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OUBUKO-MATEMATHYECKHUE HAYKH

METO/bI IOJAYYEHUSA HAHOYACTHUIL ZnO U UX CBOWMCTBA
Trorronnuxkos B.U.

Tromionnukos Braoumup Heanosuy — kanouoam Gusuxo-mamemamudeckux Hayk, 00yerm,
Kageopa 06weodpaz08amenbHblx OUCYUNIUH, YYEOHO-HAYYHbIT UHCIUMYM UH(OPMAYUOHHBIX
mexHo02ull,

Tpuaszosckuil 20cyoapcmeeHHblil MeXHUYeCKUll YHUBEpCument,

2. Mapuynons

Annomayun: 6 nocieonee 6pemsi MHO20 GHUMAHUS YOENAEMCs U3VHUEHUIO (DUIUYECKUX
ceoticmé Hanonaénox ZnS. IlosvluteHnblll unmepec K >mMum Mamepuanam 00yCci061eH
01a200apsi  YHUKAIbHBIM — (DU3UYECKUM CEOUCMEAM SMUX HAHOMAMEPUanios (boavuuas
WUPUHA  3aNPEeWEHHOU  30HbL,  ONMUYECKAas NPO3PAYHOCHb,  BbICOKASL  PAOUAYUOHHAS
CMOUKOCHb, XUMUYECKAs UHEPMHOCMY,). B dannom 0630pe paccmampusaromcesi 0CHOGHbLe
Memoobl NOyueHus HaHonnénox ZnS u ux gusuveckue napamempul. K smum cnocobam
OMHOCAMCSA. XUMUYECKULL NUPONU3, VIbMPA36YKOBOE DACHbLICHUE, MEMOO BAKYYMHO20
ucnapenus,  I1eKMPOXUMUYECKUT  Memoo, MemoO  NOJYYeHUs  HAHONIEHOK — ZnsS,
NPUSOMOBIEHHBIX C PA3TUYHOL MOJAPHOU KOHYeHmpayueli ucXxooHo20 pacmeopd, Memooom
BY  macHemponno2o pacneiienusi U camvlii OOCMYNHBIL 9MO Memo0 XUMUUECKO20
ocadicoenuss (CBI]). B kadcoom uz ommeyennvix memooog 00pasybl UCCIe008ANUCL HA
PEHMEeHOCMPYKIMYPHbII  AHAAU3, ONMUYECKUe CEOUCBd, dJeKmpuiecKue CeoLucmed,
Mopgonozusi nosepxHocmi.

Kniouesvie cnoea: nanonnénxu, cnexmp, wupuHa 3anpewéHHol 30Hbl, KyOuueckas
cmpykmypa, cyib@uo YuHKa.

Beenenue. Cynbpuny nuHka (ZnS) sBiseTcss BaXKHBIM — MOJYIIPOBOJAHUKOBBIM
coemuuenreM rpymmel A’B® ¢ HEOOXOMMMBIMH  (DH3MYCCKMMM  CBOMCTBAMH TS
anekTpoHuku [1], oH oOJajgaeT WIMPOKOM 3ampelieHHoil 30HON 3,656V B 00bEMHOM
cocrosHuu [2, 3]. HccnemoBaHus TOCIEAHHUX JIET BBI3BAJIM 3HAYUTENBHBIA HMHTEpEC K
TOHKMM IUIEHKaM ZNS ©3-3a MX OrPOMHOrO IIOTEHIMAana Uil HCIIOJIb30BaHHUSI B
TOHKOTIJIEHOYHBIX YCTpONCTBAX, TaKUX Kak (hOTOMOMHHECIIEHTHBIE U
JNIEKTPOIIOMHUHECHIEHTHBIe TPHOOpHl. Cynbdua IuHKa HAIIEN MHUPOKOEe MPUMEHEHHE B
KayecTBE TOHKOIUIEHOYHOI'O  IOKPBITHS B  ONTHYECKOM M MHUKPORJIEKTPOHHON
npoMebinuieHHocTH. OH 0071a/laeT BBICOKUM TOKa3arenieM npenoMieHus 2,25 npu 632(1m),
BBICOKOH 3 exTHBHON TuINeKTpUiecKkoi npoHuaeMoctbio (9 mpu 1 MI') u mupokoit
nonocoit mponyckanusi BoiH (0,4-13) MM [4]. ZNS  HMPOKO HKCMONB3yeTcs B
OIITORJIEKTPOHHKE, HANIPUMED, B (PrIbTpax, yCTpOWCTBaX OTOOpa)XEHHsI M MaTepHaiax s
CBETOMO/IOB | Jla3epoB [S]. ZNS o4eHb XOPOIIO MOAXOAUT B KA4€CTBE OKOHHOTO CJIOS B
TeTepONepexXOHbIX (OTO-3NEKTPUIECKUX CONHEYHBIX JJIEMEHTax: Gilaromaps IIHPOKOH
TI0JIOCE YMEHBIIIAETCSI IIOTEPS IMOTJIOICHHUS! OKHA U YIydIIaeTcsi TOK KOPOTKOTO 3aMBIKaHHA
anemenTa [6]. K HacTosiiieMy BpeMeHM TOHKHE IUIEHKH ZNS ObUIM TOMYYEHBI C TOMOIIBIO
pPa3IMYHBIX METOAOB OCAKIACHUS, TAaKMX KaK METOJl BaKyyMHOro WCmapeHus [7],
XIMHYECKOe OCaX[IeHWe W3 BaHHBI [8], mmponu3 pacmbuieHueM [9], MeTomom
pPaaroYacTOTHOTO MarHeTpoHHOro pacmbuieHus [10] u ocakmeHme HaHO4YacTWll ZnS w3
BomHOro pacrBopa [11]. ZnS cymecTtByeT B OCHOBHOM B JBYX (opmax: a-(asbl
(TexcaroHanbpHas CTPYKTypa BopTIHTa) U B-(pas3sl (kybudeckas ctpykrypa chanepura) [8].
B nanHO# pabore paccMaTpHBaIOTCS Pa3IMYHBIE METOIBI TMOMYIEHHSI TOHKUX IUIEHOK M HX
(u3MIecKre CBONCTBA.

IMonyyeHue HAHOIUIEHOK ZNnS MeTOAOM XHMHY€ECKOI0 IMPOIH3a.

B manHoit pabote o6pasipl ZnS nomrydanu MmerogoMm CSP (XuMundeckoro nuponusa). Ha
puc. 1 moka3zansl AU(PAKUHOHHbBIE KAPTHHBI IEHOK ZNS, ocaxnéHubx Meromom CSP[12].
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Hanuvne MHOTOYHCIICHHBIX M IMMPOKHX MUKOB CBHACTENBCTBYET O TOM, YTO HAHOIUIEHKH
ZnS SBJISAIOTCA KAaK MONUKPUCTAJUTHYECKHUMH, TaK W HAHOKPHCTAUIMYCCKHMH MO CBOEH
npupone, Kak coobmiaetcss B smreparype [13]. HabGmromaembie 3HaueHus 26-yrimoB u d-
paccrosHHMs A TUIEHOK, CHHTe3upoBaHHbIX Tpu 300°C, 1IEeMOHCTPHPYIOT IIHKH,
COOTBETCTBYIOIINE KyOuueckoil ctpykrype ZnS; mpu 350°C: JCPDSCardNo.00-001-0677
BIOPIMTHOM cTpykType ZnS um mpu 400°C: JCPDSCardN°. 00-080-0080 kyb6uueckas
canepuroas cTpykrypa ZnS.

+

v
..

Intensity (c. p. s.)

_Intensity (c. p. 5.)

JCPODS 00080-0020

' 27Theta (degree)

JCPDS 00-001-0677

2'(«’..

Intensity (c. p.s.)

» b ®
2 Theta {degren)

Puc. 1. Jluppaxyuonnvle kapmumwl nanonaénox ZNnS npu (a) 300 °C, (b) 350 °C u (c) 400 °C.

Tonkue mnéHku, ocaxna€HHble npu 350°C, uMenM reKcaroHalbHYI0 BIOPTILMTHYIO
cTpykTypy ZnS, B TO Bpemsi kak miéHku, nomydeHneie npu 300°C u 400°C, umenu
KyOHueckyto cTpykTypy. Coo0lanoch, 4To rekcaroHajibHasi BIOPLUTHAS CTPYKTypa IIEHOK
ZNnS ¢ TI0CKOCThIO, opueHTHpoBaHHOW BIoab (002), XOpOIIO COBMAmacT C IUIOCKOCTHIO
opuenranuu CulnS, (112) [14]. Benuuunnst d, pasmep 3epra (D), MIOTHOCTh TUCITOKAIHI
(8) u Mukpogedopmanu (£) OIPEACIUTUCH TI0 CIIEMYIOIINM ypaBHeHusM [12, 13, 15]:

2d sinB= nA 1),
ki
“BcosH @),
1
o=r7 O
8_[3 c:sG (4)

Bce paccunranHble mapamMeTpsl pecTaBieHsl B Tabnuie 1. JlanHble, npeacTaBieHHbIE
B Tabmume 1, MOKa3pIBAIOT, YTO CPEAHHME O- M €-3HAUCHUS YBEIHYMBAIOTCA C POCTOM
TeMIlepaTypel, B TO BpeMs KaK CpeIHUI pa3Mep KpHCTaUIOB YMEHBIIAETCS.
Muxkpodororpaduu 1MoKasaiu, 4yTo B MIEHKaX, ocaxaéHHbIX 1pu 400° C u 300° C, BuHbI
yacTHULBI U KiacTepsl, [Inénka, ocaxnéHHas npu 350° C, BBIMVISLIUT JOCTATOYHO TIAIKOH C
O4YEHb MAJICHPKUM Pa3MEPOM HaHOYACTHII.

Morgomenne miéHOK, (A) CHHTE3UPOBAHHBIX TPH 300°C u 350°C, Hmxe CpeIHEero
YPOBHS M NOCTOSHHO B BUJMMOW YacTH CBETA, B TO BPeMs Kak IUIEHKA, CHHTE3MPOBAHHAS
npu 400°C, uMeer Gonee BHICOKUI YPOBEHb IIOIJIONIEHUS.

Mponyckanue (T), 9TM 3HAa4YeHHWs TpeaCTaBieHbl B Tabmuie 2. Ilpomyckanue
HAHOILIEHOK, cMHTe3upoBaHHbIX py 300°C u 350°C, BblIE M COXPAHAIOT HOCTOSHCTBO B
BH/IMMON 4acTH CBETOBBIX BOJ, B TO BpeMs Kak IUIEHKH, cuHTe3upoBaHHble mpu 400 °C,
UMEIOT Oostee HU3KUI KodpPUIMeHT nporryckanus. [16, 17, 18].



Tabnuya 1. Ilapamempsbl nieHoK npu pasiuyHbIX MemMnepamypax.

Ha6u. Crann Pasviep IlaoTHOCTH
O6paze | Ha6aroa | Cranpap | d- d ';AWH hKl 3epaa(G Amcotcans Muxpo
u -ii 20 120 pacr. | & (k)1 ; /mz,ﬁ? o0
@A) ?E)CT- B (nm) gmn. (©
28.876 28.910 3.089 | 3.086 | 0.050 111 | 6.662 22.532 6.884
Z 300 48.111 48.111 1.890 | 1.890 | 0.023 220 | 6.662 22.532 6.884
57.052 57.107 1.613 | 1.612 | 0.015 311 | 6.662 22.532 6.884
28.732 28.681 3.105 | 3.110 | 0.037 002 | 4.983 40.273 7.247
Z 350 47.847 47.835 1.900 | 1.900 | 0.032 110 | 4.983 40.273 7.247
57.982 57.955 1.589 | 1.590 | 0.025 201 | 4.983 40.273 7.247
28.987 28.910 3.078 | 3.086 | 0.022 111 | 4.958 40.681 7.430
Z 400 48.188 48.111 1.887 | 1.890 | 0.032 220 | 4.958 40.681 7.430
57.108 57.107 1.612 | 1.612 | 0.044 311 | 4.958 40.681 7.430

OtpaxaTeqibHasi CNOCOOHOCTH ®MIEHOK paccUMTHIBAIACh MO  OOLICTIPUHATOMY
ypaBHeHuto [19]:

R+ T+A=1 (5)

Ko3¢¢puuuenT norsnomeHust (o) pacCUUTHIBAIM 110 ypaBHEeHuto [17]:

2,3034
o =2 (6)
BunHo, 4To 0 yBemMUMBAETCA ¢ POCTOM TeMIeEpaTyphl. 3HAUECHHS O MIEHOK NPHBEACHBI
B Tabmue 2.
Iupuna 3anpeménnoii 3oubl (EQ). st onpenenerns EQ miéHok mpuMeHsITOCh

cootHomenue Tayka [20,21]:

ahv=A(hv-Eg) 12 )

3navenns EQ mis mu€Hok mpencraBieHbl B TaOnuie 2 W XOPOIIO COMIACYIOTCS C
JTUTEPATYpHBIMU NaHHBIMU [22, 23].
IMoka3zatens npejgomiienus (N) WIEHOK ompemensuics mo dpopmyre [13,17]:

n=(1+R+R*?) / (1-R) (8)

Ko punuent sxctunkiun (K) onpenensim u3 cootTHomenus [24]:

al
k= 9
o 9)

W3 manHbBIX B TaOnwmie 2. BUAHO, YTO IUIEHKH, CHHTE3MPOBAaHHBIC IMPH 400° C, uMmerot
Oosee BBICOKMI KOI(D(UIMEHT OSKCTUHKLIUM, YeM IUIEHKH CHHTE3UPOBAHHBIC NPH
temnepatypax 300°u 350°C. [1, 14]

JeiicTBuTenpHAS AUIJEKTPUYECKAsh MPOHMIAeMOCTh IUIEHOK. 3HaueHue (g;) ObLIO

paccumntaHo mo ypaBHeHuto [19]:
g =n’—k? (10)

Maumas AUIJIEKTPUYECCKas MPOHUIIAeMOCTDb (Ei)6bIJ'Ia OII€CHCHA C IIOMOIIBIO:

gi =2nk (11)




3HaveHus € IUIEHOK NPUBEACHBI B TabHIIE 2.
OnrTuyeckasi NPOBOIUMOCTB(G), IS OMNPEICICHHS G MOXHO BOCIIOJIb30BATHCS
¢dopmynoii [13]:

anc
(9 —; (12)
OnTnyeckre TapaMeTphl INIEHOK, TONYYEHHBIX npu TemrepaTtypax 300°C, 350°C wu
400°C MeTO/I0M PacIBUIMTENBLHOTO MUPOJIN3a, IPUBEEHB! B TabauIe 2.
PL- crmektp mIéHOK, c(OpPMHpOBaHHBIX pacnbuieHneM npu 400°C, Ha KoTOpoM
MIPUCYTCTBYET JBa ITUKa C JUTMHaMu BoiH 379 n 413 M Ob11 oydeH [25, 26].

Taonuya 2. Onmuueckue napamempul 0caxncoennvix niénox ZNS [npu 2. = 550 nm ons T, R, N, K, &, u &
u npu 3,0 9B onst o u o].

