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U U. Cunuyx

PE3YVJIBTATBI UCCJIEJJOBAHUA APXEOJIOTUYECKOI'O
CTERJIA U3 PACKOIIA 1989 r. B UCTOPUYIECKOM LIEHTPE
MOTUNJIEBA (omnTuyecKuil CIEKTPAJIbBHBIN aHAJIN3)

Jlns pabomot usyuerst 180 ¢hpaemermos CmeKJIsHbLX
uzlenuil u3 KyapmypHozo cios konua XVI— nauana
XX 8. ucmopuuecroii uwacmu 2. Moeunesa. Texwonoeu-
YeCKUll dKCKYPC NOCBAULCH CbiPbIo OJIA NPOU3BOOCMEA
CMeKIa U 3HAKOMUM ¢ 00PeBOJIIOUUOHHOL NPOU36800C-
MeeHHOoll cmeKio0esbueckoll siumepamypot. Hcnosi-
308aH Memo0 NOJLYKOJUUECMBEHHO20 ONIMUYECK020
CREKMPAJIbH020 AHAU3A NO UHOCKCAM QIMJIACA CReKm -
panvrblx uHuil. s nepedavuu pe3ysibmamos uchoJsib-
3yemcst KOH8EHUUOHATIbHBLI 00ULeMmeXHUYeCKUTL Cnocoo.

Knwouesvte cnosa: 6Genopyccrkoe Ilpuornenposve,
XVI[—XIX 86., 20p00cKas MamMepuaibHas KyJabmypd,
cmeksiodesiue, ULUXMA, APXeoJsio2uveckoe CMeKJlo, On-
muuecKull CneKkmpaJibHulll AHAJIUS.

XAPAKTEPUCTUKA PACKOIIA
N MATEPUAJIA

Apxeonornueckasd sxcmeauimsa Beopycckoro pec-
TABPAIMOHHOIO IIPOEKTHOI0 WHCTUTYTA IIOf PYKO-
BOJICTBOM aBTOpa B 1989 T. OCyIIIEeCTBIIAIA PACKOITKI
B ucropmueckoM 1ieaTpe Mormnesa (Haropcekwutii mo-
cam — Haropckas: corus). McciemoBaumst mpoBoau-
JINCH B 30HE 3aCTpoiiku goma 7A 1o yii. Jlenurckoii,
psimom ¢ OvmBrieit CraBroit BepxosHoro I'maBHOKO-
MAaHIyIIero apmueit u gsrorom Poccuiickoii mmvire-
prum Huromas IT (1915—1917 rr.) ma I'yoepraTtope-
kot momanu (panee Toprosoit, 3arem CoBeTCKOM), K
BOCTOKY OT TOpojickoil Patymm (rro3mHee 1o:KapHO
KaJIaHuM), Meskay yJmiamMu JIeHmHCKoi (crapble
HasBauua Berpsauas, Bosburaa Camgosas, Naxxerep-
Hast) u Banm Kpacuoit 3eeansr (Apxuepeiickuii Ba),
Ha pacctogauu 12,0 M K 3amany oT 3maHusa 12-ro
CTPOUTEIHHOTO TpecTa, HbHe Ymparienus Cierc-
TBeHHOro komurera PecrnyOimkm Besapycs mo Mo-
TUJIEBCKOM 00JIacTH (BOCTOYHAS JIMHUSI KBAIPATOB).
Pacromr 1989 1. pacmomaramcs wmeskmy Parymeit
M KOMILJIEKCOM 3JaHUI apXuepercKOoro II0IBOPhSI
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(pumc. 1). ITnomane necaemoBanmii cocrasuiaa 2060 m?
(Ciguyr 1990a; 1990b; 1990c). OOrias MOIIHOCTH
KyJBTYPHBIX OTJIoKeHuit — ot 1,3 mo 1,9 m. B ux
CTPYKTYpe YOAJI0Ch BBIIEJIATH CJIOW T'yMyCCHPOBAH-
HOIO TPYHTA TEMHO-CEPOro I[BeTa C MAaTepHasIOM
XVI—XVIII 88. Ero momaocrs — 0,40—0,70 m. Ha-
GJTIO/TaeTCs CIITBHOE TIOHMKEHE KYJIBTYPHOTO CJIOS B
Hanpessenun p. {aemnp (8 cropony yi1. Baax Kpacroit
3Be3mpl) B COOTBETCTBUM C €CTECTBEHHBIM IIPOIIIEM
crsioHa. Kpome Toro, mcciteioBaiocs 3arosiHe e oc-
TATKOB X03UCTBEeHHBIX mocTpoek XVIII—XIX BB. u
sim ¢ marepuasom XVI—XVII BB., BIIyIlieHHBIX B Ma-
Tepuk. KyJIBTypHBIN €10 B 3HAUYUTEIJIBLHOMN CTEITeH!
TIOBPESKIEH MHOTOUMCIIEHHBIMI TIePEKOIIaMH, CBS-
3aHHBIMH, B TOM YHCJIE, C COOPYIKEHHEM U DyHKITHO-
HUPOBAHKEM KIJIbIX 1 XO3SAHCTBEHHBIX II0CTPOEK.

B mporiecce packomior Obla cobpama OoJibInias
KOJLJIEKIINS CTeKJIAHHBIX naneanit X VII — mauana
XX BB. x 001Ie€e KOJIMYECTBO COCTABIISET CBEBIIIIE
12 TeIC. hparMeHTOB, U3 HUX 2/3 — CTEHKH OyTHI-
JIOK ¥ KBAPT, IIKJISHHUIILI, OKOJIO 1/3 — ux mouIa
u ropJsoBuHEL. Taxske HaiimeHo 6osiee 1 TeIC. ppar-
MEHTOB OKOHHOI'O CTeKJIa (OTHEeCEeHO K CTPOUTEJIb-
meiM MaTepuasiaMm) (Curuyr 2009).

JlatupoBka MaTepuasia IpOU3BOIUIIACEH TI0 aHA-
gorusam (cm. Hamp. Cumuyk 2013). Ilo mpumsToit
aBTOPOM CXeMe TTOJITOTOBKY OTYETa BCe OTOOPAHHEBIE
17151 PUBMKO-XUMHUYECKOT0 M3y YeHMsI 00paaIibl BOIII-
JI B KOJJIEKITMOHHYIO OITHCH, OBLIIN 3apPUCOBAHBI 1
cchoTorpacprpaBaHbl CO CBOMM HOMEPOM KaTeropuun
«Crersio» ¢ 6ykBeHHbIM nHAekcoM «I» (mxiro0). To
€CTh KasKIBIi 00paser] IOJIyYWJI eIUHBIA HOMEp
s rpadpuuecKkuii puKcanyy, (QU3NKO-XHMMUIIeC-
KOro aHaIu3a u T. I. (TalJ1. 1; IpriIoKeHne).

ITosabre hopMBl cTERIAHHBIX u3menii XVII—
XIX BB. B packolie IIpakTUYECKH He BCTPEUYAIOTCA.
Orobpanubie 00pasusl (Tabma. 1, puc. 5; 6) aBJIA-
IOTCS MACCOBBIM apPXEOJIOTUUECKHM MAaTepHUaJIOM.
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Puc. 1. Morues, Bung Ha ucciieqoBaH-
HBIM y4JacTOK: 1 -— 3acTpoiika MexIy
yi1. Jlemunckoit u Ban Kpacuoit 3Besnsr
(yi1. Apxmepeiickuii Bas). CieBa HampaBo
BJI0JIb yJI. ApXuepercKuii BajI: BOCCTAHOB-
snenHast Paryma, swuiroit qom TA, 3nauve
Vupasnenusi CiieICTBEHHOTO KOMHUTETA
Pecriyoiuku Bemapyces mo Morunesckoit
obsactu, ObIBIIMI ApXMEperCKHI IBO-
peir; 2 — co cTopoubl JHempa B Hauase
XX B.; 3 — co cropousl yi. JlenurHckoi B
Hagasge XX B.

Morunessb ry6. OOutii BiAb ropoja.

Bribopka cocraBmiia 1,5 % or Bcex Haxomok dppar-
MEHTOB CTCKJISHHBLIX u3fesmii. Boibopka He aB-
JIgeTCs IPOMNOPILIMOHAIBLHOMN, IIOCKOJIBKY IIeJIb ee
co3ganus He TpeboBasa paBHOrO JOJIEBOT0 IpeI-
CTABJIEHUS IIPEIMETOB.

TEXHOJIOTUYECKHNI DKCKYPC

Bce usydenubie mpoObI apXeoJI0rnuecKoro CTeK-
na u3 packomna | ncropuyueckoro rieutpa Morue-
Ba 1989 . OTHOCATCSA K HEOPTAHUYECKOMY OKCH/I-
HOMY CTEKJIy KJIacCa CHJIMKATHOTO C Pa3JINIHBIMU
IPYIIIO00Pa3yIONIMMU KOMIIOHEHTAMI.

OCHOBHBIM KOMIIOHEHTOM SBJISIETCH OKCHJI
KpeMHUsI, OOBIYHO B BHJE KBAPIIEBOTO MECKA —
MeJIK000JIOMOYHOM HeCIIeMEeHTUPOBAHHOM II0POIbI
¢ 3epHamu kBapia paamepa 0,5—2,0 mm.

Crexjio — 9T0 CILIaB pa3/IMYHBIX CHUJIMKATOB C
U30BITKOM JUOKCHIA KpeMHUs. [IpmHsaTo cocras
CTEKJIOMACCHI ITePeIaBaTh B OKCUIHOM hopMe B Mac-
COBBIX ITPOIIEHTAX KOMIIOHEHTOB, YTO YIA00HO IJIsS
POMBIIILJIEHHOTO ITPOM3BOJCTBA. B cocTaB cTekJo-
MACChI COOTBETCTBYIOIIHE OKCHUILI BBOIATCA B BUIE
Pa3IMYHBIX KOMIIOHEHTOB ChIPbS, KOTOPEIE Peari-
PYIOT BO BpeMs BApKH CTEKJIA C yIaJeHueM BOJIbI 1
XMMUYECKU CBS3AHHBIX I'a30B, IIPU pacueTe cocra-
Ba IIUXTHI KOJIMYECTBO OKCHIA B COOTBETCTBYIOIIIEM
KOMITOHEHTE PaCCUYUTHIBAETCS C ITOMOIIBIO TPaBH-
MeTrpuyeckoro kosppuimenra (Marsees 1972; Thi-
raunackuit 1977; [lenou 2006, c. 38—39).

