UMCCNIEAOBAHUE NMPONMUTKU TEKCTUJIbHbIX MATEPUAJIOB

B MOJIE CBY-U3NYYEHUA

A.H. busiok, C.B. XepHocek, H.H. lcnHckas,
B.N. OnblaHckuit

PEDEPAT

[IPOMUTKA TKAHEW, MOBEPXHOCTHOE HATS-
XKEHWE, BA3KOCTb, KPAEBOW YrOJ1 CMAYMBAHMS,
SOOEKTUBHBIV PAOMYC KAMMIIIPOB, SM®EK-
TUBHOCTb [IPOTTMTKK, OBbEMHASA CKOPOCTb
MPOMNTKH

Obvekmom uccnedosaHus S81siemcs  Npouecc
nponumku  MeKCMUbHLIX Mamepuanos 8 nose
CBY-u3nyyeHus.

Llensto pabomel sensemca onpedesneHue 0CHO8-
HbIX 3GKOHOMepHocmell npouecca nponumku mek-
CMUbHBIX MAMepuanos, Noay4eHue Mamemamu4e-
cKux modenel 3agucumocmeli U3UKO-MEXAHUYECKUX
U U3UKO-XUMUYECKUX Xapakmepucmuk annpemupy-
roweli KOMNO3UYUU U MeKCMubH020 Mamepuana u3s
HamypasbsHbIX 80JIOKOH 8 npouecce 3aK/IH4YUmesns-
Holi omdesnku 8 ycnogusx CBY-obpabomku.

Asmopamu nposedeHbl IKCNEPUMEHMATbHbIE UC-
C/1edosaHus U YCmaHoseHbl 3a8UCUMOCMU 0CHO8-
HbIX Xapakmepucmuk MmeKCmubHbIX Mamepuanos
u annpemupytowieli KOMNO3Uuyuu 0m pPexuMHbIX
napamempog npouecca nponumku U KoHueHmpa-
yuu annpema 8 ycnogusix so3oelicmaus CBY-80onH:
NoBepXHOCMHO020 HaMsHeHUs annpemupyroueli no-
JIUMEPHOU KOMNO3Uyuu; Kpaegozo yaaa cMayusaHus
U CKopocmu e20 U3MeHEeHUSs; 8S3Kocmu noaumepa;
gbicomsl nNoObeMa annpemupyrowe2o0 cocmasa Uu
CKOpOoCMU NponuMKU 80/I0KHUCMO20 Mamepuana;
3ppekmusHo20 paduyca Kanuanspos 80J0KHUCMoU
cucmemei.

Pe3zynsmamer pabomsl n0380/150m Npo2HO3UpPO-
8amb U3MeHeHUe (U3UKO-MEeXaHUYeCcKux U @u3uKko-
XUMUYECKUX Xapakmepucmuk —annpemupytouje2o
cocmasa u 06pabameiBaemMo20 800OKHUCMO20 Ma-
mepuana 8 npouecce 3axkao4umenbHol omoesnku 8
ycnogusx CBY-o6pabomku, onmumu3upogams mex-
Ho/lo2UYecKue napamempesl NPouecca annpemuposa-
HuSsl.

YOK 677.027.04

ABSTRACT

IMPREGNATION OF TEXTILES, SURFACE TENSION,
VISCOSITY, CONTACT ANGLE, EFFECTIVE RADIUS OF
THE CAPILLARIES, EFFICIENCY OF THE IMPREGNA-
TION, VOLUME RATE OF IMPREGNATION

The aim of the work is the experimental study of
the process of impregnation of textile materials and
determination of main regularities of the process. The
authors conducted the study of the process of im-
pregnation of textile materials in conditions of influ-
ence of microwaves. The obtained analytical depen-
dences allow to determine surface tension, viscosity,
contact angle and effective radius of the capillaries
of textile materials in the process of impregnating
them with the coupling agent in the field of micro-
wave radiation. The efficiency of the impregnation of
textile materials with different process parameters is
investigated. The results can be used to determine
optimal process parameters of impregnating of tex-
tile materials.

Results of the work allow to predict change of
physical-mechanical and physical-chemical charac-
teristics of the sizing composition and treated fibrous
material in the process of final finishing in the micro-
wave processing conditions. Results of the work allow
to optimize technological parameters of impregnat-

ing.
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BBEOEHWE

B onepauuax 3aknuUUTENbHOM OTLENKMU Tek-
CTUNIbHBIX MaTeEPUAnoB C UCMONIb30BaHUEM anmnpe-
TOB (B OCOOEHHOCTM Ha OCHOBE TEPMOPEAKTUBHbIX
CMOn) CYWeCTBYKT OnpefeneHHble TPYAHOCTH,
CBSi3aHHble C CYWKOW U TepModuKcaumen, Tak Kak
nofMMepHble BelecTBa 00bIY4HO MUIPUPYIOT K MO-
BEPXHOCTM MaTepuana B Npouecce KOHBEKTUBHOM
CYLIKW, HEPAaBHOMEPHO pacnpenensisicb no TOMWM-
He W NOKaNM3yaCb Ha NMOBEPXHOCTU BOMOKHUCTOrO
mMatepuana. B pesynstate 3TOro KauyecTBo OTAENKM
MaTepuana Haxo4MTCS Ha HEBbICOKOM YpOBHE.

