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PEDEPAT

AKTyaJbHICTh TeMH. AHaji3 BIUIMBY O10JIOTIYHO aKTUBHUX PEUOBUH HA
IIKIpy JIOJWHU TPU CYYaCHOMY BHUKOPHCTaHHI KOCMETHYHHUX 3acO0IB B
JIKYBaJIbHUX Ta MOBCSKISHHUX IUISIX € 0COOJIMBO aKTyaJIbHUM.

biosoriyHo akTHBHI PEYOBHHM - 1€ TPyNa XIMIYHUX PEUOBHUH, K1 MAIOTh
BUCOKY (D1310JIOT1YHY aKTUBHICTh B HEBEJIMKUX KOHIICHTPAIISIX.

AOGCOJIIOTHO BCl KOCMETHYH1 3acOo0M 37aTHI BIUIMBATH TUIbKM Ha BEPXHIM
miap erijiepmicy. biooriuHo akTUBHI peUYOBUHU, IO BXOJSTH JI0 CKIAAy Kpemy, He
3IaTHI MNPOXOJUTH Kpi3b POTOBHM MIap emifepmicy, ajie 3aTHI CIPUATIUBO
BIUIMBATH 1 3HAYHO TOJIIMIIUTH TOBEPXHEBUU IIap emigepMmicy, OJHaK Tpeda
BpPaxoBYBaTH MOOIYHI €(peKTH Ta MiBUIIEHY YYTIUBICTh 10 KOMIIOHEHTIB 3aC00Yy.

AKTyaJbpHICTh HAYKOBUX PO3pOOOK B JIaHIi Taiy3l 3yMOBJIEHAa 3 OJHOTO
00Ky moTpe0Oor0 CTBOPCHHS METOIWKH OIHIOBAaHHS €(EKTHBHOCTI KOCMETHYHHX
3aco0iB, a 3 1HIIOI TOPIBHSHHSA €(EeKTUBHOCTI 3aco0iB, MO IIMPOKO
BUKOPHCTOBYIOTHCH.

BuB4eHHS CIEKTpaTbHUX XapaKTEPUCTHK JABHO 3aCTOCOBYIOTHCS B PI3HUX
TIarHOCTUYHUX Ta JIKYBAJbHUX IUISIX MEIUIIMHU, a BUKOPHCTAHHS CY4YacCHUX
METO/MIB 3 BHU3HAYEHHSM CICKTPAIbHUX XapaKTEPUCTHK IIKIpU 30UIbIIyE Ta
CIIPOILY€ aHai3 JIIi BAKOPUCTAHUX O10JIOTIYHO aKTUBHUX PEUOBHH.

OgHuM 3 MEepCNeKTUBHUX HANpsAMKIB Cy4acHOi KOCMETOJIOTIT € aHaji3
BIUTUBY OI0JOTIYHO AaKTUBHUX PEUOBMH Ha MIKIPY 3 METOK IiABUIICHHS
€(EeKTUBHOCTI MPOBEJECHHSI KOCMETUYHUX MPOUEAYP Ta B EKOHOMIYHUX LIJISX.

Merta maricrepcbkoi aucepramii. MeToro poOOTH €  IMiJABUIICHHS
e(eKTHUBHOCTI CITOCOOY BH3HAYEHHS 3MIHM ONTHYHUX XaPAKTEPUCTHK IIKIPSHOTO
MOKPOBY II1]T BILIUBOM 010JIOT1YHO aKTUBHUX PEYOBHH.

3aBaaHHA JAOCTiXKeHHS. /{711 JOCATHEHHS IOCTaBJICHOI METHU HEOOX1THO

BUPIIIUTH TaKl HAYKOBO-TEXHIYHI1 3aB/IaHHS:



- TPOBECTHU aHAJI3 XapaKTEPUCTUK Ta Cy4YaCHUX METOIIB BU3HAUCHHS 3MIH
HIKIPSTHOTO TTOKPOBY i BILTUBOM O10JI0T1YHO aKTUBHHUX PEYOBUH;

- PO3pOoOUTH METOJUKY Ta CIOCiO MPOBECHHS €KCIIEPUMEHTY;

- TPOBECTU EKCICPUMEHTH, BUKOPHUCTOBYIOUM pPi3HI THUIH O10JOTIYHO
AKTUBHUX PEYOBHH, BPAXOBYIOUU YACOBY CKJIaJIOBY BILJIUBY;

- BCTAQHOBHUTH Ta MPOAHAJI3yBaTH CTaH MIKIPSHOTO MOKPOBY ITiATOCHTITHUX

3a pe3yJibTaTaMU TECTIB.

O0’ekT n0C/iIKeHHs1 — TIPOIIEC BILTUBY O10JI0TIYHO aKTUBHUX PEUYOBUH Ha
HIKIpY.

IIpeamert AocaiasKeHHs: peakilis Ta CTaH LIKIPSHOTO MOKPOBY.

HaykoBa HOBH3HAa oOjep:KaHUX pe3yJabTaTiB MOJIATAE B PO3POOIJICHH]
croco0y BU3HAYEHHS BIUIMBY O10JIOTIYHO aKTHUBHUX PEYOBHUH HA IIKIPY, PO3BUTKY
ICHYIOUMX Ta pPO3poOIll TEXHIYHOTO PIIMICHHS [JIs OLIHIOBaHHSA €(EeKTUBHOCTI
BUKOPUCTAaHHS KOCMETHUYHUX Ta JIIKYBaJIbHUX 3aCO01B.

3anponoHOBaHO crociO BU3HAUYEHHSI BILUTMBY O10JI0TIYHO aKTUBHUX PEYOBHH
Ha CMEKTPaJIbHI XapaKTEePUCTUKH LIKIPU JIFOJUHM, IKU HAa BIAMIHY BIiJl ICHYIOUHX,
JI03BOJISIE aHANMI3yBaTH €(DEKTUBHICTh HAHECEHOTO 3ac00y Ha WIKIPY Ta BU3HAYEHHS
JIEPTIYHUX pPeaKilii «He B 1a00paTOPHUX YMOBAX.

3anpornoHoBaHui Ta po3po0IeHUN HOBH CIIOCIO aHai3y TEIJIOTPaMH.

ExcniepuMeHTanpHa 1 TEOpETUYHA YACTUHU POOOTH BUKOHAHI 32 MIATPUMKHU
«HTYY KIII imeni Irops Cikopcekoro», M. KuiB, Ykpaina B mepiog 2017—
2018p.p.

IIpakTu4yHe 3HAYeHHS O/IeP:KAHUX pe3yJIbTaTiB

Pe3ynpTaTt poOOTH BHOCSTH HAYKOBUU BKJIaJ B PO3BUTOK KOCMETOJIOTIT Ta
pO3pOOKH MEIWYHOI TEXHIKM, MOXYTb OYTH BHKOPHUCTAaHI y HAayKOBHX
JOCIIJKEHHSAX CXO0KO0i TeMaTWKH. TakoX po3poOJIeHH CIroci0 BU3HAYEHHS
BILIMBY 010JIOTTYHO aKTHBHUX PEYOBHH Ha ILIKIPY, [10 IKOMY OTPUMAHUI MATEHT.

Brockonanenuii cnoci6 BU3HauYeHHs BIUIMBY O10JIOT1YHO aKTUBHUX PEYOBHUH

Ha CIEKTpaJbHI XapaKTEPUCTHKU UIKIPU MOXKE BUKOPUCTOBYBATHCh SIK B
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CTalllOHApHIM Tak 1 B aMOyJNaTOpHI KOCMETOJOTIUHIM MPaKTHUIN JJIsI YTOYHEHHS
€(pEeKTUBHOCTI BUKOPUCTAHOTO 3aC00Y IIPU KOCMETUYHUX MPOLIETypax.
BripoBamkeHHs MiATBEPAKEHHI BiMOBIAHUM aKTOM:
- aKT BIIPOBA/KEHHS B BUPOOHMIITBO MaTepiaiiB MaricTepchbKoi auceprarii
Bin 08.07.2018 p. Ilamkinoi Onbru BacuniBau Ha Ttemy «Bmus
010JI0T1YHO aKTUBHHMX PEUYOBUH Ha CIIEKTPAIbHI XapaKTEPUCTUKH HIKIPH»
B poborax HTTY «KIII imeni Irops Cikopcbkoro» ta TOB «HMI]
MenunTex», HaBeneHo Yy Jooamky A.
Anpo0Oauisi pe3yabTaTiB A0CTiIKESHHS
OCHOBHI TMOJOXEHHS Ta Pe3yJbTaTH POOOTH JOMOBIJAINCA HAa HAYKOBO-
TexHIYHIi KoH(pepenuii: XVII MixHapoiHa HayKOBO-T€XHIYHA KOH(DepeHLIs
“ITpunanoOyayBaHHs: CTaH 1 nepcnekTuBy, 15 - 16 tpaBHa 2018 poxky, KIII im.
Irops Cikopebkoro, KuiB, Ykpaina 2018 p.” ra XI MikHapo/iHa HayKOBO-TEXHIUHA
koH(pepenuis “Ilornan y mailOytHe npunaaoOynyBanHs, 15 - 16 TtpaBHs 2018
poky, KIII im. Irops Cikopcbkoro, Kuis, Ykpaina 2018 p.”
Ha wnoBi Texniuni pimenHs mogano Ilatent VYkpainm Ne7956/3Y/18
«Cnocid BU3HAYEHHS BIUTMBY O10JIOTTYHO aKTUBHUX PEUYOBHUH Ha LIKIPY»
IMyo6aikamii
3a TeMOw MaricTepcbkoi auceprauli omyOJiKoBaHO 3 HAyKOBUX Ipalli,
cepen HUX 1 Te3a momoBiAb 1 1 Te3a, a Takok mojano 1 aekimapalliiHuil maTeHT Ha
KopHcHY MoJenb. CIMCOK HAyKOBHX Mpallb HaBeAeHO y [looamky b.
Crpykrypa T2 00CcAr MaricrepcbKoi podoTu
Marictepcbka pobota BukiIageHa Ha 118 cTopiHkax JpyKOBaHOTO TEKCTY,
SAKUW CKJIAJA€ThCsl 13 BCTYMY, BHUCHOBKIB, CIMCKY BHUKOpPUCTaHUX JKepen (28
HaliMeHyBaHHsI) Ta JoAaTkiB. Pobora mictuth 26 Tabnuip, 65 pucynkis, 21
dbopmyny Ta 2 nogatku 06csarom 36 CTOPIHOK.
KmrouoBi cnosa: IIKIPA, BIOJIOI'TYHO AKTHMBHI PEYOBHWHM,
TEPMOI'PA®IA, TEIVIOTPAMA, TICTOI'PAMA.



ABSTRACT

Actuality of theme. The analysis of the influence of biologically active
substances on human skin with the modern use of cosmetic products for medical
and everyday purposes is particularly relevant.

Biologically active substances are a group of chemicals that have high
physiological activity in small concentrations.

Absolutely all cosmetics are able to affect only the upper layer of the
epidermis. Biologically active substances in the composition of the cream are not
able to pass through the corneal layer of the epidermis, but they are capable of
beneficial effects and significantly improve the surface layer of the epidermis, but
side effects and hypersensitivity to the components of the drug must be taken into
account.

The urgency of scientific developments in this area is due, on the one hand,
to the need to create a methodology for assessing the effectiveness of cosmetic
products, and from another comparison of the effectiveness of widely used tools.

The study of spectral characteristics has long been used in various diagnostic
and therapeutic purposes of medicine, and the use of modern methods to determine
the spectral characteristics of the skin increases and simplifies the analysis of the
action of used biologically active substances.

One of the promising directions of modern cosmetology is the analysis of the
influence of biologically active substances on the skin in order to increase the
effectiveness of cosmetic procedures, and for economic purposes.

The purpose of the master's thesis. The aim of the work is to increase the
effectiveness of the method of determining the change in the optical characteristics
of the skin under the influence of biologically active substances.

Objectives of the study. To achieve this goal, the following scientific and

technical tasks need to be addressed:



- to conduct analysis of the characteristics and modern methods for
determining changes in the skin under the influence of biologically active
substances;

- to develop the methodology and method of conducting the experiment;

- carry out experiments using different types of biologically active
substances, taking into account the time component of the effect.

The object of the study is the process of exposure of biologically active
substances to the skin.

Subject of research: reaction and condition of the skin.

The scientific novelty of the results is to develop a method for determining
the impact of biologically active substances on the skin, developing existing and
developing a technical solution for assessing the effectiveness of the use of
cosmetic and therapeutic agents.

The method of determining the influence of biologically active substances
on the spectral characteristics of the human skin is proposed, which, unlike the
existing ones, allows to analyze the effectiveness of the applied agent on the skin
and to determine the allergic reactions "not in laboratory conditions".

A new method for the analysis of the heating circuit is proposed and
developed.

Experimental and theoretical parts of the work were performed with the
support of "NTUU KPI named after Igor Sikorsky", Kyiv, Ukraine in the period
2017-2018.A new method of correctional analysis of a thermal graph is proposed
and developed.

The practical value of the results

The results of the work make a scientific contribution to the development of
cosmetology and the development of medical technology, can be used in research
on similar topics. Also developed a way to determine the impact of biologically

active substances on the skin, which received the patent.



An improved method for determining the effect of biologically active
substances on the spectral characteristics of the skin can be used in both in-patient
and out-patient cosmetology practice to clarify the effectiveness of the used agent
in cosmetic procedures.

Introduction of confirmation by the relevant act:

- an act of introduction into the production of materials of the master's thesis
dated 08.07.2018 Olha Pashkina on the topic "Influence of biologically active
substances on the spectral characteristics of the skin™ in works of NTTU "KPI
named after Igor Sikorsky" and LLC "NMC Medinfo", is given in Appendix A.

Approval of research results

The main provisions and results of work were reported at the scientific and
technical conference: XVII International scientific and technical conference
"Instrument-making: the state and prospects, May 15-16, 2018, KPI them. Igor
Sikorsky, Kyiv, Ukraine 2018 "and the XI International Scientific and Technical
Conference” A View to the Future of Instrumentation, May 15-16, 2018, KPI
them. Igor Sikorsky, Kyiv, Ukraine 2018 ". New technical decisions are filed on
Patent of Ukraine Ne7956 / 3Y / 18 "Method of determining the influence of
biologically active substances on the skin".

Publications

On the theme of the master's thesis, 3 scientific papers have been published,
among them 1 thesis report and 1 thesis, as well as 1 declarative patent for a utility
model. The list of scientific works is given in Appendix B.

Structure and volume of master's work

Master's thesis is presented on 118 pages of printed text, which consists of
introduction, conclusions, list of sources used (28 titles) and appendices. The work
contains 26 tables, 65 figures, 21 formulas and 2 attachments in volume of 36
pages.

Key words: SKIN, BIOLOGICAL ACTIVE SUBSTANCES,
THERMOGRAPHY, THERAPLOGRAM, HISSTOGRAM.
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SMICT

PO3/UT 1 BYJIOBA TA ®VHKIIII IIKIPU. CTAH IIKIPU TA METOJMKA
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2.5 Orasa TeXHIYHUX XaPAKTEPUCTUKIB TETIOBH3OPIB...cvvveeeirriesireeessireeessneas 51
2.6 KiTbKICHUN QHAITI3 TEPMOTPAM ...vvveeirereeesstreeessreesssssesssssessssssesssssesssnsesssnsnees 55
2.7 O1iHKa IpOCTOPOBOT HEOHOPITHOCTI PO3IMOILITY TEMIEPATYPH v.vvvvvverneiee. 59
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HEPEJIIK YMOBHHUX CKOPOYEHb

TEBB-tecT - TpaHceminepmaabHa BTpaTa BOIU
JIID - nazepna nonruiepiBebka hiaoyMeTpis
HBUY - HanBucokoi 4acToTH

V3]l — ynpTpa3ByKoBa J11arHOCTHKA

OKT - ontuuHa KorepeHTHa ToMorpadis

MPT - MeToJ MarHiTHO-pE30HaHCHOT TOMOTrpadii
KBT - komneHcariii BiloOpaxeHoi TeMrnepaTrypu
Y - inppauepBOHE BUIPOMIHIOBAHHS

KHIII - HalKOpOTIIMI HE3aMKHYTHUIM LUISAX
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BCTYII

Ha cphoroguimHiii qeHb MUPOKE BUKOPUCTAHHA B MOBCSIKICHHOMY KUTTI 1 B
CHeIllali30BaHuX 3aKjiaJiax MalTh KOCMETHYHI Ta MEIUKaMEHTO3HI 3aco0u
30BHINIHBOTO 3aCTOCYBAaHHS, TOMY aHaJll3 HACHIJIKIB il CKIaJAOBHX O10JIOT1YHO
aKTUBHHUX PEUYOBHUH HA IIKIPSHUIA MOKPOB € IOCUThH aKTyaIbHUM MTUTAHHSIM.

[IBuakuii mporpec HOBUX MOXJIMBOCTEH B KOCMETOJIOTii, HE 4YacTo
CYNPOBOJIKYETHCA PO3POOKOIO BIAMOBITHUX 3aCO0IB KOHTPOJIIO 32 €(PEKTUBHICTIO
BIUIMBY KOCMETMYHHX 3aco0iB 1 mpouenyp. Bemmka KuUTbKICTh (DaKTOpiB, fKi
BIUTMBAIOTh Ha BUCHOBOK EKCIIEPTIB MPH iX TECTYBaHHI: apomaT, Ha3Ba MapKH,
KOHCHUCTEHLISI eMyJbCli 1 BIAUYTTA WIKipu. ToMy Bce yacTille BUKOPUCTOBYIOTh
pUIagu Ta METOAH, po3po0JIeH]I CIieliaIbHO ISl KOCMETOJIOTI, 00 BUMIPIOBATH
edexT nmpenapaTty 00'€KTUBHUMH TEXHIYHUMU 3aCO0aMHU.

BiamoBinHo ocoGmmBocTSIM 3aco0y Ta iX Oe3nocepenHboi il Ha MIKIPSTHUN
MOKPOB, sl aHam3y e(QEeKTUBHOCTI 3aCTOCOBYIOTH TakKl ICHYIOUl METOJIU:
dbotodikcaliisi, pacTpoBa MIKPOCKOIIisl, BAMIPIOBAHHS €JIEKTPONPOBIAHOCTI IIKIPH
(BomHMIA 0ajmaHCOM POTOBOTO IIAPY), BUMIPIOBAHHS BOJIOTOCTI (IMIIEJaHCHUN Ta
€EMKICHHM METOJAM), OLIIHKA PiBHSA epuTeMH ((POTOMETpIsi), OLIHKA €JIaCTUYHOCTI
mikipu (emacrometpisi) Ta iH. Ha mijicraBi pe3ynbTaTiB BUMIPIOBaHb MOKHA CYJIUTH
PO CTaH MIKIPH 1 €hEeKTUBHICTh 3aCTOCYBAHHS TECTOBAHUX KOCMETHYHHX 3aCO01B.

BaxnuBumu (dakTtopaMu, siKi BpaxOBYIOTh IMPU BUKOPHUCTaHHI 010JIOTTYHO
AKTUBHUX PEUOBHH € BIJIMOBIMHUNA BUOIp, SKUH 3a70BOJBHSE 1HAWBIIYaTEHOMY
CIOPUMHSATTIO KOPUCTYBaueM Ta 3a0e3nedeHHs] ePeKTy iX 3acTocyBaHHA. MOXIIMBI
HACJIIKM BUKOPUCTAHHS 3aCc001B, SIKI HE 3/1aTHI 3a0€3NE€YUTH OTPUMAHHS €(PeKTy
Ta MOXYThb TaKOXX BUKIMKATH HeOaxkaHl anepriuni peakuii. Tomy BaxiuBo
BPaxOBYBAaTH I1HAMBIAYaJbHY UYYTJIMBICTH 1O OYIb-SKOTO KOMIIOHEHTa 3acoly 1

BU3HAYaTH €EKTUBHICTh 3aCTOCYBAHHSI.
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PO3/1J1 1 BYJOBA TA ®YHKIII IIKIPU. CTAH IIKIPU TA
METOJAUKA JOCJILIKEHHA CTAHY IIKIPU. AKTYAJIBHICTD
HPOBJIEMHU. HIOCTAHOBKA 3ATIAY JOCJIKEHHSA

1.1 3aranbHa OygoBa mIKipu

[lIkipa nokpuBae Bce TIIO JIIOJWHU 1 Tpa€e BEIMYE3HY pOJIb B HOro
KUTTEMSUTBHOCTI. [{e HallO1IbIuii oprad B JIFOJICBKOMY OpraHi3Mi - MPU TOBIIKHI
mikipu 0,5 - 4 MM, ruonia ii Moxke 1ocsraTi A0 2 KB. MeTpiB. HallOuibly TOBIIMHY
HIKipa Ma€ Ha CMHHI, CTeTHAX JIOJIOHAX 1 CTYIHSIX, HAWMEHITY - IIKipa MOBIK.

[kipa - Oap'epHuil OpraH, MO BIJOKPEMIIOE BHYTPIIIHE CEPEIOBUIIE
OpraHi3My BiJ 30BHIIIHBOIO CBITYy. Marouu CKJIaJHy CTPYKTYpy, WIKipa TICHO
MOB'sA3aHa 3 yciMa CUCTEMaMHU 1 BHYTPIIIHIMU OpraHamH JIIOJICHKOTO OpraHi3my.
HagiTh He3HauHa MaTOJIOTIs 3 OOKY BHYTPILIHIX OpraHiB a0 HEPBOBOi CHUCTEMH,
CUCTEMHU KPOBOTBOPEHHS 1 KPOBOOOITY CYMHPOBODKYIOTHCS PI3HOMAHITHUM
BUCHUIIAHHSIM Ha IIKIp1, 3MIHOIO 11 pelibey, eTaCTUYHOCTI Ta KOJIbOPY.

[lIxipa sBysie COO0I0 TPUKOMIIOHEHTHY CHUCTEMY, YTBOPEHY eIliJIepMiCOM,
JepMOI0 1  MIAMKIPHO-)KMPOBOi  KJIITKOBHHOK,  SKI  3HAXOIATHCA B
MophodyHKIIIOHATBHIN €1HOCTI. TakumM YMHOM, B IIKIpl € emiTediajibHa 1
CMOJTyYHOTKAaHMHHA YaCTHHH, 110 MpeacTaBieHo Ha puc. 1.1 [1].

BynoBa mkipu

Enioepmic Jepma, abo énacne Iiowkipna »scuposa
(cxkmanaerbes 3 wiKipa Knimuna
POTOBOTO 1 POCTKOBOTO (B HilT po3MmilIeHi
11apiB) pelenTopu, canbHi i

IIOTOBI 3aJ103HU,
BOJIOCSIHI CYMKH,
KPOBOHOCHI Ta
JiM$paTUYH1 CyIMHN)

Pucynok 1.1 - bygoBa mikipu
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Emizepmic € OararomapoBUM IUIOCKUM 3POTOBUIMM  CMITETEM, Ma€
niapyBaty OyJIOBY Ta BOJIOJI€ BUCOKMMH PETEHEPATOPHUMU BIIACTUBOCTAMU. BiH
po3TamoBaHuii Ha Oa3aibHIi MeMOpaHi, sKa CIYXHTh €JIaCTHYHOIO OIOpPOIO,
MIIIHO TIOB'SI3y€ EMITeN 3 KOJAarecHOBHMMH BOJIOKHAMH JCPMH 1 TEPEIIKOKAE
pOCTY e€miTeNilo Briaud AepMH, sIK 1€ OyBae MpU PaKOBUX MyXJIUHAX, KOJIH
0azanpHa MeMOpaHa pyWHYEThCS. B maHuii yac BBaXaeThCs, MO KOMIIOHCHTH
0a3abHOi MEMOpaHU CUHTE3YIOThCS CIiTeNNiaIbHIMU KIiTHHAMU [2].

B enigepmici maitke mocTiitHO Bi10yBa€eThCs KiIbKa MPOLIECIB:

* MO KIITHUH B TIMOOKOMY INapi, BUINTOBXYBAaHHS B PE3yJbTaTi LbOTO
YACTUHH KJIITHH 3 TIMOOKUX IIAPIB y HAMPAMKY JI0 TTOBEPXHI;

* TEPETBOPEHHS KIITWH, HAWOUIBII BIJJAaNCHUX BIJ JIEPMH, B POTOBY
pEYOBUHY;

* 3JIyIlyBaHHS POrOBOT0 PEYOBHUHU 3 TOBEPXHI.

OCKUJIBKM TIpU MPOCYBAaHHI KIIITUH /10 MOBEPXHI BOHU 3a3HAIOTh 3MiH, TO
CTBOPIOETHCS BPAXXEHHS, IO €MiJIEpMIC YTBOPEHUH JeKiibkoMa mapamu. Lli mapu
HACTyMHI: 0a3ajdbHUM IIap, MIap MIUIYBaTUIl KIITUH, 3€pPHUCTHI 11ap, OJUCKYUYnil

miap, poroBui map. 3arajabHui BUTIISL Oy10BU HIKIPU BiOOpaxeHo Ha puc. 1.2.

CannHa
JloTKansHuit MNopa 3anoaa
peuenTop

CTPUKEHb
BOMNOCWHKN

Heps

3pPOroBinuiA Wwap
POCTKOBWA LWap

COCOYKOBUA
wap
Aepma

cimacm/M( -
wap

BonocaHa -
yubynuHa

M'a3,

WO KpiNUTLECA
\ O BONOCAHOI
uuBynuHu

NigwkipHa A
XUpoBa
KNITKOBMHA

W A
N
A

N

MNotosa
3anosa KpoBOHOCHi
CYAUHU

Pucynok 1.2 - BynoBa mikipu B po3pisi [2]
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JlpyrumM CTPYyKTypHUM KOMITOHEHTOM INKipu € nepma. Bona Hamae mikipi
MIIHICTh, 3a0e3Mmeuye xapdyBaHHS 1 JUXaHHS emijiepMicy. byaydun npoBiaHUKOM
KPOBOHOCHHMX CYyIWH 1 HEpBIB, BOHa Oepe ydacTh y BUKOHAHHI BCIX (YHKIIiI
mIKipH. Y AepMi po3pi3HAIOTH JBa MIApH: MiAeMiiepMalbHUNA, YTBOPEHUN MYXKOIO
BOJIOKHHCTOIO CIIOJyYHOK) TKAaHWHOW, 1 TJIWOOKWUM, abo CITYacTUi, IO
CKIAMAEThCS 3 IMUIBHOI HEO(OPMIICHOT BOJOKHUCTOI CIHOJYYHOI TKaHWUHHU.
OctanHili 6€3 pI3KUX MEX IMEePEeXOJIUTh B MIIUIKIPHO-)KUPOBY KIITKOBUHY, fKa
MOB'A3Y€ MIKIPY 3 OUTBIN TIMOOKO JIeKaYMMU TKAHWHAMHU Ta B SIKIA BIJIKJIAJIA€THCS
XKHUp, [0 € HE TUIBKK 3allacoM TMOXHBHUX PEYOBHMH, a #H IO BHUKOHYE
TEPMOI30JISIIIHY pOJib - TOM'SIKIITY€E MOMTOBXM 1 ynapu. Jlo ckiamy 1soro mapy
BXOJUTH ITyXKa Heo(opMIIeHa CIIOTydyHa TKAaHUHA, SIKa TIEPETBOPIOETHCS B )KUPOBY
[2].

VY CHONMyYHOTKAHWHHIA 4YacCTHUHI WIKIPM PO3TAIIOBYIOTHCS 3ajl03H, 1110
PO3BUBAIOTHLCA 3 €MIJIEPMICY, TOOTO MalOTh €KTOJIEpPMAJIbHE MOXOKEHHS. Y MIKIp1
€ TPU PI3HOBU/IY 3QJI03: CajIbH1, TOTOBI 1 MOJIOYHI.

CanpHl 3a03M - 1€ MPOCTI albBEOJSIPHI 303U 3 PO3ragy>KEHUMH
KiHIEBMMHU BiJZlilaMy, sIKi 3aBKIM PO3TANIOBAHI IO CYCiACTBY 3 BOJOCCSM. IX
BUBIIHUI MPOTIK 3a3BUYAl pO3TAIIOBYETHCS B BOJIOCAHY Jiiky. OHE BOJIOCCS Ma€e
OJIHy ab0 JBI CajibHI 3aJI03U. Y Psiii BUNAAKIB MPOTOKU BEJIUKHUX CaJbHUX 37103
BIJIKpUBAIOTHCA OE3MOCEPEIHhO Ha TOBEpXHI MiKipu. [le Tak 3BaH1 BUIBHI calibHI
3aJI03M.

[ToToBi 3ay103M - TPOCTI TpyOUACTI. Ix kiHmesi Bimmiam Tak camo
3aJIATaloThCs B JIepMi (TIMOIIIe cadbHUX 3aJ103, HA KOPJIOHI JAEPMU 1 TIMOAECPMH) Y
BUTJISIAL TOBIMX CIINHUX TPYOOK, 3aBUTHUX B KIIyOOUKYy. OCHOBY CTIHKHM KIHIIEBUX
BUIJIUTIB CTAaHOBUThH OJHOIIAPOBHM KyOIYHMM emiTeNid, 330BHI BiJ SKOTO
PO3TAIIOBYIOThCS MioemiTenianbHl KITUHU. CeKpeTOpHUd BiJII MOTOBUX 3aJI03
MOCTYIOBO MEPEXOJUTh B BHUBIAHMI MPOTIK, BUCTEJIIEHUNA ABO- 1 TPHUIIAPOBUM
emiTenieM. 3a TUIOM CEKpelii MOTOBI 3aJ03M MOAUIAIOTHCS HA MEPOKPUHOBI 1

arokpuHOBi [2].
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[TigmkipHa >xupoBa TKaHWHA (KIITKOBMHA; rimojepma). Ilepen craBmaTh
CO00F0 MyXKY BOJIOKHHUCTY CTIOJTYyYHY TKaHUHY, B KOTPiii MOXKYTh HAaKOITUIYBAaTHUCh
XKUpoBl KiIiTUHU. [loM'skirye mit0 Ha OpraHi3M MeXaHIYHUX (aKTOpiB, TOMY
0Cco0MMBO J00pe PO3BHHEHA Yy THUX AUISHKAX HIKIpH, SIKI MiJIAFOTHCS TMOCTIHHUM
MEXaHIYHUM BILIMBaM (TMOIYIICYKH IMaJIbIIIB, MIAOMIBK Ta 1HII1). TyT MmiAImIKipHA
KJIITKOBUHA HE 3HUKA€ HAaBITh NPU CUIBHOMY BHCHaxeHHi. [Ipum oxxupinHi
BI/I3HAYAETHCS HE TUIBKU TINepTpodis >XKUPOBUX KIITUH, ajie 1 30UIbIIEHHS 1X
yucna (rinepruiaszist). B pe3ynpraTi 00CSAT KIITKOBHHH MOXE JIOCATAaTH BEIUKHUX

3Ha4YeHb [2].

1.2 ®yukuii mkipn

bynoBa 1 (yHKIIT WIKIpH JO3BOJSIOTH KOXHOMY HOKPOBY OYTH OpraHOM
JOTUKY JIFOJWHM: 3aBMASKM BEJIWYE3HIM KITBKOCTI PEIEnToOpiB BOHA 3/aTHA
cpuiiMaTé TeMIlepaTrypy, TUCK, BHU3HA4YaTH CTPYKTYypy MpEeAMETIB, iX (opmy.
Takox mKkipa O0epe akTHUBHY y4acThb B TE€PMOpPETYJIALli, TONOMaraloud OpraHiMmy
MNIATPUMYBATH TOCTIHHY TEMIEpaTrypy Tija, a 3aBISKH pO3TAIIOBAaHUM B Hil
OpaM B OPTraHi3M HaJAXOIUTh KUCEHB [3].

[xipa € OGap'epom, SKHI BIIOKPEMIIIOE€ BHYTPIIIHI OpPraHd JIOJUHU BiJ
30BHIUIHBOTO CEPEeNOBUIIA 1 3aXulla€ iX BiJ HETaTUBHOTO BIUIMBY, IEPIIOi
npuiimMaroun Ha cebe (i3uyHUN, MeXaHIYHUM, XIMIYHUM yJapu, a TaKoxX
3a0e3medye 3aXUCT BiJ TEPEOXOJIOHKEHHS Ta BIUIMBY  YJIbTpadioideTOBUX
npomeHiB. Big yaapiB, po3TSArHeHb 1 MOAIOHUX TPaBM OPTaHi3M 3aXUINA€ MIITBHUN
pOTOBUI IIap, €JIaCTUYHI 1 MPYKHI BOJOKHA IIKIPH, a TAaKOX aMOpTHU3alliHI
BJIACTHBOCTI T1II0JICPMH.

DyHKIIT IIKIPY MOKHA PO3IUIMIIM iX HA MACUBHI 1 aKTUBHI.

[TacuBHI QyHKII: 3aXUCT B XOJOY, TEIUIa, BUMPOMIHIOBAHHS; 3aXUCT BiJ

TUCKY, yJapy, TEPTs; 3aXUCT BijJ XIMIYHUX PEUOBWH (IIKipa Ma€ 3JIerKa KUCIUN

18



19

pH); 3axuct Bix Mikpo6iB, O6akTepii, BipyciB, rpuOKiB (3aBIASKU TOMY (DakTy, IIO
BEPXHIN II1ap MOCTIHHO BIJIMIAPOBYETHCS 1 OHOBIIOETHCS) [4].

AxTtuBHI QyHKIIT: 60poTh0a 3 MaTOreHHUMHU MiKpoOaMu B HIKipi (arouuT,
IMyHHa CHCTEeMa); TePMOPETYJIslisl (BUIUICHHS TIOTY, HEPBOBA 1 CyJIMHHA CUCTEMA
HIKIPU KOHTPOJIFOIOTHCS 32 PAXYHOK CUTHAIIIB 3 TOJIOBHOTO MO3KY, 3aBSKH YOMY
30epiraeThCsl TOCTIMiHA TeMIlepaTypa JIOJICHKOTO Tija); NPWHOM CUTHAIIB 3
HaBKOJIMIITHBOTO cepefoBuiia (OuUIb, JOTHK, TeMIeparypa); po3Ii3HAaBaHHS
anepreHiB (kimituHu JlanrepraHca, SKi aKTUBYIOTb IMYHHY BIJIOBIJb, €
JEHJIPUTHUMH KIIITUHAMU, 110 3HAXOASATHCA B €MIJEPMICI 1 JiepMi); BUPOOHHUIITBO
BiTaMiHy D; BHUpPOOHMIITBO MIrMEHTY MeEJIaHIHY (32 pPaxXyHOK MEJAHOIIUTIB);
pEryJssiis BOJHOrO 1 MiHEPAJIbHOIO OOMIHY B Oprasi3mi [5].

@yHKIIT IIKIPYA HACTYIIHI:

- 3axMCHa — B MIKUIMBAX i PI3HUX YUHHUKIB 30BHIIIHBOTO

cepeloBUIa (MEXaHIYHUX, XIMIYHUX, IPOHUKHEHHS] MIKPOOPIaHi3MiIB);

- TEPMOPETYJISATOPHA,

- y4acTb B OOMIiHI p€YOBHH (HaNpUKIaL, BiTaminy D);

- BUJUICHHS (BUIIJICHHS BOJU Ta JACIKUX COJICH);

- JOTHK (IOTUKaJIbHI, TEMIIEpaTypHi Ta OOJIHOBI PEIIETITOPH).

Takox XapakTepUCTUKU (YHKLIM IIKIpH po3riasHyTo B Tadum.l1.1.
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Tabmug 1.1 - dyHKIii mKipu

OyHKIIT TIKIpU

XapaKkTepucTuka

TepmoperymsitiiitHa

VYyacTh y perynsmii oOMiHY 3 30BHIIIHIM CEPEIOBUILEM,
om3pko  82% yciX TEIIOBUX BHUTpPAT OpraHizMmy
B1JI0YBa€THCS Yepe3 MIKIPY.

Penenropua

MicTuTh penentopu, 3aBAsSKH SKUM JIOJMHA BIIUyBae
XO0JION, JOTHK, BiOpaliro, Oiab, MmO W mgae 3MOry Iii
pearyBaTd Ha 3MIHM 30BHIIIHBOTO Ta BHYTPILIHBOIO
CepeloBUIlA, CIPUMMATH HABKOJUIIHE CEPEIOBUIIE 1
Kparie MpruCTOCOBYBATHUCS 0 HOTO YMOB.

