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JlabopatopHnas paGora Nel
HN3mepenune TBepaOCTH

Lleny pabomui:

1. ITo3HaKOMHUTBCSI ¢ METOJaMH U3MEPEHHS TBEPAOCTH METAIIIMUECKUX MAaTEPUAJIOB.

2. [Ipuo6pectn HaBBIKK U3MepEeHHs TBEpIOCTH MeTonamu Poksemna (mpubop TK-2) u Bpunens
(mpubop TI-2).

3. OcBoUTb METOAMKY MEPEBOJAA €AWHUI TBEPAOCTH B €AMHUIIBI XapaKTEPUCTUK MEXaHMUECKUX
CBOMCTB, OJTY4aeMbIX [IPU HCIIBITAHUAX HA PACTSKCHHUE.

Kpamkue meopemuueckue ceedenus:
1. I3MepeHue TBEpAOCTH METANIMYECKUX MaTEPHAIOB

PacnpocTpaHeHHOCTh HCIBITAaHUA Ha TBEPAOCTh OOBICHAETCS OTHOCHUTEIBHOM MPOCTOTOM U
HHU3KOH CTOMMOCTBIO MX HPOBEACHHS, BO3MOKHOCTBIO HCIIBITAHUI MaTepuaoB pa3IMuHON MIaCTUYHOCTH
Y IIPOYHOCTHU, HEOOIBLINM 00BEMOM 00Pa3LI0B, BO3MOXKHOCTBIO IPOBEACHHS H3MEPEHUI HEIIOCPEACTBEHHO
Ha JietaysiX. [Ipy UCTIBITaHKUSX HA TBEPJOCTh MOTYT OBITh MOTYYEHBI OIIEHKH WHBIX MEXaHHYECKUX CBOWCTB,
TaKMX KaK MpeJiesl TEKyYeCTH, pee NPOYHOCTH U IpyTHeE.

HaunOonpimee mpakTuueckoe 3Hau€HHE HMMEIOT  CTATHYECKHE HCHBITAaHUS  TBEPAOCTH
BJIaBIMBaHUEM B HCIBITYEMOE TENO APYroro, 6ojee TBEPAOro Teja - HHASHTopa [oT aHri. indentor, ot jart.
in - B, BHyTpsb U dens ( dentis) - 3y6] (meroapl bpunemns, Poksemnna, Bukkepca, METol MUKPOTBEPIOCTH).
3HAUUTENBHO PEXKE UCMONB3YIOTCS AWHAMHUYECKHE HCIBITAaHHUS TBEPAOCTU IO OTCKOKY IIapuKa (METOABI
Illopa, Ilonmpmn) W eme peke HWCHOIB3YETCS H3MEpEeHHE TBEPAOCTH IaparaHbeM (CKiaepoMmerpus). B
MAIIMHOCTPOEHUH W TPUOOPOCTPOESHUH OCHOBHBIM METO/IOM H3MEPEHHUS! TBEPAOCTU SIBISIETCS M3MEPEHUE
TBEPAOCTH BIABIMBAHUEM - TIOPOMETPHSL.

2. U3mepenne tBepmoctu MeTogoM bpunemns (TOCT 9012 - 59)

CymnHocts Metona bpunesuis 3aximodaercsi BO BAABIMBAHWH IIapHKa (CTAIBFHOTO WM M3 TBEPAOTO
cryiaBa) B oOpasell (M31em1e) Mo ASHCTBHEM YCHIINS, PHIOKEHHOTO MEPIEeHANKYIISIPHO TIOBEPXHOCTH 00-
pasiua B TeUeHHE ONpEACIEHHOT0 BPEMEHH, 1 U3MEPEHNH JHUaMeTpa OTIIeuaTKa MOCIe CHATHS YCHUIIHS.

B xauecTBe HHIEHTOPA IPUMEHSIOTCS:

- ctasibHOU mapuk nuamerpom 10,0; 5,0; 2,5; 2,0 wm 1,0 mm, umeronuii TBepa0CTh HE MeHee 850
HV10 (850 emunui TBeproctr o Bukkepey, usmepentoii npu Harpyske 100 H (10 xec)).

- IapuK U3 TBepAoro cmiasa auamerpoM 10,0; 5,0; 2,5; 2,0 unu 1,0 mm, uMeromuii TBEpIOCTh HE
menee 1500 HV10.

TrepaocTh Mo BpuHeI0 NMpu NPUMEHEHUH CTAJILHOTO IIaprKa 0003HAYal0T CUMBOJIOM HB, a nipu
NPUMEHEHUH IIAPUKOM U3 TBEpAOro ciuiasa - cumoiom HBW. Uucneno tBepnocts HB (HBW) paBha
OTHOINICHHIO MPHIIOKEHHOTO ycmius F K mumomanu cheprdyeckoro ornedatka A M pacCUUTHIBAETCA T10

hopmyie:

0102-F 0102-F

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

rae F - ycunue, H; D - nuamertp mwapuka, mm; d - uaMerp oTredaTka, M.

HB(HBW) =

3anuck pe3yJbTaTa MU3MEPEHUs COCTOMT M3 YHCIIOBOIO 3HAYEHHs TBEPAOCTH M3 TPEX 3HAYaIIUX
mudp, cumBona TBepaoctu 1o bpunemmo HB(HBW), nuamerpa mnrapuka, NpUIOKEHHOTO YCHIIHS H
MIPOIOIDKUTEIHHOCTH BBIACP)KKH 110/ Harpy3KoH, eciu mocnegnss ornudaercs ot (10...15) ¢. Hampumep,
sarmuck 575 HBW 2,5/187/30 o3Hauaer TBepAocTh mo bpunemno 575 eauHUN, H3MEPEHHYIO IPH
OpPUMEHEHUH IIapuKa W3 TBEpIOro cIulaBa JuameTrpoM 2,5 mm, npu ycwiu 187 xec u
MPOAOLKUTENBHOCTH BBIAEPKKH 10 Harpy3koit 30 c.

[Ipu wu3mepenun TBepAoCTH HHIAEHTOpoM nuameTpoM 10 mm npu ycwimun 3000 xec wu
NPOJIOIKUTEIBHOCTH BhIIEpKKU oT 10 10 15 ¢ TBeprocth o bpunesnio 0003Ha4al0T TOIBKO YUCIOBBIM
3HaYeHHEM TBEpAOCTH u cuMBoioM HB wmu HBW, mampumep 185 HB, 620 HBW. Ilpu tBepmoctu
MeTaiioB Oosee 450 emuHun mo bpuHEWTIO I M3MEPEHUS HCIONB3YIOT MIAPUKHA TOJIBKO W3 TBEPIOTO
criaBa, BO H30ekaHue aedopMalii WHICHTOpa, a MpH TBepaocth MeHee 450 eIWHHI] MPUMEHSIOT
CTaJbHBIC MIAPUKY WM LIapUKU U3 TBEPAOTO CIijiaBa. MakcHMaIbHO JOIMyCTUMAs TBEPIOCTh METAILIOB IIPH
npuMeHeHuu Metoa bpunesuis B 650 equHuIL.

OT160p ¥ MOATOTOBKA 00PA3I0B K U3MEPEHUIO COCTOHT M3 CIICAYIOIINX ITAIOB!



1 Ompenensercs HeoOXomuMmas TOJNIMWHA o0pas3na, KOTopas JMODKHA TIPEBHINATh TIyOWHY
oTIIeYaTka He MeHee ueM B 8 pa3. B moboMm ciydae mocie MCIBITaHWN Ha MPOTHBOMOJIOKHOW CTOPOHE
o0pasiia He JOHKHO OBITh 3aMETHO clieIoB AeopMaluy OT HHACHTOPA.

2. [ToBepXHOCTH 0Opasna (W3memus) J0JHKHA OBITh TJIaJKOH, POBHOW M CBOOOTHOW OT OKAJTHMHBI MITH
oKkcuAHOM TuIeHKH. OOpaboTKy MOBEPXHOCTH 00pa3ma (M3Ienusl) TOIMyCcKaeTcs MPOBOAUTH HUTH(OBKOI
Ha HaXIA4YHOW OyMmMare WJIM MENKUM HamwibHUKOM. [Ipy HCIonbp30BaHMM MIapUKa AWAMETPOM lam
MOBEPXHOCTH 00paslia TOJKHA OBITh OTIIOJIMPOBAHA.

3. Ucnonb3ys crarmapt [OCT 9012 — 59 BeIOHMparoTCsl ONTHMATBHBIC YCHIHS U3MEPEHHs (armaMeTp
mapuka, yCUiIne, JJIUTCIbHOCTb BLIZ[ep)KKI/I).

Juametp oTmedaTka d U3MEPSIIOT ¢ MOMOIIBI HHCTPYMEHTATBHOTO MHUKPOCKONA WU JPYTHX CPEI
U3MEpPEHMUsL.

3. Msmepenne tBepaoctu MerogoMm Pokeemia (TOCT 9013-59)

CymHocTh MeToAa PokBesna 3akmoyaercst BO BHEIPEHHH B MOBEPXHOCTh 00pasia (Win U3Aemns)
aNIMa3HOTO KOHyCa WM CTalbHOTO C(epHuecKoro HaKOHEYHWKA IMOJl JEeHCTBHEM MOCIeN0BaTeIbHO
IpuUjaraeMeIX IpeaBapuTensHoro Fo m ocHOBHOTrO Fi ycunmii M B ompeneneHHH TTyOWHBI BHEAPEHUS
MHJIEHTOpa TOCJe CHATHA OCHOBHOTO ycuius Fi. [IpyHIMNUANBbHBIM OTJIMYHEM METOAA H3MEpPEeHUs
TBepaocTu mo PokBemnty ot meroma bpunemis 3akmiodaercs B TOM, 4TO B MeTone PokBemna 3a mepy
TBEPJOCTH MPUHUMAIOT INIyOMHY O0TIe4YaTKa, a B MeTo/ie bpuHest AuaMeTp oTnevaTKa.

Jnst u3MepeHus TBEpIOCTH UCIIONB3YIOT ClieluaibHble pubopsl (Hampumep, tBepaomep TK — 2).
[Tpubops! KoKHEI 00eCcTIeYnBaTh NPUIIOKEHUE YCUIHH, YKa3aHHBIX B Ta0M. 1.

B kauecTBe WHAEHTOpAa MCIOIB3YIOTCSA: alMa3HBIM KOHYCHBIM HakoHeuHHK (mkamsl A, C);
CTaJIBHOMW IIAPUKOBBIN HAKOHEYHHK JraMeTpoM 1,588 mm (1kanst B).

YucnenHoe 3HaYeHHE TBEPIOCTH CUUTHIBAETCS CO IIKAIBI MHIUKATOpA MJIHM MOKa3aTelsl Hu(ppPOBOro
OTCUETHOTO YCTpPOWCTBAa MpHOOpa ¢ OKpyTIeHHEM pe3yibTara A0 0,5 eTuHUIBI TBEPAOCTH. 3amucCh
pe3ynbTaTa U3MEPEeHNsI COCTOUT U3 YUCIEHHOTO 3HAU€HHS TBEPIOCTH M3 TPEX 3HadaIux nudp ¥ CUMBOJIA
tBeppoctd. Hampumep, 3amuce 65,0 HRC o3nHauaer TBepmocth mo PoxBemry paBHy0 65 yCIOBHBIM
enuHunaM 1o mkane C, MONY4YeHHBIM MpPU BAABIMBAHUM aJIMa3HOTO HAaKOHEYHHMKAa B IOBEPXHOCTb
obpasma (u3menns) ¢ oomuMm ycmmmem F = 1500 H.

Tab6muua 1
YcnoBust u3BMEpEHUs TBEPAOCTH MeToIoM PokBeria
[kana O6o3nauenue | IlpenBapurenbHoe OcHoBHOE Oo1ee Juamna3zon
TBEP/IOCTH CINHHUII yeunue Fo, H YCHITHE yCHIIHe HU3MEpEeHHUS
VM3MEpEeHHS Fi, H FH € IMHUL]
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 00Pa3IOB K M3MEPEHUIO TBEPIOCTH MPOBOJUTCS AaHATIOTUYHO PACCMOTPEHHBIM
B MeToze bpunens.

Teepmocts Mo mKane 4 U3MEPSIOT Ha TBEPAbIX CIUIaBaX, Ha MeETAIaX I0Ce€ MOBEPXHOCTHOM
YIpOYHSIONmEer 00paboTKH, HA TOHKMX M XPYNKHX oOpasmax. TBEpAOCTh MO miKajle B U3MepsIoT Ha
CTaJIIX B OTOXK)KEHHOM COCTOSIHMH, Ha LIBETHBIX METajlaX, €CIIM UX TBEPAOCTh He npeBocxoaut 200 HB.
Teepmocte 1o mkane C M3MEPAIOT HA YIPOYHEHHBIX TEPMOOOPAOOTKOW WM IUIACTUYECKUM
JIe(OPMHUPOBAHNEM CTANSAX U TYTOIUIABKMX METaJIaX M CIUIaBax.

Br160p mIKais! OCymeCTBISIETCS U3 CIIELYIOMUX COOOpaKeHUI:

- ecIM TBEpHOCTh oOpasua (M3zmesusl) He M3BECTHA, TO NEPBOE M3MEPEHHE CIeNyeT MPOBOAUTH IO
mikane C;

- €CITM TBEPAOCTH MpH 3TOM OKaxercs 6ompme 20 HRC, To 3TO 4mMciI0 MPUHUMAIOT 32 pe3yJIbTar
U3MEpPEHMUS;

- ecnit TBepAocTh okaxercss MmeHee 20 HRC, To cienyeT moBTOPHO U3MEPHUTH TBEPAOCTD IO IIKAIE
B.

B Hacrosmiee Bpems TONy4eHBI 3aBHCHMOCTH, OTHCHIBAIONINX CBSA3b TBEPAOCTH C
XapaKTePUCTUKAMH MEXaHWYECKUX CBOWCTB, IIONYyYaeMbIX IPH HCIBITAHUAX HA PacTsHKEHHE,
HOJI3Y4€CTh, CONPOTUBICHUE YCTAIOCTH, H3HOC, HEKOTOPbIE U3 KOTOPBIX IIPUBEACHBI B Ta0J.2.



TabOmuia 2
®DopMyIibl IEpeBO/Ia €AMHULL TBEPJOCTU B XapPAKTEPUCTHKH
MPOYHOCTH IIPH PACTSHKCHUU

®opmyna nepeBoaa [TorpemHocTh OO0iracTh IpUMEHEHUS
602 =3,67 HB-240 ~ 10 % JlerupoBaHHbBIE CTAIH MEPIUTHOTO U
MapTeHCUTHOTOo kjaccoB (HB>150)
co2= 2 'HB ~10 % Toxe (HB<150)
os =345 HB YriaepoaucTeie 1 HU3KOJIETHPOBAHHBIE CTATH
<10 % (HB >150)
op =325 + 207 "exp (0,0377 ‘HRC) Yrinepoaucteie u JIESTUPOBAHHBIE
~2% KOHCTPYKIIOHHBIE cTau B JIATOM,
ropsiueKkaTaHHOM u TepMooOpaboTaHHOM
COCTOSIHUSIX
Ortuer

Omnpenenuts TBEPAOCTb 00pa3LOB pazIMyYHBIX MaTepuaioB. Ha kxaxxaom oOpasie TBepAoOCTb
M3MEPHUTDH TPH pa3a U 3a pe3yIbTaT U3MEPEHUH MPUHATH CpeAHee apu(hMeTHIEeCKOe 3HAaUCHNUE.
3amonuutk Tabmd. 3. s cpaBHEHHS TBEPAOCTH Pa3HBIX 00pa3loB Bce pe3yiIbTaThl H3MEPEHUH,
MOJTyYEHHBIE TIPY PA3JINYHBIX HArpy3Kax ¥ Ha pa3lMyHbIX [IKajdaxX NepecYuTaTh B TBEPIOCTD IO
bpunento.

Wcrnone3yss Tabm. 2 ompeAenuTh Mpenea MPOYHOCTH MPH PACTSHKEHHH I HCCIETYEMBIX
ctaneii. [lonmydeHHbIe pe3ynbTaThl 3aHECTH B Ta0I.3.

Cnenath BBIBOJIBI O BJIMSHUM COCTaBa MaTepuaia, TEPMUYECKOM, TEpMOMEXaHWYECKOW U
MeXaHH9IeCKOH 00pabOoTKM Ha TBEPAOCTh METAJUIMYECKOT0 MaTrepHhaia. YKas3arh, Kakoi crmocod
YIPOYHEHUS cTaleil spisiercs: Hanbosee () (HeKTHBHBIM.

Tabnuna 3
Marepuan Tun Harpys3ka, TBepaocTh Gs,
HWHJICHTOpA H HRB | HRC | HB | MIla
Mens
JlatyHp
AnroMuHUN
HropantoMuH

Cranb B XOJOAJHOKATOHHOM COCTOAHHUH

Cranb B TopsA4YCKaTaHHOM COCTOSIHHUU

Crajpb B OTOMOKEHHOM COCTOSIHUHU

Crajp B 3aKaJICHHOM COCTOSIHUH

Craib B OTIYIIICHHOM COCTOSTHHH

KoHTpoiibHBIE BONPOCHL:

1.
2.
3.

UT0 HA3BIBAETCSA TBEPAOCTHIO METAIIIIOB?
Kak o6o3nauaercs TBepaocth o PokBeny u bpuneno?
B gem pazania MeTo1oB U3MEpeHusI TBepAOCTH 10 bpunemtio u Poxsemry?

4 KakuM METOJIOM MOKHO U3MEPHUTh TBEPAOCTh 3aKaJICHHOU CcTam?

5.
6.
7.

Kakum MeTozi0M clieyeT u3MepsaTh TBEPAOCTh aTFOMHUHUEBBIX JICTaIICH?

Kak BiusieT Ha TBEpIOCTh MeTAIIa TEPMOOOPaOOTKa, 00pabOTKA TaBICHHEM?

3anuiuTe pe3yabTaT H3MEPEHHS TBEPAOCTH, €CIU CTPEJIKa HHANKATOPa TBEPI0CTH
ocTaHOBHIACh Ha 3HaueHuu 46,75 HRB

[Touemy npu U3MEpEHUH TBEPAOCTH HEU3BECTHOTO MaTepralia HYy)KHO B KQUECTBE HHICHTOpA
HCIIOJB30BaTh ajaMas?




Jlumepamypa:

1.TOCT 9012-59

2.TOCT 9013-59

3. l'emnep FO.A., Paxmanr A.I'. MarepuanoBenenne, M., Metamnyprus. 1980. 447c.

4. Camoxouxuit A.M., Kynssckuit M.H. JlaGopatopHble paboOTBl MO METAJIOBEACHHUIO MU
TepMuUecKor 00paboTke MeTamtoB. M. MammHoctpoenue, 1981, 173 ¢

5. TaucoB U.B. Ilocobue k mabopaTOopHeIM paboTaM IO MaTEpPUAIIOBEJCHUIO M TEPMHUYECKOI
obpaboTku MeTaiioB, M., Meramryprus, 1968, 95¢

Jla6opaTopHasi paGoTa Ne 2
Mukpockonnyecknii aHaJIN3 MaTepruaIoB

Ilenv pabomot :
1.M3yunTh METOANKY MPUTOTOBIICHNS MUKPOLLTH(OB
2.VI3y4uTh ONTHYECKYIO CXEMY W KOHCTPYKIMIO BEPTHUKAIHLHOIO MeETaJIOrpaduyeckoro MHUKpPOCKOMa
MUM-7
3.3apucoBaTh MUKPOCTPYKTYPbl MUKPOLLIH(OB ¢ HOMOLIbI0 MUKpockonia MUM-7

Kpamkue meopemuueckue céedenus:

Ilon MHKpoaHaNM30M HOHUMAIOT M3Y4YEHHE CTPOEHHSI METANJIOB M CIIABOB C IIOMOILBIO
MeTautorpaduaeckoro MUKpockorna npu yseianaeann B S0—2000 pas.
[Ipu momon MUKpOaHaIu3a ONpeaessoT:
1) dopmy u pa3mep KpUCTAJUIMIECKUX 3€PEH, U3 KOTOPHIX COCTOUT METAJLI WY CILJIaB;
2) uW3MCHEHHE BHYTPEHHETO CTPOEHUS CIUIaBa, IIPOUCXOJILNEE IO BIUSHUEM Pa3lIWYHBIX PEXUMOB
TEPMUYECKOW H XUMHKO-TEPMHYECKOH 0Opa0OTKH, a TarkKe IOocie BHEIIHEr0 MEXaHWYeCKOro
BO3/ICHCTBHUS Ha CIIaB;
3) MHKPONOPOKU METaJlla — MUKPOTPEIIKHBI, PAKOBUHBI U T. II.;
4) HeMeTa/NTM4eCKHe BKIIOYEHUS — CYJIb(QHUIbI, OKCHIABI H [Ip.;
5) XHMHUYECKHI COCTaB HEKOTOPHIX CTPYKTYPHBIX COCTaBJSIFOIIMX IO HMX XapakTepHod Qopme u
XapakTepHOMY OKpAIIMBaHMIO CHECLUAIBHBIMH PEAKTHBAMH M B HEKOTOPBIX CIIydasX HPUOIU3UTEIBHO
OTIPEAETISIOT XUMHUYECKHI COCTAaB U3y9aeMOro CILIaBa.

s MHKPOCKOIMYECKOTo aHajlu3a M3 HCIBITHIBAEMOr0 MaTepHaja BhIpe3aroT oOpasel M MyTeM
psina onepanuii (LU oBaHuUs, MOTUPOBAHUS, TPABICHHUS ) JOBOIAT 10 TAKOTO COCTOSIHHMS, KOT/Ia IPH pac-
CMOTPEHHH €r0 B METAJUIOTpadpuIecKuii MUKPOCKOII BBISIBIISIIOTCSI HEMETAJUIMYECKUE BKIIIOYESHNUS, MEIKHE
nopsl, TpaduT B uyyryHe (mocie nuMdOBaHUA W TOJHUPOBAHUS) WM MHUKPOCTPYKTypa (TIOCie MUTH-
(oBaHus, MOTMPOBAHUS U TPABJICHHS).

[logroroByieHHass [UIs WCCIIEAOBAHMS II0Jl MHKPOCKOIIOM IIOBEPXHOCTh 00pa3la Ha3blBaeTCS
MUKPOWAUDOM.

TakuM 00pa3oM, MUKPOCKONMYECKUN aHaIM3 COCTOMT: 1) W3 MPUTOTOBICHUS MHUKpOULTH(OB H 2)
UCCIIeI0OBaHUSI MUKPOLTHU(OB C MOMOILBIO0 METAILIOTpaguIeCcKOro MUKPOCKOIIA.

Ha BrIpesanHOM oOpasile BBIPaBHHBAIOT IIOBEPXHOCTh, KOTOpas TNpeaHa3HaueHa Ui
MuKpoaHanu3a. [lomydeHne MIoCKON MOBEPXHOCTH JOCTUTAeTCs ONMMIMBAHHEM HANHUIBHUKOM (ECiH
MaTtepuan MATKUI) WM 3aTOYKOW Ha abpasuMBHOM Kpyre (eciam mMaTtepuan TBepablid). Ilpu 3aTouke
o0pasua u3 3aKaJeHHOW CTaJli HEOOXOOUMO CIICANUTH 3a TeM, YTOObI 00pa3el] CUJIbHO He HAarpeBaJICs, TaK
KaKk TpU 3TOM B TIOBEPXHOCTHOM CIJIO€ MOJKET MPOM3OWTH OTIYCK M CTPYKTypa CTald H3MEHHUTCS.
[TosToMy mipu 3aTouke oOpasel; HeoOX0ANMO EPHUOIMUECKH OXJIAXKIATh IOTPY>KEHHEM B BOLY.