OoHuM M3 cnocoboB MOBLIWEHUS KayecTBa U
MHTEHCMbUKALMM MPOLLECCOB OTAENKU TeKCTWUNb-
HbIX MaTepuanoB SBNSIETCS WMCMONb30BaHME 3Mek-
TPOMArHUTHbIX ~ BOJIH  CBEPXBbICOKOYACTOTHOIO
(CBY) pmanasoHa. [peumywectso CBY-Harpe-
Ba MpW OTAENKe NO CPABHEHMUIO C KOHBEKTUBHbBIM
cnocobom noasofa Tenna obycnoOBNEHO BO3MOX-
HOCTbO PaBHOMEPHOro M ObICTPOro Harpeea Tek-
CTUJIbHBIX MaTepUanoB Kak Masnoi, Tak U 60nbLION
NMOBEPXHOCTHOM NNIOTHOCTU. KpoMe Toro, AONOAHK-
TEeNIbHbIM MPEUMYLLECTBOM SBNISETCS BO3IMOXHOCTb
COBMeLLEHUS onepauuin XMMUYECKOM OTLENKU:
KpalleHus, annpeTMpoBaHUS, CYLUKU U onepauui
TepModumKcaLmm.

TexHONOrMYyecknin  Npouecc 3aKAUUTENbHOM
OTLENKM BK/IOYAEeT onepaLMio HaHeceHus anmnpe-
Ta CNOCO6OM MMMNPErHMpPOBAHUS C MOCNEeAYOLLEN
CywwKomn u TepmModmkcaumen Ha matepuane. Annpe-
TUPYIOLLAA KOMMO3MLMS MPOHWUKAET B KaNUANSpbl U
nopbl MaTepuana,3aTteM pacTBOpUTENb yaanseTcs, a
nosiMMep OCTaeTcs B ero Kanuangpax u nopax. Ka-
4eCcTBO roTOBOro MaTepuana 3aBUCUT OT 3D DeKTUB-
HOCTM MPOTEKAHUS OCHOBHbIX DU3NKO-XUMUYECKUX
MpOLLEeCCOB, NMPOUCXOASALMX MNPU MNPOMNUTBIBAHUM
BOJIOKHWCTOrO MaTepuana, K KOTOPbIM OTHOCSTCS:
CMay4yMBaHWE BOJIOKHUCTbIX MAaTEPUANOB XUAKUMU
CMCTEMaMM Ha OCHOBE MOIMMEPHbIX KOMMNO3ULMNA;
KanunnsipHble SBAEeHUs, TO eCcTb 0COBeHHOCTU ABU-
YXEHWS XUIAKOCTU B Kanwnnsipe; BbloeNeHne U 3a-
KpenneHue nonMMepa Ha MOBEPXHOCTU BOJIOKOH
nyTeM 06pa30oBaHMS aire3MOHHbIX KOHTAKTOB.

MOCTAHOBKA 3A0A4M

Llenbto pabotbl sBNgeTcs wMccnenoBaHue npo-
Llecca NponuTKM TEKCTUAbHBIX MaTepuanos annpe-
TMpYylOWMM cocTaBoM nogp perncrenem CBY-mzny-
YyeHus. IODEKTMBHOCTb MpoLecca NpOnUTbIBAHMUS
TKaHEe MOXeT XapaKTepu30BaTbCsl CKOPOCTbH M

MOMHOTOW NponuTbiBaHus. [loa CKOpOCTbIO Npomnu-
TbIBAHMS OObIYHO MOHUMAKT CKOPOCTb MPOABUXKeE-
HUS XXMOKOCTM Brybb BONOKHMCTOrO MaTepuana.
CKopOCTb MPOMMUTbIBAHMS 3aBUCUT Kak OT CBOMCTB
annpeTa, Tak U OT CTPYKTYpbl TKaHW. CKOpOCTb npo-
MUTbIBaHUS MOXET ObITb TaKXKe 0XapaKTepu30oBaHa
BpeMeHeM, He0OX0AMMbIM A1 MOMOLEHNS MaTe-
pv“anom onpeneneHHoro KonnyecTsa xmakoctu [1].
Takyt CKOPOCTb NPUHATO HA3bIBATb 0OBEMHOM CKO-
POCTbIO BNUTbIBAHUS.

o noOAHOTOM NpPONWTbIBaHMS MOHMMAETCA
CTeneHb 3aMofHEeHWs annpeToM KamuansgpHoro
obbema TKaHMU.

NCCEOOBAHME  MPOLECCA TMPOMATKU U
OBPABOTKA 3KCMNEPUMEHTAJIbHbIX JAHHbIX

TkaHW copepXaT Kanuanapbl U NOpbl pasfiMyHo-
ro pagmyca. Tak Kak Kanunnspbl MeHbLLEro paguyca
3aMNONHAOTCA MeAJIeEHHee M NpWU 3TOM COCTaBASIKOT
3HAUMTENIbHYH YacTb CTPYKTYpbl TKaHW, TO 4acTo
BO3HMKAET CUTYaLMs, KOrAa, HECMOTPS Ha BbICOKYHO
CKOPOCTb NMPOMUTKU, TKaHb NPOMNUTLIBAETCS NIOXO U
60nbLIas YacTb KANUNNSIPOB OCTAETCS He3aMOMHEH-
HOW.

