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3KCTEMMNOPA/IbHOE U3rOTOBJ/IEHUE
KOMBUHUPOBAHHbIX TIEKAPCTBEHHbIX MPENAPATOB
ANA UHOY3UOHHOTO BBEAEHUA B MPOU3BOACTBEHHbIX ANTEKAX
MEAULMHCKUX OPTAHU3ALLMIA POCCUU

I.H. Koseanvckasn, E.H. Muxaneeuu

Hpkymcxas eocyoapemeennas MeOuyuHcKkas akademus nocieouniomno2o oopazoeanus — gunuan Poccutickou
@I'BY JITIO Poccutickas MeOuyuHcKas akademusi Henpepbl8Ho20 npogheccuoHaibHo2o obpasosanus Munucmep-
cmea 30pasooxparenus Poccuiickou @edepayuu, 664079, Poccus, . Upkymck, m/p FObuneunwiii, 100
E-mail: katterina24@list.ru

Oxazanue apmayesmuyeckoli nNOMOWU, OPUEHMUPOBAHHOU HA NAYUEHMA, OCYyujecmeasemcs uepes gapmayes-
muyecKkue OpeaHu3ayul U Conpo8oNCOaAemcs MaKuMi HeoOXo0oUMbIMU (DYHKYUAMY, KAK KOHCYIbMUPOBAHUe, Npedo-
cmaenenue uHgopmayuu no nekapcmeennvim npenapamam (JI1), monumopure nekapcmeenHol mepanuu, d maxkice
8KIIOYAem obecneyeHue KauecmeeHHviMu, 3dexmusnvimu u 6ezonacuvimu JII. Ilpu smom ponv anmex c6o0umcs
K obecneuenuro Hacenenus eomogvimu JII1 npomviuinennozo npouzgoocmea. OcobeHHO oCcmpo cmoum 8Onpoc co-
8EPULEHCINBOBAHUS MEXHONLO2UU UHDYZUOHHBIX PACMEOPO8, HA3HAYAEMbIX 8 CIMAYUOHAPHBIX YCI0BUAX, 8 MOM HYUCILE
KombuHnuposantuvix JIIT unousudyanvrnozo uzeomosnenus. Ilenvto uccnedosanusn s6unocey usyyenue u anaius 6apu-
AHMOB IKCMEMNOPATLHO20 U320MOGIeHUs KOMOUHUPOBAHHBIX JIIT 0118 UHQY3UOHHO20 86€0eH s 8 NPOU3BOOCTNBEHHBIX
anmekax MeOuyuHcKux opeanuzayui. Mamepuansl u memoosl. Memoodonozuueckol 0CHOBOU UCCIe008AHUSL CIAIL
CUCTEeMHBIL NOOX00, NO38ONANWUL B8bI0EIUMDb KIIOUesble IeMeHNbl 08YX PAIUYHbIX APUAHIMOE IKCIEMNOPAib-
HO2O U320MmoseHus Komounuposannwix JII1 ons ungysuonnozo esedenus. B ucciedosanuu ucnonv3oeansvt memoowl
J102u4ecko2o, PyHKYUOHAIbHO20 ananusa. Pesynomamot u oocyscoenue. Ananus HayuHvlX UCHOYHUKO8 NO 80NPOCAM
U320MOGIeHUS KOMOUHUPOBAHHBIX UHQDYZUOHHBIX PACMBOPO8 O HYHCO CHIAYUOHAPHBIX NAYUEHMO8 NOKA3AL, YUMo
u320mogieHue ocyuecmsisiemcs no mpaouyuornroil 0aa Poccutickou @edepayuu (P®) cxeme — 6 ycnosusax npoye-
0ypHO20 Kaburema omoeneHus. B anmekax MeOuyuHckux opeanusayuti 0onycmumvl 08a 8apUAHmMa MeIKOCePULIHO20
IKCMEMNOPATILHO2O U320MOBIeHU KOMOUHUPOBAHHBIX UHGDYIUOHHBIX PACNBOPOS. C UCNONb308AHUEM Dapmayesmu-
yecKkux cyocmanyuil u ¢ ucnonbsosanuem cmepuivhulx JII npomsiuiiennoco npouzeoocmea. Hanuuue yenozo paoa
KPUMUYECKUX MOYeK nepeoco 8apuanma noKazvleaen HepayUoOHAIbHOCHb U 02PAHUYEHUs UCNONb308AHUL NOOODHOU
cxemol 07151 U320MOBIeHUs KOMOUHUPOBAHHBIX UHDY3UOHHBIX PACNBOPOS 8 YCI08UAX ANMeKU MeOUYUHCKOU Op2anu3a-
yuu. Bmopotui eapuanm sKkcmemMnopanbHoeo uzeo0mosieHus KOMOUHUPOBAHHBIX UHGDYZUOHHBIX PACMBOPO8 OMIUYAeN-
€5 NPOCMOMOU MEXHONOSUHECKOU CXeMbl, OMCYMCMBUEM CILONCHBIX PACUEeNn 08, pa0d NOO2OMOBUMENbHbIX Onepayull,
cmaoutl punbmpayuu U CmepuIu3ayull, YNpoujeHHbIM 8apUAHNOM KOHMPOIS KAYecmad, Omcymcmeuem CloHCHO20
o0bopydosanus. 3aknrwuenue. Hzzomosnenue KOMOUHUPOBAHHBIX UHQDY3UOHHBIX pacmeopos u3 JIIT npomviuinenHo2o
npou3800Cmead No360JsAen ONePAMUBHO U 8 OOILUUUX KOTUYeCmMEax U32omasiusams pasiuyrsle komournayuu JII1 ons
UHDY3UOHHO2O 68€0€HUs, He NPOMUGOpeuUnt OellCmsyrouemy 3aKkoH00ameibCmey, Ymo 0aem 603MONCHOCHb pac-
CMaAmpusams e2o 8 Kauecmee OCHOBHO20 8APUAHMA U320MOGIeHUs KOMOUHUPOBAHHBIX UHQDY3UOHHBIX PACMBOPO8 8
anmexax MeOUYUHCKUX OPeaAHU3AYULL.

Knrouesvie cnosa: kombuHuposantvie 1ekapcmeenHvle npenapamsl 08 UHQY3UOHHO20 88e0eHUs, IKCMEeMNo-
PATbHOE U320MOBIIeHUe, MEOUYUHCKUE OPAHUIAYUU
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EXTEMPORANEOUS MANUFACTURING OF INTRAVENOUS
ADMIXTURES IN HOSPITAL PHARMACIES OF RUSSIAN FEDERATION

G.N. Kovalskaya, E.N. Mikhalevich

Irkutsk State Medical Academy of Postgraduate Education —
a branch of the Russian Medical Academy of Continuing Vocational Education,
100, Yubileiny, Irkutsk city, Russia, 664079
E-mail: katterina24@list.ru

The provision of patient-centered pharmaceutical care is carried out through pharmaceutical organizations and
is accompanied by such necessary functions as counseling, provision of information on drugs, monitoring of drug
therapy. It also includes ensuring quality, effective and safe drugs. In this case, the role of pharmacies is reduced to
providing the population with ready-made products of industrial production. The problem of improving the technol-
ogy of infusion solutions assigned in stationary conditions, including combined drugs of individual manufacture is
especially acute. The aim of this work was to study and analyze the options for the extemporaneous manufacture of
combined drugs for infusion introduction in hospital pharmacies. Materials and methods. The methodological basis
of the study was a systemic approach, which makes it possible to identify the key elements of two different options for
the extemporaneous manufacture of combined drugs for infusion administration. The research uses methods of logical
and functional analyses. Results and discussion. The analysis of scientific sources on the issues of manufacturing of
combined infusion solutions for the needs of stationary patients showed that manufacturing is carried out according
to the traditional scheme for the Russian Federation, i.e. in the conditions of the procedural room of the department.
In pharmacies of medical organizations, two variants of small-scale extemporal manufacture of combined infusion
solutions are permissible - using pharmaceutical substances and using sterile drugs of industrial production. The
presence of a number of critical points of the first variant shows the irrationality and limitations of the use of such a
scheme for the manufacture of combined infusion solutions in the pharmacy of a medical organization. The second
version of the extemporal manufacture of combined infusion solutions is characterized by the simplicity of the techno-
logical scheme, the absence of complex calculations, a number of preparatory operations, filtration and sterilization
steps, a simplified version of quality control, and the lack of complex equipment. This allows the rapid and large-scale
production of various combinations of drugs for infusion.

Conclusion. Manufacturing intravenous admixtures from commercial medicines allows the rapid and large pro-
duction of various combinations of drugs for infusion introduction, does not contradict the current legislation, which
makes it possible to consider it as the main variant of manufacturing of combined infusion solutions in hospital phar-

macies.

Keywords: combined medications for infusion, extemporaneous manufacturing, medical organizations

BBenenme. MenuuuHCKash MOMOIIb, OKa3bIBaeMast
MAMEHTaM B CTallMOHAPHBIX YCIOBHSX, XapaKTepH3yeT-
Csl IIMPOKKM HCIIOIb30BaHNEM JICKAPCTBEHHBIX ITpeTiapa-
toB (JII1) mis mH(Y3NOHHOTO BBEICHHS KaK B Ka4eCTBE
MOHOTEpAINH, TaK U B (hopMaTe KOMOMHUPOBAHHOM (ap-
makorepanuu [1]. B ciyyae oqHOBpeMeHHOro Ha3Haye-
Hus aByX u Oonee JII1 B omHOW WH(Y3UHA BO3HUKAET BO-
MpOC KauyecTBa JaHHOW koMOmHaIm [2, 3]. DT0 cBI3aHO
C TPaAMIMOHHBIM H3TOTOBJIEHHEM KOMOWHHMPOBAHHBIX
IIporrced MeJUIMHCKAME CECTPaMH HETIOCPEICTBEHHO
B YCJIOBHSIX OTJCJICHUS, YTO IO PALYy NPHUYMH (OTCYT-
CTBHE HAJICKAIINX YCJIOBHH, aHANIN3a HAa3HAYEeHUs Ha
COBMECTUMOCTb KOMIIOHEHTOB, OTCYTCTBHE KOHTPOJIS
KauecTBa M JIOJDKHBIX YCIIOBHH XpaHEHUs TOTOBBIX pac-
TBOPOB) HE TIO3BOJISIET 00ECIICYUTH Ka4eCTBO, IPPEKTHUB-
HOCTB U 0e301macHOCTh (apmakorepanuu [4, 5].

Ha ceromusimauii g1eHb B MEIUIMHCKHX OpraHM3a-
msix (MO), Oka3pIBAaIOMIMX MOMOIIG B CTAllMOHAPHBIX
YCIIOBHUSIX, TPAAWIMOHHBIM CUUTACTCS H3TOTOBICHUE
KOMOMHHMPOBAHHBIX WH(Y3HOHHBIX PACTBOPOB CPEIHUM
MEIUIMHCKUM MEPCOHAJIOM B YCIIOBHSIX ITPOLEALYPHOTO
kabunera. C TOUKM 3peHUs (apMaleBTHUECKOH TEXHO-
JIOTHH, KaXJIBIH Tar No00HOH CXeMBbI SIBISIETCS] HEKOp-

PEKTHBIM BBHY HAINYHS LIEJIOTO Psiia KPUTHYECKHUX T1a-
pametpoB (puc. 1).

OCHOBHOM TIPOOJIEMOI ITOTO JTAIla SIBISIETCS OTCYT-
CTBHE HOPMATHBHBIX JOKYMEHTOB, PEIIAMEHTHUPYIOINX
M3rOTOBJIEHHE KOMOMHHMPOBAHHBIX HH(]Y3MOHHBIX pac-
TBOpPOB. OTEUECTBEHHBIC PYKOBOJICTBA II0 CECTPUHCKUM
MaHUMYJSIIASM BKJIIOYAIOT HEMOCPEACTBEHHO TEXHUKY
BBE/ICHHS KOMOMHNPOBAHHOTO MH()Y3HOHHOTO PAacTBODA,
OJTHAKO, ITPOIIECC €r0 N3rOTOBJIEHUS HE MPOINCHIBACTCSL.

ITo cytm, M3roToBneHNe KOMOMHUPOBAHHBIX HHY-
3MOHHBIX PAaCTBOPOB — 3TO CMEUINBAHHUE PA3IMYHBIX JIe-
KapCTBEHHBIX (DOPM B OHOM (pIIaKOHE MIIM KOHTEHHEpE.
Panee nonoOHbIe AEHCTBUS TTOMAIAIH IO/ OTIPEeICHUE
ct.17 ®epepanbHOro 3akoHa ot 22 utons 1998 r. «O ne-
KapCTBEHHBIX CPECTBax», KOTopoe rmacmio: «H3roros-
nenue JII1 B anTeyHOM y4peskieHHN BKIIIOYAET BCE BUIBI
IIPUTOTOBJICHHS, CMELICHUS, MTEPEINBaHNs JEKaPCTBEH-
HBIX (OpPM, B T.4. pa3IMBaHUE 110 EMKOCTSIM, H OTHOCUTCS
K (hapMarieBTUYECKON NeATeTBHOCTIY. JlefCcTBYOMMNA B
Hacrosiuee Bpemst denepanbHbiii 3akoH ot 12.04.2010 1.
Ne61-@3 «OO0 obparieHnn JIeKapCTBEHHBIX CPEICTB» U
Jpyrreé HOpMaTHBHO-TIPABOBBIE AKTHI, K COXAJICHUIO (J1a-
nee @enepanpubiii 3ak0H Ne 61-D3), HE HAIOT YETKOTO
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Pucynok 1 — Kpumuueckue napamempul npoyecca u3zomoeieHus KOMOUHUPOEAHHBIX
UuHgy3uOHHBIX pacmeopos 6 omoenenusx MO

onpenenenus: nousatusi «usrorosinenue JIII». Tem He
MeHee, TepMuH «u3rotoBieHue JIII» otHocuTes K dap-
MalleBTUYECKON ACSITENLHOCTH U YIIOMUHAETCS TOJIBKO B
Tex pazaenax ®3-61, koTopble HEMOCPEACTBEHHO €€ pe-
JIAMEHTHUPYIOT [6].

B T0 e Bpemsi, 3a pyOekKOM, B YaCTHOCTH, BO MHO-
rux crpaHax EBpomnsl, B CLLA, B ABcTpanuu, npodiema
M3TOTOBJICHUS KAYCCTBEHHBIX KOMOMHHPOBAHHBIX UH(Y-
3MOHHBIX PAacTBOPOB pelIaeTcsl MyTeM Iepenadyd Mod-
HOMOYMI MO 9KCTEMIOPAIbHOMY HM3TOTOBJICHUIO HEIO-
CPENICTBEHHO B aNTEeKU MEIUIMHCKUX OpraHu3anuit [7].
B P® (apmaneBTuueckue CrielUaInCcThl, paboTaromme
B MEOUIMHCKUX opraHm3anusx (MO), okaspIBaroIue
MOMOUIb MalMEHTaM B CTAIlMOHAPHBIX YCIOBUSX, TAKXKE
MOTYT BHECTU 3HAYUTENIbHBIM BKJIaJ B BEJCHHUE Palllo-
HAJIBHOW (hapMaKoTeparuyi COBMECTHO C METUIIMHCKUMU
CIIEUATUCTAMH.

Ha ceroansmnuili feHb CTAllMOHAPHBIM MAalMEH-
TaM MEIUUMHCKUX opraHu3anuii PO naznauaercs no-
CTaTOYHO MIUPOKUN aCCOPTUMEHT KOMOWHUPOBAHHBIX
WH(Y3UOHHBIX PACTBOPOB, KOTOPHIC MOTYT BKJIOYATh
nBa komrnoneHTa — JIIT (B Bume moporika, auoduian3a-
Ta, KOHI[CHTPAaTa) U PACTBOPUTEIb, a TAKKE HECKOIBKO
xomnoHeHToB — JIIT u pactBopureneil. [locnennuii Ba-
pHAHT sABIsICTCST HanboJiee MPOOICMHBIM, T.K. TMPE/IIO-
JlaraeT He MPOCTO PACTBOPEHHUE, a CMEIIEHHE Pa3HbIX
JIIT.

OCOOCHHO OCTpPO CTOUT BOINPOC COXPAHCHUS CTe-
PWIBHOCTA ¥ aMUPOTCHHOCTH KOMOWHUPOBAHHBIX WH-
(y3HOHHBIX PACTBOPOB, U3TOTOBIICHHBIX B YCIOBHSAX OT-
nenenust. [To mTaHHBIM 3apyOeKHBIX UCTOYHUKOB, OOIIUI
YPOBEHb MUKPOOHOW KOHTAMUHAIINY KOMOHMHUPOBAHHBIX
WHQY3UOHHBIX PAaCTBOPOB, MPUTOTOBJICHHBIX B ACCITHU-
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YECKUX YCJIOBHUSX B JJAMHHAPHOM ITOTOKE CTEPIILHOTO
BO3/lyXa, B ACCUCTEHTCKOW U B OTAEICHHUU COCTaBIISET
0%, 6% u 16% cooTBeTcTBEeHHO [8§].

Lleanblo uccae0BaHUs SIBUIIOCH H3yYCHUE U aHAJIN3
BapUaHTOB 3KCTEMIOPAIBHOTO N3rOTOBJICHUSI KOMOWHH-
poBauHbIX JII1 1151 WHPY3UOHHOTO BBEICHHS B MPOU3-
BOZICTBEHHBIX anTekax MO.

MarepuaJjbl 1 MeTO/Ibl. MeTO10JI0THUECKON OCHO-
BOI MICCIIEZIOBAHUSI CTaJl CHCTEMHBIN TTOJIXOJ, TI03BOJISIIO-
W BBIACTUTH KJIFOYEBBIC 3JICMEHTHI JIBYX Pa3IUYHBIX
BapHaHTOB 3KCTEMIIOPAJIHHOTO U3TOTOBJICHHUS KOMOWHU-
posanubix JII1 mis nHpy3nOHHOTO BBeACHUA. B mccie-
JTOBAaHUU HCIIOJIH30BAHBI METO/IBI JIOTHUCCKOTO, (DyHKITH-
OHAJILHOTO aHAJIN3A.

Pe3ysbTarsl M 00cyxaeHue. B cooTBETCTBUM C Aeii-
ctytomiert HJI (Denepanbreiii 3akoH Ne 61-D3, obmue
n gactHble (apmaroneitabie craten '@ XIII, [Tpukas Ne
751n, [pukaz Ne 309, I1pukaz Ne 706H), o BpadeOHBIM
HA3HAUCHHUSM B alTeKaX MEIUIIMHCKHUX OpTraHU3aluil
JIOITYCTHMBI JIBa BapHaHTa MEIKOCEPHUIHOTO 3KCTEMIIO-
PAJBHOTO M3TOTOBJICHUSI KOMOMHUPOBAHHBIX WH(Y3UOH-
HBIX pacTBOpoB [9, 10, 11]:

— 1-#1 BapuaHT — U3TrOTOBIIEHUE C HUCIIOJIb30BAHUEM
KJIACCUYECKONH MHOTOCTaUIHON TEXHOJOTHUECKON CcXe-
MBI U3 (apMaleBTHYECKUX CyOCTaHIMH, BCIIOMOTaTelb-
HBIX BEIICCTB U BOBI TSI HHBCKIIUN;

— 2-ii BapUaHT — U3TOTOBIICHHUE C HMCIOJIH30BAHUCM
MUHUMAaJIHHOTO KOJHYCCTBA CTAIUN TEXHOJIOTHYECKOTO
npornecca u3 crepuabHbIX JIIT mpoMBeIIeHHOrO Mpous3-
BOJICTBA.

J1iist BBIOOpA palMoHaIbHOTO BapHaHTa HEOOXOIMMO
MIPOBECTH MX CPABHUTEIIBHBIN aHAIN3 C OL[EHKOH OCHOB-
HBIX IOCTOMHCTB M HEIOCTATKOB (Tadm.1).
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Tabnuya 1 — CpasnumensHulii GHANU3 603MONHCHBIX GAPUAHINOG U320MOGIEHUA KOMOUHUPOBGAHHBIX
JIeKapcmeeHHbIX NPEnapamos 01 UHQY3UOHHO20 66€0eHUA

OlleHUBaeMBIil TapameTp

IlepBbiii BapuaHT

Bropoii BapuanT

(DapMaIIGBTI/I"IeCKaSI SKCIepTH3a
IIPONKUCHU Ha COBMECTUMOCTD

[TpoBoxuTcst 06s13aTeIBHO (B COOTBET-
ctBuH ¢ [Ipukazamu Ne 1175 u Ne 751)

[TpoBomuTest 00s13aTENBHO (B COOTBET-
ctBud ¢ Ilpukazamu Ne 1175 u Ne 751)

TpeGoBaHus K TOMEIICHUSM U
nepcoHany (ycJaoBUsI H3rOTOB-
JICHUSN)

Wnentnunbie (aCenTHYECKHUE YCIOBUS
B cootBeTcTBUU C [Ipnkazamu Ne 309 n
Ne751n)

Wnentudnble (acenTHYSCKNE YCIOBUS
B cootBeTcTBUH ¢ [Ipukazamu
No 309 u Ne751H)

I/ICXOZ[HI)IG KOMITOHCHTBI

dapmaneBTHYCCKUE CyOCTAHITUH.
BcrnoMorarensHbIe BeliecTsa.
Bona ng nabeximi.

CrepuiibHbIE JIEKapCTBEHHbIE Tperia-
partbl B BUJIE pacTBOpa WM KOHLIEHT-
para Bo (hTakoHaX W amITyjax.
CrepuiibHbIE JIEKAPCTBEHHbIE
mpernapaTsl B BHJIE THO(MIH3aTa
WJTH TIOPOIIIKA BO (p1akoHax.
Boja 11 mabekini.

TpeboBaHus K M3TOTOBICHUIO

WneHTHYHBIE (B COOTBETCTBUH
c [Ipukazom Ne751m)

VneHTH4HbIE (B COOTBETCTBUH
c [Ipuxazom Ne751m)

Texnomornyeckas cxema

Bce cTanuu TeXHOIOTHUECKOTO
TIporiecca N3roToBIeHUs NH(Y3HOHHBIX
pacTBOpOB (B COOTBETCTBUU
¢ Ilpukazom Ne751H)

MuHUMaIBEHOE KOJTUUECTBO CTaINHI
TEXHOJIOTMUYECKOTO Ipoliecca

O6opynoBanue

B cooTtBeTcTBHM ¢ TpeOOBAHUSIMU HOP-
MaTHUBHBIX JIOKYMEHTOB Ha BCEX CTaJUIX
TEXHOJIOTHUYECKOTO Tporiecca

‘YcraHOBKa € JJaMUHAPHBIM TOTOKOM
CTEPUIIBHOTO BO3/IyXa

KOHTpOJ'IL KadyeCTBa

[To BceM moka3aresnsM (B COOTBETCTBUH
c [Ipukazom Ne751H)

MuHIMaIBEHOE KOJTHYECTBO
ToKa3areyen

MapkupoBka

W neHTn4HBI (B COOTBETCTBUH
¢ mpukazoM Ne 751n)

VneHTHYHBI (B COOTBETCTBHU
¢ mpuxazoM Ne 751H)

VenoBus XpaHCHUA

Wnentuunsl (B cootBeTcTBUn ['® XIII,
ITpukazamu Ne 7061 1 Ne 7511H)

WnenTrunsl (B cOOTBETCTBUU [ D
XII1, IMpukazamu Ne 7061 u Ne 751 n)

B pesynbrare nmpoBeAeHHOTO aHAIN3a JIBYX BapHaH-
TOB HW3rOTOBJICHHUSI KOMOWHHMPOBAHHBIX WH(Y3HOHHBIX
pacTBOPOB B anTeKax MEAMIUHCKAX OpraHU3alui ycTa-
HOBJICHO CIIeyIoIee:

1. B nelictByromux HJI He3aBuUCHMMO OT BapHaHTa
MIOJTHOCTBIO COBIA/IAIOT TPEOOBAHMUS K IIPEIBAPUTEIHLHOM
9KCTIEPTH3E MPOIHCEH HA COBMECTUMOCTb, K TTOMEIICHH-
SIM, TIEPCOHAITY, N3TOTOBJICHHUIO, MApPKUPOBKE MH(Y3NOH-
HbIX cMeceit JIIT u ycrnoBusiM ux mocineayIouero Xxpate-
HUSL.

[lepen M3roTOBJICHHEM CMECEH CIICIMAINCTHI am-
Tek B coorBeTcTBUM ¢ [lpuxazamm Ne 1175 u Ne 751n
1. 94 mpoBoAAT (papManeBTHIECKYIO HKCIIEPTH3Y MHO-
TOKOMITOHEHTHBIX WH(Y3HOHHBIX MNpPONUCEH Ha Mpen-
MeT coBMecTHMOcTH mnpornucanubix JIC, 3ampemiaercs
nsrorosieHre komOnHupoBanHbIX JIII mpu orcyTcTBUM
JaHHBIX O (hapMaKoIIOTHYECKOW M (hapMaleBTHUCCKOH
coBMecTUMOCTH. OCHOBHBIM MH(OPMAIIMOHHBIM HCTOY-
HUKOM O COBMECTHMOCTH KOMITOHEHTOB HH(Y3MOHHBIX
MIPOTIUCEH SIBISIETCSl MHCTPYKIUS TO MEIUIMHCKOMY
npumenennto JIIT anst MeAMIMHCKOTO TNpUMEHEHHS,
pa3MeIleHHass Ha CalTe TOoCyJapCTBEHHOIO peecTpa
www.grls.rosminzdrav.ru, pasmen «B3aumonelicTBue ¢
JPYTHMH JIEKapCTBEHHBIMH MIPErapaTaMm.

B coorBerctBum ¢ m. 7 Ilpuxasa Ne 751H u3roros-
JICHWE JICKAapCTBEHHBIX IIPENApaToB OCYIIECTBISIETCS
B YCIOBHSX, OTBEYAIOIIMX CAHUTAPHO-3ITHIEMHOIIO-
rudeckuM TpeboBaHusM. CaHUTapHBIE TpPeOOBaHUS K

MIOMEIICHUSIM M 00OpPY/IOBAaHHIO aCENTHYECKOro OoKa
oOo3nauensl B paznene 4 [Ipukaza Ne 309 u conmepxxar
OCHOBOIIOJIATAIOIIY0 HH(POPMAIIHIO IT0 OPraHU3alnH pa-
00ThBI acenTuieckoro Onoka (mm. 4.1-4.8).

Oco00ro BHUMaHHS 3aCITyKUBAET 11. 4.7, B KOTOPOM
PEKOMEHJIyeTCsl € TIOMOIIBIO CIICIHAIBHOTO 000pyno-
BaHMS CO3JIaHWE TOPH30HTAIBHBIX WM BEPTHKAIBHBIX
JIAMUHApHBIX ITOTOKOB YHCTOTO BO3/LyXa BO BCEM IIOMe-
IIEHUH WM B OTACIIBHBIX JIOKAJIBHBIX 30HAX JUIS 3aIUTHI
Hanboee OTBETCTBEHHBIX YYaCTKOB MIIM OTepanui (4n-
CTBIC KaMEepHI).

H3roroieHre MHOTOKOMITOHEHTHBIX MH(DY3MOHHBIX
nponuceit JIIT ocymectasiercss Ha ocHoBanuu [Ipukaza
Ne 7511 paznen VI. OcobeHHOCTH M3TOTOBIICHHUS JIeKap-
CTBEHHBIX ()OPM B aCENTHUYECKUX yCIOBHUSIX. DTH TpeOO-
BaHMs OymyT €AWHBIMH Ul W3TOTOBJICHHS IO TIEPBOMY
u Bropomy BapuaHTty. K nzrorosnenuto JI® B acentuye-
CKHX YCIIOBUSIX TIPEABSBISIOTCS TPeOOBaHMS, Hallpas-
JICHHBIC Ha CBEJICHWE K MHUHUMYMY PHCKa 3arpsi3HCHUS
X MUKPOOPTaHM3MaMH M MEXaHNYECKUMH YaCTUIAMH.

B coorBerctBuu ¢ m. 94 Taxke 3ampemiaercss of-
HOBPEMEHHOE M3TOTOBJICHHE HA OJHOM paboueM MecTe
HECKOJIbKMX HH(Y3HOHHBIX PAaCTBOPOB, COACPIKAIINX
JIEKAPCTBEHHBIE CPEJICTBA C PA3TMIHBIMH HAUMEHOBaHH-
SIMH WJIM JICKApCTBEHHBIE CPECTBA OJHOTO HANMEHOBA-
HUSI B Pa3HBIX KOHIIEHTPALHUSIX.

MapKipoBKa TPUTOTOBICHHBIX KOMOWHHPOBAHHBIX
JIEKapCTBEHHBIX PETapaToB yisi HH(Y3HOHHOTO BBEJIE-
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HUS JIOJDKHA COOTBETCTBOBAaTh TPEOOBaHMSAM, YCTaHOB-
neHHpiM B mipwiokeHun Ne 1 TTpuxaza Ne 751H. Tlpo-
BOAUTCSI OhOpMIICHHE COOTBETCTBYIOIIECH ITUKETKOW Ha
JIEKapCTBEHHBIC Npenaparsl Ui MapeHTepaTbHOTO BBE-
JIeHUs1 ¢ Haanmuchbio « st uHdy3nity. DTHKeTKa UMeeT Ha
OeoM (hoHe CHMHMI CHTHAJBHBIN LBET B Buje mois. Ha
STHKETKE JOJDKHBI OBITh MPEAyNpPeAUTEIbHbBIC HAAMNCH
«CtepunbHO» U «XpaHUTh B HEIOCTYITHOM IS JIeTel
MecTe».

OO6mme TpeOOBaHUS K MOMEIICHHSIM I XpaHe-
Hus JIC u opraHm3anus MX XpaHEHHS OOO3HAuYCHBI B
I'o XII ODC. 1.1.0010.15 «XpaHeHue JeKapCTBEH-
HBIX cpencTB», PenepanbHoM 3akoHe Ne 61-P3 ct. 58
«XpaHeHHe JIeKapCTBEHHBIX cpeacTB» mm. -3, Ipuka-
3e Ne 706H u npunoxkernn 15 «TpeboBauus K pexxuMam
CTepPWIM3AIMK JICKAPCTBEHHBIX TperapaToB» TalOnuie
1 «PactBops! ans nHbeknMid u uHOY3ui» [Ipukaza Ne
751n. Ilepeuncnennas HJ[ ycranaBnuBaeT oO0mue u
YyacTHBIE TPEOOBAHUSA K XPAaHCHMIO (hapMarieBTHYECKUX
CyOCTaHIIH, BCTIOMOTaTeIbHBIX BemecTs, JIIT u pacmpo-
CTpaHseTCd Ha BCE OPraHU3aINH, B KOTOPBIX MMEET Me-
cto xpanenwue JIC.

2. IlepBblit 1 BTOPOI BapUaHT U3TOTOBICHUS UMEIOT
CYIIIECTBEHHBIC Pa3NU4Ms B TPEOOBAaHMAX K HMCXOAHBIM
KOMITOHEHTaM, TEXHOJOTHYECKOH CXeMe HM3TOTOBJICHUS,
HCIOIB3yeMOMY O0OPYIOBAaHHUIO, KOHTPOIIO KadecTBa U
MIPOIOIKUTEIIBHOCTH XPaHEHHsI KOMOMHUPOBAHHBIX WH-
¢bysuonnbIx JIIT 3KCTEMIIOPaTBLHOTO U3TOTOBICHUS.

Ilepewuit éapuanm. B cooTBeTCTBUU CO cTaThel 56
«M3roToBIeHNE U OTIYCK JICKAPCTBEHHBIX MPETapaToB»
®enepanbroro 3akoHa Ne 61-®3 1 1. 3 Ilpukaza Ne 7511
B Ka4eCTBE MCXOIHBIX KOMIIOHEHTOB JUIS M3TOTOBJICHUS
MH(Y3MOHHBIX CMECEH JTOIDKHBI UCTIOb30BaThCs (hapma-
LIEBTUYECKUE CYOCTaHIIUK, BKIIIOYEHHbBIE COOTBETCTBEH-
HO B TOCYJapCTBEHHBIN peecTp JIEKapCTBEHHBIX CPEIICTB
JUI MEIUITMHCKOTO TMPUMEHEHHUS B YCTAaHOBICHHOM IIO-
PAZIKE, a TaKXKe B COOTBETCTBHHU C OOIICH (hapMaKoIeii-
Hoit crateeit ODC.1.4.1.0007.15 «JlekapcTBeHnHbie hop-
MBI JUTSI TTAPEHTEPATIHHOTO IPUMEHEHUS, Pa3peIIeHHBIC
JUIS1 ICTIONIb30BAHMS B COCTAaBE MH(Y3HOHHBIX PACTBOPOB
BCIIOMOTaTeIbHbIC BEIIEeCTBa (HAIIpUMep, CTa0MIN3aTo-
pbl) ¥ Bozia Juisi nHbeKIMA. VH]y3HOHHbIE JIeKapCTBEeH-
Heie Gopmbl (JID) momKHBI OBITH M30TOHUYHBI 10 OT-
HOIICHHUIO K KPOBU YEJOBEKa M HE JOJDKHBI COJCPIKATh
AHTUMHMKPOOHBIX KOHCEPBAHTOB. Bce McXonHble KOMITO-
HEHTHI JOJDKHBI OBITh HA/UIEXKAIIETO YPOBHS KauecTBa U
cootBercTBOBaTh TpeboBanusM ['® XIII n3nanus.

[IpuHIIMNIMATBPHO — OTAMYACTCS  TEXHOJIOTHYECKas
CXeMa M3rOTOBJICHHS KOMOMHUPOBAHHBIX UH(Y3MOHHBIX
JIT1. 3rotroBieHue no nepBoMy BapuaHTy BKIIFOYAET BCE
CTaJUU TEXHOJOTMYECKOTO MpOoIecca C MOCTAIHMHHBIM
KOHTPOJIEM IPUTOTOBJICHHBIX PACTBOPOB Ha OCHOBAHUU
tpebosanuii . 93—100 ITpukaza Ne 751H:

L. Iloocomosumenvnas cmaous BKIIOYAET OATOTOB-
Ky BOJIBI, TIOMEIICHUS, TIEPCOHAIIa, 000PYyIOBaHNUs, TOCY-
JIbI, YKYTIOPOYHBIX CPEACTB, BCIIOMOTATEIbHBIX MaTepu-
anoB. B coorBercTBum ¢ [Ipukazamu Ne 309 u Ne 751n
K OCHOBHOMY 000pY/IOBaHHIO, KOTOPOE UCIOIb3yeTCs Ha
MIePBOIl CTaMM TEXHOJIOTMYECKOTO MPOIEcca OTHOCATCS
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aKBAAMCTIIUISTOPHI [T OTYYEHHUS aipOreHHON BOIbI,
OaKTepULUAHBIC JTAMITbI, MAIIIMHBI JII MOMKH TOCY/IBI U
YKYHOPOYHBIX CPEACTB, CYIIWIbHBIC IIKA(bI, CTEPUIH-
3aTOPHI AJIS BO3IYIIHON CTEPHIN3AINH U CTEPUIIN3ALIUT
TEKy4UM IapoM TI0]] IaBICHUEM.

II. H320moenenue pacmseopa mMacco-oObEMHBIM Me-
TOZOM BKJIFOYaeT NMPOBEACHUE HEOOXOTMUMBIX PacyeTOB;
oTepanuy MoAroTOBKH (hapMaIieBTHIECKUX CyOCTaHIUI
(oTBemMBaHKE), BCIIOMOTATEIbHBIX BEMIECTB (OTBEIIU-
BaHUE), paCTBOPUTENS (OTMEPUBAHUE BOJBI JUTsI HHBEK-
1uil); pacTBOpeHHE (hapMaIleBTUYCCKUX CyOCTaHIIUH,
M30TOHMPYIOMIUX M CTAOMIM3UPYIOIINX BELIECTB NPH
HEOOXOIMMOCTH; KOHTPOJIb Ka4ecTBa MPUTOTOBICHHOTO
pactBopa.

Ha BTOpO#i cTazum TEXHOJIOIMYECKOIo Ipolecca B
KadecTBEe 000pYyIOBAHNS HCIIOIB3YIOTCS BECHI, MEIITANIKH.

1. Qurvmpayus u ghacosxa, BKIOYast PO3IUB pac-
TBOPOB BO (pJIAKOHBI C MOCJIEAYIOMEH YKyTOpKOH, Map-
KHPOBKOM U ITPOBEICHHEM KOHTPOJIS Ka9eCTBA pacTBOPA.
Wnby3noHHBIE pacTBOPHI QMIBTPYIOTCSA C HCHOIH30Ba-
HUEM pa3pelICHHBIX K MPUMEHEHUIO (UIBTPOBAIBHBIX
MaTepHajoB M YCTaHOBOK. DHIBTPOBAaHHE pacTBOpa
COYETAeTCs] C OJHOBPEMEHHBIM PO3JIMBOM €ro B IMOATO-
TOBJICHHBIE CTEPHUJIbHBIC (PJIAKOHBI, KOTOPbIE YKYITOpPHBa-
IOTCSl CTEPUIIBHBIMU TIpoOKaMu. VIHTepBan BpeMEHH OT
Havasa U3roTOBJICHHUS UHBEKIIMOHHOTO U MH(Y3HOHHOTO
pacTBopa 10 CTEPHIIN3AIMK HE JODKeH MPEeBBIIIaTh 3-X
4acoB.

OrleHKa Ka4ecTBa WHBEKIIMOHHBIX U UH(Y3MOHHBIX
PacTBOPOB /10 CTEPUIIU3AINN MPOBOANUTCS IO BHEIIHEMY
BHJY, OTCYTCTBHIO MEXaHMUYECKHX BKJIIOUCHHH, 3Haue-
Hui0 pH, NOATMHHOCTH M KOJIMYECTBEHHOMY COZEpIKa-
HUIO JICKAPCTBEHHBIX CPEJICTB, COACPIKAHUIO H30TOHUPY-
IOIINX ¥ CTAOMIM3UPYIONINX BEIICCTB.

B kadecTBe 000pynOoBaHHs Ha TPEThEH CTAANU TEX-
HOJIOTHYECKOT0 MPOIIecca UCIOIB3YIOTCS yCTAaHOBKH /IS
(buIBTpalK, A03aTOPbI JIISL JKUJKUX JIEKapCTBEHHBIX
(GhopM, YCTaHOBKH TSI PO3JIMBA PACTBOPOB BO (DITAKOHBI.

IV. Cmepunuzayus. Indy3noHHbIE pacTBOPHI CTEPH-
JU3YIOTCS B COOTBETCTBUU C TPEOOBAHMAMHU K PEKHMaM
CTepWIN3alliY, yKazaHHbIMU B Tabmuie Ne 1 mpumoxe-
Hus Ne 15 Tlpukaza Ne 7511. He nomyckaercst cTepuin-
3a1usi pacTBOPOB 00beMoM Oosiee 1 MTpa U MOBTOpHAS
CTepUIIN3ALUSA HMHBEKIIMOHHBIX U HMH(QY3MOHHBIX pac-
TBOpOB. IIponece crepunmsanuu 10KEeH 00ecreynBaTh
3 (HEKTUBHOCTH CTEPHIIM3AIMU BCETO 00bheMa 3arpy3KH.
KonTpone nmapameTpoB U 3PPEKTHBHOCTH TEPMUIECKUX
METO/IOB CTEPMIIM3ALNN OCYIIECTBISIETCS C MOMOIIBIO
KOHTPOJIbHO-U3MEPUTENBHBIX TIPHOOPOB, XUMHUUECKUX U
OMOIOTHYECKHUX TECTOB.

PesxxuMBI cTepUIM3alii UCXOAHBIX JIGKAPCTBEHHBIX
CPEICTB, N3TOTOBJICHHBIX WHBEKIIMOHHBIX U MH(Y3HUOH-
HBIX PacTBOPOB, a TaK)kKe€ BCIIOMOTATENIbHBIX Marepua-
JIOB M TIOCYJBI PErHCTPUPYIOTCS B JKypHAJlIe PErucrpa-
LIUU peXUMa CTEPHIIN3AINH MCXOIHBIX JCKaPCTBEHHBIX
CPEICTB, M3TOTOBICHHBIX JICKAPCTBEHHBIX MpPENapaTos,
BCIIOMOTATEIbHBIX MAaTEPHAJIOB, MOCY/Bl M MPOYNX Ma-
TEpHAaJIOB.

Ha ueTBeproil cTaauy TEXHOJIOTMYECKOIO IIpoLecca
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HCHONB3YIOTCS CTEPHIIN3ATOPBI I CTEPIIIN3AINN TeKY-
YUM [apOM MO JaBJICHHEM (aBTOKJIABHI).

V. Koumponv xauecmeéa. KOHTponb KadyecTBa CTe-
PHIIBHBIX PAaCTBOPOB OCYIIECTBISIFOTCA B COOTBETCTBUU
¢ IIpuxazom Ne 751H, TpeboBanusamu ['ocynapcTBeHHOI
¢dapmakonen XIII uznanus uim MHOTO JIOKYMEHTa B 00-
JIaCTH KOHTpOJA KadecTBa. OleHKa KayecTBa WHBEKIIH-
OHHBIX U HH(Y3NOHHBIX PACTBOPOB MOCIIE CTEPUIIN3ALIUT
MIPOBOJMTCS 110 BHEUIHEMY BHAY, OTCYTCTBHIO MEXaHU-
YeCKUX BKIIIOUYEHHUH, MPOBEpKE HOMUHAJIBHOTO 00beMa
MpHu po3nuBe BO (prIakoHbI, 3Ha4eHHI0 pH, mommmHHO-
CTH ¥ KOJHMYCCTBEHHOMY COACPIKAHHUIO JICKAPCTBEHHBIX
CPEICTB, OTKJIOHCHUIO OT HOMHUHAIBFHOTO 00BeMa, (HK-
CHPOBAaHHOCTH YKYIIOPKH, CTEPHIBHOCTH, MUPOTEHHO-
CTH WJIH CONIEPKaHWI0 OaKTepHaIbHBIX 3HJOTOKCHHOB.
[Ipu HECOOTBETCTBUHU OJHOMY M3 MEPEUHUCICHHBIX Tpe-
0OOBaHUI PACTBOPHI SABJISIFOTCS HEOOPOKAYECTBEHHBIMHU.

[IponomKUTENBHOCTh XPAaHCHHS, MPUTOTOBICHHBIX
KOMOMHHPOBaHHBIX JIEKAPCTBEHHBIX TMPEMapaTroB st
MH(PY3UMOHHOTO BBEJCHHUS, YCTAHABIMBAETCS B COOTBET-
CTBUU C TPEeOOBaHWIMH, YKa3aHHBIMH B Tabmmie Ne 1
npunoxenus Ne 15 TIpuxaza Ne 7511, Cpoxu roqHOCTH
JICKapCTBEHHBIX MPENapaToB, HE BOMICANIINX B TAOIHUILY
Nel, cocrarisitor st nHy3uid He 6osee 2 CyTOK.

Taxum 06pazom, IEPBBIN BAPHAHT SKCTEMITOPATBHO-
IO U3TOTOBJICHHUS KOMOMHUPOBAHHBIX HH(Y3HOHHBIX JITT
XapaKTEePU3yeTCsl CIOXKHOM TEXHOJIOTHYECKON CXeMOMH,
OOJIBIIUM KOJIMYECTBOM CTAIUHN U Omepaiui, HeoOXoau-
MOCTBIO CIICIIHATIFHOTO 00O0PYHOBaHMS I HM3TOTOBIIC-
HUsI, (pUIBTpAlKU, CTEPUIIM3AIMK PACTBOPOB, BBHICOKOM
TPYIOEMKOCTBIO, MPOJODKUTEIBHOCTRIO TEXHOIOTHYE-
CKOTO IMKJA J0 HECKONbKHX YacoB, JCTaJbHBIM KOH-
TpPOJEM KadyecTBa, a TAKKe, OTCYTCTBHEM O(HIIHAIb-
HBIX JaHHBIX O cTabmnbHOCTH Heckonbkux JIIT mpu nx
COBMECTHOW TEPMUYECKOM CTEpUWIIM3ALUM ApOM IOJ
nasienreM 1pu Temmeparype 120°C u BO3MOXHOCTH
M3rOTOBJICHHs TaKUX MH(QY3MOHHBIX cMmeceil. Hamuuue
LIEJIOTO psAZa KPUTHYECKUX TOYEK MOKa3hIBACT HEpallu-
OHAJIBHOCTh M OTPAaHUYEHUS HCIIOIB30BAHUSA MOJOOHOI
CXEMBI JUISI U3TOTOBJICHUS KOMOWHHPOBAHHBIX MHQY3HU-
OHHBIX PAaCTBOPOB B YCIOBUAX anteku MO.

Bmopou eapuanm. Heo0XoqumMo OTMETHTH, UTO
BTOPOI BapHAHT U3TOTOBJICHHUS HE TIPOTUBOPEUHT TPeOo-
BaHusM @3-61 B yacTH 3ampeTa U3TOTOBICHUS B anTeKe
JIII, 3apeructpupoBanHbiX B P®, nockonabKy mpenmnoa-
raeT NCTIOIb30BaHME B KAYECTBE HCXOAHBIX KOMIIOHECHTOB
Ui n3rotoBieHust crepuiasHble JIIT pasnuasbeix dopm
BBIITYCKa — PAcTBOPBI MJIM KOHIIGHTpaThl BO (IaKOHAX
U amIyaax, JTHo(UiIn3aTel WIK TOPOIIKH BO (IaKoHaX,
BOJIA JUIS HHBEKINH (BBITyCKaeMble (papMarieBTHIECKOI
MIPOMBIIIJICHHOCTBIO, M, CIEIOBATENBFHO, 3apeTUCTpu-
poBanHbIe B rocyaapctBeHHOM peectpe JIC). B ciyuae
HenonocTtaBku JIIT mpoMBbIIIIEHHOTO TPOU3BO/ICTBA BO3-
MOYKHO HCTIOJIb30BaHNE B KaUeCTBE MCXOTHBIX KOMITOHEH-
toB JII1, mu3rotoBneHHbIX B anteke mo [Ipukazy Ne751H.