[Tomy4eHHyI0 IUIOCKYIO IOBEPXHOCTh 00pasia nuin(yroT Ha IUH(OBaNbHON (HaXIauHON) IIKypKe
C 3€pHaMH Pa3IUIHBIX Pa3MepoB (HOMEPOB) .

InupoBanne HAYMHAIOT HA HIKypKe ¢ OoJiee KPYIMHBIM aOpa3svBHBIM 3€pHOM, 3aTE€M IOCTEIICHHO
nepexosiT Ha NUTH(OBaHUE LIKYPKOW ¢ 00Jiee METKUM a0pa3uBHBIM 3€pHOM.

nugyroT Bpy4yHYI0 Ha IIKypKe, MOJOXEHHOH Ha TOJICTOE CTEKJIO, WIM Ha CHEHUAIbHBIX
nuuoBanbHEIX cTaHkax. [lpum numdoBanuM BpyuyHyro oOpasel] IOATOTOBIEHHOW IUIOCKOCTBIO
OPWKUMAIOT PyKOW K OUTMQOBANbHOW IIKypKe H BOAAT HMM 1O Oymare B HalpaBJiCHUH,
NEepHIEeHINKYSIPHOM K PHCKaM, MOJYYECHHBIM IOciie OMWiINBaHus HanwibHUKoM. llnudyror no nmomaHoro
HMCYC3HOBEHUS PHCOK, IIOCIIE HSTOTO IMOBEPXHOCTH 00paslma BBITHPAIOT BaTod (WM IPOMEIBAIOT),
noBopaunBaoT Ha 90° u mumdyoT Ha IWKypke ¢ Oojee MENKUM aOpa3vBHBIM 3€PHOM JIO TOJHOTO



WCYE3HOBEHUS PHCOK, TMONYyYEHHBIX OT TMpenbinymiero mmmdoBanusd. llpm 3ameHe mIKypKH OIHOTO
pa3Mmepa 3epHUCTOCTU APYTUM 0Opaser] BHITUPAIOT BaTOM M MOBOpadMBarOT Ha 90°, 4TOOBI PUCKU TIpH
nocieayomeid 00paboTke NoIy4aauch NEePIEHANKYISIPHBIMUA K PUCKaM OT MpeAbLAyIeil 00paboTKH.

MoxHo uumdoBaTh TaKXKe CHENHaTbHBIMH ITaCTaMH, HAHECEHHBIMH Ha HEOOJbIINE JIMCTHI
YyepTeXHOM Oymaru.

Mexanndyeckoe NUIM(GOBAHUE OCYIIECTBISICTCS HAa CICHUANbHBIX HUIM(QOBAIBHBIX MalIlHAaX,
UMEIOIIUX HECKOJNbKO KpyroB guamerpom 200—250 wmm, TpPHBOAMMBIX BO BpalieHHUE OT
anekTponBurarens. Ha MOBepXHOCTh KPYroB HAAEBAIOT HIM HAKIEHBAIOT HUIM(OBAIBHYIO IIKYPKY.
MeTtoauKa MEXaHMYECKOTO NUTH(OBAHUS aHAJIOTHYHA METOUKE PyYHOTO IUTH(OBAHHSL.

[Mocne oxonuanus nuMdoBaHUS HAa NUTU(GOBATBLHOW INIKYPKE CaMOW MEIKOH 3epHHCTOCTU IIO-
JUPOBAaHHEM YIASIIOT PHCKH W oOpabarbiBaeMas TOBEPXHOCTH o0Opa3la ToJiydaeTcs OJecTsIe
3epKajgbHOM. [lomMpoBaTh MOKHO MEXaHUYECKUM U AJIEKTPOIUTUIECKUM CIIOCOOaMH.

MexaHnudeckoe MOJUPOBaHKUE NMPOU3BOIAT HA CIIEHUAIBHOM MOJIMPOBAIBHOM CTaHKE, OOTSHYTHIM
cykHoM i ¢eTpoM. CYKHO CMa4MBarOT IMOJIMPOBATBHOMN JKUJIKOCTEIO.

[Tocne monmpoBanus oOpasell MPOMBIBAIOT BOJOW; IOJMPOBAHHYIO IOBEPXHOCTH MPOTHPAIOT
BaTOH, CMOYEHHOH CIIMPTOM, a 3aTeM NPOCYLIMBAIOT MPUKJIAIbIBaHUEM (UIBTPOBAIBLHON OyMaru Hiu
JIETKUM IIPOTHPAHUEM CyXOH BaTOM.

UTo0bI IpeoXpaHuTh MOUPOBAHHYIO IOBEPXHOCTH OT OKHCICHHS, 00pa3Ibl XPaHAT B IKCHKATOPE
C XJIOPHCTHIM KaJIbITUEM.

[Ipu >7EKTPONUTHIECKOM TOJMPOBAHMHM B BAaHHY C O3JCKTPOJHUTOM TIOTPYXKAIOT TOJIUPYEMBIi
obpaserr , SIBISIIONIMICS aHOAOM, W KaTox W3 HepkaBewomeld crtamd. I 3IIeKTpONTMTHYECKOTO
MIOJTUPOBAHUS PA3TMYHBIX CTajiell, YyTyHOB M CIUIABOB IIBETHHIX METAJJIOB NMPUMEHSIOT Pa3jIMdHOTO CO-
CTaBa DJIEKTPOJIUTHI U PA3IUYHBIC PEKUMBI .

[Ipy >MEKTPONMTHYECKOM MOJIMPOBAHMM IOJ ACHCTBHEM TOKAa B IPOLECCE 3JIEKTPOIM3a Ha
MOBEPXHOCTH METajula 00pa3yeTcsl IUIEHKa MPOAYKTOB aHOIHOTO PACTBOPEHUS: TOJNIIMHA TUIEHKA Ha
BBICTYIIaX 3HAYMTENBHO MEHbIIE, 4YeM BO BIAJAWHAX, IO3TOMY BBICTYIIBI pacTBOPAIOTCS Oonee
WHTEHCHUBHO U MTOBEPXHOCTh 00pa3iia BHIPAaBHUBACTCSL.

[Ipr >NEKTPONMUTHYECKOM TMOIUPOBAHUM MOBEPXHOCTh O0pasma Tmoiy4aercss 0e3 IUICHKH
neopMUPOBAHHOTO METallIa |, CIIEIOBATEIhHO, 0€3 MCKaKEHUS CTPYKTYPHI B IIOBEPXHOCTHOM CJIO€, YTO
BO3MO’KHO ITPH MEXaHUYECKOM MOTUPOBAHHUH.

Ilo 3epkanbHON TOBEPXHOCTH O0pa3la, MOJIYYEHHOH IOCIIe TOJMPOBAHUS, HENB3S CYAHWTH O
CTPOCHHH CIIIaBa. ToIbKO HEMETAITNYECKHE BKIIOUEeHUS (CYyIb(MUABI, OKCHIBI, TPAQUT B CEPOM UyTYHE)
BCJICZICTBUE MX OKPALICHHOCTH B Pa3JIMYHBIC IIBETA PE3KO BBIACISIOTCS Ha CBETIIOM (POHE TIOJIMPOBAHHOTO
mukponuiga.llosromy 11 BBIABICHHS MHKPOCTPYKTYPHI IIOJIMPOBAHHYIO ITOBEPXHOCTH 00Opasna
MOJIBEPTalOT TPABJICHUIO, T. €. JEHCTBHIO PacTBOPOB KHCIOT, mienouel, coneil. [lpu TpaBieHun
HEOTHOPOHBIE YYACTKH METaJlIa WU CIIaBa CTAHOBSTCS BUAUMBIMHU TI0]] MEKPOCKOTIOM.

CyImHOCTh Tpoliecca BBISABICHHUS CTPYKTYPbl METaJUIOB M CIIABOB TPABJICHUEM 3aKIIOYaeTCS B
pa3IMYHON CTENeHH PACTBOPEHHS U OKPAIIMBAHHUS OTAEIBHBIX CTPYKTYPHBIX COCTABISIONINX — 3€PeH
YUCTBIX METAUIOB, TBEPABIX pPACTBOPOB, XHUMHYECKHX COENWHEHWH. PasmudHble CTPYyKTypHBIC
CoCTaBJIsIoIMe 00JaNaloT Pa3sHBIM 3JEKTPOAHBIM TOTeHIHaaoM. Korjga mommupoBaHHash MOBEPXHOCTh
CIJIaBa MOKPBITA TPABUTEIIEM, SIBIISIOMIMMCS 3JIEKTPOJIUTOM, OJHH CTPYKTYPHBIE COCTaBIISIOLINE CILIABA,
uMeromme 0oJee AIEeKTPOOTPUIIATENFHBIA JIIEKTPOAHBINA TMOTEHIHAN, OYyIyT SBISATHCS aHOIAMHU H
pacTBOpATHCS, APYTHE CTPYKTYPHBIE COCTAaBISIONIME, C OoJiee MOJIOKHUTENBHBIM JIIEKTPOIHBIM
NOTEHUUAIOM, OyIyT KaToJaMH W COXPaHATHCS HEM3MEHHBIMH. Tak KakK TakuMX aHOIHBIX M KaTOIHBIX
y4acTKOB MHOTO, TO B pe3ylbTaTe TpaBleHHs Ha TIOBEPXHOCTH MHKponuudpa o0paszyroTcs
MHOTOYHCIIEHHBIE BIAJAWHBI U BEICTYIIBI, KOTOPBIE U XapaKTepU3yIOT MUKPOCTPYKTYPY CILIaBa.

Ilpn ocBemieHWH TPOTPABICHHOTO MHKpOLUTH(Aa Ha MeTauiorpaguyeckoM MHUKPOCKOIE JIydd
cBeTa OyIyT MO-pa3HOMY OTpPaXKaTbCsd OT PA3IMYHO MPOTPABUBIIMXCS CTPYKTYPHBIX COCTaBIISIOMIHX.
CTpyKTypHBIE COCTaBISIONINE, MPOTPaBUBIIHECS cIabo, OTPasiT B MOJie 3PEHHUS MHUKPOCKOIA OObIe
ay4yeil cBera M OYyAyT KaszaThCs CBETIBIMU; CTPYKTYPHBIE COCTABIISIONINE, MPOTPABUBIIUECS CUIIBHO,
OTpa3sT B MOJIiE 3PEHUS] MUKPOCKOIA, BCICACTBUE PACCESIHUS CBETa, MEHBIIE Jyded M OyAyT KazaTbcs
TeMHBIMU. TakuM 00pa3oM, Ha Pa3HUIIE B COCTOSHUU ITOBEPXHOCTH U KOJMUYECTBE OTPAKEHHBIX ITydel u
OCHOBAHO BBISIBIIEHHE CTPYKTYPHI CIIJIABOB.

[TpomomKNUTENFHOCTh TPABICHUS 3aBUCHT OT MAapKH CTalld M CTPYKTYpPBI, HO OOBIYHO IOCTAaTOYHA
BBIJIEPIKKA B HECKOJIBKO CEKYH]I.



IIpu3sHakoM TNpOTpaBIMBaHUA ABIETCS IMOTYCKHEHHME ToBepxHocTH. llocne TpaBneHums
MUKpPOIUTA( MPOMBIBAIOT BOJOW, MPOTHPAIOT BATOW, CMOYCHHOW CITUPTOM, a 3aTeM MPOCYIIUBAIOT
NpUKJIaJbIBaHIEeM (UIBTPOBAIBHON OyMaru WiH JIETKUM MPOTHPAHUEM CYXOH BaTOM.

B pesynbrare TpaBieHHs AOIKHO OBITh YETKOE BBIIBICHHE MUKPOCTPYKTYPHI.

[Mocne u3roToBieHUs] MUKpOULIH(a HEOOXOJUMO HCCICAOBATh €0 MHKPOCTPYKTYPY C TIOMOIIBIO
ONTUYECKOT0 MUKPOCKOIIA.

KauecTtBO  MHMKpockoma  XapakTepu3yeTcd BO3MOXHBIM  YBEIMUEHHEM, COBEPILIEHCTBOM
M300paKEHHS, Pa3peIlarolIeli ClIOCOOHOCTHI0 MUKPOCKOIA.

i

\/ o}/
g
A

Puc. 1 OnTtrueckast cxeMa MUKPOCKOIIA

YBenuueHne MHKPOCKOIIAa PaBHO MPOW3BEIACHHUIO YBEIMUYEHUN OO0OBEKTHBA M OKyJsipa. OOBEKTHB
YBEIUYHMBACT PACCMATPUBAEMBIA TMPEAMET, a OKYJISAP YBEIMYUBACT JIMIIb U300paKeHHUE, IOIydaecMoe
OoT 00BEeKTHBa, W He A00aBIAET K HEMY HHKAaKUX HOBBIX OCOOEHHOCTEH CTPYKTYpBI, €CIIH OHH HE
BBISIBJIEHBI OOBEKTHBOM.

VBennuenne 00bEKTHBA

|
N 06 f_
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rae | — onrtuyeckas umHa TyOyca, T. €. PacCTOSIHUE MEXAy cocelHUMHU (okycamu Fiu Fp, mms
mukpockona MUM-7 ono paBHo 250 mm;
fos — (oKycHOe paccTosiHne 00bEKTHBA.
VYBenuueHue oKyiIapa, Tak *e Kak U IS JTyIbl,
N 250
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rae  fo« — (hokycHoe paccrostue oxkyJsipa.
O01ee yBeIMUeHUE MUKPOCKOTIA
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Paspemraromast  crmocoOHOCT MHKpockoma 0 (CIOCOOHOCTh pasinuaTh MeNbYaiinme JIeTarn
MpeIMETa) XapaKTepU3yeTcs ypaBHEHHUEM

OK

rie A — JUIMHa BOJIHBI CBETA B AHI'CTPEMaX;
A — 4ducnoBas anepTypa 0ObEKTHBA.

CBeTOBBIC JIy4d OT JIEKTPUUECKON Jlammbl 1 (puc. 2) mpoxoasT depe3 KOMIEKTOp 2 U, OTPaxasch
OT 3epkayia 3, MomaaaroT Ha CBETOMMILTP 4 (OOBIYHO KENTHIN IS TOMYyYCHHUS N300PaKEHUS C Pe3KUMH
KOHTYypaMH), 3aTeM Ha arnepTrypHyo auadpparmy 5 (IUis OrpaHMYCHHsS CBETOBBIX IYYKOB W ITOJTyYCHHUS
BBICOKOH YeTKOCTH H300paxkeHus), TMH3Y 6, (oro3arBop 7, moneByto auadparmy 8 (mis orpaHudeHUS
OCBEIIEHHOTO MOJIsl PACCMaTPUBAEMOI0 y4yacTKa Ha MHUKpOLUIH(E), MPeJoMISIOTCS MeHTanpu3Mon 9,
npoxoAsT uepe3 auu3y 10, momagaroT Ha OTpakaTeNbHYIO IIACTUHKY 11 HampaBisioTcs 00beKTUB 12 U
Ha MUKpouutn¢ 13, ycTaHOBIEHHBIN Ha MpeAMETHOM cTonuKe. OTpa3uBIIMCH OT MUKpouuuda 13, myuu
BHOBb NPOXOAAT yepe3 0O0beKTHB 12 M, BBIXOAS W3 HErO MapajuieNIbHBIM MYyYKOM, MONagar0T Ha OTpa-



JKaTeNbHYIO TuTacTUHKY 11 m axpomarmdeckyto nuH3y 14. [Ipyn BU3yaslbHOM HAONIOACHUH B XOM JIyYCH
BBOIUTCA 3epkayio 15, koTopoe OTKIOHSET Jy4H B CTOpoHY okyisipa 16. Ilpu ¢ororpadupoBanuu
3epkaino 15 BBIKIIOYAETCS BBIABIHKEHUEM TyOyca BMECTE C OKYJISIPOM U 3€pKajOM U JIyYd HAIPaBISIOTCS
HEIOCPEICTBEHHO K (HOTOOKYIApY 17, TPOXOmAT depe3 Hero Ha 3epkajio 18, oT KoToporo oTpakaroTcs
NOMaaloT Ha MatoBoe crekino 19, rae m garot m3oOpakeHwe. (s GUKCHPOBAHUS MUKPOCTPYKTYPHI
MaToBoe cTeky0 19 3a MeHseTCs KacceToi ¢ POTOIIaCTHHKOM.

Puc. 2. Ontryeckas cuctema Mukpockorna MUM-7

[ HaGmiofgeHus: B MOJIIPU30BAaHHOM CBETE B CHCTEMY BKJIIOYAIOT BKJIagHoW aHamm3zatop 20 u
nonsipusarop 21.

Muxkpockon MUM-7 (puc. 3) cOCTOHUT U3 TPEX OCHOBHBIX YACTEH: OCBETHUTENS, KOPITyCca U BEpXHEH
qacTu.

Ocgerutens | umeer ¢onapp 1, BHyTpH KOXyXa KOTOPOro Haxomurtcs jamma. LleHTpupoBouHbIe
BUHTHI 2 CITYKaT JUIsl COBMEIICHUSI IEHTPA HUTH JIAMIIBI C OTITHYECKON OCBhIO KOJIIEKTOPA.

Kopmyc 1l mukpockona. B kopnyce MUKpOCKOIa HaXOIATCS: AUCK 3 ¢ HAOOPOM CBETO(MUIIBTPOB;
pyKosiTKa 4 mepekIoYeHus] POTOOKYISIPOB; MOCATOYHOE YCTPOWCTBO AJISl pAMKH 5 ¢ MaTOBBIM CTEKJIOM
WIN KacceThl ¢ poTorumacTUHKOM 9 X 12 mm; y3en anepTyp HoW auadparMbl, yKpEIUICHHBIH 10 ONpaBoii
OCBETHTENBHOW JTMH3BI 6; KOJBLO ¢ HAKATKOW 7, CiyKalee Ui M3MEHEHHS TuaMeTpa quadparmbl; BUHT
8, BpalleHHEM KOTOpPOro CMellaeTcst auadparmMa Ajis CO3AaHUs KOCOTO OCBEUICHHMs; BUHT 9 mms
(uKcanyy MoBOpoTa anepTypPHOH Auadparmsol.

Bepxnusas gacts |1l Mukpockoma nmeer cieayromye AeTaim.

1. UnmomunaTopHsiii TyOyc 10, B BepxHel 4yacTu KOTOPOTO PaCIOIOKEHO TOCAI0YHOE OTBEPCTHE
noj oobekTuB. Ha matpyOke MTIOMHHATOPHOTO TyOyca pacroiioKeHa paMka ¢ JuH3aMu 11 mis paboTel
B CBETJIOM W TEMHOM II0Jie U pyKosiTka 12 ais BiodeHus quadparmsl 24 npu paboTe B TEMHOM IIOJIE;
noJ; KokyxoM 13— menrtanpusma. B HukHeH yacTu koxyxa 13 pacnoiokeHbl IIEHTPUPOBOYHBIC BUHTHI
14 noneBo#t aAuadparMel, JMaMeTp KOTOPOH M3MEHSIOT Iy oMoy nosoaka 15. Ilox koHycom moneBoit
nmuadparmMel HaxoauTes poro3aTBop 16.

2. BusyanpHblii (3putenbHbiii) TyOyc 17, B oTBepcTHEe KOTOporo BcraBisiercs: okyisip 18. [pu
BU3yaJIbHOM HaOJroeHHH TyOyC BIABHTAIOT A0 ymopa, a npu (QotorpadupoBaHuy BBIIBUTAIOT €r0 10
OTKa3a.

3. Ilpemmernsrii ctomuk 19, xotopsrit mpu momomu BUHTOB 20 MOXKET MEpEIBUTATHCS B ABYX
B3aMMHO TEPIEHIUKYIISAPHBIX HAIpaBiIeHUSIX. B IeHTpe MpeaIMeTHOro CTONHMKAa WMEETCsl OKHO, B HETo
BCTaBISIIOT OJHY M3 CMEHHBIX MOAKIANOK 21 ¢ OTBepCTUSIMH Pa3NMYHOrO nuamerpa. Ha mpenmeTHOM
CTOJIMKE PACHOJOKEHBl AEP)KATENH, COCTOALIME W3 BEPTUKAIBHBIX KOJIOHOK 22 ¥ TNPYXHUHAIIUX
OpWKUMOB 23, KOTOPBIMH MHKpPOHIUTA() TPIKUMAeTcsl K MOJKIAJKE MPEIMETHOIO CTOJIMKA.
MakpomeTpuiyeckuii BHUHT 24 CIyXHT AJs TEepeMeIleHHs MPEeIMETHOIO CTOJIMKA B BEPTHKAJIBLHOM



HAaIPaBJICHUM M 3TUM IPOM3BOAUTCS Ipybas HaBojaka HA (OKYC. 3aKUMHBIM BHHTOM 25 (HKCHUPYIOT
OTIpeJIeNICHHOE TOJ0KEHUE MPEAMETHOTO CTOJHMKA, YTOOBl OH CaMONPOM3BOJIBHO He oryckancs. Jlis
yCTaHOBKM cTonnKa 19 Ha Hy)XHOW BBICOTE HAa KPOHIUTEHHE CTOJMKA HArpaBHpOBaHa PHCKa, KOTOpas
yCTaHaBIUBAETCS MTPOTUB TOYKH, HATPABUPOBAHHOW Ha KOPITyCE MHUKPOCKOTIA.

4. MUKpOMeTpHUYecKuii BUHT 26, ¢ IOMOIIBIO KOTOPOTO OOBEKTHB MEPEMEIIAIOT B BEPTHKAIEHOM
HaTpaBICHUH W TOYHO HABOIAT Ha Qokyc. Pacxon mmkpomeTrpuueckodd momauu 3 mm, LeHA ACICHUS
6apabana — 0,003 mm.

Puc. 4. O6mmit  Bum mukpockona MUM-7

OTYET

1.03HaKOMUTBCS ¢ KOHCTPYKIKEH U ONITHYECKOH cxeMoi Mukpockona MUM-7.
2.3apucoBaTh MUKPOCTPYKTYPbI MUKPOIIIH(OB
2.Caenathb BEIBOJIBI TIO paboTe

Koumponwvnwie onpocur:

YTo Takoe MUKpOaHAIU3 U ISl YETO €T0 UCHOIB3YIOT?

HazoBuTe 3Tans! NpUroToOBIEHUS MUKpPOILITH(A

Yrto BXOAMUT B ONTUYECKYIO CUCTEMY MUKpockona MUM-7?

UYro Ha3BIBAIOT OOBEKTHUBOM U OKYJISAPOM?

Kax mogcuuTars obmiee yBenndenrne MUKpocKomna?

Uro mpeacrasiseT codoil OCBETUTENBHAS YaCTh MUKpOCcKona?

Kakue cTpyKTypHbIE COCTABISIONIME MOKHO YBHETh Ha HETpaBlieHOM nutnge?

Nouprwnr

Jumepamypa:

1.T'ennep 10.A. ,Paxmtanr A.I'. Matepuanoseaenue, M., Meranyprus.1980. 447c.

2. Jlaxtur }F0.M. ,JleontheB B.I1 .Marepuanosenenue, .M., MammurocTpoerue,1980,405¢
3.Camoxorkuii A.U., Kynseckuit M.H. JlabopaTopHbie pabOThI 110 METAITIOBEICHUIO M TEPMHUYECKOM
o0pabotke metamoB.M.MamuHoctpoenue, 1981, 173c.



