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containing PC in the charge), large packets of
martensite crystals were found. Their apparent section
in the foil plane has a uniquiaxial shape. In the case of
the present treatment, they completely inherit the
substructure of initial austenite. We can see on a replica
that the sizes of twin martensite needles are significant.
These samples are characterized by brittle destruction.
The shape of cementite grains changes during
annealing in all cases, which is related to the repacking
of iron atoms during the phase transformation. Because
cementite has a larger specific volume than ferrite, the
generation of vacancies, the rate of which increases
under the influence of deformation, as well as the
presence of carbon is necessary for repacking.

The fact of a simultaneous increase in strength and
plasticity during annealing of the materials seems
interesting. This can be explained by the healing of
defects arising in the course of the hot recompacting of
moldings, the improvement of the quality of fusing on
the thus formed contact surfaces, and the decrease in
the softening action of pores due to their healing and
spheroidization. It is noteworthy that, as the annealing
duration increases, the properties of steels with all
CCCs improve and the ranking of the carbon-
containing components, which is discovered at other
steps of obtaining and treating hotdeformed steels,
remains (namely, HP—ASLC—-PC-PL). This indicates
that the positive qualities of unconventional CCCs are
also inherited at this technological step.

CONCLUSIONS

The HTMT effect is achieved during the
accelerated cooling of hotdeformed powder steels
obtained from charges containing different CCCs. This
is related to the austenite structure formed upon heating
and characterized by fineness, which is inherited by
high quality fine needle martensite. In the course of the
thermal treatment of powder steel, the martensite
structure is formed only during cooling in water. With
the use of oil for these goals, such a structure is revealed
only for PC-containing and HP-containing steels. No
quenching structure arose after cooling in air.

The characteristics of CCCs affect the formation
of the structure and properties of steels during
tempering, which manifests itself in the inheritance of
their features laid at all previous technological steps.
There fore, the properties of ASLC-containing and HP-
containing steels tempered at all temperatures
improvedwith respect to the PL-containing materials.

Diffusion annealing of the ASLC-containing and
HP-containing samples, which are characterized by the
homogeneity and fineness of the structure, leads only
to the additional refinement of perlite. Therefore, we
can either not perform this operation at all, or we can
restrict ourselves to holding for 30 min at 1100°C.

Only prolonged annealing for 2 h at to = 1100°C
was favorable for the formation of a structure with
separate regions of granular perlite for PL-containing
samples. A homogeneous structure requires an even
longer time for annealing.
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AHHOTa].[l/Iﬂ. B cratpe pacCcMaTpuBaOTCA BOIIPOCBI HCCICAO0BAHUSA q)OHOBOFO YPOBHA XHUMHUYCCKUX
QJICMCHTOB B HPUPOAHBIX BOJaX B Hpnapanbe. HOKaSaHO, 4qTo O60FaH.[€HI/Ie BOA D. AMyI[apLI/I niacT B
COOTBETCTBUM C 3arpsA3HCHUCM HUX COCTaBa KOJIJICKTOPHO-APCHAXKHBIMU, TCXHUICCKUMU U C6p00HbIMI/I BOJaMHU B

PYCIIO peKHu.
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I/ICCJ'IC,HOBEIHI/IC KadyeCTBa IPUPOAHBIX BOJ{
(HOBerHOCTHLIX, IIOJA3C€MHBIX, ITUTHECBBIX, ITOJHBHBIX
BOJ H T.ﬂ.) n CBA3aHHBLIC C BOZ[Oﬁ MMpO1ECChI
3a6OHa‘IHBaHI/Iﬂ, 3aCOJICHUA u 3arpA3HCHUA
TUIOAOPOAHBIX II04YB TAXCIIBIMHA METaJlllaMH,
arpoxuMuKaTaMy, X BJIMAHHUEC HA 3[JOPOBHEC HACCIICHUA
OTHOCATCA K TMCPBOCTCIICHHBIM 3aJadaM, KOTOPLIC

XKAYT CBOEro pemieHuss g peruoHa HOxHoro
IIpuapanbs.

B ycnoBusix 3K0I0rH4ecKoro Kpusuca B peruoHe
[Ipuapanest xapakTep, KOJHYECTBO W COJEpKAHUE
XUMHWYECKHX HJIEMEHTOB M3MEHSIIOTCA B MIPOCTPAHCTBE
W BO BPEMEHH, a Takkeé M BO B3AaUMOCBS3U C
OTJCTBHBIMH KOMIIOHEHTAMH MPUPOIHON  Cpelnsl
(mouBBI, pacTeHHWs, BOXBI, BO3AYX U  T.J.).



