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B crarse npIiB OJJ.IiTClI nccnenonau ue JJ.eHCTBIilI OOC3BOJKliBalOlltli X Ii ynp o-nuno uur x JJ.oOaBOK ua OCIIOBC CIiHTeTIi4e­
CKIi X Ii npapozun.rx nO,1113neKTpOnIiTOB na npOUCCCbl npOIi3BOJJ.CTBa oyJllarH , M) 'fHOCTb, JnCKTpOKliHeTli4eCKliH nOTeHUliaJJ 
Ii cjJli31iKo-Mexa Hu4 ecKue CBOHCTBa natiopar opuu x OOpaJUOB. 0 6bCII.TOM uc cnCJJ.OBaHIilI lIBnlleTClI O)'MaJKllalI Macca Ii3 npCJJ.Ba­
purern.no 04 liUlCIIII0l1 lI lltli 4110H MaKynaTyp bI. I-Ia OCHOBC nonys ea uux JKCnCpUMelITaJJbllhlX nauusix aBTOp'" BblllBlinli 3aKO­
1I0MepIIOCTU B3aIiM 0.11eHCTBIilI MaKy,1aTyplloH sraccsi C XUMli 4eCKli MU .1100 aB Ka~1lI B 3UBUCliMOCTii OT nx crpoeuua Ii nnOTIIOCTIi 
sapana. n OKaJUHO, '!TO MUKCUMUJ1bHall np04110CTb U OOe3BOJKUBaHUe O)'MaJKIIOH MaCCbl 1i3 lIlltll4HOHMaKynaTypbl nafiruonaer­
ClI npa lIeBbICOKOM orpunar em. noa JneKTpOKUIICTli 4CCKOM noreuuaane . Ilonyseuuu e nannsre MOJKIIO acnom.soaan, na JTanC 

nOnr OTOBKIi oy MaJKHOH I\IaCChI )].J111 npennapirrem. noa oueuxa JJ.03Ii POBKIi Ii Jq.lcjJCKTIi BHOCTIi ucnonsaoaaa ua OOC3BOJKIiBalO­
IUIi X Ii ynpo-mmouusx JJ.oOaBOK. 

Kuo ueeue cnoea: MaKynaTypa, ynpo -men ne, OOe3BOJKIiBaIl IiC, KaTIi OHllblH xpax stan, nonaanexrpomrrsi, anexrposuse­
Tli4eCKliH noreuuaan, MYTHOCTh. 

Beeoeuue 

Bstcoxoaonexynspnue COeiJ.HHeHH5I, MaKp o Mon eKy nbl KOTOpblX conepscar HOHoreHHbIe r p y rmu , cnocofi­

nsre K iJ.HCCOUHaUHH na HOHbl , n on ynaior ace 60n bw ee pac n pocr pan eaa e B XHMHt.IeCKOH TeXHonorHH, 3KOnOrHH, 

rtpn BOiJ.OOt.IHCTKe, B CTpOHTen bHOH HHiJ.yCTp HH H BO MHOfliX n py r u x orp acn sx npOM blwneHHOCTH [1], B TOM 4HC­

n e H B l~enn lOn03Ho-6Y Ma)l(HOH n pOMblwneHHOCTH. B u;on u x Hc non b3Y1OT )].JI5I yCKopeHH5I 06e3BO)l(HBaHH5I, no­

BblweHHH y nepaca ans Men Ko rO Bon OKHa [2], npo xnea earo umx seuiecrs, aanornnrr ena, xpacirrena . npOt.IHOCTb 

6 YMaru MO)l(HO n OBblCHTb sa Ct.IeT y Ben Ht.IeHH5I KOnU t.IeCTBa H -cBH3eH, KaK 3'1'0 npOHCXOiJ.HT npn iJ.06aBneHHH 

xpax uana, TaKHM )I(e 3ep epeKTOM ofin aziaer CHHTeTH' l eCKaH nOn HaKp HnaMHiJ.Ha51 cvona [3]. Bsrcoxouonexyns pn ue 

COeiJ.HHeHU5I HMelOT HH3KYlO unH OTHOCHTen bHO HeBblcoKYIO iJ.03HpOBKy ( iJ.0 1%), HO npOHBn5llOT BblCOKYIO 3ep­

epeKTHBHOCTb )].JI5I yn y -nuenn» H n ozutepacan n a OCHOBHblX TeXHOnOrH t.IeCKHX npouecc oa , ocofienno n p u HeH­

TpanbHoM cn ocofie n pOH3BOiJ.CTBa 6YM aru. Il pa KHcn OM crtocofie )].JI5I yny-nuea aa rexn onor u uecx ax npoueccos 

acnonssoaan a cepaoxacnsni rJIHH03eM, a TaK)I(e BBOiJ.HnH BHYTp HMaccHo HaTHBHbl H H o KHcn eHHblH xpaxvan, 

a C cep ennau XX B., C MOMeHTa n pon snnnen n o r o OCBOeHH5I H p ac n po cr pan ea n s CHHTeTHt.IeCKHX nonawepoa, 

npouecc y nyxunmca BBeiJ.eHHeM n on a axp un au an a (flA A). B CHCTeMax C rJI HH03eMOM OKHcne HHblH xpaxvan 

HMeeT 60nee asrcoxoe yztepscanae, t.IeM HaTHBHbIH, 
Illaiiuee PyCRaH Oneeoeuu nouenr KacjJeJJ.phI TCXHOnOrHH « a KaTHOHHpOBaHaHHe HaTHBHoro xpaxaana npHBOiJ.HT 
O)'MarH Ii xaprona, e-mail : ncj ob@yandcx. ru 

K nOBblw eHHIO er o ynepaca una H n o xasar en eti xaxecraa 
C'lIORlIH Asexcanop Ceueuoeuu >- npotpeccop, aaeenyrounrii 

npOiJ.y KUHH n pH HeHTp anbHoM cnoc06e npOH3BOiJ.CTBaKacjJcJJ.po l1 TeXHOnOrHli oyMaru H KaPToHa 

