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AHAJIM3 MPoIlecca BLITATMBAHUS HEKPYUYE€HOH POBHUIIBI
HA NPAIAWILHOI MallIuHe
Cmupnosa C.I'., Copkun A.IL.
KI'TY
[IpoBeneH CpaBHUTENbHBIA aHAIU3 TMPOIECCOB BBHITATHBAHUS MOKpPOM
KPY4Y€HOW pPOBHUIBI M MOKPOW OECKpYTOUYHON pPOBHHIIBI. Y CTAHOBJIEH PsJl
MPEUMYIIECTB TEXHOJOTUU (POPMHUPOBAHUS MOKPOM OCECKPYTOUHOH POBHUIIBI,

MO3BOJISIIONIEH MOTy4YaTh NPsKY ¢ 00s1ee HU3KOW HEPOBHOTOM.

[Iponiecc BBITSTHBaHUA — OJWH M3 OCHOBHBIX IPOLIECCOB MEXAHUYECKOTO
npsaeHus. M3ydenueM mporiecca BBITSTHBAHUSA IIPOJYKTOB M3 JIBHSHOTO BOJIOKHA
3aHuMaMch pan uccnenonareneil. Cpenu vHux JLI'. I'un30ypr, A.I'. CeBactrsiHoB, 1.B.
bynnukos, ILIT. Tpeikos, A.H. IBanos, E.A. IlecroBckas u ap.

TexHn4YecKkne KOMIUIEKCHI JIBHSIHOTO BOJIOKHA, M3 KOTOPBIX COCTOAT BCE
MONMYNPOJAYKThI, W  TPOAYKTHl  MpsAAcHHS  oOpa3oBaHbl W3  IPOAOJIBHO-
OPUEHTUPOBAHHBIX BOJIOKOH, CKJICEHHBIX €CTECTBEHHOU Marpulen. HeoqHopoaHOCTb
TEXHUYECKUX KOMIUIEKCOB JIBHSIHOTO BOJIOKHA MO JJIMHE, TOJIMHE, PACHOJIO0KEHUIO U
KaueCTBY HMX B TOMNEPEYHOM CEUEHHH, BO3MOKHOCTHb HEOIPEIACICHHOTO IBHKCHUS
OTJICTIbHBIX BOJIOKOH W T.J., CYIIECTBEHHO 3aTPYAHSIOT aHAJIW3 JAHHOIO ITpoIiecca.
OCOOEHHOCTBIO BBITSTHUBAHUSI MPHU TPSJICHUM JIbHA SIBJIETCS TO, UTO HapsAy CO
CMEIIEHUEM OTACIBHBIX BOJOKOH IMPOUCXOJUT U MHTCHCHBHOE ApOOJIeHHE Ooliee
TOJICTBIX KOMIIEKCOB Ha TOHKHE M X OTHOCUTEILHOE CMEIICHHE.

CrocoOHOCTh TEXHMYECKOTO BOJIOKHA K JPOOJICHHIO B 3HAYMTEIILHOH Mepe
3aBHCHUT OT KOJIMUECTBA U COCTaBa MHKPYCTUpYroNMX BemiecTB[1]. UeM ux MeHbiie,
TeM Ha 00Jie€ TOHKHE KOMILUIEKCHI IPOOUTCS BOJIOKHO U TE€M JIYUIIEe €ro MpsArIbHAS
CIIOCOOHOCTh. JIJIT CMEIICHHWS DJIIEMEHTApHBIX BOJIOKOH M HX KOMILICKCOB

HEO0OXOMMO OCJIA0UTh CBSI3U (CKIEHKH) MEXIy HUMH W3 MEKTUHOBBIX M JPYTHX

WHKPYCTUPYIOIINX BEILIECTB.
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Jlist ocnabneHust CBA3E MEXy 3J€MEHTapHBIMU BOJIOKHAMHU B CPEIUHHBIX
IUTACTUHKAX TEXHUYECKUX KOMIUJIEKCOB C LEJbI0 YBEJIMUYEHHUS CTEICHU
MPOJIOJIBHOTO JIPOOJICHUSI KOMIUIEKCOB JBHSIHBIX BOJIOKOH CYpPOBYIO JIbHSHYIO
POBHHUILY Tepe]] MPsAASHUEM MOJIBEpraloT XUMHUYEeCKoil 0O0paboTke. B HacTosiee
BpeMs IIMPOKO MPUMEHSIOTCS MPOLECCHl XKUAKOCTHOM XUMHUYECKON 00paboTKu
POBHHMIIBI: OTBapka, orOenuBanue [2]. Beibop peknma XuMHUECKOH 00pabOTKH
POBHHUIIBI TPOU3BOAUTCS B 3aBUCUMOCTH OT CTENEHU OJPEBECHEHUS CPEAMHHBIX
IUTACTUHOK TEXHUYECKUX KOMILJIEKCOB BOJOKOH M IapaMEeTPOB CTPYKTYPHI
KOMILJIEKCOB JIbHSIHOT'O BOJIOKHA.

