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HIIK "T exHonozutJ,ecKuu tfeHmp" 
0PoccuR., 3e.neHozpao) 

doi: 1 0.18411/sp c-12-1 0-2018-02 
idsp : 000001:spc-12-10-2018-02 

B HacTomu:ee apeMSI B He<PTer a3oBo n oTpacJIH, He<PTeXHMWiecKo:H n poMLimJieHHOCTH 

(H3r OTOBJieHHe ITJiaCTMaCCOBniX H3,[{eJIHH) , aBTOM06HJIDHOM, aBHan HOHHOM H KOCMWieCKOM 

TpaHCITOpTe cym:ecTBy eT ITOTpe6HOCTn B H3MepeHHH ,[{aBJieHIDI n p H BniCOKOH TeMITepa-rype 

[1-3]. ,IJ:aHHrui 3a,[{aq a q ame acer o pem aeTc.si c n oMOIIILIO BLICOKOTeMn epa-rypHLIX 

KpeMHHeBniX npeo6p a30BaTeJieH .[{aBJieHIDI. K p oMe p em eHIDI pMa KOHCTpYKnHOHHDIX H 

TeXHOJIOrHqecKHX 3a,[{aq , cpe.[{H KOTOpniX TaKHe KaK C03,[{aHHe BniCOKOTeMITep azypHOrO 

qyBCTBHTeJIDHOrO 3JieMeHTa (ll3), C03,[{aH He BniCOKOTeMn epaTypHo r o KOpnyca, C03,[{aHHe 

3JieKTpWieCKOr O COe,[{HHeHIDI n peo6pa30BaTeJI.si ,[{aBJieHIDI H BniBO.[{OB KOpnyca, CTOHKOr O K 

BLICOKo:H TeMITepa-rype H .[{p y m e , pa3pa6oTKa BLICOKOTeMn epa-rypHo r o KpeMHHeBo r o 

npeo6pa3oBaTeJI.si .[{aBJieHIDI Tpe6yeT MeTpoJiorWiecKor o o6ecn eq eHIDI, KOTopoe MO)I(eT 6 n1Th 

peaJIH30BaHO C ITOMOIIInlO HCITLITaTeJIDHO-H3MepHTeJIDHOr O KOMITJieKCa. ,z::J:aHHniH KOMITJieKC 

.[{OJI)I(eH y .[{oBJieTBop.siTL .ueJIOMY PMY Tpe6oa auH:H, cpe.[{H KOTOpniX He TOJIL KO o6ecn eq eHHe 

Tpe6yeMniX pe)I(HMOB H3MepeHHH, HO H n epe,[{aq a H o6pa60TKa pe3yJinTaTOB H3MepeHHH B 

pe)I(HM OHJiaHH. B CB.si3H C TeM, qro CTaH.[{apTHOe H3MepHTeJIDHOe o6opy.[{OBaHHe paccqHTaHO 

Ha n poBe,[{eHHe H3Mep eHHH Kp eMHHeBniX npeo6pa30BaTeJieH C Tpa.[{H.UHOHHLIM 

TeMn epa-rypHniM .[{HaiTa30HOM, qame BCer o OT -45 °C .[{0 + 125 °C, pa3p a6oTKa HCITLITaTeJIDHO

H3MepHTeJinHOrO KOMITJieKCa .[{JI.si BniCOKOTeMn epa-rypHniX KpeMHHeBniX npeo6pa30BaTeJieH 

,[{aBJieHIDI n pe.[{CTaBJI.sieT TeXHWieCKH CJIO)I(uyiO H aKzyaJinuyiO 3a,[{aqy. 

B .[{aHHOH pa6oTe n poBe,[{eHa pa3pa6oTKa HCITDITaTeJinHO-H3MepHTeJIDHOr O KOMITJieKCa 

.[{JI.si BniCOKOTeMITepa-rypHDIX Kp eMHHeBniX n peo6pa30BaTeJieH .[{aBJieHIDI, HMeiOIIIHX 

TeMn epa-rypHniH ,[{HaiTa30H OT -45 °C .[{0 +220 °C. IlpH pa3p a6oTKe KOMITJieKCa HCITOJID30BaH 

MHo r oJieTHHH onLIT HIIK " TeXHoJiorWiecKH:H .ueHTp" B o6JiaCTH co3,[{aHIDI KpeMHHeBLIX 

npeo6pa30BaTeJieH .[{aBJieHIDI, H3r OTOBJieHHniX C HCITOJID30BaHHeM TeXHOJIOr HH 06n eMHOH 

MHKp oo6p a6oTKH. B Kaq ecTBe OTllpaBHOH TOq KH HCITOJID30 BaHa CTpYKT)'pa H3MepHTeJinHOr o 

o6op y.[{oBaHIDI, n p HMeH.sieMrui npH npoH3BO.[{CTBe cepHiiHDIX npeo6pa3oBaTeJie:H MII,IJ:8. 