ITpu oOpas3oBaHMM CTEKIA BCE COCTABIISIONIHNE Te-
PSIOT KPUCTAJUIMYECKYI0 CTPYKTYpPYy ¥ obpasyercs
rOMOT€HHAs HM30TPOIHAs KBasuaMopHAas Mmacca:
«Kax MHOrOKOMIIOHEHTHASI CHCTEMA CTEKJIO IIPel-
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Morunes®s ry6. Jlukops o Bpews cnzaa

CTaBJISIET CO00M B PU3UKO-XUMUIECKOM OTHOIITEHHI
3aTBEPIEBIINI PaCIIaB, 00PA30BAHHbBIA TBEPILIMH,
SKUIKMME 1 ra3000pasHbiMu Belecteamm» (Besoo-
pormos 1968, c. 399). KauecrBeHHoe CTEKJIO mMeeT
YPOBEHD OIHOPOIHOCTH 0K0JIO 98 %. B cocras crek-
Jia BXOIAT OT 5 110 12 KOMIIOHEHTOB, HO €TI0 CBOMCTBA
3aBHUCAT HE TOJBKO OT XMMUYECKOI'0 COCTaBa, HO U
OT PEKMMA CTEKJIOBAHUS — CKOPOCTU OXJIASKIEHS
pacmiaBa («CTYIKI») B TEeMIIEPATYPHI 10 KOTOPOI OH
osut Harpet (Tlosmsak u ap. 1983, c. 12—13).
CoxpaHWINCh PEIeNTyPhl CAJIUKATHOTO CTEKJIA
cepenuabl XVIII B. Tak, Ha omuolr u3 ryt Pocemiickori
nMIIepur B 1755 T. B COCTAB IUXTHI JJIA XPYCTAJIHHO-
TO CTEKJIA BXOUJIO B BECOBBIX IporieHTax 48 % KBap-
IIEeBOro I1ecKa (CTEKJI000pa3yIoIiii JUOKCHI KpeM-
uua Si0,), 32 % KaeBoH ceUTPEI (HUTPUT Kasus
KNO,), 19 % cpunII0BOrO Cypmka (IIIOMOAT CBHHITA

CocTan 3e/IeHOr0 CTeKna COCTOMT M3:

1000 q;ym-on mecky mo 6 kom. sa mym . . . . . ... . 1 py6. 50 wom.
400 u3BecTHAKa mo 6 xom. 3a myx . . . . . . - 60 »
240 »  rnayGeposoii coan no 75 Kom. 3a Mym. . . 4 » 50 »
20 »  yrns 0 BMeCTe HSACDXKH HA 06paboTKy . — 30 »

1660 yHTOB COCTABA . . . « & v v ¢ v o v o o v v 4 s 6 py6. 90 xon.

Jlns Bapku . ynoTpebnsieTcs:

3500 ¢ynton KameHnoro yras

1000 » » » paa pa6otu

4500 pynToB KXamenHoro yras, mo 51/, xom. 3a nyn . . 6 py6. 20 xonm,

TTpouenTL Ha KanHTan, MOAACPKAHHE FOPLIKOB K opynuﬁ.
YNPaBACHHC Il MPOY, Ha 9TO KOAHYCCTBO COCTABAT . . 1 py6. 85 »
Pabowan maata . . . . . . ... 0o e 6 » 30 »

14 py6. 35 kom

Bcero 21 py6. 25 xom.

Puc. 2. Oparment paborer J[. 1. Menneneera «Crek-
JISTHHOE TIPOU3BOJICTBO»
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Apxeono2is | nPUPOOHUUL HAYKU

Tab6aunma 1. Onncanne CTEKJIAHHBIX 00pa3iioB U3 . Moruiésa, 0ToOpaHHBIX

JIJIs M3yUEHUsI COCTaBa I10 ONTUYECKUM cIeKTpam (puc. 5; 6, Homepy 6J10Ka ¢
MHIEKCOM «A» COOTBETCTBYET «JIUCT» TAOJIMIIBI)

Jluer No Ormpenenenue Bemei JlatupoBKa, BB.
88 1—4 | PesepByapbl K€pPOCHHOBBIX JIAMIT Hauasmo XX
89 5,6 |[lmmmanpudeckue OyTELIKK Komery XIX — XX
89 7 [IuBHas OyTbLIRa 3aBOIA XVIII—XIX
9. @. fAumka B MormieBckoit
ryOepHUmI
90 | 8—15 |[opJIOBHHBI IMIHHAPHIECKIX XIX
Oy TBLIIOK
90 16, 17 |Benunku 6aHoK XIX
91 | 18—24 |['OpJIOBUHBI IMJIMHIPIIECKIX XIX
Oy TBLIOK
92 | 25—31 |Toxe XVII—XIX
93 | 32,33 |JloHIa maporo00HbIX Oy THLIOK XVII
93 | 34—38 |onua mumuHgpryecknx OyTbuior | XVIII—XIX
93 39 Jlomtia cocymos XVII—XVIII
93 | 40—45 |DparmeHTEI TOJICTOCTEHHOTO cTeka |XVII
94 | 46—49 |[opsoBuee: u moHTIA dQUIsT XVII — nepsast mosto-
Buua XVIII
95 50 TopsioBuHa 1 foHIIe isru XVII
95 | 51,52 |TopsioBuHBI KBAPT XVII—XVIII
96 | 53—55 [To e XVII—XVII
97 | 56—58 |To xe XVII—XVII
98 | 59—67 |Momnra kBapT XVII—XVII
98 68 Benunk muckn XVIII
99 | 69,70 |Bokassr Koner XIX
99 | 71—73 |IIxaguauie Komerr XIX
99 74,75 |OmopHBIe IUCKH OOKAJIOB XVIII
100 | 76—79 |Pyuxu cocymos XVII—XVIIT
100 | 80—83 |Bewmuwku 1 10HITA COCYI0B XVII—XVIII
101 | 84—86 |JloHIa hOPMOBAHHBIX TITKJISTHILT XVIIT—XIX
101 | 87—90 |/on1ia prdpJIEHBIX IITKJISHIILL XVII—XIX
102 | 91—93 |JloHIIa IMIKJISHUIL HA BOJIHICTOM Komrerr XVI — XVII
TIOJUTOHE-SKTYTe
102 94  |Momrre rkyOxa Ha puduiénom momgmo- | XVIL
He-JKTyTe
102 95 Bernuuk :xbana ¢ oppamenTaababsiM | XVII
SKTYTOM
102 96 Jlomntie mectuyrombaoi miiasautpl |Komerr XVI — XVII
102 97 Benunk cocyna ¢ opmamenTuposa- | XVII
HBIM JKI'YTOM
103 | 98—103 | lon11a mIKJIsTHMIT, XVII—XVIII
104 104  |Jlom1te kpysKRENI XVII—XVIII
104 |{105—110|/oH11a MIKJISHIIL 3€JIEHOBATOTO XVII—XVIII
cTeKJIa, Tuamerp 2,5 cM
104 |111—129|To ke, muamerp 3,0 cm XVII—XVIIT
104 |130—143|To e, muamerp 3,5 cm XVII—XVIII
104 |144—151|To e, muametp 4,0 cm XVII—XVIII
104 |152—159|To e, nuamerp 4,5 cm XVII—XVIIT
104 | 160, 161 |JloHITa UIKJISHUAITL IIPO3PATHOTO XVII—XVII
crexJia, muametp 3,0 cMm
104 |162—169|To ke, muamerp 3,0 cm XVII—XVIII
104 [170—173|To sxe, muamerp 3,5 cm XVII—XVIII
104 | 174, 175 |To e, nuamerp 4,0 cm XVII—XVIIT
104 | 176, 177 |To ke, nuamerp 4,5 cm XVII—XVIIT
104 178  |OxoHHOE CTEKJIO XVIII
104 179  |OnopHbIi quck Ookasa XVIIT
104 180 |Bokau ¢ cumeit BepxHei 4acTbio IlepBas mosoBura XX
344

Pb,PbO,), ocrambhble 1,2 % — ocBeTym-
Tesu (OKCHIBI MAPTaHIIA M MBIIIbIKA).
«beJstoe» cTersI0 MMeJIo TIUXTY U3 KBap-
1IeBOIO I1ecka u 48 % morara (kapoboHaT
Kayma wim yriexncsbiit kamt K CO,).
3esleHOe MM JIECHOE CTEKJIO J1eJIaJI0Ch
u3 mmxThl ¢ 50 % OOBIYHOIO CHJIMKAT-
HOTI'O IIeCKa C 3arps3HeHreM OKKCIAMI
sxenesa, 33 % morara u 17 % GepesoBo-
TO TIerIa (HEeOUMIIEeHHBIH TOTAIl — Ka-
JIMEBBLINA PaCTUTENLHBIN meres) (Ayex-
ceesa 2009, c. 88).

OnuH U3 pelenToB HATPUEBO-KAaJjlb-
ITUEBO-CHJIMKATHOTO ~ CTEKJIA  IIPUBO-
OUT C IIEHAMH CHIPbSI U IIPOIYKITHM
J. . Meugemee B pabore 1864r.
«CrermauHoe mpousBomcTBo» (pmc. 1)
(Menpnenees 1952, c. 270—271). I'na-
yOepoBa COJIb MJIM MHUPAOWJIUT B BHIE
TIPUPOTHOTO MHUHEPAJIA — 9TO JIeCATHU-
BOOHBIA KPHCTAJUIOTAAPAT CyJIbdaTa
nmatpuss Na,SO, 10H,0, cumTesuposa-
HA HEMEIKNM AJIXUMHUKOM VoraHnuom
Pynomedom 'maydepom B 1648 r. BO3-
JeticTBIEeM CEepPHOM KHUCJIOTHI Ha XJIOPHUT
matpus 2NaCl+ H,SO,= Na,SO, +
2HCI mpm cusibHOM HarpeBauun (TIpy
500—550 °C) u 1mocsIeayroIeM BhIaie-
HIM KPUCTAJLJIOB JIeKaruapara cyJibga-
Ta HATPUSA B OCAJIOK IIPH TeMIIepaType
amwke 32,384 °C B IIpUCYTCTBHN BOJIHIL.

OHITUKJIONEeIMIEeCKHII cJIoBaph Bpok-
raysa u Edpona coobimaer o adpuy-
HBIX PEIENTypax eBPOIIEHMCKOro 3eJie-
HOro cTekja Ha pyoeske XIX—XX BB.:
mmxta u3 100 gacreit raetica (Si0, —
64 %, ALO,— 14 %, Fe,0,— 6,4 %,
CaO+ MgO— 5%, KO+ Na,0O—
7,6 %), 60 gacreit mecka (Si0, — 90 %,
ocrambproe AlLO,, u Fe,O,), 70 gacreit
napectHaka (CaCO,— 91 %, 9% —
Si0,, ALO,, Fe,0,) u ocramphoe cona.
CTeksI0 WMeJ0 OKCHIOHBIIM COCTaB
2510, 0,2A1,0,, 0,7Ca0, 1,7 % miemou-
HBIX OKHCJIOB W 5 % OKHCJIOB sKeje3a.
I'meiic — ropuas mopomga, KoTopas Tpe-
OoBasia OpobJIeHUs Iiepel BBEIeHKEeM
B mmxTy. lIpakTtuka mpobsieHust Chbl-
pbsi  3adMKCHpPOBAHA MHUCHMEHHBIMHI
ucrounmkamu B EBpore ¢ XVI 8. Taxk,
Woramu Maresuyc B Tpakrare Sarepta
Oder Bergpostill (Nurnberg 1562) ot-
HOCHUTEJIBHO HEMEI[KHX TyT yTBEep:K-
maer cienymomee «Hekoropelie wnme-
IOT CBOI COOCTBEHHBIN IIECOK, JIPYTHe
JIPOOAT IIPO3PAYHBINA KBAPIL U TAJIBKY»
(Dillon 1907, p. 263). Taksxe ['eopreit
Arpuxoia B 1556 . 0 CBIpbe OJIs M3r0-
ToBJIeHU cTeksa muteT: «Kammn Has-
JICKUT CHAYAJIa 00Kedub W Pasapo0uTh
B CTyIle, IOTOM IIpocesaTe» (Agricola
1912, p. 585).
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Ha poccmiickux 3aBogax MecTo TrHelica 3aHHU-
MaeT CYTJIMHOK C OJIM3KHM COMIePIKAHHEM OKCH-
noB (Si0, — 70 %, AL,O, — 14,5 %, Fe,O, — 3 %,
Ca0O + MgO — 3 %, K,O + Na,0 — 4,5 %) (B. III.
1901, c. 571—572). Corusacuo cioBapo Bpoxray-
3a u Edpona cyriamHmcras modysa — 9T0 IIOYBEIL C
COOTHOIIIEHUEM TJIMHA — IIeCcOK 1 : 3,5, HO JieTkue
CYTJIMHKY UMEIOT 9TH OTHOIIeHUS oT 1: 5 jmo 1:
6 (Oromkmit 1901). 'HetichI COOTBETCTBEHHO OITpe-
IEeJISTIOTCST KaK TOPHAS MOopoja M3 KAJIMHHOIO II0-
JIEBOTO IMIIaTa, KBaplla U cJIofe! ¢ cocraBoM Si0,
60—75 %, Al,0, 10—15 %, ocrambuEre 15—20 %
M3BECTb, OKUCJIBI JKeJie3a, MarHus, KaJIus, HaTPUS
u Boga (IToemos 1893).