3axucHa

Cnyxutb 0ap’e€poM MIDK 30BHIIIHIM 1 BHYTPIIIHIM
CEepe/IOBUIIIEM, 3axXMIAa€e 1HIN TKAaHWHU TijJa BiJ
MEXaHIYHUX 1 TEPMIYHHUX VYIIKO/JKE€Hb, COHSAYHOTO
BUIIPOMIHIOBaHHS, @ TaKOX HE MPOIYCKA€ B CEPEIUHY
OpraHiaMy XBOPOOOTBOpHI OpraHi3Mu (KJIITHHA YHUCTOI
IIKIPY BUJUISIOTh PEUYOBUHY, fAKa Ma€ OaKTEpUIUIHI
BJIACTUBOCTI), IIK1IJIUB1 PIJUHU, Ta3H, TOIIO.

JnxanpHa

3aranpHui Ta3000MIH BiIOYBa€ThCA HE TUIBKH 4Yepe3
JIETeH1, a i Yepe3 HIKIpy, sIKa MOTJIMHAE KUCEHb 1 BULISIE
BYTJIEKHCIIAN Ta3.

Bunuisaa

Uepe3s mKipy BHUBOAWTHCH  YacTHHA  CCUYOBHHH,
MIHEpaJIbHUX COJieH 1 BoAU (32 JOMOMOIOK TOTOBHUX
3aJ103).

OOminHa

Y4acth y peryisiii BOAHOTO, COTBOBOTO, BYTJICKHUCIOTO
Ta KUPOBOTO OOMIHY.

CunreTH4yHa

bepe ydacth y cunTesi (BupoOsieHHi) Bitaminy D, skuii
BIIOYBAa€ThCS IMIJ JII€I0 YIAbTPa(ioNeTOBUX MPOMEHIB.
Hecraya Bitaminy D B paHHbOMY Billl IPHU3BOAUTH 10
3aXBOPIOBaHHS — paxiTy, 0e3 IbOro BITaMIHY MOTAaHO
3aCBOIOETHCS Kaublilil (Ca).

Jleno kpoBi

VY KpOBOHOCHUX CyJMHAX MIKIPU JTOPOCIIOl JIFOAUHU MOXKE
3aTpuMyBatucs 10 1 J1. KpoBi.

CaMoouHIIeHHI

[TocriitHe BIATYIIYBaHHS BIAMEPJIOrO BEPXHBHOIO IIAPY
3ano0ira€ MPOHUKHEHHIO OakTepii B 1HIN TKAaHWHU Ta
crpusi€ 11 BiTHOBJICHHIO.
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1.3 BusHayeHHs1 CTaHy HIKiPSHOTO NOKPOBY

JliarHocTHKa XBOpPOOM HIKIpH 1 11 MPUAATKIB, @ TAKOXK PI3HUX KOCMETHUYHUX
HEJONIKIB TPYHTYETbCS Ha BHUBUEHHI aHaMHE3y, PETENbHOMY OIJISAl IIKIpU 1
BUJIMMUX CIU30BUX OOOJIOHOK, a TaKOXK, SIKIIO 1€ IMOKa3aHO, Ha pe3yJibTaTrax
JOJJATKOBUX KIIIHIYHUX, IHCTPYMEHTAIBHUX 1 JJA00OPaTOPHUX JOCITIKEHB [5].

[Ipy omiHIll CcTaHy IIKIpU 3aCTOCOBYIOTh PO3MUTYBAaHHS 1 OO0'€KTHBHI
METOJU: OIJIAJ; Nanbliallis; BHU3HAYEHHS Typropy TKaHWUH; BHU3HAUYEHHS
€JIACTUYHOCTI IIKIPU; BUBHAUYEHHS CTaHy IIKIPHUX CYAMH; AepMorpadizm.

Typrop mkipu - TepMiH, BUKOPUCTOBYETHCS ISl OILIHKH CTYIiHb BTpaTH
piauHU a00 3HEBOJAHEHHS OPTaHI3MY.

[I{o6 BU3HAYMTH TYprop LIKIpH, JIKap NPOTATOM AEKIIbKOX CEKYHJ OTJISIa€e
HIKIPY XBOPOT'O Ha THJIbHIN CTOPOH1 KUCTI, EPEAILIIYYSl 200 YePEBHOI MOPOKHUHU
MDX JIBOMa NaJIbISIMU - TaK, 11100 BoHa mijiBenacs. [1Ikipa 3 HOpMaaIbHUM TYpropom
MO’K€ IIBHJIKO IOBEPHYTUCA B CBOE HOpMajbHe monoxeHHs. Llkipa 31 3HM)KEeHUM
TypropoM 3ajJMIIA€TECA MPYXKHOK 1 YK€ MOBIUIBHO MOBEPTAETHCS Yy BUXIJIHE
MIOJIO>KEHHSI.

3HWKEHHS Typropy IIKIpH € II3HIM II0YaTKOM 3HEBOJHCHHS, IIOTIM
BIIOYBAEThCS JEripaTallis OpraHi3My - Bl MOMIpHOiI 0 Baxkoi. Brpara 5%
pPIIMHU BiA BCi€i MacW Tila - BBaXKAEThCA IOMIPHUM 3HEBOAHEHHsM, 10% -
nomipHuM, a 15% abo Oijblie - CHILHUM 3HEBOJAHEHHSIM [5].

Hepmorpadizm (ITydyHa KpOIUB'SIHKA) - 1€ aHOMaJIbHA PEakilisl MIKIPHUX
NOKPUBIB, II0 BUHUKAE B pE3yJabTaTl HE3HAYHOI'O MEXaHIYHOTO BIUIUBY 1
XapaKTepU3yeThCsl TMOSBOK0 CMYI YEPBOHOTO ab0 O170r0 KOJbOPY, 3arajibHUMN

BUTJISI] TOKA3aHo Ha puc.l.3.
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Pucynok 1.3 - Jlepmorpadusm mkipu

[Ipu HeoOxigHOCTI poONATH OlOXIMIIO IIKIpH, MopdonoriyHul 1

IMYHOTICTOXIMIYHE JOCJI1I>KEHHS.

1.4 Meroau AiarHOCTHKM LIKipH

B nanwmii yac Oiorncigd 1 HacTynHe MOpP(OJIOriyHEe JOCIIIKEHHS € HalOIbII
BU3HAHUMHU METOJAMHU JUIsl OLIHKKA CTPYKTYypU MIKIpH, OJHAK TMOB'sI3aHl 3
MOPYIICHHSIM [UTICHOCTI IIKIPHUX TIOKPHUBIB, HACTYITHUM pYyOIFOBaHHSM 1

3HAYHUMHU THMYACOBUMH 1 TPYJOBUMHU 3aTtpaTtamu [6].

MeTtoan giarHOcTHRA MKIipH
/ \
Heinsazusni Insazusni
- IepMATOCKOIIA - Dlomcid MKipH
- JoCTiTKCHHA (13107I0TTUHHX TAPAMETPIB
BOJIOTICTE, HPHICTE (CATBHICTE ), pH,
TEMIOEPATYPA WKIPH, PIBEHE METAHIHY,
IHTEHCHBHICTD EPHTEMH, T4 1H.

- JocTymKeHHA MOPGhOIOTii MKIPH

Pucynok 1.4 — MeTtoau 1iarHOCTUKY IIKIpU
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Jlo 1HBa3WBHMX METOJIB BIAHOCATH OIOMCII0 IIKIpH - 1€ MEIUYHA
MaHIMyJIALIsSA, T 9ac SKOi BUTATYETHCS MEBHY JUISHKY IIKIPHOTO TOKPUBY IS
PETENBHOTO TICTOJIOTTYHOTO BUBYCHHS 11 ONTUYHUMH TPUJIaaMHu.

Haityactime mnpoBeaeHHs Oiomcii MIKIpH TMOKAa3aHO WpH MiA03pI  Ha
OHKOJIOT1YHE 3aXBOPIOBaHHS a00 JUIsi BU3HAUEHHS THUITY JOOPOSIKICHOI MyXJIUHHU.
SIKII0 pak MIKIpU BUSIBUTH HA paHHIN CTajlil, TO MalllEHT MOKE PO3PaXxOBYBaTH Ha
pe3yibTaTUBHE JIKYBaHHS Ta CIIPUSATIMBUN IPOTHO3.

Kpim Toro, 6iomncito MIKIpH 3 TICTOJIOTIYHUM JOCIIKEHHSM POOJISATH B
TaKuX BUIMAJKaX: Il OL[IHKM TKAHWH B MICI[l BUJAJIEHHS MMyXJIMHHOTO OCBITH;
JlarHOCTUKa OaKTepialbHUX, TPUOKOBUX ab0 BIpYyCHHMX 1HGEKI; BUSBICHHS
IPUPOAN MOPA3OK 3aMAIBHOIO XapaKTepy; XPOHIUYHUN, HEIHPEKIINHUI TycKaTHi
JMIIal; TyOepKyJIb03 IIKIpH; Ta 1HIIN 3aXBOprOBaHHS [6].

VY cydacHiil 1epMaToJIOTIYHIN MPAKTUIIl B OCHOBHOMY BUKOPHCTOBYIOTH 3
OIONCItiHI MemoOUKU:

Jlezo6uii memoo - Mae Ha yBa3i MOBEPXHEBUU 3pi3 OCEPEAKY YpaKeHHS
CKaJipIiesieM abo crieniagibHUM JIE30M.

Tpenan-6ioncis memoo — B3ATTA 0lomaTy 3 BUKOPUCTAHHSM TpenaHalllHO1
TOJIKM, KOJIU TPOKOJIOIOTh IEHTPAIbHY YAaCTUHY YpPa)X€HOI JUISHKH, MICIS 4OTO
rojiKy oOepTaroTh HABKOJIO CBOE€I OCl, MOTIM T'OJIKY BUTSTYIOTb, & YTBOPHUBIIUCH
CTOBIMYMK TKAHWHU MIATATYIOTH MIHIIETOM.

Excyusivinuii memoo - B3STTA OlonTaTy BiAOYBaeTbCcsi NpPU BUCIYECHHI
CHeLIAIbHUM 1HCTPYMEHTOM OCEpeaKy ypaxkeHHs. st mociiaxkeHHS OOHparoTh
3pa3oK 3 SIBHUMH 3MIHaMH. 3aJIe)KHO BiJl BUKOPHUCTAHOTO METOAY, Micile 3a00py
OlonTaty Moxe OyTH TPOCTO O0OpPOOJICHO CTEPUIBLHOIO CEPBETKOIO B KIHIN
nporeAypyd, a MOXKE€ 3HAQJOOMTHCS HAKJIAJeHHS IBIB a00  IIKIPHHUX
TPaHCIUTAHTATIB.

Jlo HEIHBa3MBHUM METOAAM J1arHOCTUKU (PYHKIIM HIKIpU BITHOCATH BUMIP
BOJIOTOCTI - IMII€IaHCHUH 1 EMHICHUI METOJIM, OI[IHKY CaJOBHUIIJICHHS (AKUPHOCTI)

- METOIU ajcopOyIOUMUX I1HIUKATOPHUX CMYXOK 1 doTtometpii, pH-metpito,
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doTomMeTpuyHe BU3HAYCHHS BMICTYy MeJaHIHY, 1HTEHCHUBHOCTI EpUTEMH,

BHU3HAYCHHS BUMApOBYBAHHS BOJM 3 MOBEPXHI LIKIPH, BUMIPIOBAHHS TEMIIEpaTypu

(TepmomeTpist 1 Tepmorpadis, paaioTepMOMETpii), Ja3zepHy Aorieporpadito amus

OLIIHKH KalUIIPHOTO KPOBOTOKY Ta iH.

Takox 10 HEIHBa3WBHUX METOJIB OINIHKKM MOpP()OJOTii MIKIpH BIAHOCITH

JepMartockormisi (B T.4. MIKpOBiJeo3ioMka 1 MikpodoTtorpadyBanHs) [6], MmeToau

BioOpakeHi B Ta0m. 1.2.

Tabmuus 1.2 Metoau HEIHBA3UBHOI JIIaTHOCTUKY IIKIPU

Metoau AlarHOCTUKU (PYHKIIIN MIKIpU

MeTonu n1arHOCTUKU MOP()OJIOTii HIKIpU

BumiproBaHHS BOJIOTOCTI -
IMIEJaHCHUN Ta EMHICHUI METOIU

Y IpTpa3ByKOBE CKaHYBaHHS - METOJ
Bi3yalli3allli CTPYKTYpH IIKipH 3 BUCOKOIO
[PO3IITBHOIO 37aTHICTIO. J[03BOIsIE
CIIOCTEPIraT! CTPYKTYpY LKipu Briaud 1o 10
MM 3 BU3HAYEHHSIM TOBUIMHU €MiAEpMICY,
NepMHU 1 iX aKyCTUYHOI IIIJILHOCTI Ta 1HIIHUX
napameTpiB

Or11iHKa caJIOBUITIEHHS (KHPHOCTI) -
METOJIU aJICOPOUPYIOUHNX
IHIUKAaTOPHUX CMYKOK 1
(hoTOMETPUIHUN METOJ

Jlepmatockorisi, MikpodoTorpadyBanHs,
B1/1€0IEPMATOCKOIIIS

Ouinka pH mkipu - pH Metpis

O11HKa €JIaCTUYHOCTI LIKIPH - €JaCTOMETPIs

Bu3HaueHHs 3MICTY MEJIaHIHY 1
(oTOoTHUITY WIKIPH - POoTOMETPIist

Ouinka penabedy HIKIpU - METOJU PEILTIK 1
B1JICOMOHITOPUHTY B Y D-ITpOMEHSIX 3
BUKOPUCTAHHSIM MOHOXPOMHOTO IIKaJIH

Or11iHKa piBHS €pUTEMH - (HOTOMETPIS

AHaNi3yl0ThCsl HACTYIHI MapaMeTpu
B3a€MO/Ii1 CBITJIA 3 IIKIPOIO JIFOIMHM:
[PO3CIIOBaHHS, BITOOpaXKEHHS 1 TOTJTUHAHHS
CBITJIa KJIITUHAMU MIKIPU Ta THIIUMH 11
CTPYKTYpamu 3 3MiHaMH JOBXXWHH XBUJIb
CBITJIA, 1110 (PIKCYETHCA HA CKaH 3MIH
KOJIbOPY

Bu3HaueHHs1 BUITApOBYBaHHS BOAM 3
MOBEPXHI LIKIpU

TEIIB-TecT Ta oLiHKa BMICTY P1IUHU B
eniepmicl - METOJ] KOPHEOMETPIi.

BumiproBaHHS TeMIepaTypu -
TEPMOMETPIsl, TepMOrpadis

BuMiproBaHHs TeMIIepaTypH 3a JOMOMOTOFO
TEIJIOBI130pa € MaCUBHUM, O€3KOHTAKTHUM
MeTOI0M BUMiproBaHHs. [Y-300paxeHHs
Bi00pakae poO3MoAL TeMIepaTypu Ha

NOBEpXHi 00'€KTA.
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1.4.1 BumiproBaHHs1 BOAHOI0 0aJIaHCY B LIKIipi

Taki mapameTpu, sk penped MIKIpH, BOAHMUKA 1 JimigHUN OanaHc,
MIKpPOLMPKYJISILIIs, TPY>KHICTh IIKIPH, K1 IPU CTApiHHI 3MIHIOIOTHCS, 3HAXOATHCS
B TICHOMY 3B’SI3KYy OJIMH 3 OJHUM. OCO0OJIMBO BaXKJIMBA POJIb BIBOJAUTHCS BOAHOMY
Oamancy [7, 8]. Bogauit GanmaHC MIKipW BU3HAYAETHCS KOJOIMHO-OCMOTHYHUM 1
TAPOCTaTUYHOIO PIBHOBAarold MK JEpPMOIO, €MiAepMICOM 1 HaBKOJIHUIIHIM
cepenoBuiieM. Ilpu BHUKOPUCTaHHI KOCMETHYHHUX 3aco0IB PEYOBHH, IO
CTBOPIOIOTh TOHKY OKJIFO31MHY IUTIBKY Ha NOBEPXHI WIKIPH, B CKIAIl SKHX,
HAIPUKJIAJ] TaJlypOHOBOI KUCJIOTH a00 HACHYEHMX JIIJaMH, IOraHO MPOHUKAIOTh
B IIMOOKI IIApU EMiJIepMICY Ta MPU3BOIAUTH 0 30€peKeHHS Ta HAKOMWYEHHS B
pOroBOMy IIapl piAWHU, UI0 HAIXOIUTh 3 JepMu. IIpu mbomy BiIOyBaeThCs
HaOyXxaHHs Ta PO3M'AKIIECHHS KepaTHHy. Bce 1€ Nmpu3BOAWTH 10 HATATHEHHS
KJIITUHHUX OOOJIOHOK 1, $K HacHiJoK, 30UIbIIEHHA iX mpyx)HOcTi. Ha
riCTOJIOTIYHOMY PpIBHI 1€ mpolec BiJOMBAETbCS B 30UIBIICHHI TOBIIUHU
emigepMmicy, MWOro HaTAry B [MO3J0BXHBOMY HANpsIMKy 1 PO3TJIaKEeHHI
MikpoMopiiiH. HaifOuipia KiIbKICTh KEPATUHY MICTUTBCS B pOrOBOMY LIapi, TOMY
camMe Iell map HaWOIbII YYTAWBUM 1O 3MIHM BOJHOTO OamaHcy. 3
HaWMOIIMPEHIIIUX METOMIB OI[IHKM BMICTY PpIAMHM B €MIIEPMICI - METOJ
xopueometpii Ta TEIIB-tecr [8].

TEIIB-TecT - MeTOZ] BUMIpIOBaHHS TpaHCeMiiepMaibHiii BTpatu Boau [9]. B
SKOMY BHUKOPHCTOBYETHCSI PO3MOBCIOUKCHHI NaTYMK 3 MPOTOYHOK CHUCTEMOIO,
SKAW TIpeACTaBIIeHO Ha puc. 1.5. 3a 10moMororw JBOX JAaTYMKIB BOJIOTOCTI
BUMIPIOETHCS PI3HUL NapliaIbHUX TUCKIB BOJAM MOOJIM3Y MOBEPXHI IIKIpU 1 HA
nesKid BiacTaHi Bia Hel. OOUMCIIeHHS KITBKOCTI BUTIAPYBAHOI PIIMHUA MPOBOIUTHCS
3TiHO 13 3aKOHOM, BiKpuTOTO B 1855 poii ®ikom. Jpyruii meton ominku TEITB
3aCHOBAHMM Ha BUMIPIOBAHHI MapliaIbHOTO THUCKY BOJM B 3aMKHYTIH Kamepi 3

OJHUM JaTYUKOM BousiorocTi. [lpu mpukmaganHi Kamepu A0 LIKIpU BiAOYBa€eThCS
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MOCTYMNOBE 301IbIICHHSI B Hi MapliajJbHOrO THUCKY BOAM. BUMIPIOETHCS MPHUPICT

napiiajgbHOr0 TUCKY B KaMepi 3a IMEBHUM MPOMIKOK Yacy.

Pucynox 1.5 - Tum miarHOCTHKY MIKIpU: PiBEHB TPAHCEiIepMaIbHIN BTPATH BOIH
(TEIIB-Tecr) [9]

[li mMeroan HaWOIBII OO0'€KTHUBHI JUIsl OIIHKH JIIIJHOTO Oap'epy 010

30epeKeHHs PIANHU.

Kopueometpis.  Jatumk it KOpHEOMETpil €  KOHACHCATOPOM,
MIPEICTaBICHUA Ha pUC. 1.6, MO CKIAAAETHCS 3 30JI0TOTOJICHTOYHOTO MTPOBITHUKA
MiJ] CKISHUM MOKPUTTAM. CTpyM, IO MPOXOJUTHh Yepe3 MPOBITHUK 3 YACTOTOIO
0,9-1,2 mI'u, Gpopmye enexkTpuyHe MoJie, iK€ MPOHUKAE B MIKIpy. KoHCTpykilis
JaTyuKa MiA0MPAEThCS TAKUM YUHOM, 1100 IITMOMHA MPOHUKHEHHS €JIEKTPUYHOTO
noJisi nepeBuiryBaia 10-20 HM 1 Topkanacs TUIbKH pOroBoro mapy. Takuil miaxizn
BUMPABIAHUNA THUM, 110 POTOBHM Iap HAWUOUIBII YYTIWBUN JO 3MIHHU BOJHOTO
Oamancy. €MHICTh KOHJEHcaTtopa Oyjae 3ajekaTH BiJ MIeIEKTPUYHOI CTaslol

pPOTOBOTO HIApY, AKa 3MIHIOETHCS B 3aJICKHOCTI BiI BMICTY BoJu B eniaepmici [10].
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Pucynox 1.6 - Ilpuctpiii Skin Diagnostic® SD 202. Excripec-aiarHocTuka TUITY
HIKIPY TI0 IBOX MapaMeTpax: 3BOJ0KEHICTb (KOPHEOMETPIs ); JKUPHICTh

(ceOymeTpun);

Kopueometpiss 1 TEIIB-trect € HalOIbIl MOMMUPEHUMH METOJaMU
BUMIPIOBAHHS BOJHOrO0 OajaHCy Ta JO3BOJISIIOTH OTPUMYBAaTH HAMOUIbII
BIITBOPIOBaHI pe3ynbrath. IIpore icHye ¥ Ouibll cTapuii METOJ OLIHKH
3BOJIOKEHOCTI IIKIPY 110 BUMIPIOBaHHIO ejekTporposigHocTi [10].

BumiproBaHHs eneKTpOnpoBITHOCTI. ICHye Benuka KiIbKICTh JATYHUKIB JUIS
BUMIPIOBAHHSA  €JEKTPONpoBiAHOCTI.  Lli€e0  METONMKOI  BUMIPIOETHCSA
BOJIbTAMIIEPHA XAPAKTEPUCTHKA 1 €IEKTPUYHUHN OIMip MIK JIBOMa EJIEKTPOJaMHU.
@OyHaMEHTAJIbHO CBIAYEHHS LBOIO METOJy 3ajie’KaTh BIJ BMICTY pIAUHU B
eniIepMiCi, a TaKOX KIJbKOCTI BHUCOKONPOHUKHUX MIKKIITUHHUX KOHTAaKTIB.
[TpupoaHo, 110 3HaYEHHS y OUTBIITIN Mipi 3ajie’aTh BiJl aKTHBHOCTI MIOTOBUX 3aJ103.
KpiM Toro, 3MiHa WIKIpHO-TAJbBAHIYHOI pEAKIli TMOB'A3aHE 3 aAKTUBHICTIO
cuMmnaTuyHoi cuctemu. JlokazaHo, 1o TpH TepepizaHi CUMIATHYHUX HEPBIB
Bi10YBa€ThCs 301IbIICHHS ONOpYy 0€3 ICTOTHOI 3MIHM aKTHBHOCTI MOTOBUX 3aJ103, a
TAaKOX ICHY€E 3aJIEKHICTh BOJBTAMIIEPHOI XapaKTEPUCTHKU BiJl CTaHy O10JIOTTYHO
akTUBHUX TO4OoK. DyHmameHTanpHO 1eH (aKT TOACHIOETBCS  BUCOKOIO
XOJIIHEPTUYEChKOM 1HHEpPBAII€I0 IIUX JUISHOK MIKIpH, a TaKoX BHCOKOIO

NIUTHHICTIO BUCOKOMPOHUKHHUX IIITMHHUX KOHTAKTiB. JIJIS OIHKKA BOJIHOTO
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OanmaHcy Haivactime 3actocoByioTh KBU-mienexkrpoMerpii 3 4acTOTO0 OJIM3BKO
40 rT'u. Exorpadideckas kapTHHa MIKIpH TEpPeAHBOT T'PYJIHOI CTIHKH B HOPMI,

yactoTa aatunka 13 MI" npencrasieno Ha puc. 1.7.

Pucynox 1.7 - Exorpagiyeckast KapTHHA LIKIpHU NEPEAHBOI IPYIHOT CTIHKU B
HOpMI, yacToTa AaTduka 13 MI'm:
1 — eminepwmic; 2 — nepma; 3 - MiMIKIPHO-KUPOBA KITiITKOBHHA [11]
Bwmict Bogu B nepMi Moxke OyTH OIIHEHUN 3a JomoMororo MerodiB Y31 1

OKT, 1m0 103BOMSAIOTH aHAJI3yBATH BHYTPIIIHIO CTPYKTYPY LIKIPH.

1.4.2 BumiproBaHHs JinigHOro 6ajJaHcy WIKipu

Jlimigauii GajlaHC MIKIPU € BOXKJIMBUM JJIsl TIIATPUMKH BOJIHOTO OajlaHCy HE
TITBKH B CaMiil IIKipi, aje 1 B OpraHi3mi B IJIOMYy, TOMY 32 IIUMH TTOKa3HHUKaAMU
MO’KHA BU3HAUYaTH CTApiHHS.

JUist BU3HAYeHHS JIMIAHOTO OajaHCy BUKOPUCTOBYIOTH ceboMeTp —
doTroMeTpuyHUIl TPUCTPIH, B SKOMY BUKOPHCTOBYETHCS CMY)KKa, sKa
MOMIIIAE€THCS HA MIKIPY MaIli€HTa, TMICIs Y0T0 B aHai3aTop Ha npuiami [12].

OnHuM 3 iICHYIOYHMX TpuiaaiB € GporoMerpuyuHuii nmpuctpiii Sebumeter SM

815, Courage&Khazak, sxuii BimoOpaxxeHo Ha puc. 1.8.
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Sebumeter”
SM 815

Pucynok 1.8 - ®otomerpuunuii npuctpiit Sebumeter SM 815, Courage&Khazaka

CeOymeTpiss - HaAWOUIBII BIJOMHI BHUMIPIOBAIIBHUNA 1HCTPYMEHT JJIs
BU3HAYCHHS KUJIBKOCTI JKMPY Ha MOBEPXHI TJIAJIKOI IIKIPH 1 BOJOCHCTOI YaCTHHH
rosioBu. Ilpunag ¢ikcye HaBiTh HE3HA4YHI 3MIHM Yy 3MICTI IIKIPHOTO caja Ha
MOBEPXHI LIKIPH.

JlaTumk, 10 BUKOPHUCTOBYETHCS B CEOYMETPii — € Ce0yMETPUIHOIO KAaCceTOl0.
Bcepenuni kacetu € pyjoH 3 CleliadbHOI CHHTETUYHOI CTPIYKHU, 3/JaTHOI BOUpaTH
xup. [lnoma BuMiproBaJibHOI T0JI0BKH ckiagae 64 mm 2. OnHa kacera mpu3HayeHa
st 450 BumipiB. CMmyxka abcopOye KUpPH Ha MOBEPXHI IIKIPH 1 CTa€ OUIBII
npo3opor. Amapatr mae koMmepuiiiHy Ha3By The Sebumeter (SM 815, Courage-
Khazaka, Koln, Germany). IllkipHe camo MOXHa TakoX aHali3yBaTh 1 OUIbII
MPOCTUM 1 JTIOCTYITHUM CIIOCOOOM - METOJI CaJIbHOI CMYKKH (sebutape), B OCHOBI
SAKOTO JISKUTh TEXHIKAa TOJIMEPHOI IUTIBKH, Ha SIKy MOMIMIAEThCA (parMeHt
HIKIPHOTO KHUPY, SKUH TMOTIM aHAMI3yeThCs 3a Bi3yallbHOIO IIKalow Big 1 1o 5
oamiB. Ha puc. 1.9 nmpencraBnenuii rpadik pes3ynbTaTiB ceOyMerpii A KIHOK

PI3HOTO BIKY, SIKl IpUIMaIN TOPMOHABHY Tepartito [12].

29



30

Sebum (mgicmil)
m —

Gl p <001
70 |-

B0 =

50

40 [

30

20

104

0

Group 1 Group 2 Group 3 Group 4

Pucynox 1.9 - PesynpraTn cebymerpii mkipu oba: 1 — xiaku 20-35 poxkis;
2 — xiuku 40-55 pokiB; 3- xxinku 50-60 pokiB, 110 MpUMaNI TOPMOHATIBHY
teparito (I'T); 4 — xinku 50-60 ve nmpuitmaroui ['T1 [12]

[Ipunuun BuMIpIOBaHHS 3acHOBaHMW Ha (QortoMerpii. CremianbHa
CUHTETUYHA CTpIYKa YyTJIMBa A0 XUPIB, MPUKIATAETHCA A0 MOBEPXHI LIKIPU 1
3MIHIOE CBOIO ONTHYHY IMITBHICTh B 3aJIEKHOCTI BiJl KUIBKOCTI upiB. [loTim
MPOBOJUTHCA BHUMIPIOBAHHS ONTUYHOTO MPOIYCKAaHHS CTPIYKUA 1 IepepaxyHOK
BMiCTy HpY Ha cM°. [T0Ka3aHHS IbOr0 METOY 3a/IeXKAaTh BiJl AKTUBHOCTI CAIBHHX
3aJ103 1 B1I00pakaroTh KIJIbKICTh BUPOOJIEHOTO MIKipHOTO cana [13].

CasibHi 3271034 BUPOOJISIOTH BOCKOMO/11I0H1 CKBaJI€HU, TPUTIIIEPUIN 1 BIIIbHI
KUPHI KUCIOTU. KIMITHHU rpaHysIsipHOTO IIapy €miepMiCcy MOCTIHHO CHHTE3YIOTh,
HAKOIMUYYIOTh 1 BUAUISIIOTH B MDKKIITHHHMM TPOCTIp PI3HI JIMIAHI MOJIEKYJIH
(pocdomninmiau, uepamign, XOJECTEPUH Ta IHIII), SKI (GOPMYIOTh MEPEIIKOHKAE
BUITAPOBYBAHHIO BOJIOTU BOJOHEPOHUKHUM JIMITHUN Oap'ep MIKIpU y BUTIIAII
HIapyBaTHX JAMEISPHOI CTPYKTYPH, PO3TALIOBAHMX B MIKKIITHHHHX MPOCTOpax
pPOroBOIO IIApPY.

SIkicHuit CKJIaA  JINIOIB HIKipU OLIIHIOETHLCS MIEPEBAXKHO B
EKCTIIEPUMEHTAIbHUX YMOBaxX, TaK SIK JJIsl IUX IUJIed HEOOX1JHO 3aCTOCYBaHHS
XiMiYHHX a00 moporux (I3MYHUX METOJIB, HAIPHKIAJ Ta30oxpoMaTorpadiuHuit
aHamiz. binem g0oCTymHUMHM MeTOJaMU BHUMIPIOBaHHS JIIIJHOTO OajaHCy €

ceOymeTpiss 1 MeTroAW Bi3yaiapbHOTO aHami3y. Ciia 3a3HaYuTH, 1O Il METOAH
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BUMIPIOIOTH KUTBKICTh KHUPIB Ha MOBEPXHI HIKIPH, TOMY iX MOKa3aHHS 3aJeKaTh
O1JIBIIIOI0 MIPOIO Bijl aKTHBHOCTI CalbHUX 3a5103 [13].

Takoxx iCHYIOTh METOAM OUIbLI JETATbHOTO aHali3y aKTUBHOCTI CaJbHUX
3a7m03. s mMx el BUKOPUCTOBYIOTH PI3HI PEUOBUHH, 3/[aTHI ajcopOyBaTu
*kupu. LI pedoBHMHM HaHOCATBHCA a00 OE3MOCEepe/IHhO Ha IIKIPY, MICIS YOro
poOuThCS  (POTO3HIMOK, SKHUM  OOpOONSETHCS  CHELIaJbHUM  MPOTPAMHUM
3a0e3nedyeHHsIM. AOO PEUYOBUHM HAHOCITHCS Ha MPO30PY IUIBKY, SKa TMOTIM
dboTorpadyerbcss B CBITJII 3 BHCOKOI PO3JIUIBHOIO 3AaTHICTIO. B pesymnbTaTi Ha
0o0poOJeHOMY 3HIMKY BHUAHO IUIAMH PI3HOT BEJIMYUHHU, SKI MOXYTh OyTH
MiJpaxoBaHl, a TaKOXK BHU3HAYEHO iX po3MipH. Takuil Mmiaxia J03BOJISIE HE TUIBKU
BU3HAUYMUTH >KUPHICTh IIKIPH, ane 1 (PYHKI[IOHYBaHHS OKPEMHUX CaJIbHUX 3aj03 1

MiJIpaxyBaTH iX KUIbKICTh Ha MEBHIN MJIOITI.

1.4.3 BuBYeHHS KOJiPHUX XapaAKTEPUCTUK HIKipH

MeToau Bu3HA4YEHHS KOJIPHUX XapaKTEPUCTHK INKIPU BUKOPHUCTOBYIOTHCS
Ipy  JIOCTIDKEHHI TMPOIIeCiB, TOB'I3aHMX 3 (oTocTapiHHAM ImIKipu. MoxHa
BUIUTUTH JIBA OCHOBHI METOMH: Xpomamempis 1a mexcamempis [14].

B ocHOBI Meromy xpomamempis nexXuTh BiIOWBHA CHEKTPOCKOMIs abo
kosopuMetpis (puc. 1.10). 3a cuCTEMOIO KOJIIPHOTO MPOCTOPY O OILIHKU KOJIBOPY
IIKipH, KOKHOMY KOJIBOPY MPUITUCYETHCS YHCeIbHA XapakTepuctuka L'a b, ne L
- ACKpaBICTh KOJBOPY 3a IHikaynoro ciporo (0-100), a* - 30amaHcoBaHe 3HAYCHHS
MK YE€pBOHUM 1 3€JIEHMM KOJbOpaMH, b* - OajgaHC MK >KOBTHM 1 CHHIM
KOJbOpaMHU. 32 3HAYEHHAM a* ONMUCYETHCS MIrMEHTAIls 1 BaCKyJsipU3allis HIKIpH.
[Mkana 3Hayenb b* noOpe ommucye 3MiHY IHTEHCHMBHOCTI MIrMEHTAIlll IIKIipH.
Januit Mmeton AJ1sl OI[IHKM €PUTEMH 1 TIIrMEHTaIlil MeHIII €()eKTUBHI B MOPIBHSHHI 3

METOIOM MEKCaMeTpii.

31



32

Pucynok 1.10 — Mertoa xpomameTpii

Meton xpomameTpil JI03BOJISIE OILIIHUTH AKTHUBHICTh BUIBHOPAIMKATBLHUX
IpOLIECIB B LIKIpI HpH PI3HUX MaTojdorisx. Tak caMo XpoMaMeTpis J03BOJI€
OLIIHUTH aHTHUOKCUJIAHTHUM €(PEeKT KOCMETUYHHUX 3ac00iB. Bimomo, mo B-kapoTtuH
€ TIOMapaH4YeBUW MITMEHT, SKUWA MpU B3AEMOJIL 3 BUIBHUMH pPaJUKaIAMH
3HEOAPBIIOETHCSI, CaM€ I OCOOJMBICTH JICKHTh B OCHOBI METOAY OIIHKU
AHTUOKCUJAHTHOI AKTHMBHOCTI IIKIPW. 3HAYEHHS I1HTEHCUBHOCTI 3a0apBIICHHS
MOJKHa BHMIPATH 3a IIKao b* 1 po3paxyBaTu KOMIpHUH 1HIEKC, MPOMOPITiHHIIA
3Micty B-kapotuny [14].

Jnst  Merony mexcamempii BHUKOPUCTOBYIOTh JAaTUMK, LIO JO3BOJISIE
BUMIPIOBAaTH KIJIBKICTh MEJNaHIHy B MIKIpl 1 cTymiHb eputemu [15]. [lpuniun
BUMIPIOBAaHHS 3aCHOBaHUI Ha MOTJIMHAHHI IIKIPOIO CBITJIA PI13HOI IOBKUHU XBUJI1 B

YEpPBOHOIO, 3€JICHOIO 1 IHPpauepBoHOi 0OmacTsax cnekrpa (puc. 1.11).

dAAA

Pucynox 1.11 - Merox mekcaMeTpiii:
1- TlopratuBHuUi giarnoctraHUi nmprtan SKin Diagnostic® SD 202; 2 —
JDKEpEIIo Ta MpHiiMadi CBITa MPU MEKCaMeTpii
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JIoB)kMHA XBHWJII MiJOMPAETHCS TaKUM YHHOM, 1100 BOHA BIAMOBigaNa
MaKCHUMyMy TIOTJIMHAHHS MeJIaHiHy 1 reMorjo0iHy. Tperss KommoHeHTa
BUKOPHCTOBYETbCSA JJI TOIMPAaBKA Ha IHII MITMEHTH, B TOMY YHCIi OulipyOiH.
Jlxepena 1 mpwiiMadi CBITJa PO3TAIIOBaHI TaKUM YHHOM, MO0 3a0e3meunTd
BUMIPIOBaHHS TUIBKU BIJOMTOTO BiJ IIKIPH CBITJa, BUKITIOYAIOUU MEPEIIKOAN BiJl
($hOoHOBOTO OCBITJICHHS. METOT MEKCaMETPii BUSBIISETHCS OCOOIMBO KOPUCHUH TIPH
KUTBKICHIHM OIIIHIII ajeprii abo 3amajibHOi peakilii, BUKJIUKAHOT Y D-yIIKOKEHHSM,
a TakoX NP MIATBEPIKEHH1 JiarHo3y reManriomu [15]. BumiproBaHHs piBHS
MeJIaHIHy 3aCTOCOBYETRCS SIK JIJISl BUSHAUCHHS CTYTCHS 3acMaru abo THIY IIKipH,
BU3HAYCHHS €(QEKTUBHOCTI BIAOUTIOIYMX MPOLEAYp, Tak 1 JUIS IMiATBEPKEHHS

MCJIaHOMMU.

