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ALLERGIC RHINITIS RESULTING FROM SENSITIZATION TO WEED POLLEN: CLINICAL AND
LABORATORY FEATURES

Dushina L.

Barycheva L.

Minasyan M.

Khachirova L.

Stavropol State Medical University

AJUIEPTUYECKUWI PUHUT, OBYCJIOBJIEHHbIA CEHCUBWIN3AIIMEN K NBLIBIIE
COPHBIX TPAB: KIMHUKO-JIABOPATOPHASA XAPAKTEPUCTUKA

dymuna JI.B.

Bapsruesa JLIO.

Munacsan M.M.

Xaunposa JL.C.

Cmagpononbckuil 20cy0apcmeeHHblil MeOUYUHCKUU YHUsepcumem

Abstract

11.7% of patients with sensitization to weed pollen were found to have a severe course of allergic rhinitis;
73.3% had a moderate course, while another 15% featured a mild course of the disease.

Skin tests identified 20% of cases with monosensitization to ragweed allergens, 20% of cases with oligosen-
sitization to ragweed and wormwood allergens, and 60% of cases involving polysensitization to pollen of weeds,
trees, and meadow grass. An allergological test based on component-separated molecular allergy diagnostics re-
vealed predominant sensitization to nAmb al, which is the major ragweed allergen.

AHHOTAUMSA

VY 11,7% nanueHToB, CeHCHOMIN3UPOBAHHBIX K MBUIBLIE COPHBIX TPaB, HAOIIOaeTcs Tshkeaoe TeueHne AP,
y 73,3% — cpennetrsikenoe, y 15% — nerkoe Teuenue 3adoneBanus. [Ipu BeIONIHEHNN KOXHBIX 1Tpo0 B 20% city-
4acB BBIABIISICTCA MOHOCCHCI/I6I/IJ'II/IBaI_[I/I$I K aJIJIepreHam aM6p031/II/I, B 20% —OJ'II/IFOCCHCI/I6I/IJ'II/ISaLII/I$I K aJlJIepreHam
amMOpo3uu U 1oJbHA, B 60% — MoMceHCHOMIM3anus K MbUIBIE COPHSIKOB, IEPEBhEB, TIYroBbIX Tpas. [1pu amnep-
TOJIOTHYECKOM 06CJ'I€I[0BaHI/II/I METOAOM KOMHOHQHT-paBI{eJ‘IeHHOﬁ MOJ'IeKynS[pHOfI AJUICProagunarnHoCTUKHU BbIABIIA-

eTCsl IPEUMYIIIECTBEHHAS CEHCHOMIM3AIINSA K MaKOPHOMY ajuteprery amGposuu — NAmb al.

Keywords: pollinosis, weeds, clinical pattern, molecular allergy diagnostics
KiroueBble c10Ba: IMOJUIMHO3, COPHBIC TPaBbl, KIMHUYECCKAA KapTUHA, MOJICKYJIAPpHAA aJUICproguarHoCTuka

B Tteuenne mocnemHux 50-TH et HaOmomaercs
MPOrPECCUBHOE TII00ANBEHOE YBEIMUYEHHE OpeMeHH a-
JIEprUYecKUX 3a00JIeBaHUH B IPOMBIIIIIIEHHO Pa3BUTHIX
cTpaHax mupa [1]. CraTucTudeckue JaHHbIE MHOTHX
CTpaH CBHJCTEIBCTBYIOT O BO3PACTaHUHM YaCTOTHI U
pacrpocTpaHeHHOCTH PECTINPATOPHBIX AJUIEPIHYECKUX
3a00NeBaHM, TaKMX KaK aJUIEepTHYECKUil PUHUT H
OporxmuansHas actMa [2]. Ot 10 mo 15% nacemenus
3€MHOTO IMapa CTPaJaeT MOJUTMHO30M C €KEeTOIHBIM
MPUPOCTOM Yrcia 3adoseBimx Ha 3-4% [3], uro 00y-
CJIOBIICHO HE TOJILKO 3arps3HEHUEM BO3/lyXa M M3MEHe-
HHeM o0pa3a KH3HH, HO U N3MEHEHHEM KIIMMara, yBe-
JIMYECHUEM KOJIMYECTBA U aJJIEPreHHOCTH TBUIBIBI [4].
B crpanax EBporbsl pacnipocTpaHeHHOCTh MBLIBLIEBON
cencubmmzanuu gocruraer 30-40% [4, 5], B Poccwmii-
ckoit denepanun Konebiercs B auanazone ot 12,7 no
38% [6].

Lenp uccnenoBanust: OLEHUTH KIIMHUKO-UMMYHO-
JIOTHYECKUE OCOOCHHOCTH TIOJUTMHO3a y MAIEeHTOB,
CEHCHOMITN3NPOBAaHHBIX IBUIBLION COPHBIX TPaB

Marepuaj u metoabl ucciaegopanus. Kinunye-
CKHe, MHCTPYMEHTANbHbBIE U Jab0opaTOpHBIE HCCIIEN0-
BaHUsA BRITONHAIUCE B AHMO «CTaBpOmobCKHi KITH-
HAYECKUN  KIIMHUKO-JAMArHOCTUYECKUM UEHTpP» U
BKJIIOYAJIM aHAJIHM3 aJJIeproJIorH4eckoro aHaMHesa,

KJIMHUYECKUH OCMOTP, ONPEEICHHE CTEIIEHH TSKECTH
AIJIEPTUUECKOr0 PHUHHTA, IEPEIHIOI PUHOCKOIHIO,
IIPY HEOOXOIMMOCTH — PEHTI€HOJIOTHUECKOE UCCIIEe0-
BaHHE OKOJIOHOCOBBIX MNa3yX, KOMITBIOTEPHYIO TOMO-
rpaduio ¥ SHIOCKONUYECKOE MCCIEOBAHNE MOIOCTH
HOCa ¥ OKOJIOHOCOBBIX Ia3yX.

IIpu oneHke KJIMHMYECKHX AAHHBIX NpPHMe-
Hsom  mkaxy RTSS  (Rhinoconjunctivitis  total
symptom score) (Shamji M.H. et al., 2017) [7]. B
AHEBHMKAX CaMOHA0JIOeHUs] MANMEHTHI exKe-
AHEBHO PErncTPHMPOBAIH HHTEHCHBHOCTH KJIHWHH-
YeCKHX CHMIITOMOB MOJUIMHO32, CBe/leHUsI 0 TPUHHU-
MaeMbIX JIeKaPCTBEHHBIX Npenaparax. Bpau aHa-
JIM3UPOBAJ 6 KJIHHHYECKHUX NPU3HAKOB
3a00JIeBaHMsl — 3aTPyJAHEHHe HOCOBOIO bIXaHUS,
YHXaHHE, PHHOPEIO, 3y/1 B OJOCTH HOCA, CJIe30Teye-
Hue, 3ya riaa3. I[lpumeHsuiach GasibHasi LIKaJa
RTSS: orcyrcrBue npuznaka — 0 6anioB, MUHU-
MaJIbHasl BBIPA)KEHHOCTb CHUMINITOMOB — 1 06aJju,
yMepeHHast — 2 6aJjijia, MAKCHMAJIBHO BbICOKast — 3
0asuia. KosimyecTBo 6217108 3a CyTKH K0/1€02J10Ch B
npeaenax ot 0 xo 18.

VYder nekapcTBeHHOMH Tepanuu NPOBOAWICS €
ucnoyab3oBanneM mkaasl dMS (Daily medication
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score) (Pfaar O. et al., 2015) [8] mo cxeme: oTcyT-
CTBHE NPUeMa JeKapCTBeHHbIX cpeacTs — 0 0a10B,
CHCTeMHbIe WM TONMMYEeCKHEe AHTUIMCTAMHHHBbIC
npenaparbl WK 0J10KATOPBI J1eKOTPUEHOBBIX pe-
nenTopoB — 1 6a/l1, MHTPaHa3aJbHble TOMUYECKHE
I'KC B xayecTBe MOHOTEpPaNMU WX B KOMOUHALMHA
¢ TONMMYECKHUMM WJIH CUCTEMHBIMM AHTHTHCTAMU-
HBIMH WJIH aHTU/IEHKOTPHEHOBBIMH NpenapaTamMu
— 2 paJli1a, CHCTEMHBIE TNIIVKOKOPTHKOM/bI, KAK MO-
HOTepanusi WM B COYETAHHM C TOMMYECKHMH WJIH
CHCTeMHBIMM AHTHTHCTAMHHHBIMH  CpPeACTBAMH
WM 0JIOKATOPAMH AHTHJIEHKOTPHEHOBBIX PeleNnTo-
poB — 3 6anaa. KonuyecTtBo 6a/LU10B 32 CYyTKH CO-
craBJasio ot 0 5o 3-x.

Hnst HakoxHoro TectupoBanus (Prick-tectsr)
npuMeHsuiin  3-5% BOJHBIE PAcTBOPHI CTAHAAPTHBIX
nbutbleBbIX amiepreHoB (PIYII HIIO «Mukporeny,
Craspormons). I[Ipn moctaHoBKe KOXHBIX HpoO y 12
(20%) manueHTOB BBISIBJICHA MOHOCCHCHOWIH3AIHS K
meUTbLe amMOpos3u, y 12 (20%) — onurocencuOmm3a-
st K aMOpo3uu | noJbiHy, y 12 (20%) — monmcencu-
OmM3anys K COPHBIM TpaBaM — IIOJIBIHU, aMOpO3HH,
MOJICOTTHEYHHKY, JieOee, ruknaxene, y 17 (28,3%) — k
COpHBIM TpaBaM u TUModeeBke, y 7 (11,7%) — k cop-
HBIM TpaBaMm U bepese.

Yposens crienuduueckux IgE x MaskopHBIM 1 MH-
HOPHBIM aJUIEpPreHaM IBUIbLBI JEPEBbEB, JIYTOBBIX U
COPHBIX TPaB MCCIIEIOBATIH METOJIOM HETIPSIMOH UMMY-
HOo(yopecnennmn ImmunoCap ¢ uncCmons30BaHHEM
TecT-cucteMbl Phadiatop Ha MMMYHOXEMIITIOMHUHUC-
neHTHOM aHanm3arope Phadia 100, IlIsenns, koTopsrii

pPEKOMEHyeTCsl Kak 30JI0TOW CTaHIapT ajuleprojaua-
rHocTuku BecemupHoit Opranusanueit 3apaBooxpaHe-
nus u FDA CIIA (Food and Drug Administration) [9].

Pe3yabTaTbl U X o0cyxaeHue. Odcjie10BaHbI
60 00JIBHBIX C AJUIEPTHYECKUM PUHUTOM (22 KeH-
IUHBL, 38 MYKYUH), CEHCHOMJIHM3UPOBAHHBIX K
NbLIbIE COPHBIX TPaB B Bo3pacTte oT 16 no 55 naer
(Tadamnua), cpeaHuil Bo3pact cocraBuia 23,03+1,22
roga. B 68,3% ciiyyaeB B cTPYKTYpe KOMOPOHIHOI
MATOJOTHH THATHOCTHPOBAJIMCH AJNIEPrHYeCKHii
KOHBIOHKTHBHT, B 16,7% — OpoHXmanbHas acTMa, B
11,7% — numeBas ayuieprus, B 26,7% — aTONMYCSCKUIA
JIepMaTur.

ITpu Beimonuennu Prick-tectoB y 12 (20%) 6ob-
HBIX YCT@HOBJIEHA MOHOCEHCHOWJIM3alMs K ajuiepre-
Ham amOpo3uH, y 12 (20%) — onuroceHcuOmIm3anus K
IBUIBLE aMOpo3uu U noeiHY, ¥y 12 (20%) — nonucen-
cuOmM3anys K MbUIbIIE COPHAKOB — IMOJBIHU, aMOpo-
3UH, TOJCOIHEYHHKY, Jiebene, mukiaxeHe, y 17
(28,3%) — k annmepreHaM COpHBIX TpaBaM U THUMO(e-
eBke, y 7 (11,7%) — K amiepreHaM COpHSKOB H Jiepe-
BEEB.

Jlerkoe TeueHHE ayIEPrUYECKOr0 PUHUTA OTME-
4yeHo y 15% OonbHBIX, cpenHeTskenoe —y 73,3%, Ts-
xenoe —y 11,7%. B 68,3% ciaydaeB B CTPyKType Ko-
MOPOMIHON NATONOTMM AUATHOCTHPOBAJMCH AaJ-
JIepruvecKuii KOHBIOHKTUBHT, B 16,7% —
OpoHxUanpHas acTMa, B 11,7% — muineBas ajuieprusi, B
26,7% — aTonmMuecKuii IepMaTHT.

Tabmuma — Kimandeckast XapakTepuCTHKa MAlMEHTOB C alJIEPTHUYECKUM PHHUTOM, CEHCHOMIM3MPOBAHHBIX K

TBUIBIIE COPHBIX TPaB

IToka3zarenn 3HaycHUe
Bospacr, et 23,03+1,22
['eHIepHBIN COCTAB M/K 22/38
Jlerxoe Teuenue, % 15,0
CpenHeTspkenoe Tedenne, % 73,3
Tsoxenoe Teuenne, % 11,7
JmuTensHOCTh 000CTpEHMH, THU 51,2+2,35
KonbronkTuBHT, % 68,3
Annepruueckas bA, % 16,7
[Tumesas anneprusi, %o 11,7
ATONMYECKHA JepMaTuT, %o 26,7
RTSS, Gauisl 13[10; 15]
dMS, Gasmbt 21[2; 2]
IgE o6muii, ME/Ma 331 [149; 605,5]
IgE cmerr. NAmb al, kE/n 41,911,62; 71,4]
IgE cnen. nArt vl, kE/n 1,25[0,01; 3,89]

ITumesas amneprus Berpedanach y 1 (8,3%) ma-
mnuenta B rpynme |, y 2 (16,6%) B rpymme |l u y 4
(11,1%) B rpymme |1l u 6pu1a mpeacraBiieHa IpeuMy-
IECTBEHHO OPAIEHBIM aJlJIEPrUUeCKUM CHHAPOMOM. Y
4-X MalMeHTOB, CCHCUOMIM3UPOBAHHBIX K aJUIepreHaM
Oepesbl, oTMeYaach ajuiepruieckasl peakius Ha Ko-
CTOYKOBBIE (SI0J10KO, IpyIIIa, BUIIHSA), Y 2-X MALMEHTOB
C OJIMTOCEeHCHOMIM3aIel K aMOpo31H | MOJIBIHN — Ha
celpJepeil 1 MOPKOBb, Y NMAIIMEHTa C MOHOCEHCHUOMITH-
3anuedl Kk aMOpo3un chopMHUpOBaaCh CroSS-peaxius
Ha pBIOY.

Amepruueckas OpOHXHadbHAas acTMa MaHH-
(dectupoBana B Bozpacte 10 14 set, 9 u3 10 marueHToB
nmenu He Oosee 1-2 obocTpeHHi B roj W HONTydYald
SMART-tepanuio OymecoHu/popMOTEPOT B HU3KOM
J103€ TI0 TTOTPEOHOCTH. Y OJIHOTO MAIlMEHTa C MOJIHBa-
JICHTHOW CEeHCHOWIN3aluel MpUMeHsuIach Oa3ucHast
tepanus UT'KC B HU3KOM A03€.

Crneunduueckne IgE meromom ImmunoCAP x
nAmb al (MaxopHBIH amiepred amMGpO3WH) Ompese-
nensl y 81,7% 6onbHBIX, kK NArt V1 (MaxopHBIi aniep-
TeH MoJbIHN) — ¥y 26,7%,  rPhl p1,5 (maxopHbie ai-
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nepreusl Tumodeeskn) — y 10,0%, x rPhl p7,12 (mu-
HOPHBIE aJlJIepreHbl JIyroBbIx Tpas) —y 18,3%, k Bet vl
(MaxopHBII amnepren 6epesbl) — y 6,7%, k Bet v2, 4
(MuHOpHBIE ajutepreHsl aepeBbeB) —y 10,0%.

[Tpu onpeneneHny cpeTHUX MOKa3aTesiel oTMeya-
JUch BeICOKUe ypoBHH ob0wero IgE (331 [149; 605,5]
ME/ma), odeHs BeicOokHe crnenuduyeckue IgE k ma-
JKOpHOMY aiepreHy am6posuu NAmb al (41,9 [1,62;
71,4] xE/a). Cpenuuit ypoBeHs cnenuduieckoro IgE
K MaXOPHOMY aJUIEPreHy MOJbIHU Y MAIMEeHTOB, CeH-
CHOMITU3UPOBAHHBIX K COPHSKaM, ObLT OTHOCHTEIBLHO
HebicokuM (0,58 ME/mn [0,05; 3,8]), uro o0ycios-
JeHo Oosee yacThiM (POPMUPOBAHHEM TUIEPUYBCTBH-
TENILHOCTU K amOpo3un y xuteneii FOra Poccum.

Menuana Konu4ecTBa OaJIOB 110 BU3yallbHO-aHa-
noroBoi mkaie RTSS y nanmeHToB, ceHCHOMIN3UPO-
BaHHBIX K TMbUIbIIE COPHAKOB, gocturama 13 [10; 15]
0aJIoB, MO IIKaJe, OICHUBAIONICH 00bEM JIEKAPCTBEH-
HoW Teparuu, AMS — 2 [2; 2].

Takum 06pa3oM, JIerkoe TeUEeHHE AJIePTUIECKOr0
puHUTa OTMeUeHO y 15% OONBHBIX, CEHCHOMIU3NPO-
BaHHBIX K TBUIBIIE COPHBIX TPaB, CPETHETSDKENOE — Y
73,3%, Tsxenoe —y 11,7%. B 20% ciaydaes 1o pe3ynb-
TaTaM KOXHBIX MPOO yCTaHOBJIEHa MOHOCEHCHOMIIN3a-
U K Mbuiblie amMmOpo3uu, 20% — onuroceHcuomimsa-
U K aMOpo3uu 1 moJbiHu, 20% — MOTMCeHCHOMIH3a-
U K COpHBIM TpaBaM — TOJbBIHH, amOpo3uH,
MOJICOTTHEYHHKY, Jiebere, uKiaxene, 28,3% — k cop-
HBIM TpaBaM 1 TUModeeske, 11,7% — kK cOpHBIM TpaBam
u 6epese. [Ipu anmnepronorudeckoM o0cae10BaHuU «in
Vitro» y ceHCHOWIM3UPOBAHHBIX K TBUIBIE COPHIKOB
OTIpe/IeTISIETCsI MPEUMYILIECTBEHHAS! CEHCHOMITH3AIUSI K
MaXOpHOMY ajutepreny am6posuu — nNAmb al.
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Abstract

The article is devoted to the problem of earth and cosmic weather influence on the cardiovascular system in
people, including patients with arterial blood pressure and ischemic heart disease. Basic chapters are dedicated
to results of own investigation in estimation of correlation between weather factors and hemodynamic parameters,
taking into account the drug with adaptogen action-melatonin, possessing by meteorological and geomagnetic
activity.

Annomauyus

Brusinue no2oonwix ycnosuii na uenosexa a61s1emcs R0OOOM OISt MYAMENbHO20 U3YYeHUs peakyuil, hopmu-
PYIOWUXCSl 8 OMEem HA OeliCmeue MemeopoiocUecKux hakmopos, u cO30aHUsl 3auunbl Om MemeompontbLX pe-
axkyuii. 3nauumenvhvle amMMOChepHble USMEHEHUsE MO2YIL 8bl36AMb NEPEHANPSICEHUE U CPbI8 MEXAHUIMO8 Adan-
mayuu. To2oa konebamenbHble NPOYECChbL @ OP2AHUIME - OUOTOSUYECKUE PUMMbL, UCKANCAIOMCSL, CIAHOGAMCSL XA-
omuuynvimu. Ilamonozuyeckas (OonesHenHas) NO200HAS peakyusi NPeOCMAsiAent c8oeco poda «Oypr» 6
opeanusme (Ky3ueyosa ro.a., 2009). Cnocobcmaytom eé€ pazsumuio HapyueHus pe2yiayuu 6ecemamueHoU HepeHOU
cucmemvl. Ha opeanusm énusiem kax nozooa 6 yenom, max u omoeivHule e€ komnonenmul. Konebanus 6apomems-
puteckoeo 0asneHust 0etiCmayiom 2-ms nymsimMu. CHUNCAIOM HACbIUeHUe KPOBU KUCIOpOOoM (3ggexm bapomem-
PUHECKUX «SIM») U MEXAHUYECKU PA30padicarom peyenmopul niespol, OPIOWUHbL, CUHOBUALLHOU 000I0UKU CYCA-
808, a MaKdice peyenmopsl cocyoos. Bemep 6vizvieaem nepeso30yicoenue HepeHoOUl CUcmeMbl, pazopadcds peyen-
mopwl Kodicu. Baascnocme 6030yxa uepaem ponv 6 noddepoicanuu RIOMHOCMU KUCI0POOad 6 ammocepe énusem
Ha meniosou oomeH u nomoomoenenue. B pezyriomame cogpemennvix ucciedo8anuil bis81EHO 8ANCHOE 3HAYCHUE
2enU02e0puU3UUECKUX PAKMOPO8 8 COYEMANHUL C 2eHEMUUEeCKOl KOHCmUumyyuel 8 Qopmuposanuy 6uoOpummos
arcuswix cucmem (bpeyc m.x. ¢ coagm., 2005; 6ykanog a.s., 2004). Cepdeuno-cocyoucmas cucmema a6isaemcs 00-
HOU U3 Hauboee Yy8CMEUMENbHbIX CUCIEM OP2AHUSMA K 2eTU02e0PUULECKUM HaKmMOpam, 60 MHO2OM Onpede-
Jstiowelt CneyuduKy, 8blpadceHHOCHb U HANPAGIEHHOCHb KOMREHCAMOPHO-NPUCIOCODUMENbHBIX PeaKyull K (hak-
mopam cpeowl. Ycmanogneno, umo 601bHble apmepuanbHoll 2unepmonuell (az) ¢ HedoCmamoyHbiM YyPOGHEM CHU-
JICeHUs. apmepuanbho2o oaenenus (ad) 6 noumwie uacel (NON-dippers) omauuaromes Goavwieil Geau UHOU
Koppenayuti ¢ boiee 8biCOKUMU 3HAYeHUSAMU NOKaszameell cao, 0ao, nad co CMeNneHblo 2Unepmpopuu Muokapoa,
UHOEKCOM MACChL Med, NOKA3AMeENIMU Y2ne00H020 U XOIeCMePUH08020 00MeNd, ACCoyUuayuell ¢ 2eauo2eopusu-
Y4ecKoU OUHAMUKOL HA MOMEHM NPOo8edeHuUs: UCCIed08anusl. Bapuabenvnocms cepoeunozo pumma u peonozutie-
cKue CB0UCMEaA KPOBU - OCHOBHblEe NOKA3AMENU, Ha KOMOopble 8030eliCEYIOn (pakmopbl 2e0MaeHUMHOU AKMUBHO-
cmu. Yemanosneno, umo 300posbvie 1oo0u He umerom dQhgekmos Kaxk memeo-, max u MazHUMOYYECMEUMETbHOCTHU
(zenchenko t.a. et al., 2009). Cpeou 6onvnvix ¢ az s¢hghexmol n0200bL U 2COMASHUMHOU AKMUBHOCIU BBIPANCEHBL
6 PABHOIL CMeneHu - pacnpedeieHust CMamucmuidecku He OMmaudaiomcst. Y 60abHbIX ¢ a2 MaKCUMAIbHASL KOPPEs-
Yust ¢ 2e0MASHUMHOU AKMUBHOCIBIO HAOII00AEMCs NPU 3ana30bl8aAHUU USMEHeHUT a0 omHocumenvio Kp-undexca
2eoMazHumHol akmusHocmu Ha 2-e cymiu. 110006H0e 3anazovisanue 3¢pghexma 2eomMazHUMHOU AKMUBHOCMU 80
8peMs MAZHUMHBIX OYPb HADIIOOANIOCs NPAKMUYECKU U 8 NPedbloyuux ucciredosanusax. Onpeodeninacs yyecmeu-
MENbHOCHb OP2AHUIMA K GIUSHUIO KOCMUYECKUX USLYUEHUT, 8 YACMHOCMU COTHEUHO20 6empd, U UHOYYUPYEMbIX
UM MASHUMHBIX GYPb 6 OUANA30HE CAMBIX PA3IUYHBIX Yacmon, ocobenno ceepxnuskux (Chibisov s.m., 2003). H3y-
yeHue GIUSHUSL HA CePOeUHO-COCYOUCTYIO CUCTEMY 8CEX BO3MOICHBIX BUOOE 2EOMASHUMMHBIX B03MYWeHUL, 2eHe-
PUPOBAHHBIX COHEUHOU AKMUBHOCTBIO, CBUOCMENbCMEYem 0 pa3eumuu «cboeey buonocuueckux uacos. Takoice
VCMAHOBIEHO, YMO 2e0MAZHUMHble OYPU OKA3bI6AIOM ONpedesieHHOe 8030eUCmeue Ha 6e2eMAmMUHYI0 HEPEHYIO
cucmemy u pe2yisiyuio cepoeyHo2o pumma u cocyoucmozo mouyca y écex aooei. Cepbésnvle nociedcmaus 603-
Oeticmeust MazHUMHbBIX OyPb MO2Ym HAOI00AMbCS 8 OCHOBHOM Y DOJIbHBLX, NePEeHeCuiux UHGAPKm MUOKapoa u y
JUY, HAXOOSWUXCSL 8 COCMOSHUU ZHAYUMETbHO20 OONOIHUMENbHO20 CIMPECCd.