B cocraB 00BIYHOIO «JI€CHOIO» CTEKJIA BXOIUJIN
okucIel KucsoTHol rpymmsr Si0, u Al,O,, mesou-
HoseMesbHbIe MeTasTel MgO u CaO, 1mesrogsoro
veranna KO (Kynbman 1968, c. 447). Oso ok-
pallleHoO B 3€JICHBIN IIBeT CHJIBHBIMHU XpoModopa-
MU — KaTHOHAMU JKeJie3a. 3a CUeT IeCKa B CTEKJI0
nonagaer npubimauTesbHo 40 % OKCHIOB sxese3a
Menkousu 2002, c. 17—18).

XpomodopHbie nOHEBL Fe?* okpallmBaioT CTEKIIO B
JIOIIOJIHUTEIbHBIN T0JIy0oi 1IBeT (IIOIJIOIIAIOT JKeJI-
ThIE€ M KPACHBIE BOJIHEI CIIEKTpa IanHoi 600 MMEK),
a Fe® — B sxesrroBaTEIH (IOTJIOIIAIOT CHHIE U (DU-
oJsieToBbIe BOJTHBI JutnHOM 500 Mmmk). B pesyibraTte
CTEKJIO IIPHOOpeTaeT 3eJIEHOBATYIO OKPACKY.

CuyibHBIE PACTBOPBI ATAHOJA HE BCTYIAT B
PEaKITHIo CO CTEKJIOM B OTJIMYHE OT BOJBI W I[BET
CTeKJIa He BJIMSIET HA YCJIOBHUS XPAHEHUS BOJIOK
(Makeesa u ap. 2009).

IIpu coorBeTcTByIOIUX IIpoIeaypax u3 oOora-
TOTO OKMCJIAMU 3KeJIe3a ChIPbS MOYKHO ITOJIYYHTH
OecIIBeTHOE CTEKJIO. XUMHUYECKUMH 00EeCIIBEUnBAa-
TesaMu ABJIA0TCA cynbdar ammonus (NH,),SO,,
cynbcar marpua Na,SO,, xmopun marpua NaCl,
mutpat ammonus NH NO,, a Taxske OKCHIBI MBI-
mbaka As,O,, cyppmbr Sb,0, u mapranma MnO,,
KOTOpPBIE TIEPEBOST MOHEI :keJiesa Fe?' B Tpexsa-
JIEHTHOE cocTosiHue. J{MoKCH T MapratIia SBIIseTcs
elre 1 PU3NIECKUM 0obecI[BeUYnBaTeIeM — OH OK-
pallIuBaeT CTEKJIO B JOIOJIHUTEILHBIA TOH I[BETA,
uTo yBenuduBaeT aQpQeKT ycTpaHeHUs IBeTa 3a
CYeT CHUMKEHU CBETOIIPOIIyCKaHus. B meun nuox-
cHI MapraHila pasjiaraercs Ha OKCHI MapraHiia
¥ Kucaopoy. Kucopom oKucIsgeT 3akucH sxeesa
B TPEXBAJIEHTHYIO OKHCH, YTO yIaJIsseT ToJIy0oi
IIBET CTeKJia W J00aBJIgeT 3eJIEHOBATO-yKeJITOBa-
THIH ITBET, & OKCHJ] MAPTAHIIA KPACUT CTEKJISTHHYIO
Maccy B SAPKO-PO30BBIM IIBET, KOTOPBIN SBJISETCS
JIOIIOJTHUTEJILHBIM K 3€JIEHOBATO-7KeJITOBATOMY
IBETY OKCHJA sKejie3a M HeUTpaJIMU3yeT ero, 4ro
nesaer 3ejieHoe CTeKJao OecuBeTHBIM. OOBIYHO
nmob6aBka MnO, cocrasasger 0,15—0,35 % or mac-
col muxThL. O cBOMCTBAX «(AIBIIMBOIO MATHUTA»
Wi «0yporo KamMHs» (HEMarHUTHOTO MHUHepaJia
MUPAJIIO3UTa — IIPUPOJTHOTO IHOKCHUIA MapraH-
na MnO,) mumaTe cTekiio IIBeTa IHcas B aHTHU-
unble BpemeHa [lmumuuit Crapmmit u mepeckasast
B 1556 . I'eopruit Arpurosia B pabore «De re
metallica» (Agricola 1912, p. 585—586).
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Puc. 3. CuenmaanaupoBaHHbBIA POCCUMCKHUI CTEKIIO3a-
Box koHIta XIX B. B Cankr-Ilerepbypre

Tabn 2. —XHAMHYEeCKRNH COCTAB B3eJEeHHX
GYTHLIIOYHBIX CTEKOJ.

é §i0, |ALO, | Ca0 | Mgo Fe,o.l MnO | K,0 | Na,0
|

1|61,75, 7,20( 19,60| 4,55 | 2,43 [ 0,11 | — | 4,10

2 |61,90] 9,72]21,3d] — |3.,98| — |2,00]4,17

3 | 63,34 5,00 17,24) 1,33 | 2,45 | 0,32 | 0,04 | 6,82

4 [65,00] 6,00|16,24/ 2,34 { 1,10 [ — | 1,55 | 5,97
A b

5 | 60,20 14,92 ] 12,200 — | 2,09 | 1,27 9,13

6 | 74,78 1,01 5,67| 3,22 | 1,07 — 15,75

7| 71,% 1,24 | 10,50{ 0,10 | 1,76 — 14,50

Puc. 4. Oparment us cratou U. Kuraitropomackoro «By-
TBIJIOUHOE TIPOU3BOJCTBO» B «TeXHUUECKOHN SHITHUKIIOIIE-
oum» 1928 r.

Odderr cogpusanuy 3acTaBUJI B PE3yJIbTaTe
OTKa3aThCs OT MCIO0JIb30BAHUS MaPraHIia C IeJIbI0
TIOJIyYeHUsT GECIIBETHOTO CTEeKJIa: M3MeHeHHe Ba-
nenTHocTH Maprauma Mn?t + Fe?* — Mn?* + Fe?*
OJ OJINTEJIbHBIM BO3IEHMCTBHEM yJIbTpadHoJie-
TOBOTO M3JIYYEHUs BeJeT K (DHOJIETOBOM OKpacke
oecisernoro crekia (Illeadu 2006, c. 246—247).

Oxcun osoBa SnO, a B OOJIBIINX KOJIMYECTBAX
U TpeXoKHucsIbl Mbmmbaka As,O, u cypemsr Sb,0,
SIBJISIIOTCS TIIYIIIATENISIMU — IIPUIAIOT CTEKJIy MO-
JIOYHBIA 11BeT. Pamee B KadecTBe IJIYIINATENIS HC-
mosb3oBasica docdar rameima Ca,(PO,), B Bume
roctHoM Mykm (Ortommmit 1901, c. 48—49; Jay-
BasibTep 1936; pen. Kuraiiropogckuii, CribpsecTpo-
Bu4 1963, ¢. 197—202; Kyronun, Heitua 1988, c. 88;
Muxormra 1991; Capxrucos, OpioBa 1995, c. 423).

B 1556 r. I'eopruii Arpuxosia B padore «De re
metallica» ImpuBesT HECKOJIBKO PEIEIITOB CTEKJIA:
OJTHY YaCTh KBapIIEBOr0 ITECKA HA OJ[HY YaCThb COTBI
WA KAMEHHOM COJIH, JIMOO OHY YacTh KBAPIIEBOTO
ecKa Ha JBe YaCTH 30JIbI Iy0a, OyKa WJIX COCHBI 1
HEMHOro Mopckoi cosu (Agricola 1912, p. 585).

CoBpeMeHHOE HATPUEBO-KAJBIIIEBOE CTEKJIO
dopmyn Na,0 x CaO x 35i0,, Na,0 x 3CaO x
6510, mm Na,0 x 2Ca0 x 3Si0, (panee cocras
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«XOPOIIIEr0 OOBIYHOI'O CTEKJIA» OIPedesIaca Kak
Na,CaSiO,,) (IMapsur 1919, c.269) nomyuaror
CILTaBJIeHHeM KBapiieBoro mecka Si0O,, n3BecTHAKA
CaCO, u kasmbruarpoBanHoii coyer Na,CO,. Oxcun
HATpusA (BBOOUTCA B IIUXTY B BHUJE COIBI) BIIMSCT
KaK CHJIbHBIN (PJIFOC — TeMIIepaTypa ILIaBKH IByX-
KOMIIOHEHTHOI'0 HATPHEBO-CHJINKATHOIO CTEKJIA C
2000 °C nonmxkaercs npubausureabHo Ha 900 °C
10 CPABHEHUIO C YACTHIM OKCHUIOM KPEMHUSL.
XUMM3M IIPOLIECCOB BAPKH CTEKJIA HA CTAIUHI CH-
JIMKATO0OPA30BAHUS B TBEPIOM ¢hase B YIIPOIIEH-
HoM Buze ciaenyioruii (Kemmumaua 1965, ¢ro. 1030):

CaCo, + Si0,= CaSiO, + CO, 1;
Na,CO, + Si0, = Na,Si0, + CO, 1.

JlobaBKA B IIHXTY M3BECTH U HEOOJIBIIIOTO KOJIH-
gectBa oxcumoB MgO, AL O, memaer crermio mpo-
YHBIM B KOHTAKTE C BJIAYKHBIM BO3IYXOM U BOJIOM.

B macrosmiem oxosio 90—95 % 1m1pon3BoIHMOro
CTEKJIA OTHOCHUTCS K M3BECTKOBOMY M3-32 [IeIIeBU3-
HBI KOMIIOHEHTOB IIIUXTHI U €r0 JOCTATOYHO BBICO-
KOH TeXHOJIOTUYHOCTH B IIPOU3BOJICTBE M3/ICJINA.

Ilo coBpeMeHHBIM TpPeOOBAHMAM B II€CKE Map-
ku'T 1masg mpoms3BoICTBA TEMHO-3€JI€HOr0 OyTHI-
JIOUHOTO CTeKJIa COJlepsKaHue OKCHJIOB JJOJIFKHO
OBITH ciremytolee: okcuy Kpemuus Si0, He MeHee
95 %, oxcu amomuara Al O, He 6osree 4 %, okcH
xenesa Fe,0, He HopMupoBaH (MoskeT OBITH 60-
nee 0,25 %). Tsskesrsle ppakIUy OKHCIIOB XpoMa
Cr,0,, turana TiO, u Bonbdpama V,0, mpucyre-
TByIOT BO Beex meckax (I'OCT 22551-77, c. 5—6).