.10% 1012
O6pasen | T(0/0) | R(0/0) ?c:r?)'l EV) |n | k102 | g G0 | © _11;)
7300 8722 | 1241 |04l |363 |132 |052 |175 |205 | 0.398
7350 87.04 | 1290 | 146 |378 | 135 | 051 | 187 |362 | 0682
7400 4235 |57.60 | 1679 | 403 | 384 | 1573 | 14.86 | 12066 | 38.897

INuku mpu 379 u 413 HM CBUIETENHCTBYIOT 00 SKCUTOHHOH 3MHCCHU BOIM3U Kpas
ITOJIOCHI ITOIJIOICHUS U HAJITMYHUHU BaKaHCHUHU CCPEL. PaCH_II/IpeHI/Ie MUK MOIJI0 OBITh BBI3BAHO
MOITIOKKOM U3 aMOp(HOro CTekia, Kak orMedaercs B [27].

MeTop yJbTPa3BYKOBOIO paciblieHus!

Cpenu Bcex METOJOB YNbTPa3BYKOBOE DACIBUICHHE JydYllle BCErO MHOAXOIUT Ui
MOJIYYeHHs] TOHKHX IUIEHOK cynbduua nuumHka (ZnS), MOCKOJIbKY OTIMYAETCS HPOCTOTOM,
JErKOCThIO J00aBIICHUS PA3IMYHBIX JIETHPYIOUIMX MAaTepHaJIOB, BOCHPOU3BOAUMOCTHIO,
CKOPOCTBIO POCTA ¥ BO3MOXKHOCTBIO MAaCCOBOI0 MMPOM3BOJCTBA IS IOTYYEHHUS OJHOPOAHBIX
NMOKpbITHH Oosbmoi miomany [28]. B manHo#i pa®ore ObLIM MONYYEHBI U HCCIIETOBAHBI
TOHKME TUIEHKH cyabpuma 1uHKa (ZNS) Ha CTEKISHHOM TIOMJIOKKE METOIOM
YIBTPa3BYKOBOI'O PACIBUICHHS.

CTpykTypHbIe cBoiicTBa. {15 aHamH3a CBOMCTB KPUCTAJUINIECKOI CTPYKTYPHI TUIEHKU
HCIIONB30BANICS peHTrenoBckuit audppakromerp (D8 ADVANCEDBRUKER) ¢ Cu-Ka
mnydennem (A = 1,5418 A) B nmamaszome 20 or 10° - 90°. OnTuueckue CBOHCTBA
peructpupoBanuck ¢ momomnpio (UV-VIS) ciektpodoromerpa (PerkinEImerLAMBDA 25)
B auamnasone juuH BoaH oT 300 mo 1100 em. Kpome Toro, OpUTO OmpeneneHo yaeiabHOe
JNIEKTPUYECKOE CONPOTHBIICHHE METOIOM YETHIPEX TOUSK NpPH KOMHATHOW TeMIieparype.
[lpy pa3nmuuHOM BpEMEHH OCAXKICHHS HaOIIOJajoCh HAIM4YHe OIHOTO IHKa Ul BCEX
IUIEHOK C TPEANOYTHUTEIHHON OpHeHTalmeld pocta BHomb Imwiockoctd (111) mpm yrmax
nupakuuy 28,7°, UTO COOTBETCTBYET CTpyKType Onenna uunka (JCPDS) kapra N°. 55-
0566) B nuamazone yrioB mudpakouu (20) ot 10° mo 90°, 3T0 03HAYAET, YTO IUTOCKOCTH
OBLTH TIapaJUIeTHFHBI IIOBEPXHOCTH CyOCTpaTa.




i

brmerwity (0 ,u)

2min_ |

44 J 4 min &
ey &
. 6 min Y
A iy &
- SN X min ~ &
A =
10 min ~ &

20(%)
Puc.2. Ilpeocmasnenvt XRD-cnexmpul monkux niénox ZNS, ocancoEnHwix yavmpasgyKoebim
pacnvlieHuem npu paziuiHoM 8PeMeHU 0CaHCOCHUs.

IMuk, xapakrepusyromuii Hanuuue coenuHeHuss (ZnO), OTCyTCTBYeT Haxe MpH
MaKCHMaJIbHOM BPEMEHH OCXK/IEHHS, YTO IOKa3bIBAECT BBHICOKOE KAueCTBO CTEXHMOMETPUH
TUIEHOK Jlake NPU YBEJIMYEHUHM BPEMEHH OCaXKJICHUs. AHAJIOTHYHBIE BBIBOJBI O XOpOIIeH
CTEXHOMETPHH ObUIM CHeNaHbl JApYyruMu aBropamu [28, 29] s ToHKMX TuIEHOK ZnS,
IMOTYYEHHBIX METOAOM PACHBUIUTEIIBHOI'O MUPOJIN3a MPU pa3IMYHOM BPEMEHU OCAXKIACHUS.
B pa6orax [30, 31] oOHapyxeHa onHa M Ta Xe KyOuueckas (aza ¢ mpearnodYTUTeTbHON
opueHTanuel Baoab miockoctu (111) B ToHkuX mi€Hkax ZNS, NpUroTOBIEHHBIX METOIOM
paZMoYacTOTHOTO MAarHeTPOHHOrO pacnbuieHus. Ha puc. 2 Takke BHAHO, HTO
uHTeHcMBHOCT, TMka (111) Bo3pacraeT ¢ yBelMYEHHEM BPEMEHU OCAXKJIEHHsS; OH
CTaHOBHUTCSA 60.]'[66 Y3KUM M MUHTCHCUBHBIM, KOI'Ja BpEMsI OCaXACHUSI CTAHOBUTCS PaBHBIM 10
MuH. Poct mpoucxomut BHoib ruiockocTH (111) m3-3a ee HauMeHbIICH MOBEPXHOCTHOMN
sHepruu [32]. Pa3zmep 3epHa (D) ocaki€HHBIX MIEHOK OIMpPEaesycs ¢ IOMOIIBI0 YPaBHEHHUS
Illeppepa [33]: ['ne K npubnusurensro pasen 0,94, A = 1,54184 A, 0 - yron qudpaxuuu, a
B - mmpuHa IUQPAKIMOHHON JMHMM 0PH IOJOBUHE MAKCHMyMa HHTEHCHBHOCTH.
Jlucnokanus paccMaTpUBaeTcs Kak Kpuctauiorpaduueckuil qeexT, Wiu HeOXHOPOIHOCTb,
B KPHUCTAJUIMYECKOW CTPYKType, U €€ IMPUCYTCTBUE B CTPYKTYpPE KPHCTAJUIUTA CUIIBHO
BIIMSET Ha MHOTHE CBOICTBA MaTepuasioB. VIConb3ys 3HaUeHHs pa3Mepa 3epHa, INIOTHOCTh
JMCTIOKAMi (3) ompemenseTcss Kak KOTMYECTBO IHMCIOKALMOHHBIX JIMHUM Ha EIUHHIY
00bEMa KpHCTalIa U PACCUMTBHIBACTCS IO COOTHOIIEHHI0 YmibaMcoHa u Cmonmana [34].
Muxkpoaehopmanui (&) MIEHOK OLEHWIIN 10 ypaBHeHusM [35].

Tabnuya 3. CmpykmypHbie napamempsl MOHKUX NAEHOK ZNS npu pasiuiHOM 8pEMEHU OCAHCOEHUS.

7
Bpems OCaKICHH (hki) 20 FWYM D(m) | ( lenlp?ﬁ m? | e10
(min) (rpaaycsr) (rpaaycsr) )
2 (111) 28.7488 0.216 38 6.93 9.13
4 (111) 28.7358 0.18 45.6 4.81 7.6
6 (111) 28.806 0.2 41 5.94 8.45
8 (111) 28.7785 0.144 57 3.08 6.08
10 (111) 28.6966 0.08 102 0.95 3.38

CTpyKTypHBIE TNapaMeTpbl ONPEACISUINCH IO PACCUMTAHHBIM 3HAYCHHSM CPEIHETO
pasmepa 3epHa (D), mukpomedopmarnmm (€) ¥ IUIOTHOCTH AWCIOKAIWA (0) UIT TOHKHX
WIEHOK ZNS ¢ pa3iIndHbIM BPEMEHEM OCXK/ICHHUS TPECTABICHBI B TabHIE 3.

MakcnmanbHOEe 3Hau€HHWe IUIOTHOCTH JUCIOKAIMK OBUIO TIONYdeHO Ui IUIEHKH,
HanbUIEHHON IIpH 2 MUHYTax BpeMeHu ocaxjaeHus. CoryacHo paBeHCTBY (3) 3HadeHHe
00paTHO mpomopIMoHaNbHO 3HaueHno D. Paxyn u apyrue [36] coobupumu o0 yBenndeHun
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pa3mepa 3epHa B npeaenax 36,12-43,82 HM W yMEHBIIEHMM IUIOTHOCTU IUCIIOKAUUH B
npenenax 7,6 x 10% - 5,2 x 10" jum/m? JUIS TOHKUX TDIEHOK ZNS MONyYeHHBIX METOIOM
TEPMHYECCKOTO HCIIAPCHUSL.

OnTtuueckne cpoiicTBa. TommuHa TWIEHOK (I) paccuuThIBaIach METOIOM Pa3HOCTH
BECOB C MIOMOILBIO YYBCTBUTEIBLHBIX MUKPOBECOB B COOTBETCTBUHU C COOTHOILIEHUEM

_am
t=22 (13)

I'me m - macca ocaxaEHHOH IUIEHKH, p - IUIOTHOCTH ZNS, paBHas 4,1 rlem® st
00bEMHOI KyOmueckoll cTpykTypel ZnS, a- momanp mwiéaku [37]. CkopocTh pocta
OLIEHUBAJIACH T1I0 JICTIEHHUIO TOJIIMHBI IUIEHKN Ha BpeMs ocaxkaeHust. [1onoOHbIe pe3yabTaThl
myonukytoTes B [28, 29]. Beicokuii ko dunmeHT nponyckaHus mIEHOK B BUAUMON YacTH
CHEKTpa HMMEET BaXKHYIO pOJb JJIsl ONTHYECKUX NpHiIoKeHWHd. Bbbur moctpoeH rpaduk
OIITHYECKOr0 MPOMYCKaHusl MIEHOK ZNS, MpH pa3HOM BpeMEHH ocakIeHHs. Bce criekTpsl
MIPOITYCKaHHs COCTOSIT U3 JIByX 00JIacTei:

1) obnacte cunbHoro nornoinenus (A< 400 HM), cooTBeTCTBYIOIIAs (DYHIAMEHTAIEHOMY
TIOTJIOMIEHUIO B TOHKHMX IUIEHKax ZNS. DTO moriomeHne OO0YCIOBIEHO 3JEKTPOHHBIM
MEePEX0/I0M MEXKTy BaJIEHTHON 30HOW M 30HOM MPOBOAUMOCTH.

2) obyacth MakcHMMaNbHOHM mpo3payHocTd (A> 400 HM), TIe 3HAYEHHE MPOIYCKAHHs
cocrasisaer oT 35% no 75%, B quana3one v BoaH 400-800 HM.

Takoe wu3MeHEeHHE 3HAYCHMI IpONyCKaHusA XOpOoHIO COIjlacye€Tcss C JdaHHbIMH,
MONY4YEeHHBIMU APYTUMHU HccleoBaTesIMu [ 14] Ha TOHKHX MIEHKAX ZnS, MPUTOTOBJIEHHBIX
METOJIOM  YAbTpa3ByKoBoro pacmbiieHust (40-70%). VYMeHblIeHHEe TPONyCKaHus ¢
YBECIIMYCHUEM BPEMCHU OCAXKICHHUA MOXKET 6I)ITI) CBSA3aHO C YBCIWYCHUEM TOJIIUHBI
IIeHKH. B 3Toil paboTe cheKTphl NPOIYyCKaHHSA HE MMEIOT MHTep(EepeHIHMOHHBIX MOJIOC,
OOYCJIOBJICHHBIX pacCesHHEM IPOXOAAIIEr0 CBETa B MaTepHaie H3-3a LIEPOXOBATOCTH
MIOBEPXHOCTH paszena Bo3ayx - IéHka. lllupunaa 3anpeméHHoi 30HBI HAHOIUIEHOK ZnS
ObLIa ONpeieieHa U3 MOCTPoeHHOoro rpaduka u coornouienus Tayka [39] (ypaBHenue (7)).

Kak cnemyet u3 [40], BenuunHa 3anpeniéHHON 30HBI TOHKUX TUIEHOK ZnS yBelIWYnBaeTCs
cHavanma ¢ 3,48 3B mo 3,92 5B B wunrepBasie 2-6 MuH. 3aTreM IOCI€ 3TOrO INUpPHHA
3anpeméHHoi 30Hp m3MeHmIack ¢ 3,92 3B 10 3,56 5B ¢ yBenudeHneM BpeMeHH OCaXKICHIIL
370 yMeHbLIEHHEe MIUPHHBI 3aIPEIEHHON 30HBI MOKHO OOBSICHATH KBAHTOBBIM Pa3MEPHBIM
s¢pdexrom [41]. CornmacHo NaHHBIM, MOMYYEHHBIM OJNHAPUCCH W Ap. [23] 3HauMTeNbHAs
IIMpYHA 3alpEIlEHHON 30HBI SBISETCA NPUYMHOM CHMXKEHUS MOIJIOLIEHHS OKOHHOIO CJIOS,
YTO MPUBOOUT K YIYyUYIICHHIO TOKa KOPOTKOIO 3aMbIKAHUS COJHEYHOIO 3JIEMEHTA.
VYBenuueHne IMUPUHBI 3aTPENIEHHONW 30HBI OOYCIOBJICHO TAKXKE YBEIMYCHHEM TOJIIMHBI
wiéHku [42] u sddexkrom bepuinreiina-Mocca [40]. AHanoruduHble pe3yiabTaThl ObUTH
moydeHsl uccnenosarensmi: (3,7-3,3 aB) [43] (3,73-3,57 »B) [44] u (3,84-3,51 3B) [45].

Iloka3aTenb mnpesioMyieHHs (n) TOHKHX IUIEHOK ZnS, TOIYyYeHHBIX NIpPU pPa3HOM
BPEMEHH OCAKICHMUS, MOYKHO PACCUHTATh C TOMOIIBbI0 Mozaenu [ epBe-Bannamma [46]:

n2:1+< 4 )2 (14)

Eg+B

I'me A u B - xouctanTsl, paBHbie A = 13,6 3B u B = 3,4 5B, a E(Q - sxcriepumeHTaibHbIE
3HAYEHUS 3aNpPEIIEHHON 30HBI.



Tabruya 4. Iloxazamens npenomienus (n) moHKou nieHku ZNS npu pasnuyHoM 8PeMeHU 0CAHNCOEHU.

Bpems ocaxaenus Iupuna 3anp. Pa3mep xpucraiia Koxpdunuenr
(min) 3ounl E(eV) D(nm) npeaomirenus (n)
2 3.48 38 2.21
4 3.62 45.6 2.18
6 3.92 41 211
8 3.66 57 2.17
10 3.56 102 2.19

Kak BumHO m3 Tabamusl 4, mokasaTenb NpejaoMiieHns yMeHbmaercs ot 2,21 no 2,118
uHTEpBaNe 2-6 MUH, a 3aTeM YBEIMYMBACTCS C YBEJIMYCHHWEM BPEMEHH OCaKaeHHA. B
pabote [47] ObUIO COOOINEHHE, YTO 3HAUCHUE IOKA3aTeNsl MPEJIOMIICHUS TOHKUX IUIEHOK
ZnS cocraisuio okono 2,13-2,19 npu KoMHaTHOW Temneparype u temreparypax (200 °C,
300 °C u 400 °C). Dro CcHWKEHHE MOKaszaTeNsl INPEIOMIICHHs TaK e OOBSICHSIEeTCS
KBaHTOBBIM pa3MepHbIM dPdexToMm.