[na onpeneneHns MNOMAHOTbI NMPOMUTKM CyLle-
CTBYKOT pa3finyHble MeToauku. B paHHOM pabote
MCnonb30Banacb METOAMKA, OCHOBAHHAs Ha W3-
MEPEHUN KONMYECTBA XMUAKOCTM, MOIOLLEHHON
MaTepuanoM 3a onpepeneHHoe Bpemsa [1]. Ons
OLLeHKM MOMIHOTbI MPOMUTLIBAHUS, MOC/E aHanM3a
pe3ynbTaToB MPOBEAEHHbIX 3KCNEPUMEHTOB, BBe-
AeH KOO PULMEHT MPONUTKM, KOTOPbIA NOKA3blBaeT
cofepxxaHue annpeTa B eauHuLe obbema MaTepu-
ana. Mpu nNocTosHHOM 06beMe MOrNOLLEHHON an-
npeTupyrowen KoMnosmumm kosdpduumneHt byaer
TEM MeHblle, 4eM bonblie 06beM MPOMNUTAHHOIO
MaTepuana, To ecTb YeM 3PdeKTUBHee npoTekaert
npoLecc NPOnUTKK.

KoaddurumeHT nponutkM onpepenserca m3 co-
OTHOLLEHUS

kK =V /V 1)

roe Vo — 00beM annpeTupyroLwein KoMNo3mumum,
MM?; V1 06beM pacnpocTpaHeHUs annpeTa B MaTe-
puane nocne CBY-Bo3pgeiicTeus, MM>,

Ona wn3yyenus BnusHus pexmmos CBY-obpa-
60TKM Ha M3MeHeHue KO3hPUUMEHTA MPOMNUTKM

MaTepuana npoBeaeH MOo/HbIM haKTOPHbIA 3Kcne-
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Tabnuya 1 - lnaH 3kcnepumeHma

HatypanbHbie 3HaueHus i-ro

KopupoBaHHble 3HaYeHUs

dakropa i-ro c¢akropa
YpOBHM NpoBeAeHUs SKCNEepPUMEHTA X1 X2 X1 X2
(MowHocTb, BT) (Bpems, c) (MoLHOCTD) (spems)
OCHOBHOI1 YpOBEHb (hakTopa 450 60 0 0
MHTepBan BapbMpoBaHus hakTopa 150 30 1 1
BepxHuit ypoBeHb (akTopa 600 90 +1 +1
HWKHIUI ypoBeHb hakTopa 300 30 -1 -1

Tabnuya 2 - Ceolicmea npenapama 018 annpemuposaHusi mkaHel

MNMokasarenb
CocraB
BHewHui Bua,
MoHOreHHOCTb
pH
PactBopuMOCTb

pUMEeHT. B kauyecTBe BapbMpyeMbix (aKTOpOB Bbl-
6paHa MowHOCTb M Bpemst CBY-u3nyyeHus (tabnu-
ua 1).

B kauectBe annpeTtupytoweit KOMNO3uLUM Ans
NponuTKK BblOpaH npenapaTt GupMbl «KnapuaHt»
(Weenuapus) Annpetan N 9616 xuakuin — camo-
CLUMBAKOLLANCS Aucnepcus cTupon-akpunata. CBow-
CTBa Npenaparta npeacTaBneHsbl B Tabaunue 2.

B xone 3kcnepumeHTa onpepensnocb pacnpe-
[LeneHne annpeTupytoLLen KOMMOo3ULMKM  BHYTPU
mMaTepuana Ha pasMYyHOM rnybuHe OT MOBepx-
HOCTHOro cnos. WMccnepoBaHue pacnpepeneHus
annpeta no obbeMy MpoOBOAMNOCH Ha 06pa3uax
MHOTOCN0MHOrO TEKCTU/ILHOTO MaTepuana u3 bHs-
HOWM npsku. Ha noBepxHOCTb 06pasLOB HAHOCK-
nocb UKCMPOBAHHOE KONMMYECTBO annpeTupyto-
wero cocraea (0,5 mn), n 06pasubl noasepraanch
Bosnencteuto  CBY-usnyuenus. locne nonHoro
BbICbIXaHWs B eCTeCTBEHHbIX YCI0BUAX 0OpasLibl
pasfensnmch Ha CNIOM, M Ha KaXAOM C/ioe n3mepsi-
Nlacb naowanb pacnpocTpaHeHus annpeta. O6bem
pacnpocTpaHeHus annpeTa 6bi1 onpeaeneH yMHo-
KEHWEM CYMMApHOM MNOWAAM pacnpocTpaHeHus
annpeTta Ha TONWMHY OAHOrO €Nos TKaHW. [ins akc-
nepuMeHTaNbHbIX UCCNefOoBaHMUIA MCMNOAb30BaNach
nabopartopHas CBY-yctaHOBKa C MakKCMManbHOM

3HayeHue

aouncnepcna Ctupoa-akpmnarta, CaMoClumnBakoLLan

HU3KOBA3Kaa amcnepcma 6enoro ugeTa

AdHNOHAKTMBHAA

0KO0JI0 4-6

cMewmBaeTcs ¢ xonoaHon v Tennon (go 50 °C) Bonon B ntobom

COOTHOLWEHNMH

MowHoctbto 850 BT m paboueit uvactotonm 2450
MTlu. MowHoctb CBY-n3nyueHusa 3agasanacb C no-
MOLLbK PYKOSTKM YNpaBieHns NepemMeHHON MOLL-
HOCTM 6n0Ka NUTaHWa reHepatopa. MccnenoBaHus
NPOBOAMAUCH MPU TPEX 3HAYEHUSIX KOHLEHTPALLMM
annpeTa B annpeTupytowwen komnosmumm: 100 r/n,
200 r/n, 300 r/n.

