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BJIMAHUE MOAUDPUKATOPA KAIIPOJI HA CBOMICTBA KAHU®OJIbHBIX

DJIHCOB

B cratse paccMOTpCHa npoG:cha TIOBBIINICHHS AaKTHBHOCTH I(ZlH"Cl)OI[I/[ B lIa4.1bHBIX f])JIIOCaX. ﬂpc:wmxe—
HC B KadecTee éIKTP!BaTOpB HUCIIOJIB30BATH KyﬁOBHﬁ Hp(JJIyKT yCTB“OBKl/l nepﬂofmqeckoﬁ JUCTHIIIA AN Kaupo-
nakTaMa, koTophiit (kanpour). [IpoBeaensl UCHBITAHMS [IPE/IOKEHHOIO aKTHBATOPa, KOTOPHIS MOKa3allH, 9T0 OH
VIy4IIaeT TaseMOCTh MEIH OJOBSHHO-CBHHIIOBLIM IIPHIOEM, MO3BOJIACT CO3/]aBaTh KOMTOIMIMOHHEEIE TIPHIOH
Ha OCHOBE CILIaBa OJIOBO-CBHHEI, TO OGECIEYHBACT MOBBHINCHHE XapaKTePHCTHK PaGOTOCHOCOBHOCTH MAsHBIX

COeIHHEHUH.

[Naiika IIMPOKO NPUMEHSIETCS B COBPe-
MeHHO# mpombireHHoCTH. OHA OTHOCHTCS K
MEPCOESKTABHBIM  T€XHOJIOrHYECKUM Ipomec-
cam. OnHAKO ISl PACLIMPEHHs. OOBEMOB ee
MPUMEHEHNs] HeOOXOAWMO IIOBBIIATH XapaK-
TEPHCTHKA PabOTOCIOCOOHOCTH MAsHBIX CO-
eMHEHNH. 9TO OCOGEHHO OTHOCUTCS K HH3KO-
TeMIepaTypHOH najike, KOTOPas XapaKTepusy-
€TCS MEHBINMMY 3HAUCHIAMH XapaKTCPUCTHK
paboTOCOCOOHOCTH, YEM  BBICOKOTEMIEpa-
TypHas.

AHanu3 JHTEPATYPHBIX HCTOUHMKOB TO-
Kas3eIBAET, UTO Ha PaboTOCIOCOOHOCTH mas-
HBIX COeNHHEHMiIT Gonbuioe BIUSIHUE OKa3bi-
BAIOT KAK BHyTPeHHHe jedeKTbl NasHbIX
IUBOB, TaK M He(EKThl, BLIXOMLINE HAPYIKY.
Hanpuwmep, B [1] npueenenst nanusie, KOTO-
pble NOKa3bIBAKOT, YTO Opeden IIPOYHOCTH
nassHbIX COe,Ell/IHeHl(lﬁ MOHOTOHHO CHHKACTCH
¢ yBenuueHneM oOwwel Ioany, 3aHuMae-
moii pedextamu. Tlpu sTom Hamuuwe nedex-
TOB, BBIXOLSLMX HA TIOBEPXHOCTb, BbI3BIBAET
bomee peskoe cHwxesne mnpoudHoctn [1].
3}IECI> JK€ YKa3pIBAa€TCi U HA 3aMETHOE CHU-
JKEeHHue uummqecxoifx NPOYHOCTH NaAAHBIX CO=
€IMHEHUIH NIPK HAMYHU B HUX Henponaes. [To
nanHbM [2] HanGonee addeKTHBHEIM croco-
GoM ycTpaHeHHs HenpomnaeB SBIISETCS MOBbI-
LIeHNe aKTHBHOCTH NPHMEHSIEMOro MasbHO-
TO cbmoca, Bce 5Tu nadHbIe MO3BONSIOT CHE-
JaTe BHIBOZ O TOM, YTO @KTHBHOCTB (roca
OKa3bIBAET 3HAYUTENLHOE BIIMSAHIE HE TONLKO
Ha CTATHYECKYIO NPOYHOCTH MASHBIX COENH-
HEHWi, HO U Ha HX CNOCOOHOCTH CONMpPOTHB-
NATECA BO3AEHCTBUIO LMK/IMYECKH H3MEHSIO-
LUMXCA HATPY3OK.

Mawunocmpoenue, Memannypaus

B coBpeMeHHOH TIPOMBILLIEHHOCTH
LIMPOKO HCTIONB3YETCS KAIMWIISPHAS maiika
¢ UCTIONB30BaHIeM KaHU(OMBHEIX (QIOCOB.
Jlns noBblLIEHUS aKTHBHOCTH kanudomu B
[3] 610 MpenIONKEHO UCHOTB30BATL KYHO-
BBl OCTATOK MPOM3BOACTBA AMMeTHTEped-
Tanara (JMT). Hpu >ToM akTHBHpPYHOLUEE
JefCTBHe JAaHHOTO KOMMOHEHTA OOBSCHS-
€TCA HATMYHEM B KyOOBOM OCTATKE IPOM3-
Bonctea JIMT 3HAaUMTENBHOrO KOMMYECTBA
XAMHYECKH axTHUBHBIX BEIICCTB, B YACTHO-~
CTH, OPraHMYECKUX KHCIOT U UX 3GUDPOB B
Konu4ecTse, npessinatomem 60 %. Onxa-
KO B HacTosllee Bpems Ha MOTHIEBCKOM
II0 «XuMBOJOKHOY», KOTOPOE ABJASAETCH
npoussoguTeseM  auMerwatepedranara,
IPOBENCHb MEPONPUATHA, HATIPABICHHBIC
Ha mnoBbimeHue 3hdexTuBHOCTH PadOTHI
NPemNpPUATHA. JTO NMPUBEI0 K HOJHOH OC-
TAHOBKE NPAKTHYECKH BCEX MPOH3BOLCTE
mo Beimycky JIMT u cymecTBeHHO# Mo-
[IEPHU3ALAY  €AMHCTBEHHOro  IeHCTBYIO-
LIEr0 NPOM3BOACTBA JIAHHOIO IIPOMYKTA.
IlosTomy B HacTOsIILiee BPEMSs OTCYTCTBYIOT
pecypcsl KyOOBBIX OCTATKOB [TPOU3BONCTBA
JMT, umeroumx XUMHYECKHH COCTaB, CO-
orBercTByrouWi farHbM [3]. Takum obpa-
30M, BeCbMa aKTyaJbHBIMH SABIAKOTCA HC-
ClIe[IOBAHMsl, HAIPABIICHHbIE HAa pa3paboTKy
coctapoB kanu(onsHbIX (mocos, obecre-
YMUBAIOIIUX BbBICOKYK) HX AKTHABHOCTE IIPH
HeGOoJIBLION CTOUMOCTH.

