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CIRCADIAN RHYTHMS OF HEMODYNAMIC PARAMETERS IN PREGNANT HEALTHY WOMEN
AND IN PREGNANT WOMEN WITH HEART DISEASES

Zaslavskaya R.,

MD, professor, Main specialist space institute Russian Academy of science.
Moscow

Varshisky B.,

MD, Main cardiologist, Heart Institute, Hadasa, lerusalim, Israel.
Tejblum M.

Phd, Main specialist, Sogas-Med, Moscow, Russia.

HOUPKAJUAHHBIE PUTMbI TEMOJUHAMMWYECKHUX TAPAMETPOB Y 31OPOBBIX
BEPEMEHHBIX )KEHIIIUH 1 BEPEMEHHBIX C IIOPOKAMU CEPJLA

3acnaeckana P.M.,

OmH, npogeccop, I nasnvili cneyuanucm

HUnemumyma kocmuueckux uccredosanuii Poccutickoti Axademuu nayx, Mockea
Bapwiumckuii b.1'.,

cmapwuil kapouonoe uncmumyma cepoya, Xaoaca, Hepycanum, Uzpauns
Teionrom M.M.

x6n, Inasuviii cneyuanucm, MCK Coeas-Meo, Mockea, Poccus,

Abstract

The article is devoted to investigation of circadian rhythms of hemodynamic parameters in 40 healthy preg-
nant women and 94 women in the second half of pregnancy with obtained and innate heart diseases. Diagnosis of
heart diseases was specified by means of invasive method investigation and echocardiography.

During the day and night every 4 hours there were examination arterial blood pressure, ECG, phonocardiog-
raphy (PCG), heart rate. The received data were analyzed by means of variation statistic method, individual and
group cosinor-analysis method of F.Halberg and 2. Obtained information demonstrated circadian organization of
electromechanical parameters, heart rate, arterial blood pressure in healthy pregnant women. Acrophases of arterial
blood pressure (AP) and heart rate (HR) rhythms were characterized in day time. Disturbances in circadian rhythms
were characterized by increase duration of electromechanical parameters in pregnant women with heart diseases
especially in mitral stenosis together with disappearance of AP rhythm.

AHHOTALUA

Cratbs IIOCBsAIIICHA HpO6J‘I6MG I_[HpKa,I[PIaHHOi/‘I OpraHu3anuu nmapameTpoB 9J'I€KTpOMeX3HI/I‘IeCKOI\/‘I U reMmoau-
HaMHYECKON (PYHKIHUI cep/ia y 3M0pOBBIX OEPEMEHHBIX JKCHIIUH U Y )KSHIIMH BO 2-i MOJOBHHE OEPEMEHHOCTH,
CTPaJIAlONINX MPUOOPETEHHBIMH U BPOXKJAEHHBIMU TTOPOKaMU cep/iia. Jluarunos Obl yCTaHOBIJIEH C TTOMOIIIBIO UH-
Ba3UBHBIX METOJIOB MCCIIEI0BaHUIT M 3XoKapauorpaduu. B padore npoBoauiay o0MenprHAThIE KIMHUKO-HHCTPY-
MEHTaJIbHbIE METO/IbI CCIeIoBaHus. ApTepuanbHoe aaBnenue (AJl), uncno cepaednsix cokpamenuit (YCC), na-
paMeTpsbl NEKTPUUECKOI U COKPAaTUTENbHON (DYHKILMIA ceplila ONpenelsuid B IMHAMUKE Ha MPOTSHKEHHH CYyTOK
Kax/ple 4 yaca y 30 310poBBIX OepeMeHHbIX U 94 6epeMeHHBIX ¢ IPUOOPETEHHBIMH U BPOXKIEHHBIMH TOPOKAMH
cep/ra Bo 2-i O0J0BHUHE OEpEeMEHHOCTH.

vy 6€p€M€HHLIX C IMOpOKaMu cepJlia OTMCHUAIIUCh Pa3JIMYHbIC HAPYIICHUA HHpKa,HPIaHHOﬁ OpraHu3alium Kap-
JUOIr¢MOJHHAMUKU, B 0COOEHHOCTH y 6CpCMeHHLIX C MUTPAJIbHBIM CTCHO30M C I/IHBepCI/Ieﬁ HUPpKaJAUaHHBIX PUT-
MOB ITapaMeTpoOB BHeKTpOMeXEIHI/I‘IeCKOﬁ (bYHKIII/II/I cepanua U ICYE3HOBCHHUEM pUTMa AI[

Keywords: circadian rhythm, obtained, innate heart diseases, electrical and mechanical function, arterial
pressure, heart rate.

KiroueBble cji0Ba: UPKaJAWaHHBIN PUTM, TPHOOPETEHHBIE U BPOXKIEHHBIE TOPOKH CEPAIa, IEKTPUIecKas
1 MEeXaHW9ecKas QYyHKINU CepALa, apTepHaIbHOE aBICHUE, YHCIO0 CEPACYHBIX COKPALICHHUH.

[enecoobpa3HOCTh OMOPUTMONIOTHYECKOTO TMOA- € COaBT., 1982, 1983). CBsi3b OHONOTMUECKOTO ITUKIIA
X0/1a K 00CIieIoBaHHI0 OEpEeMEHHBIX JKEHIIMH Ompeie-  OePeMEHHOCTH C OCHOBHBIMH IIMKJIAMHU PETPOIyKTHB-
JSIeTCsl TIEPUOJMYHOCTRIO KaK CaMOTO POJOBOIO MPO-  HOTO NMEPUOA MOXKHO IPEJICTABUTH B BHJIE CXEMBI:
1ecca, Tak ¥ HEPEJKO HAOIIONAIOIIMMUCS CEepIedHO- OCHOBHBIE BPEMEHHBIE IIUKJIBI PETIPOyKTUBHOTO
COCYZMCTBIMH OCJIO)KHEHHSIMH Y OEPEMEHHBIX C ITOPO-  TEPHOJIa Y JKCHIINH.
kamu cepaua. (I'oopos I.A. u 1p., 1981; Banuna JI.B.
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CornacHoO nHTEpaTypHBIM NaHHBIM, OIIPEIeICH
TOJ0BOH puTM 4YacToTHl 3auaTid (Amod¢ 0., 1981),
gacToTsl poxkaenuii (I'ymrox H.I'., 1971), muroxummue-
CKUX TOKa3arenei JeiikonuToB y 6epemennbix (Karo-
MoB @.A., Kynasckuii B.A., 1985) u BennuuHbI KpoBO-
notepu B ponax (Bamuynuna H.3., u np., 1985). O6Ha-
pY’XKeHBbl 3aKOHOMEPHOCTH TE€CTAllMOHHOW TMHAMUKHU
COJIepXKaHUA pa3IUYHbIX ropMoHOB (Muxetrko B.IIL,
Oepaman T ., 1976). DyHKUHMOHANBbHAs CHCTEMa
MaTh-TUIOJ B TIepHOJIe OEPEMEHHOCTH SBISIETCS TIPUMe-
POM CIIOXKHOH HPOCTPAaHCTBEHHO-BPEMEHHOM OpraHU-
3aMuu, TPUIEM KaxXIOMY YPOBHIO OPTaHHU3ALNHU B KH-
BBIX CHCTEMaX CBOWCTBEHCH ONpEACIEHHBIN TUAa30H
suporenHoi purmukn (Karunac I'.C.,1980; [Turtenn-
pux K., 1984). Ilono6Has puTMHKa OTHOCHUTCS U K LIUP-
KaguaHHbIM puTMaM. OmyOJIMKOBaHBI PE3yNbTaThl U
HCCIIEIOBaHUH MO0 U3YYEHHUIO CYyTOYHON AMHAMUKH Ya-
CTOTHI MyJNbca, apTepuangbHoro nasieHus (AJl), mapa-
METPOB AJIEKTPOJIUTHOTO OOMEHa, COAEp)KaHUsI HEKO-
TOPBIX TOPMOHOB 1 OMOJOTHYECKH aKTHBHBIX BEIIECTB
B pasHele cpoku OepemenHocTH (JK.C. ApyTIOHSH,
1.3., Ipuropsin, 1984; J.Patrick. et al, 1979, 1982). Ox-
Hako, TpoOjeMa IMpKAaAWaHHOW OpTraHW3alld Ccep-
JIEYHO-COCYIUCTOM CHCTEMBI IPH HOPMAaJIBHO MPOTEKa-
folIel 6epeMeHHOCTH U IIPH IMOPOKaX CepALa OCTa&TCs
MaJlo U3yuyeHHOU. BMecTe ¢ Tem, uccieioBaHus B 3TOM
HanpaBJIEHUW TO3BOJIAT JaTh OLIEHKY (DYHKIHMOHATb-
HOTO COCTOSIHUSI OpraHu3Ma OepeMEeHHBIX M HCCIeN0-
BaTh MEXAaHM3M HApPYIICHHUS JESATEIbHOCTH CepACUHO-
COCYIUCTOI CHCTEMBI IIPU MATOJIOTHH OPTraHOB KPOBO-
obparieHnst y 6€peMEeHHBIX KEHIINH.

MATEPUAJI 1 METObI

buopurmonoruueckue HcciaeIOBaHUSI MPOBOAM-
JUCH C TOMOMIBI0 KOMIUIEKCHOTO oOcnemnoBanus 40
310pOBBIX *eHIIKUH OT 18 10 30 et u 'y 94 xeHuuH C
nopokamu cepaua ot 18 no 33 ner Bo 2-il monoBuHe
oepemenHoctu. [Ipu 3TOM OBUTH UCKITIOYCHBI 3a00JTe-
BaHUs BHYTPEHHUX OpraHoB. OOCIe0oBaHUS TeMOIN-
HaMHKH OCYIIECTBISUINCH B CTAIlOHApE, TAE HEPHOL
00pCTBOBaHMUS yCTaHABIMBAICA ¢ 7 9. 70 23 4, a 1e-
puox cHa - ¢ 23 4. go 7 4. MccnenoBaHus MpoOBOIMIN
Kaxzple 4 gyaca B TedeHune cytok B 7, 11, 15, 19 n 23 4.
JnarHocTuka mopokoB cep/la OCyIIeCTBIIACh C MO-
MOIIBIO  WHBa3HBHBIX  METOJOB  HCCJIEJIOBaHUS,
OXOKT, a Takxe OOMETPUHITEIMEA KIIMHUKO-UHCTPY-
MEHTAJIBHBIMH CIIOCOO0AMU ,BKIIFOYAsT aYCKYJIbTAIUIO,
OKI, @®KI, peHTreHOJOrH4eckoe HCClIeIOBaHUE.

Cpenu 94 GepeMeHHBIX ¢ TOpoKaMu cepana y 71 manu-
SHTKH JIWarHOCTUPOBAIM MPUOOpETEeHHBIE U Yy 23 -
BpOXKIEHHBIE IOPOKH cepana. Bee npuodpereHHbIe mo-
POKH Cep/Iia UMENTH PeBMaTUYECKYI0 3THOJIOTHI0. M-
HUMaJlbHasi CTENEeHb AaKTHBHOCTH PEBMATHYECKOTO
npoliecca Ha OCHOBE KJIMHHKO-OMOXMMHYECKHUX UCCIIe-
JIOBaHMH BBISIBJICHA Y 5 OEpEMEHHBIX. Y OCTaJIbHBIX Oe-
PEMEHHBIX C TNPHOOPETEeHHBIMH MOPOKaMHU cepAla
OIIpeAeNIach HeakTHBHas (paza peBMarm3Ma. ¥ Bcex
OEepeMEHHBIX C MOPOKAaMH CEp/Ila OTMEJalcs CHHYCO-
BBIH PUTM cepAeuHOM nesTenbHOCTH. IlokazaTtenu
AJIeKTpoMeXaHIMIeCKor QpyHKIuH cepana u Al B muHa-
MHKE y OEpeMEHHBIX ONpENe/sUIM B TEUYEHHE CYTOK
Kaxaple 4 gaca ¢ [EeNbI0 MOJMyYeHUs MH(POPMAIH O
[UpPKaTHaHHOW PUTMHYHOCTH NTapaMeTPOB 3JIEKTpHUe-
CKOMW M COKpaTHTeJIbHON hyHKLUI cepala, apTeprab-
Horo aBieHus (AJl) u uucna cep/iedHbIX COKpaIIeHUi
(HCO).

ITonmy4yennas nHpOpMalus ObUIa MTPOAHATIH3IUPO-
BaHa METOJaMM BapHAIlMOHHOW CTATUCTHKH, UHIUBU-
JyanbHbIM W TPYNIOBBIM KOCHHOP-aHAIM30M IO
®.Xanbepry u MeTofOM °. Pe3yabTaThl XpOHOOHOINIO-
TMYECKUX MCCIICNIOBAHUH Y OCpeMEHHBIX IMO3BOJIMIIN
YCTAHOBHUThH IIMPKAJAHAHHYI0 PUTMUYHOCTH IapameT-
POB KapAMOreMOJMHAMUKH, XapaKTEPU3YIOIUXCS Me-
30poM (CpeHEeCYTOYHON BEIMYUHON TOKa3aTens), ak-
podazoii (BpeMEHH HaMOOJNBIIET0 3HAYCHHUS Mapa-
METpa), aMILTUTY10H (Pa3HOCTHIO MEXKIY HaHOObIIEeH
BEITMYMHON TOKa3aTens u Me3opoM). llomydeHHBIE
OMOPUTMOJIOTHYECKHE JTaHHBIE J1aBad BO3MOXKHOCTB
OTIPEICNIUTh HAIMYHE FIIH OTCYTCTBHE LIUPKATHAHHON
PUTMHYHOCTH M3Y4aeMbIX apaMeTpoB y OepeMeHHbIX
C TPHOOPETEHHBIMH W BPOXIEHHBIMH IIOPOKAMH

cepaua.
PE3YJIbTAThI
CYTOYHAA JJHHAMHKA ITOKA3ATEJIEH
JIEKTPOMEXAHUYECKOH OYHKIIHH

CEP/IIA Y 3/1OPOBbBIX FEPEMEHHBIX.

AHanmu3 MOTYYeHHOW OMOPHUTMOJIOTHYECKON HH-
(dbopmaiyy, NpOBEACHHBIH 10 MporpaMMe WHIUBHIY-
albHOTO U IPYNIIOBOTO KOCHHOp-aHanu3a no d.Xai-
Oepry 1 MeToIoM 2 BhISIBUII ¢ 95% JI0BEpUTEILHOM Be-
POSTHOCTBIO Hanuuue cytouHoro putMma Allc, A/ln u
UCC. B 95% cnyuaeB MakcumainbHble 3HadeHus AJlc y
JKEHIIUH BO 2-i NOJIOBHHE OEPEMEHHOCTH YCTaHABIIH-
Baercsl B neprose 00apcTBOBaHUS. AMIUIMTYAA KOJje-
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Oanuit AJIc y 6epeMeHHBIX MPEBBIMIAST TAKOBYIO y HE-
OepeMEeHHBIX 3IOPOBBIX JHI. Y OEpeMEHHBIX HEe 0OHA-
PYKEHO CPEIHErpyNIoBOro 3aKOHOMEPHOTO pHUTMa
AJln. Al mpeTeprieBaet CyTOYHYIO TUHAMUKY C aKpo-
(azoii B 16 4. 18 MuH., uTO coBmagaer ¢ akpodaszoit
AJlc. Amruintyna konebanuit AJlm (5,6 MM pr.cT) Xa-
paKTepu3yeT BBIPAXKEHHOCTh CyTOuHOro put™Ma A/l y
6epemennsbix. [ns 92,5% oOcnemoBaHHBIX 3710POBBIX
OEpeMEHHBIX XapakTepPEeH MHEBHOM THI CYyTOYHOTO
purma A/l ¢ akpodazoii B meprone ¢ 7 4. 1o 23 4. Y
7,5% ompenensercss HOYHOM THUI CYTOYHOTO PUTMa C
pacrtionoxxeHreM akpodassl B MHTEpBaJle BpeMeHH ¢ 23
4. 10 7 4. Y 90% 310p0BbIX O6pEeMEHHBIX BO 2-1 10JI0-
BUHEe OepeMeHHOCTH HaOmogaeTcss BHYTPEHHSS U

BHEIITHSSA CHHXPOHHU3ALUS CyTOYHBIX pUTMOB AJlc M
AJln. B Hamux uccnenoBanusx (3acimaBckas P.M. ¢ co-
aBT., 1985) ycTaHOBIIEHO HaIMuYUE CYTOYHOIO PUTMA
YCC y 310poBBIX OEpEeMEHHBIX, YTO COBMAIACT C JaH-
ueiMu T. XenwsOprore (1964), M.I'. 3apuagze u M.I.
Hasnapuanu (1983). Akpodas purma UCC ycranaiu-
Baetcs B 13 4. 54 MuH. AHanu3 pacnpeaenacHus HHIU-
BU/IyaJIbHBIX aKpo(ha3 MO3BOJIHII BHISIBUTh JHEBHOM THIT
cyrounoro putma YCC y 87,5%, a Houno# - y 12.5%
6epemenHbIX. COTTIAaCHO HAIIMM HCCIIEAOBAHUSM, BBI-
SIBJIEH CYTOYHBI PUTM OCHOBHBIX IOKa3aTeNlel 3JIeK-
TpoMexaHndecKor pyHKunu cepana u Al y 3mopoBeIx
6epemenHbIx. Tabmmma 1.

Tabmuma 1.

CyTOYHBIH PUTM apTePHAIBLHOTO NABJICHUS M TIOKa3aTelel 3J1eKTpoOMeXaHHuecKoi (QyHKIMH cepala y 3J0pOBBIX
JKEHIIUH BO 2-i IOJIOBHHE GEPEMEHHOCTH (T10 TaHHBIM YCPEIHEHHO-TPYNIIOBOIO KOCHHOP-aHAIN3a H 7).

[Toxa3arens Mesop Ammuiutyna Axpoda3za, 4, MUH
AJlc. MM pT. CT. 1174 6.7 17,18
(114,1-120,7) (4,4-9,1) (16,12-18,18)
AJl1, MM PT. CT. @ 4,777_;]'9,5)
AJlm, MM PT. CT. 40,3 5,6 16,48
’ (37,8-42,8) (3,1-8,1) (15,24-18,12)
81 5 13,54
[1CC B mumyTy (71-84) 37 (12,00-15.18)
P-Q. ¢ 0,136 0,009 2,36
' (0,122-0,149) (0,002-0,016) (18,56-5,24)
ORS¢ 0,073 0,002 18,18
' (0,07-0,076) (0,001-0,005) (15,12-1,24)
S ¢ 0,348 0,016 1,42
’ (0,34-0,355) (0,01-0,02) (23,48-2,36)
Do, 0,41 0,029 2,30
’ (0,379-0,430) (0,014-0,045) (23,48-4,36)
Q-1 ToH, ¢ 0,10 _ _
’ (0,097-0,105)
le. 0,037 - -
’ (0,031-0,042)
T o 0,135 0,006 4,54
’ (0,129-0,141) (0,002-0,011) (2,36-8,00)
B e 0,237 - -
’ (0,229-0,245)
So. ¢ 0,371 0,016 2,54
' (0,363-0,379) (0,009-0,023) (1,54-3,54)
Do. ¢ 0,388 0,03 1,18
' (0,359-0,416) (0,018-0,043) (22,54-3,06)
Sm ¢ 0,271 0,012 3,00
' (0,264-0,279) (0,005-0,019) (1,24-4,30)

LupkaaHasi opraHu3anust NEKTPUIECKOil aKTHB-
HOCTH MHOKapJa y 37I0POBBIX BO 2-if momoBuHE Oepe-
MEHHOCTH XapaKTEePHU3yeTCs] HOUHBIM THIIOM CYTOYHBIX
PUTMOB UIMTEILHOCTH MHTEPBaaoB P-Q, mpomosmku-
TEJILHOCTHU 3JIEKTPUYECKON CUCTOIBI (S3), 3NeKTpHude-
ckoii auactoisl (D3). [nurenbHocts koMiuiekca QRS
XapaKTepU3yeTcsi THEBHBIM THUIIOM puTMa. CyTOYHBIN
PHUTM NPOAODKUTEIbHOCTH P He ycraHoBieH. M3yde-
HHE CYTOYHOH OMHAMHUKH (Da30BOH CTPYKTYpBI CH-
CTOJIBI JICBOT'O JKEJTyOYKa BBIIBHIIO OTCYTCTBUE CPEA-
HErPYINOBOr0 PUTMA IJIHMTEIBHOCTH MHTepBaia Q-
TOH U €0 3HAUYUTEJILHOE YBEINUCHHUE Y 310POBBIX HKEH-
IIMH BO 2-i MOJIOBUHE OepeMeHHOCTH. BO3MOKHO, 3TO

CBSI3aHO C BIIMSHHEM Ha (pa30BYIO CTPYKTYPY cepicu-
HOT'O IMKJIa THIIEPBOJIEMHUH MaJIOro Kpyra KpoBoooOpa-
IeHUs, (PU3UOJOTHYCCKH Pa3BHUBAIOIICHCS B TCYCHUC
6epemenHocTd. Hapsiny ¢ KOJIMYeCTBCHHBIMH M3MEHE-
HUSMH (Pa3 CepICYHOTO IMKIIA HAOIFONAI0TC H3MCHE-
HUS MX BPEMCHHOM OpraHU3aIliH, B YaCTHOCTH, UCUE3-
HOBEHHE CYTOYHOrO putMa mHTepBaia Q-1 ToH wim
(ha3pl acMHXPOHHOTO coKpaieHus (Ac). ITo sBiieHUE
MOJXKHO pacICHMBATh KaK OIMH W3 MPH3HAKOB HATIPs-
KEHUsT (YHKIHMH CepACYHO-COCYJMCTON CHCTEMbI B
CBSI3U C 3aKOHOMEPHO Pa3BHBAOLIMMUCS BO BpeMmsi Oc-
PEMEHHOCTH T'eMOJMHAMHYECKUMH CIIBUTaMH. YCTa-
HOBJIICH CYTOYHBIH PUTM (BBISBISEMBIA C TOMOIIBIO
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METO/1a (%) TIPOIOJKUTENBLHOCTH H30METPUIECKOTO CO-
kpamienns (Ic) ¢ Me30poM, MPEBBIMAIONTAM TAKOBOU Y
3JI0pPOBBIX OepeMeHHBIX, 00HapyxeHHbIi B.I1.Kapnma-
HOM (1982). V 52,5% OepeMeHHBIX BBISBICH HOYHOM
TUII CYTOYHOTO PHMTMa IPOAOJDKUTENbHOCTH IC, a y
47,5% - nHeBHOU THII. JITUTENHHOCT IEPUO/IA HATIPSI-
xenust (T) npereprieBaeT CyTOYHYIO INHAMUKY C aKpO-
(az0ii B 4 4. 54 MuH. Y CTaHOBJICHO CYIIECTBEHHOE yBE-
JMYECHUE TPOJOIDKUTENLHOCTH T 10 CpaBHEHHIO C Ta-
KOBOW Y 3IOPOBBIX HEOCPEMEHHBIX JXCHIIMH. OJTOT
(eHOMEH CBs3aH Kak ¢ yuIMHeHWeM uHTepBaia Q-l
TOH, TaK M C yJUINHEHUEM BPEMEHH M30METPUIECKOTO
cokpauienus (Ic). Hounoii tun putma T BeIsiBIsIETCS Y
65%, a naeBHOH THII - y 35% OepemennsIx. [Ipomon-
JKUTENBHOCTB nepruoa usrnanus (E) xapakrepuzyercs
CYTOYHBIM PUTMOM C akpodazoit B 3 1. CyrouHomy
PUTMY [UTUTEIHOCTH MEXaHHYECKOW CHCTOJNBI (SM)
CBOWMCTBEHEH HOYHOU THI C aKkpoda3oif B 3 4. AHanm3
pacnpezeneHus HHIUBHIYIbHBIX akpodas mo3BOJIHI
BBIIBUTDH OOJIBITYIO YacTh UX (67,5%) B HOUHOE BpeMs,
a MeHbiyio (32,5%) - quéM. OGHapyXeH CyTOYHBII
PHUTM MPOJOIDKUTEIBHOCTH 0011eit cuctobl (S0) C ak-
pocdasoii B 2 4. 54 MuH. 75% MHAMBUAYAJIBHBIX aKpO-
da3 SO ompeaensOTCs B HOYHOE Bpems, a 25% - B
nHeBHOe. IlozoOHBIE PHUTMONOTHYECKHE XapaKTEepH-
CTHKU OTMEYAIOTCS ¥ B OTHOILICHUH ITPOIODKUTEIBHO-
ctu auactoibl obmeit (Do). Akpodaza purma Do 00-
HapyxuBaiachk B | 4. 18 MuH. AHanu3 pacnpeneneHus
MHIMBHIYaJIBHBIX akpo(a3 puTMa MpOJOKHTEIBHO-
ctu Do, mo nmaHHBIM KocuMHOp-aHanmu3a, B 67,5%
HaOJITOZIeHNH BBISBMJI HOYHOM, a B 32,5% - IHEBHOMU
tun purma Do. Takum 06pa3om, y 3710pOBBIX JKEHIIIMH
BO 2-ii MoToBHHE OEpPEMEHHOCTH aKpo]a3bl OCHOBHBIX
MoKaszareield TNPOJODKUTEIBHOCTH (a3 CHUCTONBI U
JIMACTOJIBI JIEBOTO JKENyJ0YKa YCTAHABINBAIOTCS B OC-
HOBHOM B HOYHOE BpPEMs CYyTOK, OTpa)kasi HOYHOW THII
CYTOYHOTO PUTMa M XapaKTepH3ysl sIBIICHAE BHEITHEH 1
BHYTpEHHEH cuHXpoHu3auy. B nepuoae 6oapcTBoBa-
HUS Y 3/I0POBBIX O€pEMEHHBIX 0oJiee BBIPAXKEHBI MPHU-
3HaKH ()a30BOT0 CHHAPOMA TUIEPANHAMHH JIEBOTO JKe-
JyZ04YKa, @ BO BPEMsI CHa - NPU3HAKY TUITOIUHAMUH 110
Kapnmany. M3n0%KeHHOE CBUIETEIBCTBYET O TOM, YTO
y 3JI0pOBBIX O€pEMEHHBIX NIPH BHYTPEHHEH 1 BHENTHEH
CHHXPOHM3AIIMU PUTMOB TOKa3arteneit (pa3oBoil cTpyk-
TYpBHI CEpACYHOTO IMKJIA MMEET MECTO BBIPayKCHHBIH
PUTM JAJHUTEIBHOCTH IIAPaMETPOB COKPATUTEIBHOU
(yHKIIMM MHOKap/a, XapakTepU3YIOIIMHCS yCUIICHHEM
COKPATUTEIBHON CIIOCOOHOCTU THEM U €€ CHIDKEHUEM
B I1E€pUOJ] CHA. AHAJIN3 NIPOBEAECHHBIX OMOPUTMOJIOTH-
YECKMX HCCIEIOBAHMI IOKa3al, YTO I 3J0POBBIX
JKEHIIMH BO 2-if MOJIOBUHE OEPEMEHHOCTH XapaKTepHa
ompesienéHHas MUPKaJuaHHas OpraHu3aIus KpoBooO-
pamenus. OHa TPOSABISAETCS OTYETIMBONM IUPKATHAH-
HOHM XpOHOCTPYKTYPOH PUTMOB JUINTEIHHOCTH MTOKa3a-
TeNel JIEKTPOMEXaHUYECKON IeSITeIbHOCTU cep/ilia 1
AJl. Ipun sTom akpodaszsr Allc, A/ln, UCC, komiiekca
QRS npuxoasrcs Ha gHeBHBIC Yackl (¢ 13 4. 54 MuH.
no 18 4. 18 mun.), a akpodassl uarepana P-Q, npo-
JIOJDKUTENsHOCTH S3, Do, Ic, T, Sm, So, Do onpeners-
10TCs B HO4YHOE Bpems (¢ 1 4. 4 mMuH. 10 5 4.). B nepu-
one OOAPCTBOBAaHUS BO3PACTAET 3JIEKTPOMEXaHHUIE-
CKas aKTUBHOCTh MHOKapJa, 4YTO IPOSBISIETCS
MOBBIIIEHNEM (YHKIMM aBTOMAaTH3Ma, YCKOPEHHEM
NPOBOJIMMOCTH M YCHJIEHHEM COKPaTHTENILHOM CIo-
cobHOCTH MHOKapaa. B mepuome cHa HabmomaroTCs

CABUTH IPOTHBOMOJOXKHOIO 3Haka. OMNHMCaHHBIN Cy-
TOYHBIH PUTM T€MOANHAMUKY ABIISETCSA (hU3HOIOTHYE-
CKHM LIeJIeCOOOpasHbIM [yl OpraHu3Ma OepeMEeHHOMH,
TaKk Kak 00ECIeuMBAEcT OTHOCHUTEIBHO BBICOKHH YpO-
BEHb aJlalTalludl CepJe4YHO-COCYAUCTON CHCTEMBI B
JHEBHOE W HOYHOE BpeMs. MOKHO OTMETHTH OIIpene-
JNEHHYI0 3aKOHOMEPHOCTb CYTOUHOI'O PacHpeieieHUs
TPYIIOBBIX aKpo(]a3 OCHOBHBIX MOKa3aTeNeil JIeKTPo-
MexaHW4eckod nesirensHocTH cepaua u AJl. Tlpu du-
3MOJIOTHIECKH ITPOTEKAIOIIEH OEepeMEHHOCTH HapsiLy C
MIPOCTPAHCTBEHHBIMU W3MEHEHHMSIMH CEepIEeYHO-COCY-
JVCTON CHCTEMBI BBIABIISIIOTCSI H3MEHEHHUS BPEMEHHOM
opraHmuzaly. AJanTallOHHAs MepecTpoiika cep-
JEYHO-COCYJUICTON CHCTEMBI B Iporuecce OepeMEeHHO-
CTH Ha MOP(O-PYHKINOHAILHOM yPOBHE IPUBOAUT Y
qacTH OEpEMEHHBIX K HAPYIICHUIO BPEMCHHON OpTaHH-
3alluy, 4TO B 1-10 odepenp MPOSIBIAETCS U3MEHEHHEM
XapaKTepUCTHK puTMa M3ydyeHue cyTouHOl TMHAMUKU
NoKazaTesied KpOBOOOpAILlEHUs] IMO3BOJISIET BBISIBUTH
JOTOJIHUTENBHBIE ~ PUTMOJIOTHYECKHE  KPUTEPUH
OLICHKH ()yHKIIMOHAJIBHOTO COCTOSHHS CEPACYHO-COCY-
JMCTON CHCTEMbI OEPEMEHHBIX U CTETICHH aJICKBaTHO-
CTH €€ aJalTUBHBIX NEPECTPOCK.

IIUPKA/THAHHAA OPI'AHHU3ALIHA
T'EMOJAHHAMHKH Y BEPEMEHHBIX C
IIPHOBPETEHHBIMH IIOPOKAMH CEP/1IA.

[TpuHMMast BO BHUMaHUE YHHBEPCAIBHOCTH (DeHO-
MEHa PUTMHYHOCTH MOP(OQPYHKIIMOHAIBHBIX CUCTEM
B Iepuox OepeMEHHOCTH, HEOOXOIUMO YUYHUTHIBATH
BpEeMEHHOM (haKTop IpH OLeHKe PyHKIIMOHAIILHOTO CO-
crostHus eé. LlenecooOpa3HOCTh NCTIONB30BAHUS OHO-
PUTMOJIOTHYECKOTO NOAX0Aa TeM Oojiee Ba)KHA, YTO
OIIBIT KIMHUYECKUX HAOIIONCHNH CBHIETENBCTBYET O
3aKOHOMEPHOH MEePHOAMIHOCTH KaK POIOBOTO IIPO-
1iecca, Tak ¥ OCJIOKHEHHH CO CTOPOHBI CepEeYHO-COCY-
JUCTOM CHCTEMBbI Y OEpEMEHHBIX C MOPOKaMH cepala
(Banuna u np.). bepeMeHHOCTD y JKEHIMH, CTpaiao-
MHUX TPHOOPETEHHBIMU M BPOXXAEHHBIMH IOPOKaMHU
cep/la, MpeACTaBIsIeT MpodieMy, OIMHAKOBO BAXHYIO
Kak JJIs KapJHOJIOTHH, TaK U JUI aKyIIepCcTRa.

[Mo mamuemM B.W. Makonkuna (1977), npuobpe-
TEHHbIE TIOPOKHU Cep/illa 3aHUMAIOT 1-€ MEcTo BHyTpEH-
Hel 1aToJI0TuH, COMyTCTBYIONIEH OepeMEeHHOCTH.

HEJIOCTATOYHOCTH MHTPA/IBHOI' O
KJIAITAHA.

Buoput™monorndeckne uccienoBaHHUA IOKa3aTe-
JIeH TeMOIMHAMUKY OBLTH MPOBEICHH Y 26 OepeMeH-
HBIX C M30JIMPOBAaHHOM HEIOCTATOYHOCTHIO MHUTPAJIb-
HOTO KJIallaHa U COYETaHHBIM MHTPAIBHBIM IIOPOKOM
cepama ¢ mpeobIagaHneM MUTPaIbHON HETOCTaTOYHO-
CTH U JIeKOMIIeHcalel cepaedHor nesrensHocTr 0-1
CTaauu BO 2-i mosioBuHE OepeMeHHoCcTH. [lomyueHHas
nHpopmanus Opi1a 00paboTaHa MO MPOTpaMMe WHAU-
BHUIYalbHOTO U YCPEAHEHHO-TPYIIOBOTO KOCHHOP-
aHamu3a ¥ MeTonioM 2. TIoyYeHHbIE JIaHHbIE MO3BO-
JIWIN yCTaHOBUTH C 95% NOBEpUTENHHOI BEPOSTHO-
CTBIO HAJIMYHME CYTOYHOTO PUTMa OOJBIIMHCTBA ITOKa-
3areneil AIEKTPOMEXaHW4YeCKOW (YHKIMM cepana M
AJl. K aum otHOcHnuck AJlc, YCC, mpoaomKuTeb-
HOCTB CHCTOJIBI DJIEKTPHIECKOH (S3) M IMACTOIIBI JIeK-
Tpudeckoit (D3), mmurensHOCTH (ha3bl HANPSIKEHUS
(T), n3omerpuyeckoro cokpamienus (IC) u mepuona u3-
raanus (E), cucronsl MexaHndecko (Sm), CHCTOJIBI
o61weii (S0), nuactonst obweit (Do). Tabnuua 2.
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Tabnnma 2.
CyTOYHBIN PUTM ITOKa3aTesei dNeKTpoMeXxaHndeckoi pyHkmmu cepaa U AJ] y 6epeMeHHBIX ¢ HeI0CTaTOYHO-
CTBI0 MUTPAJILHOTO KJIallaHa U cepAeUHOM HeaocTaTouHOCThIO 0-1 craguu.

IToka3arenn Mesop AmMmuiutyna Axpoda3za, 4, MUH
AJlc, MM pT. CT. 115 6.5 16,36

’ (111-119) (4,2-8,8) (15,24-19,06)
AJl1, MM pT. CT. (7702-,756)

77,3 5 12,36
1CC B mumyTy (77-81) 37 (11,00-14.48)
b . 0,09 - -

’ (0,084-0,092)

0,145 - -
PQ.¢ (0,136-0,154)

0,073 - -
QRS ¢ (0,069-0,078)

S, ¢ 0,347 0,08 1,30
’ (0,337-0,357) (0,003-0,012) (23,36-3,54)

Do, ¢ 0,446 0,04 0,48
(0,413-0,478) (0,02-0,06) (23,06-2,54)

Q-1 Tow, ¢ 0,08 _ _
’ (0,07-0,085)

o 0,037 0,006 512
' (0,033-0,042) (0,001-0,011) (1,42-8,42)

T o 0,113 0,007 542
’ (0,105-0,122) (0,003-0,011) (3,48-9,00)

E o 0,236 0,009 0,24
’ (0,225-0,247) (0,002-0,016) (21,45-3,06)

Sm ¢ 0,273 0,013 2,18
' (0,263-0,282) (0,005-0,02) (0,06-4,12)

So c 0,35 0,012 2,36
' (0,338-0,36) (0,005-0,019) (0,48-4,54)

Do. ¢ 0,35 0,038 0,24
' (0,338-0,36) (0,019-0,057) (22,54-2,32)

AHanu3 pacnpeneneHus] UHAUBUIYaJIbHBIX aKpO-
a3 putma AJlc mo3Bonun BeIABUTH B 92% ciydaeB
JTHEBHOW U TONBKO B 8% - HOUHO# Tunm putma Allc.
AJln He oOHapyXHBall CyTOYHOTO pHTMa y OepeMeH-
HBIX C MUTPAJILHOW HEIOCTaTOYHOCTHIO. AHAIN3 pac-
npeaeneHus HHANBUAYaTbHEIX akpodas putma UCC B
96% HabOMrOIeHUIT OOHAPYKIUT THEBHOM U TOJBKO B 8%
- HOYHOW THIT pUTMA. DTH XapaKTEPUCTHKH CYTOTHOTO
putMa YCC COOTBETCTBYIOT TAKOBBIM y IPAKTHUECKH
3I0POBBIX O€peMEHHBIX. PUTMOJIOTHYECKHE HCCIIe0-
BaHMUS TIOKa3aTeJed dJIEeKTPUYECKOW aKTUBHOCTH
cepana MO3BOJIAI yCTAHOBUTH CYTOYHBIH PUTM JJIH-
TenbHOCTH S5 m D3 ¢ akpodazamMu B HOYHBIC YACHI
JueBHO# T muTenbHOCTH S3 1 D Habmogaercs co-
OTBETCTBEHHO Y 27% u 31% GepeMeHHBIX C MUTpaJIb-
HOM HEJOCTAaTOYHOCTHIO, 2 HOUHOU - y 73% u 69%.
AHaJOru4HbIe JaHHbIE MOJTYYEHbl IPU PUTMOJIOTHYE-
CKuX mccienoBaHusaX S3 u D3 y 310poBEIX OepemeH-
HBIX. OJTHAKO, B OTJIMYHE OT MOCICTHUX Y OEPEMEHHBIX
C HEJOCTAaTOYHOCTHIO MUTPAJILHOTO KJlalaHa MpoJioJi-
KHUTENbHOCTh MHTepBana P-Q u xomiuiekca QRS cy-
TOYHOTO pUTMa HE UMeTa.

AHanu3 CyTOYHOTO PUTMa MPOJODKUTEIHLHOCTH
(a3 cepaedHOTO MUKJIA IMO3BOJIMI YCTAHOBHUTH OTCYT-
CTBHE pUTMa JauTeNbHOCTH nHTepBaia Q-1 Ton. OTMe-
YeH CYTOYHBIH PUTM MPOJODKUTENBFHOCTH (pas3bl m30-

meTpuueckoro cokpaiienust (Ic) ¢ e€ cpenneit akpoda-
30#1 B 5 4. 12 MHH., 4TO OTpakaeT HOYHOIl THUII pUTMa.
JumutensHOCTH (a3el HanpspkeHus (T) B 65% ciydaes
oOHapyxeHa B HOUHOEe BpeMs U B 35% - B JIHEBHBIC
yacsel. JlmurensHocTs nepuosa u3rHanus (E) numena cy-
TOYHBIN PUTM CO CpeHel akpohazoil B HOUHOE BpeMsI.
54% wHaMBHAYyalbHBIX akpoga3 purma E ycranasmm-
BaeTcsl HOUbI0. Y OEpeMEHHBIX C HEeJOCTaTOYHOCTHIO
MHUTPAJIBHOTO KJIAIIAHA BBISBILUICS CYTOYHBIH PHTM
JUTUTEIILHOCTH MEXaHHYECKOW CHUCTOJIBI (SM) ¢ aKkpo-
¢dazoii B 2 4. 15 MuH. 69% MHANBHIYaIbHBIX akpodas
COOTBETCTBOBAJIM HOYHOMY THITY, a 31% - mHEBHOMY
tumy. OOHapy>keH CyTOYHBII PUTM AJIUTEIHHOCTH 00-
mieii cuctonsl (S0) Co cpeaHeii akpodaszoit B 2 4. 36
MUH. 65% akpoda3 yCcTaHOBICHO B HOYHOE BpeMs, a
35%-nuéM. CyTOUYHBIH PUTM MTPOIOIDKUTEIBHOCTH 00-
meit quactoitsl (Do) xapakrepuzoBancs akpogasoii B 0
4. 24 MUH.