KOJICeeHlIIWe Klpui: Cepeeeeu s - renepanun.rii JJ.lipCKTOp, 6YM aru . Il pnnanne iJ.On OnHHTenbHbIX 110HoreHHblX 

e-mai l : skif@ski£ru r p ynn DAA npa seno K B03MO)l(HOCTH ero ucnomaoaa­
Koeepuuncxuii Heau Huxonaeeun - npoqicccop, JJ.OKTOp 

HI151 )].JIH y n pOt.IHeHHH, a He rom.xo )].JI5I noesnuennx 
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YiJ.ep )l(aHI1H. 
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B nacr osuiee spevs 60n bUHtHCTBO ynposnaio unrx H 06e3BO)l(HBalOlllHX JJ,06aBOK (YOLO no CBoeH npapozie 

sanarorca nonH3neKTpOnHTaMH (03) H B 3aBHCHMOCTH OT csoero KOHe4Horo npenn aauas enua HMelOT pa3HYlO 

crpyxrypy H CBoHCTBa. Hecuorps aa scecr opoaaee H3Y4eHl1e HX cPY HJJ,aMeHTanbHblx CBOHCTB, JJ,OKa3aHHYIO 3cP­

cPeKTHBHOCTb H na xano HX MaCCOBoro CHHTe3a (ronsx o B cOBpeMeHHoH POCCHH B npov snuneuusrx MacwTa6ax HX 

npomaonar HeCKonbKO xpynasrx H Men KHX KOMnaHHH), JJ,OCTaT04HO cnafio H3Y'leHbl cno cotiu Ol..leHKH HX BnHlI­

HHlI na npo nasoncrae nnue npoueccu U,EO. CaMblM HaJJ,e)l(HblM cnoco6oM ouemm, 3cPcPeKTHBHOCTb acnonsaosa­

HHlI XHMH4eCKHX acn ouorar ensnsrx s eurecra (XEB), BonOKHHCTbIX nonydiatipa xar oa H H3MeHeHHlI TeXHOnOrH­

xecxoro pe)l(HM a aana erca H3rOTOBneHHe H nocn enyiouiee HCnbITaHHe nafoparopaux 06pa31..l0B, OJJ,HaKO TaKOH 

nonxozr JJ,OCTaT04HO TpyJJ,oeMKHH H npononaorr ens usm, n03TOM Y onp eneneansni HHTepec JJ,n1l Ol..leHKH 3cPcPeK­

THBHOCTH Y O,Q npencr asnmor cPH3I1KO-xHM H4ecKHe MeTOJ:\bl aaannsa. 

3«cnepUJwell m aJIbHaR uacmu 

,QeHCTBHe Y O,Q uccnenoaarm na npa v epe o4HllleHHoH 1I111H4HOH MaKynaTypbl MapKH M C-51> (cocras ­

100% crapu e rorppos uunor), npenocraanexnoti 000 «CyxOHCKHH UDK» (Coxon, POCCHlI). ,QaHHali MapKa MaKy­

narypsi aanser cx caMOH MaCCOBOH npn H3rOTOBneHHH 6yMarH H xaprona H3 aropa-moro cupsa . Ilparoroanen­

HYIO 6yMa)l(HylO Maccy H3 MaKynaTyp bl ofipatiaruaan» cneJJ,YI0111HMH JJ,06aBKaMH: KaTHOHHblM conomoaepou ax­

pHJlaMHJJ,a - K CAA (roprosas MapKa «Yn sr parpaxc 127», npoasaoncrea 000 «CK YI<I:> Cneuman KeMHKan3», 

,Q3ep)l(HHCK, POCCHlI), KaTHoHHpoBaHHblM cpenneaaa euiea usra KapTo<j)eJlbHbIM xpaxvano» xononnoro nparoros­
nenna co cr ene a sio aau eurenua 0,030, TaK Ha3blBaeMblH KaTHoHHblH xpax v an - KK (roprosas MapKa Emprisol 

N E25E, nponasoncr ea Emsl and Starke GmbH, 3MJlHXXaHM, Fepv aa na), HH3Ko3aMellleHHoH KaTHOHHo-aHHOHHOH 

nonaaxpanaa unaoa CMonOH - OA A C (r oprosaa MapKa «Ynsr papes OS-1 50», npOH3BOJJ,CTBa «CK YI<I:> Cneunran 

KeMHKan3», ,Q3ep)l(HHCK, POCCHlI) . 

,Qnll onpenen eaas nJlOTHOCTH sapana 0 3 ucnonsaosan u MeTOJJ, KOJlnOHJJ,Hor o ofparuoro HHJJ,HKaTopHoro 

THTpOBaHHlI H rrpa fiop SCO [4] , CKOpOCTb 06e3BO)l(HBaHHlI onp enenan n MOJ:\H<j)HI..lHpOBaHHoH MeTOJJ,HKOH aa an­

napar e Lllormep-Pn rnepa, 3neKTpOKHHeTH4ecKHH nOTeHI..lHaJl (3 K O) onpea ensnn MeTOJ:\OM norenuaana nporexa­

HHlI na npnfiope FPA (Fiber Potenti al Analyzer , np-sa AFG GmbH, Jleanuar , Fepuanaa), npnuua n ero pa60TbI 

COOTBeTCTByeT npnfiopaa KOHCTpyKI..lHH M agendans [4 ]. 3 neKTpOnpoBoJJ,HOCTh (X) onpezrenann KOHJJ,yKTOMeTpOM 

MAPK-60 3 (npoH3BoJJ,CTBa 000 «B 30p», HH)I(HHH H OBropoJJ" POCCHlI) H perynuposana J:\o6aBneHHeM COOTBeT­

craytouiero xonusecraa N aCI. M YTHOCTh on penensnn B cP0pMa3HlIoBbIX HecP eJJoMeTpH4ecKHx eJ:\HHHl..laX (FNU) 

He<j)enOMeTpOM C HH<j)paKpacHbIM CBeTOllHOllOM B Ka4eCTBe HCT04HHKa ocaeureaua . .Qnll onpenenemss MYTHOCTH 

orfinpana Maccy o6beMoM 500 CM3 C conepxaa ness 2 r a.C.B. H BHOCHnH BbI6paHHbIH pearerrr, 3aTeM non euiann 

npo6y B CTaKaHe Ha Mar HHTHylO MewanKy nns nep eweumaan aa B Te4eHHe 3-5 MHH. OpH BHeceHHH KK Maccy 

nepeueunrsana 10 MHH. BOJlOKHO ornenan u H orfiapana <j)HnbTpaT rrpn <j)HJlbTpOBaHHH sepea 6Y1\lary «xpacnas 

nenra» na soponxe Broxnepa d = 70 MM. 