Beuay OCTaHOBKM  TIPOM3BOACTBA
JIMT ua Morunesckom IO «XuMBOmIOK-
HO», HaM¥ OB NPOU3RENEH IIOMCK APYTUX
TIPOAYKTOB, B OCHOBY KOTOPBIX IMOJIOKEHO



B jccxa-P

B

HaJIM4ie B HUX OPraHnYecKMX KHCIoT. B ka-
YEeCTBE MEPCTIEKTHBHOIO NMPOAYKTA JUIS HC-
[OJIb30BaHHs B MPOLIECCE HH3KOTEMIEpaTyp-
HOM Taiiky HaMu ObUL NPEeIIOKeH KyGoBbIiL
NPOXYKT YCTAHOBKW HEPHONMYECKON mmc-
THUISLMH KanponakTama, KOTopsiii Beipada-
thiBaercad I'pomuenckum I10 «Asot» n mo-
CTaBJIACTCS MOJ Ha3BaHueM kxauposn. ITo nan-
HBIM NPEAIPUSTAS-U3TOTOBHTENSE O0Pa3yio-
LIMICS B NPOLECCe AUCTHIUIALMA KalpoaaKk-
Tama KyOOBBI NPOAYKT MUCTHIUISUMH Ka-
nponakrtama (Kampoji) COCTOMT H3 & -aMH-
HOKaHpOHOBOﬁ KHCJIOTBI M TAXKEJOKHUITAIINX
npumecer. Kaskabili M3 yKasaHHBIX KOMIO-
" HEHTOB MOKET BBHIMOJIHSTH BAXKHBIE IOJIE3-
Hble QYHKUHH B CcOCTaBax QIIOCOB HA OCHOBE
xkaanom. KomroHenT, ofecneunBaomnii
aKTHBHOCTb, — & -AMUHOKANPOHOBAsi KHCIJIO-
Ta. BbICOKOKUNAIMME COENMHEHHs MOryT
CIOCOOCTBOBATL PACIUMPEHUIO TEMIIepaTyp-
HOrO HHTepBa/d aKTHBHOCTH HyTeM IIPeaoT-
BpameHys 00y ITIMBaHNs KAaHU(POH,
TpeboBanust K Ka4eCTBY KyGOBOrO mpo-
JlyKTa DUCTWIULILGY Karpornaktama (Karmposa)
PErNaMEHTHPYIOTCS TEXHHYECKMMH YCIIOBHsI-
mu TY 113-03-05-12-85 Moduguramop ka-
npon (0mxod BPoOUEOOCHIBA KANPOIAKMAamMa) ¢
usmeHernsmu ot 01.04.99 r. B coorsercrsum ¢
HMMM MaccoBas [JOJNS KanponakTama u
& -aMUHOKANPOHOBOH KHCJIOTBI COCTABISAET B
nponykte Mapku B 80...95 %. [pyrue napa-
METpPbl XHMUYECKOrO COCTaBa TEXHMYECKHMH
ycaoeusivu TY 113-03-05-12-85 ne nopmu-
pyiotcs. JaHHBIE IO XHMHYECKOMY COCTABY
MOKA3BIBAIOT, UTO KaNPOJ UMeeT BCe CBOMCT-
BA, KOTOpble HEOOXOMUMBI [T AKTHBHPOBA-
Bus kaundoau. IToaromy Hamu ObLia npons-
BEJEHA BCECTOPOHHSS OKCIEPUMEHTANBHAS
APOBEPKAa  BO3MOXKHOCTH  MCINIONb30OBAHUS
3TOr0 MPOJYKTA B COCTABAX KAHHU(ONBHBIX
dmocoB. TlepBuie pesyAbTaTsl SKCIEPUMEH-
TOB MOKA3aJH, YTO Kampon (H3MYECKH XO-
pOLIO COBMECTHM C KaHW(ONBIO H npyrumu
THIIOBBIMH ~ KOMITOHEHTAMH  KaHH(OIBHBIX
durocos. Tpu cruasnenun ¢ KaHKONLIO OH
ofipazyer oMHOPOHYIO MACCy B BHAe NACThI,
KOTOpast XOpOIUO PACTBOPSETCS B ITHIOBOM
CIMPTE W APYTUX PACTBOPUTENSX KAaKUQDOIM.
PesynbpTaThl CPaBHHTENBHBIX WCHBITAHWH Ha
pacTekaHHe NO3MPOBAHHONW HABECKH CILIABA

Mawunocmpoenue, Memannypeus
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Byna obveMom 64 MM ) MOBEPXHOCTH
obpasuoe u3 mMemu M1 npencrasieHsl B
Tabn. 1. Kak ciefyer M3 3TMX NaHHBIX, Ka-
HPOJ faXke npu copepranuu 5 % no macce
3HAUATENBHO JIOBHLINAET (UIIOCYIOIIYO aK-
THBHOCTb KaHUGOIM NIPH HU3KUX TeMrepa-
Typax maiiki. BeicoTa kannm yMeHbIIMiack
¢ 1,63 no 1,22 mm. CooTBETCTBEHHO ILIO-
I(ab, 3aHHMAEMas KaIlIeH, yBennIuIach C
76 mo 104 Mm?, a Kpaesoil yroj cMaumsa-
Hus ymeHswwics ¢ 36,7 no 24 rpap. C
YBEIMUEHUEM KOHIEHTpauuu KyGoBOro
NMPOAYKTa AMCTHUIALMHE KanmpoJjaKtama a0
10 % ero BnusHue HA QIIOCYIOIUYIO aK-
THBHOCTB BO3pOC0 eme Gonbire. Bricota
Karuth yMmedslumnack 1o 1,02 mm, a kpae-
BOH yroa @ — no 18,4 rpan.