Oxcun amomusana Al,O, urpaet 0cody o poss —
ero IOBHIIIEHNE B COCTABE CTEKJIA II03BOJISET II0-
BEIIATH Josi0 Si0, B cocTaBe CTEKJIa IPH yCTOM-
YHBOCTH CTEKJIOBHIHOTO COCTOSHHSA, MOJIAPHBIE
cootrorenus Al O,/Si0, 06BrYHO MO/TEePIKUBATOT-
cs B pegenax 0,1—0,15 (Ammen 1974, c. 190).

3a mpucyTcTBHE B HEOOIBIINX KOJIMUECTBAX Ka-
JIUSL ¥ QJTIOMUHUSA B CTEKJITHHBIX U3EJITUAX MOKET
OBITH OTBETCTBEHHBIM II0JIEBOI IIIIAT — IIPUPOL-
HBIN CHJIMKAT, KOTOPBIN IT0IaJaeT B IITUXTY BMEC-
Te ¢ 3epHAMHU KBAPIEBOTO IIECKA C BKJIIOUEHUAMU
aroro muHepasa. OH mpegcTasiser cobo aIIOMO-
CHJIMKAT IIEJIOYHBIX METAJLIOB, KOTOPBII 4acTo CO-
crouT u3 cMmeceit kammesoro K,O x AL,O, x 6510,
Harpuesoro Na,O x AL O, x 6510, u RaJII:]_[I/IeBOI‘O
CaO x AlL,O, x 6Si0, moneBoro mnaTa.

J100aBIIsIFOT MUKPOIIPUMECH U CJIIOIBL: Oesias Ka-
suiiHaa cmona myckosut K,O X 3A1L0, x 6510, x
2H,0 n uepHas KeslezoMarHesuasbHas CIIONA

omorur K,0 x 6(Mg, Fe)O x AlL,O, x 6Si0, x 2H,0.

Eime oxna rpymma, mgamoias MEKPOIIPUMECH —
okcuabl kejesa: rematur Fe,O,, 3axumcHO-oxmC-
HEI MarHUTHEIN skene3Hak FeO X Fe,O, ¢ co-
IepsxaHreM Kejie3a B IBYX OKMCHBIX COCTOSTHUSX,
unbMeHuT FeO X TiO, u npyrue, a Takske Tuapa-
TBI OKCHOB KeJie3a TUIIA JIMMOHUTA WJIN, MHave,
oosorroit pynsr FeOOH (Fe, 0, nH,0). Berpeua-
0TCS KaK B KaBepHAX IIECYUHOK, TAK W B BHUJIE II0-
BEPXHOCTHOM 000/10uKH. Takike KBapIieBbIe IIeCKU
comepsxar kapoonaTer: Kaaeuut CaCO,, maraesur
MgCO,, nonmomur CaCO,, cunepur FeCO, (Kyxyi#,
Anppuanmos 2005, ¢. 37, 40—41). IIpouemxypa obo-
raileHus IIeCKOB B Pa3bl CHIKAET COHEpPIKaHIe
oxcunos keseda ([lommax u op. 1983, c. 59—61).

B momostrenue B cTekII0 moIIamaeT u HEKOTOPOe
KosmdecTBo rimHo3eMa Al O, co cTeHOK cTekIoBa-
PEHHOr0 TOPIIKA WX (DyTEPOBKU BAHHEI.

B mepsoit mosoBure XX B. TpeboBaHHS K XU-
MUYECKOMY COCTABY CTEKJIa 3€JIeHBIX OYTHIIIOK B
CCCP pacrmosiarayiuch B JOBOJIBHO IITUPOKHUX IIpe-
nenax: SiO, or 60 mo 75 %, Na,O ot 4 mo 16 %,
K,0 or 1 o 3 % (Bmecte ¢ Na,O 6—16 %), AL,O,
or 1 1o 6 %, CaO ot 6 mo 21 %, MgO or menee 1 go

4 %, Fe, 0, or 1 mo 4 %, MnO — menee 1 % (Ku-
TaI/II‘OpO,HCRI/II/I 1928, cr0. 112; 1933, cT10. 26).

OOGOOIIEHHEBIM COCTAB COBPEMEHHOTO CHTHKATHOIO
HECIIeITNAIN3NPOBAHHOIO IPEUMYIIECTBeHHO Ha-
TPHEBO-KAJIBITIEBOTO CTEKJIA B 3aBHCHUMOCTU OT Ha-
3HAYEHWS MPEJICTABJIEHbI B TAOJIMYHOM BHJIE HIDKE
(cormacHO TPEeThbEero M3AHUSI DBOJIBIION COBETCKOM
ourmkIonenyy; [lasmaymkmea 1970, c. 471) (Tabu. 2).

B mepsoit monmosune XX B. B Poccuiickoit mMm-
nepun u CCCP B BECOBBIX YaCTAX IMTUXTA JJIS W3-
TOTOBJIEHHUS OYTBLIOYHOIO CTEKJIA JejIaJiach IIPH-
O0u3uTe s IbHO caeayontas (Tad. 3).

Bwmecro uaBecTr B 60JIbIIIEM KOJIMUECTBE € KOI(-
durmerToM 1,8 MOT IPUMEHSTHCSI N3BECTHSIKOBBIN
KaMeHb (KaJIBIIAT C IPUMeChIo). Mor ObITh UCIIOJIb-
30BaH U MeJI C CoJlep:kaHrueM KapOOHATOB KaJIbITHs
CaCO, ot 91 mo 98 %. Ilo mecroposxnerusm CCCP
COOCTBEHHO OKCH[ KAJIbIWMA B CBSI3AHHOM COCTOS-
HUHW B MeJIe COIEPsKUTCA B Noasax or 47 mo 55 %,
oKcu KpemMHus or 1 1o 2 %, oxcun marausa MgO
conep:kuTcsa B xoamuectBe or 0,1 mo 2 %, okcum
AJTIOMHUHUSA OT J0Jiedt mporeHTa 70 4 %, OKCHUIBI
seste3a ot 0,1 7o 0,5 % ot obmero Beca (CaBueHKO
1961, c. 46; Bapruu 1962, c¢. 10; Huronbckuit 1968,
¢. 707; Kynsexmii u gp. 1980, c. 74).

Bru160p chIpbs M1 MIUXTH B 3HAYUTEJILHOM CTe-
eHU 3aBHCHUT OT TEeILJIO3aTpaT Ha IIpollece IIpe-
00pas3oBaHMsa B KOMIIOHEHTHI CTeKJoMacchl. Ha-

Ta6.r1nua 2. Cocras COBPEMEHHOI'0 IIPOMBIIIJIEHHOI'O CTEeKJIa

XUMHUUYECKHUH COCTaB B OKCcHUIgax
Crexmo
Si0, ALO, MgO CaO Na,O K,0 Fe,O, SO,
OxoHHOE 71,8 2,0 4,1 6,7 14,8 — 0,1 0,5
Tapuoe 71,5 3,3 3,2 5,2 16 — 0,6 0,2
ITocynnoe 74 0,5 — 7,45 16 2 0,05 —
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Tab6mmuna 3. [lluxra 6yTHIIOYHOIO CTEKJIA, BECOBBIE YACTH

OCHOBHI)Ie KOMIIOHEHTHI ITNUXThL
Crexro
ITecor Cona NsBectn
Msarxkoe 100 41,2 9,3
Cpennee 100 38,3 10,8
Tsepmoe 100 35,3 12,4
MarmuaHoe 100 36—38 10,5

mpumep, noram K,CO, TpeGyer mouTtu B 1Ba pasa
MEHBIIIe 3aTPaT TOILJIMBA II0 CPABHEHHIO C KaJIKe-
Boii cestutpoit KNO, 111 06pasoBaHmsa CHIINKATOB
ramusa K Si0,, runc CaSO, x 2H,0 no cpaBrenuto
¢ uasectHsakom CaCO, nmm mormomurom CaCO, n
MgCO, TpebyeT 3HAUMTEIHHO MEHBIIHX 3aTPaT
1751 obpasoBaHMA cuiauKaToB Kaubiusa CaSiO,
(ITommstx m mp. 1983, c. 125).

KauectBo crersia ¢ TOUKM 3peHMsT XMMHYECKOM
IPOYHOCTH 3aBHCUT OT COOEPIKAHNSA B HEM IIEJIO-
UM — CJIA0OKMCIIOTHBIE BHHA PEATUPYIOT IIPH BEI-
COKOM COLEPYKAHUN B CTEHKAX HAUMHKH IIEJIOYHBIX
KOMIIOHEHTOB CO CTEKJIOM C 0Opa3oBaHMEM OCaIKa
BUHHOKUCJIBIX COJICH KA, KAIbIII 1 AJIOMAHUA.

PE3YJIbTATDBI
AHAJIN3A CTEKJIA

IIpr moMOIIM OUTUYECKOTO CIEKTPAJIBHOTO
aHaJIN3a WCCJIEIOBAHBI MUKPOJJIEMEHTHBIM CO-
CTaB ¥ BBIABJIEHBI CTEKJI000PA3yIOIIHe 9JIeMEHTHI
180 crexJIAHHBIX uafeanit (mpuioskenue). Cpemgu
HuxX 87 MIKJIAHUIL (CTAKAHOB), 2 KyOKa (KPY:KKI),
5 0oraJIoB, 2 1apoobpasHblie OYTHLIKH, 23 IIUJIMH-
apudeckue OyTHUIKH, 15 kBapT (1rrodos), 5 dorsr,
3 pesepByapa KepoCHHOBLIX jami (puc. 5; 6).

Conepsxanne MUKPOIPUMECEH IIPU KCIIOJIb30-
BAHMU METOAA OITHYECKON CHeKTporpaduu oI-
pelessieTcsi TOJIYKOJIMYECTBEHHO, C TOYHOCTHIO B
moJsioBuHY Topsiaka. CTekroobpasywolme aJeMeH-
THI TOYHO OIIPEIEIATHCSI He MOTYT, MOMKHO TOJIBKO
IpeaIoJararh, YTo ux cogep:xanne oomxee 10 %.

M3BecTeH BepXHUM IIpEIEsT COMEPIKAHU OKCH-
JI0B-ceTKooOpasoBaresieti. B OmHapHBIX cucTeMax
BO3MOSKHO CTEKJIO00pPAa30BaHMe, €CJIM COIepska-
uHue Na,O niu K,0 u CaO B cyMMapHBIX TIPOIIeH-
tax He mpessinaer 56—57 % (IIlyaei, Masypuu
1988, c. 26).

Crout HamucaTh HECKOJIBKO CJIOB O BEIOOpE Me-
TOJIA WCCJIEOBAHUS CTEKJISHHBIX H3IeJINN U JaH-
HBIX JIJISI CPABHEHUSI.

ITonHBI XMMHWYECKUII aHAJIMW3 OIHON IIPOOHI
(4eThIpex HABECOK) CTEKJIA II0 BOCHBMHU JJIEMEHTAM
(5i0,, ALO,, Fe O,, TiO,, CaO, MgO, Na 0, K,O)
00BIYHO Tpogokaerca 2—3 pabounx mHA ([Tas-
nymknH, CenriopuH, XomaxoBckass 1970, c. 76),
09TOMY OBLII BHIOPAH 3HAUUTEIJIFHO MEHee 3aTpar-
HBIA TOJIYKOJUYECTBEHBIM ONTUYECKUIN aHaJu3 C
ompesieJIeHNEM JJIEMEHTOB II0 WHIEKCaM aTjaca
CIIEKTPaJIbHBIX JIUHUM.
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TlokazaHo skcIIepUMeEHTAJIBHO, UYTO IPU PACTH-
paHuu IpoOHI CTEKJIa B KBAPIIEBON HJIM araToBOM
CTYITKe TIPOUCXOIUT 3arpsA3HeHne HaBeCKU MUKPO-
PUMeECSIMU JKejie3a, aJJIOMUHUS, MATHUA U KaJlb-
musa (TeicoBekass u ap. 1974), M09TOMY IIPOBOIUII-
Ccsd HEINOCPeJCTBEHHBIN aHaJM3 MOJATOTOBJIEHHOMU
TOBEPXHOCTH 00pa3Iia CTEeRJISHHOTO U3 eJIH.