.Qnll pocnycxa H nocnenyiourero paass ona naaecxy MaKynaTyp bI MaCCOH 30 r a.C.B. (npHHHManH Bna)l(HOCTb 

7%) noaeiu ann B CTaKaH H sanonnsna oxono 1500 CM 3 o-nnuemroii BOJ:\onp oBoJJ,H OH BOJJ,OH . Ma xynarypy OCTaB­

nlinH aafiyxars He MeHee 4eM na 1 4, HO He 60nee ' leM aa CyTKH. Poc nycx MaKynaTypbl ocyuiecranann B nafiopa­

TOpHOM r unpopastiuaar ene JIr-3, KOTOpblH BXOJJ,HT B COCTaB nafioparopu or o paasranstea router o KOMnneKTa JIKP-l 

(npoaasoncraa 000 M O «Peccfiepr ex», KHeB, Yxpaaua), ,Qe3HtlTerpHpo BaHHylO Maccy sar pyxcann B CTaKaH 

MenbHHl..lbI, aaxpsraann KpbIWKOH, BKnlO4anH npHBoJJ, MenbHH l..lbI H npoH3BoJJ,HnH nepeaeunr saaae MaCCbl B Te4e­

IIHe 1,5 MHH 6e3 npH)I(HMa rapmrrypst por opa H craropa , 3aTeM apautenaev urrypsana YMeHbwanH paccrossae 

Me)l(J:\y HO)l(aMH JJ,nll OCYllleCTBJleHHlI pasv ona. 3aJJ,aHHall cr eneus novena 38 ± 1- 2 °W P J:\OCTHr anaCb npu Me)l(­

HO)l(eBOM paccrosan n 0,2 MM B'reuenne 1,5 MHH paauona. 

Onpezienenae CTeneHH nov ena H H3rOTOBneHHe na fioparopusrx OTnHBOK npoeozrann B COOTB eTCTBHH C pe­

KOM eHJJ,aI..lHlIMH r OCT 14363.4-89: crenens novena H CKOpOCTb 06e3BO)l(HBaHHlI onpeziensna na annapare CP-2 

(an napar Illonnep-Pnrne pa), OTnHBKH MaccoH 100 r/M2 H3rOTaBnHBanH ua nHCTOOTnHBHOM annapare JIOA-4 

KOllCTPYKI..lHH «PanHJJ,-K eTeH». .Qnll onpeneneuas CKOpOCTH 06e3BO)l(HBaHHlI ortiapana 3 r a.C.B. Ilocne orficpa 

npofiu Maccy o6beMoM 1000 CM3 BHOCHJlH B armapar Lllonnep- Pnrnepa npn 3aKpbITOM npofixoa ueurpansnoa 

oTBepcTHH. Hepes 5 cex nocne BHeceHHlI npofist nOJJ,HHManH ynn ornarouunl KOHyC JJ,n1l naxana 06e3BO)l(HBaHHlI 

MaCCbl. Hepes 3aJJ,aHHbIH mrre paan BpeMeHH, cOOTBeTcTBYlOlllHH MaKCHManbHOMY np apocry CKOpOCTH 06e3BO)l(H­

BaHHlI, 3aMeplinH nonY4ellHblH o6beM cPHnhTpaTa sepea f oxosoe OTBepCTHe. Ilpensapar em.no onpenensna 3aBH­
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CHMOCTb CKOpOCTH 06e3 BO)l(HBaHH}I OT np o,n011)l(HTe11bHOCTH ac nsrra nas . Ilepen IIcnbITaHH}lMH nafiopar opnu e 

ofipaauu KOH,nHUHOHHpOBallH B r esenae 12 'I B sxca xar ope C nOCTO}lHHOH OTHOCHTe11bHOH B11a)l(HOCTbl{) 50 ± 2% , 

,nJl}l C03,naHH}I rpefiyeaon B11a)l(HOCTH ,nHO axca xar opa 3an011 H}l11H HaCbIll\eHHbIM pacraopov KN02• Tejaneparypy 

KOH,nIlUlloHHpOBaHH}I H Hcnbl TaHH}I 6yMam n onnepsca aana sa ypc sue 23 ± I - 2 °C. Anll ouenxa npO'lHOCTH 06­

pasuoa n011b30Ball HCb nOKa3aTe11eM np0'lHOCTH npn paCT}I)I(eHI1H, rrpmrenenne icor opcr o B3aMeH nOKa3aTe11}l 

«pa3pb1BHOH ,nJ1liHbI» pexoa enn yercs KOMI1TeTOM ISO/T C6. Y C110BH}I npoaenenua acnsrraaan no npo-mocru co­

OTBeTCTBOBall li rOCT P 1924-1 -9 6, BpeM}I acnsrranaa rton fi npanocs TaKI1M 06pa30M, '1T06bl paspyureuue HaCTY­

nano aa 20 ± 5 c. I1c nblTaHH}I npoaonan ncs aa ynn aepcansnoa Hcn blTaTe11 bHOH MaWHHe H ounsfi el d (npoasaon­

CTBa T inius Ol sen, Pe,nxH11 , B e11HK06p HTaHH}I), ace pacseru Bbm 011 H}l11H np a nOMOll\H npo rpawvnoro ofiecrtese­

HH}I Qmat , nns nocrpoeaas rpa<jJH'I eCKHX 3aBHCHMOCTeH acnon saosana npor pav u au a naxer SigmaPlot 1 J.O. 

Cxeva 3KcneplfMeHTall bHOH '1aCTH np HBo,nHTCR s a pncya xe 1. 