CpaBHeHHe C APYrHMH aKTHBAaTOpa-
MY, BBOAMMBIMH B COCTaB XaHudosm, —
CHAPA3UHOM COMSIHOKMCIABIM W aHUITHHOM
COJIAHOKHC/IBIM — TIOKa3ano Oosiee BBICO-
KIfe pe3ysbTaThl Kanpojia B CPaBHEHHU C
TUINHYHBIMA KOMIIOHEHTaMM KaHH(OIb-
Hbix (rocoB. Takum o0pazom, ycTaHOB-
JIEHO, YTO Kampon obnajaer spko BeIpa-
JKEHHBIM AKTHBUPYIOLIUM JEHCTBHEM B
KOMIIO3HIIMH C KaHH(DONBIO.

JUist ONpefeneHus TEXHOIOrHYEeCKHX
CBOIiCTB Kanpona B cocrapax (IIOCOB Ha
octoBe KaHH(OIH ObIM MPOBENEHBI JKC-
TNEepUMERTH MO HCCIENOBAHHIO BIIUSHHUS
KOHLEHTPaUMH Kamnpoja Ha pacTexaHue
npunoee cucrems! Pb-Sn, B uacrocTH,
npunos IHOC 61, Honyuennsie pesynsTa-
ThI NPHUBEIEHbI B BUAE rpaduKkoB Ha puc. 1.
W3 rpaduxa cnemyer, uto yBehamueHue
cozlepyKaHUs Kalpojia A0 KOHLEHTPAHUH
30 % crnocobCTBYeT NOBBIMICHHUIO AKTHB-
roctu kanudoabHOTO utioca, a pu yee-
JHYEHUH KOHUEHTpauuy ceepx 60 % ax-
THBHOCTb PE3KO CHIbKaercs. IIpu 3Tom
UMeeTCs TAKOH MHTepBad H3MEHEHHs
KOHLEHTPALUH, B KOTOPOM IJIOLanb pac-
TeKaHHs CPABHUTENbHO Majio 3aBHCHT OT
COzePIKAHUS KarpoJia.

ITo monyueHHBIM NAHHBIM 3TOT HH-
TePBaJl KOHUEHTPAUHH HaXONUTCH B IIpe-
nenax or 10 go 50 % no macce. Ero mox-
HO PEKOMEHNOBAaTh s BHIGOPA OCHOBBI
cocraBa kaHudoapHoro duoca.
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Tab1. 1. Bauanue pasmmuubiX J06aBOK HA aKTHBHOCTB KaHU(OIH

AKTHBATOP ¥ STO KOHUGHTPAUKS, Buicota kannu, Tnomaas Kpaceoi yros
% 10 Macoe M , vyt  cpat

1 Yncras xanugos 1,63 76 36,7

2 T'uapasull COMTHOXUOTLIH, 5 % 1,41 89 29,75

3 ANWTAH colsHOKUCIHIHA, S Y% 1,32 96 26,7

4 Ky®6. npoayxr (KI11T), 5 % 1,22 104 24

5 Ky, mposyxer (KITJD, 10 % 1,02 124 184
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Copepxanue kanpona ——»

Puc. 1. BiinsiHge KOHICHTPATIME KaNpoTla Ha BCIWYMHY KPaeBoTo yTila TP PacTeKaHWH HPHUIOL

B npaxrike maiiku Gonsliyio posb ur-
paroT IPOLECChl 3aMONHEHHs 3a30POB pac-
IJIaBJIGHHBIM TpHIIoeM. Iloatomy mms momy-
uenus Goyee TONHBIX JAHHBIX O TEXHONOTH-
YEeCKHX CBOMCTBaX  (D/IIOCOB, COmEpIKaLIMX
Kanpoj, ObuII MPORENEHBI MCCIENOBAHUS 3a-
HOJHEHHs TOPH3OHTANBLHBIX 3a30pOB. Pesyis-
TaThl IflCC}'IeZ[OBaHI/Iﬁ TPUBELACHBI HA PHUC, 2.
lerl MCCACOOBAHUH 3AMOJIHCHUSA rOpUu30H-
TaNBHOrO 3a30pa B KauecTBe HH(OPMALHOH-
HOrO I1apaMeTpa HCIOJb30BAIACH IIHHA 3aTe-
kanus L B T-OGpaSHOM COCAMHEHUNM IIJIACTUH
(puc. 3). BblIO yCTAHOBNECHO, YTO KOHLGHTpA-
uu kanpona B npegenax 10...50 % o macce
COOTBETCTBYET U XOPOLUEe 3alOJIHEHHE 3a30=~
Pa pacnnaBlieHHBIM TPHIOEM, T. K. JJIHHA 3a-
Texanus L Bospocia B 2...2,2 pasa 1o cpae-
HEeHHIO ¢ (UIIOCOM, He COAEPKAIUM 3TOro

81
M

monudukaTopa.

