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STRUCTURE AND REOLOGICAL PROPERTIES OF POLYCOMPLEX GELS CARBOXYMETHYL
CELLULOSE WITH UREINOFORMALDEHYDEHYDE OLIGOMERS

Hnazamoe Cabumoircan AKyodrcanosuu

Hoxmop mexunuueckux nayx, npogeccop

Tawxenmckutl hapmayesmuueckuli UHCIMUMYmM

Myxameooe I'agpypswcan Hcpaunosuu

Hoxmop xumuueckux Hayk, npogheccop

Pexmop Yupuuxckoeo I'ocyoapcmeennozo hedazo2uiecko2o uHCmumym

CTPYKTYPA U PEOJIOTMYECKHUE CBOMCTBA MMOJUKOMILIEKCHBIX I'EJIEA
KAPBOKCUMETHMJIIEJJIIOJIO03bl C MOYEBUHO®OPMAJIBJAEI'MIHBIMHA OJINT OMEPAMU

Summary. The rheological properties of polycomplex gels of sodium carboxymethylcellulose with urea-
formaldehyde oligomers with different ratios of components and the structural properties of polycomplexes are
studied. The physicochemical and technological properties of polycomplex gels with the possibility of their
application in pharmacy are evaluated.

The nature of the formation of polycomplexes is investigated by IR spectroscopy. The possibility of regulating
the structure of supramolecular formations of PC and PCG based on Na-CMC and MFO by varying the ratio of
components, when as a result of self-organization of macromolecules in the process of PC formation,
nanostructures with regulated nanoscale sizes are formed. The rheological properties of PKG water systems under
high shear stresses are studied. The formation of a PC Na-CMC with MFO leads to a significant change in the
rheological properties of water systems Na-CMC: the degeneration of the thixotropic effect, a decrease in structural
strength properties, and a change in the size of structural elements.

AHHOTALUSA. N3yuenst peonornyeckue CBONCTBA MTOJIMKOMIUIEKCHBIX rejen HaTpUu
Kap6OKCI/IMeTI/IHLIeHHIOHOSBI C MO‘IEBI/IHO(I)OpMaJIL}:[eFI/II[HBIMI/I oJIMToOMEpaMu € PpasiiMYHbIM COOTHOIICHUEM
KOMIIOHCHTOB U CTPYKTYPHBIC CBOMCTBA MOJIMKOMINIEKOB. OLIeHeHLI (I)I/ISI/IKO-XI/IMI/I‘{GCKI/IG U TEXHOJIOTHYCCKUC
CBOMCTBA ITOJUKOMIIJICKCHBIX TeJIel ¢ BO3MOKHOCTBIO NPUMCHCHUS UX B (bapMaumI.

Metonom UK-crekTpockonnu WcclenoBaHa MpupoAa (OPMHPOBAHUS MOJIMKOMIUIEKCOB. [lokazaHa
BO3MOKHOCTh PETYJIHPOBaHUS CTPOCHUS HaaMoueKy spHbIX oOpazoBanmuid [IK u ITIKI" Ha ocHOoBe Na-KMI] n
M®O IIyTEM BapbUPOBAHNA COOTHOLICHN A KOMIIOHECHTOB, KOT'Ia B PE3YyJIbTATE CaAMOOPTaHU3allu MAKPOMOJICKYJI
B mporecce (opmupoBanus [1K 00pa3yroTcs HAHOCTPYKTYPHI C PETYIHPYEMBIMH HaHOpa3MepaMu. V3ydeHbl
peosorudeckue cBoiictBa BoaHbIX cucteM [IKI™ B ycrmoBusax BeICOKMX HampsbkeHuit capura. @opmuposanue 11K
Na-KMI] ¢ M®O npuBOANT K CyIIECTBEHHOMY M3MEHEHHIO PEOJIOTHYECKUX CBOUCTB BOAHBIX cucTeM Na-KMII:
BBIPOXKJICHUIO THKCOTPOIHOTO () (deKTa, CHUKEHHIO CTPYKTYPHBIX IIPOYHOCTHBIX CBOWCTB, U3MEHEHHIO Pa3MEpOB
CTPYKTYPHBIX JJIEMEHTOB.

Key words: polycomplex, polycomplex gels, sodium carboxymethylcellulose, urea-formaldehyde oligomer,
structure, properties, rheology.

Knrouesvie NOJIUKOMNJIEKC, NOJIUKOMNJIEKCHbIX 2@]1617[, HampulZKap60chwemuﬂueﬂﬂiwlosbl,
MOUEeBUHODOPMATLOCSUOHDIL OIUSOMED, CIMPYKIYPA, CEOUCMBA, PeO02UsL. YeCKUE

cioesa.

B Hacrosimiee Bpemsi OoNbIIOW Hay4HBIH |
NPaKTHYECKUl HWHTEpEC NPEACTABIIET H3ydCHHE
CIOCOOHOCTH MHOTHX BOJOPacTBOPUMBIX MPHPOIAHBIX
U CHHTETHYECKMX  MOJUMEpOB  00Opa30BBHIBATH
YCTOWYMBBIE TPOAYKTHI KOOINEPATUBHBIX pEaKIUi
MEXAy Ppa3HOPOIHBIMH MOJMMEpaMHM, Ha3bIBaeMble
nonmumepHbiME kKomruiekcamu (ITK) [1-3]. B acmexre
pemieHus 3TOW TPOOIEMBI HAaWOONBIINHA HHTEPEC
MPE/ICTABISIOT HIPOJIYKTHI B3aUMO/ICHCTBHS
HPUPOTHBIX TIOJIMMEPOB c OJIMTOMEpaMH,
¢dopmupyromme noiaukomiuiekcHsie resu (ITKD). TIKT

SIBJISIFOTCSI IIEPCIIEKTUBHBIMU NPOAYKTaMH B papMarun
W HaxomaT Bce OoJjiee IIMPOKOE TPUMEHEHHE B
Ka4yecTBE 3aryCTHUTEJNIeH U CTaOMIIN3aTOPOB CYCICH3HH,
MIPOJIOHTAaTOPOB ACWUCTBUS JIEKAPCTBEHHBIX BEIIECTB,
MJIeHKoOOpa3oBaree yis Karmcyn WU TablIeTok, B
KayecTBe OCHOBBI JUII Ma3ed W JPYyTUX MSTKHX
JIEKapCTBEHHBIX (DOPM, TOCKOJIBKY OOHAPYKUBAIOT PSJI
YHUKAJBbHBIX M HanOoJee IIeHHBIX CBOCTB [4-11].
Bo3MOXHOCTh HE3aBUCUMOI Bapualul yCJIOBUN
(OpMHpPOBaHUs, COOTHOIIEHHWS pEareHToB W HX
MOJIEKYJISIDHOTO CTPOEHUSI TI0 CYLIECTBY SIBIISIETCS



L m
EESY

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #10(62), 2020 5

OCHOBOW JUIsl yHpaBJICHUS MIPOLecCOM (HOPMHPOBAHUS
n nonydenuss IIKIT ¢ 3agaHHBIM KOMILIEKCOM
cBoitcTe[12-16].

BecbMa MHTEpECHBIMU M IEPCHIEKTUBHBIMH B 3TOM
acrexTe NIPEACTABIISIIOT MaKpOMOJIEKYJISIPHbIE
KOMILIEKCHI Ha OCHOBE HaTpHui
kapOoxcumMeTmesnronossl (Na-KML) (monmannona)
U CHHTETHYECKMX  MOYEBHHO(GOPMAIbACTHIHBIX
OJIUTOMEPOB (M®O) JMHEHHOTO CTPOCHHUS
(TmonukaTHOHOB), (hopMHUpYIOIMIKE B BOJHBIX CHCTEMAaxX
[IKT.  CrpoeHne  TpPOW3BOTHOTO  MPHPOTHOTO
nonrcaxapuaa mneutono3sl — Na-KMI, Hammaune B ero
MaKpOMOJIEKYJIaX MOJISIPHO-()YyHKIMOHAIBHBIX TPYIIIL,
00yCIIOBIIMBAIOIINX HHTEHCUBHBIE MEXMOJIEKYJISIPHBIE
B3aUMO/ICHCTBUSI, BEICOKAsI CTENIEHb OPHEHTALIH 3TOTO
JKECTKOLIETIHOTO  TOJIMMepa  ONpefenseT  €ero
CIIOCOOHOCTh ~ NPOSIBIISITH ~ CBOMCTBA ~ MaTPUYHOTO
HOCHTEJIS u KOMITIIEKCO00pa3oBatess c
MOYEBUHOGOPMAIBACTHIHBIMU OJIMTOMEPAMH.

Bonpmioli  mHTEpec  BBI3BIBAET  YHHKAJIbHAS
ocobenHocTh ctpoeHnst cucteM IIKIT Ha ocnose Na-
KMII u M®O cucrem, rae B pe3yJbTaTe
CaMOOpraHW3allMd  MakpOMOJICKYJl B  TIpolecce
¢dopmupoBanus [1K o0pasyrorcsi HaHOCTPYKTYpHI C
peryiaupyembiMu  HaHopazmepamu  [17].  Takas
ocobenHocTh cucrteM IIK co3maer BO3MOXHOCTH
MOJICKYJIAPHOTO NPOHUKHOBCHUA HUX JICKAPCTBCHHBIX
COG,Z[I/IHGHI/II‘/II Ha KJICTOYHOM YPOBHE, YTO IMO3BOJIACT

HCIIOJIBb30BaTh nux B Ka4yCCTBC HOCHUTENCeH
JICKapCTBCHHBIX CUCTEM C HanpaBJICHHbIMU
TPaHCIIOPTHBIMUA CBOICTBaMHU. KOHCI/ICTCHL[I/IH n
HOPMaJIbHOCTb CTPYKTYPHO-MCXaHUYCCKUX

mapameTpoB ocHoB Ha ©Oasze IIK[T oGecreunBaeT
ONTUMAITEHYIO OHMOJIOTUIECKYIO JIOCTYITHOCTh
JIEKapCTBEHHBIX BEIECTB, JIETKOe, 0e300JIe3HEHHOE
HaHECEeHWE Ma3W Ha KOXy, Ciam3ucteie u np [18].

Heob6xoaumo OTMETHTD, 4YTO COCTaBJISIOIINE
KOMITOHEHTBI TIK " TIKI SIBISTIOTCS
CH20H
H
. H
o, OH H
H CH

co crenenpto 3amemienus (C3) 70 u creneHbo
nomumepmzanuu (CIT) 450, mo TOCT 5.588-79. Ilpu
ucrions3oBanun  Na-KMI[ moBropHO oummanu ot
HU3KOMOJIEKYISIPHBIX coyei o METO/IUKE,
npuBeJIeHHOH B padote [17].

Na-KMII — cnabast MoJIMKHCIOTa, KOHCTAHTa
nmucconnanuu ee 3aBucuT ot C3. [lpu uzmenenun C3
or 10 go 80 KoHCTaHTa AUCCOIMAINN W3MEHSIETCS OT
5,25 107 no 5 10 . Na-KMIJ npeacrasnsior coboii
OenbIif WM CIleTKa JKEITOBATHI MOPOIIKOOOPa3HbIH
WM BOJIOKHUCTBHIN NMPOAYKT Oe3 3amaxa ¢ HAaCHITHOM
maccoii 400 — 800 kr/m®, mnotHocThIO 1,59 r/cMS.

KPYNHOTOHHAXHBIMH, JOCTYNHBIMU U JELIEBBIMU
NoJMMepaMH MECTHOTO IpoucxoxaeHus [19].

B HayuHOM IUTaHe MHTEpEC K JaHHBIM OOBEKTaM
OOBSICHIETCS ~ CJIO)KHOCTBIO ~CTPOCHUSI KOMILIEKCA
CHCTEM 3THX MOJUMEPOB, a B IPAKTUYECKOM ILIaHE ITH
HCCIICIOBAaHMsI aKTyaJbHBI B CBA3U C BO3MOXKHOCTBIO
MIPUMEHEHHSI UX B (papManuy B Ka4eCTBE OCHOB IS
Mazel B MATKHX JIeKapcTBeHHBIX (hopM [20, 21].

B cBs3M ¢ 3THM NpEICTABIIET HHTEPEC U3YyUECHHE
uenoro komiuiekca cBoiictB IIK u IIKI, koTtopslii
00ycToBIeH cnenn(UIecKUMU B3aUMOJCHCTBUSMH B
BBICOKOMOJIEKYJIDHBIX MaTpuliax. B 3ToM acmekre
Hauboyee HMHTEPECHBIM  SIBWIOCH  HUCCIEJOBaHUE
ctpyktypsl  IIK U cTpyKTypHO-MEXaHHUYECKUX,
PEOTIOTHYECKUX CBOMCTB KOHLIEHTPUPOBaHHBIX
BOJIHBIX CHCTEM IOJIMKOMILICKCHBIX reneit «Na-KMIL]
u M®O», uccnenoBanue noseaenus [IKI' B ycnoBusix
BBICOKHMX HAINpPSDKEHUM CIBUTA, HM3y4YE€HUE BIMSHUA
cocrasa IIKI" Ha mporiecc BA3KOro Te4EHUs, HOCKOJIBKY
NMEHHO  PEOJIOTHYECKHE  IapaMeTpsl  Haubosee
YYBCTBUTENbHBI K U3MEHEHUSIM cTpYKTYphI [TKT'.

Heasn craTbu. Llensro HACTOAIIETO HCCIIENOBAHUS
SIBUWIOCH U3ydeHue cTpykrypbl U cBoictB [IK u IIKT
Ha ocHoBe «Na-KMI[-M®O» mnpu BapbUpOBaHUH
COOTHOILICHUSI KOMIIOHEHTOB, a TAK)KE PEOJIOTHYECKUX
CBOWCTB KOHIICHTPUPOBAaHHBIX BOAHBIX cucteM IIKT,
U3yueHHE H3MEHEHMs Pa3MEpOB CTPYKTYPHBIX HaHO-
obpazopanuii [1K u ITKI" npu u3meHeHnu cocraBa U B
nporecce JeCTPYKTypHUPOBaHUS ux
KOHIICHTPHPOBAaHHBIX CHCTEM B YCIOBHUSIX BBICOKHX
HaNpsDKeHUH CBUTA, U3YYEHHE (H3HKO-XHMUYECKHX
u TexHosornyeckux csorcts ITKT.

B kauecTBe OCHOBHOTO OOBEKTA HCCIICTOBAHUS
rcnonp3oBain ounmeHHyo Na-KMI] Hamanranckoro

XUMHYECKOTO  3aBOJa,  IONYyYCHHYI0  METOAOM
TETEPOTrEeHHOM TBeproda3Hoit 3TepubUKAIIH
CYJIb(QUTHOM JIpeBeCHON HEJUTIONIO3BI

MOHOXJIOpyKcycHol kucnoroit (MXVYK) crexyromero
CTPOCHHUS:

CHOCHA OO Na

H
H .
OH H ‘
H
H OH

IoxazaTtens npenomienus paseH 1,515. Temneparypa
pasmsiraennst Na-KMLL 170°C, npu Oonee BbICOKOH
Temrieparype oHa pasznaraercsi. Na-KMI] pactBopuma
B XOJIO/THOH U ropsiueii Boge. OOpa3yroT BEICOKOBSA3KHE
BOJIHBIE pacTBOPHL. B BOAHBIX pacTBOpax SBISETCS
mommnexTporuToM.  Na-KMI[  paspemena s
LIMPOKOTO TMPHMEHEHHs B MeJuluHe Hu (dapMmanuu
[17,18].

B pabore wmcmoms30BamM  MOYEBHMHY MapKu
YUCTBIA JUIA aHamu3a (4. 4. a.), 6e3 IOMOIHUTEIHHOM
ounctku, 'OCT 6691-77. B pabote OblT HCTIONB30BaH
¢opmama  mapku  «PM»  (30-40%-Hb1ii  pacTBOp
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(dopMmanpaeruia B BOJAC COJNCpXKAHHWE MeETaHoNa 7-
12%), xoHueHTpauuio QopMalbieruaa B pacTBoOpe
OTIPEJIeIISITN METOI0M OKCUMHOTO TUTpoBaHus [14].

Hcnonb30BaHbl  MPOMBIIIICHHBIE  MOYEBUHO-
¢dopmanpaeruanpie  onuroMepbl  mMapku  KOMT
(xapbamuaHO-hopMabIeTHIHAS MaJ0TOKCUYHAs

cmonma) um K®X (xapbammmHo-(hopMmanpaernmHas
JKU3HECTIOCOOHAs CMOJIa) MIpecTaBIstomas coboit 60-
70 % -HBI@ pacTBOp, COAEPKAIIHUN MPOIYKTHI
KOH/ICHCAIIM MOYEBUHEI U (opManpaeruna. [lpogyxr
cootBercTByeT [ OCTy 14231 — 78.

Peaxmuio MexXay MOYEBHHON U (hOPMAITBACTHIOM
npoBoaunu B uHTepBaje pH ot 3,3 mo 8,8 BBOAA
MOYEBUHY ®  (GoOpManpieru] INpU  MOJBHOM
cootHomenuu 1:1,3 -2, cooTBeTrcTBeHHO. (7151 3TOTO K
pactBopy ¢dopmanpneruna (pH =3,3) nobGaemsum
ammuak (NH4CH, 0,1-0,3 Mons mo OTHOIICHHIO K
MOYEBHHE) [0 3HaUeHM, paBHOTO 6 pH cpenpl, 3aTem
J00aBISLIN MOYEBHHY TIpH Temnepatype 35-400C.

HUcnonb3oBanu pacTBOpbI Na-KMI] B
OMIUCTIITUPOBAHHON Bose KoHneHTparwu ot 0,01 1o
0,4 ocH.Monb/n. PeakmmoHHBIE cMecH TpeOyeMbIX
KOHIICHTPAIlM TOTOBWJIM CMEUICHHEM pPacTBOPOB
peareHTOB B COOTBETCTBYIOUIEH MNPOMOPIMH TpU
KOMHaTHOH Temnepatype u pH 7,5-7,8. B atux
YCIOBUAX B TEYCHHUH JUINTEIBHOTO BpPEMEHHU He
HaOMoAaeTcss  MOJIMKOHAGHCAMM  MOYEBHUHBI U
dbopmanpaeruna B npucyrctBud Na-KMII. B To ke
BpeMs TIPH J00aBICHUH HU3KOMOJIEKYJISIPHBIX KUCIIOT,
Hanpumep, GocHopHOI MK CONTHON KUCTIOTH Ipu pH
ot 2 1o 3, Habmopnaercs oopazoBanue [1K u ITKT.

[In1éHKM W3  TONHKOMIUIEKCOB  TIOJyYalH
CMEIIMBaHUEM BOJHBIX PAcTBOPOB KOMITOHEHTOB Na-
KMII 1 M®O B 3KBUHOpMAJIbHBIX COOTHOLLEHUSX IPU
Pa3NUYHBIX COAEP)KAaHUSIX KOMIOHEHTOB M pH cpensl.
PacTBOpHI BRUIMBAIM Ha TOJIOXKKY H3 ONTHYECKOTO
CTeKJIa M HCHapsyld MpH KOMHATHOM TemIeparype.

TBepabie CyXxue IIEHKU MIPOMBIBAJIN
OMIUCTUITMPOBAHHOM  BOAE 10  HEHTPaIbHOTO
3HaueHuss pH, 3areM cCymwiM 1npu KOMHATHOM
TeMIeparype.

