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ONTUKO-EJEKTPOHHI TEXHOJOTI'T] OLIIHIOBAHHS
3MIHU NEPU®EPIHHOIO KPOBOORBITY NMPU
®OTOHHOMY BILJIMBI /151 KOMIIJIEKCHOI' O
JIKYBAHHS XPOHIYHUX YCKJAJAHEHD IYKPOBOI'O
JIABETY

'Binnuupkuii HAIOHATEHUH TEXHIUHMIA yHiBepcuTeT, BiHHUIISA
X apkiBChKHiT HalioHanbHmi yHiBepcuTeT iMeni B.H. Kapasina, Xapkis
3 JTro6TiHCHKHIT TeXHOTOT UHMiT yHiBepenTeT «JIo6enbeka [Tomitexuikay, JToGmin
*JlepxaBHuit yHiBepcuTeT « KUTOMHIpPCHKA MOMTEXHIKaY, JKuToMup

AHoTanis. B cTarTi po3risiHyTO MEepCHEeKTUBHICTD BUKOPHCTAHHS (HOTOILIETU3MOrPad)iuHOrO METOAY TSl OLIHIOBAHHS MiKPOLHPKYJIATOP-
HHX 3MiH reprdepiiHoro KpoBooOIry s BUBYCHHS HPOLECIB, SKi BiOyBalOThCs pH GOTOHHOMY (i3i0TepaneBTHIHOMY BIUTUBI IS KOM-
IUIEKCHOTO JIIKYBaHHS XPOHIYHHX yCKJIaJHEHb IykpoBoro niadery. IToxaszaHo, mo (OTOHHe BHIIPOMIHIOBAHHS CIIPHSE IiABUIIECHHIO ea-
CTUYHOCTI CTIHOK KPOBOHOCHUX CY/IHH, ACTUYHOCTI EPUTPOLIUTIB, KUCHEBOTPAHCIIOPTHIN (GyHKIIIi KPOBi, aKTUBHOCTI KIITUHHUX MeMOpaH,
HPHUCKOPEHHIO MPOLECIB pereHepauii TKaHWH, 3MEHIICHHS OKMCIEHHs JIiMiliB, HOpMai3alil peoorivHuX MOKA3HUKIB KPOBI, CTHMYJISLIT
yrBopeHHsI AT® B MiTOXOHIpIsLX, IO IiABHUIIYe OiOCHEpPreTHYHUH MOTeHIian KiuiTHH. [Ticns ceaHCIB CBITJIONIKYBaHHS Y XBOPHX 3HHKAB
CHH/IDOM «TEpMOAMITYTallii», 3MEHIIyBAIIKCSI HAOPSIKU HIT, 8 TAKOXK 3HAYHO 3MEHIIyBanacs Oib B HOTax, MPOXOIIIO OHIMIHHS, IPHITHHSLIH-
cst cymomu Hir. [lokasaHo, mo ¢ororHe BumpominioBaHHs amapary «bapsa - CIC» npu3BOAMUTH [0 MPOTH3AMAIBHOI, IECCHCHOLTIZYIOUOI,
3HEOOIIOBAIBHOT, CIIA3MOJIITHYHOI, IPOTHHAOPSKOBOI Ailf, 0 1 MATBEPPKEHO B JAaHOMY JOCII/DKSHHI IIPH JIIKYBaHHI XBOPUX 3 YCKIIaIHEH-
HSIMH IyKpoBoro niabery. Jlnst KOHTpoJro piBHA nepudepiiiHoro kpoBooOiry BHKOPUCTOBYBaBcs (hororurernamorpadidnuii MeTon, sKuit
MOPIBHSHO 3 IHIIUMH BiJIOMHMH METOJIaMH JIOCIIPKEHHsI KPOBOOOITY Mae MeBHi IepeBaru, TOMY 110 J03BOJISIE TIPOBOJUTH JOCIIIKEHHS SIK Y
TIPOXiTHOMY, TaK i y BifOuTOMy cBiTii. BiH 103BOIIsIE OTpHMATH KOPHCHY iH(OPMAIIif0 PO CyANHHOI aKTHBHOCTI, CYTMHHOMY BiJIITOBIJIi Ha
cnenudiyHi PEeYOBHHH, a TAKOXK IMPOBOAUTH BUBYEHHS KPOBOOOIrY B 130JIbOBAHHMX CyJMHAX Pi3HOro Kanmiopy (BeHH, aprepii Ta iH.). Kpim
TOro, (hOTOCEHCOP HE BUKJIMKAE CTUCHEHHS CYAMH O10JIOTiYHOT TKaHMHH, TOOTO HE BHOCHTH MOPYIIEHHS KpoBooOiry. Takum 4uHOM, oye-
BUJIHO, 1[0 HAWOiIBII TIEpCIIEKTHBHAM HAIPSIMKOM peecTparlii (i3iooriyHuX mapamMeTpiB € BUKOPHCTaHHS HEIHBa3MBHHUX METOJIB JliarHO-
CTYBaHHS, cepe]] SIKMX LIMPOKOrO PO3BUTKY OTPHMAJIM ONTHYHI METOJM peecTpalii i nmepeTBopeHHs OioMenuuHol iH(opmarlii i 1o3Bosse
MIPOBOJIUTH JOCIIKEHHSI MIKPOLMPKYJIALIT B TKAaHWHAX JIIOJUHU 0€3 MOpYIIeHHS KPOBOOOIrY B JOCIIJDKYBaHIM JUISHII, IO € CYTTEBOIO
TIepeBarolo sk MEAMIHOI IPAKTHKH.

Karouosi ciopa: ¢oromnernsmorpamMa, ONTHYHI CeHCOPH, (pOTOHHE BHNPOMIHIOBAHHS, (isioTepaneBTHYHHI BIIMB, LYKPOBHIi
niabder.

