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AHOTAIIS

Kysneyosa K. C. MikpoXBUIbOBa I€IEKTPOMETPIS CHJIBHO TMOTJIMHAIOYMX PIIUH Ha
OCHOBI IIApyBAaTHUX E€JIEKTPOJAUHAMIYHUX CTPYKTYyp. — KBamidikamilina HayKoBa mparis Ha

paBax pyKOIHCY.

Jucepramiss Ha 3100yTTS HAYKOBOTO CTymeHS 1oKkTopa dimocodii 3a
cnemianpHicTIO 104 «®i3uka Ta actpoHomis» (10 — Ilpuponnudi Hayku). — [HCTUTYT

paniodizuku Ta enektpoHiku iM. O.5. YcukoBa HAH Ykpainu, Xapkis, 2023.

PoGota mpucBsiueHa po3B’sI3aHHIO AaKTyaJdbHOI HAYKOBO-TIPUKIAAHOI 3aaadyi
BUSIBJICHHS OCOOJIMBOCTEM TIOIIMPEHHS €JIEKTPOMArHiTHUX XBUJb VY IIapyBaTUX
eJIEKTPOIMHAMIYHUX CTPYKTYpPaX, IO CKJIAJAIOTHCS 3 KPYTJIOrO METaJIeBOr0 XBUIEBOY,
B IKOMY MICTUTBCS IIMITIHAPUYHUH M1€IEKTPUYHUN CTPHKEHb, OTOUYCHUN IAPOM CHUIIBHO
MOTJIMHAIOYOT PiIMHU. BU3HAYEHO JiENEKTPUYHI BIACTUBOCTI BOAHUX PO3UYMHIB JCSIKUX
O10JIOTIYHO AKTHUBHUX pPEYOBUMH (AHTUOIOTHKH, TJIIOKO3a, CHUPOBATKOBUN allbOyMIiH
JOJMHU, IMyHOTJIOOYIiH G JIIOJUHU, BOJIHI Ta COJIbOBI PO3YMHHU OLIKY aabOyMiHY 3
JOJaBaHHSIM TJIOKO3U, AUPTEPIMHUN aHATOKCHH) Ta PO3UYMHIB, B SIKMX B110YBa€ThCs
O10XIMIYHA peakuis, METOAOM AU(PEPEHIIIHOI AIeIeKTPOMETPIi B MIKPOXBHIbOBOMY
Jlana3oHi 4YacToT, B 00JacTi YacTOTHOI JUCIEepCli KOMIUIEKCHOI JieNeKTPUYHOT
IPOHUKHOCTI BOJAU. BUBYEHO BIUIMB 3MIHM SIK T€OMETPUYHHUX PO3MIPIB CTPYKTYpH
BUMIPIOBAJIBLHOI KOMIPKH, TaK 1 JIEJIEKTPUYHUX BIACTUBOCTEH CHIIBHO MOTJIMHAIOYOL
PIAMHY, SKa € OJIHAM 13 IIapiB XBUJICBIIHUX IIAPyBaTUX CTPYKTYpP, HA XapaKTEPUCTUKU
nommpeHHs (koedimieHTH (a3u Ta 3aracaHHs) €JIEKTPOMATHITHUX XBUJIb Y LHUX
CTpyKTypax. BcTaHoBieHo, 1o AiiicHa Ta ysiBHA YaCTUHU KOMIUIEKCHOI J1€JIeKTPUYHOI
INPOHUKHOCTI  JTOCHIPKYBAaHUX PO3YMHIB psAAy OIOJNOrIYHO AKTHUBHUX PEYOBHH
3MEHIIYIOThCS 31 30UIBIIEHHSIM KOHLEHTpAlli pO3YMHEHUX PEUOBUH Yepe3 3MEHIICHHS
KUIBKOCTI BUIBHHX MOJICKYJT BOJAM B PO3YHMHI. YIOCKOHAJICHO METOJ BHU3HAYCHHSI

KOMILJIEKCHOI ~ JIIETIEKTPUYHOI ~ MPOHUKHOCTI  CHUJIBHO  NOMIMHAIOYUX  PIIMH Y



MUTIMETPOBOMY Ta CAHTHMETPOBOMY Jlialla30HaX [OBXHUH XBHJIb 3a JOMOMOTOIO
ONTUMI30BaHOT  BHUMIPIOBAJIBHOT  KIOBETH  MIKPOXBWJIBOBOTO  JAu(epeHIiiitHoro
nienexktpomerpa. llpencraBieHo HOBHMM MiJXiJ 3aCTOCYBaHHS JlIENIEKTpOMETpa Ta
METOJUKY JUIsl Oe3MepepBHOTO MOHITOPUHTY TMepediry (epMEeHTaTHBHOI peakiii
riaposizy Oiika, 110 3aCHOBAHO HAa BH3HAYCHHI 3HAYEHb KOMIUICKCHOI J1€JIEKTPUYHOL
MIPOHUKHOCT1 ()EPMEHTATUBHUX PEAKIIMHUX cymimiel OuIKy i3 ¢epmentoM. [lokazano,
IO 3HAYEHHS KOMIUIEKCHOI IIEJIEKTPUYHOI MPOHUKHOCTI PEaKIiiHOI CyMIilll 3 4acoM
peakiii rigpoii3y OuIKa 30UTBIIYIOTBCS Ta HAOIMKAETHCS 1O 3HAYECHb KOMILICKCHOI
JEJIEKTPUYHOI MPOHUKHOCTI BOJIH, YEPE3 MOCTYNOBE 3HUKEHHS KOHILIEHTpAIli OLIKY.
B xoa1 mpoBeneHMX MOCHIIKEHb OTPUMAHO PE3YIbTaTH, Kl MPEJCTABISIOTH
HAYKOBY HOBU3HY:
1) Bnepmie knacudikoBaHO MOIM  KPYIJOTO METAJIEBOTO  XBUJIEBOAY 3
HEHTPAIbHUM JICJICKTPUUYHUM CTPWKHEM, OTOYECHHUM IIIAPOM CHUJIBHO MOTJIMHAI0YO01
PIIMHM, 110 HE MalOTh ()IKCOBAHMX YaCTOT BIJICIKAaHHS MOJI, a KOS(DIIIEHT 3aracaHHs Iy

xBuil HE;, Mae HaliMeHIIIl 3HAaUEHHS TOMDXK 1HIIHUX TUIIB XBWIb Y IIMPOKOMY J1ana3oH1

4acToT.

2)  YIIOCKOHAJICHO KOHCTPYKIIO KIOBETH iCJIEKTpOMETpa, sKa He HOoTpedye
pedepeHCHOI pIAUHU ICKJIAIa€ThCsl 3 JIBOX KOMIPOK PIi3HOI JOBXHHH, B SKUX
KOMITEHCOBAHO BIUIMB TU(MpaKIiHIX e(eKTiB Ha Kpasx KOMIPOK, 0 MalOTh aKCiallbHy
CUMETpPII0 Ta JOCTaTHbO TOHKWW IHap JOCHIDKYBAHOI PIIMHUA, BHACIIIOK 4YOTO
M1JIBUIIICHO YyTJIMBICTh BUBHAYEHHSI KOMIUIEKCHOI J1€IEKTPUYHOI MPOHUKHOCTI1 P1JIUH.

3) [icraio momaiblIMii PO3BUTOK EKCICPUMEHTAIbHE BH3HAYCHHS 3HAYCHb
KOMILJIEKCHOI J1€JIEKTPUYHOI MPOHUKHOCTI BOAHUX PO3UYUHIB Py O10JIOTTYHO aKTUBHUX
peyOBUH (aHTUOIOTUKH, TJIFOKO3a, CUPOBATKOBUN albOYMIH JIOJMHU, IMyHOTI00YIIH G
JIOAWHHU, BOJHI Ta COJBOBI PO3YMHM OUIKY anbOyMiHy 3 J0JaBaHHSAM TJIIOKO3H,
Tu(TepiiHUNA  aHATOKCHUH), $KI 3MEHIIYIOTbCS B 3al€KHOCTI BIJ 3OLIBIICHHS
KOHIIEHTpaIlii O10J0T1YHO AKTUBHUX PEUYOBHMH UYEpEe3 3MEHIICHHS KUIBKOCTI BUIBHHX

MOJIEKYJT BOAM B po3uuHi. LI pe3ynpTaTu MiATBEPIKEHO METOAOM MOJEKYISIPHO-
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JUHAMIYHOTO MOJICIOBAHHS 3TiTHO 3OUTBINIEHHS TifgpaTamii Ta dYacy I1CHYBaHHS
BOJHEBUX 3B’S3KIB MK MOJICKYJIaMU BOJH 3 MOJICKYJIaMU O1JIKa Ta TJIFOKO3H, Ta MAIOTh
no0pe y3roJUKeHHS 3 pe3yjibTaTaMu, OTPUMAHUMHU BIIOMUM (PapMaKONeHHUM METOJIOM
aHami3y ¢gapmareBTHIHNX npenapariB — metogoM UV-Vis criekrpodoTomMeTpii.

4)  Brmepie 3ampornoHOBaHO METOJMKY MOHITOPUHTY (EepMEHTATUBHOI peaKIii
riiponi3y OUIKIB anb0yMiHy Ta IMYHOTJI00YiHY G JIOUHU 3 TPUIICUHOM Yy pPEealbHOMY
yaci yepe3 BU3HAYCHHSI KOMILJICKCHOI J1E€IEKTPUYHOI MPOHUKHOCTI IIMX PO3YHUHIB, IO
3HAWIUIO MIATBEPIKEHHST MeToJoM crnekrpodoromMerpli. Ha BiamiHy Bia KiacH4YHOI
METOJIMKH, 1151 peakilisi He MOTpeOye nepepruBaHHS.

MeTo0 poOOTH € YIOCKOHAJICHHS METOJIB BU3HAYEHHS [1CJICKTPUUYHUX
BJIACTUBOCTEH  CWUJIBHO  TOTJIMHAIOYUX  PIAMH 32  JOTMOMOIOK  IIapyBaTHUX
CIEKTPOIUHAMIYHUX CTPYKTYp. JIJIsI JOCATHEHHS 3a3HA4YCHOI METH ITOCTaBJICHO Ta
PO3B’A3aHO HACTYITHI 3aJ1ayi:

1) ExcnepuMeHTaabHO OTPUMATH JaHI JICICKTPUYHHX XapaKTEPUCTHK BOJIHUX
PO3YMHIB Py OI0JOTIYHO AaKTUBHUX PEYOBUH 3a JOMOMOTOI MIKPOXBHJIHOBOI
nudepeHIIiHOl J1eIeKTPOMETPIi.

2) 3acTocyBaTH METOJT MIKPOXBHJIBOBOI TU(EPEHINHHOT JieNeKTpoMeTpii s
0e3mepepBHOTO MOHITOPUHTY (PEpPMEHTATUBHOI peakilii TiApoiizy OuUIKa y pealbHOMY
qaci.

3) OnrtumizyBatu mIapyBaTy XBWJICBIIHY CTPYKTYpYy BHUMIPIOBAJIbHOI KIOBETH
MIKpPOXBUJILOBOTO JU(PEPEHINIHOTO ieIeKTpOMeTpa 13 3aCTOCYBAaHHSIM aKClaJIbHO-
CUMETPHUYHOI IapyBaTOi XBUJIEBIIHOI CTPYKTYPU KOMIPOK Pi13HOT JOBXHHH 3 IOCTATHHO
TOHKAM IIapOM PIAWHW IS TIABUINCHHS YYTJIMBOCTI BU3HAYCHHS KOMILUICKCHOI
JIEJEKTPUYHOI TMPOHUKHOCTI CUJIBHO TIOTJIMHAIOYUX PIIMH B MIUJTIMETPOBOMY Ta
CAaHTUMETPOBOMY Jiara3oHax JIOBXXKUH XBWIb 0€3 HEOOXITHOCTI BHUKOPHUCTaAHHS
pedepeHCHOT piTUHHY.

IIpakTU4YHe 3HAYEHHS PE3YJIbTATIB AUCEPTAllli BUSIBISETHCS B HACTYITHOMY:



1) Po3pobneHwmii HOBHIA TTiaXia Oe3MepepBHOrO y Yaci MOHITOPHHTY ()epMEHTATHBHOI
peakmii Tigpomizy OiTka Moxe OyTH 3aCTOCOBAaHHWM [JIi MOHITOPUHTY O10XIMIYHUX
peakiriii 6e3 HeoOX1THOCTI pyHHYBaHHS (PepPMEHTY Ta 3YIIUHKH PEaKIIii.

2) 3amporoHOBaHA METOJMKA KOHTPOIIIO MPOIECY MEPEeXoay TUPTEPIHHOTO TOKCUHY
B HETOKCHMYHY (HOpMYy aHATOKCHH METOJIOM MIKPOXBHIIbOBOI 1€JIEKTPOMETPIl s
TEXHOJIOTIYHOTO  TMpOIeCYy BHUPOOHHUIITBA BaKIMHM NPOTH  JUPTEpii  3aMiCTh
BUKOPHCTAHHS TBAPHH.

3) Po3pobiieHa KOHCTPYKINS BHMIpIOBAJIbHOT KIOBETH 3 IMIIBHIICHOIO YYTIMBICTIO
BU3HAYECHHS KOMIUIEKCHOT J1€JIEKTPUYHOT MPOHUKHOCTI PO3YHMHIB O10JI0TTYHO aKTUBHUX
PEYOBHUH B JIOCTATHHO TOHKOMY IIapi piAMHU MOXeE OyTH 3aCTOCOBaHA JJisl O10MEUYHUX
JOCITIJIKEHb, KOHTPOJIO SIKOCTI XapyoOBUX MPOJYKTIB, TEXHOJIOTIYHHUX IMPOIIECIB
BUTOTOBJICHHA (DapMalleBTUYHUX PO3YMHIB, KOHTPOJIO MOUIMPEHHS Ol0JOTIYHO
AKTUBHUX PEYOBUH y HAaBKOJIMIIHE CEPEIOBHUILIE.

Ku104oBi cj10Ba: KOMILJIEKCHA JI€JIEKTPUYHA TPOHUKHICTh, MIKPOXBHJILOBUI J1ama3oH,
nrapyBaTa XBWIEBIJHAa CTPYKTypa, MOJH IIApyBaTOTO XBWJICBOJY, €JIEKTPOJMHAMIYHI
CTPYKTYpPH,  MIKpPOXBWJIBOBUH  MUMEpPEHIIHHUN  JIeJIeKTpoOMeTep,  Koe]IIieHT

MOIIUPEHHS, CUJIHHO MOTJIMHAI0YA PiArHA, 010JI0T1YHO aKTHBHA PEUOBHHA.

ANNOTATION
Kuznetsova K.S. Microwave dielectrometry of high loss liquids based on layered

electrodynamic structures. — Qualifying scientific work on the rights of the manuscript.

Thesis for the Doctor of Philosophy degree in the field of speciality 104 “Physics and
Astronomy” (10 — Natural Sciences). — O. Ya. Usikov Institute for Radiophysics and

Electronics of the National Academy of Sciences of Ukraine, Kharkiv, 2023.

This work is is dedicated to solving the current scientific and applied problem of
identifying the features of electromagnetic wave propagation in layered electrodynamic

structures. These structures consist of a circular metal waveguide containing a
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cylindrical dielectric rod surrounded by a layer of high loss liquid. The dielectric
properties of water solutions of some biologically active substances (antibiotics, glucose,
human serum albumin, human immunoglobulin G, aqueous and salt solutions of
albumin with added glucose, diphtheria anatoxin) and solutions undergoing a
biochemical reaction have been determined using the differential dielectrometry method
in the microwave frequency range, in the region of the frequency dispersion of the
complex permittivity of water.

The influence of both changes in the geometric dimensions of the measurement
cell structure and the dielectric properties of the high loss liquid, one of the layers of the
waveguide-layered structures, on the characteristics of electromagnetic wave
propagation (phase and attenuation coefficients) in these structures has been studied. It
has been established that the real and imaginary parts of the complex permeability of the
tested solutions of a series of biologically active substances decrease with an increase in
the concentration of dissolved substances, due to a decrease in the number of free water
molecules in the solution.

The method for determining the complex permittivity of high loss liquids in the
millimeter and centimeter wavelength ranges has been improved using an optimized
measuring cuvette of a microwave differential dielectrometer. A new approach to the
application of a dielectrometer and a methodology for continuous monitoring of the
course of the enzymatic protein hydrolysis reaction based on determining the values of
the complex permittivity of protein-enzyme reaction mixtures is presented. It has been
shown that the values of the complex permittivity of the reaction mixture with the
reaction time of protein hydrolysis increase and approach the values of the complex
permittivity of water, due to the gradual decrease in the protein concentration.

Scientific novelty of the obtained results and their practical significance:

1. For the first time, the modes of a circular metal waveguide with a central

dielectric rod surrounded by a layer of high loss liquid, which do not have fixed mode



cutoff frequencies, and the attenuation coefficient for the HE,, wave has the smallest

values among other types of waves in a wide frequency range, have been classified.

2. The design of the dielectrometry cavity has been improved. It consists of two cells
of different lengths where the influence of diffraction effects at the cell edges has been
eliminated. The cells have axial symmetry and a sufficiently thin layer of the tested
liquid, as a result of which the sensitivity of determining the complex permittivity of
liquids has been increased.

3. The experimental determination of the values of the complex permittivity of water
solutions of biologically active substances (antibiotics, glucose, human serum albumin,
human immunoglobulin G, aqueous and saline solutions of albumin with added glucose,
diphtheria anatoxin) has undergone further development. It has been established that the
complex permittivity for these solutions decrease with an increase in the concentration
of biologically active substances, due to a reduction in the number of free water
molecules in the solution. These results were confirmed by molecular dynamics
modeling, indicating increased hydration and the duration of hydrogen bonds between
water molecules and protein and glucose molecules. The obtained results showed good
agreement with the established pharmacopoeial method of analysis for pharmaceutical
preparations — the UV-Vis spectrophotometry method.

4. A novel methodology for monitoring the enzymatic hydrolysis reaction of
proteins albumin and immunoglobulin G in real-time has been proposed for the first
time, involvingthe determination of the complex permittivity of these solutions,which
was confirmed by spectrophotometrymethod. Unlike the classical methodology, this
reaction does not require interruption.

The purpose of the study is to improve the methods for determining the
dielectric properties of the high loss liquid using electrodynamical structures. To achieve
this purpose, the following tasks were formulated and solved:

1) Experimentally obtain data on the dielectric characteristics of aqueous solutions of

various biologically active substances using microwave differential dielectrometry.



2) Apply the microwave differential dielectrometry method for continuous
monitoring of the enzymatic protein hydrolysis reaction in real-time.

3) Optimize the layered waveguide structure of the measurement cuvette for a
microwave differential dielectrometer, using an axially symmetric layered waveguide
structure with cells of different lengths and a sufficiently thin layer of liquid to enhance
the sensitivity of determining the complex permittivity of high loss liquids in the
millimeter and centimeter wavelength range without the need for a reference liquid.

The practical significance of the dissertation results is as follows:

1) A developed continuous real-time monitoring approach for the enzymatic
hydrolysis reaction of proteins can be applied to monitor biochemical reactions without
the need to disrupt the enzyme or halt the reaction.

2) The proposed methodology for controlling the process of converting diphtheria
toxin into a non-toxic form, anatoxin, using microwave dielectrometry, for technological
process in the production of diphtheria vaccines without the use of animals.

3) The designed structure of the measurement cuvette, with enhanced sensitivity for
determining the complex permittivity of solutions of bioactive substances in a
sufficiently thin layer of liquid, can find applications in biomedical research, quality
control of food products, technological processes of manufacturing pharmaceutical
solutions, and for monitoring the spread of bioactive substances into the environment.
Keywords: complex permittivity, microwave range, layered waveguide structure,
modes of the layered waveguide, electrodynamic structures, microwave differential

dielectrometr, propagation coefficient, high loss liquid, biologically active substance.
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ITEPEJIIK YMOBHHUX ITO3HAYEHb

KIT — xoMIIekcHa JiesleKTpuyHa MPOHUKHICTb

HBY — manBucoki yactotu

UV-Vis — meron cnektpodoroMeTpii B yIbTpadioJeTOBOMY Ta BHIUMOMY Jialla30HAX
JIOBYKUH XBUJIb

g=¢&'+ig" — KoMIIeKCHA JTieIeKTPUYHA TIPOHUKHICTh

M= +iy" — KOMIUIEKCHA MarHiTHa MPOHUKHICTh

tgd — TaHreHc KyTa BTpar

h' — koedimient ¢(asu (mificHa yacTMHAa KOMIUIEKCHOTO Koe(ilieHTa MOIIMPEHHS
€JIEKTPOMArHiTHOT XBHJI1)

h" — xoedimienT 3aracanss (ysBHa 4acTWHA KOMIUIEKCHOTO Koe(illi€eHTa MOIIHUPEHHS
€JIEKTPOMArHiTHOT XBHJI1)

a — paalyc UAIIHAPUIHOTO KBAPIIOBOTO CTPHIKHS

b — pagiyc MeTaneBoro XBUIEBOLYy

d =(b—a) — BemuunHa Mapy CUIHHO MOTIMHAOYO1 PiTUHU

N — a3uMyTaJbHUHN 1HIEKC XBUJIb KPYTJIOTO IBOIIAPOBOIO XBUIIEBOLY

M — pagiadbHUM 1HAEKC XBUIIb KPYTJIOTO JIBOIIAPOBOIO XBUIIEBOLY

Ap — pizaung ¢a3 enekrpoMarHiTHOl xBwii HE;,, 1m0 mommproeTbcst B KOMipKax
KIOBETH MIKPOXBUJIILOBOTO JU(PEPEHINIHOTO JIIeIEKTPOMETpa

AA — pi3HUIIA aMIUTITYl enekTpomarHiTHoi xBuwim HE,,, mo mommuproeTbest B KomMipkax
KIOBETU MIKPOXBUJILOBOTO JU(PEPEHIIIITHOTO JIIEEKTPOMETPa

BAP — 6i0y10r14HO aKTHBHA PeUYOBUHA
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BCTYII

AKTYaJbHICTb _TeMH. [HTepec 10 MmapyBaTUX XBWIEBIIHUX CTPYKTYp

NOB'S3aHUN 3 THUM, [0 BOHU CKJIAJalOTh €JIEMEHTH MIKPOXBHIBOBUX MPHUCTPOIB,
MPU3HAYEHUX I BUSIBICHHS ICIICKTPUYHUX BJIACTUBOCTEH CHJIBHO MOTJIMHAIOUNX
pimuH [1-3]. O6nacTh MaKCUMyMy YacTOTHOI JAUCHEPCii KOMIUIEKCHOI J1€JIEeKTPUUHOI
MIPOHUKHOCT1 BOJM Ta BOJAHUX PO3UMHIB 010JIOTTYHO aKTUBHUX PEUYOBUH PO3TAIlIOBAHA B
MUTIMETPOBOMY Ta CAaHTHMMETPOBOMY Jiana3oHax JOBXKHUH XBWIb [4, 5]. Bukopuctanus
BUMIPIOBAIBHUX CHCTEM 1 TIIPUCTPOIB Ha OCHOBI MIKPOXBHJIBOBUX XBUJIEBITHUX
CTPYKTYP € BaXJIMBUM SIK JJI1 PyHIaMEHTATbHUX, TaK 1 MPUKIATHUX 3a7a4, OCKUTBKH 32
iXHBOIO JTOMOMOTOI0 MOXKJIMBO MPOBOJUTH MOHITOPHMHIOBI JOCIIJPKEHHSI KUTbKICHUX
XapaKTEepPUCTUK O10JOTIYHO AaKTUBHUX PEYOBUH Y BOJHUX PO3YMHAX Ta O10JOTTUHUX
piIMHAaX 3a BU3HAYCHHSIM IXHIX [ICJIEKTPUYHUX BIIACTUBOCTEH Yy MIKPOXBUIHLOBOMY
niana3oHi yactot [6-8].

Pi3HOMaHITHICTH OI0JIOTIYHUX, XIMIYHHUX 1 OpraHIYHUX 3a0py/HIOBAYiB, IO
NOTPAIUIAIOTh Y HABKOJMIIHE CEPEIOBHINE, 30KpeMa B NPHUPOJHI HKEpena BOIU Ta
XapyoBl TPOIYKTH (3aJIMIIKOBI KUIBKOCTI aHTHUOIOTHKIB Y PIIKUX MPOIYyKTax
XapuyBaHHs) O€3MepepBHO 3pOCTAE BHACHIIIOK CLILCHKOTOCMOAAPCHKOI Ta TPOMHUCIOBOL
JSTEHOCTI [9], a TaKok Yepe3 eKOJIOTIUHY KatacTpody, CIPUINHEHY BOEHHUMHU JIisIMU B
VYkpaiHi, BHACHIJIOK SKUX TMOCTIMHO B1IOYBA€THCS 3a0py/IHEHHS XIMIYHUMH CIIOJTyKaMu
Ta TOKCHYHOIO OPTaHikow BoJgHMX pecypciB Ykpainu [10]. [IpogoBxkyroThcs moCTidHUIA
MONIYK 1 BIPOBAPKEHHS CYYaCHHX METOJWK, CTpATeridi Ta IHCTPYMEHTIB aHalli3y 3
BUKOPUCTAHHSAM  MIKPOXBHJIBOBUX CEHCOPHHMX TIPUCTPOIB MJIs  TIOMEPEHKCHHS
3a0pyJHEHHS BOJHUX pPECypcCiB y peanbHOMy daci [11], BUSIBICHHS 3MIHU MaJMX
KOHIICHTpAIliil 610MOJIEKYJI, TAKUX K OUIKH 1 TJIIOKO03a, 3MiHA PIBHS SAKUX € TTOKa3HUKOM
pI3HUX 3axBOproBaHb [4, 12], Ta MOHITOpUHTY QepMeHTaTUBHUX peakiii [13]. diznuni
TEXHOJIOT1i BUSABJICHHS 010JIOTIYHO aKTUBHUX PEUOBUH Y PIAKUX MPOIYKTAX XapUyBaHHS
Ta MpoOax BOAM 3 HABKOJUIIIHHOTO CEPEJOBHINA 3 BUKOPUCTAHHSIM MIKPOXBHIIbOBUX

CEHCOPHUX MPHUCTPOIB € MEPCHEKTUBHUM HAMPSIMOM HAayKOBUX JTOCHIIKEHb [7, 8], sKi
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CTPIMKO PO3BUBAIOTHCA 3aBASKM HU3ILI MepeBar mepes TPAaUIIMHUMHU TEXHOJIOTISIMU:
MUTTEBICTH ii, BIACYTHICTh BUTPATHUX MaTepiajiB, Oe3neka, HU3bKI €HEepProBUTPATH,
YHIBEPCAIBHICTb.

Hucepraiiiiina poboTa NpPHUCBSIYEHA EKCIIEPUMEHTAIFHOMY Ta YHCEIbHOMY
JOCIIIJIKEHHIO  TOUIMPEHHS  €JeKTPOMArHITHUX XBWIb Y KPYIUI  ImapyBaTii
XBUJIEBOJIHIM CTPYKTYpi 3 PI3HUMH KOMIUIEKCHUMHU JIE€JIEKTPUYHUMHU MPOHUKHOCTSIMU
miapiB. Y gucepramii MpeacTaBieHI pe3yibTaTH BHU3HAYCHHS  J1€NEKTPUYHUX
BJIACTUBOCTEH BOJHHMX PO3YHMHIB O10JIOTIYHO aKTUBHHMX PEUOBHMH (Ha MPHKJIAI BOJIHHUX
pPO34YMHIB aHTHUOI0TUKIB, OLIIKIB, CyMilIeil OLIKIB 3 IVIFOKO30I0 Y BOJHOMY Ta COJIbOBOMY
po3unHax, (EepMEHTATUBHUX PEAKIIMHUX CcyMilield) B 00JacTi 4aCTOTHOI aucrepcii
JHACHOT Ta YABHOI YaCTHH KOMILJIEKCHOI aienekTpuuHoi nponukHocTi (KJIT) Bomu 3
BUKOPUCTAaHHSAM METOAY MIKpPOXBUJIBOBOI Ju(epeHLIiHoi aienekTpoMetpii. [loscHenHs
OTpUMaHMuX ekcrepuMeHTanbHo AaHux K/III BomHuMX po34MHIB A€AKMX O10J0TIYHO
aKTUBHUX  PEUYOBUMH  BEpU(]PIKOBAHO  JBOMA  IHIIMMHU  METOJAMHU:  METOAOM
criekTpooroMeTpii B yibTpadioIeTOBOMY Ta BHAMMOMY Jlala3oHax JIOBXKUH XBUJIb
[14] 1 MeTomoM MousekysipHO-nuHamiunoro (MJ1) moaentoBanns [15].

3B'S130K po0OTH 3 HAYKOBHUMHY MPOrpaMaMM, IJIAHAMHA, TEMaMH

Huceprartiitna po6oTa BHKOHaHA y BIAUII aKyCTUYHOI Ta €JIEKTPOMArHiTHOT
cnektpockomnii [nctutyty pamiodizuku Ta enektponiku iM. O S. YcukoBa HAH
YkpaiHu B paMKax TaKuX JEP>KOIOIKETHUX TEM:

1) «<BuBYCHHS B3a€MOJIii €JICKTPOMArHITHUX Ta 3BYKOBUX XBHWJIb, @ TAKOX 3apsKCHUX
YaCTOK 3 TBEPAOTUIBHMUMH CTpyKTypamm», mudp: «KenraBp — 5», Homep
nepxpeectparii 0112U000211.

2) «JlocmipkeHHsT B3a€MOJil  €IeKTPOMArHITHUX Ta 3BYKOBHX XBWJIb, a TaKOX
3apsSKEHUX YaCTHHOK 3 HAHOCTPYKTypaMH Ta MeTaMmarepianamuy, mmdp:

«KenTaBp — 6», HOMep nepxpeectpartii 0117U004038.
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3) «dociimkeHHs B3a€MO/IiT €NEKTPOMArHiTHIUX XBUJIb, @ TAKOXK 3aPS/DKEHUX YACTHHOK
3 HaHOCTPYKTypamu Ta MeTamarepiamamu», mmmudp: «Kentasp — 7», HoMep
nepxpeectpartii 0122U001687.

Hucepramiitny po0OOTy TakoX OyJI0 BHUKOHAHOBIJIMOBIZHO IO TEMAaTHYHX

HAYKOBO-AOCIIIHUX poOiT, 110 npoBoauwirck B Wolfgang Pauli Institute (WPI):

MixHapoHa cTUNCHAlaIbHa MTporpaMa AOCIIHUIBKOI miaroToBku Pauli Predoc

«Pauli Ukraine Project», WPI Thematic Program «Quantitative Methods in Biology and

Medicine (2021/2022)».

MeTa i 3aBIaAHHSA T0CJTKEeHHS

Metoro poOOTH € yJIOCKOHAJICHHS METOAIB BU3HAYEHHS JICJICKTPUYHUX
BJIACTUBOCTEH  CWUJIBHO  TOTJIMHAIOYUX  PIAMH 32  JOTMOMOIOK  IIapyBaTHUX
€JIEKTPOJUHAMIYHUX CTPYKTYp. JlJIsi JOCATHEHHS 3a3HA4Y€HOI METH IOCTaBJIEHO Ta
PO3B’A3aHO HACTYITHI 3aJ1ayi:

1) ExcnepuMeHTaabHO OTPUMATH JaHI JICICKTPUYHHMX XapAKTEPUCTHK BOJIHUX
PO3YMHIB PsAAy OI10JOTIYHO AKTUBHMX PEUYOBHH 3a JOMOMOTOK MIKPOXBHIIBOBOL
nudepeHIIiHOl J1eIeKTPOMETPIi.

2) 3acTocyBaTH METOJT MIKPOXBHJIBOBOI TU(EPEHINHHOT JieNeKTpoMeTpii s
0e3mepepBHOTO MOHITOPUHTY (PEpPMEHTATUBHOI peakilii TiApoiizy OuUIKa y pealbHOMY
qaci.

3) OnTumi3yBaTH IIAapyBaTy XBHWJICBIIHY CTPYKTYPy BHUMIPIOBAJIbHOI KIOBETH
MIKPOXBUJILOBOTO JU(EPEHIIIMHOTO IENIeKTPOMETpa 3 3aCTOCYBaHHSIM aKClaJIbHO-
CUMETPHUYHOI IapyBaTOi XBUJIEBIIHOI CTPYKTYPU KOMIPOK Pi13HOT JOBXHHH 3 IOCTATHHO
TOHKHM IIapOM PIAWHU JJIs TIiABUIICHHS YYTJIMBOCTI BU3HAYCHHS KOMILUICKCHOI
JIEJEKTPUYHOI TMPOHUKHOCTI CUJIBHO TIOTJIMHAIOYUX PIIMH B MIUJTIMETPOBOMY Ta
CAaHTUMETPOBOMY Jiara3oHax JIOBXXKUH XBWIb 0€3 HEOOXITHOCTI BHUKOPHUCTaAHHS

pedepeHCHOT piTUHHY.
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Ob'ekm  Oocniddcennsi — €INEKTPOMArHiTHI KOJHMBAJbHI TPOIECH B MIapyBaTHX
XBWJIECBITHUX CTPYKTYpaXx, sIKi MICTATh PO3YUHH 010JIOT1YHO aKTUBHUX PEUOBHH.
Ilpeomem oocniddxcents — CIEKTpaIbHI XapaKTEPUCTUKH €JIEKTPOMArHiTHUX KOJIMBAHb Y

XBUJIEBITHUX CTPYKTYpax 13 CUIBHO MOMIMHAIOYO PITUHOIO.

MeToau H0CJiKeHHS

1. ExcriepuMeHTaIbHUN METOM TOCHIKEHHS KOMIUIEKCHOTO KOE(DIIIEHTY MOIIMPEHHS
XBUJIl Y XBWIEBITHUX CTPYKTypax y MUIIMETPOBOMY Jliaria3oHl JOBXHH XBUJIb 3a
JOTIOMOTOI0  BUMIpIOBaHHS a3 Ta  aMIUNTyAM  XBWJ, 3aCTOCOBYIOUH
MIKPOXBUJIBOBUHN NUPEPEHIIIITHUI 11€IEKTPOMETP.

2. UucenbHl ¥ aHAMITAYHI METOJIM PO3B’SA3aHHS CICKTPOJAMHAMIYHOI 3adadl JJIs
3HAXOJIKEHHSI KOMIUIEKCHOI JIIEJIEKTPUYHOI MPOHMKHOCTI CHJIbHO TOTJIMHAKYOL
pIIMHU B MUIIMETPOBOMY Ta CaHTUMETPOBOMY [lialla30HAaX JOBXKHH XBWIb 3
BUKOPUCTAHHSAM IIAPYBATOI XBUJIEBITHOT CTPYKTYPH.

HaykoBa HOBM3HA 0/1ep:KAHUX pe3VJbTaTiB

1)  Bmnepme knacu(ikoBaHO MOJM KPYIJIOTO  METAJACBOIO  XBUJICBOAY 3
LHEHTPAJbHUM JIECJIEKTPUUYHUM CTPUIKHEM, OTOYEHHUM IIApOM CHUJIBHO MOTJIMHAIYO1
PIIMHY, 1110 HE MatOTh (JIKCOBAHUX YACTOT BIJCIKAHHS MOJI, a KOS(IIIEHT 3aracaHHs Jjis

xBuii HE,, mae HaiiMeHIIl 3HaYeHHS TOMIXK 1HIIMX TUITIB XBWJIb Y IIMPOKOMY Jiana3oHi

4acToT.

2)  VYIIOCKOHAJICHO KOHCTPYKIIIO KIOBETH MIiCNIEKTpOMETpa, sKa He TOoTpedye
pedepeHCHOI pIAUHK ICKJIaJa€ThCs 3 JIBOX KOMIPOK PI3HOI JIOBXKHHH, B SKHX
KOMIIEHCOBAHO BIUIMB JU(MpaKLiitHUX e(eKTiB Ha Kpasix KOMIPOK, 10 MalOTh aKCiaJlbHy
CUMETPII0 Ta JOCTaTHbO TOHKHUH Iap JOCHIPKYBAHOI pPIJUHM, BHACIIIOK YOTO
niaBUIEeHO YyTIUBiCTh Bu3HaueHHst K1 pinun.

3)  Mictano mnojxajblliuii PO3BUTOK EKCIIEPUMEHTAJIbHE BH3HAYCHHS 3HAYCHB
KOMITJIEKCHOI JII€JIEKTPUIHOI MPOHUKHOCTI BOJAHUX PO3ZYUHIB Py O10JIOTIYHO aKTUBHHUX
pedoBUH (aHTUOIOTUKH, TJIFOKO3a, CHPOBATKOBUN aNbOyMiH JIIOJUHH, IMyHOTI00YIiH G

18



JIOAWHHU, BOJHI Ta COJBOBI PO3YMHM OUIKY anbOyMiHy 3 J0JaBaHHSAM TJIIOKO3H,
TuTEpiiHUNA aHATOKCHH), SKI 3MEHINYIOThCS B 3aJE€KHOCTI BiJ 30UIBIICHHS
KOHIICHTpaIlii O10JIOT1YHO aKTMBHHMX PEYOBHH uepe3 3MEHIIEHHS KUIbKOCTI BUIBHHX
MOJICKYJT BOAW B po3uuHi. LI pe3ynpTaTH MiATBEPIKEHO METOJOM MOJEKYJSIPHO-
JWHAMIYHOTO MOJICJIIOBAHHS 3rigHO 30UIBIICHHS TiApartaiii Ta 4Yacy I1CHYBaHHS
BOJHEBUX 3B’SI3KIB MK MOJIEKYJIaMU BOJIM 3 MOJIEKYJlaMU O1JIKa Ta TJIIOKO3HU, Ta MAIOTh
no0pe y3roJKEHHS 3 pe3yibTaTaMu, OTPUMAHUMHU BIIOMUM (papMaKOTIEHHUM METOIOM
aHani3y gapmareBTHYHUX rnpenapariB — metogoM UV-Vis criekrpodoToMeTpii.

4)  Bmepimie 3ampornoHOBaHO METOJUKY MOHITOPUHTY (DepMEHTATUBHOI peaKIii
riaponizy OUIKiB anbOyMiHy Ta iMyHOrI0OyIiHY G JIIOJUHU 3 TPUIICUHOM y PEaIbHOMY
yaci yepe3 BusHaueHHd KJIII mux po3uMHIB, 110 3HAWIUIO MIATBEPKEHHS METOJIOM
cnexktpogoromMerpii. Ha BigMiHy BiJl KIaCHYHOI METOOUKH, LISl peakuis He MOoTpelye
nepepuBaHHS.

IIpakTH4yHe 3HAYEHHS 0/IePKAHUX pe3yJbTaTiB

1) Po3pobneHmii HOBHIA MiaXia Oe3MepepBHOrO y Yaci MOHITOPUHTY ()epMEHTATUBHOI
peakiii Tigpomizy OuTka Moxe OyTH 3aCTOCOBAHHWM [IJIi MOHITOPUHTY O10XIMIUHUX
peaxiiif 6e3 HeoOX1THOCTI pyHHYBaHHA (PEpPMEHTY Ta 3yNMUHKU PeaKLii.

2) 3amnporoHOBaHO METOJUKY KOHTPOJIIO MPOIIECy mepexoay Au(TepiitHOro TOKCUHY
B HETOKCHMYHY (OpMYy aHATOKCUH METOJIOM MIKPOXBHIIbOBOI I1€IEKTPOMETPIT st
TEXHOJIOTIYHOTO  TpoLecy BUPOOHMLTBA BAaKUMHA MpOoTH  audTepli  3aMmicTh
BUKOPHUCTAHHS TBAPHH.

3) Po3pobiieHa KOHCTPYKIIS BHMIpIOBAJIbHOT KIOBETH 3 ITiJIBHIICHOIO YYTIMBICTIO
BuzHaueHHs: KJ(II po3unHiB 010JI0TYHO aKTUBHUX PEYOBHUH B JOCTAaTHHO TOHKOMY IIapi
piaMHN MOXe OyTH 3acTocoBaHa st OlOMETUYHHUX JOCTIIKEHb, KOHTPOJIO SKOCTI
XapyoBUX MPOAYKTIB, TEXHOJOTIYHUX TMPOLECIB BUTOTOBIEHHS (hapMaleBTUUHUX
PO3YMHIB, KOHTPOJIO TMOIIUPEHHS O10JOTIYHO AaKTUBHUX PEYOBHMH Yy HABKOJIMIIIHE

CEpEeIOBUIIIE.
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Oco0ucTuii BHECOK 3100YBAYKH TOJISITA€ Y BJOCKOHAJIEHHI METO/IB J1€IEKTPOMETPIi

CHJIBHO TOTJIMHAIOYHMX PITUH Y MIKPOXBUJILOBOMY Jialma30Hi 9acTOT i3 3aCTOCYBaHHSIM
XBWJICBIIHUX CTPYKTYD,iKi JIO3BOJIMJIM PpO3B’SA3aTH 3ajadvi, IIOCTaBIEHI Tepen
JTOCITIKEHHSAM. Y poboTi [16] 3mM00yBavykol0 YHCEIbHO OTPUMAHO 3aJICKHOCTI

KOMILJIEKCHOTO KOe(ilieHTy nomupeHHs: xBuii HE;, B 3a1eXHOCTI BiJ 3MIHH 4aCTOTH

Ta TOBIIMHYU APy PIAMHU JJIsi KPYTJoro METAJeBOrO0 XBUJIEBOAY 3 LIEHTPaIbHUM
JUEJEKTPUYHUM CTPH)KHEM, OTOYEHHUM IIapOM CHJIBHO TMOTVIMHAIOYOI PIJUHU Ta
MOKa3aHo, 10 BIAMOBIAHO 10 Kiacudikaiii XBUIb OJHOPITHOTO XBHJICBOIY MOJIHBO
kiacudikyBaTu 06a30B1 THUIU XBWJIb KPYTJOro METAJIEBOrO JBOIIAPOBOTO XBHJIEBOIY 3
IIEHTPAIBHAM KBapIIOBUM CTPIDKHEM 1 IMIAPOM CHJIBHO MOTJIMHAIOYO1 piauHA. Y poOOTi
[17] 3anponOHOBAaHO AaKCIAIbHO-CUMETPUYHY UIapyBaTy XBUJIEBIIHY CTPYKTYpPY
BUMIPIOBAJIBHOI KIOBETH 3 KOMIpPKaMU Pi3HOI JIOBKWHU, B SIKUX KOMIIEHCOBAHO BILIWB
muppakmiiHuX eQekTiB Ha Kpasx KOMIPOK, JUJIi BHU3HAYEHHS KOMIUIEKCHOI
JIeIeKTPUYHOI TMPOHUKHOCTI CHJIBHO IOTJIMHAIOUUX PIIUH 3 00°’€MOM JOCIIIKYBaHOI
pimuau 1 Mn y koxHIA koMmipii. B poGortax [16-20] 3100yBaukor0 MpOBEIAEHO

€KCIIEpPUMEHTAJIbHI JOCIIKEHHS! KOMILJIEKCHOTO KoediuieHTy nomupenas xsum HE,

110 MOIIMPIOETHCS B3JOBXK KBApIOBOTO CTPMXKHS Yy BUMIPIOBAJIbHIA KOMIPII 3 IIApOM
JTOCTKyBaHOT piguHu, Ta oTrpuMado 3HadyeHHS KJIII BogHuX po3uymHIB ACSKHX
010JI0T1YHO aKTHMBHUX PEUYOBMH Ha OCHOBI PO3B’S3aHHS 3BOPOTHOI €JIEKTPOAUHAMIYHOL
3aayi. 3700yBaYKOI0 MPOBEJICHO MOPIBHSIBHUN aHANI3 MIEIEKTPUYHUX BIACTUBOCTEH
BOJHUX PO3YMHIB Py 010JO0TIYHO aKTUBHUX PEUYOBHH Y PO3UMHAX, BIAMOBIIHO JaHHUX,
orpuManux UV-Vis cnekrpopoTroMeTpuyHM MeToaA0M [ 14] Ta METOAOM MOJIEKYISIPHO-
JUHAMIYHOTO MOJIENMIOBaHHS [15], 10 [mamo MOMJIMBICTH HAJIMHO MATBEPIUTH
OTpUMaHI pPe3yJIbTaTh MJIE€JIEKTPOMETPUYHUX BHUMIPIOBaHb IIOJO CIIBBIJHOIICHHS
BUIbHUX 1 3B’SI3aHUX MOJIEKYJ BOAM y JOCIIKYBaHUX PO3uMHaX. Y pobortax [21, 22]
BCTAHOBJICHO, 1[0 TPU BEJIMKOMY Iapi PIAMHA MAaKCUMyM €JIEKTPOMArHiTHOTO IO

xBuii HE;; y kpyrimomy nBomapoBoMy XBUIJIEBO/1 OUIbIIE 30CEPEIKEHHI Y KBapIIOBOMY
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CTPYDKHI 1 Mae po3noaut, nmofionuit go nmons HE;; B ogHOpizHOMY XBHJIEBOII Ta 31

3MCHIIICHHSIM II1apy PIIWHU TI0JIe OLIbIINE TOMUPIOETHCA 32 MEXI IeIEeKTPUIHOTO
CTpWKHA. Y po0OoTi [23] oTpuMaHO JIiHINHY 3aJ€KHICTh 3MEHIIICHHS TIHCHOI Ta ySBHOI
yactud K/II1 Boguux Ta conboBux (0.9% NaCl) po3unHIB IIIOKO3U Bij] 3017IbIICHHS
KOHIICHTpAIIii TJIFOKO3U 3 MIHIMAJIBHOIO MEKEIO BUSBIICHHS TJIFOKO3H, CITIBPO3MIPHOIO 3
MEKCI0 BHUSBJIICHHS 1HIIUMHU MeToAamu. Y pobOortax [18, 24] moka3aHo, 110 YyTJIUBICTh
BusHaueHHs K/III pinuH 171 KIOBETH 3 JOCTAaTHHO TOHKHM IIapOM PIAUHU y KUTbKa
pa3iB TEpEeBUIIY€ YYTIUBICTh KIOBETH MAi€NIEKTpOMETpa 3 OUIBIIMM IIApOM DIiJWHHU.
3n100yBaukor y poOoTi [25] po3pobieHo HOBHHM Mmijaxia Oe3lnepepBHOrO y 4Yaci
MOHITOPUHTY (PEPMEHTATHUBHOI peakuii riAponizy Oiika 0e3 HeoOX1AHOCTI pyHHYBaHHS
(depMeHTy Ta 3yIMHKH peaKIlii.

[IpeacraBneni B aucepTaiiiiHii poOOTI pe3yabTatd OyJlIo OTPUMAHO
3100yBauKkor ocobucto abo 3a 1 Oe3nmocepenHbOi ydacTi 31 CHIBPOOITHUKaAMHU
IPE im. O.f. VYcukoBa HAH VkpaiHu Ta CyMICHUMH €KCIEPUMEHTAIbHUMU
JOCIIJKEHHSIMU 3 criBpoOiTHUKaMu XapkiBcbkoro HJII mikpoOGiosorii Ta iMyHOJOTIT
iM. MeunnkoBa.B ycix po0OoTax, MiArOTOBICHUX Y CIIBaBTOPCTBI, 3100yBauka Opasia
y4acTh y HaIlMCaHHI PYKOMHMCIB, aHami3l (Pi3WyHUX pe3ynbTariB i (HopmyroBaHHI

y3araJbHIOBaJIbHHUX BHCHOBKIB.