[omyueHHble TaHHBIE CBUIETEIBCTBYIOT O TOM,
YTO XpOHOCTPYKTypa (a3 cepaedynoro mukia y oepe-
MEHHBIX C HEJOCTaTOYHOCTHIO MHUTPAJIHHOTO KJIarmaHa
MPUHIMIHAIGHO HE OTJIMYAeTCsl OT BPEMEHHOH opra-
HU3AIIH 3THX MOKa3aTeNlell y 3710pOBBIX OEpEeMEHHBIX.
Axpodasbl BceX OCHOBHBIX IIAPAMETPOB, XapaKTepU3y-
omux (HazoByro CTPYKTYpy HPOJOIKHTEILHOCTH CH-
CTOJIBI ¥ AUACTOJIBI JIEBOTO XKETYAOUKA, ONPEICIITFOTCS
B HOYHBIC Yachl, OTPakass HOYHOW THUII CYTOYHOTO
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putMa. B mepuone OompcTBoBaHUS y OepeMEHHBIX C
MHUTPAIbHOW HEJOCTaTOYHOCTBIO 0OO0Jiee BBIPAKEHEI
NpU3HAKKA (a30BOr0 CHHIPOMA TUIEPIUHAMHHU, KaK U
y 3II0POBBIX OepeMeHHBIX. B mepuos cHa oTMeuaercs
TEHJCHUMsT K THIIOJUHAMUKM Muokapna. Crenosa-
TEJILHO, IPH MUTPaJIbHOM HEIOCTAaTOYHOCTH OTIPEAEIs-
€TCsl CYTOYHBI PHUTM COKPaTHTENBHOH CIOCOOHOCTH
MHOKap/a JIEBOTO XKeIyI0uKa, KOTOPBIH XapaKkTepu3y-
eTcsi €€ yCUIICHHEM B THEBHBIC Yachl M CHIDKCHUEM - B
nepuone cHa. OXapaKTepu30BaHHBIN CYTOYHBIH PUTM
OepeMEeHHBIX aHAJIOTHYEH TAKOBOMY y 37I0POBBIX Oepe-
MEHHBIX. AKpo(a3bl PUTMOB IIPH MHUTPAIBLHONH HEHO-
CTaTOYHOCTH H Y 3[[0POBBIX OCPEMEHHBIX PAZITHIAFOTCS
He Oojee, ueM Ha 3 4. OHaKO, y OEpEeMEHHBIX C MHT-
paJIbHOM HEJOCTAaTOYHOCTBHIO 00JIee BhIpayKeHa AECHH-
XpoHu3anusi puTMoB (29% ciydaeB) IO CpaBHEHHIO CO
3I0pOBBIMH  OepeMeHHBIMU  (25%  HabOmroneHuit).
Kpome aToro, B oTiH4He OT 3/10pPOBBIX OEPEMEHHBIX, Y

OEpPEMEHHBIX C MHUTPAIBHOW HEJOCTATOYHOCTHIO OT-
CYTCTBOBaJIa CYyTOYHasi pUTMHUYHOCTb HPOJOIKUTEINb-
HoctH P u xommekca QRS.

MHTPATbHBIH CTEHO3

HccnenoBanust ObUTH MpOBeNEHbl Y 32 >KSHIINH,
CTpaJaroUIMX MUTPAJIbHBIM CTEHO30M M COYETaHHBIM
MUTpPaJIbHBIM [TOPOKOM CepALia C MpeodIagaHueM cTe-
HO3a JIEBOT'0 aTPHOBEHTPUKYJISIpHOTo oTBepcTHs 1 HK
1 - 2 craguu Bo 2-1i mooBUHE 6epeMeHHOCTH. Bo3pact
obciexyemsix 0611 0T 21 110 39 seT. AHaINU3 PUTMOIIO-
TMYECKUX JaHHBIX MO3BOJII YCTAaHOBUTH ¢ 95% moBe-
PUTEIBHON BEPOSATHOCTBIO 3aKOHOMEPHBIN CYTOYHBIM
putm YCC, BpeMeHH BHYTPHUIPEICEPIHOW MPOBOIH-
Moctu (P) U aTpHOBEHTPUKYIAPHON MPOBOIUMOCTH(
uHTepBan P-Q), aIeKTpUUecKoi CHCTONBI M ANACTOIIBI
(So u D), nepuona usruanus (E), cuctonsl MmexaHude-
cKoii u obmiei (Sm, So), obmieit nuacroinst (Do). Tad-
nuna 3.

Tabmuna 3.

CyTOUHBII PUTM ITOKa3aTelNel dIeKTpoMexaHndeckoit GpyHkmmu cepana u AJl Bo 2-if momoBrHE OepeMEeHHOCTH
IIPY MUTPaJIbHOM CTEHO3E.

IToka3zarenn Mesop AMmutyna Axpodasa, 4, MHH.
111.7 - -

AJlc, MM pT. CT. (108-115)

AJln, MM pT. CT. (77242;57)

78 3 1,36
1CC B MumyTy (72-81) (1-4) (00,36-2,30)
P c 0,10 0,003 8,42

’ (0,095-0,102) (0,001-0,004) (6,00-10,54)
P-Q. ¢ 0,14 0,003 11,30
' (0,135-0,15) (0,0-0,005) (7,24-14,40)
Sy ¢ 0,34 0,007 16,24
’ (0,335-0,35) (0,005-0,01) (14,42-18,54)
Do. 0,43 0,03 13,00
’ (0,40-0,46) (0,015-0,043) (11,30-14,00)
Q-1 Tomn, ¢ 0,091 . .
’ (0,09-0,096)
T o 0,115 - -
’ (0,107-0,12)
E o 0,24 0,008 13,12
’ (0,23-0,25) (0,004-0,013) (11,42-14,20)
Sm. ¢ 0,27 0,007 13,24
' (0,26-0,28) (0,003-0,012) (11,12-14,42)
So. ¢ 0,36 0,007 13,24
' (0,35-0,37) (0,003-0,012) (11,42-14,54)
Do. ¢ 0,41 0,027 13,24
' (0,38-0,45) (0,014-0,04) (11,54-14,36)

B omimawme ot 310pOBEIX OepeMEHHBIX 1 OepeMeH-
HBIX C MUTPaJbHOM HEJTOCTATOYHOCTHIO Y OEPEMEHHBIX
C MUTpaJIbHBIM CTEHO30M CYTOYHBIN puT™M AJlC He BBI-
sBisiicsl. He ObL ycTaHOBIEH Takke M put™M AJl1. Ak-
podaza UCC ycranaBmmBaetcs Houb0. B 81,3%

HaOmonenuit akpodaza YCC BBIABISIACH HOYBIO U
suiib B 18,7% - nHéM. DTU 1aHHBIE CYHIECTBEHHO OT-
J4an 6epeMEeHHBIX C MUTPAIbHBIM CTEHO30M OT 3]10-
poBbIX 6epeMmeHHBIX. Puc. |
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Puc.1. Kocunopwt cymounoeo pumma YCC'y b6epemennvix ¢ mumpanvhvim cmenosom (1) u y 30oposvix bepemern-
noix (11). Yépnoiii hpacmenm kpyea - nepuod cHa, KacamenbHvie K dAIUNCY - O0BEPUMETbHbLE PAHUYbL AKPO-
@aszvl. Dnaunc, He NOKPLIBAIOWULL YeHMP Kpyea, yKasvieaem Ha 0ocmosephvill Ha 95% yposens sHauumocmu

yupkaouanno2o pumma. Eciu anaunc nokpvieaem yenmp Kpyea, mo pumm He00CHmo8epHbll.

CrenoBarenbHO, BBIIENEHBl 2 TNPHHIUIHAIBHO
Pa3NUYHBIX THUNA IUPKATUAHHOW CTPYKTYpHl pHTMa
YCC y 310pOBBIX OCpEMEHHBIX U y OONBHBIX C MHUT-
palbHBIM cTeHO30M: AHeBHOM Tril putMa YCC OB Xa-
paKTepeH JUIs IePBhIX, @ HOYHOI - u1s moceanux. Kax
BUIHO W3 TaOiunbl 3, OOJBUIIMHCTBY IIOKasaTeseit
JJIEKTPUUECKOIl aKTUBHOCTH MHOKapAa CBOMCTBEHHA
CYTOYHasi pUTMHYHOCTh. B oTiiume ot 310poBbIX Oe-
PEMEHHBIX Yy OEpPEeMEHHBIX C MHTPAJIBHBIM CTEHO30M
00Hapy>XUBAeTCAd PUTM IPOJIOIDKUTEIIEHOCTH BHYTpPHU-
npencepanoit mposoaumoctH (P) ¢ akpodazoii yrpom,

YTO XapaKTepu3yeT IHEBHOHU Tun purtma. Ilossnenue
putMa P MoxeT cBuIeTeNnbCTBOBATE 0 OPMUPOBAHUI
HOBOM XPOHOCTPYKTYpPHI HEPHOAUIHOCTH 3IIEKTpPHIC-
CKOH aKTHBHOCTH CepANa y OEpEeMEHHBIX C MHTpaJIb-
HbIM cteHo3oM 1 HK 1-2 craauu. BeisiBinenue cyrou-
HOTO pPHTMA [UIMTENBHOCTH aTPHUOBEHTPUKYJISPHOMN
mpoBoxumocTh (P-Q) ¢ akpodazoii B 11 1. 30 muH. xa-
pakTepu3yeT AHEBHOH TUN puTMa uHTepBaia P-Q. Ta-
Ko put™ P-Q sIBIIsieTCs MHBEPCHBIM 1O OTHOILIEHUIO K
PUTMY 3TOTO TOKa3aresis y 3J0POBBIX OEpPEeMEHHBIX.
Puc.2.

Puc.2. Kocunopwvl cymounozo pumma npoodonsxcumensvrnocmu unmepegana P-Q y 6epemennvix ¢ MmumpansHbim
cmenozom (1) u y 30oposvix bepemennvix (11).
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Cuctona snektpudeckas (S3) xapakTepu30oBanach
CYTOYHBIM PUTMOM €€ IPOJOKUTEIHLHOCTH ¢ akpoda-
3011 B 16 4. 24 MuH., 4TO CBUJETEILCTBYET O JHEBHOM

THIIC PUTMA JUIUTeIbHOCTH S3. 87,55 akpodas S» ycra-
HABJIMBAIOTCS B JHEBHbIC Yackl, a 12,5% - B HOUHBIC
Yachel. DTH TaHHBIC OTIMYAIOT OCPEMEHHBIX C MUTPAJb-
HBIM CTEHO30M OT 3JJ0POBBIX OepeMeHHBbIX. Puc.3.

Puc.3. Kocunopor cymounoeo pumma npooonicumensHOCmu 31eKmpuiecKkoll cucmolvl (S3) y 6epemeHHbIX ¢
mumpanohvim cmenozom (1) u y 300poewix 6epemennvix (11).

CyTouHBI pUTM 3JeKTpUIeckoil muactomsl( Da)
omimyaeTcs akpogasoi B 13 4. 90,6% axpda3z D ycra-
HaBJIBAIOTCS B THEBHOE BPEMs U TOJBKO 9,4% - B HOU-
HBIE Yachl. DTH PUTMOJIOTHYECKHE XapakTepucTuku D3
CBHJIETENILCTBYIOT 00 WHOW XPOHOCTPYKTYpE pHTMa

TPOJIOJKATENILHOCTH 3JIEKTPHUECKOM THACTONB y Ge-
PEMEHHBIX ¢ METPAITBHBIM CTEHO30M IO CPABHEHHIO CO
3JI0pPOBBIME GepeMeHHBIMH. JIJIs TIOCTEIHNX XapaKTe-
pEH HOYHOM, a JUIA TEPBLIX - JHEBHOM THIT PUTMA.
Puc 4.

Puc.4. Kocunopwvl cymounozo pumma npooondicumenbHocmu d1ekmpuyeckoll ouacmonvt (Da) y bepemennwix ¢
mumpanohoim cmenozom (1) u y 300poswix 6epemennvix (11).

Takum 00pa3zoM, IMpKagMaHHAs OpPTraHU3ALM
JJEKTPUUECKOI aKTUBHOCTH MHOKap/a y OepeMeHHBIX
¢ MutpansHbeIM creHo3oM 1 HK 1-2 craguu xapakrepu-
3yeTCsl THEBHBIM THUIIOM CYTOYHBIX PHTMOB IJTUTEIb-
HOCTH BHYTpHUTpencepaHoi npooauMocTH (P), atpu-

OBEHTPUKYJISIPHON TPOBOJIMMOCTH, HPOJJOIKUTEIHHO-
CTH AJIEKTPUYECKOW CUCTOJNBI M quactoisl (S3 u D).
He nabmopaercs cyrounoi purmuku komiuiekca QRS.
Takasi XpOHOCTPYKTypa CYTOYHBIX PUTMOB ITOKa3aTe-
JIeW SJIEKTPUYECKOW AaKTHBHOCTH MHOKapAa Cylie-
CTBEHHO OTJIMYAETCS OT MUPKATHON OpraHU3allUN ITOU
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dbyHKIIMY cepana y OepeMEeHHBIX ¢ MUTPAIBHON Hemo-
CTaTOYHOCTHIO. [IpomoIKUTEIFHOCTE (a3 CHUCTONBI U
JIUACTOJIBI JICBOTO JKEIYAOYKa y OCpPeMEHHBIX C MUT-
paJIbHBIM CTEHO30M XapaKTEpU30Balach OTCYTCTBHEM
cyrouHoro putma uHTepBana Q-1 ToH u mpomomxu-
tenbHOCTH a3kl HanpspkeHus (T). CyTouHbIH pUTM
JuatensHOCTH (Dasel m3rHanus (E) xapakrepuzoBaics
akpoazoit B 13 u. 12 MuH., OTpakas JHCBHOW THII
putma: 78,1% MHIUBHAYaIBHBIX akpoda3 puTMa mpo-
nopkuTensHOCTH (hasel n3rHanus (E) mpuxoannocs Ha
JTHEBHEIE 9ackl, a 21,9% - Ha HOYHOE BpeMs. DTH Xa-
PaKTEepUCTUKHA PUTMa MPOIODKUTENHHOCTH E oTimyaa-
FOTCS OT TAKOBEIX Y 3JOPOBBIX OEPEMEHHBIX, ¥ KOTOPBIX
tun purMma E Obi1 HOuHbIM. Takoii xke xapaktep Hapy-
NICHUI HAOMIONANCS B OTHOUICHUM PUTMA JUTUTEIBHO-
CTH MEXaHMYeCKOW cucToibl (SM). ¥ OGepeMeHHBIX C

MHTpAJILHBIM CTEHO30M akpodaza Sm onpenesnsiach B
13 4. 24 MuH. AHaNKU3 pacnpeesIeHnsT WHAUBHUTYTb-
HBIX akpodas mokasai, uro 87,5% akpodas mrens-
HOCTH MEXaHH4YeCKO# cHCTOIIBI (SM) yCTaHABINBAJIOCH
B HeBHOe Bpemsi, a 12,5% - B HOuHBIE yachl. Takum
00pa3oM, y OepeMEeHHBIX ¢ MUTPAJIbHBIM CTEHO30M THII
pUTMa MPOJOJDKUTENEHOCTH SM THEBHOH, YTO CyIIe-
CTBEHHO OTJIIMYAET ITUX OEPEMEHHBIX OT 3/I0POBBIX Oe-
PEMEHHBIX, KOTOPBIM CBOMCTBEHEH HOUHOM THUII pUTMa
Sm. /g cyTO4HOTO pHUTMa IPOJOJDKUTEIEHOCTH 00-
mieid cuctonsl (S0) TakKe OBLIO THIIMYHO THEBHOE pac-
monoxerne akpodassl (B 13 4. 24 muH.). CyTOUHBII
put™ obmmeit muactoinsl (D0O) Takke XapakTepu3oBajcs
akpodazoii B 13 u. 24 mun. Puc.5.

Puc.5. Kocunopwr cymoyunoeo pumma npoooadxcumenvrocmu ooueti ouacmonst (D0) bepemenuvix ¢ mumpano-
noim cmernozom (1) u 300poewix Gepemennvix (11).

90,6% wunmuBHAOyanbHBIX akpodaz DO BbIBIIA-
JUCh B JHEBHOE BpeMs U TOJAbKO 9,4%- B HOuHOE
BpeMs. OTH JaHHBIC CBHICTEIHLCTBOBAIN O TIPEHMYIIIe-
CTBCHHO JHEBHOM THIIC PUTMa MPOIOIDKUTEIEHOCTH
Do y 6epeMeHHBIX ¢ MUTPaTbHBIM CTEHO30M, TOT/a KaK
Y 3I0POBBIX OE€peMEHHBIX OTMEUYAIOCh HOYHOE PACIIO-
JIO’)KEHUE TPYMIIOBOM akpodasbl. Clie0BaTeNbHO, XPO-
HOCTPYKTYpa PUTMOB MPOJOJDKHTEIBHOCTH (Da3 cep-
JIEYHOTO IHKJIAa y OEpEMEHHBIX C MHTPAIBHBIM CTEHO-
3oMm 1 HK 1-2 cragum oTnuyanack OT IMpKaIdaHHON

opraHuzayy (pa3oBoi CTPYKTYPHI MPOAOIDKUTEIHHO-
CTH CHCTOJIBI M JHACTONBI y 3IOPOBBIX OCpEMECHHBIX.
Ecim B HOpMe MexaHW4YecKas aKTHBHOCTH MHOKapIa
BO3pacTalia B THEBHBIC Yackl, TO y OEPEMEHHBIX C MHT-
panbHbIM cTeHo30oM M HK 1-2 ctaauu - B HOUHbIE Yachl.
Takum 00pa3omM, y KEHIIUH C MUTPAITEHBIM CTEHO30M
BO 2-11 mojoBuHE OepeMeHHOCTH OOHapyKeHa ompeie-
N€HHAS UPKaJUaHHas OpTaHU3aIUs DJIEKTPOMEXaHHU-
YECKOUW aKTUBHOCTH CeP/Iia, OTIUIAIOMIASCS OT XPOHO-
CTPYKTYpPbI CYTOYHBIX PUTMOB 3TOH k€ (QYHKIUH Y
3I0pOBBIX OepeMeHHbIX. Tabnuma 4.

Tabmuma 4.

Pacnpe,uene}me aKpO(ba3 CYTOYHOI'O pyUTMa NpOAOJIKUTECIIBHOCTU IoKa3aTeiei SHGKTpOMexaHH‘IGCKOﬁ q)yHKHI/II/I
cepana u AI[ Y 3A0pPOBBIX 6epeM€HHI)IX u 6ep€M€HHLIX C MUTPAJIbHBIM CTCHO30M.

IToxazaTennb

['pynma 6epeMeHHBIX

)IHGBHOﬁ THUII pUTMa

HOYHOU THII puT™Ma

310pOBbIE

AJlc., UCC, QRS

P-Q, S», D3, T, E, Sm, So, Do

C mutpansHbeiM cteHo3oM U HK |I—I1 cragum

P, P-Q, Ss, D3, E, Sm, So, Do

4yCC

Kak BuiHO U3 TaOnuilbl 4, IPU MUTPATBHOM CTe-
Ho3e akopdaza putma UCC ycTaHaBnuBaeTCs B HOYHOS
BpeMs, a akpodasbl MHTEpBalla BHYTPHIIPEICCPIHOMN
(P) mpoBOIMMOCTH, AITUTEILHOCTH IEKTPUISCKON CH-
CTOJIBI ¥ AuacToibl (S u D3), nepuona usrnanus (E),
MPOIOJDKUTENLHOCTH CHCTOJ M tMacTosibl (Sm, So, Do)

- B nHeBHOe Bpems. [lokazatenu Allc, A[la, naurens-
HoctH KomIuiekca QRS, Q-1 Ton, neprosa HarpsHKEHUS
(T) He oOHapyxuBaK CyTOYHOTO puTMa. Takum obpa-
30M, BO 2-f IOJIOBUHE OEPEMEHHOCTH y >KCHIIUH C
MHTpaTbHBIM cTeHO30M B HK 1-2 cramuu oOHapyKeHbI
M3MEHEHHS XPOHOCTPYKTYPHI 3IIEKTPOMEXaHUIECKOM
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dbynkuu cepama u AJl, 9To BhIpaxaeTcs B OTCYTCTBUN
CYTOYHBIX PUTMOB AJIC, INIHUTENBHOCTH KOMILIEKCa
QRS, nepuona nanpspkenus (T), THEBHOM THIE PUT-
MOB MHTepBasa P-Q, NpoJoIKUTEIBHOCTH dJIeKTpHUYe-
CKOM CHCTOJIBI M TUACTOJbL, epuoza nirnanus (E), me-
XaHUYECKON M 00IIeH cucTol, olmel nuactosl (Sm,
So, Do), nounsiM Tunom purma YCC , a Takxke B 1OSIB-
JICHUH BHYTPHITpeAcepAHOH npoBoumoctH (P), BHem-
HEl M BHYTPEHHEH NECHUHXPOHHW3aLUU I[OKa3arenei
JIEKTPOMEXaHNYECKOW (DYHKIMU cepaua U MaToJIOTH-
YeCKOH CHHXPOHU3ALUH PUTMOB TeX e IapaMeTpOB.

CTEHO3 YCThA AOPTBL.

broputMonornyeckne MCCIENOBaHUS TEeMOANHA-
MUKH IPOBeJIeHBI Y 13 OepeMEeHHbIX CO CTEHO30M YCThS
aopTHI U cepaeyHoi Henoctaroynocthio (CH) 1-2 cra-
Uy B Bo3pacte oT 19 no 36 net. AHanu3 3TUX UCCIie-
JIOBaHUI O3BOIMI YCTAaHOBUTH € 95% NOBEpUTEIHHOMN
BEPOSATHOCTHIO HAJIMUUE CYTOYHBIX puTMOB AJlc, mpo-
JOJDKUTENBHOCTH HMHTEpBaja aTPUOBEHTPUKYISIPHON
npoBoxumocTH (P-Q) i kommurekca QRS . Tabmuma 5.

Tab6muma 5.

CyTOUHBII PUTM ITOKa3aTeNeH 3JIeKTPOMEXaHUIeCKOH AeaTeapHoCTH cepana u AJl Bo 2-if momosuHe 6epeMeH-
HOCTH NP CTEHO3€ YCThsI A0PTHL.

IToka3zarenn Mesop Ammuiutyna Axpodasza, 4, MUH
AJlc. Mv pr.cT 114,4 50 13,42
) T (108-115) (0,7-8,7) (7,00-16,42)
AJl1, MM PT.CT. (71_883)
78 - -
UCC B MuHyTY (68-87)
P e 0,06 - -
’ (0,02-0,1)
P-Q, ¢ 0,14 0,006 2,18
' (0,13-0,16) (0,002-0,009) (19,06-5,00)
QRS ¢ 0,07 0,003 17,48
' (0,06-0,08) (0,0-0,006) (4,30-1,36)
Ss, ¢ 0,34 _ _
' (0,33-0,35)
Do ¢ 0,46 - -
' (0,38-0,53)
0,06 - -
Q-1 mon, ¢ (0,05-0,07)
le. ¢ 0,04 - -
’ (0,03-0,05)
T ¢ 0,10 - -
’ (0,08-0,11)
E o 0,23 - -
’ (0,21-0,25) - -
Sm, ¢ 0.27 - -
' (0,25-0,29)
So. ¢ 0,33 - -
' (0,31-0,35)
0,47 - -
bo. ¢ (0,4-0,54)

Axpodaza Allc putma ycTaHaBiamBajach B 13 u.
42 muH., oTpaxas rHeBHOH THI putMa AJlc. 92,3% uH-
JTUBHIyalIbHBIX akpoda3z oOHapyKHUBAIOCHh B THEBHOE
BpeMs 1 TOJBKO 7,7% - B HOuHBIE Yackl. [logo0HbIe Xa-
paktepucTuku put™Ma AJlc oTMEYanuch y 310pPOBBIX
OepeMEeHHBIX U OEPEeMEHHBIX C MUTPaJbHOW HENOCTa-
TOYHOCTBIO.

AJln 1 UCC He 0OHApyKMBAIH CyTOYHOTO PUTMA.
OtcyrctBue putma YCC ommmuano OGepeMEeHHBIX €O
CTEHO30M YCThSI A0PTHI OT OEPEMEHHBIX PYTUX TPYIII.
BBISIBISUICS] CYTOYHBIA PUTM MPOJIOJDKUTEIBHOCTH aT-
PHOBEHTPHUKYIISIPHO# poBoauMocTH (HHTEpBa P-Q) ¢
MakCUMyMOM B 2 4. 18 MuH. 69% WHANBHIYaTbHBIX aK-
podas cooTBeTCTBOBANM HOYHOMY THILY, a 31% - THEB-
HOMY THIy puTtMa uHTepBana P-Q. ITomoOHoOro poma
JIaHHBIC TTOJYYEHBI U Y 3JJ0POBbIX OEpEeMEHHBIX.

CyTOYHBIA PUTM IPOAOJDKHTEIBPHOCTA BHYTPH-
eIy J0UKOBOM TipoBoanMocTH (Kommiekc QRS) ¢ ak-
podaszoii B 17 4. 48 MuH. OTpaxkajl THEBHOH THUI pUTMa
aToro mapametpa: 69% WHIUBHIyalbHBIX akpodas
putMa mmutensHOocTH QRS yCTaHOBIICHO B JHEBHBIC
qacel 1 31% - B HOUHOE BpeMs. Y 3I0pOBBIX OepeMeH-
HBIX akpodasa purma komruiekca QRS rakxke onpeze-
JSUTach B THEBHOE BpeMs. [IpOIOIDKUTENEHOCTD AIICK-
TPUYECKOH CUCTOEI U muacToltkl (S3 u D3) He oOHapy-
KUBATM CyTOYHOW PUTMHKH. TakuM obOpa3zom, mms
XPOHOCTPYKTYpPHI MTOKa3aTeNIei AIeKTPUIECKO aKTHB-
HOCTH MHOKap/ia y OepeMEeHHbIX C a0PTaIbHBIM CTEHO-
30M OBLT XapakTepeH HOYHOM THIT pHUTMa MPOIOIDKH-
TEJILHOCTU MHTepBaia P-Q u AHEBHOI! THIT pUTMa KOM-
miekca QRS. Amnanu3  CyTOYHOH  JHHAMHUKH
rapameTpoB (ha30BOH CTPYKTYpPbI CEpAEYHOTO IHKJIA
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CBHJECTEIBCTBOBA 00 OTCYTCTBUH CYTOYHOTO PHTMa
uaTepBana Q-1 TOH, MPOJOIKUTENEHOCTH M30METpH-
yeckoro cokparienus (Ic), neprona nanpsoxenus (T),
JUIMTeNbHOCTH neproaa usrHanus (E), MexaHuueckoi
u obuieit cucron, obieit xuactoinsl (SM, So, Do).

OTH JaHHbIe OTINYaIy OEpeMEHHBIX CO CTEHO30M
YCTBs a0pTHI OT OEpeMEHHBIX Apyrux rpym. [Ipu cre-
HO3€ YCThs Q0PTHI OTCYTCTBOBAJI PUTM IPOIOJDKUTEIb-
HOCTH TIapaMETPOB COKPATUTEIBHOHW (PYHKIHH MHO-
Kap/a, 9YTO CBUCTEILCTBYET O HAPYIICHUN BPEMEHHOM
OpTaHM3alK BHYTPHUCEPACUHON reMoanHaMuku. OTt-
CYTCTBHEM CYTOYHOH PUTMHKH OOJBIIMHCTBA MOKa3a-
TEJEe 3IIEKTPOMEXAHUYECKOW AEATEIbHOCTU CEepALa
olnpenensagach 3Ha4UTeNbHAs BHYTPEHHAS U BHELIHSSA
JICCUHXPOHHU3AIUSI PUTMOB IIapaMeTPOB IEKTPOMEXa-
HUYecKoi (yHkumum muokapna u AJl mpu creHose
ycrbsi aopThl. Ecnm y 25% 310poBBIX OepeMeHHBIX
OIIPEJIETANIOCh PACcCOrNIaCOBAHUE PUTMOB T'eMOJUHA-
MHUYECKUX TOKazaTesedl, TO IPU CTEHO3€ YCThsI a0PThI
3TO sBJIICHHE OOHapyXuBanoch y 47% OepeMeHHBIX.
CrnenoBatenbHO, Y JKEHIIUH BO 2-H moJjoBUHE Oepe-
MEHHOCTH CO CTEHO30M YCTbs aopThl 1 HK 1-2 cTanuu,
MMeJach OIpeAeIEHHAs BPEMEHHAsl OpTaHM3aIys Iia-
paMeTpoB 3NMEKTPOMEXaHNIECKONH (YHKIMH cepaua U
A]Jl, xoTOpast XapaKTepu30BaIach:

1) ITHEBHBIM THIIOM CYTOYHBIX PUTMOB KOMILIEKCA
QRS u AL,

2) HOYHBIM THIIOM pUTMa MHTepBaia P-Q;

3) otcyrcTBUEM cyTouHOoro putMa YCC, mpoaomn-
XKHUTENBHOCTU 3JIEKTPUYECKOH CHUCTONBI U AUACTOJBI
(S»> u D»3), unrepana Q-l ToH, MPOAOIKUTETBHOCTH
n3zoMerpuyeckoro cokpamenus (lc), meprona usrua-
Hus (E), cuCTONIBI MEXaHHYECKOU U OOIIEH U AUACTOIBI
o6ueii (Sm, So, Do);

4) BBIpa)XEHHOH NECHHXPOHM3AIUEH CYTOYHBIX
PHUTMOB TTOKa3aTeJeH IeKTPOMEXaHMIECKOH (hYHKITHH
cepaua u A/l

BPOKJEHHBIE IIOPOKH CEPII]A.

JAE®EKT MEJKITPE/JCEPTHOH
IIEPETOPOJIKU.

Cpean o0cieloBaHHBIX C BPOXKIEHHBIMHU TOPO-
KaMH cepaua y 9 OepeMeHHBIX KEHIIUH BO 2-i 1oJio-
BHHE OEPEMEHHOCTH ObLI JUArHOCTUPOBAH IeeKT
Mextpenceparoit neperopoaku (IAMIIIT). buoputmo-
JIOTHYECKUE MCCIICIOBAHMUS MTOKa3aTeIeH KapaIruoreMo-
JUHAMUKH TT03BOJIMIH BBISIBUTH Y HUX CYTOYHBIN PHTM
AJlc, YCC , npoaomKUTENBbHOCTHU SIEKTPUYECKOHN A1a-
ctousl ( Da), mepuona nzraanus (E), Mmexanndeckoi u
o0mieit cucro 1 obmieit nuactoisl (Sm, So, Do). Tab-
nuna 6.

Tabnuna 6.

CyTOYHBIH PUTM HIOKa3aTelel 31eKTpoMexaHndeckoi pyHkimu cepana u AJl y 6epeMeHHBIX ¢ Ie)eKTOM Mex-
IIPEJCEPAHON NEPETOPOIKH.

[Toxa3arens Mesop AwMmutyna Axpodasa, 4, MUH
AL e prcr 1103 6,4 15,42

- MM pT.CT. (102-109) (3-10) (13.24-18,30)
AJl1. MM pT.CT. (687-479)

79 8.3 14,30
1CC B muryTy (63-95) (3.3-13.3) (11,06-17,06)
o 0,09 § :

’ (0,08-0,09)

0,14 : :
PQ.C (0,13-0,15)

0,06 : :
QRS ¢ (0,058-0,07)

0,33 : :

53, C (0,32-0,37)
o 0.47 0,08 02,12
: (0,36-0,58) (0,04-0,12) (23,06-5,00)
Q-1 TomH, ¢ 0,08 - -
’ (0,06-0,09)
Ic, ¢ 0,04 - -
’ (0,03-0,05)
0.12 : :
T, c (0,1-0,14)
- 0.23 0,017 1,06
: (0,21-0,26) (0,008-0,03) (22,00-3,54)
. 0,28 0,018 154
: (0,25-0,30) (0,004-0,03) (21.24-4.24)
o o 0,35 0,019 2.2
: (0,31-0,39) (0,004-0,035) (22,30-5,12)
Do, ¢ 0,46 0,06 2,12
: (0.35-0,57) (0,02-0,110) (22,06-5.42)
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Kax BumHO M3 Tabmuiel 6, AJlc XapakTepu3oBa-
JIOCh PUTMOM ¢ akpodazoii B 15 4. 42 muH. Y 6epemen-
HbIX ¢ JIMIIIT 100% nHauBuayanbHBIX akpodas purma
AJlc npoxoauiioch Ha THeBHbIE Yachl. CyTOUHBIN pUTM
AJln He BorsBisuicsi. OOHapyxeH cyTounslii putv YHCC
¢ MmakcuMymMoM B 14 4. 30 muH. JlHEBHOH THUI puUTMa
YCC ompenensica B 100% ciaydaeB. YcpeaHeHHO-
TpYIIIOBOY KOCHHOP aHAIM3 XPOHOCTPYKTYpPHI ITOKa3a-
TeJel 3JIEKTPUYECKON aKTUBHOCTU CepAla MO3BOJIIII
OOHapYXUTh CYTOUHBI PUTM NPOJOIDKHTEIHLHOCTH
anekTprdeckor auactonsl (D3) ¢ akpodazoit B 2 u. 12
MHH., 9TO OTpaXkaJlo HoUYHOH Tvn putMa Da: 66,7% un-
JVBHAYalbHBIX akpoda3 pUTMa HPOJOIKUTEIBHOCTH
D> ycranaBmuBasioch B HOuHOe Bpems, a 33,3% - B
JHeBHBIE Yachl. He ObU10 0OHApy»XEHO CYTOYHOI pUT-
MHUYHOCTH JUTUTEILHOCTH BHYTPHUIIPEICEPIHOMN TPOBO-
mumoct (P), uatepBana P-Q, kommiekca QRS, smek-
Tpudeckor cuctoibl (S3). Ilpu m3ydeHun cyTouHOM
JMHAMHKH JUTUTENEHOCTH (ha3 CepAeYHOTro UKIIA yCTa-
HOBJICH CYTOUYHBIH PHTM NPOAOJDKUTEIBHOCTH TIEpHU-
ona mrHanus (E) ¢ akpodasoit B 1 4. 6 muH. 88,9%
MHIMBHIYyaJIbHbBIX akpodas putma E cooTBeTcTBOBaMN
HOouHOMY Tuny # 11,1%- qHeBHOMY THITy puTMa. J{nn-
TENBHOCTh MEXaHWYECKOH CHCTONBI (SM) XapaKTepu-
30Bajach CYTOYHBIM PUTMOM C akpodaszon B 1 4. 54
MUH. AHaJIU3 pacipeeeHls UHAUBUIyalbHbIX aKpo-
(a3 purma Sm mokasai, 4to y 6epemennbix ¢ JJMIIIT
B 88,9% cnyuaeB ycTaHaBIMBAETCSl HOYHOM TUI pUTMa,

a B 11,1%-aueBHoii tum. Takoe k€ COOTHOIIEHUE TH-
MIOB PUTMa OTMEYEHO B OTHOLICHUH AJIUTEILHOCTH 00-
el cucToutsl 1 o01ei ruactosnsl (SO u Do), akpodasb
KOTOPBIX OINpPENeNsINCh COOTBETCTBEHHO B 2 4. 24
MUH. 1 B 2 4. 12 MuH. He ObUTO yCTaHOBJIEHO CyTOYHOM
PUTMHKH JJIUTEILHOCTH MHTepBasa Q-1 ToH, nzomer-
puueckoro cokpamenus (Ic), mepuona HanpspKeHHS
(T). CornacHo JaHHBIM aHANIKM3a CYTOYHOTO pachpese-
JICHUs] TPYNIIOBBIX akpodas IMmoKa3aTeneil 3JIeKTpoMe-
XaHWYECKOH NesTenpbHOCTH cepana u AJl, y 6epemen-
HbIX ¢ JIMIIII B HOuHOE BpeMs BHauaje onpenessiiach
akpodasza purma gmurensHoctr E, 3atem Sm, Da, Do.
B nHeBHOE BpeMs B Hauase 0OHapyKUBaachk akpogasza
putma UCC, a 3arem AJlc. Hapymenue mpoieccos
CHHXPOHHM3ALMK PUTMOB IIaPaMETPOB KapIHOTreMO/Iu-
HaMUKH BBISIBIIEHO y 29% 6epemennsbix ¢ JIMIIII. Onu-
CaHHbIE HapyIICHHS [IUPKaIMaHHON OpraHu3aiy Kap-
JMOTEMOJIMHAMUKH YKa3bIBAlOT Ha (YHKIMOHAILHOE
MepeHanpsHKeHne anmnapara KpoBoooOpaiieHus y oepe-

meHHbIx JIMIIIL.

AEDEKT

IIEPETOPOJKH
[Ton HaGmoeHNEM HAXOIUIHNCH 8 OEpPEeMEHHBIX C
IeeKTOM MEeXCKeITyI09KoBoi neperopoaku (JJMXKIT)
B Bo3pacte oT 18 no 27 net. Ilpu purMonoruyeckom
UCCIIEIOBAaHUN KapJIUOr€MOJMHAMUKN OOHAPYKEHBI
cyrounsle putMbel AJlc, YCC, BHyTpHIIpeICEepAHOM

npooaumoctu (P), Sa u D3, Sm, So, Do. Tabauua 7.
Tabnuma 7.

MEKKETYJOYKOBOH

CyTOYHBIH PUTM HOKa3aTelel 31eKTpoMexaHndeckoi pyHkiuu cepama u AJl y 6epeMeHHBIX ¢ JeeKToM Mex-
JKEIYI0YKOBOM TIEPETOPOJIKH.

IToka3arenn Me3sop AmMmutyna Axpodasa, 4, MUH
AJlc, v prcr 110,5 7,0 16,48

’ T (102-119) (1,1-12,8) (13,18-21,48)
AZln, MM pT,CT, (6792350)

82 7,6 13,00
1CC B MumyTy (70-94) @-10) (10,16-15,00)
P o 0,08 0,003 18,12

’ (0,07-0,09) (0,001-0,006) (14,06-00,48)

0,16 - -

P-Q ¢ (0,14-0,19)
0,08 - -
QRS, ¢ (0,06-0,086)
So. ¢ 0,34 0,013 2,00
’ (0,32-0,36) (0,002-0,024) (17,42-3,18)
Do, ¢ 0,42 0,06 1,00
' (0,33-0,51) (0,03-0,09) (22,24-2,30)
Q-1 Ton, ¢ 0,09 . .
’ (0,07-0,12)
le, ¢ 0,05 - -
’ (0,03-0,06)
0,13 - -
T, c (0,11-0,15)
E e 0,23 0,02 2,06
’ (0,21-0,26) (0,008-0,03) (22,18-4,06)
Sm. ¢ 0,27 0,02 4,06
' (0,26-0,29) (0,012-0,03) (1142-6,54)
So. ¢ 0,37 0,02 3,30
’ (0,35-0,38) (0,009-0,03) (1,18-6,06)
Do ¢ 0,4 0,05 00,36
' (0,3-0,5) (0,008-0,09) (20,06-2,54)
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Cytounslii putM AJlc XapaKTepU30BaJICA aKpo-
(azoii B 16 4. 48 mun. Y 6epemennsix ¢ AMXKII 100%
WHJIMBHIYaJIBHBIX akpoda3 yCTaHaBJIUBAIHCH THEM.
AJln He OOHapyXWBaJO CyTodHOTo purMa. [lmpkan-
Hblil putM UCC xapakTepu3oBaics CpeaHerpynnoBoil
akpodazoii B 13 4, orpaxas gaeBHo# Tum: 100 % wuH-
JUBHAYaIbHBIX akpodas purma UCC onpenensimuch B
JHEBHBIE Yackl. MccnenoBanue nokasaTesen 3JeKTpy-
4ecKol akTUBHOCTH y OepemeHHbIX ¢ JIMIKII moka-
3aJ10, YTO JUIUTENBHOCTh BHYTPHUIIPEICEPIHON TPOBO-
mumoctH (P) mmena putm ¢ akpodazoii B 18 4. 12 MuH.
75% wHAMBUAYanbHBIX akpodas P mpuxommiocs Ha
JHEeBHOE BpeMs U 25% - Ha HouHoe. CyTOYHBIM PUTM
JUTATEIIEHOCTH JIEKTPUIECKOil cucTombI (S3) XapakTe-
PH30BaJICSI CPEeJHErpYIIIOBOH akpodazoii B 2 4., oTpa-
JKasi HOYHOHM THI puTMa. JnmurensHOCTH pUT™Ma S3 00-
HapyXUBAIUCh y 75% Houblo, a y 25%- nuém. [nu-
TENBHOCTh pHTMa D3 oTiimganach CyTOYHBIM PUTMOM C
MakcuMyMoM B 1 4. Houn. 100% MHIUBUAYATBHBIX aK-
podas purma xomruiekca QRS ompenensimce B HOU-
Hble Yackl. CieoBaTeIbHO, XPOHOCTPYKTYpa PUTMOB
TOKa3aTesel AIeKTPUIECKON aKTUBHOCTH MHOKap/a y
6epemennsix ¢ JIMIXKII xapaxrepus3oBaigack HOYHBIM
TUIIOM pUTMa NPOJOIDKUTENbHOCTH SO M D3 u nHeB-
HBIM TUIIOM pUTMa AIHTenbHOCTH P. B oTiiame ot 3110-
poBbIX y 6epemennsbix ¢ JIMXKII unrepsan P-Q u QRS
CYTOYHOW PUTMHYHOCTHU He 0OHapykuBasu. bt ycra-
HOBJICH PUTM MPOJIOJDKUTENHOCTH (Da3bl u3rHauus (E)
¢ akpodazoii B 2 4. 6 muH. 86,5% MHIMBHIYaIbHbIX aK-
podas E ormeuanocs B HOuHOE Bpems u 13,5% - B

naHeBHble yackl. JlmurensHoCcTh Ic u1 T He oOHapyxu-
Bajla CyTOYHOM PUTMHUYHOCTH, YTO OTIMYAIO XPOHO-
CTPYKTYpY MOKa3aTeneil MeXaHH4eCKOH e TeIbHOCTH
y 6epemennsix ¢ JIMXKII oT TakoBO# y 3M0pOBBIX Oe-
pemeHHBIX. Ha mpoTskeHUu cyToK y OepeMEeHHBIX C
JAMIKII mepBoit obHapyxuBaercs akpodaza Do Ho-
Ybl0, @ 3aTeM akpo(asbl IPOIODKUTEILHOCTH Do u Sa,
E, So, Sm. /Taém BHauane BIsBIUIACH akpodaza UCC,
a 3areM A/lc u P. Takum oOpazom, nupKaauaHHas op-
TaHU3aUs [TapaMETPOB HIEKTPOMEXAaHNIECKON (PyHK-
nun cepamna u AJl y 6epemennsix ¢ JJMXKII xapakre-
pu3oBanack qHeBHBIM THIIOM puTMOB UCC, A/lc, BHYT-
purnpencepaHoii nmpoBoaumoctu (P), HOuHBIM THHOM
put™oB mmutensHocTH S3 M D3, E; Sm, So, Do, napy-
LIEHUEM XPOHOCTPYKTYPHI KapIUOTE€MOANHAMUKH. DTO
BBIPaXKaJIOCh OTCYTCTBHEM PUTMUYHOCTH HHTEpBana P-
Q, mponomkutensHocTH KoMIuiekca QRS, T, Ic, sBie-
HUSIMU BHEIIHEH U BHYTPEHHEH AECHHXPOHHU3ALUH Cy-
TOYHBIX PUTMOB.