Keywords: meteorological and geomagnetic factors, weather condition, meteo - and magnetosensitive pa-
tients, melatonin, correlation relation.

Knrwuesuvie cnosa: MemeopoJiocudecKue u ceomacHummble ¢al<m0pbl, no2oouvle yciaoesus, memeo- U MacHu-
moyvyecmeumeibrbvle 60fleble, MENAMOHUR, KOppeNAYUOHHble OMHOULEHUA.

MATEPUAJI U METOJbI 00J7a9HOCTH, HAIPABJICHUS I CKOPOCTH BETPA, a TAKKE
C y4€ToM 1enu U 3a/1a4 HACTOSIIETO MCCIEeI0Ba- TEeOMAarHWTHONW aKTHMBHOCTH Ha COCTOSIHHE CEPAEYHO-
HHUA B pa60Te 6])1.]18. IMPOBEACHA OLICHKA BJIMAHUSA ITOTO1- COCy)IHCTOﬁ cucteMmbl. B kauectBe HHJCKCa reomar-
HBIX ()AKTOPOB: TEMIIEPATYPhI BO3yXa, aTMOCHEPHOTO  HHUTHOH aKTUBHOCTH OBLIM WCIIOJb30BAaHBI CyTOYHBIE
JTABJICHUS, OTHOCUTEIBHOM BIIQYKHOCTH, TOYKH POCHI,  3HAUCHUS IUIAHCTAPHBIX MHIEKCOB (CyMMa 3-9acOBBIX
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3HaueHnid Kp-ungekca). KoppensuuoHHoMy aHamuzy
MOJIBEPIVINCH TIOKA3aTeNn cCaMOKOHTpois A/l B yTpeH-
HUe U BeuepHue vacel, napamerpsl CMAJL, 9xoKI" no
U IOCIIE MPOBOJUMBIX KYpPCOB JIEUEHUS, U MOTOJHbIE
(hakTOpBI BO BpeMsi U3MEPEHUs], HAKaHYHE HCCIIEI0Ba-
HUS, Ha CIIEAYIONINH JICHb, a TAaKKe ¢ yU4ETOM Iepemnana
apaMeTpoB IMoroabl. BennunHel MeTeohakTopoB Mmo-
TyJanu u3 cepBepa «[loroma Poccum»
(meteo.info.space.ru). YpoBeHs 3HAYMMOCTH TIPH TIPO-
BEIICHUM KOPPEIAIMOHHOTO aHanu3a - 95% (p<0.05)

Hammu 61t 06cnenoBans! 74 manueHToB (cpen-
HUH Bo3pacT coctaBun 54,2+1,6 roga) ¢ pa3HbIM YpOB-
HeM AJl, B ToM uuncie ¢ A" 2-3 craguu, 2-3 cTeneHu.
JlnTensHOCTh 3a00NEBaHUSl COCTaBWIA B CpPEIHEM
10.1£1,8 ner. J{na Bepudukanum Auar€osa SCCEHIH-
ansHOM AI' mcmonb30Bany peKOMEHAAUH 3KCIEePTOB
BO3 (1999). U3 74 GONbHBIX OBUTH BBIACICHBI 2
rpynmel. 1-s-rpynma cocTosiia u3 38 manueHToB (cpea-
Hu# Bo3pact 58,6 +1,51er). AnmuTensHOCTH 3a00JeBa-
Hus konebanack oT 1 go 11 met. Cpenu Hux ObLTO 23
KeHIMUMH 1 15 MyxuwmH. B 3Ty rpymmy Bxommmu 29
0ONBHBIX cTeHOKapanei u 9 - ¢ mocTuH(APKTHBIM Kap-
nuockiepo3oM. OyHkuroHanbHbIN Kitacc XCH 1 cra-
nuu umencs y 10 6onpnbix, XCH 2-ii craguu - y 13
6onpHBIX, XCH 3- i cTanuu - y 6. TpaguimonHas te-
pamust (TT) BKiIIOYana rUITOTEH3WBHBIE M aHTHAHTH-
HaJIbHbIE NPenapaThl: aHTarOHUCTHI KaJIbLMsl, OeTa-aj-
peHoOnoKkaropsl, nHruouTOpEl AIl®, nuyperuku aH-
THArperaHTbl, HUTpaTel. [lpum mocTymineHnd B
CTaIMOHApP MCCIEA0BAIN OOLIECTIPUHSATEIEC KITMHUKO-HH-
cTpyMeHTanpHO-naboparoprsie Tectel: CAJl (cucro-
J4YecKoe apTepuaibHoe gapnerne) u J Al (qractomm-
yeckoe apTepuansHoe nasienue), AJlcp (cpennee nas-
nernne), [TAJ] (mymecoBoe nasnenme), YCC (gacrora
cepaeuyHbIx cokparmienuii), JI1 (nBoiiHoe mpowusBene-
uue), OKI', DXOKI', CMA/I, KITuHHYCSCKHA U OHOXH-
MHUYECKHI aHaJIN3bl KPOBHU, KOAryjaorpammy, ompese-
JSUIM  KOPPEJSAIUOHHBIE OTHOIICHUS MEXAy IOroA-
HBIMH (paKTOpPaMH U TapameTpaMu remognHaMuku. J{I1
BBIUUCIISUTH TI0 (hOpMyJIC:

AT =(CAAxYCC )/ 100.

[ToguepkHeM, 4TO IpH aHAIM3E BO3AeHCTBHS (ak-
TOPOB NOro/Jibl Ha MOKAa3aTeJIM rCMOJUHAMUKU JTAJICKO
HE BCerja pedb HAET O HENOCPEICTBEHHOM, MPSIMOM
BJIMSIHUM TOTO/IHBIX (DaKTOPOB Ha TEMOAWHAMUKY Ye-
noBeka. Bpsin mu Takue noroHple (haKTOPhI Kak TOUKa
pOCHI, O0JaYHOCTh WM HAIPABJICHHE BETPa OKa3bl-
BAlOT NpsAMOE BIMSHHE HAa (PU3NOJIOTMYECKHE IPO-
Iecchl. B JaHHOM ciIydae CTOWT NMPEIIONIOKHUTh HallH-
YHe CKPBITHIX aTMOC(EPHBIX (aKTOPOB, KOTOPHIE OA-
HOBPEMEHHO BIHSIOT Ha ¢dopMupoBanue
COOTBETCTBEHHBIX MOTOJHBIX BEJWYHMH U Ha (HH3HOIIO-
TMYECKUE MIPOLIECCHI YETIOBEKa.

OTMeTHM, KpOMe 3TOT0, YTO KOPPEISHOHHOMY
aHaAJIN3y TMOABEPTaIiCh HE TOIBKO HEMOCPEICTBEHHBIE
3HAUEHMs TTOTOJTHBIX (PAKTOPOB, HO M MX HEKOTOpHIE
MIPOU3BOJIHBIE MOKa3aTeIy, MpPeXxaAe BCEro pa3HOCTU
(epenajipl) MOTOHBIX TIOKa3aTenei, B MPEAIonoxKe-
HUH, 9TO STH NEperaasl MOTYT CHIIbHEE BIHAThH Ha Tre-
MOJMHAMHKY YeJIOBEeKa, YeM pe3yJbTaThbl HENOCpen-
CTBEHHBIX M3MepeHuil. Kpome Toro, nmpoBoamnoch He
TOJIBKO HEMOCPEACTBEHHOE CPABHEHNE BPEMEHHBIX Psi-
JIOB, HO M CIOBHI'M MX OTHOCHTEJIFHO JPYT APYra T.c.
AQHAJIM3UPOBANIOCH TAaK)Ke 3ala3/bIBAaHUSA U OIepexe-
HU.

PE3YJBbTATBI

KOPPEJUILIUOHHBIE ~ CBSI3U  MEXIY
®AKTOPAMU TIOIOJbl 1 IIOKABATEJISIMU
TEMOJUHAMUKA Vv BOJILHBIX C
APTEPUAJIBHOU TUTIEPTEH3UEN u
NIEMUYECKOM BOJIE3HBIO CEPJILIA,
[IOJIYYAIOLIUX KOMIUJIEKCHYIO

TPAAULIMOHHYIO TEPAITHUIO (TT).

Ha npotspkennn Beero neproaa HabIOASHUS TI0-
kazarenu CAJl, JA, ITAJ, AJCP, AI1, UCC uzme-
psinu B yrpernaue (9.00) u Beuepuue (19.00) gacer. 3a-
TeM ObLIa IPOBe/icHa OLIEHKA BIMSHHUS METEOPOJIOTH-
YECKMX W TGOMAarHUTHBIX (PaKTOPOB Ha IOKAa3aTein
TeMOJIMHAMUKH - TIPOBENIEH KOPPETSIIUOHHBIN aHalu3.
VY manueHToB 3TOM IPYIIbl MEeXAY JaHHBIMH MOKa3a-
TensiMu BBIABICHO 180 3HAUMMBIX Koppensiuit. Tao-
munsl 1 u 2.

Tabauya 1.

Koppemsmunonasie oTHomeHns: Mexay mokasatensimu remoguaaMuku (CAJl, JA T, UCC) u paxTopam moroast
y 6ompHBIX A" 1 UBC, monmyyaBmux Tpaauunonnyro tepamuio (TT).

CAJ JAO 4ycc CAJ JAN YCC Beue-

yTpoM yTpoM yTpoMm BeYepoM BeYepoM pom
AtmochepHoe
JIaBJICHHE:
-B MOMEHT -0,193 -0,148 0,328 -0,153 0,323
HU3MEPEHUS (p<0,01) (p<0,05) (p<0,001) (p<0,04) (p<0,001)
-HaKaHyHE - - 0,384 - 0,384
HCCIIeIOBAHUS (p<0,001) (p<0,001)
-Ha CJIC YOI -0,230 -0,177 0,253 -0,220 0,246
JICHb (p<0,003) (p<0,02) (p<0,001) (p<0,004) (p<0,001)
Temneparypa:
-B MOMEHT 0,419 0,244 -0,286 -0,300
HU3MEpeHHUs (p<0,001) (p<0,002) (p<0,001) (p<0,001)
-HaKaHyHe 0,407 0,246 -0,305 -0,319
UCCIIEJOBAHMS (p<0,001) (p<0,001) (p<0,001) (p<0,001)
-Ha CIeTYOIINI 0,424 0,250 -0,265 -0,284
JIEHb (p<0,001) (p<0,001) (p<0,001) (p<0,001)
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OtHocutenbHast

BJI@XKHOCTb:

-B MOMEHT -0,457 - -0,471

HU3MEpeHHUs (p<0,001) (p<0,001)

-HaKaHyHe -0,480 - -0,492

HCCIIEJOBAHMS (p<0,001) (p<0,001)

-Ha CJIeYFOLTHA -0,462 - -0,475

JICHb (p<0,001) (p<0,001)

-Tiepena - 0,154 -
(p<0,04)

Touka pocsl:

-B MOMEHT 0,354 0,288 -0,555 0,171 -0,555

HU3MEpEeHUs (p<0,001) (p<0,001) (p<0,001) (p<0,02) (p<0,001)

-HaKaHyHe 0,335 0,284 -0,553 0,188 -0,557

HCCIIEIOBAHMS (p<0,001) (p<0,001) (p<0,001) (p<0,01) (p<0,001)

-Ha CJICIYFOLTHIA 0,378 0,288 -0,265 0,179 -0,554

JICHb (p<0,001) (p<0,001) (p<0,001) (p<0,02) (p<0,001)

O06nayHOCTH BEpX-

HSISL: - 0,167

-B MOMEHT (p<0,04)

M3MEpEHUs 0,198 0,163

-HaKaHyHe (p<0,01) (p<0,04)

HCCIIEOBAHUS 0,205 0,178

-Ha CIIeyOIIunit (p<0,01) (p<0,03)

JIeHb

Hamnpasnenue

BETpa: -0,273 -0,250

-B MOMEHT (p<0,001) (p<0,001)

HU3MEPEHUs -0,210 -0,205

-HaKaHyHe (p<0,005) (p<0,006)

HCCIICOBaHUS -0,294 -0,285

-Ha CIIeTYOIIHI (p<0,001) (p<0,001)

JICHb 0,155 0,165

-Tiepenasn (p<0,04) (p<0,03)

CkopocTb BeTpa:

-B MOMEHT -0,193 -0,149

HU3MEpEHHUs (p<0,01) (p<0,05)

-HaKaHyHe -0,196 -0,174

HCCIIEe0BaAHMS (p<0,009) (p<0,02)

-Ha CIeAyOmui -0,162

JICHb (p<0,03)

Nupekc  reomar-

HUTHOW aKTHBHO-

ctu (Kp-nnnexc): 0,413 0,387 0,416 0,468

-B MOMEHT (p<0,001) (p<0,001) (p<0,001) (p<0,001)

HU3MEpEHUs 0,436 0,395 0,406 0,485

-HaKaHyHe (p<0,001) (p<0,001) (p<0,001) (p<0,001)

HCCIIeIOBAHUSA - - 0,378 0,432

-Ha CIIeMYFOTInit (p<0,001) (p<0,001)

JICHb 0,471 0,374 0,390 0,470

-uepe3 2 1Hs (p<0,001) (p<0,001) (p<0,001) (p<0,001)

MOCJIC U3MEPEHUS 0,325 - - -

- yepes 3 aHs (p<0,001)

TOCJIC UBMCPCHUA
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Tabruya 2.

Koppensumonnsie oTHoLIeHUs! Mex 1ty nokazarensimu remonuHamuku (ITAJ], Allcp, A1) n noroausiMu dakro-

pamu y 6onbHbIX A" 1 UBC, mony4aBmuX TpaAuHOHHYIO TEPaInio

AL Allcp AT A/l Beue- | Allcp Beue- AT
yTpom yTpoM yTpoM pom pom BeUEepOM

ATtmocdepHoe naB-

JICHHE:

-B MOMEHT -0,155 -0,185 0,299 - -0,183 0,258

HU3MEpeHHUs (p<0,04) (p<0,01) (p<0,001) (p<0,01) (p<0,001)
-HaKaHyHE - - 0,362 - -0,154 0,315
UCCIIeJOBaHMs (p<0,001) (p<0,04) (p<0,001)
-Ha clIeAyroIMii -0,216 -0,271 - -0,166 -0,241 -

JIeHb (p<0,004) | (p<0,001) (p<0,03) (p<0,002)

Temneparypa:

-B MOMEHT 0,390 0,358 -0,160 - -0,229

U3MEpeHHus (p<0,001) (p<0,001) (p<0,03) (p<0,003)
-HaKaHyHE 0,373 0,353 -0,183 - -0,249

UCCIIeI0BaHMs (p<0,001) (p<0,001) (p<0,01) (p<0,001)
-Ha CIIe/Ty FOIUi 0,426 0,394 - 0,173 -0,194
JICHb (p<0,001) | (p<0,001) (p<0,02) (p<0,001)
OtHocurtenbHast
BJI2)KHOCTb!

-B MOMEHT -0,159 -0,489 - -0,477

U3MepeHHs (p<0,03) (p<0,001) (p<0,001)
-HaKaHyHe -0,171 -0,518 - -0,487

HCCIIeI0BaHHUS (p<0,02) (p<0,001) (p<0,001)
-Ha CIIe IO - -0,477 - -0,481

ACHb (p<0,001) (p<0,001)
-mepenaj - - 0,161 -

(p<0,03)

Touka pocsl:

-B MOMEHT 0,272 0,348 -0,453 - -0,505

U3MEPEHHS (p<0,001) (p<0,001) (p<0,001) (p<0,001)
-HaKaHyHE 0,248 0,336 -0,483 - -0,525
MCCIIE/I0BaHHUs (p<0,001) | (p<0,001) | (p<0,001) (p<0,001)
-Ha CJIe YOIyt 0,344 0,397 -0,409 0,149 -0,481

JICHb (p<0,001) | (p<0,001) | (p<0,001) (p<0,05) (p<0,001)
O061a4HOCTh BEpX-

HSISL: - -

-B MOMEHT

HU3MEpEeHus 0,192 -
-HaKaHyHe (p<0,02)

HCCIIEIOBaHUS 0,239 0,198
-Ha cleayoomuil (p<0,003) (p<0,01)
JICHb
OO6mavHOCTH Cpef-

HIA: -0,198
-B MOMEHT (p<0,01)

HU3MEPEHUS -0,173
-HaKaHyHe (p<0,03)

HCCIEIOBaHHUS
Hanpasnenue
BETpa: -0,285 -0,227
-B MOMEHT (p<0,001) (p<0,003)
U3MEPEHUs -0,225 -0,171
-HaKaHyHEe (p<0,003) (p<0,02)
HCCIIEI0BAHUS -0,351 -0,326
-Ha CJIe/Iy LU (p<0,001) (p<0,001)
JCHb - 0,166
-meperna (p<0,03)
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CKopocTh BeTpa:

-B MOMEHT -0,225 -
HU3MepeHHs (p<0,003)

-HaKaHyHe -0,219 -0,200
HCCIIENOBAHNS (p<0,004) (p<0,008)
Wupexke  reomar-

HATHOM aKTHUBHO-

ctu (Kp-nnnexc): - 0,512 - -

-B MOMEHT (p<0,001)

HU3MEpeHHUs 0,315 0,555 - -

-HaKaHyHe (p<0,001) (p<0,001)

HCCIIETOBAHUA - - 0,340 -

-3a 2 JHs (p<0,001)

JI0 U3MEPEHHUs - - 0,308 -

-3a 3 qHA (p<0,001)

JI0 ©3MEPEHHUsI - 0,334 - -

-Ha CIIe IO (p<0,001)

JICHb 0,400 0,499 - 0,494

-yepe3 2 JHA (p<0,001) (p<0,001) (p<0,001)

MocJie U3MEPEHUS - 0,412 - -

- yepe3 3 aHs (p<0,001)

MOCJIE M3MEPEHHS

Habmrogancs mmpokuii CHEKTp peakIii opra-
HHM3Ma [AIIMEHTOB Ha BO3JeicTBHE (PAKTOPOB MOTOIBI.
XapakTepHOe BpeMsI CABHUIa PEAKI[UH OPTaHU3Ma OTHO-
CHUTEJIbHO MOMEHTA U3MEPEHUSI METEOPOIOTHUECKHX, a
TaK)Ke TeOMarHUTHBIX (DAKTOPOB CHIIBHO BapbUPYET U
B OOJBIIMHCTBE CIIy4aeB COOTBETCTBYET HYJIEBOMY
CABUTY (B MOMEHT U3MEPEHUs), CIEIYIOIeMY THIO (3a-
na3/ibIBaHNe) WK JTHIO HaKaHyHEe HcCcieoBaHus (o1e-
peKeHue).

AmHanu3 Tabmuil 1 u 2 moka3sIBaeT, uTO OOJBIIHH-
CTBO KOI((HUIIMEHTOB KOPPEISIHH CBUIICTEIbCTBYIOT
0 JIOCTATOYHO CJIa00H CBA3M MEX/Ty ITOKa3aTeNsIMH T'e-
MOJIMHAMHKH ¥ TIOTOTHBIMH (pakTopamu. Craboi B ToM
CMBICIIC, UTO 3HAYCHHS KOPPEISIHOHHBIX KOd(pPHUIIH-
€HTOB He SIBISIFOTCS] BBICOKMMH. VX abCcooTHAs BEIH-
YMHA TpakTHYecku He mnpesocxoaut 0,4-0,5, a, B mo-
JIABJISIFOILIEM OOJIBIIMHCTBE, SIBJISIOTCS 00Jiee HU3KUMH.
Ho B psize cirydaeB 3Ta CBsI3b OKa3bIBajach, XOTh U CJIa-
0011, HO CTaTUCTUYECKH TOCTOBEPHON M MIMEHHO TaKas
CBSI3b 00CYXK/IaeTCs HUXKE.

BbIsIBIEHO HECKOJIBKO Tap CTATHCTHYECKU 3HAYH-
MBIX KOPPEJSIIMOHHBIX CBS3EH MEXTy IOKa3aTelsiMu
TEeMOJIMHAMHUKHA W TIEPEeNajoM IIOTOJHBIX (haKTOPOB.
OOHapyeHBI KaK MMOJIOKHUTEIbHbBIC TAK U OTPHLIATEIb-
HBIE KOPPEISIIMOHHBIE CBSI3H, KOTOPBIE 03HAYAIOT Pa3-
HOHAINpPAaBIEHHOCTh PEAKINH T€MOANHAMUKH U U3Me-
HeHUH (hakTOpOB MOTOABI. Bpems ciBura peakmuu op-
raHndMa OTHOCHUTCIIBHO MOMCHTA U3MECPCHUA UHJICKCA
TeOMarHUTHOW aKTMBHOCTH BapbUPYET U B OOJIBILIUH-
CTBE CIy4aeB COOTBETCTBOBAJIO 3ala3/bIBAaHUIO Ha 2
JTHSL.