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

JladopaTtopHas pa6ora Ne3
H3yuyeHne MUKPOCTPYKTYPHI JKeJIe30yTJI€POUCTHIX CIUIABOB (CTAJIH)

Llenv padomui:

1. M3y4nTh MHUKpPOCTPYKTYpPBI TEXHHYECKOTO JKEI€3a, YIJIEPOJUCTBIX CTaJedl B PaBHOBECHOM
COCTOSIHHH.

2. CxemaTW4ecKd 3apHCOBaTh W ONHCATh H3y4aeMble MHKPOCTPYKTYPHI.

3. Pa3o0paTe MHKpPOCTPYKTYpBl MO JUarpaMMe COCTOSHHS >KEeJIe30—IIEMEHTHT.

4. CocraBuTb OTYET O padore.

Kpamkue meopemuueckue C8eOCHUS:

MuKpOCTpyKTypa TEXHHYECKOTO JKele3a M YIJIEPOJUCTBIX CTalel Uil PaBHOBECHBIX YCIOBHU
XapaKTepu3yeTcs HIKHEHN JIEBOW YacThIO JUarpaMMbl COCTOSIHUS JKeJe30-1ieMeHTHT (puc. 1).

Cnnagel ¢ coaepxanuem 10 0,02% C HazpiBaroTcsa TexHuueckuM xenesom, ot 0,02 no 0,8% C —
JIOABTEKTOUAHBIMU cTassiMU U OT 0,8 10 2,14% C — 3a3BTeKTOMAHBIMU cTajsiMu. CIuiaB ¢ coAepKaHUEM
0,8% C Ha3pIBaeTCs BTEKTOUIHOM CTaJIbIO.

MUKpPOCTPYKTYpa TEXHUYECKOTO skenie3a. PacTBOPUMOCTh yriieposia B 0-XKeJie3e MepeMeHHas (CM.
muanr0 PQ Ha gmarpamme xeme3o — 1ieMeHTHT). C TMOHM)KEHHEM TEMIIEpaTypbl PacTBOPUMOCTH
yriepoja B o-xenese nonmxkaercs. Ilpu 727° C B a-xenese pactBopsiercs 0,02% C, a mpu KOMHaTHOM
temnepatype 0,006% C. Ilostomy cruaBel xene3a c¢ cogepxkanueMm 10 0,006% C uMeOT CTpyKTypy
TOJILKO TBEPJOrO pacTBOpa yriepona B o-xkeiese, T. €. geppura. Ha puc.2 maHa MUKpOCTpyKTypa
tdepputa. B cmmaBax ¢ cogepxanneM ot 0,006 mo 0,02% C B cBA3M C MOHMKEHHUEM PACTBOPUMOCTH
yIIIepoJia B o-)Kese3e MpH MOHMKCHUH TEMIIepaTyphl U3 eppuTa BBIACIACTCS IIEMEHTHUT, Ha3bIBACMBII
TpeTU4YHbIM. TPeTHYHBIN IIEMEHTUT BBIJCIISETCS 110 IpaHuIlaM 3epeH deppuTta (puc. 3).
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Puc. 1. HmwkHgs dyacTb AuarpaMmbl COCTOAHUA KEJIE30 — HEMEHTUT
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Puc. 2. XXenezo — deppur (x 200) Puc. 3. Cranb ¢ 0,015% C — deppur u

TpeTHuHbli 1eMeHTHT (x500)



MUKpPOCTPYKTYpa JOIBTEKTOUIHOW M 3BTEKTOMAHOU cTadu. MUKpPOCTPYKTypa JOIBTEKTOMIHON CTayn
(mo 0,8% C) cocrout u3 deppura u nepiauta. MukpocTpykrypa 3prekrouanoit cranm (0,8% C) cocrout
U3 OOHOTO mepiuTa. MUKpOCTpyKTypa (eppura gana Ha puc. 2. UTo e mpeacTaBisieT co00il BTopas
CTPYKTYpHAas COCTABIISIONIAs TOIBTEKTOMIHBIX CTaJIel — MepiauT?

Puc. 4. Osrexromanas cranp c 0,8% C — nepaut (x1000)

Ha puc. 4 nana mukpoctpykrypa mnepiura. [IepiuT — 3TO 3BTEKTOMJ — MEXaHUYeCKas CMeECh
(eppuTa W LEeMEHTHTA, TMONyYaroIascs B pe3yibrare pacnaga aycrenuta ¢ 0,8% C. [Ipu tpaBnenuun
nutuda cramm ¢ 0,8% C, T. €. IBTEKTOUIAHON CTaJN, TIOBEPXHOCTh UMEET MEPIaMyTPOBBIN OTJIHB, B CBS3H
C YeM TaKyl CTPYKTYypy W Ha3Banu nepiutoMm. Ha MuUKpocTpykType mepiauta oOIIuid CBETIbIH (GoH —
(heppuT, BRICTYyMAMOIINE TUIACTUHBI— I[IEMEHTHUT, TEMHBIE MECTa — TEHU. B 3aBUCMMOCTH OT CKOPOCTH
OXJI2XK/ICHHS TTACTUHBI [IEMEHTHTA B MEPIIMTE MOTYT OBITh JJHMHHEE WM KOPOYE U TOJIIIE WK TOHBIIIE.

B 109BTEKTOWIHOM CTAU TIOCIIE TPABJICHUs (EPPUT BBHISBIISIETCS B BUJIE CBETIIBIX MOJIEH, a8 MEPITUT
— B BHJIE MOJIEH TIOJIOCYATOTO CTPOCHUs, OoJiee TeMHBIX, 4eM Gepput. KonmuectBo nepiura u gpeppura B
JIOOBTCKTOMTHOW CTalM 3aBUCHT OT cojiepkaHusi yriepona. C yBeNUYEHHEM COJEpKaHUs yriepoja
KOJINYECTBO (eppHTa YMEHBIIIAETCS, 2 KOJIMYESCTBO NEpPIIUTa yBETUIUBaeTcs (puc. 5).

[To MUKPOCTPYKTYpe TOIBTEKTOUIHOW CTAJTH MOXKHO MPHUOIM3UTEIBHO OMPEICIIUTh CONCPIKAHUE B
HeH yriaepojia, A 4ero M0 MUKPOCTPYKTYPE HY»KHO OPUEHTHPOBOYHO ONPEACITUTH ILIOMAAb (B IPOIICH-
Tax), 3aHUMaeMyt0 (PeppUTOM U HepauTOM.B cBs3M ¢ TeM, uTo B heppuTe pacTBOPEHO OYCHD HEOOJIBIIOE
KOJIMYCCTBO Yyrjepoaa, MPaKTHUYCCKU MOXKHO CHYHUTAThb, 4YTO B HOBBTGKTOHI[HOﬁ CTajin BEChb YIJICPO
HaXOJUTCS B NIEPIIUTE.

Puc. 6. Jloarekronansie ctaim — Qepput u nepiut (x500):
a—20% mnepnurta; 6—40% mnepnuta; ¢ — 70% mnepauta

F, -0.8
Torna conepxanue yriaepoaa C B CTaam MOXKHO onpeaeauts 1o popmyne C = ?I.T %
rae Fn — momane, 3aHnMaemMas mepiauTom, B % .
[Ipeanonoxum, Hanmpumep, 4yro 30% Bceil miomanu 3ansTo Qepputom, 70% — mnepauToM.
70-0.8
Conepxkanue yriepoja B Takoi cranu oyaer C = o0 =0.56%

MuUKpOCTpyKTYpa 3a3BTeKTOMAHON cramu. Ctanb ¢ comepxanHuem yriaepoxa ot 0,8 mo 2,14%
Ha3bIBACTCS 3a3BTEKTOMJIHOW M MMEET CTPYKTYpPY, COCTOSIIYI0 M3 HEpIUTa U BTOPUYHOTO IIEMEHTHUTA.
BTOpHYHBIN EMEHTHUT BBIIEISIETCS U3 AyCTCHUTA TPH OXJIAKICHUH OT TeMIepaTypsl A, (uHus SE) 1o
temneparypbl Ar1 (munaust PSK) (cMm. puc .1) BeneacTBHE yMEHBIICHHUS PACTBOPUMOCTH Yriiepoja B
ayCTEHUTE.




[Ipy MeniaeHHOM OXJaXJACHWU BTOPUYHBIA IEMEHTHUT BBIJIENSAETCS B BHUJAE CETKH IO T'paHUIAM
3epeH aycreHuta. [Ipu MoCTKeHUH TeMIepaTypsl A1 ayCTEHHUT TpeBpariaeTcs B nepauT. B pesynbrare
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. IIpocMOTpeTh U H3yYnUTh MHUKPOCTPYKTYPBl TEXHHUYECKOIO JKeJe3a U YIJIEPOAUCTHIX CTalel
C pa3JINYHBIM COJEP KaHUEM YIJIEpPO/ia B pABHOBECHOM COCTOSIHUM.

2. Kaxxayro MUKpPOCTPYKTYpY 3apUCOBaTh .

3. Tlox xaxxnoil 3apuCOBAaHHOM MHUKPOCTPYKTYPOM JaTh MOANMUCH C YKA3aHHEM HauMEHOBAaHUS
CIUIaBa, €ro XMMHUYECKOI'O COCTaBa, HAUMEHOBAHUS CTPYKTYPHI U yBEIUUCHHUS.

4. Ha xaxngod 3apucOBaHHOM MHKPOCTPYKTYpe yKa3aTh CTpelKaMH pa3iuuHble Qa3sl U
CTPYKTYpPHBIE COCTaBJISIOIIME U OKOJO CTPENOK, Ha IMOJIAX, HalucaTh WX HAUMEHOBaHUE.

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

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 CTajM IpH YBEIMUEHUH B HEH KOJIMYecTBa yriepoja?
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 OMUUINTE MUKPOCTPYKTYPY 3a3BTEKTOMAHON 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. JIabopaTopHsie paGoThI 10 METaJUIOBEICHHUIO 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
N3yvyeHne MUKPOCTPYKTYPHI JKeJI€30YTIePOAUCTHIX CIUIABOB (YYT'YHBbI)

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:

MuxpocTpyKkTypa 0ebIX 4yryHOB

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), sBrexktrueckuii (4,3% C) u 3adBTekTHueckuii (ot 4,3 mo 6,67% C). Bo Bcex Oenplx gyryHax
HAMeeTCsl [IEMEHTUTHAS SBTEKTUKA (JieaeOypuT). DBTEKTHUECKUI OebIil 9yTyH COCTOUT TOJIBKO U3 OJHOTO
nene0ypuTa, IO3TOMY PACCMOTPEHHE CTPYKTYPHI 0€JI0T0 4yTryHa 1ejIecoo0pa3Ho HAYWHATE CO CTPYKTYPBI
ABTEKTHYECKOTO O€I0ro YyryHa.

MHUKpOCTPYKTYpa 3BTEKTHYECKOTO OeJoro uyryHa. MHKpPOCTPYKTypa 3BTEKTHYECKOTo OeJoro
YyryHa COCTOUT TOJIBKO M3 OAHOTO JeneOypuTa (IeMEHTUTHOH 3BTEKTHKH), oOpasytomerocs mpu 1147°
C mpu 3BTEKTHYECKOH KPHUCTAJUIN3ALMKU XKUAKOTO cIlaBa ¢ comepxkanueMm 4,3% C u cocrosmiero (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 aycreHuTe (U SE Ha aumarpaMme jkene30—IIeMeHTHT, pUC. 1) U3 ayCTeHUTa BHIIENSIEeTCS
(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.

[Ipu 727° C 3BTEKTHUKAa COCTOUT M3 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 LIEMEHTHTA M TIEPJIUTA
(puc. 2).

MUKpPOCTPYKTYpa JIO3BTEKTHYECKOr0 0Oenoro 4uyryHa. J{03BTeKTHYECKHUil OenbIii 4yryH mocie
MIOJTHOTO OXJIAXKJCHHUSI UMEET CIEAYIOUIYIO CTPYKTYpY: JIeaeOypuT (LEeMEHTHUTHas 3BTEKTHKA) + IMEpIUT
+ BTODHYHBIH IIEMEHTUT. BTOPWYHBIN EMEHTHT BBIACNSAETCS W3 ayCTeHHWTa, COAEpKAIIero Mpu
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 Oenblx 4yryHax ¢ HHM3KMM coAep)kaHueM yriepoza (Omu3kum K 2,14%) BTOpHUYHBIA LEMEHTUT

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 CIHMBACTCS 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 3a3BTEKTHYECKOr0 0e10r0o yyryHa. MHKpOCTPYKTYpa 3a3BTEKTHUECKOI0 OEIoro

YyTyHa COCTOWT M3 JiefieOypurTa (IEMEHTHTHOM 3BTEKTUKN) B IEPBUYHOTO IIeMeHTHTA (puC. 4).




Puc. 3. I[oaBTeKTI/IquKH ' Puc. 4 3asBTexTrdeckuii OebIid YyryH —
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 4YyryHa XOpOLIO BHIHBI BKJIOUEHHs IUIacTUHYaToro rpadura (puc. 5).Ha Benmnuumny 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 OXJaxIeHHS BIUSET TakuM 00pa3oM, 4YTO 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 CIIMPTOBOM pacTBOpPE a30THOM KHCIOTHI METAITMYECKast 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 CIEAYIOIINE THUIBI CTPYKTYP CEphIX 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 pa3lWYHbIM, B 3aBUCHMOCTH OT XHMHYECKOTO COCTaBa U YCIIOBHH
OXJIQXKICHHS); TIEPIUT + TIACTUHYATHIN rpaUT — MEPIUTHBINA Cepblil UyTYH (pHC. 8).

MUKPOCTPYKTYpa BBICOKOIIPOYHBIX YYTYHOB
ITpu paccMOTpEeHUH B MHKPOCKOT HETPABJICHOTO MHKPOLLTH(A BEICOKOIPOYHOTO YyTyHA XOPOIIO
BHJTHBI BKJTIOUCHUS IIApOBUAHOTO rpaduta (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 Bseicokonpounslii 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 TpaduT B 3THX UyryHaX HIAPOBUAHBIA. TakuM 00pa3oM, BO3MOXHBI CIIEIyFOIIHE
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 KOJIMYECTBOM (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 HETPABJIEHOTO MUKpouuInga
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 YyTryHa MOXET ObIThb (eppHTHOH, (eppHTO-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
BUJIHBI BKIIIOUCHUS XJIOMbEBUAHOrO Tpadura (yriaepomga omxura) (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. KoBkwuif 9yryH — BKJIIOUEHHUS XJIOMBEBUAHOTO TpaduTa (yriiepoaa OTKUTa), IITH( HETpaBlIeH
(x100)
e 2 % gr

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
CIUIaBa, €ro XHMMHYECKOI'O COCTaBa, HANMEHOBAHUS CTPYKTYPhI U YBEIUUYCHHUS.

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

5. HN300pa3uth jauarpaMMy COCTOSIHHS KEJI€30—IEMEHTHUT, IIPOBECTU HAa HEW BEPTUKAIbHBIC
JUHAHA, COOTBETCTBYIOIINE PAacCMaTPUBAaeMbIM CIUIaBaM, W JIaTh OINMCAHHE IPOLIECCOB IPEBpAICHUH,
MTPOUCXOSIINX TIPU OXJIAXKICHHUH.

Konmponwvnsie éonpocwi:

1.Kakue criaBbl Ha3BIBAIOTCS YyTyHAMHE?

2.Yro mpencrasiseT coO0i MeTaNTMUECcKasi OCHOBA y cepbIxX 4yryHoB ? Kakyro ponb B popMUpOBaHUN
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'ennep 10.A. ,Paxmtaar A.I'. MartepuanoBegenue, M., Meramyprus.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 metamoB.M.MamuHoctpoenue, 1981, 173c.

4.ITancos 1.B. Ilocobue k 1abopaTOpHBEIM paboTaM IO MaTEPHUATIOBEACHHUIO 1 TEPMUICCKUN 00pabOTKH
MeTtaioB,M.,Meramryprus, 1968, 95c¢.



JlagopaTopHas padora Ne 5 Tepmuueckasi 00padoTka cramueii

Hean padoTsl

Lenp paboTel — HAyYWTh YYAIIUXCS CAMOCTOSTENIBHO TIPOW3BOIUTH 3aKajdKy H OTIYCK
YIJIEPOIUCTOM CTamu.

B mpornecce BbIMoIHEHUs] pabOTHl ydaluecs AOJKHBI M3YUYHTh: yCTPOHCTBO MyQenbHOH meuw;
METOJIMKY MPOBEIEHUS U PEKUMBI 3aKaJIKH U OTITyCKa.

IIpu6opsbl, MaTepraabl U HHCTPYMEHT

Jns mpoBenerns paboThl HEOOXOIUMO UMETh: My(DETbHYIO IIeUb; TEPMODJIEKTPUUECKUIT THPOMETD;
MAacIISIHYI0 BaHHY; COJIIHYIO BaHHY; 3aKJIOUHBIN 0ak c BOJOW; 3aKaJOYHBIM Oak ¢ MacioM; nIpubop Tuna
PokBemma; o0pasipl yriiepogucToil craim — KOHCTPYKIMOHHOW 40— 65 u WHCTpyMeHTadbHON Y9—
V12; xnemy; mTaHreHIUPKYJIIh; NUTH(OBaIbHYIO OyMary.

[oaroroBka o00pa3smoB st TepMu4Yeckoii o0padorku. OOpasibl JIOMKHBI  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 60kxoBoii OBEpXHOCTH Kax10ro oOpa3ia I0HKHO OBITH KIEHMO MapKH cTand. Mapky cranu oOpasia
3amuchIBalOT B rpady 2 mpotokona. OOpas3ubl H3MEPSIOT MPH NOMOLIH IITAHTCHIMPKYJIS, U PE3YIbTaThl
3aMepa 3aluchIBalOT B rpady 3 mpoToKoIiIa.

OnpenesieHue TBEPAOCTH YIJIEPOAUCTOMN CTATU B HCXOHOM (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 OTOXKEHHOM COCTOSHHUH YTJIEPOJUCTON CTaJIM NMPUBEICHBI B TaOII.
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 onpeiesieHHe TBEPAOCTH YIJIEPOAUCTOM CTATH 1OCJIe 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! HarpeBaTeIbHbBIE CIIHpau 3.
Ha mony meuun ycraHoBieHa OTAENbHAS KepaMH4ecKas IUIUTKa 4, Ha KOTOPYIO NOMEIAIOT HarpeBaeMble
obpasupl. [lpn HeoOXOOMMOCTH KEpPaMHUUYECKYIO IUIMTKY MOXKHO BBIHYTh, HOJOXHTh Ha BBIIBHKHOM
CTOJIMK 5, PacIoJIOKUTh Ha ITUTKE 00pa3Ibl M BHOBb IOMECTUTH B Nedb. [IpoCTpaHCTBO MeX Ty MIIMTaMH
U KODPIIyCOM 3allOJIHCHO TEIUIOM30JISIIMOHHBIM MatepuanoM. Crnepean pabodasi kamepa 3aKpbIBaeTcs



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

TemmepaTypy B IIeUd PEryJIUPYIOT PHIYaKHBIM PEOCTATOM, U3TOTOBJICHHBIM 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 kKiemMbl 10 Juis MOAKIIOUEHUS IIHYypa U TPH
mITernceNnbHbIX THe3aa 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 MakCHMaIbHOM
teMrepaTtypsl 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, INTENCelIbHYI 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 3aKajdKd CTalH, MOJB3YSICh IS 3TOTO HIDKHEH YacThIO MHUarpamMMbI

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 Beiie 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 3amucarb B rpadyy 6 IMpoTOKOIA.

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 Ie4n Tpedyemoe BpeMs. [Ipu HarpeBaHMM JI0 TEMIEpaTyphl 3aKaJkiu oO0pas3loB U3
cramu 40 — 65 ucxonHast (eppUTO-TIEpIAUTHAST CTPYKTypa NPEBPATHTCS B CTPYKTYPY ayCTCHHUTa, a B
oOpasnax u3 cranmu Y9—VY12 npu temrieparype 3akaiku OyJleT CTPYKTypa ayCTeHUT M IIEMEHTHT, T. €.
4acTh [EMEHTHTA OCTAETCSI 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.
Ilpu oxmaxxaeHnn B BOJE MPOUCXOAWT paclaj aycTeHuTa ¢ oOpa3oBaHWeM MapTeHcuta. [lpu
OXJIXKJICHUU B MacJie 00pa3yercsl cMelllaHHasi MaPTEHCUTO-TPOOCTUTHAS CTPYKTYpA.

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

6. OrmpenenuTh TBEPAOCTh 3aKajleHHBIX 00pa3noB o HRC u momydeHHBIH pe3ynbTaT 3amucarh B
rpadsi 8 u 9 mpoToKOIIa.

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
BbICOKOTeMIepaTypHblil oTnyck (300—600° C) — B comnsHolt BaHHe. [Ipu OTCYTCTBUM MacisiHOM U co-
JITHOM BaHH MOYKET OBITH MCIIOJIE30BaHA dJICKTpHUecKas My penbHas meds (cM. puc. 17.1).

Memoouka nposedenus omnycka

1. Omnpenenuts BpeMs BBIICPKKH MpPH TeMIlepaType OTIycKa W3 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 NpeBpalieHue MapTEeHCUTA 3aKalIKH 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 monydenHsbldl pe3ynbrar 3ammucaTh B rpagsl 11 m 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), TBEPAOCTD
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
HEOOXOIAMMOE BpeMs

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

POTOKOJIA.
11. TlocTpouTh KpHUBHIE BIMSHHAA TEMIIEPATyphl OTITyCKAa HAa W3MEHEHHE TBEPAOCTH 3aKaJICHHOM
CTaJIM B KOOPJAMHATAX TeMIIepaTypa OTHmycka — TBEpAOCTh (puc. 17.3).

HRC
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Puc. 17.3. KpuBbie BIusHUS TeMIlepaTypbl OTITyCKa Ha H3MEHEHHE 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 0 mpoBeIeHHOH paboTe T0KEH CoepKaTh ClIeAyIOIIee:

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 OIpeAesIeHUs] MPOKAIMBAEMOCTH CTaJiel METOJIOM TOPIIOBOM
3akayiku B cootBeTcTBHM ¢ [OCT 5657 — 69;

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

OObeMHasi 3aKajika CTaledl Ha MAapTEHCHT SBIISIETCS IVIaBHBIM CHOCOOOM YIPOUHEHHS OOJIBILIOM
IPYIITBI KOHCTPYKIIMOHHBIX cTaneil. J[is netaneii, paboTaroIINX B YCIOBUSIX PACTSDKEHUS, TPEOYeTCs, YTOObI
MapTeHCHUTHAsI CTPYKTypa ObUia chopMUpOBaHa TI0 BCEMY CEUCHHUIO JieTanei (OOJIThI, IITIBKH, KOPITYCHbIC
getamd u T.4.). Jnsa oOecrieueHMss OZHOPOAHOCTH CTPYKTYpPBl OXJKICHWME NPU 3aKajke HEOOXOIMMO
MPOBOJIUTH TAKMM 00Pa30M, YTOOBI M30EXKaTh pacrajia aycTeHWTa Ha (peppuTo - KapOMIHYIO cMeCh. DTOrO
MOJKHO JIOCTHYb, €CITU CKOPOCTh OXJIXKICHHS Vo, OyJIeT TPEBBINIATh KPUTHUESCKYIO CKOPOCTh. Kpumuueckoil
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 (pUCyHOK 1). Ecimi 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 00pasyeTcss TOIBKO B MIOBEPXHOCTHBIX CNOSIX, e Vou > 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'0O HAI'py>KCHU, n3ruba wim Kpy4dCHIs1, KOIrZld HeﬁﬂBYEOHHdC HAIPsHKCHUST MaKCUMAJIbHbI B
TTOBEPXHOCTHBIX CITIOSX.
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Pucynok 1 — CxeMbl, MOKa3bIBaIOIIME PA3THUHYHO CKOPOCTh OXJIAXKIICHHS TI0 CEYEHHIO U CBSI3aHHYIO C STHM HECKBO3HYHO
TPOKATMBAEMOCTB: &) SITI0pa PaclpepeTIeHUsI CKOPOCTeH OXJIaKISHHS [0 CEYSHUIO LMIMHIPA TIPH 3aKaJKe;
0) AuarpaMMa U30TePMHUUECKOTO MPEBPAIICHHS ayCTEHUTA U CKOPOCTEH OXJIAXKICHUS MIPH 3aKaJIKe
IWIHHPA

[IpokanmBaeMoCTb SBJIAETCS OJHUM U3 BOKHEHIIMX TEXHOJOIMUYECKHUX CBOMCTB CTAIEW M KOJIMYECTBEHHO
XapakTepusyeTcs TIIyOMHOM NPOHMKHOBEHHS 3aKaJIEHHOH 30HBI. [IpOKaIMBaeMOCTb 3aBUCHT KaK OT
BHYTPEHHUX (XMMIUECKUM COCTaB, pa3Mep ayCTeHHUTHOIO 3¢pHa H T.J1.), TAK U OT BHENMHKX (DAKTOPOB (MHTEHCHBHOCTE
OXJIKIICHHS), @ TAKOKE OT TEOMETPUYESCKUX 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.