Oco0eHHOCTH TIpoliecca BHITSATUBAHUS OMPENEISIOTCS CIIOCOOOM MPSICHUS
abHa. [lpy MOKpPOM TIpSACHUM KOMIUIEKCHBIX JIBHSHBIX BOJIOKOH TMIpsKa
MOJy4yaeTCsl B pe3yjbTaTe YTOHEHMsS POBHHUIBI B 30HE BBITSIKHOTO mpudopa
OpSIAWIBHOW MAIIMHBl € TOCIHEAYIOIUM CKPYyYMBAaHMEM MBIUKH, U €€
KaueCTBEHHbIE XapaKTEPUCTUKU (IPOYHOCTH Ha pa3pblB U KO3(PPUIMEHT
BapualMyd MO JMHEWHOW TIUIOTHOCTH UM pa3pbIBHOM HArpy3ke) CBSI3aHbl C
IPOLECCOM APOOJIEHUSI TEXHUYECKUX KOMIUIEKCOB BOJOKOH M MX PaBHOMEPHBIM
OpoAoJabHBIM mnepeMmenieHueM. [lpu HegoctaTouHO H(PPEKTUBHOM Ipoliecce
IpoONieHUsT TEXHUYECKUX  KOMIUIEKCOB  BOJIOKOH, HE TPOUCXOAUT  MX
paBHOMEpPHOro MpojojsHOro mnepememieHus. I[lpsxka Qopmupyercs u3 oueHb
TOJICTBIX KOMIUIEKCOB BOJIOKOH M IMEET BBICOKYIO HEpOoBHOTY. [Iponiecc mpsinenus
B OTOM CJIy4ae COMPOBOXKIAETCS MOBBIIIEHHONW OOPBIBHOCTBHIO B 30HE BBHITSKHOTO
npubopa NpSIUILHON MaIIMHBI.

dopmupoBaHUEe TPSDKA TMPU  MOKPOM  CIIOCOOE€ TPSIACHUS  JIOJDKHO,
OCYILECTBIIIETCSI U3 TOHKUX BOJIOKOH, OOJBIIYIO YacTh KOTOPBIX COCTaBISIOT
3JIEMEHTapHbIE BOJIOKHA M UX HeOonbliue KoMIUlekchl. OJIHaKo B Ipolecce
IpoONCHUST MOTYT TOSBISATHCS HE TOJNBKO TOHKHWE KOMIUIEKCH, HO HM OYCHb
KOPOTKHE BOJIOKHA. 3ajaya Mpollecca BBITATUBAHUS COCTOMT B TOM, YTOOBI
NOJMYy4YUTh TPH JOCTATOYHOM TOHWHE HE OYEHb KOPOTKHE pa3apoOSieHHBIC
TEXHUYECKHE BOJIOKHA, T.K. OYCHb MEIKHE BOJOKHA (TIyX) ABHTAIOTCS TPYIIAMH U

00pa3yroT MOPOKH MPSHKU B BHJIE YTOJIIECHHH 1 1unriek [1].



B poBHuIle comepkaTcs TEXHHMUYECKHE BOJIOKHA pa3HOW UIMHBL. J[yis
oOecrieueHUsT WX JAPOOJCHUS TP MOKPOM TIPSACHUH, DPa3BOJIKA MEXKIY
NUTAIONIC W BBITSDKHOW TMapaMd Ha MPSAWILHOW MAaIllMHE YCTaHABJIMBACTCS
3aBEJIOMO MEHbIIICH CpeaHEH ITMHBI OCHOBHOM MacChl BOJIOKOH B POBHHUIIE.

CornacHo[3], npoOjieHHE TEXHHYECKHUX BOJIOKOH JIbHA B IPOIECCe
MOKPOT'O BBITATUBAHUS MPOUCXOTUT CICAYIONIIM 00pa3oM (pHCyHOK 1).
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Pucynok 1. Pacnpenenenue ycunuit mpu 1poOJeHUH B IIpoliecce

BBITATBAaHU.

[TycTh AMMHHOE TEXHMYECKOE BOJIOKHO |;. OKaszainoch B 3aKuMax
MUTAIOUIEN U BBITSOKHBIX Map. Tak Kak OKpY>KHbIE CKOPOCTH ATHX Nap pa3HbIe, TO
BOJIOKHO JOJDKHO pa3opBaThbcs MO OclabiieHHbIM crnaiikam. Ilpu paspbise
IPOM30MAET pacKalblBaHUE (PACIUEIUIEHWE) BOJOKHA — OHO HE TOJIBKO
YKOPOTHUTCS, HO M yTOHUTCS. Ecim Obl BOJOKHO HE OBLJIO OKPY>KEHO APYTUMU
BOJIOKHAMH, TO €ro pa3pbiB ObUT Obl PABHOBEPOSITEH IO BCEU €T0 JJIMHE MEXKIY
3aKMMaMUd M ompeAessiicss Obl TOJBKO MECTOM, TJ€ CHalKu HauboJsee
ocnabsaensl. Ho BOJIOKHO HE M30JUPOBAaHO, @ OKPYKEHO JAPYTUMHU BOJIOKHAMH —
YUCJIO HMX B Pa3HbIX CceYeHUsIX paznuyHoe. OHM JBUXKYTCS C Pa3HbIMHU
CKOPOCTAMH M MPUKUMAIOTCS K PaCCMaTPUBAEMOMY BOJIOKHY B OJHMX MECTax
CHJIbHEE, B JPyTrux ciabee (B 3aBUCUMOCTH OT JABJICHHS B 3aKHME Mapbl U €ro

pacnpeaciiCHns, Hallndusa YCTpOﬁCTB AJIs1 KOHTPOJIA 3a ABMIKCHHMEM BOJIOKOH —



IPYTKOB, PEMELIKOB, YIUIOTHUTENEH, rpeOeHHBIX Moyied u mp.). B ciyuae
MOKPOTI'O BBITATMBAHMS JIBHIHOTO BOJIOKHA CYIIECTBEHHOE BJIMSHUE Ha MPOLECC
JBHYKEHUS BOJIOKOH OKAa3bIBAIOT CKJIEWKA 3JIEMEHTAPHBIX BOJIOKOH U HaJU4Me
BA3KOM cpesibl, 00pa3yeMoil IEKTUHAMHU, COJEPKALIUMHUCS B JIbHSIHOM BOJIOKHE.