OtpunarenbHas KOPPESAILUMOHHAS CBA3b MEXIY
yrpenHuM ypoBHeM CAJ] m nokasatenem atmocdep-
HOT'O JIaBJICHUsI IIPUXOANTCS Ha HYJIEBOM CIIBUT U Ha 3a-
nasasiBanue Ha 1 gens. Ha yrpennue 3nauenus CAJJ
TaKKe 3HAYMMO BIMSIOT MOKa3aTelIH TeMIepaTyphl
BO3/lyXa B MOMEHT M3MEPEHHsI, a TAK)Ke HaKaHYHE HC-
CJEeIOBaHUs M Ha cienyromuil neHs. [Ipsmas 3aBucu-
MocTh Mexy yrpeHHIM CAJl ¢ mokasaTenssMu TOUKA

POCHI IPUXOAUTCS Ha HYJIEBOH CIIBUT, HA OTIEPEIKCHIE
W Ha 3ama3gsiBaHue Ha 1 neHs. Ha yrpennue 3HaueHus
CAJl BIMsIeT Tak»e COCTOSHHE I€OMArHUTHOM aKTHB-
HOCTH B MOMEHT U3MEPEHNs, HAKAaHyHE H3MEPEHHUS, Ue-
pe3 2 mHA mocie U3MEepeHus U uepes 3 AHA Mocie U3-
MepeHus. O6patHas 3aBucHMOCTh BeuepHero CAJl ¢
MOKa3aTeJsIMA aTMOC(HEPHOTO JaBJICHUS, PUXOIUTCS
Ha HYJIEBOM CABWI U Ha 3ama3jabiBaHue Ha 1 neHb. Boi-
sIBIEHA KOPPEJIALMOHHAs CBSI3b MEXAY 3HauCHHSIMU
BeuepHero CAJl u mepenasoM OTHOCUTEIHHOU BIIaX-
Hoctu. Kpome storo, Beuepuue nokazarenu CAJl Biau-
sieT TeOMarHUTHasl aKTUBHOCTb B MOMEHT U3MEPEHMUS,
HaKaHyHE U3MEPEHUs, Ha CIEAYIOIUN JEHb U uepes 2
ITHS TIOCITE M3MEPEHHS.

BrisiBieHs! npsiMas cBsi3b Mex Ty yrpeHHEM A ]
1 BepXHEW OOJIAYHOCTHIO TMPUXOANUTCS Ha MOMEHT W3-
MepeHus. 3aBucuMocTh BeuepHero JIAJ] ¢ mokasarte-
JSIMH aTMOC(EPHOTO JIABJICHHSI MPHUXOAUTCS Ha MO-
MEHT M3MEpEeHHs, Ha BPEMEHHOE OIEpeXeHUe, Ha 3a-
mas3fplBaHMe Ha 1| JeHb, a Takke Ha mepenan
napameTpoB arMocqepHoro napieHus. [Ipsmas 3aBu-
CHUMOCTb MEX1y BedepHUM ypoBHeM JIAJ[ u moka3zaTe-
JISIMH OTHOCUTENIBHON BIIQ)KHOCTU MPUXOJUTCS HA MO-
MEHT U3MEPEHMs], Ha OTIEPEIKEHUE U Ha 3aa3/ibIBaHNE
Ha 1 nens. [Tapamerpsl yrpennero 3nauenus J A/l kop-
PENUPYIOT € TIOKa3aTesIMU aTMOC(EPHOTO JaBIICHUS B
MOMEHT HW3MEpeHUs, HaKaHyHE WCCICJOBAaHHWSI W Ha
clenyIonuii AeHb. 3aBucuMOocCTh BedepHero JIA ] ¢ mo-
KazaTeJsiIMA aTMOC(EpPHOTO AaBJICHHUs MPUXOIUTCS Ha
MOMEHT H3MEpEHHs, Ha BPEMEHHOE OIEepeXeHue, Ha
3ana3jplBaHue Ha 1 JeHb. 3aBUCHMOCTh BEYEPHETro
JAJl ¢ mnokazaTensMH OTHOCHTENBHOM BIIaXHOCTH
MIPUXOJUTCA HA MOMEHT M3MEpEHHUS M Ha 3ara3JblBa-
Hue Ha | JeHb.

Yrpennue 3nadenust YCC Hanboee moiBepKEHBI
KOPPEISALMOHHBIM OTHOLICHUSIM C MeTeo(haKTOpaMH.
BrrBiena obpartHast 3aBucuMoctb yrpeHrero YCC ¢
MTOKa3aTeIsIMHI aTMOC(EPHOTO TaBICHHUS, KOTOPAS IIPH-
XOIHUTCS Ha MOMEHT M3MEPEHUs, Ha OIIEPeKCHNE U Ha
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3ana3jeiBaHue Ha 1 nens. [Ipsmast 3aBUCUMOCTD yTpeH-
Hero YCC c¢ mokazareisiMi TeMIEpaTypbl BO3AyXa
MPUXOAUTCS HA MOMEHT U3MEPEHHUS, Ha ONEepEKEHHE U
Ha 3ara3/pIBanue Ha 1 JeHb. AHAJIOTHYHO, KOPPEIsLH-
OHHasl cBs3b Mexkay yrpeHHuM UCC u BepxHel o0nau-
HOCTBIO BEISBIICHA HaKaHyHe rccienoBanus. OoparHas
3apucuMocTh yrpeHHero YCC ¢ mokaszareiasiMu OTHO-
CHUTEJIEHON BIAXHOCTH NPUXOJUTCS HA MOMEHT U3Me-
pEHUs, Ha OINIEPEKECHUE U Ha 3ala3/iblBaHue Ha | 1eHb.
Beuepnue 3nauenuss YCC meHee MOIBEp>KEHBI BIIHSI-
HHUIO 1oroabl. OTMETHM KOpPPESIIMOHHBIE CBSI3U Be-
gyepHero YCC ¢ mokasarensiMu aTMOC(hepHOro naBie-
HUS B MOMEHT U3MEPEHUs], HaKaHyHe MCCIIEJOBAHUS U
Ha CIEeAYIOIINI 1eHb.

ITapametps! yrpennero [TA ]l koppenupytot ¢ mo-
KazaTeJsIMUA aTMOC(EpHOTO JaBJIeHNS] B MOMEHT U3Me-
peHUs, HaKaHyHe MCCIEe0BAaHuUs, a TaKXkKe C ToKa3are-
JSIMA BepXHEH OOJAaYHOCTH B MOMEHT H3MEpEHUs.
IIpsimast 3aBucuMocTh yTpeHnHero ITAJl ¢ moka3zate-
JSIMH OTHOCHUTENBHOHN BIIaXKHOCTH IPUXOANTCS HA MO-
MEHT U3MEPEHUs], Ha ONEPe)KEHNE U Ha 3ara3IbIBaHNC
Ha | nens. BrrBnena npsimast cBs3b BedepHero [TA]] ¢
MOKazaTeJsIMU aTMOC(HEPHOTo AaBJIeH s, KOTOpas MPH-
XOJUTCA Ha MOMEHT M3MEPEeHHUs, Ha OolepekeHune Ha 1
JIeHb 1 00paTHas nepenany 3toro Mereodakropa. Cia-
0as, HO JOCTOBEpHAs NPsIMasi 3aBUCHMOCTh BEYEPHETO
ITAl ¢ noka3arensMyu OTHOCUTEIBHOM BIIaXHOCTH
MPUXOAUTCA Ha MOMEHT M3MEpPEHHS M Ha MOMEHTHI
OTIepe)XEHMS M 3ama3/ibIBaHus Ha | 1eHb.

[Mapamerper yrpernero AJ] cpemmero (Acp)
KOpPPEIHUPYIOT C MOKA3aTeNsIMA aTMOC(HEpPHOTO AaBie-
HHSI B MOMEHT U3MEPEHUs], a TAK)KE HaKaHyHE UCCIIeNI0-
BaHUA U HA CIEAYIOLUH JeHb. BinusHre MarHuTHOM ak-
TUBHOCTH Ha TOKaszaTenn yTpeHHero AJICp BBIABIA-
eTCsl HaKaHyHe MCCIIeJOBAHUS, U Ha CIEIYIOUINH ACHb.
Cnabasi, HO JOCTOBEpHAas 3aBHUCHMOCTh BEUYEPHETo
AJlcp ¢ mokaszarensiMu aTMOC(HEpPHOTO JaBICHHS TPH-
XOJUTCA Ha MOMEHT U3MEpEeHMUs], Ha BPEMEHHON CIBUT
(omepexxkeHue), Ha 3ana3ibIBaHue Ha | IeHb, a TAK)Ke HA
nepernaja arMoc(epHOro JaBieHHs. BhIIBIEHBI KOppe-
JSIMMOHHBIE OTHOIICHMSI MEXAY MOKa3aTesIMU Bedep-
Hero AJIcp u mapamMeTpaMy OTHOCHTEJIBHOW BIAaXKHO-
CTH B JICHb HCCIIE/IOBAHN, HAKaHyHE UCCIIEIOBaHNSA U
Ha CIEeAYIOLUi NeHb. BausHue reOMarHuTHON aKTHUB-
HOCTH Ha IoKa3aTtenu BedepHero AJlcp npuxoaurcs Ha
1 meHb HaKaHyHE UCCIIEIOBAHMSI.

VYTpeHHHE 3HAUEHUS JBOMHOIO IPOU3BENCHUS
(JIT) noaBeprxeHbI BIUSHUIO ()aKTOPOB ITOTOIbI aHAJIO-
ruuHo yTpeHHUM 3HaueHusM YCC. BrisBneHs! oTpuna-
TeNbHbIE KOPpENIALUOHHBIE CBA3U yTpenHero JII ¢ aT-
Moc(EepHBIM JaBJICHUEM B MOMEHT M3MEpEHHs, Haka-
HYHE HMCCIEJOBaHUs, HA CIETYIOIUI J€Hb, a TAKXKE C
TeMIepaTypoil BO3Ayxa Ha cleIyroluil neHs. Bedep-
Hee JII1 Taxke JEMOHCTPHPOBATIO BEICOKYIO CBSI3b C MO-
TOAHBIMH TIOKa3aTeNsIMH, HO MEHEE CHJIBHYI0 YeM
yrpennee I1.

PE3IOME

Wrak, matumenTtsl, ctpanatouie Al 2 - 3 crenenu
B couetanuu ¢ UbC u nonyyaroiue TpaulilnOHHOE -
MOTEH3UBHOE U AHTHAHTMHAJIBHOE JICUEHHE MOJBEp-
JKEHBl BJIMSHUIO MHOTHUX IOTOMHBIX  (DaKTOpOB.
HawnGomnbiniee BiustHre Ha Toka3atenu AJ] oka3bpIBarOT
aTMoc(epHOe JaBlIeHHEe, TeMIIepaTypa Bo3IyXa, TOUKa
POCHI U TEeOMarHWTHas aKTUBHOCTh. He3zHaunTenmpHO
BO3JICHCTBYET Ha IOKa3aTeld TeMOJUHAMUKU 00Jad-
HOCTB, C TapaMeTpaMu HIkHel obnagnoct. Koppemns-
IUOHHBIC OTHOIICHHS MEXIy HUMH HE BBISIBIICHBI
Hawuboree nmoaBeprxeHbl BIMSHHIO TIOTOJIBI TIOKA3aTENN
UCC u AI1, u3MepeHHbIe KaK B yTpeHHHE, TaK U B Be-
yepHue yachl. B MeHb1Iel cTeNeHn KOPPEeTupyIoT € MO-
rogHsIMHU aktopamu Beuepuue 3HaueHust CAJl, J1A]
u I[TAJI.

KOPPEJUILIMOHHBIE ~ CBSI3U  MEXIY
®AKTOPAMH IIOIOJIbl M IIOKA3BATEJISIMU
TEMOJUHAMUWKN v BOJIbHBIX C
APTEPUAJIBHOU TUTIEPTEH3UEN 151
NILEMUYECKOM BOJIE3HBIO CEPJILIA,
[HOJIVYAIOIUX KOMIUIEKCHYIO TEPAIIUIO
C MEJIATOHUHOM.

Bropyto rpynmy 6onbHbIX ¢ Al 2-3 crenenu 2-3
craguu ¥ UBC, nony4aBiryo KOMIUIEKCHYIO TEPANUIO
C MEJIaTOHUHOM, COCTaBUIM 36 marueHToB, Cpenu HUX
Obtr 17 xeHImMH B 19 MyX4yuH (CpemHUil BO3pacT
55+1,4 ner). IATeNbHOCTD 3a00JIeBaHUA KoJieOanach
oT 4-x o 12 ner (B cpennem 9,0+1,4 net). Puck pazpu-
THS CEePIEYHO-COCYANCTHIX OCIOXHEHWH OBUT OYCHb
BBICOKHH - y 36 manueHToB. 11 G0JBHBIX cTpamaiu cTe-
HOKapMel HAMPsHKCHUs, Y 8 MalrueHTOB ObLT JUAarHO-
CTHPOBAH MOCTUH(APKTHBIA Kapanockiepo3. TeucHue
3aponeBanust ocnoxumwiocb XCH 1-i cragum y 15
OOJBHBIX, 2-i cTaguu — y 18 manueHToB. DyHKIIHO-
HanbHbIi Ki1ace XCHI1 6bmy 17, XCH2 - y 22 Gonb-
HbIX. TpaJMIMOHHAS AHTHAHTHHATIBHAS U THIIOTCH3HB-
Hasl Tepanus BKIF0Yaia Te JKe MPpernaparsl, 9YTo u 00b-
HeIe |-fi Tpymmel, Takke MENATOHWH (MEJIaKCEH,
«Unipharm Inc.», USA) B 103e 3 Mr, KOTOPBIi IPUHH-
MaJjics manueHTamMu B 22 4Jaca. TakTHKa KIMHHUKO-WH-
CTPYMEHTAIBHOTO 00CTIeIOBaHUS JI0 M TOCcie 3-X He-
JIETLHOTO JIYCHUS C BKJIIFOYEHHEM MeJaTOHWHA OblLia
aHaJIOIMYHOM TaKOBOH, U3JI0’KEHHOM BblLIe. Ha npoTs-
JKCHHUHU BCEro nepuoja HadmoaeHus nokazarenu CAJL,
HAN, TIAJ, Allcp, A1, UCC usmepsiiu B yTpeHHUE
(9.00) u Beuepuue (19.00) vacel. 3aTem ObLIa MpOBeE-
JIeHa OllEHKa BJIMSHUS METEOPOJIOTHYECKUX U reoMar-
HUTHBIX (DaKTOPOB Ha TIOKa3aTeNd. Y MAMEHTOB dTOU
TPYTIITE MEXTy TAaHHBIMH MTOKa3aTeIIMH BEISIBIICHO 84
3HAYNMEIX Koppensauid. Taomums! 3 u 4.



12 International independent scientific journal Ne23/2021

Tabruya 3.
Koppensimonnsie oTHOIICHU MeX Ty moka3atesimu remoauaamuku (CAJl, JAJl, YCC) u norogusiMu (akto-
pamu y 6oabHbIX A" 1 UBC, monyvatommx TT ¢ MenaToHUHOM.

CAJL JAL YCcC CAL JAJ YCC Be-
yTpoM yTpom yTpoM BeUepoM BeYepoM yepom
AtmochepHoe
JIaBJICHUE:
-B MOMEHT 0,249 0,177 -0,311 0,205 0,248 0,180
HU3MEpeHUS (p<0,001) (p<0,01) | (p<0,001) | (p<0,004) (p<0,001) (p<0,009)
-HaKaHyHe 0,288 0,191 -0,307 0,224 0,261 0,148
UCCIIeJOBaHHs (p<0,001) (p<0,006) | (p<0,001) | (p<0,002) (p<0,001) (p<0,03)
-Ha CIIeTYIOINH 0,197 0,182 -0,323 0,187 0,210 0,185
JICHb (p<0,005) (p<0,009) | (p<0,001) | (p<0,007) (p<0,003) (p<0,008)
-Tieperna - - - -0,152 - -
(p<0,03)
Temneparypa:
-B MOMEHT 0,148
U3MEpeHHUs (p<0,03)
-HaKaHyHe 0,145
HCCIICIOBAHUS (p<0,04)
-Ha CJIe YOI 0,159
JIeHb (p<0,02)
OrtHocurtenbHast
BJI2)KHOCTb!
-B MOMEHT 0,149 -0,265 0,194 0,139
HU3MEpEHHs (p<0,03) (p<0,001) | (p<0,006) (p<0,04)
-HaKaHyHe 0,140 -0,258 0,197 -
HCCIIEIOBAHMS (p<0,04) (p<0,001) | (p<0,005)
-Ha CJICIYFOLTHIA 0,196 -0,246 0,223 0,139
JICHb (p<0,005) (p<0,001) | (p<0,002) (p<0,03)
Touka pocsr: - - - - - -
O6xayHOCTH
BEPXHSIS: 0,185 -
-B MOMEHT (p<0,02)
HU3MEpEHUs - 0,153
-HaKaHyHe (p<0,05)
HCCIIeIOBaAHHS
Hanpasnenue - - - - - -
BeTpa:
CkopocTh BeTpa: - - - - - -
Nupexc reomar- - - - - - -
HUTHOM  aKTHUB-
Hoctn  (Kp-nn-
JICKC):
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Tabruya 4.

Koppensimonsbie OTHOIICHUS MeXTy mokazaressivu remoannamuku (ITAJl, AJICP, AIT) u norogusiMu hakto-
pamu y 6onbHbIX Al 1 UBC, nonywatommx TT ¢ menaToHnHOM.

MAJ Allcp ATl ITA/l Beue- | Allcp Beue- Il
yTpoM yTpoM yTpom pom pom BeYepoM
AtmochepHoe
JIaBIICHHUE:
-B MOMEHT 0,154 0,238 -0,262 0,147 0,268 0,254
HU3MEpeHUs (p<0,03) (p<0,001) (p<0,001) (p<0,03) (p<0,001) (p<0,001)
-HaKaHyHE HCClie- 0,188 0,266 -0,248 0,163 0,289 0,258
JOBaHHA (p<0,007) (p<0,003) | (p<0,001) (p<0,02) (p<0,001) (p<0,001)
-Ha CJIe Ty oMMt - 0,154 -0,336 - 0,184 0,203
JIeHb (p<0,03) (p<0,001) (p<0,008) (p<0,004)
-mepena - - - 0,146 -0,141 -
(p<0,03) (p<0,04)
Temneparypa:
-Ha CIIeTYIOINH 0,150
JIeHb (p<0,03)
OtHocuTtenbHast
BJIa)KHOCTb!
-B MOMEHT 0,156 -0,242 0,164 0,214 0,197
HU3MEpEHHUS (p<0,02) (p<0,001) (p<0,02) (p<0,002) (p<0,005)
-HaKaHyHE HCCIIe- 0,162 -0,234 0,172 0,210 0,206
JOBaHUA (p<0,02) (p<0,001) (p<0,01) (p<0,003) (p<0,003)
-Ha CIEYIOIHUH 0,217 -0,182 0,175 0,255 0,213
JIeHb (p<0,002) (p<0,009) (p<0,01) (p<0,001) (p<0,003)
Touka pochl: - - - - - -
O06ma9HOCTh BEPX-
HSIA: 0,152 0,229
-B MOMEHT (p<0,05) (p<0,004)
HU3MEPEHUS - 0,207
-HaKaHyHE HCcIie- (p<0,008)
JIOBaHUsI
Hanpasnenue
BeTpa: -0,139
-B MOMEHT (p<0,04)
U3MEPEHUs -0,142
-HaKaHyHE Hcclie- (p<0,04)
JIOBaHHS
CKOpOCTB BeTpa: - - - - - -
WNupnexkc marHur-
HOI aKTUBHOCTHU
(Kp-unnexc):
-B MOMEHT 0,381 - - - -
HU3MEpeHHs (p<0,001)
-HaKaHyHE 0,428 0,413 - - 0,318
HCCIIENOBAHNS (p<0,001) (p<0,001) (p<0,001)
-3a 2 HSA 0,312 - - 0,313 -
JIO U3MEPEHHUSI (p<0,001) (p<0,001)
-Ha CIeAYOUI 0,385 0,305 - - -
JICHb (p<0,001) | (p<0,001)
-gepes 2 THA B - - - 0,310
H0CIIE U3MEPEHUs. (p<0,001)
-meperna - - 0,350 - -
(p<0,001)

KoppensunoHHas cBsi3b MEXIy YTPEHHUM YpOB-
HeM CA/l m nokasaTeiasiMu aTMOC(epHOTro NaBieHUs
MPUXOJUTCS HA MOMEHT H3MEpEHHs, Ha BPEMEHHOM
caBur (omepekeHne) Ha 1 IeHp U Ha 3ama3pIBaHIe Ha
1 nerp. OOHapyKeHBI KOPPEITALHUOHHBIE CBSA3U MEXKIY

napameTrpamu yrpeHHero CAJl u mokas3atensMu OTHO-
CUTEJBHON BII)KHOCTH B MOMEHT HM3MEpEHHs, Haka-
HYHE HCClleIoBaHus. BEISBICHHAs CBA3b MKy YTPEH-
HuM CAJl u BepxHel 00IaYHOCTBHIO MPUXOMUTCS Ha
MOMEHT U3MepeHus. 3aBucuMocTh BedepHero CAJl ¢
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MOKa3aTeJsIMA aTMOC(EPHOrO JaBJICHHUS NPUXOJUTCS
Ha MOMEHT U3MEPEHUs, Ha BpeMEHHOE OllepekeHne, Ha
3ama3jplBaHue Ha | JieHb, a Takke Ha Iepemnaj mnapa-
METpPOB  aTMOC(EpHOTO  JaBieHHS. 3aBUCHMOCTh
Mexay BeuepHuM ypoBHeM CAJ] 1 mokasaTensiMu OT-
HOCHUTENBHON BIAXHOCTH MPUXOIUTCS HA MOMEHT H3-
MEpeHHUs, Ha OINEpe)KEHHE M Ha 3amas3/bplBaHue Ha 1
JICHb.

[TapameTtps! yrpennero 3Hauenus J A/l koppenu-
PYIOT C IOKa3aTesIMA aTMOC(HEPHOTO IaBJICHHS B MO-
MEHT U3MEPEHUs], HAKaHyHE HCCIIEIOBAHNS U Ha CIIETy-
IoIui eHb. 3aBUcUMOCTh BeuepHero JIA/J ¢ mokasa-
TENSIMH  aTMOC(EPHOTO JIaBJICHHS TPHUXOAUTCS Ha
MOMEHT H3MEpEeHMs, Ha BPEMEHHOE OIepeXeHue, Ha
3ama3jplBaHue Ha | feHb. BeIsBIeHHAs 3aBUCHUMOCTH
BeuepHero J[AJl ¢ mokazaTtensiMd OTHOCHUTEIHHOU
BIQKHOCTH IPUXOANUTCS HA MOMEHT M3MEPEHHUs U Ha
3ama3/bIBaHHE Ha | eHb.