JJIeKTPUYECKUE CBOMCTBA. YJIENIbHOE CONPOTHBJICHHE MOXHO paccuuTaTh IO
cienyroneMy ypaBaenuto [48]:

»=Rd (15)

[ne p - yaensHOE conpoTHBieHUE, R - KBajpaTHIHOE COMPOTHBIEHHE, a d - TommuHa
obpasua. MOXHO 3aMeTHUTh, YTO YJEJIbHOE COMPOTHBICHUWE BBIPALICHHBIX IUIEHOK
yBenmuuuBaercs ¢ 1,51 X 10°Q cm mo 20,84 x 10°Q oM ¢ YBEIHUEHHEM BPEMEHHU
OCaXKXIACHUSI. Kak BHUJIHO, YBCIHNYCHHUE TOJIIHNHBI 06pa311013 NNpUBOAWJIO U K YBCIHYCHHUIO
YIEIBHOTO CONPOTHUBIICHUS] TOHKHX TUIEHOK ZNS, Kak NMoKa3aHo B ypaBHeHuH (7).

MeTo BAKYyMHOI'0 HCHIAPEHHS

Tonkue miéHkn ZNS ¢ pas3auyHbIMU Temreparypamu omxkura (323, 373, 423) K,
tonupHoi (0,5 MKM) ObUIM IONy4eHBI METOJOM BakyyMHOro wucrnapenus [49] npu
noumkensom masnernn (10°Topp). CTpykTypa TOHKMX TIEHOK ZNS, BBIPAIICHHBIX HA
CTEKJITHHBIX TMOJJIOKKaX, MCCIEOoBajach Ha PEHTITeHOBCKOM au¢paktomerpe Pmmic c
menubiM K -u3nydennem ¢ amuHoit Bonnsl (A=1,541 A). Cnekrpodorometp Tuna Shimadzu
u peructparop Y®-mnyuenus Spectro-photometerUV-160  ucrons3oBamucy st
M3MEpEeHHus CIeKTpa Mponyckanusi U mornomienust B odnactu (300-1100) HM I TOHKHX
wiéHok ZnS. Kosdpduuument mnornomenus (o) W Apyrue ONTHYECKHE KOHCTAHTBI,
MpeCTaBlICHHbIe ITOKa3aTeaeM mpeaoMieHus (n), koddduimentom >KkeTHHKIMA (K) ©
JIBYMsl 3HaUCHUSAMH IUIJIEKTPUUYECKON MPOHHUIAEMOCTH (€1 M &), OBUIM pacCUMTAaHBl W3
cnexTpa nornomenus. CoorHomenne Jlambepra Mexny KOX(PQHUIMEHTOM IOTIOMICHUS 1
HWHTCHCHBHOCTBIO IIAJAIONIEH MOIIHOCTH H3JIYYeHHs HA TOBEPXHOCTh TOHKHX IUIEHKaxX
tomuHoM (t) maércs B [50]:

lp=loexpl-c.t] (16)

I'ne Iy - oHeprusa maparonmx QoronHos npu Tommuue (f) BHyTpu Marepuana, a |, -
SHEPrHs NaJaroIX (POTOHOB HA TIOBEPXHOCTH MaTepHaa.

Kosppuuuent moraomenusi (o) paccmarpuBaercs Kak (OYHKIWS JIJTHHBI BOJHBI
Ta/IAI0IIET0 W3TYIEHHS ¥ OH OINPEAENIeT ANala30H MOIIOMeHNs u3mydeHns. [lormomenne
(A) ompeniensieTcst CIIEMYIOIAM COOTHOIIEHUEM:

A =1- (R+T) (momyueno u3 (5))

I'ne R, T - oTpakeHne u npomryckaHUE COOTBETCTBEHHO.

Moxka3arenr npenomiienus (N) MoxkeT ObITh paccuuTan u3 ypaBaenus [40]:



4R

( X ,._»_(R+l)_
(R-1)’

(R-1)

n

a7

Koy punuenr skcruHkmuum K paccuuthiBaetcs 1o cooTHomeHwmto (9) [51]:
JlelicTBuTeNbHAs U MHHMMAasi 4acTH JUAJICKTPHYECKOW TNPOHHUIAEMOCTH (€5 M €;) IUIEHOK
OBUTH pacCYUTaHbI U3 ypaBHeHuUH [40]:

2 120 .
€ =N° - K° (zeitictButenpHas yacts)  (18)
& =2nk (MHUMasI 4acTh) (19)

Bbutn M3ydeHsl 21eKTpUYecKhe CBOMCTBA JTHX IUIEHOK, ITPOBOAMMOCTD OIpEAEsach

COOTHOIICHHUEM:
or.T = 6,eXP(E/KsT) (20)

I'ne ort - MPOBOMMMOCTh TPH KOMHATHOM TeMIepaType, G, - HOCTosHHas, Kg -
nocrostuHast bonbiMana, E, - sHeprus akTuBanuy NpoBOIMMOCTH.

CtpykrypHble cBoiicTBa J[aHHBIE peHTreHOrpa)Uueckoro aHaiu3a MpE/ICTaBICHBI B
Tabnuue 5.

Tabnuya 5. CmpykmypHble hapamempbl MOHKUX WIEHOK ZNS, nonyueHHble NpU pasnuiHblX
memnepamypax omacuza [49]

20 Pa3zme 510" . 3
() | (rpan) d(A) hk a(A) sepia (n‘;n) ao? | Straino
RT 28.6 3.119 111 5.403 12.31 6.589 2.80
323 28.65 | 3.114 111 5.393 13.67 5.351 2.53
373 28.7 3.108 111 5.384 14.49 4.762 2.39
423 28.8 3.098 111 5.365 18.9 2.799 1.82

OnTuyeckne cBoiicTBa. Pe3ynbTaThl ONTHYECKHX HCCICJOBAHUHA IIPEICTABICHB B
Tabmume 6. AHaIM3 STHX pPE3YIbTATOB IIOKAa3bIBaeT, YTO IUIEHKM HMMEIOT HU3KOE
MOTJIONIEHHEe B BWAMMON M OnmwkHeld uH(pakpacHoW obnactsix. HaGmiomaercs, uto
MaKCHMyM ITHKa HOIJIOMIEHHs CMEIAEeTCsl B CTOPOHY KOPOTKHX JUIMH BOJH C YBEITHUCHHUEM
TeMIIEpaTyphl OTKUra. JTO CBUIETENbCTBYET 00 yBenuueHnu LLnpuHb! 3anpeméHHoi 30Hb1
¢ poctoM T,

Tabnuya 6. Onmuueckie nocmosHHble MOHKUX NAEHOK ZNS, noryueHHble NpU PasIuiHbIX
memnepamypax omcuza [49].

2=0.4pm

TAK) | Eyev) Eu(ev) a-10‘cm? n k & &
RT 2.96 0.5678 1.220 4.956 0.0430 24.500 0.433
323 3.01 0.3993 0.944 3.196 0.0300 10.200 0.19
373 3.02 0.3992 0.829 2.500 0.0264 6.69 0.13
423 3.06 0.2798 0.599 1.520 0.0189 2.312 0.057

Bce muiéHkn neMOHCTpHUPYIOT, 4To Oomee 60% MpomycKaHUsT TPOUCXOOUT TPH JJIHHE
BonHbl 6onee 0,4 mkm. Koaddunment normomenus (@) onpenessuics u3 007IaCTH BBICOKOTO
TIOTJIOMIEHNS Ha (DyHIAMEHTAILHOM Kpae IOTIOMIEHHUS TUIEHKH ¢ MOMOIIBI0 ypaBHeHus (1).
TomydeHHOE 3HAYCHHE 0, KOTOPOE BapbUpyercs B auanasone (1,22-0,599) x 10* em™, umeer
XOpOIIyl0 Koppersinuto ¢ gaHubiMA [52, 53]. luprHa 3ampeméHHON 30HBI OMpenessiach
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IyTéM MOCTPOGHHS SKCTPATIONANME HHEHHOM yacTi KpuBoi (ohv)?. 3HaueHHe MMPHUHBI
3anpeméHHol 30HBI OKa3alloch TaKMM, KaK T0KazaHo B Tabiuie 6, 4ro coriacyercs c
JAHHBIMU JPYTHX JIUTEPATypHBIX HUCTOYHUKOB[50-53]. ITLMOTHOCTH JIOKaJTU30BAHHBIX
COCTOSHHIT B TIONOCE MOXKET OBITh OlEHEeHa u3 SHeprum Ypbaxa (E,) mpu a-10* em™. U3
Tabmumpl 6. BugHO, yto EU yMmenpmaercs ot (0,567 mo 0,279) 3B ¢ yBemmueHHEM
TEMIIEpaTypbl OT)KUTA, YTO MOXET OBITh CBS3aHO C YIYYIIEHHEM KpPUCTaUTMYECKOH
CTPYKTYpPbI TIPH OT)KUTe ¥ YMEHBIICHHEM CTEIeHH aMOP(QHOCTH IUIEHKH, YTO NPUBOAUT K
YMEHBUICHUIO JIOKAJIN30BaHHBIX COCTOSHUHA. OITHYECKHE XapaKTepHCTHKH MaTephalioB
0OBIYHO HCITONIB3YETCS JUIS ONPENENICHNs] UX ONTHYECKUX KOHCTAHT, HaIpUMep, ToKa3aTes
nipestomiienust (N), KOTOpBIi paccunThiBaeTcst n3 ypaBHeHus (3). Ciemyer oTMETUTb, 4TO N
YMEHBIIACTCS, C YBEIMYCHHEM TeMIepaTypsl omkura, ot 4,956 mo 1,52) [50-57].
U3smenenne xoddunmenta sxcrunkimu (K), KOTOphIi ompezaensercs U3 ypaBHeHHs (4),
MOYTH AHAJIOTMYHO COOTBETCTBYIOIIEMY KOA((HIMEHTY IMOTJIOMICHUS TIPH Pa3IHYHBIX T ,.
W3 rtabmunsl 6. BUaHO, 4T0o K ymeHblmaercs ¢ yBenuueHweM T, or R.T o 423K. D10
0oOBsCHSIETCS TOW K€ NPUYMHOM, KOTOopas YINOMHHAalach paHee Ui Kod¢duimenTa
norsomeHus, Tabmuua 6. M3menenue (g, €), paccuutaHHoe w3 ypaBHeHuid (5) u (6)
COOTBETCTBEHHO, ITPU PA3JIMUHBIX TEMIIEpaTypax OT)KUra TOXE MPEACTaBIeHO B TadiuIe 0.
ToBe/IeHIE &1 AHATOrMYHO MOKA3ATENI0 MPETOMICHHS HM3-33 MEHbIIEro 3HaueHns k% mo
CPaBHEHHIO ¢ N, B TO BPeMsI KaK €, B OCHOBHOM 3aBHCHT OT 3HAYCHHIA K, KOTOPEIE CBSI3aHEI C
U3MeHeHneM Kod((HIMEeHTa IOIJIONCHU. YCTaHOBJIEHO, YTO € W € YMEHBIIAIOTCS C
YBEITUUEHUEM T4, UTO COTIIACYETCS C AaHHBIMHE [54-57].

DJIeKTpUYecKHe CBOiicTBa. JJIEKTPONPOBOAHOCTh TOHKMX INEHOK ZNS Obuia
ompeneneHa ¢ nomoupio ypaBHeHHs (7). IlpoBoanmocTs NMpH KOMHATHOW TeMIiepaType
YMEHBIIAETCSI C YBEJIMYCHHUEM TEMIIEpaTypbl OTXKHIra, KaK I0Ka3aHo B Tabnuue 7.
VYMeHbLICHHE Or7C YBEIWYCHHEM TEMIIEpaTypbl OTKUra OOBACHAETCS YMEHBIICHHEM
Ie(EeKTHOTO COCTOSHUS, YTO NPUBOAUT K YBEJIHMYCHHUIO ITOABIKHOCTH HOCHUTENICH 3apsia.
[55, 58]. Taxke MOkHO HaOIIOAATH JIBA MEXaHW3Ma MepeHoca dHEepruu akTuBanuu (E,p) u
(Ea2) xOTOpBIE MpeacTaBieHsl B Tabmure 7 [49].

Tabruya 7. Dnexmpuyeckue uzmepenusi MOHKUX NAEHOK ZnS npueomosnenHblx npu pasiuyHblxX
memnepamypax omxicued.

Ta(K) or710° (393-493)K (303-393)K ny-10%° 1107
(Om.cm™) Ea(eV) Ex(eV) (cm®) cm?/V.s.
RT 5.18 0.6313 0.0644 1085.8 0.298
323 2.6 0.6816 0.0615 456.49 0.356
373 1.56 0.6433 0.0886 81.601 1.195
423 1.11 0.6677 0.0989 22.819 3.04

IepBast sHeprust akrtuBamuu, npu (393-493) K, mpexacramiser coOoi mepexomaHbIi
MpOLIECC ISl HOCUTENEH 3apsiia B JIOKAJIM30BAHHBIX COCTOSIHUSIX B 3alPECLUIEHHON 30HE, 4TO
TOBOPUT O CYIIECTBOBAHMM BBICOKOW IUIOTHOCTH JIOKQJM30BAHHBIX COCTOSHUH B
3anpeniéHHoi 30He. Bropas sueprust aktuBammu npu (303-393) K mperncrasiser coboit
MIEPEHOC HOCUTENEW 3apsiia uepe3 TIpaHulbl 3EPEH MpPU TEPMUYECKOM BO3JIECHCTBUM.
3HavYeHNe PHEPTHN aKTHBAIIMH YBEITHUUBACTCS C POCTOM T ,, UTO OOBSCHSETCS yIydIICHUEM
KPHCTAJUIMYHOCTH C YBEJIMUYCHHEM pa3Mepa 3€pHa M yCTPAHEHHEM HEKOTOPBIX Ne(eKTOB
wI€HOK. BpuT momydeH rpadWk 3aBUCHMOCTH HamlpsDKEHHS XO/ula OT TOKa Ui TOHKHX
WIEHOK ZNS TpH pa3iM4HBIX TEMIIepaTypax OTXKHIa. YCTaHOBICHO, 4TO ZNS sBIseTCS
MIPOBOHUKOM N-THNa M OBIIa paccuWTaHa KOHIIEHTpamWs HOCHTENIEH 3apsma, KoTopas
YMEHBIIAETCSI ¢ yBEINWYEHHEM TeMIepaTypsl oTkura. [yis Bcex 00pas3nos Obuta onpeneneHa
TIOABIYKHOCTH HOCUTENEH 3apsaaa. Bee aTi mapamerps! npuBeneHs! B Tabnuie 7.13 Tabmuip
BHAHO, 4YTO TOABIXHOCTE HOCHUTEICH 3apsia YBEIMUYMBACTCS C yMEHBIICHHEM
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KOHLICHTpAllMM HOCHUTENed 3apsiga M C YBEIMYCHHEM TEMIIepaTypbl OTXKHIa, YTO
corjacyercs ¢ JaHHeIMU [55, 58].