OTKPBITBIH APTEPHAJIbHBIH ITPOTOK.

BuoputMonorndyeckue HCCIeOBaHUS IapaMeT-
POB KapAHOT€MOIMHAMUKH OBLIN IIPOBECHBI y 5 Oepe-
MEHHBIX B Bo3pacTe oT 17 10 38 JeT ¢ OTKPBITHIM apTe-
PHAIBHBIM POTOKOM BO 2-ii OJIOBHHE OEPEMEHHOCTH.
AHanu3 nonydeHHOH MHGOPMAIMK MO3BOIMI ¢ 95%
JIOBEPUTENIBHON BEPOATHOCTBIO YCTAHOBUTH CYTOYHBIN
put™M YCC, mpoaoKUTENbHOCTH JEKTPUUYECKOH CH-
CTOJBI U [uacToiibl (S3 u D3), MexaHuuecKo, oomIeit
CHUCTOJIBI ¥ 001Ie# auactosl (Sm, So, Do). Tabnuna 8.

Tab6muma 8.

CyTOuHBIH pUTM NOKa3aTesIel 3JeKTpoMexaHndeckoit pyHkiuu cepaua u AJl y 6epeMEeHHBIX ¢ OTKPBITBIM apTe-
pHAIBHBIM IPOTOKOM.

[Toxa3arenn Mesop AmMmuinTyna Axpoda3za, 4, MUH
137 - -
AJlc, MM pT.CT. (132-141)
AJln, MM pPT.CT. (647—075)
75 7,0 15,24
1CC B munyTy (68-81) 2-11) (6-16.24)
P c 0,09 - -
’ (0,08-0,10)
0,15 - -
P-Q.c (0,14-0,17)
0,08 - -
QRS, € (0,06-0,09)
Sy ¢ 0,36 0,02 4.30
’ (0,33-0,39) (0,008-0,03) (1,54-7,06)
Do. ¢ 0,46 0,07 3,24
’ (0,4-0,52) (0,008-0,13) (20,03-5)
Q-1 TomH, ¢ 0,08 - -
(0,06-0,09)
Ic, ¢ 0,06 - -
’ (0,05-0,07)
T ¢ 0,16 - -
’ (0,1-0,22)
E o 0,24 - -
’ (0,22-0,26)
Sm. ¢ 0,30 0,02 4,36
' (0,27-0,33) (0,02-0,03) (2,30-7,30)
So. ¢ 0,37 0,03 4,24
' (0,34-0,41) (0,02-0,04) (2,12-6,06)
Do, ¢ 0,44 0,06 3,24
' (0,39-0,50) (0,007-0,11) (19,12-5,06)
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W3 Tabmumpl 8 BHIHO OTCYTCTBHE JTOCTOBEPHOU
cyrounoit purmuuHoctd A/lc, AJln. Takoil mpusHak,
KaK OTCYTCTBHE JOCTOBEPHBIX CyTOUHBIX pUTMOB AJIC,
ommyan 6epemenHbix ¢ HAII ot 310poBBIX OepeMeH-
HBIX U Oepemenubix ¢ JIMJIT u AMIIII. CyTtounsbrit
putM UCC xapakTepu30BaJICSl CPEAHETPYIIOBOH ak-
pocdasoii B 15 4. 24 MuH. Y GepeMeHHBIX ¢ He3apamEH-
HBIM apTepuanbHbM npotokoM (HAIT) nHnuBuayas-
HbIE aKpo(a3pl yCTAaHABIMBAINCH B JTHEBHOE BpEMS.
Put™M [MTENBEHOCTH BHYTPUIIPEACEPAHON HPOBOAM-
Mmoctu (P), uatepBana P-Q n xommurekca QRS He Obu1
oOHapyxeH. BBISBIIEH CYTOYHBIH PHTM IIPOJOIIKHU-
TenbHOCTH S3 M D3 co cpemHerpynmoBeiMu akpoda-
3aMH COOTBETCTBEHHO B 4 4. 30 MuH. u 3 u. 24 muH. Bee
MHIUBHyallbHbIe akpodassl S3 u D ycranaBnuBa-
JIUCh B HOYHOE BpeMsd. YCTaHOBJIEH CYTOYHBIM PUTM
JUTUTENBHOCTH (pa3 MeXxaHHYEeCKOH 1 001Iel CUCTOIIBI 1
o01ell AMacTonbl ¢ akpodasaMu COOTBETCTBEHHO B 4
4. 36 MuH, 4 4. 24 MuH. u B 3 4. 24 MuH. Akpodazsl
WHIMBHIYaJIbHBIX PUTMOB MPOJODKUTEIFHOCTH SM U
S0 6epemennbix ¢ HAII ycTanaBimBamich HOYbH0. AK-
pocdassl putensHOCTH DO B 83,4% ciyuaeB ompene-
JISUTACh B HOYHBIE Yackl Uy 16,6% - nHéM. UHTepBan
Q-1 ToH, nmurenbHOCTE Ic, T, E He o0HapyXuBamu cy-
TOYHOTO PUTMA. B TedeHne cyToK HOUBIO pacrpezene-
HHe TPYNIIOBHIX akpodas y oepemennsix ¢ HAII mep-
BBIMH OIIPEIEISAIOTCS akpodasbl NPOAOIIKUTEIBHOCTH
D> u Do, a 3atem S0, S3, Sm. Takum 006pazom, XpOHO-
CTPYKTYypa CYTOYHBIX PUTMOB ITOKa3aTelel 3JIeKTpo-
MexaHn4ecKor QpyHKImu cepaua u AJl y 6epeMeHHbIX
¢ HAII xapakrepuzoBaiach ITHEBHBIM TUIIOM PHTMa
UCC ¥ HOYHBIM THIIOM PUTMOB NPOJOJIKUTEILHOCTH
S», D3, Sm, So u Do. B otimune ot 310poBBIX Oepe-
MeHHBIX y OepemenHbIx ¢ HAIT orcyTcTBOBaNa CyTOU-
Hasg putMH4YHOCTH AJlc, mHTepBana P-Q, koMruiekca
QRS, mmurenmsHOCTH Tiepuona HanpsbkeHus (T), uzo-
MeTpHYecKoro cokpamienus (lc), 4To cBUIETENBCTBO-
BaJIO O HApYUICHUU LUPKaJUAHHON OpraHU3aluu Kap-
JUOTeMOIMHAMMKHY TP He3apalleHHH apTepHaIbHOrO
MPOTOKA.

3AKJIKYEHUE

Pe3ynbraThl OMOPUTMOJIOTMYECKHX HCCIIEA0BA-
HUH B TpyINE 370POBBIX OEpEeMEHHBIX II CBHETEINb-
CTBYIOT O HAIMYNH 3aKOHOMEPHOTO CYTOYHOTO PHUTMa
apaMeTpoB IEKTPOMEXaHWYECKOW (YHKIMH cepala
n AJ] y 30pOBBIX JKEHIIMH BO 2-if IOJIOBHHE OepeMeH-
HOCTH C BBICOKOH CTENEHbIO BHEUIHEW U BHYTPEHHEN
CHHXPOHHM3ALUH. Y OEpeMEHHBIX C HEJJOCTATOYHOCTHIO
MHUTPAJIFHOTO KJIallaHa NHMPKAJAWaHHAs OpPTaHM3aIs
KapJIMoreMolMHaMuKd U A/l aHajoruyHa TakoBOH y
3/I0POBBIX OEPEMEHHBIX 32 MCKIIOYEHHEM OTCYTCTBUS
CYTOYHOU THHAMHUKH mpomospkuteapHocTr P-Q, QRS.
[IpuHIMOMaTbHOE OTIMYHE XPOHOCTPYKTYPHI CYTOU-
HBIX PUTMOB TP MHUTPAJIBLHOM CTEHO3€ OT TaKOBBIX
NP MHUTPAJIbHONW HEIOCTATOYHOCTH 3aKII0YaeTcst B
HapyIIeHUH LUPKaJIUaHHOM OpraHW3allid KapJuore-
MoauHaMuku. OcoOeHHO HarpsHkEHHas paboTa armra-
parta KpoBOOOpaIIeHHUs B HOUHBIE Yachl y OEpeMEHHBIX
C MUTPAJBbHBIM CTEHO30M XapaKTepH3yeTcsl HHBepCcHei
M3y94aeMbIX PUTMOB, ITO 00YCIIOBICHO MPEIHATPY3KOH
CepAlia B CBSI3M C YBCIMYCHHEM BEHO3HOTO BO3BpaTa
KpOBH K cepAiy, 6osiee BHICOKIM CTOSHHEM KYIOJIOB

JradparMel, 9TO MOKET HPUBECTH K MOBBILICHHUIO CTE-
MeHU JIETOYHOH THIEPTEH3UU U CITIOCOOCTBOBATH pa3-
BUTHUIO OTEKA JErKUX M 3HAYUTENIBHBIM HApYLICHUEM
LUpPKaTUaHHON OpraHu3aIyei kKapAuoreMoOAUHAMUKH.
OcCo0OeHHOCThIO LUPKAJAUAHHOW OpraHu3aluu
3JIEKTPOMEXaHNUECKOH AedTeNnbHOCTH cepaua u AJl y
OEepEeMEHHBIX C BPOXKIEHHBIMHU MOPOKAMH CEP/ILIA SIBIISI-
JIOCh OTCYTCTBHE psAJia CyTOUHBIX PUTMOB MOKa3aTesen
KapIHOoTeMOANHAMUKY IIPH CPABHUTEIHHO HEOOIIBIIIOM
YZENBHOM BECE JIHII C ABJICHUSIMU BHEIITHEH U BHYTPCH-
Hell necmHXpoHm3annyu y 6ompHbIX ¢ JMIII, IMIXKII,
HAIIL npu KOTOpBIX ananTUBHBIE BO3MOXKHOCTH CEp-
JEIHO-COCYJMICTON CHCTEMBI OTHOCUTEIBEHO BBICOKH.
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Abstract

Combined anesthesia with intrathecal administration of low doses of bupivacaine and morphine spinel in
gynecological surgery.

Obijective: To compare the efficacy and safety of combined anesthesia using low-dose spinal anesthesia with
morphine with General anesthesia and standard spinal anesthesia in elderly patients belonging to class I, 111 ASA
and undergoing laparotomy operations on the pelvic cavity.

Methods: a prospective non-randomized study was conducted. We studied and divided into three groups 27
patients aged 52-76 years who underwent gynecological operations with laparotomic access for planned indica-
tions.

The first group consisted of patients who underwent total intravenous anesthesia with a ventilator, the second
- patients who underwent operations under standard spinal anesthesia , the third-patients before General anesthesia
were administered 5 mg of bupivocaine and 200 mcg of morphine intrathecally.

Results: A statistically significant (p <0.05) decrease in the number of narcotic analgesics in the third group
compared to the first is associated with the sensory block in the operation area.

Significantly decreased the number of systemic opioids in the postoperative period (p<0.05) in the third com-
pared to the first and second groups. This is due to the long-term analgesic effect of morphine.

The baseline values in all three groups were at the upper limit of the norm and did not differ statistically
(p>0.1). Statistically significant differences in blood pressure were observed only at the 2nd stage ( before skin
incision) in the second group compared to both groups: SBP was lower. (p <0.003) ,which in two cases required
the use of vasopressors.

Conclusions: combined anesthesia with subarachnoid administration of low doses of Bupivacaine and Mor-
phine-spinal makes it possible to control hemodynamics more effectively than standard spinal anesthesia and sig-
nificantly reduce the use of systemic opioids and avoid excessive sedation.

Also, combined anesthesia with subarachnoid administration of low doses of Bupivacaine and Morphine-
spinal provides optimal analgesia in the early postoperative period with minimal side effects and minimal sedation.
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AHHOTaNMSA

ens: CpaBHUTH 3(HEKTHBHOCT M 0€30TTACHOCTH KOMOWMHHUPOBAHHOM aHECTE3WHN C MCITOJIb30BAaHUEM HU3KO-
JI030BOI CIIMHAIBHON aHEeCTe3ur ¢ MOp(UHOM C 0OIIel aHeCTe3nel U CTAHIAPTHOW CIIMHAILHON aHECTEe3HCH Y
MOKUJIBIX ManueHToK oTHocsmxcs ko I, Il kmaccy mo ASA u nmoJaBeprarmmuMcs JIanapoTOMHBIM OIEpalusiM

Ha HIDKHEM 3Take OpIOIIHOM MOJIOCTH.

Martepuaisl 1 METO/Ibl: BBIsIo MpoBeeHO MPOCIEKTUBHOE HEPaHIOME3UPOBAaHHOE UCClIeIoBaHue. bblno nu3y-
9YEeHO U pa3/esIeHO Ha TpU IpyINsl 27 MalMeHTOK B Bo3pacTe 52-76 JeT, KOTOPhIM BBIMNOIHAINCH THHEKOIOTHYe-
CKHUE OIepaliy JanapoTOMHBIM JOCTYIIOM IO IIAHOBBIM ITOKa3aHUSIM.

[IepByto rpymiy cOCTaBWINM NAUEHTHI, KOTOPHIM POBOAMIACH TOTAJIbHAsl BHYTpUBEHHas aHecteszus ¢ BJI
,BTOpast- MAlIMEHTKN KOTOPHIM OTEPALNH IIPOBOJVINCH IT0]] CTAHAAPTHON CIIMHHO-MO3TOBOM aHECTE3HeH, TPEThsI-
MaIMeHTKaM Iepe] o0mel anecte3neit BBOIIIN 5 Mr OymmuBokanHa,200 MKT MopdrHa HHTPATEKAIBHO.

Pesynperater: Cratuctiaecku gocroBepHoe (p <0.05) yMeHbIIeHHE KOTHIEeCTBA HAPKOTHICCKIX aHAJITETHKOB
B TPETHEH TPYIIIIE 110 CPABHEHHUIO C TIEPBOI1 CBA3aHO C CEHCOPHBIM OJIOKOM B 30HE OIEpaLUH.

JlocTOBEpHO CHU3MIIOCH KOJIMYECTBO CUCTEMHBIX OITMOUIOB B mocieonepannonHoM nepuoae(p<0.05) B tpe-
ThE 110 CPABHEHUIO C MEPBOM U BTOPOH rpynmnamMu. UTto oObsICHAECTCS JIMTENBHBIM 00e300muBaomnM 3ddhexTom

MopduHa.

HVcxoaHble oka3arteny Bo BCeX TpexX IpyInax ObUIM Ha BEpXHEH IpaHUIle HOPMBI ¥ CTaTHCTHYECKH HE OTIIH-
ganuch (p>0.1). Cratuctudecku 3HaunMble pa3nuaus AJ[ oTMedeHs! Uk Ha 2-M dTane ( Iepes pa3pe3oM KOXKH)
BO BTOPOIi TpyIIIE 110 CpaBHEHUIO ¢ o0enmu rpynnamu: cAJl 6bu1o Hrxke. (p <0.003) ,uTo B ABYX Cydasx HOTpe-

OoBaJio MNPUMCEHCHUEC BAa30IIPECCOPOB

BeBoner: KomOnaMpoBaHHast aHecTe3ust ¢ CyO0apaxHOMIATIBHBIM BBEIACHHEM HU3KMX 1103 bynuBakawna n
MopduH-cinHana nmo3BosnseT 3h(PEeKTHBHEE KOHTPOINPOBAThH TEMOJMHAMHUKY IO CPaBHEHHIO CO CTaHAAPTHOH
CMA ¥ 3HaUNTEIHHO CHU3UTH IPUMEHEHNE CUCTEMHBIX HAPKOTHYECKHUX MPEapaToB, TEM CAMBIM H30erast n30bI-

TOYHOH cearuu.

Tax sxe KOMOMHHAPOBaHHAS aHECTE3Us ¢ CyOapaXHOUJAFHBIM BBeICHHEM HU3KUX 103 bynmBakanna u Mop-
¢uH-cinHaa oOecreYnBacT ONTUMabHOE 00€300/IMBaHME B PaHHEM IIOCICONEPALHOHHOM TEPHOJE C MHUHH-
MaJIbHBIM KOJIMYECTBOM NMOOOYHBIX 3 (PEKTOB 1 MUHUMAIILHOH celalueil.

Keywords: Hyperbaric bupivacaine, intrathecal morphine, low-dose spinal anesthesia, gynecological surgery

, combined anesthesia.

KaioueBbie ciioBa: ['mnepbapuueckuii OyrmMBOKaH, HHTpaTEKIbHBI MOP(UH, HU3K01030Bas CIMHAIIbHAS
aHecTe3ns1, abJJOMUHAIbHAS XUPYPIUsl, KOMOMHUPOBAHHAS aHECTE3HSI.

OcHoBHasl 33/1a4a aHECTE3HOJIOTHH - 0OecTiedeHue
6e3omacHocTH W KoM(opTa manueHTa BO BpeMs aHe-
CTE3MU - 3aCTaBIISIET IIOCTOSIHHO MCKATh PELICHUs BCe
HOBBIX BBI30BOB, KOTOpPBIE CTaBUT NEpe]] HAMHU COBpe-
MEHHas BBICOKOTEXHOJIOTHYHAS MeIuIMHA. l3MmeHe-
HHUe Jemorpaduueckoi cutyaruu B EBpome xapakre-
pHU3yeTcsl yBEeIMYEHHEM JOJH TOXKUJIOr0 HaceJIeHHS,
9TO B CBOIO OY€pE/Ib IPUBOAUT K YBEITHUCHHIO KOJTHUe-
CTBa TOXWJIBIX MAIMEHTOK B TaKUX OOJACTIX MEIH-
IIMHBI KaK THHEKosorus. Bueapenne 3¢ ¢GexTHBHBIX U
6e301acHbIX METOANK aHECTE3WH JUIl HUX SIBIISIETCS
Ba)KHOM 3aJ1aueil CoBpeMeHHO anecteznosioruu. [lpu-
MeHsIeMasl IIMPOKO B HACTOsIee BpeMsl o0Ias aHecTe-
3Ms UMEET OrpaHUYEHHbIE BO3MOXHOCTH TS 3aLUThI
MalMeHTa OT XUPYPrH4eCKOro CTPECcC-0TBETa, paclpo-
CTpaHSAIOIINECS UMb Ha mepuoj aHectesuu (1). Mc-
MOJIF30BAHNE CTAHAAPTHBIX HEWPOAKCHAIBHBIX METO-
JIOB aHECTE3MH OTJICJIFHO WM B KOMOMHAIIMH C BBIIIIE-
MIEPEYHCICHHBIMI METOAaMH BBI3BIBAIOT BHIPA)KEHHBIE
reMoAnHaMu4ecKue 3PQPEKThl, KOTOPhIE Yy IMOKHIIBIX
MalMEeHTOB, OTHOCALIMXCS 0 ASA ko 2-3 knaccy, npu-
BOAAT K POCTY KOJIMYECTBA IOCIIEONEPAUOHHBIX
ocioxHeHuit (2). B HacTosiee BpeMsi B aHECTE3HOJIO-
THYECKOW MpPaKTUKE BO BCEM MHUpE BCE Yallle UCIONb-
3yercss Hu3kogo30Basi CMA (HCMA) kak anbrepHa-
THBa oOmed anecte3uu nubo craHmapTHOi CMA
(cmmaHOMO3rOBas aHecte3us) (3.4.5.6.7.8). Muorue
aBTOPBI MOATBEP)KAAIOT OE30IACHOCTH JaHHOW METO-
KA y nmanuenToB ¢ natojorueit CCC (cepaedHo co-
cyaucToit cucremsi) (3).

KomOuHmpoBaHHas aHecTe3Ws C HWHTPATEKalb-
HBIM BBEJICHHEM HH3KHX J103 THIIepOapuieckoro bymm-
BakanHa 1 Mop¢uHa codeTaeT B cede reMoJTHaMu4e-
CKyI0 CTaOMIBHOCTH , KOM(MOPT OOIIEeH aHeCTe3uu U
BBICOKHI YPOBEHb 3alllUThl OT XHUPYPrHUECKOTO
CTpecc-0TBETa, MPUCYIIUN PETHOHAPHBIM METOUKAM.
OTOT METOJT MAKCUMAJILHO COOTBETCTBYET MPHUHIIUITY
MyJbTUMOJIAJIBHOCTH B aHECTE3WOJOTHH. be3omac-
HOCTh MHTPATEKaILHOTO BBEACHUS HU3KHX 103 bymu-
BaKarHa y MTAIUEHTOB C MATOJOTHEH CepACIHO COCYIH-
CTOH CHCTEMBI I0OKa3aHa M peKOMEHJOBaHa K IIPUMEHe-
HUIO 9). [ToBbimeHue aZIcKBaTHOCTH
AHECTE3UOJIOTHUYCCKON 3aIUThl  00ECIeYnBACTCS, B
YAaCTHOCTH, 3a CUET MPUMEHEHHUs] HHU3KOJ030BOU
HEHpOaKCHaNbHON aHECTE3WU W aHAJBIe3UH, KOTOPHIS
MTO3BOJISIFOT IIPEBEHTHBHO OJIOKUPOBATH Kak addepent-
HbIE€ MMITYJIbCHI M3 00JacTH omepaiuu, Tak u ddde-
PEHTHYIO CUMITATUYECKYI0 UMITYJIbCAIMIO K OTIepaIu-
OHHOM paHe, HaJANOYEHYHUKaM W TedeHu. biaromaps
ATOMY JOCTUTAETCS HE TOJIBKO MOIIHBIA CTPECC-TUMHU-
TUPYIOIIUH IPPEKT, HO W TeMOJAWHAMHYCCKAs CTa-
OWJIBHOCTP, BIMSIONIAS HA XapakTep TEUCHUS ITOCIIe-
ornepanuonHoro mpouecca (10). Mbl npeanoaoKuIm,
yto couetanne HCMA c o01eit anecTe3unei HO3BOIUT
YMEHBIINTE 1036l Oenranmna u [Ipomenona, BBeCH-
HBIX HHTPAONEPALMOHHO U B MOCIEONEPAIIIOHHOM I1e-
pHoAe, CHHU3WB KOJIMYECTBO J0303aBUCHMBIX I1TO00U-
HbIX 3¢ dexToB nocnennux (11) U MO3BOIUT YCKOPUTH
AKCTYOAINIO U aKTUBU3AIINIO MTAIUEHTOB MTOCIIE OOIIeH
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AHECTE3MH, MOBBICUT Ka4eCTBO MHTPA- U IOCIEONEPa-
IIMOHHOTO 00€300JIMBaHMs 10 CPaBHEHWIO CO CTaH-
naptHoiit CMA . Ins nposenenust HCMA 6bu1 BeIOpaH
runepbapudeckuit bynuBakanH B komOuHanuu ¢ Mop-
¢un-cinHan. 'mnepOapuunelii pactBop bynuBakanHa
TI03BOJISUT TOOUTHCSI HEOOXOJMMOTO YPOBHSI aHECTE3UU
MyTeM U3MEHEHUs MOJIOKEHUs TeJla alueHTa, a Mop-
¢uH- cnmHANM O0echeYrBan  IOCICONEPANUMOHHYIO
AHAJTE3HI0 [UINTENFHOCTHIO 10 30 9acoB (MHCTPYKIHS
K IPUMEHEHHIO).

Hens: CpaBaute 3¢ ¢dexkTuBHOCT, U Oe3ormac-
HOCTb KOMOWHHPOBAaHHOW aHECTE3MH C HCIIOJIb30Ba-
HreM HCMA ¢ MopduH-crinHanom B cpaBHEHHH € 00-
et anectesuei u crannaptHot CMA y BO3pacTHBIX
nanueHTok, otHocsmuxcs ko |, kmaccy mo ASA u
MOJBEPrafoUUMCs  JIAHapOTOMHBIM ~ T'MHEKOJIOTHYe-
CKUM OIeparysM.

MaTtepuabl H METOABI HCCIeTOBAHUS.

C cents0pst 2019 mo mapt 2020 roxa Ha 6aze V3
Morunesckas 6ompHHIA Nel mMpoBeNeHO MPOCTIEKTUB-
HOE HepaH/IOMe3npoBaHHOE HccaenoBanue. Ha mpose-
JICHUE HCCIIEOBAHHS IOIYyYCHO pa3pellcHue KOMH-
tera 1o sTuke 3a Nel ot 1.042019. Me1 nposenu 27
aHecTe3nH, 9 U3 HUX - KOMOMHHPOBAHHBIC AHECTE3UH C
MPUMEHEHHEM HHU3KOJ030BOM CNMHAIBHON aHECTe3UU
¢ Mopo¢un-cnimHanom u runepbapuyeckum bynupaka-
MHOM, KaK KOMIIOHEHTaMH aHecTe3uu; 9 — malueHTKH,
OTepHUPOBaHHbIC 10T 00IICH aHecTe3uei; 9 - o cTaH-
nmaptHoit CMA. BeiiM u3y4eHsl U pa3feleHbl Ha TpU
IPYNIIBI MAIUEHTHI B Bo3pacTe 58-76 ner (tabd. Nel), ko-
TOPBIM BBIITOJHSJINCH JIATAPOTOMHBIE THHEKOJIOTHYe-
CKHE OTepaIliy MO TUIAHOBEIM MTOKa3aHuM (Ta0.Ne2).

Kpurepun BKiIrOueHHsI B MCCIIEIOBAHHUE: MOKA3a-
HUS K IUIAHOBOMY OIEPAaTHBHOMY BMEIIATENLCTBY,
TpeOyrolye MPOBEICHNS JaapoOTOMUHM; JINIIA CTaplle
55 niet, otHocsumecs ko | wiu 11 xaccy ASA; Hanu-
YK€ MUCbMEHHOT0 HH(GOPMHUPOBAHHOTO COTJIACHS C Me-
TOJIOM TPEJIOKEHHOTO 00e300IMBaHMSL.

Kpurepun HUckitoueHHs: Hajaudue abCOJIOTHBIX
IIPOTUBOIOKA3aHUM K IPOBEICHUIO CIIUHAJIBHON aHe-
CTEe3UM; OTKa3 TMallMeHTa OT HPEIJIOKEHHOTO MEeToja
aHeCTe3HH.

IlepByo rpyImny COCTaBMIN MAIUEHTHI, KOTOPBIM
MPOBO/IMJIACH TOTAJbHAS BHYTPUBEHHAS aHECTE3Ms Ha
ocHoge [Iponodosa u deHranmna c MHOpeTaKCaHTaAMU
U UCKYCCTBEHHOH BeHTWIsALUEH Jerkux. Bropyro — na-
LUEHThl, ONEPUPOBAHHBIE C HUCIOJIB30BAaHHUEM CTaH-
JIapTHOM  CIIMHHOMO3TOBOM  aHecTe3uu. TpeTheit
rpymre nepexn odmieit anecresneit BBoguian 5 Mr bymm-
BakamHa, 200 Mk MophHUH-CIIHAT HHTPATEKAJIBHO.

Jlnst mpemenukarin ucnons3oBani SOl Atropini
0,1%-0,5ml B/B 3a 5 MunyT 10 aHecTe3uu. McxomHbIi
craryc mo ASA Il-lll xnacc; reMonmuHaMUKy OICHH-
BaJIM HCMHBA3UBHBIM METOJIOM, MOHUTOPHUPOBaIH CA ]
(1/3 pasuunst cuct AJl u nuact A/l+muact AJl), YCC,
Sp02, OKT', MexaHUKyY IbIXaHUs (SKCKYPCHIO TPYIHOM
KJIICTKH, JBIXaTeIbHBIA 00hEM, YACTOTY JBIXaHUS, 1aB-
JICHUE Ha BJOXE, COOTHOILICHUE B/IOXA K BBIAOXY, KOH-
LEHTPALIMIO Ta30B Ha BAOXE U BbiJoXe. [lapameTpbl Mo-
HUTOPUPOBAJINCh B TEUCHWH Bced aHecTe3mu. CAJl,

YCC ¢duxcupoBanu: 10 Havana anecte3uu (1 stam), 3a-
TeM Tepen paspezoM (2 oram), yepe3 30 MUHYT mociie
Hauasia ornepanuu (3 atam), Bo BpeMs IIMBaHUS 11/0o1e-
panyoHHOI paHsl (4 3Tam), 1 uepes 24 nocie oneparuu
(5 oram). I'mukemur0 KOHTpOJIMpPOBaIH amMOyJIaTOPHO
(Mo maHHBIM M3 HampaBjeHUs Ha rocnuranusanuio (1
aTan)), nepes anectezuel (2 atam), uepe3 30 MUHYT OT
Havasia omnepauuu (3 srtam), mocje OKOHYaHUS omepa-
i (4 »Tam) U yepes 24 yaca mocie onepanuy (5 3tam).
KIIC m3mepsmocs ucxonHo (1atam), gepe3 30 MuHyT
OT Havaja OIepaIun (23Tam), 1o OKOHYAHUH OTIePaIiH
(3oTam) n gepe3 24 gaca ot onepanmu (43tan). [Tokaza-
TeJIb SKCKPEIIMM MOYEBHHBI MOYH OIPEACISIIA Yepe3
24 qaca OT KOHIIa OIepaltu.

Jst nmpodunaktuky nHpekunu 3a 30 MUH 10 pas-
pe3a BBomin 2000mr Ledazonnna. CMA npoBoauiu
Ha ypoBHe L2-L3 wuryoii Quinke 25unu26 B monoxe-
HuM cuzs. MuTparexansHo BBoawiu Sol. Bupivacaine
heavy 0,5%-1,0mi (5 mr) u Sol. Morphin-spinal 0,1% -
0,2ml (200Mkr). 3aTeM MaNKEHTY MPHIABAIOCH TIOJIO-
xenue TpenpeneHOypra Ha 5 MHH., KOHTPOJIMPOBA-
JUCh CCHCOPHBIA (XO0JOZOBas mpoda) M MOTOPHBIN
(Bromage) 6moxn. MHAyKINs B 00eHX TPyIIax BKITIO-
gana: ®enrannn 1mkr/kr, [pomodon 2 mr/kr u 1-2
mr/kr CykuumamnxonuHa. [locie BBenenns dutnnnHa
MIPOM3BO/INIIACH MHTYOAIMsl Tpaxew, jAajiee MPOBOJH-
nacs BJI anmapatom MK1-2. [TognepxuBany anecTe-
3uto 1%-IIponoponom, DeHraHUIOM, ATPAKYPHOMOM.
Jlo3a rUMHOTHKA, aHATIBTeTHKA U MUOpPETIaKCaHTa OIpe-
JIeNIach aHEeCTe3HOJIOTOM ITyTeM KOMIUIEKCHOTO aHa-
JU3a KIMHUYECKUX ITapaMeTpoB MoKa3aTesie reMou-
HaMUKH, MEXaHUKH JbIXaHMs, peIeKcoB M IepHrona
TIOJTYBBIBEICHHS TIPETIApATOB.

B rpynne crangaptHoit CMA mnocne BEHO3HOTO
JIOCTyTIa, Hayajla MOHUTOPHHTA U MPOBEJCHUS IPEHH-
(y3nu KpUCTAIIONIHBIMH pacTBOpamMu B o0beme 10 —
12 MJI/KT B TIOJIOKEHUHU CHJSl BBIIOJIHSUIACH ITYHKLIUS
cybapaxHOMJAIBHOTO MPOCTPAHCTBAa HAa ypoBHe L3 —
L4 urnoii «kapaHgamrHOrO» THIA JUAMETpoM 25 —
27G. Beommncs 0,5% pacTtBOop runepOapu4eckoro
Bynusaxauna B 1o3ze 16,1 (14,1; 17) mr. [lanee 3a cuer
U3MEHEHUS MOJIOKEHHS ONEePAIOHHOTO CTOJIA JIOCTH-
rajcs ypoBeHb ceHcopHoro 6ioka Th7.

HuTtpaonepanioHHy1o HHPY3HIO IIPOBOMIN KPH-
CTIIONJIaMH CO CKOPOCTBIO 5-6 MII/Kr/4ac, B ciydae
BO3HMKHOBEHHS THIIOTEH3HH, Ha3HA4aJcs OONII0C KpH-
craionioB 10-20 Mur/kr, mpu HEIPPEKTUBHOCTH THT-
poBaMCh Bazonpeccopbl. [ MIIOTeH3ns paclieHNBaIach
Kak cHiKeHue ucxoanoro cAJl Ha 20% u 6oiee, cooT-
BETCTBEHHO THIIEpTeH3Ms - moBhIeHne cAJl Ha 20% un
6oee oT ncxonHoro. bpagukapausa onpenensiace npu
camwkeann UCC mmwxke 50 ya.B 1 muH. Bertumsius
MIPOBOJIMIIN C KOHTpoJIeM 1o 06semy 10Mir/Kr 1 gacTo-
toil mopnepxkuBawomed CO2 Ha Bblgoxe 30-35Mm.
AHeECTe3MI0 pacleHNBAIM KaK HEIOCTaTOYHYIO NP
yBerudenun cp AJl u YCC Gonee 20% B Teuenun 6o-
nee 5 MuH. B aTOM ciiydae nanuenTy go06asisiim 60Itoc
®enranmna 0.5 Mkr/kr. HemoctaTouHyIO pesakcamio
(MKCHPOBaIIH IIPH YBEITMYCHUH JIaBJICHUS Ha BJIOXe 00-
nee 20% ¥ KynupoBajHM BBEIACHHEM ATpaKypHyMma B
nmoze 0,15 mr/kr.

B mocneonepannoHHOM TEpHOE BCEM TAIMECH-
TaM Ha3HaJaJlach IIFOKO30-COJIEBas CMeCh B 00beMe 3



20

International independent scientific journal Ne21/2020

Mi/kr/cytkn. Ilocrmeonepanmonnoe o0Oe300aMBaHue
BKJIFOUAJIO B/BeHHOE BBemeHne Meramusona mo 1000
mr gepe3 8 yacoB Keronpoden no 100 mr uepes 12 ya-
coB u [Ipomenon o Tpe6oBanmio (6016 1o BAILI >4-5
6amwior). Becem narmenTam Haznauanun HMI (Hu3komo-
JIEKYJIIpHBIE TeNapHHbI) B KauecTBe TpoMOonpodunak-
TUKH 1 OMEnpasot JUIsi CHUKEHUSI CEKPELUH JKeTy 104 -
HOTO coka. B mocneonepanmoHHOM IEpUOAE OLECHHU-
Bam ypoBeHb 0o o BAIII (Bu3yasisHO aHAJIOTOBOM
mkane), IIOTP (mocmeomepannoHHAas TOIIHOTA,
pBOTa), TOJOBHYIO OOJb, HAJIMYHE NEHPECCHU IbIXa-
HUS, 3yJ, HaJMYHe aJUIEPTHYCCKUX PEaKIHH, OCHII-
JIOCTB TOJIOCA, TUIIEP/TUIIOTOHNUIO, TPAH3UTOPHOE Hapy-
IIEHHE MOYEHCITyCKAHHSI.

CraTHCTHYCCKYI0 O00pa0OTKYy MOJYYCHHBIX pe-
3yJIbTaTOB MPOBOJIMIIN C UCIIOJIb30BAHHEM ITPOTPAMMBI
Statistica 7.0. CooTBeTcTBHE pactpeaescHUs] HOpMallb-
HOMY, ompezensu mo kputeputo Shapiro-Wilk's test.
JlaHHbBIE IOJyYeHHbIE MHTPAONEPAIIMOHHO MPEICTaB-
JIEHbl MEOUAHOW W HIWKHEH M BEpXHEH KBapTUIICH.

Jannasie BAIII, xoim4aecTBO mpoMeIoIia B ocieonepa-
nMoHHOM Tiepuone u Bpems B OAuP (otneneHnue ane-
CTE3MOJIOTUH PEaHMMAlMK) Ul HATrJSTHOCTU TIpen-
CTaBJICHO B BUJAE CPEIHUX IIOKa3aTeleil 3HadeHuil,
CPEIHEKBAIPATUUYHOTO OTKJIOHEHUus. [Ind cpaBHeHUs
MeXJy IpynnaMy HCHOJb30BalN KpuTepuil MaHHa-
YUTHU. J[7151 CpaBHEHHUS CBA3aHHBIX BEJIMYMH UCIIOIb30-
Ballu KpUTepuil BunkokcoHa.

Pesyabrarsl.

Y Bcex ManMeHTOK OBUIN IPOBEACHBI YCIICIIHBIC
XUPYPTUYECKHE BMEIIATENbCTBA. TAXKEIBIX OCIOXKHE-
HU aHecTe3nit He ObUT0. ['pyIIIBI MAaMeHTOK HE OTIIH-
YaJluCh MO BO3PACTY U OTHOCHIIUCH K MOKUIIBIM, Macca
Tena OblIa M30BITOYHOHW M COOTBETCTBOBAJIA OXHpE-
Huto | crenenu. CTaTUCTUYECKH 3HAUMMBIX pPa3Indui
CBSI3aHHBIX C BECOM Takxke He Obu1o. [1aTh 4enoBex B
IIEPBOM, YETBIPE BO BTOPOM U TPU B TPETHEH IPYIIE OT-
HOCHJIMCH KO BTOPOMY KJIaCCY, BC€ OCTaJbHBIEC K TPETh-
emy o ASA.

Tab Nel
I'pl I'p2 I'p3
Bospacr 64(58;74) 64,5(52,76) 62,5(52;73)
BMI 30,5(30;37) 32,5(32;34) 31(30;34)
ASAII/II 5/4 4/5 3/6

[TamenTku BTOpoil U TpeTbel rpynn Ha 20 MUH
paHee DOCTaBIISUINCh B ONEPAMOHHYIO JUIS BHITIOTHE-
HUSl CIMHAJIBHOW aHecTe3uu. Hu y oaHOM U3 mauueH-
TOK TEXHMYECKUX ciokHOCTENl ¢ CMA He OTMEueHO.
CencopHbliit 610k 10 ypoBus Th 7-8, MOTOpHBIH Mak-
cumanbHbil 4 no Bpomeilnx y BTOpoil rpynnsl u 1

(6710K B 001acTH Ta300€APCHHOTO CYCTaBa) - B TPEThEH
TpyIIe.

[TanueHTKN HEe OTJIMYAIKCH 10 00BEMY H Xapak-
TPy ONCPATUBHBIX BMEIIATEIBCTB.

Tab Ne2
I'pl I'p2 I'p3
Hapgprnaranumiaas amMmmyTanus MaTKH ¢/0e3 IPHIATKOB 2 3 2
ATHEKCOKTOMHUSA 1 0 1
KoHcepBaTrBHAs MEOMAIKTOMUS 1 3 0
DKcTupHanysi MaTKu ¢/0e3 IpUAaTKOB 5 3 6

Hawubosee 4acThIMU COMYTCTBYIOIUMHE 3200J1eBa-
HHASIMH OBLIN:

AT 3 puck 4 - 6 B nepBoit ¥ 1o 7 BO BTOPO U Tpe-
theil rpymmax. UBC u HXKO. V GonpmmHCTBa ManueH-
TOK UMEJIOCh 00jIee OJHOro 3a0oieBaHUsl. 3HAYMMBIX
pa3iIuYMii B TPyIIax He OTMEYEHO.

Tab Ne 3
I'pl I'p2 I'p3

AI'3 puck 4 6 7 7
NbC 5 4

CA 1 2 1
HXO 6 8 7
XpOHUUECKHH TTHENTOHEDPUT 0 0 1
T'unotupeos 1 0 0
XpOHUYECKUH OPOHXUT 0 1 0

Cpennee AJl u YCC npencraBieHo B Tabm. 4.