Yrpennue 3Hauenust YCC Hanbonee moBepKeHbI
KOPPEJSIIMOHHBIM OTHOIICHUSAM C MeTeo(aKTOpaMH.
BrisBnena obpartHas 3aBucuMocTh yrpenHero UCC ¢
MOKa3aTesIMUA aTMOC(EPHOT 0 AAaBJIEHHS, KOTOpast IPH-
XOJUTCA Ha MOMEHT U3MEPEHNUs, Ha ONepeKeHNe U Ha
3ama3pIBaHue Ha | 1eHb. AHAJIOTHYHA CBSA3b 3TOTO I10-
Ka3zaTens ¢ Moka3aTejeM OTHOCHTEIbHOM BIIaXKHOCTH.
Cas3p yrpenHero YCC ¢ mokasareneM TeMIepaTypbl
BO3/yXa IPUXOAUTCS Ha T€ K€ cCaMmble TOUKU, OAHAKO
3aBHCHUMOCTb 3Ta - npsmas. KoppensuuoHHas cBs3b
mexay yrpeaauM YCC u BepxHeil 001a4HOCTBIO BBI-
ABJICHA TOJBKO HAaKaHyHE HCCIeNoBaHMA. BeuepHme
3HaueHnss YCC MeHee MogBep>KeHbI BIUSHHIO TOTOJIBI.
BrisBnens! koppemsannonHsie ¢Bsa3u BeuepHero YCC ¢
MOKa3aTesIMUA aTMOC(HEPHOTO JaBJICHNS B MOMEHT H3-
MEpCHHS, HaKaHyHE HCCIIEIOBAaHUSA U Ha CICIYIOINI
JICHb.

BrisBiena npsimas cBs3b BeuepHero [TA/] ¢ moka-
3arensiMi aTMOC(EpHOro JaBJeHUs, KOTopas HpPUXO-
JUTCS Ha MOMEHT u3MepeHus. [lapamerps! yTpeHHEr0
[TAJ] koppenupyrT ¢ nokazaTeisiMu aTMochepHOro
JIaBJICHUS] B MOMEHT U3MEPEHHs], HaKaHyHe UCCIIel0Ba-
HUS, a TAKKE C MTOKA3aTeNsIMA BEpXHEH 00IaqHOCTH B
MOMEHT u3MepeHus. [Ipsmas 3aBUCUMOCTb YyTPEHHETO
TTAJl ¢ nokasaTtensMd OTHOCHUTCIHHOM BIIa)KHOCTH
MPUXOIUTCS HA MOMEHT N3MEPEHNS, Ha OTIEPEKEHUE U
Ha 3amas3ablBaHKe Ha | neHb. BrsABIeHa NpsiMas CBs3b
BeuepHero [TAJ] ¢ nmoka3zarensiMu aTMoc(epHOTo JaB-
JICHHUA, KOTOpasi MPUXOIUTCA Ha MOMEHT H3MEpEeHHs,
Ha orepexxeHue Ha 1 JieHb u oOpaTHas mepenagy me-
teogaxTopa. [Ipsimas 3aBucumocts BeuepHero [TAJ] ¢
MOKa3aTeIsIMU OTHOCUTENIBHOM BIAXKHOCTU IPHUXO-
JUTCS HAa MOMEHT U3MEPEHHUs, Ha OTIEPEXKEHHE U Ha 3a-
nasabiBaHue Ha 1 J1eHb. BhIABIEHO BIMsHHE reomar-
HUTHOI aKTUBHOCTH Ha MoKa3aTtenu yrpeHHero I[TAJ] B
MOMEHT U3MEPEHUs, a TAKKe Ha cIeTyromuil 1eHb. Be-
yepHee [TAJ] meMOHCTpUpPYET CBSA3b C MOKA3aTEISIMU
aTMoc(hepHOTo JaBIeHNUS, KOTOPAsk MPUXOANTCS HA MO-
MEHT N3MEPEHNs, Ha OllepexeHne Ha | 1eHb 1 oOpaTHa
nepenangy Mereodaxropa. Ilpsmas 3aBHCHMOCTb Be-
gepHero [TA/] ¢ moka3aTenssMu OTHOCHTEIBHON BIIaX-
HOCTH NPUXOAUTCS Ha MOMEHT M3MEPEHUsI, Ha OTepe-
JKeHME U Ha 3ama3fibiBaHue Ha | neHb. BriaBieHa kop-
pensdluoHHas CBA3b Mexay BedepHuM IIAJ][ u

HUHJICKCOM T€OMarHUTHOI aKTMBHOCTH 3a 2 JHA 10 U3-
MEPEHHUS.

[Tapamerpsr ytpennero AJl cpemnero (Acp)
KOPPENIHPYIOT C MOKa3aTeNsIMA aTMOC(HEpPHOTO IaBie-
HUSI B MOMEHT U3MEPEHNSI, a TAK)Ke HaKaHyHEe HCCIIeI0-
BAaHM U Ha CIIEAYIOLUHN NeHb. BausiHie MarHuTHOM ak-
TUBHOCTM Ha MoOKazareiau yTtpeHHero AJlcp BbIABISA-
eTcs HaKaHyHEe MCCIIEJOBAHMS U Ha CICAYIOMINH 1eHb.
3aBucuMocTs BedepHero AJlcp ¢ moka3aTensiMu aTMO-
chepHOTo IaBICHUS MPUXOIUTCS Ha MOMEHT U3Mepe-
HUS, Ha BPEMEHHOH CIBUT (OIlepeKEeHNE), Ha 3ama3 Ibl-
BaHME Ha | JieHb, a TakXKe Ha repenaj aTMochepHoro
JaBJICHUA. Brisgsnensl KOPPEIALUOHHBIC OTHOLICHUSA
MeXJy TOKa3zaTesJssMu BedepHero AJlcp u mapamer-
paMy OTHOCHTENIFHOM BJIQ)KHOCTU B JE€HBb HCCIIEI0Ba-
HUsI, HAKaHyHE WCCJIEJOBAaHMS U Ha CIEAYIOIIUH JICHb.
BnusiHre reoMarHUTHOW aKTHBHOCTH Ha ITOKa3aTesln
BeuepHero AJlcp MpuXoanTcs Ha BpeMs HaKaHyHE MC-
CJIEZIOBAHUS 1 Uepe3 2 JTH MOCIIe H3MEPEHHS.

YTpeHHHe 3HAU€HHS JABOWHOTO IIPOM3BEICHHS
(JIT) sanbomnee moaABEP>KEHBI BIUSHUIO (haKTOPOB TIO-
roabl. BBIABIEHBI OTpHLIATENBbHBIE KOPPEISIIMOHHBIC
csizu yrpenHero JII1 ¢ atmocdepHbIM JaBieHUEM B
MOMEHT U3MepeHHs, HaKaHyHe HCCIeI0BaHus, Ha ClIe-
JYIOLIUIl 1eHb, a TaKXkKe ¢ TeMIIepaTypoil Bo3ayxa Ha
crnenyrommii nens. OOpaTHas 3aBUCUMOCTD YTPEHHETO
JIT ¢ nokazaTenssMu OTHOCUTEIBHON BIIaXKHOCTHU MPU-
XOIUTCS Ha MOMEHT U3MEPEHUs], Ha OIepeXeHNe U Ha
3ama3/ibIBaHue Ha | JIeHb, B TO BpeMsI KaK 3aBUCHMOCTh
3TOTO TIOKa3aTels ¢ MOKa3aTeNsIMH BepXHel 00maqHo-
CTH IPUXOJHUTCS TOJIBKO HA MOMEHT U3MEPEHHS. 3aBH-
cumocTs yrperHero 11 ¢ mokazaTensMu BepxHeH 00-
JAYHOCTU TPUXOJUTCS HA MOMEHT H3MEPEHHUs M Ha
BpeMeHHOW cnBur (omepeskeHue). OTpHIaTeNsHBIC
Koppensauuu Mexay yTtpeHHum JII m mapamerpamu
HalpaBJICHUA BETpa MPUXOAATCA HA MOMCEHT U3MEPE-
HUsI, HA BpEMEHHOM CABUT U Ha omnepexenue. [lepenan
3HAYEHUH WHJEKCOB T'€OMarHUTHOW aKTHBHOCTH BIIH-
sieT Ha nokasarenu yrpeHHero /1. 3aBucumocTs Be-
yeprero J{I1 ¢ nokazarensimu aTMocepHOro naBIeHus
MIPUXOJUTCS HA MOMEHT HM3MEpPEHHMs, Ha BPEMEHHOH
cABUT (ONepeXeHNe) W Ha 3arasjblBaHue Ha | JIeHb.
AHanornyHa ¥ 3aBUCUMOCTB 3TOT0 NMOKa3aTels C mapa-
METPOM OTHOCHTEIBHON BIQXKHOCTH.

3AKJIIOYEHHME

IIpuBeneHHbIE pe3yabTaThl IOKA3bIBAIOT, YTO TPA-
TUIMOHHOE JICUCHHE MO3BOJIIIO 3adukcupoBath 180
1ap 3HaYMMBbIX KOPPEJSILIMOHHBIX CBSA3EH NOKa3aTenen
TeMOJIMHAMHKH C TIOTOJHBIMH YCIIOBUSIMH, B TO BpeMs
KaK IpH TPaJUINOHHON Tepanuy ¢ BKIIOYEHUEM Meja-
TOHWHA KOJINYECTBO ITUX Nap yMEHbIIaeTcs 0ojiee yem
B 2 pa3a, 4TO YKa3bIBacT Ha YJIydlIeHHE YCTOMUMBOCTH
MAaIMEeHTOB K ()akTopaM BHELIHEH Cpesbl 3a CUET ajar-
TOTEHHOTO JICHCTBUS MEIaTOHNHA.

Takum oOpazom, manueHTsl, cTpagatonie Al' B
couetannu ¢ UBC u monmyyaBmme KOMITICKCHOE JIede-
HHUE C MEJIAKCEHOM, MEHEE IOIBEP KEHBI BINSHHIO I10-
romHeix (akropoB. Hanbonpiuee BausHNE OKa3bIBaeT
aTMoc(epHOe AaBIeHIE U OTHOCUTEIbHAS BIaKHOCTb.
B MeHbIIei Mepe BBISABIECHO BIUSHUE OOJAYHOCTH H
HalpaBJICHUE BETpa. He BwIsiBIEHO KOPPEJIAIIUOHHBIX
CBsI3eM MOKa3zaTelle TeéMOJIMHAMHUKU C NapameTpamu
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TOYKM POCHI M CKOpOCTH BeTpa. Hambonee mopsep-
JKeHBI TorogHomy BiusHHUIO nokazarend YCC u II,
U3MEPEHHBIE B YyTPEHHUE Yachl. B MeHbIIeH cTeneHu
KOPPENUPYIOT C THOTOAHBIMH (DaKTOpaMH YTpEHHHE
3Hauenust JAJl, Allcp u Beuepuue nokaszarenn YCC.
M3noxeHHOEe yKa3blBa€T Ha IMOBBILLIEHUE YCTOM-
guBocTH 00bHBIX ¢ Al 1 UBC k MeTeopoIorndecKinm
Y TEeTMOMAarHUTHBIM (haKTopaM 10T BIUSIHAEM MeJaTo-
HHUHA U €T0 BBICOKYIO a[allTOT€HHYIO aKTHBHOCTb.
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ONTUMM3AINA MEJUIIMHCKONH NTH®OPMAIIMOHHOM CUCTEMBI B PABOTE
I'OCHIATAJIBHOT'O ITMAEMHUOJIOT A: PE3YJIBTATBI HCCJIEJJOBAHUSA

Abstract

IMaiizaguna @.

K. M. H., npogheccop,

«Meouyunckuii ynueepcumem Kapazanowi,
Pecnybnuka Kasaxcman, 2. Kapaeanoa
Xam3uHa A.

mazucmpanm,

«Meouyuncxuti ynueepcumem Kapaeanowry,
Pecnybauxa Kazaxcman, e. Kapacanoa

The article presents the results of studying the medical information system in the work of hospital epidemiol-
ogists. It is shown that insufficient attention is paid to the issues of satisfaction of epidemiologists in the work of
an integrated medical information system. It was revealed that electronic record keeping will help to increase the
efficiency of the work of hospital epidemiologists in medical organizations.

AnHomayusn

B cmamve npedcmasnenvt pesynomamol uzyyenus MeOUYUHCKOU UHDOPMAYUOHHOU CUCmeMbl 8 pabome 20C-
RUMANbHLIX NUOeMU0N0208. Tlokazano, umo 6onpocam yO008IemeoOPEeHHOCHU INUOEMUONO208 8 pAbome KOM-
NJIeKCHOU MeOUYUHCKOU UHDOPMAYUOHHOU cucmembl yoelsemcs He0oCmamoutoe eHuUMaHue. Buiasneno, umo
NEKMPOHHOE 8edeHue DOKyMenmayuu 6yoem cnocoocmeosams nOGLIUEHUIO PDekmusHocmu pabomol 20Cnu-

MANLHBIX FSNUOEMUOTIO208 8 MeduuuH(:Kux opeanu3ayusx.

Keywords: medical information system, epidemiologist, optimization
Knroueswie cnosa: Me()uuuHCKa}Z qu)OpMaquHHaﬂ cucmema, QHMC)EMMOJZOZ, onmumuzayus
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Cunraercs, 4TO 3JIEKTPOHHOE 3/IPaBOOXPAaHEHHE
CIIOCOOHO TOJIOKUTENBHO BIUSTH U HA CUCTEMY 00111e-
CTBEHHOT'O 37[paBOOXpaHEHMs, W Ha OJjaromnoiydne
HACEJICHHS B LIEJIOM, ¥ Ha COCTOSIHUE 3[J0POBbS OTENb-
HBIX rpaxzaaH [1]. OcHOBHBIM 3 (GEKTOM OT BHEAPECHUS
0e30yMaXHOTO  3[PAaBOOXPAHEHHsS  SBISIETCS  HE
CTOJIBKO COKpAI[eHHE 3aTpaT Ha Oymary, CKOJIbKO yBe-
JTMYeHUEe MOOMIIBHOCTH 3[paBOOXPAHEHUS, M COBEp-
IIEHCTBOBAHUE HEMPEPHIBHOCTH OKAa3aHHUsS MEIWIUH-
CKOM TOMOIIH, KOTOpOe 00ecIeynBaeTcs 3a c4eT 00-
JIETYCHUSI WHTepIpeTanuu nudpoBoi HHPOpPMAaIUN B
MPOTUBOBEC 3aIIOJIHEHHBIM PYKOMHCHBIM HIpH(TOM
nokymentam [2]. Ilempio TOCymapCTBEHHOH TpO-
rpammbl «MHpopmanmonnsiii Kazaxcran 2020» siBis-
€TCsI BEIBECTU Ha HOBBIN YPOBEHb KaueCTBO OKa3aHUS
MEIULUHCKON NTOMOIIM HACENEHUs C MOMOIIBIO BHEA-
peHHSI B CHCTEMY 3[paBOOXpaHEHHsS WH(OPMAIMOH-
HBIX TexHoJorud. B paMkax rocygapcTBEHHOU mpo-
rpammsbl «MHbDopManmonsbiil Kazaxcran 2020» B 00-
JIACTH 3JIEKTPOHHOTO 37paBooxpanenus A0 2020 roga
OJHOI M3 OCHOBHBIX 3a7ad SBISUIACH IIOBBIIICHHE
YPOBHSI KOMIBIOTEPHOH T'PaMOTHOCTH MEAWIIMHCKUX
pabotHukoB B 2020 roay mo 100%. C moMomipio onTu-
MH3alUN METUIMHCKON WH()OPMAIMOHHON CHUCTEMBI
MOJKHO MOBBICUTH YPOBEHb KOMITBIOTEPHOM I'PaMOTHO-
CTH Cpelu MEIMIMHCKUX PabOTHUKOB, B YaCTHOCTH,
snuaemuonoros [3]. B 2012r. ¢ npuBiedeHueM Mex-
JyHapoAHbIX »kcrnepToB llIBedniapckoro MHCTUTYyTa
obmecTBeHHOro 3apaBooxpaneHus (Swiss Tropical
and Public Health Institute) Oputa IpoBeneHa OILEHKA
a¢dextuBHOCTH BHeApeHUs E-3npaBooxpanenus B PK
[2]. C y4eToMm >KCHEpPTHBIX OLIEHOK OBLIH IMPOBEIEHBI
MEPOTIPHUATHSA O YITydIIeHUI0 paboTsl cucteM. C mpu-
MEHEHHEM CHCTEMHOTO aHaJi3a ObUT IOATOTOBIIEH aK-
tyanbhblil SWOT — ananus Baenpenus EMC3. K cna-
60if cTOpOHE 1O UTOraM JaHHOTO aHAJIN3a OTHECIH OT-
CYTCTBHE yI0OCTBA HCIOJIb30BAHUs (TIPHHIIMIT USET-
friendly), BBUIY MemyieHHOW pabOThI, MHOTOKPATHOTO
BBOJIa OJJHOM MH(OpPMALUM B HECKOJIIBKUX CHCTEMaXx;
YTO yBEJIMYHMBAET BpeMsl paboThl Bpaya [4]. Pabora cu-
CTEMBI 3[paBOOXPAHEHHS U B OyAyIIeM BO MHOTOM Oy-
JIET 3aBHUCETh OT HA/ICKHOTO U CIAKEHHOTO (PyHKINO-
HUPOBaHMS HH(POPMAIIMOHHBIX CHCTEM. B TO e Bpemst
HOBBIE TEH/ICHIIMH B 3/[paBOOXPAHCHUU U HOBBIEC TOA-
XOZbI K OKa3aHUIO METUIMHCKOM MOMOIIHN | K €€ opra-
HHU3aLUH TOTPEOYIOT JOMOJIHUTEIBHBIX (YHKIIHOHAb-
HBIX BO3MOKHOCTEH MEAMIMHCKON HH()OPMAIHOHHON
CHCTEMBI, KOTOpbIE JOJDKHBI pa3padaThiBaThCsi COB-
MECTHO BpayaMy M CIIEHHAINCTaMH 0 HH(POPMaIHOH-
HeIM TexHosorusiM [S5]. IMapamrensHoe BepeHue Oy-
Ma)XKHOM MEIUIIMHCKON TOKYMEHTAllUH y/IBauBaeT pa-
00Ty C JOKyMeHTanued, Kak B OyMakHOM, Tak U B
3JIEKTPOHHOM (popmarax, B ymepO BpeMeHH, IIPOBOIH-
MOMY C auueHTOM [4]. YuuThIBask B HACTOSIILIEE BPEMS

SMHIEMHUOJIOTHYECKYIO cuTyauuio B PecriyOnuke Ka-
3axCTaH, He0OXOJUMO NPEANPUHUMATh PEIIUTENbHbIE
IIard B ONTHMHU3AIUH MEIUIIMHCKOW WH(POPMAIIAOH-
HOH CHCTEMBI B paboTe AMUAEMHONOroB. JlocTyn K Me-
JMUIIMHCKOH WH()OPMAIMOHHONW CHUCTEME IS JIHJe-
MHOJIOTOB TIO3BOJIUT YIYYIIUTh YPOBEHb OKAa3aHUS Me-
MUIIMHCKOH TIOMOIIHM, TIPOBOIWUTH KAa4eCTBEHHEIC
MPOTHUBOAHICMIYECKIEC MEPOIPHUATHS. Y COBEpPIICH-
CTBOBAaHHWE JAHHOW CHCTEMBI HAa YPOBHE CTPAHBI SBIIS-
€TCsl CIIOKHBIM H JITUTEIBHBIM MPOIIECCOM, KOTOPBIN
TpeOyeT MPUBICYCHUS HE TOIBKO TEXHHUECKHIX CIICITH-
AIHUCTOB, HO M MEAUIIMHCKOro IepcoHana [6]. Bens
UMEHHO CIIEHHAIUCTHl JIe4eOHO-TPOPHIAKTUIECKIX
YUPEXIEHUH MOHUMAIOT HY)XHOCTh (DYHKIIMOHHPOBa-
HUSI CHCTEMBI H MOTYT TOAPOOHO OIMUCATh MPOIECCHI,
KOTOpBIe HEOOXoauMO onTuMu3upoBarh. Lleabio mc-
cJIeI0BAaHMUSA IBUJIOCH ONTHMHU3AIUS METUITHCKOM UH-
(OpMAIIMOHHON CHCTEMBI B COOTBETCTBHH C JIOJDK-
HOCTHBIMH 00SI3aHHOCTSIMH TOCIIUTAIEHOTO ITHAEMHUO-
Jjora.

MaTtepuanbl U MeToAbl. {15 TOro 4To0BI ONTH-
MH3UPOBaTh MEIWIUHCKYI0 HWH(POPMAIIMOHHYIO CH-
CTEMY B pa60Te TOCIIUTAJIBHBIX 3MMUAEMHUOJIOIOB HAMHU
OBUIO M3y4eHa KOMIUIEKCHAs MeAUIMHCKas nHpopma-
LMOHHASI CUCTEMa, WCIIoJIb3yeMasl B JieueOHO-ITpodu-
JAKTHYECKUX yupexaeHusx. Bmecre ¢ Tem, ObLTO TpO-
BEJICHO aHKeTHUpoBaHue 120 3MuaeMuoIoros, padboTa-
IONMX B MEJWIMHCKOW OpPraHW3aldd C IMOMOIIBIO
CIEIMAIbHO Pa3paObOTaHHOW aHKETHL. AHKETHPOBAHUE
HATIPaBJICHO Ha OIICHKY YIOBJICTBOPEHHOCTH TOCIIH-
TaJBHBIX SIHUIEMHIOIOTOB PadOTOH B KOMILICKCHOH Me-
IUIIMHCKON  WH(pOpPMANMOHHON cucteme (-majee
KMUC). UccnenoBarne MpOBOAWIOCH B BUE OTHOMO-
MEHTHOTO KOJIMYECTBEHHOTO HCCIIEOBAHUS U CTPYK-
TypHUPOBAHHOTO HHTEPBBIO (CAMO3ANOJHEHHE aHKET).
Pecrionenty mnpeasaraioch BBIOpaTh OJIMH W3 He-
CKOJIBKHX MTPEAJIOKCHHBIX BAPUAHTOB OTBECTOB. 31’[14}16-
MHOJIOTaM OOBSCHSJIACH LIENb TPOBOAMMOIO HCCIIEN0-
BaHMS U NIPeIIarajgoch MPUHSITH yYacTHE B ONIPOCE aHO-
HUMHO ¥ JJOOPOBOJIBHO.

PesyabTaTsl u ux odcy:xxaenus. [lo uroram an-
KETHPOBAHHS BEISBIICHO, YTO OOJBIIYIO YaCTh PECIIOH-
JIEHTOB COCTABWJIM MIHUIEMHOIIOTH CO CTaKeM PaOOTHI
ot 1 roma g0 5 ner - 52,5%, 20,9% MeIuIMHCKHUX pa-
OOTHHKOB JTAaHHOTO Tpoduis co cTaxkeMm 1m0 1 roxa,
15,8% ot 5 no 10 net u 10,8% ot 10 neT U BhIIIE.