VcxonHble KOMIIOHEHTHI JJIsI M3TOTOBJICHUS KOM-
OMHUPOBAHHBIX WH(Y3UOHHBIX PACTBOPOB IO BTOPOMY
BapHaHTy OTBEYAIOT TPEOOBAHUAM JOKYMEHTOB, periia-
MEHTUPYIOLUX U3TOTOBJIEHUE CTEpUiIbHBIX JID, mo mno-

Ka3aTensiM CTEePUIBHOCTH, alMPOTeHHOCTH, M30TOHHY-
HOCTH, U30BSI3KOCTH, TaK)Ke MMEIOT JOCTaTOYHBII CPOK
xpaHenus. Kak crnenctsue, oHn He TpeOyIOT Clierfaib-
HOU MOATOTOBKH (pacueToB coiepikanus hapmaieBTuye-
CKUX CyOCTaHIM, pacTBOPHTEICH, CTadMIN3aTopoB, a
TaKKe UX OTMEepuBaHMA U oTBemmBanus). JIIT mpomsI-
JICHHOTO MPOW3BOJICTBA BCET/Ia B JOCTATOYHOM aCCOPTH-
MEHTE MPHUCYTCTBYIOT B anteke MO, mu00 MOTYT OBITh
OTIEPaTUBHO JOCTABIICHBI.

[IpuHIIMNMATBHBIM OTIMYHEM BTOPOTO BapHaHTa
W3rOTOBJICHHUSI KOMOWHHMPOBAHHBIX WH(]Y3HMOHHBIX pac-
TBOPOB SBISICTCS MHUHHMMAJTbHOE KOJHMUYECTBO CTATUHM U
orepanuii TEXHOIOTHYECKOT0 Ipoliecca.

Iloozomosumenvnas cmaous BKIIIOYAET TOATOTOBKY
MOMEIICHUSI, TIepcoHalia, 000pyA0BaHUs, BCIIOMOTaTelb-
HBIX MaTepHAJIOB.

II. H320moenenue pacmeopa ocyuiecTBisercs my-
TeM CMeIINBaHUs oJHoro nin Heckonbkux JIIT ¢ pacTBo-
puteneM. CTepHIIBHOCTh HCXOIHBIX KOMIIOHEHTOB HC-
KITIOYaeT HEOOXOTUMOCTh HCIOIB30BAHUS ITPOBEICHUS
crepunu3anui. [loCKONbKY TOBTOpHAs CTEPHIM3AIL
nHY3UOHHBIX pacTBOpoB 3ampereHa (m. 95 Ilpukasza
Mumnsnpasa PO ot 26.11.2015 . Ne 7511), TexHONOTHSA U
YCIIOBHS U3TOTOBJICHNS TOJDKHBI 00€CTIeYNBaTh CTEPHIIb-
HOCTb ToToBOrO Mponykra. I1. 47 TIpukaza Ne309 peko-
MEHJ1yeT u3roroBieHue crepuibHbix JID, He moasepra-
IOHIMXCSl (DMHUIIHON CTEpUIIM3AlMU, B aCeNTHYEeCKUX
YCIOBHAX B JIAMHHAPHOM TOKE CTEPHIIBHOTO BO3yXa.
Jlnis u3roToBiIeHUs He TpeOyeTcst eMKOCTH, T.K. Ipolec-
CBI PACTBOPEHUS TIPOUCXOST B 3aBOACKON yIaKOBKe (BO
(rakoHe WM KOHTEHHEpE).

III. Konmponv xauecmsa. VI3TOTOBICHHBIE TIO BTO-
poMy BapHaHTy KOMOWHUpPOBAaHHBIC WH(Y3HOHHBIE pac-
TBOPHI TOABEPTalOTCSI KOHTPOJIO KadecTBa COINIACHO
TpeboBanusam ['®D XIII wzmanms, Ilpuxasa Ne751H mo
MUHUMAaJbHOMY TEPEYHIO [OKa3aTeseil: MO BHEIIHe-
My BHUIY, OTCYTCTBHIO MEXaHHYECKHX BKIIOUCHHMH OfI-
HOKpPATHO TOCJEe CMEUIMBAHUS, MOATUHHOCTH M KOJIU-
YECTBEHHOMY COJICP)KaHHMIO JIEKaPCTBEHHBIX CPEJICTB,
CTEPHIIbHOCTH, IIMPOTEHHOCTH WITH COJIepIKaHHI0 OaKTe-
PpHAIBHBIX YHIOTOKCHHOB. [Ipi HECOOTBETCTBUH OHOMY
13 TIEPEYUCICHHBIX TPeOOBAHUI PACTBOPHI SIBISIOTCS
HEZ00POKaYeCTBEHHBIMHU.

Obopydosanue u 6cnomozamenvHvle MAamepuabl.
TexHONOTUsT M3rOTOBJICHHUST KOMOWHHPOBAHHBIX HHQY-
3MOHHBIX PAacTBOPOB, BKJIIOYAIOIIAs HAOOP OJHOTO WU
Heckonbkux JIIT u qobaBneHue ux B KOHTEHHEp C pac-
TBOPHUTENEM OTPEIeNIeT MUHUMAJIBHBIA BBIOOP 000pY-
JIOBAHUS - YHCTBIC KaMephl WM CTOJBI C JIAMHHAPHBIM
ITOTOKOM CTEPHIIBHOTO BO3/AyXa. B mpomuecc mirorosie-
HUS TIEPCOHAN MCIOIB3YeT CTEPHIIBHBIC MIMPUIBI IS
3abopa JIIT n3 ammyn uian GrakoHOB.

IIpooonscumenvnocms xpanenus. 1lpu u3rotosie-
HUM MH(QY3MOHHBIX PAcTBOPOB [0 BTOPOMY BapHaHTY
HEOOXOIMMO YUHUTHIBATh JAHHBIC HHCTPYKIMU 110 MEIu-
nuHCKOMY IpuMeHeHuto JIIT, KoTopble MOTYT BKIIIOYATh
TpeOOBaHUSA MO TEMIIEPATYPHOMY PEXHMY U BPEMEHU
XPaHEHUsI IPUTOTOBIEHHBIX pacTBopoB. Hanpumep, JIII
«AMOKCHKJIIaB, TIOPOIIOK ISl IPUTOTOBJICHUS PacTBOPa
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JUIS BHYTPUBCHHOTO BBEJICHHSD», IPUTOTOBIICHHBIN C HC-
nons3oBanueM 0,9% pacTBopa HaTpus XJIOpUIA, MOXKET
xpaHutbes 4 vaca npu Temmeparype +25°C u 8 gacos
pu Temreparype +5°C.

3axouenne. Takum 00pa3oM, BTOPOil BapHaHT
9KCTEMITOPAILHOTO HW3TOTOBJICHHST KOMOWHHPOBAHHBIX
MH(Y3HUOHHBIX pacTBOPoB 13 JIIT MpOMBIIIIIEHHOTO MPO-
MU3BOACTBA OMIMYAECTCSI IHPOCTOTOM TEXHOJIOTHYECKOU

CXEMBI, OTCYTCTBHEM CIIOXKHBIX PaCUeTOB, Psi/ia MOJIr0TO-
BUTEJIbHBIX ONepanuii (BOAOMOArOTOBKA, OTMEPUBAHUE U
orBemrBanue JIC, BCTOMOTaTeNbHBIX BEIIECTB), CTaIUIA
(GUIBTPAIK ¥ CTEPUIIU3AINH, YIPOIICHHBIM BApHAHTOM
KOHTPOJISI Ka4eCTBa, OTCYTCTBHEM CJIOKHOTO 000py/IoBa-
HUS. DTO TIO3BOJISIET OTIEPATHUBHO U B OOJBIINUX KOJIHUYE-
CTBaX M3rOTABIUBATH pa3iuuHbie komOuHarmu JIIT mst
nH(Y3MOHHOTO BBeJeHUs B antekax MO.

Introduction. Medical care provided to patients un-
der stationary conditions is characterized by a wide use of
medicines for infusion administration both as monother-
apy and in the format of combined pharmacotherapy [1].
In case of simultaneous administration of two or more
medicines in one infusion, the question of the quality of
this combination arises [2, 3]. This is due to the tradi-
tional manufacture of combined prescriptions by nurses
directly in the conditions of hospital departments, which
for a number of reasons (lack of proper conditions, anal-

Lack of
specialists

Lack of
instructions on
manufacturing

technology

Non-
compliance
with asepsis

requirements

Intravenous
admixtures
manufacturing

ysis of the assignment for compatibility of components,
lack of quality control and proper storage conditions for
ready solutions) does not allow to ensure the quality, effi-
cacy and safety of pharmacotherapy [4, 5].

Nowadays in the hospitals providing assistance in
stationary conditions, it is traditional to manufacture
combined infusion solutions by the nursing staff in pro-
cedural rooms. From the point of view of pharmaceutical
technology, each stage of such a scheme is incorrect be-
cause of a number of critical parameters (Fig. 1).

Lack of quality
control

Lack of
necessary
marking

Non-
compliance
with storage

requirements

Figure 1 — Critical parameters of the manufacturing process of combined infusion solutions
in the hospital departments

The main problem of this stage is the lack of regula-
tory documents governing the manufacture of combined
infusion solutions. Domestic guidelines on nursing ma-
nipulations include directly the introduction technique of
a combined infusion solution, however, the process of its
preparation is not prescribed.

In fact, manufacturing combined infusion solu-
tions is mixing different dosage forms in a single vial
or container. Previously, such actions met the definition
of Article 17 of the Federal Law of 22 June 1998 “On
Medicines”, which read: “Manufacturing of medicines
in pharmacy includes all types of preparation, mixing,
transfusion of medicinal forms, incl., bottling, and refers
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to pharmaceutical activities”. Current Federal Law No.
61 dated 12.04.2010 “On circulation of manufacturing”
and other regulatory acts, unfortunately (hereinafter Fed-
eral Law No. 61), do not give a clear definition of the
term “manufacturing of medicines”. Nevertheless, the
term “manufacturing of medicines” refers to pharmaceu-
tical activities and is mentioned only in the sections of
Federal Law-61, which directly regulate it [6].

At the same time abroad, especially in many countries
of Europe, in the United States, and in Australia, the prob-
lem of manufacturing quality combined infusion solutions
is solved by delegation of powers for extemporaneous
manufacturing directly to the pharmacies of medical or-
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ganizations [7]. In the Russian Federation, pharmaceutical
specialists working in medical organizations providing as-
sistance to patients in hospitals can also make a significant
contribution to the management of rational pharmacother-
apy in conjunction with medical specialists.

Nowadays stationary patients of medical organiza-
tions of the Russian Federation are assigned a fairly wide
range of combined infusion solutions, which can include
two components — medicine (in the form of powder, ly-
ophilizate, concentrate) and solvent, as well as several
components — medicines and solvents. The last option is
the most problematic as it involves not just dissolution,
but mixing different drugs.

The problem of preserving sterility and apyrogenic-
ity of combined infusion solutions manufactured under
department conditions is especially acute. According to
foreign sources, the total level of microbial contamina-
tion of combined infusion solutions prepared in aseptic
conditions in the laminar flow of sterile air, in the treat-
ment room and in the hospital department-is 0%, 6% and
16%, respectively [8].

The aim of this work was to study and analyze vari-
ants of the extemporal manufacture of combined drugs

for infusion introduction in hospital pharmacies.

Materials and methods. The methodological basis
of the study was a systemic approach, which makes it
possible to identify the key elements of two different op-
tions for the extemporaneous manufacture of combined
medicines for infusion administration. The research uses
methods of logical and functional analyses.

Results and discussion. In accordance with current
Federal Law No. 61, general and private pharmacopoe-
ial articles of Pharmacopoea, Order No. 751n, Order No.
309, Order No. 706n), two options for small-scale ex-
temporal manufacture of combined infusion solutions are
permissible for medical appointments in pharmacies of
medical organizations [9, 10, 11]:

— 1-st option - manufacturing with the use of classical
multistage technological scheme from pharmaceutical
substances, auxiliary substances and water for injections;

— 2-nd option - manufacturing with the use of the
minimum number of stages of the technological process
from a sterile drug of industrial production.

To choose a rational option, it is necessary to con-
duct their comparative analyses with an assessment of
the main advantages and disadvantages (Table 1).

Table 1 — Comparative analysis of possible variants of manufacturing combined medicines
for infusion administration

Estimated parameter

First variant |

Second variant

Pharmaceutical examination of the
compatibility list

Both are mandatory in accordance with Orders No.1175 and No.751

Requirements to premises and per-
sonnel (manufacturing conditions)

Identical

Requirements for manufacturing

Source components
Pharmaceutical substances:
excipients,
water for injections

Sterile drugs in the form of a solu-
tion or concentrate in vials and
ampoules
Sterile drugs in the form
of lyophilizate or powder in vials
Water for injections

Requirements for manufacturing

Identical

Technology system All stages of the technological process of Minimum of stages
manufacturing infusion solutions (in of the technological process
accordance with Order No. 751n)
Equipment In accordance with the requirements of Laminar airflow

regulatory documents at all stages of the
technological process

Quality control

For all indicators

Minimum of indicators

Marking

Identical

Storage conditions

Identical

As a result of the analysis of two variants of man-
ufacturing of combined infusion solutions in pharma-
cies of medical organizations, the following was es-
tablished:

1. The requirements for preliminary examination of
compatibility letters, premises, personnel, manufactur-
ing, labeling of infusion mixtures of drugs and the con-
ditions for their subsequent storage completely coincide.

Before the manufacture of mixtures, pharmacists

in accordance with Orders No. 1175 and No. 751n of
Item 94 perform a pharmaceutical examination of mul-
ticomponent infusion registrations for compatibility of
prescribed medicines. It is forbidden to produce com-
bined drugs in the absence of data on pharmacological
and pharmaceutical compatibility. The main information
source on the compatibility of the components of infu-
sion registrations is the instruction for the medical use of
drugs for medical use, posted on the website of the state
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registry www.grls.rosminzdrav.ru, section “Interaction
with other medicinal products”.

In accordance with Paragraph 7 of Order No. 751n,
the manufacture of medicinal products is carried out un-
der conditions that meet sanitary and epidemiological re-
quirements. Sanitary requirements for the premises and
equipment of the aseptic unit are indicated in Section 4
of Order No. 309 and contain basic information on the
organization of the operation of the aseptic unit (Para-
graphs 4.1 to 4.8).

Particular attention should be paid to Item 4.7 where
it is recommended, with the help of special equipment, to
create horizontal or vertical laminar flows of clear air in
the whole room or in individual local areas to protect the
most critical areas or operations (clean chambers).

The production of multicomponent infusion regimens
is carried out on the basis of Order No. 751n, Section VI
“Characteristics of manufacturing dosage forms under
aseptic conditions”. These requirements will be the same
for the first and second versions. Drug manufacturing un-
der aseptic conditions require minimizing the risk of con-
tamination by microorganisms and mechanical particles.

In accordance with Order No. 94, simultaneous pro-
duction of several infusion solutions containing medici-
nal products with different names or medicinal products
of the same name in

Marking the prepared combined medicinal prepara-
tions for infusion introduction should meet the require-
ments established in Appendix No. 1 of Order No. 751n.
The appropriate labeling for medicinal preparations for
parenteral administration with the inscription “For infu-
sions” is carried out. The label has a blue signal color in
the form of a field on a white background. On the label
there should be warning labels “Sterile” and “Keep out of
reach of children”.

General requirements for storage facilities and the
organization of their storage are indicated in Pharmaco-
poea, Federal Law No. 61-FZ, Art. 58 “Storage of medic-
inal products”, Clauses 1-3, Order No. 706n and Annex
15 “Requirements for sterilization regimens of medicinal
products”, Table 1 “Solutions for injection and infusion”
of Order No. 751n. The listed documents set general and
particular requirements for the storage of pharmaceutical
substances, excipients, drugs and apply to all organiza-
tions in which storage of medicines takes place.

2. The first and second versions of manufacturing
have significant differences in the requirements for the
initial components, the technological scheme of produc-
tion, the equipment used, the quality control and the du-
ration of storage of the intravenous admixtures.

First option. In accordance with Article 56 “Manu-
facturing and dispensing medicinal products” of Federal
Law No. 61 and Clause 3 of Order No. 751n, pharmaceu-
tical substances included in the state register of medicinal
products for medical use in the prescribed manner should
be used as initial components for the manufacture of in-
fusion mixtures, as well as in accordance with the general
pharmacopoeial article 1.4.1.0007.15 “Medicinal forms
for parenteral use” authorized for use as a part of infusion
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Ionic solutions, auxiliary substances (for example, stabi-
lizers) and water for injection. Infusion drugs should be
isotonic with respect to human blood and should not con-
tain antimicrobial preservatives. All source components
must be of an appropriate quality level and comply with
the requirements of Pharmacopoea XIII.

The technological scheme of manufacturing com-
bined infusion mixtures is fundamentally different. Man-
ufacturing according to the first variant includes all stag-
es of the technological process with step-by-step control
of the prepared solutions on the basis of the requirements
of Nos. 93-100 of Order No. 751n.

I. Preparatory stage includes preparation of water,
premises, personnel, equipment, utensils, closures, auxil-
iary materials. In accordance with Orders No. 309 and No.
751n, aqua distillers for the production of pyrogen-free
water, bactericidal lamps, dishwashing machines and clo-
sures, drying cabinets, sterilizers for air sterilization and
sterilization with a flowable steam for pressure.

II. The production of a solution by a mass-volumet-
ric method involves carrying out the necessary calcula-
tions; operations for the preparation of pharmaceutical
substances (weighing); excipients (weighing); solvent
(measuring water for injection); dissolution of pharma-
ceutical substances; isotonizing and stabilizing substanc-
es, if necessary; quality control of the prepared solution.

At the second stage of the technological process, we
use scales and mixers as equipment.

Il. Filtration and packaging, including bottling
solutions in vials with subsequent capping, labeling and
quality control of the solution. Infusion solutions are fil-
tered using approved filter materials and devices. The
filtration of the solution is combined with simultaneous
filling prepared sterile bottles, which are sealed with
sterile stoppers. The interval from the beginning of the
manufacture of the injection and infusion solution to ster-
ilization should not exceed 3 hours.

Evaluation of the quality of injection and infusion
solutions before sterilization is carried out in appearance,
absence of mechanical inclusions, pH value, authentici-
ty and quantitative content of medicines, maintenance of
isotonizing and stabilizing substances.

As equipment at the third stage of the technological
process, filtration units, dispensers for liquid dosage forms,
installations for filling solutions into bottles are used.

IV. Sterilization. Infusion solutions are sterilized in
accordance with the requirements for sterilization re-
gimes indicated in Table No. 1 of Appendix No. 15 of
Order No. 751n. Do not sterilize solutions larger than
1 liter and re-sterilize injectable and infusion solutions.
The sterilization process should ensure the efficiency of
sterilization of the entire load volume. Control of param-
eters and efficiency of thermal methods of sterilization
is carried out with the help of instrumentation, chemical
and biological tests.

The sterilization regimes of the source medicines,
manufactured injectable and infusion solutions, as well
as auxiliary materials and dishes are recorded in the
registration log of the sterilization regime of the source
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medicines, manufactured medicines, auxiliary materials,
utensils and other materials.

At the fourth stage of the technological process, ster-
ilizers are used for sterilization with pressurized steam
(autoclaves).

V. Quality control. Quality control of sterile solutions
is carried out in accordance with Order No. 751n, the re-
quirements of the State Pharmacopoeia, edition XIII or
other document in the field of quality control. Evaluation
of the quality of injection and infusion solutions after
sterilization is carried out in appearance, absence of me-
chanical inclusions, verification of the nominal volume
when bottled, pH value, authenticity and quantity of me-
dicinal products, deviation from nominal volume, fixity
of closure, sterility, pyrogenicity or bacterial endogenous
content.

The duration of storage of the prepared combined
medicinal preparations for infusion introduction is estab-
lished in accordance with the requirements specified in
Table No. 1 of Appendix No. 15 of Order No. 751n. The
shelf life of drugs not included into Table 1 is not-longer
than 2 days for infusions.

Thus, the first version of the extemporal manufacture
of combined infusion drugs is characterized by a com-
plex technological scheme, a large number of stages and
operations, the need for special equipment for manufac-
turing, filtration, sterilization of solutions, high labor-in-
tensiveness, the duration of the technological cycle up
to several hours, detailed quality control. It is also char-
acterized by lack of official data on the stability of sev-
eral drugs with their joint thermal sterilization by steam
under pressure at the temperature and the possibility of
manufacturing such infusion mixtures. The presence of a
number of critical points shows the irrationality and lim-
itations of the use of such a scheme for manufacturing
combined infusion solutions under the conditions of a
hospital pharmacy.

The second option. It should be notified that the sec-
ond version of the production does not contradict the re-
quirements of Federal Law regarding the prohibition of
manufacturing the drugs, registered in the Russian Feder-
ation, in the pharmacy since it assumes the use of sterile
drugs of various forms of release - solutions or concen-
trates in vials and ampoules, lyophilisates or powders in
vials, water for injection (manufactured by the pharma-
ceutical industry, and therefore registered in the public
drug register) as the initial components for manufactur-
ing. In case of shortage of grug of industrial production
it is possible to use the medicines manufactured in the
pharmacy under Order No. 751n as initial components.

The initial components for the manufacture of com-
bined infusion solutions according to the second variant
meet the requirements of the documents regulating the
manufacture of sterile drugs for sterility, apyrogenicity,
isotonicity, isobaricity and also have a sufficient shelf
life. As a consequence, they do not require special prepa-
ration (calculations of the content of pharmaceutical
substances, solvents, stabilizers, as well as their meter-
ing and weighing). Commercial medicine is always in a

sufficient range of products in the pharmacy, or can be
delivered promptly.

The principal difference of the second variant of
manufacturing combined infusion solutions is the min-
imum of stages and operations of the technological pro-
cess.

The preparatory stage includes preparation of the
premises, personnel, equipment, auxiliary materials.

IL. The solution is made by mixing one or more drugs
with a solvent. The sterility of the original components
eliminates the need for sterilization. Since re-sterilization
of infusion solutions is prohibited (paragraph 95 of the
Order of the Ministry of Health of the Russian Federation
of 26.11.2015, No. 751n), the technology and manufac-
turing conditions must ensure the sterility of the finished
product. Clause 47 of Order No. 309 recommends manu-
facturing of sterile medicines that are not subject to final
sterilization, under aseptic conditions in the laminar flow
of sterile air. For manufacturing no capacity is required.
Dissolution processes occur in the original packaging (in
a vial or container).

1. Quality control. The combined infusion solutions
manufactured according to the second variant are sub-
jected to quality control according to the requirements of
State Pharmacopoeia, Edition XIII, Order No. 751n on
the minimum list of indicators: in appearance, absence
of mechanical inclusions once after mixing, authenticity
and quantitative content of drugs, sterility, pyrogenicity
or bacterial endotoxin content. In case of non-compli-
ance with one of the listed requirements the solutions are
inferior.

Equipment and auxiliary materials. The technology
of manufacturing combined infusion solutions, including
a set of one or several drugs and adding them to a con-
tainer with a solvent, determines the minimum choice of
equipment - clean chambers or tables with a laminar flow
of sterile air. In the manufacturing process, the staff uses
sterile syringes to take medicine from ampoules or vials.

Duration of storage. When manufacturing infusion
solutions according to the second variant, it is neces-
sary to take into account the data of instructions for the
medical drug use, which may include requirements for
the temperature regime and storage time of the prepared
solutions. For example, Amoxiclav powder for the prepa-
ration of a solution for intravenous administration, pre-
pared using 0.9% sodium chloride solution, can be stored
for 4 hours at the temperature of + 25°C and 8 hours at
the temperature of + 5°C.

Conclusion. So, the second variant of the extem-
poral manufacture of combined infusion solutions from
industrial production medicines is characterized by the
simplicity of the technological scheme, the absence of
complex calculations, a number of preparatory oper-
ations (water conditioning, metering and weighing of
medicines, auxiliary substances), filtration and steriliza-
tion steps, a simplified version of quality control, equip-
ment. This gives a possibility to make various combina-
tions of intravenous admixtures in the hospital pharmacy
quickly and in large quantities.
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XAPAKTEPUCTUKA METABOJIU3MA
N PASPABOTKA METOAUK ONPEAENEHUA
CUHTETUYECKOIo KAHHABUHOWUAA THJ-2201
B MOYE JIABOPATOPHbIX XUBOTHbIX

. 1O. Anywkun, T.JI. Mankosea

@I'HOY BO «llepmckas cocyoapcmeenHas papmayesmuieckas akaoemusy
Munszopasa Poccuu, 614990, Poccus, e. Ilepuv, yu. I[lonesas, 0. 2
E-mail: apushkinjob@gmail.com

B npeonoxcennoii cmamve 3amponymsl ORPOCHL U3YUEHUS MEMADOIUSMA HOBBIX CUHMEMUYECKUX KAHHAOUHO-
uoos,; 8 pabome npedcmasiensvi OaHHble 0 CUHmMemuieckom kannaburoude 3-(Hagdmanun-1-unoxcomemun)-1-(5-gh-
mopnenmun)-1H-unoason (THJ-2201), a makoice npodykmax e2o memabonusma ¢ opeanuzme 1aoopamopHuix Kpblc
cmoxka nunuu Wistar, a umeHHo, npusedeHbl Macc-CReKmpbl U XpomMamozpammsl Hamuernoeo eewecmea (THJ-2201),
NoNyUeHHble ¢ NOMOUbIO Memo008 BblCOKOIPDEKMUBHOU HCUOKOCIHOU XPOoMAmMocpaguu ¢ Macc-ceileKmusHol de-
mexkyuet (BOXKX-MC) u eazosou xpomamozpaguu ¢ macc-cenexkmugrou oemexyueii (I’ X-MC). B pabome npedcmas-
JIeHA KOMNJIeKCHASI MeMOOUKd KauecmeenHo2o onpedeienus kannadbumumemura THJ-2201 u memoouxa nonyyeHus
MoO0enu memabonruyeckoeo npoghuis O UCciedyemoco euecmsd, KOmopdas modcem 0vims No1e3Hol 05 3404y Ka-
4eCmeenHo20 ONPedeleHus U OOHAPYIHCEHUSL HOBbIX NCUXOAKIMUBHBIX 8EU4ECME 8 OUOI02UYECKUX 00beKmMax 05 yernell
cyoebHo-xumuyeckoeo ananusa. Llenvto nacmosweti pabomel aA61:41aCh paspabomrka MemoouK onpeoenenus uccie-
dyemoeo geupecmea (THJ-2201) u eco memabonumos 6 moue 1a00OpAMOPHBIX HCUBOMHBIX, d MAKHCE UCCTEO08AHUE
ocobennocmeti MemaboOIUIMA CUHMEMUYECKUX KAHHAOUHOUO0086 6 yenom. Mamepuanst u memoovl. /s nposedenus
9KCnepumMenma ObLIO UCHOIb308AHO Cledyrujee 000pydosanue: HUOKOCMHOU xpomamozpagd upmovr “Shimadzu
LCMC-8050" 6 komnnekce c macc-cenekmusHbim Oemekmopom. Tun demexmopa — mpouHol K8aopynoib ¢ O80UHbIM
UCMOYHUKOM UOHU3AYUU (XUMUYECKAS, UOHU3AYUSL NPU AMMOChepHOM oasrenuu u dnekmpocnpeti). Pazoenenue ge-
wecms npoUCXoouno 8 XxpOMamozpaghuieckoll KojioHKe (Mamepuan — Hepucaseiowas Cmaib, xapakmepucmuxu — 150
*3,0 mm, Luna 3uC18(2), 1004). Copoenm — obpawénno-gasnutii. Hccnedosanus nposedeHsl Ha 2a3080M XPOMAmMo-
epage “Agilent 78904 ¢ macc-cnexkmpomempom Agilent 5975C u kononxou 103 nenonapnou HP-5ms 28 m % 0,25
mm. JKusommuvie — nonoeospenvie camywl benvix 1abopamopusix Kpvic cmoka aunuu Wistar, eospacm 4—6 mecayes,
macca 190-230 epavm. Pesynomamot u oocysycoenue. B pesyniomame npogeoénHbIX UCCie008anull oblia pa3pado-
MAaHa KOMNJLEKCHAS MemoOuKa onpeoenenus cunmemuyecko2o kannadbumummemurxa THJ-2201 u eco memabdonumos
8 MoUe 1a60PAMOPHBIX HCUBOMHBIX, NOJYUEHbI XPOMAMOSPAMMbL U MACC-CREKMPbL MEMADOIULECKO20 NPOPUIIAL JHcU-
8omHbvIX ¢ nomowbio memooos BOIKX-MC u I'X-MC, a maxoice ycmanosieHa 3HAUUMeNbHAs CX0Hcechms Memado-
JAUYECKUX npoghunel ucciedyemozo 6ewecmsa y 4enogekda u JHCueomuulx. 3aknouenue. bulnu coenanvl 66160061 O
NPUCOOHOCIU NPEOLONHCEHHOU KOMNIEKCHOU MeMOOUKY AHATU3A NPU OAHHBIX YCIOGUAX OCHAWEHHOCU 1a60pamopuu
U 0 3HAYUMENLHOU CIENEeHU MENCEUAOBOTL CXOIHCECU MeMaDOIULeCKUX npoduell 4enogeka u 1abopamopHoll Kpblcol
0 8eujecme, XumMuvecku OAU3KUX ¢ UCCAe0yeMbIM.

Knroueswvie cnosa: 3-(Hagpmanun-1-unokcomemun)-1-(5-gpmopnenmun)-1 H-unoazon, THJ-2201, nabopamoprule
Jorcueomuule, memabonumel, cunmemuyeckue kannabunouowvl, BOXXX-MC, ' X-MC
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CHARACTERISTICS OF METABOLISM AND WORKING
OUT THE METHODS OF DETERMINATION OF SYNTHETIC CANNABINOID
THJ-2201 IN THE URINE OF LABORATORY ANIMALS

D.Yu. Apushkin, T.L. Malkova

Perm State Pharmaceutical Academy,
2, Polevaya St., Perm, Russia, 614990
E-mail: perm@pfa.ru

The proposed article touches upon the study of metabolism of new synthetic cannabinoids. In the work the data
on synthetic cannabinoid 3-(Naftalin-1-yloxomethyl)- 1-(5-fluoropentyl)- 1 H-indazole (THJ-2201), as well as the prod-
ucts of its metabolism in the laboratory rats of the Wistar line are given, i. e. Mass spectra and chromatograms of
the native substance (THJ-2201) obtained by high-performance liquid chromatography with mass-selective detection
(HPLC-MS) and gas chromatography with mass-selective detection (GC-MS) are given. The paper presents a complex
technique for qualitative determination of cannabimimetics THJ-2201 and methods for obtaining a metabolic profile
model for the test substance that can be useful for the tasks of qualitative detection and detection of new psychoactive
substances in biological objects for the purposes of forensic analysis. The aim of this work was to develop methods for
determination of the test substance (THJ-2201) and its metabolites in the urine of laboratory animals, as well as the
study of the metabolic characteristics of synthetic cannabinoids on the whole. Materials and methods. The following
equipment was used for the experiment: a liquid chromatograph from the firm “Shimadzu LCMC-8050" in combina-
tion with a mass-selective detector. The detector type is a triple quadrupole with a double ionization source (chemical
ionization at atmospheric pressure and electrospray). The separation of the substances occurred in a chromatograph-
ic column (the material is stainless steel, the characteristics are: 150 * 3.0 mm, Luna 3uCI18 (2), 1004). The Sorbent
is reversed-phase. The investigations were carried out on Agilent 78904 gas chromatograph with Agilent 5975C mass
spectrometer and a 103 polar HP-5ms column of 28 m x 0.25 mm. The animals were mature male white laboratory
rats of the Wistar line, aged 4—6 months, weighing 190-230 grams. Results and discussion. As a result of the studies,
a comprehensive methodology for determining the synthetic cannabimimetics of THJ-2201 and its metabolites in the
urine of laboratory animals was developed, chromatograms and mass spectra of the metabolic profile of animals were
obtained by HPLC-MS and GC-MS methods, and the similarity of the metabolic profiles of the studied substances in
humans and animals was determined. Conclusion. The conclusions were made about the suitability of the proposed
complex analysis methodology under the given laboratory conditions and the significant degree of interspecific simi-

larity of human metabolic profiles and laboratory rats’ for substances chemically close to the studied.
Keywords: 3-(Naphthalen-1-yloxomethyl)-1-(5-fluoropentyl)-1H-indazole, THJ-2201, laboratory animals, me-

tabolites, synthetic cannabinoids, HPLC-MS, GC-MS

Beenenne. OHOM U3 CaMbIX OCTPBIX IIPOOJIEM, C KO-
TOPBIMH CTOJIKHYJIOCH YE€JIOBEYECTBO 3a MOCIEHHUE JIBa
JIecsTKa JIET, SIBJSIETCs MpoliieMa HelleralibHOro CHHTE3a
)51 060p0Ta HOBBIX IICUXOAKTHBHBIX BCIIICCTB. ITo BCEMY
MHUDPY pacTET YUCJIO BEHICCTB, KOTOPHIC UCIIOJIB3YIOTCA B
pexpeannonHbix nensx. K coxanenuto, Poccust He crana
HCKJIIOUEHHEM, Ha €€ TEPPUTOPUH PACIIPOCTPAHEHHUE MO~
JIYUWJIn J€CATKU HOBBIX BEIIECTB, UCIIOJIB3YEMBIX B II€-
JISIX OJlypMaHMBaHMs1. B Ka)10M rocyjapcTse 1o-cBoemy
OOpIOTCsL C 3TOU TPOOIIEMOIA, YTO CBA3aHO C OCOOCHHO-
CTSIMH 3aKOHOJIATeNILCTBA B chepe orpaHrmyeHus: 000poTa
HApKOTHYECKUX Cpe/ICTB. be3yciioBHO, B Hallel cTpaHe
O0oppba C HE3aKOHHBIM OOOPOTOM OYPMAaHHUBAIOIINX
BEIIIECTB aKTUBHO BEIETCS, OIHAKO 3a4acTyIO MPOXOIUT
JIOBOJIBHO OOJIBIION OTPE30K BPEMEHH OT MOMEHTa 00OHa-
PY)KEHHsI HOBOT'O CHHTETHYECKOI'0 BEIECTBa JI0 €ro 3a-
IpeTa K CUHTE3Y, IPOM3BOJICTBY U T.J. Ye€Pe3 BKIIOYCHUE
B CIIMCKH KOHTPOJIHPYEMBIX BEIIECTB.

I'pynna yuenbix B IlepMckoill rocynapcTBeHHOM
(apmalieBTHUECKON aKaJeMHH yxe Oosiee 7 JeT mpo-
BOJUT UCCIICAOBAHUS HOBBIX IICUXOAKTHUBHBIX BCIICCTB,
onMpasich Ha JICHCTBYIOIllEE B CTpaHE 3aKOHOAATEIIb-

ctBo [1, 2]. B Poccun orpanuuenue o60poTa HOBBIX
[ICUXOAKTUBHBIX BEIECTB BO3MOXKHO YEPE3 OTHECEHUE
K «aHaJoraM HapKOTHYECKHUX CPEICTB U IICUXOTPOIHBIX
BEILECTBY, OIPENEICHUE KOTOPbIX NpuBeneHo B Dene-
panpHOM 3aKoHE Ne 3-@3 ot 08.01.1998 1. Dra rpynma
BKJIIOUAeT B ce0sl: aHAJIOI'M HapKOTHYECKUX CPEICTB M
MICUXOTPOIHBIX BELIECTB, 3allpelieHHbIe 1 000poTa
B Poccuiickoii @enepanny, BelecTBa CHHTETUYECKOTO
WM €CTECTBEHHOI'O NIPOMCXOXKICHUS, HE BKIIOUCHHBIC
B IlepeueHb HAPKOTMYECKUX CPENCTB, INCUXOTPOIHBIX
BEILECTB U UX NPEKYPCOPOB, IOICKALUX KOHTPOJIO
B Poccuiickoit denepanuu, XxuMuueckas CTpyKTypa u
CBOMCTBA KOTOPBIX CXOIHBI C XUMHUYECKOH CTPYKTY-
pOH ¥ CO CBOMCTBAMHM HapKOTUYECKUX CPEACTB U IICHU-
XOTPOIIHBIX BELIECTB, IICUXOAKTUBHOE ACHCTBUE KOTO-
PBIX OHU BOCIPOU3BOLST.

HaxormieHHbIil OnbIT 1103BOJIMI HaM C(OPMUPOBATH
«Meroguueckue peKOMEHIALUU 10 UCCIIEIOBAHUIO HO-
BbIX [ICUXOAKTUBHBIX BEILECTB U IPOLENYPE OTHECEHUs
X K aHaJIOraM HapKOTHYECKHMX CPENCTB M IICUXOTPOII-
HBIX BEUIECTBY». Pe3ynbprarel HCCIeI0BaHUM HEOIHO-
KpaTHO JIOKJIa/IbIBAIMCh Ha KOH(epeHIusX u Gopymax,
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HaXOJWJIM TOJAEPKKY TMpPEACTaBUTENIed MPaBOOXpaHU-
TCJIBHBIX OPraHOB M OKCIIEPTHBIX CJ'Iy)K6.

JlaHHbIE peKOMeHJIanuu pa3paboTaHbl I 00b-
€KTOB HCCJICIOBaHUA, TMPEACTABISIOMMUX CO00W Be-
IIECTBEHHBIC JOKa3aTenbcTBa (CyOCTaHIIMM, pacTH-
TeJIbHBIC CMECH, MIACTUYHBIC MACChI U JIp.), BEPOSATHO
CoJepiKalllfie aHAJOTH HApKOTHYECKHUX CPEACTB HIH
MICUXOTPOMHBIX BeUIeCTB. Pa3paboTaHHBIM alTrOPUTM
HCCIIEZIOBAHUS BKIIIOUAET XUMHUUYECKYI0 U (hapMakosio-
rudeckyro yactu. B MeTtoauueckux peKoMeHIalusax
MOIPOOHO OMUCAHO, TOYEMY HCIIOIB3yeTCs TaKOH Moj-
xo7. OnHaKko, 00bEKTaMH YKCIIEPTHOTO MCCIEOBAHUS,
MIPOBOAMMOTO C L[ETbI0 0OHAPYKEHHUS HOBBIX IICHXOAK-
TUBHBIX BCIIECTB, MOTYT OBITH HE TOJILKO BCIICCTBCH-
HBIE JOKa3aTeIbCTBA HEOMOIOTHUECKOTO XapaKTepa, HO
1 OMONIOTHYECKHE JKUIKOCTH, 4YTO Hamboyiee BOCTpe-
0oBaHO npu OIpOBCACHUN MCIUIIMHCKOTO OCBUIACTCIIb-
CTBOBAHHS >KMBBIX JIMI, YIOTPEOISAIOMMNX OTypMaHHU-
BAaIOIIME BEIIECTBA.

Uto66! ycTaHOBUTH (haKT ymoTpeOneHus 3ampe-
IIEHHBIX BEIECTB, a BIOCIEACTBUM U ONPEACTUTH KOH-
KPETHYIO CTPYKTYpy HCCIEIYEeMOro ICHXOAaKTHBHOTO
BEIIECTBA, IPUMEHSIOTCS XpoMarorpapuieckiue MeTo-
Jbl aHalM3a OMOJIOTHYECKUX OOBEKTOB, B TOM YHCIE
BDXXX-MC (BbIcOKOA (P EeKTHBHAS KUIKOCTHAS XpOMa-
Torpausi ¢ Macc-CeJIEKTUBHBIM JIETEKTHPOBAHUEM), U
I'’X-MC (razoBas xpomarorpadus ¢ Macc-CeIeKTHBHBIM
neTexkTupoBaHueM) [3]. OMHUM U3 «CaMBIX IPKUX» IPEI-
CTaBUTEJCH JaHHOTO KJIacca MCUXOTPOIHBIX BEIIECTB
sisietcst  3-(Hadramun-1-mnokcomerwn)-1-(5-¢rop-
neHTmn)- 1 H-unmas3on, u3BeCTHOE MOA TPHUBHAIBHBIM
HazpanueM THJ-2201 nimn AM(N)-2201. «IIpaponuTte-
JIeM» UCCIIEAYEeMOTO BEIIeCTBa MOXKHO CUHTATh JIPyroe
NICHXOAKTHUBHOE BEIIECTBO, M3BECTHOE MO HAa3BaHUEM
JWH-018 (IUPAC: (1-nenTmi-3-(1-nadronn) uumon)),
OTIMYNE MEXAY HUMHU 3aKJII0YaeTCs B 3aMEHE MHO0JIb-
HOTO sipa Ha uHA030bHOE [4]. CTpyKTypHas hopmyna
HCCIIeTyeMOTO BeIleCTBa IPeCTaBlIeHa Ha PUCYHKE 1.

e

N

N\
"4

Pucynox 1 — Cmpyxkmypnas popmyna 3-(nagpmanun-1-unoxcomemun)-1-(5-¢pmopnenmun)-1H-unoazona
(THJ-2201)

ITo cBoMM (hapmMakoIOrn4ecKuM CBOICTBaM JIaHHOE
BEIIECTBO SIBJISETCS TOJHBIM arOHHUCTOM IEHTPAIbHBIX
CB1 u nepudepnuecknx CB2 penentopos [5]. ITocue
mpuéMa BemecTBa HaOMIOMAIOTCS clenyromme P dex-
TBI: BBIpD@KEHHAsl CeJalysl, MOTepsi KOHTPOJIST MEJIKOW U
KPYIHOM MOTOPUKH IJIaJKUX MBIIIL, TPYIHOCTH C OpH-
SHTaIMel B INPOCTPAHCTBE, CHIKEHUE apTEePUAILHOIO
JIaBJICHUS, TOIIHOTA, HAPYLICHNUS ICUXUKH U JIpyTrHe [6].

Leabio TaHHOTO WCCIIEAOBAHUS SIBISIETCS paspa-
00TKa METOAMKHU OIPEAEIICHHs HCCIIelyeMOTo BEIIeCTBa
THJ-2201 n ero MeraboiuTOB B MOue JIaDOPAaTOPHBIX
JKMBOTHBIX; BBISIBIEHHE HaOopa XapaKTepHBIX MeTabo-
JINTOB YKa3bIBaeT Ha (PaKT yrnoTpeOIeHus 3apeEHHOTO
BEIIIECTBA; KPOME TOT0, U3y4YeHHE MeTaboIM3Ma HOBBIX
CHHTETHYECKUX KaHHAOMMHMETHKOB B [IEJIOM TaK)Xe SIB-
JISIETCSI LIEJIBIO TAHHOW paboThlI.

JUIsi OTHOCHTENIFHO OBICTPOTO BBIIIOJIHEHUS Kade-
CTBEHHOT'O aHaJIN3a METa0OINYECKUX NpoQuIei, BHOBb
CHHTE3UPOBAHHBIX IICHXOAKTHBHBIX BELIECTB MOXKHO
HCIIONI30BaTh METaboIN4YecKre KaMepsl JUisl 1abopaTop-
HBIX KUBOTHBIX [7].

B npeioxxeHHOM HCCIeI0BaHUH Ha PAacCMOTPEHUE
IIPE/ICTAaBICHBl HEKOTOPhIE METOJMYECKHE PEKOMEH/a-
uun s npumeHeHust merogoB BOXX-MC u I'’X-MC
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JUISl KaYE€CTBEHHOT'O OIIPE/ICIICHUSI METa0O0INTOB HOBOT'O
cuHTeTHYecKoro kanHabumumeruka THJ-2201 B 6uono-
TMYECKON JKUIKOCTH (MOYe) JTabOpaTOPHBIX KPBIC.

Marepunansl u MeToabl. Mccnedyemoe éeujecmeo.
OOpaszer; BemecTBa MPEAOCTABICH IPABOOXPAHHUTEIb-
HbIMU opraHamu Munucrtepcrsa Buyrtpennux J[len
Poccwuiickoit ®enepanun Ha 6a3y PernonansHoro Hc-
cnenoBarensckoro Ilentpa «®apmarecty ISl yCTaHOB-
JIEHUs] XUMUYECKOU CTPYKTYpBI, ONPENEIECHUsI CTEIEeHU
XMMHUYECKOH OJIM30CTH K BEIIECTBaM, TOMMEHOBAHHBIM
B Crucke | HapKOTHYECKHX CPEICTB U ICUXOTPOIHBIX
BEIIECTB, a TAK)KE YCTAHOBIICHMSI aHAJIOTUYHOCTH Y¥KE
3alpeliEHHBIM BEIIeCTBaM.

JlabopamopHnuie ycusomubie. IKCIICPUMEHTHI ObLITH
IIPOBEICHBI Ha OEJBIX ITOJIOBO3PEJIBIX camiax Jadopa-
TOPHBIX KpBIC cTOKa JUHUM Wistar B Bo3pacte 4—6 mecs-
neB u maccoit 180-250 rpamm. XKuBOoTHBIE conepxKaluch
Ha teppuropun BuBapust ®I'b0Y BO III'®A Munzapasa
Poccuu B oTaenbHON KOMHATE, IPU TEMIIEPATYPe BO3MY-
xa 2242 °C u BAaXHOCTH Bo3ayxa 55—65%. Jluera —
craHzaptHas s aboparopubix kuBoTHBIX (IOCT P
50258-92) cornacHo npaBuiIaM J1ab0OpPaTOPHON MPAKTHKH
IIpYU MPOBEACHUU JOKIMHUYECKHUX UcclenoBaHuil B PO
('OCT 3 51000.3-96 u 51000.4-96).
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Cxema 3xcnepumenma. JInst NOITydSHNST KOHTPOIb-
HOW M TOCTAIKCHO3UIIMOHHONW OMOXXHAKOCTH y OJHOTO H
TOTO K€ JKUBOTHOTO, YTO HEOOXOANMO JUIS COIIOCTAaBIIE-
HUSI PE3YyNBTaTOB, IPH TUIAHUPOBAHUH SKCIIEPUMEHTA HC-
I0JTb30BaJIACh CJIEAYIOINas cxema paccaaku Kpeic. JKu-
BOTHOE MOMENIAJIOCh B META0OIMUECKYIO KaMepy (UPMBI
«Open Science» Ha 24 daca, ¢ HEOTPaHUIECHHBIM JOCTY-
TIOM K BOJIE ¥ TIOJTHOM OTCYTCTBHH ITUIIH, U cOOpa KOH-
TposibHOI MouH. ITociie 3Toro JKMBOTHOE MOMENIAIOCh B
«JOMAIIHIOIO» KIIETKY Ul NpUéMa MUK Ha 5—6 4acos.
Janee >KHBOTHOMY BHYTPHOPIOIIMHHO [8] BBOAMIH HC-
cienyemoe BemectBo B 0,9% pacTBope HaTpHst XJI0pHIa
B o3¢ 10 MI/Kr (1o3a ycTaHOBIICHA SKCIIEPUMEHTAIb-
HBIM IIyTEM IPH TPOBEICHNUH JIOTIOIHUTEIBHBIX HCCIIe-
noBaumit Ha 6a3e PUL] «DapmarecT» B paMKax mpoBesie-
HUSI DKCIEPTU3bI O0BEKTa, BKIFOYABIIETO MCCIEAYEMOE
BemecTBo). Ilocie npuéma BemiecTBa )KHBOTHOE BHOBb
MIOMENIaoch B MeTabOIMIECKy 0 kKaMepy Ha 24 gaca u1s
cbopa MOCTIKCIIEPUMEHTAIBHON OHMOKUIKOCTH, B KOTO-
poii 1 mpoBoamics mouck THJ-2201 u ero MmetabomuToB
COIVIACHO METOJIMKAM, OTIMCAHHBIM HIKE.