Jnst  npakTHYeckoM OLIGHKM IMPOKaJMBAEMOCTH  HCIIONB3YHOT KPUTEPUN, HA3bIBaEMbIil
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 SKCTIeprMEHTAIBHOTO ONPEAETICHHS TPOKAIMBAEMOCTH UCIIONB3YIOT METO] TOPIIOBOM 3aKaIKu
(F'OCT 5657-69). [ins mpoBeaeHUs: TOPLOBOI MPOObI, MPEeABAPUTEIHHO HOPMAIM30BaHHBIE. CTAaHJApTHEIE
o0pa3ip! (pucyHok 2) B Tedenue (30...50) MUH mpoOTrpeBaloT B €YU JI0 TEMIIEPATyPhl, PEKOMEHIYEeMOH
JUTST HarpeBa JaHHOW CTaJ M TOJ 3aKaiKy. Eciu Ay MCHBITyeMON CTany yKa3aH MHTEpBaJl TeMIepaTyp
HarpeBa TOJ| 3aKajKy, TO oOOpasell MporpeBaloT 10 TeMIepaTyphl, COOTBETCTBYIOLIEH BEpXHEMY
3HAYEHHUIO ATOTO HMHTepBaia. s UCKIIOYEHUS 00E€3yrIIepOKUBAHHMSA M OKUCIICHHS HAarpeB BEAyT B
3aIUTHON aTMoc(epe WM B CIIENMATBHOM MPHUCIIOCOOIIEHUH, 00eCTIeYMBAIOIEM 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 OXJIa)AA0T CTPyeH BOJbI IO ONpPeIeIEHHBIM 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 — HaopHBIA 0avok; 3 - mrTaTuB; 4 — 0Opaselr; 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 PoxBenna TBepmocTh mo mkaine C M CTPOSAT KPUBYIO MPOKATHMBAEMOCTH 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 MPOKATMBAEMOCTH, TaK KaK XUMUYECKUH COCTAB CTallH, a, CJIEI0BATEIIBHO,
U TMPOKAIMBAEMOCTh MEHSIOTCS B HEKOTOPBHIX mpejenax. lloaToMy cranb ONpEeeHHOW MapKu
XapakTepu3yeTcsl Mapo4yHoOl nonocou npokarueaemocmu (pucyHok 3). Mugekcamu (nudpOBBIMH
HOKa3aTCH5{MI/I) IMPpOKAJIUBAEMOCTU MaAapKHU MOTYT CJHYXUTb MaKCHUMaAJbHAad WIW MHUHUMAaJIbHasd

HRCmax(HRCmin)
I

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

HRC 60 48

(IT———————). Hampumep, I1— - tBepmocth 60 HRC Ha paccrosauu 10 mm ot topra; [1—— —
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 KpuBast mpokainBaeMocTH, IOCTPOSHHAS 110 TaHHBIM TOPLIOBOK NpoOHI (a)
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 OCTaIbHOE TPOOCTHUT (TIomymapreHcuTHas 30Ha (IIM3)) unm cioit co cTpykrypoit 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 30HBI h (prucyHOK 3, a).
JlerupoBanue MOOBIMU 3JIEMEHTAMU, KPOME KOOAIbTa, YBEIHYUBACT MPOKAITUBAEMOCTh CTAJIH.

3. OBBEKTBI UCCIIEHJOBAHI, OBOPYIOBAHUNE

OO0mBexThl uccnenoBanusa — o0pasusl cranei 40 u 40X B HOpManu30BaHHOM cocTosHuM. Harpes
CTalledl MOJ 3aKajKy OCYIIECTBIISIIOT B KAMEPHBIX Iedax. TOpLHOBYIO 3aKalKy MPOBECTH HAa CIIENHAIBHON
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 comum@oBaHHBIX IUIOLNIAAKAaX HW3MEPUTh TBEPAOCTh 00pas3loB Ha 3aJaHHBIX
PacCTOSIHHSIX OT TopIia (Tadynia);

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. IlpeaBapuTelbHO HOPMATU30BaHHBIE CTAHIAPTHBIC 00Pa3bl 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. IIpoBecT oxnaxkaeHNue 0Opa3IoB B yCTAHOBKE JIJIS TOPIIOBOM 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 IIOCTPOUTH KPUBBIE MTPOKATMBAaeMOCTH. MIMes 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. ITopsaa0K BBITOTHEHUSI paOOTHI;

4. Pe3ynbTaThl U3MEpEHHUIA;

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 3aKaJICHHBIM CJIOEM?

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 YUAIIUXCS CAMOCTOATEIHHO MPOBOIUTh MUKPOAHAIN3 MEAH, JaTyHEeH U
OpoHs.

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

IIpu6opsbl, MaTepuaabl U HHCTPYMEHT

Jns mpoBeneHust pabOThl HEOOXOAMMO HMETh: METaTorpauuecKuii MHUKPOCKOIN; KOJUICKIIHIO
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 ¢ menwsio obpasyer coemmnenume 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 BKIIOYEHUS 3aKucu Meau. Ha
puc. 3 maHa MHUKPOCTPYKTypa JIMTOH Menu (HeTpaBJeHbId HUTM(}), COOTBETCTBYIOLIAs MO AUATpaMMeE
COCTOSIHMI CHCTEMBI MEIb—KHUCI0POJI SBTEKTHIECKOMY CILIaBY.

-\

7
£

Puc. 1. MukpocTpykTypa 1eOPMHUPOBAHHON M OTOMXOKCHHOHW MEJH; TPABJICHHE COJITHOKHCIIBIM
pactBOpoM XiopHOro skemeza (xX200)
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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

MuKpOCTPYKTYypa JIaTyHel
JuarpamMma COCTOSIHMH CHCTEMBl MeIb—IWHK AaHa Ha puc. 4. IlpakThyeckoe NpHMEHEHHE
HaxoxaT onHo(aszHbIe JATyHHU C coaepkaHueM LuHKa 10 39% (a-nmaTyHu) U AByX(QasHble JATyHH C

Puc. 5. MukpocTpykTypa a-natynu: a — nautasi(X250); 6 — nedhopmMupoBaHHass M OTOXIKEHHAs
(X100); TpaBiieHHe COISHOKHUCIIBIM PACTBOPOM XJIOPHOTO JKee3a

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

JlaHa Ha puc. 5.



MukpocTpyKTypa JINTOH o-aTyHU (pHC.5, a) uMeeT ACHAPUTHOE cTpoeHne. CBETIIble y9acTKu —
JACHAPUTEIL, 60FaTI)Ie MCIbIO, 3aTBEPACBIINE IEPBBIMU U3 XUIAKOTO COCTOSAHHNA; TCMHBIC YYaCTKU — 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 IOJIy4YaloT Pa3IUuHYI0 OKPAaCKy.

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

MuxkpocTtpykrypa o + B-maTyHu ¢ cofepkanrem nuHKa 40% B IUTOM COCTOSIHUW JJaHA Ha PHC.
6. CTpyKTypa moxo’ka Ha BUJMAHIITETTOBY CTPYKTYpY JIUTOH CTaJIH.

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

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

a — nuTtas amoMuHueBas JatyHb JIA77-2 (X75), AeHAPHUTHI 0-TBEPOTO 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 BKIIIOUEHHUS CBUHIIA; & — JIUTas ATIOMHHAEBO-HHUKeNeBas JaTynb Tuna JIAHS9-
3-2, X250. TemHbIe KpUCTaIUIBI — [-(a3a, Ha HOHE KOTOPBIX BUIHBI CBETJIbIC BBIICICHNUS 0.-(ha3bl,
oOpasyromuecst Mpu pacnaje -KpucTauioB; TpaBICHUE COSTHOKUCIIBIM PACTBOPOM XJIOPHOTO Kelie3a

MuxkpocTpyKTypa 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 OTJIMBKEC HE AOCTHUIAIOTCA.
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.

Ilpu comepxkanuu g0 6—7% Sn (ieBee Touku h Ha puc..8) MHUKPOCTPYKTypa JIMTOW 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) OoJiee GOraThl OJIOBOM.

MuxkpocTpykTypa 3TOH OpOH3BI MOCJIE OTXKHIra NMPEICTaBIsIET 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, 171t paBHOBECHBIX YCIIOBHIA I0JDKHA OBITH CTPYKTypa TBEPAOTO.
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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—mras  (X300); 6 ~mocne omkura (X 150)

3
»

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



SBIISIETCS TO, YTO PACTBOPUMOCTD OepHILIAA B MeIn yMeHbIaercs ¢ 2,7% npu 866° C mo 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. 19. MukpoctpykTypa OepULineBo b2 nocne 3akanku u crapenus (X250);
TpaBJIEHUE COJISTHOKUCIIBIM PaCTBOPOM XJIOPHOTO JKeJle3a

Ha puc. 19 nana mukpoctpykTypa OepuneBoil 6ponssl bp.b2 ¢ comepxkanuem 2% Oepuuins,
mocJie 3aKanku u ctapeHus. Ha oHe 3epeH TBepAoOro a-pacTBOpa BHIHBI MEJIKHE CBETIbIE BKIIOYECHUS Y -
¢assr (CuBe).

MeTtoanka nNpoBeJeHHsT MUKPOAHAJIN3A

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

2. MHUKpOCTPYKTYpHl 3apucoBaTh B Kpyrax auaMmerpoM ~60 mm wuru 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 3apuMCOBaHHON MHKPOCTPYKTYpEe YyKas3aTh CTpelKaMH pa3indHble (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— OepWUINi, TPOBECTH HA HHUX BEPTUKAJIbHBIE JIMHUM,
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. PucyHku BKIIIOYEHHH U MHKPOCTPYKTYp C COOTBETCTBYIOIIMMH MOSCHEHUAMH (IIPUMEP CXEMBI
3apUCOBKH MUKPOCTPYKTYPBHI IMMOKa3aH Ha puc. 20).



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

4. JlnarpaMMbl COCTOSIHHN (MJIM WX YaCTH) CIUIABOB MeIb—KHUCIOPOA, MEIb—IIHHK, MEb—OJIOBO,
MeIb—CBHHEIL, MeAb—OCPHUIHN ¢ YKa3aHHEM Ha HUX PAacCMAaTPHUBACMbIX CIUIABOB U OMHMCAaHUEM IIPO-
UCXOSIIUX MPOIECCOB MPEBPAIICHUH MPU OXJIAKICHUY.

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 Pa0OTHI yUaIIuecs TOJHKHBI H3YYHTh MUKPOCTPYKTYPBI QIFOMUHHEBBIX U
MarHMeBbIX CIJIABOB B CBSI3H C IMarpaMMaMH COCTOSHHUSL.

IIpu6opsl, MaTepuaabl U HHCTPYMEHT

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

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 aliOMHHUHU (a) W KpuctawioB kpemuus (Si) — a + Si (puc..l). Cunymun ¢
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 cuiymuna ¢ 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
CBOMCTBaMHU.
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Puc. 2. Mukpoctpykrypa amomuHreBoro ciasa AJI2 (x200); TpaBieHne pacTBOPOM
(hTOPUCTOBOOPOAHON KHCIIOTHI B BOJIC: ¢ — JTUThE HEMOIU(PUIIMPOBAHHOE; O — JIUTHE
Moau(HUIIPOBaHHOE

Ecmu B XKuAKWMi CIUIAB TI€pe] e€ro KpHCTauiM3anueil BBecTH HeOombmioe koiamuectso (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 NPU MOAU(PUIMPOBAHUH CHIYMUHA HATPHEM 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 MoaupHUIIMpOBaHHUs HATPHEM.
CTpyKTypa 3TOrO CIuiaBa J0 MOIUGHUIMPOBaHHS ObLIa 3a3BTEKTUYECKOW, a MOCIIC MOIUDUIIMPOBAHUS
cTala JI03BTEKTHYECKOM.

CTpyKTypa COCTOWUT W3 TEPBHYHBIX JIEHIPHUTOB TBEPAOTO pacTBOpa KPEMHHS B aTIOMUHHUH (a)
(bernble) ¥ PBTEKTHUKH a + Si TOHKOTO CTPOEHMS.

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 COCTOSIHUS CIIJIAaBOB AIIOMUHUN—KpPEMHUN (ITyHKTUPOM MOKA3aHO CMEIICHHE
JIMHUHA MOCIIE BBEACHUS MOUPUKATOPA — HATPHUS)
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Puc..4. Yactp nuarpaMMbl COCTOSIHUSI aJFOMUHUA—MeENb
AMOMHHHEBOMEIHEIN cruiaB, HanpuMep ¢ 4% Cu, UMeeT CIeAyIOIIe MUKPOCTPYKTYPBIL:
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)KHra; 0 — IMocjie 3akaJKd 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(pUKCUpPOBaH NepPECHILIEHHBIH 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
BKJIFOUEHUSI BBIICJIMIINCH U3 TBEPIOIO 0-PacTBOPA B IIPOLECCE UCKYCCTBEHHOI'O CTapPEHHUS.

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). Hanmnune 3THX 371€MEHTOB NPUBOAWT 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.

MHUKpOCTpyKTypa AypalioMuHa mocie omkura npu 360° C (puc.6, a) cocTOMUT 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 ATFOMHHHU

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 aJllOMUHMM, IMHK W Mapraseu. Ha puc. 7
JaHbl HaYaJbHBIE 00JIaCTH IUarpamMM COCTOSIHUN C aJlOMHHHEM, IMHKOM, MaprasueM. Kak BuaHO, Bce



9TH 3JIEMEHTHI 00/1a7]at0T OIPaHUIEHHON [T03TOMY IIPH ONPENECICHHOM XUMHUYECKOM COCTaBE MarHHEBbIC
CIUTaBBI CIIOCOOHBI TOJBEPraThCs TEPMUUICCKON 00pabOTKe (3aKaIKe 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 COCTOMT M3 a-TBEPIOTO PacTBOpa CIOXKHOTO COCTaBa (CBETIIOE TOJIE) M BKIIIOUCHUU
Mg4A|3.

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

BOIC

Puc. 9. CxemMa 3aprCOBKH MHKPOCTPYKTYPbI aTlFOMUHHEBOTO ciuiaBa AJI2, Moan(puUIMPOBaHHOTO 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 puc. 8, 6. BHyTpH u 1o rpaHuIam 3epeH o-TBepAOoro
pacTBOpa BHUAHBI BKJIIOYEHHS MapTaHIOBHCTON (a3l M OCTaTKH HEPACTBOPWBIIETOCS COEIMHEHUS
Mg4A|5.

MeTtoanka nNpoBeIeHHs MUKPOAHAJIN3a

1. IlpocMOTpeTh M M3YYUTh MHKPOCTPYKTYPHI &IFOMUHUEBBIX W MarHWEBBIX CIJIABOB.

2.  MUKpOCTPYKTYpHI 3apucoBaTh B Kpyrax auameTrpoM ~60 mm WiM B KBajparax pa3MepoM
~60X60 mm.

3. Tlon xaxmol 3apuCcOBaHHONW MHKPOCTPYKTYPOH AaTh MOANUCH C YKa3aHHMEM HaMMEHOBaHUS
CIIaBa, MapKu, XUMHYECKOTO COCcTaBa, 00padOTKH, HAMMEHOBaHUSI CTPYKTYPBI, YBEITHYCHUSI.

4. Ha xaxaod 3apuCOBaHHON MHKPOCTPYKTYpE YKa3aThb CTpelJKaMH 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—MeIb, 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. PuCyHKHM MHKPOCTPYKTYP C  COOTBETCTBYIOUIMMH  MOSCHEHMAMH (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 OIMUCAHUEM IMPOUCXOIAIIHNX MPOILECCOB HpeBpaIlIeHI/Iﬁ
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 CTAJIN M YCIOBUSAMH €€ TEXHUYECKOT'O MTPUMEHEHHS

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

2. TEOPETUYECKHUE CBEJAEHUA

3akaika — TepMHIecKas 00paboTKa, 3aKITI0YAIOIIAsICs B HarpeBe BEIIIEC TEMITEpaTyphl (ha30BbIX
NPEBPAIICHUI WIH TEMIIEPATYPhl pACTBOPEHHS U30BITOYHBIX (Pa3, B BBIACPIKKE U MOCIEYIOMIEM
OXJIAKACHUU CO CKOPOCTBIO, MPEBHIIAONIEH KpuTH4ecKy0. CriocOOHOCTH CTaJI TIOBBITIATh

TBEPAOCTD B PC3YJIbTATC 3aKAJIKU HA3BIBACTCA 3aKaJIUBACMOCTBIO.

Ha3nauenue 3akaiku — noiy4eHre BBICOKOM TBEPAOCTH U IMpodHoCTH. [lnactuueckue cBoiicTBa
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 TPEBpAICHHs, HANpUMep OOpa30BaHUE 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, 4ToOBl TOAABUTH BO3MOXKHBIE AU((Py3MOHHBIE TMPOLECCH O00pa30BaHUS 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 U3OTCPMHUYCCKUX YCIIOBUAX HEC 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 OCTaBaThCsl HEKOTOPOE KOJMYECTBO ayCTEHUTA (OCTATOUHBIH ayCTEHHT Aocr).

MuHHMaNTbHAST CKOPOCTh OXJIAXKJICHHUS, MPH KOTOPOH ayCTEHWT MpEBpaIlacTcs B MapTCHCHT,
Ha3bIBAIOT KPHUTUYECKOW CKOPOCThIO 3akajku V.. Ee MOoXHO onpeaenuts 0O JUarpamme
HM30TEPMHYECKOTO IMPEBpaIeHHsI ayCTeHUTa (PUCYHOK 1.), Kak kacarenbHyio kK C — 00pa3HOi KpHUBOMA.

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

Tabnuma 1 - TBEpocTh cTamu, OXJIKIACHHON ¢ KPUTHUECKON CKOPOCTHIO

ConeprkaHue yrieposa, Teepnocts HB Kpurrnueckas ckopocTb
% OXJIKICHHUS, TPaI/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 %.

MapreHcuTHOE mpeBpalieHne — 3T0 0e3audQy3uOHHBIA TPOLECC, 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€ 3HaUNTENhHO 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, IO3BOJISIONIEH TTOTYyIUTh MaKCUMAaJIHHYO

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 IIPU HArpeBe

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, COXPAHSIOTCA
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 BTOPUIHOT O, POCT 3€pHA AayCTCHHUTA 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:
Losemexmoudnvie 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 3aKajiky

Demexkmouonvie cmaii.



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, CJIe0BAaTEIbHO,

TBEPAOCTh HIDKE, 4eM y M + L ).

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 HArpeBa 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 — cramm Ct3, 40, Y10 B OTOXOKEHHOM COCTOSHUH. 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 MOCTE 3aKaIKU U PE3YJIbTaThI
u3MepeHuit 3aHecTH B Tabnuily 2. [TomyueHHble 3HaUeHUs TBepAOCTH nepeBecty B HB, ncnons3ys

CHeHHaNIbHYIO TaONUIy TIepeBoia 3HAUCHUH TBEPAOCTH, ONpPEAEIeMON Pa3TNIYHBIMI METOAAMH.

5. YkazaTs npeamnonaraeMmyo ctpykrypy craneit Ct3, 40, Y10, mory4eHHyI0 B pe3yabTaTe 3aKalKh 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 3akajiKy 1 MapO4YHOro XuMHYE€CKOro cocraBa MCCICAYEMBIX o6pa3u013.

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 3aBucumMocTH TBepaocT HB oT Temneparypbl HarpeBa oA 3aKainky 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 ITOIBTEKTOMAHON, SBTEKTOMAHON 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(

HEMETAJUIMYECKHUE MATEPUAJIBIL.
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. TEOPETUYECKUE 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 CBOMCTBEHHa THOKOCTB,
KOTOpasi SIBIISIETCS OAHOW M3 OTJIMUUTENBHBIX OCOOCHHOCTEH MOJMMEPOB. MakpOMOJIEKYJIbl HOIUMEPOB

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




Pucynok 1. CTpykTypa MakpoMOJIEKyJl B IOJIUMEpax:

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 MakpoMOJIEKyJaMu IeMCTBYIOT HempouHble BaH-nep-BaanbcoBbl CBA3M, TO MO3BOJSET UM MpHU
HarpeBe pacIIaBIATHCA [0 BBICOKOBSI3KOM MKHJIKOCTH, a TpPU OXJIAKICHUM BOCCTaHABIMBATH CBOHU
CBOWCTBA. Y TOJMMEPOB C CETYATON CTPYKTYpOH — PEAKTOILUIACTOB - MEXIYy MAaKpOMOJIEKYJIaMH1
JEHCTBYIOT ITaBHBIM 00pa3oM NpPOYHbIE KOBAJICHTHBIE CBSI3H, YIO 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 ¥ (PU3MUECKOIO COCTOSHUS, TeMIEpaTypsl U T.I. Ilonnmepsl MOTYyT HaXOIUTBCSA B TPEX
(bU3UUECKUX COCTOSHUAX: CTEKI000pa3HOM, BBICOKORJIACTUYECKOM U BSI3KOTeKydeM. OCHOBHOM NMPUYNHOM
U3MECHEHHUS] COCTOSHHS SBISIETCS TeIsIoBas »JHEpPrus, KOTopas IPUBOAUT B KojebaHHWE LenH
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. OOHapyX HUTh 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 Jedopmaru. B crexnooOpazHoOM
COCTOSIHMHM HaOIIIoJlaeTcsl TOJIBKO yTpyras JeopMarus Evnp.' ATOMBI, BXOJSIIME B COCTaB

MOHCKyHHpHOﬁ emny, CoOBEpUIiaroT KoJlebaTebHOe ABHMIKCHHUEC OKOJIO ITOJIOKCHUS PABHOBECHUS: ABUIKXCHUSA

3BCHBCB M IMCPCMCIICHUE MAKpPOMOJICKYJ HE IMPOUCXOIUT. Brime TEMICPATYPbl CTCKJIIOBAHUSA K JTOH

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

3aIlyTaHHBIX MAaKpPOMOJICKYJI.

B Bs3KOTEKy4EM COCTOSHUM BBISBIISIETCS €Ille OJ{HA COCTABIIOIAs AedopManuy — BA3Kas Egas.
KOoTOpasi OOYyCJOBIMBAaeT pa3BUTHE HEOOpaTUMOM naedopMaluM, CBA3aHHOW C MepeMelICHUEeM
MaKpOMOJIEKYJI OTHOCHTEJILHO JIpyT Apyra. B obmem ciyuae aedopmanusi TepMOIIACTHYHOTO MOJTUMEPa
COCTOMT M3 TpPEX COCTaBJISAIOMINX, KOTOPHIE UIparOT pPA3IMYHYI0 pOJb MPH HHU3KUX U BBICOKHUX

TeMIepaTypax:

€= Eynp. +Eon + &g



[TpousBens u3mepeHus nedopManuu o0pasLa NpH pasIUyHBIX TEMIIEPAaTypax, MOKHO IOIYyYUTh €€
TEMIEPAaTypHYIO 3aBUCUMOCTb, KOTOpas XapaKTepHU3yeTCs TEepPMOMEXaHW4eCKONH KpuBOH. OCHOBHBIMH
napamMeTpaMu TEPMOMEXAHWYECKOTO METOJa SBISIOTCS THUII OCYIIECTBISIEMOH AedopMaluy, PeKUM
HarpeBa, BEJIMYMHA MPUIAraeMOro HampsDKeHHS M XapakTep €ro BO3IACHUCTBHS (IPEPHIBHBIA HIIH
HENPEepBIBHBIN).

