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COBPEMEHHDBIE NTH®OPMAIIMMOHHBIE TEXHOJIOI'N
IJIA PEHIEHVA 3AJAY ABTOMATU3ALIVIN ITPOIECCOB
B JOIIO/JIHUTEJIbHOM OBPA3OBAHUN

®emoroBa B. A.

crymenTtka kadenps! ViuJIM Enabysxckuit mHCTUTYT (dunman) defepaabHOTO
FOCYAapCTBEHHOTO aBTOHOMHOT'O 06Pa3oBaTe/IbHOrO YUPeXK/IeH sl BBICIIETO
o6pasosanus «Kasanckuit (ITpuso/mkckuii) enepanbHbIll YHUBEPCUTET»

KnroueBnie cnoBa: texnomoruss SADT, mopmenmmpoBanHme m aHanm3 mporeccos, ER-

MOJieTMpOBaHNeE.

AnHOMAYU: npedcmasietvl pe3yivmamol AHANU3A U MOOEIUPOBAHUS NPOUECCO8 8 YUupedrc-
OeHul 0ONONHUMENLHO20 00PA306AHUS O UX ABMOMAMU3AUUYL HA 0A3e COBPEMEHHDIX UH-
popmayuonnvix mexronozuti. Coenacto mexwonozusm SADT, ERD u I'OCT-19.701-90 npo-
8e0EH PYHKUUOHANLHDI U UHPOPMAUUOHHBLTL AHANU3, a MAaKHe aHanu3 JOKyMeHmoooopo-

ma.

Keywords: modeling and process analysis, SADT-technology, ER - modeling.

Huxakass mpodeccroHanbHas [jesTeNb-
HOCTb B HBIHEIIHMX peannsAX He MOXeT
006011THCD 6e3 UCIOIb30BaHUA NH(OPMAL-
OHHBIX TEXHONMOTMIL. VMM obecredeHs! CBO-
€BPEMEHHOCTD /1 Ka4eCTBO BHEIIHNX U BHY-
TPeHHVX [JAHHBIX IIPEAIIPUSATIS, OHI 0bIer-
Yal0T HOIIY pabOTHMKA aBTOMATM3aI{Meit
PYTHUHHBIX J€JICTBUII B TPYJOBBIX IIPOLjeccax
U MHOTO€ VMHOe, CBOE [/l KaXXJOTOo CIerua-
mucra. OHM AT BO3MOXKHOCTD KAa4eCTBEH-
HO U OIEpPAaTMBHO BBIIONHATL 06paboTKY,
COPTHMPOBKY ¥ XpaHeH)e HeOOXORMMOIT JH-
dbopmanmy, CiocoOCTBYIOT 06/IErYeHNIO BbI-
HOTHsIEMBIX QYHKINIT PaOOTHIKA IIyTeM aB-
TOMATU3ALMI PYTUHHBIX TPYAOBBIX IIPOLEC-
coB [1].C Teuennem BpemeHM, pacipoboBas
BBITO/IbI VI BBISIBUB Ha IIPAKTUKe BO3MOYKHbIE
PVICKH, KOMIIETEHTHbIE PYKOBOJUTEIN CTpe-
MATCS KO BCé 6osblitelt 1 6Onbleii aBTOMa-
TU3ALMU PaboUnX MeCT CBOUX COTPYAHUKOB
— Befjb 9TO MO3BOMIAET YBEIMYUTh KA4€CTBO
TPY/Q, IIONYYUTh KOHKYPEHTHOE IIpeNMy1ie-
CTBO M YBeIMYUTD IPUOBIIb. ITO OTHOCKUTCS
u K chepe 006pasoBaHus, B TOM 4KCTIe U JI0-
nonHuTenbHOrO. IIpodeccnonanpras pes-
TEIbHOCTh PAOOTHIKOB yIPEKIEHIIT TOIIOTI-
HUTEIBHOIO 006pasoBaHmsi - Kak ydeGHO-
BCIIOMOTATeIbHOTO, TaK M afMUHUCTPATHB-

HOTO IIepCOHald - MOXeT CTaTb Ooree
3¢} eKTUBHON, Py aBTOMATM3ALNU OOJIb-
IIell 4acTy IPOLECCOB IYTEM IPYMEHEHNS
IPOrPAMMHBIX CPECTB M BBIYMCITUTENBHON
TeXHUKU [2].
Llenb JaHHOTO MCCIIENOBAHMS — IIPOBEfE-
H1te MHOPMAIMOHHOTO ¥ (YHKIMOHATBHO-
rO aHa/IM3a IPOLECCOB paboThl ¢ nHGOpMa-
et B acmekTe HpOQeCcCHOHANBHON Jes-
TeJIbHOCTH afMIHICTPATOPa LIeHTPa JOIO/-
HUTEIbHOTO 00pasoBaHmsa. B kadecTBe
[pyMepa B3ATO yYPeXK/eHNe [OIOTHUTENb-
Horo o6pasoBanus «Illkoma Poka» r. Habe-
pexxHble YenmHbl.
3ajiaun, BBIIIOTIHEHE KOTOPBIX HEOOXONN-
MO IS JOCTVDKEHVIS LeTIN:
o BBIIIOJIHEHNE CTPYKTYPHO-(YHKIMOHA-
JIPHOTO aHa/In3a

o co3fanye MHPOPMAIMIOHHO-TIOTIIECKOI
Mozenm

e OIVICaHME BXOFHBIX ¥ BBIXOJHBIX JIOKY-
MEHTOB

PemreHne BBIIIEYIOMSHYTBIX 3a/lad B [JaH-
HOJT paboTe obecrednBaeTCsa TAKUMU MCCIIe-
JIOBATE/IbCKVIMI METOJAMN, KaK: aHa/IN3 J10-
KyMeHTO0060pOoTa Ha OCHOBe TpeOOBaHMIL
cTaHflapTa roCT 19.701-90,
nHGOPMAIMIOHHO-IOTMYeCKIIT aHAIN3 1 MO-
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IeMMpOoBaHNe ¢ OTOOpakeHMeM MOHENN B
¢dopme ER- ayarpaMmbl, IOCTPOEHIE CXEMbI
DAHHBIX, (QYHKLUMOHAJIbHO-CTPYKTYPHBII
aHa/mM3, OCHOBaHHBIN Ha TexHomorum SADT.
PaspaboTka Mojiesieil BBITONHSIACh TIOCPE-
CTBOM HCIIO/Ib30BaHMA MHCTPYMEHTOB I II1a-

61oHOB rpadumyeckoro pegakropa MS Visio.
Paznu 6o7ee mofpo6HOTo ONMCaHNsI OCHOB-
Hast QYHKIMsI ObUIA leTaM3MPOBaHa O TeX-
Honoruu SADT. 910 mo3BoiseT OTYETIMBO
BBIJIE/INITh OCHOBHbIE (PYHKI[MM a/]MIHUCTPA-
Topa (4 mTykm). B cBoro odepenp, Kakmas
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PucyHok 4 - IDEF3 — guarpamma getanusaumm 6noka A42

byHKUMA MOKeT GBITH aHATIOTMYIHBIM 00pa-
30M [I€eKOMIIO3MpPOBaHA, C CO3[aHUEM JAMa-
rpamMm 6oree HUBKOTO YpOBHsA (puc. 2).

Il 6onee HATIAKHOTO INPENCTABIEHMS
JIOTMIKY BBIIIOJTHEHVS IHTEPECYoWNX QYHK-
nuit 6bUIa MPOM3BefeHa JeTanusays 6710-
koB A4l (puc. 3) u A42 (puc. 4) cormacHo
metoponoruu IDEF3, yto aBnsgeTcs cocraB-
naromeit Texuonormu SADT. IlocpenctBom
IAHHOI METOTOIOTI MOXXHO OTOOPA3UTD He
TOJIbKO TIOC/IEOBATEIbHOCTD MIPOIeCCOB, HO
U B3aMOJIEIICTBIE MX MEXIY COOOIL.

Jeranmmsanya Ha pUCyHKax 3 u 4 IIPOBO-
IUTCA Ha NpaKTudecky uaeHTnyHbix ¢ IDEFO
npuHOnmax. [J06aBIAOTCI IePeKPECTKI,

OTIpefiesIAIONIe YCIOBMA BBIONTHEHNA WA
HEBBIIIOJIHEHMsI TIponenyp. B 6moke A4l
«[Ipném HOBBIX YYEHUKOB» BbIJie/leHa OffHa
Iapa MCKIIOYAOWMX IepeKpécTkoB J1-J2, B
A42 - mapa Takmx ke IepeKpécTKoB ]3-J4.
Ecnu roBoputh KoHKpeTHee, TO 3T0 «VcKio-
varomuit VIJIVI», B KOTOpoM IIpu pasBeTBle-
HIV CPabaThIBAET TOMBKO OfIHA BETBb, & CIIVISI-
HIfe TIOfipasyMeBaeT 00s3aTe/IbHOE BBIIIOIHE-
HII€ OJHOJI U TOJIBKO OJJHOI 13 BETBEIL.[6]

B wumxenepunm IIO, Mopenuposanme
«cymHocTb-cBA3b»  (Entity-Relationship
Model, ERM) - 310 mpuMep abCTpaKTHOTO U
KOHIIENITYa/IbHOTO TIP€JCTaBJIEHNE [JaHHbIX;
aT0 MeTop, MopienupoBanus bJl, ncnonesye-

8
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MBIVi [I/I CO3JJaHMAA KOHLIENTYa/IbHOM CXEMBI
VIU CEMaHTIYECKOI MOJENU TaHHBIX CUCTe-
Mbl (dacto persinyonHoit BIT), a Takke Tpe-
6oBaHMI1 K crcTeMe B GOpMe «CBEPXY-BHU3».
JuarpaMMbl, CO3[JaHHBIE TAaKUM CII0OCOOOM,
Ha3bpIBAIOTCA AMAarpaMMaMM  «CYI[HOCTb-
cBsi3b» (entity-relationship diagrams) wmnn
ER-pmarpammamuy, nmm kpatko ERD.

ERD sBsieTcst Hanbomee pacipoCcTpaHeH-
HBIM CPEICTBOM J[IOKYMEHTUPOBAHMA [aH-
HbIX. C X TIOMOIIIBIO OTIPEeENAI0TCA BayKHbIE
I TIPEefMETHOI O0IacTH OODbeKThl (CyLl-
HOCTN), MX CBOVCTBA (aTpMOYTHI) 11 OTHOLIIE-
HMA IPYT ¢ ApyroMm (cBaAsm) [3].

CymHocTell, B 06LIell CIOXHOCTH, ObIIO
BbIfIeNIeHO 3: «3asaABKM», «CTymeHTbI», «[Toce-
1aeMOCTb». [I/1 KaXK/I0il CYIIHOCTY OIIpefie-
neHbl aTpuOyThl, MEepBUYHBIE ¥ BTOPUI-
HblE (BHeH_[HI/Ie) KITIOU.

Pesynprar MHQOPMAIVIOHHO-TIOTIYECKOTO
MoflenpoBanus, B Bue ER-iuarpaMmel, ecTb
IIePBBIIT LIAT B IOCTPOeHUY 6asbl JAHHBIX JIs
MH(POPMALMOHHOI CHUCTEMBI, IpefHa3HaueH-
HOJI JUIsI aBTOMATHU3alVM paccMaTpUBaeMOoil
mestensHOCTH. COOCTBEHHO, IIPH IIepexofie K
JaTa/IOTMYeCKOl MOJIeM U3 Heé M IOo/TydaeTcs
pensiyonHas 6asa JaHHbIX, IIPUBEAEHHAS K
TpeTbeil HopMabHOU popMe.

B paccmarpuBaemoit Hamu cucreme obpa-
IIAeTCS HEKOTOPOe KOMNIECTBO JOKYMEHTOB,
KOTOpble MOXKHO KIacCUPUIMPOBATh KaK
BXOJIHbIe ¥ BBIXOfIHBIE. PYICYHOK 6 HeMOH-
CTpupyeT OOIIYI0 CXeMy JOKyMeHT0060po-
Ta, a pUCYHKM 7, 8, 9 — [eTanusauuio Bax-
HeJINX eé mporjeccos. JJaHHast MOZeNb OblTa
BBINOIHEHa cormacHo tpeboBanmsm [OCT
19.701-90 u aBnsaercsa d)yH,uaMeHTOM in 6:¢
CO3[IaHUA afIeKBaTHBIX a/IFOPUTMOB aBTOMa-
TU3aLVM JOKYyMEeHT0060poTa.[5]

ITonBeném nrorn. B pamkax ganHoi pabo-
T OBUIM IIPOBefeHbl MHPOPMAIMOHHBIN 1
(YHKIVMOHATBHBI aHAIN3bI COCTABIIONINX
IpodeCCHOHAIBHYIO IeATeNbHOCTD aMIHI-
ctparopa [TIOIl mporeccoB paboTsl ¢ VMH-
¢dopmanert. Taxke, B paMKax IIOCTaBI€H-
HOVJI Lje/Tit, ObUT pelIéH psiff 3aj1ad ¢ HOMOII[bIO
Pa3NIMYHBIX MCCIENOBATEIbCKIX METOJOB, B
YaCTHOCTU — IIOCTPOEHBI HEOOXOMMbIE MO-
e ¥ cXeMa IOKyMeHT0060poTa.
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Y6enuBIINCD, YTO Iie/Ib PAOOTHL ZOCTUTHY-
Ta, IIepeiifieM K 3TaIy CHHTe3a — CHOPMYIN-
pyeM Le/b 1 3ajiady CAe[yIOLIero rana pa-
60TbI. VIcronp3ys pesynbraThl JAaHHOTO MUC-
CTIefIOBaHIA, Ha C/IEAYIOIEM STaIle HaJJIeXKUT
BBIIIO/IHUTD 3a7lady aBTOMATU3AL[MN IIPOIiec-
COB IyTéM pPa3pabOTKM aBTOMATM3MPOBAH-
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PucyHok 8 — getanu3auus npouecca «KoHTponb

noceLwiaemMocTun»

HOro pabodero MecTa crienpanucra. [lis Ha-
IJIAJHOCTY, BBIIEIMM CIIEAYIOIye MOoA3aa-
9M: CO3[aTh 0a3y HaHHBIX (PEIALMOHHYIO),
CIIPOEKTUPOBATh MHTEPQEIIC MONMb30BaTeI,
OIIpefieNINTh MPOLEAYPbl IOCTPOEHUS pe-
3y/IBTUPYIOIUX JOKYMEHTOB, a TAaKXe IIONC-
Ka 11 00pabOTKY HaHHBIX.[4]

B 3ak/moveHre MOXXHO CKasaTb, 4TO MH-
¢dhopManVOHHbIe TEXHONMOTUN OYeHb 3 dek-
TuBHO yBemuuubaioT KIIJ] TpymoBbix mpo-
I[eCCOB, TI03TOMY HEYJUBNUTENBHO, YTO JIIO-
6as mpodeccrnoHanbHasl AesTENbHOCTD B Ha-
CTOsIIjee BpeMsl BBIIOMHAETCS OCPEICTBOM
PasHOOOpPa3HOro apceHana IIPOrPAMMHO-
TeXHUYECKUX cpefcTB. VI paboTa crenyam-
CTOB YUYPEeXJEHUIT TOMOTHUTENBHOrO 06pa-
30BaHNsI He OIPOBEPraeT 3Ty TeHAEHIINIO.
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Zbiér artykutéw naukowych.

COBPEMEHHDBIE NTH®OPMAIIMMOHHBIE TEXHOJIOI'MN OJIA
ABTOMATU3AINN PABOTBI CTEOPU3NYECKNMU
NCCIIEJOBAHUMAMMN HEOTAHBIX CKBAJKVH

®enmoros P. B.

crygenT, kadenpst VinJIM Enabyxckuit mHCTUTYT (dumman) defepaabHOTO
FOCYAapCTBEHHOTO aBTOHOMHOT'O 06Pa3oBaTe/IbHOrO YUPeXK/IeH sl BBICIIETO
o6pasosanus «Kasanckuit (ITpuso/mkckuii) enepanbHbIll YHUBEPCUTET»

KnroueBnie cnoBa: texnomoruss SADT, mopmenmmpoBanHme m aHanm3 mporeccos, ER-

MOJieTMpOBaHNeE.

AnHomayus: npedcmasnenvl pe3yvmamsl AHAAUZA U MOOEUPOBAHUL NPOLECCO8 PabombL
¢ Oannvimu I'VIC 075 ux asmomamu3sayuu Ha 6ase cO8pemMeHHbIX UHPOPMAUOHHDLX IEXHOTIO-
euit. Coenacro mexuonoeusm SADT, ERD u I'OCT-19.701-90 nposedén ¢pyHKuuoHanvHviil U
UHPOPMAUUOHHBIIL AHATIU3, A MAKIHE AHATU3 OOKYMEHMO060poma.

Keywords: modeling and process analysis, SADT-technology, ER — modeling.

B o6y mpodeccuoHambHYI0 JeATeNb-
HOCTDb peayisiMi COBPEMEHHOTO MIpa IJIOT-
HO MHTerprpoBaHbl NHOPMAI[OHHbIE TeX-
Honorun. ViMu obecriedeHBl CBOEBpeMeH-
HOCTb U Ka4eCTBO BHEIIHNX U BHYTPEHHINX
JQHHBIX HPEAIPUATHSL, OHY 00/IErYar0T HOLLY
pabOTHMKA aBTOMATH3ALIMell PYTHHHBIX Jeli-
CTBUIT B pr,[[OBbIX HpOL[eCCaX I MHOTO¢
MHOE, CBOé J/IsI KXK/OT0 crenyacra [1].

Bcé BplleckasanHOE B IIOHONM Mepe Mpu-
MEHMMO K TaKOIl cepe [esTeNIbHOCTH, KaK
reodusndecKne MCCIETOBAHMSA CKBAKUH I
I/IHTepHpeTaLU/IH nx pesyanaTOB. PaLU/IO-
Ha/IbHOE VCIIO/Ib30BaHNe OO/MBIIOro o6peMa
nndopmarn B chepe HeIPOIONb3OBAHIIS
CerofiHsl HEBO3MOXHO 0e3 IIpUMeHEHNs BbI-
YMCTUTENBHON TEXHMKYM U CIIELUAIN3UpPO-
BaHHOTO IPOrPAMMHOIO 0OecIedeHNs, 9TO
HpefbsBIsieT TPeOOBaHUS K MH(OPMALNIL,
KaK B IIJTaHE €e CprKTypr, TaK ¥ B IIJIaHE
UCIONb3yeMbIX (popMaroB. KioueBbiM Mo-
MEHTOM PALMOHA/IBHOTO HEPOIIOIb30BaHNU
SIBJISIETCsl JJOCTVDKEHUE eNMHO00pasust MH-
dbopmaroHHOrO ObecredeHns, TaK KaK aB-
ToMarnyeckast 06paboTKa MacCUBOB JAHHbIX
He apdexTrBHA Oe3 UX YHNDUKALVIN B PaM-
Kax emyHON cucTeMsl. I[loaTomy, Heobxomm-
MBIM YCIOBMEM HAKOIUIEHUs, 00O0O0IeHs,
XpaHeHUs], CHCTeMATN3alNy U, B KOHEYHOM

urore, Bmsyanmsaumm n I/IHTepl’[peTaI_U/II/I H-
dbopmannu sBnseTcs cosmaHye 6a3 JaHHBIX
(BI). [2]
Ho koHe4yHO He/b3s 3a0bIBaTh, YTO aBTO-
MaTH3alysi GO/DKHA He IPOCTO OBITh — OHA
IO/DKHA OBITh BBITORHONM. TinaTenpHemmmit
aHaJN3 MPOTEKAIMX B OpTAaHM3ALUMK
613HeC-IIPOL[eCcCOB — BOT KPAeyTOMbHBII Ka-
MeHb IIPOBefleHNsA aBTOMATU3aLMM, afleKBaT-
HOII eé TOoTpebHOCTSM. VIMEHHO OH U SBTISA-
eTCs 1Ie/IbI0 IAHHOTO UCC/IeNOBAHMS.
Jl14 Tydinero MOHMMAHUA LIelN Pa3oObeéM
eé Ha HeKOTOpoOe 4MCI0 6ojiee KOHKPETHBIX
3ajayv:
o BBIIIO/IHEHNE CTPYKTYPHO-(PYHKIMOHA-
JIBHOTO aHajIu3a

o co3faHue MHPOPMALMOHHO-JIOTNYECKOI
MOJIeu

e OIVICaHNE BXOJHDBIX M BBIXOTHBIX JIOKY-
MEHTOB

Peanmusanusa mocTaB/ieHHBIX 3ajay Ipef-
MOJIaTAeTCA CAeRYIIMMI MeTOJAMIU: CO-
cTaBJIeHNe BepOaIbHOI Mofienu (IyTéM CIo-
BECHOTO eé OIMCAHIsI) TIPEMETHOIT 06/1acTI,
cofiepKaTe/ibHOE €€ OIMCaHue, CTPYKTYPHO-
(YHKUMOHAIBHBI aHAIN3 II0 TEXHOJOIMU
SADT, nHpOpMALMOHHO-TOTMYECKOEe MOJie-
TUPOBaHME C CONMYTCTBYIOUIMM aHaIN30M
(mocpencTBoM nocrpoennsa ER-fyarpammsr),
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PucyHok 2 — [inarpamma A1

u3ydeHne paboThl C CONYTCTBYIOLMMHU Pabo-
Te JOKYMEHTAMMU U COCTABJIEHNE CXEMBI JaH-
HbIX. PaspaboTka MOferteil BBIIOMHSIIACH 110-
CPEICTBOM NCIIO/Ib30BAHNUSA NHCTPYMEHTOB U
mabmoHoB rpaduueckoro pemakropa MS
Visio.

Pazi 6ortee TOIPOGHOTO OIICAHIIST OCHOB-
HasA QYHKIMA Obia leTanusMpoBaHa o TexX-
Honmoruu SADT (puc. 1). 9to no3Bosnser oT-
4ETIMBO BBIIEINTD OCHOBHBIE 9TAIBI Pabo-
yero mporecca. B cBoio odepenb, Kaxpgas
GbyHKIMA MOXKeT OBITH aHAIOTMYHBIM 06pa-
30M IEKOMIIO3MPOBAHA, C CO3JAHMEM Mua-
rpaMM 60Jlee HUSKOTO YPOBHA (puc. 2).

Jlnsa 6ormee HAITIAZHOTO IIPeACTABICHUS
JIOTVIKY BBIIOJTHEHNS MIHTEPeCyomnX yHK-
it ObITA TIPOM3BefieHa leTaam3anus 610ka

i — I'paHHYHEIE TapaMETPhl KPHBBIX
THC

H1 — Pe3yneTaTel HHTEPIPETAIHH

A1l (puc. 3) u cormacuo merogonorun IDEF3.
TTocpemcTBOM JJTaHHON METOMIOTIOTUY MOXKHO
HAIJIITHO 0TOOPAsNUTh He TONBKO MTOCIEfOBa-
TeJIbHOCTb IIPOLIECCOB, HO Vi B3aMOJIe/ICTBIE
MX MEXAY COO0IL.

Jetannsanusa Ha pUCYHKe 3 IIPOBOAMUTCA
Ha 6nuskux k IDEFO npuniunax. Jo6ass-
I0TCA NIepeKPECTKM, OIpefie/IAIoIe YCIOBUA
BBINIO/THEHA VTV HEBBIIIOTHEHNUA IIPOLIEAYP.
B 61oke A1l «Busyanmsauus v aHanus» BbI-
IeleHa OfHA Iapa MCKIIOYAIIINX Iepe-
KpécTKoB J1-J2. Eci roBOpUTb KOHKpETHEE,
To ato «Vckmodatouuit VJIV», B xoTopom
IIpU pas3BeTBIEHNM CpabaTbiBaeT TOIBKO
OZIHA BETBb, a CIMsHIE IIOAPasyMeBaeT 06s5-
3aTeJIbHOE BBIMIOIHEHNME OJHOI U TOJBKO
OJIHOJI 113 BeTBEI.[6]
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PucyHok 4 — lHdopmaLnoHHo-nornyeckas
Mofenb «CYLHOCTb-CBSA3b» B (hopMe
ER-gnarpammsbl

B wmxenepun IIO, MopennposaHue
«cymHocTh-CBsI3b»  (Entity-Relationship
Model, ERM) - aT0 mpumMep abCTPaKTHOTO U
KOHIIENITYa/IbHOTO IIPEICTaB/IeHNe JJaHHBIX;

31O MeTof, Mofienuposanusa BJl, ncnonbsye-
MBI I CO3TaHNA KOHIEIITYa/IbHOM CXeMBbl
VI CEMAaHTUYeCKOV MOJIe/IN JaHHBIX CUCTe-
Mbl (dacto pemsinmonHoit BIT), a Takxke Tpe-
6oBaHmMI1 K crcTeme B GOPMe «CBEPXY-BHU3».
JlyarpaMMBl, CO3aHHBIE TaKUM CIIOCOOOM,
Ha3bIBAIOTCA JUarpaMMaMM «CYIJHOCTb-
cBA3b» (entity-relationship diagrams) nmn
ER-pmarpammamy, umnm xpatko ERD. ERD
SIB/ISIETCs Hambosiee PacIpOCTPAHEHHBIM
CpefcTBOM JIOKYMEHTMpPOBaHMA AaHHBbIX. C
UX TIOMOIIBIO OIpPENeNAITCA Ba)KHBIE I
IIpeIMeTHOI 06/1acTi 06BEKTHI (CYLIHOCTH),
VX CBOJICTBa (aTpMUOYTHI) ¥ OTHOLIEHUSA JPYT
¢ gpyrom (cBsasnu) [3].

CymHocTell, B 0611elt CIOXHOCTH, OBUIO
BbIflenieHo 5: «CKBaKuHbI», «Komnekropckue
cBolicTBa», «I'MIC-usmepenus», «MeTtoppl
I'MC», «VMurepuperaTopbl». Hna Kaxpjoit
CYIIHOCTHU OIIp€/ieTIeHbI anI/[6yTb1, IepBuUY-
HbIe U BTOpUYHbIe (BHEIIHIE) KITI0YN.

Pesynprar mHQPOpPMALMOHHO-IOTIYEC-
KOro MojenuposaHus, B Bupe ER-
AVIaTpaMMBI — THEePBBIil MIar B IOCTPOCHNN
6a3bl JAaHHBIX A1 MHPOPMAIMOHHON CH-
CTeMBbl, IpeJHa3HAuYeHHO [/I1 aBTOMATU-
3alMM paccMaTpMBaeMoll HeATeTbHOCTH.
Co6CTBEHHO, IpU Iepexofie K faTanornye-
CKOJ MOJIENIV M3 HEE U TTONTy4aeTCA PeNAly-
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PucyHok 5 — cxema gokymeHToob0opoTa AesATeNbHOCTM NO opraHm3auumn y4ebHoro npouecca

OHHasA 6as3a JaHHDIX, npuBe€HHAsA K Tpe-
Thell HOpManbHOI GopMe.

B paccmarpuBaeMoit HaMM JI€ATETbHOCTI
¢burypupyer HeKOTOpOe KOJMIECTBO HOKY-
MEHTOB, KOTOpBIe MOXXHO KIacCUPUIIPO-
BaTb KaK BXOJHbIE M BBLIXOAHbIE. PMcyHOK
5 IEeMOHCTpUpYeT OOIIYI0 CXeMy JOKYMeH-
ToobopoTa. [laHHas MOfeIb OblTa BBIIOIHE-
Ha cormacHo tpebosanmsaM ['OCT 19.701-
90 u siBrsieTCsT GYHAAMEHTOM [JISI CO3AHVIS
aJIeKBaTHBIX aJTOPUTMOB aBTOMAaTM3ALUU
TOKyMeHToobopoTa. [5]

IToxBeném urorn. B pamkax gaHHOI pado-
TBI OBUIM IIpOBefieHbl MHGOPMALVOHHBI 1
(bYHKIMOHANTBHBII aHAM3bI COCTABIIAIOLINX
paboty ¢ ganupiMu [VIC MHGOPMaMOHHBIX
nporeccos. Takxke, B paMKaX II0CTaB/I€HHOII

Lenmy, ObUT peléH psAf 3afjad C IOMOIIBI0
Pa3IMYHBIX VCC/IEOBATE/IbCKUX METOf[OB, B
JaCTHOCTH — HMOCTPOEHBI HEOOXOAVIMbIE MO-
Jieu U CXeMa JJOKYMeHT0060poTa.
Y6emyBIINCD, 9TO LIe/Ib PAaBOTHI JOCTUTHYTA,
TeperiiéM K STary CHTe3a — cPOpMyIupyeM
LieJIb 11 3aJ1a4M C/IeAyIOLLero aTarna paborsr. Vc-
TO7Ib3ysl PEe3y/IbTAaThl JAHHOTO MCC/IEOBAHMA,
Ha C/IefyIOlleM 3Talle HA/UIeXUT BBIIOJHNUTD
3a/laqy aBTOMATU3ALIMM IIPOLIECCOB Iy TEM pas-
PabOTKM aBTOMATU3MPOBAHHOTO Pabodero Me-
CcTa crenyamcTa. [yt HarSIAHOCTH, BBIZIEIM
CTenyolie TIOf3afiaun: CO3/jaTh 6asy JAHHbBIX
(penALMOHHYIO), CIIPOEKTHPOBATh UHTEpdeEric
0/Ib30BATe/IsA, ONpPEeNEeNTUTb MPOLEAYPHI II0-
CTPOEHMA PEe3YIBTUPYIOIVX JTOKYMEHTOB, a
TAK)Ke IOVCKA ¥ 00pabOTK JaHHbIX. [4]
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B sakmioueHme MOXHO CKasaTbh, YTO WH-

(dbopManOHHbIe TEXHOMOTUN CEPbE3HO YBe-
/mauBalT 3¢ PeKTUBHOCTD TPYAQ, TOITOMY
HEeyAMBUTENbHO, 4TO miobas mpodeccuo-
HaJIbHas JeSATEIbHOCTD ceifuac TpebyeT mc-
[O/Ib30BAHNUSA IIPOTPAMMHO-TEXHUYECKIX
cpenct. VI pabora crenmaamucTos, 3aHMMa-
oIuxcs 06pabOTKOM ¥ MHTepIIpeTalet
reodusnYecKNx [AHHBIX, 9TOT TpPEH[ He
OIIpOBEpraer.
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The early detection of the moment of time 7 at which statistical characteristics of a time
series change (also called the moment of change-point) is a significant factor in time series
analysis. The algorithms of sequential change-point detection must be able to work with any
deviations of statistical characteristics of an observed signal. It should be noted that specific
properties of each time series and the nature of statistical characteristics’ change require solu-
tion of specific subtasks, such as conversion of input signals, methods adjustment, etc. to
provide a sufficient quality of detection. Identifying and solving such subtasks is a necessary
component of solving the change-point problem.

Despite a considerable amount of research in the field of environmental monitoring some unsolved
actual problems were detected during the preliminary analysis of papers. Among these problems are:
the problem of change-point detection in non-stationary processes with changing local trends, assess-
ing the risk of the change-point appearance during the interval time in the future.

Given that in the field of environmental monitoring a change-point usually corresponds to
disastrous processes in the monitored object, the development of the new information tech-
nology for forecasting the risks of the change-point appearance during environmental moni-
toring is an actual scientific and practical problem.

In this research the data of hydrochemical composition of water areas with high anthropo-
genic load has been studied. The information from two water sources have been considered:
from the Saksagan river (near the bridge in Velyki Terny) and from the tailing pond of North
Mining Enrichment Plant (Kryvyi Rih).

The preliminary statistical analysis of the data has shown the following:

1. Both time series have high values of auto correlation and correlation between different
parameters.

2. The seasonality is absent in both time series.

3. The data obtained from Saksagan river is stationary on average value, while the data from
the tailing pond contains rising trend which makes change-point detection more difficult.

The key feature of the both time series is that they change the statistical properties in ran-
dom moments of time. In the data from the river Saksagan there are random “jumps” of series
upwards, while the processes occurring in the tailing pond form time series with local trends
against the background of global trend.

The investigated processes belong to the class of non-stationary random processes with
multiple change-points. The nature of the observed changes in time series is different for each
of two time series and the statistical characteristics of the process after the change-point are
unknown. Therefore, given the absence of this apriori information, non-parametric methods
are more suitable for conducting the further studies.

Solving the problem of environmental monitoring data analysis requires the simultaneous
use of sequential change-point detection methods and algorithms of a posteriori class. Se-
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quential methods should ensure the processing of newly obtained data, while a posteriori
methods should serve to build the base of change-points for estimating the probability func-
tion of the change-point appearance. A posteriori methods should also be control methods on
the intervals of time series where the usage of both sequential and a posteriori methods is
possible.

Given these rules, the following non-parametric form of cumulative sum (CUSUM) algo-
rithm [1] was chosen for use as the sequential method:

On each step of an observation the sum accumulates:

S; =max(0,S;1 +g;) .

The signal about the change-point appearance is given when:
t=inf(t 21:§; > D),

where b is the barrier of sensibility.
If the mathematical expectancy of process is increasing:

gy =z(t;))—m =k, if my>my,

else, if the mathematical expectancy is decreasing: & =—2(4;) + my +k, if my <my,

where m, m, are the mathematical expectancy of the time series before and after the
change-point.

k>0 is the barrier of sensitivity for deviation of m,from m,

In the above given form the CUSUM method can not be applied to non-stationary processes of
directed nature, where the mean value changes over time, because the change-point signal will be
given in every step of observation. During sequential analysis of a time series with directed changes
of mean value (trend) a time series transformation should be carried out. The resulting series after this
transformation must have constant mean value on intervals where no change-point occurs.

As this transformation let us build the derivative time series, which is computed as the val-
ues of angles between approximating segments and the X axis. For each point of the time series
there is the equation of the line that best approximates a given number of points to the left
from a given point. Let y, — the value of time series at the moment of time ¢ ; k, b - coefficients

of the line equation: v =kt;—b,

J=i 2 .
> (yj —ktj —b)“ — min,
Jj=i-l
The roots k and b of this equation (which is the method of minimum squares) are coefficients
of the best approximating line. Given that k is the tangential coefficient of this line, the angle
between the line and X axis can be calculated as arctan(k). Having detected change-points on this
arctan(k) series, we get the set of change-points which occurred in the time series.
As the method of a posteriori detection the test of Brodsky and Darkhovsky [2; 3] was used:

-3 (1-5 - £

N N Tl N_T‘E+l

G= max ‘Y(c ),
I<t<N-1

G < h=>change — point,

(1)

G 2 h=>no change — point.
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Figure 1 — An example change-points which were detected on the time-series of water chemical com-
position

The algorithm (1) can detect multiple change-points on time series and thus it is perfect for
solving the problem considered. At the same time, more classical algorithms, such as Mann-
Whitney test [3] can only detect a single change-point on an interval. To overcome this the
recurrent use of method is proposed. Let T() - the single moment of change-point, which was
detected on the time series by using a posteriori algorithm. To detect the rest change-points
on the interval (0; N) the a posteriori algorithm must be run on the intervals (0; T ), (T
+1; N). The recursion exits when there is no local extremum on an interval or when an abso-
lute value of a local extremum does not exceed some pre-defined barrier.