0Obopyoosanue 0 nposedenus IKCREPUMeHmMa

Boicoko3rpdexTBHAA KUAKOCTHASI XPOMATOrpa-
¢pusa (BIXKX). /{1 nmpoBeneHus: dKCIepuMeHTa OBLITO
HCIIONIB30BAHO CIeyolee 000pyI0BaHNE: JKUIKOCTHOH
xpomarorpad ¢upmsl “Shimadzu LCMC-8050” B kom-
IUIEKCE C MacC-CEJIEeKTHUBHBIM JIETEKTOPOM. THIT JeTek-
TOpa — TPOMHON KBaApyNoOJb C IBOHHBIM HCTOYHHKOM
MOHU3AINH (XUMHYECKass HOHU3AIMS IIPU aTMOC(HEPHOM
JIaBJICHUM U dneKkTpocnpei). Paznenenue BemecTs mpo-
HCXOIMIIO B XpoMarorpauueckoi KoJIOHKe (MaTepHuai —
HEepIKaBEIOIas CTalb, XapakTepucTuku — 150 * 3.0 mwm,
Luna 3uC18(2), 100A). CopbenT — 00paméHHo-(ha3HBIA.

I'azoBast xpomarorpadusi (I'X). T'azoBblii Xxpo-
marorpad “Agilent 7890A” ¢ Macc-CIIEeKTPOMETPOM
Agilent 5975C, xononka 103 memomsapras HP-5ms 28
M % 0,25 mM. B kauecTBe raza HOCUTENsI UCHOIb3YETCA
TeTNii, KOTOPBIA momaéress co CKOpocThio 1,2 Mur/MuH,
pexxuM pabotsr — split/splitless, nenenne moroka — 1:10,
3aJiepyKKa BKIIFOUECHHUS — T10C)Ie BBOJA MPOoObI | MuHYyTA.
Temmepatypa uaTepdeiica 280°C, Temmneparypa HHKEK-
Topa 250°C, mporpaMMmupyemMas TeMIiepaTypa KOJIOHKH —
70(1)-30-250-3-280-10-300. Pexxum paboTHl geTekTopa
— CEJIEKTUBHBIA NOHHBIA MOHUTOPUHT; UHTEpBal — 9—13
MHHYT; HalpsDKCHNE Ha YMHOXKHTEJIEC BBIIIC BEIMUMHBI
aBTOMaruyeckoi HacTpoiku Ha 200 B.

Iloozomoeka 00vekmog 014 uccned06anus

IIpuroroBjieHne CTaHAAPTHOrO pacreopa. s
mogbopa yCIOBHH M BpPEMEHHM BBIXOAA BEIIECTBA Ha
9KCTIEPUMEHTAIBHOM 000pY/0BaHUM OBLI HPUTOTOBIICH
cranzapTHelid pactBop Bewecrtsa THJ-2201 B aueronu-
Tpuie B koHIeHTpanwu | #r/mi. Hanee 0,5 M1 momydeH-
HOTO pacTBOpa MOMEMIAJIOCh B Xpomarorpaduieckyro
BHAJIKY. 5 MKJI pacTBOPa BBOAWIN B MHXKEKTOP XpOMaro-

rpaga.

Ipodomoaroroka ajas BIKX-MC. B npodupky
C 3aBUHYMBAIOILEHCS KPBILKOM BMECTUMOCThIO 10 Mt
BHOCHIM 3 MJI aHaJIm3upyeMod Mouu, modasismu 0,5
M1 SM pactBopa NaOH u BeIgepkuBaii 2 MEHYTHI TIPH
50°C. B gucryro cyxyto mpobupky oosémom 10 M1 BHO-
CHIIM 3 MJI THApONM3aTa MOYH. [ MapoIn3aT MOAKUCIIIN
o pH 2-3 mobaBrenunem 250-350 MK KOHIIGHTPHPO-
BaHHOH COJSTHOW KHCIOTHL. B mpoOupky BHOCHIH 3 M
cMmecH u3ookran-3TIanerar (7:1). [lomemann npobup-
Ky Ha 10 MHHYT Ha opOuUTaNbHBIN meikep. LleHTpudy-
ruposanu 5 MunyT 1ipu 3000 o6/muH. OTHETSIN OpraHu-
YECKHH CIIOH, MEPEHOCHIN B CTEKIISTHHYIO IPOOUPKY IS
YHapuBaHMS U YIapHBaIXd B TOKE ropsaero Bosayxa. K
AKCTpakTy mo0aBisumi 500 MKJT alleTOHUTPHIIA, BCTPSIXHU-
BaJIM Ha BUOpOMHKCcepe 2—3 CeK M aHAIM3UPOBAIIH.

YeaoBusi xpomatorpapupoBanus s BIKX-
MC. Nebulizing Gas Flow — 3 L/min, Heating Gas Flow
—10 L/min, Interface Temperature — 300°C, DL Tempera-
ture —25°C, Heat Block Temperature — 400°C, Drying
Gas Flow — 10 L/min [9].

Perucrpamuio m 06paboTky Xpomarorpadudeckoi
MH(OPMALUH OCYIIECTBIISUIN C TIOMOIIBIO IIPOTPaMMHO-
ro obecniedenust LCsolution (ver. 1.25) [10].

IIpoGomoaroroBka u aepuBaruzaumsa s I'X-
MC. Bo ¢raxon momemntanu 2 Mir MOuH, pruoaBisui 150
Mk 50% pactBopa NaOH n nepememmnBanyu. dnakon
IUIOTHO YKYTIOPHBAJIM M MOMEIIATIN B TepMoOIoK Ha 10
MuHyT npu 60°C. Tlocne oxmaxaeHus (GpIakoH BCKpPHIBa-
i, nobaBisn cranaapt rekcenana 100 M 0,2 mr/mir,
npubasnsin 6H pactsop HCI no pH 2-3 u sxctparupo-
BaJI CMECBIO H-TeKcaH-3TIaneTar (7:1) mopuueit 5 mur.
BepxHuii ci10i 0TAENSIIM, BBITAPUBAIM O CYXOI'0 OCTaT-
ka B Toke Témroro Bo3ayxa (40°C). K cyxomy ocrarky
npubasmsin 500 Min 6e3BogHOTO areroHa, 40 MK #o-
JMCTOTO METWJIA U 2 MI' KapOOHaTa Kayusl, TePMETHIHO
3akpeiBany u HarpeBanu npu 60°C B Teuernn 60 MUHYT
B TepMoOoke. diakoH oxyaxganu. PactBop nepenocu-
JIM B YUCTHIA (pJIAKOH 1 BBINApUBAIHU B TOKe a3oTa. CyXoi
OCTaTOK J€PHBATH3MPOBAHHOTO 00pa3la pacTBOPSUIM B
100 Mk sTmnanerata U 1-2 MK BBOIMJIM B MHKEKTOP
XpoMato-Macc-crekrpomerpa [11].

Perucrpamuio m 06paboTky Xxpomarorpadudeckoit
nH(pOPMALUK OCYIIECTBISUIM C MOMOIIBIO IPOrpaMM-
Horo obecrieueanss AMDIS GC/MS Analysis (ver. 2.66)
[12].

Pesyabrarbl. B pesynbrare mpomemaHHON padoTEI,
OBUTH TIONMYYEHBI CIEAYIOUINE NaHHBIC, MOATBEPXKIAI0-
M€ THIIOTE3Y O CXOKECTH METabOoIn4ecKnux mpopuiiei
nocie npuéma Bewectsa THJ-2201 y yenoBeka u )KuBOT-
HOTO.

AHaJIN3 CTAaHAAPTHOIO 00pa3ua npoBOIMIICS C I0-
Moo Metoga MRM-niepexonos. Product ion —361.40,
Precursor — 233.30, Collision energy — 15. Xpomaro-
rpaMMa CTaHJapTHOTO pacTBOpA TpEJCTaBIE€Ha Ha PH-
CYHKeE 2.
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Pucynoxk 3 — Obpaszey duonozuueckoil sncudKkocmu 1a60pamopno2o Hncueommnoz2o 00 npuéma THJ-2201.
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Pucynox 4 — Obpaszey duonozuueckoil #cuoKkocmu 1a60panopuozo rHcueommno2o nocie npuéma THJ-2201.
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350 375

Pucynoxk 5 — Macc-cnekmp nuxa, xapakmepnozo 0isa namugnozo eeujecmea THJ-2201.
Ceepxy — akcnepumenmaivHulil (1a60PaAmopHoe HCUeomHuoe), CHu3y — OudaIuoOmeunsvlil (4enoeex)

Abundance [357]
100

0
mz: 100 150 175 200 235 250

| Scan 10591 (15.940 min)

275 300 az5 350 a7s

mz: 200 225 250

| Library Hit: 77 THJ-2201-M4 (.F, Alk-4-en, indazol-OH), methyl- and_Extracted spectrum

275 300 325 350 375 400 425 450

Pucynox 6 — Macc-cnekmp nuka, xapakmepnozo onsa memaoonuma eeujecmea THJ-2201.
Ceepxy — aKcnepumenmaibHulil (1AOOPAmMoOpHoOe HCUBOMHOE), CHU3Y — OUOIUOMEUHbLIL (YeN06eK)

Hccneoosanue ouonozuueckoit yncuokocmu n1aoo-
PAMOPHBIX HCUBOMHBIX.

Boicoko3ddexTuBHAT KHUAKOCTHAS XPOMATO-
rpa¢us. [Ipu uccnenoBaHuu OUOKHUIKOCTH JKUBOTHO-
IO HUCIOJb30BAIA METOJ CPABHEHHUS C COOCTBCHHBIM
KOHTPOJIEM, & UMEHHO: MOYY COOHMpAaIu JIBaXKIbI — JIO
U TI0CJIe BBEJICHUs BelecTBa (puc. 4 u puc. 3, COOTBET-
ctBeHHO). [l aHanu3a ucmonb3oBaics meroq MRM-
nepexooB. [[iisi HATHBHOTO BEIECTBA XapaKTePHBI Clie-
nyrormue napamerpsl: Product ion — 361.40, Precursor
— 233.30, Collision Energy — 15.0. Jlns mertabonura
XapaKTepHbI cleAyronme napamerpsl: Product ion —
373.20, Precursor — 155.20, Collision Energy — 15.0.
W3 mony4eHHBIX NaHHBIX CICAYET, YTO B «KOHTPOIb-

HOI Moue» 1t fanHoro MRM-nepexona, coBmageHuit
pu XpoMarorpadupoBaHuX HaileHO He ObIIO (MaKcH-
MaJIbHasi HHTEHCUBHOCTh MUKOB — 720 eJ1.), Torma Kak
Ha Xpomarorpamme OWOXHJIKOCTH, COOpaHHOH mocie
npréma BENEeCTBa, OTYETIMBO BHJICH IMK HATHBHOTO
BEIIECTBA, a TAKXe MUK HCKOMOTO MeTabdoJiHTa, CO-
OTBETCTBYIOLIMX KaxJblii cBoeMmy MRM — mepexony
(MakcmmanpHas HHTEHCHBHOCTE — 1 425 000 ex.). Xpo-
MaTorpaMMBbl HCCIIEAYEMbIX 00pa3oB OMOIOTHYECKOH
JKUJIKOCTHU JTAOOPATOPHBIX KUBOTHBIX 10 M TIOCTE MPHE-
Ma BemectBa THJ-2201 mpencraBnensl Ha pUCyHKax 3
1 4 COOTBETCTBEHHO.

I'azoBasi xpomartorpagmsi. B Moue saGoparoproro
JKMBOTHOTO, TIOCJIE TpUéMa BEIIECTBA, OOHApYKEHbBI Xa-
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PAKTCPHBIC MUKW JId HATUBHOTO BEHICCTBA U OJHOIO0 M3
meTabomuToB BemectBa THJ-2201 ¢ macc-cniekrpamu, co-
BITQTAIOIINMH C MacC-CIIEKTPaMH1 YEJIOBEUYECKUX 00PAa3IIOB,
B3ATHIX M3 0a3 TaHHBIX MPOrpaMMHOro komiuiekca AMDIS
GC/MS Analysis (ver. 2.66.). Macc-ClieKTpbl HCCIICIOBaH-
HOro oOpasia i HaTHBHOIO COEIMHEHHsI U ero Metado-
JIUTA TIPECTABICHBI B CPABHEHNH C «UETOBEUECKUMID pe-
3yNlbTaTaMy Ha PUCYHKAX 5 U 6 COOTBETCTBEHHO.
O0cy:xnenue. M3 moiydeHHBIX JaHHBIX, MOXHO
C/IeTaTh CICIYIOIINE BHIBOIBI:
BOXX-MC
e BpeMs BBIXOJa BEIIECTBA B CTaHAApTHOM oOpasie
(mpu 3amanHOM MRM-1iepexosie) COOTBETCTBYET Bpe-
MCHHM BbIXOJZa HATHUBHOI'O BEIIECTBA B JKCIICPUMCH-
TaJbHOM 00pasiie, YTO CBUJACTEIbCTBYET O TOM, YTO
C BBICOKOH J10Jiell BEpOSTHOCTU — 3TO OJIHO U TO XKe
BEIIIECTBO;
® [IpU CPaBHEHHUU XPOMAaTOrpaMM KOHTPOJBHONH MOYM U
HOCTBKCHepI/IMCHTaHBHOﬁ, MOXKHO CJI€J1aTh BBIBOJ, YTO
HUKAaKUX OHIAOICHHBIX BEHICCTB, COOTBCTCTBYIOIINX
npemoxkeHHsIM MRM-niepexonam, He 00HapyKEHO;
® Ha XpoMarorpamMmme HOCT3KCHepI/IMeHTaHBHOﬁ MOYH
OTYETIIMBO BHUJHBI IMKK HATHMBHOTO BemectBa THIJ-
2201 u ero metraboauTa, COOTBETCTBYIOIINE TIPEIIO-
>keHHbIM MRM-niepexonam.
I'X-MC
® KAa4YECTBEHHBIX OTINYUH MCXY NOHHBIMU COCTaBaMu

MeTa0OJINTOB HOBOTO CHHTETHYECKOTO KaHHAOMHOHU 1A
THJ-2201 y uenoBexa u 1a00paTOpHOMN KPHICHI HE BbI-
SBJICHO;
® YCTAHOBJICHO CYIIECTBEHHOE CXOJICTBO MEXIY HMOHa-
MH ¢ MaKCHUMaJIbHON MHTEHCHUBHOCTBIO B Pa3HBIX Me-
Ta0OIMYECKHUX MTPOPHIISIX;
e [apaMeTphbl JCTEKTHPOBAaHUS METaOOIUTOB 3aBUCST
OT YaCTHBIX yCIOBUH XpoMaTorpapupoBaHusl.
3aki04eHue. YUUTHIBAs MOTYYCHHBIC PE3yNIbTAThI
9KCTIEPUMEHTA, MOXKHO CIEJaTh BBIBOJ O MPUTOJHOCTH
NPEIJIOKEHHON KOMIUIEKCHOM METOIMKM aHajau3a IpU
JAHHBIX YCIOBHUSIX OCHAIIEHHOCTH JlabopaTopuu (HaIu-
yre 7a00paTOpHBIX KUBOTHBIX, PA3HOBUAHOCTh XpOMa-
TOrpa)uIecKoro 00OPyIOBAHUS ).

Takxe, ¢ y4€TOM paHee BBIIOJIHEHHBIX HCCIENO-
Bauuii [13, 14] MOXHO caenaTh BBIBOJ O 3HAYUTEIHHOM
CTETICHH MEXBHJIOBOH CXOXKECTH METAaOOINYECKHUX IPO-
¢uieii yenoBeka U 1a0OPATOPHOI KPBICHI JUIsl BEIIECTB,
XUMHWYECKHU CXOTHBIX C HCCIETYEMBIM.

C TOUKM 3pEHHUS aBTOPOB, MCCIEIOBAHUE SBISACTCA
MEPCIIEKTUBHBIM, TaK KaK IPH BHEJPEHHUHU B IKCIIEPTHYIO
MIPAKTUKY MOXET CYIIECTBEHHO COKPAaTUTh BpEMs BHe-
CEHHUsI HOBOTO IICMXOAKTHBHOTO BEIECTBA B IEpEuCHb
sanpeniéHnplx (Crnmcox I HC u I1B), mo3Bonas momy-
4aTh MOJIETh METaboIu3Ma HCCIEAyeMOro BeniecTa 6e3
cyOBeKTa OTpaBJICHUS, JIUIIh HA OCHOBE OMOXHIKOCTEH
1a00PaTOPHBIX KUBOTHBIX.

Introduction. One of the most acute problems faced
by mankind in the past two decades is the problem of il-
legal synthesis and trafficking of new psychoactive sub-
stances. Around the world, the number of substances used
for recreational purposes is growing. Unfortunately, Rus-
sia has not become an exception, scores of new substances
used for the purpose of stupefying have been distributed
on its territory. Each government struggles with this prob-
lem in its own way, which is connected with the peculiari-
ties of the legislation in the sphere of restriction of narcotic
drugs turnover. Of course, in our country, the fight against
the illegal trafficking of intoxicating substances is actively
conducted, but it often takes a fairly long time to pass since
the discovery of a new synthetic substance to the prohi-
bition against its synthesis, production, etc. through the
inclusion into the Lists of the substances being controlled.

A group of scientists at Perm State Pharmaceutical
Academy has been conducting research on new psycho-
active substances for over 7 years, relying on the current
legislation in the country [1, 2]. In Russia, the restriction
of the turnover of new psychoactive substances is possi-
ble through reference to “analogues of narcotic drugs and
psychotropic substances”, the definition of which is giv-
en in Federal Law No. 3-FZ of 08.01.1998. This group
comprises the analogues of narcotic drugs and psychotro-
pic substances prohibited against trafficking in the Rus-
sian Federation, substances of synthetic or natural origin
not included in the List of narcotic drugs, psychotropic
substances and their precursors subject to control in the
Russian Federation, the chemical structure and properties
of which are similar to the chemical structure and prop-
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erties of narcotic drugs and psychotropic substances and
the psychoactive effect which they produce.

The accumulated experience enabled us to formulate
“Methodological recommendations for the study of new
psychoactive substances and the procedure for classify-
ing them as analogues of narcotic drugs and psychotropic
substances.” The results of the research were repeatedly
reported at the conferences and forums more than once,
being supported by representatives of law enforcement
agencies and expert services.

These recommendations were worked out for the re-
search objects constituting material evidence (substances,
plant mixtures, plastic masses, etc.), probably containing
analogues of narcotic drugs or psychotropic substances.
The developed algorithm of research includes chemical
and pharmacological parts. The “Methodological Rec-
ommendations” describe in detail why this approach is
used. However, the objects of expert research conducted
for the purpose of discovering new psychoactive sub-
stances can be not only constituting material evidence of
non-biological nature, but also biological fluids, which
are most in demand when conducting medical examina-
tion of living people who use intoxicants.

To identify the fact of using prohibited substances
and, subsequently, to determine the specific structure
of the psychoactive substance being studied, chromato-
graphic methods for the analysis of biological objects,
including HPLC-MS (high-performance liquid chroma-
tography with mass-selective detection), and GC-MS
(gas chromatography with mass-selective detection) are
used [3].
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One of the “brightest” representatives of this class
of psychotropic substances is 3-(Naphthalene-1-ylox-
omethyl)-1-(5-fluoropentyl) -1H-indazole, known under
the trivial name of THJ-2201 or AM(N)-2201. Another
psychoactive substance known as JWH-018 (IUPAC:

(1-pentyl-3-(1-naphthoyl) indole) can be considered the
“progenitor” of the test substance. The difference be-
tween them is in substituting the indole nucleus for the
indole one [4]. The structural formula of the test sub-
stance is shown in Figure 1.

e

N\
/

(

Figure 1 — Structural formula 3-(naphthalene-1-yloxomethyl)-1-(5-fluoropentyl)-1H-indazole (THJ-2201)

According to its pharmacological properties this
substance is a complete agonist of central CB1 and
peripheral CB2 receptors [5]. After taking the substance,
the following effects are observed: evident sedation,
loss of control of fine and gross motor skills of smooth
muscles, difficulty in orientation in space, lowering
decrease of arterial blood pressure, nausea, mental
disturbance and others [6].

The aim of this study is to work out a procedure for
the determination of the test substance THJ-2201 and its
metabolites in the urine of laboratory animals; the de-
tection of a set of characteristic metabolites indicating
the use of a prohibited substance. Besides, the study of
metabolism of new synthetic cannabimimetics in general
is also the goal of this work. For a relatively rapid perfor-
mance of qualitative analysis of metabolic profiles and
resynthesized psychoactive substances, metabolic cham-
bers for laboratory animals can be used [7].

In the proposed study, some methodological recom-
mendations for the application of HPLC-MS and GC-MS
methods for the qualitative determination of metabolites
of the new synthetic cannabimimetic THJ-2201 in the bi-
ological fluid (urine) of laboratory rats are presented for
consideration.

Materials and methods. The test substance. A sam-
ple of the substance was provided by the law enforce-
ment agencies of the Ministry of Internal Affairs of the
Russian Federation to the base of the Regional Research
Center “Pharmatest” for establishing the chemical struc-
ture, determining the degree of chemical affinity with the
substances listed in Schedule I of narcotic drugs and psy-
chotropic substances, and establishing the analogy with
the already prohibited substances.

Laboratory animals. The experiments were carried
out on white mature males of laboratory rats in the Wis-
tar line aged 4-6 months and weighing 180-250 grams.
The animals were kept in the vivarium of the Perm State
Pharmaceutical Academy in a separate room, at the air
temperature of 22 + 2°C and the air humidity of 55-65%.
The diet was standard for laboratory animals (GOST R

50258-92) according to the rules of laboratory practice
for preclinical research in the Russian Federation (GOST
3 51000.3-96 and 51000.4-96).

The scheme of the experiment. To obtain a control
and post provocative bio-fluid in the same animal, which
is necessary for comparing the results, the following
scheme of placing rats was used while-planning the ex-
periment.

Each animal was placed into a metabolic chamber
of the “Open Science” firm for 24 hours, with unlimited
access to water and abrosia for urine collection and lig-
uid urine control. After that, the animal was placed into a
“home” cage for 5-6 hours for food intake.

Then the animal was injected intraperitoneally [8]
with the test substance (0.9% solution of sodium chloride
at a dose of 10 mg / kg (the dose was established ex-
perimentally while carrying out additional studies on the
basis of the “Pharmatest” as a part of expert evaluation of
the object including the test substance). After taking the
substance, the animal was again placed into the metabol-
ic chamber for 24 hours to collect the post-experimen-
tal bio-liquid, in which the search for THJ-2201 and its
metabolites was carried out according to the procedures
described below.

Equipment for the experiment.

High performance liquid chromatography
(HPLC). To carry out the experiment the following
equipment was used: a liquid chromatograph from the
firm “Shimadzu LCMC-8050” in combination with a
mass-selective detector. The detector type is a triple
quadrupole with a double ionization source (chemical
ionization at the atmospheric pressure and electrospray).
The separation of the substances occurred in a chromato-
graphic column (the material is stainless steel, the char-
acteristics are: 150 * 3.0 mm, Luna 3uCI18 (2), 100A).
The sorbent is reversed-phase.

Gas chromatography (GC). Gas chromatograph
“Agilent 7890A” with Agilent 5975C mass spectrometer,
column 103 nonpolar HP-5ms 28 m x 0.25 mm was used.
Helium was used as the carrier gas, which was supplied
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at the rate of 1.2 ml / min, the operation mode was split
/ splitless, the flux division was 1:10, the on-delay was 1
minute after the sample insertion. The interface tempera-
ture was 280°C, the injector temperature was 250°C, the
programmable column temperature was 70 (1) -30-250-
3-280-10-300. The detector operation mode was selec-
tive ion monitoring; the interval was 9-13 minutes; the
voltage on the multiplier was 200 V higher than the auto
tuning value.

Preparation of objects for research.

Preparation of a standard solution. To determine
the conditions and time of release of the substance on
the experimental equipment, a standard solution of THJ-
2201 in acetonitrile at the concentration of 1 ng / ml was
prepared. Further, 0.5 ml of the resulting solution was
placed into a chromatographic vial. 5 pl of the solution
was injected into the chromatograph injector.

Sample preparation for HPLC-MS. 3 ml of the
urine being analyzed was placed into a 10 ml vial with a
screw cap, 0.5 ml of a 5 M solution of NaOH was added
and held for 2 minutes at 50°C. 3 ml of urine hydroly-
zate was placed into a clean, dry tube of 10 ml volume.
The hydrolyzate was acidified up to pH 2-3 by adding
250-350 pl of concentrated hydrochloric acid.

3 ml of isooctane-ethyl acetate (7: 1) was placed into
the test tube. Then the test tube was placed on the orbital
shaker for 10 minutes, centrifuged for 5 minutes at 3000
rpm. The organic layer was separated, transferred to the
glass evaporation tube and evaporated in the stream of hot
air. 500 pl of acetonitrile was added to the extract, shaken
on the vibromixer for 2-3 seconds and then analyzed.

Chromatography conditions for HPLC-MS. Neb-
ulizing Gas Flow was 3 L/min, Heating Gas Flow was
10 L/min, Interface Temperature was 300°C, DL Tem-
perature was 25°C, Heat Block Temperature was 400°C,
Drying Gas Flow was 10 L/min [9]. Registration and pro-
cessing of chromatographic information was carried out
using LC solution software (ver 1.25) [10].

Sample preparation and derivatization for GC-
MS. 2 ml of urine was placed into the vial, 150 pl of 50%
NaOH solution was added and mixed. The bottle was
tightly sealed and placed into the fuser for 10 minutes at
60°C. After cooling the vial was opened, a hexenal stan-
dard of 100 pul 0.2 mg / ml was added, a 6N HCI solution
was added to pH 2-3 and extracted by the mixture of
n-hexane-cthyl acetate (7 : 1) in a 5 ml portion. The top
layer was separated, evaporated to a dry residue in the
warm air current (40°C). 500 ul of anhydrous acetone,
40 pl of methyl iodide and 2 mg of potassium carbonate
were added to the dry residue, sealed and heated at 60°C.
for 60 minutes in a fuser. The bottle was cooled. The
solution was transferred to a clean vial and evaporated in
a stream of nitrogen. The dry residue of the derivatized
sample was dissolved in 100 pl of ethyl acetate and 1-2
ul was injected into the chromatograph-mass spectrome-
ter injector [11].

Registration and processing of chromatographic in-
formation was carried out using the AMDIS GC / MS
Analysis software (ver.2.66) [12].
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Results. As a result of the work done, the following
data were obtained confirming the hypothesis of the sim-
ilarity of metabolic profiles after administration of THIJ-
2201 in humans and animals.

The analysis of the standard sample was carried
out using the MRM-transitions method: product ion was
361.40, precursor was 233.30, collision energy was 15.
The chromatogram of the standard solution is shown in
Figure 2.

Study of the biological fluid of laboratory animals.

High performance liquid chromatography. In
the study of the biofluidity of the animal, a comparison
method with its own control was used, i. e. the urine was
collected twice — before and after the administration of
the substance (Figure 4 and Figure 3, respectively). The
MRM-transitions method was used for the analysis. The
native substance was characterized by the following pa-
rameters: product ion is 361.40, precursor is 233.30, col-
lision energy is 15.0. The following parameters are typi-
cal of the metabolite: product ion is 373.20, precursor is
155.20, collision energy is 15.0.

From the data obtained it follows that in the “control
urine” for this MRM transition no coincidences in chro-
matography were found out (the maximum intensity of the
peaks was 720 units), whereas on the chromatogram of
the biofluid collected after taking the substance, the peak
of the native substance was clearly visible, as well as the
peak of the desired metabolite, corresponding to each of its
MRM-transitions (the maximum intensity was 1,425,000
units). Chromatograms of the test samples of the biologi-
cal fluid of laboratory animals before and after taking THJ-
2201 are shown in Figures 3 and 4, respectively.

Gas chromatography. In the urine of a laborato-
ry animal, after receiving the substance, characteristic
peaks for the native substance and one of the metabolites
of the THJ-2201 substance with mass spectra coincid-
ing with the mass spectra of human samples taken from
the database of the AMDIS GC / MS Analysis software
package (ver. 2.66.). The mass spectra of the sample for
the native compound and its metabolite are presented in
comparison with the “human” results in Figures 5 and 6,
respectively.

Discussion. We can draw the following conclusions
from the data obtained:

HPLC-MS
e The time of release of the substance in the standard

sample (for a given MRM transition) corresponds to
the time of release of the native substance in the ex-
perimental sample, which indicates with high proba-
bility that it is the same substance;

e when comparing the chromatograms of the control
urine and post-experimental urine, it can be concluded
that no endogenous substances corresponding to the
proposed MRM transitions were detected;

I'X-MC
e on the chromatogram of the postexperimental urine,

the peaks of the native substance THJ-2201 and its
metabolite are clearly visible, corresponding to the
proposed MRM transitions.
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Figure 2 — Standard solution THJ-2201. MRM analysis

i : PO AN AMMW“WW

‘oo 1 1y » o 0 & n ) n e 1o 120 120 1 150 o 120 mie

Figure 3 — A sample of the biological fluid of a laboratory animal before taking THJ-2201.
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Figure 4 — A sample of the biological fluid of a laboratory animal after taking THJ-2201.
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Figure 5 — Mass spectrum of the peak, characteristic for the native substance THJ-2201.
Above — experimental (laboratory animal), below — library (man)
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Figure 6 — Mass spectrum of the peak, characteristic for the metabolite of substance THJ-2201. Above —
experimental (laboratory animal), below — library (man)

GC-MS

e no qualitative differences between the ionic composi-
tions of the metabolites of the new synthetic cannabi-
noid THJ-2201 in humans and in laboratory rats have
been revealed;

e substantial similarity between ions with maximum in-
tensity in different metabolic profiles was established;

e metabolite detection parameters depend on particular
chromatographic conditions.

Conclusion. Taking into account the obtained results
of the experiment, we can conclude that the proposed
complex analysis methodology is suitable under the giv-
en laboratory conditions (presence of laboratory animals,
a variety of chromatographic equipment).
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Taking into account the previous studies [13, 14],
we can also conclude that there is a significant degree of
interspecies similarity in human metabolic profiles and
laboratory rats’ for substances chemically similar to the
studied.

From the point of view of the authors, the study is
promising, as it can significantly reduce the time of in-
troducing a new psychoactive substance into the list of
prohibited substances (List I of the National Assembly
and the Law), making it possible to obtain a model of
metabolism of the test substance without a poisoning
subject, only on the basis of bio-fluids of laboratory an-
imals.
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ONPEAENEHUE NPOU3BOAHOTIO 3-TMAPOKCU-3-MNPPOJZINH-2-OHA
B MOYE U USYHEHUE ETO SKCKPELUNU
M3 OPTAHU3MA NTABOPATOPHbIX XUBOTHbIX

E.A. Byncaxoea, FO.H. Kapnenxo, T.U. Apvicuna

@I'HOY BO «llepmckas 2ocy0apcmeenHas papmayesmuieckas akaoemusy
Mumnszopasa Poccuu, 614990, Poccus, e. Ilepms, yu. I[lonesas, 0. 2
E-mail: bulgakova_pfa@mail.ru

H3z6ecmno, umo npakmuuecku 11060e 3a001e8anue co CMopoHbl YEeHMPAIbHOU HEPEHOU CUCEMbL CONPOBONCOAU-
emcs pasgumuem KOZHUMuUGHuIX paccmpoucms. Ipenapamamu evlbopa 6 cocmage KOMNIEKCHOU mepanui 6 OAHHOM
cayuae A6uAI0Mcs Hoomponsl. Ha muposom puinke cpedu HOOMPONHLIX npenapamos npeobiadaem cpynna payema-
MO8 (NPpOU3B0OHIX AL A-NUPPOTUOOHA), XAPAKMEPUZVIOWAACS UUPOKUM CHEKMPOM PapMAKOI02UYECKOU AKMUBHO-
cmu. B nacmosawee spemsa dannas epynna npoooudicaem pacuupsamoscs. Compyonuxamu Ilepmckoii 2ocyoapcmeenhoil
dapmayesmuueckotl akademuu noo pykosoocmeom npogeccopa l'etina B.JI. Ovino cunmesuposano Hogoe buonocute-
CKU aKmugHoe coedunerue, npou3eoonoe 3-eudpoxcu-3-nupponun-2-ona — KOH-1, komopoe cetivac npoxooum sman
Ooknunuyeckux ucciedoganuil. Ilenvto nacmoaweii pabomol asunacs paspabomra memoouxu onpedenenus KOH-1 6
Moue Memooom 8blcOKO3pdexmusHoll sxcudkocmuou xpomamoepaguu (BOIKX), a makoice uzyuenue sxckpeyuu KOH-
1 u3 opeanusma nabopamopnuvix dcueomuuix. Mamepuanvt u memoosl. Vccieooseanus no paspabomke memoouxu
NPOBOOUU C UCNONIB30BAHUEM HCUOKOCIHO20 Xpomamozpaga LC-20 Prominence (Shimadzu, Anonus) ¢ ouoonoma-
MPUYHBIM OemeKmOopom. Banuoayuio ocywecmsnsanu ¢ coomgemcmeuu ¢ mpebosanusm, NPeovbsaGIAeMblMU K OUO-
AHATUMUYECKUM MEMOOUKAM, NO NOKA3AMENAM CEleKMUBHOCMb, TUHEUHOCMb, NPEYUSUOHHOCMb U NPAGUILHOCHTb.
Oxekpeyuro KOH-1 uzyuanu na benvix nenunelinvix kpvicax maccou 300—400 e nocie 00HOKpamHo2o nepopaibHo20
8sedenus 8 0ose 100 me/ke. Pezynomamot u oocyyncoenue. B pesynomame ucciredosanuii paspabomara memoouxa
onpedenenus buonozuuecku akmugrnoeo coeounenuss KOH-1 ¢ moue. [lpogedennas sanudayus nokazaia ee npueoo-
HOCmb 01151 (hapmakokuHemuyeckux ucciedosanuil. Ilonyuenst oannvie no cymoynomy evigedenuro KOH-1 ¢ mouot
nocne 00HOKpAmHo20 NepopaiIbHO20 88edeHus Kpblcam. 3aKatouenue. Paspabomannule yciosus xpomamozpaguie-
ckozo onpedenenuss KOH-1 6 moue mocym Ovims ucnonb308amsl npu GapmakoKuHemu4eckux uccied08aHusx, Kaxk na
OOKIUHUYECKOM, MAK U KAUHUYECKOM dMANax u3y4yeHus nomeHyudibHo20 J1eKapcmeennozo cpedcmsa. Jlannvie no
akckpeyuu KOH-1 nossonam onpedenums nymu 6bl6e0eHusi npenapamd, a maxdice no0oopams payuoHaIbHyIo 003u-
POBKY, BbIABUMb BO3MONACHBLE NPOMUBONOKAZAHUS K NPUMEHEHUIO.

Knroueswvte cnosa: noomponwsi, KOH-1, svicokoaghexmusnas scuokocmuas xpomamozpagus, eanuoayus, ap-
MAKOKUHEmuKa

DETERMINATION OF 3-HYDROXY-3-PYRROLINE-2-ONE IN URINE
AND STUDY OF ITS EXCRETION FROM THE ORGANISM
OF LABORATORY ANIMALS

E.A. Bulgakova, Yu.N. Karpenko, T.1. Yarygina

Perm State Pharmaceutical Academy
2, Polevaya st., Perm, Russia, 614990
E-mail: bulgakova pfa@mail.ru

1t is known that almost any disease of the central nervous system is accompanied by the development of cognitive
disorders. The drugs of choice in the complex therapy in this case are nootropics. On the world market racetam group,
i.e. derivatives of alpha-pyrrolidone, prevails among nootropics, and the derivatives have a wide spectrum of pharma-
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cological activity. Currently, this group continues to expand. By the employees of Perm State Pharmaceutical Acade-
my (PSPA), ruled by Professor V.L. Gein, a new biologically active compound, a 3-pyrrolin-2-one derivative - KOH-1
was synthesized. This compound is at the preclinical research stage now. The aim of this work was the development of
methods for determination of KOH-1 in urine by high performance liquid chromatography (HPLC), the study of excre-
tion KOH-1 from the organism of laboratory animals. Materials and methods. Studies on the development of methods
were carried out by using a liquid chromatograph LC-20 Prominence (Shimadzu, Japan) with a diode-array detector.
The validation was carried out in accordance with the requirements for bioanalytical methods, in terms of selectivity,
linearity, precision and accuracy. The study of excretion of KOH-1 was performed on white non-linear male rats
weighing 300-400 g. The substance KOH-1 was administered once orally in a suspension of starch mucus at a dose
of 100 mg/kg. Results and discussion. As a result of the research, the method for determining the biologically active
compound KOH-1 in urine has been developed. The validation showed its suitability for pharmacokinetic studies.
The data on daily excretion of KOH-1 in urine after a single oral administration to rats were obtained. Conclusion.
The developed conditions for the chromatographic determination of KOH-1 in urine can be used in pharmacokinetic
studies, both at the preclinical and clinical stages of the study of a potential drug. The data on excretion of KOH-1 will
allow to determine the ways of excretion of the preparation, and also to select a rational dosage, to identify possible

contraindications to the use.

Keywords: nootropics, KOH-1, high-performance liquid chromatography, validation, pharmacokinetics

BBemenme. l3BecTHO, YTO MPAKTHUCCKH JIHO0OE
3a00JIeBaHNE CO CTOPOHBI IIEHTPAILHONH HEPBHOW CH-
CTEMbI COIPOBOXK/IAETCA Pa3BUTHEM KOTHUTHBHBIX pac-
CTpPOMCTB, KOTOpPBIE MPOSBISAIOTCS B CHIKEHUN TaMATH,
BHUMaHHs U YMCTBEHHOH paboTocrnocodHocTH. Koruu-
TUBHBIE PACCTPONCTBA HETATUBHO CKa3bIBAIOTCS Ha Kaue-
CTBE XU3HU MaIllMEeHTa U HYXKJAITCs B Koppekuuu [1].
[Ipenaparamyu BbIOOpa B COCTaBE KOMIUIEKCHOW Tepariuu
B JJaHHOM CJydYae SIBJISIIOTCS HOOTpombl. B HacTosmiee
BpEMsi OHM SIBJISIIOTCSI €MHCTBEHHOW TpymIol ¢apma-
KOJIOTMUYECKUX CPEJICTB C BBIPAKEHHBIM HelpoMeTado-
JUYecKUM JeiicTBueM. Ha MHpOBOM pbIHKE Cpeau Ho-

Br

OTPOIIHBIX MpenapaToB MpeodiafaeT Ipyma paeTaMoB
(Tpou3BONHBIX  aNb(a-IMUPPOIUIOHA), XapPaAKTEPHU3YIO-
IIAsICS IMPOKUM CIIEKTPOM (papMaKoJIOrHYeCKOl aKTHB-
HOCTHU. B HacTosIee Bpems TaHHAs TpyIa MpofoKaeT
pacuupsatscs. Corpynaukamu [lepmckoii rocyapcTBeH-
HoH (hapmaneBTuueckoit akanemun (III'DPA) nmox pyko-
BoICTBOM Tipodpeccopa [eitna B.JI. ObLIO CHHTE3UPOBAHO
HOBOE OMOJIOTMYECKH aKTHBHOE COeTMHEHHeE [2], Tpoun3-
BomHOEe 3-muppoiuH-2-ona — KOH-1 (puc. 1), obnana-
I0l[ee BBIPAKEHHBIM aHTHAMHECTUYECKUM JEHCTBHEM.
Ceityac coeMHEHUE MPOXOJUT CTAAUIO JOKIMHUUECKUX
HCCIEIOBAHUM.

CH,— CH,— CH,— OH

Pucynok 1 — Cmpyxkmypnas popmyna KOH-1
(4-auemun-5-(4-o6pompenun)-3-zudporcu-1-(3-zudpoxcunponun)-3-nupponun-2-on)

BHenpeHue COBpEeMEHHBIX MpenapaTroB B KIWHU-
YEeCKYI0 MPAaKTUKY OCYIIECTBUMO JIMIIb MpPU YCIOBUHU
JIeTIbHOM OLEHKM X crenuduueckoit dapmaxonoru-
YecKoll aKTUBHOCTH M O€301IaCHOCTH Ha CTaJUH JKC-
MEPUMEHTANBHBIX  (HOKIMHUYECKHX) HCCIICAOBaHUM.
Lenbto nokIMHUYECKNX (hapMaKOKWHETHYECKUX HCCIIe-
JIOBAaHUI SBIIAETCS W3y4YCHHE IOBEACHMS IMOTEHIHAIIb-
HBIX JIEKapCTB B OPraHU3ME JIAOOPATOPHBIX ’KUBOTHBIX,
a WMEHHO TIPOLIECCOB BCACBIBAHUS, paCIpeeeHus,
Merabosm3ama u BbiBeneHus: [3]. M3yueHue sKcKpeuuu
— B@XHBIM 3Tall JOKJIWHUKH, KOTOPHIM MO3BOJISET Olie-
HUTb CKOPOCTH 3JIMMUHAINH MTOTEHIIHAIBHBIX JIEKAPCTB.
B cBs3M ¢ 3TUM, aKTyaJbHBIMU SBJISIOTCS HCCIEIOBAHUS
0 pa3padoTKe BBICOKOYYBCTBUTEIBHBIX METOJHMK OIIpe-
JIeTIeHUs] OMOJIOTUYECKH aKTUBHBIX COEAWHEHUI B OHO-
JIOTHYECKUX KUJKOCTSAX, B YACTHOCTH B MOYE.

332

ITpn (apmMakOKMHETHYECKUX HCCIEIOBAHUAX HO-
OTPOIHBIX TPENapaToB M3 TPYIIIbl PaleTaMOB HCIHOJb-
3YIOTCSI METOJIbI Ta30KHUKOCTHON Xpomarorpaduu [4],
BBICOKOA((EKTHBHOM JKUIKOCTHOW Xpomarorpaduu ¢
diryopuMeTpuUecKiM [5] U Macc-CEJICKTUBHBIM JICTCK-
TupoBaHueM [6-12]. Bwibop cnocoba mpoOOnoaroros-
KM MOYM K aHaJIM3y 3aBHCUT OT (M3MKO-XUMHYECKUX
CBOWCTB JIEKapCTBEHHOTO BeriecTsa. Tak, mpu dapmako-
KMHETHYECKUX MCCIICIOBAaHHUIX HOOTPOITHBIX Tperapa-
TOB IPH aHAJIU3E MOYM HCIOJIB3YIOT MPOOOMOATOTOBKY
Ha OCHOBE JKUAKOCTb-KMIKOCTHOM 3KcTpakuuu [13, 14,
15] u npoctoe pazbasienue odbpasua Bomoi [16]. Panee
IIPOBEICHHbBIE HcceioBaHus nokaszanu, yro KOH-1 a¢-
(dexTuBHO 3KcTparupyercs u3 mMouu npu pH 3 xiopo-
dbopmom (6osee 98%) [17].

Henbro Hamieir padoThI sIBIJIACH pa3paboTKa METO-
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muku onpenencHuss KOH-1 B Mode METOIOM BBICOKOI (-
(bexTHBHON KUAKOCTHOHM xpomarorpaduu (BIXKX), a
takxke uzydenue sxckpernn KOH-1 u3 opranmsma na6o-
PaTOPHBIX KUBOTHBIX.

Marepuaasl u Metoabl. B pabore mcmonb3oBa-
nu cyocrannuio KOH-1, cunresupoBannyio B [II'QA u
COOTBETCTBYIOIIYI0 TpeboBanusaMm mpoekta OCII [18],
a TaKXkKe CIeIyIoUIhe peareHTH: anetoHuTpun (HPLC
grade, Merck), XIOpUCTOBONOPONHAs KHCIIOTa pa3Be-
nennas 8,3%, kanus quruapodocdar (x.4.), xaopohopm
(x.4.). Boma ams mpUroTOBNEHUS ATIOSHTOB ObIIa MOTY-
YeHa ¢ MOMOIIBIO CUCTEMbI OUMCTKH BOAbI Simplicity UV
(Millipore, Merck).

HccrnenoBanus mo pa3paboTKke METOAMKH MPOBOIH-
JIM C HUCIOJB30BAHUEM JICUOKOCHHO20 Xpomamozpapa
LC-20 Prominence (Shimadzu, Slnonus) ¢ duoonoma-
MpUYHbIM Oemekmopom. Xpomamoespaghuueckas KoioH-
xa: Luna 5uC18(2) 100A (250x4,6 mm, Phenomenex). B
KadeCTBE MOJBIKHON (ha3bl UCTIONB30BAH CMECH alleTo-
mutpwia u gocdarnoro o6ydepa (pH 7). lerekrupona-
HUE TIPOBOMIIN MPH JUTHHE BOIHBI 324 HM.