JKCNepuMeHTabHble 3HAYeHUs KO3hPUUMEH-
Ta NPONUTKM ONpefensinucb U3 CooTHowweHus (1).
MNMocne 06paboTkM 3KCMEPUMEHTANbHBIX AAHHbIX
OblIM MONyYeHbl CTaTUCTUYECKM 3HAYMMas maTte-
MaTuyeckas Mofenb 3aBUCMMOCTU KO3QdULMeHTa
NpONUTKX MaTepuana oT BapbupyeMbix PakTOpPOB:

k = (0,0211 ¢2—2,54 t +238) -
pac : @
- (—=0,00279 p*—3,95 p—4170) -

- (=3,91- 10 ¢ —7,78 - 107),

roe T - Bpems Bo3peitctema CBY, c; P — MOLWHOCTb
CBY-usnyyeHnus, BT; € — KoHUEHTpauuMs annperta,
r/n.

[paduku 3aBUCMMOCTM KOIPDULIMEHTa NpOnKUT-
K1 oT mMowHoctn CBY-usnyyeHns u BpemMeHu BO3-
[eCTBMS NPW Pas3fIMYHbIX KOHLEHTpaLMsaX annpe-
Ta NpefCcTaBneHbl Ha pUCyHke 1.

B pe3synbrate aHanu3a MonyvyeHHbIX rpadpuye-
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PucyHok 1 - 3asucumocme  Ko3gpuuyueHma
nponumku om 8peMeHU U MoOWHOCMU Npu
KoHueHmpauusix annpema: 1 - 100 e/n; 2 - 200 &/n;
3-3002/n

CKMX 3aBMCMMOCTEN KO3(hdUUMEHTA MPOMUTKM OT
MoLwHocTn CBY-m3nyyeHus u BpemMeHn obpaboTku
YCTAHOB/IEHO, YTO yBenuyeHune mowHoctn CBY us-
NyyeHus ysenuumaetr 3QPEKTUBHOCTb Mmpouecca
NPOMNWTKK, @ TaKXKe OnpeaeNneHo ONTMManbHoe Bpe-
Mg Bo3gencteus CBY nsnyyeHus, kotopoe cocTas-
nsaet 60 cekyHa.

Mopenn 3aBucumocTen KoadduuMeHTa npo-
NUTKK oT MowHocTM CBY-m3nyyeHms 1 ot BpeMeHu
06paboTKM MOXHO MCMONb30BaTb AN Oonpenene-
HKMS 0ObEMHOM CKOPOCTM NPU anNMNpPeTUPOBaHMUM Kak
MHOFOC/IOMHOrO, TaK U OJHOC/NOMHOrO TEKCTWUb-
Horo maTtepuana B none CBY usnyyeHus. O6bem-
Hasi CKOpPOCTb TEYEHMUS XMOKOCTM B Kanuanapax
3aBUCUT OT BSI3KOCTU XKMAKOCTW, 3DOEKTUBHOIO
pafuyca KanuanspoB NponuTbiIBAaEMOro matepua-
N3, NOBEPXHOCTHOTO HATSXXEHUS U BENUUYMHBI yria
CMayMBaHus. 3aBUCUMOCTb MeXAy 3TUMM MoKasa-
TeNsMU ONUCbIBAEeTCS ypaBHeHWeM [lyaseins npwu
YCTQHOBMBLLEMCSI PEXUME TEUYEHMUS XXMAKOCTU C
YYEeTOM BAIMSHUS TMAPOCTAaTUYECKOTO AaBneHus [2]

V__JI_?‘; 2ocosl
8yl r

—pglsin a], (3)
3
roe V' — obbemMHas CKOpOCTb TEYEHMUS XMAKOCTH,

3/ — 4 . _

M*/C; T, — 3QHEKTUBHBIA Paanyc, M; i1 — BA3KOCTb
Xunakoctu, Ma - ¢; p — NNOTHOCTb XMAKOCTH, Kr/M?;
l — nnvHa BNWUTBIBAHUA XMAKOCTU B KAMUANAP, M;
0 — KpaeBol yron cMauMBaHus, rpaj; o — NoBepx-
HOCTHOE HaTsbkeHue, [x/M?; a — yron HaKAOHA
Kanunnspa K NOBEpPXHOCTU XXMAKOCTH, Fpas.

O6beMHas CKOpOCTb MOXET ObITb onpeneneHa
Kak npou3BofHas o6beMa BNMTAHHOrO annpeTa no
BpeMeHu. [Ing HaxoxaeHns obbeMHOM CKOpOCTM
TEYEHWUS XMAKOCTU B OAHOCIOMHOM TEKCTUIBHOM
MaTepuane nNpoBefeH 3KCMEePUMEHT, B XoAe KOTo-
poro onpepensnacb BbICOTA KaMWNSPHOro Moj-
HATUS annpeTupyloWwein KOMNo3uuuM B npouecce
nponuTtkn npu Bosgenctaun CBY-usnyuenums pas-
NNYHOM MOLLHOCTW. 1N OAHOCNOMHOrO TeKCTWUb-
HOro Mmartepuana 06beM MNpPOMUTAHHOIO Y4yacTka
paBeH TMPOW3BEAEHMIO BbICOTbI  KaMWANSPHOIO
NOAHATMS annpeTupylolWwein KOMNO3ULMM Ha TON-
WMHY MaTepuana. 3aBUCMMOCTb O0bbemMa BMWTaH-
HOro mMaTepvanoM annpeTa OT BPEMEHU (PUCYHOK
2) BblUMCNANACh KaK MPOWM3BELEHME MOMYyYEHHbIX
mMopenen koabduLUMeHTa NPoNUTKM Ha 06beM npo-
MUTAHHOTIO y4acTKa.