Ha pucynke 2 mpencraBiieHbl TepMOMEXaHUUYECKUE KpuBbIe onuMepoB. Kpusas tuma [ xapakrepHa
JUIsl TEpMOIUIACTUYHOTO IOJIMMEpPA - BUHUIUIACTA, KOTOPBIM C M3MEHEHUEM TEMIIEPATypbl MCIBITAHUMN
MOXXET HaxOOUTbcI B TpeX (HU3MUECKUX COCTOSHHAX, UYTO COOTBETCTBYET TpEeM ydacTKam
TepMOMeXaHn4Yeckoi KpuBod. Ilepexonq M3 omHOTrO (QHU3UYECKOTO COCTOSIHHA B JIPYro€ 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 kpuctamumyeckoro (3) nomumepos: I, 11, 111 — 30Hb1, cOOTBETCTBEHHO, CTEKI000pa3HOTO,
BBICOKORJIACTHUECKOTO U BAZKOTEKYYEro COCTOSTHUIM HEKPUCTAIUINYECKOTO U KPUCTAIITNIECKOTO
nonumepoB; Te, Tuy, Tr, Tx — TEMHIEpaTypbl, 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
ONPEIENAT ONTUMAJIbHBIE TEMIIEPATYPHBIE PEXUMBI 3KCIUTyaTallUU IIOJIMMEPHBIX MAaTEpUaIOB 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
JIaBIIEHUEM, 3KCTPY3UM (BBIIABIMBAHUA) WM Topsdyed IITaMIIOBKM OCYILIECTBISAETCS B BA3KOTEKydeM
(Beize Tt) U, pexe, B BBICOKOANACTUIECKOM COCTOSHUSAX.

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



TEeMIIepaTyphl IU1aBiaeHUs Trn HaxoAuTcs B TBepaoM coctosiHud. [lpu temmepartype T 3TOT 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 JedOopMaluif, BO3ZHUKAIOIIMX B  pe3yibTaTe IMEPHOAWYECCKOTO  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 JaHO B Ipeabiayineid padore). OOpasiisl qepopMHUPYIOT npu Hanpsikerud, papaom 0,2-0,3 MI1a.
HarpyskeHne IUIMHAPHYECKOTO MHAEHTOpA C IUIOMIAIbI0 OCHOBaHMA 1 MM TpoBojaT B ToueHme 10 ¢
yepe3 kaxzasle 10 °C (mns TepMOCTOWKHX ToiuMepoB) min deped 5 °C (Uit MeHee TEePMOCTOMKHX
HOJIMMEPOB), HAuyWHasi C KOMHATHOM TeMIeparypsl, a (UKCUPYIOT MAOCTUIAEMyI0 MPH JaHHOM
TEMIIEpAType 3a 3TO BpeMsl Ae(opMaIHIO ¢ IIOMOIIBIO HHIUKATOPa 4YaCOBOI'0 THIIA.

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

HcnpITanus TpoBOAST B KHUIKOCTHOM TEPMOCTATE B KaUeCTBE TEIUIONEPEAAIONIEH KUAKOCTH MOTYT
OBITh MCIIOJIL30BaHBI TPAHC(HOPMATOPHOE MACTIO, TIUIEPHH U IPYTUe KHUIKOCTH, KOTOPbIE HE OKA3hIBAIOT
BJIMSIHUSL Ha MU3MepsieMylo BelUuuHy. Temmeparypy B mpolecce W3MepeHui (QUKCUPYIOT Mo MOKa3aHUsIM
TepMomeTpa ¢ TouHocTsio + 1,0 °C.

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

TeMIlepaTypy cTekiioBanus Tc, TemnepaTypy Tekydectu Tt u Temneparypy miaBieHus T

4. OFBEKTHI NUCCIIEAOBAHUS, ObOPYJJOBAHUE

O6pasupl:  00pa3ibl TEPMOIUIACTUYHBIX  IOJUMEPOB:  MOJMMETHIMETAKpUIaT  (OPrcTeKo),
HOJIMBUHWIXJIOPHU, TOTHUCTUPOIL.
OO6opynoBaHue W MaTepualibl: U3MEPUTEIbHBIH HMHCTPYMEHT - INTaHTCHUUPKYJb; npubop 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
MHJICHTOPOM TaKUM 00pa3oM, 4TOOBI MHACHTOP HaXOJMJICS B IEHTPE WM Ha PACCTOSHUM HE 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
temnepatypsl 1-2 °C/mMuH.

5. HaumHast ¢ xoMHaATHO# Temmeparypbl depe3 kaxziple 510 °C B 3aBHCUMOCTH OT Marepuana,

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 AedopManus 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 MNpekpalialT [0 JOCTIDKEHHH TeMIepaTypbl IUIABIICHHUS TONHMEpPa, O YeM
CBHJIETENBCTBYET PE3K0OE yBEIHUEHNE AehopMaIiny odpasIa.

7. Wamenenue nehopMHUPYEeMOCTH OOpPAa3lOB OCTATbHBIX MOJMMEPHBIX MAaTEpUaloB B MpOIECcCe
HarpeBa MPOBECTH COTIACHO mil. 1-6. Pe3ynbTaThl n3MepeHuii 3aHECTH B TaOIHILY.

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

TeMIepatypy cTekioBaHus Tc, TemrnepaTypy Tekyuectd Tt 1 TeMmnepatypy miaBiaeHus T

Tabnuia [Moka3atenu geopMupyeMOCTH OJTUMEPOB IPU HATPEBE U MX TEMIIEPATyphl Iepexoa

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

IOCTPOCHHBIC TCPMOMCXAHHWYCCKHUC KPHUBBIC I PA3JIMYHBIX MATCPUAIOB. 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 MakpOMOJIEKYJbl IMOJMMEPOB Ha WX (DU3UKO-MEXaHUYECKHE
cBolicTBa?

2. JlaTh KpaTKyro XapaKTepUCTUKY (PU3NIECKIX COCTOSHUN TOJIMMEpa.

3. B uewm 3akirodaeTcs CyIIHOCTh TEPMOMEXaHUIECKOTO MeTo1a?

4. Urto Ha3bpIBaETCS TEPMOMEXAHUYECKON KPUBOL?

5. Kak onpenenuts Temneparypsl nepexonoB noiauMepos? Kakyro nHhopMaIuio oH1 Jaf0T 0

TEXHOJOTUYECKUX U OKCILTYyaTallMOHHBIX cBoiicTBax?
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TEPMHUYECKOE PACIIMPEHUE MATEPUAJIOB. OTIPEJEJIEHUE BEJINYUHbI
TEMIEPATYPHOI'O KOD®P®UIIUEHTA JINHEHHOI' O PACIIIUPEHMSI (TKJIP)

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

2. Omnpenenuts BennurHbl TKJIP MeTamminueckix 1 HeMeTAIUTHYECKUX MaTepHaJlOB.

2. TEOPETUYECKUE CBEJJEHA

Termodusudeckne CBONCTBA MaTepHAIOB HWMEIOT BaXHOE 3HAYEHHWE [JIs1  ONpEAeTeHHS
MPAKTHYECKOW WX IIEHHOCTH. BCeACTBHE TEIUIOBOTO pacIIMpeHHs  BO3MOXXKHO BO3HHMKHOBEHHE
TEPMHUYECKUX HAMPSDKEHUI B MECTaxX COMPSDKEHUS JAeTalel WK CJIO0EB U3 PA3HOPOJHBIX MaTepUANIOB, YTO
MOXET TPUBECTH K BO3HUKHOBEHHIO TPEUIMH W Pa3pylUIEHUIO 3JeMEHTOB KoHcTpykumit. 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 HEM30EKHbBIM SBISETCS HEMOCPEACTBEHHBIH KOHTaKT MaTEpPHajoB 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 MaKCHMAJNbHO OJM30CTH TEIUIOPHU3MUECKUX XapaKTEPHUCTUK CONPSATaeMbIX MaTEpUalIOB
BO BCEM MHTEPBAJIM TEXHOJIOTMYECKUX U SKCIITYaTAl[HOHHBIX TEMIIEPATYP.

Peakuuss wmarepuana Ha TEIJIOBOE BO3JEHCTBHE CBsi3aHA C BHYTPEHHHUMH CTPYKTYpHO-
MOJIEKYJIAPHBIMU  MIepecTpoeHusiM. Tak, TpH HarpeBaHWH METAJJIOB BCIEACTBHE YBEIHMUEHUS
MEKATOMHOTO PAcCTOSHUSI B KPUCTAIIMUECKON PEIIETKH YBEIUYMBACTCS O0BEM Tela W YMEHBIIAeTCs
IUIOTHOCTh. TEIUIOBOE pacUIMpeHHe TBEPAbIX TeNl YHCICHHO XapaKTepU3yeTcs TeMIlepaTypHbIM

ko3 dunmenToMm o0beMHOro pacmmpenus. HempepblBHOE paclIMpeHUE TMPH HarpeBe ONHMCHIBACTCS

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 PACITUPEHHS.

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 FPIZIpOCTaTI/I‘{eCKHﬁ MCTO[ IMPU MOBBIIICHHBIX
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 KOHEYHbIX Temnepatypax T1H Ty, & — 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

sapucumocthio 3 = 3a, [f =3& , uTo mNO3BOJAET paccMaTpUBaTh HX KAK PABHOIIEHHBIE
XapaKTEPUCTHKH.

Jlnst  aHM30TPOINHBIX ~ MaTEPHaIOB HEKYOMYECKMX CHCTEM paclIUpEHHs [0  PasIunYHbIM
KPUCTAIIIOrpad)MueCKUM HAIPABICHUSIM B 00IIIEM CiIydae HEOAnHaKoBO. Ecii 0603HauuTh KOAPHUITHEHT
BJIONb TJIaBHOH KpucTaiorpaduyeckodfl ocum ¢, a s HampaBjieHHs, MEePIEHIUKYIIPHOMY
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
TEMIIEpPAaTyPHBIX UHTEPBAJIOB, I/I€ OTCYTCTBYIOT (ha30BbIC IPEBPAIICHUs, TaK KaK (a30Bble NPEBPAILECHUS
COIIPOBOXKAAIOTCS CKAYKOOOPa3HBIM U3MEHEHHEM yebHOro oobema u Benuuuabl TKIIP.

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

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

OCHOBHBIE TPYTIIIBIL:



1. AGcontotnbie metoasl usmepenus TKJIP, xorma usmenenus mmmnbl Al npu usmeHenun
Temrepatypsl Ha BeauduHy ATH3MEpsIOTCS HE3aBUCHMO OT TEIUIOBOTO  PACIIMPEHUS

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

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

OTHOCHUTEIEHBIE METOIBI TONYYHIIN IMUPOKOE PACIPOCTPAHCHHUE B JIA00pAaTOPHOU 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 TeMrnepaTypHOr 3aBUCUMOCTH MOYKHO CYJIUTh O Mpolieccax MepecTpOrKu
MOJIEKYJISIPHOM CTPYKTYPBbI, IPOLIECCOB MOJUMEPU3ALIUUA U CTPYKTYPHOTO CTEKJIOBAHUSI.

BoNbIIMHCTBO OTHOCHUTENBHBIX METOJIOB OCHOBAHO Ha NMPUMEHEHUH U3MEPUTEILHOTO YCTPOUCTRA,

COCTOSIIETO W3 MUINHAPUIECKOTO oOpasiia 3, moMeIeHHoro B Tpyoky 1 (puc. 1).

Puc.1. CxemaTnueckoe H300pakeHre U3MEPUTEIBHON TPyOKH AUIaTOMETpa.

B mpomecce wu3MepeHUil CpPAaBHUBAIOT BEJIMYMHY TEPMUYECKOTO paclIMpeHusi oOpasia u3
HCCIIelyeMOr0 Marepuaia C TEIJIOBBIM pacIIMpeHHeM TPYOKH, B KOTOpOW OH momemiaercs. TpyOky
W3TOTABJIMBAIOT W3 3TAJIOHHOTO BEIIEeCTBa, KOTOpoe ob6iamano Obl HM3KMM W TocTOSHHBIM TKIJIP B
HIMPOKOM JIMaNa3oHe TemIeparyp. TakuM MaTtepualiaM MOXKET CIYXKHTh TUIABJICHBIH KBapll, KOTOPBIH
MMEET MOCTOSHHBIA Kod(pdUUMEHT JMHeiiHOro pacumpenns, cocrasisoumii (0,55-0,56)- 107K ™1 g
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
MMOMEIIAIOT B HAarpeBaTEIbHYIO MTeYh WM BaHHY TaKMM 00pa3oM, 4ToOBI TeMIlepaTypa o JuimHe 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 YCIOBHUSX, YTO M OKPY’KaloOIasi €ro 4yacTb TPYOKH, U MX TEIUIOBOE PACLIMPEHUE
OIMHAKOBO. TakuM 00pa3oM, OTHOCHTEIBHOE CMEIIECHHE BEPXHEro TOpLA CTEPXKHS M Kpas TPYyOKH
OTpenensieTcs TOJNBKO Pa3sHOCTBIO YIUIMHEHHMH o0pasia M OKpyKarolleld ero HWKHeHW udacTh TpyOkwu,
HaXOIsIIMXCS B M30TEPMHUYECKOH Kamepe. 3Hass KOI(QOUIMEHT JUHEWHOTO pacUIMpeHds MaTepHhaia

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



Puc.2. CxemaTtuueckoe u300pakeHue HHANKATOPHOTO AUIATOMETPA.

[Mpocreiimum npuboOpoM IJisi U3MEPEHHUH TEPMUYECKOTO PACLIMPEHUS SIBISAETCS MHIAMKATOPHBIN
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 KOTOPhI BCTaBJIEH B HEOOJBIIOE 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 ONpelelaThcs PasHOCThIO yimMHeHus 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)

rae |y — HavansHas qnuHa 06pasia.
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 UCCJIEJOBAHNM S, OBOPYIOBAHUE
OO0pas3isr:



— 00pasLbl METAIIOB, OIMMEPHBIX MAaTEPHAJIOB.
ObopynoBaHue U MaTepUaIbL:

— U3MEPUTEIIbHBIM HHCTPYMEHT

— IITaHTeHIUPKYJIb

— HarpeBaTellbHas IeYb

— TepMocTar

— WHIVKATOPHBIN TUIaTOMETP

— TEPMOMETP

4. 3AJAHUE HA PABOTY

Hcnonp3ysi MHAWKATOPHBIA AWJIATOMETP, ONPEAETUTh TepMUYECKH KOd()(UIIMEHT JIHHEHHOTO
pacmmpeHus 00pa3LoB METAUIMYECKUX U HEMETAUIMYECKUX MaTepHaIoB.

DKcHepUMEHTalbHble NaHHble rpaduueckun npexactaButh B Buae S = f(T). Ha xpuBoii
zapucumoctu 5 = f (T )BBIOpaTh JOCTATOYHO TMHEHHBIH YyUacTOK, TOra onpeaensemoe 3HaueHne TKJTP
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 namHy HccieayeMbIx 00pas3noB. BcraBuTh oOpasel] 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 M3MepeHHE NOKa3aHUI MUKPOMETpA MPU HArpeBe B JHANa30He TEMIIeparyp 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. 3nauenme S(T) 3amucarh B BUJAC TAOJIHUIIBI, MOCTPOUTH IpaduK sl KAXKIAOTO HCCIEAYEMOTO
MaTepuania.
2. Haiitu 3nauenust TKJIP MeTannoB U HEeMeTaNTMUECKUI MaTepHaoB.

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



7. KOHTPOJIbHBIE BOITPOCBI

Hackonbko otnuyaetcs nopsaok 3Hadennii 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

JKCIUTyaTaIluy OMMaTepraioB U oueMy?
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C.

JlabGopaTopHas pabota 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-3MHUCCUOHHOTO 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 cBegeHUSA

2.1 O6mue ceenenusi. Kimaccudpukamus merogoB ADCA

Henp npakTHYeCKOro YMUCCHOHHOTO CIEKTPaJIbHOIO aHaJu3a COCTOUT B KaUu€CTBEHHOM
oOHapy»KEHUH, B TTOTYKOINYECTBEHHOM WJIM TOYHOM KOJIMYECTBEHHOM ONPEICICHUN SJIEMEHTOB
B QaHAJIU3HPYEMOM BELIECTBE.

Meroabl CHEKTpaJbHOTO aHaldW3a, Kak MpaBWIO, MPOCThl, SKCIPECCHBIE, JIETKO
MO/JIA0TCS MEXAaHHW3allMd W aBTOMAaTH3allUM, T. €. OHU TMOIXOIAT JJII PYTHHHBIX MAacCCOBBIX
aHanu3oB. [Ipu MCTHONB30BAaHUM CHEIHMATBHBIX METOJIUK MpeAeNibl OOHApYKEHUS OTAEIbHBIX
3JIEMEHTOB, BKJIFOYas HEKOTOPhIC HEMETAJUIbI, YPE3BBIYAMHO HU3KH, YTO JIETAET 3TH METOIUKH
NPUTOAHBIMU JUISI ONPEAEICHUSI MUKPOKOJIUYECTB MPUMECEH. DTU METOJbl, 32 UCKIIOYEHUEM
CIy4yaeB, KOTJa B HAJIMYMWA HMMEETCS JIMIIb HE3HAYUTEIHHOE KOJHMYECTBO MPOOBI, SBIISIOTCS
MPAKTUYECKH Hepa3pyIIAONIMMK, TaK KakK JUIsl aHalu3a TpeOyIOTCS TOJIBKO Majble KOJIMYECTBA
MaTepuaia 00pasioB.

ToyHOCTh CHEKTPATbHOTO aHajdu3a, B OOMIEM, YIOBJIETBOPSIET MPAKTHUYECKUM
TpeOoBaHUsIM B OOJNBIIMHCTBE CIy4aeB OINpPEACIICHUs TpUMeced W KOMIIOHEHTOB, 3a
UCKJIFOUEHHEM OIPEJEICHUS] BBICOKMX KOHUEHTpPAUUid OCHOBHBIX KOMIIOHEHTOB CILJIABOB.
CTOMMOCTh  CIEKTPAJILHOTO aHali3a HHU3Ka, XOTsA IMEePBOHAYAIBHBIC KAMHUTAJIOBIOKEHUS
JOCTaTOYHO BbICOKH. OpHAaKOo ToOCHeAHHE OBICTPO OKYMHAarOTCS BCIEACTBHE BBICOKOM
MPOU3BOAUTEIIPHOCTA METOJa W HH3KHX TpeOOBaHMU K MarepuasaM U OOCIyKHUBAIOIIEMY
IEpCOoHAIly.

Bo30yxmaemMblii cieKTp U3IydeHUs MPoObl pETUCTPUPYETCS C MOMOIIBIO crieKTporpada,
CHEKTPOCKOMa WM crekTpomerpa. [loaToMy cmocoObl OLIGHKH CIEKTPOB B CHEKTPATHHOM
aHaJM3€ MOTYT OBITh pa3/ieJIeHbl HA TPU TPYIIIIHI.

B cnektporpadguueckoM KadyeCTBEHHOM aHAlM3€ 3aKJIIOUEHHE O MPUPOJIE DIEMEHTOB B
aHATM3UPYEMOM 00pa3iie MOKHO CJIeaTh HA OCHOBAHUU JITTUHBI BOJHBI CIICKTPATBHBIX JIMHUN. B
KOJIMYECTBEHHOM aHalli3e NMOoYepHEeHUE JIMHUHN, 3apEeruCTPUPOBAHHBIX Ha (OTOIUICHKE, B 00IIEM
CIy4yae CIYXXUT MEPHIOM UX HUHTEHCUBHOCTH M, CIEJOBATEIHHO, HCKOMOT'O KOJUYECTBEHHOTO
cocTaBa IPOOBI.

[Ipubopsl CreKTpaTbHOTO aHalW3a I BU3YAIBHON CIEKTPOCKOIMUA OTHOCHTEIHHO
JEIIeBbl, U aHaJdM3 C MX TOMOIIbIO BBIMONHAETCA OBICTPO. OMHAKO ATH METOABI OCHOBAHBI
UCKITIOYUTENIFHO Ha CYOBEKTHUBHBIX CIIOCO0aX W3MEPEHHs] WHTCHCHBHOCTH JHHHH. [lodTomy
MOJTy4yaeMble Pe3yJIbTaThl BCET/1a HOCST MOIYKOJIMYECTBEHHBINA XapaKTep.

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

CoBpemennble @DV - 370 mMpuOOPHI ¢ HEMPEB30HIACHHBIM OTHOIIEHUEM CHUTHA/IIYM,
OHHM HE 3aMECHHMMBI B CIIy4asx, Korja TpeOyeTcs aHajan3 OYeHb YHCTHIX METaNIOB, HO BMECTE C
TeM OHHU OoO0yajgarT HexocTarkamu. OOUH W3 KOTOPBIX 3akitoyaeTcss B ToMm, 4to OOV mMoxer
pPErUCTPUPOBATh TOJIBKO 1 CHEKTpalbHYIO JIMHWIO, /1@ W TY HAJI0 BBIACIATh TOYHBIMHU
ontuyeckuMu mensiMu 10-100 mxm. Takum 00pa3oM, moixydaercs, 4To JUisi CIEKTPOMETPOB C
DDV HeoOxoaumo: 1) Ha KaXAbId aHATUTHYECKUN KaHal MMETh CBOM OTAenbHBIN DIV, 4TO
yBeIMYMBaeT OOBEM U CTOMMOCTh MpUOOpa; 2) KECTKO coOmonaTe TpeOoBaHUS IO
MEXaHUYECKON CTAOMIILHOCTH 3JIEMEHTOB ONTHKH, a CJIEI0BATEIbHO, TEMIIEPATYPHOMY PEXKUMY
BIioTh 70 0,1°C. B psge ciayuyaeB ux npumMeHeHHe (OCOOEHHO KOT/Aa He0OXOAMMO IPOBOANTH
aHAIM3Bl MHOTHX OCHOB) SIBJISICTCS HEOINpPaBIAHHO JOPOTUM, T.K. Tpedyercs OoibInoe
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KOJIMYECTBO  AHAJUTUYECKUMX  KaHAJIOB (M COOTBETCTBEHHO, OOJbIIOE  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 OOJBIIMM 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 oTeuecTBEHHBIX 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 OTHCNBHBIX sf4YeeK (IUKCeNel), 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 MpuOOp, a HE TOJIBKO OT/AEIbHbIEC JIMHUH, KaK 3TO IPOUCXOJUT B MpudOopax
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-?MHCCHUOHHBIM CIIEKTPaJbHBIA aHamu3 (- METOA 3JEMEHTHOI'O aHaJIN3a,
OCHOBaHHBIM Ha U3Y4YEHHUH CIIEKTPOB UCIyCKaHMs CBOOOIHBIM aTOMOB M MOHOB B ra30Boi (pasze B
oOmacty mH BoaH 150-800 HM.

[IpoOy wuccienyemoro BeliecTBa BBOJIAT B HMCTOYHUK HM3IYUYEHHs], IJl€ MPOUCXONAT €€
UCIapeHHue, AUCCOLMAIMS MOJEKyJd M BO30yXKAEHHE OOpa30BaBIIMXCS aTOMOB (HMOHOB).
[TocneaHue MCHyCKalOT XapaKTEpHOE H3JyuYE€HUE, KOTOpPOE IOCTYyNaeT B PETrUCTpUpYIOIlee
YCTPOHCTBO CHEKTPAILHOTO MpUOOpa.

