIbHAS CXeMa CIIEKTPOMETpa MPECTaBIEHA HA PUCYHKE 9.
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Puc 9. Cnekrpometp smuccuoHHbii « MCA». OyHKITMOHATIBbHAS CXEMa.

Mexny wuccieqyeMbiM o0pa3loM M TOJCTaBHBIM 3JEKTPOIOM pas3psSAHONW Kamephbl C
MOMOIIBI0 HMCTOYHHMKA BO30OYxkaeHus crnektpa WBC co3maercss SneKTpUYecKHid  paspsi.
DnekTpuueckuil paszps oOecreurBaeT HCIapeHue W BO30YyKJIeHHE CBEYCHHs] aTOMOB 00paslia,
T.. B MPOMEXKYTKE MEXAy OOpa3lloM H 3JIEKTpoJoM oOpa3yercss H3Jydaronas IJia3ma.
W3nyuenue mia3mbl HampaBIseTCs Ha BXOAHBIE IIETH OOOMX MOJUXPOMATOPOB C BOTHYTHIMHU
TU(QPaKIMOHHBIMUA pEIIeTKaMH, pa3jaralolliMU H3JyuyeHHe B crhektp. B ¢doxanbHOiA
MOBEPXHOCTU MOJTUXPOMATOPOB PACIIONATAIOTCS TPUEMHUKH U3nydeHus - [13C-nmuHeiku.

Boznymnsiit nonuxpomatop coaepxkut 10 I13C-nuneek, apronosslii -oany [13C-
JUHENKY JUIsl pETUCTPAIMK CIIEKTPAIbHBIX JTUHHUH yriepoza, cepbl U Gpocdopa U TMHHUI OCHOBBI
JUISL HUX.

B 6noke I13C-nuneex curHanbl ¢ [13C-nmuHEek mociaenoBaTelbHO 00padaThHIBAIOTCS B
aHasorouu(ppoBoM OJI0Ke, B cxeMe 00paboTKH IU(PPOBBIX CUTHAIOB U yepe3 (nHTepdeiic-USB)
MOCTYyNalOT B KOMIIBIOTEP, T/I€ MPOUCXOJUT 00paboTKa CHUTHAJIOB MyTEM MaTeMaTHYEeCKHX
ornepauuii. KommbroTep Takke uepe3 cxemy o0O0paOOTKM HH(POBBIX CUTHAJIOB YIpPaBISET
paboTOl UCTOYHMKA BO30YKIEHUS CIIEKTPOB U padoroi [13C-nuHeek.

[Tocne oxoHYaHMS BPEMEHU SKCIIO3UIINH HAKOTICHHBIE CUTHAJIBI 00pabaThIBalOTCS B
3aJIaHHOM OIIEPATOPOM PEKUME PErHCTPAINH U, €CIIU CAeNlaHa IPayHpoOBKa MO CTaHJapTHHIM
oOpa31aM, BBICBEUUBAIOTCS HA SKPaHE BUJCOMOHUTOPA B MACCOBBIX JOJISIX AJIIEMEHTOB
ucciexyemMoro oopasma. Beibop BpeMeHu 00kura, BpeMeH U KOJIHUYECTB IIUKIOB HAaKOTUICHHIA,
BbIOOD Map aHAJTUTHUECKUX JIMHUHM U IMHUI CpaBHEHUS, BBIOOP MOPSKA CIETOBAHUS 3JIEMEHTOB
Ha OnaHKe, BBIOOp mapaMeTpoB BO30YKICHHUS HCTOYHHUKA BO30YKIEHUS CIIEKTPOB U T.1I.
3a/1aeTCs ONepaToOpoOM B Pa3HBIX MyHKTax MporpaMMHoro oodecredenust «I'pagyupoBkay.

IMoaroroBka 06pa3noB K H3MEPEHUAM



st momy4yeHus! XOpoIIMX aHAIUTUYECKUX pPe3ysbTaToB oOpaszel] JOKEH YAOBIETBOPSATH
CJICZYIOLINM IJIaBHBIM TpeOoBaHUAM. OH JI0JKEH ObITh:

a) [IpencraBUTENLHBIM.

[IpencTaBUTENHHOCTH O3HAYAET, YTO YaCTh 00pa3iia, KOTOPYIO aHAU3UPYET CIIEKTPOMETP,
JOJDKHA TIPEICTABIISITH BECh 00Opasell.

0) UucThIiM.

['psi3b, HaxonsALIasCs HA OBEPXHOCTU oOpa3la, UcHapseTcs Mo BO3JIEHCTBUEM pas3psiia.
Jlaxxe oTHeyaTKy NnajiblieB Ha MOBEPXHOCTH 00pa3iia MOTYT HOBJIHSIOT HA Pe3yJIbTaThl aHAIM3A.

B) OIHOPOIHBIM.

Bocnpou3BoauMocTh He MOKET ObITh XOPOIIEH, ecau 00pasell He SIBJIIETCS OHOPOIHBIM.

r) bes Tpemun u nmy3sipeit

W3 TpemmMH M BCKPBITBIX Iy3bIped IOCTyHaeT KHUCIOPOJA, Ha MOBEPXHOCTU MPOOBI
oOpa3yercsi HepaspylllaeMas pas3psoM IUIEHKAa OKHCIa, Marepuajl NpoObl HE BBIHOCUTCS B
IU1a3My paspsizia ¥ [OJy4yaroTcsl HeNpaBHJIbHbIC Pe3yJIbTaThl.

1) IToBepxHOCTH 00pasua JOKHA OBITH INIOCKOM.

e) IloBepxHOCTh OOpaslia He AOJKHA OBITH Yepecdyp IJIaJKOM MM «3aroJIMPOBAHHON,
pa3psay Ha TakoW IOBEPXHOCTH HE 3alIETIUThCA 3a MaTepuanl U OH OYyJeT CKOJb3UTh IO
IIOBEPXHOCTH He Jienas yriayOseHuil ¢ BBIPHIBOM MaTepuaia; B pe3yJibTare MATHO paspsana Oyaer
IUIOXOI'0 KayecTBa.

OOpasupl Ui aHalu3a cjelyeT 3aTauuBaTh HA TOYMJIBHO-IIIM(OBAJIbHOM CTAaHKE C
AIEKTPOKOPYHIAOBEIM KPYTrOM C KepaMHUeCKON CBS3KOM, 3epHHCTOCThIO Ne50, TBepaocthio CT-2
no ['OCT 2424, nu6o Ha mkypke nudoBanbHoil OymaxkHoM Thna 2 Ha 6ymare mapku BII-200
13 HOPMAJIBHOTO 3JIEKTPOKOpYH1a 3epHUCTOCTHIO 40-60 o 'OCT 6456.