The Figure 1 shows an example of result obtained using the proposed modifications of al-
gorithms mentioned.

Combining the sequential and a posteriori methods has been conducted in the following
way: after detecting the change-point T g with the sequential algorithm the a posteriori algo-
rithm has been run on an interval (T ;; —Ol;T g; + O ) where 0 is the sensitivity threshold
value which must be set. If a posteriori algorithm did not detect change-point, then the signal
from sequential algorithm was considered an error. To determine the number of change-
points, which were missed out by the sequential algorithm, the sequential algorithm has been
run on history data. After that the points were marked, near which (on the interval (
Taj — Bt g t B)) the a posteriori algorithm did not find the change-point. The points
marked were considered errors.

This approach made possible to assess the likelihood of errors of first and second kind when
using each set of sequential algorithm settings. It also made possible choosing the setting of
algorithms according to error minimization criteria.

Thus, the settings and modifications of change-point detection methods, which allow to
adapt the method for use in environmental monitoring, were received.

In [4] the author of this article first proposed the probabilistic model for risk assessment on
financial market, which was based on the hypothesis that the properties of intervals between
change-points, which is formed by highly dynamic non-stationary time series with multiple
change-points, is a vector random variable, distribution function of which slowly changes its
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shape over time. The results obtained in the current study lay the groundwork for expanding
the application of the approaches proposed in [4; 5] for the new class of processes character-
ized by difficulties in identifying change-point.

The imitation modeling of the proposed math model has been conducted to determine the
efficiency of the forecast on the data of environment monitoring. The results of the modeling
have shown that the forecast results match the experimental data. Thus, the proposed math
model has proven itself adequate and can be successfully used in environmental monitoring.

Based on the model and methods proposed in [4; 5], the information technology for statis-
tical and probabilistic analysis of hydrochemical environment monitoring data has been de-
veloped. The technology is designed to provide the user with information about the values of
risk functions of change-point appearance on non-stationary time series.

The technology is implemented as the software package, built on client-server architecture.
The server database and the stored procedures are executed on server, while the rest of the
calculations is performed on client. As the database the MS SQL Server is used, and the client
side is implemented in C# language. The package requires the NET Framework 4.0 or higher
to run.

The package allows to calculate the risk function of the change-point appearance on a time
interval in the future, as well as the probability of a monitoring indicator to fall into some
predefined interval of values. Obtaining this information during decision making process al-
lows to improve the environmental safety in regions with anthropogenic load and also to
minimize financial losses from catastrophic processes appearance in monitored water objects.
The former can be done by conducting the decision making process based on minimizing the
math estimation of financial loss.

The tasks for the further research in the area are: unification of the interface and internal
structure of the software package for simplification of deployment and improving the speed of
introduction in the enterprise of environmental monitoring.
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Introduction. The subject of the study is to
develop holistic software and hardware sys-
tem for the purpose of automate temperature
and humidity control. The scope of the sys-
tem is educational, medical, and public insti-
tutions.

Relevance. There are a lot of climate con-
trol problems nowadays in Ukraine. This fact
more often refers to some kinds of public in-
stitutions, such as schools, kindergartens and
hospitals. Sanitary and Epidemiological Ser-
vice does not have enough recourses to detect
all the cases of microclimate regime violation.
Most of them can happen in the winter peri-
od. Heating saving is widespread but unac-
ceptable measure of embezzlement preven-
tion, because of negative impact on people's
health. People, who are forced to constantly
stay in low temperature conditions, fill un-
comfortable. Productivity of their work can
decrease, and, moreover chronic diseases
may appear.

Application projecting. Employee of con-
trol services can be potential users of WEC
system. They interact with server-side appli-
cation. It receives data from sensors, which
are placed in the controlled rooms. Actually,

sensors are the part of IOT devises. These
devices collect sensors readings and send it to
com-port as binary data thread. Another one,
who is able to interact with system, is a guest.
The guest can't add sensors or edit their set-
tings. Categories are also not of guests' re-
sponsibility. Guests can only view informa-
tion, but not correct it.

User interface prototypes were designed
and the examples are given below (fig. 2). An
Employee must be authorized to be able to
work with web-application or add his or her
own buildings and rooms. The Concept of
category is created to provide different tem-
perature and humidity regimes. For each
room temperature and humidity is measured,
and a graph of changes over time is created.

Main program entities and connections
between them are represented on figure 3.
Main business logic of application is rep-
resented here and placed on ASP.NET
server [1-3].

Conclusions. The developed application is
the best solution for the automated control of
temperature conditions in educational, health
and public institutions. It enables early detec-
tion of temperature and humidity regime vio-

Client
computer

- - ﬂ Internet
P | server

Angular2

Visual Studio
Net M

longoDB,

Figure 1 — Diagram of application architecture
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Figure 3 — Class diagram

lations and prevention possible implications
for human health.

While projecting, the problem of big
amount of data was specified. Every program
user is able to add as many under-control
rooms, as he needs. That is why the problem
of database scaling can be so important and
have so huge impact. To this end, we used
document-oriented NoSql database.

Used technologies. The server component
is executed on the.NET Framework by using
the ASPNET MVC with programming lan-
guage C#.

For the front-end part Angular 2 frame-
work was used. Its development was held by
means of programming language TypeScript.
The Lite-Server and Node.js are used implic-
itly, for the purpose of TypeScript compiling.

For external page decoration client Boot-
strap framework was used, as well as the
JavaScript and HTML. To store data on a
server the database MongoDB was used. In
purpose of working with server side software
Microsoft Visual Studio was used by means of
student license. Development sketch for IOT
part took place among the Arduino IDE in C
++. As hardware platform Arduino Leonardo
charge was used with temperature and hu-
midity sensors DHT 11.
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Nowadays we have the problem of indoor positioning. The usual GPS navigation can only
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Today navigation technologies have be-
come part of our lives. Almost anywhere in
the planet Earth, we can identify our location
using GPS with sufficient accuracy (3-15 me-
ters, depending on the device used). This
technology is used for both private and com-
mercial use.

Location-based services (LBS) provide use-
ful information to users based on the current
user location or a given location. Navigation
systems, logistic systems, location-based tar-
get advertisement are a few examples of prac-
tical LBS [1].

But if we want to determine our location
indoor, the GPS will not help us. LBS cannot
be realized unless current position of user is
available.. For indoor positioning, we need
special techniques. These technologies can be
used by tourists at airports and train stations,
customers in shopping malls, museums and
exhibitions visitors, employees of large ware-
houses, etc.

Nowadays there are several indoor posi-
tioning techniques which built on technolo-
gies such as Wi-Fi, Bluetooth, RFID and
some others. Each approach has its advan-
tages and disadvantages, and the choice of
technology depends on the specific tasks that
need to be solved.

Wi-Fi.
Positioning via Wi-Fi networks are now used
along with satellite technology. The advantage

of this approach is the use of available almost
anywhere infrastructure of Wi-Fi networks.
Also, users can use any smartphone to work
with this positioning technique and they do not
need special devices.

The disadvantages of this method include
low accuracy - up to 25 meters. If you place
the access points in a special way, it is possible
to improve this to 3-5 meters, but this version
is much more expensive.

Bluetooth low energy beacons.

Bluetooth LE beacons are devices that
broadcast their identifier to nearby electronic
devices. A device that has coordinates of bea-
cons and signal strength from each of them
can determine its location through trilatera-
tion method. This technique can be used to
estimate a users position to within about
2 meters [2]. Obstacles reduce the accuracy of
the method, but it remains at a sufficient
level.

The advantage of this method is relatively
low cost and acceptable accuracy. Also bea-
con operating on its own battery, which is
enough energy for an average of 2 years of
work.

NEFC tags & QR codes.

To determine the position of the user we
can use NFC tags and QR codes. These tech-
niques are extremely cheap and requires no
maintenance. In addition, these technologies
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are compatible with all modern smartphones.
The big drawback to this approach is that the
user needs to interact with a tag or code.

RFID.

To work with the Radio-frequency identifi-
cation (RFID) technology user must have
compatible equipment. For this reason, this
approach is not suitable for use in public
places. However, this technology can be effec-
tive in commercial use. For example, active
RFID tags are used to create a semi-automat-
ed warehouses.

Some others techniques.

There are also other indoor positioning
techniques, but most of them are currently
experimental and not widely used. All of
them use various optical, radio, or even
acoustic technologies.

For example, positioning by magnetic
fingerprint unique to a building can pro-

duce accurate results, but the local mag-
netic field is affected by moving metal ob-
jects like lifts [3].

Summary.

There is currently no de facto standard for
indoor positioning system. All existing tech-
niques have disadvantages as well as advantages.
In each case, you need to look for a method that
is best suited to the current situation.
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BblIITaBKa CTaay B IPOMBIIIEHHOM KOHBEPTEPHOM arperare, 0COOEHHO P Pas/INIHBIX
BapMaHTaX KOMOMHMPOBAHHOI MPORYBKY BAHHBI, XaPAKTEPU3YETCsI IPE3BBIYAITHO CTIOXKHOIT
COBOKYITHOCTBIO Ta30- ¥ TUAPOAMHAMUYECKNX, PU3UKO-XUMUYECKUX ¥ TEIJIOBBIX IIPOLieC-
COB, IO-PAa3HOMY ITPOTEKAOMINX B Pa3INYHbIX 30HAX Pab0oUero IpoCcTpaHCTBA KOHBepTepa C
pa3BI/IT]/[eM OKMCIUTEIbHBIX M BOCCTAHOBUTEIbHBIX 3K30- U SHHOTCPMI/[‘IeCKI/IX peaKHVII}’[,
pacTBOpeHMeM TBEPBIX MATEPUA/IOB (JIOMa U M3BECTI), IUIAKOOOPa3OBaHIEM, Ta30BbIeIe-
HIeM, TeIIo- U MaccoobmeHoM, muddysneit, agcopbimert n T.4. besycmoBHo, MogenpoBa-
HIte B TaOOPATOPHBIX YCIIOBYSIX TAKIUX IIPOLIECCOB IIPEfCTaB/IsieT COO0IT OYeHDb TPYROEMKUIL 1
CTIOXKHBII ITPOLIECC, CBA3AHHBIII, TPEXK/ie BCEro, C COOM0AEHNEM OO0 ra30TUAPOHAMI-
YeCKMX IIPOIeCCOB, IPOMCXOAAIINX B paboyeli IIOIOCTU 1ab0paTOPHOIT MOJeM KOHBEpTEpa.
B cBow ovepenp, cobmopeHne Mof06uMs MPOLECCOB B IMIPOMBILIIEHHOM 06pasiie 1 MOJe/n
KOHBepTepa TpefyeT NPaB//IbHOCTYU OpPraHM3aLUM, IPEX]Ie BCETO, IyThEBOIO PEXIMa Bejie-
HIS IUIABKY IIPYU BBIOPAHHBIX KOHCTPYKLMSAX IPVMEHSEMbIX JYTbeBBIX YCTPOICTB — Bepx-
HIIX, TOHHBIX ¥, €C/IM HEOOXOAMMO, OOKOBBIX GypM.

BricokoTeMIepaTypHOe Gusideckoe MOfie/IMPOBaHIe IPeJICTaB/IAeT cOO0iT MeTOJ| SKCIIepH-
MEHT/IBHOTO VCC/IEfOBAHNS, B KOTOPOM M3ydeHNe KaKOro-mbo ra3oruipofHaMIIecKoro,
Cb]/ISI/IKO-XI/[MI/[‘-IeCKOTO Y TEIUIOBOT'O SIBJIEHU 110 OTOENIbHOCTU NN B HIO6OI‘/’[ nx COBOKyHHOCTI/I
IIPOU3BOANTCS Ha YMEHbIIEHHON “TOpsYeil” MOJe/M IIPOMBIIUIEHHOTO obpasia [1, 2].

JIns ocyliecTBIeHNs IPAMOTO U IOTHOTO MOA00MsA MPOTEKAMIINX ABICHNII B MOJEIN 1
obpaslie, Ipy BBICOKOTEMIIEPATYPHOM MOJEIMPOBAHNY HEOOXOAMMO COOMIOfieHNe paBeH-
cTBa Ha 00paslje 1 MOJie/IU KPUTEPHeB reOMeTPUIECKOro, GU3NIeCcKoro 1 FUHAMUIECKOTO
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nogobus [2, 3]:
TeomeTpuyeckoe mogobue Moenu 1 06pasiia KOHBepTepa [0 OCHOBHBIM IIapaMeTpaM pa-
604ero MPOCTPAHCTBA OCYIIECTB/IAETCS CIEAYIOIMM 06pasom:
’
' DA .
—r_—"u_"A_To =C, =idem> (1)
Dy Dy D}

IIPY 3TOM HeOOXOVIMBII y4ET KOHCTPYKTVBHBIX OCOOEHHOCTEN BEPXHIX I OOKOBBIX (IIpu
ux Hamuwduu) QypM, FOHHBIX O/MOKOB (IIpM MX pAacHONIOKEHWU) B [GHHUINE) A/Is [OFAdM
HeJTPaJIbHBIX T'a30B, @ TAKXKe MECT PACHOJIOKEHNS AYTbeBbIX YCTPONCTB B pabodyeM Ipo-
CTpaHCTBEe KOHBEPTEPHOTO arperara OCYIIeCTBIACTCA MyTEM COOMIOfeH s OO0 CIeyIo-
H[UX HapaMeTpUYecKNUX KpUTepyes (CUMIUIEKCOB):

dB
= idem 71 —0 =idem

; (2)

I BepXHeil QypMbL: 5

BBIX 0
bt
o D .
JUIst TOHHBIX G70KOB: ;= 1deM y —© =idem ; 3)
dBB]X hig
6
H . dy .
171 60KOBBIX GypM: Tﬁ =idem n —% =idem (4)
BBIX o

B Boipaxkenusx (1)...(4): Hep — cBo6opnas BhicoTa paboyero mpocTpaHcTBa KOHBEpTEpa
HaJl YPOBHEM BaHHBI B CIIOKOJIHOM COCTOSIHMU, M (3[ieCb ¥ Jajiee BEIMUYMHBL CO HITPUXOM
OTHOCATCA K MOJE/N); Hp, Hy, Hg¢ - cooTBeTCTBEHHO BBICOTBI paboyero mpoCTpaHCTBA,
LJUIMHAPUYECKON M KOHUYECKOI vacTeii arperara, M; Hg - BbicoTa pasmemenus 60koBbIx
bypM (Ipy X Ha/M4IMu) OT YPOBHA pabodell HOBEPXHOCTU QyTepOBKY THUIA KOHBEPTEpa,
M; h;[ - TonuuHa QyTepOBKY HHIUIIA KOHBEPTEPA, M; h, - [1y6uHa BaHHBI B CIIOKOJHOM
cocrosiuuu, M; Dy~ IMaMeTp ropsoBUHbL KOHBEPTEPa, M; Dy, — IMaMeTp LUIMHIPUIECKOT
4acTy paboyero NpOCTpaHCTBA KOHBepTepa, M; D — mameTp paboyero NpocTpaHCTBa KOH-
BepTepa 1Mo AHMIY, M; D — IMaMeTp OKPY>KHOCTU PacTONIOKeHNs TOHHBIX GypM (Ipy ux
HaIM49MM) B AHMILE, M; Hy — BBICOTA BepXHel QypMbl Hajj ypOBHEM CIIOKOIHOI BaHHBI, M;

— [MiaMeTp BBIXOFHOTO CeYeHNs COI/Ia BEpXHel GypMBlL, M; dg - JyaMeTp OKPY>KHOCTHU
PACIIONIOKEHNSI COIIET Ha TOPIie TOOBKY BepxHell GypMsl, M; df, ., - HMaMeTp BBIXOJHOTO
CeYeHNsT COIUIA HOHHOTO 6710Ka, M; di,,— — AMaMeTp BBIXOFHOTO CeYeHUsl COIIa 6OKOBOI
bypmbL, M; dg — IUaMeTp OKPYXXHOCTI PACIIONIOKEHNS COIIeT Ha TOpIie 60KOBOI GpypMBI, M;

N, - Kpurepmit (KOHCTaHTa) TeOMETPUYECKOTO TIOXOOMA JIMHEHHBIX BeTUYUH (pyTue Ha-
3BaHVsI — 6e3pasMepHBIIl IMHEHbIT IapaMeTp CUCTeMbI [4] My MacuITab reoMeTpUIecKIx
pasmepos [5]).

Dusnyeckoe mopobe ropsueit Mogeny 1 o6pasia cobmoxaeTcs B IOIHOM Mepe [6, 7], Tak
KaK QpUsNYeCKMe XapaKTePUCTUKY (IVIOTHOCTD P, BASKOCTh V, HOBEPXHOCTHOE HATSKEHME
G u fip.) ¢ W Jp.)B3aMMOJIe/ICTBYIOINX ra30Boi1 (T), MeTa/UIM4ecKoil (M) ¥ IUIaKoBOii (1)
(a3 ABIAIOTCA COBEPIICHHO OVHAKOBBIMY IIO BEMMYNHE B CXOJHBIX TOUKAaX 00Opasiia 1 Mo-
JemM B CXOJCTBEHHBIE MOMEHTBI BPeMEHM IIPM OJHUX UM TeX >X€ MCXOHBIX YCTOBUAX
9KCIIEPUMEHTa:

'

pis
dBLIX

PP _Pr_Yu _Yw _Yr_Ow_%w_ _cy=idem )

Pvy Pm Pr VM Vm Vr Oy Om
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a nx coornourenne Cy (xpurepuit puandeckoro mogobmst) 6ymeT paBHATHCS eLMHNALLE.

C y4éTOM KOHCTPYKTMBHBIX OCOOEHHOCTelT BepxHell GypMbl ¢ ORHOPAZHBIM PacIIOIOXKe-
HIIEM COIIeNl B TOJIOBKE 1 KOOPAVHAT e€ PacIOIOKeHV B pabodeM IIPOCTPAHCTBE KOHBEpTe-
Pa, KOTOpble OTpaXKeHbI B CUMIUIEKCaX (2), IPMMEHUTENIBHO K BEPXHENl MHOTOCTPYITHOI
KIUCTIOPOJJHOIT IIPOJIyBKe OCHOBHBIE YCTIOBMS JUHAMIYECKOTO IIOZ00VS OyNyT UMeTb BUJ:

i -cosa-n H B
€, =02 P igem . — 2 =idem, 40 _ 4
it 5 B ; =idem, (6)
my - g BBIX I

e 11(3)2 — VIMITY/IbC OJVIHOYHOI KUC/IOPOJHOI CTpyM BepxHell ¢ypmsl, H; Ny, 0 — coo-
TBETCTBEHHO KOJIIYECTBO COIIETI B TOTIOBKE BepXHell pypMBI 11 yro/l MX HAKIOHA K BepTUKAIN,
rpaji; M, — cajka KOHBepTepa, Kr; g=9,81 — yckopeHme cUmbl TsXecTH, M/c% C — Kputepuit
AMHAMIYECKOTO MO00N pOoLiecca MPOLYBKI KOHBEPTEPHOI BaHHBDL

B cnyvae mojaun Ha JOHHOe IepeMellVBaHle PACIIaBa HeJiTPa/bHbIX Ta30B IIPU OCECHM-
MeTPUYHOM PACIOJIOKEHUN OIpefe/éHHOro uncia (n')) JOHHBIX 6710KoB (bypM) B gHMILE
KOHBepTepa K YCTIOBUAM AVHAMIYIECKOro Mofo61mst (6), ¢ yI6TOM KOHCTPYKTUBHBIX 0COOEH-
HOCTeJ1 JOHHBIX OJIOKOB U MECT UX PacIIONOXKeHNUs B JHUIIE arperara, KOTOpble OTPaXKeHbI B
cnmIviekcax (3), 06aBsATCs Cefyomine COOTHOIIEH S, BKIIOYas OTHOCUTEIbHDII MMITY/IbC
JIOHHBIX ¥ BEPXHIX [IOTOKOB ra30B g, yIUTHIBAIOLINIT COOTHOLIEHNE PACXOMIOB MOIABAEMBIX

B KOHBEPTEPHYIO BAHHY I'a30B CBEPXY I CHU3Y:
A

il-cosp-n . h . DY .
L = % =idem , A = idem . —% =idem (7)
102 -Ccosa-ng dppix DLl

e iﬁ ~ VIMITY/IbC OIVMHOYHO JOHHOM CTPYM HEWTpanbHOro rasa, H; Nx, B - coorser-
CTBEHHO KO/IMYeCTBO HOHHBIX 67I0KOB B JHMIIe KOHBEPTEPa I YTOJI HAKIIOHA VX K BEPTUKA/Ib-
HOIT OCI KOHBepTepa (B C/Ty4ae pacIloyIoXeHNs JOHHBIX 6/I0KOB VU IIPOJyBOYHBIX KaHAJIOB
B HIIX IIOJ] YIJIOM K BEPTUKAJIN), TPa.

B crydae BepxHell IOfja4y ABYX IIOTOKOB KMCIOPOa (OCHOBHOTO IOTOKA Ha «KECTKYIO»
IIPOAYBKY pacIliaBa I JOIOHNUTENTFHOTO IIOTOKA Ha IIVIAKOOOPa30BaHIe ¥ JOXKUTAHIE TOPIO-
YMX COCTAB/IAIONINX OTXONALINX Ta30B) Uepe3 CIelMajbHble KOHCTPYKIUM JBYXIIOTOYHBIX
(EBYXPSIFHBIX, IBYXKOHTYPHBIX ¥ ABYXBSPYCHBIX) BePXHUX (QYPM YCTOBUS AMHAMIYECKOTO
nopo6us (6) u (7) st BepxHelt 1 KOMOMHMPOBAHHOI IPORYBOK HOMOMHATCS CIEAYIOMINMIA
COOTHOIIEHUSIMY, BK/IIQYasi OTHOCUTE/IbHBII NMITY/IbC BEPXHIUX (OCHOBHOTO ¥ [JOIIOTHITE/Ib-
HOTO) [OTOKOB Ia30B 4, KOTOPBI OyfieT YYMThIBATh COOTHOLIEHNE PACXOfOB KUCTIOPO/a
yepes corvta JlaBaia (I IpORLYBKM BaHHBI) U LIJIMHAPUYeCKIe CoIUIa (Ha MTakoobpasoBa-
HUE U JO)KUTaHVe OTXOJAIINX Ia30B):

ig.-cosy ng®" H, . o
= 9 =idem - =idem ;% =jdem (8)
B B > on > B >
ip, "cosang BBIX do

e ‘rgz son — VIMITYJIBC OfIIHOYHOIJ JOIIOJTHUTEIbHOV KUCIOPORHON ctpyn, H; ¥ n nﬁm -
COOTBETCTBEHHO YTO/I HAK/IOHA JOIIO/THUTE/IBHBIX COIIe BepXHeil pypMBbl K BepTUKAIN, TPaf,
U VX 9MCTIO B ABYXIIOTOYHOII BepxHeil pypme; H, — paccTosiHIe 10 CTBOTY BepxHeit GypMbl
MEX/y SApycaMy OCHOBHBIX M [OMOTHUTENbHBIX COTENT, M (mmsa IOBYXDAPYCHOMN cbprbI);
dZox — MMaMeTp BBIXOHOTO CedeHIsI HOIOHITEIBHOTO COIUIA, M; df — [MaMeTp OKPYXKHOC-
TU PACIIONOKEHVA JOTIOMHUTEIbHBIX COIIEN BepXHell GypMBI, M.

B cny4ae mpuMeHeHNs 6OKOBBIX TOIUIVBHO-KUCIOPOSHBIX GYpPM, YCTaHOB/IEHHDIX B BEpX-
HeJl KOHYCHOM 4YacTy KOHBEPTepa IIOf YITIOM K IOBEPXHOCTM BaHHBI, C Y4€TOM UX
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KOHCTPYKTVBHBIX OCOOEHHOCTENI ¥ MeCT PAcHONIOKeHNUsA B (QyTepoBKe arperara, KOTOpble
OTpa)keHBI B CMILIEKCaX (4), yCTIOBMsA AMHAMIYIECKOro Iogo6wus (6)...(8) [ 2-X BapuaHTOB
BepxHell (COOTBETCTBEHHO C OJHO- ¥ ABYXIIOTOYHOII BepXHeil GypMOiT) ¥ aHAJIOTUYHBIX 2-X
BapMaHTOB KOMOMHMPOBAHHOII IPOLYBOK HEOOXOAMMO HOIOTHUTD COOTHOLICHUAMI, BKJIIO-
YAIOM[VIMI: OTHOCUTE/IbHBIN MMITY/IbC OOKOBBIX JMI BEPXHUX OCHOBHBIX IIOTOKOB JYThs o8
YIMUTHIBAIOLINIT COOTHOLIEHE PACXOZOB KICTOPOfA COOKY 1 CBEPXY A/Is IIPOAYBKIU BaHHBL, 1
OTHOCHUTE/IbHBIII MMITY/IbC OOKOBBIX IIOTOKOB IA30B 16 , YIUTHIBAIOLNIT COOTHOLIEHIIE PAcX0-

ToB Ta30B cOOKY (KMCTIOpOZa U 3allIUTHON Cpelbl — IPMPOJHOro rasa) [3]:

i% .cosg-n
Igy :732 e = idem; 7126 =idem;
ig, "cosa-ng dprx
p ©)
1, 'C0s@-ng g_.
I; = — = idem; —> =idem,
Inr B

T fie igz — VIMITY/IbC OBMHOYHOI KMCTOPOFHOI CTPyy 60K0oBOIT Gypmbl, H;

Ir — CyMMapHBbIiT MMITY/IbC 3AIMTHBIX CTPYIl IPUPOAHOro rasa 60koBoit (pypmsl, H; @ u
0§ — COOTBETCTBEHHO YrojI HAK/IOHA HOKOBBIX (ypPM K BePTUKAIBHOI OCH KOHBEPTEpa, Tpaf,
U 9MCTIO COTIeTT B 6OKOBOI (ypMme.

ITpy mogave MOPOLIKOOOPASHBIX MITAKOOOPA3YIOIINX MATEPUATIOB 1 YITIEPOACOAEPIKALINX
TeIUIOHOCHUTeNeN ycnoBus mogobust (6)...(9) Heckonbko BuponsMeHsaTcs. OQHAKO, BO BCeX
C/Iy9YasiX IIPY BBIIIEOICAHHBIX IIOIXO/aX K OIIPe/ie/IeHNI0 YCIOBUI JUHAMIYIECKOTO TTO006ms
B [IyTbeBOM peXIMe OIepalMyl yIMTHIBAETCS TeOMeTpudecKoe Iopobme pabodero mpo-
CTpPaHCTBa KOHBEPTEpa M KOHCTPYKLMII AYTHEBBIX YCTPONCTB, YTO HAET BO3MOXKXHOCTDH C
6O7IbIIIelT CTENeHbIO JOCTOBEPHOCTH IIEPEHOCUTD C TOpsTIeli MO/ Ha 06pasel oy YeHHbIe
HyTéM BbICOKOTeMHepaTypHOFO MOI[CHI/IPOBaHI/[H OaHHBIE O (bOpMe n paSMepax peaKLU/IOHHbIX
30H, a TAKXKe IIPOTEKAIOLINX B HUX 11 B 00bEMe OCTA/IbHOI BaHHBI (PU3UKO-XMIIECKUX IIPO-
neccax [7-9], monmydas HOBYIO ZOCTOBEPHYIO I IIEHHYIO B HAyYHOM ITaHe MHGOPMALINIO L
CO3[IaHMsI HOBBIX KOHCTPYKIUIT PypM, KOHBEPTEPHBIX arperatoB 1 Ipoweccos [3, 9-14].

CoXpaHNTH TeIIoBoe Mogo61e MO BO3MOXXHO OCPEACTBOM IpUMeHeH s ist (yTe-
POBKM arperara CIeLMaIbHBIX MaTePUATIOB C HU3KOJ TeMIIEpaTypOIPOBOJHOCTBIO. B aToM
C/Iy4ae JO/DKHO COOJIOfAThCs PABEHCTBO:

n n
Bs_ 1R 1M
-1 A Mg A e M

e 9i, M — COOTBETCTBEHHO TOMIIMHA ¥ TETIONPOBONHOCTD i-T0 st hyTepoBKu; nl,
n2 - KOMMYeCTBO CI0EB GyTepoBKy; M — MacmTad MomennpoBaHus; Ox — koadduumeHT
TEIUIOOT/AYM KOHBEKIIVell B OKPY>KAIOLIYIO Cpexy.

JIJ151 KOMITEHCALMY TEIUIOBBIX IIOTEPD B Ka4eCTBe “TOpsidell” MO/ KOHBepTepa C YCIIeXOM
MOXXHO IPUMEHSTb CIELMabHO IIPHUCIOCOOMEHHbIE K YCIOBMAM 9KCIEPUMEHTA
MHJIYKIMOHHBIE T1eY) TUT€/IbHOTO TUIIA.

(10)
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The great practical importance is the prob-
lem of increasing vibration resistance of the
machine. The performance of the lathe at the
specified processing accuracy is largely deter-
mined by the quality of the carriage and its
vibration. According to the “theory of the
coordinate relationship’, the physical nature
of the loss the machine dynamic system sta-
bility with the subsequent emergence of self-
oscillations when turning due to the fact that
the cutter motion in the direction of cutting
forces action, under certain elastic parame-
ters of the machine tool carriage, and the chip
thickness becomes greater than when moving
in the opposite direction. Cutting force in-
creases with increasing slice thickness and
decreases with its decrease. Therefore, this
ambiguity changes the cutting force to move
the cutter against the machining surface leads
to the self-oscillations appearing.

In studies of V. Kudinov and Jiri Tlusty
[1,2] revealed that the vibration of the
machine depends not only on the stiff-
ness value of the carriage elastic system,
but also on the orientation of the appro-
priate axes of rigidity relative to the di-
rection of the cutting force. Also, cur-
rently there are several constructive solu-
tions if tool holders with oriented rigidity,
the use of which was able to realize a sig-
nificant increase in vibration resistance
of the machine. However, on this day

haven’t carried out a theoretical study of
the influence of the tool holder’s elastic
parameters, such as, orientation angle of
stiffness axes and the ratio between the
maximum and minimum values of the
stiffness on vibration stability of the dy-
namic system “carriage — tool holder-
cutting process — detail” [3,4].

Experimental studies were carried out
on the lathe 1K62 that has the problem of
low vibration resistance of a workpiece
due to existing irrational orientation of
maximum given stiffness with respect to
the cutting force direction.

The machining of the part was carried out
on a lathe 1K62 is made with the same mount
cutter as a boring machine, ie the cutter is
fixed on the end of boring bars tool. The dif-
ference in relation to the processing boring
machine is that rotates the detail, and the
boring tool cutter only moves along the axis.
In many cases they also apply a relatively long
boring bars small diameter, so the stiffness on
the tool is very small and oscillations occur at
very low cutting data. Given the favorable
results achieved when you change the orien-
tation of the system in a number of previ-
ously discussed cases, it can be assumed that
here it is possible to achieve stable cutting
with high enough, to ensure the optimum
orientation of the dominant oscillatory sys-
tem.
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Fig.1 The study scheme of the axes of rigidity ori-
entation influence of the carriage elastic system
on the cutting process stability

When the experiment was set well-defined
task. It was necessary to find out what the
highest boundary conditions of occurrence of
self-oscillations can be achieved if you apply
the proper design of sprinkling boring bars,
in order to achieve optimal orientation of the
dominant system. It was supposed to use bor-
ing bars with a diameter of 50mm at a length
of 350 mm.

Consider the approximation properties of
the dominant oscillatory system. The most
explicit level is the boring tool, which as a
self-oscillating system in the case of circular
cross-section has the same natural frequency
in all directions. However, the boring tool is
fixed in the housing, which is an oscillating
system with about one or two freedom de-
grees. Thus, the cutter appear three or four
freedom degrees are located in two mutually
perpendicular directions. Other freedom de-
grees appear on the product. Thus, we have
before us a relatively very complex system. It
is difficult in advance to decide how many
distinct freedom degrees is given to the dom-
inant system and the extent to which it can be
simplified for theoretical analysis. Therefore,
to solve the tasks were selected experiment
method.

For experiments was used the lathe on
which the boring tool was strengthened in
the housing, mounted on the transverse slide.

Amplitude, dB f_i\ o,
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Fig. 2 The cutter vibration acceleration level AFC
during machining using tool holder with oriented
axes of rigidity with different angular position
=-45° and p=45°

However, in the machine final design of the
mount will be performed differently, but its
properties remain similar. In this case, you
want at least roughly determine the best pos-
sible boundary conditions, which is enough
to use the above-mentioned replacement.
The workpiece was clamped in the four-jaw
chuck. First experience was made with the
use of boring bars with round cross section
with a diameter of 50 mm, length 350 mm,
and cutting conditions: The parameters of
cutting process: detail material -St3, cutter
material T15K6, ¢=90 y=10, $=0.39 mm/rev,
t=1.5 mm. The schema of the experiment is
shown in Fig.1

Kick and measurement of damped oscilla-
tions were found the most distinct vibration
frequency: f = 200 Hz in the vertical direc-
tion, f= 240 Hz in the horizontal direction.

During the experiments, the cutter is in-
stalled sequentially at different positions rela-
tive to seat mounting boring bars, in other
words, changed the direction of the normal Y
to the workpiece relative to the machine, and
thus relative to the vibrating system. Each po-
sition was determined by the limit width of the
chip b. The results of experiments are repre-
sented by graph (figure 2), which displays the
spectrogram of a measurable signal.

Comparison of the dominant oscillatory
system was changed, to which the boring tool
close to the place touched was at a certain
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Fig. 3 The scalogram for continuous wavelet transform of cutter vibration acceleration level during
machining using tool holder with oriented axes of rigidity with angular position f=45°
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Fig. 4 The scalogram of cutter vibration acceleration level during machining using tool
holder with oriented axes of rigidity with angular position 3=-45°

length milled from both sides in the size of
35 mm and rotated so that vertical direction,
which previously corresponded to the lower
frequency oscillation that coincided the di-
rection of greater rigidity of boring bars.
Then again, that the evaluation of boundary
conditions for different angular position of
the cutter.

It is known that nonlinear dynamic sys-
tems whose motions are described by com-
plex fluctuations in demand for their study,
special methods of analysis.

For analysis of the output signal is needed
the method that will provide the necessary
dimension as frequency and time. In Fig.
3 and Fig. 4 presents the results of experi-
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mental data processing by processing the
wavelet transforms of the measured signal.
Wavelets became a necessary mathematical
tool in many investigations. They are used in
cases where the result of the analysis of the
signal should have not only a simple list of
characteristic frequencies, but also informa-
tion about specific local coordinates at which
these frequencies manifest themselves. Thus,
the analysis and processing of nonstationary
(over time) of signals of different types, there
is a field of applications of wavelet analysis.
The General principle of construction of the
basis of wavelet transform based on the use of
large-scale transformations and displace-
ments. It is due to changes of scale, wavelets
are able to identify the difference in charac-
teristics at different scales, and by shifting to
analyze the properties of the signal at differ-
ent points along the whole interval. For ana-

lyzing non-stationary signals due to the local-
ity properties of the wavelets are a significant
advantage over Fourier transform which pro-
vides us only information about frequencies
of the signal, as the system of basis functions
defined on infinite intervals.
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When designing tool holder with oriented center of rigidity for the lathe machine with the
given elastic parameters of the carriage there is a question of rational choice of elastic and
damping parameters of the equipment, with usage of which would increase the vibration
treatment. The issue of determining the effectiveness of the use of additional equipment with
the aim of improving vibration resistance for turning potentially unstable dynamic system
carriage of the machine in cutting requires the creation of a common mathematical model of
the machine dynamic system its modeling and definition of vibration treatment stock in
various elastic parameters of the system equipment.