CrpykTypy MOJYYEHHBIX MPOAYKTOB
yCTaHaBIIMBaIH, HCHONb3Ys METOBbI HK-

CIIEKTPOCKOIMHU U 3JNEKTPOHHOU MukKpockornuu. MK—
cnekTpsl B mHTepBaje 400—4000 cm-1 peructpuposanu
Ha criektpodoromerpax «NIKOLET Magna- 560 IR»
n «Specord-75IR» (Kapa Leiic, I'JIP). O6pa3usl s
HNK—cnekrpockonuy roToBUJIN B Bujie TabneTok ¢ KB,
IJIEHOK Ha racTuHke KRS—5 M mIeHoK TONIMHON 8—
12 mkm. Ilnenkn Ha tractuake KRS-5 momyuamu
WCIIAPEHHEM DPACTBOPHUTENS (BOABI) NMPH KOMHATHOM
temmnepatype (22—240C).

HUccnenoBanue PEOIOTHYECKUX CBOWCTB
KOHLIEHTPUPOBAHHBIX ~ CUCTEM  HOIMKOMIUIEKCHBIX
reneil MpoBOAMIM Ha POTALlMOHHOM BHCKO3UMETpE
«Peorect-2» (I'epmaHus) B cHCTeME KOAKCHAJIBHBIX
UWINHAPOB B MHTepBane HanpsbkeHuidl 2-380 Ila u
ckopocteit cmura ot 1,5 mo 13*10 cm-1 mpum
pa3nmMYHBIX ~ TeMmmeparypax. Ilo  pesympTaram
PEOTOTHIECKUX HCCIIeIOBAaHUN OTIpeeIsIICs
«BSI3KOCTHBIA 00BeM» V* . V* paccunthBamM 10

dbopmyme [23]:

V' = {ZK[Ew/R-(1gn-1gA)T]}/t

rne K-xoncranra bonmbumana, R-yHuBepcaibpHas
ra3oBas IIOCTOSHHas, T-HampsDKEHUs cABura, 1-
abcoroTHas TeMIeparypa, A
MIPEeIIKCIIOHEHIUAIBHBIN MHOXKUTEND, By - Kaxymmascs
SHEprus akTUBAIUM OmIpejenseMas U3 TaHTeHca yIia
HaknoHa 3aBucumoctd Ign =f(T). Bennumnoit A
MpeHeOperaroT u3-3a OYeHb MAJIEHHKOTO 3HAYCHHS.

PesyabTaTel m ux odcy:xpenue. Anamus MK-
cunektpoB  Na-KMI] um M®O moka3pBaer, dTO
KOMITOHEHTBI TTOJIMKOMITIIEKCOB SIBIISIFOTCS
MoMu(yHKINOHATBHEIMH,  NPHCYTCTBHE B HX
maxpomodekyiax -NH* (1290 cm?), -NHz (1590 cm™?)
(M®O); -COO (1410, 1600 cmt), -COOH (Na-KMII)
Tpynn nOpuAaéT 3THM IIOJIUMEpPaM  XapaKTEpHBIE
CBOWCTBA MONMMANEKTPONUTOB [24,25]. [Ipu cMerenun
BoaHbIX pacTtBopoB Na-KMIl u M®PO obpasyrorcs
MOJIMKOMIUIEKCHI, a B 0oJiee KOHLEHTPUPOBAHHBIX
pactBopax (0,4 ocH.Momb/m) oOpasyrorcs IIKD
CTa0WIM3UPOBAHHBIE HOHHBIMH  CBSI3SIMH  MEXKAY
kapOoxcunaranuoHamu Na—KMII u amuHOrpynnamu
M®O, 0 4eM CBHIETENBCTBYET CMEILEHHE MOJIO0C
nornomenus 1600 cm™ 1 1410cm™ Ha 10-20 emt [14].

HaGmionaemble n3MEHEHHWS HaIMOJICKYIISIPHOM
CTPYKTYpBI INICHOK Ha ocHOBe noxydeHHbIX [1K (¢ 9%-
HBIM COJICp’KaHUEM BIIary) 110 MEpe YBEIMUCHUS B HUX
comepxanuss M®O MOXHO O0COOCHHO HATJISIHO
HPOCIEAUTh METOJIOM JIEKTPOHHONW MUKpOCKOIHH [2].
Oubpmusipnas crpykrypa Na-KMIL ¢ BeneHuem
M®O npereprneBaeT U3MEHEHHS, COIIPOBOXKIAIOIIHUECS
0o0pa3oBaHMEM  TNPOTSDKEHHBIX  KIIyOKOOOpa3HBIX
HOPHUCTBIX CTPYKTYp, COOTBETCTBYIOIIMX IPOIYKTY
B3aNMOJCHCTBUS n3 HECKOJIBKUX JIECSTKOB
MaKpOMOJIEKYIL. Pa3mep KITyOKOOOpa3HbIX
cepudeckux gacTull kojeonercs B mpenenax ot 200
A° 510 400 A°. JanpHeliee yBeJIUYEHUE COEPKAHUS
M®O 8 I[IK npuBomur K  (HOPMHPOBAHUIO
TeTePOTeHHON CTPYKTYpBI, CBHIETENIBCTBYIONIEH 00
oOpaszoBanuu AByX (ha3 — momukomiuiekca u MO [2].

Hnst ommcanus Tteuenuss I[IKI, wu3yueHus wux
PEOJIOTHYECKUX CBOMCTB HCTIOJIb30BaJINCh
XapaKTepUCTHKH, MOJTy4aeMble B YCIOBHAX
C/IBUTOBOT'O TEUYEHUs: onpeeieHre (pyHKIMOHAIbHON
3apucumoct  Ign=f(lgr), roe m-nTUHAMHYeCKas
BS3KOCTh CHUCTEMBI, T-HaNpsDKEHHWE ciasura [26].
I'paduaecku ykazaHHas GyHKIUS BBIpaXKaeTcss KpUBOM
TedyeHHst Tpu Temmeparypax (298-343 K) wu
HanpspxeHusix casura a0 380 IMa. M3ydeHsl xpusbie
TeueHns: BoMHBIX pacTBopoB Na-KMIL u ee IIKI ¢
M®O c cootHomeHneM koMmroneHToB (4:1) u (1:1).

Jns uccnenoBaHus CTPYKTYPHO-MEXaHUYECKHX
cBoiictB pactBopoB Na-KMIl u cucrem IIKD ¢
ITOMOIIIBIO POTAIIMOHHOTO BUCKO3UMETpa (CHavaja mpu
YBEIMYEHUH, 3aTeM IIPH YMEHBIIEHHH CKOPOCTH
BpAaIIeHN) OpLH IOJIyYEHBI peorpammsl,
MpuUBEJCHHBIE Ha puc.| u 2.

Kak Bumao, pactBoper Na-KMI[ mposBisior
TUKCOTPOIHBIE CBOMCTBA - SIBHO BBIPAXKEHHBIN
XapakTep HEHBIOTOHOBCKOrO Bs3Koro tedeHus. C
MO3ULMN COBPEMEHHBIX MPEACTaBIECHUN O pacTBOpax
MIPOU3BOIHBIX LEJITHOJIO3BI B Ppa3INIHBIX
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pacTBOpUTENAX TUKCOTPOINHBIE CBONCTBA pPacTBOPOB
9THX  BEIIECTB  OOYCJOBJIEHBI  OCOOEGHHOCTBIO
MOJNYyYeHHUsT M CIelU(UKONH CTPYKTYphl HCXOJHON
LEJITI0JIO3B], HA OCHOBE KOTOPOI OHU IPUIOTOBIICHBI
[27].

Heob6xoaumo OTMETHTB, 4TO TaKou
TUKCOTPOMHBIA 3PQPEeKT B OSTHUX YCIOBUAX [UIA
HCCIEIYEMbIX CHUCTEM SBIACTCA (YHKIHEH BpEeMEHH,
MO3TOMY JUISI TTOJTyICHUS CPAaBHUMBIX PE3YJIBTATOB BCE
YCIIOBHSA OTIBITa OBLTN CTaHAApPTH30BaHHI [17].

Kak BumgHo wu3 pucynkoB (puc.l m 2) Ha
peorpaMmax MpOSIBIAETCS YETKUH «THCTEPE3UCHBIN
3¢ peKT», 4TO TaKKE CBUIECTEIBECTBYET O THKCOTPOIIUU
pactBopa Na-KMII. KoHueHTpupoBaHHBIE PacTBOPHI
uccnenyemoit Na-KMLI, xak W pacTBOpbl MHOT'HX
JIPYTUX BBICOKOIOJIMMEPHBIX COEAMHEHUH, SIBISIOTCS
HEHbIOTOHOBCKUMU KUJKOCTSIMH. ITponecc
KoMIuIekcooOpa3oBanus Makpomoiekyn Na-KMI[ c
M®O npUBOANT K CYIIECTBEHHBIM HW3MEHEHUSIM
CTPYKTYpBl TOJMMEPHOW MaTpUIbl IPOU3BOJHBIX
[EJUTIONO3Bl, YTO TPUBOAUT COOTBETCTBEHHO, K
MU3MEHEHHIO PEOJIOTHIECKNX CBOWCTB CHCTEMBI BOAHBIX
pactBopoB (puc.3 u 4). [y 5KBUKOHIIEHTPUPOBAHHBIX
pactBopoB IIKI" BA3KOCTHBIE TapaMeTps! U BETHUUHBI
KPUTUYECKUX HANpPsDKEHUH CIBHTa CYIIECTBEHHO
ymenbmiatores. [Ipuuem s cuctem ITKIT Na-KMI] ¢
M®O c¢ cooTHomeHHeM KommoHeHTOB 1:1 »tn
napaMeTpbl YMEHBIIAIOTCS B OOJIBILICH CTENEeHH, YeM
JUIA CUCTEM C COOTHOIIEHHEM 4:1. DTH CUCTEMBI BeIyT
ceOs B  Oompmeil  CTENEHM Kak  OOBIYHBIC
TICEBIOIIIACTHKH. Hccnenyemsle MOJIMMEPHBIE
KOMIUTIEKCHI IIOJyYeHBI IyTEM CMEIICHHS TOTOBBIX
B3aUMOJICHCTBYIOIINX ~ KOMIIOHEHTOB B  00IIeM
pactBopuTene (Bone). B pesynbraTe oOpasyroTes Tak
Ha3bIBaéMble KOMIUIEKCH cMmemeHus. [Ipu cmemenun
Na-KMI] (’KeCTKOLIEITHOT O BBICOKO
OpHUEHTHUPOBAHHOTO  IOJIUMEpPA) C  OJUTOMEPOM

lg 3.

(3HAYMUTETHHO Goitee
KOMITIOHEHTOM ~ KOMIUIEKca) 00pa3yloTcss  BBICOKO
OPUCHTUPOBAHHBIC  TIOJIUMEPHBIC  KOMIUICKCBHI, B
KOTOPBIX BBICOKOMOJICKYJISIPHAS MaTpHIia
«KOHTPOJIUPYECT OpraHU3aIHIO MOJTUMEPHBIX
ACCOIMHPYIOIINX CUCTEM M UX KOMILTIMEHTApHOCTb.
BaxxHoil dyepToil cHCTEM  «MaTpHULIA-OJIUTOMEPH
SIBIIIETCS CHOCOOHOCTH K caMoopraHm3anuu [27],
KOTOpas BBIpa)kaeTcs B HECTATUCTUIECKOM
pacripeqielleHMl  [ENOYeK  OJUroMepa  MEeXIY
MaTpUIIAMH, CTPEMJICHHM KOPOTKHX Ieled 1o
BO3MOXKHOCTH OoJiee IDIOTHO YHAaKOBaThCS BOJNB
JUIMHHOW MAaKpOMOJICKYJIBI MATPHUIBl. DTO BEACT K
TOMY, 4TO B TIPEJeIbHOM Ciy4ae 4acTb MaTpHi Oyaer
MOJHOCThIO  3aHATAa. Takoit 3ddekr, mno Bcei
BUMMOCTH, OIIPEAEIsieT Pa3iIMyhe B PEOJIOTHUECKOM
noeaennn  cucteM [IK[T ¢ cooTHomeHneM
koMItoHeHTOB (1:1) u (4:1). Tak mIs cucTeM cocTaBa
(4:1) m30bITOK comepxkanmsa Na-KML[ mpuBomut &
YaCTUIHOMY, OUYCHb MaJoMy COXpPaHCHHIO
TUKCOTpONMHOTO  3pdekta U K  HEKOTOPOMY
MTOBBIIICHUIO BS3KOCTHBIX CBOMCTB 1O CPAaBHEHHUIO C
cucremamu (1:1). Kak mokassiBatot pe3yibratsl, [IKI
OOHapy)XMBAalOT HOBBIE CBOWCTBA, OTJIHMYHBIE OT
CBOMCTB COCTaBJISIIONIMX KOMIOHEHTOB (puc. 3 u 4).
Tak ms ITKT, uccnenoBaHHBIX B HACTOSIICH paborte,
THUKCOTPOIHBIE CBOICTBA MPAKTHYECKU BBIPOXKIAOTCS
npu OJTHOBPEMEHHOM 3aMETHOM CHIDKCHHUU
BSI3KOCTHBIX XapaKTePUCTHK (puc.3,4).
TemrepatypHast 3aBUCUMOCTH BS3KOCTH U CHCTEM
Na-KMI] u IIKI" pist vccieqoBaHHBIX COOTHOIICHUM
KOMITIOHEHTOB B juama3zone temmeparyp (298-343 K)
ONHMCHIBaeTCS  ypaBHeHHeM AppeHuyca-Dpenkens
[25,26] : n=A*e KR rne AE, - Kaxywascs Heprus
aKTUBAIIMM BS3KOTO Te4deHWs; R- yHUBepcampHas
ra3oBas OCTOsIHHAS (pHC.5).

HU3KOMOJICKYJIAPHBIM

3.0 1
1,0

3,0 Igt

Puc. 1. Kpusvie meuenus 600nvix pacmseopog Na-KMI] npu paziuunou memnepamype
T(K): 1-298, 2 - 313, 3-328, 4 — 343.
(LLImpuxosvle tunuU - 2ucmepe3ucHvle OMKIOHEHU 8A3KOCMU, MO dHce 01 puc.3,4,5).
N »¢— 6s3xk0cmy (Ila-c), ©— nanpsowcenue cosuea (Ila).
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Puc.2 Peocpamma xonyenmpuposarnnozo pacmeopa Na-KMI].
D - ckopocms cosuza (cY), T - nanpsacenue cosuza (Ila).
Ig 3.
35
3.0 f
3
25 r
4
1.0 2.0 lg T. Ta

Puc.3. Kpusvie meuenus konyenmpuposannwix cucmem IIKI Na-KMI] ¢ M@O (1:1)
npu pazruynoti memnepamype T(K): 1 - 298, 2 - 313, 3 - 328, 4 — 343.

IgT.Ia

Puc.4. Kpusvie meyenus xonyenmpuposannwix cucmem [IKI Na-KML] ¢ MDO
(4:1) pu paznuunoti memnepamype T(K): 1- 298, 2 - 313,3 - 328, 4- 343.
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Puc.5. 3asucumocms 1g n om 1/T konyenmpuposannwvix pacmeopoe Na- KMI] (1)
u nonuxomniexcuvix eeaei Na-KMIL] —M®O ¢ coomnowenuem komnonenmog 4.:1 (2) u 1:1 (3).

I/ICCJ'IGI[OBEIHI/ISI MoKasajii, 4YTO pPacTBOPLI Na-

KMIL] OGomee CTpyKTypHpOBaHBI, HMEIOT Ooee
BBICOKHE BS3KOCTHBIC XapaKTEPUCTUKH, BEIMYUHEI
KPUTUYECKUX  HANpsOKCHUH  CABMra,  BEIMYHMHBI

SHEPTUM AaKTUBAIMU Bsi3koro Ttedenus AE. = 55,7
k/x/Moms. 3Hadennme BenmwunH AE. gus TIKT,
SIBJIFOILCHCS Mepou MHTEHCUBHOCTHU
MEXMOJIEKYJIIPHOTO B3aMMOJEHCTBHSI MAaKPOMOJIEKYIT
B pacTBopax, WHaye TOBODS, KOCBEHHOM
XapaKTePUCTUKON MPOYHOCTH CTPYKTYPHI B pacTBOpax,
cocrapmsier s IIKIT Na-KMII ¢ M®O ¢
cooTHOImIeHHEeM  KommoHeHTOoB  1:1  AE=43,13
k/x/Moms, a gma  kommiuekca 4:1  AE=45,96
KJ[K/MOJIB. Komrmuiekcoodpa3oBanue Na-KMII,
COJIepIKaIero (GYHKIMOHATIBHBIC TPYIIIIBI -
KapOOKCHJIaTaHUOHBI, THIPOKCHIBHBIE M JIPYTHE, C
M®O npuBoAMT K  CO3JaHUI0  IOJUMEPHBIX
ACCOLIMUPYIOLIUX CUCTEM, B KOTOPBIX MHTEHCUBHOCTh
MEXMOJIEKYJIIPHOTO B3aUMOJECHCTBHUS CYIIECTBEHHO
HIDKe, yeM B pactBopax Na-KMII, BcreactBue dero
MPOYHOCTh CTPYKTYp 3aMETHO CHHXKAETCS, a TaKKe
YMEHBIIAOTCS BSI3KOCTHBIC XapaKTePUCTHKHU.
CtpykTypa MIOJINKOMITJIEKCA, HEMOCPEACTBEHHO
CBA3aHHAs C XHUMHUYECKOM IPUPOAON IOIMMEPHBIX
KOMIIOHECHTOB, ompezenseT BBIPOXKJICHUE
TuKcoTponHbIX  cBoiictB 'y IIKIT  Bcrencteue
MOBEPXHOCTHOTO OJKPaHUPOBAHUS MaKpOMOJEKYl |
MoOJeKyIIpHBIX acconnaToB Na-KMI] ommromepHbIMU
OpraHU30BaHHBIMU yHaKkoOBKaMHU u
MOCJIE0BATEILHOCTSMU Ha MOJIUMEPHBIX MaTpULIAX.
B3aumoneicTBuE XHMHUYECKM M CTPYKTYPHO-
KOMIUIEMEHTapHbBIX MaKpOMOJIEKY I HOCHUT
KOOTIepaTUBHBIM XapakTtep. IIpu sTOoM o0Opasyercs
JIMHEWHAst (omHOMEpHA) TIOCJIEZIOBATETLHOCTD
OJTHOTHITHBIX MEXIIETIHBIX CBsI3eH, XapakTepHas s
KOOIEpaTUBHBIX CHUCTEM IpocTeiiimero Tumna. Ilo-
BUANMOMY,  BO3MOXHO  oOpa3zoBaHHWe  OOmIEH
KOOTIEpAaTUBHOM CHCTEMBI OJHOBPEMEHHO IBYX WU
Oonee THUMOB CBs3ci, HampuMep HWOHHBIX U
BOAOPOJHBIX [28]. Bosnpimive HanpsskeHUs caBHra
MNPUBOJAT K KOPEHHBIM HM3MEHEHHUSIM B HUCXOAHOH

ctpykrype IIKI. Kaxnomy HanpsskeHUIO OTBedYaeT
ompeneNieHHass HadalbHas CTPYKTypa MaTepHuaia, U
QJIEMEHTAPHBIN aKT TEYCHHS COCTOHUT B IIEPECKOKE
CEerMEHTOB IIeMM W3 HOBOTO HMCXOJHOTO COCTOSIHUS B
aKkTUBHpOBaHHOE. Kak BHIHO M3 KPUBBIX TCUCHHUS
(puc.1,3-4), BBICOKME HANpPSKEHUS MPHUBOAAT K
CYIICCTBEHHOMY CHI)KCHHUIO BSA3KOCTHBIX CBOWCTB, U
COOTBETCTBEHHO, HU3MCHCHUIO CTPYKTYPBI
MOJIMKOMIUIEKCHBIX CHCTEM.