Anpooaiia pe3yJbLTaTIiB qJucepTaiii

HayxoBi pe3yabTaTé Ta OCHOBHI MOJIOXKEHHS AUCEpPTaliiiHOT poOOTH MPEACTaBICHO Ta
OITyOJIIKOBAHO B MaTepiajiax HACTYIMHUX KOH(MEPEHIIIH:

1. K. S. Kuznetsova,V. A. Pashynska, Z. E. Eremenko, “Monitoring of the proteins
hydrolysis reaction using the microwave dielectrometry method”, IEEE Ukrainian
Microwave Week, Kharkiv, Ukraine, 14 — 18 Nov. 2022, pp. 142 — 146, doi:
10.1109/UkrMW58013.2022.10037092.

2. Z. E. Eremenko, E. S. Kuznetsova, A. 1. Shubnyi, A. V. Martunov, “High Loss

Liquid in Layered Waveguide at Microwaves and Applications”, IEEE 17"
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International Conference on Mathematical Methods in Electromagnetic Theory
(MMET), Kyiv, Ukraine, 02 — 05 July 2018, pp. 246 — 249,
doi: 10.1109/MMET.2018.8460267.

3. Z. E. Eremenko, V. M. Skresanov, E. S. Kuznetsova, A. |. Shubnyi, V. V.
Glamazdin and M. P. Natarov, Differential waveguide cuvette for complex permittivity
measurement of high loss liquids at microwaves, 47" European Microwave Conference
(EuMC), Nuremberg, Germany, 10-12 October 2017, pp. 707-710, doi:
10.23919/EuMC.2017.8230945.

4. 7. E. Eremenko, E. S. Kuznetsova, A. 1. Shubnyi, V. V. Glamazdin, and M. P.
Natarov, “Determination Method of Water-Glucose Solution Concentration at
Microwaves”, 2017 IEEE 37" International Conference on Electronics and
Nanotechnology (ELNANO), Kyiv, Ukraine, 18-20 April 2017, pp. 259 — 262, doi:
10.1109/ELNANO.2017.7939759.

5. Z.E. Eremenko, E. S. Kuznetsova, “The absence of fixed cut-off frequencies in a
circular layered waveguide with lossy liquid”, 9" International Kharkiv Symposium on
Physics and Engineering of Microwaves, Millimeter and Submilli-meter Waves
(MSMW), Kbharkiv, Ukraine, 20 - 24 June 2016, pp. 1 - 3, doi:
10.1109/MSMW.2016.7538180.

Ilyoaikauii. 3a maTepiasiamu JaucepTaiiitHoi po6oTu omyOiikoBaHO 5 crareit (nB1 3
akux Q1), 1 mareHT Ha BuHaxim YkpaiHd, | po3gin y KHU31, 5 Te3 JOMOBiAed Ha

BITUM3HSIHUX Ta MKHAPOJIHUX KOH(PEPESHITISX.

Crpykrypa ii_obGcsar auceprauii. Jlucepramis CKIagaeTbcs 3 aHOTAIlll, MEPETiKy

YMOBHUX TO3HA4Y€Hb, BCTYITY, YOTUPHOX PO3/ILIiB, BUCHOBKIB, MEPEIIKY BUKOPHUCTAHUX
JiTepaTypHUX JHKEpesl 1 OJHOrOo JojJarka. 3araJibHUN oO0cCAr AucepTariiHoi poOoTH
CTaHOBUTH 149 CTOPIHOK, sika MICTUTH 44 pucyHkH 1 12 Tabmui. Y pobOTI BUKOPHUCTAHO

129 6106niorpadiyHUX MOCUIIaHb.
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PO3/1LI 1

METOJIY JJOCJIPKEHHS JIEJIEKTPUYHNX BIACTUBOCTEM CUJIBHO
[TOTJIMHAIOUMX PIAVH Y MIKPOXBWJIBOBOMY [IAITA30HI

1.1 Tucnepcia KIII cuibHO NOTJIMHAYMX PiIMH

KommekcHa nienekrpuuna mnpoHukHicTe (KJIT) € HaHOLIbII MOIIMPEHUM
napamMeTpoM, IO BUKOPHUCTOBYETHCA JUIsI XApPaKTEPUCTHUKUA PIZHOMAHITHUX BOJHHUX
PO3UMHIB Ta € MPEIMETOM YHCICHHUX JociaipkeHb [5, 12, 26-31]. 3uanns KIII e
KOPHCHOIO 1H(OpMaIIi€ro Ul pO3B’sI3aHHS TaKUX IIPOOJIeM, K 3a0pyTHEHHS 3aTHIITKaMU
aHTUOIOTUKIB BOJHUX pECypCiB, BU3HAYEHHS KOHIIEHTpalli PO3YMHEHUX PEUYOBHH,
MOHITOPUHT OioxiMiuHMX peakuii Ta inmm. KT Bkarodae aificHy 4acTuHy &' Ta ysABHY
&" yacTHHy, MOB'A3y€E MieTCKTPUIHE 3MileHHS D 3 HanmpyXeHICTIO eNEKTPHUYHOTO MOJIS

E, 1 Bupaxaerscs Ak D= g,€E, o€ &, — NleNEeKTpUYHA IPOHUKHICTh BUIBHOTO IIPOCTOPY,

& — BIJIHOCHA JIIEJIEKTPUYHA NMPOHUKHICTh JIEJIEKTPUYHOIrO mMaTepiany. [lilicHa yacThHa
KJIT onucye 31aTHICTS MaTepiady MiATPUMYBATH €IEKTPUYHE MMoJe (Mipa HAKOMUYEHHS
€Heprii), a ysiBHA — 1€ 3JaTHICTh MaTepiaidy po3Cit0OBaTH MIKPOXBHIIbOBY €HEPTIIO (SIBJISIE
cobor BTpat B Marepiami). L{i BTpaTH BKIIOYAIOTH JICNEKTPUYHI BTPATH 4Yepe3
peaKcarlito, a TaKoXX BTPATH Yepe3 10HHY MPOBIAHICTh. BiAMOBIIHO BEKTOPHOTO 3aMKCy
MOJIIB, TMependavaeTbCs, L0 MOJS MPEACTaBISAIOTh CHHYCOIJaJIbHI 3MIHHI 3 4YacoM.
Bennuuna BTpaT maTepially BUSHAYA€ThCS 32 3HAYEHHSAM Horo koedirieHTa gucumarii
a00 TaHreHca KyTa BTpaT, tgo= &"/&', ne & — daszopuii kyt mix momsmu D i E. 1le
3HAUCHHS JOPIBHIOE BEIMYMHI TOPSAKY a0 OliabIlle OAWMHUIN Jis MaTepiamiB i3
BTpaTaMu, SIKUMH € CHJIbHO moriuHaroui piguau. 3HaHHS KJIII Ta TaHreHca BTpaT €
BOKJIMBAMU XapPaKTEPUCTUKAMH JUISI JOCIIKEHHS B3a€MOJIl MIKPOXBUJIb 3 CHIIBHO

noryimHarouoto piguHoro B HBY miamazoni.
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[Ticnst BUMHKAHHS B3a€MOJIi €IEKTPOMArHiTHOTO MOJIsl 3 MaTepiajJoM, aTOMU Ta
MOJICKYJIH, HasiBHI B MaTepialli, MOBEPTAIOThCS 10 piBHOBaru. Taka moBeniHKa MOJIEKYI
y BIAMNOBIAh HA MPHUKIAZACHE EJNEKTPOMArHITHE TIOJI€ HAa3UBAETHCS [iCIEKTPHYHOIO
pemakcartiero. [loBemiHka Ti€IEKTPUYHOI peakcailii 3ajleXuTh BiJ BJIACTUBOCTEH
MmaTepially, 4acTOTH Ta Temrmeparypu. PimmHa Moxe MaTh KilnbKa JieJeKTPUYHUX
MEXaHi3MIB a00 MOJApU3allIMHUX e(eKTiB, fKlI BIUIMBAIOTh Ha ii JICJICKTPUYHY
nponukHictb. Ha Puc. 1.1 cxematnuHo 300pa)xxeHO pi3HI JICNEKTPUYHI MEXaHI3MH

MOJISIPU3Allii B 3aJICKHOCTI B1J JAlaria30HY 4acToT.

{if

£ ! JTATIOJIEHUHA

5! 8H

e

ATOMHHUU

€JIeKTPOHHUU

10° 10° 10° 10" 10"
YacTtoTta, I 11

Puc. 1.1. CxematuuyHe 300pa)K€HHS PI3HUX ICICKTPUUYHUX MEXaHI3MIB MOJISAPU3AIIii

[32]

KoxeH mienekTpuyHuil MexXaHI3M Mae XapakTepHy yacTtoTy @. [loBeminka
JIEJIEKTPUYHOT0 MEXaHI13MY IS MOJISIPHUX PIAUH Y MIKPOXBHJIBOBOMY Jl1ana3oHl YacTOT
XapaKTEPHU3YEThCS €NMHUM TIPOIECOM peJlakcarlii, Ta OMUCYEThCs piBHIHHIM Jlebast, ske
noB’sizye K[ 3 4acom pemakcamii T, CTaTMYHUM 3HAYCHHSIM ICICKTPUYHOT

MPOHUKHOCTI € Ta BUCOKOYACTOTHUM 3HAYEHHSAM JA1€JIEKTPUYHOT TPOHUKHOCTI €. Jist
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OJTHOTO MEXaHI3My pellakcarlii aucrnepciitHa mojaenb Jlebas 3amaHa CITiBBITHOIICHHSIM

[33]:

g;g'.{.g";(ﬁ.}g ]+J(M]’ (11)

1+(wr)> 1+(wr)?
Jlyia onucy MOBEIIHKK MaTepialiiB, sKi BKIIOYAIOTh KiIbKa YaciB penakcarii 7,

HainomupeHimum € piBusaus Koyna-Koyia [33]:

E—&
E=E,+——2L— 1.2
1+ (jor)t™ (12)
Je o - mapamMmerp, 10 Ja€ Mipy PO3IIUPEHHS B MKy &£, Ta MOXE NMPUAMATH 3HAYCHHSI
Bim 0 no 1, nmns o = O piBasHHA (1.2) meperBoproeThes Ha piBHSAHHS JleOas st
nossipaux aienekTpukiB (1.1). PiBusauas Koyna-Koyna (1.2) BUKOpUCTOBYEThCS Jis
XapaKTEPUCTHKHU IIMPOKOTO CHEKTPY piAvH. 3rigHO piBHAHHA (1.2) reomeTpuyHe micue

3HAYEHb J1€JIEKTPUYHOI TPOHUKHOCTI B KOMIUIEKCHIN IJIOMIKHI € AYTOI0 KOJa.

1.2 XBuJiieBigni Ta pe3oHaropHi meroau Bu3dHayeHHs K/III cuibHO morjmHaw4ux

pixuH

KIIT Oyab-sikoi pedoBuHM € ii HEBIT'€MHUM (Pi3UYHUM MapameTpoM. Metoau
JOCIIKEHb, IO TIPYHTYIOTbCSI Ha BH3HAUYEHHI (I3UYHUX MapaMeTpiB PO3UHMHIB
O10JIOTIYHO AKTUBHUX PpEYOBUMH € aKTyaJbHUMU. Bu3HaueHHs AleNeKTPUYHUX
BJIACTUBOCTEN PO3UMHIB 010MOJIEKYJ Todaniocsi 3 poOiT Jlebas micnmsa myOmikarii #oro
kuauru [30], Ta Oynu 3po0IieHi nepini BUMIpIOBaHHS TiSICKTPUIHOT qUcTepcii O1TKOBUX
po3unHiB. B3aeMosisi eeKTpoOMarHiTHUX XBWJIb 3 O10JIOTIYHOIO MAaTEPIi€I0 € YaCTOTHO-
3aj1e)kHO0 [26, 34]. JlieaeKTpuuHi BIACTHBOCTI BOJIM, BOJHUX PO3YMHIB Ta 0i0JOTIYHUX
PIAMH JOCHIUKYIOThCS MpOoTArom OaratboXx pokiB [31, 33-37] ta MaioTh MHIMpOKe
3aCTOCYBaHHS B MEAUINHI, (hapMmarieBTHIll, 0610J0r1i, ekoJorii. JienekTpuHi BIaCTUBOCTI
PI3HOMAHITHUX PEYOBUH O10JOTIYHOTO MOXO/KEHHS MOCTIMHO JOMOBHIOIOTHCS, 1 Jaji
MOXYTh BUKOPUCTOBYIOTHCS JUIS PO3PaXyHKIB B MEIUYHUX HUsIX [38].
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Posib 3B’s13aHOi BoAM TUCKYTYEThCS B Oararbox pobotax [39—41]. KinbkicTh
3B’SI3aHUX MOJICKYJI BOJU MOXKE OyTH MOKa3HHKOM (hopMyBaHHS B3a€MOJii O10JI0TIUHO
aKTUBHUX PEYOBMH MK c00010 Ta BOAOw. 3miHa 3HaueHb KJIII BogHuX po3uuHIB
010JI0TIYHO aKTHBHUX PEYOBHH, & TAKOXK O10JIOTIYHUX PIAWH 13 BEJIMKUM BMICTOM BO/IH,
TaKUX SIK M'A3M Ta INKipa, I8 SKMX BMICT BOJM CTaHOBHUTH Oym3bko 75% [42],
MOSICHIOETHCS 3MIHOIO CITIBBIJTHOIIEHHSI KIJIBKOCTI 3B’SI3aHUX 1 BUIBHUX MOJIEKYJ BOJIM B
nocTipKyBaHuX 3paskax [12, 27, 43]. Bmict BoJiorW, CHIiBBiJHOIICHHS BUIBHUX Ta
3B’SI3aHUX MOJIEKYJl BOJM B XapyOBHX INPOJYKTaX BIUIMBAIOTh Ha [IEJIEKTPUYHI
BJIACTHBOCTI XapuoBuX NpoaykTiB [44]. 3menmenns K/II po3uwHy 31 301IbMICHHAM
KOHIICHTpAIlli pO3UMHEHUX PEUOBMH BiIOYBAETHCS BHACIIJIOK TOTO, IO MPH B3a€EMO/IIL
MOJIEKYJT 010JIOTIYHO aKTUBHUX PEUYOBUH 3 POZUMHHUKOM (BOJI010) HABKOJIO PO3UMHEHUX
010JIOTIYHO aKTUBHHUX MOJIEKYJl YTBOPIOETHCS IIap 3B'A3aHOi BOAUW (TiAparailis), Ta siK
HACJIZIOK 3MEHIIYEThCS KUIBKICTh BUIBHUX MOJIEKYJI PO3YMHHHUKA. YTBOPEHHS IIapy
3B'SI3aHUX MOJIEKYJI BOJM HA MOBEPXHI 010MOJIEKYJ XapaKTEpU3y€eThCsl OUIBIIMM 4acoM
pelakcaiiii, Ha BiIMIiHY BiJl MOJIEKYJI BOAM B 00’ eMi [5, 27, 29, 45].

3MEHIIeHHS PYXJIMBOCTI 3B’S3aHUX MOJIEKYJ BOJIY B PO3YMHI MPHU3BOJIUTH IO
3HM>KEHHSI JIICHOI Ta ysiBHOT yacTuH KJIII po3unny. 3aBasku CHIIBHOMY MOTJIMHAHHIO
BoJHUX po3unHiB Y HBU-niama3oni, B o6macti yactorHoi aucnepcii KJII Boau, BruuB
CTYTICHSI TiJipaTallii MOJIMBO JTOCHIIUTH 32 JOIIOMOTOIO JIIEIEKTPOMETPUYHUX METO/IIB,
yepes Te, 1110 BO/Ia CTAHOBUTh OCHOBHY YaCTHHY JOCTII)KYBaHUX PO3YMHIB 1 BIJIUBAE HA
ixHi BjaacTuBOCTI [12]. 3 BUKOPUCTAHHSM JICJICKTPOMETPUYHHUX METOIIB IMOKA3aHO, 110
3MiHa KOHLIEHTpalli pO3YMHEHUX PEUYOBHMH Yy PO3UMHI BUKIMKae 3MiHy 3HaueHb KIIII,
yepe3 3MIHY CIIBBIJHOIIEHHS 3B’S3aHUX 1 BUIBHUX MOJIEKYJ BOJU B JOCIIKYBaHUX
3pa3kax, B HaCJIIJIOK YOTO PYXJIMBICTh 3B’SI3aHUX MOJIEKYJ BoJau 3MeHryerbes 1 KT
po3unHy 3MeHInyeThes [4, 31, 35].

VY mikpoxBuiboBOMY Aiana3zoHi yactoT Big 0 go 20 T miticna wactuna KT
BOAM Olnbina 3a ysBHY, a mis dactoT Bumie 20 [T — miicra wactuna KJIII Boam

MCHbIIIA 34 YIABHY YaCTHHY, LIO0 ICTOTHO BIUIMBA€ Ha MO PCHHA GHGKTPOMaFHiTHOT
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XBWII Y BOAHOMY CepeloBHILl. BHU3HaueHHs Mi€NeKTPUYHUX BIACTUBOCTEH PIAMH 3
BHUCOKMMH BTpaTaMu MPOBOASTH Y MIKPOXBHJILOBOMY J1ara30Hl 4acTOT, 3aCTOCOBYIOUH
XxBuIIeBoAHI MeToAu [1]. st BUMIprOBaHHS PiIKHX 3pa3KiB OCHOBHOIO ITPOOJIEMOIO € T¢,
SK YTpUMaTH DPiIWHY B BHUMIPIOBAIBHUX XBWJICBIIHUX CTPYKTypax [2]. XBuieBojHI
CTPYKTYPH 3aCTOCOBYIOTHCS JIJIsl TIepe/Iayl eHeprii Ha HAJBUCOKUX YacTOTax, 1 KOJM iX
MOMEepPeYHl PO3MIPU MEHIIE KPUTUYHUX 3HA4YeHb, BOHHM BTPAYalOTh BJIACTHUBOCTI
CIPSIMOBYIOYOi CHCTEMH 1 CTAIOTh MO3aMEXHUMU. Taki XBUJIEBOAM 3aCTOCOBYIOTHCS SIK
CJIEMEHTH PI3HUX MIKPOXBHJIBOBUX JaTuuKiB i BuMiptoBanHs KJIII pigun, 1o
NPOTIKAIOTh y TpyOornpoBoaax [46]. BukopucToByr0Un pe30HATOPHI METOIM 3 BHCOKOFO
gymiuBicTiO g Manmux 3MiH K/IT pigua 3actocoByroth kamisipu [3, 47] mis
3MEHIIICHHSI 3aracaHHs XBHWJII MPHU AOCTIIHPKEHH] CHJIBHO TTOTJIMHAIOYUX PIJIUH.
3anumiKoBa KOHIICHTpaIlisl aHTUOIOTHKIB y CTIYHMX BOJaxX Ta MUTHIN BOJI BCE
i€ 3aIUIIAETHCA TPOOJIEMOI0 Y BChOMY CBITI. SIK MOKa3ye CTAaTUCTUKA, KUIBKICTh
pI3HUX O10JIOTIYHUX 3a0pyAHEHb, IO MOTPAIUISAIOTH O HABKOJHUITHBOTO CEpeOBUIIIA,
oe3mepepBHO 3pocTae [9]. OmHiero 3 HAHAKTYATBHIIIMX €KOJIOTIYHUX TMPOOJIEM Y CBITI €
3a0py/HEHHS] aHTHUOIOTUKAMH, fKI TMOTPAIUISAIOTH y BOJHE CEPEIOBHUINE SK HUISIXOM
BUBEJICHHS 3 OpPraHi3My JIOJWHU B O10J0T1YHO aKTUBHINA (OopMi MPAKTUYHO O€3 BTpaTH
CBOIX BJIACTMBOCTEH, TakK 1 31 CTIYHUMH BOJAMU BiJl (hapMalleBTHUHUX MIANPUEMCTB. B
TOM K€ Yac, aHTUOIOTUKU BHUKOPHCTOBYIOTHCS SIK JUIA JIIKYBaHHS, Tak 1 JJIst
Npo(UIAKTUKA 3aXBOPIOBAaHb y TBAapUHHUITBI 1, 30KpeMa, Ha mnraxodadpukax, sK
HACJIIJIOK CIIOKMBAHHS aHTUOIOTHKIB JIIOJBMH 1 TBapMHAMHM Pi3KO 3pOCTae, 1o
CIPUYHMHSE BEIUKY II00aNbHy MpobiieMy aHTHOIoTHKOpe3ucTeHTHOCTI [48]. Ha nanwmii
MOMEHT  HaWOUIbII ~ MOWIMPEHHMMH  METOJaMH  BUABJICHHS  AHTUOIOTHKIB €
BHUCOKOE(DEKTUBHA piuHHA XpoMaTorpadis, MoJiMepa3Ha JIAHIFOTOBA PEaKIlisi Ta Mac-
cuektpockomisi [49]. ¥V poGorax [49-51] aBropm 3poOuiau orisg  0OpaHUX
CKCIIEPUMCHTAJIbHUX  METOMIB  (eJekTpoMarHiTHoi  cmektpockomii,  UV-Vis
CeKTpoOoTOMETPii Ta CHCTEMAa BUMIPIOBAHHS €MHOCTI) JUIsl BUSBIICHHS aHTHO10THKIB y

npobax BOAM 3 HABKOJHUIIHBOTO cepefoBumna. IlokazaHo, 110 KOHIIEHTpAIlis
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JIHKOMIIIMHY B TWiA3€MHUX Bojxax Oyna BcraHoBieHa Ha piBHI 0.36 Mkr/m, Ta
KOHIIEHTpaIlisl HUIpodIoKcauHy y Boji nopiBHIoBana 1.270 mkr/a. Bei mi metonu €
BUCOKOYYTJIMBUMH, OJJHAK BOHM MAIOTh JIy>)K€ BUCOKY I[IHY OOJIaJHAHHS, SIKE HE €
MOPTATUBHHUM, IO YHEMOXJIMBIIIOE 1X BUKOPUCTAaHHS O€3MocepeiHh0 Ha MicIi 3a00py
po0.

MOHITOPUHT PIBHS TJIIOKO3M B KPOBI JIIOJIMHM Ma€ BAXJIMBE 3HAYCHHS JUIs
JIKYBaHHS Ta 3amo0iraHHs MmoOiYHMX e(eKTiB y XBOpHX Ha Iykposwii miaber [37].
HaiiGinp1n mommpeHa TpaauiiifHa METOIUKA, 3a TOTIOMOIOI0 SIKOT BU3HAYAETHCS PIBEHb
TJIFOKO3W B KPOBI JIFOJWHHU, 3BOJWUTHCS [0 TIPOKOJIOBAHHS TMAJBI JIAHIIETOM
rrokomeTpa. Lle TiroK0300KCUJaHTHUM METO/T, AKUM 3aCHOBAHUM Ha peakKiiii OKUCIECHHS
TJIFOKO3U B IPUCYTHOCTI (DePMEHTY TIIFOKO300KCH/Ia3H 3 YTBOPEHHSIM MEPEKUCY BOIHIO.
Lleit meTon moTpedye 1HBa3UBHOI MPOLETYPH, siIKa MOKe OyTH MpoBe/ieHa 0arato pas3iB
Ha JICHb, SKIIO 1€ HeOOX1HO JIg JikyBaHHA marieHTa. Icaye cranmapt DIN EN ISO
15197 [52], sixkuii BCTAHOBJIIOE BIAMOBIAHI BUMOI'M [0 TJIIOKOMETPIB, 3TIAHO 3 SIKUM
JOMYCTUMa TOYHICTh TJIFOKOMETPIB MOBUHHA OYTH HACTYIHOIO: 1) IpH PiBHI TJIIOKO3U B
KpoBi MeHie 4.2 MMoub/i1, 95% BUMIpIOBaHb TOBUHHI BIJIPI3HITHCS Bl €TAJIOHY HE
ounbmie 0.82 MMOJb /71; 2) IpU KOHLEHTpAaLli TIIOKO3U B KPOB1, OB ad0 Ha piBHI
4.2 mmonw/1, 95% BUMIpIOBaHb MOBUHHI BIIPI3HATHUCS BiJ] eTanoHny He Ouibie 20% sk B
OuIbIITy, TaK 1 MEHITy CTOPOHY. ['0OJIOBHUMHU HEJOJIIKAMU TaKUX MPUCTPOIB BUIHAUYCHHS
pPIBHS TJIIOKO3M B KPOBI € 1HBA3UBHICTh, MOCTIMHE TMOIIKO/KEHHS TKAHWH B MICII1
MIPOKOJTY Ta SIK HACTIJOK PU3UK 1H(IKYBaHHS. [CHYIOTh KOMEPIIiiTHI MiHIATIOPHI CUCTEMU
Oe3mepepBHOTO MOHITOPUHTY, Taki sk ceHcopu Dexcom ta Guardian Medtronic, siki
MaroTh TPUBAIICTH OE3MepepBHOI poOOTH NaTyuKiB 10 7 aHiB [53].

3nadennss K/{I1 BogHuX pO3YMHIB TIIIOKO3U, OTpUMaHi 3rimHo Mozem Koyma-
Koyna ta Jlebas 3 BIAMOBIAHMMHU MapamMeTpaMu JJii BOJHUX PO3YMHIB TJIIOKO3U 3
koHeHTpauiero Big 100 go 500 w™r/mi, BHUKOPHCTOBYIOTH JJisi TPOEKTYBAHHS
PI3HOMaHITHUX JATYMKIB BU3HAYEHHS TIJIFOKO3W B KPOBI JIIOJUHHU 3 BUKOPHCTAHHIM

KOAKCIaJIbLHOTO 30HJa 3 BIIKPUTUM KiHIeM [54] 3 THOJaIbIIMM TPOCKTYBAaHHIM
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MIKpDOXBUJILOBOTO JATYUKY JUIS HEIHBA3MBHOTO BUMIPIOBAHHS TJIOKO3U B KPOBI.
ABtopamu B pobOotax [36], [55] MeTomoM IieNeKTpUYHOI CIIEKTPOCKOINi, SKUH €
YYTJIMBUM 1HCTPYMEHTOM JOCJIDKCHHS JUCIIEPCIMHOI TOBEIIHKH J1eJIeKTPUYHOI
MIPOHUKHOCTI, MPOBEACHO MOHITOPHHT TJIFOKO3H B KPOBI1 JIFOAMHHU Ta OTPUMAHO 3HAYCHHS
KJIIT xpoBi nroauHu 1i KOMIIOHEHTIB B Aiama3oHi yactoT a0 100 I'T. 3acrocoByroun
IMIICIAaHCHY CIIEKTPOCKOIi0, B poborax [56], [57] 3ampomoHoBaHO Oe3mepepBHY
HEIHBA3UBHY CHCTEMY MOHITOPUHTY DPIBHS TJIIOKO3U B KPOBI JIIOJWHU 3 MIHIMaJbHOIO
MEKeI0 BUABICHHS r1roko3u 0.2 MmoJw/i [57].

Po3po0Oka HeIHBa3UBHUX METOJIIB MOHITOPUHTY PIBHA I[yKPY B KPOBI1 JIOJUHU 32
NOKa3HUKaMu JiicHOI Ta ysaBHOiI yactuH K/III € akryansHum 3aBmanHsM. i unporo
HEOOXITHO 3HATHU JIENIEKTPUYHI BIJIACTUBOCTI PI3HUX OIOJOTIYHUX PIAMH 1 TKaHUH
JOAMHU. MogaenbHl pIOIuHU, Takl SIK PO3YMHHU TIJIFOKO3U y BOAl a00 y COJBOBOMY
pPO34MHI, JO03BOJISIIOTH IPOMOJICTIOBATH I1X OCHOBHI JII€JIEKTPUYHI BIIACTUBOCTI Ta
MOXXYTh OyTH BUKOPUCTaHI JJIi KUIBKICHOI OIIIHKM KOHIICHTpAIli TJIFOKO3U B KPOBI
ToauHA. TakuM YMHOM, aKTyaJbHUMHU € JOCHIDKEHHS IeTEKTPUIHUX BIIACTHBOCTEH
BOJIHUX PO3YHHIB 3 PI3HUM BMICTOM TUIFOKO3H Ta COJIi, B SIKOCTI MOJICIBHUX PO3YHHIB 3a
JOTIOMOT'OI0 METOJTY J11€JIEKTPOMETPII.

3aCTOCOBYIOYM METOJ MIKPOXBUJIBLOBOI JIEIEKTPOMETPIi MOKIMBO BUMIPIOBATH
JIEJIEKTPUYHI XapaKTePUCTUKH XapYOBHX IMPOAYKTIB y PEATbHOMY Haci, 10 KOPUCHO
JUIS MOHITOPUHTY 1 KOHTPOJIIO SIKOCT1 TEXHOJIOTTYHUX MPOIIECIB BUPOOHHUIITBA XapUOBUX
npoayktiB [44, 58, 59]. 3a3Buyaii, TpPOAYKTH XapuyBaHHS MICTATh 3HAYHY KUTBbKICThH
BOAM Ta 1HIIMX MOJSIPHUX PEYOBHH. MeTON A1eNeKTPOMETPIi UyTIMBUHI 10 3MIH CKJIaay
KOMITOHEHT XapyOBUX MPOJYKTIB, TAKUX AK KOHIIEHTpAllis BOJIOTH, OUIKIB, LYKPY Ta
a1 [44]. 3aBasgky BU3HAYCHHIO JAICIEKTPUYHOI MPOHUKHOCTI METOT JICIIEKTPOMETPIi €
MOTY)XHUM 1HCTPYMEHTOM JUTsl aHAJII3y Xap4YOBHUX MPOAYKTIB, IO JTO3BOJISIE OTPUMYBATH
IIBUJIKI Ta HAJIWHI PE3yIbTaTH BUMIPIOBAHHS IXHHOTO CKJIATy Ta SIKOCTI.

HalimommpeHnimyMu O1IKaMu Yy KpPOBI € JIBI OCHOBHI TPYIHU: CHPOBAaTKOBHIA

anpOyMiH Ta TI00YIiHHU, Kl CTaHOBIATH 55% Ta 38% 3aranbHOI KUIBKOCTI OLIKIB.
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CupoBaTKOBHI albOYMIH JIIOJWHU BIAIrpa€ KIOYOBY POJIb Yy MIATPUMII OHKOTUYHOTO
TUCKY IJJa3MU Ta TICPEHECEHHI YHUCICHHUX PEUYOBUH, 1 HOro piBeHb MOXe OyTH
BOKJIMBUM T[MOKa3HUKOM IS JIarHOCTUKH PI3HUX 3aXBOPIOBaHb, TaKUX SK pak,
peBMaToigHuil aptpur, imemis tomo [60]. 3a piBHeM imyHOrI00YyIiHY G MOXKIUBO
BUSIBJISITH JICSIKI XBOPOOH, MOTO PiBEHb MJBUIYETHCS IIPH BIPYCHOMY Ta ayTOIMYHHOMY
remaTuTi, MaToJIOriuHuX cTaHiB mewiHku [61]. TouHe BH3HAYEHHS PiBHSA IUX HAHOLIBII
MOIIMPEHUX THUIIB OIKIB y O10JOTIYHUX PIAMHAX MA€ BEIMKE 3HAUCHHS IS JTIKyBaHHS,
a METOAH, SKI BHUKOPHCTOBYIOTHCS 3apa3 JUId KIIHIYHUX JOCIIDKeHb iX PIBHS
3aJIMIIAIOTHCS KIIACHYHUMH 1 0a3yI0ThCs HAa BUKOPHCTaHHI OapBHHUKIB [62].

HampsiMku  1oCITiPKEHbh 3 BUKOPHUCTAHHSM MIKPOXBHUJIBOBUX TEXHOJOTIH IS
OloOMeIMYHUX 3aCTOCYBaHb 3aTpeOyBaHi JJIsi MOHITOPUHTOBUX JOCIIIKEHD Y PEATbHOMY
gyaci KOMITOHEHT IIa3Mu KpoBi [4], Takux sk anpOyMmiH Ta iMyHOrnoOynaiH G, ta mis
Oe3mepepBHUX JOCTIKEHb (epMEeHTaTUBHUX peakiiii [13] 3a mMmoka3HWKaMu iX
JUETCKTPUYHUX XapaKTePUCTUK. TakuM 4YHHOM, BaXXJIMBUM € CTBOPEHHS HOBHX
TEXHOJIOT1IM Ta 3aco0IB aHadidy Ha OCHOBI EJIEKTPOJWHAMIYHUX CTPYKTYp, SAKI
JIOTIOBHIJIA O 1CHYIOU1, 3 METOI0 1/IeHTU(DIKAIlli Ta KUTbKICHOTO BU3HAYEHHS O10JI0T1YHO
aKTUBHUX PEUYOBHH B PO3UMHAX.

binbiricte epMEHTATUBHUX MPOIIECIB, IO BUKOPUCTOBYIOTHCS B OlOMETUYHIN
MPaKTHUIll 1 OI0TEeXHOJIOTTYHHUX MPOIEcaX, BUMAraloTh 0€3MepepBHUX 1 TOUHUX METOJIB
MOHITOPUHTY Tepediry (epMEeHTAaTUBHMX peakliid, 5Kl 3a3BMYail 3aCHOBaHI Ha
MOCTIMHOMY BHW3HAYCHHI KOHIIEHTparii abo IMmo4aTKoBOro cyocTpary, abo KiHIIEBOTO
npoAyKTy (epMeHTaTuBHOI peakmii. Hampukman, ams KOHTpPOIO Mpolecy TiApoizy
CEUYOBHMHHM, SIKHUW KaTali3yeThCsl ypea3ol0 3 YTBOPEHHSM aMiaky 1 BYIJIELIO, 3a3BUYail
BH3HAYAIOTh KOHIICHTpAIlif0 amiaky B OioxiMmiyHoMy peakTopi [63]. Omaum i3
KJIACHYHUX METOMIB  KOHTpOJII0O Tmepediry i€l  ¢GepMEeHTaTUBHOI peakiii €
(OTOKOJOPUMETPHYHHIE METOJ 13 3acTOoCyBaHHIM peakThBy Hecciepa [64]. Lleit crocio
KOHTPOJIIO € JUCKPETHUM Ta BHMArae peryispHO BiAOUpaTu mMpoOHW 3 peakTopa, Io

MOKE CHPUYMHUTHU 3a0py/IHEHHS 30HU peakilii, 1 He 3a0e3Meuye MOHITOPUHT PEaKIlii B
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pexumi peanbHOTO Yacy. Kpim Toro, peaktuB Heccnepa nocuth Tokcuunwmii. [lopiBHSIHO
3 KJIACHYHUMH METOJAaMH KOHTPOJIIO, 3a3HAUEHUMU BUIIE, TOUHI paaiodi3udHi METOAU
KOHTPOJIIO CTaHy 010J10T1YHO aKTUBHUX PEYOBHH Y PO3YHHI, 1 30KpeMa JieIeKTPOMETPis,
€ TIEPCIICKTUBHUM HAIIPSIMKOM JOCITIIKEHb.

CydacHU#l CcTaH JOHUCKPETHUX METO/AIB MOHITOPUHTY OIOXIMIYHMX peakIliif
OOyMOBIIIOE  HEOOXIAHICTH PO3POOKM HOBHUX JUHAMIYHHUX METOJIIB  KOHTPOJIIO
(dbepMEeHTAaTUBHUX TPOIECiB y OloMenuuHid J1abOpaTOpHi JIarHOCTUII Ta B
O10TEXHOJIOT15X, 30KpeMa 3 BUKOPUCTAHHSIM MIKPOXBHJIBOBOI JienekTpomeTpii. Takum
YUHOM BEIEThCS MOIIYK JUHAMIYHUX METO/IB MOHITOPUHIY KOHIIEHTpalli cyOcTpary 1
IPOAYKTY (pepMEHTATUBHOI peakuli Tifpoii3y Ouika 0e3 3ynuHKUA (epMEHTATUBHOTO
Iporiecy Ta/abo IUCKPETHOTO B1IOOPY MPOO 13 30HM peaKilii.

Oco0siuBicTL BUOOPY €TAJIOHHOI PiMHU

TouHe 3HAHHS IEJIEKTPUYHUX BIACTUBOCTEH UYMCTOTO PO3YMHHUKA — BOJU €
BOXJIMBUM TPU BUBYEHHI BOJHMX cUCTeM. IcHye Oarato meroniB BusHaueHHs KJIII
pIAVHM, K1 CIIOYATKY BaIIAYIOThCS Ta MIATBEPIKYIOTHCA 3 BUKOPUCTAHHAM €TaJOHHHUX
pinuH 3 Bigomumu K/II1, Takux sk BOJHO-€TaHOJBHI PO3YMHH, a TIOTIM 3aCTOCOBYIOTHCS
JUIST XapaKTePUCTUKU AOCTiKyBaHuX piauH [19, 65, 66]. Metonn BuzHauenus KJIIT
PIAVH B SIKOCTI €TAJIOHHOT PIAMHU BUKOPUCTOBYIOTHh BOJY, BOJHO-ETAHOJIbHI PO3UYMHH 13
sigomumu KJII1 [1, 3, 65, 67, 68]. Bizomum € qudepeHIiHMI METO 3MIHHOT TOBIUHH
JTOCHIKYBaHOT PIAMHU 171 BU3Ha4YeHHsT Manmx BigMiHHocter KJIII gocmimkyBanoi
pinuau Bix pinuan 3 Bigomoro KJIIT B mimimerpoBomy miama3zoni [69]. Lleit merton
n03BoJisie BuMiproBatu pizHuIl Mk KT gocmimkyBanoi piguau ta 3HaueHHs My KJIIT
KOHTPOJILHOTO 3pa3ka 3 TouHicTio 110 0.1%. B sikocTi eTaoHHOT piIMHU 1J1s1 BUSBJIICHHS
KJIT po3unHiB 610J0TIYHO aKTUBHHX PEYOBUH, BOAAa OOpaHa SK €TaJOHHA pPIIUHA,
OCKUIBbKH 1i JiefekTpuyHi BiactuBocTi B HBU-iana3oni 10CUTh BUBUECHI.

B Tabmumi 1.1 mnpencraBieHO TOPIBHAHHS METOAY  MIKPOXBHIBOBOI

nudepeHIiiHol AIeIeKTPOMEeTpil 3 IHIIMMU METOAAaMH, IOCTYITHUMH B JIiTepaTypi, Ha
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OPUKIAAl BU3HAUEHHS MIEJEKTPUYHMX BIACTHMBOCTEH BOJHUX PO3YUHIB O010JI0TIYHO

aKTUBHUX PEUYOBUH Ta JIEAKUX O10MOJIEKYII.

Tabmuns 1.1. TlopiBHSAHHSA METOAY MIKPOXBHIBOBOI MU(EPEHIIIHOI JieNeKTpOMETpii 3

IHITUMHA MIKPOXBHJILOBUMHM METOJaMH Ha TMPHUKIAAI BOJHO-OUIKOBHX, COJIbOBHX Ta

CIMPTOBUX PO3UMHIB 32 TOUHICTIO BU3HAYEHHS AIMCHOI O¢’ Ta ysiBHOI O&” vactun KT

MikpOXBHIIHOBI JocmimpkyBaHui O0’em o', 0", | YHacrora,
METOU 3pa3oK JTOCITIIKYBaHOTO % ITu
3paska
MiKkpoXBHJIHOBA Bona, Bonauit 7 M1 0.5% Ta 31.82
mugepeHuiina pPO3YuH 3+5%
TEJIEKTPOMETPIS anbOyMIHY
Pe3onaropuuit Boanwmii po3unn | cyOMikpomiTp/ 1.4% Tta 30-40
METOJ, 3aCHOBaHUI anbOyMiHY : 0.7%
. HaAHOJIITP
Ha pe30oHaTopi 3
MOJaMH IIENOYyYOi
ranepei [70]
MikpoxBuUiIbOBa Boanwmii Ta KUTbKa MKJI 6% 0.01+10
mienexktTpomeTpis [67] | BOIHO COMbOBHIA
(NaCl) po3zunuu
anbOyMIiHY
JlienexkTpuuHa bionoriuni KUJTbKa MKJI 4% 0+40
crekTpockomis [71] KIIITHHHA
XBuneBogHuit meton | Boma, meTanodn, 0.06 mn 0.08+12% 0.5+3
[72] €TaHoI,
130MPOIIaHON
MikpocmyxkoBuid | Bopa, rekcan, KUTbKA MKJI 0.05+2.3% 3
pesonarop [3] METAHOJI
Koakciansauit 3081 Pinunu Ta KUJIbKa 5+10% 0.01+50
Big Keysight [73] TBEP/i Tija MUTUTITPIB
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IlepeBaru  Bu3HavenHs KJ/AII cuwibHO DOrIMHAKYUX PpigUH Yy
MIKPOXBWJIBOBOMY  Jiala3oHi 4YacToT i3 3aCTOCYyBaHHSIM MIKPOXBWJIbOBOI
audepeHIiiiHol TieJJeKTOMeTpil:

1. Tounicth BU3HaUeHHs Koe(imieHTiB (a3u Ta 3aracanHs nopiBHIOTh 0.1+1% Ta
5%, BIAMOBIIHO;
MuTTeBe BU3HAUEHHS A1€JIEKTPUYHUX BIACTUBOCTEN JOCIIPKYBAaHUX PIAVH;
BifcyTHICTh BUTPaTHUX MaTepiaiB,
besrneununii Ta 1erkuil B eKCIuIyartarii;
Hu3zbke eHeprocnoKuBaHH;

Hu3bKkOBUTpaTHHI €KCIIPEC METO;

N o g k0D

ABTOHOMHICTb.

1.3 BucHoBku 10 po3aiay 1

BumiproBansH1 IpHUCTPOi Ha OCHOBI IIAPYBAaTUX EIEKTPOJAMHAMIYHUX CTPYKTYP
3aCTOCOBYIOTBCS  BIIPOJOBXK 0ararbOoX PpOKIB ISl JOCHIJKEHHS JICJICKTPUUYHUX
BJIACTUBOCTEH CHJIBHO TIOTJIMHAIOYWX PIIWH. AHaI3 JiTepaTypHUX JDKEpPeIl, IIMOJ0
JOCITIKEHb OCOOJMBOCTEH TOIMIMPEHHS EJEKTPOMArHiTHUX XBWJIb Y XBHUJICBITHUX
CTPYKTypax 3 CHJIbHO TMOTJIMHAIOYOI0 PIIUHOI0, A€ MACTaBU MPOBEACHHS MOHITOPUHTY
(bI3UYHUX TOKA3HUKIB JOCIIHKYBAHUX 3pa3KiB y peadbHoMy Yaci. YacToTHUI Alana3oH
poOOTH TaKuX CTPYKTYpP 3HAXOAUTHCS Y MIKPOXBWJIBOBOMY Jiana3oHi 4YacToT, e
po3TanioBaHa 00JaCTh YACTOTHOI JMUCTIEPCli KOMIUIEKCHOT JTIEJIEKTPUYHOI MPOHUKHOCTI
BOJIM.

Ha croromui OUIBIIICTP METOIIB BU3HAUEHHS KUILKOCTI O10JOTTYHO aKTUBHUX
PEUYOBHH Y PI3HOMAHITHHUX 3pa3KaxX, MPOBOMAATHCS B JIAOOPATOPHUX YMOBAax, SIKi €
JIOBFOTPUBATIUMU Ta TPYJIOMICTKMUMH 3 BUKOPUCTAHHSM CIHEI1ai30BaHOTO 00JIaIHaHHS,
BUTPATHUX MaTepialliB, a ICHYIOUl KOMEPIIIiHI TeCT-CUCTEeMHU € Hal4acTille HeJOCTYIHI
JUIsl TIIMPOKOTO BHUKOPUCTAaHHA. € 1HTEpPEC BUKOPHUCTAHHS XBWJICBIJHUX IIIapyBaTHX

CTPYKTYp, SIK OCHOBHUX YYTJMBHUX €JIEMEHTIB, B (hapMalleBTHIIl, MEIUIIMHI, €KOJIOTIi,
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30KpeMa BHW3HAUYEHHS 3aJMIIKOBHX KUIBKOCTEW AaHTHOIOTHKIB, B TEXHOJIOTTYHHX
mporecax BHUPOOHHUIITBA XapuoOBUX MPOAYKTIB Ta (apMaleBTHUYHUX I[peraparis,
MPOBOJISTYM MOHITOPUHTOBI AOCTIPKEHHS A1EJIEKTPUYHUX BIACTUBOCTEH JTOCTIIKYBaHUX
PO3UMHIB Y pealbHOMY 4aci.

[TopiBHSIHO 3 KJACHYHUMHM METOJaMH MOHITOPHUHTY OI0OXIMIYHMX peakKIlil,
3a3HaYCHUMHU B PO3JUI, TOYHI pajaiodi3udHi METOJH, 30KpeMa ICICKTPOMETPIs, €
MEPCIIEKTUBHUM HAMPSMKOM JOCIHIKEHbh KOMIUJIEKCHOI MieIEKTPUYHOT MPOHUKHOCTI
pPO34YMHIB OI10JIOTIYHO AaKTUBHUX PEYOBHH, 3aBASKA CBOIM MepeBaraMm: TOYHICTb
BU3HAYECHHS [IWCHOI Ta YABHOI YacCTHMH KOMIUIEKCHOI JJI€JIEKTPUYHOI MPOHUKHOCTI
nopiHioe BianoBigHO 0.5% Ta 3+5%; BiACYTHICTH BUTpPATHUX MaTepialliB; Oe3MeUHUN
Ta JIETKUA B eKCIUTyaTallli, HU3bKE EHEProCHOKMBAHHS; HHU3bKOBUTPATHUN Ta

ABTOHOMHUI €KCIPEC METO/I.
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PO3JILT 2
MIKPOXBIUILOBUI XBUJIEBITHUN AIEJEKTPOMETPUYHUN METO/I
BU3HAUYEHHS KOMITJIEKCHOI JIEJEKTPUYHOI IPOHUKHOCTI CHJIBHO
TTOTJIMHAIOUMX PIJVH

VY po3aim nmpencTaBieHO METOAUKY PO3B’sI3aHHS SICKTPOIMHAMIYHOL 3a1adi J71s
KPYTJuX IIapyBaTHX XBUJIEBITHUX CTPYKTYyp. LIl cTpykTypu peanizoBaHi K JBa TUIHU
BUMIPIOBAJIbHUX KIOBeT Juisi Bu3HaueHHs K/III cuiapHO NOrIMHAIOYUX PIIMH Y
MIKpOXBHJILOBOMY Jliara30Hi 4acToT. [lepruii TUIT KIOBETH — 1€ Bl 1ICHTUYHI KOMIPKH
nienexktpomerpa 3 tunoM xBuil HE,, KokHa Komipka CKiIalaeThCsa 3 MIIHIPUYHOI
NOpOXKHUHU pajilycy b=10 MM y JaTyHHOMY KOpPIYCi KIOBETH, MEPHEHIUKYISIPHO
OOKOBHM TMOBEPXHSM KOMIPKH PO3TAIIOBAHO KBAPLUOBUU CTPHKEHb, JI€ OJHA KOMIpKa
HeoOx1mHa i1 pedepeHCHOI pIIWHU, Ta 1HIIA — JJs PIAMHMA, [0 JOCHIJKYEThCS 3
00’eMoM piaunu 7 mut koxkHa [18, 19, 66, 74]. Ipyruii TUII BUMipIOBAJIbHOT KIOBETH — 11€
JBI KOMIPKHM PI3HOI JOBXWHH, NPHU3HAYEHI I JIOCHIIKYBAaHOI PIOAWHU I SIKOi
OTPMMaHO IMAaTEHT Ha BUHaxXig Ykpainu [17]. KoxxHa KoMipka CKIIaJaeThCs 3 KPYIJoro
MATIHAPUAYHOTO OTBOPY Y METAJICBOMY KOPITYyCi KIOBETH 3 IEHTPAJIbHUM KBapIIOBUM
CTPWKHEM, OTOUYEHUM CHJTLHO TIOTJIMHAIOYOK0 PiIMHO0, TAKUM YHHOM, IO TieEKTPUIHI
CTPWKHI CIIBBICHI OTBOpaM KIOBETH. BuOIp MIKpOXBHJIHOBOTO Jialla30HY YacTOT JIJIst
JOCITIJKEHHS TICJICKTPUIHUX BIACTUBOCTEH CHUJIBLHO MOTJIMHAIOYMX PiUH, TKUMH TaKOX
€ BOJIHI PO3UMHH 010JI0T1YHO aKTHBHUX pedoBHH (BAP), 00yMOBICHO THM, III0 B I[bOMY
Jiara3oHi po3TamoBaHa 001acTh MAaKCUMaIbHOT YaCTOTHOI IUCIIepCii IMCHOI Ta YSBHOT

gactun KJIIT Bozu, sika € OCHOBHOIO CKJIaIOBOIO JOCIIKYBaHKUX 3pa3kiB [4, 5].