BOmu3u nwuraromieid mapbl €IMHUYHOE BOJIOKHO OKPY)KEHO HauOOJIbLINM
KOJINYECTBOM BOJIOKOH, KOTOPBIE ABMKYTCS CO CKOPOCTBIO IIUTAOLIEN MAPbI U IJIOTHO
NPYDKATBl K HAXOIIEMYCS MEXKIY BBITSDKHOM M IMTAIOUICH IapaMu BOJOKHY B
pe3ynbTare JIEMCTBUsSI NEKTUHOBBIX BEIIECTB, CKICHBAIOLIMX BOJIOKHA POBHUIBI U
BO3/ICHCTBUSL KPYTKUA (MPH BBITATMBAHUM KPYYEHOM POBHUIIBI) WM OOBHUBOYHBIX
BOJIOKOH (IIpH BBITSTUBAHUM OECKPYTOYHOW POBHUIIBI), YIPOUHSIOUIMX MBIUKY. ODTH
JIBWKYIIMECS BOJIOKHA 3a CUeT TpeHus (P,) BOCIPHHUMAIOT 4YacTh Harpys3ku (Pi),
JEUCTBYIOIIEH Ha 3akaToe BOJOKHO. I[loaToMy HamOonbluee HanpsyKeHUE
pacTsHKEHHsI B 3aKaTOM BOJIOKHE HCIBITBIBAET YYacTOK, PACOJIOKEHHBIA OJIMKE K
BBITSDKHOM Tape, HO HE y CaMOro 3aKHMa, T.K. 3/1€Ch JIEMCTBYET II0JI€ CHJI TPEHUS,
CO3/1aBacMO€ BBITSDKHOU TTApOA.

OTpbIB 4aCTH BOJIOKHA MPOU30MAET B MECTE HAHOOJBILIEr0 HANPSKEHMUS, T.C.
HEJJaJIeKO OT BBITSDKHOM mapbl. OT JUTMHHOTO TEXHUYECKOro BOJOKHA |joTmemurcs
KOPOTKHI KOMILJICKC JUTMHOU |5, 3aTeM 3T0 TeXHHUECKOE BOJIOKHO OISATh MOJOUICT
K 3aXXUMY BBITSDKHOM Mapbl, BHOBb OK&XETCSI B 3aKUME O0eux map — M OT

TEXHUYCCKOI'O BOJIOKHA OIIATHh OTACIINTCA KOpOTKI/Iﬁ KOMIIJICKC.

Tak Oyner mpomokarbCs 10 TeX MOp, MOKa 3aJHUNA KOHEI BOJIOKHA
YAEPKUBAETCS HA CKOPOCTU MUTAHUS CUJIaMU, CIOCOOHBIMHM BMECTE C CHJIAMHU T10JIS
TPEHUS BBITSHDKHOM Mapbl NPEOI0JIEBATh IPOYHOCTD CBA3EH MEXKY 3JIEMEHTAPHBIMU
BOJIOKHaAMU U MX KomIuiekcaMu. [locie BbIXoAa BOJIOKHA M3 3aXKMMa MUTAIOLIEH
napbl 3TUMH CUJIAMU MOTYT OBITh CHJIbI TPEHUSI MEXKITy BOJIOKHAMH, CO3/1aBaeMbIe,
HAaOyXIIUMH KJISSIIMMHU BEIECTBAaMH, OOBHUBOYHBIMH BOJOKHaMU (B ciyyae
OeCKpyTOUYHOMI POBHHUIIBI) U MIPOMEKYTOUHBIMU yYCTPOMCTBAaMH,
YCTaHABJIMBAEMBbIMUA B BBITSDKHOM MOJE JJISl YBEJIWYEHUS CHACPKUBAIOIIMX CHIL

HatsinyTbie Takum 00pa3om BosiokHa Apodsarcsa. CaMo ClI0BO «IpoOieHrEe» TOBOPUT



O XapakTepe OTHEJIECHHUs KOPOTKUX 4YacTed BOJIOKHA. [Ipoucxonurt He momnepedHbli
pa3pbiB, & OTPBIB — 10 CHAWKaM OTHEJIbHBIX KOMIUIEKCOB, U3 KOTOPBIX COCTOUT
nojBepraeMoe  JIpOOJEHUI0  TEXHUYECKOE  BOJIOKHO. CrnenoBaresnbHo,
OTPBIBAIOIIMECS ~ KOPOTKHE  BOJIOKHA  TOHbBIIE  HEpPa3IpoOJICHHONM  4acTH
TEXHUYECKOTO BOJIOKHA. OJHAKO Mpsika B MOKPOM Mps/ieHUH (HOPMUPYETCS HE
TOJIbKO M3 KOPOTKMX TOHKHMX BOJIOKHHCTBIX KOMILJIEKCOB, HO U U3 0OoJiee TpyObIX,
HEPa3IpOOUBIIMXCS B TIPOIECCE BBITITUBAHUS BOJIOKOH C JUTMHOW MEHBIIE
pa3Bojku. B 3Ty rpynmy BOJIOKOH BXOISAT OCTaTKHM OT JPOOJICHUS M BOJIOKHA,
KOTOpBbIE €1I€ B POBHHUIIC HMMENW JUIMHY MEHbIIE DPa3BOAKU U KOTOpPBIE HE

MOJIBEPIIMCH TPOOJIEHHIO IO 3TOW MTPUYHHE.