The equations of motion [1,2] in the directions of the main coordinates for the dynamic
two-mass subsystem of the “carriage — tool holder” with four degrees of freedom present in the
form of a system of differential equations of the second order, obtained from second form of
the Euler-Lagrange equation for a mechanical system:

m, + iy =i, cos(@) =1i, sin@)]+ ¢, n, —n, coste) - sin(e)]=

= P(t)cos(o — B)

mm, + hz[ﬁz —Mg cos(p) +M; Sin(@)]"’ cz[nz —Mg COS(@) +1; Sin((P)]:
= P(t)sin(a. — B)

s + hy sin(@)fii; —1i cos(9) +1i; sin(9)] - Ay cos(@)i, i cose) -
—ti sin(@)]+ ki + ¢, sin(@)fn, —n, cos(e) +n; sin(e)] -

-G COS((P)[m —M;5 cos(p) -, Sin((P)]"' cns =0

i = hy cos(@)i; ~1i 0s(9) +1i; sin(9) ]~ Ay sin()i, i cos(o) -
i, sin@) ]+ hgi, — ¢, cos@)n, —n cos(@) +1; sin()]-

— ¢y sin(@)fn; —m; cos(@) g sin(@)]+ cgng =0

¢=p-5

The result of calculations of a system is the determination of the trajectories of the tool holder’s
vibrational motion m, in the directions of the main coordinates #, and #, and carriage m, in the
directions of coordinate #, and 7. The linkage between the generalized coordinates y, with the
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Fig. 1 The mathematical model implementation of dynamic system machines carriage with installed
tool holder with oriented center of rigidity when cutting in Simulink

main coordinates 7, and 7, for tool holder m, is: ¥1 =M1 sin(B)+n, cos(B) , and between the
coordinate v, and the main coordinates 1, and 7 ., for detail: ¥, =3 sin(y)+mn4cos(y) .

Theoretical studies determining the characteristics and movement stability of the machines
elastic system forming elements during cutting is reduced to the solution of the following
system of differential equations. Analytical methods of solution of differential equations sys-
tems and root methods for the determination of dynamical systems motion stability in the
case of the system under study, consisting three dynamic masses and each of the oscillating
movement is defined by two own generalized coordinates, is reduced to the solution of the
twelfth-degree characteristic equation.

Through existing complexity research analytical methods, study motion of machines
equivalent elastic system dynamic stability when cutting is advantageously carried out fre-
quency methods using numerical calculations and mathematical modeling in the package
Simulink (Fig. 1). Despite the fact that the numerical calculations realization will receive only
partial solutions, still it allows to study the influence of changes in elastic, damping and inertial
parameters tool holder’s system on the cutting process stability when given experimentally
determined static and dynamic parameters of elastic subsystems tool holder-carriage and de-
tail-spindle of standard turning machines.

The motion law of the investigated dynamical systems tool holder-carriage in the linear
system of differential equations form, therefore, the implementation of mathematical models
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in Simulink for convenience of description and calculations created using state variables x (1),
x,(t), ... x (t) as some internal physical quantities that determine the behavior of the system in
time, given initial conditions and external influences [3]. The mathematical model should be
written as a system of the first order differential equations in explicit form X = f(x, 1, t) with
state-space variables x(t) and the functions of the external influence of u(?). The obtained
twelve differential equations system of the machine studied dynamic system for modeling in
mathematical package, will be presented in matrix form ¥ = Ax + Bu. The right part of the
equation contains a vector of state variables x and input vector u, namely four-dimensional
column vector input elements variable time force components on the partial subsystem of the
detail and cutter. The systems output variable is represented as a vector function y = g(x,u, t)
, which is associated with a vector of state variables by the following equation system
v = Cx + Du, given the coefficients values D=0, C - a single output matrix, the output value
of the mathematical model displays the state variables vector values y = x.

Elastic-damping and inertial parameters of the system under study written in the form of
the state matrix A dimension 12:

The proposed dynamic model using requires experimental or theoretical elastic and damp-
ing parameters determination of the machine dynamic system. For modeling with determin-
ing the vibration resistance parameters value of cutting process on a lathe, have the values of
the dynamic system elastic and damping parameters adopted in a wide range of experimen-
tally determined lathes parameters values. The reduced stiffness parameters of carriage taken
in the range of ¢5 =80 kN/um; ¢6 =47 kN/um, ¢6,, =28 kN/um, ¢6, =60 kN/um. The
reduced mass value of the carriage elastic system, obtained experimentally.
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The theory of wavelets is a powerful alternative to Fourier analysis and gives more flexible
technique of signal processing. One of the main advantages of wavelet analysis is that it allows
you to analyze well-localized changes of the difficulty signal, whereas the Fourier analysis
doesn’t allow it, because in the Fourier coefficients reflects the signal behavior for all time of
his existence.

The purpose of this work is to determine the basic form of the oscillation system of the lathe
tool to further analyze the possibility of the development of resonance or self-oscillation.

The term wavelet analysis on the meaning of the same term Fourier analysis. In both cases
we are talking about the performance of the process under study as a linear combination of
different functions, called the basis of the corresponding transformation. For wavelet analysis
is characterized by the concept of scale, even a graphic representation in chart form of a special
type called scalogramm. Under scale it should be understood oscillatory processes of different
periodicity. We say that low-frequency oscillations have larger scale and high frequency has
smaller. Wavelet analysis is called a microscope, because it allows you to explore each scale is
necessary and sufficient for it resolution.

For Fourier transforms (FT) are the basis functions wn(t), obtained from the function w(t)
=eit=cos (t) + 1isin (t), through large-scale transformations wn(t) = w(nt), where w(t) has
period 2m. FT is widely used for spectral analysis of signals, however, has several disadvantages:
a) the original signal is replaced by periodic, with a period equal to the length of the test
processes signals, b) FT bad work when changing the process parameters with time
(unsteadiness), because it gives the average coefficients for the whole studied signal’s sample.

Wavelet transform (WT) [2,3] to a large extent, can overcome these shortcomings of the FT,
since the basis functions WT have the property of temporal localization, i.e. they possess the
ultimate power (norm):

Er =T If@Pdt< oo

As for Fourier transforms, to build a basis Wavelet transform we use a single function called
the mother wavelet - ¢(t).
Wavelet transformation of signal f(t) is to decompose a in the form:

f(©) = c(®) + ZIo T2 e (OF (©) = cod() + Z)o TES Gae i ()

where y (t) - called the father wavelet, which is the equivalent of constants, and {¢jk(t)}
- basis of WT, i.e. functions obtained from mother wavelet ¢(t) by two basic operations:
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scaling and shifting, this made a temporary
scaling in 2j times and shifting the resulting

i .
function on 2-jk: @y (£) = 2202/t — k)

@5(t) = 2ip(2it— k)  for  example
@10 (1) =V29(20).

Computational procedure of a Discrete
wavelet transformation (DWT) is to calculate
the temporal convolution of the signal with
@jk(t). Since the length of a wavelet for each
subsequent scale is reduced in 2 times, the
DWT is used to compute a procedure similar
to the fast Fourier transform (FFT). For scale
j=1 is determined by 2 coefficients: c10 u c11,
for j=2-4 coefficientsi.e., therefore, computing
the DWT algorithm called the pyramidal
algorithm.
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Figure 1. Mexican-hat wavelet

To remove noise of obtained processes signal produce Discrete wavelet transformation
process the image and produce an Inverse wavelet transform (IDWT). The IDWT algorithm
similar to the algorithm of DWT. A necessary condition for the possibility of recovery of signal
from its DWT by the inverse transform is the orthogonality of the basis. Belongs to the

orthogonal basis-based wavelet Daubechies.

Continuous Wavelet Transform [3,4], in this case transform works when we use a continuous
wavelet function to find the detailed coefficients of a continuous signal.

To analyze the structure of signals convenient to use the continuous mapping WT
scalogram. Particularly expressive scalogram for bases, based on complex wavelets, in

particular on the wavelet Morlet:
f, (Hz)

LOO0
i)

100

a0

B0

Figure 2. Result of Continuous wavelet transform (scalogram) oscillation data

signal of console tool holder
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¥(r,5) = = [x(Oy (%) dt
NIE 5 ,
where s - scale.
Since Morlet wavelet — is a work of real and imaginary exponents, except for integer wavelet

scales, we can determine the fractional scale, changing 8 and w:

@urories(t) = e Fle i® (coswt — jsinwt)

Here we illustrate a famous mother wavelet function, called Mexican hat wavelet with

2 2 _LZZ
VO = (G -1)e ™
tZ

The complicated form is derived from the second derivative of a Gaussian function, e ze=
The messy constant multiplied is for the normalization property of mother wavelets. The
nickname, "Mexican-hat’, is because the shape of the function is like an upside-down Mexican
hat. Due to the fast decay of the Gaussian function, this function drops to zero very fast. We
can expect it is time-limited in a certain range, say it (-5, 5). This meets the property of mother
wavelets.

In Fig.2 you can see scalogram real processes - free cantilever oscillation of the console tool
holder with cutter, which clearly highlighted the main oscillation frequency of the tool
f=350Hz. Experimental data processing of the signal was implemented in Matlab, with further
analysis and identification of the frequency of the main forms of oscillations of the dynamic
system of the machine the “carriage - tool holder”.

Application of the method of wavelet analysis to study the vibroacoustic signals technical
systems to avoid cumbersome mathematical calculations, and significantly reduce the time for
analysis of the main forms of oscillations of the dynamic system of the machine. However,
despite the apparent simplicity of the algorithm, it still does not allow signal processing in real
time. This option is available only when using ultra-fast measurement and signal processing.

The basis for signal analysis was the chosen method of wavelet analysis as the most suitable
for the task. This method due to “fast” algorithms allows to make processing of discrete sig-
nals of oscillatory processes tool with great performance, which makes it indispensable in the
implementation of the algorithm within a computer.
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CydJacHi TenmexoMyHiKaniliHi Mepexi xa-
PaKTepu3yl0ThCs 3HAYHOIO CK/IA/IHICTIO, aflke
IO KOXKHOI 30BHILTHBOI afjpecyt BXOOUTD AK
MiHIMyM OJjHa BHYTPIlHA JIOKa/JibHA Mepe-
a, CTPYKTypa Kol MO)ke BK/IIOYATU B cebe
IOBINBHY KiMBKICTh MEPEXHOTO 06/IaTHAHHS
Ta KiHlleBuX npuctpois. IIpu ipomy B ymo-
BaXx ITOCTIITHOTO MigBUIIEHHS CKIAJHOCTI iH-
¢dbopManiiiHyx 1 TelTeKOMYHIKAIIMHUX CIUC-
TeM, IX HaJilHICTh Ta AKICTh Ha6yBaIOTb
0co6/MBOI BaXX/IMBOCTL. TakuM 4MHOM, BCe
OL/IBII aKTya/JbHUM CTAa€ NMUTAHHS 3abe3lie-
4YeHH: ix 6e3mepebiiiHOI poOOTH, CBOEYACHE
3HAXO/PKEHHSI IPOOIEeMHUX [iSHOK. 3Ha-
YHIM BHECKOM Y BUPpiLleHHA HaHOI Ipobie-
MU € IPOBEJEHHA MOHITOPMHIY Ta IPUITHAT-
Ts BiJIIOBiJHUX pillleHb Ha OCHOBI JI0Or0 aHa-
msy [1].

Ha erami MoOHiITOpMHIY BUMKOHYETbCA
61 IpocTa mporefypa — 36ip mepBUHHMX
HaHMX IIPO poOOTY MepeXi: CTAaTUCTHUKIA TIPO
KiZIbKiCTh IJMPKY/TIOIOUMX B MepexXi Kafipis i
IIaKeTiB PiSHMX IPOTOKOMiB, CTaH MOPTiB
KOHLIEHTPATOPiB, KOMYTaTOpPiB i
MapIIPYTM3aTOPIB i T. II.

Jlani BUKOHY€ETbCA eTall aHai3y, Mifl AKUM
po3ymieTbcs OUIBIN CKIAmHUI i iHTemexTy-
aZIbHUIT TIPOIleC OCMUCIEHHA 3i6paHoi Ha
eTami MoHiTopuHry iHdopmaii, sicrapren-
HA ii 3 JaHMMI, OTPMMAHMMM paHille, i Bu-
POO/IeHHs TPUITYLeHb PO MOXIMBI IIPU-
YVMHY CHOBIIbHEHOI 460 HeHamiitHOl po6oTH
Mepexi.

3aB/jJaHHA MOHITOPMHTY BUPIiIIYIOTbCA
IIPOrPAMHVMM i allapaTHUMM BYMipHUKAMU,
TecTepaMy, MepPEeXeBMMM aHajli3aTopamiu,
BOyZOBaHNMM 3aco6aMyt MOHITOPYHTY KO-

MYHiKal[illHUX IPUCTPOIB, a TAKOXX areHTa-
MU CUCTEM yTPaBIiHHA.

[IpoBenemMo aHami3 TpbOX BIIKPUTUX Ta
HalOI/IbII MOMYIAPHUX CUCTEM MOHITOPUH-
ry: Nagios, cacti, zabbix.

Nagios — BiTbHO poO3MOBCIOKYBaHa IpPO-
rpama fiil MOHITOPMHTIY CUCTEM i Mepex.
Crovyatky pospobieHa mjIs OIepauiifHux
crcteM Ha 6asi Linux, 3apas ofHakoBO fo6pe
mparfoe Takox i mip Sun Solaris, FreeBSD,
AIX i HPUX [4].

MosxxnuBocTi:

o MOHIiTOpUHT MepexxeBux cnyx6 (SMTP,

POP3, HTTP, NNTP, ICMP, SNMP);

» MOHITOPYHT CTaHY XOCTiB (3aBaHTaXKeH-
HsA Ipollecopa, BUKOPUCTAHHA [NCKa,
CHCTeMHI JIOTH TOIIO);

e Mi/ITPMMKa BiiJaJIEHOTO MOHITOPMHIY
vepes mudposani TyHeni SSH a6o SSL;

* MOX/IMBICTD MTOGYOBY KapT MepPex;

e IPOCTA aPXiTEKTypa MOJYMIB PO3LIN-
PpeHb (IUIariHiB) KO3BOJAE BUKOPUCTOBY-
104 6yfb-AKy MOBY IPOTpaMyBaHHA 3a
Bubopom (Shell, C++, Perl, Python, PHP,
C# Ta iHmi), nerko pospobmATu CcBOi
BJIaCHI CII0cOOU epeBipKu Cysxo.

Heponikamu cucremn e€:

e «3araJIbHUI» XapaKTep MOHITOPUHIY II0-
Ka3HUKiB;

o mpobsieMa B3aeEMOfIl 3 cepBepaMm IIif
ypasiminaaM Windows;

* «MepeXKeBa» CIIPSIMOBAHICTb MOHITOPMH-
ry.

Cacti - 6e3koIITOBHA IpOrpaMa AL MOHi-
TOPMHIY, 1[0 [O3BOMAE 306MpaTH CTATHYHI
IaHi 3a neBHi YacoBi iHTepBam i Biobpaxka-
M iX B rpadivyHOMY BUITIAML 32 HOIOMOTOI0
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Ta6nuusa 1.

PyHKLiOHanN BiflbHO PO3NOBCIOAXKYBaHMUX CUCTEM MOHITOPUHTY

Hasea Aiarpamn JloriuHe Mopir MporHo3yBaHHA

rpynyBaHHs noajn

Cacti Tak Tak Tak Tak

Nagios Tak Tak Tak Hi

Zabbix Tak Tak Tak Tak

HasBa ABTOMaTU4HE AreHT SNMP Syslog

BUSIBJIEHHS

Cacti Yepes nnariH Hi Tak Yepes nnariH
Nagios Yepes nnariH Tak Yepes nnariH Tak

Zabbix Tak Tak Tak Tak

Hasea Mnariun Tpirepun IHBeHTapu3auia Kaptu
Cacti Tak Tak Hi Yepes nnariH
Nagios Tak Tak Yepes nnariH OuHamivHi
Zabbix Tak Tak Yepes nnariH Tak

RRDtool yrunitu, npusHadeHoi s po60oTu
3 kpyroBumu 6asamu gaHux (Round Robin
Database), siKki BUKOPUCTOBYIOTbCS st 30e-
piranHsa iHdopmanii mpo sMinu opuiei abo
JIeKiTbKOX BEIMYMH 3a IEBHUI IPOMIKXOK
yacy.

CraHpapTHi 1Tab70HN 360py BK/IIOYAIOTH
CTATUCTUKY TI0 3aBaHTAXXEHHIO IIpoliecopa,
BUJIINIEHHIO OIIePaTMBHOI MaM ATi, KiTbKOCTi
3aITyIeHNX IPOLeciB, BUKOPUCTAHHIO BXifl-
HOro/BuXigHOTrO Tpadiky.

Ilepesaru Cacti:

o BIICOKA MIBMAIKICTh PO3TOPTaHHSA IIPU Mi-

HiMaZIbHOMY JJOlaTKOBOMY

» KOlyBaHHi;

 IPOCTOTA i 3PYUHICTD iHTepdericy mepe-
DIARY TpadikiB i IX Ha/lalITyBaHHA.

Heponikn Cacti:

e JOCUTb IIBUJIKE HAPOCTAHHA KiIbKOCTI
OIHOTUIIHMX HA/IAIITYBaHb B pasi

* BEJIMKOTO YMC/Ia CEPENOBUIL i CEpBEPIB;

e BiICYyTHICTh MOXXJMBOCTi iHBEHTapu-
3airii.

Zabbix - BimbHa cucTeMa MOHITOPMHIY
cyk6 i cTaHiB KOMI'IOTEPHOI Mepexi,
CKJIaJla€ThCsA 3 TPbOX 6Aa30BMX KOMIIOHEH-
TiB [2,5]:

e cepBepa I KOOpAMHALl BMKOHAHHA
nepeBipok, GOpMyBaHHA IIepeBipOYHNX
3aIIUTiB Ta HAKONMYEHHA CTATUCTUKM;

e ATEHTIB I 3MIi/ICHEHHSA IIEePeBIpOK Ha
CTOPOHI 30BHIIIIHIX XOCTiB;

o ppoHTEH/A 1A OpraHisauii ynpasmiHHA
CUCTEMOIO.

3 OCHOBHUX 0COOMMBOCTeIT CHICTEMI MOHi-
TOpUHTY ZabbiX BapTO BUAIMNTY HACTYIIHI:

HasBHICTb  IleHTpani3oBaHOro  Be6-
inTepeiicy I agMiHICTPYBaHHS;

cepBep MO)Ke IpalloBaTy IMPAKTUYHO Ha
6ymb-sikint Unix-moni6Hilt omnepariitHiit cnc-
temi (OC);

MO>K/IMBICTD yCTaHOB/ICHH Zabbix-areHris
g 6inpmocti OC Unix, Unix-nopibHux i
Microsoft Windows;

zabbiX J1eTKO iHTerpyeThes 3 IHIIMMU CHC-
TeMaMI 3aBJAKU 6araToQyHKI[iOHaIbHOMY
API;

MOHITOPMHT MO>KE 3[IiJICHIOBATICS 32 IIPO-
tokomamu SNMP (v1, v2 i v3), IPMI, JMX,
ODBC, SSH, HTTP(S), TCP / UDP i Telnet;

JlaHa CHUCTeMa MOHITOPUHIY [[03BOJIAE
CTBOPIOBATY BJIaCHI eneMeHTM i rpadixu,
IIPOBOJUTY iHTEPIIOIALIIO JAaHUX;

poslMpeHHs (QYHKLIOHATY 3a pPaXyHOK
BMKOHAHHA 30BHILIHIX CKPUIITIB;

mpocTa iHTerpanif i3 MiHIKOMI'IoTepOM
Raspberry Pi.

Zabbix € ofHi€0 3 KpalX CUCTEM MOHITO-
PUHTY, VI AKOI XapaKTepHa Be/rdesHa QpyHK-
I[iOHA/IBHICTD (4aCTO He BUKOPUCTOBYETHCA
HaBiTh 60% MOXXIUBOCTEN), aje NOCUTD
CKIafHa B IOYaTKOBOMY Ha/lauITyBaHHi[2].
BigMmiHHO peai3oBaHi cioco6y ONOBIilEHHS
(Email, Jabber, SMS, Telegram, 3oBHimHi
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ckpunty). MOXINBO TaKOXK MacIITabyBaTi
CHCTEeMY, IIUIAXOM YCTaHOBKU JIEKiNbKOX Cep-
BEpiB, IO Bi/IIOBiJaTUMYTh 3a TIEBHMII CeT-
MeHT Mepexi. B pesynbrari mani 6ygyTs 06-
pobmsATuCs Ha KiZIbKOX cepBepax, a Bifobpa-
JKaTVICA B OfIHIN LIeHTPaJIbHil TOYIi.

BucnoBku

byno npoananisoBaHo 0CHOBHI BiffKpUTi crc-
TeMy MOHiTOpuHry — Nagios, cacti Ta zabbix.

HaijikpammM BapiaHTOM 11 MOHITOPMHIY
MepeXeBUX MPUCTPOIB — KOMYTaTOPiB, POY-
TepiB, cepBepiB Ha 0asi Linux e Zabbix,
OCKI/IbKM BiH Ma€ THYYKi Ha/lalITyBaHHA i 70~
CTaTHBO IIMPOKWI QYHKI[iOHA, BKTIOYAIOUN
MOHITOPMHT Web-pecypciB, 03BOJIAE MUCATU
B/IaCHI 1IA6/IOHM, CKPUIITU KePYBAaHHA TOILO.
Takox € MOXIMBICTD iHTerpamii i3 pisHoro

POy HaTYMKaMM, 0 HeOOXiTHO L1 MOHITO-
PMHTIY ITapaMeTPiB CEePeOBUILA Y CEPBEPHiil
KiMHarTi.
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CYYACHI TEXHOJIOTI'TI 3HM>KEHHS COTOIKOTIO TECEPTY

JleBkyH Katepuna,

Maricrpanr II xypcy, Hanionanpbauii yHiBepcuTeT XapuoBMX TeXHO/OTriH, M. Kuis

Bonogumup IlonpoBuk,

Acmnipanr II kypcy, Hanionanbauii yHiBepcuTeT XapyoBMX TeXHOsOriH, M. Kuis

bonpgap Hatana

KaHAM/AT TEXHIYHNX HaYK, TOLEeHT Kadelpy TeXHOIOril XapuyBaHH:A Ta PeCTOPaHHOTO
6isHecy HauioHa/bHMIT yHIBEpCUTET XapuOBMUX TeXHOJIOr, M. Knis

Kopenpka Ipuna

KaHJUAT TeXHIYHNX HAYK, JOLEHT Kadegpyu TeXHOIOTII Xap4yBaHHs: Ta PeCTOPAHHOTO
6i3Hecy HarionampHmit yHiBepCUTET XapIOBMUX TeXHOIOr, M. Kuis

MODERN TECHNOLOGIES FOR REDUCTION OF SWEET

DESSERT

Anomauisa: B daniti cmammi po3ensiHymo numanHs po3pobku conooxkoi 36ueHoi cmpasu —
decepmy «CambyK», 0300p064020 NPUHAUEHHS Ma NidmeeporeHHs i0nogioHocmi opearonen-

MuuHUX i Pi3uUKO-XIMIMHUX NOKAZHUKIE AKOCH.

Knrouosi cnoBa: mecept, cTpasa, MOJie/b, 3pa3okK, AKIiCTb.
Keywords: dessert, dish, model, sample, quality.

Amnarni3 ocTaHHIX FOCTimKeHD i my6mika-
uiit. Conmopki cTpaBy Ta fjecepTu TpafuIii-
HO KOPUCTYIOTbCA BEVKMM IIOIUTOM y Ha-
CeJIeHHs, IIPOTe BOHU € BUCOKOKa/IOPiTHUMU
BupobamMu i MaroTh [elo He36aTaHCOBAHMIT
CKJTaJi OCHOBHUX CK/Ia[IOBMUX, 110 B OCHOBHO-
MY, CHPMYMHEHO BUCOKIM BMiCTOM XXUPiB Ta
BYIJIEBO/IiB i BiJHOCHO HM3bKMM BMiCTOM
XapyoBMX BOJIOKOH, BiTamiHiB, Tomo [1, 5].
[IpnumHOI0 TOMY € BUKOPUCTaHHA JIA iX BU-
TOTOBJICHHSI CUPOBYMHH, TaKoi SIK padiHOBa-
HUI I[yKOD, XUPU, MOJIOYHi IPOXYKTH, ANIIA.
Came TOMY COMOfIKi CTpaBM Ta JlecepTu €
[epPCIIeKTUBHUMM 00 €KTaMMU [Isl CTBOPEHHS
CrelliaIbHMX IPOAYKTIB 03J0pOBYOrO Ipu-
3Ha4YeHHs, 30araueHnx Ha HeoOXiHi [/st op-
TaHi3MY JTIONVHY PeYOBUHN [2].

Marepian i MeTOAM JOCHigKeHHA.
O6’ekTOM [OCTIPKeHHsI HaMu 06paHO [ie-
cepr «CamOyK» 3 [OFaBaHHIM Pi3HOI KOH-
LIeHTpalil Mope XypaBIMHA Ta Ma/lIbTOJEK-
crpuny. Ilpn mposenenHi ¢isnko-ximMivaHMX

Ta TEXHOJOTIYHUX JOC/IPKEHb BUKOPUCTO-
BYBa/IM TPaJULiiHi METOLM BUSHAYEHHA OP-
TaHO/ENTUYHNX, (i3UKO- XiMIYHMX ITOKa3-
HUKIB Ta MaTeMaTUYHO-CTATUCTUYHI METOU
DOCTiKEeHb AKOCTi [3, 4].

Pesynbrati Ta ix o6rosopensa. MeToo
HOCIiKeHHs OY/I0 3HVDKEHHs KaIOPiHOCTI
caMOyKy, IpyU [[bOMY JOTPMMAHHS IiHOYT-
BOPIOI0YOI 3IaTHOCTI JiecepTy Ta 301/IbIIeHH s
IHOCTINKOCTI, @ TAKOX 36aradeH st MaKpo- i
MiKpOHYTPEHTaMMI.

TpapuiiliHo, IpOY IPUTOTYBaHHA caMOy-
Ky BUKOPUCTOBYIOTD A067119He miope. IIpn
HojaBaHHI iHIIOrO (PYKTOBOrO MIOpe IO
CaMOYKy, 3HIDKYETbCSI JIOTO MIHOCTIKICTB,
TOMY IepIIMM €TaroM IIpM NPOBefIeHH] o-
crigy, 6y/10 BUSHAYeHHS JOL/IBbHICTD 3aMiHN
HATMBHOTO OiNKy Ha CyXMil S€4HMIl Ta 4ac
B30MBAHHA 3 PISHMMU CONMOLKNUMIU PEYOBMU-
HaMU Ta AE€YHUM OiTKOM.

Hawmu 6ymu pospobreHi MomebHi 3pasku
3 HaTUBHUM S€9HUM OiikoMm — M31, 3 CyXUM
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Puc. 2. Mutomuin 06’em iHHOBaLNHUX AecepTiB
deqHnM binkoM — M32, 3 CYyXMM SI€EYHUM
6inkoM i MampTOfIEKCTpUHOM — M33.

AHami3 JoCnify HoKasas, 1O HailKpaury
MiHOYTBOPIOIOYY 3/IaTHICTh Mae M31.

ITpn mopaBaHHI [O sA€YHOrO OiNKy 1y-
KDY, JI0TO MMiHOYTBOPIOIOYA 3[JaTHICTh 3HMU-
XKyeTbes Ha 75 M1 06’emy. IliHOyTBOPIOIO-
4a 3marHicTh M3 3 € Halibinbu nogi6bHO0
mo M3 1.

IMomanbli JOCTimHKeHHA Oy HalpasieHi
Ha JIOCTi/PKEHHA MOXKIMBOCTI BBEJIEHHI B pe-
LENTYpy AecepTy Imope 3 Xypasnuan. Hammn
Oynmu po3pobreHi MopenbHi 3paskm: caMOyK
sa6myanmit - M3-1 (KOHTPONBbHMIT 3pa3oK),
camOyk s6myunmit M3-2 (3 BBegenHsM 10%
Iope >KypaBInHu), caMOyK s6myarmit M3-3
(3 BBemeHHAM 20% ITI0pe >KypaB/IMHIY) Ta CaM-
Oyk a6myurnit M3-4 (3 BBefieHHAM 30% miope

M3 3 M3 4

SKYpPaBJIVMHM), AKi 3a CBOIM CK/IaJiOM Bilpi3HA-
I0TbCA BMICTOM Ta BUJIOM A€YHOTO Oi/IKY, HO-
CiEM COJIOIKOTO CMaKy, BMiCTOM (PPYKTOBOTO
HAIIOBHIOBAaYa. By3HaYeHH:A 3MiHM MUTOMOrO
06’eMy Oy/I0 BCTAaHOB/ICHOIO 33 BiIIIOBIIHOIO
MEeTOHUKOIO [3, 4].

ITicis TpPOBEEHOrO eKCIIepUMEeHTY Ta
IPOBEIeHHs] MaTeMaTUYHO- CTaTUCTUYHNIX
06paxyHKiB), 6y/10 ckafeHo rpadik.

3 Puc. 2 BUIHO, 1110 HAMOUIBIINIT IIUTOMMI
06’em mae M3-4, mo cBiguuTh IpoO Te, 10
[aHMII IPOAYKT € OLIbLINIT 06’ €M MiHN.

[Tpy BUSHa4YeHHi BMiCTy CyXMX pEe4OBUH Y
KOHTPOTbHOMY Ta eKCIIePUMEHTa/TbHOMY
3pa3Kax BIKOPUCTOBYBa/IN pO3pO6/IeHi Bulle
MOJIe/IbHI 3pasKiul.

3 Puc 3 BujgHO, 110 HaJIMEeHIIly Ki/IbKiCTh
CYXUX PeYOBMH Ma€ JOCiHMIT 3pasok M3-4,
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Puc 3. OpraHonenTuyHa ouiHka sSIKOCTi HOBOI CTpaBu

IO MOACHIOETHCSA, Ha HAIlly JYMKY, BMiCTOM
HEKTMHOBUX PEYOBYH B IIOPE JKypPaB/IMHMA.

B MopenpHMUX Hocmifax Oyn1o BM3HAYEHO
OpraHONENTUYHY OIiHKY, Ta

3’51COBAHO, 110 HAMBUINWIT 6a/ Mae 3pa3ok
3 pmopaBaHHAM 20% IOpe >KypaBIMHM, II0-
PIBHSIHO 3 KOHTPO/IBHMM 3pasKkoM [7].

BucnoBku. IlposeneHi focifikeHHA [O-
3BO/IM/IN BU3HAYUTICD, 1O [JOflaBaHHs II0pe
3 OKypaBIMHM B TeXHOJOrii mecepris
TOLiIbHO.B Hammx mocmimpkeHHAX 6ymo 06-
PaHO palioHaNbHy peLenTypHy KOMIIO3M-
io. BcTaHOBNIEHO, 1o HaliKpaui ¢isnko-
XiMiYHi TIOKaSHMKM AKOCTi, Ja€ pelenTypHa
KOMIIO3M1lif 3 MaJbTOJEKCTPMHY i CyXOro
s€YHOTO OiNKy, a BUKOPUCTAHHA IIOPE XKY-

PaBIMHNA JIO3BO/AE TIOKPAUTHA OPraHOJIEM-
TUYHI BJIACTUBOCTI CTPaBI.
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THHOBAIIII B TEXHOJ/IOI'TI BUPOBHUIITBA VIOT'YPTIB

bonrosa H.B.

JlomenT, KaHAMaaT CiTbCbKOTOCIOAAPChKIX HayK,
CyMCbKuMil HalliOHa/IbHUIL arapHuUii yHiBepCUTeT

KmrouoBi cnoBa: QyHKI[ioHaIbHI POXYKTH, MOTYPT, PellenTypa, IIyKPO3aMiHHMKY, KIIiT-

KOBUHA, TEXHOJIOTis.

Keywords: functional foods, yogurt, formulation, sweeteners, fiber technology.

ITpob6remn parioHaTbHOTO XapYyBaHH: Cy-
YacHOI JIIOAVMHM CBifYaTb IPO HEOOXiFHICTH
PO3BUTKY BUPOOHMITBA 0iONIOriYHO IIOBHO-
IiHHUX QYHKIIOHAIBHMX XapYOBMX HPOAYK-
TiB Ha OCHOBi KOMIUIEKCHOTO BMKOPMCTaHHA
CUPOBMHM TBAapMHHOTO i POCIMHHOIO IIOXO-
IPKEeHH:A Ta 3HIDKeHHA Jioro BTpar. Lle focara-
€TbCsA IIIXOM BMKOPMCTAHHA IOPAJ 3 Tpa-
JULIHYMY HAaTyPaJIbHUMU XapYOBMMU IIPO-
JOyKTaMI iHHOBAIiiHMX TEXHOJIOTil, AKi 1o-
3BOJIAIOTH BUPOOUTU IPOAYKT 3 TOKPALLIEHIMI
CIIO)XKMBYMMU BJIACTUBOCTSIMMU 1 TiJJBUIIIEHOIO
Xap4YOBOIO IIiHHICTIO 32 PaXYHOK KOPUTyBaH-
Hi Jforo ckaany [3, 8,12, 13,19, 21, 23, 41, 42].
OCHOBHOI0 CHPOBMHOI /Il BUPOOHMIITBA
fiorypris € Mornoxo [2, 43]. Viorypr - xucrno-
MOJIOYHMIA TIPOAYKT 3 IiJBUIIEHUM BMiCTOM
CYXUX PEYOBVH, SIKWIT BUPOOTISIOTH CKBAIIY-
BaHHAM  MOJIOKQ  KynbTypamu  BuUAIB
Lactobacillus delbrueckii subsp. bulgaricus,
Streptococcus salivarius subsp. Thermophilus
[11]. Tnst mipBuUILeHHS XapyoBOI I[IHHOCTI Ta
(dyHKI[iOHATBHNX BIACTUBOCTEN JIOTYPTIB B iX
CKJIaJ BBOJISITh HATIOBHIOBAYI Ta OOABKM, sIKi
HiIBUINYIOTH IX TiKYBa/lTbHO-TIPOMIIAKTUIHY
Ji10: MEKTUHY, MIKPOKPUCTa/IidyHa LIEII0I03a
(MKII), pocnmHHi Kamepni, OBOdYeBi Ta
wI0f0Bo—srinHi fobaBky [23-25]. Taka pi3-
HOMAHITHICTD POCIMHHOI CMPOBMHH, ILIO 3a-
CTOCOBYETbCsI TPV BUPOOHMIITBI JOTYPTIB,
BKa3ye Ha IIIPOKi MOX/IMBOCTI 36a/TaHCyBaH-
HA CKJIafly 3 yPaXyBaHHAM (QYHKI[iOHaTbHOTO
L[i/IbOBOTO IIPU3HAYEHH, IIOXKMBHOI L[iHHOCTI,
30a/TaHCOBAHOCTI CK/IaJlOBUX €/IEMEHTIB, CMa-
Ky, 3aIlaxy, KOHCUCTEHIil, TepMiHy 30epiran-
Hsl, JMIKYBaJbHUX 1 JIETMYHUX ITOKASHUKIB.
Tak, y>xe cborofjHi My MO>keMO O3HAVIOMNTH-

¢ i3 pAJOM 3alaTeHTOBaHMX iHHOBALIIHMX
CrIoco6iB OTPYMaHHA JOTypTiB QyHKIIOHAIIb-
HOTO Tpu3HadeHHs [29-36, 38]. Crip BifsHa-
YUTH, 1O BIOCKOHANICHHA CTOCYETbCA He
JIMILE TEXHONOTIYHMX MPUIOMIB Ha OKPEMIUX
CTaflifIX BUPOOHUIITBA, @ i1 PELIENTYPHUX KOM-
noHeHTiB. Illmpokoro posmoBClOKeHHA Yy
TEXHOJIOTil BHPOOHMIITBA JOTYPTiB HaOyIn
IIPOAYKTM HAa OCHOBI BTOPMHHMX IPOAYKTiB
nepepoOKu Mormoka (44, 45].