Mopenb M3MeHeHUss 06bEMHOM CKOPOCTU Bbl-
yncnanach Kak Mpou3BOAHasi MO BPEMEHU Mope-
M 3aBMCMMOCTM obbeMa annpeTta B MaTtepuane ot

100

1

OfBeM ATTIPETA B MATCPHATE, MM 3

010 20 30 do o T apo 300
30 40 50 60 70 gg ggp 500
Bpems, ¢ Mowmnocrs, Br

PucyHok 2 - 3asucumocms obvema annpema
8 Mmamepuane om epeMeHu U MOWHOCMU npu
KoHuyeHmpauyusix annpema: 1 - 100 e/n; 2 - 200 e/n;
3-300e/mn

BPEMEHM MPU PA3IMYHON KOHLUEHTpauun. paduku
MONYYEHHbIX MOLENei M300paXkeHbl Ha PUCYHKE
3. MNo pesynbrataM wuccnepoBaHuii paspaboTtaHa
KOMMbOTEpHas NporpamMMa Ans pacyera npouecca
NponuUTKK, KOTOpas NO3BONISET ONpeaenuTb 06beM
BMWTAHHOrO annpeTa Mpu 3a4aHHbIX 3HAYEHUSX
KOHLEHTpaLMM, MOWHOCTU 1 BpeMeHu CBY-uzny-
yeHus.

[lns XapakTepuUCTUKM KOHTAaKTHOTO CMaynBaHMs
MCNOMb3yeTcs BEeNMYMHA KPAeBOro Yrna, To ecTb
yrna Mexay NoBepXHOCTAMU XMIAKOCTU U TBEPLOTo
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Bpems, ¢ Mowmnocrs, Br

PucyHok 3 - 3asucumocms 06beMHOU CKOpoOCMU
om 8peMeHU U MOWHOCMU Npu KOHUEHMpayusx
annpema: 1 - 100 e/n; 2 - 200 e/n; 3 - 300 2/n

TeNa Ha rpaHuLe C OKpYXatoLen cpeon.

Ecnn Monekynbl XXMAKOCTU B3aMMOAENCTBYHOT C
MoneKynamMu TBEPAOro Tena CU/bHee, YeM MeXAy
coboto, TO XMAKOCTb OyaeT pacTekaTbCs Mo NoBepPX-
HOCTM MNK, KaK roBOpPSIT, CMauMBaTh ee. PactekaHue
byneT NponCcxXoamTh L0 TEX MOP, NOKA XUAKOCTb He
MOKPOET BCH NOBEPXHOCTb TBEPAOIO TeNla UK NOKa
C/TOM XXMAKOCTU He CTaHET MOHOMONEKYNSPHbIM. Ta-
KOW Cnyyal Ha3bIBaeTCS MOMHbIM CMaumnBaHueM. OH
HabntopaeTcs Npu HaHeCEHUM Kanau BOAbl HA Mo-
BEPXHOCTb YUCTOrO CTeKa.

Ecnn Monekynbl XMAKOCTM B3aMMOLENCTBYIOT
LpYyr C ApYyroM 3Ha4YUTEeNbHO CU/IbHEE, YEM C Mosie-
KynaMu TBEpLOro Tena, pacTekaHUs He Mpou3onaer.
HaoboporT, »xunakocTb cobepeTcs Ha NOBEPXHOCTM
B Kamns, KoTopas, ecnn 6bl He AercTBOBana cuia
TSXKECTW, LOMKHA Bblna 6bl UMETb NOYTU chepuye-
CKyto opmy.

Mexay 3TUMKM [OBYMS KpalHUMK CNyYasmu, B
3aBMCUMMOCTM OT COOTHOLLEHUIN MHTEHCUMBHOCTU MO-
NeKyNApHbIX CUA, LEeUCTBYOLMX, C OLHOM CTOPOHBI,
MeXAy MONeKynaMu XUAKOCTU W, C APYron CTo-
POHbI, MEX/Y MOMEeKYyNaMu XMAKOCTU U TBEPAOro
Tena, HabnoaaTCs NepexonHble Cly4an HeMmoaHo-
ro CMaumMBaHus, Korga Kanng obpasyeT ¢ nosepx-
HOCTbIO Tena onpenesneHHbl paBHOBECHbIN Yrof,
Ha3bIBaEMbIli KPAaeBbIM YITIOM UM YINIOM CMauuBa-
HMs. To UM MHOE CMaUMBaHME XXMAKOCTbIO TBEPLO-
ro Tefla MOXXHO TPAKTOBATb KaK pe3ynbTaT AencTBuS
CU1 NOBEPXHOCTHOTO HATSXKEHMS.

