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EARTH SCIENCES

CAUSES OF EARTH CLIMATE CHANGE, AS A RESULT OF SPACE IMPACT,
DISPELLING THE MYTH ABOUT ANTHROPOGENIC GLOBAL WARMING

Arushanov M.L.

doctor of geographical sciences, professor

Research Hydrometeorological Institute

Uzbekistan, 100052, Tashkent, Chingiz Aitmatov street, 72
DOI: 10.5281/zenodo.7795979

HNPUYUHHBI UI3SMEHEHUSI KJIMMATA 3EMJIA, KAK PE3YJIbTAT KOCMHYECKOI'O
BO3JEUCTBHS, PABBEUBAIOIIEE MU® O AHTPOIIOI'EHHM I''TOBAJIBHOM
IOTEIIJIEHUHA

Apymanos M.JL

O00KMOop 2eoepaghuueckux Hayk, npogeccop
Hayuno-uccreoosamenvekuii 2uopomemeoposocuteckutl UHCIumym
Vsoexucman, 100052, Tawxenm, ynuya Yuneusa Aiimmamosa, 12

Abstract

Based on the work of scientists from various fields and the author's own research, a chain of cause-and-effect
processes is revealed that determines the dynamics of the climate system of the planet Earth over a period of
hundreds of thousands of years. It is shown that catastrophic climate changes occur with periods of 12 and 24
thousand years in resonance with the periods of interaction of the solar system with galactic shock waves, which
manifest themselves on the planet as a result of cosmic impact. The impact is on the core of the Earth and, as a
result, on the parameters that determine the state of the climate system, the changes in which are completely unre-
lated to the anthropogenic component, which is presented as the main factor in global warming.

AHHOTAIHSA

Ha ocHoBannm pa®oT Y4EHBIX pa3WYHBIX HANPABICHHUN W COOCTBEHHBIX MCCICIOBAHUI aBTOpa pacKphIBa-
CTCs LCIIb IPUYUHHO-CIICACTBCHHBIX IMMPOLECCOB, OMPCACIIAIOINX TUHAMUKY KJIMMAaTHYCCKOH CHCTEMBI TIAHETHI
3emis Ha nepuoae COTCH ThICAY JICT. HOKaBaHO, qTO KaTaCTpO(I)I/I‘IGCKI/IG HU3MCHCHHUS KIIMMATa MPOXOJAT C IEPUo-
JaMH 12 u 24 THIC. IET B PE30HaHCe C IEpuoaaMu BSaHMOﬂeﬁCTBHH COJIHEYHOM CHUCTEMBI C TaJaKTHYECKUMH yaap-
HBIMHU BOJIHAMH, MPOABIAIOMIUECS HA IJIAHETE, KAK pE3yJIbTaT KOCMHUYECKOI'0O BOSHGﬁCTBHﬂ. BOSHGﬁCTBHe OKa3bI-
BaC€TCA HaA AOpO Semin H, KaK CJICACTBUC, HA MMapaMCTpPbl, OIPEACIIAIOINE COCTOSAHNE KIIMMaTHYSCKOH CUCTEMBI,
W3MEHEHUsI KOTOPOI COBEPIIEHHO HE CBS3aHbI C aHTPOIIOTEHHOM COCTAaBIISOIIEH, BbI1aBaeMOM Kak IiIaBHEUIINH
(haxTop rI06ATHEHOTO MOTETUICHUSI.

Keywords: climate, anthropogenic warming, Earth's core, volcanoes, earthquakes, melting glaciers, galactic
interaction, shock waves, ocean currents, magma, mantle, geothermal heat.

KiroueBble cioBa: KIIMMAT, aHTPOHOI'€HHOC MOTCIUICHUEC, AP0 36MJ‘II/I, BYJIKaHbI, 3E€MJICTPSACCHUS, TassHHUC
JICAHUKOB, I'aJIaKTHYCCKOC BSaHMOHCﬁCTBHG, YAapHbIC BOJHBI, OKCAHUYCCKUC TCYCHU, MarMa, MaHTU:A, IreOTep-
MaJIbHOC TCILJIO.

BBenenue.

[Ipobmema COBpeMEHHBIX HM3MEHEHHH KIHMaTa
BBIBHHYJIA 3aJa4y IMOMCKa (DyHAaMEHTAIbHBIX TpPHU-
YUH 3TUX W3MEHEHUH. [IpuurHa n3MEeHeHUs KiIuMara,
KaK CII€JCTBHE aHTPOIOTEHHOTO 3arps3HEHUs aTMO-
cdepbl — MU}, BEITYMaHHBIH KOPIOPAMAMH C IETHI0
oborameHnss U CHCPKUBAHUS PA3BUTHS SKOHOMHUKH
JIPYTUX CTpaH, OTXOJWUT Ha BTOPOH IUIaH B CHITY TIO-
CJIEHUX JAHHBIX O 12-TH 1 24-8X THICIUYEIETHUX KOJIe-
0aHMAX KIMMATHYECKOW CHUCTEMBI C KaTacTpoduue-
CKUMHU TIOCTEACTBUSIMH, XOTS CEPbE3HBIE MOIMBITKU
MPOJBMKEHHST AHTPONOTEHHOW NMPUYUHBI MPOAOIIKA-
torcs. TouHee TOBOPS, 3TH IHKIBI OBUIH U paHee U3-
BECTHBI, HO B CHJIY UX OTPOMHOTO (B paMKaX JUIUTEIb-
HOCTH YXU3HHU YeJIOBEKa) NepHoa He MPUHUMAIIICH BO
BHUMaHue. Koria ke, B CBSI3U C y4aCTUBIIUMHUCS KaTa-

CTPOPHUYCCKIMH MPUPOJHBIMU SBICHUSIMH B TOCIIE]I-
HUE JeCATHICTUS, YYECHBIE pPA3IUYHBIX HAaYYHBIX
HarpaBieHui ((pusuku, actpodusuku, renuoreodu-
3UKH, CEHCMOJIOTH, T€OJIOTH, METEOPOJIOTH | JIp.) 00pa-
THJIM BHUMaHUE Ha (aKT, 9T0 COBPEMEHHOH 3110Xe CO-
OTBETCTBYET |2-U THICSYHBIN UK KOJIEOaHUIA KIIMMa-
THYECKOH CHUCTEMbI, MaHHIYJSITOpaM OT HAyKH
CTaHOBHTCS Oo0Jiee CIIOXKHO BBITONHATH 3aKa3 MarHa-
TOB.

B HacTosimiee BpemMs B MOHUMaHWUU KIMMaTHYC-
CKUX M3MCHCHUI Ha OCHOBE (DPM3MYCCKUX M XUMHYE-
CKHX HCCIIEZOBaHUI aTMOC(EpHBIX HPOLECCOB, YHC-
JICHHOTO MOJIEJIMPOBAHMSI JOCTHIHYT OOJBIION mpo-
rpecc, XOTs (yHIaMEHTalIbHBIE TNPUYUHBI OSTHX
HM3MEHEHHH OCTAr0TCS MO BOIIPOCOM.

B nanHOl cTathe Ha OCHOBE aHain3a paboT reo-
(u3HUeCKUX U reanoreoGru3nIecKnux, TeoJOTHIECKHX,


https://doi.org/10.5281/zenodo.7795979
https://www.yellowpages.uz/gorod/tashkent
https://www.yellowpages.uz/ulica/ul--chingiza-ajtmatova/tashkent
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CEHCMOJIOTHYECKHX,  acCTPOQU3MYECKUX  HAYUYHBIX
HalpaBJIeHUH M COOCTBEHHBIX PaboT aBTOpa caenaHa
MOMBITKA BBISIBUTH NPUYMHHO-CIICICTBEHHYIO IIETh
9KCTPEMANBHBIX W3MEHEHHH KIMMaTH4eCKOW CH-
CTEMBI, HAOJIIOJTaEMBIX B IaHHYIO JIIOXY.

Hcnonb3yemble JaHHBbIE H METOAbI

B kagecTBe OCHOBHBIX JaHHBIX UCIIOIB30BAHBI Pe-
KOHCTPYHPOBAHHBIEC (IE€HAPOJIOTHICCKHUE) TaHHBIE O
MPU3EMHON TeMIlepaType BO3AyXa M AWOKCHAA yTIIe-
poma (CO2) na 400 ThIC. TIEpHOIE, a TAKXKE DKCIEPH-
MCHTaJIbHO HAOMIOAEHHBIC TAHHBIE O HHUX 32 NEPUOT
1860-2020 rr.

Mertopl aHamM3a AMHAMUKY YKa3aHHBIX JTAHHBIX
OCHOBBIBJIMCh Ha NMPUMEHEHHMHU alapaTtoB KOppes-
[HOHHOTO, CIIEKTPaNbHOro [26] u npuunHHOTO [1,4-7]
aHaM30B, BelBieT-mpeoOpa3oBanuu [25]. Ecmu mep-
BbIC TPU U3 ISTH METOJOB IIHUPOKO HCIIOJB3YIOTCS B
THIPOMETEOPOTIOTUIECKIX HCCIEAOBaHMAX, TO IIO-
CJIEIHUE B THIPOMETEOPOJIOTNIECKUX HCCIIEIOBAHMIX
UCTIONB3YETCS PeXe.

[TpuunHHEBIA aHANMN3 TperHa3HA4YEH Ul BBIABIIC-
HUS HATM4Hs (OTCYTCTBHSA) IPUIMHHOM CBS3HM, B OTIIH-
qHe OT CTATUCTUYECKOH, MEXKAY IBYMS UCCIIEAYEMBIMU
npoueccamu A u B. AHanu3 oCHOBaH Ha BBIYUCIICHUU
(YHKIMM TPUYUHHOCTH ¥

i

y="LA, 0<y<o, )

'AB
. H(B/A) . H(A/B)
rae lgjp =——, | =

H(B) H(A)

—  ¢yuxuuu  nesapucumoctn i, H(B),H(A),
H(B/ A), H(A/ B) — mennoHosckue 6e3ycios-
Hble M YCJIOBHBIE DHTPOIHMH, COOTBETCTBEHHO;

0<i<1. Cmbicn GbyHKUM | HOsICHSETCS Mpeaelib-
HBIMHU 3HAYCHUSIMH Y.

» v = 0: B sBuseTcs 0JHO3HAYHOW (GyHKIMEH 4,
HO HE HAa00OPOT — MpeJesIbHO HEOOpaTUMBIH IpoLIecC
A== B;

>y =1 A4 u B B 0AMHAKOBON CTENEHU 3aBUCST
JPYT OT Apyra — OTCYTCTBHE MPUYHHHOCTH;

» v = 0! A SBAseTCS OJHO3HAYHOU (QYyHKIHMEH B,
HO HE HAa00OPOT — IpeesIbHO HEOOpaTUMBIH TpOLIecC
B= 4.

HenpepreiBHoe BeliBner-mipeoOpazoBanue (BII)
¢dynkiuu f(t) — 310 ee cBepTKa ¢ cemeicTBOM (Kak mpa-
BUJIO, KOMIUIEKCHO3HAuHBIX) hyHKuunit G((t — b)/a) [26]

W(b,a):% [fe % a, @

IJIe 3B€3[J09Ka O3HAYAeT KOMIUICKCHOE COMpshKe-
uue; G(t) — «maTepuHCKas» BeWBieT-QpyHKIusA. Mare-
pHUHCKas GYHKINS TO0JDKHA OBITH BRIOpaHA M3 HHTETPH-
PYEeMBIX C KBaapaToM (CIIE€IOBaTENFHO, MEHSIOIINX
3HaK) (yHKIWH, JOKANIM30BaHHBIX BOJHM3HM HYJIEBOTO
3HAUCHMSI CBOETO apryMEHTa TakK, YTO CpeJHee 3Haue-
HHE BelBieT-(QyHKINU paBHBI HYIIO

* TIpUTATHBAOIIEE MHOXKECTBO TENBIX HEYCTONYHUBBIX TPAEK-
TOpHii B ()a30BOM IMPOCTPAHCTBE JHHAMHUYECKOH CHCTEMEL.

o0
jG(t)tzdtzo, 71<Z. 3)
—0o0
Bripakenue (3) — Tak Ha3pIBa€MOE yCIOBHEM JI0-
ITyCTUMOCTH, BBINOJHSAIOMEE JoKanu3anuio BII oqHo-
BPEMEHHO BO BPEMEHHOW M 9aCTOTHON 00JACTAX, YTO
MO3BOJISIET, B OTIAMYHME OT mpeoOpasoBaHusa Dypse,
MIPOCIIEANTH CTENCHh YCTOHYMBOCTH KOJeOaHWHA BO
BpeMEHH Ha (puKcupoBaHHOM yacTote. [Ipu Z=1 xo3¢h-
¢buieHTs! b, 8 HEUYBCTBUTEIBHBI HH K KAKOMY JIHHEH-
HOMY TPEHJy TPaHC(OPMHUPYEMOTI'0 BPEMEHHOTO Psijia.
B nanmpueiimem ¢yunxuuio W(a, b) 6ynem Ha3zwi-
BaTh aMIUTUTYTHOHM BelBieT-QyHKINEH U BMECTO He-
MIPEPBIBHOTO IpeoOpa3oBanus (2) paccMaTpHBaTh €ro
aHainor [Apymanos, 2015] — auckperHoe mpeobpazo-
BaHMHE!

1 N-1 «(t, —b
W(ab)=—=— > £ (1)G kT

y (4)
n(ab) (o

N_1 _1(tkb)
e n(a,b)= > e 2\ @ J,

k=0

IHonsiTne « Knumar»

JpeBHerpeueckuid actpoHoM I'unnapx u3 Hukeun
BBEIT TEPMUH «KIMMaT» («HAKIOH»), MUMES BBULY
HAKJIOH COJHEYHBIX Jy4ed. 3HaunmTensHO mo3xke (19
Bek) A. I'yMOoipaT mobGaBMII K «HAKIOHY» BIIHMSHUE
TOICTHJIAFOIIEH TOBEPXHOCTH OKEaHa U CYIITH Ha aTMO-
cdepy. B HacTosimee Bpemst umeeTcs psi reorpadude-
CKHX OIpeleIeHU 1 Tunu3anuil knumara [12,13].

3a nocneanue 30 et ObUTH JOCTUTHYTHI OIIpeie-
NEHHBIE YCIeXU B TOHUMAHUU JUHAMHUKU KIUMaTH4e-
CKOM CHCTEMBI. DTH yCIIEXH CBSI3aHBI C Pa3BUTHEM TEO-
pUH HETUHEWHBIX JTUHAMUYECKUX CHCTEM (TEOpUH Xa-
yca), B KOTOPOH LEHTPaJbHBIM IOHSATHEM SBISETCS
cmpannvii ammpaxmop” Jlopenna [33]. Ha ocHoBanun
stoil Teopun A. C. MonuH, [I. M. CoHEUKHH BBOJAT
orpeneNieHue KmMata: «Knumam — smo Hempusuaio-
Hasl 8epOSIMHOCMHAS Mepd, COCPeOOMOYeHHAs Ha
CMPAHHOM AMMPAKMOPe KIUMAMUYECKOU CUCHEeMbL
[39]. Heckompko mo3xke B pabote [1] BBoguTCs Apyroe
ompeJieNieHNe KIuMata: «Kaumam — 3mo omxpuimas
nepuooudecKu MeHaAIWAACs MepMOOUHAMUYECKAs CU-
cmema, COXpaHawds COCMosiHUue CMAyUoOHAPHOCMU
Uy 6aU3K0e K Hemy ¢ NOCMOSHHbIM 3HAYEHUeM NPou3-
6800Ccmea SHMPONUU HA ONPeOeséHHbIX UHMeP8aNax
epemeruy. OOIMM IJIs 3TUX ABYX ONPEICICHUN SBIIS-
€Tcs BBEJICHHAS B ONPENEIECHUE «MEPAy, T.€. HeKasl KO-
JINYECTBEHHAS XapaKTEPUCTUKA. XOT ITH MEPHI MaTe-
MaTHYeCKH pPAa3IM4YHBL, HO (U3MYECKH JIOCTaTOYHO
O6m3KH. JIeWCTBUTENIBHO B 3THX JBYX OIpPEACICHHAX
KIIIOUEBBIM SIBIIAETCS «KJIUMAaTU4YeCKas CUCTEMa», KO-
TOpasi B IEPBOM CIIydae XapaKTepU3yeTcs BEPOSTHOCT-
HOHM Mepoi, BO BTOPOM — NPOU3BOJCTBOM SHTPOIHH.
Takum 06pa3oM, ¥ B TOM U B JIpyroM ciydae KIuMaT
paccMaTtpuBaeTcs, Kak OTKPBITas TepMOIUHAMUYECKast


https://old.bigenc.ru/physics/text/4705070
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CHCTEMa, JJIEMEHTBHl KOTOpOH OOMEHHMBAIOTCS Bellle-
CTBOM, DHEprueil u uMmyabcoM. TepMoauHaMUUECKue
CHJIBI (OTKJIOHEHUsI TEPMOANHAMUYECKHUX MapaMeTPOB
OT MX PaBHOBECHBIX 3HAYCHUI1) BHI3BIBAIOT B CUCTEME
MOTOKH SHTPOIMHU U BEIECTBA, YTO IPUBOJIUT K POCTY
SHTPOIHHU CUCTEMBI — NPOU3BOOCMBY IHMPONUL.

Peakumsi kaMMaTH4YeCKO# cUCTeMbl HA BHeLI-
HHe (paKTOPBI

[Tockonbky 1O ONpe/IeNieHNI0 KIIMMaTHIecKast CH-
CcTeMa — 3TO OTKPBITasi TEPMOAUHAMUYECKAs] CHUCTEMA,
to cornacHo U. IIpuroxuny [46] e€ auHaMuka ompe-
JeNseTcs BO3IEHCTBUEM BHEHIHHX (DaKTOPOB, cXeMa-
TUYHO ITOKa3aHHBIX Ha puc. 1.

KocMHY eCKOS H3NyYeHHe
I paBMTaLMOHHOS
B3aHMOEACTEHE
MnaHeT

= _'-_1__ i

lNeoT epManbHOE TENND

Bhlﬂl!]'ll!i‘l!ﬂ Tenna

OBnacTM MHTEHCHBHOT O

PR
EAS 55 |
155.65 [195.150
6575 mm150-4

17585
18595 mB
E=r7

C peaMHHO -0 KEAHHYECKH R
CNPEHHT

CONHEYHOW CHCTEMBI

ConHeyHan
paguauma

LinprynauyHa )
OKEAHWY ECKMX TEYEHMH

B 7 ennoe MENKDE TEYEHHE
XonogHoe K ConeHoe

. Ry SoKoe TEYEHHE +
+ 3nb-Huibo, Ma-HuHbA

KNUMAT
NNAHETLI

Pn'
MpeueccHOHHOE OBHXEHHE
BEMHOW OCH

Puc.1. Bnewnue ghakmopul, onpedensiowjue OUHAMUKY KIUMAMUYECKOU CUCIEMDbL.

Hanee, cnemyst cxeme Ha puc. | paccmoTpum
BKpAaTIe KaKAbIH M3 BHEMIHMUX (OTHOCHTEIBHO aTMO-
cdepsbl) haKkTOPOB, HAYMHAS C SIPa 3EMITH.

SAnpo 3emun. Camas rirybokas reocdepa 3emiti ¢
MOBBIIIEHHOH IIOTHOCTBIO, COCTOSIAsi M3 BHEUTHErO
(’KUAKOTO) W BHYTPEHHEro (TBEPIOTrO) sSapa, WMEo-
uiero paguyc okoiao 3500 kM, T.e. COCTaBISIOLIMNA MO-
YTH TIOJIOBHHY pajanyca 3eMIId, M COCTOAIIee M3 Ke-
ne3o-uukeneBoro cmasa [40]. [TockonbKy BHYTpEHHE
SIAPO HE COEIMHEHO XECTKO ¢ TBEPAOW 3eMHOM MaH-
THEHN, TO OHO BPAILLAETCs ¢ OTIUYHOM OT OCTAJIBLHOU Ya-
cti 3eMin ckopocThio [9, 54]. TlocpencTBom HabIrO-
JICHHUS U3MEHEHUH B XapaKTEPUCTHKAX CEHCMMUYECKHX
BOJIH, IPOXOAAILINX Yepe3 BHYTPEHHEE sIpO, CeHCMO-
JIOTM Ha OCHOBE AaHMU30TPONHHU CKOPOCTU Mepeadu
BOJIHBI PACCUUTAIIM CKOPOCTh BPAILEHUS] BHYTPEHHETO
spa, KOTOpasi COCTaBMIIa OKOJIO OJJHOTO Irpajayca 100a-
BOYHOTIO BpallleHus B rof [14,56].

I'maBeHCTBYyIOWIAs poOJb KUAKOTO siapa 3eMi —
CO3JJaHUE U TI0JIEPKAHWE MArHUTHOTO ITOJISI TUIAHETHI
¢ peobafaHNeM AUTIOIBHON KOMIIOHEHTHI, BETMYNHA
KOTOPOH M3MEHAETCS OKOJO HEKOTOPOTO CPEIHEro

3HaueHusi. COOTHOIIEHHE MHHMMyMa W MaKCHUMyMa
sTol BenuuuHbl 1:2. Ilepuoj cMeHbBI NOJNSAPHOCTU
~2-10° ner. ['eoMarHuTHOE IOJIE BEChMa M3MEHUYMBO,
TaK YTO JIaXKe ero cpeaHee (OCEBOH TUIIONb) HE SBIIS-
€TCs CTallHOHAPHBIM, a KOJIEOJIETCS C TIEPHOIOM ~2-103
ser [56]. dyis Hac B nanbHEWIEM BaXKHBIM SIBJISIETCS
TOT (aKT, 94TO KOJeOaHUsSI TEOMAarHUTHOTO ITOJIs 0OHa-
PY’XKHUBAIOT BBICOKYIO KOPPEJSLHUIO C BApUALUSIMU CKO-
pocTH BpaieHus 3emin [52], KoTopble HMEIOT 00Ty 0
MPUYNHY — MAarHATOTHAPOJMHAMUYCCKUEC KOJICOAHUS
KPYTHJIBLHOTO THIIA B 36MHOM S7pe.

MaHTHs — 9acTb reocepsl, PacioI0KESHHOM M0/
KOpOIi U BBIIIE siipa. B Helt HaxoauTcst O0bInas 4acTh
BemecTBa 3emuid, 3aaumMaromas 80 % e€ oowvéma [19].
I'paHuneil Mexxay KOpOH M MaHTHUEH CIyKUT TpaHULA
MoxopoBruynda Ha Tyoune oT 7 (10J OKeaHamu) 0
70 xwioMeTpoB (O] CKJIaT4aThIMU IMOSICAMH), HAYU-
Hasi ¢ KOTOPO# MPOUCXOIUT CKAYKO00pa3HOe yBeInIe-
HUE CKOpPOCTE€H NPOIOJbHBIX CEHCMHMYECKUX BOJIH.
MaHTus nojpasnuesnsieTcss Ha BEPXHIOW U HUXKHIOK,
pasnenéunbie cioeM ['onmipiHa (0KOJT0 673 KM).


https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D0%BA%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BD%D1%82%D0%B8%D1%8F_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BD%D1%82%D0%B8%D1%8F_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%AF%D0%B4%D1%80%D0%BE_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D0%B5%D1%80%D1%85%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%9C%D0%BE%D1%85%D0%BE%D1%80%D0%BE%D0%B2%D0%B8%D1%87%D0%B8%D1%87%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D0%B5%D1%80%D1%85%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%9C%D0%BE%D1%85%D0%BE%D1%80%D0%BE%D0%B2%D0%B8%D1%87%D0%B8%D1%87%D0%B0
https://ru.wikipedia.org/wiki/P-%D0%B2%D0%BE%D0%BB%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B9%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B2%D0%BE%D0%BB%D0%BD%D0%B0
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I'eoTepmanbHoOe Tenno — 3Heprus Tenaa 3eMIH C
HMCTOYHUKOM U3 PACKAJICHHBIX HEIp, HANpaBJICHHBINA K
MOBEPXHOCTH 3eMITH. 3eMIIs TIPEICTaBIsIeT COOO0H Ter-
JIOBYIO MAIIMHY. DTO 03HAYAET, UTO SHEPTHsl, BHI3bIBA-
Iolasi TeOJUHAMHUYECKHUE SIBICHUS, TEHEpaIUIo Ieo-
MAarHuTHOTO MOJIsl, CEHCMUYHOCTh M BYJIKAHU3M — SIB-
JIeTCS pe3ynbpTaToM TETUIOBBIX MPOLIECCOB,

MIO0Ka3aTesIeM KOTOPBIX MOXKHO CUMTATh BEJTMYUHY Tell-
JIOBOTO NOTOKA. Pacnpenenenne TEmIoBoro moToka o
3eMHOMY Iapy HeogHopomaHo (puc. 1, 2). Takas Heoa-
HOPOJHOCTH NPSIMO YKa3bIBaeT Ha OYark MOBBIIICHHON
WHTEHCHBHOCTH BOCXOJSAIIMX JBH)KEHHH Marmbl B 00-
JIACTAX CPEIMHHO-OKEAaHHIECKOTO CIIPEANHTa (pa3BU-
raHHe OKEaHHMYECKOTO JHa), a TAK)KE IMOBBIIICHHOMN aK-
TUBHOCTBIO OKEAHWYECKHX (TIIyOMHHBIX) M3BEPKCHUN

0 40 60 85 120 _ 180 240 350
MBT/™m

BYJIKAHOB.

Puc. 2. Kapma mennogozo nomoka 3emau (a) u obnacmeii cpeOuHHO-0Keanuuecko2o cnpeounea (0).

B3aumopeiictBue «okeaH-aTMoc(epa», oxea-
HUYecKHe TedeHusi. Bompockl kpymHOMacimTaOHON
OKEaHWYECKOW MHUPKYJSIIUA Ba)KHBI JJISI TTOHUMAaHUS
MEXaHU3MOB U3MEHYMBOCTH KIIMMATHUECKON CUCTEMBI.
3nmeck OombIIoi BKiIan BHeCTH padoTsl mkomisl I1. C.
Jluneiikuna [30-32], HampaBieHHbIE Ha UCCIIEAOBAHUSA
0COOEHHOCTEH OKEaHNIECKOTO TEPMOKINHA U KPYITHO-
MacmTabHOW NMUPKYILIHA MUPOBOTO OKeaHa, TeOpUHI
JIESTETTHHOTO CIIOSI I METOJIOB pacdeTa XapaKTePHCTHK
BEPXHETO TEPEMEIIAaHHOTO CJIOS B OKeaHe. Bce 3T
Hay4YHBIC HAIpPAaBIICHUS, CBSI3aHHBIE C TEOPHEH KIU-
MaTa, IPUBENU K Ka4yeCTBEHHO HOBOMY MOHUMAaHHIO
(OYHKIIMOHUPOBAHUS KIUMATHIECKON CUCTEMBI U T03-
BOJIWJIN OOBSICHUTH MHOTHE (PaHee HeTOHITHBIC) MeXa-
HU3MBI €€ 9BOJIOINY Ha BpEMEHHBIX MacIiTadax oT He-
CKOJIBKHUX JIET J0 ThICSYENIeTHH, 00yCIOBICHHbBIE BHYT-
peHHeil OKEaHUUECKOU JTUHAMUKON u
B3anMO/IeiicTBAEM aTMOC(ephl C OKCaHOM.

N3-3a 6GOJIBIIEN TEMIOEMKOCTH OTHOCHTEIIBHO
TEIUTOEMKOCTH BO3[yXa, HWHEPIUOHHOCTh TEMIIEpa-
TypBI OK€aHa 3HAYUTEIBHO OOJBIIE MMOCIENIHET0. DTO
pasnuuue B cepenune 70-X TOM0B NPOIITIOTO CTOJETHSI,
o npeiokenuto I'. Y. Mapuyka, ObLIO HCIIOJIH30BAHO
III. A. MycaenssHOM B IOJITOCPOYHOM MIPOTHO3E TEMIIe-
paTypsl BO3/yXa, IJie B Ka4eCTBE MPEAMKTOpa B3sTa
TeMIlepaTrypa okeaHa ¢ 3-X MECSYHbBIM 3amna3/[bIBAHHEeM
[41,42]. KpoMme TOTO, OKEaH SBJISIETCS PErYISTOPOM 00-
JAYHOCTH W PaJUallMOHHOTO OajlaHCa IMOBEPXHOCTHU
3emun, obecnieunBast 0ojee MOJIOBUHBI OOIIETO MEpH-
JIMOHAJILHOTO TIEpeHOoca TeIljia B CUCTEME OKEaH-aTMO-
coepa [11,28,35,36,38,45]. Takum oOpa3zom, okeaH-atT-
Mocepa — B3aMMOCBsI3aHHAs CHCTEMa, B KOTOPOM

OKeaH OTBeyaeT 3a (OpPMHUPOBaHHE HU3KOYACTOTHOI
YacTH CIIEKTPa U3MEHUUBOCTH [1].

MupoBsle okeaHndeckue TedeHus (puc. 1, 3) ur-
paroT BaKHYIO poOjb B (OPMUPOBaHUM KiMMara Ha
3emiie U CYIIECTBOBAaHHUHU JKU3HHA B MOPSX M OKeaHax,
(dhopMUpYIOTCS TIOA ACHCTBHEM BETpa, KOCMHUYECKHAX
BIMSHUN M pa3iuuuil B CBOICTBaxX BOJABI HAa Pa3HBIX
y4actkax MupoBoro okeana. Bce TeueHns qensaTcs Ha
MHOKECTBO KJIaccupukanmii (puc. 3) B 3aBUCUMOCTH
OT UX IPUPOIBI, HIEPUOIMIHOCTH, TITyOWHBI H TEMIIepa-
Typbl. TeueHus] Ha3bIBAIOTCS TETUIBIMU M XOJOIHBIMU
WM HEUTPaJbHBIMU B 3aBUCHUMOCTH OT TEMIIEPATYpPhl
OKpY>Karoleil BOJbI.

B CeBepHOM monymapuu T€UCHUS HUPKYIUPYIOT
110 4acoBoii cTpenke, a B FOxxHoM [ | ImpoTtus. Tedenns
B ceBepHOM uyactu WHAMICKOrO OKeaHa MEHST
HaTIpaBJICHUE B 3aBECUMOCTH OT CE€30Ha.

KnumaTuueckoit cucteme CBOMCTBEHHBI KPYITHO-
MacimTaOHBIE aBTOKOJEOATENbHBIE MPOIECCHI, TaKUe
kak lOxHOe KoneOaHme (TepepacmpeiesicHue Macc
BO3IyXa B HE3KMX MHMpoTax HOKHOTO Mmomymapus
Mexy Unaniickum 1 TuxuM okeaHaMu) U KoyieOaHus
okeaHa — Dib-Hunbo (Teruias daza) u Jla-Hunbs (xo-
nmogHast Gaza). [Ipu Dab-HuUHBO MPOUCXOIUT 3HAYH-
TEJIEHOE TOTEIUICHUE BOJBI B IEHTPAIBHOW M BOCTOU-
HOM 4acTsX 9KBATOPHUAJIbHOW 30HBI THXOro OKeaHa H,
KaK CJIEJICTBHE, BOSMYIIICHHE BCEH ITaHEeTapHOH aTMO-
cepHOW IMPKYISAIHH, YJYallCHHE OMACHBIX SBICHUM
ITOTOJTBI M CTUXUWHBIX OCIICTBUI JAJICKO OT MECTa CBO-
€ro BO3HUKHOBEHUS.
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Puc. 3. Okeanuueckue meuenus na niarneme 3emis.

B cpeaHeM LMKIMYHOCTB ATOrO aBTOKOJEOAHUS
cocrapisieT 44,5 roya, HO OTMEYAETCSl YCUIICHHUE €0
WHTEHCUBHOCTH B TIOCJIeIHUE AecsTuneTus [44].

N3Bep:xkennss ByJakaHoB. Bynkanel 3emmu —
OJTHH U3 MOYJIATOPOB KoJeOaHUH KIUMaTa, IPUBOIS-
II1e, C OJAHOM CTOPOHBI, K MOBBIIICHUIO TEMIIEPaTyphl
MOBEPXHOCTHU 3€MIIH, a C IPyroil CTOPOHEI, K €€ MOHHU-
JKEHUIO 32 CUET 3arpsi3HEHHS aTMOCc(ephl YacTHUIAMHU
HEMIa U a3pO30JIIMH, OTPAXKAIOIIUE COIHEYHYIO paiu-
anuro. Hanmpumep, uzBepxenue 70 ThIC. JIET Ha3ax Cy-
nepByJkana To6a [17], mpuBeIo K HACTYTUICHUIO «BYJI-
KaHHYeCKOM 3MMBD» Ha HECKOJBKO JIET U HOYTH II0JI-
HOMY HCUYE3HOBEHUIO JofeH. Jlpyrue usBep:keHus,
MEHBIIINE 110 CTEIIeHH B3pBIBA, TaKHE KaK Ha OCTPOBE
CymbaBa B 1815 rony u usBepaxeHue ByikaHoB B FOx-
HOU Amepuke B 530 romax Hamiei spsl [53], BeI3BaU
MacCOBBIN TOJIO/ U BCHBIIKH 9yMbl. OfJHaK0, He00XO0-
JUMO HMMETh BBUJY, YTO BYJKaHbl HE BCEraa OJHO-
3HAYHO BIIUSIOT HAa KIIMMAT, OJHOBPEMEHHO BBI3bIBAs U
TasHHE JIbJIOB, U «BYJIKAHUYECKYIO 3UMy». Tak, B pa-
6ote [43], m3y4as OTIIOKEHUS Wiia, GopMUpOBaBIIHECS
Ha JHE mepecoxuiero baiaTHHCKOro neJHHKOBOIO
03€pa, aBTOPbI NPUILIHN K BEIBOJY, YTO OHO MPEICTaB-
510 cO00M KPYITHBIN BpeMEHHBIH BOJ0EM, TOKPHIBAB-
IIMA CYIIECTBEHHYIO 4acTh COBpeMeHHOi CkaHmuHa-
BUU B JICAHUKOBYIO 31I0XY JIETOM, KOTJIa Tajlasi BOJAA C
JIEIHUKOB HAa4YMHANa CTEKaTh B KOTJIOBHHY OyAyILero
Bantuiickoro mops. Ilo oneHkam reojioroB OHO BO3-
HUKI0 okosio 12000 et Hazaj (KOHEI| JIeTHHKOBOTO
MepHo/ia), TPOCYIIECTBOBAB HECKOJIBKO THICSIYEIIETHI.