Ha Bompoc, kak Obl OIICHWIIN CBOE y4acTHe B 00y-
yernu 1o padore ¢ KMUC 62,5% pecioHAeHTOB CUH-
TaIOT, YTO 00YUYEHUS ISl SMIMEMHUOJIOTOB HE TIPOBOJIH-
nock, 21,7% >MuieMHONIOrOB HPOXOAWIN 00y4eHHe,
10,7% He oOydanuck U 6% OT BBHIOOPKH - 3aTPYIHS-
JIUCHh OTBETUTH Ha JTaHHBIH BOMPOC (PUCYHOK 1).
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H He yyactBoBas B 06y4eHUM NO NpUYMHam

 ObyuyeHue AnA aNMAEMUONOTOB HE MPOBOAMUNOCH

1 ObyyeHuMe NpoBOANNOCH

3aTpyAHAIOCL OTBETUTb

Pucynok 1 - Oyenume Bawie yuacmue 8 06yueHuu MeOUYUHCKO20 NEPCOHANA
no pabome ¢ KMHUC

[Ipu orieHKe YpOBHS JOCTYITHOCTH WH(POPMALIUH,
npenoctaeisiemorr KMUC, o npoduio ObUH MOIy-
YCHBI CJICTYFOIUE OTBETHI:

1) Mo YpOBHIO JOCTYMHOCTH K MEPCOHAILHBIM
JAaHHBIM TaiuenTa (xopomruid — 43%, yIOBJIETBOPU-
TenbHEI — 61%, HeynoBieTBopuTenbHBIN — 10%, 3a-
TPYAHSIOCH OTBETUTH — 6%);

2) 1O ypPOBHIO JOCTYIMHOCTH K MPUBUBOYHOMY
cTarycy mammeHTa (xopommid — 26%, yIOBIETBOPH-
TenbHBI — 63%, HeyHOBIETBOPUTENBHBIN — 24%, 3a-
TPYIHSAIOCH OTBETHTH — 1%);

3) Mo YpOBHIO JOCTYMHOCTH K HH()OPMAIUH O
KOHTaKTe ¢ 60pHBIM COVid-19, TyGepKyIe30M, BUPYC-
HBIM TeMaTUTOM, KOPbIO U T.J. (Xopomuit — 26%, yo-
BIETBOPUTENBHBIN 53%, HEyIOBICTBOPUTENbHBIA —
31%, 3aTpyausock oTBeTHTH — 10%);

4) 1o YpOBHIO JOCTYIHOCTH K HH(OpMALUH O
cBeneHusix o 6oneHOM Covid-19 (xopommii — 20%,
YAOBIETBOPUTENbHBIN — 51%, HEYIOBIETBOPUTEIb-
HEBIH — 37%, 3aTpyAHAIOCH OTBETUTD — 12%);

5) 1O YpOBHIO JOCTYIIHOCTH K MH(OPMAILHH O
CBEJICHUSAX O MPOBEACHUH MPOTHBOITHAECMHYECKIX
MEPOTIPUSITHIA, OTPAKCHHBIX B UCTOPHUAX 0O0JIC3HH (XO-
poumii — 15%, ynoBnerBoputenbHbI — 44%, HEynO-
BIETBOPUTENBHBIH — 49%, 3aTpyAHSAIOCH OTBETHUTH
12%).

Ha Bompoc «Kaxk 0b1 B 1iesiom onenm KMUC mo
BEJICHUIO JIOKyMEHTanuu mo Bamemy npodunro?y»
OBLTH TIOJTYYCHBI CIICAYIONINE OTBETHI PECIIOHACHTOB:

1) B OTHOIICHUU KypHATa PETUCTPALUH HH(PEK-
LMOHHBIX W Tapa3uTapHbIX 3aboneBanmii §.060/y -

12,5% oT BBIOOPKH INOCTABUIM OLEHKY «OTIMYHOM,
«xopoto» orMetuiu 11,7% onpoleHHbIX, HanO0Ib-
mast yacth 45,8% OT BEIOOPKH OTBETHIIH, KaK «yIOBJIe-
TBOPHUTENHHO» U 30% MOCTaBUIIM OLIEHKY «HEYJIOBJIE-
TBOPUTEIHLHOY;

2) 1O BEICHUIO XypHAJa ydeTa npodiiaKTuie-
ckux puBuBoK (.064/y B KMUC oneHKy «OTIHYIHOY
moctaBmwio 10,8% pecIOHIEHTOB, KaK «XOPOIIO)
17,5%, yHOBIETBOPHUTEIBHYIO OIEHKY yKa3aja
HauOOIbIIee KOJIMYECTBO ONPOUICHHHX — 459% wu
25,8% ot Bceil BBIOOPKH OTMETHIIN BEACHHUE JaHHOTO
KypHaJla KaK «HEYJOBJIECTBOPUTEIHHOY;

3) OLEHKY «OTIHYHO» TocTaBuio 15,8% 1o Be-
JICHUIO JKypHaja ydeTa TeMIeparypbl MallUeHTOB B
KMUC, «xopomo» - 25,8%, «yAOBIETBOPUTEIHLHO
oneHwiIa HanboJblas 4yacTh onpomeHHbIX 41,7% u
KaK «HEYJOBJIECTBOPUTEIbHO» 16,7% OMpOIIEHHBIX,
9TO OT BRIOOPKH;

4) mno ¢dopMe perucTpalud 3KCTPSHHBIX H3Be-
mennit ¢.090/y, «ormraao» — 11,7% omporneHHbIX oT
BEIOOpKH, «xopomioy» 12,5%, «yIOBIETBOPUTEIHHO» —
45% u «ueynosnerBoputeasao» — 30,8%.

Ha pucyHnke 2 moka3aHbl OTBETHI PECIIOH/ICHTOB
Ha Borpoc «Onenure Bare yuactue B padote ¢ KMUC
NPU perucTpanuy UHPEKIIMOHHOTO 3a001eBaHus» pe-
CIIOH/ICHTHI OTBETHIIH, 4TO 29,7% HE ydacTBOBaIM B
pabore, HanOonbIIast YacTh OT BeIOOpKH 47,4% ydacT-
BOBaJI B TTOJIHOM 00beMme, 9,3% pecroHIEHTOB yKa-
3a1H, 4To He ymeroT paborats B KMUC n 13,6% - 3a-
TPYIHSFOTCS OTBETUTH Ha BOIIPOC.
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13,6%

9,3%

47,4%

B He yyactBoBanu

1 He ymeto pabotatb B KMUC

29,7%

B YyacTBOBa/U B NOJIHOM 0bbeme

3aTpyAHANUCHL OTBETUTb

Pucynox 2 - Oyenume Bawe yuacmue 6 pabome ¢ KMUC npu pecucmpayuu
UHDEKYUOHH020 3a001e8aAH U

«W3menmcs im Obl Bamn miian paboThl Ha J€HB,
ecn 061 KMUC cran Gonee AOCTYMHBIM ISl TOCIH-
TalbHBIX SHHUIEMHOJOIOB?» Ha JaHHBI BOIpOC
HauOonplnas 4actb pecrioHneHtoB 70,6% oTBeTHIN
«[a. PaboTats crano Owl nerue.», 14,3% oT BBIOOpPKHU
CYHTAIOT, YTO BCE OCTAJIOCH OBI MO-MIPEKHEMY, 3aTPY/I-
HWIHCH B oTBeTe 8,4% U 6,7% OTBETHIIH, YTO pabOTaTh
cTajo OBI CIIOXKHEE.

OTBeTH pecnoHAeHTOB Ha Bompoc «Ecimm Obl B
KMUC, npu mocTyluleHHH TaIlieHTa B CTaIMOHap,
0003HaYaNu MapKepoM C MOJ03pEeHHEeM Ha MHQEKIH-
OHHOE 3a00JIeBaHKe, ONTUMU3UPOBAIACh OBl paboTa B
cxeMme omoBemeHus ?» 70,9% pecroHIeHTOB OTBETHIIH,
YTO MEPONPHSTUS TI0 CXEME OMOBEUICHUs] ObLIH Obl

i He nonb3ytocb

i [Monb3yrocb B
nosHom obbeme

i YacTnyHo
NoAb3yHCb

LI 3aTpygHAoCh
OTBETUTb

cpaboransl ObicTpee, 13,3% oT BEIOOPKH B OTBETE 3a-
TpyaHsitores U 15,8% oTBeTHIIH, UTO BCE OCTAIOCH OB
HO-TIPEKHEMY.

Ha pucynke 3 oTpaskeHbl OTBETHI PECIIOHJICHTOB
Ha Bompoc «Iloms3yerecs mu Bt KMUC npu peru-
ctpaunu 6onpHOr0 Covid-19 ¢ nanpHeHIIMM npoBeae-
HUEM NPOTHBOAUIAEMHUYECKUX Meponpustuii?». Ilo
pe3yibTaTaM aHKeTHPOBaHHS YCTaHOBIIEHO, 4To 29,1%
noip3oBasice KMUC mpu peructpannu 6015HOTO
Covid-19 ¢ mampHeHIIAM TPOBEAECHUEM MTPOTHBOSIIH-
JIEMUYECKUX MEPOTIPUATHH B TOJTHOM 00BeMe, 26,7% -
HE TOJIB30BAIKCH, 33,3% - MOJB30BAMCH YaCTUIHO H
10,9% 3aTpymHsIHCE B OTBETE.

Pucynox 3 - Honvsyemecov 1u Bor KMUC npu pecucmpayuu 6onvroco Covid-19 ¢ danvretiwuum nposedenuem
npomugosnudemuieckux meponpusmuii? (%)

Ha Bompoc «lIloms3yerecs nu Ber KMUC npu
MIPOBEPKE MPOXOXKICHUS MEAULIMHCKOIO OCMOTpa Me-
JUOMHCKAME paboTHHKaMu?» 55,4% pecrioHaeHToB
OTBETHJIM HET HE MNOJb3yeMcsl, HO ObUIo OBl yJnoOHee
mpoBepsitb B KMUC, eciu Obl Oblia OTAETBHAS

BKJIAJIKa JJ1s1 MEAMIUHCKUX paOOTHUKOB, 28,1% OT BbI-
OOPKH MPOBEPSIOT TOJBKO 0 KYPHAIAM B OyMa)KHOM
Buue, 14,8% - monb3yroTcs, HO 3TO 3aHUMAET MHOIO
BpEMEHHU U 3aTpyJHWIUCh B oTBeTe 1,7% MeaunuH-
CKUX paboTHUKA (PUCYHOK 4).
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Pucynox 4 - Ilonwzyemeco mu Bet KMHUC npu nposepke npoxocoenust MeOUyuHCKo20 0CMOmMpa MeOUYUHCKUMU
pabomuuxamu (%)

Ha pucynke 5 moka3aHbl OTBETHI PECIOHICHTOB
Ha Bompoc «YnobHo ym Obuto 661 Bam paborath B
KMUC, ecnu 6511 051 BHEIPEH OTAEIBHBI MOAYIIb IS
SMUAEMHUOJIOra?» HAWOOJbINAs YacTh PECIIOHICHTOB

83,4% otBerriu nojoxxurenbHo «Ja», 11,6% ot Bceit
BEIOOPKH - 3aTPYAHSAIOTCS OTBETUTH U 5% - OTBETHIIN
«Her».

M Het

M [da

4 3aTPYyAHAIOCL OTBETUTb

Pucynok 5 - Yoobro nu 6vino 661 pabomams ¢ KMUC,
eciu ObLL Obl BHEOPEeH OMOeNbHbLIL MOOYIb 075 Inudemuonoza (%)

3akaouenne. TakuM 00pazoM, pe3ylbTaThl HC-
CIICIOBaHUS IMOKAa3alH, YTO B MH()OPMAIMOHHON CH-
cTeMe 31PaBOOXPaHEHUS HEOOXOMUMO ONTHMH3HPO-
BaTh MEIUIMHCKYI0 MH()OPMAIMOHHYIO CHUCTEMY Ul
paboThl  AMHMIAEMHOJIOTOB. DnuaeMuoiioraM Oyner
ynoOHee paboTaTh B KOMIUICKCHONH MEIUIIMHCKOW WH-
(hopmaioHHO cucteme, eciiv OyIeT BHEAPEH MOLYJIb
«OMNUIEMHOJIOTY, Tl CHELUATUCT CMOXET LEHTPaJIH-
30BaHHO BECTH YYETHO-OTYETHYIO JOKYMCHTALHUIO.
DJIEeKTPOHHOE BEJICHUE JOKYMEHTAIMU OyAeT crocob-
CTBOBaTh IOBBIIEHUIO 3(PPEKTUBHOCTH pabOTHI TOC-
MUTAJIBHBIX AMUAEMUOIOTOB B MEJULIMHCKHX OpPraHu-
3aIHsX.
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APPLICATION OF PREPARATIONS OF ANGIOPROTECTIVE AND PROFIBRINOLYTIC
ACTION, AS WELL AS MODERN METHODS OF HEMOSTASIS CONTROL IN PATIENTS WITH
NEW CORONAVIRUS INFECTION (COVID-19) IN THE ACTIVE STAGE OF HEMOSTASIS

Yarygin D

Diagnostic and Treatment Center "Doctor Light", Kirov, Russian Federation, 610020, Gostiny Lane, 5/1

Abstract

Coronavirus Disease 2019 (COVID-19) is associated with a hypercoagulable state associated with acute

inflammatory changes and laboratory findings, which is different from acute disseminated intravascular
coagulation syndrome (DIC), except in patients with very severe disease. Significant changes in the coagulogram
occur - fibrinogen and D-dimer increase, usually with a slight increase in prothrombin time (PT) and activated
partial thromboplastin time (APTT) and moderate thrombocytosis or thrombocytopenia. The pathogenesis of these
abnormalities is not fully understood, and can be multifactorial, such as an acute inflammatory reaction, as a
response to the underlying disease.

The risk of venous thromboembolism (VTE) is markedly increased, especially in intensive care unit (ICU)
patients, with a 25 to 43 percent prevalence among ICU patients in series, often despite prophylactic doses of
anticoagulants. The risk of developing pulmonary thrombosis also increases. The risk of arterial thrombotic events

such as stroke, myocardial infarction and limb ischemia is also increased.
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BACKGROUND:

At the end of 2019, a new coronavirus was
identified and quickly reached pandemic proportions.
The disease caused by the virus (Severe Acute
Respiratory Syndrome, Coronavirus 2 [SARS-CoV-2])
has been designated by the World Health Organization
as the 2019 Coronavirus Disease (COVID-19).

People with COVID-19 can have a range of
complex and varied bleeding disorders (mainly
hypercoagulable states), which raises questions about
appropriate assessments and interventions to prevent or
treat thrombosis.

Pathogenesis:

Endothelial damage. There is evidence of direct
invasion of endothelial cells by coronavirus 2 (SARS-
CoV-2) severe acute respiratory syndrome virus, which
can lead to cell damage. Some experts argue that
endothelial injury, microvascular inflammation,
endothelial exocytosis and / or endotheliitis play a
central role in the pathogenesis of acute respiratory
distress syndrome and organ failure in patients with
severe COVID-19 [1-3].

Other observations suggest a role for extracellular
neutrophil traps (NET), a form of decondensed
chromatin displaced by dead or dying neutrophils, in
the prothrombotic state of COVID-19 [4,5].

Other sources of endothelial damage include
intravascular  catheters and  acute  systemic
inflammatory response mediators such as cytokines (eg
interleukin [IL] -6) and other acute phase reagents [6].
The contribution of complement-mediated endothelial

damage has been suggested, and in vitro studies have
shown that the SARS-CoV-2 spike protein can activate
an alternative complement pathway [7,8].

Congestion - Immobilization can cause blood flow
stagnation in all hospitalized and critically ill patients,
regardless of whether they have COVID-19.

Hypercoagulable state. A number of changes in
circulating prothrombotic factors have been reported in
patients with severe COVID-19 [9-11]:

® |ncreased factor VIII

Increased fibrinogen

Circulating prothrombotic microparticles
Extracellular neutrophil traps (NET)

Increased viscosity

Hyperviscosity has been demonstrated in 15
critically ill patients in the intensive care unit (ICU)
[12]. All 15 had an increased plasma viscosity as
assessed by capillary viscometry (range 1.9 to 4.2 cP;
normal range 1.4 to 1.8 cP). The increased viscosity is
believed to contribute to the hypercoagulable state.

This is often associated with monoclonal
gammopathies, especially Waldenstrom
macroglobulinemia, but it can also be caused by
polyclonal increases in gamma globulins and / or large
increases in other proteins such as fibrinogen.

Very elevated D-dimer levels were observed that
correlate  with disease severity; D-dimer is a
degradation product of cross-linked fibrin, which
indicates an increase in the formation of thrombin and



International independent scientific journal Ne23/2021

21

dissolution of fibrin by plasmin [13]. The potential role
of platelet activation in thrombosis has also been
discussed, although data are limited [14,15].

Coagulation abnormality - The predominant
coagulation abnormality in COVID-19 patients is
indicative of hypercoagulability and is consistent with
uncontrolled clinical findings with an increased risk of
venous thromboembolism.

Some experts have called this condition thrombus
inflammation or COVID-19 associated coagulopathy
(CAC) [16,17]. It appears to differ from disseminated
intravascular coagulation (DIC), although DIC has
been reported in patients with severe coronavirus
infection.

Laboratory findings were characterized in 24
selected patients with severe COVID-19 pneumonia
(intubated) who were examined along with a standard
coagulation test and other tests, including von
Willebrand factor (VWF) and thromboelastography
(TEG) [9]:

Local tests for assessing hemostasis:

* Prothrombin time (PT) and APTT are normal or
slightly increased

* The number of platelets is normal or increased
(average 348 * 10/9L)

* Increased fibrinogen (average 6.80 g / 1; range
2.34 t0 13.44)

* D-dimer increased (average 4877 ng / ml; range
1197 to 16 954)

Other analyzes

* Increased factor VIII activity (average 297 units
/dl)

» The VWF antigen level is significantly elevated
(average 529; range 210 to 863), consistent with
endothelial damage or disruption.

* Minor changes in natural anticoagulants

* Small reduction in antithrombin and free protein

* Small increase in protein C

Data from integral tests for assessing hemostasis
(thromboelastography) - TEG:

e Reaction time (R) is shortened, which
corresponds to an increase in early thrombin release in
50 percent of patients.

* Clotting time (K) is shortened, corresponding to
an 83 percent increase in fibrin formation.

* Maximum Amplitude (MA) increased,
corresponding to greater bunch strength, by 83 percent.

» Lysis of the clot after 30 minutes (LY30) is
reduced, which corresponds to a decrease in
fibrinolysis by 100 percent

Other studies have reported similar results
consistent with the state of hypercoagulability,
including very high D-dimer levels, VWF antigen and
activity, and factor VIII activity [10,18]. One study,
which performed TEG in 44 patients in the intensive
care unit, found complete absence of clot lysis (LY30 0
percent) in 57 percent, which is called “fibrinolysis off”
and is associated with a high incidence of renal failure
and thromboembolic events [19].

Another study found that patients with COVID-19
had higher platelet counts than patients with other
coronavirus infections [20].

A series from Ireland, which included 50 patients
in a conventional medical unit, reported results similar
to those in the intensive care unit, including high D-
dimer and fibrinogen levels, normal platelet counts and
clotting times [21].

An early series of cases, including a series of 183
consecutive patients from Wuhan, China, showed that
thrombocytopenia and lengthening of PT and APTT
were more pronounced [22-25]. It is unclear why these
results were slightly different from more recent data on
less severe PT and prolonged APTT. One possible
explanation is that these patients were worse, possibly
because the disease was not recognized as quickly
during the pandemic earlier, leading to delays in patient
referral and / or treatment. Cases of immune
thrombocytopenia (ITP) associated with COVID-19
have been reported [26-29].

Another explanation for isolated prolonged aPTT
is the presence of a lupus anticoagulant (LA). Two
studies have shown a high level of PA in patients with
prolonged APTT (50 of 57 people tested [88 percent]
and 31 of 34 people tested [91 percent]) [18,30].

Another study, which re-tested 10 LA-positive
people with COVID-19 after a few weeks, found that 9
out of 10 subsequently became negative [31]. The
phenomenon of transient antiphospholipid antibodies
(aPL) -positiveness is often found in persons with acute
viral infections and is not an antiphospholipid
syndrome. However, LA positiveness may correlate
with thrombosis in people with COVID-19 [32]. The
presence of LA can lead to artifact lengthening of
APTT, but does not reflect an increased risk of
bleeding; Patients with LP should receive
anticoagulants when indicated.

Some of the markers of coagulation disorder (eg
D-dimer) seem to correlate with disease severity.

The principles of TEG and the interpretation of
TEG curves are shown in the figure.
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Thromboelastography (TEG) tracing parameters
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"R" is the reaction time (the time it takes the coagulation cascade to
generate thrombin and fibrin). "K" is the clot firmness. "a" (alpha) is the
angle (describes the kinetics of clot formation). MA is the maximum
amplitude (describes the maximum clot strength). Ly30 is the percent clot
lysis 30 minutes after the MA is reached. Refer to UpToDate topics on
platelet function testing and trauma management for details of the use and

interpretation of thromboelastography.

TEG® Hemostasis Analyzer Tracing Image reproduced with permission of
Haemonetics Corporation. TEG® and Thrombelastograph® are registered
trademarks of Haemonetics Corporation in the US, other countries or both.

Difference from DIC - hypercoagulable syndrome
- a condition associated with COVID-19 has been
referred to by some as a disseminated intravascular
coagulation (DIC) -like condition, especially because
many victims are acutely ill and meets the criteria for
probable DIC in a scoring system published by the
International Society on thrombosis and hemostasis
(ISTH) in 2009 [33].

However, the main clinical sign of COVID-19 is
thrombosis, while the main sign of acute
decompensated disseminated intravascular coagulation
is bleeding.

Likewise, COVID-19 has some laboratory
findings similar to DIC, including a marked increase in
D-dimer and, in some cases, mild thrombocytopenia.
However, other parameters of coagulation in COVID-
19 differ from DIC. In COVID-19, typical results
include high fibrinogen levels and high factor VIII
activity, suggesting that significant consumption of
clotting factors is not occurring [9].

In contrast, acute decompensated DIC is
associated with low fibrinogen levels due to
consumption of clotting factors. In one of the largest
series in which thromboembolic events were reported,
none of the patients developed overt disseminated
intravascular coagulation [34].

As a rule, bleeding predominates in acute
decompensated disseminated intravascular coagulation
syndrome, and thrombosis predominates in chronic

compensated disseminated intravascular coagulation
syndrome, although there is significant overlap. Thus,
the hypercoagulable state in COVID-19 patients is
more like compensated disseminated intravascular
coagulation syndrome than acute disseminated
intravascular  coagulation  syndrome, which s
consistent with the conclusion that platelet count and
APTT are generally normal.