[Ipn xauectBeHHOM ADCA crekTpel NpoO CpPaBHUBAIOT CO CIEKTPAMU H3BECTHBIX
9JIEMEHTOB, MPHUBEJCHHBIX B COOTBETCTBYIOIIMX aTiacax U TaOIMIAX CIEKTPAIbHBIX JIMHUHU, U
TakKUM O0O0pa3oM YCTaHABIMBAIOT OJIIEMEHTHBIH COCTAaB aHalIM3upyemoro Bemiecta. I[lpu
KOJIMYECTBEHHOM aHAJIM3€ OMPENENSIIOT KOJUYECTBO (KOHIIEHTPAIMI0) MCKOMOTO 3JeMEHTa B
AQHAIN3MPYEMOM BEILECTBE IO 3aBUCUMOCTH BEIUYMHBI aHAJIMTUYECKOr0 CHUTrHasa (IUIOTHOCTH
MOYEPHEHUS WIH ONTHYECKUN TUIOTHOCTh aHAJIMTUYECKON JIMHUU 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 (BaJOBOH COCTaB MpOO, WUX CTPYKTypa, AMCIEPCHOCTh, MAapamMeTpbl HCTOYHHUKA
BO30Y>KIEHHUsSI  CIIEKTPOB,  HECTAOMIBHOCTb  PETUCTPUPYIOIIUX  YCTPOMCTB,  CBOMCTBa
dororuractiHOK ¥ T.A.). [loaTOMy, Kak mpaBWio, /IS €€ YCTAaHOBIECHUS HCIONB3YIOT HaOop
00pa3ioB Uid TPaayupOBKH, KOTOPHIE MO BaJOBOMY COCTaBy M CTPYKTYpPE BO3MOXKHO Oolee
OJIM3KM K aHaJIM3UPYEMOMY BEIIECTBY M COJEpP’KAaT H3BECTHBIE KOJUYECTBA OIPEAEIAEMBIX
37eMeHTOB. TakuMu o0pa3liaMu MOTYT CITY>KUTh CHEIHabHO MPUTOTOBICHHBIE METAJUTMYECKHE
CIUIaBBl, CMECH BEILECTB, PAaCTBOPbI, B TOM YHCJIE U CTAaHIAApTHBIE 00pa3libl, BBITYCKAacMbIE
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 Ha3bIBA€MOW AJIEMEHTa
CpaBHEHHs, OJM3KOTO MO XMMHUYECKMM M (PU3MYECKUM CBOWCTBaM K ompenensemMomy. Ilpu
aHaJIM3€ OJHOTUITHBIX MAaTEPHUAJIOB MOXKHO TPUMEHATh OJHU U T€ K€ TIpagyUupOBOYHBIC
3aBUCUMOCTH, KOTOPbIE EPUOINYECKU KOPPEKTUPYIOT MO MMOBEPOUHBIM 00pa3Lam.

UyBcTBUTEIHHOCTh U TOYHOCTE ADCA 3aBUCAT TIaBHBIM 00pa3oM OT (PU3UYECKUX
XapaKTEePUCTHK HCTOYHUKOB BO30OYXKICHHS CIIEKTPOB - TEMIIEPATypbl, KOHIIEHTPAIIH
JJIEKTPOHOB, BPEMEHHU MNpEObIBaHUS aTOMOB B 30HE BO30YXKACHHUS CIIEKTPOB, CTAOMIBLHOCTU
peXrMa MCTOYHMKA U T. A. JJs pelieHuss KOHKPETHOM aHAJUTHUYECKOW 3aladyd HeoOXOIUMO
BbIOpaTh MOAXOMANIUMN HMCTOYHUK H3ITyYEHHUs, TOOUTHCA ONTHMHU3AIMU €r0 XapaKTEPUCTUK C



MOMOIIBI0  PA3JIMYHBIX MPUEMOB - WCIOJB30BAaHWE HMHEPTHOM arMocdepsl, HaJOKEHHE
MarHUTHOT'O TOJIs, BBEJICHHUE CIELUAIbHBIX BEIIECTB, CTAOUIM3UPYIOIUX TEMIepaTypy pa3psaaa,
CTETIeHb MOHMU3ALNU aTOMOB, MU ((y3nOHHBIE TPOLIECCH HA ONTHMAIBHOM YpPOBHE H T.71. BBUIY
MHOrooOpasusi B3aUMOBIHUAIONIMX (AKTOPOB MPH 3ITOM YACTO MCIOJB3YIOT METOJbI
MaTEMaTHYECKOI0 IUIAHUPOBAHUSI SKCIIEPUMEHTOB.

2.3 CymHocTh MeTo/Aa

ATOMHO-3MHUCCUOHHBIN CIIEKTPAJIBHBIN aHAJIU3 — 3TO METOJ ONPEIECICHUS 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  SHEpPreTMYecKHil  ypoBeHb. B HOpMalbHOM  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 cocTtosHMe. [Ipu 3ToM arom oTHaér
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.

Jis mepexona aroma Ha 0osiee BBICOKMH SHEPreTHYECKUH ypOBEHb €My HEOOXOIUMO
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 HEBO30YKIEHHBIE aTOMBI HaXOJATCS MEXay co00il B TEpMOJMHAMHUYECKOM
PaBHOBECHH, KOTOpasi ONMChIBAaeTCs ypaBHEHHEM boibpiimana:

N* g _E
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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
MPOTIOPITMOHAILHO KOHIIEHTpAIMH (C) dJIeMeHTa B Ipooe.

Takum 00pa3oM, MHTEHCHUBHOCTh 3MHCCHOHHON CHEKTPAJIbHOW JHMHHUU 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 MPABWIBbHBIA BHIOOp YCIOBHUN aTOMHU3AIMM 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,
O0OYCJIOBJICHHOW HW3JIy4YEeHHUEM JaHHOW CHEKTPaJIbHOM JIMHUM, OIpPEAEIsIeT 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
KOoHIeHTpanui, popmyny Jlomakuna — [1laiibe ncnons3yroT B 1orapuMUUECKUX KOOPIUHATAX:
lgl =lga+ b=*lgc

«MaTEeMaTUIECKOE OCHOBAHUE JIJIsl TPOBEACHHS KomuecTBeHHOro ADCAY

2.4 O01acTh NpUMEHEHUs!

OcHoBHbBIE 0077aCTH MPUMEHEHHS — aHAJIU3 COCTaBa METAJIJIOB U CIUIABOB B METAJLITypTUU
U MallMHOCTPOCHHHU, HCCIICAOBAHUC TI'COJTOTHYCCKHUX O6p33HOB U MHUHCPAJIBbHOI'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. UcTouHNKH BO30Y:K/IEHUS CTIEKTPOB

B mpakTuke aTOMHO-3MHUCCHOHHOTO CIIEKTPaJIbHOI'O aHAJM3a B KAYeCTBE HMCTOYHHUKOB
BO30Y>KJCHHsI CIIEKTPOB MPUMEHSIOT TUIaMsl, JIEKTPHUUECKHE JYTH MOCTOSHHOTO U MEPEMEHHOTO
TOKAa, HU3KO- M BBICOKOBOJIBTHYIO KOHJICHCHPOBAHHYIO HCKDPY, HH3KOBOJBTHBIA WMITYJIbCHBIN
pa3psij, paznuuHble (OPMBI TICIOIMIETO Ta30BOTO paspsaa W Ap. 3a mocinegnue 10-15 mer
IIMPOKOE PACIPOCTPAHCHHUE TOJMYYWIA Pa3IMYHbIE BHJBI BBICOKOYACTOTHBIX  Pa3psIOB:
BBICOKOYACTOTHAas MHIYyKTUBHO-cBsi3aHHas Tuiazma (MCIT) B aTMocdepe MHEPTHBIX Ta30B MpHU
aTMOC(hEpHOM JIaBJICHUH, CBEPXBBICOKOYACTOTHBIN (MHUKPOBOJIHOBBIN) paspsi 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. Hambosiee 9acTo 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 aHanmsupyeMoil KHAKOCTH B IIaMsi OOBIYHO OCYIIECTBISIETCS IIyTEM ee
MMHEBMATHYECKOTO pachblUIeHUs. [IpUMEHSIOT paclbUIMTENM TJIAaBHBIM 00pa3oM JBYX THIIOB:
VIJIOBBIE W KOHIIEGHTPHYECKHE, pabOoTarolmue BCIEACTBHE CO3/1aBa€MOT0 pa3psHKCHHUS Hall
OTBEPCTHEM PACHBUIAIONIETO Kamuuisgpa (MU BOKPYT HEro), BTOPOM KOHEI KOTOPOTO MOTPYKEH
B pacTBOp aHaIM3UpyeMoil mpoObl. BeiTekaromias u3 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 Tpenen OOHapyKeHus
3JIEMEHTOB, PHEPruM, BO30YXKAECHUS PE30HAHCHBIX JIMHUM KOTOPBIX HE MpeBbILAIT 5 3B; ux
COCIMHEHUS B JIOCTATOYHOM Mepe aToMu3MpyloTcs B IuiamMeHH. Ocoboe 3HaueHUE METO[
doTroMeTpur IMJIAMEHH HUMEET sl OINpENeIeHUs] MUKPOKOIMYECTB COCJAMHEHHMH IIEIOYHBIX 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 BOCIPOU3BOJUMOCTh PE3yJIbTaTOB, MOJNy4aeMbIX 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 OT'pPaHUYEHUSIMH METOJIa (POTOMETPUH IIJIAMEHH SIBJISIOTCSA: HEOOXOAUMOCTh
HepeBeICHUsl aHAJIM3UPYEMBIX NMPOO B PAcTBOP, CPABHUTENBHO BBHICOKUN YPOBEHb MaTPUUYHBIX
3(PeKTOB 1, KaK MPaBUIIO, OTHOAIEMEHTHOCTh aHAJIN3A.

DJleKTpuYecKas 1yra

DJIeKTpHYecKasi 1yra HoCTOSIHHOT0 TOKa

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

—
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Puc. 1. Jlyra mocTOSSHHOTO TOKa KaK HCTOYHHK BO30YXKICHHUS CIIEKTPOB:

a) cxemMa MHWTaHUA JYTd TIOCTOSHHOTO TOKa; 0)BOJbT-aMIlepHas XapaKTepHCTHUKA
JyTOBOTO paspsifia IMOCTOSHHOTO TOKa; @) CXeMma IepeHOoca aTOMOB W3 KaHajla yTOJBHOTO
anekTpoaa: 1 -mons aToMOB, YYacTBYIOIIMX B 0Opa3oBaHUM aHATUTHUECKOro 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, 46 — mepexo] BellecTBa B 30HY BO30YXJIEHUS B BHJAE aTOMOB WU
COEIMHEHUI 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) nmocturaercsi B ciydyae TPUMEHEHHUs YTOJBHBIX SJEKTpoaoB. st myru 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
QJIEKTPOJIOB), Onaromaps 4emy oOecleYMBaeTCs HWCIApEeHUE TBEPABIX MPOO, MOMEMICHHBIX 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 YBEIUYMBAaTh O HEKOTOPOW CTEHEHU
TEMIIEPATYPY JIEKTPOJA.

B yronpHO# 1yre mOCTOSTHHOTO TOKa BO30Y KIAIOTCS CIIEKTPHI IMTOYTH BCEX AIIEMEHTOB, 32
UCKIIOYEHHEM  HEKOTOPBIX TIa30B W HEMETAUIOB, XapaKTEpU3YIOLIUXCA  BBICOKHMHU
noreHnuagamMu Bo30OyxaeHus. [lo CpaBHEHHIO ¢ HM3MEPEHWSIMH JMHCCHUU WiHd abcopOunm
IUIAMEHH, JYyTOBOW pa3psa 0O0ecreuuBaeT CHIDKEHHE IMIpefesia OOHApYKEHHsS HIIEMEHTOB
IPUMEPHO Ha MOPSAJAOK BEIMYMHBI, a TaKXe CYIIECTBEHHOE CHMKEHUE YpPOBHS MaTPHUYHBIX
s dexToB.

JlyroBoil paspsAl OTIMYAETCS HEYCTOMYMBOCTBIO, OJHOW W3 IPUYHMH HTOTO SBIISIETCS
HENpephIBHOE IEpeMElIeHHe KaTOJHOro ISITHA, KOTOpPO€ COOCTBEHHO U o0ecredyuBaeT
TEPMOIEKTPOHHYIO 3MUCCHIO, HEOOXOIUMYIO AJis MoAaJepkaHus paspsaa. g ycTpaHeHus
HEYCTOWYMBOCTH JAyTM B €€ Lielb BKIIOYAIOT Oonblioe OamnacTHoe compoTtuBieHue R. Tok,
TeKyIIHUH yepe3 IyTy, 1o 3akoHy Oma

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

or
R+y

Yem OoublIe 6ayutacTHOE COIIPOTHBIIEHHE R, TeM MeHbIle BIUSHHE
Koe0aHuM I' Ha M3MEHEHHUE 3JIEKTpPUYECKOro Toka ayru. Ilo 3Toil ke mpuyMHe BBITOJAHO
YBEJIMYMBATh HANpsDKEHUE NHUTaHUS JIyrd (MOXXKHO B3sATh Ooibiiee 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
(manpumep, Al203) tpebyercs yBenuyeHue 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 PEryJUPYIOUIETO 3JEMEHTa JaeT BO3MOXXHOCTh NOBbICUTH KII/]
nyroBoro reHeparopa 10 90%.

Jns  ynydiieHus YCIOBUH BO30YXAEHHUS CHEKTPOB IPHUMEHSIOT KOHMPOIUpyemblie
ammocgepvl (HalpuMep, aproH WM ApPYTHE Ta30BbIE CPEAbl), CTAOMIN3ALMUIO TOJOKECHHUS
IUIa3MbI B IPOCTPAHCTBE MAarHUTHBIM MOJIEM (B YaCTHOCTH, BPALIAIOIMMCS) WIN ITIOTOKOM Tra3a.
[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, MOITOMY JUIsl MOAJEP)KaHUS TOPEHUs OyI'M HCHOJB3YIOT 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 nutanus nyru; A



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

Tpancpopmaropa; C — OnokupoBouHblil koHAeHcaTop (0,5-2 Mx®); 7p — MNOBBIIAIOLINIA
TpaHcopmaTtop ; La — mnepBHYHAs KaTylIKa 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 CXEMBbl BBITVISIAMT TOYHO TaK JK€, KaK W ISl IyTH 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
BTOpUYHON 0O0MoOTKe HampsikeHue ~3000 B u 3apspkaer xonaeHcatop Ca. B MomeHT mpoGost
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
(BbIcOKOBONIBTHOM) 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, MPH KOTOPOM HPOMCXOJUT MpoOOH. YmpaBieHHe
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 JyTrd MOXKHO 00€CTI€UHTh, peryaupys (pa3y moxora paspsga ¢ 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 MMOCTOSTHHOTO TOKa,
a M3MEpeHHMs HWHTCHCUBHOCTEH  CHEKTPaJbHBIX JIMHUH  XapaKTEepU3YIOTCS  JydIllen
BOCTIPOM3BOJAMMOCTBIO. B TO e Bpemsi cxema ymnpaBieHHs MOXKET OBITh HACTpOEHa TaKUM
0o0pa3oM, 4yToObI MPOOOI MPOMEXKYTKA OCYILIECTBISUICA HE KaXbli MOIYNEpUos, a 4yepe3 OfHH,
JIBa, YeTbIpe M T.J. DTO MO3BOJSIET PErYJIHPOBATH HATPEBAHUE 3JEKTPOJIOB, YTO MOXKET OBITH
HE0OXO0IMMBIM, HaIIpUMeEp, IPU aHAJIM3€ JIETKOIUIABKUX CILIABOB.

Jlnist CHIDKEHHSI TIpe/ieioB OOHApyKEHUs 3JIEMEHTOB M YIIyUYIIEHUS! BOCIIPOU3BOAMMOCTH
pe3yJbTaTOB aHalu3a MpH paboTe ¢ OYTOBBIMM pa3psiiaMd LIMPOKO MCIOJB3YIOTCS 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 COCTUHEHHUS, a DJIEMEHTHI
MaTpHIIbl, MELIAIONIUE ONPEACICHHUIO IPUMECEH], B TPy IHOJIETYYHE COSAMHEHUS.

Jyra B BapuaHTe NpoChHINKA

Kpome TpaauiioHHOro BapuaHTa JyrH ¢ BEPTUKAJIbHO PACIIOIOKEHHBIMU AJIEKTPOAAMH,
IPY aHajJIU3€ MOPOLIKOBBIX NpPOO (Hampumep, pyJd M MHHEpAIOB) IPHUMEHSETCS Ayra B Tak
Ha3bIBAEMOM BapHAHTE NPOCHLINKU (60Y8aHUsA), KOTIa METIKOIUCIIEpCHAs ITP0oOa He ucnapsieTcs u3
KaHaJla yTOJILHOTO 3JIEKTpOJa, a MpOChImaeTcs (BAyBaeTcs) 4epe3 IUIa3My IyroBOTO paspsijia
MEXTYy ABYMs (MM Tpemsi — MpH Tpex($a3HOM NMUTAHUM) TOPU3OHTAIBHO PACIOI0KEHHBIMU
YTOJIEHBIMU 3JIEKTPOIAMH.
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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 — OXJIQXKIAIOMMKA U I1a3M000pa3yromuil NOTOKH BO3AyXa; 4 — IMIMHIPUYECKUIM
BO3IyXONPOBOJ; 5 — 1u1a3ma ayru; 6 — OKHO B BO3IYXOIIPOBOJE JUIS HAOIIOEHUS U3ITyICHUS
u3 paboyeii 001acTH {yroBOH MIa3MBl.

KoHcTpykuus u npuHUun AecTBUs Takoil qyru rnokasansl Ha puc. 3. [lo mapamerpam u
XapaKTepUCTHKaM FOPU30HTANIbHAS JyTra Majo OTJIMYAeTCs 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
CIIy4alHbIX ~TOTPEIIHOCTEH aHalu3a 10 CpPaBHEHHIO C OOBIYHOH MPOCTPAHCTBEHHO
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 OCTAIOTCS IOCTOSHHBIMHM, YTO 3HAYMTEIHHO YMPOIIAET 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), 4T0 0OYyCJIOBIMBAET 3aBUCHUMOCTh WHTEHCHBHOCTU 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 o0miem Oanance paspsaa. Takoi TN paspsijia
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).

Hanpsbkenne Ha KOHAEHCATOpax pa3psIHOrO KOHTYypa OOBIYHO BaphUPYIOT 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 KOHJEHCATOPOB U CHWJION TOKA, MPOXOIALIEH Yepe3 CHIIOBYIO 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 IPO00sI BCTIOMOTATEIHLHOTO MPOMEXKYTKA OJHOBPEMEHHO MPOHMCXOIUT TaKXe U MPOOOH
pabouero npoMmexyTka, 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
o0ecreunu 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 —
HOCTOSIHHBIN 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). OxHako ero jmTensHocTh 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 BHUJIE (akesa pacKajleHHbIX MapoB, IpUYEM, KaK MPaBUIIO, HE BJIOJIb
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 HE3HAUUTEIbHOW 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 BRIOPONICHHBIX 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 crnoco0a Bo30y:KI€HUS CIIEKTPOB C IOMOUIbIO0 HCTOUYHUKA
BBICOKOYACTOTHON HWHAYKTHBHO-CBsizaHHOW ma3mbl (MCII), pabGoraromeli mpu armochepHoM
JIABJICHUH, TPOM30IIENl Pe3KHi CKAa4OK B Pa3BUTUU (PU3UKH, TEXHUKH U TPAKTHKH ATOMHO-
SMHCCHOHHOTO  CIEKTpaJbHOrO  aHanu3a. JIaHHBIH  HCTOYHMK  TpeAcTaBiseT  coOoi
Pa3HOBUAHOCTh  OE33JIEKTPOJHOTO  BBICOKOYACTOTHOTO  pa3psna, MOJAECPKUBAEMOIO B
CHeLMaNIbHOM ropesike, COCTOAIeH U3 KOHIIEHTPUYECKH PacIlOIOKEHHBIX TpexX (pexe — JABYX)
KBapIIEBBIX TPYyOOK (puc. 6). B 3a30p Mexay BHEIIHEH M MPOMEKYTOUYHOW TpyOKaMH mojaeTcs
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 ajisi BBICOKOYaCTOTHOT'O MHAYKIIMOHHOTO pa3psijia:

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 3HAYMTEIbHO MEHBIIIE HamnpspkeHus nmpobost pabouero raza. C sroi
LEJIbIO Yalle BCEro MCIOIb3yIT BBICOKOBOJIBTHYIO HCKpPY (KaTyuiky Tecna). B nonuzupoBanHom
rase BO3HUKAET pa3psiji, MUTAEMbId MAarHUTHBIM MOJIeM. TOK BBICOKOM 4acCTOThI, MPOTEKAIOIINI
yepe3 KaTyIIKy-COJIGHOMJI, CO3/IaeT IMepeMeHHoe MarHuTHoe moje. [lox ero BosnelicTBHeM
BHYTPH KaTYIIKH HHIYLIUPYETCS BUXPEBOE AIIEKTPUUYECKOe Mojie. BUXpeBoil dlieKTpruuecKuii TOK
HarpeBaeT M HOHM3UPYET MOCTYMAIOIIME CHU3Y MOPIUHM ra3a 3a CuUeT JDKOYJIEBOro Terlia.
TokompoBogsmass  mjaa3Ma  aHAJIOTMYHA  KOPOTKO3aMKHYTOW  BTOPUYHOM  OOMOTKE
TpaHchopMaTopa, MAarHUTHOE TOJIE KOTOPOH CKUMAET KOJIBIIEBOM TOK B TOP (CKHUH-3(PHEKT).

[ToTok aproHna, rmojaBaeMblil B 3a30p MEXIy MPOMEKYTOYHOW M BHEIIHEH TpyOKamu,
OJIHOM CTOPOHBI, CIY>KUT IJIa3MO0OPA3YIOIIUM ra3oM, a C APYyroil — OTKUMaeT PacKaJIeHHYIO
IJ1a3My OT CTEHOK TOpENKH, MpeAoXpaHsis HX OT MeperpeBa M paspyuieHus. Aspo30ib
aHAIM3UPYEMOU TIPOOBI pacIpOCTPAHAETCS BIOJb IIEHTPAIBHOTO KaHala pa3psjia, MPaKTUIECKU
HE 3aJieBasi AJIEKTPONPOBOJSALIETO CKUH-CJIOS M HE BIMSISL Ha €ro XapaKTEpPUCTUKH; B 3TOM
3aKJII04aeTcsl ojHa U3 riaBHBIX ocoOeHHoctel UCII-paspsaa, oTinyaromias ero, HarpuMmep, 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
KOHCTPYKLMU ITHEBMAaTUYECKUX paclbUIMTENEH (KOHLIEHTpUUECKUH pacnbuiuTens MeitHxapaa,
YTOJIKOBBIE PACHBLIUTENH, paciblUINTeNs babuHrToHa, ceTyaTslii pacnblIuTens [ unbaedpanaa u
Ip.), a TaKKe yJIbTPa3ByKOBBIX pacnbuinTeneil. Bo Bcex Tumax pacnbuinTeNned HCIOJIb3yeTcs
NPUHYAUTENbHAS T0Jja4a pacTBOpa MpoOkl ¢ MOMOIIBIO MEPUCTATBTUYECKOTO Hacoca.