JlanbHeliliee  DKCIIEPUMEHTANILHOE
HCCIIENOBaHHE TEXHOJOTHYECKHX CBOHCTB
mokasano, 4ro Gurockl ¢ kanponom obec-
neyuBaoT Oojiee IMMPOKHH WMHTEpBAJN aK-
THBHOCTU 3 CHYET YMEHBLIECHHUSA o6yrm/ma-
HUs KaHU(ONIU NpH TEMNepaTypax BhIE
300 °C, 5erxo pacTBOPSIOTCS B 3THIOBOM
CHUpPTE, & UX OCTATKHA OKA3BIBAXOT ciaboe
KOPPO3UOHHOE BO3JEHCTBHE HA rOTOBOE
H3Je/He U JIETKO YIAISIOTCs IIOCHe NAHKH.

BasxHpiM CBOWCTBOM Kampona, no-
JIE3HBIM TIPH MCIIOIB30BAHUH €r0 B Kade-
crBe Gurocyromeii 100aBKkH, ABILETCS Mac-
ToOGpa3Hast KOHCHCTEHILHS CMECH 3TOro
npoaykra ¢ xauudonbsto. Taxas koHCM-
cTeHuus crocobcTByer Gomee GbicTpomy
PACTBOPEHHIO (DIIOCYIOUX HHIPEIHMEHTOR
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B CIIUPTE U YJYYLIAET YCIOBUSA TS H3TOTOB-
JICHVS KOMIO3ULIMOHHbIX IPUTIOEB.

Ha ocnoBanuyu NPOBENCHHBIX HCCACHO-
BaHuit 6buUT paspaboTaH pAf HOBBIX KaHH-

bombHEIX (IIOCOB, COmEpKAIMX Kampol,
XuMH4eCKUH COCTAB HEKOTOPBIX M3 HUX
npuseneH B Tabi. 2.
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Conepsxanne kanpona ———»

Prc. 2. 3aBUCUMOCTH JUIMHBI 3aTeKaHNS NPUIIOS OT COACPKAHHS KAIpolla B KaHH(OIbHOM dmoce

L

Puc. 3. Cxema npoBe/ieHus HCIBITAHMH Ha 3aTCKAIHC PUOOS B FOPH3OHTANBHEI 3a30p T-0Gpasnoro

COC IHHCHIA

B PecnyGnuke bemapych ocHOBHBIME
notpeburensmMu  KaHUGOMBHBIX (QIIFOCOB B~
JIAKOTCs HpeDI[pI/IHTHﬂ, BBIITYCKAIOIIMUE paauo-
anexTporHyto annaparypy (IIO «Topusont,

82
Mawwnocmpoenue. Memainypeus

IO «Butaspy, AO «3enur»). Kanndons-
Hble (MIFOCHI 3€CH YAILE BCEro UCHOMb3YIOT
B BHJE MCTOH KaHHpONH, B BHHE CIIEL-
QIBbHBIX [PYTKOB IPHIOS, 3AMOJHEHHbIX
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BHYTpU KaHHA(OJIBIO, 2 TAKXKE B BUAE CITHPTO-
BOrO pacTBopa kaHudonn. B nocnennem ciy-
uae ¢moc comepxur 30 % xamndonn, oc-
TajkHOE — CIHpT. Hcnons3osanue ¢mocos B
BUJIE CIUPTOBOTO PACTBOpA OOJEryaeT ux Ha-

HeceHre Ha NasseMyio NOBEePXHOCTb ¥ 03U~
POBAHHE, YTO B INPOM3BOACTBEHHBIX oTOo-
Kax umeer GoNbIIoe 3HAYCHUE, 0co0eHHO B
MacCOBOM IIPOU3BOACTEE.

Tabu. 2. XuMudeckuit cocTap HasabHbIX QIFOCOB ¢ KanpoJIoM

Howmep cocrasa KoMmonent COTCPHANHE KOMIOHCHTOB, Bec. %
Kanudgomns 65
1 Ky GoBLIH 0CTaTOK KOHOHILL AUCTUILTLLIMMI 35
xanponaxraMa (KITT)
Kanndous 20
2 KITH 10
DTHIOBBIA cONPT Ocraipioe

Texrnonornueckuil npouecc naiku c
MCTIONb30BaHHEM (UTIOCA, CONEPIKAILEro Ka-
TPOJ, TIPOLIEN MPOM3BOACTBEHHbIE MCIIBITA-
HUA, a 3aTeM Obul BHeaApeH Ha Moruiesckom
3aBOJIe TIONMMMEPHBIX TPYO ans naku Mex-
HbIX NPOBOJOB CHCTEMBI OIE€PATUBHOTO IHC-
TAHLMOHHOTO KOHTPONS  IPEIBAPHTENLHO
H30JIMPOBAHHBIX TPYO.

TposenenHblli  HaMM  CPABHHTE/BHBIH
aHATM3 CTOMMOCTH (hOca MOKa3al, YTO TMPH
HCIOJIb30BAHHII KyOOBOI'O OCTATKA MMEET Me-
CTO CHHIKEHHe cronmMocTu (moca Ha 35 %.

Kak 6B110 MOKa3aHO BbILIE, MPHMEHE-
HME  HU3KOTEMIEPATYPHBIX  OJOBAHHO-
CBUHIIOBBIX MPUIIOEB B PA3IHYHBIX OTPACIISIX
TPOMBLILITIEHHOCTH OTPaHMYEHO H3-33 HU3-
KHX HPOYHOCTHBIX XapaKTepPHCTHK CIIaeB.
OnHMM M3 TepCHeKTMBHBIX HANpPaBIEHHH
MOBBILEHHS TIPOYHOCTHBIX CBOWCTB NMAsHbIX
COeINHEHUH SBJISETCH pa3paboTka KOMIO3i-
LUHOHHEIX TpurIoes [4-6]. B Takux mpunosx
NIerKONJABKAs MATpPHUA 00eCcneuBaerT CMa-
YHBAHHE, MOHOJIUTHOCTb H TE€PMETHUHOCTb
mBa, a HoNee TYyroraBKkuil HAMOMHUTEIb —
COOTBETCTBYIOLIEE TOBBILEHHE CTOHKOCTH K
pasnMuHBIM BHOAM Harpyskd. JacTo B Takue
KOMINO3MLKMA BBOAAT M (hmoc, uto obecme-
YHBAET SHAYMTENbHOe yHOOCTBO HpH MpPO-
MBILIEHHOM TipuMeneHun npunos. [Toaro-
My Hamu OBbIIO MPOBENCHO OSKCIIEPHMEH-
TAaJbHOE HCCIENOBAHUE BO3MOXHOCTH MC-
MOJIb30BAHAA KAamposia B BHAE MOIMPHUKATO-
pa mo TY 113-03-05-12-85 B xoMnosuumu-
OHHOM IIPHIIOE, COCTOSINEM N3 [OPOLIKO0D-