This ISTH scoring system is laboratory-based and
is intended only for use in patients with an underlying
disease known to be associated with DIC [33]. COVID-
19 will be qualified based on serious infection. Points
are assigned for thrombocytopenia (1 point for platelet
counts 50,000 to 100,000 / uL; 2 points for <50,000 /
pL), long PT (1 point for 3 to 6 seconds of extension; 2
points for more than 6 seconds), low fibrinogen (1 point
for <100 mg / dL) and an increase in D-dimer (2 points
for a moderate increase; 3 points for a "strong"
increase). A score of 5 or more suggests the likelihood
of DIC. Despite this, the diagnosis of DIC is made
clinically; there is no gold standard, and there is no
single test or combination of tests that is
pathognomonic. Compared to expert opinion, the ISTH
scoring system has a sensitivity of 91 percent and a
specificity of 97 percent [33].

Whether the differences from disseminated intra-
vascular coagulation or similarities are emphasized,
many of the basic principles of treatment for dissemi-
nated intravascular coagulation (DIC) apply, including
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the importance of treating the underlying condition, the
importance of basing interventions on clinical presen-
tation rather than laboratory testing, and the need to
provide anticoagulant therapy for thrombosis and ap-
propriate hemostatic therapy for bleeding.

Coaguological disorders observed in patients with
COVID-19:

Venous thromboembolism (VTE), including
extensive deep vein thrombosis (DVT) and pulmonary
embolism (PE), is very common in patients with acute
COVID-19 disease and occurs in one third of patients
in the intensive care unit (ICU), even with prophylactic
anticoagulation ...

In a large study involving more than 3,000 people
admitted to the hospital, most of whom received
prophylactic anticoagulants, risk factors for VTE on
multivariate analysis were old age, male gender,
Hispanic ethnicity, coronary heart disease, previous
myocardial infarction and above ... D-dimer (> 500 ng
/ ml) during hospitalization [35]. VTE was associated
with an increased mortality rate (adjusted hazard ratio
[HR] 1.37; 95% CI 1.02-1.86).

As noted in the sections below, there has been a
general trend over time from a higher risk of VTE in
hospitalized patients in the early stages of a pandemic
to a lower risk in later stages of a pandemic, although
the risk of VTE in hospitalized patients remains a major
concern. The risk of post-discharge VTE appears to be
similar to or only marginally higher than the risk of
acutely ill hospitalized patients without COVID-19
after discharge.

Several autopsy studies have highlighted the
effects of hypercoagulability and associated
inflammation in patients dying from COVID-19:

Pathological examination of 21 people with
COVID-19 showed severe PE in four, with
microthrombi in the alveolar capillaries in 5 of 11 (45
percent) who had available histology [36]. Three had
evidence of thrombotic microangiopathy with fibrin
clots in the glomerular capillaries. The median age was
76 years, and most of them had a high body mass index
(BMI; mean 31 kg / m 2; normal 18.5 to <25).
Information on anticoagulant use prior to death was
available for 11, and all 11 received some form of
anticoagulant. Cardiovascular diseases, hypertension
and diabetes mellitus were common.

Postmortem examination of 12 consecutive
COVID-19 individuals (8 men; 10 hospitalized) found
DVT in 7 of 12 (58 percent) [37]. All DVT cases had
bilateral leg involvement, and none were suspected to
be dead. Of the 12 people with lung histology available,
5 (42 percent) had evidence of thrombosis. PE has
caused four deaths. Those who had the D-dimer test had
extremely high values (two> 20,000 ng / ml and one>
100,000 ng / ml; normal value <500 ng / ml [<500 pg /
L]) ... Anticoagulant use before death was reported in
only 4 out of 12. The mean BMI was 28.7 kg / m 2; only
three patients had a normal BMI and had cancer,
ulcerative colitis, and / or chronic kidney disease.

An autopsy comparing the pulmonary pathology
of seven people who died from COVID-19 found
severe endothelial damage (endotheliitis), widespread
thrombosis with microangiopathy and microthrombi of

the alveolar capillaries, and increased angiogenesis, all
of which were significantly more pronounced in the
lungs of patients who died from COVID-19, compared
with lungs of the control group who died from influenza
or other causes [38].

Stroke . The Unified Health System identified five
cases of acute ischemic stroke associated with COVID-
19 over a two-week period with symptoms suggestive
of large vessel occlusion; all patients were under 50
years of age [39]. At other times before the pandemic,
individuals under 50 years of age had approximately
0.7 large vessel strokes over a two-week interval. In one
of the ICU patient groups described above, ischemic
stroke occurred in 3 out of 184 patients (cumulative
incidence 3.7%) [34]. In another study from the series
described above, cerebral ischemia was observed in 3
out of 150 [18]. In a series of 314 inpatients who did
not receive ICU, six (2%) had ischemic strokes; another
three in the intensive care unit suffered ischemic stroke.

Lower limb ischemia - A report described 20
patients with COVID-19 who developed acute limb
ischemia in one institution over a period of three
months [40]. This represents a significant increase in
limb ischemia over the previous year (16 percent
compared to 2 percent at the beginning of 2019). The
majority were men (18 out of 20), with an average age
of 75. Surgery for surgical revascularization was
performed in 17 patients, of whom 12 (71 percent) were
successful, which is below the expected success rate.
Individuals who received postoperative heparin did not
require re-intervention, although the benefits of
postoperative heparin did not reach statistical
significance.

Another report described four patients with acute
limb ischemia due to thrombosis, two of whom were
young and had no underlying medical conditions (a 53-
year-old man who developed aortoiliac thrombosis and
a 37-year-old man who developed thrombosis brachial
artery). [41]. Both received a prophylactic dose of low
molecular weight heparin during the development of
thrombosis, and both had very high D-dimer levels (>
9000 ng / ml).

Microvascular Thrombosis - At autopsy, some
people who died from COVID-19 have demonstrated
microvascular thrombosis in the lungs [7,17,36,38].

Other reports describe pulmonary perfusion
disorders that have been attributed to thromboembolic
disease [42].

The mechanism is unclear and may include
hypercoagulability, direct endothelial damage,
complement activation, or other processes.

Bleeding - Bleeding is less common in patients
with COVID-19 than blood clotting, but it can occur,
especially with anticoagulation.

Endothelial damage is a well-known component
of hypercoagulability.

Venous thromboembolism (VTE) prophylaxis is
advisable in all hospitalized medical, surgical, and
obstetric patients with COVID-19 unless there are
contraindications to anticoagulation (eg, active
bleeding or severe bleeding in the previous 24 to 48
hours).
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Anticoagulation in COVID-19 patients
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What is the level of care? | | = Prophylactic anticoagulation may be
appropriate for selected high -risk individuals ¥
® Others usually do not require anticoagulation
I
r 1
Critical care, ICU, or equivalent Regular medical, surgical, or cbstetric ward
A v

1

™ but the level of dose s pr
(prophylactic dose, intermediate dose, or full-dose) is * LMW heparin is usually preferred
controversial due to high risk of DVT/PE and lack of high-quality | | o Unfractionated heparin may be used in selected cases
data on efficacy and sfety (09, CrCl <15 mL/min or RRT)

® Refer to institutional guideknes - Py may be used for with HIT

= Enroll in a dlinical trial if possible

* Refer to UpToDate for further discussion

COVID-19 is a hypercoagulable state, and the risk of thromboembolic disease is increased in critically ill (and sometimes well-appearing) individuals. Thromboembolism is
typically venous but in some cases may be arterial. Bleeding is much less common but can occur, including intracerebral bleeding, highlighting the impartance of documenting
ischemia or thrombosis when feasible.

COVID-19: coronavirus disease 2019; MI: myocardial infarction; PE: pulmonary embolism; DVT: deep vein thrombosis; AF: atrial fibrillation; VTE: venous thromboembolism;
tPA: tissue plasminogen activator; PERT: pulmonary embolism response team; ICU: intensive care unit; LMW : low molecular weight; CrCl: creatinine clearance; RRT: renal
replacement therapy, HIT: heparin-induced thrombocytopenia.

* Appropriate testing to document suspected thromboembolism is advised if feasible. Assistance from a specialist (pulmonary, critical care, hematology) may be required. Refer
to UpToDate for details of testing.

9 High-risk features include prior VTE, recent surgery or trauma, immobilization, or obesity.

Quick reference for evaluation and management of COVID-19-associated hypercoagulability Evaluations
and monitoring

Daily PT, aPTT, fibrinogen, D-dimer Diagnostic imaging studies if
Inpatients feasible for clinically suspected DVT or PE; consult PERT team
Alternative evaluations if standard imaging studies are not feasible
Outpatients Routine coagulation | Use for prognostic information and level of care Do not intervene solely
testing is not required based on coagulation abnormalities
Management

Prophylactic dose anticoagulation for all inpatients Intermediate or
therapeutic dose anticoagulation for selected critically ill individuals (eg,
in the ICU) Possible continued thromboprophylaxis following discharge
Possible thromboprophylaxis in selected outpatients
Therapeutic (full-dose) anticoagulation for documented or presumptive
diagnosis of VTE Initiate in hospital per standard protocols Consider
VTE treatment extended thromboprophylaxis following discharge Reserve fibrinolytic
agents (eg, tPA) for limb-threatening DVT, massive PE, acute stroke, or
acute MI; consult PERT or stroke team
Clotting in vascular catheters or | Therapeutic (full-dose) anticoagulation Standard protocols for
extracorporeal circuits* continuous renal replacement therapy or ECMO
Similar to individuals without COVID-19 Transfusions for anemia or
thrombocytopenia Anticoagulant reversal and/or discontinuation for
Bleeding anticoagulant-associated bleeding Specific treatments (eg, factor
replacement) for underlying bleeding disorders Avoid antifibrinolytic
agents in individuals with acute decompensated DIC
Refer to UpToDate for discussions of COVID-19 management and related topics. Resources are also available
from the International Society on Thrombosis and Haemostasis
(https://onlinelibrary.wiley.com/doi/10.1111/jth.14853), the American Society of Hematology
(https://www.hematology.org/covid-19/covid-19-and-coagulopathy), and the American College of Cardiology
(http://surl.li/jggv). COVID-19: coronavirus disease 2019; PT: prothrombin time; aPTT: activated partial
thromboplastin time; DVT: deep vein thrombosis; PE: pulmonary embolism; PERT: pulmonary embolism
response team; VTE: venous thromboembolism; ICU: intensive care unit; tPA: tissue plasminogen activator; MI:
myocardial infarction; ECMO: extracorporeal membrane oxygenation; DIC: disseminated intravascular
coagulation. * Includes continuous renal replacement therapy (CRRT; eg, hemodialysis), ECMO, or other
extracorporeal circuits. § Acute decompensated DIC is associated with clinical bleeding (and/or thrombosis) and
laboratory findings including prolonged PT and aPTT, thrombocytopenia, and hypofibrinogenemia.
Antifibrinolytic agents (tranexamic acid and epsilon aminocaproic acid) are avoided because they may tip the
balance towards thrombosis. Refer to UpToDate for details

VTE prophylaxis
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Outpatient Thromboprophylaxis - Individuals
with documented VTE require a minimum of three
months of anticoagulation.

Post-discharge prophylaxis options include those
used in clinical trials, such as rivaroxaban 10 mg daily
for 31-39 days [43].

Studies have noted a predominance of men with a
high prevalence of obesity and other chronic
comorbidities, especially cardiovascular disease,
hypertension and diabetes. Subsequent studies have
shown similar results [39].

The administration of sulodexide after
discontinuation of anticoagulant treatment reduces the
risk of relapse without an apparent increase in the risk
of bleeding. [44].

MATERIALS AND METHODS:

The study involved 200 patients with moderate,
severe (who received inpatient treatment), and a mild
form of new coronavirus infection (COVID-19) with
changes in the parameters of the coagulation system,
with high / intermediate risks of VTE.

The patients were randomly divided into two
groups, 100 people each. One group, after discharge
from the hospital, and after discontinuation of
anticoagulants, took sulodexide in therapeutic dosages,
the other group did not.

Before the appointment of sulodexide, both
groups of patients underwent the same examination
aimed at identifying changes in the hemostatic system.

The survey included local tests for assessing the
coagulation system:

Complete blood count
morphological platelet count

e Coagulation studies (prothrombin time [PT]
and activated partial thromboplastin time [aPTT])

e Fibrinogen

e The activity of natural anticoagulants (protein
C and S, antithrombin 111).

e D-dimer

e Integral test for assessing hemostasis -
thrombodynamics (the indicators were assessed:

V, [um / min]. Clot growth rate.

Tlag, [min]. Lag time is the delay in the onset of
clot formation after plasma contact with the activator
insert.

Tsp, [min]. Time of appearance of spontaneous
bunches in the plasma volume.

In both groups, the same values of change in
indicators were noted, as noted above:

e High D-dimer

e High fibrinogen

e Normal or slightly prolonged PT and APTT

e Mild thrombocytopenia or thrombocytosis, or
normal platelet count

e V. [um/min]. Increased rate of clot growth.

e Tlag, [min]. A sharp decrease in the delay time
of the onset of clot formation after plasma contact with
the activator insert.

e Tsp, [min]. The appearance of spontaneous
bunches in the plasma volume was noted.

Patients from the control group were prescribed
sulodexide in a dosage of 1 capsule (250 mg) 2 times a

(CBC) including

day between meals. The duration of therapy was 21
days.

Re-examination in both groups was carried out at
least 2 times a week or less often, depending on the
severity of the patient's illness, the initial test result and
the trend of values.

Patients from the control group showed a
normalization of the indices of local tests for assessing
hemostasis, as well as the normalization of the values
of the rate indices of clot growth according to the data
of the integral test (thrombodyingamic) by the end of
the 2nd week of the study (on average, 13th - 17th days
of sulodexide administration), Comparison, the
normalization of these indicators was noted only
starting from the 35th day of the study (on average, 35th
- 43rd days), i.e. the risks of developing severe
thrombotic complications persisted for more than six
weeks!

CONCLUSIONS

Despite the aggravated prothrombotic history,
activation of blood coagulation during the course of a
new coronavirus infection (COVID-19) and a high risk
of fatal thrombotic complications, the use of modern,
complex, prolonged anticoagulant therapy and the use
of monitoring its effectiveness make it possible to
successfully prevent thrombotic disorders in patients
with COVID-19 both during active illness and in
convalescents.

DISCUSSION

As a result of the use of highly effective modern
methods for assessing the coagulation potential of
peripheral blood serum and monitoring the activity of
anticoagulant drugs, it is possible to successfully
prevent the development of thrombotic complications
in patients with COVID-19. This method allows with
ease and maximum minimization of risks (hemorrhagic
and thrombotic) to carry out accompanying
anticoagulant therapy in this group of patients. The use
of drugs with an angioprotective and profibrinolytic
effect reduces the time required for the restoration of
normal coagulation potential and minimizes the risks of
developing severe thrombotic complications. Of
course, further research is required, but subsequently,
with an increase in the number of real clinical
observations, all this will contribute to the development
of recommendations for the management of patients
with a new coronavirus infection (COVID-19)
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Abstract

The authors of the existing version of the special theory of relativity had to use the principle of light speed
non-exceedance to explain relativistic formulas obtained therein within the space of real numbers. The principle
implied existence of only our visible universe and absence of physical content in imaginary numbers.

However, since the principle is just a postulate, i.e. an unproven assumption, it has always carried little
credibility. The paper refutes the principle by the experimentally proven principle of physical reality of imaginary
numbers. As follows from the principle of physical reality of imaginary numbers, relativistic formulas of the exist-
ing version of the STR are wrong and incorrectly explained, and conclusions drawn from them are misguided. In
other words, this version is incorrect? and, thus, the STR was not actually created in 20th century. Moreover, it
could not be created in the 20th century, as its creation required experimental data obtained in the 21st century.

The paper provides an alternative version of the STR containing relativistic formulas corrected given exper-
imental data obtained in the 21st century. These formulas imply that instead of the Monoverse, whose existence is
supposed in the existing version of the STR, there is a Multiverse, whose universes are mutually invisible (and the
invisibility is explainable) and therefore it has been referred to as hidden.

The paper explains that existence of invisible universes of the hidden Multiverse gives rise to the phenomenon
of dark matter and dark energy that is actually a sort of optical effect (however, not electromagnetic, but gravita-
tional), a shadow, rather than some physical substance®. It also explains that existence of other invisible universes
outside the hidden Multiverse gives rise to the phenomenon of dark space.

Invisible universes are claimed to really exist, which can be experimentally proved by astronomical observa-
tions in anomalous zones, where universes not visible outside anomalous zones become partially visible. There-
fore, constellations observed in the starry sky inside the anomalous zones are slightly different from those observed
in our visible universe.

The alternative version of the special theory of relativity can also successfully solve other issues of astro-
physics. In particular, it can explain where antimatter is located and why it does not annihilate with matter, as
well as where tachyons are located and why they don 't violate the principle of causality, etc.

Keywords: imaginary numbers; special theory of relativity; dark matter; dark energy; dark space; Multi-
verse; Hyperverse; invisible universes.

1. Introduction

The special theory of relativity (STR) [1-3] is con-
sidered to be the greatest achievement of physics of
20th century. The theory asserts that according to the
principle of light speed non-exceedance our visible uni-
verse is the one and only. However, such assertion has
always been reasonably mistrusted®, since it follows
from the above-mentioned postulated principle that is
actually an unproven assumption. Moreover, the trigger
for appearance of this principle in the STR was quite
obvious and had nothing to do with any serious theoret-
ical research. The authors of the STR [4-7] needed the

principle only because they did not have correct expla-
nation for relativistic formulas (the main result of their
theory) taking imaginary values at hyper-light speeds
within the framework of real number physics. And in
order to avoid non-recognition of their theory, they
would like to divert attention from this circumstance,
one way or another.

It seemed as if the use of the principle of light
speed non-exceedance allowed them to do this. Never-
theless, the authors of the existing version of the STR
were so discouraged by this circumstance that further
STR development ceased for almost a century®. And

! This is an extended version of the article “Antonov A.A. (2020) Universes being invisible on Earth outside the portals are

visible in portals. Natural Science. 569-587 .

2 No undertaking may be considered complete, unless it is properly done. No one would drink coffee, if salt is put thereto

instead of sugar.

3 And, therefore, it cannot be detected at the Large Hadron Collider.

4The STR was criticized by Oliver Heaviside, Nikola Tesla, Nobel Prize winner Albert Abraham Michelson, Nobel Prize winner
Friedrich Wilhelm Ostwald, Nobel Prize winner Joseph John Thomson, Nobel Prize winner Svante August Arrhenius, Nobel
Prize winner Philipp Eduard Anton von Le-nard, Nobel Prize winner Alvar Gullstrand, Nobel Prize winner Wilhelm Carl
Werner Otto Fritz Franz Wien, Nobel Prize winner Walther Hermann Nernst, Nobel Prize winner Ernest Rutherford, 1st Baron
Rutherford of Nelson, Nobel Prize winner Johannes Stark, Nobel Prize winner Frederick Soddy, Nobel Prize winner Percy
Williams Bridgman, Nobel Prize winner Edwin Mattison McMillan, Nobel Prize winner Hideki Yukawa, Nobel Prize winner
Hannes Olof Gosta Alfven and many other outstanding scientists.

5 At that time, political and other considerations far from science began to influence the outcome of scientific discussions. Thus,
decisions on banning criticism of the theory of relativity were made three times in the Soviet Union: in 1934, by the resolution
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thus, incomplete and imperfect STR in its existing ver-
sion came into use as a generally acknowledged theory.

2. Unsuccessful OPERA experiment

In 1958 Pavel Alekseyevich Cherenkov, Igor
Evgenievich Tamm and Ilya Mikhailovich Frank re-
ceived the Nobel Prize for the discovery and interpre-
tation of Cherenkov radiation [8], emitted when
charged particles move through a transparent medium
at a speed greater than the speed of light in that me-
dium. Apparently, the discovery refuted the principle of
light speed non-exceedance and, therefore, the existing
version of the STR. However, over some time the prin-
ciple was resurrected by revision stating that it implied
movement of a physical body only in a vacuum.

Nevertheless, doubts about the truth of the princi-
ple of light speed non-exceedance have remained even
in its revised version. In this regard, there was apparent
necessity for an experiment that would be able to con-
firm or refute the principle of light speed non-exceed-
ance in a vacuum, and thereby prove or refute the prin-
ciple of physical reality of imaginary numbers. The
OPERA experiment, aimed to detect superluminal neu-
trinos, would seem to be appropriate. On September 23,
2011 the OPERA collaboration published [9] a sensa-
tional report on registration of superluminal neutrinos
contradicting the STR. However, on March 15, 2012
the ICARUS collaboration published [10] a report on
refutation of the OPERA experiment. That has created
illusion of irrefutability of the STR.

3. Alternative experimental proofs of physical re-
ality of imaginary numbers

Creation of such illusion was presumably the true
goal of the OPERA and ICARUS experiments. That is,
the OPERA and ICARUS experiments were probably
just an advertising campaign, which, in the absence of
scientific arguments, was supposed to prolong exist-
ence of the incorrect STR version. And such an as-
sumption seems quite plausible, since it is confirmed by
facts. Results of experimental studies of special pro-
cesses in linear electric circuits [11-16] that success-
fully proved physical reality of concrete imaginary
numbers® and made OPERA experiment unnecessary
were actually published in 2008-2010, i.e., prior to pub-
lication of OPERA experiment results. And along with
subsequent experimental studies of such processes [17-
26] they have never been refuted, unlike the OPERA
experiment.

Publications [11-26] presented even three experi-
mental proofs of physical reality of imaginary numbers:

e a proof using oscillatory transient processes
[15-17], [18], [25], [26]. It implied that there would be
no tsunami, pianos and church bells would not sound
and even children’s swing wouldn’t sway after being
pushed by parents, if the principle of light speed non-
exceedance were true;

of the Central Committee of the All-Union Communist Party
(Bolsheviks) on the discussion of relativism; in 1942, by the
resolution of the Presidium of the Academy of Sciences of the
Soviet Union on the theory of relativity; and in 1964, by the
closed decree of the Presidium of the Academy of Sciences of
the Soviet Union that forbade all scientific councils, journals

e a proof using oscillatory resonant processes
[11-14], [16], [18], [19], [25], [26]. It implied that there
would be neither television, nor radiolocation, nor GPS
trackers, nor mobile phones, etc, if the principle of light
speed non-exceedance were true;

e a proof using Ohm’s law in the interpretation
of Steinmetz [20-26], proposed in 1893 and known to
all educated people. It implied that the principle of light
speed non-exceedance could be refuted even before
creation of the STR.

The proofs presented are quite simple and can be
verified and confirmed in any radio engineering labor-
atory, and therefore are irrefutable. To make sure
thereof, let’s demonstrate one of them, for example, the
last proof, since it is the simplest and clearest.

Recall that in accordance with the symbolic
method of calculating electric circuits proposed by
Steinmetz, which is now used by all electric and radio
engineers, resistance is measured by real numbers,
while capacitive and inductive reactance is measured
by bipolar imaginary numbers. Consequently, imped-
ance of electric circuits containing resistors, capacitors
and inductors is measured by complex numbers. Thus,
if, in accordance with the principle of light speed non-
exceedance, imaginary capacitive and inductive reac-
tance were actually imaginary, i.e. physically non-ex-
istent, then electric circuit impedance would always be
determined only by resistors and therefore, never de-
pend on frequency. However, all engineers have been
aware for more than a hundred years that impedance of
LCR circuit changes, as frequency of voltage applied
thereto varies. This is due to change in amount of cur-
rent flowing through the LCR circuit. This unequivo-
cally proves physical reality of imaginary reactance of
capacitors and inductors, and thereby physical reality
of any imaginary numbers.