JIEKTPOXMMHMYECKHUIH METO/ MOTy4eHHus IIEHOK ZnS

W3MmepeHne  ONTHYECKOrO  NOMVIONIEHHA  MPOBOJWIM €  moMmomp YO o -
cnekTpodoromerpa BuamMoro auanazona (BSR-UV-1900) B amamazone 190-400 am. B
JIAaHHOHM paboTe MoKa3aH Kpai IoJ0Ckl MOTJIoMIeH!sI, oOHapykeHHbId mpu 311, 317, 322 u
327 am npu temneparypax BaHHbI 30, 40, 50 u 60°C cooTBeTCTBEHHO. BpII0 ycTaHOBJIEHO,
YTO HIMPUHA 3aMPEEHHON 30HbI TWIEHOK ZnS cocraBiusieT 3,99, 3,91, 3,85, 3,79 3B mpu 30,
40,50 u 60 °C

Cnextpbl moryomeHuss B Y® - BUIUMOW 007acTH TOKa3bIBalOT, 4YTO OJHEPIUS
3arpeIéHHON 30HbI U3MEHSIETCSl 00pPaTHO MPOMOPIMOHANIBEHO pa3MepaM KPHCTaJUIUTOB [59,
60]. DHeproJUCIepCUOHHBIN aHAIN3 METOJOM PEHTTEHOBCKOM CIEKTPOCKOINWHU TOKa3al,
YTO BBHIpAIllEeHHAs! TOHKAs IUIEHKA COCTOMT TOJIBKO M3 dyieMeHToB Zn u S. [Iuku npumeceii B
9TOM CHeKkTpe He HaOmogaTcs. Mopdonorus MOBEpXHOCTH TOHKHX IUIEHOK ZnS
H3MEHsSETCs NIPU MOBBIILIEHUN TeMIepaTyphl BaHHbI [61, 62]. Kpuctannuyeckue napameTpol
TOHKON TUIEHKM ZnS BhIIE NpHU Temmeparype BaHHBI 60 °C, 4TO yKa3bIBaeT Ha TO, UTO
MIEHKa TUIOTHAsT W UMEET CIUIoIIHOe 3amoinHeHue [63]. M3meHeHue cpenHero pasmepa
KPHUCTAJUIMTOB 00pa3ia IUIEHKH B 3aBUCHMOCTH OT TEMIIEpaTypbl BaHHBI NPHBEACHO B
Tabnuue 8.

Tabnuya 8. 3nauenus cpednezo pazmepa KpUCMALIUMOG U 3aNPeujéHHOU 30Hbl ZnS npu paziuiHbIX
memnepamypax 6anHbl.

TemnepaTrypa BaHHbI Cpennmii pazmep Iupuna 3anpeiéHHOI 30HbI
(°cO) KPHUCTAJJIMTOB (HM) 1o 3Hepruu (3B)
30 °C 40,15 am 3.99
40°C 60,10 am 3,91
50°C 80,08 HM 3,85
60 °C 160,06 M 3.79

OmnpeneneHrie TONMMMHBI IUIEHKM ZnS, TONY4eHHOW C TOMOIIBI0 MeETona
3JIEKTPOOCAXACHHS, HAXOIUIIN METOIOM pa3HOCTH Macc [64, 65].

sp

rae Am - pa3HOCTh MAcC JI0 M MOCIE OCAXICHHMs, t - TONIIMHA TUIEHKH, S - TUIOMIAb
OCaKIICHUS, p - TUIOTHOCTH OCaXIEHHOTO MaTepHala.

Monyyenue HaHoyacTH ZNS, NPUIOTOBJEHHBIX C Pa3JIMYHON MOJISIPHOWM
KOHLEHTPalHeil HCXOHOI0 pacTBoOpa

PentrenoBckyro mopomkoByro nuppaxmuto (XRD) [66] mpoBommmm mpu KOMHATHOW
TeMIlepaType Ha pEHTTeHOBCKOM mudpakTomerpe Miniplex-ii ¢ wucmonap3oBanmemM
Monoxpomaruieckoro m3nydenust CuKal ¢ A=1,540562 A° npu Hanpspxenun 40 kB u cuie
Toka 40 MA ¢ mamasorom (2q) 20 or 10° 1o 80° mpu ckopoctr 2° mun . HanouacTHist
pa3YHBIX pa3MepoB OBUIM TONY4EHbl IYTEM HW3MEHEHHS MOJSIPHOW KOHICHTPALUU
ncxomusix obpasmos: 0,4 M, 0,6 M, 0,8 M u 1,0 M; ZnS-1, ZnS-11, ZnS-1ll u ZnS-1V,
COOTBETCTBEHHO. IlapameTp peméTkn ObUT paccuuTaH Kak 5,82 A°, uTo o4eHb ONM3KO K
crangapTHOMy 3HadeHnio (5,83 (A°). Takke BUIHO, 4TO MUKW YIIMPSAKOTCA TIPH OOJee
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BBICOKOW KOHIICHTpAIlMA HMCXOJHOTO pacTBopa oOpazma ZnS. U3 puc. 3 BHIHO, 4TO Ha
pPEHTIeHOrpaMMax, TONYYEHHBIX JUIsi BceX o0pa3loB, HAOMOmaeTcs TPH IUKA, 4YTO
CBHJICTEIBCTBYET O KyOHMUYECKOH CTPYKTYpe LMHKOBOH IIMXTHI, & MUKH COOTBETCTBYHOT
mdpaknun Ha miockoctsix (111), (220) n (311) cooTBeTcTBEHHO.
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Puc. 3. XRD- penmeenocpammor nanowacmuy ZnS.

VYimpenue nuka 1oj MEHbIIMM YIJIOM Oojiee 3HA4MMO JJisl pacdyéra pa3mepa 4acTHll,
MO3TOMY pa3Mep HaHOKpPHCTAJUIOB ObL1 paccuutan 1o ¢dopmyne Ileppepa [25, 67].
CHCKprI OINITHYCCKOI0 IIOIJIOMICHUA HaAHOYACTUIL 6I)IJ'II/I HU3MEPCHbI C MOMOLIbIO
JByaydeBoro asTomatusupoBanHoro UV-Vis cnextpodoromerpa. CHEKTpsl MOTIONICHUS
PEeruCTpUPOBATIUCH IIPU KOMHATHON TemIeparype B auamna3oHe oT 450 no 550 uM. DHeprus
3arpeléHHON 30HbI ObUIA OMpe/ieNieHa U3 CIIEKTPOB ONTHYECKOro MoriolieHus. BumHo, 4to
TIOTJIOIIEHHE MTPOMCXOAUT B BUAUMON obnactu, rpu 486 uMm, 484 um, 478 um, 471 um, ais
o6paszuoB ZnS-1, ZnS-Il, ZnS-111 u ZnS-1V coorercrBenHo. Kpaii nmornomienus cmemnaercs
B CTOPOHY MEHBIIEH JJIMHBI BOJNHBI 10 MEpE YBEIMUYECHUS MOJSIPHON KOHIEHTpAIWU.
Illupuna 3anpeléHHON 30HbI MaTepuasa ONpEeAessulach C IOMOLIBIO COOTHOUEeHMs Tayka
[67, 68]. 3naueHune IMMPHUHBI 3aMPEUIEHHOW 30HBI ONpEAENAeTCS MyTEM SKCTPATONSIIUN
npsaMonnHeitHoro yyactka rpaduka (ahv)? or hv k ocn hv mpu 0=0. ITonyuennbie 3HaUCHNS
LIMPUHBI 3aMpenIEHHON 30HBI JUTS pa3IM4YHbIX 00pa3noB cocraBisitoT 2,63, 2,79, 2,81, 2,87
3B cootBercTBeHHO s Temmepatyp. 30, 40, 50 u 60°C

Meton BU MarHeTpOHHOIr 0 pacnbliIeHH

Ha puc. 4 mpexncraBieHsl JudpakTOrpaMMbl PEHTTEHOBCKOTO pacCesHHS HEKOTOPBIX
MOMUKPUCTATUTMIECKUX HAHOCTPYKTYp ZNS, BhIpanieHHbIX Ha momioxkke GaAs (001)
meronoM BYU marHeTpoHHOro pacnelieHusi. PeHTreHorpaMMbl MOKa3bIBAaKOT, YTO IUIEHKHU
ZnS, ocaxxAEHHBIE aXke PU HU3KON TeMIlepaType, HMEIOT KPHCTAIUIMIECKYIO CTPYKTYpY U
MPE/ICTABISIOT COOOM ABa AOMUHHpYIOIUX muka mpu 31,59 u 65,94°. D10 MoxeT ObITh
CBS3aHO € TEM, YTO KpHCTaUIMYecKas mnomiokka GaAS cmocoOCTBYeT —pocTy
KPHUCTAJUTMUECKUX TOHKUX IUIEHOK ZNS, W OpHEHTAalMs WX KPUCTAJUIMYECKOH peIméTku
HHULIMUpYyeTcs Ha nomiokkax GaAS mpu KoMHaTHOW Temmeparype. IlomydeHHsie
CTPYKTYpHBIC ITApaMeTPhl OJIM3KH K 3HAYCHUSIM OIyOJIMKOBAaHHBIMU B JuTeparype [69].
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Puc. 4. Penmeenocpammol niénox ZNS, cunmesuposanhvix memooom BY macnemponnoco
pacnvlieHus.

PenrtrenoBckue audpakrorpaMMbl MOKa3bIBalOT, YTO MHTEHCHBHOCTH IMKOB CIEKTpa
BO3pACTaeT NpPHU YBEIUYEHUU TEMIIEPATyphl BBIpAIMBAHUS KpUCTAILUIOB. Tak, MUK oOpasua
ZnS169 mpu 65,94° Ha ceMb MOPSIKOB BBIIIE 0 CPAaBHEHUIO C MHKOM oOpasia ZnS154.
TakuM 00pa3oM TMOBBINIEHHE TEMIEPAaTypbl CIOCOOCTBYET TOBBIIICHHIO KadecTBa
KPHCTAJIIMYECKON CTPYKTYPBI TOHKUX IJIeHOK [28], [70].

Tabnuya 9. Pezynomamul ananusa oopazyos memoodom J/C, sbipauyeHHbix MEMoooM MAZHEMpPOHHO20
pacnulienus.

S npoueHT Zn nponeHT Tommuna Pa3me
Obpasen Te () aTonI:OB (%) aTOMl:)B (%) nJieHku (Nm) 3epeH (n[:n)
ZnS140 180 50.21 49.79 865.3 28.18
ZnS154 270 49.01 50.99 845.8 31.95
ZnS163 335 47.07 52.93 887.1 28.31
ZnS164 450 38.89 61.11 828.3 30.30
ZnS169 630 32.18 67.18 801.2 8.15

Cnextpel EDS yka3pIBaloT Ha MpHUCYTCTBHE KHCIOpOa B 00pa3iiax Hapsay ¢ LIUHKOM U
cepoii [71, 72]. DTh HOHBI KUCIIOPO/IA MOTYT 00Pa30BBIBATH JIOBYILIKH B 3alpelIEHHOMN 30He,
YTO NPUBOAUT K HECKOIBKUM IIEPEXO/aM, BBI3BIBAIOLUIMX JIFOMHHECHEHINIO. Takum
o0pa3oM, MoydaeTcs, YTO KHCIOPOJ 3aMEHSeT Cepy B HEKOTOPBIX y3llax peméTku ZnS.
Pe3ynpTaThl M3MEpEHUH I IMHKA U CEpBI NIpHUBEAEHBI B Tabmuue 9. M3 3TuX pe3ynbTaToB
BUJIHO, 4TO oOpaszenr ZnS154 mMeer Xopollee CTEXHOMETPUYECKOE COCTUHEHHE, W 4YTO
TIOBBIIIEHUE TEMIIEPATYPhI IIPH €T0 IMOIYUYSCHUH IPUBOAUT K OONBIIEMY COJCP/KAaHUIO IIMHKA
B MaTepHaje W HeJOCTaTKy cepbl. M3 Tabmunbl 9 BumHO, 4To obOpazen ZnS169 comepkur
MEHBIIYIO KOHILEHTPALMIO Cephl, YTO CBHUAETENLCTBYET O O0Jee BBICOKOW KOHIICHTpPAINN
CTPYKTYpHBIX HedexToB [73-75].

MeToa paaMo4acTOTHOI0 MATHETPOHHOI O PACTBIJICHUS

B pabore [76] ObUIO MCCIEOOBAHO BIMSHUE PA3NAYHBIX TEMIEpPaTyp MOIIOKKHA Ha
CTPYKTYPHBIE CBOMCTBAa IJIEHOK, a TaKXKE IPOAHATU3UPOBAHBI ONTHYECKUE CBOMCTBA
wieHoK. Kpucrammmdeckyro ¢(asy mIEHOK M3ydasid C TOMOIIBIO PEHTT€HOBCKOTO
mudpakromerpa [XRD] (Bruker D8 Advance; Bruker, bumepuka, Maccauycerc, CIIIA) ¢
ucnonb3oBanreM m3nyuenuss Cu Ka (4= 0,15406 um), padoraromero mpu 40 kB u 40
MA. Mop¢ororuio NoBEpXHOCTH B pa3Mep 3EPEeH IUIEHOK onpesersui ¢ momomnisio FESEM
(Hitachi S-4800; Hitachi, Ltd., Tokwo, Smonus). TommMHY IUIEHOK OIEHHBAK C
ncrionp3oBanneM m3oopakennss FESEM B momepeunom ceuennn. CocTaB IIEHOK Ha
CTEKIISTHHBIX TOAJIOKKAaX OBUT HCCIENOBAaH METOIOM 3HEProIMCIIEPCHOHHOTO aHajIn3a
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pertrenoBckoro mnydeHus [EDAX] (Horiba 7593-H; Horiba, Ltd., Kuoro, SAnonus).
Onrtryeckre CBOWCTBA IUICHOK OBUTH OXapaKTEPHU30BaHBI C MOMOIIBIO CIEKTpoMeTpa Y D-
BuguMoro mauama3zona (Shimadzu UV-1800; Shimadzu Corp., Kwuoro, Smonus) c
nuara3oHoM JuIrH BoJH ot 200 mo 1100 aM.

CTpykTypHble cBoiicTBa. Ha pucynke 5 moka3zaHsl peHTTEHOTPAMMBI TOHKHUX TUIEHOK
ZnS, chopMUPOBAHHBIX METOAOM PACIBUICHHUS MIPH PA3TUYHBIX TEMIICPATypax MOUIOKKH B
muanaszone ot 100 °C mo 400°C. s kax10ii IIEHKA B TUANTa30HE YIIIOB TU(paKiuu (26 =
28.50°) or 20° ngo 80° wnaOmomancs oxumH nwK. [In€HkM mnpencraBmsum  coOoi
MOHOKPHUCTANTUYECKUE CTPYKTYPHl C MPEANOYTUTENbHON opueHTanuend. WX mmockocTu
ObUTH TIapaJUICIbHBI MIOBEPXHOCTH TOIOKKA. Bee TUIEHKHM, BBIpAICHHBIC TIPU PA3JIMIHBIX
TeMIlepaTypax MOMIOXKKH, HMENH TOIbKO IutockocTh (111) W CTpyKTypy IIMHKOBOIA
obmanku. [To Mepe TOBBIIIEHHS TeMIIEpaTyphl TOTOKKA 10 350°C MHTEHCHBHOCTh MHKOB,
COOTBETCTBYIONIUX KyOW4ecKol (hase, Takke pe3ko Bo3pacTana. JlanpHeiiee moBbIIICHUE
TeMrepatypbl momnokku a0 400°C mpuBeno K HE3HAUUTEIBHOMY CHIDKEHHUIO THKa
WHTCHCUBHOCTH KyOWdeckoil ¢a3bl. [l monydeHHs MOMONHUTEIBLHONW CTPYKTYpPHOH
uHdopmanuu cpennue pasmepbl kpuctauutoB (D) miéHok paccuutaHbl 1Mo Gopmysie
[eppepa [77, 26]. 3nauenue FWHM cuusunocs ¢ 0,384° 1o 0,141° mo mepe NmOBBIIIEHUS
temnepatypbl HaHeceHus or 100°C mo 350°C. Ilpu yBenuuenuu temmepatypsl 10 400°C
3HayeHne FWHM mnénxu yBenuumiocs 1o 0,154°, yTo yka3pIBaeT Ha CHI)KEHHE KadyecTBa
KPUCTAJUTMYHOCTU TUIEHOK. CpemHue pa3Mepbl KPUCTAJUIMTOB TUIEHOK COCTABIISUIM OKOJIO
22.3, 25.5, 29.8, 43.1, 60.8, u 55,6 um mis oOpasnoB, HaHecéHHbIX mpu 100°C, 200°C,
250°C, 300°C, 350°C u 400°C cootserctBenHO [78]. CpenHre pa3Mepsl YaCTHIl U 3HAYECHUS
FWHM mnénok npusenens! B Tadmwuie 10.