AnHoTanus. B cratbe paccMOTpeHBI MEpPCHEKTHBHOCTD HUCIIONB30BAHHS (HOTOIUIETH3MOTPAGHIHOTO METOAA JUIS OLEHKH MHKPOLMPKYIIS-
TOPHBIX M3MEHEHUH Tepr(epUIeCKOro KpOBOOOpAICH S Ml U3yYeHHs TIPOLECCOB, HPOUCXOMSAIMX MPU (POTOHHOM (pU3MOTEpareBTHYC-
CKOM BO3JEICTBHH JUIsl KOMILUIEKCHOTO JICYCHHUSI XPOHMYECKHX OCIIOXKHEHHMIT caxapHoro auadera. IToka3aHo, 4To (JOTOHHOE H3ITy4eHHE CIIO-
COOCTBYET NMOBBIICHHUIO TACTHIHOCTH CTEHOK KPOBEHOCHBIX COCYIOB, JJIACTHYHOCTH 3PUTPOLHUTOB, KHUCIOPOJHO-TPAHCIIOPTHON (DYHKIIHN
KPOBH, aKTHBHOCTH KJICTOYHBIX MEMOpPaH, YCKOPEHHIO MPOIIECCOB PEreHEepaliy TKAaHEeH, YMEHBIICHUE OKUCIICHHS JIMIIMAOB, HOPMaIU3aIuH
PCOJIOTHYECKUX MOKa3aTeneil KpoBH, CTUMYIsuu obpa3oBanusi AT® B MUTOXOHJPHSX, YTO IOBBIIIACT OHOIHEPTETUUECKUI MOTCHIUAN
kieTok. [Tocie ceaHcoB cBeTONICUEHHS Y OONBHBIX HCYE3ANl CHHIPOM «TEPMOAMITyTAI[HN», YMEHBIIATUCH OTEKU HOT, 2 TaAKXKe 3HAYUTEIBHO
yMeHbIIanack 60Nk B HOTaX, IPOXOANIO OHEMEHHE, PEeKpaaiick cynoporu Hor. [TokasaHo, uTo (poToHHOE H3TydeHue anmapara «Kpacka
- CAC» nmpuBOAMT K MPOTHBOBOCTIAIUTEILHOMY, JECEHCUOMIN3UPYIONIEMY, 00e300/1MBaIOIEMY, CIIa3MOJIUTHYECKOMY, TIPOTHBOOTEYHOMY
a¢dexTam, YTO HOATBEPKICHO B JAHHOM HCCIICIOBAHHUH NIPH JICYCHHH OONBHBIX C OCIOKHEHHAMHU caxapHOro auabera. JlJist KOHTPOJIS ypoB-
Hs IepHU(pepruIecKoro KpoBooOpaieHus HCIOoNB30BajIcs GOTOIeTH3MOrpadUIHIi METO], KOTOPBII 10 CPAaBHEHHUIO C IPYTHMH W3BECTHBIMU
METOJAaMH HCCJIEIOBAHUs. KPOBOOOPAICHNSI MMEET ONPEACICHHbIC MPEHMYIIECTBA, TaK KaK IT03BOJSET NPOBOAUTH HCCIICOBAHUS KaK B
MPOXOJSIIEM, TaK M B OTpaKeHHOM cBeTe. OH MO3BOJISIET MOTYIHTD HOJIE3HYI0 HH(OPMALIMIO O COCYIMCTONH aKTHBHOCTH, COCYANCTOM OTBE-
Te Ha CreHU(UIECKUE BEIIECTBA, a TAK)Ke MPOBOANTH U3YYCHHE KPOBOOOPAIEHHS B COCY/aX Pa3IMYHOTrO KajanoOpa (BEHBI, apTEepHH U Jp.).
Kpome Toro, poroceHcop He BBI3BIBACT CXKATHS COCYI0B OMOIOTHYECKOH TKaHM M HE BHOCHT HApYIICHHS MPH MepehUPHIECKOM KPOBOOO-
pamiennn. Takum o6pa3oM, OYEBUIHO, YTO HAHOOJIEe IEPCIIEKTHBHBIM HAIIPABJICHUEM PETHCTPANK (DH3HOIOTHYECKUX TTapaMETPOB SIBIISIET-
Cs1 HCTIONB30BAHNE HEMHBA3UBHBIX METOJIOB JUarHOCTHKH, CPEAN KOTOPBIX MIMPOKOE PA3BUTHE ITOTYUHIN ONTHIECKHE METOIBI PETHCTPALINH
U npeobpa3oBaHus OHOMEIUIMHCKONW MHGOPMAIMK U TO3BOJSIET MPOBOAUTH HCCICNOBAHMS MHKPOLMPKYISAI[MM B TKAaHSAX 4eloBeka Oe3
HapyLIeHHs! KpOBOOOPAIIEHHUS B HCCIIELyeMOi 00JIaCTH, UTO SIBISIETCS aKTyaJIbHBIM TSI MEJHIIMHCKOW MPaKTHKH.

KutoueBbie cioBa: (QoTonjieTu3MorpamMa, ONTHYECKHE CEHCOPbI, (oTOHHOEe uH3iyuyeHHe, (U3NOTEpaNeBTHYECKHUIl BJIUSHUE,
caxapHblii 1nader.

Abstract. The paper deals with the prospect of using the photoplethysmographic method for the evaluation of microcirculatory changes in
peripheral circulation to study the processes that occur during photonic physiotherapy exposure for the complex treatment of chronic compli-
cations of diabetes. It is shown that photonic radiation helps to increase the elasticity of the walls of blood vessels, the elasticity of erythro-
cytes, oxygen transport function of the blood, the activity of cell membranes, the acceleration of processes of tissue regeneration, the reduc-
tion of lipid oxidation, the normalization of rheologic indices. After procedures of phototherapy in patients, the syndrome of
"thermoamputation” disappeared, swelling of the legs decreased, as well as significantly decreased pain in the legs, numbness took place, leg
cramps stopped. It is shown that photonic radiation of the Barva apparatus leads to anti-inflammatory, desensitizing, analgesic, antispasmod-
ic, and anti-edema actions, which was confirmed in this study in the treatment of patients with complications of diabetes. To control the level
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of peripheral circulation, a photoplethysmographic method was used, which, compared to other known methods of blood circulation re-
search, has certain advantages, because it allows to conduct studies in both transient and reflected light. It allows to obtain useful information
about vascular activity, vascular response to specific substances, as well as to study blood circulation in isolated vessels of different caliber
(veins, arteries, etc.). In addition, the photosensor does not cause compression of vessels of biological tissue, that is, does not cause impaired
blood circulation. Thus, it is obvious that the most promising direction of registration of physiological parameters is the use of non-invasive
methods of diagnosis, among which the wide development has received optical methods of registration and transformation of biomedical
information and allows to study microcirculation in human tissues without impaired circulation in the study area, which is essential for medi-
cal practice.

Key words: Photoplethysmogram, optical sensors, photon radiation, physiotherapy effect, diabetes mellitus.
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Beryn

VYcknagHeHHS IyKpOBOT'o /iadeTy, Taki sK aHrionarii i nojiHeiponarii, BUKINKAIOTh CEpHO3HY 3aHEIOKO-
€HICTh EHJOKPUHOJIOTIB y BCOMY CBITI y 3B'SI3Ky 3 POCTOM KUIBKOCTI XBOpHUX 3 Jia0eTHYHUMH HEHpONaTisIMH B
OCTaHHI JlecaTUIITTA. Y j1abopaTtopii kBaHTOBOT Oiojorii Ta kBanToBOi MenuumHu XHY imeni B.H. Kapa3ina iz
kepiBHuITBOM A.M. KopoGoBa Ta nabopatopii 6iomeanunoi ontuku BHTY mix kepiauureom C.B. IlaBioa
MPOBOMATHCS AOCIIKEHH [i1 HU3bKOIHTEHCHBHOTO €JIEKTPOMArHiTHOTO BUIIPOMIHIOBaHHS ONTHYHOTO Jianaso-
HY CIIEKTpa Ha PO3BUTOK IYKPOBOTO AiabeTy (hoToreTn3MorpadivHIMI TEXHOIOTIIMH, a TAKOXK PO3POOIAIOTE-
Csl METOJIMKY 1 amapaTu cepii «bapsay ais JiKyBaHHS 1 PO} IIAKTHKY YCKIaJHEHb IyKPOBOTO HiadeTy (1abopa-
TOpisi KBaHTOBOI Oioorii Ta kBanToBOi Meaumman XHY imeni B.H. Kapasina). B ocHOBY TepameBTHYHOI mii
(oroHHMX amapatiB «bapBa» NMOKIaZEHO BIACTHBICTH CBITIIa BUANMOTO Jialla30Hy CIEKTpa IOCHIIOBATH MIKpO-
MUPKYILLIO KPOBi 1 TiM(H, TiABUITYBATH €IACTUYHICTh CTIHOK KPOBOHOCHHX CYIUH, HOPMATi3yBaTH PEOJIOTid-
Hi MOKAa3HUKHU KPOBI, a TAKOX HOPMAJi3yBaTh poOOTY iIMyHHOI, €HIIOKPHHHOI, LIEHTPaJIbHOT i IepuepruuHoi Hep-
BOBHX CHCTEM.

