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BUOTEXHOJIOTHYECKHE YCJIOBUSA BBIPALLIMBAHUA
CTUMYJATOPA POCTA
BIOTECHNOLOGICAL CONDITIONS OF CULTIVATION GROWTH STIMULANT

AnHoTanus. Haunydmnei Temnepatypoii A1 pocTa U pa3MHOKEHHS YaifHOTO Tprda SBIsSeTCa TeMIlepaTypa
30°C. buomacca gaifHOTO rprda yBeNTHUNBaeTCs B MUTATENFHON cpene ¢ mpuMmenenneM 10—15 mr/mn u 5 — 10
MI/MIT caxapa MAaKCUMAaJIbHO K 18 CyTKam KYyJIbTUBUPOBaHUSI. B rnpouecce
KYJbTUBUPOBAHUS IPOMCXOAUT CHIDKEHUE 3HaYeHust pH KynbTypaibHO# sxuakoctu ¢ 5,3 — 6,0 mo 2,43 — 2,71
34 CUCT HAKOIIJICHUA MOJ'IO‘JHOﬁ, YKcyCHOﬁ " JIpYyrux KUcCJIOoT. B onbITax in vitro JOKa3aHO 6aKTepI/IOCTaTI/IquKOG
JCHCTBUE MPOIYKTOB METabOJIM3Ma acCOIMallid MUKPOOPraHW3MOB daitHoro rpuba Ha E. coli, S. dublin, S.
typhimurium u COHTaHHYIO CaPOPUTHYIO MUKPODIOPY.

Annotation. The best temperature for the growth and reproduction of Kombucha is 300C. The biomass of
the tea mushroom increases in the nutrient medium with the use of 10-15 mg/ml and 5 — 10 mg / ml of sugar to
a maximum of 18 days of cultivation. In cultivation there is a decrease in the pH of the culture liquid from 5.3 —
6.0 to 2.43-2.71 due to the accumulation of lactic, acetic and other acids. In experiments in vitro proved the bac-
teriostatic effect of the products of the Association of microorganisms of the fungus on E. coli, S. dublin, S. typhi-
murium and the spontaneous microflora of saprophytes.

Knrouegvie cnosa. Cmumynamop pocma, KyIbmMusuposanue, 4aiHulil 2pud, KyibmypaibHas HCUOKOCHb

Keyword. Stimulator of growth, the cultivation of tea fungus culture liquid

Mnorue JI0JU B JOMAIIHUX YCJIOBUAX BbIpallu-
BAIOT TaK Ha3bIBAEMBIN YaiHbIN rpubd. KymbrypansHas
KHUJKOCTh 3TOTr0 Ipuba NpeACTaBIsIeT COOOM MpUsT-
HBI TOHM3HPYIOIIMH HAIMTOK, KOTOPHIA oOiamaeTr
MPOQUIAKTHYECKUM M JaXKe JIEYeOHBIM JIeHCTBHEM
Ipu KEJITYyIOUHO-KUIICYHBIX 3360J'IeBaHI/I)IX, aHT'UHax,
TOJIOBHBIX OOJISIX, CEpACYHBIX HEBPO3ax, OECCOHHUIIE,
TUNIEPTOHUH, IPOCTyAax U T. 1.[1,2,4] . Takoil HAaUTOK,
0COOEHHO Ha MeJE, CYMTAIOT ITOJIE3HBIM JUIs aeTei. Ero
PEKOMEHIYIOT BMECTO Ta3UpOBAaHHOIl BOJbBI, KBaca,
cutpo. JlokazaHo, 9TO YaifHbIA Ipub MPEaCTaBIsLET CO-
00H CIIOKHBI CHMOHMO3 JPOXOIKEBBIX TPHOOB C VK-
CYCHO-KHCJIBIMHU OaKTepUSMHU U HEKOTOPBIMHU APYTUMHU
MUKpooprann3Mami [3].

B niepBbIe 1HU KyNbTUBUPOBAHHS POCT Iprba 1mpo-
SIBJIISIETCS B BHIE HEKHOM IUIEHKH. BHauane Habmroma-
ercst mporece (hepMEeHTalnH JIPOKKEBBIMU KIICTKAMHU
caxapa U3 nuTatesnbHou cpeabl. [Ipu aToM nmpoucxoaut
00pazoBaHue 3THIOBOTO CIIUPTa U YIIIEKHUCIIOTO rasa.
W3-3a 00MIBHOTO ra3000pa3oBaHus TENO rpuda, B BUIE
MTOCTOSTHHO YTOJIIIAIONIEHCS ITICHKH, YAEPKUBACTCS Ha
MTOBEPXHOCTHU KHUJIKOCTU B TEUEHUE BCETO CPOKA KyJIb-
TUBHUPOBaHU. 3aTeM OaKTepHH MPEBPAIIalOT CIHUPT B
YKCYCHYIO M Ipyrié OpraHH4ecKHe KUCIIOTHI (MOJIOY-
HYIO, IABEJICBYIO, JMMOHHYIO, TJIOKOHOBYIO U JApY-
rue). CUnTaoT, YTO MHKPOOPraHU3MbI-CHMOHOHNTHI
yaifHOro Tpubda KpoMe yKa3aHHBIX BEIIECTB 00pa3yroT
HEKOTOpBIE BHTaMHHBI (aCKOpOMHOBYIO, HHKOTHHO-
BYIO, IAHTOTEHOBYIO KHCJIOTHI, pubodiaBun). B kyib-
TYpaJIbHOM )KUIKOCTH YaWHOTO Tprba comepKaTcs eme
Takue 1eneOHbIe BEIIeCTBa, KaK KOPEHH U KaTEeXHHBI.

3amauu M METOMBI HCClleoBaHUN. B cBs3u ¢ oT-
CYTCTBHEM CTaHIAPTHBIX ITOJXOJIOB K BBIPAIIMBAHUIO
YaliHOTO Iprda M ONpeesIeHUs] ONTHMAIIBHBIX /103 TIPO-
JTYKTOB €r0 >KU3HEAEATENIEHOCTH [UIS 3aJ€PKKHU pPOCTa
1 Pa3MHOXKEHUS MATOTCHHBIX, YCIIOBHO MAaTOT€HHBIX U
carnpo(UTHBIX MUKPOOPTaHU3MOB MBI 33JIaJIUCh LIEITbIO
pa3paboTaTh TEXHOJIOTHIO BHIpAIMBAHUS I'pruda B Ja-
OoparopHbIX ycinoBusX. Jis peamusaru 3TOW IeTU
MBI TIOCTABHJIN CIIEAYIOLINE 3a/1a9u:

1. Onpenenutb onTUMaibHBIE NO3BI Yas M ca-
Xapa JjIsl yCHEUTHOTO BBIPAIIMBAHNS aCCOLHAIIIN MHK-
POOPraHU3MOB YaiHOTO rpuoda.

2. YCTaHOBUTH TEMIIEPATYpHbBIE PEXUMBI s
YCIEIIIHOTO BBIPAIIMBAHMS IpHOa.

3. YcTaHOBHUTH COXpaHEHHUE KU3HECTIOCOOHOCTH
rpuda Mpy pa3IUIHBIX YCIOBHUSIX €r0 XpPaHEHHS.

Jlist pemieHnst 3THX 3a/ad MBI M0JIb30BAIUCH 00-
IIENPUHITHIMI MUKPOOHOJIOTHYECKUMH METOIaMH HC-
ciieioBaHuil. BelpamunBanne waiiHOro rpmba mpoBo-
i ipu Temnepatypax 20, 30, 37 rpagycos no Lens-
cuio. B pesynbrare mccinenoBaHU yCTaHOBIICHO, YTO
HaWTy4IIe TeMrneparypoi pocta U pa3MHOXKEHHUS Yaii-
HOro Tpuba sBusercs temmeparypa 30°C, 9ro cBOW-
CTBEHHO OOJBIIMHCTBY IpeacTaButeneid tuma Fungi.
M3ydyenne TMHAMHUKHN pOCTa YAWHOTO TPrOa MBI IPOBO-
JIJIH TI0 HAKOTUICHUIO €r0 OMOJIOTHYECKOH MacChl, 9T
OTIpEe/IeISIIOCHh B3BEIIMBAaHUEM Tejla Tpr0a Ha TOP3UOH-
HbIX Becax. OJHOBPEMEHHO MU 3TOM OMPEAESIISIIN
BJIMSIHUC HA YBCIIMYCHUE MACCHI TCJIa FpI/I6a Ppa3JIMIHbIX
1103 4as 1 caxapa. OnBITH IPOBOIIIINCE B MTPOOHPKaXx,
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3aceB KyJbTYpalbHOM >KUIKOCTH MPOUCXOIUI U3 pac-
gera 1:10. [IpoOsI A7 B3BEeMMBaHMSA TeNa Tprba Opamu
4yepe3 TPU M YeThIpe JHS B TEUECHHE YETHIPEX HEJElNb.

PesynbTaThl HccnenoBaHUi IPeACTaBICHb B Ta0. |
puc. 1.

Tabmmna 1
Buomacca vaiinoro rpuda
B CpeJie C Pa3IMYHBIM COJIepKaHUEM caxapa
Mecsn SHBapb DeBpaiib
Yucio 13 | 17 | 20 [ 23 [ 27| 31 3 | 7 | 10 | 14 | 17
MI/MII Bec, mr
50 — 50 214 268 | 688 1214 1250 1350 | 1290 | 1102 | 1009
100 — 20 100 522 | 634 1076 1100 1382 | 1301 | 1100 989
150 — 20 100 208 | 606 1046 1081 890 1180 | 1252 | 1159
200 — — 50 172 | 306 686 916 1152 | 1204 | 1336 | 1306
250 — — 50 208 | 220 496 718 1032 | 1028 | 1016 981
1100 <4
1000 4
400 < 2 1
posc+ p
3 7 10 14 17 YHUCAO
Eemecs despars
Puc - e sfie = cpese C pa3AMMHOM KOHIEHTpaluMedi caxapa

JlanHble TaOMUIBI U PUCYHKA CBHIETEIHCTBYIOT,
4yTo OMomMacca 4aifHOTo Trpuda B cpejie C pasIniHbIM
conepxkanueM caxapa (50, 100, 150, 200, 250 mr/min) B
mepBbIe 3 CYTOK pocTa rpuda HHTEHCUBHO YBEITMIHBA-
Jachk B cpene, conmepxanieit 100 mr/min caxapa. B mo-
CIIEIYIOIINE YeTBEPO CYTOK pOCT rpuba B cpere ¢ co-
JepkaHueM caxapa 50 MI/mMi BBIpaBHUBAJICS C TaKo-
BeIM mpu 100 Mr/mm comepxkaHus caxapa M B
MTOCIIEAYIOMIEM JaXKe TPEBOCXOIMI €T0 B IPOMEKYTKE
OT Hayaja BTOPOM M 0 KOHLA TpeTbed Hepenu. IIpu
comepxanuu B cpene caxapa 150, 200, 250 mr/min
HaKOIUIEHHE OMOMacChl OBLIO HIDKE, YEM IIPH €ro KOH-
nentpanun ¢ 50 — 100 Mr/mi, T. €. BRICOKHE KOHIICH-
TpalK caxapa B YaHHOM 3KCTPaKTe JEHCTBYIOT UHTH-
Oupyromie Ha TPHPOCT OWoMacchl YaiHOTO TpHOdA.

—l—lI—1— 15%

YMeHblieHHe 6HoMacchl YalHOTO Tpruda HACTyIaeT B
cpeze 0e3 MOAKOPMKH B €MKOCTSAX C cojiepxkanneM 50
— 100 mr/mi caxapa ¢ 18 cyTok ero pocra. O4eBUIHO,
STHMH CPOKaMHU HEOOXOJUMO OTPaHHYMBATH TEXHOJIO-
TUI0 TPOU3BOJCTBA KYJIBTYypaJbHOM MXHUAKOCTH dYai-
HOTO Tprba C MOCIEAYIOIMINM HCTIOJIE30BAaHIEM €T0 KakK
MUIIEBOT0 HANWTKa U KaK MPOAYKTa, MOAABISIOILErO
JKU3HEICATENFHOCTh PA3IMYHBIX MHKPOOPTaHH3MOB
cemeiicTBa 3HTepoOakTepuii. OMHOBPEMEHHO B 3TH K€
CPOKH MBI OIIpEIeIsUIN 3HaueHne peakuuu cpensl (pH)
MIPH KYTHTUBHPOBAHWN YalHOTO Tpruda C pazIMaHBIM
coJlepXaHUeM caxapa. Pe3ynbraTsl NMpencTaBieHBl B
Tabi1. 2 u Ha puc. 2.

Tabmuua 2
3HaveHne peaknuu cpeasl pH ¢ pa3nuyHbIM coslepikaHueM caxapa
Mecsn SlHBapp DeBpaiib
Yuciio 13 | 17 | 20 [ 23 | 27 | 31 3 | 7 ] 10] 14 ] 17
MI/MIT
50 5,3 404 | 412 | 40 3,82 3,85 3,83 | 3,86 | 2,79 | 2,78 | 2,69
100 5,6 4,13 | 391 | 3,87 3,86 3,86 381 | 375 | 26 | 2,62 | 2,48
150 5,6 415 | 415 | 4.2 3,92 3,88 3,84 | 3,84 | 267 | 265 | 2,71
200 6,0 4,1 3,93 | 3,86 3,8 3,8 3,65 | 365 | 255 | 25 | 243
250 59 413 | 3,88 | 394 3,77 3,71 3,68 | 366 | 248 | 243 | 2,48
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Puc. 2. 3HaveHus peakmuu cpepll (pH) c pasanmyHO#M KOHIEHTpamuel caxapa
%

===

IIpuBeneHHbIE AaHHBIE CBUIETENBCTBYIOT, YTO B
mporecce pocta yaitHoro rpuba pH 3akoHOMEpHO CHH-
xkaetcs ot 5,3 — 6,0 mo 3nauenwms 2,43 — 2,71. CHu-
*KeHue 3HaueHus: pH B OCHOBHOM IIPOMUCXOJUT 3a CUET
HaJIMYUS B KyJIbTYypajbHOM XKHUIKOCTH MOJIOYHOH, YK-
CYCHOM, YaCTUYHO MAaciSHOH KHCJIOT, KOTOpHIE, IO
HalleMy MHEHHIO, TIPUIA0T HAITUTKY HPHUSATHBIA BKYC
U apOMATUYHOCTb.

A\ Bec, mr

1050
950
850

750

—_— O —-—

— 25%

10% — === 15%

B xoje uccnenoBaHnit MBI HCTIOJIB30BANIN Pa3IUy-
HbIE J03bl Yas. Yail 3aBapuBaJICs KUIATKOM U HacTau-
Baiyicsi B TeueHue 30 MuHyT. Pe3ynpTaThl uccienoBa-
HUH, IpUBEICHHBIC HA PUC. 3, CBUAETEIBCTBYIOT, YTO
Oromacca JaifHOTo Tprda B Cpejie ¢ pa3iIndHbIM CoJep-
xanueM vas (5, 10, 15, 20 mr/mir) yBenuuuBainack npu
conepxanuu B cpene 10 u 15 mr/mi gas.

e

— 1.0%

EBssossacca safmmoro rpaba B CpeAe © pasAMYHONM KOHIOEeHTpanHe#s was

— — 8 —8 — 20%
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B ompbITax in vitro HaMu yCTaHOBJIEHO OaKTEpHO-
CTaTHYECKOE JIEHCTBHE MTPOITYKTOB META00JIN3Ma acco-
[UAIM MHUKPOOPTraHU3MOB YaitHoro rpuba Ha E. coli,
S. dublin, S. typhimurium u cmoHTaHHYIO CapOPUTHYIO
MUKpOQIIOpy. DTO JaeT OCHOBAaHHE CYUTATh, YTO KYJIb-
TYpaJbHYIO JKHJIKOCTh YaifHOTO rprba MOKHO pPEeKo-
MEHJIOBATh Ul NPO(MIAKTHKY 3a001€BaHUN KHIIEd-
HBIMH UHQPCKIHSIMU.

BriBogsl

1. JIns xopoliero pocra 4aiHOro rpuba B muTa-
TEJIFHON CPeAe ONTHUMAIBHBIM SIBISETCS COJIEp)KaHHE
Yasi U caxapa cooTBeTcTBeHHO 10 — 15 mr/mm u 50 —
100 mr/mur.

2. Camxenue 3Hayenus pH ¢ 5,3 — 6,0 o 2,43 —
2,71 IpOUCXOAUT 3a CYET HAKOIUICHUS MOJIOYHOH, YK-
CYCHOM, YaCTHIHO MACIISTHOHM KHCIOT. D(QUPHI STHX Op-
TaHUYECKUX KUCIIOT NPUIAIOT HAITUTKY PHUATHYIO apo-
MaTUYIHOCTh U BKYC.

3. B ombITax in vitro nqokaszaHo Oakrepuocrarnye-
CKO€ JIeWCTBUE KYJIbTYPAJIbHOM >KUIKOCTH YallHOTO

rpuba Ha HEKOTOPBIX HTEPOOAKTEpHd U campouT-
HYIO MUKpO(dI0pY.
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THE ROLE OF HISTAMINE IN REGULATION OF SPONTANEOUS RHYTHMOGENESIS OF

URETERS AND BLADDER IN RATS
POJIb THCTAMUWHA B PEI'YJIAIIUU CHIOHTAHHOT'O PUTMOI'EHE3A MOYETOYHUKOB U
MOYEBOI'O ITY3bIPA Y KPBIC

Summary: The effect of histamine on the characteristics of spontaneous electrical activity of the ureters and
bladder under conditions of complex interrelation of organs to each other as well as in the isolation of organs from
each other was studied. A comparative analysis of the characteristics of pacemaker activity (amplitude of the action
potential, average speed of its growth, duration of rise of the peak, peak half-width and frequency of rhythmogen-
esis) both in norm and upon exposure to histamine (10-4 mol / I) was conducted. Under histamine exposure the
comparative analysis of the indicators of action potentials of the organs under study revealed a significant increase
in the values of mainly such parameters of activity as amplitude, speed of its growth and frequency of rhythmo-
genesis, respectively: for the left ureter - by 31.7%; 37.7%; 25%; right ureter - by 42%; 39.23%; 32.5%; the bladder
- by 49.27%; 26%; 49%. Clipping the left ureter brings to a slight oppression of values of the characteristics with
activation of parameters of automatism of the right ureter. Activity of the bladder does not undergo to certain
changes. Subsequent isolation of the right ureter leads to inhibition both of own characteristics to those observed
before the cuts and of parameters of the activity of the bladder, somewhat approximating their values to those
observed in the norm. The obtained results indicate the presence of a certain compensatory electrophysiological
interrelation between the right ureter and the bladder.

Key words: spontaneous activity, activity indicator, histamine, action potential, ureter, bladder.
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AnHoTaums: VcciietoBaHo BiIusiHME TUCTAMHUHA HA XapaKTEPUCTUKHU CIIOHTAHHOM 3JI€KTPUUYECKON aKTUBHO-
CTH MOYETOYHUKOB M MOYEBOTO Iy3bIPA B YCIOBHSIX KOMIUIEKCHON B3aMMOCBA3H IPYr C APYrOM a TaKXKe MpU
W30JISILIUU OPTaHoOB APYT OT Apyra. [[poBe/ieH cpaBHUTENbHBIN aHAIU3 XapaKTEPUCTUK TEMCMENKEPHON aKTUBHO-
cTH (aMIUIUTYyZAa MOTEHINaNa ASHCTBUS, CPEIHAS CKOPOCTh HAPACTAHUS MHKA, TPOJOIDKUTEIBHOCTh HAPACTAHUS
TIMKa, TT0JIOBUHA ITMPHHBI, YaCTOTa PUTMOT'€He3a) Kak B HOpMe, Tak U IpH Bo3jeicTBry ructamMmuna (10-4 Mosb/i).
CpaBHUTENbHBIN aHATHM3 MOKa3aTeIel MOTEHINANOB ISHCTBUS UCCIIEAYeMbIX OPTaHOB MIPU BO3JICHCTBUU THCTa-
MUHA BBISIBUI 3HAYUTENBHOE MOBBILICHNE 3HAYEHUI B OCHOBHOM TaKHX I1apaMeTPOB aKTUBHOCTH, KaK aMILIUTYAA,
CKOPOCTb €€ HapacTaHMs U 4acTOTa pUTMOTEHE3a COOTBETCTBEHHO: IS JIEBOTO Mo4yeTouHHKa — Ha 31.7 %; 37.7
%; 25 %; nmpaBoro Mo4yerouHuka — Ha 42 %; 39.23 %; 32.5 %; moueBoro my3bipst — Ha 49.27%; 26 %; 49 %. Ilpn
OTCEYEHHH JIEBOTO MOYETOYHHKA HAOII0AaeTCsl HeOOJIBIIOE YTHETEHHE 3HAYCHU I XapaKTepPUCTHK IIPU aKTHBALUH
IIoKa3aresied aBToMaTu3Ma IpaBoro MOYETOYHNKA, B OTHOIICHUH K€ aKTUBHOCTH MOYEBOTO ITy3bIpsi HE O0HAPY-
KEHO OTIpeJIeTICHHBIX n3MeHeHHH. [Tocnenyromast ske H30Is1Hs TPaBOro MOYETOUHHKA BJICUET 3a cO00H yrHere-
HHUE KaKk COOCTBEHHBIX XapaKTEPUCTHK 0 TaKOBBIX, HAOIIOIaEMBIX IO TIEPEPE30K, TaK U MTapaMEeTPOB aKTHBHOCTH

MOUYEBOTO IMY3bIPsI, HECKOJILKO MPHONIIMIKask MX 3HAUCHHS K HAOJII01aeMbIM B HOPME.

[TosyueHHBIE pe3yJIbTaThl CBHICTENBCTBYIOT O HAJMYUH ONPECICHHON KOMIIEHCATOPHOM 3J1eKTPO(PHU3UO0II0-
TMYECKOH B3aUMOCBSI3H MEX/ly IIPaBBIM MOYETOUYHUKOM M MOYEBBIM ITY3BIPEM.

Kniouegvie cnosa: cnonmannas akmusnocms, Nokazamens AKMUGHOCMU, 2UCIAMUH, NOMEHYUAL Oelicmaus,

MOYENMOUYHUK, MOuesoll ny3slpb.

IMocTanoBka mnpodaembl. OcHOBHas (GyHKIHSA
[NIaAKOH MYCKYJIaTypbl MOUETOYHUKA 3aK/IIOUAeTCs B
CO3/IaHUU HEOOXOMMOW PUTMHYHOM MEpUCTANBTHKH,
obecrieunBaronel HarpaBICHHbBIN TPAHCIIOPT MOYH U3
MMOYKM B MOUEBOH My3bIph M Jajnee B YypeTpy
[5,11,12,14,29]. MexaHU3MBI, peryIUpPYIOIINE JTaHHBIH
MIPOLECC B 3TUX OpraHax, UMEIOT MUOTCHHYIO IPUPOTY
[18] u xapakTepu3yroTcs aBTOHOMHOCTBIO [5,9,20,24].
BwMecre ¢ Tem, obecrieunBaeMblii 3HAOTCHHBIMH MeXa-
HU3MaMH PUTMOTEHE3 KaXJI0TO M3 MOYEBBIX OPraHOB
HE UCKIIIOYAET €ro 3aBUCUMOCTH OT BIMSHHS aKTHBHO-
CTH IIPUTPAHUYHOTO C HUM opraHa. V3yueHue faHHOTro
BOIIPOCA TTOMOJKET BBISBIICHHIO MEXaHU3MOB, obectie-
YUBAIOIUX UHTEIPATUBHYIO AEATEIBHOCTh BCEX Opra-
HOB MOYEBOTO TPaKTa. AHAJIU3 MOCJEIHUX HCCIe0-
BaHui M mybankanui. [Tpucymas kaxaomy u3 opra-
HOB MOYEBOT'0 TPAKTa, B TOM YHCIIE, MOYETOYHHKAM U
MOUYEBOMY ITy3bIpIO, 0a30Bast CHOHTAHHAS HIICKTPHUE-
CKasl aKTUBHOCTb UMEET Pa3INYHYI0 IPUPOTY BOZHUK-
HOBEHHSI B 3aBUCHMOCTH OT pean3yeMoi UM (u3no-
nmorudeckoit dyukiuu [7,8,15,17,22]. Ecnu anektpu-
YECKHH aBTOMAaTH3M MOYETOYHHMKOB IIPEICTABICH B
BHJI€ YETKO PUTMHYHBIX BHICOKOAMIUIUTYTHBIX OTEH-
LHAJIOB JEHCTBHUSA, TO TJIAJKOMBIIICYHBIE CIIOM CTEHOK
MOYEBOTO IIy3bIPS MPOSBISIIOT CHOHTAHHYIO AKTHB-
HOCTb, KOTOPas OTJIMYAETCs 10 CBOMM IIapaMeTpam OT
MOTEHINANIOB JICHCTBHSI MOYCTOUYHHKOB U MPEACTAB-
JIeHa KaK B BHJE CIUHUYHBIX, TaK U 0OBEJUHEHHBIX B
rpymIsl cnaikos [5,9]. Hapsny ¢ mpucymim MoueTod-
HUKaM XapakTEpPHOTO THIIA CHOHTAHHOM 3JIeKTpHye-
CKOM aKTUBHOCTHU, OTJINYHON OT TAKOBOM MOUYEBOTO I1y-
3bIpsi, B HEAaBHUX HCCIIEAOBAHUSX BBISBIICHBI JIOCTa-
TOYHO HarJIAHbIE pa3IMuusl B  3JIEKTPHUECKOU
aKTHBHOCTH MIPABOTO M JIEBOTO MOYETOYHHUKOB C Ooee
BBICOKOH aMIUIUTYIOH MMOTEHIMAJIOB IEWCTBHS 1 Ootee
BBICOKOW YaCTOTOH B JIEBOM Mo4eToUHHKe [4,13].

W3BecTHO, YTO TJIaAKOMBINICYHAs TKaHb MOYe-
BOTO TpaKTa HAaXOAUTCS TOJ BO3JCHCTBHEM BBICOKOC-
nenu(UIHBIX PELENTOPHBIX MOJIEKY, CIOCOOHBIX pe-
T'yJIMpOBaTh UOHHBIE KaHAIIbl, U, TAKUM 00pa3oM, KOH-
TpPONMpoBaTh (YHKIUU OPraHOB M, COOTBETCTBEHHO,
0a30BYI0 NEKTPUUECKYIO aKTHBHOCTS [6,27]. VI3 Becero
pa3HooOpa3ust pU3NOJOTUYECKH AKTUBHBIX COEAMHE-

HUH, N3MEHSIOMNX BO30YAUMOCTh MEMOPaHBI TIIAIKO-
MBILIEYHBIX TKAHEH OPraHOB MOYEBBIBOJIIINX ITyTEH,
onpe}leneHHmﬁ HWHTCPCC BBI3bIBACT TMCTaMUH B CBA3U C
MIPUCYTCTBUEM B HUX OOJIBIIOTO KOJMYECTBA Mmast-Kie-
TOK, TECHO B3aMMOCBS3aHHBIX C TJIQJIKOMBIIIEYHBIMU
KIIETKAMH U CIIOCOOHBIX BBIACIATH AAHHBIA TOPMOH
[19,26,28].

BoiesieHne HepellleHHBIX paHee YacTeil o0meii
npodemsbl. [lokazaHo, YTO TUCTAMUH YBEIUYHBACT
BO30YJIMMOCTb H, KaK CIIE/ICTBHE, KOHTPAKTYPY CTEHOK
MOYETOYHHKOB U NETPY30p (MBIIICYHBIE CIIOW MOYe-
BOTO Iy3bIps) ITyTeM 00OTalleHUs] BHYTPUKIETOYHOTO
comepxumoro monamu Ca*™ depes MOTEHIMAI3ABHCH-
Mbl€ KaJIbIIUEBbIE KaHAIBl M, TAKUM 00pa3oM, BIHSET
Ha aKTUBHOCTb U JPYIrUX MOHHBIX CUCTEM, YUACTBYIO-
[IMX B TeHe3e 0a30BOT0 3JIEKTPUIECKOTO aBTOMaTH3Ma
[19,21,25]. BosOyxnatomiee BO3jEiCTBHE JaHHOTO
TOPMOHA CITOCOOCTBYET TaK)KEe CHHXPOHU3AINH TIOTCH-
MaJI0B JeUCTBHs, oOecrieunBasi BOSHUKHOBEHHE KOOP-
OUHUPOBAHHBIX BOJIH KOHTPakTypel B oprane [27].
BwMmecre ¢ TeM He ceroHSIIHUI AeHb B IUTEpaType OT-
CYTCTBYIOT JaHHBIE OTHOCHTEIHHO BIMSHUS THCTa-
MHHA Ha B3aUMOCBSI3b MEXIY COOOH OpraHoB MoOdYe-
BOTO TPAKTa.

®opMyupoBaHue Lejeldl CTaTbU. YUHUTHIBAA
CTHMYJIUpYIOLIee BO3JeCTBHE TMCTaMIHA Ha 0a30BYIO
AKTUBHOCTh MOYETOYHHKOB M MOUEBOTO ITY3BIPSI BBI3BI-
BaeT MHTEPEC H3y4YEeHHE BIMSHHS T'MCTaAMHHA KaK Ha
npoiiecc Bo30YyXJICHHUSI CIIOHTAHHONW aKTUBHOCTH JIaH-
HBIX OPTraHOB, TaK U WX B3aMMOCBs3b. VcX0Ad U3 BBI-
HIEU3JI0’KEHHOTO IIeNIBI0 HACTOSIIEH paboThl SBISIETCS
BBISICHCHHE JIAHHBIX BOTIPOCOB.

H3i0xxeHne 0CHOBHOro Martepuasna. Perucrpa-
LU AIIEKTPUIECKON aKTHBHOCTH MPOBOAMIACH U3 00-
JlacTel MOYETOYHUKOB, PACIIONOKEHHBIX HA 3 — 4 MM
JHCTaTbHEE 30HBI UX HETIOCPEACTBEHHOTO COCTUHEHNUS
C TIOYCYHOU JIOXaHKOW W W3 MPOKCUMAIBFHOTO OTAETa
MoueBoro my3eips (puc.1,A 1,2,3). B cootBeTcTBHM €
MPUBENICHHBIM PHUCYHKOM M IAaHHBIMH JIUTEPaTypPHI
[1,20,24] cnoHTaHHasi AaKTUBHOCTb MOYETOYHHUKOB
MIPENICTaBIIeHa B BHUJIEC PUTMUYHBIX CIIAHKOBBIX pa3ps-
JIOB C HayaJbHbIM OBICTPHIM KOMITOHEHTOM, WHHIIMH-
pyromuM 10CTATOYHO BBICOKOAMINIIUTYAHBIC MTOTCHI M-
anpl AeUCTBUSA. ABTOMATH3M JK€ MOYEBOTO ITY3BIpS
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MpEACTaBIsAET COO0H CKOpEe BCETO PETYSIPHBIE HU3KO-

AMIUIMTY/HbIC MMOTEHIUANBI NEUCTHS, NOJA00HO OIH-
CaHHBIM paHee pesynabTaTtam [5,9].

A b
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Puc.1. A. Cxemamuueckoe uzobpasiceHue MoOYemouyHUKO8 1 Moyegozo nyzvips. b. Cnonmannasa akmuenocmo
Oanubix opeanos. 1,2.3 — coomeemcmeento 30nbl pecucmayuu, I u |l — obnacmu nepepesox mouemouHuxos.
Cnpasa edunuunvie pazeepHymuole (hopmbl ROMEHYUALO8 OeUCmBUs OISl KAAHCOOU 001acmu pecucmpayui.

B coOTBETCTBHH C BEHIIICOTMEUEHHBEIM MOYETOY-

penb MOJHOCTHIO OTIMYHBI OT TAKOBBIX MOYCBOTO ITy-
uHuku (puc. 1b. 1,2), 6yay4n napHBIMH OpraHAMH H Xa-

3bIps [4]. B mpencraBieHHON TabauIe IPUBEICHBI TO-
paKTepU3ysaCch HWACHTHYHBIMH  (U3UOJOTHYCCKHMH  JIy9CHHBIC HAMH 3HAYCHHS [IapaMETPOB IMOTCHIMAIOB
GbyHKIMAME, 00OHAPY)KUBAIOT OTJIMYAIOIIUECS IPYr OT  JAEHCTBUS B HOpPME JUIsl UCCIEAYEMBIX B paboTe Tpex
Jpyra MoKa3aTelIN aKTUBHOCTH, KOTOPHIC B CBOIO OYe-  OPraHoB.

Oo6aactn
peructpa-

Cpenusist cko-
AMnumuTyaa no- IpoxosKuTEB- Yacrora put-
oMM U . pocTh Hapacra-
TEHLHAJIOB Jeii- HOCTH HapacTa- IMosoBuHA M- MoOreHesa
KOJIMYe- Hus nuka(V),
crBus (A), MkB Hus nuka(T/2), punbI(t), Mcex F)
CTBO MKB/cex
MCeK KO0J1e0/MHH
IKCIepH-
MEHTOB, N
Ilpokcu-
ManvHas
Jonda 16020 59,8+4.6 204,2+16,2 290+17 270+16 23313
Mouemou-
nuka (1),
n=14
Ilpokcu-
ManvHas
30Ha npa-
6020 Moue- 40,81+2,5 166£10,6 240+6 210£10
mouHuKa
),
n =14

17,3+2,1

Mouesoit

ny3sips(3) 23,2+1,6 76,7+3,4 306+16,6 300£10 20+1,2
n=14

Hocmosep-
Hocmb
paznuuus

(1-2)
(1-3) **
(2-3)*

(1-2)
(1-3) **

(2-3)
(1-3)
(2-3)
(%f)
(1-3)
(%f)
(1-2)
(1-3)
(2-3)

(1-2)

IIpumeuanue. B cTpoke «J{ocTOBEpHOCTH pa3ianyuush» MPUBEIEHB YPOBHU 3HAUUMOCTEW OTIIMYUS CPEAHUX 3HAUE-
HUH COOTBETCTBYIOIINX ITOKA3aTeNeH sl MPOKCUMAIBHBIX 30H JICBOTO U IPABOT0 MOYETOYHUKOB (1-2), eBoro

MOYETOYHHKA U MOYEBOro my3bips (1-3), MpaBOro MOYETOYHHKAa W MOUYEBOTO my3sips (2-3). * -P<0.05,**-
P<0.01,*** -P<0.001.
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BnusHue rucramMuHa Ha CIIOHTaHHYKO aKTHB-
HOCTb KaXX/IOTO M3 BBIIICOTMEUCHHBIX OPTaHOB IPOBO-
JIUIIOCH IIPH BBEACHUH Npenapara B KOHIeHTpanuu 10
4 M B GenpeHHyo BeHy 1MBOTHOro. CorjacHO HoJy-
YEHHBIM HaMU paHee pe3yabTaTaM UCMOoIb3yeMast HaMU
J103a THCTaMMHA SIBJISIETCS ONTUMAIBHON IS BO30YXK-
JIEHUS] MOYETOYHUKOB U MO4€BOro my3bips [2]. OgHo-
BpPEMEHHAas PErUCTpaIlUs aKTUBHOCTH U3 COOTBETCTBY-
IomIel 06IacTH KaXJ0ro M3 MOYETOYHHMKOB M MOYe-
Boro Imy3eipa (puc.l, 1,2,3) mo3Boiser H3Y4YUTh
N3MEHEHHsI XapaKkTepa pUTMOTEHEe3a MPH BO3ACHCTBUHI
THCTaMUHA KaK B YCIOBHSX KOMIUIEKCHOTO MOJAX0AA K
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B3aUMOCBSI3H BCEX TPEX OPraHOB, TAK U IIPH U30JSILUU
WX APYT OT Apyra.

Ha puc. 2 mpencraBieHsl pe3ynbTaThl CpaBHU-
TEJILHOTO aHaIN3a 3HAUCHUH XapaKTEePUCTUK aKTUBHO-
CTH JIEBOTO MOYETOUYHHUKA ITPY BBEICHUH TMUCTAMUHA J10
U TIOCTIE eTO OTCEYeHHs OT Mo4eBoro my3bips. Ilepe-
pe3ka opraHa COIYTCTBYETCS PE3KUM TpPaBMUPOBa-
HHEM TKaHU U aKTUBHOCTB, KaK IPaBHJIO, CTAOMIIN3HU-
pyercs uepe3 10 — 15 MuH. ¥ peructpanusi akTUBHOCTH
HAYMHAETCs M0 UCTEUECHUH JAaHHOTO MPOMEXYTKa Bpe-
menH. [TogoOHast mpoueaypa moBTOpSETCS U CO BCEMHU
perucTpanusaMy, IpeaIecCTBYOIKUMU U30JIAUN Opra-

HOB JIpYT OT Apyra.

b

| 10 MKEB

0.1 cex

Puc.2. A. Ilpoyenmuoe coomuouienue noxazameneil ROMEHYUAI08 0eticmeusi 0Jisl 1e6020 MOYEMOYHUKA NOCLe
86€0eHUA 2UCTNAMUHA (epeble CIMONIOUKU COOMBEMCIMEEHHO OISl KAXCO020 NoKa3ameis) u nociedyioujell nepe-
pe3Ku (6mopovie cmoaduKu coomeemcmaenHo 0l Kaxicoo2o NOKA3amens) no omuouieHuio k nopme. Llmpuxosotl
auHuell nokaszana nopma. b. Hanooicenue opye na opyea ycpeonenvix popm nomenyuanos Oelucmesus 8 Hopme
(CNIIOWHOU KOHMYP), NOCe 88€0eHUsL SUCMAMUHA (WMPUXOBOLL KOHMYP), NOC/Ie nepepesKu (moueunbvlli KOHMyPp).
**P <0,01, *P <0,1.

JIJis HarIATHOCTH TaHHBIN aHAIN3 MPOBOJWICS B
MIPOLIEHTaX 110 OTHOLICHHUIO K HOpMe (IIPUHUMAETCS 3a
100 %). CoryacHO puc. 2A TUCTaMHH CIOCOOCTBYET
YBEJIMYEHHUIO aMIUTUTY (bl TIOTCHIMAIOB NeHCTBHS (HA
31.7 %), moutn Ha mogoOHyI0 BemmuuHy (37.7 %) cko-
pPOCTH €e HapacTaHus, a TaKKe IapaMeTpa 4YacTOTHI
putMorenesa (Ha 25 %), octaBisis 63 H3MEHEHUS Ipo-
JOJDKHUTEFHOCTh HAPACTAHUS MMUKA U MOJIOBUHY IIIH-
pusbl. TakuM o0pa3oMm, HaOmIOJaeTcs pe3Koe Io-
BEIMICHIE aMILUTUTYABI criaiika. [Ipu u3omsamum xe gaH-
HOTO MOYETOYHHKA OT MOYEBOTO my3bIps (puc. 1A.l)
perucTpupyercst HeOOIbIIOE YMEHBIIICHAE aMIUTATY B
noteHuuana aecreus (va 16.2 %). BosamoxkHo, naH-
HBIH (aKT CBSI3aH C MOJTYYEHHBIM paHEe Pe3ysIbTaToM,
CBUJICTENBCTBYIONINM O HAJIWYUH AHAJOTHYHON TEH-
JCHLINU U3MEHEHUH aMIUTUTY/Ibl IOTEHIIMaNa qeHCTBUS
MOCIIE OTCEYEHHs TOTO K€ JIEBOTO MOYETOYHHKA, OJ-
HaKo, MPU HOPMAJIbHBIX YCIOBUSX [4]. B oTHOmIeHHH
K€ BCEX OCTAIBHBIX MapaMeTpPoOB TaKKe OTMEYAeTCs
He3HaYuTeNIbHask TEHACHINS K YMEHBIICHUIO (B Ipeze-
nax 10 %) ux 3nauenuit (puc. 2A). Cnpasa Ha Puc.2b

MIPUBENICHA CYNEPIO3UIHS YCPESIHSHHBIX (POPM OTEH-
oruaJIoB ﬂeﬁCTBHﬂ JICBOTO MOYCTOYHHKA COOTBCT-
CTBEHHO ISl KaXK/IOTO SKCIIEPUMEHTAIHHOTO YCIOBHS,
KOTOpasi CBUICTEILCTBYET O TIOMYYEHHBIX U3MEHEHUSIX
3HAYCHHUH MX TTOKa3aTelIeH.

AHanu3 pe3yiabTaToOB U3BMEHEHUN XapaKTEPUCTHK
IIOTCHIIMAJIOB )leﬁCTBI/ISI npaBoro MOYCTOYHHKA HpI/I
BO3JEUCTBUM TMCTaMHUHA BBINOJHSUICS TNPHU CIEHYIO-
IIUX, TOCIEIOBATENBHO MPOBOJAUMBIX OKCIEPUMEH-
TaNBHBIX YCIIOBUSX: BBEJCHUE THCTAMUHA; OTCCUCHHE
JIEBOTO MOYETOYHHMKA OT MOYEBOTO IY3bIPs; OTCEUCHHE
MIPaBOTO MOYETOYHHUKA OT MOYEBOTO MYy3bIPSI.

AHaJOTUYHO JI€BOMY MOYETOYHHUKY BBEJICHUE TH-
CTaMHUHAa CIIOCOOCTBYET 3HAYUTEITHLHOMY PE3KOMY BO3-
pacTaHUIO 3HAYCHHUU TaKWX TOKa3aTellell aKTHBHOCTH
MPaBOr0 MOYETOYHHKA KaK aMILTUTYJa, CKOPOCTH €€
HapacTaHWA M 9acTOTa PUTMOTEHE3a (COOTBETCTBEHHO
Ha 42 % , 39.23 % u 32.5 % (puc. 3A). Xots B HOpME
3HAYCHHS BCE ITUX TPEX MTapaMeTPOB MEHBIIIE TAKOBBIX
JICBOTO MOYETOYHHKA, THUCTAMUH CHOCOOCTBYET HX
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Oonpiiemy Bo3pactanuto (cp. Puc.2A u Puc.3A). Ile-
pepeska 6oiee aKTUBHOTO, JIEBOTO MOUYETOUHUKA CPA3y
e BIIeUeT 3a co0O0M AanbHeiIee NOBbINICHHE aMITIH-
TYIBI U CKOPOCTH €€ HapacTaHWs HCCIEAYeMOTO Ipa-
BOI0 MOYETOYHHKA COOTBETCTBEHHO Ha 29.13 % u 19
%, ocTtaBisig 0e3 M3MEHEHUI BCE OCTAJbHBIE MMOKa3a-
Tesnu noTeHnuana aeicrsust (puc. 3A). Ilocne nocie-
JYIOIIEH U30JISIIMU PAaBOI0 MOYETOYHHKA IYTEM €ro
OTCeueHHs: OT MO4eBOro my3sipsi (puc. 1A.1l) ormeua-
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eTCsl NOHW)KEHHE BEIMYMH H3MEHEHHBIX XapaKTepH-
CTUK TPHOIM3HUTEIBHO 10 TaKOBBIX, HAOMIOIAaEMBIX 10
U300 oboux MOYC€TOYHUKOB, JIMIIb PHUTMOTCHE3
aKTUBHOCTH ype)KaeTcsl Ha HECKOJIBKO OOJIBIIYO BEIH-
yuny (16 %). [Ipencrasnennsie Ha Puc. 3B cynepnosu-
[[MH Pa3BEPHYTHIX TUIIMYHBIX (HOPM MOTECHIIUAIIOB JCH-
CTBHSI CBHJIETEJILCTBYIOT 00 M3MEHEHHSIX BEIWYHH MX
nmapaMeTpoB. I/ICXO}IH N3 BBIIICHU3JIO0XKCHHOI'O HCIIb3A
WCKITFOYHUTh HAJIWYUS ONPENETICHHOTO BIMSHUS AKTHB-
HOCTH JIEBOT'O MOYE€TOYHHUKA HAa aBTOMATHU3M IIPaBOro.
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Puc.3. A. Ilpoyenmnoe coomunoutenue noxazamesnei ROMEeHYUAI08 OeUcCmsus npagoco MO4emoyHUKA Nocie gge-
OeHus sucmamuna (nepevle CmMoadUKY 0 Kaic0020 ROKA3ameis), nociedyioujeli nepepe3Kku 1e6020 MOYemoy-
HUKA (8Mmopble CMOIOUKY COOMBEMCMEEHHO OJisL KAXNCO020 NOKA3Ames), nepepesKu npaso2o MO4emoyHUKd
(mpemvu CMoaOUKY COOMBEMCMBEHHO OISt KAACA020 NOKA3ameis) no omuouteHuio xk nopme. LLmpuxoeoti au-
Huell nokazana nopma. b. Hanooicenue opye na opyea ycpeOnennvix popm nomenyuanios Oeiucmeus 8 Hopme
(cnaownou KOHmyp), nocie 66e0eHUs 2UCMAMURA (WMPUXOBOU KOHMYP), NOCIe NepepesKU 1e6020 MOYemMOYHUKA
(moueunvlii KOHMYpP), NOCIe NEPEPE3KU NPABO20 MOYEMOYHUKA (WMPUX-NYHKIMUPHBIT KOHMYP).

**P< 0,01, *P<0,1.

[To106HO BHIMICH3I0KEHHOMY aHAIN3Y 3HAUYCHUH
XapaKTepPUCTUK MOYETOYHHUKOB B CIEIYIOLIEH Cepuu
9KCTIEPUMEHTOB M3Y4€HBI N3MEHEHHSI ITapaMeTPOB aK-
TUBHOCTH MOYEBOTO IMY3BIPS TIPH BO3/ICHCTBHU T'HCTa-
MHHA KaK B YCIOBUSX KOMIUIEKCHOTO ()yHKIIMOHHPOBA-
HUSI BCE3 TPE3 OPraHoB, TaK M NPU WX M30JILUU JPYT
oT Jpyra. BBeieHnue 1aHHOTO MeAUaTopa MposIBIISETCS
3HAYUTEIHHBIM YBEINYEHHEM aMIUTUTY/bI TOTEHIMAIA
neiictBus (49,27%) 1 9acTOTHI UX 3JeTporenesa (Ha 49
%) (Puc.4A) . CkopocTh ke HapacTaHHs MMHKa MOTEH-
LMaJIOB JIEUCTBHUS MOYEBOTO ITy3bIPSl YBEINYHUBACTCS
JIIb Ha 26 % B OTJIMYKE OT MOYCTOYHHUKOB, JTAHHBIC
MIOKa3aTeN aKTUBHOCTH KOTOPBIX INPH BO3JECHCTBUHU
THUCTAMUHA MPETEpIeBa0T AHAJIOTHYHBIC H3MEHEHUS
(Puc.4). Ilocnenyromee oTCedeHHEe OT MOYEBOTO ITy-
3BIpsl JIEBOTO MOYETOYHHKA H3MEHSET XapaKTEePUCTUKI

MTOTCHITNAJIOB JICHCTBUS TaHHOTO OpraHa Ha HE3HAYH-
TEJbHYIO BEIMYMHY U, TEM CaMbIM, CBUIECTEIHCTBYET
00 OTCYTCTBHHM BIHSHHS PUTMOT€HE3a JIEBOTO MOYe-
TOYHHMKA Ha aKTMBHOCTH JeTpy30p. Bmecte ¢ Tem co-
BEPIICHHO WHAs KapTHHA PETUCTPHUPYETCS TOCIE U30-
JSIUUU OT MOYEBOTO MY3bIpsS MPAaBOrO0 MOYETOYHHUKA.
3HaueHus1 aMIUTUTY/IbI TOTEHIIUAJIOB IEHCTBUS YMEHb-
waroTrcs Ha 25%, yacToTa ke pUTMOTEHe3a yperKaeTcs
Ha 27% (Puc.4). 1, Tem caMbIM, HECMOTPSI Ha HEKOTO-
poe ToJaBIIeHIE aKTHBHOCTH , XapaKTEPUCTUKU aBTO-
MaTU3Ma MOYEBOTO MY3bIPsI MPEBOCXOMSAT TAKOBBHIE ,
HabmogaeMble B HopMe. [IprBeieHHbIE HA TAHHOM PH-
cyHke 4b HajoXeHMsI APYr Ha Apyra YCpeIHEHHBIX
(hopM TOTEHITUAIOB NIEHCTBUS I BCEX YETHIPEX HC-
CIIEYeMBIX VCIOBHH CBHACTCIBCTBYIOT 00 JTOM
(axre.
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Puc.4. A. Ilpyenmnoe coomnowenue noxazamenei NPOMEHYUAL08 OeUCMBEUsL MOUEBO20 NY3bIPsl NOCE 66E0eHUe
2ucmamuna (nepevle CmoaOuKy COOMEENCMEEHHO OJisl KANCA020 NOKA3AMEsL), NEPEPE3KU JIe8020 MOUENMOYHUKA
(8mopvie cmorbuKu cOOmMEemMCcmaeHHO 0l KAHCO020 NOKA3AMEs), Nepepe3Ku NPaeo2o MOYEMOoOYHUKA (mpembu
CMONOUKU COOMBEMCMBEHHO OISl Kadc0020 nokazamenst). LlImpuxosou nunuetl nokazana nopma. b. Hanoocenue
Opye Ha Opyea YCPeOHEeHHbIX (hopM NOMEHYUATI08 OetiCmEUs 8 HOpMe (CIIOWHOU KOHMYP), ROC/Ie 66e0eHUs. 2U-
CmamuHa (Wmpuxo8oil KOHmMyp), nocjie nepepesKu 1e6020 MOYemMOYHUKA (Mo4eyHblll KOHMYp), Nocle nepepesKu
npago2o MOYEMOYHUKA (WmMpUxX-nyHKmupHsli Konmyp). ***P < 0,001, **P <0,01, * P <0,1.