.|
[EESY] |

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #10 (50), 2019 51

PaCCMOTpGHI/Ie OTHGHLHOﬁ KOMITOHCHTBI MMPAKTUYCCKU
TMOJIOKUTCIIbHBIX PE3YJIbTATOB HC JACT. HOSTOMy, MBI B

CBOMX  HCCJIEJOBAaHMSAX  MONBITAIMCH  U3YYHUTh
9NIEMEHTHBIH cocTaB moyB (cnabo-, cpegHe- u
CHJIbHOMHUHEPAJIM30BaHHbIX), JOHHBIX OTJIOKEHUH

(peuHBIX W MOpPCKHX) W TPHUPOJHBIX BOJ (PEYHBIX,
apbIYHBIX, KaHAJIbHBIX, BOJOIPOBOAHBIX, APEHA)KHO-
KOJUIEKTOPHBIX M T.J.), @ TaKXKE HEKOTOPBIX IPYTHX
00BEKTOB MIPUPOIHOHN CPENbl, KOTOPBIE NPAKTHICCKUH
HE U3y4YEHBI BO B3aMMOCBSA3H APYT C APYTOM.

C npyroif cTOpPOHBI IIPOLECC 3aCONICHHS ITOYB H
NPUPOJHBIX BOJA IPHBOAUT K PACTBOPEHHIO HOHOB
HEKOTOPBIX XUMHMYECKHX 3JIEMEHTOB, KOTOpBIE 3aTeM
pacceMBalOTCS W HAKaIUIMBAIOTCS B  OTJEJIBHBIX
skocucremax. B mpomecce ¢uibTpannu Boabl uyepes

MOYBY, OHa  BCTpeYaeTcs c pa3IHYHBIMU
munepaibubiMa  comsimu  (NaCl, NaxSOs, MgSOs,
CaCOs, pa3nuyHBIMH  CHWIMKaTaMH W T.I.),

OpPraHMYeCKUMH BEIECTBAMH W B MPHUCYTCTBUE
KHCIIOPO/Ia U MUKPOOPIaHU3MOB, PACTBOPSIOT HIIH JKE
MEXaHUYECKH  3aXBAThIBAIOT  HMOHBI  OTICIBHBIX
XMUMHUYECKHUX 3JIEMEHTOB. B 3aBucumoctu oT (hu3uKo-
XUMHYECKHX CBOHCTB XHMHYECKHX JIIEMEHTOB U
CpEe/Ibl OJIHU 3JICMEHTBI JIN00 000TalarT MOYBHI, THOO
BbIXO/JId Ha MOBCPXHOCTL 3C€MJIM IONAAarOT B PEKH,
u3MeHAlT €€ coneBod  cocras. IloaTomMy B
npeoOpa3oBaHUU OKPYIKAIOLIEH Cpelbl BKJIAJ COCTaBa
NPUPOIHBIX BOJ MOXKHO CUYUTATh ONIPEACIAIOLINM,
IIPUMEPOM MOXKET CIIY’KUTh U3y4acMblil pETHOH — 30HA
IIpuapanbs.

B Hacrosimiee BpeMs mpoOieMa COXpaHEeHHs,
3alIUTHl U YIYYIICHUS] KAauecTBa MPUPOAHBIX BOA B

pETMOHE CTAaHOBUTCS IEPBOOYCPCAHON  3amaycid.
[To3romy pa3paboTaHHBIC HEUTPOHHO-AKTHBAIUOHHBIC
METOJMKH ompeaenacHus Oonee 30 XUMHYCCKHX
9JIEMEHTOB  HAaMU  OBUIM  HCIIOJNB30BAaHBI IS
HCCIICIOBAHUS PUPOIHBIX BOJ PEIMOHA M MX CBSI3H C
OTJCIIFHBIMU KOMIIOHCHTAMH TIPUPOTHON CPEIBI.

KagecTBO mpHupOIHEIX BOJ BO MHOTOM CBSI3aHO CO
CTCTICHBI0 ~ MUHEPAIM30BAHOCTH  BOX,  IIO3TOMY
M3yYeHHE [aHHOTO BOMpPOCAa SABISETCA COCTaBHOH
YaCThIO 3JIEMEHTHOI'O aHAJIN3a.