Intenstty (arb unt)

20 30 40 50 60
20 (degree)
Puc. 5. Penmeenozpammol niénox ZnS, 6bipauyennbix npu paziudnbix memMnepantypax noonovicKu om
100°C 0o 400°C.

Tabnuya 10. Oyenounvie FWHM u pazmepul Kpucmaiiumos niéHok ZnS, 8bipaujeHHbIX npu
PABNUYHBIX MEMNEPAMYPAX NOOTOHCKU.

T Pa3Mep KPHUCTAJLJIMTOB
eMmeparypa 3HaueHns Pa3mep 3epua
Monaoxkku (°C) FWHM(C) METO/IOM PEHTICHOBCKOTO FESEM (1m)
H3JIyyeHus (HM)

100 0.384 22.3 27.2

200 0.314 255 30.1

250 0.288 29.8 36.5

300 0.199 43.1 50.3

350 0.141 60.8 69.4

400 0.154 55.6 66.2

B Tabmmme 11 moka3aHbl H3MEHEHHS XUMHUYECKOro cocTaBa Zn U S B TiéHKax ZnS mpu
Pa3IMYHBIX TEMIEpaTypax IOUIOKKH, Pazmep ncenexyemoii odnactu npessiran 100 x100
MKM. Bece 00pasnpl, IpUroTOBIEHHBIE NMPU Pa3IMYHBIX TEMIIEPATypax MOAIOXKKH, ObIIH
HECTEXHOMETPUIECKHUMH, & COJep KaHie Zn TPEBHIIIAT0 Co/lepKaHue S, 32 UCKIIOUYEHHUEM
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wi€HOK, BbIpanieHHbIX npu 350°C. CooTHolleHne Zn/ S MOCTOSHHO CHMIKANOCh MO Mepe
MOBBIILIEHUS TeMIepaTypsl noanoxku. Korna temneparypa nocruria 350 °C, B mnénke ZnS
ObUTO OOHAPY)KEHO ITOYTH OJIMHAKOBOE coliep)kaHue Zn M S, 4TO yKa3bIBaeT Ha TO, YTO
IIEHKA MMeNa CTEXHOMETPUUYECKUII COCTaB M 4YTO CpelHee OTHOIIeHWe Zn/S mist 3Toit
IIEHKU cocTaBisuio okoso 0,99. DTo cooTBercTBYeT HauMeHblemy 3HaueHnio FWHM B
tabmmue 10.

Tabnuya 11. Xumuueckuii cocmas niénok ZnS, HAHECEHHBIX NPU PA3TUYHBIX MEMNEPANYPAX

NOONONCKU.
“T);JB::;::;T}(?E) Zn (atomusrii %) | S (aromubrii %) | CoorHomenne Zn/S | E4(eV)
100 54.32 45.68 1.19 3.45
200 53.87 46.13 1.17 3.57
250 53.75 46.25 1.16 3.72
300 52.95 47.05 1.13 3.73
350 49.91 50.09 0.99 3.79
400 50.97 49.03 1.04 3.76

TonmuHa mnEHOK ZnS, MOMYyYEHHBIX NPU PA3NIUYHBIX TEMIEpaTypax IOIOKKH,
OlLlEHMBANach C ucnonab3oBaHueM wu3oOpaxenuit FESEM B momepeunom ceuenun. U3
aHaJM3a Pe3yJabTaTOB PEHTreHOrpadry MOXKHO CAEIaTh BBIBOJ, YTO MaKCUMaJIbHBIA pazMep
kpuctauroB pocturaincs npu 350 °C. Mopdonorust mnéHoK okaszajach HENpepbIBHOW U
wiotHo#. CpeHue pa3Mepbl YyacTul| ObUIH B iMana3one ot 27,2 1o 69,4 HM.

OnTtnyeckne cBoiWcTBa. BbUTM TONy4deHBbl CHEKTPBI ONTHYECKOTO MPOIMYCKAHUS B
nuanazonHe AuH BomH oT 200 mo 1100 HM 1wuieHOK ZnS, HaHECEHHBIX MPH Pa3TUYHBIX
TemnepaTypax nomIokku. IInéuku, Hanecénusle mpu 100 °C u 200 °C, mmenu OGonee
HHU3KYIO MpOo3payHOCTh. ORHAKO H300paKeHUS IO-TIPEKHEMY IIOKa3bIBAM CPEIHUH
kodpdunment mnpomyckanus Bbime 70%. CoekTpanbHbI KO3(GHUIMEHT HPOIMYCKaHHUS
IUIEHKH, TOTy4YeHHOH mpu Temiepatype 350 °C, Obul BbIIIE, YeM Y IJIEHOK, MOTYYEHHBIX
IpH Opyrux Temmeparypax pocra. bonee Toro, cpemuuii Ko3)@GHUUMEHT MpOmycKaHUs B
BUIMMO# obnactu Obu1 Bbime 80%. [79]. Onruueckas mupuHa 3anpeléHHoil 30Hb! (Eg)
onpeieNAnach 1o rpaduKy 3aBUCHMOCTH dHepriu hotonos (hv) ot (ahv)® E, onenuBanach
myTéM SKCTPAIONAIMU TIPSAMONUHEHHON uactk crmektpa Ha ocbk (hv) [80]. 3Hauenus
IUMPUHB], 3alpeIIEHHON 30HBI IUIEHOK, HAHECEHHBIX IPU PA3IMYHBIX TEMIIEpATypax
TIO/ITIOKKH TIPEJICTAaBIIeHBI B Tabmuie 11.

Mertoa xumuueckoe ocaxaenue u3 Banubl (CBD) [81]

CoctaB TOHKHUX IUIEHOK, copMuUpoBaHHBIX ¢ momoiipio CBD, 6bur ompenenén c
nomotipio EDX-ananuza. (puc. 6)

Puc. 6.Onepzooucnepcuonnasn penmeenosckas cnekmpockonus Zns.
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Puc. 7. Penmeenosckasn ouhpakyuoHHas Kapmura moHKUX nieHox ZnsS.

CTpyKkTypa TOHKMX IUIEHOK HCCIEJOBANIacCh C MOMOUIBI0 PEHTI€HOCTPYKTYPHBIX
n3MepeHuit B quanasone yrioB 20 ot 20° mo 80°, kak moka3aHo Ha pucyHke 8. Jlns Bcex
00pa3IoB TOHKHX IUIEHOK ZNS OCHOBHOHM MUK HaOJIOAaeTcs npu yrie audpakiwm 23,5°,
coorBeTcTBytomeM Kyouueckoil (111) m rexcaronansHoit (002) mmockoctsiv. CpenHuii
pasMep KpUCTaJUINTOB, paccurTaHHbIi 1o opmyne lleppepa (2), cocraBui 13,3 HM.

Onruyeckne CBOCTBA HAHOIUIEHOK OMpeNesuIuch ¢ momoribio UV-Vis cnekrpomerpa
¢ nuana3oHoM anuH BoaH 200 - 1100 um. [Ipomyckanne TOHKHX MIEHOK ZNS yMEHBIIAIOCh
C YBCIMYCHUEM KOHICHTpAIlMM [HWHKAa B l'IJ'[éHKaX, YTO MOXET OBITh l'[pPI‘{PIHOﬁ
IIEPOXOBATOCTH TOBEPXHOCTU OCAXAEHHBIX MIEHOK. [InéHku, ocaxnennsie pu 0,025 M,
o0Jiafiaiu BBICOKOM MPO3PavyHOCTHI0 M3-32 HU3KOW KOHIIEHTpauuH IHUHKA. OTOXOKEHHBIC
o0pasupl ZNS NeMOHCTPUPYIOT IUIABHYIO KPHBYIO IOIVIOIICHHS OJarofapsi OJJHOPOHOMY
XapaxkTepy IUIEHKH C MEHbIlei IioTHOCThIo JedekroB. Ilporecc omkura yBenuvyuBaeT
3HaueHHe Kod((UIMEHTa IOINIONIEHHs, a caM Kpai IIOIJIOIIEHUS CMELIAeTCs] B CTOPOHY
KOPOTKHX JUIMH BOJIH, YTO CBS3aHO C 0ojiee COBEpIICHHONW KPUCTAUTUYECKOM CTPYKTYpPOit
TOHKHUX IUIEHOK pHc. 7. [Tuk moronienus ajsi HaHoyacTui, ZNS ObLT MOMy4YeH B JHana3oHe
240-260 HM, 4TO CBHIETEILCTBYET 00 YBEIIMUECHUH HIMPUHBI 3anperéHHol 30oubl. [lupuna
3anpenEHHoN 30HbBI OKa3aiack paBHOH 3,98 eV. Dro 3HaueHue Oombiue, 4eM y 00BEMHOTO
ZnS (3,6 3B).

MeToa XuMHYecKoro ocaxkaenusi u3 Banusl (CBD)

B pabore [82] nanomnénku cynbduaa nmHka (ZNS) ObUTM HaHECEHBI Ha KBaplieBbIC
IUTACTHHEI C IOMOIIBIO METO/IA XUMHUUYECKOro ocakaenus u3 Banusl (CBD). HccnenoBanochk
BIIMSTHHE PA3IMYHBIX IIMHKOBBIX Mpekypcopos (ZnCl,, Zn(CH3;COO0),, ZnSO,) Ha MexaHH3M
pocta ToHko# ménku ZnS. PaboTta mpoBoAMIACEH C TOMOIIBIO TEPMUYUECKUX, CTPYKTYPHBIX,
MOP(}OIOTHYECKHX, ONTHYECKHX M DJIEKTPUUECKUX HcclenoBaHuil. Ha peHTreHorpamme
BHUIHBI MIMKX MHAEKCa Muiepa, COOTBETCTBYIOIINE T€KCATOHANBHONU (ha3e TOHKOW TIEHKH
ZnS c pa3mepoM 3epHa 22 - 27 HM.

CrpykrypHbiii ananu3. Madopmanus o CTpyKType HaHOIUIEHKH ZNS ObLIa MmojyueHa ¢
nomoreio peHtreHoBckoit qudpakiuu B (GIXRD) ¢ msnydennem CuKo B guamnazoe
ckanupoBanust 20 - 60. GIXRD no3sossier ocnabuTh BIMSHHE CHTHAlIa OT TOUIOKKA H
VAY4IINTH CUTHAJ OT TOHKOM INEHKH. PeHTreHoBckHe IH(paKTOrpaMMBl BBIPalEHHBIX
HAaHOINEHOK ZNS, TPHTOTOBICHHBIX C HCHOJNB30BAaHUEM  DA3JIMYHBIX  IIMHKOBBIX
npekypcopo (ZnCly, Zn(CH3COO), u ZnSO,), npencraeineHsl Ha puc. 8. [Tk mpH
snaueHusx 20 31.64, 34.53, 36.20, 47.45 u 56.48 sBusroTcs yrinamu AuQpakiud JUis
mwiockocTe ¢ maaekcamu Mrmutepa (1 0 4), (1 0 6), (0 0 10), (1 1 0) m (1 1 8), uro
ynosuerBopsier ypaBHeHuto bparra. (A=2dSinf). IImockocts (0 010), cocrosmas wu3
OonbIIETO YHWCTIA ATOMOB, Jaja CaMbli BBICOKMH MWK WHTEHCHBHOCTH. CpaBHEHHE
HaOmomaeMbix 1mKOB C kKapto JCPDS Ne 39-1363 monrtBepkmaeT Hamudue
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reKCaroHaIbHOU (ha3bl B TOHKOM IUIEHKE ZNS, 0CaXIEHHBIX C UCIIONB30BAHUEM Pa3INYHBIX
MHKOBBIX Tpekypcopos: (&) ZnS-Cl; (b) ZnS-Ac; (c) ZnS-SO [83].
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Puc. 8. Penmeenoeckas ougppaxmoepamma moHkux niénox ZnS.

Pasmep wactuil TOHKMX TWIEHOK ZNS, OCaXIEHHBIX C MCIIOJNB30BAHHEM Pa3UYHBIX
IIMHKOBBIX IPEKypCcOpoB, paccuuthiBasin 1o (opmyne Illeppepa (2). Pasmepsr uactun
TOHKOW IIEHKU ZNS, 0CAXKAEHHOM C UCMOIB30BAaHUEM PA3IMYHBIX [[MHKOBBIX MPEKYPCOPOB
Ha KPEMHHEBYIO MOJIOKKY, MpUBeAeHbl B Tabmuiie 12. B mannom criywae annonsr Cl-
CHOCOOCTBYIOT T€TEPOreHHOMY (MOHBI 32 HOHAMH) MEXaHH3My pOCTa M  YIYy4qlIaloT
KPUCTaJNTMYHOCTh TOHKUX TIIEHOK ZNS.

Tabnuya 12. Pasmep uacmuy, momyuna, KodQguyuenm nponyckanusi u WUpUHa 3anpeuéHHoil 30Hbl
MOHKUX NAEHOK ZNS.

Tonkast niaénka Pa3mep yacTuubl Tommmua IIponyckanue Iupuna 3anp.
ZnS (nm) (nm) T(%), (A>350nm) 3omnbI (eV)
ZnS-Cl 27 37+0.2 29 4.10
ZnS-Ac 25 39+0.3 25 4.17
ZnS-SO 22 41+0.2 10 4.25

OueBUIHO, YTO HA pa3Mep TOHKUX INEHOK ZNS CHUIBHO BIMSACT CKOPOCTh pocta. Jlis
HCCIIeIOBAHUS BIHMSHHUS [IPEKYPCOPOB IIMHKA Ha MOP(OJIOTUI0 TOBEPXHOCTH TOHKOH IIIEHKH
ZnS, Obum TonydeHsl MuUKpodororpaduM IIEHOK C MOMOIIBIO  CKAaHUPYIOIIETO
3JIEKTPOHHOT O MUKPOCKOTIA.