[To pe3ympTaTaM peoJOTHYECKUX HCCIICIOBAHUMA
OBLTH OIICHEHBI CTPYKTYPHBIC TapaMETPHI - BETHIUHEI
«BSI3KOCTHBIX 00BbeMOB» V" [23] 1 BOJHEIX CHCTEM
KT Na-KMIL] ¢ M®O u gms pactBopoB Na-KMI]
(Tabu 2). Benmuunsl V”, SBIIOMHEcS MEPOH OLECHKH
Ppa3MepoB ¥ MOJBIKHOCTH CTPYKTYPHBIX JIEMEHTOB, a
TaKXkKe MONEePEUHBIC Pa3MEPhl CTPYKTYPHBIX 3JIEMEHTOB
(d) mans pacteopor Na-KMI[ uMerOT HECKOJIBKO
MEHBIITHE 3HAUCHHSI, YEM JIJISI PACTBOPOB KOMIUIEKCHBIX
cucteM. Takoe yBelnMYeHHE pPa3MEpPOB aCCOIMATOB

MOJITBEPKIAET daxt KOMIUIEKCOOOpa30BaHus
aHMOHHOTO MIPOU3BOTHOTO LIEJUTFOI035I C
MOJIMKAaTHOHHBIMH M®O. Kax TOKa3bIBAIOT

pe3yibTarel (Tabn.2), ¢ yBeNHMYEHHEM TEeMIepaTyphbl
npoucxoaut ysenaudenne V' s pactopos Na-KMI]
u K[, 49ro o0OBsCHACTCS pa3BOpavYHMBAHUEM
MaKpOMOJICKYJI M OOJIETdeHHEM MEXMOJICKYISIPHBIX
B3aUMOJEICTBUI, B PE3YyJbTAaTE KOTOPBIX pa3Mephl
accormatoB IIKI™ Boszpacrator. Ilpu Bo3pacTaHum

HaNpsDKEHUH  CIBUTa  MPOMCXOJUT  IMOCTEIEHHOE
paspyIieHue CTPYKTYPHBIX accolMaroB
HAJMOJIEKYJIIPHOTO IOpsiiKa M, COOTBETCTBEHHO,

accormatoB [IKT'. Tlpu Manbpix HampsKEHUAX CABUTA
(mo 10 ITa) pa3meps! cTpykTypHbIX accounatos [TKI
MIPEBOCXOMAT pa3Mephl CTPYKTYPHBIX accomuaToB Na-
KMLI, npu 6oxpmmx HampspkeHusx casura (mo 158,8
[Ta) BexmumHbl paspymeHHbx accouuatoB Na-KMI]
HECKOJIbKO MPEBOCXOST MO pa3MepaM paspyllieHHbIE
accouuatsl [1KT'. M3 3TOro MOKHO NpeAnoa0KUTh, 4TO
MO/ JCUCTBUEM BBICOKUX CIBUTOBBIX HAIPSIKCHUMA
pa3pymaroTcsi He TOJBKO  MaKpOMOJIEKYJISIPHBIC
acconmatsl ITKIT', HO ¥ caMU MOTMKOMILIEKCHI.
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Tabmuma 2

H3smenenue V' 0T TeMIepaTyphbl 0 HANIPSKEHHE CABUTA (T) VISl pACTBOPOB
Na-KMIL u IIKT

Na-KMI] TTKT(1:1) ITKT'(4:1)
©1la TK V*102m?3 d-10° V" 102m3 d-10° V*-10%m?3 d-10°
298 927.2 210 1271 2334 1340.6 2375
313 9711 213 1328 237.0 1418.9 242
10 328 1013.0 2164 1399 240.9 14743 245
343 1066.6 220.1 1464 2450 1548.1 249
298 98.3 99.4 84.1 94.4 89.1 96.3
158.5 313 102.4 100.8 874 95.6 93.4 97.8
328 106.2 102.0 90.9 96.9 96.6 99.2
343 110.5 1034 95.2 98.4 98.5 99.5
Takum obpazom, KOMILIEKCOOpa3oBaHue 2. Inagamov S.Ya., Mukhamedov G.I. Journal of
npousBogHoro  memwmono3sl - Na-KMI[ ¢ Applied Polymer Science. 2011. 3.1749.
CUHTETHYECKUMU OJINTOMEpaMu MO3BOJISIET 3. CyneiimanoB WN.D., byarosa T.B., Hckakos

peryIupoBaTh CTpYKTypy MOJHUMEPHBIX acCOIMAaTOB U
UX CBOMCTBA. DTO OTKPHIBACT HOBBIE ITyTH TONTYy4EHUS
komiuiekcoB Na-KMI] ¢ 3agaHHbIM CTpoeHHEM, U caM
npouecc  (OPMUPOBAHHUSI  KOMIUIEKCA  MOIKHO
paccMaTpuBaTh, Kak  crmoco®  MoaubHKanuu
TPaIUIIMOHHOTO IOJUMEpa M PEryJHpOBaHHUS €ro
MOJIEKYJISIPHBIX Pa3MEPOB, YTO OTKPBIBAET HOBBIE IIyTH
panmonanpHOTO HcTonb3oBaHus Na-KML] . M3yuenne
MOJIEKYTISIPHBIX KOMILIEKCOB MIPOU3BOIHOTO
MPUPOJHOTO TONHMEPA IMO3BOJISET YCTAHOBUTH POIIb
MEKMOJIEKYJITPHBIX B3aMMOJEHCTBUI B
BO3HMKHOBEHHH OCOOBIX CBOMCTB M  CTPYKTYpBI
KOMIUIEKCOB M CBSI3aHHBIX C HHMH  (DU3UKO-
XUMHUYECKUX SIBICHUI.
BbIBO/IbI

1. Brepssie uccnenyrores [IK u IIKIT" Ha ocHOBe

Na-KMIl - M®O. Meromom MUK-cnexrpockonuu

uccleI0BaHa pupoaa ¢dopMHupOBaHUSL
MOJIMKOMILIEKCOB. INoxazana BO3MOXKHOCTb
peryInpoBaHus CTPOEHHMS HaJIMOJICKYJISIPHBIX

obpazosanwmii [1IK u ITKT" Ha ocHOBe Na-KMIL] u M®O
IyTEM BapbUPOBAHUS COOTHOLICHHS KOMIIOHEHTOB,
KOT/1a B pe3yJIbTaTe CaMOOPTaHU3allny MaKpOMOJIEKYJI
B mpomecce QopmupoBanus [IK  oOpasyrorcs
HaHOCTPYKTYPHI C PErYIHPYEMBIMH HAHOpa3MepaMHu.

2. V3y4eHbl peoNorndeckrue CBOICTBAa BOIHBIX
cuctem IIKI' B ycClOBHAX BBICOKMX HaIpPsHKEHUN
casura. ®opmupoBanne I[IK Na-KMI[ ¢ M®O
MIPUBOJIUT K CYIIECTBEHHOMY HM3MEHEHHIO
peosormdeckux CBOMCTB BOAHBIX cucteM Na-KMLI:
BBIPOXKICHUIO THKCOTPOIMHOTO 3()(eKTa, CHIKEHHUIO
CTPYKTYPHBIX IPOYHOCTHBIX CBOMCTB, H3MEHEHUIO
pa3sMepOB CTPYKTYPHBIX AJIEMEHTOB.
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PYBUKO-MATEMATUMECKUE HAYKU

Capmacos C.H.%,

KaHouoam usuxo-mamemamuieckux HayK, npenooagamens,;

Pazumos P.IIL.2,

KaHouoam Qusuxo-mamemamuyeckux HayK, npenooasameb, OOYeHm,

Aboynnaee. T.ILIE
Kanouoam usuko-mamemamuyeckux Hayx,

Kageopa obweti pusuxu u MemoouKu nPenooaéanus GusuKu,

baxunckui F'ocyoapcmeennviii Yuusepcumem,
2 baky, Azepbaiioscanckas Pecnybnuxa

BJIMSAHUE AJCOPBIIMN KUCJIOPOJA HA ITPOBOJUMOCTD IVNIEHOK PBTE.

Sarmasov S.N.%,

candidate of physical and mathematical sciences, Lecturer;

Rahimov R.Sh.2,

candidate of physics and mathematics, Lecturer, docent;

Abdullayev T.Sh.2
candidate of physical and mathematical,

General physics and teaching methods of physics department,

Baku State University,
Baku, Republic of Azerbaijan

THE EFFECT OF OXYGEN ADSORPTION ON THE CONDUCTIVITY OF PBTE FILMS.

AnnoTtanus. MccnenoBano BIUsSHIE aAcOpOIMU KACIOPOIa Ha TPOBOIUMOCTD IDICHOK PbTe. ITonyuens p-
N mepexoabl Ha ocHoBe MieHOK PbTe dorouyscTButenbapie B MK o0nacTu crektpa ¢ MakCHMyMOM
(hOTOTYBCTBUTENBEHOCTH Ay, MKM. [l0Ka3aH TYHHEIBHBIH MEXaHU3M MPOTEKAHHS TOKa depe3 P-N mepexo.

Abstract. The effect of oxygen adsorption on the conductivity of PbTe films is studied. Pn junctions based
on PbTe films are photosensitive in the IR spectral region with a maximum photosensitivity of 4,,,, microns. The
tunneling mechanism of current flow through the pn junction is shown.

C TpakTHYECKOW TOYKH 3pEHHUS HAMOONBIIHA
MHTEpEeC NPEJNCTABISIET HEpElIeHHas O HaCTOSIIEro
BpPEMEHH 3aJ[a4a MaTeMaTHYECKOTO OITMCAHMS BIUSHUS
JaBJICHUSI KHUCIOpOJa Ha IPOBOAMMOCTH CJOEB B
ciyyae OOEIHEHHWs CJIOsl HOCHUTEIsIMH Ha BCIO
TOJIIIHY, TIOCKOJIBKY MaKCHMaJIbHast
ra3049yBCTBUTEIBHOCTD MOJUKPUCTAIIHYECKUX CIOEB
HaOJIOMaeTCsT NpU  YCJIOBHHM MOJTHOTO OOeIHEHUs
3epeH, Koraa AiuHa 3kpaHupoBaHusa LD mpessimaer
cpenuuii pasmep kpucraumra LC B obOpasie [1]. B
TOM Cllydyae TEOPETHUECKHH aHalIu3 CHUTyaluu
CYIIECTBEHHO YIPOINAeTCs, TaK KaK IPOIECCH
IepeHoca HOCHTENel 3apsia B CHIBHO 00ETHEHHOM
CJI0€ JOMYCTUMO aHAIN3UPOBAaTh B INPUOIIKEHUH
IUIOCKUX 30H, INpeHeOperas Kak HEOJHOPOJHOCTHIO
pacnpezieneHuss HOCUTEJIeH 1Mo o0beMy 3epHa, Tak U
CKayKaMU MOJIB)KHOCTU Ha rpaHuliax 3epeH [2]. Lens
JAaHHOH pPabOTbl — W3YyYEHHE BIMSHUS aJICOPOIHU
KHCJIOPO/ia Ha MPOBOJIUMOCTh MOJIHKPUCTATUINIECKUX
TUIEHOK OKCHJa 0JI0Ba N-THIIA, CPETHUNA pa3Mep 3epHa
KOTOPBIX MEHbIIe BenuunHbl LD, a Takxke nmomydeHne
BBIPKEHUS, OTIHMCHIBAIOIIETO 3aBHCHUMOCTh
KOHIICHTPAI[NH OCHOBHBIX HOCHTEJEH 3apsijia B 3epHE
OT JABJICHUS KHCIOPOJA.

HeranbHOoe MOHMMaHWe B3auMoaupy3un WIu
B3aUMOJICHCTBUSI METAIIIMYECKUX IUICHOK Tpedyercs
BO MHOTHMX OOJACTSIX TOHKOIUICHOYHOH TEXHOJIOTHH.
Co Bpemenu nosiBiieHust oo3opa Yusepa [3, 4] B 1971

roay 3HAYUTCIbHO YBCIWYUIOCH YHCIO pa60T Io

B3auMoaAnphy3nu TOHKHUX TUICHOK. 310
NpUMEYaTeIk-HO B TEPBYIO  OdYepeAb  OONBIINM
MaccolepeHoCOM  IIpW  HU3KUX  TeMIepaTypax,

0OYCIJIOBJICHHBIM HE TOJIbKO MAaJIbIMH PacCTOSHHAMH
muQQy3un, HO M BBICOKOH ME(PEKTHOCTHIO TOHKHX
TIeHoK [3].

Oco0GeHHO MHTEpECHA CBA3b MEXIY CTPYKTYpon
NOBEPXHOCTH YHCTOTO KpUCTAIA WM HPUPOJOH U
9Hepruell oOpa3oBaHMUs MMOBEPXHOCTHBIX KOMILIEKCOB
aacopbent-ancopbar. I'pun u Jlu [5] wusyyamm
KUHETUKY aJCOpPOLMM KHCIIOpOJa Ha MOBEPXHOCTH
(100) xpucramna PbTe. Kpucramn umeer cTpykTypy
KaMeHHOH conu, mnoBepxHOcTh (100) cocrout wu3
pacIipesielleHHbIX B IIaXMaTHOM IOpSIKE aTOMOB

TCIIypa u CBHHIIA. bruto II0Ka3aHo, 4qTo
MOHOMOJICKYJIApHAas aﬂCOp6III/I$I IMPOTCKACT a0
3aIllOJIHCHUA 0,7, Iocjie  4ero Ha4YuHaACeTCsA pPOCT

OKHCHOM IIJICHKH, IOKPBITUE IMOBEPXHOCTHU
OINPECACTIACTCA KaK YHCIIO allCOp6I/IpOBaHHBIX aTOMOB

KHCJIOPOJA,  OTHECEHHOE K  YHCIy  aTOMOB
MTOBEPXHOCTH.
YcTaHOBIEHO, UYTO M3 aTMOC(EpHBIX Ta30B

OCHOBHYIO PpOJIb B XHMHYCCKUX TIIpoHeccax Ha
MMOBEPXHOCTHU XaJIBKOI'CHU10B CBHHIIa urpact
KHCJIOPOA, a[lCOp6III/IH KOTOpOro MMpUBOAUT K
MOABJICHUIO JICTUPOBAHHOI'O ITOBEPXHOCTHOI'O CJIOA.
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Hamu BeipanmBanuch 1wienku PbTe TommmHOR
~50 HM Ha cHIOASHBIX HOMIOKKax (puc.l) co
ckopocthio 0,05-0,25 um/c. [Ipu ckopoctu pocTa bornee
0,1 HM/C TUIEHKM MMeENW KOHLEHTPALUIO HOCHTEJNEH
Omu3KyI0 K cobcTBeHHOoM (N~10% cm3).

YMEeHbIIEHHE CKOPOCTH pPOCTa [0 BEJIUYUHEI
Hiwke 0,1 HM/C TPUBOANT K MOJYUYCHHUIO TNICHOK N-THIIA
MIPOBOIUMOCTH. Perynmpys CKOpOCTh pocTa, MOXKHO
MOJy4aTh IUICHKH C KOHIEHTpAIMeH AJIEKTPOHOB OT
10'® no 3-10% cm®. HccnenosaHue IpoBOAMIOCH B
nHamna3oHax masieHui: ot 7,5-10° mo 7,5-107 mm
pr.cT. 1 0T 7,510 MM pT.CT. 10 aT™MOChepHOrO.

B Havane B cucteMy HalrycKaeTcst KUCIOpO/l, a BO
BTOPOM clydyae  Tyda  IOCTyHal  BO3AYX.
OKCHEepUMEHTHI TI0Ka3ajiH, 4YTO YXe IpH JaBJICHUU
7,5-10° MM  pr.CT. HPOMCXOOMT  HEKOTOPOE
YMEHBILICHUE KOHIIEHTPAIUU 3JEKTPOHOB, KOTOpas
IPH JaBJICHAU OKOJo 7,5-107 MM pPT.CT. cTaHOBHTCS
3HAYUTENbHOH. A mpu  OONBIINX  JaBIICHHIX
KOHIICHTPAITHS 3JICKTPOHOB YMEHBIIAETCS XapaKTePHO
muddy3noHHOMY TIporeccy [6].

Uzrorosnenne aKTUBHBIX 2JIEMEHTOB
JJEKTPOHHBIX CXEM B €IHMHOM TEXHOJIOTHYECKOM aKTe
SIBIIACTCA OI[HOﬁ us3 OCHOBHBIX 3aaa4
MHUKpPORJICKTPOHHUKH. B Haimeli pabote mpenmpuHsaTa
MIOIBITKA IOy 4EHHUs p-n IIEPEX0I0B B
OMUTAKCUAJIBHBIX IUICHKaX TEUIypuaa CBUHIA IIpU
BbIpalllUBaHNU nux METOIO0M KOHJCHCAIlUU
MOJIEKyJIAPHOTO II0TOKA B BakyyMme ~10°6 MM pT.cT. 6e3
HapyImIeHUs TIpoIecca pPOoCcTa M NIPUHYIUTEIHHOTO
BBEIICHUS JICTHPYIOUINX TIPUMECEH.

Puc. 1. Dnexmponozpamma om nienku PbTe na
criode UK=0,2um/c; Tn=1800C; d=50um.

[Tnomans P-N MepexomoB COCTABIsUIA BEIUUUHY
~(1-3)10%cm?, M PepeHINANEHOE  CONPOTUBIEHHE
npu HyJieBoM cMeteHnn Ro=10° Om.

Bce p-n mepexoas! 66utH (DOTOUYBCTBUTENHHBI B
UK ob6mact cnektpa. TwummdHas crekTpanbHas
XapaKTepUCTUKa HMX IpeicTaBleHa Ha  puc.3.
MakcumMyM (OTOUYBCTBUTEIBHOCTH TMPUXOAUTCS HA
JUIMHY BOJHBI A4, MKM C TIOJIOTHM CHaJOM J0
A~6MKM.

Hcnapenne  mpoBogwiM M3 TpadUTOBOM
KHYJICCHOBCKOW SYeHKH, B KayecTBE HCTOYHUKA
UCIIONIB30BAIM W3MENbUCHHBIH KPHUCTAIUT TeJUTypHia
CBHHIIA N-THIIA, TOAJI0XKKaMH CITY>KHIIH CKOJIBI CITFOJIBI.
Temneparypa uctounuka messuiacs oT 900 no 1000 K,
TeMIlepaTypa MoJUIoKKH Obuia nmocrossHHO#M Tr=598 K.
CKkopoCTh KOHJICHCAIINH U, 3a/laBajlachk TeMIepaTypoi

WUCTOYHWKA. BpIpamyBaHue NPOBOIWIOCH Yepe3
MIOJBIDKHYIO MAacKy-3acJIOHKY C IIPOpPE3sIMH, YTO
obecrieynBago  MOIy4YEeHHE  IUIGHKH B BHIC
MIEPECEKAIOIINXCSI  CUCTEM  IIOJIOCOK  HIMPHHOHN

~(3-5)-102 cm. Ilocne ocaskaeHUs OXHOM CHCTEMEI
TIOJIOCOK IPH TeMIiepaType ucrnaputeist Ti, 3aciioHka
nepekpbpiBajacb M B TedueHue  [-2  MHH.
yCTaHaBJIMBAJIOCH HOBOE 3HAYEHUE TeMIepaTypsl Tz, a
3aTeM OCaKAanach Jpyras CHCTeMa IOJIOCOK IPH TOH
Ke TeMIepaType MOAIOKKH.

BAX mwmepsmuce npu  T=77 K Ha
JIBYXKOOPIUHATHOM CaMOITKCIIC U Ha ocmiorpage. B
KayecTBe  OMHYECKHMX  KOHTAaKTOB K  [P-CJOIO
HCToNb30Bajcs cmas In-Au (puc.2).