Omnenka  (GOHOBOTO  YpPOBHS  XHMHYECKHX
JJIEMEHTOB B TPUPOJAHBIX BOJAX SBIACTCS TPYIOHOH
3amadeii, TOCKOJNBKY JI0 HACTOSINErO BPEMCHHU
OTCYTCTBYIOT KaKUE-THOO YTBEP)KICHHBIC CTaHIAPTEHI,
KOTOPBIC ISl TAHHOTO PETHOHA SABJIAIOTCSA (DOHOBBIMU,
TeM 00JIee YTO MPUPOIHBIC BOJIBI BCE BPEMs HAXOAATCS
B JIBHOKEHHUU.

OOBIYHO B KaUeCTBE “TOYKH OTCUETa” TPH OICHKE
3arps3HEHHOCTH MPUPOIHBIX 00BEKTOB XHMHUYCCKUMU
AJIEMEHTaMH W APYTUMH TOKCHYCCKHMHU BEIECTBAMHU
HCIONB3YIOT WX  coiepkaHHe B (DOHOBBIX
HE3arpsA3HCHHBIX JIaHAMA(PTaxX WIN perHoHaX. B
tTabmume | TPUBONATCS JaHHBIE O CONCPKAHUU
HEKOTOPBIX XHMHYCCKHX 3JICMEHTOB B Pa3IHYHBIX
OpUPOAHBIX  BOAax peruona [lpuapanes. Kak
MOKA3bIBAIOT JAHHBbIE, DJEMEHTHBIH COCTaB CXOJEH,
HAOMIOJaeTCsl OTIMYHME TI0 COJEPXKAHUIO TOJBKO
OTJENBHBIX 3JIEMEHTOB (POJHHUKOBAs BoJa oborameHa
Sc, Cr, Co, As, Sr, Cd, Sh, Cs, La, Ce, Sm, Hg, Th, U,
a peunas Boma Na, CL, Fe, Cu, Zn, Br, Rb, Ba, AunT.1.

Tabmuma 1

®OHOBBIE YPOBHU XUMHYECKHUX 3JIJEMEHTOB B POJJHUKOBBIN BOJAE ®EPTAHCKOM
OB [1], P. 3BAPABIIIAH CAMAPKAH/JICKOM OBJI. U P. AMYJIAPBM 1970-2017 I'T. (*MI'/JI,

MKTI/JD).
@ » . = P Cyo P- Cos | Cos
®eprana poauauk “Yamma”.|p. 3apaiian Camapkanackuii oon.| C | Amynapbst |——| Amyaapss | — | —— [[T1K
1970, | €| 20170 | € |Cro