OnpepnensaTe KpaeBOM yron HemnocpeacTBEHHO

Ha TKaHSX MM My4yKax BOJIOKOH 3aTPYAHMUTENbHO
M3-3a LWEPOXOBATOCTU MX MOBEPXHOCTU U BbICTPO-
ro BMWUTbIBAHMS XMAKOCTU B BONOKHUCTYHO CUCTEMY.
CywecTBytoline MeTOAMKM He MO3BONSKT TOYHO
onpenenuTb KpaeBoi Yron Ha MOBEPXHOCTU TKa-
HW, NO3TOMY B paboTe WMCMOb30BaNOCh 3HAYEHUE
KpaeBoro yrna, KOoTopoe 3KCMepuMMeHTaNlbHO onpe-
[Lensnoch Yepes MakCMManbHYH BbICOTY Kanuansp-
Horo noavema h_ [N 3TajOHHOrO Kanuanspa
M3BeCTHOro paanyca R.

MakcuManbHas BbICOTa KanunaspHOro noabema
h . yMeHblWwaeTcs C NoBbllWEHWEM TemnepaTypbl,
TO eCTb C MOBbILEHWEM TeMnepaTypbl YyMeHbLLAET-
€Sl NOBEPXHOCTHOE HATsKeHMe @. MakcMMarnbHbIi
KanuansipHbliA NOLbEM M MOBEPXHOCTHOE HATsKe-
HME HaXoAATCS B MPAAMOM 3aBUCMMOCTH, YTO Cleay-
eT u3 ypasHeHus XiopeHa [2]:

_2ocos g
Rgp

h

e

: (4)

rae h, . — MakcuManbHas BbICOTa Karnu/ispHOro
nogbemMa, M; o — TMOBEPXHOCTHOE HATSKEHMeE,
[x/M2; 8 — kpaeBoit yron, pas, R — paauyc kanun-
napa, M; g — yckopeHue CBOOOAHOrO MageHus,
M/c?; p — NNOTHOCTb annpeTta, Kr/m>.

M3 ypaBHeHus XiopeHa (4) nonyyeHa 3aBucH-
MOCTb /11 ONpeaeneHns Kpaesoro yrna 0:

Ly (5)
2

Mo pe3ynbTaTaM aKCNepUMEHTA NOCTPOEHBI rpa-
duyeckme 3aBUCMMOCTM KPaeBoro yria oT BpeMeHu
n MowHoctn CBY usnyyeHns npu pasnnMyHoOM KOH-
LEeHTpaLuumn annpeTupyroLero cocrtaBa, npeacras-
NIEHHbIE Ha PUCYHKe 4.

MonyyeHHble 3aBUCMMOCTM MO3BONSOT CAenaTb
BbIBOA, O TOM, YTO YBEeNMYEHUE KOHLLeHTpauuu an-
NpeTUpYILLEro COCTaBa BbI3bIBAET YMEHbLUEHUE
KpaeBOro yrna u yBenMyeHne CKOpoCTu U3MEHEHUS
KpPaeBoOro yrna npu Harpeee annpeTa. YBennyeHue
MowHoctn CBY-m3nyyeHms npuBoamT K 3aMeTHOMY
yMeHbLLeHMto KpaeBoro yrna. C TeyeHnem BpeMeHu
KpaeBOW Yron YMEeHbLIAETCS U CTPEMUTCS K HEKOTO-
pPOMY MOCTOSIHHOMY 3HAUYEHMUIO.

[na onpepeneHus 3aBUCMMOCTM  MOBEPX-
HOCTHOrO HaTsXKeHMs OT BpeMeHu, MowHoct CBY
U KOHLLeHTpaLuuu annpeta bbi1 NpoBeaeH 3KCnepu-
MEHT, B KOTOPOM MUCCNeA0BaNCs annpeTupyoLLMi
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PucyHok 4 - 3asucumocms Kpaegoeo yaaa om
8peMeHU U  MOWHOCMU Npu  KOHUEeHmpauusx
annpema: 1 - 100 2/n; 2 - 200 e/n; 3 - 300 2/n

coctaB ¢ koHueHTpaumamu 100 r/n, 200 r/n n 300
r/n. TNloBepXHOCTHOE HaTSKEHME MpW Pa3TUYHON
TemnepaTtype OMNpefensanochb CranarMoMeTpuye-
CKMM METOAO0M, KOTOPbIi OCHOBAH Ha U3MepeHuu
BECa Kanau, OTPbIBAOLLENCS NoA, AEACTBUEM CUbI
TSXKECTM OT MIOCKOW MOBEPXHOCTU TOPLEBOro
cpe3a Kanunnsgpa. B MoMeHT oTpbiBa Kaniu oT KOH-
L.a BEPTUKaNbHOM TPYOKM BEC Kanau q paBeH cune
NMOBEPXHOCTHOTO HaTskeHus F, koTopag fencreyer
BA.0J1b OKPYXXHOCTM LIEMKM Kanan, paBHOM 2nro, roe
r, paanyc kanunnspa [3]

F =q = 2nr,o. (6)

Mo pe3synbraTam 3KCNEpUMEHTa MOyyYeHa Ma-
TeMaTuyeckas Moaesnb U MOCTPOeHbl rpaduyeckme
3aBMCMMOCTU, M306paxeHHbIe HA pUCYHKe 5.

B pesynbrate aHanun3a 3aBMCMMOCTEN YCTAHOB-
JIEHO, YTO B MpOLECCe Harpeea annpeTUpyroLero
COCTaBa NOBEPXHOCTHOE HATSKEHUE YMEHbLLAEeTCs,
yBE/IMYEHME KOHLUEHTpaLuM annpeTa NpUBOAUT K
MOBbILEHMIO NMOBEPXHOCTHOTO HATSXKEHMSI.