TonumHEa JIOHHBIX OTJIOKEHUH mia” (aHasor ro-
JMYHBIX KOJIEI JIEPEBbEB) IMTO3BOJIMIIA aBTOPaM pabOThI
[43] moka3ate kaKkyio poib B popMupoBanuu banruii-
CKOT'0 03€pa ChIrpalli ByJIKaHbl. Bonpeku oxxuaaHusm,
OKa3aJI0Ch, YTO B TEYEHUH BPEMEHH M3BEPKEHHM, T.€.
IpH BEIOpOCE OOJNBIIOrO KOJIMYECTBA a3po30ei B aT-
Mocdepy, CKOpOCTh TasHHS JICIHHKOB HE Tajania, a
pocia Wi OCTaBajach MPEXHEH, B TO BPEeMs KaK TeM-
nepaTypa noHrkanacs Ha 3,5 °C Ha teppuropun CkaH-
quHaBHU. TakuM 00pa3oMm, B 3TOM IpOIEcce Ompesae-
JSFOLIYIO POJIb MIPAET TeNe, TOHMKAIOMNN anp0en0
abja Ha 15-20%, 4To U yCKOPUIIO TE€MIIbl HAKOTIJIEHUE

" Yem IMpe KaKIbIH CII0 Wita, TeM OOJIbIIe BOBI TOJDKHO
OBLIO MOCTYMATh B 03€PO CO CKIIOHOB OTCTYTAIOIINX JICTHU-
KOB.

BOJIbI B bantuiickom o3epe, BHOCIEACTBUM CTaBIIUM
Bantuiickum mopeM. B pe3ynbrare ByJKaHbl ChIrpad
BKHYIO POJIb B 3aBEPUICHUH JIEAHUKOBOTO TIEPHUO/IA.

Oco60e MeCTO B U3MCHEHUHU KIUMATHYCCKOHN CH-
CTEMbI 3aHMMAIOT TJIyOHMHHBIC (OKCAHUYECKHE) BYJI-
KaHBI, 0 KOTOPBIX OyJIET CKa3aHO HIDKE MPH PAcCMOT-
PEHHH TPUYWH TasHUS JETHUKOBHIX IMUTOB 3aIlaTHON
AHTapkTUAbl, ['peHIaHAnN U 1bI0B APKTHKH.

12000-p1e UTHUKIBI TreaIHOreo(pH3NIEcKOil CcH-
CTeMBI

[Mon remmoreodusmyeckoii cucreMoit OyaeM ToA-
pa3ymeBath (PU3HYECKOE COCTOSIHAC OOBEKTOB COJTHEY-
HOH cucteMsbl, a uMeHHO, CoJHIa (COoTHEeUHasi aKTHB-
HOCTb), IUIAHET COJIHEYHOW CHUCTEMBI, B YaCTHOCTH,
reo()U3NUECKUe MPOIIECCH, BKIIOYAOIIUE, KITUMAaTHYC-
CKYIO CUCTEMY B TPaKTOBKE JaHHOW B paznaene «Kiu-
MaT», TISIIIMOIOTHYECKUE MTPOIIECCHI TAsTHUS JIETHUKOB,
CeHCMUYECKHAE W BYJIKAHHYCCKHE ITPOIIECCHI, CKAYKH
siIpa 3eMITd, BapHalliil MarHUTHOTO TOJS U CKOPOCTH
BpAIIEHUS 3EMIIH.

Hamma mraneTa BoIIIa B epro 1 IT00aNBHBIX KITH-
MaTHYECKUX M3MeHeHui. HaOnmronéHHble maHHBIE TO-
BOPAT O POCTE KOJIMYECTBA U CHJIC 3eMJICTPSICCHUI, Ya-
CTOTE W MOLTHOCTH yparaHoB M TOPHAJI0, HABOIHEHUH
Y TIO’KapoB, MOSIBJICHUIO MHOTOYUCIEHHBIX TPEUTUH U
MPOBAJIOB B HOBBIX KOHTUHEHTAJBHBIX pa3joMax U 1p.,
HO MPEMOJHOCUTh, YTO BCE 3TH KaTacTpOohHUUECKUE
MIPOIECCHI TPOUCXOAT U3-3a ACITETLHOCTH YeloBeKa
— 3TO HE MPOCTO OMNOKa, a MPECTYIUICHHUE.

Knumar uMeeT mUKIMIeckuii XxapakTep, MEHSUIICS
BCerjia Mo €CTECTBEHHBIM IMPHYMHAM, HO Ha OIpere-
JICHHBIX TIEPUOJIaX 3TH U3MEHECHHUS HOCAT KaTacTpOQu-
yeckuil xapakrep. TakuMu nepuogamu sBsoTca 12 u
24-x TeIC. NIeTHHE TIepuoIbl. B HacTosIee Bpemst Tia-
HETBI COJTHEUHOU CUCTEMBI BCTYIIIIN B aKTUBHYIO (hazy
24000-ro nepuona. Beraér Bonpoc: «KakuMH MPUYH-
HaMU BbI3BaHA dTa MUKIMYHOCTH?». He umes BO3Moxk-
HOCTH B paMKaxX CTaThU M3JI0KHUTh MOJIPOOHO MPHUNHBI
STOW HIUKIUYHOCTH, OTMETHM, YTO 3eMJIs, Bpalasch
BMmecte ¢ ComHewHOH cuctemol B mpenenax ['amak-
TUKH, TIEPUOIUYECKU BCTPEUAETCS C €€ CHUPaIbHBIMU
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pykaBamu [27] (puc. 4). IIpu aTOM cucrema UCIHBITHI-
BaeT B3aMMOJECHCTBHE C TaJlaKTUYECKUMU YIApHBIMHU
BOJIHAMU , TIPOSIBJISIFOLIAECS BO3IEHCTBUEM Ha TIIAHETY
B BUJIe KOCMUYECKOTr0 u3iryueHus. B pe3ynbpTare ranak-
TUYECKUE YJapHbIe BOJHBI OTBETCTBEHHBI 3a CyIlle-
CTBOBAHNE KPUTHUYECKHUX NEPUOJOB B IBOIIOLUH ILIA-
HETBI. XPOHOJIOTHIECKAs! JIETOMHCH KIIFOUEBBIX 3IH30-
JOB  TEOJWHAMHKM  TIPAKTUYECKH  ITOBTOPSIET

CnupanbHbIN pyKaB
HeuHas FarjakTUYeckas opoura
cucrtema ~
ConHe4Hol cUcTeMbI
-yrnoBasi CKOpoCTb
ranakTuku

(Do - yrnoBas
CKOpOCTb
CONTHEYHOU
cUCTeMbl
Anpo
FanakTuku

~~_ CnupanbHbIn
pykaB CTpenbua

C'riupanbubm
pykaB Mepces

FanakTuyeckasn gonrota

BPEMEHHYIO LIKaJly TajakTHYeckoro macmrada [27].
BBICOKOYACTOTHBIC COCTABIIONIME KOJICOAHWN B3am-
mozeiictBusa ¢ nepuogamu 12000 u 24000 net, coot-
BETCTBYIOT PE3KHM M3MEHCHUIM KIIMMaTa U KaTacTpo-
(uvecKuM sIBICHUSIM Ha 3eMJIe BO BpEMsI IIEPECCUCHHUS
COJIHEYHOM CHUCTEMOM OJIM3KMX M NAIBHUX OOJacTei
TaJTaKTHYECKUX yIAPHBIX BOJH (TaJAKTHYECKOTO B3au-
MozeicTBH) B pykaBax Opuona [23].

Opbura
CONHEYHO CUCTEMbI

75 000 ly

3.0 Kpe

(]
jittari

Buaumas TeHb ranaktu4yeckoro sgpa

Puc. 4. Moodenwv snewnezo suoa Mneunoeo Ilymu ¢ demanamu CmpyKmypul u 2aiakmuyecKumu 0oa2omamu (a);
6) — cxemamuuHoe nNPeOCMagileHe COBPEMEHHO20 PACNOLONCEHUS COTHEUHOU CUCTNEMbl OMHOCUMENbHO
2ANAKMUYECKUX PYKABOS.

[IposBeHne yka3aHHBIX BHINIE OUKIOB B JTHHA-
MHUKE KIMMAaTHYECKOW CHCTeMBI 3eMJIM TMOKa3aHO Ha
puc. 5 Ha mpuMepe PeKOHCTPYHUPOBAHHBIX TAHHBIX O
Temmeparype u auokcune yriepoaa (CO2) Ha ocHOBe
CIEKTPAIBHOTO aHAJIN3a, BBITOJHEHHOTO Pa3THYHBIMU
Metomamu (Pypre u BeliBneT-ipeobpasopanue). Kax
clelyeT U3 puc. 5 MOJMyYeHHBbIE CIEKTPhl KoneOaHui
oOHapyXuBaloT MUKK Ha nepuogax ot 10 g0 30 Teicsau
net. IIpu 3TOM OTYETIIMBO HPOSIBIAETCS YCTOHYNBOCTh
nepuoaoB okoyio 12 u 24 Teic. N€T B aMIUIMTYAHOR
BeiiBneT-QyHkuun (Oenas MTPUXOBKA HA PHUC. 5) Kak
Temnepartypsl, Tak 1 COz.

B KoHTekcTe Ha3BaHWS MAHHOM CTaThbH BechMa
B)XHO pacrpezeneHne QyHKIUH TPUINHHOCTH, KOTO-
pO€ OJJHO3HAYHO MOKAa3bIBAE€T OTCYTCTBHE MPUYMHHOU
CBSI3M HA HYJICBOM JIare MEXIY TEeMIIEpaTypor U JHOK-
cuznoMm yriepoza. Ilpu 3Tom KoppemsunoHHas (QyHK-
1St OOHAapyYXKUBAET Ha 3TOM JKe Jlare BEICOKYIO Koppe-
JSITHIO.

* O6nacTh B3aUMOJIEHCTBHS MKy MarHUTOC(EPOi 3BE3IbI
WU TTAHETHI H OKPYKAFOIIeH cpeioid, B KOTOpoi Habmoaa-
€TCsI MTOBBIIIEHHAs JIOTHOCTh BEIIECTBA.

Beicokasi koppessiiys MeXIy TeMIlepaTypod |
CO: u sBIsIeTCS MPUIHHON TIyOOKOTO 320y KICHUS,
KacaeMo aHTPOIIOT€HHOTO TII00aIbHOTO MOTETIICHUSL.

Taxum 00pa3oM, KOCMHUECKOE U3ITy4YeHHUE, SIBIIS-
ACh TeHEepPaTOpOM IIPOLIECCOB Ha 3emjie IMPHUYUHHO-
CJIE/ICTBEHHBIX MPEBpAIEHUH, HAUMHAas C BO3JEHCTBUS
Ha A0p0 3eMIIH, BBI3BIBAET BBICOKYIO KOPPEISIHIO
MEXJy COCTaBISIOUIMMH KIMMAaTHYECKOH CHCTEMBI,
XOTSI MEXXIY HEKOTOPBIMH M3 HHX, KaK TeMIepaTypa u
CO2, npuuMHHAas CBSA3b OTCYTCTBYET. bosee Toro, npu-
YMHHAs CBSI3b MEXXIAYy HUMH OOHAPY)KUBAETCsI HA OTPH-
LaTeIbHBIX BPEMEHHBIX Jarax, T.e. He CO» aBnsercs
TIPUYNHOIN M3MEHEHUs TeMIIepaTyphl, a HA000POT, YTO
MOJTBEPKAAETCA M Ha TMOJOXKUTENBHBIX Jarax, IJe
(YHKIMS NPUYMHHOCTH HaXOJHUTCs B oOyiacTh oOpar-
HOH npu4uHHOCTH (pHC. 5¢€).
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Puc. 5. [lposignenue 12, 24-x molcsauenemueri YyuKIuyHOCMUY 8 OUHAMUKE
memnepamypul 6o30yxa u CO2 na nianeme 3emus.

[Ipumeuanue: a) — BpeMeHHOI xox oTkioHeHHH AT oT cpenneit Temmeparypsl Bo3nyxa u CO2 Ha 400 THI-
CSIYHOM Triepuoze; 0) — BpeMeHHast koppeisinnonHas GyHkims mexay AT u CO2; B) — GyHKIMS TPUIUHHOCTH
mexay AT n CO2. 1), x) — criektpsl Pypbe; k) — ammnTyanble BeiiBnet Gynkunu (ABD) AT u CO2; e) — ckeiino-
rpammsel AT u CO2.
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DTOT k€ BBIBOJI HA OCHOBAaHUH COBEPILICHHO APY-
THX TIO/IXO/I0B JIENaeTCsl PsIIOM UccieoBaTese B pa-
6orax [16,18,34,48,49,50,51]. IIpaBHIBHOCTH 3TOTO
BBIBOJIA CJIEAYET U3 (PM3MYECKOH CYIIHOCTU MapHHKO-
BOro 3dekra B atMochepe. JIeiicTBUTENBHO, B TIOT-
HOW aTtMocdepe 3emii, a UMEHHO, B Tporocdepe
(manboree WIOTHOM cioe), TpeoliagaeT KOHBEKTHB-
HBIIl IEpeHOC Teria, a MeXaHu3M U3NydeHus (paaua-
[MOHHBIN MEPEHOC) — B BEPXHUX Pa3psKEHHBIX CIOSIX
(ctparocdepa, me3ochepa, Tepmochepa). Taxim oOpa-
30M CpejlHee, HalpUMep, 3a Mecsll, pacIpelelieHue
TEeMITepaTyphl B TOJIILE Tporocdepsl OJIM3KO K aguada-
THYECKOMY — PacCIIPEHUE U OXJIAKACHHE BO31yXa IPU
noabEMeE M cyKaThe U pa3orpes npu onyckanuu. Torxa,
C Y4YéTOM CpeJHEd IOBEPXHOCTHOM TeMIEpaTyphl
3emin, paBHol 288K, Ha 1F000M ypOBHE 36MHOM TPO-

nocdepst (p > 0,2 atm) [50]

a
T=288 2| @)
Po
R

ulc p +Cw +Cr
6aTBI, SaBI/ICHH.lI/Iﬁ OT COCTaBa M BJIAJKHOCTH aTMO-
Cq)epbl, Cp — YACIbHAaA TEILIOEMKOCTD IIpHU ITIOCTOSIHHOM

rme & = ) — IIOKa3aTecJib aaua-

JaBJICHUH, Cw — YAEJIbHas TEIJIOEMKOCTb, XapaKTepH-
3yloliasi CyMMapHBId TemIoBod 3¢deKT mnpoueccoB
KOHJICHCAllUU BJIarM BO BJIaXXHOW aTMocdepe, cr [
ylellbHasl TEIIOEMKOCTh, XapaKTepu3yrolias MOrJo-
meHus TeroBoro u3nmydenus 3ewun u CoiHua,
L0 D monspHas Macca Bo3ayxa; B (4) po — maBie-
HHUE Ha yPOBHE MOPSL.

DusnKa SBICHUS COCTOUT B TOM, YTO ITOTJIONICHUE
napHukoBeIMU Trazamu MK-uznyuenuss pasorpeBaet
BO3/YIIHBIE MAcChl, YTO YCHJIMBAeT INepenady TeIuia
MyTéM KOHBEKLHUH, T.€. B BBIPAXKCHUM I1OKA3aTEISA
anmabaThl 3HAMEHATEIb YBEINYHUBACTCS U COTTIacHO (4)
MIPOUCXOIUT YMEHBIIEHHE TEMIIEPaTyphl.

Takum 00pa3zoM, BBIHOC Tera W3 Tpornochepsl
[IPOMCXOIUT, TJIABHBIM 00pa3oM, 3a CYET KOHBEKIIHH,
obecnieunBatomieli  Oonee 3((GeKTHBHBIA IEpeHoc
TeIUIa 10 CPaBHEHUIO ¢ paxuauuei. B pesynbrare ¢
YBEIMUECHNEM KOHIIGHTPAUH YTJICKUCIIOTO Ta3a U IMo-
TJIOLIEHHS MM TEIIOBOTO M3JIYYEHHs BO3pacTacT KOH-
BEKTHBHBI MaccOOOMEH BO3[yXa, BBIHOCAIIMN 3TO
TEIIO 32 Tpeaensl Tporocdepsl. DTOT BHIBOA, B KOPHE
OIIPOBEPTAIOIINI aHTPONOT€HHYIO IPUUYNHY TII00aIIb-
HOT'0 MOTCIUICHU A, MMOATBEPIKAACTCA SKCIEPUMCHTAJIb-
HBIMH JJaHHBIMU [37,22] neAsTHBIX KEPHOB AHTAPKTUIBI

(puc. 6).
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Puc. 6. Pexoncmpyupoganusie CO2 u memnepamypa 6030yxa.

Kpussle Ha puc. 6 TemnepaTypsl U JUOKCHAA YT-
JepoJia, pEeKOHCTPYHPOBAHHBIE HA OCHOBE H30TOITHOTO
aHalM3a JaHHBIX OypeHWUs JICTHUKOBOTO IMOKpOBa AH-
TapKTHIBl OJHO3HAYHO TMOKA3BIBAIOT, YTO W3MCHCHUS
TEeMIIepaTyphbl Ha MPOTHKEHUH mociieAHux Oonee 160
TBIC. JIET OMEPEKAIOT COOTBETCTBYIOIINEC UM H3MEHE-
Hust koHueHtpauuii CO2 B cpenneM Ha 550 et [
BpeMs IIOJHOTO TepeMEIINBaHHUA BEpXHEro (aKTUB-
HOTO) cJ10s1 BOJBI B MupoBoM okeaHe [50], B koTopom
3aKJIF0YeHA OCHOBHAS Macca YIIIeKUCIIoro rasa (coaep-
xanne CO2 B 90 pa3 mpeBOCXOIUT €ro CoJepiKaHue B
aTMocdepe). DTOT pe3ysbTaT NPAKTHIECKH COBIAIACT
¢ pacnpenenenuemM CO2 1 TeMIepaTyphbl, IpUBEICHHBIE
Ha puc. S5a 1t 400 TeIcsIYENeTHETo eproja.

I'1o0anbHBI JHEPreTHYeCKUii CKa4Y0K

[Ipoxoxaenne ConHEYHOM CUCTEMBI Yepe3 rajlak-
TUYECKUE PyKaBa (JATBHIOK W OJFMKHCIO TOYKH B3aH-
MOJICHCTBUS), COMPOBOXKIACTCS BapUAIMSIMHA WHTCH-
CHUBHOCTH TaJaKTHYCCKMX KOCMHUYECKUX JIyded. IDTo
B3aUMO/ICHCTBHE OKa3bIBAET UMITYJILCHOE BO3/IEHCTBHE
Ha OOBEKTHl CONHEYHOH CHCTEMBI, B YaCTHOCTH, Ha
3emiro, mposiBuBIIEecs B 1998 roxy B ckauke IeHTpa

Macc gapa 3eMIM OTHOCUTEIBHO IIEHTPAa MacC MaHTHH
B Pe3ynbTaTe 4ero MPOM30ILIO0 CMEIEHHE JKEIE3HOTO
sapa Ha ceBep, MOsBIEHWE OWEHWS W JIMCCOHAaHca
[54,55] u, kak ciencTBUe, YMEHBIIEHUE 3JIEKTpOMAar-
HHUTHOTO MOJISI BHYTPH SIpa U ociablieHHe MarHUTHOTO
mmoJisi 3eMITH, aHOMATBHBIN JIpeiip ceBepHOr0 MarHWT-
Horo nomoca. C MOMEHTa CKadka L[EHTpa Macc sapa
OTHOCHTENFHO IIEHTPa MacC MaHTHHM HA4YaJIOCh HKCIIO-
HEHIIMAJbHOE YBEIWYECHHE KaTaCTPO(UUECKUX MpPH-
POIHBIX SBICHHA M KaTacTpouiyeckoe H3MEHEHHE
knumata. Ha puc. 7 npuBeseH rpaduk TMHAMUKY KaTa-
CTpO(HUUECKHX SBICHUH, Ha KOTOPBIX BUJCH SKCIIOHEH-
MaJbHBIA UX POCT, HaunHas ¢ 1998 r.

[Muknuyeckoe cMeLIEHHE sApa C €ro OrpOMHOM
Mmaccoii (17 macc JlyHbI) OKa3pIBaeT rpaBHTallMOHHOE
BO3JeiicTBUE Ha Bce obomouku 3emuu [3]. [Toxa Bo3eit-
CTBHEM TaJaKTMUECKUX YIApHBIX BOJH CHHXPOHHO
TIPOM30ILEN TIIOOATBHBIH 3HEPreTHYECKUH CKAauOK Ha
BCceX IUIaHeTax coyiHeyHou cucteMbl [10,54,55] npu
MPOXOXKACHUN MOCIEeTHEH ONMKHEH TOYKM B3aUMO-
neiictBus B pykaBe OproHa. AHAJOTHYHAS IUKJIAYE-
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CKasl MaKpoIepecTpoiKa IIaHeTapHOW CHCTEMBI IPO-
n3ouuia okoso 12000 et Ha3ax, B KOTOPOH CHHXPOHU-
3anusi KIMMaTHYeCKUX KaracTpod sIBISIETCS Clea-
CTBHEM T'aJIaKTUUECKHX ITPOLIECCOB.

Tasnue np10B ApkTuky U ['pennanaun, AHTapK-
TUABI (3alaJHasl 9acTh) IPOUCXOINT BCIICACTBHE TE0-
TEpMaJIbHOTO TEIUIOBOTO MOTOKA, YBEIWYMBIIEroCs 3a
MOCJIeIHEE TPUALIATHIIETHE B []BA pa3a, 0COOEHHO € MO-
MEHTa CKa4Ka s/pa, KaK pe3ysbTaT MOoAbEMA MarMmbl.
JanHbii (GakT OCHOBaH Ha BIEPBBIC BHITIOHEHHON
(uKcanuu BEIOpOCa IOTOKA HEHTPUHO ™ U3 Heflp Ha AH-
tapkrudeckoii ctannuu ANITA [20], uro mpsimMo yka-
3bIBA€T HA JIBM)KCHHE MarMbl BHYTpPH IUIaHETHI U, MO-
BUJIMMOMY, Ha aKTHUBHM3ALMIO €IIE KaKUX-TO Mpolec-
coB. Kpome Toro, yBenmMYeHHIO CKOPOCTH W BBICOTHI
NnoABEMA MarMbl COOTBETCTBYET YBEJIMUCHUE YaCTOTHI
U3BEpPIKEHUS ITyOUHHBIX BYJIKAHOB B HW)KHEH MaHTUU
3emnn”™

Taxum o6pa3om, MU} O IPUIMHE TasTHAS JIBAOB B
Apxkrtuke, I'peHnananu 1 AHTapKTHIE, CBA3aHHOM C
AQHTPOTIOTEHHBIM BO3JEHCTBHEM IHOKCHIA YTIEPOJa,
emé pa3 pa3BenBacTCs CTPOTMMH HayYHBIMH (DaKTaMH,
ubo 3TO TasHHE MPOUCXOIUT U3-3a JIEHCTBHS reoTep-
MaJIbHOTO TeIlla HeJp 3eMIIH, T.€. MOJ ICHCTBHEM He
BHelIHero (armocdepa) ¢axkropa, a BHYTPEHHETO
(sapo 3emmm).
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['maBeHCTBYIOIUM TEHEPATOPOM KatacTpoduue-
CKUX KJIMMATHYCCKUX U3MECHCHUH Ha MPOTSHKCHUH 3BO-
JIFOIUH 3eMJTH OBLITO, €CTh U OY/IET raJlaKTUYECKOE BO3-
JICHCTBUC HA COJIHCYHYIO CHCTEMY TPHU €€ MPOXOXKJIe-
HUM TalaKTHYeCKUX pPYKaBOB, C MAaKCHMyMOM
KoJIe0aHni B BEICOKOYACTOTHOH 00JaCTH € MIEPHOAOM
12 TeIC. 1eT. Ha mnaHeTax COIHEYHOI CHCTEMEI, B 4aCT-
HOCTH IUTaHEeTe 3eMJIsl, 3TO BO3/ICHCTBHE B IIEPBYIO OUe-
penb IpOSBIISIETCS] B N3MEHEHUH (PU3UIECKOTO COCTOSI-
HUS BHYTPEHHETO SApa IUIAHETHI, IMPOSBIIONIETOCs B
CKauKe, U KaK CIICICTBUE, B U3MECHCHUHU €r0 IICKTPO-
MarHUTHOTO I0JIsl, MAPHUTHOTO MOJIs 3€MIIH, CKOPOCTH
BpateHus 3emin (Tpereccusi, JTUTEIbHOCTh CYTOK).
CMmerienue siipa 3eMJIM  BBI3BIBACT AKTHUBU3AIHIO
MarMebl, KOTOpasi, B CBOKO OUEPE/Ib, MOBBIIIACT BHIICIIC-
HUS TEOTCPMAJIBHOTO TEIUIA, YTO SIBIACTCS MPHYHUHOMN
TasHUS JICIHUKOB B OONACTIX C HAMMEHBIIICH TOJIIH-
HOW 3eMHO KOpHI. B COBOKYITHOCTH BCe 3TH (aKTOPHI
MIPOSIBIISIIOTCS. B TII00aTbHOM W3MEHEHUH KIIMMAaTHYe-
cKkoii cucteMsl. Ha (oHe Takux TpaHINO3HBIX TPOIIeC-
COB OOBSCHEHHE TI00aTbHOTO MOTCIUICHUS W3-3a aH-
TPOIIOTCHHOTO 3arps3HEHUsT aTMOC(EpPhbl THOKCHUIAOM
yriepo/a He POCTO HEMPABUIIBHO, a IBJISCTCS, B CBSI3U
C BEpOATHBIMH eI Ooyiee KaTacTPO(YUISCKUMHU MPO-
neccaMm, Hay4YHbIM MPECTYIJICHUEM.
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Abstract

The conventional z-test statistic, which is one of the most popular statistics, is based on the mean of a sample
and the standard error of the mean. Consequently, in case of a violation of the normality of the data, the traditional
z-test may lead to incorrect test conclusions. The main aim of this article is to present two robust parametric
modifications of the traditional z-test statistic.

In order to minimize the effect of non-normality due to the presence of the outliers and some potential con-
taminated observations in a sample we use either the center or the C_2 statistic and their standard errors, respec-
tively, instead of the mean and the standard error of the mean. The statistical power of one-sample z-tests based
on the mean, center and C_2 statistics were compared by generating of random number samples with different
sizes and known expectations. These samples were derived from some popular distributions. The comparison
shows that the z-tests based on the center and the C_2 statistics are more powerful and efficient than the traditional

one.

In addition, real-data illustrations by implementing both one-sample z-test and two-sample z-test are also

provided.

Keywords: one sample z-test; two sample z-test; type Il error; statistical power; systematic error in precise

levelling

Introduction
The traditional z-test statistic (1) is one of the most
widely used statistical methods.

_ X-u
- 0_/\/5 (1)

Statistic (1) is a quite accurate, effective and
reliable when there is no lack of normality of the data.
However, if the distribution of the analysed data is not
normal, statistic (1) is likely to lead to incorrect
conclusions. The main reason for this is the expanded
value of the standard deviation o in the denominator of
(1). In addition, the mean X is strongly affected by the
observations in the tails of the distribution, which
probability of appearance is overweighted contrary to
these observations which are close to the median. Due
to this drawback of the traditional z-test statistic the
statistical power of a hypothesis test decreases, i.e. the
obtained type Il error of the test is greater. That is to
say, it is more likely to incorrectly accept the null
hypothesis Ho when an alternative hypothesis Hs is true.

In order to strongly minimize or even fix this
disadvantage of the conventional z-test statistic we can
redefine (1) in (2) under Ho : u=po.

7, = Tk )

In equation (2) by the X are denoted either the
center or C_2 statistic. The notation o3 means the
standard error of the used statistic in the nominator.
How both the center and C_2 statistics can be
calculated, one can find in the study [1]. The proves,
that the above statistics are unbased and more effective
than the means are given in [2], where is also shown
that (2) is a pivotal quantity and converges to a normal
distribution. What is more, as the sample size n — o
then the center statistic converges to C_2 statistic.

The main objective of the current article is to
demonstrate the higher statistical power of (2) over (1).

Simulations and Results

In order to compare the statistical power of both
(1) and (2) four different distributions are used, e.g.
binomial, normal, gamma and uniform. Random
samples with different sizes based on these
distributions are generated 1000 times and the type Il
error for each iteration is calculated separately for the
mean, the center and C_2 statistic. Based on these
results the statistical power of (1) and (2) is obtained.
All tests are performed with the same significance level
0=0.05 under the null hypothesis Ho : p=po. The
alternative hypothesis is Hi : pu#po. The parameres of
each distribution, the results concerning the
distibutions and specific conditions as po are given in
the titles of Table 1, Table 2, Table 3 and Table 4
below.
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Table 1
The power of a One Sample Z-Test with use of a B (n, p = 0.9), po = np-npq/20, a = 0.05
n Mean Center C2
30 0.205 0.340 0.353
40 0.222 0.384 0.394
50 0.228 0.398 0.407
60 0.257 0.445 0.452
70 0.284 0.482 0.488
80 0.313 0.528 0.533
90 0.340 0.550 0.555
100 0.385 0.612 0.617
200 0.746 0.916 0.917
300 0.937 0.996 0.997
400 0.974 1.000 1.000
500 0.991 1.000 1.000
Table 2
The power of a One Sample Z-Test with use of a Gamma(r =2, 0 =1), po=1.91, a = 0.05
n Mean Center C2
30 0.185 0.312 0.327
40 0.179 0.311 0.324
50 0.179 0.299 0.310
60 0.181 0.316 0.326
70 0.188 0.319 0.328
80 0.186 0.324 0.333
90 0.202 0.333 0.338
100 0.188 0.341 0.349
200 0.249 0.387 0.392
300 0.280 0.457 0.461
400 0.308 0.502 0.506
500 0.323 0.585 0.588
Table 3
The power of a One Sample Z-Test with use of a N (u=0, ¢ =1), po=10.2, a = 0.05
n Mean Center C2
30 0.300 0.437 0.449
40 0.341 0.478 0.486
50 0.366 0.517 0.524
60 0.394 0.543 0.548
70 0.440 0.596 0.601
80 0.440 0.616 0.620
90 0.496 0.661 0.664
100 0.525 0.691 0.694
200 0.718 0.855 0.856
300 0.856 0.941 0.942
400 0.927 0.977 0.978
500 0.964 0.993 0.993
Table 4
The power of a One Sample Z-Test with use of a U (a =0, b = 3.464), po=1.93, a = 0.05
n Mean Center C2
30 0.285 0.413 0.422
40 0.324 0.444 0.450
50 0.361 0.487 0.492
60 0.385 0.503 0.505
70 0.441 0.562 0.565
80 0.459 0.573 0.575
90 0.476 0.581 0.583
100 0.497 0.602 0.604
200 0.726 0.795 0.795
300 0.841 0.880 0.880
400 0.901 0.928 0.930

500 0.959 0.971 0.971
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Graphical representations of the results given in Table 1, Table 2, Table 3 and Table 4 are shown in Figure 1

below.
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Figure 1: Graphs of the data given in Tables 1-4.

According to the results, which are illustrated
above, the following conclusions can be made:

e Even for symmetric distributions as the nor-
mal, binomial and uniform the power efficiency of (2)
over (1) is almost 0.50%. In case of strongly skewed
distribution as the Gamma (2, 1) the power of (2) is ap-
proximately 10 times greater than that of (1).

e Apart from the kind of distribution, the statis-
tical power of z-test statistic based on the center ap-
proximates these of C_2 statistic, especially when the
size of a sample is greater than 100.

A real-data One-Sample Z-Test Example

In order to illustrate the use of (2) with real data
let us conider the data given in Sample 1 below.

Sample 1

-0.376 0.046 -0.265 -0.956 0.959 -0.741 0.391 -0.604 -0.364 0.298
-1.068 -1.096 0.498 -0.478 -0.866 0.314 0.836 0.695 0.087 1.093
1.624 0.088 0.125 0.548 0.421 0468 -1.003 -0.660 1.265 -0.831
0.464 -0.830 0.710 0.386 1572 0.614 0.392 1.082 0.535 0.813
0.267 0.247 -0.180

The real numbers in Sample 1 are discrepancies in
the sections of the line 2 in the Third Levelling of Bul-
garia divided by the length of the corresponding sec-
tions. The expectation of these discrepancies is zero,
due to the fact that the levelling of each section starts
and finishes in the same point and the orthometric
height of the point is supposed to be unchangeable dur-
ing the levelling. Consequently, our test po = 0. We
want to know whether there is any systematic effect in

our measurements. We are also interested in if the sys-
tematic error is significant on a predefined confidence
level a =0.05.