2.1 XapakTepucTu4He pPiBHSIHHS JJIs1 IIAPYBATOI XBUJIEBOJIHOI CTPYKTYPH 3 CWJIBHO
NOTJIMHAIOYO0I0 PiIMHOI0

Jlnst XBUJIEBOJHOI CTPYKTYPHM BHUMIPIOBAIbHOI KOMIPKH 3 J1€JIEKTPUYHUM
CTPMKHEM, OTOYEHUM CHJIbHO TMOIJIMHAIOYOIO PIAMHOI, CTPOTO PO3B’SI3YETHCS
eNIEKTPOAMHAMIYHA 3a1a4a [75], 3HaX0auThCs PO3B’A30K piBHAHL MakcBesia 3aBasKH
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aKClaJIbHIN CUMETPIii CTPYKTYpH, 1 OTPUMYETHCS XapakTepucTuuHe piBHsHHA [14, 16, 19,
66]. EnexTpomarHiTHe ToJie XBWII, IO MONIUPIOETHCS B XBUJICBOIHIM CTPYKTYpi, B
CKJIaJll SIKOi € CHJIbHO MOTJIMHAI4Ya piAuHa, CUJIBHO 3araca€ B I piauHU. SIK paHilie
noka3zaHo [76-78] BusHauenHs KJIII CWIBHO MOTTMHAIOYOI PITUHA MOKIHBO
MPOBOJAUTH, BUKOPHUCTOBYIOUHM XBHWJICBIHY BHUMIPIOBAJIbHY KOMIPKY 13 J1€JIEKTPUUHUM
CTPHKHEM, OTOYCHHM CHJIBHO TOTJIMHAIOYOIO PiIMHOIO, IO SIBJIIE COOOI0 XBUJICBITHUIM
KaHaJ B piauHi. B310BX Takoi XBUJIEBIAHOI CTPYKTYPH 3 TICIEKTPUYHUM CTPUIKHEM

MOXJIMBO TOIIMpPEHHs XBWieBigHOT moau HE, 3 menmmm 3aracannsm. lle nae

MO>KIUBICTE BUsABUTH BiamiHHICTH KJIIT 180X cunbHO nmornmuHarouux pigud [14, 16, 79].
IlocraHoBKa eJEeKTPOAMHAMIYHOI 3agaui JJs LIAPYBaTOl XBWJIEBIIHOI
CTPYKTYPH 3 HECKiIHYEHHUM IAPOM CHJILHO MOTJIHHAIOYOI PiTnHI
PosrisitHeMo po3B’si3aHHS €eKTPOAMHAMIYHOI 3a/1a4i JIJIs IapyBaToi CTPYKTYPH,
Ky 300pakeHo Ha Puc. 2.1, 3 TeHTpanbHHM JieeKTpuyHMM cTpmwkHeM (1) Ta

HECKIHYEHHHM IIapOM CHIJIBHO MOTJIMHAI0YO1 pianHu (2).

N

T 82 \\
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Puc. 2.1. Tlo3m0BXHIM TEpETUH BUMIPIOBAJIBLHOI KOMIPKH, III0 CKJIAJIa€ThCs 3

LATIHAPHYHOTO KBAapLIOBOTO CTPWXKHA pamgiycy a = 2.5 mm T1a & =3.8,6'=0.0001,

& > &/, KUl OTOUCHO CUIIBHO TOTJIMHAIOYO0 PIIMHOI0 3 &,, & ~ &, . Puc. 1 B [77].

Taka cTpyKTypa € OCHOBOIO BHMIPIOBAIbHOT KOMIPKA MIKPOXBUIHLOBOTO
mudepeHuiiHoro nienekrpomerpa g BuzHaueHHs K/I1 cuiibHO morivHaiuuMx piauH
[79]. XapakTtepucTruHe pIBHSHHS IS i€l I1apyBaToi XBHJICBIAHOI CTPYKTYPH €

TPaHCIEHACHTHUM pPIBHSHHSM B HESIBHOMY BHUIJISIAI 1 MOXe OyTH pO3B’s3aHO
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yrcenbHuMu Metoaamu [75, 80, 81]. Hampuknan, y [82] pimeHHs mbOTO piBHSHHS
po3rasaanocss AJiA ONTUMI3allli XapakTEepUCTUK INMHPOKOCMYTOBOTO aTeHIoaTopa 3
¢bikcoBaHUM 3aracaHHsM Ta y [81] mst po3paxyHKy ONTHYHHUX XBHJICBOIIB.

Po3B’si3aHHS  eNEKTpOAMHAMIYHOI 3ajadi Afisl CTPYKTYpPH 3 IWIHIPHUYHUM
TIeNeKTPUYHUM CTPIDKHEM y O€3MEXHOMY IMOTJIMHAIOUOMY CEpeIOBUII, MPOBEICHO

METOJIOM PO3IUICHUX 3MIHHUX y HWIIHAPHYHIA cucTeMi koopaunat (r,¢,z) [76, 81].

Tunu XBHIEBIIHUX MOJ, IO IMOIIMPIOIOTHCSA B JOCHiIKyBaHii cTpykrypi (Puc. 2.1)
MOJKHAa OXapaKTepU3yBaTH KOMILIEKCHUM KoedirienTom mommpenas h=h'+ih", ne h'’
ta h" — koedinienTn (ha3u Ta 3aracaHHs BiIOBITHO.

B3goBx paaiycy r Kpyrjioro XBWJIEBOJY IIOJ€ MPEJACTABICHO KOMOIHALIEO

¢bynkniin beccens J, () 1 Xankens H () mopsaky n [76, 83]. 3amumemo ckiiagosi

€JIEKTPOMArHITHOTO TOJsl, BHUKOPUCTOBYIOYM €JEKTPUYHI Ta MArHITHI BEKTOPHI
norexuiamu Iepua U®,U™ [75] ms mienexrpuanoro muwtingpa US,UM, xomu r<a, ta

HECKIHYEHHOTO IIapy CHJIbHO moriuHatouol piauau Us, U, xomu r>a:

Uf= i A%J, (k,r) cos(ng)exp™,

0

ur=> A"J (kr)sin(np)exp™ , (r<a) (2.1)
U= i BH_ (k,r)cos(ng)exp™ ,
U =3 B"H, (k,r)sin(ng)exp™ , (r>a )

ne k; =./& ki —h? — nomepeune xBumboBe uncio B fienexTpuuHOoMy mTiHapi (i=1)
ta B piguni (1=2); k, — xBunpoBe uncio B Bakyymi, h=h'+ih" — nmo3nosxHe XBUIbOBE
qHCII0 (KOMIDICKCHHN KoeditienT nommpenss); J,(X) ta H, (x)— uuniaapuyudi GyHKIii
beccens ta Xankens mnepuioro pojay, MOPSAKY N; N — a3suMyTaJdbHUM 1HJIEKC
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XBWJIEBOJHOI MO, & =& +lg/ , Ta €, =¢,+lg; — KJII cTprkHs Ta piguHy BiIIOBINHO,
ne &>¢' Ta £,~&, a — pauiyc CTPWXHA, L4, M, =1 — MarHiTHa HPOHUKHICTH
crpwkHs Ta piguam; A°, A", B°,B™ — HeBimomi KoehillieHTH. 3aleKHICTh BiJ Yacy
npuiiMaeThes K exp(—iot).

3amuIeMo IIcTh KOMIIOHEHT IIOJNIB, 3a JormoMororw einekrpuunoro U®(r) rta
maraitaoro U™ (r) BekropiB I'epua, ne r=(r,¢,z) — pamiyc-BeKTOp B HUIIHIPUYHIHA

cucTeMi KoopauHat [75]:

0? ue + ikigg 0

0° ike 0O
.= m. .= .m——l I_ €
B oroz r agoU' ’ H arc’izu' r 8goU”‘
1 52 8 m _1 82 m 8 e
E,= T 3 Uf ik 5-U, H<”i‘?a¢a U +ikie 2 U, (2.2)
0 02
Hzi :(8 2+‘9:u|k2JUm Ezi :[a 2+5/ulk jue’

BIAMOBIOHO IS JiedekTpudyHoro crprkss (1=1) Ta CHIBHO MOTJIMHAIOYOI PiIUHH

(i=2). IigcrapuBmm U U™ B (2.2), 3amumemMo BHpasd I TaHTCHIaIbHUX

KOMITOHEHT €JICKTPUYHOTO Ta MArHITHOTO OB JUIS JICIEKTPUYHOTO CTpYKHS [ 78]:

4

E - [”h AT (k.a)+ kK, A" (k a)}sm(ngp)exp
r
=i [koklglAeJ " (k,a) + n_rh A" (kla)} cos(ng)exp'™
2.3)
E, =k2A®J_(ka)cos(np)exp™

H, =k’A"J_(ka)sin(np)exp™
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Ta AJIS Mapy CUIIHHO MOTJIMHAIOYOT PIMHHU:

E ——j n—h[BeH,fl)(gza) + ngB’”Hf)'(gza)}sin(ngo)expihZ
r

4

. o1 s (1) nh _n, ihz
H(o = I|:k92528 Hrgl) (9,2) +T B H,ﬁl)(gza)}cos(ngo)exp (2.4)

2 1 ihz
E, = 9;B°H,”(9,a) cos(ng)exp
2 1 : ihz
H, = g;B"H,”(g,a)sin(np)exp
3a10BONIBHUBIIM TPAHMYHI YMOBHM Ha MEXI pO3MOAULY MIApiB CTPYKTypHU Ha
Puc. 2.1, nieneKTpUYHOrO CTPIDKHSA Ta IMapy CUJIBHO MOTJMHAIOYOl pPiAWHHU, 1 Ha

30BHINTHII FpaHI/II_[i METAJIEBOi CTIHKH Kpyrijioro XBHJIICBOAY, OTpHUMAEMO CHUCTCMY

JTHIMHUX PIBHSIHB MO0 KOMIUIEKCHOTO KoedirieHTy nmomupenns h=h"+ih":
a;(h)=01,j=1234 (2.5)

JAcC
a, =hnd, (ka)/a,a, =kkJ;(ka),a,=-hnH, Y (ka)/a,a, =-k.k,HY (ka),

a,, =k.k&J; (ka),a,, =hnd, (ka)/ a,a,, =—kk,eH,® (k,a),a,, =—hnH P (k,a)/ a,
Ay =, = 912‘]n (kia), a3 =2, = —k22H r(11) (k,a)

Koedimientn A°, A", B®,B™ Bu3HauaeMo, po3B’sI3aBIIKM CUCTEMY PiBHIHB (2.5).

[Tpu piBHOCTI BU3HAYHUKA CUCTEMH PiBHSIHB (2.5) HYyII0, OTPUMYEMO XapaKTEPUCTHUHE

piBusiHHS By [76, 79, 83, 84]:
[ HY' (k,2) Jn(ka) }

“ka-HP(ka) ‘ka-J,ka)

(2.6)

(O ' 2h2(lc2 _lr2)2
X[ HY (k,2) 35 (k@) Jnh (k2-K2)*

Moy aHO(ka) “ka-d,(ka) |~ kK'kia’
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ITocTaHoBKa eJIeKTPOAMHAMIYHOI 3aJadvi [Jsl LIAPYBATOI XBHJIEBiIHOI
CTPYKTYPH 3 KiHIIEBUM LIAPOM CHJILHO NOTJIHHAIOYOI PiiMHH

AHaJNOTIYHO, pO3MVITHEMO pO3B’S3aHHS  CJIIEKTPOJMHAMIYHOI 3amadi s
[IapyBaTOi XBUJIEBIAHOI CTPYKTYpPH 3 LEHTPAIbHUM MICJICKTPUYHUM CTPHIKHEM Ta
KIHIICBUM [IapOM CHJIBHO TOTJIMHAIO4Y0I piguHU. Ll cTpykTypa € OCHOBOIO
BUMIPIOBAILHOT KOMIpKHM JudepeHiiitnoro mienexkrpomerpa s BusiBaeHHs KJIIT

CHJIBHO TOTJIMHAIounX pijauH [16] Ta cxemarnaHo 300paxeHo Ha Puc. 2.2.

7

2b 2a$

Puc. 2.2. T1o310BXHi# IEpeTHH KPYrioro METaJeBOro XBmieBoay paaiycy b = 10 mm 3
LATIHAPUYHUM KBapuoBuM crprkueM (1) pamiycy a = 2.5 mm (& =3.8,5=0.0001),

oroueHuM 1iapom d =(b—a) cuibHO noryMHa4oi piavHH (2)

B3nosx paniyca a mose npeacTaBieHo koMmOiHatiero Gynkuiit beccens J,(-) Ta
Heiimana N_(-) mopsazakis N. 3anexHicTs Bia yacy npuilMaeTbcs gk exXp(—iwt). 3rizno

[75], enexrpruni U® Ta marmitai U™ BekTOpHI moTeHiianmu I'epria BUKOPHCTOBYEMO

AJIs1 BUBHAUYCHHS CIICKTPUYHUX Ta MarHiTHUX KOMITOHEHT JJIIAA I[ieJ'IeKTpI/I‘lHOFO I_[I/IJ'IiHI[pa

U7,U" Ta ckiHYeHHOTro 1apy CHIbHO nmorinHarouoi piquan Uj,U T
Ug= i A®J, (kr)sin(np)exp™
n
U= i A™J_(k.r)cos(ngp)exp™™ (2.7)
n
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Uz = S[B:J, (k,r)+CeN, (k,r)]cos(ng)expi™

U =S [B"J, (k,r)+C"N, (k,1)Isin(ng)exp™ |

OTpuMyeMO XapaKTepUCTUYHE PIBHAHHA I CTPYKTYpPH 3 YpaxXyBaHHSIM

KIHIIEBOTO IApy CUJILHO MOTJIMHAIOYO1 PIIMHU B IIAPYyBaTiil XBUIEBOIHIN CTPYKTYPI:

n2h2(k12 . k22)2

: 2.8
kika o

(6,1 —gF)(u, T — 1 F) =

JAcC

fe __ Nn(kya)Jn(k,b) —Jn(kya)Ny (kyb) |
K,alN;, (K,2)J (K,0) — 3, (K@) Ny, (K,D)]

em __ In(k@)Ny (kD) — Ny (k@) In(kyb)
k,a[J, (k,a)Nj (K,b) — Ny, (k,a) I}, (K, )]

c__ Jdaka)
ka-J,(ka)

PiBHsHHs (2.8) cmiBmamae 3 piBHAHHAM (2.6) SKINO MIap CHIBHO MOTJIMHAIOYO]

PIAMHU HECKIHYEHUH. Y TPaHWYHOMY BUTIAJKY BIJCYTHOCTI MOTJIMHAKOYOTO IIapy, KOJIU
b=a, Maemo Kpyrauii MeTaneBUll XBUJIEBI, 3amoBHEHUN mienekTpukoM. KoedimienTu
MOIIUPEHHS eIEKTPUYHUX Ta MArHITHUX THUIIIB XBWIb Y TAKOMY XBUJICBO/II € PIIICHHIMU
piBasaHb J,(ka)=0 Ta J;(ka)=0 BignmosigHo. /{14 a3suMyTalbHO-OAHOPIIHHUX MOJIB,
s N = 0, piBasHHSA (2.8) po3magaeThes HA JBA HE3aJEXKHI PIBHAHHSA, IO BIAMOBiIAE
HAsBHOCTI B JIOCHI/DKYBaHIM CTPYKTypl XBWIECBIIHHX MO €JIEeKTpuuHOro E, Ta
MardiTHoro H,  TwmiB, mus skux ingeke M=12,... o3Hayae KiIbKICTh Bapiamiii 1oJs 3a
pagiycoM IwiaiHApa a. A3UMYyTIbHHM 1HIEKC N JOPIBHIOE YUCITY MAaKCUMYMIB,
PO3MINIEHUX B3JIOBX a3UMYTaIbHOI KoopanHaTH ¢ Bin 0 1o 27 ; pamiaabHUM 1HIEKC M
JIOPIBHIOE YKCITY MAaKCUMYMIB, PO3MIIIEHUX B3JI0BX aKClaJIbHOI KOOPJWHATH BCEPEIUHI

ctpwkHsa Bim 0 mo a. Jlnsg Bcix iHmMX Mo CTpyKTypu, mias N#0, piBHICTB
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TAQHTCHLIAJbHUX KOMIIOHEHTIB EJEKTPUYHOIO 1 MArHiTHOTO TOJIB Ha MEXI
TIENEeKTPUYHOTO LWIIHApa paaiycy a Moxke OyTu 3abe3meueHa TIIbKA B KIacl

riopuanux xswib HE, abo EH,, Tumis, BCi 1IiCTh KOMIIOHEHTIB €JIEKTPOMArHiTHOTO

1oJIsA SIKAX BiAMIiHHI Bif Hyis. PiBHsuHsa (2.6) Ta (2.8) orpumanHi B 0JHOMOJOBOMY

HaOMMDKEHHI Ta B MOJANBIIMX JOCHIDKEHHSAX posrisinanaca xswid HE;; Ttumy, sxa

MOIIUPIOETHCS 3 HAHMEHIIIMM 3aracaHHsIM B3JI0BXK KBapIlOBOTO CTPHXKHS B IIapyBaTii
XBWJICBOJHIN CTPYKTYpi, B CKJaJi fAKOI € CHJIbHO TNOMIMHAI4Ya piauHa. YucenbHO
BUPIIMIMBINY piBHAHHSA (2.6) a0 (2.8) 3Haxomumo ix kopeni h,, =h/ . +ih . Ta po3mosmia
CJICKTPOMArHITHOTO TIOJII B KPYIJIOMY JIBOIIAPOBOMY XBHJIEBOAI 3  CHIIBHO
MOTJIMHAIOYOIO P1JIUHOIO.

TakuM 4YHHOM, HaBEACHO PO3B’S3aHHS CICKTPOMWHAMIYHOI 3amadi s
IIapyBaTOi XBHJICBIAHOI CTPYKTYPH 3 JIICICKTPUYHHAM CTPHDKHEM, OTOYCHHUM

HECKIHYEHHHUM a00 CKIHYEHHUM IIIapOM CHUJIBHO TMTOTJIMHAKOYO1 P1AUHHU.

2.2 Po3moaisl eJIeKTPOMATHITHOTO MOJIA B KPYIJOMY JBOLIAPOBOMY XBHJIEBOIi 3
CHJILHO MOTJIMHAIYOK0 PIINHOI0

PosrisHeMo po3monisi CTPYKTYypH TOJISE XBHWJIb B3JIOBXK PajiyCy JBOIIAPOBOTO
XBUJIEBOAY JUIsl PI3HOI TOBIIMHU TIapy pivHU. PO3paxyHOK aMIUIITY/1 MOJiB BUKOHAHO

3a GOpMYJIOIO:

E, =\/Re2{éa(r,(p, )| +Im? B, (r.0,2)], (2.9)

ne E,(r,¢,z) — KOMIUIEKCHI aMIUTITY/IM TIOJIIB, 1HAGKC ¢ TpUMae 3HAUYCHHA I,(,Z.

Ha Puc. 2.3 HaBeneHO BUTJISA PO3MOIITY TAHTICHINATbHOI KOMIOHEHTH TOJISI

xBuii HE,; y kpyriomy nBomiapoBomMy akciaabHO-CUMETPUYHOMY XBHUJIEBOI HA YaCTOTI
12 TT1; B 3aj1€KHOCTI Bix 3MiHU TOBIIMHK mapy piauau d =(b—a). Ammiityna nomns
xBuii HE;; Mae onHakoBul BUTIIAN Yy KBapLIOBOMY CTPHKHI JIJIsl pI3HUX TOBUIUH LIAPIB

pimuan d (Puc. 2.3 I - 1V) ta mae Burisaa moist xsuwini HE;, oTHOPiZHOTO XBHIIEBOY.
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[Tpu nocuts Benukiit ToBuMHI mapy piaunu (IV), skuit cranoButs 0.55 cMm, xBunga HE

NPAaKTHUYHO 3raca€ y PiAMHI, Ta MAaKCUMyM €HEpPTii MOJIA 3HAXOAUTHCA y KBAapIOBOMY
CTpWXHI. 31 3MEHIICHHSM TOBIIMHU INapy PIAMHM MaKCUMYM TaHTEHIIadbHOT

KoMIoHeHTH ToJist XBwiii HE; mounnae Oinbiie konnentpysarucs B pinuni (11, 11). Le

BIJIBYBA€THCS BHCIIJIOK TOTr0, IO TOBIIMHA CKIH-MIAPY Y BOJAI 30UIBIIYETHCS 3i

3MEHIIIEHHSIM 4acToTH [85].

Puc. 2.3. Po3noain TaHrueHnianbHoi KOMIOHEHTH nodst xBwii HE ; Ha vactoti 12 [T B
3aJ1€XKHOCTI Bix 3Minu toBumuu mapy piguau d =(b—a), cm: I - 0.05; Il — 0.15; III —

0.25; IV -0.55

OTtpumani pe3yibTaTH po3noAuly mojis xBuwii HE;, mopiBHSHI 13 B&Ke BIAOMUMHU
pe3ynbTaTamu 1HIIMX aBTOpiB. Hampuknazn, po3noain nons riopuaHoi xswn HE ; mae

BUTJISA TIOJISE XBWJII H;; OJHOPIAHO 3allOBHEHOT'O KPYIJOro €KpPaHOBAHOIO XBUJIEBOAY

Ha BHCOKMX vacToTax (1A) [86].
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Ha Puc. 2.4 naBeneHo po3mojin E¢(r) KOMIIOHEHTH mong xBwii HE;, nansa

gactoT 30, 16 Ta 12 I'T' Ayt ABOX 3HaYeHb mapy piguau (Boau) d = 0.75 cm ta 0.11 cm.

00 02 04 06 08 10
b, cm

Puc. 2.4. Hopmosauuii papianenuil posnogin E,(r) komnonentu nons xsuwie HE;, ans

mrapy piauau d = 0.75 cm (a) Ta 0.11 cm (6) mnst wacror 12, 16 ta 30 [T O6macts 1 —

KBapLIOBUM CTPUKEHB; 2 — IIap PLAVMHU

[Tokazano, mo mas mapy piguan d = 0.75 cM aMmIuIiTyaa mojis MakCHMMalibHa B
KBaplIOBOMY CTPHKHI, a 32 MOTO MeXaMH, B PiAMHI, CMaJae MPaKTUYHO O HYJs, HE
JIOXOASIYM IO 30BHIIIHBOTO MeTaneBoro xBwiieBonay (Puc. 2.4 a). 31 3MeHIICHHSIM
YacTOTH MaKCUMyM aMIUNTyau modiss xBwil HE;, Oinbiiie KOHIIEHTPYEThCS Y MmIapi
pimunu. J{nsg mapyBaTtoi  XBWJIEBIHOI CTPYKTYpPH 13 MEHBIIMM IIIAPOM  CHUJIBLHO
normHatouoi piaman d = 0.11 cm (Puc. 2.4 6), 31 3MEHIICHHSM YacTOTH 00 €MHA
YacTKa €JIeKTPOMArHiTHOTO MOJIsS 30UIbIIYEThCA Y IIapl CUJIBHO MOTJIMHAKOYOI PiIUHHU.

Po3rnsHeMO MOMKJINBI NPUYMHH 1HOTO SBHINA. 3MiHM y posnoaim E,(r) xommonentu
noJist X HE;; y mapi cuiabHO MOriMHAI04U01 piIMHU MPY 3MEHIIEHH] YaCTOTH MOXKYTh
Oytu moscHeni BmmBoM aucnepcii K/II cunpHO mornwHaro4oi piaWHN Ha Pi3HUX
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gacToTax. 31 3MEHIICHHSM YaCTOTH CIIOCTEpITaeTbcsi 3MiHA  JAIENEKTPUYHUX
BJIACTMBOCTEH CHJIBHO MOTJIMHAIOYOI PIIMHU, a came A yacToT Menbine 18 I'T' ysasHa
yactuna K/II1 Boau crae meHInoro 3a gificHy yactuny, &' <¢g' (Puc. 1.1 Ta Puc. 2.12).
Taxkum umHOM, 31 3MeHIIeHHIM ysBHOI yactuau KJIIT Boau, 31 3MEHIICHHSIM YacTOTH,
0o0’éMHA YacTKa €JEKTPOMArHiTHOIO IMOJs B IIapi CHJIBHO MOTJIMHAIOYOl PIAWHU
30UIBIIYEThCS. Tako)K BapTO BIJI3HAYUTH, 110 TOBIIMHA CKIH-IIAPY Y BOJ1 301JIBIIYETHCS
31 3MCHIICHHSM 4YacTOTH [85], 110 BIUIMBa€e Ha MOUIMPEHHS €IEKTPOMArHiTHOI XBUIII B

api CUIbLHO TOTJIMHAIOYOI PIJTUHH.

2.3 Tunu XBWIb Yy KpYIJiil XBW/eBigHiii mapyBaTtiii cTpykTypi i3 cHIBHO

NOIJIMHAKY0K0 PIAMHOI0

Ha Puc. 2.5 npezacraBieHi 4acTOTHI 3aJIeKHOCTI koedilieHTiB (a3u (a) Ta
3aracands (0) MOx B KPYIJIOMY ABOIIAPOBOMY XBHJICBOII 3 pamiycoM b = 1 cMm Ta
[WTIHAPHYHEM KBapIIOBHM CTPIKHEM pamiycy a =0.25 cmTa & =¢, +lg (&/¢& <),
mapoM cuibHO TmoriuHarodoi pignan d =(b—a), Boau 3 &, =&, +ig; . J{sa mopiBHIHHS
MOKa3aHl MOJU KPYTJOT0 METaJeBOTO XBHIJICBOMY pajiyCy a 3allOBHEHOTO KBapIIOM
(cuniM kosmpopoMm) [16]. Posp'sizaHo xapakTepucTuuHe piBHSHHS (2.8) Ta OTpHMaHO
3HAYEHHs KOMILIEKCHOro Koedimienty mommpenns h,, =hl +ihl . ne asumyranbhuii
igekc N < 2 Ta pamianeHuii iHgexc xsumi m=0,12..., musg skux h) < 200 nb/cm B
niarma3oHi yactoT 160 I'Tm. MarniTHa NPOHUKHICTH JIBOX INApiB 4, 1 [, JOPIBHIOE
ouHHMII. 3anexHOoCTI KoedimienTy ¢asu h' mams BCiX MO ABOMIAPOBOTO XBUJICBOAY Ha
BHCOKHMX YacTOTaX HAOIMKAIOTHCA M0 AMCICPCIHHMX 3aJICKHOCTEH XBHIb KPYTJIOTO
XBUJIEBOY, 3amoBHEeHOro kBapiieM (Puc. 2.5, a). Ile mo3Bomsie kimacudikyBaTu XBHI1
KpPYyTJIOTO JBOIIAPOBOTO XBWJICBOJIY 3 KBApIOBHM CTPWIKHEM OTOUYEHHUM CHJIBHO
MOTJIMHAIOYOIO PIIMHOI, aHAJOTIYHO KiIacudikallii XBUJIb Y METAJIEBOMY OJIHOPIIHO-

3aII0BHEHOMY XBHJIEBO/I.
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Puc. 2.5. YacroTHi 3aJIEKHOCTI HOPMOBAHOTO Koe(diieHTy dazu

0o I Kegupy = Do ! (kox/;{) (a) Ta xoedimieHTy 3aracaHHs (0) M pAAY XBUIb KPYIJIOTO

reapy
METaJIEBOTO XBUJIEBOAY 3 LICHTPAIHLHUM KPYTJIUM KBAPIIOBUM CTPHXKHEM 1 IIAPOM BOJHU
d=(b—a), a Takox MOJ KpyIJIOro METAJeBOro XBHJIEBOAY pamiycy a = 0.25 cwm,
MOBHICTIO 3aIIOBHEHOTO KBAPIIOM (3aJIe’KHOCTI CUHIM KOJIh0poM). [ludpamu nmoszHadeHo:

1- Ey, 2 -Hy,, 3- HE,, 4 — EH,,, 5 — HE,,, 6 — EH,,. 3ipkamu nossaueHo

eKCIIepUMEHTaJIbHI qaHi [79]
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3rigHo 3 MOBEAIHKY 3alie)KHOCTEN KoedilieHTa (a3u A BCIX MOJ XBHJIEBIAHOT
CTPYKTYpU 3 UEHTPAJIbHUM MJICIEKTPUYHUM CTPUIKHEM, OTOUYEHHUM IIApOM CHUIIBHO
noryimHarouoro piauHoro (Puc. 2.5 3amexHOCTI 4OopHUM Ta (h10JETOBUM KOJHOPOM)
BCTAHOBJICHO, 1110 B TaKiil CTPYKTYpl MOXYTb 30y/DKyBaTUCS YOTUPU TUIU XBWIb. /[Ba 3

HMX Ll TIOIepeYHi eleKTpuuHi XxBuii TE,, 1 nonepeuni MarHiTHi XBum TM , AKi He

MalOTh Z KOMIIOHEHTH €JIEKTPUYHOrO ab0 Mar”iTHOro mods BignosimHo. Lle
a3uMyTaibHO-odHOPiaHI Mo, N=0, mIg skux iHgekc M=12,... o3Ha4Ya€ KiJIbKICTh
Bapialii moJyis 3a pagiycoMm IuiIiHApa a. [[Ba 1HIMX TUMH XBWIb 1€ T1OpHUIHI XBHII
HE,,, EH,, Tumy, ski MalThb HEHYIbOBI Z-KOMIIOHEHTH IOJISI, y AKUX BCl ILIICTh
KOMIIOHEHT €JIEKTPOMArHITHOTO IMOJIsl BIAMIHHI BiJ HYJs. J[J11 KOMIpKHU J11€IEKTpOMETpa

BuOpaHo xBwito tumy HE;,, skxa 30ymKyerbcss B JI€IEKTPUYHOMY CTPHXKHI 3a
JIOTIOMOT'O0 MPSIMOKYTHOT'O XBUJIEBOIY 3 OCHOBHUM THUTIOM XBuIII H,.

TakuM 4YMHOM, BHM3HAUYEHO THUIM XBWJb, IO MOMIMPIOIOTHCS Yy LIApyBaTid
XBUJIEBIJTHIA CTPYKTYpl B3AOBX KBapLOBOI'O CTPHUXKHSA, OTOYEHOrO0 IIApOM CHIIBHO

NOTJIMHAIOYOT PIMHYU 13 KOMIUICKCHUMH KoedillieHTaMu omupeHHs h,,, Ta mo3HaueHi

nm 1

uudpamu Ha Puc. 2.5: 1 - E,,,2-H,,,3- HE,,4- EH;,,5- HE,;,6 - EH,,.

HeMoHOTOHHa mMoOBeNIHKA 3aleKHOCTEH KoediuieHTy ¢a3u Ta BIACYTHICTb
(bikcoBaHOI YACTOTH BIJICIKAHHSA POy XBWIb KPYIJIOTO METAJIeBOTO XBHWJIECBOIY 3
LHEHTPAJIbHUM KPYIJIMM KBapLOBUM IIMUIIHAPOM 1 IIapOM BOJM, BIIOYBA€ThCS 4Yepes
HAsBHICTh IIAPy CWJIHHO MOTJMHAIOYOI PIIUHU B CTPYKTYPl KPYIJIOTO JIBOIIAPOBOIO
XBWJIEBOAY. J[1s1 XBWIIb, 110 MOLIMPIOIOTHCS B3JOBXK KBAapIIOBOI'O CTPHXKHSI, OTOUEHOTO
CWJIBHO TOTJIMHAIOYOI0 PIAMHO0, MOTPAIUISAIOYM B IIAP CHJIBHO MOTJIMHAIOYOI PIIUHH,
CIIOCTEPITAETHCS EKCIIOHEHITIabHE 3aracaHHs B IIapl CWJIBHO MOTJIWHAIOYOI PIIUHU Y
HANpsSMKY, MEPHEHIUKYISIPHOMY 10 TMOBEPXHI 30BHIIIHBOTO METAJIEBOIO XBUJIEBOIY
(Puc. 2.4). Takum ymHOM, mMapamerpu XBWIb (KoedimieHTH (a3 i 3aracaHHs), IO
NOLIMPIOETbCS. B JIOCHIDKYBaHIM IIapyBaTiil XBWJIEBIAHIM CTPYKTypl 13 CHJIBHO

MOTJIMHAIOYOIO PinHOI0, 3aiexaTh Bl KIT cunbHO morivHar4o1 piiuHu.
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Jlmst XBWJIb KPYIJIOTO METAJIEBOTO XBUJICBOAY 3 IIEHTPATLHUM KBapIIOBUM
CTPMKHEM 1 IIapoM BOJAM, KOe(DillieHTH 3aracaHHs MaloTh KIHIEBI 3Hau€HHS. TakoX
BA)KIIMBO BiJ3HAYMTH, IO € KOPEIAIis MK 3HaueHHsAMH KoedimieHTiB 3aracanas h”
XBWJIb JUIS KPYTJIOTO METAJIEBOTO XBHWJICBOIY, TIIOBHICTIO 3allOBHEHOTO KBapIIOM
(Puc. 2.5 3amexHOCTI CHHIM KOJIBOpoM) Ta miast h" psimy XBHIIB KPYIJIOIO METAlIEBOrO
XBUJICBOJTY 3 LICHTPAJIbHUM KBapIIOBUM CTPMIKHEM 1 ImapoM Boau (Puc. 2.5. 3ayexHocTi
YOPHUM KOJHOPOM). 301TbIICHHS 3HAYeHb KOE(IIIEHTY 3aracaHHs AJisi THUIIB XBUIIb
KpyIJIOrO IIapyBaTOTO XBHJICBOAY BIIOYBA€ThCS IMPU THX K€ 3HAYCHHSIX YaCTOT, IIO
BIIMOBIAIOTh YAaCTOTaM BIJICIKAHHS XBWJIb Y METAJEBUX XBHUJIEBOJAX, 3allOBHEHUX
KBapieM. TakuM YMHOM, XBWJII TIOIIMPIOIOTHCS, ajie 3 BEIMKUM 3aracaHHsm. lle
30UIBIICHHS 3HA4YeHb KOE(DIIIEHTY 3aracaHHs [JIsi XBHWJIb IIapyBaTOr0 XBHJICBOAY
BIJIOBIJIA€ O0JIACTI TEPETUHY 3aJEKHOCTEH KOE(ILIEHTY 3aracaHHsd JJsi XBUJIb
IIapyBaTOr0 XBHUJIEBOAY Ta XBHJIb OHOpIAHOrO XBrieBoay (Puc. 2.5, 0).

®opma 3anexkHocterr h, (f) B camTuMerpoBOMy [iama3oHi TOBKHH XBHJIb

HAaWOUIBIIIO MIPOI0 BHU3HAYAETHCSA IHTEP(HEPEHINEI0 XBUIb y Iapl  CHUIIBHO
noryimHarouoi pimuau. Koediientu (a3 BCiX MOJA KPyIJIOro HMIapyBaTOro XBUIIEBOY
HAOMDKAIOTHCS 10 HyJs B Jlala3oHl 4YacTOT OJMHUIIL Tirarepii, [0 MOB'SA3aHO 13
30iMbIICHHIM KOCQIIIEHTy 3aracaHHs MOJ METaJeBOro XBHUJIEBOAY pamiycy b 3
TENeKTPUIHUMH IIapaMU.

HasBHICT BENMKUX MICIEKTPUYHUX BTPAT y CHUJIIBHO TMOTJIMHAIOYOI PIIUHU
CTBOPIOE YMOBH JJIsl TIOUIHPEHHS XBUJIb B3/I0BXK KBapILIOBOTO CTPHIKHS, OTOYCHOTO ITIE0
pPIAMHOI0, Y MIJIMETPOBOMY Jiama3oHi 4acTOT. Y TaKOMYy BHIIQJKy CIIOCTEPIraeThCs
SBUILE “BUIITOBXYBAHHS €JIEKTPOMArHITHOTO MOJIA 13 CHJIBHO MOTJIMHAIOYOi PIIUHH,
OCKIJIbKHU 31 30UTbIIEHHSM YaCTOTH 3MEHIIYEThCS TTTMOMHA TPOHUKHEHHS MOJISl Y CUITBHO
NOTJIMHAIOUY PIAMHY, AaHAJOTIYHO pe3yjibTaTaM, OTPUMAaHUM [JJIs  aHAJIOT14HOI
CTPYKTYpH y po6oTi [79].

Cepen BCiX 3a3HaUEHUX XBWJIb M€Kl XBWIlI MaloTh NPUHHATHY BEIMUYUHY

Koe(DiIieHTy 3aracaHHs B IIHUPOKOMY Jiana30oHi YacTOT 1 MOXYTh OyTH BUKOPUCTaHI MPU
48



po3po01l BUMIPIOBATBHUX KOMIPOK JierexkTpomerpa ansi BusHaueHHs KJIII cunbHO

nornuHarounx piguH. Hampuknan, ans xBuwm HE;; koedilieHT 3aracaHHs Mae

HaliMeHIl 3Ha4eHHs y Aiama3oHi yactoT Bix 20 go 60 I'T ta gopiBHioe Omau3bko 10
nb/cm (Puc. 2.5 (0), 3anexnicte 3). Lle mo3Bojisie mocaimpKyBaTH JI€JIEKTPHUYHI
XapaKTePUCTHKU CHJIBHO TOTJIMHAIOYUX PIIUH B MUTIMETPOBOMY Ta CaHTHMETPOBOMY
Jiana3oHax JOBXXHH XBHJIb, BUKOPHCTOBYIOUM INAPYBAaTy XBUJIEBIIHY CTPYKTYpY 3
HEHTPAIbHUM KBAPIIOBUM CTPHXKHEM, OTOUYEHUM [IAPOM CHUJILHO MOTJIMHAKYOI PIAUHHU.
Ha Puc. 2.6 mpexacraBieni pe3yabTaTd poO3paxyHKy KoedillieHTiB ¢a3u Ta
3aracaHHs JJisi YOTHUPbOX MOJ CTPYKTYpH 13 TOBIHIMHOWO Imapy d = 2.5 MM po3uuHy
etanony 40% na gactoti 40 I'T11 B 3a;meHOCTI Bifl paaiycy KBapIoBOro IWIIHApa a,
BUKOPUCTOBYIOUM pIBHSAHHA (2.8), 3acHOBaHE Ha pO3B’s3aHHI pIBHSIHL MakcBera.
3nauennss KIII BoaHoro po3uuny eranony 40% otpumano 3a ¢opmynoro Koyma —

Koymna i3 nopatkoBumu wieHamu Jlebast, o npeacTaBieHo y podoti [87].

N 12
S

h",ab/cM

0,4 0,6 0,8 L0 ™ " 04 06 08 10
a, cM a, cm
Puc. 2.6. 3anexHocti HopMOBaHOro koediuienty dasm, My, /K., =h,,/ (koﬁ) (a) Ta

koedirmienty 3aracands h” (0) Bin paaiycy HEHTPATBHOTO AiCJICKTPUYHOTO HUITIHIPA Y
IIapyBaTiidi XBUJIEBIIHINA CTPYKTYp1 MpH (iKCOBaHii TOBmIKHI mapy d = 2.5 MM po34uHy

eranoy 40% y Boai Ha yacToTi 40 [T
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[Toxazano, 110 Ams BCiX MOJ KOe(illl€eHT 3aracaHHs MOHOTOHHO 3HUXKYETHCS, a
koedimieHT ¢azm mparHe 10 (Ha30BOi MBHUAKOCTI TUIOCKOI XBmWII B KBapii. OCKUTBKH
PI3HHIIA B 3aracaHHi XBWJIb 3 OJHAKOBOIO a3MMYTAJIBHOIO CHUMETPIEI0 JOCHUTH BEIHKa

(Puc. 2.6, 6), mae Miciie eeKTHBHA MPOCTOPOBA (iTBTPAIIisS] BUIIHX MO,

TakuM YMHOM, MOXXHA 3pOOMTH HACTYIHI BHUCHOBKHU. BiamoBigHo 110
kiacudikaiii THUIB XBUIIb, 110 MOMIUPIOIOTECA B METAJIEBOMY XBUJIEBO/II, 3aTIOBHEHOMY
KBapIIoM, 17IeHTU(IKOBAHO TUIH XBUJIb, IO MOMIMPIOIOTHCA B KPYIJIOMY JBOIIAPOBOMY
XBUJIEBOAI 3 IIEHTPAJIBHUM KBapIOBUM CTPIJKHEM OTOYCHHM IIIAPOM  CHJIBHO
MOTJIMHAI0YOT piAMHN. BCTaHOBIEHO, IO THUIHA XBWJIb, SIKI TMOITUPIOIOTHCS B KPYTIIOMY
JIBOIIAPOBOMY XBUJICBO/I1 3 IIEHTPAILHUM JIEJICKTPUYHUM CTPHKHEM Ta IIAPOM CHUIIHHO
MOTJIMHAIOYO1 PIAMHYU, HE MaOTh (PIKCOBAaHUX YAaCTOT BIJCIKAHHS MO/, 3aBISKU CHUJIBHO
NOTJIMHAIOYIA PIAWHI, sKa OTOYy€ [ICJICKTPUYHHM CTPUKEHb, HA BIAMIHY BIJ

OJIHOPIJTHUX XBUJIEBOIIB SIKUM BJIACTHB1 YaCTOTH BIJCIKAHHS MOJI.

24 Metoaguka mnpoBeleHHA eKcnepuMeHTy Ta Bu3HadyeHHs KJIII cuabHo
NMOTJIMHAKYUX PiAUH

3aCTOCOBYIOYM XBWJICBITHUM METOJ, BUSBICHHS J1HCHOI Ta ysaBHOT yacTuH KJIIT
BOJHUX PO3YHMHIB BUSIBIISIETHCS BIAMOBIIHO 3MiHAM TapameTpiB XBWI (KoedilieHTIB
da3u Ta 3aracaHHs), 110 NOIIMPIOETHCA B XBUJIEBOAHIN cTpykTypi. Lli mapamerpu
3anexath Bi K/ nocmimxyBaHUX BOJHUX PO3YHHIB.

KoBera 3 igeHTMYHMMH KOMipKaMu. J[ns IOCHIIKEHHA A1€NIEKTPUYHUX
BJIACTHBOCTEH BOJHHUX PO34YMHIB OioyioriuHo akTuBHHX pedoBuH (BAP) 3acrocoBano
XBUJIEBIIHMN MIKPOXBHIILOBUI qudepenmiinuii giexexrtpometp [14, 16, 19, 20, 66, 77].
Hienextpometp 300paxkeHo Ha Puc. 2.7, B OCHOBY SIKOro MOKJIaAeHO AudepeHIiiHui
MeToa TopiBHSAHHS nienektpuyHux napametpiB (K/IIT) nBox cuUabHO MOTIWHAIOUUX

PiIuH.
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Cxemy pmienexktpoMerpa 300pakeHo Ha Puc. 2.8. JlienekTpoMeTp HamarmTOBaHHMA
Ha oaHy poOouy dactory 31.82 ITm, mo oOyMOBICHO BHUKOPHUCTAaHHSIM, IpHU
KOHCTPYIOBaHHI Ji€JIEKTpOMETpa, reHepaTopy 3 KBApIIOBOIO CTAOLII3AIlIE€0 YACTOTH Ha
po6ouiit yactoti 31.82 I'T'l1, ne cocTepiraeThCst YaCTOTHA AUCTIEPCis AIMCHOI Ta ysIBHOI

yactuH KJII1 Boam.

pedepencna
pinuHa

JOCIIKYBaHa
piniHa

Puc. 2.7. MikpoxBuiaboBull AUGPEPEHIINHUN TICTEKTPOMETP 3 BHUMIPIOBAIBLHOIO

KIOBETOIO, 1110 CKJIAJAETHCS 3 IBOX 1IGHTUYHUX KOMIPOK, MIIKIIOYEHUN O HOYTOYKY

Cxema nienektpoMetpy ckiangaetbess 3 HBY Mocta, ABI KOMIpKH KIOBETH
JIEJIEKTPOMETPY MIAKIIOYEH! [0 pI3HUX IUiedel Mocta. Po3moain curHainy Bif
reHeparopa MiX IUledaMH MocTa BiOyBaeTbes udepe3 E-tpidinuk. KoxHe 3 mueueit
MOCTa MICTUTh BHMIPIOBaJIbHY KOMIPKY 3 piauHoro. g OanaHCyBaHHS MoOCTa
3aCTOCOBAHO aTeHroaTop 1 (azoobeprady, Mo po3TamoBaHi Ha Tuiedax mMocTta. CUTHAIH
JIBOX IIJIeYed MOCTa MICHs MPOXOPKEHHS uYepe3 KOMIPKHM MOJAIOThCS Ha JIETEKTOpP,
BUKOpUCTOBYIOuM H-TpifiHMK. 3a JOMOMOrol BHUMIPIOBAJIBHOTO p-i-n  aTeHraTopa
KOHTPOJIIOETHCS aMIUIITy/[a CUTHATY B OJTHOMY 3 IIJIeUel MOocTa. Y JApyromy Iuiedi MocTa
BUKOPUCTOBYEThCSI  BUMIPIOBAIbHUN  (azoolepray, SKUM TpencraBise  coOOro
MepeMIllyBaHU  KOPOTKO3aMKHEHUM TOpIIeHb. [lopiieHp mepeMinltoeTbest  3a

51



JIOIIOMOTL 00

KPOKOBOTO

JIBUTYHA.
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napameTpaMmu

BUMIPIOBAJILHOTO

aTeHroaTopa 1 ¢a3zoobepraya B IuieyaX MOCTa BIIOYBAETHCS 3a JOMOMOTOIO MPOTPaMU

MIKPOKOHTpOJIepa yIpaBIiHHI BUMIPIOBAJILHOTO OJIOKY.
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MikpokoHTponep

Puc. 2.8. CxeMa MiKpOXBUIILOBOTO TU(PEPEHINIHOTO TieTIeKTPOMETPa

BuwmiptoBanibHa KroBeTa Ji€JEKTpOMETpa 3 JABOMA IJEHTUYHUMHU KOMipKamMu

cXxeMaTH4yHo 300paxkeHa Ha Puc.