M M aun

pasnoro npunos IIOC 40, MegHoro no-
powrxka mapkn [IMC-u (TOCT 4960-75) u
¢umroca B BuAe cMecn KaHHGDOIM ¢ Kampo-
jgom. JIns  SKCHIEPHMEHTaNbHOM OUEHKH
TEXHOJNOTHUYECKHX CBOJCTB TAKOH KOMIO-
3MUMY HAMH ObUIM HCIIONB30BAHBI CTaTH-
CTHYeCKHE MeTOAbI 0BpaboTKH 3KCcrepu-
MEHTAJIbHBIX AAaHHBIX, B HaACTHOCTH, METOX
MHOr0(paKTOPHOro HKCNEePUMEHTa.

B nmaHHOM HCClefOBaHHH s yC-
MEILHOrO PELUeHHs TOCTABICHHON 3a1atix
MareMaTH4eckass MOJENb JOJDKHAa OTpa-
JKaTh CBA3b MEKAY COASPKAHMEM HHIpe-
LIUEHTOB, C OAHON CTOPOHBI, H CHOCOOHO-
CTBIO TMPUIIOS K CMAYNBAHMIO W 3amOHe-
HUIO MAasyIbHOTO 3a30pa, ¢ JPYroit CTopo-
ubl. TloaTomy B KayecTBe (hakTOPOB IKCHE-
puMeHTa ObLIM BbIOpaHbI CEAYIOIIHE Na-
paMeTphI:

— conmepxanue kanpona Bo durroce X;;

— ConepkaHNe HAMOIHUTENs (MeaHO-
ro nopotuxa [IMC-x) Xa;

— comeprkaHHe (mOca B KOMIO3U-
wnn Xs.

Viasanusie HakTOps! yAOBICTBOPSIOT
TpeSOBAHHAM yNPABISEMOCTH W OAHO3HAY-
HOCTU, & TAK)KE MOTYT ObIThb OINPENEIEHBI
OMEPALHOHAITLHO, YTO ITO3BOJISET IIPOM3Be-
¢t (haKTOpHOE IUIAHMPOBAHHE DKCIEePH-
MEHTA U NOCTPOUTH MAaTEMATHHECKYIO MO-
nenks npouecca. Beuay Toro, uro must bu-
3U4ECKON MHTEPIPETALH MATEMATHUECKOH
Mmozesu Heobxomuma giHdopmauust 06 3¢h-
dbexTax B3aMMOLEHCTBHst (PAKTOPOB, TPH



onpenenesny  kodbdunnentor  ypaBHeHus
perpeccuy ObUT PeasM30BaH MONHLI (HakTop-
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HBI 3KCIEPUMEHT, YCJIOBMS NPOBEAEHHS
KOTOpOrO NpencTasnedsl B tab. 3.

Tabu. 3. Yenosus MpoBeienns MHOTO(GAXTOPHOTO IKCTIEPAMEHTA

—_
Huxsyit yposeus, Bopxunii yposens
Paxtop Harypasios Konuposanios Harypastioc Koawposaioe
spaucHue dakTopa 3navense pakropa 3HaveHue Bakropa 3Hadenne aKropa
Conepxanue kaupoia X 5% -1 30% +1
Cogepxanue Mean X, 5% -1 20% +1
Copepxanue pmoca X, 4% -1 6% +1

Jins KOJMYEeCTBEHHOH OLIEHKY TEXHO-
JIOTUYHOCTH HaAaMM B KaueCTBe d)yHKHPIH oT-
KIuKa ObLIO NPHHSTO OTHOLICHHE BBICOTHI
Katui K ee puamerpy: W = h/d . Tlpumene-
HHe 3TOro napamerpa 010 0GOCHOBAHO H
npensioxeno Hamu B [7, 8]. Taxoil Bribop
¢byuxuun oTknmka OOYCNOBNEH TeM, YTO
TIPU NPOBEACHHH HCCNENOBAHNI JIIOObIe 13-
MEHEHHSI KOHLeHTpauuu ¢moca (dakrop
X3) mpuBenyT K M3MEHEHHO oObema Tmpu-
nos, COIICP)K&LL!CTOCX B HCIIBITHIBAEMOIT Ha-
Becke. [TosToMy TakMe mapamerpsl, KaK pa-
UYC KAy 7, MIOMWALb CMaYUBAHUS S, Bbl-
cora karmm A GyAyT U3MEHATHCS BMECTE C
U3MEHEHHEM 06'beMa NIPUTIOS, YTO MOBJIASET
Ha TOYHOCTb OUEHKU PE3YJILTATOB. HCI'[O.Hb-
30BaHME APAMETPA ¥/ , KAK ITO BBLIO HOKA-
3aHO B [7], UCK/IIOYAET MOTPELIHOCTD, CBS-
33HHYIO C M3MEHenyeM o0bemMa pacreKaio-
1Erocs Npunos.