Takum o00pazomM, B MOKpPOM TNpSACHHH JbHA B MPOLIECCE BBITSATUBAHUS
HEOOX0UMO O00€CIeYUTh HE TOJbKO PABHOMEPHBIA CIBUT BOJOKOH, HO U
HEOO0XOMMO OIpEeNeeHHbIM 00pa3oM pa3poOUTh 3TU BOJIOKHA. YeM ToHbIIE
BOJIOKHA, U3 KOTOPBIX (POPMHPYETCS TMpsiKa, TEM OHA pOBHEE, TPOYHEE U TEM HIKE
ee OOpbIBHOCTD IpH MpsiieHuu. [loaTroMmy HE0OX0IUMO 3HaTh, U3 KaKUX BOJIOKOH

dbopmupyeTcs psika, ¥ Kak OHU JBUTAIOTCS B TIPOIIECCE BBHITATHBAHUS.

3aKoH paclpeaeneHus] BOJIOKOH MO JJIMHAM MOYKHO IMOJYyYUTh B pPE3yJIbTaTe
aHalli3a W3MEHEHUs MAacCCOIJIMHBI BOJIOKOH, KOTOpasl OIpPEAECsAeTCS MyTeEM
HITANEeIbHOTO aHAJIW3a MPU PYYHOM pa30ope BOJIOKOH.

C uenpro onpenesicHus: TOTO, KaKWE€ BOJOKHA pa3feibHO JABUTAIOTCS B
MPOIIeCCE BHITATUBAHUS U U3 KaKUX BOJOKOH chopMHUpoBaHa mpsika mpodeccopom
JLH.I'ma30yprom paspaboTaH MeTOJA ONpEACIICHUs INTaneIbHOW JararpaMMbl
BOJIOKOH B MBIUKE 10 KPUBOM YTOHEHHS MPOJIYKTa B BRITSDKHOM mpuoope [4].

[ITanenpHbI aHAIU3 BOJOKHA B JIBHSHOU INPSKE MOKPOTO MPSICHUS UMEET
OTNpeJIEIICHHbIE TPYIHOCTH, CBS3aHHBIE C TEM, YTO IITANEIbHBIE COCTABbl POBHUIIbI
U TOpsDKU TMPUHLIUNUAATIBGHO OTJIMYAIOTCS, TMO3TOMY aHAJIM3 HYXXHO MPOU3BOJIUTH
TOJIKO ITyTeM Pa300pku mpsiku. [Ipu 3TOM BOJIOKHA B TIPSDKE MOKPOTO TPSIICHUS
MIOCJIE €€ BBICHIXaHUS CKJIEMBAIOTCS MEKTUHAMHU, BXOJAIIMMHU B COCTaB BOJIOKHA. B

ciiydae pa300pKH TakoOW MpsHKU OyJIeT MPOUCXOIUTh JalbHEHWIee apoOiieHue
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TEXHUYECKUX KOMIUIEKCOB, oOOpasyromux npsoky. OrnpeneneHue JTUHEHHON
IUVIOTHOCTA  TEXHUYECKMX  KOMIUIEKCOB  BOJIOKOH  TakXe  IPEACTaBISET
oTpesiesieHHbIe TPYAHOCTU. BceiencTBue 3Toro pes3ynbrarhl aHajin3a OyAyT UMETh
CYILLECTBEHHYIO MOTPEIIHOCTb.

HaubGonee  »ddeKkTHBHBIM ~ METOAOM  OMpEACNCHUS  INTanelbHBIX
XapaKTEpUCTUK BOJIOKHA SBJIAETCS €EMKOCTHBIA METOJI C UCIIOJIb30BAaHUEM KOMILIEKCA
KJIA-2. TlpuHumn paeicTBHsS KOMIUIEKCa OCHOBaH Ha KOCBEHHOM H3MEPEHHU
JIMHENHOU TUTOTHOCTH OTPE3KOB PA3JIMYHOM JUIMHBI ITPOYKTA MO U3MEHEHUIO EMKOCTH
M3MEPUTENBHOTO KOHJIEHCATOpA JaTYHKA MPHU MEPEMELIEHUH MEXTy €ro IUIaCTUHAMMU
Marepuana c OONbIIOW JMAJIEKTPUYECKOW NpOHHUIAeMOocThio. [Ipu mpomyckaHuu
CYXOro IMpOAyKTa M3MEHEHHE €MKOCTH KOHJIEHCATOpa MPONOPLHMOHATIBHO JIMHEHHON
IUIOTHOCTH KOHTPOJMPYEMOTO MaTepraa.

Cnengyer OTMETHUTb, YTO CpEIHEE 3HAYEHUE MACCOJUIMHBI KOMIUIEKCOB
BOJIOKOH B NPOAYKTaxX IpPSACHUS, ONPEIEICHHOE IyTEM IITANEJIbHOIO aHAJIN3a
IIpU PYYHOM pa300pe BOJOKOH, BBHIIIE CPEAHEN JIMHBI KOMIUIEKCOB BOJIOKOH,
onpenesieHHbIX ¢ moMonIbio KJIA-2, Tak Kak yAenbHBIN BKIA TSHKEIBIX JJIMHHBIX
KOMIUIEKCOB MpPH ONPEICICHUH MAacCCOUIMHBI OOJIbIlE, YeM MpU ONPEICIICHUU
CpeIHel ITMHBI, YIUTHIBAOIIEH 00IIee YMCIIO BOJIOKOH U X JUTHHY[1].

Hapsiny ¢ npoGiieHueM BaXHEWITUM MOMEHTOM B IPOIIECCE MOKPOTO
BBITSTUBAHUS SIBJIIETCS CIBUT MOCTYMAIOUIMX B BBITSHKHOM MPUOOP BOJIOKOH U CIIBUT
BOJIOKOH, 00Opa30BaBIIUXCS B PE3YJIbTaTe IPOOJICHHUS.