I 
Haoyxanae Rll\II 'IHOII 

~ 1l1 KYJ1:lT yp bI 

~ 

Onpl: ,nI:JII:HI1C I PoCnyCK II pa3MOJI I 
n,l OTHOCTII 

~ 
3ap5C13 

I~ 
Pa3MOJIOTall I----. Onpeneneane 

xracca CTcn CIl Il nOMOJJa 

I 06pa 6oTKU MaCChI YOn I .1 
I I h r OTOBJICHIIC • .. .. II I1CnbITUHlle 

OnpI:llCJI CmlC I O UPCIICJICHIf C3 KIT I OnpCllCJICHIIC JIU60pUropHbiX 
CKOpOCTII CTcnCHII (P,10KyJUIUIIH 06pU3UOB 

06 C3BO jKIIB3HI1}1 no My THOCTH 

PIIC. 1. Cxeaa HCC11e,nOBaHHR B11H}lHHR YOn aa 6yMa)l(Hyl{) Maccy H3 MaKy11 aTypbl 

Pesynumam u U l lX oticystcoenu e 

113BecT1I0, 'I TO n110THOCTb sapan a (0") KOCBeHHO noxaasraaer con epscan ae liOHor eHHbIX r py nn 1111 1i creneus 

3aMell\eHH}I [5 ] , 'ITO, B CBOI{) osepens, roBOpHT 06 aKTliBHOCTIi pear ear a. B Ta611Hue n011Y'leHHbIX ,naHHbIX no on­

pen en emno 0" (Ta611 . 1) MapKep unouxamop oanasaer , 'I TO B 3TOM cn yxae I1Cn011b30Ball C}I I1H,nliKaTOp 0,1 % OT r 

(OpTOT011YH,nHHOBbIH ro11y60H) , a MapKep nputiop SeD - np afiop C nopuraeu , ,naHHble MeTo,nbl HMel{)T pa3HblH 

xnacc TO'l Il OCTI1. B xas ecr ae TlirpaHTOB I1Cn011b30Ball li cr aanaprastti n nAnAM A X , nOCTaB11}leMbIH KOM naHlieH 

AFG GmbH, Ii B ITK-402 - auco xoaone xyn sp au a KaTIl OHllblH npoziyxr (n p0I13Bo,ncTBa 3AO «Kaycrux», Eaur­
3,KopTOCTaH, POCCIi}l ) . Onp enenan n 0" np n nsyx KOHueIlTpaUI1}1X, 0,1 Ii 1 r/,nM no TOBapHoMy n poziyxry, n OCK011b­

xy ,n11R aexoropsrx pear enr oa npa C = 0,1 r /,nM3 nepexon npn TIiTpoBallHH C I1H,nHKaTopoM 06H ap~eH He 6blJ1 . 
3KaTliOHHblH xpaxu an HCC11 e,nOBall H npu xoaueirr panna 10 r /,nM . 

T a611Hua 1. 3a Bl1CliMOCTb n110THOCTII sapan a 0", MMo11b/ r , OT cnocofia ero onpen en eans, pH 7 

Peareirr TliTPalIT Ii cnocof TI1TPOBaHHll 
KOH uc H Tpau H ll , ~ll M J 

0,1 1 

flAAC 

BI1K-402 iuuouxamop) 
IT)J,A)],M AX iuuouxamop) 

IT)J,A)],MAX (npu6op Se D) 

Ile pexon He ofiuapyacnaaercs 

Ile pexon ne ofiaapyaca saer cs 

.. . 

~ --

0,05 

0,05 

0,047 ± 0,005 

KK 
BITK-402 (uuauxamopv 

IT)J,A)],MAX (1IHouKamop ) 

Ilc pexon He ofinapyacuaaer cs 

Flepexon He ofina pyacnaaerca 

- (0 ,015)* 

0,05 (0,4)* 

KCAA 

BI1K-4 02 iunouxamop) 
IT)J,A)],MAX (unouxamopi 

IT)J,A)],M A X (npu 6op SeD) 

0,75 ± 0,10 

1,50 ± 0,05 

1,255 ± 0,158 

0,52 ± 0,10 

1,15 ± 0,05 
... 

* KOIlUcHTpaUHll K K 10 t l t: 
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TIoIlY4eHHbie nannsre n OKa3b1Ba1OT, 4TO, KpOMe MeTO.lla onpenenenas, c 3aBHCHT OT KOHueHTpa UHH pea­

reirra, sro CB1I3aHO co CKOpOCTblO 06pa30BaHHlI nOIlH3I1eKTp OIl HTHOrO (Me)f(.llY THTpy eMblM BelUeCTBOM H THTpaH­

TOM) H OKpalUe HHOr O KOMnIl eKCa (Me)f(.llY THTpye MblM BelUeCTBOM H HH.llHKaTOpOM). Taiox e BIIHlIeT yposens KH­

CIIOTHOCTH, n OCKOIlbKY B 3TOM cII Y4ae MeHlIeTClI cr enens .llHCCOUHaUHH c1J YHKUHOHaJIbHblX rpynn CMOIlbl [6] , HaMH 

YCTaHoBIIeHo, 4TO .llIlll KCAA o = 1,863 MMoIlb/r np a pH 3 ,5 n pOTHB c = 1,255 MMoIlu r npn pH 7 ,5. BHe 3aBHCH­

MOCTII OT THTpaHTa H cn ocofia THTpoBaHHlI , canas au coxas o Ha6I1IO.llaeTClI y K CAA , a K K H TIAAC HMelOT npH­

Mep HO O.llHHaKOBYIO ee BeJIII4HHy: crKCAA » crnAA - crKK. Hesuc oxoe conepacanne nonor enaax r py n n B Bbl6paH­

HOH MapKe K K n ozrra epacn aercs HeBblCOKOH cr eneu sro 3aMelUeHHlI 0 ,030 , 3allBIIeHHOH npOH3BO.llHTeIleM, 4TO 03­

nasaer, 4TO aa 1000 OH-rpyn n npHXO.llHTClI TOIlbKO 30 4eTBepTH4HbiX aMMOHHHHblX rpynn . 

H a OCHOBaHHH n au nsi x 06 o cnen y er O)f(H.llaTb 60Ilee BblCOKOH CTen eHH 3I1eKTpOCTaTH4ecKoH COCTaBII lI lO­

ureii BO B3aHMO.lleHCTBHH KCAA C MaKyIlaTyp HoH Maccoil, a TaK)f(e 60Il bw er o BII HlIHHlI KCAA xa c1JIIOKYIlllUHIO. 