AKTYyaJIbHiCTH

Hoseneno, mo ¢otomiernMorpadgiuHuii METO]| € HalKpamyM AJisl TOCHTIPKEHHSI CTaHy nepudepuyHoro
KpOBOOOIry B TKaHWHAX JIIOJAWHU, TaK K JIO3BOJISIE MPOBOAUTH JIOCHI/PKEHHS! OE3KOHTAaKTHHM CIOCOOOM SIK Y
MPOXITHOMY TakK 1 y BIIOMTOMY CBIiTIIi, 8 TAKOXK JI03BOJISIE TIPOBOJUTH JOCIIIKEHHS MIKPOIMPKYJIALI] B TKaHU-
Hax JIOAMHA 0e3 MOpYIIeHHS. KPOBOOOITY B TOCIIKYBaHIH TUISHIN, IO € CYTTEBOIO TIEPEBATOI0 [UIST MEIUIHOL
MPaKTHKH.

dororurernzmorpadis 3aCHOBaHa Ha MPOCBIUYBaHHI JOCHTIHKYBAHOI MUISHKA Tila TIOAWHA (MOHOXpOMa-
TUYHAM) TIy9KOM CBITJIa, SKHH IICISA TIPOXOIDKEHHS a00 BIAOMTTA BIiA HBOTO PEECTPYETHCS OMTHKO-
€JICKTPOHHUMH 3ac00aMH, NMOCWITIOETHCS 1 3aIUCy€eThCs. BCTaHOBIEHO, IO iHTEHCHBHICTD POMEHEBOI €Heprii,
1110 NPOWIIIA Yepe3 JOCHiPKyBaHUH 00'eKT abo BiIOUTHI BiJ HHOTO, € (DYHKIIEIO BiJl BMICTY B Hill KpoBi [29].
OckinbKH KOe(illieHT MOTIMHAHHS IPOMEHEBOI €Heprii KPOB'l0 3HAYHO BHILE, HDXK TKAHWHAMH, 3aCTOCYBaHHS
(dotormeTiaMorpadivHOr0 METOIy TO3BOJISIE PEECTPYBATH JIHIIEC 3MIHM BMIiCTy KpOBIi. [IpH 11bOMY pO3CitOBaHHS
CBITJIa KPOB'IO BiIOYBa€ThCs B OCHOBHOMY 32 PaxyHOK BIIOMTTS Bil epuTpouuTiB. Takox, sik i B peorpadii au-
HaMiKa 3MIiHMA ONTHYHOI IITBHOCTI JOCIHI/PKYBaHUX TKaHHH D (t) OJHO3HAYHO XapaKTepPU3y€e MUHAMIKY HOro
KpoBOHanoBHeHHs. CUrHasl KOpUCHOI iHpopMatlii siBisie coboto npupict onTryHOI winkHocTi AD(t) Ta 00yMOB-
JICHE TIePEePO3IIOALIOM KPOBi 3 YaCTOTOIO CEPLEBUX CKOPOUYEHB MO0 JIESIKOTO MocTiiHoro piBHs Do.

[NopiBHSAHO 3 IHIIMMHU BIZOMHUMH METOIaMH IOCITIKEHHS KPOBOOOITYy (oToruieTu3MorpadidHuii METOx
Mae IIeBHi IepeBary, ToMy IO J03BOJISIE MPOBOAUTH JIOCII/DKEHHS K Y NMPOXIAHOMY, TaK 1 y BiZOUTOMY CBITIIi.
BiH 103BOJIsI€ OTpUMAaTH KOPHUCHY iH(OpMalio Ipo CyJUHHOI aKTHBHOCTI, CYJJMHHOMY BIiAIOBI/i Ha crienudivni
PEUYOBMHH, a TaKOX NMPOBOJUTH BUBYEHHS KPOBOOOITY B i30JbOBaHUX CYAMHAX Pi3HOTO KaliOpy (BeHH, aprepii
Ta iH.). Kpim Toro, oToceHcop He BUKIIMKAE CTUCHEHHS CYJUH 0i0JIOTiYHOI TKAaHMHH, TOOTO HE BHOCHTH IIOPY-
IIEHHS KPOBOOOITry.

TakuMm 9MHOM, OYEBHAHO, IO HAHOUIBIN MEPCTIEKTUBHIM HANPSIMKOM peecTpamii (i3ioaoriyHux mapaMer-
pIB € BUKOPUCTaHHSI HEIHBa3WBHHUX METOJIB JiarHOCTYBAHHS, Cepe]] IKUX HIMPOKOTO PO3BUTKY OTPUMAJIH ONTH-
YHI METOJH peecTparllii i mepeTBopeHHs OioMennuHo1 iH(popMarrii.

Mera

MerTo1o cTaTTi € mIBUIIEHHS e(eKTUBHOCTI BUBUEHHS MiKPOIUPKYIITOPHUX 3MiH 32 JOITOMOTO0I0 (hOTOII-
nerusmorpadidHoro Merony npu (GoToHHOMY (i3ioTepaneBTHYHOMY BIUIMBI Ha Iepedir qiabeTHYHUX aHriona-
TiH.

3apaui

1. IIpoBectu anaxni3 GionoriyHux eexTiB Mpu GOTOHHOMY (hi3i0TEpPaneBTUUHOMY BILIHBI.

2. [IpoananizyBaty ¢i3yHi 1 MaTeMaTH4HI MOJENI AJIs aHAJi3y B3a€MOAIi ONTUYHOIO BUIIPOMIHIOBAHHS 3
6i0TKaHUHAMH.

3. Peautizariist ONTHKO-CIIEKTPOHHOTO MPHJIALy MiarHOCTYBaHHS CTaHy Mepu()epUIHOTO KPOBOOOITY.

4. TIpoaHamizyBaTH pe3yJbTaTH TEPANICBTUYHOTO BIUIMBY (POTOHHOTO BHUIIPOMIHIOBAHHS Ta MPOBECTH KOH-
TPOJb €PEKTUBHOCTI (DOTOTIIETUIMOTPAGITHIM METOJIOM.
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Po3B’s13anuda 3aga4
AHaJni3 6iosoriunux edpexrtiB npu poronHomy isioTepaneBTHUHOMY BIIMBI

B pesynmbTati eKciepuMeHTATFHUX JOCHTIHKEHB 3'sICOBaHO, IO BiIIIOBIAHAHN BIATYK OpraHi3My Ha ¢i3ioTe-
pamneBTHYHUI BIUTMB BUHHKAE HA aIaNTallifHOMY piBHI 1 Ma€ MEpioAWYHAN XapakTep, MPH HFOMY IOCITiJOBHO
3MIHIOIOTECS (a3 30yHKEHHS 1 TalbMyBaHHS. AJamnTalliifHa BiANOBiAb OpraHi3My Ha TEpaneBTHYHHUNA BIUINB
(hOTOHHMM BHUIIPOMIHIOBAaHHSIM BIUTHBA€ HAa BCl CHCTEMH OpraHi3My, SK Ha KIITHHHOMY, TaK 1 Ha OpraHO-
CHCTEMHOMY DPiBHI.

[MornuHaHHs (OTOHHOTO BUIIPOMIHIOBaHHS BUKJIMKAE B O10TKaHMHI Oi0XiMiuHI, OioeneKTpuyHi Ta GioeHep-
reruuHi edextu. Ha puc. 1 nokazano 0ioiznuHi eeKkTH, IKi BUHUKAIOTH MICIIs MOTJIMHAHHS JIa3epPHOTO BHUITPO-
MIHIOBaHHS MaJIoi 1 cepeiHboi MoTyxHocTi. LI eekTn BUHUKAIOTh IPH HU3BKHUX TYCTHHAX MOTYXKHOCTI Ta BiJl-
HOCHO TPHUBAJIOMY 4aci OIIPOMiHEHHS.