BripamieHHple IJICHKH OPUCHTHPOBAHBI TPAHBIO
(111) mapamnensHO mommoxkke. [Ipu v, = 0,035aM/C
IUIGHKA  UMEIOT  JBIPOYHYI0  NPOBOJUMOCTH  C
KOHIIEHTpanueil HocuTeneii sapsagap =5 - 107cm® u
HOJBUKHOCTBIO [, = 400cm?/Be. VBenudenue Uy 110
0,12 BM/c m Oonee TPUBOTUT K POCTY IUICHOK C
AIEKTPOHHOH TPOBOIUMOCTBIO C KOHICHTpamuei
n=10% Mm% u

HocuTenek HOJBHKHOCTH
Uy, = 103cM?Be. (mpu 300 K).
I, MkA
it
il
a1
2 -+
1 | 1 1 | | | | | 1 |
2 3 01 | 00 03 05 UB

Puc.2. Boremamnepnas xapakmepucmuxa p-n
nepexoda na ocroge naenok PbTe necuposannuix
KUCTOPOOOM 80 8DEeMs pOCIA.

Wzyuenne npsmbix BetBe BAX B uHTepBane
temneparyp 77-120 K mnokasamo, 4Yro  TOK,
MIPOTEKAIOIUI Yepe3 P-N Mmepexoi, COCTOUT U3 JIBYX
yacTeil: IpU MaJIBIX CMEIICHUIX 3aBHCUMOCTH TOKa OT
U SKCHOHEHIMAIbHO C IOKazareneM [ = 2, mnpu
Oonpmux cMemeHnssx HakioH BAX ¢ temmeparypoit
HE MeHseTcs. DTO, OYEBHIHO, CBA3AHO C TYHHEIHHBIM
MCXaHM3MOM MPOTEKaHHUsA TOKa 4Yepe3 P-N mepexon
(puc.4).
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Puc.3.Cnexmpanvras pomouyecmaumenvnocms
p — n nepexoda na ocnoee monkux nierox PbTe.

Puc.4. Puc. 4. llpsamvie semeu BAX om p-n
cmpykmyp Ha ochose naernox PbTe aecuposannoii
Kucaopooom 6o epems pocma 77 K, 100 K, 120 K
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BHI/IHHI/IG OKHUCJICHUA Ha HpOBOI[I/IMOCTI)
VJIK 531.612

bozoanos B.U.
Ilybnuunoe akyuoneproe obuecmso

«Obvedunénnas dgueamenecmpoumenvuas kopnopayus-Camypny
Ip. Jlenuna, 163, Peibunck, 152903, Poccus

OB YPABHEHUHU KOJIUYECTBA JIBUKEHMS J1J151 ABCOJIIOTHO HEYIIPYTOI'O
YIIAPA TBEPJBIX TEJI

AnHoOTAUUSA. J[JIsI OLIEHKU BIMSHUS MPUCOCINHEHHS MACChI ITPY a0COIFOTHO HEYTIPYTOM yaape TBEPIBIX TEI
HA WX XapaKTCPUCTHKH BBIIIOJHEH CpPaBHUTCIbHBI aHAIN3 YpaBHCHHMH KOJMYECTBA [BMKCHUSA IS
B3aUMOJICHCTBYIOIUX MAacC Tra3a U Tell. TeopeTHYeCKHM HCCIICOBAaHUEM IOKa3aHa HEOOXOAMMOCTh yd4é€Ta B
YpaBHEHHH KOJUYECTBA ABIDKCHISI B3aUMOJICHCTBYIOIUX AeopMupyeMbix Tel 3¢ dekra MpUCcOeTUHEHUS MacC H
MOTEPb Ha yAap, TAKKe KaK U JJIs Macc ra3oB. [1oJydeHbl TeOpeTHYECKUE COOTHOIICHHS ISl OTIPEICIICHHS TIOTEPH
Ha yaap. C Mo3UIMH HBIOTOHOBOH MEXaHHWKH IMOKa3aHa BO3MOXKHOCTh BO3HHKHOBCHHS JBIKYIICH CHIIBI Oe3
BEIOpOCa peakTUBHON Macchl, 3a cuér pasHoctu KIIJ| (moteps) B mporeccax OTACICHUS W MPHCOCTUHCHUS
KOJICOJTIOIIEHCST OJTHOM M TO# ke MaccChl , HallpuMep B «HHEPLOUIax». [1oydeHHbIE TEOPETHICCKHE MTOIOKCHHUS
MOTBEPIKIAIOTCSI Pe3yIbTaTaAMH MHOTOYHMCIICHHBIX HCCIICIOBAHUH.

Knouesvle cnosa: ypagnenue KOIUMeCmEd OGUIICEHUS], YPAGHEHUe dHep2ull, nomepu Ha yoap, uHepyouo,
NPUCOeOUHEHHASL Macca, KOIebamenbHblil Npoyecc.
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B mocnennue pecsATMneTHs MHOT'OYHCICHHBIMHU
9KCIEPUMEHTAILHBIMA HCCIIEIOBaHUAMHU
MOATBEPXKJICHa BO3MOXXHOCTH CO3JaHMs TATH Yy
JBIDKUTENEH 0e3 BBIOpOCa MacChl, 4YTO SIBISIETCS
aKTyaJIbHbIM, OCOOCHHO JUII KOCMHYECKOW TEXHUKH
[1]. TpoGmemoii 3mech, OpEKAE BCEro, SBIACTCS
0oOBsICHEHHE JTOro sBiIeHUS Wi Jddexra 6e3
HapyIIeHWs 3aKOHOB coxpaHeHHWsA. [loHmmanme
(hu3KKK Tporiecca BO3HUKHOBEHUS TATH 0e3 BEIOpoca
MacChl  ITO3BOJIMT  Ka4eCTBEHHO IOJHATH  €T0
3¢ ¢dextuBHOCTS. B cymecTByrommx myONMKamusax
NpU3HAETCA 3TO SBJICHHWE, W JENAIOTCS IOIBITKH
00bsacHUTS ero [1]. OqHako y4nThIBas, 4TO Hay4HBIH
MHp HAXOIUTCS B Hayajle MyTH IO3HAHHUS IaHHOTO
SIBJICHUA, 1enecooopasHo BHUMAaTEJIbHO
paccMaTpuBaTh U JAPYTHe BEpCUH, Jake Ha ypPOBHE
THIIOTE3, KOTOPBIE MOTJIM OBl M IOTIONHATH APYT ApyTa.
B cratee paccMOTpeHO OOBSICHEHHE 3TOTO SIBICHHS C
MO3UIMA  HBIOTOHOBOM  MexaHWKH.  [lokaszaHa
HEOOXOAMMOCTh y4éTa B YpPaBHEHHH KOJIHMYECTBA
JBIDKCHUSI B3aMMOJICHCTBYIOMNX  Je(OpMHUPYyEMbIX
TEJl ¥ Macc Ta30B MOTEPH CHIIBI HA yJap (aHAJIOT CHII
TpeHus). Torga mpu pasHBIX NOTEpPSX B IpoIeccax
OTJICJICHHSI ¥ TPUCOCTUHCHUS KOJICOITIOIICHCS OHOM 1
TOW e Macchl (0e3 BBIOpOCa MAcChl) BO3MOXKHO
CO3/laHME€ HEYPaBHOBEUIEHHOMN ABUKYILIEH CHUJIBL.

B npuxkiagHoit ra3oBoil AuHamMuke [2] ais cTpyu
ra3a ¢ y4éToM CWJIBl TpeHHMsS A ceueHuit 1 — 2 ¢
MOCTOSHHOM mnomaapo F u 6e3 coBepreHus paboThl,
B UHTCTpaJIbHOW (OopMe ypaBHEHHE KOJIHUYECTBA
JBIDKCHUS 3aITUIIECTCS TaK:

P2 — P1+ p1 Wi(Wa—wWi) =- Py /F, rie )

p — IaBieHHE; p — INIOTHOCTH; Prp — cuna TpeHwus;
W - CKOpPOCTb rasa.

B cooTHomenun Ui onpenencHus TATH COIa
[3], moryuennbM obmenpuHATeIM 11 BP/] MmeTonom
U3 YpaBHEHUS KOJIHMYECTBA JBI)KECHUs, BBOJUTCS
K03()(UINEHT CKOPOCTH, YUUTHIBAIOIINI BHYTPEHHHUE
MOTEPH, BCIEACTBUE TPEHUS, CKAYKOB YIUIOTHEHHS.

J1s 3’KEKTOPHOTO YCHIINTENS TATH [2], B KOTOpOM
B3aMMOJICHICTBYIOT aKTHBHas (KEKTHpYIOIIas) U
MKEKTUpyeMast CTpyH, B COOTHOIIICHUH,
onpeAessionmM  KodQUIMEHT yBEJIHYSHUS! TSTU
BBezeHo KIIJ[, yuuThIBatommii moTrepu Ha yjaap
B3aMMOJICHCTBYIOIIHNX Macc.

PPo=N(n+1)n, _ (2

rae: P/Po — oOTHOIIEHWE TAT C 3KEKTOPHBIM
ycwiaureneM Tiarm u 6e3  Hero  (ko3dduiment
YBEIMYCHUS TATH);

n = GoGi - oOTHOUIEHHE  PACXOJOB
KEKTUPYEMOTO BO3IyXa M IKEKTHPYIOIIEro rasa
(xoaddurrienT KEKIHHN), onpenensier
MPUCOEIMHEHHE MACCHI ra3a, OBBIIAIOIIEE TATY;

1 - KITJI 3K€KTOPHOTr0 YCUINUTENS TSTH.

CooTHo1ieHue 2) myTéM HECIIOXKHBIX
MaTeMaTHYECKUX MpeoOpa3oBaHUM MOIYYCHO W3
ypaBHEHHsI DHEPTHH:

(G1 + Gz)ws? / Giwi =1,

rze: Wi - CKOpOCTb UCTEUEHHS T'a3a U3 COILIa;

W3 — CKOPOCTb UCTE€UEHUS] CMECHU U3 IKEKTOpA.

[Tpn 5TOM BO3IYX IKEKTHPYETCSl U3 aTMochepsl,
wz = 0.

VYBenudeHue TAry 3a cuéT NPUCOEeTUHEHUS MaCcChl
MOSICHUM Ha CIEAYIOIIEM IpUMepe.

[Ipucoenmuenne BHemHEH Macchl (Bo3myxa W3
aTMocepsl) I YBEIWUYCHHS TATH peajn3yercs,
Hanpumep B TPJJI m 0OycloBICHO CIEAYIOIINMA
OCHOBHBIMH ~TEOPETHYECKUMH MPEANOCHIIKAMU B
YIPOIICHHOH (hopMe.

Vcxonnass KMHETHYECKass SHEPrUst CTPyH Trasa
razoreseparopa TPJI/] mpomnopuuoHanbHa KBaapaTy
CKOPOCTH ¢

W=Gez/2,

rae: G — pacxon rasa;

¢ — CKOPOCTb UCTEUEHUS Ta30BOM CTPYH.

A Tdra rasoreHeparopa IMpONOPIOHAIbHA
CKOPOCTH C

P=CGc

Paccmotpum u3menenue P npu W = const 3a cuét
HPUCOEIMHEHHS MacChl BO3yXa BO

BTopoM KoHType TPIJl (mpu momymenun KII/]
npouecca pasHeIM 1.0). IIpricoeanHeHne Macchl 31eCh
OTIpEAETIETCS CTEIICHBIO JBYXKOHTYPHOCTH.
Bnaronaps 3aBucumoctd W ot ¢?, ysenumuenuwe G,
Harpumep B 4 pasa, npu W = const (Gc? = const)
BBI30BET CHIDKEHHUE € TOJBKO B 2 pasa. T.e. Tsira B nutore
YBEIMYHTCS B 2 paza 0e3 yBEIMUCHNS SHEPTUHL.

4Ge/2 = 2P

B pabotax [2,3], mpencTaBiIeHHBIE COOTHOIICHHUS
¢ yuérom KIIJI mpoueccoB B3auMoaecTBUsI Macc rasa
OpU  TEUYEHUU TMOATBEPKACHBI MHOTOYHCICHHBIMU

OKCIICPUMEHTaMU u HUPOKO HCHOJIB3YIOTCA B
NpaKTUKE.

B o6meit ¢usuke [4] 3akoH COXpaHEHUS
KOJIM4YECTBA JABUXKCHUS JJIsL ABYX

B3aMMO/JICHCTBYIOINX TBEPABIX TEJI (IPUMEM, UTO TEJI0
M2 10 yAapa MOKOUTCS, a TMOCJIE yaapa Tena JBUXKYTCS
BMECTE, a TEIO0 My CTAaHOBUTCS NPUCOCAUHEHHOU
Maccoii) Ipu abCOOTHO HEYTIPYTOM YAApe BBITJISAUT
CJIC/TyIOLITM 00pa3oM:

W1 M1 = W2 (M1+my) wm, Wo (Mi+ma)/ wi mi=1 (3)

[Ipu Heynmpyrom yjape 4YacTh KHHETHYECKOH
SHEPruu MEPeXOAUT B TEIUIO, T.e. KUHETHYecKas
SHEprus yMeHbIaeTcs. TakuM o0pa3oM, 37ech, KaK U
B KEKTOPHOM YycwiuTene TArH [4] 3TO OTHOIIEHHE
KMHETHUYECKUX DSHEPrUd MOXKHO TPHUHATH 3a KIIJ
HEYIIPYToro yaapa

sz(m1+m2)/W12 mi=mn 4

[TpeoOpa3yem 3TO COOTHOIICHHE ISl SHEPTHH B
COOTHOILIEHHE JUIsl KOJIUUYECTB ABMXEeHUH. M3Bneuém
KBaJpaTHBI KOpPEHb U3 JEBOM M MpaBoil wactei
YpaBHEHHS:
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Wzl/(m1+m2)/W11/m1 = 1/77
1 YMHO>XUM Ha
1/(m1 +mz/ m.
HOHy‘-II/IM OTHOIIICHUEC KOJINYECCTBA HBI/I)KeHI/Iﬁ
Wa(Ma+ms)/wy my = N(m+m2)n/ my (5)

HEpaBHBIM 1, YTO NPOTHBOpPEYUT YypaBHEHHIO (3).
JlaHHOE OTHOILIEHHE ONpPEAENAETC COOTHOIIEHHEM
Macc u KIIJI, cooTBeTcTBYET (2), KOTOpPOE MOIYYEHO
TakuM ke obOpasom. Kak wyacTHRIH  ciyuaid
(TOX1EeCTBO), IPU ONPEAETIEHHBIX 3HAUEHUSAX My, M2 U
T OHO MOXeT OBITh PaBHO 1.

CTOpOHHHKH JOCTOBEPHOCTH ypaBHeHHs (3)
JIOKa3bIBAIOT 3TO CIEAYIOIUM 00pazoM:

U3 HEro e OMNPeesIIoT

w2 = mi? wi?/(mi1 + mz)?
1 GOpMUPYIOT ypaBHEHHE SJHEPTHU B BUJIE

w2(m: + mz)/2 = ((mZwié/(m; + mz)?) (m:
+mz)/2 = (mi/(mi+ mz))miwi?/2, rge

my/(my+ my) =1 (6)

[Ipy moACTaHOBKE MJAHHOTO BEIPAKCHUS B
ypaBHeHHE (5) OHO KOHEYHO CTAaHOBHTCS PaBHBIM 1, HO
9TO, KaK IMOKa3aHO BHIIIE, SBISETCS YACTHBIM CIydIacM.

Amnanmu3 BeIpakeHHs (6) mokasbrBaer, uto KITJI

mporiecca  CMCIICHHS oTpenensieTcss  TOJBKO
COOTHOIIEHNEM Macc. T. €. He YUUTHIBAIOTCS BA3KOCTb,
YIpyrocTh Ten, KOTOpEIE OTIPENIeNAIOT

TEIUIOBBIACTICHUE — TIOTEPH MEXaHUYECKOH sHeprun. A
BBIBOJI JJaHHOI'O BBIPAXKECHMSI IIPU 3apaHee 3aJaHHOM

OTCYTCTBHMHM IIOTeph Ha yAap MpeACTaBiIgeTCs
HEKOPPEKTHBIM.
BeiBenieM  cooTHOmICHWE IS ONpEIEIICHUs

BEIIMYMHBI TIOTEPh HA Yap, KaK MOTEePH CHJIBI Ha yIap
Pny (10 ananmorum ¢ cuioi TpeHus) Ui 3KEKTOPHOTO
YCUIIUTENS. TATH M Uil aOCOJIOTHO HEYIPYroro
B3aUMOJCHCTBHS TBEPABIX TEI:

ujealibHas TAra C 3KEKTOPHBIM YCHIIUTENEM

n=10)
Pu=PoVn+1,
TOoTaa
Poy=Pu—P=Po(¥n+1-v(n+1)n)).(7)
ITocnie mpeoOpazoBaHWit OTYUUM:

Py =Po(V(n+1)(1-Vy)

Jnst abCoNIOTHO HEYNpYyroro B3anMOAEHCTBUS

TBEPABIX Ten u3 COOTHOIIICHUS 5):
Wz(m1+m2)/W1m1 = \/(m1+m2)n/ mx MyTEM
npeoOpa3oBaHWi, AHAJNOTUYHBIX JUIA  TOJyYeHUs

cootHomeHust (7), TOIXydInM
OTIpEZICTICHUsSI TOTEPH CUIIBI HA yJap:

ypaBHEHHE I

Poy = wimy (V(mi+mz)/m)(1-V7y),

CrnpaBeUIMBOCTb MOJYYEHHBIX TEOPETHUECKHX
TIOJI0KEHUH TTOITBEPIKAAIOT CIIEAYIOIINE IPUMEDHI:

1. B Teopuu B3pbIBa MNOKa3aHa BO3MOXKHOCTh
YBEIMYEHUS UMITyJIbCa B BO3IyXe, IPUMEPHO, B 3 paza
10 CpPaBHEHUIO C UMIYJIbCOM IpU HCTCUCHHUH
NpPOAYKTOB JeTOHauuuM B BakyyM [5]. 3geck
TIpUCOeIMHEHHAs Macca Bo3ayxa mpumepHo B 40 pa3
TIPEBBIMIACT MACCY MPOAYKTOB JETOHAINH. DTO MOKHO
Ha3BaTh BOJHOBBIM NPHCOETHHEHHEM MaCCBHI.

2. Hayunoe otkpeitme Ne314 [6], cymHOCTBH
KOTOpPOTO, 3aKJI0YacTcsi B TOM, HYTO OOHApy>XeHO
SIBICHUE HEOOBIYHOTO aHOMAJILHO BBICOKOTO TIPHPOCTA
PEaKTUBHOM CHIIBI IPH 3)KEKTHPOBAHUU aTMOC(HEPHOTO
BO3IyXa IyJbCUpYIOLIEH akTUBHOU cTpyeit (no 120-
140 % k ucxonnoii tsre). IlosBnenne storo addexra
CBSI3aHO C pealu3alyeil Mpy onpeaeaeHHbIX YCIOBHAX
0c000i (OpPMBI HECTAIIMOHAPHOTO IBMXKEHUS ras3a C
9)KEKTHPOBAHHEM JOTIOJTHUTEIbHON Macchl,
OTIPEAEIAIONIEH CYIIECTBEHHO MEHBIINE IIOTEpH.
Hay4Hoe 3HaueHNE OTKPBITHA COCTOUT B TOM, YTO OHO
CYIIECTBEHHO PacCUIMPHIIO NPEICTABICHUE O MPUPOJE
(hopMHpOBaHUS HECTAIIMOHAPHBIX TCUCHUH raza.