Onrtuyeckuii ananu3 [84]. TommmHa 1 OXHOPOAHOCTD TUIEHKH UTPAIOT BaXKHYIO POJTb B
MIOCTPOEHUN OINTHYECKUX CBOMCTB, TaKHX KaK IPOITyCKaHWE, IOIJIOIIEHHUE, IOKa3aTelb
mperomiieHus U 1.1, [lnéaka c Oompmied OTJHOPOAHOCTHIO W HAUMEHBIIEH TONIIMHON
MIPUBOAUT K BBICOKOMY IPOMYCKAaHUIO C pe3KuM Kpaem moriomieHus [85]. Kpome Toro,
IIMPYHA 3aNpeli€HHON 30HBI INIEHKH MOXKET OBITH ONMpEJeNieHa U3 CIICKTPOB IPOITyCKaHUSA
[84]. Hnsa ompeneneHus BIUSHAA IIMHKOBBIX IPEKYPCOPOB HA ONTHYECKHE CBOWCTBA
BBIPALICHHBIX TOHKUX IUIEHOK ZNS OBUIM TOTYYEeHBI CIIEKTPHI MPOIYCKaHHUS U OTPAXKEHUS C
momomipio UV/VIS/INIR cnekrpodoromerpa. Hanbompmmit K03 QUIIMEHT TPOITYyCKAHUSI
HaOIII0IaeTCs B TOHKOM TUIEHKE, MONMyYeHHO#M 3 mpekypcopa ZnS-Cl, a HaumeHbIwMit - B
IHKe, MONyYeHHOM u3 npekypcopa ZnS-SO. Jlns Bcex TOHKMX MUIEHOK ZNS HabiroaeTcs
HHU3KOE TOTJIOMIEHNE Ha JIMHE BONHBEI BhIE 350 HM M pe3Koe IOIVIONICHHE Ha JJIHMHE
BormHBI ~ 310 BHM [82]. OnTHueckne XapaKTEpUCTUKHA TOHKHUX IDIEHOK OBUIM OIICHEHBI C
TIOMOIIBI0 (POPMYJTBI:

2.303:A
q =———
t

(22)
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Kosdduument nornomenus (o) onpenensuics mo abcopoumu (A) U TOMIIHHE TIEHKH (t)
¢ moMmoIIpo cootHoueHus [85, 86]. TabnuuHble 3HAYCHHS IMHPHHBI 3aNPEIIEHHON 30HBI
BCEX TOHKUX IDIEHOK ZNS HEMHOTO BHIIIIE, YeM y 006EMHOr0 ZNS. D10 CBSA3aHO ¢ IPHEKTOM
KBaHTOBOT'O pa3Mepa HaHovacTul [87]. Beuin momydeHbl cEeKTphbl (OTOTFOMHUHECUICHIHN
(®J) nanomnéHkM ZNS, BHIPAIICHHOM C WCIIOIb30BAHWEM PAa3JIMYHBIX ITMHKOBBIX
npexypcopoB mpu Y ®-Bo30yxaeHun. VIHTEeHCHBHOE M3ITy4eHHE B CHHEM JAWaria3oHe JJIHH
BOJH HaOMIOJAJIOCh BO BCEX TOHKHX IUIEHKaX ZNS, 4YTO MOXKET OBITh CBSI3aHO C
peKoMOMHAINEH IEKTPOHHO-ABIPOYHBIX MAp C JJOHOPHO-aKLENTOPHBIX YPOBHEH JIOBYIIIEK B
BaJIEHTHYIO 30HY [88]. OTKIIOHEHHE OT CTEXMOMETpHH IUIEHOK ZNS B Tpolecce pocTa
MIPUBOAMT K 00pa3oBaHMIO pazauyHblx nedektoB. CorimacHo EDX-ananum3y, momydeHHbIe
WIEHKKM ZNS uMenu cooTHomenue Zn/S Gombpine 1. Takoe CTEXHOMETPUYECKOE OTKIIOHEHHE
MIPUBOIMT K M30BITKY IIMHKA U HEAOCTATKY CEPHI.

DJIeKTpUYecKHe M3MepeHusi. ODHeprus akTHBAllMM, Y/AENbHOE JJIEKTPUYEcKoe
COIPOTHUBIICHHE U TIPOBOJMMOCTh BCEX TOHKMX TUIEHOK ZNS OBUTH ONpeesieHbl ¢ TOMOIIBIO
METo/a IBYXTOYEYHOTO 30H/A.

E, 1

v i) 4ok
2303 kg \T ) T8

log p =

3aBHCUMOCTD yJENbHOTO compotuBiehus (p) ot temmepatypsl (T) maéres B [89].
Koadpdurmenr Xomma (Ry), KoHIeHTpamuss HocuTelned 3apsga (1) U MOABIKHOCTH

3apsA0B(|L) B TOHKHMX IUIEHKAX ONPENENSIUCH C MOMOIIBI0 COOTHOUIEHUs, MPUBENEHHOIO
umwxke [90].

Vyt 1
Ry=/2t

I'B "’

— 23
N )
JlanHple U1 ONpedeNeHUs YIAEIbHOrO CONPOTHBICHUS PETHCTPUPOBANUCH IIPH
NOBBILIEHAW TemIlepaTypbl or 35 g0 190°C.PaccunraHHble 3HAYEHHS YAEIBHOTO
CONPOTHBIICHUS, IPOBOAUMOCTH ¥ SHEPTUH aKTUBALUK NPEACTaBIeHbI B Tabmuue 13.

Tabnuya. 13. Dnexmpuueckue napamempsl MOHKUX NAEHOK ZNS, NOLYYEHHBIX ¢ UCHONb308AHUEM
pasnuunbix yurnkoswvix npexypcopos: ZnS-Cl (a); ZnS-Ac (b); ZnS-SO (c)[89].

Tonka Iueprus Conporu IIposoan- Xou1a KonnenTpa
AKTUBaIUN B- HO)J[BI/DKHOC
| MOCTh K03 puume 1.
v (eV) JieHue - . Th
IUIEHK » f (01\14 HT3 HocheJ;en " (CMZ A
a Ea | Ew (Omeem) em.) Ru(em®/C) N(em™) s
ZnSCl | 075 | - 2.08-10% 4.81-10° 3.48-10° 1.79-10® 1.68-1071
ZXS' 081 | - 1.63-10* 6.14-10° 1.71-10? 3.65-10'° 1.0510
ang' 0.59 255 8.52-10* 1.17-10° 2.53-10* 2.47-10Y 2.97-10*

3HaueHns ddexra Xomra MmoayIand MyTéM MoIep:KaHus MOCTOSHHOTO TOKa 30HAA U
W3MEHEHHST MarHUTHOTO TOJISI M M3MEPEHHST COOTBETCTBYIONIEro HampspkeHus Xomna [91].
[poBoauMocCTh N-THMa HaOIIOIANACE BO BCEX IUIEHKAaX ZNS HE3aBUCUMO OT HMCIIONb3YEeMBIX
LMHKOBBIX MpeKypcopoB. [lpuBenéHHele B TaOnuie 3HAYEHUS IIOKAa3bIBAIOT, 4YTO
HaHOMmIéHKa ZNS-SO uMeeT BBICOKYIO IUIOTHOCTH 3apsija U HU3KYK MPOBOJMMOCTH IO
CPaBHEHHUIO C JPYTMMH TOHKUMHM IUIEHKaMH. Hu3kas MpOBOOMMOCTB 3aKIFOYAeTCs B TOM,
YTO COOCTBEHHBIE JE(EKTHBIE COCTOSHUS, 00pa3yIOLIMECs] B MPOIECCe POCTa HAHOIUIEHKH,
BBICTYMAIOT B KAYECTBE [IEHTPOB PACCESHHS AJIs SJIEKTPOHOB POBOIMMOCTH B TUIEHKE.
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3akimoyenne. B nmaHHOM 0030pe OBUIM PAacCMOTPEHBI DSl METOJOB IONYYCHHUS
HaHOIIEHOK ZnS. Ilpn aHanm3e paccMOTPEHHBIX METOOB CIIOXXHO BBIACIUTH KaKOH-ITHOO
croco0 MONydYeHHs] HAaHOIUIEHOK KaK YHHMBepcanbHbIH. Ho ciemyer oTMeTHTB, 94TO pa3Mep
3€peH KPUCTAJUIOB B IUIEHKAX, MOMYYEHHBIX IIPU Pa3IMYHBIX CIIoco0aX HaHECEHWS, UMEET
pa3M4HyI0 BeNW4rHy. Tak BeIW4YnHa 3E€peH, NONyYEHHBIX MyTEM XUMHYECKOTr0 IMHPOIIN3a,
nMmena pasMepbl 5-6,5 HM. [Ipu Mcnonb30BaHMM MeTOda BAaKyyMHOTO HCIIApeHHS! ObLIN
MOJIy4eHbl KpUCTaibl pasmepoMm 12-19 HM. Meron ynapTpa3ByKOBOrO HAIbLICHUS
MO3BOJISIET TONYYUTh KpHCTautel BennunHOM 38-100 Hm. Camblii Oonbmioi pasmep
KpUCTAJIJIOB TMOJyYeH Mpu dJekTpoxumuueckom merone 40-160 uM. Ilpu u3roroBieHUn
HAaHOIUIEHOK HEOOXOIMMO NPUHMMAaTh BO BHHMaHHE HaJMuue 00OpYIOBaHMS,
SHEPreTUYEcKHe 3aTparhl Ha IPOHM3BOJICTBO HAHOIUIEHOK, HAJIMYUE XMMHYECKH YHCTHIX
npeKkypcopos. B HacTosmee Bpems

Meton xumuueckoro ocaxaenusi (CBD) cambiii  pacnpocTpaH€HHBIH —MeTOn
MOJy4YeHUsT HaHOIIEHOK ZnS Omaromaps ero mpocrore. He TpebyeT CIOXHOrO
obopynoBanus. HaneceHne B XUMHYeCKOW BaHHE oOeclieunBaeT HaA&KHOE MONydeHHE
IUIEHOK OONBIIONW TUIOMIAJM C UCIOJB30BAaHMEM IIPOCTOTO TMpolecca, NpH HU3KOU
temrepatype (<100C) 1 HU3KOI CTOMMOCTH.
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Annomayusn: ¢ Typkmenucmane 6edymcesi HayuHvle pabomol NO CO30AHUIO IPHeKmueHo2o
Memooa NOAYHeHUs CepOo-ePABULIHO20 UHEPMHO20 MAamepuana 3a cyem nepepadbomxu
0mx0006 cepvl. J{aHHAs UHHOBAYUOHHASL MEXHONO2UST HANPAGNEeHA HA — peuleHue
IKOAOSUHECKUX NPOOAEM NO YMUIUZAYUU OMX0008 NPOU3B0OCIBA OGUMYMHO20 GAAHCYIYE20 U
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nepepabomra omxo006 npousso0Cmad.

VIK 625.8

B TypkMmeHucraHe HayaThl pa0OThI MO pa3pabOTKE TEXHOJOTHMH MPOU3BOACTBA CEPO-
IPaBUIHOrO MHEpTHOro MaTepuana. OCHOBHas Lielb AAHHON pa3pabOTKU 3aKiroyaercs B
co3naHu 3((HEeKTUBHOrO METOa IOMY4YEHHS CepO-TPaBUIHOTO MHEPTHOTO MaTepuana 3a
cuer nepepaboTKH OTXOOB Cepbl. B pamkax 3Toro mporecca UCIOIb3YeTCs CMECHUTENb, B
KOTOPOM TPOMCXOAUT MOIU(HKAIMI KOMIIOHEHTOB cocTaBHOM cmecu [1]. Hosas
TEXHOJIOTUsI HANpaBJICHA HA PELICHUE 3KOJIOTHYECKUX MPOOJIEM MO yTHIM3ALUN OTXOIO0B U
OXBAaTHIBAET IPOM3BOJACTBO OMTYMHOI'O BSDKYIIETO M CEpPHOr0 OETOHA, IpeIHa3HaYeHHOI'O
JUISL YCTPOMCTBA TOPOXKHBIX MOKPBITUH C UCIIOJIIb30BAHUEM CEPO-TPABHSI.

OtxonHble MaTepHaibl, TAKHE KaK cepa C ONTHMAaIbHBIMH XapaKTEPUCTHKAMHU, MOTYT
YCIIEIITHO HCIIONb30BAaThCsl IPU CTPOMTENBCTBE JOPOr B YCIOBHSX KapKOro Kinmara
TypxkMenucrana. OTO TIO3BOIUT TOBBICUTh YCTOHYMBOCTH JOPOXKHBIX MOKPHITHH K
9KCTPEMAJIbHBIM TEMIIEpaTypaM U ObICTPOMY H3HOCY.

Beigensror crnenyromye OCHOBHbIE TPYIIBI HHEPTHBIX MaTEPHAJIOB!

1) xapeepHBIN, pEYHON, MOPCKOM, KBAPIIEBHIN MECOK, MOBCEMECTHO HCIONB3yEMBIA B
TPOXJAHCKOM W TIPOMBIIIJIEHHOM CTPOMTEIBCTBE, PEMOHTHO-OTJAEIOYHBIX, JOPOXKHO-
CTPOUTENBHBIX paboTax, MpH MIPOU3BOICTBE KENE300€TOHHBIX M3IeNi. B 3aBucuMocTH oT
pasMepa 4acTHII BBIIEISAIOT IECOK KPYITHON U MENKOH (hpaKIuu;

2) TpaBuiiHBIA 1eOeHb, TONyYaeMBIH 3a CUeT MApPOOJICHHS TOPHOW TIOpPOABI B
CHeLuaIbHOM 000pyZoBaHMH. Ecim cpaBHMBaTH C TpaBHEM, KOTOPBIA MOIYy4aeTcss B
pe3ynbTaTe €CTECTBEHHBIX MPOIECCOB C IOCIETYIOMNM IPOCEHBAHUEM, TO IIEOCHb MMEET
BBIDOKEHHYIO YIJIOBATyI0 ITOBEPXHOCTh. JlaHHOE CBOWMCTBO oOOEcreunBacT Xopouiee
CIEIUIEHHE C APYTMMH CTPOWTENBHBIMH MaTepHadaMy — HalpUMep, MpPH IMPOHU3BOCTBE
6eroHa [2]. ['paBuiinblii meOeHp HAIIET IPUMEHEHUE BO BCEX CTPOMTENBHBIX paboTax, Tae
0 TPOEKTy TPOYHOCTh OeTOHa He BhImIe Kimacca B25 (M350) m3-3a manoil mpodHOCTH
caMoro Marepuana;

3) rpaHUTHBIA MIEO0CHb, MONYYAaEeMBI B pe3ylbTaTe IOAPHIBA TIHIOBL, APOONCHHUS U
MIPOCENBAHUsI Ha aBTOMATH3MPOBAaHHOM oOopyznoBaHuH. [lo cpaBHEHHMIO C TpaBHUHHBIM
meOHEeM TpaHUTHBIM oOTiau4aercst Oonpmielt mpouHocteio (ot M800 mo M1600),
TIOBBIIIIEHHOH MOP030CTOHKOCTHIO. COOTBETCTBEHHO, JAHHBIE HHEPTHBIE MaTEPUAIIbl MOXKHO
WCTIONIB30BAaTh TaM, I7ie OCTOH WCIIBITHIBACT IIOBBIMICHHBIE HAarpy3KH — CTPOWUTEIHCTBO
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a’pOJIPOMOB, MHOTOITKHOE CTPOHMTEIBCTBO, YCTPOMCTBO JIOPOT  TOA  TSDKEIYIO
CIICITEXHUKY, H3TOTOBJICHUE JKeIe300€TOHHBIX W31,

4) KepaM3HWTOBBIN TpaBHUil WK MIEOEHb MOMYYaeTCs TOCPEACTBOM OOMKHIa TIIMHBI HITH
cnanna. OTHOCUTCS K JIETKMM IIOPHCTHIM HHEPTHBIM MaTephajiaM, HCIIONb3yeMbIM B
KAueCTBE YTEIUTMTENs, IPH [POM3BOACTBE JIETKUX OETOHOB JUISI  MAJIO3TaXKHOTO
crpoutenbeTBa. Takke MPUMEHSETCS B KauecTBE JIPEHAXHOTO MaTepHalia MPH YCTPOMCTBE
HacsIneit gopor [3].