Ha ocHOBaHUH NpOBENEHHBIX 3KCIE-
PUMEHTOB ObIIO TONyYeHO YCEYEHHOE
YPaBHEHHE DErpecCHH, MO3BONAIOINEE Olle-
HHTh CTETICHb BIIMSHWS KOHIEHTPALMY KaXK-
ZIOFO KOMITOHEHTA Ha XaPAKTeP PaCTeKaHus,
B BHIE

Y =0,082 - 0,061X; +
+0,027X; + 0,014X,X,. (€3]
IIposepra o kpurepuio Puiepa mo-
Ka3anad a/IeKBATHOCTL TOJy4eHHON MaTeMa-
THYECKOH Mopenn (pacyeTHoe 3HAYeHHe
kputepuss Oumepa — 2,78, tabmuunoe —

6,4). U3 suipaxenns (1) cnepyer, 410 CO-
mepxxanue GIOca B PACCMOTPEHHBIX Hpeae-

Mawnocmpoenue. Memanivpeus

JiaX He OKA3bIBAET CYLIECTBEHHOrO BIIHs-
HHMsl HA CMAaYyHBaHue MHPHITOEM TNaseMOM
TOBEPXHOCTH. MOKHO TaKKe 3aMeTHTB,
yro Gosiee CHIBHOE BIHSHHE HA IPOLECC
pacTeKaHus OKasblBAET COJACP)KAHUE Ka-
nporna.

T dusnueckoll  MHTepIpeTanin
MaTeMaTH4eckoil Mozeny BakHa HHQOp-
Maums 0 BzauMmomeiicteun (axropos. B
[AHHON MAaTeMaTHHYECKOH MOAEMH Ha MPO-
Lecc CMAUMBAHMA W PACTEKAHWs 3HAHN-
TEebHOE BIMSHUE OKA3bIBACT B3aUMOZEl-
creue ¢akTopoB X; u X, DTO O3HAUAeT,
YTO BIMSHHE KANpona 3aBHCHT OT TOrO,
KaK BEJMKO COJASpKaHMe HarOJHUTENS B
uccnenyemoid kommosunmu. Ilpu mManom
COIepKaHUM HAIOJIHUTENs NPUIIOH pacTe-
KAeTCsl MPAKTHUYESCKU TaK K€, KaK OObIdHas
JKMOKOCTh, TIO3TOMY BIMSHME Karpoja
NPOABNAETCS TAKHM ke oOpasoMm, kax H
NpM  WCTBITAHHH OOBIYHONO  ONOBSHHO-
cpuHnosoro npunosi. Ilpu comepsxanun
MenHoro mnopouka seitze 20 % xkuAKOCTL
CTAHOBHTCS BS3KOU U NJIOX0 PacTeKACTCs
Jiaxke ¢ BHICOKOAKTHBHBIM (IIFOCOM.

Ha Bropom stane cozepkanue duroca
6BLIO IPUHATO TOCTOSIHHBIM B KOJMUECTBE
5 % u npoBeneno uccnenoBanue HIIOCyrO-
el aKTMBHOCTH CHCTEMbI C IBYMS ITepe-
menHbIME (X; n X3). PesynbraTsl nccieso-
BaHUs NOKA3AJM, YTO [IPH YBEINYEHHH CO-
JepKAHUS HANOJHHTENS APaMeTp |/ BHa-
Yajie OCTAeTCS MPAKTHYECKH IOCTOSHHBIM,
Ha‘{MHail C KOHHCHTpaLLHM HAaMnoJBHUTENS B
10 %, Bunots a0 20 % napamerp Y/ no-

crenenHo Bospacraer (puc. 4). Ipn ypemm-
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4yeHun ero ceepx sxauennsi 20 % Ovuto OT-
MEYEHO PE3KOE YXYALICHHE pPACTEKaHIUs,
KOTOpoe O0YC/IOBIGHO 3HAUHTENHBIM POC-
TOM BS3KOCTH NpHUIOL, HAXONAIIETOCH B

TBEpROKHAKOM cocTostEnn. Takum 0bpa-
30M, ObLIO YCTAHOBIEHO, YTO ONTHMAIlb-
HOe COJepKaHHe MEIHOro IOPOILIKA He
IOIGKHO npesbiuaTts 20 % .

0,2
CofepkaHye Karpona
Bo dpmoce 30 %
<> CozepxaHne kanpoia
0,15 Bo daroce 5 % /
TIpunoii [1IOC 40 N
Hanonuurens — Meab j
0,11
v ( (;\ y QP/
0,05 )
B ==Y
0
5 10 15 20 25 % 110 Macce 35

Col(epxca.ﬂne HaNOIHUTENS ——————»

Puc. 4. Brusuue CoaepkaHid HAIIOJTHHUTENS ¥ Kanpolla I1a CMauuBaHHUE TIasdeMoro MaTepuaia IIpuIoeM

B namnoi paboTe MexaHMYECKHE HCIIbI-
TaHMS MPOBOAHJHCH C UEJbIO MOIyYEHHS
CPaBHHUTENBHBIX [JaHHBIX 10 paborocrnocob-
HOCTH pa3pabOTaHHBIX TEXHOJOTUUECKUX Ma-
TEPUAIOB. MexaHHYeckHe CBOWHCTBA MAsHbIX
coe;:u/menm“{ ONMPEneIIsiyIv IIpH paCTﬁ)KeH“H ux
Ha Mauinie MP—-0,5-1 co CKOpPOCTBIO Harpy-
skernst 18...20 mm/muH. Pesynbrathl npuse-
nesbr B 1abn. 4. Temmnepatypa Harpesa co-
craBmsina 200...250 °C. Komtuectso ¢utroca
BO BCEX OMBITax COCTaBLLIO 5 % mo macce.
Cocras ¢umroca — 50 % no mMacce kaHu(OIL 1
50 % xanpon. lns MOgyueHns CpaBHUTEINb-
HBIX JaHHBIX NPOBOAMJIACH namMKa u HUCIbITa-
HHE aHAJOTHYHEIX 00pasIloB, AT KOTOPEIX B
kauectBe (uIOCa HCHONB30BANACH HYHCTAS
xaundons, He comeprkamas MomupukaTopa
Kanpos. B uuciurene — naHHbIe I YACTOH
kauudon, B 3HaMeHaTene — st KaHudonu,
monnduuyposaHHON  KamposioM.  AHamu3
NIPHBEJEHHBIX B Ta0JL 4 JaHHBIX HOKA3BIBaET,
YTO 1IPH ONHOBPEMEHHOM BBENEHUH METHOTO