CornacHO TOTYYCHHBIM pe3yIbTaTaM, OTCCUCHHE
OT MOUEBOTO IY3BIPS MPABOTO MOYETOUHHUKA C JIOCTaA-
TOYHO BBICOKUMH XapaKTEPUCTHKAMH aKTHBHOCTH,
BO3MOJKHO, SIBJII€TCSI IPUYMHON yrHETEHHsI MoKa3are-
JIe aBTOMaTrh3Ma MOUY€eBOro my3sipsa. B Takom cinyuae
HEeJTb351 UCKITIOUUTH HAJIN4HeE 0C000i 37IeKTpoHH3HO0II0-
THYECKOM B3aMMOCS3H MEXy ITPABBIM MOYETOUYHUKOM
1 MOYEBBIM ITy3BIPEM.

H3BecTHO, YTO peaiu3anusi OCHOBHOM (pyHKLUH
MOYEBOTO TPaKTa, CIIOCOOCTBYIOIICH IPOIBIKEHUIO
MOYHY K3 MOYEYHOH JTOXaHKU K MOYEBOMY Iy3BIPIO U
MTOCIIEAYIONIEMY €€ BBIBEACHHUIO M3 JAHHOTO PE3epBY-
apa o0ecreunBaeTCs aKTHBHBIM IPOIIECCOM — COKpa-
menueM Mbii [17,20]. Bo Bcex 3Tux mpolieccax Bax-
HYIO POJIb HTPAIOT HETaBHO OOHAPYKEHHBIE B MOYEBEIX
MyTSAX UHTepCTULIHANbHBIE KiIeTku Kaxams.

Taxk, B MOUETOUHHKAX JaHHBIE 00pa30BaHUs MPe-
CTaBISIIOT COOOH MPOMEXKYTOUYHBIE KIIETKH, KOTOpBIE
CO3AI0T MOTEHINAJIBI JEHCTBUS C OTHOCUTENIFHO HU3-
Koii uactoroii (3-4 mun) u cnoco6eTBYIOT MpoBee-
HUIO TIEHCMEKEPHBIX CUTHAJIOB OT aTUIIMUYHBIX KJIETOK
K IJIaJIKOMBIIIEYHbIM KJeTkaMm [15,17]. B moyeBoM my-
3bIpE pOJIb MHTEPCTUIHAIBHBIX KIETOK JO0CTaTOYHO
MHOTOTpaHHA: OHH MOTYT OBITh KaK IeicMeKepamu,
TaKk U CTUMYJIHPOBATh '€HE3 aKTUBHOCTU B AETPY30p,
BBISIBJICHBI TAKXKE MX MHTErpaTHBHbIE (DYHKIMHU, oOec-
MEYMBAIOLINE KOOPAUHALMIO aKTUBHOCTH [5,9,16].

Ouzuonorunyeckas QyHKINS HHTEPCTUIHATIBHBIX
kieTok Kaxans B JaHHBIX OpraHax ¥, B YaCTHOCTH, X
pOJIb BO3HMKHOBEHUH I1EHCMEKEPHOTM aKTUBHOCTH 3a-
BHCHUT OT CHOCOOHOCTH COJICHCTBOBATH OBICTPOMY pac-
MIPOCTPAaHEHUIO KanblueBbIx curHaioB [10,16]. B To

K€ BPeMsI U3BECTHO, YTO TUCTAMHH, BEICBOOOXK JaEMBIi
U3 aKTHBUPOBAaHHBIX TYYHBIX KJIETOK TIOCPEICTBOM pe-
LIENITOPOB, CIIOCOOCTBYET yBEINYEHUIO BHYTPHKIETOT-
Horo kanbuus [19]. JleficTBUTENbHO, €llle B pAHHUX HC-
CJIEIOBaHUSIX OBLIO MOKA3aHO, YTO TUCTAMHUH CTUMYJIHU-
PYeT KOHTPAKTYpPy MBIIIEYHBIX CIIOEB MOYETOUHHUKOB 1
MoueBoro my3sips [21,23].

CoriacHo TOJIy4eHHBIM HaMH pe3yiabTaTaM JlaH-
HOU paloThl BBEJICHNE B BEHY KMBOTHOT'O TMCTaMUHA
CHOCOOCTBYET 3HAYMTEIHHON AaKTHBAIlMM KakK O000MX
MOYETOYHHMKOB, TaK ¥ MOYEBOTO ITy3bIpsi. [Ipu sTOM B
OCHOBHOM YBEJIMUYHMBAIOTCS 3HAUCHUSI TAKUX IapaMeT-
POB NMOTCHLHMAJIOB ACHCTBUS, KaK aMIUINTYyla M CKO-
pOCTh ee HapacTaHus. B pe3ynbTare JaHHBIX M3MEHE-
HUH yBEMTMUUBACTCS TAKKE XapaKTEPHCTHKA aKTHBHO-
CTH, OIpeAeNsIonas  CKOpPOCTh  (hOPMHUPOBAHUS
KOHTypa BEpXYIIKHM IOTEHIMana JEHCTBHSA,COOTBET-
CTBYIOLIIEH BEpxXHEHl IosioBHHE aMIUIUTYIs! (A/2:t) n,
TakuM 00pa3oM, 00yCIIOBIMBAET «OCTPOTY MHUKa» [3].
Ecnu B HOpMe COOTHOIICHNUS 3HAUEHUH TAaHHOTO KOd(d-
(unyeHTa sl JIEBOTO MOYETOYHHKA, IPABOTO MOYe-
TOYHHMKA ¥ MOYEBOTO ITy3bIPSI MOJKHO TPEJICTABUTD KaK
109.4:97:39.1, TO B NPUCYTCTBUM THCTAMUHA JaHHbBIE
TapaMeTphl COOTHOCATCS APYT K ApYry Kak 147:125:50.
Takum 00Opa3oMm rucramuH criocoOCTByeT GOpMUpPOBa-
HHUIO OBICTPBIX OCTPOKOHEYHBIX IOTEHIHMAJIOB JIEH-
CTBHS.

[TpoBeneHne CpaBHUTEIHHOTO aHANIN3a 3HAUYCHUH
MapaMeTpoB aKTHBHOCTH JIEBOTO MOUYETOYHHKA C TIpa-
BBIM B HOpPME C TAaKOBBIMU I10CJIE€ BBEJICHUS] TUCTAMUHA
TI0Ka3ajo: MpH HaJIMIUK 00Jiee BBICOKHUX 3HAUCHUH Xa-
PaKTEpUCTHK JIEBOTO MOYETOYHHKA B HOpMeE (CM. TadJ1.)
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BO30ykmaromuii 3¢ ¢GeKT rucTaMHHAa B OCHOBHOM 00-
Jiee BBIP&XXEH JUI aMIUTUTYIBI TIPaBOrO MOYETOYHHKA
(cp. Puc. 2 u 3). Ecnu ipu U30J1SIMH JIEBOTO MOYETOY-
HUKa B YCIIOBHMAX BJIMSHHUS THCTaMHHA ITOHM)KACTCS
3Ha4YeHHE ero aMIUIUTYAbl Npuoau3uTesbHo 16 %, TO
[IPY ATOM OJTHOBPEMEHHO OTMEUAETCs YBEJIMYCHUE BeE-
JIMYUHBI 3TOTO TapaMeTpa sl IPaBoro MOYETOYHHKA
(12 29 %). Ilocnenyrolee ke 0OTCEYEHUE OT MOYEBOTO
ITy3bIps IPABOTO MOYETOYHMKA BIICUET 32 COOOM peBep-
CUPOBAHUC BCIIMYUHBI aMIUIUTY[bl €0 MOTCHIHAJIOB
JEHCTBUS 0 3HAUEHUH, TOJIyYEHHBIX 10 IEPEPE3KU Je-
BOT0 MOYETOYHHKA. BO3MOXHO Hammuue HeKoil oco-
OEHHOCTH JJIEKTPOPHU3HOIOTHICCKAX XaPAKTEPHUCTHK
MIPaBOTO MOYETOYHHKA, JOITyCKAromee KOMIICHCHPO-
BaTh (PYHKIHOHAJIbHYIO aKTHBHOCTH YAQJIECHHOTO Jie-
BOTO0 MOYETOYHHKA CONEHCTBYET OTMEYEHHOMY HOBBI-
IICHUIO €r0 aKTUBHOCTH. B TOJIb3Yy HaJIn4usA oIpenc-
JIGHHBIX pa3M4uii B CBOMCTBax 3JIEKTPUYECKOM
AKTHBHOCTH MOYETOYHHKOB MOTYT CBH/ICTEIHCTBOBATh
TaKKe OTIMYAIOIINECS APYT OT APYyra pe3yiabTaThl, Ka-
CaroIIMecs: peakMK MOYEBOTO ITy3bIpsl IPH OTCEUCHUHN
OT HEro TOTr0 MM JPYroro MOYeTOYHMKA IIPU BO3/ACH-
CTBHMHM TMCTAMHAaHA.

BbiBoabI M3 AaHHOTO WCCJIEAOBAHUSI M Tep-
CHeKTUBBI. TakM 00pa3oM, XOTsI MOYETOIHNKH SBIISA-
I0TCSI TAPHBIMU OpraHaMy M XapaKTepU3YIOTCsI OJTHOM
U TOM ke (PU3HOJIOTUIECKON POJIbIO, OJIUH U3 HHUX, BO3-
MOYKHO, 00J1a/1aeT OOJIBIINMHU PE3EPBHBIMU BO3MOXKHO-
CTSIMU JUIsl peain3aliy ee OCHOBHOW (DyHKI[MM IpH Ha-
TOJIOTHYECKUX YCIOBHAX. JlaHHast ocoOeHHOCTH (u-
3MOJIOTHYECKUX  CBOMCTB MOYETOYHHUKOB  MOXKET
MIPUHUMATh y9acTHE B MPOLECCE PETYIALNN HHTETrpa-
TUBHOH JIEATEILHOCTH OPraHOB MOYEBOI'O TPAKTa JUIs
peanu3aiy ero OCHOBHO#M ()YHKIIMH — MOYEBBIICIIC-
HUSL.
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AKIHECCOPHBIE BEJIKHA: IPOTUBOPEUYUNBAS POJIb B )KU3HU ITPO- U DOYKAPUOTOB
ACCESSORY PROTEINS: IMPORTANCE IN THE LIFE OF PRO- AND EUCARIOTES

AHHOTauMA: AKIECCOpHBIE, WIH BCIIOMOTATENbHBIE, OENKH MPUCYTCTBYIOT B OpPTaHM3Max Pa3HIHOTO
YPOBHA CJIOKHOCTH U OTHOCATCSA K OCO6OMy KJI1aCCy IMOJIUIICIITUA0B C pa3H006pa3HBIMI/I (byHKIII/ISIMI/I. B ux uncio
BXOJST KOHTPOJb Ha MOCTTPAHCKPUIIIIMOHHOM YpPOBHE MPaBUJIbHOW YKIIAJKHU IMOJUIMENTUIOB Pa3IM4YHON MpH-
POabI, BKIIKOYas rpy30BbBIC 66J‘IKI/I, JUIA o0ecrieueHus Ux COOTBGTCTBYIOHleﬁ KOH(I)OpMaLII/II/I, CHC].[I/I(bI/I‘{HOCTI/I u ne-
JIEBOM OCTAaBKH K BHYTPUKJIETOUYHBIM KOMIIAPTMEHTaM HJIM K IOTPaHUYHON MeMOpaHe. AKIlecCOpHbIE OeIKH MO-
T'yT BIUATH Ha (GOPMHUPOBAHHE M PETyIUpOBaHKe dPPEKTUBHOCTH U CIICIU(PUIHOCTH TPAHCAYKIIMU CUTHAJIOB B
cucreme peuentop — G 6e10k — 3¢ peKkTop, yIacTBOBaTh B OpraHU3alllK U JMHAMUKE CTPYKTYp LUTOCKejeTa. B
MIPUCYTCTBUH aKIIECCOPHBIX OEIKOB MPOUCXOAUT (POPMUPOBAHUE U WHTEPHATU3AIUS SHIOCOM HIIM BCTpaBaHUE
B KIICTOYHYIO MeM6paHy CCKPCTOPHBIX BE3UKYJ, OCYHICCTBJIACTCA PCIUIMKALIUA U perapanus HOBpe)KI[eHHOfI
JIHK. Kpome Tor0, CBOIi BKJIaJl aKIIECCOPHBIE OCIKH BHOCST B (JOPMHUPOBAHUE U PETYISALINIO 3AIUTHBIX PEAKITHi
OopraHusma. Taxum O6p330M, /:[anLHeﬁLuee HCCIICA0BAHHUEC TOHKNUX MCXaHU3MOB (bYHKI_[I/IOHI/IPOBaHI/IH TaKuX OEJIKOB
PEACTABIIACTCA BECbMa MEPCICKTUBHBIM.

Knroueesvie cnosa: axKkyeccopHvle 66]11(’1/[, KOHmMpOJ1b gbom)uﬁea 56]11(06, nepe()aqa CUcHAl08, yumockeniem,
SHOOYUMO3.

Abstract: Accessory (or auxiliary) proteins are present in organisms of different levels of complexity and
belong to a special class of polypeptides with diverse functions that include monitoring of the correct stacking of
various type polypeptides, including cargo proteins, at the posttranslational level, to ensure their appropriate con-
formation, specificity, and targeted delivery to the intracellular compartments or to the limiting membrane. Ac-
cessory proteins can influence the formation and regulation of the efficiency as well as specificity of signals trans-
duction in the receptor — G protein - effector system, participate in the organization and dynamics of cytoskeleton
structures. In the presence of accessory proteins, endosomes are formed and internalized, secretory vesicles are
inserted into the cell membrane, replication and repair of the damaged DNA are performed. Moreover, accessory
proteins contribute to the formation and regulation of organism protective reactions. Thus, despite a lot of diverse
functions of these proteins are already known, their research in the future seems to be very promising.

Key words: accessory proteins, control of folding proteins, signaling, cytoskeleton, endocytosis.
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BBenenne. AkueccopHble, WM BCIOMOTAaTEIb-
HBbIe, OCNKH TMPENCTAaBISAIOT COOOW IIMPOKO PacIpo-
CTpaHEHHBII 0COOBII Kilacc MPOTEHHOB, KOHTPOIUPY-
IOIINX B KJIETKaX OPTaHU3MOB COXPAaHHOCTH MOJICKYII,
y4YacTBYIOIINX B OOJILIIMHCTBE, €CJIM HE BO BCEX KIIIO-
YeBBIX peakiusix Merabonusma. [lepBbie cBeneHus O
Takux Oeikax mosBwinch B Hadane 90-Xx rozoB mpo-
nuioro crojerust. Tak, ObLIO YCTaHOBIICHO, YTO B MY-
TaHTax Jpoxoked, aedumurtaeix mo Oenmky SHR3, B
HOPME JIOKaJIM30BaHHOMY B 9HJIOIUIa3MaTHYECKOM pe-
tukymyme (OP), mepmeassl, TpPaHCHIOPTUPYIOIIHE aMH-
HOKHCIIOTHI M3 BHEIIHEH CpeJibl B KIIETKY, HE TOCTaBIIs-
JUCh K IUIA3MaTHYECKOW MeMOpaHe, OCTaBasCh H
HakaruBasch B uucrtepHax OP [1]. ABTOpbI MpHULLIIH K
BbIBOAY, uTo GyHKIus SHR3 3axiouaercs B honanHre
CHHTE3UPYEMBIX Ha acCOIMHPOBAHHBIX ¢ DP puboco-
Max MOJIEKYJ repMeas Juist oOecrieueHus uX HOpMaib-
HOTO (YHKITMOHHPOBAHHS, XOTS TEPMHUH «aKIeCcCcOp-
HBIE OCITKMY JUISl COETMHEHHUH, KOHTPOJINPYIOMINX KOH-
(hopMaIiio MOIUNENTHIOB, a TAKXKe 00JIaJaAI0NINX, KaK
0Ka3aJIoCh, U IPYTUMH CBOMCTBaMHU, TTOSIBUJICS MO3JHEE
[2]. Co BpemeHeM OBLIO BBISICHEHO, YTO aKIIECCOPHBIE
OeJIKH MOTYT PeryaupoBarh d)(HEKTHBHOCT U CIEIH-
(UYHOCTE TIEpeHOCa CUTHANA OT perenTopa kK G-0enky
i ot G-06enka x 3dexTopy, ydacTBys B (OpMHPO-
BaHNM (YHKIMOHAIBHOTO KOMILJIEKCA Iepefadyn CUr-
Hana [3, 4]. OtumMu OelaKaMu OCYIIECTBIISETCS KOH-
TPOJb MPABUIHHON YKIAIKHU ((OIIMHTA) CHHTE3UPO-
BaHHBIX Ha CBA3aHHBIX C OSHJAOILIA3MATHYECKUM
petuxyiymoM (OP) prbocomax M BXOIAIMINX FITH TIepe-
cekamux MeMOpany OP moiunenTusioB pa3indHON
MIPUPOJIBI, BKIIOYAIOIINX PACTBOPUMBIE M TPAHCMEM-
OpaHHbIe OeNKH («Ipy30BBIE OCIIKN») IS 00eCIIeYeHUs
HX COOTBETCTBYIOIIEH KOH(POPMAIHH, CIEIUPHIHOCTH
W [eJIeBOH JIOCTaBKU. TeM caMbIM HpeNoTBPaIIacTCs
UX JIerpajialivs B aCCOLMUPOBaHHOM ¢ DP MeMOpaHHOMH
cucteme ERAD (endoplasmic reticulum-associated
protein degradation), mpencrasistomei co6oil uTO-
IUIa3MaTHYECKUH YOUKBUTHH-TIPOTEACOMHBIN IYTH [,
6]. Opranu3zanus U AMHaMUKa ITUTOCKEIETHBIX CTPYK-
Typ — aKTHHOBBIX MUKPO(HUIAMEHTOB M MHUKPOTpPYOO-
YeK, OCYIICCTBIISIOMINX TPAHCIIOPT ITY3BIPHKOB MEKIY
Pa3IMuHBIMH OpraHeIUIaMH, TAKKe KaK U IPOMEXYTOY-
HBIX (PHJIAMEHTOB, 00ECIEUYNBAIOIINX MEXaHHICCKYIO
[IPOYHOCTH KJIETOK, B 3HAUUTEIHLHON CTENEHU OIpee-
JISTFOTCSI CITO’KHBIM B3aMMOJACHCTBHEM C MHOTOUYHMCIICH-
HBIMH aKIIECCOPHBIMH OelIkaMH, CIocOOHBIMU 00pa3o-
BBIBAaTh, Pa3bEIUHATH, OCYIIECTBISTH MONEPEUHYIO
CBsI3b, OCIAONATh WIIM YKPEIUIATh OTHACNbHBIC (hrma-
MenTsl [7-9]. TomuMmepHblEe CHMpaid aKIEeCCOPHBIX
OEJIKOB, COCTOSIINX U3 MYJIBTHIOMECHOB CEPIIOBUIHOM
(hOpMBI, yUaCTBYIOT B MHULIUALIMK KPUBU3HBI U 3aTEM B
ONOSICBIBAHUU MEpellieiika WHBATMHUPYIOILEH MEM-
OpaHBI 3YKapHOTOB, YTO CIIOCOOCTBYeT (GOpPMHPOBa-
HUIO U OTJENICHHUIO YHJOIIUTO3HBIX IIy3BIPBKOB, 00JIeT-
YaeT OTIIOYKOBAaHHME OT IHCTepH ammapara [ oxbmkn
nim MeMOpan DP Imy3bIpbKOB, OCYIIECTBIISIFOLIHX 11ej1e-
BoH TpaHcnopT rpy3a [10-13]. Permkamus u pemapa-
nus nospexjaeHnoil JTHK taxke mpoucxonst B mpu-
CYTCTBHH akIlecCOpHbIX OenkoB [14, 15]. Ects cBene-
HUSL O TOM, 4YTO Takhe OCJIKH CIIOCOOCTBYIOT
TPAaHCIOPTHPOBKE JIUAEPMATBHOTO (akTopa pocra B

KOMIIJIEKCE C PELEeNTOPOM M3 IIa3MaTHYECKOH MeM-
OpaHbI HETIOCPECTBEHHO B SIAPO IS AKTUBALIUH TPaH-
CKPUIILIUU T€HOB, CTUMYJIHPYIOIIUX POCT KIETKH [16,
17].

CBoll BKJIaJl aKI[ECCOPHBIC OCIKU BHOCAT B (hop-
MHpOBaHHE M PEryNSIMI0 3allMTHBIX peakiuil opra-
Hu3Mma. Hampumep, Omonorndeckue >(h¢eKTsl moim-
HENTUIHBIX MEUATOPOB — IUTOKHHOB, OMOCPEAYIOTCS
yepe3 crenu(uIecKue KICTOYHbIE PELENTOPHBIE KOM-
IUIEKCHI, a MoJJiepKaHre KOH(OpMAaLUU KOMILIEKCa
JUTaHJ-PELENTOpP OCYIIECTBISIETCS C TOMOIIBIO aKIeC-
copaoro Oenka [18, 19]. Tak, mig perentopa Kiode-
BOTO MPOBOCHAINUTEIBHOTO ITUTOKHHA, HUMEHYEMOTO
unTepiaekuHoM-1 (IL-1), OTBETCTBEHHOIO 32 aKTHBA-
[UI0 UMMYHOKOMIIETEHTHBIX KJIETOK NPH OCTPBIX H
XPOHUYECKHUX BOCHAIUTENBHBIX PEaKIUsIX, 00HApYKEeH
akieccopHsiit 6emok AcP [18, 19]. Oanako, npu naro-
TeHe3e, B YaCTHOCTH, MPH MH(HUIUPOBAHUH PETPOBH-
pycaMu, akKTUBUPYETCS BUPYCHBIH T€H, KOAWPYIOUIHH
aKIIECCOPHBIN OeJIoK, HeOOXOAWMBIA AJis ToJyIepKa-
HUS PEeIUIMKALMK BHpYyca NPH €ro B3aUMOJICHCTBHU C
KieTkoii-xo3sHoM [20, 21]. Tlpoayuupyemsliii 6akTe-
pueii Clostridium botulinum Toxcun GoTynu3Ma mpu
MOTIa/IaHUN B OPTaHM3M C IHUIIEH CTaHOBUTCS OIAcEH,
MTOCKOJIBKY OH 3aIUIIEH NMPOAYIUPYEMBIMH IaTOTe-
HOM aKIIECCOPHBIMHU O€JIKaMH OT TOBPEKIAIOIIET0 BO3-
JefcTBUA (PepMEHTOB M KUCIIOTHI XKETyJOYHOIO COKa
[22].

HenaBHo oOHapyxeH MHTEpecHbI (akT 3ariuThl
SMOPHOHOB YeJI0BEeKa OJTHIMH BHIAMH BHpYyca OT ApYy-
rux. Tak, Beiconka U ee KOJUIErM BBIACHWIH, YTO HA
paHHEH CTaguu pa3BUTHS SMOPHOHA SHIOTCHHBIA pe-
tpoBupyc HERVK, BMecte ¢ cuHTe3upyembiM B
KJIeTKe-xo3suHe akmeccopHsiM 6enmkom HERVK Rec,
3alIMIIAIOT 3TH KJIETKH OT MHOHUINPOBAHUS JPYrHMHU
Bupycamu [23]. Takum 00Opa3oM, B 3aBHCUMOCTH OT
TOTO, B KAKOM OpPTaHU3MeE (XO35MH WM MAaTOTeH) Mpo-
IYLUHMPYIOTCSl aKIIECCOPHBIE OenkH, OHU OyayT Urparb
MIPSIMO TIPOTHUBOTIOJIOKHBIE POJIK: THO0 0OecIednBaTh
LIEJIOCTHOCTD M PETYISINI0O COOCTBEHHBIX MPOIYKTOB
MeTabonu3ma (OenkH, HYKJICHHOBBIE KHCIIOTHI, dJie-
MEHTHI IIUTOCKENETa) M 3alIUTY OT aTaKH MaTOTCHOM,
WK CrIocoOCTBOBAaTh MH(UIMPOBAHUIO, MPEIOXPaHsIs
(haKTOpBI BUPYJICHTHOCTH OT pa3pyIICHHs KIETKaMHU
XO35MHA.

B nocnemHue rogpl aknecCoOpHbIM O€TKaM MOCBS-
IIeH psi 0030pHBIX cTaTeil, HO B HUX paccMaTpHhBa-
I0TCS OTJENIbHBIE TPEICTABUTENN ITHX COCIUHEHHH,
y4JacTBYIOIINE B KOHKPETHBIX COOBITHSAX KJIETOYHOTO
MeTabonusma [4, 8, 24-26]. [Tostomy B Hariem 0030pe
MIPEeIIpPUHATA TIOMBITKAa OoJiee MOAPOOHOTO 00CyXkKIe-
HUSI pa3JIMYHBIX BUJOB U (DYHKIHUH aKIeCCOPHBIX Oel-
KOB, CHHTE3UPYEMBIX BBICIINMHU U HU3IIMMH OPTaHN3-
MaMmH.

AKueccopHble 0eJIKH M TPAHCAYKUHSA CHUTHA-
J0B. OOpaboTKa CHUTHAJIOB Yepe3 PELeNTOpHl, COIps-
xéunpie ¢ G-Genxamu (G-protein-coupled receptors,
GPCRs), mmpoxo HCroap3yeTcs A Mepeaadr BHeIl-
Hell uHQOpManMM uepe3 MOrpaHUYHYI0 MeMOpaHy
BHYTph KieTkH. GPCRs akTuBHpYIOT rereporpumep-
Hble G-0eJKH, BBITMOJHSIONIME POJIb OCPEAHUKOB IS
TPaHCISIIMM CHTHAJIOB HA BHYTPUKIETOYHBIE J(-
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(dexTopubie Mosiekytbl [27]. KomOunamus Tpéx cy0onb-
enuHUI] reTepoTpuMepHbIXx G-6emkoB (Gas — a-cyon-
eIUHUIBI aKTHBHpYIOHMe, oo Gai — o-cyobenu-
HUIBI HHTHOHpYomue, a Takke G u Gy B KOMIUIeKce
JPYT C IPYroM) OIpeAeIIsieT MPOX0XKISHNE UK MO/1aB-
JICHWE CUI'HaJla, MHUIMMPOBAHHOTO B3aUMO/ICHICTBIEM
JIMraHja ¢ perentopoM. B naHHOH cucteme ObutH 00-
HapyXXeHbl M Jpyrue Y4YacTHHKH — aKIECCOPHBIC
Oenkn. OTH KOMIIOHEHTHI W3MEHSIOT aKTHUBAINIO/e3-
akTHBanuoo cyobequHul, Go Wi 00pa3yrT KOM-
wiekchl ¢ Go oo Gy, oTaryaronuecs OT THITHIHOTO
rereporpumepa Gafy. Takoe perymupoBaHue aKTHBa-
1 G-0€JIKOB MOXET INPOTEKaTh B AaCCOIMAIMU C
GPCRs, a Takke He3aBHCUMO OT HHUX. TeM caMbIM
obecrieunBaeTcs IOTOJHUTENBFHOE pa3sHoo0paznue BXo-
JSIIIMX CUTHAJOB [3, 4, 24].

O/MH U3 OCHOBHBIX KJIACCOB aKIIECCOPHBIX Oell-
KOB OTHOCHUTCSI K CEMEICTBY DEryisiTopoB Iepenadn
curnana G 6enka - RGS (regulators of G-protein sig-
naling), KOTOpEIE y4aCTBYIOT B IOBBIIIEHHH aKTUBHO-
ctu ['Tdazbl ciennpuuecknx cyobeanaun Go 1 MOTYT
TaKke QyHKIMOHMPOBATH B KauecTBe Y(PPEKTOPOB WiIn
ckaGomauHTOBEIX (TaTGOpMBI IS yKIIaIGIBAHHUS)
oenxoB [28, 29]. [lepBoHaYaNbHO CYIIECTBOBAHUE Ta-
KHX PETYIATOPHBIX O€IKOB OBUIO OOHAapYKEHO Y
JPOJOKEH, a TEHETHYECKHUEe HCCIIeIOBaHHsI TPOBOJIH-
JIMCh Ha omocpenoBaHHOM depe3 G 6elI0K KOHTpOJIe sii-
ueknaaku y uemaroasl Caenorhabditis elegans [30].

ITo neficTBuio Ha cyObeanHULIBI G-OENKOB aKiec-
copusie 6enku (AB) OplM paznencHsl Ha 4 Kiaacca [4,
24].

1. ®akropel o6mena HykieotiaoB (Guanine ex-
change factors - GEFs). Oror knacc Ab ctumynupyer
oomern IO/ TO cyowenunuueit Ga, GyHKIHOHUPY-
romei kak ['Tdaza npu BOCOpUSATHM CHUTHAIA OT pe-
nenrtopa [24]. K takum Ab OTHOCSTCSI akTUBATOp CHUT-
nana G-6enmka - AGS1 [24, 31] u mpesenmmun-1 [32].
O0a Genka (pYHKIIMOHHUPYIOT HE3aBHCHMO OT pelel-
topa. [IpeseHnnmH- 1, HapyIIeHHe SKCIPECCHH TeHA KO-
TOPOTo CIOCOOCTBYET Pa3BUTHIO CHHApPOMA AJBITEi-
Mepa, IIPEUMYIIECTBEHHO MPUCYTCTBYET B IUCTEPHAX
TpaHc-I'oMbIKH 1 3HAOMIA3MaTHYECKOM PETHKYIyMe
[32]. Kpome Toro, emte oqun AB, pamukcuH, CBS3bIBa-
sIch ¢ KomIuekcoM 13-it mzodopmer Go u I'TO (Gal3-
I'T®), cnocobeTBYET X KOHPOPMATUOHHOMY H3MEHE-
HUIO JIJIs CBSI3bIBaHMsI ¢ F-aktuHOM [24]. U3 4-X uneHoB
cemeiictBa Go 6enku GEF npeanodTuTensHO akTHBH-
pytoT Go-unruburops! (Gai), nMpepbIBarOLINE CUTHAI
mocJe ero npoxoxaenus [33].

2. VHruOUTOpHl AWCCONMAIIMM TYaHWH HYKJIEO-
tuga (Guanine Nucleotide Dissociation Inhibitors -
GDI) or cyobemunuipl Go. Bonbiias yacte 3TOM
rpymmsl Ab rMeeT o0Immii CTPYKTYPHBIN TOMEH, Ha3bI-
BaeMblil perymsitopom G-6enka (GPR). MotuB GPR
crabunu3npyeT W3MEHEHHYI0 moj BiusHuem [ (D
koHpopmanuio Go, 9TO MPUBOIUT K HHTMONPOBAHUIO
Ga-onocpenoBanHoii curHanuzanuu [32]. Morus GPR
HalJIeH B aKTUBaTopax curHaina G OesIkoB, BKIIIOYAIO-
ux AGS3, AGS5, AGSI11 [24], u B akTUBUPYIOIIUX
I'T®asy 6enkax RGS12, RGS14 u Rapl [24, 34].

3. benkn, akruBnpyromue ['Tda3y cyObeanHUIBI
Go (GAPS). BombIIHHCTBO GEIIKOB B 3TO¥ TpyIIe SIB-

astrorest GAPS st Gai/Goo (cyosenunnia Goo OTBET-
CTBEHHA 3a MOBEJCHYECKHE MOTHBBI), HO HEKOTOPBIC
TaKKe 00J1aIaf0T aKTMBHOCTBIO 10 OTHOUICHHIO K 4JIe-
Ham cemeiictBa Gos [35]. K akueccopHbiM Oenkam
GAPs ortHOcsTCS perynsTopbl curHaiuHra G-0enkos
(RGS): RGS2, RGS4, RGS5, RGS7 [24].

4. AxueccopHble OEIKH, B3aMMOJAEHCTBYIOIINE C
cyosenuaniamu GPy. benku 3Toi rpynmel BBI3BIBAIOT
CHTHAJbHBIE COOBITHSI HE3aBUCHMO OT pelenTopa
GPCR. GBy perymupyror pazinndsbsie 3G GheKTopHbIe
MOJICKYJIBI, B YaCTHOCTH, KaJIbL[IEBbIC KAHAJIBI, CBSI3aH-
Hy10 ¢ G-0enkoM perenTopHyto kuHasy 2 - GRK2 [24,
27].

B coBpeMEHHOM TIpe/ICTABICHIH MEXaHU3M PETy-
JSIUUU curHasioB G-0eJKoB ¢ y4acTHeM aKLECCOPHBIX
0EIKOB MOKHO PacCMOTPETh Ha IpUMepe 0O0JIE3HU MO-
uyek — nmoJmkucTo3a (polycystic kidney disease, PKD).
B Hopme mouka oOiamaeT MHOXECTBOM (PYHKIIHHA,
BKIIIOYast (QUIBTPALMIO JUIS yAAJIEHUs OTXOJOB U3
KpOBH, KOHTPOJIb OalaHca KUAKOCTH H IIEKTPOJIUTOB,
KHCJIOTHO-OCHOBHOTO PEryJMPOBaHUS M IIPOU3BOJICTBA
SHAOKPUHHBIX TOpPMOHOB [26]. B »THxX mnpoueccax
YYaCTBYET HETHITMYHBIA pelenTop moukucTuH-1 (PC-
1), xotopslii, B oriinume ot o0bryHBIX GPCR, umero-
X 7-COUpANTbHYI0 TPaHCMEMOpaHHYIO KOH(pHUTypa-
nuto, oonmamaer 11 TpancMeMOpaHHBIMHU 00ACTIMH U
y4acTBYeT B Iepeaue (GU3NUECKUX CUTHATIOB OT BHEII-
Hero cTumyia B kietky. Kpome PC-1, pyakunonnpyer
KaTHOHHBIA KaHay nojmkuctuH-2 (PC-2). IIpu PKD
0o0pa3zoBaHHe KHCTBHI MPOMCXOAWT W3-3a MOBPEXKICH-
HbIX TpoaykToB reHoB PKD1 u PKD2, PC-1 u PC-2,
COOTBETCTBEHHO. JTH aHOMAJIMH MIPUBOIAT K HapyIIIe-
HUIO TIPOBE/ICHNS] CUTHAJIOB, 3aBUCHMBIX OT I€T€pPOTPH-
MmepHbIx G-6enkoB. Kak u GPCR, PC-1 moxet BbI0OO-
POYHO CBSI3bIBATh MHOTHE aKTHBHUPOBAHHbIC CYObeIH-
Hunbl Go-I'T® nim Gy yepe3 ux B3anmopeicTBue ¢
muroruiasMartnueckuM nomenom GBD C-konma PC-1,
nockoiibky GBD yuacTByeT B peryaupoBaHUH CUTHAJIA
oT 3TuX cyobeaunull. B cBorw ouepenp, GBD cBszan
Ha TepMuHanbHOM C-koHue PC-1 ¢ toMmeHoM crinpaib-
HOH KaTyIIKH, C KOTOPbIM B3aUMOJIEHCTBYET aKLIECCOP-
HEI 0eTI0K, B TaHHOM ciydae, RGS7 — perymsatop cur-
Hausa ot OenkoB Go. Hampumep, nipu koutakre RGS7 ¢
Goi 6okupyercs arnonros, kommmieke RGS7+Gaq ak-
TUBUPYET KalbLUUNHEHPUH U1 COINCUCTBUS IIEpEHOCA
ANEpHOTO (PaKTOpa aKTHBHPOBAHHBIX 1 KIETOK -
NFAT, B siapo [26]. [Ipyrue akneccopHble Oenku, Ta-
kue kak AGS3, Bonu3u PC-1 Moryt nperpaxars nyth
cyopenuannamM G-0enka, Ui CONCHCTBUS PETYISIIUN
kaTHoHHOTO KaHana PC-2 uepe3 Gfy-3aBUCHMBIN Me-
xaHu3M [36]. EcTth, ogHaKo, CBEACHUS O TOM, 4YTO
AGS3 moxer koHTpoampoBarb PC-1-3aBucumyro cur-
Hanmm3anuto G-6erka, B3anMoAeHCTBYs He ¢ camuM PC-
1, a c akTMBUpOBaHHBIMH CyObequHNIIaMu G-0enka. B
gactHocTH, AGS3 ciocoOeH CBsI3BIBATH HECKOJILKO HE-
akTuBHBIX cyOpenuann Goi/o-I'I® n dyrkunoHmpo-
BaTh KaK MHIMOHMTOP JAWCCOIMAIMU T'YaHHHOBOTO M-
HyKIeotuna [26].

Ax1ieccopHble O€KH B3aUMOJICHCTBYIOT TaKkKe C
JPYTMMH THIIaMH PEIENTOpOB, 00pa3yloIuX KOM-
IUIEKC C IUTOKWHAMH - TOJMIENTUIAHBIMA MEIUaTo-
paMu, y4acTBYIOMIUMH B GOPMHUPOBAHUH U PETYISALINN
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3aIUTHBIX peakuii opranusMma [18, 19]. K uncny nu-
TOKHWHOB, OTBETCTBCHHBIX 32 WHUIHAITUIO BOCIIAICHUS,
oTHOCHTCS HHTepneiikun-1(M1JI-1), aktuBupyromuii T-
xenmeps! u auMpormter. s penentopa WJI-1 m3Be-
CTEH akieccopHsalit 6enok, IL-1RACP, poms kotoporo
CBOJIUTCS K MOJIEPKAHUIO KOHPOPMAIIMK KOMIUIEKCa
peuentop-nurana [18, 19]. Unensl cemeiictBa MeM-
OpaHHBIX PELENTOPOB MHEIOMOHOIMTAPHBIX KIETOK,
TLR-2 u TLR-4 (Toll Like Receptor), obecnieunsator
MEPBUYHOE PACcIO3HABaHUE Pa3IMYHbIX TUIIOB HATOTe-
HOB. B ciyuae nmumonommcaxapunos (LPS) Gaxrepu-
IBHOT'O MaTOT'€HA BO3MOKHOCTB UX B3aHMOJEHCTBUS C
penentopom TLR-4 HacTymaer mociie 0CBOOOXKICHHS
munuga A - Tokcndeckoro kommoHenta LPS u3 kie-
TOYHON CTEHKH I0CJE pa3pylIeHHs MOJIHCcaXapuaHON
KaICyibl OaKTEpHi BO BPeMs KIICTOYHOTO JICICHUS WIIN
UX THOENH MO/ JeHCTBUEM OaKTEPHUIHIHBIX (PAKTOPOB
[37]. TLR-2 u TLR-4 dhopmupyroT BeICOKOADOUHHBII
KOMIUTEKC JiIsl pacrio3HaBanus LPS ¢ yaactuem axiiec-
copubix Mosieky1 CD14, CD11/CD18 u MD2 [37, 38].

T-muMpoLUTEL M Ipyrue UMMYHOKOMIIETEHTHBIE
KJIETKH cofepxkar peuentop CD-4, ¢ KOTOPBIM CBSI3bI-
Batotcst PHK-conepxarmiue perpoBHpychl, B 4acTHO-
CTH, BUPYChl UMMYyHHOTO aedunnrta npumaros [38].
[Tocne MPOHWKHOBEHHUSI BUpYca B KICTKY HAYMHACTCS
peIUIMKAIMs BUPYCHOTO T'€HOMa, KOJIUPYIOIIEro, I0-
MUMO PpEIUIMKATHBHBIX W PETYASATOPHBIX OENKOB,
TaKke akieccopuoie Oenku [21, 38]. Yacts akieccop-
HBIX OE€NKOB (YHKIMOHUPYET B KOHIE >KU3HEHHOTO
nukia Bupyca. Hampumep, VpU moHMKaeT ypoOBEHB pe-
uenropa CD-4 u ycunuBaet BEICBOOOXKICHUE BUPUOHA
13 MHOHUIUPOBAHHBIX KIETOK. Vif mpossiseT cebs B
HavaJie MH(EKIMH, B YACTHOCTH, TIPH YIIAKOBKE OSJIKOB
B BUPHOH WIM NpH ero MoAu(UKAIUU B Mpolecce
cOopKku. AKIECCOpPHBIM Oelok Vpr HakaminBaeTcs B
sape MHQUIMPOBAHHBIX KJIETOK, HApyIlash KIeTOYHBINA
nukdi, a Nef cHHTe3HupyeTcst Ha BCeX CTaIuax dKCIpec-
cuu BUpYCHBIX reHoB [38]. Takum 00pa3oM, KIETKU
MJICKOITUTAONINX, TPU3BaHHBIC 3aIIHIIATH OPTaHU3M,
y4acTBYIOT B MOAJEP>KaHUU MPOTHUBOMOJIOKHOTO TPO-
1ecca — 00ecCTied4eHNN KU3HECTIOCOOHOCTH BUPYCa, YTO
CIocOOCTBYET pPa3BUTHIO HUMMYHOJedHInTa Opra-
HU3Ma-XO0351Ha.

®axropsl ESCRT (Endosomal Sorting Complexes
Required for Transport), BMecTe ¢ KOMIIOHEHTaAMHU PaH-
HEro CEKPETOPHOTO IMYTH M OENKH, TOMOJIOTHYHBIE Pe-
TuKynoHy xo3suHa (Reticulon Homology Proteins -
RHPS), yaacTByIOT ¢ aKkiecCOpHBIME OeIKaMu B IHHA-
MHKe MeMOpaH MpU B3aUMOJCHCTBUU BUPYCHBIX Oell-
KOB ¢ MeMOpaHaMH KJIETOK pacTeHUs-xo3suHa [39].

B pacrenusix caitnencunr (3amonkanne) PHK sB-
JISIETCS SBOJIIOIIMOHHO KOHCEPBATUBHBIM MEXaHW3MOM
W yYacTByeT B MOAACPKaHWU (UTOMMMYHHTETa. B
YAaCTHOCTH, BaKHBIMH KOMIIOHEHTaMH 3(P(EeKTOpPHBIX
KOMILIEKCOB CalJIeHCHHTa SBISIOTCS Argonaute pro-
teins (AGOs) [40]. AGOs, BMmecTe ¢ aKIECCOPHBIMU
Oenkamu, 00pa3yroT d3PPEKTOPHBIH KOMIUIEKC 3aMOJI-
kanust. Hanmpumep, AGO4 Apabumorncrca CBI3bIBACTCS
C aKueccopHbIMH Oeinkamu Juisi oOpasoBanus RITSC
(RNA-Induced Transcriptional Silencing Complex)
[25].

DYHKIHMH aKIECCOPHBIX 0eJIKOB B MeMOpaH-
HOM TpaHcmopTe. OKOJIO TPETH 3yKapHOTHYECKOTO

IpoTeoMa MPOXOAUT CEKPETOPHBIM IIyTeM K KOHEY-
HOMY BHYTPH- WU BHEKICTOYHOMY Ha3HadeHnto. [1o-
9TOMY Heo0XoquMa crenupuyeckasi COpTHPOBKA U JI0-
craBka 6enkoB [41]. OHM BKIIOYAIOT B ce0s1 pacTBOPH-
MBIC U HMHTCTPAIbHBIC MEMOpaHHBIC KOMITIOHEHTHI,
UMEHYEMEIE «TPY30BBIMU OekaMm» (“‘cargo proteins™)
[42]. Ux mepeHOC OCYIIECTBIIAETCS MO YHIOMEMOpaH-
HOU CHCTEME, CO/IepXKalleii OpraHesibl CEKPETOPHBIX U
SHIOIUTO3HBIX MyTeH, BKIIOYAIOMINX JHIOTIIA3MaTH-
yeckuil peTukynyMm (OP), mpoMeKyTouHbIN KOMIapT-
MeHT Mexnay OP wu ammaparom [omsmku, ammapat
Tonpmxu (AI), TH30COMBI, PHIOCOMEBI U TIa3MaTHYC-
CKyIo MeMOpany [43, 44]. B kieTkax pacTeHHIA JOIOJI-
HUTENBHO MPUCYTCTBYIOT BAKYOIH, KOTOPHIE MOTYT 00-
nanath GyHKImei auzocom [45].

B obmem cirydae Be3UKYISPHBIA TPaHCIOPT, Be-
POSATHO, QYHKIIMOHUPYET C IIOMOILBIO IIOXOXKHUX MOJIE-
KYJISIPHBIX MEXaHIM3MOB BO BCEX IYKAPHOTUIECKUX Op-
raan3Max. O0 5TOM CBUJICTEIBCTBYET Y4acTHE MHOTHX
maisix [ Tdas — Rab 6enkos, SNARES — pelentopHbIx
0€JKOB, OCYLIECTBIISIIOIINX CIHMSHUE Iy3bIPHKOB C
MeMOpanamu npu anteporpanHom (OP — AT') u pe-
tporpagaoMm (A" — 3OP) TpaHcmopte, a Takxe ¢ Kie-
TOYHOW WJIM JTU30COMHON MemOpanamu [43, 46, 47].
3HaynTeNbHAs POJH BO BCEX ITHX MpoIEccax OTBO-
JTCS pa3HOOOPa3HBIM aKIECCOPHBIM Oenmkam. Cekpe-
TOPHBIA M SHIOUMTO3HBIA TPAHCIOPT oOecrevYnBaeT
BBICOKHAI YPOBEHB PETYIHPOBAHUS OOWIHs OCNKOB, B
TOM 4HCJIE MEMOpaHHbBIX, TaKMX KaK pelenTopsbl,
TPAHCIOPTEPHl W MOHHBIC KaHAIBI, MO3BOJISSA KIETKE
OBICTPO MPUCTIOCAOIMBATHCS K OKpYXKaromieh cpeae [7,
12, 48].

AKneccopHble 0eJIKM NPOKAPHOT U HU3LINX JY-
KapuoT. Y OakTepuii MHOTHE OeNIKH NOCiIe UX CHHTE3a
Ha pubocoMax TMpeJHa3HAYCHBI JUI CEKPELHH BO
BHEIIHIO cpeny. B rpaMoTpuiiatenbHbIX OakTepusix,
B OTJIMYHE OT TPAMIIOJIOKUATEIBHBIX OaKTepuil, TaKue
0€JKH CEeKPETUPYIOTCS U3 UTOILIA3MBI B IIEpUILIa3Ma-
TUYECKOE IMPOCTPAHCTBO, a 3aTEM 3a MPEIeNbl KICTKH.
TpaHCcOpT B MEPUIIA3My MPOUCXOJNUT MPH YIACTUU
0IHOTO U3 TPEX pa3HbIX myteit: Sec, Tat m SRP. Yepes
TpaHCIOKOH Tat OelTku TPaHCIIOPTHPYIOTCS B HCHM3MCH-
HOM BH/IE, a uepe3 Sec MyTh, 10 KOTOPOMY y TPOKapHOT
TIEPEHOCHUTCSI HAaWOONbIIast MO CEKPETUPYEMBIX H
MEMOpPaHHBIX OEJIKOB, 3TH MOJICKYJIbI B XOJIC TPAHCJIO-
KaIli! JOJDKHBI OBITh TIOJTHOCTHIO Pa3BEPHYTHI 1O CO-
CTOSIHUSL BBHITSHYTOW TOJHMIICOTHIHON IEMH, IOCIe
Yero MnojBepraTcs pedosJuHTy B IepHILIa3Me ¢ yda-
CTHEM IUTOIIa3MaTHYECKOTO ImamnepoHa SecB u ak-
neccopubix 6enkoB: SecD, SecF, YidC u YajC. Ilyrs
SRP sBisieTcst KO-TPaHCIAMUOHHBIM, T.€. OCYIIECTB-
JISIET SKCIIOPT MOJIMITEIITUAHOMN LIeNH, KOTopasi HPOaoII-
JKaeT CHHTE3HPOBaThCs Ha pudbocome [49].

