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INPUMEHEHMUE JIABEPHOI OBPABOTKH JIJISI IOBBIIEHUS
JOJI'OBEYHOCTH NOPHIHEBBIX KOJIEILL

I'mymkosa /I.b.
XapbKOBCKM HAMOHAJIbHBIA ABTOMOOU/IbHO-10POKHbI YHUBEPCUTET

Annomayusa. Ilopwnesvie Korvya 6 npoyecce sKcniyamayuu noogepearomes usnocy. Hedocmamou-
HAsl UBHOCOCMOUKOCMb MAMEPUANos HOPUIHESbIX KOAeY 3a4acmylo JUMUMUPYem pocm Npou3eoou-
MENbHOCMU MAWUH U CPOKO8 ux skcnayamayuu. He ecec0a mpebyembviti KoMniexc ceolicmes nopuiHe-
8bIX KOJEY, U3COMOBGIEHHLIX U3 YY2YHA, MOdCcem Oblmb OOCMUSHYIM MPAOUYUOHHBIMU MEemo0amu
MEPMUYECKOU UTU XUMUKO-mepmudeckoll obpabomku. Tax, npumenenue mMpaouyUOHHbIX Cnocobos
bopuposanusl, ceés3aHHbIX ¢ Ougpysueil bopa 6 meepdyio (paszy, npusooUm K GopMuposanuio padoye-
20 cnos, obradaioue2o 8bICOKOU Xpynkocmoio. [losmomy axmyanvhotl sensemcs npobiema nosviuie-
HUSL U3HOCOCMOUKOCTU NOPULHesblX Koney Oe3 oxpynuusanus. llpumenenue nazepnoeo nHazpesa npu
bopuposanuu obecneuugaem 0oOpaz08anue HO8020 Clos ¢ ocobvimu ceoticmeamu. OOHAKO ONMUMATb-
Hble CBOUCBA MO2Ym OblMb OOCTHUSHYMbL MOALKO HOCLe YCMAHOGNEHUSL 83AUMOCES3U MeHcIy Napa-
Mempamu npogederus: npoyecca u eryounol 6opuposanno2o cios. Llenv pabomvi — ycmanosums 61u-
SAHUE NAPaAMEmpPos 1A3ePHO20 HA2Pesa HA COCMAs U 2yOuHy OOpUPOBAHHO20 CLOsl, MAK KAK C80UCMEd
NOPUIHEBLIX KOAEY 3A8UCAM Om 2TyOUHbl nocieduezo. B pezyivmame npogedenHbiX UCCIe008aHUll
VCMAHOBNEHO, YO 603PACMAHUE CKOPOCU NepeMmeujenus 0eman 8 npoyecce 1a3epHoco Hazpesa
YMeHbuaem 2nyouny 6opuposannozo cios. Taxas 3a8ucumocms HAOAOOAEMCcs KaK npu Moauune oo-
masku 0,15 mm, mak u npu monwune 0,30 mm. Ilpu 6cex ckopocmsix nepemeusenus oopasya 01s uc-
NnoIbL308aAHHOU DOpocooepcauyelt 0OMA3KU ¢ YKA3ZAHHBIMU MOAWUHAMU OONbULAS MOTUUHA OOPUPO-
BAHHO20 COSL U 30Hbl MEPMUYECKO20 GIUAHUS Omeeuaem OoavuLleli moawune oomaskuy. Yeenuuenue
Juamempa NAmMHa nogvluiaem 2ayouny cios. Penmeenocpapuuecku u memannocpagpuuecku pacuwug-
posanvl Gazvl U CMPYKMYypHble cocmasisiowjue Oopuposannozo cios. Penmeenocmpyxmypuvim u
MUKDOCIMPYKIMYPHbIM AHATUZOM BbISBIEHA CBA3b MedNCOy CKOPOCMbIO 00IyYeHUs U doell 8biCOK0DOo-
pucmvix cmpykmyp 6 cioe. Ilokazano, ymo 60puposaniwviil Cloll 8 BbLICOKONPOYHOM UY2YHe COOePIHCUM
maxue ¢paswl, xkax FeB, Fe,B, a-pa3zy, bopoyemenmum Fes;(B, C).