3. B HHucTuTyTe Mexanuku MI'Y, 8 OKb nmenn

A. JlronmpkM  TIPOBEACHBl  3KCIEPUMEHTAJbHBIC
UCCIIeIOBaHUA ITyJIbCUPYIOLIEro pabodero mporecca
Ha SKCIEPUMEHTANbHOM YCTaHOBKE c

ra3oIMHAMUYECKHM C(epUuecKUM pe3oHaTopoM. B
cepryeckoil  IOJIOCTH, BCJEICTBUE COYIapeHUs
panuaibHBIX CTPYH ra3a MpPOHMCXOAUT BO30YKAEHHE
KosiebaTenpHOro pabodero mpouecca ¢ 00pa3oBaHUEM
CJIOXKHBIX yJapHO-BOJIHOBBIX CTPYKTYP M BOJHOBBIM
MPUCOCTUHEHHEM Macchl [7], o0OecnednBaromuM
TIOBBIIIEHUE TATH. [Ipy 3TOM, YeM BhIIIe TeMIiepaTypa
raza, TeM OoubIne 3QQeKr, T.K. pacTET ero yupyroctsb
Y COOTBETCTBEHHO YMEHBIIAIOTCS MOTEPH Ha y1ap.

4. B TIIAO «OJK-Catypn»  IpOBEAEHBHI
SKCIEPUMEHTANbHBIE M PAacYETHO-TEOPETUYECKHE
UCCIICIOBAaHUA [0 peaju3allid B  PEAKTUBHBIX

JBUTATENAX MyJIbCUPYIOUIMX pabodnx MpPOIECCOB C
NPUCOEIMHEHHEM Macc Ta3a Il KauyeCTBEHHOTO
MOBBIMICHUS WX TATOBOM 3ddextuBHocTH  [8],
00BSICHEHBI u TOITBEPIKICHBI pe3yIbTaThl
uccienoBanuil  [7]. Tlomyuenst 3Hauenust KILJ
MyJTBCUPYIOMINX  KEKTOPHBIX ~ YCHIIMTENCH THTH,
3HAYUTENBHO OOJBINNE, YeM B CTAalHOHAPHBIX
YCHIIMTEISIX TIPH TeX e KOIPPHUIUSHTAX FKEKIHH.

5. M3BeCTHBI MHOTOUYHNCIICHHBIE 3KCTIEPUMEHTHI C
YCTPOWCTBAMH, CO3JAOIIUMHU TATY 0e3 BBIOpoca
peaktuBHOW Macchl [9]. KonmuecTBO MX Tak BEJHKO,
YTO MOXXHO NPUMEHHTH 3aKOH U3 JHAJEKTHKH O
mmepexojie KoJaWdecTBa B KadecTBO. HekoTopsle u3
YCTpPOUCTB HA3bIBAIOT WHEPLOUIAMU. Nx
KOHCTPYKIMS, KaK INPaBWIO MMEET KOJICOIIONLYIOCs
Maccy. 37ech BO3MOXHO CO3JaHHME UMIyJbca, KOrjaa
MOSIBIIICTCSl HEYpPaBHOBEIIEHHAsl CUJIa H3-3a Pa3HBIX
3nauennii  KIIJI mpomeccoB  orOpackiBaHMsS U
MPUCOETUHEHHSI OJTHOM U TOil ke macchl. T.e. JomKHa
OBITH KECTKOCTHAS (YIpyTasi) aCCHMETPHSI.

Iemecoobpa3sHo paccMOTpeTh Kak THIOTE3y
BO3MOXKHOCTh TIPUMEHEHHS MPHUHIUIIA MEXaHH3Ma
WHEepIoWJa JUIA CO3/aHUS JBWXKYIIEH CHIIBI Ha
aTOMapHOM ypoBHE. M3BecTHO, YTO BCE AaTOMBI
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TBépHOFO TCJa COBCPUIAOT TCIJIOBBIC KoJicOaHus.
Mexcay aToMaMu TBépZ[OFO TCJIa UMCKHTCA CUIIbHBIC

B3aUMOJICUCTBHS. Snpo, B KOTOpOM
CKOHIICHTPUPOBaHAa Macca aToMa, KoJieOneTcs B
CHUCTEME:  «AOpO0 -  O3JCKTPOHHAas  00OJOYKay.

ACHMMETPUYHOCTh 3TOM CHCTEMBI MOXET OBITh
co3zaHa 3a cu€t nedopMaIiui JIEKTPOHHONH 000TI0UKH
MarHUTHBIM IIOJIEM MM CMEIICHHEM sApa o[
JEWCTBHEM YCKOPEHHsS. DTO MOJXKET IPOSIBISITECS B
KOCMOCE, TOJNTBEP)KAACTCS  OKCIIEPUMEHTAMH  C
TUPOCKONMYECKUMH  ycTpoiictBamu  [9,10]. B
JanbHEHIIEM MPENCTABIAIOT MHTEPEC: MCCICAOBAHUS
npolecca B3aUMHOTO BIIMSHHUSI COOCTBEHHBIX YacTOT
KoneOaHusl sSAep W BHEIIHEro KojeOaTelIbHOTO
CHJIOBOTO  BO3JCHUCTBUS, a TaKkKe BO3AECHCTBUS
BBICOKOTO JaBJICHHsI, KOTOPOE MMEET MECTO B HeJpax
TUTAHET.
3axiroyeHne

B npuknagHoil ra3oBoi IMHAMUKE B pe3yibTare
MHOTOYHCIICHHBIX HCCIECAOBAaHWN TpH3HAH 3((heKT
YBEIMYCHUS TATU 3a CUET NMPHUCOSANHEHUS] Macc rasa.
CornacHo Hay4yHOMY OTKpBITHIO Ne314 HamOombmImit
3¢ dexT HabIro1aeTCst IPH IyJIECUPYIOIIEM HCTCUCHUH
aKTUBHOH CTpyH, peaJu3ylolleM MUHUMAaJbHbIC
notepu. Ilpy 3ToM B ypaBHEHHMM KOJIHYECTBA
JIBIDKEHUSI YUUTBIBAIOTCS IIOTEPH HA yap.

Teopernuecku  00OCHOBaHa  HEOOXOIMMOCTH
yuéTa NpPUCOEIWHEHHUs Macc, IOTeph Ha yaap U B
ypaBHCHUHU KOJIN4YeCTBa JIBIDKCHUS npu
B3aMO/ICHCTBUH a0COIIOTHO HEYTIPYTUX TBEPBIX TEII.
B 3amkHyTOH cumcreme, ecnu  OyAyT cO3/1aHBI
pa3HOHANPABIICHHBIE W HEPaBHBIE CHIIBI TPEHUS
(motepu Ha ymap), HampuMmep B KoieOaTeTbHOM
Ipolecce Macchl, TO BO3HUKAET HEYPaBHOBCIICHHAs
(mBmxymas) cuima 6e3 BBIOpOCAa PEaKTHBHOW MAacCHl.
OTO MOXET TMpPOSBIATECA B TaK Ha3bIBAEMBIX
CMHEPLIOUIAX). OmnpenemneHsl HEKOTOpHIe
HaIpPaBJICHUS AAIbHEHIINX UCCIEI0BaHUM.
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FREE OSCILLATIONS OF SUSPENDED CONCENTRIC PLATES

Abstract. In the field of plate dynamics, vibrations and waves in various cases are considered. The frequency
of plate vibrations is not analytically expressed. In this paper, we consider the problems of oscillation of concentric
circular plates in various cases of support, including a hinge with an elastic support. The stiffness of the support is
calculated as a function of frequency, i.e. the inverse problem.

AHHOTanus. B obnact nUHAMUKM IJIACTHH PAacCMOTPEHBI KOJICOAHWS W BOJHBI B PA3NMYHBIX CIydasX.
Yacrora Kosie6aHUi ITAaCTHH aHATUTHYECKH HE BRIpaXkaeTcs. B manHOM paboTe paccMOTpEeHBI 3a1a9 KOJICOaHUIX
KOHIEHTPUYECKUX KPYTOBBIX IUIACTHH IPHU PA3IUYHBIX CIy4asx ONHUPAHUA B TOM YHCIIE HIAPHUPHOE C YIIPYTUM
ommpaHneM. PaccanTrIBaeTcs KECTKOCTD OMOPHI Kak (DyHKIIMK YacTOTHI, T.€. 0OpaTHas 3a/1aya.

Key words: oscillations, frequency, radius, stiffness, plates.

Knrouesvie cnosa: xonebanus, yacmoma, paouyc, HECmKocms, NidCHuH.

BBenenue. B Hacrosmee Bpems CyHIECTBYET
6onbpIIOe KOJUYECTBO TEXHOJOTMH, IO3BOJIAIOLINX
CO3/1aBaTh CJIOUCTO-BOJOKHUCTBIE KOMIIO3UTHI U3
NpaKTHYECKH JIIOOBIX HAaOOpPOB  MarepuajioB  C
pasIMYHBIMH  (PU3UKO-MEXaHHIECKUMH CBOHCTBAMH.
MHorocnoiiasle apMUPOBaHHEIE IIOCKUE
KOHCTPYKLIIMH HAXOJAT INMUPOKOE MNpPHMEHEHHE B
pasnMUHBIX ~ 00NAcTAX  COBPEMEHHOH  TEXHUKH:
KOCMHYECKOH, aBHALMOHHOM, KOpablIeCTpOUTEIILHOM;
MNPOMBIIIJIEHHOM, TPaXIaHCKOM M TPaHCHOPTHOM
CTPOUTENBCTBE, XHMHUYECKOM U 3JHEPreTHYecKOM
MammHoctpoeHuu [ 1-6].

B pabote [7] nocTpoeHa MoJieb TUHAMHYECKOTO
MOBEJICHUSA KECTKOIIaCTHYECKHX THOPUIHBIX
CIIOMCTBIX KOMIIO3UTHBIX IUIACTHH CO CBOOOJHBIM
MPOM3BOJBHBEIM  KYCOYHO  IVIAAKMM  BHEUIHUM
KOHTYpPOM M 3aKpEIUIEHHBIM KPYTIIBIM BHYTPEHHHM
OTBEPCTUEM, HIAPHUPHO OMEPTHIM WIIN 3AILEMIICHHBIM,
Ha KOTOpBIE ACHCTBYET PaBHOMEPHO paclpeeieHHas
IO TOBEPXHOCTH KPATKOBPEMEHHAs JAWHAMHYECKas
Harpy3ka BBICOKOH MHTEHCUBHOCTH B3PBIBHOTO THIIA.
ApMupOBaHH€ IUTACTHH BBHIIIOJIHEHO B pagHaIbHOM (TI0
OTHOIIIEHHIO K ONEPTOMY KPYIJIOMY KOHTYpY),
OKpPY>KHOM U yTJIOBOM HampaBieHusx. Cauraercs, 941o
MeXaHHYeCKHe XapaKTepUCTHKH MaTepHaloB,
COCTAaBIIIONINX  CJOUCTBIM  TakeT,  SBISAIOTCS
COpa3MepHBIMH (OTJIMYAIOIIMMKCS He Oojiee 4yeM Ha
mopsiok). [lo ToNmMHE KaKABIH CIIOW  HMeeT
PETyJSIpHYI0 M KBa3HOJHOPOIHYIO CTPYKTypy, Ha
TPaHUIAX MEXJY CIOSAMH BBINOJIHAIOTCS YCIOBHSA
U7I€aJbHOr0 MEXaHUYECKOro KOHTAaKTa. B aToM ciryuae
JUI CIIOMCTBIX IUIACTHH MPUEMIIEMO HCHOIb30BAHUE
TpaauIMOHHBIX runore3 Kupxroda — Jlsasa.

KpyroBsle I1acTHHBI IIHPOKO MPUMEHSIOTCS B
Pa3IUYHBIX OTPACIIX TEXHUKH B Ka4eCTBE pabodnx
HJIEMEHTOB B aBUAaCTPOCHUH, B TPAKIAHCKOM
CTPOWTENBCTBE H JP.

S
<
<

VN

OmnpezencHuo COOCTBEHHBIX YaCTOT KOJeOaHH
KPYrOBBIX IUIACTHH, KaK CBOOOJHBIX TaK H
TOKOSIIIMXCS HA YIPYTOM OCHOBaHUU THNa BuHkiepa,
MOCBSAMIEH psift paboT [8-12]. TodbpKo A CTaTHYSCKIX
3amad 00 m3rube MPSIMOYTOJBHBIX IUIACTHHOK,
JeKAIAX HA YIPYTOM OCHOBAHWU C TIEPEMEHHBIM
KOX(Q(PUIUEHTOM TIOCTETH, W3BECTHHI pelieHus. B
cratbe [13] pacd€r TakuX MIACTUHOK BEAETCS METOAOM
KOHEYHBIX JIEMEHTOB, a B [14] — meTogom ["anépkuna.

B pabote [15] wucciuemoBaHBI CHMMETPUYHBIC
MOTIepEYHbIE KoslebaHus METaJUIOTIOIUMEPHOM
TPEXCIOWHOM KpYyrOBOM ILIACTHHBI, CBSI3aHHOU C
YOpYTMM OCHOBAaHHMEM, IpH TemioBoM yaape. s
BHEIITHUX CJIOCB IPUHUMAIOTCS TUOTe3bl Kupxroda, B
JIETKOM  3allojiHUTeNle  JIe)OPMUpPOBAaHHAs HOPMallb
OpsIMOJIMHEMHa W HEC)KMMaemMa 1O  TOJIIIHMHE.
[Tomy4yeHpl aHANMUTHYECKUE PEIICHHS, MPOBEICH HX
YHCIICHHBIH aHAJH3.

B nmanHOi1 pabote paccmaTpuBaroTcs cBOOOIHBIC
KoJIeOaHus TIOJIBEIIICHHBIX KOHIICHTPHYIECCKIX
mractiH. [lo KOHTypy HMeeT MecTO MIApHHPHO
3aKkpemyieHre. B 3To ke BpeMs HIapHUP OMUpaeTcs
yapyro.

Ou4eBuHO BUJ MOJBECKH OYJET CKa3bIBaThCS a
yacToTy Koyiebanuii. Ha mpakTuke 3akperuieHue
TUTACTUHBI ~ MOXKET  OKa3aThCsi  OTIMYHBIM  OT
TUTAHUPYEMOTO U TMOATOMY HEO0OXOIUMO 3HaHHE Kak
BIMSIET 3aKPEIUICHUE HAa YaCTOTYy KOJIeOaHUH.

Heas paGorbl - W3y4aTh  KOJICOAHUSIX
KOHIICHTPHYECKUX IUIACTHH MIAPHUPHO 3aKPEIUICHHON
0 KOHTYPY H YIIPYTO OMHpaHIE.

ITocTranoBka 3agaumn.

KoHueHTpHYecknx  IUIACTHH  IIAPHHPHO
3aKpelieHa M0 KOHTYpPY M YIPYro omnupaercs

(puc.1.)

= VAN
s AVANAN

Puc.1.
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CIEeKTp  4YacToT  TpaduKd,  4YTO  YHpoLIaer 8. PomanoBa T.IL MonenupoBaHue
HCCIIeIOBAHUE, B TOM YHCIIE OMPENCICHIE YaCTOTHI. JIMHAMHYECKOTO u3ruba KECTKOIIACTHYCCKOM

3Hasi COOCTBEHHBIX YaCTOTHI KOJIEOaHUI CHCTEMBI,
MOXHO MPEIOTBPATUTH PE30HAHCHOE COOBITHE.

VY4éT n3ydeHHBIX SBICHUI PEACTABISIET HHTEPEC
JUI NPUMEHEHHUS Ha MPaKTUKE.
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ARTIFICIAL INTELLIGENCE IN PROBLEMS OF DIAGNOSTICS OF ACUTE POISONINGS
(USING AN EXAMPLE OF DIFFERENTIAL DIAGNOSIS OF CARBON MONOXIDE POISONINGS)

Abstract. Differential diagnosis during acute poisonings with chemical substances was and remains one of
topical problems of toxicology. This paper treats chemical substances for which time is the predominant factor of
consequence prevention, especially in cases of rendering the first prehospital aid. The training of quick actions in
medical personnel brought to automatism is topical just in these cases of urgent therapy. Let us note that such
chemical substances as carbon monoxide, cyanide, tranquilizers, antihistaminic substances and salicylates
manifest themselves through identical symptoms in prehospital practice.

The aim of this research is the development of a system of differential diagnosis and decision making for
poisonings with similar substances, i.e. rendering the urgent aid. The problem becomes complicated in those cases
when diagnosis is made on the basis of clinical manifestations on the site of occurrence, especially if a patient is

in a comatose state.

As material to be researched are taken data accumulated throughout 2006-2018 which are presented by the
Central Ambulance and Emergency Station of Baku city. Currently knowledge-based information technologies
can become the most important consultant tool for rendering the first aid and resolving diagnosis problems.

Keywords: carbon monoxide, differential diagnosis, neuronal network, antidote therapy, first prehospital aid.

1. Introduction. Problems of diagnostics in
medicine can be correlated to the class of weakly
structured and poorly formalized tasks, that is, tasks
whose solution lies in the plane of the theory of
artificial intelligence, where knowledge is actively used
along with digital and tabular data. In this aspect, it is
required to clarify what is meant by the term
“knowledge”. In the theory of artificial intelligence,
knowledge is, above all, information. It describes
properties, and relationships of the studied processes in
the subjective (man) and objective (science)
expressions. The foundation of artificial intelligence
systems is knowledge, on the basis of which data are
processed and decisions are made through a logical
inference machine. To represent knowledge, first of all,
concept of internal interpretation, the definition of
external and internal structure of data connections, etc.
are necessary. Based on the concept, knowledge can be
presented formally (on the basis of propositional
calculus and predicate calculus), in formally (semantic,
relational), which include production models, semantic
networks, frames. There is also the third type of
representation, the so-called integrated, which

combines various types of knowledge representation.
In case of deterministic knowledge, the above models
are quite successfully used in diagnostics problems. But
often, especially in pre-hospital practice, we are
confronted with non-deterministic information. This
situation is usually associated with vagueness,
inaccuracy, uncertainty of available information,
ambiguous interpretations of phenomenon,
unreliability or incompleteness of information.
Representation of knowledge can be difficult even in
case of non-determinism of the procedures for the
derivation of decisions, etc. [1]. In these cases, the
methods of representation of fuzzy knowledge are used.

There are a large number of problems in medicine,
where artificial intelligence methods are successfully
used today. Most of them operate online (of course,
here we exclude test programs), which has its
undeniable advantages. In our work, we touch upon the
area of medical diagnostics in which time is the
dominant factor. These include the tasks of toxicology,
especially in terms of acute poisoning, for example,
poisoning with carbon monoxide, cyanides, ethyl
alcohol, etc. Given laboratory tests, the possibilities of
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medical intervention are quite extensive, and it should
be noted that in many cases these problems find a
positive solution. The task is complicated in cases when
the diagnosis is made on the basis of clinical
manifestations at the place of the accident, especially if
a victim is in a comatose state. The article deals with
the cases of those acute poisonings, the clinic of which
in pre-hospital cases appears quite similar. There exist
a lot of conditions to be taken into consideration during
differential diagnosis of carbon monoxide poisonings.
The earliest symptoms, especially from the action of
low levels, are frequently non-specific and can be easily
confused with other diseases as a rule, grippe-like viral
syndromes, depressions, chronic fatigue syndrome,
chest pains, migraines, toxic poisonings with alcohol
etc.. CO was termed “a great imitator” due to a variety
of manifestations and for this reason it is necessary to
perform differential diagnosis when carbon monoxide
poisoning is suspected because prelaboratory clinic of
CO poisoning is similar to poisonings with many toxic
substances. For example, these include poisonings with
carbon monoxide, cyanide, tranquilizers,
antihistamines, salicylates. The paper treats the
problem of elaboration of an intelligent system of
differential diagnosis and rendering emergency aid in
in case of poisonings with the above-mentioned
chemical substances.