0 co6eHHOCTh KOHCTpYK.UHH 1!3 BniCOKOTeMn epa-rypHo r o n peo6p a30BaTeJI.si ,[{aBJieHIDI 

3aKJIIOq aeTC.si B HCITOJID3 0BaHHH KHlf-CTpYKT)'pnl .[{JI.si Kp HCTaJIJia C MeM6paH OH- p HCYHOK 1. 
B Kp HCTaJIJie TeH30pe3HCTOpnl H3 MOHOKpHCTaJIJIHq ecKor o KpeMHIDI H30JIHpOBaHnl OT 

ITO.[{JIO)I(KH TOJICThiM CJIOeM TepMWieCKOr O OKCH,[{a KpeMHH.si, qro , B OTJIH~e OT 

Tpa.[{H.UHOHHOH KOHCTpYKUHH C .[{HlPlPYJHOHH:DIMH TeH3op e3HCTOpaMH, o6ecn eqHBaeT 

OTCYTCTBHe TOKOB YTeqKH n p H TeMn epazyp ax Bnime 150 °C. nOJiee TOro, ITO HMeiOIIIHMC.si 

,[{aHHLIM , TaKrui H30JI.sinH.sl TeH30pe3HCTOpOB ll03BOJI.sieT .[{OCTHqn BepXHero npe,[{eJia pa6oq eif 

TeMn epa-rypni npeo6pa3oBaTeJI.si B 600-700 °C [ 4,5]. 3m TeMn epazypa cooTBeTCTBy eT 

TeMn epa-rypHOMY npe,Z:{eJIY ynpyrocm MOHOKp HCTaJIJIHq ecKor o Kp eMHIDI H , KpOMe TOrO, 

TeMn epa-rype, n p H KOTOp OH C06CTBeHHrui npOBO.[{HMOCTh MOHOKpHCTaJIJIHq ecKor o Kp eMHH.si 

Ha~HaeT CpaBHHBaTDC.si C n p HMeCHOH n pOBO.[{HMOCThlO [ 6]. ,z::J:aJinHeiimee ITOBnillieHHe 

pa6oq eif TeMn epaTypni npeo6pa3oBaTeJI.si He.ueJiecoo6pa3HO, n oTOMY qro He CTOJIDKO H3-3a 

B03HHKaiOIIIHX n apa3HTHLIX .siBJieHHH, a H3-3a KaTaCTPOlPWieCKHX H3MeHeHHH CBOHCTB 

MaTepHaJIOB npeo6pa30BaTeJI.si, .[{OCTH)I(eHHe npHeMJieMniX MeTpOJiomqecKHX xapaKTepHCTHK 

CTaHOBHTC.si HeB0 3MO)I(HDI M . Mo)I(Ho CKa3aTD, qro KHM-CTPYKTYPa n o3BOJI.sieT n oJIHOCThiO 

HCITOJID30BaTD ITOTeHnHaJI KpeMHHeBoro n peo6p a30BaTeJI.si .[{aBJieHH.si KaK YCTpOHCTBa .[{JI.si 

H3MepeHIDI 3Haq eHIDI lPH3WieCKOH BeJIWIHHnl, BCJie,[{CTBHe q er o BDICzyiTaeT HaH60Jiee 
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IIpHBJieKaTe.JThHDIM HCXO)].HLIM MaTepHaJIOM IIpH pa3pa60TKe BniCOKOTeMrrepaT)'pHOr O 

rrpeo6pa3oBaTeiDI ,n:aaneHIDI. 