Mawunocmpoenue. Memannypzus

85

nopouka B konudyecTse 15 % mo macce u
2,5 % xanpona npezen NPOYHOCTH HasHOrO
coenunenns rosbimaercs ¢ 80 no 128 Mila,
T. €. Ha 60 %. YnapHas BA3KOCTb TPU 3TOM
Taske Bospacraer ¢ 0,34 110 0,87 MIbx/v> (B
2,56 pasa). Taxum 06pasom, Mo pesyabTaTam
MEXaHHYECKUX HCIOBITAHUA MOXHO DeKo-
MEHIOBAT> KOMIIO3ULMOHHBIN NPHIOH, CO-
crosiumit u3 nopowkos mpumosi ITOC 40
(80 %), menu (15 %) u dinoca B Bune CMECH
kanupomu ¢ xanponoM (5 %) st mHpoKoro
TIPaKTHYECKOrO mpuMeHeHus. Ilpu 31OM,
Graromaps HaNMIHIO MEJH, MOXHO OKUAATb
3aMETHOTQ CHIDKEHHMS! 3JIEKTPHYEeCKOro co-
TIPOTUBJIEHAs MAaTEPHAIIa IPUNOS ¥ HATHOTO
LIBA M YCTIEMIHO [IPUMEHSITh JaHHbIH KOMIIO-
3ULIHOHHBIN TIPHION B COENMHEHHSX JJIeK-
TPOYCTAHOBOK.

PesynbTaTel HCOBITAHMIA HA CTaTHYeE-
CKOE PACTKEHHE TIOKA3a/K, YTO 3aMeHa
npunos [TOC 40 KQMHOSHIHOHHBIM IIPH
OAMHAKOBOM THRE NASHOTO COEAHHEHHS
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TIOBBILIAET APOYHOCTH # O0ecrieynBaeT pas-
HOMPOYHOCTh C OCHOBHBIM MetanoM. Ha-
pUMEP, HAXJIECTOYHOE COeMHEHNe §5e3 CKo-
ca KpoMOK Ipn maiike npumoem [10C 40
obecrnieunsaer npenen npounocry 42,3 Mlla,

4 ¢ KOMITO3ULHOHHBIM TIPHIIOEM €ero Ipenen
npounocTd ysenuuwics no 61,1 MIla u
paspyluesse INPOH3OLLIO IO OCHOBHOMY
merajuty. [lokasatenb NpOYHOCTH YBEJH-
uuscs B 1,44 pasa.

Tabn. 4. BausiHae HaIIONHAUTENS U cocTaBa QJ:mca Ha MEXaHUIECKUE XapaKTCPUCTHKH HasTHbIX CTBIKOBBIX

COeAMACHAH

Hosep Conepantte KoMTOREHTOR, % 110 Maccs [C— o

ousITa TIOC 40 IIMC-n Mfbe® ‘
1 95 0 0,34/0,39 80/98
2 90 5 0,37/0,44 85/95
3 85 10 0,43/0,51 95/110
4 80 15 0,6/0,87 114/128
5 75 20 0,46/0,71 100/119
6 70 25 0,22/0,34 60/77
7 65 30 0,1/0,19 20/33

AHanoruusble ucnpiTaHus Opuin mpoBe-

ZIeHbl IJI TasHBIX COeNHHEBMH pasIuuHBIX
TUIIOB TIpA  AMUTEIPHOM WX Harpy»KeHUuM.
CKOpOCTb  YCTAHOBHBIUEGHCS ITON3YYECTH 3a
CHeT MPUMEHEHUS KOMMO3ULHOHHOTO TTPUITOSt
ymenpimiack Ha 73,8 %. Ilo Haiemy mHe-
HMIO, BO3MOYKHOI MPHUMHOM TaKOToO TIOBbILIE-
HUSl JUINTENbHOH NPOYHOCTH SIBJISIETCS HACBI-
wmenne npunos [IOC 40 mMeasio.

Jns nagHeIX COeMUHEHMH BBUAY HX
3HAYUTEIBHON XHMHYECKON HEeOXHOPOIHO-
CTH Bax<HBIM acmekToM paborocnocobHocTH
SBJISIETCA KOPPO3MOHHAs CTOHKOCTh, XHMH-
4YeCKas HeONHOPOAHOCTh NPHBOAMT K TOMY,
4TO TasgiHOe COeHHHEHHE CTAHOBUTCS OnHAp-
HOW, CHJIbHO MONAPH3OBAHHONH CHCTEMOM,
rAe masHbif 1IOB M OCHOBHOH METaul SBJIsI-
otest anextponamu  [9]. YUToOwl oueHHTH
B/IMSIHNIE H3MEHEHUI, BHECEHHbIX HAMH B
TEXHOJIOTHIO HM3TOTOBJICHUS NAsHBIX COSIM-
Henni, ObUIM TIPOBENEHBI CPABHHUTENbHBIE
HCIBITAHUS HA KOPPO3HOHHYO CTOiKOCT. B
KayecTBe KOPPO3HOHHON Cpelbl HCMONb30-
pasu 3-upoueHTtHbit pacteop NaCl (nonHoe
NMorpy’eHue 00pasnoB), a KOPPO3HOHHYIO
CTOI\;H(OCTB OLEHHUBAJIH 110 CHMXXEHHUIO IIPOY-
HOCTH Ha Cpe3 IOC/€e UCIbITAHKI B TEeHeHHe
TpeX MecsleB B yka3zaHHOW cpeme. Pesyns-
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TaThl IOKAQ3ajH, YTO CHHYKEHHE HPOYHO-
CTH B pe3yJabTate KOPPO3UOHHBIX HCHbI-
TaHUH i COeANHEHMUI, NasHHBIX MPUTO-
em IIOC 40 cocraswio 38 %. B anano-
THYHBIX COEJUHEHHUSX, MaAHHBIX KOMIIO-
SHUNOHHBIM MPHIOEM € 15-mPOLEHTHBIM
CoZlepIKAHNEM METHOTO MOPOIIKA, CHIKE-
HHE IPOYHOCTH cOCTaBmWIO 8 Yo.