1.4.4 MeToanka Jia3epHoOi J01JIEPOBCbKOI (pi1oymeTpii

[TopymmenHss MIKpOIMPKYJAIIT 1 3acTiifHI SBUINA - HEBIA'€MHA 4YacTHHA
3aMajIbHUX TPOLECIB, TKAHUHHUX JAUCTpOQiid, OOYMOBJIEHUX BEr€TATUBHO-
TPOPIYHUMHU TOPYIICHHIMH, ACSIKUX (QYHKLUIOHATBHUX MOPYLIEHb 1 MPUPOIHOTO
nporiecy ctapiHHsA. [IpoTAroM OCTaHHBOTO HECATHIITTSA JJI OIIHKH CTaHy
KPOBOTOKY B MIKPOCYAMHAaX BCE€ OUIbIIE€ 3aCTOCYBaHHS 3HAXOIUTh METOJUKA
na3epHoi gommiepiBebkoi prmoymerpii (JIID) [16]. CyTs mporo MeTomy mojsirac B
TOMY, ULI0 MOHOXpPOMAaTHYHE MYy4YOK CBITJIa Majioi I1HTEHCHBHOCTI, LIO
BUMNPOMIHIOETBCS  JIA3EPHUM  JI1I0JIOM, BHCBITIIOE JOCIIDKYBaHY TKaHUHY.
Biamosinno o edekry [oruiepa TUTbKM PyXOoMi YacTHHKU (TOJIOBHUM YHWHOM
EPUTPOLIUTH) TPHU3BOJAATH JO YACTOTHOTO 3CYBY BIIOMTOro CBITJIA, SIKHI
peectpyeThesi  (oTonpuiiMaueM  amapary. CHEKTp OPUMHSATOTO  CUTHAY
00pOOSETHCS BIAMOBIIHO IO AITOPUTMY, OTPUMAaHUM BOHHEpOM ISl TAKOTO TUITY
BIIOOpakKeHHS, 1 PO3PaXOBYEThCS MUTOMA IMOTIK KpoBi. [loka3zaHHs maTdmka

3aJeXaTb HE TUIBKM BlJ IMIBUAKOCTI KPOBOTOKY, aje 1 B KUIBKOCTI
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(GYHKIIIOHYIOUMX KamJIsApiB 1 TeMaTokpuTy Kposi [16]. Jlazep-morsiepoBchkuii

baoymeTp npencTaBiaeHo Ha puc.1.12.

Pucynox 1.12 - Jlazep-ponmnepiBcbkuii guoymetp BLF-21
3actocyBanHss metony JIJI® no3Bosisie BECTH KOHTPOJIb 32 IMOBEIIHKOIO
MIKPOCYIMH TIpM  TpPOBEACHHI  (QyHKIIOHATBHUX Tpo0. Takuit  meton
3aCTOCOBYETHCSI 3 BUKOPUCTAHHSM MIKIPHOTO 1 BHYTPIIIHBOM SI30BOTO JaTYMKIB
JUTsl BUMIPIOBaHHS KPOBOTOKY Y JIFOJACH pI3HOrO BiKy. BUKOpPHCTOBYIOUM JaTyWK
JUISL IIKIpU, BUMIPIOETHCSI KPOBOTIK B CyAMHAX HIKIPW TPU BHYTPIIIHBOIIKIPHE
BBEJICHHS PO3YMHIB aJIpeHAIIIHY, ICTaAMIHY.

Ho amapaty BLF-21 ¢ipma Buryckae 7 BUiB 1aTYUKIB, SIKUA 3aCTOCOBYIOTh
B 3aJIEKHOCTI BiJl OpraHy, KU [1arHOCTYIOTb. PO3IISHYTO T1 TUMM JATYUKIB, SIKI
BUKOPUCTOBYIOTbH JUISl IarHOCTUKY iKipu [16]:

- tun S (Straight / [Ipsamuit) ayis qocHiKeHHs MKipH a0o0 1HIOT TKAHUHU 3
JETKUM JIOCTYNOM. MoXe BHKOPHCTOBYBAaTHUCS CHIJIBHO 31 INTaTUBOM a0o
dbikcaTopom.

- tun P (Prism / npusmarnunuit) Ta tun R (Right Angle / IlpaBuit kyT) -
JATYUKU JJI1 BUMIPIOBAHHS MOBEPXHEBOI'O0 KPOBOTOKY (IIKIpa, IIBH HAa IIKIPHUX
[IIMaTKax, BHYTPIITHI OpTaHM).

JIns OILIHKKM MIKPOUMPKYJIAIIT B pa3l €pUTeMHUX a0O0 I1HIIUX peaKIlii,
MOB'SI3aHUX 3 PO3KPUTTSM BEJIHMKOI KIIBKOCTI KamiJIApiB, MOKe OyTH BUKOPUCTAHUI

METO]I MEKCaMETpii, [0 OTMUCAHUHN paHIIIe.
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1.4.5 BuBuenHnsi Tonorpagii mxkipu

Tomorpadis mKipyu 3ajeKUTh SK BiJ CTaHy CIIOJYYHOTKAHUHHUX BOJIOKOH
JIEpMHU, Tak 1 BiJl 3BOJIOXKEHOCTI emifiepMicy. BmicT Bomoru B emigepmici BILUIMBA€E
Ha TaKi MapaMeTpu, K HWOro riIajKiCTh 1 HIOPCTKICTh, @ OPIEHTAIIIS KOJAareHOBUX Ta
€JIACTUHOBHX BOJIOKOH B OUIBIIIN Mipl BU3HA4Ya€ (POPMYBaHHS TIMOOKUX 3MOPILIOK
1 ckianok mkipu. Tomorpadis MmKIpH € OJHUM 3 HaWOUIbII 1HQOPMATUBHUX

METO/I1B MPU aHaji31 mKipu Ha ctapinus (puc. 1.13).

Pucynox 1.13 - Cuctema miarHocTHKH miKipu Toriorpadis mkipu «MoistureMap
MM 100»

OnuH 3 MOMMPEHUX METOJIB - aHaNi3 PEIUTK MIKIpU 3 BUKOPUCTAHHAM
MexaHIYHUX abo onTuyHUX npoduiomeTpis [17]. HaliOunpmn nonyasipHuM B JaHUN
4ac € MeTOJ ONTHYHOI mpodiIoMeTpii - MBHUAKE BUMIPIOBAaHHS IIKIpH 3
BUKOpUCTAaHHAM (ha30BOro TepeMilmeHHss B kurTi. Lleit merom mo3Boisie
MIPOBOJIUTH BUMIPIOBAaHHS TJIMOMH MOPIIMHH 3 BHCOKOI TOYHICTIO (J03BOJIOM
0,004 MMm) B pexkumi peasibHOTO Yac 0e3 KOHTaKTy 3 IIKIporo i 0e3 CTBOPEHHS
CUJIIKOHOBHX perutikiB [17].

[lepmmii eTam 1mBOTO METOMY - NPHUTOTYBAHHS CHJIIKOHY 1 TIOJAJIbIIe
HaHECeHHsI Moro Ha MinsSHKY wmkipu. [licns Toro sk peruiika roroBa, depe3 Hei
MPOIMYCKAIOTh CBITJIO BiA JpKepela NapalieTbHOTO BUIPOMIHIOBAHHS, SKUU

PEECTPYETHCS CHEiaTbHOI KaMepoko. 3a JOMOMOTOI0 IPOTPAMHOTO 3a0e3IeYeHHS

35



36

monentoeTbest 3D 300pakeHHsa moBepxHi mikipu (puc. 1.14), 1 po3paxoByrOThCs

pI3H1 NMTOKA3HUKH ii perabedy, Taki, sIK MOPCTKICTh, IIaIKICTh, 3MOPIITKYBATICTh.

Pucynox 1.14 - 300paxkeHHs1 OTpUMaHe 3 ONTUYHOTO MPOodiIoMeTpa

Henonikamu meTony € BUHUKHEHHS MOXMOOK Ha eTanax AOCTIKEHHS, a
TaKOX TPUBAIICTh MPOLECY BUTOTOBIEHHS Perumnku. J[jig 30UIbIIEHHST YyTJIMBOCTI
B TaKUX CHCTEMax 3aCTOCOBYIOThCS cHelliayibHI Kamepu 3 Y®DA-mammoro. 3a
JIOTIOMOTOI0  CHEIIalbHOTO MPOTPAMHOI0 3a0€3MEYEHHS PO3PaXOBYIOTHCS PI3HI
IHJEKCH, IO BiIOOpakarOTh Tomorpadiro MKIPU: 3MOPIIKYBATICTh, TIAIKICTD,
mopcTKicTsb [17].

[Ipu pocmiKEHHAX WIKIpY Ha JTYLEHHS BUKOPUCTOBYIOTHCS MPO30P1 KIIEHKI
CTPIUKH, O SKUX TPH MPUKIATAHHI 10 MIKIpU MPWIMIAIOTE KopHeonuTu. [lics
BOTO CTpiukH (hapOyroThes 1 pororpadyroTbes B mpoxigHomy cBitil. Ilicns yoro
BiIOyBa€eThCs 0OpoOKa 300pa)K€HHSI PO3PAXOBYEThCS 1HACKC JyrieHHs. Jls
JOCTIP)KEHHSI BUKOPUCTOBYETHCSI T€ K YCTATKyBaHHS JUIsl IO 1 JJIS ONTHYHOI
npodimomerpii. s aHamizy 300pakeHb Ha IIKIPY TMOMEPEIHHO HAHOCSITHCS
OapBHUKH, crienn(iuH1 s BIAUISTYIIyBaHHS KIITUH. JIYIIIEHHS MIKIpH 3aJIeKUTh,
mepui 3a Bce, BiJ MIBUAKOCTI mposidepaliii emigepmicy, a TakoX BiJl BOJHOIO
Oamancy. Y HOpPMI CIYIIEHHS KOPHEOLMTIB MPUOJIM3HO OJHAKOBO HEBEJIHUKOTO

po3Mipy.
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1.4.6 AHani3 BHYTPIllIHBOI CTPYKTYPH LIKIipH

Ontuuna korepentHa tomorpadis (OKT) — meron He iHBa3MBHOTO
JOCITIJKEHHS, SKUH BCE IIUPINE 3aCTOCOBYIOTh B MEIWIIMHI 3 J[1arHOCTHYHOIO
metoro [17]. B ocHOBI oTpuManHs 300paxkeHHs TKaHUHU MeTosioM OKT nexuth
MPUHLINI, aHAJIOTIYHUI PeXUMY YIbTPa3BYKy. K 30HIYIOYOrO BUIPOMIHIOBAHHS
BUKOPUCTOBYETHCS  CBITJIO OMMXKHBOTO 1H(GpadepBOHOTO Jiama3oHy. Pi3Hi
CTPYKTYpPH IIKIpM MAIOTh pI3HI ONTHYHI XapaKTePUCTUKHU, B TOMY YHCII 1
KOe(DILIEHT 3BOPOTHOTO PO3CIIOBAHHS ONTUYHOTO BUIIPOMiHIOBaHH:S. KoediieHT
3aJIOMJICHHS TyK€ UYTIMBUN JI0 3MICTY BOJIHM, TOMY MOKHA OTpUMATH 1H(POPMAIIII0
Ipo rifparamii IWKIpH Ha pi3Hid rmOuHi. [Hopmamis, Mo oTpuMyeThbes 3a
nonomororo OKT, € mpmwxuTTeBoi 1 BigoOpa)kae HE TUIBKA CTPYKTypy, a M
0COOMBOCTI (DYHKIIIOHAJILHOTO CTaHy TKaHWH. 3O0BHINIHIA BUIISIA TPHIATY

IpEACTaBICHO Ha puc. 1.15.

Pucynok 1.15 - 30BHIiMIHIN BUTJISA ONTUYHOTO KOTE€PEHTHOTO ToMorpada
OCS1300SS (Thorlabs Inc, CIIIA)

VY nepmarosnorii meronuka OKT BuxkopucroByetrbest 3 1997 p nas in vivo
JOCIIJKEHb SKICHUX 1 KUIBKICHUX TIOKa3HMKIB CTPYKTYpPHOi —oOpraHizarfii
emgepmicy 1 gepmu [18]. KommoHeHTH mmIKipy MaiOTh Pi3HI [MOKa3HUKU
3aJIOMJICHHS, OLTBIIICTD 3 SIKMX BIAPIZHAETHCS BiJl IHTEPCTUIIATBHOTO MPOCTOPY.

[Ipu B3aemomii TONMSIPU30BAHOTO BUNPOMIHIOBAHHS 3 OlOTKaHMHAMHU
CTIOCTEPIraloThCs JBAa OCHOBHMX €(EeKTH - ACeTNOJsApu3allisi BUIPOMIHIOBAHHS,

MoB'si3aHa 3 0araropa3oBUM PO3CIFOBAHHSAM CBITJIa B O10TKaHHWHI, 1 3MiHA CTaHY
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noyiipu3arii  Hepo3cisHOi  (KOTEpPeHTHOi)  CKIAJOBOi  BUIPOMIHIOBAHHS,
00yMOBJIEHE JBONPOMEHEBUM IEPETOMIICHHSIM TKAaHUHHU, ii ONTUYHY AKTHUBHICTbH
Ta 1H.

Meton marniTHo-pe3oHancHoi Tomorpagii (MPT). B ocHOBi 1p0TO
SBUIIA SJIEPHO-MArHITHOTO PE30HAHCY JIeXKaTh Taki (pi3UYHI MPOIIECH, IO JIESKI
aTOMHI sipa MalOTh MarHITHUM MOMEHTOM, SIKMi HaJae iM BJIACTUBOCTI MarHiTiB.
Konu Ha HUX BIUIMBAa€ CUIJIbHE 30BHIIIHE MArHITHE MOJIE, S/ipa HAMarHi4ylThCs 1
OpIEHTYIOTHCS B HaIpsiMi TOJIS, SIKIIO MPUKIACTH 0 IUX AP JOJATKOBE MOJE 3
YacTOTOI PE30HAHCYy B pajloo0JacTi, TO BOHHM NEPEOPIEHTYIOTHCA B 1HIIHMA
HanpssmMok [18]. CurHanm, mo mnpPUAMAETbCS EIEKTPOMArHITHOI KOTYIIKOO,
XapaKTepU3yeThCsi yacoM po3ciadieHHs 1 1 T2, moB's3aHUMU 3 IOBEPHEHHSIM 10
pPIBHOBAarM CHUCTEMH Micisl il MOpYyIIeHHs paaioyacToramu. Ilicns mepeTBopeHHs
dyp'e inpopmariist BuBoauThcs ado sk crektp (MRS), abo sik 300paxenns (MRI),
B 3QJEKHOCTI BIJ TUIy BHKOHAaHOTO BUIIPOMIHIOBAHHS. BenuuuHa curHamy i
SACKpaBICTh 300pakeHHs Oyje 0Oararo B 4OMYy BHU3HA4YaTUCA 3MICTOM BOAH B

TkaHuHM (puc. 1.16).

Enizepmic
Jdepma
Tinoaepma

Kaniasp

Pucynok 1.16 - MarHiTHO-pe30HaHCHa ToMorpadis
CywyacHa  TexHiIKa  JO3BOJISIE  BI3yali3yBaTH €MiJIEpPMIC 3 JT03BOJIOM
0,86 MMm. MarHiTHUT ~ pe3oHaHC — mepeadayae KUIBKICHY Bi3yallizaliio
MOJIEKYJI, 3a JIOTIOMOTOI0 CHEKTPOCKOIi, IO J03BOJISIE OIIHUTH METaboNIiyHy

aKTUBHICTh B PI3HUX AUISTHKAX HIKIPH.
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1.4.7 BumiproBaHHsI TeMIlepaTypH LIKipu — TepMorpadist

Meaununa tepmorpadist - 1e MeToa 0OCTEKEHHsI MAaIlEHTIB 3a JIOMIOMOTOI0
CHELiaIbHOTO MPUJIAAY - TEIJIOBI30pa, KU J03BOJISIE BIOBIIOBATH 1HPpayepBOHE
BUIIPOMIHIOBaHHS 1 TIEPETBOPIOBATH HOro B 300pa)KCHHS - TepMOrpamy, sKa
peecTpye po3Mo/Iii TeIla Ha MOBEpXHI Tia. Temneparypa MIKipy € 1HTerpaJbHUM
MOKAa3HUKOM, 1 B 11 hopMyBaHHI O€pyTh y4acTh KiIbKa YNHHHUKIB: CYJUHHA MEPEKY
(aprepii 1 BeHu, NiMQpaTUYHA CHUCTEMa), PIBEHb METa0OJI3My B OpraHax 1
TEIJIONPOBIAHICTh WIKipH. [Ipu aHami31i TepMorpaM MOBMHHI BpaxoOBYBaTUCA BCl 111
daxtopu [19]. Ha puc.1.17 BimoOpaxkeHO TepMOrpama MaiieHTa 3 MaHCIHYCITOM JI0

Ta MICHS JTIIKyBaHHS.
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Pucynok 1.17 - Tepmorpama mnari€eHTa 3 maHCiHYCiTOM 110 (a) Ta micis
mikyBanHs (0) [20]
301IbIIICHHST TPHUIUTMBY KpoBl1 a00, HaBITAKW, HOTO 3MCHIICHHS, BUKIMKAHE
3BY)KEHHSIM CyIuH (CT€HO3) ab0 i1X 3aKyNopKow (OKII03is), MPU3BOAUTH 10
MIIBUIIEHHS a00 3HWKEHHS TeMIlepaTypd TKaHWUH BIIMOBIAHO. TerioBizop
BUMIPIOE 1H(PadepBOHE BUITPOMIHIOBAHHS B JOBIOXBUJILOBOMY Jiama3oHl B MEKax
noyis  orysay. Buxomsuum 3 1bOro, 3MIHCHIOETBCS PO3PAXyHOK TeMIIepaTypu
BUMIPIOBAHOTO 00'ekTa. DAaKTOPU PO3PAaXyHKY BUIPOMIHIOBAIHLHOI 37IaTHOCTI (&)
MOBEPXHI BHUMIPIOBAHOTO 00'€eKkTa 1 KOMIIEHcalli BiAOOpaXeHOi TeMIiepaTypu

(KBT) - 3HaveHHs MMX 3MIHHHX MOKHA BpPYYHY 3aaath B Teriosizopi [20].
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BucnoBku 10 posaiay 1.

1.1Ha ocHOBI orisiay jiTepaTypHUX Ta 1HQOpPMAIIHUX HKEepen OMHUCAHO
aQHATOMIYHY YaCTHHY IIKIpU JIFOAWHH, 1i CKJIaa Ta (QYyHKIII, BU3HAYCHO
OCHOBHI CKJIa/IOBI1 HIKIpH.

1.2 IlpoanamizoBaHO METOAW  JIarHOCTUKM IIKIPK Ta  MPUBEACHO
KJacu(dikaIiio B 3aJIeKHOCTI BiJ] MapaMeTpiB, siki Tpeba J1arHOCTyBaTH
OMHCAHO OCHOBHI XapaKTEPUCTHKHA KOKHOTO METOAYy Ta MpWIaad sKi
BUKOPUCTOBYIOTBCS MpHU  aHami3l, B pe3yiabTari Oyino oOpaHo
TepMorpadiuHuid METOA.

1.3 TlpoanamnizoBano TepMorpadiqamii MeTOA s JIarHOCTUKH IIKIpH Ta
BU3HAYECHO, M0 METOJl € TEPCIEeKTUBHUM I JIOCHIPKEHHS SIK
HEIHBa3WBHMM, 0e300JiicHUI Ta 3a0e3Nedyrourd BUCOKY JOCTOBIPHICTH

pE3yNbTATIB.
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PO3I1J1 2 OTJIAA TA AHAJII3 TEPMOIPA®IYHOI'O METOAY AJIA
AHAJII3Y HIKIPAHOI'O IIOKPOBY

Bci o0'ektr 3 TemriepaTypoio BHIIE aOCONIOTHOTO HYJS BHUIIPOMIHIOIOTH
iH(payepBOHE BHUIIPOMIHIOBAHHS B pE3yJibTaTi TEIJIOBOTO PyXy iX MOJIEKYJI.
[adppauepBona Tepmorpadis € MOJATBHUM 300paKEHHSIM, SIKE MOXe OyTu
BUKOPHUCTAHE [UIsl BUSIBICHHS TEIUIOBOro BUMIpoMiHIOBaHHA. llkipa moauHu
BUIIPOMIHIOE 1H(pauepBOHE BUMPOMIHIOBAHHS MPAKTUYHO SK 1/IeajbHE YOPHE TLIO
1, orxke, [PT noOpe miaxoauTh Juisi BUMIPIOBaHHS TeMrepaTtypu WKipu. OCKUIbKH
Il HEIHBa3WBHA 1 NPSIMOJIIHIMHA TeXHiKa s 1HGpadepBoHOI Tepmorpadii, TO
TaKUil  Crocid MOXKe MPEeACTaBISITH EKOHOMIYHY  ajJbTE€pPHATUBY  OUIBII

TpaguIlifHUM criocobam Bizyaizarii [20].

2.1 TennoBi3iiiHi mMeroau i 00J1acTi 3aCTOCYBAHHSI TeNJIOOAYEeHHH B

MeIuIHI

bynp-sika  TemsoBi3iiiHa ~— mporeaypa  3acCHOBaHA — Ha  peecTparii
1H(paYepBOHOTIO BUIIPOMIHIOBaHHS, IO BHUIYCKAETHCS OO'€KTOM JOCIIHKEHHS.
[TpeameToM MOCIIIKEHHS )KUBOTO 00'€EKTA € Pi3HI TUIIM TKAHWH: IIKIPOBA, M'I30Ba,
CyIMHHA, KICTKOBa Ta 1HMI. J[7 HEIHBa3WBHHUX TEMIIEPAaTYpHUX BHUMIPIOBAHb
HalOUIbII JOCTYNMHOK 3 TKAHMH € IIKipa, TOMY B OUIBIIOCTI BHUIIAJKIB
TerI00aueHHsI Ma€ CIIPaBy 3 MOBEPXHEBOIO MIKIPHOIO TKAHHHOIO.

[kipa JIOAMHU MA€ BUCOKUNA KOEPILIEHT BUIMPOMIHIOBAHHS, TOMY 3MiHa ii
TeMrepaTypyd MNPU3BOJIUTHL JO 3HAYHOI 3MIHM TMOTY)XHOCTI BHUMIycKaeTbes [Y
BUMIPOMIHIOBaHHS, JETEKTUPYEMOro  TemuioBi3opoM. Husbkuii  KoedillieHT
BioOpakeHHs IIKipy B pAanexkomy IY pgiama3oHi MiHIMI3ye BIUIMB HarpiThx
IpeIMETiB HABKOJUIIHBOTO CEPEJOBHINA Ha BU3HAUYEHHS TeMIlepaTypH ILIKipU. 3

BUKOPHUCTAHHSAM TEIUIOBI31IMHOI TEXHIKH 1€ JO03BOJISIE 3 BHUCOKOIO PO3ALIBHOIO
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3MATHICTIO  pEECTPYBaTU

TOYKOBY

TeMIIepaTypy,

42

CTaTUYHUN  PO3IMOILI

TEeMIIepaTypy Ta AUHAMIKY TEMIIEPATYPHOTO PO3MOILIY.

3MiHa TIOBEPXHEBOTO PO3IOJILTY TeMIIepaTypu Moxe BinoyBaTucs [20]:

- Tpu  3MiHl

30BHIIIHIX YMOB,

KOJIn

aKTUBI3YIOTBCS ~ MEXaHI3MH

TEPMOPETYJIALIT Y BIAMOBIIb HAa 3MIHY TEMIIEPATYPH;

- 1pu (I3UYHOMY HaBaHTaKEHHI, KOJIU BIIOYBAa€ThCS aKTUBI3AIlisl pOOOTH

IPYIl M'sI31B;

- IIpu CMOHiﬁHOMy HaBaHTa)KeHHi, KOJIN CTBOPIOKOTBCA YMOBH JICTKOI'O

CTpECy, HaAIIpUKJIaA, BHKOHAHHA TeCTiB, IO BHUMArarOTb PO3YMOBHUX

3aTpar 1 BUKOHYBaHI B YMOBaX 0OMEKEHOTI'0 4acy;

- npu (papMakoJOriyHii mpoOi, siKa 3I1MCHIOETHCSI BBEJIEHHAM B OpraHi3M

npenapariB pi3HOTO MIPU3HAYCHHS.

HapeneHno pi3HOBUIM TEIUIOBI3IMHMX METOIB Ta 00JIACTI 3aCTOCYBaHHS B

Tabn. 2.1.

Ta6muis 2.1- TermoBi3iliHI METOIM 3aCTOCYBaHHS TETUIO0AYEHHS B MEIUIIMHI

O6uacTi 3aCTOCYBaHHS TeIJI00aueHHs

TeroBi31iHI METOIN

Cyaunni po3naau (miaoer,
rIIMOOKUI BEHO3HU TPOMOO03)
Omnkororig (pak rpyaei, WKipu)
ApTtpur / peBMaTtu3m
Heepouoris

Xipypris (omeparrii
BIJIKDUTOMY CEpli Ta 1HIII)
KOpunnunuii cynposig yron (mpu
BUJIAJICHH] KaTapakTH)

Or1riHKa KUTTE3TATHOCTI TKAHUHH
(ormiKm)

MOHITOPUHT  BIUIMBY JIKIB 1
MIPOIIECY JIIKYBaHHS

XBOpOOU ITUTOBUIHOT 3aJI03U
Cromarosnoris

Pecmiparopsi 3axBoproBaHHS
CnoptuBHa Ta pealOuriTaliiiHa
MEUIMHA

JlepmaTosoriuni XxBopoou

Ha

Cratuuni (KJ1acu4Hi)

JluHamidHI
MynbTHCIEKTpaIbHI
MynbTUMOIATBHI
BukopuctoByoTh TEIJIOBI3OpP B
CKJIaJli 00'€eTHAHOI  CEHCOPHOL

cuctemu (sensor fusion)
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binbim neranbHO pO3MIITHEMO PI3HOBUAM TEIUIOBI31IMHUX METO/IB.

Cmamuuni mennogiziuni Memoou 3aCHOBaHI Ha OTPUMaHHI Ta aHai3i
MOOTMHOKUX TETUIOBI31HHUX 3HIMKIB.

Jlunamiyni mennogizitini MemoOu 3acHOBaHI Ha OTPUMaHHI Ta aHami3i
MOCJTITOBHOCTI ~ TETUIOBI3IMHUX 3HIMKIB. OJWH 3 HampsSMKIB JUHAMIYHOTO
temnobauenus - DAT (Dynamic Area Telethermometry - nunamiyda 30HHA
TeneTepmMoMeTpisi) Oyno ommcaHo Mixaenem AnOap (Michael Anbar) B #oro
moHorpadii [20]. Jocaimkenns Anbapa Ha noyatky 90-X mokasaniu, 110 IIBUIKA
3MiHa TEMMEPaTypH IMIKIPH JIIOJAWHH, IO PEECTPYETHCS TEIUIOBI30POM, MICTSITh
3HauHy (1310J0T1YHY 1 NATO(PI3HOJOTIUHY 1H(POpPMAILil0, sIKa HE MOXe OyTu
OTpHMaHa 31 CTATHYHUX TEPMOTPAM.

JI0 KOHKPETHHX CyYaCHHUX JMUHAMIYHUX METOMIB BITHOCSTBLCS. IMNY1bCHUL
memoo (PT- Pulsed Thermography), axmuenuii ounamiunuii memoo (ADT - Active
Dynamic Thermal IR-Imaging), iunynscro - ¢pazosuii memoo (PPT- Pulse Phase
Thermography), memoo mennosoi momoepaghii (TT- Txepman Tomography ) [20].

Imnynocnuti memoo (PT) - 3acHOBaHU Ha MPOBEAEHHI 00YMCIEHb (PYHKIIIT
TEMIIEPATypPHOTO KOHTPACTy MDK MAaTOJOTIYHUMHU 1 HOPMAJIbHUMH JUITHKAMU
noBepxHi. [l crmocTepekeHHS AWHAMIKA TEMIIEpaTypu BHKOPHUCTOBYETHCS
30y/PKeHHSI HArpiBaHHAM a00 OXOJIOPKEHHSIM TIOBEPXH.

AxmugHnuil Ounamiynuti memoo (ADT) - 3acHOBaHWI Ha peecTparii
TeMIlepaTypd B TIpolieci HarpiBaHHi a00 OXOJOJKEHHS, 32 OTPUMAHOIO
3aJIeKHOCT] 1A€HTU(]IKYEThCS MaTeMaTUYHA MOJENb MOBEPXHI, MPEACTAaBICHOI Y
BUTJISA/II 1IApPiB, 3a JOTMOMOTOI0 SIKO1 BU3HAYAKOTHCSI BJIACTUBOCTI KOXKHOTO IIapy.
Jlo CcX0OH METOJMKH BITHOCUTH Tay - MmeToa (t - technique) [20], skwmii
3aCHOBAHHMI Ha BUSBJIECHHI XapaKTEPUCTHUYHOTO 4YacCy BIJHOBJICHHS CTaOUIBHOI
TEeMIIepaTypy, 3MIHEHOi MPUMYCOBHM OXOJIOJDKEHHSM abo HarpiBaHHsSM. Tay
METOJl BHSBJISIE MATOJOTIYHI AUISHKA IIKIPHU, TPYHTYIOUHCh HA PIZHUIIO Yacy

BIJIHOBJICHHS iX TEMIIEpaTypH, BiJ 4acy BiAJHOBJICHHS 3J0POBUX J1ISHOK.
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Iunynocno - ¢hasosuti memoo (PPT) - 3acHOBaHWII Ha OOYHCIICHHI
aMIUTITYAu 1 ¢ga3u TeMmIlepaTypHOi AMHAMIKKA Ha TOCIIJIOBHOCTI TEIJIOBI3IHHUX
KaJpiB 3 BUKOPUCTaHHSIM mepeTBopeHHs Dyp'e. Lleil Meron moku He 3HAMIIOB
3aCTOCYBaHHS B MEIUYHIN J1arHOCTHIII.

Memoo mennosoi momoepaghii (TT) - 3acCHOBaHUM Ha BUPIIICHHI 00epHEHO1
3aJa4l BU3HAUEHHS 00'€MHMX BJIACTUBOCTEW 00'€KTa 3 PO3MOJLTY TeMIlepaTypH Ha
Horo nmoBepxHi. J[aHWii METOJ YCHIIIHO 3aCTOCOBYETHCS JJIS OLIIHKK 00'€MHOTO
po3noiny KoedirieHTa TeIIONPOBIAHOCTI, 3a SKUM OIIIHIOETHCS TIIMOMHA OMIKY
mkipu [20].

Mynemucnexmpanvui mennogizitini METOAW 3aCHOBaHI Ha TIPOBENICHHI
NOCHIDKEHh 1 3ICTaBJEHHI TEIUIOBUX BJIACTUBOCTEM 00'€¢KTa B  JIEKUIBKOX
CIEKTPAIbHUX Jl1arla30HaX.

Mynemumooanvui MmemoOu - 3aCHOBaHI Ha CIUIBHOMY BHUKOPHCTaHHI
TEIJIOBI3OPIB 3 BHUMIPIOBAJBHOK Aamaparyporo, sika OTPUMYE CHTHajl 1HIION
b13uunoi mpupoau. [Ipukimamom moxxke OyTH CIHUIbHE JOCHIHKEHHS paKky Trpyzei

TepMorpauyHUM METOI0M 1 METO/IOM PEHTTE€HIBChKOI MaMorpadii.

2.2 ®i3uka iHgpayepBOro BUIPOMIiHIOBAHHS

EnekrpomarHitTHe = BHUNPOMIHIOBAHHS ~ CKJIQJA€TbCsl 3 KOJIMBaHHSA
€JIEKTPUYHOIO 1 MAarHiTHOrO MOJisA, $IKI MOLIMPIOIOTHCS 31 IMIBUJAKICTIO CBITJIA.
BUIIPOMIHIOBaHHS ~ BOJIOJII€  XBHJIbOBUMH  BiacTuBocTsMu. Kpim  Toro,
CUHYCOiJlaJibH1 €JEKTPOMArHiTHI XBWII € (YHKIISIMH 4Yacy Ta IOJIOXKEHHS, SKi
MalOTh MEBHY YacTOTy 1 JOBXHHY XBHWJI, IIO YTBOPIOIOTH €JIIEKTPOMAarHiTHUN
CHEKTp, TOOTO pagio Ta TeJeBI3iifHE BUMPOMIHIOBAHHS, MIKPOXBHII, BUIUME
CBITJIO, 1H(padyepBOHE Ta YIbTpadiosieTOBE BUIPOMIHIOBAHHS, PEHTTEHIBCHKI
npoMeHi Ta raMMa-npoMeHi. Komu yactora BUIPOMIHIOBAHHS 3pOCTa€, JOBKHHA

XBHJII 3MEHIIY€eThes 1 eneprist ¢poroniB (E) 3pocrae [21]:
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EE = hy =
V=Y 2.1)

Ile piBmstams exeprii GoTowis, ne h - ne Imank mocrtiitia (h = 6,626 x 10
I[;K-C[l]), /- 9acTOTa BUIPOMIHIOBAHHSI, C - 11¢ MIBAKICTH cBiTina (3 x 10°Mm/c), a A
- TOBKUHA XBWJI1 BUIIPOMIHIOBAHHS.

[ndppauepBonnit (o3Hauae "HUXKYE UYEPBOHOTO") BHUIPOMIHIOBAHHS €
HANBaXJIMBILLIOK YaCTUHOIO CBITJIA CHEKTP Ta MA€ MEHIY €HEprito, HIXK BUIUME
YEepBOHE CBITJIO.

Y cnexktp komuBaetbes Bix 0,77 mMxkm gpo 1000 mxm. Kpim Toro, I4
BUIIPOMIHIOBaHHSI BUIIPOMIHIOETBCS BCIMa 00'€KTaMM, LI0 MalOTh TEMIIEpaTypy
BUIIIC a0COIOTHOTO HYJIS B Pe3yJIbTaTi TEIJIOBOTO pyXy iX Mosekynu [21]. ['padik
BUIIPOMIHIOBaHHSl HaBeIE€HWW Ha puc. 2.1, yuM BHILIA Temmeparypa Tula, TUM
O1sIbIIe eHepTii BUTPOMIHIOETHCSI.

BT-M™2-MK™*

10* 4

10" 4

1000
700
600
400
300
200

[
i

E -

10+ 1 o
0 5 10 15 20 25 30 A(um)

Pucynoxk 2.1 - I'padik BunpomintoBanus [21]
BigHomieHHs: Mi>k BUTPOMIHIOBAHOIO €HEPTIEI0 1 TEMIIEPATYPOIO OMHUCYETHCS

3akoHOM Ctedana-bonbiimana:
E=oT* (2.2)

ne E - sarampHa moTyxkHicTh BumpoMmiHioBauHsS (BT/M?), 6 — KOHCTaHTa
Crean Bombumana (6 = 5.67 x 10° Br / m* K%, a T — ne indpadepsona
TepMorpadis Mpu OIIHII TeMIIepaTypH MIKIPH.
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I'padiuno Bemmunna E  nopisrroe momi mix kpuBoro B iHTepBami JOBKHH

XBUJIb BiT A = 0 10 A = 00, 1110 MPEJICTABICHO Ha puc. 2.2.

Aa Ao ):

Maxc
Pucynok 2.2 - I'padiuna inrocTpallis CeKTpaibHO1, IHTErpaIbHOT
BUIIPOMIHIOBAJIBHOI 3JATHOCTI Ta 1HTErpajga BUIPOMIHIOBAJILHOT 3/TATHOCTI B
CHEKTpaJIbHOMY IHTEpBai
Lle piBHSHHS CTOCY€ThCS JIMILIE aOCOIIOTHO YOPHUX T, K1 IOTJIMHAIOTH BCE

najaroye eJIEeKTPOMAarHiTHE BUIPOMIHIOBAHHA (KOE(DILIEHT BUMPOMIHIOBAHHS €).