CrekTpsl IOJIyYeHbl Ha KBApPIEBOM CIIEKTPOT-
pade cpenmeit gucrepcuu WCII-28 ¢ remeparo-
pom MBC-28, ipu Tore 13 A, 1yroBOM IIpOMEIKYT-
Ke 2 MM, aKCIOo3unuu 45 cek., mupuHe meiru 15
M. Crcrema ocBellleHMS 1IN TPEXJIHMH30Bad,
YTOJBHBIA JIEKTPOJ ¢ KaHAJIoM 3 X 4 mMm, ¢oTo-
IJTACTUHKHN PElpOAyKTHUBHBIE IIITPUXOBLIE CBEPX-
KOHTpPACTHEIE, UyBCTBUTEJIbHOCTD 5,5 em. 'OCT.

B pesyibrare nsyveHms KoJImMuecTBEHHOIO COCTA-
BA CTEKJITHHBIX U3/EJIUI apXe0JIOTHUYECKOr0 ITPOVC-
XOsKIeHUsT U3 mosIbekoro CammomMeska mccenoBaTe-
JIY BBISICHUJIM, YTO IIOYTH BCE MCCIICIOBAHHOE CTEKJIIO
Hosoro Bpemeru B KosmmdaectBe 92 11pob OTHOCUTCS K
KaJmmeBo-KaybimmeBo-cunkatHomy  (Tabaczynska
1993, s. 168; Rubnikowicz 1996, s. 456). Ilogooubre
Pe3yJIbTaThI IIOJIYYEHBI IOJIBCKUMU W OeJIbIUHACKH-
MU HCCJIEIOBATEIAMU TOYHBIM METOJIOM KOJIMYIeC-
TBEHHOM MACCIIEKTPOMETPUU C WHIYKTUBHO CBS-
3aHHON ILIA3MOM € OTOOPOM KOHIEHCHPOBAHHOM
daswr crrocobom JtasepHoi abssim mo 202 mpobam
crexsia HoBoro BpemMeHHM apXeoJOormdyecKoro KOH-
tekcra u3 Craporo ropoma B Qunosenre, Craporo
ropoza B ITosmamu, Craporo ropoma Bo Bpoiyiase:
OBLIIO O0HAPYSKEHO KAJIMEeBO-KaJIbITMEBO-CUINKAT-
Hoe (CYIIIeCTBEHHO MpeobJiazaeT), HATpHeBO-KaJIb-
[IEBO-CIJIMKATHOE M CBHHIIOBO-KBAPIIEBOE CTEKJIO
(Kasztovszky, Kunicki-Goldfinger 2008; Wagner et
al. 2008, p. 419, fig. 3). lleurpaspHOEBpPOIEHCKOE
oecrBerHoe creksio XVIII B. BRImessercs BBICOKMM
paumo K/Ca n uuskum cogepaxaumem Pl B orymrunme
OT aHTJIUHACKOTO CTOJIOBOTO CTEKJIA, KOTOpoe ¢ 1635 T.
cramoutrcst  cBuHIOBBIM  (Kunicki-Goldfinger,
Kierzek, Kasprzak 2000, p. 1; Filarska 1973, s. 43).

BoJstee TouHO MOKHO OIpEIEIUTH COCTAB OCHO-
BBl ¥ MUKPOIIpUMeced (cBbime 1 %) IIpu ITOMOIIH
KOJIMYECTBEHHOI'0 BAJIOBOI'O PEHTTeH(II00PECIIeH-
THOI'0 aHAJIN3a JTHX ke o0pasios. Ilpu mposene-
HUM PEKOMEHIYEMBIX OITBITOB METOAbI B3aUMHO
JIOIIOJIHSAT IIOJIyYeHHbIe 3HAHUS O MOTHUJIEBCKOM
CTEeKJIe — PEHTTeHOCIEeKTPAJIbHBIN aHAJM3 T03-
BOJIUT CYJUATH O MAaKPOIIPUMECAX, OIITHYECKU
CIIEKTPAJIBHBIA — 0 MHUKPOIIPHUMECAX, 4To obora-
TUT BO3MOYKHOCTD HCCJIIOBAHNS HCTOPUKO-TEXHO-
JIOTUYECKUX 0COOEHHOCTEM CTeKJIA.

MoskHO Takske pPEKOMEHIOBATH ITHJIOTAKHBIE
HCCJICIOBAHUSA METOJIOM pPAaCCesIHUS PEHTIeHOB-
CKUX JIyduell (PeHTTeHOCTPYKTYPHBIM aHaJi3) co
cpaBHeHHeM 0e3 pacirmpPOBKU KPHUBBIX pajiu-
AJIHOTO pacCIpeIesieHus C IeJIbI0 TPYIIUPOBKU
00pAa3IIOB CTEKJIA IJIA IIOMCKOB XPOHOJIOTHYECKMX
WJIN KATeTOPHUAIbHBIX OTJIMYMA.

Ilo nToram moJIyKoJIMYeCTBEHHOI0 OIITHYECKOTO
CIIEKTPAJILHOTO aHAJHM3a C OIpeIesIeHHeM dJie-
MEHTOB II0 WHIEKCAM aTJiaca CIEeKTPaJIbHBIX JIH-
HUHN BBIJEJISIOTCS II0 OCHOBHBIM KOMIIOHEHTAM B
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Puc. 5. Dorodurcarys 0ToOpaHHBIX OIS IIOJIYKOJIMYECTBEHHOIO OIITHYECKOI0 CIIEKTPAJILHOI0 AHAJIN3A CTeKJIAH-
HBIX U3EJIUI U3 PACKOIIOK MCTOPUUYECKOTO IeHTpa I'. MOrmiIésa cooTBeTCTBEHHO KOJLIEKIIMOHHOM OIMCH U rpadu-
yeckuM Jucram oruera, A88—95 (cm. Tabir. 1)

rosuteriuu 1989 roma us packomna I B r. Morué-
B€ YeThIpe TPYIIIEL CTEKOJI.

1. Harpuesoe (Neo 18, 69, 70, 73, 75, 180). Bce 6 us-
JIeJTi 13 HATPUEeBOT0 CTeKJIa JaTUpoBaHbl XIX — Ha-
vajioMm XX BB. O10 mmmHAprieckas OyThuka (Ne 18),
ooraser (Ne 69, 70, 75, 180), mxssamia (Ne 73).

2. Harpueso-rasnbimesoe (Ne 1—4, 7). Bee 5 us-
IeJui JaTUPYTCs HavaaoM XX B. B aroit rpyi-
ne Gamka c Hagnucblo «Hopsx Bopmam» (No 1),
OyTbiika ¢ Hanamuckio «[luBoBapeHHBINH 3aBOIH
9. ®©. Aunkb Morunéss ry6.» (Ne 7), pesepByapsl
KepocuHOBBIX Jamil (Ne 2—4), uagesne Ne 3 BbI-

348 ISSN 2227-4952. Apxeonoeis i 0asns icmopis Yrpainu, 2018, sun. 4 (29)



Cunuyr, H. U. PeaynbTaThl UCCIIEIOBAHMS apXE0JOrHIECKOT0 CTEKIa U3 packona 1989 r.

A96

A97

[A102

[A103

Puc. 6. Dorodurcarys 0ToOpaHHBIX OIS IIOJIYKOJIMYECTBEHHOIO OIITHYECKOI0 CIIEKTPAJILHOI0 AHAJIN3A CTeKJIAH-
HBIX U3/eJINHA U3 PACKOIIOK UCTOPUYECKOro IeHTpa r. Morniaésa cooTBeTCTBEHHO KOJLICKIIMOHHOM OIMCH U I'padu-

yeckuM Jucram ordyera, A96—103 (cm. Tabir. 1)

nesstercst HasmameM ruHkKa (0,01—0,1 %), oTcyTe-
TBHUEM CYPbMBbI U Oapws.

3. KanmeBoe co 3HAUUTENIBLHBIM COAEpPKaHHEM
ranbiua (Ne 71). EnuHcrBeHHOE m3menue IIpei-
CTABJIGHO IIKJISHHUIEH KoHIIA XIX — Hauaa
XX BB.
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4. KanbiumesBoe — Bee ocrasbable (168 uamesmii).
B oroit rpymie ormeuvena amdpdpepeHIIMAaIS 110
Maprauiry, B 00JIbIIIEH YacTh U3IeJIHUA ero CoepIKa-
uue cocrasasger 0,001—0,1 %, HO ecTb pAT Berei
¢ comepsxanneM maprauaua B 0,1—1,0 %, ato 00beK-
THI 8, 13, 15, 19, 20, 24 (1), 25, 27, 29, 35, 38, 40—
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47, 56, 58—61, 78, 90, 900, 99, 106, 108, 109, 113,
117—118, 123, 128, 131, 133, 134, 135 (1), 143, 144,
146—148, 150, 153, 156—158, 160, 174, 177—179.

Cpenu wmamesmii ¢ OOJIBIIMM COAEpPKaHHEeM
Maprasmna npeobJiagaT MIKJISHUAIBL (BO3MOKHO,
B I'PYIIILY IIKJISHAILL BXOAAT ¥ MACJISHBIE CBETHIIb-
HUKM) 28 00pa31oB u3 53, HO IIKJIAHHUIEI CpeIn
aHAJIU3UPYEMBIX 00Pa3Il0B HPEeICTABJIEHBI ITOUTH
IOJIOBUHOM 00'bEKTOB, II09TOMY PA3HHIIA II0 COIEeP-
JKAHWIO MapraHIa He SBJISIETCS II0Ka3aTesIbHOM
JIJISI 9TOM KaTeroOpyuu Belllel.,

Brigesnsroresa Takike M3menns ¢ MUKPOIIPHUMECS -
mu osoBa (ot 0,0001 mo 0,01 %), rmpeobiramaroT KOH-
merTpanuu B 0,001 %. 910 obpasier 49, 53, 58—60,
68, 76—90, 110, 150—151, 173, 178 (25 uamestuii).
Hanmume MmukporpuMeceil He CBI3aHO ¢ KATETOPH-
el Belllel, KasKeTCsI, YTO 9TO OCOOEHHOCTh HCIIOJIb-
30BAHHOM B IMUXTE CBHIpbA. MoskeT OBITH, ciiemayer
BBIIEJINTE Ipymiry Bemein 76—90 (15 usmesuii), B
KOTOPYIO BXOISIT PYYKHM, HOMKKH, TOHIIA Jallek, 00-
KaJIOB, KyBIIWHOB, pudyieHas IKJITHAIA, IITKJI-
HUNBI Ha BoJHHCTBIM IogmoHe XVII—XVIII BB.,
dopmoBanubie mkagHUNEI XVIII—XIX BB. OHu
uMeroT comepskarue omosa B 0,001 %.

NMmeroresa pasauyusa U M0 COIEPIKAHUI0 MBIIIIb-
saka. B bosblelr vactu 00pasIioB ero comepskaHme
HAXOOUTCA 34 IIPeeIaMU UyBCTBUTEILHOCTHA Me-
TO/MA; MBINIBIK (pUKCHUpyeTcss B obpasrax 1, 71,
72, 89, 173, 180. BosbImreil 4acThio 9TO M3OEJIUI
XIX — mauana XX BB.