Pesynvmamul uccredoganuii mocym Ovimsv pacnpocmpanervl u Ha opyaue 0emanu, n008epeaiouuecs
UHMEHCUBHOMY UZHOCY.

Knrouesvle cnosa: nopunesvle Koavya, OOpUpOBAHHbIIL CIOU, A3EPHBLU HASPES.

Beenenue
OIHUM M3 CIOCOOOB YITyUIIICHHUsI IKCILTyaTa-
LIMOHHBIX CBOMCTB MOPIUHEBBIX KOJEL W3 YyTy-
HOB, TIOJBEPraroIIUXCs U3HOCY, SABJISIETCS OOpH-
poBarme. OmHAKO TPUMEHCHHE TPAAUIIMOHHBIX
crocoboB OOpUPOBaHMS, CBSI3aHHBIX C AUPPY3H-

U3Jeus, Ha KOTOpOEe HaHeceH OOpHUpOBAHHBIN
CIIOH, 3aBUCST OT INIyOUHBI IIOCIIEIHETO.

AHaau3 nyoJuKanui
Ananu3 myOIMKaluii CBUICTENBCTBYET O TOM,
4TO HE pa3paboTaHbl METOAWKU TIOBBIIICHHUS W3-

eil bopa B TBepayo (azy, MpUBOAMUT K HOPMHUPO-
BaHHIO PaboOdero ciosi, 00JIAAAIOIIEr0 BBICOKOH
XpynkocTero. IloaToMy axkTyanbHOM —SBISETCS
nmpobieMa pa3pabOTKH APYroro croocoda ympou-
HEHHUsI [IOBEPXHOCTH, HE NMPUBOIALIETO K OXPYII-
YUBaHUIO. Peanu3aiiys Takoro mpoiecca MOXeT
OBbITh OCYIIIECTBJICHA C HCIIOJIb30BAHUEM Jia3ep-
HOTO HarpeBa C OIUIABJICHHEM IOBEPXHOCTHOI'O
cnosi. OJJHAKO UCIIONB30BaHUE 3TOr0 METOIA MO-
KeT OBbITh TPEIOKEHO MPOU3BOJACTBY TOJIBKO
MOCJIe JICTAJbHOrO M3YYEHHsI B3aUMOCBSI3U MEK-
Iy TapaMerpamMH TpPOBEACHHs Mpoliecca u Iiy-
OMHOI CIIOsI, a TAaKKE MCCIETOBAHUS OCOOCHHO-
CTeH CTPYKTYpPOOOpa30BaHUS B CIHEIM(DUUCCKUX
yCIIOBHSIX J1a3epHOro Oopuposanusi. CBoiicTBa

HOCOCTOMKOCTH ITOPIIHEBLIX KOJIEI IIyTeM OOopH-
poBaHus, MPOBEACHHOI'0 HE TPAANINOHHBIM CIIO-
coOOM, a C HCIOMb30BAHUEM COBPEMEHHBIX
TexHojoruid. B mcrounukax [1-3] mpemnaraercs
IMMOBBINICHUE JOJITOBECYHOCTU WJIKM TPpaaAUIIHOHHBIM
OopupoBaHHEM, WJIH Jla3epHOr oOpadoTkon. On-
HAKO OTCYTCTBYET OOBCIUHECHHE ITHUX JBYX TEX-
HOJIOTMYECKHUX TIpolieccoB.Peanu3aiuisi Takoro
mporecca MOXET OBbITh OCYIIECTBIICHA ITyTEM
YCTAHOBIICHHST B3aMMOCBS3H MEXKIY IapaMerpa-
MH JIa3epHOr0 HarpeBa M IIIyOMHOH OOpHpOBaH-
HOT'O CJIOSL.

Iens n mocranoBKa 3a1a4n
Henbio HacTosimed paboThl OBLTO YCTaHOB-
JICHHUE BIIMSHUS IIapaMETPOB JIa3€PHOTO BO3JICH-
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CTBHS Ha MIyOMHY U CTPYKTYpY OOpHpPOBaHHOTO
cinost. Jlns 3Toro HeoOXOJAMMO BBIABUTH (ha30-
BBIIf COCTaB cJ0s,, 0COOEHHOCTH (POPMHUPOBAHHS
CTPYKTYPBI M UX 3aBUCHMOCTH OT CKOPOCTH 00-
Jy9YeHUSI.