J7ist peanbHUX MOBEPXOHD (€ <1) pIBHSIHHS MOKE OyTU BUPAKAETHCS SIK:

4

E = =0T (2.3)

e € — Koe]illeHT BUMPOMIiHIOBaHHS (a0 CTyMiHb YOPHOTH) - TOKa3ye
BIIHOIIIEHHSI ~ €Heprii  TEeIUIOBOIO  BHUIPOMIHIOBaHHSA  ‘‘ciporo  Tuia” [0
BUMIPOMIHIOBaHHSI a0COJIOTHO YOPHOTO TUIa TpH TIA JKE€ TeMIepaTypi.
BumpomiHiOBaHHS 3aJIe)KUTh BiJl MaTepialy Ta BAACTUBOCTI MOBepXHi [21].

OTxe, BaXJIMBO BUKOPHUCTOBYBATH TMPAaBWJIbHE 3HAYCHHS EMiCIHHOTO
3HAUCHHA, SKE€ ONTHUMI30BaHE JUIsl Jiama3oHy JOBXHH XBWJIb IOBEPXHI, IO
JTOCHIKY€eTbesl. [neanpHe 4YopHE TUIO HE BijoOpakae 1 He mepeaae IMajarde
BUIIPOMIHIOBaHHS, ajie TIOTJIMHAE Bce 11e. KpiM TOoro, BUIIPOMIHIOBAHICTh 3aJICKUTh
BiJ KyTa oryisiny. Bin 3anumaerses noctiitHuit 1o ~ 50 ©, ane mpu OUIbIINX KyTax
— BUIIPOMIHIOBAHICTh 3MEHIIYETHCS, TOMY 10 peaJibHI MOBEPXHI, Ha BIAMIHY BiJ
17IeaJIbHOT0 YOPHOTO Tija, HE BHUNPOMiHIOE [Y-BUIIPOMIHIOBAaHHS aHAJOTIYHUM

YUHOM Y BCIX HamlpsIMKax.
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BunpomintoBanHs mikipu moauan cTaHoBHTH (0,96-0,98 mns Y gomxuH
XBUJIb B Jiana3oHi 2-14 MKM, TOI1 SIK BUITPOMIHIOBAHICTh IS 1J1€aJIbHOTO YOPHOT'O
Tina gopiBHIOE 1. OTxe, TEMI0Be BUIIPOMIHIOBAHHS BUIIPOMIHIOETHCS 31 LIKIpU Ta
penpe3enTye (pakTHUHy TeMIlepaTypy HIKipH.

Eneprisi, sika BHUIPOMIHIOETBCS MPEIMETOM, PO3MOIUISETHCS Y BCHOMY
eJIEKTPOMArHiTHOMY CHEKTpl. Y TOH 4ac Ak ¢opMa pPO3MOAUTY 3aTHIIAETHCS
JIOCUTb TOCTIMHOI, KIJIBKICTD 1 CIIEKTPOBUM PO3IMOILI €HEPrii 3ajie’KaTh 3HAYHOIO
Mipoto Bia Temneparypu. s Oyap-sSKoro mpeaMera 3 MeBHOIO TEMIIEpaTyporo €
TUIBKU OJIHA JOBXWHA XBUJI, JIJIsl SIKOi BUMPOMIHIOIOYA €HEPris € MaKCUMaIbHOIO.
bina 75% eneprii nmpenMera npurnajae Ha JOBr1 XBWiIl 1 25% - Ha KOPOTKI XBHIII
JUTS ITi€1 MaKcHMalbHOI ToukH [21].

Pi3H1 YacTUHHU NIOACHKOTO OPraHi3My MarOTh PI3HY TeMIepaTypy. 3HAUCHHS
CepelIHIX TeMIEpaTyp Tiia HaBeleHl B Ta0auin 2.1.

Tabnuug 2.1 - 3HaueHHs cepeHIX TeMIiepaTyp Tija JIIOAUHU

YacTrHHM JIIOACHKOTO OpraHizMy Cepenns temneparypa,® C
ByiiHa pakoBuHa 23 - 28,2
[TigomBu 30-32
CepennrHa rOMIJIKH 32,2-33
Twun pyku 315-325
Jlononi 33,4 -34,6
Cnuna, Tpyau, >KUBIT 34,2 -34,6
ITaxoBa BrmaguHa 36,2 -37,4
[TopoxHuHa poTy 37,2 -37,6
[Tpsima kumika 36,6 - 37,9
KominHa ssmka 35
CepenuHa cTerHa 34,4
Kinuuk HOCa 22,2

Tepmorpadist maAXoaAuTh A BUMIPIOBAHHS TeMIepaTypa MOBEPXHI IIKIPH.
HaiiGinpmr mommupeni ¢akTopu, SKi BIUIMBAIOTh HA TEMIEpaTypy MIKIpU Ta
BKa31BKM Ha aHOMAJIII0 - [€ 3alajeHHd Ta IMIABUIIEHHU a00 3MEHIIECHUU
KpoBooOir. [IpoTe cranmapTu3aliis Bizyanizalilii TEXHIKOW OyJia mpo0IeMaTUYHOIO,
TakK sIK TEeMIIepaTypa MOBEPXHI MIKIPU KOJIUBAETHCS MK OKPEMUMU AUISTHKAMH.
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2.3 OcHOBHI MeTOIH B TeIJI00aYeHHi

Y JII0JICBKOMY OpraHi3Mi BHACIIJOK €K30TepMiuHI 010XIMIYHUX MPOIECIB Y
KJIITHHAX 1 TKAHMHAX, a TAaKOX 32 PaXyHOK BHUBUILHEHHS €HEprii, MOB'S3aHOI 3
curre3om JIHK 1 PHK, BupoGnsieTbest Benuka KiabKicTh Termia-50-100 kkan/rpam.

B TemnobaveHHi MOKHA BUALUIATH HACTyIHI MeToau [22]:
1) Be3koHTaKTHI

- Tepmorpad

- TertoBizop
2) KonrakTHi

- Ha mneBenukiid [IISHLI TOBEPXHI TUIA PO3MIIIYETHCS —CIELIaIbHA
PIIKOKpHUCTaIiYHA TUTIBKA.

- Piaki Kkpuctamu BOJIOAIIOTH BIIACTUBICTIO ONTHUYHOI aHI30TpOMil 1
3MIHIOIOTH KOJIIp 3aJIKHO Bl TEMIIEpaTypH.

Tepmorpad - ue mnpunaa, B SKOMY TEIUIOBE 300pakeHHs 00'ekTa
Oe3nocepeIHb0 0€3 MEePETBOPEHHS B €JIEKTPUYHHUI CUTHAJ, 3alUCYEThCSl HA SIKUM-
SKUW HOCIM, YacTilie BChOTO Tarmip, 3aKpuTa TOHKHUM IIapOM PEUYOBUHHU, IO
3MIHIOE CBOi ONTHYHI BJIACTUBOCTI IMiJ BIUIMBOM TEIJIOBOIO BUIIPOMIHIOBAHHS
(piIKOKpUCTANIYHI THANKATOPH).

TeroBizop - TpUCTpI I JOCHIHKEHHS PO3MOAULY TEeMIepaTypu
noBepxHi. Po3moain TemmepaTypu BigoOpa)ka€ThbCs Ha JUCIUIET SK KOJbOPOBA
KapTUHKa, Ha SKIM pPI3HUMH TeMIlepaTypaMu BiJMOBIJAIOTh PI3HI KOJHOPH.
BuBueHHs Takux 300pakeHb Ha3UBAETHCS TEPMOTpadiero.

TernoBe BUNPOMIHIOBaHHS Tija ToauHu - iH(pauepBoHe (1Y) [22] - mae
TeroBy aito. TemmepaTypa Tijla JIOAMHMU MIATPUMYETHCS MOCTIHHOIO 3aBISKU

TEPMOPETYJISLII.
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2.4 OcHOBH MO0OY/A0BH TEeIUIOBI3iliHMX cHCTeM

B upomy migpo3niai  pO3MIISIHYTO — 3arajbHUM  MPUHIUI — MPUCTPOIO
TEIJIOBI30PiB.

[HppayepBoHE BUIIPOMIHIOBAHHSI KOHLIEHTPYETHCSI CUCTEMOIO CHEI[IaIbHUX
JiH3 1 moTpamsie Ha (OTONMpHUiMaY, SIKUH YyTIMBUNA A0 MEBHOI JOBKWHU XBHJI
1HQpauepBOHOTO CHEKTpy. BumpomiHioBaHHs, 10 MOTparmsie Ha (oTonpuiiMay
OPU3BOAUTH /O 3MIHM €JIEKTPUYHMX BIJIACTUBOCTEH (QoTompuiimMaua, 1110
PEECTPYETHCS 1 TOCHIIIOETHCA EJIEKTPOHHOIO cxeMor. OTpumaHui CUTHAI
nijgsrae 1udposiit 00poOIll, OoTpUMaHE 3HAYCHHS IepeacThcs Ha OJIOK s
B1J1I00pakeHHA 1H(OopMallii, 10 Ma€e KOJIPHY MaJITPY, B AKIi KOKHOMY 3HAYEHHIO
CUTHAJIy TPUCBOIOETHCSA MEBHUM Koxip. Ilicis 1poro Ha MOHITOPI 3'ABIISE€THCS
TOYKa, KOJIp SKOi BIJMOBIAa€ YHCEIBPHOMY 3HAYCHHIO 1H(pPauyepBOHOTO
BUIIPOMIHIOBaHHS, fIKe TnoTpanuiao Ha ¢oTonpuiiMay. CkaHyroda cucTema
(m3epkano abo HaMiBIPOBIAHMKOBA MAaTPHUIIs) TPOBOIUTH MOCIITOBHUN 00Xia BCIX
TOYOK B MEXax IOJIs 30py IpWiIaay, 1 B pe3yiabTaTi BUXOAUTHCA BUIUMA KapTHHA
1H(payepBOHOro BUINPOMiHIOBaHHS 00'ekta [23]. TakuM YMHOM, Ha MOHITOPI
TEIJIOBI30pa  BIJOOpaKaeThbCsl ~ 3HAYEHHS  MOTYXKHOCTI  1H(payepBOHOTO
BUIPOMIHIOBaHHSI B KOXKHIM TOYLI MOJISI 30pYy, 3TIHO 33aHOi KOJNIPHIA MamiTpl
(4opHO-61110T0 200 KOJILOPOBOTO).

BukopucTOBYIOTHCS TUIIOBI CXeMHU TeruIoBi3iiHUX cucteMm 0-ro, 1-ro 1 2-ro
MOKOJIIHb.

Ckanyro4i CHCTEeMHU TEIUIOOAYeHHS  BHKOPHUCTOBYIOTH  PI3HI  THIH
CKaHyBaHHS: OJTHOCJIEMEHTHI, MTapajelibHe Ta MOCIiI0BHE.

CkaHyBaHHSI MOK€ MTPOBOJIUTHUCSA SIK B MIPOCTOP1 MpeaMeTiB (00'€KTIB), TakK 1
ix 300pakeHb. PO3pI3HSAIOTHCS THUNU CKAHYBAHHS TIO0 TPAEKTOPISX CKAaHyBaHHS,
3aKOHY CKaHYBaHHS 1 Psily 1HIIHUX O3HAK..

PosrnsHemMo THUNOBY OJIOK-CXeMy MAaTpHUYHUX TEIUIOBI3OPIB MPHUBEACHA HA

puc. 2.3.
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Pucynox 2.3 - biok-cxeMa TerIoBi31iHOI KaMepu:
1 - o6'exTuB; 2 - mpuctpiit kamOpyBaHHs; 3 - XojoHa giadparma; 4 - MaTpUUHUAN
®IIY; 5 - BakyyMHUI KpI1OCTaT 3 MPOCBITIICHUM BIKHOM; 6 - T€HEpaTop KePyrUnX
IMITyJIbCHUX 1 MOCTIMHUX HANpYyT; / - MACWIIOBAY 3 AU EpEeHIIaTbHIM BUXOJIOM;
8 - BumiproBau temreparypu PIIY 1 aBTOMAT BKIIOYCHHS HAIIPYTH 3CYBY
niaknaaku 3 InAs; 9,14 — 6noku ynpasiiHHs 1 cuaxponisaiii; 10 - AL,
11 - cymatop; 12 — qucneruep nam'siti; 13,16 - 6anku nam'sari; 15 - 610K 3B'SI3Ky 3
MIEPCOHAJIBHUM KOMITFOTEPOM; 17 - mepcoHaNbHUN KOMII'FOTED
VY TexHIYHOMY BiAHOUIEHHI OoAHMM 3 mepeBar Takux TIIB € Te, mjo BoHU
noOyaoBaHi Ha ocHOBI MaTpuuHoro IK nerexropa. L{s mepeBara mposiBIsieThCs B
nopiBHsaHHI 3 TIIB, 1110 BUKOPUCTOBYIOTh CKaHyIO4l CUCTEMH, 1 IKMX Oararo 1ie Ha
CBITOBOMY PHMHKY [23]. ¥V 3B'SI3ky 3 BHUKOPHUCTaHHSM TNPUHIIUIY HAKOIMHYCHHS
iH(popmarriiinoro curnany matpuuni TIIB npu 1HIIUX piBHUX YMOBax BUTPAIOTh y

CKaHYIOUMX CHUCTEM IO CYKYITHOCTI TaKHX MapameTpiB, K HAAIMHICTb, YyTIUBICTS,

IIBUJIKOJI1S 1 TPOCTOPOBUI JTO3B1JI.
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2.5 Oraga TeXHIYHMX XapPaKTePUCTUKIB TeNJIOBH30PiB

TemnoBizop - mpUCTPiil AN CHOCTEPEKEHHS 3a PO3MOAIIOM TeMIIepaTypH
JocTiKyBaHoi moBepxHi. Posmoain Temmeparypu BioOpakaeThCs Ha AHUCILUICT
(a60 B maM'sITi) TEIJIOBI30pa K KOJIPHE I0Je, JIe TIeBHIN TemMeparypi BiAMOBIIa€E
TIEBHHUM KOJIIP.

TennoBizopu HaANOIIBIIIOTO 3aCTOCYBaHHS MalOTh Yy BIMCBHKOBIM cdepi, B
SAKOCT1 TPWJIAJIB HIYHOTO OadyeHHS JUIsl BUSBIICHHS TEIUIOKOHTPACTHUX IIlJIeH
(>kuBO1 cuiu 1 TexHiku). Ha chOroHIIIHIN IeHb X 3aCTOCOBYIOTH 1 B MEJIUIIMHI,
Tak TepMmorpadis BBaXAEThCSI METOJIOM MMAaCUBHOI JIarHOCTUKHU. YK€ KIJIbKa POKIB
TEIJIOBI30PH 3 YCIIIXOM 3aCTOCOBYIOTHCS B IIATHOCTUYHUX 1 KJITHIYHUX LIEHTPaX.

Temmneparypa TiIa JIOJUHU - YHIBEPCAIbHUN MOKAa3HUK MOTr0 O10J0TTYHOT
aKTUBHOCTI. BciM THmam 3axBOproBaHb BIJIAaCTUBA TEMIIEpaTypHa PEAKIis.
AHOMaJIbHa TeMIeparypa - 1€ nepuui CUMITOM JjIsl Oyab-sKO1 XBOpOOU. 3aBxau
BUMIPIOBAHHS TEMIIEPATypH 1 BCbOTO TiJIA, 1 OKPEMHUX OpraHiB, OyJId BaKJIMBUMU
MOKa3HUKaMU JJI1 PO3Mi3HABaHHS XapakTepy XBopoOw, ii TshKkkocTl mepediry. L
(bakTopH CHpHUsIIA 0 PO3BUTKY METOJUK TEIJIOBI31MHOI JIarHOCTUKH [23].

OcHOBHI TEXHIYHI XapaKTEPUCTUKH TEILJIOBI30PiB MPEACTABICHH] B Ta0.2.2.

Tabnuusg 2.2 - [TopiBHsUIbHA TEXHIYHA XapAKTEPUCTHKA TEIIOBI30PIB
MobIR® M3 (M4) Ta Fluke VT04

[Tapamerpu Bizyamizairii

| MobIR® M3 (M4): | Fluke VT04
TennoBe 300pakeHHs
Tun nerexropa dhoKaIbHUN TIIIOCKUM [TupoenexkTpuyuHa kepamika
matpuunuii (FPA)
HEOXOJIOKYBAAbHUIN

MikpobosomeTp 160x120
MmKceneH, 35 MKM

CnekTpanbHuM 8-14 MM 6,5 - 14 Mxm
nlarna3soH
ITone 30py 25°x 19° 28 °x28°
YacroTa kaapis 50 I'm PAL/60 Ty NTSC | 80 'y PAL/60 I'y NTSC
300paXeHHS
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[Iponossxenns Tabmuii 2.2 - [lopiBHsIIbHA TEXHIYHA XapaKTEPUCTHKA
tertoBi3opiB MobIR® M3 (M4) ta Fluke VT04

TeruoBe 300paxeHHs

TemneparypHa 0,12°C mpu 30°C 0,12°C mpu 30°C
Yy TIMBICTh
dokycyBaHHS py4He Binpauii dokyc, HE
MOTPiOHO croeriajibHOoL
iITOTOBKH, BOy/TI0BaHa
1HTEJICKTyaJIbHA
M1JCTPOIOBAHHS
EnextpoHHunii 3ym X2 x2
Buna BOynoBanHO1 CMOS npatumk, 640x480 | 11025 mikc.

1 poBoi BiieOKaMepu

. o A24 .
HIKCGHGI/I,z KOJILOP1B

BumiproBanHs

[aTepBa TemmepaTyp

Bijg -20°C no +250°C

Ot -10 mo +250° C

TouHICTB
BUMIPIOBaHHS

+ 2°C uwmu = 2% Bin
MMOKa3aHHA

+ 2% B1J MOKa3aHHA

PexxuM BUMIpIOBaHHS

PexxrmM BUMIpIOBaHHSA
TOYKa Ta 00acTh (10 4-X
s M4), 130Tepma,
podiab, aBTOMaTHYHA

PexxuM BUMIprOBaHHS
TOYKa, 00JIaCcTh, 130TEpMa,
npod1iib, aBTOMAaTUYHA
Kparika MakCUMaJIbHO1

Kparnka MakCUMaJbHOI TeMIIepaTypH,
TeMIepaTypHu, aBTOMAaTUYHA CUTHAJI3allis,
aBTOCUTHAJII3AITIS aBTOBIJKJIFOUCHHS.
30epekeHHs 300paKeHHS
Tun Boynosana FLASH SD kapra
1am’ siTh
€MHICTh Mam'sIT1 100 300paxens (600 Jlo 1000 300paxeHp Ha

300paxxeHnm 151 M4)

KapTi nam’siTi

dopmar (aiiy IRI (aiin cknagaeThes 3 I1IS2, BMP
1H(pavepBOHOTO
300pak€HHs 1 MOBHOT'O
KOMEHTaps

CucreMa XKUBJICHHS
Tun JliTifi-loHHM 4 6arapei AA (VT04A) abo
aKyMYJISITOD, 10 TITIA-10HHUHN aKyMyJIsITOp
nepe3apspKaeTbes, 1m0 (VTO4)
3aMIHIOETHCA B YMOBAX
eKCIuTyaTtaii
Yac pobotu 2 TONVHH 10 8 ToauH

Cucrema mia3apsiiku

0€e3 BUIIy4YCHHS
akymyJsstopa abo B
3apsAHOMY IPUCTPOIL

3 BUJIyYCHHAM
akymyJssitopa abo B
3apsAAHOMY IPUCTPOIL
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[Iponossxenns Tabmuii 2.2 - [lopiBHsIIbHA TEXHIYHA XapaKTEPUCTHKA
tertoBizopiB MobIR® M3 (M4) ta Fluke VT04

53

Bumoru 0 HaBKOJIUIIHIX YMOB

IHTepBa -10°C - +50°C -10°C - +45°C
pobounx
TEeMIIepaTyp
InrepBan Temmeparyp | -20°C - +60°C -20 °C- +50 °C
30epiranHs
Bounoricth PoGoTa Ta 30epiranus - PoGoTa Ta 30epiranus - Bijl
Bix 10% 1mo 95%, 6e3 10% mo 95%, 6e3
KOHJeHcallli BOJIOTH KOHEHcallll BOJIOTH
Di3UYHI XapaKTEPUCTUKHU
Maca 265 1. 350T.
["abaputu 120x60x30 Mmm 55x75x210 mm
InTepdeiicu
USB/RS-232 USB 1.1 (nepenaua BigeoBuxin (PAL, NTSC),
1H(popmari 3 USB nn1s 3B's13Ky 3
teroBizopa Ha [1K) KOMIT'TOTEPOM
[Tporpamue Launch Guide IrAnalyser | SmartView
3a0ecreueHHs
JlazepHuii NOKaKUKK
Knacudikartis, tam Kjac 2, Bincyrhii
NOJIyIIPOBITHUKOBU I
AlGalnP mionnwmii nazep
Ormmmii

O0'exTBU

Jlinza 40 MM, nia3a 80
MM

PyroBlend® Plus

Takox npeacTaBieHuil 3araapbHuil BUrian remiosizopy MOBIR® M3 (M4)

ta Fluke VT04 Ha puc. 2.4, XapaKTepUCTUKHU SIKOTO OIKMCaHi BHUIIE.
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Pucynok 2.4 - 3aranpHUI BUTIIS TEIUIOBI30pa:
1 - MOBIR® M3 (M4); 2 - Fluke VT04

binemr  peranbHo ommcano MODIR® M3, skuii BUKOPUCTAHWH TPH

nocnimkeHHl. [HdpadepBoHEe BUIIPOMIHIOBAHHS PEECTPYETHCS OOJIOMETPUYHOIO

MaTpUIEIO, 3aBIAKH YoMy 3a0e3MeuyeThCs  BUCOKOSKICHI  1H(padepBOH1

300paxenHs. [Tapamerpu matpuii 160x120 enemeHTIB JOCTaTHI AJisl BUPIIICHHS

3aBlaHb, AKI MOTPeOYyIOTh BUBUCHHS IpIOHMX neranedl. Marpuisi He BHUMarae

OXOJOIXKCHHA. HapaHeJIBHO BCACTHCA 3allMuC KOJbLOPOBOI'O 306pa)K€HH$I Ha

BiJICOKaMepy.

Oco6mmBocTi MobIR® M3 (M4):

BHCOKa TpaIne3aaTHICTh;

KOMITaKTHICTb;

HAJIMUHICTb 1 IPOCTOTA Y €KCILTyaTallii;

TOYHE PaJlOMETPUYHE BUMIPIOBAHHS TEMIIEPATYPH;

00poOka 300paxeHs 0e3MMocepeIHbO B IPUOOPI;

3amam'siToByBaHHS (aidiB  LUPPOBUX 300pakeHb 13 TOJIOCOBUMHU
KOMEHTapsAMU;

y3roJDKeHHS ~ (YHKIIH:  TOMepe/pKeHHS,  aBTOMATHYHA  TOYKa

MaKCUMaJIbHOI TEMIIEpaTypH 1 TOUKA JIA3EPHOI YKA3KU;
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- mpodeciiine [10 pst ananizy Ta 00poOKH 300paKeHb;

- - USB nopT 151 migKiII0ueHHs 10 KOMIT'IoTepa.

TemnoBizop Mae mHpoKi HYHKIIOHATBEHI MOKIMBOCTI BUCOKI METPOJIOTIUHI
XapaKTepUCTHKHU, IO BIJIKPUBAE€ HOBI EKOHOMIYHO €(EKTHBHI MOKJIHMBOCTI

TEIUIOBI131MHOTO KOHTPOJIIO B HAYKOBUX ITLISIX.

2.6 KisbkicHuii aHai3 TepMorpam

CydacHl TEemIoBI30pH JO3BOJISIIOTH MPOBOAMTH 3WOMKY OKPEMHX KaJpIiB 1
Bijieo3anuc 31 mBuAKOcTAMH a0 1000 kamapiB B cekyHay. Ilicis orpumaHHs
TEIUIOBI31IMHOTO 300pakeHHs BIOYBA€THCS MpOIeAypa SKICHOTO Bi3yaJlbHOTO Ta
IIPOrpPaMHOTrO KUIbKICHOTO aHami3dy. B naHuii yac TerioBi31iiHI METOAM Bce OLIbIIe
Ha0yBalOTh KUIBKICHUM XapaKTep OIIHKH TeMIEpaTypHUX XapaKTEPUCTHUK, 110 HE
OPUBOJUTH 1O BH3HAYEHHS CTaHy O0'€KTa JHUIIE MO TMOIJSAAYy Ha CTaTUYHY
TEpPMOTPaMy sIK Ha PEHTICHIBCbKHIA 3HIMOK [23]. 3a qTUHAMIYHMMH TepMOTrpaMaMH
MO>KJIMBO aHaJII3yBaTH €BOJIIOLII0 MPOCTOPOBO-YACOBOTO PO3IMOALILY TEMIIEPATypPH,
Ha OCHOBI SIKOT BCTAHOBUTH KOPJIOH M1k 00JaCTsIMU HOPMH 1 MAaTOJIOTII.

3acobu 00poOku Tepmorpam dYacTto BOyJOBaHI B MporpaMmy, KOTpa
MPOBOAUTH Bi3yasi3allilo TeMIEPaTypHOTo 300paxkeHHs 00'ekTiB. [ mpoBeaeHHs
MOTIEPETHHOTO TMPOTPAMHOTO aHAJI3y BHIAUISAIOTHCS TOYKH ab0 30HU 1HTEpECY
tepmorpamu ROI (region of interest) y sSIKUX CIOCTEPITarOTHCS CTATHYHI 3HAYEHHS
TeMIiepaTypu abo OyayroThbCs 1i 4acoBl 3aJI€KHOCTI (TPEHAM TeMIepaTrypu). 30HU
BUJIUUICHHS MOXYTh OyTH B (hOpMi MPSMOKYTHHKA, KOJa, oBaly abo JlaMaHoi JiHil
noBUTbHOI opmu. [IpoBonsiun JiHIIO y3/10BK ab0 mornepek 00'€kTa, 10 IIKaBUTh
Ha TepMoTpami, MOXKHA MOOYAyBaTH TeMmIepaTypHUl mpodiib, M0 BigoOpakae
3HAYEHHS TEMIIEPATypH B KOXKHI# ToUIll poBeaeHoi il [23].

JUist  OI[IHKM  pe3yJIbTaTiB  JOCHIJKEHHS MOXYTh 3aCTOCOBYBATHUCS
CTAaTUCTUYHI XapaKTEPUCTUKU:

- CepelHI 3HaYCHHsI TeMIIepaTypH yCcepeIrHi BUIA1IIEHOT 00J1acTi;
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- MakCHMMaJbHI 1 MiHIMaJIbH1 3HAYCHHSI TEMIIEPATYPH;
CepeHbOKBAZPATHUHE BiAXMICHHS TeMIepaTypH Mo 00JacTi ricTorpamu;
Ha puc. 2.5. 300paxeni 3acobu aHamizy TepMOorpamMM B Mporpami

ThermaCam Researcher ¢gipmu FLIR Systems [23].
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Pucynox 2.5 - BikHo nporpamu anani3zy repmorpamMmm ThermaCam
Researcher ¢ipmu FLIR Systems

[IpssMOKyTHOIO 00JMacTIO y JIBOMY BEpXHbOMY KYTKY Ha TepMorpami
BUJIIJICHA MIJITHKA HOCA 1 MPOBEJACHA JIiHIA Ha PIBHI OYeH BiJl JIiBOi CKPOHEBOT
YaCTMHM JI0 TpaBoi. Y TMpaBOMy BEpPXHbOMY KYTKYy 300pakeHa THMYacoBa
3QJICKHICTh CEPEeAHBOT TeMIlepaTypu B BHUILIEHOT o0jacTi Hoca (OCIMIISINT
TEMIEPAaTypyd BUKIWKAHI JUXaHHSAM 4Yepe3 HIC) B MPaBOMY HU)KHbOMY KYTKY
300pakeHU TeMIiepaTypHUid podiib y3/10BXK MPOBEICHOT JIiHIT Ha PIBHI OYeH, B
JIBOMY HIKHbOMY KYyTKY TMpUBEIE€Ha TicTorpaMa pO3MNOJLTy TeMIlepaTypu
yCepeInHI BUAUICHOI 00JlacTi HOca. Y MaHii mporpaMi MOXJIMBE BHUIIJICHHS 1
BIJICTEKEHHSI  130T€PMIYHMX  JUISHOK  TepMOrpamu, BIAHIMAHHS  OJHIET
MOCIIOBHOCTI KaJpiB 3 1HINOI, BIAHIMAHHA 3 AMHAMIYHOI TEPMOTrpaMy MEPIIOro
KaJpy.

CyuacHi nporpamu 00poOKH TepMOrpaM MOXKYTh BUKOHYBATH Takl (QyHKIIII:
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1. Bigyamizamiro 1 30epeXeHHS OKpEeMHUX TEIUIOBI3IMHUX KaApiB 1 iX
MOCJI1JIOBHOCTEH;

2. PerymioBaHHST ~ IIBUAKOCTI 3ammWcy 1  BIATBOPEHHS  IOCHiAOBHOCTI
TENJI0BI31HUX 3HIMKIB;

3. ABTomacmTaOyBaHHS - PO3MOJUI KOJHOPOBOi MANITPU HA TEMIIEpAaTypHUU
Jiana3oH 00'€KTIB, IO 3HAXOIATHCS B TOJII 30PY TEIIOBI30Pa;

4, KigpKicHUH aHaJi3 TEPMOTpaM;

5. ExcropT 4uciI0BHUX JaHUX B 3araJIbHOJOCTYIIHI (DaitioBi hopmaTi;

6. MoX/IMBICTh SIBHOTO BKa3iBKHM KoeQillieHTa BHUIPOMIHIOBaHHS 00'€KTa, IO
CIIOCTEPITAETHCS AJI1 KOPEKIIT BUBHAYAETHCS TEMIIEPATypH;

7. MoXnuBICTh ~ KOPEKLIi  TeMmeparypu MO  3aJaHuM  [apaMmeTrpam
HAaBKOJIMIIHBOTO  CEPElIOBHILA:  BOJIOTOCTI,  TEMIIEpaTypu  MOBITPA,
TeMIlepaTypl HaBKOJIMIIIHIX MPEAMETIB, IO BUIIYCKalOTh HeOaxkaHe (HoHOBE
BUIIPOMIHIOBaHHS.

CratuuHi TepMOTrpaMH BiJIOOpa)KarOTh JIMILIE TMPOCTOPOBUN  PO3MOILT
TeMreparyp MOBEpXHI  O10JOriyHoro 00'€kTy, JHUHAMIYHI  TEpMOTpaMH
B1JI0OpaXkaroTh K MPOCTOPOBHUI PO3MOALT TEMIEPATyp, TaK 1 €BOJIIOLII0 IbOTO
pPO3MOJILTY B Yaci.

[Ipu mnepexonl BIA aHami3y CTaTUYHOIO PO3MOJLTY TEIJIOBUX IOJIIB
010J10T1YHOTO O0'€KTa 0 aHAJI3y PO3MOALTY B AMHAMIILI YCKJIAJHSETHCA MPOLEC
BI3yaJIbHO1 OI[IHKH BiJIXWJICHHb B MMPOCTOPOBO-YACOBOMY PO3MOIiIi TemmepaTyp. Lle
CTBOpIOE TOTpeOy B po3poOlili Ta BIAOCKOHAJIEHHI METOAIB HUGPOBOi O0OpOOKH
JTUHAMIYHUX TEPMOTpaM, CIIPSIMOBAHUX HA BUJIICHHS 00JacTeil 3 0COOIUBOCTAMU
MPOCTOPOBO-YaCOBOTO PpO3MoJILy Temrneparyp. Lludppora oOpodka mocsigoBHOCTI
TEpPMOTpaM JI03BOJISIE 3TOPHYTH BCIHO ICTOTHY 1H(QOpMAIli0 PO MPOCTOPOBO-
4acoBOoi JaMHAMIIll TemmepaTyp oO'ekta B oauH KaAp ((DyHKIlOHATBHE

300paXKeHH).
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BiamoBimHO 10 mi€r0 MeTOANKOIO (DYHKITIOHATIbEHE 300pakKeHHS SIBIISIE COOOI0
MPOCTOPOBUM  PO3MOJALI TUMYACOBUX O3HAK, BIJICTEKYBaTH MO JHUHAMIYHOI
MIOCJTITIOBHOCTI TEPMOTPAM.

Bunineno Tpu OCHOBHHMX BUAM (PYHKIIIOHAJIBHHX 300pa)eHb, AKi
BIJIIIOBITAf0Th TAKKM JOCIIAHUIIBKUM 3aBaaHHsaM [23]:

1. BumineHHS TPOCTOPOBUX TPYI TOYOK 3 CHHXPOHHOI THMYACOBOI
JTMHAMIKOIO;

2. Bupinenss rpyn TO4OK, 10 PYHKI[IOHYIOTh 32 €JMHUM 3aKOHOM;

3. Knacudikanis AUHAMIYHOTO 300pa)K€HHA 3a OOpaHUM IapaMeTpoM
THUMYacOBOi KPUBOi B KOXKHIN TOYII TIPOCTOPY.

Ha puc. 2.6 (a,0) HaBeaeHO (yHKIIOHATBHE 300paKEHHS 1 TUMYacCOBI
3QJIEKHOCTI TEMIMEpaTypu KUCTI B MPOIECI BIAHOBJICHHS IICIS 30BHIIIHBOTO

HarpiBy, sKi BiI0OpakatoTh Pi3HUIA 3aKOH 3MiHH TemmepaTypu [23].

AAT, °C

1 60 i :
vac, ¢ a) 0 yac, xe 15 6)

Pucynox 2.6 - ®yHkiioHanbHe 300payKeHHS JIFOIMHUA 1 TAMYACOB1 3aJIEKHOCTI

TEeMIIEpaTypy B BIATIOBITHUX 30HAX MICJIsI HATPIBY: a)00IMIUs JTIOUHU; 0) KUCTI
st moOynoBu (yHKIIOHATBHUX 300paK€Hb TPETHOTO BUAY OOMPAETHCS
MEBHUM TapaMeTp THUMYACOBOI KPHWBOi, 3a 3HAUYCHHSAMH SKOTO TPOBOAUTHCS
kiacudikaiis TOYOK TepMorpamu. B skocTi Takoro mnapameTpa Moxke OyTu

MiHIMajgbHe a00 MakCMMalbHE 3HAUEHHS TEMIEpaTypu, dYac JOCSITHEHHS
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eKCTpEMaJIbHOTO 3HAYCHHS, amIunityga abo [aucmepcis 3MiHH TapameTpa,
TUMYacoBa 3aTpUMKa Ta iH.

Takum ywHOM, 3aBASKHA (YHKI[IOHAJTBHUM 300paXEHHSM ITiJIBULILYETHCS
SKICTh Bi3yaJIbHO1 OLIHKHU 1H(GOpMalii (PyHKIIOHYBaHHS O10JIOTTYHOTO O0'€KTa B

CTaHI CIIOKOIO, HABAaHTa)KCHHS a00 BIIHOBJICHHS.