Jlist nposxokeid ObIIO TOKa3aHO, YTO AKIIECCOPHBIE
o6enku Shr3p u Gsf2p yuacTBy:OT B NpaBHIBHOMN
yKIagke rpy3oBeix OemkoB (AAP m Hxtlp, cootBet-
CTBEHHO) W JJIsl pa3peilieHus ux TpaHcropra u3z OP
[50].

Y HEKOTOPBIX LEUIIOIUTUYECKUX OakTepuil U B
ACKOMHMIIETaX - Tpubax, OCYIIECTBIIIONINX THAPOIN3
LIEJUTIONO03b], ObUTM HAMJIEHBl aKIeCCOpPHBIE OENKH -
CBOJIJICHHHBI, UIMEIOIITIE HEKOTOPYIO TOMOJIOTHIO C IKC-
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MIaHCHHAMH, UTPAIOLIMMHU POJIb B POCTE KJIETOK pacTe-
HUH, co3peBaHNN (PYKTOB WM B JAPYTHX IpOIEccax,
CBSI3aHHBIX C OCJTAa0JICHHEM KJICTOYHOH creHku [51].
CBOJUICHHHBI TakXe OOHapYKEHBI B Pa3pyIIAIOIIIX
JpeBecuHy Oa3uauOMHIIETaX: TpyTroBHke Laetiporus
sulphureus u Bermerke Pleurotus ostreatus [52].
AK1ueccopHbie 0€JIKH JIHAOILIA3MAaTHYECKOI0
peruxyayma. Ilocne cuHTe3a Ha pudocoMax, CBsI3aH-
HBIX ¢ OP, Tpy30BEIe Oenkn mepecekatoT MemOpany JP,
BHYTPH KOTOPOTO OHH IPaBUJILHO CBOPAuUBAIOTCS U
o6pabatreiBatoTcs. DoauHT OETKOB B Mpeesax ceKkpe-
TOPHOTO ITyTH JOJDKEH 00ECHEeYUTh HOPMAaJbHYIO MX

koH(popmanuio u cnenmuduaHOCTh. HempaBmiibHO ymia-
KOBaHHBIC MOJICKYIIBI, Ha JIOIO0 KOTOPBIX MIPUXOJUTCS
okoji0 30% oT obmIero KoJn4ecTBa MOJIUIENTHIOB B
KIJIETKe, HalpaBIIIOTCS Ha aAerpamanumio [6]. Ilocie
YKIIaIKU O€JKH MEePEeHOCTCSl B IPOMEKYTOYHBIH KOM-
napTMeHT Mexay OP u muc-T'onbmku, nMeHyeMbIi Be-
3UKYJISPHO-TYOYJISIPHBIM KJIACTEPOM, HIIM HErocpen-
CTBEHHO B LHUC-IOJBIKM C ydacTHeM aKI[ECCOPHBIX
OenxoB 4yepe3 my3bIpbku DP, okaliMIIEHHBIE KOMILICK-
com II (COPII Be3ukyiisl) 1ist qaimbHEHIICH 00paboTKH
u coprupoBku (Puc. 1). CopTHpoBKa MOXET TaKKe
TIPOUCXOAUTH B dHIOCOMAX [12, 45].

&

e -Tonbmku

Puc. 1. Aumepoepaonvlii u pempoepadnblii neperHoc 6e1K08 Meicoy IHOONLAZMAMUYECKUM Pemuryiymom (OP) u
annapamom Ionvoorcu (AT).

Axueccopusiii perientop K/HDEL pacnioznaer C-
KoHueBol terpanentuansiidi Motus (KDEL) pesnnent-
HOTO, B JAHHOM cJy4ae KaHajapbHoro Oenka OP, moau-
¢unupyemoro B Al', n Bo3Bpamaer ero B OP. Jlpyrue
Ipy30BbI€ OCJIKM B COIPOBOXKAECHUU PELENITOPOB aHTe-
porpamHo niepeHocsTes u3 OP oxaiimnenasiMu COP 11
Iy3bIppKaMy B IMc-1 076K, TAE mocie Moau(uKa-
UM MOTYT TPaHCIIOPTHPOBATHCS B JIPyrHe KOMIApT-
MEHTBl WM CEKPETHPOBATbCS dYepe3 Iy3bIPhKH C
okarimnenuem COP 1. PenenTopsl peTporpaaHo BO3-
Bpamatotcs B OP. 1 — perenrrop K/HDEL st kanans-
Horo Oenka ¢ Bo3BpaTtHeIM curHaiom KDEL. 2 — ka-
HaNBHBEIA 0enok ¢ Bo3BpaTHbIM curHamoM KDEL. 3 —
penenTtop /i KaHaJIbHOTO rpy3a. 4 — pelenTop-3aBu-
CHMBIH Tpy3. 5 — MeMOpaHHbBIH TPy3. 6 — KaHAJIBHBIN
rpy3 oobemsoro noroka. 7 — V-SNARE — penenrop
MIPUKpEIUIeHUs] My3bIpbKa-goHopa (OP) k 1mucrepHe
muc-I'onb/KY, 3aTeM K IMy3BIPBKY IHC-1 0JBIKN TIpH
petporpamHoMm ero tpancropte kK JP. 8§ — t-SNARE —
TPEXWICHHBIH perenTop Ha MeMOpaHe muc-1 oibmKw;
ces3piBaeTcst ¢ V-SNARE nocne ynanenust okaiimie-
HUS U IPUBSI3KA BE3UKYIBI K MeMOpane Al'. 9 — mpussi-
30uHblii Tpoc. COP I — okalimnenue myssippka Al
COP Il — oxatimnenue my3bipbka DP.

CeNeKTUBHO PEKPYTHPYEMBIEC B ITy3BIPEKH CEKpe-
TOpHBIE T'py30BbIe OCKM MOXHO pasJeiuTh Ha JBE
rpynnsl: (1) Te, KOTOpbIE HEMOCPEICTBEHHO CBSI3bIBA-
10Tcsl ¢ KomnoHeHTamu okanimienuss COPII gepes no-
CJIeZIOBATEIILHOCTH MOTHUBOB BbIxona u3 P u (2) Te,
KOTOpBIE HY)KJAIOTCSA B CTICIIU(PIIECKIX aKI[ECCOPHBIX
Oemkax sl CBs3bIBaHMS UX ¢ my3bippkamu COPII [53].
Hexkortoprie akreccopHeie 6enkn DP HecyT akcmopt-
HBIA MOTHUB, pacrio3HaBaeMbli okaiimuiearnem COPII, a
TaKKe UMEIOT JOMEH, B3aUMOJICUCTBYIOIIUM C CeKpe-
TUPYEMBIM I'PY30M, HO3BOJISIIOLME €ro 3arpyxarb [45,
54].

Axneccopasle Oenku OP pasmensior Ha TpH
Ipynmbl: SKUNUpoBIMKK (outfitters), KOHBOMPHI WK
JCKOPTHI (€SCOorts) M TPAHCIIOPTHBIE PELENTOPhI WIIH
ruel (transport receptors, guides) [2, 45]. Ixkunupos-
WUKY YIaCTBYIOT B YCTAaHOBIICHUH WMJIH MOAJCP KaHUU
HY)KHOU KOH(OPMAIIMU TPY30BOTO OelTka U BKIFOYAIOT
B ce0s crienuduueckue Karanu3aTopsl GojauHra u, o
MHEHHIO aBTOPOB, IANEPOHBI, KOTOPBIE OCTAIOTCS B
OP. B aToM ciydae cam 0eI0K J0JDKeH HMeTh B P Mo-
THUB BBIX0/Ia U HYX/Ia€TCsI B SKUITUPOBINUKE, 0OOecTIedn-
BAMOIIEM TMPABIIBHYI KOH(HUTYPAIUIO, TO3BOJIIIO-
IIyI0 3TOMY MOTHBY B3aMMOJEHCTBOBATh C ITy3bIPb-
kamu COPII [2]. IIpumepoM sBIsieTCS SKATHPOBIITUK
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Shr3p B apoxokax, MepeHOCSIINN IepMeasbl aMHHO-
KHCIOT, HapuMep, Gaplp, B IIa3MaTHUECKYIO MEM-
opany [1].

WHTepecHo, 4To K rpyIie SKUIMAPOBIIIKOB OTHE-
CEH M KaJIbMOJIYJINH, JUIsl KOTOPOro rpy3oM B OP sBis-
erca K* kanan, B wactnoctu, KCNQ2 uenoseka [55].
Ewie oaHa posib SKUNIMPOBLIMKOB 3aKI04YaeTcs B ""Map-
KUPOBKe" TPY30BBIX OENKOB TpH BbIXOJIe u3 OP
(mammpumep, it ux GocopummpoBanus B 1wc-I omb-
JDKH), WM B aKTUBHOM y4acTHH B JIOCTaBKeE I'py3a B Be-
suxyiny COPII [56]. Koneoupst 0b6namaror aHaimorud-
HbIMH (DYHKIUSIMU, HO OTIUYAIOTCS OT SKUITHPOBIIIH-
KOB TE€M, YTO COTIPOBOXKIAIOT CBOW TPY30BBIC OCIIKH B
OUC-IIACTEPHBI [ 0JIBIKHU, TIO3TOMY BKIIIOYAIOT B CEOS
peryJsaTopHbIe MOJIEKYJIbI, HEOOXOJUMBbIE IJISl ITPEI0T-
BpAaIlEHHS IPEKIEBPEMEHHON aKTUBHOCTH WJIH CBSI3BI-
BaHMs CyOCTpaToOB ¢ Ipy30BbIM OenkoMm [2]. Xopomio
M3YYEHHBIM PUMEPOM ICKOPTHOTO OeIKa MIIEKOITUTa-
ronux sBiugercss RAP, ygacTByromuii B npaBuiIbHON
JIOKAJTM3AI[IH CEMEICTBA PEeNTOPOB ISl JIUIIOTIPOTE-
nHOB Hu3koW moTHoctu (JIHIT). Ilpm orcyrcrBum
RAP penentopsr JIHIT arperupytorcs B OP wu3-3a
MIPEXKAEBPEMEHHOTO UX CBS3BIBAHUS C JMTAaHIAMH U, B
KOHEYHOM CcYeTe, YIAISITCS Ha jaerpajanui [57].
Benkn Rab I'T®a3 cHHTE3MPYIOTCS KaK PacTBOPHUMEBIE
OeNKM B IIMTO30JIE, TJIe OHU PACHIO3HAIOTCS] 3CKOPTHBIM
6enkoM REP u mpegocraBnstores: hepMeHTY TepaHI-
repaHmi TpaHcdepaze i1 N0OaBICHUS OTHON WIH
JIBYX JIMIIUJHBIX TPYII FepaHUIrepaHuiia K IUCTEHHO-
BbIM ocraTkaM C-koHma 6enkoB Rab, 4ro oGecrneun-
BaeT CTaOMIbHYIO U eJICHAIIPABICHHYIO X BCTaBKY B
memOpany [58]. Tpancnopmmusie peuenmopwvl uiu
RPOBOOHUKU TPETbEW TI'PYNIBl TAKXKe LUPKYIHPYIOT
Mexay OP u anmapatom [onbaku, 0THAKO OHU y9acT-
BYIOT B HETIOCPEICTBEHHOM B3aHMO/ICHCTBUH C OKaiiM-
nenuem Be3ukya COPII, oGecnieunBas MH(MOPMAIIHIO,
HE00XOAUMYIO [UIS CEIEKTUBHOTO TOTJIOMIEHHS TPYy30-
BBIX MOJIeKy [2]. Hampumep, TpaHCTIOPTHBIMU pELIETI-
TOPaMH MJICKOTTUTAIOIINX ABISETCA KOMIDIEKC OENKOB
LMAN1-MCFDC, yuyacTByomHMX B mepeHoce (hakrto-
poB V u VIII cBEpThIBaHUS KPOBH U JIBYX JTU30COMAJIb-
HBIX OenkoB — Karerncona C u xarericona Z. [{utormmaz-
MaTtuueckuii xBoct LMANI coaepXUT MOTHUB BBIXOJa
n3 OP - nBa ¢deHmnamaHnHa, B3aUMOJCHUCTBYIIUX C
okaitmnienneM COPII, yTo mo3BOJISET OCYIIECTBIATH
n30MpaTeNbHYIO JOCTaBKyY Tpy3a [53].

OTKpBITHE TpeX aKIecCOpHBIX OenkoB B OP Ara-
bidopsis thaliana - AXR4, PHF1 u NAR2.1 moka3si-
BAaeT, YTO TaKWE COCAWHEHU (PYHKIMOHHUPYIOT TAKKE
B pacteHusax. AXR4 sBisercs npeanosaraeMbeIM 3KU-
MTHPOBIIUKOM, H30UPATEIEHO PETYIUP YIOIIAM JOKAIH-
3anuio nepeHocynka aykcnHa AUXI B mmasmaruye-
ckoit memOpane [59]. Ilepenocumk ¢ocdara PHFI
TaKKe SBJISAETCS SKHITMPOBIIMKOM, MOCKOJBKY OH JIO-
kanmusyetcst B OP u He oOHapyxeH B Besukyimax COPII
[60]. dpyrum BO3MOKHBIM PACTUTEIBHBIM AKIECCOP-
HBIM  OEJNKOM-IKHIUPOBIIMKOM B OP  sBisercs
NAR2.1, perymupyromuii JTOKaTH3aiio0 B TUIa3MaTH-
yeckoil MemOpane Oenka NRT2.1 ¢ BeicokuMm cpon-
CTBOM K TOTJIONIEHHIO HUTpaTa [61].

AKneccopHble 0eJIKH, ACCOIMHPOBAHHBIE C all-
napatom [oabmku. M3BecTHO, uTO Oenku, mocie ux

moaubukaiyu B Al', TpaHCIIOPTUPYIOTCS B OKAWMIIEH-
HbIX my3bIpbkax COPI B Tpéx HampaBieHMSIX: PETPO-
rpagHoM B DOP, aHTeporpaHOM B JIM30COMAJbHBIN
KOMITAPTMEHT U B BUAE CEKPETOPHBIX BE3UKYI K ILJIa3-
Marnueckoi mMemOpane. [Ipu perporpaaHoM IBHXKe-
HUU My3BIPBKU JOCTABISIOT U3 1uc-Al” B OP pesnaeHT-
HBIE PELMKIMPYIOIIUe OeNKH, HallpuMep, MapKepHBIH
6enok OP — KDEL-R [44], rmunepodochoaunuas: ¢
(hepMeHTaMH TIHKO3WIMPOBaHUS [47]. AKmeccopHBIN
Oenok PabGanTuH-5, B3aMMOJCHCTBYS C ajanTepaMu
KJIATpUHA, B YACTHOCTH, ¢ Y1l-aganTiHOM — CyOBETMHE-
el KoMILIeKca KiaTpuHoBoro aaanrepa AP-1, yyact-
BYET B TPAHCIOPTE Iy3BIPHKOB OT TpaHC-I 0JbmkH K
SHI0COMANBEHOMY KoMmapTMeHTy [62]. KopoOko ¢ co-
aBTOpaMHU MOKa3aHo, 4To Y-uzodopma Pabantuna-5
TaKXKe acCOIMUPOBaHA C TpaHC-I OJbIDKH, IpUYEM, B
Be3ukynax AI', cBOOOAHBIX OT KIaTPUHOBOIO OKalM-
nenust [63]. TlonmyrHo oTMmeTrmMm, uto PabGanTuH-5, B
komiuiekce ¢ Pabekc-5 - ¢pakropom oOMeHa HYKIIEOTH-
noB it ['Tdaser Rab5, seisercs addexTopom sToi
I'Tda3er 1 HEOOXOAUMBIM KOMIIOHEHTOM B IIPOIIECCE
CIIMSHUS PaHHUX DHIOCOM, a TaKXKe MOXET Y4acTBO-
Bath B Rab4-3aBucumoii OBICTPOI pelUKIN3AIIH DH-
nocoM [63].

YuacTue akueccopHbIX 0eJIkOB B ()OpMHPOBa-
HHHM JHIOIUTO3HBIX M CEKPETOPHBIX IYy3BIPHKOB.
Penenirop-onocpenoBanubiid dum01MTO3 (POD) mpen-
CTaBIIET COOOW M30MpPATENBFHBINA CIIOCOO MOTIOMICHUS
KJIETKOM JIMT'aHJ0B, K KOTOPBIM OTHOCSTCSI IENTHIHBIE
(hakTOpBI POCTA, JHUITOTPOTEHHB HU3KOW IUIOTHOCTH,
TpaHceppHH, TPaHCIIOPTEPbI, HOHHBIE KaHAIBI U JIP.,
a TaKkKe TOKCHHBI U BUPYCHI [43, 64]. KimatpuH-3aBucH-
Mblii POD HaunHaercs uepe3 (HOpMHUpOBaHUE OKaiM-
JNEHHBIX KIATPHHOM SIMOK, MHUIIMHUpYEMOE ajamnTep-
HbIMU OenkaMu (AP-2), 3aXBaThIBAaIOIIIMHU MOJIEKYJIBI
TPY30B II0CJIE CBA3BIBAHUS PELIETITOPA C IMTAHIOM U 3a-
MMYCKAOMUMI COOPKY KIaTpUHA Ha IUIa3MaTHYECKOW
MemoOpane (Puc. 2). B 3ToT npoiiecc BOBJICKAIOTCS aK-
eccopHble  Oenku:  [-appecTHHBI,  PeTyIHPYIO-
[IMe TPAHCIYKIMIO CUTHAIA OT CONpsDKEHHBIX ¢ G 6en-
KOM PEIeNTOPOB, CIOCOOCTBYIOMIHE OTOOPY TPY30BBIX
oenxoB, 1 CALM, ygacTByromue B IpaBHIEHOM 00pa-
30BaHUM KJIATPUHOBOU pemeTku [65]. lomonHuTtens-
HOE UCKPUBIICHHE MEMOpaHBl YCUIMBACTCS TAKUMH aK-
LIECCOPHBIMU OeJikaMu Kak aM(pu(U3UH 1 SHI0DUIHH,
coxepxamumu gomensr BAR (Bin/Amphiphysin/Rvs)
ceprioBuiHOM opmbl. [Tokazano, uTo OoJbIIast 4acTh
n3BeCTHBIX BAR-10MeHHBIX OETKOB BOBJICUEHA B KJla-
TPHUH-3aBUCUMBIN MM KaBEOJHH-3aBUCUMEBIN SHIOIH-
TO3, TIPUYEM, TaKue OCIIKK CBA3BIBAIOTCA C MeMOpa-
HaMH 3a CYET DIIEKTPOCTATUYCCKUX B3aMMOICHCTBHIA
MOJIOXKUTEIIBHO 3apPSDKEHHBIX aMHUHOKHCIIOTHBIX OCTaT-
koB BAR-11oMeHa ¢ OTpHIIAaTEHHO 3apsHKEHHBIMH JIH-
mugamu [11]. Janereimas gedhopmarms MeMOpaHbl U
MOJIMMEpHU3aIysl KIaTpUHA MPHUBOIAT K (OpPMHPOBa-
HUIO OKaWMIIEHHOTO KJIATPUHOM ITy3BIpKa, CBI3aHHOTO
C OCHOBHOMW 4acThi0 MEMOpaHbI TOJILKO Y3KHM Tiepe-
meikoM. JIJ1s TOJTHOTO OTCOeTMHEHNUS ITy3bIpbKa HE00-
XOJUM JIOTIOJHUTEIbHBIA aKIeCCOPHBIN OeNoK anHa-
MuH, obmagaromuit I Tda3noit aktuBHOCTHIO. [Ipenno-
naraercs, 4ro  aMOUPHUINH  pPEKpyTHpPYyeT K
(dopmupyOLIEMyCsl Y3bIPbKY JAWHAMUH U oOnerdaer


https://translate.googleusercontent.com/translate_c?depth=1&hl=ru&prev=search&rurl=translate.google.ru&sl=en&sp=nmt4&u=https://en.wikipedia.org/wiki/Signal_transduction&usg=ALkJrhgOkEesiy6_2TEMBcRG4WdMGOY_Aw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ru&prev=search&rurl=translate.google.ru&sl=en&sp=nmt4&u=https://en.wikipedia.org/wiki/G_protein%25E2%2580%2593coupled_receptor&usg=ALkJrhgU9hilsvoHMX35I3w3rgX3aEymnw
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ero oimuromepusanuto [65]. [Mocne ruaponuza I'TD nu-
HaMHHOM IIPOMCXOAUT €ro camMocOopka B MOIO0OHBIE
BOPOTHUKY CTPYKTYPbl BOKDPYI CYKEHHOH IIEHKHU
SIMKH, 9TO KaTaJIU3UPYET OTICICHNE MEMOpaHbI, IPH-
BoJsilIee K 00pa30BaHHIO OKAMMIIEHHOTO KIaTpUHOM
my3sIpbKa (Puc. 2) [65].

IIpu npyrom Buge POD, kaBeonuH-padr-3aBuCcH-
MOM BH/JIOLIUTO3€, COJIEpHKAIIUE I'PY3 MMY3bIPhKH — KaBe-

0J1b1, POPMHUPYIOTCS U3 MEMOPAaHHBIX Y4aCTKOB, BKIIIO-
Yanmx paThl - IVIOTHO YITAaKOBaHHBIE JIUITH/IBI, 000Ta-
IIEHHBIE XOJECTEPHUHOM M C(UHIOJMITHIOM, a TaKKe
KaBEOJIMH-1, BCTPOCHHBII BO BHYTPEHHIOK 4acTb JIU-
MHUJIHOTO OMCIIOS CO CTOPOHBI 1MTO30Js1. OTcoenuHe-
HHIO KaBeoJl OT MEeMOpaHbI CIIOCOOCTBYIOT AMHAMUH-2
(Dyn2) u peryasitopsl akTHHOBOTO IIUTOCKeNeTa [64].

MNuBarunanus

DHOoCcOMa

Puc. 2. Obpazosanue kiampun-3a8Ucumuvix ny3vlpbK0o8 npu peyenmop-onocpedosantom sHooyumosze (POJI).

ApnantepHslii 0enok AP-2 (Ha cxeMe He MoKasaH),
3aXBaTHIBACT MOJICKYIBI TPY30B ITOCIIEC CBSI3BIBAHUS Pe-
LIENTOpa € JIMraHAOM, WHULUUPYET KPUBU3HY MEM-
OpaHbI U 3ammycKaeT Ha Hell cOopky ximatpuna (1). ITox
MeMOpaHO# B 3TOM y4acTKe HAYMHAETCS OJIMTOMEpH3a-
uus aktuHa (2, 3) ¢ oOpa3oBaHMEM IEHAPHUTOION00-
HBIX (HUIAMEHTOB C Y4acTHEM aKIIeCCOPHOTo Oeika
Arp2/3 (4) u xoprakTuHa, (5), peKpyTUPYIOLIUX TUHA-
MUH (6), OXBATHIBAIOIINI TIepeIIeeK HHBAT MHAINH, YTO
crocoOcTByeT e€ yriuyonenuto. Jlanee B 3TOT mporiecc
BOBJICKAIOTCS aKIecCOpHBIE Oenkn: coneprkammii BAR
noMeHnsl ampudusun (7), u oemoxk WASP (8), oTBet-
CTBEHHBIH 32 CHHAPOM MMMYHOZIE(UIIUTAa IPH TOBpE-
XKIICHUU KOJUPYIOLIETo 3TOT Oenok reHa. B mrore u3
WHBaruHauu GopMUPYETCs SHIOLUTOZHBIHN My3bIPEK C
MTOCTIEAYIOMUM cOpackIBaHHEM KIIATPUHOBOTO OKaiiM-
JICHUSI.

WHTepecHble TaHHBIE OBLIH MOTYYECHBI IPH MOIe-
JIUPOBAHHMH HA IJIOCKUX JIMITUIHBIX MEMOpaHax-JIHUITO-
coMax MexaHu3Ma oOpa3oBaHUs TPyOOUEK W ITy3bIPbh-
koB [11]. Oka3anock, 94To U3 TpeX aKIECCOPHBIX Oel-
koB (ampudusun, suHmobmwmH u HekcuH SNX9,
PAacIIO3HAIOMIHE MOJIEKYIBI TPY30B) TOJIBKO ITEPBEIC 1Ba
cnocoOHbl (hopMHUPOBaTh TPYOOUKH M3 IUIOCKUX MEM-
OpaHHBIX IMA0JIOHOB W COBMECTHO C AaKIIECCOPHBIM
MYJIBTHIIOMEHHBIM OenrkoMm Dyn2 kaTaln3upoBaTh BbI-
cBOOOXICHHE MY3BIPHKOB B prcyTcTBUH [ TO. Takum
00pa3zom, B ombITax iN Vitr0 is BBIXOJA My3bIPHKOB,

Takke Kak U Tpu dHIonuroze [13], HeoOxoamma
I'Tda3nas aktuBHOCTH DYn2. Bonee Toro, gaxe mocie
o0pazoBaHus TpyOOK B IpHCYTCTBUU aMpubu3nHa, 10-
6aBnerne Dyn2 6e3 ['T® BbI3pBaNo ux OBICTpPOE pas-
pylieHue, He roBopsi yke 00 oTcyrcTBUU (hOpMHUPOBa-
HuUs my36IpbKoB [11]. Bee Tpu Genka comepkaT 1oMeH
SH3 st nx B3aumopeiicteus ¢ Dyn2, a y ampuduzuna
u sHaopwinHa ecth Takke nomeH N-BAR c N-
KOHIIEBOH CITMPAJIbIO, MOBBIMIAIOMICH YyBCTBUTEIb-
HOCTh MeMOpanbl K kpuBu3He. Ho y SNX9 ykazanHbIit
JOMEH HE MMEET TaKOW CITHPAIN U COCEICTBYET C JI0-
MeHoM PX, cBs3piBatomnM (pochOnHO3UTHABL, YTO, BE-
POSATHO, HE CIOCOOCTBYET (OPMHPOBAHUIO TPYOOK.
Paznsbie adpexrsr ampudusnna, sagopunmuaa 1 SNX9
Ha KaTanusupyemoe Dyn2 oOpazoBaHue TpyOOK U MMy-
3BIPPKOB YKa3bIBAIOT Ha BO3MOXKHOCTH TOTO, YTO
uepapxus B3aumojencTBuil nomena SH3 mMoxer pery-
nupoBath QyHkmmoo Dyn2 in vivo [11]. Kpome Toro,
JMHAMMH BOBJIEKaeTcs B OTKperieHue oT Al HoB00O-
Pa30BaHHBIX ITy3bIPHKOB, U Y4aCTBYET B UX CIUSHHUU C
MeMOpaHOU mpH dK301UTo3¢e [12, 66].

IuTockener n akueccopHble Oeaku. B sykapu-
OTHYECKHMX KJIETKax TPAHCIOPTHAs CHUCTEMa, OXBAThI-
BaloIlasi BCE BHJBI OpraHelul, a TakkKe MeMOpaHHBIN
000pOT TP 3HIO- U IK30IUTO3€, OCYIIECTBILIETCS C
TTOMOIIBIO IIUTOCKEJIETHBIX HJIEMEHTOB — aKTHHOBBIX
mukpodunamenToB (M®) u muxporpybouex (MT) ¢
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LIENBIO TIEPEeiadl CUTHAJIOB U JOCTABKHU I'PY30B K COOT-
BETCTBYIOLIMM KOMIapTMeHTaM [9, 12, 64]. B otHome-
HUM TPEThEro KOMIOHEHTAa LIUTOCKEJEeTa — MPOMEXY-
TouHbIX ¢uiaamenToB (IID), m3BecTHO, YTO UM, H
KJIETKE B LIEJIOM, CBOMICTBEHHA BBICOKAsl COTIPOTHBIIsIE-
MOCTb pa3IMYHBIM AeopMaIisIM, 4TO, BEPOSITHO, 00Y-
CJIOBJICHO CJIO’KHBIMH B3aUMOJICHCTBHSIMHU 3THX CTPYK-
Typ ¢ M® u MT uepe3 MOTOpHI U CIIMBAIOLINE aT€HThI
— JINHKEPHI, OTHOCATINECS K aKIIeCCOPHBIM Oenkam [8].
Takue Oesku UIrparoT CYLIECTBEHHYIO POJIb B OpraHH-
3anud ¥ guHamuke M® u MT, o6ianast, B 3aBUCHMO-
CTH OT 3ajad4, CHEUUATM3UPOBAHHBIMHU (DYHKIUSIMH.
Tunwmusele akmeccopHbIe OSIKA aKTHHA KIacCHU(HIIN-
PYIOT 0 UX crocoOy NeHCTBUS Ha TPH KaTeropuu: (a)
PETYIATOPHI 3apoKAeHHS (HyKJICal[) HOBBIX (uia-
MEHTOB, (0) THHKEPHI U (B) PETyJISTOPHI 1e/TI0TMEPH-
sanuu [8]. Tak, cloHTaHHAs HyKJI€alus MOJaBISIETCS
TaKUMHU aKIECCOPHBIMH OelkaMU KaK MpO(UIINH, TH-
MO3HHBI, TO3BOJISIIOINIMMH MOHOMEPHOMY aKTHHY H
JIPYT'MM CTPOUTEIBHBIM OJIOKaM OCTaBaThCA JIOCTYII-
HBIMH B JII000€ BpeMs I IBYX THIIOB BBEICOKOA(dek-
THUBHBIX HHHUIIMATOPOB Hykmearmu - Arp2/3 (Actin-
Related Proteins) u ¢popmunos [8]. Arp2/3 moxer mpu-
CYTCTBOBATH B IIACCHBHOM M aKTHBHPOBAaHHOH (hopMax,
npuyeM (PyHKINIO aKTHBAUK KOMIUTeKca Arp2/3 BBI-
noJHstoT Oesku cemeidictea WASP/Scar. Korna ¢ ¢u-
JIAMCHTOM aKTHHA CBS3bIBACTCS KOMIUIEKC Arp2/3, oH
CIIYXKUT HYKJIEATOPOM HOJMMEPH3aLUH HOBBIX HHUTEH
noJ yriom 70°, Ipu 3TOM MeUIeHHbIH (-)koHel dua-
MEHTa JHUCCOLMHUPYET Ha MOHOMEpPHI C Y4acTHEM aK-
neccopHoro oOenka kodununa [8, 12]. K crmBarommm
MHUKPO(QHIAMEHTHl ar€éHTaM OTHOCSTCSI aKIIECCOPHBIE
Oenxu Qaciul, QuTaMuH, 0-akKTUHUH, [8].

Ha nuHamMuky nojuMepHu3aldd akTHHA CyIle-
CTBEHHO BIIHSIIOT TaKHe aKI[ECCOPHBIE MOJIEKYIBI Kak
KanMpylolue (3anuparonine) Ha (+)koHue gpuiamenTa
Oenkn — CapZ, TeNb30JIMH; YCWJINTEIH SJIOHTAIMU -
(opMHHBI; cTaOMIIM3aTOPB! (PUIAMEHTOB - TPOIIOMHUO-
3WHBI, YCWJIHNTENW JCMOJMMEPU3alNUu W HHIYKTOPBI
pacuneHenus ¢QuiameHToB - KouinH, ceBepuH [8].
Hanpumep, B pacciabmeHHON Mbrmie (IpH OTCYT-
CTBHH KJIBIH), TPOTIOMUO3HUHBI, BMECTE C KOMILIEK-
COM JIPYrOro aKIECCOPHOro Oelika - TPOIOHMHA, Ipe-
MSATCTBYIOT JAOCTYITy MHO3HHA K CBOEMY MECTY CBSI3bI-
BaHMs Ha aKTHHE. B MPUCYTCTBUM KaJIbLKsI KOMILIEKCHI
TPONOMHO3UH-TPOIIOHHH JOITyCKAIOT B3aMMOJCHCTBHS
MHO3WH-aKTHH, 00ecrieunBas, TeM CaMbIM, Ha4yajo co-
KpaTUTENbHON akTUBHOCTU (hrunmamenTa [9].

IIpn 06pa3oBaHNyM HapyKHBIX BHIIITYNBAHNH - JIa-
MEJUTONO AN ¥ (PUITOTIO K, B YACTHOCTH, Y MOJI3YIIUX
mo cyocTpaTy ¢puOpoOIacToB, MOTUMEpH3ALNs AaKTHHA
IIPOMCXOAUT M3HYTPU B CTOPOHY MeMOpaHbl. B 3Tom
ciTydae KOPTHUKaJIbHBIA CIOW (MO TEePHMETPY KIETKH)
(dopMHpYeT IUIOTHYIO CEThb AaKTHMHOBBIX MHUKpOQHia-
MEHTOB. DTOT CJIOM MOCTOSHHO MEHSIET CBOE arperar-
HOE COCTOSTHHE, ITEPEX0/Isl U3 COCTOSHUS CTPYKTYpHPO-
BaHHOTO Tellsl B XKHUIKUH 30J1b. 371ECh, B aCCOLMAIINY C
AaKTMHOBBIMH MUKPOQIIAMEHTAMH, HAXOAATCS aKIIec-
copHbIe OenKu-cTabuI3aTopsl (HanpuMep, GuiiamMuH),
o0Opa3yrolye CIIMBKH B MECTax IepecedeHus (uia-
MEHTOB, MpPUAABasl )KECTKOCTh KOPTUKAIFHOMY CJOIO.
Takast >KECTKOCTh MOXET OBITH CHSTA B3aMMOJEN-

CTBHEM (HUIAMEHTOB C JAPYTUMH aKIECCOPHBIMU Oell-
KaMH, HalpuMep, TeIb30JIIMHOM, BBI3BIBAIOIIUME pPa3-
00pKy (HIaMEHTOB U, TEM CaMbIM, padKKas reib [ 8].

B oTHOMmIEHNN MUKPOTPYOOUeK Tarxke OBLT MICH-
TU(QHULIUPOBAH PsiJl CIINBAIOLIUX areHTOB U JPYIUX aK-
L[ECCOPHBIX OENKOB, KOTOPhIE MOT'YT BBI3BIBATH CBSI3bI-
BaHUE HUTCH MEXAy COOOW W/WIM MOHOMEpPOB TYOY-
JMHA, BIUATH Ha CKOPOCTh TOJMMEPU3AIMU WIIU
(me)cTabunM3upoBaTh BCIO HATH Yepe3 M3MCHECHUS JTH-
HAMUKH CBSI3bIBaHUS M pazbenuHenus [8]. Haumboiee
BaXHBIMHU W3 ATHX OENKOB sBisieTcs: ceMeiicteo MAP
(microtubule accessory proteins), Bkirodas 6enox Tau.
B xauectBe mpumepa, MAP2 u Tau umerot oOmmuii B3a-
MMOJICHCTBYIOIINN ¢ TyOyJIHMHOM IOMEH M OOBIYHO
NPUCYTCTBYIOT B Heifponax. Hapymenus B dochopu-
mupoBanny Tau cBsizaHBI ¢ OOJIE3HBIO AJNBITreiMepa
[8]1.

AKIIeCCOpHBIE OEIKH, PErYIUPYIOIINE TOINMEpPH-
3alUI0 IIUTOCKENETa M yYacTBYIOIIME B WHUIMALNU
KPUBHU3HBI MEMOpaHbI C TOCIeAyIoImHuM (GOpMUPOBa-
HUEM CEKPETOPHBIX M OSHAOLUMTO3HBIX Iy3BIPHKOB,
(YHKIIMOHHMPYIOT B KOOTIEpaIMK JApyr ¢ apyrom. Tak,
TIPH KJIATPUH-3aBHCAMOM DJHIOIUTO3E HAIpaBIICHHEC
MOJIMMEpHU3alMi aKTHHA C GOpMHUPOBAHHEM BETBSIIIC-
rocs KOHIIa MOXKET OBITh 00paImieHo K SHAOIUTOZHBIM
my3blppkaMm. benku, comepxkamme BAR, EFC wumum
RCB/IMD nmoMeHBI, PEKPYTHPYIOT aKIECCOPHBIE
OeTKU TMHAMHH, KOPTaKTHH U PEryIUpyeMOe MaJIbIMU
I'T®aszamu 51 NIPOTEUHKAHA3aMHU CEMENCTBO
WASP/Scar mjis MHIYKIMHA KPUBU3HEL M 00pa30BaHUs
nepenieiika MeMOPaHHOTO Iy3bIpbKa C OJHOBPEMEH-
HOM ToJIMMepH3aIMend akTUHA, 3allyCKaeMOW HyKJiea-
topom Arp2/3 [8, 10, 13]. YaiuHeHHBIH BETBAIIUIACS
KOHEI[ aKTHHA OTTAJIKWBAeT (hOPMUPYIOIIUIICS My3bl-
PpEK oT MeMOpaHBbI, 0OecTIeunBast TEM CaAMBIM JJOTIOJTHH-
TeNbHYIO cuity Juid e€ otaenenus (Puc. 2).

Ha xopoTkoe paccTosiHuE My3bIpEKH IEPEHOCATCS
C MOMOIIBIO CKOJIB3SIIEr0 M0 MUKPO(UIAMEHTY MHUO-
3HHOBOT'O MOTOpA, a Ipu OoJiee AITMHHOM HX MepeHoce
10 MHKPOTPYOOYKaM HCIIOJIB3YIOTCS — JIBUTATEIH-
TPAHCHOPTEPHl KUHE3WHBI, PETYISLUS TepPeMEIICHUS
KOTOPBIX, KaK ITOJIaTaf0T, IPOUCXOJNT B UX KOOIEpa-
UK ¢ akueccopHeiMu Oenkamu [67]. Ilepeasmxkenue
My3BIPHKOB Ha OOJBIIOE PACCTOSHHUE TaKXKE MOXKET
OCYIIECTBIISITHCS aKTHHOBBIMH «KOMETOIIOI0OHBIMU
XBOCTaMI», B (POPMUPOBAHUN KOTOPBIX yIacTBYET Ce-
MelicTBo OenmkoB WASP kak akTHBaTOpPOB JICHAPHTO-
Mo00HOH oIuMepu3anuu aktuna [12, 66, 68].

Axkuneccopusblie 0eaxn pernskanun JHK. Ocy-
miectBiseMas B siape perumkanus JJHK tpebyer corna-
COBAHHBIX JICHCTBUI MHOTUX ()EPMEHTOB H APYTUX KO-
¢axropos. Ilpu moxroroBke k cunredy JHK, ona
JOJDKHA CTaTh OJHOIICTIOYEYHON B KadecTBE IIabiIoHa
qutst perukatuBHbIX JIHK-nonnmepas (Pols). Mmenno
sta ¢opma JIHK CkIOHHA K MOBPEKICHUSM JIHOOOTO
BHJIA.

CymiectByeT Habop O€NKOB, MOAECPKUBAIOIINX
PEIUTMKATHBHBIA Iyl TPH BHIIOJHEHHH TOYHOTO U
osictporo cunresa JJHK, a Taxke npenoTBpaniaronmx
MOBPEXKJIECHUE IMPOMEKYTOUHOH  OJHOLIETIOYEYHOU
JHK. Dtu Oenky Ha3bIBAIOTCS aKIECCOPHBIMH Oe-
kamu perutnkanuu JITHK. 13 Hux Hanbosiee H3BECTHBI
TpH: PaKTOP MPOLIECCHBHOCTHU IV CKOJIB3SIINH 38KUM
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(sliding clamp), morpysuuk 3axxuma (clamp loader) nu
¢axTop perumkanuun C (RF-C) u Oenok, cBs3bBaio-
utuiicst ¢ ogHouenodeyHon JJHK wnm 6enox perumka-
muu A (RP-A). RP-A ygacTByer Takxke B penapamuu
JHK u pexomOunaruu romonoruunoi JJHK [14].

Hpyrue axuneccopubie 6enku perumkanuu JJTHK
y4acTBYIOT B ()yHKIIMOHMPOBAHUH 3'-5' 3K30HyKI1€a3bl,
JHK mnpaiimassl, PHKa3br H, 5'-3' axzonykneassr, JJHK
xemnka3 u JJHK muras [14]. MaTepecHO, 9To OakTepu-
anpHble NAD-3aBucumbie JJHK-mraser criocoOHbI 3Ha-
YUTENIHHO YBEINUMBATh BBIXO JNIMHHBIX poykToB [1LP
TIPH [TPOBEICHNH aMILTA(HKAIMH C UCTIONIB30BaHHEM OaK-
tepuansHbix JJHK-nomvepas cemeiictBa A. Taq n Tth
JHK-murasel  criocoOHBI  ymydmmiaTe pesynsTatel [TLP
naxe B orcyrctBie NAD 1, crieoBarteibHO, B OTCYTCTBHE
JITa3HOHM akTUBHOCTH. Ha 3TOM OCHOBaHWMHM OBUIO IIper-
MOJIOKEHO, 4To Oakrepuanshble JHK-nurassr B3aummo-
nevictBytotr ¢ atumu JIHK-nonmmMepasamu kak akieccop-
HBbIe OeJIKH, MoBbIIIatonye 3ppexTuBHOCTh cuHTe3a JJHK
[69].

3axiouenue. VITak, B )KU3HEESTEILHOCTH Opra-
HU3MOB JII000TO YPOBHS CIOKHOCTH HCKIIOUUTEIBHO
Ba)XXHYIO POJIb HT'PAIOT aKIIECCOPHBIE OCJIKHU, OCYIIECTB-
JISIFOIIE KOHTPOJIb HaJ IMPaBWIBHBIM IPOTEKaHHEM
OOJBITMHCTBA, €CJIA HE BCEX, OMOXUMHIECKUX ITPOIIEC-
COB B KIJIETKE: (OJIAMHI MaKpOMOJICKYJI, IeyeBas J10-
CTaBKa I'Py3a, TPAHCIAYKIHs CUTHAJIOB, PEOPraHU3aUs
3JIEeMEHTOB LUToCKenera, perukanus JJHK, yuactue B
3alIMTHBIX peakiusx. B mocieqHue rogapl CTaHOBUTCS
OUYEBHUIHBIM KOMIIIEKCHOE B3aUMOJACHCTBHE HECKOIIb-
KX BHJOB aKIECCOPHBIX OEJIKOB KaK MEXIy co0oi
(BeposiTHO, [UIT B3aUMHOTO KOHTPOJS IPaBHIIBHOM
YKIIaJIKK COOCTBEHHBIX IOJIMIIENTHIOB), TaK U C APY-
MU PETYISTOPHBIMH MOJIEKYJIaMH JIISl 00eCIIeUeHUS
TOYHOH PEryJaMpOBKH C LENbIO MOBHIMIEHNS d3PPEKTHB-
HOCTHU paboTHI Bcex 3BeHbeB MeTabonu3ma [51]. IToss-
nsieTcst Bc€ OOJbIIe CBEIEHUH O TOM, YTO TaKOW BaXK-
HBII Ipolece, Kak nepenaya curnanoB G-0eska yepe3
COTIPSDKEHHBIA ¢ HUM MEMOpPaHHBIA PEIenTop, OTOI-
HUTEJIBHO PEryJIHpYyeTcsi C yJacTHeM aKIECCOPHBIX
0enkoB, Oyraro1apst KOTOPBIM TakKas CUTHAJIH3AIUSI MO-
KET KOHTPOJIMPOBATHCS IO €€ BEIMYMHE, MPOJIOIDKH-
TEJIBHOCTH U, BO3MOXHO, MeCTy AercTBus [24]. B aToi
CBSI3M BO3HHUKAIOT BOIIPOCHI, TPEOYIOIINE AaTbHEHIITNX
uccienoBanuii. Hanmpumep, HeoOX0AUMO YCTaHOBHTS,
OTPEACTSIOT JIU OATUIIBI CyOBbeanHUI GOl ¥ KX COCTO-
SIHUE aKTUBHOCTH, a Takxke komruiekc Gy, adpdexTus-
HOCTb WX CBSI3BIBAHHUSI C AaKIIECCOPHBIMH OeKaMu.
Taxoke cnexyer BBUICHUTS, sBisttoTes i Ga wi GBy
OCHOBHBIMHU CHTHAJIBHBIMH 3¢ (QeKTopamMy Nociie B3au-
MOJICHCTBHS C aKIIECCOPHBIMH OENKaMH, U €CTh JIH T10-
JIOXKHUTENIFHOE WIN OTPULIATEIHHOE BIMSHUAE STHX KOM-
MIOHEHTOB Ha BBIXOJ cHTHanM3anuu. CymecTBYIOT 1
TOHKHE Pa3JINuusl B CTPYKTYPE aKLECCOPHBIX OEIKOB U
LIANIEPOHOB, MOCKOJIBKY MOCIEJHNE, KaK U aKIeccop-
HBIE OEJIKH, MOTYT y4acTBOBATh B (POJIMHTE OEITKOBBIX
Lienel, mpemoTBpamias UX arperanui WM Aerpajaa-
0. PaccMoTpeHHBIE TPUMEPHI TTO3BOJISIIOT CHAETATh
BBIBOJI 00 MCKIIIOUYNTEIHHOM BKHOCTH (DYHKLIMOHUPO-
BaHUS aKIIECCOPHBIX OEIKOB B OpraHuU3Max I000ro
YPOBHS CIIO)KHOCTH, ITpUYEM, KaKk Ha CTOPOHE X03I1Ha,
TaKk W, B cily4ae MH()UIMUPOBAHHS, HA CTOPOHE MATo-
rena. Ho, HecMOTpsl Ha HaKOTUICHHBIH MAacCUB TaHHBIX,

MO-TIPEXKHEMY OCTASTCSI IUPOKOE MOJIE MCCICI0BAHUI
MHOT000pa3usi MEXaHU3MOB JICHCTBUSI TAKUX HEOOXO-
JUMBIX JUUTsI METa00JIM3Ma CTPYKTYP KaK aKI[eCCOPHBIC
OEIKH.
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Cmyoenm mazucmpamypol

Kagpedpa kynomyponoeu u coyuanbHo-Kya1bmypHoli 0essmeabHoCmu
Ypanvckuii @edepanvhuwiii ynusepcumem

THE TRAGEDY OF F. NIETZSCHE AS A PHILOSOPHER IN THE CONTEXT OF SOCIAL
TRANFORMATION OF GERMAN SOCIETY OF XIX CENUTARY
TPATEINA ®. HUIIIIE KAK ®PUJTOCOPA B KOHTEKCTE COIIUAJIBHO-
MCUXOJOTMYECKOM TPAHC®OPMAIIMM HEMEIIKOI'O OBIIECTBA XIX B.

Summary: The article considers the philosophical ideas of F. Nietzsche in the context of the historical chal-
lenges of Germany in the 19th century. Socio-psychological changes in German society and the biography of the
philosopher have been studied. A connection has been established between socio-psychological changes and the
formation of ideas by F. Nietzsche. The reasons for the appearance of a false idea of a philosopher have been
clarified. The main philosophical ideas of F. Nietzsche are considered. Key-words: F. Nietzsche, historical chal-
lenges, socio-cultural transformation, philosophical ideas, nationalism, national identity.

AHHOTalIl/Iﬁ: B craTtbe PacCMOTPECHBI (I)I/IJ'IOCO(l)CKI/IC nacu (O} HI/IIIHIG B YCJIOBUSAX UCTOPUYCCKUX BBI3OBOB
I'epmannu X1X B. U3yyeHa conuaibHO-IICUXOJOTHUSCKIE U3MEHEHUST HEMEIIKOTOo o01iecTBa 1 ouorpadus ¢uo-
co@a. YcraHoBiieHa CBSA3b MCKAY COHNHUAIBHO-TICUXOJIOTMYCCKUMHN N3MCHCHUAMU U (I)OpMI/IPOBaHI/IeM I/IZ[eI>'I (O}
Hurire. BeIsICHEHBI IPUYHHBI TIOSBIICHUS JIOKHOTO MPeCcTaBieHus 0 hunocode. PaccMoTpeHbl 0CHOBHBIC (BHITO-
codekue unen @. Humre. Kirtouessie cnosa: @. Hutmre, mectopiudeckue BEI30BHI, CONMANBHO-KYIIBTypHAsI TPAaHC-

(bOpMaHI/IH, (bHJ'IOCO(l)CKI/Ie UACH, HAIMOHAJIU3M, HAIIMOHAJIbHOC CaAMOCO3HAaHUCE.