BioximiuHi eeKTH BUKIMKAIOTh CTUMYJIALIIO BUIUICHHS TICTaMiHIB 1 CEPOTOHIHIB (1€ PSYOBUHH, 110 BiJ-
HOCSITBHCS 10 PEYOBHH-HEHPOMEiaTopiB, a came, (hi3ioJoriyHO aKTUBHUX PEUOBHH, 1[0 BUKOHYIOTH POJIb XiMiy-
HUX TOCEPEIHUKIB (MEIiaTOPiB Ta HEHPOTOPMOHIB) Y MIKKIITHHHUX B3a€MOJIISX), MOKYTh TAKOX CTUMYJIOBaTH
a0o raypbMyBaTH €H3MMaTH4HI (€H3UMHU a00 GepMeHTH — Iie PEYOBUHU-KATaIi3aTOPU OUIBIIOCT] XIMIYHUX peak-
i, AKi BiGOYyBarOThCA y KUBHUX OpraHizmMax) peakxiii kuciaota ATO.

BioemexTpruHi eekTr IPUBOIATH 0 HOpMai3allil MOTeHIliary 0i0JIOTiYHOT TKAHIHHM, a TOYHIIIe ii CKira-
JIOBUX, 30KpeMa i MeMOpaHH KIIITHH.

BioeneprernyHi epeKTH CTUMYITIOIOTH PICT i pereHepaito KIITHH, a TAKOK MIKKIIITHHHI TPOIIECH.

Bumieonmcani nepBuHHI eekTH, siki Oe3mocepelHh0 BUHUKAIOTh IPH OMPOMIHEHHI JIA3epHUM BUIIPOMi-
HIOBaHHSM OlOTKaHWH, CHPUYUHSIOTH TaKOXK BTOPUHHI €(EeKTH 1 MalOTh Miclie HE TUIbKM B ONPOMIHEHHUX, alie
OJTHOYACHO 1 B CyCiHIX Oi0JOTiYHMX TKaHHUHAX. BTOpuHHI eexTH MOAIISIIOTECS Ha TPU IPYIH: IPOTUOOIBOBI,
NpOTU3aNaibHI Ta G10CTUMYJIALIIHI.

CeiTnogiogHe BUNPOMIHIOBAHHA

A 4

MNepeuHHI epekTn: BioximiyHi,
bioenekTpuuHi, bioeHepreTUyHi

BTopuHHI edekTn: BiocTMMynaLinHI,
npoTMboNbOoBI, NPOTM3aNaNLHi

Pucynoxk 1 — Cnporiena cxema peaxiii 610TkaHuHN Ha ()OTOHHE BUITPOMIHIOBaHHS Majoi abo cepeaHboi
MTOTY>KHOCTI

BioeneprernyHi eeKTH CTUMYJIIOIOTH PICT 1 pereHepanito KIiTHH, a TAKOXX MDKKITITHHHI IIPOLIECH.

Bumeonucani nepBuHHI edexTH, sKi Oe3nocepeHbO BHHHMKAIOTH IPH ONPOMIHEHHI J1a3epHUM BH-
MPOMIHIOBaHHSM OIOTKaHWH, CIIPHYMHAIOTH TAKOXX BTOPHHHI €EeKTH i MAIOTh Miclle HE TIJIbKH B ONPOMIHEHHX,
aJie OJTHOYACHO 1 B CyCifHIX 010JOTIYHMX TKaHWHaX. BTopuHHI epeKTH NOAIISAIOTECS HAa TPU TPYIH: NPOTHOOIb-
OB, MPOTHU3AMAILHI Ta O10CTUMYIISIIIHI.

Mexanizm xii [4 ¢dorornoro BumpominioBanas (0,8—1,4 MKM) BH3HA4Ya€THCS HOTO HHU3BKOIO EHEPTIEI0,
HE3JaTHICTIO BUKJIMKATH BHpakxeHui Goroximiunuii edexr. [Ipn nornmuuanni 6iotkannHamu [Y BUnpoMiHroBaH-
HS TIEPETBOPIOETHCA y TEIJIOBY €HEpriro BiOparlii Monekym. Sk HacHiIOK pi3KOTO TEIUIOBOTO PO3IMIMPEHHS MPOo-
TOIIIa3MH KJIITHH MO’K€ BUHMKHYTH TiIpOAMHAMIYHUHN ynap, sSIKUH € BUXIIHUM IMIIYJIbCOM OLTBII 3arajbHOI il
Y BunpomiHtoBanHs. B pe3ynbrati nepebiry JaHux mporeciB pi3Hi 010J10T14HI CIIOTYKH TIEPEXOIATh B AKTUBHUH
cTaH a0o0 iHakTHUBYIOThCs. DOTOHHE BUIPOMIHIOBaHHA Y OmwkHii [Y obnacti criekTpa cinabo MoriMHaETbCs Me-
JIaHIHOM, BOJIOIO Ta IHIIMMH KOMIIOHEHTaMH 010TKaHUH, 0 00YMOBIIIOE HOTO BUCOKY MPOHHUKHICTB.

TakuMm ynHOM, crienndivHICTh BiANOBIAl HA 110 ((OTOHHOTO CBITIOAIOIHOIO BUIIPOMIHIOBAHHS YiTKO IPO-
SBJISIETHCSL Y OCOOJIMBOCTSIX NMEPBUHHOI BiAmoBini (poTopeaxuii) Ta Ha TaKUX eTamax, sKi 3aIlyCKalOThCS B pe-
3yIbTaTI JIOKAJBHUX aTOMHO-MOJIEKYIISIpHUX 3MiH. [licns nepBuHHOT pe3oHaHcHOT abcopOuii eHeprii KkBaHTa OII-
THYHOTO BUIPOMIHIOBaHHS a00 PO3MOJLTY MOTIMHEHOI eHeprii Mik 30yIHKEHUMH CTaHAMH OKPEMHX aTOMHHX
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TPyl BHHHUKAIOTh Iepe0ys0BH MakpoMOJeKys. Pe3ynbTaToM LBOro Moke OyTH 3MiHAa aKTMBHOCTI KIIOYOBHX
(epMeHTIB 610TKaHWHHOTO MeTaboJIi3My Ta MIKPOAPXITEKTOHIKH KIITHHHUX MEMOpaH.

PosrnsremMo npuHIMIM MOOYZOBH MaTeMaTHYHUX MOZENCH Uil pO3paxyHKIB B3a€MOIii ONTHYHOTO BH-
MIPOMIHIOBaHHS 3 HEOOHOPiTHINMH OioTkaHmHaMmu. SIk Oyio Bi9m3HadeHO paHile, HEOTHOPITHIMU HA3WBAIOTh
CepeOBUINa, B IKUX MPHUCYTHE SK MOTIMHAHHA TaK i PO3CIsTHHS BUMPOMiHIOBaHHA. OTHUM i3 TaKUX MPUKIAIB €
mIKipa JTronuHA. B Toi ke Jac mKipa JIFOIUHHE € )KUBHM 0araToIIapoBUM CEpPEeIOBHINEM, IKE MIiCTHUTH Pi3HOMaHi-
THiI BKJIFOYCHHS, TaKi, K HAIPUKJIA, KPOBOHOCHI COCYNH, B KX BinOyBaeThCs pyxX KpoBi. Bee me yckmanHioe
PO3yMiHHS TIPOLECIB, SKi BiOYBAIOTHCS NP JIil BUIPOMIHIOBaHHAM Ha IIKipy. [ omucy mux npouecis icHye
BeJINUE3HA KiJBbKICTh MAaTEMAaTHYHUX 1 (DI3UYHUX MOJEJNeH, KOXKHA 3 SKHX BHPIIIYE TE YM iHIIE KOHKPETHE 3a-
BAaHHs. Po3risiHEMO OCHOBHI NPUHIMIHM MOOYJOBH MaTeMaTHYHHUX MOJENEH, SKi OMHUCYIOTh B3aEMOJIII0 ONTHY-
HOTO BUIIPOMIHIOBAaHHS 3 0araTOKOMINOHEHTHUMH 0araTolIapoBUMU HEOIHOPIIHUMHU CEPEAOBHIIAMH, TAKUM SIK
tikipa moauau [1,6,7].