2. Review and literature analysis. As far back as
1994 R. M. Rigelman in his publication “How to Avoid
Therapeutic Errors. The Book of a Practitioner” noted
that only conducting information systems would help

to avoid errors in diagnosing diseases which are
differentiated ambiguously. The said diagnosing errors
take place due to:

a) frequently encountered diseases which have
atypical signs;

b) signs attributed to a certain pathology to which
they do not relate at all and “chameleon” diseases
bearing the mask of other pathologies;

c) the presence of rare diseases

Proceeding from this view Duke V.A. in the work
“Data Mining Technology in Medico-biological
Researches” [2] demonstrated on the example of
ultrasonic cardiogram how it is possible to forecast the
length of life of a patient suffering from cardiac
insufficiency, making use of informationally
significant data. For prognostication an expert system
based on production rules, is offered. In [3] the authors
state that carbon monoxide poisoning (CO) is the
widespread cause of toxicological morbidity and
lethality. Myocardium injury is a frequent sequence of
carbon monoxide poisoning of medium and high
severity. On the basis of studies conducted for many
years it is concluded that myocardium injury is often
observed in patients hospitalized due to carbon
monoxide poisoning of medium and high severity and
represents a meaningful predictor of lethality.

Researches of the last few years have shown that
the problem of CO poisoning still remains burning.
Below we will display official data on poisonings in
Germany over a period between 2010 and 2016 [4,5].

Table 1.
Information table of carbon monoxide poisonings in Germany
2010 2011 2012 2013 2014 2015 2016
Total number 4171 3914 4302 3960 3764 3981 3611
Number of deaths 481 494 582 514 594 648 -

Extensive researches for studying pathogenesis
and prognosis of situations of carbon monoxide
poisonings are under way at the Pittsburgh Institute of
Heart, Lungs, Blood and Vascular Medicine. So, in [6]
the authors comment that CO poisoning affects 15000
persons a year in the United States. In this work of
interest to us is the fact that they draw attention to the
management of patients requiring the revealing of
concomitant medicine takings, especially under
conditions of premeditated poisoning, toxic gases’
action as a result of fire during inhalation.

In the United States are observed most of
poisoning events in January month and in the state of
Nebraska [7,8]. In 2000-2009 are observed 68,316 of
carbon monoxide poisoning patients; 30,798 (45.1%)
were provided on-site aid and

36,691 (53.7%) patients were treated in hospitals.
34,386 of poisoning patients are women, 30,257 are
men. In spite of these quantity of poisoning persons has
decreased: in 2006-0.31%, in 2009-0.24%. In 2000-
2009, 16,447 death events are registered [9,10].

In the 10 years between 2001 and 2010, identified
5312 total admissions to hospital for CO poisoning in
England, of these 47% (2500 admissions) were for
accidental poisoning [11].

On the strength of real data observed in the course
of eight years on information intelligent system of
differential diagnosis of carbon monoxide poisonings is
proposed in [12], its decision-makes is based on
Bayes’s statistical method which was successful in
differentiating poisonings with such chemical
substances as CO, aniline, atropine, barbiturates,
codeine, dichloroethane, ethylene glycol, pachycarpa
hydroiodide, isoniazid, ethyl alcohol, phosphorus-
orgonic substances. The method was ineffective in
differentiation of CO poisonings from those with the
chemical substances treated in this paper — the method
did not take into account the specificity of clinical pre-
laboratory symptoms. Emphasis in [13] is put on the
organization of monitoring for persons subjected to CO

poisoning.
The review of literature related to carbon
monoxide  poisonings has demonstrated that

contemporary information technologies have not yet
found the required use. More often are encountered
papers applying probability theory and mathematical
statistics, knowledge-based expert systems are
mentioned less frequently.
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3. Formation of data. The solution of the problem
is carried out in stages, for which it is necessary to solve
the subtasks in the following sequence.

25

Task scheduler

v

Collection and systematization of clinical
parameters to laboratory studies

v

Choice of mathematical tool

v

Development of the system architecture

v

Choice of the program language

v

Antidote therapy

v

Development of the software and system testing

Fig.1. Stages of development of intelligence system

At the first stage, the scheduler determines the
level of difficulty of the task, its division into dependent
and independent blocks, the identification of
knowledge and communication with experts (in our
case with emergency and urgent care doctors),
programmers and system testing conditions.

As the material under research were employed
data collected throughout 2006-2019 and presented by
the Central Ambulance and Emergency Station and
Clinical Hospital Nel of Baku city (table 2).

Table 2.

The number of calls due to poisonings with carbon monoxide in Baku city

41 38 38 48 69 121 127 118 105 137 77 42 56 46
77 159 154 8 106 135 192 126 161 201 177 139 138 152
47 26 36 41 42 8 109 8 139 74 94 84 S 75
57 64 88 483 118 137 151 132 76 116 183 195 202 188
20 103 186 122 129 221 237 178 187 185 100 71 86 95
- 40 63 54 64 123 171 200 197 175 159 100 112 154
53 70 217 129 190 316 395 378 371 419 493 352 345 393
- - 9 17 26 36 63 78 114 106 94 89 147
34 33 50 62 70 141 141 193 185 185 199 156 162 186
30 43 111 72 107 147 221 202 158 177 271 189 241 229
42 83 83 86 98 115 232 145 206 166 139 110 114 105
401 659 1044 788 1010 1567 2012 1823 1863 1949 1998 1532 1602 1770

Data collection and systematization is carried out
on the basis of scientific medical literature, the
knowledge of specialists and real medical records of

patients. In the course of the work, 19 primary
symptoms were identified which accompany the
indicated poisonings in complete absence of laboratory
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tests and other studies, on the basis of which asummary  uncertainty associated with the minor severity of the
table 2 presented below was developed. The following ~ symptom, which, in turn, strongly depends on the

notation are used in the table: + - mandatory presence  subject (age, weight, accompanying diseases,

of a symptom in the case of this hypothesis; + -  conditions of poisoning, etc.).
Table 3.
Summary Table of Primary Symptoms
Chemical substances
Ne SYMPTOMS Carbo_n Cyanide Tranquizers Antihistamines Salicylates
monoxide

1 Myosis + + + + +
2 Mydriasis + + + + +
3 Pupils play + + + + +
4 Myofibrilla N N N N N

synchronous
5 Myofibrill_a N N N N N

asynchronic

Hyperkinesia of
6 horeodic type * * " " i
7 | Rigidity of occiput muscles + + + + +
8 Asynchronous cramps + + + + +
9 Epileptiform convulsive n L . N N
states
10 Skin sweating + + + + +
11 Skin dryness + + + + +
12 Sharp cyanosis of skin + + + + +
13 Skin hyperemia + + + + +
14 Skin marbling + + + + +
15 Bradycardia + + + + +
16 Tachycardia + + + + +
17 Paralysis.of breath while + N N N N
maintaining reflexes
Paralysis of breath only

18 | against on the background + + + + +

of areflexia
19 Bronchorrhoea + + + + +

This option is practical for reliation simple  Considering the above said, we introduce the variables
diagnostic models, in terms of mathematical precision.  ; in the form of <name of the symptom / degree of
The network model that allows communication in the  belonging>. Then each symptom s; can be represented
form of a graph, "hypothesis-symptom™ identify by the following expression
addiction. As can be seen from table 3, with the

exception of a few symptoms, most of them are Hi1/symptom exists
characterized by uncertainty. Unlike [12], where the Hiz/expressed strongly
authors estimated the presence of the symptom and its s = Hiz/expressed moderately
insignificant manifestation by the same magnitude, we ' Hia/expressed weakly
offer a slightly different attitude based on the Hisyis felt
experience and intuition of the experts. The solution of Hie/is absent

the problem in these conditions is seen in the
application of the weighted belonging of the sign
(symptom) introduced by L. Zadeh [14]. The value of
the membership function shows with what degree of
accuracy a symptom corresponds to the fact.

For example, for the symptom “mydriasis” pij are
given as tab.4, where i (1-6) are linguistic variables, j
(1-5) are chemical substances.
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Table 4.
Fragment of the formation of linguistic variables for the symptom “mydriasis”
Ne | Linguistic variables (i) . Chemj gal subst_ar?ces (j-) ;
- CO, cyanide, tranquilizer, antihistamines, salicylates
1 Exists 1,00 1,00 0,77 1,00 1,00
2 Expressed strongly 0,78 0,82 0,43 0,81 0,69
3 Expressed moderately | 0,54 0,47 0,30 0,557 0,48
4 Expressed weakly 0,22 0,25 0,21 0,33 0,20
5 Felt 0,06 0,02 0,01 0,01 0,01
6 Absent 0,00 0,00 0,00 0,00 0,00

Similar tables are prepared for all 19 symptoms.
Thanks to the introduced linguistic variables, it
becomes possible to conduct a more accurate
differential diagnosis.

4. Methods. It is logical that in modern realities,
knowledge based information technologies can become

the most important consultant for solving the problem
of diagnosing and providing primary care. Bringing in
artificial intelligence methods, soft computing, creating
databases can be invaluable in solving this task.
Conceptionally, the solution of the problem can be
presented as in Fig.2.

Formation of primary

information
Block to Decision- Al
pre-hospital Information processin »  making thera
data P g block d

Information analysis

Fig.2. Conceptual model of primary care

To solve the problem, it is proposed to build a
neural network with 114 inputs and 5 outputs on the
second layer (Fig. 3).

The system is trained according to the algorithms
of Levenberg-Marquardt [15].

114 inputs are due to possible manifestations of 19
symptoms (for each symptom, assessments similar to
the presentation of the symptom in Table 3) are
determined. The second layer gives a numerical
estimate of possible poisoning with a specific chemical
substance. Information is transmitted to the decision
making block.
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Fig.3. Neural network structure

The following cases are possible in the decision
making block:

» If D>>D; for i# (ij=1,2,3,4,5), then D; is
accepted as a solution;

» If D; is close in value to one of D, then:

a) in the presence of symptoms of stiffness of
occiput muscles and respiratory paralysis while
maintaining reflexes the answer is D; = carbon
monoxide;

b) in the presence of symptoms of myosis and
respiratory paralysis only against the background of
areflexia, the response is Di = cyanide;

¢) with the obligatory presence of symptoms of
mydriasis and hyperkinesia of choreoid type against the
background of weak presence of dry skin and
tachycardia, the answer is D; =tranquilizers.

d) in the presence of myosis, choreoid
hyperkinesia, dry skin and the dominant symptom of
tachycardia, the answer is D; = antihistamines;

e) in the presence of mydriasis, asynchronous
convulsions and skin hyperemia, the answer is D; =
salicylates.

The decision making block transmits the answer to
the next block, the antidote therapy block. In tab.5 is
given a fragment of primary care.

Table 5.

An example of antidote therapy in urgent and emergency care

Ne Name of substance

Antidote therapy

Carbon monoxide

Oxygen inhalation, hyperbaric inhalation

2 Cyanide (acid)

Sodium nitrite (1% solution), natrium thiosulfate (1% solution), methyl
ethylene abs. (1% solution)

3 Tranquilizers Bemegrid (0,5% solution)
4 Salicylates At methemoglobinemia — methyl abs. (1% solution), vitamin C (5% solution)
5 Antihistamines Pilocarpine (1% solution), Physostigmine (0,1% solution)

Preparations for antidote therapy are enumerated
in table 5 as an example, corrections are possible

considering modern
pharmacology.

stage of development of
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Discussion. With regard for complicated nature of
CO and similarity of its pre-laboratory clinic to many
other diseases, especially to poisonings with toxic
substances, comparative tests were conducted for
differential diagnosis of poisonings with carbon
monoxide and chemical substances which could be

0.8

0.6

Fy

0.2

0 B

differentiated from it with various degree of accuracy.
For example, using Bayes’s method on the basis of pre-
laboratory symptoms of poisonings with carbon
monoxide, barbiturates and dichloroethane were

obtained results analogous to the graphs displayed in
Fig.4.

co

- ——
d -—-h"_'-d —m— Barbituratzz
0.4 / 4 Dichlorosthans

= Symptoms

1234567 8 910111213141516171819

Fig.4. Differential diagnosis of poisonings with CO, barbiturates and dichloroethane

As is seen, starting from the third symptom the
probability of carbon monoxide poisoning p is equal to
0,8 and more as the differentiation from these chemical

L 1

substances is distinct. Now we will conduct an
experiment with another group of substances. The
result is displayed in Fig.5.

P
0.8
0.6 == CO
—8— Tranguilizers
04 Antihistamines
0.2 = Galicylates
—s— Cyanides
] * Symptoms

1 234567 8 9510111213141516171819

Fig.5. Differential diagnosis of poisonings with CO, tranquilizers, antihistamines, salicylates and cyanides

As seen, differentiation of poisonings with
tranquilizers, antihistamines, salicylates and cyanides
goes ambiguously and not clearly. An attempt to solve
this problem with the help of neuronal networks was
made in [6]. But it was not taken into consideration that
the presence of a symptom does not yet determine the
degree of its presence in a particular poisoning. The
introduction of a linguistic variable has significantly
increased the reliability of diagnosis.

6. Conclusion. The paper treats chemical
substances for which time is the predominant factor of
consequence prevention, especially in cases of
rendering the first pre-hospital aid. A class of toxic
substances with similar symptoms during pre-hospital

period is discovered which complicates poisoning
diagnosis. It is proposed to develop a neuronal network
and train it using Levenberg-Markquardt algorithms.
Analysis of possible responses of the network
performance is made. The output of the system is a
recommendation of antidote therapy in the conditions
of the first and emergency aid. The system was tested
on case histories of real patients, the coincidence with
diagnosis after laboratory investigations amounted to
94% on the average. The diagnosis reliability went up
by 3-5% as compared to results obtained in [6].
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DEVELOPMENT OF GAME TECHNOLOGIES FOR THE COURSE "BIOORGANIC CHEMISTRY"

Annortanus. Llensio paboTsl ObII0 pazpaboTaTh 00yJAONIE U KOHTPOIUPYIOIINE TUNAKTHICCKUAE UIPHI IO
6PIOOpFaHI/I‘I€CI(OI71 XUMHUHU Ha OCHOBC KOMHL}OTepHOﬁ nporpaMMbl. OCHOBHOM YacTBIO HAIIIETO HCCIICAO0BAaHUA
SABHJIOCH TO, YTO HeO6XO,ZlI/IMO OBLIO pa3pa60TaTL MCTOANYCCKHUC YKa3aHHUA COACPIKAHUC AJITOPUTM COCTABJICHUA
JAUJAKTUYCCKUX UI'P, CO3AaTh U COCTABUTL CaMU 3aJdHUA, AJI 3aJIMBKU B KOMIIbIOTCPHYIO IPOrpaMmy, NIpOBECTU
anpoOaIuro 1 aHaJIN3 HaIled padoTHI.

Abstract. The aim of the work was to develop educational and control didactic games in bioorganic chemistry
based on a computer program. The main part of our research was the fact that it was necessary to develop guidelines
for the content of the algorithm for composing didactic games, create and compose the tasks themselves, for filling

into a computer program, to test and analyze our work.

Kurouesvie cnosa: oudaxmuueckue uepel, 6MOOpZGHM'-t€CKd}Z XUMUA, y2./l€60()bl, ucpoevie mexnoiocust,

Xxumuuveckoe 06pa30661H14ﬂ, anleopumm.

Key words: didactic games, bioorganic chemistry, carbohydrates, game technology, chemical education,

algorithm.

BBenenme. B Hacrosimiee BpeMs IO METOIHKE
TIPEToJaBaHKs TOTO WITH HHOTO IpeaMeTa pa3padoTaHo
0O0JBIIOE KONMYECTBO METOJIUICCKAX PEKOMEHIANNH,
HO OJHAKO KaK TOBOPUTCS «HET Tmpeienaa B
COBEPIICHCTBOBAHMM», M MBI B CBOed pabore
MOMBITAIUCH MTPUMEHUTh HWIPOBBIC TEXHOJOTHH IMPHU
mojaue Marepuasia no OMOOPraHUYEeCKOH XUMUH, T.K.
MpY OCBOCHHUU HOBOTO MaTephajia OIHO M3 TJIABHBIX
MECT 3aHHUMAIT JUAAKTHYCCKHe Wrphl. I[loyemy
UMEHHO «IUAakTHieckue urpb»? Ha a3tor Bompoc
MOXXHO OTBETHTh TaK - TaKHE WIPHl IO3BOJSIOT
pa3BuUBaTh  TBOPYECTBO, TepHeHHE, Tpyd. Y
oOyuJaromerocs BBIpa0aThIBACTCS CIIOCOOHOCTH
CaMOCTOSITEIFHO ~ MBICJIHTh,  COCPEJOTOYCHHOCTH,
BHHUMATEIBHOCTh B BOCHIPUATHH HAyYHOI'O MaTepHalia,
yCWIMBaeTCs cTpeMiieHHe K 3HaHusIM. OOydeHue B
BUE€ WIPHI JOMOJHUTEIBHO CHHMACT y YYaIl[UXCs
MCHXOJOTMYECKOE HANMPsDKEHHE W CTpax mepen
«TPYIOHBIM W HEHM3BCIAHHBIM», Ha MEPBBIA B3I,
y4eOHBIM  MaTepuajoM,  CIocoOCTByeT  Oolee
OBICTPOMY H JIETKOMY YCBOCHHIO HH(POPMAIIUH.

Eme onmauM He MaloOBaXHBIM (DaKTOpOM
NPUMEHECHUSL JUAAKTHYECKOH UIrpel B y4eOHOM

mporecce ABISIETCST TO, YTO OOydarommecss B XOJe
COBMECTHOI MOATOTOBKH, OOCYXIICHHS, MPOBEICHUS
UTPHl BBIPAOATHIBAIOT KYJIbTYpY OOIICHHMS, ydarcs
paboTaTh B KOHTAKTE C JPYTUMH, IPEOJ0JIEBAIOT CBOU
KOMIUIEKCBI, OJHHMM CJOBOM YJyYIIAlOT CBOIO
KOMMYHHKa0IbHYI0 KOMIIETEHITHIO.

[TpoGnema Halero uccie10BaHus 3aK/II04YalIach B
MOMCKaX MO3HABATENBHBIX MEJarOTHUECKUX CPEICTB, a
TaK k€ CTUMYJIHMPOBaHHE 00YYaIOIINXCS K aKTUBHOMY
1 CaMOCTOSITENEHOMY polieccy 00ydeHUs..

[Tpu BBIMIOIHEHUN AaHHOI PabOTHI MBI ITOMHUIIH,
YTO JUJAKTUYECKUE UTPBI, B YACTHOCTU MO XUMHHU, HE
SIBIISUIMCH HEKMM pa3BI€UEHHEM WM OTABIXOM BO

BpeMs 3aHATUA. IIpouecc o0yueHHs
(byHmaMeHTanbHOW HAyKH TaKOW, Kak XUMHS
HEBO3MOXKHO IpPEBpPaTUTh B Urpy. MbI mocrapaiuch
HCTIOJIb30BATh JIUJTAKTUYECKUE WUTPBI Kak
JIOTIOJTHATEJILHOE  CPEACTBO  NpH  OOBSICHCHHH

ompeneneHHbIXx TeM. [loBelmenue 3¢hheKTHBHOCTH
0o0y4deHHsI JOCTUranoch Oxarojgaps TpPeM OCHOBHBIM
(GYHKIOMAM WTp: 3aHUMATENIBHOHM, BOCIWTHIBAIOLIEH,
JUIAKTUYECKON U pa3BUBAIOIIEH.
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AKTyaHLHOCTL JaHHOI'O HUCCIICAOBAHUA
3aKJI04acTcse B TOM, UYTO IMPUMCHCHUC UIPOBBIX
TEXHOJIOTUM Ipu U3YyUCHHU Kypca ((BI/IOOpFaHI/I’{eCKaH

XEMHES, OpUIacT nporeccy o0yueHus
IMOLMOHANBHBIA OKpac, 3T0 OyJeT CrnocoOCTBOBATh
Obonee  addexkTHBHOMY  yCBOGHHIO  yd4eOHOro

MaTepuaia. B oTnmumm, oT pa3BieKaTeIbHON (OPMEI
UTPbI, TUIAKTUYECKas UTPA UMEET 3aByalHpPOBAHHYIO
KOHEYHYIO0 II€lb, YTO CHOCOOCTBYET MOBBIIICHHUIO
Ka4ecTBa 3HAHUS.