JlenaTb BHIBOABI O HAJIWYUU WU OTCYTCTBAHU
JIPYTHX 3JI€MEHTOB OIACHO, UX KOHIIEHTPAIIHSA Ha-
XOIUTCA HA TPAHU UyBCTBUTEJIHHOCTH METOLA.

B psane cnyuaes (amanmser 46a, 466, 50a, 500,
68a, 680, 688, 96a, 9606 — OyKBOIT 0O003HAUEHA JT0-
HOJIHUTEJIbHAsI K OCHOBHOM IIpoba apyroro dgpar-
MEHTAa U3eJINsI) JaHHbIE CIIEKTPAIBHOTO aHAIN3a
HO3BOJIMJIA 0DOCHOBATH BO3MOKHOCTEH I'padmuec-
KO PEKOHCTPYKITNU U3TEJIUN.

IlomprToskmBasg, MOMKHO CKAa3aTb, YTO OOJIBIIAS
YaCTh aHAJIM3UPYEMBbIX U3JIEJINI CIe/IaHa U3 KaJlre-
BO-KAJIBIMEBO-CHJIMKATHOTO CTEKJIA, ITPHUOJIN3UTE -
HO B 1/3 yacTu U3/eIiii BCTPEeYaroTCs: IIPUMeCH Map-
raHIla, KOTOPBIN JIeJIaeT CTEKJIO OeciiBeTHBIM. Berrm
M3 30JIBHOTO CTEKJIA JaTUPYIOTCA KOoHIToM X VI — Ha-
yasiom XVII B. Iloranmoe kanmeBoe cTeksIo B aHa-
JIM3UPYEMOM KOJUICKIIMK IIOYTH HE BCTPEUYAeTCS, B
OTJIMYME OT KOJIJIEKIIHM, KOTOpasi coOpaHa BO BpeMsi
packorok 1989 r. y kocresia Ce. Crauuciasa B 1. Mo-
THUJIEBE, TIIEe OHO COCTABJIACT 1/4 YacTh BCEX M3JIEJIMIA.
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THE RESULTS OF A STUDY OF
ARCHAEOLOGICAL GLASS FROM
THE EXCAVATION 1989 IN THE
HISTORICAL CENTER OF MOGILEV
(optical spectral analysis)

180 fragments of glassware from the historical part
of Mogilev at the end of the 16th and early 20th centu-
ries were studied.

Technological excursus is devoted to raw materials
for glass production and introduces glassmaking litera-
ture of the 18" — early 20th centuries.

The method of semiquantitative optical spectral
analysis based on the atlas of spectral lines is used. For
the transfer of results, the conventional general techni-
cal method is used.

A few examples of ash glass date back to the late
of the 16" — early 17" century. Most of the samples
analyzed from the 17th to the 19th centuries are made
of potassium-calcium silicate glass; about 1/3 part of
the products, there are manganese impurities, which
makes the glass colorless.

The result of the work is a catalog of analyzes of an
archaeological glass from the Belarusian city of Mogi-
lev, which presented in the appendix.

Keywords: Belorussian Dnieper region, 17%—
19% centuries, urban material culture, glassmaking,
charge, archeological glass, optical spectral analysis.

Ooeporcaro 23.05.2018

CIHYVK Ieau IBanoBu4, npoBiTHMI HAYKOBUIA CITiB-
pobitaHuk, Harmionanpuuit XxyoskHii My3eit PecryOimiku
Binopycs, By, Jlenina, 20, Mincer, 220030, Binopycs,
sintchouk@tut.by.

SINCHUK Ivan Ivanovich, Leading Researcher, the
National Art Museum of the Republic of Belarus, Lenin
st., 20, Minsk, 220030, Republic of Belarus, sintchouk@
tut.by.

ISSN 2227-4952. Apxeonoeis i 0asns icmopis Yrpainu, 2018, sun. 4 (29)



Cunuyr, H. U. PeaynbTaThl UCCIIEIOBAHMS apXE0JOrHIECKOT0 CTEKIa U3 packona 1989 r.

0T — — — — — — — — — — — — — — — — uy,
- — — - — - — - - — - — - — 0T - — 3y
— — — — — — — — — — — — — — — — | T0—01 | sV
— — — — — — — — — — — — — — — — T | a8
- - - - - - - - - - - - - - - - - 9
+0T 0T 0T 0T e 0T—0T ¢0T — - 0T — - ¢0T — 0T — - - OIN
0T 0T 0T 0T—¢0T 0T 0T 0T 0T 0T 0T +0T—e0T 0T 0T +0T—e0T 0T 0T 0T A
¢-0T 0T +0T 0T +0T 0T 0T 0T 0T 0T 0T 0T 0T 0T +0T 0T - N
0T 0T 0T 0T 0T +0T w1 0T 0T +0T e-0T 0T 0T 0T +0T 0T +0T 10
— — — — — — — — — — — — — — — — — .—.Hm
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T =0T 0T 0T 0T 0T 1L
10 10 10 10 10 10 —T10 1—T10 10 I—I10 10 10 1—T10 10 10 10 10 v
0T 0T T°0—0T 0T 0T 0T T10—0T 0T 0T 10—0T +0T 0T 0T 0T - 0T 0T 'q
O0T—¢0T 0T 0T 0T 0T =0T 0T 0T =0T 0T 0T =0T 0T 0T - z0T—¢0T 0T IS
T0—%0T 0T ¢0T =0T 0T 0T ¢0T =0T - 0T =0T «0T 0T T°0—%0T =0T 0T 0T qd
10 10 T—T10 T°0—0T 1—10 T—T10 1—10 1—T10 I—T1°0 1—T10 T0—%0T | T'0—%0T | T'0—0T | T'0—0T 0T 0T =0T U\
=0T 0T 0T =0T 0T 0T 0T 0T 0T 0T 0T =0T 0T 0T 01—T 0T +0T np
10 T—T0 —T0 =0T 1 —T0 1—T0 —T10 —T10 —T0 —T0 1 1 1 10 10 =01 o
1—T1°0 1—10 T 10 T T T T T T 10 T T 10 10 10 10 SN
1—T1°0 (08 01< 0I< 0I< 01< 0I< 0I< 0I< 0I< 0I< 01< 0I< 018 0I< 0T 0T )
1—T1° —T1° 1 1 1 1 1 —T1°0 1—T1°0 1—T1° —T°0 1—T1°0 1—T1°0 —T1°0 — —T1° —T10 |
—T10 1—10 T T T T T 1—T10 T—T10 I—T10 (08 T T 0] 0T< 0l< 0I< BN
0I< 0I< 01< 0I< 0I< 0I< 0I< 0I< 0I< 0I< 0I< 0I< 0I< 0I< 0I< 0I< 01< IS
LT 91 GT VI €1 ¢l T (08 6 8 L 9 g 14 € 4 T IHOW
ereedgo domor| olE

% WUHUI XI9HIIVALIAID

VOVILLY WVOMAITHA Ol SOLHAWHIE€ UUTTVALHATTHONA VIHATIO BVHHAALOAhUITOMAIIOIl BVHIIVASUY

HUHHXOLINd I

353

ISSN 2227-4952. Apxeonoeis i 0ashs icmopis Yrpainu, 2018, sun. 4 (29)



Apxeonocia I npuUpPpoOHUYL HAYKU

=0T =0T =0T =0T =0T =0T =0T =0T =0T =0T =0T T°0—0T =0T =0T =0T =0T =0T IS
0T ) ) ) 01 ) =01 01 10— 01 0T <01 — ) ) ) 0T ) ad
10 10 10 10 T'0—0T 10 10 10 10 1—TI°0 1—T1°0 1—T1°0 10 1—T°0 10 10 I—T10 | WA
0T 0T 0T ¢0T 0T 0T =0T =0T z 0T =0T =0T =0T =0T 0T =0T =0T 0T nH
—T10 1—T10 10 1 10 1—T10 10 10 10 —T10 1—T0 —T10 10 1 —T10 1—T10 10 o
10 10 10 10 10 10 10 10 10 1—TI° I—10 | 0I—T10 10 1—T°0 10 10 10 SN
01 I—T°0 1—T0 01 1—T°0 01 —T0 1—T0 T—T0 01 1—T0 01< —T°0 01 —T0 1—T1° 1—T0 ®)
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 bl
10~ T'0~ 10~ 10~ 10~ 10~ 10 10 10 10 10 10 10 1—T°0 10 1 1—T0 BN
01< 01< 0T< 01< 01< 01< 0I< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< S
©0S 67 i Ly qQor B9¥ <4 4% ev a4 ¥ ov 6¢ 8¢ L8 9e ge J—
ereedgo domof] S
=0T — — — - =0T — — =01 — — =0T =0T - =0T =0T - uz
— — — — — — — — — — 0T — — — 0T <01 <01 3y
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ sy
— — — — — — — — — — — — — — — — — qas
— — — — — — — — — — — — — — — — — q
0T +0T ) ) w01 +0T +0T ) 0T — — +0T  [+0T—¢0T | <OI +O0T — — OIN
0T 01 ) ) ) ) ¢0T +0T ) ¢0T +0T 0T +0T 0T 0T 0T 0T A
«0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T «0T 0T +0T «0T 0T +0T IN
) ) ) ) ) 01 0T 01 ) =0T <01 ) 01 ) ) =01 =01 ko)
— — — — — — — — — — — — — — — — — Qm
0T ) 0T ) 0T ) ) 0T 0T ) 0T 0T +0T 0T 0T 01 ) L
10 10 10 10 1—T1°0 1—T1°0 I—TI° 1—T°0 10 1—TI° 1—T°0 10 10 10 I—T° I—T1°0 10 I\%
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T +0T eq
=0T =0T 0T =0T =0T =0T =0T =0T z 01 =0T =0T e 01— 0T | e 0T—O0T | e OT—O0T | = 0T—0T =0T «0T IS
) 01 ) ) — =01 ¢ 0T — 0T 10— 0T ) T0—¢0T | T'0—¢0T <01 =01 ) 10 ad
10 10 10 10 10 1—T°0 10 1—T°0 10 1 1—T°0 10 10 10 —T0 1 T'0—01 | UN
=0T 0T =0T 0T 0T =0T =0T 0T =0T 0T 0T =0T 0T 0T 0T 0T 0T noH
10 10 10 10 1—T1°0 1 —T10 1—T10 10 —T1°0 1—T0 —T10 1—T1°0 10 1 1 10 o
10 10 10 10 1 1 1 1 1—T10 1 1 1 —T1°0 1—T0 1 1 10 SN
—T0 T—T0 1—T1°0 1—TI°0 01< 01 01 01 I—T0 01 01 T—T0 I—T°0 1—T0 —T0 01 1 ')
1 1 1 1 —T1° 1—T1° —T°0 1—T0 1—T0 —T°0 1—T0 1—T0 1—T°0 1—T0 —T0 1—T1°0 10 b
10 10 10 10 —T10 1 —T10 1—T10 —T10 1 —T10 1 —T10 1—T0 —T10 1 I—1°0 | ®N
0T< 0I< 01< 0T< 0I< 01< 0T< 0I< 0T< 0I< 0T< 0T< 01< 01< 01< 0I< 01< 1S
7€ € e 1€ 0¢ 68 8% L3 9% <t 7 €3 3¢ 13 0% 61 81 J—
ereedgo domog] ore

ISSN 2227-4952. Apxeonoeis i 0asns icmopis Yrpainu, 2018, sun. 4 (29)

354



Cunuyr, H. U. PeaynbTaThl UCCIIEIOBAHMS apXE0JOrHIECKOT0 CTEKIa U3 packona 1989 r.