JlazepHasi 00padoTKa MOPIIHEBBIX KOJIEI]

Marepranaom HcClenoBaHusl ObLT BBICOKO-
MpouHbI  uyryH, coxepxkaumii C 3,47 %,
Si2,15 %, Mn 1,36 %. Ilocne npeaBaputenb-
HOI 00pabOTKU OH HMMEN MEPINTO-(EePPUTHYIO
cTpykTypy (85-90 % mepnuta). Pasmep mapo-
BUJJHOTO TpauiTa COOTBETCTBYET 3 Oay.

JlazepHyro 00paOOTKy OCYIIECTBSLIM Ha He-
npepsiBHOM CO,-nazepe. Ilpu moctosHHON Mo
HOCTH OOJIy4YCHHs BapbUPOBAIM CKOPOCTH Mepe-
MeIlleHusT o0Opasua B mpenenax 2-4  mw/c.
Tommua 6opocoaeprkarieii oomaszku Obiia 0,15 1
0,30 MMm. YcnoBHas pacdOKyCHpPOBKa MO3BOJISIIA
HU3MCHATL AUAMCTP IIATHaA O6J'Iy‘-IEHI/IH or 2 a0
4 mM. B kauecTBe 0OMa3Ku HCIOIB30BAIH CMECh
amMop(hHOro 6opa ¢ aleTOHOM M I[AIIOH-JIAKOM.

Crpykrypy, ¢a3oBblii coctaB, riyouHy 00-
PHPOBAHHOTO CJIOS M3yYald METOJOM OITH-
YEeCKOH MHKPOCKOMK C  HCIOJb30BaHUEM
O6BI‘IHOI‘O U OKpaliMBaromiero TpaBJICHUA U
PEHTTEHOCTPYKTYPHOTO aHaJIM3a.

C mnowmompio TpaBieHus 4 % pacTBOpOM
A30THOW KHCJIOTBI, BBISBIISIOIIMM CTPYKTYpYy
BCEr0 CJIOS, YCTaHOBJCHO, YTO H3MCHEHHE
CTPYKTYpBI METaJlla B pe3y/ibTare JerupOBaHUS
OOpOM MPOUCXONUT TOJHKO B 30HE OILIABJICHHS.
Nzydenune npoduias TpaHUIlbl 30HBI OILTABJICHHS
MOKa3bIBaeT, 4TO Oosiee ITyOOKOE IpOILIaBIIe-
HHE€ METAJUIMYECKOM MAaTpULbl IPOUCXOIUT
OKOJIO TpapUTHBIX BKIIOYECHHH, 4TO COOOIIAeT
IpaHuUIle BOJTHOOOPA3HBIN XapakTep.

Ha puc. 1 nokazana 3aBHCUMOCTH TJTyOHHBI
OOpUPOBAHHOTO CIIOSI OT CKOPOCTH TepeMerie-
HUs 00pasua Jyisl ABYX CIy4aeB — MPH TOJIIUHE
oomazku 0,15 u 0,30 mm (kpuBas 2 u 1 cooTBeT-
CTBEHHO).

W3 rpaduka ciemyer, 4TO ¢ YBEIUYCHHEM
CKOPOCTH TiepeMelleHrst obpasia TiayouHa 6o-
PHPOBAHHOTO CJIOsI yMeHblaeTcs. Takas 3aBu-
CUMOCTh HAaOJIOJaeTCs KaK HpH TOJIIUHE 00-
mazku 0,15 mm, Tak 1 mpu TommuHe 0,30 MMm.
Ilpu Bcex CKOPOCTSAX MepeMelleHus: o0pasiia
JUTS MCIIOJIb30BAaHHOM Oopocomepikaliei oomas-
KM C YKa3aHHBIMH TOJIIHWHaAMHU 60.]'[])111351 TOJI-
muHa OopupoBaHHOoro cioss u 3TB orBewaer
OonpIiIeit ToNmKHE 0OMa3KH.