CauikoM riaakasi MIOBEpXHOCTh 00pa3iia MOXKET MOJYUYUThCS, €CIIU JIEKTPOKOPYHAOBBIN
KpYT J0Jr0 HE 3aMEHSUTU WK UCIIOJIb30BAIM MEIKO3EPHUCTYIO NUTH(OBATBHYIO LIKYPKY.

DJEeKTPOKOPYHAOBBIA KPYr MOKHO HCIIOJIb30BaTh JOJIbIE, €CIAM MPUMEHSTh Tak
Ha3bIBAEMYIO «IIPABKY» KaMHS C IOMOIIIBIO «IIPABUIIAY.

OOpasibl YepHBIX U [BETHBIX CIUIABOB HENb3S 3aTa4MBaTh Ha OJIHOM Kpyre, He0OX0IuMO
UCTIOJIb30BaTh CMEHHBIE KPYTH WIH HITH(POBATBHYIO IIKYPKY.

IlocaenoBaTe IbLHOCTH U3MEPEHUIA.

3anyctuts nporpammy Grad 5. OTKpbITh METOAMKY BBIMOJHEHHS M3MEPEHUH KOMaHIOU
@aiija/OTKpBITL METOANKY, BBHIOpaB uMs ¢daiitna Tpebdyemorr Meroauku. B pesynbrare
mporpaMma OTKpOeT yKa3aHHyI0 MeTouKy Ha ee IepBOi CTaIuu.
1) Bemonuuts komanay Metoauka/8.PexaaudpoBka mwin Haxxath KHONIKY <PekaanopoBka>
Ha TaHeJIN WHCTPYMEHTOB. BBHINOTHUTH omepanuio pekaluOpoBKH Bo BKiIanke <H3mepeHue
POM>, ecniu oHa HE BBINOJIHSAJIACH B TEUEHHUE § YACOB, CAENAB MO TPU-UYETHIPE MapauIeIbHBIX
U3MEpPEHHsT KaXJ0ro pekaanOpoBoyHOro odpasia meToauku. [locrme oObICKpHBaHHS Ka)A0Tro
obOpasma (a Jdyuine mMocie KaXXI0oro OOBICKpUBAHHS) 3auUUINATh IMMOBEPXHOCTH JJIEKTPOJa C
MOMOIIbIO  JKECTKOW  METalNIM4eckod  KHCTOUkH. Eciam  cXoOAMMOCTh  HM3MEpeHUi
YAOBIETBOPUTENIbHASA, TO €CTh MaJ0 OTJIMYAeTCs OT IOJYYEHHOM B «IE€Hb HOIb», TO
3a(UKCUPOBATh 3HAUEHUS HOBBIX PEKAIUOPOBOUHBIX KOI(h(UIIMEHTOB, Ha)XKaB KHOIKY
«O0HoBuTH Tekymue KO, K1». B mpoTuBHOM cilydae uU3MepeHus: ciaeayeT MOBTOPUTH, yAaIuB
MpebIIyIIne.
2) Bremonanuts komanay Mertoauka/9.AHanu3 Wid HaXaThb KHOMKY <AHaJIM3.> Ha MaHENIU
UHCTPYMEHTOB. B pesynbrare Ha MOHUTOpE TOSBUTCS IKpan Aunanuza, a B CTPOKE MEHIO
MOSIBUTCS MEHIO 9. Ananus.
3) HauaTh HOBBIN aHaNW3 HaXkaB HA KHOIIKY, BBECTH Ha3BaHHE 00pa3ioB B mosie <OQopa3sen:>,
BBITIOJIHUTh U3MEPEHUsT 00pas3loB. YCIOBUS W3MEPEHHUH MOJDKHBI OBITh TaKUMH )K€ KaKk W B
nynkTe «PekxamuOpoBka». [locie kaxmoil cmeHbl oOpasna (WM KaXIOro OOBICKpHBAHUSA)
3a4ullaTh MOBEPXHOCTh 3JEKTPOJa C IMOMOIIBIO KECTKOM METAJUIMYECKOM KUCTOYKH. JlIist
MOJTyYeHUs pe3ysibTaTa aHallu3a CIeAyeT cliejaTh He MEeHee JBYX U3MEpeHHil o0pa3na Hu B3ATh



BBIBEJICHHOE Ha OJKpaH cpenHee 3HaueHue. J[ns mepexoma K U3MEPEHMIO CIIETYIOIIETO
oOpa3lia MEeIKHYTh MBIIIKOW MO KHOIKE CO CTPENKoil BrpaBo. [1o okoHYaHUU M3MepeHuil Bcex
00pa3IoB COXpaHUTh UX B (Qaiiie ¢ yIoOHBIM JIJIsl OliepaTopa Ha3BaHUEM, IIEIKHYB MBIIIKON 11O
KHOIIKE C N300pakeHUEM JHCKETHI.

6. Conepxanme oTuera

1. Teopus éonpoca. OnucaTh OCHOBHBIE TIOJIOKEHUS:

- TEOPETUYECKMX OCHOB aTOMHO-3MHUCCHOHHOI'O CIIEKTPAJILHOTO aHAJIN3a;

- YCIIOBUI BO3HMKHOBEHHS aTOMHBIX CIIEKTPOB;

- METO/IOB aTOMHO-3MHUCCHOHHOT'O CIIEKTPaJIbHOIO aHAIMU3a

2. Texnuka 3xcnepumenma. IlpuBectn QyHKIMOHANBHYIO cxemy crekrpomerpa MCA Il ero
TEXHUYECKUE XapPAKTEPUCTUKU. ;

3. Ilonyuennvie pezynvmamepl. Pe3yiabTaTbl CHEKTPAJIbHOTO aHain3a OQOPMUTH B BHUIE
tabnuikl. [IpuBecT BRIBOABI IO paboTe.
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JlabopaTopHnasi pa6ota Nel?2
Omnpeaesienue coctaBa crajieil, IpUMeHsieMbIX B MAIIMHOCTPOCHHUH H
aBTOMOOMJIECTPOECHHHM HA AaTOMHO-DMHUCCHOHHOM cnekTpomeTrpe MCA |1
1. eanb padoThI:

1.1 TIIpakTHueckoe W3y4eHHE KOHCTPYKTUBHBIX OCOOEHHOCTEH M  TapaMeTpoB
coBpemennoro cnekrpomerpa MCA |l ¢ paruukom peructpauun Ha [13C-nuneiike.
[IpuoOpeTeHne HaBBIKOB paOOTHI HA CLIEKTPOMETPE.