So, we form our null hypothesis Ho : X = 1o against
the alternative hypothesis Hi : X # po. Some impression
about the distribution of the standardized discrepancies
one can get from the bihistogram given in Figure 2. The
results obtained by one-sample z-test by use of the (1)
and (2) are given in Table 5.
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Table 5
One-Sample Z-Test Results concerning Sample 1, po=0
Description Notation Mean Center C2
Expected Value X 0.1516 0.1968 0.1986
Standard Deviation Iy} 0.7291 0.5522 0.5442
Standard Error gy 0.1112 0.0842 0.0830
Sample Size n 43

Z(two-tail, 0=0.05) Zeit, 1.96
Observed Z Zobs, 1.3633 2.3373 2.3928
p-Value(Zobs,, two-tail) p-Value 0.1728 0.0194 0.0167
Type Il Error B 0.7241 0.3529 0.3327
Power 1-8 0.2759 0.6471 0.6673

According to the results shown in Table 5, the one-
sample z-test based on (1) produced a mean X =0.1516
and Zows, = 1.3633. The critical z-test statistic Z (two-
tail, 0=0.05) = 1.96, which is greater than Zos =
1.3633. Consequently, the traditional one-sample z-test
did not reject the null hypothesis at confidence level
0=0.05. In other words, we can claim at 95 % confi-
dence that the mean X = 0.1516 is not significantly dif-
ferent from O or there is not any significant systematic
error in the analyzed discrepancies in line 2.

On the other hand, the results based on (2) by the
use of either the center or C_2 statistic show a different
picture. Based on their results, the null hypothesis must
be rejected due to the fact that Zows. = 2.3373 > Z (two-
tail, 0=0.05) = 1.96 and Zons = 2.3928 > Z (two-tail,
0=0.05) = 1.96 for the center and C_2 statistic, respec-
tively. According to these results, we can conclude that
there is a significant systematic error in the discrepan-
cies in the sections in line 2. The systematic error can

be assessed to be equal to 0.20 mm/km and its standard
error is 0.08 mm/km.

According to the produced type Il errors, we
should put trust in the results based on (2), the center
and C_2 statistics. One can see that the power of (2) is
approximately 2.3 times greater than that of (1). More
information on how type Il error is calculated, one can
find in [5].

A real-data Two-Sample Z-Test Example

The previous section presented a hypothesis test
for a single population parameter. This section extends
the use of the modified z-test statistic, based on either
the center or C_2 statistic, to the case of two
independent populations. The real numbers in Sample
2 are discrepancies in the sections of line 8 in the Third
Levelling of Bulgaria divided by the length of the cor-
responding sections. The expectation of these discrep-
ancies is zero, due to the same reason given above for
the discrepancies in line 2.

Sample 2

0.845 0.727 -0.746 -0.019 1.060 0.604 0.563 0.596 -0.042 0.766
-0.543 -0.678 0.378 -0.352 -1.394 -2.484 -0.623 0.328 -0.175 -0.296
0.246 -0.516 -0.771 -0.961 -0.079 -1.558 0.268 -0.285 0.018 0.073
-0.477 -0.531 -0.231 0.422 -0.612 2.460 -0.542 0.122 0.237 0.354
-0.556 0.772 -0.863 0.247 0.895 -0.021 -0.864 -0.342 -0.697 -0.432

Our task is to test whether the discrepancies in
both lines 2 and 8 come from the same population with
the location parameter p=0. Therefore, our null hypoth-
esis Ho will be given as Ho : p1 - p2 = 0, and the alter-
native hypothesis H: will be defined as Hy : p1 - p2 #0.
Consequently, the two-sample z-test statistic can be
written as (3).

®3)

In equation (3), the centers or C_2 statistics of
both analyzed samples are denoted by X,, X,, and their
standard errors are oz, and oy, , respectively. A graph-
ical comparison between Sample 1 and Sample 2 is
done by the bihistogram pictured in Figure 2. The two-
sample z-test results concerning the means, centers and
C_2 statistics are given in Table 6.
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Figure 2: Bihistogram of Sample 1 and Sample 2.

Table 6
Two-Sample Z-Test Results concerning Sample 1 and Sample 2, Ao=0

Description Notation Mean Center C2
Location 1 X, 0.1516 0.1968 0.1985
Location 2 X, -0.1141 -0.1250 -0.1253
Difference in Locations X,-X, 0.2657 0.3218 0.3239
Standard Error of X, ox, 0.1112 0.0842 0.0830
Standard Error of X, 0%, 0.1103 0.0749 0.0736

Z(two-tail, 0=0.05) Zcrit., 1.96

Observed Z Zobs. 1.6964 2.8556 2.9196
p-Value(Zobs., two-tail) p-Value 0.0898 0.0043 0.0035
Type Il Error B 0.6038 0.1852 0.1686
Power 1-B 0.3962 0.8148 0.8314

According to the results given in Table 6, the tra-
ditional two-sample z-test based on the means did not
reject the null hypothesis at confidence level 0=0.05,
owing to the result of Zgs = 1.3633 < Z (two-tail,
0=0.05) = 1.96. In other words, we can claim at 95 %
confidence that the means of both samples 1 and 2 are
equal. Moreover, there are no significant systematic er-
rors in the discrepancies of the sections in both lines at
used confidence level.

In contrast, the results based on either the center
or C_2 statistic shows a different picture. According to
these results, the null hypothesis must be rejected, due
to the fact that Zoys. = 2.8556 > Z (two-tail, a=0.05) =
1.96 and Zops. = 2.9196 > Z (two-tail, a=0.05) = 1.96 for
the center and C_2 statistic, respectively. According to
the results, there is a significant difference in the sys-
tematic errors of the section discrepancies in both lines
2 and 8, which even reflect on the different sign of the
assessment of the expectations of both samples.

Analyzing Table 6, one can see that the power of
the tests based on both the center and C_2 statistics is

more than twice greater than that of the traditional var-
iant concerning samples 1 and 2. More information
how type Il error is calculated, can be found in the book
[5]. Additional comparison between traditional two-
sample z-test and the proposed here robust variant
based on a center statistic are given in [3]. In order to
facilitate their calculations concerning z-tests, anyone
is invited to test CBSTAT software [4].

Conclusions

In this paper, two more robust modifican of the
conventional z-test were proposed. Both statistics the
center and C_2 were used in these modifications,
instead of the mean. The standard errors of the center
and C_2 staristics, respectively were used, instead of
the standard error of the sample mean. Through Monte
Carlo simulations the statistical power of the traditional
z-test and the proposed modifications were compared.
It has been shown that the proposed methods
overperform the classical one. The simulation results
were fully supported by the real data, which were
obtained in the Third Levelling of Bulgaria.
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In order to use z-test, however, the sample size
should be greater than 30 [2] or even greated than 40
[5] . When this requirement does not meet, one should
use the robust modifications of t-test based on the
center and C_2 statistics. The robust modifications of
the one-sample t-test, the paired two-sample t-test and
the independent two-sample t-test are going to be
presented in future publications.
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Abstract

Primary myelofibrosis (PMF) is a chronic clonal stem cell disease that causes an accumulation of marrow
fibrosis and dysfunction, hypermetabolic states, and extramedullary myeloid metaplasia. The onset of the disease
is often asymptomatic, which causes a late referral to a specialist, the disease being already confirmed in the
fibrotic stage with a massive splenomegaly, which lowers the survival rate of patients with an established diagno-
sis. The insufficiency of data on clinical aspects, manifestations, risk factors, treatment and prognosis of PMF in
the Republic of Moldova, served as the purpose for studying the given pathology in order to avoid the increase in
morbidity, frequent relapses of the disease, the appearance of immune complications of the disease that can lead
to death patients [1].

AHHOTALUA

[epsuunerii Mmuenopuopo3 (IIM®) nmpencrasiset codoi XpoHIMUYECKOE KIIOHANBHOE 3200JIeBaHIE CTBOJIOBBIX
KJIETOK, KOTOPOE BbI3bIBACT HakoIUieHWEe (uOpo3a M AUCHYHKIHMHM KOCTHOTO MO3ra, THUIEPMETa0oInYecKue
COCTOSTHUS ¥ KCTpaMenyJUIIpHY0 MUETOUAHYI0 MeTaruia3uio. Hauano 3a6oneBaHus 4acTo 6€CCUMIITOMHOE, YTO
O6yCJ'IOBHI/IBaeT MO3aHEC o6pameHHe K CchoeuuaiuCTy MU COOTBECTCTBECHHO YCTAHOBJICHUE AUArHo3a YXKE B
(hubpo3HOH cTamuu ¢ MAaCCUBHOM CIIJIEHOMETalneld. JTO CHIKAET BBDKUBAEMOCTh OOJIHBIX C YCTaHOBJIEHHBIM
AUarHo30M. HeJZ[OCTaTO‘IHOCTb JaHHBIX O KIIMHUYECKHUX acCIICKTaXx, IMPOSABICHUAX, ¢)aKTOan pUCKa, JCUCHUU U
nporHo3ze [IM® B PeciyOmuke MouoBa MOCITYKITH [ENbI0 U3yYeHHS JAHHOM MAaTOJIOTHH, BO U30€KaHUE POCTa
3a6OH6BaeMOCTI/I, YacTbIX PEUUANBOB 32160J'IGB21HI/ISI, BO3HUKHOBCHHUSI HWMMYHHBIX U JAPYTUX OCJIO’KHEHHI
3a00JIeBaHMs, KOTOPBIE MOTYT IMPUBECTH K JIETAILHOMY HCXOy manuenTa [1].

Keywords: primary myelofibrosis, myeloproliferative disease, Janus kinase 2, splenomegaly, extramedullary
hematopoiesis.

KiroueBble cjioBa: nepBUYHbIN MueI0huOpo3, muenonponudeparuBHas 00ae3Hb, SIHyC KHHA3a 2, CIUICHO-
Merajus, 3KCTpaMeayJIsIpHbII reMOI033.

Berymienue

[IM® mpencraBisier coO0H XpPOHUYECKOE 3JIOKA-
YECTBEHHOE Te€MaTOJOTHYECcKoe 3a00JeBaHUE, Xapak-
Tepu3ylolleecs CIUIEHOMeraluel, JeHKoapuTpobia-
CTO30M, MONKHIIOIHMTO30M (IAKPHOLUTaMH), HEKOTO-
poii  cremeHb0  (QuOpo3a  KOCTHOTO  MO3ra,
YBEJIIMYEHUEM IJIOTHOCTH MHUKPOCOCYA0B KOCTHOTO
MoO3ra M 3KCTpaMeqyJUIIpHBIM reMomnossoM [1; 2; 3].
3abosieBaHe MMEET MOJMATHUOJIOTUYECKHH XapakTep
BO3HHKHOBEHH 3a00JI€BaHus, P KOTOPOM IIpeapac-
MOJIOKEHHOCTh CO3MAETCSl O] BIMSHWEM BHEIIHHX
(hakTOpOB, BO3ACHCTBYIOIMX HAa TEHOM 3I0POBOU

KJIETKH ¥ NPUBOJIAIINX K €€ 3JI0Ka4eCTBEHHOMY IIepe-
poxaenuto [4; 5]. Y HeOOIBIIOr0 Yncia MAIUeHTOB 3a-
OoneBaHWE CBSI3aHO C paauaeil W BO3JAEHCTBHEM
HeTEeXMMHYECKHX BEIIECTB, TAKUX Kak OCH30JI M TO-
nyos. MyTtanuu B reHe siHyc-kuHasbl 2 (JAK2) npucyt-
CTBYIOT B BBICOKOM JI0JIE CIIy4aeB NEPBUYHOIO MHENO-
¢ubpo3za. MyTanmu B reHe perenTopa TpoMOONno3THHA
WJIN Te€HE KaIbPETHKYJINHA TaKKe MOTYT BBI3bIBATH 3a-
6oneBanue [6]. CoraacHo Kiaccu(UKaUU MUEJIONPO-
nmdepaTuBHBIX HOBOOOpa30BaHMi, OCHOBAaHHOH Ha JTU-
araoctuaeckux kpurepusx BO3 2008 r., [IM® otHo-
curcs K Tpymmne  QuaaaeabPUACKUX  XPOMOCOM-
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HEraTUBHBIX MHEJIONpPOIM(EepaTUBHBIX HOBOOOpa3oBa-
HHI BMECTE C HICTUHHON NOJIMIUTEMHEH 1 3CCEHIHab-
HOHM TpoMOouuTemuei. OnuceIBaroTCs 2 cTaguu 3a00-
neBaHus: npedudporudeckas u Guodpos3nas. [Ipeduod-
poTHYECKasi CTaaNsl MOXKET KIMHUYECKH HMUTHPOBATh
SCCEHIHANBHYI0 TPOMOOIMTEMHIO. DTa CTaAWs IIPO-
rpeccUpyeT OT rHIepnpoindepanny MerakapuouToB
C TPOMOOLMTO30M OT YMEPSHHOTO IO BBIPaKECHHOT'O
(88% > 500 x 10%1JI), nxora ¢ TpoM6O30M HITH KPOBO-
TCUCHHEM, JIETKOM aHEeMHEH, JCHKOIIMTO30M OT JIer-
KOT'O IO YMEPEHHOTO U OTCYTCTBHUEM HJIM YMEPEHHOMN
CIUICHOMETaJINeH, 10 KJIACCUYECKOr0 NePBUYHOTO MH-
enoubOpoza. Pubpo3Has craausi MPOSBISLETCS IIPO-
rpeccupyoomeldl aHeMUH M TemnaTto-, CIIICHOMETalUH,
CBSI3aHHBIMH C THIIEPKATa00INIECKIMHU YePTaMH yCTa-
JIOCTH, TOXY/AaHHs, HOYHOW HOTIMBOCTH M cyOded-
puibHOCTH. [lanieHTh! TaKkke 00paIaTcs ¢ TAKUMHU
CHMIITOMaMH KaK TSKECTh B JICBOM Ioapedepbe, paH-
Hee HACBHIIICHWE W/WIM IUCHercus mu3-3a 3¢dexron
JIaBJICHMSI IPU YBEJIMUEHUU CEJIE3EHKH [6; 7; 8].

CuMnToMBbl 00JI€3HH Pa3HOOOPa3HBI M 3aBHCST OT
CTEIEHH IporpeccupoBanus 3aboneBanus. [lepsuu-
HBIMH CHUMIITOMaMH SIBJISIIOTCSI YTOMJISIEMOCTb, TOJIOB-
Hast 00Jib, OJICTHOCTB, FOJIOBOKPY)KEHHE, HOYHAS MOT-
JMBOCTh, NOXyJnaHue. JJOMMHHPYIOIIMM U HauOoee
YaCTO BCTPEYAEMBIM, SIBJISICTCSI CIICHOMET IS U Teria-
TOMETAJINH, KOTOpPbIE MEJICHHO W IOCTENEeHHO Ipo-
rpeccupytot. Cene3eHka MOXKET JOCTUTaTh FTUTAHTCKUX
pa3MepoB, 3aHMMas BCIO JIEBYIO M MPABYIO MOJOBHHY
xuBota. OHa ToicTas, Oyrpucras. ConpoBoxaaeTcs
00JIEeBEIM CHHAPOMOM B IIPaBOM Hoxapedepre. Maccus-
Hasl CIUICHOMETAlIHs BBI3BbIBACT HAPYIICHHUE PETYIIALNN
9KCKYPCHH JIETKHX, YTO UIPAeT BaXKHYIO POJIb NPH WH-
(exunoHHOM MHeBMOHUY. [Ipyu remaToMeraiuy ne4eHb
TPYIHO TAaJbIIUPYETCS W PEAKO BBI3BIBACT 00JIEBOM
cunapoM. [TopranbHas rUNepTeH31s MOKET BO3HUKATh
13-3a 3aMETHOTO YBEJINYEHHS IEYE€HOYHOTO KPOBOTOKA
Y BHYTPHIICUCHOUHON 0OcTpyKumu. B ocHoBe remop-
parMyeckoro CHHAPOMa Yallle BCEro JEeXHUT TPOMOOIH-
TOTEHHUs, OOYCJIOBJICHHAs CHW)KEHHEM IPOAYKIIHU
TPOMOOIIMTOB: YHCIO TPOMOOIMTOB HIke 100x 109/71,
HOBBIIEHHOE OTJIOKEHHE TPOMOOIUTOB, pa3pyLICHHE
B YBEJIMYCHHOH cene3eHke. Kapruna nepudepuyeckoit
KPOBH IIPH dpUTpeMudeckoi i ¢popme Boran: remo-
r1oOuH noBkIIeH Oonee 160 1/1, 3pUTpOIUTH Ooee
6x10%J1. Auemmueckas (opMa MPOSBISETCS CHHKE-
HUeM remoriodnHa Hike 100 r/11, peTHKYIOIUTO30M C
BBIPOKEHHBIM reMoinn3oM. [lo mepe mporpeccupoBa-
HUs 3200JIeBaHUsI HApACTACT AaHEMHsI, OTMEYAIOT MOJIH-
XPOMATHIO, aHU30L[UTO3, MOWKUIIOLUTO3, MOSIBISIFOTCS
KaIlIeBUHbIEC KIIETKH, SPOCOIEPIKAIINE SPUTPOLIUTHI.
s tpombonmTemuueckoit popmsl Gosiee xapakrepeH
TPOMOOIIMTO3 C IOKa3aTelnsiMu TpPoMOOLMTOB Oojee
400 x 10%J1. Knaccuueckas opMma XapakTepusyeTcs
YMEpEeHHO TUnepIuia3uei rpaHyIonUTapHbIX U Mera-
KapHOLMTAPHBIX TOYEK, C JIETKOH CTENeHbI0 Meraka-
puonmTo3a. Jlns  OONBHBIX  XapakTepHa JIeHKO-
apUTpoOIacTHYEeCKass — KapTHHA  nepudepruyuecKoil
kposu [9; 10].

Jlnst nuarHocTUKY 3a00J1eBaHKs UMEIOT 3HAUCHUE
JIaHHbIE 00BEKTUBHOTO KJIMHHYECKOTO 00CIEe0BaHMS,
o0mrero aHanm3a KpOBH, OMOXHMHYECKOTO AaHAJM3a

KpPOBH, KOTOPBIE€ CBUJIETEILCTBYIOT O BO3MOXKHOM IIO-
BBILICHUHM YPOBHS MOJIOYHOHM KHCJIOTHI, OminpyOuHa,
MOYEBOIl KUCIIOTHI, IIeI0uHoN (ocdaTasbl, nakrarae-
ruaporeHassl. Hanbonee MHPOpPMaTHBHBIM METOOM
SIBJISIETCSL TPEIaHOOMOIICHS, TIO3BOJISIONIAsl BBIIBUTH
xapakTepHyto Gpudpobdractuaeckyto kapTuHy. Kommae-
CTBO (UOPO3HOM TKAaHU CHIHHO BapbHUPYET B 3aBHCH-
MOCTH OT CTaguHu 3a0oseBanusd. B Hauaie 3a0omeBanus
KOCTHBIM MO3T BBITJISIAUT THIIEPKIECTOYHBIM C TIOBBI-
OICHHBIM KOJMYECTBOM 3PHUTPOOJIACTOB, TPAHYJIONH-
TOB, METaKapHoOIMTOB U Ppudpodiactos. [To mepe mpo-
rpeccupoBaHysi 3a00JIeBaHMUsI KOCTHBI MO3T CTaHO-
BUTCS TUIIEPKIICTOUYHBIM WJIU THINOIIacTHYeckum [11].
Taxoxe UMeeT KITMHUYECKOE 3HaUeHUE aHAIU3 MyTalui
JAK2. OTKI0HEHUs TAKOTO POJa, TOJN0XKUTEIbHBI IPU-
MepHO B 50% ciydaeB, HO OTpULIATEIbHBIE PE3YJIBTATHI
AQHAJIM30B HE HCKIIOUYAIOT HanMuuus 3aboneBanus [12].
Pagmonorndeckne wmccieqoBaHUS, TaKMe KaK PEHTIe-
Horpadus, KT, [I3T-KT, sBusroTcs 6a30BEIMH METO-
JaMH BBIABJICHHS CIDICHOMETAIMH, TelaTOMETalHy,
AKCTPaMEeIyIUIPHOTO KPOBETBOPECHHUS, OCTEOCKIEPO3a
[13; 14; 15].

3aboseBaHne MOXKET OCIIOKHATHCSI aHEMHUEH, MPHU-
YHUHOM KOTOpPOH MOXeT OBITh HEJOCTATOUHOCTH KOCT-
HOTO MO3Ta WJIM CEKBECTpaIis SPUTPOLIUTOB B cele-
3€HKe, SKCTpaMeIyJUIIpHOE KPOBETBOPEHHE, OPTallb-
Has TUIEpPTEH3HWs, Mojarpa WIH MOYEKaMeHHas
Oone3np novek. Ha ¢oHe yrHereHuss MMyHHOH cH-
CTEMBI, BO3MOYXHBI OCTIOKHEHUS WHPEKIIMOHHOTO THIIA
[16].

[Ipu mocTaHOBKE THMArHO3a M OLEHKE IPOTHO3A 3a-
OoieBaHUA HCIONB3yeTcss MeXayHapoaHasl TPOTHO-
ctudeckas cucreMa onenku (IPSS) ais Muenoaucia-
CTHYECKMX CHHIPOMOB, HCIOJb3yeMasi IJisi BIICPBEIC
JIMarHOCTHPOBAHHOTO TepBUYHOrO Muenodudposa, a
JUIS TIPOTHO3UPOBAHUS MOXKET HMCIOJIB30BaThC Mex-
QyHapojaHas IMHAMUYEcKas IPOrHOCTHYECKas CH-
crema ouenku (DIPSS) nns muenoaucniacTHueCKux
CHHIPOMOBO KOTOpasi MOET BBISIBUThH IIPOIPECCUPOBA-
HHE WM OINpPEeNIUTh BBDKHBAEMOCTh IO Mepe Ipo-
rpeccupoBanus 3abonesanus. [PSS st [IM® ucnons-
3yeT 5 (paKTOpOB pHCKa IPH OIIEHKE MPOTHO3a: BO3PaCT
> 65 net (1 6amn); remorsooun <100 1/ (1 6ayn); nei-
KouTHI >25,0 x 10%J1 (2 6anna); HamMuue GIACTHBIX
kietok >1% (1 6amr); KOHCTHUTYIIHOHATBHBIC CHMII-
oMbl (1 6amt). bonbhele umeromue 0 6amnoB, OTHO-
CATCSL K TPYIIIe HU3KOrO pucka, umeronme 1 ¢akrop
OTHOCSATCS K TPYIIIEe IPOMEXYTOYHOTO pUcKa 1, nmero-
me 2 0ajia OTHOCSITCS K TPYIIeE MPOMEXYTOYHOTO
pHCcKa 2, a Te y KOro >3 OTHOCSTCS K TPYIIIE BEICOKOTO
pucka. B cuctemy DIPSS k BeImenepeducieHHbIM J10-
GaBisoTCs cieayromue GakTopbl: HeOIaronpUsTHBIN
KapHOTHII, IOTPEOHOCTh B TeMOTPaHC(Y3UH, YPOBEHb
tpoMborutos <100,0 x 10%J1 mmu >100,0 x 10%/J1. [17;
18; 19].

JleyeHne IpOBOJAT B 3aBUCHMOCTH OT BBIPa)KeH-
HOCTH TIPOSIBJICHHSI CUMIITOMOB 3a0osieBaHus. B ciy-
4yae OOJBHBIX C CEJIE3CHKOH YMEPEHHBIX Pa3MepoB, OT-
CYTCTBHEM TPOMOOIINTO3a, JIEHKOIINTO3a B 00IIeM aHa-
U3¢ KPOBH, HA3HAYAIOT CUMIITOMAaTHYECKOE JICUCHHE
3aKIII0Yaonieecs B Ha3HAUCHUH IIPEIapaToB JKelesa,
BHTAMHHOTEPAINNH, 3POTPOIOITHHA, J1€3arPETaHTOB,
KpOBOIyCKaHU. JIedeHrne IUTOCTATHKAMH HAa3HAYAIOT
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JUISL Ky TMPOBAHUsI TUIIEPTPOMOOLITO3a U yMEHBILICHUS
pa3sMEpOB CENIe3€HKU IMpPHU HAJIUYUKM CIUIEHOMETAIHU.
Cpenu UTOCTaTHKOB UCTIONb3ytoTest [ mapokcukapoa-
mun, Munepan, Huknodocdhamun, 6-mepkantorypuH,
[urapabun. YuursiBas narorene3 [IM®, ne manoe
3HaYeHHe WMEIOT HHrHOuTOpHl reHa JAK2. Takum
IpeATaBUTENEM SIBISIETCST PyKcOmMTHHMO, KOTOPBIH
YMEHBIIAET pa3Mep CEIE3EHKH, yTOMISIEMOCTh, HOY-
HYIO MTOTJINBOCTD, 3y, & TAK)KE HOTPEOHOCTH B TIEPENH-
BaHWU SPUTPOLIMTOB X MOXKET MIPUBECTH K YBEITHUCHUIO
Maccel Tena. CITICHIKTOMUS MPUMEHSETCS Yy TalieH-
TOB C T€MOJIM30M, TPOMOOIMTONICHNEH, O0JIe3HEHHOH
CIUICHOMETaJINeH, PeUINBUPYIOIIUM HHPAPKTOM ce-
JIC36HKM U NOpTaJbHOU runeprensuei. Ilanuentsr c
MOATBEPKJICHHBIM JIe(DUIUTOM ITUTATEIBHBIX BEIIECTB
JIOJDKHBI T0Jy4aTh (DOJMEBYIO KHCIIOTY, HpernapaThl
JKele3a WU U To, U Apyroe. [lanueHTs! ¢ remoauTuyde-
CKOM aHeMHeH JOJDKHBI ITOydaTh (OIHEBYIO KHUCIOTY
U TpaHCQY3HOHHYIO TEpalMi0  SPUTPOLMTApHOM
Maccel. KopTrkocTeponabl Ha3HA4arOT IPH ayTOWM-
MYHHOH TPOMOOIIMUTONICHHH M ayTOMMMYHHOM T€MO-
JM3€ 3pUTPONNTOB. EANHCTBEHHBIM paMKaIbHBIM Me-
tonoM JedeHus IIM® sBusgeTcs amnoreHHas TpaHc-
IUTaHTauus cTBOJIOBBIX KieTok (TACS), Ho oHa uMeeT
ompeeNeHHbIe (PaKTOPhI PUCKA NI MOKa3aHUU K ITOM
IpoIieIype, Takue Kak Bo3pact crapire 60 set, renaTo-
Meraius, MoTepsi Beca, OeNblii KOJIMYECTBO KIIETOK
kpoBu < 4,0 x 109/ u > 30,0 x 109/11, HU3KOE KOJHUEC-
CTBO TPOMOOIIMUTOB ¥ XPOMOCOMHBIE aHOMAJINH U 3a4a-
CTYIO BEJIET K paHHEW cMepTHOCTH nanueHToB [20; 21;
22]

Marepuajbl 1 METOABI

KnuHUKO-TeMaToNnornieckie acreKkThl IepBUY-
HOTrO MHUeNno(uOpo3a m3ydanuch y 60 OONBHBIX, COCTO-
SBIIMX Ha ydeTe y Bpadei-remaTonoros I'emartonoru-
geckoro neHTpa MHctutyTa OHKOJOTMHM PecmyOmuku
Moungosa, B Bo3pacte oT 30 1o 85 ner (cpeanwuii Bo3-
pact 57,5 ner). [y viccieioBanus ObLIH OTOOpaHbI 28
MY>K4uH U 32 KeHIUHBL. /[narHo3 ycTaHaBIMBalU 1O
MOP(OJIOTHYECKUM H3MEHEHHSIM, COOTBETCTBYIOIINM
MHEIONpOoIH(EPaTHBHOMY 3a00JIEBaHHIO U BBISBICH-
HBIM TpH TPEMaHOOHMOIICHH IIO/B3OIIHONW KOCTH.
Hawubosnee yacTeiM cUMITOMOM OBLIIA CIIEHO-/TEIATO-
MeraJust, KOTOpasl BBISBISUIACH MIPU MAIbHanuy 00JIb-
HBIX W MOJTBEPKAANach NMPH YIbTPA3ByKOBOM HCCIeE-
JoBaHMHU. B 0o0mem aHamm3e KpOBH YacTO BBIABIISUIN
aHEMUI0, TPOMOOLIUTEMHIO/TPOMOOIIMTO3, YMEPEHHbIH
JIEUKOITUTO3 C OTKJIOHEHHEM BJIEBO C IMOSIBICHHEM He-
0O0JBIIOTO MPOLIEHTa MHEIOMUTOB, METAMHEIOINTOB.
Knuaunueckoe cragupoanue [IM® npoBoauiocs B co-
OTBETCTBHH C KJIacCH(UKAIIEH MUETIONTHBIX HOBOOO-
paszoBanuii BO3 2018 r., B KoTOpOI BBIIEIEHBI IPedhH-
Opotnueckas u puOpo3Has craguu 3aboneBaHus. Js
CTaJMPOBAaHUs TTaTOJIOTHYECKOTO Ipolecca OONBHBIM
MPOBOJWIIN CIEAYIOLINE UCCIEJOBAaHUSI: Ma30K Mepu-
(hepuueckoii KpoBH, TPENaHOOHOIICHIO IT0/IB3/IO0IIHOM
KOCTH C MOP(OJIOTHYECKHM W HUMMYHOTUCTOXUMHYE-
CKMM HccliefioBanneM Ounonrara. O6paboTaHHBIN Ma-
Tepuan TabyIupOBAaJICs C MOMOIIBIO MPOCTHIX, TPYTIIO-
BBIX W KOMOMHHPOBaHHBIX TaOuui. CTaTHCTHYECKYIO
00paboTKy pe3ynbTaTOB WCCIEAOBAHUS MPOBOIMIN
KOMIIBIOTEPU3UPOBAHHBIMH  METOJIaMH  BapHaIlMOH-

HOTO aHaJM3a C MCIHOJIb30BaHUEM CIEHHAIBHBIX HPO-
rpamm (Microsoft Office Excell 2013 st MAC 10S).
[Ipn anHanm3e NEpBUYHBIX JAHHBIX PACCUUTHIBAIHCH
MIPOLIEHTHI U cpeaHue 3HadeHus. [y oueHku oOreit
BBDKMBAEMOCTH OOJIBHBIX HM3Yy4Yald MEpUOA BPEMEHHU
MEXIY JaTOH MOATBEPKICHUS TUArHO3a U JICTaIbHBIM
ucxonoM. st 3Toro ObLI MCIOJB30BaH TaOIMYHBIHN
MeTox (hopMHPOBaHMS KPHUBBIX BBDKHBAHUS, MPEIIIO-
skeausi Karmmanom O. u Meiiepowm I1..

PesyabTaTsl

OTtcyTcTBHE crie(pUIECKIX KIMHUKO-TEMaTOJIO-
TMYECKUX IPU3HAKOB B HauaJle 3a00JI€BaHMUs ITOBIIHSIO
Ha TO, 4T0 Y 57 (95%) OOJBHBIX AMArHO3 ObLIT YCTaHOB-
JIeH yxe B puOpo3Hoii cTaanu 3aboneBanus. ToIbKO y
27 (45%) GonpHBIX 3a00JieBaHUE OBLIO YCTAHOBJICHO B
TepBbIe 3 Mecsla OT IMOSBICHUS! KIMHUYECKHX CHUMII-
TOMOB U TIEpBOT0 oOparieHus K Bpady. [Ipu atom y 11
(18,3%) GonmbHBIX HAa yCTAaHOBJICHHE JHAarHO3a yIuio 12
MecsneB. Hanbonee BaKHBIMH M 3HAYMMBIMU KJINHH-
YECKUMH MpU3HAKaMu OBIIM CIVICHOMeranus y 54
(90%) marmenToB U renatomeranus y 42 (70%) mamu-
eHToB. B o0mmx aHanmn3ax KpOBH ypOBEHb I'€MOTJIO-
6uHa kozebaincs ot 75 r/n go 211 r/n. ®opma Borana
Obuta BeLsiBIieHa y 9 (15%) OonbHBIX. YpOBEHb JieiiKo-
nutoB ot 4,0 1o 13,0 x 10%J1. YpoBeHb TpOMOOLUTOB
BapbupoBai ot 312 0 690 x 10%J1. B neiikouurapHoii
(opMyJie BBISBICH CIBUT BIIEBO, C MOSBICHHEM MeETa-
MUEJIOIIUTOB ¥ MUEJIOLIMUTOB B IepUpepHUIECKOil KPOBH.
[NepBuuHbIil Muenoduopo3 Bo Bcex ciaydasx MOATBEpP-
KIAJICS KIMHUKO-MOP(OIOTHIECKIM HCCIICJOBAHHEM
1 TpemaHOOMOIICHeH MOAB3IONTHON KocTh. J[ist yTod-
HEHHUS AWAarHo3a, ITOMUMO (HU3UKAIBHOTO 00CiIenoBa-
HUsI OOJBHBIX, YJIBTPa3BYKOBOE HCCIICIOBAHUE Opra-
HOB OpIOIIHOI MOJOCTH, PEHTTCHOJIIOTHYECKOE HCCIIe-
noBaHue, reHernueckuil tect JAK2. AyromMmyHHas
reMOJIMTHYECKasi aHeMMs JuarHoctupoBaHa B 10
(16,6%) cnydasix, ayTOMMMYHHasi TPOMOOITUTOTICHUS B
4 (6,6%) ciydasx. Jleuenne npoBoausnock ['uapokcu-
kapbamunioMm, Munepanom u Uurepdeponom-a. [pu
¢dopme Boran BeinosHsuiack ¢iedoromus. [1o taHHBIM
MIPOBEJICHHOTO HCCJIEOBaHMS BBIABICHBI (DAKTOPHI
pHCKa, TaKHe KaK: BO3pAcT MalMeHTa > 65 JIeT, ypoBeHb
remorno6una > 100 x 10%J1, yposens neiikouuros >
25 x 10%J1, BBIABIIEHNE OIACTHBIX KIETOK >1%, HaM-
Yre KOHCTHUTYLHOHAJIbHONW KIMHHYECKUX MPU3HAKOB.
OHM WUrparoT BaXXHYIO POJIb B 00IIeH BBDKHBAEMOCTH
nanueHToB. Ilocie mepBoro roja obmiast BBDKHBae-
MocTh cocTaBmia 96,1%, uepes 3 u 5 ter — 90,5%.