Besides, if, according to the principle of light
speed non-exceedance, imaginary reactance of capaci-
tors and inductors were actually imaginary, then there
would be no resonance in electric LCR circuits and
electric filters could hardly be created. As a result, nei-
ther electric engineering, nor radio engineering, nor
other exact sciences would exist. However, they do.
And for more than a century, millions of engineers have
used Ohm’s law in the interpretation of Steinmetz in
their daily practical activities, thereby proving physical
reality of imaginary numbers, which physicists of 21st
century still consider unproved on the basis of the un-
successful OPERA experiment. Thus, using the princi-
ple of light speed non-exceedance postulated in the
STR, physicists assert impossibility of existence of tel-
evision, telecommunications, radar and radio naviga-
tion, impossibility of sounding of musical instruments
and church bells, and deny existence of tsunami and
even children’s hanging swings.

and departments to accept, consider, discuss and publish
works criticizing the theory of Albert Einstein. In other coun-
tries, for example in Germany, the attitude to the STR was
also ambiguous.

6 .e. provided with references to units used to measure pa-
rameters of corresponding physical objects and processes.
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Therefore, it is high time for physics to recognize
the fallacy of relativistic formulas developed in the ex-
isting version of the STR in the 20th century and the
principle of light speed non-exceedance used to explain
them.

4. Fallacy of the existing version of the STR

Now, having proved the principle of physical real-
ity of imaginary numbers, we have a great opportunity
to explain the meaning of relativistic formulas of the

STR both in the range 0 <V < C and c <V. And
since people think in visual images, we use the graphs
(see Figurela,b,c) of relativistic formulas to make the
explanation more clear

m=

I=1o\1-(% ) @

where My is the rest mass of a physical body;

M is the relativistic mass of a moving physical
body;

Ato is the rest time of a physical body;

At is the relativistic time of a moving physical
body;

|0 is the rest longitudinal length of a physical
body;

| is the relativistic longitudinal length of a mov-
ing physical body;

V is the velocity of a moving physical body;

C is the speed of light.

Figure 1. Graphs of functions (1) - (3), corresponding to the existing version of the STR, and (4) - (6), corre-
sponding to its alternative version

As can be seen, fragments corresponding to the in-

tervals 0 SV < C and C <V are expressed in dif-
ferent forms on all these graphs. But according to the
principle of physical reality of imaginary numbers, both
intervals should still correspond to really existing uni-

verses, albeit different: the interval 0 <V < C should
correspond to our visible universe, and the interval

C <V to some other invisible universe that lies be-
yond the horizon of events. However, an invisible uni-
verse corresponding to the interval C <V is inexpli-
cable, since it corresponds to a process that cannot exist
in nature.

Hence, logical conclusion is that the formulas (1)
- (3) are false. Consequently, the existing version of the
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STR is also false. So, we have to admit that the STR
was not actually created in the 20th century. Moreo-
ver, it could not be created at that time, since experi-
mental data required for its creation were obtained
only in the 21st century.

And such a result is even expected in creation of
the STR. Physical truth can be guessed by no postu-
lates, if its search is not corrected by appropriate exper-
iments’. That’s why the Nobel Prize winner Stephen
Weinberg was right in his statement concerning postu-
late-based theories: “Scientific theories cannot be de-
duced by purely mathematical reasoning”.

We would add that any postulate in physics should
sooner or later be replaced by either confirming or re-
futing experiment. Theories containing postulates are
rather hypotheses.

5. Truth of the alternative version of the STR
Graphs shown in Figure 1d,e,f should correspond
to the explainable relativistic formulas of the STR [27]
and the following formulas

31
At =At0iq1/1—(%—q)2 =At0iq,/1—(V%)2 )
=1 [1- (Y ~a)” =Li® [1-(W))? (©)

where ( = I_%J is the ‘floor’ function (Figure 2a)

of argument o ;

W=V—(cC is the local velocity (Figure 2b) for
each universe, which can take values only in the range
0O<w<ec;

V is the velocity measured from our visible uni-
verse.

The parameter ( in the formulas (4) - (6) means

the fourth spatial dimension, whose integer values in
the Multiverse correspond to the coordinates of mutu-
ally invisible universes [28], [29] included therein.
Therefore, such a Multiverse is referred to as hidden. In
the hidden Multiverse, different g values correspond to
the following universes:

m,i m,i
m= = (4)
N7 SN B LA
i q w
|

a

b

Figure 2. Graphs of functions Q(V) and W(V)

e the quantity ( =0 corresponds to our visible

universe (as i® =1 and, therefore, 0 <V < C for it),
which is referred to as tardyon due to the name of sub-
atomic particles moving at sub-light speed;

e the quantity (= 1 corresponds to an adjacent

invisible universe (as i'=i, and, therefore,
¢ <V <2C forit, that is, it is located beyond the
event horizon), which is referred to as tachyon due to
the name of subatomic particles moving at hyper-light

speeds;
e the quantity = 2 corresponds to an invisible

tardyon antiverse (as i2=—1, and, therefore,

2¢ <V < 3C forit, that is, it is also located beyond
the event horizon), since according to the relativistic

" Therefore, for example, the WMAP and Planck experiments
(see below) turned out to be unguessed.

formulas (4) - (6) all its physical quantities take on val-
ues opposite in sign to those of the same quantities in a
tardyon universe;

e thequantity = 3 corresponds to an invisible

tachyon antiverse (as i3:—i, and, therefore

3¢ SV<AC forit, that is, it is also located beyond
the event horizon), since according to the relativistic
formulas (4) - (6) all its physical quantities take on val-
ues opposite in sign to those of the same quantities in a
tachyon universe;

e the quantity (= 4 corresponds to another in-

visible tardyon universe (as I4 =1, and, therefore, for
it, that is, it is also located beyond the event horizon),
since according to the relativistic formulas (4) - (6) all
its physical quantities take on the same values as those
of the quantities in a tachyon universe, for which
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4de<v<bhe:
e the quantity = 5 corresponds to another in-

visible tachyon universe (as i5 =1, and, therefore,

5¢ SV <6C forit, that is, it is also located beyond
the event horizon), since according to the relativistic
formulas (4) - (6) all its physical quantities there take
on the same values as those of the quantities in a tar-

dyon universe, for which ( = 1, and so on.

Moreover, the universes of the hidden Multiverse
have actually no fixed location in space. They continu-
ously drift, touching and even slightly penetrating into
each other. And adjacent invisible universes exchange
their physical content through numerous transitional
zones, called portals or star gates [30-33], generated at
penetration points. As a result, over billions of years of
existence, mass/energy of these universes has signifi-
cantly averaged.

6. Explanation of the phenomenon of dark matter

and dark energy

However, new ideas are worth something in sci-
ence only if they allow solving new issues. In astro-
physics, these are, for example, issues concerning ex-
planation of the phenomenon of dark matter and dark
energy, existence of antimatter and tachyons, experi-
mental confirmation of existence of invisible universes,
etc.

As it follows from the above, the idea of unique-
ness of our visible universe, postulated® in the existing
version of the STR, has failed a test.

Therefore, we shall check the idea of multiplicity
of physical worlds, alternative to the idea of Mono-
verse, for compliance with the criterion of fruitfulness.
Let’s start with the phenomenon of dark matter, discov-
ered by Jan Hendrik Oort [34] and Fritz Zwikky [35] in
1932-33, and the phenomenon of dark energy, discov-
ered by Saul Perlmutter [36], Brian Schmidt [37] and
Adam Riess [38] in 1998-1999. All of them were
awarded the Nobel Prize for their discoveries. Stressing
the importance of the discoveries, the Nobel Prize lau-
reate Adam Riess wrote: “Humanity is on the verge of
a new physics of the Universe. Whether we want it or
not, we will have to accept it”. Such a new physics is
actually concerned below.

The phenomena of dark matter and dark energy
[39-42] are referred to as such for their obscurity. It is
not clear why they are invisible in any range of electro-
magnetic oscillations and therefore can only be de-
tected indirectly by their gravitational manifestations.
It is even more incomprehensible why no molecules,
atoms and subatomic particles have so far been found
in dark matter and dark energy. This is completely in-
consistent with modern fundamental concepts of phys-
ical chemistry as to the essence of matter. Many other
things also remain an enigma. Therefore, explanation
of the phenomenon of dark matter and dark energy is
the most important issue of modern physics.

Professor Michio Kaku commented on this issue

8 Since it follows from the postulated principle of light speed
non-exceedance

as follows: “Of course, a whole bunch of Nobel Prizes
is waiting for scientists who can reveal the secrets of
the “dark energy” and “dark matter””

Albert Einstein explained very clearly the reason
for obscurity of the phenomenon of dark matter and
dark energy in the existing version of the STR: “Insan-
ity: doing the same thing over and over again and ex-
pecting different results”. Sir 1saac Newton was of the
same opinion: “No great discovery was ever made
without a bold guess”.

That is, astrophysicists created all these obscuri-
ties by wrong formulation of the problem. They sought
an explanation of this phenomenon, which would cer-
tainly correspond to the existing version of the STR,
stating that we live in the Monoverse. They thought that
any alternative explanations for this phenomenon were
of no interest. After all, even a few attempts to study
possible structures of the Multiverse [43-49] have still
been commented on as fundamentally unverifiable.

However, the phenomenon of dark matter and
dark energy becomes quite explicable [50-58] as soon
as problem formulation is changed and explanation is
sought within the hidden Multiverse:

e dark matter and dark energy are not real phys-
ical entities that can be found either in the microcosm
or macrocosm. They are rather a certain image (gravi-
tational, rather than optical and still less electromag-
netic) of invisible universes of the hidden Multiverse, a
sort of a shadow;

o dark matter is generated by parallel universes
of the hidden Multiverse adjacent to our universe;

e dark energy is generated by other parallel uni-
verses of the hidden Multiverse, more distant from us;

e images corresponding to dark matter and dark
energy have® no chemical composition. This alone sug-
gests and proves existence of the Multiverse, rather
than Monoverse;

e dark matter and dark energy are invisible be-
cause universes of the hidden Multiverse generating
them are invisible.

Such an explanation meets the criterion of Oc-
cam’s razor and therefore is quite correct.

7. Analysis of experimental data obtained by
WMAP and Planck spacecraft

Extremely valuable additional information on the
structure of the hidden Multiverse can be discovered in
analysis of data obtained by WMAP [59] and Planck
[60] spacecraft. Thus, according to Planck data, total
mass/energy of the entire Multiverse contains 4.9% of
ordinary baryonic matter (according to WMAP -
4.6%), 26.8% of dark matter (according to WMAP —
22.4%) and 68.3% of dark energy (according to WMAP
— 73%). Therefore, we can conclude that:

o the entire Multiverse contains
(100%)(4,9%)=20,4 parallel universes according to
Planck data (and (100%)(4,6%)=21,8 parallel uni-
verses according to WMAP data);

e dark matter is generated by
(26,8%)(4,9%)=5,5 parallel universes according to

% Try to find at least one molecule in any shadow
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Planck data (and (22,4%)(4,6%)=4,9 parallel universes
according to WMAP data);

o dark energy is generated by
(68,3%)(4,9%)=13,9 parallel universes according to
Planck data (and (73,0%)(4,6%)=15,9 parallel uni-
verses according to WMAP data).

And it’s quite obvious that such experimental re-
sults could be guessed by no postulates in the 20th cen-
tury.

8. The truth of the alternative version of the SRT
(continued)

However ... the results obtained do not correspond
to the relativistic formulas (4) - (6), since, according to
WMAP and Planck data, our tardyon universe has five-
six adjacent universes, rather than two. Consequently,
the hidden Multiverse has actually three extra dimen-
sions, rather than one.

y

z S z z
X )—»X )—»X
z y y q

v X .Z z >
y X )—»x )—»x
r y y

Figure 3. Six-dimensional space of the hidden Multiverse

Therefore, relativistic formulas of the STR (4) - (6) should be once more corrected as follows
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where 4, T,S are the extra dimensions;

Uo oSy are the coordinates of our visible uni-
verse in the hidden Multiverse;

V is the velocity measured relative to our visible
tardyon universe;
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C is the speed of light; range 0 <W<cC;
W=V—(gq+r+s—0,—1r,—S, )Cis 1,1, ,15 are the imaginary units in hypercomplex

local velocity of the universe corresponding to the co-  ,umbers [61], called quaternions, that are intercon-
ordinates ly,1,,l3 that can take values only in the  nected by the following relations
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iZ=i2=i5=1(0)

Consequently, structure of six-dimensional space
(see Figure 3) of the hidden Multiverse [62] is de-
scribed by the formula

fors(X,Y,2)+0,q+i,r +izs, where
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e theterm ilq + i2r + igs is the coordi-

nates of the corresponding invisible universe,
e and the term fq,r,s( X,Y,2) deter-

mines distribution of physical content in this universe.

Professor Lisa Randall suggested: “We can be liv-
ing in a three-dimensional space sinkhole in a higher-
dimensional universe”. And her suggestion actually
proved true.

Therefore, the probable structure of the hidden
Multiverse would seem to be as that shown in Figure 4.
It has the following features:

e ascrew structure containing three turns, eight
universes in each;

e each turn contains one tardyon universe, one
tardyon antiverse, three tachyon universes and three
tachyon antiverses;

e the screw structure has a beginning and an end
connected to the universes of other Multiverses through
corresponding portals;

e other Multiverses along with our hidden Mul-
tiverse form the Hyperverse;

e invisible universes of the hidden Multiverse
that are adjacent to our visible universe inexplicably
evoke the phenomenon of dark matter;

e other invisible universes of the hidden Multi-
verse inexplicably evoke the phenomenon of dark en-

ergy;
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e invisible universes outside the hidden Multi-
verse inexplicably evoke the phenomenon of dark
space;

e universes of the hidden Multiverse are inter-
connected by bidirectional portals corresponding to the
formula (10) and by unidirectional portals correspond-
ing to the formulas (11) and (12).

This structure of the hidden Multiverse contains
twenty-four universes. Therefore, it does not corre-
spond to the results of WMAP and Planck data analysis.

Figure 5 shows possible structure of the hidden
Multiverse corresponding to the results of WMAP and
Planck data analysis and containing twenty-two parallel
universes. If compared with the structure given in Fig-
ure 4, it lacks two invisible universes of the hidden
Multiverse. Instead, adjacent invisible universes are
connected through portals to invisible universes of two
(or one) other Multiverses outside the hidden Multi-
verse. Besides, our hidden Multiverse can also be con-
nected through portals with these other Multiverses in
a different way.

Another possible structure of the hidden Multi-
verse containing twenty-one parallel universes is de-
picted in Figure 6. As can be seen, this structure lacks
three invisible parallel universes. Instead, adjacent in-
visible parallel universes are connected through their
portals to invisible parallel universes of other three (or
two or one) Multiverses. At the same time, our hidden
Multiverse can be connected through portals with these
other Multiverses in a different way.

Finally, one more possible structure of the hidden
Multiverse containing twenty parallel universes is de-
picted in Figure 7. This structure lacks four invisible
parallel universes. Instead, adjacent invisible parallel
universes are connected through portals to invisible
parallel universes of other four (or three, or two, or one)
Multiverses. At the same time, our hidden Multiverse
can be connected through portals with these other Mul-
tiverses in a different way.

9. Antimatter and tachyons
Thus, an attempt to explain the phenomenon of
dark matter and dark energy by existence of invisible
universes can’t be considered unsuccessful. Now let’s
see whether the same approach is useful in relation to

10 For simplicity denoted as “dark matter” and “dark en-
ergy” in Figure 8

the problem of explaining the existence of antimatter
and tachyons [57], which until recently have been as
inexplicable as dark matter and dark energy. Their ex-
planation was hindered by such insurmountable contra-
dictions, as the necessity of placing matter and antimat-
ter in the Monoverse so that they did not annihilate and
necessity of placing tachyons in the Monoverse so that
they did not violate the principle of causality. As a re-
sult, the problems of explanation seemed completely
unsolvable. And they are really unsolvable in the con-
text of Monoverse corresponding to the existing ver-
sion of the STR.

But why, then, taking into account these circum-
stances, has there been no attempt to abandon the prin-
ciple of light speed non-exceedance and the Monoverse
hypothesis following therefrom? Then it would have
long ago become clear that relativistic formulas and the
STR need correction.

One way or another, this has not been done. There-
fore, we do it now. Explanation of these astrophysical
problems appears to be extremely simple with a differ-
ent approach. It has already been received. The expla-
nation lies in the names of invisible universes of the
hidden Multiverse. Antimatter in the hidden Multiverse
exists in antiverses, which are as many as universes.
Matter and antimatter do not annihilate in the hidden
Multiverse, because its tardyon and tachyon universes
and antiverses alternate in the above manner, i.e. are
placed in different dimensions. Tachyons do not violate
the principle of causality for the same simple reason:
they are in tachyon rather than in tardyon universes and
antiverses, i.e., also in different dimensions.

10. Discovery of the phenomenon of dark space

Noteworthy is the fact that some invisible uni-
verses evoking the phenomenon of dark matter and
dark energy® shown in the structure diagrams of the
hidden Multiverse (Figure 5-7), corresponding to
WMAP and Planck data, are connected to invisible uni-
verses located outside the hidden Multiverse and evok-
ing the phenomenon of dark space!! (Figure 8a).

There is possibility that our visible universe is
also connected to them (see Figure 8b). In that case it
would become possible to study universes evoking the
phe

Y For simplicity denoted as “dark space” in Figure 8b
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nomena of not only dark matter and dark energy,
but also dark space [63-65]. However, which of these
two structures actually exists is the question that can be
answered only after astronomical research of invisible
universes in portals on Earth described below. It should
then become clear how many adjacent invisible uni-
verses our visible universe has and would be possible
to study them somehow.

11. How to see constellations in the starry sky of

invisible universes

It is plain to see that the above corrected version
of the STR providing very clear explanation is based on
the concept of real physical existence of invisible uni-
verses. However, despite its logical impeccability, it
cannot be considered complete, until existence of invis-
ible universes is proved experimentally.

So how physical reality of invisible universes can
be proved? An experimentally supported answer to this
question can actually be received only from appropriate
astronomical observations. This appears to be simple.
They only need to know places, where invisible uni-
verses are seen. Herewith, in order to understand that

12 Like contents of different rooms in our home.

the universes we see are not our universe, but other uni-
verses that are invisible outside the portals, constella-
tions in their starry sky should evidently differ from
those in our visible universe. And it will not be difficult
to verify this, since stars in different universes are most
likely placed in extremely different ways*? and, there-
fore, constellations of invisible universes and our visi-
ble universe are completely different.

To see the other constellations, we shall do the
same thing as we do at home. To see what is going on
in other invisible rooms from the room we are in, we
need to come in other rooms or at least to come to the
doors of these other rooms and look inside. Portals [30-
33] are analogues of those doors. And the entrances to
the ports are at least some of the many so-called anom-
alous zones [66].

Therefore, to see other constellations in the sky of
other universes, which, one might recall, are invisible,
we have to move on foot or by car to any of these adja-
cent invisible universes®3 through portals. Then the ad-
jacent universe would become visi-

13 Or at least to the portals connecting them.
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Figure 9. Maln Astronomical Observatory of the National Academy of Science of Ukraine

ble to us, whereas our visible universe would be-
come invisible. Such a journey through portals to adja-
cent invisible universes may be difficult and even dan-
gerous'* to implement, as one can get lost in portals and
fail to find the way back. However, since, when moving

through the portals, image of the starry sky of our uni-
verse is gradually replaced by images of the starry sky
of adjacent universes, we wouldn’t need t0 move too
far into the portals. Those, it is enough to be in the
anomalous zone. Even in this case, constellations in
the starry sky of anomalous zones would notice-
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Figure 10. Scheme of an experiment to detect invisible universes

bly differ from those on Earth outside the anoma-
lous zones. Therefore, even the smallest changes in the
configuration of the constellations registered in the
anomalous zones will be the most indisputable proof of
the existence of invisible universes.

Thus, an experiment to discover invisible uni-
verses can be very simple, inexpensive, and short-time.
In such an experiment, the main thing is to place the
telescope in the anomalous zone. But since the constel-
lations in the starry sky observed by such a telescope
will differ slightly from the constellations observed by
other telescopes located outside the anomalous zones,
some astronomical observatories may be randomly
placed in anomalous zones. As, for example, the Main
Astronomical Observatory of the National Academy of
Sciences of Ukraine (Fig. 9) is located 12 km from the
center of Kiev in the Goloseevsky forest. In this case,

14 One should use (not yet existing) portal navigation devices
similar to marine compass, in order not to get lost in portals,
while moving therein. Such devices could use, for example,
cellular telecommunication networks to determine relative at-
tenuation of radio signals in accordance with the relativistic

the entire experiment will consist in comparing the po-
sitions of the stars of the same fragment of the starry
sky, observed by different observatories, and detecting
possible differences in their coordinates. To do this, all
observatories will need to continuously transmit the rel-
evant information to a single computing center (Fig.
10) and process it there to detect these differences.

Such an experiment would be simpler and more
sensational than a similar experiment conducted by Sir
Arthur Stanley Eddington in 1919 [67].

12. Invisible world
First, However, imaginary numbers are used not
only in the STR. They are used in all other exact sci-
ences. And it remains to be understood what physical
sense they have in these sciences. Anyway, this circum-
stance proves that in addition to the visible world we

formulas (7) - (9) when moving away from portal entrance
towards its exit. This would make it possible to determine cor-
rect direction of motion.
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know, there is also an invisible and unknown world.
Moreover, in the Euler’s formula

exp(ix)=cos(x)+isin(X) describing oscillation pro-
cesses, the real term COS( X) of any physical nature

(mechanical oscillations of a pendulum, acoustic oscil-
lations generated by speech, sea waves, radio waves,
etc.) is inextricably linked with the imaginary term

i SiN( X ), physical sense of which is incomprehensi-

ble. It is clear that this circumstance proves not just ex-
istence of the invisible world, but also its interrelation
with our visible world.

13. The principle of relativism

What is the contribution of Albert Einstein to the
creation of new physics, physics of the future? Alt-
hough much has been written about Albert Einstein,
nothing has been written about the main thing — his role
in creating new physics. This is because nobody needs
new physics today. An old physics denying physical re-
ality of imaginary numbers is now in demand, since the
principle of light speed non-exceedance is still valid in
spite of the above irrefutable arguments against the ex-
isting version of the STR. New physics, in contrast to
the existing physics of real numbers, is the physics of
imaginary numbers. This is the physics of invisible
world. And it does exist, as the principle of physical re-
ality of imaginary numbers has already been conclu-
sively proved. It unambiguously refutes the principle of
light speed non-exceedance. The existing version of the
STR studied according to all textbooks of physics
would collapse like a house of cards without the princi-
ple of light speed non-exceedance.