Jlnst posupeHHA BUPOOHNMIITBA HOBYX BI-
niB npopykrie EBgoxkummoBa O.B pospobuia
MOJieNlb KOHKYPEHTHOTO IIOTeHIiamy QyHKILi-
OHA/IbHUX XapUOBUX IPOAYKTiB, 1IJ0 BKIIOUAE
ciM IpyH NOKa3HMKIB: 6e31edHOCTi, QYHKIIio-
HaJIbHi BIACTUBOCTI, OPraHOJENTUYHI, Xap4yo-
Ba LiHHICTb, COL[IO/IOTiYHI ONMUTYBaHHA, KIli-
HiYHI BUNIPOOOBYBAHHS, MPABOBMII 3aXJCT
[14]. O6’€KTUBHO OIIHNTU OYiKyBaHy KOHKY-
PEHTOCIIPOMOYKHICTh (YHKIIIOHATbHNX IIPO-
OYKTiB MOXXHa TpbOMa MeTOflaMI: IIOBHOI
OLIiHKM 3 YPaXyBaHHAM OVHUYHUX TOKA3HN-
KiB, METO/IOM paH)KMPYBaHHA i METOJOM iHTe-
rpajbHOI OLiHKM [14].

AHanisyoun XiMidHUI CKIal IVIOMIB i ATif,
CJ1ifl 3a3HAYUTH, 1[0 BOHM € JIPKepelaMI I7Tio-
ko3y i ¢pykrosm, BiraMiHiB, MiHepa/JbHMX
pedoBuH, GEHOMBHUX CIOIYK, XapUOBYX BO-
nokoH [1, 17, 40]. Ix mokxHa ymMmOBHO mopinm-
T HA TPU IPYIN, IO CK/IA/Ial0Th OCHOBY Ha-
TOBHIOBaYiB 1A Jorypris. Ilepma rpyma
BK/IIOYA€ TUIOJOBO—ATiAHy cUpOBUHY. Ii Ta-
KO MOJI/IAI0TH Ha 3 migrpymu: Aropn, Gppyk-
i1, Topixu [18]. [Ipyra rpyma mpepcraBiaeHa
O0BOYEBOI0 CMPOBMHOW0. IIpencraBHmky miei
rpynu 36aradyloTb MOJIOYHI IPOLYKTHU IeK-
TUHAMM, BiTaMiHaMy, MiKpoeneMeHTaMu

47



Zbiér artykutéw naukowych.

[22]. Y TpeTio rpymy BUAiNTEHO IPOXYKTH
O KIMBbHUIITBA: Mell, MATOYHE MOIOYKO, IIPO-
rosic Ta innm [18].

AmHanisyroun cy4acHi TeHJeHIl 10fo Xap-
YyBaHHsA aKTyaJIbHUM € He jile (yHKIio-
HaJIbHICTh NPORYKTY, a i1 JIOr0 HM3bKa Kajlo-
piiiHicTb. 3pocTae BUKOPUCTAHHSA Mifcono-
IPKYBauiB, Oflep)KaHMX 3 KPOXMAJIIo, MATOKH,
ITIOKO30(PYKTOSHIX cupotiB. Bifomo 6araro
BUJIiB TiJICONOPKYBaYiB, 1[0 3HAMIIIN 3aCTO-
CyBaHHA B MOJIOYHIJ ITPOMMC/IOBOCTI, TaKi AK
rmokosa, Gpykrosa, cykpanosa. Cykpamosa —
xap4oBa fobaska iy HomepoM E955, Borozie
IIPUEMHOIO COTIOIKICTIO, XOPOIIMM CTYIIeHeM
PO3YMHHOCT] Y BOJIi, BUCOKMM CTYIIEHEM CTa-
OiTbHOCTI B IIMPOKOMY CIIEKTpi 3 BUPOOHM-
1ITBa XapyOBMX IPOAYKTiB Ta HaNoiB. XapyoBa
mob6aBka cTabinpHa Mif 9ac TepMiTHOI 06pOoOKI
— B XOfi cTepmi3anii Ta macrepusatlii, sKa 3a-
CTOCOBYETBCA IIiJI 4ac BUTOTOBJIEHH:A ITIODE,
itorypris. Cykpanosa abCOMOTHO HEIIKimBa
Ta 30epirae CBOI CMaKOBi XapaKTepUCTUKI Ha-
BiTb IPOTATOM POKY 36epirantsi. Poskmafaers-
cs 6IOTIOTiYHVM LIULAXOM, He 3aBJa€ IIKONU
HABKOJIMIIHBOMY CEPEeJOBUITY, He BUK/IMKAE
Kapiecy 3y6iB [27].

IIutaHHAM BMPOOHMITBA HU3bBKOKAJIOPIil-
HOTO JiorypTy 3aiiManacs i Munopaziosa, E.B.
[28]. OCHOBHOIO CPOBMHOIO [jIA pO3pO6/IeHOI
PeLienTypy JOrypTOBOrO HAIIOK Opasmy macre-
p¥30BaHe TOMOT€Hi30BaHe MOJIOKO 3 >KMpHic-
110 0,5% i JomaBamu cOeBMIA Tifipoisar Ta rifi-
pornisar B pisHUX 03yBaHHAX. [[nA ckBaiy-
BaHHS 3aCTOCOBYBa/I CUMOIOTIYHY 3aKBacKy
MOJIOYHOKMCINX OaKkTepilt [  HOTypTy
(Streptococcus thermophiles i Lactobacillus
Bulgaricus). CxBarryBanHs TpyBano 12 ropu.
SkicTh Hamo0 OIiHIOBAM 332 YaCOM yTBOPEH-
HA 0Cajly, KUC/IOTHOCT] i cuHepesucy. Otpyuma-
HUII HUSHKOKAJIOPIHUIL COEBMII HaIlil MaB
CBIT/IO-KPEMOBIII KOJIP, IPUEMHII CMaK i 3a-
IaX, MiBMILEHY Xap4OBY IIiHHICTb [28].

IJikaByM € HM3BKOKAIOPiifHMII ITyKpo3a-
MIiHHMK 3 Ipe6iOTMYHOI aKTUBHICTIO, IO O0-
3BOJISIE HAfATM IPOAYKTAM CUMOIOTHYHI
BJIACTMBOCTi — TaraTosa. 3a cBoiMn ¢isuko—
xiMiYHMMM BJACTMBOCTSAMM TAarato3a HalOmm-
JKeHa 70 caxaposu i GppykTosu, Mae ancTuit
COTIOIKMII CMaK, He TirpOCKOIIiYHa, CTiilKa 10

BIUCOKMX TeMIepatyp [10, 26, 27] 3 Bukopuc-
TaHHAM TaraTosa po3pobeHnii i 3amareHTo-
BaHMil crnoci6 orpuMaHHsA 6idigoreHHOrO
TOraTO30BMiCHOI'O KOHIIEHTPATy 3 IifICMPHOI
CUPOBAaTKM LIIAXOM CHOPAMOBaHOI HaHO— Ta
6iorparcopmanii makrosu [39]. BusdueHo
BIIIMB TaraTO30BMiCHOTO KOHIIEHTPATy — 3a-
MiHHMKA ITyKpYy Ta BCTAaHOBJ/IEHO JIOTO ONTH-
MaJIbHY KinbKicTb (5-10%) [26].

IIp BUrOTOBNEHHI HU3bKOKA/IOPiTHUX
JeCepPTHMX i IUTHUX JOTYPTiB 31 3HMKEHOIO
skupHicTo (1,5%) Bougapenko H.J. o6rpyn-
TyBaB BUKOPNCTaHHA arapy «Procsagel» [4].
Ile HaTypanbHi IpOAYKTH, OTPUMAHI IIIA-
XOM BOJHOI €KCTpaKILii 4epBOHUX MOPCHKUX
BOJIOPOCTEN i CTAaHJAPTU30BaHI CaXxapo30I0.
Beemenns arapy B KMCTOMONIOYHI IPOJYKTH
36aradye ix CK/Iaf; pO3YNHHOIO0 KJIITKOBIHOIO,
MO3UTUBHO BIIMBAE Ha >KUTTENiATbHICTD
MOJIOYHOKMC/IUX OakTepiit, crpuse 306imb-
IIEHHIO TepMiHy 306epiraHHs rOTOBOTO IIPO-
HyKTy o 25 1i6. ExcrepyMeHTaIbHi mapTii
IIATHOTO i JIECEPTHOTO JMOTYPTiB 3 BMICTOM
MAacoBOI 4acTKu XUpy 1,5% BUpoOIsmm pe-
3ePBYapHMM CIOCOOOM 3 BVUKODPUCTaHHAM
OJJHOPIZTHOI CUMPOBMHM i acCeNTUYHOIO PO3-
nmuBy. MoONOYHy CyMill HOpMasisyBaau IIO
Knpy i CYyXM pe€4OoBMHAaM, IIPOBOAUIN Te-
I7I0By 06pOOKY, 3aKBaITyBa/Iy IIPOTOCHMO-
OTMYHOIO CYMilIIII0 YMCTUX KYIbTYP TEPMO-
(biTbHOTO MOJTIOYHOKMCTIOTO CTPEeNTOKOKa i
TepMOQIIBHOI MOIOYHOKMCIIOI 6OrapchKoi
MajM4Ky B CHiBBifHOWIeHHi 4: 1 mpu 42 *
2°C [0 yTBOPEHHSA WIiNIbHOTO 3TyCTKY. Tepmi-
3aniro jtorypry He nposopuan. Ilicia oxomno-
ImKeHHs 1o 23°C roToBUil IPOAYKT posdaco-
ByBa/u B acenTn4Hy tapy mo 100 r i 36epira-
nu npu temmeparypi 4 + 2°C mporarom
30 mi6. BcTaHOB/IEHO, 1[0 BUKOPMCTAHHSI
0,15-0,2% arapy B mepepaxyHKy Ha TOTOBMIA
IIPOAYKT J03BOJIAE OTPUMYBATY MOTYpPTH 3
M’SIKMIM BEPIIKOBIM CMaKOM, KPeMOIIOfi6HOI
TeKCTypHM, 0e3 BiNNiNeHHS CHPOBATKU IPO-
TATOM yChOTO TepMiHy 30epiranHs [4].

JocnifikeHHsA OCTaHHIX POKiB IOKa3aj,
110 caMe MOJIOuHi ipoxykTy Ha 70-90% 3azo-
BO/IBHAIOTH MOTpeby opranisamy B iiomi. Lle
3yMOBJICHO THUM, IIJO 3B’A30K JIOly 3 MOJIOY-
HMM OIIKOM — HalI6i/IbII 3aCBOIOBAHA Ta CTa-
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6inpHa 1toro ¢opma [20]. Taxum YnHOM
3’ABUBCS LWL Psifi MOTOYHUX IIPOAYKTIB,
IO MICTATD B CBOEMY CK/Iafi aMiHapito (Mop-
CbKy Kamycry), baraty itogom. Kosamp ILB.
PV BUPOOHUITBI IOTYPTiB BUKOPUCTOBYBaB
JI0NOBMICHY H00aBKy naMiHasiB, IO Ipex-
craBiisie co6010 6ioreNb 3 MOPCHKOI KaIyCTIL.
Jlaminan mictuth 3-4% anbriHaTy HaTpilo,
1,5-1,7% 6inka, 0,1-0,2% wmasity, 0,04-0,05%
itopy, 1,0-1,5% xmitkoBuHy, 1,5-1,7% wmine-
panbHUX PeYOBUH. fIK 3aryCHUK BUKOPUCTO-
BYBa/IM KadeMHaT HaTpito (3%), JOZATKOBO B
MOJIOYHY CyMilll JIA OTPUMAHHS JOTYypTiB
BBOWIN Cik abpuxocoBuit (15%) i 1yxop
(5%). s 3aKkBalIyBaHHS BUKOPUCTAJIN Tep-
MODiTbHI MOIOYHOKMCIIi CTPENTOKOKM 1 KOH-
LeHTpar jaakrobakrepiit. ITicas doro cymimr
6araTopasoBo IepeMiIIyBaay i CKBAIIyBaIu
IPOTATOM TORMHU Ipu Temmeparypi 37°C.
3pasKy JOTypTiB Ma/iy piBHOMipHMIT 3TYCTOK,
XapaKTepu3yBaanCs IPUEMHUM KICIOMOTIOY-
HJM CMaKoM 6e3 IpycMaKy fo6asku [20].
EseneBa B.B. B cBoix po6oTax Takox Bu-
BYajia JIAKTOBMiCHi [06aBKM 30aradeHi iio-
oM, KatieM i KanbiiieM [15]. Boun orpumani
HIZIAXOM CMHTE3Y Ha OCHOBi XapyoBOi MO/IOY-
HOI KVMICTIOTM i CIIONYK 3 Kaslilo, oy i Kasb-
iro. lo6aBka «JlimakTiH-P», 3aBasku edek-
TMBHOMY iHTi6yBaHHIO PO3BUTKY CTOPOHHBOI
Mikpodnopu, raTbMyBaHHA OKICITIOBAIbHIX
IpoleciB 1 perymoBaHHA MeTabOMIYHOI aK-
TUBHOCTI MiKpOOPraHi3MiB 3aKBacKi B IIPO-
IYKTi HiC/IA CKBalllyBaHHS, 301/IbIIye TepMiH
npugatHocti jorypry. [lo6aska «Von-
ninmakTin-P» nepesepiye 1o TepMoCTiiKoC-
Ti KyXOHHY JO[IOBaHYy Ci/lb, Hafla€ JIOrypTam
TAapMOHIJIHI OpPraHONIENTMYHI BIACTUBOCTI,
3aJI0BOJIbHSIE MOTPeby B itoxi [15, 16, 37].
TaBpmnosa H.b. i A6ngpaxmanosa [.O., fo-
CIPKYI0YM BMKODUCTAHHS HAIlOBHIOBAYiB 3
BIICOKMM BMiCTOM XapYOBMX BOJIOKOH B KIJIC/IO-
MOJIOYHIIX IIPOAYKTaX (DyHKIIOHATBHOTO IIPH-
3HAYeHHs], 3allaTeHTYBaIU CHOCI6 BUPOOHU-
IITBA KJCTIOMOJIOYHOTO HAIlOI0 «AJITMHCYT».
Ile dyHKI[iOHATbHMIT TIPOLYKT, AKMIT He Mic-
TUTb H06ABOK, OTPUMAHIX IITYYHUM LIIAXOM,
i XapaKTepu3yeTbCsA BUCOKIM BMIiCTOM BiTaMi-
HiB, MiKpO€/IEMEHTIB i Xap4OBUX BOJIOKOH 3a-
BIIAKM BBEJJCHHIO OBOYEBOTO HAIIOBHIOBAYa HA

OCHOBI MOPKBI a60 cTO/MOBOTO 6ypsika [5, 6].
Po3po6/1eHO HaIOBHIOBAY, SIKIIL SIBIIE COOOI0
IIeKTMH-OBOYEBY IIaCTy ab0 CyXi IOPOLIKI
6ypsika i MOPKBY Ta BHOCSTBCS Y BUIJIAAL CH-
poIry B MOJIOKO Iepef 3akBackowo [7]. ITep-
CIIEKTVBHVIM € BUKOPVUCTaHH: 6OPOIIIHA 3 IUI0-
JiB pO3TOpOII, AKa Ma€ aHTUMOKCUJAHTHI
B/IACTVBOCTi BiTHOCHO MOJIOYHOTO >KVpY [9].

Otxe, aHamisyoun iteparypHi faHi, Moxe-
MO 3pOOUTH BUCHOBOK, 110 icHye 6e3/1i4 iHHO-
BaLiifHVX ITIIXOMIB JO BUPOOHNUIITBA JOTYPTIB
i ocobnuBa yBara IpUAUIAETHCS ONTUMIsaLi
pelenTypu 3 ypaxyBaHHAM CTBOPEHHS IIPO-
IYKTY GYHKI[iOHATBHOTO pYU3HAYeHHSL. 3 Iii€10
METOIO JIOTYPTH 306aradyloThCs PiSHUMY BYZA-
MM HaTIOBHIOBAYiB i J06aBOK, 1110 Ii/IBUILYIOTh
XapyoBy Ta 0i0/MOriYHY IiHHICTD.

JIitepaTtypa.

1. bBenoxpmumikas, E.A. Bmmanme HamomHmTeneir Ha
busuko-xumumdeckue caoiicTsa itorypros / E.A. Bemo-
kpunnnkasg, H.IO. Yecnoxosa, J/I.B. Jlesouknna // TIn-
IieBas IIPOMBIIIIEHHOCTD. — 2009. — Ne5. — C.52-53.

2. Buonoruyecku akTUBHBbIE BelecTBa MojokKa/ A.M.
Manpiruaa, H.A. Tuxomuposa, V1.V Vionosa u aip. —
M.: ArpoHUMTOuIIIL. - 1997.- 16c.

3. Borarbipes, A.H. IIpo6remsl 350poBoro muTaHus /
AH. Borarpipes // Xpanenme u mepepaborka
CeNMbX03ChIpba. — 1997. — Ne10. — C.20-22.

4. boupapenko H.J. IlepcrieKTuBbl MCIIONB30BaHMA
arapos «Procsagel» B IOrypTax ¢ OHV>KeHHO KUP-
Hoctpio / H.J. Bompapenko, VI.M. MuponeHnxo,
A.H. Apxunos, A.M. Hecreposa // Monounas
IpOMBIIIEHHOCT-2009. — Ne10. — C.34-35.

5. Taspunosa, H. b. Kucnomonounsiit mpomykT s re-
ponmernyeckoro mmranusA / Tappunosa, H. B. // Mo-
JIOYHAs! TPOMBIIIIEHHOCTD, — 2011, - Ne 12, - C. 77.

6. Taspunosa, H.b. HuskomakTo3Hblii KMCTOMONTOYHBIN
nanurok/ H.B. Taspunosa, C.B. Msno // Monounas
MPOMBIIIIEHHOCTD. — 2005 — Ne12. - C. 44.

7. Tanmapos, M.I. HoBble HM3KOMAaKTO3HbIE TIPOLYKTHI
C MCIIOIb30BaHMeM (pepMeHTHBIX npenaparos / M.I.
lanmapos, VI.I. ViBanosa, JI.B. Conomazuna // Ilu-
IeBasA IPOMBIIUIEHHOCTD. — 1998. — Ne7. — C.20-21.

8. Iypkos, V. IHHOBalMOHHAsA [IeATENbHOCTb POCCHUIL-
CKMX TIPOMBITIIEHHBIX TipeanpusATnit / V1. Typkos, A.
AspamoBa, B. Ty6anos// Bompocbl SKOHOMUKI. —
2001. - Ne 7. - C. 75-84.

9. Jxamreesa, 3.A.-M. «MyKa pacTuTenbHas UX IJIOOB
PacTOpOMIIN TIATHUCTOI» KaK aHTUOKCUJAHT B MO-
nounom xupe / 3.A.-M. [Ixameesa // CoBpeMeHHbIe
HaykoeMKuie TexHonornu. — 2008.— Ne3.— C.7.

10. Jopoxoswy, A. M. BuxopumcTaHHA Taratosm Ta
MaJIbTUTOINY I1iji Yac BUPOOHUIITBA )KyBa/IbHOI Kapa-
Mmerni cnerjianbHoro nmpusHauenHsa / A. M. Jlopoxo-
By, O. C. Boxok, JI. C. Masyp // Ilporpecussi
TeXHiKa Ta TEXHOJOIii Xap4oBUX BUPOOGHULTB pec-
TOPAHHOTO TOCIOAAPCTBA i TOpribmi. — 2016. — Bum.
1. - C. 90-101.

49



Zbiér artykutéw naukowych.

11. JICTY 4343:2004 Viorypru. 3aranbhi TexHiuHi ymo-
Bu. — Beep. 20-09-2004. - K.: [Jep>KCIO>XXMBCTaHAAPT
VYkpainn, 2005. - 11c.

12. lypues, A.[l. 3amuTHOe BO3JeiCTBYE BUTAMIUHOB
npy MHAYLMpOBaHHOM MyTareHese / A.Jl. JlypHes,
E.C. Cupnnesna, A K. JKanaraes, B.A. Hukutuna u np.
/I Becthuk PAMH. - 2006.—- C.27-31.

13. Oypues, A.Jl. ®yHKuMOHAIbHbIE TPOAYKTbI INUTa-
nus / AJl. Nypues, JI.A. Oranecsann, A.B. Jlnucuumun
/I XpaHenue u mepepaboOTKa CeIbX03 CBHIPbA. —
2007. - Ne9. - C. 15-20.

14. EBnokimoBa, O.B. KoHKypeHTHBIiT IIOTeHIman (pyHKLy-

OHA/IPHBIX MPOJYKTOB IMTAaHMSA — OCHOBA CTpaTeruu
nponsBoyicTBa 1 peamsaipm / O. B. EBgokmmoBa, A.A.
IMumanosa, E.I1. Kopxena u zip. // Vissectus Bysos. [In-
meBast TexHomorus. — 2008. — Ne5-6. — C. 24-27.

.EBenesa, B.B. [lo6asku pns itorypra./ B.B. EBenesa,
AJL Py6nes, JI.A 3abomanosa // MonouHas mpo-
MBILIIEHHOCTD. — 2010 — Ne7 — C. 48-50.

16. EBeneBa, B.B. Jlakrocopiepykaiiye nuiiesble f06aB-
K1 HOBoro nokonenus / EBenesa, B.B. // Monoynas
MIPOMBIIITIEHHOCTD. — 2011. — Ne4 — C.71 - 70

. 306koBa, 3.C. ITumesbie BonokHa / 306kosa, 3.C. //

MonouHast TpOMBIIIIEHHOCTD. — 2006. — Ne10.— C. 30.

306k0Ba, 3.C. OYHKIMOHA/IbHBIE 1Ie/IbHOMONIOYHbIE

npoaykrbl / 306koBa, 3.C. // Mono4yHas mpoMbILI-

JIEHHOCTb. — 2006. — Ne3. — C.46-52.

19. Kanennk, T.K. Bo3aMO)XHOCTI onTuUMuM3aIum mmura-
nua / T.K. Kanenuk, JI.B. Kymyaxk // TTumesas mpo-
MBIIZIEHHOCTb. — 2010 — Ne4.— C.50-51.

20. Kosanp, [1.B. Vicnonp3aoBaHue naMuHaIs B TEXHOMO-
Iuy OACOAeP)KalMX KIUCTOMOTIOUHbIX IIPOYKTOB/
I1.B. Kosanp, IO.I1. Mlynerun, JLIO. Jlaxenuesa un
ap. // VsBectus Bysos. IlumieBas TeXHONOTHMA. —
2006. — Nel. — C.43-45.

. KoueTkosa, A.A. VIHHOBalMOHHAsA TONMMUTHKA B pea-
JIM3AIMM TeXHONMOTMIT (BYHKIMOHAIBHBIX IIPOJYKTOB
rmutanus / A.A. Kouerkosa, O.B. Bonbiuakos // Tex-
HOJIOTUM U HPOJIYKTI')I SHOPOBOFO NUTAHUA: Me)](}:[y-
HapopHast KoHd. — Mocksa, BBII. - 2003. - C.18-23.

22. Kouerxosa, A.A. OyHKIMOHA/IbHbIE TIPOJYKThI B KOH-
uermy 3popoBoro muTanua / Kouerkosa, A.A. //
ITmmeBas IPOMBIIITEHHOCTD. — 1999. — Ne3. — C.4 -5.

23. KproukoBa, B.B. O6oralieHHbIil KICTOMONTOYHbII
nanutok // B.B. Kproukosa // MonouHast IpoMbIIi-
JIeHHOCTh. — 2011. — Ne 12. - C. 70-71.

24. Kproukosa, B.B. Ilepcriekrysbl passutust QyHKIMO-
HA/IbHBIX MPOAYKTOB muTanusA // B.B. Kprouxosa // Mo-
JIOYHAS TIPOMBIIIIEHHOCTD. — 2011. - Ne 8. — C. 36-37.

. Kynpasuesa, T.A. Kucromonounpiii nmpomykr,
oboraurennsi maravem // T.A. Kyapsisuesa // Monou-
HasA MIPOMBIIIIEHHOCTD. — 2012. - Ne 2. — C. 65-66.

26. Menbunkosa, EJI. Vorypr ¢ cuH6uoTMYecKnMu
cporictBamu / E.J. Menbuukosa, A.H. Ilonamapes,
M.O. llupynos // Monoynas TpOMBIIIIEHOOCTD. —
2011. = Ne12. - C.64-65

27. Menbuukosa, E.VI. HoBblit mpupopHblit mojcmacTy-
Telb — GMOKOPPEKTOp MuIeBbIX panyonos // EJA.
Menbuukosa // VIssectue By3oB. ITuiiepas TexHOO-
rus. — 2010. — Nel. — C.52-54.

28. Munopazosa, E.B. ITnimieBble IpomgyKThl ¢ UCIOND-
3oaHmeM coesoit myku / E.B. Munopaznosa, C.E.
Tpay6enbepr, J.B. Bsnbuesa. // IluuieBas
TIPOMBIIITIEHHOCTD. — 2013. — Ne11. — C 48-50.

1

wl

1

~

1

o

2

—

2!

w

(=3

—

[}

@

v

(=2}

N

o

@

o

29. Mar 2251279 P® Moryprasui npogykr H.JL. Iyn-

yenko, H.C. Kononos, C.B. Kynioa, A.A. Kopenxko-
Ba Ne 2002103706, sasiBneno 15.02.2002, omy61uko-
Bano 20.02.2003, Brom. Ne 13

.ITar 2285424 PP Croco6 mpousBofcTBa Iorypra

A.H. Ilonomapes, A.A. Mepsnukuna, [I.E. Ilemymni-
HOB, M.I. Masun. Ne 2005117465, 3asaBneHo
07.06.2005, onry6mkoBano 20.10.2006, Broy. Ne 13

.Iar 2291622 P® Cmoco6 momydeHns iorypra

C.B. Xynanosa, JI.B. Tony6esa, JL.I. Kupumiosa
Ne 2006102720, sassiero 01.02.2006, ory611MKoBaHO
20.01.2007, Brom. Ne 13

.Iar 2307514 P® Crioco6 momy4yeHns KucioMonoy-

Horo npogykTa tuma jtorypt }0.C. Pabko, O.B. JIy-
kuH, B.B. Jlanuna, H.M. Illycrposa. Ne 2006106394,
sagBneHo 02.03.2006, omy6mukosano 10.10.2007,
Bron. Ne 13

.ITar 2324178 P® Croco6 mpousBOACTBa JOTypTa ¢

obnernxort M.II. Mormnbasii. Ne 2001132952, 3as8-
neHo 06.12.2001, ony6nmkosano 27.11.03, Brom. Ne 13

.Ilat 2324178 P® Crmoco6 mpomsBOfCTBa iforypra

C.I. Kanaperixuna, VI.A. Axaroa, B.J. Kanapeii-
kuH. Ne 2007112550, 3asBineno 27.03.2007, omy6mm-
KoBaHo 27.03.2009, Brom. Ne 13

. ITar 2349092 P® Croco6 momydenus itorypra C.IT.

Tlerpuuenxko, JI.A. 3a6opnanosa, 10.C. Kroukosa. Ne
2007112440, sassreno 03.04.2007, omy6mmKoBaHO
10.10.2008, Bron. Ne 13

.ITar 2366194 PO Croco6 mpousBopcTBa iorypra

M.A. Urnarpes, H.b. laspunosa, [I.B. MupoHunkos.
Ne 2007133068, sassneno 03.09.2007, ormy61mKoBaHO
10.09.2009, Brom. Ne 13

.ITaT. 2341981 P® KommiekcHas nuieBas go6aBKa

EBeneBa B.B., VBanoBa O.A.- Ne 2006123874/20;
sasiL. 03.07.2006; omy6s1. 10.02.2009, Brom.Ne4.

. ITar. 2391843 P® Cnocob nomyyenus iorypra B.B.

Esernesa, JI.A. 3aboganosa, A.JI. Py6nes, T./. Mu-
HuHa, VI.H. ®uimmonosa —Ne2008121478; 3asBieHo
27.05.2008, omybmmkosano 20.06.2010, Brom. Ne 17
ITar. 2409965 PP Crioco6 mormyyeHyis Tarato30CoepsKa-
1LErO HOJC/IACTUTENIS 3 MOJIOYHON ChIBOpOTKN (Mertb-
Hukosa EJL., Hudrames CJA, Mnpyros M.O. - omy6r.
27.01.2011, Brom.Ne3(4.3/1 V3obperenne.2011.))]

. ITniesble BookHa B ipogrykrax muranus/ JLI. Vina-

ToBa, A.A. Kouetkosa, A.Il. Hewaes u p.// Ilnmesas
TIPOMBIIIEHHOCTD. — 2007. — N5, — C.8- 10.

. Opamnonbckas T.B. Bupupobakrepun u ux UCIonb-

30BaHME B TEXHOJOTUM MOJJIOYHBIX HpO}lyKTOBZ
Yue6noe nocobue / T.B. ®pamnonbcekas. — Kpacno-
nap: Vizn-so KPMA. - 2000. - 40c.

. Xypuryzsas, C.A. OyHKIMOHAbHbIE MPOYKTHI MATAHML:

nipo6rembl Ha hore crabubHOro pocta / C.A. Xypuryasas
// Thesas IpOMBILIEHHOCTD. — 2009. — Nel. — C. 8-9.

.Bjerre P. In Recombination of Milk and Milk

Products, Special Issue. 9001, International Dairy
Federation, Brussels. - 1990.-P. 157-165.

. Domagaia J., Juszczak L. Flow behavior of goats milk

yoghurts and bio yoghurts// Food Science and
Technology Electronic Journal of Polish Agricultural
Universities. - 2004. - Vol. 7. issue 2.

Dupont D. et al. Determination of bovine lactoferrin
concentrations in cheese with specific monoclonal
antibodies// Int. dairy J.-2006.— Vol. 16.-issue 9.- p.
1081-1087.

50



Inynieria i technologia.

MIIEHNYHBIN XJTEB C MOPKOBHBIMI CYIIEHBIMU
BbIJKbIMKAMMU

Ipnmenko A.H.
KaHIMJaT TEXHNYECKNX HayK, TOLEHT HaLU/IOHa)'IbeII;I YHUBEPCUTET NNIIEBBIX
TEXHOJIOTUIA

Kaun6omonkas K.M., Kopueesa T.H., Illkpa6a M.B.

CTyfeHTbl HallnmoHaIbHbIl YHMBEPCUTET IMUILEBbIX TEXHOTOTHIA

Annomauyus. B cmamoe npugedeHvl pe3ynvmamul UCCIe008aHUS MeEXHOT0ZUHECKUX CB0TICME
CYULEHBIX MOPKOBHDLX BLINUMOK, A MAKHE UX BTUAHUS HA NOKA3AME/NU KA4eCcmead NULeHUHHO-
20 x7160. YemanoeeHo, umo cyuieHvie MOPKOBHDbLE BLINHUMKL NOBLIULAION 8000N0/IOMUMENb-
HY10 CHOCOOHOCMb Mecma, 4mo 3HAYUMENbHO 6/IUsSent HA NOKA3AMENl MeXHONI02UecKo20
npoyecca. Yoenvuiil 06vem xneba, npu dobaeneHuu 5-10 % 6bLKUMOK, yMeHbULAeMCS HA
7-18% 6 cpasHeHuu ¢ KOHMPoneM, NpU IMOM yryuuaemcsi opmoycmotivusocmy Ha I14-
15,5%. Maxuui xneba ¢ biauUMKamu umeen 6osee OKPAUIEHHY0 KOPOUKY U MAKULL, NPUSNHDLIL
apomam u 8Kyc.

KiroueBble cioBa: IIIEHNYHBIN XHe6, CyIJ_IeHI)Ie MOpKOBHbIe BbDKVIMKM, INIIEBAasA ILICH-
HOCTb X71e6a, Ka4ecTBo xy1eba.

Annomauus. The article presents the results of research of technological properties of dried
carrot waste pulp, as well as their influence on the quality indicators of wheat bread. It is estab-
lished that the dried carrot waste pulp increase the water-absorbing capacity of the dough, which
significantly affects the indicators of the technological process. Specific bread volume, with the
addition of 5-10% of the dried carrot waste pulp, is reduced by 7-18% compared to the control,
while the shape stability is improved by 14-15.5%. The crumb of bread with addition of carrot
waste has a more colored crust and crumb, a pleasant aroma and taste.

Key words: wheat bread, dried carrot waste pulp, bread nutritional value, bread quality.

HemanoBaxuoit npo6memoit B XXI Beke
SIBTIsIeTCSL 0OecIiedeHye JOCTATOYHOTO KO-
4YecTBa BUTAMMHOB B paloHe nuTanus. Kak
IIOKA3bIBAIOT Pe3y/NbTaThl MCCIe0BaHNUA
Y4YEHBIX, €CTb TeHJECHIIMA HeXBaTKU BUTAMMU-
HOB, B 4YaCTOCTY BUTaMIHA A, 4TO CBA3aHO C
HepaloOHa/IbHBIM IUTaeM [1]. YueHsle Be-
IOYT MUCCIeOBaHMA TEXHONIOIMM IIONy4eHMsA
KapOTHMHCOJEPXKAIUX IIPENapaToB, ChIPbs C
LIe/IBI0 VICIIOZIb30BAHUA UX B IMUTaHUM (Kak
£06aBOK) M [/Is1 IPOM3BOACTBA OOOralieH-
HBIX IIPOAYKTOB [2, 3].