[Tpo6onoAroTOBKY MOYM OCYIIECTBIISUIH METOIOM
KHJIKOCTb-)KUJIKOCTHOM ~ AKCTPAKLIUHK  XJIOPOHOPMOM.
s aToro B mpoOupky THma DnneHnopd nomemany |
MJI MOJAETBHON CMECH, MOJKUCIISIN KHUCIOTOW XJIOpHU-
CTOBOAOPOAHOM pasBeneHHo 8,3 % mo pH 3 mo yHusep-
canpHOMY MHAUKaTOpy (50 MKm). Jlanee mpoBoauiIu BY-
KpaTHYI0 9KCTPAKLHUIO XJopodopmoM nopuusivu 1o 0,5
MJI, UCHIOJB3YsSI MPOOMPOUYHBIN BopTeKke. Bpems kaxkmoit
aKcTpakiuu — 1 MuHyTa. OOpa3zoBaBIIyIOCS IMYILCHIO
paspyuianu nyteMm neHTpudyruposanus npu 5000 06/
MUH B Te4eHHe 5 MuH. OpraHnuecKuil CJI0H MepeHOCHIN
B BBIAPUTEIBHYIO YAIIIKY, CyXOH OCTAaTOK MOCJe yaaJie-
HUS IKCTPAreHTa B TOKE TEIUIOTO BO3AYyXa PacTBOPSIH B
1 M1 MmertaHona. M3Brnedenus GpuiasTpoBas yepe3 MeM-

mAU

OpaHHBIE MIMPHUIIEBbIE HEHIOHOBBIE (PUIBTPHI C pa3Me-
pom mop 0,45 mxm [17].

Banunanuio pa3paboTaHHON METOIWKH TMPOBOIM-
M B COOTBETCTBHM C COBPEMEHHBIMH TPEOOBAHUSIMHU,
MIPEIBSBISIEMBIMU K OMOaHATNTHYECKMM METOIUKAM, T10
MTOKa3aTeNsIM CEeNeKTUBHOCTD, JIMHEIHOCTH, MPEIIU3UOH-
HOCTb U TpaBmiIsHOCTS [19, 20, 21].

Hccaenoanue 3xckpenuun KOH-1 mpoBomnu Ha
OenbIX HeMMHEHHBIX Kpbicax-camiax maccoit 300-400 T,
nonmy4yeHHbIX U3 BuBapus [II'PA. Cy6crannuio KOH-1
BBOJIMJIM OJHOKPATHO MEPOPATbHO B CYCIIEH3MH Kpax-
MastbHOM ciu3u B 103¢ 100 mr/kr. COOp 3KCKPETOB OCY-
IIECTBISUTM B META0ONNYECKHX KJIEeTKaxX B TeueHue 24
yacoB nocie Beaenuss KOH-1.

Pe3yabTarsl 1 06cy:kaeHHe. YCIOBHA XpoMarorpadu-
POBaHUS U JIETEKTHPOBaHs. PaHee mpoBeIeHHBIE NCCIIeI0-
BaHUS MOKa3aH YP(HEeKTHBHOCT UCTIOIH30BAaHMS MMIOSHTA
Ha OCHOBE aleTOHUTpuiIa U (ocharaoro Oydepa (pH 7)
JUTSL aHAJTU3a TIPOM3BOAHBIX 3-THAPOKCH-3-TIHPPOIHH-2-0-
Ha [22]. B nanHO# MOABMKHON (haze MaKCMMyM MOIJIOLIe-
uust KOH-1 cocraBmsier 324 HMm (puc. 2), 94to 00ecnednBaetT
BBICOKYIO CEJIEKTUBHOCTB €TO OMNpEeTICHHS MPU aHaIn3e
TaKHUX CJIOXHBIX MHOTOKOMITOHEHTHBIX 00pa3IOB, KaK H3-
BJICUEHUs U3 OMOJIOTMYECKUX OOBEKTOB. YCTAaHOBJIEHO,
YTO BpeMs yIep>KUBAHHS UCCIIEyeMOTO BEIIECTBA CHIIBHO
3aBHCHT OT KOHIEeHTpaimu (ocdarHoro Oydepa (pH 7) B
coCTaBe 2JII0eHTA. YBenuueHue OydepHoro pacrtsopa B
amoenTe ¢ 60 10 80 % MPUBOIUT K YBETHMUYCHUIO BPEMEHI
yaepxkuBanus ¢ 3 1o 11 munyt. Cmech docdarnoro Oy-
¢epa (pH 7) u aneToHUTpHIIa B COOTHOIICHHU 75:25 mipu
notoke 1 MiI/MUH obecrieuria mpreMiIeMbIid Ko3QQUIMEHT
yaepkuBanust KOH-1, xoporiiee pasiaeneHue ¢ COCeIHUMEI
XpomarorpaduuecKuMH MUKaMH, U Jajiee NCIOIb30BaIach
B Ka4ecTBe MOABIKHOM (a3sl. Bpems ynepxuanus KOH-
1 B TaHHBIX YCIOBHUSX COCTABUIIO 5,5 MUH.
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Banuoayus memoouxu. Banunanusi paspadoTaHHON
METOMKN KonmuecTBeHHoro ompeneneans KOH-1 B
Moue MetooM BOIKX-Y® mposeneHa mo mokazaTensim
CEJIEKTUBHOCTH, JIMHEHHOCTbh, MPEIU3NOHHOCTh U TIpa-
BHUJIBHOCTH B COOTBETCTBUH C MPEABABIIEMBIMU TpeOo-

Banusmu [ 19, 20, 21].

CeneKkTUBHOCTh METOAMKH ObITa YCTaHOBIEHA ITy-

TeM aHalu3a M3BJICUEHUH M3 «XOJOCTHIX» 00pa3IoB
MOYH, a TaK)Ke MOJCIBHBIX CMEeCe MOYM C KOHIIEHTpa-
nueit KOH-1 na ypoue 20 Mxr/miu. Ha xpomarorpam-
Max U3BJICUCHUH U3 XOJIOCTOr0 00pasiia He HabIIoIaI0Cch
ITUKOB CO BPEMEHEM YACP)KHBAHHS, COOTBETCTBYIOIIUM
Bpemenu yaepkuBanusi KOH-1, 9to cBHAETETBCTBYET O
CEJIEKTUBHOCTH METOIHKH (puc. 3-4).
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Pucynok 4 — Xpomamozpamma uzeneuenus uz mooeavHou cmecu mouu ¢ konyenmpavyueii KOH-1 (20 mke/mn)

[Ipu oneHke JMHEHHOCTH METOIUKH OBUIM IPHUIO-
TOBJIEHBI U MPOAHATU3UPOBAHBI 8 MOJIEIbHBIX PACTBOPOB

MOYH (KaJMOPOBOYHBIX CTAaHIAPTOB) C KOHIICHTpAIUCH

KOH-1 B muamaszone ot 0,5 mo 125 Mkr/mi. YpaBHeHue
kanuOpoBo4yHoro rpaduka umeer Bug Y = 2189*X. Ko-
s dunment xoppemsiuuu cocraBmin 0,99865, uro mox-

TBEpPXK/IaeT IMHEHHOCTh METOAUKHU B YKa3aHHOM JIMarna3o-
He. KannOpoBouHblii rpaduk 1pecTaBiieH Ha pUCYHKE 5.
B rabauue 1 npeacraBiieHbl pe3ylibraTbl 00paTHOro
nepepacyera KOHIEHTpaLuil KaJuOpOBOYHBIX CTaHIap-
TOB, IMOJYYEHHBIX C HCIIOJb30BAHHEM KaJINOPOBOUYHOIO

rpaduka.

Tabnuya 1 - Omknonenua KOHUEHMPAyUIl KAaudpoGoOUHbIX CIMAHOAPMOE OM (HAKMUYUECKUX 3HAYEH U

o 0,69 2,09 7,79 25,1 50,2 83,3 100,4 125,5
S 0,63 2,15 7,84 22,97 48,23 81,46 100,86 128,84
€,% -8,7 2,87 5,0 -8,48 -3,92 2,2 0,46 2,66

He 6onee o
Hopma 20% He 6omnee 15%
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Pucynok 5 — Kanuoposounwtii 2pagpux konuuecmeennozo onpeoenenus KOH-1 ¢ moue memooom BIKX

DKCIEPUMEHTAIBHO PAacCUUTAHHBIE KOHLEHTPALUH
KaJIMOPOBOYHBIX CTAaHIAPTOB HE NPEBBHIILIAIOT HPEIEIIOB
+15% OT HOMUHAJILHBIX, YTO COOTBETCTBYET KPUTEPUSIM
npuemsieMoctu [19, 20, 21].

6 MoJebHBIX OM000pasoB (00pa3loB KOHTPOJIS
KadecTBa) Ha 5 ypoBHsX koHHeHTpauuit KOH-1: 0,56;
3,36; 16,80; 62,75 u 111,56 MKr/ma ObUIM MPHUTOTOB-
JICHBI JUIS TIOATBEPIKACHHS MPUTOJHOCTH METOIUKH I10

rnapamMeTrpaM Npelru3UOHHOCTh M MpaBWIBHOCTG. [loa-
TOTOBKY 00pa3LoB /ISl aHAJIM3a OCYIIECTBISUIM B COOT-
BETCTBUU C OIMUCAHHOW MeToAuKoW. [Ipenu3noHHOCTD
U TPaBUILHOCTh METOIMKH OICHUBAJIM MO BETUYMHAM
OTHOCHTEJIBHOTO CTaHAaapTHOro otkioHeHus (RSD, %)
Y OTHOCHUTEJIBHOH morpenrHocT (8, %) COOTBETCTBEHHO.
MeTtponoruueckie XapakTepUCTUKH METOIUKH Tpe-
CTaBJICHBI B TAONHIIC 2.

Taénuya 2 — Memponozuueckue xapakmepucmuKku Konuuecmeennozo onpeoenenus KOH-1
6 moue memooom BIJKX

Konuentparus Hait =
KOH-1 B MmoaenpHOM arieHHat X SD RSD, % 3, %
KOHIICHTPAIIHs, MKT/MJI (n=6)
CMECH, MKT/MIT
0,56 0,64; 0,58; 0,66; 0,53; 0,60 0,0467 7,7817 7,14
0,62; 0,57
3,36 3,12; 3,41; 3,90; 3,75; 3,57 0,3352 9,3857 6,25
4,01; 3,24
16,80 16,87; 16,95; 17,42; 17,31 0,3723 2,1512 3,04
16,84; 17,69; 18,06
62,75 55,51; 57,65; 58,47, 57,76 1,4375 2,4890 -7,95
56,54; 59,57, 58,79
111,56 98,57; 101,98; 102,53; 102,76 3,7075 3,6079 -7,89
109,33; 100,05; 104,1
[TosrydeHHbIe pe3yabTaThbl KOHTPOJIS HE TPEBBIIIAIOT Dapmaroxunemuyeckue ucciedoganus. Pazpabo-

15%, momyckaeMbIX st OMOAHAIUTUYECKUX METONUK,
YTO CBH/CTEIBCTBYET 00 OTCYTCTBUH 3HAYMMBIX CHCTE-
MaTHYeCKUX OIMOOK B pe3ynbrarax anamusa [19, 20,
21].

TaHHasi METO/IMKa ObLIa MCIIOJb30BaHA MU MPOBEACHUN
JOKITMHUYECKUX (hapMaKOKMHETHYECKUX HCCIICI0BaHUI
o skckperur KOH-1 Ha mabopaTopHBIX KUBOTHBIX. DKC-
MEPUMEHT Ha )KUBOTHBIX OCYILECTBIISUICS B COOTBETCTBUH
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C TIPaBOBBIMH HOpPMaMH HCIIOJIb30BaHUsI KUBOTHBIX TPH
MIPOBEJICHUH JOKIMHIYECKHX HccaeoBanuii [23].

OnbIT MPOBOIWIIM Ha OENBIX HENWHEWHBIX KpbI-
cax-cammuax Maccoit 300-400 1, moTy9YeHHBIX U3 BUBAPHS
Ilepmckoit  (apmarieBTHYCCKON akageMuu. JKUBOTHBIC
COZIEPXKAJMCh B CTAlMOHAPHBIX YCJOBHUSX IPHU ecTe-
CTBEHHOM CBETOBOM PEKHME Ha CTaH/JIAPTHOM palloHe.

3a 20 9 10 Hayaja SKCIEPUMEHTA KUBOTHBIX JIUIIAIH
numy. Cyocranmuio KOH-1 BBogMIM OMHOKPATHO MTEPO-
PaJbHO B CYCIICH3UU KpaxMajbHO# ciu3u B 103¢ 100 mr/
kr. COOp SKCKPETOB OCYMICCTBISUIA B METAOOIHUYCCKHUX
KJIeTkax B TeueHue 24 ygacoB nocie BBeaeHus KOH-1.
Pesynprarsl konmndectBeHHOro anaimn3a KOH-1 B o6pas-
11ax MOYH MPEICTABICHBI B Tabnwuie 3.

Tabnuya 3 — Cymounoe cooeprycanue KOH-1 6 moue Kpvic nocie 00HOKPAMHO20 NEPOPANbHO20 66€0eHUS
6 0o3e 100 me/ke

Macca KpbIChI, T O6Lengqu’ OGuap ymeHii?ﬁ;HeHTpauHﬂ’ % OT BBEJICHHOM J103bI

320,0 17 94,75 5,0
400,0 19 60,23 2,9
370,0 21 83,58 4,9
340,0 14 141,83 5,9
350,0 17 87,08 4,2
340,0 24 67,87 4,7

X =4.6%

SD=1,0

Taknmu 00pa3om, IPOBEICHHBIE MCCIIEIOBAHUS T10-
Kasajlu, 4TO IOCJE OJHOKPATHOTO IEPOpalbHOTO BBE-
nerns kpeicam cyocranmmu KOH-1 B moze 100 mr/kr, ¢
MOYOH 3a CyTKH B CPETHEM BBIBOAUTCS OKOJIO 5 % Beie-
CTBa B HEM3MEHHOM BHJIE.

3akiiouenue. Paszpaborana meTomuKa KOJIHYeE-
ctBenHoro ompenenenuss KOH-1 B moue, BKItogaromnas
B ce0sl JKUAKOCTh-KHUJIKOCTHYIO IKCTPAKIHUIO aHAINTa
C MOCTIEIYIONINM €ro ompeaeneHneM metomom BIXKX/

VYO®. IlyreM BainuaalMOHHOM OLIEHKHM YCTaHOBJIEHA Ce-
JIEKTHBHOCTH, JTHHEHHOCTH, MPABIIBHOCTh M TPEIH3H-
OHHOCTHh METONWKH. MeTo/uKa yCIeNTHO HCIOIh30BaHa
B (hapMaKOKHHETUIECKIX UCCICAOBAHUAX MTPH H3YICHUT
skckpennu KOH-1 ¢ Mo9oit Ha 1abopaTOpPHBIX JKHUBOT-
HBIX. [I0Ka3aHo, 9TO TIOCTIE OHOKPATHOTO IIEPOPATHHOTO
BBeZeHns KpeicaMm cyocranimn KOH-1 B mo3e 100 mr/
KI' C MOYOH 3a CyTKH B CpPEeTHEM BBIBOAMUTCS OKOJO 5%
BEIIIECTBA B HEM3MCHHOM BHJIC.

Introduction. It is known that almost any disease of
the central nervous system is accompanied by the devel-
opment of cognitive disorders, which are manifested by
decrease in memory, attention and mental performance.
Cognitive disorders adversely affect the quality of life of
the patient and need correction [1]. The drugs of choice
in the complex therapy in this case are nootropics. Cur-
rently, they are the only group of pharmacological agents
with a pronounced neurometabolic effect. On the world

Br

market racetam group, i.e. derivatives of alpha-pyrroli-
done, prevails among nootropics, and these derivatives
have a wide spectrum of pharmacological activity. Cur-
rently, this group continues to expand. By the employees
of Perm State Pharmaceutical Academy (PSPA), ruled by
Professor V.L. Gein, a new biologically active compound
[2], a 3-pyrrolin-2-one derivative — KOH-1 (Fig. 1) was
synthesized.

This compound is at the preclinical research stage now.

OH

Figure 1 — Structural formula KOH-1
(4-acetyl-5-(4-bromophenyl)-3-hydroxy-1-(3-hydroxypropyl)-3-pyrrolin-2-one)
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The introduction of modern drugs into clinical prac-
tice is feasible only when studying a detailed assessment
of their specific pharmacological activity and safety at the
stage of experimental (preclinical) studies. The purpose of
preclinical pharmacokinetic studies is to study the behav-
ior of potential drugs in the body of laboratory animals,
i.e. the processes of absorption, distribution, metabolism
and excretion [3]. The study of excretion is an important
stage of the preclinical, which allows estimating the rate of
elimination of potential drugs. In this connection, studies
on the development of highly sensitive methods for the de-
termination of biologically active compounds in biological
fluids, particularly in urine, are relevant.

While pharmacokinetic studying nootropics racetam
group, methods of gas liquid chromatography [4], high
performance liquid chromatography with fluorimetric
[5] and mass selective detection [6-12] are used. The
choice of the method of urine preparation for the anal-
ysis depends on the physico-chemical properties of the
drug substance. Thus, for pharmacokinetic studies of
nootropic drugs, urine sample is analysed on the basis of
liquid-liquid extraction [13, 14, 15] and simple dilution
of the sample with water [16]. The previous studies have
shown that KOH-1 is effectively extracted from urine at
pH 3 by chloroform (more than 98%) [17].

The aim of this work was working out methods for
determination of KOH-1 in urine by high performance
liquid chromatography (HPLC), the study of excretion of
KOH-1 from the organism of laboratory animals.

Materials and methods. The following reagents
were used in the work: the substance KON-1, synthesized
in PSPA and corresponding to the requirements of the
draft pharmacopoeial article of the enterprise [18], and
also the following reagents: acetonitrile (HPLC grade,
Merck), hydrochloric acid diluted 8.3%, potassium dihy-
drogen phosphate (cp), chloroform (cp). The water for
preparation of eluents was obtained using a Simplicity
UV water purification system (Millipore, Merck).

Studies on working out the methods were carried out
using a liquid chromatograph LC-20 Prominence (Shi-
madzu, Japan) with a diode-array detector, chromato-
graphic column Luna 5uC18 (2) 100A (250 x 4.6 mm,
Phenomenex). A mixture of acetonitrile and phosphate
buffer (pH 7) was used as the mobile phase. The detec-
tion was carried out at the wavelength of 324 nm.

Urine samples were prepared by liquid-liquid ex-
traction with chloroform. To do this, 1 ml of a model
mixture was placed in an Eppendorf tube, acidified with
diluted hydrochloric acid (8.3%) up to pH 3 using a uni-
versal indicator (50 pl). Then double extraction with
chloroform was carried out in 0.5 ml portions using a
tube vortex. The time of each extraction was 1 minute.
The resulting emulsion was destroyed by centrifugation
at 5000 rpm for 5 minutes. The organic layer was trans-
ferred to the evaporation cup, the dry residue after the
removal of the extractant in the warm air stream was dis-
solved in 1 ml of methanol. The extracts were filtered

through membrane syringe nylon filters with a pore size
of 0.45 um [17].

The validation of the developed method was carried
out in accordance with modern requirements for bioan-
alytical methods, in terms of selectivity, linearity, preci-
sion and accuracy [19, 20, 21].

The study of excretion of KOH-1 was performed
on white non-linear male rats weighing 300-400 g, ob-
tained from the vivarium of PSPA. The substance KOH-1
was administered once orally in the suspension of starch
mucus at the dose of 100 mg/kg. Collecting excreta was
performed in metabolic cages for 24 hours following ad-
ministration of KOH-1.

Results and discussion. Chromatography and de-
tection conditions. The previous studies have shown the
effectiveness of using the eluent on the basis of ace-
tonitrile and phosphate buffer (pH 7) for the analysis
of 3-hydroxy-3-pyrrolin-2-one derivatives [22]. In this
mobile phase, the maximum absorption of KOH-1 is
324 nm (Fig. 2), which ensures high selectivity of its
determination in the analysis of such complex multi-
component samples as extraction from biological ob-
jects. It was found out that the retention time of the
test substance strongly depends on the concentration
of phosphate buffer (pH 7) in the composition of the
eluent.

Increasing the buffer solution in the eluent from 6%
to 80% leads to the increase of the retention time from 3
to 11 minutes. A mixture of phosphate buffer (pH 7) and
acetonitrile in a ratio of 75:25 at a flow of 1 ml/ min pro-
vided an acceptable KOH-1 retention factor, good sep-
aration from adjacent chromatographic peaks, and then
it was used as the mobile phase. The retention time of
KOH-1 under these conditions was 5.5 min.

Method validation. Validation of the developed
method for the quantitative determination of KOH-1 in
urine by the HPLC-UV method was carried out in terms
of selectivity, linearity, precision and accuracy in accor-
dance with the requirements [19, 20, 21].

The selectivity of the method was established by an-
alyzing the extracts from “blank™ urine samples, as well
as model urine mixtures with KOH-1 concentration of
20 ug / ml. The chromatograms of the extracts from the
blank sample showed no peaks with retention time cor-
responding to the KOH-1 retention time, which indicates
the selectivity of the technique (Fig. 3-4).

In assessing the linearity of the method, 8 model
urine solutions (calibration standards) with concentra-
tion of KOH-1 in the range from 3 to 125 pg / ml were
prepared and analyzed. The equation of the calibration
graph had the form Y = 2189 * X. The correlation coef-
ficient was 0.99865, which confirms the linearity of the
technique in this range. The calibration graph is shown
in Figure 5.

Table 1 shows the results of the reverse recalculation
of the concentrations of calibration standards obtained
using a calibration curve.
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Figure 2 — UV spectrum of KOH-1 in the mobile phase
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Figure 4 — Chromatogram of extract from the model mixture of urine with KOH-1 (20 y1g / ml)
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Figure 5 — Calibration graph for the quantitative determination of KOH-1 by HPLC

Table 1 — Deviations of concentrations of calibration standards from actual values

C.. 0.69 2.09 7.79 25.1 50.2 83.3 100.4 125.5
C.. 0.63 2.15 7.84 22.97 48.23 81.46 100.86 128.84
£,% -8.7 2.87 5.0 -8.48 -3.92 2.2 0.46 2.66
Not more
Norm than Not more than 15 %
20%

Experimentally calculated concentrations of cali-
bration standards do not exceed + 15% of the nominal
values, which corresponds to the acceptance criteria [19,

20, 21].

6 model bio-samples (quality control samples) at 5
concentration levels of KOH-1 (0.56; 3.36; 16.80; 62.75
and 111.56 pg / ml) were prepared to confirm the suitabil-

ity of the technique in terms of precision and accuracy.
Preparation of the samples for the analysis was carried
out in accordance with the described procedure. Preci-

sion and accuracy of the procedure were evaluated by

the values of the relative standard deviation (RSD, %)
and the relative error (8, %), respectively. Metrological
characteristics of the method are presented in Table 2.

Table 2 — Metrological characteristics of the quantitative determination of KOH-1 in urine by HPLC

Concentration of | g j (oncentration X
KOH-1 in the model onaton. X SD RSD, % 5, %
mixture, pug / ml HE (n=6)
0.56 0.64; 0.58; 0.66; 0.60 0.0467 7.7817 7.14
0.53; 0.62; 0.57
3.36 3.12; 3.41; 3.90; 3.57 0.3352 9.3857 6.25
3.75;4.01; 3.24
16.80 16.87; 16.95; 17.42; 17.31 0.3723 2.1512 3.04
16.84: 17.69: 18.06
62.75 55.51; 57.65; 58.47, 57.76 1.4375 2.4890 -7.95
56.54; 59.57; 58.79
111.56 98.57; 101.98; 102.76 3.7075 3.6079 -7.89
102.53; 109.33;
100.05; 104.1
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The obtained control results do not exceed 15% al-
lowed for bioanalytical methods, which indicates that
there are no significant systematic errors in the results of
the analysis [19, 20, 21].

Pharmacokinetic studies. The developed technique
was used for preclinical pharmacokinetic studies on
KOH-1 excretion in laboratory animals. An animal ex-
periment was carried out in accordance with the legal
norms for the use of animals in preclinical studies [23].

Study of excretion of KOH-1 was performed on

white non-linear male rats weighing 300-400 g, obtained
from the vivarium of PSPA.

The animals were kept in stationary conditions in
natural light mode on a standard diet. 20 hours before the
experiment the animals were deprived of food. The sub-
stance KOH-1 was administered once orally in suspension
of starch mucus at the dose of 100 mg/kg. Collecting ex-
creta was performed in metabolic cages for 24 hours after
administration of KOH-1. The results of quantitative anal-
ysis of KOH-1 in urine samples are presented in Table 3.

Table 3 — Daily content of KOH-1 in the urine of rats after a single oral administration

at the dose of 100 mg / kg
Rat weight, g Volume of urine, ml Found flc;n/cizl?ltratlon, % of the administered dose
320.0 17 94.75 5.0
400.0 19 60.23 29
370.0 21 83.58 4.9
340.0 14 141.83 5.9
350.0 17 87.08 4.2
340.0 24 67.87 4.7
X =46%
SD=1.0

So, the conducted studies showed that after a sin-
gle oral administration of KOH-1 to the rats in the
dose of 100 mg/kg, about 5% of the substance on
average is excreted in the urine per day in the un-
changed form.

Conclusion. The methods for the quantitative de-
termination of KOH-1 in urine has been developed. It
includes liquid-liquid extraction of the analyte and its
subsequent determination by HPLC / UV.

The selectivity, linearity, accuracy and precision
of the methodology were established by the validation
evaluation. The technique has been successfully used
in pharmacokinetic studies in the study of KOH-1 ex-
cretion in urine in laboratory animals. It is shown that
after a single oral administration of KOH-1 to the rats
in the dose of 100 mg/kg, about 5% of the substance
on average is excreted in the urine per day in the un-
changed form.
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MO/AENUPOBAHUE NMPOLECCA BbICBOBOXAEHUA BUHMNOLLETUHA
U3 MUKPOKANCYN C TMAPO®OBHON OBO/I04KOMN

10.A. Ionkoenukoea’, A.A. Inywko®, H.F0. Muxaiinoeckas’, E.C. Kapuesa’

'Dedepanvroe 2ocydapemeennoe 6100cemnoe 00paA308amMeNbHOE YUPENCOCHUE BbICULE20 00PA306AHUSL
«Boponedxcckuii cocyoapemeennviil yusepcumemy, 394036, Poccus, e. Bopoueorc, y1. Cmyodenueckas, 3
E-mail: juli-polk@mail.ru
[Tamuzopcruil meduko-papmayesmuueckuil uncmumym — uauan @IBEOY BO Bonel MY Munsopasa Poccuu,
357500, Poccus, e. [Iamuzopck, np. Kanununa, 11.

E-mail: alexander.glushko@lcmmp.ru
STawkenmcexuil hapmayeemuyeckuil ynugepcumen,

100015, Vsbexucman, o. Tawxenm, yn. Aiibexa, 45
E-mail: yosk@mail.ru

Muxkpoxancynvl 8 Hacmosiuee 8pems HauLIu NPUMeHeHue 8 Pa3IuyHblX ompaciax. Mukpokancyiel ¢ sumamuramu,
IPUPHBLMU U HCUPHBIMU MACTAMU 8XO0AM 8 COCMAB PA3TUYHBIX KOCMEMUUECKUX CPeOcms (Kpemos, eeiiel, CbiBOPOMmOK).
Muxpokancynuposarmbie npoOUOMUKY UCNOTb3YIOMCSL 8 KOPMAX U KOPMOBLIX dobaskax 6 eemepunapuu. Basicnas 06-
JAcmeb NPUMEHEeHUsL MUKPOKANCYIUPOBAHUSL 8 (hapmayuu — cosmelyerue 6 oouell 003UposKe J1eKapCmeeHHbIX 6euecms,
HecoBMeCmuMbIX NpU CMeueHul 8 c60000HoM ude. Llens padomoul — cpasHUmMenbHblll AHATU3 MEPMOOUHAMULECKUX XA~
PAKMEPUCMUK 8bICB0O0XHCOCHUS BUHNOYEMUHA U3 CHIABA NYEIUHO20 80CKA U MACIA KAKao 3:2 8 8600y, 8 pacmeop KUCI0-
mot xa0pucmogodopoonoii 0,01 M u cnupm smunoguiii. Mamepuanst u memoowl. /[ns moOenuposaniis npoyecca 8blceo-
0021cOeHUs BUHNOYEMUHA U3 CNIIABA 8 PAZTUYHBIX CPeOax OblLiu NOCMPOeHbl MOOelU KOMINOHEHMO8 UCCIe0yYeMbIX CUCTEM
U BbIMUCTEHBL 3aPSObL UX AMOMOB KBAHMOBO-XUMUYECKUM Memodom. [Ipocmpancmeentvie Mooenu KOMROHEHmMOos OblLiu
nocmpoensl ¢ ucnonvsosanuem npoepammol Hyper Chem 8.01. B kauecmee Hauanivno2o cocmosinusi 0is pacuema mep-
MOOUHAMUYECKUX XAPAKMEPUCMUK BbLCBODONCOEHUSL BUHNOYEMURA U3 CNIA8a OblId UCNOIb308AHA KOHGOpMAayus cu-
cmembl «CNA8-8UHNOYEMUHRY NOCLe MEePMOOUHAMUYECKO20 VDABHOBEULUBAHUS MEMOOOM MOIEKYIAPHOU OUHAMUKU 8
npoepamme buosspuxa 6 meuenue 5 ne. s vloenennvix cucmem nposooucs KoiebamenbHbill AHaIU3 ¢ UCTIONb308AHU-
em Heocpanuuennozo memooa Xapmpu-D@oxa 6 6azuce STO-3G 6 npoepamme Orca 4.0. Pezynomamot u oocysicoeHue.
Boviceobooicoenue sunnoyemuna u3 cniasa n4eiuHo20 0CKka U macia kakao 3:2 ¢ 600y npu pazmuynsix pH u 6 smanon
3a8ucum om e20 pacmeopuUMOCIU 8 IMUX Cpedax, a Max dice om pacmeopumocmu cniasda. 3axaiodenue. lIposedennvie
UCCLe008aHUL MOOETUPOBAHUSL MOLEKVIIAPHOU OUHAMUKU 8bICEOO0IICOCHUsL BUHNOYEMUHA U3 CIIABA NYETUHO20 80CKA U
macna kaxao 3:2 noxkaswiaen 803MONCHOCHb 8blc8000NCOeHUs 8uHNOYyemuna ¢ 600y ¢ pH 2,0 u 6 smanon. Ilonyuennoie
De3VIbmamsl NO360A0N NPEONON0HCUMb DOlee HUSKYIO CIEeNeHb 8blC80D0NCOCHUS BUHNOYEMUHA U3 CILA8A 8 IMAHOI
110 CPABHEHUIO C PACMBOPOM KUCTOMbL XA0PUCTNO08000pooHol 0,01 M.

Knroueeswvie cnosa: muxkpokancyivl, 00010uKa, 8UHNOYEMUH, 80CK, MACIO KAKAO, KBAHMOBO-XUMUYECKULL pacyem,
cmeneHb 8b1C8000H#COEHUs

SIMULATION OF VINPOCETINE RELEASE PROCESS FROM
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Nowadays microcapsules are widely spread in different industries. Microcapsules with vitamins, etheric and fatty
oils are included into different cosmetics (creams, gels, serums). Microencapsulated probiotics are used in foods and
fodder additives in veterinary. An important field of application of microencapsulation in pharmacy is the combination
in the total dosage of drugs that are incompatible when mixed in free form. The aim of work is a comparative analysis
of thermodynamic characteristics of vinpocetine release from the melt of beeswax and cacao butter 3:2 into water,
solution of hydrochloric acid 0.01 M and ethanol. Materials and methods. For simulation of the process of vinpocetine
release from the melt into different environments models component models of the studied systems were built and their
atom charges were calculated by quantum-chemical method. Spatial models of the components were built in Hyper
Chem 8.01. As an initial state for the thermodynamic characteristics of the calculation of vinpocetine release from the
melt, a conformation of «melt-vinpocetine» system was used after thermodynamic equilibration by molecular dynam-
ics simulation in Bioeurica program for 5 ns. For isolated systems a vibrational analysis was performed with the use
of unrestricted Hartree-Fock method in STO-3G basis set in Orca 4.0 program. Results and discussion. Vinpocetine
release from the melt of beeswax and cacao butter 3:2 into water with different pH values and to ethanol depends on
its solubility in these environments, and also on solubility of the melt. Conclusion. The performed study of vinpocetine
release from the melt of beeswax and cacao butter 3:2 by molecular dynamics simulation demonstrates the opportunity
of vinpocetine release into water with pH=2 and into ethanol. The obtained results make it possible to assume a lower

degree of vinpocetine release from the melt into ethanol compared with the solution of hydrochloric acid 0,01 M.
Keywords: microcapsule, shell, vinpocetine, beeswax, cacao butter, quantum chemistry, molecular dynamics

simulation, degree of release

BBeaenue. MukancynupoBaHue — 3T0 IPOLECC, IPU
KOTOPOM MEJbYaiIIIe YaCTUIIBI )KUIKOTO, TBEPIOTO HIIH
ra30BOr0 aKTUBHOTO MHIPEMEHTA YIIAKOBAHbI BO BTOPOH
Matepuain Ui 3aliUThl €ro OT BO3JAEHCTBUIL OKpYKaro-
meir cpenst [1, 2]. T'mapodoOHYO 000I0YKy-MaTpHILy
MHKPOKAIICy/l BBIOMPAIOT HA OCHOBAaHWH HEOOXOIMMBIX
CBOWCTB MHUKPOKAIICYJIbI, HApUMEp, HA OCHOBaHWHU Ha-
3HAUEHUS] MUKPOKAIICYJI, TEMIIEpaTypbl XpaHEHUs U T.II.
[3]. IlpenmourutenbHas ruapohoOHas 000I0IKa-MaTPH-
11a IOJDKHA 00J1a1aTh TEMIIEPaTypoi TUIaBICHUS, IPEBHI-
mraroreit 45°C, Tak 94To0BI €€ MOYKHO OBLIO XPaHHUTh IPH
KOMHATHOW TeMIeparype, 00BIYHO MO>KHO HCHOJIB30BATh
moboe ruapodoOHOE BEIIECTBO, €CIH MHKPOKATICYIIBI
XpaHAT [IPU TEMIIEpaType, MEHbIIECH TeMIIepaTyphbl ILIaB-
neHus TuapogdoOHoTo BemecTna [4].

I'mppodobHas obomouka-mMaTpua Wik THAPOPOO-
Has ¢a3a MOXKET OBITh BBIOpaHa W3 TPYIIIEI, BKIIOUAIO-
mel KUPBI, Macia, BOCKH, CMOJBI, SMYJIbraTopbl U HX
cmecu. [IpeqnoarurensHas runpodoOHas 000I0uKa-Ma-
TpuIa wiu ruapopoOHas ¢aza BEIOUpAETCS U3 TPYIIIHL,
BKJIIOYAIOIIEH XMBOTHBIE MAacia W XHUPBI, TOTHOCTHIO
WJIN YaCTUYHO THAPHPOBAHHBIE PACTUTEIBHBIC U KHUBOT-
HBIE Macila, HEHACHIICHHBIC YaCTHYHO THIPUPOBAHHbIC
WIN TOJHOCTBIO THAPUPOBAHHBIE CBOOOJHBIC >KHPHBIC
KHCJIOTHI, JPYTHE SMYIIbIraTophl, )KHBOTHBIE BOCKH, pac-
TUTEJIbHBIE BOCKH, MUHEPAJIbHBIE BOCKH, CHHTETHIECKIE
BOCKH, MPUPOJIHBIC U CHHTETHYECKUE CMOJIBI U UX CMe-
cu. JKUBOTHBIE BOCKH TPEACTABISIIOT COOON MTYCTHHBIH
BOCK, JIAHOJMH, BOCK INEIYXH WM BOCK KHTaHCKOTO
BOCKOBOTO Ue€pBeIla.

[lepcrieKTHBHBIM JIEKAPCTBEHHBIM BEIIECTBOM JUJIS
CO3JaHUSI MHKPOKAICYJIMPOBAHHONW (DOPMBI  SBIACTCS
BHHITOIETHH [5, 6].

BuHMoneTuH miaoxo pacTBOpsSeTCs B BOJE, W JUIA
MIPOBEICHUS TIPEIBAPUTEIBHBIX HCCIIEIOBAaHNI IO 000-
CHOBAaHHMIO COCTaBa MHKPOKAICYJI M ONPEIENICHHUIO ycC-
JIOBUII X TIOJydEHUs], IPH CPAaBHUTEIILHBIX HCCIIEI0BA-
HUSIX B KAQU€CTBE CPEIbl HAPsLy C BOAOM OUYMILEHHOU U
pPacTBOPOM KHCJIOTHI XJIOPUCTOBOJOPOTHOI MOXKET OBITh

UCTIONIB30BaH 3THJIOBBIH CITUPT, YTO MO3BOJUT OojIee YeT-
KO OTIPEJCINTh BIMSHHUE BCIIOMOTATENIFHBIX BEIIECTB M
TEeXHOJIOTHUeCKUX (hakTopos [7].

Muxpoxarcyisl ¢ THApoPpoOHOI 000T0UKOH MOTYT
OBITh TIOTYYEHBI MeTomoM mucreprupoBanus [8]. Ox-
HAaKO 3a9acTyi0 CJIOXHOCTB armapaTrypHOro ogopmiie-
HUS TIporiecca W Hu3Kasg 3(PPEeKTHBHOCTH JIENA0T TOMI-
00p METOAMKH MUKPOKAICYJHPOBAHNS JITHTEIBHBIM
U JOPOTOCTOSIIIMM HCCIIEIOBaHWEM. MopennpoBaHue
MOJIEKYIIADHOW JWUHAMHKHA PACTBOPOB TPH H3YUYCHUH
mporecca BBICBOOOXKICHHUSI JIEKAPCTBEHHBIX BEIECTB
13 MHUKPOKAICYJ TO3BOJISET 10J00paTh ONTHMAalbHBIN
TUIEHKOOOpa30BaTelb, BOIOPOAHBIN MOKA3aTeNb, Cpemy
JUIST BBICBOOOXKICHUSI M ApyTue (haKTOpbl, BasKHbBIC IS
YCIICITHOTO MPOBEACHHS MPOIECCa MUKPOKAICYJINPOBa-
uust. [Ipy 3TOM HEOOXOIMMOCTD MTPOBEACHUS PEATBHOTO
SKCTICPIMEHTA CBOIUTCS K MUHUMYMY [9].

Lenbp wMcciaeqoBaHMsi — CPAaBHUTEIbHBIM aHAIU3
TEPMOIMHAMHYECKIX XaAPAKTEPHUCTHK BBICBOOOXKICHUS
BUHIIONIETHHA M3 CIUIaBa ITYEITHMHOTO BOCKA M Macia Ka-
Kao 3:2 B BOIY, B pacTBOP KUCIIOTHI XJIOPHUCTOBOIOPOI-
Hoit 0,01 M 1 criipT STHITOBBIN.

Marepuanbl 1 MeToAbl. /{151 MonennpoBaHus mpo-
1iecca BEICBOOOXKICHUSI BUHTIOIIETHHA U3 CIIIaBa B pas-
JIMYHBIX Cpe/iaX MPEABAPUTEIHHO OBUIH ITOCTPOEHBI MO-
JIETT KOMITOHEHTOB HCCIIEYEMbIX CUCTEM (BUHITOLIETHH,
a Tak >K€ KOMITOHEHTBHI CIIIaBa ITYEITMHOTO BOCKA U Macia
Kakao) W BBIYHMCICHBI 3aps/bl NX aTOMOB KBaHTOBO-XH-
MHYECKIM METOIOM.

JIyi MOJIeKynbl BUHIIOIETHHA YUIUTHIBAaJIach HOHU-
3anus B 3aBUCHMOCTH OT BenuunHbl pH anucnepcuon-
HOW Cpenibl C LENbI0 BOCIIPOU3BEACHNUS €TI0 IOBEICHUS
B pacTBOpHUTENE. YUWTHIBAas IOKA3aTENb KOHCTAHTBHI
nonusaunn sunnonernna (pK,) B Bome 7.1 [10] u nc-
mone3ys ypaBHeHme [enmepcona-Xaccempbaxa [11],
MOXHO CJIEJIaTh BBIBOJ O TOM, YTO BHHIIOIETHH rpu pH
2,0 mpaKTHYeCKH MOTHOCTHIO HOHM3UPOBaH, a mpu pH
7,0 moss MOHU3MPOBAHHBIX MOJIEKYJ BUHIIOLETHHA CO-
crasisieT 0,56:
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Pucynox 1 — Omuocumensvnoe cooepicanue GUHNOYEMUHA-OCHOBAHUA U 6UHNOUEMUHA-KAMUOHA 8 PACHIEOPE 6
coomeemcmeuu c ypasuenuem I'endepcona-Xaccenvoaxa

IIpu 3TOM pacTBOPUMOCTb BHUHIIOLETUHA B HEMU-
TpaJbHON BOAHOHW cpejie MO JaHHBIM JUTepaTypsl [12]
umskas (1,89:-107° mr/mir), 9T0 TOBOPUT O HE3HAYUTEIb-
HOM KOHLICHTpAlUW BHUHIIOLICTMHA B BOAHOM Cpele Kak
B BHJC KaTHOHA, TaK U BUJE OCHOBaHUS. MHTepecHbIM
B JIaHHOM HCCJICIOBAaHUM HAM IPEACTaBIAETCS MOJC/IU-
poBaHHE BBICBOOOXKACHHUS KaK KaTHOHA, TaK M OCHOBA-
HUS B CPEIy PacTBOPUTEINA, T.K. 3TO AAeT BO3ZMOXHOCTh
OOBSICHUTH pa3HUIy B 3PPEKTHBHOCTH BBICBOOOKIACHHS
JTAHHOTO BEIIECTBA B PACTBOPUTEINH MPH PA3TUUHBIX 3HA-
yeHHuAX pH ¢ TOUKM 3peHUst TCOPUU CTPOCHUS MOJIEKYIL.
IIpu 3TOM mepexo MOIEKYIbI U3 CIIJIaBa B PACTBOPUTEIH
MOYKET COTPOBOXKAATHCS €€ MOHM3ALNeH B 3aBUCUMOCTH
OT BEJIUYMHBI BOJAOPOIHOTO TOKAa3aTessl pacTBOPUTEIIS.
[Ipuuem MOHU3AIMA MOXKET TMPOUCXOAUTH YK€ MpPU Ha-
XOXJICHUU MOJICKYJIbl BUHITOLIETHHA Ha Mex(pazHoil no-
BEPXHOCTH ITPU KOHTAKTE ¢ pacTBoputeneM. Hamu 66110
OCYILIECTBICHO MOJENIUPOBAHHE MMEHHO 3TOr0 KPHUTHU-
YEeCKOTo 3Tama Ipolecca BBICBOOOXKICHUS — IPEoo-
JICHWE MOJICKYJIOH BHHIOLETHHA I'paHUIbI pasziena ¢a3
«CIUIaB-pacTBOpUTENbY. B KadecTBe mnpumepa 1omo0-
HOTO MCCIICAOBaHMS MOXKHO TpuBecTH padboty Hui-dong
Zheng [13].

[IpocTpaHCTBEHHBIE MOAETM KOMIIOHEHTOB OBLIH
MIOCTPOCHBI € UCTIOJIb30BaHKueM TporpamMmbl Hyper Chem
8.01 (muuen3us HC80SA-4-1BBF6).
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BaxkHbIM (pakTOpoM, KOTOPBIH HEOOXOAUMO YUUTHI-
BaTb IpU MOJACITIUPOBAHUN MOHeKyHﬂpHOﬁ JUHAMHUKU I'C-
TEPOTEHHBIX CHCTEM, SIBIISICTCS paclpeeeHue 3apsiaoB
aTomoB. U1 ATOM LeNu 3apsiibl aTOMOB KOMIIOHEHTOB
MOJICTUPYEMBIX CHCTEM BBIYHCIISUIUCH METOJOM ab initio,
qTO 6}31.]'10 IMPOAUKTOBAHO HeﬂOCTaTO‘IHOﬁ TOYHOCTBHIO
MOTyDMITUPUIECKUX METONOB. BBIOOpD KBaHTOBO-XH-
MHUECKUX METOJIOB JUIsi ONpPECICHUS 3apsoB aTOMOB
MOJIEKYJI KOMIIOHEHTOB CIUIaBa (HEOrpaHWYEHHbIH Me-
ton Xaptpu-®oka ¢ 0asucHbIM Habopom 3-21G* s
ONTUMHU3AIMY TEOMETPUHN U METOJ| TeOpUH (YHKIHMOHA-
na motHoctd UB3LYP ¢ 6asucubiM Habopom 6-31G*)
ObUT cliellaH B COOTBETCTBUH C PE3y/bTaTaMU UCCIIEN0-
BaHMsI, IPUBEACHHBIMU B padote [14]. O60CHOBaHHOCTH
UCIIONIb30BaHUsI METONIOB ab initio 1Jisl pacuera 3apsiioB
aTOMOB IIPpU MOACTIUPOBAHUN MOJ'IeKyJ'IHpHOfI JUHAMHUKU
TPAHCIIOpPTa BEIIECTB uepe3 Mex(a3Hylo MOBEPXHOCTh
JEMOHCTpHUpyeTcs B padote [15].