But Albert Einstein asserted: “There is no single
idea, which | would be sure that it will stand the test of
time”. He understood that the postulate of light speed
non-exceedance was short-lived and the STR version
created in the 20th century was just a temporary inter-
mediate option that would inevitably be corrected.
Therefore, the phrase at the beginning of this article
containing words “relativistic formulas of the existing
version of the STR are wrong and incorrectly ex-
plained, and conclusions drawn from them are mis-
guided” by no means detracts from the merits of Albert
Einstein, who himself understood this very well: “Any-
one who has never made a mistake has never tried an-
ything new”.

Albert Einstein created new things, even ahead of
his time. Having no experimental data he needed in the
20th century, he had to replace them with postulates.
He took the first step toward creating the alternative
version of the STR by creating the existing incorrect
version of the STR, although the formulas (1) - (3)
turned out to be false. However, the correct formulas
(7) - (9) and the alternative correct version of the STR
would not been created soon, if the formulas have not
been given in all physics textbooks and the existing in-
correct version of the STR has still been not studied ac-
cording to these textbooks.

Albert Einstein introduced the principle of relativ-
ism into physics, according to which some physical
quantities may, under certain conditions, depend on
other physical quantities. In the STR this is velocity de-
pendence. Other similar dependencies will inevitably

be revealed in the future. And in the future not only
quantitative changes, as in the existing version of the
STR, but also qualitative changes, as already in the al-
ternative version of the STR, will be taken into account.
For example, when water is heated to 99 °C it only re-
mains hot, and upon reaching 100 °C, it turns into
steam. Therefore, in the STR, when the velocity in the
relativistic formulas (1) - (3) and (4) - (6) varies in the
range 0 <V < C, there are only quantitative changes
in physical quantities. However, in the alternative ver-
sion of the STR, also above-mentioned qualitative
changes take place at velocities ¢ <V . Consequently,
the new physics is much more complicated than both
classical physics and the existing version of the STR.
However, it still remains to be created.

14. Conclusions

The article shows that the existing version of the
special theory of relativity (STR) is incomplete. Its fur-
ther development after Albert Einstein ceased due to
the fact that the creators of the STR could not prove
physical reality and explain physical sense of concrete
imaginary numbers. Therefore, relativistic formulas
obtained therein have been found to be incorrect and
misexplained using the wrong principle of light speed
non-exceedance. The relativistic formulas have en-
tailed wrong conclusions consisting in existence of
only our visible universe and absence of any real phys-
ical content in imaginary numbers. Ultimately, the ex-
isting version of the STR turned out to be wrong.

The principle of light speed non-exceedance is re-
futed in the article by the experimentally proven prin-
ciple of physical reality of imaginary numbers that
makes the unsuccessful OPERA experiment unneces-
sary. Thus, the STR hypothesis on the uniqueness of
our visible universe is also refuted. Our visible universe
along with about twenty other mutually invisible uni-
verses is proved to form the hidden Multiverse.

The hypothesis of the hidden Multiverse makes it
possible to explain the phenomenon of dark matter and
dark energy. It is shown that dark matter and dark en-
ergy are a certain image (gravitational, rather than op-
tical and still less electromagnetic) of the invisible uni-
verses, a sort of a shadow, rather than any physical sub-
stances. It is explained that the phenomenon of dark
space is due to existence of other invisible universes of
the Hyperverse.

It is also explained that existence of invisible uni-
verses can be proved experimentally. This requires as-
tronomical observations in the anomalous zones to reg-
ister constellations in their starry sky that have never
been noticed in the starry sky outside the anomalous
zones. Moreover, constellations may be different in dif-
ferent anomalous zones. Therefore, they belong to dif-
ferent invisible universes.

Such experimental proof of existence of invisible
universes, as well as experimentally proven principle of
physical reality of imaginary numbers and the data ob-
tained by the WMAP and Planck spacecraft manifest
the truth of the alternative version of the STR.

Finally, in addition to the visible world we know
the corrected alternative version of the STR proves the
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existence of invisible and, therefore, considerably un-
known world that has yet to be studied by science of the
future.
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APPLICATION OF HIGH ENTROPY COATINGS TO TURBINE BLADES FOR HEAT POWER
PLANTS

Abstract

Yurov V.

Guchenko S.

Karaganda University named after E.A. Buketov,
Karaganda, Kazakhstan

In this paper, we review our work. Traditional nitride titanium coatings and highly entropic coatings from
the unique magnetron targets synthesized by us were applied to the turbine blades.
Based on the above examples of the use of ion and ion-plasma assisting during or after deposition of coatings,

it can be concluded that additional bombardment with gas or metal ions allows one to radically change the struc-
ture of the condensate. With ionic stimulation of coating growth, it is possible to increase the content of atomic
and ionic components in the gas stream by reducing the molecular component.

Microhardness combined with a low coefficient of friction leads to good wear resistance of the CrNiTiZrCu
coating. The application of such a coating to turbine blades showed a four-fold increase in service life. The coat-
ings were made on parts made of steel 20X13. The very good characteristics of the coatings from the CrNiTiZrCu
target are most likely due to titanium and zirconium nickelides. These compounds have the property of shape
memory. The applied use of materials with memory is as follows: active devices are created that perform mechan-
ical work due to heat. Such devices can serve as turbine blades, which are located on the rotating shafts. The
memory alloy in such devices experiences various thermomechanical loads and can be restored due to reversible

martensitic transformation. This results in reduced friction in the turbine blades.

Keywords: highly entropic coatings, hardness, ductility, friction, wear resistance, nanostructure, microhard-

ness, cathode, target, structure.
Introduction

In turbines and compressors, blade mechanisms
are usually used [1-3]. They consist of two types of
blades [4, 5]:

- firstly, they are called working blades, because
they are located on the rotating shafts, which during
their rotation transmit Kinetic energy, most often to the
generator. Turbine blades are designed so that the pres-
sure on the blades is always constant. Because of this,
the difference in enthalpy is converted into flow en-
ergy;

- secondly, the guide vanes are located in the tur-
bine housing. They are not completely, but due to the
tangential force during rotation of the wheels, they
transform the energy of the flow and the enthalpy de-
creases. This behavior of the difference in enthalpies is
achieved by reducing the number of stages of the tur-
bine blades.

The high degree of wear and tear of the main
equipment in the energy sector sets the goal of increas-
ing its life. Especially significant is the problem of in-
creasing the service life of parts in contact with steam -
turbine blades. The application of protective coatings

on the working surfaces of turbine blades is the most
effective way to increase their quality and durability [6-
13].

In this paper, we review our papers [14-17]. Tra-
ditional nitride titanium coatings and highly entropic
coatings from the unique magnetron targets synthesized
by us were applied to the turbine blades.

Methodology for the preparation of research ob-
jects

Here we describe the mode of coating a turbine
blade.

Preliminary preparation:

1. Visual inspection and preliminary cleaning of
the scapula with coarse calico moistened with Nefras
C2-80/120 in order to remove grease residues.

2. Cleaning and polishing the blades in the bath of
the EPP-40 electrolyte-plasma polishing unit (Fig. 1),
with the following parameters: the composition of the
polishing solution is 5% aqueous solution of ammo-
nium sulfate; solution temperature - 850 C; voltage
cathode-anode 300 V, current 40 A; processing time 6
minutes
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Figure 1 - Installation of electric pulse polishing Figure 2 - Ultrasonic bath for cleaning parts
EPP-40
3. After unloading from the EPP-40 bath, the blade 4. After steam-jet cleaning, the blade is wiped with
is washed in an ultrasonic bath (Fig. 2) and is steamed  coarse calico moistened with alcohol and placed in an
using the steam-jet device UPS 4.3-geyser (Fig. 3). oven to dry and preheat to 150 °C.

Figure 3 - Steam jet device UPS 4.3-geyser

Spraying process: means of a snap on the satellite of a rotating table (Fig.
1. The prepared blade is installed in the vacuum 4 b).
chamber of the NNV 6.6-11 installation (Fig. 4 a) by
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Figure 4 - Vacuum chamber of the NNV 6.6-11 installation (a) and satellite of a rotating table (b)

2. Forvacuum pumping of the installation chamber
to a pressure of 1 Pa is performed (time about 15 min.).

3. Further pumping of the chamber is carried out
by a high-vacuum diffusion pump to a pressure of 5*10
3 Pa. (time 20-25 minutes).

4. Then, argon is poured into the chamber through
the gas leak and the pressure in the chamber of 2*10!
Pa is maintained using the BUEN electromagnetic leak-
age control unit.

5. To carry out the process of ionic cleaning and
heating, a plasma source with an incandescent cathode
of PINK is turned on, a filament current of 120 A and
an ion current of 5A are set.

6. The reference voltage block is turned on and a
bias voltage of -1000 V is applied to the part.

7. The table rotation drive is turned on and the ro-
tation speed is set at 5 rpm.

8. Within 5-7 minutes. The PINK ion current is
smoothly brought up to 65-70 A, and the blade heating
is controlled using a Smotrich 7 pyrometer focused on
the part through the camera inspection window.

9. When the temperature reaches 450 °C (time 20-
25 min.), The flow of argon is stopped and high purity
nitrogen is introduced into the chamber, while the pres-
sure is maintained at 1.8-2.2*10* Pa.

10. Turn on electric arc evaporators (3 arcs) with
installed titanium cathodes of the grade W 1-00, arc

current 95 A, focusing coil current 0.3 A, stabilizing
coil current 0.9 A.

11. The reference voltage is reduced to 250 V,
PINK current 65-70 A.

12. At the established parameters, in the deposi-
tion mode with ion assisting, titanium nitride coating
forms on the surface of the blade.

During the coating process, constant temperature
control is required. When lowering the temperature
from 450 °C to 420 °C, it is necessary to increase the
temperature by briefly increasing the reference voltage
to 1000 V. The duration of coating is 2 hours. With the
specified spraying parameters, the coating thickness is
10-12 microns.

13. After spraying is completed, arc evaporators
are turned off and additional coating nitriding is per-
formed, for which the bias voltage rises to 500 V, the
ion current of PINK 60 A is 20 minutes.

14. Then the gas supply is stopped, the PINK is
turned off, the reference voltage is stopped, the rotation
of the table is turned off, and when the blade reaches a
temperature of 150 °C, atmospheric air is let into the
chamber and the blade is unloaded.

As a result, the turbine blades have the form of ti-
tanium nitride coatings (Fig. 5).

Figure 5 - Turbine blades with titanium nitride coating
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Here we describe the method for preparing the
CrNiTiZrCu target of a slightly different type than that
used in our work [14]. However, the chemical compo-
sition of the coatings remains the same.

Preliminary production of the target:

1. We take a sheet of stainless steel 6 mm thick,
draw a circle with a diameter of 102 mm on it.

2. Cut off all the excess as close as possible to the
diameter of the circle we need. (30 min)

3. We fix the resulting polygon into a lathe and cut
off all faces with a cutter, getting the round target we
need with a diameter of 102 mm. (15 minutes)

4. Knowing from the working targets the diameter
of the magnetron picking up the metal from the target,
on the obtained round target we draw circles for milling
the seats for tablets consisting of a highly entropic com-
position. Diameter 30 mm and 55 mm.

5. The diameter of the tablets is 12.5 mm. Accord-
ingly, they include 13 pieces on the outer row and 7
pieces on the inner row with a small distance between
the tablets.

6. We fix the target on the milling machine and
milling with a milling cutter with a diameter of 12.5
mm seats for tablets to a depth of 4 mm (2 hours) (Fig.
6 a).

Tablet manufacturing process:

1. We take pure micropowders of Cr, Ni, Ti, Zr,
Cu in equal proportions of 12 grams, at the rate of 3
grams of powder for the manufacture of one tablet (20
tablets).

2. Pour grinding balls of tungsten carbide in a pro-
portion of 1/10 (powder / balls) into grinding tungsten
carbide mortars, pour micropowders of 6 grams on top
into 2 stupas (for centering the mill) and pour alcohol
above the grinding level for wet grinding balls.

3. We close grinding stupas with covers and fix
them in a ball mill.

Stainless steel target for pills

4. Turn on the mill and set the speed to 500 rpm.
(4 - 5 hours)

5. We take out the grinding stupas, open and pour
through the sieve (to separate the balls from the emul-
sion) the emulsion obtained from micropowders into a
clean container.

6. We wait until micropowder settles to the bot-
tom. (1 hour).

7. Drain as much alcohol as possible into another
container.

8. Wet micropowder put in a drying oven at a tem-
perature of 70 ° C (30 min.).

9. The resulting dry powder is poured into a cruci-
ble and put in a vacuum oven with a temperature of 100
° C and a vacuum of 5 * 10-3 Pa. (3 hours) (Fig. 6 b).

10. We take out the powder from the vacuum
oven, measure it on a scale of 3 grams per tablet, and
use the press and mold to make tablets. (1 hour)

11. The resulting tablets are baked in a vacuum
oven with a temperature of 800 ° C in a vacuum of 5 *
10-3Pa. It is baked at a temperature of 800 ° C - 1 hour
(heating / cooling - 6 hours) (Fig. 6 c).

12. Using a press, we press tablets into the seats of
the fabricated target. (15 minutes) (Fig. 6 g)

Coating was carried out on prepared turbine blades
made of steel grade 20X13. The vacuum chamber was
pumped out to a pressure of 0.003 Pa, then the PINK
was turned on, and Ar was puffed up to a pressure of 1
Pa; a negative bias potential of 1000 V was applied to
the substrate for 10 min. blades were cleaned and
heated. After that, the argon pressure was lowered to
0.1 Pa and the magnetron was switched on. The dis-
placement on the blades was reduced to 150 V, the
magnetron current was kept constant at 3 A. The blades
were located at a distance of 15 cm, the spraying time
was 1 hour. Spinning turbine blades in fig. 7.

CrNiTiZrCu tablets in a vacuum oven
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CrNiTiZrCu Alloy Tablets Target with pills
Figure 6 - Preparation of a CrNiTiZrCu Coating Target

e ————

Figure 7 - CrNiTiZrCu Coated Turbine Blades
Discussion of the experimental results

In Figure 8 shows the results before titanium nitride coating on a 20X13 steel sample and after coating. The
same results are shown in tal

Figure 8 - The surface of the sample 20X13 without coating (a) and with a coating of titanium nitride (b)
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Table 1 - Microhardness u of a sample of a turbine blade without coating and coated with titanium nitride applied
for 2 hours without PINK and with PINK assisted for 20 minutes at a load of HV 0.05 = 0.49N

p HV | 2715 263,1 258,7 254,2 269,4 258,4 263,1 | The average | 263,3
p, HV | 406,3 398,9 401,0 3451 420,1 408,9 429,2 | The average | 403,3
p, HV | 986,3 823,9 857,0 883,1 996,2 883,6 854,1 | The average | 909,3

From the table. 1 it follows that the assistance of
PINK according to Scheme 13 leads to an increase in
microhardness by more than 3 times compared with the
initial sample and 2 times compared with the titanium
nitride coating. Assisting PINK sho

of the coating can be changed using ion bombardment.
In fig. 9 shows a TiN coating image after irradiation
with nitrogen.

of sample 20X13 (compare with Fig. 8)

Irradiation of coatings using low-energy ion bom-
bardment with nitrogen or argon leads to the appear-
ance of nanocrystalline or submicrocrystalline struc-
tures. In this case, the phase and chemical composition
does not undergo changes. Based on the above exam-
ples of the use of ion and ion-plasma assisting during
or after deposition of coatings, it can be concluded that
additional bombardment with gas or metal ions allows
one to radically change the structure of the condensate.
With ionic stimulation of coating growth, it is possible

02
02
03
03
02
07
01
01
02
01
01

to increase the content of particles, both atoms and ions,
in the gas flow by reducing the number of particles of
molecules. In this case, the ion beam energy leads to an
increase in the diffusion process, reducing the coating
temperature and decreasing the size of crystalline par-
ticles.

Figures 10 show the chemical composition of the
coatings CrNiTiZrCu, at. % in equiatomic proportions
on turbine blades (table. 2).

Figure 10 - XPS CrNiTiZrCu in argon at 2 points

Table 2 - Quantitative chemical composition of the coating CrNiTiZrCu, at. %

Element Cr Ni Ti Zr Cu
Nominal 20 20 20 20 20
in argon 23,2 21,2 19,9 17,1 6,8
The microhardness measurements of CrNiTiZrCu coatings are given in Table. 3.
Table 3 - Microhardness of CrNiTiZrCu Coating on Turbine Blades
Microhardness 1 2 3 5 6 7 8 Cpennee
HV 839 909 964 842 967 853 921 902 906
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In modern experimental tribology, methodologies
of kinetic contact interaction by a pin or a ball with a
plane are widely used. In particular, the methodological
features and requirements of wear tests of the type “pin
on the disk” and “ball on the plane are set out in inter-
national standards. However, this methodology is not
effective for studying the wear resistance of coatings
and substrates and determining the thickness of thin

coatings. To solve these problems, an effective method
of testing for microabrasive wear is applied by applying
a rotating steel ball to a flat sample with the addition of
an emulsion containing abrasive particles (Fig. 11). At
the point of contact, a crater of a spherical shape is
formed - a calotte, therefore the device for providing
this type of test was called a calotester. The results of
studies of coatings CrNiTiZrCu are shown in table. 4.

Table 4 - Wear resistance of CrNiTiZrCu coatings on turbine blades

Sample wear (weight in grams) 30 min each

Before 15,14852 15,14857

15,14859

15,14856 The average | 15,148566

After 15,14745 15,14763

15,14759

15,14759 Difference 0,000986

Figure 11 - A device developed by us for testing materials and coatings for microabrasive wear

Table 4 shows the wear resistance of the coating
CriNiTiZrCu ~ 3+10* g/min, which corresponds to
wear-resistant coatings.

Such wear resistance of the CrNiTiZrCu coating
means that the coating structure is not only highly en-
tropic, as evidenced by the chemical composition from
Table. 2, but also ordered. The ordering of the coating
usually corresponds to dissipative structures. These
structures, in contrast to structures in equilibrium, re-
quire an influx of energy from the medium (magnetron
deposition of the coating). Not surprisingly, dissipative
structures arise only in systems that are in conditions
closer to critical. The return of such a structure to the
equilibrium state is due to the instability of the nonequi-
librium state. Such a transition between states can occur
if the system parameter is higher than critical. After
such a transition from a disordered state, dissipative
structures to a new equilibrium state become stable.

In our work [18], violations in a solid or in a sur-
face layer, a coating, are considered as a system of par-
ticles without interaction, which is located in a thermo-
stat. The interaction of particles with a thermostat cor-
responds to dissipative quantum transitions (with
probability P) versus the interaction of particles with an
external field (with probability F). In this paper [18] we
obtained the following formula:

el

P:ZASeXp _E,-G°N | "
kt KT

where AS is the change in entropy in the dissipa-

tive process; En is the average energy of the ground
state of defects; t is the relaxation time, G° is the Gibbs

energy, N is the concentration of defects, k is the Boltz-
mann constant.

The probability of dissipative processes is defined
on the other hand as the ratio of the fracture energy Ep
to the energy of the deposited coating E,. We replace
the exponent numerator with kT, and the denominator
with kTm. We further take into account that AS/k =
AH/KTy (AH is the enthalpy or latent heat of fusion -
Lm). The relaxation time of the phonon subsystem is
[19]:

1_ EQ-v)
r \ pl+v)@-2v)’ @

where E is Young's modulus; v is the Poisson's ra-
tio; p is the density.

Our strength (wear resistance) criterion is ex-
pressed as:

E - 2LmEon\/ ElL—v) .[1—l]. -
KT, \ p@+v)Q-2v) T

m

In the adiabatic approximation:
_2L.E, EQl-v)
PKT, \p+v)A-2v)
Equation (4) for the coating is approximately

equal to:
A=A =cS, @

where o is the surface tension (surface energy), S
is the surface area.
So, basically, the wear resistance of a high-entropy

(4)
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coating is determined by surface tension. To determine
the surface tension of a medium, it is necessary to have
the mobility of the components (atoms, molecules) of
this medium, which in the case of solids cannot be
achieved, except for a temperature close to the melting
point of metals. Surface tension is determined by the
work of forming a new solid surface.

In [20], we proposed methods for determining the
surface tension of deposited coatings. The first method
provides for the measurement of surface tension by de-
termining the dependence of microhardness on the
thickness of the deposited coating. The dependence of
the microhardness of the deposited coating on its thick-
ness is described by the formula:

d
M:“‘O'(]'_E]’ (6)

where p is the microhardness of the deposited
MPa
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coating; po - “thick” sample; h is the thickness of the
deposited coating. The parameter d is related to the sur-
face tension o by the formula:

== 7)

where o is the surface tension of the bulk sample;
v is the volume of one mole; R is the gas constant; T is
the temperature. In coordinates p ~ 1/h (1/h is the in-
verse thickness of the deposited coating), a straight line
is obtained, the slope which determines the d, and the
surface tension of the deposited coating (o) is calcu-
lated by formula (7).

As an example, consider the determination of the
surface tension of a CrNiTiZrCu coating on steel
20X13 (turbine blades). The results are shown in Figure
12..

0,31
0,21

0,11

0,0 : . | ' :
0,1 0,2 03 04 b, pm-

b)

Figure 12 - Dependence of microhardness on the thickness (a) and inverse thickness (b)
of the CrNiTiZrCu coating on steel 20X13 (turbine blades).

In the coordinates p/uo ~ 1 / h, the experimental
curve is straightened in accordance with formula (6),
giving a value of h = 1.3 um. For coating CrNiTiZrCu
on steel 20X 13 for surface tension, o = 1.149 J/m?. This
value confirms the wear resistance of the CrNiTiZrCu
coating on steel 20X13.

Conclusion

Based on the above examples of the use of ion and
ion-plasma assisting during or after deposition of coat-
ings, it can be concluded that additional bombardment
with gas or metal ions allows one to radically change
the structure of the condensate. With ionic stimulation
of coating growth, it is possible to increase the content
of atomic and ionic components in the gas stream by
reducing the molecular component. The energy intro-
duced by the ion beam can lead to an increase in the
diffusion coefficient, which makes it possible to apply
coatings at low temperatures, thereby reducing the
grain size. In this case, due to the creation of defects on
the surface of the film and driving in atoms and mole-
cules of the evaporated metal, there is a forced genera-
tion of nucleation centers, which also reduces the grain
size down to the nanometer scale.

Microhardness combined with a low coefficient of
friction leads to good wear resistance of the
CrNiTiZrCu coating. The application of such a coating
to turbine blades showed a four-fold increase in service
life. The coatings were made on parts made of steel
20X13. The very good characteristics of the coatings
from the CrNiTiZrCu target are most likely due to tita-
nium and zirconium nickelides. These compounds have
the property of shape memory. The applied use of ma-
terials with memory is as follows: active devices are
created that perform mechanical work due to heat. Such
devices can serve as turbine blades, which are located
on the rotating shafts. The memory alloy in such de-
vices experiences various thermomechanical loads and
can be restored due to reversible martensitic transfor-
mation. This results in reduced friction in the turbine
blades.

The work was carried out under the program
of the Ministry of Education and Science of the Re-
public of Kazakhstan. Grants No. 0118PK000063
and No. ®.0781.
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