BoiBoabI

Bce coOpaHHbIe JaHHbIE W MOJYYEHHbIE PE3yJib-
TaThI JIOKAa3BIBAIOT HAM, YTO TIEPBUYHBIN MUEIOPUOPO3
sBisieTcst 3a0o0JeBaHMEM, KOTOpOE IOAIAeTCs KOH-
TPOJIO. 3a CYeT TIIATENbHOrO HaOJIIOAEHUs Bpauei-
CIIE[IMAIINCTOB, CBOEBPEMEHHO YCTAHOBJICHHOTO JIHa-
THO3a Y HPEANPUHSTHIX Mep JEUEHUs, a TaK K€ CTPO-
TOCTH B COOJIOJICHUU MPEANTCAHHOTO JICUEHHs, Kade-
CTBO KM3HU MallMEHTOB MOXXET OBITH YIJIyUIICHHO, Te-
4yeHue 3a00JeBaHUsl TPOJJICHHO, a BBDKHBACMOCTh
yBEJIMYCHHA.
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In 2017, mortality from cardiovascular diseases made up 58.4% of all deaths, of which ischemic heart disease
(IHD) constituted 52.5% and 8.5% were due to acute myocardial infarction.

Cardiovascular rehabilitation is used to optimize the physical, psychological and social functioning of the
patient who suffered a myocardial infarction. The session includes 3 phases: the warm-up, the actual training and
the recovery (relaxation) phase. The program is individualized, so it is necessary to correctly select the type, in-
tensity, duration and frequency for maximum therapeutic effect.

Exercise-based medical rehabilitation is a supplement to drug therapy and post-infarction interventional sur-
gery, as it improves cardiopulmonary function, optimizes drug therapy, decreases risk factors, increases exercise
tolerance, improves mental status, reduces the risk of repeated heart attack and cardiac mortality, and contributes

to a successful return to work.

Keywords: Myocardial infarction, cardiovascular rehabilitation, physical exercises

Introduction

The incidence of myocardial infarction is continu-
ously increasing. In 2015, mortality from cardiovascu-
lar diseases reached 17 million (31%) of the total of 54
million deaths worldwide, of which the share of coro-
nary diseases constituted 48%.

Annually cardiovascular diseases cause 3.9 mil-
lion (45%) deaths in Europe and over 1.8 million (37%)
deaths in the European Union (EU). The global cost of
CVD for the EU economy was estimated at 210 billion
euro per year. [2]

The mortality of patients with STEMI is
influenced by multiple factors, among them advanced
age, Killip class, delay in treatment, the existence of
STEMI networks based on the emergency medical sys-
tem, therapeutic strategy, the presence of antecedents
of myocardial infarction, diabetes, renal insufficiency,
the number of coronary arteries the ejection fraction of
the left ventricle is also affected.[3] Although the inci-
dence of myocardial infarction is low in industrialized
countries, partly due to improved health systems and
the implementation of effective public health strategies,
it is increasing in developing countries such as South
Asia, parts of Latin America, and Eastern Europe. [4]

The term "cardiac rehabilitation" refers to coordi-
nated interventions aimed at optimizing the physical,
psychological and social functioning of the cardiac pa-
tient, in addition to stabilizing, slowing or even revers-
ing the progression of the underlying atherosclerotic
processes, thereby reducing morbidity and mortality.

The program involves education, exercise, risk
factor modification, and counseling. It is targeted by
specialized medical personnel and adapted to each in-
dividual.

The recovery of patients with cardiovascular dis-
eases has positive results because it improves exercise
tolerance, thus leading to a decrease in mortality.

A meta-analysis based on a review of 48 random-
ized trials comparing the outcomes of exercise-based
rehabilitation with usual care showed a 20% reduction
in total mortality and a 26% reduction in the cardiac
death rate with exercise-based rehabilitation physical.

(5]

As a consequence, healthcare professionals have
designed cardiac rehabilitation (CR) programs for pa-
tients with MI. RC generally consists of three phases:

| - acute phase of CR after an acute event (1-14
days)

Il - Second phase of cardiac rehabilitation (1-6
months)

Il - The third (maintenance) phase of cardiac re-
habilitation (6-12 months) [6]

RC aims at physical recovery, improvement of
quality of life, psycho-social health and a decrease in
the recurrence of hospitalization and death.

Aim of the study:

Studying the influence of therapeutic physical ex-
ercise complexes used in the rehabilitation of patients
with myocardial infarction to assess the beneficial ef-
fects on health.

Results:

Literature data suggest the importance of medical
rehabilitation treatment for post-infarction patients in
combination with pharmacological treatment. The ses-
sion includes 3 phases: the warm-up, the actual training
and the recovery (relaxation) phase. The program is in-
dividualized, so it is necessary to correctly select the
type, intensity, duration and frequency for maximum
therapeutic effect, periodically 3 to 5 sessions per week,
with the recommended duration from 20 to 60 minutes.
The criterion to dose physical effort is frequency of car-
diac contractions. [7]

The warm-up period, which aims to increase my-
ocardial blood supply, increase the flexibility of soft
tissues, joint mobilization.

The actual, supervised training is considered opti-
mal with a duration of 20-30 minutes; it has been shown
by numerous studies that the best results are obtained
through anaerobic exercises that include repetitive
movements and engage large muscle groups. [8]

The recovery period consists of performing low-
intensity exercises and stretching; gradual recovery
prevents the appearance of rhythm disturbances.

The beneficial effects are:

1) Anti-atherosclerotic, due to improving the lipid
profile, increasing insulin sensitivity.
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2) Anti-ischemic -decreasing myocardial O2 de-
mand, increasing coronary flow.

3) Antithrombotic - decrease in platelet aggrega-
tion, increase in fibrinolysis, decrease in fibrinogen, de-
crease in blood viscosity.

4) Antiarrhythmic-increasing vagal tone, decreas-
ing adrenergic activity. [9][10]

Conclusions:

Exercise-based medical rehabilitation is a supple-
ment to drug therapy and post-infarction interventional
surgery, as it improves cardiopulmonary function, op-
timizes drug therapy, decreases risk factors, increases
exercise tolerance, improves mental status, hemody-
namic and metabolic function, reduces the risk of rein-
farction and cardiac mortality. As part of a cardiac re-
habilitation program, physical activity helps reduce
psychological maladjustment and contributes to a suc-
cessful return to work.
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Abstract

Regeneration refers to the process by which organisms repair and replace damaged or lost cells, tissues or
organs. This process is essential for maintaining health. Regeneration can occur in several ways, depending on the
type of tissue or organ and the severity of the injury. Some cells, can replace quickly, while other cells, can be
much more difficult to replace or regenerate. Cellular regeneration refers to the process by which cells replace
damaged or lost ones. This process can be different depending on cell type and tissue, as some cells may have a
greater ability to multiply and replace than others. Intracellular regeneration refers to the process by which cells

can repair their individual cellular components, such as proteins, organelles, or damaged DNA.
The article represents a narrative synthesis of specialized literature, with the aim of explaining the mecha-
nisms of cellular and intracellular regeneration that take place in the human body.

Keywords: differentiation, epithelia, hypertrophy, myocardium, proliferation, regeneration, stem cells.

Mechanisms of cellular and intracellular re-
generation

Regeneration consists of two distinct stages — pro-
liferation and differentiation. These stages are more ob-
viously expressed in the case of cellular regeneration.
At the proliferation stage, young and undifferentiated
cells multiply. These cells are called cambial cells (lat.
cambium — "change") or stem cells. In the differentia-
tion stage, young cells mature and improve structurally
and functionally. This modification, of increasing ultra-
structure by differentiation (or maturation), is the main
mechanism of regeneration at the intracellular level. As

regeneration occurs at the intracellular level, the resto-
ration of tissue structure and function can occur at dif-
ferent levels (repair of DNA, formation of new en-
zymes, increase in the number of mitochondrial cristae,
enlargement of ER cisternae, synthesis of new mito-
chondria, ribosomes, etc.). [2,14]

Classification of tissues according to the form
of regeneration

In phylogeny and ontogeny, the structural and
functional specialization of tissues has led to selection
favoring a predominantly cellular form in some tissues,
a predominantly or exclusively intracellular form in
others (Table 1). [12]

Table 1

Forms of regeneration in various tissues

Cellular regeneration

Intracellular regeneration

Bone tissue
Epithelial tissues
Loose connective tissue
Hematopoietic tissue
Lymphoid tissue

Predominantly cardiac tissue

Exclusively the central nervous system
(pyramidal, ganglion cells, etc.)

In some tissues such as epithelial or hematopoietic
ones, the cellular form of regeneration is predominant
over the intracellular one. In simple terms, the process
by which these tissues are regenerated involves cell di-
vision, followed by the differentiation and specializa-
tion of some of the resulting daughter cells. After cell
division, undifferentiated daughter cells remain in an
undifferentiated state and act as reserve stem cells. As
old cells age and die, stem cells begin to divide to pro-
duce new daughter cells. Following this division, one
of the daughter cells differentiates and specializes to
take over the role of the dead cell, while the other re-
mains as a stem cell. Thus, the number of stem cells is
kept constant, ensuring constant tissue regeneration and
repair. [2,8]

In the case of the central nervous system (includ-
ing ganglion cells and pyramidal cells) and myocar-
dium, intracellular regeneration is the sole or predomi-
nant form of regeneration, and these tissues lack stem

cells. In these cases, the cells that are in the process of
differentiation lose their ability to proliferate irreversi-
bly, which leads to a stability of the total number of
cells. Over time, part of the cells die irreversibly
through apoptosis, and this process intensifies with the
aging of the body. [2,8,12,14]

Cellular regeneration of epithelia

Epithelial tissues are normally in a state of contin-
uous renewal, and their regenerative capacities are very
high and are achieved through the mitotic proliferation
of stem cells, that is, at the cellular level. The skin epi-
thelium has the highest capacity for regeneration at the
cellular level. [8,12]

Through cell division, epithelial stem cells pro-
duce new cells that differentiate into mature epithelial
cells similar to those lost. Stem cells in stratified epi-
thelium are found in the basal layer, whereas in mono-
layer epithelium, such as that of the small intestine, they
are located in the crypts. In the case of mesothelium,
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stem cells are among the mesotheliocytes. The ability
of most epithelia to regenerate serves as the basis for
their rapid recovery process under pathological condi-
tions, known as reparative regeneration. [12,15,16]

A constant physiological regeneration takes place
in the glands as they carry out their secretory activity.
Merocrine and apocrine glands contain long-lived cells,
and their regeneration after secretion occurs by intra-
cellular regeneration processes and sometimes by pro-
liferation. In contrast, in holocrine glands, regeneration
occurs through the division of stem cells from the ex-
cretory ducts, and the new cells, through differentia-
tion, become glandular cells. [8,12]

Epidermal stem cells (EpiSCs) are primarily re-
sponsible for the regeneration of this tissue, as they

Hypodermis
2

have the ability to differentiate into several cell types.
EpiSCs have the ability to multiply indefinitely and are
mainly located in three separate areas: in the basal layer
of the epidermis, in the bulb area of the hair follicle,
and at the base of the sebaceous glands. The stem cells
in the basal layer are responsible for the development
of keratinizing epithelial cell lines under physiological
conditions and ensure regeneration in case of superfi-
cial damage to the epidermal covering. The other group
of stem cells is responsible for the development of su-
perficial epitheliocytes, hair and glands, and is involved
in the regeneration of deep and extensive skin lesions
(pic.1).[9,12,13,16,19]

Pic.1. Location of epidermal stem cells

Stem cells have the ability to differentiate into a
variety of specialized cells, but they also divide to
maintain a constant number of similar stem cells
through symmetric or asymmetric division (pic.2). In
the asymmetric division model, a stem cell generates a
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differentiated cell and another stem cell. On the other
hand, under the symmetric division model, one stem
cell produces either two differentiated cells or two stem
cells. [11,18,19]
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Pic.2. Asymmetric and symmetric division of stem cells
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Growth factors and cytokines play an important
role in the regeneration process of epithelial lesions. In
the inflammation stage of wound regeneration, neutro-
phils release cytokines such as interleukin (IL)-1a, IL-
1B and tumor necrosis factor (TNF)-a, which have the
role of attracting and activating other cells, as well as
intensifying the inflammatory process. Macrophages
subsequently move to the affected area, eliminate path-
ogens, promote the migration of EpiSCs and keratino-
cytes, and induce extracellular matrix (ECM) synthesis
by secreting cytokines and growth factors such as trans-
forming growth factor (TGF)-a-f, fibroblast growth
factor (FGF) and platelet-derived growth factor
(PDGF). After the lesion is completely covered by a
layer of keratinocytes, the molecular signals responsi-
ble for proliferation stop. After that, the keratinocytes
stratify to gradually restore the damaged epidermal
layer. [13,19]

Intracellular regeneration of the myocardium

Even though significant progress has been made in
the early diagnosis and prevention of cardiovascular
diseases, their prevalence is increasing globally. Heart
failure in particular is a major problem, being the lead-
ing cause of death, disability and financial costs. About

38 million people worldwide are affected by this con-
dition. Typically, the heart does not work properly after
an injury that affects blood flow. This problem occurs
because heart cells cannot be replaced once they have
been destroyed, due to the fact that they cannot multiply
in adulthood. According to estimates, only a small frac-
tion — less than 1% of the heart cells in an adult's heart
regenerate each year. [1,7,10]

During embryonic and fetal development, heart
growth is primarily determined by the mitotic division
of cardiac cells. These cells are generated either by dif-
ferentiation of cardiac progenitors or by proliferation of
already existing cardiac cells. The process of cardiac
cell proliferation during fetal development is essential
for the proper formation of cardiac structures, including
maturation of the ventricular wall. After birth, the my-
ocardium begins to expand in volume, but soon there is
a transition to cardiac hypertrophy, which involves an
increase in the size of the cardiomyocytes instead of an
increase in their number. This leads to the exit of myo-
cardial cells from the cell cycle. During this transition,
cardiomyocytes undergo cell cycle changes, including
acytokinetic mitosis (nuclear division without cell divi-
sion), and endoreduplication (increasing the number of
DNA copies without nuclear division and cellular)
(pic.3). [3,4,5,6,19]

4n

Pic.3. Cell cycle variations in CM after birth

Physiological regeneration of myocardial cells oc-
curs at the intracellular level and is characterized by
high intensity and speed, due to the high pressure ex-
erted on the myocardium. This regeneration is further
intensified during intense physical exertion and in con-
ditions of pathological conditions such as heart defects
or hypertension. In such cases, the components of the

sarcoplasm of myocardial cells constantly degrade, be-
ing replaced by newly formed ones. With the increase
in the load exerted on the heart, both hypertrophy (in-
crease in size) and hyperplasia (increase in number) of
the organelles, including myofibrils, sarcomeres, mito-
chondria, etc. appear. This process leads to cardiomyo-
cyte hypertrophy (pic.4). [4,8,10,17]
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At an early age, cardiomyocyte polyploidization
occurs and binuclear cells appear. Myocardial hyper-
trophy is characterized by adaptive growth correspond-

ing to its vascular bed. In pathological conditions, such
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When heart muscle tissue is damaged, for example
in the case of injury or myocardial infarction, there are
no stem cells that can replace the lost heart cells. In-
stead, the processes of regeneration and adaptation oc-
cur intracellularly in the neighboring cardiomyocytes,
which hypertrophy and take over the function of the
dead cells. This is called reparative regeneration of car-
diac muscle tissue which also occurs in focal or diffuse
dystrophy. Instead of dead cardiomyocyte cells, a scar
of connective tissue (also called post-infarction cardio-
sclerosis) is formed (pic.5). [8,10]

- - - "
Pic.4. Hypertrophy of the myocardium: a — normal myocardium; b — hypertrophied myocardium
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Pic.5. Post-infarction cardiosclerosis
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as heart defects that cause hypertrophy, this adaptation
does not occur, and after a certain time, due to malnu-
trition, some of the affected cardiomyocytes die and are
replaced by scar tissue (pic.5). [_4&%10]
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Conclusions

Regeneration is classified as cellular, when active
mitotic division of stem or adult cells occurs to restore
the structure and function of damaged tissue; the intra-
cellular one, is characterized by the proliferation or hy-
pertrophy of intracellular components to increase the
compensation capacity in stress situations. Cellular re-
generation is characteristic of tissues that are in a con-
tinuous state of renewal, for example the epidermis of
the skin and the mucosa of the digestive tract. These
tissues are constantly exposed to the aggressive action
of external and internal factors, therefore, they rapidly
regenerate due to stem cells, which proliferate to re-
place old cells. Intracellular regeneration is specific to
tissues where cells have lost the capacity for mitotic di-
vision and stem cells are absent. For example, the my-
ocardium cannot restore the number of cells lost in case
of injury, partial recovery occurs due to hypertrophy of
the remaining cells, and the defect is replaced by a scar.
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Non-Hodgkin's lymphomas are a group of malignant neoplasms arising from lymphoid tissue, mainly lymph
nodes, and are the most common malignant neoplasms of the circulatory system in many countries, including the
Republic of Moldova. In most cases, hon-Hodgkin's lymphomas begin with lesions of the peripheral lymph nodes
(nodal lymphomas), however, in recent years, the number of patients with primary extranodular non-Hodgkin's
lymphomas has increased [1]. Features of clinical manifestations, methods of diagnosis and treatment were studied
on the basis of data from 50 patients with non-Hodgkin's lymphomas with a primary lesion of the gastrointestinal
tract, treated at the Oncological Institute, Chisinau, Republic of Moldova. The overall survival of patients in dif-

ferent stages of the disease was also studied.

Keywords: non-Hodgkin's lymphoma, extranodal lesion, gastrointestinal tract.

Introduction

The gastrointestinal tract is the most common pri-
mary localization for extranodal non-Hodgkin's lym-
phoma, accounting for 20 to 40% of all extranodal lym-
phomas. Approximately in 60-75% of cases, the pri-
mary focus occurs in the stomach, less often in the
small intestine, caecum, colon and rectum [2]. Clinical
and morphological studies have established that the
most common type is gastric histiocytic lymphoma.
This tumor occurs in 60% of cases and is currently clas-
sified as B-cell lymphoma, which is most common in
the Middle East and the Mediterranean and in this sense
has also been called "Mediterranean lymphoma" [3].
Most primary gastric lymphomas develop against the
background of chronic gastritis. Moreover, other vari-
ants of extranodal lymphomas are also associated with
chronic inflammatory processes. In 1993, evidence was
presented that H. pylori plays an important role in the
occurrence of a subgroup of gastric MALT lymphomas
[4, 5]. Based on the study of all manifestations of NHL
by oncohematologists, it was found that the most im-
portant factors for an unfavorable prognosis are: age
over 60 years, general condition of the patient, stage I11-
IV of the disease, the presence of more than one extran-
odal lesion, bone marrow damage [6]. This formed the
basis of the international prognostic index - IPIl. Ac-
cording to the number of unfavorable prognostic fac-
tors, there are 4 risk groups for early progression of the
disease:

- low - absence or presence of one unfavorable fac-
tor;

- low/medium - the presence of 2 factors;

- medium / high - the presence of 3 factors;

- high - the presence of 4 factors.

The presence of two or more factors negatively af-
fects the prognosis of the disease, regardless of the mor-
phological variant of the tumor, for example, in diffuse
NHL with large B cells, the 5-year survival rate at low
risk is 72%, at high risk - 22% [6, 7].

Materials and methods

The study included 50 patients with non-Hodg-
kin's lymphomas with a primary lesion of the gastroin-
testinal tract, who were treated in the Oncological In-
stitute, Republic of Moldova, in the period from 1998
to 2021, aged 20 to 78 years (average age - 49 years).
In all patients from the study group, the following were
studied: age at diagnosis, gender, clinical dates, date
and reason for visiting a doctor, date of confirmation of
the diagnosis and the time interval from the start of dis-
ease to confirmation (duration of the disease before di-
agnosis), paraclinical dates, methods of treatment, effi-
cacy and complications of treatment, overall survival.
The definition of morphological variants of non-Hodg-
kin's lymphomas was carried out in accordance with the
Classification of lymphoid neoplasms proposed by the
World Health Organization in 2016. The clinical stage
of the disease was established according to the Interna-
tional Clinical Classification adopted in Ann Arbor in
1971. The study results were processed computerized
using the Microsoft Excel program. To assess the clin-
ical evolution, was used the tabular method of forming
survival curves according to Kaplan E and Meyer P.

Results

In this study, the clinical manifestations, compli-
cations and results of treatment of non-Hodgkin's lym-
phoma with a predominant lesion of the gastrointestinal
tract were studied in 50 patients aged 20 to 78 years. By
distributing patients by sex and age, it was noted that
women are more often affected by this disease. For both
sexes, the age of 50 to 69 years prevails, which is 64%.
According to the International Clinical Classification
adopted in Ann Arbor in 1971, the majority of patients
- 22 people (44%) were diagnosed with stage IV of the
disease. Stage Il E was established in 14 (28%) patients,
stage | E in 12 (24%) and stage Il E in 2 (4%). note the
predominance of lymphoblastic lymphomas (36 cases,
or 72%). Very rare are prolymphocytic variants (2
cases, or 4%) and lymphoplasmacytic variants (1 case,
or 2%). In 11 (22%) patients, the NHL variant was not
detected.
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Stage IV

b

The study of the morphological features of NHL
with a predominant lesion of gastrointestinal tract
showed that the predominant morphological variants in
this group of tumors were tumors with a high degree of
malignancy.

Clinical manifestations depend on the organ in
which the tumor first formed. For example, with a pri-
mary lesion of the stomach, pain in the epigastric re-
gion, nausea, vomiting, belching are observed, in rare
cases, vomiting of the color of "coffee grounds™ is also
found. In lesion of the small and large intestine - para-
ombilical, constipation. Patients also presented symp-
toms of general intoxication. Most patients (76%) suf-
fered from increased sweating, 62% had weight loss,
36% - 10% temperature.

To confirm the diagnosis, all patients underwent
EGD and morphological analysis. In 20 operated pa-
tients, the material was removed during the operation.
Everything else is in the process of conducting FGDS.

The effectiveness of treatment mainly depends on
the stage of the disease. Thus, in stage | E, complete
remission was achieved in all patients. In stage 11 E, the
efficiency is already much lower: 43% of patients
reached complete remission, 43% - partial remission,
treatment was without results in 14% of cases. In the
later stages (111 E and 1V), the treatment turned out to
be ineffective already in 29% of cases. Complete remis-
sion reached 25% of patients, partial - 46%. In general,
the overall effectiveness of treatment was 82.0% (re-
missions were achieved in 41 out of 50 patients). Of
these, complete remissions were obtained in 24
(48.0%), partial - in 17 (34.0%), the effect was absent
in 9 (18.0%) patients. Adverse reactions have been
studied in patients receiving combined treatment
(chemotherapy and radiotherapy) and drug treatment
alone. The most common side effect in 34 (68.0%) pa-
tients was leukopenia. 28 (41.8%) patients had periph-
eral neuropathy. The appointment of antiemetic drugs
did not worsen the general condition of the patients, the
treatment was carried out in a standard volume and ac-
cording to the scheme.

The survival time of patients with non-Hodgkin's
lymphomas with a predominant lesion of the gastroin-
testinal tract varied from 6 to 98 months. The overall
survival of patients after 1 year was 78.1%, after 3 years
- 59.4% and after 5 years - 61.9%. The overall survival
of patients with stage | E for 1 year was 93.4%, for 3
years - 71.4% and for 5 years - 69.9%. After the treat-
ment, patients in stage | E were good for 1 year 93.4%,

Stage | E
14%
‘ Stage Il E
\ 16%

\\Stage "

2%

in stage Il E - 63.9%, for 3 years - 76.5% and 5 years
or more - 69.9%. In stage Il E, the convincing rates
were 91.2%, 71.4% and 63.8%. The overall survival of
patients with Il E and 1V stages after chemotherapy
treatment was more than 1 year 75.1%, more than 3
years - 59.4% and more than 5 years - 28.5%.

Conclusion

Non-Hodgkin's lymphomas with a primary lesion
of the gastrointestinal tract are a frequent extranodal
manifestation of this disease, diagnosed mainly in the
late stages and having aggressive forms. They occur
more often at the age of 50-69 years and the female sex
prevails. Treatment depends on the clinical stage of the
disease; in general, remissions reach 82% of patients.
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Abstract

Receptor tyrosine proteinkinases (RTKS) are transmembrane proteins that possess kinase activity catalyzing
the transfer of phosphate groups from ATP to tyrosine residues in protein substrates. RTKs play an important role
in the control of most fundamental cellular processes such as proliferation, differentiation, cell metabolism and
survival, cell migration and cell cycle control. Tyrosine proteinkinase receptors comprise 58 different types in
humans that are classified into 20 families according to structure and ligand. Mutations in RTKs and aberrant
activation of their intracellular signalling pathways lead to the triggering of different types of cancers. In human
cancers, four fundamental mechanisms have been found to lead to constitutive activation of RTKs: genomic am-
plification, gain-of-function mutations, chromosomal rearrangements and autocrine activation. Thus, aberrant ac-
tivation of receptor tyrosine protein kinase is a potential therapeutic target. In recent decades, several drugs, such
as tyrosine Kkinase inhibitors, have been developed and clinically evaluated to improve the survival of cancer pa-

tients.

Keywords: receptor tyrosine proteinkinases, mutations, cancer, tyrosine kinase inhibitors.

Cancer is one of the world's biggest problems,
both nationally and globally, with around 10 million
people dying every year. In 2020, the International
Agency for Research on Cancer reported an estimated
19.3 million new cancer cases and 10 million deaths
globally, with data from 185 countries. The most com-
monly diagnosed cancers worldwide were female
breast cancer (2.26 million cases), lung cancer (2.21)
and prostate cancer (1.41). The most common causes of
death among cancers were lung (1.79 million), liver
(830,000) and stomach (769,000) cancers. Cancer is a
malignant process involving the aberrant development
of cells in a tissue with increased potential to invade
other parts of the body. In recent decades, tyrosine-pro-

teinases receptors have been widely studied by re-
searchers, as aberrations in their activation or signalling
lead to many pathologies, in particular cancers, leading
to the development of a variety of drugs that block
RTKSs signalling and are successfully applied for the
treatment of many types of cancers. [3]

Ninety tyrosine Kkinase genes and five
pseudogenes have been identified in the human ge-
nome. Of the 90 tyrosine kinases, 58 are receptor tyro-
sine kinases distributed in 20 subfamilies and 32 are
non-receptor tyrosine kinases distributed in 10 subfam-
ilies. The RTK subfamilies are EGFR, InsR, PDGFR,
VEGFR, FGFR, PTK7/CCK4, Trk, Ror, MuSK, Met,
Axl, Tie, EphA/B, Ret, Ryk, DDR1/2, Ros, LMR, ALK
and SURTK106/STYK1 (Figurel). [8][7]6]
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Figure 1. Families of tyrosine proteinkinase receptors.[6]

RTKs consist of an extracellular ligand-binding
region, a single transmembrane domain and a cytoplas-
mic tyrosine kinase domain. Notably, the extracellular
domain in each receptor class has a different structure
and sequence that confers specificity to its ligand and
its recognition. The extracellular domain is involved in
the dimerization process of the receptor. The trans-
membrane domain represented by the a-helix consist-
ing of 20 amino acids allows RTK insertion into the cell
membrane. This domain plays a key role in dimer for-
mation and stabilization. In the lipid environment of the
cell membrane the a-helix is non-covalently oligomer-
ized. Thus, this process perimitates RTK pre-dimeriza-
tion in the cell membrane that is able to interact with
the corresponding ligand. The cytoplasmic domain in-
cludes the tyrosine kinase domain with a small N-ter-
minal lobe that binds ATP and Mg 2+ and a large C-
terminal lobe formed by a carboxyl group (catalytic do-
main) that contains the activation loop. ATP binds in
the cleavage between the two lobes and the tyrosine-
containing sequence of the protein substrate, interacts
with the residues of the C-terminal lobe and subse-
quently catalyses the transfer of phosphate groups from
ATP to the receptor chains. The N- and C-terminal do-
mains vary between RTK families, reflecting the spec-
ificity and diversity of intracellular downstream sig-
nals. Binding of a ligand to a receptor causes a change
in receptor conformation, known as receptor activation.

After phosphorylation tyrosines or phosphotyrosines
then become binding sites for several cytoplasmic pro-
teins. These proteins further activate several down-
stream signalling pathways, some of the main ones be-
ing the MAPK, PI3K, JAK/STAT and PKC pathways.
[91[11[41[12]

Abnormal activation of RTK is a complex process
involving not only RTK itself, but also adjacent mole-
cules and surrounding environments. Their association
with various cellular components further complicates
the mechanism of oncogenic RTK activation. Four
main mechanisms leading to aberrant activation in hu-
man cancers have been proposed, these are: 1) RTK
overexpression; 2) gain-of-function mutations; 3) chro-
mosomal translocations and 4) autocrine activation
(Figure 2). Overexpression and genomic amplification
has been identified in a variety of cancers: EGFR in gli-
oblastoma, esophageal, lung, thyroid cancer;
HER2/ErbB2 in breast, bladder, gastric cancer; MET in
gastric and lung cancer. Activation by gain-of-function
mutations can occur in the extracellular domain, trans-
membrane domain and juxtamembrane domain of
RTK. Point mutations of FGFR3 in the extracellular
domain have been reported in cervical carcinomas.
HER2 G660D and V659E mutations in the transmem-
brane domain have been identified in non-small cell
lung cancer. KIT V560G and PDGFRA V561D muta-
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tions in the juxtamembrane domain are found in gastro-
intestinal stromal tumours. Chromosomal rearrange-
ments occur in patients with chronic myeloid leukemia-
fusion of the gene encoding tyrosine kinase ABL1 on

chromosome 9 with the BCR gene on chromosome 22
Overexpression

T

Increased kinase activity

T

(BCR-ABL). Autocrine activation uses messengers
such as growth factors and cytokines. Autocrine activa-
tion of different RTKs has been well characterized in
various cancers, including HGF-MET, TGFa-EGFR
and SCF-KIT autocrine loops. [1][10]

Gain-of-function

mutations .T‘ .T.
¢ J

Increased kinase activity

Autocrine activation

J

Chromosomal
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Increased kinase activity

Normal kinase activity

o7
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Figure 2. Abnormal mechanisms of RTKs activation.[10]

Recently, there has been an increasing focus on
developing new and effective drugs that target tumour
cells with minimal side effects. For targeted therapies
in cancer as ideal representatives are monoclonal anti-
bodies, which compete for the extracellular domain of
the receptor, and small molecule inhibitors of tyrosine
kinase, which bind to intracellular molecules prevent-
ing conformational changes and RTK activation. Cur-
rently there are 74 small molecule protein kinase inhib-
itors approved by the FDA (Food and Drug
Administration) as of 12 February 2023. Small mole-
cule tyrosine kinase inhibitors are classified into re-
versible inhibitors and irreversible inhibitors. Reversi-
ble kinase inhibitors are subdivided into four major
subtypes based on binding pocket compliance as well
as the DFG (ASP-Phe-Gly) motif. Irreversible kinase
inhibitors tend to bind covalently and block the ATP
site, resulting in irreversible inhibition. Type | inhibi-
tors: bind competitively to the ATP-binding site of ac-
tive tyrosine kinases. The DFG motif arrangement in
type | inhibitors has the aspartate residue facing the cat-
alytic site of the kinase. For example: crizotinib, erlo-
tinib, bosutinib, dasatinib, geftinib, lapatinib, pazo-
panib, sunitinib and vemurafenib. Type Il inhibitors:
bind to inactive kinases, usually at the ATP-binding
site. The DFG motif in type Il inhibitors is oriented out-
ward, away from the ATP binding site. Due to the out-
ward rotation of the DFG motif, many type Il inhibitors
can also exploit regions adjacent to ATP binding sites.
For example: imatinib, sorafenib, axitinib, nilotinib,
ponatinib. Type Il inhibitors: do not interact with the

ATP-binding pocket. Type Il inhibitors bind exclu-
sively to allosteric pockets adjacent to the ATP-binding
region. For example: trametinib, cobimetinib, binitinib.
Type IV inhibitors: bind to allosteric sites away from
the ATP binding pocket. For example: ON012380,
preparation under development. Type V inhibitors: are
bivalent inhibitors that bind irreversibly, forming cova-
lent bonds with non-catalytic cysteine residues in the
ATP binding pocket. For example: afatinib, ibrutinib,
osimertinib. [2][5][13][11]
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COVID-19 is an infectious disease caused by the SARS-CoV-2 virus that emerged in late 2019. The disease
rapidly spread from its origin in Wuhan, China, and has since become an unprecedented global pandemic. Its
impact on the world's population has been catastrophic, resulting in over six million deaths worldwide, making it
the most significant global health crisis since the 1918 flu pandemic. [1,2,3]

Keywords: AKI, COVID-19, pandemic, comorbidities

Introduction

While COVID-19 primarily affects the respiratory
system, it can also have deleterious effects on the kid-
neys. Severe cases of COVID-19 have been associated
with elevated serum creatinine and serum urea levels,
hematuria, proteinuria, and AKI, all of which are linked
to a higher mortality rate. Among critically ill patients
with SARS-CoV?2 infection, up to 25% may develop
AKI, particularly those with pre-existing comorbidities
such as diabetes or hypertension. The mortality rate is
significantly higher in patients who require renal re-
placement therapy for AKI. [4,5]

Aim of the study

Considering the substantial number of patients
who developed AKI during hospitalization for COVID-
19, our objective is to investigate the most prevalent
comorbidities associated with a heightened risk of AKI
development. Additionally, we seek to compare mor-

tality rates between two patient groups: those who de-
veloped AKI unrelated to COVID-19 and those who
developed AKI while infected with COVID-19.