FeOMeTpI/IH KOMITOHEHTOB CIJIaBa Oblia ONTHMH3H-
poBaHa METOIOM MOJIEKYISIpHOH MexaHuKu mm+ [16] ¢
ucronb3oBanueM nporpammbl Hyper Chem 8.09. [lanee
6])1.]13 MMpOBE€ACHA ONITUMMU3AIIUA TCOMCTPUN MOJICKYIT MC-
TofIoM ab initio (HeorpanndeHHbI MeTon Xaprpu-Doka,
6asucHblit Habop 3-21G* [17]). 3apsibl BBIYUCICHBI Me-
To10M ab initio (MeTon Teopun (PyHKIIMOHAJIA TUIOTHOCTH
UB3LYP [18], 6azucHsiii Hadop 6-31G*).
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[TonyuenHasi cuctema Jlajiee BCTpauBajach B pac-
TBOPHTENIM — BoAy 1 dTaHod. [Tocie aToro mpoBoausiocs
TEPMOJIMHAMUYECKOE YPAaBHOBEIIMBAHHE C MCIOJIb30Ba-
HUEeM Tporpammbl buosspuka (aBtop A.A. I'mymiko) [19]
(cunoBoe nose Amber 94 [20], npsiMoyroyibHbIE TIEPHO-
JIMYECKHEe TpaHUYHbIC YCIOBHS, TepMocTaT bepenaceHa

[21] — 310 K, Bpems pernakcauuu tepmoctara 100 de,
mar MofienupoBanust 1 ¢c).

TepMocrarupoBaHHe OCYLIECTBISIIOCh B COOTBET-
CTBHH C rpaduKoM, pUBeIeHHBIM B Taduue 1. Temre-
parypa, 3aj1aBaemMasi TepMOCTATOM, JINHEHHO N3MEHSIaCh
MEXy MOMEHTAMH BPEMEHH rpaduka.

Tabnuuya 1 — I'pagpuk pabomsr mepmocmama 6 npoyecce MoOEIUPOBAHUA MONEKYIAPHOU OUHAMUKU

Bpewmsi, dc Temnepartypa, K
0 0
300000 310

Jlanee MpOM3BOIMIOCH MOJEIUPOBAaHHE BHICBOOO-
JKJICHUS] BUHIIOIETHHA U3 y4acTKa CIUIaBa B pacTBOpU-
Tenb B TeueHue 20 He.

B kauecTBe Ha4aJbHOTO COCTOSHHS IS pacdera
TEPMOIMHAMUYECKUX XapPaKTEPUCTUK BBICBOOOXKICHUS
BUHITOIIETHHA U3 CIUIaBa OblIa HCIIO0JIb30BaHa KOH(opMa-
LU CHCTEMBI «CIIIaB-BUHIOLETHH» MOCNE TePMOIAMHA-
MHYECKOTO ypaBHOBEIINBAHHS METOAOM MOJIECKYJISIPHOI
JUHAaMHUKU B niporpamme buosspuka B TeueHue 5 He. B
Ka4yecTBE KOHEYHOTO COCTOSTHHSI UCIOIb30BAICS MOMEHT
BPEMEHHU MOJICTUPOBAHNS MOJICKYIIAPHOIN AMHAMUKH, CO-
OTBETCTBYIOIINI MOJHOMY BBIXOAY MOJEKYJbl BUHIIOLE-
THHA U3 CIUIaBa B pacTBOPUTENb. B kadecTBe KpuTepus
BBIXO/Ia BHUHIIOLETMHA B PACTBOPUTENH HCIIOIB30BAJICS

MoAynb 3Hepruu Bau-aep-BaanbcoBa B3aumonencTBus
MEXIy MOJICKY/I0i BuHMOIeTHHA U cruiaBoM (|E| < 0,1
k/x/Momp). JIist 000MX COCTOSIHUIN MPOBOIMIIACH ONTH-
MU3alusl TeOMETPUH B cuiloBoM mosie Amber 94 B mpo-
rpamMMme buosBpuxka.

J1ist BBIJIGNICHHBIX CHCTEM MPOBOJMIICS KoJieOaTeb-
HBIA aHanu3 [22] ¢ UCMOIB30BaHHEM HEOTPAaHHUEHHOIO
Mmerona Xaprpu-®Poka B 6asuce STO-3G B cB0oOOAHO
pacmpoctpansemoii nporpamme Orca 4.0 [17]. B pesynb-
Tare ObLIM MONYYeHbl TEPMOJUHAMHYECKHE XapaKTepH-
CTHKH MOJEIMPYEMBIX (PParMEHTOB CHCTEM (DHTAJIBITHS
u sHTponwus). Jlanee mpou3BoOAMICS pacyeT SHTaJIbIUH
(AH) u sutponun (AS) BBICBOOOKACHHUS BUHIIOLCTHHA
13 CIUIaBa 1Mo POopMysIam:

AH = (HCI’L/Z(IG + Hsan.—pacmeopume/tb) - (HGHHH.—CI’L/IGS + Hpacmeopumeﬂb)

AS = (SC}’L/IGB + Seul—m.—pacm@opumeﬂb) - (SSMHH.—C}’L/IGS + Spacmeopumeﬂb)

C nCHOoNB30BaHUEM TIOJIyYSHHBIX SHTAJBIUN W 9H-
TpONMi paccYuThIBAINCH 3Hepruu [ n6oca (AG) BBICBO-

OO0’K/1eHHs] BUHIIOLIETHHA B PA3JIMYHBIE Cpeabl 10 (hopMy-
Jsie st remneparypst 310 K:

AG = AH —TAS,

rne T — temneparypa, K.
Pe3ysbTarhl u 00cyskaeHne. B kauecTBe KOMIIOHEH-
TOB HMCCIIEyeMbIX CHCTEM OBIIIM MCIIOIB30BAHbI MOJIEIH

MOJICKYJIbl BUHIIOLIETHHA B BHJIE OCHOBAHUSI U B BUJIE Ka-
THoHa (puc. 2), a Tak)Ke MOJEIH KOMIIOHEHTOB CIUTaBa
ITYETTMHOTO BOCKA M Macja Kakao (puc. 3).

b

Pucynok 2 - Xumuueckana cmpyKkmypa u npocmpancmeennoe cmpoenue UHNOUemuna
(A — ocnosanue, b — kamuon)
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[TaneMuTOCTEAPOOTENH

Pucynok 3 — Cmpyxkmypnoie (hopmynol u npoCmpancmeenoe Cmpoenue 0CHO6HbIX KOMNOHEHN 08
Cn1a8a NUETUHO020 80CKA U MACTIA KAKAO

KonnuecTBeHHbIN cOCTaB CIIaBa BOCKa U Macia Ka-
Kao OBIT pacCYMTAH UCXOS U3 JIUTEPATYPHBIX TaHHBIX O
XUMHUYECKOM COCTaBe IMUESITMHOTO Bocka [23] 1 Macia Ka-
kao [24]. danee, MCXoms W3 MOJEKYISIPHBIX Macc, ObLTH
paccYuTaHBl KOIMYECTBA MOJICKYJT OCHOBHBIX KOMITOHCH-
TOB MOZACTHPYEMON CHCTEMBL. Y YUTHIBast 00BEM MOJICITH-
pyemoro ¢parMeHTa CIIaBa IMYEIHMHOTO BOCKA M Macia
Kakao 3:2, paBHbIii 125 HM?, B MOIE)Th GBUTH BKITFOUCHBI TE
KOMITOHEHTHI, KOTMIECTBO MOJICKYJT KOTOPBIX, HCXOMIS U3
KOJITYECTBEHHOTO COCTAaBa HE MEHee 2-X Ha MOZACTHpye-
MBI 00beM. B kagecTBe mpumepa BIOOpa cocTaBa MHO-
TOKOMIIOHCHTHOW CHCTEMBI MOXKHO TIPHBECTH PadoTy, B
KOTOPOH OCYIIECTBIIIIOCH MOACTHUPOBAHNE Maca KaKao
METO/IOM MOJICKYJSIPHON TUHAMUKH, TIPU STOM B COCTaB
CcMecH OBUTH BKITIOYCHBI JINIIH TP TUITA TPUTIIUIICPHIOB,
He OBUTH BKITFOUCHBI )KUPHBIE KHCIOTH U APYTHE MHOTO-
YHCIICHHBIE MUHOPHBIC KOMIIOHEHTHI Macna [25]. Eme
OITHUM PacIPOCTPAHEHHBIM PUMEPOM MOJICTHPOBAHUS
CHCTEM, MMEIOIINX CIOKHBIH COCTaB, SIBISETCS MOJe-
JTUPOBAHNE MOJCKYIISIPHON AMHAMUKH (HOCHOTHITHIHBIX
MeMmOpas [26]. Ilpu 3TOM, B cOCTaB MEMOpaHBI IIPH MO-

JIENMAPOBAaHUH BKIIIOYAIOTCS JIMITH KOMIIOHEHTEI, CONep-
YKaIuecs B I0CTaTOYHO OOIBIIOM KoJruecTBe. Momenu-
poBaHHE MOJEKYIIIPHOH IMHAMHUKHU B HACTOAIICE BPEMS
JOCTYITHO B MacmTade 0 AeCATKOB HAaHOMETPOB, T.C. B
o0beMe 10 ThICAY KyOmdecknx HaHoMmeTpoB [27]. B to
JKE BpeMs, MHOTHE MHHOPHBIC KOMIIOHEHTHI BEIIECTB
MIPUPOIHOTO MTPOUCXOKICHHUS UMEIOT HACTOIBKO HU3KHE
KOHIICHTPAIIAH, YTO WX MOJICKYIBI IIPEICTABICHBI B S/IU-
HUYHOM 3K3eMIUIIpE B 00BbeMax, HAMHOTO ITPEBHIIIAIO-
IIUX THICSYHN KyOMUeCKUX HAHOMETPOB. Y UUTHIBAS 3TO, B
HACTOsIIIee BpeMs HE MPECTABISCTCS BOSMOKHBIM yUET
MHOTHX MHHOPHBIX KOMIIOHEHTOB CMECEH MPHPOIHOTO
MIPOUCXOXKICHNS TPU MOJCITHPOBAHUH MOJCKYISIPHOI
nuHaMukd. OIHAKO, MAHHBIA TEOPETHYECKHH METOI
IIAPOKO M YCIEITHO UCHONB3YeTCs U H3y9IeHUs (Hu3u-
KO-XUMHUYECKUX CBOHCTB cMmeceit [28-30].

Janee, yanTsiBasi MOJNEKYISpHBIC MacChl, OBLTH pac-
CYHTAHBI KOJMYECTBA MOJIEKYJ OCHOBHBIX KOMIIOHCHTOB
MOJICITUPYEMOM CHCTEMEI (Talur. 2).

Ha ocHOBe cTpyKTyp KOMIIOHEHTOB OBLIA TOCTPOCHA
MOJIeJTh CIIJIaBa MUSIMHOTO BOCKA M Macia Kakao 3:2.

Taonuya 2 — Konuuecmeennwlii cocmag mMooenupyemozo cniasa n4eaunozo 60CKa U Macia kakao 3:2

BermecTso Mounspuas mac- | MaccoBas noinst B | Yucno monekyn | Uucio aToMOB B
ca, r/MOJIb cruiase, % B MOJIEJH CIIJIaBa MOJIETTH
LleporunoBas kucnora 396,7 7,2 8 640
Heoneporunosas kuciora 382,673 3 3 231
MenuccuHOBasT KUCIOTA 452,808 2,4 2 184
MoHTaHnHOBAs KUCIOTa 438,781 2.4 2 178
Menuccun najabMUTaT 677,24 33 21 2940
Mupumui naabMHATAT 691,267 12 7 1001
1,3-nucreapo-2-oneux 889,485 7,9 4 684
1-manemuTo-2,3-110JaCUH 803,307 53 3 453
[TanmeMuTOCTEApOOIIEHH 805,323 26,8 14 2142
HUTOI'O: 100 8453

B macne kakao, TOMIMO TPUIIMIIEPHUIIOB, COIEPIKATCS
TaKKe ¥ CBOOO/IHBIE *KUPHBIE KUCTOTHL. OO MX KOHIIEHTpa-
LM MOXKHO CYIWTB TI0 BEJIMYMHE KUCIOTHOTO umcia. [o-
cymapcTBeHHas papmaxories X [24] nomyckaeT KUCIOTHOE

YHUCII0 Macia Kakao He Oomnee 2,25 mr KOH Ha 1 r macna. 13
ATOTO CIIEYET, 9TO CONEepKaHNEe JKUPHBIX KHUCIIOT B Maclie
KaKao, COOTBETCTBYIOIIEM TpeOoBaHmsIM [ 0cynapcTBeHHOI
(apmakorien ve nipesbimaet 4.01-107° Mow/r:
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m(KOH)
M(KOH)

C (orcupnvix kuciom) =

rae C (KUpPHBIX KHCJIOT) — COAEP)KaHHE KUPHBIX
KHCITOT B | T Maciia Kakao, MOJIB/T;

m (KOH) — macca KOH, neo6xonumoro s He-
TpaJM3aliK KUCIIOT, COACPIKAIMXCs B Maclie Kakao Ha |
r Macna (kuciotHoe uncio), T KOH/r;

M (KOH) — monspras macca KOH, r/morb.

CymmapHasi Macca KOMIIOHEHTOB Macjia Kakao,
BKJIFOYaEMbIX B MOJICKYJSIPHYIO MOJENb, COCTABISIET
2,8:10%° r (tabm. 2). Takum 06pa3oM, KOJTHYESCTBO KUP-
HBIX KHCIJIOT Macjia Kakao B MOJCIMPYEeMOM O0beMe He
JOJDKHO npeBbImarh 1,12-102* MoJib, 4TO COOTBETCTBYET
0,676 MONEKyY KUPHBIX KUCIIOT:

N = m - C(orcupnoix kuciom) - Ny

I7Ie M — Macca Maclia Kakao B MOZIEIUPYEMOM CHCTE-
Me, T;

N, — uncino ABoraapo, Momb™';

N — 4McI0 MOJIEKYH KUPHBIX KUCIOT B MOJEIUpYye-
MO CHCTEME.

[Tomy4yeHHsle pe3yapTaThl COOTBETCTBYIOT IIPH-
Onu3uTeNnbHO | MoOJIeKysie KMPHOW KHCIOThI Ha 64
Pa3INYHBIX MOJEKYJI KOMIIOHEHTOB crjiaBa (Tadm. 2),
4acTh U3 KOTOPBIX CPaBHUMA IO pa3MepaM C KHUPHBI-
MU KHCJIOTaMH Macjia Kakao, a Apyras 4acTb (Tpur-
JULEPUABI) 3aHUMACT 3HAYUTEIBHO OOIBIINI 00BEM.
Hcxonst U3 3TOTO, MOJIEKYIBl )KMPHBIX KHCIOT Macia
Kakao HE OBUIM BKJIIOUYEHBI B COCTaB MOJEIUPYEMOil
CHCTEMBEI.

Jlanee ¢ ucnonp3oBaHueM nporpaMmsl brosspuka
MIPOU3BOAMIIOCH TEPMOINHAMUYECKOE YPaBHOBEIIINBA-
HHE MOJIETIH CIUTaBa METOAOM MOJICKYIISIPHON AMHAMU-
KM, MIOCJIE YEeTr0 CHUCTEMa BCTpamBajach B PacTBOPU-
Tenu — BoAy M 3taHoi. Ilociie TepMOAMHAMUYECKOTO
YPaBHOBEIIMBAHUSA CUCTEMBI METOIOM MOJIEKYISIPHOI
JUHAMUKH B TEYEHHE 5 HC MPOU3BOAMIOCH MOJEIH-
poBaHHE BBICBOOOXK/ICHMS BHHIIOLETMHA W3 ydacTKa
cruiaBa B pacTBopuTelnb B TeueHue 20 He. B Tabmiuie 3
MIPUBECHBI N300paKeHUSI TPOCTPAHCTBEHHBIX CTPYK-
Typ MOJCITUPYEMBIX CHCTEM B Pa3IMYHbIE MOMEHTHI
BPEMEHH.

Taﬁﬂuua 3 — Cocmosanusn M00e.rmpyeMbtx cucmem 6 pasinunbvle MOMEHmbL 6peMenu

Bpems,| «CIUIAB — BUHIIOLETHH — BOAA» | «CILIAB — BUHNIONETHH-KATHOH
«CIJIAB — BHHIOIETHH — dTAHOD»
He (pH=7,0) — Bojaa» (pH=2,0)
TepMoarHAMUYECKOE YpaBHOBEIIMBAHHE
0
:-%I..
5
MogenupoBaHue BEICBOOOKICHHST BUHITOIICTHHA
0
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IIpoodonoicenue mabauyvl 3

10

20

B pesynbrare TEpMOOMHAMHYECKOTO YPABHOBEIIH-
BaHMS B BOIHOH cpejie ObuIa MOoTyueHa reTeporeHHast CH-
CTeMa C YeTKO BBIPAKCHHOHN MeK(Pa3HOI MOBEPXHOCTHIO
1 YIOpPsIOYEHHBIMU CTPYKTypaMH B cIuiaBe. B cpene
9TAaHOJA MPOU3O0IUIO YACTHYHOE CMEIIMBAHKE CIIaBa C
pactBopuTtenem (tadm. 3).

ITo pesynbraram aHanm3a BaH-JIEP-BaallbCOBA B3ANMO-
JIEHCTBHS MEX/Ty BUHIIOLETHHOM U CIUIaBOM OBLIH Omperie-

, KJIx/Monb

-BaJIbCOBA B3aHMOJCHCTBHA

DHeprusi BaH-j1ep

---gona (pH = 2)

JICHBI JUTUTENTBHOCTH BHICBOOOYK/ICHHSI MOJICKYJIbI BUHIIOLIE-
THHA B PacTBOpHUTEND (pHc. 4). 711 3TOro OBUTO OTpeIesicHO
BpeMsi, B TEIEHHE KOTOPOTO MOJTYJIb SHEPTHH BaH-/IeP-Baallb-
COBA B3aUMOZICHCTBHUS MEKTY MOJICKYIIOH (MIOHOM) BUHITOIIC-
THHA U CIUTaBoM craHoBmiics Mensie 0,1 xJ[x/monb. Bpe-
MEHHbIC PsiJIbl SHEPTHHU BaH-/IeP-BaaIbCcOBa B3aUMOJICHCTBUSI
[PE/IBAPUTENLHO  TTO/IBEPTaINCh CIIKMBAHUIO METO/IOM
CKOJB3SIIETO CPEHETO (OKHO yepemHeHus 1,6 He).

Bpewms, He
—3TaHOI

= poma (pH =17)

Pucynok 4 — /lunamuka snepzuu 8an-0ep-6aaibcoéa 63aumMoo0eiicmeus mexcoy Moaexkynou (Lonom)
GUHROYEMUHA U CRIAGOM NUENUHO20 60CKA U MACIA KaKao 3:2
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AHanm3 pe3ysibTaroB MOJEIHPOBAHMS IOKA3bIBACT,
YTO BBICBOOOIK/ICHUE KATHOHA BHHIIOIETHHA M3 CILIaBa B
STaHOJ MPOUCXOIUT 3a 15,5 He. BeicBOOOXIeHIE OCHOBA-
HUS BUHTIOLIETHHA U3 CT1aBa B Boxy npu pH 7,0 He mpowuc-

XOJIUT, BBU/Ty OoJiee BHICOKON ruaApOOOHOCTH OCHOBAHUS
BUHIIOIETHHA. BricBoOOKAeHHE B Bomy 1ipu pH 2,0 mpo-
HCXOJIUT, OIHAKO MOJIEKYJa BHHIIOIETHHA OCTAeTCs JUIH-
TENILHOE BPEeMsl CBSI3aHHOM ¢ Mex(azHOIl TOBEPXHOCTHIO.

Taonuua 4 — /InumenvHocmsy 6b1C6000)COCHUA BUHNOYECMUHA 6 PACHIBOPUMENb
RO pe3yibmamam MoOeIUPOSaAHUSL MOEKYIAPHOI OUHAMUKU

PactBopuTens JUTMTEeTbHOCTh KOHTAKTa BUHITOIICTHHA CO CIUTABOM, HC
Bona (pH 7,0) >20
Bona (pH 2,0) >20

DraHon 15,5

[IpoBeneHHbIe HUCCIIENOBaHMUSA IOKa3alH, 4YTO B
BoiHOM cpene npu pH 2,0 criaB myenamHOro BOCKa U
Macja Kakao 3:2 He pacTBOpPHM, YTO SIBIsieTCsl (pakTo-
pOM, 3aMeUISIONIMM BBICBOOOXK/ICHHE BHHITOIETHHA
B pacTBOpHTENb. B kucnoit xxe cpene (pH 2,0) xartnon
BUHIIOIIETHHA BBICBOOOXKIAETCS M3 CIIaBa IMYEINHOTO
BOCKa M Maclia Kakao 3:2 u nepexoaut B Boxdy. [Ipu sTom
€CTh TeHJICHIMS K aJICOpPOLMK BUHIIOIIETHHA Ha ITOBEPX-
HOCTH CIIaBa.

BuHMoneTrH BBICBOOOXKIAETCS M3 CIUIaBa MYEINH-
HOTO BOCKAa M Macjla Kakao 3:2 B 9TaHOJI U MOJTHOCTBIO

MEPEXOIUT B pacTBOPUTEIh. [IpH 9TOM MPOUCXOIUT da-
CTHYHOE PACTBOPEHHE CIUIABa B ITAHOJIE.

Jlyisi KBAaHTOBO-XMMHUYECKOTO pPacyueTa TepMOJUHA-
MHUYECKUX XapaKTEPUCTUK W3 CHUCTEM, HCIOJIb30BaB-
[IUXCS IPU MOJECITUPOBAHUU MOJIEKY/SIPHOHM JMHAMUKH,
ObUTH BBIIEIIEHBI (PPArMEHTHI HAYATBHOTO M KOHEYHOTO
coctostHul (puc. 5 —7):

BUHIIOIETHH — CIIJIaB,

PacTBOPUTEIT,

CILIaB,

BUHIIOIETHH — PACTBOPHUTEITH.

Ny
v \ <

9
e .)VJ_’I\ ,_\ STe

Pucynox 5 — Boiceodorcoenue eunnoyemuna u3 cniaea é 600y npu pH 2,0
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Pucynok 7 — Boiceoborcoenue GUHNOYEMUNA U3 CRIIAGA 8 IMAHOT

PesynbTars! TEpMOIMHAMUYECKHX XapaKTEPHUCTHK MOAEIMPYEMBIX ()parMEeHTOB CHCTEM Hpe/cTaBIIeHbI B Ta0II. 5, 6.
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Tabnuya 5 — Pe3ynomamul K6AHMOBO-XUMUYUECKO20 PACUEMA IHMATbNUU
U IHMPORUU BbICE0D0IHCOCHUA GUHNOYECMUHA U3 CNIA8A 8 PACHEOPUMENb

DHTANIBINS CUCTEMBI, KJ[/MOITb DHTAJIbIUSL
Cucrema Bunnonerun B PacTBopHTETD Cruta 0e3 BuHrmonerusx B BBICBOOOXKICHUS,
crJjiaBe BHUHIIOLIETUHA pacTBOpHTEIC kJx/Momb
pH 2,0 -10658071,42 -9450228,56 -7786164,35 -12322871,38 -735,75
pH 7,0 -9847693,09 -7284608,01 -6976933,10 -10155553,84 -185,85
DraHon -14228766,63 -8000056,02 -11357749,23 -10870588,77 484,64
DHTpONHsI CUCTEMBI, KJ[7K/MOJIb
pH 2,0 2,3391 1,9408 1,9715 2,0721 -0,2363
pH 7,0 2,2291 1,4759 1,8550 1,6409 0,0971
DTaHoI 2,8314 1,9652 1,9945 1,7424 -1,0597
Tabnuya 6 — Pe3ynbmamsl K6AHMOBO-Xumuueckozo paciema snepzuu I'uooca
6b1C6000IICOCHUA BUHNOYECMUHA U3 CNIIABA 8 PACIEOPUMETD
Oueprust [m60ca cuctemsl, k/[x/MoIb Dueprus ['m66ca
Cucrema Bunnonerun B PacTROpHTES Cmutas 6e3 Bunnonerun B BBICBOOOK/IEHMS,
CIUIaBe BUHIIOLIETHHA pactBopuTee kJlx/mMoib
pH 2,0 -10658796,55 -9450830,21 -7786775,523 -12323513,74 -662,50
pH 7,0 -0848384,12 -7285065,55 -6977508,17 -10156062,51 -121,02
DTtaHon -14229644,37 -8000665,24 -11358367,54 -10871128,92 813,15

BrIcBOOOXKIeHNE BUHITOIIETHHA U3 CIIJIaBa MYEIHHO-
IO BOCKa U Macja kKakao 3:2 B BOAy IpH pazauuHbIX pH u
B 3TAHOJI 3aBHCUT OT €r0 PaCTBOPUMOCTH B 3TUX Cperax,
a TaKkKe OT PaCTBOPUMOCTH CILIABA.

CrutaB MYETHMHOTO BOCKA M Maciia Kakao 3:2 gyacTud-
HO pacTBOPSIETCSl B ATAHOJE, YTO SIBISAETCS (aKTOpOM,
YCKOPSIFOLIIMM BBICBOOOYK/IEHHE BHHIIOIICTHHA B PacTBO-
pUTETb.

BunnonernH ocraercs B ¢ase cruraBa Ipu MOJIEINH-
poBanuu cucteMsI ¢ Bopoit (pH 7,0), uto roBoput o ToM,
YTO BBICBOOOYK/IEHHE BHHIIOIIETHHA U3 CIIJIaBa MYETHHO-
ro Bocka W Macja kakao 3:2 B Bogy npu pH 7,0 3arpyn-
HEHO.

3akioyeHue. BricBOOOX/IeHHE BHHIIOLETHHA U3
CIUIaBa MYEIMHOTO BOCKAa M Macia Kakao 3:2 B BOAY C
pH 2,0 sBisieTcst SHEPreTHYECKH BBITOAHBIM IPOIIECCOM,
a TaKk)Ke CONPOBOXKAACTCS YBEITUUEHHUEM DHTPOIHUH, YTO
TOBOPUT O OoJiee BEICOKOW TEPMOAMHAMUYECKON BEPOSIT-
HOCTH KOHEYHOTO COCTOSTHUS (BUHIIOIETHH B PACTBOPE).

BrIcBOOOXKIeHNE BHHIIOIETHHA U3 CIJIaBa B BOAY C
pH 7,0 sHepreTruecky MeHee BBITOHO 110 CPAaBHEHHUIO C
BBICBOOOXKIEHHEM B Boay ¢ pH 2,0.

BrICBOOOXKIeHHE BUHIIOLETHHA B 3TAHOJ U3 CIUIaBa
SHEPreTHUeCKH MEHEE BBITOHO T10 CPAaBHEHHUIO C BBICBO-
OOJK/IeHHEM B BOJY INPH YCIOBHU OTCYTCTBHS PacTBO-
peHus criaBa B aTaHone. OQHAKO, pe3ynbTaThl MOJCTH-
pPOBaHUS MOJICKYJIAPHON TUHAMUKU CBUICTEIBCTBYIOT O
BO3MOKHOCTH PacTBOPEHHsI KOMIIOHEHTOB CIlJIaBa B 3Ta-
HoJIe. DTO sBjsieTcsl (hakTOpoM TOBBIIAIOINM dhdek-
TUBHOCTH BBICBOOOXKACHUSI BUHITOLIETHHA.

[IpoBeneHHbIE HCCIEIOBAHUS MOJICINPOBAHHS MOJIe-
KyJIIPHOM JWHAMUKHU BBICBOOOXKICHUSI BUHIIOIIETHHA M3
CIUTIaBa MYEIMHOTO BOCKA U Macja Kakao 3:2 MmoKa3blBaeT
BO3MOKHOCTh BBICBOOOYKIEHHUSI BUHIIOLIETHHA B BOIY C
pH 2,0 u B aTanon. [lomydeHHbIe pe3yIbTaThl HO3BOMISIOT
MIPETIONIOXKUTH O0Iee HU3KYIO CTETeHb BBICBOOOXKICHUS
BHUHIIOLIETHHA U3 CIUIaBa B 3TAHOJ MO CPaBHEHUIO C pac-
TBOPOM KHCIJIOTHI XJIopucTOBOAopoaHOM 0,01 M.

Introduction. Encapsulation is a process, while
which the smallest particles of fluid, solid or gaseous ac-
tive ingredients are packed into the second material for
preserving them against environment [1,2]. The choice
of hydrophobic shell-matrix for microcapsules is based
on the needed properties of microcapsules, for example,
based on the purpose of microcapsules, the temperature
of storage, etc. [3]. Preferable hydrophobic shell-matrix
must have the melting temperature higher than 45°C, so
that it could be stored at the room temperature. Usually
any hydrophobic substance can be used if microcapsules
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are stored at the temperature lower than the melting tem-
perature of hydrophobic substance[4].

Hydrophobic shell-matrix, or hydrophobic phase,
can be selected from the group including fats, oils,
waxes, resins, emulsifiers and their mixtures. Preferable
hydrophobic shell-matrix, or hydrophobic phase, is
selected from the group including animal fats and oils,
fully or partially hydrated plant and animal oils / fats,
unsaturated partially hydrated or fully hydrated free fatty
acids, other emulsifiers, animal waxes, plant waxes,
mineral waxes, synthetic waxes, natural and synthetic
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resins and their mixtures. Animal waxes are beeswax,
lanolin, husk wax or wax of Chinese waxworm.

Vinpocetine is a perspective medicinal substance for
development of a microencapsulated form [5,6].

Vinpocetine is poorly soluble in water, and, for
preliminary research to substantiate the composition
of microcapsules and determine their preparation
conditions, ethanol can be used as an environment
along with purified water and hydrochloric acid, which
makes it possible to determine the influence of auxiliary
substances and technological factors [7].

Microcapsules with hydrophobic shell can be
prepared by dispersion method [8]. But often the
complexity of the instrumental arrangement process and
low efficiency make the choice of microencapsulation
methods a long and expensive research.

Molecular dynamics simulation of solutions in the
study of the process of medicinal substances release from
microcapsules allows to select an optimal film former,
hydrogen index, the environment for release and other
factors, important for successful microencapsulation

process. Hereby the necessity of the actual experiment
is minimized [9].

The aim of the study is a comparative analysis of
thermodynamic characteristics of vinpocetine release
from the melt of beeswax and cacao butter 3:2 into water,
solution of hydrochloric acid 0.01 M and ethanol.

Materials and methods. For the vinpocetine
release process simulation from the melt into different
environments models of components of the studied
systems were built preliminary (vinpocetine and the
beeswax and cacao butter melt components) and atom
charges were calculated by quantum-chemical method.

For the vinpocetine molecule ionization, depending
on the pH of the dispersion environment, was taken into
account in order to reproduce its behavior in the solvent.

Taking into account the vinpocetine ionization
constant index (pK )in water 7.1 [10] and using
Henderson—Hasselbalch equation [11], it is possible to
make a conclusion, that vinpocetine is almost completely
ionized in pH 2 and in pH 7 the fraction of the ionized
vinpocetine molecules is 0,56:

1OpH—pKa
“ =1+ 1008 pKa

f=1—-«a

where a and B are a relative content of vinpocetine-base and vinpocetine-cation in the solution respectively.

12

cation

08

06

04

Relative content

0.2

base

6 8 10 12

pH

Figure 1 — Relative content of vinpocetine-base and vinpocetine-cation in solution according to Henderson—
Hasselbalch equation

Hereby the solubility of vinpocetine in neutral water
environment according to the literature data [12] is low
(1.89-10°mg/ml), that means insignificant concentration
of vinpocetine in water environment both in the form of
cation and in the form of base. The release simulation of

both cation and base into the solvent environment seems
to be interesting in this study, since it gives an opportuni-
ty to explain the difference between release efficiency of
this substance into the solvent in different values of pH
from the molecular structure point of view.
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Hereby the transition of a molecule from the melt to
the solvent can be accompanied by its ionization depend-
ing on the value of solvent pH. Moreover, ionization can
occur even when a molecule of vinpocetine is situated on
the interphase surface in contact with the solvent.

We performed the simulation of exactly this critical
stage of the release process, i.e. overcoming the phase
boundary of «melt-solvent» by vinpocetine molecule.
As an example of a similar study the work by Hui-dong
Zheng [13] can be represented.

Spatial models of components were built Hyper
Chem 8.01 program (license HC80SA-4-1BBF6).

An important factor that should be taken into account
in molecular dynamics simulation of heterogeneous sys-
tems is the atom charge distribution.

For this purpose atom charges of the simulated sys-
tem components were calculated by ab initio method,
which was dictated by insufficient accuracy of semi-em-
pirical methods. The choice of quantum-chemical meth-
ods to detect the atom charges of melt component mo-
lecules (unrestricted Hartree-Fock method with basis set
3-21G* for geometry optimization and density function-
al theory method UB3LYP with 6-31G* basis set) was

made according to the results of the study, represented in
the work [14]. The validity of ab initio methods used for
atom charge calculation in molecular dynamics simula-
tion of substances transfer through interphase surface is
demonstrated in the work [15].

Geometry of the melt components was optimized
by molecular mechanics mm+ method [16] in Hyper
Chem 8.09 program. Further geometry optimization
of molecules was performed by ab initio method
(unrestricted Hartree-Fock method, basis set 3-21G*
[17]). The charges were calculated by ab initio method
(density functional theory method UB3LYP [18], basis
set 6-31G*).

The obtained system further inserted into the
solvents — water and ethanol. After that thermodynamic
equilibration was performed by Bioeurica program (the
author is A.A. Glushko) [19] (force field Amber94 [20],
rectangular periodic boundary conditions, Berendsen
thermostat [21] — 310K, bath relaxation time 100 fs,
integration step 1 fs).

Thermostating was performed according to the graph
in Table 1. The temperature, set by the thermostat, was
linearly changed between the graph moments of time.

Table 1 — Graph of thermostat work in molecular dynamics simulation process

Time, fs Temperature, K
0 0
300000 310

Further molecular dynamics simulation of vinpoce-
tine release from the melt spot to the solvent was per-
formed during 20 ns in Bioeurica program.

As an initial state, for calculation of thermodynamic
characteristics of vinpocetine release from the melt,
the conformation of “melt-vinpocetine” system was
used after thermodynamic equilibration by molecular
dynamics method in Bioeurica program during 5 ns.

As a final state, a moment of time of molecular
dynamics simulation was used, corresponding to full release
of vinpocetine molecule from the melt to the solvent.

As a criterion of vinpocetine release into the solvent

a module of Van-der-Waals energy interaction between
vinpocetine molecule and the melt was used (|[E|<0.1 kDj/
mol). For both states geometry optimization in Amber94
force field was performed by Bioeurica program.

For isolated systems vibrational analysis performed
[22] by unrestricted Hartree-Fock method in basis set
STO-3G in free distributable program Orca 4.0 [17].
As a result thermodynamic characteristics of simulated
system fragments (enthalpy and entropy) were obtained.
Further the calculation of enthalpy (AH) and entropy
(AS) of vinpocetine release from the melt were made
using these equations:

AH = (Hmelt + Hvinp.—solvent) - (Hvinp.—melt + Hsolvent)
AS = (Smelt + Svinp.—solvent) - (Svinp.—melt + Ssolvent)

Using the obtained enthalpies and entropies Gibbs,
energies (A1) of vinpocetine release into different

environments were calculated according to the equation
for temperature 310 K:

AG = AH —TAS,

where T istemperature, K.
Results and discussion. As the components of the
studied systems, the models of vinpocetine molecule
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in form of base and cation were used (Fig. 2), and also
models of beeswax and cacao butter melt components

(Fig. 3).
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Figure 2 - Chemical and spatial structures of vinpocetine
(A — base, B — cation)
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Figure 3 — Structure formulas and spatial structure of basic components of beeswax and cacao butter

Quantitative composition of the beeswax and cacao
butter melt was calculated according to the literature data
about chemical composition of beeswax [23] and cacao
butter [24].

Further, based on molecular masses quantities of
molecules of the simulated system basic components
were calculated. Accounting the volume of the simulated
beeswax and cacao butter melt 3:2 a fragment, equal
to 125 nm, the components which molecules’ number
according to the quantitative composition was more
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than 2 for the simulated volume, were included into the
model.

As an example of selection of multicomponent
system composition the work can be represented, in
which simulation of cacao butter was performed by
molecular dynamics method, hereby only three types of
triglycerides were included in the mixture composition,
fatty acids and many other minor components of oil were
not included [25].

Another one wide-spread example of the simulating
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systems, having complex composition is molecular
dynamics simulation of phospholipid membranes [26].
Hereby only the components contained in a fairly large
number are included into the composition of membrane.
Nowadays molecular dynamics simulation is available in
the scale of up to dozen nanometers, i.¢. in the volume of
thousands of cubic nanometers [27].

At the same time many minor components of
natural substances have such low concentrations, that
their molecules are represented in a single exemplar in
volumes far exciding thousands of cubic nanometers.

Taking that into consideration, nowadays it does not
seem possible to account many minor components of
natural mixtures in molecular dynamics simulation.But
this theoretical approach is widely and successfully used
for physical-chemical properties of mixtures study [28-
30].

Further, taking into consideration molecular masses,
quantities of molecules of basic components of the
simulated system were calculated (Table 2).

Based on components structures, the model of
beeswax and cacao butter melt 3:2 was built.

Table 2 — Quantitative composition of the simulated beeswax and cacao butter melt 3:2

Substance Molar mass, Mass fraction, % Ngmber of molecules quber of atoms
g/mol in the melt model in the model
Cerotinic acid 396.7 7.2 8 640
Neocerotinic acid 382.673 3 3 231
Melissinic acid 452.808 2.4 2 184
Montaninic acid 438.781 2.4 2 178
Melissilpalmitate 677.24 33 21 2940
Miricilpalmitate 691.267 12 7 1001
1,3-distearo-2-olein 889.485 7.9 4 684
1-palmito-2,3-diolein 803.307 5.3 3 453
Palmitostearoolein 805.323 26.8 14 2142
TOTAL: 100 8453

In cacao butter, besides triglycerides, free fatty acids
are contained. Their concentration can be learnt by the
acidic value. State Pharmacopoeia X [24] allows the
acid value of cacao butter to be no more than 2.25 mg
of KOH per 1 g of butter. Therefore, the content of fatty
acids in cacao butter, meeting the requirements of State
Pharmacopoeia is no more than 4.01-10-° mol/g:

. m(KOH)
C(fatty acids) = M(KoH)

where C (fatty acids) is content of fatty acids in 1 g
of cacao butter, mol/g;

m (KOH) — mass of KOH, needed for neutralization
of acids, contained in cacao butter per 1 g of oil (acid
value), g KOH/g;

M (KOH) — molar mass of KOH, g/mol.

Total mass of cacao butter components, included in
the molecular model is 2.8-102° g (Table 2), therefore
the amount of fatty acids of cacao butter in the
simulated volume must not exceed 1.12-10* mol, which
corresponds to 0.676 molecules of fatty acids:

N =m- C(fatty acids) - N,

where m is cacao butter mass in the simulated system, g;

N, — Avogadro number, mol™';

N — number of fatty acid molecules in the simulated
system.

The obtained results correspond to approximately 1
molecule of fatty acid per 64 different molecules of the
melt components (table 2), part of which is comparable
in volume with fatty acids of cacao butter, and another
part (triglycerides) has a significantly larger volume.
Therefore, molecules of fatty acids of cacao butter
were not included into the composition of the simulated
system.

Further on, using Bioeurica program, thermodynamic
equilibration of the melt model was performed by
molecular dynamics method. After that the system was
included into the solvents — water and ethanol. After the
thermodynamic equilibration of the system by molecular
dynamics method during 5 ns, simulation of vinpocetine
release was performed from the melt spot into the solvent
during 20 ns. Images of spatial structures of simulated
systems for different moments of time are represented in
Table 3.
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Table 3 — States of simulated systems at different moments of time

Time, Melt — vinpocetine— Melt — vinpocetine-cation — Melt —vinpocetine —
ns water (pH=7) water (pH=2) ethanol

Thermodynamic equilibration

10

20
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As a result of thermodynamic equilibration in water
environment a heterogeneous system with clear interphase
surface was obtained and the ordered structures in the
melt. In the ethanol environment partial mixing of the
melt with water took place (Table3).

According to the results Van-der-Waals interaction
analysis between vinpocetine and the melt, the durations

-50

-100

-150

-200

-250

-300

Van-der-waals interaction energy, kDj/mol

-350

-400

-450

- - -water (pH =2)

of vinpocetine release into the solvent were determined
(Fig. 4).To do it, the time was detected,while the module
of Van-der-Waals interaction energy between molecule
(ion) of vinpocetine and the melt became less than 0.1
kDj/mol. Time series of Van-der-Waals’ interaction
energy were preliminary smoothed by moving average
method (window of averaging 1.6 ns).

......... Water (pH = 7)

Figure 4 — Dynamics of Van-der-Waals’ interaction energy between vinpocetine molecule (ion)
and the melt of beeswax and cacao butter 3:2

The analysis of the obtained results shows,
that the release of vinpocetine cation from the
melt into ethanol goes during 15.5 ns. The release
of vinpocetine base from the melt into water with

pH = 7.0 doesn’t go, due to higher hydrophobicity of
vinpocetine base.

The release into water with pH=2.0 goes, but vinpocetine
molecule stays bound with interphase surface for a long time.

Table 4 — Durability of vinpocetine release into solvent according to the results of molecular dynamics simulation

Solvent Durability of vinpocetine contact with the melt, ns
Water (pH = 7.0) >20
Water (pH = 2.0) >20

Ethanol 15,5
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The performed study has shown, that the melt of
beeswax and cacao butter 3:2 is not soluble in water
environment which appears to be the factor, slowing
down the release of vinpocetine into solvent. In acid-
ic environment (pH = 2.0) vinpocetine cation releases
from the beeswax and cacao butter 3:2 and passes into
water. Hereby vinpocetine adsorption tends to exists on
the melt surface.

Vinpocetine molecule releases from the beeswax
and cacao butter 3:2 into ethanol and completely passes

\ A

into the solvent. Hereby partial dissolution of the melt in
ethanol takes place.

Forthe quantum chemical calculation of thermodynamic
characteristics of vinpocetine release from systems, used in
the molecular dynamics simulation, fragments of initial and
final states were isolated (Fig. 5-7):

vinpocetine — melt,

solvent,

melt,

vinpocetine — solvent.

v
\-’{- e

>
1 3‘,5)\ AR

— -t‘v ??

Figure 6 — Vinpocetine release from the melt into water in pH 7
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Figure 7 — Vinpocetine release from the melt into ethanol

The results of thermodynamic characteristics calculation of the simulated system fragments are represented in
Tables 5 and 6.

Table 5 — Results of quantum-chemical calculation of enthalpy and entropy
of vinpocetine release from the melt into solvent

System enthalpy, kDj/mol
System Vinpocetine Melt without Vinpocetine Enthalpy. of
5 Solvent ) a . release, kDj/mol
in melt vinpocetine in solvent
pH=2 -10658071.42 -9450228.56 -7786164.35 -12322871.38 -735.75
pH=7 -9847693.09 -7284608.01 -6976933.10 -10155553.84 -185.85
Ethanol -14228766.63 -8000056.02 -11357749.23 -10870588.77 484.64
System entropy, kDj/mol
pH=2 2.3391 1.9408 1.9715 2.0721 -0.2363
pH=7 2.2291 1.4759 1.8550 1.6409 0.0971
Ethanol 2.8314 1.9652 1.9945 1.7424 -1.0597

Table 6 — Results of quantum-chemical calculation of the Gibbs energy
of vinpocetine release from the melt into solvent

System Gibbs energy, kDj/mol .

Svstem - - - - — Gibbs energy of

y Vlr.lpocetlne Solvent M.elt Wlthout Vinpocetine in release, kDj/mol

in melt vinpocetine solvent

pH=2 -10658796.55 -9450830.21 -7786775.523 -12323513.74 -662.50

pH=7 -9848384.12 -7285065.55 -6977508.17 -10156062.51 -121.02
Ethanol -14229644.37 -8000665.24 -11358367.54 -10871128.92 813.15
Vinpocetine release from the melt of beeswax and The melt of beeswax and cacao butter 3:2 is partially

cacao butter 3:2 into water with different pH and into  dissolves in ethanol, and that is the factor, speeding up
ethanol depends on its solubility in this environments, vinpocetine release into solvent.
and also on the solubility of the melt. Vinpocetine stays in the melt phase during simulation
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of the system with water (pH = 7), which indicates, that
vinpocetine release from the melt of beeswax and cacao
butter 3:2 into water with pH=7 is difficult.

Conclusion. Vinpocetine release from the melt
of beeswax and cacao butter 3:2 into water with
pH = 2.0 is energetically advantageous process, and it is
also accompanied by increase of entropy, which indicates
higher thermodynamic probability of the final state (vin-
pocetine in solvent).

Vinpocetine release from the melt into water with pH
= 7.0 is energetically less advantageous comparedwith
the release into water with pH = 2.0.

Vinpocetine release into ethanol from the melt is en-

ergetically less advantageous compared with the release
into water in the condition of no melt dissolution in eth-
anol. Butthe results of molecular dynamics simulation
indicate an opportunity of the melt dissolution in ethanol.
This is the factor increasing efficiency of vinpocetine re-
lease.