2.9. Koxna KoMmipka BHKOHaHa Yy BHUIJIAI

T HIPUYHOT TOPOXKHUHM pafiycy b=10 MM y 1aTyHHOMY KOpITyCi KIOBETH, 3 00’ €MOM

pinuHN 7 M KokHA. [lepneHAuKyIsipHO OOKOBUM MOBEPXHSM KOMIPOK PO3TAIIOBAHO

kBapuoBi crpuxHi (1, Puc. 2.9) paniycy a=2.5 mm Ta gopxunoro L = 28 mm, 3 K/II

g =¢&+lg, &le <<l. Cunpno mornmuaroua pinuna, 3 KII €, =&, +ig,, &l&~1,

3aMOBHIOE MPOCTIP MK KBAPIIOBUM CTPHKHEM Ta CTIHKAMHU KOMIPKHU.
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Puc. 2.9. CxematnuHe 300pa)K€HHS KIOBETH MIKPOXBUIBOBOTO AUGEPEHIIITHOTO
JEJIEKTPOMETpY: mormepedHoro (a) 1 mnoB3aoBxkHbOro (0) mneperuny. Iludpamu
300paxeHo: 1 — KBapIoBi CTPWXHI; 2, 3 — pIAUMHN; 4 — KPHUILKK; S5 — MIEPETUBHI OTBOPH;
6 — 37MBHI OTBOpH; / — JATYUKU TeMIlepaTypu; 8 — XBWIEBIAHI CEKIl MPSIMOKYTHOTO
nepeTuHy; 9 — Kpyriia cekiis, 3amoBHeHa TediaoroM; 10 — MUIIHAPUYHI TOPOKHUHU

paniycy b=10 MM y TaTyHHOMY KOPIYCl KIOBETH

OpnHa KoMIpKa NMpU3HAYeHa ISl AOCTIKYBaHOI piauHu (2, Puc. 2.9), iHma — qis
etasionHoi pinuuu (3, Puc. 2.9). B sKocTi eTanoHHOI piIMHU BHUKOPHCTOBYBAJIaCh
TUCTUIIbOBaHa Bojia abo ¢izionoriunuii po3unH (0.9% BogHUN pO3YMH HATPIIO
xymopuay). Y kpumkax (4, Puc. 2.9) koMipok po3TalioBaHO JATYMKH TEMIIEPATypH
(7, Puc. 2.9). KoxxHa komipka MICTHTh TEpEJIMBHI OTBOPH 5 Ta 31UBHI oTBOpH 6. [0
BUMIpIOBajIbHUX KoMmipok HBY curnan HaaxoauTh yepe3 CTaHAAPTHUN MPSIMOKYTHUMN
XBUJIEBIZT MUTiMeTpoBoro miama3oHy (8, Puc. 2.9) 3 monepedHuM MEepEeTHHOM
7.2x3.4 mv°. 11i cTaHmapTHi IPSAMOKYTHI XBHJICBOIH 3’ €IHAHI 3 KOXKHOK KOMIPKOIO 3a
JIOTIOMOTOI0 TIEPETBOPIOBAYIB THUIIIB XBWJIb, SKAMH € Y3TO/KYyBaJIbHI TUIACTHHH

(9, Puc. 2.9), HeoOxiaH1 111 IEPETBOPEHHA XBWI H,, THIy PAMOKYTHOTO XBHIJIEBOIY

y HE;, Tun XxBuii Kpyrioro mapyBaroro xsujeBony. [lepeTBoproBaui THMIB XBHJIb
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CKJaJeHl 13 KPYIVIMX [I€JIEKTPUYHUX BCTaBOK, IO 3HAXOIATHCA B OTBOPAX CTIHOK
KOMIPOK Ta B METaJIeBUX BCTaBKaxX MPSAMOKYTHUX XBWiIeBoIiB (Puc. 2.9, 9), Tak mio
KBapIlOBl CTPHIKHI, IIEPETBOPIOBAY] TUIIIB XBUJIb Ta MPAMOKYTHI XBHJICBOJIM CIIBBICHI.

Chig  3a3HayuTH, 1[I0 JAICNEKTPOMETpP € JIabopaTOpHUM  3pa3koM 13
BHUMIPIOBAJIbHUMHU KOMipKaMH y JJaHyHHOMY Kopmyci. ToMy y ACSKHUX BUMAJKaX MOXKE
OyTH HEOOXITHUM IOKPHUTTS JIATYHHHUX KOMIPOK TOHKHM IIIapOM 30J0Ta a0 I1HIIIOTO
MaTepiaiy Juis 3an00iraHHs OKUCIICHHIO.

Bapto Bij3HAUMTH, 1110 MijJ Yac eKCIEPUMEHTAIIBHOTO BU3HAYCHHS KOS(DIIIEHTIB

¢dasu 1 3aracanHs HE;; xBuii, ska NOMMPIOETHCS B3JOBXK KBAapLIOBUX CTPHKHIB,

OTOYEHUX CHUJIBHO MOMIMHAKYOK0 PIJIMHOI0, B1IOYBAETHCS Mpolec (POpMyBaHHS XBUII1

HE,,. Ile#t npouec Bkimouae nudpaxuiro xpwi HE,; B 001acTi nepeTuHy Kpyrioro

KBaplIOBOIO CTPWXHS 13 OIYHOIO IOBEPXHEK KOMIPKH, B SIKIM MICTUTBCA CHIIBHO

norimHatoua piauHa. Ak Hachigok, o6nacts nomupeHHs xpwi HE;; Oyne menmoro 3a
JOBXUHY CTprkHs. TakuMm unHOM, popmyBanHs xBuini HE,, y kpyrioMmy KBaprioBomy

CTPW>KHI B1IOYBa€ThCSA HE B MICII 3'€THAHHS CTPUKHS 3 KOMIPKOIO, a Ha SKIMCh KIHIIEB1H
BiJicTaHl. Takum 4urHOM, y po3paxyHkax K/II pinuH, 3amMIiCTh po3risaay reoMeTpU4HOl
JOBXKHHU CTPWKHSI L = 28 MM, BHUKOPHCTOBYEThCS €(PEKTUBHA JOBXKHHA CTPUXKHSA

L

o = 19.9 mm. Ile 3HaueHHs eEeKTHBHOI JOBKMHHU CTPHKHA MaiKe HE BlIPI3HAETHCS

BiJ JiaMeTpy Komipku D = 20 mM, sike paHillle OTPUMAHO 13 PE3yJIbTaTIB YUCEIbHOTO
MO/ICIIIOBaHHsT KOMIpku [/7], reomerpiss skoi Oyia iCGHTUYHA TEOMETPil KOMIPKH,
BUKOPHCTAHOT B €KCIIEPUMEHTI.

Ha Puc. 2.10 npencraBmeni amrmiityaHa Ta  (aszoBa  dyHKII
JEJIEKTPOMETPUYHUX BUMIPIOBaHb AJI1 OJIHAKOBOI piAMHM (Boau) B 000X komipkax (1),
Ta KOJI B OAHIN KOMIpIIl MICTUTHCA €TaJIOHHA piUHA, B 1HIIIN — gociiakyBana (2). Ha
MOYaTKy BHUMIPIOBAHHS, TICJS 3allOBHEHHA 000X KOMIPOK €TaJOHHOIO PiJIUHOIO,
JOCSITAETHCS TEMIIEpaTypHUi OanaHc y audepeHIfHIX KOMIpKax, 0 BU3HAYAETHCS 3a
J0MoMororo natuukiB Temmeparypu (7, Puc. 2.9). Jlami, 3a 101MOMOroro aTTeH0aTopa Ta
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dazoobepraya, BUMIPIOIOTHCS MIHIMyMHU (Da3u ¢, Ta aMIUTITyan A, €JIeKTPOMAarHiTHOI
xBuwt HE;;, 1Mo mnomuproeThcsi B3AOBXK KBapIlOBUX CTPIXKHIB Y BHUMIPIOBAIBHUX
KOMIpKax JIeJeKTpOMeTpa, OOWJIBI 3alOBHEHI E€TAJIOHHOKO PIAWHOIO, € CHUMBOI [
Mo3Ha4YeHO N5 eTaioHHOi (reference) pinunu. [licis peectparrii 3anexxHocTel (azoBOTO
Ta aMIUNTYJHOTO 3CYBiB BHM3HAYa€ThCA MiHIMyM amiunityauux F, Ta dasosux F,
byukmin. i xapakTepucTUKU JTEMOHCTPYIOTBCS Ha MOHITOPI KOMITHOTEpa y PEKUMI

peajpbHOro 4Yacy mijJ 4ac 3MIHM aMIUNITyAd Ta (a3ud CUrHaly y Iuledax MOCTa, IO

3a0e3euyeThesi MikpokoHTpoJepoM (Puc. 2.8).

60

I~ (a)
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Puc. 2.10. Ammumitynui (a) 1 ¢a3osi (0) QyHKINT /Uisi IUCTUILOBAHOT BOJAM B JIBOX
KoMmipkax (1) i a1t JUCTHIILOBAHOI BOJW B OJIHIM KOMIpIIl Ta JOCTIKYyBaHOI B 1HIIH (2)

P KIMHATHINA TeMIiepaTypi

Jam omHy 3 KOMIpPOK 3BUIBHSEMO BiJ €TaJOHHOI PIJIUHM Ta 3allOBHIOEMO

JOCTIPKYBAHOKO PIMHOIO 1 1€ pa3 BUMIPIOEMO 3HAYCHHSI MIHIMYyMIiB aMIUTiTymd A, i
HaOir Qasu ¢,, ne cumBosom t (tested) mo3HadeHo Ayg MOCHIIXKyBaHOI pimuHU. B

pesynbTaTi TOKasaHHs MiHiMymy dasooi F, Ta ammmirymnoi Qymkmii F,

BIJINIOBI/IaI0Th HOBOMY MIHIMaJabHOMY TOJIOKEHHIO. JIJIsl JOCATHEHHS MaKCUMAaJIbHO1
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TOYHOCTI BU3HAa4YeHHs ()a30BOr0 Ta aMILUIITYJHOTO 3CYBiB, MPO IIO CBiAYaTh 31HCHEH]
BUIIPOOYBaHHs, HEOOXimHO 3poOutu Tpu iTepamii. KokHa itepariisi 3BOAUTHCSA [0
HacTymHoi mnponeaypu. Ilig dac mepmioro Kpoky iteparlii BiiOyBa€eThCsl CKaHyBaHHSI
da3u 3a 3adiKCOBAHOI AaMIUTITYJOI0, MICIsI YOTO 3HAXOMUTHCS MiHIMYM (a3oBoi
dbyukiii. Hactynmuuit kpok — ($a3zoodepray CTaHOBUTHCS Y MIHIMAJIbHE IOJOKCHHS Ta
B1I0YBa€ThCS CKaHYBAaHHS aMIUTITYIH, 1 3HAXOAUTHCA MIHIMyM aMIUTITYJIHOI (QyHKIII.
HacTynmHuM KpOKOM € TOBEPHEHHSI aT€HI0ATOpa B MOJOKEHHS MIHIMYMY, 3aBEpPIIYIOUU
TaKUM YHMHOM TIEpIIy iTepallifo. 0 JOCTaTHHO MPOBECTH TPH iTepallii sl JOCSITHEHHS
MaKCHMAaJIbHO TOYHOTO OaJlaHCy MOCTA.

Excnepumentanbhi nanHi Ha Puc. 2.10 oTpuMyroThCsl B €1EKTPOHHOMY BHUTJISII
JUISL TIOAAJIBIIMX PO3PAXyHKIB pisHHIE MiHiMyMiB Gazu A@ = (@, —¢,)/2b [rpax/cm] Ta
MiHiMyMmiB pisauii amrutityn AA=(A,;—A;)/2b [ab/cm] xBuni HE,, (2, Puc. 2.10),
KOJM B OJIHIM KOMIpIIl MICTUThCA €TajJioHa piauTa, a B I1HIINA — JOCIIIKyBaHa,
HOPMOBAHI Ha OJMHMINIO JOBKUHUA KoMipku 2D, mo mopiBHioe miamerpy xomipku D .

AOcomoTHa mToXMOKa BU3HAUeHHA pi3HUIN (a3 Ta ammmtyn xBwil HE,, mo

MOIIUPIOETHCS  B3JIOBXK  KBapIOBUX CTPUKHIB Y  BHUMIPIOBAJBbHUX  KOMIpKax
JieIeKTpOMETpa, T0piBHIOOTH Bignosigno 0.4 rpax ta 0.01 ab [77, 88].

Metonuka po3zpaxynky KIII gocmigxyBaHOi pPIAMHM HUIIXOM PO3B’S3aHHS
3BOPOTHOI 3ajia4i, PO3B’S3aHHS XapaKTEPUCTHUYHOTO PIBHSAHHA (2.6) mjid 1I1apyBaToi
XBUJIEBITHOT CTPYKTYpU 3 JAOCHIPKYBAHOKO PIAMHOIO, BHKOHAHO 3a HACTYIHHUM
ITOPUTMOM, 1110 300paskeHa cxematnuHo Ha Puc. 2.11. Ha cxemi mo3nadyeHo aiiicHy Ta
ysBHy dactian KJIIT eTanonnoi &, & Ta mociimKyBaHoi &, & pimun; hi,hy ta h/,h —
JificHa Ta ysIBHA YaCTUHU KOMIUIEKCHOTO KOEQILIEHTY MOUIMPEHHS XBUJ, KOJIH Y
BUMIPIOBAJIbHUX KOMIPKax MICTUTHCSI €TajJOHHA Ta JOCIIKYyBaHa piAWHA, BIAMOBIIHO.

CumBonu r Ta t mo3HavYeH1 BIAMOBIHO JIJISl €TAJIOHHOT Ta TOCHIKYBAHOT PiJIMH.
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Ap=@, —@,epadl cm
AA=A —A,0b/cm

<L

g =& +ig
F(f,abé&e"n,h")=0
h, =h; +ih!
<&
Ah'« Ag
Ah" < AA
h =h; +Ah’
h'=h/+Ah"
<L
R =h{+ify
F(f,abé&,e"h,h")=0
&=¢&+ig

Puc. 2.11. CxemaTnune 300pax€HHsI MPOUEAYPU BU3HAYEHHS I1MCHOI Ta ySIBHOT YaCTUH
KIIT piguH, BUKOPUCTOBYIOYHM E€KCIIEPUMEHTAIBLHO OTpUMAaH1 3HAYCHHS PI3HUIN (a3u
Ap Ta amritynu AA enexktpomarHiTHOI xBwii tumy HE;,, mo mommproeTscs B

KOMIpKax KIOBETU

YacToTHi 3anexHocTi aiticHoi &' Ta ysBHOl & wactur KJIT ams Boau Ta BogHO-
coapoBoro po3unHy (0.9% NaCl) npencrasaeni na Puc. 2.12. YV giama3oHi 4acToT Bix
0 mo 20 I'T'u miiicna yactuna K11 Boau Oinbiia 3a ysiBHY, a A yactoT oubie 20 I'Th
— mivicHa yactuda K/I1 Bonu crae meHIIow 3a ysaBHY yacTuHy. Lle cTaHOBUTH 1HTEpEC
JUISL TOCITDKCHHS JIISTISKTPUYHUX XapaKTEPUCTUK CHIIBHO MOTJIMHAIYMX PIIMH B CKIIAII
KpYTJI01 XBUJIEBIIHOI IAPYBATOI KOMIPKH B CAHTUMETPOBOMY J11a11a30H]1 JIOBKUH XBUJIb.

3uavenns ¢' ta &" Ha Puc. 2.12 otpumani 3a popmynamu Jlebas [30]:

4 gS _goo " _ (gs _8oo)a)z-

& :800+W1 = 1+(a)z')2 , (210)
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e & — CTaTWYHA JAleNeKTpUYHA MPOHHUKHICTh, &, — JMI€IEKTpUYHA MPOHUKHICTH Ha

BHCOKHMX YacTOTax (Ha TaKWX YacTOTaxX, MPU SKUX OPIEHTAIlisS TUTIONIB MOJICKYJIU HE
BCTUTA€ BHECTH BKJIAJl y MOJSPHU3AII0), @ — KPyroBa 4acToTa, 7 — 4Yac peyiakcarti.

BianoBiai 3HaYeHHS &, £, Ta 7 NPEACTABICHI B JITEpaTypHUX JDKEpenax s Boau [5,

89] ta BogHO-co1p0BOI0O po3unny [90, 91].

80

!

— BOJa ]
— 0.9% NaCl y Bopi |

40 ]

20+ 1

2 3 4567890 20 30 40
£, IT

Puc. 2.12. 3anexHocri aiiicHoi Ta yaBHoi yactuH KT mis Boam (CHHIM KOJIBOPOM) Ta
BOJIHO-cOJIbOBOrO po3unHy 0.9% NaCl (4opHuM KOJBLOPOM) BiX YACTOTH. 3ipKaMH
MO3HAYCHI EKCIEpUMEHTaIbHO oOTpuMaHi 3HadeHHs KJIII mi1s Boau Ha d4acToTi

31.82 I'T'uy MeTo10M MIKPOXBHIIBOBOT qU(epeHIIiiHOT nienekTpomeTpii [92]

JInst CTpYKTYypU BUMIPIOBAIBHOI KOMIPKHA AU(PEPEHIIIHHOrO I1€IEeKTPOMETPY 3
LHEHTPAIbHUM JI€JIEKTPUYHUM CTPUKHEM, OTOYEHUM HECKIHYEHHUM IIapoOM pIIUHH,
PO3B’sA3yeEMO XapakTepucThuuHe piBHSHHS (2.6) mist 3Haxomkeras KJIT qocnimxyBaHmx
po3uuHiB. i aBTOMatM3aiii Mpolecy, IO Iepeadadae duCeIbHE PO3B’sI3aHHS
XapaKTEPUCTHYHE PIBHSHHS, BUKOPHCTAHO KOMITIOTEPHY Mporpamy 3 TrpadpidHUM
iHTepdeiicom, anroputMm sikoi ommcaHo B [93, 94]. 3a 1M aJropuTMOM, BIPOIOBK
JNEKUTbKOX XBWJMH, MOXJuBo 3HaxoauTu KJIII mgochipkyBaHWX pO3YMHIB 34

3HayeHHAMHU h,,. [Ipu po3B’s3aHHI XapaKTEPUCTHYHOrO PiBHSAHHA (2.6), 3a7ar0ThCS
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snauenns h/=h/+A¢@ Tta h'=h/+AA, BUKOpUCTOBYIOUM BUMIpPSIHI 3HAYEHHS DPi3HMIII
da3 Ap ta ammunityn AA xBumi HE,, 110 MOMIMPIOETHCS B KOMIpKaX KIOBETH B3JIOBXK
KBapI[OBUX CTPIIKHIB, OTOYCHUX PiJMHOI0. BUKOPHCTOBYIOUM 3HAYEHHS MIWCHOI & Ta
ysBHOI & wactuH KJIIT eTasoHHOI piiuHHM, OTPUMAEMO BiIMIHHI BiJg HyJS 3HAYCHHS
pI3HUIIl NIACHUX Ag'=¢/ —¢& Ta yIBHUX Ag"=¢f —&! vactun KIII nocmimkysaHol
pinunau. IlokazaHo, 110 METOJ MIKPOXBWJIBOBOI JU(EPEHININHOI HICICKTPOMETPIi Mae
BUCOKY 4yTMBiCTh Bu3HaueHHs KJIII criibHO MOTIMHAIOYMX PiAMH, Yepe3 BUSIBICHHS
Masoi BigMiHHOCTI KIIT (10 0.1%) nBOX CHJIBHO MOTJIMHAIOYUX PIMH, K1 MICTSTHCS B

KOMIpKax KIOBETH JIICJIEKTPOMETPY, KOJIM OiHA 3 piAuH Mae Bimome 3HadeHHs KT [94].

OTpuMaHi eKCIIEPUMEHTAIbHO PI3HUII Ga3 Ag Ta pi3HUIl ammunityn AA xBumi
HE,,, mo mnommproeTscss y BHUMIPIOBAJIbHUX KOMIpKax 3 pedepeHCHO Ta
JTOCHI)KYBaHOIO PiAMHAMU, BUKOPUCTOBYEMO JIJIsi 3HAXOJKEHHS PI3HUIIl KOEPIIIEHTIB
da3 AW Ta 3aracanns Ah" xsumi HE,,, Ah"=AA/l ta Ah'=A@/l, ne | =2b — nopxuna
KBapoBux CTprwkHiB. Koedimient 3aracanns h’ Tta ¢asu h xswii HE,; B xomipri 3
JOCIIKYBAHOIO PiIMHOIO po3paxoByioTh 3a Gopmyiaamu: h'=h/+Ah" Ta h/=h;+Ah',
Bigmosiguo, me h! i N/ orpumani 3 XxapakrepuctuuHoro piBHsHHA (2.6) 3
BUKOPUCTAaHHAM Bigomux 3HadeHb KJIII eramonHoi pinuuau. Jlami po3paxoByeEMO
snauends KJIIT mocmimkyBaHOi pimuHM & =& +1& po3B’d3aBIIM 3BOPOTHY 3aj1ady,
BUKOPHCTOBYIOUM OTpuMaHi 3HaueHHs h’ Tta h/. II[o6 orpumaTy 1OCTOBIpHI 3HAUECHHS

KIAIT nocmigxyBaHOi CUIBHO MOMVIMHAKOYOI PIAMHM, MOTPIOHO 3 BUCOKOK TOYHICTIO
sHatu K/ erayioHHOT piauHU, KOO € JUCTHILOBAHA BOJIA.
Takum unHOM, MeToMKa BuzHaueHHs KT piquHu BKiIIoYae HaCTyMHI eTanu:
1. Busnauenns K/II nocnimkyBaHOi piIMHA TOYMHAETHCS 13 BUSHAYEHHS PI13HMUIII
daz Ag, = (¢, —¢) ! 2b [rpan/cm] ta pisauni ammnityn AA = (A —A)/2b [ab/cm], komu

B 000X KOMipKax MICTUThCS pedepeHcHa piauHa (¢, A;) Ta KOJIM B OHIHN i3 KOMIPOK
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MICTUTBCS JOCTIDKyBaHa pilliHA, a B iHImIK etamoHHa (¢, A;), Je cuMBOJ I Ta t
MO3HAYEHO NI pehepeHCHOI Ta TOCIIHPKYBaHOT piIUHH, BIAMIOBIIHO.

2. Po3B’sa3yroun xapaktepuctuuHe piBHSHHS (2.6) 3a BimoMoro K/IIT pedepencHoi
piguHU 3HaxoauMo KoedinieHntH da3u h[pao/cm] Ta 3aracannsa h[ob/cm] ana HE
XBWJI1 B KOMIpIU 3 peepeHCHOI0 PiANHOIO.

3. [Tlotim, 3a BHUMIpSHUMHM 3HAaY€HHSIMHU DPIi3HMII a3 1 aMmIUNTya XBHIIL,
pospaxoByemo koedimientu dasu h=h/+A¢@ ta 3aracanus h'=h'+AA xBuwi ms
JOCITKYBaHOT P1IMHM.

4. I3 po3B’s3aHHS XapaKTEPUCTUYHOrO piBHSAHHA (2.6) po3paxoByerbes KIII
& =& +lg MOoCMDKyBaHOI piiuHu 3a 3HaiaeHumu h' 1 h/.

Jnst xamiOpyBaHHST ~ MIKPOXBHJIBOBOTO  JIIEJIEKTPOMETPY  MPOBOAUTHCS
BUMIPIOBAHHS BOJHO-€TAHOJIBHUX PO3YMHIB, SIK TUIIOBUX MPEICTABHUKIB MOTJIMHAIOUUX
piIMH, 3 BiIOMHMH JiCICKTPUYHUMH Xapaktepuctukamu [1, 3, 68, 72]. Takox 11
pPIIMHU BHUKOPUCTOBYIOTBCA B SIKOCTI €TAJOHHUX pIOUH B JIIEJIEKTPOMETpii 13
3actocyBaHHsIM open-ended xBmireBoaHoi TexHiku [1, 68, 95], a 3nauenns KJI1 Bogu
YacTO BUKOPUCTOBYETHCS K TOYKA BIJIIKY JJI MOPIBHSHHS 3 IHIIMMHU PIIMHAMH, 1110
JIO3BOJIIE TMPOBOJAUTH JU(EPEHIIHHI BUMIpoBaHHA. JlucnepciiiHe CrmiBBiIHOIICHHS
KJIT nns takux pigun 1o K, miamazony gactoT qo0pe onucyerbesi popmysoro Jledast
[30, 33, 89]. Ha Puc. 2.13 noka3zano miarpamu Koyn-Koyma mis mificHoi Ta ysBHOT
yactuH K/II mpu 23°C Tta mapamerpamu 7,&,,&, A BOAM Ta BOJHO-ETAHOJIBHUX
PO34MHIB, OTPUMaHI 3T1JIHO (OPMYIIH:

88 _goo

£ =8 +—s Yr
1+ (iwr) >

(2.11)

ne mapamerp o mnpuiiMae 3HadeHHsa Bim 0 mo 1, komm o = 0, momens Koyna-Koyna
3BoUThCS 110 mogmem [ebas, mis o > 0 penakcamiitna mogens Koyna-Koyna
MOIIMPIOETHCS HA IIMPIIMH J11ara30H @ , Ha BIAMIHY BiJ penakcanii Jle6as. Ha Puc. 2.13

300paxeHo CyUUIbHUMH JiHissMM — giarpamamu  Koyna—Koyna, Toukamm Ta
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TpukyTHUKamMu — 3HadeHHs: KJIII po3unHiB, BIIHOBJIEHI 3 YMCEIBHOTO EKCIIEPUMEHTY
(mo mpencrarieHo Ha Puc. 2.16) g BUMIpIOBaJIbHOI KIOBETH, IO CKIAIAE€THCS 3
KPYIJIOrO MIApyBaTOTO XBWJICBOAY 3 IEHTPAIbHUM KBApIIOBUM CTPIIKHEM, OTOYCHHUM
[IApOM CHJIBHO TOTJIMHAIOYOi pianHu: Boau Ta 40% BOAHOMY pPO3YMHI €TAHOIY Y BOAI
115 yactot 26, 30, 35, 40 I'T'h, siki oTpuMaHi 3a pe3ysibTaTaMU YHCEILHUX PO3PAXyHKIB
B CST Microwave Studio [16]. ITapameTtpu B (2.11) a7 BOJAHO-ETAaHOJIBHUX PO3YHMHIB
BiJl KOHIICHTpAIlii eTaHOJly OTPUMaHO i3 jitepaTypHux jxepen [89, 96]. [Tapamerpu y
dbopmymi (2.11) nns Bogu nipu 23°C nopiBHiooTh £,= 83.06, £, =6.0241 7 =9.69 1ic, a

1t 40% po3urHy eTaHoy B 00’€MHUX BiJCOTKax — &£,= 58.43, £,=5.28, 7 =33.8 ic.

407 26 ITu . '_
304 40 _

£ 2. 3 ;
101 X j

N | | | 1]

0 20 40 60 80
82

Puc. 2.13. Jliarpamu Koyna—Koymna mist Bogu (1), 40% (2) ta 96% (3) etanony y Boi
(cyuinpHi JiHIT). TOukM Ta TPUKYTHUKHU: YUCENbHO oTpumMani 3HadeHHs K/II ayis Boau

Ta 40% eranomny y Boj1 i yactoT 26, 30, 35 ta 40 I'T'1x

KroBera 3 komipkamm pi3HOI JA0BXKMHHM 0€3 BHKOPHCTAHHA €TAJOHHOI
pinuau. B BuMIploBajgbHIA  KOMIpII  MIKPOXBHUJIBOBOTO  JIIENIEKTPOMETPY
TU(EPEeHLIHHOTO TUITY BUKOPUCTOBYETHCS JOCTaTHRO TOBCTHH IIap piAMHM (TOBLIMHA
mapy Habararo Oinbine pobouoi moBxkuHM XBwii) juisi BusHadueHHs K/III cumpHO

NOMIMHAIOYMX PiIMH Ha (ikcoBaHii wacrori [7/7]. Ile mpu3BoaAUTH MO0 HEOOXIAHOCTI
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MaTH JOCTaTHHO BENHKI 00 €MH CHJIBHO MOTJIMHAIOYMX piAUH, a00 10 MPaKTUYIHOI
HeMoxxuBocTi BusHaueHHsT KT piauH 13 BIZHOCHO HU3BKUM KOE(IIIEHTOM 3racaHHs.
KioBeTy MIKpOXBUIILOBOTO  AUGEPEHIINHOTO  JIeIeKTPOMETPY 3  1ACHTUYHUMHU
KOMIpKaMU PpO3IJIIHYTO SIK MPOTOTUIl BIOCKOHAJEHOI KIOBETH 3 KOMIpKaMu Pi3HOi
JOBKUHHU, SIKa HE MOTpeOye BUKOPUCTAHHS eTaloHHO1 pinunau. [TokazaHo, 1o mapysara
XBUJIEBIIHA CTPYKTypa 3 CHJIBHO MOTJHWHAIYOI PIIMHOIO B MUJIIMETPOBOMY Jiama3oHi
JOBKMH XBHJIb MOXE€ MaTH TOCHUTh Mali KOeQili€EHTH 3racaHHs B CAHTUMETPOBOMY
Jiarma3oHl XBWJb (HHKYE 3a 4YacCTOTY BIJCIKAHHS KPYTIJIOTO XBHUJIEBOJY IOBHICTIO
3alIOBHEHOI'O KBapIleM) 4epe3 HasBHICTh CHUJIBHO MOTJMHAIYOI PIIUHU Ta MOXKE OyTH
pearizoBaHa B SIKOCTI aKCiaTbHO-CUMETPUYHOT BUMIpPIOBaIBHOI KOMipku [16]. ¥ poboTi
[97] mnokazaHo, 110 B CaHTUMETPOBOMY Jiala3oHi JOBXKHH XBHJIb 3aJIC)KHOCTI
KOE(]III€HTIB TOIIMPEHHS Ta 3racaHHs CTalOTh HEMOHOTOHHUMHM TMPH JOCIIIKEHHI
JUEJEKTPUYHUX BJIACTUBOCTEM CWJIBHO TOTJIMHAIOYMX PIAMH Yy CKJIaJl I[IapyBaToi
XBUJIEBOJIHOT KOMIPKH.

Ha Puc. 2.14 npexacraBieHi pe3ylbTaTH YUCENBHUX PO3PAXYHKIB 3aJIEKHOCTEH

koedimienty ¢asu Ta 3racanHs xBuiai HE;, kpyrioro nBomapoBoro xBuieBoay B

3aJIEKHOCTI  BiJfl HOpMoOBaHO! ToBIIMHKM Imapy Boau d/a. Koxwii 3amekHOCTI

BinoBigae (ikcoBaHe 3HaueHHs vactotu Bix 7 mo 30 I'Tu, ne d =(b—a). 3anexkHoCTi

koedimienTy a3y Bi TOBUIMHU IIApy PIAMHA MAlOTh NEPIOJUYHUN XapakTep. A
3HaUCHHSA KOE(IIEHTY 3TacaHHs E€JIEKTPOMArHiTHOI XBWJII MalOTh Mayi 3HAYEHHS B
CAaHTUMETPOBOMY Jlama3oHl JOBXHH XBWJIb, II0 CIOCTEPIra€ThCA TMPU TIEBHUX
3HAQUYCHHSAX WIapiB piauHM Ta neBHuXx yactotax (Puc. 2.14, 6). Taka moBemiHKa
3anmexHocTe Ha Puc. 2.14 mos's3ana 3 iHTepdepenmicro xpwii HE;, B mapi cuibpHO
MOTJIMHAIOUOT PIAWHYM, BIJOMTOI BIJ CTIHKM METAJIeBOTO XBUJIEBOAY 1 KOPJOHY
JUEJEKTPUYHOro CTpukHsA. I3 3anexnocteil Ha Puc. 2.14 BuaiieHO Tpu XapaKTepHl

3HAYCHHS TOBIIMHU IIAPIB CHIBHO NormHarovoi pinuau d =(b—a), nopiBHioOUH iX 3

1A, ne A=(k, \/ (&,|—€5)/2)* — ysBHA yacTHHA XBIILOBOTO BEKTOPA ILIOCKOI XBHII B
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piauni [18], ne k, =27 f /¢ — xBUIBOBE YMCIIO Y BITBHOMY IPOCTOPI, @ C — IIBHAKICTH

CBITJIA.

KBapIy

h'/k

20 2.5 3.0
d/a d/a

Puc. 2.14. 3anexHocti HOpMOBaHOTO Koedimienty dazu h' ./ (ko\/gj' )= [ Kegpy (@) T2

koedimienty 3racanns A" (6) xsuwii HE,, Bix HopmoBaHOi ToBHMHM I1apy Boau d/a

mitgactor B[ Tm: 1 -30;2-20;3-16:4-12;5-10

B 006s1acTi TOHKHMX IIApiB CHIIBHO TMOTIMHAIOYOI piguHu, Ko 0 << A, 3HaYeHHS

koedimieHTiB ¢azu xeuii HE,,, 1110 MOMMpPIOETHCS B KPYTJIIOMY METaJI€BOMY XBUJIEBOI 3

OCHTPAJIbHUM KBAapHOBHM CTPHKHEM Ta KOaKClaJIbHUM mapoM BOAH, IIparHe 10

3HA4YeHHs KoedimienTy ¢asu xBuwiai H,, Kpyrioro XBWUIEBOAY IS 4YacTOT BHIIE

kputnyHoi (Puc. 2.14a, 3anexHocti 1, 2). B iHmoMy BuUManKy, IS 4acTOT HIDKYE
KPUTHUYHOI YacTOTH, 3HA4YeHHs KoedilieHTiB (a3u mnparnyts Hyns (Puc. 2.14a,
3aJ1e)KHOCTI 3-5).

Ha gactorax, BUIe KpHUTHYHOI 4acCTOTH, KOe(]iIllEHTH 3aracaHHs Npu b — a
IParHyTh 10 3HAYCHb, 110 BU3HAYAIOTHCS BTpaTaMu B KBapiioBomy mtiHapi (Puc. 2.14,
3ajexHocTi 1-3). B iHIIOMY BHIagKy BTpaTH Pi3KO 3pOCTa0Th, SIK B OJHOPIIHUX

XBUJIEBOJIaX 1Mo0aM3y KpuTuuHOi yactotu (Puc. 2.14, 3anexunocti 4, 5). [NommpeHHs
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XBWJIb HAa YaCTOTaX HIKYE KPUTUYHOI YACTOTH XBHWJIEBOAY 3 TOHKHUM IIAPOM PIIUHH
OOyMOBJICHO 3MEHIICHHSM IICJIEKTPUYHUX BTpPAT y PIAMHI 13 3MEHIICHHSIM YacTOTH.

3MiHM IieJICKTPHYHUX BIIACTUBOCTEH BOIH, a came &" <&’ mna f < 18 I'Tn, BIuMBaroTh
Ha mnomupeHHs xBuimi HE;;, y kBapuoBomy cTpuxHi, oToueHOMY Bojor0. ILle

B1IOOpaXa€eThC Y HEMOHOTOHHIM TOBEIHIN 3ajieKHOCTeH KoedilieHTiB (a3u Ta

sracanHs xBwim HE;, s kpyrigoro 1mmapyBaToro XBHJIEBOAY 3 BOJOID Y

CAaHTHUMETPOBOMY Jl1alla3oHi.

JIst BeMYMH MIApiB CHIIBHO TOTJIMHAI0YOI piguuu d>> A 3anexnocti h'(d/a)
ta h"(d/a) ma Puc. 2.14 HaOIMKAIOTHCS 10 3HAUYEHb KoedilieHTiB (a3u Ta 3aracaHHs

XBUJIb Y UMJIHAPUYHOMY KaHall B HECKIHUEHHOMY IOINIMHAIOYOMY cepenoBuil. Jlis

toBuHu mmapiB d~A samexnocti h'(d/a) ta h"(d/a) e memonoromummu. Ilepiox

Bapiarliii 3aJIe)KHOCTEH 301IbITY€EThCS 31 301IBIIICHHSAM JIOBKMHHU XBHUIII.

3acToCcyBaHHS TaKOi KpYyTJol IIapyBaTOi CTPYKTYpPU B SIKOCTI HOBOI KOMIPKH 3
TOHKUMH IIapaMH JOCIIDKYBAHOI pIAUHM, [JO3BOJIAE BU3HAYATH JIIEJIEKTPUYHI
BJIACTUBOCTI PIJIUH Y OUIBII MIUPOKOMY J1ala30H1 YacTOT, a TAKOX 3MEHIIUTU KIJIbKICTh
piavMHU, HEOOXI1IHOI JJIsi BUMIpIOBaHb. BCTaHOBJIEHO, IO BUKOPUCTOBYIOUM KOMIPKH 3
IIapOM JIOCITIJDKYBaHOI piuHu 0~ A migBuIIyeThes audepeHiiiia 9y TauBICTh KOMIpPKH
nienextpomerpa At Bu3HaueHHs: K/ cunpHo nornunatoyoi pigunu. Jle nudepenuiiina
YYTJIUBICTh — 1€ MOXJIMBICTH PO3PI3HATH 3MiHY Koe(dimieHTIB (a3u Ta 3aracaHHs B
pe3ynbTari 3MiHM KoHIeHTpalii C pedyoBUHH B JAOCIIHKYBAaHOMY PO3YHHI, SIKY MOKHA
BuszHaunTH sk Oh'/0C Ta oh"/0C . 1leli BUCHOBOK MIATBEPIKYETHCS Pe3yIbTaTaMU SIKi
MpEACTaBICHO B miAMyHKTI 2.5 Ha Puc. 2.18 ne 300paxkeHo 3anmexHOCTI KoeDilieHTIB
¢as3u ta 3aracanns xBwii HE;, B 3a/e:KHOCTI B/l 30BHIIIHBOTO pajiyca XBUIECBOLY D Ta
JUTS pi3HUX KOHIIeHTpamii C eTaHoiy y BOJI.

3aBASKM PO3paxXOBaHUM 3aICKHOCTAM Ha Puc. 2.14 mMoxHa 3HAWTH 3HAYCHHS
YacTOTH Ta 3Ha4YeHHsS mnapamerpa d/a ans BU3HAUCHHS 4YAaCTOTHOTO Jlialla3oHy

nommpeHHs xBuiai HE;, 3 npuilHITHUM 3HaueHHsM KoedilieHTy 3aracanss. Ha miacrasi
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UX MapaMeTpiB MOKHA BUOpaTH poOOYMil [1ara3oH 4acToT, AJis SKOr0 HE BUHUKAIOTH
XBWJI1 BUIAX THIIIB.
Ha Puc. 2.15 npencraBieHi TpUBHUMIpPHI 3aJeXKHOCTI KoedillieHTIB ¢da3u Ta

sracaHHs xBwil HE;, 1m0 mommuproeTscs B KPYrJoMy JABOLIAPOBOMY XBHIICBOAL 3

CHJIPHO TIOTJIMHAIOYOIO PITWHOIO BiJ 3MIHM YacTOTH Ta HOPMOBAHOI TOBIIMHH IIapy
pinman  d/a. 3HalieHi Tpu o00yacTi pi3koi 3MIHM KOC(QII[IEHTY 3racaHHs, SKi
BI/IMOBIAIOTh MAKCUMAJIBHUM 3HA4YCHHSAM KoedirieHTy ¢a3u. HeMmoHOTOHHA MOBeAIHKA

3anexXHOoCTe KkoedimieHTiB (a3u Ta 3racanHs xBwii HE,, kpyrmoro mapyBaToro

XBUJIEBOAY 3 BOJOK B CAHTUMETPOBOMY Jiama3oHl TMOSCHIOETHCA 3MIHAMH
JIeIEKTPUYHUX BJIACTUBOCTCH CHJIBHO TIOTJIMHAKOYOI PIAMHH, TOMY IO B I[bOMY
J1arma3oHl 4acTOT CIOCTEPITaeThCs AUIMOJIbHO-pENaKCallliHUN MEXaHI3M MOoJspu3allil
mostekyn Bogau [5]. Ha Puc. 2.15 mo3nauennsmu 1A, 1B, 1C ta 2A, 2B, 2C BigmiueHi
3HAQYCHHS YacTOT, JJIS SKUX OTPHUMAHO PO3IOIiA TaHTECHINIAIbHOI KOMIIOHEHTH TOJIS

xBuii HE,; Ta npencrasneno B Tabmumi 2.1.

AHAJNOTIYHI PO3PAXYHKU 3aJIEKHOCTI KoeQilmieHTy ¢a3u Ta KoeQIlieHTy
3aracaHHs BUKOHAHI JJii CTPYKTYpU 3 IIEHTPAJIbHUM Te(IIOBUM CTPUIKHEM pajiyca
a=2.5 mm [97]. Pi3ka 3miHa koeiiieHTiB (a3ud Ta 3aracaHHs i IIApyBaTOTrO

=3.8+1-0.0001 a6o TedrOHOBHM

XBWJICBOAY 3 LEHTPAIbHUM KBaplOBUM &,

£ =2.1+i1-0.0001 crpmxHEM, OTOYEHHM IHAPOM CHJIBHO IIOTJIMHAIOYOI PIiIMHH,

megnon
CIIOCTEPITAEThCS TIPU TyKe ONM3BKUX 3HAYCHHSIX YaCTOTH Ta BEIMYWH HOPMOBAHOTO
I1apy CHJIBHO MOTIMHAKYO01 piguau d/a.

B Ta6mumi 2.1 300pakeno ctpykrypy nosnst HE,;, XxBwii ripu 3MiHI 4acTOTH st
JBOX OJM3BKUX 3HAYCHH IMAPy CHIIbHO IOTIHHAK0Yol piauau d/a, ski mo3HaveHi Ha

Puc. 2.15, 1A - 2C.
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Puc. 2.15. TpuBumipHa 3alexHICTh HOpMOBaHOTO Koe(imieHTy (azu (a) Ta 3aracaHHs
(6) HE,, xBwiIi B JBOIIAPOBOMY XBHJICBOJI 3 IIEHTPAIBHUM KBAPIIOBUM IHIIHIPUIHAM
cTprxHeM paziycy a = 0.25 cM 1 mapoM BOAM Bl YaCTOTH Ta PI3HUX HOPMOBAHUX
3HAYeHb Iapy CWIbHO moriuHatouol piguan d/a mnpu  Temmepatypi 23°C.
[Tosnauennsmu 1A, 1B, 1C ta 2A, 2B, 2C BigMidueHI 3HAYC€HHS 4YacTOT, I SKHX

OTPUMAaHO PO3IOJLI TAHT€HIIAJIbHOI KOMIIOHEHTH 1oJis XBuii HE

Tabmuug 2.1. Po3noain TaHreHuianbHo1 KOMIIOHEHTH nodist XxBuil HE,; B 3anexxHoCT! Bl

yactotu. [lo3nauenus 1A, 2A, 1B, 2B, ta 1C 2C BiamoBigarThs 3HaY€HHIM 4acTOT Ha

Puc. 2.15

1A, 2A, 1B, 2B, 1C 2C

91T 8.29 1T

90 %0
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B inTepBanmi 3Hadenp d/a = 1.42276+1.42272 crnoctepiraeTbcsi pi3ka 3MiHa

3Ha4YeHb KoediuieHTy 3racaHHs xBwii HE;,. 31 3MEHIIEHHSIM YacTOTH, MOPIBHIOIOYH
3aJIeKHOCTI Koedinienty 3racanHs xwii HE;, mnsg nBox 3nauens d/a = 1.42276 Ta

1.42272, 3HaueHHs Koe(illi€EHTy 3aracaHHs pi3KO 3MIHIOETbCS. A came, UId
d/a > 1.42276 — BemuuuHa 3racaHHs pi3Ko 30UIbIIyeThCs, a musa d/a < 1.42272 —
3MEHIIYEThCS.

CrpykTypa enekrpoMmartiTHoro mojisi xBuwii HE;, 31 3MEHIIEHHSM YacTOTH
CYTT€BO 3MIHIOEThCS. MakKCUMyM aMIUTITYIM TaHTEHI1aJIbHOT KOMIIOHEHTH €JIEKTPUYHOL
ckiagoBoi nosist xBuwii HE,; 3ocepemxenuit y kBaprioBomy cTpuxHi Jj1st yactoTa 9 [Ty
(1A). Taku#t Burisan posnoainy nosst xBuial HE;, B kBaprioBomy cTpmxHi moaioHu# 10
posnoiny nojisg xBwn H,, kpyrioro omgHopigHoro xBuieBoay. s gactotu 8.29 I'Tnn
MaKCUMYyM aMILTITy iy noJist X HE,, 3ocepemxenuit sk y nieIeKTpUYHOMY CTPUKHI,
TaKk 1 B mmapi cuibHO moriuHatouoi pimmuau (1B ta 2B, Puc. 2.15). I3 momaibmum
3MEHIIIEHHSIM  YacTOM  CIIOCTEPITaeThCs  O0JIaCTh  PO3MICTICHHS — 3aJIeKHOCTEH
Koe(DIIiEHTIB 3racaHHs Ta CTpyKTypa nojisg HE,, XxBuii 3MiHIOETBCS 7151 TBOX OJIM3BKUX
BesimurH ToBInuHK mapy d/a (1B ta 2B, Puc. 2.15). dus watotu 7 T'T1 BUg po3noiny
noJist xewti HE,, (1C ta 2C) Biapi3HI€ThCA 1T 1BOX 3Ha4YeHb d/a = 1.42276 ta 1.42272.
Makcumym amrunitynu nois xBwin HE;, nns BenwuMHM TOBIIMHM IIapy piauHU
d/a = 1.42272 (2C) 3i 30iibIIEHHSIM YacTOT TepecTae OyTH SICKPaBO BHPKEHUM Y
KBapllOBOMY CTPWKHI Ta 3MILIYETbCS Yy IIap PILAMHU, Ta KOEPIIEHT 3racaHHs
30ibIyeThes. [t BenuuuHM TOBIIMHU 1napy pinuau d/a = 1.42276 (1C) makcumym
amrutityau nons xeuii HE;, 3o0cepemkennii B KBapLioBOMYy CTPHIKHI, Ta KOE(IIIEHT

3racaHHs XBHJI1 Ma€ JOCUTH MaJil 3HAUECHHS.
PesynwsraTn Buznauenus K11 nmornmuuarounx piguH 3 piBHAHHS (2.8) mepeBipeHi
32 JIOTIOMOTOIO EJEKTPOMArHiTHOTO MOJCITIOBAHHS 3a JIONMOMOTOK KOMEpIIHHOT

nporpamu CST Microwave Studio [16] ta npencrasneni Ha Puc. 2.16. 3MiHa TOBXUHH
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KOMIPKH HE BILUIMBA€E Ha KOE(ILIEHT BIAOUTTA S, , @ OT)KE, 1 Ha NEPETBOPEHHs XBUI H,
IPsIMOKYTHOTO XBHJEBOLy B XBumo HE;, kpyrioro mapysaToro xsuieBoay. Takum
YUHOM, PI3HHUIIS MDK aMIUTITYJOO 1 (ha3010, BIATIOBIIHO, KOE(ILIEHTIB IPOIyCKAHHA S,;

KOMIPOK, TMOJIJICHa Ha PI3HUII0 MK JIOBXKHUHAMHU KOMIPOK, J1a€ 3HAYEHHS KOE(IIIEHTIB
dasm h' ta 3aracanns h”. KoedimieHTH BiZOUTTS IS KIOBET 3 PI3HUMHM JTIOBKHHAMH JIST
BOJM OJIHAKOBI, TOMY BIIOWTTS BiJ TOPIIIB KIOBET HE BIUIMBATUME Ha pe3yJbTaTH

BHUMIipIoBaHb koedimieHTiB (a3 h' ta 3aracanns h” B 1Box koMipkax.