2.7 OniHka NpocTOpPOBOi HEOAHOPIAHOCTI PO3MOAITY TeMIepaTypH

JIisi BUBYEHHS JTUHAMIKH TIPOCTOPOBOTO PO3MOAULY TeMIEpaTypu Tiia
JIOIMHU BUKOPUCTAHHS TEIUIOBI3IMHOI TEXHIKM € HaWKpalluM 3a MO€JIHAHHSIM
TaKMX XapaKTepUCTUK SK TeMIlepaTypHE, MPOCTOPOBE Ta THMYACOBE
PO3IOIITIEHHS.

s BUSIBJICHHS aHoMaJin PO3MOILTY TeMIIepaTypu 4acTo
BUKOPHCTOBYBAaHUM € aHaJll3 acUMETpli TepMOrpaM KOHTpaiaTepaabHUX IJISTHOK
TiJla, HANpPUKIAA, 3 METOK JIarHOCTUKH PaKy MOJOYHOI 3aji03U, BEHO3HHX
3aXBOPIOBAHb HI)KHIX KIHIIBOK. /[l BHSIBIEHHS TeMIlEpaTypHOI acuMeTpii
BUKOPHCTOBYIOTh MMOOYIOBY TICTOTpaM pO3MOJAUTY TeMIepaTypH, MiapaxyHOK
eHTpoIii a0 cepeTHbOKBAIPATUYHOTO BiaxuieHHs [25]. L{i mapameTpu OnucyoTh
CTaTUCTUYHI BJIACTHBOCTI 3HAYEHb TEMIIEpATyp, 300paKCHUX HAa TepMOTpami, aie
HE MICTATh iHQoOpMali MPO MPOCTOPOBUX KOOPAWMHATAX TOYOK 3 JaHUMHU
3HauYeHHAMH Temneparyp. KibkicHa oIiHKa MoKe OyTH KOpPHCHA, HATPUKIIAd, AJIs
BUBYCHHI (D1310JIOTIUHOT peakilii opra”izMy Ha HaBaHTaXYyBaJIbHI MPOOH PI3HUX
BU/IIB. BigoMo, 1110 Ipyu akTUBHIM M's130B1i poOOTI MOBEPXHIO TUIA JTIOJUHU 3MIHIOE
HE TUIBKM CBOIO TEMIIEpATypy, aje€ 1 OJHOPITHICTH il MPOCTOPOBOTO PO3MOMALTY

(puc 2.7.).
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Pucynok 2.7 - Tepmorpamu, OTpUMaHi IiJi 4aC HAaBaHTAXEHHS HA BEJIOTPEHAXKeEPI:
a - MOYaTOK TPEHYBaHH4, O - KIHELb TPEHYBAHHS

Ha puc. 2.7. a. Temneparypa Tijja Ha MOYATKy TPEHYBAHHS PO3IMOALICHA
30HaMM, Ma€ MaKCHUMaJlbHE 3HAYEHHA B 00JacTi IUiedel 1 3MEHIIYEThCS 10
HIWKHBOI YaCTUHU Topca. B KIHII TpeHyBaHHS pO3MNOAIT TEMIIEpaTypu CTaBaTH
IIPOCTOPOBO OUIBII HEOAHOPIAHUM. IIpocTopoBa HEOMHOPIAHICTH TEpMOTpaM
BUHHUKAE TaKOX MPU BIAKPUTTI MOTOBUX IMIp HAa TOBEPXHI Tila, HA TOBEPXHI
POTIBKH B IPOILIECi aKTy MUTOTiHHS [25].

[IpocTOopoBY HEOTHOPIMHICTH PO3IMOALTY TEMIIEPATyp MOXKHA OLIHIOBATH 3a
JIOTIOMOTOI0 MiJIpaxyHKy HailkopoTioro HezamkayToro nuisixy (KHI) nns Touox
B KOKHOMY TE€MIIEpaTypHOMY Jl1alla30H1 3a HACTYIMHHUM aJTOPUTMOM: BUIUISETHCS
Jiana3oH TeMIlepaTyp, XapaKTepHUW JUisl aHal30BaHOI 30HM TEPMOTPAMU;
Jiama3oH po30uBaeThbcsi HAa M piBHUX Mijjiana3oHiB (KjaciB); B KOKHOMY KJiaci
M1Pax0OBYETHCS CyMapHa MIXKITIKCEIbHA BIJICTaHb, 10 AopiBHIOE noBxuH1 KHIII.

HalikopoTmmii He3aMKHEHHMH WX OyayeTbcss B Takuil cmocid. Jlms
KOXKHOT'O KJIACy TeMIepaTyp BUOUPAETHCS Mepila TOUKA, KA 3'€IHYEThCS MPSMOIO
JiHIEI0 3 HaWOMWXk4oi 70 Hei (Apyrorw TOYKOIO), MOTIM 3 PEHITH TOYOK
3HaXOJIUThCS HAMOMKYa 40 APYroi TOUKH 1 3'€AHYEThCS MPSIMUNA 3 TPETHO1 Ta 1H.,
MoK He OyJayTh BUKOPHUCTAaHI BCl TOYKM JAHOTO Kiacy Temieparyp [26].
Lmroctpamiss mo6ynoBu KHII st To4ok, 1m0 BXOASTH B OJIMH KJIACc TEMIEPaTyp

MpUBEEHA Ha puc. 2.8 .
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Pucynox 2.8 - [loOymoBa HAWKOPOTIIOTO HE3aMKHYTOTO NIIAXY, ITM(paMu BKa3aHO
MOPSAZIOK 3'€THAHHSA TOUYOK

Cepenne MixkmikcenbHa BijicTaHb L m MO)KHa BU3HAYUTH HACTYITHUM YHHOM:

1 Nm—-1
i=1

(2.4)
Imin{™ =/ (X; —x)% + (Y; —y)? (2.5)
ne m - Homep knacy, m = 1..M; N™ - kinbkicTh Touok B kiaci m; Imin™; - i-a

MiHIMajIbHa BiZCTaHb B Kiaci m; Xi, YI - KOOpAUHATH 1 —1 TOYKHM HAWOIMKYOL 10

TOYKH C KOOpAWMHATAMU X, Y.

Hnsa momanus moexuaun KHII B mama3oni Bim O go 1 3HaueHHs L

HOPMYIOTBCSI 70 MaKCUMaJIbHOTO MDKITKCEIbHA BiAJMadl BHIIJICHOT 30HU

_ g2 w2
lmax = [HZ+W , 1e H — Bucora, W — mmpuna 30uu [26].

Ha puc. 2.9. mpusenena ricrorpama aosxun KHIL, moOynoBana ams nBox

KaJipiB Ha puc. 2.7. Bucora cToBMYMKa roBOPUTH MPO MPOCTOPOBOI BiAAIEHOCTI
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TOYOK 3 TEMIIEPATypOIO B Jiala3oHi PIBHOMY OCHOBH CTOBMMUYMKA. Buj 3BHUYaiiHO1
rictorpaMy, HE 3ale)KUTh BiJl TMEPECTAHOBKH TOYOK TEPMOTpPaMHU 1 OIUCYE
HIUIBHICTh MMOBIPHOCTI 3Hau€Hb TeMIepaTyp B pI3HHMX Kjiacax. Bua rictorpamu
KHIII Ge3mocepenHho 3aleKHTh BiJ MPOCTOPOBOTO PO3TAITYBAHHS TOYOK
po3risiHyToro kiacy. Takum gmHOM, rictorpama KHII moxe maBaTei HOJaTKOBY
1H(pOpMaLli0, HE IO € 3BUYANHOIO TicTOrpami.

JUist  3arajiibHOi  OIIHKM ~TeMIEpaTypHOi Te€TePOreHHOCTI TEpMOrpamMu

M
L=ZE
m=1

M1JPaxoOBYETHCS CyMa

KHIII na puc. 2.9.

, IPOTTIOPITifiHA TUIOITI ITi1 00BIIHOI TicTOrpaMu

0.15 T I I I I I

8{-3‘ |2 TIouaToK TpeHyBaHHS

0 12 H* Kineus TpenyBanns

011 . INGEG N
= 0.1 T ol = 7 -
T (.00 - i i
M 0.08 . n [
s 0.07
5 0.06 B
S |
Q .
= 0.03

e ——

Tol—a il

20 205 30 30.5 31 31.5 32 32.5 33 33.5 34 34.5 35 355 36
Temmneparypa, * C

Pucynox 2.9 - T'icrorpama, 110 BijioOpakae 3aiexxHICTh cepennuboi qosxuan KHIII
BiJI Jiara3oHy TeMIeparyp Ha MOYaTKy i KiHI[l TPEHYBaHHS Ha BeJloTpeHaxepi [26]

Ha puc. 2.10 B o0nacTi poriBku, MOKHa MOMITUTH 3MEHILIEHHS TEMIEPATypH
31 30LIBIIEHHSAM HEOMIHOPITHOCTI 1i mpocTopoBoro po3mnoxainy [26]. B nanomy
BUIAJKY Taka 3MiHa BHUJY TepMOTpaMu OOYMOBIIOETHCS MPOLECAMHU PO3MOALLY 1
BUIIAPOBYBAHHS CJIbO3M Ha MOBEPXHI OYHOIO #A0IyKa, a TaKOX HarpiBaHHSIM

pPOTIBKM B MOMEHT 3akpuTTs CTOMITTA. OIliHKa HEOTHOPITHOCTI PO3MOALTY
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TeMIIepaTypy Ha MOBEPXHI OKa MOXke OyTH MpoBeJeHa 3a JOIOMOI0I0 PO3PaXyHKY

iHTerpaiza KHII.

’ " il L W cad i . M g i L : X 4 : .‘f/
Kanp 1 Kanp 2 Kanp 3 Kanp 4 Kanp 5

Pucynox 2.10 - [Tocaii0BHICTh TEIUIOBI3IMHUX KaPiB OUl, 3HATA MICIIs BIAKPUTTS
CTOJITTS

KpuBa na puc. 2.11. noGynoBana s 5 kazapiB, HaBeAeHUX Ha puc 2.10.
3poctanns iHTerpana KHII omucye 30uUTblIeHHS MPOCTOPOBOI HEOJHOPITHOCTI
Temrnepatypu [26].

3 1

29
28

Kamp
Pucynok 2.11 - 3anexHnicts interpana KHII Big Homepa kanpy [26]
JluHaMIYHUHN TEIUIOBI3IMHUIA aHAIi3 3 BUKOPUCTAHHIM OI[IHKHA MPOCTOPOBOL
HEOJHOPIHOCTI  PO3MOJIIIY  TeMIepaTypd, MOXKE  3aCTOCOBYBAaTHUCS IS
CIIOCTEPEIKEHHS 1 IIarHOCTUKUA OYHUX XBOPOO, MOB'SI3aHUX 3 MOPYIICHHSM CII3HOT
TIAPOAMHAMIKY, HAMPUKIAN, CHHIPOMY CYXOrOo OKa, Uil BUBUEHHS MPOIIECIB

MOTOBUIIJICHHS 1 TEPMOPETYJIALil TpH (I3UYHUX HABAHTAKCHHSX.
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2.8 AJNropuT™M OTPUMAHHSI PIBHAHHA JJsl PO3PaxyHKy MiHiMaabHOI
PO3ALIBLHOI Pi3HUILII TeMnepaTyp

MiniMaiabHa po3minbHa  pisHuMug — temmeparyp (MPPT — Minimum
Resolvable Temperature Difference) MRTD (v X ) — 1e MiHIMaJIbHa Pi3HHIIS
e(heKTUBHUX TEeMIIepaTyp MDK cMyramu (IITpUXaMH) TECT-00’€KTa 13 3aJaHOI0
MPOCTOPOBOI0 YACTOTOIO V X 1 (DOHOM, fIKa J1a€ 3MOTY Bi3yalIbHO PO3PI3HUTH
IITPUXU 300paKeHHA 00’€KTa Ha eKkpaHl jauciuies. TecT-00’€KT — 1€
YOTUPUIITPpUXOBa Mipa PYKO, B AKii CMyT'H 1 IPOMIKKH MaltOTh OJJTHAKOBY LIUPHUHY
Vtp , a ix Bucora nopiBHIoe Vtp (puc. 2.12). CMyru 1 NpoMiXKKHA BUIIPOMIHIOIOTh
K a0comoTHO 4opHe Tuio. IIpocTopoBa wacTtora MoOke OyTH BUpaXeHa SIK Y
JMHIfHEX, TaK i B KyTOBUX BelTHYMHAX (HAHGILIBII YacTo B MM ' a60 Mpax ') [27].

BuBeneHo pIBHAHHS B CTATTI «YJAOCKOHAJEHHS PO3PAXyHKY MiHIMaIbHOI
PO3IUIBHOI PI3HUIN TEMIIepaTyp MEIUYHOro TeruioBizopa» Axmen Marik Jlazim
Anp-M3ipasi [27] B mis po3paxyHky MPPT, BHKOpHCTOBYIOUM yAOCKOHAJIEHUI

aJITOpPUTM, 10 HABEICHUI Ha puc. 2.12.

Vo Vi
Vipl2
Vipl2
?le m I I
_“'
Vel = UZth Va = lpr

Pucynok 2.12 - Tect-00’exT (Mipa Dyko) s BuzHaueHHss MPPT [27]
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B crarti 3ampomoHOBaHO TPOCTOPOBE IHTETPYBAaHHS OKa  y3J0BXK
KOOPJIMHATU CKaHYBaHHS X BPaXxOBYBATU Y3TOPKEHOIO MEPeaBalibHOIO0 (PYHKINIETO,
sKa BH3HAYAETHCS KyTOBHM pPO3MIpOM &i," 300pa’keHHs IUTpUXa MIPH Ha €KpaHi
mucties. [lpu oMy MopaymsmiiHa mepe-gaBanbHa GyHKIis (MIID) 30poBoi
CHUCTEeMH anpoOKCUMYyeThCs PyHKIIiero [27].

sin(mfipvy) -
Mgy v = ——P2 % — sinc (&L vy
’n:Etp 2 ( tp ) (2.6)

MII® 30poBoi cuctemu Llynbuem:

Mg vy =271 lexp(—0,35v,)] (2.7)

B anroput™mi piBHsHHS A1 po3paxyHky MPPT BukopucTano anmpokcumariro
[ynbrra.  MexaHi3sM  30pOBOr0  CHOPUMHATTS  300pakeHHss Mipu  Dyko
BPaXOBYBAHO Y€pe3 BIIHOIICHHS! CUTHAJI/IIIYM Ha BUXOJI1 €TAJIOHHOTO (hUIbTpa, AJIs

SKOT0 € CIPABEJIMBOIO TPOMOPLIIHHICT

My, gAT
SNR, = _PE—"
7~ "NETD (2.7)
ne AT — temmeparyprwuit KoHTpacT Mipu DyKo; Mipe dbyHKIIIS Tepenayi

KoHTpacTy TerioBizopa; NETD — exBiBanenTHa mrymy pizHuils temmneparyp [27].
MII® tennoBizopa Ms (VX ) BHU3HAYa€ThCAd MJIi CHUHYCOIAAJIbHOI MIpHU 1
MoB’si3aHa 3 (PYHKITIEIO TIepeaadi KOHTPACTy TEIJIOBI30pa 3 ypaxyBaHHSIM 30POBO-

ro CIPUUHSATTS CIIBBIIHOLIECHHSIM [27]

8

MgpLg=—M
[IpocTopoBe iHTETpyBaHHS 30POBOi CUCTEMHU 30UTBITYE BiTHOIICHHS
$ip.x5tp g 7
> DBD P |apPp :
CUTHAJI/IIIyM, WI0 CIOPUMMAE OKO, pasziB [27], ne
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G X Yoy yroni poswipn 500 - |

3 ¥ — KyTOBI po3Mipu 300paxkeHHs mrpuxa mipu Dyko Ha ekpani
JTUCIIJICS Y3/I0BK BiJIITOBITHUX OCEH.

3 ypaxyBaHHSM WX 3ayBaKCHb, BIAHOIIEHHS CUTHA/IIYM, SKE CIpHIMAE

JOCITITHUK JIJISI PO3II3HABAHHS 300pa)KCHHS MIpH Ha €KpaHl 3a HasBHOCTI IIyMY,

MaTUMe Takui BUrys [27]:

AT 8 ey | S
NETD | kﬂfﬂDBD
\ 2.9)

SNR; =

ne fi — gacrora kazpiB; t¢ — crana yacy 30poBoi cucteMu; &y — KyTOBHUl
posmip mrpuxa Mipu; ®p«Bp — kyToBi posmipu mikcems mpuiiMaua Bu-
NPOMiHIOBaHHS; K, — KOe(ili€HT MUPHHU CMYTH, SKUH IIOKa3ye BiAMIHHICTh
peasibHOT CMYTH MPOMYCKAaHHS TETUIOBI30pa 3 ypaxyBaHHSM 30pOBOTO CIIPHHHATTS
BiJl €()EeKTUBHOT IITyMOBO1 CMYTH €TaJIOHHOTO (PibTpa:

_ s NPSinMZ (nMZ(HMEipds
af (2.10)

k:.f

ne NPS (f) — crekTp moTy»XHOCTI 1IyMy TpuiiMava BUITPOMiHIOBaHHS; Mg, ,
Ms , Mg — MII® enexkTpoHHoro 6Jioka, 1UCIIEs 1 30pOBOI CUCTEMHU BIATIOBITHO.
[Tpu iboMy HEOOX1THO 3a3HAUUTH, 1110 Yy Gopmyti (2.9):
- KyTOBHH po3Mmip 300paxkeHHs mrpuxa &y y mpocrtopl “aucrieid—
JOCIIIHMAK TIOB’SI3aHMM 13 KyTOBMM DPO3MIpPOM HITpHXa &y y NMPOCTOPI

“TecT-00’ €EKT—TETUIOBI30p” CIIBBITHOIIICHHSIM

" .

E_‘L'p:fﬂBEl

fp  RsE (2.11)
ne fo— Qokycha Bimcramp 00’extnBa; PE1 — enekTpoHHe 30iNbLICHHS

TEIJIOBI30pa; Rsg — BiZICTaHB MK AUCIUICEM 1 TOCTITHUKOM;
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- KyToBa MpocTopoBa uactota vy y MII® nucruies 1 oka moB’s3aHi 3

4acoOBOIO 4acTOTOIO f Cl'[iBBiI[HOHICHHSIM

3 tﬂ "no_ V_‘:

Ve=gof Ve =gt (2.12)
ne to — yac (GopMyBaHHS OJTHOTO €JIEMEHTa PO3Kiaay 300paxkeHHs; ['s — KyToBe
30UTBITICHHS TETUIOBI30pA.

JIns MpakTUYHOTO 3acCTOCYBaHHS CHIBBiAHOIICHHS (2.9) cHpoIieHo Horo
3ri1HO 3 pekoMmeHaarisamu JIx. Jlnoiina [27]: enexkTpoHHU OJIOK 1 AUCIUICH MarOTh
JOCUTh IIMPOKI €(QEeKTHUBHI CMYIH NPOIMYCKAHHS MOPIBHIHO 31 CMYIOIO
NPOIYCKaHHS 30pOBOi cucTeMu, T00T0 Mg((f) = I , Ms (f) = 1, curnan mymy
TEIJIOBI30pa B MEXaxX LUX CMYT € “OumuM”, To0to NPS (f) = I .

Tomt koedimient mupuan cmyru (2.10) 3 ypaxyBanHsam (2.12) mnpu

KyToBOMY 301nbieHH1 ['s= 1 Oyne Matu BUTISIA

2

_ 34 T r’_ tﬂ . ;_ tﬂ
kjf_?,ﬁxh.n exp( 1,92ﬁf) exp( 5,6?@f) df

(2.13)

ne 4yac (popMyBaHHS OJIHOTO €JIEMEHTA PO3KJIaLy 300paKe€HHS ) BUMIPIOETHCS B
CEeKyHJaX, KyTOBUI PO3MIpP MIKCENS Op — y MUTipajlaHax.

Oo6uwncnenns inrerpana (2.13) nae Takuii pe3ynbTar:

34« oy
k=7"--20138 ~
Af To Coof (2.14)
ne mapamerp %D € 6e3p03MIpHOIO BEIUUMHONO, KA YHCEIBHO JOPiBHIOE

KyTOBOMY pPO3MIpY MiKcess B Miulipaaianax [27].

KoedimienT mupunu cmyru, orpumanuii [[x. Jinodingom, mae BUrisi:

an

kﬂf,L At + .f
2 Et‘ptn‘ﬂf (215)
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Ha puc. 3 naBeneni rpadiku dhynkmii (2.13) i (2.14) 3anexHO BiJg KyTOBUX

pO3MIpiB mITpuxa Mipu. AHamI3 UX (QYHKIN MOKa3ye, M0 BOHU 301raloThCs IS

BUMAJKY, KOJM KYTOBHUU PO3MIp IITpHXa I[OpiBHIO€EtP =05 mpan = 1,72 kyr.
MIHYT.

kas

4 =

3,5 4 2

3 4

2,5 4

2 4

1.5 1

1 4

0.5

0 T T I T I I T I T 1
0 0,5 1 1,5 2 25 3 37 4 45 5

2::, tp> Mpan

Pucynok 2.14 - 3anexHicTh KOehIII€HTA MIUPUHA CMYTH Ky cucremu
Yy p y

“TennoBi30p—cnocTepiray’’ BiJ KyTOBOIO pO3MIipy Stp mTpuxa Mipu OykKo, Koau
ap =1.88 ypani taf=0,5 : 1 — s anpoxcumarii Jlnoiina (2.14); 2 — s
anmpoxcumariii llymnema (2.13) [27]

IMOBIpHICTH pO3ITICHHS MITPUXIB Yy 300paxkeHH] Mipu DYyKO 3aJeKUTh BiJ
BITHOIIIEHHS SNR, = SNRg , SIKe chpuiimMae cnoctepirad. Hanpuxnan, s
nMoBipHOCTI posmizHaBaHHS 90 % HeoOXimHO, 100 SNRy, = 45 . Sxmo
HiACTaBUTH Lie yucio y ¢popmyiny (2.9), o AT Oyae mykanowo gynkuiero MRTD

(Vx) IPOCTOPOBOT YACTOTH Vy

VO
Mg (vy)

' - apPp
PAAF- tofety (2.16)

8
Ar = MRTp(vy) = =SNR, -~ETD £

[loniOne piBHsSHHA Ans po3paxyHKy MPPT, B OCHOBI SIKOTO JEXHUTh

anpokcumariis Jinoitaa [27] MII® 30poBoi cuctemu (2.14) [27]:
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—

MRTD () = 0,66 - SNR, - NeTp— % | DPD
b MS (VK) \l ﬂf . tﬂ fftE

(2.17)

Otpumane piBHsHHA (2.15) € copaBemiuBUM TUIBKM JJig  00J1acTi
IIPOCTOPOBOrO IHTETPYBAHHS 30POBOI CUCTEMU BiA, Eip min = 1 KyT. MIHYTH 10 Eip max
= 5,7 xyT. miHyTd. AHami3 piBHgHL (2.15) 1 (2.16) mokasye, 10 3a yMOBHU

op =071 fj PiBHSHHSI 30irafoThCA.
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BucHoBku 10 po3ainay 2.

IT

POBEIICHO OTJIAJ PI3HOBUIIB TEIUIOBIMHUX METOMIB Ta IPOAHATI30BAHO
OCOOJIMBOCTI 3aCTOCYBaHHS TEIUIOOAYCHHS B MEAMIMHI, 0OpaHO METO[
TUHAMIYHOT TepMorpadii abo K aKTUBHO AUHAMIYHHUI METO/I.

. Po3ryisiHyTO KUJIbKICHUHM aHaji3 TepMOrpaM Ta 3aco0u 0OpOOKH OTpUMAHHMX
300pak€Hb 32 JOMNOMOIOI MPOrpaMH, KOTpa MPOBOAWUTH Bizyali3aliio
TEMIIEpaTypHOTO 300pakeHHsI 00'€KTIB, IKY BUKOPUCTAHO B JOCIITHUIIBKUX
[UIAX MariCTepCchbKol AUCEpTAIlii.

. ITpoBeneno orysin GyHKIINA CcydyacHHMX TporpaMud OOpoOKH TepMmorpam
GyHKITIOHATBHUM 300payKeHHSM, 110 MABUIIYIOTH SKICTh Bi3yaJIbHOT OIIIHKH
iH(popmarllii (yHKIIOHYBaHHS O10J0TIYHOrO O00'€KTa B CTaHI CIOKOIO,
HABaHTA)KEHHS a00 BIJHOBJICHHS.

. OnucaHo aiaropuT™M OTPUMAaHHS PIBHSHHS [JIs PO3PaXyHKY MIHIMAJIbHOI
PO3IUIBHOI PI3HMII TeMIlepaTyp 3 HaBeAeHUMHU rpadikamMu BiAMOBIAHHX

GyHKIIIH Ta BUBEICHHSIM PIBHSHB ISl PO3PaXyHKY.
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PO31J1 3 EKCIIEPMEHTAJIBHI JOCJIIKEHHSA BILVIUBY
BIOJIOI'TYHO AKTUBHUX PEYOBHUH HA CIIEKTPAJIBbHI
XAPAKTEPUCTHUKHA HIKIPAHOTI'O IOKPOBY

B manomy po3nini mMarictepchKoi auceprarii po3risHyTO eKCIIepUMEHTaIbHI
JIaH1 TIPOBEJICHUX JIOCHIPKEHb IIKIPSHOTO TMOKPOBY MiJ JII€I0 PI3HUX O10JIOT14HO
AKTUBHUX PEYOBMH, MUIIXOM TMPOBEJCHHS BHUMIPIOBAHHS TEIJIOEMHOCTI HIKIpU
MICJII HAHECEHHS KOCMETHYHHUX 3ac00iB B MEBHI MPOMDKKH Yacy 3a JOMOMOTOI0
pO3po0IeHOi CHUCTEMHU Jii BUMIPDIOBAaHHS 3 BHUKOPUCTAHHSM MOPTATUBHOTO
temwoBizopa «MOBIR® M3 (M4)», a Takox OINHUCAHO CIOCIO BUPIIIEHHS

MOCTAaBJICHOI 3a7a4l 1aHO1 pOOOTH.

3.1 Po3poOKka MeTOAUKHU NMPOBEIEHHS eKCIIEPUMEHTY
OCHOBHOIO METOIO €KCIIEPUMEHTY € BU3HAUCHHS 3MIHM CTaHy IIKIPU TMICIIS
HAaHECEHHsA OIO0JOrIYHO AaKTUBHUX pPEYOBHMH, TOMY MICHS OIJISAY ICHYIOUHX
KOCMETUYHUX 3ac001B Oyii0 00paHo: ABa BUAMU KpeMy JJI MIKIPU, METUYHHM 3aci0
JUTSL 31TPIBY LIKIpU Ta HOI.
B excniepumenTi Opayii yyacTh 5 CTYIEHTIB MIJAOCTIIHUX 3 PI3HUM THUIIOM
Ta BIJTIHKOM IIKipu. B Maricrepchbkiii mucepTaliii BijoOpakeHi 300pakeHHS s
OJTHOTO.
Jlns nociipKeHHS i1 610JI0TYHO aKTUBHUX PEUYOBHH IPOBOIUMO:
1. Ananiz  ¢oro3o0paxkeHb 3 MOJAIBIIO  OOpPOOKOD  METOAOM
KOPEJISALIIHOTO aHaI3Yy.
2. AHami3 OTpUMaHUX TEIUIorpam 3 00poOKOI0 300pakeHb Ta modymoBa 3]]
rpadikiB OTpUMaHUX PE3YJIbTaTIB.
3. AHai3 BUHUKHEHHS aJIepTivyHOi peakKilii.

3aranbHa CTPYKTypHA CXeMa €KCIIEpUMEHTIB MpeCcTaBieHa Ha puc. 3.1.
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Awnanis no

ITamient > O0poOka

“| Hanecenns 3aco0y
300paxecHb

Hanecenns Awnani3 micis

3aco0y HaHECEeHHs 3ac00y

Pucynox 3.1 - 3aranbpHa CTpyKTypHa CXeMa €KCIIEPUMEHTY

JUis eKCIepUMEHTY aHajli3y TeIulorpaM BUKOPHCTAHO YCTAHOBKY JJIst
aHaii3y BIUIMBY O10JIOTIYHO AaKTUBHMX pPEYOBMH Ha MIKIPH 3a JONOMOTOKO

Tersiorpamu, Goto 300paxkeHo Ha puc. 3.2.

Pucynok 3.2 - YcraHoBKa /Ji aHaji3y BIUTUBY O10JI0T1YHO aKTUBHHUX
pEYOBUH Ha 1IKipi: 1 — 010J0T1YHO aKTUBHI PEYOBUHM; 2 — ILITATUB; 3 —
teroBizop MOBIR® M3; 4 — tpumau

Ha miratuB 2 kpinuthesi TpuMad 4, B KUl BCTAHOBIIOETHCS TEIUIOBI30p 3.

[Ticns  yctaHoBkM, KamiOpoBKM Ta (POKyCyBaHHS TEIUIOBI3opa Ha PYKY
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MA0CIITHOTO O10JI0OTIYHO aKTUBHI PEUOBHHU |1 Ta pOOUTHCS 3HIMOK 00p0OIIeHOT
JUISHKY IIKIpy TerioBizopoM 3. Otpumani pe3ynbTaTu nepenarothes Ha 1K Ta

aHaII3yIOThCA.

3.2 AHaJIi3 3MiHH KOJIbOPY WIKIPH B Yaci miJ Ai€l0 KOCMETHYHHUX 3ac00iB

[lepmum ekcriepyMEHTOM € aHali3 4Yacy Jii KpeMmiB i BiJIO1TIOBAHHS
HIKIPY Ta JJIs1 aBTO3aCMarwu.

1. BigOGimrorounii kpem

[{i1b: BU3HAYUTHU AKICHI 3MIHHU KOJIbOPY WIKIPH MIJ 1€ BIAOUIIOBAIBLHOTO
KpeMy B MEBHUX YacCOBUX Jlara3oHaX Ta MOXJIMBICTh BUHUKHEHHS aJeprivyHOl
peakiii

Marepianu Ta npucTpoi:

1) Kpewm Binoimorounit nennnii «bimocHixkay Bupoouuirso BMOKOH.
2) dortokamepa 3 po3iILHOO 31aTHICTIO 8 M.

3) Temnosizop MOBIR® M3 (M4).

4) JIBOX30HHHMIA €KpaH.

Etanu npoBeieHHsT EKCIIEPUMEHTY:

Eram 1. IlizroroBumii. BuOGip BimOUIIOIOYOTO KpeMy IS JOCHIIKCHHS,
HaJAIITyBaHHS Ta KajaiOpyBaHHS (DOTOKaMEpH Ta TEIJIOBI30PY 3TiAHO TEXHIYHHUX
BHIMOT.

Etan 2. ®dikcyBaHHS JOBYX30HHOTO €KpaHy Ha pyui Ta ¢otorpadyBaHHSI
MOYAaTKOBOT'O CTaHy HIKIPH.

Etan 3. HanecenHs BigO1II0I0YOTO KpeMy Ha BEPXHIO 30HY JBOX30HHOTO
eKpaHy.

Etan 4. ®ortorpadyBanHs cTaHy LIKIpU MIC]s HAHECEHHS KPEMY MPOTATOM
TPHOX FOJIMH iHTEpBaJoM 15 XB.

Etan 5. Anani3 pe3ynbTaTiB €eKCIIEPUMEHTY
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Ha puc. 3.3 BimoOpaxeHa 4acTHHA JOCHTIKCHHS, 3 SKUX Bi3yaJIbHO MOYXHA

no0aYnTH 3MiHY KOJHOPY IIKIPH, HA TIOYATKOBOMY €TaIll.

Pucynok 3.3 - ®oTo aHanizy BiIOUIIOI0YOr0 KPEMY B YAaCOBHX Jlialla30Hax:
1- moyaTKOBH CTaH MIKipH; 2 — MiCIsI HaHeCeHHS kpemy; 3 — micis 30 xB.; 4 —
iCTIsl OJTHIET TOMWHMU; 5 — MICIIS ABOX TOJWH; 6 — MICIIs TPHOX TOAUH

[To orpumanum (oTO MOXKHA 3pOOMTH BHCHOBOK, IIO HAHOUIBINY 3MiHY
KOJIbOPY MO’KHa ToOayuTu Ha puc. 3.2 (2) came micis HAHECEHHS KpeMy st
B1IOUTFOBAHHS MIKIPH, TOOTO 3MiHA KOJIBOPY BIIOYBA€ETHCS BiApa3y HE 3aJIeKHOCTI
BiJl 9acy Aii 3aco0y, Tomy 1 (poTo 3p0o0sIeH] B IHIIKX Jiara30HaX HE BIAPI3HAIOTHCS.

Jlani mpoBeAeHO aHAJOTIYHUM €KCIIEPUMEHT 3 BUKOPUCTAHHAM KpEeMy

JJI1 aBTO3aCMaru.
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3.3 AHaJ1i3 3MiHH KOJIbOPY WIKIPH B 4Yaci MicJs Ji€l0 KpemMy IS aBT03aMAaru

[inp: BU3HAYMUTH SKICHI 3MIHHM KOJBOPY WIKIPH TMiJ JIEI0 Kpemy s
aBTO3acMard B TIEBHUX YACOBHX [lialla30HaX Ta MOXJIMBICTh BUHUKHCHHSI
aJIeprivyHOl peakIii

Marepianu Ta IPUCTPOI:

5) Kpem mns aBto3acmaru  «Sun  0zon» BupoOHuitBo ROSSMANN,

Himeuunna.

6) doTokamepa 3 pO3aLILHOO 31aTHICTIO 8§ MII.
7) Temtorizop MOBIR® M3 (M4).
8) JIBOX30HHHMIA EKpaH.

ETanu npoBeeHHS eKCIIEPUMEHTY:

Eran 1. IlinroroBumii. BubGip BigOULIIOIOYOTO KpeMy I JOCIIIKEHHS,
HaJalITyBaHHs Ta KaliOpyBaHHS (OTOKaMEpU Ta TEIUIOBI30PY 3TIAHO TEXHIYHUX
BHUMOT.

Etan 2. ®ikcyBaHHS ABYX30HHOIO €KpaHy Ha pyull Ta (ororpadyBaHHs
MOYAaTKOBOT'O CTaHy HIKIPH.

Etan 3. Hanecenns kpemy juisi aBTO3aCMard Ha HIDKHIO 30HY JBOX30HHOTO
eKpaHy.

Etan 4. ®ortorpadyBanHs cTaHy HIKIpU MICIsS HAHECEHHS KPEMY MPOTATOM
TPHOX TOJUH 1HTEpBAIOM 15 XB.

Etan 5. AHani3 pe3yibTaTiB €KCIEPUMEHTY

Ha puc. 3.4 BimoOpakeHa 4acTUHA OCTIKEHHS, 3 SKHX BI3yaJIbHO MOXHA

no0aYnTH 3MiHY KOJbOPY IIKIPH, HA KIHIIEBOMY eTarll.
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Pucynox 3.4 - ®oto anamizy Kpemy JJII aBTO3aCMard B YaCOBHUX JIiana3oHax:
1- moyaTKOBH CTaH MIKipH; 2 — MiCIs HaHeCeHHS kpemy; 3 — micis 30 xB.; 4 —
TiCIIs OJTHI€T TOIMHM; 5 — MICIISA ABOX TOJUH; 6 — MiCIIS TPHOX TOUH.

3a orpuManuMu (POTO Bi3yalbHY 3MiHY KOJBOPY IIKIpH TICIII HaHECCHHS
KpeMy JJIsi aBTo3acMard BUIHO dYepe3 JBI TOMWHU IICIAS HAHECCHHs, TOOTO
YaCOBUH JTiana30H BIUTMBAE HA JIIF0 BUKOPUCTAHOTO KOCMETHYHOTO 3aC00Y.

ITim gac eKCIepuMEHTIB 3 KPEMOM JUTsl BiIOITIOBaHHS Ta aBTO3acMaru OyB
BUKOPHCTAaHUW TEIUIOBI30p, 3MiHAa B TEMIIEPAaTYpPHHX XapaKTEPUCTHKAX He
Bi/I0yBanach, TOMy MOHa 3pOOUTH BHCHOBOK, IO BiJAOLTIOIOUHMA KpeM Ta Kpem
JUTST aBTO3aCMark HE BHKJIMKAE aJIEPTidHOI PEeaKIlii y JIOJUHU Ha SKil TPOBEICHO
eKCIIEPUMEHT.

Ane moTpiOHO BpaxoBYBaTH, IO KOKEH OpPTaHi3M IO Pi3HOMY CIIpHIMae Ti

YU 1HIII 3ac00U 3 MOXKITMBOIO aJIePTiYHOI0 PEAKITIETO.
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3.4 Mertoa kKopeJsilliiHOrO aHaMi3y /AJdf TOPIBHAHHA OTPUMAHHUX

pe3yJbTaTiB

[Ticns mpoBeAeHUX EKCIEPUMEHTIB MPUBEIACHUX BUIIE JIs aHAI3y 3MIHU
KOJILOPY IIKIPH HEOOX1HO B Mpolieci 00poOKH 300pakeHb MOTPIOHO BUKOPUCTATH
METOJ Ui TOPIBHSHHS 300pa)KeHb (METOJ KOPENAIIMHOrO aHami3y), B SKOMY
aHAMI3YIOThCA 3HAUCHHS (DYHKIIHA, HAIPUKIAA BUCOTH, B TOUKAaX 3 KOOpAMHATAMU
(r, ¢) 300paxkeHHs 1 (1, j) mabIOHy 300pa’KEeHHSI, @ TAKOK BPaXOBYETHCS IIMPHUHA 1
JNOBXKMHA abmoHy. Yum Ounbllie 3HAUEHHS OpHUilMae KopesiliiHa (yHKLIS B
TOYIIi, TUM TTOBHIIIIE€ MOOIM3Y Hel 301ratoThes 300pakeHHS 3 MIa0JIOHOM.