B 30HE BBITATVMBaHUS CIBUT IPOMCXOIMUT, KOrJa BOJOKHA MEHSIOT CKOPOCTB
npwkeHuss ¢ Vi (ckopoctu mmTaromied mapbl) 10 V, (CKOPOCTH BBITSDKHOM Taphbi)
BBITSDKHOTO NprOopa. DKCIIEPUMEHTATIBHBIMU UCCIIEJOBAHUSMH JIBUKEHUS BOJIOKOH B
BBITSDKHOM TPUOOpE MOKa3aHO, YTO B IPOLIECCE BBITATMBAaHMS BOJIOKHA, O00Jajast
MaJIOM MAcCOU, a, CJIEIOBATEIIbHO, U MAJIOW CHJION MHEPLIMU II0 CPABHEHUIO C CHJIAMHU
TPEHUs], JECUCTBYIOIIMMU MEXIy COIPHUKACAIOIIMMUCS BOJIOKHAMHU, MEHSIOT CBOIO
ckopocTb ¢ Vi Ha V, mpakTHyecku MrHOBeHHO [5]. Hanbonbiuas no51st BosiokoH (95-
99%) 3a BpeMs JBIDKEHHS B TIOJ€ BBITATMBAHUS MCIBITHIBAET OJHOKPATHOE

MI'HOBCHHOC H3MCHCHHUC CKOPOCTH. HN3meneHue CKOPOCTH BOJIOKOH ITPOHUCXOIUT Ha
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NPOTSHKEHUM BCETO TOJIS BBITATMBAHUS U JI0JI1 BOJIOKOH M3MEHMBILMX CKOPOCTh € V7
Ha V, TIOCTENEHHO pacTeT.

BoiTAruBanue MOXKET HauyaTbCs Ha PACCTOSIHUM MAaKCHUMAJbHOW JJTUHBI
BOJIOKHA OT BBITSDKHOM mapbl. MI3MeHEeHHEe CKOpPOCTH MEPEIHEro KOHIIa BOJOKHA
MPOUCXOJUT B TOM CCEUYCHHH TIOJS BBITATUBAHWS, TAE JCHCTBHUE CHJI TPEHUS
OBICTPOABIKYIITUXCST BOJIOKOH (V;) OOMbIIe CHJI TPEHUSI M LEMKOCTH BOJOKOH C
Maioii ckopocThio (V). BoslokHa pa3HO# IJTMHBI H3MEHSET CBOIO CKOPOCTh ¢ V1 Ha
V; B pa3IM4HbBIX CEUCHUSX TOJISI BHITATUBAHMUS.

WNneanbHbIMM  YCIOBUSIMU  BBITATMBAHMSI CUUTAETCS TaKOM  XapakTep
W3MCHEHHS TIOJISI CHJI TPEHWs, KOTJa HampsDKEHUE TOJISI CHJI TPEHHUS BBITSHKHOMN
napbl YMEHBINAETCS TMOCTENEHHO OT MUTAIOMIEH Mapbl K BBITSDKHOW U PE3KO
BO3pACTaEeT B 30HE BBITSXKHOM mapbl. Takol xapakTep U3MEHEHUS OISl CUJI TPEHUS
oOecrnieunBaeT JBWKeHUE To |-ii mpenenbHOM cxeMe (BCe BOJIOKHA MEHSIOT
CKOpPOCTb B MOMEHT, KOTJIa WX TMepeIHUE KOHIbI JOCTUTAIOT JIMHUM 3a)XKHUMa
BBITSDKHOM mapsr)[5].

KauectBo mpsku, 0Opa3oBaHHOW B MPOIIECCE BBITATHUBAHUS, 3aBUCUT OT
WHTEHCUBHOCTU BO3JIEUCTBUS (HaKTOPOB pabOTHI BHITSHKHOTO TpHOOpa: pa3BOAKH,
KPAaTHOCTH BBITSDKKH, HampsDKeHHS 1ons cuinl  TpeHus. C  yBeTWdeHUEM
WHTEHCHUBHOCTU BO3JCUCTBUS 3TUX (DAKTOPOB pacTeT HEPOBHOTA MPSKU B 30HE
BerTsiruBanmst Cy® [12-400 MM], 9TO 3HAYMTENBHO YXYALIAET ee KauecTBO [6].
Takum 00pa3om, Ui TOBBIIICHHUS KadecTBa MPSHKM HEOOXOMWMO YBEIUYHBATH
IpOOMMOCTh BOJIOKOH, T.€. OCIAOUMb HANPANCEHUe CUl MpeHus W CHUSUMDb
UHMEHCUBHOCMb 8030€LICMBUsL HA BOJOKHO (8blmAUBAroOwue YCUuius OOJHCHbL
ObIMb pasHoMepHble U He U3IULIHUe) B TIPOLIECCE BHITATUBAHMUSL.

PaccMoTpuM, Kak BBITIONHSIOTCS YCJIOBHS BBITATUBAHUS TPaJAUIIMOHHON
KpY4E€HON U OECKPYTOYHOU POBHUIIBI.

B TpaaumuoHHON TEXHOJIOTHH MOKPOTO TMpsAcHUS Tpsoka GopMHUpYETCs U3
KPYYEeHOW pOBHHUIIBI. B BBITSHKHOM MpUOOpe MPSAUILHON MAIIMHBI 3HAYHTEIIHLHOES
BJIMSTHUE Ha paclipe/ielieHHe CUJl OKa3bIBaeT KPyTKa POBHUIIBI U €€ M3MEHEHHE TI0

