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MINIMALLY INVASIVE CARDIAC SURGERY TECHNOLOGIES
ON OPEN HEART SURGERY (literature review)

Abstract. Over the past decades, operations using mini-invasive access have been firmly established in the
practice of many cardiosurgical clinics around the world. In some clinics, this type of intervention accounts for 65%
of the total number of operations. Incorrectly selected access is the reason for the conversion of the section, which to
some extent discredits this technique and refusing to use it in practice.

The variety of existing accesses requires clear indications and contraindications to their choice. However, there
is no unified opinion on this issue in the contemporary literature. Thus, the development of an algorithm for
selecting access in operations from mini-accesses can lead to an improvement in the quality of cardiac surgical care.

Methods of research. History of development of minimally invasive access.

Results. This article presents literature data on existing accesses in valvular operations and presents in-depth
studies reporting that, despite the apparent benefits of longitudinal median sternotomy as access to the heart, there
are possible disadvantages of access associated with large trauma, which are some of the main contributing factors
for the development of mediastinitis in the early postoperative period.

Key words: mini-invasive access, minimally invasive technologies, longitudinal median sternotomy.

Over the past decade, the surgeries with using minimally invasive approach are firmly implemented
into the practice of many cardiac clinics in the world. In some hospitals, such interference amounts to
65% [1, 2] of the total number of operations. Wrongly selected approach is the cause of the conversion of
the discussion what discredits this technique to some extent; also it is the reason for not using the
technique in practice.

The diversity of existing approaches requires precise indications and contraindications to choose
them. However, there is no consensus about this issue in the modern literature. Thus, the development of
the algorithm which helps to choose an approach for operations between the mini-approaches may lead to
increasing the quality of cardiac care. Also, the selection criteria of choosing an approach have to be
verified depend on the pathological state of each of the valves and the individual patient's anatomy. The
indications and contraindications for minimally invasive interventions in the presence of acquired valvular
disease (AVD) are not developed.

There is no consensus on how to connect (before the abbreviation should be written the full term) IR
apparatus, supply cardioplegic solution in the literature; the need for the development and use of special
tools is pointed [3-5].

The first publications about successful operations on the valves of the heart with using mini-approach
appeared in 1996 [6]. Among the advantages of the usage of minimally invasive techniques, following
benefits are emphasized: reducing of surgical trauma, shortening the time of stay in intensive care and
hospital, decreasing of purulent complications, blood loss, good cosmetic effect, and others.

In the modern medicine, the quality of life takes on great importance, what determined significantly
by the cosmetic effect of the surgery. Thus, according to M Massctti: "If the size and quality of the rumen
can reduce psychological stress of a patient, it should be considered during planning an operation."

The variety of combinations of types of the constitution and the options of heart diseases requires the
surgeon's ability to possess different variants of mini-approaches. The literature suggests several methods
of choosing a surgical approach, based on preoperative imaging. The simplest one is to use X-rays. In
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addition to the X-ray picture, the patient's constitution and related variants on interrelations of internal
organs and skeleton are taken into account [7, 8].

Another technique involves the usage of transesophageal echocardiography performed on the
operating table after intubation, but before the skin incision [9]. The technique which allows very
accurately determining the position of the heart and selecting the desired approach is spiral computed
tomography (CT). The selection of spiral CT for this purpose was based on the accuracy of the method, its
non-invasive, the possibility of simultaneous imaging of bone structures and soft tissues, as well as
determining the spatial relations in a chest. Wrong selected approach is the cause of the conversion of the
discussion what discredits this technique to some extent; also it is the reason for not using the technique in
practice.

Currently, for the correction of heart defects, the following types of minimally invasive approaches
are used:

1. Open technique with using small incisions (8-10 cm) and traditional IR connection [6, 10-15].

2. «Port-access» technique, when IR connected through the femoral vessels, the aortic occlusion by
endoaortic balloon catheter, video support; the operation is performed through small (port) routs [16-20].

3. Combination (the technique includes elements of the «Port-access» in conjunction with traditional
methods of heart surgery [1, 21-28]).

Recently, the reports about the operations performed in cardiac surgery with using robotics have
published [27, 29-33].

Most authors, who use minimally invasive surgery, noted a decrease in injury rate of operations, pos-
toperative complications, shorting periods of staying in hospitals, a good cosmetic effect [7, 21, 34-38].

