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BJIHUAHHUE NJACTH®PUKAUHU HA PU3HYECKHE
CBOMCTBA NOJUBUHHUJIAXJIOPUAHOM CMOJibl

P. M, KECCEHHX, B. I COTHHKOB, B. . TPUHIIEJIL, 0. H. IIYMHUJIOB,
I0. T. TPY3IEBA, A. I1. IIOBEJIMYEHKO

(ITpencrapsena HayYHBIM CEMHHADOM OPraHHYecKHX Kadbep)

[Honupunuaxnopuanas cmona [IBX Haxogur mupokoe npuMeHeHWe
B Kabe/bHo# TexHuke. OgHako Mogaekyasipuas crpykrypa I[1BX o6ycsios-
JIMBAET €ro XKeCTKOCTb H INOITOMY AJs YAYYIeHHs pAfa CBOHCTB (MOpG
30CTOHKOCTb, 3JACTHYHOCTb W JApP.) B MOJAHMEP BBOAAT MJI4CTHOHKATOPEI
{1, 2]. B nanuoii paGoTe paccMaTPHBAeTCsi B/HSIHHE HH3KOMOJEKYJADPHLIX
HOJISIPHBIX TJ1ACTHQUKATOPOB HHOKTHI(TANAaTA M AWOyTHJACebanpHHATAa HA
TEIJIOBble H 3JIEKTPUUYECKHE CBOWCTBA IIOJHUBHHHIXJOPHAHON cMombl. Mcxoir-
Hble TIPOAYKTHI CBeieHL B Tabm. 1.

TaGauma 1

[locTaBrux HasBauue
HoBocubupckuii  xuMu- IToruBuEMAR TOpHIHAS
YeCKUH 3aBOJX cmona [1d-4
" » Huoxtuadranar
» » JubyruaceGanuuar

Harorosnenne 06pasioB NOJUBHHUAXAOPHAA 6e3 MAACTHOHKATOPOB
H ¢ IJacTuUKaTOpaMy NPOH3BOAMIOCH MO OGILICNPUHATON TEXHOJOTHH.
Temneparypa npeccosaumus pasmsiiach 140°C npu fnasienus 150 welca?.

B TIBX cMoay BBOZH/ICS NAACTHOUKATOP B BECOBBIX KoHmeHTpauusx o, 10,
20 u 509%. z

i

IKcnepUMeHTANbHbIE IAHHBIE H MX 06CYyXKaeHue

1. PenTreHOoCTPYKTYpHBI aBmagu3 NpOH3BOLIICH  Ha
YPC-50M ¢ meanbiM nanyuenweMm. B pesyabrate uccaegosanns s [TBX
o1y4eHo apa razso npu 0 =8 u 8 =10° (1abn. 2).

Hpu noGaB/ieHun N14CTHOHUKATOPOB 3TH rajso  CTAHOBATCS  CHAYANA
GoJlee Pe3KMMH H CJBUTAIOTCS B CTOPOHY GOMbIINX yrios: aas JO® — npu
o5u 10% u aas ABC —npu 10 u 209. MokHo clenaTob IpeAnoJoXKenue,
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YTO B 3TOM CJydae CTPYKTypa CTAHOBHTCs Oojee ynopsijoueHHOH W Gosee
T10THOH (OMHAKHHN TOPSANOK CTAHOBUTCS 6oJee ONpeleneHHBIM H MeXMO-
JEeKyJspHble paccTosHus yMeHbwawoTcsd). CkKa3aHHoe, NO-BUAMMOMY, 00y-
CJIOBJAUBAETCS YJIyulleHHeM YCAOBUH M5 OPDHEHTHDOBKH Ilened W ynopsao-
YeHUeM WX B3aUMHON opueHTHpOBKHU. [Ipu BBemenun 50% nnactudukaropa

Ta6banma 2

9% no6aBku miactudukara- 1-it MakcuMyM | 2-H MaKCHUMYM

TOpa 20 20

0 16° 507 20°

5 NO¢ 18° 207 24°

10 1O 19° 25°

20 1Od 19° 25°

50 1O ' 18° 507 24° 507

5 IBC 18° 307 24° 50"

20 ABC 19° 25°

50 1BC 19° 25°

004 rajo CTaHOBSTCS MeHee OTUETJNMBbIMH, ueM ajas uuctoro [I1BX, u HezHa-
YHTEJbHO CABUralOTCS B CTOPOHY MeHBHIMX YIJOB. BepositHo, niactuduka-
Top B 0OJblieM KOJHYeCTBe BBI3BIBAET PpasyNopsijoueHHe CTPYKTYPH
¥ yBeJHYEHHe MEXMOJIEKYAsIPHBbIX paccTosHuil (pHc. 1).