Materials and methods

The study included a group of 66 patients with
AKI diagnosis who were hospitalized in “Timofei
Mosneaga” Republican Clinical Hospital during the
first semester of 2021. The study included 22 (33.3%)
patients who had had AKI associated with COVID-19.
The age of the patients varies from 37 to 84 years, and
the average age is 64.1 years. AKI was diagnosed more
often in men — 45 (68,2%) than in women — 21 (31,8%).

Results and discussion

From the data collected from the patient’s medical
records, the highest rate of AKI not associated with
COVID-19 was found in the age group 61-70 years.
The increased prevalence of pathology in this age group
is probably due to the multiple comorbidities and weak-
ening of the immune system in elderly people (Figure
1).

Age groups of patients with AKI
not associated with COVID-19

W 30-40 years

41-50 years

51-60 years

61-70 years B 71-80 years W 81-90 years

Figure 1. Age groups of patients with AKI not associated with COVID-19.
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Upon examining the age distribution of patients
with AKI linked to COVID-19, it was observed that the
prevalence of the disease was highest in patients aged
71-80 years, with 10 patients (48%) falling within this
age group. However, there was also an increase in the

prevalence of AKI in the age group of 51-60 years, with
6 patients (29%) affected. This trend suggests a rejuve-
nation of the pathology in association with SARS-
CoV2 infection (Figure 2).

Age groups of patients with AKI
associated with COVID-19

W 30-40 years

41-50 years

9% 5%
%

51-60 years

61-70 years B 71-80 years M 81-90 years

Figure 2. Age groups of patients with AKI associated with COVID-19.

The patient’s comorbidities confer an increased
risk for AKI development, the most common are diabe-
tes mellitus, hypertension, and heart failure. For this
reason, we analyzed the data regarding the patient’s as-
sociated pathologies to detect the most common one.
Diabetes mellitus was detected in 10 (45.5%) of the pa-

tients with AKI associated with COVID-19, arterial hy-
pertension was present in 18 (81.8%) patients and heart
failure of various etiology was attested in 15 (68.1 %)
of the patients. Only two patients did not present any
associated chronic pathology at the time of admission
(Figure 3).

Comorbidities in patients with AKI
associated with COVID-19 (N=22)

20

15

10
10

Diabetes mellitus

Arterial hypertension

18
15

Heart failure

Figure 3. Comorbidities in patients with AKI associated with COVID-19.

Among patients who developed AKI not linked to
COVID-19, it was observed that the most prevalent
comorbidity was arterial hypertension, present in 28 pa-
tients (63.6%). The second most common comorbidity

was heart failure, identified in 27 patients (61.3%), fol-
lowed by diabetes mellitus, which was present in 15 pa-
tients (34.1%) (Figure 4).
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Comorbidities in patients with AKI

not associated with COVID-19 (
N=44)
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Figure 4. Comorbidities in patients with AKI not associated with COVID-19.

Of the patients with AKI not associated with  were subsequently discharged from the hospital (Fig-
SARS-CoV2 infection, 39% (17 patients) died. On the  ure 5).
other hand, 27 patients (61%) received treatment and

Mortality among patients
with AKI not asoociated with
COVID-19

M Treated M Deceased
Figure 5. Mortality among patients with AKI not associated with COVID-19.
Patients with AKI associated with COVID-19 in-  death was attributed to multiple organ dysfunction syn-
fection had an alarming mortality rate, with only 1 pa-  drome resulting from the COVID-19 infection (Fig-

tient (5%) out of 22 surviving. The remaining 21 pa-  ure 6).
tients (95%) did not survive. The primary cause of

Mortality among patients
with AKI associated with
COVID-19

5%

95%

B Treated M Deceased

Figure 6. Mortality among patients with AKI associated with COVID-19.
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Conclusion

Advanced age is a significant risk factor for devel-
oping AKI due to associated comorbidities. The pres-
ence of underlying medical conditions renders the kid-
neys more susceptible to damage and the development
of AKI. COVID-19 infection appears to target pre-ex-
isting kidney damage, particularly in patients with dia-
betes or arterial hypertension. Given the high mortality
associated with AKI linked to COVID-19 infection in
elderly patients, it is essential to carefully monitor bio-
chemical markers of renal function and promptly initi-
ate hemodialysis if necessary.
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Abstract

The objective of the study was to improve the results of surgical treatment of patients with complicated
peptic ulcer disease by improving the method of performing selective proximal vagotomy.

Materials and methods. According to the proposed method, 44 patients were operated on. All patients un-
derwent duodenoplasty in combination with selective proximal vagotomy.

Results. The main causes of intraoperative damage to the splenic vessels and pancreas were the transsection
of the gastro-splenic and gastro-diaphragmatic ligaments without their preliminary separation from the underlying
anatomical formations, as well as the presence of pathological scar-inflammatory changes in this area.

The proposed method of selective proximal vagotomy (patent No. 2717209 dated 03/18/2020) includes iso-
lation of the upper edge of the esophageal hiatus, mobilization of the stomach floor and skeletonization of the left
diaphragmatic peduncle transsection of the ascending gastric artery, dissection of the small curvature of the stom-
ach and the cardia in the direction from the angle of the stomach to the cardia with the transsection of transverse
neurovascular gastric branches, denervation of the abdominal part of the esophagus, isolation of the right diaphrag-
matic peduncle and the posterior trunk of the vagus, closure of the exposed muscles of the small curvature of the
stomach with serous-muscle sutures up to the cardia, suturing of the esophagus, cardia and the bottom of the
stomach by lateral invagination.

Conclusion. The proposed method of selective proximal vagotomy allows to completely exclude in-
traoperative trauma of the pancreas, spleen and its vessels, as well as to exclude postoperative discoordi-
nated disorders of gastric motility.

The advantages of the proposed method also include a significant reduction in the complexity of the
operation, simplification of the execution technique and reduction of the operation time.

The method can be performed by surgeons without experience in SPV operations.

AHHOTAIHSA

ue.ﬂb HCCICTOBAHUSA - YIIYUYIINUTH PE3YJIbTATEI XUPYPTUYECKOTO JICYCHUA OOJIBHBIX C OCJIOKHEHHOM SI3BEH-
HOM 60J'IC3HI)}O, IMYTEM yCOBECPLICHCTBOBAHUA c11oco0a BBIIOJIHEHUS CEEKTUBHOMN HpOKCPIMaJ'IBHOﬁ BaroToMHH.

Matepuanbsl MeToasl. [1o mpeanoxeHHOW MeToanke ObuTO0 omepupoBaHo 44 marmeHTa. Becem GoIBHBIM
ObLJa BBITIOJIHEHA TYOICHOIIACTHKA B COUSTAHNH C CEJICKTHBHON MPOKCHMaIbHONW BaTOTOMHEH.

Pe3y.]'[l>TaTl)l. OCHOBHBIMI/I MIpUYUHAMU UHTPAOTICPALTMOHHBIX l'lOBpe)K)IeHI/Iﬁ CCJIC3CHOYHBIX COCYI0OB U MO/~
)KGJ'[y}lO'—IHOﬁ JKEJIE3bI OKa3aJIMCh IEPECCUCHUE meny;lquo-cene%Hquoﬁ )54 menyﬂquo-zma(bparMaanoﬁ CBS30K
663 UX IIPEABAPUTEIILHOTO OTACICHUA OT HMXKCIICKAIINX aHATOMHUYCCKUX 06pa30BaHHﬁ, a TaK)Ke ¢ HaJIM4Hue B DTOH
00J1aCTH MTaTOJIOTHYECKUX py6HOBO-BOCHaJ‘IHT€J‘ILHHX H3MEHEHHIA.
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[pennoxxeHHBIH cOCO0 CEIEKTUBHOM MPOKCHMMANILHOIM BaroTroMuu (nateHTt Ha u3ooperenne Ne2717209 ot
18.03.2020) BxirouaeT BbIACICHHUE BEPXHETO KPasi MUIICBOIHOTO OTBEPCTHS AnadparMbl, MOOUIN3ALIUIO AHA JKe-
Jy/Ka U CKEJICTUPOBAaHUE JIEBOW HOXKKH JuadparMel, nepecedeHre BOCXOIIIeH Kely104HO apTepru, TUCcCeK-
IIMI0 MaJIOW KPUBH3HBI JKEIyKa M KapJIuH 110 HAIPaBJICHUIO OT yIJla XKeJdy/AKa K KapAHuu ¢ IepeceueHrneM Iore-
PEYHBIX COCYIMCTO-HEPBHBIX XKEIyIOYHBIX BETOUEK, ICHEPBAIMIO a0J0MUHAIILHON YaCTH MMUILEBO/A, BBIJICICHUE
MpaBoOil HOKKHU JuadparMel U 3aHETO CTBOJIA Baryca, 3aKphITHE OOHAKEHHBIX MBIIII Maloi KPUBHU3HBI KETyAKa
CEpPO3HO-MBIIICYHBIMH IIIBAMH 10 KAPJIUH, CIIUBAHUE NMUIIEBOA, KApAUN U JHA KEIyAKa METOAOM OOKOBOH HMH-
BarMHAIIH.

3akiiouenue. [Ipemmaraemsrii crmoco6d CeIeKTUBHON MPOKCHMAIHHON BAarOTOMHUH TIO3BOJISIET MOJTHOCTHIO
UCKIIIOYNTh HHTPAOIIEPAIIHOHHYIO TPABMY HOJKEITYJOUYHOH JKEIIE3bl, CEJIE36HKN U €€ COCYA0B, a TAK)KE UC-
KJIIOYUTH MTOCIIEOIEPAIHOHHBIC AUCKOOPAMHIPOBAHHbBIE HAPYIICHUSI MOTOPHUKH XKEITyAKa.

K mpeumymecTBam mpenigaraeMoro crnocoda Takxke clieyeT OTHECTH U 3HAYUTEIbHOE YMEHBbIUICHHE
TPYZNOEMKOCTHU ONEpPAINH, YIIPOIEHNE TEXHUKHU BHIIIOJHEHHUS M COKpalleHue BpeMeHu onepanuu. Crocod
MOJeT OBITh BBINOJHEH XUpypramu 6e3 onsita onepaunii CIIB.

Keywords: selective proximal vagotomy, complicated peptic ulcer disease
KiroueBble cjI0Ba: ceJIECKTHBHAS IpOoKCUMAJIbHAadg BaroroMmus, OCJI0KHCHHAs A3BCHHAsA 00e3Hb

BBenenmne. CenexTuBHas NpoKCHMajbHas Baro- A.®. YepHOYCOB yKa3bIBAa€T, YTO IOBPEXKACHUE
tomust (CIIB) no Hactosmiero Bpemenu ocraercs B ap-  IDK, cene3éHOYHBIX COCYZOB M CENE3EHKH SBILIETCS
CEHaJIe CII0CO00B XHUPYPIHICCKOTO JICUCHHS SI3BEHHON  THIMYHBIM OCJIOKHEHHeM ipu BeimonHeHnu CIIB [7].

6onesnn (Ab) nBenannmarumepcrHoit kumkn (AI1K) u Cpennsist Ipo0JDKUTENBHOCTD BhinosHeHus CI1B
aKCHaJbHBIX TPBDK IMHUIIEBOJHOTO OTBEPCTHS JAWa- MO JaHHBIM pa3nuyHbix aBTopoB CIIB cocraBnsieT
¢parmer (I'TION) [1, 3, 4, 5, 8, 9]. 180+30 munyT [4, 7].

OnHako, 5TOT cHoCco0 ONEePaTHUBHOTO JICUSHHUS SIB- eablo nccneqoBaHus ObUIO YIYyUIIUTh PE3YiIb-
JSIETCSI TPYJ0EMKHUM, TEXHUYECKH CIIOKHBIM M TpeOyeT — TaThl XUPYPTUUECKOT'0 JIEYEeHUs OOJIBHBIX C OCIOKHEH-
BBICOKOI KBann(puKauuyu Bpada-xupypra [4]. Ho# SIb, myTeM ycoBepIIEeHCTBOBAHUS CIIOCO0A BBINOJI-

K nenoctatkam uzBectHbix crnoco6oB CIIB cne-  nenus CIIB.

JyeT OTHECTH TaK ¢ BBICOKYIO BEPOSTHOCTH HOBpE- MaTtepuajibl 1 METOABI
xKaeHus nomkerynouHor xenessl (IDK), cenesénod- OpraHoCOXpaHSIOMKE OIepaluy OBUIH BBITION-
HBIX COCYZOB, HEPBOB U ceNe3éHKH [4, 5]. HeHbl y 44 60npHEIX ¢ Sb, ocoxXHEHHON PyOLIOBO-5I3-
BEHHBIM CTEHO30M (Tabuuma 1).
Ta6muma 1
XapakTep BbINOJIHEHHBIX ONEPATHBHBIX BMEIIATEIbCTB
XapaxkTep BHINOJHEHHOH onepanun Koamecrso %
00JIbHBIX
I Mocrosuanas JI1 +CIIB 40 90,9
ﬂ};oﬁgz:;ifgtKér(ﬁ; ) Mocrosuanas JI1+CIIB+ onepanus CtpoHra 1 2,3
Cermenrapnas JI1+CIIB 3 6,8
Hroro 44 100
Cpenuuii Bozpact 00IbHBIX cocTaBmI 57,2494 net (tabnuia 2)
Tabmuna 2.
Pacnpenenenue 60sbHbIX ¢ PAC JIIK no Bo3pacTHbIM rpynnam (no kiaaccupuxkauuun BO3)
Mouioa0it Cpenuuii Moxuiou
O06ciienoBaHHbIE MAIIMEHTHI Bospact Bospact Bospact
(25-44) (44-60) (60-75)
n % n % n %
Myxuunsl (N=34) 10 22,7 11 25 13 29,5
XKenmmunst (N=10) 1 2,2 7 15,9 2 4.5

Bcem 60abHBIM J0 oIepanuy MpoBoaAnIaCb KOM- JIC)KAIIKUX aHATOMHYCCKUX 06pa3OBaHI/Iﬁ U C aHAaTOMMU-
IJICKCHasA OICHKa MOTOpHO'3BaKyaTOpHOI\/‘I (byHKIII/II/I YEeCKUMHU OCOOEHHOCTSIMHU PACIOJIOKEHU A IDK n COCy-
JKCJIIyJKa U KMIICYHHUKA U OLICHKA MapaMETPOB IroMeo- JIOB CEJIE3EHKH OTHOCHTEIBHO JKEJIyJJKa, a TaK K€ C

CTa3a Mo OOMICTIPHHSATHIM KPUTEPHSM. HAJIMYHEM B 3TOW 00JIACTH MATOJIOTUIECKHX PYyOIIOBO-
PesyabTaTrhl  ucciaenoBanusi. [IpoBeneHHBbIH — BOCHAIMTENbHBIX U3MEHEHUU.
HaMU aHAJIM3 MPUYHH BO3HUKIIUX WHTPAOMEPAIOH- Tak n3BectHO, uTo Teno 10K pacmonoxeno Hemno-

HBIX TIOBPEXKACHUH cene3eHOYHbIX cocynoB u [DK mo-  cpencTBeHHO 3a KeTyJKOM M IPHIIETaeT K ero 3aJHei
Ka3aJl, YTO MX OCHOBHOM SIBISIETCS IIEpECeUeHNE JKeIy-  CTeHKe. MexXIy 3aJHell NMOBEPXHOCTBIO XKEIyIgKa M
JIOYHO-CETIE3EHOUYHOU 1 JKeNy T0YHO-IHadparMaibHOM  MODKENYJ0YHON KeJle30i UMEIOTCSl OPIOIMHHBIE Cpa-
CBSI30K 0€3 UX IPeABAPUTEIBHOTO OTJCNICHNS OT HIDKe-  IICHHUs, KOTOPBIE B INTEpaType 0003HAYAIOT KaK Kely-

JOYHO-TIO/IXKEITyTOUHYI0 CBA3KY [2]. OTH cpamieHus
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MEPEeXOIT Ha IKEIyIOYHO-CEIIC3EHOYHYI0 U IKEIy-
JIOYHO-THAPparMaIbHyIO CBS3KH, IUIOTHO (HUKCHPYs
MOJDKETYOUYHYO KeJie3y K 3aHEeH CTeHKE JKelyIKa B
30HE HEMOCPEICTBCHHOTO BBITIOHCHUS MOOWIM3AIUN
CcTeHOK xkemynka. XBocT IDDK pacmomoxen Mexay
JIUCTKaMU KeJTyA0YHO-CEIe3EHOYHON CBA3KU U JIOXO-
JIUT 10 BUCLIEPAIbHON IMOBEPXHOCTH CENE3EHKH, MPU
STOM COCYABI CeNe3&éHKH HIYT HEMOCPEICTBEHHO II0
BepxHeMy kparo [IX Bmepenu neé [6].

DTH crocoObl TakK K€ MCKIIOYAIOT BO3MOYKHOCTH
OTHOMOMEHTHOTO TIepECCUCHHs JKEITyIOYHO-Cee3é-
HOYHOH M KeNyTOYHO-AuadparMaibHON CBSI30K, UTO
3HAYUTEIIBHO MOBBIIIACT CIOKHOCTD U MPOIOKUTEIb-
HOCTH OTepally, KOTOpas COCTaBIsET OKOJIO 3,5 ya-
COB.

W3BecTHO, 4TO paccedeHUe CIaeK IO 3aTHei
CTCHKE JKeJyKa TOJBKO B 00JIACTH €ro Tela U THa, 0e3
WX YCTpaHEHHUs B 00JIACTH aHTPAILHOTO OTJIEINA, SIBIIS-
€TCsI OTHOH W3 IPUYWH Pa3BUTHS IIOCIICONIEPATHOHHBIX
JTUCKOOPIMHUPOBAHHBIX HAPYUICHUH MOTOPHKH JKe-
JyJKa Ha TPaHUIe CBOOOJHOTO OT CITaeYHOT0 IpoIecca
Tena W (UKCHPOBAHHOTO CHAfiKaMH aHTPaJIBHOTO OT-
Jiena KeryaKa.

B cBsi31 ¢ yKa3aHHBIM HAMH TPEIOKEH MOTUDH-
IUPOBAHHBIN 310006 peimoadenus CIIB (marent Ha

W wh

E
'\;’ ]

o

i

|

- ‘,
T '\

-
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nzobperenue Ne2717209 ot 18.03.2020), koTOpBIH
MO3BOJISICT UCKIIFOYUTh HEAOCTATKH YKa3aHHBIX CIIOCO-
00B.

Tpennoxennsiii Hamu crocod CIIB Brimrouaet
BBIJICTICHUE BEPXHETO Kpas MHUIICBOJHOTO OTBEPCTHUS
nradparMer, MOOMITHM3AINIO THA JKEITYAKA W CKEJIeTH-
pOoBaHHE IEBOW HOXKH ITrUaparMel, epecedeHre Boc-
XOIAUIEN JKeITyJOUYHOW apTepuu, IUCCEKLHUI0 Majou
KPUBU3HBI JKEIyAKa W KapAWW ITI0 HAIPABICHUIO OT
yTIIa KerryIKka K KapIuH ¢ epecedeHNeM MOMepeTHbBIX
COCYAHCTO-HEPBHBIX JKEITyTOYHBIX BETOUYEK, ACHEPBa-
M0 a0JOMMHAILHOW YacTH IHINEBOJA, BEHIJCICHHE
MPaBOil HOXKKHU TUadparMbl U 33 JHETO CTBOJIA Baryca,
3aKpBITHE OOHAKEHHBIX MBIIII MaJIOi KPUBHU3HEI XKe-
JIyJTKa CEPO3HO-MBIIIICYHBIMHU IIIBAMH JI0 KapJHH, CIITH-
BaHUC MUIICBO/IA, KAp UK U JTHA KEIyIKa METOI0M 00-
KOBOM MHBaruHaIuu.

OTii4re mperaraeMoro crocoda 3aKkirovaeTcs B
TOM, YTO TIOCJIC BBIICICHUS BEPXHETO Kpas IMHIICBOJI-
HOTO OTBEepCTHs AuadparMbl B OSCCOCYIHCTONW 30HE
paccekaeM JKeIryT09HO-000IOYHYIO CBS3KY M CIIalKH
MEXAY 3aJJHEH CTEHKOM aHTPaIbHOIO OTAENA JKETyIKa
u IIX no npusparnuxa (Pucynok 1).

Puc. 1. Mroowcecmsennvle cnatiku medxicoy 3a0Hell CMEeHKOU HCeyOKa U HCelyOOYHO-N00XHCENYOOUHOI CEA3KOU
(cmpenkamu yKazansl CRAUKY)

3areM paccekaeM OpIOLIIMHHbBIE CPAIIEHHS MEXKITY
3aHeil crenkoil xkemyaka u IIK 1o BepxHero kpas aHa
JKEITyJIKa U eIy JOYHO-TIOKEITyAOUHYIO CBA3KY, TOJ-
HocThio oTaensaeM 1K ¢ cenezénounsiMu cocynamu u

HEepBaMH OT 3aJHEH CTEHKH JKeNy/Ka, KeJlyI04HO-Ce-
Ne3EHOYHOM M IKeTyIOo4YHO-AuadparMaabHON CBA30K
(Pucynok 2).
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Puc. 2. Pacceuenvl cnatixu mexcoy aHmpaibHbIM OMOenom HCeryoKa U OONCETYOOUHOU Jcene30t
npuepamHuKa.

OTnrureM cnoco0a Takke SBISETCS M TO, YTO  3EHKH C BU3yalM3alMedl KOPOTKHX JKEJIyJOYHBIX apTe-
xBocT IDDK BblmenseM M3 KelTylIOYHO-CENe3EHOUHOW  PHH, MOCIE ITOTO JKEeJIyJOK HaTsATMBaeM BHU3 U BIIPABO
CBSI3KH TI0 HAINPABICHHUIO OT KapJuH JO BOPOT cerme-  (pUCYHKH 3, 4, 5).

Puc. 3. Pacceuenue cnaex u omoenenue noonceryd0uHol Jeenesvl Om HeeayoKd ¢ UCHOIb308aHUeM annapama
«Liga Surey.
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Puc. 4. Pacceuenue dnceny0ouno-nooicensy0OuHou Ces3Ku

Puc. 5. [Tooosicenyoounas siceneza omoenena om dcenyoKkd

OTnnumst IpeuIaraeMoro crnoco0a TakKe 3aKIo-  3€HKH W OTIEISIET 10 JKEIYZOK, JKEeIyZOodHO-cene3é-
YaloTCS U B TOM, YTO MEXJLy 33/IHEH CTEHKOH JKeJTyJIka  HOYHYIO M JKEIyJ0YHO-THadparManbHyl0 CBS3KH OT
n DX xupypr BBoANT KHCTh pyKH JanoHbo K 3agaeii  I1K c cene3énounsiMu cocynamu 1 HepBamu (PrcyHox
CTEHKE JKeIy/IKa, KOTOPYIO MPOBOJMT A0 BOPOT ceie-  6).
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Q. S N - -
Puc. 6. Kucmo pyku npogedena medxncoy 3a0Hell CMeHKOU HeelyoKa U NoOXNCey0ouHoU dcene3ol. Konuuku
nanbyes GU3YAIUUPYIOMCIL Yepes HCelyO0UHO-CeLe3EHOUHYIO C8A3KY 8 beccocyoucmot 30ne. Buonwl kopomxue
apmepuu dcenyoKa.

KoHunkamu mambIieB 3TOM JKe PYKU XHPYPT 3aXBa-  CENe3EHOYHYIO CBA3KY, B 0€CCOCYANCTOMN 30HE CpemHei
TBIBAET Kpail JHA XKeyAKa U IBI)KCHUEM BHU3 HATATH- €€ YacTH, paccekaeM OJHOMOMEHTHO MpOJOJBHO OT
BAET JKEIYJI0YHO-CEIEe3EHOUHYTO CBS3KY [0 BU3yalnn3a-  Kpas JHa XKeIyAKa 1o BopoT cene3éHku (Pucynok 7, 8).
MM KOHYMKOB MAJIbIIEB PYKH Yepe3 Heé U uepes JKely-
JIOYHO-AHa(parMaibHyl0 CBSI3KY. 3aTeM JKeIyIO04HO-

- 1 Sy

Puc. 7. [lepeceuenue cocy0os diceny0ouHO-Cene3eHOUHOU CE53KU (CIMPenKaMu YKa3aubl cocyobl)
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Puc. 8. Bvioenennvle YUaACmKU C6A30K emecme C pachnolONCERHbIMU 6 HUX KOPOMKUMU apmepUiMu,
nepecexkaromcs M@DlC()y 3AACUMAMU.

Jlanee 1o HampapJIeHHIO K TUIEBOJTY IlepeceKaeM
MEJIMaJIbHYIO YaCTh KEIyI0YHO-CEIe3EHOUHOM CBI3KU
U KEIyJ0YHO-TuapparMaIbHyIO CBS3KY Ha BCIO TOJI-
mpHy. 11ocie 5TOro BBIMOIHACM CKEICTHPOBAHHE Jie-

BOI HOXKKHU Tuadparmpl, Jjsi TOr0 pacceKkaeM IHIe-
BOJHO-TMa(parMaibHyIO CBSI3KY IO HANpaBICHUIO K
MUINEBOTHOMY OTBEPCTHIO AuadparMbl U mepecekaeM
BOCXOJIAIIYIO JKeJIyN0uHYI0 apTepuio (PucyHok 9).

Puc. 9. Buo na obracmuv onepayuu nocie Mmoouausayuu OHa rHcenyoxd.
1. - nuwesoonoe omeepcmue ouagpazmol, 2. - gocxodauas KHceryoounas apmepusi, 3 - nUWeBoo,
4. - nesas Hodcka ouagpasmol, 5 - n00ANCeTYOOUHAs JHcene3d, 6 — MOOUTUZ0BAHHOE OHO JCelyoKa, 7 — cene3énKa.

Ha 3axmrounTensHOM 3Tane onepanuy IpoBOAUM
JICHEPBALMIO MaJIOi KpUBU3HBI XKEJTyAKa, KapIuK 1 a0-
JIOMUHAJILHOTO OTJIeNla MUILEBOJA, BIAEIAEM 3aQHUN
CTBOJI Baryca, 3aKpblBacM 0OHa)KEHHBIE MBIl MaJIOH
KPHUBH3HBI JKEITy/IKa M OCYIIECTBIIIEM KapAuoQpyHIO-
TUTHKALHIIO.

[Tpu mposenernu oneparwmii CI1B mo mpemioxen-
HOMY crniocoOy B Teuenue 11 jer cimydaeB Tpasm IDK,

cene3EHOYHBIX COCYIOB U cele3éHku He ObuI0. [o man-
HBIM TOCJIEONEPAUOHHON PEHTTEHOCKOIUHU KeTyIKa
JUCKOOPAMHUPOBAHHAS ITOCIEONEpalMOHHAs MOTO-
pHKa XKellyKa He perucTpupoBaliach.

O6cy:xaenne. OTINYUTETBHBIC TIPUEMBI TTPEIO-
JKEHHOTO HaMHU CHoco0a MO3BOJIMIN CHU3UTH TpaBMa-
trnaHOCTh CIIB 3a cueTt nckiIoueHus BO3MOKHOCTH WH-
TpaonepanuonHoro nospexaeHus [10K, cene3énku u eé



German International Journal of Modern Science No53, 2023 49

COCYJIOB. DTO JIOCTHTaeTCsl TEM, UTO MPEABAPUTENHHOE
MEXaHHYECKOE OTIEJIEHUE KeJIyJKa C JKeIyIO0UYHO-Ce-
NIe3EHOYHOM 1 XKeTy TOUHO-AnadparManbHON CBI3KAMU
ot IIDK c cene3éHOUHBIMH COCyJaMH U HEpBaMH, a
TaK)Ke MpPeIBapUTEIbHOE BBIACIECHUE M3 KETYIO0YHO-
cene3¢HOYHON CBSI3KM U BOPOT cene3éHku xBocta IDK
MOJIHOCTBIO MCKIIIOYAIOT BO3MOKHOCTh HUX IOBpEXIe-
HUSl XUPYPTUYECKUM HHCTPYMEHTApHEM IIpU IIepece-
YCHUH 3THX CBI30K.

BBeneHne KUCTH pyKHM XUpYypra MeEXIy >XKemy-
JIOYHO-CEJIC3EHOTHOM, JKeITy TOYHO-Arad parMaib-
HBIMY CBA3KaMU U IOJKEILY JOUHOM JKEJNE30H ¢ cee3é-
HOYHBIMH COCYJaMH, U HEpBaMH 00ECIICUUBACT UX Me-
XaHUYECKOe pasJelieHHe OT OTHX CBSI30K, 4YTO
MO3BOJISICT OCYIIECTBUTH OE30MaCHOE OJJHOMOMEHTHOE
paccedeHue U MocleAyrollee MepeceyeHre CBsI30K Ha
BCIO TIyOWHY W, CICIOBATCIbHO, YCTPAHUTH BEPOST-
HOCTb MX INOBPEKIEHUS XUPYPrHUE€CKUM HHCTPYMEH-
TapueM.

Harsxenue xenyaka najablamMu pyKd XUpypra 3a
Kpal ero JHa MO3BOJISIET PACTSHYTh JKEIyJOYHO-Cee-
3EHOYHYIO CBSA3KY W, TEM CaMBIM, OCBOOOIUTH OOJIbIIE
MeCTa, KaK It e pacCeUCHHUs, TaK U Jyist 00Jiee HaIeK-
HOTO HAJOXEHUsI 32)KUMOB Ui e€ mepecedeHus], 4To
TaK)Ke CHUYKAeT PUCK MOBPEKACHUS CENEe3EHKH U KPO-
BOTEUCHUS U3 KOPOTKUX apTEpUi KelyIKa.

B T0 ke Bpems pacceueHue KelnyaodHO-Cene3E-
HOYHOM, JKeJTyJOYHO-AnapparMaibHOI M MUIIEBOIHO-
nmuadparManbHOM CBI30K OTKPHIBACT IMUPOKUI JOCTYIT
K BOCXOJSIIEH XKEITyAOUHON apTepUH U JIEBOM HOXKE
muadparMel, 9T0 00ECIICUUBACT XOPOIIYIO BH3YaIH3a-
U0 JTUX aHATOMHYECKUX OOpa3oBaHWN W 3HAYH-
TEJIbHO YIPOIIAET, U YCKOPSIET NaNbHEUIIYIO AUCCEK-
LUIO JKeJTyJIKa U Kap/IUy 10 MaJlol KpUBHU3HE € Niepece-
YEeHHEM MOTIEPEYHBIX COCYIUCTO-HEPBHBIX
JKETYJ0YHBIX BETOYEK.

[TonHOE pacceyeHHe crmaek U OTCEUEHHE TOJHKe-
JTyTIOYHOM kKeJe3bl OT 3aJHEei CTEHKH JKeNyIKa OT MPH-
BpaTHHUKA JI0 KapJuU W JHA KelyaKa MO3BOJSIOT HC-
KITIOYUTh Pa3BUTHE MOCIEONEPAIMOHHBIX JUCKOOPIU-
HUPOBAaHHBIX HAPYIIEHUH MOTOPHUKH KETYIKA.

BeiBoabl. Takum 00pa3oM, MpeiaraeMblid CIIo-
co0 CIIB mo3BoseT MOTHOCTHIO UCKIIFOYUTH MHTPAO-
MEPALMOHHYIO TPaBMY MOKETY JOUHOM jKeJe3bl, celie-
3€HKH U €€ COCY/I0B, a TAK)XKE UCKIIIOYUTD MOcieonepa-
LIMOHHBIE OCJIOKHEHHMS JIUCKOOPAMHUPOBAHHBIE
HapyUISeHHUs] MOTOPUKH KeTyIKa.

K mpeumymectBam mnpeiaraemoro crocoda
TaKKe CIIEIYeT OTHECTH U 3HAYMTEIFHOE YMEHBIICHHE
TPYIOEMKOCTH ONEpaluy, YHPOLIEHUEe TEXHUKH BbI-
noiaeHust CIIB u cokpaiienne BpeMeHH ONeparii.