B Ykpanse ofHMM U3 Hanbosnee HOIYIIAP-
HBIX [IPOLYKTOB, KOTOPBII MOTPEOIAIOT KaX-
IBI fieHb, AB/AeTcs x1e6. I10aToMy MMEeHHO
x71e6 MOXKET CITY>KUTb MCTOYHMKOM OGOTIBIIIOr0
KO/IIYeCTBA HeOOXOMVIMBIX I/l YeJIOBeKa Hy-
TpueHToB. Ho ero xmmmdeckmii cocraB He-

cbamaHCpoBaH O MHOIMM Tokasaremrsim. C
1[e7IbI0 00OTallleHNsT XUMUIECKOTO COCTaBa
X1e600y/IOUHBIX U3JIe/NIT VICTIONB3YIOT PPYK-
TOBBIe ¥ OBOIHBIE MOPOLIKV (SOTOYHBII,
MOPKOBHBIN, TBIKBeHHBII 1 T.J.) [4]. Tlep-
CIIEKTUBHBIM CBIPbEM, KOTOPOE MOXKET IIOBbI-
CUTh INIIEBYI0 LEHHOCTb X/1e000YTOYHBIX
U3JIe/IIT MOTYT OBITh CYIIIEHbIE OBOLIHbIE BbI-
KUMKM. 3a TOC/Ie[HNE TOfbl 3HAYUTENHHO
BBIPOC aCCOPTUMEHT COKOB U UX KYIaXKeil ¢
OPraHNYeCKOTO IUIOFOOBOIIHOTO ChHIPbs, B
IIpoljecce IPOU3BOACTBA KOTOPBIX 00pasyeT-
CSI MHOTO OTXOJIOB — BBDKVIMOK, II€HHOTO Cbl-
Pbs1 LA MUILEBOI IPOMBIIUIEHHOCTH [5, 6]. B
TEXHOJIOTMY HPSIMOTO OTKMMA MCIIOIb3YIOTCS
TOZIBKO CBeXue, 6e3 IOpaKeHWIT OBOLIM U
GpyKTHL B HepHOZ cOOpa ypoxkas, HOITOMY
BBDKIIMKI, KOTOPBIE 06PasyioTCsI, IIPaKTIIe-
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Tabnuua 1.

[Mokasartenu kavecTBa xneba ¢ cyleHbIMU MOPKOBHBLIMW BbXUMKaMM

MokazaTenu KoHnTponb Aob6aBneHo BbDKUMOK, %
) 10
TecTO
BnaxHocTb, % 44,3 43,5 43,2
KoHe4yHasa KMCnoTHOCTb, | 2,1 2,4 2,6
rpag.
MpopomknTenbHOCTbL 33 34 41
PacCTOWKN, MUH.
Xneb6
YaenbHbI 06bem, cv?/ T | 2,22 2,06 1,81
DOpMOYCTONYMBOCTb, 0,51 0,59 0,58
H/D, nogosoro xneba
MopuctocTb, % 70 66 60
CocTosiHne rnagkas, ¢ rnagkasi, C éntbim LopoxoBaTasi, 3aMeTHbI
NOBEPXHOCTH KpemMoBbIM OTTEHKOM KPYMHbIE YaCTUYKM BbKMMOK,
1 oKpacka OTTEHKOM 3onoTtucTas
LiBeT mskwa KpemoBbIN, XENTLINA, C TEMHO-XENTbIN, C
CBET/bIN BKITHOYEHUSIMM MOPOLLKA | BKIHOYEHUSIMU MOPOLLKaA
CTpyKTypa NopuUCTOCTU | TOHKOCTEHHAS, TOHKOCTEHHas!, nnoxo passuTa
Menkasi, cepaHssi, paBHOMepHas
paBHOMepHasi
Bkyc n apomat BUPaXXeHHbIN, cnerka BUpaxeHHbIN, BUPaXeHWIN, NPUSATHBIV, BKYC
XapakTepHbI Ans | NPUATHBIA, BKYC U 1 apomaTt MOPKOBM,
xneba apomaTt MOpKOBM ropbKoBaTbiit

CKI He COIepKaT IIOCTOPOHHEN MMKpOQIIo-
PbL, a B C/Ty4ae MCIIO/Ib30BAHNA OPraHNYecKo-
TO CBIPbA — IECTULIN/IOB, TAXKEIbIX METaJIIOB.

B pabote nccrenoBani BbDKMMKI MOPKOB-
Hble CylleHble (IIOC/Ie IIPOM3BOACTBA OpTa-
HIT9ECKOTO COKa IPSIMOTO OTXKMMa), X/1eb us
HIIEHNYHON MYKM II€PBOTO COPTA, M3TOTOB-
JICHHBIII 6e30mapHbIM crioco6oM. C Ienbio
YCTaHOBJIEHUA BIMAHUA CyLIEHBIX MOPKOB-
HBIX BBDKMMOK Ha IIOKa3aTe/Iy KayecTBa XJie-
6a, mpoBOAVIIN IIPOOHBIE TAGOPATOPHBIE BBI-
IeYK) M OLIEHKY KadecTBa X/eba COINacHO
OOLIETPMHATHIX METOIMK.

AHanm3 TpPaHYIOMETPUYECKOIO COCTaBa
HIOKa3bIBaeT, YTO CyIIeHHbIe MOPKOBHbBIE BbI-
KVMMKM MMEIOT OOJbIIYI0 KPYIHOCTh YeM
o6oitHas MyKa. [ 060IHO MYKU CXOf, C
cuta Ne067 He npesbinIaeT 2%, 111 BbDKMMOK
9TOT IIOKa3aTe/b cocTapnsAeT 13,3%. MopKoB-
Hble BIDKMMKY TakKe OO/MafjaloT BBICOKOI
BOJIOIIOITIOTUTEIBHON CIIOCOOHOCTBI0. MeTo-
IOM LeHTpU(YTUPOBAHYA YCTAHOBICHO YTO
BOJIOTIOITIOTUTENbHAA CIIOCOOHOCTD MOPKOB-

HBIX BBDKMMOK COCTaBfeT 367 %, a MyKu
mureHnaHoit — 240 %. OueBUAHO, 3TO 06Y-
CJIOBJIEHO BBICOKUM COfiep>KaHVeM IeKTUHO-
BBIX BEIL[eCTB VI TEMUIIE/ITION03 B MOPKOBIL
Cy1eHble MOPKOBHbIE BBDKIMKY T00aBILA-
7 K Macce MyKu B Kommaectse 5 u 10%. Ilo-
CKO}II)KY BBDKMMKN UMEIOT BI)ICOKYIO BOJOIIO-
IJIOTUTETIBHYIO CIIOCOOHOCTD, B TECTe YMeHb-
[IA€TCS KOMMYECTBO CBOOONHON BIATY, YTO
IIPUBOAUT K YMEHDBIIEHNIO BIAXKHOCTU TECTa.
Taxoke yBeIMYMBAETCA €ro BA3KOCTb. BbI-
SKUMKJ HECYLIeCTBEHHO BJIMAIOT Ha KUC/IOT-
HOCTb T€CTA, OHAKO 3HAYMTE/IHHO IIOBBIIIAIOT
ero BOJOIOINIOTUTENBHYI0 CIOCOOHOCTD,
BC/IE[ICTBYME YEro YMEHDINAETCH Y/ieIbHBbIil
00'beM U IOPUCTOCTD X/1e6a, MOBBIIIAETCS T10-
Kasaresb popMoycToranBocTy (Tabnuua 1).
AHanumsupys opraHoeNnTIYecKue MoKasa-
Te/y KadecTBa x1eba yCTaHOBIMIIN, YTO U3fie-
A ¢ pobOasneHreM 5% BBDKMMOK MMeEN
XOpOMINit IIBeT KOPOUKM U MAKUINA, TIPUAT-
HbI BKyC 1 apomar. IIpu go6asnenun 10%
BBDKJIMOK I[BiT KOPOUKY CTAHOBUJICS YKEITO-
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KOPUYHEBBIM, Ha TIOBEPXHOCTY CTAHOBVIINCD
3aMeTHBl YaCTMUKM IOPOIIKA, KOTOpbIe BO
BpeMsi BbllleKaHMs Ipuobperann euje 6oree
BBIPQOKEHHBINl IIBET, BCIENCTBME peaKLNM
MenaHOUIMHOOOpazoBanys. IIpy aToM BKyC
M3Je/INIi CTAHOBUJICA OY€Hb BBIPa>KEHHBIN C
MIPYBKYCOM CYLIEHOTO IIOPOIIKA.

B pesymbpraTe HpOBeNEeHHBIX MCCIEOBa-
HIIT MOYKHO C[Ie/IaTh BBIBOJ, O Lie7lecoobpas-
HOCTM fo6aBIeHNs He 6oree 5% MOpoIIKa U3
MOPKOBHBIX BBDKMMOK K Macce Myku. B cry-
Yyae yBe/IMYEHMS JJO3UPOBKM HY>KHO ITPOBO-
IUTb [TOIOTHUTEIbHbIE TEXHOTOTUYECKIIE
MeponpuaATua. JlanpHeiimme nccnefoBaHuA
IOJDKHBI OBITh HalpaB/IeHbl Ha MONCK pellie-
HIIL /1A YIy4LIeHNA KayecTBa U3Je/INIA.
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WPROWADZENIE DO C-PROGRAMOWANIE NA MK

Lavrynenko M.E.

Narodowy uniwersytet radioelektroniki w Charkowie.

Stowa kluczowe:mikrokomputer,programista, C,asembler,C++,Java.
Keywords: Microcomputer, programmer, C, assembler, C ++, Java.

Stworzeniem jezykow programowania zaj-
muja sie profesjonalisci.Ale nie kazde ich
tworzenie bedzie mialo start w zyciu.Istnieja
jezyki za trudne w skfadni,inni s3 o waskiej
specjalizacji,a trzecie sa ledwie zrozumiale
nawet ich autoram.Przyjemnym wyjatkiem
jest jezyk C,ktéry byl zaproponowany w
1972 roku pracownikiem firmy “Bell” Denni-
sem Ritchie(Dennis Ritchie).Dlaczego C?Dla-
tego.ze pierwowzorem dla niego postuzyl je-
zyk programowania “B’ktory sprojektowal
Ken Tompson w 1970 roku.

C nalezy do jezykéw wysokiego poziomu-
,podobnie jak Fortran,Lisp,Logo.

Pierwotnie on byt zorientowany na $rodo-
wisko Unix,systemowych programistow i mi-
nikomputeréw.Projektanci zwrécili uwage na
to,ze C skalada sie ze srodkowktdre sa cha-
rakterestyczne jak dla stosowanego progra-
mowania,tak i dla maszynowego Asemblera.

Symbioza wysoko poziomowej logiki i
zwyczajnego dostepu do “Zelaza” okazala sie
bardzo niezbednym.Pézniej,przy stworzeniu
nowych mikrokontrolowych rodzin do ich
architektury zaczeli wprowadzaé wezlyktdre
na sprzetowym poziomie pomagali optymi-
zowac i przyspiesza¢ C-programy.Zwlaszcza-
,53 to rodziny Atmel ATmega, Atmel ATtiny,
Microchip PIC18, Microchip dsPIC i duzo
innych.

W sprawiedliwosci nalezy zauwazyé,ze w
czasy dzisiejsze programy dla MK piszg sie na
wielu jezykach-zaczynajac od Java i Forth do
Python i Ada.Jednak same C na praktyce stal
narodowym standardem “de facto”.Osobliwo-
$ci jego skladni pozwalaja stwarza¢ krotki i
szybko wykonywalny kod.Mimo tego,C po-
siada ceche multiplatformosci.

W idealnym przypadku amator radiowy

powinien wiedzie¢,co najmniej,dwa jezyki-
Asembler i C.Jednak czesto bywa,ze robiac
pomytki w uczeniu sie zlozonych asemblero-
wych instrukeji u uzytkownika opadaja rece i
gubi sie¢ che¢ zajmowaé sie programowa-
niem.

Dla tej kategotii czytelnikéw i réwniez dla
tych,kto zaczyna sie od zera jest zapropono-
wana inna metoda[l].A same,nauczy¢ si¢
podstawom jezyka C i wypracowaé swoj styl
programowania z wykorzystaniem ograni-
czonej liczby prostych i zrozumiatych opera-
torow”’Skrocony” C bedzie czym$ podobny
do Basic i Pascal.Do tego,nikt nie najazuje
rezygnowac z Asemblera.Przeciez z przybie-
raniem doswiadczenia,jego kody mozna be-
dzie z ogromnym powodzeniem wstawia¢ do
jakichkolwiek C-programéw.

Klasyfikacja programistow

Programistow mozna umownie podzieli¢
na nastepne kategorie:

1 Systemowi programisci-zajmuja si¢ roz-
wojem systemu operacyjnego,bibliotecznych
funkeji,systemowych plikéw,przeciwwiruso-
wych programéw.Jezyki robocze — C/C++,A-
sembler,Ada i jakiekolwiek inne znane.

2 Budowlancy gier-zajmuja si¢ projekto-
waniem gier komputerowych i réwniez gier
dla mobilnych telefonéw,KPK.Jezyki robo-
cze-C++,Delphi,Java.

3 Web-programisci-zajmuja si¢ projekto-
wanie stron internetowych,web-plikéwftp-su-
portem i mail-serweréw.Jezyki robocze-HTML,
XML, PHP, PeR1, ASP, JScript, SQL.

4  Programiéci biurowi-zajmuja sie stwo-
rzeniem i towarzyszeniem plikéw biurowy-
ch,buchalterowych program,baz danych,pre-
zentacji.Jezyki robocze-FoxPro, Postgree,
OraCle, IC, Visual Basic.
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5 Stosowani programisci-sa to specjalisci
masowego profilu,projektujace programy dla
wewnetrznego wykorzystania i pliku,zabez-
pieczajace zwigzek komputera z zewnetrz-
nym $wiatem,}gcznie na poziomie sieciowym.
Jezyki robocze-Cu/C++, Accem6brep, Python,
RSX, ProLog, SmallTalk, LISP.

6 Programisci-embedery-sa to specjalisci-
Jktére wbudowywaja systemy.Zajmuja sie
skladaniem i odlozeniem programéw dla MK
i PLIS.Jezyki robocze-Cu/C++, Accembrnep,
AHDL, VHDL, Verilog.Masowo wykorzystu-
ja komputerowe modelowanie.

W najlepszym przypadku powinni zna¢ sie
na elektronice «Zelaznej»i umie¢ spaja¢ ma-
kiete urzadzenia.

Amator radiowy,planujacy w doskonalosci
opanowa¢ MK powinien stara¢ sie sta¢ kwali-
fikowanym programistem-embederem i roz-
garnietym komputerowym programistem.Jak
w pierwszym,tak i w drugim przypadkach
przyda sie wspolny algorytmowy jezyk C.

1. Zrédlo:Promuk, C. M., 1000 1 offHa MUKPOKOHTPOTI-
nepHas cxema. Bpm. 2 / C. M. Pomux. - M.:JIP
JHopaka-XX1, 2011. - 400 c.: wr. + CD. - (Cepus
«ITporpaMMupyemble CHCTEMBI»).
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JOKYMEHTA/IbHE O®OPM/IEHHA KOH®IHYPYBAHHA
ITTIPOEKTYBAHHSI ABTOMATM30OBAHHOI .
IHOOPMANINHOI CMCTEMMU B ITPOLIECI BATTITAIIIL

Mepymescpkuit C.B.

acmipaHT Kadenpu «SKicTb, CTaHAAPTU3ALIA Ta YIPABIiHHA IPOEKTAMI»
Yepxacbkuii HalioHa/IbHMII yHiBepcuTeT iMeHi b. XmenbHmbKoro

KmrouoBi cmoBa: Bamimaris, mpoekT, Bepudikaiis, KoH(}IrypyBaHHs, aBTOMATM3ALlis,

AKICTb, PU3KK.

Keywords: validation, design, verification, configuration, automation, quality, risk.

Cnemmdikanisa xondirypanii i mpoekry-
BauHs1 (DQ) po3pobmsaeTbest TiMbKM AyIst
KOH(QIrypoBaHUX aBTOMAaTU30BaHUX iHPOP-
Maninaux cucrem (AIC) i oxomroe Bifgmo-
BifiHYy KOH(irypariio mIporpaMHuX i amapar-
HUX TNPOAYKTIiB, IO BXOJATH 10 1i CKmamy
BiIIOBigHO [0 3asB/IeHUX BUMOL. [lnsa He
KOHQIrypoBaHuX cucreM (CTaHZapTHUX)
po3pobka DQ He BMMaraeTbcst sTiTHO peKo-
Menpaniit GAMP-5 [1].

Hoxyment DQ pfae meranpHe TexHiuHe
PO3IINMpPeHH:A/301IbIIeHHA (QYHKIIOHATbHOI
criennikanii (FS) i ¢popmanbHO MOsACHIOE,
sxuM unHoM AIC 6yzne BuKOHyBaTH PyHKITI-
oHanbHI 060B’s3km. 1A indopmania cmy-
>KITb OCHOBOIO JIJ1s1 IIOZIa/IbIIOTO YIIPaB/IiHHA
koHdirypariero Ta sMiHaMu.

Jna pmeramisamii Ta MpOCTEXYBAaHOCTI BU-
MOT nepef6adaeTbcsi 0POPMIEHHS [BOX [O-
KyMeHTiB crenndikanii amapatHux 3aco6is
(DQH) i crenndikariii mporpamMHoro 3abes-
nevyenss (DQS).

DQ noBuHHa 1OKa3yBaTy AeTaabHY MpPO-
crexxyBaHicTb Beix ¢ynkniit AIC, Bignece-
HIX JIO allapaTHOI YaCTMHU, 3TiJHO 3i CXeMOI0
KUTTEBOrO LMKy [2]. DQ moBuHHA Bifmo-
BiflaTH TeXHiYHUM/(QYHKIIOHAIbHUM BUMO-
raM KOpucTyBada, a TakoX Bumoram GMP i/
a6o FDA.

DQH omnucye anaparsi 3acobu, fAKi BXO-
nsa1h B AIC Ta ix B3aeMofito 3 iHIIMMU arma-
patHUMMU cucTeMamy. JJaHWI HOKYMEHT Ha-
HAEeThCsl I KOHQIrypOBaHMX NPOLYKTIB i
BK/IIOYA€ B ceOe BM3HAYEHHS BCIX XapaKTe-
PUCTUK, HaJTAIITYBaHb i IapaMeTpiB amapar-

HOI YaCTMHI, 3a JOIIOMOTOI0 SIKOI 6ye GyHK-
nionysaru AIC.
[TpoekTyBaHHA yCTaTKyBaHHS BM3HAayae
anapaTHi KOMIIOHEHTHN CUCTEMMU, HaIIp., CHC-
TeMa 200 KOMIIOHEHTH apXiTeKTypy, abo iH-
Tepdeiicn.
DQH po3po6nsAeThes 3 METOI0 OIICY:
* OCHOBHUX CK/IaJIOBMX €/IEMEHTIB amapat-
HOTO 3a0e3IedeHHs;

o epefgbadyBaHUX IPUCTPOIB 36epiraHHA
TAHUX;

o TepuepiiiHNX IPUCTPOIB, AKi IOCTaB-
TIAIOTHCS;

« po6oyoro cepenosuie AIC;

* BYIMOT II0 €/IEKTPOXX/BJIEHHIO allapaTHOi
YAaCTMHIY, KA HA/TAIITOBYETHCA.

DQS micTuth AOKyMeHTa/nbHe CBildeHHA
mpo nporpamHi ckmagoi AIC, ski 6ynyTs Bu-
KOPMCTOBYBATUCA JI/Ii BUKOHAHHA BiJTIOBifI-
HUX QYHKLIOHA/JIbHUX 3aBfaHb. [IOKYMEHT
HAJaeTbCsl A/isi KOHDIrypoBaHMX MPOFYKTIB i
BK/IIOYA€ B cebe BU3HAYCHHA BCiX MOAYIIB i
migcrcrem nporpaMuoro 3abesnedenus AIC.

ITpoeKTyBaHHs IPOTPaMHOTO 3abe3nedeH-
Ha AIC BinbyBaeTbcsa Ha ABOX piBHAX. Ha
6ibIIl BUCOKOMY PiBHi BU3HAYaIOThCA IPO-
rpaMHi Momyni (migcucremn), sAxi copmy-
10Th oBHe cucremue 10, iHTepdericu Mix
LIYIMU MOJY/LSIMY, @ TAKOX y B3a€MO3B A3KY 3
iHIIMMY 30BHIiMIHIMM cucTteMamu. Ha Hiuok-
HbOMY DIiBHI OINCYETbCA POOOTA OKpEMMX
MIPOrpaMHMX MOZYIiB.

DQS po3po6sieTbCst 3 METOIO OIICY:

o OCHOBHMX MOZAY/IB 5IKi cHOPMYIOTb CUC-

TEMY;
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o CUICTEMM JIAHVIX i OCHOBHMX OO €KTiB JJAHNX.

DQH i DQS posrnapaoTbes i 3aTBepaxKy-
IOTbCA 3 BCTAHOBJIEHOI IPOCTEXYBAHOCTI
MDX BiflTIOBiTHMMM JOKYMEHTaMMN.

3MiHM B JJOKYMEHTH IIOBUMHHI BHOCKUTbCA
3TiIHO 31 CTAaHJAPTHOIO OIEpalifiHOI IPO-
Lefypu Airo4oi Ha MiJIPUEMCTBI, 3 YCBiOM-
JIEHHAM TOTO, 110 3MiHa B OJTHOMY JJOKyM€H-
Ti, MOXe IIPU3BECTU [0 HeoOXifmHOCTI BHe-
CEHHA 3MiH JI0 iHIINX JOKYMEHTM.

DQ € 0060B’A3KOBUM [OKYMEHTOM s
nepconany IT-Binpiny, a Takox daxiBuis, 3a-
JTy4eHMX [0 GYHKI[iOHYBaHHA CUCTeMMU
YIPaB/IiHHA AKICTIO.

JokymeHTn mo koHirypanii i mpoekry-
BaHHIO MOXKYTb MICTUTH Tabmuui i giarpamu
s imocTpanii KoHirypaunii cucteMn ama-
paTHUX 3aco6iB, CUCTEMHOTrO TaHAMADTY.
MOTOKIB TaHUX, JIOTiKM YIPaBIiHHA, CTPYK-
TypM JjaHUX i inTepdericis. [liarpamu B mpo-

eKTYBaHHI OO/IaJHAHHS BUKOPVCTOBYIOTHCS
IU1A PO3YMiHHA apXiTeKTypH i 3B’A3KY.

Buknagena indopmanis 8 DQH/DQS no-
BuHHA 6GasyBarycs a oOuiHWi pusmkis [3] Ta
Bigmosigat umHHUM HOopMaM GxP, FDA, a
TaKOXX IiIKPEC/IIOBATY Ti aCIIEKTH, SAKi MAIOTh
BUpillIaJIbHEe 3HAYEHHs Jyisi Oe3IeKy MallieH-
TiB, IKOCTi IPOJYKIIil, ITICHOCTi JTaHMX.
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BII/IVIB CUICTEMU 3BYIDKEHHA HA IUHAMIYHY
CTIMKICTh ABTOHOMHOI TEHEPYIOUOI YCTAHOBKMU ITPU

3HAYHUIX 3bYPEHHAX

Xomenko B.I.

acripaHT Kadeapy eeKTPOTEXHIKHU Ta eIeKTPOMeXaHiKM
JHIpOBCHKMII iep>KaBHMIA TEXHIYHMI YHIBEpCUTET

Komnues C.B.

KaH[MJAT TEXHIYHUX HaYK, JOLIEHT Ka(i)e,upn €/IEKTPOTEXHIKM Ta €/IEKTPOMEXaHiKI
JIHITpOBCbKMII iep>KaBHMIT TeXHIYHMI YHiBepcuTeT

Hisimos B.b.

TOKTOD TeXHiUYHMX HayK, IIpodecop Kadenpu eeKTPOTEXHIKN Ta eleKTPOMeXaHiK1
JHIpOBCHKMII iep>KaBHMIA TEXHIYHMI YHIBEpCUTET

Anomaujisi: Pozensinymo enaue €emHicHoi KomneHcayii iHepyiiiHocmi KoHmypy 36y0xneHHs
CUHXPOHHO20 2eHepamopa Ha OUHAMIYHY CIMILIKICb A6MOHOMHOI 2eHepy 1040l YCMaH08KU.
Knrouosi coBa: guHaMiuHa CTiliKicTh, aBTOHOMHA IeHepyl04a yCTaHOBKA, EMHICHAa KOM-

MeHcarlis.

Annotation: Influence of capacity indemnification inertance is considered to the contour
excitation of synchronous generator on dynamic firmness the autonomous generating unit.
Keywords: dynamic firmness, autonomous generating unit, capacity indemnification.

Beryn. Ha panwit yac y cBiToBili eHepre-
THUIi CIIOCTEPIraeThbCA 3pOCTAaHHA ABTOHOM-
HMX TeHepylounx ycrtaHoBokK (AIY), sAxi e
HEe3MIHHUM JPKEPEIOM e/IeKTPUYHOI eHepril y
MaJIOHACE/IEHNX MICIIeBOCTAX, /e IPOK/Ia-
JAHHA JIiHiJl €/IeKTPOIOCTavYaHHA € HeMlo-
L[I/IBHMM, a TAKOX Y MiCIIEBOCTAX, JOCTYII J1O
AKNX YCKMagHeHnit (ripchbki MicIieBOCTi, 0cT-
posairtp.) [1].

BT

PucyHok 1 - lNpuHuMnoBa cxema cuctemm
36ymxeHHsa CIT AIY

Insa nigeuiienssa criikocti AT'Y Ta cTabi-
nisanii BUXiIHOI HAIPYTY 3aCTOCOBYIOTH pe-
neitHe abo mapaMerpuyHe GOpCyBaHHA Ha-
Ipyru 30yIKEeHHs Ta CUCTEMM aBTOMATHY-
HOTO perynoBaHus 36ymxents (AP3).

Opnak, IpM MifK/IIOYEHHI CIOXMBadiB
CHiBCTaBHOI MOTY>KHOCTI, HAIIPUK/IAJl, ACHHX-
POHHUX JIBUTYHIB 3 K.3. poTopoM AI'Y BTpa-
YaIOTh CTIMKICTh i3-3a iHEPIiIHOCTi KOHTYpY
36y/pKeHHsI Ta 3HAYHOTO AVMHAMIYHOTO MafiH-
HA HAIIPyTH, 10 IPU3BOAUTD [0 BiIK/IIOYeH-
H: NIOTIEPENHDO MiK/II0YeHNX CIIOKIBaYiB.

Ilns migBUINEHHS AWHAMIYHOI CTiIKOCTi
ATY HeoOXifHO KOMIIEHCYBaTH €leKTpOMar-
HITHY iHepIilfHiCTb KOHTYpPYy 30yIKeHH:
CUHXPOHHOrO TeHepaTopa HIIIXOM BMUKaHH:A
€MHICHUX €/IeMEHTIiB B iHEpLiifHMII KOHTYP,
HaIPUK/IaJl, EMHICHUX HAaKONMYyBa4iB eHeprii
(EHE). IIpnmyoMy BMMKaHHS €MHICHUX erle-
MEHTIB MOXX/IMBO 260 IOC/IOBHO 3 0OMOT-
Kkoto 30ymxenHs (03), abo mapanenbHo 3 O3.

Iinb Ta 3amadi FOCHiMKEHH: L[iNII0 po-
60TM € MiZBUINEHHS OUHAMIYHOI CTiIKOCTI
Ta crabimisanii BuxigHol Hampyru CI' ATY
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Hanpyra craropa U, = V22308

AU % =16%; t,..=lc

emah

Crtpym cTaTopa

zém :‘JE'23I4‘

Crpym 30ymKeHs

1. =134 1, =654

PucyHok 2 — PexxuM nigknioYeHHs cTaTnyHoro
HaBaHTaXeHHS 3 HEKOMMEHCOBAHNUM KOHTYPOM
30ymKeHHS

LIAXOM KOMIIEHCallil iHepLifiHOCTi KOHTYpY
30YI>KeHHs PV 3HAYHNUX 30ypEeHH AX.

Pesynpratn po6oru. IIprHnnmoBa cxema
cucremu 36ymxenna CI' AT'Y 3 komIeHcoBa-
Hoto O3 HaBezeHa Ha puc.l.

Pesynbpraramm TeOpeTMUHMX HOCTiIKEHD,
SKi IPYCBsAYEH] MABUIEHHIO CTitKocTi AT'Y,
BUCBiT/IeHi B po6orTi [2].

I minTBepmKeHHs e)eKTUBHOCTI BIUIN-
BY KOMIIEHCOBAHOI crctemn 36ymkerus CI

Hamnpyra cratopa U, = V22308

AU, %=3%; t, . =0,lc

emafi

Crtpym cTartopa

[, =~2-29,54

Crpym 30y, 1KeHHsI

I,

=134; I, =654
] o

PucyHok 3 — Pexum nigkniodYeHHs: cTaTuyHoro
HaBaHTaXXeHHS 3 KOMMEHCOBaHVIM KOHTYPOM
30ymKeHHS

Ha [IuHaMivyHy cTiiikicTb AI'Y BuKoHaHi ekc-
TIePUMEHTA/IbHI JOCTiPKeHHA IpU MifK/Io0-
YeHi CIIO)KMBAYiB 3 PiSHMM HaBaHTa)KEHHAM.
Ha puc.2 naBefeni ocuumorpamu npu mif-
K/TIOY€Hi CTaTUYHOTO HaBaHTaXeHHs 3 He-
KOMIIEHCOBaHMM KOHTYpoM 36ymxenHs CI, a
Ha puc.3 — OCUMIOTPaMI 3 ITapajIe/IbHO KOM-
[IEHCOBAHVM KOHTYPOM 30y KeHH:I.
Cra6inisauis Buxignoi Hampyru CI' mpu
MiIKII0YeHi CIOXXMBaYiB 3 HOMiHa/JIbHUM
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Hanpyra cratopa U, = ME 2308

I =~2-364 1, =~2-704

Crpym sy maeHHA

I, =134 I, =1174

PucyHok 4 — Pexxum nigknioveHHs Al

3 HEKOMMEHCOBAHNM KOHTYPOM 36YDKEHHS
CTAaTUYHVM HAaBaHT)KEHHAM 3a0e3ledyeTb-
ca cucrtemoro AP3. YV Bumajky mpm migkio-
YeHi CIOXMBAYiB CIIBCTaBHOI IOTY>XHOCTI,
IO CYIPOBOJKYETHCA 3HVDKEHHAM HAIPYyTH
10 0,85U abo spocTanHAM cTpyMy Buie 21
610k dopcyBanna (BP) BMMKae THPUCTOP
VS§1, mo npusBoguTh K0 PO3PARY KOH/IEHCa-
topa €EHE na TII i O3 Ta xomneHcanii inep-
nintHocti O3. 3a 4yac, piBHUI 4BepTi Komu-

[, =~2-364 1, =~2-704

Crpyma shymsera

I, =134 I, =1174

Jmara

PucyHok 5 — Pexxum nigkniodenHs ALl 3
KOMMEHCOBAHWUM KOHTYPOM 36y[XKEHHS!
BaJIbHOTO PO3pA/ly KOHJEHCAaTopa CUCTeMa
AP3 BcraHOBMIOE HEOOXifHMII piBeHb Ha-
npyru 30ymxeHHs, a fiof VD4 BuMmuKae
KOHJIEHCATOP i3 KOHTYpY 30y KeHHS.
ITocnifoBHa KoMmeHcanis iHepuiitHOCTI
O3 3abesmeuyerbcsl HiOKIIOYEHHAM aHOZA
tupuctopa VS1 o ximemn 1, a mapasnenbHa —
no xnemu 2. ExciepuMeHTanbHi JOCTIIKeH-
HA BukoHaHHi Ha CI' turry MCA 72/4A, mo-
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Tyxnictio 12 xBr, U =230 B; iHOM:37,6 A;
CTpyM poTopa 23 A mpy HifiK/odeHi pisHOI
MOTY>KHOCT.

Ha puc.4 HaBefieHi ocijuiorpamu 1pu miz-
kmodeHi AJl moryxmnictio 11 kBt o AI'Y 3
HEKOMIIEHCOBAHIM KOHTYPOM 30y/KeHH, a
Ha pUC.5 — OCUMJIOTPaMH 3 ITOC/TiJOBHO KOM-
IIEHCOBAHVM KOHTYPOM 30Y/>KeHHS.

BucnoBok

Pospobrena crucTema 3 KOMIEHCOBAHUM
KOHTYPOM 30y[)KeHHs 3a0e3Iedye CTiil-
KicTh po6otu ATY Ta crabinisanio Buxin-

HOI HaIpyTM IPY MiJK/I0YeHi CIOXNBaviB
CIIIBCTABHOI IIOTY>XHOCTiI Ta HOpMaJjbHe
JKMBJICHH: IOIEePeJHbO MiIKII0YeHNX CII0-
>KIBaYiB.

Jliteparypa:

1. IlpaxoBHuk A.B. Manas eHepreTuka: pacupesielieH-
Hasi TeHepalys B CHCTEMaX 9/IeKTpocHabkenst / A.B.
ITpaxoBHuk. — Kuis: Ocsita Ykpainu, 2007. - 462 c.

2. Xomenko B.I ITigBuieHHs CTiiTKoCTi pO6OTH CHHX-
POHHOI MAIIVMHN IUIAXOM YAOCKOHAICHHS CHCTeMM
36ymkenHs / B.I.Xomenko, B.B. Hisimos, C.B. Komu-
yeB // CximHO-EBpPONENChKIIA KYPHAJ TIePeoBUX
TeXHOJIOTiit «DHeprocbeperaoine TeXHOMOTUN ¥
obopynosanme». — Xapkis, 2015 — 1/8(73). ISSN
1729-3774/ - C. 31-36.

61



Zbiér artykutéw naukowych.