Na* 37,949,0 48,045,5 429 61,0+6,7 |1,42 200,0+8,8 | 4,6 | 3,2 [200,0
CI* 26,0+4,0 30,0+4,3 28| 42,0453 [15]| 90,0+84 | 3,2 | 2,1 [350,0
K* 8,0£3,0 - 8,0 - 132+0,26| - - 11,20
Sc 2,640,31 0,5+0,08 1,55/0,05+ 0,007/0,03 4,0+06 | 2,5 |80,0(0,001
Cr 11,0£0,2 1,740,3 6,35 8,8+0,12 |14| 9,0+0,18 | 1,4 | 1,0 |0,50
Mn 4,5+0,5 - 4,5 - - - 10,10
Co 1,740,04 0,14+0,02 092 12+0,17 |1,3| 0,8+0,07 |08 | 06| 1,0
Fe* 2,5+0,31 4,45+0,91 3,4| 50+0,85 [1,47| 4,0+0,67 | 1,7 | 0,8 |0,50
Cu 1,040,13 142410 1,21 3,7+£0,55 3,0 - - - 10,10
Zn 5,0+0,72 16,2438 96| 14,0+29 [1,45 40,0+51 (4,16(2,86|0,10
As 11,0£1,5 0,71+0,06 58| 1,8+0,54 0,31 2,5+0,32 |0,43]1,38|0,05
Se - 1,3440,02 1,34 90,0494 67,00 0,9+0,09 |0,67]0,01(0,01
Br 0,44+0,064 75428 3,97| 18,0+6,2 5,37] 20,0+6,6 |512|0,95/0,10
Rb 1,5+0,3 10,0+0,2 5,75 6,0+12 (1,05 68+18 [1,19| 11 (0,10
Sr 20,5435 99,0+7,5 59,7 22,0+3,8 0,03 19,0+3,2 |0,31(0,86| 2,0
Y - - - - - 74 - - -
Zr - - - - - 2,2 - - -
Mo - 2,0+1,3 20| 6,0+21 |3,0| 40+1,7 |20 0,6 050
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Cd 7,013 0,3+0,05 3,65 4,4+043 (1,22 80+1,6 |2,22(1,81/0,001
Sh 6,6+1,1 - 66| 50+0,7 0,75 4,0+05 | 0608 |0,05
Cs 2,0+1,36 0,21+0,04 11| 0,3+£0,04 0,27 05+0,07 |0,45]1,66| 1,0
Ba 14,0+1,18 28,045,1 21,0 36,6+8,1 (1,74 50,0+5,6 | 2,3 {1,32|0,10
La 1,040,5 0,6+0,08 08| 7,0+0,09 |8,7|0,06+0,008/0,0750,008 -
Ce 10,0+0,3 3,240,45 66| 73+21 |11| 140+12 [212|192| -
Sm 3,005 0,8+0,07 19| 0,5+0,07 0,26 0,9+0,08 [047| 1,8 | -
0,09+ 0,006+
Au 0,01540,002 0,05+0,008 0,03 0,0088 3,0 0,008 0,2 |0,06| -
Hg 2,9+0,6 2,0+04 2,450,16+ 0,072/0,06 0,18+ 0,08 [0,07 | 1,1 0,005
Th 0,5+3,0 0,7+0,3 0,6 - - 107+006 (1,16 - | -
U 1,8+14 0,7+0,05 125 1,240,4 (0,96 15+23 |12 |125| -

Ecmu paccmorpers MecTa 0TOOpa M TI'€OJOTHIO
MECTHOCTH, TO 3JleCb Mbl BHJIUM MHOTO OOLIEro.
Ponnuk “Yamma” HaXxoIWUTCS Ha PTYTHO-MBIIIBSIKO-
cypemsiHoit  Cox-UcdapuHckoit  Ouosornueckoi
npoBuHIUU [2], a peka 3apaBmad (HOpMHpPYETCs Ha
MBIIIBSKO-CYPbMSIHOM OHONOrHueckoit npoBuHIuH [ 3].

Jnst cpaBHEHHS 3JEMEHTHOTO cOCTaBa BOJ .
Amynapbu B mpo0ax, 0TOOpPaHHBIX B Pa3HBIC TOMBI, MBI
PELINIIN B KAYECTBE TAIOHA CPABHEHUS OCTAHOBUTHCS
Ha CpEOHEM JJIEMEHTHOM COCTaBe POJHHKOBOM
(Yamma) u pedHoil BoAsl p. 3apaBuiaH. DIeMEHTHBIN
COCTaB ATUX BOJ B KaKOM-TO CTENEHU XapaKTepHU3yeT
COCTaB  BOABI  PETHOHA, JaJeKOro OT  30HBI
9KOJIOTHUECcKOM KaTacTpods! [Ipuapanss.

CpaBHUM CpeIHHE COJCpPKAHUS MEXKIY COOOI.
IIpu cpaBHEHUM 3JIEMEHTHOI'O COCTaBa PEUHOM BOJBI
Awmynapbu (1970) ¢ o6benuHeHHBIME JaHHBIME (Cep),
BUJINM, YTO pedHast BoJla 3HaUUTeNIbHO oboramena Na,
Cl, Cr, Co, Fe, Cu, Zn, Se, Br, Cd, Ba, La, Ce, Au.
[Ipouecc oboramieHust ATUTENIEH U 3aBUCUT OT MHOTHX
(akTOpOB, TJABHBIMH M3 KOTOPBIX  SIBISIFOTCS
€CTECTBEHHOE O0OTAIlleHHe y HCTOKOB M 3a CUeT
COPOCHBIX KOJUIEKTOPHO-IPEHAKHBIX U TEXHUYECKHX
BOI B pyciao pekn. Bwmecte c¢ oborameHuem
oOHapyxuBaeTcs u odeanenue Boa Sc, As, Sr, Cs, Sm,
Hg. [auHelii mporecc CBsi3aH ¢ copOuueit u
OCaX/IEHHEM  BBINICYKa3aHHBIX  DJIEMEHTOB  Ha
TreOXUMHUECKUX Oapbepax (TNIHMHA, MECYaHHUK U T.X).
[pakTruecku He MeHsIOTCS copepxanus Rb, U.