Bosnee BricOKasi KOPPO3HOHHAS CTOM-
KOCTh COCAMHEHHH, NAsHHBIX KOMIIO3HLH-
OHHBIM IIPHIIOEM, KOTOPBIH COAEPKAT TO-
POLIOK MenW, MONHOCTBIO COOTBETCTBYET
TIPEACTaBIeHMSIM O KOPPOHOHHBIX TIPOLEC-
Cax B NAasHbIX COEQUHEHMUSX, U3IOKEHHbIX B
[10]. B rimasroM BeIBOZE 3TOH paboTHI ro-
BOPHTCS, YTO OCHOBHOM NyTh MOBBILEHUS
KOPPO3HOHHO-MEXAHWYECKOH  TPOUHOCTH
MasHbIX COENMHEeHHH 3aKITIOYaeTcs B IMO-
HHXKCHUH HeyCTOf[QHBOCTH TepMO[U/IHaMH-
YECKOM CHCTEMBI 33 CHET HACHILIEHHUS Me-
Tajula IUBa KOMIIOHEHTAMH OCHOBHOTO Me€-
Tanna. Beenenne B npunoll  mopoka oc-
HOBHOTO MeTajula obecieunBaeT yiIydlile-
HHE KOPPOSHOHHO-MEXaHMYECKHX CBONHCTB
NasiHbIX COSIUHEHMUH.

Eute OQHEM BaKHBIM I10KA3aTeleM
paborocriocofHOCTH  M3OemmMil  ABssercs
CHOCOBHOCTE  COMPOTUBJIATLCA  BO3AEHCT-
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BHIO Harpy3kH, [HKIAYECKH W3MEHsIOLencs
BO BpemeHH. B uenom, nasHble COEOMHEHUs
UMEIOT Gonee BbICOKYIO LHKIMYECKYIO PO~
HOCTB, 4eM cBapHbie, OAHAKO, YTOOB OLEHUTH
CTeleHb BIUSHHS YCOBEPLIGHCTBOBAHMI, pas-
pa6OTaHH]:IX Hamy, 6!31.]'[7/[ l'IpOBeT_[eH'b'l CpaBHH-
TEeNbHBIE HUCIbITAHUSA HA LUKIHYECKOE Harpy-
skeHue. JUIS NpoBeJeHUs WCTILITAHMI HaM#
ObIIM HPEIOKEHb! KOHCTPYKIMH 00pasiios,
CIOCOOHBIE PEAT30BATh CXEMY HArpy)KeHus
TP COBMECTHOM IeficTBUH mM3ruda ¢ Kpyuye-
HueMm. Takas cxema Harpy><eHust faBana BO3-
MOKHOCT Y4€CTh KACATENbHbIE HANPSOKEHNS,
a 3HAYMT IIPOBOAMTL UCIBITAHNS B yCIOBHSAX,
Gonee XapaKTEPHbIX [UIS MASHBIX COSANHEHUH,
KOTOpBIE ualle paboTaloT HMEHHO Ha CPe3 Io
KacaTeJbHbIM HaIlpspkeHusM. Utobel yMeHb-
LIMTE PACXOA AOPOroi Mey Ha M3rOTOBIEHHE
o0pasia, ero KOHCTPYKLHs Oblla yCOBEpPIIEH-
CTBOBAHA MyTeM BBEICHUsS BCTABOK M3 mase-
moro Martepuana (menu). [oroBbie masHsie
COEIMHEHUS! MCIMBITHIBAIY HA LHKIMYECKYIO
MPOYHOCTh METOLOM M3ruda ¢ BpallleHUEM Ha
mammmae YKH-10M ¢ ucrons30BanneM MeTo-
na Jlokaru.

Besmunba npenena BbIHOCIMBOCTH HC-
MBITEIBAEMBIX  00Pa3LOB, MAAHHBIX [PHIOEM
TIOC 40, cocrasuna 8,6 MIla. Benuuuna npe-
[ena BBIHOCIHBOCTH OOPAa3LOB, MAsHHBIX KOM-
MO3ULMOHHBIM TIPUIIOEM C KATPOJIOM IIPH Ta-
KHX 7€ YCIOBHsIX naiky, coctaswia 11,4 Mlla,
1. e. B 1,3 pasa Gonblue.

Taxum obpasom, uccienosanne paboto-
CriocoBHOCTH MasHbIX COSMHUHEHWIl MOKA3aIIo,
uTO paspaboTaHHBIE HAMH PEKOMEHJAINA 110
aKTHBUpOBaHHIO KaHudom Kanpornom obecme-
YUBAIOT TMOBBIIEHHE BCEX OCHOBHBIX I'Ip()‘-].HO-
CTHBIX XapaKTEPUCTHUK — CTATHIECKOM, LUKIH-
4ecKOM M ImTenbHOl npouHoctH, OmHOBpe-

Y. A. Tsumarev, T. S. Latun, V. K. Sheleg
Influence of the kaprol modifier on
the rosin flux characteristics

MEHHO TIOBBILIAETCS CTAOIJIBHOCTh ITOKa3a-
Teneil MPOYHOCTH NPU BO3ZNEHCTBMM KOPPO-
3MOHHO-AKTHBHOM CPefibL.
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The problem of rosin activity increasing in soldering flux is considered in the article. It has been sug-
gested to use bottoms product of periodic distillation installation of kaprolactam as an activator. The suggested
activator has been tested. The tests have showed that it improves pewter solder of copper and allows creating
composition solders based on pewter which increases functionality characteristics of soldered joints.
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