VcxoaHbple MoKazaTead BO BCEX TPEX IpyImax
OBLTH Ha BEpXHEH TpaHnIle HOPMBI ¥ CTATHCTHYECKH HE
ormmyaimch (p>0.1). CraTHcTHYECKH 3HAYNUMBIE pa3-
muans AJ] oTMeueHsl TUIIb Ha 2-M JTane ( mepes pas-
PE30M KOKH) BO BTOPOH TPYIIIIE MO0 CpaBHEHUIO ¢ 00e-
umu rpynnamu: cAJl 6sui0 Hmke. (p <0.003) ,uto B
JBYX CIIydasx HOTpeOOBaIO NMPHUMEHEHUE Ba30IPECCO-

poB. McxonHasi IIMKEMHUs BO BCEX IPYIIAX COOTBET-
CTBOBaJIa HOPME U HE OTIMYATIACh MEXKAY rpynnamu. B
JaJbHEUIIIEM OTMEYEeH CTaTHUCTHMYECKH 3HAYMMBIN
(p<0,001) pocT TTUKEMHUHU BO BCEX TPYMIAx MO OTHO-
IIEHUIO K MCXOJHOM, KOTOPBIN OJTHAKO HE IIPEBBIIIAI
CTpecc-HOPMY M HE TOTpeOOBal WHCYIMHOTEPAITHH.
HekoTopoe noBellIeHne 1akTaTa OTMEUEHO BO BTOPOH
IPYIIE K KOHIlYy OII€palliy OJHAKO OHO HE IIPEBBILIAIO
HOPMY - 2MMOJIB/II.
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Ananu3 pesynbraToB mnokasareneir KOC u razo-
BOT'0 COCTaBa KPOBH TM0KAa3aJ CTATUCTUYECKH 3HAYMMOE
noseiieHne ypous COz Bo BTOpoii rpymme (craH-
naptHas CMA), no otHomeHuto K nepBoit (p<0,003), u
BTOpOH (p<0,003) rpymnam Ha TpeThbeM 3Tare ( yIIuBa-
HHE MOoCIeoNnepalMoHHoM panbl). Pasnuuuii B caTypa-
1y, PaO, Ha mepBBIX Tpex dTamax He OTMEUYEHO, YTO

CBs3aHO ¢ yBenmmdeHueM ¢pakiuu Oz BO BABIXaEMOM
Bo3nyxe. [ 'mmokcemust Habmomanach B uepe3 24 yaca
rocne anecresuu B 1 rpymnme (oOmiast anecre3ust), rue
norpedoBaiack HHCY(HGIALUS YBIAKHEHHOTO KUCIIO-
pona B 4 ciyuasx 44%, uro ctaructuuecku Boime 11%
(p=0,024) o cpaBHEHMIO CO BTOPO rpymIoi, B Tpe-
ThEW TPYyIIE KHUCIOPOJOTEPAINS HE IIPOBOIUIACK.

Tab Ne 4
¢ AJI (aTan onepanun) I'pl I'p2 I'p3
1 92(85;97) 96(90;106) 94(92;108)
2 107(95;114) 86(82;99)* # 104(92;118)
3 104(92;117) 102(92;114) 102(92;117)
4 87(80,95) 86(80;93) 88(82;93)
5 84(78,88) 84(81,92) 86(82;94)
YCC (aTam onepanun)
1 82(62;98) 88(63;104) 87(67;95)
2 84(77;91) 77(65;90) 79(68;90)
3 80(74,86) 87(73;,97) 92(75;99)
4 82(76,87) 83(71;98) 85(73;92)
5 79(70;92) 67(62;91) 78(72;81)

Jlaxrat 4 stan 0,67(0,35; 1,22)

0,94(0,52;1,15) * # 0,64(0,51;0,85)

*#- p <0,05 B cpaBHeHnH ¢ rpynmami 1, 3 (U-xpurepuit ManHa — YuTHH)

[IpoaomKUTEIBHOCT OMEPAIUil CTATUCTHICCKH
He oTiuyanach (p>0,1). O6beM B/BEHHOU KHUIKOCTH B
XOJI€ OTepaIiil COCTABUJI B UTOTE OKOJIO 6 MII/Kr/4ac
CTAaTUCTHYCCKH HE OTIHYalCsi B 00eux TIpyIl-
nax(p>0.1).

Bo BTOpOI TpyIITIE B IBYX CIyYasX MPHUILIOCH UC-
oJib30BaTh Me3aToH, uTo cocTaBuio 22% ot Bcex ma-
UCHTOB. B IBYX NOpyrux 3TOH HEOOXOIMMOCTH HE
ObLT0. B TpyIie KOMOMHUPOBAaHHOM aHECTE3UH AOCTO-
BepHo HIke (p=0,001) Oputo Hcmoms3oBanne DeHTa-

Huia u Atpakpuyma (p=0,003) mo cpaBHEHUIO C TPYTI-
moi oOmeit aHecTe3ud. Bpems Mexny OKOHYaHHEM
orepanuu 1 dKcTyoOanuen "t (MUH) B TpeThel rpymime
Takke Obu10 Kopoue (p=0,001). ¥V aByx mamueHTok 1
TPYMNIBI 3KCTyOaIys Ha ONepalliOHHOM CTOJIE HE MPo-
W3BE/ICHA M3-3a BBIPAKEHHOTO OCTAaTOYHOTO HEPBHO-
MBIIIEYHOTO OJI0Ka. DTH MAIMEHTHl ObUIN TTePEBEICHbI
B OAwUP, rie ObuTH 3aTeM 3KCTYOUPOBAHBI. DKCKPELUs
a30Ta C MOYO0if oTpakaromast MeTaboIu3M Oerka cyIie-
CTBEHHO HE OTJIMYaJIach BO BCEX IPYIIIAX.

Tab Ne 5
I'pl I'p2 I'p3
Bpewms onepanuu, MUH 95 (65;125) 90(60;115) 95 (60;110)
Wnudysus, mi 850 (650; 1150) 920 (720; 1170) 820 (610; 1160)
Bazoronuku 0 2 0

denranmii, Mr

0,35 (0,31;0,41)*#

0,15 (0,15;0,35)

ATpakypuym, Mr

485 (39,1,62,2)*#

26,1 (14,2;50,2)

IIpomnodour, Mr/kr B yac

4,0 (3,3; 4,9)*#

o|Oo|o

1,8 (0,8; 4,3)

21 (15;55)*#

At, MUH

12(11;20)

*-p <0,001 B cpaBHenuu ¢ rpymmnoii 2 (U-kpurepuit ManHa — YutHu)
#- p < 0,05 B cpaBHenuu ¢ rpymmoii 3 (U-kputepuit ManHa — YUTHN)

B nocneonepallMOHHOM MEPUOJE OLEHUBANCA
yposeHb 6o1u 1o BAII n mpon3BoAMINCE OTMETKH de-
pe3 1 gac, 3 u 24 gaca. [Ipu ypoBHe 6011 >4 BBOJIMIICS
IIpomenosn. Bo Bcex ciaydasx ypoBeHb 00€3001MBaHUS
OBLJT TOCTATOYHBIM, HO B TIEPBOI M BTOPOW TPYIIIE 3TO

JIOCTUTAJIOCh BBEJCHUEM 3HAYMTENILHO OOJIBIIETO KO-
mmaectBa [Ipomenona (p<0,001),mo cpaBHEeHHUIO C Tpe-
ThEH ,9TO 0OYCIIOBIICHO UTUTEIHHBIM ACHCTBHEM HH-
TpaTeKanbHOro MopduHa. OUKCHUPOBATIOCH BPeMs TIPO-
BergenHoe B OAuP B wacax m BpeMms IpeOBIBaHUS B
CTallMOHAPE B JHAX.

Tab Ne6
I'pl I'p2 I'p3
BAIII (uepe3 60 muH) 3,2+-1,14 3,3+-1,34 2,1+-1,34
BAIII (uepes 180 muH) 4,3+-1,55 45+-221 44+-1,71
BAIII (uepe3 24 gaca) 44+-2,74 49+-2,17 47+-2,17
IIpomenoi, Mr 37,5+-7,27 27,3+-7,12 12,5+-5,27*#
Yacel B OAuP 22,9+-22,8 23,2+-20,1 21,2+-20,1
Beinvican uepes qHel 11,9+-6,2 11,3+-7,2 10,3+-8,5

*#- p < 0,05 B cpaBHenuu ¢ rpynmnamu 1 u 2 (U-kputepuit ManHa — YUTHH)
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[MocneonepaunonHble TPOOIEMBI PUKCUPOBAINCH
y TaIMeHToK Bcex rpymi. HamGoree yacToid mpooiie-
MoH Obu10 MoBbImIeHUE naBieHus, 3 (33%) ciayuas B
nepBoii rpymre,2 (22%) Bo BTOpoi u 2 (22%) B Tpe-
Thel. Bo Bropo# rpymnne 0bur otmeueH oauH (11%)
cirydail CTOWKOM THIIOTEH3UH, MOTPeOOBABIINN B TIO-
CJIEONEPAlMOHHOM NepUOJie BBEACHUS KaTeXOolaMu-
HOB. ['mmepreH3us nedmiach Ha3HAYEHHUEM THIIOTCH-
3uBHbIX npenapaTtoB. IIOTP (mocneomepaunonHas

TOLIHOTa, PBOTA) OTMeYalach y MAaIMEHTOK BCEX
rpymm, HO dame 33% Bo Bropoil rpymme. Hanbomee
TICUXOJIOTHYECKH HETIPHUATHBIM OCJIO)KHEHHEM Oblia
roJOBHAs 00Jb y 3-X MaIMEeHTOK BTOPOH TPYIIIEI, YTO
NP OTCYTCTBHMHU J@HHOTO OCJIO)KHEHHSI B OCTaJBHBIX
Ipynmax COCTaBWJIO  CTATUCTHYECKH  3HAYUMYIO
(p=0,047) pasuuny. OcTtanpHble OCIOXXHEHUS He
HUMEJH OTJINYUHN CPEeAr TPYIIIL

Tab Ne7
I'pl I'p2 Ip3

ITotp 1 3 1

3ya 0 1 0
I"osioBHast 601b 0 3*# 0
Tpau3uTopHOE HapyIICHHE 0 0

MOYCHCITYCKaHHS

['unep/runoren3ust 3 3 2
Iponnennas NBJI 2 0 0
OcuIiocTh royioca 1 0 0

*# p < 0,05 B cpaBaenu ¢ rpynmnamu 1 u 3 (U-kpurepuit Manua — YUTHH)

O6cy:xnenue:

B xone npoBeneHuUs aHECTE3MH BO BCEX IPYIIAX
He ObUIO OTMEUEHO TSKEJIBIX OCI0XKHEHHUH, UMEIOIINX
JUTUTENbHBIC TOCIEACTBHA. | eMOIMHAMMKa XapakTe-
pH30Basiach KaK cTabuibHas, XOTS BO BTOPOU TpyIIe
(crangaptHas CMA) B 22% npHILIOCH UCTIONB30BATH
BazoToHHKH. HCMA He oka3piBajia HETaTHBHOE BIIUS-
HHE Ha FEeMOJMHAMHUKY ITOKIJIBIX ITAIINEHTOB B yCIIO-
BUSAX KOMOHMHHPOBaHHOHM aHecTe3uu. CTaTUCTHYECKH
JOCTOBEPHOE yMEHBIICHHE KOJIMYECTBA HAPKOTHYE-
CKUX aHAJIT€TUKOB B TPEThEH rpyIIe Kak HHTpaonepa-
moHHO (p< 0.001), Tak ¥ B OCIEONEPAIIIOHHOM IIe-
pHOJE CBA3aHO C BBHICOKOI CTEMEHBIO 3aIIUTHI OT XH-
PYPrHYECKOrO  CTpecc-0TBeTa  KOMOMHHMPOBAHHOH
aHecte3uu ¢ ucrnoib3zoBanneM HCMA. YMeHnbiieHue
KOJIMYECTBA CHCTEMHBIX OIMOMAOB MHTpPA- M IIOCIe-
OTIEPALIMOHHO TMO3BOJIMIO JAOCTHYH XOPOIIETO YPOBHS
aHaJbre3uy 0e3 M3IMHUIIHEH celaluy, YTO B CBOIO OYe-
pelb criocodcTBOBaIIO OoJiee ObIcTpoil 1 3 HeKTHBHON
AKTHBU3AIMN HOXKWIBIX TAlEHTOK B MOCJICONepanu-
OHHOM Tiepuoze. boiee paHHSAS aKTUBHU3AIMA, 110-BH-
JMMOMY, ObLIIA TPUYNHOM OTCYTCTBHUSI HEOOXOIMMOCTH
B OKCUI'€HOTEPANUU B TpeThell rpynmne. HopmanbHbii
YpOBEHb TIIMKEMHUH U JIAKTaTa B PaHHEM II0CIIeonepa-
IIMOHHOM II€pHOJIE TOBOPHUT 00 YJIOBJIETBOPHUTEIIHHOM
TKaHEBOW nep(dy3uu, 4TO MOATBEPIKAAET XOpOoIlee Ka-
YEeCTBO aHECTE3MOJOTHYECKOro 00ecredeHusl nanneH-
TOB Bcex rpymm. OOmuii ypoBEeHb IOCIEONepanoH-
HOTo 00e300IMBaHMs B TPYIIAX HE OTIMYAJICS, OJTHAKO

MeHbIe onuonna (p<0.001). Yactora ocno>xHEHUH BO
BCEX IPyMNNax CTATUCTUYECKH HE MPEBBIIIANA y IPYTHX
uccienonateneid (12,13,14). TomoBHast Oosib yarie
BCTpeyasiach y MaleHTOB BTOPOH Irpynnsl (CTaHAAPT-
Hasg CMA) (p=0.049), uTo cCHMKAJO CTENCHb yAOBIIE-
TBOPEHHOCTH TAILMEHTOB aHecTe3uei. Bpems mpose-
nenHoe manuentaMu B OAuP u cramumonape cyie-
CTBEHHO HE OTJIMYAJIOCh.

BeiBoabI:

1. KomOmHHpOBaHHAs aHECTE3Us C CyOapaxHOU-
JalJbHBIM BBEJCHHEM HM3KHMX 103 bynuBakamHa u
Mopoun-cnrHaza mo3BoiseT 3(deKkTuBHEE KOHTPO-
JIMPOBATh TEMOAMHAMHUKY IO CPABHEHHIO CO CTAHAAPT-
Hoit CMA.

2. OO0ume aHecTe3un IPH BBITIOJIHEHUU THHEKO-
JIOTHYECKUX OMepanuii 1anapoTOMHBIM JOCTYIIOM Tpe-
OyIOT TPUMEHEHHUS BBICOKMX JI03 HApKOTHYECKHX
AHAJIBI'€THUKOB, YTO 3aMEUISIET aKTHBHU3AIUIO TIOXKMIIBIX
HalUEeHTOB.

3. KomOunmpoBaHHas aHecTe3Ms ¢ CyOapaxHOH-
JaJbHBIM BBEJICHHMEM HHM3KHX 103 bynuBakauHa u
Mop¢duH-cinHana TMO3BOJSET 3HAYUTENBHO CHHU3HTh
NPUMEHEHHE CUCTEMHBIX HAPKOTHYECKHUX MPEenapaTos,
TeM caMbIM u30erast n30bITOUHOH celauy.

4. KomOWHMpOBaHHAs aHECTE3Ms ¢ CyOapaxHOH-
JaJbHBIM BBEJICHHMEM HHM3KHX 103 bynuBakauHa u
Mop¢uH-cinHana obecrneynBaeT ONTHMAIBLHOE 00€3-
0oJIMBaHME B PAHHEM IOCIICONIEPAIIMOHHOM HIEPHOJIE C
MHUHHAMAJIbHBIM KOJIMYECTBOM ITOOOYHBIX 3(P(PEKTOB U

B TpeThel Trpynme MOHAJOoOMIOCh 3HAYUTEIbHO  MHHUMAJIBHOH ceranuei.
I'pl I'p2 I'p3

KoHneHTparus rirroKo3bl, MMOJIB/JT
1 4,9 (4,2;5,9) 6,0 (4,4;7,8) 5,0 (4,4;6,1)
2 5,3 (5,0; 6,6) 6,8 (6,1; 7,4) 6,0 (5,1; 7,3)
3 7,2 (6,2;8,2)* | 7,2(6,1; 10,4)* 6,6 (5,9; 7,1)
4 7,5 (6,2; 8,00* | 7,3(6,3;9,9)* 6,3 (5,7;7,6)*
5 7,3(6,4;,84)* | 7,7(7,1;10,9* 6,9 (6,4; 7,8)*
DKCKpenus a30Ta ¢ MOYOM, I/CyTKH 11,8(9,4;12,7) | 12,1 (10,1; 17,4) 10,2 (7,1; 11,6)
*-p < 0,05 B cpaBHEHUU C UCXOTHBIM 3HAYEHUEM
(xpuTepuii BuikokcoHa)

*-p <0,017 B cpaBHEHNH ¢ UCXOIHBIM 3HAUeHHEM (KpuTepuil BuikokcoHa)
I #- p < 0,05 B cpaBuennu ¢ rpynnamu 1 u 3 (U-kpurepuit Manna — YUTHH)
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TTokasaresb Oran I'pl 2 3
pH 1 7,41 (7,37, 7,45) 7,39 (7,35; 7,43) 7,41 (7,34, 7,49)

2 7,37 (7,36; 7,41) 7,40 (7,38; 7,42) 7,36 (7,35; 7,40)

3 7,42 (7,41, 7,45) 7,42 (7,40; 7,44) 7,41 (7,38; 7,44)

4 7,41 (7,39; 7,42) 7,36 (7,33; 7,37) 7,39 (7,37; 7,42)
paCO2, mm Hg 1 38(36; 44) 39 (37,43 37 (35; 43)

2 39 (35; 42) 37 (36; 41) 38(34; 43)

3 38 (36; 39) 38 (36; 40) 37 (35;39)

4 38 (36; 42) 45(38; 49)*! # 38 (36; 41)
paO2, mm Hg 1 82 (80; 84) 83 (79; 86) 82(79; 85)

2 79 (73; 84) 71 (66; 76)* 80 (75; 86)

3 82 (78; 87) 72 (67;74)* 1 # 84 (74, 88)

4 79 (78; 84) 72 (67, 7)1 # 83 (73; 89
Sa02, % 1 97 (95 98) 96 (96; 99) 96 (95; 97)

2 96 (95; 96) 93(91; 97) 96 (95; 96)

3 96 (94; 96) 94(93; 97) 97 (95; 99)

4 96 (96; 97) 92 (90; 96)* ! # 97 (96; 99)
HCO3, mmons/n 1 24 (21, 25) 23 (22; 24) 23 (22; 25)

2 23 (22; 26) 23 (22; 25) 22 (21, 24)

3 24 (22; 24) 24 (22; 25) 23 (22; 25)

4 24 (22; 25) 21 (18; 22) 24 (21, 25)
BE,m3kB/n 4 -0,6 (-1,0; 0,6) -0,4 (-2,0; 1,0) -0,8 (-1,7;1,3)

6 -0,4 (-2,0; 1,0) -0,9 (-2,5; 0,8) -2,2 (-3,4; -0,8)

18 -0,1(-1,9;0,9) -0,7(-1,9;1,2) -0,3 (-1,9; 0,8)

42 -1,1(-2,5;0,1) -52(-6,4,-31)*1# -1,2 (-2,7, 0,5)

*-p<0,017 B cpaB-HEHUN ¢ UCXOTHBIM 3HaUCHHUEM (KpuTepuii BrikokcoHa)
I #- p < 0,05 B cpaBHeHuu ¢ rpynnamiu 1 u 3 (U-kputepuit ManHa — YUTHN)
CIIUCOK JINTEPATYPBI: spinal  anesthesia: a  feasibility  study.Br.
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Abstract

The article discusses the method of obtaining a tissue for the purpose of replacement therapy for damage to

the articular surface

Keywords: three-dimensional design of cartilage, multipotent mesenchymal stromal cells

A large-scale study conducted in Russia revealed
manifest (accompanied by clinical symptoms) osteoar-
throsis in 64.3% of the examined patients over 15 years
of age [1, 2].

However, a network meta-analysis of 10 large ran-
domized clinical trials involving more than 350 patients
with OA of the knee and hip joints failed to reveal any
clinically significant effect of pharmacotherapy in re-
ducing joint pain or slowing joint narrowing compared
with placebo. Physiotherapeutic treatments have not
shown significant clinical efficacy.

Thus, the search for new methods of treatment of
osteoarthritis is an urgent task.

Currently, one of the promising methods for the
correction of osteoarthritis is the implantation of autol-
ogous tissue-engineering structures in the area of dam-
age to intraarticular cartilage. The designs we have de-
veloped to date allow us to close defects from 1 to 7
cm?.

However, the further advancement of tissue-engi-
neering constructions to the clinic implies the imple-
mentation of a wide range of preclinical studies, and,
above all, the safety assessment of the developed artifi-
cial cartilage based on the patient's autologous cells.

Based on the foregoing, the aim of this study was
to preclinically evaluate the acute toxicity of a three-
dimensional tissue-engineering construct based on hu-
man chondroblasts (CB).

We used MMSCs isolated from adipose tissue of
the anterior abdominal wall of a person obtained by lip-
osuction using a hardware method based on the in-
formed consent of patients. The isolation of MMSCs
was carried out by a mechano-enzymatic method, using
collagenase as a dispersant (BioloT, St. Petersburg).
Adipose tissue was mixed with an isotonic collagenase
solution in a ratio of 1: 2 by volume and incubated at
37 ° C with constant stirring for 2 hours. After fermen-
tation, the resulting suspension of cells was passed
through a nylon filter and washed twice from the dis-
persant solution with a nutrient medium.

The viability of the obtained cells was evaluated
by trypan blue staining.

To increase cell mass, MMSCs were cultured us-
ing DMEM / F12 culture medium (Sigma-Aldrich) sup-
plemented with 10% fetal bovine serum (Sigma-Al-
drich). For differentiation in the chondrogenic direc-
tion, a combination of insulin, a transforming growth
factor, and ascorbate was introduced into the culture
medium [5]. Upon reaching the monolayer, cells from
the surface of the culture vial were removed with tryp-
sin-Versen solution at concentrations of 0.25% and
0.2%, respectively.

Vital morphology of cell cultures and their photo-
documentation was carried out using an Olympus CKX
41 inverted microscope.

The cryopreservation of the obtained cell mass of
MMSCs was performed by the stepwise method:
smooth cooling to -840C in a Mr. container Frosty
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(Nanc), followed by immersion in liquid nitrogen. A
solution of DMSO (MP Biomedicals) at a concentra-
tion of 10% was used as a cryoprotectant.

Fabric fabrication was carried out by the author’s
method with staging of cultivation, which allows to
give the design a given shape and structure. The latter
involved modeling a structure consisting of layers with
varying degrees of cell maturity - more mature and dif-
ferentiated - in the center, young cells - on the periph-
ery.

After cultivation, the resulting construct was fixed
in a standard manner, after which sections were pre-
pared and stained according to Mallory, Weigert-Van
Gieson and azure eosin. Morphology was evaluated
with an Olympus CX 41 direct microscope.

To assess the expression of specific positive and
negative markers, fluorescence microscopy (qualitative
analysis) and flow cytofluorimetry (quantitative analy-
sis) were used. Requirements for the expression of re-
ceptors on the surface of the studied cells: for CD73,
CD90, CD105 - at least 95% of the cells in the sample,
for CD31, CD1, CD14 - no more than 2% of the cells.

In order to assess cell polypotency, special media
containing growth and differentiation factors in chon-
drogenic and osteogenic directions were used. To con-
firm the differentiation of cultures, specific methods of
staining with Weigert-VanGizon dyes, alcian blue pH
2.5, Mallory, azure eosin were used.

The toxicity assessment was carried out in accord-
ance with the requirements of the Pharmacological
State Committee of the Ministry of Health of the Rus-
sian Federation "Methodological guidelines for the
study of the general toxic effects of pharmacological
substances™” ("Guide to the experimental (preclinical)
study of new pharmacological substances", M., 2005,
p. 41-54).

The experiments were conducted on two types of
animals: 60 outbred white mice of both sexes weighing
18 - 20 g and 48 outbred rats of both sexes weighing
180-220 @., Obtained from the Stolbovaya Filial
nursery of the Scientific Center for Biomedical Tech-
nologies of the Russian Academy of Medical Sciences.
The animals were kept in vivarium conditions that meet
established standards with free access to water and food
(specialized briquetted granulated feeds of MEST firm)
and a natural background of illumination at an air tem-
perature of 20-210C. Animals were taken after 14 days
of quarantine. A suspension of HB was prepared on sa-
line. The drug was administered to mice intraperitone-
ally once at doses of 500, 700, 800, 900 and 1000 mg /
kg (protein) to 6 individuals of both sexes in each
group. The duration of observation of the animals was
14 days, and on the first day they were under continu-
ous observation using a GOPRO HEROQO?7 video camera
(China).

The general condition of the animals was rec-
orded. The following features of animal behavior were
noted: inhibition of research behavior and motor re-
sponse (sedation), the occurrence of nonspecific activa-
tion of behavior (stimulation), the intensity and nature
of motor activity (hypo or hyperactivity), the presence
of neurological deficiency (impaired coordination of

movements, tremors and convulsions), reaction to tac-
tile, painful, sound and light stimuli, the appearance of
emotional tension and grooming, the presence of a cor-
neal reflex, an ear reflex and a Straub reflex. The aural
reflex of animals was determined by the reaction of
twitching of the auricles with the forceps touching their
inner surface. The corneal reflex was evaluated by the
blinking reaction when a pair of tweezers touched the
eyeball. Straub's reflex was determined by the specific
bend of a tensely raised tail. In addition, the frequency
and depth of respiratory movements, the rhythm of
heart contractions were recorded in experimental ani-
mals, the condition of the hair and skin integument, and
other indicators that could indicate toxic effects of the
preparations were recorded. To exclude the possibility
of group toxicity, in the first hours after drug admin-
istration, each animal was placed in an individual cage,
and then each group of animals in a separate Darell
cage (Russia).

The data obtained were processed by nonparamet-
ric statistics. The statistical difference between the
groups is established using the Kruskal-Wallis method
with further processing by the method of multiple com-
parisons according to Dunn. The significance of differ-
ences compared to baseline is determined using the
Wilcoxon test for related samples.

Cells obtained from human anterior abdominal
wall fat showed high adhesion on culture plastics. Even
at the isolation stage, the adhesion property was used as
a sort of sorting method: only those cells that were able
to fix on plastic during the first days of cultivation were
preserved in the culture, the rest were removed during
the first or subsequent passages.

Adhesive cells had a spindle-shaped or process (fi-
broblast-like) shape. During proliferation, the cells
showed the ability to locomotion on the cultural sur-
face, gradually spreading to the maximum possible area
with the loss of contact with each other.

As the culture approached the state of the mono-
layer, cell proliferation slowed noticeably, and then
stopped. Thus, the culture demonstrated the ability to
contact inhibition, which refers to one of the manifes-
tations of feelings of their own pool. This characteristic
is typical of all cells that completely or partially differ
in the properties of “stemming” and / or that realize res-
toration of the cell population.

The removal of cell culture from the surface by
trypsinization was accompanied by a change in the
shape of the cells from the process to spherical, which
is associated with cell adhesion. Trypsin, destroying
surface adhesive proteins, deprived the cell of the basis
of fixation on the surface, after which the cells acquired
a spherical shape and were washed off from the surface
of the culture plastic.

After neutralizing trypsin and transferring the re-
moved culture to a new surface, after 30-40 minutes the
cells were firmly fixed on the plastic, ceased to give in
to the usual mechanical washing off and gradually ac-
quired a process form.

Thus, we can conclude that the fixation of cells on
the culture plasty and their process shape indicates the
ability to adhere, which is one of the main distinguish-
ing properties of MMSCs, and the trypsinization effect
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is indicative of the adhesion mechanism realized by
trypsin-labile surface proteins.

The second necessary criterion for identifying
MMSCs is the expression of a set of specific surface
markers. In accordance with the accepted criteria,
MMSCs should express CD73, CD90, CD105 markers
and differ in the minimal expression of CD34, CDA45,
CD14, CD19 (and some other negative markers).

The method of fluorescence microscopy of cells
isolated from fat of the anterior abdominal wall demon-
strated the expression of the required set of positive
markers (CD73, CD90, CD105). Despite the fact that
the technique is not quantitative, it leaves the possibil-
ity only for a qualitative determination, however, the
fluorescence intensity suggested a sufficiently strong
expression of the studied markers.

According to the definition of CD14, CD34 and
CD45, fluorescence microscopy did not actually allow
us to identify the fluorescence of colors corresponding
to the fluorochromes used, which indicates an ex-
tremely low level of expression of negative markers.
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Quantitative analysis of markers using flow cyto-
fluorimetry showed unidirectional results with fluores-
cence microscopy. The average expression level of the
CD73, CD90, and CD105 markers was higher than
90% (92.35 t0 95.19) (CytoFLEX ™),

Apparently, the studied MMSC culture contains a
small fraction of cells that do not express positive mark-
ers. However, the proportion of these cells does not
quantitatively exceed 4-7%, which suggests that the
majority of the cells in the studied samples belong to
MMSCs and the culture parameters generally corre-
spond to the properties of MMSCs.

In favor of the aforesaid, the expression of nega-
tive markers CD34, CD45, and CD14 testifies, in the
analysis of which no differences from the indicators of
negative control (less than 1%) were revealed. This in-
dicator fully complies with the requirements for pure
MMSC cultures (expression of negative markers no
more than 2%) (Figure 1).
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Figure 1 - Quantitative analysis of CD markers

A standard analysis of signals received from intact
cells by the laser beam scattering method showed that
the sample contained at least 95% of intact cells, which
is sufficient to verify the results as reliable.

The third necessary criterion for identifying
MMSCs is the ability to differentiate in three direc-
tions: osteogenic, chondrogenic and adipogenic.

For chondrogenic differentiation, the MMSC cul-
ture was transplanted with medium density onto the
culture surface. After "fixing" on the surface (within 2
days), the standard medium was changed to a special
chondrogenic, after which the cells were cultured for 10
days.

Already on the 4th day of cultivation in the me-
dium, changes in cell morphology became noticeable.
The process and spindle-shaped (fibroblast-like) form
changed to a more rounded, and the nuclear-cytoplas-
mic ratio also increased (this, as a rule, indicates an in-
crease in synthetic activity). It was noted that the cells
almost lost their mobility, and the average distance be-
tween the cells decreased.

From day 5, a marked increase in the mass of in-
tercellular substance was observed. When fixing the re-
sulting culture, the latter acquired the form of a richly

white coating. When trypsinized, cells were detached
layer by layer from plastic, remaining firmly adhered to
each other in the form of a monolayer. This observation
is explained by the appearance of a large mass of inter-
cellular substance, which maintains strong contacts af-
ter a short trypsin treatment, which is characteristic of
cartilage tissue. For reliable determination of cell dif-
ferentiation, histological dyes were used.

Weingert-Van Gieson staining (Figure 2) allowed
us to determine that the intercellular matrix contains a
large amount of collagen. It should be noted that the
matrix in this case did not have a pronounced fibrillar
structure; on the preparations, it appeared as raspberry-
colored fields (of varying degrees of saturation depend-
ing on the degree of collagen maturity). The light
brown elastic fibers that accompanied the collagen
structures were also determined on the preparations.
Non-fibrillar masses of collagen, the presence of a
small amount of elastic fibers, a large amount of inter-
cellular substance allows us to characterize the forming
cartilage tissue.
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Figure 2 - Plot with the formation of elastic fibers (dark brown) and accompanying collagen fibers Weigert-Van
Gieson stain (collagen - dark crimson, nuclei - brown, elastic fibers - black),. 100x

in the form of homogeneous fields with various shades
of blue. The absence of pronounced fibrillarity in the
structure of the matrix is noted.

Staining with Alcian blue (at pH 2.5) revealed an-
other sign of the extracellular matrix characteristic of
cartilage - the presence of acid mucopolysaccharides

(Figure 3). On stained preparations, they are presented

Figure 3 - Plot of chondro differentiation with the formation of an intercellular mat'r.ix containing acidic muco-
polysaccharides having a homogeneous structure with different shades of blue. Alcian blue pH 2.5, 100x

Interesting data were obtained using Mallory stain
(Figure 4). These preparations revealed pronounced
collagen structures in the intercellular matrix. In this
case, areas with a fibrillar structure were observed.

In some areas of the preparation, collagen (colored
blue) was present as separate fragments, and the main
volume was occupied by the cells themselves (visible

by nuclei colored in raspberry color). In other areas, the
culture showed signs of mature cartilage: a large
amount of collagen stained blue; sparseness of cells;
pronounced fields of a dense intercellular matrix with
intermittent groups - are characteristic morphological
features of chondrogenic differentiation.
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- red, collagen - fibrous structures -

blue, cartilage matrix - homogeneous - blue), 800x

Immunohistochemical studies allowed us to con-
firm the results obtained using histological methods.
On preparations in the intercellular matrix revealed col-
lagen type 2 (colored brown) in large quantities.

Thus, the identification of the structural compo-
nents of cartilage tissue in variously colored prepara-
tions, as well as its specific features, convincingly
prove the fact of differentiation of MMSC:s in the chon-
drogenic direction.

Another area of differentiation of MMSCs (of
those areas that are necessary for the identification of
culture) is osteogenic.

After replacing the usual culture medium with a
medium with osteogenic potencies, visible morpholog-
ical changes in the culture were observed by the 6th
day. These changes have common features with the
process of chondrogenic differentiation and are associ-
ated with the synthesis of a large amount of intercellu-
lar substance. The monolayer of cells also gained den-
sity, poorly resuspended during trypsin treatment.

However, these signs were less pronounced than in a
culture with chondrogenic differentiation (a smaller
volume and a lower degree of density of the intercellu-
lar matrix). At the same time, the cells were not
rounded, retained the process shape, and the processes
became more pronounced. The cells retained the ability
to move along the cultural surface, moved from each
other, leaving a distance between themselves.

The morphological properties of the resulting cul-
ture, although reminiscent of the culture obtained dur-
ing chondrogenic differentiation, had significant differ-
ences, indicating that in this case we received a differ-
ent differon. The differences are clearly visible on the
Mallory stained preparation, on which collagen fibers
are present in the matrix, but do not constitute the main
part of it, but have a much more pronounced fibrillar
structure (Figure 5). A less dense arrangement of cells
is noted.



International independent scientific journal Ne21/
. §€ v 5 . R LR \"

F

To identify the osteogenic direction of differentia-
tion, the method of staining with alizarin red was used.
This method is considered the most highly specific in
relation to bone tissue and is considered as a method
used to identify the osteogenic direction of differentia-
tion of MMSCs. Analysis of the drug revealed areas of
emerging bone tissue (mineralized matrix) that form af-
ter a week of cultivation. By the end of 3 weeks of cul-
tivation, the matrix occupied about 70% of the culture
surface.

Thus, the fact of osteogenic differentiation is his-
tologically confirmed.

2020
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The third direction of cell differentiation, used as
evidence of the belonging of the culture to MMSC, is
adipogenic. Differentiation in this direction was carried
out spontaneously, when cultured in a standard medium
for more than 6 weeks. Single adipocyte-like cells ap-
peared in the culture, which were clearly distinguisha-
ble by phase-contrast microscopy. Adipocyte-like cells
had a nearly spherical shape, highly vacuolated cyto-
plasm containing lipid inclusions [6]. The inclusion of
inclusions in lipids was established by staining the con-
tents of vacuoles with dye Azur Eosin (Figure 6).



30

International independent scientific journal Ne21/2020

Figure 6 - Lipid inclusions in cells. Azur Eosin, 400x

Thus, the studies established the ability of the ob-
tained cell culture to adhere to the surface of the culture
plastic; expression of three positive (CD73, CD90,
CD105) and three negative markers, the possibility of
differentiation in the orthodox directions (chondro-
genic, osteogenic, adipogenic) is proved, which allows
us to identify the studied cell cultures as MMSC cul-
tures.

Figure 7 - The resulting cartilage construction

Research on the development of a technology for
producing a three-dimensional tissue-engineering
structure (scaffold), which can be implanted in the area
of damage to the intraarticular cartilage, allowed us to
form a cartilage structure corresponding to a given disk
shape 2.5-3 mmin height and 19 mm in diameter. It has
a soft texture along the periphery, an elastic center and
an uneven pink-yellow color (Figure 7).
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Microscopically, the tissue-engineering construct
contains round, oval or triangular cells. More common
are single-core, sometimes dual- or multi-core cells.
The cell nuclei of the central part of the structure are
large and, as a rule, have an eccentric arrangement.

The cartilage cells in the created design are at dif-
ferent stages of differentiation: the precursors of chon-
droblasts and young chondroblasts, with an outgrown
shape and small size, are located on the periphery. In
the central part of the cell, they are more differentiated,
have a larger, ovoid shape and are arranged compactly
in 2-4 cells, forming the so-called isogenic groups that
arise after the last division, with a lacunar structure. The
gradation of the degree of differentiation from the pe-
riphery to the center, in general, resembles the structure

of the cartilage tissue that forms in vivo. The latter in-
dicates the possibility of repeating the in vitro structure
of cartilage tissue by tissue-engineering methods.

A characteristic feature of the created design is the
presence of a large amount of intercellular substance,
including fibrous structures and amorphous substance.
The main part of the fibrous structures is represented by
collagen, which is a type of primary fibril and is the
main element of the fibrous formations of cartilage. The
latter are especially noticeable when stained according
to Mallory. Another type of fiber, which is also con-
tained in the matrix of the obtained structure, is elastic
fibers accompanying collagen and visualized during
Weigert-Van Gieson dyeing (Figure 8).

Figure 8 - Collagen structures. Microscopically, the tissue-engineering construct contains round, oval or tri-

angular cells. More common are single-core, sometimes dual- or multi-core cells. The cell nuclei of the cen-

tral part of the structure are large and, as a rule, have an eccentric arrangement. Weigert-Van Gieson stain

(collagen dark crimson, nuclei brown, elastic fibers black). Collagenic structures of varying degrees of ma-
turity (from light crimson to dark). Fields of crimson color - the intercellular matrix is not fibrillar, 800x

The main structural substance contains acid mu-
copolysaccharides. In terms of the stainability of the
main dye (Mallory), the main substance differs from
the oxyphilically stained collagen and is well visualized
when painted with acidic dyes (alcian blue). In the tran-
sition zone from more mature cartilage to less mature,
signs of metachromasia are observed. The correlation
in the design of isogenic cell groups and fibrous for-
mations in interterritorial areas indicates the greatest
strength of the simulated tissue in the central part of the

structure, which corresponds to the functional features
of the cartilage tissue that forms in the body.

The design created allows us to observe the stages
of cartilage histogenesis, in particular, in the region of
transition of young cartilage to mature cartilage, oxyph-
ilicity (stage 1 of development of cartilage tissue)
changes to basophilicity of the main substance (stage 2)
with a return to oxyphilicity (stage 3). The last stage
coincides with the time of the appearance of fibrils
(Figure 9).
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Figure 9 - Plot of cells with chondro differentiation (dark blue structures), Mallory, 100x

The important question is whether the created
structure belongs to one or another type of cartilage tis-
sue - hyaline, elastic or fibrous. Apparently, the formed
structure in its morphological structure is closer to fi-
brous, since elastic fibers are quantitatively smaller
than collagen fibers, they do not branch and are ori-
ented in the same direction as collagen fibers.

It is known that blood vessels practically do not
occur in mature cartilage tissue, and nutrition occurs
diffusely. This is a fundamental point in the practical
use of such a design, since the main problem of any
three-dimensional and extended tissue-engineering
transplants is the lack of an adequate vascular network
and, as a result, causes central necrosis. Cartilage cells
and constructions based on them are devoid of this
drawback, since under natural conditions tissue is fed
due to marginal zones through the perichondrium. This
suggests a high survival rate of such a transplant and a
positive clinical result.

The study of acute toxicity derived from
MMSC chondroblasts

The study of the acute toxicity of chondroblasts
during intraperitoneal administration in experiments on
outbred white mice was carried out using 60 animals of
both sexes in each group.

A suspension of HB was prepared on saline. The
drug was administered to mice intraperitoneally once at
doses of 500, 700, 800, 900 and 1000 mg / kg (protein)
to 6 individuals of both sexes in each group. It was
found that in the used doses of CB did not cause the
death of animals (table 1).

The severity of the clinical picture of intoxication
observed in mice directly depended on the dose of the
drug. During the experiment, the following clinical pic-
ture developed in mice treated with CB at doses of 900
and 1000 mg / kg per protein. Immediately after drug
administration, all mice retracted their stomachs. 5-10
minutes after intraperitoneal administration of CB, a
decrease in the motor activity of mice was observed;
they lay on the stomach, hind legs in individual animals
were flattened.

Later, after 2 hours, in animals, motor activity
gradually began to recover, reactions to external stimuli
corresponded to normal. No disturbances in the ear and
corneal reflexes and Straub's reflex were noted. The
condition of the skin and visible mucous membranes is
not changed.

As a result of the studies, it was found that in mice
there is no gender difference in reactions to intraperito-
neal administration of CB.

Table 1
Acute toxicity of the drug HB when administered intraperitoneally to mice
Dose Female mice Male mice
Death toll Total amount Death toll Total amount
500 0 6 0 6
700 0 6 0 6
800 0 6 0 6
900 0 6 0 6
1000 0 6 0 6
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Thus, as a result of experiments on the study of
acute toxicity of CB during intraperitoneal administra-
tion to outbred white mice, it was possible to establish
that according to the classification of toxicity when in-
troduced into the abdominal cavity [7], CB can be clas-
sified as class 4 - “low toxic compounds”.