Cpenu 0coOEHHOCTEH HMHEPTHBIX CTPOMTEIBHBIX MAaTEPUalOB MOKHO OTMETHThH
HeOONMbLIYyI0  Cce0eCTOMMOCTh — BO3MOJKHO HCIIONIb30BAaHHE B PasiHYHBIX  cepax
CTPOHMTENbCTBA M IIPOM3BOACTBA 0€3 3HAYMTENBHOrO yaopoxaHus pabor. WHepTHbIE
Marepuaibl SABJSIOTCS HEOThEMIIEMBIMH DJIEMEHTAMH IPH HM3TOTOBJIEHHH CTPOUTEIBHBIX
pacTBOpoB, OETOHOB, NPU MHPOU3BOJICTBE JKeIe300€TOHHBIX wH3xeanii. OHHM IO3BOJSIOT
npunaTh 6eToHy TpeOyembie (PU3MKO-MEXaHMYECKHE CBOUCTBA. [TOMUMO HCIOIB30BAHUS B
KAueCTBE HAIOJHUTENEH MaTepuabl HAIUIM [PUMEHEHUE [PH BHIPABHUBAHUM IUIOMIAJIOK,
YCTPOMCTBE TMOAYIIEK MPH JOPOKHOM CTPOUTEIBCTBE, OTAENOYHBIX paboTax, MpH
W3TOTOBJIEHUH IUIUTKH.
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Abstract: the analysis of the manufacturing technology of precast reinforced concrete
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The technological process of manufacturing precast concrete and reinforced concrete
products is a set of separate technological processes consisting of separate operations,
starting from the reception of raw materials and ending with quality control, acceptance and
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shipment of finished products to the consumer. This general sequence of execution of the
entire set of technological operations practically does not depend on the accepted method
(technology) of production and is inherent in all practiced methods: bench, conveyor,
aggregate-flow and mixed, implemented on the corresponding technological lines. The
specifics of performing the element cycles and their constituent technological operations
(for example, the reinforcement or molding cycle) depend on the accepted production
method (technology) [1].

The same operations (for example, reinforcement tension or laying of concrete and
compaction of concrete) can be performed using different equipment, methods and
techniques of implementation inherent in the adopted production technology and the
corresponding equipment (equipment) of technological lines. The main element cycles are
performed in a certain sequence, forming a common technological cycle. Some of them (in
particular, the preparation of molds, reinforcement) are carried out mainly in parallel with
the preparation of concrete and its transportation to the place of molding products. Each
element cycle of the basic technological scheme reflects either the main methods and
techniques of its implementation (for example, types of vehicles for the delivery of
materials).

The modern version of the technology for the use of cement-based building mixes dates
back to 1824, when the British builder D. Aspdin took out the first patent for the
manufacture of Portland cement. The name of the material includes the town of Portland,
characterized by picturesque terrain and gray rocky mountains, so similar in color to the new
building material. Since that time, cement has been widely distributed throughout Europe
and the world, constantly gaining popularity and gaining markets.

Depending on the field of use, weather conditions and expected loads, different mixtures
in composition and quality are required. Heavy concrete is the most popular and in demand.
Today, it is needed in huge quantities for the construction of supporting structures,
foundations, monolithic buildings and other critical facilities. For the production of heavy
concrete, cement is used, one of the most important components. It is used in all grades of
concrete and must meet regulatory requirements [2].

The material has a powdery bulk structure and a gray color. The shades may vary and
depend on the raw material and the manufacturer's technology. A large filler performs
several functions simultaneously: it reduces the consumption of the most expensive
component, reduces the cost, and creates the necessary structure and strength. Most often,
small and medium fractions of crushed stone and gravel are used as a filler. To increase the
mechanical properties, a filler with sharp corners and edges is better suited. In this case,
better adhesion is obtained and the density of the material increases. Crushed stone with a
fraction size of 5-20 mm is best suited. The material is extracted mechanically from natural
sources. It consists of rocks of different composition and density. Construction technologies
are constantly developing and today artificial substitutes are increasingly coming to replace
natural crushed stone: prepared slags, expanded clay and others. They reduce the cost of the
material, but slightly reduce the strength characteristics. Construction technologies are
constantly developing and today artificial substitutes are increasingly coming to replace
natural crushed stone: prepared slags, expanded clay and others. They reduce the cost of the
material, but somewhat reduce the strength characteristics.
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Abstract: a detailed analysis of the requirements for the design of the construction site for
the construction of bridges has been carried out. It is concluded that it is necessary to
comply with these requirements in order to ensure the technical and environmental safety of
construction facilities.
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When choosing the location for the construction site, several factors should be taken into
account. These include the terrain and its existing infrastructure, fluctuations in the water
level during the construction period, climatic conditions, sources and methods for obtaining
bulk materials, width and flow of the river, and accepted working methods.

It is often more cost-effective to locate the site on the riverbank with access roads.
However, if a significant amount of work is required on the other side of the river, a
temporary site can be established.

The creation of an additional site may be particularly beneficial when concrete
aggregates are delivered by river or truck to both banks. It is advisable to establish
construction sites on both sides when building large and complex bridges with high traffic
volumes. It is recommended to locate the construction site as close as possible to the bridge,
but outside the base of the approach ramps and outside the area prone to flooding. There
may be structures within the flood zone that would not be affected by flooding [1].

Construction sites must meet the following basic requirements:

-temporary buildings, structures and devices should not be located within permanent
structures; the distances of transportation of materials and structural elements should be the
smallest; the location of warehouses, landfills, concrete plant should be assigned taking into
account the accepted vehicles and conditions of receipt of materials for construction;

-power sources for construction with electricity should be located close to consumers; it
is not recommended to place long-term used premises and installations within flooded areas;
temporary buildings and structures in flooded areas should be fenced with soil bridges; the
location of material warehouses and processing workshops and sites should correspond to
the technological sequences of the work performed so that the flows of materials are clearly
expressed from the warehouse to the place of installation in the building under construction;

-the offices of the sites should be located closer to the center of the main work;
temporary buildings and structures should be located at such a distance so as not to interfere
with the construction of the bridge and not clutter the approaches to it;

A residential area is being developed outside the production zone of construction and
installation work in accordance with sanitary regulations. The main material warehouse and
equipment warehouse are located far away from the main production facilities of the
construction site. Buildings and structures on the plan must be separated by fire breaks: at
least 20 meters between combustible buildings, 30 meters between combustible buildings
and wooden warehouses, and 50 meters between buildings and structures [2].

- The complex for the production of concrete should be located near workshops, garages and
metal warehouses. The plan of the construction site includes: the contours of the under-
construction bridge (approaches, supports and superstructures), communication routes,
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storage facilities for crushed stone, sand, cement and timber, as well as fuel and lubricant
storage, buildings and structures such as offices, concrete laboratories, boiler rooms,
compressor stations, transformer stations or power plants, pumping stations, concrete plants,
reinforcement shops, mechanical workshops and carpentry shops, garages, parking areas, a
landfill for manufacturing reinforced concrete structures with stands and steam chambers,
and communication networks (electricity grid, water supply and steam pipelines). Landfills
and sites should be located in such a way that easy access to them from warehouses, as well
as from them to the bridge under construction, should be provided; buildings, warehouses
and other structures of the following types should be constructed on the construction site:
collapsible panel or frame-panel, mobile and container; solutions should be reflected on the
construction site, ensuring the safety of the work.
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Abstract: research on the study of concrete quality indicates the need for specialized
laboratories to have a complex of specialized measuring and other equipment for testing
and measurements. With the help of laboratory equipment, a complete database on the
composition of concrete of various grades is created, taking into account all the necessary
characteristics.
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The quality of concrete depends not only on the strength and durability of buildings and
structures, but also on the safety of the people who will live in them. Strict requirements are
imposed on concrete produced in factories. It is possible to produce building mixes only
from the highest quality ingredients that fully comply with existing standards. Special
laboratories are being created to control the quality of concrete. After verification, a special
certificate is issued to the construction mix, which serves as confirmation that the concrete
fully meets the necessary standards and quality requirements [1].

The composition of the concrete is controlled using professional equipment. It represents
a whole complex of measuring and other equipment for testing, measurements, and
laboratory research. Construction companies that care about the quality of the concrete
produced install equipment for the laboratory of the concrete plant right on the construction
site in a small room

Concrete laboratories perform the following functions: they carry out daily control of the
production process, namely: they check how well the materials used correspond to the
selected recipe for the production of concrete mix. Adjust the formulation if necessary. The
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ingredients that make up the concrete are tested. The dosage accuracy is monitored. The
values of temperature and humidity of fillers are monitored before the start of the production
process. The mixing time is monitored, as well as the accuracy of the execution of time
cycles at each stage of production. They control the climatic parameters of ingredients,
water, and the finished building mix in the cold season. Concrete samples are taken to assess
its quality and grade.

The laboratory of the concrete plant controls the production and technological process,
namely, the storage conditions of components in warehouses. The correct operation of the
measuring and actuating equipment. Measuring the amount of the mixture produced,
adjusting the volume of concrete shipped to consumers. Control of concrete strength,
compliance with the requirements set by the customer in the terms of reference.

The minimum equipment of the concrete laboratory includes 10 basic elements: A
vibrating platform for determining the characteristics of the building mix. Devices with
which concrete is tested for delamination, mortar, and water separation.

Special scales are an accurate device for determining the strength, density of concrete,
humidity level, and ingredients included in its composition. A sieve that disperses crushed
stone and sand. A dryer is a cabinet in which the degree of humidity of inert substances is
determined. A set of special measuring instruments — rulers, hydrometers, measuring
cylinders. A device that determines the degree, at what speed and how much the concrete
thickens and sets. A device that determines the level of stiffness. A cone-shaped device that
determines the degree of mobility of the building mix. An air meter that measures the
amount of air contained in concrete. High-tech concrete quality control methods guarantee
precise compliance with the technology at every production stage [2].

With the help of laboratory equipment, a complete database of concrete recipes of
different brands is created, taking into account all the necessary characteristics. Laboratory
tests of concrete take place right on the production site. Due to this, it is possible to notice
any inaccuracies in time and make the necessary adjustments to the production process. Our
own laboratory research equipment allows us to develop technical maps of new recipes.
Thanks to this, it is possible to greatly expand the range of products. Factories equipped
with their own concrete laboratories make not only concrete, but also concrete rings, paving
slabs, curbs, and various concrete blocks.Research and testing of concrete can only be
carried out by specially trained highly qualified specialists who have passed certification.
The costs associated with the maintenance of the equipment must be paid, even when the
company is not operating.
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The main method of data collection for all GPS surveys is by observing baselines. One
receiver is placed at a known location, and the other at a location whose spatial position needs
to be determined. Over a period of time, which depends on the specific shooting type, the
baseline is observed, after which the receiver is moved to the next location. One of the main
differences between GPS surveys and traditional geodetic surveys is that coordinates are
calculated using the WGS-84 ellipsoidal model, rather than in a planned coordinate system.
This means that the relative positions of the surveyed points are calculated relative to a set of
base stations, which are transformed to the desired ellipsoid and projection system, such as the
Krasovsky ellipsoid in a rectangular Gauss projection. There are several methods for
converting coordinates from the WGS-84 ellipsoid to custom coordinate systems. The most
common methods include the Molodensky method, the "7 parameter" method, and the method
of spatial rotation of the network, as well as polynomial regression [1].

All calculations in GPS are performed in a geocentric coordinate system using the
parameters of the WGS-84 mathematical ellipsoid, whose center coincides with the center of
gravity of Earth. Unlike the lines used in traditional geodesy, the vector, also known as the
BaseL.ine, is the result of processing GPS data. It is a line connecting the base station and
the defined station relative to the center of the Earth on the WGS-84 mathematical ellipsoid.
Several vectors together form a geodetic GPS network that covers the surface of the
mathematical ellipsoid.

With the help of specialized software, the network can be accurately aligned. In some
programs, it is even possible to combine GPS measurements with traditional geodetic
measurements, and transform the coordinates of identified points into the Krasovsky
Ellipsoid using an accepted cartographic projection.There are several technologies used to
monitor vectors in a geodetic GPS network. These methods of collecting data from satellites
differ in the accuracy of determining coordinates, observation time, and performance.
However, there are some conditions that must be met for successful execution of any type of
GPS survey: to perform geodetic GPS vector observations, it is necessary to ensure
simultaneous operation of at least two GPS receivers, followed by combining their
accumulated data. Simultaneous reception of a satellite radio signal from at least four
satellites is required, which can be difficult in built-up or wooded areas. It is also important
to avoid the presence of powerful working TV and radio broadcasting devices, especially
those with a periscopic radio signal amplification scheme, as they can drown out or distort
the satellite signal.

As a general rule, all GPS receivers have a navigation mode. In this mode, the receiver's
display or controller continuously shows data about the spatial position, speed, and direction

32



of movement of the receiver. It is also possible to enter coordinates of a destination point,
which will show the distance, direction, and time to arrive if the receiver keeps moving at a
constant speed [2, 3]. The operator can mark a standing point as special, which the receiver
will remember in its internal memory. This method of navigation has the lowest accuracy
but is useful for finding objects with known coordinates, such as the centers of geodetic
points with destroyed signs, wells, and other underground utilities. Kinematic real-time
surveying is used in situations where it is necessary to obtain coordinates directly on the
ground. It can be used for making design decisions on terrain, conducting topographic
surveys by drawing a plan on the spot, and other tasks. Static and fast-static surveys are the
traditional and most common types of GPS surveys. These types of surveys provide very
high accuracy in determining coordinates.
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Abstract: the conducted research indicates the accelerated development of the construction
of facilities in the chemical industry of Turkmenistan. Much attention is paid to low-carbon
technological processes with a minimum level of carbon dioxide emissions into the
atmosphere, that is, the formation of production facilities for the production of "blue
ammonia". Promising areas for further development of the chemical industry include
projects for the construction of hydrogen production complexes.

Keywords: chemical enterprises, raw materials base, environmental safety.

One of the priorities of the chemical industry of Turkmenistan is the full and effective
use of national natural resources. The solution of this strategic task implies not only their
extraction, but also deep processing using the most modern technologies that allow us to
produce high-quality products that are widely in demand both in the domestic and foreign
markets. Special attention of industry specialists is focused on the growth of production of
mineral fertilizers [1]. The country's resource capabilities make it possible to produce all
types of mineral fertilizers in volumes that meet the domestic needs of the country, as well
as to increase export potential. Currently, ammonia-carbamide complexes are successfully
operated in the cities of Tejen and Mary.
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The presence of large reserves of natural gas in Turkmenistan makes it promising to
build additional capacities for the production of nitrogen fertilizers, in particular, carbamide.
Turkmenistan occupies one of the leading places in the world in terms of reserves of
hydromineral raw materials, and in particular iodine and its derivatives. There are five
deposits of iodine-bromine waters with already approved reserves on the territory of the
state, as well as their numerous manifestations, the reserves of which have yet to be
approved. In accordance with the program for the development of the chemical industry, the
State Concern Turkmenhimiya intends to begin construction of new plants for the
production of iodine, bromine and their derivatives in the Balkan province in the near future
[2]. Another enterprise of the concern, the Guvlyduz combine on the shore of the Caspian
Sea, where iodized food salt and technical salt are produced for industrial enterprises of the
country, is implementing a project to build a new workshop for the production of high-
quality food iodized salt and technical tableted salt.

Garabogazgol , the largest deposit of sodium sulfate and other minerals on the globe,
plays an important role in the development of the mineral resource base. In particular, the
gulf is an inexhaustible source of raw materials for the production of a number of
magnesium, sodium salts, bromine, boron and lithium compounds. Here, under normal
natural conditions, these salts crystallize on an industrial scale. Currently, the Garabogaz
Sulfate production association produces sodium sulfate and magnesium chloride.