Hayunast mpo6iema, paccMaTpuBaeMasi B CTaThe,
CBsI3aHHA ¢ aHAM30M (uitocopekux unei @. Hurme u
UX BOCTIPHATHS B BULY PACIPOCTPAHEHHOTO 320y K e-
HUS 0 HAITMOHAIMCTHYCCKUX B3rIsiax unocoda. U3y-
YeHre MPOOJIEMBI MPOIUBAET CBET Ha (PaKTOPHI, CIIO-
coOCTBOBABIINE HCKAKEHUIO BOCIIPUATHS (uitocoduun
. HI/IHHIG, U MPUYUHBI BO3HUKHOBCHUA OCHOBHBLIX
uzneit ¢punocoda. Jlannas padbora BakHa IS HCCIIENO-
BaTeJel, n3ydaromux kak ¢riocopuro @. Hurre, Tak
u GopmupoBaHue uueil apyrux puaocodos U ux Boc-
IpUsITHE 00IIECTBOM.

B pa6ore «Kto Takoit 3aparycrpa y Hurmme» M.
Xaiinerrep packpbll 3HaUYCHUE TIABHOTO reposi (huio-
codckoro npousseneHus @. Humme «Tak roBopun 3a-
parycTpa». ABTOp ITpoBel aHaIK3 MOHATHA «CBepxue-
JIOBEK», KoTopoe BBel ¢miocod. B cratee «Dpuapux
Hunme: mydennk no3nanus» K.A. CBacksiH Hcceno-
Baj ¢punocoduro ®. Hure uepes npu3my ero ouorpa-
¢un. N3ydennem B3rs110B (umocoda Ha BOIPOCH MO-
panu 3anumMancs C.B. Apramomun B kaure «aelinble
HCTOKH HAaIlMOHANI-COLIMAIN3Ma»

B pabore «EBpomeiickas nHTeIEKTyanbHas Hc-
Topusi oT Pycco o Humme» @. TepHep mpoBOIUT TITy-
OOKWii aHaM3 PA3BUTHUS HICH EBPOTICHCKIX MHTEIIICK-
Tyanos, xuBliux B X VIII-XIX BB., B ToM yncie dhuio-
copru @. Humme, ero uzaeit o cuiie, BOWHE U MHpE.
Taxoke TaHHOE nccienoBaHKe onrpaercs Ha pabdoty O.
Hanna «Hanuu u Hauponanusm B ['epmanumny, B KOTO-
pOH aBTOp MPOBOJWUT HCCIENOBaHHE (POPMHPOBAHMS
HaI[MOHAJIN3Ma U HAIMOHAJHHOTO CaMOCO3HaHHE Y
HEMELKOT0 Hapoa.

[Tpu Hanmumu pazHoOOpa3HOIl Hay4dHOU JUTEpa-
TYpBbI, CO3JAHHON KaK HEMELIKUMMU, TaK U POCCUMCKUMH

WCCIIEIOBATEISIMA, OCTaJMCh HE JIO KOHIA H3y4YeH-
HBIMH BIIMSIHUE MCTOPHYECKUX BBI30BOB HAa MHPOBO3-
3penne ®. Hummme u omeHKY ero paboT COIIYMOM.
PackpbiTe 3THX B3auUMOCBSA3EH SBIAETCS LIEIBIO
HACTOSIIIETO MCCIIeTOBAHMUS.

Jliist peanu3anuy JaHHOM el ObUTH MOCTABJIEHBI
CIIE/TyIOLINE 321U

1) U3yuuts GopMHPOBaHHS HEMELKOTO CaMOCO-
3HaHMS ¥ UCTOKH HAIlMOHAIN3Ma,

2) Paccmotpers Guorpaduio ®@. Humire u oco-
OCHHOCTH JKU3HEHHOT0 yTH (uocoda

3) PackpbITh BIMSHHE HCTOPHUYECKHX BHI30OBOB M
6norpaduu ®. Hume Ha ero ¢unocoduro.

OOBEKTOM MCCIIENOBAHUS SIBIISIIOTCS COLMAIBHO-
rmoymTHYecKue BeI30BH B ['epmannu B XIX B. u ¢uito-
cous ®. Hurre.

[Ipeaqmerom MccIeOBaHUS — BIHSIHUE HCTOPHYE-
CKHX BBI30BOB U Ha ¢uocodpekue unen O. Hume.

OCHOBHBIMH METOZAMH HCCIICIOBAaHMS B JAHHOU
CTaThe SBILSIFOTCS KYJIbTYpPHO-HCTOPUYECKHH M HCTO-
puKO-O6uoTrpadUIeCKuii METO 1, HAllpaBJIEHHBIC HA U3Y-
YeHHE UCTOPHUYECKOTO KOHTEeKcTa (hopMUpOBaHUs Hu-
nocodekux uaeit @. Hurrrre.

Tennmennun HampoHanmsMa B ['epmannu cTaHo-
BSTCS 3aMETHBIMH €Ille BO BPEMEHa HaIlOJIEOHOBCKHUX
BOWH. HamumoHamucTuueckue OTTEHKM B BEYHYIO
60pE0y ¢ (paHIy3aMU IPUBHOCHIIM B CBOMX pedax M
paboTax Takue MucaTeNd U Mod3Thl, kak W. duxre, .
Apaar u I'. dor Kneiite, pamxuramm ramrodoomro. B
necHe «Uto ecTh — Hemenkoe oTedecTBOn[17] 3.
APpHIT IPOBOJIUT KECTKOE JIENICHIS, Ha3bIBask KaJKIOTO
(dpaHIy3a Bparom, a Kaxaoro Hemia — apyrom. M.
Ouxte B «Pedaxy» nenaer 3asBICHUE O TOM, YTO HEMIIBI
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SIBIISIFOTCS] «EZIMHCTBEHHBIM «MCKOHHBIM Hapoaom» EB-
pomb»[3, c. 76]. OgHako HAIMOHAIUCTUYECKHE
HACTPOCHHUS B TO BpeMs He OBIIM CBA3aHHBI C KaKoOii-
00 TONMTHYECKOH MpOTrpaMMOil M TOJaBICHHEM
HHBIX Haluil.

HamnosieoHOBCKHE BOWMHBI Takke Aalu IEpBbIA
TOJIYOK K Hadally 0ObeIMHUTEIbHBIX IporeccoB B ['ep-
MaHuH. HecMOTps Ha TO, YTO HAINOJICOHOBCKHE pe-
(OpMBI 3aJIOKMIIN OCHOBBI JINOEPAILHOTO Pa3BUTHUS
I'epmanun, HEOOXOIMMO OTMETHTB, YTO TIEPBOHAYAIb-
HBIN UMITYJIbC K 00BbEANHEHNIO HOCHII CYT'y00 BOSHHBIN
xapakTep. HanlmoHanpHO - 1eMOKpaTHUECKUE IBUKECHHUS
He cMoriH 106uThes yenexa. B 1849 r. Ha BomHe peBo-
JoUroHHOTOo Bocctanus 1848-1849 rr. npousoia no-
MIBITKA JIEMOKpaTHYeCKOro o0beanHeHus ['epmanuu ¢
neHTpoM Bo ®pankdypre-Ha-Maitne. OnHako Bub-
reabM [V oTBepr KOHCTUTYLIUIO, TOTYOHB JIEMOKpaTH-
YecKHui IyTh 00beIMHEHUS. B pe3ynpraTe KoHCONMMIa-
1Usl TPOUCXOJUT 3@ CUET BHEIIHEH BOEHHON CHIIBL, a
uzest 0ObeIMHEHNSI CBSI3BIBACTCS C TIOHATHEM «CHIIA».

[lanee 3a mepBEHCTBO M POJIb LIEHTPA 00beANHE-
Hust Goponuck ABctpus u [Ipyccust. «I'epmanus ciunti-
KoM TecHa it ABctpun u [Ipyccun. [lostomy B 6mi3-
KOM OyIyIieM HaMm MpHJIETCS OTCTanBaTh MPOTHB AB-
CTPHH Halle MPaBO Ha CYIIECTBOBAHWE, W HE OT HAC
3aBUCHT M30eKaTh KOH(IMKTA: TEUCHHE COOBITHII B
I'epmanuy He gomyckaeT Apyroro ucxoaa»[6]. Tak mu-
can O. ¢on bucmapk eme B 1856 r. B mokiagHo# 3a-
TIHCKeE.

B peun 1862 r. O. ¢on bucmapk m3maraer cBoit
caMblid 3HAMEHUTHIA TE3UC: BEJIMKHUE Jejla COBeplia-
IOTCSl HE JUIUIOMATHEH, a «KpOBBIO W skeme3om»[18].
Ora (paza oTpakaer BeCh Kypc MOJUTHIECKOTO Pa3BH-
tus IIpyccun u co3panHol yepe3 neBsTh et ['epman-
CKOHl IMIIEpUN.

OxonHuaTenpHO ['epMaHus cTana equHoO cTpaHoH
B 1871 r. B pe3ynbTare psiaa BoiH: J[aTcko-npycckoit
1864 r., ABcTpo-npycckoii 1866 r. u @paHko-npyc-
ckoit 1870-1871 rr. O6bpennHEeHNE, TPOM3OIIE IIIee BO-
kpyr Koponesctsa [Ipyccus, Obu10 coBepIiIeHO chilon
NIPYCCKOM apMHUH, CTaBLIEH OCHOBOW HOBOHW I'epmaH-
ckoii uMmrepun. HanmoHaapHOE €IMHCTBO HEPA3PBHIBHO
CBSI3BIBACTCSI C CWIOHM, arpeccueid U BOWHOM B ymax
HeMIeB. BrocnencTBum moiauTMKa MUIMTapu3Ma B
I'epmanckoit mmnepun oOperana HOBblE (GOPMBI U
CHIIBHEE PacIIpOCTPaHsUIaCh HAa HEMEIKOE 00IIECTBO.

Pa3BuTHe MUNIUTApUCTCKUX M HALlMOHATHCTHYE-
CKHMX HAaCTPOECHUH B ['epMaHuU HE TOJIBKO IOBIIUAIO HA
¢unocoduro @. Hunmre, HO 1 MCKAa3MIO BOCHPHUATHE
ero ¢uiocopun coBpeMeHHMKamHu. [JaBHOW (uio-
codckoit naert @. Hummme 6pi1a KOHIEIIIHS O CBEpXUe-
soseke. C 1883 r. mo 1885 r. mocTeneHHo BBIXOAAT ya-
ctu kHATH «Tak roBopmi 3aparycrpa». B aTom mpowns-
BeAeHHH (hritocod MOABOAUT OCHOBHBIE UTOTH CBOEH
¢bunocodhckoit neATeIsHOCTH. B Mpon3BeaeHnH 3aKiIro-
YEeHBl OCHOBHBIE (HIOCO(CKHE HAEH, OTPAKAIOIINE
ero MupoBo33peHue. «Tak roBopun 3aparycrpay ObLI
Hanmcano ®. Humme B MeradopuyuHoit popme U Mo-
KET TPAKTOBAThCsA HEOJAHO3HAUHO, a IOTOMY 3a4acTyIo
TPaKTyeTcs y4YEHBIMH JHAMETPabHO IPOTHBOIIO-
noxuo. Kmowom k nonumanuio ¢unocoduu O.
Hunme sBisrores ucropudeckue Bb13oBel XIX B. U
6uorpadust punocoda, KOTOpbIE OCTABHIN OTIEYATOK

Ha ero MHpPOBO33peHHH. JIJIs1 TOHUMaHus uaen (uio-
coda HE0OX0aMMO 0OpaTUTh BHUMaHNE Ha cynp0y O.
Hunnre, a Tak ’ke BBISICHUTBH BIMSHHE MCTOPUYECKHX
MIPOIIECCOB HA €0 MUPOOIIYIICHHUE.

®. Hunme pomuncs B 1844 r. B ceMbe JtOTepaH-
ckoro nacropa. Bekope nocine poxaenus @. Huiie Ha
CBeT MosiBWINCH cectpa u Opat. Ortenr Kapn Jlrogur
Hurrie ymep B 1849 r., xoraa @pugpuxy ObLIO TOJBKO
5 met. OTHOWICHUS MEXIY PHUIOCOPOM U ero cecTpoit
OBUTN HETIPOCTBIE, OJHAKO 32 HECKOJIBKO JIET JI0 CMEPTH
@. Hume OpUT BEIHYXKACH C HEH TOMUPHTHCS, TaK Kak
HYXJIQJICS B yXOJe B BUAY CBoed TsoKenod O0o-
ne3nu[ 12].

C [OHOTO BO3pacTa MUcaTesb UMET IPOOJIeMBI CO
3nopoBeeM. C 1862 r. @. Hurlie HayMHAET MYYHUTHCS
PETyJIApHBIMU TOJIOBHBIMH OOJISIMH, KOTOPBIE, OZHAKO,
HE MEMIAIOT €My YHOPHO YYUTHCS B IIKOJIE M MUCAThH
ctuxu. Jletom 1865 r. ®@. Humme mepeHocHT octpoe
peBMaTHUYeCKOe 3a0oJicBaHue. BBI3IOpOBEB, OH Tepe-
e3kaet B Jleinmumiir — o6yuenue B bBOHHCKOM yHHBED-
CHTETE INPHIUIOCH IPEpBaTh HM3-32 HEMIOHUMAHUS CO
CTOPOHBI OJHOKYPCHUKOB. B JIeMnuurckomM yHuBepCH-
tere @. Hunmie nponomkaer nzydeHne GUIOIOTHH 1
Teosoruu. Bo Bpemst oOydeHHss OH MyOJIMKyeT He-
CKOJIBKO CTaTeil, KOTophle UMeroT yerex. B 1869 r. na-
narndersipexietHuii @. Humme ObL1 mpuriamieH B
kagectBe mpodeccopa B bazensckuii yuuepcuret[12].
Ha ToT MOMEHT nmcarens erie He OKOHYHII CBOETro 00y-
YEHUS! U HE YCIIeN NOJIYYUTh JOKTOPCKYIO CTEIICHb.

Opnako B Havaie 1876 r. ©. Humire 0611 BRIHYX-
JIeH OTONTH OT INpenojaBaHUs Ha roJl U3-3a Pe3KOoro
yxymmieHus: 3poposbe. B 1879 r. dmnocod oxonua-
TEJIHO MpeKpaniaeT MpPenoaaBaTeiIbCKylo JIesITeNb-
HOCTB 110 COCTOSIHUIO 3710poBbsi. B 1889 r. y dhumocoda
cilydqaeTcsl ouepeHON MpHUIaJoK, mocie Kotoporo d.
Hunnre tepsier paccy/oK M MOMaJaeT B IICHXUAaTpuie-
cKkyto 6onpHuIy. [locaenyromas >xn3Hb IPEACTABIACT
co00it 60pEOYy C 00JIE3HBIO ¢ KPATKOBPEMEHHBIMH T1€-
puogamu mogsema. 25 aprycra 1900 r. ©. Hurre ymu-
paet B Belimape[12].

N3 ouorpaduu ®. Humme BugHO, 9To hrunmocod
BCIO JXM3HB OopoJicst ¢ 6one3HsMu. Bo Bpems mpucry-
TIOB OH HE BHJIEN JaJIbIII€ CBOCH PYKU. DTO HAJIOKHUIO
OTIICYaTOK Ha ero MupoBo33penue. OH MOT BOCHIPHHH-
MaTh XKHU3Hb JIMIIH KaK 00phOY U MPEOI0JICHHUE, a IIaB-
HO IIEHHOCTBIO BUJIEN CHITY BOJIH, O6Jarogaps KOTOpoi
OH TPOJI0JDKal paboTy, He CMOTPs Ha OOJIE3HB.

Ilepuon nerctBa u roHoctu @. Huiie Beinan Ha
CJIO’KHBIE BpeMeHa B [ epmanun. bonpmoe BiusHue Ha
MHpOBO33peHue (uiocoda okazanu BOWHBI, COIPO-
BOXKIABIINE KOHCOJIMJIAINI0 HEMENKHUX TOCyIapCTB.
W3zpeyenus aBTopa HaIOJHEHBI )KECTKUMHU BBICKa3bIBa-
HUSIMH, JIBYCMBICICHHOCTBIO KOTOPBIX OH ITPOBOIH-
pyer Oyayiine NOKOJIEHHUs Ha MCIOJIb30BaHUE €ro pa-
60T B Ka4eCTBE MOJUTUIECKOTO HHCTPYMEHTA.

HcToprueckuii KOHTEKCT €ro HempocTol, 0oes-
HEHHOH IOHOCTH MOATOJIKHYJ (riocoda K CO3AaHHIO
CTOJIb KECTKUX M KaTETOPHYHBIX TEOPUH, BAXKHOE Me-
CTO CpeAr KOTOPBIX 3aHUMAET UJIes «BOJIM K BIIACTH».
@. Hunue ucnoap3yer 3TO BBIPAKEHUE OTHIOIb HE B
3HA4YEHHH BJIACTH HOJMTHYECKOM, KaK MOYKHO OBIJIO OBI
MOJyMaTh B KOHTEKCTE HEMELKOTO MHJIHTapu3Ma M
9KcTiaHcHOHM3Ma. Puocod MOHUMAIT BIIACTb, IIPEXK/IE
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BCEro, KaK BJacTh Hajg caMuM coboi. ®@. Hue cum-
TaeT, YTO B JKU3HU OUEHb BAXKHO IPEOOJICHHE cebds,
MIPEOJI0JIEHHE CBOETO YEI0OBEYECKOT0 M 0CBOOOKICHNE
OT OKOB, HaBA3aHHBIX coruymoM. [lostomy dpa3za:
«...4TO TaJaeT, TO HYXHO emle ToJKHYTh!»[10] pac-
CMaTpUBAJIaCh UM B 3HAYCHUU IPEOJIOJICHUS apXaud-
HBIX 4epT. DTO MPEOAONECHUE — MyTh OT YeJIOBeKa K
CBEPXUEIOBEKY.

@. Humme noapasymMeBaeT HOJ CBEPXUEIOBEKOM
OTHIOJIb HE TAKOW YEIOBEYCCKUI BH/I, KOTOPBIi 0TOpa-
CBIBACT T'yMaHHOCTh, BO3BOJIUT B 3aKOH ITPOU3BOJI U Oe-
peT 3a MpaBUJIO TUTAHUYECKOE HEUCTOBCTBO. CBepxue-
JIOBEK €CTh TOT, KTO IPEBOCXOJWUT IPEKHETO HeINo-
Beka[16]. CBepxdyenoBeKk NMPUBOJUT CYIIECTBYIOILErO
YeJloBeKa K €ro HOBOM CYIITHOCTH U IPOYHO YCTaHaB-
JIMBaeT ec B HeM[7].

Wnero o cBepxyenoBeke aKTUBHOI'O HCIOJB30-
BaJIM BO BPEMEHA HalMOHANI-colManu3Ma B ['epmMannu
C TIpOMaraHgUCTCKUMU LeIsMUA. Bo MHOrom MMeHHO
MIO3TOMY CYIIECTBYET CTEPEOTHII, COTJIACHO KOTOPOMY
HUIIIIEAHCTBO CBA3aHO ¢ Hauu3MoM. OJJHAKO HCKaXeH-
HOe mpeacrasicHue o guaocodpun ®. Hurnme mosiBu-
JIoch ene Bo BpemeHa Broporo Pelixa. Ve B ['epman-
CKOW MMIIEpHU HAllMOHAJIM3M JIOCTHTall MaciTaba op-
TaHW30BAHHOTO JBHKCHUSL.

AHTHCEMUTH3M, KACaBIIMICS 10 ITOTO PEIUTHO3-
HBIX aCIIEKTOB, TEHEPb CTal KacaThCsl M MOJEPHH3a-
. B Xoxe MHOycTpHann3alMy €BpeH YBEIUYWIN
CBOE KOHOMHYECKOE BIHSHUE B oOmiecTse. Jlemno ycy-
T'YOJSITM TIOSIBUBIINECS PACUCTCKHE TEOPHH, KOTOPBIE
0a3upoBaJCh HAa IICEBJOHAYYHBIX HCCIIEIOBAHMSIX,
CBSA3aHHBIX ¢ Omonorueil. V3HagansHO B ['epMaHCKOi
uMInepuu npeobnanan «adppupMaTUBHBIN perxcrnaTpu-
otm3mM»[3, ¢. 190], BeIpocImnii U3 HaMoOHAI-ITHOEpa-
nmm3Ma. Pelixcriatpuotism oQopMuiics B opraHi30BaH-
Hoe JBMKeHHue co3nanueM B 1873 r. «I'epmaHcKuii Bo-
nHCKHH coto3y». [locTeneHHO coro3 pacmmpsuics 10
Mmacuiraba Beeit ['epmanun. B 1899 r. on 0611 nepenme-
HoBaH B «Kurenzepckuii COI03 TEPMAHCKUX BOWH-
ckuX 00venuHeHH»[3, ¢. 190], YHCICHHOCTh WICHOB
KOTOPOTO HACUUTHIBAJIA OKOJIO MOIYTOPa MIJIIMOHOB.

Onnako nuOepanbHBIE B3MJISABI TEPSIH  CBOIO
CUJTy B BUJY KpYMHBIX Kpu3ucoB 1870-X IT., BbI3BaH-
HBIX CPEIH IMPOYEro JrOeparbHO SIKOHOMUYECKOH T0-
mutukoid O. ¢on bucmapka. Tak peiixcnaTrpruoTsm
Ha4WHAeT mepepactats B HarpoHanu3M. C 1879 r. mo-
SIBIISIFOTCS TIEpBBIe (DOPMBI OPraHU3alMOHHOTO HAINO-
HaJIM3Ma, BOIUIOTHBILIETOCS B AHTUCEMHUTCKUX MTAPTHAX
n oOwvenuHeHMAX. [IporpaMmbl 3THX TapTuUil ObUTH
HaleJleHbl Ha OTJEJICHHE €BpeeB OT HeMElKon
nanuu[3, c. 191-192].

B 1891 r. 6bu1 ocHOBaH BcerepmaHcKuii COO3,
CTaBIINH HanOOJee BIMATCIBHBIM aruTaTOPOM COBpE-
MEHHOTO HaroHanm3Ma. B 1894 r. nenbio coro3a Ob110
MIPOBO3IJIAIIEHO OOBEIMHEHHE Bcex HemIeB LleH-
TpansHOM EBpomnbl u co3ganue Benmukoit I'epmanum.
Csoto 11ens BeerepmaHnckuii cor03 0CYIIECTBIISAI TyTeM
HalpaBJICHHON aruTallly CPEeIr HEMEIKOTO Hapona U
BO3/1eCTBUS Ha MTpaBUTENbCTBO. OH CO3/1a COOCTBEH-
HBIE METOJbI BCECTOPOHHETO MAaHUITYJHPOBAHUS 00-
mectBoM»[3, ¢. 196]. Bee 310 moOyxaano HeMenkoe
0011eCTBO BUICTh HAIIMOHATIMCTHYECKUE UAEH B pabo-
Tax @. Humre.

OpHako uest o cBepxuenoBeke nossisiercs y O.
Hunmie B pe3ynbrare WHBIX W3MEHEHHH B OOIIECTBE.
Ha ¢oHe MHOTOYHCIICHHBIX UCCICIOBAHUIN U TOCTHKE-
HHUW HayK B €BPONEHCKUX yMaX MPOYHO YKOPEHSETCS
ujes BCeBJIACTUA yenoBeka. Bo BTopoit momosune XIX
B. OBUIO CIIETIaHO MHOXECTBO (DYHAaMEHTAIBHBIX OT-
KpbITHI B Hayke. K TakuM OTHOCHTCS: CO3JJaHHE MO-
nenu aroma O. Pezepdopmom, OTKpbITHE HUAEPIAHA-
CKMM ydeHbIM X. JIOpEeHIIOM 3JIeKTpOHa, pa3BUTHE
(hapmakoiorum, pa3BUTHE FTeHETHKU U ICUXOJIOTHH. «K
KOHITy BeKa OBUTH H300pETEeHBI: TapoX0.l, aBBTOMOOWIIb,
HaYMHAETCS 3pa BO3LyXOIUIaBaHHS, ObUIN OTKPBITHI Te-
nerpad, TenedoH ra3oBoe M AEKTPUIECKOE OCBEIIE-
Hue...»[5]. B 1871 r. Y. lapBuH caenai 10Kjiaja o npo-
HCXOKJICHUU BUJIOB.

Cexymnsipu3anusi CO3HAHHA HAET MAPAIUIETBHO C
YBEIUYEHUEM YHuClia 00pa30BaHHbIX Jronei. TexHuka
3aMEHSeT TsDKENBI denoBedeckuit Tpyd. Oco3HaHme
BBICOTHI TEXHHYECKOTO Pa3BUTHA (GopMHpYET B €BpO-
HEWCKOM 00IIECTBE YPEe3MEPHYIO TOPAOCTh 33 CaMO de-
JoBedecTBo. Bunst u omrymas sro, @. Humme dopmy-
mupyet "bor ymep". Tenepsb cBEpXUeIOBEK TOKEH 3a-
HATH €r0 MECTO.

YenoBeyecTBO ClieNano OTPOMHBIN TEXHUUYECKUH
ckayok. Tem He MeHee, YTOOBI 3aHATH MECTO Oora, Io
MHeHuto ®@. Humme, kaxaoMy HEOOXOIMMO INPOWTH
COOCTBEHHBIM TyTh MEPEOCMBICIEHHS, YTOOBI CTaTh
cBepxuenoBekoM. duocod, yoexneHHBIH B HE0OXO-
JMMOCTH IIEPECMOTpa LICHHOCTEH U MOPaJIH, ObLI 3aUH-
TEpEecOBaH HE CTOJIBKO B TOM, KaKMMHU JIOJDKHBI OBITh
STH [ICHHOCTH, a CKOpEe B TOMCKE UCTOYHMKA STHX ICH-
HocTteli «Her BoBce MOpanmbHBIX (EHOMEHOB, €CTh
TOJILKO MOPAJbHOEC HCTOJKOBaHUE (PCHOMEHOB...»[9].
@®. Hume mojarai, 4To JIIOAU 0OMaHBIBAlOT ceOs, T0-
BODS, UTO «IAaBHO yX€ 3HAIOT, YTO JUIS YesloBeKa J00po
U 9to 175 Hero 370»[10]. OH Bepui, 4TO «B YeNIOBEKe
YKHBAIOTCSI W TBapb, W TBopem»[l], a TopxecTBO
TBOPIIa BO3MOXXHO JIMIIb PY YHUUTOXKESHUH TBapH.

HecMoTpst Ha HaIMOHAINCTCKUE HACTPOCHUS B
counyme, ®@. Humme He pasgensn BOMHCTBEHHOTO
HacTposi I'epMaHCKOM UMIIEPUU IO OTHOLIEHUIO K IPY-
TUM HaIwsiM. B o1HOM 13 cBouX mocieqnux padot «Ce
YeIOBEK» BBIKA3bIBAET CBOE OTBpAIICHHE K JIIOOBIM
(opmam pacusMma, HAMOHATIM3MA W aHTHCEMHUTH3MA.
OH JKeCTKO KPHUTHUKOBAJI MIIUTApU3M M MOJUTUKY
cmtbl. OHako «Ce 4emoBeK» OB BIIEPBBIE OITYOIHKO-
BaH Jimib B 1908 r., Tak kak cectpa ¢unocoda, odaa-
JaBINas IpaBaMu Ha €0 MPOU3BEICHUS, TyOIUKOBaIa
pabotsr ©. Hurre, He jkenast co31aTh HCTHHHBIN 00pa3
MbicnuTenst. OHa Oblja aHTUCEMHUTKOM, U MyOJIMKOBasia
coopankn @. Humme Gecriops09HO ¥ HEIIOJIHO, YTO
co3laBajio 00pa3 o4eHb CIoKHOTO (huitocoda, CKIOH-
HOTO K HarpoHanmm3my[ 13].

OTBpalleHne K aHTHCEMUTU3MY IIPOCIIEKUBACTCS
B pa3pbiBe oTHOUIeHU! mexay @. Hure u P. Barne-
poM. CaMbIM OCTPOM TOUKOW B UX OTHOIIEHUSIX CTAHO-
BUTCsI MocTaHoBKa onepbl P. Barnepa «Ilapcudaisy,
KOTOpasi Oblla NPONHTAaHA <JIATCHTHBIM XPHUCTHAH-
CTBOM U OTKPOBEHHBIM pacu3mMom»|13].

®. Huume mno3HakoMwics C KOMIIO3UTOPOM B
1868 r. Mexxy HUMHM 3aBsi3anach Apyxo6a. P. Barnep
OBl cTapiie U HEeKOTopoe BpeMs (uiocod Buzen B HeM
cBoero yumrens. OHM o00a yBIEKAIHCh KYIbTYpOH
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Hpesueii ['pennn, dhunocodueii Illonenrayspa. B 1872
r. ®. Hunme Osu1 nipyrom cempn P. Baraepa u mocto-
SIHHBIM TrocTeM B JloMe. Duiiocod paszzensit uuen Kom-
MO3UTOpPAa O 3HAYMMOCTH MH(a M IpamMbl B HCKYC-
ctBe[14]. OnHako mocTeneHHo apyxoa ocnadeBaet. .
Hunme naunnaer orctpansatbes ot P. Barnepa.

KoHdpoHTaus NpUBOIUT K HAIMCaHUIO pabOTHI
«Kazyc Baruep»[15]. B neii punocod ynudaer komno-
3UTOpPa B OTXOJ€ OT CBOMX H/EAJOB M IOTAKaHUIO
TOJIIIE U MaccoBoMY 3putento. «C Tex nop kak Baruep
HaxoJuics B [ epMaHuM, OH OITyCKaJICs IIar 3a IaroM
J0 BCEro, 4TO s NPE3HUparo, — Jake J0 aHTHCEMH-
T3Ma...»[11]. B mocnenane roast xu3an P. Baraep 06-
per Bepy M cTajl IpHUBEPKEHIaM XPUCTHAHCTBA. DTOT
(dakT TaKKe BBI3BAI OCYXKAEHHE CO CTOpOHBI .
Humre. Boripoc xpuctrancTa ObIT BaXKHBIM [T (DU~
nocoda.

Baxusim nponeccom B XIX B. B EBpone craHo-
BUTCS CEKyJISIpH3alis co3HaHus. 3aBoeBaHus Harmo-
JIEOHAa Jaly UMITYJIbC K OTICICHUIO TOCYJapcTBa OT
LIEpKBU B repmanckux rocynapcrsax[2]. B Peitnckom
COI03€ aKTUBHO MPOXOJMJIA CEKYISIPH3aLUsl IEPKOB-
HBIX UMYIIECTB, OBIIIM 3aKPHITHI MHOKECTBO MOHACTHI-
peii, Obl1a OTMEHEHa JieciTHHA. B GonpuinHCTBE TOCY-
JApPCTB CO BPEMEHEM OBUT pa3pyIleH HCKIIOUNTEIbHBIN
aBTOPUTET LIEPKBH, ITPOBO3IIIAIIIEHA CBOOOAa COBECTH.
Cranu nomyckaTbesi Opaku MEXTy JTMLAMH Pa3HBIX HC-
MTOBEAHMH, a IIKOJIA ObUIA N3BsITA U3-TI0 1 BIHSHUS Jy-
XOBEHCTBA. [ JIaBHYIO POJIb B CEKYJIIPU3aLUK CO3HAHUS
WTpanyd pa3BUTHE HAYKH U pocT obOpasopanus(4]. B
cBoux Tpynax @. Humie He MOT He yIeInTh BHUMaHUE
JTOM TEME.

CBOI0O aHTHIIATHIO K XPUCTHAHCTBY Guitocod BbI-
pakan uepe3 uzeto cuiibl. OH OOBHHSIT XPUCTHAHCTBO,
pacmpocTpaHUBIIEEcs 110 BCEM MUpY, B TOM, YTO B OC-
HOBE XPUCTHAHCKUX LIEHHOCTEH JIOKHUT «paOCKHii OyHT
Mopamm»|[ 13, c. 344]. Tlox «pabckum OYHTOM MOPATIID
¢mnocod nmoHmman orpuuaHue pabamu Takux cyo-
CTaHIMH KaK «CHJIa» U «BOJISD, KOTOPBIE UM HE NpH-
Ha/UIeKaId. DTH Ka4ecTBa MPUHAUICKAIN MX TOCIHO-
naMm. B xpucTuaHckoil MOpaid BOCIIEBAIOTCA CMHPEH-
HOCTb, C1a00CTh M 3aIlyTaHHOCTb, KOTOPbIE OTBEpraj
@. Hune.

AckeTnaeckuii 00pa3 KU3HU HAMIOIHSII CMBICIIOM
palCKylo XKU3Hb U MX cTpajanus. [lo MHeHuto duio-
coa 3TO MPOTHUBOPEUMIIO CaMON MPUPOJE YEIOBEKA.
ACKeTHYeCKHi OpHEHTHD pa3BUBaJ y YelOBeKa HEHa-
BHUCTh K pa3yMy, K 4yBCTBaM, K camoil xu3HH[S§]. B
npoTtuBoBec xpuctuanctsy @. Hwumme npusbBan k
YKH3HHU, CTPEMJICHUIO, K BOJIC U CHIIE.

Pa3BuTre kceHO(GOOMH MIIO MAPATIIETBHO C pas-
BHUTHEM HEMEILIKOTO CaMOCO3HaHUsl. J[Ba 3TUX HOHATUS
ObUTH HEepa3phIBHO CBS3aHBl B HEMEIKOM OOIIecTBE
XIX B. - nepBoii nonosunsl XX B. Hanmonanuctuue-
CKHe HACTPOCHUS HNOBJIMIM Ha (HOPMHUPOBAHHUE OILIM-
6ounoro mMHeHus 0 @. Hummre. @umocoda cranm Boc-
MIPUHUMATh KaK aHTHCEMHTA U HAI[HOHAJIMCTA.

Hcropuyeckre M3MEHEHMS OKa3ajll 3HAYUTEIb-
Hoe BiusHKE Ha ¢mtocoputo ©. Hurme. [Tpodmemsl
€O 3710poBbeM (rtocoda 1 BOWHEI, COIYTCTBOBABIIINE
oObeuHennto ['epmanuy, GopMHUPYIOT B HEM yOexe-
HHUSI, COTJIACHO KOTOPBIM IJIaBHOM 4eI0OBEYECKOM IeH-
HOCTBIO sBIIsieTcst OopbOa. boprba ¢ 1eHHOCTAMH U

B3IJI1aMH, HaBSA3bIBAEMBIMH MacCoi. BepXxoBEeHCTBO
CHITBI ¥ BOJIA B O0phOE ¢ camuM co0O, TepeocMBbICIie-
Hue Mopanu @. Humine mpoTUBONOCTaBISIET XPUCTH-
AHCTBY, OTpakasi MPOLIECC CEKyISApU3alui CO3HAHUS,
npoTekaBimuii B EBporne B JaHHBINM NepHOa BPpEeMEHHU.
Munycrpuanuzanys M HaydHble OTKPBITUS BTOPOU I10-
noBuHbl XIX B. moOyxnaror ¢unocoda K cO3IaHUIO
KoHIenuu «CBepX4eIoBeKay, MPEOJI0IEBIIETO JIOX-
HbIE EHHOCTH.
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Mazouu Onez

Acnipanm icmopuunozo gaxynrememy Kuiecokozo nayionanvroeo yrieepcumem imeni Tapaca [llesuenxa

FORMATION OF THE ADMINISTRATIVE STRUCTURE OF THE CATHOLIC CHURCH IN
THE MIDDLE OF THE XI CENTURY.
®OPMYBAHHSA AJIMIHICTPATUBHOI CTPYKTYPU KATOJIMIIBKOI IIEPKBU B
CEPEJMHI XI CT.

Summary: The article deals with the structure of the Catholic Church in Poland in the X—XII century. The
author analyzes the processes of institutionalization ofchurch structures in the Piast’s state In the article, the his-
torian attempts to examine the features administrative church units

Keywords: caves, cathedres, episcopate, archbishopric, church structure

AHoTaNig: Y CTaTTi pO3rIAAaeThCs CTPYKTYPa KaTONMHIBKOT IIepkBH Ha TepuTopii [Tobii y cepenuni X cr.
ABTOp aHaANII3y€e MPOILECH IHCTUTYIIOHANI3an{l HEPKOBHUX CTPYKTYp y IlscTiBebkilt nepxkasi. PosrisiHyTo 0co0-

JIUBOCTI aIMIHICTPATUBHUX I[EPKOBHUX OTUHHMIIb.

Knrwowuosi cnosa: 2poou, kageopa, enuckoncmeo, apxXicnuckKoncmeo, YepkoerHa Cmpykmypa

OpHi€lo 3 HaWBaXIUBINNX MPoOJIeM BHUBUYCHHS
paHHBOCepeiHbOBIUHOT [lodbCchKOI LEpKBH € J10-
CITIKEHHS epKOBHOI cTpyKTypH. L{e moB’s3aH0 3 THM,
10 IepKBa OyIa OHIEI0 3 HAWBAXITMBIIINX IHCTUTYITIH
y CepeHbOBIYHOMY CYCIUIbCTBI. TakoX BapToO 3a3Ha-
YHUTH, 0 Y LeH MmepioJ MoYaTKH HCTHTYLIOHATI3aIii
LEPKBU TPUBAJIM MapalelibHO 3 JEPIKaBOTBOPYMMHU
mpoiiecaMm, TOMY JOCHIDKEHHsS CTPYKTYpH UEpKBU
Kpaie J03BOJHTH JOCTIIATH K icTOpiro [lomabchkoi
LEPKBY, TaK 1 3pO3yMITH CYCIIJIBCTBO Yy Liei mepioa y
[TsacTiBCBKIM mepxkaBi.

JxepenbHa 6a3a NOCIHIIHKEHHS € JI0BOJII BY3bKOIO
1 CKJIQJIA€ThCSI 3 MUCEMHUX(SIK TPABUJIO HAPATUBHHUX
TEKCTIB),Ta apXeoJoriyHuMX THIIB 3Haximok. Cepen
MTOJIECBKUX TIaM’ATOK HacaMIepesa BapTO BiI3HAYHTH
Xponiky I'ayuta Anonima, Ictopiro Ionpmi Binmnenra
Kanny6eka, Benmnkomnonbcbky XpoHiky BuBUeHHS 1TX
ICTOpUYHHX CBiTYeHb BUMArae BiJl JOCIITHUKA iX KpH-
TUKH, 3HAHHS MOB (TIepelyCiM JIATUHH ), TITHO0KOTr0o po-
3YMIHHS CEpeAHBOBIYHMX KYJIBTYPH i MCHTAITETY.

o * no icropiorpadii, To TyT yBara siK IpaBUIIO
MPUIULIIACA IOPUANYHAM  aclleKTaM  IHCTHTYI[IO-
Hamizanii. TyT mepur 3a Bce BapTo Bi3HAYUTH pOOOTH
B. Abpaxama, O. Xanemnskoro, B. Kermuncskoro. On-
HAaK OCTaHHIM 9acoOM Y 3B’S3KY 3 BarOMHM PO3BHUTKOM

MTOJIBCHKOT ICTOPHYHOI HAYKH 3pOCTa€ 3alliKaBICHHS
ICTOPUKIB /10 BUBYECHHSI MOJITUYHOI aHTPOIIOJIOTII ce-
PEeIHBOBIYYSA, 30KpEMa 0 YSIBICHb CEpPeIHBOBIYHHX
JFOJICH TIPO IIEPKOBHY CTPUKTYPY, MPO MICIIe IIEPKOB-
HOI CHCTEeMH y cycniabcTBi Toto. Cepesl BUCHHX, SIKi
3aiiMaics BUBYCHHSM JaHOI MpOOJIEeMaTHKH, BapTo
3aznHauutu JI. Cikopcekoro, I'. JIsOyny, 3. JlaneBchb-
xoro, 1. JloGoua.

MeTor0 1aHO1 CTATTi € IPOAHATIZYBATH CTPYKTYPY
KaTOJIMIBKOT LIepKkBU Ha Tepurtopii [losbmii y cepenuti
XI ct, a TAKOK 0XapPaKTEPU3YBATH MTPOLIECH IHCTUTYI[O-
HaJti3anii IepKBH y I[bOMY PETIOHI.

AMIiHICTPaTUBHO-TEPUTOPIATPHAN MO KarTo-
nuibkoi 1epksu B [lonbmii y X| ¢T. BU3HAUUTH TOBOITI
CKJTagHO. AHAJOTIYHO II€ CTOCYETHCS 1 3arajbHO-Iep-
’KaBHOT'O aJIMiHICTPATUBHOTO moniry[40,C.310-
312;2,C.107-109;4,C.107-118]. Ilpu bomecnasosi 1
[osnbiia ainmuiack HA YOTHPH OKPYTH, LEHTPU SIKHX
BKa3ye ['amn:

B Iloznani mas 6in 1300 puuapie ma 4000 wum-
nuxig, ¢ I'mezno—1500 puyapie ma 5000 wumnuxis, 6
2pooi Bnaoucnaea 800 puyapie ma 2000 wummnuxis, &
Teui—300 puyapie ma 2000 wumnuxie[11,S.79]
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Ili gormpu wmicta Oyau IEHTPaMH OCHOBHHX
okpyriB[35,5.43-72]. Ile miaTBepKYeEThCA 1 apxeo-
JIOTTYHUMH MaTepiaigaMu. [Hui 3emiti, Hanpuknaa Ma-
30Bis1. Manonosnsma Ta Cinesis Mann ocobnuBuii cTa-
Tyc[44,S.35-43].

OpHak TepuTopianbHa CTPYKTYpa 3a MPaBIiHHSI
nepmunx [IscTiB, 6e3cyMHIBHO, 3a3HaNa 3MiH, 30KpeMa
nix yac macurradbnoi kpuzu 1037-1039 pp. 3 nux npu-
YMH NMPAKTUYHO HEMOJKJIMBO OJAHO3HAYHO BU3HAYUTH ,
SKi aJMIHICTpaTUBHI OJMHULI (YHKIIOHYBAIU 10
SI3UYHUIIBKOTO TOBCTaHHA. Jlo HAc MIMIIIM Ha3BH
aIMIHICTPaTUBHUX OJMHUIIb, SKI BUKOPHCTOBYBAJINCH
y XII-XIII cT., TOMy CKIagHO BH3HAYUTHCH HACKUTBKU
KOPEKTHO X BXKMBATH LIOA0 O3HAYECHHS aaMiHiCTpa-
THUBHOTO MOJIUTY y TIoTiepeani crouirts[37,S.68-73].

YactuHa icTopukiB TBepauTh 1o ['amiosi sedes
regni principales, no sikux Bxoasth Kpakis, Bporyias
Ta CaHIOMHp, II€ CTOJIMI aIMIHICTPAaTHBHHUX OJH-
HUIb, sKi icHyBamm yxe B XI c1[47,S.73-
110;36,S.12;16,S.20]. Ixmra yacTHA CTABUTHCS TOBOJII
obeperxHo, BBakatoun 1o B Xl cr. BinOymucek cepiio-
3HI 3MIHU y CHCTEMI aJMIHICTPaTHBHOTO IOy TOJb-
CBKMX KHS3IBCTB, IO OylO MOB’S3aHO 3 IOYATKOM
MOJIITUYHOT po3apobienocri[26,5.41-42;27,S.67-
80;22,5.42-43;23,S.68-85].

C. ApHonbJ pO3pi3HAE [Ba THIIM aAMiHICTpa-
THUBHO-TEPUTOPIAIBHUX OJMWHUIL: 1) OimbImi Tepu-
topianbHi oaunui (ducatus),, ueHTpamMu SIKUMU OyIin
sedes regni principales ta 2) provincia, ski Ha ioro
OYMKY (OpPMYBAIIMCh HAa OCHOBI KOJHIIHIX TUIEMIHHIX
tepuropiit. [12,5.12-13] o sedes regni principales mo-
CIIIHMK TaKoK BimHocuTh Ilmonek, I'nesno, Ilo3Hanb.
B nogansmomy Ha novatrky XII cr. Bugiisierses Can-
JOMHUPCHKHI OKpyr, a Ma3oBis BTpauyae OCOOIHBI
mpaBa. SIk okpemi okpyrum BunpusioThes KpakiB Ta
Cinesist.Okpyramu  yrnpaBisuid KamntesssHu. Haiimen-
100 aJIMIHICTPaTUBHOIO oauHUNEH Oymu osada(Ma-
nonossia) i opole(Benukononsina).

ITacriBcpka [lonpma Oyma sICKpaBO BUPaKEHOIO
MaTpUMOHIAIbHOIO ~ MOHapxiero. ToOTo nepkaBa
po3riIsiIanack SK Biafa OHIET TUHACTIi—Y AaHOMY
Bumaaky [TscriB. [Tonpmia Oyna pakTHIHO CIIAAKOBUM
Bonmominusam  Ilsctis[13,5.298-431,  10,S.94-124].
B.®nopsa 3Beprae[7,C.235] yBary Ha Takuil (akT—
I"ann onmcye enizon, 306irHeB i bonecnas 3BepraroTbest
0 TONAKiB 3a momomororo mpotu Cemexa, >KUTENl
BiIIOBIArOTE HOMY:

Mu 3a601c0u npacrnemo 36epecmu 6ipHicmv NAHOBL
Hawiomy, eawomy 6amoKy, sk 00 moeo 3oepicanu i 8io
nomomcmea #o2o ne giocmynumo[11,S.79]

VY XII cr.. nep>kaBHO-TIONIITHYHA CHCTEMA TTOCTY-
MOBO TI0YaJla EBOJIIOLIOHYBAaTH B OIK CTaHOBOI MO-
Hapxii. [3,C.167-189]

AHAaJOTIYHO JOBOJII CKJIaJHO BU3HAYUTH CTPYK-
Typy LIEPKOBHOTO Oprasizarlii Ha MOJbCHKHX 3eMIISX.
Opranizamifine 0QOpPMIICHHS KaTOMUIBKOI IIEPKBU Ha
MOJILCBKUX 3EMJIIX PO3I0YaIOCh OJIpa3y Iicis TPHi-
HATT XxpuctusHcTBa. Y 968 poui [37,S.591] Oyna
cTBopeHa [lo3HaHChKa emapxis, sKa BiJ IOYATKy
nignopsiakoByBajacs Harpsimy Pumosi[1,C.147]. Tak
TIPOIOBKYBATOCH &k 10 cMepTi Mopmana y 984 poui.
3roJIoM 3aroCTpUIIUCh HEPKOBHI CYTHUKH MK HIMEIlb-
KHM Ta TOJBCHKHM ITyXOBEHCTBOM. HiMmenbki kopouri

HaMarajiuch YTBEPOWTH HaJ MO3HAHCHKOIO €MapXi€ro
OpUCIUKIiF0  MarneOyp3bKoro — apXi€lmruCKOTICTBA.
Melko nbOMy HaMaraBcst TPOTUCTOSITH.

BigmoBinao yxBanm ['He3HEHCHKOTO 3’131y iMIIe-
parop OrroH III canknionyBaB yrBopeHHs [ He3HEHCH-
KOTO apXienuckocTa. [loyibChbka IIEpKBa OTpUMala
MIEBHY CaMOCTIHHICTh, a 1110 HaWIOJIOBHIlIe—BOHA HE
yBililIa A0 ckiany MaraeOyp3bKoro apXienucKor-
crBa. TiTMap 3 JESKOI0 HECIPHATIMBICTIO IIPO I
nyile, 10 1€ apXIi€mUCKONCTBO OyJo 3acHOBaHe 0e3
3road MarfeOyp3bKOTO apXi€mucKoma , FOPUCAUKINT
SIKOTO BOHO Mauio 0 migkopsitucs. [6,C.63] HoBoytBo-
peHE apXIiEMUCKONICTBO BKIOYaIo0 B cebe me 3
enrckonicTBa(okpimM ['He3HA).

lann noBimomisie , IO Ha TOJILCBKHUX TEpeHax
icayBano nBi murpomodnii[11,5.407]. 1. Cikopcekuit
TBEPAMTh, 110 (PparMeHT B3SATHI KUTTENHca CB. Boii-
mexa (Liber de passione) [41,S.515]. Ha aymky I'.JIs-
Oynu JKepesioM JTaHOTO MOBIZIOMIICHHS CTaB ()parMeHT
3 xutrenucy bpynona 3 Ksepdypry[34,5.547]. Icuye
OJIHAaK JyMKa, IO IIi TOBIOMJICHHS i€ JIOMHUCIH Ca-
moro ['anna[44,S.86], mpoTe cydacHi iCTOPHKH HE TO-
TOJDKYIOThCS 3 TaKUM TpakTyBaHHsAM[41,S.516]. Ichnye
TaKOX HPHITYHIEHHS, IO I/ [IEF0 METPOIIOJIEI0 PO-
3ymieTbess KpakiBchbke apXi€mMCKOIICTBO, sKe OyIo
BigHOBIIeHe Y 1046 poui, ogHak ["amt npocto nepenic
ii y wacu Bonecnasa 1[32,S.321-340]. Jduckycii om0
IBOTO TPUBAIOTH NEKiTbKa aecaTmwiniTh. [45,S.7], Ha
Hally AyMKY, Te3a IIpo Bl METPOIIOJII € JIeII0 HaTsIr-
HYTOIO, OCKUIBKM y JpKepenax 3-3a Mex llonbmn He
(bIiKCYIOTh ICHYBaHHS IBOX IHCTHTYLiH. B nmanomy
BHITAJIKy MM Ma€EMO CIIPaBY 3 HOMHMIIKOIO XPOHICTA.