[MpakTiyHO BCi MOJIENi OYAYIOTHCS 32 OJJHAKOBOIO CXEMOIO (pHc. 2).

Crouatky BHOMpaIOTh 00 €KT IOCIHIIKEHHSA, HOTO reoMeTpiro. [I0TiM BH3HAYAIOTHCS ONTHYHI i (i3WdHi
mapaMeTpH BCiX Horo koMmnoHeHTiB. [laii BiIOYBa€eThCs po3paxyHOK PO3IIONLTY BHIIPOMIHIOBAHHS B CEPEAOBH-
i 1 AJ1s IesTKUX MoJIeNieit OOYUCIICHHS TeMITepaTypHUX TOJIB.

Pi3HHI MiXX MOJIEIISIMU CTa€ TIOMITHOIO BXKE Ha eTarri moOyIoBU reoMeTpii. B OinbImocTi BUMaaKiB mkipa
SBIISIE COOOO MOCIIAOBHICTD INIOCKHX IIAPiB 3 PI3HUMH ONTHYHUMH 1 TeTriohi3ndHIMHA XapakTepuctukamu. Ki-
JBKICTH IIapiB MOXKE 3MiHIOBATHUCS BiJl OTHOTO JI0 CEMH B 3aJIC)KHOCTI BiJ] IIOCTABJICHUX 3aBlIaHb.

[ToOynyemo Mozensb, sika AacTh 3MOTY OLIHMTH IHTEHCHBHICTb BHUIIPOMIHIOBAHHS IPH BiNOWBaHHI BiJ Cy-
JIVH.

PeanpHa OioTKaHMHA SIBJISIE COOOK0 HEOTHOPIHE CEPEIOBHIIE, B SKOMY MPUCYTHE SIK TIOTJIMHAHHS TaK 1 pO-
3CilOBaHHSI ONTUYHOT'O BUIIPOMIHIOBaHHS, TOMY JOCIIIUTH 1 ONUCATH MPOLECH, sIKi B Hill BiIOYBarOThCS, Tpak-
TUYHO HEMOXJINBO. PO3riisiHeMO o/ivH 13 MPHUKIIAIB 010 TKAHWHH, & CaMe IIKIPY JTFOAUHH.

Buxiani nauni: Buxigni xapakre-
PHCTHKH BHIIPOMIHIOBA4iB; Ia-
paMeTpu cepeaoBHUIIA

Po3noais inTeHcuBHO-

Onruunuii pospaxy- CTi BUIIPOMiHIOBANHS B
cepeIoBUIII

I

TennoBuii po3paxyHok O00'emHuit po3noaia
JKepeJI Temia B cepe-
AOBHIL

Po3noxia Tem-
neparypu

Pucynok 2 — Cxema noOy0Bu Mojienei

[kipa JTIOQMHYU € XKMBUM 0araTolIapoBHM CEpPEIOBHUILEM, 10 MICTUTB Pi3HI BKIIOYEHHS, Taki sSK, HAaIpHU-
KJ1aJl, KPOBOHOCHI Cy/IMHH, B SIKUX BiZOyBaeThCs pyX KpoBi. Bee 1€ yckinaaHioe po3yMiHHS IPOIECiB, 1110 Big0y-
BaIOTHCS, TPU Nii BHIPOMIHIOBAHHSAM Ha mIKipy. JIJIsT ONMMCy ITUX MpOIECiB HA JaHUKW MOMEHT iCHYe Oe3mid pi3-
HUX MaTEeMaTHYHUX 1 QI3MYHUX MOJAENEH, KOXHA 3 SKUX MOKJIMKaHa BUPIIIMTH SKYy-HEOYh KOHKPETHY 3a1ady,
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onucaT# oKpeMui Bumnajgok. CHpoleHa MOAENb WIKIpH, SBJIS€ COO0I0 TPHUIIAPOBY CHUCTEMY, INPHYOMY KOXKEH
1map Mae pizHi 6i0(hi3nyuHI BIACTUBOCTI, a TOMY 1 Pi3HI ONTHYHI apaMeTpH (puc. 3).

Inab.

T Isi()ﬁ. posc.
4 /
1 g T ) —
2
3 .
Jepmiune

4 —=—H — = T T T T e = = = = " OTIMHAHHS
6 Eninepmiune
7 MOTJIMHAHHS

Pucynok 3 — Cxema po3MOBCIO/PKEHHSI ONTUYHOIO BUITPOMIHIOBaHHS B 01000’ €KTI:
1 — poroBuii map; 2 — enigepmic; 3 — 30Ha MiX emigepMicom Ta JepMmoro (06azanpHa MeMOpana); 4 — nepma;
5 — apTepiona; 6 — mocTKamiJsipHAa BEHYJIa

[Namaroye Ha MIKIpY BUIPOMIHIOBAHHS |1, 4acTKOBO BiflGMBaeThes Bix ii mosepxni | 1, mpoxomuTs yepes
ermizepmic, e MOTIMHAETHCS METaHIHOM LIKIPH 1 4acTKoBO po3citoetses |, , a wacTuna npoxoxuts uepes aepmy

1 BIIOMBAETHLCS B CYHUHA |3
Alaiaﬁzll_(|1+|2+l3) (1.1)

MMosunaunmo 1;=f(1o,R,6) sk (yHKIIIO IHTEHCUBHOCTI BUIIPOMIHIOBAHHS, SIKE B3a€MOJi€ 3 OIOTKAHHHOIO.
lo=f(4), a Takox KyTa Horo naaiHHs; 0 32 YMOBH, KOJIH 3/1HCHIOEThCs 3aKoH JlamGepra [g= lgcos(0).
[pu BinOWBaHHI BiJl MOBEPXHI IIKipH BUIPOMIHIOBAHHS 3MIiHIOE IHTCHCHBHICTD B JISSIKOMY TiJIECHOMY KYTi

dl, =1, cos@dQ, (1.2)

ne dQ =sin @dOd @ enemenrapruii Tinechuit KyT, 11 — KoebillieHT BifGHBAHHS MKipH.
[Tpu mornuHaHHi y MellaHiHI iIHTEHCUBHICTB 3MIHIOEThCS 32 3aKOHOM byrepa — Jlambepra

(1) =1,e (1.3)

Je | — onTudHa TOBIIMHA CEPEOBHINA, C — KOHICHTPAIIiS IICHTPIB MOTJIMHAHHS, L - KoeimieHT mocaabiIeHHs .
[pu BinOWBaHHI BiJl CYZAMHN iHTEHCHBHICTh 3MCHITUTHCS

dl, = 1,r,2dIdQ. (L4)

Jnist 00paxyHKy 3MiHM IHTEHCUBHOCTI 3aIIMILIEMO OTPUMaHE PiBHAHHSI
di() =1,cos®— (r,1,dQ+ (L—r,) exp(—d,) +r,2dIdQ) (1.5)
Orxe, piBHSHHS (5) Aa€ MOKIIMBICT OL[IHUTH 3MIHY IHTEHCUBHOCTI BHITPOMIHIOBaHHS IPH BiOMBaHHI Bij

CYAMH 3aJIeKHO BiJf IX KPOBOHAMOBHEHOCTI, 110 BPAXOBYETHCS 3MIHOIO ONTHYHOI TOBIIMHH CEpeIOBHUINA 3 Bpa-
XYBaHHAM 3MiHH IHTEHCUBHOCTI IIPY IIOTJIMHAHHI 1 BigOuBaHHi y mapax mikipu [1,2].
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Peajtizanisi oNTHKO-eJICKTPOHHOI'0 NIPUJIALY AiarHOCTYBAHHS CTaHy NepugepuyHOro KpoBooodiry

KonctpyktuBHO (hoTorureTismorpadidai mpuaagu CKIATAIOTECA 3 YOTUPHOX OCHOBHHX YaCTHH: BUMIpIO-
BJILHOTO MEPETBOPIOBaYa, 10 BKIIOYAE B ceOe JpKepesio ONTUYHOIO BUIPOMIHIOBAaHHS i oTonpuiiMay, enexT-
POHHOTO OJIOKY, IPHU3HAYEHOTO ISl IOCUJICHHS HAIIPYTH, 110 3HIMaeThes 3 GpoToNpHiiMaya, 1 BUIIICHHS KOpHUC-
HOTO CUTHally, peecTparopa i OJIOKY >KMBJICHHS, IO CIY>KUTH JJISl XKHBJICHHS €JICKTPOHHUX CXEM 1 JpKepesa
ONTHYHOTO BUIPOMIHIOBAHHS.