B ymbTpa3BYKOBBIX pPACHBUIMTENSIX pPACIBUICHHE MPOUCXOMUT 32 CYET DHEPIuu
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 6osnblie, 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 aHaimsa (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. VCI1 nambonee yHHMBEpCadbHBIH HCTOYHHK HE TOJBKO MO YHCIY ONpeAesieMbIX
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 U MUKPOOOBEMBI (ITOPSAJIKA COTEH MUKPOJIUTPOB) MpPHU
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 ompenensiTh Kak Majible U CpPEIHHE, TaK M
OoJIbllIME KOHIIGHTPALIMM TOTO WJIM HHOTO DJIEMEHTA, YTO 3aTPyAHUTEIBHO I APYTrHX
HMCTOYHHKOB BO30YXKIEHHUs CHEKTpOB. ['pamaynpoBouHble TrpaduKu IJIi MHOTHUX DJEMEHTOB
OPSIMOJIMHEWHBI, MapajieNbHbI APYT APYTY U UMEIOT Yrojl HaKJIOHa OKoJio 45°, 4Tto ympouaer
TPalyUupPOBKY M CHI)KACT BEPOSTHOCTH MOSIBJICHUSI CHCTEMAaTUYECKHUX MTOTPENTHOCTEH aHAIN3a;

4, Omaromapsi BbICOKOH 3((EKTUBHOCTH BO30YXICHHS M MajoMy (OHY, Mpeebl
oOHapy>keHHs] OOJBIIMHCTBA DJIEMEHTOB Ha 1—2 mopsaka HWXKE, YeM B JIPYTHMX HCTOYHHKAX
BO30ykJeHHUst crekTpoB. CpenHuil mpenes oOHapy)KeHUs 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
o0Jasaer Xopouieil mpocTpaHCTBEHHO-BPEMEHHON CTAOMIBHOCTHIO, YTO 00ECTIEYUBAET BBICOKYIO
WHCTPYMEHTAIBLHYIO BOCIIPOU3BOIMMOCTh aHAJTUTHYECKUX CHTHAIOB, MHOT/Ia HA ypoBHE 0,5-1%.

K nemocratrkam mertona crektpomerpun MCII oTHOCHTCS CpaBHUTENBHO BBICOKAS
CTOMMOCTh JIKCIUTyaTallid CHEKTPOMETPOB, CBA3aHHAs ¢ OonmpmmMM pacxoaom aprona (15-20
n/muH). OmpezneneHue CJIEIOBBIX COAEpPKAHMI METAUIOB BONU3M mpezena OOHapYKeHUs
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 MHTEHCUBHOCTH 3TUX IMOJIOC IPUMEHSIOT TOPENKHU C YUTMHEeHHOW Ha 40-50 MM
BHEIIHEH TpyOKoil ¢ Mpope3aHHbIM OKHOM JIJISl BBIBOJIA M3JTYUECHHUS.

Jns UCII-pa3psina xapakTepHbl OUY€Hb Pa3BUTHIE CHEKTPHI, C OOJBIINUM YHCIOM JIMHUH,
MPUHAJISKAIINX aTOMaM, a TaK)Ke OJTHO- U IByX3apsAIHBIM HOHAM. B CBs3H ¢ 3TUM NpUMEHEHUe
JTAHHOTO HWCTOYHUKA BO30YXKACHUS OCIOKHEHO J((}eKTaMu CHEKTPAIbHBIX IIOMEX, YTO
oOycrioBiuBaeT 0ojee BHICOKHE TPeOOBaHUS K pa3pellaroniell Cuiie CIeKTpaibHBIX MPHOOpPOB.
N3-3a MeHbIIIEH SIPKOCTH UCTOYHHUKA BO3PACTAET POJIb PACCESITHHOTO CBETa B IPUOOpE.

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, @ ONPEIEISIETCS TOJIBKO X 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
aQHAJIM3UPYEMOTO JJIEMEHTA.

Jluauu aHANMM3UPYEMOro SJEMEHTa M DJIEMEHTa CpaBHEHHUs (BHYTPEHHETO CTaHAapTa)
00pa3yIoT aHAIUTUYECKYIO Mapy JuHUA. OTHOCUTENbHAS UHTEHCUBHOCTh aHATUTUYECKON Maphl
3aBHCHT TOJIKO OT KOHILIEHTPALUH aHAJM3HPYEMOT0 SJIEMEHTA.

2.7. NIPUHIUITUAJIBHASI CXEMA ITIPOBEJIEHUSA ADCA

B ocHOBe cCHeKTpallbHOrO aHalM3a JIEKHUT 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 JOIMOJHHUTEIbHYIO 3HEPrui0. ATOMBI U MOJIEKYJIbl aHAJIU3UPYEMOIo BELIeCTBa
HepexosIT Torga B BO30YXKICHHOE COCTOsiHHME. Bo3Bpamasch B OOBIYHOE COCTOSHHE, OHH
OTJAIOT U30BITOYHYIO SHEPTHIO B BUJE CBETA. XapaKTep CBETa, U3JIy4yaeMOro TBEPJbIMU TEIaMu
nin XKUAKOCTAMU, 0OBIYHO OYEHH MaJI0 3aBUCHUT OT XMMHYECKOI'0 COCTaBa U IMO3TOMY €T0 HECJIb3d
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 UCHAPUTh.

f’
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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 —
OlpezieNieHUue JUIMHBI BOJHBI CIEKTPAJIbHBIX JUHUM WM MO0JIOC; / — 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 JECATKM ThICSY TpaJycoB) 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 MCTOYHMKA CBETa CKIIAJBIBACTCS U3 W3IYYEHHS aTOMOB BCEX 3JIEMEHTOB,
NpUCYTCTBYIONMX B mpoOe. i aHamm3a HEOOXOAMMO BBIICIHTH H3IYYCHHE KaKIOTO
JJIeMEHTa. JTO OCYUIECTBISIIOT C IOMOIIBIO ONTHYECKUX MPUOOPOB — CHEKTPAJIbHBIX
ammaparoB, B KOTOPHIX CBETOBBIE JYYH C Pa3HBIMH JJIMHAMH BOJH OTJEISIOTCS B IPOCTPAHCTBE
Ipyr oT apyra. M3mydeHHe MCTOYHMKA CBETa, PA3JIOKEHHOE IO JJIMHAM BOJIH, Ha3bIBaeTCs
CHEKTPOM.

OCHOBHBIMU YacTSMHU CHEKTPaJIbHOTO HpuOOpa (pHc. 2) SBIAIOTCSA: BXOAHAs IIENb S,
ocBelllaeMasi UCCIIETyeMbIM H3Ty4eHHeM; 00beKTUB KojumnMaropa O1, B POKAIbHOMN MIIOCKOCTH
KOTOPOTO pacIojio’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 nuCHeprupyrouiero 31eMeHTa UCIOJb3YIOT, KaK MpaBuilo, JIHO0
NPU3MBI, THOO IH(PPAKIIUOHHBIE PEIICTKH.

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

CriexTpasbHbIe anmapaThl YCTPOSHBI TAKUM 00pa30M, YTO CBETOBBIE KOJEOaHUS KaKIOH
JUIMHBI BOJIHBI, IMOTMAJaroIue B mpuOop, oO0paszyroT oAHy JUHUIO. CKOJBKO Pa3IMYHBIX BOJIH
NPUCYTCTBOBAJIO B M3IyYCHHH MCTOYHHMKA CBETA, CTOJILKO JIMHUH IOJIy4aeTCs B CIIEKTPAIHLHOM
amrmapare.

ATOMHBIE CIIEKTPBI JJIEMEHTOB COCTOSIT M3 OTICIBHBIX JIMHUH, TaK KaK B W3IyYCHHU
aTOMOB HMMEIOTCS TOJIbKO HEKOTOPBIE OIpeNeIeHHbIE BOJHBI . B HM3IydeHHH 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 NMHEHYATOro CIEeKTpa 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 HaMOOJIbINAsi MHTEHCUBHOCTh CBETA
(HeTaTUBHOE M300paKCHHE)

CBeT, paslOXEHHBI B CIEKTPAJILHOM armapare B CIHEKTP, MOXHO pacCMaTpHUBaTh
BU3yaJIbHO WJIM 3apeTUCTPUPOBATh C TOMOIIbI0 (oTorpaduu wWinm  (HOTOIIEKTPHUSCKUX
npubopoB. KoOHCTpyKIHMs CIIEKTPaIbHOTO amnmapaTa 3aBUCHT OT METO/a PETUCTPAIMH 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 (POTOIIEMEHTA WIIH JIPYTOro
AIIEKTPUUYECKOTO TPUEMHHKA CBETA.

[Ipu kauecTBEHHOM aHaNIM3€e HEOOXOAMMO OIPEENIUTh, K U3ITYYEHUIO KaKOro 3JIEMEHTa
OTHOCHTCSI Ta WJIM WHAsl JHUHHUSA B CHEKTPE aHAIM3UPyeMOil mpoObl. st 3TOro HY)KHO HaiTh
JUIMHY BOJIHBI JINHUM TIO €€ MOJIOKEHHIO B CIEKTPE, a 3aTEM C TIOMOIIbIO TAaOJIHIl ONPEEIUTh 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 OIIPENIeNIIeMOro 3JieMeHTa. 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 HMHTCHCHBHOCTBIO JIMHHUM B CIHEKTpE W KOHICHTpalued »IIeMEHTa B
aHAJM3UPyeMOM TpoOE€ yCTaHABIMBAIOT C TIOMOIINBID ASTaJOHOB — O0Opa3IoOB, MOJOOHBIX
aHAJTU3UPYEMBIM, HO C TOYHO U3BECTHBIM XUMHUYECKUM COCTaBOM. DTY CBSI3b OOBIYHO BBIPAKAIOT
B BUJIC TPAJyHPOBOYHBIX TPAPHUKOB.

2.8. KNIACCU®UKAIUA METO0B A9CA



[Toce mosy4yeHus CHEKTpa CIEAYIOUIEH OIepalueil SBISETCA €ro amnoJIMTHYEeCKast
OIICHKa, KOTOPYI0O MOXXHO TIPOBOAUTH OOBEKTHBHBIM JHOO CYOBEKTUBHBIM METOIOM.
OOBeKTUBHBIE METOABI MOXHO TMOAPA3ACIUTh Ha HENpsMble W Tpsmbie. [lepBas rpyrmma
OXBAaThIBaeT CHEKTporpaguueckue, a BTOpas — CIEKTPOMETPUYECKHUE MeToAbl. B
criektporpaduueckom  meTone  (OTOIMYNIBCHUS  TO3BOJIAECT TMOJYYUTh  MPOMEKYTOUHYIO
XapaKTEPUCTUKY UHTEHCUBHOCTH JIMHUU, B TO BpEMs KaK CIEKTPOMETPUUYECKHI METOJ] OCHOBaH
Ha OpsAMOM U3MCPCHUN MHTCHCUBHOCTH CHGKTpaJIBHOfI 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 crnekrporpaga. IlomyueHHbie
CIIEKTPOTpPaMMbl MOKHO MCHOJB30BaTh [Isl KA4ECTBEHHOI'O, MOJYKOJIUYECTBEHHOIO U
KOJMYECTBEHHOTO aHanu3oB. [lpu Bo30yxnmeHun u ¢GororpadupoBaHUU CIEKTPOB MPOO
pa3IMYHbIX MaTEPUAIOB HEOOXOAMMO CTPOTO MPHUACPKUBATHCS COOTBETCTBYIOIUX 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
TEYeHHE JUINTeNbHOro BpemeHH. HeoOxonumele mnpubopsl U Jpyroe 000pyAOBaHUE
OTHOCUTEIILHO HEJOPOTH, CTOMMOCTh MaTe€pUaioB HU3KA, METOJ HECIIOKEH U JIETKO MOJJAeTCs
crangaptu3anuu. Crnextporpaduyeckuii CHEKTPAIbHBIA aHadu3 MPUTOJIEH Il PYTUHHOTO
aHaJdu3a U HAy4yHBIX HcciaeqoBaHuM. Ero HemocTaTok 3akirovaeTcss B TOM, YTO BCIEICTBUE
TpyZaoeMKocTH (oTorpaduuecKux onepanuii OH He MPUTOJEH /IS IKCIPECCHBIX aHAIN30B, U €ro
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 CHEKTporpaduyecKkuil aHaIU3 MOJYYUT OOJBIIOE Pa3BUTHE, OCOOCHHO B 00JIaCTH
00paboTKK OTPOMHOTO 00BbEMa MOJIE3HONH MHPOPMALINH, 3aKIIOUYEHHON B CIIEKTPE, ¢ TIOMOIIBIO
ABTOMAaTUYECKOTO MHUKPO(OTOMETPA, CBSI3aHHOTO C BBHIUMCIUTEIHFHON MAaITMHOM.

CnekTpoMeTpryecKnil aHAIN3

CrieKTpOMeTpUYECKHil aHAIUTUYECKHI METOJ] OTIUYAeTCs OT CHEKTpPOorpaduueckoro
METOAa IO CYIIECTBY TOJBKO CIIOCOOOM W3MepeHHsl CheKkTpa. B To Bpems Kak B
CHeKTporpauueckoM aHalu3e HWHTEHCHUBHOCTH CIIEKTpa H3MEpPSIOT 4Yepe3 MPOMEXYTOUHYIO
ctaiuio  ¢dororpadUpoBaHUs, CIEKTPOMETPUYECKUI  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 BO3PACTAET 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, MPOTEKAIOIIMM BO BpeMsi BO3OYKICHHS, U
CIOHTaHHBIM WJIM HMCKYCCTBEHHO co3laBaeMbiM 3¢ ¢dekram. [losromy oHm He OyayT 31ech
Oombie oocyxkaaTbest. OnTHYecKas yCTaHOBKA, UCIIONIb3yeMasi U CIIEKTPOMETPUUYECKOM METO/IE,
BKJIOYasi HMCTOYHHMK M3Iy4YEHHs, €ro OTOOpa)X€HHe, BCIO JTUCHEPrUPYIOUIYI0O CHUCTEMY U
MONyYeHUE CIEKTpa, MPaKTUYECKH HWISHTHYHA CcreKTporpadudeckoid ycraHoBke. OIHaKO
CYILLIECTBEHHOE pa3JIMYMe, 3aciIy’KUBaIOLIEe OTAEIBbHOrO OOCYXJIEHHS, COCTOUT B crocode
MOJIBEJICHUSI CBETOBOM SHEPTrUU CHEKTPAIbHBIX JHUHHUH K (HOTOIIEKTPUUECKOMY  CIIOIO
¢oroymuoxurenss. KoHeuHas onepauus aHanu3a, a HMMEHHO 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 METOJ0B SMUCCUOHHOTO CIIEKTPAIbHOIO aHAM3a BKIIOYAET BU3YyasbHbIC
METO/bI, KOTOpblE OTJIMYAIOTCA OT CHEKTPOrpa)uiyeckoro M CHEKTPOMETPHUECKOTO0 METOOB
CIIOCOOOM OLIEHKM CIIEKTpa M, 32 UCKIIOYEHHEM pPEIKHX CIIy4aeB, MCIOJIb3yeMOW 00JacTbio
cuekTpa. Crnoco0 OLEHKH CIEKTpa CYObeKmueHvlli B TMPOTHUBOMOIOKHOCTh 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 Bu3yasbHBIX METOJaX CIEKTPAIbHOIO aHAIM3a MpeABapuTeIbHasi MOArOTOBKA Ipod U
BO30YKJIEHHE MX CIIEKTPOB I10 CYIIECTBY HE OTJIMYAIOTCA OT aHAJIOTMYHBIX ONEpaluil Apyrux
METOJIOB CHEKTPaJIbHOTO aHajn3a. B To ke BpeMsi pa3joKeHUe CBETa B CIEKTP MPOU3BOIUTCS
UCKJIFOUUTENBHO C TIOMOLIBIO CIIEKTpocKomna. Y HakoHell, BCaeICTBUE CyObEKTUBHOCTHU CIIoco0a
OLICHKHM BU3yaJIbHbIE METOJAUKHU CYIIECTBEHHO OTJIMYAIOTCS OT CIEKTPOrpapuueckux 1 0COOEHHO
CHEKTPOMETPUUECKUX METOJMK. DTO O3HA4aeT TAKKE, YTO U3 TPEX METOJOB CIEKTPaIbHOIO
aHaJM3a BU3yaJIbHBIA 00J1aJJa€T HAUMEHBIIEH TOYHOCTHIO.

IIpenen oOHapy>keHHMs BH3yaJbHOTO MeETOJa OTHOCHTENbHO Benuk. Haumbonee
YYBCTBHUTEJbHBIE JIMHUU 3JEMEHTOB, 3a HCKIIOYEHHEM MIEJOYHBIX M IIEeJOYHO3EMEIbHbIX,
HaXOJATCS B yJbTpaduoaeToBoi o0nacTu crnekrpa. B BuaumMon 001acTi pacroyiokeHbl TOIbKO
OTHOCHUTEJIHO clla0ble JIMHUM HauOojiee BaXKHBIX TsDKENbIX MeTayuioB. [lostomy ux mpepen
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 BHAUMOWH oOmactu ocobeHHo cialbel. Kpome Toro,
BO30Y’KJ€HIE HEMETAJUIMYECKUX 3JIEMEHTOB TpeOyeT CHEUAIbHOTO CI0KHOI0 000pYy1I0BaHUS U
MHTCHCUBHOCTb MCTOYHHMKA CBETa HEJOCTAaTOYHA JUIsl OLIEHKM CHEKTPAJIbHBIX JIMHUMN
HEBOOPY>KEHHBIM IJ1a30M.

B npoTHBOMOIOKHOCTE OTMEUYEHHBIM BBIIIE HEIOCTaTKaM OOJbIIOE MPEUMYIECTBO
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 MOXKHO OOY4YHTHCS OBICTPO. CIEKTPBI MOKHO OIEHHBATH
HEBOOPY’KEHHBIM TIJ1a30M 0€3 TeX TPYAHOCTEH, KOTOpbIe NMPHUCYIIH KOCBEHHBIM METO/AaM. JTOT
METOJI SKCIIPECCEH: Ha ONpeIeNieHHe OJHOTO KOMITIOHEHTa TpedyeTcst 00bIYHO He 00Jiee MUHYTHI.
CToMMOCTh OTHOCHUTENIBHO IPOCTOI0 BCHOMOTaTeNbHOIO O00OpYJIOBAaHUS M BU3YalbHOI'O
METO/a HHU3Ka, MPEHEOPEKHUMO Majbl TakKe 3aTpaThl HA MHCTPYMEHT JJisi 00paboTKH MpoOo,
MaTepHuaibl il IPOTUBOAJIEKTPOAOB M 3JIEKTPOIHEPrHI0. METOAUKN HACTOIBKO MPOCTHI, YTO
10CJIe HEKOTOPOH TPEHUPOBKU aHAJIM3BI MOTYT BBHITOHATH HEKBATH(PHUIIMPOBAHHBIE JTA00OPAHTHI.
BcenenctBue BBICOKOHW 3KCIIPECCHOCTH METOJa TpPyAO3aTpaThl HAa OJMH aHajdu3 HU3KM.
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
HaXOJIUTCA. DTO O3HAYAET, YTO C MOMOIIBIO MOPTATUBHBIX MPUOOPOB MOKHO aHAIM3UPOBAThH O€3
npobooTéOpa Ha MecTeé MX HaxXOXKJIEHHs MPOMEXYTOUHYI MpOAYKLHUIO (Hampumep,
METAJIJIMYECKUE ILUTAHTH), TOTOBYIO NPOAYKLUHIO (HampuMep, JeTald CTaHKa) WIH YXkKe
BMOHTUPOBaHHbIE U3JIeNus (HalpuUMep, eperpeBaeMble TpyOKH MapoOBBIX KOTJIOB). DKOHOMSTCSA
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 METAJUIMYECKUX CIIaBOB M TJIABHBIM 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, 000PYAOBaHUE

AToMHO-3MHccnoHHBIH ciekTpomeTp MCA |1, ctanapTHble 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 CTaliei K MPOBEACHUIO CIIEKTPAIBLHOTO
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, yCTPOICTBO U pabOTy OCHOBHBIX 371eMeHTOB criekTpomeTrp MCA |1
3. O3HaKOMUTHCS ¢ PaOOTOM, MOPSIIKOM BKJIFOUEHHS U BBIKIIOUeHUs ciekrpomerpa MCA 11
4. TlpuroToBUTH O0OpA3Ibl HUCCIEAYEMBIX CTallell I CIEKTPaJbHOTO aHAIHM3a M BHIOJHUTH
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 HCIIOIB3YETCs ISl KOJTMYECTBEHHOTO SMUCCHOHHOTO CIIEKTPATLHOTO
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 MOJOXKEH METOJI 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 paboTa ciekTpoMeTpa

Hpunuun geiicTBus

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

[Ipob6a ycTanaBnuBaeTcs Ha Pa3psAHBIA CTOJHUK IMOJIUXPOMATOpPa TaK, YTOOBI T€PMETHUYHO
MEPEKPHITH OTBEPCTHE PA3PSIIHON KaMephl, U MPUKUMAeTCs MPUKUMOM, KaK 3TO MOKa3aHO Ha
puc. 6.

Me:xnay npoOoif ¥ MOACTaBHBIM AJIEKTPOJAOM Pa3psSAHOrO CTOJNMKA MPHU MOMOIIN UCTOYHUKA
BO30Y)KICHHSI CIIEKTPOB BO30YXKTAaeTCs DIIEKTPUYECKUI paspsa. B paspsge mnpoucxoaut
ucnapeHue M Bo30y)KJIE€HHE CBEUeHUs aToMoB oOpasma. CBeueHue paspsia € MOMOIIBIO
KOHJIEHCOPHOM JIMH3bI OCBEIIAET BXOIHYIO IIEJIh APrOHOBOrO MOJIMXPOMATOpPa U OJTHOBPEMEHHO
MIPOEKTHUPYETCS Ha TOPEI] ONTOBOJIIOKOHHOTO Ka0ess BO3AYIIHOIO MOJIUXPOMATOPa, MPOXOAUT 10
Ka0eJr0 M OCBENIAaeT BXOHYIO IIETh BO3IYIIHOTO MOJIMXPOMATOPA.

[TonmuxpomaTtop ¢GopMUpyeT MyYKH Jy4el MOHOXPOMATHYECKOTO H3Iy4YeHHS B BHIE
CHEKTpabHBIX JIMHUNA. COBOKYITHOCTH CIEKTPAIBHBIX JMHHHA MPEACTaBISET COOOH CIEKTp,
XapaKTepU3yIOUINil cocTaB o0Opasia: KakJIOMy 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 MOKHO 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
[13C-nuneliku. AHaIUTUYECKUI CUTHAT MOXKET (OPMHUPOBATHCSA PA3IMYHBIMU MPOTrPaAMMHBIMU
cnocobamu. Hampumep, aHaIUTUUECKUH CUTHAJI paBEH CyMME MOJTY4YEeHHBIX HHTEHCUBHOCTEH Ha
onpeAeiEHHOM KOJINYeCTBE (OTOUYBCTBUTEIBHBIX 3JIEMEHTOB, 3aCBEUCHHBIX AHATUTHYECKON
JUHUEH, 1eNEHHONW Ha CyMMY IOJYYEHHBIX MHTEHCUBHOCTEH (POTOUYBCTBUTEIBHBIX 3JIEMEHTOB
nojx JuHMEW cpaBHeHUs. [ns momydenust Oojiee TOYHBIX PE3yJIbTaTOB YacTO HCHOJIb3YIOT
BapuaHT (OPMHUPOBAHMUSA CHUTHAJA OT AHAWINTHYECKOM JIMHUM Kak CyMMYy [OJYYEHHbIX
MHTEHCUBHOCTEH Ha OIpeneaEéHHOM KOJIMYecTBe (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 cnektpomeTrpa OT MOMEHTA BKJIIOUYEHHS] MCTOYHUKA BO30YXKIECHHUS CIEKTPOB [0
IIOJly4YEHUs1 PE3yJbTaTOB HA JKPAaHE BHUJIECOMOHUTOpA OCYIIECTBISAETCS AaBTOMATUYECKH I10
3a/laHHOM MMPOrpaMMe ¢ IOMOIIbI0 KOMIIBIOTEPA.