—— ' ' \ |
5 4% /4
-15- ’ 1.3 ]
L& b
o 5 7
o =30 > N |
-454 6
-60- A 8 (a) \ \ (6)
; . : -200 - - ;
28 32 36 40 28 32 36 40
£, T £, IT

Puc. 2.16. 3anexHocti ammuityau koedimieHta BiAOMTTS S;; 1 Koeili€eHTa
npomyckanHsa S,; (a) Ta ¢asu koedimienta npomyckaHHs (0) U BHMipIOBaTbHUX
KOMIPOK PI3HOI JTOBXHWHH, 3alI0BHEHUX PI3HUMH PIIMHAMU. 3aJE€XKHOCTI M1l HOMEpamu
1,2, 51 6 BianmoBigar0Th A0BKUHI KoMipku | =25 mm; 3, 4, 71 8 mua | = 30 mm. [Tanens
(a): 3anexxnocti 1-4 ans S, 5-8 ms S,;; 1, 3, 517 nnst Bonu; 3anexHocti 2,4, 61 8 —
s 40% eranony y Boai; [lanens (6): 3anexxnocti 1 1 3 must Bonu; 2 1 4 mia 40%

€TaHOJIy Y BO1

PesynwraTn BimHoBnenHs 3HaueHb K/III pigun i3 nanux Ha Puc. 2.16 mokasani

toukamu Ha rpadiky Koynma—Koyna (Puc. 2.13) mis gotupbox yactoT. Pi3HHI Mix
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sHaueHHssMu K/II1 piguH, oTpumannMu 3 pe3ynbrariB po3paxyHky B CST Microwave
Studio Ha ocHOBI po3paxyHKy S-mapameTpis, i 3HaueHHAMH K] piguH, oTpUuMaHUMH 3
piBHsiHHS (2.8) HE MEpeBHINY€E KUIBKOX JECATHX BIACOTKA. [{t0 BIAMOBITHICTH JAHUX
MO’KHA BBAYKaTH I[IJIKOM 3aJI0BLIHHOIO.

CHpoeKTOBaHO HOBY BJIOCKOHAJICHY KOHCTPYKIIIIO IIAapyBaTOi XBHJICBITHOI

BUMIPIOBAJIbHOT KOMIpKH 3 TunoMm xBwi HE, 1nsa Busnauenns KJ/II cunbHO

MOTJIMHAIOYUX PIAMH B TOHKOMY IIapl 3 BHCOKOK AUGEpPEHIINHOI YYTIUBICTIO,
OTPUMaHO TATEHT Ha BUHaxia Ykpainu [17, 24]. Ha Puc. 2.17 300paxxeHO CTPYKTYypy
BJIOCKOHAJICHOI BHUMIpPIOBAJIbHOI KIOBETH, OCHOBHI €JIeMEHTH sKkoi ne: 1 — kpyrmi
IWIIHAPUYHI OTBOPH, pagiycy b = 3.2 MM, y MeTajeBOMy KOpIYCi KIOBETH; 2 —
METaJIeBUIl KOPIYC KIOBETH; 3 — IMEHTPAIbHUNA KPYTIUN IMIIHIPUYHUN KBapLOBUI
CTPIDKCHB 3 PajiiycoM & = 2.5 MM Ta JOBXXHHOIO OJHOTO CTPIXKHs |; = 25 Ta HOBXKUHOIO
apyroro l, = 30 mm; 4 — koakcianpnuit map d=(b—a) mocmimkyBaHOi piTUHU
(&5/€,21); 5 — neperBoproBaui THIly XBWIi H,, NPIMOKYTHOTO NEPETHHY B XBHJIIO
HE,, mapyBaToro XBHJEBOLYy,; 6 — HpsAMOKYTHI XBHjeBoau; / 1 8 — oTBOpH Ui

3alIOBHEHHS 1 3JIMBAHHS PIIUHU, BIAMOBIAHO; 9 — y3ro/pKyBalibHI METajeBl BCTABKHU 3
KPYTJIUMH OTBOpaMHU. BUKOPHCTOBYIOUN BIOCKOHAJIEHY KIOBETY BHUMIPIOETHCS PI3HHILA

aMIUTITY Ta pi3Hun ¢a3 xpwi HE;,, ki BUHUKAIOTHh Yepe3 3aCTOCYyBaHHS KIOBETH 3

KOMIpKaMH pi3HOT JOBXHHHU. JIIsi 1€l KIOBETH KOMIIGHCOBAaHO BHHHKHEHHS
CUCTEMAaTUYHOI MOXMOKM  BHUMIPIOBAHHS, W1I0  CIOCTEPIrajoch JUisl  KIOBETH

JIEJIEKTPOMETPY 3 OJIHAKOBUMHU KOMIpKamu, MOB’s13aHOiI 3 audpakuiero xBuni HE;, Ha

Ha OOKOBHMX TMOBEPXHSX KOXHOI KOMipku. HoBa BAOCKOHasieHa KIOBETA BiAPI3ZHIETHCS
BiJl KIOBETHU MICJIEKTPOMETPY THM, IO PiAMHA, KA TOCHTIKYEThCS, MICTUTHCS B 000X
KOMIpKaxX, KOMIPKM BUKOHAH1 Y BUTJISA/II KPYTJIUX OTBOPIB Y METAJIEBOMY KOPITYCl TAaKUM
YUHOM, IO JIEJICKTPUYHI CTPHKHI CITIBBICHI OTBOpPaM, MPH IILOMY JTOBXKHWHU KOMIPOK
BIJIMIHHI OJHA BIJ OJHOI, a BIJICTAHb MIX CTPIMJKHSIMH Ta IOBEPXHSMH OTBOpIB, HE
NEPEBUILYE JOBXKHUHY €JIEKTPOMArHiTHOI XBUJIl Y PIAMHI.
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Puc. 2.17. Tlo3momxHiit (a), momepeunuid (6) mepetmHu Ta (GoTo (B) CTPYKTypH
BUMIPIOBAJILHOT KIOBETH 3 JIBOMa KOMipkamu pi3Hoi nomxunu [74]. Ludpamu
no3HayeHo: 1 — Kpyrim HWTIHAPUYIHI OTBOpH paaiycy b = 3.2 MM y kopryci KIOBETH i3
HEp)KaBilouoi crTami; 2 — MeTaleBHi KOpmyc; 3 — KpyIraud [iedeKTpUIHHMA
IWTHIPUYHAN CTPWXKEHBb pajiycy @ = 2.5 MM Ta JOBXHHOK CTpwxkHIiB l; = 25 Ta
I, = 30 mmM; 4 — pmocmigkyBaHa pigumHa;, 5 — mepeTBOproBadi THIy XBUII H,
NPSIMOKYTHOTO INEPETHHY B XBHWIIO //E), IIapyBaTOro XBUIJIEBOLY; 6 — MpPSIMOKYTHI

XBUJIEBOAM; 7 1 8 — OTBOpPHW /JIs 3alOBHEHHS 1 3JMBAHHS PIAWHY, BIAMOBIIHO; 9 —

y3roJIKyBajibH1 METaleBl BCTABKHU 3 KPYTJIMMU OTBOPAMHU
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Y BumajKy BUKOPHUCTAHHA KIOBETH [IEJIEKTPOMETpa 3 KOMIpKaMu pi3HOI
TOBKMHN MeTonauka BuzHaueHHsS KJIII piguHu 3HAYHO CIPOIIYETHCS, MOPIBHSHO 3
Meroaukoro BuzHadeHHs1 KJIIT pinuHu 13 3acTOCYBaHHAM 1J€HTUYHUX KOMIpoK. Takum
YUHOM, Y pa3i BUKOPHUCTAHHA MAIEIEKTPOMETpa 3 KIOBETOI, IO Ma€ KOMIPKH pPI3HOI
JIOBXHHH, Ofpa3y 3Haxomsarbes koedimienrn asu  h[paolcm] Ta 3aracanms
h[ob [ cm] xBuni mis mocmimkyBaHoi piauau. Jlami, 3a 3HaliieHUMH 3HaYeHHAMHU N i
h' 13 posp’s3aHHs XxapakTepucTuuHOro piBHsSHHS (2.8) po3paxoByerbes KII
JOCTIKYBAHOT P1IMHH.

TakuMm YMHOM, IO KPUTEPIiB ONTHUMI3allli BJOCKOHAJIECHOI KIOBETH MOKIIUBO
BIJIHECTH HACTYITHE:

1) oOumncitoBaHa TeOMETpisi, 4Yepe3 Te, MO JUIsl TaKOoi MIapyBaTol XBHJICBIIHOI
CTPYKTYPH MOKHA OTPUMATH TOYHHUM PO3B’A30K XapaKTEPUCTUYHOTO piBHSIHHA (2.8);

2) abcomorHe Bu3HaueHHs KJIII pimuH, yepe3 Te, MO Tenep HEMae MOTpeOH B
CTaJIOHHIN piauHI;

3) migBuIeHo uyTauBicTh BusHaueHHs K/ piguH;

4) moxxnuBicTh BusHaueHHs: KT pinuH B JIiana3oHi 4acToT,

5) BUKOPUCTAHHS HEBEIMKOro 00’€éMy piAMHU OJU3bKO | MII y KOXHIA KOMIpIi,
HaBIAMIHY B1J KIOBETH 3 1IEGHTUYHUMH KOMIpKaM# 3 00'€eMOM piAuMHU OJU3BKO 7 My
KO>KHIM KOMIpII];

6) cripoiiieHa mporeypa MPOMHUBAHHS i e3iH(PEKITIT KOMIKOK.

TakuM 9YMHOM, MOKHA 3pOOMTH HACTYITHI BHUCHOBKH. BJIOCKOHAJIEHO KIOBETY
JieJeKTpoMeTpa 3 00 €MOM JIOCHIIKYBAHOT PIIMHUA ONM3bKO 1 MJI B KOKHIM KOMIipIl,
AKa CKJIQJA€ThCA 3 JBOX KOMIPOK PI3HOI JTOBXKMHM, BHACIIJOK 4YOr0 KOMIICHCOBAaHO
BIUTUB MudpakiiiiHuX e(PeKTiB Ha Kpasx KOMIPOK Ta BiICYTHS moTpeda y pedepeHCHIN
pinuHi. BuUkopuCTaHHS BJOCKOHAJEHO! KIOBETH 103BOJUTh Bu3HayaTu KJIII cumbHO

MOTJIMHAIOYMX PIAMH B I[IAPOKOMY Jialma3oHl dYacTOT BiJg MITIMETPOBHUX [0
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CaHTUMCTPOBHUX JOBKWH XBWUJIb 3 OCHOBHUM THUIIOM XBUJI1 HEll TUILY 3 HalMEHIIIUM

3HAYCHHSIM KOE(II[IEHTY 3aracaHHs MOMIK IHIIMX TUMIB XBWJib. OTpumaHo 1o0pe
y3ro/pKeHHs ekcriepuMmeHTanbHux ganux K/I1 Bogu Ta BOAHO-€TaHONBHUX PO3YHHIB 13

JTAHUMH, OTPUMaHUMH 3a ¢popmyioro Jlebas.

2.5 UYytauBicTs MeTOay MIKPOXBWJIBLOBOI audepeHuiiinoi aiesekTpoMeTpii

Bu3HayeHHs K/I1

BukonaHo ouiHky uyTiuBocTi MeTony BuzHaueHHs K/III cuinbHO mornuHaro4oi
pIIMHU, TTOB’s13aHy 3 BUOOPOM ONTUMAJIBHOI TOBIIMHHU LIAPY JOCHIIIKYBAHOI PITUHU Ha
NPUKJIAAl BOJHOTO PO3YMHY €TaHONy. 3a pe3yJbTaTaMH YHUCJIOBHX PO3PAXYHKIB

OTPMMAaHO 3HA4YeHHS KoediuieHTiB (a3 Ta KoediuleHTiB 3racaHHs xBuwm HE;, mo

MIOIIAPIOETHCS  B3JIOBX KBApIOBOTO CTPWXKHS, OTOYEHOTO CHJIBHO TOTJIMHAIOYOI0
PIIMHOIO — BOJHUM PO3UYHMHOM €TaHOJIY Y BOJII pi3HOT KoHIeHTparlil [98].
Ha Puc. 2.18 300paxkeHo 3a5ekHOCTI KoeilieHTiB a3 1 Koe]illieHTIB 3racaHHs

HE,, XBuii, 10 NOWIMPIOETHCA B JOCHIIKYBaHIA CTPYKTYpl 3 BOJHHM PO3YUHOM

eraHoJTy Ha yactoTi 31.82 I'T', ast pisHUX 3HAYCHD PajliyCy METAICBOro XBHUIeBOaY D .

3HaiiIecHO MakCUMyMU Koe(iIlieHTIB MOMUpPeHHs Ta 3aracanns xBwi HE,  , sxi mobpe

PO3PI3HAIOTHCS IS PI3HUX KOHIICHTPAIllI €TaHOIy Y BOA1 U IOCTATHHO TOHKOTO IIapy
piauHM, 3aBASKM YoMy uymiuBicTh BuzHaueHHs KJII pigun 3pocrae. A cawme,
yytnuBicTh Bu3HaueHHs KT piaun 3poctae y 5 pasiB 3a koedinienTom (a3u 1a y 2
pasu 3a Koedimienrom 3aracanns, Hanpukiaan mis b ~0.31+0.4 cm [98] mopisusHO i3
b>0.4 cm [77] npu HOCHiKEHHI PiMH 3 KOHICHTPAIIEO eTaHoy y Boai 20%. Takum

YHHOM, BUOip onTUManbHOro pamiycy b 3anesxuts Big K/IT mocmimKkyBaHoT piavHN.
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Puc. 2.18. 3anexxnocti koedimieHTiB ¢asu (a) Ta 3racanus (0) xemwii HE,;, Bix TOBIIMHU

miapy BOJIHO-€TAHOJIBHOTO PO34YMHY 3 KOHIeHTpalieo 0+60% eraHoily Ha 4YacToOTi

31.82 1T

Ha Puc. 2.19 mpexacraBneHi po3paxoBaHi 3aleKHOCTI KoedimieHTiB ¢a3u Ta

3aracanHa xBuii HE;, kpyrnoi mapyBaroi XBUJIEBIIHOT CTPYKTYPH BiJ KOHIIEHTpAIli

eTaHOJIy Y BOJHOMY PO3YHHI JUIS PsiIy 3HAYCHB paaiycy D MeTaaeBOro XBHICBOMY IS
gacrotn 32.82 I'Tu [77, 99]. MakcumanbHa 3MmiHa KoeQillieHTIB (a3u Ta 3racaHHs
CIIOCTEPITAaEThC TPHU BIANOBIAHOMY BHOOpPI 3HAYEHHS MIAPY CHUJIBHO MOTJIMHAI0YO1

pimuan d =(b—a), Big 4oro 3anexuTh 4yTIHuBiCTh Bu3HadeHHs KJIIT el piguHu.

Bub6ip 3navenns d samexwuts Big KIIT mociimkyBanol piguau. Yum Oingbina 3MiHa
CTWJIMX MOIIMPEHHS Ta 3racaHHs MpH 3MiHI KOHUeHTpalii cnupTy Big 0 1o 60 %, Tum
BUIlla 4YyThauBiCT, Bu3HadeHHs KJ/II pocmimkyBaHoro po3uuHy. TakuM YHHOM,
HAIPUKJIA, IPU BUMIPIOBAHHI PiJIUH 3 KOHIIEHTpaIli€lo eranoiy y Boji Bix 20 go 40%
MOXITUBO BHUKOPHCTOBYBaTH KioBeTy 3 mmapom piauad d = 0.07 cm (Puc. 2.19,

3aJIEKHICTB J).
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Puc. 2.19. 3amexnocti koedimienTiB ¢aszm (a) Ta 3racanHs (0) xsumi HE,, Bin

koHmeHTparii eranony 0+60 % y Boai Ha gactoti 31.82 I'T mns pi3HUX 3HAYCHB
paniycy b meranesoro xsmieBomy: 1 — 1.0 em; 2 —0.45 ¢em; 3 — 0.4 em; 4 —0.35 em; 5 —
0.32cMm;6—-03cm; 7—0.28 cm

Ha Puc. 2.20 mnokazanHo TpuBUMIpHI 3alekHOCTI KoedimieHTiB (a3u Ta

KoedimienTiB 3racanus xBwi HE;, Bix ToBmuam mapy d =(b—a) BogHOTrO po3umHy

eTaHoyTy 3 KoHueHTpauiero Bia 0 10 60 % Ha vactori 15 I'Tu. YyTnuBicTh BU3HAUCHHS
KJII1 BogHO-€TaHOJIBHOTO PO3YMHY THUM BHUIIE, YUM O1JIbIIIa 3MiHA 3HaUYCHb KOS(DIIIEHTIB
(da3u Ta 3racaHHs NpH 3MiH1 KOHIeHTpallli eTanoxy Big 0 1o 60% y Boai. MakcumanbsHa
3MiHa Koe(iuieHTIB (a3u Ta KOePIIEHTIB 3racaHHs CIIOCTEPIra€ThCs BIJAMOBIIHO MPHU
Manux 3HadeHHsaX D = 0.3+0.5 cm ta b = 0.33+0.45 ¢cM 30BHIIIHBOIO METAIEBOIO
XBUWJICBOJly, IO BIAMOBIJAIOTH MEHIIMM 00’€MaM JOCIIPKyBaHMX pPO34YMHIB. Takum
YUHOM, BUOIpP ONTHUMAJIbHOI TOBIIMHU IIApy IOCTIKYBAaHOTO PO3YMHY BIUTUBAE HA

qyTIauBICTh MeToAy Bu3zHaueHHs: K/I1 piaunu.
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Puc. 2.20. TpuBumipHi rpadikd 3aneXKHOCTI HOPMOBAHHMX KoOedilieHTIB ¢a3zu Ta

sracaHHa xBwil HE;, mapyBaToi XBHJIEBIIHOI CTPYKTYpH [IJsi PI3HUX BEJIUYUH
30BHIIIHBOTO paaiycy b 3 1mmapom BogHoro posumny eranony d=(b—-a) 3

koHneHTpartier eranory C= 0+60 % na wacroti 15 [Tt

Takum 4MHOM, MIABUIIEHO YyTAUBICTh Bu3HaueHHs K/{II cuiabHO mormmHaroumx
pimuH y 5 pasiB, BU3Ha4arouu koediiieHT (a3, Ta y 2 pas3u, BU3HAYal0uu KoepimieHTt

3aracanHsa xpwi HE;, nns BpockoHaneHoi KioBeTH 3 00’€MOM JIOCHIIKYBaHOI PITUHU

O5M3bKO 1 MJT y KOXKHIM KOMIpPIII PU AOCTIIPKEHH] BOJIHO-€TAHOJIBbHUX PO3YHHIB.

2.6 BucHoBKHM 10 po3aiiay 2
1. 3a pe3yapbraraMHd YWCEIBHUX PO3PAXYHKIB 1I€HTU(PIKOBAHO THUIHU XBWJIb, IIO
MOIIUPIOIOTECS B KPYTJIOMY JIBOIIAPOBOMY XBWJIEBOJAI 3 IIEHTPAJbHUM KBapIOBUM
CTPH)KHEM OTOYCHHUM IIIapOM CHJIBHO ITOTJIMHAIOYO1 PIIUHU BIIITOBIIHO 10 KiTacHQikalii
TUITIIB XBWJIb, IO ITOIIUPIOIOTECS B METAJE€BOMY XBHJICBOI, 3alIOBHEHOMY KBapIIOM.
[TokazaHo mo0Ope y3TOKEHHS YHMCEIIbHO OTPUMAHUX JAHUX 3 EKCIEePUMEHTAIbHUMHU

nanumu juist xsum HE ;. BecTaHoBieHO, 0 HASIBHICTh CUJIBHO MOTMJIMHAKOYOI PIIUHU B

KpPYTJIOMY JIBOIIAPOBOMY XBUJIEBO/I 3 LIEHTPAJIBLHUM KBAPILIOBUM CTPHKHEM MPU3BOAUTH
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70 BIJICYTHOCTI 4YacTOT BIJCIKaHHS MOJ, Ha BIAMIHY B OJHOPIIHO-3aIIOBHEHHUX
XBHUJIEBO/IB, IKUM BJIACTHBI YaCTOTH BiJICIKAHHS MOJI.
2. BusBneHo Tpu o0jacTi MakCUMyMiB KoedilieHTy (da3u Ta NMepioAUYHOI 3MIHH

koedimienty 3racanHs xBuiai HE;, B canTuMerpoBomy niama3oHi JOBXHH XBWJIb IMPH

HEe3HAYHI{ 3MiHI 4acTOTH a00 BEJIMYMHU TOBIIWHU MIapy HociimkyBanoi piguau d. [Tpu
BEJIMKUX BEIMYMHAX MIAPiB CHIIbHO TorimHarouoi piguan d = 0.75 cM y BUMiprOBaJIbHUX

KOMIpKaX, MAaKCUMyM eJeKTpoMmarHiTHoro mons xBwm HE;;, 3ocepemxenuii B
KBapllOBOMY CTPWXHI1 1 Mae BUIJISA moyst xBuii H,, omHopimHoro xsuieBony. I[lpu

3MEHIIIEHHI 30BHIIIHBOTO PaAlyCy METaJIeBOr0 XBHJICBOAY, J€¢ KOCQIIIEHT 3aracaHHs

Mae 3HaueHHA BUILE 55 n1b/cM Bi1OyBa€eThCS MEPEPO3NOALT CTPYKTYpH mois xBuiai HE ;.

TakuM 4YMHOM, 3MIHIOIOYM YacTOTy Ta BEIUWYHMHY IIapy JOCHIIKYBaHOI CHIIBHO
NOTJIMHAIOYOT PIAMHU MOXKJIMBO ONTHMI3yBaTH YyTJIMBICTh CTPYKTYPH BHMIPIOBAJIbHOI
koMipku 10 3MiH K/III cuibHO MOrauMHaro4oi piiuHU, 3 TPUUHITHUM JJI1 MPAKTUYHUX

3acTocyBaHb Koe(imieHToM 3aracanHsa xBuwil HE |, mo nommuproersesa B CTpyKTypl, BiJ

CaAaHTHMETPOBOTO /10 MUTIMETPOBOIO /1alla30HY JOBXKUH XBUJIb.

3. Po3po0ieHo BUMIPIOBAIIbHY KOMIPKY 3 MiJBHUIICHOI0 YYTJIMBICTIO BU3HAUYCHHS
KAII cuiapHO MOTIMHAKOUMX pIAUH 0€3 BUKOPUCTaHHS €TAJIOHHOI PIAMHU Ha OCHOBI
IapyBaToi  XBWJIEBITHOI  aKCUTbHO-CUMETPUYHOI  CTPYKTYPH 3  LIEHTPAIbHUM
JICIIEKTPUYHUM CTPHYKHEM Ta TOHKHM ImapoM gociimkyBanoi piguau d = 0.07 cMm, B
TIOPIBHSHHI 3 KOMIPKOIO JIieJIEKTPOMETpa 3 OLIBIINM MIAPOM JOCTIKYBaHOI piguan d =
0.75 cm. UYyrnusicte BusHaueHHss KJ/II piguH 3poctae y 5 pasziB, BU3HA4Yalouu
koedimieHT pa3u Ta y 2 pa3u, BU3HAYAIOUM KOE(IIIEHT 3aracaHHs, MpHU JOCIIKEHHI
BOJIHO-€TaHOJIbHUX PO34MHIB. HOBa KOHCTPYKIlist KOMIPOK, B IOPIBHSHHI 3 IPOTOTHUIIOM,
Ma€ CHOpOIIeHY NpOLEaypy TNPOMUBAaHHS U jAe3iH]exiii KOMIipok 3 00’eMoM
JTOCTIKYBaHOT piAMHU | M1 y KOXHIM KOMIpIl, IO Ma€ ICTOTHE 3HAYCHHS TIPU
JOCIIJKEHH] JIEJeKTPUYHUX BIACTUBOCTEH BOJAHMX PO3YMHIB B 00JaCTI Majmx

KOHIIEHTpAIlii 610JI0T1YHO aKTUBHUX PEUOBHH.
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PO3JILT 3
JUEJIEKTPOMETPISI BOJIHUX PO3UYMHIB BIOJIOTTYHO AKTUBHUX
PEYOBUH V MIKPOXBWJILOBOMY JIIATIA3OHI YACTOT

Y MIKpOXBUJILOBOMY Jialla30HI 4YacTOT po3TalioBaHa 00JacTh MaKCUMAJIbHOI
4acTOTHOI1 jaucriepcii gificHoi Ta ysBHoi yactuH KJIII Bomau, TomMy 1iei miama3oH €
HAWOUTBII MPUUHATHUM IS JTOCHIDKCHHS BOJHHX PO3YUHIB O10JOTIYHO aKTUBHUX
peuoBuH. B pe3ynbTaTi B3aeMoii 61010r1uHO akTUBHUX pedoBuH (BAP) Mixk co6oto (ski
3HAYHO OLIBII 332 MOJIEKYJIH BOAM) Ta 3 MOJIEKYJaMHU BOJIH, Ha MOBEpXHI Mojekyn BAP
YTBOPIOEThCS IMAp 3B'I3aHUX MOJIeKyn Bomu [12, 27, 43]. lle mo3HayaeTbcs Ha
MOTJIMHAHHI E€JEKTPOMArHITHOTO TOJII PO3YMHOM, 4epe3 Te, M0 O10JOriYHO aKTHBHI
PEUYOBMHU TPU3BOIATH A0 3MEHIIEHHS KUIBKOCTI BUTPHUX MOJIEKYJ BOJHU, AOCTYITHHUX
s nojspusaiii, BHachaigok voro KJIIT posuwny 3meHmyerbcs [58]. 30imabiuneHHS
KUIBKOCTI MOJIEKYJl BOJAM, 3B’A3aHMX 13 PO3UMHEHUMH MOJEKYyJaMH, 3arajom
INPU3BOJUTH 10 3MEHILEHHS K A1MCHOI, Tak 1 ysiBHOI yactuH KJIII BogHOrO po3unHy,
OCKUJIBKM 3B’s13aHI MOJIEKYJHM BOJM MalOTh OOMEXKEHY pPYXJHUBICTh 1 3HIDKECHY
noJiIpu30BaHicTh [4, 12].

Busznauenns konnentpaiii BAP B po3unHax € Ba)xJIMBOIO CPEPOI0 TOCIIIKEHb,
30KpeMa B TEXHOJIOTIYHHMX Tpoliecax (papMaieBTHYHOI Ta Xap4yoBOi MPOMHCIOBOCTI, B
MEIUYHUX JA1arHOCTUYHUX MPOLEaypax y KIIHIYHHUX J1a00paTopisiX, a TAaKOX HAMPSIMKIB
JOCITIJIKEHb, 110 CTOCYIOTHCS €KOJIOT14HOi O€3MeKH BOJHOTO TOCHoaapcTBa. TodHE
BHU3HAYEHHS KOHIIEHTpALli OUIKa B PI3HUX TEXHOJOTTYHUX PO3UYMHAX a00 B O10JIOTTYHHX
pO34MHaXx, BKIIIOUYAIOUYHM CHPOBATKY KPOBI1, HAMIPUKJIA] HAWMONIMPEHIIOro O1JIKa Maa3Mu
KpOBl JIIOAMHM — CHPOBATKOBOIO albOyMIHY JIOAMHH, € OJHIE0 3 HaHOUIbII
3aTpe0yBaHUX J1arHOCTUYHUX MPOUEAYp VY KIIHIYHUX JabopaTopisix Ta 3aBliaHb,
NOB'SI3aHUX 3  TEXHOJIOTIYHMMHU  mpouecamMud  (apMaleBTUYHOI YW XapyoBOi
npoMUCIOBOCTI. CHpPOBAaTKOBOrO anbOyMiHY JIIOJMHU € HAWNOIIMPEHIIIUM O1IKOM

I1a3MHU JIFOAMHM, SIKUH BIITpa€ BaXJIMBY (1310JI0TTUHY POJIb — MA€ aHTUOKCHUJIAHTHY Ta
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AHTHUKOATyJISTHTHY Jif0 Ta € epekruBHuM Oydepom pH mmazmu [100], Ta BuCOKwHii piBeHb
IbOTO O1JIKa CBIAUUTH Mpo Aerifpatariro opranizmy [101, 102]. Tomy Bu3HaYCHHS piBHS
anbOyMiHy B CHpoOBaTIli a00 IIa3Mi KpPOBI € OJHUM 13 BaXJIMBUX TMapamMeTpiB
(1310JI0T1YHOTO CTaHy MAI[iEHTA 1 AKTUBHO BUKOPHUCTOBYETHCA Y O10MEANUHIN Tamy31 JIs
JTIarHOCTHKH IaTOJOTIYHHUX CTaHIB, B TOMY YHCIII IeuiHKH Ta Hupok [103].

Ha cporogni OunblnicTh METOAIB BHU3HAUYCHHS KinbkocTi BAP, 30kpema
BU3HAUEHHS 3QJIMIIKOBUX KIJTBKOCTEH AaHTHOIOTHKIB Yy pI3HOMAHITHUX 3pa3Kax,
NPOBOJSATECA B JTAOOPATOPHUX yMOBaX 3 BHUKOPHUCTAHHSIM  CIEIiali30BaHOTO
oOnajHaHHs, TBAPWUH, BUTPATHUX MaTepialiB, SKI € JOBFOTPUBAIl Ta TPYIAOMICTKI, a
ICHYI0Y1 KOMEPIIIITHI TECT-CUCTEMH 3aKOPJAOHHOTIO BUPOOHMIITBA € BHCOKOBAPTICHUMH
Ta, HailuacTilie, HeJOCTYIHI JJIsl LIMPOKOro BUKopuctanHsa. Cepen METO/11B BUBHAYCHHS
ckiagy 1 BaacTuBOcTel BAP HailO1IblI NOMIMPEHUMHU € MIKPOOI10JIOTI4HI, IMYHOJIOT14HI
METOJM 1 METOJ] BUCOKOC(PEKTUBHOI PiIIMHHOI XpoMatorpadii, 4yTIuBICTh OCTAaHHHOTO
ctaHoBUTH 0.5+5 MKr/r. Jns OUTbIIocTi MiKpOOIOJIOTTYHUX METOJIIB, YYTIUBICTh SIKUX
CKJIaJa€ OJMHMII HI/T, MOKJIUBE MTPOBEACHHS KOHTPOJIIO BMICTY BAP B po3unHi TUIBKH
B YMOBax JOBTOTPHUBAJIOr0 1 TPYAOMICTKOTO MpOIeCy B JabOOpaTOPHUX yMOBax 3
BUKOPUCTaHHSAM J0JATKOBOTO 00siafHaHHA. Takox icHye nmoTpeda B po3poO1l HaIiHUX
METOJIB €KOJIOTIYHOTO KOHTPOJIO IMOJ0 3aJWIIKOBUX KUIBKOCTEH aHTHOIOTHUKIB Ta
OpraHiyHUX 3a0pyIHIOBAYiB y MpoOax BOJIU 3 HABKOJUIITHBOTO CEPEIOBHUIIA.

B naHoMy po3auni MpPUBENCHO PE3yibTaTH EKCIEPUMEHTATbHUX JOCIIIKECHb
BU3HAUYeHHS KoHIeHTpamii BAP (eranon, mimoko3a, aHTUOIOTHKH, AUGTEpIiHUN
AaHATOKCHH, CHUPOBAaTKOBUHM allbOYMiH JIIOAWHM) 3a TMOKA3HUKAMH iX JIieJICKTPHUHUX
BJIACTUBOCTEN Yy MIKPOXBWJIBOBOMY Jiana3oHi Ha 4yactoTi 31.82 I'T'u, 3acTocoByroun
MIKPOXBUJILOBUHN NU(PEPEHININHUIN N1eTEKTPOMETP, XapPaKTEPUCTUKU SKOTO MOPIBHSHO 3
IHITUMH MeToAaMu, Ta peacTaBiieHo B Tabmui 1.2. Otpumani 3HaueHHs K/{IT Bogaux
po3unHiB BAP 3MmeHmyroTbcst Bim 30LUIBIIIEHHS KOHIIGHTpAIlii, Yepe3 3MEHIICHHS
KUIBKOCTI  BUIBHUX MOJIEKyd Boau B posunHi. [li excrepumeHTanbHI AaHi

JEJIEKTPOMETPUYHUX BUMIPDIOBaHb Ha NPHUKJIAAl TaKMX CaMUX PO3YMHIB OUIKIB Ta
78



pPO3YHMHIB aHTHUOIOTHKIB TMIATBEP/PKEHO JIBOMA IHIIUMH METOJAMU: METOJI0M
Monekynsipuoi  guHamikn (M) [15] Tta Meromom  cmektpodoromerpii B
yIbTpadioIeTOBOMY Ta BUIUMOMY Jiama3oHax noBxuH xBuib (UV-Vis) [14].

Y ToOpiBHSHHI 3 KJIACHYHHUMH METOJaMH KOHTPOJIIO, 3TaJlaHAMH BHIIIE,
paniodizuyHa METOJIMKa, 30KpeMa, MIKpOXBWIIbOBa AudepeHIliifHa TieIeKTPOMETpIsS B
o0JlacTi 4acTOTHOI JAMCHEpPCHOCTI AificHoi Ta ysBHOi dvactuH KJIII Bomm, €
NEPCIIEKTUBHUM METOJIOM MOHITOpUHTY BAP y posumnax. Metog MiKpOXBHIIbOBOI
nudepeHIiiiioi  gieaekTpoMeTpli I BU3HAueHHS piBHIO BAP B po3umHi 3a
MOKa3HWKaMH JiiicHOi Ta ysBHOI 4yacTuH KJIII € ambrepHaTUBHUM cCepell 1ICHYIOUHX
meroniB. Lleii Merog € TEpCNEKTUBHUM JUIsl  KOHTPOJIIO Oe3MleKu  3pa3KiB
IMyHOOIOJIOTIYHMX JIKApChbKUX 3aco0iB  (BakKIMH), 30KpeMa IIPOIEeCy IEPEeXomy
nudTepiiHOTO TOKCUHY B HeTOKcH4YHYy (opmy — aHatokcuH [104]. Inmentudikamiro
nepexoay TOKCUHY B 0e3neuHy (opMy MOXKIMBO MPOBOJAUTH B 1aOOpaTOPHUX YMOBAX 13
3aCTOCOBaHHSAM MeETONy (uIyopiMeTpii, aje Bce IIe 1HOAI NependavyaroTbCs PYyTHHHI
BUNIPOOYBaHHS 3 BHKOPHCTAaHHSIM MOPCHKMX CBHHOK a0o kpomukiB [105]. Ane €
peKOMEeHaIi 100 BUKJIIOUEHHS BUKOPUCTAaHHS TBApUH IJIs1 E€KCIEPUMEHTAIbHHUX
IiJIeH TpY BUTOTOBJICHHI BakiuH [106].

VY npomy po3aiii nmpeacraBieHo pe3ynbraty BuzHaueHHs KT neskux po3unHiB
BAP Ta pigkux 3pa3KkiB JKUBWJIBHOTO CEpPEIOBHINA 13 BMICTOM AUQTEPIHOTO
AHATOKCUHY 32 JOMOMOIOI MIKPOXBHJIBbOBOI JU(EPEHUINHOT A1eJIeKTPOMETPIi.
PesynbTaTH, npeAcTaBicHI B po3/iii, omyoJikoBaHi B crartax [14, 15, 20], ysiiuwm y

rinaBy kauru [19] ta nqonmosiganucs Ha koHdepenisax [92, 98, 104, 107-109].

3.1 KJII BogHuX Ta cOJILOBHUX PO3YHHIB INIIOKO3H

MeTton MIKpOXBHIIbOBOI JTHU(PEPEHLINHOI 11eIEKTPOMETPii 3aCTOCOBAHO IS
KiJbKicHOTO Bu3HadeHHs Tioko3u (CeH1,0g) y BomHOMY Ta (i3iooriuHOMY pO3YHMHAX
3a MOKa3HUKaMu JiiicHol Ta ysBHOI yacTuH KJIIT po3uumnis [19, 92, 108]. IIposeaeno

nociipkeHHs moao BuzHaueHHs: KJIII BogHUX Ta COJIbOBUX PO3YMHIB TUIFOKO3U PI3HOI
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KOHIeHTpalii. /{1 1poro BUKOPUCTOBYBAIM BOJHI PO3YMHM TIIOKO3H Ta (H1310J0T14HI

o3unan (0.9 % NaCl) riroxosm i3 konmentpamiero Big 0 mo 1111 mMmous/n, 1o
9

BIIHOCSITBCS IO JIIKAPCHKUX PO3YMHIB Ta 3aCTOCOBYEThCA Y OloMenuuHik nmpaktuii. Ha

Puc. 3.1 mpencraBneno rpadiku 3anexHocTed pi3HHLl Pa3 A@ Ta pi3HULI aMIUTITYA

AA xBumi HE,, BiJ KOHIEHTpaIllli TTI0KO3H Yy BOAHOMY po3unHi Ha yacToTi 31.82 I'T

npy KiMHaTHI# Temmeparypi (t=23°C).

— 12
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= 181 log &
E %
B 12 /-» &
g _ 10,4
0,6-
0,0 - - - 0,0
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KOHIICHTpAIIisl TJIFOKO3U B PO34uHi, %

Puc. 3.1. 3anexnocti pizaumi ¢a3 A@ Tta pizHum ammntya AA xsum HE, Bin

KOHIICHTpAIIii TJIFOKO3HU y BOJI1

AOconoTHa OXMOKa BU3HAYEHHS pi3HULI Pa3 A¢ Ta pi3HULI aMIUITYyn AA
xBuni HE;;, mo nomuproeTscss B3MOBXK KBapLOBHX CTPHXKHIB Yy BUMIPIOBAJIbHHUX
KOMIpKax JiesieKTpoMeTpa, A0piBHIOIOTH BiamoBiaHo 0.4 rpamx ta 0.01 nb [77, 88]. i
noXuOKM BU3HAUEHHA pi3HUIN (a3 A@ Tta pizHum ammiityn AA xsum HE,
HOPMOBaHI Ha JIOBXKWHY CTPWXHS, IO BIAMOBiMae miamerpy komipku D =2cwm,

nopiBHIOIOTE 09 . = + 0.2 tpag/cm 1 SA _ = + 0.005 nb/cm. JloBXHHA CTPHIKHS

meas.

JIOPIBHIOE JIiaMeTPpy KOMIPKH 3 MOXUOKOI0, sika He nepeBuirye 2% [88].
B skocti pedepencHoi piauHu npu BuzHadeHHi KJIII BogHux Ta BOIHO-

COJIbOBHX PO3UMHIB IIIOKO3UM BUKOPHCTOBYBAJIN JUCTHIIOBAHY BOAY Ta (h1310J0TIHHUN
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pozuun (0.9 % NaCl), BignoBigHo. BincyTHicTh BimMiHHOCTEH (a3u Ta amILTITYIH
CTHIOCTEPIra€ThCs Yy BUMAAKY, KOJIHM €TajlOHHA pifuHa (IUCTUIbOBAHA BOJIAa) MICTUTHCS B
000x komipkax mgienekrpomerpy A@,AA=0, Toml sSK CHOCTEpITracThbCA X PI3HULIS
Ap,AA#0Q, xoau oJHA 3 KOMIPOK 3allOBHEHA JIOCTIHKYBAaHOI PIJUHOI — BOIHUM
PO3UMHOM TJIIOKO3W, a IHIIA — ETAJIOHHOK. 30UIbIIEHHS KOHIIGHTpAIll TJIIOKO3U B
po3uunHi Ha 20% mpu3BOAUTH 10 30UTBIIEHHS pi3HULI (a3 Ta amruiiTyq xBwi HE;, Ha
2.5 rpan/em Ta 1.0 nb/cwm, Binnmosiano. Ha Puc. 3.2 mpencraBieHo 3aineKHOCTI I1HCHOT

Ta ySIBHOI YaCTMHHU KOMIUIEKCHOTO KoeimieHTy nomupenss xpwin HE,, ang po3unHis

rroKo3u y Boji Ta po3uuni 0.9% NaCl.
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E ./ A/‘ :E / /
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KOHIICHTpAIIisl TTFOKO3U B pO34HHi, % KOHIIEHTpAIlisl TIIIOKO3U B PO34HHi, %

Puc. 3.2. 3anexxHocTi mAilicHOI Ta YABHOI YAaCTMHH KOMIUIEKCHOTO KOe(DilieHTy

nommpenHs xpwin HE; nns BomHux po3umHiB riatoko3u (1) Ta BOAHO-CONBOBHX

PO3YMHIB TJIFOKO3H (2) B1Jl KOHLIEHTpALli [NIFOKO3H B PO3YMHI

Busnaueno giiicny Ta ysBHy udactuHu K/III BOAHMX pO3uUMHIB TJIIOKO3M Ta
BOJTHO-COJIbOBUX PO3YMHIB TIIFOKO3W 3 KoHIeHTpalieo NaCl 0.9% B 3ai1eKHOCTI Bin
30UIBIICHHS KOHIIEHTparii rimoko3u. Ha Puc. 3.3 mpencraBneni 3aileXHOCTI JIHCHOI Ta
ysiBHO1 yactuH KJIIT po3unHIB ITFOKO3W Bij KOHIIEHTpallii. BogHO-COMbOBHI pO3YMH

rIII0K03u 3 KoHieHTpaiiero coii 0.9 % NaCl o6paHo 3 MeTOI0 BU3HAYEHHS TOTO, KOO
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miporo Ha 3HaueHHs KJIII po3umny rmtoko3u BmuBae BmicT coii NaCl. Tomy
BUKOPHUCTAHO JBa THUIH PO3YMHHMKIB. AUCTUIHOBAHA BOAA Ta (i310JOTTUHUNA PO3UMH 3
koHneHTpariiero NaCl 0.9%. 3naxomkenns KJII mociimpkyBaHol piIMHM BUKOHAHO 3a
METOJIMKOIO, 110 TpeacTaBieHa Ha Puc. 2.11 B po3aim 2 3 Bukopuctanusam nanux K/IT

BIIMOBIHOT pehepeHCHOI PIIUHHU.

KOHIIEHTPAIIisI TITFOKO3U, MMOJIB/JT
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Puc. 3.3. 3anmexwnicts miiicHoi Ta ysBHOi 4yacTuH KJIII BOoAHMX pO34YMHIB TIIOKO3U
(la, 16) Ta rmoko3u y (iziosioriyHOMYy po3uuHi (2a, 20) 3 KOHIEHTpAII€l Coi

NaCl 0.9% B 3a1e:)KHOCTI BiJT KOHIICHTPAIIii TJTIOKO3H

[Tpu 30UTbLIEHH] KOHIIEHTpALIi TJIFOKO3U Y BOJHOMY Ta (p1310JIOTTYHOMY PO3YHHI
Bi/IOYBA€THCSI MOHOTOHHE 3MEHIIEHHS MiKcHOI Ta ysBHOI yactun KJIII po3umny, 1o
BiIOYBAETHCST Yepe3 3MEHIICHHS KUTBKOCTI BUTBHUX MOJIEKYJI BOJIUM B JOCIIKYBAaHOMY
po3umnHi. 31 30UIBLIEHHSM KOHUEHTpALIl TJIFOKO3U B’SI3KICTh PO3YUHY 3pOCTAE, SIK
nokazano B [110], mo npusBoauTh 10 30iibIIeHHS yacy penakcarii. Ile mos’s3aHo 3
TUM, 10 XIMIYHA CTPYKTypa Mojekynu rioko3u CgHi,0 Mae ciiibHO noB’s13aH1 OH- 1
H-3B’43kH, $IKI NPOTHUIIOTH OpIEHTAIlll 10HIB MICJsA B3a€EMOJIi €JIEKTPOMAarHiTHOTO

BUINPOMIHIOBaHHS 3 MOJIEKYJIaMH BOJH, 10 MpU3BOAUTH J0 3MmeHIeHds K/I1 po3unny
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[35]. 3nauennst K1 BogHO-COIBOBHUX PO3YMHIB TITIOKO3H MeHI 3HaueHb KJIIT BoaHIX
PO3UMHIB TJIIOKO3HW, Yepe3 Te, M0 JI0/aHa Ciib 3MEHIIYE KiTbKICTh BUTBHUX MOJEKYJ
Boau. AHanoriuno B [58] mokasaHo, 1110 3 J0JaBaHHSAM COJIi B JOCIKYBAaHUN PO3YHH
cnoctepiraethes 3Menmenns KJII1.

Ha Puc. 3.4 npeacTaBieHO 3aleXHOCTI PI3HMII HIHCHOT A& =&l 4 —Epy Ta
yaBHOI A&" =gl —&py uactuH KJII 118 BOAHO-TIIIOKO3HMX PO3YMHIB  Bij

KOHIICHTpAIIii TJIFOKO3H B jiarna3oHi Bijg 0 10 20%.

KOHIICHTpAIIis TIIFOKO3U, MMOJIB/JT
0 200 400 600 800 1000
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Puc. 3.4. Pi3HULS OIHCHOI A& =6y — &y Ta YABHOI A" =&l — &y vacTun KIII

BOJIHO-TJIIOKO3HUX PO3YMHIB Bijl KOHIIEHTpaIii riroko3u [19, 108]

HasiBHicTb pi3HuIb miicHol Ag’ Ta ysBHOI Ag” vactun KJIIT moka3sye 3maTHICTD
MIKPOXBUJIBOBOTO AU(GEPEHIIHHOTO JieaeKTpoMeTpa (IKCYyBaTH 3MIHY KOHUEHTparii
rmoko3n  y  po3umHi. Otpumani 3HadeHHs KJIII po3umHIB TIIOKO3M  METOIOM

nudepeHIiiHOT MIKPOXBIIJIBOBOI JI€JICKTPOMETPIi 3HAXOAATHCS B Mexax 3HaueHb KJIIT
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aHAJIOTTYHUX PO3YMHIB TIIOKO3W, OTPUMAaHI IHIIUMH METOJIaMH, 11l JIaHI MPUBEICHI B

Taomumi 3.1.