IcHye kimpka croco0iB BU3HAUYEHHSI CTYIEHS CXOXKOCTI JBOX 300pa’KEeHb.

OpauH 3 HUX - MOOYA0Ba KOPEALIMHOT (DYHKIIII:

Rm(r,c):tgmilt(i,j)-x(i+r—%,j+c—£j (3.1)

i=0 j=o 2

ne X (r, ¢), t (i, j) - 3HaueHHs aHATI30BaHUX (PYHKIIIH, HAIPHUKIIA] BUCOTH, B TOYKaX
3 koopauHaTamu (r, C) 3o0paxkenus i (i, J) mab6mony; tpR i tpC - mmpunHa i
JNOBXKMHA abmoHy. Yum Ounbllie 3HAUCHHS NpHilMae KopesiliiHa (yHKLIS B
TOYIIi, TUM TTOBHIIIIE€ MOOIM3Y Hel 301ratoThes 300pakeHHS 3 MIa0JIOHOM.

HopwmanizoBana kopensiiiitHa QyHKIlI 00UHUCITIOETHCS
Ry (r.c)

th(r’C)_\/Rxx(r,c)-Rn(tyR,tpC)

(3.2)

2 2

ne Ry 1 Ry aBTOKOpemstiiini QyHKIIT 300pakeHHs 1 1abJIOHY BiAMOBIIHO:

2
Ro(rc)= > > x(i}) (3.3)

Rn(%,ﬁj:mjﬂpcz_ltZ(i, i) (3.4)

2 2 i=0 j=o
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[Tpu oOumucneHHAx KopensmiiHoi ¢GyHKIIT 3Ha4eHHA X 1 t B TOuYKax, IIO

BUXOJISITh 32 MEX1 300pakeHHs 1 1a0JI0HY, MPUPIBHIOIOTHCS HYJTIO.

Kopensuiiinuit aHami3z 300paxeHb Ja€ 3MOTY 3 BEJIMKOIO HWMOBIPHICTIO

BIJIC/TIIKYBaTH HAaWMEHII 3MIHM B 300paX€HHI MOBEPXHI HIKIPH, 10 BUHUKAIOTH

M1 BIUIMBOM O10JIOT1YHO — aKTUBHUX PEYOBHH.

dopmynn UIE METOAY KOPENSALIHHOTO aHami3y MOKHA BUKOPUCTATH MPH

nporpaMmyBaHHI MOOLILHOTO JOAATKY Ha aHAPOIN JUIs aHai3y pe3ysbTaTiB i

KOCMETHUYHMX 3aC00IB 3 BUBCACHHIM pGBYJ'IBTaTiB BILIUBY.

3.5 AHaJi3 3MiHM TeIJIOBMX XaPAKTePUCTHK B Yaci micus Ail Hoay

JIJist HACTYITHOTO €KCIIEPUMEHTY OyJI0 BUKOPUCTAHO 1HIIMM MEIUYHHM 3aci0

Hoa 15 aHaMi3y TEIJIOBUX XapaKTEPUCTUK LIKIPH.

[{iyp: BU3HAYEHHS 3MiHU TEMIIEpATypHUX MapaMeTpiB MIKIPU HOMY B MEBHUX

YaCOBHX Jlalla30Hax Ta MOKJIMBICTh BUHUKHEHHS aJeprivyHO] peaKilii

Marepianu Ta NpucTpoi:

1) Mox, TOB «JIKII «PapmareBTiaHa Gabpuka»» YkpaiHa.
2) Temnosizop MOBIR® M3 (M4).

3) JIBOX30HHMIA EKpaH.

Eranu CKCIICPUMCHTY HAaBCJICHO HUIKYC!:

1.

Etan 1. IligroroBunii. I710)1 JUIS. JTOCHIJKEHHS, HajallTyBaHHS,
KamiOpyBaHHS ~ TEIJIOBI30py Ta HAJAIITyBaHHS  YCTAHOBKH  JUIS
JIOCIIIJKEHHS 3T1IHO TEXHIYHUX BUMOT.

Etan 2. ®ikcyBaHHS JBYX30HHOIO €KpaHy Ha pyli Ta IPOBEICHHS
TEIUIOBI31MHOTO JOCIIKEHHS TOYaTKOBOTO CTaHy LIKIPH.

Eran 3. HanecenHns iiony Ha OJIHY 30HY IBOX30HHOTO €KpaHy.

Etan 4. 3HATTS TOKa3HWKIB 3a JOTIOMOTOK) YCTAHOBKM CTaHy IIKIpU
MICIIsE HAHECEHHS KpeMy MPOTATOM TPhOX TOJIMH IHTEPBAJIOM 15 XB.

Etam 5. Anani3 pe3ynbTariB eKCIEPpUMEHTY
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Crioci0 poBeIeHHS eKCIIEPUMEHTY BiJIoOpakeHo Ha puc. 3.5.

Pucynok 3.5 - IIpoBeneHHs eKCIIEpUMEHTY: | — eKkciepruMeHTaIbHA
YCTaHOBKA; 2 — MallieHT; 3 — TBOX30HHUH eKpaH; 4 — Ho/I.

Otpumani  pe3ydbTaTh  Temworpam  BimoOpaxkeni Ha  puc. 3.6.
BukopucroByroun nporpamy Guide IrAnalyser BuBeneHo ricrorpamy TeMIepaTyp

JUTSL OKPEMUX JUISTHOK JJIs1 MOPIBHSIHHA 3MIHU TEMIEPaTypH.

Pucynok 3.6 - 3aranbHuii BUTIISA TEIIOTPaMHA OTPUMAHOT BiIpasy micis
HAHECEHHs MOAY Ha LIKIpY
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[Ticass oTpumaHHsS TemyorpamMu  3poOJIEHO aHaii3 3a BUKOPUCTOBYIOUU
BOyZIOBaHy YTHJITY JJIs MOOYJIOBH TiCTOrpaMH OKpeMoOi HeoOpoOJIeHOi 30HH B

nporpami Guide IrAnalyser (puc. 3.7).

-

E" Histogram - R1 E = @
Histogram - R1

100%

903

203 [34.2°C - 34.6°C]

703 0.0%

603

503

405

303

f“? 35.9°C
:|||||||||||||||||| T T
251 272 293 313 334 355

Pucynok 3.7 - I'icrorpama 30HU TeriorpaMu He 00pOOJICHOT AUISHKH IIKIPU
Ha puc. 3.7 BigoOpakeHa rictorpama He 0Op0OJIEHOT MIJITHKU LIKIpH, sKa
BUKOPHCTOBYETHCS MPOTATOM BCHOTO €KCIIEPUMEHTY.

[TpuBenena ricrorpama o6po6IieHoi 30HM Ha puc. 3.8.

.

E" Histogram - R1 EI = @

Histogram - R1

-
=
=

[34.6°C - 35.0°C]
99.1%

|:|§| Iﬁll:lIﬁlll%lll‘ﬁlllleﬁalllﬁllI

TT T T [T T T T [T T T T [T T T T[T —
A0 272 293 3.3 334 355

[ %]
(5]

Pucynox 3.8 - I'icrorpama 30HM TeIIorpamMu JUISHKY MIKipH 00po0IeHOT HoaoM

[Ticnst moOymoBU ricTorpam 3po0JICHO EKCIOPT OTPUMAHUX pe3yJbTaTiB

(puc. 3.9 ta 3.10) o5 BUALIEHOT 30HU 00p0o0OJIeHOi HoaoMm R1:
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- = 0 beziodinel - Microsoft Excel
m rnasHas Bcraska Pa3meTka cTpaHMLbl opmMynbl AdaHHble PeueHINpoBaHue
l_;" & Calibri ; MNepeHoc TekcTa OBWwui
By -
BEFEvBVITb K & U - [F OB BeauHuT U nomectuts 6 uentpe + B3 - o g | %3
Bydep obmena WpudgT BripasHWEaHHe Yucno
N30 - e
A B & D G K
1 33,6 33,6 33,7 33,6 33,6 33,7 33,7 33,7 33,6 33,7 33,9
2 33,7 33,6 33,6 33,7 33,9 33,7 33,7 33,9 33,9 33,9 33,9
3 33,7 33,7 33,6 33,6 33,7 33,6 33,7 33,7 33,7 33,7 33,7
4 33,9 33,7 33,7 33,7 33,7 33,7 33,7 33,7 33,7 33,7 33,7
5 33,7 33,6 33,6 33,6 33,7 33,6 33,6 33,7 33,7 33,7 33,6
5 33,6 33,6 33,6 33,7 33,6 33,7 33,6 33,7 33,6 33,7 33,9
7 33,7 33,7 33,7 33,6 33,6 33,7 33,6 33,6 33,7 33,7 33,6
8 33,7 33,6 33,6 33,7 33,7 33,7 33,7 33,7 33,7 33,7 33,6
9 33,6 33,6 33,6 33,6 33,6 33,6 33,6 33,6 33,6 33,6 33,6
10 33,6 33,6 33,6 33,7 33,6 33,6 33,5 33,6 33,6 33,6 33,7
11 33,6 33,6 33,6 33,6 33,6 33,6 33,6 33,6 33,6 33,6 33,9
12 33,5 33,5 33,6 33,5 33,6 33,5 33,6 33,5 33,6 33,7 33,7
13 33,5 33,3 33,6 33,3 33,9 33,5 33,5 33,5 33,3 33,6 33,6
14 33,5 33,6 33,6 33,5 33,6 33,6 33,6 33,6 33,6 33,7 33,7
15 33,3 33,5 33,5 33,6 33,5 33,5 33,5 33,6 33,7 33,6 33,7
16 33,7 33,6 33,5 33,5 33,5 33,6 33,6 33,6 33,6 33,6 33,5
17 33,6 33,5 33,5 33,6 33,6 33,5 33,6 33,6 33,6 33,6 33,7
18 33,6 33,6 33,6 33,7 33,6 33,6 33,6 33,6 33,6 33,7 33,6
19 33,6 33,6 33,6 33,7 33,5 33,5 33,6 33,6 33,7 33,7 33,7
20 33,5 33,5 33,5 33,6 33,6 33,5 33,5 33,5 33,6 33,6 33,7
21 33,5 33,5 33,5 33,5 33,6 33,5 33,5 33,5 33,5 33,7 33,6
22 33,6 33,5 33,6 33,6 33,6 33,6 33,6 33,6 33,5 33,7 33,6
23 33,6 33,6 33,6 33,6 33,6 33,6 33,6 33,7 33,6 33,6 33,7
24 33,6 33,6 33,5 33,6 33,6 33,6 33,7 33,6 33,6 33,6 33,7
25 33,5 33,5 33,6 33,6 33,6 33,6 33,6 33,7 33,6 33,7 33,7
(PRI I PR I i ]
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Pucynok 3.9 - Otpumani pe3ynbpraTu 3Ha4eHb TEMIIEpaTypl HeOoOpOOIEHOT 30HU B
Excel

I d i Oiodinel - Microsoft Excel
m InasHan Beraeka PazmeTka CTpaHMLUbl DopMynsl AanHHbie PeueHIMpOBaHWE
3 * Calibri -1 ;EnEpEHD(TEK{TE OBWNi
Bﬂﬂvﬁmb = K & Y- S 5 08 veguamTe v nomecruts B uerpe - | B3 - o 000 | 50
Bydep o6meHa Wpudt BuipaeHWEaHWE Yuono
M30 - I
A B £ D E G H K
1 34,9 34,9 34,9 34,7 34,9 35 34,9 34,9 34,9 34,9 34,7
2 35 35 35 34,9 35 34,9 34,9 34,9 34,7 34,7 34,7
3 33 33 35,2 35 35 34,9 35 34,9 33 34,9 34,9
4 33 33 35 35 35 35 34,9 33 34,9 35 34,7
5 35 35,2 35,2 35,2 35 35 35 35 34,9 35 35
6 35,2 35,2 35 35 35 35 35 34,9 35 35 34,9
7 35,2 35,2 35,2 35 35,2 35 35 35 35 35 35
8 35,2 35,2 35 35 35 35 35 35 34,9 35 35,2
9 35,3 35,3 35,2 35,2 35 35 35 35 35 35 35
10 35,2 35,2 35 35 35 35 34,9 35 35 35,2 35
11 35,3 35,2 35,2 35 35,2 35,2 35 35 35 35 35,2
12 35,3 33,2 35,2 35 35,2 35 35,2 33 33 35,2 35,2
13 35,2 33,2 35,3 35,2 35,2 33,2 35,2 33 33 35 35
14 35 35 35 35 35 35 35 34,9 34,9 35,2 35
15 35 35 35,2 35,2 35 35 35 34,9 35 35 34,9
16 35 35 35,2 35 35 35 35 34,9 34,9 34,9 34,9
17 35 35 35,2 35 34,9 35 35 35 34,9 35 34,9
18 34,9 34,9 34,9 34,9 34,7 34,9 34,9 34,7 34,7 34,9 34,7
18 35,2 35 35 34,9 35 34,9 35 35 34,9 35 35
20 34,9 35 34,9 35 35 35 34,9 34,9 34,9 34,9 34,9
21 33 33 35 35,2 35 35 35 34,9 34,7 35 34,9
22 33 33 34,9 34,9 35 34,9 34,9 34,9 34,9 34,9 34,9
23 34,9 34,9 34,9 34,9 34,9 34,9 34,9 34,9 34,7 34,9 34,9
24 35 35 34,9 35 34,9 34,9 35 35 35 35 34,9
25 34,9 35 34,9 34,9 35 34,9 34,7 34,7 34,9 34,9 34,7
W 4 » ¥ | Jincrl A Nucr2 a3 %3

Pucynok 3.10 - OTpumani pe3ynbTaTH 3HAY€Hb TEMIIEPATYPU 30HU MiCIIs

o0pobienHs roxom B Excel
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Jlam mpoBOaUTECS OOpoOKa OTPUMAHMX JAHUX 3a JOIMOMOTOI0 TPOTPaMH

MathCad Tta no6ynoBa 3] rpadiky, sikuii BigoOpaxkeHo Ha puc. 3.11:

Pucynok 3.11 - 3] rpadik oTpuMaHuX pe3yiabTaTiB He 00poOIeHOT 30H!

Takox 31 rpadik ans oOpoOIeHOi 30HM MOJO0M BiApaszy Micis HAHECEHHS

3aco0y puc. 3.12.

35.24

i

3549

Pucynok 3.12 - 3]] rpadik oTpuMaHUX pe3ysbTaTiB 00poOIeHOT 30HU BiApasy
TiCTIsl HAHECEHHS HOTy

B MathCad 3pyuno meperisimatd pe3ynbTatd OOYMCICHb IOJIS MOBEPXHI
TEMIEPATypU B TPUBUMIPHOMY MPOCTOpi. 300paKeHHS] MOXKHA BUIHHO 0o0epTaTu
MUIITKOI0, OMIli JO3BOJISIIOTH HAJAIITYBaTH Oa)xxaHi TapameTpu 300pakeHHS:

KOJIIp, KOHTPACTHICTh, PO3MIPH Ta 1HIIII.
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Hactynnauii 3HiMOK mpoBefieHO yepe3 15 XBWIMH Ta 3po0JeHO aHaIOTivH1

eTarny 00poOKH OTPUMAHOTO 300paskeHHs puc. 3.13. g 06po0IeHOT 30HHU HOOM.

Jauti moOymoBaHo rictorpamy B porpami Guide IrAnalyser (puc. 3.13).

-

E Histogram - R1

(== [=]

Histogram - R1

1005
903
80
70
60
505
40
305
20
105

232 350 269 287

30.6

J2.4

Bt

[32.0°C - 32.4°C]
0.4%

Pucynox 3.13 - I'ictorpama 30Hu TermiorpaMu 00po0JIeHOT JUISTHKY IKIPU Yepe3

15 xBuivH

[Ticns moOyn0BU TicTOrpaM 3pOOJICHO E€KCIOPT OTPUMAHUX pe3yJIbTaTiB

(puc. 3.14) nns BuAineHoi 30HU 00podIIeHo1 HonoM R1 yepes 15 xBunuH:

@E9- == 15iodinel - Microsoft Excel
m nacHas | Bcraska  PasmeTka cpanmusl Gopmynn  danbbie  PeuyeHsuposarme  Bug
Iﬂj * Calibri 11 v AN AT % e = Nepenoc Texcra QbW
E{Tavﬁvlnz E‘j K& 9~ |- &A= = 545 i osneauuts U noMeruTe B uekpe + | B v 9 000 | %3
Bydep obmeHa = Wpnudt BeIpaBHWBaHKHE Yueno
\ M31 - £ |
A B C D E F G H K L
1 31,5 31,7 31,5 31,7 315 31,7 315 315 315 315 315
2 31,7 31,5 31,5 31,7 315 31,7 315 315 315 3.7 3.7
3 3.7 31,7 31,7 31,7 3.8 3L5 3L5 3L5 3L5 3L7 3L7
4 3L5 315 31,5 31,5 3L7 3L7 3L5 3L5 3L7 3L7 3L7
5 3L7 315 315 31,5 3L7 3L5 3L7 3L5 3L7 3L7 3L7
6 31,5 31,7 31,5 31,7 31,5 31,7 31,7 31,5 31,7 31,5 31,7
7 31,7 31,7 31,7 31,7 31,5 31,7 31,5 31,7 31,7 31,7 318
8 31,5 31,7 31,5 31,7 31,5 31,7 31,7 315 31,7 31,7 31,7
E 31,7 31,7 31,7 31,7 315 31,7 315 315 3.7 3.7 3.7
10 31,5 31,7 31,7 31,5 31,7 31,7 315 3.7 315 3.7 3.7
11 3L5 31,7 31,7 31,8 3.7 3.7 3L7 3L7 3L7 3L7 3L8
12 3L5 31,7 31,8 31,7 3.7 3.7 3L7 3L7 3L7 3L7 3L7
13 3.7 31,7 31,7 31,5 3L7 3L5 3L5 3L7 3L7 3L5 3L7
14 31,8 31,8 31,7 31,7 31,8 31,7 31,8 31,7 31,8 31,8 31,8
15 31,8 31,7 31,8 31,7 31,8 31,5 31,8 31,8 31,8 31,8 31,7
16 31,7 31,5 31,7 31,7 31,5 31,7 31,7 31,7 315 315 31,7
17 31,8 31,8 31,8 31,8 31,8 31,7 31,7 31,8 31,7 318 319
18 31,7 31,8 31,7 31,8 31,7 31,7 31,7 3.7 3.7 3.7 318
19 31,5 31,7 31,7 31,5 31,8 31,7 31,7 3.7 3.7 318 318
20 3.7 31,7 31,7 31,8 3.8 3.8 3L8 3L8 3L7 3L7 3L7
21 31,7 31,7 31,8 31,8 318 3L8 3L8 3L8 3L8 3Ls 3L8
22 3L8 31,7 31,8 31,8 318 3L8 3L9 L8 L8 3L7 L8
23 31,8 31,7 31,7 31,7 31,8 31,8 31,8 31,8 31,8 31,9 31,8
24 31,7 31,7 31,8 31,8 31,7 31,3 31,8 31,8 31,7 31,8 31,8
25 31,8 31,7 31,8 31,8 31,8 31,8 31,8 31,9 31,7 318 318

W v W] ket T2 a3

Puc. 3.14 OtpumaHni pe3yabTaTu 3Ha4eHb Temiiepatypu B Excel micis 15 xBumuH
nii oy
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[Ticns otpumanns nanux B Excel 3pobOnena oOpoOka oTpuMaHMX JaHUX 3a
noromororo nporpamu MathCad ta modynosa 3] rpadiky, skuii BioOpakeHO Ha

puc. 3.15.

Pucynox 3.15 - 3]1 rpadik oTpuMaHuX pe3yabTaTiB 30HU Yepe3 15 XB. micis
HAHECEHHS U0y

UYepes 30 xBUIMH MicCIIs HAHECEHHS Oy BUKOHAHO TaKi K eTanu o0poOKu
OTpUMaHOro 300paxkeHHs, Ha puc. 3.19 ricrorpama 30HM TemJIOrpaMu HE

00p0o06JIeHO0T NUIAHKY MKipH yepe3 30 XBUIUH

E" Histogram - R1 E = @

Histogram - R1

—
=
=
Cx

[32.0°C - 32.3°
51.7%

Iﬁllﬁll:ﬂllﬁllﬁ Ilﬁlllﬁlllﬁlllﬁllll

254 268 282 296 309

—
323

Puc. 3.16 'icrorpama 30HU TeraorpaMu 00OpoOIeHOT TISHKH HOJO0M MIKIpH Yepe3
30 XBUIMH
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EHH9-®-= 0iodinel - Microsoft Excel
m Tnasnas | Boapka  PasMerka cipakmus Gopuyns  Jawdme  PeucHaaposahme  Bug
__j 3" Calibri 1o AN === 3 S Nepenoc rexera OBwwmii
Eﬂﬂ_ﬁm - X & U-|#- h-A- EE= 5 Ofmeanmte 1 nomectuTs 5 uerrpe - | E3 - %4 g0 %0
Byep o6Mena Wpmgr BhipaEHHBaHUE ncno
I M33 - £
A B (o D F G H J K L
1 321 32,1 319 31,8 31,9 321 31,8 3.9 32,1 31,9 31,9
2 3L9 3.9 319 321 31,9 31,9 31,8 3.9 31,9 31,8 31,8
3 3L9 32,1 32,1 31,9 321 321 21 321 31,9 32,1 31,9
4 3L9 3.9 32,1 31,9 31,9 31,9 31,9 321 31,9 31,9 31,9
5 3L9 3.9 32,1 321 31,9 321 31,9 3.9 31,9 31,9 31,9
6 321 32,1 319 321 31,9 31,9 31,9 321 32,1 32,1 31,8
7 3,8 3,8 319 31,9 31,9 31,9 31,9 3.9 32,1 31,9 31,8
8 321 32,1 32,1 31,9 31,9 321 31,9 321 32,1 32,1 321
9 321 32,1 32,1 31,9 31,9 31,9 31,9 321 32,1 31,9 31,9
10 321 32,1 319 321 31,9 321 31,9 321 31,9 31,9 321
1 321 32,1 319 321 31,9 31,9 21 321 31,9 31,9 31,9
12 321 3.9 32,1 31,9 321 31,9 21 321 31,9 31,9 321
13 321 32,1 32,1 31,9 31,9 321 31,9 321 31,9 31,9 321
1 321 3.9 32,1 321 321 321 21 321 32,1 32,1 321
15 3L9 32,1 319 321 322 321 21 321 32,1 32,1 321
16 321 3.9 319 321 321 31,9 21 3.9 32,1 31,9 31,9
17 321 3.9 32,1 321 321 31,9 31,9 3.9 32,1 31,9 321
18 321 32,1 32,1 321 321 321 31,9 321 32,1 31,9 321
19 321 32,1 32,1 321 321 31,9 22 321 32,1 32,1 322
20 321 32,1 32,1 31,9 31,9 321 21 321 31,9 32,1 31,9
21 321 32,1 32,1 321 321 31,9 31,9 321 32,1 32,1 322
2 321 3.9 32,1 321 321 321 21 321 31,9 32,1 31,9
23 321 32,1 32,1 321 321 321 22 321 32,1 32,1 321
24 321 32,1 319 321 321 321 31,9 3.9 31,9 31,9 31,9
25 32,2 32,1 32,1 322 321 31,9 21 321 32,1 32,1 321

R T e P R e e ]

Pucynok 3.17 - Otpumani pe3ynpTatu 3Ha4eHb Temreparypu B Excel micis 30

XBUJIUH i1 Koy
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[Ticns orpumanns nanux B Excel 3poOnena oOpoOka oTpuMaHMX JaHUX 3a

noromororo nporpamu MathCad ta modynosa 3] rpadiky, skuii BioOpakxeHO Ha

puc. 3.18:

Pucynox 3.18 - 3/ rpadik oTpuMaHuX pe3ynbTaTiB 30HU Yepe3 30 XB. micis

HAHECEHHS MOy

3 orpuMmaHux TpadikiB Ta TICTOrpaM MOXKHA 3pPOOUTH BHUCHOBOK, IO

TEeMIEepaTypa IIKIpU 3MIHIOETHCS TUIBKM MICIs HAaHECEHHA HOAy, TOOTO 3MiHa
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TEMIIEPATypHUX XapPaKTEPUCTHUK 3 HYaCOM 3MEHINYEThCS 1 BIUIMB Ha IIKIpY

010JIOTIYHO aKTHBHOI PEYOBHMHU BIJIOYBA€THCS BijApa3y Ta ajepriyHoi peakiii

IPOSIBUIIOCK.

3.6 AHaji3 3MiHM TeIIOBMX XapaKTePUCTHK B 4aci micas il

3irpiBaro4oi masi

JUJIsl HACTYITHOTO €KCIIEPUMEHTY OyJI0 BUKOPHUCTAHO MEIMYHUN 3acid ecron

JJIA aHaJ'IiBY TCIIJIOBUX XaPaAKTCPUCTUK IHKlpI/I

[{i1b: BU3HAYEHHS 3MIHU TEMIIEpATypHUX NapaMeTPiB MIKIPU HOAY B MEBHUX

YaCOBUX JI1alla30HAX Ta MOKIIMBICTh BAHUKHEHHSI aJIEPT14HO1 peaKIii

Marepianu Ta NpuUcTpoi:

4) Ecnon, [TAO «X®3 «KpacHas 3Be31a», Ykpaina, Xapkis.
5) Temtorizop MOBIR® M3 (M4).

6) JIBOX30HHMIT EKpaH.

ETanu excriepuMeHTy HaBEIEHO HUKYE:!

6.

Eranm 1. IligroroBumii. Ecmon mns gociimKeHHs, HaJallTyBaHHS,
KamOpyBaHHS  TEIUIOBI30pY Ta  HaJAlITYBaHHS  YCTAHOBKM 1S
JOCIIIKEHHS 3T1AHO TEXHIYHUX BUMOT.

Etan 2. ®ikcyBaHHS [ABYX30HHOTO €KpaHy Ha pyLl Ta MpPOBEIACHHS
TEIUJIOBI31MHOTO JTOCIIIKEHHS TOYaTKOBOTO CTaHY HIKIPH.

Etan 3. HaneceHHs ecrion Ha OJHY 30HY ABOX30HHOI'O €KPaHY.

Etan 4. 3HATTS NOKa3HMKIB 3a JOMOMOIOI) YCTAHOBKM CTaHy UIKIPU

IiCJIsl HAHECEHHS! KpEMY MPOTATOM TPhOX FOJIMH IHTEPBAJIOM 15 XB.

10.Eramn 5. AHamii3 pe3yabTaTiB €eKCIEPUMEHTY

Crnioci6 npoBeIeHHS €KCIIEPUMEHTY BII0OpakeHO Ha puc. 3.5.
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Pucynox 3.19 - [IpoBeaeHHs ekcriepuMeHTy: 1 — ekcriepuMeHTaIbHa
YCTaHOBKA; 2 — MaIli€HT; 3 — TBOX30HHUH eKpaH; 4 — eCroJl.

Otpumani  pe3yiapTaTd  TEIUIOTpaM  BigoOpakeHi Ha  puc. 3.6.
BukopucroByroun nporpamy Guide IrAnalyser BuBeneHo ricrorpaMmy Temrmeparyp

JUTSL OKPEMHUX JUTSTHOK /TSI TOPIBHSIHHSA 3MIHU TEMIIEpaTypH.

39.8°C
F 278
F 253
F 227
F 20.1
5—2?.5

L 25.0

22.4°C

Pucynox 3.20 - Termorpama oTpuMaHna Bijipa3y Hic/Is HAHECECHHS €CIIOJy Ha MIKIpy
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[Ticnms oTpumaHHS TeriorpaMyd  3pO0JICHO aHalli3 3a BUKOPUCTOBYIOUH
BOyZIOBaHy YTHJITY JJIs MOOYJIOBH TiCTOrpaMH OKpeMoOi HeoOpoOJIeHOi 30HH B

nporpami Guide IrAnalyser (puc. 3.21) Ta 06po6ieHoi 300U (puc. 3.22).

£ N

E Histogram - R1 | = || = || 3 |

Histogram - R1

—
=
=
Ez

Ilﬁlll%lllﬁdlll%lll%llll

[33.5°C - 34.0°C]
0.0%

ki

J6.A°C

- P L
111 Ilﬁllll

229 254 280 305 331 356

Puc. 3.21 - I'icrorpama 30HU TeruiorpamMu He 00pOOJICHOT AUISTHKY HIKIPH

E" Histogram - R1 EI = @

Histogram - R1

ILE [34.5°C - 35.0°C]
[ilig= o
D.D."o

3 J6.1°C

229 254 280 305 331 356

Pucynok 3.22 - I'icrorpama 30HH TEIJIOrpaMu AUISTHKH IIKIpU 00po06IeHO01

CCII0JIOM
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[Ticns moOymoBH TicTOrpam 3p0o0JIEHO eKCTIOPT OTPUMAHHUX PE3YJIbTATIB PHC.

3.23 Ta puc. 3.24 nus terorpam puc 3.21 Ta 3.22 BIAMOBIIHO JJIs BUALICHOT 30HU

o0po0baenoi ogom R1:

@a = Obez espoll - Microsoft Excel
@ rnasHas Bcraska PasmeTka CTPaHMLE Dopuyasl AaHHbe PeLleHzMpOEaHUE Bug
1 & Calibri SRl ;I‘Iepehouekna OB Wi
Bﬂﬂ_ﬁlﬂb K K 4 - - 5 o8 veamauTs v nomecruts B uerpe | E3 - o 000 | 50
Bydep o6MeHa WpudT BripasHyEaHue Yncno
M35 - I
A B = D E F G H I

1 32,6 32,8 32,6 32,6 32,8 32,8 32,6 32,8 32,8 32,6 32,8
2 32,8 32,6 32,5 32,8 32,8 32,8 32,8 32,8 32,8 32,9 32,8
8 32,6 32,8 32,8 32,8 32,6 32,8 32,8 32,8 32,8 32,8 32,8
4 32,9 32,6 32,8 32,8 32,8 32,8 32,8 32,9 32,9 32,8 32,8
5 32,9 32,8 32,6 32,8 32,9 32,8 32,9 32,9 32,9 32,8 32,9
6 32,9 32,8 32,9 32,8 32,8 32,8 32,8 32,8 32,8 32,8 32,9
7 32,8 32,6 32,8 32,8 32,9 32,8 32,8 32,8 32,9 32,9 32,9
8 32,8 32,8 32,6 32,8 32,8 32,9 32,6 32,9 32,9 32,8 33
9 32,9 32,8 32,8 32,8 32,8 32,8 32,9 32,9 32,9 32,9 32,9
10 33 32,8 32,8 32,9 32,9 33 32,9 32,9 32,9 32,9 32,9
1 32,8 32,9 33 32,8 32,9 32,9 33 32,9 32,9 33 32,9
12 32,8 32,9 32,9 32,9 32,9 32,9 32,9 32,9 32,9 32,9 33
13 32,9 32,9 33 32,9 33 33 33 33 33 32,9 33,2
14 32,9 32,8 32,9 32,8 33 32,9 32,9 32,8 33 32,9 33
15 32,9 32,9 33 32,9 33 33 32,9 33 32,9 33 32,9
16 32,9 32,9 32,9 33 33 33 32,9 33 33 33 33
17 32,8 32,9 32,9 33 32,9 33 33 33 33 33,2 33
18 33 33 33 33 32,9 33 33 33,2 33 32,9 32,9
19 32,9 33 32,9 33 33,2 33 33 33,2 33,2 33,2 33,2
20 33 33 33 33 33 33,2 33 33,2 33 33,2 33
21 33 33,2 33,2 33,2 33 33 33,2 33,2 33,2 33,2 33
22 32,9 33 32,9 33 33 32,9 32,9 33 33,2 33,2 33,2
23 33 33 32,9 32,9 33,2 33 33,2 33 33 33,2 33,2
24 33 32,9 33 33 33,2 33,2 33 33 33 33,2 33
25 33,2 33,2 33,2 33,2 33,2 33,3 33,2 33,2 33,2 33,2 33,2
H 4 v v inerl Nncr2 Tna3 %3

Pucynok 3.23 - Otpumani pe3yabTaTv 3Ha4eHb Temiieparypu B Excel
HEe0OpoOJIEHOT 30HU

Despoll - Microsoft Excel

m TnasHas | Betaska  PasmeTka Cpadmusl  Gopmynsl  [ladHele  PeligHSMposaHMe  Bug

3 "5 Calibri 11 A AT = B = Neperoc Texara OBuwwit
Ecra_ﬁm - K K& 4- G- A~ 2] OBbeguHuTs U nonecTuTs & uektpe = | B - % 000 %0
Bydep o6meHa Wpudt BeipaBHMEaHWE Yuono

N31 - =
A B C D E F G H K L

1 335 33,6 338 33,6 33,6 339 338 339 338 33,8 338
2 33,6 338 33,6 33,6 33,8 339 339 339 339 33,9 33,8
3 33,6 33,6 33,6 33,8 33,8 33,8 33,9 33,9 33,9 33,8 33,8
4 335 33,6 33,5 33,5 33,6 33,8 33,6 33,6 33,8 33,8 33,8
5 33,6 33,8 33,6 33,8 33,8 33,9 33,8 339 33,8 33,9 33,9
6 335 33,6 33,8 33,6 33,9 33,8 338 339 339 33,8 339
7 33,6 33,6 33,6 33,8 33,8 33,8 339 339 34,1 34,1 339
8 33,8 33,6 33,8 33,6 33,9 33,6 33,8 33,9 33,9 33,8 33,9
9 33,6 33,6 33,6 33,6 33,6 33,8 33,6 339 33,8 33,8 33,9
10 33,6 33,8 33,8 33,8 33,9 33,8 33,8 33,8 33,9 34,1 34,2
11 335 33,6 33,6 33,6 33,6 33,6 338 339 33,8 339 33,8
12 335 33,5 33,6 33,6 33,6 33,8 33,6 338 33,8 33,9 33,8
13 33,6 33,6 33,8 33,9 33,9 33,8 33,8 33,9 33,8 33,9 33,8
14 335 33,6 33,5 33,8 33,6 33,8 339 338 339 339 33,9
15 33,5 33,8 33,6 33,6 33,8 33,6 33,8 33,8 33,8 33,8 33,8
16 33,6 33,8 33,8 33,8 33,6 33,8 33,6 339 34,1 339 34,1
17 335 33,8 33,8 33,8 33,6 33,8 338 33,6 33,8 33,9 33,8
18 33,8 33,8 33,8 33,9 33,8 33,9 33,9 33,9 33,9 33,9 33,9
13 338 33,6 33,8 33,8 33,6 33,8 338 338 33,8 339 33,9
20 33,6 33,6 33,5 33,8 33,8 33,9 33,8 33,8 33,9 33,9 33,9
21 33,6 33,8 33,8 33,8 33,8 33,8 33,9 33,9 33,9 33,9 33,9
22 33,6 339 33,6 33,8 33,8 33,8 338 338 339 33,8 33,9
23 33,5 33,6 33,6 33,5 33,6 33,8 33,6 33,8 33,8 33,6 33,8
24 33,6 33,8 33,5 33,8 33,8 33,8 339 339 339 339 33,9
25 33,6 33,8 33,8 33,8 33,8 33,8 33,8 33,6 33,8 33,8 33,8
WAy | nmerl Snar? Sva3 R

Pucynok 3.24 - Otpumani pe3ynbTaTu 3Ha4eHb Temrieparypu B Excel o6po6ienoi
30HHU €CIIOJIOM
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Jlami mpoBOauTHCS OOpoOKa OTPUMAHMUX JAHUX 3a JOMOMOTOI0 MPOrpaMu

MathCad Tta moOymoa 3JI rpadiky, skuii BimoOpaxeHo Ha puc. 3.25 s

He0Op0oOIIeHOT 30HU MIKipH Ta pUC. 3.26 30HU Mics 15 XB. 0OpOOICHHSIM €CIIOJIOM.

a1

Pucynox 3.25 - 3]1 rpadik oTpuMaHuX pe3yabTaTiB HE 00pOOJICHOT 30HU HIKIPU

Pucynok 3.26 - 3/] rpadik OTpuMaHUX pe3yibTaTiB BiApa3y Micis HAHECEHHS

€CrOoJIy Ha IIKIpy
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Hactynuauii 3HiIMOK mpoBesieHo Yepe3 15 XBHIIMH Ta 3po0JeHO aHAIOTivHI
eTanu 00poOKu oTpruMaHOro 300pakeHHs puc. 3.27. Ta HaBeleHa ricrorpama puc.