The simulation study of molecular dynamics of
vinpocetine release from the melt of beeswax and cacao
butter 3:2 indicates an opportunity of vinpocetine release
into water with pH = 2.0 and into ethanol. The obtained
results allow to assume a lower degree of vinpocetine
release from the melt into ethanol compared with the
solution of hydrochloric acid 0.01 M.
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BJIMAHUE OCOBbIX MEAUKO-TEOTPA®UYECKUX YC/IOBUN APKTUKMU
HA OBECNEYEHUE COEAUHEHUI U BOMHCKUX YACTEMN
MEAULUHCKUM UMYLLECTBOM

FO.B. Mupownuuenxo', B.H. Kononoé', E.O. Poouonosé’, 0.3. Mycmaeé’,
E.A. Conoamos’, M.JI. Yysawes', H.B. Knouxoea’

! Boenno-meouyunckas axademusi umenu C.M. Kuposa,
194044, Poccus, Canxkm-Ilemepbype, yin. Axademuxa Jlebedesa, 6
2 [asnoe soenno-meduyunckoe ynpasienue Munucmepemea o6oponst Poccuiickoti @edepayuu,
119160, Poccus, Mockea, yn. 3namenxa, 19
E-mail: rodionov_eo@mail.ru

Onvim npogederusi 1e4eOHO-36aKYAYUOHHBIX MePONPUIMULL 8 BOOPYICEHHbIX KOHMIUKMAX NOKA3bI8Aem, YMO
0cobble MeduKo-eeoepaghuneckue ycaogus ApKmuKu OKazvlearom GblpAN’CEeHHOe, NPeUMyUeCE8eHHO HeOna2onpusm-
Hoe, @1usAHUe U HA CNOCOObI 8edeHls 60e8blx Oelicmull, U Ha MeOUYUHCKoe obecneyeHue PaHeHblx U OOIbHLIX, 8 MOM
uucne Ha obecneuenue coeouneHull u 6ounHckux yacmeti Boopyacennvix Cun Poccutickou @edepayuu MeOUyuncKum
umyugecmeom. Ilenvto uccnedosanus s61a10ce onpedenenue nymeli co8epuleHcmeos8anis OCHAWeHUs MeOUYUHCKUX
nooOpazoeeHull MeNCceUO080ll PYNNUPOSKU 80UCK (cun) 6 Apkmuueckoi 3one Poccuiickou @edepayuu. Mamepuasnst
u memoosl. Teopemuueckyro u Memooon02UecKyo OCHOBY UCCIe008AHUS COCIAGULU MPYObl OMEUeCMEEHHbIX Yye-
HbIX 8 001ACU COBEPUICHCMBOBAHUS NOPAOKA OKA3AHUS MEOUYUHCKOU NOMOWU U 8bINOIHEHUS OPYeUX MEOUYUHCKUX
MepOonpusmull 8 YCio8UAX HUKOU meMnepamypsl oKpyxcaouje2o 8030yxa. B uccredosanuu ucnonvsosanuce maxue
Memoobl, KAK PempoCneKmuGHblil, 102UHeCKUll; CmpyKmypHo-QyHKYUOHATbHbIL anaiu3 u Op. Pesynemamol u 06-
cyacoerue. B xooe uccnedosanus vioenenvl 0codvie Meouxo-zeoepapuueckue Gaxmopol ApKmuxu, yCmano61eHo ux
eUsIHIe HA 0OecnedeHte MeOUYUHCKUM UMYUeCMBOM COeOUHEeHUI U BOUHCKUX uacmell. Paccmompenvt meponpusimus
10 COXPAHEHUIO KA4eCHB8EeHHO20 COCMOSHUS 1eKAPCMEEHHbIX CPeOCMS U MEOUYUHCKUX uzdenull 8 Apkmuxe, onpedenen
NOPAOOK UX UCNONB308AHU, A MAKI’CE YCMAHOBLEHbl Mpeb08anus K ux mpancnopmuposaruro. OnpedeneHvl nepcnex-
mueHvle CpedCmad pazeepmul8aniis MeOUYUHCKUX noopasoenenuil 8 Apkmuxe. [Ipusedenst pe3ynomamol aHaiu3a 61u-
anus yenosuil Apkmuueckoti 30nul Poccutickoii @edepayuu na nompebHocms coeouneHul u 6ouHcKux wacmetl Boopy-
arcennvix Cun 6 meouyunckom umywecmse. 3axkaiouenue. I1o pesyiomamam uccied08anus YyCmanosieHvl Haubonee
axKmyanvbHble HANPAGIeHUs PA3GUMUSL U COBEPULEHCMBOBANUS OP2AHU3AYUL 0DECneYeHUst MEOUYUHCKUM UMYULECMBOM
coedunenuil u gounckux uacmetl Boopyscennvix Cun Poccutickoti @edepayuu 6 Apkmuyeckou 3one.

Knroueswvie cnosa: Apkmuueckas 30Ha, KOMIIEKMbl MEOUYUHCKO20 UMYUeCmBd, KOMNIeKMHO-MAabelbHoe OCHA-
wenue, MeOUYUHCKoe obecneueHue, nojesvle YCiosus, CpeoCmed pa3eepmul8ansl
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The experience of the medical evacuation activities in armed conflicts shows that the Arctic special medical and
geographical conditions have expressed mainly negative impact on the methods of conducting military operations
and medical care of the wounded and sick, including the Russian Federation Military Forces operational and combat
units " medical logistics. The aim of the study was to identify the ways to improve the equipment of medical units of in-
terspecific group of troops (forces) in the Russian Federation Arctic zone. Materials and methods. The theoretical and
methodological basis of the research was the works of Russian scientists in the field of improving the order of render-
ing medical assistance and performing other medical measures in conditions of low ambient temperature. The study
used such methods as retrospective; logical; structural and functional analyses and others. Results and discussion.
In the course of the study special medical and geographic factors of the Arctic were identified, and their influence on
the operational and combat units’medical logistics was established. The measures to preserve the quality of medicines
and medical products in the Arctic are considered, the order of their use is determined, and the requirements for their
transportation are established. Prospective means of deploying medical units in the Arctic have been identified. The
impact analysis results of the Russian Federation Arctic zone conditions on the need of Military Forces operational
and combat units in medical property are given. Conclusion. Based on the results of the study, the most relevant areas
for the development and improvement of the organization of Russian Federation Military Forces operational and

combat units* medical logistics in the Arctic Zone have been established.
Keywords: Arctic zone, medical equipment sets, complete-standard-issue equipment, health service support, field

conditions, deployment tools

BBenenne. I'eorpaduueckn APKTHKOM CUHUTAIOTCA
T€ YaCTH CyIIM M BOJHBIX MPOCTPAHCTB, KOTOPHIE pac-
MTOJIOKEHBI CeBepHee MoJsipHOTO Kpyra (66°33” cesep-
HOMW mmpoTel). IHOTIA rpaHuIbl APKTHKH CBS3BIBAIOT C
MTOJIOKEHUEM Ha KapTe M30TepPMBI Uioiis, paBHOH +10°C.
OOUIepHHATEIX TPaHUI] APKTHKH He cymecTByet [1].
Tepputopus Apkrudeckort 30HBI Poccuiickoit ®enepa-
un (A3 PO) — 4386,6 Thic. KM%, uTO cocTaBiser 25,7%
oT o0mIeH TTomany cTpassl [2].

Jlo magama XX B. B ceBEpHBIX paiioHax OOeBBIC JICH-
CTBHS ITPAKTHUECKH HE BEINCH N3-3a CYPOBBIX YCIOBHH.
Ho yxe B 1918 1. Konbckoe 3amomnsipbe cTajo apeHoit
0’KECTOUCHHBIX 00€B (MHOCTpaHHAs BOCHHAs HHTEPBEH-
s B Poccnm (1918—1921 rT.), coBeTcko-¢uHCKas BOH-
Ha (1939-1940 rr.), Ilercamo-KupkuHecckas oneparus
14-i1 apmmm Kapenbsckoro ¢ponra B Bemmxoit Otede-
cTBeHHOH BoliHe (1944 1), KOTOpast BXOAWUT B YUCIIO TaK
Ha3bIBACMBIX «IECATH CTATMHCKHUX ymapos»! [3].

Kaxk moka3zai omsIT MpoBEAEHHS JIedeOHO-IBaKyall-
OHHBIX MEPOINPUATHH B TEPEUNCICHHBIX BOOPYKEHHBIX
KOH(IUKTaX, 0COOBIE MEIHKO-TeOTpapHIeCKUe YCIOBHUI
APKTHKH, B TOM YHUCJIE CYpOBBIN KJIINMAT CEBEPHBIX paii-
OHOB, Pe3Kasl TIEPECEYeHHOCTh MECTHOCTH, TyCTasi CeTh
BOZIOEMOB (peK, Py4beB, 03ep, IPOTOK, OOIOT), BEICOKAs
CTETeHb 3a00JI0YCHHOCTH, CTOSIHIE TPYHTOBBIX BOJI, Clla-
00 pa3BUTasl CETh HA3EMHBIX KOMMYHHKAIMH MIPU TOYTH
MIOJTHOW HEMPOXOJMMOCTH MECTHOCTH [UIS aBTOTpaHC-
MTOPTHBIX CPENCTB JIETOM, TYCTOH THAporpaduyuecKkoit
CeTH W TalTH U T.J., OKa3bIBAIOT BBIPAXKEHHOE, IPEUMY-
IIECTBEHHO HEOJIArompHsTHOE BIMSHUE W HA CIIOCOOBI
BeleHrs OOEBBIX JIEMCTBUI, N Ha MEAUIIMHCKOE 00ecIe-
YEeHHE, B TOM YHCJIC Ha 00eCTeYeHNe COCIMHEHNI U BO-
nHCKUX "acteil Boopyxennsx Cun Poccutickoit @ene-
pammu (BC P®) megummaCcKuM nmymiectoM (M) [4].

Heabio ucciief0BaHUsA SIBISUIOCH  OINPEZCICHHUE
IyTeH COBEPIICHCTBOBAHUS OCHANICHUS MEIUIMHCKHX

MOJIpa3AeTICHUH MEKBUAOBON TPYIIIIPOBKH BOMCK (CHUT)
B Apkrudeckoii 3one Poccniickoit @eneparnmn.

Marepuaibl U MeToAbl. TEOPETUUECKYIO U METO-
JIOJIOTHUYECKYIO OCHOBY HCCIIEZIOBAHUS COCTABUIIN TPY/IbI
OTEYECTBEHHBIX YUCHBIX B 00JIACTH COBEPIICHCTBOBAHHS
MOpsIIKa OKa3aHMs MEIUIUHCKON TTOMOIIM W BBINOIHE-
HUSI APYTUX MEAWIMHCKUX MEpOIpPUSTHH B YCIOBHAX
HU3KOH TeMIepaTypbl OKpYXkKarollero Bo3ayxa. B uccie-
JIOBAaHNHU MCHOJIB30BAJNCh TAKWE METONBI, KaK: pEeTpo-
CHEKTUBHBIH, JIOTHYECKUH, CTPYKTYPHO-(QYHKINOHAIb-
HBII aHanu3 U Jp.

Pesyabrarsl M o0cy:xkaenue. B HacTosimiee Bpe-
Ms U 3aIIUTHl HalMOHAJIBHBIX WHTepecoB B A3 PO
co3/aHa MEKBHIOBAs TPYMITUPOBKA BOMCK (CHi), B 3a-
Jaqi KOTOPOH BXOAWT: TATPYIHPOBAHUE MPHOPEIKHOM
30HBI, OXpaHa OOBEKTOB W TEPPUTOPHHA BIOIH OEperon
Cesepaoro JlemoBuroro okeaHa, obOecredeHre Mpoxoaa
1 COTIPOBOXKACHUE Kopadieil mo CeBepHOMY MOPCKOMY
IyTH, a TAKXKE JEMOHCTPAINsl BOCHHOTO MPHUCYTCTBHS B
Apxtrke. OCHOBHBIC CHJIBI CO3aBaeMOM TPYIIIHPOBKHU
BOMCK (CHI) B ApKTHKE IUCIONHPYIOTCS (Oa3mpyroTcs)
KaKk Ha MaTepHKOBOM YacTH, TaK W HA apXumearax W
octpoBax CesepHoro JlemoButoro okeana. Kpome Toro,
Ha ocTpoBax 3emim Anekcannapa | (Apxumnenar ®Opan-
na-Mocuda), Hosoii 3emie, octpoe Bpanrens [HImunra
Pa3BEpPHYTHI PAANOIOKAIMOHHBIE TIOCTHI U ITYHKTHI HaBe-
nenust apuanyn. [Ipu npoBeneHny JieueOHO-3BaKyalnoH-
HBIX MEPOIPUATHIA B YKa3aHHBIX palflOHaX 0COObIe MeTH-
Ko-Treorpaduueckne yciaoBus ApKTHKH OyqyT OKa3bIBaTh
BBIPAKCHHOE, MPEHMYIIECTBEHHO HEOIaronpusTHOE,
BIIMSTHUE M HA CTIOCOOBI Be/ICHNS OOEBBIX ACHCTBUI, 1 HA
MEIUIMHCKOE 00ECTIeueHNE PAHEHBIX W OOJIBHBIX, B TOM
4qrcie Ha 00eCIIeueHNEe COEMHEHNI U BOMHCKUX YacTel
BC P® MU.

K mnambonmee BaXHBIM MeEIUKO-TEOTpaUIeCKIM
¢dakxTopam A3 PO cremyet OTHECTH ClIeAyIOMINE:

! OO1ee Ha3BaHKE psijla CTPATErHUSCKUX HACTYIATENbHBIX ornepaiuii B Bennkoit OTedecTBEHHOI BOHE, MPOBEACHHBIX B 1944 1.
Boiickamu Paboue-kpectbsinckoii KpacHoi apmuu. Kak maeonorema, npocnasisiomas CrajluHa, TEPMHH «IECATh CTAIMHCKUX
YAApoB» MepecTall HCIOJIB30BaThCsl B COBETCKOM JINTEpaType U IMyOIHMIUCTHKE BCKope rocie cMeptu CrasnHa.
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[Tpuponusie paxTopsi:

— HHU3Kasg OTpHUIaTeNbHas TeMIeparypa OKpy’Karo-
e cpebl Ha NPOTshKeHuH Oodbiied yactu roga (6...9
MECSIIIEB);

— OTpHIIATEIbHBIC TEMIIEPATYPhI BO3/yXa U IMOYBHI B
JIETHUN TepHoAa (3aMOPO3KH, TeMIIepaTypa OIyCKaeTcs
1o -3 ...=5°C);

— CHJIbHBIC IPOJOIDKUTEIBHBIE XOJIOIHBIC BETPA, BBI-
3BIBAIONINE CHEIKHBIE METEIHN, Mypry (Tak, Harpumep, Ha
MypmaHCcKoM Oepery KakKablil Tpetuit neHs (122 mHs B
rojly) CKOpPOCTb BEeTpa IpeBbIiaeT 15 m/c);

— BBICOKAs BIAKHOCTh BO3yXa, 0COOCHHO B JICTHHH
CE30H rojia;

— 1yOOKUI CHEXHBIN MTOKPOB Ha MPOTSHKEHUN OOJIb-
1IeTO BPEMEHH T0J1a;

— o0uJIMe BOZOEMOB: 03€p, PeK, OOJIOT — JIeTOM;

— TIOJNISIpHAsl HOYb W TOJISIPHBIN JIEHb, COMIPOBOXK/IA-
IOIIHEeCsT KOHTPACTaMH COJTHEYHOM paguanuyd — OT HU-
YTOXKHOTO CBETOBOT'O ITOTOKA 3UMOI 10 CBETOBOTO HM3JIHU-
IIECTBA JIETOM,;

— OTCYTCTBHE JPEBECHON pPAaCTHUTEIBHOCTH B MpHU-
PO/IHOM 30HE THITUYHBIX TYHJIP.

CoyuanbHo-IKoHOMUYECKUE PAKMOPDL:

— HHU3Kasl IIOTHOCTh HACENICHHS, MaJIoe KOJTMYECTBO
HaCEJICHHbBIX ITYHKTOB;

— cnabo pa3BUTast CeTh HA3eMHBIX KOMMYHUKAIIHHA

XpaHeHne MeaNLMHCKOTro
nMylecTBa

IIPY TIOYTH TOJHOCTBIO HETPOXOIUMO MECTHOCTH BHE
JIOPOT JIJIsl KOJIECHOM TEXHHUKH (JIETOM M3-3a 3a00J0YCH-
HOCTH, OOJIBILIOrO KOJMYECTBA Pa3IMuHbIX BOJOEMOB, Ha
HEKOTOPBIX y4acTKaX M3-3a 3aBaJlyHEHHOCTH, 3UMOU W3-
3a TIIyOOKOTO CHEXKHOTO IMOKPOBA);

— OCOOEHHOCTH W TOPSIJIOK OOecreyeHusl Hacele-
HUSI U BOWCK ITPOJIOBOJIBCTBHEM (KOHCEPBBI, COJICHUS,
KOITYEHOCTH, CYIICHbIE OBOIIM U (PYKThI) MPUBOAAT K
Pa3BUTHIO Y BOCHHOCITYKAIMX THUIIO- 1 aBUTAMHHO30B,
CHIDKAOLIHUX OOIIYI0 PE3UCTEHTHOCTh, B TOM YUCIIE HM-
MYHUTET, U pab0TOCHOCOOHOCTD JINYHOTO COCTABA.

Meouko-canumapnuie pakmopot:

— HeOOJIbIIOe KOJMYECTBO M PACCPEIOTOUYCHHOCTh
coequHEeHNN U BoMHCKHMX dacte BC P® (mporsxen-
HOCTb O6eperoBoit uepTsl A3 P® okono 18 Teic. kM);

— HEYJOBJICTBOPUTEIBHOE CAaHUTAPHOE COCTOSHHE
OOJIBIIMHCTBA CENTLCKUX HACEJICHHBIX MTYHKTOB;

— 0OJIBIIIOE KOJIMYECTBA THYCa B JICTHUH Mepuoj (Ko-
Mapbl, MOKPEIIbl, MOIIIKH, CIICTTHH, SIBJISIFOIIECS TEPEHO-
CUMKaMU MH(EKIMOHHBIX 3a00JIeBaHUI U pa3pakuTe-
JIIMH YEJIOBEYECKOTO OpraHu3Ma) U JIp.

OcoGeHHOCTH Hcnoiabp30BaHus MU 1t ycTpaHeHHs
YrPpOXKAIOUIMX JKU3HU COCTOSHUN M TPOBEJCHUS Jieuel-
HO-DBaKyaI[MOHHBIX MEPOIPUITHI 00yCIOBICHBI TOJI-
XOaMH K MEIHUIIMHCKOMY OOCCIICUCHHIO BOWCK (CHII) B
ycnoBusax A3 PO (puc. 1):

B
TN

[ocTaBka MeAULIMHCKOro

|

MeauumHckas
opraHusauus

e o

.

uMyLiecTBa

mcnop'mposxa paHeHoro

(noctpapaBwero)
- -

3 & i’ . !r

JBaKkyauus paHeHoro
(noctpapasiuero)

BosgeiicTBue
takTopoB A3 PO

Oka3aHve MeAULIMHCKON
nomMoLyM B MeAULMHCKOMN v
opraHuMsauuu

v 4

O-!

OBakyauusi paHeHoro
(noctpapasLuero)

WUcnonb3osaxue
MeANLMHCKOro MMyLecTBa

2
OkasaHue nepBeoi NomoLLu ‘

Pucynox 1 — Ocodennocmu ucnonvzoeanua MHU ¢ ycnogusax A3 PO

IIpun oxazaHuM NEpBOM MOMOINM paHEHBIM (IO-
CTpa/laBIINM) HCIIOJIB3YEeTCSI MHHHMMaJbHBIH HaOOp
JIEKAPCTBEHHBIX CPEACTB U MEAMIMHCKUX H3AEIUi.
I'maBHOE Ha 3TOM 3Tame — YCTPAaHUTh YIpoXKaroLIue
JKU3HHM COCTOSIHUSL U B KpaTyailllle CPOKH IBAKyHPO-
BaTh paHeHoro (rmoctpanasuiero). [Ipu sToM ncnoms-
3yemoe Ha 3ToM 3tare MU nomkHO OBITH MPUTOAHO K
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HCIIOJIB30BAHUIO TMPU SKCTPEMaIbHO HU3KOH TeMmepa-
Type BO3ayXxa.

MenuIHCKHE MEpPOTIPHATHS, TPOBOAMMBIC TIPH
JIOCTaBKE paHEHBIX K CAHUTAPHOMY TPAHCIOPTY, Hpes-
yCMaTpHuBalOT ucnonb3oBanne MMyt coxpaHeHus
KM3HECHHO-BAKHBIX (PYHKIMH OpraHm3ma (IIpoBeICHUC
MH(]Y3MOHHOW Tepariy, HCKyCCTBEHHAs BEHTUJISIM
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JIeTKuX U 1p.). Ha aToM dTame Takxe HeoOXOqUMBI Cpe/I-
cTBa 000TpeBa paHEHBIX W OOJTHHBIX.

[Tpu TpaHCTIOPTHPOBKE PAHEHBIX M OOIBHBIX B METH-
LIMHCKHE MOJPA3/ICTCHUs] COSIMHEHNU, BOMHCKUX YacTei
1 BOSHHO-METUIIMHCKUE OPTaHU3aIuH (Jlajee — MeTUITUH-
CKHE TOJIpa3IeNICHHs ) TOMOIIb, PH HEOOXOAMMOCTH, OKa-
3BIBACTCS METUITMHCKUM TIEPCOHAIIOM BHYTPH TPaHCIIOP-
Ta TPY TIOJIOKUTEITFHONH OTMETKE TeMIIepaTyphbl BO3/IyXa,
o3TOMYy crieniuaibHoro MU Ha 3 ToM aTare He TpeOyeTcs..

[Ipu BBIMONHEHNWU 3a/lad METUITMHCKUMH TIOJpa3-
JIETICHUSIMA B CTAIIMOHAPHBIX YCIOBHUSAX YBEITUYUBACTCS
pacxoj1 HEKOTOPBIX TPYIII JIEKAPCTBEHHBIX CPEICTB — TSI
JICUCHUS XOJIOJIOBBIX MOPAXKEHHUH (OTMOPOKEHUH, 3aMep-
3aHMif), MPOPHUIAKTUKHI U JICYCHUsI TPOCTYIAHBIX 3a0oe-
BaHU U JIp.

IIpu OTCYTCTBHM BO3MOYXHOCTH DPa3MEIICHUSI B Ka-
MUTATBHBIX CTPOEHUSIX BaXKHYIO POJIb OyZIET UTrparh mpa-
BUJIbHBIN BBIOOP M HCIIOJIb30BAaHKUE CPEICTB Pa3BEPThIBA-
HUSI METUIIMHCKUX TTOPa3IeTICHU B MOJIEBBIX YCIOBHSIX.

BaxxHyto posib B COXpaHEHUH Ka4€CTBEHHOTO COCTO-
SIHUSL JIEKAPCTBEHHBIX CPEACTB U MEIUIIMHCKHUX W3S
WrpaeT MX MpaBHJIbHAS TPAHCIOPTUPOBKA (IOCTaBKa),
KOTOpasi B YCIOBHUSX APKTUKH MOXET MPOBOIUTHCS HA
MPOTSHKEHUH COTHH KHJIOMETPOB M C HCIOIH30BAHUEM
pa3IUYHOTO, HE BCETAa CIENUaIbHO-000py0BAaHHOTO
TpaHcIopTa.

KauecTBeHHOE COCTOSIHME OOJBIIMHCTBA JIEKap-
CTBEHHBIX CPEJCTB M MEIUIIMHCKUX H3ACTUN MpU HUX
HaxOXJEHUH Ha OTKPBITOM BO3IYXE MOXET yXYIIIUTh-

cs IOJ BO3ACHCTBMEM HU3KOM TEMIIEpaTypbl, BBICOKOH
BIQKHOCTH, a TaKkKe SPKOro ocBemieHus. Hexoropsie
JICKapCTBEHHBIC MpenapaThl pa3iaraioTcs MpU HU3KHX
TeMIeparypax, KOTOpble YCKOPSIIOT BBIBEJICHUE KPUCTAI-
JIOB BEIIECTBA M3 PACTBOPOB, Pa3pyIIAIOT KOJUIOHIHBIC
U OMYJIbCHOHHBIE CHCTEMbI, HHOTJA CIIOCOOCTBYIOT MO-
JUMEpHU3AINH U MIPOTEKAHUIO IPYTUX XUMHUYCCKUX TIPO-
LeccoB. B pesynbrare 3aMopa)kuBaHUs U I1OCIELYOLIETO
OTTaMBaHMs HEOOPATUMO U3MEHSIOT CBOH (PU3UKO-XUMH-
YECKHUE CBOMCTBA Pa3IMYHbIE IPENaparhbl B KUIKOU Je-
kapcTBeHHOH (hopme. Oco0yI0 OMacHOCTh BO3IACHCTBHE
HU3KHUX TEMIIepaTyp MpeACTaBIsAeT A PernaparoB, Mpu
3aMOpaXMBAaHUM U OTTAaMBAHUU KOTOPBIX HAPYIIAETCS
TePMETUYHOCTH MTOTPEOUTENTBCKOI Taphl.

BonbIIMHCTBO M3 TEpEeYHCICHHBIX TpeOOBaHHUN 1O
COXPAHEHNIO KaYeCTBEHHOTO COCTOSHHS JIEKAPCTBEHHBIX
CPEACTB W MEAMIMHCKUX WM3JCTNi B ApPKTHUKE IOCTHTa-
eTCs 3a CYET HCIONB30BaHUSA KOMIUICKTHO-Ta0EIbHOTO
ocHarexus (KTO) menurunckoii ciyx0b1 BC PO — am-
TEYEK, CyMOK MEIUIIUHCKHX, KoMmIuiekToB MU, Habopos
W YKIaJOK MEMIMHCKUX, CIEIUaIbHO Pa3pabOTaHHBIX
JUTSL TIOJICBBIX YCIIOBHi, TMPUHSTHIX Ha CHaOxeHue' u
BKJIFOYCHHBIX B HOPMBI CHAO)KEHHUSI COOTBETCTBYIOIINX
COeTMHEHU T U BOMHCKHUX yacTeil” [5]. B Hacrostiiee Bpe-
M KTO nocraBnsercss B Boiicka B paMKaX BBITTIOTHEHUS
TOCYIapCTBEHHOTO OOOPOHHOTO 3aKa3a M HEOIHOKPAaTHO
HCIONB30BANIOCH CHEIUATUCTAMH MEIUIIMHCKON CITyXK-
Obl, B T.4. IPHU SKCTPEMAIbHO HU3KOIl TeMIeparype Bo3-
nyxa (puc. 2) [3, 6].

Pucynox 2 — Ouenka ycmouuugocmu Hab0poe MeOUyUHCKUX
K 8030€iicmeuto ompuyamenvHoll memnepamypul 6030yxa, Xaoapoeck, 2016 2.

[Ipu oxazaHuu MEAMLMHCKON NOMOILM B YCJIOBHSX
APKTHKY IS TIPEIYTIPEKICHAS XOIOIOBBIX TTOPAKSCHHUN
moTpelyeTcst yTeIUIeHHe paH, OXKOTOB U OOHaKEHHBIX

YYacTKOB TeJia MEPEBI304YHBIM MaTepHaIoM (BaTHO-Map-
JICBBIMU TIOJYIICYKAMH, TOJICTHIM CIIOEM KOMIIPECCHU-
OHHOM BatTel # 1p.). CpeacTBaMu 3aIIUTHl OT XOJIoga U

! TIpukassl MunucTpa 060poHbl Poccuiickoit @enepanuu ot 21 mast 2011 . Ne 744, HavanbHuka BoopyskeHusi BoopyxenHbix Crit
Poccutickoit ®eneparun — 3amecturenst Munuctpa odoponst Poccuiickoit denepanun ot 19 nrons 2010 . Ne 65 u 1p.

? TIpukassl Mununcrpa o6oponsl Poccuiickoit ®eneparmu ot 18 nexadbpst 2012 r. Ne 3740; or 12 aBrycra 2013 . Ne 590; ot 14
asrycra 2014 . Ne 575; ot 18 mapra 2015 1. Ne 147; ot 18 cenrsiops 2015 . Ne 535 u nip.
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00orpeBa J0JHKHBI OCHAIATHCS U TIOZIpa3/iesieHus coopa
Y 9BaKyallid PaHEeHbIX. ITH 00CTOSTEIbCTBA IPUBOST K
MTOBBIIICHHON TTOTPEOHOCTH B TICPEBSI30YHBIX CPEIICTBAX,
rpelKax, B T.9. XUMHUYCCKUX, a TAK)Ke HAKUIKaX MeIu-
IIMHCKUX.

Tepputopus A3 PD ortHOCHTCS K uHMchoy ciabo-
3aceJICHHBIX pallOHOB cTpaHbl. B ropomax M KpyMHBIX
HaceJeHHbIX MYHKTaX CENbCKOrO THUIA KalHUTalbHBIC
CTPOCHHUS MOTYT OBITh HCITOJIH30BAHBI IS Pa3MCIICHHS
MEIHIIMHCKIX TOApa3ieieHuil. Pa3BepTriBanne Menu-
IUHCKUX TO/Ipa3ieleHnii B APKTHKE BHE KalTUTaIbHBIX
CTpOEHUH MOTpeOyeT OOBINON 3aTpaThl CHUJI U BpEMEHHU
Ha PaCUUCTKY IUIOIIAJ0K OT CHera, BAJlyHOB, Ha yTeIule-
HUE TIOMENICHHH, CO3/laHNe 3alacoB TOIUIMBA, JTOOBITY
BOIIBI M3 3aMEP3IINX BOJOEMOB U T.1. [ToaToMy mpu BHI-
06ope MecCT pa3BepTHIBAHHS MEIWIMHCKHUX MOApa3ere-
Huil B A3 PO HeoOX0qMMO YUUTHIBATH pelibe) MECTHOCTH,
BUJI TIOYBBI U TPYHTA, YAAJICHHOCTh OT HCTOYHHKOB BOIBI,
KJIMMaT, CE30H rojia U METEOPOJIOTHUECKYI0 00CTaHOBKY,
PaACTUTENBEHOCTD ¥ YKUBOTHBIH MUP, HACEIICHHBIC ITYHKTHI U
TPaHCIOPTHYIO CETh, a TAKKE APYTHE, CICIMPIICSCKIE IS
CEBEPHBIX PAilOHOB, (PaKTOPHIL:

— TIIYyOOKUW CHEMNCHBIN NOKPOG, 3aTPyTHSIOMINI
MOIbE3]] TPAHCIOPTHBIX CPEACTB, YCTAHOBKY MAJIATOK,
Mo7IBO3 Ipy30B M T.JA. Pacumcrtka mecT pa3BepThIBaHUS
MAJaTOK M IMyTeH MOABO3a OT cHera TpeOyeT OONBIINX
¢u3nYecKNX W BpPEeMEHHBIX 3arpar. Kpome Toro, yxe
PaCUHIIICHHBIC OT CHEra IUIONIAAKH MOTYT OBITH B KOPOT-
KHE CPOKH 3aChIIIaHbl CHETOM U MOTPebOBaTh OBTOPHOM
PacUUCTKH;

— YacThlid U CUJIbHBINA, HEPEIKO MPOAOIDKUTEILHBINA 1
XOJIOMHBIN BETEp, HE TOIBKO 3aTPYAHSIOMINI YCTaHOBKY
TTaJIaTOK, HO BO BpeMs MeTeNeH U My pru (IBOHHAS — OTHO-
BPEMEHHO HHU30Basl M BEPXOBAask METEIb) 3aMETAaET CHETOM
TOJIBKO YTO BBITIOJIHEHHYIO PabOoTy 10 OYHUCTKE TEPPUTO-
pHUU, HAHOCHUT CYrpoOBI CHEra, 3aTpyIHsICeT BUIUMOCTh U
BBINTOJTHCHHE HAPYKHBIX paOoT.

3rMa — camoe TIPOIOIDKUTENFHOE B 3aMONsIphe BPeMs
rofa (6omnee nmomyrona). CHEXHBIH IIOKPOB COXPAHSIECTCS B
TeyeHue 7-9 MecsiieB, Ha OTAEIbHBIX TOPHBIX BEPIINHAX U
B yIIenbsx — 11 Mecs1eB, a B OT/IENIbHbIE FO/IbI 32 KOPOTKOE
1 IPOXJIATHOE JIETO CHET MECTAMU HE TAeT U OCTAETCS elle
Ha TO1I. B 3TOi CBSA3M CHET W Jie]] MOXXHO HCTONIB30BaTh,
HarpuMep, Ui TOCTPOWKH BPEMEHHBIX XPAHWIIUI IS
Mopo3zoycToiurBoro MU.

J171s1 MOArOTOBKM MECTHOCTH B pailOHaX CO CKAJIbHbIM
TPYHTOM (UCIIOIBb30BaHUE B3PHIBYATHIX BEIIECTB, OKOII-
HBIX 3aps/I0B, MHKCHEPHOW TEXHHUKH) HEOOXOIMMO IpH-
MEHSATh CHIIBI M CPEICTBAa MHKCHEPHBIX IOAPa3IeNeHII
coenuHeHN U BomHCKUX 4acteii BC P®. Kpome Ttoro,
B Ka4decTBE CTPOUTEIHHOTO MaTeprasa B 3THX paioHax
MOKHO MCHOJIb30BaTh MPUPOJHBIA KaMeHb (Uil CTpOHU-
TEJECTBA BPEMEHHBIX YKPBITHIA).

Ha ceropasmmamii 1eHh OJHUM 13 HANOOJICE TIEPCIICK-
TUBHBIX MOOWJIBHBIX CPEICTB Pa3BEPTHIBAHUS MEIHIINH-
CKUX TTOfIpa3ieNiecHnii B APKTHKE ABJISIOTCS OBICTPOBO3BO-
JIMMBbIE MEUIIMHCKHE MOIYIH Ha 0a3e MHEBMOKAPKACHBIX
coopyxennit (ITKC) ¢ moBBIIIIEHHBIMH TEPMOU30IUPYIO-
mmmu xapakrepuctakamu [4]. [IKC npeacrassitor co6oi
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Ha/lyBHOE COOPY)KCHHE apOYHOTO THIIA, COCTOAIIEE M3

Ha/TyBHOTO BaKyyMHOTI'O KapKaca, TKaHEBbIX OOIIMBOK (Ha-

py’KHast U BHyTPEHHsIs), HAAyBHBIX ABepelt u nuuia. [IKC

BBITIOJTHEH M3 TIPOPE3MHEHHOM C IByX CTOPOH TKAHH U CO-

CTOWT M3 apOK, COCANHEHHBIX B €AUHYIO KOHCTPYKIIHIO.

Hapyxnas u BHyTpernsas o0muBku [IKC BeIONMHEHBT 13

Tkanu CBM (anasor keBnapa), KoTopasi He MOJIePKUBAET

TOpEHUE.

K Hacrosimemy BpeMeHn MeuuuHCKol ciryx0oii BC
P® yixe mposeneH psin ucnsitanmii [IKC, mocTaBIeHHBIX
B paMKax TOCYJapCTBEHHOTO OOOPOHHOTO 3aKasa I
OCHAIIICHUA METUIMHCKUX POT OpHuraj, MEIUIIMHCKUX
OTPAIOB COEAMHEHUNM BO3aylIHO-NECAaHTHBIX BOWCK U
MEIUIUHCKUX OTPSIIOB CIEUAIBHOTO Ha3HA4YEeHUs, KO-
TOpBIE TOATBEPAMIN aKTYaJIbHOCTh MX HCIIOIb30BaHNS,
B T.4. JUISl Pa3BEPTHIBAHNS MEIUIIMHCKHUX TOIPA3ICTICHUH
B Apkruke [7].

OrpomHbIe TIoNIa 1 3anosIphs 3aHATH BHYTPEHHU-
MU BoztoeMami. [TyOnHa oTaensHbIX 03ep pocruraet 20
M. Bornbmiast wacte 03ep 3MMOI MOXET OBITH MCIIOJIB30-
BaHa B Ka4eCTBE MOCAOYHBIX IUIONIAI0K JUIsI aBUALIUH
Ha JIeJOoBbIe adporpombl. OHAKO NMPUMEHEHHE aBHALUH
OTPAaHWYMBACTCS YaCTHIMU TyMaHaMH, METEJIIMU U CHETO-
najamy. 3aMep3Iine BOJAOEMbl MOTYT CIIY>KUThb XOPOIIIH-
MH, WHOT/IA KPAaTYaiIMMH U POBHBIMU aBTOMOOWJILHBIMH
JIOpOraMy <«3UMHHKaMm». B Terible Mecsibl roga peKku
1 03epa MOTYT CIIYXXHUTh IIyTSIMH COOOIIEHHS BOJHBIMH
TPaHCHOPTHBIMH CPEACTBAMU U [UTSl OCAKH U B3JIETA I'H-
JPOCaMOJIETOB.

B Takux ycnosusx MU nomkHO obeperarbest OT 3a-
Mep3aHUs U BO3AEHCTBYSI BlIard Ipu TPAHCIOPTHUPOBKE U
JIOCTaBKE B MEIUIIMHCKHE MOpa3IeICHHs, JUCIONUPO-
BaHHbIe B A3 P®. D10 BO MHOTOM 00€CIIeunBAETCSI CO3-
JTAHUEM «XOJIOZIOBOHM IIEMW» — TIOCTOSTHHO (PYHKIIMOHH-
pyIolIei cUCTeMBbl OPraHU3alMOHHBIX U MPAKTUYECKUX
MEpOIpUsATHH, 00€CIEYNBAIOIINX ONTHMAJIBHBII TeMIIe-
paTypHBII peXXuM XpaHeHus 1 Tpancroptuposku JIC Ha
BCEX dTarax IMyTH UX CICAOBAHUS OT IIPEATPUATHSA-M3T0-
TOBUTEJS JI0 TOTpeduTens [8].

BennunHa caHUTapHBIX IIOTEPh B CEBEPHBIX paiio-
Hax, 1o oneITy Benukoit OTeuecTBeHHON BOMHEI, Cyllie-
CTBEHHO HE OTIMYAETCSA OT MOTEPb B 30HE YMEPEHHOIO
kiuMara. Tem He MeHee, MpH pacyeTe MOoTpeOHOCTH B
MU HEOOXOOMMO YYHTHIBaTh (PAKTOPHI, BIUSIONINE Ha
BEJIMYMHY M XapaKTep CaHUTApHBIX MOTEph B ApKTHUE-
CKOM pErHoHe:

—  BBIP@KEHHOE HEONAroNpUsATHOE BIHMSHHUE pPsna Me-
nuko-reorpapuueckux pakropo A3 PO na 310-
pOBBE  BOCHHOCIHYXAIIWX,  O0OyCIIaBIMBAIOIICe
cneruky u Oonee BBICOKHI YpOBEHb 3a0oieBae-
MOCTH JIMYHOI'O cocTaBa BoWck. Hanpumep, y BHOBb
MPUOBIBIIMX B CEBEPHbIC PAaHOHBI JIIOJEH B MEPUOJ
OCTpOH ajanTanuy K SKCTpeMalbHBIM (haKTopam
CeBepa oTMedaeTcs TOBBIINICHHAs MOTPEOHOCTH B
CepAEYHO-COCYUCTBIX Ipenaparax, B TOM YHCIE
JIEKapCTBEHHBIX CPEICTBAX, HOPMATU3YIONINX apTe-
pHAIbHOE JABJICHHE, B BUTAMUHAX, 0c00eHHO C, A,
D, aHanbreTukax U Cna3MOIUTHKAX;

—  TIOBBIIICHHAS MOTPEOHOCTH B HEKOTOPBIX TIPYIIax
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JICKApCTBEHHBIX CPEJICTB MPH XOJOAOBBIX IMOpaXKke-
Husix; (oroodranemun (HecrenupUUeCKUii KOHB-
FOHKTHUBUT, BBI3BAaHHBIM JEHCTBUEM Ha CIU3HUCTYIO
000J10uKy TIa3 yABTPa(pHOIETOBBIX JIydel BeceH-
HEro WJIM JIETHETO COJIHIIA, OCOOCHHO Ha CHEXXKHOM
WIN JIEIOBOH MOBEPXHOCTH); IIPOCTYAHBIX» 3a00-
neBaHusIX (Mpu TsDKenbIX (opmax Tpedyercst 3Ha-
YUTENbHOE KOJIMYECTBO AaHTUMHUKPOOHBIX CPEJICTB);
3a00JIeBaHUAX OPTaHOB MHUIICBAPCHNUS; 3a00IeBaHN-
AX KOXH U TIOJIKO)KHOM KJIETYaTKH, 4acTo C TPYIAOM
TTOJITAIOITNXCS JICICHUIO U T.11.;

—  JUTMTETBHBIN MepHo/l PEeKOHBAJIECIICHIIUH TP paHe-
HUSX, HAPYLIICHUH OTIOPHO-ABHUTaTEIbHOTO ammapa-
Ta; HApYIIEHNH OOMEeHa BEIIeCTB (BOJHO-COJIEBOTO,
neduITe MUKPOJIEMEHTOB U JIp.); ICHXaCTeHUYE-
CKOM COCTOSTHHH, JICTIPECCHH U T.11.;

— mpoOneMbl KauecTBa M JIOCTYMHOCTH BOJOCHAOXKe-
Hus. HecmoTpsa Ha Kaxymieecss oOunne U JTOCTYI-
HOCTb BOABI B APKTHKE, YUCTOH MUTHEBOI BOJIBI TAM
moytn HeT. Hambonee oOmMacHBIMH TOKCHKAaHTaMH
CUHTAIOTCSI CTOMKHE OpraHWYEeCKHE 3arps3HUTEIH
U TSDKEJbIe METaJUIbl, B YaCTHOCTH PTYTh M €€ CO-
€IMHECHMS, HallpUMep, METHIIUPOBaHHAS PTYTh, MH-
KpOIIJIACTHK, a TaKXXe paJlOaKTUBHBIC BEIECTBA,
MIPOU3BOJHBIC a30Ta, cephl U psn Ap. [9]. [Tomumo
XMMHUUYECKUX M (PU3NYECKUX KOHTAMHUHAHTOB, Ta-
JIBIe BOJBI COMEPIKAT M Pa3HOOOpa3HbIe MHUKPOOP-
TaHU3MBbI, TaKue Kak rpuObl, OAaKTEpUU W BUPYCHI.
JlnurenpHOE yMOTpeOieHWe TakoW BOABI TMPHUBO-
JTUT K TaTOJOTMYECKUM HAPYIICHUSM, CBSI3aHHBIM
C BBIMBIBAHHEM COJIEH M3 OpraHu3Ma, HapyIICHUIO
BBOJIHO-COJIEBOTO OOMEHA M 3aMEJICHHUIO pereHepa-
IIUU TKaHEH;

—  SNUIEMHOJNOTrUs ¥ HMHQEKIMOHHBbIE 3a00JICBaHMS.
B Ttemnoe Bpems roga (B ApKTHKE — HIOIb, aBI'YCT)
B CEBEPHBIX pailoHaX TMOSBIAETCS MaccOBOE KO-
JIUYECTBO KPOBOCOCYIIMX JABYKPBUIBIX — KOMapoB,
MOIIIEK, MOKPEIOB, CIICIHEH, OKa3bIBAIOIINX Ha Ye-
JIOBEKA OTPUIATENbHOE M TICUXOJIOTHYECKOe, U Ta-

TOTeHHOE BiusHUE (3yA, Oecconnuna u ap.). Ciro-

Ha MOIICK SOBUTA W MOXET MPHUBECTU K OOIIEMY

otpasnenuo. Kpome toro, THyc (cOopHOE Ha3BaHHE

JICTAIOMUX KPOBOCOCOB), SBJSETCA IIEPEHOCUU-

koM Bo3Oymuteneit 6omnee 150 mHMEKINOHHBIX 3a-

OosieBaHMit, B TOM yucie TyisipemMud. CKydeHHOE

pa3MelleHue, YIOMSHYTBIH BbIIIC ACQHUIIAT BOIBI,

BBIHY)KJICHHOE TIpeObIBaHNE B OOJBIIYIO YacTh Bpe-

MEHH B HCKYCCTBEHHOH Cpe/ie CO3at0T YCIOBHUS IS

Pa3MHOXXEHUSI TATOTEHHBIX MHKPOOPTaHW3MOB W,

KaK CJICICTBHE, MOSBICHUEM TaKHUX HH(PCKIIHOHHBIX

3a00JIeBaHui, KaKk OOppenno3, Opyresies, XeauKo-

OakrepHas HH(EKIUs, FeaTHT, OaKTepUaIbHBIA Me-

HUHTUT, TyOepKyne3 u npoune [9].

[TonBonst UTOTH ClEMyeT cleiaTh BBIBOA O TOM, UTO
HanOoJsee akTyaJbHBIMU HAITPABJICHUSMHU PA3BUTHS U CO-
BEPIIICHCTBOBAHUS opraHu3anuu obecrneuenns MU coe-
nuaeHni n BonHcknx yacreit BC PD B A3 PO apistrorcst:

Pa3zpaboTka cpencTB COXpaHEHHsS KaueCTBEHHOTO
COCTOSIHUSI JICKQPCTBEHHBIX CPEICTB W MEJUIIMHCKUX
W3/IeNIMNA, MCTOJIb3YEMBIX TPHU OKa3aHUHM MEIUIMHCKON
TIOMOIIY BHE METUITUHCKUX MOJIpa3IelIeHUH;

Pa3pabotka crienanu3upoBaHHBIX CPEICTB pa3Bep-
TBIBAHUSI MEIUIIMHCKUX TIOAPAa3/IeICHUd B MOJIEBBIX YC-
JIOBUSIX;

Br16op moaxoasiero TpaHcmopTa M MCCIEIOBAaHHE
BO3MOKHOCTH HCIOJB30BAaHUS CPEJICTB YTEIUICHUS TIPU
TPaHCTIOPTUPOBAHUH U UCTIONB30BaHUN MU B ApKTHKE;

Pa3zpaboTka HOpM U ompeneseHre mopsiaka ooecre-
YEHHUS] MEIUIIMHCKUM HWMYIIECTBOM COSAMHEHUN, BO-
WHCKUX 4YacTe W BOCHHO-MEAUIIMHCKUX OpraHu3aiui,
JUCTIONUPOBaHHBIX B A3 PO.

3akiouenue. Peanmzaius yka3aHHBIX HarpaBlIeHUHA
10 COBEPIIICHCTBOBAHUIO OpraHu3aiuu ooecreueHus MU
coeauHeHnit n BouHckux vacteit BC PO B Apkruke Oy-
JIET HE TOJBKO CIMOCOOCTBOBATH IMOBBIIICHUIO KauecTBa
MIPOBE/ICHUS JIeueOHO-IBaKYAITMOHHBIX MEPOIPUSATHHA, HO
1 00€CIIeUUT TOTOBHOCTh MEAMIIMHCKUX TTOIPA3ICIICHUH K
BBITIOJTHEHUIO 32/1a4 110 TPEIHA3HAYCHHUIO.

Introduction. Geographically the Arctic is consid-
ered to be those parts of land and water spaces that are
located north of Arctic Circle (66°33” Northern Latitude).
Sometimes the Arctic boundaries are associated with the
position on the map of the July isotherm, equal to +10 °
C. There are no universally accepted Arctic boundaries
[1]. The territory of the Russian Federation Arctic Zone
(RF AZ) is 4386.6 thousand km?, accounting for 25.7%
of the country total area [2].