Heabo  Hamero  wucciaeAoBaHHsi  ObIIO
pa3paboraTh OOydYammie ¥  KOHTPOJIUPYIOIIHE
JUJaKTUYECKUE UIPBI 10 OMOOPraHNYEeCKOH XUMUH Ha
OCHOBE KOMIIBIOTEPHOIl MPOrpaMMBl.

Metoauka ucciaenoBanusi. OJHUM U3 peIICHUI
COBPEMEHHBIX 33/1ad XUMHYECKOro o0pa3oBaHus,
MOCTABJICHHBIX TIepes OOYYaloIIMMH, CBs3aHa C
YCOBEPIICHCTBOBAHUEM  CPEACTB  OOy4YEHUS U
METOJlaMH MX HCHONb30BaHUs. OOyuarommi OIKeH
YETKO OCO3HABATh AWAAKTHYECKOE HA3HAYCHUE HIPHI,
it 3 (HEeKTUBHBIX PENICHUH, MOCTABICHHBIX IEepen
o0ydeHuneM 3a1ad.

JunakTHaecKuMu TpeOOBaHMAMH K HIPOBBIM
TEXHOJIOTHSIM OTHOCSTCS CIIEAYIOIINE IpaBuiIa;

1. mpaBuio coIManbHON OPUEHTHPOBAHHOCTH
XUMHYECKOTO 00Y4EHHS;

2. TpaBWIO COBMEIICHUS TPHEAWHON LEIn
00pa3oBanus (00yueHsI, BOCIIUTAHHS 1 00pa30BaHus);

3. IIPaBUIIO COBOKYITHOCTH mporiecca
npernofaBaHdss W OOydeHHS B XHMHYECKOM
00pa3oBaHUH.

Kaxxmoe W3  BBIIIENEPEYHCICHHBIX — HPaBHII
NperBSBISCT  ONpEAeieHHble  TpeOoBaHWS K
XUMHYECKOMY oOpazoBanmio [1]. O0mue TpedoBaHwMs,
KOTOpbIe HCXOIAT M3 Oojiee OOOOIICHHBIX MpPaBHUI
nporecca 0Oy4YeHUs, Ha3bIBAIOTCS JAWAAKTHUECKHUMHU
TpeboBanusiMu. JlumakTndeckue TpeOOBaHHUS — 3TO
HavyallbHbIE MOJIOKEHUsI, OCHOBBIBAIOLIHECS HAa OOLIMX
MpaBUJIax Ipouecca 00ydeHus, 1 Ha OCHOBE, KOTOPBIX
CTPOUTCS XUMHYecKoe oOyueHue. JlumakTudeckue
TpeOoBaHMSI B OOY4YEHMHM  XHMHH,  BBITJISAAT
CJISTYIONIMM 00pa3oM: HAayYHOCTb, HaIlpaBIEHHOCTS,
CHCTEMHOCTb,  CHCTEMaTHYHOCTb,  JIOCTYIHOCTb,
HalJIAHOCTh,  JEHCTBEHHOCTh,  BOCIIMTBHIBAIOLIEE
oOydeHue, pasBHuBaioliee OOydeHWE, MHTETpanus M
mupdepenmmanus  [2].  TpeOoBamme HaydHOCTH
mpesrnonaraeT coboil B3aMMOCBSI3b M COOTBETCTBHE
MEXJy WIrpoBOM  TEXHOJOTMEH U  MPEAMETOM
OroopraHmYeCcKOn XUMUHU. TpeboBanue
HAINpaBJIeHHOCTH TOBOPUT O TOM, YTO Ta WM HHAs
WTpOBasi TEXHOJIOTHWSI WM Jro0ast npyras ¢dopma
MO3HABATEIFHOW JIEATENIFHOCTH JOJDKHA OTBEYaTh
OIpeZieJIeHHOMY OOIIECTBEHHOMY 3aKa3y, M jaiee
paspemars 3aJa4yu, MOCTAaBIECHHBIE TEPe]] COLIMYMOM.
3agauMm  TaKOro  Xapakrepa, Kak  3THYECKHE,
9KOHOMHYECKHE, KyJIbTYpHBIE, 3CTETHYECKHE,
TYMaHUTapHBIE, COLMOJIOTHYECKHE, IKOJIOTHIECKUE U
T.1.  TpeboBaHWE  CHCTEMHOCTH  MpEIIONaraer
COBOKYIIHOCTh BCEX HCIIOJb3YEMbIX KOMIIOHEHTOB
o0OyueHus XUMUH, LEJIOCTHOCTh oOyueHwus,
BOCIIMTAHMsI W Pa3BUTHS, YYCHUS] M OOydeHHs, BCeX
BUAOB OOydYeHHs, TEOPETHYECKOr0 MaTepuasa |

MIPaKTHYECKOTO NPUMEHEHHSI. TpeboBanue
CHCTEMaTHYHOCTH BOUpAeET B ceOsl BCE COCTaBIISIOIIHIC
XMMHUYECKOTO 00pa30oBaHUs U pealiu3yeT JIOTHYECKYIO
CBSI3b MEXIY BCEMH KOMIIOHEHTaMH HAyKH XUMUHU.
TpeboBaHue HOCTYNHOCTH T'OBOPHUT O TOM, 4YTO Yy
KaXJ0ro O00ydaromerocss ecTb CBOM JINUHOCTHBIE
NICHXOJIOTUYECKUE OCOOCHHOCTH M HSMOLMOHAIBHBIH
YPOBEHb Pa3BUTHA, KOTOPBIH HEOOXOIMMO YUUTHIBATH
IIPH COCTAaBJICHUH ITO3HABATEJBHBIX TEXHOJIOTHH, TaK
e TomOMpaTh IMOCHWIBHBIM 00beM HHGOpMAnuu W
comepkanue TnpenaMera. TpeOoBaHHE HarJSAIHOCTH
npenroyiaraeT HaJIuYhe BepOAIBHBIX XHMHYECKUX
00BEKTOB, Harpumep, WILTIOCTPALMH,
[IAPOCTEPXKHEBBIX MOJIENIC, W MNpPOYMX OOBEKTOB,
KOTOpBIE TO3BOJISIIOT JaTh HATIJISAIHOE MPECTaBlICHHUE
0 XUMHUYECKUX MOHATHAX. TpeboBaHue 1eHCTBEHHOCTH
TpaHcOPMHUPYET TEPEXOa OT TEOPETUUECKUX 3HAHUN
B UICH, MBICIH U YOSXKICHHUS, BO BpeMs aKTUBHOI'O
B3aMMOJICHCTBYS IIPENojaBaTeNsi M O0ydYaromerocs

[3]. TpeOoBaHWe BOCHHTHIBAIOUIETO  OOYYCHHUS
O3Ha4aeT ¢dbopmupoBanue JTUYHOCTH,
COOTBETCTBYIOIIEH BCEM COIIMAITBHBIM u
HPaBCTBEHHBIM TpeOOBaHUIM o01ecTna,

(hopMHpOBaHUE JINYHOCTH, OTBEYAIOIICH KYJIBTYPHBIM
U JyXOBHBIM HOpMaM. OTOT YPOBEHb JOCTHUTAeTCs

IIOCPEICTBOM ~ PEIICHUS 3a4ad  JKOJIOTHYECKOro,
MHPOBO33PEHYECKOT0, 9KOHOMHYECKOTO,
ICTETHYECKOro M JAp. Xapakrtepa. TpeGoBaHue

Pa3BUBAIOIIETO OOYYEHHUS pealu3yeT H3MCHCHHUS B
CO3HAHUHM OO0ydYarIerocs, ero MbICIeH, WaeH,
VKpeIUIIeT €ro BOJICBBIC HABBIKH, ITAMATH, IIOMOTAcT

KOHTPOJNIUPOBATh ~ OMOLWM M  HMHCTHHKTBL Y
oOydarolierocsi IMOSBISICTCS. MOTHBBL K  Oolee
ycHemHoMy  00pa3oBaHHIO, K  IPOSIBICHHIO
CaMOCTOATEIBHOCTH B nporecce  OOydeHUS
OpraHUYEeCKOI XHAMWH, 3apPOXKIACTCS
HETIOCPEICTBEHHBIH MHTEPEC K XMMHUH, KaK K Hayke.
TpeboBanue wuHTerpaiuu W auddepeHunanum

MoJipa3yMeBaeT MoJi cO00i OOBEIMHEHHS PA3ITUIHBIX
HOHATHH B OJHO €AMHOE 3HAaHHWE 10 XUMUH,
OJHOBPEMEHHO pa3inyasi MHOPOIHBIE KOMIIOHEHTEHI
00yJeHHSI.

PesyasTatel um o6cy:kgenme. Hamm  Obun
pa3paboTaH ajJropuT™M NPOBEACHHS THIAKTHYECKUX
UTp, KOTOPBIA COCTOUT U3 CIEAYIOLUX JEHCTBUI:

1) onpenenuTh AUAAKTHUECKYIO LIENb;

2) pa3paboTaTe coaepikaHHE AUTAKTHYECKON
UTPBI;

3) akeHTHPOBATH BHUMAHNE Ha «3aHUMATEIbHBIX
CBOMCTBAaX» NUIAKTUYECKON UTPHI;

4) ompenenuThCsi ¢ (QOpPMOM U HA3BaHUEM
JNUIAKTUYECKON UTPHI;

5) ompemenuThes €
JUJaKTHIECKON UTPHI;

6) paspaboTaTh mpaBwia Urpbl (KOJIMYECTBO
YYaCTHHUKOB, XOJ UTPHI U T.J1.);

7)pa3paboTaTtbk aHOHC UTPHL;

MMPOAOJIKUTCIIBHOCTBIO

8)mpu HEO0OXOTUMOCTH €o3/1aTh
BCIIOMOTAaTENbHBIE CPE/ICTBA;

9) pa3zpaboTaTh KpUTEPHUN OIICHUBAHHUS.

B kauyectBe npuMepa Mbl IIPUBEAEM BaM

pa3paboTKy AMIAKTHYECKOW UTPHI Ha TeMy «XUMUS
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yriueBoaoBy». llenpio JaHHOW JUIAKTHUYECKOW HIrphl
SIBIISICTCS: OOydYaromasi - 3aKpeluTh TCOPCTUYCCKHUI
MaTepuai Mo JaHHOW TeMe; pa3BHBarollas — CO3AaThb
YCIOBUSL JUIS  JIOTUYECKOTO  MBIIUICHUS — Yepes
CpaBHEHHE U YCTAaHOBJICHUE B3aMMOCBSI3U CTPOCHHUS U

fim ﬁpoxommpu

Ty,

T 1S LD
, ) PO OTET
(T UBE (T
TV gRATH HEBEHOT) OTTA 0
TV MOROKOEE

HACROTBRO B BATT TR
A(TOThO BV EFOCTORHOCT

CBOWCTB YIJIEBOJOB; BOCIMTHIBAIOLIAs — pa3BUTUE
CIIOCOOHOCTH CaMOOLIEHKH PEe3YJIbTaTOB CBOETO TPYAa.

Jlunaktuueckass Urpa COCTOMT U3 TpeX TYpOB,
yKa3aHHBIX Ha pUCYHKe 1.

B3TON COCTRAT

|
TSP
0TI O

BT OBE TERTRAETS
o BIRAHL

(I
(& |
’4 e

e

i ﬁ

Pucynox 1. smanwsl ouoaxmuueckoii uepvi

HpC,I[CTaBJ'IeHHBIC JAUNAKTUYICCKHUE UT'PbI B CBOCM

NEepPBOHAYAILHOM  COCTOSIHMM,  OTHOCATCA K
MHTEJUICKTYyaIbHBIM ~ 3aJa4aM,  [OJaHHBIM B
3aHUMAaTeIIbHOH GopMe, 4TO 0OJIErYHITO 3aKPETUICHHE U
00001eHue marepuana 00yJaroIuMHUCS.

,ZII/IJIaKTI/I'-IeCKI/Ie UI'Pbl BOCHHUTBIBAKOT B Y4YaCTHUKaX
Cuiy BOJIH, HWHTYUIUIO, GLICTpOTy MBIIJICHUSA,
JMJEPCTBO, YBEPEHHOCTb, OCHOBAaHHYIO Ha 3HAHUH,
JIOTUYECKOM MBIIIJICHUU, HEOPAUHAPHOMY NOAXOAY K
JIeITy, TeNIeYCTPEMIICHHOCTH.

HrtoroM mpuMeHeHHS IUAAKTHICCKOH HUTPHI
SBUJIOCH PEIICHNE MOCTABICHHOH y4yeOHOI 3amaum,
OTIpEeZIeTICHUs] YPOBHS JIOCTIDKEHNSI 00YyJaIOIUMHUCS B
YCBOCHUH u MIPUMEHCHUU 3HaHUH 1o
O6uoopranmyeckoii  xummu. Bce  cTpykTypHBIE
3JIEMEHTHI AUJAKTHYECKON UTPHI OBIIIM B3aHMOCBSI3aHBI
MEXTy COOOM.

Meton urpoBoil  TEXHOJIOTMM, a HWMEHHO
JTUIAKTUYECKHE WIPHl  IO3BOJSET 3aMHTEPECOBATH
o0yJaromuxcs B U3y4eHHH OMOOPTaHWYECKOH XUMHUHU
M CHOCOOCTBYET AaKTHMBHOMY YCBOGHHMIO 3HAaHUH U
HaBBIKOB, cOopa, 00pabOTKM M aHanKu3a HHPOpPMAINH,
coJieprKalliel pa3IM4YHbIe IPOOJIEMHBIC CUTYalHH.
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COPOLYMERIZATION OF ALKYL- AND CYCLOALKYL-SUBSTITUTED METHYLENE
DIOXOLANES WITH MALEIC ANHYDRIDE

FOcupnu @apuoa Xanadoun xoi3ot

ouccepmanm, cmapwiuti 1a6opaum Kageopul

«Hegmu xumuu u Xumuueckou mexHoi02uuy,

Cymeaumckuii I'ocyoapcmeennsitl Yuueepcumem

Pamazanoe I'aghap A60yranu oznv

OOKMOP XUMUYECKUX HaAYK, npogeccop Kagheopvl

«Heghmu xumuu u xumuueckoii mexnonozuuy,

Cymeaumcxuti I'ocydapcmeennwiti Yuusepcumem

T'ynuee Abaczyny Mameo ozl

OO0KMOP XUMUYECKUX HAYK, npogeccop,

ynen-koppecnonoenm Hayuonanvhoti Axkaoemuu Hayx Azepbatiosxcana,
Hucmumym nonumepuvix mamepuanos Hayuonanonoii AH Azepoaiioscana

CONIOJIMMEPUM3ALNUA AJTKWI- 1 IUKJITOAJTKHUJI3BAMEINEHHBIX
METUJIEHIAHNOKCOJIAHOB C MAJIEMHOBBIM AHI'MJAPUIOM

Summary. The free radical copolymerization of alkyl- and cycloalkyl-substituted methylene dioxolanes with
maleic anhydride in the presence of AIBN at 60°C in benzene solution has been carried out. The independence of
composition of the obtained copolymers on composition of the initial mixture of comonomers has been established
and the copolymerization constants and also the values of Q-e parameters for initial monomers have been
calculated. The complex-formation between comonomers has been revealed by a method of PMR spectroscopy
and the corresponding equilibrium constants have been determined. The dependence of the initial
copolymerization rate on molar fraction of methylene dioxolane in the mixture of comonomers has been studied.

AHHOTa].[l/Iﬂ. OcyH.[CCTBJ'IeHa CBO6OI[HOpa,Z[I/IKaJ'IBHaH COMOJIMMEpU3alIA aJIKWJI- U TUKIIOAJIKHUI3aMCIICHHBIX
METHJICHIUOKCOJIAHOB C MaJenHOBBIM aHruapunoM B mpucytctBurm JAK mpum 60°C B pactBope OeH30Iia.
YcraHoBlieHa HE3aBUCUMOCTE COCTaBa MOJYYCHHBIX COIIOJIMMEPOB OT COCTaBa I/ICXOI[HOI71 CMECHU COMOHOMEPOB 1
BbIYUCJICHBI KOHCTAHTBI COIIOJMMCEPU3ALHNH, a4 TAKIKE 3HAYCHUS Q-e napaMeTpoB AJid MCXOJAHBIX MOHOMCEPOB.
MeTOI[OM HMP-CHGKTpOCKOHI/II/I OBLIO BBISIBIEHO KOMHJ’IGKCOO6pa30BaHI/Ie MEKAY COMOHOMEpAMH U OIIPEACIICHBI
COOTBETCTBYIOIIUE KOHCTAHTBI PABHOBECHA. I/Isyqua 3aBUCUMOCTh Ha4YaJIbHOM CKOpPOCTH COIMOJIMMEPpU3AIINU OT
MOJIBHOM J0JIM METUIICHIANOKCOJIaHa B CMECH COMOHOMEPOB.

Key words: methylene dioxolanes, free radical copolymerization, maleic anhydride, molecular complex

Kniouegvle cnoga: memuneHOUOKCONANbL, CGOOOOHOPAOUKATLHASL CONOUMEPUAYUSL, MATICUHOBBIU AH2UOPUO,
MONEKYNIAPHBIIL KOMNILEKC.

BBEJEHHUE. U3BecTHO, 4YTO MAJCHHOBBHIA  JOHOpHO-akmentopHoro Ttuma [1-3]. OOpa3oBanHue

aurunpun (MA) sBiseTcs aKTHBHBIM COMOHOMEPOM
aKLUENTOPHOTO THUIA B  IIPOLIECCE COBMECTHOMN
MOJMMEPHU3ALlMK  €r0 C Pa3lIMYHBIMH JIOHOPHBIMH
MOHOMepaMmu. B pesynbpTare Takoi cononumepusanun
Bcerga OOpa3yIOTCSl COIMOJMMEPHl SKBHMOJSIPHOTO
cocTaBa W YepeAyIommecs CTPYKTypsl. IIpm 3Tom

MOKa3aHo, 9T0  TPOIECC  COMOJIMMEPU3AIUH
COTIPOBOKIACTCSI obpa3zoBaHHEM MEKITY
COMOHOMEpaMn MOJIEKYJIAPHBIX KOMIIJIIEKCOB

JIOHOPHO-AKIICTITOPHBIX ~KOMIUIEKCOB HAOIIOAAI0Ch
npu  comoinuMepuszauud MA ¢ pa3nUYHBIMU
KHUCJIOPOACOAEPKAILMMU BUHWIOBBIMH MOHOMEPaMH,
B TOM YHCJIE METWIEHAHOKconaHaMmu [4]. B atux
paborax  OTMedaeTcs  HE3aBUCHMOCTh  COCTaBa
COIIOJIUMEpa OT COCTaBa MCXOAHOM CMECH MOHOMEPOB
OT TIPOJOJDKUTENBHOCTH TIpollecca W TIIyOWHBI
MpPEBpAIlIEHUs COMOHOMEpPOB. JIpyrumu crioBamMu
0COOEHHOCTBIO TIpoIlecca CcomojuMepm3annu ¢ MA
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ABJISIETCS 00pa30BaHUE MOJICKYJIIPHBIX KOMIIJIEKCOB C
yd4acTHEM JJICKTPOHHBIX CHCTEM KpaTHBIX CBs3el
COMOHOMEPOB.