3.28 30HU TemnorpamMu yepe3 15 XB. NUISHKY HIKIPH 00po0IeHOT ecrioiom

37.2°C

354
3298
304
278

254

B
b
i

ha
=
.
&

Pucynox 3.27 - Ternmorpama orpuMana yepe3 15 XB. miciisi HAHECEHHsI €CTIOy Ha
HIKIPY

f ™

E Histogram - R1 | = ” = ” £ |

Histogram - R1

[32.6°C - 33.0°C]
0.0%

231 252 273 293 M4

Pucynok 3.28 - I'icrorpama 30HM TeruiorpaMu uepes 15 XB. JUISTHKY IIKIpU
00poOeHoi ecroIoM
Jlani 3po0JieHO eKCHOpPT OTpPMMaHMX pe3yibTariB puc. 3.29 B Excel 3omu

gyepes3 15 XB. micis HAHECEHHs eCIOIYy.
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[EN= |= 15 espoll - Microsoft Excel
m Tnebros | Boraska  Peswerka crpammus  Gopmyne  Jarkbe  Peuerswposarwe  Bua
_3 * Calibri <11 v AT AT = Nepenoc Texcra OBwmi
Bﬂaijbq; X & u-|E- b A [ o6ueaunume u nomecrvrs s uerrpe - | B3 - % 00 | %)
FieT wEE Wpndr 5 e 5 Urorm
N38 - k&
A B G D E F G H 1 J K L
1 32 32,2 32 32 32 32 32 32,2 319 32 32
2 32,2 32,2 32,2 32 32,2 32,2 32,2 32,2 32,2 32 32
3 32,3 32,2 32,3 32,2 32,2 32,2 32,2 32,3 32 32,2 32
4 32,2 32,2 32,2 32,2 32,2 32,2 323 32,2 32,2 32,2 32,2
El 32,2 32,2 32,3 32,2 32,2 32,2 32,2 32,2 32,2 32,2 32,2
6 32,3 32,2 32,2 32,3 32,2 32,2 32,2 32,2 323 323 32,2
7 32,3 32,3 32,3 32,3 32,3 32,3 32,2 323 32,2 32,2 32,3
8 324 324 32,3 32,3 32,3 32,3 32,3 32,3 322 32,3 323
9 32,3 324 324 32,4 32,3 324 324 32,3 324 32,3 323
10 324 32,3 324 32,3 32,3 324 32,3 324 322 32,3 324
1 324 324 324 32,4 324 324 32,3 32,3 324 324 32,3
12 324 32,6 32,6 32,4 32,4 32,4 32,4 32,4 32,4 32,4 32,4
13 32,4 324 324 32,4 32,4 32,4 32,6 32,4 32,4 32,4 32,4
14 32,6 32,6 32,6 32,6 32,6 32,4 32,4 32,6 32,6 32,4 32,4
15 32,6 324 32,6 32,6 32,6 32,4 32,6 32,4 32,6 32,4 32,3
16 32,6 32,6 32,6 32,6 32,4 32,6 32,6 32,6 32,4 32,4 32,6
17 324 324 32,6 32,6 32,6 32,4 32,4 32,4 32,4 32,4 32,4
18 32,6 32,6 32,4 32,6 32,6 32,4 32,6 32,4 32,4 32,6 32,6
19 32,6 32,6 32,4 32,4 32,4 32,6 32,6 32,6 32,6 32,6 32,4
20 32,6 32,6 324 32,6 32,6 324 324 324 324 324 324
21 32,6 32,3 324 32,6 324 324 324 32,6 32,3 32,3 324
22 324 324 324 32,4 324 324 324 32,3 324 324 324
23 324 32,3 32,3 32,3 32,3 32,3 32,3 324 32,3 32,3 32,3
2 32,3 12,6 12,3 12,4 32,4 32,4 32,4 32,4 32,4 32,3 32,4
25 32,4 324 32,3 32,3 32,3 32,4 32,4 32,3 32,4 32,4 32,3

H 4 F H Jiwcrl

Muer2 Nna3 S8
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Pucynok 3.29 - Otpumani pe3yabTaTu 3Ha4eHb Temiiepatypu B Excel 3ouu uepes

15 XB. TiCIIT HAHECEHHS €CIIONTY

Ta nmoOynoBa 31 rpadika 3 oTpumaHux pesynbTaTi puc.3.30 3 BUBEICHUX

3HA4YEHb TEMIIEPATYPH.

Pucynok 3.30 - 3/ rpadik oTpuMaHuX pe3ynbTatiB uepe3 15 XB. AUISHKY IKIpU

00poOeHoi ecroIoM
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Yepes 30 XBUIMH TCIIsI HAHECEHHS €CTOY 3pO0JICHO TaKl & eTanu 00poOKu

OTpUMaHOTro 300paskeHHs puc. 3.31 Ta modyaoBa ricrorpamu puc. 3.32.

35.8°C

4.7

330

29.7
28.0

264

ha
=
o
3

Pucynox 3.31 - Ternorpama orpumana yepe3 30 XBUUH MICJIsI HAHECEHHS €CTIONy
Ha HIKIpY

E Histogram - R1 E' E @

Histogram - R1

E [32.4°C - 32.8°C]
E 34.2%

3 34.9°C

241 26.2 283 303 324 345

Pucynok 3.32 - I'icrorpama 30Hu1 uepe3 terorpamu 30 XBUIMH JUISHKH IIKipU
00p006IeHOT ecroioM
AHaJOrIYHO TIONEpelHIM eramaM  3po0JeHO  eKCIOpPT  OTPUMAaHUX
pesynbratiB puc. 3.33 B Excel 3onu vepe3 30 XxB. micisi HAHECEHHs €CIIONy Ta
BUBeICHHS 31 Tpadiky puc. 3.34.
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FE s 30 espoll - Microsoft Excel
m TnaeHas Becraeka PazmeTka cTpaHWLBl Dopmynsl JdaHHbe PeueHIMpoBaHWe Bra
3 * Calibri 11 o A A = E[; P S Nepenoc Tekcra Oyt
BUE'BW‘: 'ﬂj K & U - S-A- = 5 o8beauinTs U nomecTuTs B uertpe + | B3 v o 000 | 3
Eydep obmeHa WpwndT F] BuipaBEHMEaHKE F] Ywuaono
| N31 - £
A B = D E G H K
1 32,1 32,1 32,1 32,1 32,1 32,1 32,2 32,1 31,9 31,9 31,9
2 32,2 32,1 32,1 32,1 32,1 32,1 32,1 32,1 31,9 31,9 318
3 32,1 32,1 32,2 31,9 32,2 32,1 32,2 32,1 31,9 32,1 31,9
4 32,4 32,2 32,2 32,2 32,1 32,1 32,1 32,2 32,2 32,1 32,1
5 32,1 32,2 32,2 32,2 32,2 324 32,2 32,1 32,2 32,1 32,2
6 32,1 32,2 32,2 32,2 32,2 32,2 324 32,2 32,1 31,9 32,1
7 32,4 32,4 32,4 32,4 32,4 32,4 32,4 32,4 32,2 32,2 32,1
8 32,4 32,4 32,4 32,4 32,4 32,2 32,2 32,2 32,4 32,2 32,1
9 324 324 324 32,2 32,2 32,2 324 32,2 324 32,2 32,1
10 32,5 324 324 324 324 324 324 32,2 32,2 324 324
11 32,7 32,5 32,5 32,4 32,5 32,4 32,4 32,4 32,2 32,2 32,4
12 32,5 32,7 32,4 32,5 32,5 32,4 32,5 32,5 32,4 32,4 32,2
13 32,7 32,5 32,7 32,5 32,5 324 324 32,5 324 324 324
14 32,5 32,5 32,7 32,5 32,5 32,5 32,7 32,4 32,5 32,4 32,4
15 32,5 32,7 32,7 32,5 32,7 32,7 32,4 32,5 32,4 32,5 32,4
16 32,8 32,8 32,5 32,7 32,7 32,5 32,5 32,5 32,5 32,5 32,5
17 32,8 32,8 32,7 32,7 32,5 32,5 32,5 32,7 32,7 32,5 32,7
18 32,7 32,5 32,7 32,7 32,7 32,5 32,5 32,5 32,5 32,5 32,7
19 32,7 32,7 32,5 32,7 32,7 32,7 32,7 32,5 32,5 32,4 32,5
20 32,7 32,7 32,7 32,7 32,5 32,5 32,5 32,5 324 324 324
21 32,5 32,5 32,7 32,7 32,7 32,5 32,7 32,5 32,5 32,4 32,5
22 32,7 32,7 32,5 32,5 32,5 32,4 32,5 32,4 32,4 32,4 32,5
23 32,5 32,7 32,5 32,4 32,5 32,5 324 324 324 324 324
24 32,7 32,5 32,7 324 32,5 324 324 324 32,5 324 324
25 32,5 32,5 32,4 32,4 32,5 32,4 32,4 32,2 32,4 32,4 32,4
W 4 r M| Jincrl STncr2 Nnca3 %D
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Pucynok 3.33 - Otpumani pe3ynbTaTu 3Ha4eHb Temiiepatypu B Excel 3ouu uepes
30 XB. micJist HAHECEHHSI €CTIOY

Pucynok 3.34 - 3]] rpadik orpuManux pe3yiabTatiB yepe3 30 XB. TUISTHKU
HIKipu 00poOJIeHOT ecroIoM

[Ticass mpoBeneHHS EKCIEPUMEHTY 3 aHamidy [ii O10J0T1YHO aKTHBHUX

PEYOBHH

B

qaci

3p00JIeHO

BHCHOBKHM.
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3.5 BUCHOBKH NIPOBEACHOI0 EKCIIEPUMEHTY

3 HaBeJEHUX BUIIE pe3yJbTaTiB, MOXKHAa 3pPOOUTH BHCHOBOK, IO B
3aJIeKHOCTI BiA BUAY OIOJOTIYHO AaKTUBHUX pPEUOBHH BIUIUB Ha TEIUIOBI
XapaKTepUCTUKU IIKIpU B 4aci pi3HUU. B ekcnepuMeHTi Opaiau ydacTh JIIOJH 3
pI3HMM TUIIOM Ta BIATIHKOM IIKIpY Ta TMpPU BUKOPUCTAHHI 3aco0iB s
BIIOUTIOBAaHHS Ta aBTO3acCMard BIANOBIJHO Malld CYTTeBY pi3HuIo. [lpu
3aCTOCYBaHHI MOy Ta €CTOJy 3a Pe3yJibTaTaMH HaBEJICHHUX TiCTOrpaM Ta rpadikiB
MO>KHa 3pOOMTH TaKl BUCHOBKH: NPU BUKOPUCTaHHI MOy 3MIHA TEIJIOEMHOCTI
B1I0yBa€ThCS BiJipa3dy Ta 3 4YaCOM 3MEHIIYETHCS, a MPU BUKOPUCTAHHI €CIOJY
TEIJIOEMHICTH 301IBIIYETHCS B Yacl

HoBum y pobGoTi € JociipkeHHs TapaMeTpiB TeEIJIOTpaMH Ta aHali3
OTPUMAaHUX 3HIMKIB, SIK HEIHBa3WBHHM IMIBUAKUN CIOCIO aHami3y nii 610J0T14HO

aKTUBHHUX PEYOBHMH Ha IIKIPY Ta aHAII3 BUHUKHEHHS aJepridHOl peakKiiii.
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BucnoBku 10 posainy 3.

P
03pO0JICHO METOJMKY IMPOBEJCHHS EKCIIEPUMEHTY, HABEACHO CTPYKTYpPHY
CXEMy eKCIEPHUMEHTYy Ta ONMUCAaHO OCHOBHI €Tamud WOTO0 MPOBEICHHS 3
OIKCaHHSAM BUKOPHUCTAHOI MPHU AOCTIIKEHH] YCTaHOBKHU.

. IlpoBeneno anamiz 3MIHM KOJIbOPY IIKIpM B 4Yacl IMiCIs HAHECEHHS
KOCMETUYHUX  3aco0iB, OTPUMAaHO  (POTO300pAKEHHS  PE3YNbTATIB
eKCIIEPUMEHTY, SKI IOKa3ajlu, L0 4Yac Aii 3aco0y A aBTo3acMmaru Ta
BIJIOUTIOBAHHS IIKIPW BIAPIZHSAIOTHCS B 3aJI€KHOCTI BIJ TUILY Ta BIATIHKY
HIKIPH, a TEIUIONPOBIIHICTh IIKIPU MIPH X BUKOPUCTAHHI HE 3MIHIOETHCS.

. Onmucano wmerox g OOpoOKHM  OTPUMaHHMX  300paKE€Hb  METOJIOM
KOpEJSLIMHOrO aHai3y sl TOPIBHSHHS BIUIMBY OI0JOTIYHO AaKTHUBHUX
PEYOBMH Ha MIKIpi, SKMM MOXKHA BUKOPHUCTATHU MPHU PO3POOIII MOOLIHHOTO
JOAATKy Ha aHIPOid, JIsl 3pyYHOCTI Ta MIBUKINA 00poOIll pe3ynbTaTiB.
JlocmipkeHo aHali3 3MIHM TEIJIOBUX XapaKTepUCTUK B 4Yacl IICIs
HAaHECEHHs WOAy Ta 3aco0y Juisl 3IrpiBY IIKIPU 3 BUBEJACHHSM TiCTOTpamMu
TeMIlepaTypu IUISTHOK HIKipy Ta modyaoBoto 3/ rpadikis, sSKi mokazaiu, 10
yac 1ii 610J0TIYHO AaKTUBHUX PEUOBHMH MAa€ 3HAYEHHS TPU PI3HUX BHUJIAX
3ac00iB, Ta MpHU JOCHIJKEHHI: HOA TICAs HAaHECEeHHS Mae OuIbLIy
TEIUIOEMHICTH Ta 3 4aCOM 3MEHIITY€ThCS, a €CIOJI HABIMAKH.

Takum yrHOM, TPOBECHHI HOCTIIKEHHS BBOXKAIO aKTyaJIbHUMH B Cy4acHIN

MEJUIMHI Ta KOCMETOJIOT1i, a pe3yJbTaTh MPOBEACHUX €KCIIEPUMEHTIB MalOTh

3HAYEHHA Yy CY4YaCHOMY MEIWYHOMY MNpuiafo0ynyBaHHI Ta MOXYTb OYyTH

BUKOPHCTaHI MPH po3po0Ill HOBUX amapariB 1 cnocoly aHaizy Aii 610J0T14HO

aKTUBHUX PEYOBHUH Ha IIKIpI.
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PO3/1J1 4 PO3POBKA CTAPTAII IPOEKTY «BIIJIUB BIOJIOT'TYHO
AKTUBHHUX PEHOBUH HA CIHHEKTPAJIBHI XAPAKTEPUCTUKHA

4.1 Onuc ixei mpoeKkTy TeXHOJIOril

HIKIPAHOI'O ITIOKPOBY»

Po3rasHyBIIM B monepeiHixX po3Aiiax BILUIMB O10J0TIYHO AKTUBHHUX PEYOBHH

Ha CIEKTpajbHI XapaKTEPUCTUKU WIKIPSHOTO MOKpoBYy. B 1mpomy posaim Oyxe

IPOBEICHO aHalll3 CTapTal MpPOEKTYy SKUHA Mae Ha METI OI[IHUTH PHUHKOBI

IIEPCIIEKTUBH,

KOHKYPEHTOCIPOMOKHICTh

MPOAYKTY  Ta

MOSKJIUBOCTEM

KoMepIriaizaiii OCHOBHUX HAYKOBO-TEXHIYHUX PO3POOOK.

VY tabnuii 4.1 300paxkeHo 3MICT 1/1€1 Ta MOKJIMB1 0a30B1 MOTEHIIIIHI PUHKH,

B MEXax SIKUX MOTPIOHO IIyKAaTH TPYNHU NOTECHIIIMHUX KITI€HTIB [28].

Tabmuus 4.1 Onuc iz1ei crapTan-npoexTy

oTpuMaHoi iHdopmarii

3. BuxopucraHHs B
SAKOCTI
MEPCOHAIILHOTO
MPUCTPOIO.

3MicT 1€l Hanpsimku 3actocyBaHHs Buroau ans kopuctyBaua
[Ipononyerscsi  HOBa 1. 3acrocyBaHHs B OO0’eKTHBHA OLIIHKA CTaHy
crocid  aHamizy il MEIUYHUX Mamni€cHTa MicjiIsi HaHECEHHS
010JIOTIYHO AKTHUBHUX YCTaHOBAX JIKYyBaJIbHUX 3aCO01B.
petoBHH — Ha  HIKIPL, 2. BukopucranHus B OO0’eKTHBHA OLIIHKA CTaHy
BHKOpH,CTgBy}?qH KOCMETOJIOT1 MaIlic€HTa Micias HaHECECHHs
TCITOBISIMHUN  MCTOZ KOCMETHYHMX 3aCO0IB.
TUTS 00poOKH

MoOinbHa 1arHOCTHKA
CTaHy WIKIPM B JOMAIIIHIX
YMOBaXx.

OTxe, OCHOBHA BIOAMIHHICTh [JAHOI METOAUKU IIOJISITA€ B MOYKIMBOCTI

HEIHBA3MBHOI Ta HAAIWHOI JIarHOCTUKU IIKIPU JIIOJMHU 3 MOKIIMUBICTIO OIIHKH

e(EKTUBHOCTI 3aCTOCOBAHOTO 3aC00Y Ta BUABJICHHS aJepriuHOl peaKilii.

Jlam mpoBOAMMO aHaji3 MOTEHIIMHUX TEXHIKO-€KOHOMIYHHMX TepeBar iaei

MOPIBHSIHO 13 TIPOMO3UIIISIMU KOHKYPEHTIB:
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- BHU3HA4Ya€EMO

XapaKTePUCTHUK 171€7;

nepenik

TEXHIKO-EKOHOMIUYHHUX

BJIACTUBOCTEN
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Ta

— BU3HAYAEMO TIOMEPEIHE KOJIO KOHKYPEHTIB (IIPOEKTiB-KOHKYPEHTIB), IO

BXKE ICHYIOTh Ha PUHKY, Ta MPOBOAMMO 301p 1H(OpMAaIIil 00 3HAUYEHb TEXHIKO-

€KOHOMIYHMX IMOKa3HMKIB ISl 17Ie1 BJIACHOTO MPOEKTY Ta MPOEKTIB-KOHKYPEHTIB

BIJIMTOBITHO /10 BU3HAYCHOTO BHIIIE TIEPEITIKY;

— TMPOBOJAMMO TOPIBHAIBHUN aHalli3 ITOKa3HUKIB:

JUIST  BJIACHOIL

11el

BU3HAYECHO MOKAa3HUKHU, 110 MalOTh a) ripin 3HadeHHs (W, ciabki); 6) aHajgoriyHi

(N, HeliTpanbH1) 3HaUYCHHS; B) Kpallll 3HaueHHs (S, cuiibH1) (Tadm. 4.2) [28].

Tabnuus 4.2 BuzHaueHHs1 CUIIbHUX, CTA0KUX Ta HEUTpaIbHUX
XapaKTEPUCTHK 11€1 MPOEKTY

Ne | Texniko | (mOTEHI1IH1) tToBapu/koHuenuii | W N S
- KOHKYPEHTIB (cmabxa (ueiiTpa- | (cuubHa
n | ekoHoMi | Miii Konkypent | Konkypent | CTOPOHa) | JbHa CTOpOHa)
[ | gni MPOEKT I Metoauka | 2 OntuuHa cTopona)
I | BIACTHUB Ja3epHOi KOT€pEHTHA
oCTi JIOTLIIEPO- TOMOTrpa-
BCBKO1 ¢is
baoymerpii
1 |Yac 5 XB. 15 xB. 7 XB. +
JI1arHOCT
UKH
2 | HocroBi | 3amexwut | [IpoBomutsc | [IpoBOaUTH +
PHICTh b BIJ | A cs
pe3yabT | TpH.99Ma | BUCOKOKBAI | BUCOKOKBA
aTiB HO yMOB | pikOBaHUM | JTi(hiIKOBaAHU
JOCIIIK | IEPCOHATIOM | M
CHHS NIEPCOHAIIO
M
3 | IaBasuB | HeinBa3 | HeinBasuBHa | HeinBasus +
HICTb VBHA Ha
4 | Mo6Gins | Moxe [TpoBoauthke | I[TpoBOAUTH +
HICTb OoyTu A B |cA B
nepcoHa | amOynaTopH | amOymnaTop
JBHUM X YMOBax | HHX
yMOBax
5 | Baprict | 12000 24000 26500 +
b
6. | Toprosa | Hemae € € +
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Mapka

[Ticast oLiHKM XapaKTePUCTHK Ta 1/1el MPOEKTYy MOKHA TIHTH 10 BUCHOBKY,

0 METOJIMKa € KOHKYPEHTOCIPOMOXHOIO, TOMY IO MPOBEJIEHHS aHam3y Ail

010JI0TIYHO aKTUBHUX PEYOBHH Ha MIKIPi 32 JOIMIOMOTO0 IMEPCOHAIBHOTO MPHUIAIy

€ MBUIKUM Ta HE oTpeOye MpodeciiHNX HaBUKIB, HI’)K Y KOHKYPEHTIB.

4.2 TexHOJOTIYHUI ayauT inel mpoekTy

B wmexax pgaHoro miapo3auly MTPOBOAMMO ayJIUT TEXHOJOTII

(MoBH

HpOFpaMYBaHHSI), 3a AJOIIOMOI'ORO SIKOI MOXKHA peanisyBaTH iIIGI-O CTBOPCHHA

IIPOEKTY.

BusHadeHHs TEXHOJIOTIYHOI 3IIMCHEHHOCTI 1J1e1 TPOEKTY Iependadae aHai3

CKJIQJIOBUX 5IK1 BKa3aHi B Tabmumi 4.3 [28].

Tabnuusg 4.3 TexHoJIOT14HA 3/11CHEHHICTb 1/1€1 MPOEKTY

No Ines mpoekty Texnozorii ii HasBHicTh JloctymnHicTh
/1 peamizartii TEXHOJIOT1i TEXHOJIOT1i
1 Hoctynnuit Bukopucranns | [Ipunan € [Ipunang s
MOHITOPUHT crany | [IK Ta pPO3pOOIEHUM | BHATTS
HIKIpU MOOUIBHOTO TEIUIOrPAMU
IIPUCTPOIO Ta IIK € vy
BUIBHOMY
JOCTYTI
2 MaremaTtuune Metoau Po3po6aeni Tta | Meroauka
MOJIEIIFOBaHHS MaTEMaTHUYHOTO | METOAUKHU onucaHa B
aHaizy, 00paxyHKy JiTepaTypi
CTaTHUCTUKH
3 [IpoBenennst metoauku | JJaboparopna | HasaBHuit Y  BiIbHOMY
YCTaHOBKa anapaTHUAN JOCTYyI
KOMILJIEKC — Ta
[1K
4 Po3poOka nporpammu, | I1K, mporpamue Ichyt0TH JocTtynHo
Ha OCHOBI MPOBEACHUX | 3a0e3meueHHs . aHaJIoru
JOCTKEHb

OOpana TexHOJIOT1A peai3allii 11l MPOeKTy: BUKOPUCTAHHS MaTEMaTUYHOT MOJIEI
Ta aHaJli3 CTATUCTHKH, pO3pOOKa METOy 0OpaxyHKY.
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3riHO 3 TaHWUMH HaBEJCHUMU B TabmuIll 4.3 MOKHA 3pOOUTH BHCHOBOK, 1110
MOXJIMBICTh TEXHOJIOTTYHOT peaizallii JaHOTO MIPOEKTY JOCUTh BUCOKa. OCKIJIbKH,
TEXHOJOT11, [0 BUKOPUCTOBYIOTHCS MIPH PO3pOoOLIl MPOEKTY BITHOCHO JOCTYIHI Ta
BKJIFOYAIOTh TIOEHAHHA ICHYIOUMX JIOCTYIHUX TEXHOJIOTiM, MPOTpaMHOTO

3a0€e3IeYCHHS Ta MATEMaTHYHOT'O MOICIIOBAHHA.

4.3 AHaJii3 pUHKOBHX MOKJIMBOCTEN 3aIyCKY CTAPTAIl MPOEKTY

BuszHauuMo pHUHKOBI MOMKIIMBOCTI, SIKI MOKHAa BHKOPUCTATH IIiJl Yac
PUHKOBOTO BIIPOBA/DKCHHS IIPOEKTY, Ta PHUHKOBI 3arpo3d, SKi MOXYTh
NEPENIKOIUTH HOTo peaizarii.

Ile mo3BoJii€ CIUTAaHYBAaTH HAMpPSIMU PO3BUTKY MPOEKTY 13 ypaxXyBaHHAM
CTaHy PHUHKOBOTO CEpPE/IOBUINA, MOTPeO MOTEHIIMHUX KJIE€HTIB Ta MPOIMO3UIIN
MPOEKTIB-KOHKYPEHTIB [28].

CroyaTKy TpOBEIEMO aHalli3 MOMUTY: HASBHICTh IMOMUTY, O0OCAT, AMHAMIKA
PO3BUTKY PUHKY (TaOmuus 4.4).

Tabnuus 4.1 [MonepenHst xapakTepUCTHKA MOTEHIIIHHOTO PUHKY CTApTaI-TIPOCKTY

No .
W [Toxa3Huku cTaHy puHKY (HailMEHYBaHHSI ) XapakTepucTuka
1 KinbKicTh TOOBHUX T'paBIliB, 01 4 MII «Bizeke» (Kuis);
«DapmExcno» (KuiB);
MII «Menikom» (KuiB);
MII «MenmiBiT»
2 3arayibHUM 00CST MPOAaXK, TPH/YM.O 15 000
3 Jlunamika puHKY (SIKICHA OIIIHKA) Crarnye
4 HasiBHICTH OOMEXKEHB ISl BXOTY SkicHa ampobartis
pe3yJIbTaTIB.
5 Crnenudiuyni BUMOTH 10 cTaHaapTu3aiii Ta | Jl03BU1 Ha MeIMYHI
cepTudikarii OCJIKEHHS Ta JOJAaTKOBI
BUNPOOYBaHHS HE MOTPeOYe.
6 CepenHst HOpMa peHTa0eIbHOCTI B raiy3i | 65
(a60 o puHKY), %
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Otxe, naHuil pPUHOK € TpUBAOIMBUM IS BXODKEHHS 3a MOMEpPEIHIM
OIIIHIOBAaHHSIM: BHCOKHH TIONUT CIHOKMBAa4yiB Ha MPOAYKIIO BITYN3HSHOTO
BUPOOHUIITBA (B 3B 3Ky 3 11 TOCTYIHICTIO); BIIHOCHA BIICYTHICTh OOMEKEHB IS
BXOJy; CEPEIHS HOpMa PeHTAa0eILHOCTI O1TbIIa HiXK 0aHKIBCHKUI BIJICOTOK.

Hanani Bu3HauaeMo MOTEHININHI Tpynu KIIEHTIB, iX XapaKTEPUCTHUKH, Ta
dbopMyeMO OpiIEHTOBHUMN MIEPETIK BUMOT JI0 TOBAapy JUIsl KOKHOI rpymu (tad:. 4.5).

Tabmuig 4.5 XapakTepucTrka NOTSHIIMHUX KITIEHTIB CTApTaI-MPOEKTY

Ne | Ilotpeba, mio | LlinboBa aynurtopis | BiqmminnocTi 'y | Bumoru
n/m | GopMye puHOK | (IILJIbOBI CEerMEHTH | MOBEIHIT CITO’KHBaYiB
PHUHKY) PI3HUX 110 TOBapy
MOTEHIIITHUX
IJTBOBUX TPYII
KJIIEHTIB
1 3py4HICTS 1 MenuyHi Ta JiKyBaJIbHO- | BukopuctanHs | - BUnpoOyBaHa
THYYKICTh npoQIaKTUYHI B JJOMAIIIHIX MPOTYKIIIS
METOIUKHA YCTaHOBU; yMOBax abo B - HaJ1MHUH
MEJIMYHI JTabopaTopii; yCTaHOBAX. CepBIC B pasi
HAyKOBO-JIOCTIH1 noTpeoun
YCTaHOBH;
KOCMETOJIOT14HI IIEHTPH;
Mara3vHU Ta anTeKu.
2 HoctynHicte | Menu4Hi IEHTPH, [IBuakicTh -
JUTSI KOOKHOTO | Mara3uHM Ta arnTeKH. OTPUMAaHHS 3amaTeHToOBaHa
pe3ynbTaTy METO/IMKA
aHami3y, - KOMMaHis 3
PEHTA0CIBHICTD | BIIOMUM 1M'IM

B naniii TaOnuili MM BHU3HAYMIM CETMEHTH PHUHKY Ha sKOMY OyaeMo
NPOMOHYBAaTH HAall MPOAYKT, BU3HAUYMIM (DAKTOPU NPOAYKTY $SKi (OPMYIOThH
NOBENIHKY KII€HTIB BIIHOCHO HAIIOTO MPOAYKTY Ta iXHI OCHOBHI BHMOTH [0
IPOAYKTY.

OTxe, s KITEHTIB € TMPUBAOIUBUM IS BXOJDKEHHS 3a TMOMNEPEIHIM

OLIIHIOBaHHSIM: 3pYYHICTh MPOBEACHHS Ta JOCTYIHICTh AJIsl KO)KHOTO KJIIEHTA.
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MONEPEeHKEHHST TaKUX CHUTyaIiii HeoOXi1HO sKICHE O0O0JaJHaHHA,

[Ipn 3acTocyBaHHI MJaHOi TEXHOJOTIl ICHYIOTH TIE€BHI
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Jlos

a TaKOX

3arposm.

MPAaLOBaTH 3 TAKUMH MIPOTPaMaMy MOBUHHI BUCOKOKBai(pikoBaH1 (axiBIli.

Taxox, MOBUHHO CBO€YAaCHE TEXHIYHE OOCIYrOBYBaHHS JAHOTO MPOAYKTY

(Tabnuis 4.6) [28].

Tabnuns 4.6 aktopu 3arpo3

KOH(DJIIKTY Ha
cxoni

Ne . .
i daxTop 3MicCT 3arpo3u MosknmBa peakiiisi KOMIaH1i
JloctoBipHicTh  |He TouHa MeToamnka [lepexin Ha 1HITY METOJUKY YH
1 €3yJIbTaTIB 03BUTOK ICHYIOUOI1
KoHKypeHLis [Iupoxkuii acoptumenT  [JloBeeHHS Ha MPAKTHIIL, 1O
MPOAYKIlT KOHKYPEHTIB  TE€XHOJIOTIA Oyae €KOHOMIUYHO
2 BUT1THIIIOI, HK Y KOHKYPEHTIB
BincyTHicTh He 6axxanns cnioxkuBauiB [IpuBesieHHST apryMEHTOBaHUX
MONUTY Ha MEPEXOIUTU Ha HOBY TOKa31B, 110 3MI1HA TEXHOJIOT1{
MPOTYKITIT TEXHOJIOT1I0 MpUBEE 10 30LTBIICHHS TOUTY
3 Ha MPOJIYKT.
HasiBHICTB Mo>ke BIUIMHYTH Ha KoJ1o [[omryk HOBHX KIII€HTIB Ha
TTOKaJIbHOTO MOTEHI[IHHUX MOKYILIB MIKHAPOJIHOMY PUHKY

IlocTauanas

[TpoGnema 3 pipmamu
MocTavyaIbHUKaAMH

3MiHA ITOJITUKHA
03IOBCIOJKECHHS MMPOAYKTY

3riIHO 3 JaHUMH HaBeJACHUMHU B TaOuIll 4.6 MOXKHA 3pOOUTH BUCHOBOK, 1110

(dhaxkTopu 3arpo3 iICHYyIOTb, OJJHUM 3 HAWBIUIMBOBIIIUM € HE TOYHICTb METOJIUKH.

Aute opsi1 i3 KOJIOM 3arpo3 iCHYIOTb 1 TIEBHI MOKIMBOCTI (Taduist 4.7).

Ta6mui 4.2 dakTopr MOKIMBOCTEH

Ne dakrtop 3MICT MOKJIUBOCTI MoskiiiBa peakiiisi KoMnaHii
/I
1 IToTpeba B AxTyanbHa 3ay4yeHHs 1HO3eMHUX
METOMII po3po0Ka 3 HU3bKOK | MapTHEPIB
co01BapTICTIO
2 Pi3kuii momut HeoOxiaHicTh BiakpuTts perioHaaIbHUX
METOVKHU MIPEICTABHUIITB
3 BropoBamxeHns Skicue nokpaieHns | [linBuilieHHS TONMUTY Ta IIHU
HOBUX OCHOBHHX
TEeXHOJIOT1H napaMeTpiB
IPOJYKTY

103




104

[Tponosxenus Tadbmmii 4.3 @akTopy MOKINBOCTEH

4 ExonoMmiuH1 [Momituka [TigBuUIIeHHS/TOHMKEHHS [[IHU
IPOTEKIIOHI3MY; Ha IPOJYKT;
MiATPUMKA 3MEHIIEHHS MOJaTKOBOTO
1HHOBAIIHHOTO TUCKY
BUPOOHUIITBA.

3) HayxoBo- 3MIHUTHCS BrnipoBaauth TEXHONIOTIIO 1

TEeXHIYHI TEXHOJIOT15 3MIHUTH BapTICTh TOBAPY

BUTOTOBJICHHSI
TOBapy

[Ticns omiHkK (haKTOPiB MOKIMBOCTEN MPOEKTY Tabi. 4.7 MOKHa IATH 10

BHUCHOBKY, IO NIpH TakuX (aKTopax € MOMIIHMBICTh 30UIBIIUTH MOMMT, SKILIO

peakilisi KoMmaHii 0ysie y BIpHOMY HampsiMKY.

Hanmami mnpoBoguMo aHaii3 IIPOIO3MIIII:

KOHKYpEHIIIi Ha pUHKY (Ta0:1. 4.8).

BH3HAYAIOYM 3arajibHl pHuCH

Tabnuus 4.4 CtyneHeBuit aHam3 KOHKYPEHIlT HA PUHKY

Oco0muBocTi
KOHKYPEHTHOTO
cepeoBUIIA

B domy nposiBiisieTbCs
JTAHA XapaKTEPUCTUKA

BrnuiuB Ha AisSIbHICTE TAMPUEMCTBA
(MOXxUTHBI 11T KOMTIaHIi, 11100 OyTH
KOHKYPEHTOCIIPOMOKHOIO)

1. Tun konkypennii  Uwucra [TigBuIITyBaTH SAKICTh METOJIMKHU Ta
PO3po0Ka 3pyIHOT0 MPOTPAMHOTO
3a0e3MeyeHHsI

2. PiBeHb JlokanbHuii CriBnpalroBaT 3 MepeKaMu

KOHKYPEHTHO1 MEUIHIX 3aKJIaliB,

O0opoTHOU KOCMETUYHUMU LEHTPaMH,
anTeKaMHU.

3. 3a ramys3eBoro BuyTtpimnboranzy3eBa (CTBOPIOBATH MIKIally3eBi

03HAKOIO POTYKTH

4. Konkypeniis 3a
BHJIOM TOBapiB

'ToBapHO-poOBa

YKpirieHHs mTaTy Ta AOCTHKCHHS
B 33JIaHOMY HAMPSIMKY

5.3a xapakTepom
KOHKYPEHTHUX IepeBar

Herinosa

[TixBUITICHHS TOBIpH Bij KJII€HTIB

6. 32 IHTEHCHUBHICTIO

MapouHa

3aTBEPIKCHHS BJIACHOI MapKH Ha
[PUHKY
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B naniit Tabmuii mpoaHami3oBaHO PHHOK 30yTy HAIIOTO MPOAYKTY 1

BU3HAYMIIM 3arajbHl PUCH KOHKYPEHIIIi Ha HbOMY.

[Ticast aHami3y KOHKYpEHIii MpoBeAeMO OuNbII JeTalbHUI aHali3 yMOB

KOHKYpEHIIii B ramysi [28].