Xapaxre p H3MeHeHHlI 3KTI MaKyIlaTypHo H MaCCbl npn .ll06aBII eHHH TIA AC H KCAA (pHC. 2) nozrrsepacnaerca 

.llaHHbIM H KOIlIlOH.llHOr O THTpo BaHHlI , n ocx on sxy crllAAC ox em, HH3Kall , TO H 3KI1 MaKyIlaTypHoH MaCCbl npn ero 

.ll06aBIIeHHH npaKTH4eCKH He H3MeHlIeTClI . Onpenene nae 3 Kn npn .ll06aBIIeHHH TIAAC asmon a ea o nns pasnoii X, 

nocxonsxy H3BeCTHO, '-ITO npa ee H3MeHeHHH B 60IlbweH CTene HH n onsca o npOllBIIlITbClI H3MeHeHHe 3c1JclJeKTHBHO­

CTH cnatioaapaaceausix TI3 , TaK KaK OHH 60Ilee '-IYBCTBHTeIlbHbl K 3KpaHHpOBaHHIO HOHoreHHblX rpynn H H3MeHe­

HHIO KOHclJopMauHH MaKpOI\IOII eKyIl , 4TO, B CBOIO os epen s, BII HlI eT na xapaxrep H3MeHeHHlI 3KTI 6yMa)f(HOH Mac­

Cbl. KaK BHnHO, n pa CHH)f(eHHH X 6YMa)f(lI oil MaCCbl ee 3KTI noasnuaerca no a6COIlIOTIIOMY 3Ha4eHHIO B ayneson 

TO'-lKe, HO B .llaJIbHeilw eM npaKTH'-IeCKH He H3MeHlIeTClI npH no6aBIIeHHH TIAAC, '-ITO caanerenscrayer 06 OTCyT­

CTBHH aapazcea nsrx rpy nn , xor opsre MoryT n OBIIHlITb u a H3MeHeHHe 3I1eKTpOnOBepx HocTHblX napaaerpos 6y­

Ma)f(HOil MaCCbl. Cpen neti X nIlll 6YMa)f(HbIX c1J a6 pHK, Hcn OIlb3YlOlUHX B KOMn 03HUHH 100% MaKyIlaTypy MapKH 

MC-5 6 , lI BIIlI eTClI X= 10 00 MKC M/cM; X= 150 MKCM/cM COOTBeTCTBy eT cpezmeii X eononpoaonnoa BO.llbl npu 

npo aen es u a nafi opar opaux HcnblTaHHH H B npoH3BOnCTBeHHblx YCII OBHJIX npaKTH4eCKH He BCTpe4aeTClI . 

TIOCKOIlbKY n06aB,1eHHe KCAA npasomrr K H3MelleHHIO 3KTI, TO MO)f(HO r c aop ars 0 .llOCTaTO'-lHO BbICO­

KOM con epscaa au HOHoreHHblX r pynn B ero MaKpoMoIl eKyIlax, B 3TOM cII Y4ae no H3MepeHHIO 3 KTI 6yMa)f(HOH 

MaCCbl MO)f(HO Ka'-leCTBeHHO xap axrep naoaar s crenen s B3aHMOneHCTBHlI nO.ll06HbIX .l106aBOK. 11303I1eKTpH4eCKo e 

COCTOllHHe MaCCbl nOCTHr aeTClI npa n03HpOBKe OKOIlO 15 Mr/r = KrIT , '-ITO lIBIIlIeTClI .llOCTaT0 4HO BblCOKOil B YCIIO­

BHlIX 6YMa )f(HbIX c1Ja6pHK. 3 TH ziauma e nozrraepacaaior ca p e3YIlbT aTaMH o npen ene una CTen eHH c1JIIOKyIlllUHH, KO­

Top ble I1er KO HIITepnp eTHpy lOTclI no H3MeHeHHIO MYTHOCTH. MYTHOCTb nOCTHraeT csoero MHHHMaJIbHOrO 3Ha4e­

HHlI KaK paa npn n 03HpOBKe K C A A , COOTBeTCTBy lOlUeH H303I1eKTpH'-IeCKOMY COCTOll HHIO MaCCbl , nonofiaas 3aBH­

CHMOCTb 3 KTI H MYTHOCTH nozrraepacnaerca I1HTepaTy pHblM H naHHblMH [3 ]. Mennenaee acero CHH)f(aeTClI MYT­

HOCTb npn BBen eHHH TIA AC: npH n03HpoB Ke 10 xr /r MYTHOCTb npaKTH4eCKH He H3MeHlIeTClI, '-ITO COOTBeTCTByeT 

nOBeneHHIO CHHTeTH4e CKHX yn poxaarouiax n06aBOK na OCHOBe n OIlHaKpHII aMHn Hoil CMOIlbl , xorops ie OTIIH4aIOT­

ClI OT TpanHUHOHHor o BblCOKOMOIleKYIlll p Horo TIAA , np HMeHlIeMor o .llJ111 yn epacamra, CBoe H HeBblCOKOil crene­

HblO nOJll1Mep H3aUHH H II H3KOH o [3]. TIPH n06aBIIeHHH K K MYTHOCTb c1J HII bTpaTa cp asy )f(e p esxo CHH)f(eTClI , 

a npn n 03Hp o BKe OKOIlO 7,5 xr /r n OCTHraeT caoer o MHHHMYMa, '-ITO caun erem.cr ayer 06 HHTeHCHBHOH c1JIIOKYIlll ­

UI1H MaCCbI non neH cTBHeM npor ascenuu x MaKpo MoIleKyIl aMHII One KTHHa KK . CII e.llYeT O)f(l1naTb BTOPOH MHHI1­

MyM MYTHOCTH npn .llOCTH)f(eHHH H303I1eKTpH4eCKoro COCT0ll HHlI , KaK B cn y s ae C K C A A , On HaKO n OCKOIlbKY 

crKCAA» crKK, TO n OCTH)f(eHHlI 3TOro COCTOll HHlI He CTOHT O)f(Hn aTb n pa 3THX .ll03HpOBKax KK. 