1 2 3 4 

r~ 
1 - KpeMHUeB(Jfl nOOJIO;)ICKQ; 

2 - ;)!CeCmKUe t{eHmpbl e OCHOBOHUU; 
3 - U30l1Up)I10UJUU CJIOU mepMU'ieCK020 OKUCJ/a; 

4 - KpeMHueebte meH30pe3ucmopbl. 
PucJ!HOK 1 - 3cKU3 Kpucman.na Ha KHH-cmpyKmype 

KaK )'Ka3niBaJIOCn Bniiiie, pa3pa60TKa HCIILITaTe.JThHO-H3MepHTeJinHOr O KOMIIJieKCa .l1:llil 
BniCOKOTeMrrepaT)'pHniX KpeMHHeBniX rrpeo6pa30BaTeJieH ,n:aBJieHHSI CBSI3aHa C 

Heo6xo,n:HMOCTDIO HCIIOJID30Ban paciiiHpeHHDrn rrepe~eHD o6opy,n:oBaHIDI. B ~acrnocm, 

He06XO.D:HMO HCIIOJTh30BaTh 2 KJIHMaT~eCKHe KaMepnl .ll:llil 3a,n:aHHSI TeMIIepaT)'pnl. IlepBaSI 

KaMepa o6ecrre~BaeT ,n:Harra3oH TeMIIepaT)'p oT rrpe,n:e.JIDHor o HH)I(Hero 3Ha~eHHSI (MHHYC 
45 °C) .ll:O HOpMa.JThHOH (20 °C), BTOpaSI OT HOpMa.JThHOH .ll:O rrpe,n:eJinHOrO BepxHero 3Ha~eHIDI 
(220 °C). CoBMem eHHe o6oHX TeMIIepaT)'pHDIX .D:Haiia30HOB B O)].HOH KaMepe 

3aTpy)].HHTeJinHO C TO~KH 3peHHSI KOHCTp)'KIUlli H 3aTpaT Ha H3rOTOBJieHHe. Ilpe,n:CTaBJieHHnie 

Ha pniHKe KJIHMaT~ecKHe KaMepni oxaanmaiOT MaKcHMaJILHLrn TeMrrepaT)'pHLrn .D:Haiia3oH 
OT MHHYC 86 °C .ll:O 180 °C . TaKHM o6pa30M, HCIIOJin30BaHHe 2X KJIHMaTH~eCKHX KaMep 

SIBIDieTcSI Heo6xo.D:HMDIM y cnoBHeM .D:llil peaJIH3aiJ.HH Merponorn~ecKoro o6ecrre~eHIDI 
BLICOKOTeMrrepaT)'pHor o rrpeo6pa3oBaTeiDI ,n:aaneHHSI. JlH6o MO)I(eT 6nrrn Bni6paHa 

KOHqmrypa:U:IDI H3 O.D:HOH KJIHMam~eCKOH KaMepnl H O.D:HOr O HarpeBaTe.JThHOrO IIIKa<jla, 
KOTOpniH 6y,n:eT HCIIOJin30BaThCSI .l1:llil TOJThKO H3MepeHHH IIpH IIOBnillieHHOH TeMrrepazype. 

B ,n:aHHOH pa6oTe B Ka~ecTBe KJIHMa~ecKoii KaMepni Bni6paHa KaMepa ESPEC MC-

812 (pHCYHOK 2a). KaMepa rrpe)].Ha3Ha~eHa .D:llil rrpoae,n:eHIDI KJIHMaT~ecKHX HcrrnrraHHii 

Ha B03.D:eHCTBHe TeiiJia H XOJIO,n:a B .D:Haiia30He TeMrrepaT)'p OT MHHYC 85 °C ,n:o + 180 °C . 
KaMepa HMeeT BniCOKYIQ IIpOH3BO.D:HTe.JThHOCTn, lliHpOKHH ,n:Haiia30H TeMIIepazyp H 

II03BOllileT IIpOBO.D:HTn KJIHMa~eCKHe HCIILITaHHSI o6pa3:U:OB B pa6o~eM 06neMe 64 JIHTpa. 