The study of acute toxicity of chondroblasts
with intraperitoneal administration to rats

The study of acute toxicity of CB with intraperito-
neal administration in experiments on outbred white
rats was carried out using 48 females and males.

A suspension of HB was prepared on saline. The
drug was administered to rats intraperitoneally once at
doses of 500, 600, 700 and 800 mg / kg (protein) to 6
individuals of both sexes in each group. It was estab-
lished that in the used doses of CB did not cause the
death of a statistically significant part of the animals
(table 2).

The severity of the clinical picture of intoxication
observed in rats was directly dependent on the dose of
the drug. During the experiment, in rats treated with CB
at a dose of 800 mg / kg, the following clinical picture
developed. After intraperitoneal administration of the
drug, the rats strongly retracted the abdomen. In most
animals, coordination of movements was impaired -
rats staggered and tumbled to the side. Further, a de-
crease in motor activity was noted - some of the animals
lay on the stomach, some sat hunched over. From time
to time, the animals trembled. The coat is dull. Breath-
ing was rare and superficial, in one rat convulsive. Sub-
sequently, after 11.5 hours, the animals' motor activity
gradually began to recover, reactions to external stimuli
corresponded to normal.

Table 2
Acute toxicity of the drug HB with intraperitoneal administration to rats
Dose Female rats Rats males
Number of deaths Total number Number of deaths Number of deaths

500 0 6 0 6
600 0 6 0 6
700 0 6 0 6
800 1 6 0 6

No disturbances in the ear and corneal reflexes and
Straub's reflex were noted. The condition of the skin
and visible mucous membranes is not changed. How-
ever, the coat remained tousled and dull for a long time.
During the remaining period, the death of one animal
was observed, which is a statistically unreliable indica-
tor of mortality. No significant changes were observed
in the behavior and condition of rats. As a result of stud-
ies, it was found that rats did not have a gender differ-
ence in responses to intraperitoneal administration of
CB.

Conducting experiments on the acute toxicity of
CB drugs with intraperitoneal administration to outbred
white rats made it possible to establish that according
to the classification of toxicity when introduced into the
abdominal cavity [7], CB can be classified as class 4 -
“low toxic compounds”.

Thus, when studying the acute toxicity of CB
drugs performed on two types of experimental animals
of both sexes using intraperitoneal administration at the
maximum allowable volumes and concentrations, de-
termining the average lethal dose was not possible,
since the death of a statistically significant part of the
animals of the experimental groups was not observed.

Studies of the acute toxicity of the obtained chon-
droblasts allow us to attribute these cells to the 4th class
of substances - “low toxic compounds”.

REFERENCES:
1. N.V. Countryside. Revision knee replace-
ment. - GEOTAR Media, 2014 - 350 S.

2.  Tikhilov R.M. Shubnyakov I.1., Kovalenko
AN., Tsybin A.V., Rumakin V.P. Pain in a patient after
arthroplasty using a modular femoral component (clin-
ical case). // Traumatology and orthopedics of Russia,
2015.-N 1.-C.5-20.

3. Kalyagin A.N., Kazantseva N. Yu. Osteoar-
throsis: modern approaches to therapy (communication
2) /1 Sib. honey. journal (Irkutsk), 2018. - No. 2. - URL:
https://cyberleninka.ru/article/n/osteoartroz-sovremen-
nye-podhody-k-terapii-soobschenie-2-1 (accessed:
09.28.2020).

4.  Wandel S, Jiini P, Tendal B, Niiesch E, Vil-
liger PM, Welton NJ, Reichenbach S, Trelle S. Effects
of glucosamine, chondroitin, or placebo in patients with
osteoarthritis of hip or knee: network meta-analysis //
BMJ. 2019 .-- Sep 16; 341. - R. 4675.

5. Zuk P.A., Zhu M., Ashjian P., De Ugarte
D.A., Huang J.1., Mizuno H., Alfonso Z.C., Fraser J.K.,
Benhaim P., Hedrick M.H. Human Adipose Tissue Is a
Source of Multipotent Stem Cells. // Molecular Biology
of the Cell. December 2002.- Vol. 13. - S 4279-4295.

6. Zhambalova A.P., Gershovich Yu.G., Bu-
ravkova LB, Galchuk S.V., Romanov Yu.A. The effect
of low oxygen content on the differentiation of multipo-
tent mesenchymal stromal cells of human bone marrow
in vitro // Cellular transplantology and tissue engineer-
ing. - 2009. - T. llI. - No. 3. - S. 47-51.

7. Sidorov K.K. On the classification of tox-
icity of poisons with parenteral routes of administration
/I Toxicol. new prom. Chem. in. - M., 1973. - Issue. 13.
- S. 47-60.



34 International independent scientific journal Ne21/2020

MORPHOMETRIC INVESTIGATIONS OF THE HEART AFTER THE INFLUENCE OF
ELECTROMAGNETIC RADIATION UNDER HYPOTHYROIDISIS

Kosharniy V.,

Doctor of Medical Sciences, Professor

Rutgaizer V.

graduate student

State Institution «Dnipropetrovsk Medical Academy
of the Ministry of Health of Ukrainey, Dnipro.

MOPO®OMETPUYHI JOCJIIIXEHHS CEPLSA ITICJISI BINIMBY EJIEKTPOMATHUTHOI'O
BUITPOMIHIOBAHHS B YMOBAX I'llfTOTUPEO3Y

Kowapnuii B.B.,

Jlokmop meduunux Hayx, npoghecop

Pymezaiizep B.I.

CnowyKkay

Hepoicasnuii 3axnao «/[ninponemposcoka MeouuHa axademis

Abstract

In order to establish changes in circulatory disorders used morfometrical studies, which allows at the cellular
and tissue levels to quantify the processes of cell proliferation, differentiation and features of blood circulation. in
the hearts of rats after exposure to electromagnetic radiation for 45 and 120 independently. The morphogenetic
transformations in the walls of hearts after the experiment after exposure to electromagnetic radiation and differ
significantly in different experimental groups. Early correction of circulatory disorders has a positive effect on the
morphology and reparative properties of hearts.

AHoTanis

B ymoBax THpeoinekToMmii Ta micis BILUIMBY €JI€KTPOMArHiTHOIO BUIIPOMIHIOBAaHHS 3 PI3HUM TEPMIHOM €KC-
no3utii - 45 ta 120 XBUIMH JUIsl BCTAHOBJICHHS CTPYKTYPHHUX OCOOJIMBOCTEW Ta 3MiH y ceplli BUKOPUCTOBYBAJIH
MOP(OMETPUYHI JOCIIIKEHHS, 110 A03BOJISIE HA OPraHHOMY, TKAHMHHOMY Ta KIIITHHHOMY PiBHSX, KIIbKICHO OITi-
HIOBATH MPOLeCH MOp(oreHeTHIHUX 3MiH. [Ticis Ail HAABUCOKUX YaCTOT CICKTPOMATrHITHOTO BHIIPOMIHIOBAHHS
3 TEPMIHOM €KCIO3UIIii 45 Ta 120 XBHJIMH B YMOBAaX TilIOTUPEO3y 3MIHH Y CepIli BIAPI3HAIOTECS B PI3HUX eKCIIe-
PUMEHTAJIFHUX Ipynax. He3HauHi KOMIIEHCATOPHI 3MiHHM Y CTIHIII CepIIs MiCIsl BIUIMBY Ha/JIBUCOKUX YaCTOT €JeK-
TPOMATHITHOTO BHUIIPOMIHIOBaHHS 3 TEPMIHOM €KCIO3HIIIi 45 XBWJIMH BIUIMBA€E MO3UTHBHO Ha MOPQOIIOTIHO 1 pe-
MapaTHBHI BIACTUBOCTI B CTIHII CepIs HIypiB, aje MiCiIA BIUIBY SIEKTPOMArHITHOTO BUIIPOMIiHIOBaHHS 3 TEpPMi-
HOM ekcrio3unii 120 XBUIMH iereHepaTUBHI MPOIECH MPOTPecyoTh Ta (GOPMYIOThCS 03HAKH IHTEPCTIIialIbHOTO

hibpo3sy .

Keywords: heart, electromagnetic radiation, rimotupeos.
KoarouoBi ciioBa: cepiie, eJeKTpoMarHiTHe BUIIPOMIHIOBaHHS, TIIOTUPEO3.

Beryn. B ocranHi gecsaTuinitTTs Oynu po3poOieHi
1 BUKOPUCTOBYIOTBCS JUIS JACSKUX HayKOBHUX 1 TEXHIU-
HUX HiJIed pelaTuBICTChKI HamBucokoyacTotHi (HBY)
TeHEPaTOPH MOTYKHUX EJICKTPOMATHITHUX IMITYJIbCIB.
Bonu reHepyloTh BUIIPOMIHIOBAaHHS B Jialla3oHi yac-
tot 1-10 I'T'y 3 MiKOBOIO MOTYXKHICTIO 0 TMraBaTTa i
TPUBAIICTIO IMIYJIBCIB BiJi OMMHUIIL MIKPOCEKYHJI 110
OJIMHUIIb HAHOCEKYH/] B IMIIYJICHO NIEPi0IUYIHOMY pe-
xumi [1, 2]. 3 MOMeHTY MOSIBH MOAIOHUX JKEpeN BH-
HUKJIO TNHTaHHA Tpo OIlOJNOTiYHY [if0 TEeHEepOBaHHMX
HUMH BUIPOMIHIOBaHb. BIUINB, SIKMI YMHUTHCS TAKUM
BUIIPOMIHIOBAHHSAM Ha JXKHBI CHUCTEMH, MOXe OyTH
3HAYHHUM, OCKUIBKH PO3TISIHYTHI (akTop XapakTepH-
3y€ThCS Jly’Ke BUCOKMM 3HAYECHHSM EHEprii, sike IpH
TPUBAJIOCT] IMITyJIbCy TOPSAAKY AECSATH HAHOCEKYH[
MOX€ MaTH LIJIBHICTh HOTOKY MOTYKHOCTI IMOPSIIIKY
MUDTIJPKOYJIIS Ha KBaJpaTHUI caHTUMeTp. Takuii BIUTMB
MOX€ BUSIBUTHCS CIENU(IYHUM Yepe3 JIyKe BHUCOKY
HaINpy>KEHICTh CNEKTPUYHOTO TOJIA, IO JIOCSATAE 3HA-
YeHb METaBOJIT Ha METp, aje OIOJOTIYHY Ji0 TaKoTro
POy BUIPOMIHIOBAHHS JOCIIKEHO BKpali HEIOCTAT-
HbO. HasBHI Ha CHOTOAHI HAYKOBI JaHi IMEPEKOHINBO

CBi4aTh, II0 pPAaJioO4acTOTHI E€JIEKTPOMArHiTHI BH-
MIPOMIHIOBaHHS, B TOMY YHCII 1 IMITyJIbCHO MOJIYJIhO-
Bani (IM EMB), xapakTepu3yrTbCsi BUPAXKCHOIO
6ionoriunoro miero [3, 4]. Brmue EMB Ha xuBmit op-
rafizM 0Oarato B 4OMy OOYMOBIIEHO BHCOKOIO YyT-
JIMBICTIO 10 IaHOTO (haKTOpy HacaMIepe 1 LeHTPaIbHOi
HepBoBoi cucteMu. EMB BrmBae Ha BCix piBHSAX Op-
ragizanii [IHC: Big mMOBEAIHKOBUX peakiii a0
(YHKIIOHYBAaHHS OKpPEMHX HEpBOBHX KITHH. He
BHKJIIOUAETHCS, 10 BUCOKa uyThuBicTh [IHC mo Bm-
MPOMIHIOBaHHA MOXXe OyTm oOymoBieHa (hi3uKo-
XiMivHUMH 3MiHaMH Ha piBHI MeMOpanu. Kpim ITHC,
YYTJIIMBAMH 1O Jii paJio4acTOTHUX BHUIPOMIHIOBAHb
BBA)XAIOThCS ~ CEPLEBO-CY/IMHHA, EHIOKPHUHHA Ta
IMyHHa CHCTEMH.

TakuM YMHOM, HEe3Ba)kKal0YW Ha 1HTEHCHBHI KJIi-
HivHI gocnimkeHns aii HBY - BUnmpoMiHIOBaHHS Ha OK-
peMi OpraHH i CHCTEMH OpTaHi3My JIIOAWHH, HEMaE 3a-
TATBHONPUHUHATOT TOYKH 30py CTOCOBHO MEXaHi3My
CTPYKTYPHHUX Ta KOMIIGHCATOPHO - aJaNTHBHUX IIEepe-
TBOPEHb B CTIHKH CEPIIS B YMOBaX TiMmoTHpeo3y. TooTo
BHUBYCHHS JAWHAMIKH MOPQOJOTIYHUX 3MiH CEpIIEeBOI
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ctinku micns BrumBy HBY — BUTIpOMiHIOBaHHSA 3 pi3-
HUM TEPMiHOM €KCITO3HUIIii B yMOBaX TiMIOTUPEO3Y € aK-
TyaJbHHUM.

Mera nocaimkeHHsi: BcraHOBUTH MakpocKoIi-
YHI Ta MIKPOCKOIIIYHI 3MIHH y MiOKapAy cepls IIypiB
ITCIIs BIUIMBY HaJIBUCOKHX YacTOT €JIEKTPOMArHiTHOTO
BUIIPOMIHIOBAaHHS 3 PI3HUM TEPMIHOM TPHBAJIOCTI y 45
Ta 120 XBUJIMH B yMOBax TilOTUPEO3Y IIiCIIsl TUPEOie-
KTOMii.

Martepian i Meroau: OO0’ €KTOM JOCIiIKEHHS
CTalii cepIls 1adOpaTOpHUX CTATEBO3PLIMX IIypiB. Y
JOCTIKeHHI Oyno 3amisHi 126 TBapuH. Y KOXHOI
rpymi Oyno BukopuctaHo 1o 21 o6’exry. Ilix wac po-
00TH 3 eKCIIEpPUMEHTAILHUMU TBapHHAMU JIOTPHUMYBa-
Jcs TpUHIMIIB ['eIbCiHCHKOT JeKNIaparii, MpHiAHs-
Toro ['eHepanbHOO acambieero BeecBiTHROT MeIMYHOT
acomiarii (1964 - 2000 p.), Koneenuiero Panu €sponu
Npo MpaBa JIOAUHYU Ta 6iomeauuuny (1997 p.), Binno-
BigHO mojioxeHHsaM BOO3, MixHapoaHoi panu Meau-
YHHX, HAYKOBHX TOBapHCTB, MIXXHAPOIHOI paJu MEAH-
YHHX, HAYKOBUX TOBapHCTB, MI’KHAPOJHOTO KOJEKCY
MeanaHoi eTukH (1983 p.) Ta 3akoHam Ykpainu, «3ara-
JHHUM CTUYHUM NPUHLHIAM 3THYECKUM IPHHIUIAM
eKCIIEPUMEHTIB HaJ TBapMHAMUY, SIKi 3aTBepykeHi |
HarmioransauM koHTpecom mo 6ioetuke (Kuis, 2001p.)
3TiHO 3 MOJIOKCHHAM «EBPOIEHCHKOI KOHBEHIIIT 13 3a-
XHCTY XpeOETHHX TBapuH, SKi BUKOPHCTOBYIOTHCS B
eKCIIEPUMEHTAIbHUX Ta IHIIMX HAYKOBUX IIIAX)»
(Ctpacoypr, 1987). Cnoci0 MoJetOBaHHs TilOTHpE-
03y 3IiCHIOBaJIM HACTYITHUM 4YHHOM. PoOuimu npeme-
Jqukanito — arpomin 0,25 MI/Kr BHYTPIIIHBOM S30BO
(8/M), mumenpon 0,5 mr/kr. HapkoTu3yBanm excnepu-
MEHTaJbHY TBAPHHY TIONCHTAJIOM HATpif — 3aci0 s
HelHraysniiHoro Hapko3dy — 40 mr/kr (4 mr Ha 100
rpaM), BHYTpilHBOOprommHO. Crocid MoIeToBaHHS
TIIOTHPEO3yY Yy IYpiB BKIFOYAE JOCTYII A0 IIATOMOII0-
HOI 3aJ03H, BUIUICHHS ii, TEPMOKOATYJIAIlis Mepe-
MIMiKa, KpaHiaTbHUX Ta KayJaJbHHX IIATOMOMIOHUX
apTepiii Ta BiIOKPEMIICHHS TOBOPOTHUX HEPBIB, 3TAHO
kopucHoi  mozeni 2007  poky, NeS4;  (19)
UA(11)27821(13)U; a mapamuronomiOHi 3a7103ud Ta
MOBOPOTHUI HEPB BiJJOKPEMJICHI BiJ| APEHXIMHU LIUTO-
noaioHo1 3ano3u. 1o - mepie TonuIN NepeaHio mose-
pxHro mui. Oneparito MOYNHAIM 3 TO340BXHBOTO PO3-
pi3y Ha mui, 1Mo CepeANHHIH TiHi1, JOBXKIHOO 110 3 CM.
PoscyBanu dacuii mui Ta o cepeAMHHIHN JiHIT TPYANHO
— TA’SI3UKOBI M’SI3HM, TYIAM CIOCOOOM, HaKIIaJajw
TpuUMadi - JiBa BY3JIOBUX LIKIpO — M’S30BHX IIBA, 32
SIKHMHU PO3BOJVJIN TaTIKaMU Kpal ONepaiiifHoi paHu.
Ilig xancynmy muTononioHoi 3amo3u BBogwIN 0,2 M
0,5% pacTtBOpy HOBOKAiHY IHCYJiHOBHM MIIPHUIIOM.
TepMoKOoaryasiITopoM HepenantoBalv Mepelniok 3a-
JI03W, KOATyJIIOBAJIM KpaHiaJbHI Ta KayJalbHi CYAHHU
000x monei 3aio3u. Bin BiINOBiTHOT YacTHHU Tepe-

[IUiKa TBOMa aHATOMIYHUMU ITiHIIETAMH BiIOKPEMITIO-
BaJIM KOXKHY ITOJIF0 IIUTOMOMIOHOT 3aJ03U B Kaymo —
KpaHiaJIbHOMY HalpsMKy BiJOKPEMJIIOIOYH ITOBOPOT-
HUI HEPB Ta MApPaIIUTONONIOH] 3271031 BiJl MAPEHXIMU
IMTONoAI0HOI 3am03u. KoHTpomroBamu reMocras, Bo-
CbMH TMOJIOHUM IIBOM 3BOIMJIM PO3BEICHI M’SI3H, T10-
BEPXHIO SIKHX 3pOLIYBaJIM PO3UYMHOM LEPTPiaKCOHY
(6imminy - 5 mo mozeni Ne 54) nns npodimakTuku
THIHHUX yCKIIaJHEHb Ta HAKIAJaldW BY3JOBI IIBH Ha
mKipy. BImmB exeKTpoMarHiTHOTO BUIIPOMiHIOBaHHS
MIPOBOAWIIN T€HEPATOPOM CHTHATIB BUCOKOYACTOTHUM
-T4-83(7,5-10,5I'T) 3 wacrororo 10 I'Tw, 3 10B-
JKMHOIO XBHI 3 ¢M, ekcro3umiero 45 ta 120 xBuiuH,
10/IeHHO TPOTsiroM 10 IHIB Ha Bce TiJIO B LIOMY py-
mopoM TipamiganeHuM — tun I1 6 - 23A 3 MWiTBHICTIO
noToka notyxHocti 1,1%10- 3 Br/m2. J{anuii excrepu-
MEHT NPOBOIMBCS Ha Kadeapi MPUKIaaHOT 1 KOMI I0Te-
pHOI pagiodizuku J{HIMPOBCHKOTO HAIIOHAIBLHOTO YHi-
BepcuteTy iM. Onecs ['oHuapa, 3riHO JAOTOBOPY PO
HAyKOBO — TBop4e cmiBpoOiTHHITBO (Bixm 31.05.2018
p.)- Ha 11 — mo0y npuzBoanmm 3abip mepudepuaHOi
KpOBi Ta OOTPYHTOBYBAJIM MOKA3HHUKH Ta 3pa3y IiCIL
THUpeoinekromii. HamMu mpoBOaiIocs MOCIiIKSHHS Iii
HBUY - BunpoMiHIOBaHHS Ha TOKAa3HUKH miepudepiitaol
KpOBI CTaTEBO3PLINX IIypPiB B 3aJICKHOCTI BiJl 4acy eKc-
MO3HMIIT Ta B yMOBax rinotupeosy. Yci TBapuHH — ca-
MIl, MICTHJIMCSl y 3BUYAHUX YMOBax y CTaHIApTHOI
KJITLI, 32 HUMH MPOBOJNIOCH CUCTEMaTH4HE CIOCTe-
PEKEeHHSI. Brums €JIEKTPOMarHiTHOrO
MIPOMIHIOBaHHSI IPOBOAMIIN F€HEPATOPOM CUI'HAIIIB BH-
cokouyactoTHuM - ['4 - 83 (7,5 - 10,5 I'T'1) 3 9acTOTOIO
10 I'Tu, 3 TOBXKUHOIO XBUJIL 3 CM, €KCITO3HUIIIEI0 45 Ta
120 xBuwH, moAeHHO poTaroM 10 JHIB Ha BCE TLIO B
UTOMY PYIOPOM mipaMinansHuM — Tail 1 6-23 A 3 mo-
TokoM motysxkHocTi 1,1%10 3 Br/m%. Jlauuii excrepu-
MEHT TIpOBOAMBCA Ha Kadenpi mnpukiIagHol 1
KOMIT [0TepHOi  paxiodizuku  JHINpONeTpoBCHKOTO
HallioHaJIbHOTO yHiBepcutery iM. Onecs I'oHuapa,
3TiZHO JOTOBOPY MPO HAYKOBO — TBOpPYE CIHiBPOOIT-
HULTBO (2017 p.). O3HaKu nopyuieHb y MioKapai CTi-
HKH Ceplisl BIAMIYAIMCS MICNsl TUPEOiNeKTOMii B yMO-
Bax TIMOTHPEO3y MiCJis BIUIMBY HAJBHCOKHX YacCTOT
€JICKTPOMArHITHOTO BHUIIPOMIHIOBAaHHS 3 TEPMiHOM
excro3niii 45 ta 120 xsmwimH. OCcTaHHI METOINUKH 3a-
CTOCOBYBAJIM TIEPEBaXKHO IIICIIA €BTaHAa3il TOCIiTHOT
TBapvHU.

PesysbTaTn gociigkeHHs Ta iX 00roBOpeHH:
KomruiekcHe gociikeHHst ceplisi HAMH TPOBOJIMIIOCH
3a JIONIOMOT0I0 MOP(OMETPUYHHX JOCIIIKEHb Ha Op-
ragHoMYy piBHi (puc. 1). [Ipu Mmopdomoriaaomy nocmi-
JDKEHHI micnsa Tupeoimekromii (puc.2; 3) Ta BIUIMBY
€JIEKTPOMArHiTHOTO BHIPOMIHIOBaHHS, MH CIOCTEpi-
raJiv 301IIBIIICHHSI MacH CepJiellhb, ajie B KOXKHO1 eKcIie-
PUMEHTAJIBHOI TPy 11l TOKa3HUKHU OYJIM PiI3HUMH.

BU-
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Puc. 1. Cepya wypie nicia mupeoioekmomii ma niu8y HA08UCOKUX YACHOM eNeKMPOMASHIMHO20 BUNPOMIHIO-
8anHs 3 mepminom excnosuyii 45 ma 120 xeunum.

Puc.2. Pozmun wypa npu mupeoioexmomii— wyumono0diona 3anosa - A, 5 ma cepye —B.

[Ticns BBy HBY — enekTpomMarsiTHOro BUIpo-
MIHIOBaHHSI C TEPMIHOM €KCIO3ullii 45 XBUJIMH B yMO-
Bax TiMOTUPe03y 301IbIIEHHSI Macu Ceplis, Ha Halll HO-
TJIs11 00YMOBJIEHO TTACTO3HICTIO Ta HAOPSIKOM, @ TAKOXK
KOMIICHCATOPHOO PEaKIli€0 Ha BILIMB €IEKTPOMArHiT-
HOTO BUIIPOMIHIOBaHHSI Ha MakpOPiBHi, a TiCTONOTi4HE
- 30UIBIICHHAM JiaMeTpa KapiOMiONHUTIB, 3MEHIICH-
HSM IHTEPCTHUIIaTBHOTO MPOCTOPY MiXK HAMH, IO 3B'sI-
3aHO 3 NOCHJICHHSIM KPOBOTOKY Y Ceplli, sike OyJIo o1i-
HEHO HaMH sIK KOMIICHCATOpHa — IIPUCTOCYBaJIbHA pea-
kuis Ha BB HBY —  enekrpomarHiTHOTO
BUIIPOMIHIOBAHHS 3 JaHWM TEPMIiHOM TPHBAJOCTI B
YMOBaX eKCIIEPUMEHTAIBHOTO TIlTOTHPEO3y. AJie K, Ii-
cig BruBy HBY — enekTpoMarHiTHOT0 BHIIPOMIiHIO-
BaHHS C TepMiHOM excro3umii 120 XBUIMH B yMOBax
TIIOTHPEO3y MU CIIOCTEPiraiu JeCTPYKTUBHI Ta BHUpa-
*eHi (iOpo3Hi mpolecH i BUpakeHe 301IbIIeHHS MacH
ceplls, sIKe MMOB’s3aHe, Ha Hall MOTJISA, 3 BUPAKECHUM
PO3pPOCTaHHSM IHTEPCTHIIAIBHUX MPOCTOPIB, siKe 00y-
MOBJIEHO y mepiny 4epry, $pibpo3oM — po3poCTaHHIM
CIIOJIyYHOT TKaHMHU Ta 31aBJICHHSIM XaOTHYHO pO3Ta-
IIOBAaHUX M’SI30BUX BOJIOKOH Ta Kap/iOMIOIMTIB, 110

MIPU3BOJUTH K JECTPYKTHBHUM MpOLECaM Ha KIITHH-
HOMY PIBHI Ta BUP2)KXEHOMY MOPYIIEHHIO KPOBOIOCTA-
YaHHsI, 110 TUIbKU yCyryOJisie BCi Ti HEraTHBHI 3MiHH,
SIKI IPUTAaMaHHI BILUIMBY TUPEOiIEKTOMIi Ha CTPYKTYpHI
KOMITOHEHTH MiOKap.ly IIITYHOUYKIB CEpIIeBOT CTiHII.
Jocmimpkyoun cepis IMypiB, MW BHU3HAYHIN
3MIHM Ha MAaKpOpiBHI Y BaroBHX MOKa3HUKax Cepelb
OIypiB Ta IIypa y TUIOMY IUIS MiPaxyHKY MPOICHT-
HOTO CHIBBIHOIIEHHS Barkl CepIsl K BaroBoMy HOKa3-
HUKY I1ypa - iHJeKc J micis BIUIMBY HaJBHCOKHX 4ac-
TOT eNIEKTPOMArHiTHOrO BUIIPOMIHIOBaHHS 3 TEPMiHOM
ekcrio3utrii 45 ta 120 XBWJIWH B yMOBax TilOTHPEO3Y
iCIs TUPEOIAEKTOMIi, BiTHOCHO KOHTPOJBHOI TPYIIH.
IHaexc BimHOMIEHHS MacH cepIlsd JI0 Bard mrypa JopiB-
HIOBaB B yMoBax rimorupeo3y 0,35; Ta micns BIUITHBY
€JIEKTPOMArHiTHOTO BUIPOMIHIOBAHHS 3 €KCIIO3UIII€I0
45 xpwiuH cknaB 0,35; a micns 120 xBunun — 0,44; 110
TEX MAJIO BiPi3HSIIO I TOKA3HUK MICIIs TUPEOIiIeK-
TOMIi BiJi TIOKAQ3HHUKIB KOHTPOJIGHOI TPYIH, a MicCIs
BIUIMBY €JIEKTPOMAarHiTHOTO BHIIPOMIHIOBaHHS OyIH
MEHIII 3aMITHHI KOJUBaHHS [[bOT0 TIOKa3HUKa (Tabi.1).
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Tabmumsl.

IHmeKC BiTHOIICHHS Bark cepls 10 MacH IIypa B eKCIePUMEHTAIBHHX TPyNax B yMOBaX IilIOTHPEO3Y IMiCI
BILUIMBY €JIEKTPOMArHiTHOIO BUIPOMIHIOBAHHS 3 PI3HUM TepMiHOM excrio3uii (J).

ExcrniepuMeHTaNbHI TpyNH

BuwmiproBani Konrponbha rpyna / miciist Tupeoine- HBUY - enekTpoMarHiTHOro BUIpOMiHIOBaHHS B
rapameTpu KTOMI1 YMOBaX TilIOTHPE03y

KonTponsHa rpyna I'inotupeos 45 XBUIMH 120 xBUIHH
Bara  cepus 0,60 £ 0, 028 0,63 =0, 029 0,66 = 0,018 0,86+ 0,011
(mr) (n=21) (n=21) (n=21) (n=21)
Bara mypa (r) 180+11,4 180 11,2 190 £12,8 200+ 15,3

(n=21) (n=21) (n=21) (n=21)

Ingexe (J), 0,33 0,35 0,35 0,44

TOpUMITKA: * - PI3HUIL CTATUCTHYHO J0CcTOBIpHA (p<0,05).

Jocmimkyoun cepus IIypiB, MH BH3HAYMIN
3MiHM Ha MaKpOPiBHI Y JiHIHHUX MOKa3HUKAX CePACIh
IIypiB MPABOTO Ta JIBOTO NIUTYHOUYKIB HA TPHOX PIBHIX
— A, b, i C. Tak, TOBIIMHA CTiHKH MPABOTO MUTyHOUYKA
cepIls Ha Pi3HUX PiBHAX MOTIEPEYHOT0 PO3pi3y Y UIypiB
TICJIsl TUPEOiNeKTOMIi Ta BIUIMBY HaJIBUCOKUX YacTOT
€JIEKTPOMarHiTHOTO BUIIPOMIHIOBAHHS 3 PI3HUM TEpMi-
HOM €KCIIO3U1Iii BIAPi3HSIACH Y PI3HUX eKCIIEpUMEHTa-
JbHUX rpynax. [licis TupeoigekToMii MU criocTepiraiu

3MiHHU JIHIHHAX pO3MipiB MPABOTO Ta JIBOTO MLTyHOY-
KiB y OiK 30UTBIICHHS BIiTHOCHO MOKa3HUKaM Y IypiB
KOHTPOJILHOT IPYIH, Ta BiTHOCHE 3MEHIICHHS [UX I10-
Ka3HHKIB IIICJIA BIUIMBY €JIEKTPOMATrHITHOTO BHIIPOMi-
HIOBaHHS 3 TSPMIHOM €KCITO3UIIii 45 XBIWIHH Ta 301116~
LIEHHs LUX ITOKa3HHUKIB 3 TepMiHOM ekcro3umii 120
xBwIHH (Ta0. 2,3).

Tabmuns 2.

ToBIIMHA CTIHKH MTPABOTO MUTYHOUYKA CEPIls HA PI3HHUX PIBHAX MOMEPEYHOI0 PO3Pi3y Y IIyPIB MiCIsA TUPECOINCK-
TOMIi Ta BILUTMBY Ha/IBUCOKMX YACTOT EIEKTPOMATHITHOTO BUIIPOMIHIOBAHHS 3 PI3HUM TEPMiHOM E€KCIIO3UIIIi.

(BMM).
Konrponbna rpyna / micns tupeoinex- | HBY — BunpoMiHIOBaHHS B yMOBAaX TilIOTH-
Bimmimu cepus TOMI__ = PEOSY
Kontpoabna [Ticns Tupeoin 45 XBUIMH 120 xBuaMn
rpymna EKTOMI| (n=21) (n=21)
Tlepems ci- A 0,73 +0,05 0,75+ 0,05 0,74 £ 0,05 0,76 + 0,04
K B 0,93+ 0,04 0,95 + 0,04 0,94 + 0,05 0,96 + 0,04
C 0,91 +0,05 0,93+ 0,05 0,92 + 0,04 0,94 + 0,05
— A 0,57+0,03 0,61 +0,03 0,60 + 0,05 0,62 + 0,04
erinKa B 1,32+ 0,03 1,35+0,03 1,34+ 0,04 1,36 £ 0,05
C 1,03 + 0,03 1,07 +0,03 1,06 + 0,04 1,08 £ 0,05
He, A —ocHoBa, B - cepenns tpetuna, C - HUKHSI TPETHHA.
Tabmmus 3.

ToBIIMHA CTIHKY JIBOTO NIIYHOYKA Ha Pi3HUX PIBHSX MOMNEPEYHOrO MEPETHUHY Y LIYPIB.MiCIs THPEOineKToMil Ta
BIUIMBY HaJIBUCOKHX YaCTOT €JIEKTPOMArHITHOTO BUIPOMIHIOBAHHS 3 PI3HUM TEPMIHOM €KCIIO3MIIIT

(B MM).
KonTponbaa rpyna / HBY — BunmpoMiHtOBaHHS

Bigminu cepus micyst TupeoinexTomii (n = 21) B yMOBax rimotupeosy (n =21)
KonrtponbHa I'inotupeos 45 XBUINH 120 xBuIMH

A 1,93 +£ 0,05 1,95+ 0,07 1,94 + 0,07 1,97 £ 0,08

ITepenns crinka B 2,81 £0,08 2,83 £0,05 2,82 +£0,05 2,85+0,07
C 1,21 £ 0,03 1,23 £0,04 1,22 £ 0,07 1,25+0,07

A 1,88 £ 0,06 1,90 + 0,08 1,89 + 0,07 1,92 +0,07

Bokoga crinka B 2,31 +0,06 2,34 + 0,05 2,33 +£0,05 2,36 £0,7
C 1,33 £0,07 1,35+£0,02 1,34 + 0,02 1,37 £ 0,04

A 2,25+ 0,05 2,27 + 0,06 2,26 £ 0,06 2,29 + 0,09

3amHs cTiHKA B 2,81 £0,15 2,83+0,1 2,82 +0,12 2,85+0,12
C 1,91 £ 0,02 1,93 £ 0,04 1,92 + 0,04 1,95+ 0,05

Tako>k HAaMU BUMIpIOBaJIach IUIOLIA ONEPEYHOTO
PO3pi3y MPaBoro Ta JIBOTO IUIYHOUKIB CepLs Iypa Ha
pisHux piBHAX (B MM?%). BoHa jiopiBHIOBaNa y JiBOrO
IUTyHOYKa Micas TupeoinekTomii 384,044,2 mMm2 y

npasoro nutyHouka 84,0 £3,1 MM? Ta Takok Masa TeH-
JICHIIO K 30UIBIICHHIO MICIs TUPEOiAeKTOMIi Ta 3MEH-
LIEHHS MiCJIsl BIUTUBY €1€KTPOMArHiTHOTO BUIIPOMIHIO-
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BaHHS 3 TEPMIHOM eKCHo3Wiii 45 XBWJIMH Ta 301Jb-
MICHHS] IIMX TOKa3HUKIB 3 TepMiHOM ekcro3uiii 120

XBHJIMH BIJIHOCHO KOHTPOJIHLHOT IPyNHU Ta B yMOBAaX Ti-
noTupeo3y (Tabdn.4).
Tabmurs 4.

[Tnoma nonepeyHoOro po3pisy CTIHKH LITYHOUKIB CEpIis IypiB Ha PI3HUX PIBHAX PO3PI3y IICIs TUPEOineKTOMIi
Ta BIUIMBY Ha/IBUCOKMX 4aCTOT €JIeKTPOMATHITHOTO BUMIPOMIHIOBAHHS 3 PI3HAM TEPMiHOM eKcro3ulii ( B MM?).

l'inorupeos / HBY - BunpomiHioBaHHs
Biugims cepiis Kontpois Tnpeo'l:;[elc 45 XBUIMH 120 xBuIUH
Ha TOMist
(n =21) (n =21) (n =21) (n=21)

A 420+20 440+20 43,0+23 450+2,5

IIpaBuii mTyHO4YOK B 82,0+33 84,0+ 33 83,034 85,0+£3,5
C 52,0+24 54,0+24 53,0+25 55,0+27

A 141,0+£34 143,0+£34 142,0+£3.3 145,0£3,5

JIiBMii IUTYHOYOK B 382,0+42 384,0+42 383,0+4,3 385,0+4,4
C 363,0+5,2 365,0+5,2 364,0+ 5,3 367,0+ 5,5

VY Hamomy JOCIHiKEHHIO MH TaKOX IS OLTBII
MOKa30BO1 KAPTUHM TIOTHPEO3y BU3HAYAIH PIBEHb
TOPMOHIB Yy Pi3HHX €KCHEPHMEHTAIBHUX IPyTax 3ara-
meHI: T3 — TpuitonTuponuH Ta T4 — TeTpaifloATHPOHUH
— TOPMOHIB MIUTOIOII0HOT 3a103U. TakuM YHHOM, Y
CHPOBATII KPOBI MiCIIsI THPEOIAEKTOMII MOKA3HUKH Y

cupoBatku KpoBi T3 Tta T4 pi3ko 3HIKYIOTHCS, IO
HaMH IHTEpIPETYBAJIOCS K JOCTOBIPHNH MMOKA3HUK Ti-
MIOTUPEO3Y MICIII eKCIepUMEHTy. Tak, moka3Huk T3
ckmaB 1,2 +£0,1 amons/n, a T4 - 3, 6 £ 0,5 nmons/n
(Tab.5).

Tabmuns 5.

BMicT THpeoinHIX TOPMOHIB Y KOHTPOJIBHOI TPy Ta Miciisi TUpeoigekToMii (HMOJIb/1 // Mons / 7).

HasBa ropmoHiB muromnoioHoi 3aj103u Kontpons Ha rpyna [icnst Tupeoinek Tomil
T3(amonb/m) N=21 1,8+0,1 1,24+0,1
cT4(rimoub/1) N=21 16,7+ 0,5 3,6+0,5

BucnoBku. Takum umsHOoM, npu Brummei HBY —
€JIEKTPOMarHiTHOTO BUIIPOMIHIOBAHHS 3 Pi3HUM TEpMi-
HOM EKCIO3HMIIIi Ha MaKPOCKOITIYHI MOKa3HUKH CTIHII
cepIls IIypiB B YMOBaX TiTOTHPEO3Y BiA3HAYAFOTHCS Pi-
3HI MOP(QOJIOTiIYHI 3MiHH, BHPA3KOBICTh SKHX, 3aie-
JKUTP BiJl TEpMiHIB BIUTUBY — 45, a60 120 XBIIHH eKc-
MeprMEeHTy. AHalli3 3MiH OKa3aB, IO Maca ceplst B
YMOBaXx TIMOTHPEO3Y IICIs THPEOINEKTOMII HE3HAUYHO
30umbmryeThest 0,63 £ 0, 029 Mr BiTHOCHO KOHTPOJIBHOT
rpymi 0,60 + 0, 028 mr, ane Maibke HE 3MIHIOETHCS 1H-
JIeKC BIJIHOLICHHS Macy Ceplis 10 Baru Liypa B yMOBax
riOTUPEO3y Ta MICIs BIUIUBY €IEKTPOMArHiTHOTO BHU-
npomiHroBanHs. Tak, iHaeKc J, IKuif TOpiBHIOBAB MMiCIs
BIUIMBY HaJIBUCOKHX YacTOT 3 TEPMIHOM €KCIO3UIIii 45
xBwiauH 0,35; a micns BBy HBY — enextpomarsit-
HOTO BUIIPOMIHIOBaHHS 3 TePMiHOM eKkcro3utii 120 iH-
nekc J 1 mopieHroBaB 0,44. HesHaune, Maiike HEmoMi-
THe 30ip1IeHHs Macu cepiis micis aii HBY — enekrpo-
MarHiTHOTO BHIIPOMIHIOBAHHS 3 TEPMIHOM €KCHO3HIIIT
45 XBWIWH, BOYEBU/Ib, HA HAI TOTJIS/I, HE 3B’5I3aHO C
BumBoM HBY — enekTpoMarHiTHOro BHIIPOMIiHIO-
BaHHS, a HAMH 0YJI0 OIiHEHO SK 0COOJHMBO (hi3ioori-
YHY XapaKTePHCTHKY IHAWBIIYyaJbHOTO PO3BUTKY
nrypa Ha opranHomy piBHi. [licis aii HBY — enextpo-
MAarHiTHOTO BHIIPOMIHIOBAHHS 3 TEPMiHOM EKCIIO3HIIi1
120 XBUJIMH B yMOBaX TiMOTHPEO3y HAMHU BiMidaocs
301IBILICHHS] MACH CEpLIs, 110 HAMHU OILIHIOBAJIOCH SIK Ti-
nepTpo¢ivHa i, ane sika Oya 1os’si3aHa OuIbII BUpa-
JKEHUM 3 PO3BOJIOKHEHHSIM M SI30BHX BOJIOKOH Y MiOKa-
PZi CTIHI cepls IUTYHOYKIB IIypiB, Ta, SIK CJIiJCTBO,
3MEHIICHHS IHTEPCTHIIATBHAX MPOCTOPIB Ta TOPY-
IICHHS KPOBOIIOCTA4YaHHsI, SIKE MTOCUITIOBANIOCS Ha (hOH1

rinoTUpeo3y Micisl THPEOINeKTOMIl, SIKy JOKa30BO MU
CIIOCTEPIiraiy Mo NoKa3HUKaM FOPMOHIB MIUTOIOAIOHOT
3aJI03M y CHPOBATKH KPOBI.