Ta6nuis 4.5 AHani3z KOHKypeHIli B raimy3i 3a M. [Toprepom

Hpswi [Morenuiiini  |[locTavyanbHuk . ToBapu-
KOHKYPEHTH B Kmentn .
) KOHKYPEHTH u 3aMIHHUKH
ramysi
1. Onrtnyna Benuknii 1. 3nauenns |[Po3Mip [{ina, Mapku
KOT'€pEeHTHA ACOPTHUMEHT pO3MIpy  BaKymiBejb, [KOHKYPEHTIB.
Tomorpadis | TOBapiBy MOCTaBOK, (TOPTiBeJIbHI
2. Meron KOHKYpeHTIB | JludepeHi BHaku
CKHaIFOBl MarHiTHO- Ta HASBHICTB  amif
aHal3y PE30HAHCHOI|  KJIIE€HTCHKOI BUTpAT.
Tomorpadii 0a3u Ta
(MPT). aJbTCPHATUB
3. Meroauka HUX METO/IIB
Ja3epHOL J1arHOCTUKH.
JOTIIIEPOBCH
KO1
droymerpii
[Tpu € moxnuBicTe Burorosnenns | [locrtiiina | bes
BY3bKOCTIEITiai | BXOAY Ha PUHOKAMapaTypu Ha | TEXHIYHA 00OMEKEHb
30BaHiil cepi |mpu sKiCHIM  |0a3i MiATPUMKA
KOHKYPCHIIIS € | MCTOJIMIII. MmocTavyajabHUKI | arapaTiB Ta
BUCOKOIO B [Ipssmux B. YIAOCKOHAJIE
BucaoBkuOOpoTHOI 32 KOHKYPEHTIB HHS
: KpaIi METOJIM | HeBEJIMKa METO/IHK.
aHasizy KUIBKICTb. Bumoru 1o
e(heKTUBHOCTI IIHH 1
3ac00iB. SKOCTI
MPOIYKTY.

3a pesyiabTaramMu aHaiizy Taonuil 4.9 MoxkHa 3pOOWTH BHUCHOBOK, IO B

JTAHOTO TPOEKTY € BCl MOMKJIMBOCTI pOOOTH HAa PHUHKY, BPAaXOBYIOUM HHU3bKY

IHTEHCUBHICTh KOHKYpeHIlii. TakoX MPOEKT SKICHO BIAPI3HAETHCS BiJl MPOEKTIB-
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KOHKYPEHTIB (3a0€3MeuyeTbcsi TOYHICTh BUMIPY 3 MOKIIMBICTIO aHAII3Y,
MOOUIBHICTh Ta IOCTYIHICTh CIIOKMBaYaM, 3a0€31MeUyeThCS KOMIUICKCHUHN TIX1).

[Ticast BCix aHami3iB BU3HAYAETHCS Ta OOTPYHTOBYeETECs MEpemik (HakTopiB
KOHKypeHTOCTIpOMOXHOCTI [28]. [loku MpOEKT HE BIPOBAIKEHO B KUTTS, IIE
BAXKO  3pOOMTHM  TOYHO, MOXKHA JIaTW  JIMIIE  [ONEPEeIHI0  OIIHKY
KOHKYPEHTOCTIPOMOKHOCTI.

Tabnuus 4.6 OOrpyHTyBaHHS (aKTOPiB KOHKYPEHTOCTIPOMOKHOCTI

Ne OOrpyHTyBaHHS (HaBeJACHHS YNHHUKIB, 1110
daxrop poOATH (haKTOp AJIs MOPIBHAHHSA KOHKYPEHTHUX
/I |KOHKYPEHTOCTIPOMOKHOCTI MPOEKTIB 3HAUYIIINM)
IMoke BHKOPHUCTOBYBAaTHUCS amMOUIaTOPHO Ta B
1  [MoOUIbHICTB NEPCOHATIBHUX LIIAX
J[0CTOBIPHICTH
2. |pe3ynbTaTiB 3a0e3neuyeThes SIKICHUM MaTEMAaTUYHUM aHaJIi130M
Ha ocHOBI aHallizy MOXJIMBUN BiJpa3dy aHai3
3. |KommuiekcHUM miaxiza QIIEpT1YHOI peakiii Ha MIKIpi.
4. [Hac ananizy 3a0e3neduye MBUAKUAN aHATI3 PE3YJIbTATIB
3a0e3neuyThes BUKOPHUCTaHHSAM ICHYIOUMX
5. [locTynHiCTb METOJAMHU J1aTHOCTHKU.

Ha punky Bxke icHye OaraTo KOMIaHIM, aje 3a paxXyHOK HOBOTO CIOCOOY
aHami3zy eQgeKTHUBHOCTI Jii 3aco0iB, MIABUILYE MIBUAKICTH 1 3PY4YHICTH Yy
BUKOPUCTaHHI, a TaKOX [I€PEeBarol € aHali3 aJepriyHoi peakuii, Mo Jae
MOXKJIUBICTh CTaTH KOHKYPEHTOCHPOMOXXHOIO KOMIMAHIED 1 OTPUMATH CBOIO
YaCTUHY KJII€HTIB.

B tabnumi 4.10 Ha OCHOBI aHaJi3y MPOBEACHOTO B TaOuIll 4.9 BUBHAUMIIN T
oOrpyHTyBanu (akTopu KOHKYPEHTOCIIPOMOXKHOCTI TMPOEKTY, TaK SK Ha PHHKY
icHye 0araTo KOMMAaHIA 3pOCTaE KOHKYPEHIlisl, aje 3a paxyHOK IIBHIKOCTI
MIPOBOJIKEHHST aHaNi3y Ta 3pYYHOCTI Y BUKOPHUCTAHHI Ta BU3HAYEHHS aJIepridyHOi
peakmii, 11 (akTopu MAIOTh MOXJIHMBICTh CTaTU KOHKYPEHTOCIPOMOKHOIO

KOMIIaHI€10 1 OTPUMATH CBOIO YACTUHY KIIIEHTIB.
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Tabmuis 4.7 [opiBHSUTBHUN aHANI3 CUJIBHUX Ta CIA0KUX CTOPiH «Brimus
010JI0T1YHO aKTUBHUX PEUOBUH Ha IIKIPSHUIN MTOKPOBY

Ne PeiiTuHr TOBapiB-KOHKYPEHTIB y
. | bamm . )

1/ | @akTOp KOHKYPEHTOCTIPOMOKHOCTI 1-00 | TIOPIBHSHHI 3 METER Kompany
i 3| -2|-1]0 |+1|+2 | +3

1 | HasBHicTh MaTeHTIB 16 +

2 | Benuka KigpKiCTh IOCTa4abHUKIB | 15 +

3 | Bucoka sKicTh 17 +

4 | TexHiuHa MATPUMKA 19 +

5. | llina 14 +

3 tabmuip 4.10 ta 4.11 6auumo, mo (HakTopu KOHKYPEHTOCTPOMOKHOCTI
CYTTEBI Ta MalOTh BEJIMKWH ITO3UTUBHUM BHECOK IPH BIPOBAHKCHHI HOBOTO
crioco0y aHali3y BIUIMBY O10JIOT1YHO aKTMBHHMX PEYOBHMH HA IIKIpi, IO IMiJBUIIYE
MIBUAKICTH 1 JOCTYIHICTb, TakKOi X SIK 1 Yy KOHKYpPEHTIB, MpPOAYKT €
KOHKYPEHTOCTIPOMOKHHM, 1 Ma€ XOPOIIIi MMAaHCH JJISI BUXOAY Ha PUHOK.

Ha ocHOBi BHAUIGHUX PUHKOBHUX 3arpo3 Ta MOMJIMBOCTEH, Ta CHUIBHUX 1
cnabkux ctopin Ta6iu. 4.11 3poGieHo aHami3 MOXKJIMBOCTEM BIPOBAKEHHS
npoekTy € ckiaganHs SWOT-ananizy (matpuili anamizy cuinbHux (Strength) Ta
cnabkux (Weak) cropin, 3arpo3 (Troubles) ta moxkimBocteit (Opportunities)
Tabm.4.12 [28].

Tabmuus 4.12 SWOT- anani3 crapramn-mpoeKTy

CuJbHI CTOPOHHU: CnalbKi CTOpOHHU:

BukopucTaHHs ICHYIOUHUX METO/IIB;

TouHICTh BUMIPIOBAHHS;

CTBOPCHHA HOBHUX.

OOnacH1 DOCHIIKEHHS Ta BILINB, Vuikaneae II13  gug oOpoOku
BB KOHKpETHUMU 9acTOTaAMU; pe3ynbTaTiB

BnpoBamxeHHs pe3yIbTaris;

MoO1IBHICTB, 3pYYHICTh Y BUKOPUCTAaHHI

MOKIHBOCTI: 3arpo3u:

3aKpINUTUCH HA PUHKY TOBApIB Ta MOCIYT; | 30UIbLIEHHS KOHKYPEHIII Ha pPUHKY
KOHKYPEHTOCIIPOMO>KHICTb; MEIUYHOT TEXHIKU Ta B
1HO3€MHI1 1HBECTHIIIT; KOCMETOJIOTI, MosiBa HOBHUX
Momu@ikaiis  ICHYOUMX  amapariB  Ta | TEXHOJOT1i.
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Ha ocnoBi npoBeaenns SWOT- aHaini3y BUSBJICHO, IO 32 PaXyHOK CHJIBHHX
CTOpIH MPOAYKT OyJle KOHKYPEHTHOCIIPOMOXKHUM Ha pUHKY. PHUHKOBI 3arpo3u Ta
MOJKJIMBOCTI Ha BiIMiHY BiJ] ()aKTOPIB III€ HE € peai30BaHUMH Ha PUHKY Ta MalOTh
NEBHY WMOBIPHICTH 3/11ICHEHHS.

Ha ocnoBi SWOT-ananizy po3po0yiseMO albTEpPHATUBH PUHKOBOI
MOBEAIHKA JUIsI BUBEACHHS CTApTall-MIPOCKTy HAa PHHOK Ta OPIEHTOBHUU
ONTUMAJBLHUM Yac iX PUHKOBOI peaiizailii 3 Orjsay Ha HOTEHIIHHI MPOEKTH
KOHKYPEHTIB, III0 MOKYTb OyTH BUBEJICHI HA PUHOK.

BusnaueHni anbTepHATHBU aHATI3YIOTBCA 3 TOYKHA 30py CTPOKIB Ta
HMOBIPHOCTI OTPUMAaHHS PECYPCIB.

Tabnuis 4.8 AnbTepHaTHBY PUHKOBOTO BITPOBAIKEHHSI CTAPTAI-TIPOCKTY

Ne AnbpTepHaTHBa (OplEHTOBAHIN VIMoBipHiCTb Crpoku

n/n KOMILJIEKC 3aXO0/1B) pPUHKOBO1 OTPUMAaHHS PECYpCIB peanizanii
MOBEJIIHKH

1 3alTydeHHs HOBHX CIIO)KHBauiB — | FIMOBipHiCTh BUCOKA, 1 poxu

B NOpOoQUIBHMX MEAUYHHUX Ta | OCKUIBKH SKILIO JIaHa
KOCMETOJIOTIYHHUX YCTaHOBax [UIs | allbTEpHAaTHBA
CTBOPEHHSI CTIMKOrO TIOMUTY Ta | BUSBUTHCS HOBITHBOIO
320X0YCHHS. PO3pPOOKOI0.

2 BcraHoBiieHHs BHUCOKOT ﬁMOBipHiCTL Maja, 6 MICSIIB
NEPBUHHOI I[IHM Ha HOBHI TOBAp | OCKIIBKH 1CHYE
JUISL  TIOCTYIIOBOTO  OTPHUMAaHHS | albTepaHTHUBHA
MaKCUMaJbHOTO MPUOYTKY 3 yCiX | KOHKYpEHLIs Ha
CETMCHTIB  PHHKY, TOTOBUX | PUHKY.
3arIaTUTH BHCOKY IiHY.
Kommanist orpuMae MeHii oocsru
POJIaXKy 3a OUIBIIOTO MPUOYTKY 3
KOKHOI ~ peayli30oBaHOi  OJIMHMIII
TOBApYy.

3 BcranoBieHHs HHM3BKOI IIIHA Ha ﬁMOBipHiCTB BHCOKa, 4 micArB
HOBUU TOBap [JIl 3allyu€HHS | OCKUIbKYU JTaHHM
OUTBIIOT KUIBKOCTI TOKYHI[B 1 | MPOEKT Ma€ BEITUKY
3aBOIOBAHHSI BEJIMKOI /IO PUHKY. | KUJIBKICThH IEpeBar, €
IHHOBAIIIMHUM, IIIO B
MO€AHAHHI 3 HU3bKOIO
I[IHOKO CTBOPUTH
BEJIUKUH TTONUT Cepet
CIIO>KMBAYIB.
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Ha ocHoBi anamizy, Tabnumi 4.13 MoxHa 3poOUTH BHCHOBOK: 3 3a3HAYEHUX

AJIbTCPHATHUB O6I/Ipa€MO TPCTIO, OCKIJIBKH JJIs1 I[&HOT AJIbTCPHATUBHU OTPHUMAHHA

pecypciB € HaWOIIBIN MPOCTHM Ta HAIIWHUM, CTPOKH peasti3allii Ta BU3HAHHS Ha

PUHKY BiIOyIyThbCS B HAMKOPOTIII TEPMIHU.

OTxe o0upaemMo CTpaTeriio

KOMHCHC&Hﬁ ci1abKux CTOpiH cTapTaily HadBHUMH PUHKOBHUMH MOKIIMBOCTAMMU.

4.4 Po3po0JieHHsI pUHKOBOI cTpaTerii NpoeKTy

Po3po0iieHHa pUHKOBOI CTpaTerii NepIIMM KPOKOM Mependavyae BUSHAYCHHS

CTpAaTerii OXOIUJIEHHS! PUHKY: OMKC HIJILOBUX IPYI MOTEHUIMHUX CIOKMBaYiB [28].

Tabnuus 4.9 Bubip nins0BUX rpyI MOTEHIIHHUX CIOKHUBAYiB

OpienToBa
Onuc npodisiro ['oTOBHICTH | HUM MOMUT :
. . . InTencuBnicTs | IIpocTtoTa

Ne | minpoBOi rpynu | CHOXHBaYiB B MEXKax

o . : . | KOHKYpEHIIii B | BXOIy B

n/m MOTEHIITHIX CIPUIHATH IJTHOBO] .

CTierTin S — —— CEerMEHTI CEeTMEHT
(cerMeHTty)

1 Meauuni l'otoBi  1pm 75-80% | Huspka bes
YCTAHOBH  YCIX | HAsIBHOCTI IHTEHCUBHICTh | OOMEKEHb
dbopM BIACHOCTI | JOKA30BO1
Ta 0a3u.

KOCMETOJIOTT4H1
LEHTPHU.

2 Hayxoso- l'otoBi mpu| 20-25% | Cepenns HasBHi
JIOCITITH1 HAsSIBHOCTI IHTEHCUBHICTh | OOMEKEHH
YCTaHOBH, ZI0Ka30BO1 i
3alliKaBJIeH1 y | 6a3u
aHai31 MIKIPH.

3 [HuBigyanbH1 l'otoBi, 1pm 10% Cepenns bes
CITOJKHBaYl, HasIBHOCTI IHTCHCUBHICTh | OOMEXCHb
3alliKaBJICHI y | motpedu
aHamizli  WIKIpU
micIs
3aCTOCYBaHHS
3aco01B.

Sxi minpoBi rpynu Oyno 0OpaHO: MEAMYHI Ta KOCMETHYHI YCTaHOBH, HAyKOBO-

JIOCITIJTHI YCTAaHOBH.
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3a pesynbTaTamMu aHali3y NOTEHIINHUX TPyH CIOXUBa4YlB MOTEHIIHHUN

MOMUT MOKE€ BUHUKHYTHU BiJl KOCMETUYHHX LIEHTPIB, 3alIKaBICHI Y JOCIIIHKEHHAX

aHaJi3y MIKipH, MPOBOASYM CTPATETII0 KOHIICHTPOBAHOTO MAPKETHHTY.

Jlns poboTu B 0OpaHOMY CETMEHTI PUHKY HEOOX1THO chopmyBaTu 06a30BY

CTpATETii0 PO3BUTKY.

Ta6muis 4.10 Buznauenns 6a30Boi cTparterii po3BUTKY

: KirouoBi bazoBa
Ne OOpana Crpareris . )
KOHKYPEHTOCIPOMOXHI | CTpaTeris
1/ aJpTepHATUBA OXOIUICHHS . :
MO3HUIIIT BIAMOBIAHO 10 | PO3BUTKY
I | PO3BUTKY MPOEKTY PUHKY ; *
o0paHoi aJIbTepHATUBU
BcranoBneHHs Crpareris o KomrmiekcHui Crpareris
HU3bKOI IIHU Ha | qudepeHuiiona T TX 1T, mudepe-
HOBUM TOBAap I | HOTO e JIOCTymHICTB HINami
3aJIy4eHHs OLIbIIOT | MAPKETHUHTY Hai€HTaM;
KUIBKOCT1 TOKYIIIB e Ilpocrora
i 3aBOOBAHHSI peaﬂl?)aull,
BEJIMKOI Ao e MOOUIBHICTB;
PUHKY.

B Ttabmuui 4.15 B 3amexHOCTI BiJ OOpaHOTO HaMH CETMEHTY PHHKY

00MpaEMO CTPATETi0 PO3BUTKY HAIIOTO MPOEKTY HA PUHKY.

Hactynmaum kpokom € BUOip cTpaTerii KOHKYpEeHTHOI oBeAiHkH (Ta6i1.4.16).

Tabmuusg 4.11 Busnauenns 6a30Boi cTpaTerii KOHKYpPEHTHOI MOBEIHKH

Yu Oyne
Yu Oyne koMmnaHis KOMIIaH1s
ITYKaTH HOBHUX KOITIFOBaTH .
Yu € npoekr . . Crpareris
Ne ) CITIOJKMBaYiB, 200 OCHOBHI .
«TIEePIIOTIPOX1IIEM KOHKYPEHTHOT
n/m 3abupaTtu XapaKTEePUCTUKHU N
Ha PUHKY? ) MMOBEIIHKN
ICHYIOUHX Y TOBapy
KOHKYPEHTIB? KOHKYPEHTA, 1
K17
1 Hi 3abupatu Tak. Cyts | Ctpateris
THCHYIOUHUX y | ToBapy B | 3aHATTS
KOHKYPEHTIB. MO€JHAHHI  Ta | KOHKYPEHTHOT
MOKpAIICHHS HIIII.
CYKYITHOCTI
ICHYIOUHX
BJIACTUBOCTEM.
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B Tabnumi 4.16 mpoBoauMo aHami3 TOro K OyJeMoO MOBOAMTH cede B
KOHKYpPEHTHIH# O0pOThO1 1 B 3aJIEKHOCTI BiJI MPUUHATHX HAMU PIIIEHb 0OHpPaEMO
CTpaTerito KOHKYPEHTHOI OBEIIHKH.

Ha ocHOBI BUMOTr crokuBayiB 3 0OpaHOrO CErMEHTY JI0 MOCTadajbHUKA 1
MPOAYKTY, a TaKOXX B 3aJeXKHOCTI B cTparerii po3BUTKY Ta cCTpaTerii
KOHKYPEHTHOI ~ TMOBEMIHKH  PO3pOOJSEMO  CTpaTeriro  MO3UIIIOBAHHA  sIKa
BU3HAYAETHCS Y (OpPMYyBaHHS DPHHKOBOI MO3WINi, 3a SKUM CIIOKMBadi MaroTh

11eHTU(IKyBaTH MpoekT [28].

Tabnuusg 4.17 BusnaueHHs cTparterii O3ULIOHYBaHHS

Bubip acormiarii,

Kirouoni K1 MAlOTh
Ne | Bumorn 1o ToBapy Ba30Bg KOHKYPEHTOCIIPO chopmyBaTu
n/n | wimbosof ayauropii CTpaTeris MO>KHI TTO3UIIIT KOMILIEKCHY
PO3BUTKY BJIACHOTO MIO3UIIII0 BJIACHOTO
CTapTaI-IpOeKTy MPOEKTY (TpH
KJIFOUOBHX )
3abesneuye BHCOKY | Ctpareris | KoMriekcHui 3a  TOKa3HUKaMHU
TOYHICTh nudepeHItia | maxi; SKOCTI,;
BUMIPIOBaHb i JlocTymHICTh 3a cheporo
OCHOBHUX nalieHTaM; 3aCTOCYBaHHS;
napameTpiB; MOoO1JIbHICTD; 3a PI3HOBUIOM
MoXHBICTh aHaJI3y TOBapy.
OTPUMaHHX
pe3yNbTaTIB;
['HyukicTh
METOJIUKH;
JlocTymHICTh

KOXXHOMY TaIlI€HTY;

B naniii tabmuui GopmMyeMo KOMIUIEKC acollialiii 3a SIKUMHU CIOKHBayl
OyayTh 11IeHTU(]IKYBATH HAII TOPT1BEIbHUI MPOEKT.

PesynbraToM maHoOro MiAPO3NITYy € CHCTeMa pIlieHb I0J0 PUHKOBOL
MOBEIIHKM KOMIIaHii, BOHa BU3HAYA€ B IKOMY HarpsiMi OyJie MpaioBaTH KOMIaHis

Ha PUHKY
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4.5 Po3po0J/ieHHsI MAPKETHHI0BOI IPOrPaMM CTAPTAN-NIPOEKTY

[lin yac po3poOsieHHs MapKETHMHIOBOi NPOTpaMU MEPIIMM KPOKOM €

po3po0Ka MapKETUHIOBOI KOHILIETIIT TOBapy, AKUH OTpUMAa€E CHOKKUBa4d. Y TaOIuIIl

4.18 miIcyMOBYEMO pe3yIbTaTH aHaJi3y KOHKYPEHTOCIIPOMOXKHOCTI ToBapy [28].

Ta6muig 4.12 BuzHaueHHS KIIIOYOBHUX MEpeBar KOHIIEIIIT TOTSHIIHHOTO

TOBAp
KirouoBsi nepeBaru
nepen
Ne Morpeta Bumora, sxy KOHKYpEHTaMHU
n/m IporoHye ToBap | (ICHyroul ado Taki,
110 MOTPiOHO
CTBOPUTH)
1 TouHicTh 3abesneuye TouHicTh
BHUCOKY TOYHICTh | BAMIPIOBaHHS
BUMIpPIOBaHb 3a0e3neuyeThes
OCHOBHUX BUKOPHCTAHHSAM
napameTpiB. 1HHOBaLIMHO1
nudpoBoi
anaparypu.
2 Amnani3 Jlae  MOXIUBICTH | SIKICHUN ~ aHai3
aHaizy pe3ynbTaTiB
OTPUMaHUX 3a0e3nevyeThes
pe3yNbTaTiB Ta | MATEMaTUYHUM
dbopmyBaHHs 0a3u | aHATI30M Ta
JaHMX. BUKOPHUCTAHHSAM
KOMIIT IOTEPHOTO
I13.
JoctynHicTh JoctynHicTh [IpocToTta
3 KOXXHOMY peanizarii Ta
HAIIEHTY. HEBHUCOKA
BapTICTh.
4 MOoO1JIbHICTD 3pyuHa Ta | MOOUIBHICTB
MOOUIBHA KOHCTPYKITi.
KOHCTPYKIIIS.

PesynbpTaToM aHamizy gaHOi TAOIMIN € TEepeNTiK KIYOBUX IepeBar HaIioro

TOBapy Iepes] KOHKYPEHTaMHU, a TAKOX MEpeBaru skl NOTPiOHO 111€ CTBOPUTH.
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Tabmuis 4.13 Onuc TppoX piBHIB MOJIENI TOBApY

PiBHi TOBapy

CyTHICTB Ta CKJIaJIOBI

I. ToBap 3a

Crioci6 BM3HA4YEHHS BIUTUBY O10JIOTIYHO aKTUBHUX PEYOBHH Ha

3alyMOM MIKIPSHANA ~ TOKPOB, SKWM 3a0e3redye IMBHAKE OTPUMAHHS
TEIUIOrPaMU IIKIPU 3 MOXKIIUBICTIO HOTO aHaMI3y.
II. Tomap vy Bnactusocti/ M/Hwm Bp/Tx /Ta/E/Op
pealbHOMY XapaKTEPUCTUKU
BUKOHAHHI 1. ExonomiuHi BapricTthb Bignocno
00CITyroByBaHHs HEBHCOKA
2. TexuiuHi Bup curnany IMITynbCcHUH,
yJIbTPa3BYKOBUH
3. Hagniitnocti Crpok 4 poku
0€e3B1IMOBHOI
poboTu
4. TexHonoriuHi TpyaomicTkicTh IIpocra
BUT'OTOBJICHHS peanizaris
IPOEKTY
5. Epronomiuni 3py4HICTh 3pyuHe
yIpaBJIiHHS
6. Tpancnopra- MoO1i/bHICTD MobinbHe
OeNbHICTh yCTaTKyBaHHS

SIKICTh: TATEHT HA KOPUCHY MOJIEIb

[lakyBaHHSI: KapTOHHa KOpoOKa 13 TOPriBEJIbHOIO MapKoIo,
HA3BOIO MPOAYKTY 1 TEXHIYHHUMH XapaKTePUCTUKAMHU

Mapxka: HTYY «KIII im. 1. Cikopcbkoro» BusHaueHHs BILTUBY
010JI0T1YHO aKTUBHUX PEUOBHUH Ha MIKIPSHUN MTOKPOB.

III. Tosap i3
iIKPECISHHIM

Jlo mponiaxky: MOKJIMBICTh aHaji3y Ta BUKIIOUEHHS HETAaTUBHUX
pe3ynbTaTiB HA OCHOBI aHAII3Y.

[Ticnsa mpojaxy: MOXIMBICTE CTBOPEHHS HOBUX Ta MOAMQIKaLii
ICHYIOUMX METOJIB aHaji3y BIUIUBY 3aC001B Ha MIKIPI .

3a paxyHOK 4YOro TMOTEHIIWHUNA TOBap OyJe 3axuIIEeHO BIJ KOIIIOBAHHS:
MAaTeHTYBAaHHS CIOCO0Y Ta MPUCTPOIO.

B Ttabmumi 4.19 cTBOpIOEMO TPHOXPIBHEBY MOENbh HAIIOTO TOBApy IO

BKJIIOYA€ 3aJyM TOBapy Ta HOro BUTOJM, OCHOBI XapaKTEPUCTUKUA TOTOBOTO

TOBapy, CIOCIO HOTo MaKyBaHHs Ta 3aXUCTY BiJ KOMIIOBaHHS Ta IJiariary.

HactymHuM KpOKOM € BH3HAQYEHHSI IIHOBUX MEX, SKUMU HEOOX1THO

KepyBaTHCs MPH BCTAHOBJICHHI 1IHU Ha MOTEHIIIMHUN TOBap, 1ie epedavae aHami3

I[IH TOBAapiB KOHKYPEHTIB, Ta I0XO/1B CIIOKHBaviB MPOAYKTY (Tabdi. 4.20).
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Taomuis 20 BusnaueHHs MeX BCTAaHOBJIEHHS [{IHA
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PiBenb Bepxns ta
Ne | Pisens uin na Tosapu- PiBeHb IiH Ha JIOXOTIiB HYDKHST MEXKI1
: TOBapH- IIJTHOBO] BCTAHOBJICHHS
n/m 3aMIHHUKH )
aHaAJIOTH rpynu I[iHU Ha
CIIOKMBAYIB | TOBApP/TIOCIYTY
1 |IR TG 165 TerutoBuzop | 13 000 rpH. 12-15 000rpH. | 13000/19000
Odunmansubiit HoBblit IPH.
2 | TemnoBuzop Flir One | 16 500 rpH. 17000/22000
PRO TpH.

B Tabnuui npoaHaii3oBaHO pUHKOBI I[IHM HAa TOBApU aHAJIOTU Ta 3AMIHHUKH,

a TaKOX CepeAHiil piBEHb JOXOJIB CIOXKHUBadiB. 3a OTPUMAaHUMH JAHUMHU OYyIy

BCTAHOBJICHA BEPXHS Ta HIKHS MEXa Ha Hallly rporpamy [28].

Tabnuus 4.14 ®opMyBaHHS cUCTEMH 30yTy

No Crnenudika ®dyHKI1T 30yTY, K1 ['mubuna OnrtumanbHa
/T | 3aKymHiBEIbHOT Ma€ BUKOHYBaTH KaHaIy cucrema 30yTy
MOBEIHKH MOCTaYaIbHUK 30yTy Bnacna cucrema
L1JIbOBUX TOBapy 30yTy.
KJIIEHTIB Bupo6Huk
1 | Opientanist Ha | BctaHoBlIeHHS 0 0e3rmocepeIHbO
MOAU(IKOBaHY | KOHTAKTIB 13 (e3 IIPOJAEe TOBap
3aKyI1BJIIO CIOKMBavyaMH Ta MOCEPEIHMKI | KIIIEHTY i
(3MIHY IIHM Ha | MATPUMKA iX B) BUKOPUCTOBYE  TPH
TOBap dopMyBaHHS cnocodu  MpsAMOro
(mociyry), abo | HOmuTYy i MPOIAXKY :
3MIHY KIJIBKOCTI | CTUMYJIOBAHHS - TopriBas
MTOCTa4YaHHS) 30yTy gyepes
Mara3uHu
- Tlocunkosa
TOPTIBIIA
- Toprisns B
po3apiod
- Toprisas
yepe3
IaTepuer
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MIXK

CIOKMBa4YaMHM Ta BHpOOHMKaMu. B Hamomy BUMNaaKy 1€ poboTa Hampsmy 3

BUPOOHHMKOM Ta peaizallii mpoaykTy yepe3 [HTepHerT.

Tabmuis 4.15 Konrenirisi MapKeTUHTOBUX KOMYHIKAIIIi

No | Cnerudi | Kananu Kirouosi 3aBaaHHs Konuermiu
n/ | Ka KOMYHIKaIIi#, MO3HIII], PEKIIaMHOTO a1
I | IOBEIIHK | AKUMH oOpaHi JUIA | HOB1JOMJIEHHS pPEKJIIaMHO
u KOPUCTYIOTBCSl | TIO3UITIOHYBAaHH O
LUIbOBUX | I[IJILOBI KJIIEHTH | 5T 3BEpHEHH
KJIIEHTIB s
1 | Opienran | Dopmanshi/Hed | Kommekcuuit | [HpopmyBanHs Hanui
15 Ha | OpMaIbH1 X1 CIIO’KMBAaYIB,; MPOAYKT €
PETYISIPH | KaHAU JocTymnHiCcTh CtumMymnroBaHHS 1HHOBAIlI !
1 KOMYHIKaIIii Mali€HTaM; MPOAAXKY; HAM Ta
MOCTaBKHU MobinbHicTh; | [lomyk — BUTIIHHX | YHIKaJIbH
MapTHEPIB,; UM

PesynbraToM paHOro MiANMYHKTY € PUHKOBA TIporpaMa sika BKIJIIOYAE

KOHIIEMI[II0 30yTy, MPOCYBaHHS, aHaji3 I[IHOYTBOPEHHS, BOHA 3aJIC)KUTh BiJl
LIHHOCTEHN Ta MOTpeO MOTEHUIMHUX KIIIEHTIB, IEPEBAry 1/1€i, CTaH pUHKY Ha SIKOMY
OyJe BIPOBAKEHO MPOEKT Ha JJAHWK MOMEHT Ta MOro AWMHAMIKY, Ta BIAMOBIIHY
oOpaHy ajbTEpHATUBY MOBEAIHKA HA PUHKY

VY3aranpHIOIOYM TPOBEACHHUIM aHaji3 cTapTam MPOEKTYy MOXKHA 3pOOHUTH
BUCHOBOK II[0 Y JaHOTO MPOEKTYy Ha JaHUM MOMEHT € XOpoIlla MOXJIHUBICTh
PUHKOBO1 KOoMepIliaizalii. 3 TUHaAMIKOK PUHKY Ha pO3pOOJICHUN MPOAYKT 1ICHYE
BEJIUKHM TIOTHT y CTIOKMBAYIB Ta 3 TOUYKH 30Py PEHTA0ETHLHOCTI TPOCKT Mae OyTH

NpUOYTKOBHIA.
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BucHoBku 10 po3ainy 4.

MOoXIHMBICTP PUHKOBOI KOMepIliami3allii MpoeKTy AOCUTh BUCOKA, OCKIIBKU
HasiBHUM BHUCOKUMM TMONMT CIOXHMBAaudlB B KOCMETOJOrIl; BIJHOCHA
BIJICYTHICTb OOMEXKEHb I BXO/y; MO3UTHUBHA TUHAMIKAa PUHKY MEIUYHOTO
oOnaJiHaHHS; CEepe/lHd HOpMa PEHTA0ENbHOCTI Oiblia HIK OaHKIBCHKHIA
BIJICOTOK.

JlaHuii MpOEKT Ma€ BC1 MOKIIMBOCTI pOOOTH HA PUHKY, BPaXOBYIOUU HU3bKY
IHTEHCUBHICTh KOHKYpeHIi. 3a OIBIIICTIO TOKa3HWKIB BiH SKICHO
BIJIPI3HSIETHCS BiJl MPOEKTIB-KOHKYPEHTIB, MAa€ IOCTATHIO KIIBKICTh CHJIBHUX
CTOPIH Ta € KOHKYPEHTOCITPOMOKHHUM.

JIsist maHOTO TIPOEKTY 0OpaHO OYJ0 anbTepHATUBY (BapiaHT) BIPOBAIKEHHS,
ska 0a3yeTbCs Ha BCTAHOBJICHHI HHU3bKOI I[IHM HA HOBUH MPOIYKT IS
3a]lydeHHs] OUTBINOI KUTHKOCTI TOKYMINB 1 3aBOIOBAaHHS BEJIMKOI YaCTKU
PUHKY TpU HaAMOUIBII MPOCTOMY Ta HAAIMHOMY OTPUMaHHI PECypCiB €
HaNOUIBII MPOCTUM Ta HAJIMHUM, a TEPMIHM peajtizallii HAKOPOTIIUMHU.

OTxe, MoAaNbIIly IMIUIEMEHTAITIF0 TPOCKTY MOYKHA BBAXKATU JIOIIBHOIO.
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3AT'AJIBHI BUCHOBKHA

B nawniit marictepcbkiit aucepTaiii Oys10 BAKOHAHO HACTYITHE:

1.

[IpoBeneHo aHami3 JITEpAaTypHUX JOKEpENT CTOCOBHO  OCHOBHHUX
napaMmeTpiB IkKipu Ta i1 (QyHKIINA, MpoaHali30BaHO ICHYIOYl METOIH
JOCIIKEHHS MIKIPSHOTO TTOKPOBY, pO3p00JIEHO 1X Ki1acudikailiro.
PosrnsitHyro  anropuTM  OTpUMaHHSA — PIBHSHHS IS PO3PaXyHKY
MIHIMAJIbHOI PO3JUIBHOI PI3HUII TEMIEpaTyp Ta OOpOOKH 300pa’KeHb
METOJIaMH  CIIEKTPAJIBLHOTO aHallizy, OOpaHO METOJ KOPEJSIIHOTO
aHaNi3y AJIs MOAAIBIIOI OOPOOKH TEIIorpam.

[IpoBeaeHo pochiKeHHs il O10JOTIYHO AKTHMBHUX PEYOBHH TPYIHU
HIJIOCTHITHUX HAHECEHUX Ha IIKIPYy KOCMETHYHUX Ta JIKyBaJbHHUX
3aco0iB 3a JOTMOMOTOI0 TMOCIJOBHUX Cepiil 3HIMKIB 3 (hOTOKaMepHu, 110
npamoe B IIHUPOKOMY  CICKTPAJIbHOMY Jiama3oHi, MICIS 4O0TO
MIPOAHAJII30BaHO 3MiHY 300pa)xkeHb B 1H(padepBOHiil 00JaCTI 10 Ta MiCis
3aCTOCYBaHHS 3ac001B, TP I[bOMY BpaxoBaHa YacoBa CKJIa/I0Ba BIUIMBY.
OTpuMaHO  eKCIEpUMEHTallbHI  JlaHI  I0JI0  BUSIBJICHHSA  3MiHU
TEMITEpaTypHUX XapaKTEPUCTHK IIKIpH 3a JOIMOMOTOI TO0YI0BaHHUX
rictorpam Ta B 3] rpadikiB 3MiHU TeMIIepaTypH AUISTHKH IIKIPH.

Jna aHamizy cnocoOy BIUIMBY OI0OJIOTIYHO aKTUBHUX PEYOBHH OyIIo
3aMpONOHOBAHO KOPUCHY MOJIEIb 3 BAKOPUCTAHHSIIM TEIJIOBi30pa.
[ToennanHs amapaTHUX METOJIB JIarHOCTUKM Ta Cy4YacHUX 3aco0iB €
NEPCTICKTUBHUM ISl CTBOPEHHS CHCTEMH 3PYyYHOTO KOHTPOJIIO CTaHy

IIKIpH TICHs i1 01070T19YHO aKTUBHUX PEYOBUH Ha IIKIPi.
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