=0T =0T =0T =0T =0T =0T - - - - - - - =0T - =0T - uz
— — — — — — — — — — I — — — — — — w<
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ sy
- - — - - - - - - - - - - - - - — qs
- - - - - - - - - - - - - - - - - 3l
0T 0T 0T 0T e-0T +0T 0T e-0T 0T 0T e-0T 0T 0T e-0T ¢0T e-0T ¢0T OIN
¢0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T A
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T N
0T e-0T ¢-0T 0T e-0T 60T 0T e-0T ¢-0T 0T ¢-0T ¢0T e-0T ¢-0T ¢0T e-0T ¢-0T 0D
- - — - - - +0T 0T 0T - - - - 0T - - — us
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 1L
10 10 10 10 10 1—T° 1—T1° 1—T0 10 10 10 10 10 10 10 10 10 v
0T 0T =0T 0T e-0T =0T 0T 0T =0T 0T 0T =0T 0T 0T =0T 0T =0T ed
=0T =0T 0T =0T 0T =01 =0T =0T =01 =0T =0T =0T =0T =0T =0T =0T =0T IS
¢0T 0T ¢0T 0T 0T ¢0T 0T - «0T 0T 0T ¢0T 0T 0T ¢0T 0T 0T qd
10 1—T1° 10 10 10 1—T1° T 1 1—T° 10 I—T10 | T'0—01 10 10 10 10 T0—0T | U
¢0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T ny
T0—0T | T'0—0T | T'0—=0I | I'0—0I | T'0—0T | T—T0 0T 0T 10 10 10 10 10 10 —10 | I—T10 10 ol
—T° 1—T1° 1—T° —T1° 1—T1°0 1—T1° 1—T1° 1—T° 10 10 10 10 10 10 10 10 10 3N
0T 0T 0T (018 0T 0T 0T 0T T—T°0 1—TI° 1—T°0 0T 01 0T (08 ()8 ()8 €D
T T T T 1 T T 1 T T 1 T T 1 T T T pil
10 10 10 10 10 10 10 10 10~ T'0~ 10~ 10~ T'0~ 10~ T'0~ 10~ 10~ EN
0I< 0I< 0I< 0I< 0I< 0I< 0I< 0I< 0I< 01< 0I< 0I< 0I< 0I< 0I< 0I< 0I< 1S
99 <9 79 €9 29 19 09 6S 8¢ LS 9¢ qq 12 €g 4 1< q0¢ IHOW
ereedgo domo| e
- - =0T - =0T =0T - - - - =0T =0T - - - - =0T uz
— — — — — — — — — — — — — — — — — w<
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ sy
- - — - - - - - - - - - - — - - — qas
- - - - - - - - - - - - - - - - - 3l
0T e-0T ¢0T - 0T ¢0T 0T =0T ¢0T 0T 0T - e-0T - +0T - 0T OIN
¢0T e-0T e0T 0T 0T e0T 0T e-0T ¢0T 0T e-0T 0T 0T e0T 0T 0T e0T A
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T N
¢0T e-0T ¢-0T 0T e0T ¢0T 0T e-0T ¢0T 0T ¢-0T ¢0T e0T ¢-0T ¢0T e0T ¢0T 0D
— 0T — — — — — — — — — — — — — — — us
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T =0T =0T 0T =01 =0T 0T 1L
—1 10 10 1—1 10 10 —10 | 1I—T0 | 1—T10 1 I 1 10 I —10 | =10 | T—T10 | v
=0T 0T =0T 0T 0T =0T 0T 0T =0T T10—0T | T'0—0T | T'0—0T 0T =0T =0T 0T 10—01 | ®d

355

ISSN 2227-4952. Apxeonoeis i 0ashs icmopis Yrpainu, 2018, sun. 4 (29)



Apxeonocia I npuUpPpoOHUYL HAYKU

) =01 0T ) =01 =01 ) ) 0T ) 0T 0T ) ) ) 01 =01 I8
0T 0T 0T ) 0T 0T 0T 0T ) 0T 0T +0T +0T =01 0T 0T ) ad
1—T10 10 ) —T°0 10 10 T0—01 | T—T0 ) 10 10 0T 10 10 10 10 10 up
0T 01 0T ) 0T 0T ) 0T 0T ) 0T 0T +0T 0T 0T 01 ) ny
I—TI°0 10 T0—01 | T—T0 1—T1°0 10 T'0—¢0T 1 0T T0—0T | T'0—0T 0T 01 1 —TI°0 1—TI°0 1—T°0 od
—T0 T—T°0 10 —T0 1—T°0 1—T0 10 I—T0 0T 10 10 10 10 10 10 10 10 SN
01< 01< 0T< 01< 01< 0l< 0t 0t 01 (0]8 0t 0t 01 01 01 01 01 o)
—T0 1—T0 1—T0 —T10 —T10 —T10 —T10 —T10 —T10 —T0 —T0 —T10 —T10 1—T0 —T10 1—T1°0 —T1°0 M
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 BN
01< 01< 01< 01< 01< 0l< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< S
q96 ©96 96 76 €6 %6 16 06 68 88 18 98 ag 78 €8 %8 18 IHOW
ereedgo domof] e
- — 01 - — — — — - — — - 0T 01 0T — - uz
— - J— — - — — - — — J— — - N — - J— w<
— — — — — — — — 1001 | T'0—0T — — — — — — — sy
— — — — — — — — — — — — — — — — — q
— — — — — — — — — — — — — — — — — qas
0T 0T +O0T +0T 0T +O0T ¢0T +0T 0T 0T w01 — 0T 0T 0T ) 0T OIN
0T 0T 0T ) 0T 0T ) 0T 0T ) 0T 0T ) 0T 0T 0T 0T A
0T 0T 0T 0T 0T — 0T — — — — — ) ) 0T ) ) N
0T 0T 0T 0T 0T +0T +0T +0T +0T 0T +0T +0T 0T 0T 0T 0T 0T 0
0T +0T +0T ) 0T — — — ) — — — 0T +0T 0T — — ug
0T 01 0T 0T 01 0T 0T ) 0T — 0T 0T +0T <01 ) ) ) L
10 10 10 10 10 0T 0T 0T 0T 0T 0T 0T 10 10 10 10 10 v
)i =01 ) 0T 0T — 0T — — — — — +01 ) ) ) ) eg
=01 =0T 0T 0T 0T — 0T — — +0T — — 0T 0T =0T 0T =0T IS
0T ) ) 0T ) 0T 0T 0T ) 0T 0T +0T +0T ) ) +0T +O0T ad
10 10 I—T0 | T'0—0T 10 0T 0T 0T 0T =0T—0T 0T ) 10 10 10 T'0—0T 10 U
0T 0T 0T ) 0T 0T ) <01 ) +0T 0T +0T ) 0T 0T ) ) ny
1 1 1 10 10 =01 01 =01 ) 01 ) ) T'0—0T | T'0—=0T | T'0—=O0T | T'0—0T | T'0—0T | ad
—TI°0 1—TI°0 1—T0 10 10 01 0T 01 0T 01 01 ) —T0 1—T°0 1—TI°0 1—TI°0 —10 | SN
01 (0] 0t 0t 0T 1—T1° 0T —T1° 01 —T1°0 —T1° 10 (0]8 0t 01 01 0T o)
—T10 1—T10 1—T0 —T10 1—T10 10 1 10 1 0] 10 10—201 1 1 1 1 1 M
10 10 10 10 10 01< 10 01< 1 10 01< 01< 10 10 10 10 10 BN
01< 01< 01< 01< 01< 01< 01< 01< 01< 01< (025 01< 01< 01< 01< 01< 01< S
08 6L 8L LL 9L Sl i €L aL 1L oL 69 (©) 89 @89 (189 BL9 L9 J——
ereedgo domog] ore

ISSN 2227-4952. Apxeonoeis i 0asns icmopis Yrpainu, 2018, sun. 4 (29)

356



Cunuyr, H. U. PeaynbTaThl UCCIIEIOBAHMS apXE0JOrHIECKOT0 CTEKIa U3 packona 1989 r.

- - — - - - - - - - =0T — — — =0T =0T — uy,
— — — — — — — — — — — — — 0T — — — sy
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ sy
- — - - — - - - - - — - - - - - - qs
— — 0T — — — — — — — — — — — — — — q
0T 0T 0T 0T 0T 0T +0T 0T — 0T 0T 0T 0T 0T +0T 0T 0T O\
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T A
0T 0T +0T 0T +0T +0T 0T +0T +0T 0T +0T +0T +0T +0T 0T +0T +0T N
0T 0T e0T 0T 0T e0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T D
— — — 0T — — — — — — — — — — — — — ug
¢0T e-0T ¢-0T 0T e-0T ¢0T 0T e-0T ¢-0T 0T 0T +0T 0T 0T 0T 0T +0T LL
10 1—10 10 10 10 —T10 1—10 10 T 1—10 10 10—-01 10 10 I—T1°0 1—10 10 1\
0T =0T 0T 0T 0T =0T =0T 0T =0T +0T—0T 0T 0T 0T 0T +0T—0T |z 0T—O0T 0T ed
=0T 0T +0T—¢0T =0T =0T =0T =0T +0T—=0T =0T =0T #0T—0T =0T =0T =0T =0T =0T OT—0T | IS
01 +OT =0T =0T =0T 0T 0T ¢0T «0T 0T +OT +0T +0T 0T «0T 0T 0T qd
10 I—T°0 10 10 10 1—T1°0 1 10 1 10 T'0—0T | T'0—0T | T'0—0T 10 —T0 10 T'0—0T | UN
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T nH
10 1—10 10—0T | T0—0T | T'0—0T 10 10 10 T—T10 10 10 10—01 10 10 10 10 1'0—01 o
1—T10 1—T1°0 10 10 10 1—T0 1 1—T°0 1 1I—T10 10 10 10 10 1—1° 1—T1° 10 SN
01< 0I< 01< 01< 01< 01< 01< 01< 0I< 01< 0T (018 0T 018 01< 0I< 01< )
—T10 1—T10 —T10 I—T10 1—I10 T—T10 —T10 1—T10 T—T10 —T10 —T10 T—T10 1—I10 —T10 —T10 1—10 T—T10 pi
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 BN
01< 0I< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 0I< 0I< 1S
48 ETT GIT OTT 60T 80T LOT 90T GOT 70T €01 60T TOT 00T 66 86 L6 IHOW
ereedgo domor] ouE
— — — — — — — — — — — — — — 0T =01 — uz,
— — — — — — — — — — — — — — — — — 3y
— — — — — — — — | To—0r| — — — — - — - - sV
- — - - — - - — - - — - — - - — - qs
- - - - - - - - - - - - 0T - - - - 1
0T 0T 0T 0T 0T +0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T OIN
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T A
0T 0T +0T 0T 0T +0T 0T 0T 0T 0T 0T - 0T 0T 0T 0T 0T N
¢0T 0T ¢0T 0T 0T 0T 0T 0T ¢0T 0T 0T 0T +0T 0T 0T 0T 0T L)
- - - - - - - 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T us
¢-0T 0T +0T 0T 0T ¢0T 0T 0T ¢0T 0T 0T ¢-0T 0T 0T 0T 0T 0T LL
I—T1°0 1—T10 1'0—01 1—T1°0 10 T—T10 1'0—0T 1—T10 ¢0T 10 10 T0—%0T | T'0—0T 10 10 10 10 v
=0T =0T +0T =0T 0T =0T 0T =0T — 0T 0T 0T +0T 0T 0T =0T =0T ed