Many of the questions in this section of Cardiac have been studied insufficiently. Thus, the selection
criteria of choosing an approach have to be verified depend on the pathological state of each of the valves
and the individual patient's anatomy. The indications and contraindications for minimally invasive
interventions in the presence of acquired valvular disease (AVD) are not developed. There is no
consensus on how to connect (before the abbreviation should be written the full term) IR apparatus, supp-
ly cardioplegic solution in the literature; the need for the development and use of special tools is pointed
[3,5,39-41].

The prosthetics technique of aortic, mitral, tricuspid valves, plastic septal defects has become a
waste, routine procedure, where route to the heart is made through the longitudinal median sternotomy
(LMS), which is recognized as the "gold standard" in the performance of all cardiac surgery with cardio-
pulmonary bypass.

Despite of the apparent advantages of the LMS like the access to the heart, the in-depth studies in
recent years have reported the possible weakness of access associated with large traumatic, what is one of
the main factors involving the development of mediastinitis in the early postoperative period. Infections of
superficial soft tissue at the LMS increase the risk of deep sternal infection with necrosis of sternal and
the development of mediastenita. Postoperative mortality caused by the last option can reach 50%. The
development of deep sternal infection in the early postoperative period may lead to such severe compli-
cations as the arrosive bleeding; in the long term period can cause diastasis of sternum with the necessity
of re-operation [8, 42-55].

Another indication of LMS traumatism is severe pain syndrome in the early postoperative period,
what requires repeated use of analgesics, even after discharge. In turn, the pain syndrome and the usage of
narcotic analgesics may cause the phenomenon of respiratory failure due to the breach of respiratory
mechanics in the early postoperative period [20, 52].

In connection with the abovementioned, cardiac surgery has changed its direction towards the
reduction of invasiveness; as a result, the new trend "Minimally invasive cardiac surgery (MICS)" has
appeared, and it has been accepted and approved as the new technique at the International Forum Society
of minimally invasive surgeries in 2003 (STS National Database, 2003;) [5, 24, 56-59].
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AO «HanmoHanpHBIN HAYYIHBIA KapIHOXUPYPTUIECKUNA IIEHTP», AcTana, Kazaxcran

MUHUHNMAJIbBHO NHBA3UBHBIE KAPINOXUPYPI'MYECKHUE
TEXHOJIOI'UU ITPU OTKPBITBHIX OIIEPALIUAX HA CEPALE
(muTeparypHblii 0030p)

AHHOTanus. 32 MOCJIEAHUE NECATHICTUS ONEPAllMU C MCIOJIb30BAaHWEM MUHHHMHBA3MBHOTO JOCTYNA MPOYHO
BHEJIPEHBI B MPAKTUKYy MHOTHX KapIHOXUPYPrHYEeCKUX KIMHUK MUpa. B HEKOTOpBIX KIIMHMKaX, MOJOOHOrO poja
BMEIIATENBCTBA COCTABIAIOT 65% OT 00Iero koiuyecTsa ornepanuid. HenpaBuibHO BHIOpaHHBIA JOCTYI SIBISETCS
HpH‘lHHOpI KOHBEpTAllMU pas3pei3a, 4TO B onpe,ueﬂeHHoi& CTCTICHU AUCKPCAUTHUPYET AaHHYIO MCTOAWKY U ABJIACTCA
NIPUYMHOI 0TKa3a OT €€ MCIOJIb30BaHUs B IPAKTHKE.

Muoroo6pasue CymecTBYIOMNX JOCTYIIOB TPeOyeT YETKMX IMOKa3aHWH M HMPOTHUBONOKA3aHWH K WX BBIOODY.
OpHaKo eIMHOT0 MHEHHUSI 110 JaHHOMY BOIIPOCY B COBpPEMEHHOI1 uTeparype HeT. Takum 00pazom, pa3paboTka ajro-
puTMa BbIOOpa OCTyINa MPH ONEPALUSIX U3 MHHU-IOCTYIOB MOXKET NMPHUBECTH K TOBBIIICHUIO Ka4eCTBa OKa3bIBae-
MOH KapIHOXUPYPTUYECKOHN TOMOLLIY.

Memoowr uccnedosanus. VIctopust pa3BUTHSI MUHUMAJIbHO WHBa3UBHOW JOCTYMA NPH KIIANaHHBIX OINEpanusix

cepaua.