Crioco0 MOXKeT OBITh BBINIOJIHEH XUpypramu 0e3
ombita omneparuit CIIB.
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Abstract

Hormonal contraceptives exert prothrombotic effects, related to estrogen (intensification of gene expression
of coagulation factors I, VII, VIII, X, XII, fibrinogen, von Willebrand factor, heparanase, TAFI, induction of PCa
resistance, decrease in expression of antithrombin, factor V, activation inflammation, vasodilatation in non-optimal
conditions) as well as antithrombotic effects (activation of PS and TFPI, increase in PAI-1 gene expression and
decrease in T-PA gene expression). Progestins activate heparanase, and induce vasodilation. Therefore,
contraceptives have diametrically opposite effects, and the pro- or anti-thrombotic result largely depends on the
pre-existing coagulant background. Different methods of hormonal contraception have distinct thrombotic risks.
The thrombotic effect of estrogen is dose-dependent, diminishing at low doses. But even at doses of 10 pg, the
prothrombotic effect persists. There is a difference between the types of estrogens. Thus, the use of estradiol

valerate and estradiol decreases the thrombotic risk compared to ethinyl estradiol.

Keywords: hormonal contraception, mechanism of coagulopathy, methods of contraception, coagulation

factors, heparanase.

Introduction

Hormonal contraceptives are widely used and ef-
fective if used correctly. Since the 1960s, HC have be-
come widespread, and it is now estimated that more
than 150 million women use them globally. Deep vein
thrombosis and pulmonary embolism, collectively
called venous thromboembolism (VTE), occur at an an-
nual rate of 5 cases per 10,000 women of reproductive
age, representing approximately 67,000 annual cases of
VTE in the European Union, where there are approx.
134 million women between the ages of 15 and 54 [2].
The results of epidemiological studies on the risk of
VTE associated with hormonal contraceptives (CH)
have varied, with some showing no difference in risk
between CH (prospective active surveillance studies)
while others showing an increased risk (observational
studies or databases) [10]. The aim of the research is
the elucidation of the biochemical processes of normal
hemostasis, with the determination of the mechanisms
by which hormonal contraceptives induce coagulopa-
thies, the description of the types of hormonal contra-
ceptives and their distinct action on coagulation.

Materials and methods

The given work represents a bibliographic study
based on current scientific literature to determine the
mechanisms that lead to coagulation disorders in the
consumption of contraceptives.

Articles, books, websites and scientific publica-
tions from 175 bibliographic sources based on data
from: PubMed, Medscape, National Library of Medi-
cine, Frontiers, BMJ, WHO, international guidelines
and published national and international clinical proto-
cols were used. The period of their publication being
primarily 2013-2023.

Results

The coagulation mechanisms of HC are: estrogen
administered orally will pass through the liver, induc-
ing changes in blood coagulation and anticoagulant
proteins: it increases the synthesis of coagulation fac-
tors 11, VI, VIII, X, XII, fibrinogen, protein C, protein
S, TFPI and thrombin-activatable fibrinolysis inhibitor
(TAFI) and decreases the synthesis of others: factor V
and antithrombin (AT) [7,11]. It acts on fibrinolysis by
increasing the level of tissue plasminogen activator and
decreasing the level of PAI-1, but due to TAFI the over-
all effect is antifibrinolytic. The other mechanisms are:
proinflammatory effect at low doses, grow of hepara-
nase activity(increase TF and decrease TFPI), vasodi-
latory effect of estrogen (compromised veins of the
lower limbs) [8,12].

Progestins have also been shown to have a pro-
coagulant effect, even in the absence of estrogen. The
first mechanism is also caused by increased heparanase
activity. It does this through estrogen receptors. Proges-
tins of the 3rd and 4th generation, which demonstrate
more intense procoagulant effects, have been shown to
influence heparanase the most. The second mechanism
is vasodilatation [9,12].

The correlation of HC methods and the intensity
of the procoagulant effect, argued on the basis of clini-
cal studies is represented in table 1. According to clini-
cal studies, COCs of the 1st, 3rd, 4th generation, the
vaginal ring and the transdermal patch have the greatest
risk. The 2nd generation COC, Norgestimate (GEN 3
COC), medroxyprogesterone injection have an average
risk. The intrauterine device, implant, progestin pills
and emergency contraception have the lowest risk. The
dose difference of ethinylestradiol demonstrates a dose-
dependent procoagulant effect. Increasing the dose in-
creases the risk. Among the different types of estro-
gens, estradiol valerate (E2) and estradiol (E4) have
been shown to be less procoagulant and safer.
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Table 1.
Correlation between HC method and procoagulant effect
. RR, OR,
Method of HC Dose EE Type of progestine estimate risk References
1.0C
I gen 30-40 pg Ciproteron OR 4,0* Stegeman et al.
LaVasseur et al.
- * *
Il gen 30-40 pg LNG OR 2,38*/RR 1,63 Weill et al.
30-40 pg Desogestrol OR 4,28 * LaVasseur et al.
1 gen 20-30 pg Desogestrol RR 2,16 ** Weill et al.
g 30-40 pg Gestoden OR 3,64* LaVasseur et al.
20-30 pg Gestoden RR 2,16* Weill et al.
30-40 pg Norgestimate OR 2,53* LaVasseur et al.
IV gen 30-40 pg Drosperinona OR 4,0* Stegeman et al.
g 30-40 pg Drosperinona RR 1,40** Oedingen et al.
: : . RR 1,90** .
2. Vaginal ring 13-15 pg/zi Etonogestrel RR 6 5 Lidegaard et al.
OR 2,0*** Fleischer et al./
3. Transdermal patch 30 pg/zi LNG Dore et al.
RR 7,9* Lidegaard et al.
4. Iniection i Depo OR 2,2* Bergendal et al.
- medroxiprogesteron RR 3,6* Hylckama et al.
5. Emergency contraception # #
_— Noretindrona «
6. Progestin pills - Drospirenona OR 1,03 Tepper et al.
7.1UD - LNG OR 1,03* Tepper et al.
8. Implant - LNG OR 1,03* Tepper et al.
The difference between different doses of EE
20 ug RR 0,75%*** Weill et al.
30-40 ug RR 1**** Weill et al.
The difference between different types of estrogens
EE si E2 - .
EE si E4 i 6,9/10.000 9,9/10.000 Grandi et al.

Note: reference variable

* not exposed/ not ill lipsa de expunere/lipsa bolii
** OC with LNG with the same dose of EE

*** OC with Norgestimate 30-40 pg

**x* OC with the same type of progestine and 30-40 ug EE
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In the conditions of modern, constantly progressive medicine, it is a hopeless option to isolate the hernial sac
from the subcutaneous tissue to the level of the hernial gate and remove it. This is too traumatic stage of the
operation, which is accompanied by detachment of subcutaneous tissue, dissection of aponeurosis, damage to the
lymphatic collectors, and bleeding of tissues. When suturing the wound, the synthetic prosthesis remains in contact
with subcutaneous tissue, cavities form in the wound, and lymphorrhea persists for a long time. All this requires
constant monitoring of the wound and does not exclude the development of complications, the number of which

reaches 25%.

Keywords: IPOM plastic surgery, umbilical hernias, prevention of complications.

The aim of our study was to evaluate the effective-
ness of the method of intraoperative prevention of
wound complications and reducing the trauma of oper-
ations in patients with IPOM - plastic surgery in pa-
tients with umbilical hernias. During the study period,
82 patients with umbilical hernias were operated
on. The size of the defect was from 3 cm? up to 875
cm?. There were 37 males and 451 females. The pa-
tients age ranges from 18 to 67 years.

Operation technique. Access to the abdominal
cavity was performed through an incision in the upper
dome of the hernial sac. The implant was fixed along
the perimeter of the muscular-aponeurotic contour of
the hernial gate from the inside. Through U-shaped su-
tures were applied with the prosthesis going beyond the
edges of the defect by 3-5 cm. With this approach, there
is no trauma in the release of the hernial sac, there is no
wide detachment of subcutaneous tissue and additional
dissections of the aponeurosis. The U-sutures included
the omentum tissue, which became a protection against
contact injury between the intestine and the prosthe-
sis. Did not allow contact of the reticular prosthesis
with subcutaneous tissue. The peritoneal surface of the
hernial sac sheets was de-epithelized and stitched over
a fixed prosthesis, creating a dense presentation be-
tween them. Such techniques significantly reduce the
volume of surgical trauma and avoid the accumulation
of fluid in the wound.[1]

Operations were performed without isolation of
the hernial sac and its removal, which resulted in sig-

nificantly reduces the traumatic nature of interven-
tions. Operations are not accompanied by a wide de-
tachment of subcutaneous tissue, the network of lym-
phatic collectors remains intact, direct contact of the
synthetic prosthesis with subcutaneous tissue is com-
pletely excluded, and fluid accumulation in the wound
does not occur.[5] Treatment of the hernial sac is atrau-
matic.

Through the cut the anterior wall of the hernial sac
was inserted into the abdominal cavity and all subse-
quent stages of the operation were performed. The
leaves of the hernial sac were separated on clamps and
a cavity was created, the work inside of which is con-
venient, visually controlled and can be carried out with
maximum compliance with the conditions of asepsis -
there is no overhang of loose fiber, and intestinal loops
are easily held in the created cavity and do not fall out
on the abdominal wall. From the inside of the hernial
sac, it is easier to approach the areas where the soldered
organs and the scarring process are most pronounced
and are associated with the separation of the intestines
from adhesions after possible incomplete infringe-
ments in the anamnesis. Preparation for intraperitoneal
plastic surgery consisted in freeing the hernial gate
from fixed organs and adhesions. There were no addi-
tional dissections of the aponeurosis. The condyle-apo-
neurotic contour of the hernial gate is easily determined
by a tight roller on the side of the abdominal cavity.

The prosthesis was fixed using a true muscular-
aponeurotic contour of the hernial gate, which is repre-
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sented by rectus abdominis muscles in a state of diasta-
sis. The application of U-shaped sutures along the pe-
rimeter of the hernial gate with the prosthesis going be-
yond the edges of the defect at least 3-5 cm excluded
the fixation of the implant "edge to edge". The U-su-
tures also included the omentum tissue, which became
a protective pad between the intestinal loops and the
prosthesis.[4] Muscle-aponeurotic prosthetic plastic
surgery creates conditions that combine the properties
of elastic decompression along the suture line due to
contractile the ability of the muscles, and high re-
sistance of the aponeurosis to mechanical loads. Creat-
ing conditions for damping unloading is extremely im-
portant, since it increases the reliability of fixing the
prosthesis, reduces postoperative pain and allows pa-
tients to be activated early.

Sheets of the preserved hernial sac were sewn over
the surface of the prosthesis, the prosthesis was placed
between the sheets of the hernial sac from above and
the omentum from below, the produced fluid is ab-
sorbed by the peritoneum and its accumulation in the
wound does not occur.

Special surgical techniques formulated in terms of
"peritoneal desquamation” and "peritoneodesis of the
hernial sac" have been developed.[2] They were used
during surgery as an alternative to removing the hernial
sac, and were of particular importance not only in the
prevention of wound complications, but also in stimu-
lating reparative processes. During the operation, spe-
cial physiological properties of the peritoneum were
used - traumatization of the mesothelial cover of the
peritoneum is accompanied by the release of exudate,
which is immediately permeated with fibrin fila-
ments. Formed fibrin adhesions keep the surfaces close
together fabrics between each other. Then they form
strong connective tissue splices. This mechanism is a
protective, physiologically determined property of the
peritoneum. It is purposefully used during surgery to
improve healing conditions and activate reparative pro-
Ccesses.

Mechanical destruction and desquamation of the
epithelium (desquamation) of the peritoneal surface of
the hernial sac was performed intraoperatively with a
special technical device. Destruction of functionally
active mesothelial cells suppresses the production of
fluid and its accumulation in the wound does not oc-
cur. In addition, and most importantly, desquamation
creates conditions for the formation of fibrin adhesions
and early germination of connective tissue cellular ele-
ments (fibroblasts, collagen and elastic fibers). The for-
mulated concept of peritoneodesis of the herniated sac
means the creation of a tight connection of its peritoneal
parts. surfaces with fabrics. The herniated sac sheets
were stitched over the implant in such a way that their
de-epithelized peritoneal surfaces fit snugly to the sur-
face of the fixed implant. Between the connected sur-
faces, active germination of connective tissue elements
occurs, which freely penetrate through the implant cells
and, fusing with it, create strong adhesions with the for-
mation of the so-called "prosthetic aponeurosis”. The
use of" desquamation "and" peritoneodesis " of the her-
nial sac creates special, most favorable conditions for

the course of reparative processes and is the most effec-
tive treatment for the patient. a preventive measure for
the development of complications.[7]

The use of intraperitoneal plastic surgery makes it
possible to perform operations from smaller inci-
sions. When choosing access, the incision length was
determined by the size of the hernial gate and in accord-
ance with them. Surgery through the hernial sac cavity
creates quite comfortable conditions for performing in-
traperitoneal plastic surgery from an incision corre-
sponding to the size of the hernial gate. Such calcula-
tions significantly reduced the size of the section. In
particular, they used variable access. It was used in pa-
tients with large hernial defects and minor soft tissue
excesses that do not require extensive excision. Two
small incisions were made, from which the entire vol-
ume of the intervention was performed. A certain area
of the hernial gate was opened through one of the inci-
sions and U-shaped sutures were applied to the implant
from the abdominal side. The implant was inserted
through one incision, then the prosthesis was moved in-
side the abdominal cavity and fixed through the aper-
ture of another incision. Soft tissue dislocation allows
tunneling of the implant and its gradual fixation under
visual control. Removal of excess soft tissues in pa-
tients with large hernias was performed according to
pre-planned reference lines. It is important that the fab-
rics after excision can be sewn without tension. To get
more accurate landmarks, it is advisable to use the mid-
dle line of the abdomen, applied from the xiphoid pro-
cess to the womb. The hernial sac was shifted laterally
without significant tension and a line was drawn on the
skin at the base of the hernial sac coinciding with the
midline of the abdominal wall. Then, the hernial sac
was shifted in the opposite direction and the middle line
on the skin of the removed hernial sac was also
marked. When excising tissues along these lines, the
opposite edges of the wound correspond to the middle
line and are located in a state of adequate matching and
tension.[3]

The distance between the middle and posteroaxil-
lary lines on each side was measured. From the poste-
rior-axillary line, a centimeter tape was placed, going
to the side of the laterally removed hernial sac and mak-
ing marks on the skin. The marks correspond to the
midline of the abdomen. The same marks were made
on the hernial sac, which was taken in the opposite di-
rection. After excision along these reference lines, the
edges of the wound coincide with the middle line and
do not experience tension during stitching.

This approach simplifies the selection of the cut
line and direction. For hernial gates that are wider than
their length, cross-sections are recommended. As the
wound heals, such incisions do not acquire an aesthetic
appearance. In cosmetic terms, median incisions look
more preferable. When working from the inside of the
hernial sac, there is no such dependence, since there is
no need to isolate the hernial sac, and its cavity provides
quite adequate conditions for fixing the implant in any
form of hernial gate. The use of median access becomes
a working standard and method of choice. Cross sec-
tions no access rights were used. Figural incisions were
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used in cases where significant excess adipose skin tis-
sue was removed.

Conclusions. Wound healing took place by pri-
mary tension. No significant tissue edema was ob-
served. Wound complications were noted in 3 pa-
tients. There were no intra-abdominal complica-
tions. There were no relapses during follow-up of
patients for up to 6 months. Patients are active and
functional. The intraperitoneal approach to umbilical
hernia repair expands intraoperative opportunities for
the prevention of wound complications.
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Abstract

The oral cavity has a multicomponent system of protection against adverse environmental influences. The
oral mucosa, lamina propria, submucosa, lymphoepithelial ring Pirogov-Waldeyer and saliva contain cellular and
humoral factors that can respond autonomously to various antigens, chemical, mechanical and other influences.

AHHOTAIHUSA

PoroBast monocth MMeeT MHOTOKOMITOHEHTHYIO CHCTEMY 3alllUThl OT HEOIAronpusITHBIX BO3ACHCTBUI OKpY-
Karotei cpenbl. Causuctas 000J09Ka MOJIOCTH PTa, COOCTBEHHAS IIACTUHKA, TOACTH3UCTas 000109Ka, TruMdo-
AMUTEIHaNbHOE KoJbllo [Inporosa-Banbaeiiepa u citoHa coiepKat KIETOYHbIE JIEMEHTHI U T'yMOpajbHbIE (ak-
TOPBI, KOTOPHIE MOTYT aBTOHOMHO p€arupoBaTh Ha pa3IMYHbIC aHTUTCHbI, XUMWYCCKUEC, MEXaHUYCCKNUEC U APYyTrue

BO3JEUCTBUS.

Keywords: oral cavity, oral mucosa, epithelium, saliva, tonsils, dendritic cells, Langerhans cells, oral
immunity, cellular immunity, humoral immunity, oral tolerance.

KiroueBble ciioBa: PpOTOBAsA MMOJIOCTD, CIIN3UCTAA pOTOBOI7[ I10JIOCTH, 3HI/IT€J‘II/H7L CJIFOHA, MUHJAJIMHbI, ACH/-
PHUTHBIC KJIICTKH, KIICTKH HaHreprcha, HMMYHUTCT pTa, KJICTOYHBIN HMMYHUTCT, FYMOpaJ'ILHblf/'I HUMMYHUTCT, TO-

JICPAHTHOCTDH pOTOBOﬁ II0JIOCTH.

Berymienue

PoToBas monocTh SIBISETCSI OCHOBHBIMH BOPO-
TaMH U1 OOJIBIIMHCTBA aHTUTEHOB. Y CIIOBUS OKpYXKa-
Iomeil cpesbl, KOTOpbIE BIMSAIOT Ha CIU3UCTYIO 000-
JIOYKY TIOJOCTH pTa, BKIIOYAIOT: MEXaHHYeCKHe
HarpysKH, I3MEHEHHsI TEMIIepaTypbl, 00pabOTKy MUK
¥ 3aIUTY OT MUKPOOPTaHN3MOB WJIN TOKCHHOB (HaIrpH-
Mep, HUKOTHHA) [34]. IMMYyHHBIH CTaTyc MOJIOCTH pTa
olpeziesieT I1IEJTOCTHOCTh €€ TKaHEH, ydJacTBYeT B
HEWTpaIM3alliy HEXEJIATeIbHBIX Uy>KEPOIHBIX AHTH-
TeHOB, orocpenyeT (GopMHpOBaHKE 3aLIUTHBIX UMMY-
HOBOCTIAJIUTEIBHBIX PEAKIHUI IPOTHB BHEIPEHUS MaTO-
TCHOB U CHIDKAeT KOJIOHU3ALUIO PA3TMUYHBIX MUKPOOP-
raau3mosB [11, 30].

B mepBrle 9ack! mocie IPOHNKHOBEHUS aHTHTCHA
MMMYHHBIH OTBET OrocpenyeTcs (hakTopamu BPOKIACH-
HOTO IMMYHHTETA B JiBe (ha3bl: HEMEIJICHHBII OTBET U
paHHUH nHTyIUOeNBHBIH oTBeT. [IpH BEICOKOH Havasb-
HOM (PyHKIMOHAIbHOW aKTHMBHOCTH T'YMOPAIBHBIX H
KJIETOYHBIX ()AKTOPOB BPOXKAEHHOTO HMMYHHTETA JIIO-
0011 maToreH MOXXeT OBITH YHHUYTOXKEH OYEHb OBICTPO B
MecTe MPOHUKHOBEHUSI 1O Pa3BUTHs aJallTUBHOTO UM-
MYHHOI'O OTBE€Ta. BpPOXZCHHBII MMMYHHUTET TaKKe
Y9acTBYeT B YHHYTOKEHHH HEKPOTHUECKUX U AIOITO-
TUYECKHX KJIETOK U B BOCCTAHOBJICHNH MOBPEXKICHHBIX
TKaHew [28].

BpoxneHHBIT M TPHOOPETCHHBIH HMMYHHUTET
OCYIIECTBIISIIOTCSL TKaHSAMH, KiIeTKaMu U 3¢ deKTop-
HBIMH MOJIEKYJIaMH, KOTOPBIE 3aIIUIIAI0T OPTaHU3M OT
3a00JeBaHUS MyTeM PAclO3HABAHUSA MOTEHIMAIBHBIX
MaTOT€HOB HJIM TOBPEXKICHHBIX TKaHEH. 3aIluTHbIC
MEXaHM3MBI TIOJIOCTH pTa JENATCs Ha Hecnenudude-
ckue u cnenududeckue [4, 20].

OCHOBHBIMHU CTPYKTYPHBIMH KOMIIOHEHTaMH, OT-
BETCTBEHHBIMH 33 HECTeIM(DUUECKYI0 pPEe3UCTEHT-
HOCTb, SIBJSIIOTCA: CIM3UCTast M IOACIM3HCTas 000-
JIOYKH ITOJIOCTH PTa; 3Malb, NEJUINKYJIa ¥ JeHTHH 3y0a,
CIIIOHa (POTOBast JKUIKOCTh), COAepkKalas ryMopalib-
HBIe ((epMEHTBI, TU30IUM, KOMIUIEMEHT U JIp.) U KJie-
TouHBIE ((paronuTapHBIE KIETKH) HECTeHu(pHUIecKue
¢axTops! 3amuTel. Creruduyeckre GakTophl 3aLTUTHI
nenstcest Ha rymopanbHele (Ig) u ximetounsie (T u B
mamdoruten) [23].

Mopdo-pyHKuHOHATBHBIE # HMMYHOJIOTHYECKHE
ACMEKTHI CJIU3HCTOH POTOBOM MOJI0CTH

HNmMyHHast pyHKIMS CIIM3UCTOH 000JI0YKH POTO-
BOM IIOJIOCTH 3aBHCUT OT COCTOSHHS Hecreruduie-
CKHX M CTenu(UIecKuX MEXaHH3MOB MMMYHHOH 3a-
mTHl [15]. DnurenuanbHbIi 6apbep pOTOBOH MOIOCTH
SBIISIETCS. MEXaHWYECKUM (PaKTOPOM Hecerupuie-
ckoro nmmyHnTeta [20]. 3amMTHBIN MEXaHU3M 3aBU-
CHT OT CTPYKTYPBI SITUTEIHS, HATMYHUS B JIIUTEIINN UM-
MYHOKOMITETEHTHBIX KJICTOK, TAKHX KaK JTUM(OIUTH 1
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kierku Jlanrepranca (LC), u dyHkuum snurennans-
HBIX KJIETOK B 0OHapy>XEHUH MaToreHos [9].

Ioxosmuecs snuTenuanbHbIe KIETKH HE 00ia-
JIal0T CBOMCTBAMU MMMYHOLIUTOB, HO B YCJIOBHUSIX BOC-
NaJICHUs] OHU CIIOCOOHBI MPECTaBIIATh aHTUreH T-Xen-
nepam (Th) u ctumymmpoBats nposmdeparuro T-uuTo-
TOKCHYIECKHUX KIETOK [23].

MHUKpOOPTaHU3MBI U IIPOLYKTHI HX paciiasia MrHO-
BEHHO H 3()()EeKTHBHO paCIO3HAIOTCA Pa3THIHBIMHU
APC, BKII0Yas SMHUTENAANBHBIE KIETKH, Yepe3 pa3iind-
HBIE perenTops! ono3HaBaHus nmarrepaa (PRRs). PRRs
AKTUBHUPYIOT BPOXKICHHYIO0 UMMYHHYIO CUCTEMY, KOTO-
pas "yBiekaer" aJanTUBHBIE KJIETKHU, MUTPUPYIOIINE B
JpeHUpYIONMe JTUM(paTHIECKUe Y3JIbl, TJe, B CBOIO
ouepelb, MHAYLHUPYETCS CUIbHBIM MMMYHHBIH OTBET.
Pacrnio3HaBaHNEe MUKPOOPraHU3MOB OCYILECTBIISACTCS B
ocuoBHoM 3 tunamu PRR: TOLL-nogo6HeIME perier-
topamu  (TLR), NOD-momoOHBIME penenTopaMu
(NLR) u RIG-momo6usMu penenrtopamu (RIL). TLR
paclo3HAaOT MIMPOKUH CHEKTP BHPYCHBIX M OakTepH-
IBHBIX AarcHTOB, JEMOHCTPUPYS BapHaHTHl CIIIAl-
CHHTa IIPH TaKUX 3a00JIeBaHMAX, Kak Oone3Hp bexuera.
OTO MOXET NPUBECTH K abeppaHTHON CHUTHAIBHOI
TPAHCAYKLUHN U UHIYKIIUH XPOHUYECKOTO BOCTIAJICHHUS,
XapaKkTepHOro s Takux 3aboieBaHuil. PacmosHaBa-
Hue TLR Taxxe BcTpeudaeTcs MpU KPAaCHOM IIOCKOM
mnmae (OLP) [1, 4, 27, 28, 29].

PRR pacnosHaroT naToreH-acCoOUUMMpPOBaHHbIE
MonekyispHble mattepHsl (PAMPS), koTopsie ommHa-
KOBBI y Pa3HBIX MHKpOOpraHu3MoB. [Iporecc pacmo-
3HaBaHWs BKIIoYaeT cBa3biBaHue PAMPs ¢ PRR, uto
NPUBOANT K TPaHC(HOPMAIMK BHYTPUKIETOYHOH [O-
MeHHO# cTpykTypel PRR. OTta Onoxummyeckas peax-
U aKTHBHPYET Ienb pepmenToB u reHoB B APC st
BBIPAOOTKH MPOBOCTIATIUTEIBHBIX IUTOKUHOB, KOTOPHIE
MOTYT PEryJIMpOBaTh (GYHKIHIO HHTPAIIUTEIHATBHBIX
mumMoruros (IEL) [13, 26, 28]. Ot xneTku pacnoia-
raforcs BOIM3M 0a30BOH MEeMOpaHBI, MEXIY APYTUMHU
SMUTENUATBHBIMU KileTKamH [ 1, 28].

Bonpumuacteo IEL siBnstorest T-numdormram,
npraeM oOHapyxuBatoTcst kak Th (CD4+), tak u cy-
npeccopable  (CD8+) mmmMdormter. CooTHoIIEHHE
Th:T-UUTOTOKCHYECKUX KJIETOK COCTAaBIISICT MPUOIH-
sutenbHO 5:1. [osbimenue IEL Boie 5% Bo Bcex anu-
TENUAJIbHBIX KJIETKaX YKa3bIBaeT HA XPOHUUECKHH BOC-
HNAJIUTEIbHBIA IIPOLECC WM NPOAOJDKAIOIIUNCT HM-
MYHHBII Ipo1ecc. IEL Y4aCTBYIOT B
MMMYHOJIOTHYECKOM HaJ[30pe, YHUUTOXKasi HHOUIHUPO-
BaHHBIE BUPYCOM KJIIETKH WJIN KIETKU-MYyTaHTHI [20].

Knerxu Jlanrepranca (LC) momoctu pra sBIS-
FOTCSI MHEJIOUTHBIMU ICHAPUTHBIMH KJIeTKaMH. B amm-
TEJIMHU CIU3UCTOM 000104KH AeHApuTHEIE KieTku (DC)
u LC BBIXOIAT B BUJIE "MaIbLEBUAHBIX" BBIPOCTOB, KO-
TOpBbIE POHUKAIOT U3 COOCTBEHHOH IUIACTUHKH HETIo-
CPEICTBEHHO 4epe3 MUTENUAIBHBIN CI0I U BCTYNAIOT
B KOHTAKT C BEIIECTBAMH B IPOCBETE POTOBOM MOJIOCTH
[4,5, 11]. Kornma cnu3uctas 000J1049Ka HOJIOCTH pTa UH-
BazWpoBaHa MHUKpoopraHusMamu, LC BBI3BIBAIOT HM-
MYHHBIA OTBeT, AeWcTBys kKak APC u skcmpeccupys
MHC II. YtoOb1 06ecrieunTh HEMEAIEHHYIO 3aIUTy OT
BTOpKeHUs aToreHoB, DC MOJDKHBI OBICTPO pearupo-

BaTh Ha OakTepHajJbHBIE CTPYKTYpbL. [lns aToro uc-
nons3ytorcs TLRs, Fc-y, nextuHoBBIe penentopsl C-
THUIIA U perienTopsl kommieMmenTa [11, 31].
HNmMmyHonoru4yeckas ¥ 3alMTHASE POJIb COOCTBEH-
HOW MJIACTHHKH

BaprepHo-3amuTHAs QyHKINS cCOOCTBEHHOH Ia-
CTHHKH TOJpa3fieisieTcs Ha Heclenn(puiecKue u cIie-
nuduueckne MexaHm3Mbl. Hecmenmgudeckne mexa-
HHU3MBI (OPMHUPYIOTCS 32 CUET OCHOBHOTO BEIECTBA U
MEXaHWIECKUX CBOWCTB BOJOKOH COOCTBEHHOW Ia-
CTHHKH, KOTOpPBIE UMEIOT CIEHH(UIECKYI0 apXHUTEK-
TYPY B Pa3iIMYHBIX YacTIX CIM3UCTOI 000JI0YKH 10JIO-
ctu pra. Cnenuduyeckue MEXaHU3Mbl BKIIOYAIOT UM-
MYHOKOMIIETEHTHBIE ~ KJI€TKH, pAacIOJIOKEHHbIE B
cobctBeHHON miactuake [20]. Makpodaru, k mpu-
Mepy, MOTYT y4acTBOBaTh B 00pabOTKe ¥ MPEe3eHTANU
anTuresa B kadectse APC. DTH KJIeTKU BBIACIAIOT UM-
MYHHBIE XHMHUYECKHE MECCCHKEPBI, XEMOKHHBI U ITH-
TOKHHEI, CTUMYJIHpYomue npoiudepannto Gudpodira-
cToB. ®HOPOOIACTHI B CBOIO OYEpeIb IPOU3BOIAT PHoO-
POKHHBI, KOTOpBIE  DEeryJHpYyIOT  pa3inudHbIC
NMMYHOKOMIIETCHTHBIE KJICTKH, a TaKKe BBIPAOATHI-
BAaIOT BEIIECTBA, CIIOCOOHBIE MOJABIATh AKTUBHOCTh U
nposudeparyo T-mumdonuros. T-KIeTKH, aKTUBUPO-
BaHHbIE B COOCTBCHHOMW IUIACTUHKE CIM3UCTOH 000-
JIOYKH MOJIOCTU PTa, MPUCYTCTBYIOT B OOJIBILIOM KOJIH-
yectBe. Umeercs mHOoro CD8+ u CD4+ Th2 knetok.
Bonbioe xonmdectBo CD4+ Th2 KIETOK BBIIENSIOT
IL-3, IL-4, IL-5, IL-6, IL-13, GM-CSF. Takxe mMoryT
00pa3oBBIBAThCA  ANANTHBHBIC pETyJSATOpHBIE T-
knerku (Treg) [20, 28].
Mopdo-pyHknunoHaabHble H HMMYHOJIOTHYECKHE

0COO0CHHOCTH CJIIOHBI

CiroHa BBITIOJIHSACT PsiJ BaKHBIX (DYHKIHH, HE0O-
XOJUMBIX IS MOJAEPKaHHUs 3I0pOBbs MOJOCTH pTa.
Omna sBIAETCS NOCTYMHONH OMOXKHIKOCTBIO, COAEpIKa-
el MHOTOYHCIICHHbIE KOMIIOHEHTHI, y4acTBYIOIINE B
UMMYHHOM OTBETE U 3allIUTEe MOJOCTH pTa [24].

Crpoma MambIX CIIOHHBIX KeJie3 COACPIKUT Tyd-
HbIE KJIETKH, JTUM(OLUUTBI, Makpodard u ra3maruye-
CKHe KJIETKH, KOTOpble CHHTE3UpPYIOT IgA u Ouomoru-
YEeCKH AKTHUBHBIE BEIECTBA. DIHUTENNAIbHbIE KIETKH
9KCKPETOPHBIX MPOTOKOB CHHTE3UPYIOT CEKPETOPHBIH
KOMITOHEHT, KOTOPBIH 3aXBaThIBACT U MEPEHOCHT Ig de-
pe3 snutenuid B cioHy. KosimyecTBEeHHBIM M Kade-
CTBEHHBIA cocTaB Ig B CiIOHE, BbIIENSEMON MalbIMU
CIIIOHHBIMHU JKeJIe3aMH, MOXeT 3HAuYUTEIbHO OTJIH-
yatbcs. CKopee BCEro, 3TO CBS3aHO C Pa3IHYHBIMHU
YCIOBHSMH B Pa3HBIX YacTAX POTOBOM mostoctu [7, 18].
sIgA xapakTepu3yeTcs MOBBIIIEHHON YCTOWYMBOCTHIO
K IIPOTEONIMTHUECKUM (pepMEeHTaM B CEKpeTax, a ero
KOHIIeHTpanus B citoHe B 1000 pa3 Bellle, 4eM B CBIBO-
porke. I'ereporunmueckas ¢yHKuus sIgA c musonm-
MOM 00€CHeYrBaeT JOMOIHUTENbHYIO 3aIIUTY CIH3HU-
CTO 000JIOUKH ITOJIOCTH PTA AHTUTEIAMH, KOTOPHIE aK-
TUBHO CEKPETHPYIOTCSI B TPOCBET, a TaKke
MIPUCYTCTBYIOIIMMH B COOCTBEHHOH IJIACTHHKE U BHYT-
PHUKIETOYHO, U KOMIUIEKCAMHU aHTHUTEN, MPUKPEIIIeH-
HBIMH K dnaTenuio [6, 23].