1.2. Onpenenuth XUMHUYECKUH COCTaB CTajlel, MPUMEHSEMBIX B MAIIMHOCTPOCHHH U

ABTOMOOMIIECTPOCHUN



2. TeopeTnueckue cBeIeHUsl
B ocHOBY paboThI CrieKTpOMeTpa MOJI0KEH METO SMHCCHOHHOTO CIIEKTPAILHOTO aHAIIN3a,

UCTIOJIB3YIONIMHA  3aBUCUMOCTh HMHTCHCHUBHOCTH CICKTPAIbHBIX JHHUH OT KOHICHTpAIMU
JJIeMeHTa B o0pasIle.

IIpoba ycraHaBnMBaeTCs Ha pa3psaHbIA CTOJUK MOJMXPOMATOPA TaK, YTOOBI TEPMETUYHO
HEPEKPBITh OTBEPCTHE Pa3PSAAHON KaMepbl, U MPUKUMACTCS MPHUKAMOM, KaK 3TO TMOKa3aHO Ha

puc. 1.

Puc.1. Pa3psaaublii cTonuk

Mexay npoOoii ¥ MOACTaBHBIM 3JIEKTPOJIOM Pa3psIHOTO CTOJIMKA MPU MOMOIIU UCTOYHHUKA
BO30YKIIEHHSI CHEKTPOB BO30YXKHAETCsl JJIEKTPUUECKU paspsn. B paspsge mpoucxomut
WcrapeHne W BO30YKJICHHE CBEYCHHs aToMOB oOpasma. CBeueHue paspsga C IMOMOIIBIO
KOHJIEHCOPHOH JIMH3bI OCBELAeT BXOAHYIO LIEJb aPrOHOBOIO MOJIMXPOMATOpa U OJHOBPEMEHHO
IPOEKTHPYETCS Ha TOPEL] ONTOBOJIOKOHHOTO Ka0eJst BO3AYIIHOTO HOJIMXPOMATopa, IPOXOIUT 110
Ka0eJo ¥ OCBEIIAeT BXOJHYIO IIeIb BO3AYIITHOTO MOJIUXPOMATOpa.

[MomuxpomaTop GopMHpPYeT NYy4YKH JIydeid MOHOXPOMATHYECKOTO HW3IY4YeHHS B BHJIE
CHEKTpaJibHbIX JMHUNA. COBOKYNHOCTb CHEKTPAIbHBIX JHUHHHM MpencTaBiIseT COOON CHEKTp,
XapaKTepU3yIOIIUNA cocTaB o0paslia: KakKJOMy 3JIEMEHTY COOTBETCTBYET CBOSI COBOKYITHOCTh
CHEKTPaJIbHBIX JIMHUI, THTEHCUBHOCTb KOTOPBIX 3aBUCUT OT KOHIIEHTPAIMH 3JIEMEHTOB B IIpo0e.

s aHanmu3a mpoObl clieayeT BHIOpATh Mapbl aHATMTHYECKUX JIMHUN U3 CIEKTpa KaXKI0TO
AQHAIM3UPYEMOT0 JIEMEHTA U JINHUN CPaBHEHHUS U3 CIIEKTPa OCHOBBI.

B cnekTpomerpe MOKHO OJTHOBPEMEHHO PETUCTPUPOBATh MHTEHCUBHOCTH JHOOOro umucia
CHEKTPAJIbHBIX JINHUH.

Wznydyenne crnekTpanbHbIX JmHUE mpoeuupyercs Ha [I3C-nuneliku.  OOBIYHO
CIEKTpaJibHAs JIMHUA 3aXBaThIBA€T CBOMM H3JIyY€HHEM HECKOJBKO UyBCTBUTEIBHBIX AJIIEMEHTOB

[13C-nmuHelku. AHATUTUYECKUNA CUTHAJI MOXKET (POPMHUPOBATHCS Pa3IMYHBIMU MPOrPaMMHBIMU



cnocobamu. Hanpumep, aHaauTUYECKUN CUTHAII paBEH CyMME IOJYyYEHHBIX UHTEHCUBHOCTEH Ha
onpenenéHHOM KOJIWYecTBe (POTOUYBCTBUTEIBHBIX 3JIEMEHTOB, 3aCBEUYCHHBIX AHATUTHUYECKON
JUHHUEH, NeNEHHON Ha CyMMY MOJYYEHHBIX HHTEHCHUBHOCTEH ()OTOUYBCTBUTEIBHBIX JIEMEHTOB
noJ JuHHeW cpaBHeHUs. [y modydeHuss Oosiee TOYHBIX PE3yNbTAaTOB YacTO HCHOIb3YIOT
BapuMaHT (OPMHUPOBAHUS CHTHajda OT AaHAJUTUYECKOW JIMHUM KakK CyMMY IOJyYEHHBIX
MHTCHCUBHOCTEH Ha OIpeneaEHHOM KOJIHuecTBe (OTOUYBCTBUTEIBHBIX 3JIEMEHTOB MHHYC
CyMMa cCpeaHe(OHOBOro CHUrHajga BOJIM3M AHAIMTUYECKOH JIMHUM Ha TOM K€ KOJIMYECTBE
aneMeHTOB. [1og06HbIM 00pa3oM (GpOPMUPYIOT CUTHAI OT JTMHUU CPABHEHUS U 38 aHATMTUYECKUN
curHai 0epyT ux oTHomeHue (cM. «PyKoBOJCTBO omepaTtopy»).

Pabora crnekTpomeTpa OT MOMEHTA BKJIIOYEHHS] MCTOYHUKA BO30YXKIEHHUS CIIEKTPOB [0
IIOJIy4YEHUs1 PE3YyJbTaTOB HA JKPAaHE BHUJIECOMOHUTOpA OCYIIECTBISETCS ABTOMATUYECKH I10
3a/laHHOM MPOrpaMMe ¢ IOMOLIbI0 KOMIIBIOTEPA.