2. BsaszxkocTb nanacTHdukaTopoBs. Temneparypunas  3aBuCH-
mMocTb Bsa3kocTu maactudukatopos JJO® w JIBC 3nauntenbHo ornauyamTes
mMexay coboit (puc. 2). C yBesu4yeHHeM TeMIepaTyphbl HOC/e TOYKH IEperu-
fa BA3KOCTh Majgaer MeJJieHHee, YeM JIO TOUKH fepernba.
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Puc. 2. 3aBHCHMOCTb BSI3KOCTH OT TeMIEpaTyphl,
1) 10®d; 2) ABC.

3. Biussinue pa3iHuHO# KOHILEHTpAaNnuu nJaacTuduka-
TOPOB Ha TeMOepPaTyYyPHH A KO3 PHUUHEHT AUMHEHHOTO pac-
WHPpEHHS j TeMNepaTypy CTeKJoBauusda TemioBoe pacuupe-
HHE H TeMnef?aTypr CTEKJIOBAHUS ONpeJe/ANuCh N0 NUKIY OXJaxKAeHHe -—
HarpeBaHHe C NOMOUIbIO HHTep(depoMeTpa C KBAapLEBBIM JHJIATOMETPOM.
Temneparypol cTekaoBaHud onpenenens  Kak piag [IBX  cmoawl, Tak u ans
I1BX ¢ pasnuudbIMU BECOBBIMH KOHUEHTpaLMsiMH IyacTHgukaTopos. M3
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Puc. 3. 3aBHCUMOCTL TE€MIIEPATYPH CTeKJOBaHHA OT NMPOUEHTHOrO CORepxKa-
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Puc. 4. 3asucumocts TKay oT nponeHTHOrO COZep:Kasud IJacTH(HKATO-

pPOB AJs TeMrmeparypHoro HHTepBana 20-+40°C,
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IIpHBEJEHHBIX pe3y/bTaTos (pHC. 3) CleayeT, 4To BHA MJacTudukKatopa He
OKa3blBaeT BJAUSHHS Ha TeMmepatypy creknosanus (T,). B untepsame ma-
JABIX KOHIEHTpaunuit naactugukatopa mabaonaercs pe3kuil cnax 7, a 0o
Mepe VBeJMUCHHS KOHLUEHTPALMH ChiaJ HOCUT OoJjee 3aMeNJeHHBId Xapak-
tep. TemmepaTypHble Koadduiuentsl JuHeiiHoro pacumpenus (TKLa) ans
ecex uayuennnlx KoMmrosuuuit [IBX-+-ABC u [IBX4-J0® panbl asst HHTEP-
Baja TeMIeparyp, JexalluX HUXKe TeMIepaTyp CTeKJOBaHHs. ECTECTBEHHO,
4TO BhIIE TeMnepartyp crekJoBanuss TKLay OynyT HMeTb IOBBILIEHHDIC
SHAueHHUs 110 CPaBHEHHUIO C NPUBEJCHHLIMH HA pHC, 4.

Ofpalaem BHMMaHHe, UYTO B HHTEpPBAJe BECOBLIX KOHIEHTpaUuit
10+20% TKL», yeenuunBaercst ckaukoo6pasuo ot 6010~ 50 230-10 -¢1/°C.
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Puc. 5. 3apucumocts tg 8— { (1°C) npu pasamumbix uvactorax g, [1BX

+50% A0Q
1 — 500 ru, 3 — 104 ru,
2 — 1000 ru, 4 — 4,5-10% ru.