[Honyuennsie pezynbratel 2017 r. mokasanu, 4To
oborareHue BoJ p. AMyAapby HJIET B COOTBETCTBHH C
3arpsi3HEHUEM 1504 cocraBa KOJIJIEKTOPHO-
JPEHAXHBIMH, TEXHUIECKUMH U COPOCHBIMH BOJIaMH B
pycio pexu. 3aech MBI BUANM, YTO BOJBI p. AMyIapbu
oboraruiucs Na, Cl, Sc, Fe, Cu, Zn, Br, Rb, Cd, Ba, U.
JlMmHEM  TOKa3aTeNnbCTBOM TOTO, YTO BOABI PeK
AMynapbu 3arpsA3HAIOTCS KOJJIEKTOPHO-/IPEHAKHBIMHA
U COpPOCHBIMH  BOJAMH, CIY)KHT  YBEJIWYCHHE
conepxanus Sc, Ce, U, Br B cocrase Boz. Sc, Ce u U
SIBJISIFOTCSI OCHOBHBIMH KOMITOHEHTaMH  (hoc(OPHBIX
ymobpenuii, Br, Cu, Zn, Cl sBustorcs unaukaropamu
3JEMEHTOCOIEPKAIINX MECTUIIUOB.

Bwmecte ¢ aTum yBenuuenue coaepxanue Na u Cl
HanpsMyl0 YKa3blBaeT HAa YBEJIWYEHHE COJICHOCTH
peunbix Box Kk 2017 1. OOHapyxeHO oOenHeHHe

cocraBa peunoii Boasl K, Co, As, Se, Mo, Sb, Cs, La,
Sm, Au, Th, T.e He0OOXOIUMBIMH dJIEMEHTAMHY IIUTAHUS,
NpaKTHYECKH He W3MEHWNoch cozaepxanue Cr B Boze.
OTMmeTuM TaKxe, 4To cojepxanue Na yBenuduiocs B
3,0 pasa, Cl — 1,8, Zn — 2,9 pasa, As — 1,4 paza, Br —
5,1 pasa, Cd — 1,8 pa3a, Ba— 1,4 pa3a U — 1,2 pasa, Sr
—10,3 pa3a, Ce — 1,92 paza, Sm — 1,8 paza. Otu 1aHHEIC
SIBIISIFOTCS JIOKa3aTEeIbCTBOM TOTO, 4TO
6eckonTponpHOe npuMeHeHne NPK 1 yBenmaeHne ero
103 M3 roga B rona [4] mpuBeno HE TOJNBKO K
3arpsi3HEHUIO  arpojiiaHamadToB, HO M COCTaBa
JPEHaKHO-KOJUIEKTOPHBIX, COPOCHBIX M TMOJI3EMHBIX
Box Ha Tepputopun Kapakannmakuu. Bcenencteue
npuMeHeHus:  GocopHBIX  yNOOpeHHH, KOTOpbIE
COZIep’KaT 3aMETHOE KOJIMYECTBO BBIIICYKA3aHHBIX
9JIEMEHTOB, U3HAYAJIBHO 3arps3HAIOTCS TOYBHI, @ 3aTEM
CO CTOKaMH M APEHa)KHO-KOJUICKTOPHBIMH BOAAMH OHHU
TIOTIA/IAl0T B PyCIIO p. AMyIapbu.

Takum o00pa3omM, Ha OCHOBE IIPOBEAECHHBIX
HCCIIEIOBAaHUH 3JIEMEHTHOTO COCTaBa PEYHON BOJBI P.
Awmynapeu (40 ameMeHToOnpeIeTICHU) U CPAaBHEHHS C
9JIEMEHTHBIM  COCTaBOM  POJHHKOBOW+PEYHOW U
JAHHBIMH, TTOJTy4eHHBIMH B 1970 I MOXXHO 3aKIIIOUYHTH,
YTO 3arps3HeHHe COocTaBa BOI p. AMyzAapbu
NPOUCXOJMIO  TOCTENEHHO, BCIEACTBHE cOpoca
JPEHaKHO-KOJUIEKTOPHBIX, TEXHUYECKUX BOJ B PYyCJIO
peKH.
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