MOJIE/Ib 3AXOIIVIEHHSA TIETEKTPUYHOI
HAHOYACTVHKN TA3EPHVIM IIIHOETOM

Anppianos B.10.
MmarictpanT Harjionanpbamit TexHiuHuMi1 yHiBepcuteT Ykpainn «KuiBcbKuil momiTeXHiYHMit
inctutyrt imeHi Iropa Cikopcbkoro»

Yangrok B.O
Kanpnpar TexHiYHMX HayK, JoueHT HaljioHanbHMit TeXHiYHNMI yHiBepcuTeT YKpainu
«KniBcpkuii nomitexHivamit iHcTuTyT iMeHi Irops Cikopcbkoro»

Kimio4oBi croBa: 1asepHuit MiHIeT, ONTHYHE 3aXOIUIEHHs, OITUYHA ITACTKa
Keywords: Laser tweezers, optical capturing, optical trap

Beryn. OnTudHe 3aXOIUIEHHS 1 MaHIIY/TIOBaHHA MIiKpO- Ta HaHO- 00’€KTaMy 3a JOIIOMO-
TOI0 Ta3ePHOTO MiHI[eTa € MepCIeKTUBHUM HAIPsMKOM B TajTy3i ma3epHOI ONTUKY. 3a JOIO-
MOTOI0 JTa3epHOTO IIHIIETY MOXKHA 3aXOIUTIOBATH, IlepeMilllyBaTy, 3’ €QHYBAaTH, IPOBOANUTH
pisHi MaHimynAnil 3 o6’eKTaMy Bifl JIeKiTbKOX HAHOMETPiB [0 [ieCATKIB MiKpoMeTpiB.
O6’exTOM MaHimyIALil MO>Ke 6y Ty KOTOITHA YaCTIHKA, MOJIEKYJIa, aTOM, K/IiTHHa, Bipyc. Cu,
[0 BUHMKAIOTH IIifi Yac ONTUYHOMY 3aXOIUICHHI, JOCUTb, 0O IIPOBOAMTY MaHIIY/IALii 3
KiTuHaMu 63 MeXaHiYHOrO KOHTAKTy 3 HUMI. TaK1M YMHOM, CTa€ MOK/ITUBYM JOTPUMAHHS
CTepMIbHOCTI 6i0/IoriYHMX 06’€KTiB B Ipoleci ix MaHimymoBaHH:A. JladepHuil miHueT Haby-
Ba€ BCe OI/IBIIOrO MOMIMPEHH B PISHUX HAMTPSAMKAX JOCTI/KEHD i IPAaKTHYHOTO 3aCTOCYBaH-
HA: 610/10TiA, MeANIMHA, MiKPOXipypris, HAHOTEXHOIOTI.

V 11iit po60Ti 3aIpOIIOHOBAHO MOJEIb, SIKA TOIIOMOXKE OL[IHUTY BE/IMYMHN CUTT, IPUK/Iajie-
HIX JI0 [lie/IeKTPUYHOI YaCTHHKHY, PO3TAIIOBAHOI y PiAMHI TO6GN3Y ONTHYHOI MTACTKIL.

ITo6ymoBa Moperi Ta Ti aHami3. PO3IIIHBMO YMOBM 3aXOIUIEHHS MEPETSDKKOIO JTa3ePHOTO
Iy4YKa 3 JOBKIHOIO XBIWIL A Ta MOTY)XHICTIO P chepnaHOi Fie/IeKTPIIHOT YaCTVHKY 3 TIOKa3-
HUKOM 3a/JIOM/IEHHA 1 Ta pajiycoM @ <<\, fgKa 3HAXOOMTbCA y PiAMHI 3 HOKa3HMKOM
sanomieHHs 1. Hexail (%0 %05 2) — KOODIMHATU TIEPETSXKM Ta3epPHOTO MydKa (MACTKM
/1a3epHOTO THIETa), x,y, z) — KOOP/IMHATH YACTUHKIL, BiCh Z leKAPTOBOI CHCTEMI KOOP/IMHAT
criBIafiae 3 BiCCIO JTa3epHOTO ITy4Ka, @ Bich y cipsAMoBaHa Bropy (puc. 1).

Puc.1. Cwn, AKi AiI0Tb Ha YaCTHHKY O/ MepeTsHKKIM JIa3ePHOro IIydKa

Ha ocBiT/eny pyXxoMy YacTUHKY Aif0Tb I ATb CWJ — cwta Tsokinua F, cuma Apxivena F,
poscitosanbia cuna F_ (Tuck cpitna), rpanientna cuna F, Ta cuna Crokca Fy, (cuna teprs),
piBHOZIIHOW AKMX € cuna F, aKy mogamo ii CKafoByMu B3JOBX OCell X, y Ta Z:

F =F,  *tF, —F

se.x St.x?

1)
2)

Fy :Fvc.y 7]7g +F, iFV,y 7FSI.y)

F.=F  +F_ -F., (3)

me'y dopmynax (1)—-(3) sHak «+» BilIOBifae yMOBaM x —x, <0, y -y, <0, z—z, <0, , 3HAK «—» —

X=%,>0,y-y,>0,z—2,>0.

PiBHORIIHY CIN TsDKIHHS Ta crmn ApxiMesia MOXKHA 3HAITH 32 GOPMYIIOL0:
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TTepetstxka
JIa3ePHOTO IIyUKa

Mikpoo6’eKTHE

4 , 4
F,,,—FA,=—§nas P—p)g @)

fie p — TYCTMHA YaCTUHKY, p, — TYCTUHA PiNVHY, § — HANIPYXXEHICTb IPaBiTaLliiiHOrO MOJIA.
PosciroBanbpHa cnma MoXke 6yTI/I THofaHa AK:

2 2 \?
g zgnw(m)%[ il j - (5)

* c\n*+2n

re k - xswmbose wncno (k=2m/)A), ¢ —WBUAKICTH CBiTMa y BakyyMi, S — BeKTOp
IToutmural1].

Mopyne BekTopa IIOMHTMHra MO’KHAa HAaONVDKEHO 3aMiHWMTV iHT@HCHMBHICTIO JTa3epHOIO
ITy4Ka:

2 2 2
2(x"+y
I=1,| 2| exp| - ( < ) , (6)
w(z) w(z2)
Jie 32 pajiiyCy NEePETsHKKU W, IHTEHCUBHICTD B 1i LIEHTPI JOPIBHIOE:
2P
IO = B > (7)
W,

a pajiiyc my4ka Ha BifICTaHi Z BiJj IepeTsKKM:

2
Az
w(z)=w,, [1+| —| - ®)
)= 2]
ITigcraBmsoun crniBBifHouenHs (7) ta (8) y dopmyny (6), BMpasuMo iHTEHCHUBHICTD BY-

IIPOMiHIOBAHHA Y€pes IMOTYXKHICTb:
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5%107% ;
500.10° ¢
‘?:: 4x107 4
= P
= vo(Aar  3x107
=
= vIi(At
> B9 o
=
5 4
o 1x10”
0
0
0 2x107 ' 4x107 1% 6x107 1 8x1071° 1x107°
At 10—9
Irradiation time_ s
2.2 2 2
angP 21w (x +y ) 9)
1= exp| —

2.4 2 2 24 2,2
W, +Az W, +AzZ

igcrasmsoun criBBigHomeHHs (9) v dopmyny (5), oTpuMaemo:

2
Flek 2n,a°w; P n-n xexp 21w, (x2 +y2) (10)
< (nzwg + kzzz) n’ +2n, Twy +A°20 [
ne K, = 8,36:105,

3pobimo omiHKy Ail cumu cBiT/Ia Ha 4acTHHKY. [IpuIryckarouy, 0 YacTUHKA 3HAXOAUTHCS
B LIEHTPIi IePeTHKKM ITy4Ka i Ha Hel Jjie TIIbKM TUCK CBiT/Ia, 3HAMIIMO 3a/I€KHICTh IIBUIKOCTI
YaCTMHKI Bifl 4acy fiii Ha Hei cBiT/ma At. 3a 1jei1 Yac YaCTMHKA MOIIMHE eHEPTilo 2 Pg? At/ wé
Bim 2 PazkAt/ hcwg ¢doToHiB, AKi IepefafyTh YaCTUHI iMITyIIbC 2 PazAt/cwé . OTprMaBIM
TaKumit iMIy/IbC, YaCTMHKA HaOyBa€ y BaKyyMi IIBUJIKOCTI:

yo LA (an
2nthew,ap
Puc.2. 3anexHicTb MBUAKOCTI YaCTMHKM Bif 4yacy fii Ha Hel cumm cBiTna Jid pyxy y
BOZIi(CyIiIbHA KPMBa) Ta PyXy y BaKyyMi(IIyHKTHUD)
sIKa JIHINHO 3pocTae 3 yacoM (IIYHKTMPHA KpUBa Ha puc. 2). Y cepeloBuULIi 3 B’A3KIiCTIO 1|
TepTA BUKINYe T0ABY cumu CTOKca, AKa IPOTUJI€E CUITi TUCKY CBIiT/Ia, TaK IO 3aKOH 36epe-
JKEHHS IMITy/IbCy BUIIAMAE AK:

V= 2P(12At (12)

2
cw,
3BIIKM OTPMMAEMO 3a/IEKHICTh IIBUIAKOCTI YaCTUHKY Bijj 9acy Ail CBiT/Ia 1711 BUIIAJIKY PYXy

YaCTMHKY Y BOZI (CylilbHa KpUBa Ha puc. 2):
2Pa’At
VE——,
ew, (m+6manAr)

—6manvAt,

(13)
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Tie M — Maca YaCTMHKM. Y PO3PaxXyHKy BUKOPUCTAHO TaKi mapamerpu: P = 0,1 BT, a = 10 HMm,
w, =1 Mkm, 1 = 8,9-107 ITa-c.

[Ipoekuii BekTOpa cnIi Ha KOOPAMHATHI OCi MOKHR SHAWTH 32 POpMynamu:

F. =F, =|F | 21— (14)
l+q2
F..=[F|——— (1s)
\ll+q2
_ (N4) 2 (16)

[1 ~(Na) \/(NA-Z)Z/[I ~(NAY' [+ } '

IpapienTHa cnma omucyerbes popmynomn [2]:

3 2 2
F, = 10 [ 1 v[s|- (17)
c n° +2n;

me V(S| - rpagienT mopyna Bekropa IloitHTuHTa, AKUI € TpajlieHTOM iHT€HCUBHOCTI BJ-

IPOMiHIOBaHHA V]; OCTaHHIN € BEKTOPHOIO BETMYMHOI), AKY MOXKHA BUPA3UTH Y€Pe3 CyMy
BOOYTKIB OFMHMYHIX BEKTOPIB e,e Tae Ha BiJIIOBiHI OKpeMi IOXifHi:

VI :ge +6—1e , +a—1e,~ (18)
Ox oy’ oz °
Cura Crokca OIicyeTbcsl pOpMYIO0
F,, =6manv, (19)

men - Koeq)iuieHT IVHAMIYHOI B’A3KOCTI, V — HIIBUKICTh YaCTUHKMA Y IOJIi CUJL.
3HallIiMo 3 HaBefeHNX BiIe GopMy KoMnoHeHTH cun F, sKa fie Ha 9acTMHKY

2na’wi P n—ng ’ 2w, (xz +y2) q —
F =K 4 2 4 2.2 2 7| XP| T 3 2 2 +
ch (Tc Wy, +Az ) n-+2n W, + Az \/1_,.,12

_ 128n*wia’n,P | n*—n; 2m’w; (x2 +y2)
+ 5| = > |xexp| ————F——55— |~ 6manv,,
c(nzwg+7»222) ne+2n,

2.4 2.2
W, Az

(20)

2
F ok 2nya’w; n —ng ox _2n2w§ (x2+y2) 9+
y I?\.4 2t 1222 24052 p 2t 1222 2
c (rcw0+ z)n+n0 Twy +A27 | fl4g

128n*wia’n,P | n*—n} 2w, (xz"'yz) 4
F O —— yexp| ——5—F——5 5~ |-
c(n2w3+7»222) n+2n,

TEZW4 +}\.ZZZ 3 (P_po)g_67mnvy> (21)
0
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FoK 2n,a°w; P n*—ng ’ 2w, (xz +y2) 1,
ot (nzwg +kzzz) n +2n P ww) +A72° \/l+q2 -

21w, (x2 +y2)

Ala’ 2.p( w2 _n?
i6 A’ nyWyk z3 n2 n02 [Z(xz+y2)n2w§—n2w3—7»222JeXp _
c(nzwg+7uzzz) ne+2n,

—6many,. (22)

2.4 2.2
W, + Az

PiBusuHa (20)-(22) € MaTeMaTNYHOI MOZAE/UII0 3aXOIUIEHHs HAHOYACTMHKI J1a3ePHOI0
nacTKow. I/ po3paxyHKy 3a/leXKHOCTI MIBUJKOCTI PyXy YaCTMHKM, HaIIPUKIaJ, B3JJOBX OCi
Z, tpeba 'y hopmyni (22) 3aMiHUTH Z HA Z — vat , IPUITYCTUBIIN (5K IIe BUHO 3 PUC. 2), IO
cnna CToKca JOCUTD MIBUAKO POOUTD PyX YACTUHKY NPAKTUIHO PiBHOMIpHMM.

BucHoBkn. ITo6ymoBaHO MaTeMaTHYHY MOZE/b 3aXOIUIEHHA HAHOYACTVMHKY ITACTKOIO JIa-
3€pHOTrO IiHIeTa Ta PO3ITAHYTO MOXK/IUBOCTI 1 BUKOPUCTAHHSA JII PO3PAXYHKY NMHAMIKI
PYXy 9aCTMHKM y PifyiHi.

Jlireparypa
1. Nanoscopy and multidimensional optical fluorescence microscopy / Edited by A. Diaspro. - Boca Raton, London,

New York: CRC Press, 2010. - 424 p.
2. Neuman K. C. Optical trapping/ S. M. Block. - Rev. Sci. Instrum., 2004. vol. 75, Ne. 9. - P. 2787-2809.
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OITPEE/TEHUE TEIUIOBBIX IONTEN HVJIMHIAPUYECKUX
IIbE3OKEPAMUYECKIX IIPEOBPA3OBATE/IEN

I posgenko A. U.

KaH/IM/IaT TEXHUIECKUX HayK, JJOLEHT

HanmonanpHbI TEXHUYIECKIIT YHUBEPCUTET YKPAVHBI

«KueBcknit nonmTexHnyecknit MHCTUTYT uMeHn V. Cuxkopckoroy,

Ilepuenckas JI. B.

acImpaHT 1-ro Kypca,

HanmonanbHbI TEXHUYECKNI YHUBEPCUTET YKPaMHBI

«KneBckuit nonuTexHmdeckuit MHCTUTYT uMeHnn V. Cuxopckoro».

KitroueBsblie cioBa: Ibe30KepaMITIecKiii mpeobpa3oBaTeb, CUI0Bast KOHCTPYKIVS, TEIUIO-
BOE I0JIe, yPaBHEHIE TEIIONPOBOJHOCTIL.
Key words: piezoelectric transducer, power construction, thermal field, heat equation.

ITbe3sokepaMudecKye 3MeKTpoaKycTudeckne npeobpasosaremn (I19I1) ocymecTBusaioT
n3nydeHne m InpueM aKyCTU4eCKUX KOH€6aHI/IﬁI IIyTeéM B3aMIMHOI'O HpeO6pa3OBaHI/Iﬂ
9HEPTUIl 3MEKTPUIECKOTO M aKyCTMYIECKOTO Toseil. B mponecce akcnmyatanuyu Ha KOH-
crpykuumn II9II eficTBYIOT JOTIO/THUTETbHbIE HATPY3KM (MeXaHUYeCKNe, /IeKTpUYecKie,
TeIJIOBBIE), BIUsHNE KOTOPBIX Ha IIUTeNbHYIO U 9¢pPeKTUBHyI0 paboTy mpeobpasosare-
Jelt CyIeCTBEHHO. B COBpeMeHHBIX KOHCTPYKIMAX mpeobpasoBarerell HabIoogaeTcs
POCT M3Ty4aeMbIX MOIIHOCTEI, YTO, IPUBOJUT K YBENMUEHNIO HATPY30K, MAeiCTBYIOUUX
na I191T [1].

B mocnepsee BpeMs MOABIAIOTCA HOBble KOHCTpyKimit TSI nummuaprdeckoro Tuma [2,
3], Tpe6oBaHMA K OKCIUIyaTallOHHBIM IIapaMeTpaM KOTOPBIX BBISBIBAIOT HEOOXOFUMOCTD
IIPOBOJUTH JONOTHNATENbHBIE KOHCTPYKTOPCKME PACYETHI, B TOM YNC/IE ¥ Ha TEIIOBYIO IIPO-
YHOCTb. PacyeT TeIIoBOIL IPOYHOCTY NPEAIIOaraeT OIpefeieHre TeIIOBOro IO Ipeob-
pasoBaTesnA ¢ MOC/IeNyIM aHa/IN30M HeTaTUBHBIX IOCTIENCTBII, BEISBAHHBIX STUM Harpe-
BoM. IIpakTiyeckoe mpuMeHeHMe TaKMX KOHCTPYKTOPCKVX PacieToOB OrpaHMYEHO 0COOeH-
HOCTSIMM KOHKPeTHOJT KOHCTpykuuy II9I1, 4To 3aTpyHHAET UCIIONB30BaHMe 00X METOINK
pacderos [4]. [ToaTOMy aKTyanbHOIL SB/AETCS 3a/ja4a aHa/IM3a TEIIOBBIX HOJIeNl OTHENbHBIX
kmaccoB I1911, ¢ MX KOHCTPYKTUBHBIMU OCOOEHHOCTSIMN.

O1LeHNTD TEIIOBOE 01 COBPEMEHHOTO IIPe0Opa3oBaTesisi OYeHb TSKENIO, TOCKOMBKY ero
KOHCTPYKI[YsI ObIBAeT CIIOXKHOI (GOPMBI U CONEP>KUT HEKOTOPOE KOMIMIECTBO FepMeTU3UPYIO-
VX U U3ONMUPYIOIUX CIOEB.

B mamHOIT paboTe pacCMOTPUM OIpefie/ieH e TEIUIOBOTO IO/ UMIMHAPUIECKOro Ipeod-
pasoBare/s CUIOBOI KOHCTPYKLuM (puc. 1), KOTOPBI COCTOUT U3 aKTUBHOTO 9/IeMeHTa 1,
repMeTU3MpPOBAHHOIO CIOAMM IonauMepa 2 M MeTamna 3. [epMeTMYHOCTb BHYTPEHHETO
obbemMa IMINMH/PA 00€CeYNBAOT IBe KPBILIKA 4.

ITpennaraercs cTpaTudUIMpPOBAHHASA MOJEb LA pacdeTa TeIUIOBOTO IIOJIA TAKOTo Ipeod-
pasoBateinid B BUAE CUCTEMbBI U3 YE€TBIpEX 66CKOH€“IHI)IX C/IO€B, pa3H0171 TONMIVHBI d1 d4 5
KaKIbIIl Y3 KOTOPBIX XapaKTepu3yeTcsi cBOUMMM KOI(GGULMEHTaMM TeIUIOIPOBOTHOCTH
AT4.. 14 . Crion 1, 2 - BHeIIHNE TepMETU3UPYIOLINE; 3 — AKTUBHBII 9lEMEHT; 4 — BHYTPeH-
HUIT repMeTusupyomuii cioit. KoadduumenTsl TemmooTaauy BHELIHelT 1 BHYTPEHHeI 110-
BEPXHOCTH IIpeobpasoBare/s Olpq U OT4 . Tel/IoBbIie/IeH e Tbe30KePaMITIeCKOro S/IeMeHTa
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XapaKTepU3yeTCsl BeMMYMHON 06eMHOI MOITHOCTY UCTOYHUKOB (/3 , COOOpaKeHe OTHO-
CUTE/IBHO OIpefie/ieH st KOTOPOIl, U3/I0KeHHbIe B [5].

TenmoBoe mose B cryyae OGHOMEPHON 3ajjaun /I CTAIIIOHAPHOTO PeXXVMa I MHOTOC/ION -
HOJl KOHCTPYKLIVM HalifieM KaK pellleHye ypaBHeHs TeIUIONPOBOJHOCTH [1, 4], 3ancaHHOro
B BUJIE:

d*T;(x)

. =0> 1
}"T,I dX2 +qV,I =0 ( )

I7ie T;(x) — Paclpe/ie/ieH1ie TeMIepaTyphbl B i -M CIIO€ BJIOZIb OCH X .

TemmepaTypy Ha BHENIHelf TTOBEPXHOCTH TIPe06pasoBaTens 0603HaIUM Tg,, TEMIIEPATypPy
Ha BHYTPEHHel TOBEPXHOCTH TIpeobpasoBarens — Tg, , 2 TEMIEPATYPY CaMoit Cpeapt — T, .

PemreHre ypaBHEHNUS TeIUIONPOBOZHOCTM (1) LA C/IeRylOMMX MHTEPBAJOB Ha OCU X ,

KOTOpBI€ OTBEYAIOT KAXKTOMY 13 CIIO€B:

0 < x<ds3 Ty(x)=Cyx +Cys (2)
dy <X <dy+dys Ty(x)=Cy(x—dy)+Cys (3)
. __Qvs (, 2 _ ; (4)
dy+dy <X <dy+dy +dg5 To(x) = > (x=(dy+dy))” +Cs(x—(dy +0d3))+Cp5
T3
di+dy +d3 < x <dj+dy +d3 +dg3 Ty(x)=C7(x—(dy +dy +03))+Cg> (5)

rzie Ci .- Cg — HeM3BeCTHbIE KOHCTAHTSI, Ts1 M 1S4 — TeMIlepaTypsl HAPY>KHOIL 1 BHY TPEHHeII
HIOBEPXHOCTeT! IIpeobpasoBaressi COOTBETCTBEHHO.

HensBecTHbIe KOHCTAHTBI ypaBHeHMII (2) — (5) HAXOAATCS U3 TPAaHNYHBIX YCIOBIIT ypaBHe-
HYSL TEIIOIIPOBOJHOCTH /IS OT/IE/IbHBIX C/I0€B IpeoOpasoBaTess:

d?  did, d
qva[strs+l3r:+ar34] A
. (0% . . .
+T> Cp=—YTgy-T,)> Ca=Ts13 Cy = Gy =115

d A A
aﬂ[;i+:72+k73+:74+ij+1 T1 T2
T1 A12 AT3 AT4 OT4

Ts1=

. . . d AT3 .
C4 =C1d1+C2a 05:C1 kT1’C6 =C3d2+C4: C7:—&+C5£’
A3 AT4 ATq
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TakuM 00pasoM, TeMIepaTypbl B Pa3HbIX TOYKAX CTIO€B ITPe0OpasoBaTe/si MOKHO OIpei-
€/UTH TI0 COOTHOMEHNAM (2) — (5), MOAICTABUE B HUX BBIPOKEHUA A C, .. Cg»> Tgy> Tga -

3amMeTuM, 4TO JAHHASA MOJIE/Ib He YYMTBIBAeT OTBOJA TeIl/Ia Yepe3 TOpIieBble TIOBEPXHOCT
npeobpasoBaTe, OHAKO 3TU OBEPXHOCTHU OTAEIEHBI OT CPefbl M30MUPYIOLMMI MaTepua-
JIaMM, KOTOpble MMEKIT JOBOJIBHO Majble KOI(QUINMEHTH! TeIIONPOBOJHOCTY, HO3TOMY
OTBOJI TeII/IA Yepe3 ITU MOBEPXHOCTN OyIeT MIHIMMAa IbHBIM.
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MPYMMEHEHUE ®@YHKIIN B S KOHOMUKE

Hanunosa Exatepuna IOpbeBHa

Crygnentka 1 kypca rpynmnsr @K-11 skoHOMm4eckoro ¢axymbreTa
Creprmramakcknii puman bamknpckoro TocygapcTBeHHOro YHUBEpCHUTETA
Hay4HbIit pyKoBOAUTENb: K.(b.-M.H., TOL[eHT Kaepbl MaTeMaTYeCKOTO aHaI3a
(axymbTeTa MaTeMaTUKY U NHPOPMAIVOHHBIX TEXHOIOTHI

Crepnuramaxckuit pumian bamknpckoro [ocyapcTBeHHOTO YHMBepCHUTeTa

Cabumosa IOnus Kamuneena

KrroueBsre cmoBa: GyHKIpIS, CIPOC, TIPEIOKEHIIe, PABHOBECHAS LieHa, KPVBbIe Oe3pas/mdisi.

Keywords: function, demand, supply,
equilibrium price, the indifference curves.

QyHKIUY HAXOJAT IIVPOKOE IIPUMEHEHNe
B 9KOHOMHUYECKOII TEOpMM ¥ IIPaKTHUKe.
CIHeKTp UCIIONb3YeMbIX B 9KOHOMMKE (BYHK-
IMii BecbMa IIMPOK: OT IIPOCTENIINX
JINHENHBIX 0 cl)yHKLU/HZ, IO/Ty4aeMBbIX I10
OIIpefie/IEeHHOMY a/ITOPUTMY C TIOMOLIBIO TaK
Ha3bIBAE€MBIX PEKyPPEHTHBIX COOTHOLIEHNIL,
CBA3BIBAIOLIMX  COCTOSIHMA — M3ydaeMbIX
00bEKTOB B pasHbIe MEPUOJbI BpEeMEHII.

BmecTe ¢ TeM, Hapsy € IMHEHBIMM, JC-
HOJIb3YIOTCSL HeIMHeHble (PYyHKLNM, TaKie,
KaK IpOOHO-TIMHelHble (TUmepOonmnieckue),
CTeleHHble (KBagpaTHasi, Kyoudeckas U T.1.),
IOKa3aTe/IbHble (IKCIIOHEHI[Ma/IbHbIE), /IoTa-
pubmmdeckue u gpyrue ¢yskunn. Ilepno-
AUNYHOCTD PsAfila 9KOHOMMYECKNX IIPOILIECCOB
[03BO/ISIET TAKXKe JCIONb30BAaTh TPUIOHO-
MeTpudecKye QYHKINIL.

Hambomee 4acTo WCIONB3YIOTCSI B
9KOHOMUKe ciefyomue QpyHKimm:

1. Oynxyus nonesnocmu (GyHKIMA TIpes-
[OYTEHMIT) — B IIMPOKOM CMBIC/IE 3aBUCH-
MOCTb II0JIE3HOCTIL, T.€. Pe3y/brara, 3¢ dekra
HEKOTOPOTrO HeVICTBUA OT YpOBHA (MHTEH-
CUBHOCTH) 3TOTO JIe/ICTBISI.

2. IIpoussodcmeennass PyHKUus — 3aBu-
CUMOCTD pe3y/IbTaTa IIPOU3BOLCTBEHHOI! fie-
ATEMBHOCTH OT OOYCTOBUBIINX ero (akTo-
poB.

3. Oyuxyus evimycka (4aCTHBIA BUM IIPO-
U3BOJCTBEHHOJ (YHKIMM) — 3aBUCHMOCTD
o6beMa IIPOU3BOACTBA OT HA/IMYNUSA WIN T10-
TpebIeHNs PeCypCoB.

4. Oynkyus uzdepicex (YaCTHBI BUJ, IIPO-
U3BOJCTBEHHO (YHKIMM) — 3aBUCUMOCTD
U3Jlep>KeK IPOU3BOACTBA OT OObeMa Ipo-
IYKILVNL.

5. Qynkuus cnpoca, NOTpeONeHNA U TpeS-
JIOKeHUsI — 3aBUCHMOCTb oObeMa CIpOCa,
HOTpe6HeHI/Iﬂ nnmn Hpe/:[}IO)KeHI/IH Ha
OT/le/IbHBIE TOBAPBI VJIN YCTYTU OT PAas3/INYHbIX
¢daxTOopoB (HampuMep, II€Hbl, ZOXOHAA I T.IL.).

Y4auThIBast, YTO S9KOHOMIYECKIE SB/ICHI U
IpoLiecchl  06YCTIOBNMMBAIOTC  [eICTBIEM
PpasnuyIHbIX (AKTOPOB, A/ UX UCCIETOBAHMIL
IIMPOKO VCIIOIB3YIOTCS (PYHKUUU HECKONIDKUX
nepemennvlx. Cpemy HHUX BbIIENAIOTCA
MYTOMUNIUKAMUBHYIE PYHKUULU, TIO3BOISIO-
IIj¥e IPEeICTABIUTD 3aBUCUMYIO IIEPEMEHHYIO B
BUJIeIPOU3BefieHNsI PaKTOPHBIX IEPEMEHHBIX,
006pAIIAIOIIEro ero B Hy/Ib IIPM OTCYTCTBUI
[eVicTBIS XOTs O6bI OXHOrO hakTopa.

Vcnonb3yoTcst  Takxke cenapabenvHole
PyHKYUY, KOTOpbIE HAIOT BO3MOXKHOCTD

Mpeametsl
pockowm

A Obvem
cnpoca

Y

Toeapb! BTOpPOA
HeobxoaumocTu

Toeaps! nepeoit
_HeobxoanmocTh

0 a iy a, x

PucyHok 1
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BBIJIETINTD BIIVMIAHVE PAa3TNYHBIX (PAKTOPHBIX
NIepeMeHHBIX Ha 3aBUCUMYIO ITlepeMeHHYIO, I,
a B YaCTHOCTH, A00UMusHble yHKYUU, TIPei-
CTaBJIAIONIME OHY U TY XK€ 3aBUCUMYIO Ilepe-
MEHHYIO KaK IIpM CYMMapHOM, HO pa3fie/IbHOM
BO3JIEIICTBIM HECKONbKUX (DAKTOPOB, TaK U
IIpY OTHOBPEMEHHOM X BO3/IENICTBUNL.

Ecnu peiictBueM 1mo604HBIX (HaKTOpPOB
MOXKHO TIpeHeOpedb miu yHaetcs 3apuUKCcu-
PpoBaTh 3TU (PaKTOPBI INIIb HA OLIPefle/IeHHbIX
YPOBHSIX, TO BIMAHINE OFHOTO ITTABHOTO (aK-
TOpa U3YYaeTCcs C HOMOLIBIO QYHKIINY OFHOII
IIePEMEHHOI, pacCMaTpMBAaeMOll B JAHHOM U
HOC/IENYIOIMX I71aBaX.

PaccMoTpuM HEKOTOPBIX 13 QYHKIMIL,
HO/TyYeHHbIe SMIVPUYECKUM Iy TEM:

Viccnepyss 3aBMCHMMOCTM  CHpOCa Ha
pas/in4Hble TOBAphl OT JOXOAA C IIOMOIIbIO
¢yuxunmit JI. TopHKBUCTA

REEACE R DN
-’ x—cy 1
_ (x—ay) .
L —c ( :}ﬂ"‘ja

1p,

Yok U >U,

0 %o ,/ Py *

PucyHok 3

, MOXKHO YCTaHOBUTb YPOBHU JOXOMIOB (1,
@5, @3, PV KOTOPBIX HAYMHAETCS probpe-
TeHNMe TeX WIM WHBIX TOBAPOB, U
ypoBHM(TOUKNM) HacblmeHua by,b,, mna
TPYIIII TOBAPOB IIEPBOIL 11 BTOPOIT HEO6X0AM-
Mmoctu (puc.1).

2. PaccmarpuBas B OfHOI cucTeMe KOOp-
IVHAT KPWBBIE CIPOCa U TPEIOKEHNS,
MO>KHO YCTaHOBUTb PAGHOBECHY 10 (DbIHOUHY10)
14eHy ZAHHOTO TOBapa B Ipolecce GopMupo-
BaHUS IjeH B YCIOBMAX KOHKYPEHTHOTO
PBbIHKA (naymunoobpasHas modenv) (puc.2).

3. VMsy4ass B Teopum HOTPeOUTETHCKOrO
crpoca Kpuevle 6e3pasnuyusi (MUHUS, BIOTb
KOTOPBIX ITO/IESHOCTD JABYX OJIAr X 11 Y OffHA ¥ Ta
Ke), HaIpuMep, 3afaBaeMble B Bufe xy= U, u
JIUHUI0 6100JHeMHO020 02PaHUYEHU P, + p,y = I
IIpy LieHax 671ar P H Py, 11 OXOfIe ITOTpebmTes
I, MO)XHO YCTaHOBUTB ONITUMAJIbHBIE KOJIIYe-
cTBa Omar Xo M Vo, MMerormx MaKCHMaJ/IbHYIO
nonesHoctb U, (puc.3).

Cnicok nurepaTypsl
1. Boiciias mareMaTMKa IjIsi 9KOHOMUYECKUX CIIEIIV-
anpHOCTell: yaeOHuK n npaktukym / H. III. Kpemep,
b. A. Ilytko, M. M. Tpumus, M. H. ®punman ; oz
pen. H. III. Kpemepa. - 3-e usp., nepepa6. U gorm. —
M.: Mspatenpcto IOpaiit; V]I IOpaiir, 2010. -
909 c. - (OcHOBBI HayK).
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ITPVUMEHEHME MATPUIIbI B O9KOHOMMIKE

Huxomaesa Bukropua Bnagumuposna

Crygpentka 1 kypca rpynmst @K-11 skoHommaeckoro ¢akynbrera CrepanTaMakcKimit
¢wman Bamxupckoro TocypapcTBeHHOro YHUBEpCUTETa

Hay4Hblit pyKoBOAUTENb: K.(b.-M.H., TOL[eHT KadeIpbl MaTeMaTYeCKOTO aHaII3a
(axymbTeTa MaTeMaTUKY U MHPOPMAIIVOHHBIX TeXHOIOTHIA

Crepnuramaxckuit pumian bamknpckoro [ocyapcTBeHHOTO YHMBepCHUTeTa

Cabumosa IOnus Kamuneena

KnroueBble croBa: MaTpuIa.
Keywords: matrix.

Bnaropapsi mpocrote ¢opmbl U Goratomy
9KOHOMIYECKOMY COJIEp)KaHMI0 MaTpUYHbIe
METO/Ibl HAXOJAT IIMPOKOe IPYMEHEHME B 9KO-
HOMITYECKOI TIPAKTHKe: CTaTUCTIYECKIe pac-
YETbI, OpraHM3alA HOPMATVBHOTO XO3AICTBA,
COKpallleHie JTOKYMEHTO00OpOTa, OpraHmsa-
Vi1 BHY TPUITPOM3BOJICTBEHHOTO X03pacyuéra u
I/ 9KOHOMMYECKOTO aHaimm3a. MaTpudnble
METOJbI MO>KHO TaKoKe MCIIONb30BaTh /I MO-
TeNpOBaHMs 9KOHOMMKM OTpacIell HapOoiHO-
TO XO3sI/ICTBA, SKOHOMUKI PeCIyO/NK, HapOa-
HOTO XO3AMCTBA CTpaHbL. MaTpuiibl JaHHOTO
THIIA HOCAT Ha3BaHIe MEKOTPAC/IEBOro GamaH-
Ca 1 HAXOIAT MIMPOKOe NpJYIMEHEHNe B IUIaHM-
POBAaHVM U CTATUCTHKE.

Matpuueit pasMepa m X N Ha3bIBaeTCA
[IPSIMOYTO/IbHAST TAOMMIIA YMCET, COfepKa-
mjasi m CTPOKM n cTonbuoB. Yncna, cocTas-
JIAIOIYe MAaTPUILY, Ha3bIBAIOTCA 971eMEHTaMM
MaTpUIbL.

Marpuipl  0603HAYAIOTCS  [IPOIVCHBIMU
(3armaBHBIMIL) OYKBaMI JIATMHCKOTO a/dhaBuTa,
Hampumep, A, B, C,..., a mm1 o6o3HaueHust
97IEMEHTOB MaTPULIbl MCTIONB3YIOTCA CTPOYHbIE
OYKBBI C JBOIHBIM MHIEKCOM, HATIPYMeD: 3, I7e i-
HOMep CTPOKIL, j - HOMep CTONOL.