B 0CHOBY CTBOpEHHS ONTHKO-EJIEKTPOHHOTO IPUIIaly JiarHOCTyBaHHsI CTaHy Nepu(epuIHOro KpoBoooiry,
B SIKOMY 3a PaxyHOK BBEJCHHS HOBHUX €JIEMCHTIB Ta 3B’S3KiB MiJBHUIIYIOTHCS (DYHKIIIOHAIBHI MOXJIMBOCTI Ta
YyTIHBICTh peecTpamii mpucTporo. ONTHKO-eNeKTPOHHNHN MPUIaa AiarHOCTYBaHHS CTaHy HNEpUPEPUIHOTO KPO-
B0OOIry (pmc. 4) MiCTHTB JKEpesio BUIPOMiHIOBaHHS 1 (oTonmpuitMad 2, Mo MigKIIOYEHUHA 0 BXOLY ITiJCHITIO-
Bava 3. Buxin miacmmroBaya 3 min’eqHaHUR 10 BXOIY MIKpOKOHTpoJiepa 4 o0unciroBada 5, BUXix 6 MIKpOKOHT-
ponepa 4 3’emHaHWHA 31 BXOAOM OJOKa CHEKTPAIBHOTO aHAN3y 7, BHXiX 8 SKOTO MiA'€qHAHUN JO BXOAY
MIKpOKOHTpoJepa 4, Buxig 9 MikpokoHTpoiepa 4 3'eqHaHU 31 BXoaoM O1oka etanoniB 10, Buxin 11 skoro 3'e -
HaHWi1 31 BX0JJ0M 0JI0Ka 30epiraHHs etanoHiB 12, nepumii Buxia 13 sikoro 3'eHaHuMit 31 BXOJOM 0JIOKa €TaJIOHIB
10, a apyrwuii fioro Buxig 14 mia'eqHaHO 0 BXOIY MIKpOKOHTpoJiepa 4.

|
|
|
1| |23}
|

\J |
|

|

|

|

|

|

D0 u 18 18 30
[AD1] 15 7117 B 19—

>
S

I OO€eKT TOCITiIKEHHS I

Pucynok 4— CTpyKTypHa CXeMa ONTHKO-SJIEKTPOHHOT'O MPHJIAAY [IarHOCTYBaHHS CTaHy epu)epUuIHOTO
KpoBOOOITy

OnTHKO-eNeKTPOHHU NPUJIA]] AIarHOCTYBAHHS CTaHy Nepr(epruIHOro KPOBOOOIry MpaIOe TAKUM YHHOM.
Oppasy micisi BKIIOUCHHS IPUCTPOIO BiIOYBa€ThCsI OOHYJICHHS OJIOKIB 00YMCIIIOBaYa 5, a caMe CKUJI MiKPOKOH-
TpoJiepa 4 B HyJIbOBHI CTaH Ta 3aJlaHHs J03BOJY poOoTH npuctpoto. [licis nporo Jkepesao BUIPOMiHIOBaHHS 1
BUIIPOMIHIOE CBITJIOBHH MOTIK, 10 YaCTKOBO IOTJIMHAIOYHCH 1 YACTKOBO PO3CIIOIOYUCH 010JIOTTYHUMH TKaHWHA-
MH JIOCHIJPKYBaHOT JUISTHKH Ti1a (00’ €KTy OCHIIKeHHS), moaeThes Ha GoTonpuiimay 2. [Tynbscanii nepudepu-
YHHX CY/HWH, [0 BUHHUKAIOTh 33 PaxyHOK IPOXOJ/DKEHHS ITyJbCOBOI XBHIII, BUKJIMKAIOTh KOJMBAHHS ONTHYHOL
TYCTHHHM ’XKMBOi TKAHWHM, TOMY HOTIK iH()pauepBOHOrO BHUIIPOMIHIOBAHHS, [0 NPOMIIOB abo BiOMBCS BiJ TKa-
HHH, MOJYJIIOETECS 0 aMILTITY i i HAaBOAWUTH y (oromnpuiiMadi 2 eNeKTpU4HI CUTHAIH, ITPOIOPLiHHI IIbOMY T0-
TOKY.

Curnai 3 gpoTonpuiiMaya 2 micis GibTpartii Ta miICHISHHS Ha MiACHIIOBaYi 3 ITOCTYIIaE Ha BXiX MiKPOKOHTPO-
nepa 4. IloTiM, cuTHaNT HAIXOAWTH Ha BXix Onoka eranoHiB 10, e BinOyBaeThCs MOPIBHAHHS OTPHIMAHOTO CHTHAITY 3
3aIMCaHNM paHile B OJori 30epiraHHs eTayoHiB 12, HOro eTaJloHHUM 3HAYEHHSAM, B PE3YJIbTaTi YOTO BH3HAYAETHCS
CTYIiHb MOPYIIEHHA MepuepruIHOro KpoBOOOIry. Y BHMAAKy, KOJIM HEOOXiJHO HMPOBECTH CIEKTPAIbHUM aHai3
OTPHUMAHOTO CHTHAITy, BMHKA€THCS OJOK CIEKTPAIBHOrO aHamizy 7, i, CHTHAI 3 MIKpOKOHTposepa 4 HaIXOAWTh Ha
HOTO0 BXiJI, Jie MPOBOANTLCS BUIJIEHHS! OCHOBHHX 1H(OPMAIifHNX 03HAK OTPUMAaHOTO CHrHaJY (puc.5.)

Ockinbku MikpokoHTposiep 4 mMae BOynoBaHuid ALIIL, To B HbOMY NPOBOJUTHCS CEPisl aHATOTO-IUPPOBUX
MIepETBOPEHB, IMICHIS YOT0 MIKPOKOHTPOJIEp 4 IepeTBOPIOE CUTHAN B IM(PPOBHUH KOJI. 3 HOTr0 BUXOly CUTHAJ Hall-
XOAWTH Ha nepuni BXix 15 Onoka ranpBaHiuHOI po3B's3ku 16. 3 Buxoay 17 sikoro curnan nepenaersest 1o USB-
koHtposepa 18. USB konTponep 18 BHKOpUCTOBYETbCS Uil INepefadi AaHUX B IaM STh MEPCOHAIBHOTO
komir’rorepa 20. Ilicis Toro, sk pe3yJibTaTH BUMIPIOBAHHS HOTPAILISIOTH 10 IEPCOHAIbHOTo KoMl otepa 20, Ha
eKpaHi BUCBITIIIOEThCS 00pobIeHmit poToruieTuamorpadiuamii curaan (puc 6).
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PucyHok 5 — Pe3ynbpTat mpoBeieHHS CIIEKTPATBHOTO aHANi3y (POTOIIIETU3MOrPadiyHOrO CUTHAMY, IO PEECTPY-
€TBHCS 33 JOIIOMOTOI0 ONITHKO-EJIEKTPOHHOTO NPHJIaay AiarHOCTYBaHHS CTaHy MepuepruyHOro KpoBoooiry

Komu curHanmm moTparisiioTe B MepcoHambHUM KoM 'totep 20, BiH MOBIJOMIISIE MIKPOKOHTPOJIEp TPO Te,
O CUTHal BCTaHOBHUBCS. Lle 3milicHIOETBCS depe3 Buxomu: 21 mepcoHampHOro Komm totepa 20, 22 USB-
KoHTpoJepa 18 ta 23 Giroka rampBaHIYHOL PO3B'I3KH 16.