B camom meJe, yxe Hpu 09 colepzKaHHH NJaacTHPHKATOPOB TeMmepaTypa
CTEKJOBaHHUS CHUMXKaeTcsi Ha 20°, mIacTHKAT TepseT MKEeCTKOCTb M TeM ca-
MBIM o0jeruaercss TelsioBoe paciliHpeHue. Takum 06pasoM, no cpaBHEHHIO
¢ YHCTHIM NOJHBHHHJAXJ0pUuaoM y KoMmnosuuuu [IBX4+50% ABC u IIBX—+-
509% O® Ttepmuuecknii Ko3p(HIUHEHT yBenuuuBaercs NpHMepHo B 8 pas.

4 Bnusinue naacTHbGHUKAUUU HAa BEJHUUHY TaHreHC4A
yrjga AU3JeKTPHUUYECKHUX NoTepb.  JlH3jexTpHueckHe notepH
(tg 8) maMepsuHCchL B AMana3oHe 3BYKOBBIX yactoT (500 ey-+1,5'10% ey)
W TeMiepatypHoMm uHTepBajge — 80+ -+80°C.

Ha puc. 5 nana tunuuyHas kpusas tg 8=f(#°C) npu pasauyHbx ua-
crorax jas [IBX -4 509% JO®P. Ha noayyeHHbIX KPHBBIX naMu He obuapy-
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YXKEHO JUIOJAbHO-DaAUKAJbHBIX NOoTepb (A. p. m.). MoxHo caenaTth npeano-
JioXKeHHe, YTo NpH MJIACTHQHKALMH HE3HAYHTENbHAs BeJHYHHA MAKCHMyMa
A. p. [OTepb CJAHBaeTCsl C I1JIaBHO YMEHbUIAKINEHCsT BETBBIO KDPUBOH
tg 8 = [(t°C). U3 »Toi1 xKe KpUBOH BHAHO, YTO YBe&JHYEHHE HYaCTOThHI
obycsoBauBaer poct tg & B ofsacTd NOBLIUIEHHBIX TeMmepaTtyp. '
IlnacTuduxauusa NONHBUHHJIXJIOPHAA BBI3BIBAeT CABHT MAaKCHMyMa
JUMIIOJIbHO-3J1aCTHYeCKHX (puUcC. 6 U 7) TOTepb B CTOPOHY ©oJee HH3KHX
TeMneparyp c nosbiiienneM kKoHueHTpauux JO® u JBC. Chenyer ewme
o0paTHTh BHHMaHHE, YTO BBeleHHe 60JbLICro KOJHYECTBA IUIACTH(OHKATOPA
He TOJIbKO CMellaeT MakCHMyM tg & B obsactb 0oJiee HH3KHX TEMIIEpaTyp
H JIe/1aeT ero PasMbITHIM, HO M YMEHbIIAeT ero BeJUUYMHY. DTOT (Pakt MOXK-
HO OOBSICHUTb yMEHbLIEHHeM BSI3KOCTH CHCTEMBI M, CJeJOBATeNbHO, YMeHb-
HIeHHEM MeXMOJIEKYJISPHBEIX CHJ, B pe3y/bTaTe Yero yMeHBbIIAeTcst 3IHep-
THsl HA OPHEHTaLMIo cermMeHToB. I3 cpaBHenus KpHBBIX puc. 6 U 7 ciaenyer,
YTo cMelleHHe tg & .y B CTOPOHY Oojee HM3KHX TemmepaTtyp aas [IBX,
niactuduirposandoro JBC Goapwe, uem B ciayuae JOP, uto, oyeBuaHC,
o0bAcHSIETCS CBOHCTBAMM caMux miacTHPHKATOpoB. [lelicTBATeNbHO, Ha
pHC. 2 MBl BUAMM, uTO BsAsKocTh JIBC B TeMnepatypHOM Xode Bcerjaa ocra-
eTcqa Huxe, ueM y JO®; caenoBarenavho, aias  xkomnoszunuu I[IBX--JIBC
TENJICBOE CEerMeHTa/IbHOEe [ABHXKEHHe BO3MOXKHO IpH 6osiee HH3KHX TeMmepa-
Typax. IIpuyem ciaexyer OTMETHTh, YTO BEJHUHHb CAMHX MAKCHMYMOB
OCTATCA COU3MEPHMBIMH, HECMOTPA Ha TO, YTO 1O aGCONMIOTHOMY 3HAUCHHIO