Pesynvmamei. B cTaThe NpUBEIEHBI IUTEPATYPHBIC JaHHbBIC O CYILIECTBYIOLIMX IOCTYIAX MPH KIIAaHHbIX Olle-
pauusix ¥ NpeCTaBICHbl YriyOJIEHHbIE MCCIIE0BAHUS, KOTOPbIE COOOIIAIOT, YTO, HECMOTPSI HA BUAMMbIE MIPEUMY-
miectBa [ICC kak gocTyma K Cepiily, eCTh BO3MOXHBIC HEIOCTATKH JOCTYIIA CBS3aHHBIX C OOJIBIIOW TpaBMAaTHY-
HOCTBIO, KOTOPBIC ABJIAIOTCA OAHMMU M3 OCHOBHBLIX MNPpEAIIOararomiux (baKTOpOB JJId pa3sBUTUA ME€AUACTUHUTA B
paHHEM MOCJIEONIEPALIMOHHOM MTEPUOJIC.

KiroueBble cjI0Ba: MUHHMHBA3HBHEINA JOCTYI, MUHIMHBA3UBHBIC TEXHOJIOTUH, IPOIOJIbHAS CPETUHHAS CTEp-
noromus (IICC).

3a nocneqHUe AECATHIICTHS ONEPALIMH C UCTIOJIb30BAaHNEM MUHUMHBA3UBHOTO JOCTYIA IPOYHO BHEA-
PEHBI B MPAKTUKY MHOTHX KapAMOXUPYPIWYECKUX KIMHUK MHUpa. B HEKOTOpBIX KIMHUKAX, MOAOOHOTIO
pola BMemaTenbecTBa CocTaBIsIioT 65% [1, 2] or obmiero konudyectsa onepaunii. HernpaBuiabHO BBIOpaH-
HBIH JAOCTYII SIBJIAETCSA MPUYMHON KOHBEpTALMU pa3pesa, YTO B ONpEAEICHHON CTENEHH TUCKPETUTHPYET
JaHHYIO METOAMKY U SIBJISIETCS IPUYMHOM OTKAa3a OT €€ UCIIOJIb30BaHUs B IPAKTHKE.

MHoroo0pasue CyHiecTBYIOUIMX JAOCTYIOB TPeOyeT YEeTKUX MOKa3aHWH W MPOTHBOIOKA3aHUHA K WX
BbIOOpY. OJHAKO €MHOTO MHEHUS MO JaHHOMY BOIIPOCY B COBPEMEHHOHU nuTeparype HeT. Takum obOpa-
30M, pa3paboTKa anropurMa BbIOOpa IOCTYyNa NPH ONEpalusiX W3 MHHHU-IOCTYIIOB MOKET MPHUBECTH K
MOBBIIICHUIO KAa4yeCTBAa OKAa3bIBAEMOM KapIUOXMpypruueckod momomu. Taxoke, TpeOyIT yTOUYHEHHSA
KPUTEPHUHU BBIOOpA AOCTYTA K KJIAaHHOMY alIiapary cep/iia B 3aBUCHMOCTH OT ITaTOJIOTHYECKOTO COCTOSI-
HUS K&KIOr0 U3 KJIAallaHOB M MHIMBHUIYaJbHBIX aHATOMHUYECKHX OcOoOeHHOcTel maruenTta. He paspabo-
TaHbl TOKA3aHWs U IPOTHUBONOKA3aHWA K MUHHMMAJIBHO WMHBA3UBHBIM BMELIATEJBCTBAM IIpU Hpubdpe-
TeHHBIX mTopokax cepaua (I1I1C).

B nurtepaType HeT eAMHOrO MHEHHs O croco0ax MOAKIIOYECHHUS ammapaTa MCKYCTBEHHOTO KpPOBO-
obpamenus (MK), monaun kapAnOMmIerHuyeckoro pacTBopa; yKa3blBaeTcsi Ha He00X0IUMOCTb pa3paboTKu
Y IPUMEHEHHUS CIeIHAILHOTO HHCTpyMeHTapus [3-5].

[lepBbie myOnaukanuu 00 YCHEIIHBIX ONepalMsx Ha KiamaHax ceplaua C HCIOJb30BAHUEM MHHU-
noctymna nosBuinch B 1996 r. [6]. Cpenu nperMyIIecTB UCIONb30BAaHUSI MUHUMHBA3UBHOW TEXHUKHU BBI-
JEAI0T: YMEHBIICHUE XUPYPTUYECKOH TpaBMbl, YKOPOUCHHE BPEMEHHM IpPEObIBaHUSA B pEaHUMAlUU U
CTallMOHApPE, YMEHBIICHUE THOMHBIX OCIOKHEHHUH, KPOBOIIOTEPH, XOPOILUI KOCMETHYECKUH AP HEKT U JIp.