B nocegame rop MpOBOAATCS HCCIIEAOBAHUS TTO
pa3paboTKe BAaKIWMH, KOTOPHIE BBI3BIBAIOT MYKO3aJb-
HBII HWMMYHHTET IIOCPEICTBOM HMMYHHOT'O OTBETa
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slgA. Awnrurena, oOpasyromuecs nocie MMMYHHU3a-
LM, MOTYT OBITh 3()PEKTUBHBI IIPOTUB BHEKIETOYHBIX
OpPTraHU3MOB U UX TOKCUHOB. AHTHUTENIa MOTYT NPeMnsT-
CTBOBAaTh INPOHMKHOBEHUIO BUPYCOB W OakTepuil B
KJIETKM XO35iMHA U TpenoTBpamath nHpekuo. Cro-
COOHOCTh AHTHTEN HEWTPAIN30BAaTh TOKCHHBI MOXKET
MPEOTBPATUTh BPEIAHBIE MOCIEACTBHUA TaKUX HMH(EK-
i, kak qudrepus [4, 10].

Xummdeckue GpakTopbl €CTECTBEHHON PE3UCTEHT-
HOCTH CJIIOHBI BKJIFOYAIOT JIN30IIUM, TIEPOKCHUA3Y, JTaK-
TodepprH U Apyrue GepMEeHTH B POTOBOH KHUIKOCTH,
a Tak)Ke KOMIIOHEHTBI CUCTEMbI KOMIIJIEMEHTa, UHTEep-
¢epon u apyrue 6enku [20]. Tosnbko dpaxuuns C3 cu-
CTEMBI KOMIIJIEMEHTa COJICPIKUTCS B CIIFOHE B HEOOJIb-
momM KonmudectBe. OcTabHble (GpaKIUU OTCYTCTBYIOT
WM OOHAPYKUBAIOTCSI B HEOOJIBIIIOM KOJIWYECTBE, HO-
STOMY YCIOBUS ATl aKTUBALIUU CUCTEMBI KOMILIEMEHTA
B CIIIOHE MeHee OJIaronpusATHHL, YeM B KpoBH. sIgA mo-
JKET aKTUBHPOBATh M CBS3BIBATH KOMIUIEMEHT IO ajb-
TepHaTHBHOMY ITyTH. IgM 1 IgG obecneunBaroT akTH-
BalLlMI0 KOMIUIEMEHTa IO Kiaccuueckomy mytu [20,
23]. ®arouuTapHbIe KICTKH B OONBIIOM KOIHUYECTBE
MOMAaA0T B TIOJIOCTh pTa uepe3 aecHeBbie men. 80%
W3 HUX COCTABJISIOT MOHOIUTHI U HEUTpoGmisl. B mec-
HEBOI1 )KUAKOCTH KOJINYECTBO MaKpo(aroB COCTaBISET
18%, a B HOpMaNbHOW JeCHEBOIl TKaHU - 0KoJIo 2%.
CunTaeTcs, YTO TAaKOH BBICOKUN MPOICHT (aroiu-
TapHO aKTHBHBIX KJIETOK CO31aeT Oapbep AJsl MPOHUK-
HOBEHHMS nmaToreHoB. OHAKO, KaK TOJHKO JEHKOIIUTEI
BCTYTAIOT B KOHTAKT C THIIOTOHNYECKOH CIFOHOM, OHU
B 3HAYUTENBHON CTENECHHU TEPSIOT CBOIO (haromurap-
Hyro ¢yaknuro. Ecmu 01 ¢arommrapras GyHKOUS He
OblT1a HACTOIBKO HAPYIIEHA, BCS PE3UACHTHAsT MUKpPO-
(hopa monocT pTa OBIIa OBl YHHYTOXKEHA 32 KOPOT-
KUl NPOMEXYTOK BpeMeHH. MecTHasi ¢arouurapHas
AKTUBHOCTH MOJKET MOBBIIIATHCS, KOTa B TIOJIOCTH PTa
MOSBIISIOTCS OYaru BOCMAJICHHUS C IIOBBIIIIEHHBIM OCMO-
TUYECKUM JaBJIeHHEM. Tak OCyIIeCTBISETCS UX 3alUT-
HOE JIeHCTBHE MPOTHUB KOHKPETHOTO martorena [23].

AHATOMO-THCTOJIOTHYecKHe U GYHKIHOHAIBHbBIE
acneKThl MHH/IAJIMH POTOBOM MOJIOCTH

MunzaanuHbl, Oy IydH 4acThio Konbla [Inporosa-
Banbpeiiepa, siBISIOTCS TUMQOINUTETHATEHBIME Opra-
Hamu, Onarozmapsi TECHOMY B3aMMOJCHCTBHIO MEXIY
TMMQPOLUTAMH, COCIUHHUTEIBHOM TKAHBIO M JIIHTE-
nueM [4]. Paznuuator HEOHBIE, TPYOHBIE, SI3BIYHBIE U
IJIOTOYHBIE MUHAANMUHBL Kpome TOrO, B KEIyHdouKe
TOpPTaHU HAXOAATCS TOpTaHHBIE MUHIANUHEI [20].

Hapyxnas ¢ubpo3Has TOBEpXHOCTh HEOHOH
MUHJIAIMHBI COSTMHEHA C HIDKETIeKallel TKaHbIo 1 T0-
KpbITa CJIOEM IJIOTHOW BOJIOKHUCTOW COEAMHUTENBHOM
TKaHH - TOH3WULIPHOH Karicyinoil. CoOCcTBeHHas ma-
CTHHKA COAEPXKHT JIUM(POUIHYIO TKAaHb, PE/ICTaBICH-
Hy!0: TUM(OUIHBIMU y3enkamu (QoIuuKyIamMmn), aud-
(hy3HOH MEXY3eITKOBOH M HaTy3eIKOBOU JIMM(POUTHOMN
TKaHbto [20].

KpunTel MUHAIMH coztepKaT pa3HOOOpa3HbIe aH-
TUTEHHBIC BEIIECTBA, KOTOPHIE SBISIOTCS NCTOYHUKOM
MOCTOSSHHOW aHTUTEHHOW cTUMyJsmuu. JlmMoruTer
BCTYIAIOT B KOHTAKT C aHTHTCHAMHU KpWNOT, oOiamas
CHOCOOHOCTBIO K TPaHCAIMUTENHAIPHON Murpamuu. B
pe3yapTaTe MUTpAIMM M PEaKnuu TpaHchopMaruu B
OnacTHpIC KJIETKH JUMQPOUUTH T (PepeHINPYIOTCS

0o B IIIa3MaTHdeckue Kietku (B-nmumdountsr),
60 B T-muMdounTtsl. B cBoto ouepens, -1MMQpOIUTHI
i epeHInpyroTCes B IIa3MaTHYECKUE KIETKH U B-
KJIETKHU namsty, a T-mumbountsl quddepeHunpyrores
B 3¢ dexropubie T-mumbountsl 1 T-KIETKH MamaTH
[17, 20, 21].

B-xiieTkn maMsaTu B TMM(aTHIECKUX y37Iax OcTa-
IOTCSI B COCTOSIHUM TIOKOSl B TE€UEHHE OINPEIEICHHOTO
MIepro/ia BPEMEHH, a 3aTEM BBIXOJIAT B TEMOIUPKYJIS-
LU0, TIOTafast B APyTrue nepruepruiecKue OpraHsl UM-
MyHoreHe3a. OHH BO3BpAIAIOTCS B MUHIAINHBI Yepe3
MOCTKANWIIAPHBIE BEHYJBI, 3aceisisi Onu3iexarine
YYaCTKH CIU3UCTOM 000JI0UKH. 3/1eCh OHU OOecreydn-
BalOT MECTHBIH HMMYHHTET, IPEBPAILAsCh B IIJIa3MaTH-
YECKUE KJIETKH MOCJe aHTUTeHHOM ctumysanuu [20].
HNmMmyHos0rnyeckas ToJEPpAHTHOCTE POTOBOI 1O-

JIOCTH

B HOpME B momocTH pra HET BOCHANICHHUS, a pas-
JUYHBIE TPUOKOBHIE W OaKTepHalbHBIC WH(EKIHH
BCTPEYAIOTCS JOBOJIBHO PEIKO. ITO CBOHCTBO pa3BUBa-
eTcst Onarojapsi aianTauy IMMYHHOM CHCTEMBI 1TOJI0-
CTH pTa K ITaTOTeHaM, XapaKTEePHU3YIOIIEHCs TOJICpaHT-
HOCTBIO K Pa3IMYHBIM KOMMEHCAJIBHBIM MHKPOOpIa-
mmsmam ~ [10, 15, 16]. HmmyHomoruyeckas
TOJIPAHTHOCTh TOJIOCTH pTa SBISETCA PE3yIbTaTOM
100 OTCYTCTBHSI aKTHBAIMK T-KJIETOK B OTBET HAa UM-
MYHOTEHHYIO IIPE3CHTAIHIO, TUOO0 MOAABICHNUS aKTHUB-
HocTH 3 dekropHbix T-kierok kinerkamu Treg. B To
BpeMs Kak 3penbie DC sABIAOTCS MOIHBIMU aKTHBATO-
paMy aJanTUBHBIX T-KJIETOYHBIX HMMYHHBIX OTBETOB,
Hespensle DC He crocoOHBI TeHEpHPOBaTh TaKHE OT-
BETHI; HO 4depe3 cpefy Treg-KIEeTOK OHH OIOCPELYIOT
AHEPTHIO WM IMMYHHBIE OTBETHI HU3KOTO YPOBHS, UTO
B LIEJIOM NPUBOJUT K UMMYHHOU ToJiepaHTHOCTH [11,
12].

OcHoBHas QyHKIHs Treg-KIeTOK 3aKI0vaeTcs B
peryisiuun pyHkuuit npyrux T-numdornuros Bo nzde-
JKaHUE YPE3MEPHOM MMMYHHOM aKTHBAlMM, ayTOBOC-
NaJUTENIbHBIX PEeaKUi U ayTOMMMYHHBIX 3a00JjeBa-
HUU. BpUIO yCTaHOBJIEHO, YTO NMEPOPATILHO BBEICHHbIE
AQHTUTCHbI MOTYT WHJIyLIUPOBATh BCE THIBI T-KIJIETOK C
PETyIATOPHBIMU CBOMCTBaMU M faxe Treg-kieTku de-
Hotuma CDS8. XapakrtepHa Ttaroke aktmBamus Th3
Tregs, xkotopsie mpoaympytor TGF- u IFN-y, o6ma-
JIAl0T PETyJSTOPHON (PyHKIMEH M 3KCIpPeccupyroT Ha
croeii moBepxuoctu LAP. TGF-B mMoxer uHmymmupo-
Bath qupdepernnpoky Thl7 u yuactByeTr B ayTOUM-
myHurere [8, 14]. BMmecte ¢ HHIrMOUPYIOLMMU JINTaH-
namu, TakuMu kKak CTLA-4, KOTOpEIf 3Kcmpeccupy-
ercs B Treg,  TEpeUYHCICHHBIE  ITUTOKHWHEI
OTPaHUYMBAIOT OTBETHl Th-KIETOK, KOTOpHIE BBI3HI-
BalOT UMMYHHBIE PEAKI[MHM Ha aHTHI'€HbI, HAHECCHHBIE
Ha IIOBEPXHOCTD CIIN3UCTOH B HOPMAJIBHBIX CUTYalUsX.
Treg-kieTky M30MpaTe]bHO MOAABIAIOT MMMYHOBOC-
TIAJTUTENbHBIE OTBETH HA KOMMEHCAJIbHBIE MUKPOOpIa-
HU3MBI, CITIOCOOCTBYSI PETyJISIIMKA UMMYHHBIX pEaKkinit
[2, 4,11, 32, 33].

HemaBHo cyOnmHrBaibHas o6macTs OblTa Mccie-
JIOBaHa KaK IMOTCHINAIBHBIN MTyTh JECEHCUOMITH3ANA
B TEpaluy aUICPIHH M JKUBOTHBIX MOJIENAX ayTOWM-
MYHHBIX 3a00seBanmii [4, 16]. DKCTpaKTHI alIepreHoB
MTOMEMIAIOTCS CyOIMHIBAIIBHO, YTO NPHUBOJUT K HM-
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MYHHOM TOJIEPaHTHOCTH K aJIJIEPreHy, OTCI0/1a U Ha3Ba-
Hue cyOnuHrBanbHas nmmyHorepanus (CJIUT) [12].
CyIecTBYIOT HCCIEIOBAHUS, IEMOHCTPUPYIOIIHUE, YTO
mectHble DC cau3ucToil 000704KY TOJIOCTH pTa CBS-
3bIBaIOT ajuteprensl Bo Bpemst CJIUT. Oto mpuBoaut k
caury mMMmyHHOTO OoTBeTa ¢ Th2 Ha Thl, Hapsany c un-
nykaueit Treg u IgG [3].

Jduckyccus

HenmmynHbIE KIIeTKH (Hampumep, GuoOpoOIacTs
Y STINTEIHANBHBIC KIETKH) U KJIETKU BPOJKACHHOTO MM-
MyHHTeTa (Makpodaru, HEUTpomiIsl, 0a30(uIim,
303UHOG MBI, TyuHbIe Ki1eTkH, DCs, 8- T-muMdonuTsr,
NK-knetkn), a Takxke rymopaibHble GpakTopbl (IIUTO-
KHHBI, aHTUTEJIa, XEMOKHHBI, OEJIKU CUCTEMBI KOMILIE-
MEHTa), CHHTE3HpYyEMble TUMHU KJIETKaMH, y4acTBYIOT
B Ha4daJbHBIX 3AIIUTHBIX peakiusax. [Tomumo 3ammr-
HOTO OTBETA, BCE 3TU KIIETKH MHIYLUPYIOT pa3BUTHE
a/IallTUBHOTO MIMMYHHUTETa 0€3 BUANMOTO BOCHAJICHUS
WY TIPU3HAKOB BocnanieHus. PazBuTne moboii nadex-
IIMA MOXXHO OCTaHOBHTbH, €CIIH ITOBBICUTH AKTHBHOCTb
paHHUX CTaau{ 3alIMTHBIX peakuuil. B sToM ciyudae
uHpeKs He OyIeT MPOSBIATHCS KITMHUNIECKIMU IIPH-
3HaKaMu. PaHHMI U MHyIIMPOBaHHBIA UMMYHHBIN OT-
BET MOXET OBITH He3aMeTeH IJIs 4YejoBeka. B 3ammre
OT BHEKJICTOYHBIX MUKPOOPTaHU3MOB OCHOBHYIO POJIb
urpatot ¢arounTsl (HEUTPODUIBI 1 MOHOIIUTHI) U OII-
COHHHBI, a OT BHYTpHKJIEeTO4YHbIX - NK, Makpodaru u
LIUTOKHMHBI, KOTOpBIE CUHTE3UpYIoTCs T-umdonnTamu
[28]. Bce aneMeHThl BpOXKIEHHOTO UMMYHHTETA B3au-
MOCBSI3aHbI ¢ BPOXKACHHBIM T'YMOPaJIbHBIM HMMYHHTE-
TOM, KOTOPBIH AEHCTBYET uepe3 00pa3oBaHUE aHTUTET
[6].

CrmoHa TOIIEPKUBAET 3/I0POBBE IOJIOCTH pTa,
BBITIOJTHSAS PSIJI 3AIIATHBIX (DYHKIUH, TAKMX KaK: CeKpe-
Ul aHTHOAKTEpUANbHBIX BEIIECTB; pa3MsIrdeHHe
nuiy; OydepHble CBOMCTBa; COJEHCTBHE YCKOPEH-
HOMY 32)KUBJICHHIO PaH CIIM3UCTON 000JIOYKH MOJIOCTH
pTa; MUHEpaIu3aIys 3y00B; yBIaKHEHHE MOBEPXHO-
CTH CIIM3UCTON O00OJOYKH MOJIOCTH PTa U BIUSHHE Ha
MHUKPOOHOM IOJIOCTH PTa.

CymecTtByer OajlaHC MEXJIY SKOJOTMYECKOH CH-
CTEMOH I0JIOCTH PTa, UMMYHHBIM IIPOLIECCOM H TOJIe-
PaHTHOCTBIO K maToreHaM. KoHe4dHbIi OTBET, O-BUIH-
MOMY, 3aBUCHUT OT KOJINYECTBA U WHTEHCHBHOCTH BO3-
JeictBus anturena [25].

3akiiloueHue

1. Cnmzucras pra 3alUIaeT OpraHu3M OT HEHH-
(DeKIIMOHHBIX U WH(EKIMOHHBIX aHTHI'CHOB, TaK Kak
OHa TIEPBOM BCTpedaeT OOJBIIMHCTBO AHTUTCHOB B
OKpYy>Karoliei cpee.

2. CiioHa COJIEpPIKUT MHOXECTBO (haKTOPOB He-
crienudruIecKoi 3amuThl: JIM30LMUM, IIEPOKCHIA3Y,
nakrodeppuH, Hykieasy, 1gG, IgA, 1gM, paznnunsie
0€eJKH ¢ IPOTHBOTrPUOKOBBIMHE, TPOTHBOBUPYCHBIMHU U
aHTHOAKTepHaJIbHBIMHU areHTaMH1, a8 MUHJIAJTMHBI y4acT-
BYIOT B aKTHUBAalIUHU JUM(OLMUTOB JUIsS 3aIIUTHI Opra-
HHU3Ma.

3. LC, sBussce APC, y4acTBYIOT B peryJisLUu
MMMYHHOTO TOMEOCTa3a B MOJIOCTH PTa, U3MEHSS UM-
MYHHYIO CHCTEMY ITOJIOCTH pTa HE TOJIFKO B OTHOIIIE-
HUH IPOHUKHOBEHHUS MATOT€HOB, HO M TOJIEPAHTHOCTH
K COOCTBEHHBIM aHTUT€HAM M KOMMEHCAIbHBIM MUKPO-
6am.

4. slgA, SBIAACH OCHOBHBIM HMMYHOLJIOOYITH-
HOM B CJIFOHE, [IOMOTaeT MOIICPKUBAThH OalaHC MEKIY
KOMMECHCATBHBIMA MUKPOOPTaHU3MaMHU U 3allIUTHBIMHU
MEXaHM3MaMH, HaXOIAIUMHUCS B CIU3UCTOM 000JI0UKe
MOJIOCTH PTa.

5. Treg-kieTku SABJISAIOTCS OCHOBHBIM MEXaHH3-
MOM, BBI3BIBAIOII[MM TOJIEPAHTHOCTD MOJIOCTH PTA.
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In recent years, due to the increase in life expectancy in Western societies, there has been such an unprece-
dented phenomenon - a sharp increase in the proportion of elderly people aged 65 years and older. The main
direction that will significantly affect the daily professional life of nephrologists in the 21st century is the progres-
sive aging of the world's population. Therefore, plans to integrate nephrology with gerontology and geriatrics will
allow these sciences to adapt to this inevitable phenomenon of increasing demographic pressure and manage health
and care at all levels - from the individual patient to the general population and global health systems.

Aim of the study: To study the prevalence and characteristics of functional changes in the kidneys in elderly
and senile people for the early implementation of preventive actions.

Keywords: Aging, Kidney function, Glomerular filtration rate, Chronic kidney disease

Introduction

Aging is a comprehensive process that is caused
by many factors and their action, in turn, is repeated and
accumulated throughout life. These are stress, past ill-
nesses, accumulation of toxins and free radicals, deple-
tion of stem cells, exposure to xenobiotics (foreign sub-
stances), temperature damage, insufficient excretion of
protein breakdown products, lack of vitamins and mi-
croelements, hypoxia, and others [5,6].

In addition, aging is a multifocal process that oc-
curs in different cell structures: in the nucleus, mem-
branes, in different types of cells: nervous, secretory,
immune, renal, and others [4].

Undoubtedly, aging is associated with a decrease
in physiological homeostasis. This multidimensional
phenomenon encompasses physical, psychological and
social changes. In higher organisms, aging homeostasis
is regulated by the interaction of many organs. With
age, dysfunction of one organ can lead to functional
failure of many organs [5].

It is well known that both the number of past dis-
eases and chronic diseases increase with age. Urologi-
cal diseases such as nephropathy (such as pyelonephri-
tis, polycystic kidney disease, diabetic or hypertensive
nephropathy, etc.), adenoma and prostate cancer, uri-
nary incontinence, etc occupy a large percentage of
them. In an aging body, damage to various structures
occurs: collagen, cell membranes, DNA and other mol-
ecules, cells and tissues [2,3,7].

Aging is an inevitable process of life for all living
beings. However, data from longitudinal studies sug-
gest that one third of all healthy people aged 23-97
years are practically not affected by changes in kidney
function throughout their lives [1].

Materials and methods

To achieve the goal of the study, a group of 50 pa-
tients was retrospectively selected, of which 34 were
women and 16 were men. Their age ranged from 60 to

90 years, the average age was 71.8 & 7 years. Patients
were treated in the Department of Nephrology at the
IMSP SCM “Holy Trinity”, Chisinau, in 2022.

The following data was extracted from the obser-
vation sheets:

« Clinical data (medical history, BMI, sex, age,
main diagnosis, concomitant diagnosis, presence of hy-
pertension, risk factors for BCR)

« Paraclinical data (general blood test, biochem-
ical blood test, urinalysis, calculation of GFR, results of
ultrasound of the kidneys).

Research methods

The study is based on the following research meth-
ods: historical, descriptive. Primary data collection
methods are based on medical records (patient records)
using official statistics. Statistical processing of the re-
sults of the study was carried out by computerized
methods of analysis of variations using special pro-
grams (Microsoft Excell 2013 for Windows).

Results

In both age groups, approximately the same per-
centage of men and women with pathology of the
nephro-urinary system appears.

* 67.64% of women are aged 60-74,

» 32.35% belong to the age group of 75-90
years,

» 0% of women are in the 90+ age group.

* 68.75% of the men who underwent the study
were aged 60-74 years,

» 31.25% - in the age group of 75-90 years,

* 0% of men are in the 90+ age group.

1. Characteristics of diseases of the urinary sys-
tem in the elderly and senile age

Among the nephropathologies that patients of el-
derly and senile age suffered from, the most common
was chronic pyelonephritis in the acute stage - 92%. In
28% of 50 patients, solitary or multiple cysts were
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found on echography. And 8% of patients had uni-/bi-  origin. Diabetes mellitus type 2 was in the stage of com-

lateral hydronephrosis. Glomerulonephritis was rarely ~ pensation or undercompensation in 30% of patients.

detected - only 2% of cases. There is obesity of class 1 and 2 in 20% of patients,
Among all concomitant diseases, the prevalence of  nephrolithiasis confirmed by ultrasound - in 8%. Hype-

arterial hypertension is 48%, various forms of heart dis-  ruricemia was present in 4% of cases, cystitis - in 4%

ease (ischemic, hypertensive or mixed) - in 40% of pa-  (Fig. 1).

tients. 32% of patients had anemia of renal or other
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Figure 1. Disease prevalence by age and sex 1

2. Prevalence of the disease by age and sex
The diagram below shows the prevalence of diseases that are risk factors for the development and progression
of BCR (Fig. 2).
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Figure 2. Distribution by diseases that elderly and senile patients suffered from
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3. Estimated GFR < 60 ml/min over 1.73 m?

Glomerular filtration rate (GFR) is estimated us-
ing an equation developed by the Collaborative Organ-
ization for the Epidemiology of Chronic Kidney Dis-
ease (CKD-EPI).

Of the 50 patients, only 18 people, including 5 el-
derly and 13 senile patients, had GFR > 60 ml/min over
an area of 1.73 m2. The prevalence of reduced kidney
function (estimated GFR < 60 ml/min per 1.73 m?) was
in 32 patients.

Moreover, the trend of increasing prevalence of
renal dysfunction with age was observed mainly in

women. Thus, GFR < 60 ml/min per 1.73 m? was de-
termined in 69% of women and 63% of elderly men and
in 91% of women and 60% of men of senile age.

4. Prevalence of CKD

Among patients with chronic kidney disease
(CKD), the stage of the disease should be determined
by the level of renal function according to the KDOQI
CKD classification.

Overall, 64% of participants had CKD and were
predominantly in CKD stages Il (11 women and 2
men) and 1V (6 women and 5 men), with a female pre-
dominance. The prevalence of CKD stage V according
to KDOQI was 4 women and 4 men, of which 2 men
and only 1 woman of senile age (Fig. 3).

women

4 5

men total

Figure 3. Prevalence of CKD in elderly and senile patients

Conclusion

The population of the planet is rapidly aging, and
with age, the functionality of the kidneys proportionally
fades. It is also clear that GFR itself is an indicator of
accelerated aging. In this sense, the practical benefits of
research work are important for the medical commu-
nity, whose goal is to ensure the prevention and diag-
nosis of renal pathology at any age, especially in the
elderly, the prevention of concomitant complications
and, thus, the prolongation of the quality of care in old
age and active life.
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Abstract

The article proves that the version of the special theory of relativity (STR) presented in physics textbooks is
incorrect. This is because in the early 20th century science lacked experimental knowledge required for the STR
to be created, and the postulate (called the principle of light speed non-exceedance) that replaced the knowledge
turned out to be incorrect and has been experimentally refuted in the 21st century. It is explained that tsunami and
piano music would not exist, church bells would not ring and even swings would not swing on playgrounds, if the
generally accepted version of the STR were true. Moreover, this version of the STR also implies that Ohm’s law
as interpreted by Steinmetz used daily by millions of radio and electrical engineers in their practice does not exist,
and therefore radio engineering and electrical engineering should not exist either.

That is why, an alternative version of the STR has been created instead of the incorrect one. It follows from
this that there is an invisible Multiverse whose universes are interconnected by numerous portals, including those
located on Earth. And at least some of anomalous zones are entrances to portals. Geophysical exploration of portals
are very necessary, as they will allow us to obtain new valuable knowledge about our Multiverse and confirm the

correctness of the alternative version of STR.

Keywords: portals, parallel universes, Multiverse, special theory of relativity, physical reality of imaginary

numbers, dark matter, dark energy

1. Introduction

Portals, sometimes also called ‘star gates’ [1], un-
derstood as transitions from some universes to others,
are the subject of research in the article. Therefore, it is
clear that one can speak of portals only if there are at
least two universes, i.e. Multiverses. The term ‘Multi-
verse’ meaning two and more universes was proposed
by the American philosopher-psychologist William
James in 1895 and introduced to practice by the English
science fiction writer Michael John Moorcock. To date,
a large number of Multiverse hypotheses have been
proposed. The most informative of them are [2]-[13].

But the special theory of relativity (STR) [14]-[16]
recognized in physics as the greatest scientific achieve-
ment of the 20th century, denies existence of Multi-
verses at all and claims that there is only our visible
universe.

Yet, there are a very large number of the so-called
anomalous zones [17]-[20] planet. They are fraught
with phenomena incapable of being explained by mod-
ern science. At least some of them are supposedly en-
trances to portals. Geophysical exploration of portals
will allow visiting them safely and solving some im-
portant problems of modern astrophysics successfully.

2. The version of the special theory of
relativity presented for study in physics textbooks is
incorrect

The alternative version of the STR states the gen-
erally recognized version of the STR studied in physics
textbooks to be incorrect [21]-[32], because:

+ the relativistic formulas obtained therein are
incorrect;

« the relativistic formulas have been incorrectly
explained using the incorrect principle of light speed
non-exceedance;

+ the relativistic formulas have entailed wrong
conclusions consisting in physical unreality of imagi-
nary numbers and existence of only our visible uni-
verse.

Hence the alternative version of the STR thereby
asserts exactly what we need — the existence of other
universes, besides our universe, which together form
the Multiverse. This follows from its relativistic formu-
las that are different from those in the generally ac-
cepted version of the STR. In order to understand the
relativistic formulas of the alternative version of the
STR better, let us first consider the simpler relativistic
formulas of the generally accepted version of the STR.
They are as follow

= ()
()
A=At f1- () @
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where m is the relativistic mass of a moving
body;

Mg is the rest mass of a moving body;

At is the relativistic time of a moving body;

Aty is the rest time of a moving body;
| is the relativistic length of a moving body;
|0 is the rest length of a moving body;

V is the velocity of a moving body;
C is the speed of light.

Fig. 1. Graphs of functions m(V) ,At(V) and |(V) corresponding to the existing and alternative versions of
the STR in the subluminal v < C and hyperluminal v > C ranges

Fig. 1a,b,c presents the graphs of the formulas. As
can be seen, all formulas for V << C lead to results
measured by real numbers, and for V > C to results
measured by imaginary numbers. This circumstance
greatly discouraged authors of the generally accepted
version of the STR, since until very recently no one
could explain physical sense of the results measured by
imaginary numbers discovered 500 years ago. And no
one would need a theory whose results could not be
explained even by its creators. The fate of the generally
accepted (but it's only now, not then) version of the
STR hung in the balance in the early 20th century. It
was saved by introducing a postulate, i.e. an unproven
assumption, called the principle of light speed non-
exceedance, the sense of which is clear from its name.
The postulate looked quite acceptable, since in the
early20th century physics knew no phenomenon, in
which any physical entity would move with
superluminal velocity. This is how the STR has begun
to be studied and still been studied even in the most
prestigious universities

But in 1934, Cherenkov radiation was discovered
[33]. The radiation is emitted when electrically charged
particles are moving at speeds faster than that of light.

In 1958, Pavel Alekseevich Cherenkov, Igor Evge-
nievich Tamm and llya Mikhailovich Frank received
the Nobel Prize for the discovery and explanation of
this radiation. The fate of the STR hung in the balance
again. And the STR was saved once again. This time it
was saved by making a clarification that the principle
of light speed non-exceedance had implied the speed of
light exclusively in a vacuum.

In the 21st century, one more attempt to refute the
STR was undertaken. This time it was the OPERA ex-
periment at the Large Hadron Collider. It was supposed
to register superluminal neutrinos and thereby prove
physical reality of imaginary numbers. A sensational
report about successful completion of the very complex
and expensive experiment was published on September
22, 2011. However, six months later, the OPERA ex-
periment was refuted by the ICARUS experiment.
Therefore, the STR again failed to be refuted.

Nevertheless, in 2008-2010, i.e. before publica-
tion of the OPERA experiment results, the results of al-
ternative studies of special processes in linear electric
circuits [34]-[38], were published. They proved that
resonance, discovered by Galileo in 1602, occurs at
complex frequencies, rather than at real ones, which has
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still been stated in textbooks on the theory of linear
electric circuits. Thus, physical reality of imaginary
numbers has been finally proved and the unsuccessful
OPERA experiment has become useless. And since
mathematics is the language of all exact sciences, the
principle of physical reality of imaginary numbers
proven experimentally in the theory of linear electric
circuits has become generally scientific. Therefore, this
time the principle of light speed non-exceedance has
been refuted.

At the same time, it has been also proved that if
the outdated version of the STR presented in physics
textbooks were true, then tsunami, bell ringing and mu-
sic of piano or other musical instruments would be im-
possible; swings would not swing in a playground;
Ohm’s law as interpreted by Steinmetz used daily by
millions of radio engineers all over the world would not
work; and there would be no radio and electrical engi-
neering at all. However, authors of the incorrect version
of the STR did not know this when they created their
theory at the beginning of the 20th century, but later
physicists-relativists did not want to know this. Moreo-
ver, they did everything so that no one knew about it.
For example, they staged a misleading and very expen-
sive advertising action in the form of OPERA and
ICARUS experiments at the Large Hadron Collider.

Nevertheless, physical reality of imaginary num-
bers has already been proven and the truth of this state-
ment is beyond doubt. And therefore, in accordance
with the relativistic formulas (1)-(3), something must
exist in nature at V > C . However, analysis of the
formulas has shown that the universes corresponding to
such a situation should be physically unstable and
therefore self-liquidating, i.e. could not exist. Thus, the
relativistic formulas (1)-(3) are incorrect as well as the
generally accepted version of the STR.

The generally accepted version of the STR turned
out to be incorrect because, due to the lack of necessary
scientific knowledge in the early 20th century, relativ-
istic formulas were derived incorrectly. Postulates were
used instead of missing scientific knowledge. However,
the principle of light speed non-exceedance turned out
to be wrong. Derivation errors were not timely detected
and corrected. In subsequent years, following the iner-
tia of competitive struggle (after all, within the frame-
work of a market economy, science is a kind of busi-
ness), the STR turned out to be so canonized that it be-
came poorly receptive to new knowledge. As a result,
the relativistic formulas have not yet been corrected.