tgdx 100 fgﬂtfx 100

20} 2
16t 16
12 12
8 8 1
4 4
A A A ’. o . . . N - o
0 35 7¢ 105 40  t°C 0 35 70 105140 t°C
Puc. 6. 3aBucaMoOCTb Puc. 7. 3aBHCHMOCTD
tg 6 — f(1°C) npu wua- tg 6 = F(1°C)) npu ua-
crore 500 ru: crore 500 ru:
1 — TIBX4-50% 0P, 1 — TBX-+50% JBC,
2 — TIBX-+20% 10®, — TIBX+4-20% ABC,

3 — [IBX-10% OO,
4 — TIBX+5% 0,
5—TIBX.

— INBX+410% JOBC,
— IIBX4-5% ABC,
— TIBX.

T LN

tg & y sTux niactudUKaTOpPOB ¢ yBeNMYEHHEM TeMIepaTyphl 3HAYHTE/bHO
oraudaercs [3]. DTo elle pad NOATBEP:XKAAeT BO3MOXHOCTb HU3MEHEHHS
SHEPTHH MeXMOJEeKY/JAPHOro B3auMOAeHCTBUS CHCTEMBI [PH BBEIEHHH
N1acTA(GUKATOPa B JIOOYI0O CTOPOHY B 3aBUCHMOCTH OT OCOGCHHOCTEN TMOJMH-
Mepa M naacTHPuKaTopos [4].

Ha puc. 8 nana 3aBUCUMOCTb ig O msx B DYHKLUHH MPOLEHTHOrO COLEP-
*KauHus niaactudukartopos npH f=500 ey. M3 npuBedeHHO# KpUBOH BHIHO,
yto BaHAHHe nuactupuxkatopoB JLO® u JIBC Ha MakcumajiibHOe 3Hayenue
{g & onMHAKOBO, H, UTO Y¥Ke YKa3bIBaJAOCh BHIlE, C YBEJIHUYECHHEOM KOHIEHT-
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pauxu naactHhHKaTop

TeMOEePaTyphl CTEKJOBAHHS BBI3HIBAET

OB MAKCHMAaJbHOE
HICKTPHUECKHUX NIOTCPDL yMeHbUlaETCH.f3 COOTBETCTBMK C 5THM YBEJHUEHHE
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Puc. 8, 3asucumoctb g6 max
OT INPOMEHTHOrO COJAEPMKAHHS  ILia-

ctudukarcpoB 10D u [ABC npu ua-
crote 500 ru.

MaKCHMaJ/JbHOTO

" %

yrqaa Jiu-

3Ha4YeHHud

TAHIeHCa YIJia JH3JEKTPHYECKHX [OTepb, TaK KaK B ITOM CJyduae 3aTpyl-
HSIETCS] CerMeHTa/bHOe TeilloBoe JABHKeHHe (puc. 9).
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OT TeMHepaTyphl CTeKJOBaHHS.
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Puc. 10. YamerpHoe cONpOTHBJEHHE

B 3aBHCHMOCTH, OT NPOUEHTHOTO COIep-

KaHuAg NJacTHOHKATOPOB TPH  TeMIle-

patype = 28,5°C: 1 — [IBX +4- 109;
2 — TIBX+4-/1BC.
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Purc. 11. ¥YaeapHoe compoTuBJeHuE
B 3dBHCHMOCTH OT TPOLEHTHOrO COAep-
KaEnd IacTHQUKaTOpPOB:

1 — IBX4-10;
2 — TIBX+/BC.
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BausinHe KOHUeHTpauuu MJAACTU(HKATOPA HA BEJNHYHHY
3JIEKTPONPOBOAHOCTH NOJHBHHHAXJIOPHAA