B coBpemeHHOM MeaMLIMHE KaueCTBO KU3HU NPUOOpETaeT HeMaJOBaXXHOE 3HAYCHUE, YTO B HEMAJION
CTETIEHU OmpeenseTcs KocMeTndeckuM 3ddekrom ot omepanuu. Tak mo mMHeHWI0O M Massctti: "eciau
pasMep W KauecTBO pyOlla NMPHBOAUT K CHHIKCHHUIO MCHXOJOTMYECKOTO CTpecca MalleHTa, TO ¢ STHM
HEOOXOJMMO CYHTAThCS NPHU IIAHWPOBAHHUHU OTeparun”

MHoroo0pasue codeTaHui TUIOB KOHCTUTYLMH C BapuaHTAaMH IAaTOJIOTHM ceplua TpeOyeT OT Xu-
pypra yMeHus BJIaAeTh pa3IMYHbBIMU BapUaHTaMU MUHHU-JOCTYIIOB. B nuTeparype npeiaraercst HeCKOJIb-
KO METOIMK BbIOOpa XHUPYPrHYECKOTO IOCTYIa, OCHOBAHHBIX Ha JOONCPAIMOHHOW BH3YaJIU3aLHH.
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Hambonee mpocroii sBiIsieTCss MCIIONB30BaHUE pPEeHTreHorpaduu. B momonHeHne K peHTreHOIOTHYeCKOn
KapTHHE YYUTHIBAETCS KOHCTHTYIHMS TMAI[MeHTa M CBA3aHHbIE C HEW BapHaHTHI B3aWMOOTHOIICHHS BHY-
TPEHHUX OPraHOB U KOCTHOTO ckeneTa [7, 8].

[pyrasg Meronuka MpeanoyiaraeT HCIoJb30BaHuE upecnumieBonHo OxoKI', BeimomHsemol Ha
OTIepaIIOHHOM CTOJIE TOCIie HHTYOAaIuH, HO JIO BBIMOJHEHUST KOKHOTO paspesa [9]. Meromukoii, mo3Bo-
JSIONIe OYeHb TOYHO OIPENEeNTHTh TOJO0KEHHE CepAla M BBIOpaTh TpeOyeMbIid JOCTYII, SABISETCS CITH-
panbHas kommblotepHas Tomorpadus (KT). Beibop cnmpansroit KT anst sToi menm ObuUT OCHOBaH Ha
TOYHOCTH METOla, €r0 HEMHBAa3MBHOCTH, BOZMOKHOCTH OJTHOBPEMEHHON BU3yallM3allid KOCTHBIX CTPYK-
Typ W MATKHX TKaHeW, a TakXKe ONpeAeNIeHHs NMPOCTPAHCTBEHHBIX COOTHOIIEHWH B TPYIHOW KIETKE.
HenpaBunbHO BBIOpaHHBIM JOCTYN SBISETCS MPUYMHONW KOHBEpPTAIMM pa3pes3a, 4TO B ONpeeseHHON
CTENIEHH NUCKPEAUTUPYET JaHHYI0 METOAMKY M SBISETCA NMPUYHMHOM OTKa3a OT €€ HCIOJIb30BaHMS B
MpPaKTHKE.

B Hacrosmee BpeMs A KOPPEKIIUU MTOPOKOB CEepIla UCIOIB3YIOTCS CIEAYIONINE BUIbl MUHUHHH-
Ba3MBHBIX JJOCTYIIOB:

1. OTkpbITas TeXHHUKA ¢ MPUMEHEHHEM HeOOJbIINX pa3pe3oB (8-10 cM) U TpaAUIIMOHHBIM TTOKITIO-
genuem UK [6, 10-15].

2. «Port-access» TexHHUKa, MPU KOTOPOHl ocymiecTBisoTcs mnoakmoueHue MK uepes OexpeHHbIE
COCYBI, OKKITFO3HS a0PTHI 3HI0A0PTAIBHEIM OaNIOH-KaTETEPOM, BHIICOTIOAIEPIKKA, U OIEPAIHs BHITION-
HsETCS Yepe3 Malible (MOPTOBEIe) MOCTYIIH [16-20].

3. KomOuHMpoBaHHas (TeXHUKA, BKIIOYAIOIas dIeMeHTHl «Port-access» B coueTaHUM ¢ MpUEeMaMu
TpaZuIIMOHHON Kapauoxupypruu [1, 21-28].