MatemaTtnueckoe o0ecrieueHrne aHaIU3UPYeT MOJ0KEHUE CHEKTPa M0 JIMHUSIM OCHOBHBIX
3JIEMEHTOB AHAIM3UPYEMOI0 MaTepuaja M JejlaeT IONpPaBKM HA TEMIlepaTypy WU yaap,
BBI3bIBAIOIINM CBUT CIIEKTpA.

JUIi KOMTMYECTBEHHOTO ONpEAETCHUs XMMHUYECKOTO COCTaBa OOpasllOB CIEKTPOMETP OJKEH
OBITh MpeIBAPUTENBHO MIPOrPATyHUPOBAH MO CTAHIAPTHBIM 00pa3liaM ¢ U3BECTHBIM XUMUYECKUM
COCTaBOM.

Jns kaxgoro »sneMeHTa (KaHala) JOJDKHA OBITh HKCIIEPUMEHTAIBHO —OIpejesieHa
rpagyHpoOBOYHAs XapaKTEPUCTHKA, OTpa)Karollas 3aBUCHUMOCTb aHAJIUTUYECKOIO CHUTHasa
(MHTEHCUBHOCTH) COOTBETCTBYIOIIMX CIIEKTPAIbHBIX JIUHUI OT COZEpKaHUS 3JIEMEHTA B Ipo0e.

I'pagyvpoBoyHasi XapakTepUCTHUKA ONpEAENeTCS pPACUETHBIM crocoboM. Omna
npencTaBisercss B Buae (OpMYINbI WIH B BUAE COBOKYHMHOCTH (hopmy:n (TIOJIMHOMOB TEpPBOH,
BTOPOIl MM TPEThEW CTENEHM) U BBOJIUTCS B MaMATh KOMIBIOTEPA. AHAIUTUYECKUE CHUTHAJIBI
CHEKTPAJIbHBIX JIMHUNA aHAIU3UPYEMOU MTPOOBI CIENYET MOIydaTh B TE€X K€ YCIOBUIX, B KOTOPBIX
OblIa ompeneieHa TIpaTyHpOBOYHAS XapaKTePUCTHKa, U C MOMOUIbIO TI'pagyUpOBOYHON
XapaKTEPUCTUKU ONPENEIATh KOHIIEHTPALUIO aHAIU3UPYEMOTO 3JIEMEHTA.

PaccMOTpuM BO3MOKHOCTH COBPEMEHHOI'O ONTHYECKOIO IMHCCHOHHOTO CIEKTPOMETpa
mozenn MCA II. Oto HebGonplIONW HACTOJIBHBINA MPUOOpP, HO HauboJiee TOYHBIN ONTHYECKUN
SMHCCUOHHBIN criekTpomeTp Ha [13C-nmuHerikax. 9T0 € AMHCTBEHHBIA POCCUNUCKUN CIIEKTPOMETP
C 2 ONTUYECKHMMH CHUCTEMAaMU - OHHM HAa3bIBAIOTCS MOJUXPOMATOPAMH, OJUH U3 KOTOPBIX
pabortaer B oOmactu jumH BonH 190-410 HM (B KOTOpO#l JeXaT CHEKTpPAJbHBIC JIMHUH
OOJIBIIMHCTBA 3JIEMEHTOB) U BTOPOM CHEIHAIBHO CKOHCTPYHPOBAH ISl TOYHOTO ONpEAENICHUs
yraepoaa, cepbl U ¢ocdopa - IEeMEHTOB, OUYE€Hb BaXKHBIX IMPH BBIIUIABKE METallla U B TO K€

BpeMA Hauoboee TPYAHBIX IJid aHalin3a, T.K. HUX AHAJIUTUYCCKUC JIMHHUU JICKAT B obnactu



cnekrpa 170-200 HM, B KOTOPO#l MPOMCXOIUT CHIBHOE MOTJIOIIEHHE aTMOC(EPHBIM BO3TYXOM
(KCTaTh, UIMEHHO IO 3TOW MpUYMHE OOJBIIMHCTBO COBPEMEHHBIX CHEKTPOMETPOB HCIONb3YIOT
OPOAYBKY pa3psaHON kamepbl (mTaTtuBa) 4YHMcThbIM aproHoMm). Cmektpomerp MCA I
YHHMBEpCAJIeH, T.€. €ro MOKHO HCIOJIb30BaTh JUIsI aHAJM3a XHMHYECKOTO COCTaBa JIIoOOro
Metasma M cmiaBa. Kpome Toro, oH o01ajaeT YHHUKaJIbHOM BO3MOXHOCTBIO paboTaTh
OJIHOBPEMEHHO KaK CO IITaTHUBOM, MPOJYBAaEMBbIM aproHOM (YTO OOBIYHO U HCIIOJIB3YETCS IS
aHaJM3a METAJUIMYECKUX 00pasloB), TAK M C BO3AYIIHBIM IITATUBOM, YAaCTO MPUMEHSIEMBIM IS
aHanmu3a o0pa3loB HENpaBHILHOW (HOPMBI, MEJIKHX 00pasloB, (eppomarepuanosB, MOPOIIKOB,
pya. Jns aHanu3a LIENOYHBIX 3JIEMEHTOB CIEKTPOMETP MOXKET KOMIUIEKTOBATHCS ONTHYECKON
cucreMoi ¢ nuama3zoHom JTuH BOJIH oT 400 1o 800 um. Takum 0O6pa3om, TOCTYITHAS 1711 aHATN3a
oOnacte cnektpa - ot 170 g0 800 HM, yTO 0OecreunBaeT aHAIU3 IPAKTUYECKH BCEX 3JIEMEHTOB.
MCA 1II npenHa3zHayeH Uil TOYHOI'O SKCIIPECC-aHAIM3a XUMUYECKOT0 COCTaBa METAIJIOB
U CIUIaBOB, KaK IPU TEXHOJOTWYECKOM IPOLECCE BHIIUIABKU METajlla, TaK U aHaJIM3€ TOTOBOM
OPOAYKIIMM HAa METALTYPIHMYECKUX IPOU3BOJICTBAX, & TAKXKE BXOJHOM KOHTPOJIE U KOHTPOJIE
Mapo4yHOro COCTaBa JeTalel, MW3AEIUd B MAIIMHOCTPOEHMH M JAPYTUX  OTPaCsIX.
Matepuanbl, KOTOpblE MOYKHO aHAJIM3UPOBATh: CTAJIM U UYTyHBI BCEX MapoK; Meab U
MeJHbIE CIUIaBhI (JJATYHU, OPOH3BI U JIp.); AJIFOMUHUN U aTIOMUHHUEBBIE CIUIaBbl; CBUHEL, OJIOBO U
CIUIaBbl HA WX OCHOBE; CIUIaBbl Ha OCHOBE THTaHA, MarHUs M JPYTUX METAJUIOB; JIparoleHHbIE
MeTaJlIbl, TOpoIKU. KonnyecTBO OHOBPEMEHHO OIpenesieMbIX 3JeMeHToB - 10 60. Bpems
onHOKpatHoro aHaimu3a oT 10 mo 60 cexkyHn. /JlMama3oHbl KOHLIEHTpALMil OIpeaensieMbIX
AIIEMEHTOB OT JIECATHTHICAYHBIX J10J1ei mporenTa 10 40-50 %.