[epcnexTuBM nogajabIMX Aochailxkenb. [loxa-
JIBIIIe MOP(OJIOTIYHI Ta TOPMOHANBHI TOCTIIKSHHS J10-
3BOJISITH HOIIOBHUTH 3HAHHS O MEXaHi3Mi BUHUKHCHHS
NOPYLICHb y CepLi IMiCJisl BIUIUBY €JIEKTPOMArHITHOIO
BUIIPOMIHIOBAaHHSI B YMOBaX €KCIEPHMEHTAJIBHOTO Ti-
MOTUPEO3y 3 PI3HUM TEPMIHOM EKCIO3HIIIi Ha Pi3HHUX
PIBHSX oprasizarii.
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Abstract
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Uepocasne Kocmiune Aeenmemeo Yrpainu, Yxpaina
3iaTainos 10.K.

Hayionanvnuii asiayitinuil ynigepcumem, Yxpaina

Discrete-analytical mapping of initial mathematical models of aircraft trajectory motion described by nonlin-

ear ordinary differential equations into spectral models is considered. The proposed approach based on the modi-
fied method of differential transformations of functions and equations, takes into account the multistep trajectory,
simplifies the construction of spectral model by approximating the nonlinear components of differential equations
of motion by Adomian polynomials, allows to convert the initial mathematical model into a view that is convenient
for operational optimization of the multistep controlled process.

AHoTanis

Po3risnaerbest AMCKPETHO-aHATITUYHE BiTOOpaXEHHs Y CIIEKTPAIbHI MOJIENI BUXIJTHUX MaTeMaTHYHUX MO-
JIeNIeH TPAEKTOPHOTO PYXY JIITAIBHUX anapaTiB, M0 OMHUCYIOThCS HEMIHIHHUMA 3BHYAtHUMU Au(EPeHIiaIbHUMU
PIBHAHHAMU. 3alpOIIOHOBAHUM MiaXi 0a3yeThCs Ha MOIU(PIKOBAHOMY METOMI Au(epeHIiaNbHAX TEPEeTBOPCHD
(hyHKIIA Ta piBHSAHB, BPaXOBY€E 0araToeTalHiCTh TPAEKTOPII, CIIPOMIye MOOYIOBY CIIEKTPaIbHOI MOJIEII 3a paxy-
HOK ampOKCHMaIlii HeMHIHHNX CKIaI0BUX TU(EpPEHIIaTbHIX PIBHAHb PYXY MONTIHOMaMd AJIOMiaHa, Ja€ 3MOTY
MPUBECTH BHUXIHY MaTeMaTH4YHy MOJICJNb 0 BUIIIALY, 3pYYHOTO JJIsl ONlepaTHBHOT ONTHMI3allii 6araToeTamHoro

KEPOBAHOT'0 TPOIIECY.

Keywords: mathematical model, discrete-analytical mapping, spectral model, differential equations, motion

trajectories, Adomian polynomials.

KoaiouoBi ciioBa: MmaremMaTuuHa MOJIElIb, TUCKPETHO-aHAIITUYHE BiIOOPaKEHHS, CIIEKTPaIbHa MOJIEIb, JIU-
(epeHLiaNBHI PIBHAHHSA, TPAEKTODIT pyXy, MOJIHOMU AJJOMiaHa.

Beryn

OcoONuBICTIO TPAaEKTOPHOTO PYXy ABTOHOMHHX
0e3NMUIOTHUX JITaJIbHUX amapaTiB  (pakeTu-HocCii,
aBIaIiifHO-KOCMIYHI CHCTEMH, acpOCTATHYHI JITaIbHI
amapaTH TOIIO) IiJ Yac BUKOHAHHS LIJTbOBUX 3aiad,
10 MOB’sI3aHi 3 BHBEACHHSIM Yy 3a/aHi TepMiHAJIBHI
YMOBH, € OaraTtoeTarnHui Xapakrep, SKHi XapakTepH-
3YEThCA 3MIHOIO KOHCTPYKTHUBHHX IMapaMmerpiB (mac,
HEHTPIBOK TOINO) Ta POOOTH iX (PYHKIIOHAIBHUX CH-
cteM. TpaekTopis MOTBOTY TaKHUX JITAIBHUX alapariB
(JIA) ckmagaeTses 3 IEKIIBKOX eTamiB (IMiJiHTepBaiB),
BCEpEIVHI SKUX 3MiHHI BEKTOPY CTaHy € HeTepepB-
HHMH, a Ha MeXKax eTalliB Moxe BinOyBaTucs ix mepe-
PBHa 3MiHA, HE BUXO/SUHM 32 MEXH NPUHHATHX 0OMe-
KeHb. [Ipu 1IbOMY, KOXKEH eTall MOXeE OIIMCYBATHCS
BJIACHOIO0 MaTEMaTHYHOIO MOJAEILIIO y (OpPMi CHCTEMH
HEJHIHHUX IUdepeHIialbHuX PIBHSIHb 31 CTHKYBaH-
HSM JUITHOK yMOBaMH crioiy4eHHs. KepyBaHHs Ta-
kuvu JIA mx 4ac TONBOTY 3a 0OaraToeTarHoro
TPAEKTOPIEIO 3 YpaxyBaHHAM 3MiH XapaKTEPUCTUK Ta

PEXUMIB poOOTH (DYHKIIOHAIBHUX CHCTEM TaKOX € 0a-
raTOETaITHHIM.

3amadi onTUMi3alii KepOBaHUX JUHAMIYHHX TIPO-
LIECiB SIK IPABHJIO PO3B’SI3YIOTHCS 3a JIOTIOMOTOIO Tpa-
JUIIHHUX MeTomiB omTtmMizamii [1-3] Ta X wmo-
mudikamii [4]. 3acTocyBaHHSA OCTaHHIX IIOB’s3aHE 13
CHHTE30M aJITOPUTMIB KepyBaHHS K QyHKUil dacy Ta
moTrpedye sl CBO€i peamizamii YHCIEHHOTO iHTE-
TpyBaHHS HENiHIHHUX TUQepeHIiaIbHIX PIBHIHb PYXY
6opToBEMMH O00UHCTIOBANBHUMH 3acobamu JIA, mo
YCKJIaIHEHO BHACHIJIOK MaTeMaTHYHUX Ta OOYHMCIIO-
BaJIbHUX TPYAHOILIB PO3B’S3aHHA HENIHIMHHX 3ama4
ontuMizamii y peansHomy uaci. Ilo-npyre, BUKOpH-
CTaHHS HEOOX1THUX YMOB OITHMAaJIbHOCTI IPU3BOAUTD
JI0O BaXXKO PO3B’A3yBaHOI JIBOTOYKOBOI KpailoBoi 3a-
nayi.

3acTocyBaHHS MaTeMaTHYHOIo amapary aude-
PeHLIAIBHUX NepeTBOpeHb (PyHKLIN Ta piBHSAHB [5,6]
JIa€ 3MOTY TIOJI0JIATH I1i TPYAHOIII, T03BOJISIE TIEPETBO-
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PUTH BUXITHY HETiHIHHY MaTeMaTHIHY MOJIENb JI0 BH-
TSIy, 3pYYHOTO TS ONITUMIi3allii 0araToeTamHoro Ke-
pOBAaHOTO  MpoLeCcy, NPUIyCKae  aHATITHYHHUI
PO3B’SI30K 3ajadi Ta JO3BOJISIE 3HAYHO 3MEHIIMTH
00’eM OOYHUCIICHb, SIKUM HEOOXIMHUU i MOOYIOBH
ONTHMAJILHUX TPAEKTOPIN Ta MOJICIIIOBAHHS ONITHMAJIb-
HUX TPOIIECIB KepyBaHHs [7].

Merton nudepeHiaJbLHUX EPETBOPEHD

JudepermianbHO - TEHIOPIBCEKAMH ITEPETBOPEH-
HIMH 200 OCHOBHUMH AH(EpeHIialbHUMH TePETBO-
PEHHSM Ha3WBAIOThCH (YHKIIOHATBHI NEPETBOPECHHS
BUTTIAY:

k k @ k
X(k)=x(k)=H[d XS‘)} = x0=3[ ) xt0. @
k| odtt | =\ H

ne  X(t) - HemepepBHa,
HECKiHUEeHY KUIBKIiCTh pa3iB i 0OMekeHa pa3oM i3 ycima
CBOIMH TOXiTHUMH (PYHKIIS AiHCHOTO apryMEHTY

mudepeHtiifoBana

(opurinan dynxuii); X (K) i X(K) - pisnoninsi mo-
3HA4YEHHs AUCKPeTHOI (YHKIIT LiTOYUCETBHOIO apry-
meuty k =0,1, 2,..., fka Ha3WBaeThcsA IUDepeH-

[MiaIbHUM 300pakeHHsIM OpHTiHANy abo audepeH-
miamsHuM criekTpoM dynkmii X(t) B touni t =0; H

- MaciITaGHa CTana, o Mae Po3MipHicTh aprymenty [
i sixy wacTo o6uparots pisHoo Binpisky 0 <t <H | ua
skoMy 30iraetbesi psap Teinopa; < - CHMBOIX
BinmosigHocTi Mk opurinagom X(t) Ta iHoro muce-
permiansanM 306paxenaiM X (K) .

MatreMaTHyHi MOJeNi, OTpUMaHi JuQepeHIiaThb-
HUM TiepeTBopeHHsIM (1) BHXiqHOT MaTeMaTH4HOI MO-
JIelTi, HA3UBAIOTHCS CHEKTPAJIbHUMH MOJICIISIMH, a TIPO-
[[eC MEePETBOPEHHS BUXiJHOI MaTeMaTUIHOI MOJICIi Y
CIEKTpaJbHy MOJEJIb — JUCKPETHO-aHAIITHYHUM
BiJTOOPaKEHHSM BHXIIHOT MaTeMaTHYHOT MOJIelTi B 00-
nacTb 300paxeHb. OCTaHHE BiJlirpae BaXKJIMBY POJIb Y
PO3B’sI3aHHI 3a/1a4i ONTUMIi3allii KEPOBAaHHX MPOIIECIB.

3acTocyBaHHS METOAY OCHOBHUX AW(EepeHIiab-
HuX neperBoperb (M) 1o po3B’s3aHHS HENiHIHHIX
mudepeHIiaTbHuX PIBHIHD, KPalOBHX 3a1ad Ta OII-
TUMI3aIlil KepOBaHUX MPOIIECIB Ma€ MEBHI 0OMEXEHHS,
BJIACTHMBI YCIM MeETOJAaM, SIKi BUKOPHCTOBYIOTH DSJ
Teiinopa. Lle crocyeTbes, Hacammepe1, 0OMEKEHHS 1H-
TepBally, Ha SIKOMY PO3TIISJIAETHCS 3ajada, pajiiycoMm
301kHOCTI psaxy Teitopa, HeoOXiMHOCTI 3a0e3neueHHs
noTpiOHOI TOYHOCTI PO3B’SA3KY 3MEHIICHHSIM iHTEp-
BaTy 200 301JIBIIIEHHSAM KiJTBKOCTI BPaXOBaHUX JTUCKPET
JudepeHianbHOro CIEKTPy, IO 3HAYHO 301IbIIye
TPYIHOIII AHATITHYHUX IIEPETBOPEHb, YCKJIAJHEHHS
OTpUMaHHS JUepeHIialbHIX 300pakeHb CKIIaJIHUX
HeJHIHHNX QyHKIIH.

Bararoerannmii Meron audepeHniaJbHUX Ie-
peTBOpeHDb

OmHuuM 3 [UISXIB  HiABMINEHHS  TOYHOCTI
PO3B’sA3aHHS HENMIHIMHUX IU(EpeHIiaTbHIX PIBHAHB
Ta HeJIiHIHHUX KpaHOBUX 3aJa4 € 3aCTOCYyBaHHS Oara-
TOETAITHOTO METOAy An(epeHIliabHIX TEePETBOPEHD
(BMJIT), mo 6a3yeTses Ha moegnanHi M/IIT ta metomy
NpUIACyBaHHs 1 TOJIsirae y po30OHMTTI 1HTepBaJly Ha
MiIHTEepBaJIM, MOUIYKY HAa KOXKHOMY 3 HiiHTEpBaJiB
PO3B’SI3Ky 3 BUKOPUCTAHHIM OCHOBHUX JuepeHIianb-

HHX TI€PETBOPEHb, 3 HACTYITHUM BpaxXyBaHHIM CIOJIY-
YeHHs KiHIIEBHX YMOB TIONIEPEIHBOTO MiTiHTEPBAY 3
MOYaTKOBUMHM YMOBAaMH HAaCTYITHOTO MiJiHTepBaly 1
OTPUMaHHI 3arajlbHOr0 PO3B’A3KY Y BHUIVIAI CYMH
pO3B’s3KiB Ha migiHTepBanax [8-10].
PosrisiHeMo  HenmiHiMiHE 3BHYaliHe
uianbHe piBHsAHHSA M - oro cTyneHs:

ft,%X,...x™)=0, te[0,T] @
13 3alaHUMU ITOYaTKOBUMH YMOBaMU:
x"(0)=c,, r=01,...,m-1 (@3)

3 ypaxyBanHsM (1), HaOMIKEHUI PO3B’SI30K 3a-
madi (2)-(3) MOXHaA TMOAAaTH y BUIJLINI CKIHYCHOTO

pany:

nudepeH-

x(t) = Z X (K)t. ()

JoTpuMyrounuch KOHIENIii 0araroeTamHoCTi,

po3i6’eMo iHTepBan [O,T] Ha [ 3amaHMX migiHTEp-
>

BaJIax, Tq thfl —tq, g=1np, qu =T . Higin-
=1

TEpPBAIX MOKYTh MAaTH HEOHAKOBHI KPOK. 3aCTOCOBY-

toun MIIT o 3anaui (2)-(3) Ha nepmomy migiHTepBai
[O, t, | oTpuMaemo HaGIHKEHHI PO3B’SI30K Y BUIIISAL:

=3 XKt tefot] @

BpaxoByo4r MO4aTKOBI YMOBH Xl(r) (O) =C, i
Bupa3 (1) MoXHa 3HAWTH Ul NEPILOro IiiHTEepBaITy
yci snauenns X, (k), k=012,..R, ne R - xim-
KICTb BpaxoBaHHX Auckper. [t ( >2 1 T KOXKHOTO
HaCTYITHOTO MiJliHTepBaIy |_tq71’th OyIyTh BHKOpH-

CTOBYBAaTHUCS MOYaTKOBI

(r) _ y(n .
Xq (tq—l) = Xq—l (tq—l) . Tomi Bupas (1) ms ( -oro
nigiHTepBany HaOyae BUTIISITY:

H" | d"X,(t)
X (r)=—| —31~
(1) r! dt"

YMOBH

,r20. (6)
t=ty

3acrocyemo Terrep M/II no 3amadi (2)-(3) Ha iH-
TepBani |_tq71 T, |- TIporec noBTOprO€THCA i, B pesyiib-
TaTi, OTPEMYEMO ITOCTIIOBHICTD HAOIIKEHNX PO3B’sI3-

KiB X, (), g=01,..., p ms poss’s3ky X(t), ne

R

X,®) = X, (-t )" teft, .t ]m
k=0

Tyr N=R-p.

VY kiHIIeBOMY BUIIISIAI, Tpy BUKopucTanHi BM/II,
OTPUMYIOTH PO3B’ 30K Y BHIJISL
X, (1), te[o,t,]
X, (1), te [tl7t2]
x(t) = ©))

X, () telt,,.t,]
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3a P=1 maemo h=T i Gararoeranmumii MJII1

3BoauThCs 10 MJIII.

[lpoBeneHi JOCHIPKEHHS MOKa3ai, MLI0 Y
BUIAJKy pO30UTTS iHTepBally PO3B’A3Ky Ha IiJiHTEp-
BaJIU OJIHAKOBOI JOBXWHHM, 3acTocyBaHHs BM/III 3a-
Oe3redye MOPIBHSHO 3 METOJIOM OCHOBHHX JU(epeH-
[MiaIFHUX TIEPETBOPEHb 3HIKEHHS BEPXHBOI MEXIi

. S . . .« .
OLIHKN ITOXHOKHU B p pas, ne p - KUIBKICTH IT1J1H-

TepBaJliB, Ha sKi pO30MBAETHCSA 3aJaHUil 1HTEp-
BT pO3B’A3KY, S - KilIbKiCTh BPaXOBaHHUX JTHCKPET JIH-
(hepenmiansHOTO criektpa [11,12].

IToninomu Axomiana

Jns  monoNaHHSA MAaTeMaTHYHHX —TPYIHOLIIB,
OB’ sI3aHUX 3 OOUHCIICHHAM Au(epeHIiabHIX 300pa-
JKEHb CKJIAJHUX HeNiHiifHOCTeH au(epeHmiatbHIX
pIBHSIHB 10Ope 3apeKOoMeHyBaB cebe miaxin, mo Oa-
3YEThCS HA ANpPOKCHMAIll iX MoJiiHOMaMu AoMiaHa
[13-18]. B ocHOBY 3acTOCyBaHHs MOJiHOMIB AToMiaHa
MOKJIaJICHO pO30MBaHHs HelNiHIMHHOrO audepeHmians-
HOTO PIBHSIHHS Ha JIiHIMHI Ta HENiHIHHI CKJIAJOBI Ta
ampOKCUMAIlii HENHIMHUX CKIQJZOBUX MOJIHOMaMH

AnomiaHa

PosrnsHeMo HacTymHe HeNiHiWHE IuQepeH-
[iaJibHEe PIBHSAHHA B OTIEPAaTOPHii (hopmi:
Px + Nx+Qx =c, 9)

n

ne X = X(t); P= ? — Helinikaui audepen-

uiamenmit oneparop, N ¢ 1; N = —- niniitanit ou-

Gbepenuiansauit onepatop, Q— omeparop HemiHiHHOT
¢ynxuii f = f(X), C - mpaBa yacTuHa piBHAHHAL.

BignoBigHO m0 Meromy MONHOMIB AjomiaHa
HENiHIHHI WIEH! PiBHIHHS allPOKCUMYIOTHCS PSIIOM:

0
Q=3

n=0
apo3s’s30k X(t) mIykaHOTO piBHAHHS OAAETHCA

y BUTJISLII psizLy:

ZCEDWACHNE

(10)

IMoninomu Apomiana An BHU3HAYAIOTHCSl BUpa-

30M:
=4 Q Z/lxi . (12)
: =0 =0
EIEMEHTH SKHX Uil HeJiHIHHOT  (yHKIIT

f = f(X) oGuncnrororses 3a hpopmynamu [19]:

1
Ao = f(xo)7 A1 :le @ (Xo)a Az =X, fe (XO)+5X12f(2)(XO),

1

A3 = X3 fe (Xo) + XX, f (XO)+§X1

f & (x,), (13)

A, =x,fO(x,) jt(xlx3 +%x§jf @(x,) +%X12X2 f @ (x,) +%x1“ f @ (x,),

1 1
A= 619 (x) (12 410, )E @ () + (ks 410X )@ () + 2, 19 () +

+éxff(5)(x0),...

3 ypaxyBaHHSM BJIACTHBOCTEH AM(EpeHLiaIbHUX NEepPeTBOPSHb KOMIIOHEHTH IudepeHIiaIbHOro 300pa-
keHHs HemiHiiHol QyHkiii f (X) mrykarnoro mudepenuniansHOro piBHAHHA JUIA | -0ro HmiiHTEpBady MalOTh BHU-

TIIsA:



42

International independent scientific journal Ne21/2020

F(0) = (x;(0)) = f(Xi(0)) = f(x;p), F(1)= %f(xi ©)  =x0)f(x(0) =X (L)f(X;(0)),

F(2) = X (2)fY (X;(0))+ % (X ()Y T9(X;(0)),

F(3) = X, (3)f (X, (0)+ X ()X (T (X; (0) + % (X QY FO(X(0)),

F(4) = X (4)f (X;(0))+ (X ()% (3) + % (X)X (0)+ % (X QY XV (X (0)+

- (K@) 0)

(14)

F(5) = X;(5)F (X (0))+ (X;(2)X;(3)+ X; (1)X;(4)) T (X; (0))+ % (X Q)Y X;3)+

+X(1@Y)FV (X (0)+ % (X Q)P X (2F7 (X;(0)+ é (X Q)FFO(X(0)), ...

Tyr F(K) - nudepenniansue 306pakenns
HeniniiHoi Gynkmii f (X) .

[MpuiimMaroun a0 yBaru, 1m0 KOMIOHEHTH aude-
PEHLIaNbHOTO 300paXEHHS OpUTiHANY HEeNiHIHHOT
¢dbyHKIil gUdepeHIiaJbHOT0 PIBHAHHS 1 BiIIOBIIHI
KOMIIOHCHTH TIOJIHOMa AJIOMiaHa MalOTh OJHAKOBY
MaTeMaTHYHY CTPYKTYPY, MOJKHA BBaXaTH, 110 KOMIIO-
HEHTH Ju(epeHIiaTbHOTO 300paKCHHS OpHUTiIHATY
HEJHIKHOT (GYHKIIT pIBHIHHS MOXYTh OYyTH OTpHMaHi
3 BIJMOBIHUX KOMIIOHEHT IIOJIIHOMIB AOoMiaHa M-

X (t)

BIJIMIOBITHUM KOMIIOHEHTOM AudepeHIiaibHoro 300-

XOM  3aMiHM  KOMIIOHEHTH  pO3B’sI3KY

PasKeHHSI Xi (k) TOro caMoro iHgexcy. B po6oTi [20]

MOKA3aHOo, II0 TaKe 3aMill[eHHS MOXe OyTH 3aCTOCO-
BaHO N0 OyIb-SKHX BHIIB HENiHIHHOCTEW nudepeH-
[iaIbHUX PiBHSHB.

IMoniHoMu AjmomiaHa 3aCTOCOBYIOTHCS Oe3roce-
PEenHBO 0 HENIHIHHUX CKJIAJ0BUX 3amadi 0e3 HeoO-
X1THOCTI npoBeJeHHs audepeHIiroBanHs abo anred-

dx;
dt
me X (t) — N -Bumipruii BexTop crany, u; (t)-
M -pumipamit  BexTop
fotxu), fy (tx,u)

pepBHO audepeHIliiioBaHl 3a CYKYIHICTIO 3MIHHHX
t,X,u BEKTOP-(PYHKIIIT, SKi € BIAMOBIIHO JiHIHHOO Ta

kepyBauas (M n),

— HEIEpepBHi Ta Hele-

HETHIHHOIO
teflt ,,t]

[Ipomenypa IMCKpeTHO-aHANITHYHOTO BigoOpa-
KEeHHsI HeliHiiHOoT MaTemarndHoi mojem (15) B 00-
JacTh 300pakeHp (Mo0yI0Ba CHEKTPAIEHOI MOJIENI 3a-
Jladi) moJisirae y BUKOHAHHI HACTYITHUX KPOKIiB.

1. 3acrocyBamHs 10  JIUQEPEHIIATHLHOTO
piBasHHg (15) mommdikoBaHOro Mertoxy audepeH-
LiaJIbHUX EPETBOPEHb.

CKJIaJJOBOIO y3arajbHEHO1 CUJIH,

W fLi(t’Xi’ui)+ fNi (t’xi’ui)h Xi(ti—l):XiO' i:ﬂ!

pal4HUX TIepeTBOpEHb, Oe3 00UHCIIeHb qudepeHIIiab-
HUX MEepeTBOPEHb IHMIMX (YHKUIH Ui OTpUMaHHS
HeoOXiHOT Ta po3improe chepy 3actocyBanus M/IIT.
[epeBaroto 1bOT0 MiXO0/Y € OETHAHHS BIACTUBOCTEH
MOJIHOMIB AJJOMiaHa Ta HasBHUX €(DEKTHBHUX ajro-
PHUTMIB HIBHIKOTO TX OOYHCIICHHS.

JuckpeTHo-aHaNiTUYHE BijoOpaskeHHs 3a1a4i

oenuanus BM/III 3 anmpokcuMari€ero HeTiHIHHUX
CKJIaOBUX TU(EpEHIIadbHUX PIBHAHD IOJIHOMAMH
AnomiaHa ckiagae MonugpikoBaHHNA MeTon AudepeH-
nianbHUX epersopers (MM/II), sxuii € 0CHOBOYO st
JUCKPETHO-aHATITUYHOTO BiZOOpakeHHS B 00JacTh
300pakeHb  BHXIIHUX MAaTEMaTHIHHX  MOJeNeH
HEJHIHHUX  3aja4  0araToeTarHoro  KepyBaHH:
TpaekTopHUM pyxom JIA [21,22].

VY 3arajibHOMY BUTJISIII BHX1IHA MaTeMaTHYHA MO-
niens GaratoeramHoro pyxy JIA Ha | —my miginTepsai
3a BIICYyTHOCTI IapaMeTPUYHMX Ta 30BHILIHIX 30ypeHb
MOJKe OyTH IO1aHa BEKTOPHUM HETiHIHHUM AudepeH-
LiaTEHAM PiBHSHHSIM:

(15)

2.  AmnpokcuMariisi HeNMiHIHHUX CKIaJOBHUX JIH-
(epeHIiaIbHOTO  PiBHSIHHS fN, (t,xi,ui) MOJIHO-
1
MaMu AJloMiaHa.
3. 3aMmimieHHs y KOMIIOHEHTaX IOJiHOMIB

AJtomiaHa 3MIiHHAX X; (t) ix BimmoizHuMHU 306pa-

KEHHSIMU TOTO CaMOTO0 iHIEKCY Xi (k).

4.  ®opMmyBaHHS CHEKTpaIbHOI MOAETi s
KOKHOTO | —T0 HiAIHTEPBATY PYXY.

CrexTpaiibHI MOJIET TPAEKTOPHOTO pyXy OaraTo-
pexxnmaNX JIA Ha [ — My MiJiHTepBaJli MalOTh HACTYTI-
HUM 3araJIbHUHA BUTJIISAI:
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T.
Xi(k+1, Xio) = j{fLi [t, X; (k, Xio)’Ui (k)] + fNi [t, X; (k, xio)’Ui (I}, (16)

k

X, (0)=X?; X,(0) = X =x,;i=1,r,

e iLi (t, Xi,Ui), iNi (t, X; ,Ui)- 300pasKeHHs
BIANIOBINHO JHHIWHOI Ta HETIHINHOI
piBasiHHS (15).

[lepeBaraMn  BUIIECHABEIEHOTO  JTUCKPETHO-
AQHAJTITUYHOTO BIIOOpaKEHHS 3a/1a4 0araToeTarrHoro
pyxy JIA e:

1. BuxmodeHHS 3 NOAATBIIOTO PO3IILILY
BUXIJTHOI MaTeMaTHYHOI MOJIEITi Y BUTJISLII BEKTOPHOTO
HEINiHIHOTO Iu(epeHIialbHOTO PIBHAHHS Ta 3aMiHa
HOTO pO3TIIAIOM CIIEKTPabHOI MOJETi B 06JacTi 300-
pakeHb 0e3 BIATOBIAHUX (DYHKIIIH dacy.

2.  CopomeHHsT MOOYIOBH CIIEKTPAIBHOI MO-
JIelTi 332 paxyHOK BHKOPHCTAHHS MOJIHOMIB AjomiaHa
JUISL anpoKCHMAalii HeNiHIHHUX CKJIaZoBUX Au(epeH-
IiaNbHUX PIBHAHb PYXY.

3. Cnektpanbha mojens (16) Mae BUIISLI pe-
KypEHTHOTO BUPa3y Ta JI03BOJISE:

- 3a TUQepeHIiaIbHAM CIIEKTPOM KepyBaHHS
3HalTH TUQepeHiaTbHNI CHIEKTP BEKTOPY CTaHy;

- OTPUMATH KiHICBUH Habip mudepeHIians-
HHUX CIICKTPiB 3MIHHHX TpPa€eKTOpHOro pyxy JIA, mo
BIIIIOBIIa€ BUXiAHINA MaTeMaTUYHIN MOJIEI.

4. Bpaxoyroum, mo auepeHIiansHi mepe-
TBOpeHH: (1) € TOYHMM omepauiiiHUM METOJOM, TO
crieKTpasibHa Moiesb (16) He Mae METOAMYHUX TTOMU-
JOK Ta MOTEHUIHO [J03BOJISE OTPUMATH TOYHHH
PO3B’SI30K HEJNIHIHHOTO JudepeHIiaIbHOr0 PiBHIHHS
(15).

5. CnextpansHa mojens (16) Mae yHiBepcaib-
HUHA Xapakrep Ta MoXe OyTH BUKOPHCTaHa IS
PO3B’sI3aHHS 3a/1a4 ONTUMI3aIlil pyXy pi3HuX THITiB JIA

3acTocyBaHHA IUCKPETHO-aHANITHYHE BimoOpa-
JKEHHSI 33/1a4 B 00J1acTh 300paXKeHb 3 BUKOPHUCTAHHAM
MOIU(IKOBAHOTO METOAY AM(EpEeHIIATEHAX TIePETBO-
PEHBb IOKa3ao CBOIO €(EeKTHBHICTH NPU PO3B’sI3aHHI
HENHIMHUX JAndepeHLialbHUX pIBHSIHb 1 CHCTEM
piBasiHb [8,13,21,22], HenmiHifiHMX KpalOBHMX 3anay
[12,23,24], 3ajay oNTUMAaJIbHOTO KEPyBaHHs HeliHii-
HUMH TiporiecamH [11], a Takox 3amaq onTumizarii ke-
pyBaHHS O€3MiJIOTHUMU JTiITATLHUMU amapaTtamu [25].

BucHoBok

Ha 6a3i MomudikoBaHOTO METOY TU(EpPEHITIaTh-
HHUX TEpeTBOpeHb (YyHKHIH Ta pPIBHIHb PO3TIISTHYTO
JICKPETHO-aHAJIITHYHE BiZJOOpaXKeHHs B 00J1acTh 300-
pakeHb BHXIJTHUX MaTeMaTHYHHUX MOJIETIeH TPaeKTOp-
HOTO pyXy JITaJbHUX amapariB, L0 OIHCYIOTHCS
HEeNiHIMHAMH ~ 3BHYaWHUMH  AU(EepeHIiaTbHUMH
piBHSHHAMH. 3aIIPOTIOHOBAHUI IMiIXi]l BpaxoBye Oara-
TOETAIHICTh TPAEKTOPii, crmpomrye OyqyBaHHS CIIEK-
TpaJbHOI MOJENI 32 PaxyHOK ampOKCHMAIlii HeTiHiH-
HUX CKJIQIOBHX Ju(epeHmianbHUX piBHAHb pPyXy
moJiiHOMaMu AJIoMiaHa, a€ 3MOTY IPUBECTH BHXiIHY
MaTeMaTUYHy MOJENb 10 BUIJISY, 3pYYHOTO JJIs OIle-
paTuBHOI onTHMi3alii 0araToeTarmmHoro KepoBaHOI'O
nporecy. JIMCKpeTHO-aHATITUYHE BiJOOpaKCHHS 3a-
a4y BUBEJEHHS aBlallliHO-KOCMIYHOI CHCTEMH Ha
op0iTy Ta OE3MiIOTHOTO aepPOCTATUYHOTO JIITATBHOTO

CKJIaJOBHX

armapaty y 3aJaHi KiHIEBI YMOBH BHUKOPHCTaHO IS
CHHTE3Y aITOPUTMIB ONTHMAJIBHOTO TEPMiHAIBLHOTO
KepyBaHH:, 0araTOKPUTEPIHHOTO KepyBaHHS Ta TapaH-
TOBAHO-aIaITHBHOTO KEPYBaHH: B YMOBAaX BIUIMBY He-
BH3HAYCHUX 30yPEHb.
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HYDROPHOBIC INTERACTION IN THE TECHNOLOGY OF PULP AND PAPER

Abstract

Ermolinsky V.,

Saint Petersburg forest University, Russia
Kovaleva O.

Saint Petersburg forest University, Russia

Analysis of the results of numerous studies shows that the regulation of the properties of fibrous semi-finished
products and stability of quality of paper and board, subject to the specifics of the processes of structure formation
in disperse systems, dispersion medium which is water or its solutions, at each stage in multistage system of pro-

cessing cellulose-containing materials.

Keywords: fibers, paper, structure formation, hydrophobic interaction.

In the development of alternative sulphate cooking
of organosolvent methods of delignification of vegeta-
ble raw materials, the acceleration of chemical reac-
tions with the addition of water to the reaction mixture
was unexpected [1]. A similar but predictable situation
is observed during polymerization of the acrylamide
monomer in water-DMSO mixtures, an increase in the
amount of water in the reaction mixture leads to a sharp
increase in the polymerization rate due to hydrophobic
interactions. At the same time, the addition of small
amounts of organic solvent to water leads to a decrease,
and then to the complete disappearance of the hydro-
phobic effect, and, consequently, to a decrease in the
rate of formation of molecular chains and the overall
rate of polymerization [2].

It is known that a characteristic feature of water
dispersions of high-molecular compounds is the for-
mation of various microaggregates such as micelles,
which can catalyze the reactions occurring in them.

Thus, there is a kind of "micellar catalysis" that can sig-
nificantly increase the speed of various processes [2].
The reason for the formation of micelle-like clusters is
hydrophobic interactions, which accelerate chemical
reactions due to the convergence and increase in the
concentration of reactants accumulated in the micelles.
There are a number of examples of increasing the rate
of simple reactions, which is caused by the convergence
of reagents under the influence of hydrophobic interac-
tions [3].

The term "hydrophobic interactions" is introduced
to describe the mutual attraction of nonpolar groups or
radicals in the aquatic environment due to the specific
structure of water. The formation of interchain associ-
ates as a result of hydrophobic interactions, and, conse-
quently, their catalytic effect depends on the hydropho-
bicity of the substances used, for example, monomers
in the polymerization of acrylamide. If hydrogen bonds
and hydrophobic interactions exist in the system at the
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same time, it is possible to weaken or strengthen hydro-
phobic interactions by replacing partially or completely
water with an organic solvent.

Nonpolar solvents weaken hydrophobic interac-
tions and strengthen hydrogen bonds, and polar sol-
vents, on the contrary, weaken hydrogen bonds and
strengthen hydrophobic interactions. Illustration of the
universality of this phenomenon is the results of work
[4], where we studied the polymerization process of
isoeugenol and 1-(3-methoxy-4-oxyphenyl)-propanol-
1 model compounds of lignin under alkaline conditions
of pulping. As the alkaline agent used was solutions of
sodium hydroxide (5%) in ethanol and water. It was
shown that the effect of temperature particularly signif-
icant for isoeugenol in an aqueous solution and an al-
cohol solution is practically unnoticeable. At a temper-
ature of 170°C the dependence of the yield of polymers
and dimers on the dispersion medium becomes partic-
ularly clear, since the yield of polymer products in eth-
anol is lower than in water. The authors of [4] made
only a conclusion about the ionic mechanism of
polymerization, and no more.

In production conditions, "micellar catalysis” is
manifested in the formation of the fiber structure after
the transition of the dangerous boundary of alkaline
cooking, as well as in the formation of spatial structures
in the paper mass and in the paper sheet. When crossing
a dangerous border (160°C for sulphate cooking) inten-
sify the process of condensation of residual lignin and
the secondary crystallization of the carbohydrate part of
wood residue due to the decline in the quality of the
solvent and the hydrophobicity of the components lig-
nin-carbohydrate complex [5]. As a result of hydropho-
bic interactions (endothermic in nature), the adhesion
of aggregates of macromolecules over their non-polar
regions creates ideal conditions for the stabilization of
spatial structures due to hydrogen bonds.

80

70

_ AH, k/kg

60

50

40
10 20

Hydrophobic interactions in dispersed systems,
which include cellulose and paper, are considered as a
negative structural component of the wedging pressure,
i.e. as an additional factor of attraction between the par-
ticles. For hydrophobic interactions in fibrous suspen-
sions, the main prerequisites are related to the presence
in cellobiose units of two hydrophilic and two hydro-
phobic surfaces.

The structure formation can be represented as a
Sol-gel transition [6], in this case the gel is an interme-
diate stage between the Sol and the dry matter. In the
process of cooking and bleaching Sol-fractions are
formed as a result of physical and chemical transfor-
mations of wood material, and in the manufacture of
paper, this fraction is formed as a result of mechanical
dispersion of vegetable fibers in the grinding process.
Formed after grinding of the fibers of the gel contacts
between the aggregates of cellulose macromolecules
are due to hydrophobic interactions, as a result of which
the aggregates stick together in their non-polar regions
in accordance with known ideas about the role of water
in hydrophobic interactions.

During the drying process, when water evaporates
in supersaturated solutions, new phase particles are
formed,; their accumulation causes further formation of
a solid crystal structure. Under such conditions, the for-
mation of contacts between the fibers is caused by the
formation of phase bundles in the contact zones. In the
formation of phase bundles involved phase particles of
substances dissolved and suspended in a liquid me-
dium, as well as water-soluble substances containing in
the volume of fibers. The strength of contacts arising
between the same particles of dispersed phases reaches
the maximum values in the region of the greatest devel-
opment of lyophobic-lyophilic surface mosaics of the
particle surface [7].

30 40 50
degree of Shopper-Rigler

Fig. 1. Dependence of the integral heat of interaction of cellulose with water on the degree of grinding of the

fibrous: 1 - the sulfate bleached deciduous cellulose; 2 - sulfate coniferous bleached pulp (dehydrated pulp at

105°C; 3 - bleached hardwood pulp; 4 - sulphate bleached softwood pulp (drying of the inclusion cellulose at
105°C).
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Fig. 2. Dependence of the content of the amorphous part of cellulose (Cauy) on the degree of grinding (°Shopper-
Rigler): 1 - the sulfate bleached deciduous cellulose; 2 - sulfate coniferous bleached pulp (dehydrated pulp at
105°C; 3 - bleached hardwood pulp; 4 - sulphate bleached softwood pulp (drying of the inclusion cellulose at

105°C).

Characterizing the structure of milled fibrous
semi-finished products, it should be noted a number of
features of the structure of the cell wall of fibers. Plant
fibers, as micellar systems, in addition to the separation
of elements on its axis are divided in the transverse di-
rection to the crystalline and amorphous parts, the crys-
talline part is the carrier of the hydrophobic properties
of cellulose. According to the simplified model, wood
fiber consists of coaxial layers of crystalline microfi-
brils (lamellas) surrounded by an amorphous shell. In
each fiber contains an average of at least 100 layers.

What happens when grinding the destruction of
the cell wall structure is the tearing of the coaxial layers
and splitting them into smaller aggregates. At the same
time, the packing density of the coagulation structure
elements and, consequently, its strength characteristics
will depend on which part of the coaxial layers has been
destroyed, i.e. on the degree of grinding. In turn, the
degree of grinding and the presence of hemicelluloses
determine the degree of development of hydrophilic-
hydrophobic mosaic surface fibrillated fibers.

The noted regularities were traditionally associ-
ated with changes in the ratios between the amorphous
and crystalline parts of cellulose. As it is known, the
structure of the dispersed system formed during grind-
ing cannot be preserved in the presence of water, espe-
cially at elevated temperatures during drying (Fig. 1)
[8].

In Fig. 1 integral heat of interactions with water of
the dried cellulose samples depending on degree of its
grinding are presented. Since the heat of the interaction
of cellulose with water is strictly dependent on its struc-
tural state, the increase in the thermal effect of wetting
of the cellulose samples from which water is removed
by replacing with an organic solvent (obtained by re-
placing water with an organic solvent) (curves 3 and 4)
is associated with an increase in the amount of the
amorphous part by reducing its crystalline part.

The decrease in the thermal wetting effect of cel-
lulose samples dehydrated at 105°C is due to recrystal-
lization (secondary crystallization) of the amorphous
part formed during the fiber grinding period. As a result
of recrystallization, cellulose becomes difficult to ac-
cess for both reagents and water, which is confirmed by
the data in Fig. 2 given for comparison.

The content of the amorphous part (Cawm) in the
studied cellulose samples is calculated as a percentage
by the formula:

Q-100
28.1

Cam =

where Q is the thermal effect of the interaction of
cellulose with water related to 1 gram of the cellulose
preparation; 28.1 is the heat of wetting of 1 gram of the
preparation, assuming that all hydroxyl groups are
available for water, cal/g.

Based on the data presented in Fig. 2, it can be
concluded that the increased content of the amorphous
part in the inclusion cellulose preparations is due to the
weakening of hydrophobic interactions occurring when
replacing water with organic solvents. Such replace-
ment, as well as other methods of regulation of hydro-
phobic interactions, allows to prevent the process of
secondary crystallization and thus to preserve the struc-
ture of milled fibers.
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DECOMPOSITION IN THE PROBLEM OF STABILITY OF CONTROLLED SYSTEMS WITH AN
OSCILLATIONALLY ACTIVE CONTROL OBJECT
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JIEKOMITO3UIIUSA B IPOBJIEME YCTOMYUBOCTHU YIIPABJSAEMbBIX CUCTEM C
OCIIMJUVIAOIUOHHO AKTUBHBIM OBBEKTOM YIIPABJIEHUSA

Kouypa A.E.