357

ISSN 2227-4952. Apxeonoeis i 0ashs icmopis Yrpainu, 2018, sun. 4 (29)



Apxeonocia I npuUpPpoOHUYL HAYKU

0T 0T 10—0T | T0—0T =0T 1'0—201 0T #0T—:0T 0T 0T 0T 0T 0T I—10 | T'0—0T | T'0—0T =01 I8
0T +0T w01 +O0T +0T +0T 0T +0T ) +0T +01 0T +0T +01 +O0T 0T ) ad
I—TI°0 1—TI°0 1 10 1 1 1—TI°0 10 10 T'0—%0T | T'0—=%0T | T'0—%0T | T'0—0T | T—T0 1 1—TI°0 10 U
0T +0T ) ) 0T ) ) +0T ) ) 0T 0T +0T 0T 0T 01 ) ny
10 10 10 10 1—T1°0 1—T1°0 10 ) 10 0T ) ) <01 1 —T10 10 T'0—0T | ad
I—TI°0 1—TI°0 1 10 1 1 1—TI°0 10 1—T1°0 10 10 10 10 1 I—T°0 —T0 10 SN
01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< €D
—T°0 1—T1°0 1—T0 —T1°0 1—T1°0 1—T10 —T1°0 1—T10 —T10 —T1°0 1—T0 —T10 1—T1°0 1—T0 —T10 1—T°0 1—T0 bl
10 10 10 10 10 10 10 10 10 10 10 10 10 1—T°0 I—T°0 —T0 1—T0 BN
01< 01< 0T< 01< 01< 01< 0I< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< S
i LT 971 <ids 44} evl 44l 71 048 681 8e1 LeT 961 gel ve1 €61 %e1 J—
ereedgo domof] S
— ) — — — — — — — — — — — — — — — uz,
) — — — — — — — — — — — — — — — — 3y
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ sy
— — — — — — — — — — — — — — — — — qas
— — — — — — — — — — — — — — — — — q
«0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T ON
0T 01 ) ) ) ) ¢0T +0T ) ¢0T +0T 0T +0T 0T 0T 0T 0T A
+0T +01 +0T +0T w01 +0T +0T w01 +0T +0T +0T 0T +0T +0T 0T +0T w01 IN
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0
— — — — — — — — — — — — — — — — — ug
0T 0T ) ) 0T 0T +0T +01 0T ) 0T 0T 0T 0T 0T ) ) L
—TI°0 1—TI°0 1—T1°0 1 1—T1°0 10 10— 0T 10 —T10 1—TI° 10 T—TI°0 10 1—T°0 I—T° 10 10 v
0T 0T 0T 10 0T 0T 0T 0T—0T 0T 0T 0T 0T—O0T 0T 0T 0T 0T 0T eq
=0T =0T 0T 10 =0T =0T 0T =0T z 01 =0T 0T =0T 0T—O0I =0T =0T +0T—O0I 0T IS
0T ) 0T ) 01 ) ¢ 0T ) ) ¢ 0T 0T 0T +0T +01 ) ) ) ad
I—TI°0 1—TI°0 10 1 10 10 10 10 1—T1°0 10 10 10 T'0—0T 1 I—TI0 | T'0—0T 10 U
0T 01 ) ) 01 ) 0T ) 0T ¢0T +0T 0T +0T 0T 0T 0T 0T ny
10 10 10 —T°0 10 1'0—0T | T'0—0T 10 10 10 10 10 1°0—01 10 10 1°0—01 10 o
I—TI°0 1—TI°0 1—T1°0 1 1—T1°0 10 10 10 1—T1° 1—TI° 10 T—T1°0 10 1 I—TI°0 10 10 SN
01< 01< 0T< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 01< 0I< €D
—T0 1—T°0 1—T0 —T1°0 1—T°0 1—T0 —T°0 1—T0 1—T0 —T°0 1—T0 1—T0 1—T°0 1—T0 —T0 1—T1°0 1—T0 b
1 1—TI°0 1—T° 10 10 10 10 10 10 10 10 10 10 10 10 10 10 BN
0T< 0I< 01< 0T< 0I< 01< 0T< 0I< 0T< 0I< 0T< 0T< 0I< 0T< 01< 0I< 01< 1S
1€1 0e1 621 821 La1 921 gat 748 €al %31 131 051 611 811 LIT 911 GT1 J—
ereedgo domog] ore

ISSN 2227-4952. Apxeonoeis i 0asns icmopis Yrpainu, 2018, sun. 4 (29)

358



Cunuyr, H. U. PeaynbTaThl UCCIIEIOBAHMS apXE0JOrHIECKOT0 CTEKIa U3 packona 1989 r.

— — — — — — — — — — — — — — — =0T — uz
- - — 0T - - - - - 0T 0T - - — - - — 3y
— _ _ — _ — — _ — — _ — _ _ — _ _ sy
- - — - - - - - - - - - - — - - — qs
- - - - - - - - - - - - - - - - - 9
¢0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T +0T 0T 0T 0T 0T OIN
¢-0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T A
0T e-0T ¢0T 0T e-0T ¢0T 0T e-0T ¢0T 0T +0T 0T e-0T ¢-0T ¢0T e-0T 0T N
¢0T e-0T e0T 0T 0T e0T 0T 0T 0T 0T 0T 0T 0T e-0T =01 =0T 0T D
- - — - - - - - - - - - - — 0T 0T — us
¢0T e-0T ¢-0T 0T e-0T ¢0T 0T e-0T ¢-0T 0T 0T 0T e0T ¢-0T ¢0T 0101 0T LL
—TI° 1 1—T1° I—TI° 10 1—T1° I—TI° 1—T°0 T—T° 10 1'0—201 10 1—TI° 10 10 1 10—01 | IV
=0T =0T =0T =0T =0T =0T =0T =0T =0T =0T +0T 0T =0T 0T 0T =0T 0T ed
=0T =0T =0T =0T =0T =0T =0T =0T =0T =0T 0T ¢0T =0T 0T 0T =0T 0T IS
0T 0T ¢0T 0T e-0T +0T 0T e-0T 0T 0T e-0T ¢0T 0T ¢-0T 01 0T 0T qd
10 1—TI°0 1—T1°0 I—TI° 10 1—T1°0 10 I—T°0 1—T0 T 10—01 10 1—TI°0 10 10—20T I—10 | T'0—0T | U
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 1'0—01 10 0T ny
10 10 10 10 10 10 10 10 10 10 =0T 1'0—201 10 10 10 T =0T o
—TI° 1—TI° 1—T°0 I—TI° 1—T1°0 1—T1° I—TI° 1—T°0 T—T°0 1—TI° 1—T°0 10 1—TI° 10 10 T 10 SN
0I< 0I< 0I< 0I< 0I< 0I< 0I< 0l< 0I< 0I< 0l< 0I< 0I< 0l< 0I< 0I< 0l< )
—T1° 1—T1° 1—T° 1—T1° 1—T1° 1—T° 1—T1° 1—T0 1—T° 1—T1° 1—T°0 1—T1° 1—TI° 1—T°0 —T° 1—T1° 1—T° pil
10 10 10 —TI° 10 10 10 10 10 10 10 10 10 10 T T 10 BN
0I< 0I< 0I< 0I< 0l< 0I< 0I< 0l< 0I< 0I< 0l< 0I< 0I< 0l< 0I< 0I< 0I< S
91 791 €91 91 191 091 6GT 8GT LST 96T Gq1 2428 66T a8 161 0ST 671 IHOW
ereedgo domor] g
=0T - =0T - =0T — - =0T - - - - - 10 - - - uz
— — — — — — — — — — — — — — — — — 3y
— _ — — _ — — _ — — _ — _ — — _ — sy
- - — - - - - - - - - - - - - - — qas
- - - - - - - - - - - - - - - - - 9
¢0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T e0T OIN
0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T A
0T 0T +0T 0T e-0T s0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T N
¢0T 0T ¢0T 0T 0T e0T 0T 0T =0T 0T—0T | e 0T—=O0T | z0T—O0T | 20T—¢0T =0T 0T e-0T e0T D
— — — — — — — — — — — — — — — — — us
¢0T 0T ¢0T 0T 0T ¢0T 0T 0T ¢0T 0T 0T 0T 0T 0T ¢-0T 0T 0T LL
—T1° 1—T1° 1—T° —TI° 1 1—T° —T1° 10 I—10 | I'0—0T | T'0—01 10 10 T —T° 1—T1° 10 v
T0—20T | T'0—%0T | T'0—01 =0T 10 =0T +0T—0T 0T =0T +0T 0T 0T 0T 1—T0 =01 =0T 0T ed

359

ISSN 2227-4952. Apxeonoeis i 0ashs icmopis Yrpainu, 2018, sun. 4 (29)



Apxeonocia I npuUpPpoOHUYL HAYKU

— — — — — — — — — — — — — — — GN
<01 — — — — — — — — — — — — — — 3y
1'0—201 — — — — — — 1°0—01 — — — — — — — sV
+01 — — — — — — — — — — — — — — qas
=) — — — — — — — — — — — — — — g
0T ) — 0T ) +0T ) 0T 0T +0T ) 0T ) 01 ) OIN
0T ¢0T 0T 0T 0T 0T 0T 0T 0T 01 0T 0T «0T 0T 0T A
) +O0T ) ) +0T ) ) +0T ) 0T +0T +0T +O0T +0T +0T N
w01 =) 01 ) w01 ) 0T 0T ) ) ) +0T ) <01 0T k)
=01 — 0T — — — — +0T — — — — — — — us
w01 ) ) ) +0T 01 ) +0T ) ) +0T +0T +0T +0T +0T L
) 10 1—T1°0 1—T1°0 10 1—T°0 T—T0 =0T 10 10 10 10 10 10 10 v
— #0T—0T ) #0T—0T ) 0T #0T—0T — +0T—¢-0T 0T +0T 0T 0T +0T 0T 'g
— ) =01 =01 01 =01 ) — ) ) ) ) ) +0T ) I8
10 0T 01 +0T 0T ) +O0T 1 ) ) +0T ) +0T 01 ) ad
) —T0 1 I—T0 10 10 T—T0 10 10 10 10 10 10 10 10 Uy
[0)8 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T 0T «0T 0T 0T noy
“0T—¢0T ) 1 1 T0—0T | T'0—0T 10 0T T'0—%0T | T'0—%0T | T'0—%O0T | T'0—%0T | T0—O0T | T0—0T | T'0—0T | °d
0T 10 1 1—T0 10 10 10 T'0—%0T 10 10 10 10 10 10 10 SN
1 01> 01> 01> 01> 0T< 01< 1—T°0 0T< 01< 01< 01< 01< 01< 0I< o)
—T10 —T10 —T0 —T10 —T0 —T10 —T0 —T0 —T10 —T0 —T10 1—T10 —T0 —T1°0 —T1°0 M
0T< 10 10 1 10 10 10 10 10 10 10 10 10 10 10 BN
0T< 01< 01< 01< 01< 0T< 01< 01< 0T< 01< 01< 01< 01< 01< 01< 1S
081 6LT 8LT LLT 9LT GLT VLT €Lt GLI LT 0LT 691 891 191 991 J——
eneedgo dewop -org

ISSN 2227-4952. Apxeonoeis i 0asns icmopis Yrpainu, 2018, sun. 4 (29)

360