0 CHOBHDie OC06eHHOCTH KaMepni: IIOCTOSIHHLIH H rrporpaMMHpy eMDrn pe)I(HM HCIIniTaHHH, 
B03MO)I(HOCT:b 06ne.D:HHeHHSI HeCKOJinKHX KaMep B CeTn, B03MO)I(HOCT:b 3aiiHCH H COXpaHeHIDI 

Ha BHeiiiHeM HOCHTeJie .ll:aHHLIX Bni60pKH (3a.D:aHHOe H TeKymee 3Ha~eHHe TeMIIepazypni) , 

rrpHKJia)],Hoe rrporpaMMHoe o6ecrre~eHHe .D:llil IlK Pattem Man ager Lite, II03BOIDIIDmee 

H3MeHSITD H pe,n:aKmpOBaTh IIpOrpaMMDI HCIIniTaHHH, OT06pa)l(aTh, rre~aTaTn 

H KOHBepmpoBaTh COXpaHeHHnie .ll:aHHnie;cMOTpOBOe OKHO, H3r OTOBJieHHOe 
H3 MHor ocnoiiHor o rro,n:orpeaaeMor o cTeKJiorraKeTa .l1:llil o6ecrre~eHHSI xopomeii BH.D:HMOCTH 
6e3 Hane,n:H. 

a) 6) 

PUCJ!HOK 2 - a) BHeumuu eui> KJ/U;l1Q711U'tecKou KaMepbl ESPEC MC-812 6) BHeumuii eui> KaMepbl men.na Binder 
FED 53 
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,L(IDI H3Mepemrli rrp H rroBbim eHHoii TeMIIepaT)'pe Bbi6paHa KaMepa rerr.Jia Binder 

FED 53 (pHCYJIOK 26) . KaMepa HMeeT c.Jie.[{yroiiJ.He ocHOBHbie oco6eHHOCTH: 

- .[{Haiia30H TeMIIepaT)'p OT (t IIOMem:eHIDI + 10) ° C ,[{0 300 ° C ; 

- BapHaU:IDI TeMIIepaT)'pbi rrpH 150 oc - 1,4 ° C ; 

- <jl.rryKTyaU:H.SI TeMrrepaT)'pbi IIpH 150 ° C - 0 ,3 ° C ; 

- BpeMH HarpeBa ,[{0 150 ° C - 15 MHH ; 

- BpeMH BOCCTaHOBJieHIDI IIOCJie OTKpbiTH.si ,[{Bepeii Ha 30 CeK ,[{0 150 ° C - 4 MHH. 

06e KaMepbi HMelOT OTBepcTH.si .[{llil BbiBO,[{a 3JieKTpWieCKHX Ka6e.JieH H MarHCTpa.JieH 

IIO,[{a~ ,[{aBJieHIDI. 0TBepCTIDI 3aKpbiBalOTC.si BCTaBKaMH H3 TepMOH30JIHp)'IOm:eii pe3HHbi, 

KOTOpbie o6ecrre~BalOT IIOM ep)l(aHHe rpe6yeMOH TeMIIepaT)'pbi BHYTPH KaMepbi. 

3JieKTpH"t!eCKOe IIHTaHHe H rpe6yeMOe ,[{aBJieHHe IIO,[{aeTC.si OT HCTO"t!HHKOB, paCIIOJIO)I(eHHbiX 

BHe KaMep. TaK)I(e BHe pacrro.Jiaraerc.s~ cHcTeMa c6opa H o6pa6oTKH pe3yJIDTaToB. 

COBOKYfiHOCTh .[{aHHbiX rpe6oBaHHH IIpHBO.[{HT K CJie.[{)'IOm:eii KOH<jlHrypaU:HH HCIIbiTaTe.JibHO

H3MepHTe.JibHOrO KOMIIJieKCa (pHCYJIOK 3). 

3ap.aT4HK 
ii1CT04 HHK 

AaBI1eHHfl 1-
nHTaHHfl 

1-

CPC8000 

n3BM .... BollbTMeTp ~ ..... .... 

I' ....... 
K11HMant4ecKaA 

KaMepa 

ESPEC MC-812 

! -45~ 

=rr~ 20~ 

_I ..) 
I 
I 
I 

-- - -- --

·--------

I' I ....... 

' :: , •... 
: ~ 220 °( ............. . . . . . .. . . 