Haubonee BakHBIM MapaMeTpoM CIEKTPOMETpa SIBISETCS pPa3pelIeHHe CHEeKTPaJIbHBIX
JUHUA. DTa BeJIMYMHA OMpEENseT, HACKOIbKO XOPOIIO «Pa3HECeHb» APYr OT Apyra psiaoM
JEeKalMe CHEKTpaJbHblE JIMHMM. PaspelieHue 3aBUCUT OT JHUCIEPCUM  CHEKTPOMETPA,
ompenensieMoi paauycoM Kpyra Poynanga (Ha KOTOPOM pacrtoiOKEeHbI ONITUYECKUE JIEMEHTHI)
U KOJMYECTBOM IWITpUxoB Ha 1 MM audpakuuoHHoil pemetku. B MCA Il paguyc kpyra
Poymannma R= 500 MM, a mpumensitotcs pemetku 10 3600 mTp/MM, 94To oOecriednBaeT 00paTHYIO
nuHelHyo gucnepcuto Ao 0,55 HM/MM U BeImensemMyr omgHuM diemeHToM [I3C-nuneiiku
mmprHoi 8 MkM ob6sacte 0,0044 HM (TpenensHOe paspenieHne). ITo 00eceuynBaeT KauecTBO
CrekTpa B 3 pasza Jyullee MO CPaBHEHHIO C OOBIYHBIMM MPHUMEHSEMBIMU IapaMeTpaMu B
npubopax ¢ [13C (paguycom R= 330 mm u audpakuuonHoit pemerkoi 1800 mrp/mMm). KauectBo
CIEeKTpa - 3TO OCHOBa pPabOTHl NMpHOOpa, UMEHHO OHO OIpPENENeT TOYHOCTb, HAJEKHOCTH
aHalM3a, TapaHTHPYET €ro CTa0miIbHOCTh. CIIEKTpOMETp CHAOXEH CHUCTEMOM OTCIE)KHBAHUS
TEMIIEPATYPHBIX CABHUIOB CIIEKTPa, KOTOpPbIe (PUKCUPYIOT CABUTHU 0 JECATHIX T0JIEH MUKPOHA U

KOMIICHCHUPYIOT HMX B aABTOMATHYCCKOM PCIKHUME, YTO HACIacT HpI/I60p HCYYBCTBUTCIIBHBIM K



TEeMIEPAaTypHbIM KojieOaHusM. CHUI0BON OJIOK COAEPKUT KOPPEKTOP MOIIHOCTH, MO3BOJIIOIINN
CIIEKTPOMETPY YBEPEHHO paboTaTh MPH U3MEHEHUH HanpsDKeHHs nmuTatomen cetu ot 170 go 250
B.

YcrpoiicTBo U paboTa crieKTpoMeTpa MoApPOOHO PaccCMOTpEeHbI B labopaTopHOi paboTte
«OCHOBBI ATOMHO-?MHUCCHOHHOTO aHAJIU3a».

3. O0beKTHI HCCIeJ0BaHNs, 000pPyA0BaHHe, MAaTePUAJIbI
AToMHO-3MHccnoHHBIH ciekTpomeTp MCA |1, mundoBanbHblii CTaHOK,

CTaHJapTHbIE 00pa3ibl cocTaBa, lllnudopanpHas mKypka
O06pa3up! craneit Mapok: Y10, 9XC, 35XI'CA, 38XH3M®A, 12X2H4A, 15X, 12X18H10T,

4X2B5SM® nns onpeneneHus cocTasa.

4. 3aganue Ha padoTy

[HomyuyuTh mpakTHUECKHWE HABBIKM pPAaOOTHl HA ATOMHO-3MHCCHOHHOM CIIEKTPOMETpE
MCA II.

BbIMoHUTE  MPOOOIMOATOTOBKY —HMCCIEIYyEMBIX O00pasloB CTaleil K IPOBEICHUIO
CHEKTPAJIbHOTO aHAJN3a.

[IpoBecTn pexaqmOpPOBKY CHEKTPOMETpa W aHAJIN3 XHWMHYECKOTO COCTaBa 00pa3loB
crajiei.

5. Ilopsiiok BbINOJIHEHUS] PadOTHI

1. BBIIOTHUTH peKkaTuOpOBKY CIIEKTPOMETpa
2. [IpuroToBuTh 00pa3Lbl UCCIAEAYEMBIX CTANIEH IS CIIEKTPAIbHOIO aHAIN3a
3. IIpoBecTr KaueCTBEHHBIM U KOJTUYECTBEHHBIN aHAIN3 CTaJIeH

PexanuOpoBka MeToanku
PexanmubpoBka Meroauku ocymecteisiercss B Oxne8 "PEKAJIMBPOBKA", xotopoe
IIPEJICTaBICHO HAa KPAaHE YEThIPbMs BKJIAIKAMHU:
- Bei6op POM,
- Beioop TPOM,
- I3mepenne POM,
- U3mepenne TPOM.
Bxnanku, otHocsmmecs k TPOM (TunoBsiM PekanuOpoBounbiM OOpasnam MeToauku),
aHAJIOTUYHBI BKJaAKaM, wucnois3yromuM POM  (PekamuOpoBounsie OOpasmsl MeToaukm),
IIO3TOMY B JJAaHHOM pa3Jielie IPUBOAMTCS TOJIBKO onucanue Bkiagok POM.
IMoaroroBka pexkaJanopoBKH
[TonroroBka pekaauOpOBKM MpearnojiaraeT IMocjenoBaTeabHoe (B yKa3aHHOM IOPSJIKE)
MIPOXOXKICHUE TPEX ITAIOB.