Tabmuns 3.1. [lopiBHsHHS 3Ha4YeHb AiiicHOT Ta ysBHOI yacTuH KJIII BogHMX po3umHIB
[JIFOKO3M, OTPUMaHi METOJOM MIKPOXBHJIBOBOI JU(DEPEHIIINHOT JieIeKTpOMeTpii 3

iHIMMH MeTonamu, Ha yacToTi 31.82 I'T'1 Ta kiMHaTHIN TemnepaTypi

KomnrenTpariis &' g" Meron
TIFOKO3H Y BoJi, %
23.29 | 30.34 XBUJICBITHUI [92]
> 23 [30.34 | PesoHaropHwmii [70]
10 223 | 31 Xsunepimnuit | [111]
21.7 | 28.75
15 20.14 | 26.73 XBUJIEBIIHUM [92]
18.63 | 24.8
20
18.1 |22.28 | Pesonatopuuii | [70]

3HaiiIeHO MIHIMAJIbHY MEXY BHUSBICHHS TIIOK03U 3a 3HadeHHsMu KJIIT BomHO-
TJIFOKO3HUX pO34MHIB. MiHIMaJIbHA KOHLIEHTpALisl PEUOBUHU y po3uuHi, npu skiit KIII
eTaJIOHHO1 pinuHu BinpizHsieTbes Bl KIII pinunu, 1m0 BUMIPIOETECS — € MIHIMAJIbHOIO

= 5‘9r,1um C. .= 5‘9;1'um
minl T AgIAC ™2 T Ag"| AC

NOXUOKH, $KI BUHUKAIOTh NpPU BHU3HA4YEHH1 AilicHOI Ta ysBHOi vactud KJII, 3a

Mexer BusasiieHHs C , e e = Ta Og  — YHUCENbHI

JOTIOMOror0  piBHAHHS (2.6) a6o (2.8), moB’s3aHi 13 BUKOPUCTAHHSM BHCOKO
OCLWJIIOIYMX HWIHApUYHUX (yHKIiH beccens B piBHsAHHAX; AC — 3MiHa

KoHIeHTpallii; Ag’, Ag” —3mina &' ta &", BigmosigHo. C — II€ HaliMEHIINNA BMICT

minl,2
BUSIBJICHOTO KOMIIOHEHTa, NPHU SIKOMY BiH MOK€ OYTH BHSIBJICHUH Yy JOCIIIKYBaHIN

. . ! 2 14 "
pinuHi 3a ymoBu Ag' >0¢, - Ta Ag">0¢)  abo Ap>dp . Ta AA>FA € 3HAYECHHS

m mea

" _
inverse

os!

N ! _ 0 "
num. — gdirect 3 a 034 Yo Ta 5gnum &

0 ’ :
! erse = +0.62%. Ile moxubku, 1MoB’s3aHi

o _
L gdirrect
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3 YHCENbHUMM pO3paxyHKamMu mAiiicHoi Ta ysBHOT yactuH KJIII. MinimanbHa Mexa
BUSIBJICHHS TJIFOKO3M y BOJHOMY PO34YMHI, 3aCTOCOBYIOYHM MIKPOXBUIHLOBUHN
nudepeHIiiHui ienekTpoMeTp, JopiBHIOE 2.02 mr/min ta 1.22 mr/mii, BiANOBIAHO 3a
BU3HAuUeHHSAM jiiicHoi Ta ysBHOI uactuH KJII. B Tabmuui 3.2 mnpeacraBieHo
MOPIBHSHHS MIHIMQJIBHOI MEXI BUSBJICHHS TJIOKO3M y BOJHOMY PO3YHHI, OTPUMAHOL

MIKPOXBHJILOBUM JU(DEPEHIIIHHUM METOJIOM 3 THIITUMU METOJIaMH.

Ta6mui 3.2. [TopiBHSAHHS MIHIMQJIBHOI MEX1 BUSBJICHHS TJIIOKO3U Yy BOJIHOMY PO3YHMHI,

OTPUMAHO1 MIKPOXBHJILOBUM JU(PEPECHIIIITHUM METOJIOM 3 1HIIIUMU METOJaMU

BumiproBansHa cuctema KonmnenTpanisa,| MiHiManbHa Mexa
MT/MJT BUSIBIICHHS TIIIOKO3H,
MT/MJT

MikpoxBuibOBUIl qudepeHIinHnN 0--200 1.22 mr/mn
TIETEKTPOMETP

MikpoxBuIbOBHI 0OlO0CEHCOp Ha 0.3+5 0.35 mr/mn
OCHOBI pe3oHaropa [35]

MikpoxsmwisoBuii cercop [112] 0+25 0.192 mr/mn

TakuM 4YMHOM, T[IOKa3aHa MOXJIUBICTh BUKOPUCTAHHS MIKPOXBHIIBOBOTO
mugepenuiinoro nienekrpometpy it BusHadeHHss KIIT po3unHiB rimroko3u. JliiicHa Ta
ysiBHa 4Yactuu KJ/III po3umHIB TIIOKO3W 3MEHINYIOTHCS JIHIMHO 31 301IbIICHHIM
KOHIIEHTpAIlii TJII0OKO3U, Yepe3 3MEHIIEHHS KUIBKOCTI BITBHUX MOJICKYJI BOJAM B PO3UMHI.

MiHiManibHa MeKa BUSBJICHHSI TJIIOKO3M Y BOJHOMY PO3YHMHI CTAHOBUTH 1.22 Mr/mi.

3.2 KAII BogHUX pO34UHiB aHTUOIOTHKIB

MeTo10M MIKpOXBHIIBOBOT TU(EPEHITIITHOI A1eIEKTPOMETPIi OTPUMAHO 3HAYEHHS
KAIT Boguux po3uuHiB aHTHOIOTHKIB [14], Takux SK. JIHKOMIIMHY TiAPOXJIOPHI,
JeBOQUIOKCAllMHY HAMIBriparT, TEeHTaMIUMHY Ccyib(aT, aMikaiuHy cyiabdar. s

NPUTOTYBAaHHS  MOJETBHUX  PO3YMHIB  AHTUOIOTHMKIB  BUKOPHUCTOBYBAJIM  TaKl
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dapmaneBTHUHI CrIONyKHU: JiHKOMIIUHY riapoxiopua C=300 mr/mu (“Ilapuurs”, Kuis),
neBognokcanuny HamiBrigpatr C=5 mr/mu (“Iudysis”, Kuis), reataminuny cynspat C=40
mr/mia (“Aptepiym”, KuiB), amikamunay cyiabdar C=250 mr/mn (“Jlexkxim”, Xapkis), Mg
cynedar (“Hapauns”, KuiB). 3HaueHHS KOHIICHTparlii aHTHOIOTHKIB (IIPUTOTOBAHUX
[UIIXOM PO3BEACHHS BUXITHUX (PapMalleBTUYHUX PO3YMHIB JUCTHIILOBAHOIO BOJIOIO) Y
BOJIHUX PO3YMHAX, MOJIEKYJISIpHA Ta CTPYKTypa dopmysa JOCHTIKyBaHUX aHTUOIOTHKIB
npencrasieHa B TaOmuri 3.3. Yci BUMIpIOBaHHS TPOBOJAWIN B TOW XKe JCHB, KOJHU
roryBaau 3paskd. Bwusnauenns K/II BogHux po3unMHIB aHTHUOIOTHUKIB PI3HOL
koHueHTpamii (Tabnums 3.3) BHUKOHAHO 3a JIONOMOTOK METOJY MIKPOXBUIIBOBOI
nudepeHIiifHoi nienekrpometpii [14].

Ha Puc. 3.5 HaBeaeHO 3aJIe)KHOCTI Pi3HMIN a3y Ta PI3HUIN aMIUIITyJAH XBHII
HE,;, 110 momuproeThCsl B KIOBETI JIIEIEKTPOMETPA 3 pe(EepEeHCHOIO PIAUHOIO B OJHIN
KOMIpII, Ta AOCIIIP)KYBAHHUM BOJHHMM PO3YMHOM AHTUOIOTUKY — B 1HIIIHM, AJIs PI3HUX
KOHIIEHTpaIlif aHTUO10TUKY. 3CyB (a3 XBWJI Ta 3HAYEHHS PI3HUIN 11 aMIUNTYIU
3pOCTalOTh /I OUIBIIOCTI JOCHIIPKYBAaHUX PO3YMHIB MpemapatiB 13 30UIBIIEHHAM iX
KOHLeHTpauii (3anexxHocti 14 Ha Puc. 3.5), 32 BUHATKOM I'e€HTaMIlUHY (3aJIEKHICTD 5
Ha Puc. 3.5). [loxiOHa moBemiHKa CIOCTEPITaEThCS IS 3alekHOCcTer Ha Puc. 3.6 s
nificaoi h' Ta ysBHOI h” wacTuH KOMIUIEKCHOTO KoedimieHTy mommupeHHs xpwii HE
JUISL JOCIIIPKYBAaHUX PO3UMHIB aHTHO10TUKIB. JlilicHAa Ta ysBHA YaCTUHH KOMILJIEKCHOTO
koedimienty mommpenHs xBuimi  HE;, 1ns  mochimkyBaHMX BOAHMX — PO3YHHIB
aHTUOIOTUKIB OTPHMMaHI BIAMOBIZHO O TMPOIEAYPH, OMHCAaHOI B po3aumn 2,
BUKOPUCTOBYIOUM TaKi BUMIPSHI JlaHl, sIK pi3HUI Ga3 A¢@ Ta pi3HUI aMmMILNTy] AA
xBuwin HE,,, konu ogHa KoMipka MICTUTh €TAJIOHHY PIIUHY — JUCTUIBLOBAHY BOAY, Ta

1HIIa KOMIpPKa MICTUTh AOCIIHKYBAaHY PIAMHY — BOAHUI pO3YMH aHTHO10THUKY.
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Ta6mus 3.3. KoHnenTpaiiis ta cTpykTypHa opMyia T0CiKyBaHUX aHTUOI0THKIB

3pa3oK

KOHIICHTpAILisl, MI/MJI

CTPYKTypHa (popmyia

TeHTaMIITUHY
cynbdar

CGOH 125 NlSOZSS

0.00235
0.0047
0.01953
0.039
0.3125
0.625
1.25
2.5
5

10

aeBodIIoKcaIuH

C36H42F2N609

0.1825
0.3625
0.625
1.25
2.5

JITHKOMIIIH
T1POXJIOPHT

C18H35CINZOGS

0.9375
1.875
3.75
7.5
15

aMIKalHy
cynbdar

C22 H47N502182

0.2441
0.48825
0.9765
1.953
3.906
7.8125
15.625
31.25
62.5

125

HO  NH
Ih a8 0 OH

RS Ao

My s - H f.ll
H |2
i 0 0
0 0 H

H 't H H

o]

" 2H2804
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Puc. 3.5. 3anexHocTi 3cyBy $hazu A@ (a) ta pizauii ammuttygy AA (0) xsum HE,, Bin
KOHIEHTpalli (papMalleBTUUHUX MpenapariB y BOAHUX po3unHax. [lo3HaueHHs KpuBHX
uudpaMyd  BIANOBIAAIOTE  HACTyNHUM  (papManeBTUYHMM  npenaparam: 1 —
naeBodJIOKCAIMHy TeMiriapar, 2 — amikaiuHy cyiabdar, 3 — Mg cynbdar, 4 —
JIHKOMILIMHY TIAPOXJIOpH], 5 — reHTaMIUUHy cyibdar. YopHuil KBaapaT — 3HAYEHHSA

Ap Ta AA 174 TUCTUILOBAHOI BOJU

3nadyeHHs Koedimienty ¢asu h' ta xoedimienty 3aracanus h” xomruiekcHOro

koedimienTy nomupenHs xsuwini HE;, nns mochimkxyBaHMX po3uuHIB 3pocTaioTh (Puc.

3.6) 31 30UIbLIEHHAM KOHIIEHTpalii (hapMaleBTUYHUX MpenapaTriB y BOJHUX PO3UMHAX,
3a BUHATKOM BOJIHOTO PO3UMHY reHTaminuHy. Lle o3Hauae, 110 NMOTIMHAHHA Ta 3CYB

da3u xBuwini HE,; B KoMipIll 3 1OCHII)KYBaHUM PO3YUHOM CTa€ OLIBIINM 31 301JIbIICHHSIM

KOHIICHTpAIlii B MOPIBHIHHI 3 JAHUMU JJI 1HIIOT KOMIPKU 3 TUCTHJILOBAHOIO BOot0. Lli

3HAYEHHS KOMIUJIEKCHOTO KoedimieHnTy nomupeHHs xsuii HE;, BukopuctoByroThes nms

orpumanHs 3Ha4eHb KJII1 nocnimkyBaHUX BOJHUX PO3YMHIB AHTUO10THKIB.
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Puc. 3.6. 3anexxHocti nmiicHOi (a) Ta yaBHOi (0) YacTUH KOMIUIEKCHOTO KOe(DiIieHTy

nommpenHsa xBwii HE;, Bin koHmeHTpauii (apManeBTUYHUX NpenapariB y BOJHUX

po3unHax. [lo3HaueHHsa KpuBHX IUdpaMy BiJIMOBIIAIOTh HACTYITHUM (DapMalleBTUHUHUM
npenaparam: 1 — neBodokcanuHy remiriapar, 2 — amikaiuuay cyiabdar, 3 — Mg
cynbdar, 4 — TIHKOMIIMHY T1IAPOXJIOPHUI, 5 — TeHTaMIMHY cyibdaT. YopHUl KBajapaT —

sgaueHHd h' ta h" g quctunboBaHOl BOIH

Ha Puc. 3.7 naBemeHo 3anexHocTi mificHoi Ta ysBHOiI yactuHu KJIII, a Ha
Puc. 3.8 — momyns K/II ana gocmimxyBaHux (apManeBTUYHUX PO3YMHIB. 3HAYCHHS
niicioi Ta ysBHOi yactuH KJIII Tta monmyns KIII 3MeHmyroThcs mis OLIBIIOCTI
JOCIIIJKYBAaHUX AHTUOIOTHKIB 13 3pPOCTaHHSAM IX KOHUEHTpalill y pO3YMHIB, KpIM

rentamitny (Puc. 3.7 1 3.8, 3anexHicTs 5).
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Puc. 3.7. 3anexnocti aiiicHoi (a) Ta ysBHOI (0) uwactud KJ/III Big KoHIeHTparii

dbapmaneBTUYHUX TMpenapaTiB y po3unHax. [lo3HaueHHs nudpaMu BiANOBIIAIOTH

HACTymHUM ¢apMaleBTUUYHUM Tmpenaparam: 1 — neBoduiokcanuHy remiripar, 2 —

amikaluHy cyibdar, 3 — Mg cynedar, 4 — TIHKOMILMHY T1APOXJIOPUA, 5 — TEHTaMILUHY

cyibbat. YopHHI KBaapaT — 3HAYCHHS & Ta &" IS JUCTUIHOBAHOT BOIU

27

/o—./'—':._._.—.\°
n-o—e nfTA—A—A—a_
BOJIA '\:\-—u:\\
1 BN 1
\ ™\
0.01 0.1 1 10 100 1000

KOHIICHTpAIIisl, MT/MJT

Puc. 3.8. 3anexnocti moxyns K/II Big koHieHTparii GapMaiieBTHYHUX MpenapaTiB y

BOAHUX po3unHax. [{uppamu no3zHaueHo dapmManeBTUYHI IpenapaTu: JeBOPIOKCALIMHY

remiriapat (1), amikanuny cynbdar (1), Mg cynbdar (3), THKOMIIUHY TIAPO XJIOPHU/

(4), reuraminuny cyabdar (5). YopHuii kBampar — 3HadeHHs Mmomynas KJIT s

JTUCTUIBOBAHOI BOJIU
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MiHimMaribHa MeXKa BUSBJIICHHS AaHTHOIOTHMKIB Yy BOJHOMY pO3YHMHI 3a
MOKa3HWKaMu 3MiH niiicHoi Ta ysaBHOi dactuH KJIII mpuBemena y Ta6mumi 3.4. Ilro
MIHIMQJIbHY MEXY BHUSBIICHHS aHTHOIOTHKIB y BOJHHX PO3YMHAX MOJKHA TOPIBHATH 3
IIUMHU TIOKa3HUKaMH, SKi Jaf0Th BHCOKO 3arpaTHi Meroau. Hampuknax, mns MeTomy
iMMyHO-apuHHOT ~ XpoMmarorpadii  MiHIMaJbHAa  MEXa  BHUSABICHHSA  KIJIBKOCTI
TETpaluuKIiHy y Moiyomi craHoBuTh 0.019 Mkr/mu, 1mis Meromy BHCOKOE(hEKTHBHOI

pinnHHOI Xpomarorpadii meit mokazauk ctanoBuTh 0.002 mkr/mi [113].

Tabmuus 3.4. MiHiManbHa MeXa BUSBJICHHS aHTUOIOTHMKIB y BOJHOMY pPO3YMHI 3a

BU3HAYECHHSIM 3Ha4Y€Hb A1MCHOI Ta ysaBHOI yacTuH K/II1

3pa3ox Konuentpanis, | MiniManbHa Mexxa BusiBleHHs, C . Mr/mi
MI/MJT 7 ”
g g
neBoIIOKCaIllUH 0.13 0.14
aMiKalH 1=5 0.28 0.83
JIIHKOMIIIMH 0.11 0.1
FeHTaMILUH 2.6 1.12

Pe3ynbraty BUMIpIOBaHb MMOKA3aJIM BUCOKY UYTIUBICTh 100 3MIHU KOHIIEHTpAIIi]
JOCTIPKYBAaHUX PEUYOBMH Y BOJHOMY pO3UMHI, YUM JIOBEJACHO TEPCIEKTUBHICTDH
3aCTOCYBaHHS  JIICJIGKTPOMETPUYHOTO  METOAY Ta MOpWiaay  MIKPOXBUILOBOTO
TudepeHIIfHOTO JICIEKTPOMETPY JUIsl BUSIBJICHHS aHTHMOIOTHMKIB, HaBITh B Jlama3oHi
HU3BKUX KOHIIEHTpAIIiil.

TakuM 4YWHOM, 3a pe3yjibTaTaMH JIEJIECKTPOMETPUYHUX JTOCHIIKEHb OTPUMAHO
sHaueHHsa KJIII BomaHmx po3unHIiB (apMaleBTUYHUX PEUOBUH 3aJEKHO B iX
KOHIICHTpaIlii B po3umHaxXx. BcranoBiaeHno, mo 3HadeHHs KJII mag po3umHiB
JIHKOMILIMHY, JI€BO(QJIOKCAMHY Ta aMiKallMHy 3HIKYIOTbCS 4Yepe3 3MEHIICHHS
KUIBKOCTI BUIBHMX MOJIEKYJ BOJW B PpO34YWHI 31 30UIBIICHHSM KOHIICHTpAIIii
aHTUOIOTUKIB y BOJHMX po3uuHax. JlJisi BOJAHOTO PO3UMHY TEHTaMIIMHY Cyiabdarty

cnocrepiranacsi HerunoBa moBeminka KJIII, 3nauenns wmoxyns K/II pozuuny
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TeHTaMILMHY 301IbIIYBAINCH 31 301IbIIEHHSM KOHIEHTpAIlli aHTUO10THKA, 110 MOXJIUBO
MOB'SI3aHO 31 CTPYKTYPHMMH OCOOJIMBOCTSIMH MOJIEKYJ TEHTaMIIMHy 1 moTpedye

o JaJIbIIIOIO BUBUYCHH.

3.3 MopiBusinua pe3yabtatiB BuzHavyeHHsi K/III BogHux po3unHiB aHTHOIOTHKIB
creKTpoGoTOMETPHYHUM METOI0M

Pesynbrati AieNeKTpUYHUX BHUMIPIOBAaHb BOJHUX PO3YMHIB aHTHUOIOTHKIB
(oKpeMO JIIHKOMIIUH, JCBO(IIOKCAIIMH, aMiKallMH, T€HTaMIlMH) Pi3HOI KOHIIEHTpALii
NOPIBHSHI 13 pe3ylbTaTaMd BHUMIPIOBAaHHS CHEKTPIB TOTJMHAHHSA LUX PO3YUHIB,
orpumani wmeromom UV-Vis cnekrpodoromerpii [14]. JIns BumiptoBans UV-Vis
CHEKTPO(POTOMETPUYHUM METOJIOM I'OTYBAJIM BOAHI PO3UMHHU THX CAMUX aHTHOIOTHKIB, 5K
JUISL J1IETIEKTPOMETPUYHUX BUMIPIOBaHb, BCl PO3YMHHU TOTYBAJIMCh 3 KOHLEHTPALIEIO
aHTHO10THKIB 1 Mr/mit. [[7s1 BCiX BOJHUX PO3YMHIB aHTUOIOTUKIB OTPUMAHO 3aJI€KHICTh
CHEKTpIiB  TOIJIMHAHHS  BiA  JOBXHUH  XBWIb. Metog  cnekrpodoromerpii
ynbrpadioneroBoro Ta Bugumoro (UV-Vis) pgiama3oHiB 3acTOCOBAaHO B SIKOCTI
JI0JIATKOBOTO METONY JOCIIPKeHb KOE(IIli€HTa TOTJIMHAHHS EJIEKTPOMArHITHUX XBHIIb
UV-Vis Jlana3zoHiB BOJHUX PO34YHHIB aHTHOI0THKIB. Pe3ynpraTn
CHEKTPO(MOTOMETPUYHHUX JTOCHTIKEHb OTpUMaHi Ta HajaHi MaptunoBum A.B. (Inctutyt
Mikpobionorii Ta imyHosorii iM. [. I. MeunukoBa HAMHY, Xapki, VYkpaina),
BUKOpHUCTOBYIOUM crnekTpodoToMerp Biochrom GeneQuant 1300 (CIHOA, General
Electric). Meron UV-Vis cnektpodorometpii € a00pe BimomuM GhapMaKkOTIeHHUM
METOJOM aHali3y (apMmaleBTUYHUX MpenapariB Ta € OAHUM 13 HAWOUIbII IIUPOKO
BHKOPHCTOBYBAaHHUX JIA0OPATOPHUX METOIB y OloMeIWuHMX mociimkeHHsx [114, 115].
OcnoBanm mpuniunom UV-Vis cnekrpodoromerpii € Bu3HaueHHs KoedimieHTa
NOTJIMHAHHS €JIEKTPOMArHiTHUX XBWJIb YJIBTPaQioeTOBOrO Ta BUAMMOTO J1aNa3oHIB
MOJIEKYyJJaMH ~ XIMIYHMX CHOJYK, IO MICTITbCA B JIOCHIIPKyBAaHOMY PO3UHHI,

CIIeKTPaIbHUX HaXuiB ToIo [116].
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Ha Puc. 3.9 ta 3.10 BM3HaueHO CMYrd MOTJIMHAHHS AJS BOJHUX PO3YHHIB
JIHKOMIIIMHY Ta JeBoduiokcannHy. Ha chekTpi OnTHYHO! MIIIBHOCTI JJIA PO3UYUHY
JIHKOMIIIMHY BHW3HAYAETHhCS HANUOUIBII TMOMITHMM MaKCHMYM CMYTH IIOTJIMHAHHS B

obmacti 200230 am (Puc. 3.9), a nnsa neBodiokcamuny — 284 am (Puc. 3.10).

Abcopomisa
— [\
o0 o
I T

1.6

| L | L | L | L |
205 210 215 220 225

JloBkMHaA XBUITI, HM

Puc. 3.9. CnexTp noriuHaHHs BOAHOTO PO3YUHY JIIHKOMIIMHY B 00aacTi 200230 HwM,

orpumanuii merogom UV-Vis criekrpodoromerpii [14]

0.8

o
=~

AbcopOris

0 L | L
200 400 600 800

JloB>xMHA XBUII1, HM

Puc. 3.10. CnekTp morfauHaHHA JUIsl BOJAHOTO PO3YMHY JEBO(IIOKCAIMHY, OTPUMaHUN
metonom UV-Vis cnektpodoromerpii [14]
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Ha Puc. 3.11 mnpencrtaBineHo cMyrd TMOTJMHAHHS [ BOJHUX PO3YMHIB
TeHTaMIIMHY Ta aMiKalllHy, B CIEKTPax SKUX HE BHUSBICHO YITKHUX CMYT MOTJIMHAHHS.
Ile mMoxxe OyTH TIOB’s3aHO 3 BIJACYTHICTIO TOJBIMHUX 3B’S3KIB Ta/ab0 apOMaTHYHHUX

3aJUIIKIB Y MOJIEKYJISIPHUX CTPYKTypaxX FeHTaMIIMHY Ta aMiKaliHy.

0.6f
0.8F
= L
= 0.4 .§ 0.6
© &
=8 =9
3 3
ts) t
0.2
O L 1 L | " | | |
200 400 600 800 400 600 800
JloBKHMHA XBUIIL, HM ~ JloB:xMHA XBHIIL, HM
(a) (6)

Puc. 3.11. CnexTp mOriIMHAHHA AJs BOJHHX PO3YMHIB aMiKallMHY (a) Ta TeHTaMiluHy

(06) , orpumanuit metogom UV-Vis criekrpodoromerpii [14]

Ha Puc. 3.12 mnpencraBieHO 3aleXHOCTI abcopOIii BOJHOTO PO3UYUHY
JIHKOMIIIMHY Ta JIeBO(IOKCAIIMHY BiJI KOHIICHTpAIlli aHTHOIOTHKIB. IHTEHCHBHOCTI
NOTJIMHAHHS PO3YMHY JIHKOMILMHY NpU 225 HM BijJ KOHUEHTpALil JIHKOMILMHY B
niarma3oni 0.075+1.0 Mr/mi1, a TakoX aHAJOTIUYHA 3AJICKHICTD JJIs JICBO(DIOKCAIIMHY TTPH
284 HM MaroTh Maibke JiHIAHY 3a]1eXHICTh. LIl 3a1eKHOCTI MOXIMBO 3aCTOCYBATH IS
dbapMareBTUYHOTO aHali3y MPHU BaTilallii BUMIPIOBaHb KOHIICHTpAIlll JTIHKOMIIIUHY Ta
JAeBOGJIOKCAIMHY Y  BOJHMX  PO3YMHAX  MIKPOXBWJIBOBUM  JU(PEPEHINIHHIM
JEJIEKTPOMETPUYHUM METOJOM 3rigHo 3 mnpuHuunamu JlepkaBHoi @Papmakonei
Vikpaian [115]. [I[o0 po3rIsHYTH  MOXIIMBICT  BKJIIOUEHHS  PO3pOOJICHOTO

MIKPOXBUJIBOBOTO  JTU(MEPEHIINHOTO 1EEKTPOMETPUYHOIO METOJy 10 MEPENiKy
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bapmaxonenHux METO/IIB, HaM HEOOX11HO HiATBEPIUTH pe3ynbTaTh
JEEKTPOMETPUYHUX BUMIPIOBaHb, MOPIBHIBIIM iX 13 pe3yiabTaTamMu (apMaKorelHOro
METOJy, B HAIlOMY BUMAJIKY, 3 MeTogoM UV-Vis criektpodoTomeTpii. SAKio koediieHT
KOpemsiii MDK JBOMa METOJaMU OJM3BKUNA J0 OJUHHIN, TO MIKPOXBUIHOBHIMA
IuQepeHIifHui  MieJeKTPOMETPUYHUI ~ METOJ]  MOXKHa  3allpONOHYBAaTH  SIK
dapMakoneHuil Ticig MOAANBIINX YHCICHHUX TEPEBIPOYHUX BUMIPIOBaHb DALY
JiKapCchbKuX 3aco01B. J{71s MOPIBHSAHHS BUKOPHUCTaHI JaHi a0copOIIii ABOX MPEACTaBICHUX
METOIB, a caMe BUKOPUCTOBYEMO 3HAUCHHSI YSIBHOI YAaCTUHHU KOe(]illieHTa MOMIMPEHHS

xum  HE;; Ta 3HaueHHs abOcopOuii HUX BOJHUX PO3YMHIB AHTHUOIOTHKIB, IO

npeactaBieHi Ha Puc. 3.6 (06) Tta 3.12 nns ABOX BOJHUX PO3YMHIB aHTHUOIOTHKIB:
JIHKOMILIMHY Ta jJeBoduiokcauHy. L1 antuOioTuku BUOpaHi Jyisl MOPIBHSAHHS, TOMY IO
BOHM MAalOTh 3JICKHOCTI OJM3BKI JO JIHIMHOTO BUJYy B JIialla3oHl JIOBXXKUH XBHJIb
omu3pko 200+300 uM. Ilpu BuMiproBaHHSX aOcopOuii BOJHMX PO3YMHIB 1HIIUX
aHTHOioTHKIB MeTo oM UV-ViS ciekTpodoToMeTpii He CIoCTepiraioch KOIHUX MIKIB Y

IIbOMY Jiara30Hi JOBXKHH XBHUJIb.

\

AGcopOris
]

i
T

|
0 0.5 1.0
C, Mr/mi

Puc. 3.12. 3anexxnocti abcopOirii BOJHOTO po3unHy JiHKOMIIUHY (1) Bi KOHIIEHTpaIii
aHTUOIOTUKY Ha JOBXKMHI XBWwil 225 HM Ta abcopOiii BOJHOTO PpO3YUHY
neBoiokcaruuy (2) BiJ KOHIEHTpaIlli aHTUOI0TUKY Ha JOBXKHI XBWI 284 HM
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JlaHl mOTrNMHAHHS, OTPUMaHI METOJaMH MIKPOXBUJIBOBOI JIEIEKTPOMETpIi Ta
UV-Vis cnektpodoToMeTpii, MIATBEP)KEHI CTaTUCTHYHO 3  BUKOPHCTAHHSIM
CIIBBIHOIIIEHHS KoedilieHTa Kopesiii dimepa, SKU 3a3BUYall BUKOPHUCTOBYETHCS

JUTSL OITIHKY KOPEJIAIil JaHUX Y O10METUIHUX JTOCHTiKeHHIX [117]:

> (hW-h")(A - A)

F= = , (3.1)
n — n —
> (W=h")2 [3 (A —A)?
= =
ne h" — koedimieHT 3aracaHHs, OTPUMaHHA METOAOM JICICKTPOMETpii; A — maHHI

norMHaHHg, otpuMani merogom UV-Vis crekrpodoromerpii; (hi"—W),(Ai—K)
BIIXUJICHHSI BiJ BIAMOBIJHUX CEpelHIX 3HaueHb. KoedilieHT Kopemnsmii s JaHuX
MOTJIMHAHHS BOJIHUX PO3YMHIB JeBoduiokcanuuy nopiBHioe F = 0.97 Ta qis BoaHHMX
po3unHIB JiHKOMIIMHY F = 0.968. TakuM ynHOM, oznepk’aHO rapHuil 30ir pe3yiabTaTiB
BUMIPIOBaHb JBOX MPEACTABICHUX METOJAIB Ha MPHUKIAAl JIBOX BOJHUX PO3YHUHIB

AHTHO10THKIB.

TakuMm 4MHOM, OTpUMaHi1 JaHlI MIKPOXBHUJIBOBOI JIEJIEKTPOMETPIi Ha MPHUKIIAIL
BU3HAYECHHS aHTUOIOTHKIB JIeBO(JIOKCAMHY Ta JIHKOMIIUHY Yy BOAHUX PO3YHMHAX
MiATBEpKeH1 pesyibratamu UV-Vis crekTpopoTOMETpUYHOTO METOAY, MpO IO
CBIIYaTh OJM3bKI 10 OAMHMIN Koe]ilieHTH kopensiii dimepa ais WX PO3IYUHIB.
Po3poOnenuii miaxix Ta NPUCTPiil MIKPOXBUIBLOBUN AUPEPEHLINHUN 1€TEKTPOMETP €
NEPCIEKTUBHUMHM ISl BUSIBJICHHS JI€AKMX O10JIOTIYHO AaKTUBHUX PEYOBHH Y BOJHHUX
po3YMHAX, Y TOMY 4YHCH y (apMaleBTUIll sl KOHTPOJIIO SKOCTI (papMarieBTUIHOI

MPOIYKIIi 3 METOIO BUSIBIICHHS KOHIIEHTpAIli TIKAPCHbKUX PEYOBUH B PO3UMHAX.

3.4 KIII po3uuHiB 1udTepiiiHOro aHATOKCUHY
B mporieci BUpoOHUIITBA BaKIIMH BUKOPUCTOBYIOTH TOKCHHHM 3 SKUX BUPOOJISIOTH
OakTepiaybHI AHATOKCUHHU 13 3aCTOCYBAHHSM T'YCTHUX a00 P1IKMX KUBWJIBHUX CEPEIOBUII]
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[106]. Tokcu4HICTh aHATOKCHHIB CHJIBHO OCJIA0JIIOIOTh a00 IOBHICTIO YCYBarOTh 3i
30epeKeHHSIM 1MYHI3yI0uoi akTuBHOCTI. JudrepiiiHuili aHaTOKCHMH — 1€ mpemapar i3
TOKCHUHY ajie 0e3 TOKCHYHHMX BJIACTUBOCTEH, KM CIOHYKAa€ BUPOOJICHHS aHTUTUI 10
BUXIJTHOTO TOKCUHY. JKHWBHUIIBHI CepeloBHINAa BHKOPUCTOBYIOTH IiJI YaC BHUPOOHHIITBA
OakTepiaIbHUX aHATOKCHHIB.

OgHuM 3 MOXJIMBUX  NPAKTUYHUX  3aCTOCYBaHb  MIKPOXBHJIBOBOI'O
nuepeHIIIHHOTO TIEIEKTPOMETPa € KOHTPOJb MPOIECY MEePEeTBOPEHHS MU(TEPIAHOTO
TOKCHHY B HETOKCHUYHY (OpMy — aHAaTOKCHUH. [IpoBefieH1 JOCHIKEHHS T1eIEeKTPUIHUX
XapaKTEPUCTHK Ha MPUKJIAJII MOJEIbHUX PO3YUHIB PIAKOTO KMUBUJIBHOTO CEPEIOBHILA 3
J0AaBaHHIM AU(TEPIMHOTO aHATOKCUHY. 3pa3Ku IS [IbOTO JOCIIKEHHS IPUTOTOBaH1
ta HamaHi Hamiero IBaniBHOro Crisip (IHCTHUTYT MikpoOGiosorii Ta 1MYHOJOTII
iMm. [. I. MeunukoBa HAMHY, Xapki, VYkpaina). BusBnenus audtepiiiHoro
AHATOKCUHY B JKUBUJIBHOMY CEpEIOBUILl, BUKOPUCTOBYIOUU JIEJIEKTPOMETP €
aJIbTEpHATUBHUM CIIOCOOOM OTpUMaHHs 1H(OpMallii, MO0 TOKCUH MEPEHIIOoB Yy
HETOKCUYHY (POpMy, 3aMICTh BUKOPUCTAHHS TBAPUH.

Ha Puc. 3.13 npencraBneHi 3al1eKHOCTI pi3HUIl a3 Ta PI3HUII aMIUTITYQ XBUII

HE,, ta BiamosigHo Ha Puc. 3.14 3anexHocTi aiicHoi Ta yaBHoi yactuH K/II piakoro

KUBUJIBHOTO cepeloBUIlla 0e3 AUPTEepiiiHOr0o aHAaTOKCHMHY Ta PO3YMHIB KHUBHUIBLHOTO
cepenoBuia 3 AUGTepiiHUM aHATOKCHHOM. Da3a 1 aMIUTITy1a €JeKTPOMAarHiTHOI XBUJII
HE,, 3MiHIOIOTBCSI, 110 BIAMOBIAA€E 3MiH1 peasibHOI Ta ysBHOT yactuH KJIII, konu B oI
KOMIpPIIl MICTUTBCA KUBUJIbHE CEepeloBUIlle 0€3 aHATOKCHMHY Ta 3 aHATOKCHHOM, B
MOPIBHSIHHI 3 €TaJOHHOI PIIMHOI0 B 1HININ KoMipili. CHocTepiraroThesi BiIMiHHI Bif
HyJns pizHuil Ga3 A Ta pizaumi amrmotitya AA xsuni HE,,, ski 6inbmii 3a aGcomoTHy

MOXUOKY BUMIPIOBAHB, AQ > O@neas Ta AA > AA eps -
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Puc. 3.13. 3anexnocti pizHumi (a3 A¢ Tta ammiityn AA piIKOro KUBHIBHOTO

cepenoBuia 0e3 TuPTEepIiHOTO aHATOKCUHY Ta PO3YHHY >KHUBUIBHOTO CEPEAOBHINA, 1110

MICTUTh TU(TEPIAHUN aHATOKCUH
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Puc. 3.14. 3anexnocti naificnoi Ta ysaBHoi wactuH KJIII pigkoro >KWBHIBHOTO

cepenoBuiia 0e3 TuPTepiiHOrO0 aHATOKCUHY Ta PO3YMHY KUBWJIBHOTO CEPEIOBHUIIA, 1110

MICTUTh TU(TEPIHHNN aHATOKCHUH
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TakuM 4YMHOM, METOA MIKPOXBHJIbOBOI JU(DEPEHIIHOI AieNeKTpoMeTpil
JI03BOJIsSI€ BUBHAYATH HASIBHICTH TU(TEPIHOTO aHATOKCHHY B KUBUJILHOMY CEpPEIOBHILI.
OTtpumani pe3yJbTaTh BUMIPIOBaHb PO3YMHIB IU(PTEPIHHOrO aHaTOKCUHY BKa3ylOTh Ha
MOJKJIMBICTh 3aCTOCYBAaHHS METOJY JMAIeNEeKTPOMETPii B MPAKTUYHIA MEIULUHI IS
pO3pOOKH METOIB KOHTPOIO (hapMalleBTUYHUX 1HTPEIIEHTIB B JIOCTIHKYBAaHOMY

PO3UHHI.

3.5 KJII BogHUX Ta COJILOBUX PO3YHHIB aJIbOYMiHY 3 IIIOK03010

MeTtonoM  MIKpOXBUIILOBOT  AUGEPEHINNHHOT  JIEIEKTPOMETpli  OTpUMAaHO
3HaueHHa KU1 BogHUX po34MHIB OUIKY CUPOBATKOBOTO aJIbOYMIHY JIFOJAMHM B Alana3zoHi
KoHueHtpamii Big 0 go 50 mr/mun [15]. g npurotyBaHHsS pO3YUHIB Oijika anbOyMiHY
BUKOPHCTOBYBQJIM BOJHUN PO3YMH albOyMiHYy 3 IOYaTKOBOIO KOHIeHTpaliero 10%
(«biodapmay, Ykpaina), BOJHUN pO3YMH TIIFOKO3H 3 MOYATKOBOIO KOHIEHTpaliero 40%
(«®apmak», Ykpaina), compboBuii BoaHuii po3unH NaCl 3 konuentpariero 10%.
MopnenbHi OIKOBI PO3YMHM albOyMIHY Ppi3HOT KOHUEHTpALii y BOAl, 3 J0JIaBaHHIM
IJIFOKO3U Ta COJII TOTYBalM PO3BENCHHSIM PpO3YMHIB BHXITHOT KOHUEHTpamii. [lns
MPUTOTYBaHHS MOJEIBHUX CHUCTEM O10K anbOyMIH PO3YMHSUIM Y BOJHO-TJTFOKO3HHMX
pO34unHax 3 KOHIeHTpali€ero rioko3u 100 mr/ma ta 200 mr/mi.

OTtpumaHi eKcriepuMeHTaIbHI JaHl pI3HUIl 3CYyBIB Gazu A Ta amIunTyau AA
xBuii HE,,, 10 MOmMprOEThCS Kpi3b KOMIPKY 3 €TaJlOHHOKO PIAMHOI0 Ta KOMIPKY 3

JOCITIIKYBAHOKO PIIMHOI0, KOMIUICKCHHIA KoedimieHT momupenHs h=h'+h" mus
JTOCTIDKYBaHUX piauH, AikicHa Ta ysBHa dactuHu KJIII pocnipkyBaHMX 3paskiB
anbOyMiHY p13HOI KOHILIEHTpalii y BOJ1 Ta COJIbOBOMY PO34MHI 0€3 JJ0JIaBaHHs TIIIOKO3U

Ta 3 TJIFOKO3010 P13HOI KOHIIEHTpaIlii, mpeactasieni y Tabmuii 3.5.
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Tabmuns 3.5, EkcnepumeHTanbHi

aHil

MIKPOXBUJIBOBUX  J1€JIEKTPOMETPUUHUX

BUMIPIOBaHb aJb0yMiHY y BOJii, BOAHUX po3unHax NaCl Ta BoAHUX po3urHAaX TIIIOKO3U

Anp0yMiH PO3YMHEHO Y: Anp0yMiH PO3YHHEHO Y:
Konnenrpa- 10% Boanwuii po3unn 10% Boanwuii po3unn
ist NaCl y Bona [JIFOKO3H, NaCly | Bona [JIFOKO3H,
aIbOYMiHY | BOJHOMY Mr/MI BOJIHOM Mr/MJT
pO3unHI 100 200 y 100 200
po3unHi

% Mr/Mot A@ , rpaa/cm AA , nb/lem

0 0 |0 0 0 0 0 0 0 0
1.25 | 12,5 | 0.602 0.282 1.775 3.115 0.134 0.112 | 0.652 |1.201
2.5 25 |0.731 0.387 2.156 3.248 0.243 0.188 |0.785 | 1.362
5 50 |0.888 0.612 2.523 3.493 0.358 0315 |0.964 |1.524

h', 1/cm h", dB/cm
0 0 |11.141 11.125 | 11.147 11.179 8.796 8.605 |9.1857 |9.714
1.25 | 125 11.131 | 11.160 11.183 8.731 |9.3003 | 9.850
2.5 25 | 11.142 11.132 | 11.165 11.186 8.891 8.807 |9.43 10.01
5 50 |11.143 11.136 | 11.171 11.188 8.992 8.934 |9.5983 | 10.15
&' g"
0 0 |22.662 24.437 | 21.225 18.642 30.2375 | 31.475 | 27.375 | 24.89
1.25 | 125 23.612 | 20.15 17.6 30.525 |26.825 | 23.71
2.5 25 | 22.375 23.25 19.3875 | 17.112 29.4875 | 29.95 | 26 22.83
5 50 |22.025 22.625 |18.7875 | 16.712 28.725 | 29.025 | 25.05 |22.03
|h| |&]

0 0 ]14.195 14.064 | 14.4447 | 14.826 37.787 |39.848 | 34.639 | 31.41
125 | 125 14.147 | 14.52767 | 14.903 38.591 | 33.550 |29.53
2.5 25 | 14.2549 |14.195 |14.614 15.012 37.015 |37.915 |32.432 | 28.53
5 50 |14.318 14.277 | 14.728 15.111 36.197 |36.801 |31.312 | 27.65

Ha Puc. 3.15 npencraBiieHi 3aJIe)KHOCT1 pi3HUIIN 3CYBiB a3z A@ Ta aMILTITYIu

AA xBum HE,;, mo nommproerbest Kpizb KOMIPKY 3 €TAIOHHOIO PIAMHOIO Ta KOMIPKY 3
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nociikyBaHoto piaunHoro. ani Ha Puc. 3.15 nemoHCTpyloTh pi3HHULIIO (a30BOro Ta
aMILTITYTHOTO 3CYBIB, HAWOUIBIII 3MIHH CIIOCTEPIralOTHCA ISl alTbOYMiHY, POZYUHEHOTO
y BOJHO-TJIFOKO3HUX PO3YMHAX, MpUYOMY (a3oBl Ta aMIUNTYJHI 3CYBU OUIBII TIPH
MaJMX KOHIIEHTpaIisXx ImoKko3u a0 20%, TOpIBHAHO 3 PEIITOI0 JIOCIHIHKYBaHUX
pPO34YMHIB. Y TMPOBEACHOMY MICIEKTPOMETPUYHOMY JOCHI/PKEHHI BOJHUX PO3YHMHIB
anpOyMiHy JOCHIDKEHO BIUTMB MPUCYTHOCTI TJIOKO3M B PO3YMHAX Ha 3MIHY
JIENEeKTPUYHUX TapaMeTpiB JOCHiPKyBaHUX po3unHiB. Ha HactymHomy etami
JOCITIKEHO BIUIMB MPUCYTHOCTI COJII HATPIIO XJIOPUAY Y PO3UYMHI adbOyMiHy Ha JIHCHY
ta yaBHy yactuHu KJII gocmimxyBaHoro po3unHy, Oepydn A0 yBaru, o 3a3Buyail yci

3pa3Ky €KOJIOTIYHUX Ta TPOMUCIOBUX CTIYHUX BOJ MAalOTh PO3UMHEH1 3aJIMIIIKOBI COJIL.

4 T T T T T T T T
(0) 4a—
< 1
1,01 ;
= 3
=~ :
z
<0,5- :
2
; : s i 1
0° ' - | - 0,0 ; ; ; ;
0 1020 3 40 50 0 10 20 30 40 50

KOHIEHTpAIlisl aTbOYMiHY, MI/MJI KOHIICHTPAIIS alIbOyMiHY, MI/MJT

Puc. 3.15. 3anexwnicte pisHuili ¢a3 (a) Ta ammnrtyn (6) xsuwai HE,, nmas pisHoi
KOHIIEHTpalii OUIKy CHpPOBAaTKOBOTO ajgbOyMiHy JIOAUHM B po3uuHi. [lo3HaueHHS
3aJIeKHOCTEH MU paMu BiMOBIAIOTh HACTYITHUM PO3YHHAM: BOAHUI po3unH 01Ky (1);

BOJTHO-COJIbOBUI po34uH 011Ky 3 KoHieHTpatiew coii NaCl 10% (2); BogHuit po3uuH

011Ky 13 roko30t0 100 mr/mi (3) Ta 200 mr/ma (4)
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Ha Puc. 3.16 mnpencraBieHO 3aJeXHOCTI MIACHOI Ta ySIBHOI YacTUH
KOMILIEKCHOTO KoedimienTa nommperas h=h'+h" xBuni Bix koHneHTparii anpOymiHy y
BOJIHUX Ta COJHOBOMY pPO3YMHAX 13 JI0JaBaHHAM IUtoko3u. [[ificHa Ta ysBHa 4acTHHH
KOMIUIEKCHOTO Koe(illl€eHTa MOMIMPEHHS XBUJI1 BCIX PO3YMHIB aIbOYMiHY 3pOCTalOTh 3i

30UJIBIIICHHSAM KOHIICHTpAIli albOyMiHY.

T T T T 10.4 T T T T
(a) ; (6) 4
11,220 1 10.0- |
—_ =
' 1 1 o 3
= 11,205 3 = 964 !
_- =S¢
= -
11,190+ 1 =
’ I — 9.2 o) '
'/l .///
11,175+ u - " n 1
e L s -
0 10 20 30 40 50 0 10 20 30 40 50
KOHIIEHTpaLisl albOyMiHY, MI/MII KOHIIEHTpaLlig adb0yMiHy, MI/MII

Puc. 3.16. 3anexuicte naiiicHoi (a) Ta ysBHOi (0) 4aCTMH KOMIUIEKCHOTO Koe(illieHTa
NOIIMPEHHS XBUJII Bl KOHLIEHTpAlli OIKY CHPOBATKOBOI'O albOyMIHY JIIOJUHU B PO3UYMHI.
[To3HaueHHs1 3ajieKHOCTEH IMdpamMM BIANOBIAAIOTh HACTYIHUM PO3YMHAM. BOJHHM
po3uuH OUIKY (1); BOAHO-COMBOBUI po3unMH OUIKY 3 KoHIeHTparieto com NaCl 10% (2);

BOAHUI po3unH OUIKY 13 riroko30t0 100 mr/mu (3) ta 200 mr/mu (4)

Ha Puc. 3.17 mpeacrtaBieHo 3anexHOCTI AiiicHoi Ta ysiBHOI yactuH K/III Bix
KOHLIEHTpalli aJibOyMiHy y BOJHHX Ta COJbOBOMY PO3YMHAX 13 JOJABAaHHSAM TJIIOKO3H.
OTpuMaHi JaHl NOKa3ywoTh, 10 AilicHa Ta ysBHa uactuHu KJIII BoaHuX po3uuHiB
anbOYMiHY 3MEHIIYIOTBCS 31 30UIBIICHHSM KOHIIGHTpalii Oidka B JOCTIIHKYBaHUX
po3unHax. Taki pe3yapTaTH MOB’s3aHl 31 3SMEHILIEHHSAM KUIBKOCTI BUIBHUX MOJIEKYJ BOJIHU B

pO3urHI anbOyMIHY 3a paxyHOK 30UIbIIEHHS KUIBKOCTI 3B’SI3aHMX MOJEKYJI BOJIHU 3
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MOJIEKYyJIaMH allbOyMiHy HUISXOM TMpOIeCy TiapaTaiii 31 30UIbLICHHSIM KOHIIEHTpaIll
albOyMiHY B PO3UYHHI.