Until the early 20th century in the northern regions
military operations were practically not carried out be-
cause of harsh conditions. But already in 1918 the Kola
Peninsula Arctic Zone became the scene of fierce battles:
foreign military intervention in Russia in 1918-1921, the
Soviet-Finnish war of 1939-1940, the Petsamo-Kirkines

operation of the 14th Karelian Front Army in the Great
Patriotic War in 1944, one of the so-called “ten Stalin's
strokes™! [3].

As the experience of medical evacuation activities
in these armed conflicts showed, special Arctic medical
and geographical conditions, including the harsh climate
of northern areas, steep terrain, thick reservoirs network
(rivers, streams, lakes, creeks, marshes), a high degree of
waterlogging, standing groundwater, poorly developed
terrestrial communications network with almost com-
plete obstruction areas for vehicles in summer, a dense
hydrographic network and taiga, etc., have a pronounced,
principally unfavorable influence on the methods of con-
ducting military operations and on health service sup-
port, including the Russian Federation Military Forces

! The common name of a number of strategic offensive operations in World War II, held in 1944, the troops of the Workers ‘and
Peasants’ Red Army. As ideologem glorifying Stalin, the term “Stalin’s ten strikes” ceased to be used in the Soviet literature and

journalism soon after Stalin’s death.
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(RF MF) operational and combat units’ logistics with
medical property (MP) [4].

The aim of the study was to identify ways to im-
prove the interspecific group of troops (forces) medical
units’ equipment in the Russian Federation Arctic zone.

Materials and methods. The theoretical and meth-
odological basis of the research was the works of Russian
scientists in the field of improving the order of render-
ing medical aid and performing other medical activities
in conditions of low ambient temperature. The research
used such methods as retrospective, logical, structur-
al-functional analysis, etc.

Results and discussion. At present an interspecific
group of forces (forces) has been created to protect nation-
al interests in the RF AZ, whose tasks include patrolling
the coastal zone, protecting objects and territories along
the shores of the Arctic Ocean, providing passage and es-
corting ships along the Northern Sea Route, and demon-
strating Russian Federation military presence in the Arctic.
The main forces of the created group of troops (forces)
in the Arctic are deployed (both based on the mainland,
and on the archipelagos and islands of the Arctic Ocean).
In addition, on the islands of the Land of Alexander I
(Franz Josef Archipelago), the New Earth, Wrangel Island,
Schmidt radar posts and points of guidance for aviation
were deployed. During the treatment and evacuation ac-
tivities in these areas, the Arctic special medical and geo-
graphical conditions will have a pronounced, principally
unfavorable influence on the ways of warfare and health
service support of the wounded and sick, including the RF
MF operational and combat units’ logistics with MP.

The following are the most important medical and
geographical factors of the RF AZ:

Natural factors:

— low negative ambient temperature throughout most
of the year (6 ... 9 months);

— negative air and soil temperature in summer (freez-
ing temperature is —3 to —5°C ...);

— strong prolonged cold and wind, causing snow-
storms, blizzards (for example, on the Murmansk shore
every three days (122 days a year) the wind speed ex-
ceeds 15 m/s);

— high humidity, especially during the summer sea-
son;

— deep snow during most time of the year;

— an abundance of water reservoirs: lakes, rivers,
marshes - in the summer;

— polar night and polar day, accompanied by solar
radiation contrasts - from a tiny luminous flux in winter
to a light excess in summer;

— lack of woody vegetation in the natural area of the
typical tundra.

Socio-economic factors:

— low population density, a small number of settle-
ments;

— poorly developed network of ground-based com-
munications at almost impassable terrain off-road for
wheeled vehicles (in summer due to waterlogging, a
large number of different bodies of water, in some ar-
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ecas due to a large number of stones, in winter because of
deep snow);

— characteristics and procedure for providing the
population and troops with food (canned, salted, smoked,
dried vegetables and fruits) lead to the development of
hypo- and avitaminosis of military men, lowering the
overall resistance, including the immune system, and
availability of personnel.

Health factors:

— small amounts of the dispersed RF MF operational
and combat units (the length of the coastline of RF AZ is
about 18 thousand km);

— poor sanitary conditions of most rural settlements;

— a large number of midges in summer (mosquitoes,
blackflies, horse flies that transmit infectious diseases
and stimuli of a human body) and others.

The particular qualities of using MP for eliminating
life-threatening conditions and carrying out medical evac-
uation activities are conditioned by approaches to troops
(forces) medical logistics in the RF AZ conditions (Fig. 1):

In the provision of the first aid to the wounded (injured)
a minimum set of medicines and medical products is used.
The main thing at this stage is to eliminate life-threatening
conditions and to evacuate the wounded (injured) as soon
as possible. The MP used at this stage should be suitable
for use at extremely low air temperatures.

Medical activities, carried out when delivering the
wounded to sanitary transport, provide for the use of MP
for the preservation of vital body functions (carrying out
infusion therapy, artificial ventilation of the lungs, etc.).
At this stage, the means of heating the wounded and sick
are also needed.

When transporting the wounded and sick to the op-
erational and combat units’ medical units and military
medical organizations (hereinafter referred to as medical
units), assistance is provided, if necessary, by medical
personnel inside the transport with a positive air tempera-
ture, so a special MP is not required at this stage.

When performing tasks by medical units under sta-
tionary conditions, the consumption of certain groups of
medicines increases — for the treatment of cold lesions
(frostbites, freezes), prevention and treatment of colds, etc.

If there is no possibility of placement in the capital
structures, the correct choice and use of the means for
deploying medical units in the field will play an import-
ant role.

In the Arctic an important role in maintaining the
quality of medicines and medical products is played by
their proper transportation (delivery), which can be car-
ried out for hundreds of kilometers and using a different,
not always specially equipped transport.

The qualitative state of most drugs and medical
products when they are in the open air can deteriorate
under the influence of low temperature, high humidity,
and bright light [5]. Some drugs are decomposed at low
temperatures, which accelerate the removal of substanc-
es from solutions, destroy colloid and emulsion systems,
sometimes promote polymerization and the flow of other
chemical processes. Different drugs in a liquid form ir-
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Figure 1 — The particular qualities of using MP in the RF AZ conditions

reversibly alter their physical and chemical properties as
a result of freezing and subsequent thawing. The effect
of low temperatures with freezing and thawing which
breaks the tightness of consumer containers is of particu-
lar danger for preparations.

Most of these requirements to preserve the qualitative
status of medicines and medical products in the Arctic are
achieved by using RF MF Medical Service complete-stan-

v gy "

dard-issue equipment (CSIE): first-aid kits, medical bags,
medical kits and the kits specially designed for field con-
ditions accepted for supply' and included in the supply
norms of the relevant units and military units? [5].

At present, CSIE is supplied to the troops within the
framework of the state defense order and has been re-
peatedly used by Medical Service specialists, incl. at an
extremely low air temperature (Fig. 2) [3, 6].

Figure 2 — Assessment of the stability of medical kits to the effect of negative air temperature, Khabarovsk, 2016.

! orders of the Russian Federation Minister of Defense from May 21, 2011 Ne 744, the Chief of Armaments of the Armed Forces —
Deputy Defense Minister of the Russian Federation on June 19, 2010 Ne 65 and others.

2orders of the Russian Federation Minister of Defense from December 18, 2012 number 3740; on August 12, 2013 Ne 590; on
August 14, 2014 Ne 575; on March 18, 2015 Ne 147; on September 18, 2015 Ne 535, and others.
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When providing medical care in the Arctic, to pre-
vent cold lesions, wounds, burns and exposed arcas
of the body will require warming with dressings (cot-
ton-cushion pads, thick layer of compression cotton
wool, etc.). The units for the collection and evacuation
of the wounded should be equipped with means of pro-
tection from cold and heating. These circumstances lead
to an increased need for dressings, warmers, including
chemical, as well as medical capes.

The territory of the RF AZ is among the sparsely
populated regions of the country. In cities and large rural
settlements, capital structures can be used to accommo-
date medical units. The deployment of medical units in the
Arctic outside of the capital structures will require a great
deal of effort and time to clear the sites of snow, boulders,
insulation of premises, the creation of fuel reserves, the
extraction of water from frozen reservoirs, etc. Therefore,
when selecting places of deployment of medical units in
the RF AZ it is necessary to take into account the terrain,
soil and ground type, distance from water sources, climate,
season of the year and the meteorological conditions, flora
and fauna, human settlements and the transport network,
as well as other factors specific for northern regions:

— deep snow, hinders access of vehicles, campers,
supply of goods, etc. Clearing out the location of the
deployment of tents and the way of transportation from
snow requires a lot of physical and time costs. In addi-
tion, the snowfields already cleared can be quickly cov-
ered with snow and require re-clearing;

— frequent and strong, often a long and cold wind,
not only hampering the installation of tents, but during
snowstorms and blizzard (double — both grassroot and
riding blizzard) sweeping the snow to the just cleaned up
territory, causing snow drifts, complicating visibility and
execution of outdoor works.

Winteris the longest season in the Arctic (more than
six months). The snow cover lasts for 7-9 months, on in-
dividual mountain peaks and in the ravines forl1 months,
and sometimes during a short and cool summer the snow
does not melt and remains for another year. That is why
snow and ice can be used, for example, to build tempo-
rary storage facilities for frost-resistant MP.

To prepare the terrain in areas with rocky ground (use
of explosives, trench charges, engineering equipment) it
is necessary to use the forces and means of RF MF opera-
tional and combat units’ engineering units. In addition, in
these areas natural stone can be used as building material
(for the construction of temporary shelters).

At present, the most promising of mobile medi-
cal units deployed in the Arctic are fabricated medical
modules based on the pneumatic structures (PS) with
improved thermal insulating characteristics. [4] PS is
an inflatable structure of an arched type, consisting of
an inflatable vacuum frame, fabric covers (external and
internal), inflatable doors and the bottom. PS is made of
rubberized fabric on both sides and consists of arches,
connected in a single structure. The outer and inner plat-
ing of the PS are made of fabric (analogous to Kevlar),
which does not support combustion.
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By now the RF MF Medical Service has already con-
ducted a series of tests of the PS delivered under the state
defense order to equip brigade medical support company,
Air Force medical support unit and special-purpose med-
ical units, which confirmed the relevance of their use, in-
cluding the deployment of medical units in the Arctic [7].

Huge areas of the Arctic are occupied by internal res-
ervoirs. The depth of some lakes reaches 20 m. Most lakes
in winter can be used as landing strips for aircraft in air-
ports. However, the use of aircraft is limited by frequent
fogs, blizzards and snowfalls. Frozen ponds can serve as
a good, sometimes the shortest and straight roads, “winter
roads”. During the warmer months, the rivers and lakes
can serve as a means of communication and water vehicles
for landing and take-off of the seaplanes.

In such circumstances, the MP must be protected
against frost and moisture during transportation and de-
livery to the medical units stationed in RF AZ. This is
greatly facilitated by the creation of “cold chain”, i.e.
constantly functioning system of organizational and
practical activities to ensure the optimum pharmaceutical
storage and transportation temperature mode at all stages
of their way from the manufacturer to the consumer [8].

By the experience of the Great Patriotic War, the val-
ue of sanitary losses in the northern regions is not sig-
nificantly different from the losses in the temperate zone.
However, when calculating the MP needs the factors
affecting the size and character of sanitary losses in the
Arctic region should be taken into account:

— the pronounced adverse effect of a number of med-
ical and geographical factors on the health of servicemen
in the Russian Federation’s AZ, which determines the
specifics and a higher incidence of personnel. For exam-
ple, newcomers to the northern regions have an increased
need for cardiovascular drugs, including medications
normalizing blood pressure, in vitamins, especially A, C,
D, analgesics and antispasmodics during acute adapta-
tion to extreme factors of the North;

— increased need for some groups of drugs for cold
lesions; photo-ophthalmia (nonspecific conjunctivitis,
caused by the action of ultraviolet rays of the spring or
summer sun, especially on the snow or ice surface, on the
mucous membranes of the eyes,); “Catarrhal” diseases
(severe forms require a significant amount of antimicro-
bial agents); diseases of the digestive system; diseases of
the skin and subcutaneous tissue, often difficult to treat,
etc;

—along period of reconvalescence in wounds, disor-
ders of the musculoskeletal system; metabolic disorders
(water-salt, micronutrient deficiencies, etc.); psychos-
thenic state, depression, etc.;

— quality and availability of water supply problems.
Despite the apparent abundance and availability of wa-
ter in the Arctic, there is almost no clean drinking water
there. The most dangerous toxicants are persistent or-
ganic pollutants and heavy metals, in particular mercury
and its compounds, for example, methylated mercury,
microplastic, and radioactive substances, derivatives of
nitrogen, sulfur and a number of others [9]. In addition to
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chemical and physical contaminants, meltwater also con-
tains a variety of microorganisms, such as fungi, bacteria
and viruses. Prolonged use of such water leads to patho-
logical disorders associated with leaching salts from the
body, disrupting the introduction and salt metabolism
and slowing the regeneration of tissues;

— epidemiology and infectious diseases. In the warm
season (in the Arctic — July, August), a massive number
of blood-sucking diptera appears in the northern regions
- mosquitoes, midges, sluts and flies, which have negative
psychological effects on the person and pathogenic effects
(itching, insomnia, etc.). Saliva of Simuliidae is poisonous
and can lead to general poisoning. In addition, the vile (the
collective name of flying bloodsuckers), is the carrier of
pathogens of more than 150 infectious diseases, includ-
ing tularemia. Bored accommodation, the aforementioned
water shortage, the forced stay in most of the time in an
artificial environment create conditions for the multipli-
cation of pathogenic microorganisms and, as a result, the
appearance of such infectious diseases as borreliosis, bru-
cellosis, Helicobacter pylori infection, hepatitis, bacterial
meningitis, tuberculosis and others [9].

Summing up the results it should be concluded that
the most relevant areas of development and perfection of
the organization of RF MF operational and combat units’
medical logistics in the Arctic Zone are:

Development of means to preserve the quality of
medicines and medical products used in the provision of
medical care outside medical units;

Development of specialized means of deploying
medical units in the field;

Selection of suitable transport and study of the pos-
sibility of using thermal insulation during transportation
and use of MP in the Arctic;

Developing allowance lists and determining the pro-
cedures for medical logistics of operational and combat
units and military medical organizations stationed in the
RF AZ.

Conclusion. Implementation of these areas to im-
prove the organization providing MI formations and
military units of the Armed Forces in the Arctic will not
only help improve the quality of medical-evacuation ac-
tivities, but also ensure the availability of medical units
to perform intended tasks.
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CTPATETMYECKUIA AHAZTU3 UHCTUTYTA TOCYAAPCTBEHHO-
YACTHOIO NAPTHEPCTBA B COEPE 3PABOOXPAHEHUA

B.JI. Aoscuenxo’, H.H. Kocunoea?

HTamueopckutt meouro-papmayesmuueckutt uncmumym — guauanr PI'EOY BO Bonel MY Munzopasa Poccuu,
357532, Poccusa, Cmaspononvckuii Kpat, 2. [lamuzopck, np. Kanununa, 11
2@I'BOY BO «Bonzozpadckuii 2ocydapcmeenibliit MeOUYUHCKULL YHUBEDCUMEM »,
400066, Poccus, e. Boneoepad, ITnowads Iasuwiux bopyos, 1
E-mail: nnn_05@mail.ru

Ipunamue ynpasnenueckux peuwieHutl, KaK Ha ypogHe Opeanu3ayull, max u Ha ypoeHe ompaciu 8 YeloM, Hegos-
MOJCHO 63 NPOBEOEHUs. CIMPAMEUYECKO20 AHAU3A, KOMOPbIl PACCMAMPUBAEMCSl KAK 6bINOIHEHUEe COOMEENCMaEy-
1owel ynKyuy ynpaeienus, OpUeHmupo8aHHOU Ha NEPCHeKmUsy U umeroujell 8blCOKULl ypo8eHb HeOnPeoeleHHO-
cmu. Cmpamezuyeckuti aHau3 npeonoiazaem uccied08anue CUCmemsl Gakxmopos, Komopule onpeoenaiom oyoyujee
cocmosnue uncmumyma 2ocyoapcmeenno-vacmuozo napmuepcmea (I'911) 6 pazeumuu cghepbl 30pasooxpanenus.
B cmamve paccmampusaemca cmpamezuueckuii ananus 1911 6 cghepe 30pasooxpanenus Kak KOMRIEKCHOE UCCIe-
008aHUe NONOIHCUMENbHBIX U OMPUYAMETbHBIX (AKMOPOS, KOMOpble MO2YM NOGIUAMb HA IPHEKMUBHOCIb PA36U-
mua uncmumyma 1911 6 pazsumuu chepuvl 30pasooxpanenus. Ilpednodicen pso HOBbIX KOMNOHEHMOS, OONOIHAIOWUX
cucmemy cmpamezuveckoeo ananuza 'l 6 cghepe 30pasooxpanenus, coenanvl coomeemcmayiowue 0600ujenus u
6b160001. Llenvlo uccnedosanusa seusemces usyvenue enuanus cmpamezuieckozo anamusa I'911 6 cpepe 30pasooxpa-
HeHUsl Ha opMuposane cmpame2uieckux Hanpasienutl NoGulueHUs P HeKxmueHocmu UCNONb308AHUSL UHCIMUMYMA
I'YI1 & 30pasooxpanenuu. Mamepuansl u memoodwvl. B npoyecce oocmudicenuss yeuu uccie008aHus ObLIU UCTONb-
306aHbL MEMOObL CMPAMESULECKO20 U KOMIIEKCHO20 IKOHOMUYeckoz2o ananusa. Pesynomamor u obcysycoenue. [lpu
nposedennom namu cmpamezudeckom ananuze I'911 6 cihepe 30pasooxpanenus 6vi10 BbIACIEHO, YMO 8 YCIOBUAX He-
00UHANCUPOBAHUSL CINPAE2ULECKU BANICHBIX 00aCcmell HAPOOHO20 XO3AUCMEA 8 IKOHOMUUECKOU npakmuke Poccuu
U 3apyoedtCHbIX Cmpan co30amcea meouyuncKue yupexcoenusn na ocnose 1411 6 yensax mooepnusayuu u yuyduleHus
Kawecmsa oxazanus nyoruunsix yceaye. 1411 seasiemcs 2ghpexmusnbim MexaHuzmom npueiedeHus 00N20CPOYHbIX UH-
8ecmuyull, HaNPasIeHHbIM Ha passumue cgepol 30pasooxpanenus. Pesynomamel nawezo ananuza cocmosnus 1411 6
cpepe 30pasooxpanenus Poccuiickou @edepayuu no3601UnU BbIAGUND, YMO 6 HACMOAUjee 8peMs 6 JMoll cepe «Ha
PasnbiX cmaousax peanuzayuu Haxooumcs oonee 70 npoekmos, usz Hux yjce Ha cmaouu CmpoumenbCmea u IKCHIy-
amayuu — 61 npoexm. B pamkax peanrusyemoix I'YII-npoexmos 6 cghepe 30pasooxpanenus niaHupyemcs npusieys
ungecmuyuu 8 pazmepe 61 mapo. pyonei, npu smom obwuil oovem wacmuoix unsecmuyuti 8 I'4I1 npoexmax oocmu-
eaem 57 mapo. pyoneily. Dmo A615emcs OCHOB0U CUCTIEMHO20 UCNONb308aHUsA uHcmpymenmapus I 911 0ns mooepru-
sayuu cghepsi 30pasooxpanenus U NOGbIUEHUs. YPOGHS OOCIYNHOCU U KA4ecmea MeOUYUHCKUX yeaye. 3aKatouenue.
Ipeumywecmea om npumenenus cmpameauveckozo ananusza 1911 cghepwi 30pasooxpanenus 3aka04aioOmcst 8 pocme
PE3VILMAMUSHOCTNU MEPONPUAMULL NO 83AUMOOCUCBUI0 20CYOApCmea U YacmHo20 dusHeca Kak 0co6020 euod co-
MPYOHUYECMBA C Yelblo Peanu3ayuu 00120CPOUHbIX UHBECTIUYUOHHBIX NPOEKMO8 8 chepe 30pasooxpanenus. O0Hol
U3 OCHOGHBIX PYHKYUU cmpameauyeckozo ananusa paseumus 911 6 30pasooxpanenuu sagisemcs paspabomka me-
ponpusamuil o co30anulo Ycaoeuti 0 pazeumus mexanusmog peanuzayuu 1411 6 cghepe 30pasooxpanenusi kak Ha
ghedepanvrom, mak u Ha pe2UOHANLHOM U MYHUYUNATILHOM YPOBHSIX.

Knrwouegvie cnosa: cmpamezuueckuii ananus, 20Cy0apCcmeenHo-4acmuoe napmHepcmeo, KOHYeccuu, aymcopcune
8 30pagooXpaHeHul, UHGECMUYUOHHbIE NPOEKMbL, 00beKMbl UHPPACMPYKMYPbL

J1s uuTHpOBAaHUS: For citation:
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STRATEGIC ANALYSIS OF THE STATE-PRIVATE PARTNERSHIP
INSTITUTE IN THE HEALTHCARE

V.L. Adzhienko', N.N. Kosinova’

!Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State
Medical University, 11, Kalinin ave., Pyatigorsk, Russia, 357532
“Volgograd State Medical University, 1, Pavshikh Bortsov Sq.,
Volgograd, Russia, 400066
E-mail: nnn_05@mail.ru

Management decisions, both at the enterprise level and at the industry level as a whole, is impossible without
carrying out a strategic analysis, which is regarded as the performance of a corresponding management function
that is perspective-oriented and has a high level of uncertainty. Strategic analysis involves researching the system of
factors that determine the future state of the public-private partnership (PPP) in the development of health care. The
strategic analysis of PPP in the healthcare sector as a complex study of positive and negative factors that may affect
the efficiency of the development of the PPP institution in the development of the healthcare is under consideration
in the article. A number of new components complementing the system of strategic analysis of PPPs in the healthcare
were proposed, and generalizations and conclusions were made. The aim of the research is to study the impact of
the strategic analysis of PPPs in the sphere of healthcare on the formation of strategic directions for increasing the
efficiency of using the PPP institution in healthcare. Materials and methods. In the process of achieving the research
goal, methods of strategic and integrated economic analysis were used. Results and discussion. In our strategic
analysis of PPP in the healthcare, it was revealed that under the conditions of underfunding national economy,
medical institutions based on PPPs are being established in order to modernize and improve the quality of public
services. PPP is an effective mechanism for attracting long-term investments aimed at the development of the health
sector. The results of our analysis of PPP in the sphere of Russian healthcare made it possible to reveal that at present
there are more than 70 projects in the process of implementation, 61 projects are already under construction and
operation. Within the framework of the PPP-implemented healthcare projects, it is planned to attract investments of
61 billion rubles, while the total amount of private investments in PPP projects reaches 57 billion rubles. This is the
basis for the systematic use of PPP tools for modernizing the healthcare sector and improving the accessibility and
quality of medical services. Conclusion. The advantages of the application of the PPP strategic analysis in the sphere
of healthcare is the increased effectiveness of interaction between the state and private business as a special type of
cooperation with a view to implementing long-term investment projects in the sphere of healthcare. One of the main
functions of the PPP strategic analysis in the sphere of healthcare is working out measures to create conditions for the
implementation of PPPs in the sphere of healthcare both at the federal and regional levels.

Keywords: strategic analysis, public-private partnership, concessions, healthcare outsourcing, investment
projects, infrastructure facilities

Bgenenne. DxoHomuKa, Kak Jrodas cdepa, BKIItoUa-
01I1as1 IEATEIILHOCTD Y€JIOBEKA, TIOCTOSTHHO Pa3BHBACTCS,
SBONIOLMOHMPYET. B mpomecce pa3BUTHS BO3ZHHKAIOT
HOBbIE ()OPMBI (PMHAHCOBBIX PEUICHUH IS pean3aliy
WHBECTUIMOHHBIX TPOEKTOB. OCOOCHHO TeX, KOTOpbIC
MMEIOT JUISl TOCYapCTBa HE TOJBKO SKOHOMHYECKOE, HO
U couMalbHOE 3HavdeHHe. DKoHoMHKa Poccum B 3TOM
IUTaHe He UCKIToueHne. BHenpenne coBpeMeHHBIX (hopM
(bMHAHCHPOBAHUS COIHATBHO-?)KOHOMHUUECKHUX ITPOCKTOB
KpaiiHe aKTyaJbHO ISl SKOHOMHKHU HAIei CTpaHbl, Tak
Kak OTpacid, TPaAWIMOHHO HAXOJIIMecs B Trocynap-
CTBEHHOH COOCTBEHHOCTH, TPEOYIOT 3HAYUTENBHBIX (u-
HAHCOBBIX 3aTPaT, YTO HE BCETIa COOTBETCTBYET COCTOS-
HUIO TOCYJIapCTBEHHOTO OIO/KETA.

K takum oTpacisiM oTHOcsTCSI 0Opa3oBaHue, 31pa-
BOOXPAaHCHHUE, IKMIMIIHO-KOMMYHAJIBHOE XO3SIHCTBO,
TPAHCIIOPT M JIOPOKHOE XO3sTHCTBO. OOBEKTHI, OTHOCS-
muyecs: K 3TUM cdepaM XO3IHCTBEHHOH AeATeIbHOCTH,
HE MOTYT OBITh NPHBAaTU3UPOBAHBI BCIEJACTBHE UX CO-
LIUAITLHOM, 5KOHOMHUYECKOH U CTpaTerndeckol 3Ha9NMO-
CTH, COOTBETCTBEHHO HE MOTYT IPHHOCUTH NPUOBIIIb.

UroObl pemmTh BONPOC O HENO(DUHAHCHPOBAHWHU
CTPaTernveckn BaXKHBIX OOBEKTOB HAPOIHOTO XO3SH-
CTBa, B MHPOBOH 3KOHOMHYECKOH IMPAKTHKE CO3AIOTCS
OpraHM3alMoOHHbIE (OPMBI HA OCHOBE T'OCYIAPCTBEH-
HO-9yacTHOTO maptHepceTra (['YIT).

IesbI0 Hccie10BAHMS SIBIISICTCS N3yUCHUE BIUSHUA
crparerndeckoro anammsa ['UIT B cdepe 3npaBooxpane-
HUST Ha ()OPMUPOBAHHE CTPATEIMYECKUX HAIpPaBICHUH
TOBBIIIEHUS 3()(HEKTHUBHOCTH MCIONB30BAHMSI HHCTUTYTA
I'UIl B pa3BuTHU CPephl 3APABOOXPAHCHIS.

JInist TOCTHKEHNMS e HEOOXOIMMO PEIIUTh CIIeTy-
IOMINE 3aJa4u:

e I3y4nTh MOHSTHE CTPATETHUECKOTO aHAN3a HHCTH-
tyta ['UIl B cdepe 3npaBooXpaHCHNUS;

e Ompenenute 3Tanbl ¥ COCTABISIONINE 3JIEMEHTHI
cTparerudeckoro aHanuza uHetutyTa [ Ul B chepe
37IpaBOOXPAHCHHUS;

e Jlarb oueHKy BIMSHHA (PAaKTOpPOB BHEIIHEH M BHY-
TpeHHel cpenpl Ha pazsutue Y11 B 31paBooxpane-
HUM;

e Paszpaborarh CTpaTerHuecKHe HarpaBICHHs IOBBI-
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mieHus 3(GYEKTUBHOCTH UCIIOIb30BAHUSI HHCTUTYTA

I'Y4II B 3npaBoOXpaHeHuUn.

Marepuaibsl 1 Metoabl. IIpenmer ucciaenoBaHus —
(hMHAHCOBO-9KOHOMHUYECKUE B3aUMOOTHOILICHUSI TOCyIap-
CTBa M YaCTHOTO OM3Heca IpH peanu3armu mpoexros [UI1
B c(hepe 3apaBooxpaHeHus. B mpomecce permenns nocras-
JICHHBIX 3a/1a4 OBIIM MCTIOJIB30BAaHBI METOABI CTpaTeruye-
CKOT'O U KOMILIEKCHOTO SKOHOMHUYECKOTIO aHAIM3a.

IIpu paccmoTpeHun BIMSHUSA (AKTOPOB BHYTPEH-
HEll W BHEWIHEW cpeabl Ha pa3BuThe uHcruryta ['UII B
3IpaBOOXPAHEHUH OBLT MCIIOJIB30BaH CHCTEMHBIM IOJI-
XOJl B aHa/M3€ HOPMaTUBHO-IIpaBoBbIX akToB ['UIl B
3[paBOOXPAHEHHUH, OPraHU3aIMOHHBIX (OPM, MOIEIICH,
oTaenbHbIX nHCTpyMeHTOB [UIT B 3apyOeskHbIX cTpaHax
U POCCUICKON IIPAKTHKE.

Pe3syabrars! u 06cyxaeHue. Ha coBpemenHOM 3Tare
CHCTEMHOE peOpMUpPOBAHUE POCCHHCKOTO 3I[PAaBOOXpa-
HEHMsl HAIIPABJICHO HA MOBBILICHUE KaueCcTBa MPEJOCTaB-
JIEHUSI MEJULIMHCKUX YCJIYT HAa OCHOBE CTPaTerMueCKOro
yIpasiieHus orpacibro. HecMoTps Ha mpoBeieHue Mozaep-
HU3aLUM 34PaBOOXPAHEHMsI, KOTOPOE B IOCIIEIHEE BPEMs
OCYILIECTBIISUIOCHh 110 IIyTH BBEIECHUS JOINOIHMUTENIBHBIX
HCTOYHHUKOB (DMHAHCUPOBAHUS B BHJEC CHUCTEM COLMAIb-
HOTO CTPaXOBaHUS, IPUBJICUCHHUS CPEIICTB MOTpeOUTENeit
MEUIMHCKHUX YCIyT | JIp., He OBUIH peIIeHs! MpoOIeMbl
HU3KOH DKOHOMHUYECKOW A(P(EKTUBHOCTH OIOIHKETHOM
cdepsl 3IpaBOOXpPaHEHNS, OTPAHNYEHHOCTH OOIIEeCTBEH-
HBIX PECYpCOB | T.A. [l perieHus 3THX mpooieM B MHPO-
BOM IIPAKTUKE UCIIOb3YyeTCst UHCTUTYT [ UIL

B cooTBeTcTBHMU C MOJOKEHUSIMH TOCYIAapCTBEH-
HOl mporpammbl Poccuiickoit ®denepauun «PaszBurue
3npaBooxpaneHusi» 10 2020 roga «OCHOBHOM IIENBIO
I'UIl B cdepe 3apaBOOXpaHEHHS SBISIETCA pPa3BUTHE
B3aUMOJECICTBYS T'OCYIAPCTBEHHOW M 4YaCTHOM CHCTEM
3npaBooxpaHeHus. HeoOXxoqumMo pa3BHUBaTh BXOXKIACHHE
B CHCTeMy 0053aTeIbHOTO MEIUIIMHCKOTO CTPaXOBaHUS
(OMC) gacTHBIX MEIUIUHCKUX YUPESKICHUN HCTIONB30-
BaHHE KOHIICCCHOHHBIX COIVIAIICHHU, a TakXe IpHUBIIC-
YeHHE YTPABIAIOMINX KOMIAHUHM B IENAX yIpaBICHUSI
OTJCNBHBIMH BHJAMHM MEIUIIMHCKUX YUPESKIACHUH IO
Pa3IMYHBIM aHATUTHYECKUM Tpu3HaKam» [1].

Crparerndeckuii aHaau3 MO3BOJIET OLIEHUTH (PaKTo-
PBI, OKa3BIBAIOIINE KaK MO3UTHUBHOE, TaK M HETaTUBHOE
BausiHAC Ha pasButue unctutyta ['UIl B cdhepe 3apaso-
oxpanenust. OCOOEHHOCTH Mporiecca MPOBEAEHHS TaKOTO
aHaIu3a MpeICTaBICHBI Ha PUCYHKE 1.

B coBpemennom monumanuu 'Yl — 310 0coObIi B
COTPYAHUYECTBA TOCYIAPCTBEHHOTO M YAaCTHOTO CEKTO-
POB C IENBIO peann3alui JOITOCPOUHOTO HHBECTHIINOH-
HOTO MPOEKTA B JIOKAIIEHOM, PETHOHAJIEHOM, HAI[HOHAIb-
HOM M MEXIyHApOJAHOM MacmTadax.

Bypnoe pasButne MHOTOoOOpasHbsix ¢opm I'UIl B
SKOHOMUKE Pa3BHUTHIX CTPaH, a B ITOCIEIHEE BPEeMs U pas-
BHBAIOIINXCA CTPaH, IHUPOKOE PACHPOCTPAHEHHE ITHUX
(hOpM B caMbIX pa3HBIX OTPACIISIX SKOHOMUKH MO3BOJISIFOT
MPaKTHKOBaTh (POPMY B3aUMOJCUCTBUSI TOCYAapCcTBA H
OM3HEeca KaK XapaKTEPHYIO YepTy COBPEMEHHOM phIHOY-
HOM KOHOMUKH.

BHENTHAA CPEIA BHYTPEHHSA CPEJIA
CrpareradecKHi aHAIH3
OAKTOPBI T'91II B 3apaBOOXpaHeHHH — ©AKTOPBI
-CommanbHble 3TO KOMIUIEKCHOE -Ungpactpykrypa
- Texsonormieckue ncenenosanue HakTopos ~Obmee cocrosmme
-OKOHOMHYECKHE BHeIHeil M BHyTpeHHeit oTpacit
-@opmsel U Momem [UI1
-lomimiraeckue Cpelpl, KOTOPBIE MOTYT B 3[paBOOXpaHECHHH
-OenepanbHOE TIOBIHATH Ha pa3BuTHe ['UIl B -HIIA
HOPMATHBHOEC 30paBOOXPAHEHHH BHYTPHOTPAcI€BOTO
peTyIIHpOBaHHE 3HAUCHUA

Ouenka puaHIA paKTOpOB
BHEIHEHN U BHYTPEHHEH CpeliEl Ha
pazeutue 'UlI B 31paBooxpaHeHIN

PaspaboTka cTparerndecKux HapapICHNI HOBBIMEHNA 3G DEKTUBHOCTH
Hcronb3oBannd nHcturyTa I Il B 31paBooxpaHeHUN

Pucynok 1 — Imanuvt nposedenus cmpamezuueckozo ananusa I'911 6 chepe 30pasooxpanenusn
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TocynapcTBO HeceT OTBETCTBEHHOCTH Iiepen| olliie-
CTBOM 32 OecriepeboitHoe odecrieueHne myoIMYHbIMH O1a-
raMH, 4YeM U 00BSICHSIETCSI TSHACHINS K COXPaHEHHIO psijia
oTpaciell ¥ MPOU3BOJICTB B TOCYAAPCTBEHHON COOCTBEH-
HOCTH. B TO ke Bpemsi, 9acTHOMY TpeIPHHIMATEIbCTBY
MPUCYILIIM MOOWIJIBHOCTB, BbICOKasi A(P(EKTUBHOCTh HC-
TIOJIb30BAHUSI PECYPCOB, CKIIOHHOCTh K MHHHOBALIHSIM.

HakomnieHHplii K HacTOsALIEMY BpPEMEHHU apceHall
¢dopm 1 metonoB ['UI1 mo3BossieT Ipu COXpaHEHUN BaXK-
HEHIUX HAIMOHAIBHBIX OOBEKTOB B TOCYIapCTBEHHOM
COOCTBEHHOCTH TI€peaBaTh 4YacTh IMOJHOMOYMH YacT-
HOMY cektopy. MMerorcst B Buiy Takue (pyHKIUH, Kak
COOpY)XEHHE, JKCIUTyaTalus M COAEp)KaHue OOBEKTOB
MIPOM3BOJICTBEHHOW M COLMAIBHOW MHPPACTPYKTypHI, a
TaKXe YIpPaBJICHHE UMHU.

Taxum 06pa3om, B TPaJUIIMOHHO TOCYAaPCTBEHHYIO
chepy IKOHOMHUKH MPUBHOCSTCS CBOErO POAA YACTHBIC
TOBapbl M YCJIYTH, YTO CO3AaeT yCIOBHUS M d(dek-
TUBHOTO (PyHKIIMOHMPOBAHMS yKa3aHHBIX OOBEKTOB
ONTHUMAJIFHOTO YIIPaBJICHUS, PAllMOHAILHOTO HCIIOJb-
30BaHMA pecypcoB. ['ocyaapcTBO MOMydaeT BBITOLY OT
YBEJIIMYEHUS] CBA3AHHBIX C IPOEKTOM OIOMKETHBIX I0-
XOJIOB, & TaKXe OT KOCBEHHBIX d()(EKTOB: OXKUBICHHS
KOHBIOHKTYPBl M POCTa UHBECTULMOHHOW IIpUBJIEKA-
TEJIBHOCTH PETHOHOB.

o mamemy mueHmto, Y11 B chepe 3npaBooXpaHEHUS
— 3TO B3aMMOBBITOIHOE COTPYJHUUYECTBO OPTaHOB rocyap-
CTBEHHOW BIIACTH, OPraHOB MECTHOTO CaMOYIPABIICHUS,
YaCTHBIX U HEKOMMEPUYECKHX OpraHH3allfii, TO3BOJISIOIIEe
obecrieunTh 3(GPEKTHBHOE BBIMOJHCHUE 3ajad ITyOIny-
HO-TIPaBOBBIX 00pa3oBaHuii B cdepe 31paBOOXPaHCHUS
ITyTEM TPHUBIICUCHHUSI YACTHBIX PECYPCOB I CO3AAHNS, pe-
KOHCTPYKILIMH, YIPABICHUSI COIEPKAHNS HH(PPACTPYKTYPBI
3MPABOOXPAHEHHUS U TIPEIOCTABICHHS YCIyT [2].

[lepen rocyaapcTBEHHO-4AaCTHBIM HAapTHEPCTBOM B
3/IpaBOOXPAHEHUN CTOWT 3aja4a — CJeJIaTh MEAWIMH-
CKYIO TIOMOIIb OOJIee JOCTYIHOM, a MCIIOIb30BaHUE pe-
CypCOB 37paBOOXpaHeHHs 0oree Y3PPEKTHBHBIM.

B xonuernum pazsutus 3apaBooxpanenus Poccuiickoit
Oenepanun 10 2020 roga MOAEPHU3AIMS 3IPABOOXpaHE-
HUS Ha3BaHA OJTHOM W3 NMPUOPHUTETHBIX 3a/1a4 TOCY1apCTBa.
Ho, 3HaunTenbHas yacTh JiedueOHO-NPOPUIIAKTHIECKHX YU-
pexaenuil y Hac noctpoena 3040 et Haza.

o marapIM Mun3npaBa Poccnn 32% 6ompamt u 30%
TIOJIMKJIIMHUK Tpe6y}0r KarmMTaJIbHOT'O pEMOHTA, B HUX OTCYT-
CTBYIOT ropstuee BOJJ0CHa0»KeHHE, BOJIOITPOBOJL, BBTOHOMHOE
sHeproodecriedenne, a 57% o0opynoBaHus (DH3UUECKH H
MopaJbHO ycTapero. [To mporpaMme MoiepHI3aINK BCETO B
OmpKaifIiie TOABI B CTpaHe HeOOXOMMMO TTOCTPOHUTH OKOJIO
500 GompauI [3]. s perenns: CTpaTernaecKux 3a1ad oT-
paciu Hy»HbI HHBecTULIMK Ha cymmy 0,8—1,0 TpiiH. pyOrieii.
B cucteme 3npaBooxpanenust 10 20% yupexxaeHuil okasbl-
BAIOT YCIyrd B chepax, NOTEHIMAILHO BOCTPEOOBAHHBIX
Y YACTHBIX WHBECTOPOB, @ BO3MOJKHASI CyMMa MHBECTHIHI
coctassier 250270 mipa. pyoneit.

[TomMumo 3TOTO «B psine CyOBekTOoB PD wyacTHBIC
WHBCCTULIHU TNPHUBJICKAIOTCA Ha CTPOUTCILCTBO M IKC-
IUTyaTaluio HOBBIX YUPEKICHUH 37[paBOOXPaHEHUS: OH-
KOJIOTUYECKUX JIUCIIAHCEPOB LEHTPOB PEaOMIMTALNH,

JTUATU3HBIX U TIepUHATAIBHBIX [eHTpoB. Ha 3Tn 06bek-
Thl MHQPACTPYKTYpHl CYIIECTBYET ILIATEKECIIOCOOHBIM
CIPOC CO CTOPOHBI MOTPEOHUTEIICH, YTO MOXKET TapaHTH-
poBarh BO3BpaT nHBecTHIMH. [loTeHnman qanHoroO Cer-
MEHTa MHBECTHUIINI OleHUBaeTcs dkcmepramu B 5070
MiIpa. pyoneit. B demepanbHbIx rocynapcTBEHHBIX yd-
PEXICHUAX 3APABOOXPAHEHMS, MO TPeIBapUTEIBEHBIM
OLIEHKaM, TEKyIasi MOTPEOHOCTh B YACTHBIX HHBECTHUIIN-
sx cocrasisieT 6oree 20 mupa. pyoneii» [4]. Pemuts ati
MIPOOIEMBI MOYKHO C HCTIOTh30BaHNEeM Mexanm3ma [ UIl.

OpmarM 13 BaKHEHIINX (DaKTOPOB BHEITHEH Cperpl,
OKa3bIBAIOLMM BIIMSIHUE Ha pasButue mHcruryta [YII B
37PAaBOOXPAHEHUH SIBJIAETCS HOPMATHBHO-IIPABOBOE pETy-
spoBanue. Tak, npunstue deaepanbHOro 3akoHa oT 13
utonst 2015 roga Ne 224-D3 «O rocynapcTBEHHO-4YaCTHOM
MIAPTHEPCTBE, MYHHIUINAIBHO-JACTHOM MapTHEPCTBE B
Poccuiickoii ®enepanviv 1 BHECEHUM U3MEHEHUH B OT/IEIb-
HBIE 3aKOHONaTeNbHbIe akThl Poccuiickoit deaeparum» [5]
TpelycMaTprUBaeT CO3aHue H/MIM MOJEPHHU3ALHNIO 00bEK-
TOB MEIMILIMHCKOH MH(PACTPYKTYphl YaCTHBIMHA HHBECTO-
pamu JUIs TIOBBIIICHHST KAaIeCTBa TMPEIOCTABISIEMbIX Hace-
JICHHIO YCITYT, JIOITyCKAET CTAaTyC YaCTHOM COOCTBEHHOCTH
Ha CO3/1aBaeMbIe HJIM PEKOHCTPYHUpYEMbIe 00BEKThI HH(pa-
CTPYKTYPBI, HHBECTOP 00513aH 00ECIIEUNTh UX HCIIOIB30Ba-
HHE CTPOro MO LEJIEBOMY HA3HAUCHUIO.

I[To 3akoHy myOnMYHAS CTOPOHA MOXKET TPHUHUMATD
yuactue B npoekre ['UI1 gepe3 npsimoe coprHaHCHPOBa-
HUE, IPEAOCTABIAA CyOCHANIO HA PEaTN3aLMIO IIPOEKTa
WM TOCYAapCTBEHHYIO TapaHTHIO, a TaKKe MPUHUMATh
HMYIIECTBEHHOE ydacTHe, B TOM YHCIE MPETOCTaBIL
3eMeJbHbIE, BOAHBIE, JIECHBIE YUaCTKH AJISl CO3/1aBacMo-
ro oowvekra. KpoMe 3T0r0, MpefyCMOTpEeH MEXaHN3M Ta-
PaHTHH COXPAHEHUsI yCIOBHH 3aKJII0YAEMOI0 KOHTPAKTA.

BMmecTe ¢ moAroTOBKOM 3aKkOHa MPOBOAMIACH J0pa-
00TKa KOHIIECCHOHHOTO 3aKoHozaTenscTBa. B ntone 2014
rofa npuHAT DeaepanbHblii 3akoH Ne 265-D3 «O BHece-
HuM u3MeHeHud B denepanbHblil 3aK0H «O KOHLIECCHOH-
HBIX COIVIAIICHUSIX)» W OTAETBHbBIC 3aKOHO/IAaTEIIbHBIC AKThI
Poccwuiickoit ®deneparmmy» [6]. B pesymnbrate BHEIpeH Me-
XaHU3M YaCTHOM MHUIMATUBBI, TIO3BOJISIOIINN COKPATUTh
CPOKH 3aK/TI0UEHHs KOHIIECCUOHHOTO comatieHus ¢ 12 1o
10 mecsiueB B caydae npoBeaeHus koHKypca 1 ¢ 150 1o 50
JIHEH, eCIT KOHKYPC HE TIPOBOJUTCS. 3aKOH TapaHTHPyeT
OKyTIaeMOCTh MHBECTHIINI KOHILIECCHOHEPA U TOTyUCHHUE
BBIPYYKH, TIPETYCMOTPEHHON KOHIIECCHOHHBIM COTJIaIIIe-
HHUEM, IPEI0CTABIISACT MPEUMYIIIECTBEHHOE ITPABO BBIKYIIA
KOHIIECCHOHEPOM 00BEKTa KOHIIECCHOHHOTO COTVIAIICHHSI.

DaKkTOpoM BHYTPEHHEH CpEbl, OKa3bIBAIOLIMM He-
[IOCPECTBEHHOE BIUAHKE HA pa3BuThe MHCTUTyTa ['YIl
B 3[paBOOXPAHEHMH, SIBISIETCS MCIIONb30BaHUE (GopM H
mozeneut ['UIL.

B o0menpuHATON BCeMUPHOW MPAaKTUKE BbIJICICHBI
nBe (opMBI COTpyJHHYECTBA: KOHTPAKTHAs U MHCTHUTY-
MoHaNbHAs. MHcTnTynmoHanbHast (opma mpexmnosna-
raeT CO3JaHHE COBMECTHBIX NPEIIPHUITHI C ydacTuem
rocynapctBa u 6usHeca. KontpaktHas ¢popma crpareru-
YECKOTo MapTHEPCTBA — ATO 3aKIIOYCHHE KOHTPAKTa Ha
BBINIOJTHEHHE ONPEENICHHBIX (YHKIUHA OTHOCHUTEIHHO
00BbeKTa 3paBOOXPAHEHNSI.