TIpllMblM MeTOnOM ou en x n B3aHMO.lleHCTBHlI XBB C 6YMa)f(HOH Maccoil lIBIIlIeTClI onpenen enne CKOpOCTI1 

ee 06e3BO)f(HBaHHlI. O '-leBH.llHO, 4TO 4eM s suue CKOpOCTb Y.llaJIeHHlI HeCB1I3aHHOH son u 113 BOIlOKHHCTOil rnnpo­

cy cnea sa n , TeM I1Y4lUe BIIHlI eT n ofi aaxa. T aKoH MeTOn ou en xn 3c1J clJ eKTHBHoCTH X B B C T04KH 3peHHlI npouecca 

BOnOOTna4H n a CeTO'-lHOH 4aCTH 6K.lU\Jl pacn pocr pan ea cp ezm nOCTaBlUHKOB YO)]" ocofieuno n OCTaBlUHKOB KK. 

CKOpOCTb y nanea ns BO.llbl H3 u eIl IllOII03HOH rnn p ocy cn enau n B n yn es on TO' lKe npescne acer o 3aBHCHT OT CTen eHH 

nOMOIla H COCTaBa n o BOIlOKHY, nocx on sxy MeTOnHKa He lI BII lIeTClI CTaHnapTH30Ba HHoil, TO n epen I1CnblTaHHeM 

BblllOIlHlIIIH npena ap ar en sn u s 3KcnepHMeHT. 113 nOIlY4eHHblX na na srx BHnHO (Ta6I1. 2), '-ITO OnTHMaJIbHOH npo­

.llOIl)f(HTeIlbHOCTblO onpenen en n s CKOpOCTH 06e3BO)f(HBaHHlI lIBII lI eTClI HHTepBaJI BpeMeHH 30 c, nOCKOIlbKY sa 3TOT 

HHTepBaJI Bp eMeHH Ha6I1lOn aeTClI MaKCHMaJIbHblH npap ocr c1JHII bTp aTa aa Bpe MlI HCn blTa HHlI. )],I111 Ka)f(,[lOr O acnsr­
TaHHlI HcnOIlb30BaJIH CBOIO npo6y. TIocIIe HCnblTaHHH Maccy CIIHBaJIH, a Ka)f(,[lblH pas nocne HcnOIlb30BaHHlI XBB 

annapar CP-2 TlUaTeIlbHO npOMbIBaJIH. 
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v!3BecTHo, 'ITO n a n o esnuenu e CKOpOCTI1 06e3BO)KHBaHHJI OK33 bI Ba IOT BJlI1J1 Hlfe B nepsyio osepens npo­

uec c a si e X I1MI1KaTbl , HO XIfM I1KaTbl CBOHCTB TO)K e Mo r y T OKa3b IBaT b a a n ee CYllleCTBeHHOe BJlHJl Hl1 e. KaK BHilHO na 

p n c y nxe 3, n pn il06aBJleH HIf K K n p OI1CXOillfT Jl I1HeHHOe y a ena aeu ne CKOp OCTI1 0 6e3BO)KI1BaHHJI, a npovaocr s npn 

paCnl)K eH HI1 c y utecraen n o YBeJllf4 11BaeTCJI He c p asy , a TOJlbKO npu .ll03IfpO BKe B 7-7,5 xr/r, n o cne xero noxasa­

TeJlb np04 HOCT I1 c paay asi p o c a a rp ers, nO- BI1.ll I1M OMY, npn 3T OH .ll03I1pOBKe npeononesaercs 3HepreTI14eCKI1H 

fiapsep B3aI1 M O.lleHCTBI1J1 4 aCTI1U 11 Ha6Jl1o.llaeTCJI !fJJlOKYJlJlUI1J1 M eJlK OrO BOJlOKHa ( p u c . 2), xoropoe 3anOJlHJleT 

n y croru Me)K.ll Y BOJlOKHa M I1, TeM c a M bl M rtoasuuaa n p o suo c r s . O.llHa KO H30 3JleK Tp l14eCKOr o COCTOJlHI1J1 MaCCbl 

B 3TOH T0 4 Ke O)KH)laTb He CTOI1T , nOC KOJlb KY GKK HeBbICOKaJl , 'ITO nonrsep acnaetc a pan ee n OJlY4 eHH bl M I1 .llaHHblMI1 

H3MeHeHI1J1 3 KI1 ornensaux BI1.ll 0 B BOJlOKHI1CTOr O nony rpafip n x ara n p n .ll06 aBJleHI1I1 x aprotpensaoro KK nonofi­

HOH CTeneHI1 3aM elUe HI1J1 [7]. CHI1)KeHl1 e CI1Jl OTTaJJKI1BaHI1J1 11 yn epscamre MeJl KI1X BOJlOKOH npI1BO.ll I1T K n o s snu e­

HIlIO n Jl OTH OCTH 11 O.ll HOP0 .llHO CTIf 6 YM a)KHOr O JlI1CTa, 3TO, B CBOIO o sepezts, npI1BO.ll I1T K n o asnu emno KOJlH4 eCTBa 

Me)KBOJlOKOHHbIX CI1Jl CBJl3 11, 'lTO noasuuaer 6 y M a r o 0 6 pa3ylOlUI1e CBo HCTBa. 0 6pa30Ba HI1e .llOnOJlH I1TeJlbHhI X 

H - CBJl3eH « BOJlOKHO - xpaxxran - BOJlOKHO» Bhl3Ba HO p0.llCT BeH HOH C u eJlJl lOJl030 H n p apo n o a If HaJJH411eM CBO­

60.llHb1X O H -rp y n n , KpoMe 'ro r o , MaKpO MOJleKyJl bI aMI1JJOn eKTHHa I1M elOT 60JlbllJI1e p aauep u , 'ITO rtoa snuaer Be­

POJlTHOCTb I1X CTOJlKHOBeHI1J1 C M HKPO!fJ1f6pI1JlJla M I1 11 BOJlOKHaMI1 . Il pn p aCCMOTpeH lf11 .ll eHCTBHJI n 3 C Bbl COKOH 

MOJleKyJlJlpHOH MaCCOH HeJlh3J1 r OBOpl1Tb T OJlhK O 0 CTeneHH I1X B3a I1M O.llei1cTBI1J1 C n 0 311Ul1H 3Jl eKTpOCTaTI14eCKI1X 