3HavyeHHs JificHux Ta ysBHMX 4dacTuH KJ/IIT mns posumniB ansOyminy 3 NaCl
BIJPI3HAIOTHCA BiJ 3HaU€Hb JicHUX Ta ysiBHUX yacTuH KJII1 BogHMX po3unHIB abOyMiHy
3 TaKOIO K KOHIIEHTparliero anp0yminy 0e3 coii NaCl. Ile cBiguuth npo Te, 0 HasBHICTb
noganoi comi NaCl B po3unmnax 3MiHIOE iCEKTPUYHI IMapaMeTpy PO3YMHIB 3a PaXyHOK
3MIHM KIJIBKOCTI BITBHHX MOJEKYJT BOAM B pO34YMHAX. 31 301IBIICHHSM KOHIIEHTpAIii
anbOyMiHy (B Jiana3oHi HU3BKUX KoOHIEeHTpauid 0-5%) y BOJHO-COJBOBUX PO3UYMHAX
nificHl Ta yaBHI 3HaueHHsS KJIII 3MeHIIyroThCA, MO Y3rOJKYEThCS 3 JAHUMH HaIIUX
MoNepeHIX €KCIIEPUMEHTIB, a came 30UIbIICHHS KIJTBKOCTI 3B'sI3aHMX MOJIEKYJI BoaM (3a
PaxyHOK IMiABUIIECHHS TiApaTallii O17TKOBUX MOJIEKYJT 3 MOJICKYJIaMH BOJIM) Y PO3UMHI O1JIKa
31 3pOCTaHHSIM KOHIEHTpallli. JloCaiKeHHS CUCTEM, 110 MICTATh aJbOyMIiH 3 TaKOIO X
KOHIIeHTpaIli€to, po3unHeHux y 10% Boanux poszumnax NaCl, mokasye, 1o MpUCyTHICTb
NaCl cnpusie 3HMKEHHIO 3HaueHb JiicHOi Ta ysaBHOi wactuH KJIII. Ile Takox mokHa
MNOSICHUTH 3MEHLIEHHSM KUIBKOCTI MOJIEKYJT BUIbHOI BOAM (HE3B’SI3aHUX 3 OLIKOM) Yy
BOJIHO-COJIbOBHX PO3YMHAX MOPIBHSHO 3 BOJHUMHU PO3YMHAMU Yepe3 3B’ A3yBaHHS MOJICKYJI
BOJM 3 1oHamu cojii (aiicHa ta ysBHa yactuHu KJIII nnst 10% po3uuny NaCl menmn
3nauens KJIIT mis gucroi Boau). PisHuis Mixk aificnoro Ag' Ta ysaBHOWO Ag” dacTHHaMU
KIIT nnst pozunny ansoyminy 3 10% NaCl ta 115 BOJHOTO pO34HMHY aibOyMIHY MEHIIA, Y
HOpiBHAHHI 3 pisHunero aificnoi Ag' Ta ysBHoi Ag” wactun KIII mas 10% BommOro
po3unny NaCl 6e3 anp0yMiHy 3 YUCTOKO BOJIOKO /IS 000X KOHIICHTpaIlii aapoyminy (2.5%
i 5%). Otxe, ioan Na' ta Cl y po3unHax MOXYTh B3a€MOJiATH ab0 3 MOJEKylaMH OiJka,
ab0 3 BOJIOIO, OTKE, MOKYTh BIUIMBATH HA KOH(OPMAIIII0 MOJIEKYJ alibOyMiHY, 3MIHIOIOUU
CTPYKTYpY TiJpaTamii MOJeKyad ajap0ymiHy. BaxiuBo BiJ3HAYUTH, 110 OTPHUMAaHI
excriepuMmenTaibHi nani K/IT ans po3unHiB ansOyMiHy BiJl KOHIIEHTpaIlil OlTKa Ha 4acTOTI
31.82 ITu MawTh mnoAIOHY MOBENIHKY 3ajexHocTi 3HaueHb KJ/III anbOymiHy Bij

KOHIIEHTpaIlii, mpeacTaBieHi B [67].
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Puc. 3.17. 3anexHicts aiiicHoi (a) Ta yaBHoi (0) wactun KJIII Bix xoHIeHTpalii 01Ky
CUPOBATKOBOTO albOyMiHY JIOAWHU B po3uuHi. [lo3HadueHHs 3anexxHocTed Iudpamm
BIJINOBIJIAI0OTh HACTYIMHUM PO3YMHAM. BOJHUN po3unH OuLIKy (1); BOJHO-COTHOBUU
po3umH 611Ky 3 KoHIeHTpartlieto comi NaCl 10% (2); Boguuit po3urH OUIKY 13 TIFOKO3010

100 mr/mn (3) Ta 200 mr/mi (4).

0 10 20 30 40 50
KOHLIEHTpALIis allbOyMiHY, MI/MJT
Puc. 3.18. 3anexuicts moaynst KJII Bix koHIeHTpalii 61JIKy CHpOBaTKOBOT'O allbOYyMiHY
moaunu. [lo3HaueHHsT 3ayieKHOCTEH IMdpaMy BIANOBIIAIOTH HACTYIMHUM PO3YHMHAM:
BOAHUI po3unH OUTKY (1); BOIHO-COJIbOBUIA PO3UMH OUIKY 3 KoHIeHTpalieto com NaCl
10% (2); Bomuuii po3unH 01Ky 13 Tr0K03010 100 Mr/mi (3) Ta 200 mr/m (4).
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3anexnocti 1 1 2 (Puc. 3.17, 3.18) niticHoi Ta ysBHOi wactun K/II Ta mMomyss
KAIT BomHuX po3uMHIB OUIKY anbOyMiHy 3MEHIIYIOTHCS JIIHIMHO B 3aJI€KHOCTI BiJ
30UTBIIEHHST KOHUEHTpalii ansoyminy (0+50 mr/mut). 3anmexHOCTI ISl PO3YMHIB 13
BMICTOM TJIFOKO3M MAarOTh HENMIHIWHUN XapakTep AiiicHOl Ta ysBHOI yacTuH KJII mpu
MaJliif KOHIIEHTpallii adb0yMiHY y BOJHO-TJIFOKO3HUX PO34MHaX (3ajie’)KHOCTI 3 Ta 4 Ha
Puc. 3.17, 3.18). 3MeHIIICHHS 3HAYEHD JiKcHOT Ta ysiBHOT yacTuH K/II1 BOoIHUX pO3YHHIB
anpOymiHy 3 1 6e3 NaCl moOpe y3ro/KyeTbcsl 3 JaHWUMH ISl aHAJIOTIYHUX BOJHUX

po3uunniB NaCl 3 ans0ymiHOM, OTpMaHuMH B [67].

TakuM 4YMHOM, METOJIOM MIKPOXBHJIBOBOI JIU(EPEHUINHOI 1eIEeKTPOMETPIL
BCTAHOBJICHO, IO 3MEHIIICHHS AiiicHO1 Ta ysaBHO1 yacTuH KJIII mociimkyBaHUX BOJTHUX
Ta COJIbOBUX PO3UYMHIB albOyMiHy, BOJHUX PpO3YUHIB aJbOyMiHY 3 TJIOKO30l0 —
3MEHIIIYIOTbCSI 31 30UIBIIEHHAM KOHIEHTpallii adbOyMiHy Yy pO34YMHI, IO MOKHA

TTOSICHUTH 3MEHIIICHHSAM KIJIBKOCT] BUIBHHUX MOJICKYJ BOIU Y ,ZIOCJIiI[)KYBaHI/IX PO3UHHAX.

3.6 IopiBusinas pe3yabratiB Bu3HaueHHss KJIII BoaHux i coqboBUX pPO34HHIB
a1b0yMIHY 3 IVIIOK03010 METOA0M MOJIEKYJIAPHO-AMHAMIYHOI0 MOAC/JIIOBAHHA
Pe3ynbraty, OTpUMaHi METOJ0M MIKpPOXBUJILOBOI  AudepeHIlinHOo1
JEJIEKTPOMETpli BOAHUX PO3YMHIB albOyMiHy, $KI TpEACTaBiIeHI B MyHKTI 3.4,
JIOTIOBHEH1 Ta MiATBEPKEHI JaHUMH, OTPUMAHUMH METOJO0M MOJIEKYJSPHOI TUHAMIKU
(M) momo rimparariii moaiOHMX MOJEIBHHUX BOJHUX po34MHIB anbOyminy [15]. Ili
pesynbrati MJ[ MoJentoBaHHS BOJHHMX PO3YMHIB allbOYMIHY pI3HUX KOHIIEHTpALI 3
NaCl 1 rmoko3or0 oTpuMmaHi Ta HagaHi babGakom MiHodapom Ta AmnHacraciero
[ManomuikoBoto (IHcTutyT MikpoOionorii Yechkoi akanemii Hayk, [Ipara, Uexis). M1
MOJIETIOBaHHS aIbOYMiHY Y BOJIHUX PO34YMHAaX OYJI0 3aCTOCOBAHO B HAIIOMY CIUIBHOMY
JTOCTDKeHH] SK JOJAaTKOBMM MeETOA JUId HadaHHSA 1HGoOpMaIli mpo TiapaTariiio
anbOyMIHY y BOJHUX pO3YMHAX IS TOSICHEHHS EKCIEPUMEHTATBHUX pPE3yJbTaTiB

MIKPOXBUJIBOBOI JAUQPEPEHIIITHOT AleIeKTpOMETpli Ha MOJEKYISIpHOMY piBHI. MeTtoj
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M/ MozentoBaHHs € IIUPOKO BUKOPUCTOBYBAaHUM OOYHCIIOBAILHUM 1HCTPYMEHTOM JIIS
OMHKCYy Ta JUHAMIKA OPTaHIYHHUX Ta HEOPTaHIYHUX BOJHUX PO3YMHIB 1 O10MOJIEKYII
Meron MJ] MopmentoBaHHSI 3aCTOCOBYE Jpyruvl 3akoH HprooTOHa 114 ommcy pyxy
YaCTMHOK y KJIacuyHUX cuctemax. CHJIOBE MoJie BUKOPUCTOBYETHCA ISl OOUMCICHHS
MOBHOI €HEeprii MOJETBHOT CUCTEMHU Ta OLIHKK CHJI MK B3a€MOJIIOUYMMHU YaCTUHKAMHU.
[lin vac mporieciB MOJENIOBaHHS 1HTErpyBaHHA pIBHSIHHS pyxXy HbloToHa reHepye
KOH(QITyparllii CuCTeMH Ta 3a0e3Meuye TPAEKTOPii, IKi BU3HAYAIOTH MOJI0KEHHS aTOMIB Yy
gaci B MmacmTabl HaHocekyHA. Ili MJI-Tpaektopii MOXKHA BUKOPHUCTOBYBATH IS
PO3paxyHKy PI3HOMAHITHMX BJIACTUBOCTEH, BKJIIOYAIOUM EHEPTilo, 10 Oepe ydyacTb y
MOJIEKYJIIPHUX B3a€EMOJIISIX, Ta 1HILII MAaKPOCKOMIYHI BEJIMYMHU, K1 MOKHA TIOPIBHSTH 3
eKCIIEPUMEHTaIbHUMHU NTOKa3HUKAMH CIIOCTEPEIKEHHS TOCIIKYBAHOI MOJIE] CUCTEM.

[Taker GROMACS [118] BukopucroByBaBcs [uisi TpoBeneHHS  MJ]
MOJIeNIIOBaHHsI cucteM 3a ydacTio Ounka Ta NaCl y pi3HMX KOHIIEHTpamisx. 3a
JIOTIOMOT'OI0 aHaJli3y BOJHEBUX 3B’S3KIB MOJEKYJ OlKa anbOyMiHy Ta BOAHM B PI3HHUX
po3unHax 3 mnpucyTtHicTio NaCl Ta T1Ioko3u SK JOMINIOK JOCHIIKEHO BILUIUB
riipaTaiiiHoi CTPYKTypHu Ta AUHAMIKH Boau. CTPYKTYpHI Ta JWHAMIiuHI BJIACTHUBOCTI,
oTpuMaHi B pe3ynbTaTi MJ[ MojentoBaHHS, MOPIBHIOBAIM 3 EKCIEPUMEHTAILHUMU
pe3ynbTatamu, 00 MOSCHUTH MPOIECH Ha MOJEKYJIsIpHOMY piBHI. M/l mMonenmtoBaHHS
npoBoauiocs mnpotsroM 100 e mpu crami Temmepatypi 300 K 1 tucky 1 Oap.
TpaexTopli aHami3yBaiu Uil PO3PAXYHKY KUIBKOCTI BOJHEBUX 3B’SI3KIB, a TAKOX 4acy
YKUTTS BOJHEBUX 3B’ SA3KIB /I PO3YMHY alibOyMiHY Y BOJI Ta y BojgHUX po3unHax NaCl 3
koHueHTpauisimu 0.5, 1.0 ta 1.5 M.

Ha Puc. 3.19 nokazano 31imok M/l monentoBanHs ansOyminy y 0.5 M BomHuX
po3unHax NaCl. [{ns po3paxyHkiB Ha mepmioMy etami BukopuctoByBamu 0.00075 M

po34uuH anbOyMiHY Y BOJ, Ha ipyromy — Tpu pi3Hi koHeHTpauii NaCl 0.5, 1 ta 1.5 M.
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Puc. 3.19. 300paxenns 3HiMkiB M /[ MoientoBaHHs alibOyMiHY — 3€JIEGHHM KOJIBOPOM (a,
0, B) B po3unHi 0.5 M NaCl (6, B); (0): AToMHU KHCHIO BOJU — YSPBOHHUM 1 aTOMH BOJIHIO

. . + . . -
— Ol1MM KoJIbopoM; (B): ioHu Na™ — cuHiMm kosibopoM 1 Cl” — yepBoHMM Kosibopom [119]

Hani MJ[ wMonentoBaHHS JIO3BOJISIIOTH  JOCHIIUTH  BIUIMB  KOHIEHTpaIlii
anpOyminy Ta NaCl Ha kinbpKicTh BogHeBHX 3B's3KiB (B3) y cucremax 1 i gaHi MOXKHA
MOPIBHATH 3 €KCIEPUMEHTAIBHUMU JaHUMU J1€JIEKTPOMETpii. 30Kpema, 3a KIIbKICTIO
BOJITHEBUX 3B'SI3KIB MIXK MOJIEKYJIaMH OUIKa 1 BOJAU (3B'A3aHUX MOJIEKYJ BOJM) MOKHA
OI[IHUTU KUIBKICTh BUIBHMX MOJIEKYJ BOJM B pO3uMHAax. TakuM YHWHOM, BiJICOTOK
BUIBHUX MOJIEKYJ BOJU (HE3B’A3aHUX 3 OLIKOM) Y KOXHIM cUCTeM]1 MOKHA OIIHUTH. L1
JTaH1 KOPHUCHI JIJIsl TIOSICHEHHS Pe3yJIbTaTiB MIKPOXBHJIHOBOTO JU(PEPEHIIIITHOTO METOILY
Bu3HaueHHs KJ/III BomHUX po34MHIB anbOyMiHY Y BOJHOMY Ta COJIbOBOMY PO3UMHAX
NaCl B obnacti MmakcumanbHO1 yacToTHOi nucnepcii KT Boau.

Ha Puc. 3.20 moka3zaHo 3alIe)KHICTh KUIBKOCTI BOJHEBUX 3B SI3KIB MIXK
anpoyminoM (3 koHreHTpaiiieo 0.00075 M) Ta MoJiekyJiaMi BOJIM B PO3UMHAX 3 PI3HOIO
konueHTpariero NaCl (0.5, 1 ta 1.5 M). KuibKicTh BOJHEBHUX 3B’A3KIB MK aJIbOYMIHOM 1
MOJIEKYJIaMU BOJIM Pi3KO 3pocTae 3 gojaaBanHsM NaCl y po3duH, TO/1 SIK PI3HUILT YUCIa
B3 mpu 3MiHI KOHIEHTpalii cojil He3HauHa. BUKoOpHCTOBYIOUM JaHH1 KiabKocTi B3
MO’KHA OILIIHUTHU KUIBKICTh MOJIEKYJ BOJAM, 3B’SI3aHUX 3 OUIKOM Ta KIJIbKICTh BUIBHUX
MOJIEKYJ BOAM B JOCHIPKYyBaHOMY po3uuHi. Y Tabnuii 3.6 HaBejeHO 3HAYCHHS
KUTBKOCTI 3B’sI3aHUX MOJICKYJ BOIH 3 aibOyMiHOM (3 KOHIIeHTpaiero Oinka 0.00075 M)

B 3anexxHocTi Bij koHmeHTparii NaCl (0.5, 1 ra 1.5 M).
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Puc. 3.20. 3anexHICTh KUIBKOCTI BOJHEBUX 3B’S3KIB MK MOJIEKYJAMU albOyMiHY
(0.00075M) 1 MosieKylaMHd BOJY y BOJHOMY po3uuHl (1) Ta colibOBOMYy pO34uHI 3

kouneHtpargieo NaCl: 2-05M,3-1MTa4-15M

[loniOHe MopentoBaHHA OyJl0 BUKOHAHO JUIsl BOJHUX PO3YMHIB AbOYMIHY 13
nonaBanHsM coiai NaCl. Jlani MojenaroBaHHS TOKa3alM, IO MNpH  30UIbIISHHI
KoHIeHTpartlii anpoyMiny 3 0.00075 M no 0.005 M BizicOTOK 3B’S3aHUX MOJIEKYJI BOJH 3
O11KoM 3Ha4HO 301IbIMBCA 3 1.82 % 1o 10.5 % BianmosigHo 11t 0.5 M po3unHIB cOdl.
[Ipu mopanwimomy 301abIieHH] KoHIeHTpalii com g0 1.0 M NaCl ta 1.5 M NaCl B
po3unHax anbOyminy (0.005 M) noniOHOi TeHAeHIli 301IbIIEHHS BiICOTKA 3B’sI3aHO1
BOJIM 3 OUTKOM He cmocTepiraynocs. Lle sBuiie Moxe OyTw TOB's3aHe 3 arperari€ero
O1MKOBHX MOJIEKYJ B po3unHi 3 KoHmeHTpariero 0.005 M Tta 3 OiIbIl BHUCOKHUMU
koHneHTparisimu 1 M ta 1.5 M NaCl B po3uuHi.

Anam3 pannx MJI MojaenroBaHHS JO3BOJMB 3pOOMTH BHCHOBOK, IO 3i
30UTBIIEHHSIM KOHIIEHTpallli allbOyMiHy B PO3YMHI — 3HAYHO 30UIBIIYETHCS KUIBKICTh
BOJHEBUX 3B’A3KIB MDK BOJIOIO Ta OUIKOM, IO J00pe y3roKyeThCcs 3

CKCIICPUMCHTAJIbHUMHN JaHHUMH, OTPpUMAaHUMH [JIXI BOAHHUX pOB‘-II/IHiB aJ'HJ6YMiHy
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METOJIOM MIKpOXBHJILOBOI AuQepeHiiinoi aienekrpomerpii. (qus. Puc. 3.17, Puc. 3.18,

3anexHoCTi 1 12).

Tabmums 3.6. BiacoTok KUTBKOCTI 3B’Si3aHUX 3 OUIKOM MOJIEKYJ BOJAM B O1IKOBOMY
pO3uHHI 3 KOHIIeHTparli€e aap0yminy 0.00075M B 3aJIeKHOCTI BiJl Pi3HOI KOHIICHTpAIIii

coni NaCl (0.5 M, 1 M ta 1.5 M) B po3uuHi

KonnenTpariis NaCl (M) | BigcoTok Moniexkyn BojH,
y BOJIHOMY PO3YHHI 3B’SI3aHHUX 3 MOJICKYJIAMH
anpoyminy (0.00075 M) aMbOyMIHY
0 1.73
0.5 1.81
1.0 1.82
1.5 1.86

Metonom MJI mMonentoBaHHS JJi YUCTOT BOJAM OTPUMAHO YacC KUTTS BOJAHEBUX
3B’SI3K1B, sikUil ctaHoBUTH .35 1ic, a mogaBanns 0.5 M NaCl 30unbinye vac xxuttsa B3 o
0.49 nc (muB. Tabmuuro 3.7). JlomaBaHHs cOJl 0 PO3YHMHY albOYMIHY BUKJIMKAE
30LJIBIIICHHS Yacy >KUTTS BOJHEBHUX 3B’ S3KIB MOJICKYJI BOAU MK co00r0. Tak, q01aBaHHS
COJII IO PO3YHHIB aJibOYMiIHY TaK0XX MPU3BOIAUTH A0 OLIBIIOTO Yacy *KUTTS BOJHEBHUX
3B’SI3KIB MOJICKYJI BOJHM, 3B’s13aHuX 3 Ou1KoM, 3 49.5 nic st 0 M NaCl no 51.7 nc nns
pPO34nHY 3 KOHIIeHTpali€eto cojii 0.5 M.

Ha nactynHomy ertani MJI mojentoBaHHS MPOBOAWIIM PO3PaXyHOK Yac >KUTTS
BOJHEBUX 3B’S3KIB Ta B1JICOTKY BUTBHUX MOJIEKYJ BOJM Y BOJAHUX PO3YMHIB aIbOYMIHY 3
JIOJaBaHHSIM TJIFOKO3HM, pe3yJIbTaTH I[LOTO MOJEIIOBaHHS MNpuBeAeHo B Tabmwmimi 3.7.
[ToxazaHo, 110 BiJICOTOK BUIBHHUX MOJIEKYJ BOAM 3MeHIIyeTbes 3 94.2% no 85.0% i3
30UTBIIICHHSIM KOHIIGHTpAIlli TJOK0o3W B po3uuHi. Lli gaHi moOpe y3rokyroThes 3
CKCIICPUMEHTAJILHUMH JaHUMH MIKPOXBHJIBOBOI JiCICKTPOMETpPii, OTPUMAaHUMH TPHU
JOCTIPKEHHI BOJIHUX PO3UMHIB albOyMiHY 3 P13HOIO KUIBKICTIO JTOJAaHOT IIIOKO3U (IUB.

Puc. 3.17, Puc. 3.18 Bue, 3anexHocTi 3 1 4).
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Tabmun 3.7. Yac )KuUTTs BOJHEBUX 3B S3KIB MIXK MOJIEKYJIaMU BOAM Ta aqbOyMiHY, BOJIU
Ta TJIIOKO3H, TJIIOKO3U 3 OLJIKOM Ta BIJICOTOK BUIBHUX MOJIEKYJ BOJAM B PO3YMHAX IS
KoHIeHTpatlii anpoyminy 0.00075 M 3 pi3HUMH KOHIIEHTpALIsIMU TJIOKO3M B PO3YMHI,

ne G — nanH1 m1g raoko3u, P — nig O611ka, W — 171d Boau

Konnentpartis Yac
TJIFOKO3U Y Yac Yac XuTTH, % BUILHUX
BOJTHOMY PO3YMHI1 | KUTTS, TIC Tc Hac xurrs, AT MOJIEKYJI
aIbOyMIHY (W-P) (G-W) ne (G-P) HCV\S;N- BOJIU
(0.00075M), 1/n
100 95.3 23 2164 1.8 94.2
200 123.1 46 2618.8 2.5 91.9
300 137.6 58 2985.7 3.1 88.7
400 169.3 64 4412.7 3.5 85.0

ExcnepuMeHTanbHi  Ta  TEOPETUYHl  JOCHIPKEHHS  1HIIUX  JOCHIAHUKIB
ATHAJIOTIYHUX OUTKOBUX PO3UYMHIB TMOKAa3yIOTh, 110 MOJIEKYJIHM BOJIM HABKOJIO OLIKIB
MaroTh OUIBII KOPCTKY CTPYKTYPY, Y MOPIBHSHHI 3 MOJICKYJIaMH BOJU B 00’€Mi, 1110
O3HAYae€, 10 Yac JKUTTA 1X BOJHEBHX 3B’s3KiB Ta OuMHaMika mosimbHima [120, 121].
[aparariiina o0OJIOHKA Ha TIOBEpPXHI OUIKIB Ma€ BUpIIIAIbHE 3HAYCHHS IS
CTaOUIBHOCTI iX CTPYKTYypH Ta ()YHKILIOHYBaHHA, a 4yac rnepedyBaHHS MOJIEKYJ BOJIU Ha
NOBEpPXHI OUIKIB € 03HAKOK 1 PyXJUBOCTI Ta 3B’s3yBaHHs [121]. AHanoriuHo, 3a
OTpUMaHUMH pe3yiabTaTamMu MJ| MoxenmtoBaHHS MOXHa 3pOOUTH BHCHOBOK, IIIO
JMHaMIKa MeperpyrnyBaHHA MOJEKYJ BOAM NOOJIM3Yy MOJIEKYJ Oinka abo TIIIOKO3U €
MOBUIBHIIIO, Y IMOPIBHSAHHI 3 MOJICKYJIaMH BOJHM B 00’ eMi. B 00’ eMHi#t BoII Yac KUTTS
BOJIHEBUX 3B’s3KiB cTaHOBUTH 0.35 mc, Toai SIK sl po34uMHY OUIKa 3 J0JIaBaHHSIM

riaroko3u 100 1/ yac )KUTTA BOOJHEBUX 3B I3KIB CTAHOBUTE 1.8 1IC.

Takum ymHOM, MO0 OTpUMaATH I1HGOPMAII0 HA MOJICKYJISPHOMY PIBHI JIs
MOSICHEHHSI PEe3YJIbTaTIB J1€JIEKTPOMETPUYHOIO JIOCHIIKEHHS PO3YMHIB albOyMIHY 3
PI3HUMH KOHIICHTpAIISIMHA Ta OIIIHUTH BIUIMB COJI Ta TJIOKO3M Ha SIBUINA TiapaTariii

anpOyMiHy, Il PE3yJbTaTH MOPIBHAHO 3 pe3ysbTaTaMU MOJIEKYJISIPHO-AMHAMIYHOTO
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MOJIETIOBaHHS. MOJEKyIsIpHO-AMHAMIYHE MOJEIIOBAaHHSI BOJHUX PO3UMHIB aTbOyMiHY
MoKa3ajo, 10 30UTbIICHHS KOHIEHTpalli anb0yMiHy BUKIMKA€E 301IbIIEHHS KITBKOCTI
BOJHCBUX 3B’S3KIB MK MOJICKYJaMH BOJHM Ta OiJKa, IO IPH3BOAUTH JIO 3HUKCHHS
niicanx Tta ysBHuUX dwactmH KJII gocmimkyBaHuX po3uuHiB. TakuMm 4YHHOM, [1aHi
MIKPOXBHJIBOBOI JTiCNIEKTpOMETpii J00pe Y3rO/DKYIOTBCS 3 JTaHUMH MOJICKYJISIPHO-
JTWHAMIYHOTO MOJIEIIOBAHHS JJI1 BOJHHMX PO34YMHIB aibOyMiHy 3 moxaBaHHsM NaCl i

TJIFOKO3H.

3.7 BucHoBKH /10 po3iay 3

1. [oka3aHo, 110 B 3aJIEKHOCTI BiJ] 30UJIBIIIEHHS] KOHIICHTpAIlii 010J10T1YHO aKTUBHUX
pedyoBUMH B po3uMHi, BiAOyBaeTbcsa 3HWkeHHs KJII mocmimkyBaHUX pO3YHHIB,
BHACIIIJIOK 3MEHILIEHHS BUIbHUX MOJEKYJ BOJU y po3uuHi. 3HaueHHa KT uux po3unniB
PO3PI3HAIOTHCA B Jiana30H1 HU3BKUX KOHIICHTpAIlii 010JI0T1YHO aKTUBHHUX PEeYOBHH. [
BOJHOTO PO3YMHY TE€HTaMIIIMHY CHOCTEPITa€ThCSl HETUIIOBA TMOBEMIHKA, IJIsi SIKOTO
3HaueHHa KJIII 3011bl1yBanuce 31 30UIbIIEHHAM KOHIIEHTpALll aHTUO10THKA, MOB'sI3aHa
13 CTPYKTYPHHUMH OCOOJMBOCTSAMH MOJICKYJIM TeHTaMilluHy. MiHIMagpHa MeXa
BUSIBJICHHSI  O10JIOTIYHO aKTUBHMX PEYOBMH Yy BOJHOMY pO34YMHI, OTpHUMaHa
JUENEKTPOMETPUIHUM METOJIOM TIOPIBHSHA 3 MEXKEIO BUSIBJICHHS 1HIIMMU METOIAMH, Ta
nopiaioe 1.22, 0.08, 1.73 ta 0.07 mMr/mi, BIAMOBIIHO JUIS TJIFOKO3H, JIEBO(IOKCAIIUHY,
aMiKallMHyy Ta JiHKoMminuHyy. Ili TOKa3HMKM BKa3ylOTh Ha TMEPCIEKTUBHICTb
MPAKTUYHOTO 3aCTOCYBAHHS METOMY JIETIEKTPOMETPii [JIi MOHITOPUHTY O010JIOTTYHO
aKTUBHUX PEYOBHH B PO3YMHI Ta BUSBJICHHS 3aJMIIKOBOI KUIBKOCTI aHTHOIOTHKIB B
PILIKHUX XapYOBUX MPOAYKTAX, IpoOax BOJIU 3 HABKOJIUIIHBOTO CEPEIOBHUIIA.

2. Pesynbraty AieNEKTPOMETPUYHHUX JOCTIPKCHh HA TPUKIIAl 3MEHIIECHHS 3HaYeHb
KJIII BogHMX pO34MHIB aHTUOIOTHUKIB OKpEeMO JieBO(IOKCAIMHY Ta JIIHKOMIIUHY, 31
30UTBIIIEHHSIM KOHIICHTpAIlli aHTHO10THKA, MATBEP/KEH1 JaHUMU 301IbIIIeHHS abcopOIii
ux posunHiB metogoM UV-Vis cmektpodoromerpii, mpo 1m0 cBimyaTh OJHM3BKI 110

OJIMHHULIl po3paxoBaHi KoedimieHTH Kopenauii Pimepa aas uux po3uuHiB. Take
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Y3TO/DKEHHSI OTPUMAHUX PE3YyJbTaTIB CTA€ MEPEIyMOBOIO BKIIOUEHHS MIKPOXBUIBOBOTO
nuepeHIIIHHOTO TIeTICKTPOMETPUIHOTO METOTY J0 MEeperiKy (papMaKomeHHIX METO/IIB.
[le macTh MOXJIMBICTH 3aCTOCYBaHHS METOAY AICNIEKTpOMETpii aisi (apMaleBTUUHOTO
aHanmizy 3rigHo 13 npunnunamu JlepxaBuoi ®dapmakonei VYkpainu npu Bamigamii
BUMIPIOBaHb KOHIICHTpAIlli aHTHO10THKIB Y BOJIHUX PO3YHHAX.

3. MeTo/1oM MiKpOXBUJIbOBOI AUGEPEHININHOT T1eTeKTPOMETPii B PEXKUMI PeaIbHOTO
4yacy BH3HAYCHO HASBHICTh MTU(TEPIHHOTO aHATOKCHHY Y >KUBWJIBHOMY CEPEIOBHII 32
Bu3HauYeHHsIM 3HaueHb X K/II. 1li pe3ynbratu BKa3zyroTh Ha MOKJIUBICTh 3aCTOCYBaHHS
METOAY HIEIEKTPOMETPIi B SKOCTI aJbTEPHATUBHOTO METOAY ISl KOHTPOJIIO IMPOLECY
NEPETBOPEHHA JU(PTEPIHHOIO TOKCHHA B HETOKCHMYHY (OpMY — aHATOKCUH, L€
JTI03BOJIUTH YHUKHYTH BUKOPUCTAHHS TBAPUH B IIPOLIECI BUPOOHUIITBA IMyHOO10JI0TTYHUX
JIKApChKUX 3ac001B Y BETEpUHAPHIN MEAULIMHI.

4. OTpyUMaHO Y3rOJKEHHSI JAHMX 3MEHILEHHS KIIbKOCTI BUIBHMX MOJIEKYJ BOJU B
OUIKOBUX pO3YMHAX 3 JOJaBaHHSAM COJII Ta TJIOKO3M METOJOM MIKPOXBHJIBOBOI
nudepeHIiHOT JIeJIEeKTPOMETpli 32 TOKa3HMKaMM 3MEHLIEHHS 3HA4Y€Hb [IACHOI Ta
ysBHOT yacTuH KJIIT 1iux po3uuHiB, B MOPIBHSHHI 13 OTPUMAHUMH JAHUMHU 301TBIIICHHS
rigparaiii Ta 4Yacy ICHYBaHHS BOJHEBHUX 3B’SI3KIB MK MOJIEKyJaMH Oijka Ta
MOJIEKYJIaMH BOJIM METOAOM MOJIEKYJISpPHO-AMHAMIYHOTO MOJEIIOBaHHA. Po3pobnenuii
M1X11 MOKJIUBO 3aCTOCOBYBATH JUIsl MOHITOPUHTY Ta OMHKCY MOBEIIHKH MOJICKYJT OLTKIB
y BOJHUX pO3YMHAX, BKIIOYAIOYM TIPOMHUCIIOBI BIOXOAM Ta 3pa3kKd BOIU 3

HaBKOJHIITHLBOI'O CCPCAOBUILA.

112



PO3/11 4
MOHITOPUHI [IEPEBITY ®EPMEHTATUBHUX PEAKLIN TIIPOJII3Y
BUIKIB METOJIOM MIKPOXBWJILOBOI JIUGEPEHIIIHOT IEJEKTPOMETPII
B PEAJILHOMY YACI

depMeHTATHBHI peakilii € OCHOBOIO 0araThbOX Cy4JacHUX OiOMEIUIHUX
Ja00paTOPHUX METOMIB JIarHOCTHKH, 30KpeMa METOAY IMYHO(DEPMEHTHOTO aHaji3y
(I®A), merony mosiMepasHoi JaHiroropoi peakiii (ITJIP-miarnoctrka) 1ist BUSIBJICHHS
30yIHUKIB 1H(QEKIIHHUX 3aXBOPIOBaHb (Takux sk repmec, rematut, COVID-19, Tomo).
Brponosxk pepMeHTaTUBHOTO TipOoIi3y OiJika BiIOYBA€ThCSI 3MEHIIECHHSI KOHIIEHTpaIlii
cyoctpary (OUIKy) Ta 30UIBIICHHS KOHIEHTpAllli MPOAYKTIB peakiiii (MmoJinenTHIiB,
aMIHOKHUCIIOT), BHACIIJIOK PO3IICTUICHHS OIJIKOBUX MOJEKYJI, IO CIHPUYUHEHO I€I0
TIPOMITHYHUX (DEPMEHTIB, KI PyHHYIOTh MenTHAHI 3B’s3ki y Ounky [128]. Kontpossb
HAsBHOCTI Ta KUJIbKOCTI OIOJIOTIYHO AaKTUBHUX CHOJYK, SKI OepyTh y4acTb Yy
dbepMEeHTAaTUBHUX  Tpollecax, € HAWBKIIMBIIIOW MPOLEAYypOI0  JabopaTopHOI
JIarHOCTUKU B MEAMIIMHI, BETEpUHApPIi Ta y O10TEXHOJIOTTYHUX IMpoliecax BUPOOHUIITBA
dapmarneBTHyHOi Ta xap4yoBoi mpoaykiii [128, 129, 130]. [ns mociiKeHHsS peakiii
(dbepMEeHTATUBHOTO TiApoJi3y OIIKiB, BHU3HAYEHHS IIBUIKOCTI peakilii Ta 3MIHH B
CTPYKTYpl Ta CKJaal OUIKa MiJ 4Yac TiAPOdi3y, 3aCTOCOBYIOTH aHAJIITUYHI METOIU
(cnexktpodoTomeTpis, dbayopeciieHTHa CIIEKTPOCKOTIIS, Mac-CIEeKTPOMETPis,
enexkTpodopes OUIKIB, aMIHOKHUCIOTHHUH aHami3). Ili Merogm 3acTOCOBYHOTHCS
MOBCSAKACHHO JUIsi MOHITOPUHTY (DEPMEHTATUBHHUX IMPOLIECIB B IPOMHCIOBOCTI Ta
MEIUIIMHI Ta MependadarTh BiAOOpP MpodW 3 peakIliiHOl 30HU i€ BiIOYBAETHCS
dbepMeHTaTUBHA peakilis TiAposizy OuikiB. Jlami, BUBHAYEHHSI KOHIIEHTpAallll BUXITHOTO
cyoctpary (0inKy) abo TpoAyKTy peakilii (MOJINenTHaAiB, aMiHOKHCIOT) BHUMAarae
JIOIAaTKOBOi XIMIYHOT peakIlii, $SK TMpaBWio, MUISXOM JOJaBaHHS OapBHHKA Ta
BUMIPIOBaHHS ONTUYHOI HIIJILHOCTI TOCTIKYBAHOTO 3pa3ka. TakuM 4MHOM, XiJ peakiii

MO>KHA BH3HAYUTH JIMIIE MIJISTXOM JUCKPETHOTO BiAOOPY Mpo0 13 peakTopa depe3 MeBHi
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npoMixku gacy. Ilicns uporo pepmMeHT iHAKTUBY€ETHCA. B 111 mepion «HEBU3HAYEHOCTI»
(dbepMEeHTaTUBHUN TMpOLEC B pEakTopi MoOkKe a0 TMOBHICTIO NPUIUHUTHCS, a0o
MPUCKOPUTHCS 32 PAXyHOK MOSIBU HOBUX MPOJYKTIB, IO MOXKYTh BU3BaTU OpOJIIHHS, Ta
OyTu axkTuBaTOpamMu abo iHriOiTOpaMu OCHOBHOTO (epMeHTy peakuii. Bcepeauni
peakTopa € JaTYMKU TEMIIEpaTypH 1 KUCIOTHOCTI PEaKkLiMHOTO cepeOBHIIIA.

YacTo 3aCTOCOBYBAaHMM METOJOM JOCTIDKEHHS (EpMEHTATUBHUX pEaKIIn
rigpomizy OUIKIB Ta BU3HAYEHHS KOHIICHTpAIlli KIHIIEBOTO MPOIAYKTY IHUX PEAKIINd €
crektpodoroMmerprunuii Metoq [125]. MeTon 3acHoBaHHiT Ha BUMIpIOBaHHI aOCcopOIii
3a0apBJICHOTO MIPOAYKTY, 1110 YTBOPIOETHCS M1l YaC peakKiiii TiApoizy, SKa Npornopiiiiia
KOHLIEHTpaWii NpoaykTy. JlJisi BA3HAYEHHS CTYMEHs TiIpoJii3y CIEeKTPOPOTOMETPUUHUM
METOZIOM Ta IHIIMMHU aHATITHYHUMH XIMIYHUMH Metomamu [122, 123] morpeOyeThCes
MepEepPUBAHHS PeaKilii TApoi3y y pi3HI MOMEHTH 4acy, 1[0 € OCHOBHUM HEOJIIKOM.

TakuM 4YMHOM, aKTyaJIbHOIO 3aJla4€i0 B Cy4yacHI O10TEXHOJIOTiT BUPOOHUIITBA
JIKApChKUX 3ac00iB, XapuyoBUX IMPOJAYKTIB € po3poOKa METOMIB Oe3nepepBHOTO
MOHITOPUHTY (PEPMEHTATUBHOI peakKiii riapoizy O1aka 0e3 Biaoopy npood 13 peakiiitHoi
30HU Ta 06€3 3ynuHKH peakilii. OCKUIbKU CUCTEMHU, B IKUX B1I0YBaIOTHCS (pepMEHTATHBHI
peaxiii, € BOJAHMMH pO3YMHAMH OPTaHIYHMX PEUYOBHH, BOHU XapPaKTEPU3YIOTHCS
cuwibHuM TormHaHHAM B HBU-mianmaszoni, Tta pgificHa Ta ysBHa yactuau KJIIT Bomm
IIBHUAKO 3MIHIOIOTHCS B 3aJIC)KHOCTI BiJ YacTOTH B I[bOMY [iama3oHi yactor [28].
Hienextpomerpuuni BumiptoBanHs K/[I1 B obnacti nucnepcii AlCHOT Ta ySIBHOI YaCTUH
K/IT Boau 103BOJISAIOTH OTpUMATH iH(OpMAIIiO PO mepedir GioxiMiYHUX peakii [25,
126]. 3wmiHa CHIBBIIHOIICHHS 3B'A3aHMX Ta BUIBHHUX MOJCKYJ BOJM B  XOMIi
(dbepMeHTaTUBHUX TpoueciB npu3BoauTh 10 3MiHu KJIIT uux po3umniB. B pesynbrari
B3a€MOJIIi OIOMOJIEKYT 3 PO3YMHHUKOM Ha TOBEPXHI MOJEKYJ YTBOPIOETHCS Iap
3B'I3aHUX MOJICKJ BOJM, SIKMM XapaKTepU3yEThCS dYacoM penakcarii (4acom
BCTAHOBJICHHS TEPMOJMHAMIYHOI pIBHOBAru) 3HAYHO OUIBIIMM, Yy TIOPIBHSHHI 3
BUTBHUMH MOJIEKYJIAMH BOJIM Ta 3MEHIIIEHHSM PYXJIUBOCTI MPUIIOBEPXHEBUX MOJIEKYI

BOJIH, 1110 TIPpU3BOAUTH 110 3HmxkeHHs KJIIT po3unny [15], [65, 95].
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Po3ymitoun akTyanpHICTH pPO3POOKH Oe3mepepBHUX METOAIB MOHITOPHHTY
010JI0T1YHO aKTUBHUX PEYOBHMH Ta BPaXOBYIOUM OIMHKCaHI B po3aiiai 1 mepeBaru MeTomy
MIKPOXBWJIBOBOT ~JTU(PEPEHINIMHOI IeTeKTPOMETpii JJId  JOCHIIKEHHS O10JIOT1YHO
AKTUBHUX PEUYOBHH y BOJAHOMY pO3UMHI, 3alpONOHOBAHO HOBHM MAXIA I
MOHITOPHUHTY Tlepeliry (epMeHTaTUBHUX peakIlii y pealbHOMYy 4aci 3a MOKa3HHKaMH
K/IT upx peakmiifiHuX CyMIiIlIei, BIACTUBOCTI SIKUX 3MIHIOIOTHCS 3 4acoM peakiii [25,
126]. Pe3ynbraTté MiKpOXBWIBOBOI nu(EpeHITiHOI mienekTpoMeTpii Bu3zHaueHHs KII
peakIiiHuX CyMIIlIeH, B SKUX B1IOyBaeThcs (hepMEHTATUBHA peakIlis Tiapofiizy Oiaka
miaTBepkeHi pedynpraramMu  Metonxy UV-Vis cmekrpodotomerpii [126]. Meton
MIKPOXBHJIBOBOI JI1€IEKTOMETPIi CTPIMKO PO3BUBAETHCS 3aBISKHU PNy IEpeBar mnepes
TpPaJAUIIITHUMU TEXHOJIOTISIMU MOHITOPUHTY (pepMeHTaTUBHUX peakiiii. Ha BiamiHy Bin
ICHYIOUYMX METOJIIB MOHITOPUHTY (EpPMEHTATUBHUX peakiiil Tiapom3y OLIKIB,
3aMpONOHOBAHUIM METOJI MIKPOXBHJIbOBOI JTU(PEPEHIIIMHOI 1IeIeKTPOMETPIii HE MOTpedye
BiJ1I00Opy MpoO 13 30HM peakilii, He MOTpedye BUKOPHUCTaHHS (HapOHUKIB Ta JTO3BOJISIE
Oe3nepepBHO BU3HAUAaTH JICJIEKTPUYHI XapaKTEPUCTUKUA peaKIidHOI cymiml 3

MOXJIMBICTIO TTOAANBIIIOT0 BU3HAYEHHSI KOHIIEHTpAIIlli cyocTpary.

4.1 PesyabraTn BusHaueHns KJIII cymimneii, B skux Bin0yBaerbesi pepMeHTATUBHA
peakiisi rigpoJiizy Oijika

3anponoHOBaHO HOBUH MiJIX1]] MOHITOPUHTY (DEPMEHTATUBHOI peakxilii T1ApoIIi3y
Oinka, KWW 3aCHOBAHO HAa BHW3HA4YCHHI AiMcHMX Ta yaBHUX yacTuH KJIII peakiiiiHoi
CyMillll, MOX€ 3JIiCHIOBaTHCA O€3MepepBHO Ta HE IHBa3WBHO 0e3 BiAOOpY mpol i3
peaxkmiitHoi cymimni. Koau HeoOXiH1 BIACTUBOCTI PEaKiiifHOI CyMil JOCITHYTI (a came
OTPUMaHO HEOOXiJAHE CIIBBIAHOIICHHS CyOCTpaTy Ta MPOJYKTIB TiIPOJIi3y), PEaKIiio
riApoi3y 3ynuHAIOTh. [ JoCHiKeHHs B AMHAMILI repediry pepMeHTaTUBHOI peakilil
riponi3y OiJika BUKOPHUCTOBYBABCS MIKPOXBWJIBOBHM JU(PEPECHINHHUN HICICKTPOMETP
Ha yactoti 31.82 I'Tu (rmaBa 2, Puc. 2.7), skuii paHillle HE BUKOPUCTOBYBABCS IS

JUHAMIYHHUX BUMiproBausb [16, 19, 20, 66].
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3acTOCOBaHO Taki MOJENbHI CyMIllll B SIKHUX BiIOyBaeThCs (pepMeHTaTHBHA
peaxiisi Tiapoi3y 3 BUKOPUCTAHHAM CyOCTpaty, Ha Mpukiaal O6inka imyHornooyminy G
JIOJIMHYU 200 aab0yMiHY 3 JOJaBaHHSIM T1IPOJITUYHOTO (DEPMEHTY TPUIICUH. TPHUIICHH €
JIOOYJIPHUM O1JTKOM CEPEIHHOTO PO3MIPy, TOJOBHOIO BIACTUBICTIO SKOTO € y4acTh Y
nepeTpaBiieHH] OUIKiB. TPUIICHH BUAUISIOTH 3 MIJNIIYHKOBOI 3aJI03M BEJIUKOI poraroi
XyJoO0u, BIH BOJIOJAIE CYOCTpaTHOIO CHEHU(IYHICTIO, IO 3aCHOBaHA Ha PO3PHUBI
NENTUAHUX 3B'SI3KIB B OUIKY TUIBKM MK KapOOKCHUJIBHOIO TPYMOK apriHiHy abo
KapOOKCHJILHOO TPYITOIO JII3UHY Ta aMiHOIPYIIOI CYCIAHBOI aMiHOKUCIOTH [127].