Cankm-Ilemepbypeckuii I'ocyoapcmeennblil mexHuuecKutl yHusepcumem

Abstract

The article proposes rational algorithms for studying the stability of controlled systems that are assembled in
an aggregate-modular way. The problem of stability is considered in two aspects: ensuring stability as a condition
for the operational suitability of a controlled system and the use of self-oscillating modes in unstable systems for

technological purposes.
AHHOTAN NS

B crathe npeoxkKeHsl pallMOHAIBHBIE aITOPUTMBI MCCIEAOBAHUS YCTOMYMBOCTU YIIPABISIEMBIX CHUCTEM,
KOMITOHYEMBIX arperaTHo-MOAYJbHBIM crocoboMm. [IpoOiema ycTOWYMBOCTH paccMOTpeHa B JIBYX acleKTax:
o0ecrieyeHne YCTOMYUBOCTH KaK YCIOBHS IKCILUTyaTalHOHHON MIPUTOTHOCTH YIPaBIIeMON CUCTEMBI M UCTIONbB30-
BaHME B TEXHOJIOTHYECKHX IEJISIX aBTOKOJICOATETIHHBIX PEXIMOB B HEYCTOHUNBBIX CHCTEMAaX.

Keywords: controlled systems, stability, self-oscillations.
KiroueBble cioBa: yYHpaBiisi€MbIC CUCTEMBI, YCTOI\/'I‘II/IBOCTB, aBTOKOJIE0aHHs.

YCTOMYNBOCTh JUHAMHMUYECKON CHCTEMBI YIIPaB-
J5IeMOTO O0BEKTa SBISETCS, KaK MPaBHIO, BEAYIIHM
KPUTEPUEM €r0 IKCILTyaTallUOHHOU IPUroaHoCTH. [Ipu
MPOEKTUPOBAHUH CHCTEM aBTOMATHUYECKOTO yIpaBie-
HUSI TEXHUYECKUMH 00BEKTaMU MOYKHO BBIJICJIUTH JBE
TUIOBBIE cUTyaru. IlepBasi cB3aHa C MPOEKTHPOBA-
HUEM Y3KOCNEIHUATU3UPOBAHHBIX CHCTEM LENEBOTO
Ha3HAu€HMs, KOIrJa ONpEAEIEHHO W3BECTHBI Mapa-
METpbI 00BEKTa YIPABICHUS U BO3MOXKHOCTH UX M3Me-
HeHusd. [Ipu geTanbHOM HCCIEIOBAHUU yCTOMUMBOCTH
TaKMX CHUCTEM 11e1ecO00pa3HO OCHOBBIBATHLCS Ha pele-
HHUH CIICKTPaJIbHOM MPOOJIeMbl COOTBETCTBYIOIIEH JIH-
HEapU30BAHHOM HECUMMETPUYHON MOJEIH IIEpBOTO
npuOIKeHus. Pe3ynbTaTsl CIEKTPaTbHOTO aHaJHM3a
MO3BOJISIFOT OCYIIECTBUTH OIICHKH yCTOWYMBOCTH HC-
CIIeyeMON CHCTEMBI ‘B MajloM” M IIOCTPOUTH IKOHO-
MHUYHBIE aJITOPUTMBI I aHAJTH3a TEXHUUECKOW yCTOH-
YHBOCTH “‘B OOJIBIIOM” IIPY KOHEYHBIX BO3MYIICHUSX,
00YCIIOBJICHHBIX BHEITHHMH M ITPOTPaMMHBIMHU H3Me-
HEHMSAMU HKCIUTyaTal[IOHHBIX YCJIOBHH YIpPaBIsIEMOro
o0BeKTa.

Bropasi, 6osiee o01ast cutyarnys cBs3aHa ¢ IpOeK-
TUPOBAaHHMEM CHCTEM aBTOMATHYECKOTO YIPAaBJICHUS B
YCIIOBHAX 3HAYMTENBHON HEONPEICICHHOCTH B OTHO-
MICHUX NapaMeTPOB IWHAMUYECKONW MOJEIH 00BEKTa
ynpasieHus. Takas CUTyanus MOpoKAaeTcsl, B 4aCTHO-

CTH, arperaTHO-MOIYJIbHBIM MHPHUHIIUIIOM IIPOEKTHPO-
BaHus. [Ipu 3TOM cucTeMoil aBTOMaTHYECKOTO yNpaB-
JICHUsI CHaOKaeTcsl 00BIYHO BEIYIINIT MOAYIIb — HCTOY-
HUK 3Hepruu. HarnsgHol miunroctpanueil Takoro mo-
JIOKEHHS CIIY)KUT CIIOCO0 MPOEKTUPOBAHMS Pa3BUTHIX
MAaNIMHHBIX arpe€raTtoB ¢ pOTOPHLBIMU U MOPITHECBBIMU
JIBUTATEISIMU BHYTPEHHETO CTOPAHUS U C IJIEKTPOIPHU-
BOAOM. JJI HIMPOKOTO Kjacca MallMHHBIX arperatoB
ONpPECJIEHHOT0 Ha3HAUYEeHHs CO3AAETCS THUIIOpa3MeEp-
HBIN psizt IBUraTenel, CHaO>)KEHHBIX CUCTEMOH aBTOMa-
TUYECKOTO PEryJNpOBaHMs CKOPOCTH. B KOHKpETHBIX
yCTaHOBKax ()yHKIHMOHAJIBHOE COTJIACOBAaHME BBIOpaH-
HOI'o 110 MOIIHOCTU ABHUIATCIA U pa6oqe1‘/'1 MalIuHbI
WIA HUCTIOJIHUTEIHHOTO YCTPOWCTBA OCYIIECTBIISIETCS
Pa3JIMYHBIMH KOHCTPYKTUBHBIMU crocobamu.

B mpocreiimem cirygae o6mas cuioBasi 1enb Ma-
IIMHHOTO arperaTa o0pa3yeTcs ¢ MOMOIIBIO0 BaIOIpO-
BOJ1a, COCAMHSIONIETO JIBUIATENb U Pa00UyI0 MAIINHY.
[Ipu 3TOM ynpyro-uHEpIUOHHBIE XapaKTEPUCTUKU Ba-
JIOTIPOBOJIa MOTYT MU3MEHSATHCS B IIMPOKOM AHANA30HE
JUISL pa3iINYHBIX YCTaHOBOK. Oco0ble YCIOBHUSI KOMIIO-
HOBKHM MJIM 3KCILTyaTallud MPOEKTHPYEMOTO MallMH-
HOTO arperara MOTyT NOTpeOOBaTh NPUMEHEHUS pa3-
JINYHBIX MEPEAATOYHBIX MEXaHU3MOB OT IPOCTBIX pe-
JTYKTOPOB JI0 YCTPOHUCTB nuPepeHITHaILHOTO THITA C
NIPOTrPAMMHBIM U3MEHEHUEM MEPEAATOYHOIO OTHOIIE-
HUSL.
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[Ipy TPOEKTHPOBAHWM CHCTEMBI aBTOMAaTHYE-
ckoro ympasienus (CAY) nurarenst HGBO3MOXHO T0-
CTpOUTH O0OOIICHHYI0 ITUHAMHYCCKYIO MOJENb 00b-
€KTa YIPAaBJCHHUS, YYHUTBHIBAIOIIYIO C HEOOXOIUMOI
MOJIHOTOW AMHAMUYECKHE 0COOCHHOCTH BCEX BO3MOXK-
HBIX KOHKPETHBIX peaju3aluil Mpyu CO3MaHUH YCTaHO-
BOK Ha 0a3e maHHOrO nBurateins. [103ToMy OOBIYHO
npuOerarT K MpoCTeiIlieMy MOJCIUPOBAHHUIO MPUCO-
eAWHSAEMOHN K BUTATEINI0 HEYMpPaBIsIeMOil 9acTH 00b-
exta CAY — B BHIe WHEPIHOHHOTO 3BeHA. /[mamazoH
3HaYeHHH Ko3(uimeHnTa WHEepIH >STOr0 3BEHA
MOJKHO JIOCTaTOYHO JJOCTOBEPHO OLCHHUTH, pacIoIaras
COOTBETCTBYIOLTNMH ITApaMETPAMH IS H3BECTHBIX TH-
MOpa3MEPHBIX PSIIOB PAOOYUX MAIIIHH, & TAKKE HCITOJ-
HUTEJBHBIX M MEPEIATOYHBIX YCTPOHCTB. Takas mpo-
cTeliinast 0000IeHHAsT TUHAMIYECKAst MOJIENTb 00 BEKTa
CAY Kka4ecTBEHHO IpreMiIeMa JUIs OIICHOK JTHHAMUYC-
ckux cBoiicTB CAY B Ki1acce CHIIOBBIX YCTaHOBOK, JIU-
HaMHUYECKHE MOJEIH KOTOPBIX YJOBJIETBOPSIOT CIEy-
IOIIEMY CIIEKTPaIbHOMY YCIOBHIO:

Q,nNQ, =0, 1)

rae Ql — OCIMJUIALIMOHHBINA CErMEHT COOCTBEH-
HOT'O HaCTOTHOT'O CIICKTpa JUHAMHUYECKOU MOJEITN 005b-
€KTa yIpaBJICHHUA, QZ — [oJioca NpomyCcKaHus 4aCToT

YIPAaBISOLIErO YCTPOUCTBA.

VYcnosue (1) o3HauaeT, YTO TUHAMUYECKHE CBOM-
CTBa 00BEKTA YIPaBICHUS NP €T0 B3aNMOJCHCTBHH C
YIPABILSIFOIIMM YCTPOHCTBOM ONPEAECNSIOTCS IPEUMY-
IIECTBEHHO HEOCHIUIIIMOHHOW COOCTBEHHOH (op-
MOH, 9TO COTJIACYETCsI C yKa3aHHBIM BBIIIC HMPOCTEH-
MM JTMHAMHYECKHM OTOOpa’keHHeM OOBEKTa yIpaB-
nenus npu npoexktupoBannu CAY nsurarens. OqHaxo,
ecnu ycnoBue (1) He BBIOTHSETCSI, TO KoJiebaTenbHbIe
NpoLEecChl B 00BEKTE YIPABJICHUSI MOTYT KaTacTpodu-
9eCKM MCKa3uTh IuHaMmudeckoe noseaeHue CAY mo
CPaBHEHHUIO C OLICHKAMH, MOJYYEHHbIMH Ha OCHOBE
0600menHoi Monenu CAY ¢ ynpolIieHHBIM, “Heoc-
IWJUBIIMOHHBIM”, TIpEACTaBICHNEM 00BEKTa yIIpaBie-
HUA. YcnoBue (1) HapymmaeTcs oOBIYHO A HU3IIAX
COOCTBEHHBIX (pOpPM AMHAMHYECKUX MOJeNeil 00BeK-
TOB ynpasieHus. Eciu mpu 3ToM m3MepuTesnbHOE
ycTpoiictBo CAY pazMeraeTcsi B MOJAIbHO aKTUBHOM
3BeHe OOBEKTa YNpaBICHHUS, TO B N3MEPSIEMOW BEJH-
YHMHE MOSIBIIETCS] CYIIECTBEHHAs! KoJjeOaresbHas Co-
CTaBIIAIONIASA, HE yOBIEeTBOpsIomIas yciosuto (1). [Ipu
orpe/ielIeHHbIX (DAa30BBIX COOTHOIIEHHSX 3TO MOXET
NPUBECTH K TOMY, YTO YIPaBJISIOIIEEe BO3ACHCTBHE HA

00BEKT yMpaBIeHUs, COOTBETCTBYIOIIEE KOJieOaTeNb-
HO# cocTaBisronieid BxonHoro curHana CAY, ¢daktu-
YeCKU OyAeT OCYLIECTBISITBCS O MPHHIMITY TTOJIOKH-
TeNbHOM 00paTHOM cBsi3u. B pesynbrare mpoucxonut
noTepsi OCHMWUIINUOHHON ycToiuuBoctn CAY. Ilpu
9TOM UHKPEMEHTHBIE I0Ka3aTeld HEyCTONUMBOCTU
NP HEOJIArONMpPHUSATHBIX COYETAHUAX JUHAMHYECKHUX
CBOMCTB yIPaBJISFOLIETO YCTPOHCTBA M 00BEKTa yIpaB-
JIEHWs OKa3bIBAIOTCS CTOJIb 3HAYUTEIBHBIMH, YTO JI0-
CTYIHBIMH KOPPEKTUPYIOIUMH CPEICTBAMHU HE BCETAA
yzmaercs u3MeHHTH cBoiicTBa CAY HEO0OXOAUMBIM IS
ee AKCIUTyaTallMOHHOM IpUToAHOCTH 00pa3oM. YacTo B
TaKHUX CIyYasx HE yIaeTcs 00eCIIeInTh HEOOXOTUMYIO
ycroiunBocth CAY 0e3 KOPEHHOH PEKOHCTPYKIIHU
YIPAaBJISIOLIEr0 YCTPOMCTBA MITH O0IIeH CHIIOBOI 1eTTn
o0bekTa ympaBieHUs. YToObI M30EkKaTh IMOJOOHBIX
OCIIOXKHEHUI IIPU TOBOAKE BHOBB MIPOEKTUPYEMBIX UITH
MoauduIMpyeMbIX 00BEKTOB, HEOOXoAMMO obecre-
YUTh BO3MOXHOCTbH ITPOBEACHUS OIIEPAaTUBHBIX MHOTO-
BapHaHTHBIX OLEHOK ycroiumBoctd CAY, obpasye-
MOH B pe3ylbTaTe CONpPSKEHHUs YNpPaBIseMON W He-
ynopasiasgeMoil moacucteM. IIpm  3TOM  JOTKHBI
YUUTHIBATHCSI BO3MOXXHOCTH BapHaHTHOTO BHIOOpA 3Ha-
YEHUH HEKOTOPHIX MapaMETPOB CHIIOBOH LIeNn 00beKTa
yIpaBieHUs U, B 00IIEM cirydae, JOMUHUPYOLIHE He-
JIMHEIHbIe (haKTOphl. BINONHEHNE TAKNX OLIEHOK BO3-
MOJKHO KaXKIbII pa3 Ha OCHOBE PELICHUS CHEKTpalb-
HOH MpOOJIeMBI OYEPEHOTO BapHaHTA AWHAMUYECKON
mozenu CAY ¥ mocneayromero nocTpoeHus ee BUI0-
HM3MEHEHHOM 4acTOTHOMN XapakTepucTHkH. OxHaKO A
MHOTOMEPHBIX MOJIeNIeH IpU ydeTe KoyeOaTelbHBIX
CBOMCTB 00BEKTa YIPABICHUS TAKOH ITyTh, COIIPSKEH-
HBII C IPUBEJCHUEM PACUETHBIX MOJIENIEH K HOpMaJlb-
HOH (hopMe, OKa3bIBaETCs BECbMa TPYAOEMKHM U 4acTo
HEOCYIIECTBUMBIM I10 TPeOyeMBIM KPUTEpHSIM Olepa-
TUBHOCTH TNOJYYEHUS PACUETHBIX OLICHOK. B cBs3m C
STHM TIPEACTAaBIAETCS I€1eCO00pa3HBIM BBITIOIHATh
yKa3aHHbIE OIEHKH C ITOMOIIBIO YaCTOTHBIX XapakTe-
PHUCTHK Ha OCHOBE arperupoBaHHbIX MOJEIIEH TUIIOBOI1
CTPYKTYPBI.

PaccMOTprUM OIHOCBSI3HYIO COCTaBHYIO CHCTEMY
HECUMMETPHUYHOTO THIIA, KOMIIOHYEMYIO 3a CYeT YIpy-
TOr0 COHpPSDKEHHS YINPaBIsEMOW U HEYyNpaBlsieMOn
nojcucTeM. Bocronb3yemcsi arperupoBaHHON JMHA-

. (D)
mudeckoii 1| 40— MOJIEIIBIO U 3aIMIIEM €€ HEBO3MY-

[IEHHBIE YPAaBHEHYSI IBUKESHHSI C YIETOM YIIPYTOro Xa-
pakTepa CHCTEMHOTO COIPSDKCHHUS B CIEAYIONIEM BHUJIE

[1]:

QWL H1§f+ N1E1 = _R1TA;

& =N,E, + RLA; @
RE, —R,E,—C;'A=0,
rie Ry =(alg)'ak12)’K alglgll) Ry = (05(21) jznl%) Ry, = (a(ZZ) iznzz))
ag = {/*ﬁ}ks’ )= {/“21},5’ o) = {ILIZZ}JS’ 1= diag(hl’hZ'K D)
=diag(v" v{", K ,v¥),i=12; E,,E,
KBa3MHOPMAJIbHBIC KOOPJAWHATLI HepraBﬂﬂeMOﬁ u praBHHCMOﬁ IIOJACUCTEM, Nl' N2 _CO6CTB€HHI)IC

CIICKTPBbI IMOACUCTEM;

Hl,lLll_ﬂI/ICCI/IHaTI/IBHaﬂ U MoOJajibHas MaTrpuna HepraBJ’IHeMOﬁ IIOJACUCTCMBI,

Ho1 s oy — meBas v mpaBas MOJAILHBIE MATPHIIBI YIIPABIIAEMOH MOICHCTEMBI; |, K — umzexchI conpsraemMbix
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3BCHBEB YNPABIAECMON H HEYIIPaBJIsieMol moacucrem; Cg, A — k03 puIHenT KeCTKOCTH U peaKius COMpSrao-

mero COCANHCHUA nl, n2 — pasMCpHOCTH MOHCHeﬁ HepraBHﬂeMOﬁ u praBJ’[HeMOﬁ IIOACUCTEM.

Haiinem rapMoHHYeCKHI OTKIIMK MO/ieiH (2) Ha BXOJHOE FapMOHHYECKOE BO3EHCTBHE, IPUI0KEHHOE K CTa-
THYECKOMY Y311y

A=A, exp(iot). 3)
O6o03Hauas yepes VEl u VE2 BEKTOPHI KOMITICKCHBIX aMIDIHTY I KOJIeOAHMH y3JI0B HEYIIPAaBIsAEMOH U yIIpaB-
JsIeMoil oJICUCTeM, U3 MIEPBIX ABYX MAaTPUYHBIX YPAaBHEHUI CUCTEMBI (2) MOIyYyUM CJeIyIONIUe BEIPaKEHUS:

Ve, (iw) =—4, D;(i o) RlT Ve, (o) = -4, DEE (iw) R2T2 ' (4)

rie Dg,(iw) = N, +ioH, — 0’1 ;; D, (iw) =N, —ial ,; |

i N2 | , — CIMHUYHBIE MATPHIBI C TIO-

nl’ 'n

psaxaMu n1 u nz.
U3 TpeTbero ypaBHEeHHs CUCTEMBI (2) onpenenum aMmmmryay U, (i a)) CTaTHUYECKOI'0 y3J1a paccMaTpuBae-

1
moit 1 n(o) — MOJIeNIM IIPH TapMOHWYECKOM H3MEHEHHH €€ HEe3aBHCHUMBIX KOOPAMHAT C aMIUIUTYIaMH COIJIaCHO
BEIpaKEeHISIM (4)
: 1T 1T
Vo (iw) =—C5 4, (RDy Ry — Ry D3Ry, ®)
B cootseTcTBHH ¢ Bhpaxkenusamu (3), (4) u (5) uactotnyto xapaktepuctuky W (1@) arperuposamnoit mo-
JeIM pacCMaTPUBAEMON CHCTEMBI OT BXOJa Ak Beixony —O =—R E; + R,,E, moxno npencrasuts B BuzE
i — “19-1 _\ @ (i (@) (i
W (iw) =-v,C; A, =Wy’ (i) +W;” (iw), (6)
W8 (iw) = R D (io)R ;W (iw) = —R,,D.% (io)R,
rie Wy’ (iw) = R D, (Io)R; i (i) = -R,,Dg; (i0)R,,.

1 2 .
OyHknun Wki) uW J-g ) NpefcTaBIsIOT cOGOH YACTOTHBIE XapaKTEPUCTHKH COOTBETCTBEHHO HEYIIPABIIie-

MOii TIOZICHCTEMbI OT BXOJa K BBIXOLY 3BeHAa K M ympaBiseMoii MOJCHCTEMbI OT BXOJA K BHIXOLY 3BEHA ] .B
THUITIOBOH NMPOEKTHOW CHUTYAIlMX NPH KOMIIOHOBKE arperaTHO-MOJYJIFHOH YyIpaBisieMOW CHCTEMBI W3BECTHBI Ya-
CTOTHBIE XapaKTEePUCTHUKH MOJCUCTEM ka(l) uW j(jz) ¥ BO3MOKHOCTH BAPbUPOBAHUSA BENMYHHEI C 5 — IPUBEIICH-
HOTO K03((HIMEHTA )KECTKOCTH KOHCTPYKTUBHOTO Y3J1a, COWICHSIOIIEro nojacucteMbl. C y4eToM 3aBUCUMOCTH
o= CglA YCTOWYHMBOCTH B MAJIOM PAcCMaTPHBAEMOI CHCTEMBI B COOTBETCTBHH ¢ KpurepueM HalikBucra obec-

ne4YnuBacTCia, €CIN rozlorpa(b YacTOTHOM XapaKTCPUCTHUKU W(la)) HE OXBAaTbIBACT TOYKY € KOOpPJAWHATAMH

(—cafl,O) na wiockoctu (£,77) 1 & =ReW (iw); n = IMW (i®). Takas napamerpuueckas unrepnperaims

YCIJIOBUSL aCUMIITOTUYECKOW YCTOMUYMBOCTH arperaTHO-MOAYJIBHOM CUCTEMBI I103BOJISIET IIPU NPOEKTHOM KOMIIO-
HOBKE TaKOW CHCTEMBI OCYIIECTBIISATD IeJIEHANIPABICHHBIN BHIOOP yNPYTryUX MapaMeTpOB COUICHSIOMIETO TOJCH-
CTEMbI KOHCTPYKTHBHOTO y3J1a JJIs1 00ECIeUeHHs YCTOWYMBOCTH TI00aIbHOMN yIIPaBIIEMOW CHCTEMBI ¢ HEO0XO0-
JIMMBIM 3aI1aCOM.

Jins moteHnnansHo HeycToHunBoit CAY ¢ OCHMJUIAMOHHO aKTHBHBIM OOBEKTOM YIIPABJICHUS MTOBEICHHEC

dynxmmn W (1) xapaxrepusyercs tem, uto ee roorpad Ha MIOCKOCTH (f , 77) OXBAaTBIBAaET HEKOTOPHIN OTpe-

30K [‘511 §2] , & <E , , OTpHIATENbHOI TonTyocH & , puc. 1. TIpH arperaTHo-MO/Iy;IbHOM MPOEKTHPOBAHHH 00b-

€KTOB OOBIYHO 00ECIICYHBACTCS YCTOMYMBOCTH OCHOBHOT'O MOZYJIS - YIPABISIEMOM OJICUCTEMBI. TOrIa corilacHO
00001eHHOMY KpuTeputo HaiikBrcra yka3anHoe moBeneHue rogorpadga CAY o3Ha4aeT, 9TO COOTBETCTBYIOIIUI

KOOPAVMHATHOMY OTPE3KY [5 1 f P ] HWHTEpBAI 3HAUYCHUH KodddunmenTa xectkoctu C 5 COTPATAIOLIETO COeNH-
HCHUS SABJISICTCA HerI/ICMHCMHM 10 YCJ'IOBI/IIO aCI/IMHTOTH‘JCCKOﬁ yCTOﬁ‘lHBOCTH CUCTEMBI B MAJIOM U AJIsA 0660-
TIEYCHHS TAKOW YCTONYMBOCTH 3HaUeHHE C 5 JIOJDKHO Y/IOBIETBOPSATH YCIOBUIO
-1 -1
—&, <cg<—&; . 7

VY4eT BIUSHUS HETMHEITHBIX CBOWCTB COMPSATAIONIETO COSAMHEHNUS Ha ycTOWINBOCTh CAY mpH KOHEUHBIX
BO3MYIICHUAX MOKET BBITIOHATHCS B OTIEPATHBHBIX BAPHAHTHBIX pacueTax Ha OCHOBE KPUTEpHs aOCOMOTHON

ycroiuuBoctu B.M. TlonoBa ¢ ucnosib30BaHueM BUOU3MEHEHHON YaCTOTHON XapaKTEPUCTUKHI w (i a)) .
&(iw)=ReW (iw) = ReW(iw); ®)
7 (iw)=ImW(iw)= oImW(io).
[Ipeobpa3yeM JMHAMUYECKYEO MOJICNb HEYIIPABISICMOMN MOJCHUCTEMBI K HOPMAJIbHOM (pOpME U OCYIIECTBUM

BEKTOPHYIO KOHKATCHAITUIO POJICTBCHHBIX APAMETPOB TUHAMUYECKUAX MOJIEJICH moacucTeM. Torna raodanbHyo
Mojenb CAY MOXHO MPeICTaBUTh CICAYIOMNUM 00pa3oMm:
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T A .
B NE+RLA; )
S=R,E; A=f(5),
rue f (5 ) — HeJIMHEIHAS yIpyras XapakTepUCTHUKA COMPSTAIOIIETO COSTUHCHUS.
Cuctema ypaBHeHu# (9) nmeer Bu ctangapTHOH Monenu B merone B.M. Ilonosa. [Tpu sToM mpenmnosmara-

eTcsl, YTO XapaKTEepUCTHKA f (5 ) MIPUHAIVICKUT K Kinaccy (QpyHKuuii, 3a1aHHBIX B yIJIE, YTO MPABOMEPHO JUIA

TEXHUYECKH PEAIU3YEMBIX HEJIMHEHHOCTEH.
Kpurepuii B.M. IlonoBa B paccmarpuBaeMoM citydae 0a3upyeTcs Ha BUIOM3MEHEHHON YaCTOTHOM Xapakre-

puctuke cuctemsl (9) oT BXoza A x BEIXOITY O . YacroTHas XapakTepucTuKa Mojend (9) paBHOCHIIbHA YaCTOT-
HOU XapaKTepuCTHKe (6) arperipoOBaHHON MOEIH, IIPEICTaBICHHOM B BHe cucteMsl (2). [ToaTtomy mocine pac-
YyeTa yCTOWYMBOCTH B MaJIOM HOJTydEeHHAsI AJIS 3TOH IIETIM YaCTOTHAs XapaKTEPUCTHKA (6) MOXKET HCIIOIb30BATHCS
B BUIOM3MEHEHHOU opme (8) mig oneHkn ycrotunBoctr CAY mpu KOHEYHBIX BO3MYIICHUAX.

Ecmu paccmarpuBaercss MHOTOCBsA3HAsI coctaBHass CAY, KOMIIOHyeMas U3 OJHOU YIPaBIIEMOH W HECKOIb-
KHX HEYIPABIAEMBIX MOJICHCTEM, TO €€ arpeTUPOBAHHYIO AMHAMHUYECKYIO MOJENb MOXKHO IIPEACTABUTh B BHJC,
AHAJIOTUYHOM 3aBHCUMOCTSIM (2)

& H B+ NE =-D/A, —RI;
D,E,—oA, =0; (10)
Tq.
% =N,E; + Ryl
RE,—R,E, —c;'1=0,

rJie mapameTpbl C MHIEKCOM | OTHOCSTCS K aHCaMOJII0 M30JMPOBAHHBIX MOJEJIEH HEYNpPaBIIEMbIX I10JICH-
crem; D —wmatpuma SIxo6u ypaBHeHwHii cBsi3eii, XapaKTEPH3YIOMIMX CONPSIKEHNUS HEYNPABISEMBIX [OICHCTEM;

[ — peaxuus cBsi3m, OTBEUAONIAs CONPATAIONIEMY COCTMHEHHIO MEXKILY yIPABIsEMOil IOICHCTEMON U OTHO 13
HEYNPAaBISIEMBIX ITOJICHCTEM.

Mogens (10) oTHOCHTCS K Hanbosee pacpocTpaHEHHOMY CIIydalo MHOTOCBS3HOHW COCTaBHOM CHCTEMBI C OI-
HOHM yIpaBJIsIeMOH MOJCUCTEMON — CTaHJAPTH30BAaHHBIM MOYJIEM, KOT/Ia KOMIOHOBOYHAS CXeMa IpeIyCcMaTpu-
BAaeT O/THO CONPSKEHUE ATOTO MOAYJISI C HeynpasisieMol yacTeio CAY, cocTaBIeHHON U3 HECKOIBKHX CBSI3aHHBIX

noicrctem. YaCTOTHYIO XapaKTePHUCTHKY arpernpoBaHHOMN Mojienu paceMarpuaemoii CAY ot xoxa [ K BhIxoay

—0 ,ecn O — CyTh aehopMaIys COMPSTAIOIIET0 COSTNHCHUS MEXKAY YIPABISIEMOH MOJCUCTEMOH B HEYIIpaB-
nsiemoit yacteio CAY, MOXHO MOCTPOUTH B BUJIE 3aBUCUMOCTH (6), B KOTOPOH cllaraeMple paBoil 4acTH ompeie-
nsr0TCs (hopMyIaMu

W (iw) = R (Dg; —Ma*MT)R[; WP (iw) = -R,,D¢3R;, , (11)
rre M = D,;DT , a=0+DM.

o o 1) (i
L[enec006pa3Ha$1 CXEMa BBIYHCJICHUU IPU paCUYCTC YaCTOTHOU XaPAKTECPUCTUKHU ka() (l a)) CBA3HOI'O aHCaM-

6111 HEeYIIpaBIIsIeMbIX MOJICUCTEM 110 IeKOMIIO3UIIHOHHOMY aaroputMy (11) mpenmomnaraer ciaeayoniiid nopsaok
MaTPUYHBIX JACHCTBUM:

YW, (iw) = RD A (i®)R]; 2)M =D (iw)D!;:3)W, =M R];

4) oV, =W, =V,; 5)W,(iw) = MV,; )WL (iw) =W, (iw) —W, (iw).

C mOMOIIBI0 YaCTOTHOM XapaKTEePHUCTHKH C aJAWTHBHBIMH KOMIIOHEHTAMH COTJIAacHO BBIpaxkeHHsM (11)
OLIEHKH YCTOMYMBOCTH B MaJlOM U IPH KOHEUHBIX BO3MYIIEHHSX C YUYETOM HEIHMHEHHBIX CBOICTB CONMpPSKEHUS
yIpaBIIEMON CUCTEMBI ¢ HeynpaBisieMoil 4yacTbto CAY BBINOIHSAIOTCSA 10 TOM K€ CXEMe, UTO U JJIst OAHOCBSI3HON
arperaTHO-MOAYJIbHOU CHCTEMBI.

Kak npaBuno, ycToH4MBOCTb SIBISIETCS YCIOBHEM 3KcILTyaTannoHHoH npuronHoctu CAY. Ho B psazge ciy-
YyaeB PUOETAIOT K IeJIeHAIPaBICHHON AeCTa0MIN3aIK YIIPABIIEMOI CHCTEMBI sl pealn3aliy | NCTI0Ib30Ba-
HUS B TEXHOJIOTHYECKHUX IIETISIX aBTOKOJICOATENBFHBIX PEKUMOB. [IpuMepoM NO00HOM TaKTHKH MOTYT CITY>KUTh
MIPOEKTHI aBTOKOJIEOATEIBHBIX CTEHOB U IIUKINYECKNX MCIIBITAHNA MEXaHWIECKHUX y3JIOB U JIeTaliel, KoTr/ia B
Ka4eCcTBE NCTOYHHUKA SHEPTHH NPUMEHSIETCS] THTIOBOM YIIPaBIIsieMbIi MOIyib. B Takux creHmax 6e3 co3maHus cie-
[IUANTBHBIX BO30yANTENEH KOJIeOaHMH NCTIBITATEbHBIE PEXKIMBI MOTYT OCYIIECTBIISTHCS KaK aBTOKOJIe0aTeIbHbIC
pexxumsl CAY. IlprdeM, MOCKOIBKY THIOBOM YIPaBIsIeMbIH MOy CHAOKEH CTaHAAPTH30BAHHBIM YIIPABJISIO-
MM YCTPONCTBOM, TO HEycTOHYMBOCTh CAY HCHBITaTENFHOTO CTEHIa 0OecTieyuBaeTcs 3a cueT nogbopa mapa-
METPOB HEyNpaBisieMoil noacucremsl. [IpakTHdecku 1esecooOpa3Hble TPOEKTH TAKOTO pOJia BBIOIHAIOTCS Ha
OCHOBE OJJHOCBSI3HBIX COCTABHBIX CUCTeM. JIMHEapU30BaHHYIO arperupoOBaHHYI0 MOJENb TAKOH CUCTEMbI MOXKHO

npuHATH B Buze (2). B kagecTBe perynnpyemMoit XxapakTepUCTHKH TPHHUMACTCS YIIPyTas XapaKTepUCTHKa A(5 )
compsiraiommero coennHeHns. Hambonee mpocTeie CXeMbI, OpUEHTHPOBAHHBIC HA MATKHE PEXHMBI BO30YKICHHS
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aBTOKOJIEGAHMI, IPEITIONATAIOT BO3MOKHOCTh KacaTesbHoil muneapusaimy xapaktepuctukn A(J) B paboueit
touke: c5 = (OA/OF), .
[IpoekTHOE 0ObOecrieueHne HEOOXOAMMOTO YCIOBHUS aBTOKoeOarenpHoro noseaeans CAY ocymecTBiseTcs
Ha ocHoBe uacToTHOH xapaktepuctuku cuctembl W (1) cornacro 3asucumoctu (6). Tomorpad dymkimu
W (i®) nns cuctembl ¢ OKambHO yCTOHYMBOM TOACHCTEMOl MOJKEH OXBaThIBATh TOUKY C KOOPAMHATAMH
(— Cgl,O) HAa IUIOCKOCTH (g, 77). ITpuMeHUTENBEHO K THIIOBOH YaCTOTHON XapaKTEPHCTHKE C OCOOEHHOCTSAMH TO-
nmorpacda corslacHO puc.l 3TO 03HaYaeT, YTO JJIS CO3AAHUS aBTOKOJEOATSIBFHBIX PEKUMOB HEOOXOIUMO, YTOOBI
k05 uumenT xecTKOCTH C g TMHEAPU30BAHHON XapAKTEPUCTUKU CONPSTAOIEr0 COEIUHEHHS YIOBIETBOPSLII
YCIIOBHIO
—& <<=y (12)

MuHUManbHBIE 3a1achl HEYCTOWINBOCTH, HEOOXOJUMBIE T 00ecTiedeHHs TpeOyeMBbIX ITapaMeTPOB aBTOKO-
nebaHuil, OIICHNBAIOTCSI HA OCHOBE pacyeTa aBTOKOJIeOaHNUH, BBITOIHIEMOTO C IIOMOIIBIO METOJa TAPMOHUYECKOH

JIWHEeapu3anuu. B cOOTBETCTBHHU CO CMBICIIOM YaCTOTHOW XapaKTEPUCTUKU W(za)) COTJIACHO BBIPaXXEHHMIO (6)

Ha YCTAHOBUBIIEMCs aBTOKoJebaTenbHoM pexume CAY ¢ qacTotoit (U, NOJKHBI BBITOIHATLCS CIENYIONIUE CO-

OTHOIIIEHHS, TPABOMEPHBIE U METOJa TAPMOHNYECKOH JIMHEapU3alnu:
ReW (iw) = C.(A,); IMW (iw) =0, (13)
rue C;(Ao) —3HauyeHHe Kod(QUIMEHTa KECTKOCTH TapMOHUYECKH JIMHEAPU30BAaHHOI XapaKTEepUCTHUKU
A(5) IIpU KOJIEOaHUSIX BEININHbI o ¢ aMILTUTY A0 Ao 0= AO exp(ia)at + l//). IIpennonaraercs, 4uro oc-

HOBHOH HENMHEHHOHN XapaKTEepUCTHUKOH, ONpEAEIIonield YpOBeHb aBTOKOJICOaHNH, SBISETCA XapaKTePHCTHKA

A(5) . Torz[a, pacnoJarast 3aBUCUMOCTBIO C:; (AO ) JUIA ,I[aHHOﬁ XapaKTCPUCTUKHN A(5) " 1uaria3soHom 3HAYCHUI

BeNnuuHbl C g, yIOBIETBOPAIOMNUX yenoBuio (12) neycroitunsoctu CAY, MOKHO HAlTH, ClIEYsl COOTHOLIEHUAM

(13), ycroiiuuBbie aBTOKOJEOATENbHbIE PEXKUMBI M OLICHUTh XapaKTep WX Bo30yxaeHus. TeopeTndyeckas OLeHKa
TOCTIE/IHET0 KauecTBa OCYIIeCTBiseTcss Ha ocHose rogporpada xapaktepuctukn W (I@w)u 3aBucumoctu

* -
Cs (Ao) . IOnsa xapaxrepuctuka W (Ia)) ¢ rogorpadoM, Mog00HBIM MIPUBEICHHOMY Ha pHC.1, pekuM BO30YX-
JICHHS aBTOKOJIeOaHMIA B 00IIIEM CITydae MOYKET 0Ka3aThCs ’KECTKHM, TaK KaK Hadajo KOOPAWHAT He 3aXBaThIBACTCS
HeycToitunsoii o6macteio ronorpada W (iw) .

Ha puc.2 npuBeneHbI 3aBUCUMOCTH c; (Ao) , OTBEYAIOLIUE JKECTKOM U MATKOM HEJIMHEWHBIM XapaKTepUCTH-
KaM A(5) , M TIOKa3aHbl yPOBHH aBTOKOJIEOaHNH Ha yCTOWYNBOM U HEYCTOWYMBOM PEKUMAX JIJIsl XapaKTEPUCTHKU
w (i a)) yKa3zaHHOro Buja. Bennunna Aél) XapaKTepu3yeT IIOPOrOBbIi YPOBEHb aMIUIUTY BEJINYUHBI leopma-
i O COTIPATAIONIETO COSIMHEHHsI, HEOOXOANMBIH A BO30Y)KICHHUS YCTOMYMBOTO PEXMUMa aBTOKOJIe0aHNH C

o 2 oo
AMIUIUTY 10U Aé ) O‘ICBI/II[HO, YTO 3a CHUCT LCJICHAIIPABJICHHOT'O q)OpMPIpOBaHI/Iﬂ HCJIMHCUHON XapaKTCPHUCTUKH

*
A(é‘) MOJXHO MOJYYUTh 3aBUCUMOCTb C5 (Ab) 5 06CCHC‘II/IB3IOH.[yIO MATKUHA XapaKTEp B036y)K,Z[€HI/I$I aBTOKOJIC-

GaHnit n ux TpeOyeMbIil ypoBeHb. MsTKOE BO30YX/I€HIE aBTOKOJICOaHUH, KaK CIeIyeT U3 PHC. 2, 00eCTIeYnBaCTCS
[P BBITIOJIHEHUH CIIEAYIOIIUX YCIOBHI:

— 51‘1 < cg (0) — 0z orcecmrott xapakmepuanuxu A(5);

_ 52—1 > c; (0) — 0551 msexou xapaxmepuanuxu A(0). (14)

ONOpHBIMH MTAPaMeTPaMH JIIs IOCTPOeH s HeuHeiHoi xapaktepuctuku A(J) compsraromero coenune-

. o e
HUSL, 00€CIIeUYNBAIONIET0 MIATKUH PEXXKUM BO30Y>K/IEHHS aBTOKOJIEOaHUI ¢ aMIUTUTY J0H Aé ) , CIY>KaT BEJIMYHHBI
5 1 u g 5, KOTOPBIE OMPEJIENSIOTCS ¢ OMOIILI0 YACTOTHOW XapaKTEPUCTUKH W (i @) arperuposannoii Mmonenu

BUja (2). 3HaueHust 51 U fz B COOTBETCTBHH C BhIpakeHUsMH (14) 1 prc.2 YCTaHABIMBAIOT JIBE KIFOUEBBIC TOUKH

xapakrepuctuku A(0):
* -1,
Cs (0) 2 _51 ’
* 2 -1
cs (47 ==&,

- JUIsl JKECTKOH XapaKTePUCTHKU A(5 ) ;
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c;(0)< =&
(A7 ==&

B o6uryto cxeMy cHMHTE3a JUHAMHYECKOH CHCTEMBI aBToKosie0aTennbHoi CAY MOryT OBITh BKIIIOUECHBI BapH-

= I MSTKOM XapaKTCPpUCTUKHN A(5) .

alluM OT/IETLHBIX TAPAMETPOB HEYTPABISeMOil IIOICHCTEMBI /TSl Koppekimy ucxoHoit xapakrepuctuku W (1@)

. B Takux ciyuasx B COOTBETCTBUU C AEKOMIIO3UIIMOHHBIMU METOJAMHU CXEMAaTH3aLUU CHCTEM C BapbUPYyEMbIMU
napameTpamu pacuetHast Moaenb CAY moxer ObiTh nmpeacrasinena B Buze (10). IIpu aTom crpoku sikoOueBoi

MaTpHIIbI Df OyIyT COOTBETCTBOBAaTh YPAaBHECHUSAM CBS3M BHIA f1 :—5+Xj — X =0 wm Buzma

f2 =Xy — X5 = 0. VpaBHeHus cBs3m Takoit CTPYKTYpHI B IEKOMTIO3HITMOHHBIX CXEMAX PACUETa CHCTEM C Baph-

HUPYCMBIMU MapaMeTpaMu OTBCHAIOT BAPbUPYCMbBIM YIPYTUM COCAUHCHUAM WJIM BAPbUPYEMbBIM COCPECAOTOYCH-
HBIM MacCaM HepraBJ’IHeMOﬁ MOJACUCTEMBI CUMMETPHUYHOI'O THUIIA [1]
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Abstract

The article describes a method based on sparse matrix technology for solving systems of linear equations with
variable parameters. In the proposed method, information about the solution of the base model is effectively used,
which makes it possible to significantly increase the speed of the computational algorithms in multidimensional
problems.