B mocnenHee BpeMsi MOSBHIMCH COOOIICHHS 00 OMNEpaIusaX, BHITIOIHIEMBIX B KapIHOXUPYPTHH C
MOMOIIEI0 poboTorexuuku [27, 29-33].

BoABIIMHCTBO aBTOPOB, MCHONB3YIOMUX MHUHUMAJIBHO MHBAa3MBHYIO XMPYPIHIO, OTMEYAIOT YMEHb-
[IEHWE TPAaBMATHYHOCTU OIIEPAIlHid, MOCIECONEePAIMOHHBIX OCIOXHEHUH, COKpAallleHHe CPOKOB MpPEOBI-
BaHMS B CTAIIMOHAPE, XOPOIINHA KocMeTudeckuit addekr [7, 21, 34-38].

MHorue BOIpoChl JaHHOTO pa3jieia KapAHOXUPYPrud HEAOCTATOYHO M3ydeHbl. Tak, TpeOyroT yTou-
HEHUs KPUTEPUHU BBHIOOPA JOCTYIIA K KIANAHHOMY amimapaTy cepAlla B 3aBUCHMOCTH OT TaTOJIOTHYECKOTO
COCTOSIHHSI Ka)KAOTO W3 KJIANAHOB W WHIWBUAYAJIbHBIX aHATOMHYECKHX OCOOEHHOCTeW marmenrta. He
pa3paboTaHbl MMOKa3aHUSA U MIPOTUBONOKA3aHNUA K MUHUMAJIbHO WHBAa3WBHBIM BMELIATEIBCTBAM NPH MPH-
Opetennbix nopokax cepaua (I1I1C). B nmuteparype HeT eanHOr0 MHEHHUS O cltoco0ax MOIKIIOUEHHS arlil-
apara UK, momaum kapIuOIIErHYecKOTO pacTBOpa; yKa3bIBae€TCSd HAa HEOOXOAMMOCTHh pPa3pabOTKU U
MIPUMEHEHUS CIEITNAIBHOTO HHCTPYMEHTapus [3, 5, 39-41].

TexHuka NPOTE3UPOBAHUS/IIIACTHKA aOPTAIBHOTO, MUTPAIBHOTO, TPUKYCHHAAILHOTO KJIAMaHOB,
TUTACTHKA CENTANBHBIX NeEeKTOB YyXe cTajla OTpabOTaHHOH, PYTHHHOW MPOLEAYpPOH, OCYIIeCTBISIEMOM
JIOCTYTIOM K CEpJIly uepe3 MpomosibHyIo cpeauanyio crepHoromuto (IICC), koTopas mpu3HaHa «30JI0THIM
CTaH/IapPTOM» TIPH BBITIOJIHEHUH BCEX OTEPaIlHid Ha Cep/ile B YCIOBHUIX HCKYCCTBEHHOTO KPOBOOOPAIIICHUSI.

Hecmotps Ha Bumumele npeumymectBa [ICC kak moctyma K cepAiy, yriayOJlieHHbIE HCCIIETOBaHMS
MOCTIETHUX JIET COOOMIAIOT O BO3MOXKHBIX HEIOCTAaTKax OCTyNa CBS3aHHBIX C OONBIION TpaBMaTH4-
HOCTBIO, KOTOPBIE SIBJISIFOTCS OTHUMU M3 OCHOBHBIX TPEAIOJararoInux (akTopoB AJsl pa3BUTH MeIua-
CTHHHUTA B paHHEM IOCIeONnepaluoHHOM neproze. MHpeknnn noBepXHOCTHBIX MATKHUX TKaHel npu [1CC
MOBBIIIAIOT PUCK TIYOOKOH CTepHAbHOW MH(M)EKIHNN C HEKPO30M TPYAHMHBI M Pa3BUTHEM MEINACTEHUTA.
IlocneomnepannonHass cMepTHOCTh Tpu mocieaHeM pocturaer 50%. Paszutue rimyOoKo# cTepHAIBHOU
WHQEKINK B PaHHEM TOCJICONEPAMOHHOM MEPHOJIE MOKET MPUBECTH K TAKOMY IPO3HOMY OCJIOKHEHHIO
KaK apo3MBHOE KPOBOTEUEHHE W B OTJAICHHOM IEPHOJAE MOXKET BBI3BIBATH JHUACTa3 TPYIUHBI C HEOO-
XOJIMMOCTBIO TTOBTOPHO# oreparuu [8, 42-55].