B nanHoi#1 paboTe mpeacTaBsIOTCS pEe3YJIbTaThI
COBMECTHOH MOJUMEPHU3aIU ANKHUI u
LUKIOAIKMI3aMEICHHBIX ~ METUJIEHIUOKCOJIAaHOB  C
MA. YuutsBasg TOT (haKT, 9TO JTOHOPHO-AaKIEITOPHBIC
KOMIUIEKCH OKa3bIBAIOT CYIIECTBCHHOE BIHSHHE Ha

rac:

R=R%= ><:] ©)

CuHTE3 3THX COCMHEHHI OCYILECTBICH HAMH B

pa6ore [5].
9KCHEPUMEHTAJIbHASA YACTb

KoHcTaHTa paBHOBECHs KOMIUIEKCOOOPa30BaHUS
(Kp) HaMu ompenesneHa 10 U3BECTHBIM CIIEKTPAIbHBIM
MeronoM [IMP-cniekrpockonuu.

[IMP-cnexTpsl CHUMaJUCh Ha CIEKTPOMETpE
«®Dypbe» (uactora 300 MIm) ¢upmer «Bruker» B
pactBope  CCls,  BHyTpeHHuiéi  craHmapt  —
reKCaMeTHIIINCHIIOKCaH, XMMHYECKHE CABUTH
CUTHAJIOB TpUBeJCHH B mmKame O (M.n.). Yucrory
CHHTE3MPOBAHHBIX COEIUHEHHH ONpPEessuIi METOJIOM
ra30XHIKOCTHOW XpomoTrorpaduu Ha XpomaTtorpade
JIXM-8M/I.

Conosiumepu3anuss  MOHOMEPOB 14 ¢
MaJIeMHOBBIM aHTUAPUIOM.

Comonumepu3anuio OCYIIECTBILIH B
OTHOKAMEPHOM ammyyie ¢ JABYyMS OTBOAaMH B
YCIIOBHUSAX, HWCKIIOYAIOIINX I[ONAJAaHHE BIATH B

cucreMy. /Iy 3TOr0 BHaYase aMmIryJly OTKadMBalH, a
JUIS yJaJIeHNUs CJIeJIOB BJIaTK M OCTATOYHOTO KUCIIOPO/ia
aMITyJly HarpeBajd Ha TOpellke. 3aTeM NpOJyBalld
a30TOM U B IIPOTMBOTOKE a30Ta u3 cocyia lllnenka

MPOIECC COMOJUMEPHU3AMA U OHH 3HAYUTEIBHO
YCHIMBAIOT NOJSPHBINA 3 deKT B peakiuu, Mbl COWITH
HEO0XOAUMBIM moPOOHO HCCIIEeI0BaTh
paccMaTpHUBaeMbIi MPOILIECC.

B kxauectBe 0OBeKTa HCCICAOBaHMS ObUIH
BBIOpaHBI ~ QJIKWJI U I[HKJIOAJKHI3aMCIICHHbIC
METHJICHINOKCOJIAHBI 00IIeH (OPMYIIHL:

Rl=R?= ><:> (4)

3aJIMBAIN paccunTaHHOE KOJINYECTBO
cootBercTBytomiero MA u JIAK B 6enzose (0,5 mac.%
0T Macchl CyMMbl MOHOMEPOB). AMIyJly 3alauBalu U
ocTaBIAIM B TepMmocTare npu 60°C Ha 3amaHHBII
HIPOMEXYTOK BpPEMEHU. ITo OKOHYAaHUU
TIOJIMMEPHU3AaNN aMITyJly BCKPBIBAIH, a COJICPKUMOE
BBEUTHBAIIA B a0COIOTHBIN CEpHBIH MM B IETPOICHHBIN
a¢wup. Bemasmme COTIONIMMEPHI OUHIIATN
MIEPEOCAXKICHUEM. [MTonydeHnsre COTIOJIIMEPHI
BEICYIIMBaNH B BakyyM-mkady npu 20-25°C. CocraB
TIOJTYYEHHBIX COIOJIMMEPOB BBIYMCIISUIN, HCXOAS M3
JAHHBIX O KOJIMYECTBE AHTHIPUIHBIX  TPYMI,
ONpeNIeIeHHBIX ~ THUTPOBAaHHEM  II0  METOJHKE,
OTIMCaHHOM B [6].

OBCYXJIEHHUE PE3YJIbTATOB

Hannumne ¢akra COBMECTHOW MOJIMMEpHU3ALNU
QIKWI- W [UKJIOAIKHI3aMEIICHHBIX METHIICHIHOK-
comaHoB ¢ MA TIIpOBEICHHBIX B  YCIOBHAX
CBOOOIHOPAUKAIBHOTO MHHULUUPOBAHMS B
npucyrcteun  JJAK  npu  60°C B macce
COOTBETCTBYIOIIMX  MOHOMEPOB  IOATBEPIKICHO
JAHHBIMH CIIEKTPAIEHOTO ¥ XUMHYECKOTO aHAJIN30B.

Tab6numna 1.

CononuMepusaum{ AJTKWJI 1 HUKJI0AJKWI3AMEINCHHBIX METHJICHAUOKCOJAHOB ¢ MAJICHHOBBIM

anruapuaom B macce (TAK=0,2 macc.%, t=60°C).

Coneprxanue, MOJIb.% ITpomomxm- CkopocTtb
Merunes- . TEIBHOCTD Kounsepcus, COIIOJIUMEPU- ]
B HCXOTHOU B COIIOJIH-
JIMOKCOJIaH COTIOJIMMEPH- % 3aLuH, na/r
cmecH, M Mmepe, M o
3aI1M, MUH % / MUH
80 53.2 7 12.6 18
60 52.6 6 16.2 2.7
2 50 50.2 5 18.0 3.6 0,46
40 48.3 5 155 31
20 47.6 8 12.0 15
80 53.6 8.8 12.0 19
60 52.8 6.0 145 25
4 50 50.4 55 170 3.3 0,36
40 48.3 5.0 140 2.8
20 474 75 12.0 1.7
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Bboulo  ycraHOBIEHO, UTO B YCIOBHSX
COMOJIMMEPH3alui 00pa30BaHUsl TOMOIOJIMMEPOB He
HaOmonaetcsa. [lpu comonmMepusanyu BBIOPAaHHBIX
COMOHOMEpOB ¢ MA  cocTaB  MHOIYYEHHBIX
COMOJIMMEPOB  MPaKTUYECKH  HE  3aBUCUT  OT
COOTHOIICHHUS HMCXOJHBIX COMOHOMEPOB M OIHM30K K
9KBUMOJISIPHOMY.

Ha ocHoBanun HalJeHHBIX 3HAYEHHH cOCTaBa
COMOJNMMEpPa B 3aBHCHUMOCTH OT COCTaBa HCXOIHOMU
CMECH, Mbl BBIYUCIIWIN KOHCTAHTHI COMOJIMMEPHU3aALUU
JUIL  MCXOTHBIX MOHOMEpoB u  Q-e-mapamerpsl
XapaKTePU3YIOUINe YJEIbHYI0 aKTUBHOCTb MCXOJHBIX
MOHOMEPOB W TIOJSIPHOCTH OOPa3yIOMIMXCS W3 HHUX
panukanoB (Tabmnwma 2).

Tab6muma 2.
KoHcTaHTbI conosimmepu3anui (r1 ¥ rz2) ¥ 3Ha4YeHne Q-e mapaMeTpoB JIsl aJKKWI- H
HUKJI0aJIKHI3aMellleHHBIX METHJIEH/IHOKCOJIAHOB
MeTuiieHMoKCoNaH r Iz r 122103 -er* Qr-10?
1 0.032 0.017 05 0.50 0.039
2 0.036 0.019 0.6 0.47 0.038
3 0.028 0.014 0.3 0.60 0.025
4 0.040 0.013 05 0.50 0.040

* — qa MA e;=2,25; Q,=0,23

Kak crienyer n3 maHHBIX TaONHIE 2, HAWICHHBIC
3HaYeHHWsT KOHCTaHT comommMepm3amun u  Q-e
mapaMeTpsl  TO3BOJBIIOT ~ CHENaTh  BBEIBOA O
YepeAyIomecs: CTPYKTYpe COMOHOMEPHBIX 3BCHBEB B
[ETTH MaKPOMOJIEKYJIBI COTIOTHMEPA.

C mernpr0 BBIABICHHA XapaKTepa 0Opa3yroIIuXcs
KOMIUICKCOB ~ ObUT  HMCIONb30BaH wmeron [IMP-
cnekrpockonuu. Habmogaemsiit B [IMP-cnekrpax
XUMHUYECKUHA CIBUT TPOTOHOB MA B pacTBope
UKJIOrekcana  cocraBisier  6=6,70 wm.u.  Ilpm
noGaBneHUM K pacTBOpy MA B IHKIOTEKCaHE
MOHOMepOoB 1-4 Kak JOHOPHBIX KOMIIOHEHTOB 3TOT
CHUTHAJ CMemaercs B OO0JNACTh CHJIBHOTO TOJS
OTHOCHTEIILHO CUTHAJIA TIPOTOHOB MA B HEHTpaIbHOM
pactBoputene. VI3MeHEHHWE XHMHYECKOTO CIBUTA

1 1

4 K, 4,

A:(SHaGH.'SMCX) -
[D], [A] -
8Ha6n.'8ncx4 -

mpotoHoB MA ¢ pobaBneHmeM MoHOMepoB 1-4
00BsICHAETCSI 00pa30BaHUWEM JOHOPHO-AKIICTITOPHOTO
komIutekca. O0pazoBaHHe KOMITIEKCOB B YIIOMSHYTHIX
MOHOMEPHBIX CMECSX HAaXOIHT CBOE OTpPaXKCHHE B
XapaKTepHBIX OCOOEHHOCTAX MPOTEKaHMs Ipolecca
COTIONTUMEPH3AINY, TIe HaONIoJaeTcs OKpaIlnBaHUC
CMECH B JKEJTHIH LIBET.

Jmnst  ompeneneHuss — 3HaYEHUH ~ KOHCTAHT
KOMILJIEKCOOOpa30BaHUs MeEXIy coMoHomepamu K,
OpUMEHWIN  ypaBHeHHe benemu-I unpnepbpanna-
Kerenaapa [7]. OkcmepumMeHTBHl TNPOBOIWINA TIPHU
U30BITKE JIOHOPHOTO MOHOMepa. KoHIeHTpamnuio
METHJICHINOKCOIAHOB BapbUpoBand B uHTepBaie 0,5-
2,11 moms/n1, koHIIeHTpanwus ke MA cocrasisua 0,025
MOJTB/IL.

11
(D]~ 4

Ha0Ir0JaeMoe U3MEHEHHE XMMCBUTA IIPOTOHOB aKIENTOPA;
KOHIIGHTpALHS TOHOPHOT'O M aKI[ENTOPHOTO MOHOMEPA;
XUMCJIBUTH IPOTOHOB aKIENITOPHOTO MOHOMEPA B HEUTPATLHOM PacTBOPHUTENE U B

MIPHUCYTCTBHE JIOHOPHOTO MOHOMEA;

A -

Pa3HOCTb XUMC/JIBUT'OB IIPOTOHOB aKUCTITOPHOI'O MOHOMEPA B HEAUCCOLIMMPOBAHHOM

KOMIIJICKCE U HeﬁTpaJ'IBHOM PaCcTBOPUTEIIC,

Ha ocHOBaHMM MOJy4EHHBIX NaHHBIX CTPOMJIM  METOJOM [IMP-cniektpockonnu JIaHHbIE
rpaguk 3aBucumoctd 1/A ot 1/[D] mpm ycnoBum  mpeacTaBieHHI B TabmHLe 3.
[DI>>[A] u ompemsmu 3Hadenwe K, Haiinenmsie

Tabumuma 3.
PesyabtaTsl IIMP-ncciie1oBaHuii py onpeieJieHMH KOHCTAHT KOMILJIEKCO0Opa30BaHuUsl.
ludp
Ne METHIIEH- [D], Mmons/n A, M, 1/[D], wmoms | 1/[D], m.a.* K, m/mois
JIMOKCOJIaHa

1 0,25 4,0/60 4,0 15,0

2 05 7,5/60 2,0 8,0

3 2 10 14/60 10 43 024

4 19 19/60 0,53 3,2

5 0,25 6,0/60 4,0 10,0

6 05 11,5/60 2,0 52

7 4 10 21/60 10 2,8 0.8

8 19 33/60 0,53 18
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Habnromaemas npssMonTuHeHAs 3aBUCUMOCTH A/D
OT A JaeT OCHOBaHWE TMpeArnojiaraTb, 4YTO COCTaB
KoMIutiekca cooTBeTcTByeT 1:1. [lomyueHHble 3HaUSHUS
K, mna ucciaenyeMblx CHUCTEM MMEIOT BEIMYHHBI B

nnrepsane 0,36-0,46 1/MoOab, YTO XapakTepuU3yer
oOpazoBaHHMe€ B  JaHHBIX  CHCTEMax  CJIAOBIX
MOJIEKYJISIPHBIX KOMILIEKCOB.

[DT

Pucynox 1. 3asucumocmov usmenenus xumcosuzoe npomornos MA om KoHyeHmpayuu OOHOPHO20 MOHOMEPA.
2 (a) u4(0).

Boobmie-To, comomumepusanus ¢ yaactueM MA B
YCIIOBUSAX JOHOPHOTO-aKIENTOPHOTO B3aUMOACUCTBUS
COMOHOMEpPOB  J1a€T  BO3MOXKHOCTh,  BO-TIEPBBIX:
CHUHTE3UPOBATh, COIMOJUMEPHI, HEAOCTYMHBIE TpPHU
0OBIYHOH paTuKaIbHON OMHAPHOW CONOTMMEpH3aIueit
BUHUJIOBBIX ~MOHOMEPOB; BO-BTOPBIX:  IOJYYHUTh
COTIOJIMMEPHI, B MaKpOMOJIEKYJIaxX KOTOPBIX
COMOHOMEPHI pacronararmTcs B CTpOTO
YepeayIOMIEeMCs ITOJIOKEHHH.

Cremyer TOOYEpKHYTh, YTO OOIIAs CKOPOCTh
COTIOJTUMEPHU3AIMHA B YCIOBUSIX HAIWYHE JOHOPHO-

aKIETITOPHOTO B3aMMOIEHCTBUS MEXITY
COMOHOMEpPaMH 3aBHCUT OT COOTHOIICHHUS MOHOMEPOB
B UCXOJIHOU CMECU U B OOJIBIIMHCTBO CIIy4acB MMEET
MakCUMajbHOE€  3HA4Y€HHE TOJBKO B  Clyyae
WCTIONB30BaHUSI CMECH IKBHUMOJIIPHOTO COCTaBa, 4TO
yKa3bIBaeT Ha MPEUMYIIECTBEHHOE ydactue
KOMIUIEKCOB B MpoIllecce comoaumepu3anuu (puc.2).
JeiicTBUTENHHO, KaK CIeAyeT U3 JaHHBIX TAOIUIEI 1,
MaKCHMaJbHas CKOpPOCTh COITOJTUMEPH3AIHN
JNOCTHTAeTCS TPU OIKBUMOJSIPHOM  COOTHOIICHUHU
JIOHOPHOTO M aKIIENTOPHOTO MOHOMEPOB.

0 | |
0 20 40

60 80 100 [Ma],

Pucynox 2. 3asucumocms ckopocmu cononumepuzayuu monomepos 2 (a) u 4 (6) ¢ MA om coodeporcanus
MOHOMOPO8 8 UCXOOHOU CMeCU.

MaKpOMOJIEKYJISIPHOU 1(S1178

CrpykTypa

TIOJIYYCHHBIX COIIOJIMMEPOB IIPU HU3KHUX KOHBEPCHUAX
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| m

(mo 20%) wmsyuena wmerogom HWK-crmekrpockonuu
(paccmoTpensl usmenenus B ooaactu 1900-1600 cvml).
B cmekrpax CONONMMEPOB MOSBISIOTCS —IOJOCHI
noromenuss npu 1730 cm™, xoTopble OTHECEHBI K
kapOoHubHON rpymne (-C=0), oOpa3oBasiieiics Ipu
PacKpbITHM  JTMOKCOJIaHOBOrOo IHKia. Ilpu sTOoM
00HapyXeHO, qTO MHTEHCUBHOCTH TIOJIOCHI
MOTJIOUIEHUs] ABOWHOM CBSI3M METUJIEHOBOW IPYIIIbI
npu 1640 cMl, HMeromeicss B METHJICHINOKCOIAHE,
YMEHBIIAECTCSI BO BPEMS CONOJMMEpU3AIMU. ITO
MO3BOJISIET  IHPEAINONOXWTh,  YTO  BO  BpEMS
COMOJIMMEPH3aIMN B OCHOBHYIO LEIb MONTYyYCHHBIX
COINOJIMMEPOB  BXOJSAT  3BEHbS  JAMOKCOJIAHOBOTO
MOHOMepa Kak JIMHEHHOH CTPYKTYpbl (pacKpbIThie

JUOKCOJIAHOBBIE IUKJBI), TaK U  HEPacCKPHIThIC
JIUOKCOJIAHOBBIE ITUKIIBIL.
Nmeromuecs B MK-cmekTpax monydeHHBIX

COTIOIMMEPOB TONIOCH! TIOMIOMeHus mpu 1775 cM? n
1840 cml, xapakTepHble KapOOHWIBLHOM TIpyHIE B
AHTUAPUIHBIX LUKIAX, CBUAECTENBCTBYIOT O HATUYNU B
MaKpOMOJIEKYJIaX CONOINMEpPA 3BeHbEB MA.

Jus  moAaTBepKIEHHS — COCJIAHHOTO — BBIBOAA
OTHOCHTENILHO CTPYKTYpPBI NMOIYYEHHBIX COMOIUMEPOB
6 cHATHI uX [IMP-cnextpsl. IIpu paccMorpennn
IIMP-CieKTpOB IOJIYYEHHBIX COIOJIMMEPOB JIETKO
MOJKHO 3aMETUTh, YTO MaKPOMOJEKYJbI COMOJIUMEPOB
colepXaT B I 3BEHbs METHICHIHOKCOJaHAa B
packpbITOif U HepackpbIToil Gopmax. [IMP-criekTpbl
COIOJIUMEPOB HE COJIepIKAT CUrHaoB mpu 6=4,25-4,40
M.I., XapaKTEepHbIX M MPOTOHOB METHUIECHOBON
JIBOITHOM CBSI3H, UMEIOLIEHCS B UCXOJHBIX MOHOMEpPAX.
B To e BpeMs UMEIOTCS MYIbTHIUIETHBIE CHTHAIIBI B
uHTepBanax 2.2-3.1 m.a. u 3.4-4.2 M.A., XapakTepHble
METHUIEHOBBIM MPOTOHAM, HaXOAAIMMCS y
KapOOHHJIBHOM TPYIITBI M NPOCTOM 3(UPHOIA CBsI3H (B
UKJINYECKOM (hparMeHTe) COOTBETCTBEHHO.

Takum obpazom pansusie K- u I[IMP-cnektpos
MO3BOJISIIOT CUUTATh, YTO MPOLECC CONOIMMEPHU3ALUU

IPOTECKACT C MTPOMCIKYTOYHBIM 06pa30BaHI/IeM
JAOHOPHO-aKIEIITOPHBIX KOMIIJIICKCOB MCKIY
COMOHOMEpaMu u HMCHOT B CTPYKTYypE
MaKpOMOJ'IeKyJ'IHpHOﬁ nenu CMCIIaHHBIC —

MUKIAYCCKHUE U JIMTHCHHBIC 3BCHBS.
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