In addition, Turkmenistan pays great attention to low-carbon technological processes
with a minimum level of carbon dioxide emissions into the atmosphere. In particular, we are
talking about the production of so—called blue ammonia - the technology provides for almost
complete capture of carbon dioxide released in the production process. Another promising
direction for the development of the chemical industry is the production of hydrogen. The
topic is very relevant today — many countries are gradually abandoning fossil fuels, and
environmentally friendly energy sources should replace them [3].

A promising direction for the development of the industry - production of household
chemicals, organic polymers such as polypropylene, polyethylene, polyvinyl chloride, as
well as urea-formaldehyde, melamine-formaldehyde resins and various paints, adhesives,
building, structural and other materials based on them. The implementation of these projects
will significantly strengthen the country's economic potential and expand its export
opportunities.
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2. Tyance

Annomayun: obpazosamenvhas — cumyayus, HANPAGICHHAS HA — 3AKpenjieHue y
OOUIKONBHUKO8 YMEHUST QU hepeHyuposams 21acHble U CO2NACHbIE 36VKU U OYKBbL.
Knroueevte cnosa: znacmulii, coenacrulii, 36yK, bykeda.

Bo3pact BoCHNTAaHHMKOB: CTapIlUii JOIIKOIBHBIA BO3pACT (CEABMOM TOJ )KU3HH).

Heas: cozmaHue yCNOBUE Uit 3aKpeIUICHUs] TPEJCTaBICHHH O OyKBaXx M 3ByKax B
UTPOBOM IESATETHHOCTH.

3agaum:

1. 3akpenuTs NpeACTaBlIeHUS AeTell O MOHATHHU IVIACHBII U COITacHBIN 3BYK U OyKBa.

2. Pa3BuBath 3BYKOBO€ BHHMAaHME, KOHLCHTpAIMIO, YMEHHE CJbIIIATh U BBIWICHATH
3BYKH B CJIOBaX.

3. BocruThBaTh YMEHHE B3aUMOJCHCTBOBATH B KOJUIEKTMBHOW HIpe, OCYIIECTBIATH
B3aMMOIIPOBEPKY U B3aNMOIIOMOIIIb, ﬂCﬁCTBOBaTb 110 3a/IaHHBIM HUI'POBBLIM ITpaBUJIaM.

Oo0pa3oBaTeabHble 00JACTH: pPEUYCBOC pPa3BUTHE, COLUAIBHO-KOMMYHHKATHBHOE
pa3BUTHE, I03HABATEIILHOE PA3BUTHE.

Buab! fessTeIbHOCTH: UTPOBasi, KOMMYHUKAaTUBHAs, IBUTATEIIbHAS.

MeToabl ¥ IPUEMBI: CIIOBECHBIM, HATJISAAHBIN, UTPOBOM.

OoopynoBaHue: 4ek-TUCT ¢ O00O3HAUYEHHEM WP, KapTOUKU C OYyKBaMH, KapTHHKH,
KyOuK ¢ OykBamu, (priomactepbl, MarHUTHI.

Tabnuya 1. I sman. Cnocobcmsyem ¢popmupoganuio y 0emeii HympeHHel MOmusayuu K

oessmenbHOCH.
OOpaTHasi cBS3b Ha BbICKA3bIBAHUE
Conepixanue o
aerteii/mpumMeyanue
- PebsiTa, kak mymaere, uTo 0003HAYAIOT ATH KAPTUHKU? \% neoazoea Kapmouxu c
- Bepno. 1o urpsl. 0603nayeHuem uep.

- A mudpsr?

- [Topsimok mpoBeieHHs UTPBIL.

- Kto nrobut urpare, XJIOMHUTE B JIaIOMIH.
- Otnnuno! [ourpaem! Jluem ¢ oboswauenuem  uep
- JaBaiire BbIOepeM TOro, KTo OyIeT CTaBUTh OTMETKY O | noMewaemcsi Ha MAaeHUmHOU 0OCKe.
TOM, YTO UIpa NPOUIPAHA.

- Kakas wurpa mnepmas? I[locmorpute, rae B Tpymme
obo3Hauenue ¢ nudpoii 1.
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Tabnuya 2. 11 sman. Cnocobcmeyem peanuzayuu 0emcKo20 3ambicd.

Conep:xanne

Oo6paTtHasi cBSI3b Ha
BbICKA3bIBAHHE
JeTeii/mpuMevanue

- [lepBasn urpa «Ilondepu KapTHHKY»

- PebsTa, nepen BamMu KapTouku ¢ OykBaMM, 00O3HAYAIOIIUMU
COTJIACHBIE 3BYKH U Pa3Hble KapTUHKH.

- Kax nymaere, 4to Hy*HO nenars?

- BepHo BbI noramanuce. Kaxnplid BbIOepeT 1O TpU KapTUHKH,
KOTOpbI€ HAUMHAIOTCA Ha TOT, 3BYK, KOTOPBIii 0003Ha4YeH OyKBoil B
KapTOuKe.

- Ckaxwure,
(cormacHble)
- PeGsita, mpoBepsTe Apyr Apyra, Bce JIM NPaBHIBHO BBITIOIHIIN
9TO 3a/laHUE.

- UrpoBoe 3aiaHne BBITIOJIHEHO, TOCTABUM OTMETKY Ha JIUCTE.

- Kakas urpa cnenyromas?

Hrpa «Kto nepBbiii?»

- I'ne ynoGHo Oyzet nourpats B 3Ty Urpy?

- YT0 HyXHO, 4TOOBI TIOUTpaTh?

- PeGsita, yero He xBaTaeT Ha BalIMX KapToukax?

- Bepno, OykB. BeiGepure TOT 3ByK, KOTOpPBIH €CTh Ha KyOHUKe M
0003HaubTE €ro Ha CBOEH KapTOUKe B KaXKJI0H KIIETKE.

- Ecitit 3ByK corylacHblid, KakiM LIBETOM €ro HY)KHO Hareuararb?
A ecny riacHeIf?

- Bossmure Bce HeoOxoaumoe.

- Hy Bor, Teneps Bce rotoBo. M MOXHO Ha4MHATH UTDY.

- [IpaBuia Takue: KaxIplid MoaOpachiBaeT KyOuK, y KOro BblNasa
OykBa, 00O3HAa4YEHHass Ha €ro KapTOuke, TOT OTPbIBACT OIHY
KJIETOUKY C 3TOH OYKBOH. Y KOro IepBOro 3aKOHYATCs BCE KIETKH,
TOT U CUUTACTCS 0O TUTEIIEM.

- Pebsra, Kak eme MOXHO Ha3BaTh 3Ty UIpy?

- 3ameyaresibHO nourpainy. CrenaemM OTMETKY B YEK-JIHCTE.

- Kakas urpa ocranacs?

Hrpa «bykBa-kapTHHKA-GUIIKA)

- KTo moMHHT, 4TO HY)KHO, 4TOOBI IOMTPaTh B ATy Urpy?

- Haiitu cebGe napy.

- Pacckaxxure npaBuiia Urpel.

- Urpa naunnaercs.

Ha Kakue 3BYKM BBl NOAOWpANN KapTHHKH?

Ha nucme uepa c yugppori 1.

Jemu Ha

Kogpe.

pacnonazaromcs

- Kaxue 6vl 0ocaonusbie.
- Omauuno y 6ac NOayHaemcs.

- Bce 300poso cnpasunuce u

NPABUIbLHO  GLINOAHULU IO
3a0aHue.
Ha aucme c uepamu

0003Hauenue uepvl ¢ yuppou
2.
Hemu ueparom 3a cmonom.

Lemu 00208apusaOmcs
Medcoy  cobou, Kmo  Kakylo
bykgy 6ydem newamamv Ha
ceoell Kapmouxe.

- [pysrcno noucpanu u 6yxevl
BCNOMHUNU.
- Omauunas uepa.

B mabnuye obosnauenue uepu
¢ yughpoui 3.

Kaoicowtii naxooum cebe napy.
Ooun  pebenox  evlbupaem
OYK8Y,  HAneuamauHylo  Ha
aucme Oymazu u cmasum Ha
neé xomyc. [lpyeoi maxooum
KAPMUHKY, Komopast
Hauunaemcss ¢ 3A0aHHO20
38yKa U modce ommeyaem ee
KOHYCOM. 3amem oemu
MEHAIOMCA.

Tabnuya 3. III sman. Cnocobcmsyem npogedenuio 0emcKoil peghiekcuu no umozam OesimesbHOCmU.

Copep:xanue

IMoanepxka qeTCKUX
BBICKa3bIBaHMIi/MPUMeYaHHne

- PebsiTa, 9eM MBI ceromHs 3aHUMAIHCh?

- K10 3ameTui, ueM mMoX0Xu BCe 3TH UTPHI?

- BepHo. Bce urpsr 65utH Ipo 3BYKU U OYKBEL

- Kakast urpa Bam noHpaBHIach 60mbIIE?

- IIpennaraio B3sTh MAarHATBHI U OTMETUTH Ty, TPy, KOTOpas BaM
MIOHPaBHJIACH OONbIIE.

- Koro 65! BBl MOTJIM HAYYHUTh IIOUTPATH B ATH UIPHI?

- Ce200Hs 6ce OblU BHUMAMELHBIMU.
- Bce nocmapanuce.
- Monooyuwt!
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Abstract: assisted reproductive technology (ART) includes fertility treatment in which either
eggs or embryos are handled outside a female's body to promote successful pregnancies and
healthy offspring. Current ART procedures encompass in vitro fertilization with or without
intracytoplasmic sperm injection.

Keywords: ovarian stimulation, oocyte retrieval, fertilization, embryo culture, and embryo
transfer, genetic testing.

The most common complication of ART is related to the consequences of multiple
pregnancy, which can be prevented or minimized by reducing the number of embryos
transferred to the uterus, commonly single embryo transfer. ART has been shown to be
variably associated with adverse short- and long-term perinatal outcomes, including cerebral
palsy, autism, neurodevelopmental imprinting disorders, and cancer. However, there is
uncertainty as to whether reported problems are related to the ART procedure itself, to
factors related to infertility, to other medical and environmental factors, or a combination
thereof. From a pathophysiological perspective, whether ART alters epigenetic mechanisms
of gene expression, leading to later developmental, medical, and behavioral disorders, is an
area of active investigation. With the meticulously conducted short- and long-term outcome
studies completed so far, overall, and after controlling for multiple gestations and preterm
delivery, the results suggest that ART is a safe procedure, offering hope to many parent(s)
wishing for a healthy child. This paper highlights ART methods and the risk factors and
confounders in the interpretation of short- and long-term outcome data, providing the reader
with a means to evaluate findings and conclusions of outcome studies. The crucial
components of the female anatomy in understanding ART are the ovaries, fallopian tubes,
and uterus. The ovaries are the third component of the hypothalamic-pituitary-ovarian axis
(HPO), which is a complex feedback loop that controls the female menstrual cycle. The
ovaries are the female gonads, paired oval-shaped structures that embryologically derive
from the mesonephric ridge before descending in the pelvis. The ovaries are where oocytes
mature and develop. Production of estradiol and progesterone also derive from the ovary.
The ovaries have two peritoneal attachments — the ovarian ligament and the suspensory
ligament of the ovary. The ovarian ligament attaches the ovary to the uterus. The suspensory
ligament of the ovary attaches the ovary to the pelvic sidewall and contains the
neurovascular supply to the ovary. Understanding this anatomy is important in
understanding the transvaginal approach to oocyte retrieval.

The uterus responds to the fluctuating hormones produced by the HPO axis. It lies in the
pelvis, between the bladder and rectum. It consists of the corpus (the body of the uterus) and
the cervix, which connects the uterus to the vagina. The uterine body consists of three layers
— the perimetrium, myometrium, and endometrium. The endometrium is composed of two
layers, the functionality, and the basalis. The functionalis layer undergoes cyclical hormonal
changes to prepare for implantation with each menstrual cycle. Increasing estrogen levels
during the follicular phase of the menstrual cycle results in endometrial glandular
proliferation. During the luteal phase, progesterone levels rise, causing the endometrium to
undergo secretory changes. If an embryo does not implant during the cycle, estrogen and
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progesterone levels fall, resulting in degradation of the functionalism layer, which then
sloughs off with menses. [2]

The fallopian tubes are muscular tubes that extend on both sides laterally from the uterus
towards the ovaries. They aid in the transfer of the owvum to the uterus, often
with fertilization happening within the tube itself. The tubes aid in this transfer by sweeping
up the ovum at their fimbriated ends, with smooth muscle contractions and ciliated
columnar epithelial cells transferring the ovum or embryo to the uterus where it can implant
if fertilized. Before initiation of ART, maternal risks of the ART techniques and pregnancy
itself are discussed with the patient. Certain maternal conditions, particularly
cardiopulmonary conditions such as pulmonary hypertension and heart failure, are relatively
contraindicated conditions for pregnancy. Pre-conception counseling and evaluation to
screen for such conditions should be conducted. Even in such patients, gestational carrier
options can be utilized. The vitro fertilization is the most commonly utilized assisted
reproductive technology. It involves the collection of oocytes from the ovary, followed by
fertilization in vitro, and is completed with transferring the resulting embryo into a uterus. It
involves various steps outlined below, including controlled ovarian stimulation, oocyte
retrieval, fertilization, embryo culture, and embryo transfer. Additionally, preimplantation
genetic testing and intracytoplasmic sperm injection may also be included in the process.
Cryopreservation with vitrification is then used to freeze excess embryos or for fertility
preservation of eggs or embryos. The most common complication of ART is the risk of
multifetal pregnancies. In 2009, 41.1% of infants conceived via ART were of multifetal
pregnancies (compared to 3.5% of infants in the general population). The effort to reduce
multifetal gestation via reducing the number of embryos transferred at once has resulted in a
significant reduction—by 2017, 73.6% of ART-conceived infants were from singleton
pregnancies.

Multifetal gestation pregnancies have both maternal and fetal consequences. Pregnancies
have a higher likelihood of being complicated by various antenatal conditions, including
hyperemesis gravidarum, gestational diabetes, and hypertensive diseases of pregnancy.
Multifetal gestation pregnancies also have worse fetal and neonatal outcomes than singleton
pregnancies, with a significant increase in preterm birth and the associated increase in the
risk of stillbirth (fivefold) and neonatal death (sevenfold).

IVF providers limit multifetal gestation pregnancies through several avenues, including
low-dose stimulation regimens, close hormone and follicle monitoring during stimulated
cycles, and limiting the number of embryos transferred per cycle. Once a multifetal
gestation is diagnosed, appropriate counseling regarding the increased risks in pregnancy
should be discussed with the patient, and the option of multifetal reduction, when
appropriate, should be offered.

Beyond multifetal gestation, singleton IVF pregnancies are also possibly associated with
various increased risks compared to naturally conceived pregnancies. These risks include
perinatal mortality, preterm delivery, low birth weight, cesarean section, placenta previa,
placental abruption, and preeclampsia. These possible risks should also be discussed when
counseling patients, but with caution, as the quality of data is limited by the existing study
designs. Standardized tracking of outcomes of ART pregnancies to include these outcomes
would improve the quality of evidence for or against these potential risks of 1VF-conceived
pregnancies. There is also limited evidence of a low-level increased risk of birth defects in
patients undergoing IVF, particularly with ICSI, though again quality of evidence is low. It
is reasonable to offer ultrasonographic surveillance during IVF-conceived pregnancies, such
as with fetal echocardiography.
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