AHHOTALUA

B craTbe n3naraeTcs oCHOBaHHBIN Ha TEXHOJIOTHH PAa3pCIKECHHBIX MATPULl METO PCIICHUSA CUCTEM JIMHEH-
HBIX YpaBHEHHH C BApBUPYEMBIMH ITapaMeTpaMu. B mpenioxeHHoM MeToAe 3(PPEKTHBHO HCIOIB3yeTcst HHDOP-
Manysd O peuIeHuun 06a3oBoil MOJECJIH, YTO NO3BOJIICT B MHOTOMEPHBIX 3a/1a4aX CYHICCTBCHHO NOBBICUTH 6BICTp0—
HeﬁCTBHC PaCUCTHBIX aJITOPUTMOB.

Keywords: systems of linear equations, multivariate calculations, de-composition, sparse matrix technology,
scheme of variations, diakoptics, Crohn's formula.

KuroueBble cj10Ba: CUCTEMBI JIMHEHHBIX ypaBHeHPIﬁ, MHOTOBAapPUAHTHBIC PACUYCTHI, JIECKOMITIO3UIUA, TCXHO-
JIOTHS pa3peXKeHHBIX MaTPUII, CXeMa Bapualuii, TnakonTuka, popmyna Kpona.

B ocHOBe 007IBIIOTO0 YK BaKHBIX HAYYHO-TIPH-
KJIaIHBIX 3a7a4 JIGKHUT PEHICHHE CHUCTEM JIMHEHHBIX
ypaBHEeHUH. MaremaTuueckue MOAEIM TaKoro BHUAA
UCTIOJIB3YIOTCS IPU U3YYEHHH CTaTHUECKOrO paBHOBE-
cus PU3NUECKHUX, TEXHUYECKNX, OMOJIOIMYECKHUX, IIPO-
U3BOJICTBEHHO-KOHOMUYECKUX U MHOTHX JIPYTHX CH-
CTeM, TIPH PEUICHUH C TIOMOIIBIO PA3HOCTHBIX METOJIOB
WIIA METOAOB KOHEYHBIX IIEMEHTOB MHOTOUYHCIIEHHBIX
3a/1a4 U3 00JIaCTH MaTeMaTHYeCKOW (U3UKH U CTPOH-
TENBHOW MEXaHWKH, IPU PEIIeHHH Pa3INdHOr0 pojaa
ANMPOKCUMAITMOHHBIX 3a1a4.

MeTobl peleHusi CUCTEM JIMHEHHBIX ypaBHEHUN
XOPOIIIO pa3pabOTaHbI M PeaTr30BaHbl B BUJIC BBICOKO-
Ka4eCTBEHHOT'O MMPOTPaAaMMHOTO 00CCIICYCHHUS B COBpE-
MEHHBIX KOMITBIOTEPHBIX CHCTEMax JIs PeLIeHUs 3a-
Jla4y JIMHEWHOH anreOpbl. Pecypchl cOBpeMEHHBIX BbI-
YUCIIUTENBHBIX CPEJICTB TAaKOBBI, YTO OTHAEJbHbIE
pacueTrbl CUCTEM JIMHEWHBIX ypaBHEHUH Jlaxe BechbMma
OOJIBIIION Pa3MEPHOCTH 3aTPYAHEHHIA, CBSI3aHHBIX C HEe-
JIOCTaTOYHO BBICOKHM OBICTPOJEHCTBUEM PaCUYETHBIX
QITOPUTMOB WM JCPHUIIMTOM OINEPATHBHON MaMSTH,
KaK TpaBujo, He BbI3bIBalOT. OMHAKO, €CITM MMETh B
BHJTy NPAKTUIECKH BOKHYIO HEOOXOAMMOCTh TIPOBEIC-
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HHSI MHOTOBapHaHTHBIX PacyeTOB B IOCTATOYHO Pa3BH-
TOM NPOCTPAHCTBE BAapPbUPYEMBIX IAapaMeTpOB H
CTPYKTYP HCCIEIYEMBIX CHCTEM, TO ObICTpOAciicTBHE
BBIYHCIIUTEIbHBIX AITOPUTMOB MOXKET OKa3aThCsI aKTy-
AITbHBIM KPUTEPHEM HX COBEPIICHCTBA MM JAaXe MPHU-
TOHOCTH JIJIsl PEIICHHsI 3a/1a4 OTPEICTICHHOrO Kiiacca.
[ocnenHee B 0COOEHHOCTH XapaKTEpHO ISl TAKUX 3a-
J1a4, B KOTOPBIX OCYILIECTBISIETCS MOCTUPOBAHUE TIPO-
IeCCOB, NMPOTEKAIOIINX B pealbHOM BpeMeHd. Hamnpu-
Mep, A1 3a/1ad IPOTHO3MPOBAHMS OTOBI B METEOPO-
JorMM H OOJBIIOrO 4YHCNAa 3a7ad, CBS3aHHBIX C
orepaTuBHOW 00paboTkoil wHpopManuu. Bompock
OIlepaTHBHOM OIIEHKH MHOTOBapUAHTHBIX CUTYaIHil 10
pe3yabTaTtaM pacuyeTa JTHMHEWHBIX MOJENCH aKTyalbHbI
TaKKe At OONMBIIMX 3a7a4 BApHAHTHOTO IIAHHUPOBA-
HHS B IPOU3BOICTBEHHO-3KOHOMHYECKO# cdhepe.
BceB03MOXKHBIE CITydal MHOTOBapHaHTHBIX Pac-
YETOB CHCTEM JIMHEHHBIX YpaBHEHHUH 10Ty CKalOT 0000-
IIEHHYI0 (hOopMaIM3alkIo B BUE NPoOIEeMbl TapaMeT-
PHYECKOTO CHHTE3a JIMHEHHOW MO B OTpaHHYCH-
HOM MIPOCTPAHCTBE BapbUPYEMBIX IapamMeTpoB. B
npeneax Takoi cXeMaTH3allMi MOTYT YYUTHIBATHCSA U

(A +A)X =B,

BO3MOYHBIE CTPYKTYPHBIE BapHaIliU UCCIIETyeMOU CH-
CTEMBI.

3HaYUTENbHAS YaCTh MPAKTUYCCKU BAXKHBIX CITY-
YacB MHOTOBapHAHTHBIX PACYeTOB OOJBIIUX JIMHEH-
HBIX CUCTEM XapaKTECPHU3YETCS TEM, YTO YHCIIO BapbH-
PYEMBIX MapaMeTpoB (IIEMEHTOB OCHOBHOW MAaTPHIIBI
CHCTEMBI) CYIICCTBCHHO MEHBIIEC Pa3MEPHOCTH CH-
CTEMBI, T.C. Ha KQXKIOM IIIare BAPHAHTHOTO aHAJIA3A CU-
CTEMBI OCYIIECTBISICTCA €€ JIOKaJlbHAs mapaMeTpHrye-
ckast Moaudukarus. s pacdeToB TaKMX CHCTEM Iie-
JeCOO0pa3HbBIMH, TI0 KPHUTEPHUSM SKOHOMHUYHOCTH
BBIYHCITUTENFHBIX CXEM, MIPECTABISAIOTCS TaKHUe alro-
PUTMBI, B KOTOPHIX MaKCHUMAaJbHO I(PQPEKTHBHO WC-
MOJIL30BAJIOCH OBI peleHue 0a3oBoi Mojaenu. B kaue-
CTBE TaKOM MOJIETH MOXKET BBICTYNATh HEKOTOpas
HavajJbHAs MApaMCTPHUYCCKU OMpEICICHHAS MOJICIhb
HCCIICAYeMON CUCTEMBI WM €€ MOJIENIb Ha MPEIbIIy-
[IeM IIIare MHOTOBAPHAHTHOTO BEIYHACIIUTEIILHOTO PO~
mmecca.

PacuerHast MoJens mapaMeTpUIecKd BO3MYIICH-
HOM JIMHEMHOM CHUCTEMBI UMEET BUJ

(1)

rac Ab y X y B — OCHOBHasg MaTpulia U BEKTOPbI HCU3BCCTHBLIX U CBO6OZ[HLIX YJICHOB 0a30BOH CHCTEMBI;

A — marpuna Bapuanmii K03 PUIHMEHTOB 6a30BOH CHCTEMBL.

Matpuna A MMeeT CHIIBHO PaspeXeHHyIo cTpyKTypy. OJHAKO, €Cii NPSAMBIM 00pa30M BOCIIOJIB30BATHCS

penieHreM 0a30BOM CUCTEMBI, pa3pexeHHas CTPYKTypa MaTpulbl A paspyluaercs, ¥ OHa CTaHOBUTCS B OOLIEM

ciydae abCOFOTHO MJIOTHOM

(1+ AT A)X =X, . @

3Z[GCB XO — peuieHue 0a30Boii cHCTEeMEI. PellleHre cucTeMbl (2) JaXX€ MCHEC DKOHOMHWYHO, YEM HOBBIM pac-

YeT UCXOMHOM CHCTEMBI C OCHOBHOW MaTpHIICH B BUIE Ao + A, HOCKOIBEKY CONPOBOXKIAETCS JOMOIHATEIBHOMI

o 1N
TNOTepeii BHIYMCIUTENBHOTO BpEMeHH 3a cueT onepamn Ay~ A .

W3BecTHEIN IyTb palMOHAJIBHOI'O MCIIOJIB30BaHUA PA3PEIKCHHOTO XapaKTEepa MaTpHLbl BapI/IaLII/Iﬁ A CBsA3aH

C IpUMEeHeHueM Ipeobpa3oBanust Kpona, MomuduIupoBaHHOrO Uil CHCTEM JIMHEHHBIX ypaBHEHHI o0miero

(mecummerpuunoro) Buaa [ 1,2]. CooTBETCTBYIOUIUIT anTOPUTM B 0011IeM cilydae TpeOyeT OnHMCaHus CXeMbI Ba-

puanuii MogudUIUPyeMoil cHCTeMBbl ypaBHEHHI HAa OCHOBE JIBYX HETIOJISIPU30BaHHBIX MATPHI MHIUICHIINH : MaT-
PpHILIBI Sl Ha MHOYKECTBE 3aXO/AIIMX BETBEI CXeMbl BApUALMH 1 MATPULBL S, Ha MHOKECTBE HCXOSIINX BETBEH
3TOi cxeMbl. Mcronp3yemast TepMHHOJIOTHS BRITEKAST U3 COTIOCTaBJICHHST MoJieH Bua (1) M acCOIMUPOBAHHOTO
¢ He# riobanpHOrO Ooprpada ¢ KoJIoM {n,m, P}. 3nece N, M —uucno y3nos u BetBeii oprpadga, P —M—
KOMITOHEHTHBIH BEKTOP BECOBBIX KOI(PPUITMESHTOB BETBEH. Y31bl oprpada 0oToOpakaroT CTPYKTYpPHBIEC MEPEMEH-
HBIE MOJIEJH, a BETBH — B3aUMOCBSI3U 3THX MEPEMEHHBIX. JIekcuKorpadndeckn ynopsioueHHas HyMeparus y37I0B
1 BeTBeil riobansHOrO oprpada oOycIOBIMBAET B3aMMHO OJHO3HAYHOE COOTBETCTBHE MEXIYy KOMIIOHEHTAMHU
BeKTOpa P M MHOXeCTBOM 3HAUEHHUT HEHYJICBBIX DJIEMCHTOB OCHOBHOW MaTpHUIlbl Moeiu. J{iist moarpada cxembl
BapHaIii KOMIIOHEHTaMH KOJa {n ,m, P} OyayT cioyxuTh creayromue nmapamerpsl: 1 —obmee gucio y3imoB
rinobansHoro oprpada ; M u P — 4ucio BapepupyeMbix K03 HUIHEHTOB OCHOBHON MaTPHUIIBI K BEKTOD HX BapH-
aIvi.

C moMomIbI0 MaTpHUIl MHIMACHINH BapHAIIMI0 OCHOBHOM MaTpHIEl MoaeH (1) MOXXHO onpenenuTs hopmy-
non

A=SDS], ®)
rue D:diag(P).

Ecmu BBecTn momonmanTensHBIN [Tl — KOMIOHEHTHBIN BEKTOp V
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y=DS] X, @
TO ypaBHeHHE (1) MOKHO MPEICTaBUTH CIETYIOMINM 00pa3oM
Ao X + Sl v=B; (5)
v=DS] X..

Pemenne cuctemsl (5) OXydnM B BHIIE
X =(1, - A*S,M;*DS])X,, ®)
e M, =1_+D 52T A;l S, |, — enunuunas marpuia nopsaxa M.

Bripakenue (6) mpezcraBisieT coboil anakonTHieckyo ¢opmyny Kpona, MoguduimpoBaHHyO A CH-
cTeMBbl ypaBHeHUH obuiero Buaa. [Ipu orsickannm pemenns: N1— mepHoii Bapsupyemoit monenu (1) mo ¢popmyne

(6) mopsinok obpamaemoii Mmatpunsl M|, paBen umciy M BapbUpyeMbIX KOI(QGHUIHEHTOB, KOTOPOE BO MHOTHX
3aJadax CyIIECTBEHHO MEHbIIE nopsinka N 6a3oBoi Moxenu. [Ipn 3TOM B BEIMHCIHTETLHON CXEME yJacTBYET HE

-1 o
IIoJTHasA O6paTHa$[ Marpuna ’Ab 0a30BOI MOJICITH, & TOJLKO YacTh €€ CTOJIOIOB, COOTBETCTBYIOIIUX HCHYJICBBIM
CTpOKaM MaTpPHUIIbI Sl , UUCJIO KOTOPBIX PABHO YUCILY CTPYKTYPHBIX IIEPEMEHHBIX CXEMbI Bapyaluid. MaTpu4HbIil
-1 o v o1 o
MHOXHUTECIIb A) Sl MOXET OBITH IIOCTPOCH Ha OCHOBE MaTPHUIIbI Sl , B KOTOPOH KaXXIbI J — i cronmben ¢ exn-

. A : -1
HUIIEH B MO3UIIUU (I, j) 3amensieTcs | —M cToab1oM MaTpUIlhI Ab .

[MpakTrdeckas peannzanus anroput™a (6) IOCTPOCHUS PEIICHNS BapbUPYEMO MOJAEIN OCYLIECTBISCTCS B
BHUJIE COBOKYITHOCTH CJIEYIOIINX MaTPHIHBIX IPOLEAYD:

M,Z =DS! X, ;
X' =A'S,Z; "
X =X, - X

Taxum 06paszom, pemerne X BapbupyeMoit mozeny Buza (1) onpenensercs Kak KOPPeKIHs peleHus Xo

*
0a30BOM CHCTEMBI. I[JI?[ OIIPEACICHUA KOPPCKTUPYIOLICTO BEKTOPA X H€O6XOZ[I/IMO PpCHINTh CUCTEMY JIMHEUHBIX

YpaBHEHUN C OCHOBHOM MaTpulei M nopsaka M . 13 BeipaxkeHust (6) Takxke cienyer, 4To oOpaTHas MaTpHiia

V'

~\-1
(Ab + A) MOITU(PHUIIMPOBAHHON CHCTEMbI IMEET BH/T

(A +A) =A"—AS, M, DS] AL (®)
3aBucumocTh (8) mpeacrapisiet coboit 00001IeHHe n3BeCTHOTO ToXkAecTBa [llepmana-Moppucona st 00pa-
EHUA MaTpUIbl C JUATHBIM JTOTIOJTHCHUCM.
Ecnu paccmarpuBath paciuiupeHHoe (a3oBoe mpocTpaHcTBO MoieiH (1), COOTBETCTBYIONIEE KOOPAHMHATHOMY
Bektopy X @ Vv, 10 ypaBHenue (1) MOKHO NPECTABUTH B CIEMYIONIEH GI0YHO-CTPYKTYPHPOBaHHOM (Gopme

0

~NoT | J
DS, | -1 v 0
roe 0Irq —nynesas I X (| —marpuna.

o H

mn i Y mm m ml
B ypaBuennu (9) marpunia Bapuanuii IMeeT CYIIECTBEHHO Pa3peXEHHYIO YIOPSJIOYEHHYIO CTPYKTYpY TaK
Ha3bIBAEMOTO Tn(m) — trmna [2]. BaxxHbIM CBOHCTBOM Tn(m) — CTPYKTYpPUPOBAHHOM MaTpHULbl BApUALIUH SABISETCS

WHBApPHAHTHOCTH €€ ()OPMBI OTHOCHTENILHO IIPe0Opa3oBaHNii OCHOBHOM MaTpHIbl 6a30BO# cucTeMbl. OcymiecTs-
71551 SKBUBANIEHTHOE NPe0bpazoBanye ypaBHEHHS (9) ¢ JIeBBIM HeocoGeHHEIM MHOKHTeneM L Buma

Aal O nm (10)
-DS, A1

m

MPECTABUM 3TO YPaBHEHHUE CIIEAYIONUM 00pa3oM
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L, A'S, X Xo (11)

IIpeo6pasopanue Mozenu (9) ¢ Muoxutenem L o6benunser onepamuio o6paienus 6a30B0ii MOIEIH U Hps-
MYIO TTOJICTaHOBKY ['aycca, OCyIIecTBIsieMyi0 B OCHOBHOM (ha30BOM IIPOCTPAHCTBE paccMaTpUBACMOM MOIEIH.
Ob6parHas noactaHoBka B cucteme (11) mpuBoaut x popmye (6) st permeHuss MoaudUIIpyeMoit cucteMsr (1).

[IpeobpaszoBanue coriacHo 3aBucuMocTsM (9) - (11) mpencrasiser co0ol HHTEPIIPETAIINIO 0OOOMCHHOTO

m -~
anroputMa KpoHa B Buze Tn( ) CTpYKTypH3anuu Moauduupyemoit monenu Buaa (1). Beranciurensnyto a¢-
(heKTUBHOCTH TaKOW CTPYKTYPHU3AIIH MOXKHO OIICHUTH €€ MPOPIITFHON XapaKTePUCTHKON — IMUPUHON 771 OKaiiM-
7™ - ii. B K T™ -
aeHusa B | (dopmate MaTpuubl Bapuauuii. B anropurme Kpona npoduns || CTPYKTYpPBI MaTpHIIbI Ba-

pHuanuit onpeaesnseTcs YUCIOM BapbUPYEMbIX 3JIEMEHTOB OCHOBHOM MaTpPHIIbl HCCIIEAYEMOI CUCTEMBI, YTO HETO-
CPE/CTBEHHO BBITEKACT M3 MYJIbTUILIMKATUBHONW (pakTOpH3aLUK At MaTpulpl Bapuanuid B Bune (3). [lpu atom
COBEpILEHHO HE YYHUTBIBAIOTCS OCOOEHHOCTH 3alOJIHCHUSI MAaTPUIIB! BapHalluil B KaXKJJOM KOHKPETHOM ciyuae. B

YaCTHOCTH, TAKME BAKHbIE XapaKTEPUCTUKH Pa3PEKEHHOCTH MaTpuilbl A | Kak JTOKajIbHbIE TPYTITHPOBKH 3J1EMEH-
TOB 3TOM MaTpPHUIIBI B IPOCTPAHCTBE €€ CTPOK U CTONIOI0B. [Toka3aTeapHOI B ’TOM OTHOIICHUH ABJISIETCS CUTYallUs,
KOTJ]a MaTpulia Bapuanuif N — MEpHOM CUCTEMBI COCTOUT U3 N 3JIEMEHTOB, MPUHAAIES)KAIIUX OAHOM CTPOKE MU
ctoibiy. [IpumeHenne B Takol cUTyalluu aaropurMa (6) TepseT CMBICH, TaK Kak MPUBOJUT K HEOOXOJUMOCTH

O6paH.[€HI/I$[ MaTpHulbL M y TOTO XK€ MOpsJKa, 4TO Uy OCHOBHOH MaTpulbl Ab 06a30Boif MOACIIN.

Mex 1y TeM SIpKO BBIPa)KCHHBIH BEKTOPHBIM XapakTep rpyNIHPOBKU 3JIEMEHTOB MAaTPHUIIbI BapHAIMH B yKa-
3aHHBIX CJIy4asX MO3BOJISIET NOCTPOUTH UCKIIOYHTENHHO 3()(HEKTHBHYIO BEIYMCIUTENBHYIO CXEMY JUIS HaXOXK/ie-
HUS PELICHHs] COOTBETCTBYIOIIEH MOU(UIIMPOBAHHON MOJIEIH.

Ionosum, 4To B MaTpuIle Bapuauuii A mopsiaka 77 OTJIMYHBIE OT HYIsS SIEMEHTBI CTPYHIHMpPoBaHbl B | — if

CTPOKE, KOTOPYIO 0003HAYUM Yepe3 Ri . Torma MaTpuIly BapUaIliii MOXKHO PEACTABUTh B AUaTHON hopme
A=¢R, (12)
rmue ei — €AVUHUYHBIA N — KOMIIOHEHTHBI BEKTOp C €AUHULIEH B I—i MO3HUIIUH.

. 1
Taxas daxropuzanus MaTpHUIIbl BapHalMii TO3BOJISET OCYIIECTBUTD Tn( ) CTPYKTYPH3AIHIO MOJU(DUIIHPY-

€MOH CHCTeMBI ¢ MUHUMAJIBHBIM IIpoduieM (m = 1) B PACILUPEHHOM (n + 1) — MepHOM ()a30BOM IPOCTPAHCTBE

X X 0 (13)

rae V — ckamsp.

OcymecTsisist anroput™ ["aycca, pemenne monenu (13) monydum B BUze

R X
X =X, ——20 h,
1+R h
B aroii popmyne hi — | —ii cron6en MaTpHUIbI Ab_ ', Takum 00pa3oM, B paccCMaTpHBAEMOM CIIydae BBIYHC-

JUTEIBHBIA 00BEM aJrOpUTMa PeIIeHNsT MOJUPHUINPOBAHHON MOAETH N — TO MopsAaKa ¢ N BapbHPYEMBIMH 3Jie-
MCHTaMH, MOJIYYCHHOT'O Ha OCHOBE Tn(l) — CTPYKTypHU3allMU MOACIH, OTIPEACIACTCA IBYMS CKAJIAPHBIMHA IIPOU3-
BCIACHUAMU. D10 Ha JBa MOpAJIKa SOKOHOMHUYHEE, YEM MPAMOC PCIICHUE HOBOT'O MapaMETPUICCKOro BapruaHTa 1ucC-
cretyeMoi Mozen ¢ OcHOBHOI Marpuneit Ay + A niu pewenne storo Bapuanta no cxeme Kpowa.

OTnUUNTEeNFHON YepTOl METOJIOB, OOBEANHAEMBIX Ha3BAaHUEM ‘‘TEXHOJIOTHS Pa3peKEHHBIX MATPHIL’, SBII-
etcs 3¢ pexkTHBHOE HCIIOTIB30BAHNE PA3PEKEHHOCTH 00pabaTHIBAEMBIX MAaTPHI] C TOYKH 3PEHUS SKOHOMIH ITaMsATH
W BBEIYUCIUTEIHHOTO BPEMEHH. | paHuIa MeX 1y MIIOTHRIMHU U Pa3peKeHHBIMU MaTPULIAMHU B BRIYHUCITATEIBHBIX
3ajJa4ax BeCchbMa 3bI0Kast, OCKOJBbKY CaMO MOHITHE pa3pekKeHHOW MaTPHIIBI SBIISETCS IBPUCTHUECKHUM : MaTpHUIIA
pasperkeHa, eciii €CTb BO3MOXKHOCTh M3BJICUb BEIYUCIIUTEIbHYIO BBITO/ly N3 HAIMYHUS B HEW JOCTaTOYHO OOJIBIIOTO
yHcla HyJIEBBIX 2IEMEHTOB. Takas BO3MOXKHOCTb, a, CIEI0BATENIBHO, U CaMO ONpPEENICHHE Pa3peKeHHOCTU MaT-
PHIIBI OIMpAETCSl Ha TPHU B3aMMOCBSI3aHHBIX (PAKTOpa: CTPYKTYpY 3aIllOJHEHHOCTH 00pabaThiBaeMOM MaTpHIb,
IPUMEHSIEMbIE aITOPUTMBI PacyeTa U JOCTYIHbIC BHIYUCIUTENbHBIE CPEACTBA.

[Tpn Hanmm4uu 1OCTaTOYHO OOJNBIIOro YMciia HyJeH B 0OpabaTbiBaeMOi MaTpHLE, T.€. IPH CYIIECTBEHHOM
CTENCHU €€ PAa3PEKCHHOCTH, OMPEIEIAIOIUM (HaKTOPOM JUIsl BBIYUCIUTENHHO 3((EKTUBHOTO HCIIOIb30BAHMS
3TOr0 OOCTOSITENILCTBA SABJISACTCS YHOPSIJOYEHHOCTh CTPYKTYPBI 3aloTHEHHs MaTpuipl. Kak mpaBmiio, crocoOs
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npeoOpa3oBaHus sl 00ECICUSHHUS ONPE/ICIICHHBIM 00pa30M YIOPSI0YSHHON CTPYKTYPbI 3aIlOJHEHUS] MaTPHII
COCTOSIT B TIEpPECTAaHOBKE CTPOK M cToyOIOB [3]. Ecnm cTpykTypa 3armoiHeHHs MaTPHIIbl W3HAYaIbHO HUKAK HE
YIOpsI0YEeHa, TO HANTH COOTBETCTBYIOIIME MAaTPHILBI IEPECTAHOBOK OYEHb TPYAHO. J{JIs 3TO Liesin NpuXxoauTcs
NPUBJICKATh PAa3IMYHbIE METOJ(bI KOMOMHATOPHKH, TEOPUH I'padoB, LEJIOYHCICHHOTO TPOrPaAMMHUPOBAHHUS U T. II.
OpnHaKo 3aTpaThl HA MPEABAPUTENILHOE NPeoOpa3oBaHKe Pa3peKEHHBIX MAaTPHLl BIIOJHE OKYNAIOTCS, €CIIU CaMU
MaTpHIBI UMEIOT OOJIBIINE pa3MEPHI U 33/1a41 C HUIMH PEIIAIOTCS MHOTOKPaTHO. MI3BeCTHBI IpUMEpHI, KOT/1a yiad-
HOE YNOpsI0YeHNE OCHOBHON MaTpHIIBI CHCTEMBI JINHEHHBIX YpaBHEHUH OOJBIIONW pa3sMEpPHOCTH MO3BOJLUIO Ha
HECKOJILKO TOPSAKOB YMEHBIIHUTh YHCIIO BBIMOIHIEMBIX apU(PMETHYECKUX ONEpalvii IPH PELICHHN CUCTEMBI U
CTOJb K€ A(PPEKTHBHO COKPATUTH 00beM HEOOXOAUMO OTIepaTuBHON maMATH [2].

(m) o o o
Tn — CTPYKTYpHU3alus JUHCUHBIX MOJECJIIEH B PACHIUPEHHOM (1)a3OBOM MMPOCTPAHCTBE MPEACTABIIACT coboit

NPUHLIMITHAIEHO HOBBIH MOJXO0J K MPOOJIeMe HCIIOIb30BaHUS pa3pekeHHOCTH o0pabaTbiBaeMbIX MaTpui. ['naB-
HBII1 CMBICII IIpEIaraeMot CTPYKTYpPH3aLUH 3aKJI09ACTCS HE B YIIOPSIOYSHUH CTPYKTYPHI 3aIIOJTHEHHUS MaTPHIIBI,
MMEIOIIeH N3HAYaIbHO PAa3pPEKCHHBIN XapakTep, a B SKBUBAJIEHTHOM NPeo0pa30BaHUM UCXOMHO IUIOTHO 3aIloj-
HEHHOM MaTpHIEI B pa3pesKeHHYI0 MaTPHUILy C YHUGHUIIMPOBAHHON CTPYKTYpoii 3anmonHeHus. K cdepe memecood-

m o o
Ppa3HOTO MPUMCHCHUA Tn( ) CTPYKTYpU3allUU JIMHECUHBIX MOJCIICU MOKHO OTHECTH : 3a/la4y pacyeTa CJIO0KHBIX

CHCTEM TI0 YaCTSIM ; COCTaBHBIE MOJICIH CHCTEM arperaTHO-MOJYJIbHOTO THIIa; MHOTOBAapHUAHTHBIC PacUeThl JIU-
HEWHBIX MOJIENIEH ITPH CTPYKTYPHO-TIapaMETPUIECKIX U3MEHEHHUAX NCCIIETyEeMbIX CUCTEM, BKITIOUast HX PaJNKallb-
HYIO PEKOHCTPYKIIMIO 3a CYET PACIIMPEHUS WM CXKATHS OCHOBHOTO CTPYKTYPHOTO IIPOCTpaHCTBA. B 3amavax Ta-
KOT'O POJIa OCHOBHAsI MaTPHIA MPEACTABISIETCS CYMMOH JIBYX MaTpHIl, OJHA U3 KOTOPHIX (CTaOMIIbHAs) COOTBET-
CTBYeT HEKOTOPOW OCHOBHOH (0a30Boif) cucteme, a BTopas (B oOmeM ciydae BapbHpyeMas) OTpaskaeT
B3aUMOCBSI3H MEXAY Pa3IMuHBIMHU YacTsIMH OCHOBHOM CHCTEMBI WJIM M3MEHEHUs ee mapaMmeTpoB. T.e. BO Bcex
Ha3BaHHBIX CJIydasx MaTpUYHas pacueTHas Mojesb uMmeeT Bux (1).

(m) Lo
Kpurepuem spdextuprocTd 1 — CTPYKTYpU3ALUH JHHEHHON MOJIETH CITy)KUT NPOQUIbHAS XapaKTepH-
o m
ctuka M. ObecniedeHne MUHUMAIBHOTO PO(IIIS SKBUBAIICHTHON Tn( ) MOJIEITH OCYLIECTBIISICTCS 3a CUET Lie-

HeHaHpaBHCHHOﬁ JCKOMIIO3UITNH BapBpreMOﬁ COCTaBJ’IH}OH.Ieﬁ A OCHOBHOI1 MaTpHuIbl paC‘IeTHOﬁ MOACIN B
MNPOCTPAHCTBE €€ CTPOK U CTOJ'I6LIOB. MuHUManbHBIN HpO(I)I/IJ'IL OIMpeACIIACTCA MUHUMAJIbHBIM YHUCJIOM KOpTe)KCﬁ

HEHYJIEBBIX JIEMEHTOB, IPYIIUPYEMBIX B IIPOCTPAHCTBE CTPOK M (1K) cToa610B Matpunsl A . Koprex s1emen-

TOB, IPUHAIEKAIINX OJHON CTpOKe MaTpUIbl A, MOKeT OBITH MpeCTaBIIeH B quaaHoil popme (12). B sxBuBa-
JICHTHOU MO/JIEJIA TAKOMY KOPTEXKY COOTBETCTBYET OJHOMEPHBIH MPOQ b, KaK 3TO CieAyeT u3 Beipaxkerus (13).

AHaJIOTMYHO MOYXHO MOKa3aTh, YTO KOPTEK 3JIEMEHTOB, IPHHAIEKAIIMX OJHOMY cTOJOIy Matpuisl A, npu

(m) .
T, — cTpykTypusamn pacueTHOi MOJENH Takke MOPOKAAET OJHOMEPHYIO MPODUIBHYIO COCTABISIOUIYIO B

SKBUBAJICHTHON Mojiesu. J[eficTBUTENbHO, €ClM HEHYJIEBbIE DIEMEHTH MaTpuilbl A CrpylnupoBaHbI B OJHOM

cronbue C j » TO Ty MATPHILy MOXXHO NIPEICTABUTH B 1HaIHON popme

A=C,el, (15)

1 . . . .
a Tn( ) CTPYKTYPHUPOBaHHBIN 00pa3 pacueTHOH MozaenH (1) mpuMeT crenyromuii OJI09HbIA BUA

(16)

Pemenne cucremsl Beipakaercs: popmynoi

X=X, -—L—A'C,, (17)

i -1
rae Xo; u Q- onemeHT BeKTopa Xo u ] — s crpoka matpuusl A .
B o6uieM ciyuae, koraa 3 (peKTHBHOE HCIIOJIB30BAHME 0COOEHHOCTEH CTPYKTYpHI 3aII0IHEHUsS MaTpuibl A
npeamnojiara€t CMEMAaHHYI0 I'PYHITMPOBKY €€ HCHYJIEBBIX OJICMCHTOB B BUJIC OTJACIIBHBIX CTPOK U CTOJ'[6[IOB, npu-

MEHSETCs lyajlbHast TAKTHKA AUajHoM (akTopusauu MaTpusl A , 6asupyrolascs Ha COOTHOIIEHUsX Bua (12)
u (15).
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Ilyctes R, C — 1eKOMIIO3UITMOHHBIE MATPHIIB BAPHAIHI, MPEACTABIIIONIAE COOOH HEMEPECEKAIOIIUECS CO-

BOKYIIHOCTH HeHyJIeBbIX [) cTpok 1 (| cTOIOLOB MaTpHULIbI A nopsaxa N . Toraa MaTpuily Bapuanuii A moxHo
3ammcaTh B CIEAYIONIeH alJUTHBHON (hopme

A=E,R+CE], (18)

rue ER " E — Matpunsl ¢ pasMepamu NX P u N X (, cocTaBneHHbIC U3 CAMHAIHBIX BEKTOPOB, OTBEYA-
IOMIHUX TII00aIEHBIM HOMEpaM (B OCHOBHOM (pa30BOM IPOCTPAHCTBE PacUeTHON MOJIENN) COOTBETCTBEHHO CTPOK
MaTpHIbI R U CTOJIOLIOB MaTpPHIIBI C B paccmarpuBaemoM o01ieM cirydae T( ) — CTPYKTYPHUPOBAHHYIO MO-

Jens ¢ mpoduneM M= P+ ( pacyeTHOH cucTeMsl BHAa (1) MOKHO MPEICTABUTH CIETYIOMUM 00pa3oM

L AVITXT X, (19)
H ! -1 Vv 0. |

m ml

roe V— (p + Q)— KOMIOHEHTHBIH BEKTOp JOMOIHUTENLHBIX MepeMennbix, a H |,V — 61ounble MaTpuib
BUJA

H=|—|; v=[E, C].
Cc
Beimosnsss npsiMyro MOACTaHOBKY ['aycca B mpejienax OCHOBHOTO ()a30BOTO MPOCTPAHCTBA PACUETHOU MO-

JIETIH, TIOJTyYNM peleHne cucteMsl (19)

(20)

1
X = |n—A51v(|m+HA51vT H [ Xg. (21)

Ioctpoenue o Gopmyste (21) pemieHus BapbUPYyEMOil MOJIENN C JIOKAJILHO TUIOTHOW MaTpUIlel BapHaiuii
A, coneparneii B o6mem ciyuae [ (n - q)+ (N snemenToB, NoTpebyeT peIeHHs BCIOMOIaTEILHON CUCTEMBI
JIMHEHHBIX YpaBHEHUH MOpPSIKa (p + Q)< N. TIpeo6pasoBanue KpoHa B 3TOM Cilyyae COBEPILUEHHO TepSET
CMBICII, TaK KaK MPUBOJHUT K HEOOXOIMMOCTHU pelIaTh CUCTEMY ypaBHEHHU mopsiaka [ (n - C])+ gn, xoropsrit
npH (p + q)) 1 cymectBenno npeBsimaeT mopsIOK pacyeTHONR MO

IIpn Tn(m) — CTPYKTypH3alluu JHHeitHOH Mozaenu (1) Ha OCHOBE aJIUTHBHO-IUAIHON (haKTOpU3ALUU MaT-
puLbl Bapranuii B Bue (18) MuHuMu3anms npoduiist 71 3KBUBAICHTHON MOJIENU JOCTHIAETCs 32 CUET M0Cie/0-

BaTCJIbHOI'O BBI60pa H3 MaTpUIbI A €C CTPOKHU HJIN CTOJ'I6LIa ¢ HanOoiee JUIMHHBIM Ha TCKYIIEM IIare KOpTeKEM
HCHYJICBBIX 3JICMCHTOB. BLI6I/Ipa€MBI€ CTPOKHU U CTOJ'I6L[LI NMOMCHIAOTCA B COOTBECTCTBYIOMIYIO ACKOMIIO3UIIUOH-

Hyto matpuity Bapuanuii R wmu C . B o6uem ciyuae ojjHa U3 9THX MaTpHIl MOXKET OKa3aThCs MyCTOM.

CxeMa MUHUMH3AIUHN TPOGUIISA Tn(m) — CTPYKTYpHPOBAHHOTO MPOCTPAHCTBA pacueTHO Monend (1) Moxer
OBITH PaIMOHANTBEHO PEANTN30BaHa C UCTIOIB30BAHIEM CXKAThIX MATPHI] HHIIUACHITIHA Slr ) SZr . B maTpumax storo
BHIa y4acTBYIOT TOJIBKO OTOPHBIE y3JIbl (CTPYKTYpHBIE epeMeHHbIe) cxeMbl Bapranuii : I} 3axomsuux u I, nc-
XoAsmux y3710B. Ha ocHOBe ckaThIX MaTpull MHIMJICHIIUM JIJIs (I"l + rz)_ Y3JI0BOM CXEMBbl BapHUallii MOKHO TO-
CTPOUTE CKATYIO0 7} X 7, —MaTpHIly BapUalui Zr B (hopMe, aHATIOTHYHON BRIpaykeHHIO (3)

A =S,DS;, . (22)

I'noGanbHas mMaTpuna Bapuamuii A mopsiika N MoxeT ObITh PEKOHCTPYMPOBAHA HA OCHOBE CHKATOM Mart-
PHIIBI BapHAINA, €CIIM MOCIEAHSS COIPOBOXKIACTCS IBYMS JIEKCUKOTpa(pHIECKH YIOPSA0Y€HHBIMI HOMEPHBIMU
KOpTE)KaMu Nlr1 N2r , comepxarumu cootserctsenno I} u I, anementos. Dnementamu 3THX KOpTEXeil ciny-

Kat T100abHbIe (B OCHOBHOM CTPYKTYPHOM HPOCTPAHCTBE PacdeTHOM MOJIETIN) HOMEpa y3JI0B roarpada cxemsl
Bapuanuii, MHIUJICHTHBIX COOTBETCTBEHHO 3aXOJSIIUM U UCXOJSIINM BEeTBsIM. [ mobanbHasi MaTpuiia BapHaui
MOXET OBbITh OJTy4eHa KaK paclIMpEeHHUe CKATONH MaTpHUIIbl Bapuanuii 3a CUET [OCIEA0BATEIEHOTO (POPMUPOBAHUS
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y nocienuein N — I} HyeBbIX CTPOK ¢ HOMEPaMH U3 MHOXKECTBA N1 u N — T, HyneBbIX CTONOLOB C HOMEPaMHU U3

muoskectea N 5 .

N,=N\N,; N,=N\N, ; N=(K,n), (23)

rae cuMBoI \ 0003HaYaeT Pa3HOCTh MHOXKECTB.
JIeKOMIIO3HIHsI MATPHILIBI BApHAIMI B IIPOCTPAHCTBE €€ CTPOK M CTOJIOIOB TI0 MPEATIOKEHHOI BBIIIE CXeMe
MOCIIEZI0BATEIBHOTO BEIOOPA CTPOK U CTONOLOB ¢ Hanboee ATMHHBIME Ha TEKYIIEM IIare KOPTeKaMHi HeHYIeBbIX

3JIEMEHTOB IEPBOHAYATIBHO OCYIICCTBIACTCS HA OCHOBE CKAaTOW MaTpHibl Bapuammii A, . B pesymbrare, B
P X ( — noampoctpancTBe MaTpuIbl A HOPMHUPYIOTCS CxKaThIe AEKOMIIO3HIIHOHHBIC MATPHIIBI BAPHALAIA Rr
51 Cr C pasMepamu COOTBETCTBEHHO P XTI, u I} X (] . ITonHbBIE JEKOMIIO3HIMOHHEBIE MATPUIIEI BAPUALIUH R u

C , otBeuaromue ocHOBHOMY (ha30BOMyY TIPOCTPAHCTBY PACUETHOM MOJIENH, PEKOHCTPYHPYIOTCS HA OCHOBE CBOMX

ckatbix 06pasos R, u Cr 3a cyer nocienosatesnbHoro popmuposanus : N1 — I, HyneBbix cTonbLOB ¢ HOMepamu

U3 MHOYKECTBA N2 -y marpuisl R, ; N — I HyneBbIX CTpoK ¢ HOMEpaMH U3 MHOXECTBA Nl - y matpuust C, .
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pa3peKeHHBIX  MATpUIl B  JUHAMHKE  CHCTEM.-
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