3. Alternative version of the special theory of
relativity

3.1. There is a hidden Multiverse in nature, not
a Monoverse

Actually, relativistic formulas obtained in the
generally accepted version of the STR not only were
not, but could not be explained, because functions (1)-
(3) vary in significantly different ways (see Fig. 1a,b,c)
in the subluminal (for V < C) and superluminal (for
V > C) velocity ranges. As has been shown above,
universes corresponding to the formulas (1)—(3) are
physically unstable in the superluminal velocity range
(forV > C) and, therefore, cannot even exist. That is
why the formulas (1)-(3) are incorrect. In order for the
same regularities to take place in the subluminal (for
V < C) and superluminal (for V > C) velocity ranges
and, therefore, formulas describing the corresponding

processes could be explained, the graphs M(V),
At(v), I(Vv)should take the form shown in Fig.
1d,e,f. This requires introduction of the function i9

into the corrected relativistic formulas of the STR
corresponding to them

mei 9 ~ myi
f—ar
At(q):AtOiq\/W =At0iq\/1—(W (5)
1(a) = loi%y1- (% - 0) =1i® 1= (W))* (6)

where q(v) =\_V/CJ — is the 'floor' function of

discrete mathematics (Figure 2a);
W=V —(c is its own local velocity for each

universe (Fig. 2b).

m(q) =

And the function 17 is the simple and clear
function convenient for this situation, since, for
integers of the argument (] , it takes on only the proper

values +1, +1, -1, —1 and in the proper sequence.
These values correspond to four different universes
alternating in space. However, its values are unknown
for non-integers of the argument. This is not actually a

problem, since we can replace the function i%in the
formulas  (4)-(6) by the Euler’s formula

9772 —cos(qr/ 2)+isin(qz/2) that takes

on the same values +1, +1, -1, —1I for integers of the
argument g and, therefore, can completely replace it
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Fig. 2. Graphs of functions Q(V) and W(V)
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Thus the corrected relativistic formulas (4)-(6) and
(7)-(9) imply that the quantity q takes on integers? (see
Fig. 2a), determined by the discrete ‘floor’ function
q(v)=Lv/ CJ. The integers correspond to different

universes. Thus, the quantity ( = 0 corresponds to our

visible universe (for which io =1) and the quantity
qzlcorresponds to another universe (for which

2 It takes non-integer values in the portals considered below,
in which, from their entrance to exit, under the influence of
physical factors that have not yet been studied, the value
changes by one

it =i ) that is invisible for us by virtue of the condition
V > C, because it is located beyond the event horizon.
Stephen William Hawking wrote about imaginary time
in such a Multiverse: “Imaginary time is a New
dimension, at right angles to ordinary, real time”.
Thus, his research confirmed the validity of the
hypothesis of the hidden Multiverse considered below.
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Fig. 3. Estimated helical structure of the hidden Multiverse

Let us, for definiteness, call the universe
corresponding to g =1 a tachyon universe, since it
contains tachyons [39]-[40] that are understood to be

subatomic particles moving at a speed faster than that
of light. Therefore, many physicists believe that they

should not exist in nature (by which they mean a
Monoverse corresponding to the generally accepted
interpretation of the STR), since they violate the
principle of causality. However, since tachyons are
actually in a tachyon universe (or antiverse), rather than
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in our universe, they do not violate the principle of
causality.

For similar reasons, let us call our universe a
tardyon universe. Then it would be logical to assert that

the quantity ( = 2 corresponds to a tardyon antiverse
(for which i2 =-1), the quantity q = 3 corresponds to

a tachyon antiverse (for which i° =i ), the quantity
g = 4 corresponds to another tardyon universe (for

which i* =1), the quantity g =5 corresponds to

another tachyon universe (for which i5 =i ), etc.
Consequently, such a Multiverse has a helical
structure (Fig. 3). Moreover, since V=W+(c

follows from the formulaW =V —(c, then V> Cis

for all universes, except for ours, and therefore they are
beyond the event horizon, i.e. are invisible. The entire
Multiverse is also invisible, which is why it is called
hidden [41]-[47]. Universes of the hidden Multiverse
do not intersect, which is why they can be called
parallel. However, drifting in the fourth spatial
dimension ¢ they sometimes touch each other and

even slightly penetrate into each other, forming some
transitional zones called portals [48],[49] (they are
shown by double-headed arrows in Fig. 3).

3.2 Dark matter and dark energy phenomena
are generated by the existence of the Multiverse

But shown in Fig. 3 structure of the hidden
Multiverse has the significant drawback that it does not
take into account the existence of the phenomena of
dark matter and dark energy, which are not explained.
So what are dark matter and dark energy? And why is
it so important to explain them? This is because,
according to the data obtained by the WMAP
spacecraft, the entire universe (actually, the entire
hidden Multiverse) consists of 22.4% of dark matter,
73.0% of dark energy and only 4.6% of baryonic matter
[50]. And according to more recent data obtained by the
Planck spacecraft, the entire universe (again, actually,
the entire hidden Multiverse) consists of 26.8% of dark
matter, 68.3% of dark energy and only 4.9% of
baryonic substances [51]. That is, according to these
data, almost the whole of nature is not at all what we
have understood it to be in our visible universe. It is
rather different. Thus, without understanding physical
sense of dark matter and dark energy, understanding of
our visible universe does not seem to be quite reliable.
However, despite all the efforts of scientists to solve
this important problem, dark matter and dark energy
have been defied explanation for almost a hundred
years. Michio Kaku wrote in this regard: “Of course, a
whole bunch of Nobel Prizes is waiting for the scientists
who can reveal the secrets of the ‘dark energy’ and
‘dark matter’”

But all these efforts have actually so far been
undertaken within the framework of the generally
accepted version of the STR. Therefore, considering
the remark of Albert Einstein “Insanity: doing the same
thing over and over again and expecting different
results”, let us now try to seek for such an explanation

within the framework of the alternative version of the
STR. We should assume what could not be assumed
within the framework of the generally accepted version
of the STR — to seek for the explanation in the
macrocosm, rather than in the microcosm. That is, we
should assume that the phenomena of dark matter and
dark energy are evoked in our visible universe by the
rest of invisible universes of the hidden Multiverse. We
should as well assume that the phenomena of dark
matter and dark energy [52]-[60] are a kind of optical
shadow of these invisible universes on our universe
(however, it is gravitational or some other shadow,
rather than an electromagnetic one). This will make it
possible to understand why, until now, no material
carriers of these phenomena have been found by
research at the Large Hadron Collider. After all, no
optical image (including a shadow) has ever contained
any physical components of such an image.

Then, having made such an assumption, it might
be argued that:

» the phenomenon of dark matter is evoked by
invisible universes of the hidden Multiverse adjacent to
our visible universe, and

» the phenomenon of dark energy is evoked by
the rest of invisible universes of the hidden Multiverse,
more distant from our visible universe.

Herewith, since these universes do not intersect
anywhere, they are parallel. However, floating in space,
they inevitably touch and even slightly penetrate into
each other in many spots, generating portals. Adjacent
universes exchange their material content through these
portals. Therefore, over billions of years of their
existence, parameters of all universes have
substantially averaged. And this allows you to
determine the number of universes in the hidden
Multiverse. Assuming that our visible universe has
such averaged parameters, we can find the following:

+ the total number of universes in the hidden
Multiverse is 100% / 4.6% = 21.74 according to the
above data obtained by the WMAP spacecraft, and
100% / 4.9% = 20.41 according to the data obtained by
the Planck spacecraft. Consequently, their real number
is supposedly equal to 20...22 universes;

» the number of universes in the hidden Multi-
verse that are adjacent to our universe and evoke the
phenomenon of dark matter is 22.4% / 4.6% = 4.87 ac-
cording to the above data obtained by the WMAP
spacecraft, and 26.8% / 4.9% = 5.47 according to the
data obtained by the Planck spacecraft. Consequently,
their real number is supposedly equal to 5...6 uni-
Verses.

+ the number of universes in the hidden Multi-
verse that evoke the phenomenon of dark energy is
73.0% / 4.6% = 15.87 according to the above data ob-
tained by the WMAP spacecraft, and 68.3 % / 4.9% =
13.94 according to the data obtained by the Planck
spacecraft. Consequently, their real number is suppos-
edly equal to 14...16 universes.

3.3 Dark matter and dark energy phenomena
allow to determine the structure of the hidden
Multiverse

And immediately striking is the discrepancy
between the obtained calculation results and the one



70 German International Journal of Modern Science Ne53, 2023

shown above in Fig. 3 supposed structures of the hidden
Multiverse, which cannot be explained in any way by
the inaccuracy of the measurements of the WMAP and
Planck spacecraft, since the difference between the
results of calculations and experimental data is too
large. There has been found to be five or six other
parallel universes adjacent to our universe, rather than
two. However, this number does not fit within the
structure shown in Fig. 3.

Hence, it is logical to assume that there has been
some mistake in the previous reasoning. This mistake,
most likely, is that earlier, for simplicity, we have
supposed the existence of only one extra dimension (

in the hidden Multiverse, and, therefore, its
correspondence to physically real complex numbers
containing only one imaginary unit. In order for six
other parallel universes to be adjacent to our universe
(i.e. three tachyon universes and three tachyon
antiverses), there should be three extra dimensions
Q,r, S, determining their position in space. Therefore,

the structure of the hidden Multiverse should be

described by quaternions O + ilwl + i2602 + iga)g, ie.
hypercomplex numbers [61], containing three
imaginary units 1,1, ,15 connected by the relations

iZ =is=if=-1 (10)
Lioly =lhlgly =lgll, = -1 (11)
lisly =lhljly =lglyl; =1 (12)

That is why, the relativistic formulas (4)-(6) and
(7)-(9) must be corrected again as follows

iQirss
Moiyiyi3

1Y -@sreoF |
A(G,1,5) = Atifis [1-[V — (g +r +5)] (14)

m(q,r,s) = 13)
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where M is the relativistic mass of a moving

body;
At is the relativistic time of a moving body;
| is the relativistic length of a moving body;
0,I,S are the coordinates of the universe in

which a moving body is located.

These formulas implies that our Multiverse has a
quaternion structure in six-dimensional space [62]-[64]
and its structure is described by the function

fq,r,s(X, y,2)+i1q+i2r+igs, where the real

summand fq  s(X, Y, 2) describes distribution  of
physical content in the universe with coordinates
q,r,S, and the imaginary summand i{q + ioF + i3S

describes the position of this universe in the space of
the Multiverse.

According to the formulas (4)-(6), for integers® of
the coordinates of the universes {0, I', S in the hidden

Multiverse
+ we get iigi; =1 for q+r+s=0, that
corresponds to our visible universe, which we shall call

it a tardyon universe, since we have 0 <V <C inthis
case;

« we geteither ifiJi3 =iy or iiJi3 =1, or
iliJi; =15 for +r+S =1, which corresponds to
one of the invisible universes adjacent to our universes;

8 And non-integer values (,I', S are taken in portals

we shall call them tachyon universes, since we have
V > Cin this case;

< we get either iliji3=-1 for

g+ +S =2, which corresponds to one of the in-

visible universes; we shall call them tardyon antiverses,
since we have V > C in this case;

- we get either ii3i3 =—i; or iflipi3 =—i,
or ifliji3 =—iz for +r+S=3, which corre-
sponds to one of the invisible universes; we shall call
them tachyon antiverses, since we have V > C in this
case;

+ etc.

Examples of the structural diagrams of the hidden
Multiverses corresponding to the calculations are
shown in fig. 4-6. As can be seen, the universes con-
tained in these Multiverses are interconnected not only
by bidirectional portals corresponding to the formula
(10), but also by unidirectional portals corresponding to
the formulas (11) and (12). Besides, some universes of
the hidden Multiverse, including our visible universe, it
appears, can be connected through portals with uni-
verses of other Multiverses that together form a Hyper-
universe*, generating the phenomenon of dark space
[65], [66].

4 By analogy with the term 'Multiverse', hereinafter, instead
of 'Hyperuniverse', we will use the term 'Hyperverse'.
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4. How to see invisible universes

So, the alternative version of the STR successfully
solves the problems that turned out to

be unsolvable for the generally accepted version.
Nevertheless, it will remain but a hypothesis until it
finds experimental confirmation. What experimental
confirmations of its truth will be authoritatively
convincing and how can they be obtained?

Experimental confirmations of real physical
existence of the hitherto undetected invisible universes

5 Similarly, to see the invisible neighbouring room of our
dwelling, you need to look into it from the corridor connect-
ing these rooms

would obviously be the most authoritative evidence. It
turns out that one can see [67]-[71], or, in other words,
discover them. This requires placing a telescope in a
portal® and comparing its observations of the starry sky
with the observations of telescopes located outsidethe
portals (Fig. 7). Constellations in the skies of other
universes would actually be completely different.
Therefore, once a hypothetical telescope is moved
through a portal from our universe (i.e. from the earth’s
surface) to an adjacent universe invisible on Earth, all
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the known constellations in the starry sky would
gradually be replaced by the constellations of the
adjacent universe. This would be the most obvious and
indisputable evidence of existence of other universes.

And such an experiment will be much less expensive
than a similar experiment a hundred years ago by the
President of the Royal Astronomical Society, Sir
Arthur Stanley Eddington [72], [73].

Observatory outside Observatory outside Ole‘myoms:de Observatory outside
anomalous zones anomalous zones b s
mm zme —M ‘ Computer ) Obsmumpyazg:
Observatory outside e
anomalous zones mwmdous zones ammdacs wne anomalous zones

Fig. 7. Diagram of an astronomical experiment on invisible universe detection

Fig. 8. The Main Astronomlcal Observatory of the Natlonal Academy of Sciences of Ukraine located in an
anomalous zone

Moreover, some observatories, such as, for
example, the Main Astronomical Observatory of the
National Academy of Sciences of Ukraine (Fig. 8)
located in the Holosiivskyi forest, just 12 km from the
centre of Kyiv, the capital of Ukraine, are already in
anomalous zones, presumably being entrances to
portals. Other observatories also located in anomalous
zones can be identified by similar comparative studies
of high-precision astronomical observations of all
observatories. It is also desirable to subject all
anomalous zones to such an examination so that to
determine passport data of all portals available on
Earth. Their comparative analysis will reveal how
many adjacent invisible universes there are on the Earth
and determine whether there are universes among these
invisible universes that are not the part of the hidden
Multiverse. Exploration of such universes would be the
most interesting, as it makes possible to discover the
Hyperverse.

In the future, when the portals are explored and
people learn how to navigate through them safely,
people can visit adjacent universes that are currently

invisible. This would be another proof of their
existence.

5. The relevance of geophysical researches of
portals

At present, portals are absolutely unexplored. This
even raises doubts as to their existence. Herewith,
although there are a lot of anomalous zones supposedly
being the entrances to portals, people avoid visiting
them. And they are right. This is unsafe, because portals
are a kind of invisible labyrinths, three-dimensional
labyrinths. So, naturally, finding a way out of a portal
is not easy without knowing this and taking special
precautions in advance (for example, the Ariadne’s
thread mentioned in ancient Greek mythology). Even
more difficult is to successfully move from entrance to
exit through a portal (the Ariadne’s thread would not
help here) and get into an adjacent universe. To do this,
you need to create special tools for orientation in the
portals.

But all the means used for a serious portal
research, including portal orientation tools, vehicles
(including unmanned vehicles), communications
equipment and everything else, are much less



76 German International Journal of Modern Science Ne53, 2023

expensive than people’s flights to the Moon or Mars
and much more effective in terms of quantity and
quality of new expected knowledge, both astrophysical
and geophysical. From the standpoint of scientific, as
well as political and economic consequences for human
civilization development this would appear to be much
more crucial than, for example, the discovery of
America by Columbus.

6. Conclusion

Thus, because the fallacybility of the universally
recognized version of STR stated in physics textbooks,
which asserts the existence in nature of our only visible
universe, is experimentally proven in the most
indisputable way, and the alternative version of this
theory states that there are many parallel universes, it
has also been proven that there are portals between
these universes.

And these portals need to be explored. This is very
important from a practical point of view, since one must
know how one can safely visit neighboring universes.
This is no less important from a scientific point of view,
as it will prove the existence of anti-space and anti-time
and the possibility of traveling through the hidden
Multiverse not only in space, but also in time.
Moreover, time travel can be not only in the past, but
also in the future [74]-[78].
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Abstract

P. W. Bridgman developed a method to measure the force acting on a moving piston of known area and
conducted experiments on gases, liquids and solids at high pressures. He reported that there is no critical point on
the freezing curve in his experiments on various materials. Researchers working in universities and laboratories in
the USA, France, England, Germany, Russia, the Netherlands and other universities and laboratories have reported
that there is no critical point on the melting curve at high pressures in their experiments on gases, liquids and solids
with this method developed by P. W. Bridgman.

The main method of research in physical chemistry is experience. The new physical chemistry is an experi-
mental science. A real physicochemical experiment is of great importance in the study of physical laws and pro-
cesses. The method and methodology applied in determining the hypothesis put forward is the most important
factor. Experiments are key to propose a hypothesis and solve a problem. Although the existence of a critical point
on the melting curve seems theoretically and graphically possible, P. W. Bridgman and other researchers have
reported that there is no critical point.

In our opinion, it is not possible to determine the existence of a critical point on the freezing curve by the
method applied by P. W. Bridgman and other researchers in their experiments. With this method it was possible
to determine the pressure and temperature dependent melting curve. For nearly a century, the presence or absence
of a critical point on the freezing curve has been a matter of debate.

In the experiments conducted by P. W. Bridgman and other researchers, it was found that there was no critical
point, but it is possible to determine the existence of a critical point by the experimental results of the intermittent
metastable state on the freezing curve at high pressures or by applying the geometric method depending on the

thermodynamic parameters of the substance.

Keywords: benzene, intermittent metastable state, graphical method, computer calculations, freezing curve,

critical pressure.

Introduction

Phase transitions are one of the most interesting
phenomena in physical chemistry. They differ by their
nature and the Ehrenfest criteria are commonly used to
classify them. The first type of phase transitions with a
intermittent metastable state when pressure is applied
can be called structural phase transitions. Changes in
important physical properties of crystalline, electronic,
dielectric-metal, dielectric-semiconductor and other
materials during phase transitions occur at high pres-
sure and contribute to the understanding of the physi-
cochemical nature of matter. And recently, they were
even able to obtain a boron-doped superconducting di-
amond. This will contribute greatly to the development
of future electronics. On the other hand, the application
of pressure gives rise to the practical possibility of syn-
thesizing new materials with specific properties. The
fundamental problem of high pressure physics is the
study of the T-P diagram of a substance and the estab-
lishment of its crystal structure under certain T/P con-
ditions.

High-pressure applications cover the automobile,
aerospace, semiconductor and pharmaceutical indus-
tries, food and other sectors in physical, chemical and
technical matters. The role of high pressure in achiev-
ing unique physical and chemical properties of materi-
als in advanced high-tech industries and in basic and
applied research is indisputable. The experimental
setup developed for the study of solids, liquids and
gases at high pressures and the experimental setup and
experimental techniques used on the freezing curve are

examined by summarizing the work of P.W. Bridgman
and other researchers [1] on the freezing curve.

Experimental setup and experimental tech-
nique

Although P. W. Bridgman and other researchers
have developed some constructive modifications on a
device that allows the creation of very high pressure, in
general, the measurement methods are the same and the
results are close to each other. For example: in the
Keyes laboratory of Massachusetts Institute of Tech-
nology, fifty measuring instruments with a free piston
pressure system have been in wide use for more than
twenty years [1,3-11]. In conclusion, P.W. Bridgman
divided his own work into two parts. First, by increas-
ing the measurement technique to 12,000 kg/cm2 and
second, by increasing the pressure field to 50,000
bar/cm2. Performed by the moving piston method,
which makes it possible to determine all the necessary
parameters. The general nature of the results is that the
melting curve increases continuously with temperature
and pressure, in combination no parameter changes,
there is no reason to expect anything other than infinite
growth of the melting curve. In experiments by Beatty
and Bridgman, it was reported that there was no critical
point [12]. The absolute values of the volumes of lig-
uids and solids decrease along the melting line and the
effect of pressure prevails over the effect of tempera-
ture. They also reported that the two most important re-
sults of measurements on more than 50 liquids are the
reversal of the sign of (d?V/dT?)p with increasing tem-
perature at a constant pressure of several thousand
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kg/cm? and that (dP/dT)v is not only a function of vol-
ume [9,13,14].

Based on experiments conducted by P.W. Bridg-
man, Simon et al. [2] reported that the melting curve
probably ends at a critical point. Rayet and Bridgman
explicitly argue on liquid-solid equilibrium for argon
up to 10,000 kg/cm? that the critical point cannot be ig-
nored in any way. Several papers on this subject have
come out of myBridgman laboratory. Later, new data
on the melting curves of nitrogen and argon up to 5000
kg/cm? reported unlimited growth in the melting curve
[3]. There are studies by Leiden and Kizom [4-8] in
which the melting of certain stationary gases is deter-
mined over a much smaller pressure range than in Si-
mon, but with greater accuracy. The Simon and Glatzel
equation turned out to be applicable and its constants
were determined. They reported that the Tait equation
has wide applicability for volumes of liquids as a func-
tion of pressure:

V=V,-C log [(B+P) / B]

According to Tammann and Moritz volume
change the maximum pressure should return to zero at
some final pressure:

Av=a-blog (C +p). Av.

According to this equation, it should occur at
40,000 kg/cm? for CO [15].

In our studies, the CO2 critical pressure of carbon
dioxide was determined as 5700bar. Figure 0.

Although most of the studies devoted to melting at
high pressure aim to solve the problem of the nature of
the melting curve, the method applied in experiments
has generally identified the existence of a critical point
in the melting curve that depends on pressure and tem-
perature. However, as determined above, many theoret-
ical studies have reported that it is possible to have a
critical point at high pressures. Experimentally applied
at high pressures, the method has been the main subject
of dispute whether the melting curve ends at the critical
point, whether it has a maximum.

2.00 - :_‘__,_,,/0 --T=273K
SoLID o s
1.75 -k == T=280K
o O~~~ =
- A T=290 K
£ ™ 2 o T=300 K
sl S
® 1.25 T=310K
= I ‘¢,
a {5r:] GAS T=320 K
1.00 5/,
) --T=330 K
0:75 --T=340 K
0.50 § ; . . ! . »—T=350K
300 1200 2100 3000 3900 4800 5700
P (bar)

Figure 0. Isotherms in the density-pressure (p-p) phase diagram and the intersection point of their extensions

Metastable state

From a physical point of view, matter is in a state
of thermodynamic equilibrium. Metastability, then, is
the non-equilibrium state of matter. Phase transitions in
the equilibrium curves of evaporation, freezing and
sublimation end in metastable states. Overall, the study
of phase transitions under high pressure is very inter-
esting and important for our future. Especially in the
production of new types of materials.

The most commonly considered phase transitions
are those with a change in temperature and pressure,
under a constant pressure. Abrupt change in tempera-
ture and pressure at constant pressures is clearly visible
on the melting curve with dashed metastable state. It
has been reported that the metastable state determines
the presence of a critical point on the liquid-solid equi-
librium curve, just as it determines the presence of a
critical point on the liquid-vapor equilibrium curve[16-
21]. For this purpose, a special experimental setup was
designed and experiments were carried out to obtain a
intermittent metastable state at high pressures [22]. The
abrupt temperature- and pressure-dependent change in
the intermittent metastable state at constant pressures
decreases with increasing pressure and becomes zero
on the freezing curve. The point on the melting curve
of benzene where the metastable state is reset at
2200atm pressure and 356K temperature is defined as
the critical point of benzene [23-30].

As mentioned above, this change in the properties
of matter due to temperature and pressure is visible with
a sudden jump. During a phase transition of the first
type, the most important, primary comprehensive pa-
rameters change abruptly: specific volume (i.e. den-
sity), the amount of internal energy stored and the con-
centration of components. This change always occurs
at a certain rate, which means that a limited amount of
time is needed to "close" the entire gap in density or
specific internal energy. During this time, the phase
transition does not occur immediately in the entire vol-
ume of the substance, but gradually. In the first type of
phase transitions, the abrupt jump and gradual transi-
tion occur stably at temperature and pressure values
with the presence of a discontinuous metastable state.

Freezing of liquid benzene during cooling time at
constant pressures, first in the discrete metastable state
and then in the isothermic freezing process is com-
pleted. The point defining the system "freezes", pres-
sure and temperature remain constant. The phase trans-
formation completed by the first, second and super-type
metastable state spontaneously formed under constant
pressure by cooling benzene at 500atm pressure and
286.7K temperatures on the freezing curve is shown in
Figure 1 and the I, Il and Il thermograms are given
schematically.
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The first thermogram (figure 1. 1) shows the iso-
thermic freezing time t of benzene cooled at point a be-
tween points d and ¢ depending on the pressure and the
completion of isothermic freezing at point ¢ and the
transition to solid phase along the d line. This thermo-
gramma is only the first type of phase transition result-
ing in a sustained metastable state.

The second thermogram (figure 1. 11) shows that
benzene cooled at point a supercools from freezing at
point b to point ¢ during t;, depending on the pressure.
Suddenly rises from point c to point d during t.. Isother-
mic freezing between points d-e of temperature for time
t3, terminating at point e and representing the solid
phase along line f. This thermogram is the first type of

TI[K T [K]4

phase transition resulting in isothermic freezing after
the intermittent metastable state.

Third (figure 1. 111), thermogramma Super phase
transformation and super metastabel state, although this
phase transformation is still not realized in the defined
experiments, it is graphically shown to be possible [31].
In the thermogram, benzene cooled at point a super-
cools between points b and ¢ during t;, rises abruptly
from point ¢ to point d during t; and ends only in a met-
astable state without isothermic process. This phase
transformation from the liquid phase to the solid phase
with only metastable state characterizes the second type
of phase transition.

T [K] 4

t[s]
I

t [s]= t [S]:

Figure 1. Thermograms representing metastable states I, Il and I11.

The intermittent metastable state shown schemat-
ically on the freezing curve of liquid benzene at con-
stant pressures of 500atm pressure and 286.7K temper-
ature at constant pressures (Figure 1, 11) is given in de-
tail in Figure 2.

Figure 2. It was determined by experiments that
the intermittent metastable state obtained on the freez-
ing curve of liquid benzene is the sudden rise (adiabatic
rise) of the liquid with supercooling under constant
pressure -AT, and Ap: isenthalpic pressure drop, which
decreases with increasing pressure and becomes zero at
2200atm pressure and 356K temperature.

Sicaklik (T)

P=P,c-Ap

ure (t)

Figure 2. Freezing through metastable liquid formed by cooling the liquid-solid equilibrium graph of benzene,
ab: isobaric cooling of stable liquid with temperature T,, bc: isobaric supercooling of stable liquid with
temperature T, -AT: temperature drop during supercooling, cd: adiabatic and (isenthalpic) change of
supercooled liquid with temperature T, AT= (-AT): isenthalpic temperature rise, Ap: isenthalpic pressure drop,
bcd: formation of metastable liquid, de: isothermic (T = Tye) and isobaric (p = puc-Ap) freezing, e: metastable
solid, f: stable solid, t;+t,+t3=t: step times and total time to complete the batch metastable state
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Computer results of the intermittent metasta-
ble state

The most promising way to create state diagrams
is the optimal combination of experimental, theoretical
and graphical methods followed by computer calcula-
tions. In this study, the experimentally obtained param-
eters of the intermittent metastable state are evaluated
using the Tayt equation of state [45].

p= Po
B+ P
1-4-In(g +PaTM)

Where p0 is the density at atmospheric pressure
Pam and temperature T, p is the density at some pressure
P and temperature T.

P-T phase diagrams of benzene were drawn as a
result of computer calculations considering intermittent
metastable regions [45]. In addition, the diagrams are
constructed by considering discrete metastable regions,
and for benzene [53-55], the experimental and theoret-
ical values of p-T in the subcritical region of the phase
diagram do not exceed 1%. On the P-V diagram for a
wide range of pressure variations in the high pressure
region, the isotherm of the T= 356 K endpoint of the
metastable state and the isotherm of the T=278.5 K tri-
ple point of benzene are exactly very close at pressures
in the range of 220 MPa and above. In this study, the
experimental presence of the endpoint of the discontin-
uous metastable state at P = 220 MPa and temperature
T = 356 K indicates the transformation of a liquid into
a solid around this point.

The phase transition takes place in stages, from a
disordered phase (liquid) to a less ordered phase and so
to the most ordered phase (solid). That is, the transition
develops through a series of intermittent metastable
state-enhancing phases.

The experimental results determined with the dis-
crete metastable state on the freezing curve of benzene
at high pressure were found to coincide with the com-
puter drawings and the confirmation equation.

Graphical method in geometry.

The main research topic of geometric thermody-
namics, which is the basis of Gibbs' scientific papers, is

1050 - &

1000

950 -

p (kg m?)

900

850

800 Lt ! L 1 | : i

the relationship between the physical and chemical
properties of material bodies, their transformation into
geometrically shaped images, their study and interpre-
tation, which helps to precisely determine certain laws.
The essence of geometric thermodynamics is not only
to represent the state of thermodynamic systems using
geometric images. These images are the subject of re-
search, not the goal itself. Geometry establishes certain
physical laws by applying methods. Geometry studies
spatial relationships and shapes with graphics.
Graphics is the only way to solve many technical prob-
lems. It is the only method of determining the physical
and chemical properties of substances that have been
reliably incorporated into the research methodology..

I. The dependence of (dV/dT)p=const is based on
the postulates that were later recognized as the postu-
lates of the ideal gas law in determining the absolute
temperature. The physical and theoretical importance
of absolute temperature cannot be disputed.

1. The dependence of (dp/ dT)p=const baglhlig,
the point where the isobars meet on the (T) axis, indi-
cated the ionization temperature for monatomic gases
and the dissociation temperature for polyatomic gases
[34-46]. This rule does not apply to Hydrogen gas [47-
52].

It is also possible to apply the graphical method to
liquid and solid phases of matter.

I11. The dependence of (dp/ dT)p=const baghlig,
applied to benzene in the liquid phase, determined the
point at which the sublimation curve of the isobars
ends. Figure 3. In addition, since experimental studies
on the sublimation equilibrium curve involve technical
requirements, it is important to graphically determine
the point where the sublimation equilibrium curve ends.
Applied to the test results of liquid benzene at T=298K
and T=498K (p-T), p=constant dependence, 168K tem-
perature where the solid = vapor equilibrium curve
ends and pk=1200 kg/m? critical density point were
evaluated. The pressure of the critical density was de-
termined as Ps = (Piig/Tii¢) x Ts = 0.023bar.

168 173 198 223 248 273 298 323 348 373 398 423 448 473 498

T/K

Figure 3. p-T, p=const dependence of benzene.

IV. The dependence of (dp/dP)T=const is applied to the liquid phase of benzene and the isotherms converge
at one point at high pressure [24-31]. The parameters obtained by applying the graphical method to benzene and

other substances are given in table 1.



German International Journal of Modern Science No53, 2023 83

Tablel.
Critical temperature, critical pressure, critical density and sublimation curve endpoint values obtained graph-
ically for various substances.

. Critical Critical Critical desubduction
Chemical Name .
Matter of Matter temperature denstiy pressure curve ends tem-

K kg /m3 MPa perature, K
M-Toloudin C7HON 436 1085 200 178
O- Toloudin C7HON 303.15 1115 140 153
Benzen C6H6 562.7 1200 220 160
Benzonitril C7H5N 700 1150 185 198
N-Dekan C10H22 617.6 839 130 140
O-Ksilen C8H10 630 990 205 120
N-hepten C6H17 540 885 425 80

The pressure-temperature phase diagram of benzene was drawn using the values given in table 1 obtained by
experimental and graphical methods. The p-T phase diagram of benzene is given in figure 4.

P 111] R ——— T=f (p)
SOLID I
g :
5 |
LT/ SR—— ‘O, Jo— P=f(T)
0.039¢-------------- s !
, Triple Point 1
; | ! GAS
! VAPOR |
00Tty 1
: — 4 .
168 278 356 562
T/K
Figure 4.

In the liquid phase of benzene, the isotherms con-  pressure represents the critical point on the freezing
verge at a pressure of 2200atm, which is a critical point  curve of benzene. The critical point determined by the
on the melting curve. The point determined by experi-  dashed metastable state on the freezing curve of ben-
mental, computer and graphical methods at 2200atm  zene at high pressure is drawn in Figure 5.

356.0 [ \P=2200 atm
347.0 |------emmmemmeemmeeeee- -\’V—-\P=2000 atm

SOLID

Bimodal

t,s
Figure 5. Temperature and time diagram of the critical point on the freezing curve of benzene
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According to the theory of L. D. Landau [12], dur-
ing phase transitions of the first kind, the distribution
function over the energy or density of the system has
two bimodal maxima. At the first-order phase transi-
tion point, the density distribution is indeed bimodal. In
this case, the greater the number of particles in the sys-
tem, the higher and narrower the peaks on the bimodal
curve. The highest maximum corresponds to the most
favorable, stable state of the system and the second
maximum corresponds to a less favorable, metastable
state. At the transition point, the heights of the maxima
become the same and the system can coexist in both
states at the same time. This is illustrated in the temper-
ature versus time diagram on the freezing curve of ben-
zene. Figure 5.

Conclusion

At high pressures and temperatures, it is very dif-
ficult to determine the intermittent metastable burst of
melting by experiments. Although the existence of a
critical point on the melting curve is theoretically pos-
sible, it cannot be determined experimentally by meas-
uring the volume with the force acting on the moving
piston whose area is known.

In experiments, the absolute values of the volumes
of liquids and solids decrease along the melting line and
the effect of pressure dominates the effect of tempera-
ture. The compressibility of the solid phase at the melt-
ing point is never greater than the compressibility of the
liquid phase at the melting point, usually less than 25%
and not much more.

These approaches and a phase transition of the
first kind imply the existence of metastable states for
each of the phases: evaporation, melting and sublima-
tion.

By obtaining a discrete metastable state on the lig-
uid-solid equilibrium curve of benzene, the existence of
a base point at a pressure of 2200atm and a temperature
of 356K was determined by computer investigations
and graphical method and this point was defined as the
critical pressure.

Our metastable and graphic research highlights the
following issues.

1. The first type of phase transitions, achieved
by continuous or discontinuous metastable state, are
completed by an isothermic process.

2. The second type of phase transformation is
the "super metastable phase transformation”, which
represents the transformation from a metastable state
to a solid phase without an isothermic process, plotted
graphically.

3. Critical temperature at the point on the liquid-
vapor equilibrium curve where the metastable state
ends under constant pressure with increasing tempera-
ture Ter,

4. The point pressure at which the metastable
state ends under constant pressure by cooling the lig-
uid-solid equilibrium curve per,

5. The point at which the metastable state ends
under constant pressure by cooling the solid-vapor
equilibrium curve is represented by the critical density

Per

6. With the transition of the liquid phase to the
solid phase, the density of the substance between the
liquid and solid phases is equalized pL = ps

7. The evaporation equilibrium curve is a func-
tion of temperature, the freezing curve is a function of
pressure, the sublimation equilibrium curve is a func-
tion of density.
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