CIfJl . KaTI10HI1pOBaHI1e npl1MeHJleTCJI .llJlJl YJlY 4 llJ eHI1J1 Y.ll ep )Ka HI1J1 KpaXMaJJa 11 nOBblllJeHI1J1 0 6e3BO)KIfBaHI1J1 11 

Y.ll ep)KaHI1J1 6 y Ma )KHOH MaCCbl. I1x n ossuue u a e 11 CHI1)Ke Hl1e MyrHOCTI1 He JlBJlJleT CJI OCHOBHOH O)KI1.llaeMOH nons­

30H OT BBe.lleHI1J1 K K , HO OTHO CI1TCJI K .ll OnO JlHI1Te Jlh HbIM n OJle3 HblM 3!fJ!fJeKTa M. O CHOBH blM npen n a ana-ren a ea KK 

JlBJlJl eTCJI ynp04HeHI1e 6yMarH B CYXOM COCTOJIH11 11. 

K a K BH.llHO aa p ucymce 4, C noasnueuae« .ll03IfPOBKH nAA C nocnen osar en s a o noasuuaercs nposaocrs 

OTJlI1BOK 11 CKOpO CTb 0 6e3BO)KHBaHI1J1 , aH aJJo r W I HO n OBbIllJeHHIO n p 0 4 HOCTI1 rtpn .ll 06aBJleHHI1 KK. 3!fJ!fJeKTHBHYIO 

.ll03IfpOBKy p earerrr a cn enyer n p asu ar s n a y p o s n e OKOJlO 7,5 Kr/T, xorn a Ha 6JlIO.ll a eT CJI xopouras CKOpOCT b 06e3­

BO)K If Ba HI1J16yMa)K HOH MaCCbI 11 3a MeTH O YJlY4wa lOTc JI nposuccr asre CBoHcTB a nafioparopaux oo paauoa , O .llHaKO 

nAAC nOJl HOu eIlHo H 3aMeHOH KK CJlO)KHO Ha3B aT b , nonofinsre CHHTeTH4e CKHe y n po-nonoume B CYXOM COCTOJl­

HHI1 CMOJl bI o co fieuuo 3!fJ!fJe KTHBHhl n p n .ll0 6aBJleHI1H COJleH aJJIOM HHH JI, npu I1e HTpaJlh HOM cnocofie npOH3BO.llCTBa 

6YMam B C04eTaHI1 H C nOJlI10 KCI1XJlOPI1.llOM aJJIOM I1HI1J1 3 !fJ!fJeKT OT ynpou u euas n A AC B03paCTaeT [6]. OO.l106Hble 

I1CCJle.llOBaHI1J1 B pau x a x .ll a HHOH p a f o r u He npOBO.llH Jl I1Ch . Iloaofiaue CMOJl bI crreziyer I1CnOJlb30BaTb B nsyx 

11 fionee KOM n OHe HTHblX CIfCTeMax , nan pnvep, n pn COBM eCTHOM HCn OJlh 30Ba HI111 n OJlI10 KCI1XJl Op l1.ll a aJJIOMI1HI1J1 

11 KK, K K If 6 eHT oHlfTa HaTpI1J1 [3]. C HI lTeT I14 eCKHe y n p o ' IHJlIOIUHe CMOJlhl MO)KHO p e xoae a n o s ar s K npasrene­

HI1IO B KOMn 0 3 11UI111 .llJlJl n onne pac anaa 3a.llaHHOH np04HOCTI1 n p u I1eB03M O)KH OCTI1 npOBe .ll eHI1J1 I1HTeHCI1BHOrO 

paavona 6yM a)KHOH M aCCbI, a TaK)K e nns n o a snuen n s M e)K CJlOeBOH n p 04HOCTI1. T a KI1M nyreu COXpaHJleTCJI BbICO­
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KHH y.ueJl h HhIH 06b eM H r on uiau a 6 yM arH , 'ITO OC0 6 eHHO Ba)J(HO n p n aupafior xe CaHHTap HO- rHrHeHH'leCKOH 6y­

MarH, r n e npaweneau e KK HeB03MO)J(HO BCJle.uCTBHe nO BhI W eHH lI r H.up o !\>0 6 HOCTH H n JlOTHOCTH 6yM arH . 

Flonyseansre .uaH Hhle na p u c ymce 5 n OKa3h1Ba1OT, 'I TO C n OBhl W eH HeM .u03HpOBKH KCAA n OCTOllHHO n o­

a snuaerca n p 0'lHOCTh Jla 60paTOpHhIX 0 6 pa3l\O B H CKOp OCTh 0 6 e3BO)J(HBaHHlI , a npn .u0 3HpOBKe OKOJlO 10 Kr IT 

nponcxoznrr MaKCHM aJJh Ho e n p o a an eans nox as ar eneti , onn axo C noasnuea nea .u0 3HpOBKH n afirnon a ercx HX n a ­

neuue. Il pn 3TOH .u0 3Hp o BKe rrp e on on es aer c a 3H epr eTH'leCKHH fiaps ep B3aHM o.ueHCTBHlI xacrnu, CHH)J(eHHe CHJl 

OTTaJJKHBaHHlI n pu a ozurr K nOBhl w eHHIO nJl OTHOCT H H 06p a 30 BaH HIO .uo n OJlHHTeJlh HhIX Me)J(BOJlOKOHH hIX 

H - cB1I3ell, XOTlI caM K C AA n en ocpencraen n o HOBhie H - CB1I3H He BHOCHT, B OTJlH 'lHe OT K K H fIA A C . O 'leBH.uHO, 

'ITO 3 !\>!\>eKTHBHOCTh npHMe HeHHlI cp ezme- H BhICOK0 3ap ll )J(eHHhIX KaTHOHHhlX n pen ap aros CB1I3aHa C x ap axr epo v 

H3MeHeHHlI 3Jl eKTpo n OBep XHOCTHhlX c BOII CTB 6 yM a)J(HOH MaCChI. T aKo H xap a xrep 3a BHcH MoCTeH n p u co n o cra sn e ­

HHH C .uaHHhIMH n o H3MeH eH llIO 3KIT ( p HC. 2) ro BOpHT 06 OTCy TCTBHH n p li Mo H xoppens uxn M e)J(.uy H30 3JleKTp H­

'leCKHM COCTOll HHeM 6 y Ma)J(Ho ll MaCChI, np0 'lHOCTh lO H CKOp OCThlO 0 6 e3BO)J(II Ba HHlI , a .!lJ111 6 Jlaron p HlI TcTBOBaHHlI 

OCHOBHhlM Te XHOJlOr H'leCKHM n p o u ec c av cnen y er nonnep acu aar s 3 K IT cnerx a OTpHl\aTeJlhHhIM. 