Oran 1. Co3znanue PekanmbpoBounoro 3amganus (P3).

O)IHO P3 MokeT HCITOJIBE30BaTHECST HECKOJIBKHUMH MeTtoaukamu.



Oran 2. Co3nanue (Ha ocHoBe oaHoro u3 P3) I'pynmer POM B Tekymieit Meronuke
niu BeIOOp Tekymei ['pymnmer POM u3 yxe umMeromuxcs.
Bo3smoxno coznanue Heckonapkux ['pynn POM B tekymeid Meroauke.

Oran 3. PegaktupoBanue tekyuei I'pynnsl POM B Texymiein Metoauke.

Ortan 1 - Co3nanue PekannbpoBounoro 3agaHus
Jns cozmaHusi WM pPEJaKTUPOBAaHUS PEKaTMOPOBOYHOrO 3aJaHUS BBINOJHUTE KOMaHAY
riiaBHoro meHto Hacrpoiikn — PexkaanOpoBodHble 3a1aHusA

Jransl 2 1 3 BRINOIHAIOTCS Ha BKIagke Boioop POM.

Bxitanka Beioop POM umeeT cieayronryo KOMIIOHOBKY:

B8 A > i &) ] L " Lo

Butop POM  Budgop TPOM  Maneparose POM | Mamepessa TPOM

a0 PIM it (aw armelfcmmon 150 W5 10T scamm o 10

1- ma P3, na ocHOBE KOTOpOTO ChopMHUpOBaHa Tekymias rpynmna POM.

2 - BeiOop Tekymelt rpynmnsl POM.

Pe3ynbraThl Kakoro-nbo peaakTHpoBaHus Ha BkiIaake Boioop POM coxpaHsIOTCS B TEKyIIEH
rpynne POM.

3- lobaBnenne HOBOI rpymmel POM.

B muanore "Jlo6aButh HOByI0 ['pynmy POM B Mertoauky" co3na€rcst HoBas (Iycrtas) rpyIra
POM.

4- Nms Ompenpensiemoro Diementa Meroauku (OOM) um TN pekamuOpoBKd: lOTH - 1O
MHTEHCUBHOCTH; CaTT - 110 KOHLUEHTpAL1H.

5- Ums Ananutnyeckoii [Tapst MeToauku.



6- Umst Mopenu, ucoap3yeMon ATt JaHHOH AHammTudeckoi [Taper.

7- Brxmounts manHbii OOpazenr B Tekynryro rpynnmy POM um ucmonws3oBath €ro st
pexanuOpoBkH JaHHON AHanutudeckoi [Tapsl B nanHOM OOM.

IIpoBenenue pekaaudpPoOBKHU

[{enb pexannOpoBKHU - OOHOBJIEHHE TEKYLINX peKanOpoBouHbIX koadduuuentos KO, K1.
B 00b14HOM ClieHapuu 3Ta LENb JOCTUTAeTCs MOCIIEJ0BATEIbHBIM (B YKa3aHHOM

HOPSI/IKE) BBIIIOJTHEHUEM YETBHIPEX MPOLEIYP:

1. Beibpats Tekymryto rpynny POM (eciu 310 HE00X0AMMO).

2. Hauatp HOBy10 PexannOpoBky.

3. Usmeputs BCE 006pa3iipl, npeaycMoTpeHHbIe B TeKyIeM P3

(maxxe ecnu Tekyas rpynna POM ucnonbs3yet He Bce 00pa3isl u3 P3).

4. O6noButh Tekyume KO, K1.

Cy1ecTByeT YypOomEHHBIN ClIEHAPUH PEKATHOPOBKH, COCTOSIIINI TOIBKO U3 MPOIETYPhI
4. O6noButh Tekymme KO, K1.

DOTOT cleHapuil CTaHOBUTCS BO3MOJKHBIM, €CJIM Kakad-To japyras Meroauka,
UCTIONB3yIomasi To ke camoe P3, yxe mpoBena pekalmOpOBKY IO OOBIYHOMY CIIEHAPHIO C
u3mepenreMm scex POM nannoro P3.

B stom cnyuae B BJI Spectra coxpaHsmTcs CBeKEM3MEpPEHHBbIE CHEKTPbl 00pas3IoB
nanHoro P3, koTopeie roToBBI K 00paboTke B mporeaype oonosnenus KO, K1.

[IpoBenenue pexkanuOpoBKU BHIMOHsETCS Ha Bkiagke M3mepenue POM, umeromeit

CJIEIyIOIIY0 KOMIIOHOBKY:
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1- Nms P3, Ha ocHOBe KoTOpOTrO chopMUpoBaHa TeKyllas rpymnmna POM.

2 - mst m3mepenHol pexkanuOpoBounoit Cepun B b1 Spectra.

3- Komanpa, mpenmecTByromas HoBoMy u3MepeHnto Bcex POM B tekymem P3.
4- 3nayenue pexkanrOpoBouHoro ko3dduunenta KO ans nanxoit AIIM.

5- Nmsa Ompenensiemoro Dnementa Meroauku (OOM) u Tun pexkanuOpoBku: lOoTH - MO
uHTeHCcuBHOCTH; CMmacc.% - 0 KOHIICHTPALIUH.

6-3HaueHue pekamuOpoBouHOro Kodddummenrta K1 mis nannoin AITM.

7- Umst Ananutudeckoii [Tapst Metoguku (AIIM).

8- Komanga, 3aBepiaromas pekaauOpoBKy.

9 - Bei6op Tekymero POM it uamepeHust:

10 - Crapt ovepeHOTO apaLUIeTLHOT0 H3MepeHus TeKymero POM.

11 - Bri6op Tekymeit rpynmnst POM.

KonnyecTBeHHbIH aHATH3
Konmnuectsennsli ananus ocymectsisercs B Oxkne9 "AHAJIN3", koTopoe nmeer

CIIC/TYIOIIYI0 KOMITOHOBKY:
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1- HaumenoBanust Mapok, npomennux "®@unptp Crincka Mapok":

2 - Bo16op (13 BBINAIAOMIATO CIUCKA) TEKYIe MeTOAUKH, IO KOTOPOil BBITIOTHSIETCS aHAJIH3.
Ecnu cnpaBa ot storo cnucka oroOpaxaercs Oyksa "II", To mepexon B apyryio Meronuky
OyZeT CONmpOBOXKAATHCS MEPECYETOM Pe3yJIbTATOB aHAJIM3a TEKyLIero oodpaslia Mo BhIOpaHHOMN
Ipyroi Merouke.