MCPC BBITAT'MBAHMA. Bheninue BoJIOKHA oA I[CﬁCTBHCM KPYTKHU HATATUBAKOTCA U



NPWKUMAIOT APYT K IPYTY BHYTPUIICKAIIIME CIIOM POBHUIIBI, CO3/1aBasi BHYTPEHHEE
MoJIe TPEHUS, TPUYEM HEOJHOPOJAHOE II0 CEYCHHWIO, W TPEMSITCTBYIOIICE
PaBHOMEPHOMY BBITATHBAHUIO. Y TOHSEMBIM MPOAYKT B BBITSDKHOM TIOJIC UMEET
NIEPEMEHHOE CEUCHHUE: y MHUTAIOIIeHd Maphl €ro BeIMYMHA OJNM3Ka K TOJIIUHE
POBHHIIBI, & Y BBITSHKHOM Maphl — K TONIIUHE Mpspkd. MI3BeCTHO, UTO KpyTKa (Mpu
BBITSITUBAHUN KPYUYEHOW POBHHIIBI) UMEET TCHCHITUIO TIEPEeMEeIIaThCsl ¢ TOJICTHIX
MECT Ha TOHKHE, WMEIOIIME MEHBITUN MOMEHT COMPOTHUBIICHUS KpPYYCHHIO.
KpydeHnass poBHHIIa 1O Mepe BBIXOJa W3 TMHUTAIONIEH Mapbl CHadajla HAYWHAST
packpy4uBathcs. JlocTurasi Kakoro-To MUHUMAIILHOTO 3HAYCHHMSI, KPYTKA HAYWHACT
BO3pacTaTh TI0 HAaNpaBlIEHWIO K BBITSOKHOM mape. Ilepeberanme KpyTKu
HEOJIAroNpUsATHO AJI MPOIEcca BHITATUBAHUS. 3HAUUTEIbHAS KPYTKA Y BBITSKHOU
nappl yCWJIMBAE€T BHYTPEHHEE TIOJIE CHJI TPEHUS B JTOM 30HE, YTO TIpHU
OJTHOBPEMEHHOM OCIIAOJICHUH CAEPKUBAIOLINX CHJI M3-3a MOTEPHU KPYTKU BOJIU3U
MUTAIONIEH Maphl MOXKET MPUBECTH K 3aXBaTy HAXOJSAIIUXCS TaM BOJIOKOH,
NepeTHIEe KOHYUKH KOTOPBIX €ITle HE JOIUIN IO BBITSHKHOW Maphl U YBICUCHUIO MX
BOJIOKHAMH, JABUKYIIUMHUCS CO CKOPOCTHIO BBITSDKHOW Mapbl. ITO MPENSTCTBYET
OCYIIECTBJICHHUIO CIBUTA BOJIOKOH MO | mpenenpHO cxeme, 4To BEAET K POCTY
HEPOBHOTHI TPSDKH.

[Tpu popmupoBaHuM MPSKU U3 OECKPYTOUHON POBHUIIBI BHYMPEHHE20 N0
cul mpenusi IOl ISHCTBUEM KPYTKH HE CO3/1aeTCs, TaK KaK MPOAYKT HE KPYUCHBIH,
MOYTH BCE BOJIOKHA TApAJIICTbHBI, HAXOATCS B OJMHAKOBBIX YCIOBHSIX, ITPOIIECC
BHITSTHBaHUA Oosiee crabusieH. [lepekpeneHHbIMU SBISIOTCS TOJIBKO OOBUBOYHBIE
BOJIOKHa, HO OHH HE OKa3blBAIOT CYIICCTBEHHOTO BIMSHHUS Ha IPOIECC
BBITSITUBAHUSA, U CO3/1aBA€MOE UMHU T0JI€ CUJI TPEHUSI OJHOPOIHO KaK MO CEYEHUIO,
TaK | 10 JUTMHE 30HbI BHITATUBAHUA. B 30HE aKTUBHOTO BBHITATUBAHUS OOBUBOYHBIC
BOJIOKHA W BOBCE paCHpSIMISIOTCA. TakuM 00pa3oM, HanpsiceHue Hnoas Cul
mpeHus, BO3HUKArOIIee B Tporecce (GOpPMHUPOBAHUSA TPSDKH U3 OCCKPYTOYHOU
pOBHHMIIBI 0o0Jiee HHU3KOE€ W 0oJjiee OJHOPOAHOE B CPAaBHEHHUM HAIMPSKCHHUEM,

BO3ZHMKAIOIIUM MPU (POPMUPOBAHUY NPSKU U3 KPYUEHON POBHUIIBI.
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CnBur BOJIOKOH TIPU BBITATMBAHMM B BBITSDKHOM TIpUOOpE MOKpOM
OECKpYTOUHOW POBHHUIIBI MPOUCXOAUT MO cxeme, Onu3kol kK |-i mpenenpHoOl. B
pe3ynbTaTe, CTeNeHb NPUOIMKEHUS CEYEHHUsS TMOJIA BBITATUBAHMS, B KOTOPOM
MPOUCXOUT H3MEHEHUE CKOPOCTHM BOJIOKHa ¢ V3 Ha Vj, K BBITSDKHOM Tmape
3HAYUTEIBHO BBIIIE Y OECKPYTOYHON MOKPOU POBHHIIBI B CPABHEHHH C KPYUEHOM,
YTO M CIOCOOCTBYET YMEHBIIIEHHIO HEPOBHOTHI MpU (HOPMHUPOBAHUU TPSLKU U3
OECKpYTOUYHOU POBHUIIBI

Kak oTmeuanoce BbIIIE: BHITATHBAIONINE YCUIIHS JOJIKHBI ObITh, BO3MOXKHO,

0oJice HUBKHMH U PaBHOMCPHBIMH. BenuuuHa Cuiibl BRITSITUBAHUS OoIIpCaACIIACTCA:

1. IIpoyHOCTBIO CBSIZEM MEXKIY SJIEMEHTAPHBIMU BOJOKHAMH (MalepaliOHHON
CHOCOOHOCTHU BOJIOKHA).

2. Ilpu MOKpOM MpsiiEeHMM NPOYHOCTHIO MOKPBIX, MPOIIENIIMX XUMHUYECKYIO
00pabOTKy BOJIOKHUCTBIX KOMILJIEKCOB (BUAa XUMUUYECKON 00pabOTKN).