Mo>KHa IPUITYCTHTH, 1110 PO3BUTOK LIEPKOBHOT Op-
rasizaiii OyB MoB'sI3aHuil 3 piBHEM IPOHUKHEHHS 314~
HUIIBKUX KYIBTIB y pi3HHX perioHax. lle naiikparme
BUJIHO TI0 CJIOB’SIHaX , sIKi IPOXXMBaIX Haj Bicnoro ta
Onepom [42,5.215]. SI3UYHUIBKI KYJIBTH CIIOBiTyBaHI
HUMHU, BII3HAYaINCh HAJA3BHYalHO CHJIBHOIO ITPOHHUK-
JIMBICTIO Ta MiATPUMKOO cepen Hacenenus[19,S.7-38].
Lt crBOproBajo NOAATKOBI TPYAHOLI JUIS XPUCTH-
SHI3aIlli WX TEpeHiB, IO 3YMOBIIOBAJIO CTBOPEHHS
OLTBIIOT KUTPKOCTI IIEPKOB, IO B CBOIO YEpry poOMIO
HEOOXIIHUM 3aI0YaTKyBaHH J0JaTKOBUX aMIHICTpa-
tuBHUX oquHNIB[20,5.13-51] . I came TyT yepe3 maco-
BUI1 OIip MICLIEBOTO HACEJIEHHS. TaKUX OJIMHUIb CTBO-
PHUTH HE BIAIOCH

OpHak BapTo 3a3HAYUTH, IO TOBIIOMIIEHHS ITPO
TaKu# omip € 10BOJII MasouncensHi[42,S.215]. Sk mpa-
BWJIO iX IHTENPETYIOTh 3 TOYKHM OLIHKHA TaK 3BaHOTO
«s13n4HUIBKOTO moBcTanHsm» 1037-1039 pp. Ananorii
CYCITHIX KpalH HeoTHO3HaUYHi. 3 0THOTO OOKY CHTYAIlis
B Uexii Ta CkaHIMHABCHKHUX 3€MJISIX TOKA3YIOTh JOBOJI
CaOKuii omip HOBiM pemirii , ckopime Triayxe pem-
CTByBaHHS. B Toli wac, sik B YropmuHi BinOyBaiucs
MacoBi MOBCTaHHS IIpOTH XPHUCTH-
stHizaniil 14,P.55;15,P.319-368].

Mixycobuii 1037-1039 pp. MOBHICTIO 3HHUIIUIH
HE JIUIIe Jep)KaBHY, ajie 1 epKoBHY opraHizamiro Ilo-
abmi. [onoBHi xpamu y I'ne3no, Ilo3nani Bporyiasi
Oynu crmasieHi, CBSIIEHNKiIB—IIOBOMBAHO, a TTacTBa ,5IK
MIpaBUIIO, MOBEpTANach 10 S3UYHHUITBA. J[0 IHOTO BCh-
oro y 1038 pori dechki Bilicbka 3axonuiau [ He3HO Ta
BUBE3JIH 3BiiTH Mol csitoro Boiinexa [5,C.110].
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Ka3umup, BiTHOBUBILH JepiKaBHY CUCTEMY, IOYH-
Ha€ BITHOBIIOBATH 1 IIEPKOBHY opraHizamiro. Tyr
cmpasa Oyna oBoJIi HempocTor. CroyaTky mojibChka
BJIaJIa BUPIMIAIA 30CEPEIUTHCH Ha BiTHOBJIEHHI SKO-
roCh OJTHOTO €nuckorncTBa. [lo3HaHChKE €MMCKOIICTBO
OyJI0 3HUILEHE MOBCTAHHSM, | HE3HEHChKE TIPUITUHUIIO
¢yHnkuionyBaru e 3a npasiinas Memxka I I nume B
KpakoBi 11epkoBHi IHCTHUTYIIiT IEBHUM YHHOM IPOJIOB-
kyBamn ¢QyHkuionyBatn. Tomy Pum  cmouarky
BupiuB BinHoBUTH KpakiBcbke enuckonctro. Y 1046

poumi mana beHemuKT BIiOZHOBHUB KpakiBChKE ap-
XIEMHUCKOITICTBO,  NPU3HAYMBINM  apXIE€MHCKOIIOM
AapoHa 3 TakuM (OPMYIIOBAaHHSAM:  BCIMAHOB-

JIOEMO,YMBEPOACYEMO, HAZUBAEMO MA OCEAYYEMO HAB-
xono micma Kpakosa apxienuckoncmeo, Oe pamiue
0y10 E€NUCKONCMBO, [ SAKOMY RNIONOPAOKOBYEMO YCi
enuckoncoki enapxii, siki € 6 Ilonvcokiti deporcasi, i ki
3a apxienuckoncokum npasom cyosmocs[18,5.359] Ta-
KOX AapoH OTpUMaB TIPaBO OJSTaTH y CBATKOBI JIHI
najuliyM—cIienianbHui cBATKOBUH oxar. Yomy Kazu-
MUp HE HaIoJIAraB Ha BiTHOBJIEHHI | HE3HEHCHKOT MUT-
pomodnii. Ha nymxy O.Xanenpkoro[28,S.76] ta A. Bna-
cto[1,C.163] e Oymo WOB’sI3aHO 3 THM, IO KHSA3b HE
XOTIB MIANOPsAAKYBaHHS NOJIbCHKOT IepkBU Marieoyp-
3bKOMY apXi€MHUCKOIICTBY, a II¢ HEMUHYYE BHXOJIUIIO 3
PO3paxyHKy TOTOYacHOI LEPKOBHO-IIOJITUYHOI CHUTY-
amii.

[Ile omaMM HaA3BUYANHHO BKIUBUM aKTOM IIEp-
koBHOT mositukd Kasumupa | crano BimHOBICHHS
Bpomnascekoro enmckomncrBa. Cinesiss JOBTUi dac
BXOJMJIA JI0 CKJIly HIMEIBKHX [IEPKOBHUX CTPYKTYP.
6 rpymms 995 p. [31,S.9-12] y ®pankdypri-na-Maitni
Ortrou Il BUgaB AUIIIOM Ui €IMCKOTIAa MalCEHCHKOTO
Eiifo, 3a sSIKUM IepeaBaB Mifl EPKOBHY IOPUCIAUKIIIIO
3Ha4HY TEPUTOPII0 Mosbebkoi Critesii, 1 He e Huok-
HbO1 (perion [[3snoman), 1o sxoi MaiiceH yxe BUCyBaB
TpeTeH3ii, ae i 10 YacTHHU BepxHboi 1o niBoMy Oe-
pery Onpu. 3MicT JOKyMeHTa Tpeba OJHAK PO3YMITH
He sK IiiCHY crpo0y po3IIMpeHHs BOJIOoAiHF MaiiceH-
CBKOTO ENUCKOIICTBA, ajle PAlIe K MOJITHYHY JIeKIa-
pamito BOPOXXHMX HaMipiB iMmepii cympoTd AepikaBu
ITacris, a Takox Yexii[38,S.230;8,C.64].

Sk BxKe BUIIlE 3a3HAYaAIOCh, y Cine3ii BUOYyXHYIH
IepnIi aHTUXPUCTHSHCEKI BuCTynmHu 1me y 1032 pori,
OCKUIBKH Y I[bOMY PErioHi OyJad HaI3BUYAHHO CHIIbHI
Tpanuii s3nganiTBa. [1ix gac moBctanusa 1037 poxy y
Cinesiro nmepioMYHO BTOpPrajMcsl YeChKi BiHChKa, SIKi
pO3paxoByBalu TpUENHATH Lei perion go Yexii
[21,S.83] Bpewrri-pewt yactuna Cinesii pazom 3 Bpou-
JIaBOM Tiepeiiia go Yexii, nmpo 1o 30KpemMa CBiT4uTh
Tolt dakrt, mo y 1054 pomi, sk moBimomisie Ko3pma
[pa3bkuii, Oy0 MiAMKUCAaHO JOTOBIp, 3a sSKUM UYexis
BimmaBana 3aifHATI HEero 3emiii B OOMIH Ha JaHWHY.
[21,S.101] Tumii mkepena MOMArOTh IEIIO BiMIiHHI
Bimomocti. Tak Kuura ¢yHmaropis mucTepiaHChKOIroO
monactupss B ['enpukosi(Ksiega henrykowska) mo-
BiZIOMJIsIE TIPO TepiIoro enuckomna Bpoiaea leponima,
KOTpHii 06itiHsB 1o Kadeapy y 1046 pomi[9,S.87-88].
Karanor BpoIUIaBCBKUX ENUCKOIIB TOBIIOMIISE, IO
caMe KHsi3b Kasumup I BCTAaHOBHMB €NMCKOIICTBO Y
Bporasi 1 Poky booicoeo 1051 npusnauus nepuium
enuckonom epoyaascvikum leponinal9,S.87-88]. Ilo-
cTa€ MUTaHHSA, K Ka3uMup Mir mpu3HauYUTH €MTUCKOIIA

JUTSL HEMIAKOHTPOJIbHOT oMy TepuTtopii. Jmyrom mo-
BiJoMJIsIE HaM, IO CTIOYATKy Kadeapa BpOIIaBCHKOTO
€MUCKOTIA 3HaX0IuIIack y Micti CMOToXyB, sSIKE 3HaX0-
JIUIIOCH TaKOXK y MOJBCHKiA wactuHi Cinesii, a micis
Toro, sik Bporyias 6yno nmosepaeHo 1o [losbmii, croan
OyJI0 TIepeHeceHO EMUCKOTIChKY Kadenpy. Tomy Mox-
mBo, mo Kasumup mpocto cTpaxyBaBcs Ha BHIAIOK
noBepHeHHs yacTuHu Cinesii 1 XOTiB OyTH TOTOBHUM JI0
TOTO, OO ITi 3eMJTi YBIMIIUIH 10 CKITay TOIBCHKOT ep-
KOBHOI CTPYKTYpH.

BcranoBnenns enmckorictBa 'y Cinesii  Oyio
HaQ/I3BUYafHO BAXKIIMBOIO TIOJIEI0 [UISL  IOJILCHKOT
nepkBu. Y Cinesii, sk yxe 3ragyBajioch BHINE, OyIH
Ha/I3BUYAHO CWJILHUMH TPauLil S3UYHUNTBA 1 Ha-
SIBHICTh TYT EMUCKOIICHKOI Kadeapu 103800 edek-
TUBHIIIE OOPOTHCH 3 SIBMYHUKAMH. TaKoXX HasBHICTh
LEpKOBHOI oOpraHizanii [JO3BOJIsUIa MHOCHJIUTH TYT
BB [lombmmni i 30epertu il sIK 4acTUHY AepiKaBU
[TsacriB. e oHi€0 MPUYNHOFO BITHOBIICHHS EMMUCKOTI-
cTBa OyB 1 TO# (hakT, 110 MOJIBCHKIH Biaai 0yio HeoO-
X1IHO TIOCHJINTH CBIi BIUIMB Y IIEPKBI HA BUMAJIOK CY-
MepeyoK MI0/I0 3aJISKHOCTI MOJILCHKOT LIEpKBH Bix Mar-
neOyp3bKOTO  apXi€muCKOICTBA.  BpoIuiaBchbkuM
E€MUCKOIIOM TiJ] yac npasiinHg Kazummupa 3anumiascs
BHIIE 3rafaHuil lepoHiM, SKUil 3aiiMaB €MHCKOTICHEKY
kagenpy no nogarky 60-x poxis Xl cr.

Y 1057 pomi BinOyBcs 3'i31 enuckoniB y micti [1o-
XJIbJIe, SIKMH 3aTBEPIWB CTBOPEHHS €MHMCKOIICTBA Y
Bporiasi. Ha aymky O.T aneripKoro miikoM MOKIIHBO,
o0 Ha IpOMY 3'1311 BimOymack 3ycTpid KpaKiBCHKOTO
apxienuckona AapoHa Ta MarchbKuM jeratoM [ inbie-
Opannrom, MaitOyTHiM mamoro ['puropiem VII, mo B
MOJTAVIBIIIOMY BimoOpa3miock Ha BimHOcHMHAX [lombii
ta Pumy. [28,S.79]

HanzsuuaiiHO ycmiliHUM TeEpioioM Yy PO3BHUTKY
HoJbChbKOI 1epkBH Oyno mnpasiiHHg bonecnasa 11
(1058-1079). Onne 3i cBoix mpizBucbk—Illenpuii BiH
OTpHMaB came 3a IIeApi MOXEepPTBYBAaHHA XpamaM Ta
moHactupsMm[ 11,5.50-52]. Takox bBonecnaBoBi Bma-
Jock yrBoput B Masosii IImoneky emapxito, sika Ha
noyarky XII cT. oTpumana cTaryc €HUCKOIICTBA.
[29].bonecnaB octrarouHo BimHOBUB ['HE3EHCBKE ap-
XI€MUCKOIICTBO, TIPO IO HaM moBimomisie y «Rocznik
Traski»:

1064. Gneznesis ecclesia consecratur[39,S.831]

Bararo B yoMy 11e OyI0 1OB’s13aHO 3 THUM, LIO CaM
¢axr icHyBaHHs [ HE3HEHCHKOT Kadeipu CUMBOJII3yBaB
MOBTOPHY peanizaiito pimenns 33ay 1000 poky Ta
CTBOPCHHS CaMOCTIlHOT MMOJTBCHKOT IEPKBH, siKa Oyia O
HE3aJIe)KHOI0 Bill HIMEIBKUX apXi€mucKomcTB. boe-
cmaB Il BuOpaB noBoyIi BHanmii 4Wac U peaii3aril
BOT0 HaMipy. Y KaTOJHUIBKIl epkBi Habupas 00epTiB
KIIOHICHKUN pyX pedopMaTopiB, SIKUil sSKpa3 1 BUKi-
OB 3 MOHACTUPIB OCHETMKTUHCHKOTO opAeHy. KHs3b
y)Ke 3apoOuB co0i aBTOPUTET cepel IEPKOBHUX Ki
CBOEIO MISAPOI0 MATPUMKOIO MOHacTHpiB y [lombmmi i
TOMY MII' pO3paxOBYBaTH Ha MIATPUMKY KIIOHIHIIB y
MUTAaHHI BIJHOBJIEHHS €NHCKOICHKOI Kadeapu y
I'ne3no. BinHoBneHHs kadenpu B 'HE3HO Mao cripu-
SITH II€ OJJTHOMY TIOJIITHYHOMY KpoKy bosecnaBa—iforo
KopoHarlii, ska BinOynack Ha pi3aBo 1075 poxy. OxHax
MUTaHHs KopoHatlii bosrecnaBa Bosiel0-HEBOJIEIO ITEpeT-
HYJIOCH 3 TOJIOBHOIO MOJITHYHOIO TTOMIEI0 TOTO Yacy B
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KaTOJIUIIBKOMY CBiTi—00poTh00T0 32 iHBecTUTypy. Onn-
HOuacHO (opMmyeThes HOBa Kadempa y Ilnompky. Ii
3Ha4YeHHS OCOOJIMBO 3pOCIIO 3a MpaBiiHHA Briacau-
cnaBa I I'epmana, KoM BOHA IEPETBOPIOETHCS HA
cimeiiny i poxy Ilscris. [30,S.363-371;46,S.1-48]

Jo xiamst X| cTonitrs angMiHICTpaTUBHUN IO
KaTOJMLBKOT 1IepkBH B T1oJIbIli €0 yCKIIaIHUBCS Y
3B’SI3Ky 3 NPUEJHAHHSIM HOMOpPCHKMX 3eMenb. Ode-
BUJIHO, 110 HOBONPHUEIHAHI TepUTOpii moTpedyBayu
XPHUCTHSHI3AIII . TOJIbChKA BIaJla aKTUBHO B35UIACH 32
ueit nporec . Li Tepern yBIiiIUM y TiAMOPSIIKYBaHHS
no apxienuckomna ['He3Ho. Tlepmra micis mpoBoamacs
i1 KepiBHUIITBOM icITaHCHKOTO 4eHIs bepHapna, skuit
mpuOyB Ha 3anpoureHHs kHs13s bonecnasa I y 1122-
1123 pp, oaHak 1s Micisl 3aBepUIMIIACh HeBlIauer Y
1124 p. ctoau npubys enuckon OtToH bambepr3bkuii (
SIKOTO I11e HasuBau "amoctosiom [lomepanii") . Bnacue
BiH 1 OYOJIMB MICil0 10 XPUCTHsHI3alii MOMOpSH.
[24,5.159]

B kinami 20-x pokiB XII cr. bonecnas 111 Kpuso-
YCTHH TOYaB BTUIIOBATH B JKUTTS IUIaH IEPKOBHOI Op-
raaizamnii [lomop's. ITlapamenmbHO TPOIOBKYBAJIOCH
3MIHEHHA IHIMMX Kadexnp 3okpeMa Ilmompkoi ska
MATBEpIMIIa CBii ctaTyc apxienuckorctBa[29] Tepu-
topist I'mancekoro [lomop's Oyna BKiIrOUeHa 10 CKIALy
KysBcbkoi nienesii i pemra Oynu nepenani no enapxii
I'ues3no[28,S.102] . Takok Oya0 CTBOPEHO HEBEIHKY
JIro0ychbKy mienesiro , 10 sSKOi B MOAATbIIOMY Maiu 0O
yBiliTh 3emnui Han Ogepom, mo ix Bonecnmae 3arura-
HYBaB JOJYYUTH JI0 TMouneuyi”™. OxHaK 1 imest 3ycTpina
omip cepex JeSKUX €NUCKOMIB.. 3rogoM OyIo
BHpIIIEHO CTBOPUTH OKpeMe [ToMopchKe €MUCKOTICTRO.
[28,5.112]

OTxe, Ak 6aunMo, IepKoBHA CTPYKTYypa B [Tompmi
npotsroM X| cT. po3BuBanace uepe3 pi3Hi eTanu: Bif
3aro4YaTKyBaHHs TaK 3BaHUX MICIHHUX E€MHMCKOTICTB Ye-
pe3 noBHe 3HMIICHHS i moBcTanHsa 1037-1039 pp. mo
IUIAHOMIPHOTO TMpOIeCy pPO30YyIOBH aaMIiHICTPaTHB-
Horo noxiny. KaTonuipka niepkBa Ha MOJIbCBKUX 3€M-
JISIX CKJIa/laniach 3 [ HE3HEHCHKOTO apXi€mMCKOICTBA Ta
5 enuckonctB: Ilosznanceke,KpakiBcbke, Bpou-
naBchke,[Imonpke Ta Konpbeperke. HaliBumnii cratyc
Maito ['HE3HEHChKE apXieMmUCKOIICTBO, KEPIBHUK 1 MOCi
BBaXKaeThes raBoro Ilombebkoi mepkBu. KpakiBehke
TeBHUI yac OyJ0 apXi€MUCKOIICTBOM, JI0 BiTHOBJICHHS
y 1076 poui xadenpu B I'Hesi. [Tnonpka xadenpa Oyna
ocobucroro kadenporo poxy Ilicrie. Ilo3HaHChKe
€MHCKOTICTBO IMOBIPHO IIe IEBHUIT 4ac 3aJIMIIaIoCh HE
BKJIIOUEHUM JI0 CKJIaay ['HE3HEHCHKOTO apXi€nucKoI-
CTBa, Yepe3 CBOE MianopsaKyBaHHs Marne0Oypry. Ko-
T00XKEChKe EMHUCKOIICTBO HOCHJIO CTaTyC MiCiHHOTO,
TaK sK 3aliMalloCh XPUCTHUSHI3ALIEI0 TTOMOPCHKUX Te-
peHiB.
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Kanouoam apmayeemuyHux HayK, OOYyeHm,

cmapuwuii inxcenep mexnonociunoi aabopamopii denapmamenmy 00cAioHceHHsa ma po3pooKu,
TIAT «Dapmaxy

OPTIMIZATION OF THE COMPOSITION THE EFFERVESCENT TABLETS OF
ACETYLSALICYLIC ACID, PARACETAMOL AND ASCORBIC ACID
ONTUMIBAIIA CKJIATY HIUITYUYUX TABJETOK AIETUJICAJIIIUJIOBOI KUCJIOTH,
HAPAIIETAMOJTY 1 ACKOPBIHOBOI KUCJIOTH

Summary: It was performed a microscopic study of active pharmaceutical ingredients, the results of their
pharmaco-technological tests were presented. Since acetylsalicylic acid and ascorbic acid have a good flowing
properties, it is possible to obtain tablets by direct compression. The influence of the change in the ratio of the
quantities of excipients to the quality of effervescent tablets of acetylsalicylic acid, paracetamol and ascorbic acid
was experimentally confirmed. The equation of regression of the pharmaceutical and technological properties of
the mass for tabletting, tablets and the obtained solution is constructed. The optimal composition of effervescent
tablets of acetylsalicylic acid, paracetamol and ascorbic acid was established.

Keywords: pharmaceutical technology, effervescent tablets, development of the composition, regression anal-
ysis, optimization.

Amnoranisi: IIpoBeseHO MIKpOCKOTIIYHE JOCHIKEHHS! aKTUBHUX (DapMaleBTUYHUX IHTPEII€HTIB, IIpecTaB-
JICHO pe3ylbTaTH iX (hapMaKO-TEXHOJOTIYHUX BHIPOOyBaHb. OCKUIBKM MOPOINKH aleTHJICATIIMIOBOI Ta ac-
KOpPOIHOBOT KHCIIOT XapaKTEePU3yIOTHCSI XOPOILOO CHITYHIiCTIO, € MOMJIMBHM OTPUMAaHHS TabJIETOK METOIOM Mpsi-
MOTO TpeCcyBaHHs. EKCIIEPUMEHTAILHO MIATBEPKCHO BIUIMB 3MIHH CITIBBITHOIICHHS KUTBKOCTECH TOMOMDKHHX
PECUYOBHH Ha MOKA3HHUKH SIKOCTI MIHUITYYUX TaOJETOK alleTHICATIIMIOBOI KHCIOTH, NapaleTaMolly i ackopOiHOBOT
kuciotu. [ToOynoBaHo piBHSHHA perpecii papMako-TEeXHOJIOTTYHUX BIACTUBOCTEH MacH JJist TablieTyBaHHs, Tao-
JIETOK 1 OTPHMAHOTO PO3YMHY. BCTaHOBIIEHO ONTHMaNbHUM CKJIad MIMITYYHX TaOJETOK aleTHIICANIIUIOBOT KHC-

JIOTH, TIapaleTaMoJly i aCKOpOIHOBOT KMCIIOTH.

Kniouogi cnosa: gpapmayesmuuna mexnonozis, wunyui mabiemku, po3pooka ckiaody, peepecitnuil anaiis,

onmumizayis.

IMocTtanoBka npodaemu. Po3poOka yHIKaIEHOTO
BITYM3HSIHOTO KOMOIHOBAHOTO IIpernapary IMpOTHU3a-
MANBHOT Jii, 10 CKIIaay SKOTO BXOIATH alleTHIICAIIIH-
JIOBa KHCJIOTA, ApareTaMoll i aCKopOiHOBa KUCIIOTA, Y
¢dopMmi mmmydnx TabIeTOK TOTpedye HAyKOBOTO
OOTPYHTYBaHHSA CKIIQAy HOTIOMDKHHX PEYOBHH, IO 3a-
Oesmeyath HEOOXiMHI (hapMaKO-TEXHOJIOTIUHI BJIACTH-
BOCTI Ta MIOKa3HUKH SKOCTi TOTOBOTO MPOIyKTY [1].

AHaJi3 ocTaHHiIX AocjaigkeHb i1 myOJikamii.
Panimnre HaMi BUBYEHO BIUTHB JOTIOMDKHUX PEUOBHH 3
TPYNl HAOBHIOBAYiB, PO3MYIIYBAadYiB, 3MAallyBaIbHIX
pedoBuH Ha (HApPMaKO-TEXHOJIOTIYHI XapaKTEPUCTUKU
[IUITYYUX TAOJIETOK aleTHIICATINMIOBOT KUCIOTH, I1a-
pareramosty i ackopOiHOBOT KHACIOTH [2] Ta BCTaHOB-
JIEHO X onTUMaibHI KiTbKOCTI [3].

BunijieHHss HeBHpilIeHNX paHille YacTHH 3a-
rajbHoi mpodJjemu. Ilpore orpumani mumydi Tad-
JIETKU aleTHIICATIIMIOBO KHACIOTH, MapaneTaMony i
ACKOPOIHOBOI KHMCJIOTH HE BiAmoBimanu (papmaxorei-
HHUM BUMoOTaM [4, 5] 3a TOKa3HUKOM CTIMKICTh TabJe-
TOK JI0 PO3JIaBIIIOBAHHSI.

Hias crarri. 3 MeTOIO0 MIABHINEHHS CTIHKOCTI
Ta0bJIETOK JI0 PO3JIaBIIIOBaHHS IIPOBOIMIIN ONTUMI3ALIiI0

CKJIaJy MpU JAOCIIDKEHHI MOEAHAHHS JIAKTO3U 3
cOpOITOJIOM B Pi3HHUX CHIBBIIHONICHHSIX.

Bukaan ocHoBHoro marepiaay. Ilpu mpose-
JICHHI JOCIIDKEHb BUKOPHCTOBYBAJIHM IOPOIIOK alie-
TWICATIIMIOBOT KHCIOTH BUpoOHUNTBa Shandong
Xihua Pharmaceutical Co. Ltd. China, mocradaibHUK
Indukerh Chemie AG, mopormiok mapamneramosy BUPO-
omnurBa Hebei Jiheng (Group) Pharmaceutical Co.
Ltd, KuTaii, nopomok ackopOiHOBOi KHUCIIOTH IIBEH-
napcekoro Bupobuuirea DSM Nutritinal Products.

Ha mouatky AOCTIIKEHb HOPOLIKUA AKTUBHUX
(hapManeBTHYHUX IHIPEIIEHTIB TOCIILIKYBaIH 3a (Gop-
MOIO Ta PO3MIpOM YaCTHHOK.

Hocnimkenns GopMu 9aCTHHOK MPOBOIUIIA METO-
JIOM ONTHYHOT MIKPOCKOMIT 33 IOMOMOTOI0 CBITJIOBOTO
mikpockonna MICROmed SEO SCAN with 300x and
600x magnifications. 3o0paxeHHs (HOTOTOKYMEHTY-
BaJIM 3a lortoMorolo Bizeokamepu Vision CCD Camera
3 CHCTEMOIO BHUBOJAY 300paX€HHS Ha MOHITOD
KOMIT'I0Tepa. 3arajibHy MaHopaMmy 4YacTHH coTorpa-
(horaHo 1 300pakeHO Ha pHcC. 1.
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Puc. 1. Mikpoghomo3nimok nopowkie Kuciomu ayemuncanriyunogoi,
x300 (a), napayemamony, x600 (b), kucromu acxopbinosoi, X600 (C)

3a jgaHuMHU Kpuctanorpadii arerusicainuioBa
KUCJIOTA € KPUCTAIIYHAM HOPOLIKOM, IPEICTaBICHIM
YAaCTUHKAMH OBAIIbHOI (POPMH 3 PIBHUMHU KpasMH Ta
pizauM po3mipom. [Taparieramos € aMoOpGhHHM MOPOIII-
KOM, HpEICTaBJICHUHA YaCTHHKAaMH HOBractoi gopmmu
T'OJIKH, aCKOPOIHOBA KHCJIOTA € KPUCTANIYHUM ITOPOLI-
KOM 1 CKJIaJIa€ThCsl 3 KyOIYHUX KPHCTAliB 3 PIBHUMH
KpasMH.

Frequency (compatible)
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=
=]
1

Valume Density (%)
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|

Bu3sHaueHHs po3Mipy YaCTHHOK MPOBOIUIIUA METO-
JIOM JTa3epHoi mudpaxilii [4] 3a JOOMOroro Ja3epHOTro
madpakuiiiHoro anamizaropa Malvern Mastersizer
3000 (Malvern Instruments , Benuka Bputanis), npu-
3HAYEHOT'0 JUISI BU3HAUCHHS AUCIIEPCHOCTI YaCTHHOK Y
niamrazoni Big 0,01 mxm 1o 10 000 mxm. [IpoBeseHi Bu-
MpoOyBaHHA JO3BOJIMIIN OOYIyBaTH AiarpaMu, HaBe-
JIeH1 Ha puc. 2-4.

T T T T I 1
0.01 01 10

T TTTTT] T T T T TTTIT T
100 100.0 10000

T TTTT]
10 000.0

Size Classes (pum)

[5] Average of 'AusTuncaniyunosa

mcnota’-08.09.2015 12:04:39

Puc. 2. Jiaepama po3nodiny nopowiky ayemunicaniyuniosoi KUciomu 3a po3mipom Yacmok
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[4] Napauetaman, -28.08.2015 9:41:39

Puc. 3. [iaepama po3no0diny uacmox nopowKy napayemamoiny 3a posmipamu 4acmox
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Puc. 4. Po3nooin uacmok nopowy Kuciomu ackopoinogoi 3a pozmipamu

KymynsSTHBHHN PO3MOALT YaCTOK ameTHIICAIIIH-
JI0BOT KHCIIOTH 32 po3mipoM D10 cranoButh 219 MkM,
cepenniit miametp wactok D50 piBamit 703 mxm. Mia-
MeTp cdepH, sKa AUUTH 3pazku Mac B 90 %, konu ya-
CTUHKH pO3TalllOBaHI Ha BUCXIAHIM MacoBiii OCHOBI,
BH3Ha4YaeThcs 3HaueHHAM 1330 mxm. IlpoBeneni no-
CIJDKEHHS TaparieTaMolly BKa3yloTh BiJTBEPKYIOTh
D10 = 5,84 mxm, D50 = 40,4 MkM, 10 BignoBigae ce-
penHboMy po3mipy yactok, a D90 = 208 mxwm. [lns ac-
kopOiHOBO1 kucioTn BenmmumnHa D10 piBHA 72,8 MKM,
D50 = 265 mxm, D90 = 523 Mkm.

Jns po3poOku CKiIagy Ta TEXHOJOTIi TabIeTOK
BUBYAIM (hapMaKO-TEXHOJIOTIYHI BJIACTHBOCTI IMO-
POIIKIB aKTUBHUX (hapMaIleBTHYHHUX IHTPEHi€HTIB. Y
JOCHiIaX BHUKOPHUCTAIM cydacHe OOJIaJHaHHS ISt
BH3Ha4YeHHs HacuHOI ryctuHd (ERWEKA SVM 202,
Himewyunna) ta cumydocri nopoukis (ERWEKA GT,
Himeuunna). Pesynbrat gocnijkeHHs dapmako-Tex-
HOJIOTIYHUX MMOKA3HUKIB MOPOIIKIB aKTUBHUX (hapma-
[EBTHYHUX IHIPEIEHTIB HaBeICHI B TaoOm. 1.

Tabmums 1

dapmMako-TEeXHOJIOTIYHI NOKa3HUKH MOPOIIKIB AKTUBHUX (papMaleBTHYHUX IHTPENIE€HTIB

Ha3Ba nokasHuka, BUMipoBaHHs | AnermicaniiuioBa kuciorta | Ilapameramon | AckopOiHOBa KHCIOTa
HacwurHa ryctusa, T/Mi1 0,6667+0,0230 0,3850+0,0127 0,9329+0,0074
I'yctrHa micns ycaaku, r/mi 0,8571+0,0571 0,5934+0,0101 1,1545+0,0115
Ingexc Kappa, % 24,84+2 30 54,20+2,48 23,76+0,23
Texyuicts, ¢/100 T 7,7£1,5 0 11,4+0,8

Kyt npuponnoro ykocy, ° 37,2429 11,6+4,6 38,3+2,7

OpeprxaHi JaHi MOKa3yIOTh, 10 TOPOIIOK aI[CTHII-
CaJIiMIIOBO] KHCIIOTH XapaKTepU3YeThcs NO0OpOIo Te-
KYYICTIO Ta IHIIUMH ITOKa3HUKaMH, LI0 3a0e3MeuyloTh
OTPUMAaHHS TA0JIETOK METOJOM NPSIMOTO MPECYBaHHS.
3HauyeHHS BEJIMYMH HACHITHOI TYCTUHHM Ta TyCTHHU
MCJIs ycaAkW, a Takox iHaekcy Kappa, Tekydocti it
KyTa IPUPOJHOTO YKOCY BKa3ylOTh Ha Te, IO raparie-
TaMoJI Ma€ morasy cumydicts. OzepaHi JaHi moka-
3a]M, II0 acKOpOiHOBa KHCIIOTA Ma€ XOpOLIYy CH-
My4icTh. 3HaYCHHS BEJMYUH HACHUITHOI I'yCTHHU Ta Ty-
CTHHH TIiCIA ycaakW, a Takox iHgekcy Kappa,
TEKy4OCTi ¥ Kyra NPHPOIHOTO YKOCY BKa3ylOTh Ha

MOJKJIMBICTh TOJABaHHS ii 10 ckiaay TabaeToK 0e3 10-
JAaTKOBOTO IPaHYJIIOBaHHS.

Tomy oTpuMaHHS MIMOYYUX TaOJNETOK aneTuI-
CAJTIIIIOBOI KHUCIIOTH, IapamneTaMmoiy i acKopOiHOBOi
KUCJIOTH MTPOBOIMIIM METOJIOM MPSIMOTO IPECyBaHHS.

Hnsa excniepumenty Bukopuctanu Parteck SI 400,
sSKuil 3a0e3rnedye HaWBHUILY CTIHKICTH TaOJETOK [0
PO3JaBIOBaHHS. 3 METOIO ONTUMI3aLii CKIaay LIMITY-
yux Tabnerok BuBuanmu Ludipress, mo ckmangy skoro
BxouTh 93 % makrosy, 3,5 % Kollidon 30 i Kollidon
CL, mo e cynepaesinrerpatopamu. Ilepemik Kinb-
KiCHUX (haKToOpH Ta iX piBHI HABEAEHO y TaOmuIi 2.

Tabmws 2

JocuimxyBani ¢pakTopy Ta iX piBHI, [0 BUBYAIKCS TSI ONTUMI3AIli] IIUITYIUX TaOJETOK alleTHICATIMIOBOT
KHCIIOTH, TIapareTaMoiTy i aCKOpOiHOBOT KM CIOTH

PiBens dakTopy
Daxro Hwxns «3ipkoBa» Huxnii OcHOBHUH Bepxniii BepxHst «3ipkoBa»
P TOYKA pIBCHB piBeHB piBeHB TOYKa
«-o» «» «0» «ty «tay
’;egs“?"‘“c“ Ludi= | 0,0024653 0,03395 0,11 0,18605 0,2175347
X2 —  KUIBKICThb
Parteck SI 400, 0,0024653 0,03395 0,11 0,18605 0,2175347
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[Ipu cknamgaHHI penenTypu A0 CKIamy TablIeTOK
BHOCHIIM 7 % KHCIOTH JTMMOHHOI O6e3BoaHoi, 10,2 %
HaTpilo rigpokapboHary, 0,36 % caxapuHy HaTpilo,
1,8 % apomaruzaTopa JTMMOHHOTO i 1,5 % Hatpito cre-
apwipymapar  (Pruv®). Jlakro3y = MOHOTiIpaT
(Tablettose 80) momaBamu 10 OTPUMAaHHS CEPEAHBOT

BuBUYeHHS BIUIMBY ABOX KUIBKICHHX (DaKTOpIiB
MPOBOJMJIM 3 BUKOPHUCTAHHAM CHMETPUYHOIO POTaTa-
OenbHOTO YHipOpPM-TIIany Apyroro nopsaky [6]. [Tnan
eKCIIEpPUMEHTY 1 Pe3yNbTaTH TOCTIHKEHHS TaOIeTHIX
Mac 1 IUITy4uX TablIeTOK HaBeJeHO B Tad. 3.

MacH IuIy4Yux Tadierox 1,5 r.

Tabmaums 3
[Tnan eKCIepUMEHTY i pe3yIbTaTH JTOCITIUKEHHS TabIETHHX Mac 1 MIUITydrX TaOJETOK A€ THICATIIIIOBOT KHC-
JIOTH, TTApaIEeTaMoJIy i aCKOPOIHOBOT KUCIIOTH

cepit | X1 | X2 y1 y2 y3 ya ys5 y6 | y7 y8 y9 Y10 yi1 yi2 | y13 | yua
1 + + 0,6736 | 0,8848 | 23,87 | 228 | 398 | 5 4 | 0,61 | 49,2 | 2,06 | 1,02 4 5 5
2 - + 0,6896 | 0,8935 | 22,82 | 21,0 | 40,3 | 4 4 | 054 | 46,4 | 2,47 | 1,23 4 4 5
3 + - 0,6632 | 0,8906 | 2553 | 235 | 416 | 5 5] 053 | 41,0 | 3,16 | 0,24 4 4 5
4 - - 0,6747 | 0,8674 | 2222 | 21,7 | 425 | 4 4 | 082 | 368 | 388 | 043 4 4 5
5 +a 0 0,6777 | 0,8903 | 25,00 | 18,3 | 414 | 5 510,74 | 532 | 2,38 | 0,41 4 4 5
6 - 0 0,6936 | 0,8932 | 22,35 | 18,9 | 40,6 | 4 4 | 045 | 39,5 | 3,15 | 0,59 4 5 5
7 0 +a | 0,6796 | 0,8914 | 23,76 | 17,8 | 40,9 | 5 51058 | 464 | 235 | 1,23 4 5 5
8 0 -a | 0,6702 | 0,8876 | 24,49 | 215 | 41,3 | 4 4 | 1,05 | 442 | 3,72 | 1,08 4 4 5
9 0 0 0,6755 | 0,9071 | 25,53 | 18,9 | 413 | 5 51045 | 530 | 241 | 1,32 4 4 5
10 0 0 0,6794 | 0,9048 | 2491 | 21,9 | 405 | 4 4 | 050 | 46,2 | 2,45 | 1,27 4 5 5

IIpumiTku: Y1 — HaCUIIHA TYCTHHA, I/MIT; Y2 — TYCTHHA HIiCIs ycanaku, I/Mi; Y3 — inaekc Kappa, %; Ya — Texydicts, ¢/100 1; Y5 — KyT
yKocy, °; Y6 — mpoliec TabueryBanHs, 6aiu; Y7 — 30BHILIHIN BUIIIs, Oanu; Ys — OQHOPIAHICTE MacH, %; Yo — CTIHKICTh 10 po3aaB-
nroBaHHs, H; Y10 — cTupanicth, %; Y11 — po3maganHs, XB.; Y12 — MPO30PIiCTh pO3UUHY, OalTH; Y13 — 3amax po3unHy, Oali; Y14 — CMaK

p

034uHYy, 6aIn

B3aeM03B’s130k MK BHBYCHHUMH KUIBKICHUMHU
(dakxTopamu Ta (apMaKO-TEXHOJOTIYHIMH BIACTHBO-
CTSIMH MOJENIBHUX CyMilmied 1 TaOJlieToK BHpaskalld
PIBHSIHHSIM perpecii Apyroro mopsjaKy:

y=boXo+b1X1+ baXo+ D12XiXo+ b11X1a+ baoX2? (1)

Jlist miel mozeni TabnnuHe 3HaYeHHs F-kpurepiro
ctaoBuTh Fo161 = 58,204. [Ipu oTpumanHi ekcriepu-
MEHTAJILHOTO 3HAUEHHsl HIDKYE LBOTO 3HAYEHHS Cy-
JIVTH TIPO aAE€KBATHICTh MAaTEMaTHIHOI MOJIET.

Hacunna ryctuna ro’si3ana 3 BUBYCHUMH (pakTo-
pamu HacTymHUM piBHSHHAM perpecii (Fewen, = 1,73):

y1 =0,6779 - 0,0062x1 + 0,0048x> (2)

Amnaii3 piBHSHHS perpecii BKa3ye, 1110 pu BUOOpi
JIOCTDKYBaHUX (DaKTOpIB HAa OCHOBHOMY piBHI
HacUIHA TrycTuHa TabietrHoi Macu craHoBmia 0,6779
r/mi. Ilpu nomaBanHi 6uTpIOT KiTbKoCTi Ludipress ma-
HUH ITOKa3HUK 3MEHIIYETHCS, a 30UIBIIEHHS KUTBKOCTI
Parteck SI 400 npu3BOAUTH 10 3pOCTaHHS HACHITHOI I'y-
CTHHHU.

Yo 4

0891 /
0,881
0,87}
0,86

0,85 1,

B3aemo03B’s130k BUBYEHUX (DAKTOPIB 3 TYCTHHOIO
MCIS yCaIKH IOKa3ye HACTYIHE PIBHSAHHA perpecii
apyroro mopsaaky (Fexen. = 20,10):

y2 = 0,9065 + 0,0013x1+ 0,0032x> - 0,0080x1X. -
0,0091x:2- 0,0102x2% (3)

AHani3 piBHSHHS perpecii MokazaB, IO JIO-
CIIpKyBaHi ()aKTOPH Ha PiBHI 3IpPKOBUX TOYOK CYTTEBO
BIUIMBAIOTh Ha TYCTUHY MICJS YCaAKH IMOPOIIKOBHX
mac. HaiiOinpmuii BrmiB mMae kinbkicts Parteck SI400.
Ipu 11pOMYy i3 30UTBIIEHHSIM KUTBKOCTI JJOCTIHKYBAaHUX
JOTIOMDKHHX PEYOBHMH Ied TMOKa3HHK IOTIPIIYETHCS.
[Ipn BuBYeHHI (akTOpiB Ha JHIHHUX PIBHAX I'yCTHHA
MICIs yCaJKH TaOJIICTHUX Mac Mokpariyerbes. Cro-
CTepIraeTbes CyTTEBA B3aeMOist Mk (hakropamu. CyTh
B3a€EMOJIIT TOJISITAE B TOMY, 10 B 3aJIS)KHOCTI BiJ] TOTO,
Ha SIKOMY piBHI BHBYA€THCS, HANPUKIAA, (AKTOp Xi,
0-Pi3HOMY HPOSIBIISIETHCS BILIMB (hakTopa X2. Ha puc.
5 mokazaHo BITUB KimbkocTi Parteck ST 400 na ryctuny
ITICIIS yCaaKu TabJIeTHUX Mac.

»

0,84
0,0024653 0,03395

0,11

0,18605 0,2175347
X5 9

Puc. 5. 3aneaxcnicmo eycmunu nicis ycadku 6io xinekocmi Parteck SI 400
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AHaii3 pUCYHKY 5 TOKa3ye, 10 TYCTHHA ITiCIs
ycankd cyMimed it TabJeTyBaHHS IOKpAILyEThCS
nipu 30unbiIeHHi kinbkocti Parteck SI 400 i mocsirae
MakCUMyMy TIpu nonaBanHi Bim 0,065 r (miHig 5) o
0,125 r (ninis 1). [Noganbuie 30inbieHHs GakTopy X2
TIOTIpIIye 1el TOKa3HHUK.

B3aemo03B 5130k BHBYEHUX (DaKTOPIB 3 IHJIEKCOM
Kappa noB’si3aHa 3 BUBUCHUMH (paKTOpAMH HACTYITHUM
piBasiHHSIM perpecii (Feen. = 0,35):

y3 =25,23 + 1,01x1 - 0,262 4)

PiBHAHHS perpecii LTIOCTpye HAWOUTBIIMIA BILIHB
(axTopy X1 Ha IOKa3HUK iHAekcy Kappa, edekr rporo
(axTopa Maibke B 4 pazu BHIIHIA ePeKTy (aKkTopy Xo.
IIpu poMy momaBaHHsS OimbIIoi kKimbkocTi Ludipress
innexc Kappa noripuryerbces, i3 30UIbIICHHSIM BMICTY
Parteck SI 400 B cxnazgi mumygnx TabIeTOK BEIUIHHA
JIAHOTO TIOKa3HHUKA SIKOCT1 HOKPALYEThCSL.

B3aeM03B’5130k BUBUEHHUX (PaKTOPIB 3 TEKYJiCTIO
MOKa3aHUH HAcTymHHUM piBHSHHAM perpecii (Fexen =
0,79): ya = 20,4. Jlnsa 110r0 MOKa3HUWKA BCi BUBYEHI
(axkTopu NpOSBUIM HE3HaYMMICTh BIUMBY. Lle cBin-
YHUTH TIPO T€, 10 BCEPEIHHOMY IBUAKICTh BUCHUIIAHHS
TaOaeTHOT MacH 3 kKU craHoBuTh 20,4 ¢/100 T He3a-
JIOKHO BiJl BHOpPAHMX KUIBKOCTCH IOMOMDKHHX pe-
JOBUH.

B3aemo03B’5130k BUBYEHUX (DaKTOPIB i3 KyTOM IPH-
POAHBOTO YKOCY TabJETHOI MacH aleTHIICATIINAIOBOT
KHCJIOTH, TMapaneraMolly i acKopOiHOBOI KHCIOTH
imoctpye HactymHe piBHsaHHS perpecii (Fexen, = 1,16):

ys = 40,92 - 0,57X2 (5)

Amnani3 piBHSHHS perpecii BKa3sye Ha ICTOTHHH
BB Kimbkocti Parteck SI 400 B cxmami mumydmx
TabJICTOK Ha KYT MPUPOJHBOTO YKOCY, 30UIhIIICHHS BE-
JIMYUHU X2 PU3BOJHUTH J0 3MEHIICHHSI ITAHOTO MOKa3-
HUKA.

Brune mocnimkyBaHux (pakTOpIiB Ha MPOLIEC Mpe-
CYBaHHS ONUCYEThCS MaTeMaTHIHOIO MOAEIITIO (Fexen.
=0,23):

Y6 = 4,50 + O,43X1 (6)

[oxpateHHs nporecy npecyBaHHs BitOyBaeThCs
npu 30uTbIeHH] KinbkocTi Ludipress B THX BUTIaAKaX,
ko BBegeHo 0,18605 r B po3paxyHKy Ha | TaOIeTKy.

B3aemo3B’ 5130k BUBUEHUX (PAKTOPIB 13 30BHIITHIM
BHTJISIIOM IIMMYYUX TaOJETOK UTIOCTPYE HACTYIIHE
piBHsHHS perpecii (Fexen. = 1,14):

y7 = 4,75 + 0,30X1 (7)

3 piBHSHHSI perpecii BUAHO, MO i3 30UIBIICHHM
kinbkocTi Ludipress 30BHIIIHINA BUTIIST MIAIYYUX Ta0-
JIETOK NOKpanyeTbest. PakTop Xo, B3a€MOJIS Ta KBaj-
paTUYHI 3aJI€KHOCTI BUSBUIINCS HE3HAYMMHUMHU.

OmHOPITHICTE MACH OB’ sI3aHA 3 BUBUCHIMH (PaK-
TOpaMH HACTYITHUM DIBHSHHSIM perpecii Ipyroro mo-
pAIKY (Fexen. = 14,51):

yg = 0,48 +0,02x1- 0,11x2 + 0,15X22 (8)

Amnamiz piBHSHHS perpecii Imokasye, IO OJ-
HOPITHICTh MAaCH MIUITyYUX TAOJIETOK IMOKPAIIYETHCS
npu 30ubieHHi BmicTy Parteck SI 400, npoTe kBanpa-
TUYHI e(eKTH IBOT0 (HaKTOPY HETaTHBHO BIUIMBAIOTH
Ha JIaHWH TIOKa3HMK SKOCTi. BBelneHHs OLIbIIOT Kilb-
kocti Ludipress He3Ha4HO MOTIpPIIye OTHOPITHICTH
Macu Tabnetok. Ciij BiIMITHUTH, IO TpU OYyIb-SIKUX
CIIBBITHOIICHHAX MOCHIPKYBaHUX (DaKTOPIB y Mexax
MIPOBEJICHOTO EKCIIEPUMEHTY BIJIHOCHE CTaHJIapTHE
BIIXWJICHHS HE nepesuinye 1 %.