W3ayuenue Bausinuss miaactuguxkaropo JOP u JIBC wa peauunny
VAeAbHOro 00beMHOro conpotusiaeHuss (puc. 10) nmokaswviBaer peskuil crnaj
"CONPOTHB/ACHHS] C YBeJHYEHHeM KOHLIEHTpPalUH IJIacTH(PUKATOPOB, NpHYEM
xpuBas OBC - IIBX npoxogur 3HauuTelbHO HHXKe, 4YeM KpHUBasi s
J10® -+ TIBX (nmpu coxmep:xanuu naactuduxaropa 6Goasuwe 10%). Tort
thakt, 4To npu Temneparype 28°Coy Yy KOMIO3HUHUI, cOAep!KalllHX OT 5 10
10% [IBC neckoabko Bbllle, 4eM Yy KOMNO3HIHKH, comgepxauleil JIOD, Bepo-
SITHO, MOKHO OOBSICHHTH Pa3HBIM XOAOM BSI3KOCTH 3THX IMJIacTU()HKATOPOR
¢ TeMnepatypoll. DTOT BBHIXOJA NMOATBEPIKAACTCH TEM, UTO MPH TeMIeparype
80°C py y xomnosuuuu II1BX4-JIBC npu nw060M NpOUEHTHOM COAepKAHHH
njaactugukatopa nuxe, ueM y HBX + HJO® (puc. 11). M3 3tux xe pu-
CYHKOB BHJHO, YTO CHaj sy HACTylaeT YiKe IPH MajJoM IPOUEHTHOM
coxepxaHuu maactudukaropo. OaHako pasauune abCOMOTHHX 3HAUYEHHIT
yAesbHOro 0GbeMHOTO CONPOTHBAeHHs Mexay miaactukaroMm I[1BX -4 J1O®P
n maactakatom [IBX - [ABC Bnjorb no 109% KOHIeHTpamuu npu Temmoe-
patype 20°C mpaxrtuuecku Majno (raba. 3).

BriBoasl

Pe3y/bTaThl HCCACAOBAHUS BJHAHUSA BECOBOH KOHIEHTPALMH TMOJIAPHBIX
n1acTUQUKATOPOB Ha MOAHBHHM/XJOPHAHYIO CMOJY JAIOT BO3MOXKHOCTL
clenaTh cAeNyIolllHe BBIBOABL

1. Tlnactudukanusi okaszblpaeT BJAMAHHE HAa MaKCHMYM JHIOJABHO-
5J1aCTHYECKUX MOTEpPb, PHYEM BBeleHHe 6O/IblUEro KoJHYecTBa ImiacTudu-
KaTOPOB He TOJNbKO CMellaeT MakCHMyM B 00JacTh 6o/ee HH3KHX TeMiepa-
TYP, HO H YMeHbIaeT €ro BeJHYHHY, UTO MOKHO OOBACHHUTL YMEHBIIEHHEM
RA3KOCTH CHCTEMbI, a CJe/I0BATeJNbHO, YMEHbILEHHEM MEXMOJEKYITPHBIX
CWJI, B Pesy/bTaTe 4ero yMeHbllaeTcsa HepPrMst Ha OPHEeHTAlHUI0 CerMEHTOB.

2. CMmengenre makcumyma tg 0,.,¢ B cTopoHy Ho/nee HHU3KUX TeMIOepaTtyp
aas TIBX, miacruguuuposannoro JIBC Goabume, uem B cayusae [IBX,
rractuduuuposannoro J1O®, uyro, oveBHAHO, OOBSCHAGTCH  PasJHUHON
BSi3KOCTbIO IJ1aCTH(HHKATOPOB.

3. AGco/loTHble 3HAYEHHST CAMUX MAaKCHMYMOB TaHreHca yria JH3JIeKT-
pHYECKHX NOTepb ocrarTest couaMmepuMbiMu agasg [IBX, nuacruduuuposa-
Horo AuGYTHACe0ANHHATOM H JHOKTHA(TANATOM, HECMOTPA HaA TO, UTO Re-
JHYUHBL tg & y 3THX L1aCTUPHKATOPOB C YBEJHYEHHEM TEMIepaTyphbl 3Ha-
UUTENBHO OTJIHYAKOTCS MeXAY COBGOM.