Ha puc. 2 mokazana rucrorpamMmma TITyOHHBI
OOpPHPOBAHHOIO CJIOS TPH TOJIIMHE OO0Ma3Ku
0,3 MM ¥ CKOpPOCTH TMepeMellcHHs o0pasia
2 MM/C aJi1 IuamMerpa IsaTHa 2 ¥ 4 MM, a Ha

puc. 3 — Takas ke THCTOrpaMMa B Cllydae CKO-
POCTH TIepeMeIeHus 4 MM/C.
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Puc. 1. 3aBucumocTs TIIyOMHBI OOPUPOBAHHOTO
CIIOSI OT CKOPOCTH IepeMeleHHus obpasia:
1 — Tomumuaa oomasku 0,3 MM; 2 — ToNIMHA
obomasku 0,15 mm
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Puc. 2. I'ucrorpamma riyOuHBI GOPUPOBAHHOTO
ciost ipu TojmuHe odMasku 0,3 MM M CKO-
pPOCTH TepeMelleHus oOpasua 2 MM/c yis
pasHoro Iuamerpa msTHa

W3 mpeacraBieHHBIX THUCTOTPaMM CJEIyeT,
4TO BapbHpPOBaHUE YCIOBHOW pac()OKYCHPOBKH,
CIIEZICTBHEM YEero SBJSETCS U3MEHEHUE TuaMeT-
pa msATHA OONydYeHUs], TPUBOAUT K 3aMETHOMY
W3MEHEHUIO TIIYOWHBI CIIOS J1a3epHOro JIErupo-
BaHus. Tak, yMeHbIlIeHHE pac(HOKyCUPOBKH MPH
MPOYMX PABHBIX YCIOBUSX, PE3yJIbTAaTOM UEro
€CTb YMEHbBIIIEHHE AMaMEeTpa IISTHA, BHI3BIBAET
MTOHIKEHHE TJTyOUHBI JIa3€PHOTO 00TyUCHHMS.

MOXHO TPEeANOI0XUTh, YTO MOJYyYEHHBIN
3¢ ekt O0OYCIOBJICH CYIISCTBEHHBIM POCTOM
TeMIepaTypsl MOBEPXHOCTH, BBI3BABIIUM HH-
TEHCHBHOE HCIapeHHe clos OOMAa3KH W YBEIH-
YEeHHEM 3aTpaThl SHEPTUH Ha UCTIapEHHeE.

PeHTreHOCTpYyKTYpHBIN aHAIM3 MOKA3ajl, 4To
OOpUPOBAHHBIN CIIOH B BBICOKOIIPOYHOM YyTyHE
conepxut Ttakue dassl, kak FeB, Fe,B, a-da3y,
ooporementut Fey(B, C).
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Puc. 3. I'ucrorpamma riyOuHBI GOPUPOBAHHOTO
ciost ipu TonmuHe odMasku 0,3 MM M CKO-
pOCTH TiepeMeleHus ooOpasua 4 Mm/c s
pasHoro Iuamerpa msiTHa

CormocraBieHue TaHHBIX MHKPOCKOITUYECKO-
IO U PEHTTCHOCTPYKTYPHOTO aHAJM30B C JlHa-
rpammamu  coctosiHuss Fe-B m  Fe-Fe,B-Fe;C
MO3BOJIMJIO YCTAHOBUTH, YTO 3TH (ha3bl IPHU KPU-
CTaJUIM3AIMH paciljlaBa MOTYT 00pa30BbIBATH 110
BCEMY OOBEMY OIUIABICHHOTO CJIOSl Pa3nYHbIC
CTPYKTYPHBIE COCTABIISIOIINE: CMECh MEPUKTEK-
tudeckoro tuna (FeB + Fe,B), 3a3Brextuueckue,
IBTEKTUYECKUE U JOIBTEKTHUECKHE CTPYKTYPHI.