B3aeM03B’s130k BHBUCHHX (DAKTOPIB i3 CTIHKICTIO
TaOJIEeTOK /10 pO3/JaBIIOBaHHS MOB’s3aHAa 3 BUBYCHUMHU
(akTopamu HacTymHUAM piBHAHHAM perpecii (Fecen, =
0,50):

y9 = 49,63 + 3,30x1 9)

SIk BUAHO 3 MaTeMaTHYHOI Mozeli 6.18, CTIHKICTh
TaONETOK JI0 PO3/ABJIOBAHHS IOKPAIYEThCS MPU
30utpmenHi kinepkocti Ludipress. [Ipu mbomy 3Ha4eHHS
MIITHOCTI Ta0JIETOK 3HAXOAUTHCS HA HUKHIN Mexi dap-
MaKOIIEHHUX BUMOT [4].

BrumB nocnimpkyBaHUX KUIBKICHHX (DakTOpiB Ha
CTHPAHICTh IIUIYYHX TaOJETOK BUPAXKAETHCS PIBHSIH-
HsM perpecii gpyroro nopsaaky (Fecen. = 13,14):

yi0 = 2,43 - 0,281 - 0,56x2 + 0,16x12+ 0,30x2% (10)

3 piBHSAHHS perpecii BUIDIMBAE, MO CTHPAHICTH €
KPUTHUYHUM [apaMeTpoM siKocTi Tabnetok. Bin mona-
HOI KUTBKOCTI IOCTIKYBaHUX JOTOMDKHUX PEYOBHH
3aJIeKHUTh MIIHICT IUIYy4nX TadbneTok. Edexrn kinb-
kocrti Parteck SI 400 me#i moka3HuK B 2 pa3u NepeBU-
IIYIOTh aHAJOTIYHI It pakTopy X1. Ha puc. 6 moxka-
3aHO BIUIMB (DAaKTOpy X2 Ha CTIiHKICTh TaOJETOK 10
PO3/1aBIIIOBaHHS.
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Puc. 6. 3anesxcnicms cmuparocmi wunyuux mabiemox ayemuicaiiyuiosol KUCIomu, napayemamory i ac-
kopbinosol kucromu i kinbkocmi Parteck SI 400

Amnaniz puc. 6 NOEeMOHCTpye, IO 30UIBLICHHS
Bmicty Parteck SI 400 10 0,18605 r B po3paxyHky Ha 1
TaOJIETKy TPHBOAUTE 10 3HWKEHHS cTHpaHocTi. Ilo-
naneiie 30uTbieHHs Kitbkocti Parteck SI 400 cympo-
BOJDKYETBCS TIOCTYIIOBHM ITiIBUIICHHSM BTPaTH B Maci
npu crupaHHi. HaliMeHIe 3HadeHHS BiIMiY€HO Ha
niHil 4 npu x1=+1, xp=+1. JliHii 1 i 2 3HaX0OjATHCS B
30Hi, KOJIM CTHPaHICTh HalOiIbma i nepesuirye dap-
MakoIeiHI Hopmu [4].

Po3namaHHs 1I0B’s3aHE 3 BUBYCHUMH (DaKTOpaMH
PIBHSHHSM perpecii Jpyroro mopsiiky, sike HaBeAeHO
HIKYE (Fexen, = 51,34):

Y X0
15

1,0

y11 =1,30 - 0,08x1 + 0,22x> - 0,42,2- O,09X22 (11)

3 piBHSHHS perpecii BUIHO, IO yCi HIUy4i Ta0-
JEeTKH pOo3NajgaloThes 10 2 xBWinH. Yac posmanaHHs
HalOUIbIe 3anexuTh Bin KitbkocTi Ludipress. Ta6-
JIETKH, JI0 CKJIay SIKMX BXOIHTH OUTBIIA HOTO KITBKICTh
LIBHUJIIE po3naaroThes. Llel moka3HUK NOTipIIyeThest
pu 3poctanHi KimekocTi Parteck SI 400, mpoTe BHB-
4yeHHs (DaKTOpy X2 Ha PiBHI 3IpKOBUX TOYOK J03BOJISIE
BIIMITUTH HIBEJIFOBaHHSA LBOTO edekTy. bimpm me-
TaNBHO BIUIMB KiTbKOCTi Ludipress imrocTpye omHodak-
TopHa rpadiuHa 3aJIeKHICTh Ha pUC. 7.

[Homep
iHii

0,5

»

0,0024653 0,03395

0,11

0,18605 0,2175347
X5, 0

Puc. 7. Bnaus xinexocmi LUipress na posnadanus wunyyux maobiemox ayemuicaiiyuiosol Kuciomu, napaye-
mamony i ackopbino8oi Kuciomu

Amnaii3 puc. 7 noxasye, mo rpadiku 3anexHoCTen
MaroTh BHUTJISAA 00epHeHUX mapaboit. [1pu 30imbmenHi
kinekocTi Ludipress B ckimanmi TabneTtok dac posma-
JIaHHS CMOYATKY IMiABHIIYEThCA — TPU KOHIIEHTpAIIii
Ludipress 1a piBHi 0,11 r crioctepiraeTbcst HAWAOBIINI

yac posnaganHs (Big 42 ¢ mo 1,5 XB), a mpu moaanb-
oMy 3poctansi Bmicty Ludipress meil mokasHUK Imo-
KpalyeThbCesl.

Jst mpo3opocTi po3unny (yi2) yci cepii oTpuManu
OLiHKY 4 0anu, M0 CBIIYUTH MPO BIACYTHICTH BIIUBY
JOCIHIDKYBaHUX (DaKTOPIB Ha SKICTh PO3ZUMHY.
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PiBHsSHHS perpecii, 10 onucy B3aEMO3B’ 130K BHB-
4eHUX (aKTOPIB i3 3aI1aXOM PO3YMHY, Ma€ HACTYITHUN
BUDIISAT (Fexen. = 0,34): y13 = 4,5. Ile Bka3ye Ha Bij-
CYTHICTh 3QJIGKHOCTI MDK JaHUM MOKAa3HUKOM 1 J0-
CIIPKYBAaHUMH KUTBKOCTSIMU JOTIOMDKHHUX PCUOBUH.

Cmak po3unHy (yi14) TakOX HE 3aJeKHTh Bif
Bmicty Ludipress ta Parteck SI 400 i orfineHo y 5 6aiis
JUISL BCIX Cepiif.

Ha ocHOBi oTpuMaHUX piBHAHB perpecii OyayBaiu
JiHIi PIBHOTO BHUXOJYy B CHCTEMI KOOPAMHAT X1X2

(puc. 8).

A
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Puc. 8. Jlinii pienozo auxody 6 cucmemi KOOpOUHAm X1x2

Amnaniz puc. 8 mokasye, [0 NPU BBEACHHI 10
CKJIly MIHMITYyYUX TaOJIETOK aleTHIICATIIMIOBOT KUC-
JIOTH, TMapaneramoiy 1 acKopOiHOBOi KHCIIOTH
0,0024653 r Ludipress i 0,2175347 r Parteck SI 400
OTPUMYBAaIM HaiBHINI 3HAYCHHS HACHUITHOI T'YCTHHH
(y1) ta immekcy Kappa (y3). Kyt npupoansoro ykocy
(ys) na piBHi 41,73 ° BiaMiueHO mIpH BBEACHHI
0,0024653 r Parteck SI 400 Ta Oyap-sSKUX KUIBKOCTIX
Ludipress B mociimkyBanomy intepBaii. [Ipx BUKOpH-
cranni 0,2175347 r Ludipress crmocrepiranu mokpa-
IICHHS TIPOLeCy IpecyBaHHA (Ys), 30BHIIIHBOTO BH-
risiny (y7) Ta CTIMKOCTI 10 po3jaBitoBaHHSA (Yg), L0

OyJ10 BU3HAYaIbHUM ITPY BUOOPI ONTHMAITBHUX KUTBKO-
creit. KpuTWyHMM mapamMeTpoM LIMIYy4HX TaOIeTOK
BUAUIMIN  CTHpaHicTh (y10). HaliHmkui 3HaueHHS
BTPaTH MacH IIPH CTUPAHHI OTPUMAalH NPH BHUKOPHU-
cranui o 0,18605 r mocmimKyBaHUX JOIMOMDKHHUX pe-
yoBuH. OTXKe, 32 CyKYIHICTIO BIUINBY BUBYCHHX (hak-
TOpiB OyI10 0OpaHO 10 CKIIAAY MIMITYIUX TaOJIETOK BBO-
JUTH PEYOBHHUM Yy HACTYIIHOMY CIIBBIJIHOLICHHI:
x1=+1,3; xo=10,9. TakuM YUMHOM, 3alpPONOHOBAHO
CKJIQJI LIMITyYHX TaOJEeTOK aleTHIICATIUIOBOI KHC-
JIOTH, TapaneTaMoiry i ackopbiHOBOi kucimotu (Tabi.
4).

Tabnuus 4

3anponoHOBaHU CKIIaJ MHAMYIUX TA0JIETOK

Iarpenient Kinpxicth, r BincoTkoBe criBBigHOIIEHHS, %
AneTuicaninuioBa KACIOTa 0,3000 20,00
[Tapanieramon 0,2000 13,34
Ackop0OiHOBa KUCIIOTa 0,3000 20,00
Ludipress 0,1937 12,91
Cop6ir (Parteck S1 400) 0,1784 11,89
Kucnora mumonHa (6e3Bo1HA) 0,1050 7,00
Hartpiro rimpoxapOoHat 0,1530 10,20
CaxapuH HaTpito 0,0054 0,36
Apomartuzatop JUMOHHUN 0,0270 1,80
Harpiro creapundymapar (Pruv®) 0,0375 2,50
Cepenns maca 1,5000 100,00
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3anponoHOBaHUN ONTUMANIBHUAN CKJIam Oyio
ATBEPKECHO EKCIIEpUMEHTaIbHO. TabmeTHa Maca xa-
pakTepu3yBaiacs HaCUITHO rycTHHO 0,675 r/Mi, Ty-
ctuHOto Ticist ycaaku 0,88 r/mi, iHgexcom Kappa 26,2
%, xyrom npupoanboro ykocy 40,5 °. IIpouec npecy-
BaHHs Ta 30BHIIIHIA BUINIAJ TaOJETOK OI[IHEHO B 5
6amiB. [lIumy4i Tabnerku Bimnosinanu ¢apmakonen-
HUM BHUMOTaM: OHOPiHICTh MacH 0,6 %, CTIHKICTE 10
posnasimoBanHs 53 H, crupanicts 2,1 %, po3nagaHas
1 xB.

BucHoBku Tta mpomo3uuii. [IpoBeneHo Mmikpo-
CKOIIIYHE JOCTIDKEHHS aKTHBHHUX (papMaleBTHUHHX
IHTPEiEHTIB, MPEACTaBICHO PE3yAbTATH iX (hapMakKo-
TEXHOJOTTYHUX BHIIPoOyBaHb. OCKUIBKM IOPOIIKH
ALETHIICATIUIOBOT Ta aCKOPOIHOBOT KUCIIOT XapaKTe-
PHU3YIOTBCS XOPOILOIO CHIYUICTIO, € MOKJIMBUM OTPH-
MaHHs TabJIETOK METO/IOM MPSIMOTO MPECYBaHHS.

ExcniepuMeHTanbHO MiNTBEPPKEHO BIUIMB 3MiHH
CHIBBITHOIIEHHS KUTBKOCTEH TOTIOMDKHUX PEYOBHH Ha
TTOKAa3HUKH SIKOCTI IIHUITYYUX TaOJIETOK aleTHIICATIIN-
JIOBOT KHUCJIOTH, INapaneramoily i acKopOiHOBOI KHC-
notu. [ToObynoBaHo piBHsIHHS perpecii dapmako-Tex-
HOJIOTTYHUX BIJIACTUBOCTEH MacH Uil TaOJeTyBaHHSA,
TabJIETOK 1 OTPUMAHOTO PO3UHUHY.

3anpoNoOHOBAHO ONTHMAIBHUN CKIIAJ IIHITy9nX
TabNmeToK, Imo 3abe3medyBaB yci  (apMako-TEXHO-
JIOTTYHI MOKa3HUKU B Mekax (hapMaKOIEHHUX BUMOT.
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NIEHANS-SAVAGE RISK IN SOLUTION OF ONE-CRITERION PROBLEM

Summary: In the middle of the last century, the American mathematician and statistician Professor of the
University of Michigan Leonard Savage (1917-1971) and the famous Swiss economist, Professor of the University
of Zurich Jurg Niehans (1919-2007) independently proposed an approach to the choice of the solution in the one-
criterion problem under uncertainties (OCPU), called the principle of minimax regret (according to Niehans-Sav-
age). This principle, along with the Wald's principle of guaranteed result (maximin), plays a crucial role in making
a guaranteed decision in OCPU. The main role in the principle of minimax regret is the function of regret, which
determines the risk according to Niehans-Savage in the OCPU. This risk has been widely used in practical man-
agement tasks in recent years. In this article we propose one of the possible approaches to finding a solution in
OCPU from the position of a decision-maker (DM), who simultaneously tries to improve his gain (payoff) and
reduce the risk (“to kill two birds with one stone with one shot ™). As an application, the explicit form of such
solution is found for a linear-quadratic variant of the OCPU.

Key words: strategy, uncertainty, payoff, risk function, Niehans-Savage risk, principle of minimax regret.

1. Introduction

1.1. Interval uncertainties. In this paper a math-
ematical model of decision making at conflict is repre-
sented by a one-criterion problem under uncertainties
(OCPU). Uncertainties arise due to the incompleteness
of knowledge about the realization of the strategies
chosen by a decision-maker (DM). For example, the
economic system is generally exposed to the unex-
pected hard-to-predict disturbances from the outside
(the change of quantity and nomenclature of the sup-
plies, change of the demand for the produced goods)
and from the inside (the emergence of new technolo-
gies, the breakage and replacement of the equipment
and so on). The question arises: when choosing a strat-
egy, how can DM take into account the existence of un-
certainties? Thus, we consider it necessary to note

first, the economic system operates under the in-
fluence of uncertainty of the external and internal envi-
ronment;

second, in economic systems the causes of uncer-
tainties are as follows: lack of sufficient information
about economic processes and their conditions, unin-
tended or deliberate opposition from other participants,
the action of random factors that can not be predicted;

third, to account for uncertainty one can use deter-
ministic, statistical approaches, as well as approaches
based on the concept of a linguistic variable and a fuzzy
set.

The following classification of uncertainties is de-
veloped in the economic literature:

- by degree of uncertainty: probabilistic, linguistic,
interval, total uncertainty;

- by the nature of uncertainty: parametric, struc-
tural, situational, strategic;

- by the use of the information received during the
management: removable and unremovable.

A detailed classification of uncertainties in mod-
ern economic systems was considered by V.S. Diev in
[1]. Each type of uncertainty requires a different ap-
proach for it’s accounting. In the present paper we have
restricted ourselves to the interval uncertainties. The
limits of changes are the only thing known about these
uncertainties, and any probability characteristics are
just absent. One can find the review of interval uncer-
tainties in [2, 3]. For taking into account of uncertain-
ties we shall use the method proposed by V.l. Zhu-
kovskiy in [4, 5, 6]. This method makes it possible to
pass from the original problem of decision making in a
one-criterion problem under uncertainty (OCPU) to a
one-criterion problem without uncertainty.

1.2. Principle of minimax regret. The main prob-
lems of mathematical theory of OCPU are the follow-
ing ones: development of optimal principle, establish-
ment of existence of solutions optimal in this sense and
elaboration of method for construction of guaranteed
solutions. These problems are considered in the present
paper.

In the game theory the notion of optimality is
based on the concept of stability: DM’s deviation from
the optimal strategy cannot increase the DM’s payoff.
This concept has been used in the present paper.

Now we pass to the statement of the problem. We
consider a one-criterion problem under uncertainty

F(1)=<X,Y,f(x,y)>- In the problem r® pm

. n
chooses his strategy X € X (- R" so that the value
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of scalar criterion f (X, y) will be as large as possi-
ble. When choosing his strategy DM should allow for

emerging of any uncertainty Yy €Y < RN unpre-
dictable in advance. The only thing known about these
uncertainties is variation boundaries of possible values.
The presence of uncertainties leads to a set of results

f(x,Y)={f(x, y)|Vy €Y} generated by

Xe X Theset f (X,Y) can be “constricted” us-
ing risks.

Accounting of risks is an actual problem of eco-
nomics. This fact is confirmed by the 1990 Nobel Prize
awarded to Harry Max Markowitz [7] for a new ap-
proach to the investment risk research. What is risk? A
well-known Russian expert on optimization theory
T.K. Sirazetdinov considers that at present there is no
strict mathematical definition of risk [8, p.31]. Sixteen
definitions of risk are presented in [9, c.15]. Most of
them require statistical data on uncertainty. However,
often a decision-maker does not have such information.
Such situations are considered in this article.

Under the risk we will understand the possibility
of deviation of the realized values of the criterion from
the desired value. Note that this definition is consistent
with the "usual™ microeconomic risks described, for ex-
ample, in [10, p.40-50].

We recall that in 1939 the Romanian mathemati-
cian Abraham Wald (1902-1950), who emigrated to
America in 1938, introduced the principle of maximin
(the principle of guaranteed result) [11,12]. This prin-
ciple is used to find a guaranteed solution in particular
for a one-criterion problem under uncertainty (OCPU).
Almost 10 years later, the famous Swiss economist Jurg
Niehans in 1948 and the American mathematician,
economist and statistician Leonard Savage in 1951 pro-
posed in [13, 14] the principle of minimax regret, al-
lowing for OCPU to build a guaranteed risk. This prin-
ciple received in the literature the name of “Savage
risk” (later called ‘“Niehans-Savage risk"). Note that
since 1997 in the USA the Savage's award is confirmed.
It is annually awarded to authors of two most outstand-
ing dissertations in area of economy and statistics.

For a one-criterion problem 1@ — (XY, f(x.y)
the principle of minimax regret is to construct a couple
(x",RE) e X xR that satisfies the chain of equal-
ities
R =max R¢ (x",y) = min max R¢ (x,y): @

yeY xeX yeY

where the risk function (by Niehans-Savage) is

R¢ (X, y)=max f(z,y)-f(x,y) 2
zeX
The value R'{r from (1) is called a Niehans-Sav-

age risk for the problem F(l). The risk function

Rf (X, Y) estimates how far the realized value of

criterion f (X, y) "does not reach the best" (for DM

in problem F(l)) value max f(z,y). its obvi-
zeX
ous that DM’s objective point is to choose his strategy

X € X so that the value of Ry (X, y) will be as

less as possible. Following to the principle of guaran-
teed result, DM expects the greatest resistant from un-
certainty (see (1)). Therefore, following (1) and (2) DM
is optimist (DM strives for the best value of

maX f(X, y)) Otherwise if DM expects the ap-

xeX

pearance of the worst result (Wald maximin solution

(xo, % =maxmin f(x,y)=min f(x°, y)))
xeX yeY yeY

then DM is pessimist.
Further in this paper we consider that in the prob-

lem F(l) DM is optimist. DM constructs the risk func-
tion (by Niehans-Savage) (2) for f (X, y). A value
of this risk function is called a Niehans-Savage risk.

Note two circumstances: first, in F(l) a criterion
f (X, Y) corresponds it’s own risk Rf (X, Y) (see
(2)); second, DM chooses his strategy X € X so that

the risk Rf (X, ) will be as less as possible; when

choosing his strategy DM should allow for emerging of

any uncertainty Y(-) €Y X, y(X): X =Y .

2. New approach to the decision making in
OCPU

2.1. Introductory remark. Here we use the ap-
proach from [22], which was proposed for non-cooper-
ative games. For this, we have to pass from OCPU to a
problem of guarantees (without uncertainty).

Till now the DM’s point was to choose his strategy
so, that his payoff was as large as possible. But in this
paper we consider that the decision-maker (DM) sim-
ultaneously strives to improve his payoff and reduce the
risk. We recall that DM constructs a Niehans-Savage

risk function Rf (X, Y) (2), the value of this function

is called a risk. The Niehans-Savage risk RI]; is deter-

mined by the chain of equalities (1). This is the risk that
DM strives to reduce. Here two questions arise:

1. How to construct one criterion, which combines
the desire to increase the payoff and reduce the risk at
the same time?

2. How to find a strategy that satisfies both desires
of the decision-maker, and how to take into account the
uncertainty?

2.2. How to combine the desire to increase the
payoff and reduce the risk?
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Construction of Niehans-Savage risk function.
We recall that according to the principle of minimax
regret (by Niehans-Savage) the DM’s risk is a value of
risk function

R (X, y)=max f(z,y)— f(X,y), where
zeX

f(x,y) is DM’s payoff function in the problem F(l) .

To construct the risk function Rf (X, y) we shall de-

termine the maximum  f [y] = ma}(x f (X, y) for
Xe

VY €Y . To do this we will consider that DM forms
his strategy as a counterstrategy X(Y):Y — X

en et max f(x,y) = F(x(y),y) = 1]

Vy €Y . The set of all counterstrategies is desig-
nated by XY (the set of n-vector-functions
X(Y):Y — X defined over Y with values from

X ). Thus, to construct the first component in the
right-hand side of equality (2) the decision-maker
(DM) should solve a one-criterion problem

<XY ,Y,f(x,y)> for each uncertaintyy €Y .
As a result a scalar function f [y] , Which is deter-
mined by equality
flyl= max f(x,y), vyeY, @
x(-)eX

should be constructed. And only then the risk
functions (by Niehans-Savage) are built according to
formula (2).

Continuity of risk functions. Strong guaranteed
payoffs and strong guaranteed risks. We use the fol-
lowing designations. The set of compact sets in Euclid-

ian space Rk is designated by COMP Rk . The fact

of continuity of a scalar function l//(X) on X is des-
ignated by l//() € C(X).

In this subsection the base proposition (see [18, p.
54, 187]) is

Proposition 1. It X ecompR",

Y e compRm and f(-)eC(X xY), then
a) function ma)t(x f(X,Y)is continuouson Y

b) function miYn f (X, Y) is continuous on X.
ye

X ecompR",
Y ecompRm and f(-)EC(X XY) in the

problem F(l), then the Niehans-Savage risk function

R, (X,y) eC(X xY).

Corollary 1. If

We turn to the strong guaranteed payoff and risk

for the problem F(l) . We use one of the three uncer-
tainty accounting methods proposed for decision mak-
ing in [4, 5]. This method is that the payoff function

f (X, y) from F(l) is put into correspondence to

f[x]=min f(X,y).
yeY

Hence, using a strategy X € X DM provides himself

a payoff f [X] <f (X, y) Yy eY (for any reali-

zations of the uncertainty Y € Y ). This strong guar-
anteed payoff f[x] is quite natural when interval uncer-

it’s strong guarantee

tainties are considered. The set of values Y C RM is
the only thing known about these uncertainties Y € Y
, and any probability characteristics are just absent.

Proposition 2. If in T thesets X and Y are
compact ones, the payoff function f(x,y) is continuous

on X XY , then the strong guaranteed payoff
f[x]=min f(x,y) (@)
yeY
and the strong guaranteed risk
R [x]=maxR¢ (x,y) 5)
yeY

are continuous scalar functionson X .
This proposition follows immediately from Prop-

osition 1, corollary 1, and continuity of f (X, y) and
Rs (X, y) on X xY .

Remark 1. First, the meaning of the guaranteed
payoff f[x] from (4) is as follows. Whatever uncertainty

Yy €Y isrealized in the problem F(l) the decision-

maker (DM) using his strategy X € X provides him-
self the payoff f (X, y) which is not less than f [X]
Thus, the set of payoffs

.f (x,Y)={f(x, y)|Vy €Y} generated by

X € X is bounded below by the strong guaranteed
payoff f [X] Second, the set of all Niehans-Savage

risks Rf (X, Y) which can be realized for all uncer-
tainties Y € Y is bounded above by the strong guar-

anteed risk Rf [X] Really, we get from (5) that

R:[X]=R¢ (X,y) VyeY.

Thus, using his strategy X € X the decision-
maker (DM) simultaneously provides himself the

strong guarantee of payoff f [X] and the strong guar-
antee of risk R, [X].
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Transition from OCPU F(l) to a two-criteria
problem. The aim of the decision-maker (DM) to in-
crease his payoff and simultaneously reduce the risk
corresponds to a new mathematical model of the two-
criteria problem under uncertainty

L =(X.Y LF (6 y), =R (x, ¥)}).

Here X and Y arethesameasin T i I,
we pass from the criterion f (X, y) to the two-com-

ponent vector-criterion {f (X, y), - Rf (X, y)}
where R (X, Y) is a Niehans-Savage risk function

In the problem FZ the DM’s aim is to choose a strat-
egy X € X for which both criteria T (X, y) and
—Rf (X, y) simultaneously take the largest possi-

ble values. That is why we use Rf (X, y) with the

minus  sign. Due to

Rf (X,y)>0 for
V(X,y) € X XY the increase of — R (X, Y)

is equivalent to decrease of R f (X, y) . When choos-

ing his strategy the decision-maker should allow for
emerging of any uncertainty Y € Y unpredictable in

advance.
The presence of only interval

ye Y inthe problem Fz justifies the possibility for
the decision-maker to focus on the strong guaranteed
payoff f [X] from (4) and the strong guaranteed risk

uncertainties

Rf [X] from (5). This approach leads to the transition

from the problem F(l) to the two-criteria problem
without uncertainty

39 = (X {f[x],-RIXI}).

in which the decision-maker should choose his
strategy X € X so that the both criteria f [X] and

— Rf [X] simultaneously will be as large as possi-

ble.

Then, for the construction of a strong guaranteed
payoff and risk, the results of the mathematical theory
of vector optimization should be involved (see [22]). In
this paper we use the solution of a multi-criteria prob-
lem proposed by Italian economist and sociologist

Vilfredo Pareto in 1909 [21]. In the problem Fzg the

strategy X® s called maximal by Pareto if for any

Xe X the system of two inequalities

fix]1= f[xP1, —Rf[x]2-Rf[x"] is in-

compatible, besides at least one inequality is strict. As
a result, we come to the following definition
Definition 1. The triple

(XP, f [XP], Rf [XP]) is called a strong guar-
anteed by Pareto solution for the problem l—‘zg , if

a) XP is maximal by Pareto for the problem Fg
b) f[x"] isa value of strong guaranteed payoff

f[x]= miYn f(x,y) for X= X" in the prob-
ye

lem F(l) :

o) Ry [X"] is a value of strong guaranteed risk

R [x]=max R (X,y) for x=X"
yeY

Remark 2. In Definition 1 one can use other con-
cepts of optimality from the theory of multicriteria
problem: maximum by Slater, Borwein and Geoffrion,
A-maximum, cone optimality. All these concepts can
be found in [20].

The definition of maximal by Pareto strategy XP
implies

. - P, o
a) if the use of a strategy X ZX (X € X)
leads to an increase in one of the criteria, then at least
one of the other criteria will inevitably decrease;

6) there isno a strategy X € X' such that the val-
ues of all criteria increase compared to the values of

T P
criteriaat X =X .
The following proposition is obvious.

Proposition 3. Let in the problem 1“29 there exist

X" € X and numbers a,ﬂ € (0, 1) such that

P L. .
X minimizes the scalar function

O[X]=af[x]- PR [X].ie.
O[x"]=max(a f[x]- AR [X]). @

Then XFJ is maximal by Pareto in the problem
9
ry.

Remark 3. Let us consider the convolution of cri-
teria (4 and (5) in the form of

O[x]=a f[x]— SR, [X]. First, even if for
X # XP we get an increase of the guaranteed payoff
f[x]>f [XP] ‘thendueto X' is maximal by Pa-
reto and Rf [)_(] >0 this increase of the guaranteed
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payoff will inevitably lead to the increase of the guar-
anteed risk R [X]> Ry [XP]. And on the other
hand, a

decrease of the guaranteed risk

R¢[X]<Rj[x P] leads to a decrease of the guar-

anteed payoff f[X]< f [XP] . Both of these cases
are highly undesirable for the decision-maker (DM).

second, due to Rjf[X]>0 the increase of
af [X] - ﬂ Rf [X] corresponds to the DM’s desire
to increase f [X] and reduce Rf [X] simultane-
ously. That is why we use the transition from a two-
criteria problem Fzg to a one-criterion problem
(X, ®[X]=af[x]-BR[X]).()
Now we can answer the second question from sub-
section 2.1: how to find a strategy that satisfies both de-

sires of the decision-maker (DM), and how to take into
account an interval uncertainty? To do this we pass

from the problem 1“(1) to the problems Ty, I'y, T3,
where

L=(X, Y, £f (¢ y), = Ry ()},
r,=(X, {f[x], - R{x]}), ®

Iy =(X, ®[x]=af[x]- AR [X]).
Here the strategies X € X C R" , uncertainties

yeY c R™, the payoff function f(X,Y) and
the Niehans-Savage risk function R f (X,Y) are de-

termined on (X,Y)€ X xY , the numbers
a,fe(0, 1).

Remark 4. Let us list the advantages of the solu-
tion given in Definition 1.
First, for payoffs the low

f [XP] <f (XP, Y)VYyeY are determined,

and for upper

R+ [XP]Z Rt (XP, Yy)VyeY are deter-

bounds

risks the bounds

mined. Note that the existence and continuity of [X]
and R¢[X] are provided by X €compR",
Y ecompR™ and f()eC(X xY) (see

Proposition 1).
Second, the increase of the Pareto guaranteed pay-

off (in comparison with f [XP]) inevitably leads to
the increase in the guaranteed risks (in comparison with

R [X P ]). And on the other hand, the decrease in the

guaranteed risk leads to the decrease in the guaranteed
payoff.

Remark 5. Definition 1 yields the following
scheme for constructing the strong guaranteed solu-
tion. It consists of four stages.

Stage 1. For f (X, y) we  find

f [y] =max f (X, y) and construct the Niehans-
xe X

Savage risk function, namely

Re (X, y) = Tlyl-f(xy).
Stage Il. We find the strong guarantee for the pay-

off f[X]=min f(X,y) and for the risk
yeY

R [X]=maxR¢ (X, Y).
yeY
Stage Ill. For two-criteria problem I", we find

the maximal by Pareto strategy XP . Here we can use
Proposition 3 setting @ = f# =1 in (6). Then the find-
ing of the maximal by Pareto strategy in the problem I's
is reduced to the construction of XP such that

max (fIx]-R¢ [x]) = f[xP1-R¢[xP]. ©
Xe

Stage IV. For XP we obtain the values of strong
guarantees T [XP] and Rg¢ [XP]. The triple

(XP, f [XP], R¢ [XP]) constructed in result is a

solution satisfying Definition 1. Thus, the strategy X P

generates the guaranteed payoff f[XP] for
f(x,y) and guaranteed Niehans-Savage risk

R¢[x"].

In the next section we apply the above scheme for
the construction of the strong guaranteed solution for
a linear-quadratic OCPU.

3. Explicit form of Niehans-Savage risk func-
tion for linear-quadratic one-criterion problem un-
der uncertainty

3.1. Statement of the problem. Let us consider a
linear-quadratic one-criterion problem under uncer-
tainty

Mg :<Rn,Rm, f(x,y)>.

Here the set of strategies X is Euclidean n-dimen-

sional space R" , the set of uncertainties is R™ , the
payoff function is of the linear-quadratic form
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f(X,y)=XAx+2x'By+y'Cy+2a'x+2c'y+d,

where nxn-matrix 4 and m xm-matrix C are con-
stant and symmetric; nxm-matrix B is constant; n-vec-
tor a, m-vector ¢, a number d are constant, the prime at

the top means transposition. In the problem F|q the

risk function. When choosing his strategy the decision-
maker should allow for emerging of any uncertainty

ye RM unpredictable in advance.
The point is to construct the explicit form of

Niehans-Savage risk function for F|q .

We use the following designations:

for a quadratic matrix A with constant elements
the notion A>0 (A< 0) means that a quadratic
form with matrix A is positive definite (negative def-

decision-maker (DM) wants to choose his strategy

Xe Rn so that to get the largest possible value of the
payoff function and the smallest possible value of the

inite);
0, isazero n-vector;
of
0%y
g—i =| ! |isagradient of a scalar function f (X, y) with respect to X ;
of
X,
o’ f ot
0X10%q e O0X10%py
ZLo| e LisaHessianof f(X,Y) with -
vl B . : is a Hessian o y Y ) with respectto X;
o’ f G
0%, 0% e 0%, 0%,

det A is a determinant of a matrix A:

E, is an identity nxn-matrix.

It is easy to see that

O (x AX)=2Ax, 2 (2xby)=2by, 2 (2a'x)=2a, 0o (x'AX)=2A

OX "oX "ooX " ox?

3.2. Explicit form of Niehans-Savage risk function. According to Stage | from Remark 5 we begin the
construction of the explicit form of the risk function Rf (X, y) for the problem F|q .

Stage I. We construct the explicit form of the Niehans-Savage risk function Rf (X, y) for the problem

Proposition 4. If in the problem F|q the matrix A< 0, then the Niehans-Savage risk function is of the
1 1 1 1 _1
form R¢ (X, y) =—(X'A+y'B+a’) A “(Ax + By +a).

Proof. Let a vector-function x(y) be defined on R™ and x(y) eR" it

o (x,
DY) xy) = 2AX(y) +2By +2a =0,

m
5 VyeR",

(10)

0% £ (x,
)((Z; | xy) =2A<0, (a1)

0
then X(Y) satisfies the condition max f(z,y)=f(x(y),y) VyeR".

Condition (11) is ensured by A < 0. From (10) we get X(y) = —A_l(By +a).
We substitute X = X(Y) into f(X,Y)
max f(z,y)=f(x(y),y)=(y'B'+a")A*(By+a)-2(yB' +a')A'By +
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+y'Cy—2a'A*'(By+a)+2c'y+d =
—(y'B'+a")A*(By+a)+y'Cy+2c'y+d =
= y'[C-B'AB]y+2(c-a' A'B)y +(d —a' A™la).
Then the Niehans-Savage risk function is
R, (X,y)=f(x(y),y)— f(X,y) =—X'AX-2x'By —2a'x -
~y'B'A'By-2a'A'By-a'A'a=—(x'A+y'B'+a’)A"(Ax+By+a).
This completes the proof of Proposition 4.

3.3. Construction of strong guarantee for risk function

Stage 11. We construct the function R ¢ [X]= max R (X, y).
yeR™

Proposition 5. Let in the problem F|q

A<O0,detB=0.
Then

R¢[X]= max Rf(x,y)=0 VvxeR".
yeR™

Proof. To find R ¢ [X] we must construct a vector-function Y(X): R" — R™ such that

max Ry (X, ¥)=R¢ (X, y(x))=R¢[x] vxeR"

yeR™
We use sufficient condition:
OR
M\y y(x) =—2B'x-2B'ABy(x)-2B'Ala=0, vxeR", @
0°Ry (X y) a1

since A< 0 and detB # 0 the chain of implications
Al<o=BAB<0=-BAB>0=2BA1B>0

is valid (i.e. (13) is satisfied).
Taking into account (B' A™B)™ = B A(B") ™" we get from (12)

y(x)=—(B'A1B)(B'x+B'Ala) =

——BlA(x+Aa) =B (A +a).

Substituting Y = y(x) into Rf [X] we get

R [X]I=R,(x,y(X)) =—(x'A—x'A-a'+a')A*(Ax— Ax—a+a)=0 VxeR",
ie. R [X]=0 Wxe R".

Following Remark 5 we must find the strong guaranteed payoff min f(X, y). Taking into account
yeY
f(X,y)=x"Ax+2x'By+Yy'Cy+2a'x+2c'y+d, A<O and C>0 we tumn to the con-

struction of the strong guaranteed payoff f[x] = m|n f(x,y).
yeR™
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Lemma 1 [24, p.89]. For any nxn-matrix C >0 there exists a unique nxn-matrix S >0 such that
1

2 . . . . 92 .
S =C. The matrix S is called a square root of the matrix C and is denoted by C 2. Moreover the eigen-
1
values of the matrix C are equal to the eigenvalues of the matrix C 2,

Lemma 2. If symmetric nxn-matrix C>0, then cl= [52]_1 =[S _1]2.
1
Really, for S = C'2 we have

C=5.5=S8?=c1=[s.s7 =515t -5}
Lemma 3. The implication

A<OAC>0= (4—BCB")<0 VBeR"™"

takes place, where R"* is the set of constant nxn-matrixes. Indeed, the chain of implications

C>0=C1t>0=BCIB>0 VBeR™M =
— _BC'B'<0 VBeR™ = A—BC'B'<0 VBeR"™

is valid.

Proposition 6. If A<0and C >0, then

fix= min f(xy)=x[A- BCIB'Ix +2x'[a—-BC c]+d —c'C ¢ (1)
yeR

Proof. By Lemma 1 there exists a matrix S suchthat C = 82. Moreover C>0=S>0AS'=S.
Inviewof SIS T =C ™1 (Lemma 2), SS =C, 8_18 = Ep, and Euclidean norm || - ||> O we get
f(X,y)=x'AX+2x'By+y'Cy+2a'x+2c'y+d =
=|S™'B'x+Sy+S'c|f —x'BC'B'x-2x'BC'c—c'C'c—y'Cy —2x'By —
—2C'y+ X'AX+2x'By+2a'x+d >
> x'[A—BCIB']x +2x'[a— BC Ic]+[d —c'C ] = f[x]
for VX € Rn Y E Rm . Then according to the definition of strong guaranteed payoff

f(x,y)> f[x] vxeR", yeR™
we obtain a validity of (14).

Stages I1I-1V. By (9) we construct the maximal by Pareto strategy XP for the problem T'; from (8) and we
construct f [XP].
According to Proposition 5 if in the problem F|q
A<0,detB=#0, (15)

then the strong guaranteed risk R, [X]=0 forall X € R" . Therefore R, [x"]1=0, where xPis maxi-

mal by Pareto strategy for the problem F3 from (8). So we will find the maximal by Pareto strategy XP for the

problem Fg from the condition

max f[x]= f[x"]. (16)
xeR"
under restrictions (11) and C<0.

3.4. Explicit form of the strong guaranteed by Pareto solution for the problem F|q



50 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(37), 2018

L im
EESY|

Proposition 7. Let in the problem F|q A<O m=n,C>0,detB =0, then

x” =—[A-BC'BT*(a-BC™), 7
f[x"]=—(a'-c'C'B)[A-BC'B'T*(a—BC'c)+d —c'C'c. (18)
Proof. The sufficient existence conditions for XP from (9) are
of [x] _ _ RC-LIR TP Re-lay
o IxexP = 2[A-BCB'x" +2(a—BCc)=0, , (19)
o2 f I
Tgxl\xzxp _2[A-BC'BT*<0 20)

Lemma3and A< 0, C > 0 imply condition (20). In view of A — BC1B'< 0 and (19) we get xP

- [A-BC BT} a-BC ).

Substituting XP into (14) we get

f[x"1=-(a—c'cB)[A-BC BT A-BC !B
[A-BC BT (a-BCYc)-2(a—ccB)[A-BCIBTE.

(a— BC_lc) +d-cCclc=

- (a—c'c1B)[A-BC BT a-BC ) +d -cc e

Remark 6. For a one-criterion problem under uncertainty F|q we obtain the following result. We consider

the linear-quadratic problem F|q = <Rn RM f (X, y)>

if F(X,y)=X"Ax+2x'By+y'Cy+2a'x+2c'y+d,

A<0,m=n,C>0,detB=0,
then the triple (XP, f[XP], Rt [XP]), where
XP

=-[A-BC'BT"*(@a-BC™c) ()

f[xP1=-(@—ccBY)[A-BC BT Ha-BCIc)+d -cc e

R;[x"1=0,

is a strong guaranteed by Pareto solution of the problem F|q .

In frame of mathematical game theory this result means the following. If in the problem F|q the decision-

maker (DM) uses the strategy X P from (21), then he “provides himself” the strong guaranteed payoff f [X P]

(see (21)) and the best risk Rf [XP] =0. Moreover by Lemma 3 the “significant” part of this payoff is

—(a'-c'CB)[A-BC BT (a-BC ) >0.

Conclusion

In the current paper the problem of choosing a
strategy in OCPU (one-criterion problem under uncer-
tainty) is solved. Using the strategy proposed in this pa-
per the decision-maker (DM) takes into account the in-
fluence of uncertainty and the desire to improve the
payoff while reducing the associated risk. To assess the
influence of uncertainties the Niehans-Savage risk

function is used. The value of this function under a con-
crete DM’s strategy is a risk measure. Using the con-
cept of strong guarantee from [4, 5] we propose a new
approach to solving OCPU. This approach consists of a
construction of a "game of guarantees" without uncer-
tainties and then for this game of guarantees the prob-
lem of two-criteria optimization is solved. Herewith all
three of mentioned factors (uncertainty, payoff and
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risk) are taken into account. Using the proposed ap-
proach we have found an explicit form of guaranteed
solution for risk and payoff in the linear-quadratic
OCPU and we have established that under this solution
the guaranteed risk is zero. Note that the authors also
hope to apply a different approach from [4, 5] related
to vector guarantees.

Acknowledgments

The authors would like to express sincere gratitude
to participants of the seminar “Risks in complex control
systems” (Faculty of Computational Mathematics and
Cybernetics, Lomonosov Moscow State University) for
constructive comments and suggestions. A special ac-
knowledgment goes to the Russian Foundation for
Basic Research (project no. 14-00-90408) and to the
National Academy of Sciences of Ukraine (project no.
03-01-14) for support.

References

1. Diev V.S. Managerial decisions: uncertainty,
models, intuition. Novosibirsk State University. 2001.

2. Cheremnykh Yu.N. Microeconomics. Ad-
vanced level. Moscow: INFRA-M. 2008.

3. Zhukovskiy V.I. Risks in conflict situations.
Moscow: URSS. 2011.

4. Zhukovskiy V.I. and Kudryavtsev K.N. Bal-
ancing conflicts under uncertainty. The Analogue of
Maximin // Mathematical game theory and its applica-
tion. - 2013. 1I- Vol.5. No. 2. P. 3-45.

5. Zhukovskiy V.I. and Kudryavtsev K.N. Bal-
ancing conflicts under uncertainty. The Analogue of a
saddle point / Mathematical game theory and its appli-
cation. - 2013. I-Vol.5. No. 1. P.27-44,

6. Zhukovskiy V.l., Kudryavtsev K.N., Smir-
nova L.V. Guaranteed solutions of conflicts and their
applications. Moscow: KRASAND/URSS. 2013.

7. Markovits N.P. Portfolio selection // Journal
of Finance. 1952. Vol.7 No.1. P.77-89.

8. Sirazetdinov T.K. and Sirazetdinov R.T. The
Problem of risk and its modeling // Problems of human
risk. 2007. Vol.1. P. 31-43.

9. Shakhov V.V. Introduction to insurance. Eco-
nomic aspect. Moscow: Finance and statistics. 2001.

10. Tsvetkova E.V. and Arlikova N.O. Risk in
economic activities. SPh.: IVESEP. 2002.

11. Wald A. Contribution to the theory of statisti-
cal estimation and testing hypothesis // Annuals Math.
Statist. 1939. Vol.10. P.299-326.

12. Wald A. Statistical Decision Functions. N.Y.:
Wiley, 1950.

13. Savage L.J. The theory of statistical decision
/I J. American Statistical Association. 1951. No. 46. P.
55-67.

14. Niehans J. Zur Preisbildungen bei ungewissen
Erwartungen // Schweizerische Gesellschaft fur VVolks-
wirtschaft und Statistik, 1948, Vol. 84, No. 5, P. 433—
456.

15. Germeyer Yu.B. Games with games with non-
opposite interests. Moscow: Nauka. 1978.

16. Kukushkin I.S., Morozov V.V. Theory of non-
antagonistic games. Moscow: MGU im. M.V. Lomon-
osov. 1984,

17. Krasovskiy N.N., Subbotin A.l. Positional dif-
ferential games. Moscow: Nauka. 1974

18. Morozov V., Sukharev A. and Fedorov V. Op-
erations research in problems and exercises. Moscow:
Nauka. 1986.

19. Zhukovskiy V.l., Makarkina T.V., Vysokos
M.I. A New Approach to Noncooperative Game Under
Uncertainty // International Game Theory Review.
2007. Vol. 2. No. 19. P. 1750024-1-1750024-19 DOI
10. 1142/s0219198917500244.

20. Podinovskiy V.V. and Nogin V.D. Pareto op-
timal solutions of multicriteria problems. Moscow:
FIZMATLIT. 2007.

21. Pareto V. Manuel d'economic pohikique.
Paris: Geard, 1909.

22. Zhukovskiy V.1., Salukvadze M.E. The Vec-
tor-Valued Maximin. N.Y. etc.: Academic Press, 1994,

23. Arrow K.J., Hurvits L., Uzawa H. Studies in
linear and nonlinear programming. Moscow: INL.
1962.

24. Voevodin V.V., Kuznetsov Yu.A. Matrices
and calculations. Moscow: Nauka. 1984.

25. Zhukovskiy V.1., Molostvov V.S., Topchish-
vili A.L. Problem of multicurrency deposit diversifica-
tion - three possible approaches to risk accounting //
International Journal of Operations and Quantitative
Management. 2014. Vol. 20, No.1. P.1-14.

26. Ventzel E.S. Operations Research. Moscow:
Nauka. 1988.



Lm
52 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(37), 2018 EEST

Yaretska N. O.

candidate of physical and mathematical sciences,

doctor of philosophy, senior lecturer of

department of higher mathematics and computer applications,
Khmelnytsky National University

Gripinska N. V.

candidate of physical and mathematical sciences,

docent of department of higher mathematics

and computer applications,

Khmelnytsky National University

RESEARCH OF CONTACT INTERACTION OF PRELIMINABLY STRESSED Annular stamp AND
HALF-SPACE WITH INITIAL (RESIDUAL) STRESSES (CASE OF EQUAL ROOTS)
UCCJIETOBAHUE KOHTAKTHOI'O B3AUMO/JENCTBUS MMPEABAPUTEJIBHO
HAINIPA)KEHHOI'O KOJIBIIEBOI'O IITAMITA U ITOJIYITPOCTPAHCTBA C HAYAJIbHBIMU
(OCTATOYHBIMHW) HATIPSIKEHUSIMHU (CJTYYAU PABHBIX KOPHE)

Summary. The article is devoted to the study of the contact interaction of a prestressed ring stamp and a half-
space (base) with initial (residual) stresses without taking friction forces into account. The problem is solved for
the case of equal roots of the resolving equation. The study is presented in a general form for the theory of large
initial (finite) deformations and two versions of the theory of small initial deformations in the framework of the
linearized theory of elasticity for an arbitrary structure of the elastic potential.

Keywords: linearized theory of elasticity, contact interaction, annular stamp, half-space, harmonic potential,
elastic bodies, theory of large initial (finite) deformations, theory of small initial deformations.

AnHoTanusa. CTaThs MOCBSIIEHA MCCIEJOBAHUI0 KOHTAKTHOTO B3aUMOJIECUCTBHS IpPEABAPUTEIBHO Harps-
’KEHHOTO KOJIBLIEBOTO MITAMIIA M HOJIYIIPOCTPAHCTBA (OCHOBBI) ¢ HAYAIBHBIMH (OCTATOYHBIME) HAIIPSDKCHUSIMHE 03
ydeTa CHJI TpeHHsL. 3a/iaua pemeHa Juis cirydasi paBHBIX KOPHEH pa3peraroniero ypasHenus. VccinenoBanue mpea-
CTaBJIEHO B OOILEM BHJIE JJIsl TEOPHU OOJIBIINX HAYaJIbHBIX (KOHEUYHBIX) Ae(OpMAaLMi U IBYX BAPHAHTOB TEOPHH
MAaJIBIX HAa4aJIbHBIX Ae(OpPMaINi B paMKax JIMHEAPU30BAaHHON TEOPHH YIPYrOCTH MPU HPOU3BOJIBHON CTPYKTYpE

yIpYyroro NoTeHIHana.

Knwuesvle cnosa: nuneapu3o8anndas meopus YRPY2OCMU, KOHMAKMHOE G3aumoodeticmaue, KOIbyegoll
WMamn, ROIYNPOCMPAHCMEO, 2APMOHUYECKUTI NOMEHYUAT, Ynpyeue meid, meopus 60abuux Ha4albHblX (KoHey-
HbIX) Oehopmayuii, meopust MAIbIX HAYAIbHLIX Oehopmayull.