Mpupofa BA3KOro TeyeHus CBS3aHa C CaMo-
onbdysmen — nepeHoOCOM MaccCbl BCIeACTBME MNO-
CnefoBaTeNlbHbIX aKTOB OOMeHa MecTaMu Mexay
aToMaMu (MoNEeKyIaMu) B UX TEMJIOBOM [BUXKEHUMU.,
Bsizkoe TeyeHWe — 3TO TEpMUYECKM aKTUBUPYEMDIN
MpoLecc, M BA3KOCTb 1 OBHapyXMBaeT XxapakTep-
HYH0 3KCMOHEHLMANbHYIO 3aBUCMMOCTb OT TeMMepa-

Typbl. [lManasoH 3HaYeHuit ;7 ANS peanbHbIX CUCTEM
WMPOK. TaK, A 0ObIYHBIX MANOBA3KMX XKMAKOCTEN
77~ 107 Na ¢, a BbICOKOBSA3KME HbIOTOHOBCKME XXML-
KOCTW MOTYT UMETb B ThICSYMU U MUNIMOHBI pa3 60-
nee BbICOKME 3HadeHus i [4].

[lns onpeneneHns 3aBUCUMMOCTU BSI3KOCTU OT
BpeMeHu n MowHoct CBY-u3nyyeHus nposeneH
3KCNEepUMEHT, B KOTOPOM MCCNeA0Bancs annpetu-
pytoWwmii coctaB ¢ KoHueHTpauuamu 100 r/n, 200
r/n v 300 r/n. '3mMepeHus BA3KOCTM NPOBOAMAMUCH C
MOMOLLbBIO KAMUINSAPHOTO BUCKO3MMETPA MO MeTo-
[ly, OCHOBAaHHOMY Ha OnpefeneHUn BpEMEHM, 33 KO-
TOpO€ M3BECTHbIN 00bEM XMAKOCTM UCTEYET Yepes

MoE. HaTER., MTRM 2

30
40 500

0 60
BpeNSL, ¢ 70 30600 MoumHocTs, BT

PucyHok 5 - 3asucumocme nogepxHOCMHO20
HamseHus om 8pemMeHu U MOWwHocmu npu
KoHueHmpauusx annpema: 1 - 100 2/n; 2 - 200 2/n;
3-300 e/n

Kanunngp u3 u3MepuTenbHOro pesepsyapa. Bss-
KOCTb Pe3K0 M3MEHSeTCs C TeMMepaTypoi, N03ToMy
ee M3MepeHUs BbINOMHAANCL B TepMOCTaTe Npw no-
CTOSIHHOM TemnepaType.

o pe3ynbTaTaM 3KCMepMMeEHTa NOCTPOEHbI Fpa-
duryeckne 3aBUCUMOCTH, U30OpaxKeHHbIE HA PUCYH-
Ke 6.

YCTaHOBNEHO, YTO B MpoLecce Harpesa annpe-
TUPYIOLLEro COCTaBa BA3KOCTb YMeHbluaeTcs. YBe-
NNYEHUe KOHLIEHTpALUMK annpeTUpyrLero cocra-
Ba BbI3bIBAET yBENMYEHUE BA3KOCTU. YBENUYeHue
mMowHoctn  CBY-m3nyueHus Bbi3biBaeT ObicTpoe
YMeHbLLUEeHMe BA3KOCTH annpeTa ANg BCeX UCcneno-
BaHHbIX KOHLLEHTPALMIA.

B npouecce B3aMMOAENCTBUA TKAHU C XKUAKO-
CTbI0 MOXET MPOUCXOAUTb HabyXxaHWe BOTIOKHA, YTO
NPUBOAMT K USMEHEHMIO CTPYKTYPbl MOPUCTOro TeNa
M YCIOXHSIET Npouecc NponuTbiBaHus. BonokHu-
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PucyHok 6 - 3asucumocms 893KoCcmu om spemMeHu u
MowHocmu npu KoHueHmpauusx annpema: 1 - 100
e/ 2 -2002/n; 3 -300e/mn

CTYI0 CUCTEMY HENb3s PacCMaTpuUBaTh Kak NMpPoCTyto
CYMMY JIMHENHbIX KAaNUANSIPOB C O4MHAKOBbIM MO-
nepeyHbiM ceyeHneM. Kanunnsapsl B BONOKHUCTbIX
CUCTEMAX CYLLECTBEHHO OT/IMYAOTCS OT LMAMHAPH-
yeckux TpyboK, 06bIYHO MPUHMMAEMbIX MpPW Bbl-
BOJE OCHOBHbIX 3aKOHOB 3/IEMEHTApHONW Teopuu
MOAHATMS XMAKOCTU B Kanunnspax. KaHanbl mexay
BOJIOKHAMU U HUTSIMU HE MMEIOT KPYI/IOro CEYEHMS,
npuyeM NIoLWaab CEYEHNS MO AMHE OLHOIO U TOrO
K€ KaHana MOXEeT MEHATbCA B WMPOKMX Mpenenax
[1]. Onpenenenve paguyca KanuanspoB 3KCNepu-

0.07
0.06

£0.05

0.04

I exTHERBLT pamyc,
(=]
o
w

0.02
0.01
o - - - - - - -
0 10 20 30 40 50
Bpﬂm, c
— cts 450 Br, sTpauma 100r/n
—— - wowHoeTs 450 BT, Tpauma 200r/n
" MowHocTe 450 B'r. KOHUeHTpauwa 300r/n
a
PucyHok 7

60

MEHTaNIbHbIM NyTeM ABASETCA CIOXHOM 3afayen,
Mo3TOMYy AN YMpOLWEHUS WUCCNefoBaHUI Kanun-
NPHO-MOPUCTOM CTPYKTYpbl MaTepuana Ucnosb3y-
eTca 3hdeKTUBHBIN pagmycC Kanunnapos.