• • • T 

= -- - - ~ 

KaMepa 

Ten11a Binder 

PUCJ!HOK 3 - E.noK-cxeMa ucnblmame.nbHO-U3Mepume.nbHozo KOMYIJleKca 

Ilo,[{a"t!a Haiip.si)I(eHIDI Ha BbiCOKOTeMIIepaT)'pHbiH rrpeo6pa30BaTe.Jib ,[{aBJieHIDI 

ocym:eCTBllileTC.si C HCIIOJib30 BaHHeM HCTO"t!HHKOB IIHTaHH.si. B OJibTMeTp, COe,[{HHeHHbiH C 

aBTOMaTH3HpOBaHHOH CHCTeMOH c6opa .[{aHHbiX Ha OCHOBe I13BM, BbillOJIH.sleT H3MepeHHe 

BbiXO.[{Ho r o Harrp.si)I(eHIDI rrpeo6pa3oBaTeiDI. ,L(aBJieHHe Ha rrpeo6pa3oBaTe.Jib rro,[{aerc.s~ c 

HCIIOJID30BaHHeM rrHeBMaTH"tJecKoro Ka.JIH6paropa .[{aBJieHIDI Mensor C P C8000, KOTOpbm 

IIO.[O{O.[{HT KaK 3Ta.JIOHHOe cpe.[{CTBO rrepe,[{a~ e,[{HHHU:bi ,[{aBJieHIDI BCJie,[{CTBHe 

Merpo.Jior:w~ecKHX xapaKTepHCTHK .[{llil 6o.JibmHHCTBa 3a,[{a"t! Ka.JIH6poBKH HIHJIH rroBepKH 

cpe.[{CTB H3MepeHIDI ,[{aBJieHIDI. CHCTeMa c6opa ,[{aHHbiX 3aiiHCbiBaeT 3Ha"tJeHIDI BbiXO.[{HOrO 

Haiip.si)I(eHH.si rrpeo6pa30BaTellil . llciiOJib30BaHHe I13BM .[{llil CHCTeMbi c6opa .[{aHHbiX 

II03BOllileT IIpOBO.[{HTb pac "tJeT BbiXO.[{HbiX xapaKTepHCTHK rrpeo6pa30BaTellil Cpa3y )l(e IIOCJie 

H3MepeHHH c rrpHMeHeHHeM crren:Ha.JIH3HpoBaHHoro rrporpaMMHoro o6ecrre"tJeHIDI. 

B03MO)I(HOCTH o6opy .[{OBaHIDI, HCIIOJib30BaHHOr O B HCIIbiTaTe.JibHO-H3MepHTe.JibHOM 

KOMIIJieKCe, II03BOllillOT IIpOBO.[{HTb aBTOMaTH3HpOBaHHbie H3MepeHH.si rryTeM 06'be,[{HHeHIDI 

pa3JIH"tJHbiX KOMIIOHeHTOB B CeTb H yrrpaBJieHH.si C IIOMOIIJ:blO IIpOrpaMMHoro o6ecrre"tJeHIDI, 
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ycraHOBJieHHo r o Ha II3BM. E oJiee r o r o , npH Heo6xo,n:HMOCTH B03MO)I(HO y,n:aJieHHoe 

yrrpaBJieHHe H3MepeHHHMH rryreM opraHH3aiUIH ,n:ocryrra K II3BM no KaH aJIY Ethernet. B 

,n:aHHOH pa6oTe n poBe,n:eHa pa3pa60TKa HCnbiTaTeJibHO-H3MepHTeJib HOrO KOMIIJieKCa Jl:llil 

BbiCOKOTeMn eparypHbiX npeo6pa30BaTeJieH .D:aBJieHIDI. CTpYKTYPa KOMIIJieKca 

o n THMH3HpOBaHa c yqeroM pacm HpeHHo r o TeMIIep arypHoro ,n:Han a3oHa. KoMIIJieKc 

BKJIIo q aer KJIHMaTifqeCK)'IO KaMepy, KaMepy TeiiJia, 3a,n:aTqlfK ,n:aBJieHHSI, I13 B M H ,n:pyrHe 

KOMn OHeHThi. CTpYKTyp a KOMIIJieKCa n03BOllileT n pOBOJl:HTh aBTOMaTH3HpOBaHHbie H 

y,n:aJieHbie H3MepeHHSI. 