MaremaTnueckoe obecrieueHle aHAIU3UPYET MOJI0KEHUE CIEKTpa MO JMHUAM OCHOBHBIX
JJIEMEHTOB aHAJIM3UPYEeMOro MaTepuana M JejlaeT MOMNpaBKM Ha TeMIeparypy WIH Yaap,
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 SKCIIEPUMEHTAIBHO OIpejeseHa
rpagyupoBOYHAs XapaKTEpPUCTHUKA, OTpaKaroulash 3aBUCHUMOCTb aHAJUTUYECKOTO0 CHUTHala
(MHTEHCHBHOCTH) COOTBETCTBYIOIIMX CIIEKTPAIbHBIX JIUHUN OT COAEPIKaHUS 3JIEMEHTa B Ipooe.

I'pagynpoBodHasi XapaKTEpUCTUKA ONPEAENAETCS PAacCUETHBIM 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 aHAIN3UPpYeMON POOBI cielyeT NOodydaTh B TEX K€ 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. Cnexkrpometp smuccuoHHbii « MCA». OyHKITMOHATIBLHAS CXEMa.

Mexny wuccieqyeMbiM o0pa3loM M TOJCTaBHBIM 3JEKTPOIOM pas3psSAHONW Kamephbl C
MOMOIIBI0 HMCTOYHHMKA BO30OYxkaeHus crnektpa WBC co3maercss SneKTpUYecKHid  paspsi.
DnekTpuueckuil paspsj oOecreunBaeT HCIapeHue U BO30YyKIeHUE CBEUEHMs] aTOMOB 0o0paslia,
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 MOJUXPOMATOPOB PACIIONATAIOTCS TPUEMHUKH U3nydeHus - [13C-nmuneiku.

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

B 6Onoke I13C-nuneex curHambl ¢ [I3C-nmuHEeek mociaenoBaTebHO 00pabaTHIBAIOTCS 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 Taxke uepe3 cxemy o00paOOTKM HHM(POBBIX CUTHAIOB YIPABISET
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, BBICBEUMBAIOTCS HA DKPaHE BUJIEOMOHUTOPA B MACCOBBIX JOJISX AJIEMEHTOB
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 BO30YKIEHHS HCTOYHHUKA BO30YK/IEHUS CIIEKTPOB U T.I.
3a/1aeTCs ONepaToOpoOM B Pa3HBIX MyHKTax MporpaMMHoro oodecredenust «I'pagyupoBkay.

IMoaroroBka 06pa3noB K H3MEPEHUAM



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

a) [IpencraBUTENLHBIM.

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

0) UucThIiM.

I'psi3b, HaxonsALIasCS HA OBEPXHOCTU oOpa3la, UcHapseTcs Mol BO3JIEHCTBUEM pa3psija.
Jlaxxe oTneyaTKy najiblieB Ha MOBEPXHOCTH 00pa3iia MOTYT HOBJIHSIOT HA pPe3yJIbTaThl aHAIM3A.

B) OIHOPOIHBIM.

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

r) bes Tpemun u nmy3sipeit

W3 TpemmMH M BCKPBITBIX Iy3bIped MOCTyHaeT KUCIOPOJA, Ha IOBEPXHOCTH 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 JAOJKHA OBITH Yepecdyp IJIaJKON WU «3aroIipOBaHHON,
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 aHaln3a cjelyeT 3aTauuBaTh HA TOYMJIBHO-ILIM(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 TIOMOIIBIO «IIPABUIIAY.

OOpa31bl YepHBIX U [BETHBIX CIUIABOB HENb3s 3aTa4MBaTh Ha OJIHOM Kpyre, He0OX0IuMOo
UCTIOJIb30BaTh CMEHHBIE KPYTH WIH HITH(POBATBHYIO IIKYPKY.

IlocaenoBaTe IbLHOCTH U3MEPEHUIA.

3anyctuts nporpammy Grad 5. OTKpbITh METOAMKY BBIMOJHEHHS M3MEPEHUH KOMaHIOU
@aiija/OTKpPBITL METOAUKY, BBHIOpaB uMs daitna Tpedyemorr 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 pekalnuOpoBKH BO BkJIaake <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 KaXIoro OOBICKpUBAHHS) 3auUUINATh IMMOBEPXHOCTH JJIEKTPOJA C
MOMOIIbI0  JKECTKOW  MeTalIM4eckod  KUCTOukH. Eciam  cXoIMMOCTh — M3MEpeHUi
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 ciydae uU3MepeHus: ciaenyeT MOBTOPUTH, yIaIuB
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 aHaNU3 Ha)kaB Ha KHOIIKY, BBECTH Ha3BaHHE 00pa3loB B nose <OQopa3sen:>,
BBITIOJIHUTh U3MEPEHUsT 00pas3loB. YCIOBUS W3MEPEHHUH MOJDKHBI OBITh TaKUMH )K€ KaKk W B
nynkTe «PekxamuOpoBka». [locie kaxmoil cmeHbl oOpasna (WM KaXIOro OOBICKpHBAHUSA)
3a4MIIaTh MOBEPXHOCTh 3JEKTPOJa C MOMOMIBIO KECTKOM METAUIMYeCKOM KHUCTOYKH. Jlis
MOJTyYeHUs pe3ysibTaTa aHallu3a CIeAyeT cliejaTh He MEeHee JBYX U3MEpeHHil o0pa3na Hu B3ATh



BBIBEJICHHOE Ha OJKpaH cpenHee 3HaueHue. J[ns mepexoma K U3MEPEHMIO CIIETYIOIIETO
oOpa3lia MEeTKHYTh MBIIIKOW MO KHOIKE CO CTPENKoi BpaBo. [1o okoHYaHHU M3MepeHHi 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 TIOJIOKEHUSI:

- TEOPETUYECKMX OCHOB aTOMHO-3MHUCCHOHHOI'O CIIEKTPAJILHOIO 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 pa6ora 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
coBpemenHoro 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 aHaIIH3a,

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

IIpoba ycraHaBnMBaeTCs Ha pa3psaHbIA CTOJUK MOJMXPOMATOPA TaK, YTOOBI TEPMETUYHO
HEPEKPBITh OTBEPCTHE Pa3PSAIAHON 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 BO30Y)KJICHHE CBEYCHHS aToMOB oOpasia. 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 JIydeld MOHOXPOMATHYECKOTO HW3IY4YCHHS 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 AJIEMEHTOB 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 PErMCTPUPOBATh MHTEHCHBHOCTH JIIOOOr0 4YHCIIA
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 MTPOrPAaMMHBIMU



cnocobamu. Hanpumep, aHaauTUYECKUN CUTHAII paBEH CyMME IOJYyYEHHBIX UHTEHCUBHOCTEH Ha
OIpeNIeIEHHOM KOJIMYECTBE (DOTOUYBCTBUTEIBHBIX 3JIEMEHTOB, 3aCBEYECHHBIX AHAIUTHUYECKON
JVHUEH, 1eNEHHONW Ha CyMMY IMOJYYEHHBIX MHTEHCUBHOCTEH (POTOUYBCTBUTENBHBIX JIEMEHTOB
noJ JuHHeW cpaBHeHHs. [ modydeHuss Oojiee TOYHBIX PE3yJbTAaTOB YacTO HCIOIb3YIOT
BapuMaHT (OPMHUPOBAHUS CHTHajda OT AaHAJUTUYECKOW JIMHUM KakK CyMMY IOJyYEHHBIX
UHTEHCUBHOCTEH Ha OIpPEaesIEHHOM KOJMYECTBE (POTOUYBCTBUTENBHBIX 3JEMEHTOB MHUHYC
CyMMa cCpeaHe(OHOBOro CHUrHajga BOJIM3M AHAIUTUYECKOH JMHUM Ha TOM JKE€ KOJIUYECTBE
aneMeHTOB. [1og06HbIM 00pa3oM (GpOPMUPYIOT CUTHAI OT JTMHUU CPABHEHUS U 38 aHATMTUYECKUN
curHai 0epyT ux oTHomeHue (cM. «PyKoBOJCTBO omepaTtopy»).

PaboTta cnekrpoMeTpa OT MOMEHTa BKJIIOUEHHUS MCTOYHHUKA BO30YXKIEHUS CIIEKTPOB 10
IIOJly4YEHHUsI PE3YyJbTaTOB HA JKPAaHE BHUJIECOMOHUTOpA OCYIIECTBISETCS ABTOMATUYECKH I10
3a/laHHOM MPOrpaMMe ¢ IOMOLIbI0 KOMIIBIOTEPA.

MatemaTtnueckoe o0ecrieueHrne aHaIU3UPYeT MOJ0KEHUE CHEKTPa M0 JIMHUSIM OCHOBHBIX
JJIEMEHTOB aHAJIM3UPYEMOro MaTepuanga U JejlaeT IONPaBKUM Ha TEMIEpaTrypy WM yJlap,
BBI3bIBAIOIINM CBUT CIIEKTpA.

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

JUis  xaxgoro »siaeMeHTa (KaHana) JOJDKHA OBITh SKCIIEPUMEHTAIBHO OIpeesieHa
rpagyHpoOBOYHAs XapaKTEPUCTHKA, OTpa)Karollas 3aBUCHUMOCTb aHAJIUTUYECKOIO CHUTHasa
(MHTEHCUBHOCTH) COOTBETCTBYIOIIMX CIIEKTPAIbHBIX JIUHUI OT COZEpKaHUS 3JIEMEHTA B Ipo0e.

I'pagyvpoBodHasi XapakTepUCTHUKa ONpEAeNseTCs pacuyeTHbIM cnocoboMm. Omna
npejcTaBisiercs B BUJAE (OpPMyJbl WIM B BHJE COBOKYNHOCTH (opMyJ (ITOJMHOMOB MEPBOM,
BTOPOIl MM TPEThEW CTENEHM) U BBOJIUTCS B MaMATh KOMIBIOTEPA. AHAIUTUYECKUE CHUTHAJIBI
CHEKTPAJIbHBIX JIMHUNA aHAIU3UPYEMOU MTPOOBI CIENYET MOIydaTh B TEX JK€ YCIOBUSIX, B KOTOPBIX
OblIa ompeneieHa TIpaTyHpOBOYHAS XapaKTePUCTHKa, U C MOMOUIbIO TI'pagyUpOBOYHON
XapaKTEPUCTHKU ONPEAEIATh KOHIIEHTPALMIO aHAJIM3UPYEMOT0 DJIEMEHTA.

PaccMOTpuM BO3MOKHOCTH COBPEMEHHOI'O ONTHYECKOIO IMHCCHOHHOTO CIEKTPOMETpa
monenmu MCA 1II. Oto HeOonbIION HACTOJIBHBIN NPUOOP, HO Hambosiee TOYHBIH ONTHYECKUN
SMHCCUOHHBIN criekTpomeTp Ha [13C-nmuHerikax. 9T0 € AMHCTBEHHBIA POCCUNUCKUN CIIEKTPOMETP
C 2 ONTHUYECKMMH CHUCTEMAMHM - OHM HAa3bIBAIOTCA IOJUXPOMATOpPaMH, OJHMH U3 KOTOPBIX
pabortaer B oOmactu jumH BonH 190-410 HM (B KOTOpO#l JeXaT CHEKTpaJbHBIC JIMHUH
OOJIBIIMHCTBA 3JIEMEHTOB) U BTOPOM CHEIHAIBHO CKOHCTPYHPOBAH ISl TOYHOTO ONpEAENICHUs
yriaepoaa, cepel U ocdopa - 31€MEHTOB, OYEHb Ba)KHBIX IPU BBIIIJIABKE METaJlla U B TO K€

BpeMA Hauoboee TPYAHBIX IJid aHalin3a, T.K. UX AHAJUTUYCCKHUC JIMHUU JIC)KAT B obnactu



cnekrpa 170-200 HM, B KOTOPO#l MPOMCXOIUT CHIBHOE MOTJIOIIEHHE aTMOC(EPHBIM BO3TYXOM
(KCTaTh, UIMEHHO IO 3TOW MpUYMHE OOJBIIMHCTBO COBPEMEHHBIX CHEKTPOMETPOB HCIONb3YIOT
NPOAYBKY pa3psaHON kamepbl (ITaTtuBa) 4YHCTBIM aproHoM). Cmekrpomerp MCA I
YHHMBEpCAJIeH, T.€. €ro MOXKHO HCIIOJIb30BaTh JUIs aHAlM3a XHWMHYECKOTO COCTaBa JIIoOOro
Metasma M cmiaBa. Kpome Toro, oH o01ajaeT YHHUKaJIbHOM BO3MOXHOCTBIO paboTaTh
OJIHOBPEMEHHO KaK CO IITaTHUBOM, MPOJYBAaEMBbIM aproHOM (YTO OOBIYHO U HCIIOJIB3YETCS IS
aHaJM3a METAJUIMYECKMX 00pa3loB), TAK M C BO3AYIIHBIM IITAaTUBOM, YAaCTO MPUMEHSIEMBIM IS
aHanmu3a o0pa3loB HENpaBHILHOW (HOPMBI, MEJIKHX 00pasloB, (eppomarepuanosB, MOPOIIKOB,
pya. Jns aHanu3a LIENOYHBIX 3JIEMEHTOB CIEKTPOMETP MOXKET KOMIUIEKTOBATHCS ONTHYECKON
cucreMoi ¢ nuama3zoHoM iuH BoyH oT 400 1o 800 am. Takum 0Opa3om, TOCTYITHAS 71l aHATM3a
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 TEXHOJOTMYECKOM IIPOIECCE BBIMJIABKM METajlja, TaK U aHaJIUu3e IOTOBOM
OPOAYKIIMM HAa METALTYPIHMYECKUX IPOU3BOJICTBAX, & TAKXKE BXOJHOM KOHTPOJIE U KOHTPOJIE
Mapo4yHOro COCTaBa JeTalel, MW3AEIUd B MAIIMHOCTPOEHMH M JAPYTUX  OTPaCsIX.
Matepuanbl, KOTOpblE MOYKHO aHAJIM3UPOBATh: CTAJM U YYTyHbl BCEX MapoOK; 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, TOpOoIKHU. KonnyecTBO OAHOBPEMEHHO OIpenesieMbIX 3JeMeHToB - 10 60. Bpems
onHOKpatHoro aHaimu3a oT 10 mo 60 cexkyHn. /JlMama3oHbl KOHLIEHTpALMil OIpeaensieMbIX
AIIEMEHTOB OT JIECATHTHICAYHBIX J10J1ei mporenTa 10 40-50 %.

Haubonee BaXHBIM MapaMeTpoOM CIEKTPOMETpa SIBISETCS pPa3pelIeHHe CHEeKTPaTIbHBIX
JUHUA. DTa BeJIMYMHA OMPEENseT, HACKOIbKO XOPOIIO «Pa3HECeHbD» APYT OT JApyra psiaoM
JEeKalMe CHEKTpaJbHblE JIMHMM. PaspelieHue 3aBUCUT OT JHUCIEPCUM  CHEKTPOMETPA,
ompenensieMoi paauycoM Kpyra Poynanga (Ha KOTOPOM pacrtoiOKEeHbI ONITUYECKUE JIEMEHTHI)
U KOJMYECTBOM IWITpuxoB Ha 1 MM gudpaknuonHoil pemerku. B MCA II pamuyc 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
mpuHoi 8 MM obnacts 0,0044 HM (mpenenbHOE paspelnieHue). ITo 00ecredrBaeT KauyecTBO
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 MpHOOpa, UMEHHO OHO OIpPENENAeT TOYHOCTh, HAJAEKHOCTH
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



TeMIepaTypHbIM KosebanusM. CHIIOBOH OJIOK COAEPKUT KOPPEKTOP MOIIHOCTH, TTO3BOJISTFOLITHIA
CIIEKTPOMETPY YBEPEHHO paboTaTh MPH U3MEHEHUH HanpsDKeHHs nmuTatomen cetu ot 170 go 250
B.

YcrpoiicTBo M paboTa CIEKTpoMeTpa MOApOOHO PacCMOTPEHBI B JabopaTopHO# pabote
«OCHOBBI ATOMHO-?MHUCCHOHHOTO aHATIU3a».

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 CHEKTPOMETpAa W aHaJM3 XWMHYECKOTO 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 CTaleH

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 (TunoBeiM PekanuOpoBounbiM OOpa3mam MeToaukH),
aHAJIOTUYHBI BKJaAKaM, wucnois3yromuM POM  (PekamuOpoBounsie OOpasmsl MeToaukm),
IIO3TOMY B JJAaHHOM pa3Jielie IPUBOAMTCS TOJIBKO onucanue Bkiagok POM.
IMoaroroBka pexkaJanopoBKH
[TonroroBka pekaauOpOBKM MpearojiaraeT 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 uMeromuxcs.
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 PEKaTMOpPOBOYHOrO 3aJaHUS BBINOJIHUTE KOMaHIY
riaBHoro meHo Hacrpoiikn — PexkaanOpoBodHble 32 aHusA

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 peaakTupoBaHus Ha BkIaake 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- Umsa Omnpenensiemoro Onementa Meroauku (OOM) u tunm pexkanuOpoBku: 10TH - 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 rpymnmny POM (eciu 310 HE00X0AUMO).

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.

Cy1iecTByeT YIpOIEHHBIN 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 coxpaHsmOTcs CBeKEM3MEpPEHHBbIE CHEKTPhl 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 chopMHUpoBaHa TeKylas 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 pekanuOpoBku: 10TH - MO
uHTeHCUBHOCTH; 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 apaUIeTLHOT0 U3MepeHus TeKyero 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 CIMCKA) TEKYIe MeToOANKH, IO KOTOPOil BBITIONHSETCS aHAJIH3.
Ecnu cnpaBa ot storo cnucka oroOpaxaercs Oyksa "II", To mepexon B apyryio Meronuky
OyZeT CONmpOBOXKAATHCS MEPECYETOM Pe3yJIbTATOB aHAJIM3a TEKyLIero oodpaslia Mo BhIOpaHHOMN
Ipyroi Meroauke.

3 - VM5 HOBOTO TEKYIIEro aHaiW3a, WM UMs OJIHOTO U3 TociieHuXx aHaiau3oB 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 MUHUMAJILHOTO Ipejiesia IpalyupoBKH (Tory0oii IIBET).

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 BbIAECTICHHOE MTApaJlIeIbHOE 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 3Toro morpedyeTcss BBECTH MMsI HOBOTO aHain3a B moje "AHanu3" u mMeHa Bcex (WUiu
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 cmnucka "Axamu3". Ilpum HEOOXOIMMOCTH CIHCOK
M3MEPEHHBIX P00 B Tabsuie "Homep nmpoOb1" MOKHO JTOMOTHUTH KMEHAMHU HOBBIX 00pa3IloB.
HN3mepenne npod

[Tepen craprom oOdYepemHOTO HM3MEPEHHUs TEKyIed MpoObl HEOOXOIUMO YOEIUTHCS, YTO HUMS
BBIOpaHHOTO OOpasma B mosie "OOpaser" cOOTBETCTBYET 00pasily, YCTAaHOBIICHHOMY B IITAaTUB
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 PenakTupoBanue 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 BceX IEMCTBHM, BBINOJHSAEMBIX IPU PEIAKTUPOBAHUM PE3yJIbTATOB aHAINU3a, CM. B
paznene Ilomarosesie uHCTpyKInMu: OKHO 9. AHanu3: BeinoaHeHue aHanusa.

CoxpaHeHne pe3y/ibTaTOB

PesynbraTel aHanmu3a (HaliIGHHBIE COJEpXaHUA W  OTHOCHUTENIbHBIE WHTEHCHUBHOCTH)
coxpansitorcst B B[ Analyses aBromaTiuecku Npu 3aKpeITHH METOJMKH WK MPHU BBIXOJE W3
nporpaMMbl. MOXHO TakKe COXpaHUTh pPe3yJbTaThl aHalu3a BPYYHYIO, Ha)XaB KHOIIKY.
Onucanue Bcex AEHCTBHI, BHITOTHSAEMBIX IIPU COXPAaHEHUH PE3yIbTaTOB aHAIN3a, CM. B pa3zelie
[Tomarossie uHCTpYKIMU: OKHO 9. AHanu3: BelnonHeHue aHanu3a.

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 PesynbTaroB Ananmza".

[Tpu GONBIIIOM KOJIMYECTBE OIpPeeIEMBIX 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: BelnonHeHue aHanusa.

KauyecTBeHHBIN aHAIN3



3amada Ka4eCTBEHHOTO aHajIm3a (TOYHEE - 3JIEMEHTHOTO Ka4eCTBEHHOTO aHaJIH3a) -00HapyKEeHHE
XUMHYECKHX AJIEMEHTOB, BXOJSIIUX B COCTaB aHAJIM3UPYEMOro oOpasia. DTO OCyLIeCTBISETCS
nyTEéM pelieHus 00paTHON 3a/1aull CIIEKTPOMETPUH -UICHTU(UKAIIMUA 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 - T€HEPALMHU CHEKTPAIbHBIX JIMHUI MO W3BECTHOMY KaYECTBEHHOMY COCTaBY
oOpa3sna.

[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) CTEHEPUPOBAHHOW JIMHUM C PEAJbHBIM CHEKTPAIbHBIM IMHUKOM IO3BOJISET
WICHTU(QHUIUPOBATH TAHHBIN MUK HA MPUHAJIEKHOCTh K KOHKPETHOMY JIEMEHTY.

Co3nanne MapKepoB JTHHUH

Mapkepsl CIEeKTpaJIbHBIX JIMHUI OPraHU30BaHbl B BUJI€ HE3aBUCUMBIX CIIMCKOB. Kaxk/1p1il crincok
XpaHUTCA B OTAeNbHOM (aiine. CIMCOK cOepKUT HAOOp 3IEMEHTOB 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 mapkepsbl JIMHMH... CO3MaET CIMCOK 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 TiiaBHoro MeHio Hactpoiiku— Bua mapkepoB JMHMM...

B nosiBuBmemcs nuanorooM okHe "Bun Mapkepos JIunuit" otoOpaxaercss TEKyIIUil CIUCOK
MapkepoB Tekyumien Meronuku. [l KaxkIoro u3 3JIEMEHTOB HACTPaWBAaEeTCAd LBET U BHUJ
MapKepa, a TakXKe pacloyioKeHHe MOAMNNCH Ha Mapkepe. J[MHaMuyeckass 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; Ha DJIEMEHTE -
HACTPauWBaIOTCS BCE MapKephl TaHHOTO 3JIEMEHTAa; Ha KOHKPETHON JMHUU -HacTpauBaeTcs
TOJILKO MapKep ATOW JTUHHUH. Pe3ynbTaThl TMHAMUYECKOW HACTPOUMKH Cpasy ke OTOOpa)karoTcs
Ha CIIEKTpE, OTKPHITOM B OKHE2.

AHaJIU3 MapKepOB JIMHHUI Ha CIIeKTpe

Jls mpoBeieHusl Ka4eCTBEHHOT'O AJIEMEHTHOTO aHajIn3a HEM3BECTHOrO 00pasiia HeoOX0UMO:

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 BBIIOIHUTH KOMAHIY
2JINMHUU—ITOKA3ATD Cnucox "Mapkeps! JIunnii".

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. Coxep:xaHue oTyera
B oTdere HEOOXOAMMO KpPaTKO M3JIOKHUTH TEOPETUYECKHE CBEJICHUS, OMHCATh MOPSI0K
BBITIOJTHEHHSI pa00ThI. Pe3ynbTaThl IpecTaBUTh B BUAC TaOiuilbl. COMOCTaBUTh IOTYYCHHBIE
JIAaHHBIE XMMHUYECKOTO COCTaBa CTalied, ¢ MaHHbIMU 10 xumcocTaBy corimacHo ['OCT. [late

AHaJIU3 IIOJYUYCHHBIX PE3YJIBTATOB.
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