3 - VM5 HOBOTO TEKYIIEro aHaiW3a, WM UMs OJHOTO W3 TociieaHux aHaimm3oB B BJ] Analyses
(BBIOpAHHOTO W3 BBIMA/IAOIIETO CIIHCKA).

4- HayaTh HOBBIH aHaH3.

5 - OTkpeITh pe3ynbTaThl ananu3a u3 b/ Analyses,

6- CoxpaHUTh pe3yJIbTaThl aHATN3A.

7- Iledatp pe3yabTaTOB aHAIH3A.

8- Pe3ynbpTar aHanmm3a HUKe MUHUMAJIBHOTO IIpejieia IpalyupoBKH (Tory0oii 11BeT).

9- Pe3ynbraT aHanu3a BbIlIe MAKCUMAJIBHOTO MpeJieNia IpajyupOBKHU (CHHHMA I[BET.

10 - Br16op Texymero O0pasma a1t u3MepeHusl.

11- Crapt ouyepenHoro napamieabHOTO U3MepeHus Tekymero Oopasia.

12 - Y nanuth BbIAETICHHOE MApaJUIeIbHOE U3MEPEHUE.

HauvaJjio anaansa

Hauate HOBBIIT aHamu3 HOBBIX po0 B OxHeD "AHAJIN3" HeoOxoammo ¢ BeiOOpa



MeToauku B BEITagaronieM cnucke "MeTtoauka" u HaxkaTus KHonky [HauaTh HOBBIN aHaan3].
[Tocne aToro morpeOyeTcsi BBECTH MMsI HOBOTO aHaju3a B moje "AHanu3" W uMeHa BceX (Wiu
yacTu) npo6 B Tabauue "Homep npoOsl", koTopast nosiBisercs npu packpbiTuu nosis "OOpasen’”.
Ecnu BBl XOTHTE MPOAOIDKUTH YK€ HauaThId aHAIU3, JOCTATOYHO OYAET OTKPBITH PE3yJIbTaThl
MOCJICIHETO aHaln3a W3 BbIMagatomero crnucka "Anamu3". [lpu HEOOXOIMMOCTH CHHCOK
M3MEPEHHBIX P00 B Tabsuie "Homep nmpoOb1" MOKHO JTOMOTHUTH KMEHAMHU HOBBIX 00pa3IloB.
HN3mepenne npod

[Tepen craprom oOdYepemHOTO HM3MEPEHHUs TEKyIed MpoObl HEOOXOIUMO YOEIUTHCS, YTO HUMS
BBIOpaHHOTO 0Opasma B mosie "OOpasern" cooTBETCTBYET 00pasily, YCTaHOBJIEHHOMY B IITaTHB
cnektpoMerpa. Eciin HecooTBeTcTBHE OOHApY>KEHO IOC]E BBIMOJIHEHHON SKCIO3ULIUU, TO
HE00X0IMMO YAAJIUTh 3TOT 00ur. OnucaHue BcexX JEHCTBHM, BBIMOIHAEMBIX IMPU U3MEPEHUU
npo0, cM. B paznene [lomaroseie nnctpykiun: OkHO 9. Ananu3: BeinoiaHeHue aHanmsa.

6.3 PenakrupoBanue pe3yibTaToB

PenaktupoBanue pe3ylnbTaTOB aHallM3a 3aKJIIOYAeTCs B WCKIIOYEHHH (BKIIOYEHHH) OOXKUTa B
yCpeHEHUEe WM YJaJeHUM JaHHOro oOxkura. Kpome TOro, BO3MOXKHO pelaKTUpOBaHHE
aTpuOyTOB TPOOBI, eciiu aTpuOyThl MPHUCYTCTBYIOT B COOTBETCTBYIOIIEH (OpMe BBIBOJA.
Onucanue BcexX IEHCTBHM, BBIIOJHSAEMBIX IPU PEIAKTHPOBAHUM PE3yJIbTATOB aHAINU3a, CM. B
paznene Ilomarosesie uHCTpyKInMu: OKHO 9. AHanu3: BeinoaHeHue aHanusa.

CoxpaHeHne pe3y/ibTaTOB

PesynbraTel aHanmu3a (HalJIeHHBIE COJCPXAaHHUA W  OTHOCUTENIbHBIE HHTEHCHUBHOCTH)
coxpansitorcst B B[ Analyses aBromaTiuecku Npu 3aKpbITHH METOJMKH WM MPHU BBIXOJE W3
nporpaMMbl. MOXHO TakKe COXpaHUTh pPe3yJbTaThl aHalu3a BPYYHYIO, Ha)XaB KHOIIKY.
Onucanue Bcex AEHCTBHI, BHITOTHSAEMBIX IIPU COXPAaHEHUH PE3yIbTaTOB aHAIN3a, CM. B pa3zelie
[Tomarossle uHCTpYKIMU: OKHO 9. AHanu3: BelnoyiHEHNE aHaIU3a.

Ileuats pe3yjbTaTOB

[Teyats pe3ynbTaTOB aHAJIN3a BBIMOIHIETCS B COOTBETCTBUU C TEKYIIEH (popmoii

BBIBOJIa PE3YJIHTATOB.

Texymass ¢opma BbIBOAAa pe3yiabTaTOB B TeKylled Meronnke BbIOMpaeTcss B Juaiore
"Hactpoiika ¢popm BeiBosia Pe3dynbTaroB Ananmza".

[Tpu GONBIIIOM KOJIMYECTBE OIpeeIEMBIX JIEMEHTOB LieJeco00pa3Ho BHIOpATh

nevyaTh Buaa " manamadt’ BMecTo BUaa "mopTpet'.

Onucanue Bcex AEWCTBUM, BBINOJIHSAEMBIX IIPHU II€YaTH PE3yJIbTaTOB aHAJINW3a, CM. B pas3jeie
[Tomarossie uHCcTpyKIMU: OKHO 9. AHanu3: BelnonHeHnue aHanusa.