Ilonys ea asre nannue COOTBeTc T BytOT rnrrepar ypnsra HCTO'lHHKaM (pII C. 6), rzre n OKa3aHO, 'I TO n o cn oco fi ­

HOCTH K !\>JlOKYJlll l\HH H H3MeHeHHIO 3Jl eKT p OKIIHeTH'leCKHX rt apaaerpos MO)J(HO oxapaxrep u ao ear s IICnOJlh3ye ­

Mhl H fI3 . Hanpnv ep, npn HaJJH'l I1H 3KcTpeMyMoB a a xpnasrx 113MeH eHII1I !\>JlOKYJl ll l\HH H 3JleKTp OKII HeTII 'leCKHX 

lIBJl eHHH MO)J(HO cn en ar s BhIBO.u, 'ITO fI3 CO.uep)J(IIT cp eznur e II n efi on sume MaKpOMOJleKy Jlhl , 0 6 hI 'lHO OHH n p ezi­

CTaBJllllOT C060H n OJlHKaTH OHhl C BhICOKOIl (J H HH3KOH MOJleKy Jlll pH OH MaccoH . M Ha060pOT, n p n n OCTeneHH OM 

CHII)J(eHHH n p o a an eu a x 3JleKTp OKHHeT H'leCKlIX n ap aaerpos H n o a suueu a n crenena !\>JlOKYJllll\HH MO)J(HO czienars 

BhIBO.u 0 He60JlhwoII (J H BhICOKOH MOJle KyJlll p HOH Mac ce IT3 , B 3TOM cn yxae o fipaayiorca KaK 6 hl «MOCTHKH» Me ­

)J(.uy n OJlHM ep aM II H M HKpO!\>H6 p HJlJlaMlI . HeCMOTp ll aa KOJlOCCaJJhHYIO p a3HH l\Y B HX pasvepax (1 : 1000), OHH 

otiec n ex a a a tor .uonOJlHHTeJl hHYIO nnouian s KOHTaKTOB Me)J(.uy BOJlOKHa M H 

Ol-l-rpy nnasra CJll1W KOM 6 0 JlhW Oe, 'lT0 6 hl 0 6 p a30 BaTh n p llMYIO H-CB1I3h. 
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l'aCT1lTc.l~HbI X B<>:IOKOH C 
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aJlanTHpOBaHO H3 [8]	 rc reareerponara 

Bu eoou 

1. Ilozrraepxnena B03MO)KHOCTh HCCJleJlOBaHIUI crpyxry p si ynpO'lH51IOll\HX H 06e3BO)KHBalOll\HX nofi as ox no­

CpeJlCTBOM cPH3HKO-XHMH'IeCKHX MeTo.nOB aHaJJH3a. O.nHHM H3 KJIIO'IeBhIX napaaerpos 51BJl5leTC5I nJJOTHOCTh aapsna. 

2. 4eM asnue nJlOTHOCTh sapan a nOmDJleKTpOJlHTa, TeM 60JlhWee BJlH5IHHe oxaast saer nofiaaxa aa ynpox­

HeHHe, creneas cPJlOKYJl5lUHH H 06e3BO)KHBaHHe, na HX KpHBhIX npncyrcr ayer 3KCTpeMYM, n 03ToMY MH TaKHX 

nofiasox cneziyer axxypar aee nononpan, .n03HPOBKY. 

3. 0 CTeneHH B3aHMo.neHcTBHH H 3cPlf!eKTI1BHOCTH y n p0'lH5I IOll\HX Jl06aBOK aeasrcoxoa nJlOTHOCTH sapan a 

MO)KHO paccyacnars TOJlhKO npH H3rOTOBJleHHH H HcnhITaHHH ofipasuoa. 

4, nepcneKTHBHhlM npe.nCTaBJlHeTC5I HCCJleJlOBaHHe COBMeCTHo r o npHMeHeHH5I rtpnpon n u x H CHHTeTH'leCKHX 

.no6aBOK JlJlH YCHJleHHH HX .neilcTBHH no ynpoxnenruo 6YMa m H yJly'lWeHHIO 06e3BO)KHBaHH5I6yMa)KHOH MaCChI. 

5, MaKcHMaJlbHa51 np0'lHOCTh H 06e3BO)KHBaHHe 6 YMa)KHOH MaCChI H3 MaKyJlaTypbI Ha6JlIO.naeTCH npn 

cnerxa OTpHuaTeJlbHOM 3JleKTpOKI1HeTl1'1eCKOM nOTeHUHaJJe, 

Aemopu eu pascatom tinaeooapnocms 000 «Cuesta MUKPOH» (C!l6. POCCIm) u Emtec Electronic GmbH 

(Ileunuue, Fepuauus) sa npeoocmaeneuue nputiopa FPA ORR onpeoenenust 3ReKmp OKUll emU'IeCKOZO nomen­

uuanau auynamypuoii staccu. 
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The article provides a study of the effect of strengthenin g and drainage addit ives based on synthetic and natur al poly­
electrolyte s on paper making, turbidity, zeta potential and strength properties of handsheets. Obje ct of study is the paper pulp 
from pres creened OCC wastep aper. On the basis of experimental data obtained, the authors have identified the interacti on of 
wastepaper pulp with chem ical additives depend ing on their structure and charge density. It is shown that the maximum 
strength and drainage of wa stepaper pulp is observed at low negative zeta potent ial of secondary fiber s. The data obt ained can 
be used in the stock preparation for assessment of the dosage and effectiveness of strengthening and drainage additive s. 

Keywords: waste paper, strengthening, dewatering, cation ic starch, polyelectrolytes , zeta potential, turbidity. 
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