CHHXpOHI3alis poOOTH TpUIIaTy, a caMe MiJICHIoBada 3 3MIHCHIOETHCS 3aBISKH KEPYIOUOMY CHTHAITY 3
Buxoxay 30, sskuit BUpOOIIsie MiKpOKOHTpoIep 4.

Jist 3abe3nedeHHss MOOUILHOCTI pOOOTH 1aHOTO MPWIIANY Ta PO3LIMPEHHS HOTro (QYHKIIOHAIBHUX MOMKIIH-
BOCTEH B HbOMY BUKOPUCTOBYETHCS rpadiuHUi PiJKOKPUCTAIIUHUN 1HIUKATOp 25, Ha KU BUBOIUTHCS Tpadiy-
Ha iHdopmauis (pororeTu3Morpama), yepes Buxia 24 MikpokoHTpoisiepa 4, B SIKOMY 3allpOrpaMOBaHO MOZYIIb
po6oTH 3 TpadiuHUM PIAKOKPUCTATIYHUM iHIUKATOpOM. L{e 103B0IIs€ MPOBOAUTH NiarHOCTYBaHHS 0€3 BUKOPHC-
TaHHS NEPCOHAIBHOTO KOMI'IOTEpa, IO € BAXIIMBUM NPU 00CTEKEHHI micisonepauiiinnx xsopux. Kpim Toro,
npuWiaj ocHaleHui ciotoM 28 st SD-kapTu mam'sTi, 10 A03BOJIsS€E 30epiraT JiaHi, Ta MEPEHOCHTH iX B I0Ja-
JIBIIOMY Ha NEPCOHANBHUI KOMIT'IOTED.

v Miarnocruka. Pann:C:AHWIRKAPROGRYOSTEOYNewY11111_exd Watnon:-osteo_shb dssadfasfd

348.03208

Pucynok 6 — ®orormnern3morpadiyHuii CUTHA, IO PEECTPYETHCS 3a JIOTIOMOTOI0 ONTHKO -€JIEKTPOHHOTO
NpWIIaay JiarHOCTyBaHHS CTaHy MepH(EepUIHOr0 KpOBOOOIry

Marepian i MeToau 10C/iAKEHD

dizioTepaneBTHYHUHA BIUIMB MPOBOAMBCS 32 JIONMOMOIOI0 JBOCEKHIHHMX (OTOTEpareBTHYHHX arapariB
Kopo6osa A. - Kopo6osa B. «bapsa - CIAAC». B obctexenni Opanmu yyacts 20 XBOpHX 3 1ia0eTHYHUMH aHTioMNa-
TISIMM, 10 3HAXOIMJIMCS HA JIIKyBaHHI B CaHATOpii eHAOKpiHHOTO npodimo «bepe3oBuii rait» y M Mupropoi.
Bik obcrexxyBanux ocib 40-72 poky, 3 Hux 10 4gonosikis i 10 >xiHOk. TpuBamicTe 3axBoproBaHHs - 4-12 pOKiB.
Bci y4acHHKH €KCIIEPUMEHTY OTPUMYBaJId KOMIUIEKCHE JIIKYBaHHS: CBETOTEpAIIisl, AI€TOTepaIlisi, KOPEKIis Tii-
KeMii, TiponaTHyHi IpoLe ypH, MPUIHOM MUPTrOPOACHKOI MiHEpaabHOI BoAM. [t KOHTPOITIO ePEKTHBHOCTI 3a-
MPOIIOHOBAHOTO METOAY (POTOHHOTO BILIMBY 3aCTOCOBYBAJIM CIOCIO OI[IHIOBAaHHS 010€JIEKTPHUYHUX BIACTHBOCTEH
KIITUHHUX snep (BusHadanu nokasHuk EHSI% - BiCOTOK €JIeKTpOHEraTHMBHHUX siiep B KIITHHAX OyKaJbHOTO
eMiTeNiI0), SIKUH € IHTEerpajibHAM TECTOM, LIO BiloOpakae 3aranbHUil (YHKIIOHANIBHUI CTaH OpraHismy odcre-
’KyBaHOTO 0cOOH. J{JIs1 OIHKH KOJaTepaaIbHOr0 KPOBOOOITY B HIDKHIX KiHIIIBKaX XBOPHX BHKOPHCTOBYBAIH Me-
ToM JazepHoi pororuiernsmorpadis (PIII).

Pesym,TaTn EKCIIePUMEHTAJbHUX JOCJIiIKEHb

Hwkue HaBeneHI pe3ysbTaTi JOCIiIKEHHS.
[Mpuknax 1. Edexr BBy (OTOHHOTO BHIIPOMIHIOBAHHS 33 JIOCHIIPKYBAaHMMH IOKa3HHKaMH Y XBOPOTO
€srena b., 1973 p.u.. (3pict 184 cm, Bara 102 kr); niarHo3: IyKpoBUii fiabeT 2 TUITy cepeaHbOl TSKKOCTI, CTa-
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Iist cyOkommeHcarii, Mikpoanrionarisi. @oToreparisi MPOBOAMIACS TPH JIHI BUIPOMIHIOBAaHHSM 3€JIEHOTO Jiana-
30HY cniekTpa (525 HM), TPUBAIICTh KOKHOT Iponeaypy - 10 XBHIHH.

Buxinni 3nauenns nokazauka EHA% - 57,7% no BigHOmeHHIO 10 BikoBoi HOpMHE. [Toxazauk EHA% micns
MIEPILOTO CEaHCy CBITIOMIKYBaHHS - 64,4% 1o BimHOImIEHH!O N0 BikoBoi HOpMu. [Tokasauk EHS1% micns npyroro
CEaHCY CBITJIONIKYBaHHA - 71,1% 1o BiAHOLIEHHIO 710 BIKOBOT HOPMH.

Ioxazuuku OIII" (puc. 7): diBa TOMiNKa - MOCHJICHHS MIKPOIMPKYIAIIl KPOBi MiCIs TPHOX CEaHCIB Ha
75%; mpaBa roMisnKa - HOCHJICHHS MIKPOIMPKYIALil KpoBi Ha 11%; miBa cTOma - MOCHIICHHS MIKpOLIUPKYJIIAIIi
KpOBi Ha 2%; MpaBa CToNa - MOCUJICHHST MIKpPOLMPKYJIALii KpoBi Ha 24%.