Problem statement. Contact problems are an im-
portant part of the mechanics of a deformable solid and
form the theoretical basis for calculations for the con-
tact strength, stiffness and wear resistance of mobile
and fixed joints.

The applied needs of natural science, modern tech-
nology and the latest technologies in recent decades as-
sociated with the necessity to predict the contact behav-
ior of various designs, stimulated the development of
various mathematical models and methods of contact
mechanics of bodies with different properties [1-4].

One of the important factors in the contact interac-
tion of bodies is the influence of initial (residual)
stresses. Despite a significant achievement in the devel-
opment of contact problems, nevertheless the issue of
taking into account the initial (residual) stresses in the
contact interaction has remained almost completely un-
developed until recently. There is known, that almost
all elements of the construction have initial stress. It can
be caused by various reasons, for example, by techno-
logical operations conducted in the manufacture of a
variety of materials or by assembly of a structure. In the
case of composite materials, the initial stresses, as a
rule, correspond to stresses along the reinforcing ele-
ments. In the earth's crust, they are formed due to the
action of gravitational forces and technical processes.
They must be taken into account when solving the prob-
lems of deformation of soils (especially frozen ones).

In addition, in elastoplastic bodies, internal residual
stresses can also be present after removal of loads.

In the general case, consideration of the initial (re-
sidual) stresses requires the using of the apparatus of
the nonlinear theory of elasticity [4, 5], but for the suf-
ficiently large initial (residual) loads, one can confine
ourselves to its linearized version [6-10].

Allowance of initial (residual) stresses within the
linearized theory of elasticity leads to a new formula-
tion of the problems of interaction of deformable solids,
which significantly differ from the formulation of the
problems of the classical theory of elasticity. Taken
into account the problems when the initial (residual)
stresses of the system of basic differential equations,
the expressions of determining the components of the
tensors of the stress-strain state and the structure of the
boundary conditions differ from the corresponding sys-
tems of equations and expressions of the classical the-
ory of elasticity, nevertheless, in their structure and na-
ture they are similar to ordinary contact problems.
Thus, from the above, it follows the possibility of using
many fundamental results and methods of the linear
theory of elasticity.

Analysis of recent research and publications.
Linearized theory of elasticity for the bodies with initial
(residual) stresses as the linearization of the nonlinear
theory of elasticity [4, 5] was first proposed in mono-
graph [11].
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The fundamental results of the linearized theory of
elasticity were obtained by academician Gusem A.N. [6
—10, 12 — 14]. For the first time, he solved a number of
contact problems for compressible and incompressible
bodies by one of the most effective approaches for ma-
terials with an arbitrary form of elastic potential and ho-
mogeneous initial (residual) stresses. This approach is
based on the theory of the function of a complex varia-
ble for plane problems and potential theory for spatial
problems. Further development of the theory of contact
interaction of bodies with initial (residual) stresses was
obtained in the works [3, 6-10, 12 —19]. A general anal-
ysis of the main methods and the best known results in
all directions of the contact interaction of bodies with
initial (residual) stresses is presented in review articles
[15, 19].

The first equations of the linearized theory of elas-
ticity of deformable bodies [10] were obtained by line-
arizing the basic relations of the nonlinear theory, tak-
ing into account the physical characteristics of the ma-
terials; these results are obtained for small subcritical
deformations in Lagrangian coordinates, which coin-
cide with the Cartesian coordinates in the undeformed
state. Later the main relations were written in curvilin-
ear coordinates using the tensor analysis [20]; equa-
tions in displacements were also obtained, for which in
a homogeneous subcritical state some methods for their
solution are considered.

A modern analysis of the approaches to construct-
ing theories and basic results that are applied to the
three-dimensional linearized theory of elasticity of de-
formable bodies and the three-dimensional linearized
theory of the propagation of elastic waves in bodies
with initial (residual) stresses is presented by the gen-
eralizing publication, respectively [8]. With the using
of approaches of the modern type [8], modern analysis
of the results is performed for a wide range of problems
of the linearized mechanics of deformed bodies,
namely: 1) For problems of the contact interaction of
elastic bodies with initial (residual) stresses [15, 19]; 2)
For the stability theory of the local equilibrium state of
black rocks [13]; 3) For exact solutions of plane mixed
problems of linearized mechanics of deformable bodies
[9]; 4) For non-destructive ultrasonic methods for de-
termining stresses in solids [14].

There are also a number of other generalizing pub-
lications about linearized mechanics. Moreover, the
works mentioned above are only fully or partially re-
lated to the subject matter of this article. More widely
the history of development and the range of problems
of the linearized theory of elasticity are presented in
[19].

Thus, the development of effective methods for
calculating the stress-strain state with allowance for the
initial (residual) deformations within the framework of
the linearized theory of elasticity is an actual and im-
portant scientific and technical problem.

Isolation of previously unresolved parts of a
common problem. Today, in accordance to the prob-
lems related to contact problems for elastic bodies, re-
sults have been obtained on a wide range of issues.
They are represented by works [6, 7, 12, 16, 17, 21, 22].
There are also a number of general publications [5, 23,

241, which are fully or partially related to the subject of
this study. Despite significant achievements, the num-
ber of studies on the contact interaction of prestressed
bodies is relatively small.

A rather detailed review of the work of rigid
stamps (including ring ones) associated with contact
pressure in the case of absence of initial stresses is
given in the monograph [25].

The contact interaction of rigid and elastic stamps
with prestressed bodies is presented in [3, 6, 7, 12, 16,
17, 21]. Moreover, either the elastic potentials of a par-
ticular structure are considered, but also the problem is
considered in a general form for compressible (incom-
pressible) bodies with the potential of an arbitrary
structure on the basis of the linearized theory of elastic-
ity.

The solution of an axisymmetric contact problem
on the pressure of a rigid ring stamp of a complex con-
figuration on an elastic layer with initial stresses is con-
sidered in [16]. The influence of initial stresses on the
contact interaction of a rigid ring stamp on an elastic
half-space with initial (residual) stresses is presented in
[18].

Purpose of the article. In this paper, for the first
time (residual) stresses, for the bodies with initial (re-
sidual) stresses [6, 7, 10, 12, 15], the problem of the
pressure of a prestressed elastic ring stamp was first
considered for a half-space with initial (residual)
stresses without allowance for friction forces for equal
roots resolving equation [7]. The investigation is car-
ried out in a general form for compressible and incom-
pressible bodies for the theory of large initial defor-
mations and for two versions of the theory of small in-
itial deformations for an arbitrary structure of the
elastic potential.

The concept of research of this article is that taking
into account the influence of initial stresses in bodies
on the law of distribution of the contact characteristics
of elastic bodies at the points of their interaction can
allow for more effective consideration of the wear re-
sistance of materials by properly estimating their
strength reserves. Also, it can sufficiently reduce their
material consumption, while retaining the necessary
functional characteristics of materials.

Therefore, to ensure the above, the methodology
for solving the task is divided into two stages - analyti-
cal and numerical. The result of the analytical stage was
the formulation of the ratios of the components of the
stress-strain state in the contact zone, which are charac-
teristic for potentials of arbitrary structure. A numerical
analysis is given for a potential of the harmonic type.
Plots of stresses and displacements in the contact area
are constructed.

Presentation of the main material.

1. Basic relationships. We will distinguish such
states of bodies with initial (residual) stresses: natural
(initial stresses absent), initial, and disturbed state. All
quantities, the last, consist of the sum of the values of
the initial state and the corresponding perturbations.
Since the perturbations are assumed to be smaller than
the corresponding values of the initial state, the inves-
tigations are carried out within the framework of the
linearized theory of elasticity [6, 7, 10, 12, 15].
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For the study, we use the coordinates of the initial
deformed state (y1, Y2, y3), which are related to the La-
grange coordinates (X1, X2, Xs) (natural state): yi=Ai Xi

(i=123). Here % (i=13) are the elongation coeffi-
cients that determine the movement of the initial state
L =const (i=1,3). Theysaxis is directed along the
normal to the contact area.

We assume that the initial states in the ring stamp
and the half-space are homogeneous and equal, and the
elastic potentials are twice continuously differentiable
functions of the algebraic invariants of the Green's de-
formation tensor [7, 24]. In this case the relations are:

Ym = Xm +Ur?1! Ur(r)1 =8y (xm _1)7‘;1yi :
Then the basic equation in displacements for compressible bodies has the form:

LY

oo =0, Ly, = s 0 /0vdvg , (i, m, o, B =1, 3),

)

and for incompressible bodies together with the incompressibility condition:

LnoUs + Uom 00'/0Y, =0, Ly, = Kimog 82/8)/,-8)/B . 00U /0y; =0, afj =riqy, (i,j,m a,B =1,3).

O]

Expressions for determining the components of the stress tensor for compressible and incompressible bodies

are written as:

1 ’ aUa ’ 6U(x ’ l; }\‘lkﬁ ' klkﬁ
=06 —— Qf =Kjigg ——+ i P Ofigp = = Djies Kiiop = ———— Kiiof »
Q'J jjop ayﬁ QIJ ijap ayﬁ q'J p ijap }\‘1}\‘2}\‘3 ijapr Mjap }\‘1}\‘2}\‘3 ijop

where g, Kinep - the components of the fourth order tensor of the elastic moduls,
p= (/11q1)71 {[’%1111 - ﬂ1.(11(/13(13)71 (’21133 +Kigpg ):| A+ Ky az/a Y§ } 82/8 y32 Z

For homogeneous initial stresses St' =52 #0; ST =0; ) =1, # 15, we express the roots of equations (1), (2)

in terms of the roots of the differential equation:

(A +EF %[0 y3) (A +EE % [oyE)i =0,

where A, =8%/ar? +ro/er .

®)

Taking into account the condition of the existence of a unique solution of the linearized theory of elasticity
for compressible and incompressible bodies, two versions of the representation of the general solution (3) are

possible:
1) The case of equal roots (£, = £2):

X =1+ YaXo (A1+Ef22 /o yg)f(l =0, (A1+§'22 %o yg)f(z =0

2) The case of unequal roots (£ # )

X =Xa+ %2 (A1+§’2282/8y32)f(1:0, (A1+§ézaz/a)’32))~(2 =0.

In this study we dwell in detail only he case of
equal roots of the resolving equation (3).

2. Formulation of the problem and border con-
ditions. Let the finite prestressed ring stamp with a flat
base, whose geometric axis of symmetry coincides with
the y; axis of the cylindrical coordinate system (7, 6, y3),
which is directed into the half-space (Fig. 1) and
presses on the half-space with the force P, after the in-

itial deformed state. R;, R, — internal and external ra-
dii of the stamp. We assume that the external load is

(4)

(®)

applied only to the free end of the resilient stamp. Un-
der the action of the load, all points on the end of the
stamp move in the direction of the symmetry axis ys; by
the same amount &. We assume that the surfaces outside
the contact region remain free from the influence of ex-
ternal forces, and in the contact zone of displacement
and stress, they are continuous.
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Fig. 1. Pressure of a prestressed annular stamp on a half-space with initial (residual) stresses.
The materials of the contacting bodies are as- The quantities that relate to the elastic stamp will

sumed to be isotropic compressible or incompressible  be written with the superscript (1), and the quantities
with an arbitrary structure of the elastic potential. Inthe  that relate to the pre-stressed half-space with the initial
case of orthotropic materials, it is assumed that the elas-  (residual) stresses - with the superscript (2).
tic-equivalent directions coincide with the directions of

the coordinate axes (y1, Y2, ¥3).

In the system of circular cylindrical coordinates (I, 0, ), where z, =V, 'y,, v, =\/E, (i=12),

n = '22, n, = &'32 such a formulation corresponds to the boundary conditions:

1) at the end of the elastic stamp z, = Hv; "

UP=— QF=0 (R<r<R) (6)
2) on the boundary of an elastic half-space in the region of contact z;=0:
1 2). (L N(2). N (1 N (2
U =U Qg =Q; Q=Q¢ =0 (R<r<R) ™)
3) on the boundary of the elastic half-space outside the contact region z;=0:
@ -0, U@ =0, OP=0 (0<r<R R,<r<c) @)
4) on the outer side surface of the elastic stamp r=R:
QY =0, Qf =0 (0<z <Hv") (9)
5) on the inner side surface of the elastic stamp r=R;:
QY =0, Q=0 (0<z<Hy") (10)

The condition of equilibrium, which establishes the relationship between the draft of the butt and the resultant
load P, is:

P=-2n I:Z rQ? (0, r)dr (11)

and the stress tensor for compressible and incompress-
To determine the stress-strain state in an elastic  ible bodies follow. Then the general solution (4) for the
ring stamp with initial (residual) stresses, we use the  case of equal roots n; = n; of the resolving equation (3)
linearized equations (1) - (2), from which the expres- s taken in the form
sions for the components of the displacement vector

= ev,z,(1+v,z) +i VlZlYkgk(l_'_VlZl){l_'_mz f(R,R,) +
(R-R)A—m,)) & R -R, 1-m,

n (v \R) = I, (v iR, [ 40, B 3r? — 2212
Rl + RZ 1_ m2 3

j} + (;k + Vlzlék) Lo () sin(y, v, z,) +
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+Jo<akz1)(§2(akzl)+v1zls}(akzl»>N
A &/ vz By J1+m,
+ f,(R,R,)+
TR -R)A-m,) Z< 2{1—m2 (R
L, (.v,\R)-1,(» . V,R,) [ V,0 3r 272 ~ . ~
- 0T = =+ Adg(roian) sin(y v,z ) + 3o (4. 2,)S, (4. 2,) )N,
R +R, 1-m,
ev,Z, v,2,7,. B, |1+ m,
Yo = + f,(R,R,) +
i (Rl_Rz)(l_mz) kZJ:.< {1_ '

L (v uR) — o (v MR,) [ w0, 3r? =277 ~ : ~
DAt 2)(11;] - 1j}+Bklowkvlr)sm(vkvlzlhJo(akz1>ss(akzl>>Nk

2 2 2
where 0. = 4Hml\g+ H) R+ R13R2 +R: 2: |
1 1

(R R) = ~RI6(4R) + 22 Ly (RO (14R) = 2 LR o (1R +

+ R 1o (v iR,) - i 5> LR)IL(VR, )+ IR 5> LR (R,).
E sh(a,z)+F, chh(ak 2), S, =sh(a, 1)+Mkch(ak 2), M, =—cth(o, Hv;), F, = —s,0;%,
E, = Heth?(a, Hv;*) — F.cth(a, Hv; ') — H,
:(RSOHZ(IO(vklel)— LOWR) s  H ]gk,
B

S, =

2n,(R; = R)L(rviR) VYo 2
K= %(Rz2 = RY) I (o, R){H o (€sh(e Hv; ") + & (1 ch(oy, Hv; ) L - ssh(og Hv; ) +

+(@-ch*(a Hv, ")) (C, +C, - C) - Eoso)}/{yk (ch? (o, Hv;*) —)[H(1-C, + H(3C, + 2C, —
—43)) (I (v R = 1o (1R, + &y (R —RY) |O(ka1R)]},

R=(R,-R)H(r—R) - (R, —R)H(r - R,) +3(R)(2R, - R,) + 3(R)R,,
H(X) — the Heaviside function, 8(X)—the Dirac function, L,(X)— the modified Struve function,

J,(X), 1,(X)—the Bessel functions of the real and imaginary argument, respectively.

_ {(w;mnl ~00a) (@igs + 0as) 5 {(w;m = Ofaa) (@i + @) _ (Lmg).
Ay (A05) ™ L (L+my)
& - {‘01111‘011%21 « {”‘17”3(01133 (@f122M) - {7&30%133 (M, —D(f12m)
M (K133 + K313) Malaiiang) (i3 — K5113) (K1 120M) ~a113 (ki)

Then we obtain formulas for the displacement components for compressible and incompressible bodies:

Ur(l) = —Z{6C~jék)r (Vl_l + 221) + Vkvlll(vﬁ/kr) |:(Ak +V121§k )7/k COS(7kV121) + ék Sin(}/kvlzl)] -
k=1
o, J, (e, 1) |:akvl_1 (§4 (ak 21) +V121§5 (akzl)) - S~3 (akzl):|} N,

+3 {12mléék)le1_1 (vl‘1 + zl) +(1-m,)y* [Aék) +3C{ (r2 —2zf )J + (12)
k=1

ul =

2
+Yk IO(kalr)[('Ek +V;2,B, ) My Sin(y,4z,) + (- m,) B, COS(Ylezl)] -
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—a, N1, (akr)[mlak( > (o zy)+2vS, (ockzl))+(m2 A (ockzl)}}Nk.

And the components of the stress vector for Y, =CONSt and r = const, respectively:
@ = C44 {12C 9 [(1+ m )l (v +2,)+(1+m, )1,z ]+;/k o (rn) [ (1+m,) Ly (A, +
+,2,8,) cos(y,v,2,) + (1+m, ) 1,B, sin(yv,2,) |-
~af 3@ )] (L m) ke (S () +waSs (2)) + (L my)1,S, (@,2,) N,
o = 442{ 6Cr (1+m, vt + v L (v, r)[(1+ M) 7 (A +vizB, )sin(rv.z,) -
—(1+m,)B, cos(ykvlzl)] +
+a v, (o, 1) [ak (1+m)(S, (@z) +vuzSs (a4 z,) ) +(1+m, ) S5 (4, zl)]} N, (13
Q. =—D44é{663k> [V (146 - 26) + (3+ 6 — 46, + 26, )2, | +
+YkV1(V|<V1 Io(ykvlr)[yk (& —&)( A + 2B, )cos(y, zv,) +

+(Co —€ +;) By sin(y, Zlvl)] +(1-6) L (rwn)r |:YK cos(yy Zlvl)('gk +2,v,B, )+ B sin(y, Zlvl):|) -

—0y (akJo (o4 1) [akvl_l {60§4 (o4zy)-

-¢S, (ockzl)} (6 -6+6)S (ockzl)]+(1—60)J1(akr)r‘l[ockvl‘1§4 (o4zy)+S; (akzl)])}Nk,
where S, = E,ch(a, ;) + F.ch(o,z), Ss =ch(a, ) + M, sh(o, z,),

AK) _ Vi vi8 (1, (4 R) — I, (nUR,)) =
A T RoR)Am, ;{(“mz)”& ") R AR, }”Bk’
(k) _ )
Co 3(R2 Rl);{l o iR) | (7kV1R2)}7kBk
D — D120 C - Dz
ok 122 Yok 1313

o {w;;fg (@l + (@fass i) (s + Olssg)(@fussl + D[1s) *);
K 313 (K sy g0 (K 35— K 1300 ) (Al + A,0,0,) 7);

L = {(a’éssa(m + My ~1) = @133 ) (@15 (L+ M) 7,
(s T+ (O A 111 = 26 35— € 1303) My — 30 0 A0 005) (2N 3505) ™

Stress-strain state in the elastic half-space with initial (residual) voltage equal to root (ni=ny) is defined by
harmonic function Hankel integrals. Having satisfied the third condition (7), the third - (8), after a number of
transformations we have

2F “F
U@ === TE 5 i, U =6 E 5, nan,
W39 N o N
(D o0
2D =2 [F(n)Js(mr)dn, QP =0, (14)
R,—R

where @z =Cyh(1+m)(s—5sp), ®, =S, —1, s=s5, ||2

1

3. Materials and Methods.

Using the solution for the cylinder (12) — (13) and satisfying the second condition (6), the second condition
(9) and the second condition (10), we find the eigenvalues of the problem (6) — (11) (for the case of equal roots n;

=ny):
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1= "B o, B (3,40 =0) (15)

Having satisfied the first conditions (7) and (8), we define the unknown function F(y) for (14) from the pair-
wise integral equations (for equal roots):

J qun) Jo)dn=f(r) (R <r<Ryp). I FMJo(ndn=0 (0<r<R,R,<r<w), (16)
0

where f(r)=—28% | 2< (A9 +3r260) "M g )L my)B, -
R,-R & Vi

(04 ~
n—k Jo (o r)(myoy R +vy (M —1))> Ny -
il

The application of the inversion formula to (16) leads to an integral equation of the Fredholm’s type of the

second kind with respect to the function F(z), that is

F() _ 20)3R)<s+i{(l+m2)fl(Rl,Rz)+IO(kalRl) 0(VleFQZ)(vel (L—m,)(RF = RY)vicBywo(n, 0) +
1

n (R, - k=1 R, +R
. ~ o
+(R — Rz){Yk‘I’o (i1 (R, —Ry))A—my) By +Ek\lfo (M, )@ =my)v, —Soml)H Nk> ) (7)
1 . .
where rze (X, y):jt”cosxtcos ytdt, yo(X,y) = xsmxcosg—yjlnycosx' Wo(x,0) = smx
0 X2 —y
. xsin xchy + yshy cos x . sh
Vo (xiy) = e R woiy) =22
X“+y y

Having satisfied the second boundary condition (7), we have
F

Tn) (J1(MRy) = (MRy))dn = CM|§:<2I1(1+ M) v (1o (viVaRy) — 1o (v i Ry)) ék + YEV1|1(1+ M) (Ra 1y (v Ry) —
-1

R (1 ARVA, ~ 6 (Rod (050Re) — Ry (RN @ M) By + A+ )M )Ny
1

Having satisfied the first two boundary conditions (7), taking into account the orthogonality of the Bessel
functions Jo (ukp) and the values of the integrals

O —8

© 1 ©
[nwnem)dnf pdoMmp)do (ep)dp = wi (n, i), [wo(mim) Iy (n)dn = o (0, ),
0 0 0

[wo(n.0)J;(m)ydn =1,

0

IpJ (P) o (1,p)dp =——— L — 5 (Rt o (i R 1 (10 Ry) — Ripy o (1 R ) I3 (1 Ry) —

Ry Hk “n

—Robtn Jo (1R ) 31 (110 Ry ) + Rob Jo (10 R ) J1 (1 Ry )) -
to determine the constants N; (i = 0,1,2, ...) that occur in (12) - (14) and (16), we obtain an infinite system of
algebraic equations

> e =B (K=0,12,..). (18)
n=0

We represent the coefficients of the system in the form

{(1+m)f(R1R) o (aiR) 1o (raiRe) (g — (R2 ~ RZ)(1- mz))}vn8+

R +R,

+(R - RZ){Yn B‘k (L =m,)w, (0,iy,v,R) + %‘Vo O,p ) (@=m,)v, + m130)}_

1

Cu {2(1+ m)ky, gk (lo(v iRy = 1o (v, \iR,)) + 'Yﬁ Q+m)lv, (R, 1, (v, vR,) -
-R Ly viR)A —a, (R, (,R,) - R J; (o, R))(A+ ml)llvl_lan E_k +(1+m,)l,M k)}
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in the form
4ole
(Rz - Rl) Rz Rl

k=1

2m,€

" mRR,’
Using the equilibrium condition (11), we establish the relationship between the draft and the resultant load P

S0 GuR) — 1 (1R, W0, — (R - RZ)(L—m, )y, -

-(1- mz)Vl_lsh(Vkvl(Rz - Rl))]gk +V1_1 sinp, (M, =1)v, - SOml)}Nk

Having determined the unknown constants N;
(i=0,1,2,..) from the system (18), we calculate the dis-
placements and stresses both in the elastic stamp and in
the elastic half-space by the formulas (12) - (14). As a
result, we represent the solution in the form of series
through an infinite system of constants, which are de-
termined from the system of linear algebraic equations

(18). Moreover, in the system (18) the coefficients Bk

and T, depend on the quantities that determine the

structure of the elastic potential, the height of the elastic
stamp H, and the free terms depend only on the roots of
the characteristic equation ns, ny.

4. Numerical analysis. The numerical solution of
the system (18) is carried out in the work by the reduc-
tion method for the harmonic potential at such values

of the parameters: R =10, R,=20, £=10", E

=3.92, 6=0.47, = 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3,
where R, <1 <R,. The algorithm for solving this

problem is implemented in the form of a computer pro-
gram in the package Maple 17.
On Fig. 2, 3, there are, respectively, the distribu-

tion of the normal contact voltage EQ% and displace-
€

ment 1U3 under the ring stamp in the contact zone in
€

dimensionless coordinates. Moreover, the values of the
elongation coefficients A1 correspond to the curves
from the bottom up ascending A1. The dotted curves
correspond to a half-space without initial stresses (A1 =
1), and solid curves correspond to initial (residual)
stresses.

_— M=13

— M=1.2

- AM=1.1

_— =10
| — n=09

— M=0.8

—— h=0.7

0.4

0.6

Fig. 2. Normal contact voltages. Harmonic potential

On Fig. 2, the origin along the r axis corresponds to the value.
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Fig. 3. Normal contact movements. Harmonic potential

The quantitative characteristics of the influence of
the initial (residual) stresses (in percent) with respect to

the half-space and the ring stamp without initial stresses
are presented in Table 1.

Table 1.

Influence of initial stresses on the contact interaction of an elastic half-space and an elastic ring stamp (potential
of a harmonic type).

033/ 60 Decrease, % Increase, %
lrl 0.7 0.8 0.9 1.0 11 12 13
0.1 72.6 25.5 33.1 0 37.4 48.3 96.9
0.2 74.3 30.1 37.4 0 28.6 38.7 84.1
0.3 74.4 30.3 37.7 0 28.0 38.1 83.4
0.4 74.4 30.4 37.7 0 28.0 38.1 83.3
0.5 74.4 30.4 37.7 0 28.0 38.1 83.3
0.6 74.4 30.4 37.7 0 28.0 38.1 83.3
0.7 74.4 30.3 37.7 0 28.0 38.1 83.4
0.8 74.3 30.1 37.4 0 28.6 38.7 84.1
0.9 72.6 25.5 33.1 0 37.4 48.3 96.9

From Table 1, we can see that the initial (residual)
stresses under compression lead to a decrease in the

stress force in the elastic ring stamp and half-space, and
when stretching, they increase.

Table 2.
Numerical values of the force P/e.
/5 0,7 0,8 0,9 1 1,1 1,2
[MoTeHMam rapMOHHYECKOTO TUTIA
P/S 0,3458 | 0,4128 | 0,4401 | 0,4521 | 0,4567 | 0,4576

Table 2 also shows the ratio of the numerical val-
ues of the force P, which acts on the upper end of the
resilient stamp, for given initial (residual) stresses with
a case without initial stresses. The case without initial
(residual) stresses is highlighted in table 2 in bold type.

Conclusions and offers. On the basis of numeri-
cal analysis, it can be seen that the maximum values of
contact displacements (Fig. 3) are achieved at points
slightly closer to the outer side of the elastic ring stamp
in the contact area.

In addition, it follows from numerical studies that,
under constant external loading, a change in the elastic

potential leads to a change in the character of the distri-
bution of contact stresses and displacements under an
elastic ring stamp. And the influence of the initial (re-
sidual) stresses on the stress-strain state of the elastic
half-space, into which the elastic ring stamp is pressed,
is as follows:

4.3.1. The initial (residual) stresses in the half-
space and the stamp are reduced in the case of compres-
sion (A <1) to a decrease in stress, and in the case of
tension (A1> 1) - to increase (Fig. 2, Table 1);
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4.3.2. In the case of displacements (Fig. 3) - on the
contrary. With compression (A1 <1), the initial (resid-
ual) stresses in the half-space and stamp cause an in-
crease in displacements in absolute value, and in the
case of stretching (A1> 1) - to reduce them. And for con-
tact movements unsafe are the initial (residual) stresses
in the case of compression, and for contact stresses - in
the case of stretching;

4.3.3. In the absence of initial (residual) stresses
(M=1), the results obtained coincide with the classical
ones [26].

4.3.4. It also follows from Table 2 that for a con-
stant value of the end face of stamp ¢ for a potential of
a harmonic type, the presence of initial (residual)
stresses leads to the following:

4.3.4.1. In the case of compression (A1 <1) - the
resultant load P decreases;

4.3.4.2. In the case of stretching (A1>1) - the re-
sultant load P increases.

Analysis of the research results shows that the
presence of a prestressed state in the contact interaction
of an elastic ring stamp and an elastic half-space makes
it possible to regulate the contact of stress and displace-
ment when calculating the design and details of the
mechanisms for strength.

Therefore, the practical significance of the find-
ings of the study is that:

1. This research is aimed to solving the spatial ax-
isymmetric static problem of the pressure of an elastic
ring stamp on an elastic half-space with allowance for
the initial stressed state. The results of the investiga-
tions made it possible to formulate the characteristic ra-
tios for the potentials of an arbitrary structure for the
components of the stress-strain state in the contact
Zone;

2. Analytical relations are obtained the reflect the
influence of initial stresses on the law of distribution of
contact stresses and displacements;

3. The principle of solution proposed in the article
can be used to study various isotropic, transversal-iso-
tropic or composite materials in the design of process
equipment, columns of buildings and other structures.

The value of the studies carried out is that taking
into account the influence of the initial (residual)
stresses in the bodies on the law of distribution of the
contact characteristics of elastic bodies at the points of
their interaction can allow us to take into account, more
effectively, the wear resistance of materials by properly
estimating their strength reserves. Also, it can suffi-
ciently reduce their material consumption, while retain-
ing the necessary functional characteristics of materi-
als.

Consequently, the observed effect of the initial
(residual) stresses is significant and must be taken into
account when calculating the strength in structural de-
tails.
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EXTRACTION OF URANIUM FROM WATER

MN3BJIEYEHUE YPAHA U3 BOAbI

Summary: The process of extracting of uranium from environmental objects using the method of pre-con-
centration has been investigated. The use of preconcentration with a chelating sorbent based on maleic anhydride
with styrene makes it possible to practically completely extract uranium. The optimal conditions for the sorption
of uranium by the sorbent are determined. The effect of time, ionic strength, metal concentration on the equilibrium
properties of cation with respect to uranium ions was studied. The process of desorption of the absorbed metal
from the sorbent was also studied.

Key words: uran, toxicity, pollution, water, sorbent, concentration, desorption

AnHoTanms: VccnenoBan nporiece n3BJIedeHNs ypaHa u3 00beKTOB OKPYXKAIOIeH cpelibl ¢ NCIIOJIb30BAaHHEM
MeTo/1a IpeaBapUTEILHOTO KOHIIGHTpUpoBaHus. [IpiMeHenne npeaBapuTeIbHOT0 KOHIIEHTPUPOBAHUS XeJIaTo00-
pasylomuM copOCHTOM Ha OCHOBE MaJICHHOBOTO aHTHUAPHIA CO CTUPOJIOM MO3BOJISET IMPAKTUIECKH MOTHOCTBIO
u3Bieyb ypan. OnpeiesieHbl ONTHMaNbHbIE YCIOBUSI copOuuu ypaHa copbentoM. VccnenoBaHo BiusiHHE Bpe-
MEHH, HOHHOM CHUJIBI, KOHLIEHTPAallu¥ METaJllla Ha paBHOBECHBIE CBOMCTBA KATHOHMTA 110 OTHOLICHUIO K MOHAM
ypaHna. Tak jxe ObUI H3y4eH Ipolecc AecopOIHH MOTIIOIEHHOTO MeTajlla U3 COpOCHTa.

Knrouegvie cnoea: ypan, mokcuuHocme, 3azpazmuenue, 600d, copbenm, KOHYyeHmpuposanue, 0ecopoyus

BBEJIEHHE

VYpaH sIBISieTCS OJJHAM M3 HanOoliee TOKCHUYHBIX
METaJIOB, COJCP)KaHWE KOTOPBIX IOJUICKUT 00s3a-
TEAbHOMY KOHTPOJIO IPU OLEHKE KauyecTBa MUTHEBOU
BOJIbl, TIMIIEBBIX POIYKTOB U CBIPbs, JIEKAPCTBEHHBIX
npenaparoB u T.1. [IpucyrcTBue paguoakTUBHBIX JJie-
MEHTOB B [IOYBE U BOJIE IIJIOXO BJIMSET HA 3[J0POBbE JIFO-
Jel. B pe3ynbpTare npucyTCTBHS B IOYBE ypaHa OBOIIH,
BbIpaI[BaeMbIe Ha TOH 3eMile, ObIBAIOT PaJMOaKTHB-
HBIMHU. DTH MPOAYKTHI ITyTEM IIPUHATHS MHIIHN [IEPEXO0-
JUIT B OPraHyu3M 4YeJOBEKa U IPUBOIAT K ILUIOXUM IIO-
CneCcTBHAM. B BoJie MPHUCYTCTBHE ypaHa TOXKE HEXKe-
narenbHO. JKnBOTHBIE, 0OUTAIOIIME B 3TOH BOJIE, yTEM
MUY Tepeiisl B OPraHu3M JIFOJEH, NPUBOAAT K ILIO-
XHM MOCIIEICTBHUSM.

W3BecTeH pan crocoOOB M3BIEYEHMS ypaHa U3
IIPUPOIHBIX U TEXHOJIIOTHYECKUX PACTBOPOB, B YACTHO-

cTH copOust. B kadecTBe cOpOCHTOB IS ypaHa Mpe-
JIOXEHBI MHOTOYHCIICHHbIE COEIUHEHHS — TMOJIUMEPHI
mrokcnaa kpemausa [10], Ouonormueckme copOEHTHI
[13], 6enTOHUT [14], MONMMBUHUIOBBIE MOIUMEPHI [6,
8], marautHbIe KOMITO3UTHI [9, 11, 12]. V Bcex mepe-
YHUCIIEHHBIX COPOEHTOB €CTh OIpeelieHHbIE HeI0-
cratki. CopOIHs HEKOTOPBIX M3 HUX CHJIBHO 3aBHCUT
OT MOHHOM cuiibl pacTBopa [10, 14]; y HEKOTOPBIX cOp-
OEHTOB COpOLIMK HE TPOUCXOIUT TP KOMHATHOH TEM-
nepaType, Hy>)KHO HarpeBaTh JI0 ONpPEACICHHON TeMIIe-
parypsl [8, 13]; y HEeKOTOpBIX COPOEHTOB ONTHMAIIbHAS
COpOIIMOHHOE PaBHOBECUE JAOCTUTaeTCs MIPU JUTUTENb-
HOM KoHTakTe (6-10 gacoB) [8, 14], HU3Ka copOIMOH-
Hasi eMKOCTb [6, 8-14] u 11.

Hcnonp30BaHNE CENEKTUBHBIX BBICOKOEMKOCT-
HBIX COpPOEHTOB IIO3BOJISIET H3BJIEYh KOMIIOHEHT M3
CIIOKHOM cMecCH. Jlake B TAKUX CIIOMKHBIX CIIydasX, KO-
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Ia colep’kaHue M3BJICKaeMOT0 KOMIIOHEHTa He Ipe-
BBILIACT JOJICH WM SIUHUI] MPOLCHTOB, MPABHIEHO
BBIOpaHHBIH COPOCHT 00ecIeuYrnBaeT yBENUUCHHE KO-
JMYecTBa KOMIIOHEHTA JIF0aTe B HECKOJIBKO pa3. Panee
MBI HCCIICIOBAIA COPOILMI0 ypaHa XelaToo0pa3yro-
LIMMHU COpOEHTAMHU Ha OCHOBE CO TOJIMMEPa MaJIEMHO-
BOI0 aHTHJPHIA CO CTHUPOJIOM, COJACpXKAIMME (par-
MEHTBI THAPO(POOHBIX aMHHOB [2, 5].

Nzydaenne copbuun ypana (VI) ¢ xemaroobpasyro-
LIMM COPOEHTOM Ha OCHOBE MaJIeMHOBOTO aHTHIpHJIA
coJiepKaIlero (GpparMeHThl CTPENTONUAa ¢ OCIEeaYIO-
LIAM OTIPEACIICHUEM STHX HOHOB METOJIOM (POTOMETPH-
YeCKOH CIIEKTPOMETPHH, IS n3BieueHus ypana(VI) u3
BOJIbI, SIBJISICTCS LIENIBIO JAHHOW pabOTHI.

MATEPHUAJI 1 METOJbI

B kagectBe copOeHTa OBIT MCHONB30BAH KaTHO-
HUT, CUHTE3WPOBAHHBIH, IyTeM MOIM(UKAINU COTIO-
JMMEepa MaJeUHOBOTO aHTHIPUAA CO CTUPOJIOM COOT-
BETCTBYIOIINM aMHMHOB B ITpUCyTCTBUH (popmanmHa [1].

Hcxonusiit pactBop ypana (VI) roroBuwiu pacTso-
peHneM  TOYHOM  HABECKM  CONMM  MeTauia
UO2(NO3)2+6H20 (x.4) B OUCTHIUIMPOBAHHOI BojE
[3]. Hcxommpie pactBopsl Al(II), Cd(Il), Co(ID),
Cr(I11), Cu(l), Fe(lr), Mn(I1), Ni(ll), Pb(I1), Sr(ll),
Zn(Il) roToBHIIM PacTBOPEHUEM TOYHBIX HABECOK XJIO-
pumoB MeTauioB B 1M coustHOM KucnoTe. Paboune pac-
TBOPBI MOJy4YaJl COOTBETCTBYIOIIUM pa30aBiIeHUEM
HCXOJHBIX PAaCTBOPOB.

Jnst co3paHuss HEOOXOAMMOM KHCIOTHOCTH HC-
mosre3oBann puxcanan HCl (pH 1-2) n ammuauno-are-
taTtHbIe OydepHblie pactBopsl (pH 3-11). Monnyto cuiy
pactBopoB ycraHaBauBaiu godasineHrnem KCI.

CopeprxaHue ypaHa ONpeAessuld o MeToAuKe [ 7]
(hOTOMETPHUECKOTO aHaIu3 ¢ THomoIibio 2,2',3,4-Tet-
parunpoxcu-3'-cyiapdo-5'-xmopa3oden3ona.  AHanM3
BeInosHsuM Ha cnekrpoporomerpe KOK 2. Crenenn
n3Bnedenus ypana (R, %) paccuntsianu o gopmyie:

R=[(Co-Cx)/Co]x100

3nmece Co,- WCXOOHAs KOHICHTpaNWs ypaHa,
MoJIb/J1; Ci — KOHIIGHTpANKs ypaHa 1ocjie ero u3BJede-
HUS, MOJIB/TI.

2,5 7

Jliist ipoBeAeHNsI SKCIIEpUMEHTa COpOIMU B CTa-
THYECKOM PEXHME B TIPOOUPKY C MPUTEPTOI MPOOKO
BBOAMIH 2 M1 1072 MOJIB/TT BOAHOTO pacTBOpa MeTasla,
JIO0aBIISIIN aMMHAYHO-aLETATHRIA Oy(epHBIA pacTBOP
IUIA CO3JaHus He0OXOAMMOM KHUCIIOTHOCTH 4O OOLIEro
obobema 20 mi. Baocumu 0.05 T copOeHTa npooupky,
3aKpBIBAJIM MPOOKOIT M OCTABIISUIN CTOSATH B 3aBUCHMO-
CTH OT TOCTAaBJICHHOM 3amaud. PacTBOop OT copOeHTa
OTACTSUTH (QrITbTpanuei.

Ha ocHOBe moJiyueHHBIX Pe3yJIbTaTOB PACCUHUTHI-
Banmu Koddduuuent pacnpenenenuu ypasa Kq (8 cm®/r)
U cTatudeckyro oomeHnyro emkocts (COE, B Mr/r) 1o
HIDKE CIEAYIOMUM (hopMymam:

c.—-C)W

g, = =)
Om

o —-—C)W

CQEZM
m

3neck, C - paBHOBECHas! KOHIIEHTpALUs ypaHa Mo-
cie copbimu, V-00beM pacTBopa, M-mMacca COpOeHTa.

JlecopOuuio uccieoBald € HCIOJIb30BAHUEM
pasubix munepaiabHbiX (HCIO4, H2SO4, HNO3, HCI) 1
opranuyeckoid (CH3COOH) kucnotsl. 3aTeM TBepayO
u xuakylo (aszy oraemsi. KoHueHTpamuio ypaHa
OTIpEe/IeIISLTN B lecopoare.

PE3YJIBTATBI U UX OBCYXJIEHUE

MoTenuuomerpnyeckoe TUTpoBaHue. Kuc-
JIOTHO-OCHOBHBIE KOHCTaHTBl HOHU3AINH TOJIMMEPHBIX
COp6eHTOB ABJIAKOTCA OOAHUMH M3 OCHOBHBIX CBOMCTB.
Uro Obl OnpeaeInTh KOHCTAaHTY HOHHU3ALMK COpOEHTA
B HayaJsie ObUIa M3y4eHa ero MoJIHAasl cTaTu4ecKas copo-
nuoHHas eMkocTs 1o HoHy K* (CCE+=6.4 MMOIIB/T) 1
W3BECTHONH METOMUKOW OBUIO MPOBEICHO MOTEHIIHO-
MEeTpUYeCKOe TUTpoBaHUE [4].

Ha ocHoBe pe3ynbTaToB HOTEHIIMOMETPUYECKOTO
TUTPOBaHHUA OBUIa MOCTpoeHa audepeHnaIbHas

ApH
pV _f(VKOH)'

KpHBasi THTPOBAHUS

0 2 =

Puc. 1. Jugghepenyuanvnan kpusas mumpoganus copoenma.
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W3 puc 1 BUAHO, YTO MONTYYECHHBIH COpOEHT CO-
JICPIKUT JIBE Pa3HbIE MOHOTEHHbBIC Tpymmbl. Tak uTo
HOHU3aUsA cop6eHTa MMPOUCXOOUT B ABYX CTaAUAX:

YroObl ONpeAeInTh KOHCTAHTH HOHU3AIUH COp-
0eHTa MOJKHO HCIIOJIb30BaTh JaHHbIE UG (epeHIHab-
HOM KpuBOH TuUTpoBaHMA. Pe3ynpTaTel ObLTH HpUBe-

H:R < HR + H* IeHsl B Tabmuie 1.
HR< R*+ H*
Tabnuna 1.
DKCIIepUMEHTAIBHBIC TAHHBIC [T pacuyeTa KOHCTAHT HOHHU3AIMK COPOCHTA
R lg— pH pK, o a lg—2 pH pK,
l-a 1-a Vion» Ml 1-—a 1-a Vion, Ml
0.1 ]0.() -0.954 0.3 2.21 5.76 0.1 0.(2) -0.954 | 3.12 6.89 | 8.90
0.2 | 0.25 -0.602 0.6 2.40 4.88 0.2 0.25 -0.602 | 3.24 7.06 | 8.44
0.3 1043 -0.368 0.9 2.62 4.29 0.3 0.43 -0.368 | 3.36 7.24 | 8.14
0.4 | 0.(6) -0.176 1.2 2.94 3.81 0.4 0.(6) -0.176 | 3.48 7.44 | 7.89
05110 0.000 15 3.87 3.37 0.5 1.0 0.000 3.60 7.66 | 7.66
06 |15 0.176 1.8 3.95 2.93 0.6 1.5 0.176 3.72 7.89 | 7.43
0.7 | 2.(3) 0.368 2.1 4.58 2.45 0.7 2.(3) 0.368 3.84 8.13 | 7.18
0.8 |40 0.602 2.4 5.28 1.86 0.8 4.0 0.602 3.96 8.38 | 6.88

KoncTanTa noHusanuu copOeHTa Oblia paccdu-
TaHa MOAM(HUIMPOBAHHBIM ypaBHEHHEM | aHIepcoH-
Taccenpbaxa [4]. Usmepus, 3nauenne pH pacteopos
HaJl COPOCHTOM JUTS K&YK/I0T0 3HAYCHHS 0L, CTPOMIIA 3a-

BUCHUMOCTh PH = f[lg L). Io BenuuuHe TaH-
l-a

reHca yria HakjIoHa MPsIMOW BBIYUCISUTH HapaMeTphbl

m(tg oo = m). I'paduueckoe onpeneneHre KOHCTaHThI

HMOHM3AINN COPOCHTA IIOKAa3aHO HA PUCYHKE 2.

10 -
r/’l”r_’r_s’f
© 1 '
~ A 4
A 4 4
2 -
r T 8 T L]
1 0,5 0 0,5 1

Puc.2. I'paguueckoe onpedenenue koncmanmol uonuzayuu copoenma. pKl(epag)=3.37, pK2(epagd)=7.66,
m1=2.3740,; m2=1.3325, (pKI- xapaxmepuzyem uonuzayuro xapboxcunvnvix epynn, pK2- oenpomonusayus
AMUHOBBIX 2PYNN.

B npencraBieHHoil paboTe 0CHOBHOE BHHMaHHE
OBLJIO yNIENIEHO U3YUEHUIO BIUSHUS Ha COPOIMIO ypaHa
pH cpenbl, BpeMeHH, HOHHON CHJIbI, KOHLEHTpPALMU
HMOHOB METajUla B pacTBOPE, a TAKKE KHHETHYECKUM
CBOMCTBaM COPOCHTOB.

MakcumanbHasi CTENeHb M3BJICUCHHUS! ypaHa cop-
OeHTamMu IocTUraeTcs u3 pactBopos ¢ pH 5. beuto nc-
CJIEZIOBAaHO 3aBUCHMOCTh COpOIMM OT BpeMeHH. Pe-
3yJbTaThl HCCIEAOBAHYS NIOKA3aIIH, YTO COPOIIMOHHOE
paBHOBECHE JIOCTHIaeTCsl MOCNe 2-X YacOB KOHTAKTa
copOeHTa ¢ MeTayuioM. [1ist BceX NajbHEHIIUX dKCIIe-
PUMEHTOB BpeMs IS YCTAHOBJICHHUS COPOLMOHHOIO
pPaBHOBECHS COCTABMJIO 2 Yaca.

BinsiHne MOHHOI CHIIBI pacTBOpa U3ydeHo ¢o-
ToMeTpuueckuM MetonoM. Ypau(VI) copOupoBamm n3
pactBopos, coaepxkanux 0,1-1,4 M KCI. Pesynbrars

HCCIICOBaHUS TIOKA3aJIM, YTO 3HAYUTEIIEHOE YMCHBIIIC-
HHE COpOLMU MeTalIa Iporucxout u3 pacrBopos KCI
¢ KoHIeHTparuei 6oee 0.8.

O/JJHUM N3 OCHOBHBIX KPUTEPUEB
OLIEHKM  COPBLIMOHHBIX PABHOBECHUH
SABJIAIOTCA N30TEPMbI COPBIINY,
OITPEJEJISIOUINE 3ABUCUMOCTD
BEJIMYMHBI COPBLIMM BEHIECTBA OT EIO
PABHOBECHOH KOHIEHTPAIIMN B
PACTBOPE.

C YBCIIMYCHUEM KOHIICHTpalunu YPAaHUJIBHOTO
HMOHA B PACTBOPE YBEIUYUBACTCS KOJIMYECTBO COpOU-
POBApOHHOTO METaJlla, a MPH KOHICHTPALUU PaBHOM
6-10° Momp/m cTaHOBHTCS MakcuMmanmbHO (Ph=5,
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CUO§*26'10_3 MOJIB/M, Vo5.=20 MI, Mecops=0.05 T,

ce=500 mr/r).

W3yueHa BO3MOXKHOCTH decopbiuu ypana (V1)
pacTBopaMH pasHbIx MuHepanbHbIX kuciaot (HCI,
HCIO4, HNO3, H;SO4). IMonyueHsl maHHBIE TIO CTe-
TICHU AJIIOUPOBAHMS ypaHa B 3aBUCHUMOCTH OT KOHIIEH-
TpaIuu KUCIIOT, 00beMa DITF0EHTa U BEIOpaHbI yCIOBHS
npoBeeHus nosHou necopbumu (98-100%): 5 mu 2M
HNO:s.

[Tocre onpeneneHns ONTUMAabHBIX YCIOBHH KOH-
LEHTPUPOBAHUSI Pa3paldOTaHHBIA METOJ YCHELIHO
NPUMEHEH JUIA  OMNpPENENCHUS  MHKPOKOJHYECTB

ypara(VI) B Boje M3bATOIM M3 AMHPOBCKOro HedTe-
ra3ono0bIBaoOLIero qenapraMenTa (AsepOaiimkan) ¢
Npe/BapUTEIbHBIM KOHLEHTpUpOBaHUEeM (Tabn. 2).
[IpaBHIPHOCTS METOIUKH TIPOBEPSIIM METOJIOM Y-
CIIEKTPOCKOTUN» (Tabi1. 2).

BoinosiHenne ananusa. 30 M OTGUIBTPOBAH-
HOW aHaIM3UPYeMOW NpoObl JTOBOAWIM 10 HYKHOTO
snauenus PH go6asnenrem HNOs 1 ocrasisuin Ha 2
yaca B KpyriofoHHo# konoe co 100 mr copdenTa. Cop-
OMpOBaHHBIE MOHBI METAJIOB JIIOMPOBAIK 5 M 2 M
HNO3. B amroate KOHIEHTpPAIUIO ypaHa OMpEAelisiim
(oToMeTprueCKUM METO/IOM. Pe3ynbTaThl paccUMThI-
Ban B mupexanonoxeann 100%-HOTO W3BICYCHUSA

ypaHa.
Tabnuua 2.