[IpoBeneHo AWHAMIYHE BU3HAYEHHS MAICJIEKTPUYHUX IMApaMETpiB Ha MpPUKIajl
IBOX (DEpMEHTATUBHUX CHUCTEM, IO MICTATH OUIKOBUM cyoOcTpaT (imyHOrnooyniHn G
JOIUHU a00 CUPOBATKOBUN aNbOyMiH JIIOAMHHU) 3 JOJaBaHHSM TPHUIICUHY, METOJOM
MIKPOXBUJIBOBOI AU(PEPEHIINHOT AieaeKTpoMeTpii. [l mpurotyBanHs (epMEHTaTUBHOI
peakiiitHoi  cymimm  ais  MIKpOXBWJIBOBHX — JICJIEKTPOMETPUYHUX  BHUMIPIOBaHb
BUKOPHCTOBYBAJIM HACTYITHI KOHIIEHTpAIlli pO34MHIB O1IKIB a1b0yMiHY, IMyHOTJIO0YIIIHY
G Tta Tpuncuny: 1) BogHuil po3uuH anbOyminy 2.5% («biodapma», Kuis, Ykpaina) 3
tpuncuaom 0.1% («biodapmay, Kuis, Ykpaina); 2) Boguuii po3und ansoyminy 10% 3
tpunicuHoM 0.1%; 3) Boguuii po3unH imyHornoOyniny G 10% («biodapmay, Kuis,
Vkpaina) 3  tpumncunom  0.1%. B mienekTpoMeTpHUYHHMX ~ BHUMIPIOBAHHSX
BUKOPUCTOBYBAIH MPOTECOTITUYHUM (DEPMEHT TPHUIICHH 3 MIANLTYHKOBOI 3aJI03U BEIUKOT
poraroi xymoou («Merck», €C), 3 konuenrtpauicro 0.1%, sxuil karamizye TiApoi3
OUIKIB 10 amiHOKuCHOT 1 mominenTumiB. IlepeGir ¢depMeHTATUBHUX peakIliii
CIOCTEpirajiv 3a KIMHATHOI Temreparypu 22+1°C.

Ha Puc. 4.1 3006pakeHO pe3yabTaTH JUHAMIYHOTO BU3HAYEHHS PI3HUIIL J1HMCHOT

Ah'=h -h/ ta ysaBHOT Ah"=h-h YacTHH KOMILUICKCHOTO KOe(Dilli€HTa MOIIUPEHHS XBUIT
HE,, 11 nuctunboBanoi Boau (1), BOAHMX poO3uyuHIB iIMyHOrnoOymiHy G 3

KOHIIeHTpari€e 2.5 % (2), anpOyminy 3 konuentparitier 2.5% (3) 1 10 % (4), ta mis
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BOJIHO-OLTKOBOT (pEpMEHTATUBHOI PpEaKLIMHOT CyMIlll BiJl Yacy peakiii TiIpoii3y

okpemo O11KiB iMyHOTII00Y iHY G (5) 1 cupoBaTKOBOTO abOyMiHy Jtoauan (6 Ta 7).

0,062,

7 0,04+

Ah', cm

0,0244.

0,00+

gac peakIiii, XB. yac peaxiiii, XB.

Puc. 4.1. 3anexHicThs pI3HUIL JIMCHOI (a) Ta ysaBHOI (0) 4YaCTUH KOMIUIEKCHOTO
KoeillieHTa MOIIUPEHHS] XBWJI BiJl Yacy peakilii Triapoiizy Oiunka iMmyHornooyniny G
JOMHU a00 CHUPOBATKOBOTO anbOyMiHy mtoaunu. [udpamu mosznaueno: 1 — Gazosa
HYJIbOBAa TOYKA JUISA BOJHW, 2 — 3HAYCHHS IS BOAHOTO PO3YMHY IMyHOTIOOyIiHY G 3
KOHIIeHTpartti€ 2.5 %, 3 — BogHOro po3unny anboyminy 2.5 %, 4 — BOMHOTO PO3YHHY
anpOyminy 10 %, 5 — imynornooymniny G 2.5 % 3 tpuncunom 0.1 %, 6 — anpOyminy
2.5 % 3 TpunicunoMm 0.1 %, 7 — ans0yminy 10 % 3 Tpuncunom 0.1%

[ToxuOku, HaHeceHi Ha Tpadikax, BKIOYAIOTH CEPeIHI 3HAYEHHS MOXHUOOK
BHMIpIOBaHb Ha OCHOBI I’STH cepiif BumiproBanb (Sh' =£0.001 cm™ i 6h"=+0.015 gb/cm)
1 a0ConioTHI MOXMOKM BU3HA4YeHHS pi3HUII (a3 ta ammmtya xswn HE;. 3i

30UTBIIEHHSIM 4Yacy (epMEHTATUBHOI peakiiii 3MEHIYEThCS PI3HULS AIMCHOI Ta YABHOI
YaCTMH  KOMIUIEKCHOIO  Koe(illieHTa  TOIIMUPEHHS  XBWIL. TakuM  YHUHOM,
MIPOJIEMOHCTPOBAHO MOJKJIMBICTH JI€TIEKTpoMeTpa (DIKCyBaTH BIAMIHHOCTI AIHMCHOI Ta
ySIBHOI YaCTUH KOMILJIEKCHOTO KOe(ili€eHTa MOIMUPEHHS XBUJIl BIPOJOBXK Yacy peakilil
riipomizy OUIKa TMOPIBHSHO 3 eTaloHHOI piauHOor0. 3HavyeHHs KJIII Boam, BomHUX
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po3unHiB iMyHOTTIOOYMHY G 2.5%, ansbyminy 2.5% Tta 10%, BomHHX pO34HMHIB OLIKIB
ta Tpuncuny 0.1% Big gacy peakiiii npeacrasieni B Tabmur 4.1.

Ha Puc. 4.2 npencraBiieHo 3aJI€KHOCTI PI3HUII TIHCHOT Ag'=¢g[ —¢g! Ta pi3HMII
ysBHOT Ag" =¢g] — &/ vactun K/II1, konu B oiHIN KOMIpPII MIiCTUTBCS pedepeHCHa piTuHa
(r), Ta B iHmi#A — piguHa, mo gocaimkyerbes (). Hudpamu na Puc. 4.2 mo3HaueHo
3HAUCHHS JIA. AUCTHIbOBaHOI Boau (1), BOAHUX pO3UMHIB iMyHOTIOOymiHY G 3
KoHLeHTpaliero 2.5 % (2), ans0yminy 3 koHuentpartieto 2.5% (3) 1 10 % (4), ta nis
BOJIHO-OUIKOBOT (PEpMEHTATHBHOI pEaKIiiHOT CyMIIll BIJ Yacy peakiii Tiaposizy

oKpeMo OUIKIB iMyHOTTI00y iHY G (5) 1 cCMpOBaTKOBOro alibOyMiHY JitoauHU (6 Ta 7).

4,5

3,0

A 8ll

1,5

0,0

qac pCakiiil, XB. qac peaKui'l', XB.

Puc. 4.2. 3anexxHocTi pi3HULb A1HcHOT () Ta ysaBHOI (0) wactun KT Big vacy peakiii
rigponizy Oinka juisi: 1 — Boau, 0Oa3oBa HyJbOBa TOYKa, 2 — BOJHOTO PO3YUHY
imyHornoOyminy G 2.5 %, 3 — BogHOTO po3unHy ans0yminy 2.5 %, 4 — BOJHUN pO3YUH
ansoyminy 10 %, 5 — imyHornoOyniny G 2.5 % 3 Tpuncunom 0.1 %, 6 — anpOyMiHy
2.5 % 3 tpuncunom 0.1 %, 7 — ansOyminy 10 % 3 tpuncunom 0.1%. IlyHkTupHa cUHS
JiHIA — pi3HuIS JiicHOT Ag’ Ta ysBHOT Ag” wactun KJIII nns Bomm 3 ypaxyBaHHSIM
HarpiBy piauH y komipkax Ha 1°C BOpoJIoBXK 4acy peakiiii. 3amrpuxoBaHa o0jacTh —
noyaTok (epMEHTATUBHOI peakilii riapofizy OUIKIB (IoJaBaHHS TPUIICHHY IO BOIHO-

OLTKOBUX PO3YHHIB)
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Tabmuns 4.1. MHificha Tta ysBHa vactunu KJII Boau, BOAHMX pO3YMHIB OLIKY
imyHornoOyniny G 2.5%, cupoBatkoBoro ans0yminy jroaunu 2.5% ta 10% Ta BogHUX

po3umnHiB O11K1IB 3 TpuricuHoM 0.1% B 3a71€KHOCTI BiJl 4acy peakiii

Yac peaxiii,

!

"

XB. ¢ ¢
Bona
0 23.714 31.00
Imynorno6ynin G 2.5%
0 18.375 28.025
Imynorno6ymnin G 2.5% i tpuncun 0.1%
1 18.5 28.4
9 19.15 28.8
18 19.575 29.05
34 20.512 29.4
56 21.25 30
anbOyMiH 2.5%
0 20.875 29.35
anpOymi 2.5% i tpuncun 0.1%
1 20.925 29.425
7 21.125 29.6
17 21.512 29.925
29 21.75 30.187
39 21.825 30.35
anpOymin 10%

0 20.487 26.275
anpOymid 10% i rpuncun 0.1%

1 20.462 26.337
7 20.975 26.55
18 21.225 26.625
34 21.387 26.75
40 21.5 26.8

3MeHIIeHHsT 3HayeHb pI3HMLb AiiicHoi Ta ysBHOI wyactuH KJII peakiiitHoi

cymimi Ta HaOmwkeHHs 10 3HadeHb KJIII Bomau, BOpogoBx dYacy ¢epMeHTaTUBHOI
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peaxiii Tiapomizy OiTka, MOKHA MOSCHUTH 301TBIICHHSM KUTBKOCTI BUTBHUX MOJICKYJT
BOJAM B JOCIIPKYBAaHOMY BOJHOMY po3umHI Oinka 3 TpurncuHoM. lle BimOyBaeThcs
BHACJIJIOK PO3IICTUICHHS O1JTKOBUX MOJIEKYJI Ha OB APiOHI MENTHUIH, IO CIIPUYUHEHO
JE€I0 TPUTICHHY. BHACTIIOK YOTO MOCTYMOBO 3HIKYETHCA KOHIEHTpAIlis OUIKY 3 4acoM
peakiiii TiApomi3y, Ta YMM HIKYa KOHIIGHTpalis Oinka, TuM Ouibie 3HaueHHs KJIIT
BOJHO-01JIKOBOTO PO3UMHY HAOJIMKYIOThCA 10 3HaueHb KIIT Boau.

3unauenns KJII BogHux po3yuHiB OUIKIB 3 TPUIICKHOM BIIPOJIOBXK MOHITOPUHTY
dbepMeHTaTUBHOI peakilli TiApodizy OIKIB MaloTh TEHACHIIO 10 30UIbIICHHS 31
30UIBIICHHSM Yacy peakilii Ta mparHyth a0 3HadeHb KJIII Boau, mo BiaOyBaeThCs
BHACIIJOK 30UIBIIEHHS KUJIBKOCTI BUIBHUX MOJIEKYJ BOJIM Y BOJHOMY PO34YMHI OUIKY 3
TPUIICUHOM. 31 30UJIbIIIEHHSIM KOHIIEHTpallii anb0yminy Big 2.5% mo 10% croctepiraemo
3MEHIIEeHHs [iicHOiI Ta ysaBHOI vactuH K/II 1nux BOIHO-O1IKOBUX pO3YMHIB, I
pe3ynbTaTi J00pe y3roKyroThes 31 3HaueHHs MU KJIIT s Tux camux BoJIHO-O1IKOBUX
po3uuHiB, otpumanumu B [70, 111, 128].

JAMHaMiYHI yYMOBM BH3HAYeHHS [JiCJICKTPOMETPHYHMX BJIACTHMBOCTEH
(epMeHTaTUBHOI peakiii riapoJi3y Oinka. BusnaueHHs mificHOI Ta ysIBHOT 4acTHH
KJIIIT BOAHO-OUIKOBUX PpO3YMHIB B 3aJ€KHOCTI BiJ KOHIEHTpallli MPOBOIWUIU B
CTaTUYHHMX YMOBAaX IMPHU KIMHATHIM TeMIIepaTypi, Ta TEMIEPATYPHI JaTYMKUA B KOMIpKax
BU3HAYAIOTh OJHAKOBY TEMIEpPATypy pIAMHU B 000X BHUMIPIOBAJLHUX KOMipKax.
Biaminnocti KT BUHMKAaIOTH BHACTIAOK 301JIBIIIEHHS KUIBKOCTI BUIBHUX MOJIEKYJI BOJIU
B pPEaKIliifHii cyMillli, TOB’s13aHi 3 Iepe0iroM pepMEeHTATUBHUX O10XIMIYHUX PEAKIIii.

MomnitopuHr niepediry pepMeHTaTUBHOI peakIlii TiApoi3y OijJka MpOBOAUBCS B
JUHAMIYHUX yMOBaxX BHMIPIOBaHb, B IIPOIIECI YOrO CIOCTEPIrajJoch IMiBUILEHHS
TEMIIepaTypy PIIMH B KIOBETax JieleKkTpoMeTpy He Outbine 1°C BpogoBxk 01m3bko 60
XBUJIUH (epMeHTaTMBHOI peakiii. [ligBUIIEHHS TeMmIepaTypu PpIIUH B JABOX
BUMIPIOBAJILHUX KOMIpKaX BIIOYBA€ThCSI BHACIIIOK MIKPOXBUILOBOTO HArpiBy KOMIpOK
3 JIOCIIJIKYBAaHOIO Ta €TAJIOHHOKO PIIWHOIO i Yac JTUHAMIYHUX YMOB BHUMIPIOBaHHS.

[ligBUILIEHHS TeMIlepaTypy PIAMHU B 000X KOMIpKax 3 yacoM (hepMEHTATUBHOI peaKilii €
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€KBIBAJICHTHUM. BiIMIHHICTh 3HAUEHHS TEMIIEPATypU Ha MOYATKY PEaKIIii BlAPI3HAETHCS
BiJl 3HAUEHHS TeMIlepatypu micis 60 XB. CIOCTEPEXKEHHS 3a PEaKII€l0 Ha BeMUUHYy At
omusbko 1°C.

[ToTyXHICTh MIKpOXBUIILOBOI'O CHUTHATY Bija reHepatopa gAopiBHioe 100 MBT. Ls
MOTYXKHICTh PO3MOAUISETHECS HAa JIBI KOMIpPKM HaBmiia. llepex KOXHOIO KOMIPKOIO
BCTAHOBJICHO aTEHIOATOp 13 3aracaHHsM Ha piBHI 10 nb. TakumM 4YMHOM, MOTYXHICTh
MIKpOXBUJILOBOTO CUTHAIY Ha BXOJ1 KO>KHOT KOMIPKHU JOpiBHIOE 5 MBT. L moTyXHICTB
MIKPOXBUJILOBOTO CUTHAIY MPU3BOJIUTH 0 HArPIBAHHS KOMIPOK, 110 MICTSTh €TaJOHY
Ta JOCHIKYBaHy piauHU. BapTo BiA3HAYWTH, 110 BUSIBIICHHS PI13HUII MK 3HaYCHHSIMU
KIAIl mocnimkyBaHOi piIMHA B OAHIA KOMIpLI Ta €TaJOHHOI PIAMHU B I1HIIN —
BIIOYBA€ThHCS 3a OJIHAKOBUX TEMIIEPATyp, IO BU3HAYAETHCA JAaTUYMKAMU TEMIEPATyp B
000x MoMipkax. Y po3zpaxyHkax K/II piauH BpaxoBaHO L0 3MIHY TeMIepaTypu B
KOMIpKax JIEJIEKTPOMETpY IIiJl Yac JUHAMIYHUX YMOB BUMIproBaHHS. [l 11p0TO
3aCTOCOBAHO CKOpUroBaHy Meronuky BuzHadeHHs KJ/III nmocmimxyBaHOi piauHH, sKa
NOJIATa€ B HACTyOHOMY: 1) IpW MNOTOYHOMY 3HAYEHHI TEMIIEPATypU BUMIPIOEMO
pizauiio ga3z Ag 1 amrnityn AA xBumi HE,;, 110 NMOMUPIOETHCS B3IOBXK KBaPIIOBHX
CTPWXKHIB Yy KOMIpIIl 3 €TajJOHOI PIAMHOI Ta KOMIPII 3 JOCHIIKYBAHOIO PIAMHOIO;
2) smaroun KJII1 eramonHoi piguHuM, & =& +i& , NP NOTOYHOMY 3HAYEHHI
TeMIEpaTypy Ta PO3B’A3yI0UN XapaKTepPUCTUUHE PIBHIHHSA (2.8) 3HaX0AUMO KOE(DIIIEHT
dasu h Ta koedimient 3aracanus h' XBWI TS JOCTIIKYBAHOT PiAMHK; 3) HACTYITHAM
KPOKOM € pO3B’si3aHHA OOEpHEHOi 3a/Jadl, PO3B’SA3YIOUM XapaKTEPUCTUYHE PIBHSIHHS
(2.8), mast Busmauenus KJIIT mocmimkyBaHOi pimvuu & =& +ig. Yci pesynbratu
JTUHAMIYHUX BUMIPIOBaHb OTPHMMAaHI BIAMOBIIHO J0 OMHUCAHOI BUIIE MPOIEAYPH, TAKUM
YIHOM, BpaXOBaHO BIUIMB ITiIBHIIEHHS TemnepaTypu Ha 3HaueHHs K/ nqocmimkxyBaHoi
PIAMHYU BHACIIOK MIKPOXBHIIBOBOTO HarpiBy.

3nauennss KJIT gocmimpkyBaHMX pO3YMHIB OTpPUMaHi 3 PO3B’S3aHHS PIBHSIHHS

(2.8), BHKOPHCTOBYIOYHM KOMIT'FOTEpHY mporpamy. Yucenvui noxubku BU3HAYCHHS
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niicnoi Ta ysBHOI 4actuH KJIII cunbHO TOrNMHAIOYMX PIOAUH  JTOPIBHIOIOTH

&:r']um =+0.34% Ta 5gr':um =+0.62% BIJAMOBIAHO, 10 BUHUKAIOTh BHACIIIOK BUKOPHUCTAHHS

BHUCOKO ociTorounx (yHKIii beccens ski BXoasaTh 10 piBHAHHSA (2.8). Takum uuHOM,
OCHIJTIOIOYMI XapakTep NUX (QYHKIIAH MOXE BIUIMBATH Ha TOYHICTh OTPUMAHUX
pe3ynbTaTiB. UyTnuBicts Bu3HaueHHS KJ/{I1 CHMIIBHO MOTIMHAIOYMX PiJH, IOB’s3aHa 3
abconromuumu  noxubkamu, ki popiBHoOTE 0.5% Ta 3+5%, BiamoBimHO mpU
BU3HAUCHH1 AificHOi Ta ysaBHOI yacTuH K/II1 BogHuX po34uHIB O10JIOTIYHO aKTUBHUX

PEUYOBHH, K1 OTpHMaHi 3a (OpMyJIaMHu.

o¢!

abs.

(4.1)

" 2 " 2
58;’b5 = [M5¢meas.] +[A85Ameas.]

OtpuMaHi 3Ha4YeHHsS NMOXMOOK BHW3HAYCHHS JiiicHOT Ta ysBHOI yactuH KJIII
NOPIBHSAHI 3 MOXMOKaMH, OTPUMAHWMH I1HIIMMH MIKPOXBMJIBOBUMHU METOAAMU JUIS
BOIHO-01IKOBUX po3unHiB [67, 70]. Lle o3Havae, 110 BUKOPUCTOBYIOUH Hi€IEKTPOMETP
JUISL. MOHITOPUHTY (EepMEHTATUBHOI peakilli TiApoii3y OuTka, MOXJIHUBO PO3PIZHUTU
HEBEJIMKI BIJIMIHHOCTI JOCIII)KYBaHOT'O PO3YMHY BiJl €TaJOHHOI PIIWHHU, CIIPUUUHEH]
3MIHOIO KOHIIEHTpaIlli Oiika B pO3uWHI Mmija 4ac mepediry (epMeHTaTHBHOI peakilii, 3a
MOKa3HUKaMHU J1HMCcHOI Ta yaBHOI yactuH K/IT po3uuny.

TakuMm 4YMHOM, BIEpIIE MNPOJEMOHCTPOBAHO MOKJIMBICTh O€3MEePEPBHOIO
MOHITOPUHTY (DEpMEHTATHBHOI peakIlii TiIpoii3y OijKa y peaJbHOMY 4aci 0e3 BiaOopy
npoO, M0 3aCHOBaHMM Ha BHU3HA4YeHHI AllicHOI Ta yaBHOI yactuH KJIII peakuiitHoi
CYMIIlli, 3aCTOCOBYIOUN MIKPOXBUJILOBUHN AUGEPEHITINHUN AICTEKTPOMETpP. 301TBIIICHHS
3HaueHb KT mocmimpxyBaHOl peakiiifHOiI CyMilll BIJTMOBIIa€ 3MiHI B CIIBBIIHOIICHHI
BUIBHUX Ta 3B’SI3aHUX MOJIEKYJ BOJM B PO3YMHI BIPOJOBXK MOHITOPUHTY
dbepMeHTaTUBHOI peakilii rigpoiizy OiiaKka, Ta CIPUYMHEHE MOCTYNOBUM 3MEHIICHHIM

KOHIIEHTpAIlii OUIKY 3 9aCOM peaxiiii.
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4.2 Pe3yabTaTu BUMipHOBaHHA a0copOuii (pepMeHTATHBHUX peaKkUiliHMX cyMmilnei
ripoaizy Oijika cnekTpo(poTOMEeTPUIHUM METOAOM

Jns miaTBepJUKEHHS pe3yJbTaTiB BUMIPIOBaHHS ()EPMEHTATUBHUX peakIliit
JIEJIEKTPOMETPUYHUM METOJOM OIIIHEHO KOPEISIII0 Pe3ynbTaTiB IudepeHIliiHOTO
MIKPOXBHJIBOBOTO  JIICJICKTPOMETPUYHOTO BHUMIPIOBAHHS BOJHOIO PO3YMHY OljIKa
(imynornoOyainy G abo anpOyMmiHy) 3 TPHIICHHOM 3 pe3yJbTaTaMH, OTPHUMaHHMHU
metogom UV-Vis cnekrpodoromerpii (MapturoB A.B., IY IncTHTyT MiKpoOGiosorii Ta
imynosorii im. 1. I. MeunnkoBa HAMHY, Xapkis, Ykpaina). s gocmimkens UV-Vis
CHEKTPOPOTOMETPUYHUM METOJOM MPUTOTOBAHI HACTYMHHI pO3YMHU: 1) BOAHMI pO3UYMH
imyHornoOyminy G moaunu («biogapma», KuiB, Ykpaina) 3 konuenrpauiero 0.1% ta
tpunicuHom  («Merck», €C) 3 xonnentpamiero 0.001%; 2) BomHMil pO3YUH
CUpPOBATKOBOro anpOyMiHy JroauHu («blodapmay, KuiB, YkpaiHa) 3 KOHIIEHTpaLI€O
oinka 0.002% Tta tpuncunom («Merck», €C) 3 xonuentparieto 0.00002%. Metoau
CHEKTPOPOTOMETPIi Ta JICIEKTPOMETPii BUKOPUCTOBYIOTHCS JUIsl BUMIPIOBAHHS Pi3HUX
(GI3MYHUX ~ BJIIACTHUBOCTEH pevoBWH. Bapro 3asHaumtn, mo wmetoxg UV-Vis
ciekTpooToMeTpii ePeKTUBHUI came MTPU HU3BKIM KOHIIEHTpAIlll PEUOBUHU B PO3YHHI,
OCKIJIbKM BHCOKI KOHLEHTpalli MOXYTb MPU3BOAWTH JIO0 HACHYEHHS CHUTHAIY 1
YCKJIQJHIOBATH TOYHE BUMIpIOBaHHS abcopOirii. Otxke, BUMIPIOIOYH aOCOPOIIito
metoaoM UV-Vis criektpodoTomMeTpii 3a3BUuaii BAKOPHUCTOBYIOTh MEHIII KOHIICHTpALIii
PEYOBHHU B PO3YHUHI.

Ha Puc. 4.3 nopiBHSHO 4acOB1 3aJIEKHOCTI PE3yJIbTAaTiB BUMIpIOBaHHS abcopOiii
Uil (DEpMEHTATUBHUX PEAKLIMHUX CyMIlIed BOJHHUX PO3YMHIB IMyHOrnoOyimiHy G
JIOAWHHA 3 TPUTICKHOM Ta CHPOBATKOBOTO albOyMiHY JIFOJMHU 3 TPUIICHHOM JJIsI ABOX

METO/I1B 3 BUKOPUCTAHHIM KOediIieHTy Kopemsiii dimepa.
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1,08,

AbcopOrris
k=) =)
S K

o
\O
(@)

0,921

Yac peakuii, XB 9ac peaxuii, X8

Puc. 4.3 (a): 3anexHICTh IHTEHCUBHOCTI NOTJIMHAHHS (a0COpOIii) NENTUIHUX 3B’ SI3KIB Y
OUIKy, pO3UYMHEHOMY Yy BOJ1 3 TPHUIICMHOM BiJ 4acy peakiii TiApodizy Oiika, Mo
MICTHTBCS y KoMipii criektpodoromerpa UV/VIisS npu nosxuHi XBrti 210 HM IS ABOX
tumiB OinkiB: 1 — imyHOrnoOymim G 3 xonmentpamiero 0.1 % 1 TpumncuHy 3
koHneHTpariero 0.001 %; 2 — anmpObymin 3 kouHueHtpamiero 0.002 % 1 TpumncuH 3
koHuentpamiero 0.00002 %; (6): 3anexHOCTI YSIBHUX YAaCTHH KOMIUIEKCHOTO
KOe(DILIEHTY MNOIIMPEHHS XBWII IJIs AOCHIIPKYBAaHOI PIAMHM BiJ Yacy peakiii s
BOJAHUX po3uuHiB: 1 — imyHornoOymiHy G 2.5 % 3 Tpuncunom 0.1 %; 2 — ansOymiHy

2.5 % 3 TpunicuroM 0.1 %; 3 — aneOyminy 10 % 3 Tpuncurom 0.1 %

Ha Puc. 4.3 (a) HaBexeHO JiHIMHI 3aJeKHOCTI aOCOpOIii Ha JIOBXXKHMHI XBHUII
210 HM g OLIKOBMX PO3YMHIB BIJI 4Yacy peakilii. 3a I[i€l0 3aJIeKHICTIO MOXKHA
crioctepiratd 3a mepedirom (QpepMEeHTaTUBHOI peakilii, BU3HAYAIOYM KUIBKICTH OiJIKa
iMyHOr1OOYNMIHY G MoAMHM a00 CHUPOBATKOBOTO albOyMIHY JIOJWHU. 3MEHUICHHHS
3HaueHb a0copOIuli BiJ yacy Al PO3YMHIB OUIKa 3 TPUIICMHOM MOB’si3aHA 31 3MIHOIO
KOHIIGHTpaIlii OUIKYy B pO34YMHI BiJ 4acy peakilii BHACHIIIOK Jii TPUIICHHY, IO T00pe
y3TOJKYEThCSL 3 OTPUMaHUMH pe3yibTaTaMu iHImMX aBropiB B [125, 129]. TloxiOHwmit

€3yJIbTAT OTPUMYEMO IS 3aJIEKHOCTI yABHOI yacTuHU h” komruiekcHoro koedirieHTa
Y y y
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nomupeHHs HE ; XBUIl A BOAHO-OLIKOBOIO pO34UHY 3 ()EPMEHTOM TPUIICHH BlJ Yacy

dbepMeHTaTUBHOI peakIlii, mo npeacTaBieHo Ha Puc. 4.3 (6). 3MeHmeHHs KoeQilieHTy

3aracaHHd HE;; XBWIl B KOMIpPKax JIEIEKTPOMETpa AJsl BOJHO-OLIKOBOIO PO3YHHY 3

TPUIICUHOM B 3aJIe)KHOCTI BiJ "acy peakiii (Puc. 4.3, a) kopenroe 31 3MEHIICHHSIM YKcia
nentuaHux 3B’ s13kiB -CO-NH-, BHaciok npoiecy rigposi3y oiaka (imyHornooyniny G
a60 anpOyminy) TpurnicuaoM (Puc. 4.3, 0).

Po3paxoBano koedirienT kopensmii dimepa 3 piBHAHHS 3.1, BUKOPUCTOBYIOUHU
OTpHMaHi 3HaueHHs ysaBHOI wyacTuHM h" KoedilieHTa HONIMPEHHS XBHII (3aracaHHs

HE,, xBuni) Ha JOBXHHI XBHIl 9.4 MM (Meron audepeHIianbHOI MIKPOXBHIIBOBOI

JEJIEKTPOMETpIli) Ta 3HAYCHHS 1HTEHCHUBHOCTI MOTJIMHAHHA (a0copOllii) MenTUIHUX
3B’SI3KIB y OUIKY, pO3UMHEHOMY Y BOJIl 3 TPUIICHHOM Ha JTOBXHUHI1 XBUJ1 210 HM (MeTox
UV-Vis ciekrpodoTomeTpii) Bia dacy peaxiii riaposiizy Oiaka. 3HaAUCHHS MMOTJIMHAHHS
3a IOMMOMOTOI0 JIBOX €KCIEPUMEHTAIbHUX METOIB KOPEIIOIOTh, SIKIIO CITIBBIIHOIIECHHS
KOHIIEHTpAIlii PO3YMHEHUX pPEUOBUH «OUTOK:epmeHT» cTaHOBUTH 1:100 (TOOTO
1 mr/ma tpuncuny ta 100 mr/min 6inka). Koedimientu xopensiii dimepa st BOAHUX
po3unHIB OinKy (iMyHOTIOOYmMiHY G abo anpOyMiHy) 3 TPHIICHHOM 31 3HAYCHHSIMU

KOHIICHTpaIlii mpeacTasieHi B Tabmmi 4.2 ta Ta6mui 4.3.

Tabmuns 4.2. KoedimienT xopensii Dimepa a1 BOAHUX pO3YUHIB iMyHOTIIOOYIiHY G 3
TPUIICUHOM, TipeicTaBieHl Ha Puc. 4.3. Tun BUMIprOBaIbHOT CUCTEMU: MIKPOXBUIIbOBUN

nudepentiianii gieaexrpometp (1), UV-VIS ciekrpodoTomeTpuunnii Mmeton (2)

CHiBBIIHOIIIEHHS F
Tun Konuenrparnis KoHnuentpanis PO3YMHEHUX
BUMIPIOBAaHHS IMyHOTJIOOYNiHY | TpUICHHY, % pEYOBUH
G, % (TpuricuH:01J10K)
1 2.5 0.1 1:25 0.87
2 0.1 0.001 1:100
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Tabmuns 4.3. Koedimient kopensuii @imepa ais BOAHUX PO3YUHIB adbOyMiHY 3
TPUIICUHOM, TpejcTaBiieHi Ha Puc. 4.3. Tun BUMIpIOBaIbHOI CUCTEMU: MIKPOXBHIIbOBUH

mudepenuiiinuit gienekrpometp (1), UV-VIS cnektpodoTomerpuunuit metox (2)

CriBBIIHOIIIEHHS F
Tun Konuentpauiss | Konuentpartis PO3YMHEHHUX
BHUMIPIOBaHHS anbOyminy, % TPUICUHY, Y% pEYOBUH
(TpuricHH:0110K)
1 10 0.1 0.93
2 0.002 0.00002 1:100
1 2.5 0.1 1:25 0.64
2 0.002 0.00002 1:100

BusiBiena xopoima Kopemnslis JUIS  YacoBOi  3aJ€XKHOCTI abcopOmii s
JOCITIJIKYBAHOTO PO3YMHY JBOMa BUKOPUCTAHMMH METOJIAMH, ISl SKUX KOEQIIIEHT
kopessinii dimepa gopiBHoe 0.93 111 BOJHOTO PO3UMHY allbOYMIHY 3 TPUIICUHOM 3
KoHleHTpariero anpoyminy 0.002 % ta konuentpamiero tpurncuny 0.0002 % Ta
pO34MHIB 3 KOHLEHTpauiero anbOyminy 10 % Ta koHuentpauiero tpurncuny 0.1 %
(Puc. 4.1 a, 6, 3anexxHOCTI T HOMepoM 2). IlopiBHIOIOYM 3HAYCHHS aOCOpOIii JIs
pPO3YMHY 13 CHIBBIAHOIIECHHAM KOHIeHTpaiii 1:100 nms Tpuricuny ta 011Ky, OTPUMYEMO
koediieHT kopensauli Pimepa, OAM3bKUI 10 OJUHULLI.

Toni y BUMaKy, KOJIA CIiBBIIHOIIEHHSI KOHIIEHTpaIlii BipizHsieThes Bia 1:100,
koedimieHnT kopessuii Pimepa nopiBHioe 0.647. TakuM YMHOM, SKILO B3SITH OJHAKOBE
ciiBBigHOMEHHs KoHIeHTpaliid 1:100 po3unHeHNX pevyOBHH (0 MOYATKY PEaKIlii) It
MOPIBHSIHHS JIBOX METOJIB, OTpuMyeMo KoedimieHT kopensii dimepa, 6iu3bkuii 10
OJIMHUITI, MOKJIMBO CKa3aTH, III0 METOJI MIKPOXBUIBLOBOT A1€JIEKTPOMETPIi MATBEPIKEHO
BigoMuM ¢apmakonerinum metogom UV-Vis ciekrpodoTomeTpii.

Koedimient xkopensii dimepa oTpuMaB 3Ha4Y€HHS, OJU3bKI 10 OAWHUII, IO €
nokazoM  go0Opoi  kopensmii. Ile  miaTBepaKye  MOMXIIMBICTH  BUKOPUCTAHHS
JEJIEKTPOMETpa I JUHAMIYHOTO MOHITOPUHTY (PEPMEHTATHUBHOTO TiIpOJIizy OIKa.

Hes3Baxkatoum Ha Te, MmO i JOCHDKEHHS OyJau B3sATI PI3HI  KOHIEHTpalii
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depmenTaTuBHOTO CcyOcTpary (Hampukian, iMyHornoOymiH G abo ampOymiH), ane
CHIBBITHOIIEHHS PO3YMHEHUX PEUOBUH «OUTOK:(epMEHT» Mae OyTH HE3MIHHUM (Y
HamoMy Bumaaky Iie 1:100), mo0® MaTu MOXJIMBICTH TOPIBHATH Ta IEPEBIPUTU
PO3TIITHYTI METO/IH.

TakuM 4MHOM, 31 30LIBIIIEHHSIM Yacy peakilii B MPOoIecl pO3IMICIUICHHS CKIaJHUX
O1TKOBUX MOJIEKYJl Ha OLIbII JpiOHI MENTUIX TPUIICUHOM BiJIOYBAa€ThCS 301IBIICHHS
KUTBKOCTI BIJIBHMX MOJIEKYJ BOJM B PO34YHMHI, IIO MPHU3BOAUTH O 30UIBIICHHS 3HAYEHb
nivicHoi Tta ysaBHOi yactuH KJIII. 1Ii pesynpTaTd 3HAWUIUIM HiATBEPHKEHHS B MPOILIEC
NOPIBHSAHHSA 3 pe3ysibTaramu, oTpuManuMu UV-Vis ciekTpopOTOMETPUYHUM METOI0M,

PO 110 CBIAUUTH Koe(ilieHT Kopesii Dimepa OIU3bKUNA 10 OJTUHHUIILI.

4.3 BUCHOBKH 110 po3aiiy 4

1. TlpencraBieHo HOBHM MiAXiJl 3aCTOCYBAaHHS MIKPOXBHJIBOBOTO JTU(MEPEHIIHHOTO
JEJIEKTPOMETPY Ta Oe3nepepBHY METOAMKY MOHITOPUHTY mepeliry (epMeHTaTUBHOI
peakIlii Tiapoizy OiJika, 1110 3aCHOBAHO HAa BU3HAYEHHI JiiicHOI Ta ysBHOI yactun KJIIT
(dbepMEeHTATUBHUX CHCTEM, IO MICTITh OlIKOBUil cyOcTpaT (imyHornooymiH G abo
CUPOBATKOBUH albOyMIH JIFOJIMHU) Ta ()EPMEHT TPUIICHH B PEKUMI PEATBHOTO Yacy Ha
OCHOB1 BUMIPIOBAJIBHOI KOMIPKH Ji€JIEKTpOMETpa. 3a TOMOMOIOK MIKPOXBUILOBOTO
nudepeHIiiHOTO 1eJIEKTPOMETPY BIIEpIIE OTPUMAaHI Ta y3arajbHEHI JIaHl MPO 3MiHY
JIEJEKTPUYHUX TapaMeTpiB CKIAJHUX JMHAMIYHUX PpPEAKIIMHUX CHCTEM, B SKHX
BiIOyBa€eThCsl (DEPMEHTATUBHUM TIPOLIEC TIAPOi3y OUIKIB O6e3 pyiHyBaHHS (EpMEHTY 1
3YIUHKHU MPOIECY T1Apoaizy. BcTtaHoBIEHO, 110 TICHs J0AaBaHHS TPUIICUHY J10 BOJHO-
OUIKOBOTO PO3YMHY CIOCTEpITA€ThCS IOCTYNOBE 3HUKEHHS KOHIIEHTpalli OuIKYy,
BHACIIIJIOK PO3IICTUICHHS] MOJICKYJI 011Ky Ha O11bII APiOHI MENTHUIU il II€I0 TPUTICUHY .
3nauennst K/IT peakuiiiHoi cymimii 3 yacoM peakiii 30UTbIIYIOThCS Ta HAOIMKYIOThCS
no 3HaueHb KJIII Boau, mo BigOyBaeThCsl BHACHIIOK 30UIBIICHHS KIJIBKOCTI BUIBHHUX

MOJIEKYJI BOAM B JIOCIII)KYBaHOMY PO3UHMHI.
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2. PesynbraTé MOHITOPUHTY (DEpMEHTATUBHOI peaKiiii Iipoizy OUIKIB y pealbHOMY
yaci, OTpUMaHi METOJOM MIKPOXBWJIbOBOI  JUGEPEHLINHOT  ieNeKTPOMETPIi,
niaTBepKeHi pesyiabratamu UV-Vis criekTpodoToMeTprUIHUX JTOoCTikeHb. [Toka3aHo,

II0 3MEHIIECHHS KOEe(IUI€HTy 3aracaHHs XBuwil [//E; y BHUMIPIOBaIbHIA KoMIpLi 13

CYMIIIIIIIIO, B SIKii BiOYBa€eThCsl (PepMEHTATUBHUHN T1IpOIi3 OlIKa B 3aJI€KHOCTI BiJ 4acy
peakiiii, Kopeiroe 31 3MEHIIEHHSIM KUIbKOCTI MENTHUIHUX 3B’SA3KIB B OLJIKY BHACIIJIOK
IpoIiecy TiApodizy Oinka 3 TpurcuHoM. 11 maHi oTpuManu 100py KOpEIsIito, Mpo 10
CBiA4aTh OJM3bKI 10 OJUHMIN po3paxoBaHi koedimieHTu kopemsuii Pimepa. Takum
YMHOM, 3alpONOHOBAaHA METOAMKA 3 HOBMM 3aCTOCYBAHHSM MIKPOXBHJIBOBOTO
Ju(pepeHIiHOrO  JIeIEKTPOMETpa, 3 MOXJIMBICTIO NPOTOYHHMX BUMIPIOBAIBHHUX
KOMIPOK, € NEPCHEKTUBHUMHU JJIsl MOHITOPHHIY pEaKIlii riapojizy Oulka y peajbHOMY

gaci B MPOMHUCIIOBUX MacITadax.
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BUCHOBKHA
[IpencraBieni B nucepramniiiHii poOOTI BUCHOBKM 3aCHOBAHO Ha pe3yJibTaTax
EKCIIEPUMEHTAJILHOTO 1 YMCEIBHOTO aHali3y MOIIMPEHHS €JIEKTPOMATHITHUX XBWIb Y
XBWJIEBIIHUX CTPYKTypax, sIKi BKJIIOYAIOTh CHJIBHO TOTJIMHAIOUY PiauHY. PO3risHyTO
MPaKTUYHE 3aCTOCYBaHHS JOCHIKYBAaHUX CTPYKTYp Uil BU3HAUEHHS KOMIUIEKCHOI
JIeIEKTPUYHOI MPOHUKHOCTI PI3HOMAHITHUX PO3UYMHIB 010JI0T1YHO aKTUBHUX PEUOBHH.

1. Knacu¢ikoBaHO THNH XBUJIb, IO TOIMIMPIOIOTHCS Y KPYIJIOMY METajIeBOMY
XBUJIEBOJ1I 3 IICHTPAJbHUM KBapIlOBUM CTPM)KHEM OTOYEHHUM IIAPOM  CHUJIBHO
MOTJIMHAKOYOT PIAMHYU BIJAMOBIIHO JO THUITIB XBWJIb, IO MOIIUPIOIOTHECS Y METAJICBOMY
XBWJIEBOJI, 3amoBHEHOMY KBaproM. OtpumMaHO J00pe Y3TOMKEHHS YHCENIBbHO

OTPUMAHUX JOdHHUX 3 CKCIICpUMCHTAJIbBHHUMH JaHUMH  JJIA HEﬂ THITY XBHIII.

BcranoBneHo, 1110 HasBHICTh CHUJIBHO MOTJIMHAKOYOI PITUHU Y KPYTJIOMY JIBOIIAPOBOMY
XBUJIEBOM1 3 IEHTPAIBHUM KBapIIOBUM CTPH)KHEM IPHU3BOJIUTH O BIJCYTHOCTI 9acTOT
BIJICIKAHHS MOJI, Ha BIJMIHY BiJl OJHOPIJIHO-3aIIOBHCHUX XBHWJICBOMIB, SIKUM BJIACTHBI
YaCTOTH B1JICIKAHHS MOJI.

2. HaOyno monmanpIioro poO3BUTKY KOHCTPYKIIiSI KIOBETH MIKPOXBUIHOBOTO
nudepeHIiiiHoro JieeKTpoMeTpa 3 TIJABHUINCHOK YyTIWBICTIO Bu3HadeHHs KJIIT
CUJILHO MOTJIMHAIOYKUX PIAUH 0€3 BUKOPUCTAHHS peepeHCHOT PIIUHU, KA CKIATAEThCS
3 IBOX KOMIPOK PI3HOT JIOBXKWHHM, BHACIIIOK YOTO KOMIICHCOBAHO BIUTMB JU(PPAKIIHHUX
edeKTIB Ha Kpasgx KOMIPOK, a [IEHTPAIbHUHN NIeEKTPUYHUN CTPUKHEHb Ta TOHKUH I1ap
JIOCJT1I)KYBaHOT p1IMHU CITIBBICHI.

3. TlokazaHo, 110 B 3aJIEKHOCTI BiJT 3017bIIIEHHS] KOHIICHTpAIii 010J0T19HO aKTHUBHHUX
peyOBUH (aHTUOIOTHKH, TJIFOKO3a, CUPOBATKOBUHN anbOyMIH JIIOJUHH, IMyHOINI00YiH G
JIFOJIMHY, BOJIHI Ta COJILOBI PO3YMHHU aIbOYMIHY 3 TIIIOKO03010, AU(TEepIHHUIA aHATOKCHH)
y po3uuHi, BigOyBaeTbcs 3MeHieHHs 3HadeHb KJIII 1ux po3umHiB, BHACHIIOK
3MEHIIEHHS KUIBKOCTI BUIBHUX MOJIEKYJ BOJM y po3urHi. 3HaueHHa K/II1 uux po3unHiB
PO3PI3HAIOTLCSA I PI3HUX O10JIOTIYHO AaKTHUBHUX PEYOBHH y PO3YMHAX B Jiama3oHl

HU3bKUX KOHIEHTpaliid. OTpUMaHO Y3TrOJKEHHS JAaHUX 3MEHIICHHS KUIbKOCTI BUIBHUX
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MOJIEKYJT BOAM Y BOAHHX Ta COJIbOBUX PO3YMHAX AIbOYMIHY 3 TIIOKO30I0 METOJIO0M
MOJICKYJISIPHO-TUHAMIYHOTO MOJICIIOBAHHS 3TiAHO 30UIbLIEHHS Tifgpartalii Ta vacy
ICHYBaHHS BOJIHEBHMX 3B’SI3KIB MIXK MOJIEKYJIAaMH BOAM 3 MOJIEKYyJaMu OlJIKa Ta TIIOKO3H.
MinimanesHa MeXa BUSBICHHA O10JOTIYHO aKTHMBHUX PEYOBHH y BOJHOMY PO3UHHI,
OTpUMaHa [1eJICKTPOMETPUYHUM METOJOM IOpPIBHSHA 3 MEKEI0 BHSBJICHHS 1HIIUMU
Meronaamu, Ta gopiBHioe 1.22, 0.13, 0.28 ta 0.1 mr/mi, BiANOBIIHO IS TJIIOKO3H,
JeBoQIIOKCAIIMHY, aMiKalUHY Ta JIHKOMIIHHY.

4. TlpencraBiaeHO HOBUU MiAX1J 3aCTOCYBaHHS MIKPOXBHJIBOBOTO JU(EPEHIIIHOTO
JIEJIEKTPOMETPY Ta Oe3NepepBHY METOJIMWKY MOHITOPUHTY ()EpMEHTATUBHOI peaxili
rigponizy OulIKa, 0 3aCHOBAaHO HAa BHU3HAa4YeHH1 MiiicHOi Ta ysBHOI yacTuH KJIII
(dbepMEeHTAaTUBHUX  pEaKIIHHUX  CyMilled, 1o MICTATh OuIKOBUH  cyOcTpar
(cupoBaTkoBHIA aNBOYMiH JIIOMUHH a0o0 iMyHOTNOOymiH G momuHM) Ta (QepMeHT
tpuricuH. [lokazano, mo 3nadyenHs K/I1 peakmiiinoi cymirni 3 4acoM peaxiiii riipoiizy
Olka 30UTBIIYIOTBCS Ta HAOMMXKyrOThes a0 3HaueHb KJIII Boam, depe3 moctymoBe
3HUKEHHS KOHIIEHTpaIlil OUIKY, BHACIIJIOK YOrO KIJIbKICTh BUIBHHUX MOJIEKYJ BOJU B
PO3YHHI 301TBIITYETHCS.

5. BcraHOoBiEHO, IO 3MCHIIEHHS KOe(]ilieHTy 3aracaHHsa Xxswium HE, 'y
BUMIPIOBAJIBHIA KOMIpII MIKPOXBUJIBOBOTO AU(GEPEHIINHOTO [IEIEKTPOMETPY 13
CYMIIIIIIIO, B SIKIM BiIOyBa€eThCsl (pepMEHTATUBHA PEaKIlis TiPoJii3y OUTKa, KOPEoe 31
3MEHIIIEHHSM KUIBKOCTI TMENTHAHUX 3B’SI3KiB y OUIKy BHACIIIOK MPOIECY Tiapoiii3y
OlTKa 3 TPUIICMHOM 3a JIaHUMH BH3HAa4YeHHs abcopOiii, orpumanux metogom UV-Vis

criekTpodoToMeTpii, B 3aJI€KHOCTI B1JI Yacy peakiiii.
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