Pa6ombl 6blnOJlHeHbl npu qJUHGHCOeou noooep:JK:Ke MuHucmepcmea o6pmoeaHUJl u 
HayKu PoccuucKou <J>eoepatfuu (Co2!laweHue NQ 14.577.21.0245, yHUKGJlbHbzu 

ui>eHmuqmKamop IIPH3P RFMEFI57717X0245) . B pa6ome ucno!lb30eaJlocb o6opyooeaHue 
J.{KJI "<l>yHK1jUOHGJlbHblU KOHmpO!lb U 0UG2HOC111UKG MUKpO- U HGHOCUC111&l4HOU meXHUKU" 

(aKII HIIK "T e.:'<.HO!l02UtJ,ecKuu tfeHTnp '~ . 

*** 
1. LiS. et al, A novel SOl pressure sensorfor high temperature application // 2015 J . Semicond. 36 014014. 
2. Jiang X., High-Temperature Piezoelectric Sensing, Sensors 2014, 14, pp. 144-169. 
3. Niu Z., Zhao Y., and Tian B., Design optimization of high pressure and high temperature piezoresistive 

pressure sensor for high sensitivity // Review Of Scientific Instruments 85, 015001 (2014). 
4. Ktutz A. D., Ned A. A., and Epstein A. H., Ultra High Temperature Miniature SOl Sensors for Extreme 

Environments // IMAPS Intemational HiTEC 2004 Conference Santa Fe, New Mexico, May 17-20, 2004. 
5. Ned A. A., Ktutz A. D., Beheim G., Masheeb F., Stefanescu S., Improved SiC Leadless Pressure Sensors 

For High Temperature, Low and High Pressure Applications, Twenty-First Transducer Workshop 
Lexington, Maryland, Jtme 22-23, 2004. 

6. Guo S., Eriksen H., Childress K., Fink A., Hoffman M., High temperature smatt-cut SOl pressure sensor // 
Sensors and Actuators A 154 (2009) pp.255- 260. 
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BBeJJ:eHue 

B HaCTOSIW:ee BpeWI UH<ilpOBbie TeXHOJIOrHH B HCCJie.D:OBaHHH <ilH3HKO-XHMifqeCKHX H 

3KCnJIYaT<mHOHHbiX CBOHCTB CTpOHTeJibHbiX MaTepHaJIOB n 03BOJIIDOT OUeHHTb CTen eHb HX 

Heo,n:Hopo,n:Hocm, BbNBHTh .n:e<PeKTDI CTpYKTYPbi, o n pe,n:eJIHTh pa3Mepbi n op H 

pacn pe,n:eJieHHe HX n o o6neMY o6pa3u a . I13BeCTHO, qro BuyrpeHHee cocromHe cHcTeMDI 

«UeMeHT-BO.D:a» 3aBHCHT OT MHO)I(eCTBa <PaKTOpOB H B QeJIOM o n pe,n:ellileTCSI <PopMHpOBaHHeM 

KaiiHJillilpHo-nopHCTOH rpex<Pa3HOH CHCTeMbi (TBep,n:aSI <Pa3a - BO,n:a - BOBJieq eHHbiH B03Jl:YX) . 

06n eMbi Hen popearHpOBaBm eii q acTH ueMeHTa, r eJieBbiX H KaiiHJIJISipHbiX n op B 

3HaqlfTeJibHbiX npe,n:eJiaX H3MeHSIIOTCSI BO BpeMSI TBep ,n:eHIDI UeMeHTa. Y n paBIDITh HX 

pa3BHTHeM, a , CJie.D:OBaTeJib HO, yrrpaBlliiTh H CBOHCTBaMH CTpOHTeJibHbiX MaTepHaJIOB MO)I(HO 

JIHIITh Ha OCHOBe noJiyqeHIDI HOBbiX 3KCnepHMeHTaJibHbiX Jl:aHHbiX H ,n:eTaJibHOr O aHaJIH3a 

pa3BHTHSI ,n:aHHbiX n pou ecCOB . 3TO n 03BOllileT peaJIH30BaTh 3KCn epHMeHTaJibHbie 

B03MO)I(HOCTH UHQ:>pOBbiX TeXHOJIOrHH n pHMeHHTeJibHO K UeMeHTHbiM KOMII03HUIDIM, nplfqeM 

B pe)I(HMe peaJIDHoro BpeMeHH, qro HeH36e)I(Ho n pHBe,n:er K pacmHpeHHIO n pe,n:cTaBJieHHH o 

MeXaHH3Me TBep,n:eHIDI BSI)I(ymHX Bem:ecTB. 
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H ayqHoe H3,naHHe 
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