4. 3ametHoe BaHsiude naactudguxatopos npu (=20°C Ha BeauyuHy
YAEJAbHOr0 06beMHOT0 CONPOTHB/IeHUsS miacTHguuuposannoro [1BX nabiio-
paercs npu cogepxannn 209 maactudukatopoB u  Gosee. HanBonabuee
BJAMSIHHE B 3TOM CJyyae OKa3biBaeT IacTHduxkaTop AubyTuncebalMHAT,
CHHKAIOUINN BeJUUYUHY YIeJbHOr0 00beMHOro CONMPOTHBJCHUA HA TPH 1O-
PSIIKA 10 CPABHEHHMIO ¢ UMCTOH NOJHBHHIJIXJIODHIHOH cMOJ0H a npH 509
copepxkanuu naactuduxatopa JADBC ypenpHOoe CONpPOTHBIEHHE CHHXKAETCA
¥ia nmaTh nopsifikoB. Ilpu MOBbIIIEHHBIX TeMMepatypax BJAHsIHHE NJIacTH(HKA-
TOPOB elle Gojee YCUIHBACTCH. \

5. YBesuueHie NPOLEHTHOTO COAEpPXKAaHHUs MJAACTH(HKATOPA CHHXKAET
TeMIepaTypy CTeK/JOBaHHs, CABHrasa ee B o0jacTb Oosee HH3KUX TeMmiepa-
Typ. Yxke npu 5% coaepxkanuun naactugpukatopos (OO u IBC) nabd.io-
ZaeTtcsl CIBUT TeMIepaTypbl cTeksioBaHus Ha 20°C no OTHOLIEHHIO K TeMmile-
parype crekaoBanus IIBX, [Jdanbneiillee yBeiuyeHHe KOHUEHTpPAUHH [Lia-
ctuukaTopoB 06YCAOBAUBAET CABUT TeMINEPaTyp CTEKAOBAHHSI B CTODOHY
EM3KHX TeMmuepatyp u npu 509% coaepkaHua NaacTHOUKATOPOB Temilepa-
Typa CTEKJOBaHHs cTaHoBUTCH paBhoil 4°C [5].
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6. [Tnacrupukaropsr JOP u [IBC npakrtHuyecku OKasblBaT OAHHAKO-
Boe BAMAHHe Ha TEIJOBOe pacliWpenve W Temneparypy crekaoBaxusa [1BX
nJ1acTHKaTa, HauuHas ot 59 comepxkanus u g0 509% Brawuntenpno. Ha-
GaogaeMeie TIPH 9TOM HeGoablie OTKAOHEHHsI XapaKTepPHbI A TaacTH(H-
KaTopa ¢ MeHbllei Bsaskocteio ([IBC). ’

7. PentreHorpaduyeckuM aHAaJH30M YCTAHOBJIEHO, YTO BBEJAEHHME ILja-
CTH)HUKATOPOB B MOJHBHHHAXJIOPHAHYIO cMmoay (mo 20%) obycaomiuBaer
Goflee ymopsiAOYeHHYIO CTPYKTYPY, TAK Kak YJAYUYIIAIOTCS YCHOBHS  JJs
CDUEHTHPOBKH lleNeH W YHNOPsiACUYeHHS MX B3aUMHOI OpPHEHTHPOBKH. Bojb-
moe cofepxanue nuaactugukatopos (50%) BLI3bIBaeT PasynopsiiOUeHHE:
CTPYKTYPHl H YBeJHYeHHe MeXKMOJEeKY/HsIpHBEIX paccrosinnit, Habmogaemoe
cKaukooOpa3Hoe H3MeHeHHe TelJIOBOrO PAaCHIHPEeHHs] NIPH BECOBBIX  KOH-
sentpanusax ot 10 no 209% cojepmaHuss nIacTHPHKATOPOB COOTBETCTBYET
Gosiee YHOPsAJOUEHHOMY COCTOSIHHIO TNOJHMEpa, YCTAHOBJAEHHOMY PEHTIeHO-
rpaguyeckuM ananu3oM. ConocTap/eHue YKA3AHHBIX Pe3yJbTaToB He 06Dh-
ACHSET NIPHYHHY CKaYKOOOPA3HOro M3MeHeHHS TeMIepaTypHOro pacliHpe--
uusg I1BX naacrtakara. '
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