Huddepennmanus $paz B pasnIHUHBIX CTPYK-
Typax MpoBeleHa CIOCOOOM OKPAIIMBAIOIIETO
TpaBIICHHs, aHATH30M (OPMBI TIEPBUYHBIX KpPH-
crayuioB. M30bITouHas o-¢aza obpasyercs u3
MEPBUYHBIX KPUCTAJUIOB Y-(a3bl M0 MapTEHCHUT-
Homy MexaHusMy. boporementut Fes(B, C) u
oopunsl FeB, Fe,B pasnnuatorcs meramiorpa-
¢dudeckr — GOpMOI N3OBITOUHBIX KPUCTAIUIOB U
MOBEJICHUEM TIPU OKPAIIMBAIOIIEM TPaBICHUH.
[NepBruunble KpuCTAUTBI OOPOLIEMEHTHTA Tpel-
CTaBIISIFOT IJIACTUHYATHIC 0Opa30BaHUs — IJIOC-
KHE€ JICHJIPUTBI, KOTOPbIE B CCUCHHUSX, IEpPIICH-
JWMKYJISIPHBIX TIOBEPXHOCTSIM, BBISBISIFOTCS B
BHJI€ TOHKHX IOJOCOK. B COOTBETCTBUU C TPOM-
HOW JHMarpaMMoi OOpOLIEMEHTHT MOXKET o0pa-
30BBIBATBHCSI HE TOJILKO HEMOCPEJCTBEHHON KpH-
CTaJUIM3aIMel U3 XKHUAKOTO pacTBOpa, HO TaKxke
U B pe3yibTaTe IEPUTEKTHUECKOro IMpeBpallle-
Hust [2]. CTpyKTypHO-CBOOOIHBIE KpPHUCTAJLIBI
6opuyioB Fe,B HabnronatoTcs B BUJE CTEPIKEHbB-
KOBBIX KPHCTAJJIOB, MMCIOIIUX B TONEPEYHOM
cedeHnr (opMy KBaJIpaToB, pOMOOB, TPEYroyb-
HUKOB, T.€. BCEX BO3MOXHBIX CEUCHUH TeTparo-
HAJBHOW MPHU3MBL. DBTEKTHUECKHE COCTABJISIO-
mue CTPyKTyp B  OOpHpOBaHHOM  Clloe
XapaKTepu3yIOTCsS OIpPEeNIeHHBIM Pa3Hoo0pa-
3MEM CTPOCHHUS M JHCIIEPCHOCTH. JBTEKTHKA B
Pa3HBIX CJOAX U B Mpeenax OJAHOTO CIOS OTIIN-
Yaercsl KaK pa3HOM AMCIIEPCHOCTHIO, TaK U pa3-
JUYHBIM  KOJNMYECTBEHHBIM  COOTHOIICHUEM
MexIy (azamu.

CpaBHEHHE CTPYKTYp CJIOEB C COMOCTABUMBI-
MU TITyOMHAMH WIUTFOCTPUPYET BIUSHHUE TOJIIH-
HbI OOMa3Ku Ha CTpyKTypy. Hampumep, Tpex-
30HHBIN CIIOH C MpeoldiaJaHrueM 3BTCKTUYCCKON
U JO3BTEKTHMYECKOM CTPYKTYp MOXET CTaTh
ABYX30HHBIM C 3a3BTEKTUYECKOM M JBTEKTHUYeE-
CKOW 30HaMH W ¢ mpeobialaHueM IMepBOi MpH
u3MeHennH ToamuHa oomasku ot 0,3 10 0,15 mm.

C yBenu4YeHHEM CKOPOCTH OONIyYeHHS MpH
MPOYMX PABHBIX YCIOBHAX 0OpabOTKH yMEHb-
maeTcs ryOruHa Clos, T.€. yMEHbIIaeTcs 00beM
BaHHBI PacIIaBJICHHOIO METalla, a, cliefoBaTe-
JbHO, YBEIWYHMBAETCS KOJIMYECTBO PACTBOPECH-
HOro B Hed Oopa. [laHHBIE PEHTTEHOCTPYKTYp-
HOT'O M MHKPOCKOITHYECKOTO aHaIN30B (DUKCH-
PYIOT M3MEHEHHEe cocTaBa cios. PeHTreHorpa-
(UYeCKH OTO TPOSBISICTCA B  YBCIWYCHHUU
WHTCHCUBHOCTH JIMHUH OOpOLIEMEHTUTa C PO-
CTOM CKOpPOCTH OOJy4eHHs, a MUKPOCTPYKTYp-
HO— B YBCIIMYCHHUU [JOJIU BbICOKO60pI/ICTBIX

CTPYKTYP.