C ucnonb3oBaHWEM MOMYYEHHbIX MaTemMaTuye-
CKMX Mognenein ong o6beMHOM CKOPOCTU, BbICOTbI
KanuanspHoro nogbema, NMOBEPXHOCTHOrO HaTs-
YKEeHWS, BA3KOCTH, YINla CMAYMBAHMS, @ TaKXKe 3KC-
NeprMEeHTaNbHO YCTAHOBJMIEHHbIX 3HAYEeHWW MNNoT-
HOCTM annpeTa, u3 Gopmynbl lyaseiing (2) 6biau
YCTaHOB/EHbI MaTeMaTU4yeckuMe 3aBUCUMOCTU ANS
3 dEKTUBHOIO paanyca KanuansapoB TEKCTUIBHOTO
MaTepmana U3 NbHAHbIX HUTEW B YCNOBUSX BO3LEN-
crena CBY-m3anyueHms. Mpadukn 3TMX 3aBUCUMO-
CTer n30bpaxkeHbl Ha pUCyHKe 7.

BbIBObl

[N TEKCTUNIbHBIX MaTEPUANIOB U3 NIbHAHOM Mps-
XM YCTAHOBJMIEHbI C/lefylolmMe 3aKOHOMEPHOCTU U
NonyYeHbl 3aBUCUMOCTH:

1. 3aBMCMMOCTb MOBEPXHOCTHOIO HATSKEHMS
annpeTupylowen MoNMMEPHOM KOMMO3ULUMK  OT
NPOAO/IKUTENBHOCTH, TEMNEPATYPbl U KOHLLEHTPa-
umm B ycnosusix CBY-Harpesa.

2. 3aBMCMMOCTb KpaeBOro Yyrna CMavymMBaHUs
M CKOPOCTU Ero U3MEHEHWUs OT TeMmnepaTypbl Mpu
Pa3/IMYHbIX  KOHLEHTPAUMSX  anmnpeTupyloLEero
coctaBa. Yenuuenue mouHoct CBY-usnyueHus
NPUBOOMUT K 33aMETHOMY YMEHbLUEHUIO KPAEBOro

1] 10 20 30 40 50 60
Bpems, ¢

momHocTe 300 BT, KoHuewTpauma 200r/n
~= - womuocTs 450 BT, wxoHuewTpaums 200r/n
" momHocTh 600 BT, koHusHTpauma 200r/n

o

U3meHeHue 3¢pgekmusH020 paduyca Kanuaaspos 60 epems nponumku nod odelicmseuem

CBY- uznyyeHus: a) npu pasnuyHol KoHUeHmpayuu annpemd, 6) npu paznudHol mouHocmu CBY-usnyqeHus
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yrna, ¢ Te4eHUeM BPEMEHU KPaeBOM Yron yMeHb-
LWIAeTCs U CTPEMMUTCS K HEKOTOPOMY MOCTOSIHHOMY
3HaAYEHUHO.

3. [Ina annpeTupytoLlero CocTaBa Ha OCHOBe
JMCMEepcuM  CTUpPON-akpunata noslyyeHbl 3Kcne-
PUMEHTaNIbHblE 33aBUCMMOCTM BSI3KOCTM MNOAMMe-
pa OT KOHLEHTpaLMKu, TeMrnepaTypbl U BpPEMEHU
06pabotkn B ycnosuax Bosgencteus CBY-BosH.
YeenuueHune mowHoctn CBY-u3nyyeHuns Bbi3biBaeT
3HauUTENbHOE YMEHbLUEHWE BA3KOCTM annpeTa ans
BCEX MCCNIeL0BAHHbIX KOHLLEHTPALMIA.

4. TlonyyeHbl 3aBMCMMOCTM BbICOTbI Kanun-
NAPHOTO MOAHATUS annpeTUpYHLero cocraBa M
CKOpOCTU MPOMUTKM BOSIOKHWCTOrO MaTtepuana ot
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nmMepoB, MockBa, Xumums.
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Cmames nocmynuna e pedakyuto 28.03. 2014

MowHocTn CBY-u3nyyeHus, Npoao/mKUTENbHOCTH
06paboTkM MaTepuana M KOHLEHTpaLMK annpeTu-
pylOLLEro CocTaBa, NO3BONSOWME ONpefensTb pa-
LMOHaNbHbIE PeXUMbI MPOLLecca 3aKAYUTENbHON
OTLENKM TEKCTUNbHbIX MaTepuanoB M3 HaTypanb-
HbIX U XMMUYECKNX BONOKOH.

5. YcraHoBneHa 3aBUCMMOCTb 3PhEKTUBHOIO
paguvyca KanuansapoB BOJOKHUCTOM CUCTEMbI OT
NPOAOC/IKUTENbHOCTM BO3LENCTBUS U MOLLHOCTU
CBY-usnyyeHums.
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