Pesyabrarel aHamm3a MOPCKoii Boasl (06beM mpo6bt 30 Mir; 06beM IMIOCHTa 5 MIT; Mepe=100 Mr; A=490 uMm, 1=1
cm, p=0.95; n=5)

= teS
HaWJIeHO X \/ﬁ , Mr/I1

npeagaraéMoi METOANKON

Haiineno y-criektpockomnueid, Mr/i

44.1 £0.7

44.4 £0.9

BoiBoa. IlonydeHHbIe JaHHBIE I[MOKA3alld, 4YTO
CHUHTE3UPOBAHHBIN COPOSHT MOXKET OBITh UCIIOJIB30BaH
IUIsL KOHIEHTPUPOBAHMS YpaHa W3 PacTBOPOB THUIIA
MIPUPOJHBIX BOM, YTO MOXET OBITh MUCIIOJIB30BAHO IS
ero paJfoaHaIUTHYECKOTO ONpeieneHus. Bo3zMoxHO
MHOTOKPaTHOE HCIIOJIb30BAHUE PEreHEePUPOBAHHOIO
copOeHTa I KOHIICHTPUPOBAHHSL.
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AHHOTALUSA
B manHOIi paboTte nccienoBaHbl BOJAOPOIHBIE (GOPMBI KIMHONTHIOINTOB, KOTOPBIEC TPOBOIMIN ITyTEM TIPO-
xanuBanus npu 350—400°C Ha Bo3ayXe B TeueHHE 6 9aCOB CO CKOPOCTHIO Harpesa 4°C/MUH U1 pa3IoKeHUs HOHA

+
NH 4 1 obpazoBanus H'-popmer. XapakTepHo, 4TO B OCHOBHOM, HMEHHO 3TH 00pa3ibl MPOSBIAIOT 6osiee BhI-

COKYIO KaTAIUTHYECKYI0O aKTHBHOCTH M aACOPOITMOHHAS €MKOCTh B HECKOJIBKO Pa3 BO3PACTaeT, OCOOCHHO TP
HU3KUX OTHOCHTEIIBHBIX JaBJIeHUs. DTH 00pa3Lbl KaTAIM3aTOPOB UCIIOJIB30BAIN B PEaKLUH JIeTUApaTalul MeTa-
Homa npu Temnepatype 160—200°C ¢ nenbro moaydeHus AMMETHUI0BOTO 3dupa. OIMBITH 110 H3YIEHHIO KATAIHTH-
YeCKOM CIOCOOHOCTH HCCIeIyeMbIX 00pasiioB (1+3) mpoBoawin mpu aTMOCHEPHOM JTABJICHUH B IPOTOYHOM pe-
aKTOpe CO CTAIIMOHAPHBIM CJI0eM KaTanusaropa (06bem 3 cmP, pasmep 3epHa 0,25-0,50 MM) ¢ 06beMHO# CKOpPO-
CTBIO o KUIKOMY CBIPBIO 1 gl Meranon 51 MPOYKTEI €ero MpeBpALCHAS

CH:0'\_
€O, CO: CH»0, CH;OCH;, CH;
CH:+0

coOMpaITi B OXJIAXKIACMbIe TPUEMHUKH, (DPaKIIHOHUPOBAIN W aHATH3H-
poBanu xpomatorpaduuecku. OCHOBHBIM MPOJAYKTOM JETUAPATAIlMsS METAHOJA HA HOCUTEISIX [IE0JIUTCOAEpkKa-
[UX KaTanu3aTopax sSBISETCS TUMETHIOBBIN d3hup MakcumanbHas CTENEHb MPEBPaIleHus] METaHOoIa 10 AUMETH-
JIOBOTO 3¢Hpa HA MOTUPUIUPOBAHHBIX (OPMAX IIEOTUTCOACPIKAIUX MTOPOIAX COCTaBIIsLIa 0Koyo 60% mpu TeM-
nepatype 160-200°C. Tloka3aHa NpHHIMIHAILHAS BO3MOMKHOCTH HCIIONB30BAHUS MOAUMDHIMPOBAHHOTO
KJIMHOMIITAIIONNTA, B KAUeCTBE KaTaau3aTopa Mporecca MpeBpaIieHns MeTaHoJIa.

Annotation:
In this paper Hydrogen forms of clinoptilolites were studied, which were calcined at 350-400°C in air for 6

hours at a heating rate of 4 °C/min for the decomposition of the NHZ ions and the formation of the H* form. It is

characteristic that generally, these catalysts show a higher catalytic activity, and especially at the relatively low
pressures the adsorption capacity increases several times. These catalyst samples were evaluated in the dehydration
reaction of methanol at a temperature range 160-200 °C to obtain dimethyl ether. Experiments on studying of the
catalytic ability of the obtained samples (1+3) were carried out at atmospheric pressure on a flow bed layer of
catalyst in stationary reactor (volume 3 ¢cm®, granule size 0.25-0.50 mm) and the rate of volume flow of liquid

CHs0 “

CO, CO; CH-0, CH;0CH;, CH:
feedstock was 1 h?. Methanol and the yields of conversion CHr-0 7" were col-
lected in cooled receivers, fractionated and analyzed on Gas Chromatograph GC Agilent 7820A. The main product
of methanol dehydration over the zeolite-containing catalysts is dimethyl ether. The maximum conversion degree
of methanol to dimethyl ether on modified forms of zeolite-containing solids was about 60% at a temperature of
160-200°C.The basic usage possibility of the modified clinoptilolite as the methanol conversion process catalyst
is shown.

Knrouesnie cnosa: yeoaumsl, KiuHonmuioaum, memnepamypa, ajirOMuHuUA, OUMemui06bll admp, MEMAHOI.
Keywords: zeolite, clinoptilolite, temperature, aluminum, dimethyl ether, methanol.

B nacrosmee Bpems uzBecTHo cBbime 30 mpupo-
HBIX [IEOJINTOB, HO TOJIBKO 8 M3 HUX (aHAJIBIMM, I1ada-
3UT, KIIMHOIITUJIOJUT, SPUOHUT, JTIOMOHTUT, MOPACHUT
1 (PMITHTICHT), BCTpEUArOIINECs, B OCHOBHOM, B OcCa-
JOYHBIX TOpoJax, UMECIOT IMTPOMBINIJICHHOC 3HAYCHUE.

Cpenu HEX HauOOJbIIIee MPUMEHEHHE KaK aIcop-
OCHT M KaTaJn3aTop HAXOAWT MPUPOIHBIN LEOJHUT —
KJIMHOTITHIIOJIHT.

JKcIepMMeHTaIbHAsA YaCTh

B 1abopaTopHBIX YCIOBHUSX IJIsl €r0 MOAUDHUIIH-
POBaHMS 9acTO HCIOJIB3YETCsl METOJT KHCIIOTHOH 00pa-
OOTKH, NPUBOAALIMN K YIYYIIEHUIO €T0 MOTJIOTHUTEIb-
HBIX B OTOCTTMUBAIOMNX CBOMCTB. J{imst aToro Opanm 10 T
obpasua u 100 My pactBOpa 1H COJISTHOM KUCIOTHI IPU
90°C Temrmeparype, KOTOPbIC MEPEMEIIHBAIN B Teue-
nue | gaca. [loBeiienne Temneparypsl ¥ KOHIIEHTpa-

run kucnotsl (0,1— 0,5 H) cmocoGcTByeT Gojee mos-
HOMY H3BJICUYEHUIO aJIIOMUHUS U3 MUHEpanoB Ali-Jlar-
CKOT'O KIJIMHOIITHUJIOJIUTA, KOTOpBIﬁ IIPOABJIACT 6OJ'IB-
IO KUCIOTOYCTONYMBOCTS [1, 2].

B pe3ynbTare KUCIOTHOM 00pabOTKH HAPSTY C Je-
KaTHOHHPOBAaHUEM IPOMCXOIHUT [ICATIOMUHIPOBAHNE
[IEOJTUTA ¥ COOTHOIIICHHE KpPEeMHEe3eMa K TIHHO3EMY
yBenuunBaetcs B 2.0-2.5 pasa. Ilo Beqn4mHe OTHOIIIE-
Husi SI/Al B IPOMBINUIEHHBIX [[EOIUTAX UX MOAPA3Je-
JISIFOT Ha JIBE TPYIIIBI: BEICOKO K HU3KOKPEMHHUCTHIE [3].

[IpoMBIIUITEHHBIE TEONMTH HApPSAAy C BBICOKOM
TEPMOCTaOWILHOCTBIO TIPU Temmepatype 350-400°C
00xamaroT OOJBIION KHCIOTOCTOMKOCTBIO, KOTOPHIE
OTJIMYAIOTCS BBICOKOW aJICOPOIIMOHHOW EMKOCTBIO.
KucnoTtHas 06paboTka 11€0TMTOB OJIMH U3 METOJIOB T10-
nygeHus ux H-popmer.
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JleamOMHHHUPOBAHME  MOXHO  OCyIIecTBIAT,  npu axktupamuu 300-350°C B Teuenue 2—6 yacos, B pe-

TakKe 00pabOTKOMN IIe0IHTa BEIeCTBaMH, B3aUMOICH-
CTBYIOIIIE C MOHAMH aJFOMUHHMS, ¥ 3TH TIPOIECCHI Je-
KaTHOHHPOBAHHUSI COIPOBOXKIAIOTCS CHU)KEHHEM CO-
JepXKaHUS IEeNOYHBIX KATHOHOB. J{eamtoMHHUpOBaHUE
MOATBEPKAACTCA XUMHUYCCKUM aHAJIU30M U IOJIy4de-
HHEM BOJIOPOIHOIT GOPMBI [IeoIMTa ITPU HCCIICIOBAHIH
KHCIJIOTHBIX IIEHTPOB MeToioM MK-criekrpockonum.
Heomuter nmpokammueanyu npu 400°C Ha BO3IyXe B
TedyeHne 6 4acoB CO CKOPOCThIO HarpeBa 4°C/MuH 1pH
yoaneHun woHa W obpasoBanus H'-dopmsr. Xapak-
TEpHO, YTO B OCHOBHOM, HIMEHHO 3TH 00pa3Lbl NPOsIB-
JISIIOT 0OJiee BBICOKYIO KAaTAIUTUYECKYH) aKTUBHOCTD
mocIte 5-Th KpaTHOU kucimoTHoM o6pabotku 1,0a HCI
JUIsl 00pa3loB JIeKaTHOHHUPOBAHHBIX KHCIOT. Makcu-
MajlbHas aKTHUBHOCTh 00pA3LOB LEOJHUTa JOCTUTACTCA

3y/nbTaTe KOTOPOW MPOUCXOAUT Oojiee WHTCHCHBHOE
W3BJICYCHUE KaJIMs M3 LEONUTHOM nopoasl. O0paboTka
LI€0JIUTA KMCJIOTaMHU IIPUBOIUT K PACTBOPEHUIO TETpa-
SAPUYECKOTO AOMUHHS B pemieTke. B pesynbTare
YBEJIMYHMBAETCSl aCOPOLIMOHHAsT EMKOCTbh M KaTaJIUTH-
YecKass aKTUBHOCTb. JTO MOXKET OBITH CBSI3aHO C KOH-
HEeHTpalMell TUAPOKCHIBHBIX TPYII, 00JIaJalonux
TIPOTOHOTOHOPHBIMHU cBo¥icTBaMH. C yBETHUCHHUEM I10-
JSIPU3YIOIIETr0 JICHCTBUS KaTHOHA Ha IIOBEPXHOCTH
[IEOJINTOB BO3HUKAIOT 00JIee CHIIbHBIE KUCIOTHBIC IICH-
Tphl [3]. 3aBUCHUMOCTH CTENEHU ACATIOMHHUPOBAHHS
00pa3ioB KIMHONTHIONNTA OT KoHieHtpanuu HCl u
TeMIepaTyphl KUCIOTHOH aKTUBAIIMH IIPUPOTHBIX KITH-
HonTuosInToB ((pakius 0.25+0.50 mm) 06paboTKOI
ot 0,1+5,0 H CONITHOM KHCIIOTOMN MPHUBEICHA B TAOIHIIE.

Tabmuna.
Konnentparmu HCl 1 crenens AeanfoOMHHUPOBAHHSI
Konnertpanus CreneHp JeaTlOMAHAPOBAHS, %
HCI 20°C 96°C
0.1 u HCI 3.5% 6.8%
1.0 u HCI 5.8% 20.8%
5.0 u HCI 10.6% 42,3%

[oBblIeHNE TeMITEpaTypbl ¥ KOHIIEHTPALH KUC-
notset 0,1+5,0u HCI ciocoGeTByet Gostee moJHOMY H3-
BJICYCHUIO AJTFOMUHHS U3 MUHEPAJIOB.

Oo0cy:xneHue pe3yjbTaToB

YMeHbIIICHHE 110 Mepe JIeaTIOMUHUPOBAHUS KO-
JIMYECTBa IPOTOHUPOBAHHBIX T'MIAPOKCHIBHBIX TPYIII,

HO
0 0 O
N\ “H:0
\Al Sl/ 4r2 \
/N N\ +H20
0o
ITpoTtorHoH  B-meHIp

[Iporonno#i B-1mienTp ampoToHHOW L-11eHTp OC-
HOBHO# L-1ieHTp

[Tpu TepMo0OpabOTKE MO Mepe MOBBIIICHUS TEM-
neparypsl (450°C) B pesynbTaTe JErHAPOKCHIMPOBA-
HUSI IPOUCXOIUT TIPEBpalleHre OpEeHCTETOBCKUX KHC-
JIOTHBIX LIEHTPOB B JIbIOMCOBCKUE.

Al +/
NN

anpoToHHOH L-meHTp

B3aUMO/ICHCTBYIOINX C aTOMaMH aJIIOMHHUSI KapKaca,
MIPUBOAUT K HAOIIOIaeMOMY CHIDKCHHUIO BENUYUH aj-
COpOIMHY UITIOTBHBIX MOJICKYJT BOJBL, TPU KOTOPOI MHU-
Hepan ob6nanaer HamOoJpIIel aacOpOLMOHHONW CHO-
COOHOCTBIO M COXPAHSET ONPEICICHHYIO CTEIICHb KPH-
crayuuHocty [1, 7].

Cxema JIeruIpOKCHIMPOBAHHS LIEOINTa

\/\/
/\ /\

OCHOBHOH L-neHTp

[MoaBmwxHOCTH Bomopoaa OH-Tpy1iel, cBsI3aHHON
C KpeMHHEeM, 00yCIIOBIIeHa BIMSIHUEM COCEHErO TpeX-
KOOPIUHAITMOHHOTO alFOMUHUSA [5].

Takum o6paszoM, Bogopoa OH-rpymnmsl siBisieTcs
MPOTOHHBIM KHCJIOTHBIM IeHTpoM (B-mentp THma
Bpencrena), a TpeXKOOpAMHAIIMOHHBIE aTOMBI ATIOMH-
HUS — ampOTOHHBIM KHCIIOTHBIM IIEHTpoM (L—tieHTp
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tuma JIpforca) U KICIOTHBIE CBOMCTBA LIEOJUTOB OTIpe-
JETSIOTCST KaK CHJION aKTHBHBIX LEHTPOB IIEOJUTOB,
TaK M UX KOHIICHTpaIuei [6, 7].

B nmanHoit paboTe wcciemoBaHUE BOJOPOTHBIX
($hopM KITMHONTHIIOIKUTA TPOBOIUIIN ITyTEM IPOKAIHBA-
Hus ero npu 350—400°C NHs-dopmbl, mosydeHHBIC
HMOHHBIM OOMEHOM TPUPOJIHBIX 00pa3IOB IICOJUTOB B
JuHamuueckux ycioBusix ¢ 100mi, 1.0 H pactBopom
NH4Cl B Teuenue 6 yacoB mpu 5-kpatHoil 00paboTKe
10 r o6pa3ua xnmHOTITHIONMNTA. [Toce kaxmoi 6 Jaco-
BOI 00paboTKH 00pa3en OTMBIBAIN TUCTHILTHPOBAH-
HO¥ BOJIO M 3aHOBO 00pabaTHIBaIM B TCUCHHE 6 YacOB
HoBo# mopitreit pactsopa NH4Cl. TTocie mepBeix aByx
00pabOTOK MOHBI HATPUS M KalbLUs YAAIAIOTCA U3
KJIUHONTHJIOJUTA ¥ TOJHOE 3aMEIICHUE [BYXBAJICHT-
HeIx Ca?’, Sr**, Ba?' KaTHOHOB KIMHONTHIOINTA HA

.
nonsl ammornst (NH ;) nponcxonut npn temnepa-

Type 450°C. BpeHcTe10BCKIE KUCIOTHBIE LIEHTPhI BO3-
HUKAIOT IIPY TEPMUYECKOM PA3JIOKEHUU AMMOHUNHOU
(dopMmbI, KoTOpast oOpa3yercst py 0OMEHE HOHOB Iiie-

.
nounsix Metaios Ha nonsl NH , . 3ameny oxnoro

MIPOTHUBO MOHA Ha JAPYroi OOBIYHO MPOBOJST HOHHBIM
00MeHOM U3 pactBopa, npotouHbie (H') dhopmsr 1eo-
JIUTOB TOJIYYalOT TaKXXe MyTeM MpPOKalIWBaHHUs aMMO-
HUHHBIX (DOPM [IEOJTUTOB.

B sTux oOpasuax ancopOnHOHHast eMKOCTh B He-
CKOJIBKO Pa3 BO3pacTaeT, 0COOCHHO NP HU3KUX OTHO-
CHUTENBHBIX JABJICHUSX. [eaTFOMHHUPOBHIE U IEKATH-
OHUpOBaHHE O0PA3LOB KINHONTHIONNTA IPHBOIHT K
PaCIIMPEHUI0 BXOAOB BO BHYTPHKPUCTAIUIMYECKUX
GOIBIIKMX M MaJIBIX MOJOCTSIX 1ieouTa [4].

CrereHu IeKaTHOHUPOBAHHS U JACATIOMHUHUPOBA-
HUSI LIEOJIUTOB OTIPEIEIISUIN UCXOS U3 KOJIMUECTBa ya-
JIeHHBIX U3 00pa3na karuonoB Na, K, Ca u amomunus
COOTBETCTBEHHO, B NPOLIEHTaX OT MX COJCPIKaHUS B
LIEOIUTHOH (paze ncxoqHoro obdpasia.

TepMmudeckast akTHBaLUsl KaTaau3aTopa, YCTOM-
YHUBOCTH LICOJUTHBIX 0Opa3loB ONpenessiId B Auama-
30He 300-1000°C B Teuenue 6 yacoB. C NOBBILIEHHEM

o, %

TeMIepaTyphl IIpoKanusanus Boie 600°C kpucTamiu-
Yyeckasi CTPYKTypa LEOJHUTOB IIOCTEIIEHHO pa3pylia-
ercsl.

Bnusane riyOMHBI TeKaTHHUPOBAHUS W JEaio-
MUHHUPOBAHHNA Ha KaTAJTUTUYCCKYIO aKTUBHOCTH MOJU-
(unrpoBaHHBIX (OPM LIEOIUTCOAEPIKALIUX TTOPOJI UC-
CJIC/IOBAJIM HA METaHOJIe NPH TeMIepaTypax peakinuu
160 1 200°C. OnbITE MO M3YYEHHIO KATAIMTHYECKOI
CIOCOOHOCTH HCCIeAyeMbIXx 00pasioB (1+3) mpoBo-
JMJIM TIPH aTMOC(EPHOM JaBJIEHUH B IPOTOYHOM peaK-
TOpE CO CTAllMOHAPHBIM CJI0eM Katanu3aropa (00bem 3
cm®, pasmep 3epHa 0,25-0,50 MM) ¢ 06bEMHO¥ CKOpO-
CTBIO 0 JKUJKOMY CBIpbIo 1 u™l, MeTanos 1 nmpoayKThl
ero npespanieans CO, CO,; CH,O, CH3OCHj3, cobu-
paly B OXJIaXX-AaeMble NPHEMHHKH, (PaKIHOHUPO-
BaJIl M aHAIM3UPOBAIN XpoMaTorpaduaecku. OCHOB-
HBIM IIPOJLYKTOM JIETHAPATallii METaHOJA Ha HOCUTE-
JSIX  [EOJUTCOJEPIKAIMX KaTalnu3aTopax SBISETCS
JIUMETHITOBBIN 3¢up [4, 8].

Ipu 200°C MakcHManbHEIE CTENEHH IIpeBpalle-
HHsI METaHOJIa JJOCTUTAl0TCS YoKe Ha 00paslie co crere-
HBIO JIeKaTHOHUpOBaHus 0kosio 60% (puc. 1, kpusas 3),
YTO OOYCIIOBJIEHO JOCTaTOYHO BBICOKOW CKOPOCTBIO
peakuuy IpHu Takoi Temneparype. B cBs3u ¢ atum 1o
KPHBOH TPYOHO OICHUTH 3aBHCHMOCTH KaTaJUTHUC-
CKOW aKTUBHOCTH OT CTEINICHH JCKaTHOHHUPOBAHHUS 11€0-
nvTa.

Taxas 3aBUCHMOCTb OoJiee HArsiAHO MPOCIEKH-
Baercs Ha (puc.l, kpuBas 1), KoTopas oTBeyaeT Ipe-
BpAI[CHUIO METaHOJa B AUMETUIOBBIA 3dup (JIAMD)
npu 160°C.

2CH30H = CH3-O-CH3 + H,0

LleonuThl TaKke NPUMEHSIOTCS NpPU  CYIIKE,

OYHCTKE, Pa3/IC]ICHUU BEIIECTB W IS MCCICIOBAHUS
aJICOPOIIMOHHBIX PABHOBECHH, MIPUPOIBI AJICOPOIIMOH-
HBIX B3aMMOJICUCTBHIN, MEXaHM3Ma U KUHETHKH KaTa-
JUTUYECKUX peakuuii, tupdy3un MOIEKyT B TOHKHX
mopax [5, 6].

80 |-
]
60
40 +
20
i | i 1 i
0 20 40 60 80 100

Jexatnonuposanue, %

Puc. 1. 3asucumocms cmenenu npespawerus memanona (2) om cmenenu 0eKamuoHUpoBaHUsl Yeoaumcooepica-
wux nopod npu memnepamypax peaxyuu 160°C (1, 2 — xpuevie) u 200°C (kpusas 3).



EEST Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(37), 2018 71

Takum 06pa3oM, IEOTUTHI — 3TO YHUKAIBHBIE MHU-
Hepajbl, HaXOAIINe IMHPOKOe TPUMEHEHHE B Pa3iny-
HBIX OTpAcisX HAPOJHOTO XO3SHUCTBA U MPOMBIIIIICH-
HOCTH.
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PREPARATION OF DRY CONSTRUCTION MIXTURES BASED ON LOCAL RAW MATERIAL
AND INDUSTRIAL WASTES FOR PRODUCTION OF ARTIFICIAL FACING PLATES

MOJAIOTOBKA CYXUX CTPOUTEJIbHBIX CMECE HA OCHOBE JIOKAJIbHBIX CHIPBEBBIX

N MPOMBIIIJIEHHBIX OTXOA0B JIA MTPOU3BOJACTBA HCKYCCTBEHHBIX JIMITOBBIX
IJIAT
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Abstract: The studies were performed in this work on the development of dry construction mixtures based
on local raw materials and industrial wastes to produce artificial facing plates for finishing buildings of various

purposes.

AnHoTtanmsi: B 310l paboTte ObUIM IPOBEIEHBI HCCIIEIOBAHMS M0 Pa3padOTKe CyXUX CTPOUTEIIBHBIX CMeCceH
Ha OCHOBE MECTHOTO CBIPhSI I IPOMBIIIIEHHBIX OTXOO0B JUIsS IIPOU3BOICTBA HCKYCCTBEHHBIX OOJIMI[OBOYHBIX TUIUT

JJIA OTACIIKH 3HaHHI71 Pa3JaIMIHOroO Ha3HAYCHMU.

Keywords: facing stones, plate, Portland cement, pigment, limestone, quartz sand, water absorption,
inflammability, porosity, density, polypropylene fiber, calsium formate, plastisizer, calsium stearate.

Knrwuesvie cnosa: 05]11414060'le1€ KAMHU, nauma, nopmﬂandueMeHm, nuemMeHnm, U36€CMmHAK, K8ap14€6blﬁ
necok, GOOOHOZJZOLL;eHue, BOCNIAMEHAEMOCMb, NOPUCMOCMb, NJIOMHOCHb, NOJUNPONUNIEHOB80€ 60J10KHO, d)opmuam

KainvyuA, nﬂacmuqbukamop, cmeapam Kajlbyus.

It is known that the development of the
construction sector plays one of the major roles in
ensuring the country's economic development. At
present Azerbaijan forms a perfect construction
industry. Many construction materials previously
imported from abroad are now being produced at local
enterprises. Some of them are even exported to foreign
countries.

One of the key requirements of the day is to
provide construction objects with quality construction
materials. Despite the significant achievements in the
production of cement, bricks, lubricants, ceramic plate
adhesives, paint and plaster products, the production of
facing stones does not meet the requirements of modern
construction in terms of both design and variety.
Almost most of the facing stones are still being
imported. Despite the fact that Gobustan limestone
deposits have a certain portion of local demand, [1],
large-scale and long-term production is not promising
due to the following reasons:

e raw material resources suitable for processing
are either no longer available or exhausted and
industrial processing of "gulbakht" stone with
properties of traditional high strength, density and
relatively less water absorption is almost impossible;

e recently, the range of construction works in
our country has significantly increased demand for
facing stones. Responses to construction demands
creates a problem due to the above mentioned reasons;

e Production of "aglay" facing stones is
characterized by a number of technological difficulties,
a large number of dusting and handmade work, low
productivity that makes the production of new type of
facing stones necessary;

e physical and mechanical properties of facing
stones do not meet demands for facade (water
absorption, frost resistance, strength, etc.).

Thus, production of new reliable and stable
artificial facing stones based on local raw materials and
wastes is of both practical and theoretical importance.

This research is aimed at developing the
composition and technology of new generation facing
products with low volume and high exploitation and
aethetic properties based on local raw materials and
wastes.

Methodology of studies: GOST 10178-85.
Portland cement and slag- portland cement.
Technical terms. We used for researches relevant 52.5
M portland cement, fineness module of 2.5-3 Garadagh

quartz sand (Lokbatan deposit), swollen perlite (GOST
10832-64), sodium abietate, redispersed polymer
acrylic powder and wastes of Garadag limestone
deposits (0-2 mm). According to fineness module
GOST8735.88 granular composition of raw materials
was determined by sieving method. To prepare dry
mixture raw materials were dried in laboratory drier
stoves up to 0.5% humidity, sieved and weighted on
technical balance using appropriate recipe, mixed dry
first in a copper plate and with water. Mixing duration
was maximum 3 minutes to prevent the decay of the
structure of perlite. The solution was poured into
30x35x75 mm rubber molds and consolidated.
Hardening mode was performed. Physical and
mechanical properties of plates were determined on
AZS 480-2011 [2].

Implementation of researches. To minimize the
cost price the facial stone will be prepared from two
layers to improve the quality of facing layer. Based on
numerous literature data and practical experience we
considered the preparation of lower layer from portland
cement (M52.5), limestone dust (0-0.1 mm fraction),
quartz sand (0.1-1mm fraction), powder polymer
styrene acrylic copolymer, swollen aluminum silicates
such as swollen perlite (SiO, — 65/75%, Al,O3 — 10-
16%, K20<5%, Nax0<4%, Fe,03-0-3%, MgO-0-1%,
Ca0-0-2%, H,0-2-6%, 0-2mm), aluminate cement and
water would be appropriate [3-6]. Apparently, in the
system both mineral adhesive (portland cement) and
organic connector will be used. If mineral adhesive
system provides mechanical properties and longevity,
in our opinion, the organic binder must provide
additional strength to the condenser and ensure its
elastic properties. To increase the strength
polypropylene fiber (6 mm) as a modifying addition, to
accelerate hardening calcium formate, to give
hydrophobicity to the system calcium stearate, to
reduce water-cement ratio polycarboxylate ether or
plasticizer CP-3, as well as to reduce volume mass by
creating microporous structure sodium abietat must be
used.

The top layer will be made of portland cement
(M42.5), limestone powder (0 - 0,1 mm fraction),
quartz sand (0 - 0.15mm fraction), polypropylene fiber
(cellulose fibers 0 - 0,1 mm), calcium formate, calcium
stearate, polycarboxylate ether or plasticizer CP-3,
foaming Foamister NDV (siliceous organic liquid GKJ-
1), powder polymer (Styrene acrylic copolymer),
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aluminate cement, Li.CQOs, pigment and water (30-
40%of a dry matter).

Production technology of “Lifeston” (LS) facing
plates includes the preparation of raw material mixtures
for lower and upper layers and thermal processing by
pouring to rubber molds. In both cases mixture of dry
matters is prepared in mini-concrete mixer for both
layers. However, it has been practically determined that
the preparation time of the mixture for bottom layer
should not exceed 3 minutes to prevent destruction of
structure of swollen perlite. The next stage of preparing
a lower layer is continued with addition of water into a
concrete mixer. Upper layer is mixed with water in
paint mixers. Prepared lower layer mixture is poured
into rubber molds (% of the mold) and after a short (5-
10 seconds) vibration the solution of the top layer is

added. Moulded products are removed with a mold
after being kept for a day at 80+5°C and in 80-90%
humid environment and left for hardening mode [7-8].
Considering that the system is sufficiently complex to
determine its composition N=2% mathematical planning
method based on full factor analysis was used [9].
Portland cement (X; — 25-30%), limestone powder (X>
- 60-65%), water: cement ratio (X3 — 0.6-1.0) were
accepted as the main analyzed factors and after 28 day
hardening of the mixture its stability limit — Y3 (GOST)
and volume mass — Y, (GOST) were determined. In all
experiments 5% of foamed perlite was added to the
mixture and the rest up to 100% mass was completed
with quartz sand.

Planning matrix of the experiment and results are
given below.

Table 1
Planning matrix and results
Factors Y1 Y2
N Xo X4 X, X3 Stablll\l/fgallmlt, Volukrglemr?ass,
1 + _ _ _ 55 1580
2 + + _ _ 65 1450
3 + _ + _ 64 1380
4 + + + _ 75 1380
5 + _ _ + 59 1320
6 + + _ + 82 1370
7 + _ + + 73 1350
8 + + + + 86 1320

Regression equation of the experiment is defined
based on the results [ 9 ].

Y1 =69,87 +7,125 X; +4,62 X, +5,125 X3

Y2 =1393,7 +111,25X; -36,25X5 — 53,75X3

As seen from the regression equations, mechanical
strength is observed at the top of all the factors. The
impact of amount of cement on stability limit in view
of effect of factors is higher. The positive effect of high
water:cement ratio which is not compliant to scientific
and theoretical concepts is explained by the fact that
porous perlite grain draws a large portion of water into
pores and hydratation process of cement does not occur
at the required rate and efficiency. As seen from the
second regression equation, which shows the change in
volume mass, the increase in the amount of cement
leads to an increase in volume mass, high water:cement
ratio leads to its reduction.

At the next stage of our experiments results of full
factor analysis were taken as basis base components
were determined for lower and upper layers optimized
with various modified additions basing to literature
data and practical experiments.

Lower layer:

1) Portland cement (M42.5) - 30%

2) Limestone powder 0-0,1 mm fraction - 48%

3) Quartz sand 0,1-1mm fraction - 10%

4) Polypropylene fiber 6 mm- 0,2%

5) Calsium formate -0,8%

6) Calsium stearate - 0,2%

7) Polycarboxylate ether or plasticizer CP-3 - 0,1 %

8) Air-entraining agent (sodium a-oleine
sulfonate)- 0,2%

9) Powdery polymer Styrene acrilic copolymer — 0,5
%

10) Swollen aluminosilicates (Swollen perlite O-
2mm)- 5%

(SiO2— 65/75%, Al,03 — 10-16%, K20<5%,
Na20<4%, Fe;03-0-3%, MgO-0-1%, CaO-0-2%,
H,0-2-6%)

11) Alumina cement - 5%

12) Water:cement =1.

Upper layer:

1) Portland cement (M42.5) - 35%

2) Limestone powder 0-0,1 mm fraction - 30%

3) Quartz sand 0-0,15mm fraction -30%

4) Polypropylene fiber (or cellulose fibers) 0-0,1 mm-
0,4%

5) Calsium formate - 0,6%

6) Calsium stearate - 0,2%

7) Polycarboxylate ether or plasticizer CP-3 - 0,2 %
8) Antifoaming agent Foamister NDV (siliceous
organic liquid GKJ-1) - 0,2%

9) Powder polymer (Styrene acrilic copolymer) - 2%
10) Li,COs3 - 0,5%

11) Pigment — 0,2%

12) Water:cement = 0,5.

As mentioned above, artificial facing stone
"Lifestone” (LS) can be used as an equivalent to
"aglay" facing stones in Azerbaijan. Table 2 shows the
comparison of the properties of facing stones based on
the composition and technological modes described
above with the properties of traditional "aglay" facing
stone [9-12].
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Table 2
Comparison of properties of artificial facing stones with the properties of aglay stones
Physical and Artificial facing stone
No mechanical Unit of Adla Note
| properties of facing | measurement glay Upper Lower
stones layer layer
Yellowish Various colors and
1 Color - non-
shades
homogeneous
2 Frost resistance cycle > 25 >35 >25
Strength  limit in ) Comparison
water-saturated state kg/em % >400 ~60 was performed
4 Strength limit in dry kg/sm? 50-80 ~500 ~70 on prepared
state testing samples
5 Water absorption % 12 <5 27,4
6 | Density g/lem? 2,1 1,8 1,3
7 Porosity % 33,9 4 50
8 Heat resistance °C 300-800 1200 1200

As Table 2 shows physical and mechanical
properties of facing stones are much higher than the
traditional "aglay” stones and fully meet the
requirements of a relevant standard. These stones are
mainly made of (99%) inorganic artificial and mineral
substances with traditional technologies and have
several advantages listed below:

¢ Noninflammable;

e Designers and architects are now presented
with great opportunities since these stones can be
prepared in a wide range and color range;

e Organization of production does not involve
large investments;

e They are made of up to 70% of waste
materials;

e Technologically simple

e Cost price is not high;

e Physical-mechanical properties of the product
are much higher than physical-mechanical properties of
traditional "aglay" stones (Table 1);

e Porosity of lower layers of materials and
relative elasticity of a stone make it an essential
material in earthquakes;

e Volume mass is 1.5-2 times less than "aglay"
stones that reduces load of a building, minimizes
foundation costs, simplifies and accelerates the facing
process, excludes the use of special metal mesh and, in
general, reduces the cost price of facing works.

e The proposed material has a high heat, sound
and waterproofing properties.

Thus, the new generation double-layer facing
stones based on local industrial wastes and mineral and
organic adhesives and special modification additions
fully meets the modern construction requirements due
to their physical and mechanical properties and can be

widely applied in industrial and civil construction
works.
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IHOJIMMEPHBIE KPAYH-2®HUPHI - BBICOKOYYBCTBUTEJIBHBIE CEHCOPBI
OPTAHUYECKHUX COEJTAHEHUA
THE POLYMER CROWN ETHERS AS HIGH SENSITIVE SENSORS OF ORGANIC
COMPOUNDS

AHHOTaUMS

OcymiecTBiieHa KaTHOHHAS MOJIMMeEpH3anus 6-TITMHUAMIOKCH- U THOeH30-16-kpayHa-5 B a¢upe B npuCyT-
cTBUM Tpexdropucroro 6opa. CocTtaB W CTPOCHHE MOIYYCHHOTO MOJUMEPa MOATBEPKACHBI (PHUIUKO-XUMITUE-
CKUMHU MCTOAAaMHU. Ha ocHoBe HNOJIMMEPHOTO KpaYH-S(i)I/Ipa pa3pa60TaH BBICOKO‘IYBCTBI/ITGJ'ILHHﬁ 1 BBICOKOCCIICK-
TUBHBIN IEKTPOXUMHUYECKHI CEHCOP, TO3BOJISIFOIIMN ONIPENENIATh MUKPOKOJINYECTBA aMMUAKa B BO3/lyXe B IIpU-
CYTCTBUH MHOTOKpPAaTHBIX HN30BITKOB APYrux KOMIIOHEHTOB.

Annotation:

Cation polymerization of glysidiloxi- and dibenzo-16-krown-5 in ether in presence of BF3 has been carried
out. Composition and structure of obtained polymers are confirmed by physical and chemical methods. On the
basis of obtained polymer crown ether there has beer, developed high sensitive and high selective electrocher
sensors allowing to determine micro amounts of NHs in the air in the presence of multiple surpluses of other

components.

Knwuegvle cnosa: noaumepHsvle Kpayn-ad)upbz, 6blCOK0‘ly60m€um€ﬂbeZﬁ U BbICOKOCENICKMUBHBLLL 9JIeKmpo-

XUMUYECKULL CEHCOop, MAKpOYUKTIUYecKue COeOUHEeHUSL.

Keywords: polymeric crown ethers, a highly sensitive and highly selective electrochemical sensor, macrocy-

clic compounds.

CuHTe3bl ¥ NPUMEHEHHE MOJMMEPHBIX KpayH-
3(pHUPOB CTAI HOBBIM 3TallOM B Pa3BUTHUU XUMHUH [1].
OHM HaxXoJiT NPUMEHEHHE KaK MMMOOMIM30BaHHBIE
COEIMHEHHUS, KOTOPbIE IMOIYydaroTCsl NMPUBUBKON He-
0O0JIBIIOrO MX KOJMYECTBA K TIOBEPXHOCTH JIEIIEBOTO
Hocutee. [IpuimunTeie K TBEpA0H OCHOBE MaKpPOLIUKIIU-
YEeCKHE COeTUHEHMsI, Oy/1yur HEPaCTBOPUMBIMH, MOTYT
0Ka3aThCsl MPEIIOUTUTEIbHEE MOHOMEPHBIX aHAJIOTOB
JUTS. TIPOMBIIITIEHHOTO HCIIOJIB30BAHUS, MOCKOIBKY UX
nerde 00pabaThIBaTh, pEreHepUpOBaTh U HCIOJIb30BaTh
ITOBTOPHO B BUE MEMOpaH WM KOJIOHOK JUTs m30mpa-
TEJIFHOTO pa3/ieNIeHHs] HOHOB, PAANOAKTUBHBIX N30TO-
0B, MOPOIIKOB WIM IpaHyld KaTanuzaTtopoB. Kpome
TOTO, 3TH COCIMHEHHUS SBISIOTCS OoJiee AEHIEBBIMHU 1
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W3 sdupHOTO pacTBOpa BBIACICH OCBIN IMOPOII-
K006pa3HbIi MPoayKT ¢ Try 68°C, aBnsromuiics momu-
mepom (II).

MeHee TOKCHYHBIMH, YeM MOHOMEpHbIe aHaioru. Ilo-
9TOMY MOJHMMEpPHbIE M HMMOOHMIM30BaHHBIE MaKpO-
HUKTHYECKHE 3(GHUPBl CTaau 00BEKTOM MHOTOYHCIECH-
HBIX HCCIIE0OBaHUN. B cBeTe BBIIEU3II0)KEHHOTO HAMU
pa3paboTaH HOBBIH CIIOCOO MOJIy4eHHs MOJIMMEPHBIX
JIaK, OCHOBAHHBII Ha MOJMMEPU3AINU UX MOHOMEPOB.
B cBsI3M ¢ 3TMM IIPEACTaBISIIO NMPUKIAIHON WHTEpEC
U3y4EeHUE IOJIMMEPH3ALNH O-TIMIUIUIOKCH- U -
0eH30-16-kpayHa-5, KOTOpBIE CHHTE3HPOBAHBI IO Me-
TOJIMKE, ONIMUCAHHOU B padoTte [2].

Hamu ocymiecTBiieHa KaTHOHHAS OIUMEepU3aLs
MoHOMepa auben30-16-kpayna-5 (1) B adupe B mpucyt-
CTBUHU TpexdTopucToro 6opa mMpu KOMHATHOHM TeMIie-
parype:
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CocTaB M CTpPOCHHE TIOJIy4EHHOTO KpayH-3¢dup-
HOT'O NOJIMMEPa YCTAaHOBJICHBI METOIaMH 3JIEMEHTHOT'O
agamu3a. MKC w macc-cnexTpockonmu. MaccoBbie
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JI0JIM YTJIEPO/ia U BOJOPOAA B CHHTE3UPOBAHHOM IOJIH-
Mepe COCTaBISAIOT COOTBETCTBEHHO 65.58 1 6.65 %. uTO
COOTBETCTBYET JIEMEHTHOMY COCTaBy MOHOMEpa B IO~
sumepe II. MonekynsipHas Macca JaHHOTO MOJIMMEPA,
OTpeJieNIeHHasl METOJIOM KOHLIEBBIX T'PYII B PacTBOpe
TUTpoBaHueM, coctaniser 3980 v.e. B K-cniektpe mo-
JIY4EHHOTO TI0JIMMEpPA MPOSIBIIIOTCS XapaKTEePHBIE I10-
JIOCHI TIOJIONIEHHS B 00nacTsix 3475, 1637, 1255 em 4,
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OTH (parMeHTHI OATBEPKAAIOT IPEICTABICHHOE
cTpoeHue noiuMmepa. Ha ocHOBE MOJy4eHHOTO MOJH-
MEpHOTO KpayH-3¢upa, muOyrwidranara ¥ MOJIHBH-
HUWJIXJIOPUA U3TOTOBJICH HOH-CEJICKTUBHBII MeMOpaH-
HBIH AJIEKTPOJ IO METOIUKE, OIIIICAaHHOH B padoTte [3].
W3roToBNIEHHBIH 3JIEKTPOJ UCHBITAaH B Ka4eCTBE CEH-
copa AJsl ONpPEAENeHHsT MUKPOKOJIMUYECTB aMMHaKa U
MIEPBUYHBIX aMUHOB B BO3/IyXE.

UyBCTBUTENBHOCTE ONPEACICHUI aMMHaKa HOH-
CENICKTUBHBIM JJIEKTPOZOM B BO3IYXE COCTaBIISET
5x107* mr/m.

noarBepxkaatonue Hanuane OH-rpymnmer, C=C-cBsi3u
u C-O—C-rpymnr.

B macc-cnexmpe cunmesupo8annozo 6b1COKOMONEK)-
JIAPHO20 COEOUHEHUSI OOHAPYIHCEHbl UHMEHCUBHbLE
cnekmpanvhsie aunuu paemenmos III-VI ¢ coom-

8eMCMBYIOWUMU MACCOBLIMU YucIamu, pasHbimu 402,

345, 385, 56:
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JIaHHBIH SIEKTPOA TIO3BOJIACT OIPEHCNIATH aM-
MHAK B MPUCYTCTBHU OOJIBIIMX U30BITKOB BTOPUYHBIX
u TpetnaHbIX aMuHOB CO2, H,S, SO,, NOy 1 mp.

CrnMcoK JuTepaTypsl
1. la6anoB A.JI.// XKypH. Bcecoro3. xum. 00-Ba
uM. JI.1.Menneneena. 1991. T.36. Ne 4. C.456.
2. T'onur Kanp Illon. Hduc. ... KaHI. XUM. HayK.
baky: UXIT AH Azep6. CCP. 1990. 104 c.
3. A.JL.II1abanoB. A.Xannmap, UY.11.Mamenos u np.
// Kypu. anamut. xumun. 2000. T.55. Ne5. C. 518.



#9 (37), 2018 czes¢ 3
Wschodnioeuropejskie Czasopismo Naukowe
(Warszawa, Polska)

Czasopismo jest zarejestrowane i publikowane w
Polsce. W czasopismie publikowane sg artykuty ze
wszystkich dziedzin naukowych. Czasopismo
publikowane jest w jezyku polskim, angielskim,
niemieckim i rosyjskim.

Artykuty przyjmowane sg do dnia 30 kazdego
miesigca.

Czestotliwos¢: 12 wydan rocznie.

Format - A4, kolorowy druk

Wszystkie artykuty sg recenzowane

Kazdy autor otrzymuje jeden bezptatny
egzemplarz czasopisma.

Bezptatny dostep do wersji elektronicznej
czasopisma.

Zespot redakcyjny

Redaktor naczelny - Adam Barczuk
Mikotaj Wisniewski

Szymon Andrzejewski

Dominik Makowski

Pawet Lewandowski

Rada naukowa

Adam Nowicki (Uniwersytet
Warszawski)

Michat Adamczyk (Instytut
Stosunkéw Miedzynarodowych)

Peter Cohan (Princeton University)

Mateusz Jabtonski (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Piotr Michalak (Uniwersytet
Warszawski)

Jerzy Czarnecki (Uniwersytet
Jagiellonski)

Kolub Frennen (University of
Tlibingen)

Bartosz Wysocki (Instytut
Stosunkéw Miedzynarodowych)

Patrick O’Connell (Paris IV
Sorbonne)

Maciej Kaczmarczyk (Uniwersytet
Warszawski)

Dawid Kowalik (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Peter Clarkwood(University College
London)

#9 (37), 2018 part 3
East European Scientific Journal
(Warsaw, Poland)
The journal is registered and published in Poland.
The journal is registered and published in Poland.
Articles in all spheres of sciences are published in
the journal. Journal is published in English, Ger-
man, Polish and Russian.

Articles are accepted till the 30th day of each
month.

Periodicity: 12 issues per year.

Format - A4, color printing

All articles are reviewed

Each author receives one free printed copy of the

journal
Free access to the electronic version of journal

Editorial

Editor in chief - Adam Barczuk
Mikotaj Wisniewski

Szymon Andrzejewski
Dominik Makowski

Pawel Lewandowski

The scientific council

Adam Nowicki (Uniwersytet
Warszawski)

Michat Adamczyk (Instytut
Stosunkéw Miedzynarodowych)

Peter Cohan (Princeton University)

Mateusz Jablonski (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Piotr Michalak (Uniwersytet
Warszawski)

Jerzy Czarnecki (Uniwersytet
Jagiellonski)

Kolub Frennen (University of
Tibingen)

Bartosz Wysocki (Instytut
Stosunkéw Miedzynarodowych)

Patrick O’Connell (Paris IV
Sorbonne)

Maciej Kaczmarczyk (Uniwersytet
Warszawski)

Dawid Kowalik (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Peter Clarkwood(University College
London)



Igor Dziedzic (Polska Akademia Nauk)

Alexander Klimek (Polska Akademia
Nauk)

Alexander Rogowski (Uniwersytet
Jagiellonski)

Kehan Schreiner(Hebrew University)

Bartosz Mazurkiewicz (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Anthony Maverick(Bar-Ilan University)

Mikotaj Zukowski (Uniwersytet
Warszawski)

Mateusz Marszatek (Uniwersytet
Jagiellonski)

Szymon Matysiak (Polska Akademia
Nauk)

Michat Niewiadomski (Instytut
Stosunkéw Miedzynarodowych)

Redaktor naczelny - Adam Barczuk

1000 kopii.

Wydrukowano w «Aleje Jerozolimskie
85/21, 02-001 Warszawa, Polska»

Wschodnioeuropejskie Czasopismo
Naukowe

Aleje Jerozolimskie 85/21, 02-001
Warszawa, Polska

E-mail: info@eesa-journal.com ,
http://eesa-journal.com/

Igor Dziedzic (Polska Akademia Nauk)

Alexander Klimek (Polska Akademia
Nauk)

Alexander Rogowski (Uniwersytet
Jagiellonski)

Kehan Schreiner(Hebrew University)

Bartosz Mazurkiewicz (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Anthony Maverick(Bar-Ilan University)

Mikotaj Zukowski (Uniwersytet
Warszawski)

Mateusz Marszalek (Uniwersytet
Jagiellonski)

Szymon Matysiak (Polska Akademia
Nauk)

Michal Niewiadomski (Instytut
Stosunkéw Miedzynarodowych)

Editor in chief - Adam Barczuk

1000 copies.

Printed in the "Jerozolimskie 85/21, 02-
001 Warsaw, Poland»

East European Scientific Journal

Jerozolimskie 85/21, 02-001 Warsaw, Po-
land

E-mail: info@eesa-journal.com ,

http://eesa-journal.com