IIpaBa cTomna TTiBa cToma
150
130 10, 43% 100
2 0 _110.
110 80 11%
90 — 60
70
50 40
3 20
10
10 0
I neuw I gens II nensll neur 11T 11 -20
(mo) (micna) (mo) (micnmA) AeH: JAEHB (,uo) (micna) (go) (micnd) AeHE J€Hb
(mo) (micna) (mo) (micma)
AKICTE 24% AKICTE 2%
IIpaBa romijiika JliBa romijika
- 89%
60 50% 90 °
50 80 4% Ty
40 6% 1% 70 62%
0 b
10 3
0 20
-10 10
-20 0
I nenr I nenn II gensll geny 101 1T I nent I nenr II genn II et
(mo) (micma) (mo) (micmA) JeHb JIEHBb (mo) (micng) (mo) (micnd) OeHb J€Hb
(mo) (micmus) (mo) (micma)
axicTs 11% AKICTE 75%

Pucynok 7 — OuiHtoBaHHs piBHS neprdepiiHOro KPOBOHAIIOBHEHHSI P BILIMBI ()OTOHHOTO BHITPOMIHIOBaHHS
(mpuxtag 1)

[Mpuknax 2. Edext BIimBY CBITIIONIKYBaHHS 3a JIOCHIIKYBaHUMH TOKa3HUKaMu y xBopoi Ounenu I1., 1978
p-H.. (3pict 168 cm, Bara 100 kr); miarHo3: mykpoBuii piaber 2 Tury, komOiHOBaHa aHriomatis. PoTtoTeparis
MPOBOJIMJIACS TPH JIHI BUIIPOMIHIOBaHHSM CHHBOTO Jliana3oHy crekrpa (470 HM), TPHBaIICTh KOXKHOI IPOLIETypH
- 10 xBUIMH.

Buxingni 3nauenns nmokasanka EHA% - 32,4% mo BigHomeHH0 10 BikoBo1 HOpMHU. [Tokazank EHA% micst
MEPILIOTo ceaHcy cBiTIomiKyBaHHs - 40,5% mno BinHOmIEHH!IO N0 BikoBoi HOpMu. [Tokazuuk EHA% micnsa apyroro
CEaHCY CBITJIONIKYBaHHA - 45,9% 10 BIAHOILIEHHIO JI0 BIKOBOT HOPMH.

[oxazuuku OIII" (puc. §): diBa TOMiNKa - MOCHICHHS MIKPOIMPKYIAIIl KPOBi MiCIs TPhOX CEaHCIB Ha
95%; mpaBa roMiiKa - MOCHJICHHS MIKPOIMPKYIAIil KpoBi Ha 13%; miBa cTOma - MOCHICHHS MiKpPOIUPKYIIALIT
KpoBi Ha 41%; TipaBa cTOMA - TOCIJICHHS MiKPOITUPKYIIALii KpoBi Ha 198%.
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IIpaepa cTomna JliBa cToma
300 529% 50 103% 10%
250 200
200 4% 150 11%
150 —
100
100 20% -
50 50
, N 0
I neuw I gens II nensll neur 11T 11 I neun I mens II gensll geny 111
(mo) (micna) (mo) (micnmaA) AeHb JAEHB (mo) (micma) (mo) (micnA) JeHb [HeHb
(mo) (micmsa) (mo) (micma)
AKICTE 198% SIKICTE 4 1%
IIpaBa romijiaka JliBa roMiiKa
0.
70 — 370, : 160 19%
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Pucynox 8 — OuiHtOBaHHS piBHS epUQepiitHOro KpOBOHANIOBHEHHSI ITPH BIUTHBI ()OTOHHOTO BHIIPOMiHIOBaHHS
(npuknan 2)

BucHoBKH

1. B craTTi po3risHyTO MEpCHEKTHBHICTE BUKOPUCTAHHSA (DOTOIUIETH3MOTpadiqvHOT0 METOy JUIS OIHIO-
BaHHS MIKPOIUPKYIATOPHUX 3MiH NepudepifHOro KpoBOOOIry IiIsi BUBYCHHS NPOLIECIB, AKi BiAOyBaIOTHCS MpH
(oroHHOMY (i3ioTEpanIeBTHYHOMY BIUIMBI JUI KOMIUIEKCHOTO JIIKyBaHHsS XPOHIYHHMX YCKJIAJHEHb IIyKPOBOTO
nia0ery.

2. Ilokazano, mo (GOTOHHE BUIIPOMIHIOBAHHS CIPHSIE MiIBUIIECHHIO €JIACTUYHOCTI CTIHOK KPOBOHOCHHX CY-
JIVH, eJTaCTUYHOCTI EpUTPOLIUTIB, KHCHEBOTPAHCIIOPTHIHM (yHKIIi KPOBi, aKTUBHOCTI KJIITHHHUX MeMOpaH, npuc-
KOPEHHIO TPOLIECIB pereHepanii TKaHWH, 3MEHIICHHS OKUCIICHHS JIiITiiB, HOpMai3aIlii peoJIOTIYHNX MOKa3HUKIB
KpoBi, ctuMysamii yrBopeHHs AT® B MiTOXOHAPISAX, IO MiABUITY€E O10€HEPTeTHYHUH MOTEHIT A KIIITHH.

3. ITicnst ceaHCIB CBITIOMIKYBaHHS Y XBOPHUX 3HHKAB CHHIPOM «TEPMOAMITyTaIlii», 3MEHIITyBaJIHCI HAOPSIKU
HIT, a TAaKOX 3HAYHO 3MEHIIyBayIacs Oi1b B HOTaX, MPOXOAMIIO OHIMIHHS, IPUITUHSITUCS CYIOMH HiT.

4. Tloka3zano, mo (oTOHHE BUIPOMiHIOBaHHs amaparty «bapsa - CC» mpu3BOAHTH 10 MPOTHU3AMAIBHOI,
JIeCeHCHO1Ti3yrou0i, 3HeOOMIOBANBHOI, CIIa3MONITHYHOI, TPOTHHAOPSIKOBOT Iiif, 0 1 MATBEPIKEHO B JaHOMY
JIOCTIKeHHI TIpH JIIKYBaHHI XBOPHX 3 YCKJIaJHEHHSAMH IIYKPOBOTO Aia0eTy.
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Bigomocri nnpo aBTOpiB

3aenko Cepriii MakapoBuu, 1.T.H., mpodecop, 3aB. kabeapu OioMmeaudHoi iHxeHepii Bin-
HUIIHKOTO HAIlIOHAJIbHOTO TEXHIYHOTO YHIBEPCHUTETY.

Kopo6oB AnaroJiiit MuxaiiioBu4 — k.¢.-M.H, mupexrop HB meanko-6iomoriunoi kopropa-
ii «JIazep ta 310poB’s», XapkiBchKuil HanioHambHUMA yHiBepcuTeT iMeni B.H. Kapasina.
Byiinik Baasaemap 1a.T.H., npodecop, AUPEKTOP IHCTUTYTY €IEKTPOHIKH Ta iHGOpMaIIHHUX
TEXHOJIOTiH JII00IIHCHKOTO TEXHOJIOTIYHOTO YHIBepcHUTeETY «JItobenbcepka [lomiTexHikay.
Kaanoymax Aunapiii FOpiiioBuy, ctapumii Bukianau kadgeapu 6ioMeAMYHOI 1HXEeHepii
BiHHUIIPKOTO HAI[IOHAIBHOTO TEXHIYHOTO YHIBEPCUTETY .

IMaBaoB Bonogumup CepriiioBu4, marictpanT Kadeapu 1a3epHOi Ta ONTUKO-EIEKTPOHHOT
TeXHIKH BIHHUIIPKOTO HAIIOHAJILHOTO TEXHIYHOTO YHIBEPCHTETY.

Ko3noBcbka Tersina IBaniBHa, K.T.H., 1o1ieHT Kadenpu ¢izuku BiIHHUIIBKOTO HaIliOHAIBHO-
T'0 TEXHIYHOTO YHIBEPCHTETY.

Xomenko JKanna MukosaaiBHa, K.T.H., JoUeHT Jlep>kaBHOTO yHiBepcUTeTy « Y KUTOMUPChKA
TIOJIITEXHIKA.
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