3. Cunamu TpeHUsl, BOSHUKAIOIUMHU MEX/1y BOJIOKHAMH.

[lepBblil (pakTOp Ompeaensercs celeKUuend, BTOPOM BHIOM XUMHUYECKON
o0paboTku  poBHUIBL. MMeHHO Tpetuid  (akTop MO3BOJSIET  CHU3UTH
BBITSTMBAIOIINE YCWINS NpU (POPMHUPOBAHUM HPSDKUA U3 OECKPYTOUHOU POBHUIIBI
10 CPABHEHHIO C KPYYEHON POBHULIEH.

PaBHOMEpHOE yTOHEHHE IIOTOKAa BOJOKOH OT POBHUIBI N0 IPSIKH, B
3HAUUTEIBHON CTENEHU 3aBUCHUT OT JIETKOCTH CKOJIbKE€HHUS BOJOKOH. CyIiecTByeT
IIPaBUJIO, YTO YEM JIYUIE YCA06UA CKOJIbICEHUA, meM MeHbule U PABHOMEpHeU
BLIMAJICHBIE YCUNUA, U HeM HUNCE U NOCMOSAHHEE 6bIMAICHbIE YCUNUS, MeM
HadedxcHee evimsdicka. BoiaokHa B OECKPYTOYHOW POBHMIE paclpsMIEHBl U
pacnoJiokeHsl napayuiesbHo. Cyennienue BOJOKOH IPYr € APYTOM PaBHOMEPHOE.
PacnpsimiieHHOE  BBITSHYTO€ BOJIOKHO HMMEET JIYYIIyl0 CIOCOOHOCTh K
CKOJIBKEHHUIO U BBHITATUBaHUIO. COOTBETCTBEHHO M BBHITATMBAIOIINE YCHIIUSI MOTYT
ObITh OOJICE HU3KHE W PABHOMEPHBIC, UYTO IMO3BOJUT MOJy4YaTh MPSKYy C OoJee

BBICOKOI paBHOMEPHOCTBIO (HU3KOM HEPOBHOTOM).
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Y pOBHULBI K€, UMEIOUIEH KPYTKY, BOJIOKHA pACIOJOKEHbI B BHJE
[apajuleNIbHbIX cnupanie. Tak Kak IpU BBITATMBAHMM JIEUCTBYET paJuajbHas
KOMIIOHEHTa YCWJIWSI, TOBBIIIAETCS CIEIUIEHUE BOJOKOH. HaTskeHune BOJIOKHA
onpenensercs dopmynoi Oinepa. OHa neWCTBUTENbHA ISl JHOOOT0 BOJIOKHA,
MOJIBEP’KEHHOI'O PACTATUBAIOIIEMY YCHUJIMIO M OOBHMBAIOLIETO B BHUJAE CHUpPAIU
IIOTOK BOJIOKOH. B COOTBETCTBMH C KpPYTKOW pPOBHHUIBI HMEIOT MECTO
BO3pacTalIIie W OcHabeBalolIMe BBITATHBAIONINE YCHIHA. TakuM 00pazowm,
KPYTKa POBHHMIIBI CHHUYKAET CHOCOOHOCTHh BOJIOKOH K CKOJBXEeHHI0. Kpome Toro,
IIPU BBITSITUBAHWN POBHMUIIBI, UMEIOIIEH KPYTKY, BO3HUKAET PaJUuaIbHOE JABIICHHUE
Ha BOJIOKHA, KOTOPO€ HEPAaBHOMEPHO YBEJIMYMBAECT CLEIUICHHE BOJIOKOH.
PasbequHeHne BOJIOKHUCTOTO ITIOTOKA 3aTPYAHEHO.

BaxxHoli  0OCOOEHHOCTBIO TMpOLECCA MOKPOTO  BBITSATUBAHUS  SIBISAETCS
OTCYTCTBHE IIJIABAIOIIMX BOJOKOH B MBIUKE, YTO IIOJOKUTEIBHO CKAa3bIBACTCSA Ha
npouecce (GopMupoBaHHMS TOpsbKU.  JlaHHOE  BBICKa3bIBaHHE TMOJATBEPIKIACTCS
padotamu mpodecccopa JL.H. I'mu3Oypra. C ero Touku 3peHus, IJIEMEHTapHOE
JBHSIHOE BOJIOKHO IO CBOEH MPUPOJIE MIAAKOE ¢ BEPETEHOOOPa3HbIMU 3a0CTPEHHBIMU
KOHUYMKaMU. B mponecce mpuroToBieHHs POBHUIIBI, OCOOCHHO W3 YECAHOIO JIbHA
BOJIOKHA HHUIJIE HE JE30PHEHTHPYIOTCS U B OECKPYTOYHON POBHUIIE HAIPABJICHBI
BIOJb OCH mpoaykra. Kak gokazaHo B TeopHH Mpoliecca BHITATMBAaHUA[3], MECTO
IIEPEMEHBI CKOPOCTM  Jaxe I XJIOIIKOBOT'O BOJIOKHA, BITIOJIHE
VHIUBUAYAIU3UPOBAHHOTO, & HE KOMIUIEKCHOTO, HaXOJIUTCS B HEMOCPEACTBEHHON
OJIM30CTH OT BBITYCKHOM Mapbl. BenencTBue 3Toro KOJIMYECTBO TUIABAKOIIUX BOJIOKOH
BECbMa MaJl0. B MOKpOHM JIbHAHOW POBHHMIIE IIPU BBITATMBAHUM HA NPSAWIBHOU
MalMHe OoJibIlasg 4YacTh BOJIOKOH pacTacKUBAeTCs, Momnafas B OJHOBPEMEHHBIM
3kKUM 00enxX map, M TJle BCS Macca BOJIOKOH HaXxOJUTCS B TOPMO3SIIEH
KJIEHK00Opa3HOoil Macce HAOyXarolMX MEKTHHOBBIX BEIIECTB, MO BCEH BEPOSITHOCTH,
B 9TOM CJTy4yae HUKAKHUX TUIABAIOIIMX BOJIOKOH HET [4].9T0 ke sIBJICHUE OTMeUaeTcs U
B pabote [6,7]. KomiiekcHbie BOJOKHA B MOKPOM MPSACHUU TIPH MPOXOXKICHUH
yepe3 BBITSHKHOM MpUOOp pa3lensdiorcs Ha Oosiee TOHKME M 0ojiee KOpPOTKHE