Hanpumep, marpuna:

L N
Gz1 Q3 .. Qg Aoy
Apn = Qg Gy e G e Oy
Ay Amz - amj Amn

WY B COKPALIEHHOI 3annucu A = (al-j); i=
L,2...mj=1,2,...,n

Hanpumep, ecnu m = 2, n = 3, To
1 0 -3
Aea=( )
2x3 =
2 5 8
Hapsiny ¢ KpyIisIMH CKOOKAaMU HCIOJIb3Y-
I0TCS ¥ Ipyrue 0003Ha4eHUsl MaTPULIbL:
L1
JIBe Matpuupt A u B omHoro pasmepa
Ha3bIBAIOTCA PABHBIMI, €C/IN OHY COBIIAIAIOT
M10371eMEeHTHO, a, = nns
MoObIX i=1,2,...m; j=1,2,...n.
C noMombo MaTpul yE0OHO 3aIMChIBATD

HEKOTOpPble 9KOHOMUYECKMEe 3aBMCUMOCTIH.
Hamnpumep, Tabmuua pacupenesieHns pecyp-

ij

COB, YCI. €fI., IO OTHAEAbHBIM OTPaC/IAM

5KOHOMUKU

Pecypchbl OTpacny 3KOHOMUKHU
MpomblwneH- Cenbckoe

HOCTb XO35INCTBO

OnekTpo- 53 4,1

aHepretu-

Yyeckue

Tpynosble 2,8 21

BogHble 4.8 51

MOXKeT OBITh 3alMCaHa B KOMIIAKTHOI
¢dhopme B Brie MaTPUILIBI
53 41
Ay = (2,8 2,1)
48 51
B aTol1 3ammcy, HanpuMmep, MaTPUYHBIN
9/IEMEHT @7 = 5,3 IIOKa3bIBaeT, CKOIbKO

9/IEKTPOSHEPTUM HOTPEOIAEeT ITPOMBIII-
JIEHHOCTD, a 9JIEMeHTd;5 = 2,1 — CKOITbKO
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TPYHOBBIX PeCypCOB HMOTPeOIAET CeNbCKOe
X03SCTBO.

Marpn4HbIii METOJ, B 9KOHOMUKE — 3TO Me-
TOJ, HAyYIHOTO JICCTIEHOBAHMS CBOVICTB 00BEK-
TOB Ha OCHOBE MCII0/Ib30BaHNA IIPABUJI TEOPUI
MaTpMUIL ¥ BEKTOPOB, II0 KOTOPBIM OIpefeNAeT-
Cs1 3Ha4YEHVE 3/IEMEHTOB MOJIE/IN, OTPXKAIOLIX
B3aMIMOCBSA3Y 9KOHOMMYECKIX 00BEKTOB. Vic-
IIO/Ib3YeTCA B TeX C/Iy4asaX, KOIJa IIABHBIM
00BEKTOM MCCIENOBAaHMA ABIAIOTC Ha/aHCco-
Bble COOTHOLIEHNA 3aTPaT I Pe3y/IbTaTOB IIPO-
U3BOACTBEHHO — XO3SI/ICTBEHHOV MesATeTbHO-
CTV Y1 HOPMATVBBI 3aTPaT U BBIITYCKOB.

IIpocroTancnonb3oBaHNA 3TUX 37IEMEHTOB
JIVHEVHOI anre6pbl, KaKk B HayKe, TaK U Ha
IIpaKTUKE UTPAET BAKHYIO PO/Ib B pelIeHUN
9KOHOMMYECKUX 3ajjad. JJaHHbIe METObI CO-

KpamaloT paboTy dYeloBeKa, M 9TO OYeHb
Ba)XKHO /IS pellleHns 3afad ¢ GOMbUINM KO-
JMYEeCTBOM KpUTEpMeB 1 anbTepHaTyB. I1pn-
MeHAsA MaTpPUIbl, SKOHOMMUCT IIO/y4aeT
TOTOBBIII M OOOCHOBaHHBINI OTBET B BUfE
peiiTUHIa a/IbTepHATUB 110 BCEM KPUTEPUAM,
a TaK)Ke eMy IIPeJJIaraeTcsi CAMOMY OLLeHUTD
a/IbTEPHATUBBI U TPOBEPUTH COOTBETCTBYIO-
11111€ TOTOBbIE PelIeHNs UCXOMA U3 CaMOCTO-
ATeNIBHOTO aHaMM3a IN06ANbHOM MaTpPUILBI
a/IbTEPHATHUB 110 BCEM KPUTEPUAM.

Cnicok nurepaTyppl
1. Boicuras maremartmka O1A 9KOHOMUYECKUX CIIelu-
anbHOCTeNl: yueOHmK n npaktukym / H. III. Kpemep,
b. A. TlyTko, . M. Tpummn, M. H. ®pupman; mog
pen. H. III. Kpemepa. — 3-e n3p., nepepa6. VI gorm. —
M.: UsparenpctBo IOpaiit; U] [Opaitt, 2010. -
909 c. - (OcHOBBI HayK).
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VICIIO/Tb3OBAHME UTP HA YPOKAX AHITIMVICKOTO
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CTapH.II/II?I IIpETIofaBaTe/Ib, MAarCTp MM€PEBOAIECKOrO [ena,

Kypmamesa I.b.

Crapumii mpenopaBaTe/b, MarucTp Mefarorn4eckKux Hayk,

IIpumskaposa P.X.

CTapI.LII/IIv/I IIpenojaBaTeib AHIJIMIICKOTO S3bIKa
ATIMaTUHCKUIT TE€XHOIOTUYECKUI YHUBEPCUTET

Knrouesble crioBa: METOJBI, UTPDI, IEKCHKA, pEIEBbIE 06pa3ub1, KOMMYHMKaNu:A, B3aIMO-

TeicTBIe

ITpo6nemsr moBbireHns1 9¢GHeKTUBHOCTI
METOJ[OB IIPEIOfiaBaHysI MHOCTPAHHBIX S3bI-
KOB OCTAIOTCSI aKTYa/JIbHBIMI 1 TIprobpeTa-
I0T CETORHS CTaTyC BAXKHON OOIeHanmo-
Ha/IbHOI 3ajia4n. VIHHOBAlIMOHHBIE IIPeod-
pas3oBaHuUsA B cUCTeMe 00pa3oBaHMA B PECITy-
6nuke KasaxcraH  NpoOsABIAIOTCA B
OIepPaTMBHOM M3YYeHUN I OCBOCHNN MHTe-
PAKTVMBHBIX METOLOB ¥ AMCTAHI[OHHOTO
06ydeHNsI, a TaKXKe Ja/bHeNIIell paspabor-
K HOBBIX METOOOB I HpI/IéMOB O6y‘~IeHI/IH.
ITpoucxopsAmue B CCTeMe 00pa30BaHNUA MH-
HOBAILMOHHBIE IIPe0OPasOBAHIA TO3BOIAIOT
BBIABUTD U OCBOUTDH XOPOIIO 3aPeKOMEHIO-
BaBIINe Ce0s Ha MPaKTMKe METOAbI 00yde-
HUA N pa3pa60TaTb HOBbBI€ METOJbI 1 Hp]/[é-
mbl 06y4enns. Kak ormeuaer K. AHrenoBcku:
«HoBOBBeeHNsT IPEACTABIAIOT COO0IT [OII-
FOCPOYHYI0O MHBeCTHLMIO B Oymyiuee. [l
TOTO, YTOOBI IIPUBUTD BKYC K HOBATOPCTBY,
BOCIINTATh JIMYHOCTD, KOTOpast OYHeT CTpe-
MITBCS CO3/IaBaTh HOBIIECTBA, caMo 06pa3o-
BaHME OOIKHO 6bITb HpOHI/IKHyTO HOBOBBE-
IeHUAMM, B HEM JJOJDKEH IpeobIafaTh AyX U
arMocdepa TBopyecTBa» [1, 44].

Virpa He sB/IA€TCS HOBBIM IIPUEMOM B 00y-
YeHNM MHOCTPAHHOMY A3BIKY, 06 00ydaro-
X BO3MOXHOCTAX I/[I‘p M3BECTHO M3[JaBHA.
MHorve BbIAIOLIIECS TIEJaTOTU CIIPABEyIN-
BO obparnany BHNMaHue Ha 9 HeKTUBHOCTD
VICIIOZIb30BAHNUA UTP B IIpOLiecce OOYUEeHMS.
B urpe nposBiA0TCs 0CO6EHHO MOMHO I 11O~

POl HEOXMZAHHO CIIOCOOHOCTV UYeOBEKa,
pebénka B ocobeHroctu. Vrpa - 3To 0c060
OpraHM30BaHHOE 3aHATHE, Tpebylolee Ha-
Hpﬂ)KCHI/IH SMOLMOHAIbHbBIX U yMCTBeHHbIX
cun. VIrpa Bcerma IpenmonaraeT NPUHATHE
peLIeHyIsT — KaK IIOCTYINTb, 9TO CKa3aTh, KaK
Boirpars? JKeraHue pemmTs 9Tu BOIPOCHI
060CTpsieT MBICTUTENBHYIO IeATETbHOCTD
UTPAOINUX YIEHUKOB. [IIs yYaImxcst MIaji-
VX KJIACCOB UIPa, IPeXje BCero yBIeKa-
Te/IbHOE 3aHSITIE, 9TUM OHA 1 IPUBJIEKAET UX
U IIperofiaBaresiell MHOCTPAHHOIO SI3bIKa. B
urpe BCe M3yUalolye SI3BIK PABHBI, OHA I10-
CIIbHA JlaKe CTabbIM yueHuKaM. Boree Toro,
CMabblil MO SI3BIKOBOII IOATOTOBKE YYEHUK
MOJKET CTaThb HepBbIM B I/IFPCI HaXog4MBOCTb
" COOOPA3UTENBPHOCTD 3/1eCh OKa3bIBAIOTCS
6071ee BOXHBIMIL, UeM 3HAHMeE IIpefMeTa. (2,
43]. UyBCTBO paBeHCTBa, aTMocdepa yBile-
9YEHHOCTM M PafOCTI, OUIYIEHNE MOCUIIb-
HOCTMU 3aJaHUI — BCE 3TO 1aéT BO3MOXKHOCTh
YYAIIVMCS TIPEOJIO/IeTb CTECHUTETbHOCTD,
MEIIAIIYI0 CBOOORHO YIOTPeOIATh MHO-
CTpaHHbIE CTIOBA, 1 67IATOTBOPHO CKA3bIBAET-
Cs1 Ha pesy/IbTaTax 00ydeHus.

Wrpa - nonaTne mmpoxoe. C offHOI cTO-
POHBI, 3TO ¥ UTPa IO POJIAM, 3TO M UTPa IO
3apaHee YCTAHOB/IEHHBIM [IPABI/IAM, B KOTO-
POM MeXJIy MIPOKaMU IPOUCXOAUT CBOEO-
6pasHoe copesroBanue. C Apyroit CTOPOHBL,
urpa IpefcTaBiseT co60il HeOOMDbIIYIO CU-
TYaLUIo, IIOCTPOEHe KOTOPOJl HATIOMIHAET
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IpaMaTidecKoe IpOou3BeneHIe CO CBONM CIO-
JKETOM, KOH(IMKTOM U €/ CTBYIOLIMMH /Y-
mamy. CUTyaumst UTPsl — 3TO CUTYALMs pe-
Q/IPHOIL XKVM3HH, KOTOPAasl ONpPEeHeNnsieTcsi Co-
peBHOBaHmeM. HecMoTpst Ha 4éTKue ycmoBys
UTPbl ¥ OTPAHMYEHHOCTH WCIIONb3yeMOTO
SI3BIKOBOTO MaTepuasa, B Heil 00s3aTesbHO
€CTb 9JIEMEHT HEOXKUIaHHOCTH |3, 68].

Lenpto HacTOsAIIEN CTaTbU SIB/ISAETCS II0-
Kas3arb 3 (eKTUBHOCTh 1 HPOJYKTUBHOCTD
VICIIOZIb30BAHMSI UTP Ha 3AHATIAX IO aH-
[JIMIICKOMY SI3bIKY B (POPMUPOBAHUM U pa3-
BUTIY PeYeBbIX HABBIKOB HA HAYaIbHOM 9Ta-
ne 00y4ueHns. Mbl paccMaTpuBaeM UIpy Kak
CUTYaTUBHO-BapUATUBHOE YIIPAXXHEHNE, Ifie
CO3/1aéTCsA BO3MOXKHOCTD JI/I1 MHOTOKPaTHO-
O IIOBTOPEHMsI peueBOro 06pasia B yCI0BI-
SIX, MAKCUMAJIbHO TPUOTIDKEHHBIX K Peasb-
HOMY pe4eBOMY OOIIEHNIO C IPUCYLIVIMU
eMy INpM3HAKAMM — SMOLIMOHAIBHOCTDIO,
CIIOHTAHHOCTBIO U Ije/IeHAIIPABIEHHOCTHIO
pevYeBOro BO3/IEMCTBHUA.

Jrppl CIIOCOOCTBYIOT BBILIOJTHEHWIO BaXK-
HBIX METOIMYECKUX 3a/lad, B 3aBUCUMOCTH OT
Lie7Ielt, MIX MOYKHO Pas3menThb Ha [Be 6orbIie
IPYNIbI TIO/TOTOBUTE/IbHBIE UIPbI ¥ TBOpYe-
ckute urpsl. K mofroToBUTENbHBIM UTPaM MbI
OTHOCUM q)OHeTI/I‘-IeCKI/Ie, I‘paMMaT]/ILIeCKI/Ie n
JIEKCHYECKIIe UTPBL, @ K TBOPYECKUM — ayfii-
TUBHBIE I POTIeBbIe UTPbL. PaccMoTpyM rpam-
MaTuM4ecKMe U JIeKCUYeCKMe UIPbl, KOTOPbIE
MOYKHO YCIIEIIHO IIPUMEHATb Ha HaYaJTbHOM
sTarne oby4eHsA aHIINIICKOMY A3BIKY.

IIpu oBmajileHUM IPaMMATUKON B IIKOMb-
HOM Kypce aHITIMIICKOTO s13bIKa 0c060e BHI-
MaHIe CIefyeT YAEIUTh TeOPUN, a TaKxKe eé
COYETAHMIO C PeYeBOil IPAKTUKOI, U TOC/Ie-
IOBATe/IBHOMY OCYIIeCTBICHMIO MPUHIINIA
CO3HATEIBHOCTH. POJIb 9TOrO MPMHINIIA TIPU
OBJIafIeHNI TPAMMATHKOJ 0OCOOEHHO BeKa.
OCHOBHBIMU Le/IAAIMY TPAMMATUYECKUX WP
SIBTSIIOTCS CTIERYIOLIee:

— HAYYMTb YYaLUXCS YHOTpeOIeHnIo pe-
YeBBIX 00pA3IIOB, COMEPIKAIVX OIpeeéH-
HbIE FpaMMaTI/I‘-IeCKI/Ie prﬂHOCTI/I;

— CO3JaTh €CTeCTBEHHYI CUTYALUI0 IS
yIOTpeb/eH st FAaHHOTO pPedeBOro obpasiia;

— PasBUTb peYeBYK aKTUBHOCTb U CaMO-
CTOSITENIBHOCTD YYAIUXCAL.

VIrpsl BKTIOYAIOT Hanbomee BayKHbII IpaM-
MaTUYeCKMil MaTepuan — I7aronsl be, have,
may, can, must KOHCTpyKumIo there is/ are,
BpemeHnHble ¢opmbl rpynusl Indefinite,
Continuous, Perfect, KOCBEHHYIO peub, YCIIOB-
Hble TIPeJIOKEHNA Y Apyrue TeMbl. Bomb-
HIMHCTBO UI'P OCHOBAHO HA COPEBHOBAHMY C
IIOfICIETOM OYKOB. VIrpbl MOTYT IPOBOINTH-
CcA Me)KJIy y‘{aH_U/IMI/ICH 10 HpI/IHLU/IHy VMHON-
BUJ[ya/IbHOTO IIePBEHCTBA VIV IO KOMaH/aM.
JHTepec K MTpaM y yYaIMXCA MOXKeT Jep-
)KaTbCA HE TOJIbKO Ha COpeBHOBaHuu. Tak, B
urpe «Who is he (she)?» yuammmcs HpaBuT-
¢s1 M300paXkaTh )KMBOTHBIX, a B urpax «Peter
and Paul» «Blind Man’s Buff» «Who is afraid
of the tiger?» «Mother, may I take one step?»
UM VIHTEPECHO HPOABUTH CBOIO JIOBKOCTb 1
HaXOI4MBOCTb.

Ponb nexkcuMky 1j1A OBIAfeHUA aHIMIUI-
CKMM SI3BIKOM He MeHee 3HAuMTe/lIbHa, 4eM
rpaMMaTuku. VIMeHHO /eKcrKa nepefaéT He-
IIOCPEACTBEHHBII IpeAMeT MbICIY B CUIY
CBOeJI HOMMHATMBHON (QYHKLMY, OHA, [03-
TOMY IIPOHMKAaeT BO BCe Cepbl XKU3HH, I10-
Moras OTpas;Tbh He TONbKO PEalbHYIo Heli-
CTBUTEIBHOCTD, HO ¥ BOOOpaxkaemywo. JTa
npes To4HO BbIpakeHa H.J. JKMHKUHBIM: «
CnoBa — 3TO MMeHa Belllell, ABIEHNUI, COObI-
TUII, UMEHA BCETO TOTO, YTO €CTb Y MOXKET
OBITH B IEVICTBUTEILHOCTI> (4, 64].

BnageHnue cmoBoM sABIsE€TCA BaKHENIIEN
IIPEATIOCBUIKOI TOBOPEHIIS, HO B PEIPORYK-
TUBHBIX BUJJaX PEYEBON EATEIbHOCTY 3Ha-
HIle TOJIbKO 3Ha4YeHMs CI0Ba HETOCTATOYHO:
37IeCb He MEHbIIYIO POJ/Ib BBHIIIOTHAET BIIajie-
HUe CBA3SAMU CJIOB U oOpasoBaHMe Ha KX
OCHOBE CTIOBOCOYeTaHNA. JIeKCudecKye Urpsl
IIpec/IefyIoT Le/n:

— TPEeHMpPOBAThb YYalIMXCA B YHOTpeOie-
HIUNM JIEKCUKN B CI/ITyaLU/IF{X, HpI/IGIII/I)KéHHI)IX
K €CTeCTBEHHOII 06CTaHOBKE;

— aKTMBU3MPOBATb PEUEeMBICTNTETbHYIO
IeATeNbHOCTD YYallXCs;

— HO3HAKOMUTD YYAIUXCSA C COYETAeMO-
CTBIO CJIOB.

Hamnboree pacrpocTpaHEHHBIMI JIEKCIUe-
ckmmu urpamu AsnATc: «Number Snatchy,
«Memory Game», «Geography», «Fruit
Basket», «What kind» n gpyrue.
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Hrpa «Memory Game» IIOMOraeT TpeHN-
poBaTh maMsTh yyauxcs. Hanpumep, mpe-
nojasarelb crpamusaer: Marat, what are
the capitals of England and the USA?

Marat: London and Washington.

Teacher: Alma, repeat what Marat has just
said and tell the capital of France.

Alma: Paris, London, Washington.

Teacher: I'm very sorry, but you've made a
mistake. First call the capitals of England and
the USA and then name the capital of
France.

Alma: London —Washington —Paris.

Teacher: You're right. Let’s continue training
our memories.

Taxym 06pasoM, TeKCHIecKye UTPhI TTOMO-
TaoT 3aKPeIUTh HOBBIE CJIOBA U BBIPAKEHS,
3aIIOMHUTD VX, @ TAKXKe CIIOCOOCTBYIOT Tpe-
HypoBke mamsTi. CofiepykaHieM KOMMYHI-
KaTMBHOTO OOYYeHIs AB/LIETCS TAKOe BIIajie-
HI€e SI3BIKOM, KOTOpOE IO3BOJIIET OOMeHN-
BaThCs UIesIMH, 3HAYMMON MH(POPMAL[VEIL.

B mocrenHee BpeMs B KadecTBe COlepiKa-
H1is1 00y4eHMsl Ha TIepBbIil IIAH BbIABUTAET-
c1 obydeHNUe pedeBOMY B3aMMOMENCTBIIO.
PedeBoe B3aMMOJIEIICTBIE — 9TO BO3JEHCTBIE
JTIOfielt {PYT Ha {PYTa B Lie/ISIX IOOYKAEeHMS K

OTBETHBIM PE€YEBHIM U HEPEIEBBIM HeﬂCTBM-
am. Ecnu Her B3aMMOJIeIZCTBMH, HET KOMMY-
Hukauyu [5, 87]. BsanmopeiictBue cospaér
MOTUB M CTUMYJI /1A KOMMYHVKaLIN. Bxoio-
Y€HUne pequoi[ OEATC/IBHOCTU B KadyeCTBE
CPENCTB BBIIIOJIHEHMs CaMoOll Pa3HOO0Opas-
HOJI paboTbl, MHTEpeCYyIoLlell UIKOIbHIUKA,
IIO3BOIAET IOTHEE YIUTBIBATD €TI0 MHTEPECHI
U CKIIOHHOCTH B y4eOHOM IIpoliecce, pasBiu-
BaTb CTpEMJIEHNIE K CaM006Pa3OBaHI/IIO, CBA-
3aTb 0OyYeHNe C >KU3HBIO.

Takum o6pa30M, IIpMMEHEHNE Pa3/INYHDbIX
BUIOB UT'P Ha 3aHATUAX IIO aHI‘]I]/IﬁCKOMy
SA3BIKY ABJIAETCA OOHUM U3 Sq)CI)GKTI/IBHbIX
IpUEMOB, CIOCOOCTBYROIUX (GOpMUpPOBa-
HUIO U PAa3BUTUIO peYeBbIX HABBIKOB U yMe-
HUI, CAMOCTOSITEJIbHOTO MBIIIIEHNA U B ne-
JIOM AKTUBU3ALUN pe‘{eMbIC]II/ITeIIbHOﬁ ned-
TEAbHOCTU YIallIMXCA.

Vicionp3oBaHHasA muTeparypa
1. Anremosckm K. VIHHOBaumm ¥ yuuTens.

Mocksa.:1991. - 44c.

2. Anecuna E.B. Yue6Hble Hrpbl Ha ypoKax aHITIMICKOTO

A3bIKa. VIHOCTpaHHBIe A3bIKM. MockBa.:1987. - 43c.
3. bynko I.B. fIspikoBble UTPBI HA yPOKaX aHIIMIICKOTO

A3bIKa. VIHocTpanHble A3bIKM. MockBa.:1986. — 68c.
4. JKunknn HJ. Mexannsmbl pedn. MockBa.:1966. — 64c.

5. IaccoB E.JI. KOMMyHMKATUBHbII MeTO, 00ydeHus
MHOA3BIYHOMY TOBOpeHuio. Mocksa.:1988. - 87c.

76



Inynieria i technologia.

ITPUMEHEHME OIIPEJE/JIEHHOI'O MHTEI'PAJIA
B 9KOHOMMKE

Axmmrynosa V.JL.

CrypeHt

Creprmmramakcknit dpyuman baKypcKoro rocyiapcTBEHHOTO YHUBEPCUTETA,
9KOHOMMYIECKIUI (baKYTI)TeT

KirouyeBble cmoBa: oIpese/IeHHblIl MHTETPA, TEMII POCTA, MHBECTULUM, IIPOU3BOANTENb-
HOCTB TPYAA.
Keywords: definite integral, growth rate, investment, productivity.

VHTerpanbHOe MCUUC/IeHNe laeT 6OraThlil MaTeMaTIIeCKUII allliaparT /I MOfieMPOBaHIs
U MICCTIEIOBAHM IIPOIIECCOB, IPOMCXOAS;IINX B 9KOHOMIUKeE. B TaHHOI paboTe pacCMOTpEHBI:

- HaXOXKZIeHUe SKOHOMMIECKNX QYHKIMIL [0 M3BECTHBIM IIPefeIbHbIM BeTNIMHAM;

- HaXOXXfIeHue 06'beMa MPOAYKIUM IO U3BECTHOI (PYHKIUM IIPOU3BOSUTEILHOCTY TPY/Ha;

— BBIYJCIIEHNE CPeIHee BpeMsI M3TOTOBJIEHNA M3e/NA C IOMOLbI0 IHTEIPaJIOB;

— IMICKOHTMPOBAHHAs CTOMMOCTD JIEHE)KHOTO ITOTOKa;

— HaXOXK[I€HVE KaITaa 0 N3BECTHBIM YMCThIM MHBECTULIVIAM;

— BBIIYCK 000PYHOBaHMS IIPY IIOCTOSIHHOM TeMIIe POCTa;

— BBIYJC/IEHNE TPOLIEHTOB II0 BK/IajjlaM B OaHKe.

HaxoxxmeHre sKOHOMIIeCKMX (GYHKINIT 10 M3BECTHBIM IIPefe/IbHBIM BeMNdiHaM

B kypce MMKPOSKOHOMMKY PacCMaTpMBAIOTCA TaK Ha3blBaeMble IIpefie/IbHble BEeINYMHBI,
T.e. [T JAaHHOJ BE/IVYVHBI IIPECTABIIEMOIT HEKOTOPOiT GyHKImel f(X), paccMaTpuBaioT ee
npoussopuyio f'(x). IToaToMy 4YacTO NMPUXOFUTCS HAXOAUTH SKOHOMMYECKYIO (YHKIIMIO
(mepBoo6pasHyI0) 110 faHHON GYHKLUUY Ipele/IbHBIX BeIYMH (IIPOMU3BORHOIN). [1]

ITpumep 1. 3amaHa QYHKUMA IpeReNbHBIX U3MepKeK (M3epXKKN Ha IIPOU3BOACTBO [O-
IIO/IHUTE/IbHOIL BBIITYCKaeMOJl eVHNIBI IpoayKuuy ToBapa) C = 2q* - 14q + 250. Haiitn
¢dyuknuio n3gepxek C = C(q) ¥ BEIYMCINTD U3LEPXKKI B CIyYae IMIPOU3BOACTBA 15 equHmIy
TOBapa.

Pemrenne. HaxonyMm MHTErprpoBaHeM U3JiepKeK Ha M3TOTOB/IeHNMe 15 efl.

ToBapa 15 2 14 15
C=J, (29 -14q +250)dg = 5¢° - —¢* + 250q| 7> = 4425 (y.e.).
Haxoxxpene o6beMa IPORYKIMY [0 M3BECTHON QYHKI[MY IPOU3BOAUTEIBHOCTI TPYAA
Iyctp ynkius Z = {(t) onucbiBaeT M3MEHEHNU IPOM3BOJUTENbHOCTI
HEKOTOPOTO NPOM3BOJCTBA C TedeHeM BpeMeHn. Haiinem 06pém npopykium Q,
IIPOM3Be/eHHBII 32 IPOMEXYTOK BpeMenu [0,T].

Pazo6pem oTpesox [0,T] Ha mpomexxyTku Bpemenu toukamu 0=t0<tl<...<tn = T. [la Be-
mauEb 06'beM IpoyKIyu AQ, TPOM3BEIEHHOI 3a TPOMEXYTOK BpeMenn [fi-1.til, yveenm

AQ = f(g)At;, The
g€ty t A =1, — 1y, i=12,.,n

p— n — n
Torga Q = Y7L, Q; = X1, f(e)At,.
ITpy cTpemneHny maxAt; K Hy/IIO KaX/I0e U3 UCIIONTb30BaHHbIX IIPUO/IVKEHHbIX PaBEHCTB
CTaHOBUTCSA BCe 60JIee TOYHBIM, TI0ITOMY
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ot O =Qmax ¢t~ 496
- : 41,06

20.53
0 4 g ()

Puc.1
Q= ma}}ﬁi_‘oziq .f(si)'ﬁti'

YuaureiBas omnpeneneHne onpeneIeHHOoro NHTerpaia, OKOH4YaTe/IbHO ITO/Ty4aeM

Q= f®at, W

T.e. ecii f (t) - IPOM3BOAUTENILHOCTD TPY/ia B MOMEHT BPEMEHN t, TO fOT f(t)dt ectb 06pem
BBIITYCKaeMoJl IIPOA YKL 3a IpoMexxyTok [0,T].

ITpumep 2. Haittu 06beM IIpon3BeieHHOI MPOMYKINN 3a BpeMs t = 6 4ac, ec/ Ipon3Bo-
IUTEIBHOCTD TPYAA 3aaHa GYHKIel

f(t) = —t% + 10t (em./uac)f (t) = —t* + 10t (en./qac)

T &
t* 10t% 16
Q= f f©)de = f(—tZ +100)dt = (_?+T) )
o 0

=108 (y.e.).

ITpumep 3. Haittu gHeBHYIO BbIpaboOTKy Q 3a pabo4mit ieHb

IIPOJO/DKUTENBHOCTDIO 8 4aCcOB, eC/IN [IPOU3BOAUTENIBHOCTD TPY/A B TeUEHME FHS

MRAIMPHAPLTCIT 1'[2{\ fhf\n‘l\/l‘7TTP'

) =-02t"+1,6t+ 3’r,11e t — Bpems B Jacax.

IIpoBecTy sKOHOMMYECKNUIT AaHATINS.

Pemrenne. [JHeBHYI0 BEIpaboTKy HaligeM no opmyre (1).

2 0.2
Q= [, (=02t + 1,6t + 3)dt = F(t) |§ =(—Tt7+08t7+ 30)[3 = 41,06 (ye.).

IToctponm rpadux ¢pyuxunu (puc. 1).

Ecnu 651 B TedeHre BCero AHA paboTa Belach PUTMIYHO 1 C MAKCUMAIIBHOI IIPOU3BO/M-
tenbHOCTBIO f (t) = 6, 2, TO HHeBHas BbIpaboTKa coctaBumia 661 Q max = 49,6 wiu Ha 21%
6ornbure. Ha pric. 16 gHeBHas BBIpabOTKA YMCIIEHHO PaBHA IUIOLIA/V KPMBOTMHEIHOII Tpare-
MU, OTpaHMYeHHON cBepxy KpuBoii f(t), Bropas xpusas F ('t ) mokasbiBaeT pOCT BBIITyCKa
IPORYKLUY BO BpeMeH). JHaueHNe t = 4 4. COOTBETCTBYeT TOUKe Ilepernba Kpusoi F(t): B
HepPBOIT IIONIOBMHE PaboYero AH:A IPOU3BOANTENIBHOCTD BBILIIE, Y€M BO BTOPOIL.

ITpsimass Q = Q max t COOTBETCTBYeET BBIITYCKY IIPOYKIIMU C pABHOMEPHOI!

IIPOM3BOAUTEIBHOCTBIO. B 3TOM cryyae 06beM IpOAYKIMI cOCTaBUI 6bI 49,6 y.e..
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ITycTb TpebyeTcst Onpee/Th BBIPAGOTKY Pabodero 3a X 4acoB C MOMeHTa BpeMeHM t ((t+ X < 8).
ITo ananornu BrIpaboTKa pabodero 3a X 4aCOB C MOMEHTa BpeMeHI t Oyzer
paBHa: _ rrhx

Q=J f®dt @)
ITo/my4eHHbIIT MHTErPal HOCUT Has3BaHIe MHTETPana C ePeMeHHbIM BEPXHIM IIpeferioM. [3]
ITpumep 4. Onpenenutsd BoIPabOTKY pabodero:
a) 3a Becb pabo4Mil JIeHb;
6) 3a TpeTuit yac paboThI;
B) 32 IOC/IE[HMIT 9ac pabOoThl, €C/I IPOJO/DKUTEIBHOCTD Pabovero fHs 6
4acos, a f(t) = —3t? + 18t - NpoU3BOANTENBHOCTD TPY/I;
I') IPOBECTU S5KOHOMUYECKNIT aHA/IN3 3a/1a4n.

Pernerne. Haxopym 06111y1o BeIpaboTKy pabodero 3a Bech fieHb (6 4acos) mo ¢opmyrne (1).
3

6 2 2,16 €
Q = ;) (=3t?+18t)dt = (—— + 185)|5 = (—¢* + 9t?)|; _

3 2
_(—t*+9t)[° = (—216 + 324) = 108 (y.e.).

OmpepensieM BbIpabOTKY pabotuero 3a TpeTnit 9ac paborsl o popmyie (2).
3

Q= J‘(fsﬁ +180) = (—t3+9t%) 3_ 26 (y.e.).
J 2

AHajIorMyHO omnpegernseM BbIpabOTKy pabodero 3a MoC/IefHIIT Yac paboThI:

3a monHbIT pabounit feHb BeIpaboTKa coctaBuia 108 y.e. mpopykuym. 3a TpeTmit dac
paboTsl 26 y.e., 3a mocnefHuit 4ac 8 y.e.. BeposTHO, 4TO paboTa yroMuTenbHas 1 Tpebyer
6O7IBIIIOrO HATIPSDKEHNS, TIO9TOMY K KOHITY CMEHBI ITPOU3BOANTEIBHOCTD TPY/A MaflaeT.

Brruncnenne cpefHee BpeMs M3TOTOBIEHM U3JENNA C TIOMOIIBIO MHTETPAIOB

ITycTp u3BecTHa GyHKUMA t = t(X), OIMCHIBAIOLAs U3MEHEHNe 3aTpaT BpeMeHM t Ha U3ro-
TOBJIEHVIE U3[ENINA, B 3aBUCYMOCTI OT CTEIIEHM OCBOCHNA NMPOMU3BOACTBA, I'/l€ X — ITOPATKO-
BbIl HOMEP U3/le/sA B IAPTUNL.

Torma cpenree Bpems t_, 3aTpadeHHOE HA M3TOTOB/ICHNE OJHOTO M3JIE/MS

B IIEPUOJ] OCBOEHMS OT X, JI0 X, U3JIE/INIT BBIYUCIIAETCA 110 TEOPEME O CPEJIHEM:

tp = —— [P ¢ (x)dx.

Xg—Xq ¥ ( 3)

OyHKLYsT M3MEHEHMs 3aTpaT BpeMeH! Ha M3rOTOB/IeHNMe U3feii t = t(X) 4acto uMeet BUJ
t=ax"?

IJie @ — 3aTpaThl BpeMeHM Ha [epBOe U3,

b - mokasaresp IpoOM3BOACTBEHHOTO IIporecca. [1]

[Ipumep 5. Haittn cpenHee BpeMms, 3aTpadyeHHOE HA OCBOEHUE OJHOTO UBJE/NNUS B IIEPUOL,

ocBoeHMA OT x; = 50 710 x, = 75 mapmenuit, ecmn QyHKIMA M3MEHEHUA 3aTpaT BPeMeHU
1
t=100x7z (%)

Pemenve. Vcnonn3ays popmyny (3), monydaem:

75 75

: 100 [ dx 75

100x2dx=— | 38 | ~ 11,2 ().

f Rdv= oo | T8 v 120
50

1

t=75"50

50

HI/ICKOHTI/IPOB&HHaH CTOMMOCTD JI€HEKHOTO ITOTOKA
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Omnpepenenne Haya/IbHOM CyMMBI 110 €€ KOHEYHOJ Be/IM4YMHe, IIOTy4YeHHON Yepe3 BpeMA t
JIeT TIpU TOJJOBOM YZIeTbHOM ITIPOIIeHTe P, Ha3bIBaeTCA JUCKOHTMPOBaHMEM. 3aJjadll TaKOTo
pofa BCTPEYaIOTCsA IIPU OIIPefie/leHNN SKOHOMIYECKOi 9((GEeKTUBHOCTI KallUTaIOBIOXe-
HIIA.