BriBoabI

VYcraHOBIICHO, YTO TIPU MPOBENEHHUU Jia3ep-
HOrO OOpPHPOBaHUS C YBEIWYEHHEM CKOPOCTH
nepeMelieHrs oopasia riyonHa OopupOBaHHO-
T'O CJIOSl yMEHBIIIACTCS.

[MocTpoeHHBIe THCTOrpaMMbI TIYOWHBI 0O-
PUPOBAHHOTO CJIOSI CBHJICTEIBCTBYIOT 00 YBEIH-
YEHUM TOCJIEHET0 C BO3pAcTaHUEM JHaMeTpa
MSATHA O0Jy4eHHUS OT 2 10 4 MM.

Penrrenorpaduueckn u Merauiorpaguuecku
BBISIBJICHBI ()a3bl H CTPYKTYPHBIE COCTABIISIONIHE
OOpHUPOBAHHOTO CJIOA.

VYcTaHOBNICHO BJMSIHAE TOJIIUHBI OOMa3KH
Ha CTPYKTYDY.

PeHTreHOCTPYKTYpHBIM U MHKPOCTPYKTYp-
HBIM aHAJIW30M BBISIBJICHA CBSI3b MEXKIY CKOpPO-
CTBIO OOJIyueHHS M JOoJeld BBICOKOOOPUCTHIX
CTPYKTYPp B CJIO€.

Pesynbrarhl ncciaenoBaHuit MOTyT OBITH pEKO-
MEH/IOBaHBI Ul BHEIPEHUS WX B MPOH3BOJICTBO
HE TOJBKO MOPIIHEBBIX KOJIEI, HO U JPYTHX Jera-
Jied W3 BBICOKOIPOYHBIX YYT'YHOB, IOJIBEPraio-
IIUXCSL B TIPOLIECCE IKCILTYaTalliy U3HOCY.
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Laser processing for increasing the durability of
the piston rings

Abstract. Problem. In the process of operation piston
rings are subject to wear. Non-sufficient wear re-
sistance of piston ring materials often limits the
growth of productivity of machines and the timing of
their operation. It is not always that the desired set of
properties of piston rings made of cast iron can be
achieved by traditional methods of thermal or chemi-
cal-thermal treatment. Thus, application of tradition-
al boriding methods associated with diffusion of bo-
ron into the solid phase leads to formation of the
working layer having high brittleness. Therefore, the
actuality of the problem is to increase the wear re-
sistance of piston rings without embrittlement. Use of
laser heating at boriding provides the formation of a
new layer with special properties. However, the op-
timum properties can only be achieved after estab-
lishing a relationship between the parameters of run-
ning a process and the depth of the borated layer.
The goal was to determine the effect of laser heating
parameters on the structure and depth of the borated
layer, since the properties of piston rings depend on
the depth of the latter. The studies conducted re-
vealed that the increase in the speed of displacement
of the part in the process of laser heating reduces the
depth of the borated layer. Such a dependence is ob-
served both at 0.15 mm thickness of coating and at a
thickness of 0.30 mm. For all modes of workpiece
displacement speed for the used boron containing
envelope with the above-specified thickness a higher
thickness of the borated layer and the heat affected
area corresponds to a higher thickness of coating.
Increase of the spot size leads to an increase in the
depth of the layer. By X-ray and metallographic dif-
fraction the phases and structural constituents of the
borated layer were decoded. X-ray diffraction and
microstructural analysis revealed an association
between the exposure speed and share of high-boron
layer structures. It is shown that the borated layer in
the ductile iron includes such phases as FeB, Fe,B,

o-phase, and borocementite Fe; (B, C). The research
results can be extended to other parts subject to in-
tensive wear.

Key words: piston rings, borated layer, laser heating.