KOMIUJIEKChI ¥ CIIBUTAOTCSl JIPYT OTHOCUTEIBHO JPYra, JBUTASICh B KIIEHKOM cpere.
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OTO CO3/1aeT JOINOJHUTENILHOE T0JIE€ CHJI TPEHUsI U OJIarONpHUSITHO OTPaKaeTrcs Ha
MIPOLIECCE BBITATBAHMSL.

W3BectHo, 4TO 3amajHble (UPMBI HUCHOJB3YIOT B MPOIECCE MOKPOTO
NpSIICHUST BBITSDKHBIE TPUOOPHI C KOPOTKOW pa3Boakoit (45-50 mm), rae ceueHue
HOJISL BBITATMBAHUS MPUOIMKEHO K BBIMYCKHOM nape. OCOOEHHO 3TO BaKHO IpHU
MOJMyYCHUU TPSHKU Malloil  JTUHEHHOW IUIOTHOCTH, KOTOPYIO HEOOXOIUMO
c(OpMUPOBATH U3 OYEHb TOHKUX BOJIOKOH I 00ECIIEUEHUs] HU3KOH HEPOBHOTHI.
[Ipy mnosydeHUM MNOpPsKM CPEIHUX JIMHEMHBIX IUIOTHOCTEW CEYEHHE IOJIA
BBITSITMUBAHUSA B BBITSUKHOM NPUOOpPE CMEIIAETCs JAajbllle OT BBITYCKHOM Maphbl,
MO3TOMY MOXHO MPUMEHSATH OOJIbIINE PA3BOJKH U YBEJIWYMBATh UHTEHCUBHOCTH
BO3JICHCTBHS Ha BOJIOKHO B IpOILIECCE€ BBITATMBaHMsS. Takum oOpa3om, B ciydae
IPUMEHEHUS] MAJIOW Pa3BOJKH, 3HAUYUTEIBHO MEHBIIEH CpEeIHEH UIMHBI BOJIOKHA
IUIABAIOIIMX BOJIOKOH IIPAKTUYECKHM HET, TaK Kak OoJiblllas 4YacThb BOJOKOH
HAXOJUTHCS B 3aKUMeE 00eUX map (MUTAIOIIEH U BBITYCKHO ) BBITSKHOTO ITPUOODA.

Ilpu  ¢dopmupoBaHuu TNpsDKM U3 MOKpOW  OECKPYTOUHOW — POBHUIIBI
PEKOMEHTyEeMOM SIBJISIETCSl KOPOTKask pa3Bojka (45 —SOMM), MeHbIasi CpeiHEl JUTUHBI
BosiokHa [8-10]. Ilpm Takod BeMMYMHE pPA3BOJKH OOJIBIIMHCTBO BOJIOKOH TIPH
NPOXOXKJICHUM 30Hbl BBITATUBAHUS HAXOAATCS B 3aXHMMax OOEHX Map BBITSHKHOTO
nprudopa, a IBUKEHUE BOJIOKOH, MEHBIIIUX Pa3BOJIKU, YUCIIO KOTOPBIX HE TaK BEJIMKO B
CpaBHEHMH C OOLIMM YHCIIOM BOJIOKOH, KOHTPOJIMPYETCS IPOMEKYTOYHBIM TIOJIEM CHIJI
TPEHUsI, CO3/1aBa€MbIM 3a CUeT HAOyXaHUs MEKTUHOBBIX BEIIECTB, IIPU MPOXOXKICHUH
OECKpYTOUHOM PpOBHMIIBI Yepe3 BOAY WJIM pacTBOpP CMauyuBaTessi B MpoOLEcce

MIPSAACHUSL.

BoiBoabI:

PaccMmoTpeHHbIe BhIIIe pacCykIeHuss 00 0COOCHHOCTSIX TPOIIeCCca BBITSTUBAHUS
OpsHKU U3 OECKPYTOUHOM MOKpPOM POBHMIIBI TMO3BOJISIIOT BBIJICUTH  CIEAYIOLIHE
IIPEUMYILIECTBA JAHHOW TEXHOJIOTUH:

1. He nponcxoaut nmpexaeBpeEMEHHOTO YBICUEHHs BOJIOKOH, ABMKYIIUXCS CO

CKOPOCTBIO BBITSIKHOM napsl. HeT «Crona KpyTkm», Tak Kak NPOAYKT HEKPYUYEHBIM.
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2. BreiTaruBatomye ycunuss Oojiee HU3KHE M PaBHOMEPHBIE, UYTO JOJDKHO
MO3BOJIUTh TMOJIy4aTh TMpsKy ¢ Ooyiee HU3KOM HEpoBHOTOW. Bomokna B
OECKpYTOYHOW pOBHHMIIE pacHpsMIIEHbl W PACIONIOXKEHbl NapauieabHo. Bcee

BOJIOKHA HAXOJATCA B OAMHAKOBBIX YCJIOBUAX.
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