ITycTh MOCTYMAIOLINIT €XKETOJHO JOXOJ, U3MEHAETCs BO BPEMEHM M OIUChIBACTCS PYHKIIN-
eit f(t) u mpum ymenbHOM HOpMe IPOLIEHTA, PABHOI P, HPOLIEHT HAYMCIAETCS HEIIPEPBIBHO.
Torma auckonTUpoBaHHbII Kox0f K 3a Bpems T Beraucisercs mo gpopmyie:

K = [} f(D)e?tdt. (4)

IIpumep 6. OmpenenuTb AVCKOHTMPOBAHHBIN HOXOJ 33 TPYU TOAA IPU MPOIIEHTHOI CTaBKe
10%, ecyt mepBOHAYaIbHOE KAIIUTAIOBIOXKEH)Ee COCTABIIIN 15 MJIH. Py0. ¥ HaMedaeTcst exe-
TOJIHO KAITMTaJl YBEIMYMBATh Ha 5 M/IH. py6. [IpoBecTy 5KOHOMIYECKMIT aHA/IN3.

Pemrenne. CoctaBuM QyHKIMIO exxerofHoro goxoza f(t) = 15 + 5t. Torga

110 popmyrte (4) [UCKOHTMPOBAHHAS CYMMa KallMTaIOBIOXKEHA

3
K= f(15 + 5t)e”"dt
o

VIHTerprpyeM I1o 4acTsAM.

[ycts u =15 + 5t, du = 5dt, dv = e~ %t dt, V = —10e~ %,

CregoBarenbHO,

K = -10(15+5t)e =% + 50 jj e~0ltd= —72 - 500€ ~72+130=58 (MH.py6.)

9TO 03HAYAET, YTO /I MOMYYeHsI OMHAKOBOI HApallleHHOJ CYMMBI 4epe3 TPy rOfia exxe-
TOJJHBIE KalIUTATIOBIOXKEHNs OT 15 10 30 MyTH. py6. paBHBI OfHOBPEMEHHBIM ITePBOHAYA/TBHBIM
BJIOXKEHVAM 58 MIIH.pY6. TP TOII e MCINCIIAEMOlT HelIPEPBIBHOI MPOLIEHTHOI CTaBKe. [2]

HaxoxeHne KammTana o N3BECTHBIM YMCThIM MHBECTUIIVAM

YucThIMM MHBECTULAMM (KAIIMTATOBIOKEHUSIMI) HA3bIBAIOT OOII[ye MHBECTULUI, TIPO-
U3BOZIMMbIC B 9KOHOMMKE B TeUeHNe OIPefie/IeHHOTO IIPOMeXYTKa BpeMeHM (dalle BCero
rofia), 3a BBIYE€TOM MHBECTHMINIT HA BO3MEIeHVe BBIXOMAIINX U3 CTPOST OCHOBHBIX (POHIOB
(kammrara).

Takum 06pasoM, 3a eUHUITY BpeMEH! KaIlUTaJl YBeIMIMBAETCA Ha BEIMUMHY YMCTHIX VH-
BecTuumit. [1]

Ecmm xanutan 0603HaunTh Kak ¢yHkuuio Bpemenu K(t), a unctele nuBectyumy — I (t),
CKa3aHHOE BbIIlle MO>KHO 3aMicaTh

0,1:'3_
0=

d
1) = =K (),

T.e. IPOU3BOJ{HAs OT KallMTajIa 110 BpeMeHN t.
Yacro TpebyeTcs HaiTy IpupalieHne KaluTaa 3a Iepuof BpeMeHN OT t, f10 t,, T.e. Bemm-

YUHY
AK = K(t,) — K(t,).
Oyuxuus K(t) sBnsercs nepsoodpasHoit aist GyHkuuy I(t), m09TOMy MOXKHO 3aIlMCaTh:

AK = [Z1(Ddt = K(t;) = K(ty). (5)

Ipumep 7. 3amanbl unuctble uHBecTMuMU QyHKumern I(t) = 5004/t(y.e). Tpebyercs
OIIpefeNnTh IpupalieHne Kaurasa 3a 2 rofa.
Pemrenne. ITpumenum dopmyny (5), momydnm
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500t2 2 500 2
0

AK = fsoo{dt_ V8~ 9433 (v.e.).
E

IIpumep 8. 3agana QYHKIMA YUCTHIX MHBEC

iomii [ () = 3003/t

OmnpenenuTb: CKONBKO JIeT IIOTPpebyeTcst, YTOObI MpupallieHye KanuTaia

cocrasmma 3000.

Peurenrre. O603HaYMM MCKOMBII ITpoMexxyTok Bpemenn [0,T ] u, ucnonn3ys

dopmyny (5), momyunm

T

3000 = f(3oo{)dt_(

4]

3amymrem ypasHenue: 3000 = 4003/T*.

= 4003/T%.

Pemas ero, vaxomum: Tz = 7,5 unu T = (7,55) = 4,53,

Yro6bI mpupaienne KannTana cocrasuio 3000, morpebyercs 4,53 ropa.

Beiryck 060pyRoBaHysI IPY IOCTOSIHHOM TeMIIe POCTa

ITpousBoACTBO 0OOPYHOBAHNA HEKOTOPOTO BIUfiA XapaKTePU3YeTCA TEMIIOM pPOCTA €ro
BBIITyCKa

_y'@®
- il
y(@®
rie K - usBecTHas moCTOSHHAsA BeudyHa (eXKeTroQHBIN TeMII pocTa), y(t) — 3TO ypOBeHb
IIPOM3BOACTBA 3a eAMHIILYy BpeMeH) Ha MOMEHT BpeMeHM t, y'(t) — mpupocCT BBIIyCKa 060-
PYHOBaHMA 3a IPOMEXYTOK BpeMeHM t = 1.
Ob1uiee KONMMIECTBO 06OPYOBAHIIA K MOMEHTY BpeMeHN t (eMHNI[ell KOTOPOTO SBJIACTCH
TOfI), @ B HaYa/IbHF# MOMEHT BpeMeHI t = 0 ypOBeHb eXXerofHOr0 IIPOU3BOLCTBA 060PYHO-
Banusa cocrapnsun Yoo, maxopures mo popwmyme

Y(t) = f:_voe“dt. )
ITpumep 9. Haiitu ob1rjee KOMM4eCTBO IMPON3BEREHHOTO 0OOPYLOBAHIISI 34 TPY TOAA, €CIIN
k =7% exeromHoro pocra, a ¥, = 12 y.e.
Pemrenne. ITpumenas dopmymy (6), momyanm

V(1) = [} 12670 dt = 122220070 |3 = 2220 (021 — 0) = 1202021 — —30.43 (ye.).
IIpruem ypoBeHb IpOM3BOACTBA 33 YKAa3aHHBIN MEPUOJ, yBeTUIUTCA Ha 27,3%.
BeruncieHne IpOIEHTOB 110 BK/IafaM B GaHKe
Ecnu HavyanbHBIN BKIAJ, COCTAB/IACT P, IPOLIEHTHAsA CTaBKa paBHA I, TO
Be/IMUMHA BK/IAJja Yepe3 IPOMEKYTOK BpeMeHN t OIpefiersieTcs 1Mo GopMmyIe:

Tt
§ = petoo,
PaccMoTpum 06paTHYIO 3afady i HAXOXKAEHMsI CTOMMOCTM aHHyHUTeTa (peryipHbIX

IUTaTeXXell) IIPMMEHNUTEIbHO K HelIPePbIBHBIM IIPOLIEHTaM. B 3TOM c/ydae IUTaTEX! 3aBUCAT

OT BpeMeHM t, TO eCTb ABJAeTCA (PYHKIMEN OT t, YTO MOXKHO 3anucaTb p = p(t).
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Torma BemunHa BKmaga S gepes T et onpenensercsa GopMymoi

T r(T—t)
S=[ p(t)e = dt
™)
Ecnu paccMoTpeTh HOHSTUS AUCKOHTMPOBAHHON CYMMBI, CBSI3AHHOE [JIsI HEIIPEPBIBHBIX
IPOL[EHTOB C GOPMYIION
r(T—t)

2} = Se 100

S1a PpopMyna faeT BO3MOKHOCTH OIPeRe/ISITh BeNIMHY HadalbHOTO BKIafga P, eC/Ii 13-
BECTHO, YTO 4epe3 t JIeT OH [JO/DKeH COCTABUTb BEIMUMHY S, a HellpepbIBHAsA IPOLCHTHAs
CTaBKa paBHA I. 3afjavya aHHYUTETa B 9TOM C/Tydae MOKeT OBITh CPOPMYIMPOBAHA TaK: HANTH
BeJIMYMHY HaYaJIbHOTO BKJIAJA P, €C/IM Pery/LipHbIe BBIIUIATHL II0 9TOMY BKJIAJY HO/DKHBI CO-
CTaBUTH S eXXerogHo B Tedyenne T er. [4]

PacuerHas GpopMmy/a nMeeT BUT

p= fUT .S'e_ir_otodt. (®)

IIpumep 7. Omnpenennth BeNMYMHY BKIaja 4depe3 2 Tofia, €CaM Hava/lbHBI KamuTas
50 000 pen. ef., mpoLeHTHasA cTaBKa 8%.

Pemrenne. Vicnonnaya dopmyny (5), Homydnm o6IIyIo BeMMYMHY BKIafia yepes 2 Tofa:
2 2

8(2—¢) 16-8¢ 100 8-ty 2
5= JSOOOOe 100 dt=50000[e 100 dt = 50000 (7?3 100 )l
1] 0

= 108437,5 (gen.en.)

ITpumep 8. Tpebyercs onmpenennTb Ha4aIbHBIN BK/Iajl, €CIM BBIIUIATDI
TOJIKHBI COCTaBUTD 75 y.e. B TeYEHNMeE TPEX JIeT, a MPOLeHTHas cTaBKa 5%.
Penrenne. IIpumenum dopmyny (8), momydnm

E

st 100 st |3
p=f75e*mm:=75(f?e*MJ o ® 20625 (y.e.).
1]

VickoMmbplil Hava/IbHBIN BKIaZ cocTaBuT 206,25 y.e.
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VICIIO/Ib30OBAHUE OO OEPEHIIMAIBHBIX YPABHEHUN
B 9KOHOMMYECKOW TUHAMMUKE.

TaiimacoBa Jlmo3a MaxMyTOBHa

Crypenrka 1 xypca rpymmnsl ®K-11 skoHoMudeckoro ¢akynbrera CTepauTaMakCKuin
¢buman bBamknpckoro focynapcrBenHoro YunuBepcutera Hay4Hblit pykoBogurens: K.¢.-
M.H., JOLIeHT Kadepbl MaTeMaTH4eCKOro aHa/m3a (GakyabreTa MaTeMaTUKIU 1
MHGOPMALIMOHHBIX TexHomoruit CrepanTaMakckuii ¢pymman bamknupckoro
TocymapcTBenHoro Yuusepcutera Caburosa FOma Kamunesna

Kirrouessre cnoBa: muddepeHijnanpable ypaBHEHNs, 9KOHOMIKA, YPaBHEHME, TIPOAYKT,
IepeMeHHbIe.
Keywords: differential equations, Economics, equation, product, variables.

b depeniyanbable ypaBHEHNA IMPOKO UCIIONL3YIOTCA B MOJIENAX SKOHOMUIECKOI /I
HAaMJKI, B KOTOPBIX MCCIIENYIOTCA He TONBKO 3aBJMCHMOCTD IIePEMEHHBIX OT BpeMeH, a U OT
UX B3aMMOCBA3M BO BpeMeHM. TakuMu MofienAMM ABIAITCA: MOJeNnb OBaHca — YCTaHOBIIe-
HIISA ypaBHOBEIIEHHOT IIeHbI Ha PBIHKE OJHOTO TOBAPa; a TAKXKe AMHAMIYecKas MOJE/b 9KO-
HOMIYECKOTO POCTa, M3BECTHAsA IIOf] Ha3BaHMeM «b6azoBas Mogenb Comoy».

B HIDKeIIpUBeIeHHBIX IpMMepax OyeM paccMaTpUBaTh MCIIONb30BaHMe fuddepeHIab-
HBIX YpaBHEHMII B 5SKOHOMMKE.

ITpumep 1. 9 HeKTUBHOCTD peKIaMBI

Hexkas ¢upma moarotosmia yis peannsanuy HOBBIM MPORYKT. [/ ero HpOfBIDKEHUS B
Havya/IbHbIl MOMEHT ObI/Ta IIPOBe/leHa peKTaMHasA KOMIIAHUA, B pe3y/bTaTe KOTOPOi O HO-
BUHKe y3Hamu Y N mokymnarerneil. 3gech N — ofllee 4Mc/Io MOTEHLMAIbHBIX IIOKYyIIaTesIelt
HOBMHKM, 1 >y.

HaiineM, kak OyfieT MEHATBCA YMCTIO TIOKYTaTelell, 3HAIOIMX O HOBUHKE, B 3aBYCHMOCTHU
OT BPeMeHI, y9UTBIBasA, 9TO Aanee MHGOPMALVA O HeM PACIPOCTPAHIAETCS MyTeM OOIeHMs
MIOKYyIIaTesIell IPYT C IPYTOM.

O60sHa4unM x(t) — 9MC/IO MOKYyIIaTeIell, 3SHAIIINX O HOBUHKE B MOMEHT BpeMeHN t. V3me-
HEHMe 3TON BeMUYMHBI OyIeT MPOIOPIMOHATIbHO KONYECTBY 3HAIOLIMX O HOBMHKE, TaKKe
YMCTy MOKYIaTesIell, He 3HAIOIVIX O Hell, ¥ IPOMEeXYTKY BpeMeHM dt, 3a KOTOpOe 3TO M3Me-
HeHMe ITPOVCXOMMNT:

dx = kx(N — x)dt, (1)

N
IIpY 9TOM x(0) = ;

1 x

Pasgennm nepeMeHHble 1 MHTETPUPYS, TOTYIUM E In f\-_ =kt+ C.
! N—x

YuuTbiBas HadaabHbIE YCTIOBUA, TOMTYYMM 3aBUCUMOCTD:

Neth N

T eNktyy, 1 T 14(y—1)e- Nkt )

X

YpaBHeHue (2) HasbIBAeTCS ypaBHEHVEM JIOTYICTIIECKOI KPUBOIL.
[Tpumep 2. PocT meHeXKHOTO BKIazia B 6aHke
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Eirie n3pjaBHa 4e/ioBeKa MHTEPECOBAT BOIIPOC, KAKOBa ObITa 6bI CyMMa ero

BKJIafia, ey OBl OH €ro BJIOXKIJI OYeHb-OYeHb JABHO, CKa)KeM B Hadasle Haulelt apbl? 3a-
Tada pelraeTcs 0e3 JOIIOTHUTEIbHBIX YCIOBUAX, TAKUX KaK JeHeKHbIe peOpMbI, HaIlpUMep
CMEHa BA/IOThI, IBMEHEHNE CTaBKM INPOLCHTA, M3MEHEHNS 00eCIedeHHOCTH pecypcaMu 1
TOBApOM U T.JI.

3a/iaauM KOHKPETHBIE YCIOBIA: B KAKYI0 CyMMy 0OpaTiiach ObI KOIIEKa, eCIIN ee BIIOXKM-
7 B cOeperaTe/bHBIl OAHK B IEPBBIil TOJ Halllell apbl 0K 5% roposbix? Ilpegmonaraercs,
YTO JleHe)KHble peOPMBI He IIPOBOMATCA, a IpUpallieHIe IPOU3BOAUTCSA HellPePhIBHO!

3amaguMm HavanpHyo ¢popmyny: Y'(t) = 0,05y(t). Vicronpsyem mokasaTenbHyI0 GyHKINIO,
npemtoxeHuyo Mansrycom: Y(t) = C ekt IlogcraBiisieM Haya/IbHbIE 3HAYEHIS:

Y(2000) = 1-e®932%%° [Toryqaem: Y(t) = 2,688-10% xor.

Ortser: 2,688 10*py6reit.

IMomyumnock HaCTONBKO GOMBIIOE YNCIIO, YTO He CYIIeCTBYeT ero HasBaHusA! Peub umer o
CyMMe, KOTOpas HAMHOTO ITPeBOCXOJUT BCe JIeHe)KHbIe 3arachl 3eMHoro mapa. [Touemy no
CUX IIOp He IPOVICXOAIIO PUOIIDKEHNe K CTOIb 00/bInol BemmmunHe? [loToMy, 4TO HI OfVIH
BKJIaJ] He JISKUT CTO/b JOJTO.

1 o »
[Tpumep 3. dmactmanocts E, (y) = —Z A mo6bix 3Hadennit p. Haittu dynkumio crpoca.
pdy
Bocronmbayemcst ompenienrenvem anactuanoctn E, (y)= _d—.HOIIy‘II/IM mudbdepeHn-
vdp

AJIPHOE YpaBHEHME C Pa3feNAIIMICA ITIEPEMEHHDIMMU:

v dy 1 dy dp
= =—-= 3= = ——. lVurerpupyeM M ILOJy4aeM YypaBHeHNEe CIpoOCa:
vdp 3 ¥ P
d d
3] == [ = 3nlyl = —Inly| + InC = py* = C. /i1 onpepenera C myxcna

OOIIO/THUTE/IbHAA I/IH(bOpMaLU/Iﬂ.
Ynpaxuenne 1. Haittu Gyrximio cipoca y=y(p), ecmm amactuasocts E, () nocrosHHa 1 3a-
. 1
JlaHa TleHa P TPV HeKOTOPOM 3HAYEHMM MMeeT cemytomuit Bun: a) E, (y) = — 2 P=5Tpu y=2;
6)E,(y) = —3, p=2 npu y=27;
B)E,(v) = =2, p=10 npu y=4;
4 )
nE,(y) = —5p=15mpuy=1
— _ _B

mE, (v) = =2, p=3 mpu y=".

Taxum o6pasom, auddepeHnanbHble ypaBHEHN)S B HACTOsIIEe BPEMsI IPEACTABILIOT CO-
6011 TPYAHOO603PUMYIO COBOKYITHOCTD (DAKTOB, Mieil I METOOB, OYeHb IIO/IE3HBIX /ISl IIPK-
JIO>KEHNIT Y CTYIMY/IUPYIOLIVX TeOpeTNYECKIEe VICCIEROBAHMS BO BCEX APYTHX pasieiax MaTe-
Matuku. MHorue pasgensl Teopun AuddepeHInanbHbIX YPaBHEHNII TaK Pa3poCNCh, YTO
CTaaM CaMOCTOATENbHBIMYU HayKamMu. MOXXHO cKas3aTh, 4TO GOJIbIIas 4acTh IyTell,

CBA3BIBAOIINX aOCTPaKTHbIE MaTEMATHYECKIe TEOPHH 1 €CTeCTBEHHOHAYYHBIE IPIIOXKEHNS,
IPOXOANUT Yepe3 fuddepeHaIbHble YpaBHEHNUA.
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KOOPIVMHAIIVIOHHBIE COENJVIHEHWA
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C OTMWIEHINAMINHOM
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CuHTe3 HeOPraHMYeCKMX COEAVHEHMII, COTepP)KAIUX TeTePOATOMHBIE U HOMNYHKINO-
HaJIbHBIE TPYIINPOBKI, BbI3BIBAET OCOOBII MHTEPeC UCCIefoBaTeNeil — XMMUKOB. B cBs3u ¢
9TUM, AKTMBHOE MCIIO/Ib30BaHME KOMIIbIOTEPHBIX CHCTEM B MCC/IEOBAHUAX «COCTaB—
CTPOEHMe—CBOJICTBa» BEIIECTB, a TAKXXe COBPEMEHHbBIE NOCTVDKEHMA XVMUU JAI0T BO3MOXK-
HOCTDb OCYLIECTB/IATD CUHTE3 HOBBIX COeIIMHEHMI C KOMIITIEKCOM 3a/JaHHBIX CBOJICTB, HAaIIpaB-
JIEHHO MeHsIsl B MO/IeKyyie QPYHKIMOHAIbHbIE TPYIINNPOBKIL.

B npopo/pkeHne UCCIefOBaHMA B 00/IaCTH IIPOM3BOSHBIX THOMBIIIBSIKOBOI KUCTOTBI MBI
HPEeIPUHANN HOIBITKY CUHTE€3MPOBATh U U3YYUTh KOOPAMHALMOHHbIE COEHEHNA TeTpa-
THOAPCeHaTOB d-MeTa/IoB ¢ aTuaeHAraMuHOM. C LIeIbIo MOMyYeHNs TeTpaTuoapCceHaTa Ha-
TPUA BIIEPBbIE VCIIONTb30BA/N IPUPOIHBIN Ay pUIIUTMEHT € 96-98%-HbIM coiepKaHeM OCHO-
BHOTO BeIIleCTBa, B3AThI 13 JlyxyHckoro Mecropoxerns (Ipysns). Kak okasanocn, okraru-
IpaT TeTpaTMoapceHaTa HATPMA IOMY4aeTCsA C BBICOKMM BBIXOIOM B3aMMOJENCTBUEM MU3-
MeJIbYeHHOTO aypPUIIMTMEHTA C HPOJYKTOM B3aMMOMNEICTBIA Cynbduaa HATPs C cepoii, 6e3
BbIJIE/IEHN s TPOMEKYTOUYHOTO IPOAYKTa B XMMUIECKU unucToM Bupe. Llenb mocturaercs cre-
IYIOIMMM IOCTIEOBATE/IbHBIMU PeaKIVAMM:

a. 2NaOH+H,S—Na,S+2H,0

0. 3Na,S+As,S +28+16H,0 —2Na,AsS -8 H,0O

UM CYMMapHO:

6NaOH+3H,S+As S, +2S+10H,0 —2Na,AsS -8 H,O

ViccnepoBano B3auMopieiiCTBIE TeTPaTMOApCeHaTa HATpuA C COMAMM IePEeXOIHBbIX MeTa-
JII0B. BBIACHIUIOCH, YTO IPM 3TOM OCa’KJA0TCA COOTBETCTBYIONVIE COMM TETPATUOMBIITbAKOBOI
KICTIOTHI, 10 o6mrert popmyne M3(AsS4)2-nH20 [1-4]. YoenuBIICh B TOM, 9TO U3 BOSHBIX
PAacTBOpPOB TeTpaTHOAPCEHAT HATPMsI MOYTH KOMMYECTBEHHO OCaXKfaeT d-MeTa/uibl B BUAE
COOTBETCTBYIOLIMX COJIell U IPUMHMMAsA BO BHYMaHNe, 9TO OO/IbIIMHCTBO KOOPMHALVIOHHBIX
COeIMHEeHMIT YIOMAHYTBIX 37IEMEHTOB ABJIAIOTCA PACTBOPUMMbIMI B BOJIE BEILIeCTBAMU, COY/II
11e7IeCO0OPa3HBIM-JICIIONIb30BATh TETPATMOAPCEHAT HATPUsA B KadeCcTBe OCANUTeNs MU
KOMIUIEKCHBIX KaToHOB. OKa3a1och, 9TO [AeCTBIUTENBHOCTH 06pabOTKOI BOJHBIM PacTBO-
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pOM TeTpaTmMoapceHaTa HATpMUA NPOAYKTOB B3aMMOAENCTBMA comeil d-MeTamnoB ¢
HEKOTOPBIMU a30TOCOAEPKALMMY TUTAHaMY, 6e3 BBIeTIeHNs IPOMEeXXYTOUHBIX COefIHe-
HUJI B XVMHIYECKM YMCTOM BUJIE, NOTYYalOTCsA MBIIIbAKOCO/iepKallyie KOOPAMHAIIOHHbIE
COENMHEHNMsT KaTMOHHOrO cocTaBa. OZHAKO 3TOT CIIOCOO OKA3ajcsi HElpueMIeMbIM B TeX
CITy4asX, KOTJia MPOAYKTHI B3aMMOJENCTBIA COMEll MEPEXOIHbIX METAJIIOB C aJIeHJJAMI CaMI
ABJIAIOTCA OCAIKAMI MM K€ IieTIeBble MBIIIbAKOCOAepsKalle KOOPAMHAIMIOHHbIE COeMIMHe-
HUA ABNIAIOTCA PaCTBOPMMBIMMU B BOJie BellleCTBaMI. B aToM ciydae 1ie/ieBble MPOAYKTHI IO-
JTy4asy HeloCPeiCTBEHHBIM B3aJIMOJIeJICTBIIEM BOJIHO—3TaHOIbHBIX PACTBOPOB IMTAH/[OB CO
CBEXKeCUHTE3MPOBAHHBIMU T€TPATMOAPCEHATAMI COOCTBETCTBYIOIIMX METAJIIOB, C TOCTIENY-
IOIIVIM OCTOPOXKHBIM BbINapyBaHVeM Ha BOHAHON 6aHe. Tak ObIIM HOMyYeHBI CIefyloLine
KOOp/IMHAIIVIOHHbIE COeMHEHNUA:

[Fe(en),;)5(AsS,) 2H.0, [Co(en,)];(AsS,) 3H,0u [Ni(en;)];(AsS,) 3H,0

rie nurany (en) —atunenpmamud (H2N-CH2-CH2-NH2), uncio KOToporo 3aBUCUT He
TO/IBKO OT CTEeIIeHN OKVC/IEHVsI MeTa/Ia-KOMITTIEKCO0Opas3oBaTeist, HO U OT eMKOCTH JINTaH-
Ia. DTWIeHAMAMUH OVeHTATHBII JIMTAH[, U C LeHTPAJIbHBIMI MOHAMM 00pas3yeT Xe/aTHbIe
KOMIIJIEKCBI.

IMonyyeHHbIe KOOPAVHALVIOHHbIE COSAVHEHNS SABIIAIOTCA IPONYKTaMI PeaKIIMI:
a. 3MX, + 2Na,AsS -8H,0 > M,(AsS)),] + 6NaX + 16H,0
6. M,(AsS,), + 3nH NCH,CH,NH, — [M( H,NCH,CH,NH,)n],(AsS,),
WIN CyMMapHO:
3MX, + 2Na,AsS, - 8H,0 + 3nH,NCH,CH,NH, >
—[M(H,NCH,CH,NH,)n],(AsS,), + 6NaX + 16H,0
rme M=Fe, Co wu Ni, a n=3

CrHTe3MpoBaHHbIE KOOP[MHAIVIOHHbIE COEAVHEHMSA IPEACTABIAIT CO060I MeTKOKpPIUC-
TaJUIMYecKyie BeleCcTBa PasHoro IBeTa. CTeleHb NUCHEPCHOCTY CYIeCTBEHHO 3aBUCUT OT
crioco6a ux momnydenns. OOMEHHOIT peakIyeil 0CaKFAITCI 6oee MOPOMIKOOOpasHbIe coe-
IAMHEHUs, YeM IpJ HelOCPESCTBEHHOM B3aMMOJECTBUM JIMIAHA C TETPATMOAPCEHATOM
d-merato. OHU XOPOLIO PacTBOPMMBIE B BOJE BEIECTBA, HO He PACTBOPYMMBI B OpraHndec-
KX PaTCBOPUTEJISIX.

VIHAMBUYaIbHOCTD 1 CTPOEHME MCCIIENYEeMBIX COefVIHEHNIT, KPOMe 3JIeMEHTHOTO aHa/IN3a
[5-9], 6bUIN ycTaHOBIEHBI (V3MKO-XMMUYECKUMI MeTORaMu. [/isi OmpeneneHns crocoba
KOOpPAVHALMY JINTAHAA C LEHTPAJIbHBIM JMOHOM MeTa/la U VICCIeLOBAHUs CTPOEHMs
HOJTy4eHHbBIX KOMIIEKCOB ObUt usydeHs! VIK CrieKTpbl HOITIOMeH s,

Paccmotpente VIK crieKTpoB IOI/IOM e HIIS CMHTE3POBAHHBIX KOMIUIEKCOB (puc.1) u cpas-
HEHME UX CO CIEKTPOM CBOOGOZHOrO (HEKOOPAMHMPOBAHHOIO) STIICHAMAMUHA, a TaKxKe
STUICHANAMIHOBBIX KOMIIIEKCOB APYruX MeTamios [10] mokasmBaeT, 4TO MOMEKYIIbI Opra-
HI[YECKOTO JIMTAH/IA CBSI3aHBI C LIeHTPAIbHBIM aTOMOM METAJIOB OU/IEHTATHO- LINK/INIECKI,
06pasys xenaTHbIE COCANHEHNSL.
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L 1 1 1 1 1 1 1 1 1
36 34 32 30 16 12 10 8 6 4
x 100V, em?

Puc.1. VK cnektporpammsi: a.[Fe(en);1; (AsS,),2H,0, 6. [Ni(en;)];(AsS,),3H,0,
[Co(ens)]5(AsS),-3H,0

Anamis VIK crIeKTpOB CHHTE3MPOBAHHBIX COEIVHEHMI TOKA3bIBAIOT, UYTO B HUX HaO/IIONa-
0TCS TIOJIOCHI IIOTTIOMeHNA B 06/acTy 430cM-1, XapaKTepHble /A BaTeHTHBIX KoebaHum As
S37[11], a Taxke B o6mactu 470cM-1, COOTBETCTBYOIIEl NeOPMALIMOHHBIM KOTe6aHUAM
TOro >ke uoHa [12].

ToT ¢axT, YTO TeTpaTHOapCeHAT-MOHBI HAXOAATCS BO BHEIIHMX cepaX KOMIUIEKCOB, MOfi-
TBEPK/IAE€TCA U [IAHHBIMU OIPENeNeHNs MONAPHOM 3IeKTPUIECKON HPOBOAMMOCTHI
pasbaBIeHHBIX PACTBOPOB. Pe3y/IbTaTbl 9TUX UCCIE[OBAHMII TOKA3MBAIOT, YTO | KOTIEeO/IeTCs
B mpepmenax 465-485 oMm-1-cM,MO/b-1, 9YTO COOTBETCTBYET 3JIEKTPOIPOBOANMOCTH
ILITUMOHHBIX 9/IEKTPOINTOB cocTaBa 3:2 [13;14].

[M(C,H,N,).](AsS,), 23[M(C,HN,).] + + 2AsS53~

rme M=Fe, Co mnu Ni

VIHAMBUYaIBHOCTD 00Pa3yIoINXCsl COeAMHEeHMIT IOfTBEP)KAEHO TaK)Ke METOOM PeHTTe-
HodasoBoro aHa/mm3a. Ha peHTreHorpaMMax CHTe3MPOBaHHBIX COAHEHNIT OTCYTCTBOBAJIN
pedriexchl, xapaKkTepHble [/ JMCXOFHBIX BelecTB. Pacuersl mokasamu (Tabm.l), 4To
HOJTyYeHHbIe COeIUHEHNs KPUCTA/UIMSUPYIOTCS B POMOMYECKOl CHMHTOHMII [15;16].

XapakTep TepMOrpaBUTPAMM, U C/IEHOBATENHHO, XMMITIECKOE TIOBEIEHNE TPV HaTPEBAHHY CVH-
Te3VPOBAHHbIX COSVHEHNI], COePIKAIIVX OfHU 1 TeXKe JINTaHIbL, IIOYTY OAMHAKOBEI (puc.2).

B mepByio o4epenp mpoTeKaeT leTugpaTanys, 3aTeM ylaleHye TUTaHfa, IPUYEM He OJJHO-
BpEeMEHHO, a 1o cTafuAM. [oce monHoro yganeHns murasja XapakTep pasnoXKeHus KOOpan-
HAI[VIOHHOTO COeVHEHN TOXO0K Ha XapaKTep Pas/Io>KeHNUs TeTPaTHOapCceHaToB d-MeTaslIoB:
UAET NeTMOHMPOBAHNE 1 yAa/leHNe MbIIIbAKA B Bujie Cynbduanoi Gopmbl. B pesynbrare
OCTAIOTCSL COOTBETCTBYIOLVE CYIb(QUADBI, HAPUMeEpP, IPEAIOKEHO CXeMa pPas3IoKeHUs
[Fe(en),] (AsS,),-2H,O npu narpesanum.
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Tabnuua 1.
D,aHHbIe peHTI’eHO(*)aSOBOFO aHannsa
[Fe(en),1(AsS,),-2H,0 [Co(en),](AsS,),-3H,0 [Ni(en),]1(AsS,),-3H.0
1/10 da/n 1/10 da/n 1/10 da/n
20 9,82 40 9,8 20 9,57
30 9,07 30 8,63 30 9,00
30 7,694 40 7,694 25 7,694
20 5,47 - - 20 5,53
45 5,02 100 5,068 - -
70 4,01 100 3,952 60 4,015
100 3,867 100 3,867 100 3,867
45 3,785 30 3,785 40 3,785
50 3,493 50 3,493 50 3,523
30 3,273 40 3,273 50 3,273
20 3,028 50 3,045 - -
30 2,783 30 2,978 50 2,783
10 2,675 40 2,783 10 2,675
30 2,529 10 2,695 25 2,530
15 2,398 50 2,529 10 2,398
15 2,353 10 2,508 20 2,358
20 2,227 20 2,353 25 2,237
10 2,142 10 2,227 15 2,139
5 2,08 20 2,161 10 2,08
10 1,887 15 2,058 10 1,887
[Fe(en),],(AsS,),-2H,0
60-100°C 100-200°¢C
omo _ [Fe(en)sls(AsS,), ——— -
Fe(en),]s (4sS,), 2220C , Fe, (4sS,), 2
—Fe, As,S-(3FeS - As, S, j =430°C _, 3Feg

AHaJIOTMYHO IPOTEKAET TEPMONN3 [Co(en)s]s(As4)2~3HzO u [Ni(en),],(As,),-3H,0.

BecbMa MHTEPECHBI peaKiiy CHHTe3UPOBAHHBIX KOMIUIEKCOB C KMCIOTAMM U LI€I0YaMI.
OHU 3aMeTHO He BIUSIOT HA ILIEJIOYHBIE PACTBOPBI, & IPU B3AUMOJEICTBUM C KUCIOTaMI
(HCI, H,S0,) o6pasyerca iekacynbdujy TeTpaMblIIbsAKa, JOCTATOYHO 3aTPASHEHHDIN Peajb-
rapoM U 37IeMEHTHOII cepoii. VIX 1osiB/IeH e Bujie IIpyMeceit 00bsSCHSIETCS YaCTUYHBIM Pasio-
xenueM As 4810 B CUJIbHOKICIION Ccpefie.

TakuMm 006pasoM, BIepBble CUHTe3UPOBAHBl KOOPAVHALVOHHbIE COENMHEHUS
TeTparnoapceHaroB(V) 97eMeHTOB CeMENICTBO XKele3a C STWICHAMAMUHOM. Pe3ynbrarsl nx
MCCIEflOBAaHNA TIOKa3alu, 4TO MOH TeTpaTnoapceHara AsS3~ He koopaunupyercs c
LEHTPaTHbBIM aTOMOM M HAaXOAMTCA B HAPY)XXHOI cdepe KOMIIEKCa, a MOJIEKYIIbI
STUIEHMaMVHa KOOPAMHIPOBAHHBI C aTOMaMy d-MeTa/UIoB Yepes aToOMbl asoTa, ob6pasys
XeJIaTHbIe KOMIUIEKBI.
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