Hlushkova D., Kharkiv National Automobile and
Highway University, 097-481-15-93,
diana@khadi.kharkov.ua

3acTocyBaHHAI JIa3epHOro OOpoOJeHHs Al Mia-
BUIIIEHHS TOBIOBiYHOCTI MOPIIHEBUX Kijlelb
Anomauyin. Ilopwnesi Kintvys 6 npoyeci excniyama-
yii nionsicaromo 3nowyeanHio. Heoocmamms 3H0co-
cmiluKicmy mMamepianié NOpuHesux Kileyb Hacmo
obmedicye  3pOCMAanHsL NPOOYKMUBHOCE  MAWUH i
mepminy ix excnayamayii. He 3aexcou nompiOnui
KOMNJIEKC 61aCmMUBOCmell NOPUIHesUx Kiieyb, 8U2o-
MOGEHUX 3 YABYHY, MOdICe OYmuU O00CAeHYmull mpa-
OUYIUHUMU  MemOoOaMu mMepmiyHo20 abo XiMiKo-
mepmiunozo 0bpobaenns. Tak, sukopucmanHs mpa-
OuyiiHux  cnocobie  OOpYy8amHs, NOB8 SA3AHUX 3
oughysiero 6opy 6 meepdy gaszy, npussede 00 ¢op-
MYBAHHS pOOOH020 WAPY, WO MAE BUCOK)Y KPUXKICTb.
Tomy axmyanvholo € npobrema NiOGUUEHHS. 3HOCO-
CmItIKocmi NOpuHesux Kileyb 0e3 OKPUXUYBAHHSL.
Buxopucmanus nazepnoeo nazpisy nio uac 6opysan-
Hsl 3a0e3nevye Ymeopents Ho8020 wapy 3 0coOIUGU-
mu enacmugocmsamu. OOHAK ONMUMATLHI 81ACMU-
eocmi  Modcymv Oymu  OOCSAeHYymi MIbKU NICIs
B6CMAHOGIEHHST 368 3Ky MIJIC napamempamu npoge-
OenHsi npoyecy ma 2eaubuHol0 60poaHo2o wapy.
Memoio pobomu 6y10 8Cmano8ieHHs 6NAUSY Napa-
Mempig 1a3epHo20 HA2PI8y HA CKAA0 Md 2AuOuny
wapy 6opyeanHs, OCKIIbKU BIACIMUBOCMI NOPUHEBUX
Kieywb 3anedxcams 6i0 2MUOUHU OCAHHbO20. YHACI-
00K nposedeHux OOCTONCEeHb YCMAHOBNIEHO, U0
30LIbULEHHS. WUBUOKOCMI NepemiyeHHs. 0emai 8 npo-
yeci 1a3epHo2o Hazpigy aMeHuye nubuny wapy 6o-
pyeanns. Taxa 3anesicnicmos cnocmepicacmvcsi K 3d
ymosu moswunu oomazku 0,15 mm, mak i 6 pasi
moswunu 0,30 mm. YV eunaoxy ecix weuokocmet
nepemiujents 3paska O0Jisi 8UKOPUCMAHOT 0OMA3KU,
wo micmums 60p, i3 6KA3AHUMU MOSWUHAMU OLIbUUA
moswuna 60po8aHo2o wapy ma 30HU MEPMIYHO20
eénaugy sionosioac Ointvuii moswuni oomasku. 30i-
JIbUWenHs dlamempa MU CRPUsE 3DOCMAHHIO 2U-
ounu wapy. Penmeenoepagivnum i memano-
epagiunum  memooamu  poswugposani  gasu i
CmpyKmypHi ckaa0ogi wapy oopyeanus. Penmeeno-
epagiunum i MemanoepagiuHuM aHanizoM GuHaue-
HUL 36 S130K MIJIC UBUOKICIMIO ONPOMIHEeHHsl I Y4acm-
Ko10 ucoxobopucmux cmpykmyp y wapi. Iloxasano,
wo 6oposanuti wap Yy BUCOKOMIYHOMY YABVHI
micmumo maxi ¢gasu, ax FeB, Fe)B, o-ga3zy, bopo-
yemenmum Fe3(B, C). Pesynomamu 00CaiodiceHb
Modicymb  Oymu nowupeni U Ha IHwi Oemaii, wo
niONs2arOMy IHMEHCUBHOMY 3HOULY BAHHIO.

Knrouosi cnosa: nopwnesi xinoys, wap 60pyeanns,
Aa3epuull Hazpie.
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