Eme omamM cBuperenscTBoM TpaBMatudHOCTH [ICC sBisieTcs BBRIpaKCHHBIN OOJIEBOM CHHIPOM B
paHHEM MOCIEONepPalnOHHOM MepHoie, TPeOYIOMNH HEOJHOKPATHOTO IPUMEHEHHUSI aHAIBI'€TUKOB, JaXe
MocIie BHIMMUCKH OONBHBIX. B CBOIO ouepenb, BHIPAXKECHHBIM OO0JIEBOI CHHIPOM W MPUMEHEHHE HApKOTH-
YeCKMX aHAJIbIeTHKOB MOXKET BBI3BIBATh SIBJICHUS IBIXaTEIbHON HEIOCTaTOUYHOCTH W3-32 HApYIICHHS
MEXaHUKH JBIXaHHS B PaHHEM IOCieonepaioHHoM nepuoae [20, 52].

B cBsi3u ¢ BhIIEyKa3aHHBIM KapIHOXUPYPTHS U3MEHWIA CBOE HANPaBICHHE B CTOPOHY YMEHBIICHUS
WHBAa3WBHOCTH B pE3yJbTaTe€ HYEro MOSBIJIOCH TaKOe HampaBiieHHe Kak «MWHHMalbHO WHBA3WBHAS
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xupyprus cepana (MUXC)», u oHa Oblia MPUHATA U yTBEPXKACHA KaK HOBas METOJMKA HAa MEXIyHa-
ponHOM (popyme oOImecTBa MUHUMAILHO MHBa3MBHBIX XUpyproB B 2003 romy (STS National Database,
2003;) [5, 24, 56-59].
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AIIBIK )KYPEKKE JKACAJIBIHATBIH OIIEPALTUSJIAP/BIH
MHMWHUMAJIBJIN UHBA3UBTU TEXHOJIOT USAJIAPBI
(oneduet moJLy)

AnnHotanusi. COHFbI OH JXbUIJBIKTA MUHUUHBA3HSIIBIK CHY apKbUIbI 0TA JKacay 9JIiCi QJIEMHIH KONTErH Kapauo-
XMPYPIrHsUIBIK KIMHUKATIapbIHa eHri3ingl. Keldip knnHuKazapia apaiacyiblH OChl TYPI1 JKaJlIbl OTacaHbIHBIH 65%-H
Kypaiapl. Kare TaHmanFaH eHy TUTIKTIH KOHBEpTAIMACHIHA ceOern 00naabl, OYJ1 OChl QNICTIH maiinaceiH Oenrim Oip
JICHreii/ie a3aiThIN, OHBIH TOKIPHOCICH IIBFAPBLUTYbIHA OKCIIC/I.

KongansicTarsl eHyIIH KONTYPJIUIr ojlap/bl TaHIayAa o)1 KepceTimliep MEH Kapchl KepceTiMIepi Tanamn
erenni. Amaiiza ocel Mocese OoibIHINIA 3aMaHayn onebuerTepae OippiHFail oif xok. Ochblnaiima, oTa jxacay Ke3iHjae
MHUHHU-CHYJICH CHY O/IiCiH TaHJay aJrOPUTMIH 93ipiiey KapIHOXUPYPTHUSUIBIK XKIPJIEM KOPCETY CAlachlH apTThIPAIbI.

3epmmey adicmepi. MUHUMANbbI HHBA3USIIBIK CHY/IH AaMy TaPHUXBbI.

Homuoicenep. KOC apkacbiHIa )XYPEKKe OTa ’KacayFa MYMKIH/IK TyFaHbIMEH, COHFbI XXbUIIAPAaFbl TEPEHJIe-
TUITEH 3epPTTey KYMBICTaphl 0T KAaCAIFAHHAH KEHIH a3 YaKbIT 1lIiH/Ie KOKIPEK apalbIKThIH KaObIHYybIHA BIKIAJ eTe-
TIH KayinTi )Kapakar KecipiHeH MEAUIHANBIK XKIPJIEM KOPCETyre MYMKIHAIKTIH 00JIMay bIKTUMAJIIBIFbIH aHBIKTaFaH
00JIaTHIH.

Tyiiin Te31ep: MUHUUHBA3UUIIBIK CHY, MUHUMHBA3HUSJIBIK TEXHOJIOTHSIIAP, KOJICHEH OPTAIBIK CTEPHOTOMHUS
(KOOQ).
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