KauecTBeHHBIIT aHAIN3



3amada Ka4eCTBEHHOTO aHajIm3a (TOYHEE - 3JIEMEHTHOTO Ka4eCTBEHHOTO aHaJIH3a) -00HapyKEeHHE
XUMHYECKHX AJIEMEHTOB, BXOJSIIUX B COCTaB aHAJIM3UPYEMOro oOpasia. DTO OCyLIeCTBISETCS
MyTEéM pelIeHrs 00paTHOU 3a/1a4Ml CIIEKTPOMETPUU -UACHTU(UKAIIMY BCEX CIEKTPATbHBIX TUKOB
Ha W3MEPEHHOM CIIEKTpe HEM3BECTHOTro oOpasina. HemocpeacTtBenHoe pemieHue oOpaTHON
3a/1a4¥l JOBOJIBHO CJIIOXHO, TO3TOMY YacTO €€ pelaroT MyTEM MHOTOKPAaTHOTO PELIECHUS IPsIMON
3a/layd, a UMEHHO - F€HEPALMHU CHEKTPAIbHBIX JIMHUI MO W3BECTHOMY Ka4€CTBEHHOMY COCTaBY
oOpa3sia.

[Iporpamma I'PAJIYMPOBKA nepeGupaeT BO3MOKHBIE BapUAaHThl KAY€CTBEHHOTO

cocTtaBa o0paslia, U B KaXJOM BapHaHTe I'eHepupyeT Hauloisiee SApKUe CIEKTpaJbHbIE JIMHUU
JaHHOTO 0o0pasia, YTOObl COMOCTABUTh UX C PEAIbHBIMH CHEKTpalbHBIMU Mukamu. CoBHajeHue
(Mo JyIMHE BOJIHBI) CTCHEPUPOBAHHOW JIMHUM C PEAJbHBIM CHEKTPAJIbHBIM IHUKOM I03BOJISET
WICHTU(QHUIUPOBATH TAHHBIN MUK HA MPUHAJIEKHOCTh K KOHKPETHOMY JIEMEHTY.

Co3nanne MapKepoB JTHHUH

Mapkepsl CIeKTpaJIbHbIX JIMHUI OPraHU30BaHbl B BUJI€ HE3aBUCHUMBIX CIIMCKOB. KaXKIbIil CIMCOK
XpaHUTCA B 0TAeNbHOM (aiine. CIMCOK cOepKUT HAOOp 37IEMEHTOB M IO KaKIOMY 3JIEMEHTY -
HaOOp ero HamboJee SIPKUX CIEKTPAIbHBIX TUHUH. Jlanee oy "MapkepaMu JTHHUNA" TOHUMAETCS
OIIMH M3  KOHKPETHBIX CHUCKOB. TakuMm oOpa3oM, KOMaHJIa TIJIaBHOIO  MEHIO
2. JIMHUHU—Coxpanuty UJIM kak mapkepbl JIMHMH... CO3MaET CIUCOK MapKepOB JIMHHIMA,
cooTBeTcTBYMOIIEH M3MepsiembiM JInnusim Metoauku.

Hacrpoiika mapkepoB JTUHHUI

Hactpoiika MapkepoB JIMHUI NOpa3AeIsAeTCs Ha CTATUYECKYIO U JUHAMUYECKYIO.

CraTnyeckasi HACTpOMKa MapKEPOB CIEKTPAIbHBIX JUHUM OCYIIECTBIISIETCA 110

KoMaHjie TyiaBHoro MeHio Hactpoiiku— Bua mapkepoB JuHMM...

B nosiBuBmemcs nuanorooM okHe "Bun Mapkepos JIunuit" otoOpaxaercss TEKyIIUil CIUCOK
MapkepoB Tekyumien Meronuku. [l KaxkIoro u3 3JIEMEHTOB HACTPaWBAaEeTCAd LBET U BHUJ
MapKepa, a Tak)Ke pacloyioKeHHe MOANNCH Ha Mapkepe. JMHaMuyeckass HacTpoiika MapKepoB,
3arpykeHHbpix B Okne2 "JIMHUUN", ocyuiecTBisieTcs MpaBbiM KJIMKOM Ha 3arojoBKE CIHMCKA
MapKepoB, Ha 2JIEMEHTE CIIMCKA WM Ha KOHKPETHOM JIMHUU DJIEMEHTA.

Ha 3aronoBke crucka HacTpauBarOTCS BCE MapKepbl JIMHUKA JAHHOTO CIIHMCKA; HAa DJIEMEHTE -
HACTPauMBaIOTCS BCE MapKephbl aHHOTO 3JIEMEHTAa; Ha KOHKPETHOM JMHUM -HacTpauBaeTcs
TOJILKO MapKep ATOW JTUHHUH. Pe3ynbTaThl TMHAMUYECKOW HACTPOUMKH Cpasy ke OTOOpa)karoTcs
Ha CIIEKTpE, OTKPHITOM B OKHE2.

AHaJIU3 MapKepOB JIMHHUI Ha CIIeKTpe

Jl1s mpoBeieHus1 Ka4eCTBEHHOT'O AJIEMEHTHOTO aHaJu3a HEM3BECTHOTO 00pa3iia HeoOX0IUMO:

1. OtkpeiTh Win u3meputh B Okue2 "JIMHUM" ciektp sToro oOpasua.



2. BBINOJTHUTH KOMaH/y TJIaBHOT'O MEHIO

2. JIMHUHN—3arpy3uth MapKepbl JTHHHUH...

Ecnu nocne 3Toif KOMaHABI CIUCOK MapKepOB HE MOSBUWICSA, HEOOXOAMMO BBIIOJIHUTh KOMAaHIY
2. JINHUU—ITOKA3ATbD Cnucox "Mapkeps! JIunmii".

3. BoiiBuTh coBmajeHusi (BU3yaJbHO, 0 JJIMHE BOJIHBI) KaKUX-THMOO MapKepoB JIMHUN U
CHEKTPAJIbHBIX THKOB.

4. Cpenatp BBIBOJ O IPUHAJUIEKHOCTH CIEKTPAJIBLHOIO ITMKA COOTBETCTBYIOIEMY XUMUYECKOMY

SIICMEHTY.

6. Conepxxanue oTuera
B oTdere HEOOXOAMMO KpPaTKO M3JI0KHUTH TEOPETUYECKHE CBEJICHUS, OMHCATh MOPSAI0K
BBITIOJTHEHHSI pa00ThI. Pe3ynbTaThl IpecTaBUTh B BUAC TaOiuilbl. COMOCTaBUTh IOTYYCHHBIE
JAaHHBIE XMMUYECKOTO COCTaBa CTajied, ¢ MaHHbIMU 10 xumcocTaBy corijacHo ['OCT. late

AHaJIU3 IIOJYUYCHHBIX PE3YJIBTATOB.
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