383



IKOHOMUKA U MEHEOHCMEHM MEOUUUHbL
Economy and Management of Medicine

Dapmayus u papmaronoeus T. 5 Ne 4, 2017

Taonuya 1 — @opmbr compyonuuecmea 6 cghepe 30pasooxpanenus

I/IHCTI/ITyIII/IOHaHI)HaSI

KonTpaktHas

Co3znanue HOBOM METUITMHCKON OpTaHn3aIiu
C COBMECTHBIM y4acCTHEM TOCyIapCcTBa U Ou3Heca
(TocymapCTBEHHBIE KOPITOPAITHH)

Konmeccust pa3mudHbIe TUITBI KOHIIECCHH ),
B T.4. C [TPaBOM Iepeaaqn 1 0e3 IpaBa rnepeaadn —
MEIUIIUHCKON OpraHN3aIlii YaCTHOMY MapTHEPY

Co3anne HEKOMMEPYECKOH opraHu3anum B cdepe
3[PaBOOXPaHEHHs (COBMECTHBIC MPEANPHUSTHS, XOJIHH-
T'H ¥ TPACTHI C TOCY/ITapCTBEHHOM 0JICH y4yacTHst)

KonTpaxrHbie GpopMbI BKITIOYast apeH Iy UMYILECTBa
(JIM3MHT) ¥ TOCYAapCTBEHHBIH 3aKa3 (3aKa3 Ha MOCTaBKY
MIPOIYKIIUH JJIsl TOCYAAPCTBEHHBIX HYXK[T)

Co3zmanune ynpasisTIonIei KOMIIAHUH IS peann3alii 1
yIpaBJICHHUs TPOEKTaMH B cepe 3ApaBOOXpPaHEHHS

KoHTpakThI 110 TOCYyIapCTBEHHBIM yCIyraM U padboTtam
(pMHAHCHPyEMBbIE YACTHBIM CEKTOPOM

Hepez[aqa YaCTHOW KOMIIaHHH J0JIU FOCYILapCTBeHHOfI
MeHHHHHCKOﬁ OopraHuzanuun (B TOM 4YHUCJIC YaCTHUYHas1
MMpyuBaTHU3aIusa aKHI/IOHI/IpOBaHI/IC)

KonTpaxrusie popMbl KBa3U-TOCY/1apCTBEHHO-YaCTHOTO
TapTHEPCTBA (JIOTOBOP HA OKa3aHHE MEAMIIMHCKUX YCIIyT
YaCTHBIMHU OPraHM3alUsIMU; IOTOBOP O COTPYAHUYECTBE;
JIOTOBOP Ha BBIMIOJIHEHNUE BCIIOMOTATEIbHBIX (DYHKIMH
MEJIMIIMHCKON OpraHu3anuy (ayTCOPCHHT)

Ilo pesynabsraraM aHanmm3a Mojened rocylapcTBEH-
HO-YaCTHOTO MAapTHEPCTBA B COOTBETCTBUU C MEKIY-
HapogHOW Kiaccudukanmeit (tabm. 1) s 3apaBoox-
panenuss B Poccuiickoii denepanyuu peKOMEHIyeTCs
HCIONB30BaTh npuBeaeHHble Moaenu ['UIl konTpakTHON
(OpMBI.

W3 cymecTByIOmuMX KOHTPAKTHBIX ()OPM COTPYIAHH-
YyecTBa HauOOIIbIIee PAacIpOCTpaHEHUE B MH(PPACTPYK-
TYPHBIX OTPACIISIX M COIMANBHOHN cdepe (B TOM yucie B
3[paBOOXPAaHEHNN), TJIe HEOOXOANMBI MPHUTOK YACTHBIX
WHBECTUIIMH W BBICOKOKBAIM(HUINPOBAHHOE YIIpaBIIe-
HUE, NOTYYHIIN KOHLIECCUH.

KoHneccust (KOHIIECCHOHHOE COTVIAllIeHHe) — CIIel-
n¢udeckas popma OTHOLICHUH MEXAY TOCYAapCTBOM
U 4acTHBIM MapTHEPOM, 0COOEHHOCTH KOTOPO# cOCTO-
UT B TOM, YTO TocyaapcTBo (cyObekt P®D, myHuuu-
nanbpHOe 00pa3oBaHME) B paMKax MapTHEPCKUX OTHO-
LIEHWH, OCTaBasCh NOJHOIPABHBIM COOCTBEHHUKOM
HMMYILECTBA, COCTABJISIOIIEr0 MNpeAMET COIVIalleHus,
YIOJIHOMOYHMBAET YaCTHOIO IapTHEpPa BHINOIHATH Oro-
BapHBaeMble B COIIAICHUN (DYHKIHMU U HaJENSET €ro
COOTBETCTBYIOLIMMH HOTHOMOYHUSAMH. 32 MOJIb30BaHUE
rOCY/IlapCTBEHHON WM MYHHIUNAIBbHOH COOCTBEHHO-
CTBhIO KOHIIECCHOHEpP BHOCHUT ILIAaTy Ha YCJIOBHUAX, OrO-
BOPEHHBIX B KOHIIECCHOHHOM cornameHuu. IIpaBo xe
COOCTBEHHOCTH Ha OKa3aHHBIE MO0 KOHIECCHH YCIYTH
nepe1aeTcsl KOHIECCUOHEPY.

B pamkax KoHIleCCHHM TOCYIapCTBO, IPEXkJE BCEro,
SIBJISIETCSI OPraHOM ITyOJIMYHOM Bi1acTH. B aTOM KayecTBe
OHO HE IPOCTO MPEAOCTaBIseT NapTHEpaM Mo coralie-
HUSIM Y9acTh CBOMX ITOJIHOMOYHMH Kak COOCTBEHHHKA, HO
U JIeTIETHPYET UM 4acTh CBOMX BIIACTHBIX (YHKIHH (Hc-
KITIOYHUTENIBHBIX CyBEPEHHBIX IpaB). MICKITIOUUTENEHOCTD
(cyBepeHHOCTh) XapaKTEpUCTHK IpaB, MpEIOCTaBIIsie-
MBIX TOCY/IapCTBOM KOHIIECCHOHEPY (YaCTHOMY INapTHe-
pY), 3aKJIIOYaeTcs B TOM, YTO B paMKax BHUJIA JIESITEIbHO-
CTH, Ha KOTOPBIH OH MOIy4aeT UCKIOUUTEIbHOE MIPABO,
HE JIOITyCKAeTCsl aHAJIOTHUYHAs JeSTeNIbHOCTh JIOOBIX
TPEThUX JIMII, a TAKXKE CaMOro rocyiapcTaa.

Vcroynnkn QUHAHCUPOBAaHHS KOHIIECCHH MOYKHO
1300pa3uTh B BUJIC CIICAYIOMICH CXeMEI (puc. 2).

AHanu3 HOPMAaTHBHO-IIPABOBBIX AaKTOB  IO3BO-
JSIeT BBLACIUTH B cepe 3ApaBOOXpaHEHUS] TPH BHUIA
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KOHIIECCHI: Ha YK€ CyIIeCTBYIOIIHE OOBEKTHI 3Jpa-
BOOXPAHEHUS; Ha CTPOUTENILCTBO MM MOJCPHU3AIMIO
00BEKTOB 37[paBOOXPAHEHMUS; Ha TIepeady 0ObEeKTOB Io-
CYIapCTBEHHOM COOCTBEHHOCTH B yIpaBJICHUE YaCTHOM
ynpasisitoeid komnanuu. Tak kak B Poccun neifctyer
3aK0H «O KOHIIECCHOHHBIX COITIAIICHUAX) IPUHATHE KO-
TOPOTO CTAJI0 OCHOBOM ISl UCIIOIBb30BaHUsI MEXaHU3MOB
I'4Il, nenecoobpa3HoO CHCTEMaTH3UPOBATh (PMHAHCOBEIC
00s13aTeNbCTBA KXKI0H U3 CTOPOH — KOHIIE/IEHTA U KOH-
neccruoHepa (puc. 3).

Amnanu3 3apyOeXHOTO OIBITa HCIIOJIb30BAHUS Me-
xaHu3Ma ['UII sBnsgeTcs HeoThbeMIIEMOH COoCTaBIsIONEH
JUIsl OleHKHM BiusiHMSL (pakTopoB Ha passutue ['UII B
3/[paBOOXPaHEHUM.

B pasnbix ctpanax paszsutue I'UII npoucxoaur pas-
JMYHBIMU TEMIIaMU: eciii B BennkoOpuranun, @panimmy,
I'epmannn n Vicnanuu naHHBIA PBIHOK YK€ JIOCTATOYHO
c(hopMHUpOBaH, TO APYrHe CTPAHbI €Ille TOJIBKO HavYaH
pa3BUBaTh TAKOTO POjia MapTHEPCTBA.

CpaBHUTEIBHBIN aHAIN3 MEX/IYHAPOJHBIX MPAKTHK
rOCY/lapCTBEHHO-UYaCTHOIO IapTHEPCTBA B 3ApaBOOXpa-
HEHUHU CBUJIETEIBCTBYET O pocTe 3(p(eKTHBHOCTH, CHHU-
YKEHUH CTOMMOCTH JICYCHUS ¥ YBEJIMYEHUN 00beMa KO-
HOMUU IrOCYAapCTBEHHBIX pecypcoB B cpeqHeM Ha 10%.

JIupepom B I'UIl B MenunuHe BricTynaer Bemnuxo-
opuranuns. C 1992 roga no 2014 rox noxst Benukoopu-
TaHUM B o0IIeeBporeiickoM KosmdecTse npoektos [TUIT
coctaBmia 67%, a mo ux crouMocTd — 53%. B o0mem
oobeme caenok ['UIl B 31paBooXxpaHEeHUHM 3aHMMAET
20%.

T'ocynapcTBeHHO-4aCTHOE MAPTHEPCTBO B 3/PaBOOX-
paHeHnn BenmukoOpuTaHuM pa3BUBAeTCs B JIBYX Hallpas-
JICHUSIX — CTPOUTEIBCTBO U PEKOHCTPYKIUS OCHOBHBIX
(OHIOB B OTpaciy ¥ MPEAOCTABICHHE METUIMHCKUX
yeayr. B 1992 roay IlpaButensctBo BenukoOpuranun
MIPE/ICTABUIIO YACTHYIO (DMHAHCOBYIO WHHIHMATHBY KaK
Haubonee »ddexTuBHyI0 PopMy MapTHEPCTBA MIPH MPHU-
oOpereHnn myonnaHbIX yciayr. CyTh Takod OpUTaHCKOM
¢opmer ['UIT cocTosyia B MPUBICYCHUN YaCTHBIX HHBE-
CTHLUH JUISl CTPOUTEIHCTBA KPYITHBIX TOCYAapPCTBEHHBIX
00BEKTOB B 31paBOOXPAaHEHUH, KOTJla YaCTHBIH OM3HEC
OCYILECTBISIET CTPOUTENBCTBO TOCYIAPCTBEHHOTO 00b-
€KTa 3a c4eT COOCTBEHHBIX CPEICTB.
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NCTOYHNKN ®MHAHCHUPOBAHUA

bromxer CoobcTBenHble cpenctsa (10 20%)
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TocynapcTBeHHO-4aCTHOE TTAPTHEPCTBO B 3/IPABOOX-
paHeHnn BenmmkoOpuTaHuM pa3BUBAETCS B JIBYX HallpaB-
JICHUSIX — CTPOUTEIILCTBO M PEKOHCTPYKINSI OCHOBHBIX
(OHMOB B OTpaciy M MPEAOCTABICHHE MEIUIUHCKUX
yeryr. B 1992 roxy IlpaButensctBo BemmkoOputanun
MIPE/ICTABUIIO YACTHYIO (PMHAHCOBYIO WHHIMATHBY KaK
Haubonee adpdexTuBHyI0 GopMy MapTHEPCTBA MPH MPHU-
obpereHnn MyOonHMUHBIX ycruyT. CyTh Takoil OpuTaHCKOM
¢opmer ['UIT cocTosina B MpHUBIEYEHUN YAaCTHBIX MHBE-
CTHLUHN JJI CTPOUTENBCTBA KPYITHBIX TOCYAapCTBEHHBIX
00BEKTOB B 3IPAaBOOXPAaHEHHH, KOT/A YaCTHBIN OM3HEC
OCYIIECTBIISICT CTPOUTEIHCTBO I'OCYJAPCTBEHHOTO O0B-
€KTa 3a c4eT COOCTBEHHBIX CPEICTB.

KomneHcanust pacxofoB 4YacTHOTO WHBECTOpa OCY-
IIECTBISIETCS. BIIOCHIEICTBUM JIMOO 3a CYET JJOXOOB OT
9KCILTyaTalny, JIM00 3a cyueT IUiarexel u3 Oromkera. Bo
MHOTHX CITy4asiX 4aCTHOH (pUHAHCOBOM MHUINATHBBI MHBE-
CTOp TIPUBJIEKACTCS K JAIBHEHIICH SKCIUTyaTalui 00beKTa
BIUIOTH JI0 HaiiMa nepcoHana. B BenukxoOpuranuu crou-
MOCTh OOBEKTOB YacTHOW (DUHAHCOBOW WHHUIMATHBBI, KO-
TOpasi TaM sBIsieTcs ocHoBHOU (popmoii [UIT B 3apaBoox-
paHeHuu, cocrasisieT 6omee 30 MiIpa. (YyHTOB CTEPIIMHIOB.
Io manneIM OpuTaHckoro IIpaBuTenbCTBA, TAKKE MPOEKTHI
obecnieunBaioT 17% SKOHOMIH OIOKETA CTPAHBL.

B I'epmannm B cepe ['UIT nmeer pacnipocTpanenue
nponaxa rocyaapcrBeHHbix JIITY mHBecTtopam 3a cum-
BOJIMYECKYI0 CyMMy B OOMEH Ha oOecriedeHHe (PHUKCH-
POBaHHOW CyMMBI MHBECTHIIMI M 00513aTeIbCTBA 110 BBI-
MOJIHEHHIO TOCYJapPCTBEHHOIO 3aKa3a. JTO 00yCIOBHUIIO
yBenmndenne nonu dactHeIX JIITY 3a mocmennme 10 mer
¢ 4% no 22%.

B IIBenuu 3axiio4aroTCsl COIVIAIICHUS C YaCTHBI-
MH HMHBECTOPaMH Ha YIPABICHHE TOCYNapCTBEHHBIMH
TOCHUTAISIMH, OCYIIECTBICHHUE CKOPOM MEIUIIMHCKON
MOMOIIIY TIPEJOCTABICHUE YCIyT KIMHUYECKHUX Jabopa-
TOpHH 1 Mpounx Meayciryr. C MOMEHTa BHEAPECHNUS MIPaK-
tuku [YUII mposomsKUTeIbHOCTh OXKHUIAaHUS THarHOCTH-
KM U JleueHus cokpatuiachk Ha 30%, a cToUMOCTb psja
MEJyCITyT 3HAYNTEIBHO CHU3MIIACK: 110 PEHTTCH-ANarHo-
cruke Ha 50%, 10 KIMHUYECKUM JIA0OPaTOPHBIM yCITy-
ram Ha 40%, 1o okazanuto ckopoi nomomu Ha 10% [7].

B ABcTpanmu, re B 4acTHYIO COOCTBEHHOCTBH Tie-
penano oxoino 50 rocruTanel, pacpoCcTpaHEeHbI COoIvIa-
LIEHUs] C YAaCTHBIMM HMHBECTOPAMHU Ha OKa3aHHE yCIyT
110 JU3alHY, CTPOUTENIBCTBY, BIAJACHHUIO U YIPABICHHIO
HOBBIMH yupexaeHusIMU. OCHOBHBIE YCIIOBHS KOHTPAKTa
CpOKOM Ha 15 JjieT BKJIIOYAIOT 00s3aTesIbCTBA 00CITYKH-
BaTh BCEX TPaXkJaH MO (HUKCHPOBAHHBIM PACIICHKAM H
OCYIIECTBIIATh KOHTPOJIb HaJl KaYeCTBOM OKAa3aHMS Me-
JMIIMHCKOHM IoMomIn. B pe3ynbrare BHEIpeHHsI HHCTHTY-
ta I'YII 3aTparel Ha cTpouTenbeTBO HOBBIX JIITY ynanu
Ha 20%, KOIMM4ecTBO OOCITYKHBACMBIX MAINEHTOB BBHI-
pocio Ha 30%, NpoJOHKUTEILHOCTD OKUAAHUS JICUSHHS
cokparunach Ha 30% [6].

OTH IpUMEPHI OTPaKAIOT OOIIYIO TCHICHIINIO — ME-
JMLIMHA CTAHOBHUTCSI NPUBJIICKATENILHOM cdepoil mpuio-
JKEHHUS 9aCTHOTO KaluTania, 4To 00JerdaeT 3a1a4n rocy-
JlapcTBa M WJIET Ha MOJIb3y MOTPEONTESIM MEUIIMHCKIX
YCIIyT.

[Tpu popmHpoBaHUM OTEUECTBEHHON CUCTEMBI I'OCY-
JIApCTBEHHO-YAaCTHOTO MapTHEPCTBA CIIEAYET IPUHUMATD
BO BHUMAaHHE OIBIT MUPOBBIX JIUIEPOB 10 pPEaH3aLUH
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npoektoB Ha ocHoBe ['UII. Ho npu 3TOM CTOUT y4uTBhI-
BaTh, YTO KaKIas W3 pacCMaTPUBACMbIX CTpaH oOiania-
€T COOCTBEHHOM CTPYKTYpO# IMyOIMYHOTO yrpaBJeHUs,
a TaKke COOCTBEHHBIM OIIBITOM Pa3BUTHS CHCTEMBI IO-
CyIapCTBEHHO-YACTHOTO TApTHEPCTBA, MOITOMY KOIH-
poBaHue OTHeNbHBIX 31eMeHToB ['UIl-cucremsl Hemo-
nyctuMo. [lpu onTuMusanum OTe4eCTBEHHOW CHUCTEMBI
TOCYIapCTBEHHO-YAaCTHOTO MAPTHEPCTBA B IIETIOM, U OT-
JICTIbHBIX €€ 3JIEMEHTOB B YaCTHOCTH, HEOOXOUMO Y4H-
THIBaTh OCOOCHHOCTH Pa3BUTHUSA MapTHEPCKUX OTHOIIE-
HUHl Ha (emepasbHOM ypOBHE M Ha YPOBHE OTICIBHBIX
cyonexToB Poccuiickoii deneparyn.

B poccuiickoli 3KOHOMHUKE €CTh BO3MOXKHOCTHU 3a-
KITIOYaTh KOHTPAKTHI )KU3HEHHOTO IUKJIAa B CTPOUTEIb-
CTBE W PEKOHCTPYKIHH OOBEKTOB 3IPaBOOXPAHCHUS,
MIPUBJIEKaTh YaCTHBIE POCCUICKHE U 3apyOe)KHbIE KOM-
MAHUH K YOPABICHUIO OOBEKTaMH 3APaBOOXPAHCHUS B
paMKax KOHIIECCHH.

Kpome TOro, ects HMHBECTOPHI, KOTOpPbIE TOTOBBI
Y9acTBOBaTh B MPOEKTAX C JIOXOTHOCTHIO 8-9%. 3a py-
0eKOM MHOTHE OOBEKTHI 3[PaBOOXPAHEHUS CTPOAT U 3a-
TeM YNpaBIIAIOT UMH KPYIHbIE MEKAyHApOJHbIE KOMIIA-
Huu. Ilpn 3TOM OCHOBHBIE CpeACTBa BKIJIAABIBAIOT B OTH
MIPOEKTHl YaCTHBIC HHBECTOPHI, TOCYNAapPCTBO BHICTYIIAET
rapaHTOM COOJIIOZICHUSI BCEX JOTOBOPEHHOCTEH, BKIIIO-
yast BO3BpAT KPEIUTOB WM JOXOAHOCTH MOCTPOCHHBIX U
BOIIIE/IIIX B IKCIUTyaTalli0 0OBEKTOB. DTO MO3BOJIIET
o0ecreunTh HaceJICHHE MEIUIMHCKOW MOMOIIBIO TaM,
I7ie He XBaTaeT CpecTB rocynapctBa. C S5KOHOMHYECKOI
TOYKH 3pEHISI BBITO/Ia HECOMHEHHA: TOCYIapCTBO CTPOUT
B 2, a TO 1 Ooiiee pa3 Jopoxke, ueM 4acTHbIN cekrop. Cy-
IIECTBEHHA Pa3HHUIA U AJIS MOTPEOUTENT METUITMHCKUX
YCIIyT — OH CMOXKET MOJYYHTh MX ObIcTpee u c Oomee
BbICOKMM KauecTBOM. Ha konen 2016 roga B 31paBoOX-
paHEHHHU Ha Pa3HBIX CTAAMSAX B (popMare rocynapcTBEH-
HO-9aCTHOTO TIaPTHEPCTBA pEaNN30BBIBATOCH Ooree
70 IpOEKTOB, U3 HUX YX€ HA CTaJUU CTPOUTENILCTBA U
IKCIUTyaTanuu — 61 mpoekT. B paMmxax peannsyembIx
['1II-npoekToB B 31paBOOXpPaHEHUM IUIAHUPYETCS MPU-
BJICYh MHBECTHLIUH HA cyMMy 61 Mipa. pyOrneit, oomumit
00beM yacTHbIX nHBecTHIUH B [UII-npoekrax gocrura-
eT — 57 mupa. py6neii, uto coctasuser okoio 10% ot
obmero oobema mHBecTHni B [UII-mpoekTax Bo Bcex
oTpacisix [4]. B HacTodiee BpeMs y HOABEJOMCTBEHHBIX
MumnsapaBy Poccuu  (emepanbHbIX TOCYIaPCTBEHHBIX
YUIPSKICHAN Ha pa3IMYHBIX 3Tamax IOATOTOBKH HAXO-
JSTCs elie 15 MHBEeCTULIMOHHBIX TPOEKTOB, B TOM YHUCIIE:

— cO3/1aHHEe MHOTONPO(UIBHOTO IIEHTpa MO OKa3a-
HUIO aMOyJIaTOPHO-TIONIMKIMHUYECKON TOMOIIN C HC-
MOJIb30BAaHUEM MEXaHU3Ma KOHIleCCUU — B MOCKBe;

— CTPOHUTENBCTBO KOHCYJIBTAaTHBHO-HATHOCTHYC-
CKOW TIONMWKIMHHUKHA W TICHTpa He(QPOIOTHH W IHai3a
ITyTeM 3aKJII0YEHUs] HHBECTUIIMOHHOTO forosopa — B Ca-
Mape;

— opraHu3aiys O(QHUCHOTO KOMIUIEKCa C pa3Melre-
HUEM B HEM YYEOHBIX M KIMHHYECKHX IOJpa3eIeHUH
ITyTeM 3aKII0YeHUs] HHBECTUIIMOHHOTO IoroBopa — B Po-
croBe-Ha-JloHy;

— PEKOHCTPYKILHUS aBapUHUHBIX 3JaHUN MyTEM 3aKITIO-
YeHHs UHBECTUIIMOHHOTO oroBopa — B [lepmu;

— CO3aHNe MEAUIIMHCKOTO IIEHTpa ¢ yIeOHOI 0a30ii
C UCIIONb30BaHNEM MeXaHu3Ma KoHIleccun — B [Tepmu.
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Cpenu cyOBbeKTOB, B KOTOPBIX 3()(HEKTHBHO HCIOIb-
3yercs Mexanm3M [UIl MoxHO BBEIIENHTH PecmyOmuky
Tarapcran. Hanpumep, ¢ OOO «ABA-Iletep» 3axitoue-
HO KOHIIECCHOHHOE COIVIALIICHNE O PEKOHCTPYKIUH IICHT-
pa TIAaHUPOBAHUS CEMBH M PENPOAYKIIMU CPOKOM Ha 10
JIET, YTO TI03BOJIMJIO PecIyOiInKe 00pecTH cOBpeMEHHOE
MEIUIIUHCKOE YUPEKICHNE, KOTOpoe OyIeT 3aHUMAaThCs
po0sieMaMy COXPaHEHHs U BOCCTAHOBIICHHS PEMPOIYK-
TuBHOro 370poBbsi. C OO0 «KnuHuKa COBpeMEHHOI
meaunuael HDy 3akiarodeHo 5 KOHIIECCHOHHBIX COIVIa-
IIEHUH O CO3JaHMM M AKCIUTyaTallly IIEHTPOB aMOyra-
TopHOTO Temonuanu3a B Kaszann HaGepexnsix Yennax,
HwxHekamcke u byrynbme, 4To 1o3BOSIMIIO 00ECTICUUTh
JOCTYMMHOCTh JIaHHOTO BHJA IOMOIIM IS HACEICHHS
pecrryonuku. Kpome Toro, nenrp amOynatopHOro remo-
nuanusa B Kasanu npusHas syumumm B Poccun nn(pa-
CTPYKTYPHBIM TPOEKTOM B COLMAJIBHOW cdepe B pam-
kax HanmonansHo# npemun B cepe MHGPACTPYKTYpHI
ROSINFRA.

3a mocneqHue TOIbl MEYUPEKICHHUS CTPAHBI MOIY-
YMJIM MHOTO COBPEMEHHOTO OOOpYIOBaHHUS, HO TOIBKO
20% storo obOopyaoBaHUs pabOTAIOT B TOJHYIO CHITY.
[IprudnHa B TOM, YTO HE XBaTaeT MOATOTOBICHHBIX Ka/IPOB,
13-32 YEr0 MHOTHWE IIEHTPHI HE YCIEBAIOT MCHOJIB30BATH
JlayKe BBIJETICHHBIE TOCYAAPCTBOM CPEACTBA HA BBICOKO-
TEXHOJIOTHYHYIO MEIUIIMHCKYIO MOMOIb. Tak mosBuics
MIPOEKT — 00pa30BaTEIbHBII LEHTP BBICOKMX MEIHIIIH-
ckux TexHonoruil B Kazanu, yupexaennsiii B 2008 roxy.
D10 ObLI NEpBbIiT 0Opa3zoBarenbHbIi HeHTp [UII B Mupe.
PernonaneHble BIACTH TNPEIOCTaBUIN 37aHHE, obecre-
YWJIN €r0 KalWTAJIbHBI PEMOHT M aIMHUHUCTPATUBHYIO
TIOAICPKKY. Br3HEeC BIOXKHI CBOM OITBIT, B TOM YHCIIE U
OTIBIT MPOEKTHOTO YIPABJICHHS, M B35 Ha ceOsl omepary-
OHHBIE pacxopl. brojker nenTpa B 15 MitH. oM. Ob
paccyMTaH Ha ISITh JIeT. 371eCh POXOSIT 00yueHUE BpadH,
MEJICECTPHI, aIMUHICTPATOPHI KJIMHUK. 32 BpeMs paboThI
LenTpa yxe noarorosineno 6onee 4000 Bpaueit u3 73 ro-
POMOB, [UTst OOJIBIIMHCTBA M3 HUX 00yUYCHHE — OECILIATHOE.

[TonoxxurensHble npumepbl ucnonb3oBanus [YII
€CTb U B Ipyrux perrnonax. B Camapckoii obnactu Ha yc-
JIOBUSX KOHILIECCHH CTPOUTCS KOPITYC IIEHTPa IKCTPaKoOp-
MTOPAEHON TEeMOKOPPEKIINHU U KITMHUYIECKON TpaHCy3u-
onornu. OOBEM YaCTHBIX MHBECTUIMH IO 3aBEpIICHUH
MPOCKTA TOJDKEH COCTaBUTh He MeHee 350 MutH. pyOuieit.

B Mockge 3akmtodena konneccus ¢ 3A0 «lOponman
Menukan CeHTep» Ha PEKOHCTPYKIHNIO, 3KCILTYaTaIHIo
1 OPraHU3aIMIO0 YEThIPEX MEIUIMHCKUX LIEHTPOB: 103U~
[IMOHHO-I)MHUCCHOHHON TOMOTpauH; 3HIOBACKYISIPHOI
XMPYPIrUH; MEPUHATAIFHOTO U peabMINTalHOHHOTO CO-
MIPOBOXKIEHUS — CPOKOM Ha 49 JieT.

B HoBocubupckoii 0051acTi Ha YCIIOBUSIX KOHIIECCUH
MIPOBOIUTCS PEKOHCTPYKINS POAMIBHOTO JOMA M CTOMa-
TOJIOTUYECKON MONMKIMHUKK. Ponyiom Oyner okasbiBaTh
BBICOKOTEXHOJIOTHYHYIO CIELUAIN3UPOBAHHYIO MeEIu-
IIUHCKYIO MTOMOIIIb O JICYCHHUIO OECIUIOANS, W €XKETOTHO
48 KUTEJIFHUL pETHOHA CMOTYT I10JIy4aTh ee OeCIuIaTHO.
BecnnaTHOM cTOMaTOIOrMYECKON MOMOIIBIO BOCIIONbB3Y-
rorcst 1o 300 yemoBeK B rox.

B xadectBe npumepos cormamrenuii o ['UI1 Ha Gaze
PETHOHATIBHOTO 3aKOHOIATEIbCTBA MOKHO MPUBECTH CO-
3maHre B XabapoBCKOM Kpae HE(PPOIOTHIECKOTO IIEHTpa
Komcomonbck-Ha-AMype 1 cTpouTenseTBO B OpnoBCcKoil

0051acTH MHOTOITPO(UIBHOTO MEJUIIMHCKOTO 11IeHTpa. [1o
nHpopmanmu cyopekToB Poccuiickoit denepanmu pea-
nu3anys eme 29 NpoeKTOB BBIHYKJICHHO CAEP KUBANACh
BBHUJ1y OTCYTCTBHUSI 3aKOHO/IaTenbcTBa B cepe [UIT.

MumsnpaBom Poccnm B 2015 romy moaroroBieH
NepBbIid Ha (eepalbHOM YPOBHE MHIJIOTHBIM MPOEKT C
HCIIONIb30BAaHWEM MeXaHW3Ma KOoHIeccHH B cepe 31pa-
BOOXpaHEHHUs. DTO co3JaHue Ha 06a3e OTHOTO M3 OOBEK-
ToB nmyectsa HoBocudbupckoro HUM TpaBmaronornu
u oproneauu umeHu S1.J1. [{uBbsiHA KOHKYPEHTOCTIOCO0-
HBIX TPOM3BOJICTB, Ubsl MIPOLYKIHUs OyneT BocTpeOoBaHa
B TPABMATOJIOTHH OPTONEIUH U HEHpoXupypruu [8].

B Bosrorpajckoii obnacti peanusaius Meponpusi-
TUI TI0 Pa3BUTHIO TOCYAApPCTBEHHO-YAaCTHOTO MapTHEp-
CTBa B OTPACIM 3[PABOOXPAHEHHS OCYIIECCTBISICTCS B
paMKax PperHoHaJbHON TOCYIapCTBEHHON INpOrpaMMbl
«Pa3Butne 3mpaBooxpaHeHus Bomrorpanckoii oGmactu
1o 2020 rona», yrBepxkaeHHoi [locranosnenuem Ilpa-
BUTENBCTBA Bonrorpaackoit obmactu ot 30.04.2013
No 216-n «OO6 ytBepkaeHun IIporpamMmbl pa3BUTH
3apaBooxpaHeHus Bomrorpanckoit obmactu mo 2020
roga» [9]. B 2014 rony 24 yacTHbIe KOMIIAHUH PaOOTAIH
B CHCTEME 0053aTeIbHOTO MEIHIIMHCKOTO CTPAaXOBAHMUS.
OxkazaHa MEJUIIMHCKAs TIOMOIIb Ha cymmy 42577,1 Thic.
py6. B 2015 rony B cucteMe 00s3aTEIEHOTO MEITUIIIH-
CKOT'0 CTpaxoBaHus paboranu 22 4acTHbIC KOMIIAaHHH, 32
8 MecsileB UMM OKa3aHa MEAMIMHCKAsI IOMOIIb HA CyM-
My 121954 teIC. PYO. [10].

Ha tepputopuu Bosrorpaackoii 001actu CymiecTBy-
10T YacTHBIE MEIUIIMHCKIE OPraHNn3aIin, KOTopbie odu-
LUAJIbHO NEPelUId Ha OKa3aHHe OeCIUIaTHON MEeIWIMH-
CKOY ITOMOIIIM 32 CYCT CPENICTB: (PeraepaibHOro OFOKETA;
OromKeToB cyObekTOB PO 1 MyHUITMITATBHOTO OIOIKETa
a takke OromkeroB denepanpHoro ¢porga OMC u Tep-
puropuanbHbix hounoB OMC.

Ha cerogusiunuii nenp B TeppuropuaibHOW Ipo-
rpamme OMC B 1. Bonrorpane n Bonrorpazckoii o6ima-
cTH HamOoJiee KPYNHBIMH YaCTHBIMH OpraHH3aLUsIMU,
OKAa3bIBAIOMIMMH MEAMUIMHCKYIO TIOMOIIb, SIBIISIOTCS
00IIeCTBO ¢ OTpaHMYCHHON OTBETCTBEHHOCTBIO «MHO-
ronpoMILHBIA MeTUIMHCKHN HeHTp «/luanaiin»y, OO0
Hay4ano-nmpounsBoacTseHHoe o0benuHenue «Bonrorpa-
cKHil TIeHTp mpodmIakTuku OoneszHeil «FOrMem» . Ot
KJIMHUKH HMMEIOT 3HAYUTEIBHO OOJIbIE NPEHMYIIECTB
nepesi KOHKypeHTaMH, KOTOPbIE MPEIOCTaBISIOT aHAJIO-
THYHBIA CIIEKTp yciyr. KiMeHTs! BhIIIeHa3BaHHBIX KIIH-
HUK MOTYT NOJIy4uTs 1o noaucy OMC ycinyru, KoTopble
BKJTIOUEHBI B 6230BYIO IIPOrpaMMy 00s13aTeIBHOTO M-
LIUTHCKOTO CTPaxOBaHUSL.

Kpome TOro, okaszaHue MEIULMHCKON MOMOIIU
MOJIHOCTBIO TOKpbIBaeTcs Tapudom OMC. B pamkax
TeppuTopruanbHOil mporpammel OMC rpakmaHaMm Ha
OecrulaTHOH OCHOBE IMPENOCTABIAETCS TEPBUYHAS Me-
JIMKO-CAaHUTApHAasl IOMOILb, BKJIIOUYas MpOoQIaKTHYe-
CKYI0 CKOpasi MEAMIMHCKas ITOMOIIb CHEIHaTH3HPO-
BaHHasl MeIUIMHCKas nomoib. Kpome Toro, passurue
TOCY/IapCTBEHHO-YaCTHOTO TapTHEPCTBA peau3yeTcs
u B (opme KoHIeccuu. B wacTHOCTH, MEXaHH3M Trocy-
JAPCTBEHHO-YaCTHOTO MAapTHEPCTBA MO3BOJIMI OTKPBITh
reMoauanu3Heiii meHtp. Ilpu 3ToM o0beM Herocymap-
CTBEHHBIX MHBECTUIMH JUIS pPealn3alii 3TOTO IPOEKTa
cocraBmi 6osee 350 MitH. pyOrei.
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B utone 2016 roga B IlanmacoBckoM MyHHUITUTIATb-
HOM palioHe B paMKax peaJn3alid TOCYIapCTBEH-
HO-YacTHOTO TApTHEPCTBAa NepelJaH B KOHIECCHIO ca-
Hatopuil «OnbToH». VHBeCcTOp, BBIMTPABIIUII KOHKYPC
Ha TPaBO 3aKIIOYCHUS KOHIIECCHOHHOTO COTVIAIICHHS
OCYIIIECTBUT CTPOUTEIHCTBO CHAIBHOTO KOpIyca Ha
270 mecrt, O0aHu, mIaBaTenbHOro Oacceiina. O0beM HH-
BECTHUIIHNH B MPOEKT cocTaBUT 850 MutH. pyomneit. O0pexT
II03BOJIUT OKa3bIBaTh KaUeCTBEHHBIE YCIYTH JIOCTYITHbIC
JUISL BCETO HACEJICHUSL.

[IInpokoe pacmpocTpaHEHHE MONydYHsIa TIPAKTHKA
WCIIONIb30BAaHMSI KOHTPAKTHBIX (OPM  KBa3H-TOCYnIAp-
CTBCHHO-YAaCTHOI'O0 MAapTHEPCTBA B BUAC 3aKIIIOUCHHSA
JIOTOBOPOB Ha BBIITOJTHEHHNE BCTIOMOTATENbHBIX (PyHKIIUH
MEIMIIMHCKOW OpraHu3alny ¢ YacTHBIM OM3HECOM (ayT-
COpPCHUHTA).

B Bonrorpaackoit o0macté aBe TpEeTH W3 HMEIO-
IIMXCS B PACTIOPSDKEHUN YUPEXKICHUHN 3/[paBOOXPAHEHHS
ABTOTPAHCIIOPTHBIX CPEJCTB MOJHOCTHIO W3HOILICHBI.
OcHoBy aBronapka MamuH «Ckopoit momornu» B Bonro-
TpaJICcKoil 007IacTH COCTABIAIOT aBTOMOOMIH «l a3enby,
KOTOpbIE NPU paboTe B CIOKHBIX JOPOXKHBIX YCIOBHSX
Bonrorpasa BEIXOIST U3 CTPOs 3a JiBa roja. [Ipuodpectu
HOBBIE KapeThl « CKOpOi ITOMOII» 3a CUET CPeCTB 01071~
xera mim DoHpa 0053aTETBHOIO MEITUIIMHCKOTO CTpa-
XOBaHHUS HET BO3MOKHOCTH. [lokynka TpaHCHOpTHOM
YCIYTH y CIELHUaIN3UPOBAHHBIX KOMIIAaHHWH ITO3BOJIMIIA
B paMKax 3aKJIIOYEHHBIX JIOTOBOPOB OOHOBHUTH aBTOIAPK.

HoBble MUKPOaBTOOYCHI OPHEHTHPOBAHBI HAa Bpadeo-
HBIE U (penpamepckie Opurapl 00Iero mpopuiIs 1 OCHa-
IIEHBI BCEM HEOOXOIMMBIM MEIUIMHCKUM 000pyI0BaHH-
eM (€ro CToMMOCThb cocTaBseT okoio 70% OT cTouMocTH
aBroMoOmis). CrcTteMa KIMMAaT-KOHTPOJIS CO37aeT KOM-
(opTHBIE YCIOBHSA /I IEPEBO3UMBIX Bpadeil M MarfeH-
TOB B JIt000€e BpeMs roaa. Musectop npuobpen 95 crenu-
AIM3UPOBAHHBIX MHKPOABTOOYCOB, 0OMIas CTOMMOCTD
nHBECTIIpoeKkTa — 1,5 Mupa pyouneit. HoBble aBToMoOmIH
1o J1oropopy Bosrorpaj mosyuus Bo BTOpOM KBaprale
2016 roma, a pactulauMBaThCS 32 OKa3bIBAEMYIO IMHU YCITy-
Ty TOCYapcTBO OY/ET B ITOCIEAYIOLIHE IISITh JIET.

B MenyupexaeHUsIX pernoHa akTUBHO pPa3BUBACT-
Csl ayTCOPCHHI IHTAHUS M KIMHMUHIOBBIX ycuyr. «Ilu-
JIOTHBIM» TIPOEKTOM CTajla oOJiacTHasl KIMHHYECKas
6ompaMIa Nel. AyTCOPCHHT OpraHM3aly IMHUTAHHUS T10-
3BOJIJT OOJIACTHOW OOJIBHHIIE CYIIECTBEHHO YKOHOMHTD
CpEICTBa, KOTOPBIE TPATHIINCh Ha obecnedeHnue paboThl
nue0ioka u npadeynoit. [Ipu aToM KauecTBO MUTAHUS
3aMETHO BBIPOCJIO, YTO MOJIOKHUTEIHLHO OLEHWIN Mallu-
eHThl. B 2016 romy 39 u3 68 KpyIIIOCyTOUHBIX JT€IeOHBIX
CTaIMOHAPOB PErvoHa MEPEIIIH Ha OPraHU3alnIo TTHTa-
HUs 10 ayTcopeunry [11].

Beirogs! oT mepenaun HeMpO(WIBHBIX 3a7ad JUIs
MEIMIIMHCKOTO YUYPEXkKACHUS 3aKIoyaloTcs B Cylle-
CTBEHHOM CHW)KEHMM KaK Harpy3kd Ha MEepCOHal, Tak
1 B 6osee 2 (eKTHBHOM yIPaBICHUH 3aTpaTaMy Ha 3a-
KYTIKY, IIOJIZIEPKKY 00CITy)KMBaHUE U 3aMEHY COOCTBEH-
HOTO 00OpYJAOBaHUs M MPOrpaMMHOTO obecrieucHus. B
KOHEYHOM HMTOTE 3aKa3uMK M30aBIAETCS OT LENIOTO psifa
HEpEIIAEMBIX B HBIHEITHUX OIO/PKETHBIX YCIIOBHSIX MPO-
onem. [Ipu aTOM camoil BaKHOH Ha TEKylIeM STare
repexosia K HOBOM cxeMe OTHOLIEHUH 3ajayedl CTaHeT
BBICTpaMBAaHUE JJOBEPHUTEIBHBIX W OTBETCTBEHHBIX OT-
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HOIIICHUH C MOAPAAYUKOM, OKa3bIBAKOIIHUM YCIYTH IO
ayTCOPCHUHTY.

KoHneHTpupysich Ha OKa3aHHHM HETOCPEICTBEHHO
MEIUIUHCKHX YCIYT, 3APaBOOXPAaHEHHE HCTIONb3yeT CXe-
My ayTCOpPCHHTa BO BCEX HENMPOQMIBHBIX IPOIEccax,
HalpHuMep: TEXHHYECKOE 00CITy>KUBAHUE MEIUIIMHCKOTO
00opyI0oBaHus; MPOBEJCHUE J1a00PAaTOPHBIX HCCIIEI0Ba-
HU; BBIBO3 MyCOpa M aHATOMHUYECKHX OTXOZOB; Opra-
HU3alus MPOMYCKHOTO peXXuMa OXpaHa W oOecredeHue
00IIIECTBEHHOT'0 MOPsI/IKa HA TEPPUTOPHU OOJIHHHUIL; TEX-
HHUYECKOe 00CTy)KHBaHHE TEXHOJOTHYECKOTO 000pyHo-
BaHMs NUIIEOIOKa, TH(TOB, BOTOCHAOKEHHS, KaHAIH3a-
LUK, CTUPKA Oebs; 00eCIeYeHUE TOTOBBIM ITUTAHUEM U
ap. Bmecte ¢ TeM HEOOXOANMO OTMETUTD, YTO BO MHOTHX
citydasix U30paHbl TPAAUIMOHHbIE, IIA0IOHHBIC HAITPaB-
JICHUSI IEITENILHOCTH B cepe 3ApaBoOOXpaHeHus], B KOTO-
pBIX ciabo 3axaerictBoBad noteHuan ['UI1. Hampuwmep,
MaJI0 BHUMAaHUS yAeJsieTcst mpobieme o0ydeHus KaJpoB
JUIst pabOTBI C HOBOW TEXHUKOH B YCIIOBUSIX HOBBIX CTaH-
JApTOB M TIOPSAKOB, TEXHUYECKOMY COIPOBOYKACHHIO
(YHKIIMOHNPOBAHUIO PA3TNIHON METUIIMHCKOW TEXHUKH
1 MH(POPMAIIMOHHBIX CHCTEM U T.II.

ITouck HOBBIX (OPM M BO3ZMOKHOCTEH B3aUMOJICH-
CTBHS BJACTH M Om3Heca mpopoipkaercs. CozmaroTcs
IIPaBOBBIE YCIOBUS JJIsl 3aKITIOYEHHST KOHTPAKTa )KU3HEH-
HOT'O IMKJIa HA BBINIOJIHCHUC pa60T I10 IMTPOCKTUPOBAHUTIO
1 CTPOHTENBCTBY OOBEKTOB B cpepe 3IpaBOOXpaHEHHS,
a TaK)Ke MHBECTUIOHHBIX JIOTOBOPOB B OTHOILICHUH (he-
JiepalibHOI HH(PACTPYKTYPBI 3PaBOOXPAHEHHSI.

Opmnako B Poccum T'UIl pasBuBaeTcss HE TaKUMH
OBICTPBIMHM TEMIIAMH, KaK B 3apyOeKHBIX CTpaHax, 3TO
MOXXKHO OOBSICHUTH CYyObEKTUBHBIMH (DAKTOPaMH: HU3KUM
YPOBHEM NPAaBOBOM U XO3AWCTBEHHOM KOMIIETEHTHOCTH
OpraHoB BJIACTH, JIOOOM3MOM OT/ENBHBIX TPy, ciiabo-
CThIO MHCTUTYTOB TpaxkiaHckoro ooOmectBa. Ho ects u
00BEKTUBHBIE IPUYMHBI, TAKUE KAaK OTCYTCTBHE B Poccun
MOJICITH YIIPABJICHHS TOCYJAPCTBEHHON COOCTBEHHOCTBIO.

TocynapcTBo MOMKHO, KaK 3TO CHAENAHO B JAPYTUX
CTpaHax, MOCPEACTBOM 3aKOHOAATEIbCTBA M MHBIX IIpa-
BOBBIX HOPM YETKO BBIJECIHUTH I'DAaHMIBI CBOEH OTBET-
CTBEHHOCTH IepeJl 0OIECTBOM 32 UMEIONIYIOCS y HEro
COOCTBEHHOCTD U OTIPECIIUTh Ha YPOBHE (heepaTbHOTO
3aKOHa KPyT OOBEKTOB, HE TOUIKAIINX NTPUBATH3AIINH.
[IpaBoBas HESICHOCTB B TOM BOIIPOCE CIIOCOOCTBYET KOP-
PYIINHU U IPUBOAMT K HOSBICHNUIO YaCTHOW MOHOIOINHU
Ha MECTe TOCy/IapCTBEHHO MOHOIIOINH CO BCEMH Hera-
TUBHBIMH [TOCIIEICTBUSIMH JUISI TOCY/IapCTBa U 00IIECTBA.

Eme omuuM caepxuBarompM (BakTopoM pas3BH-
tus 'YIl siBrsiercss Hamuuue pUCKOB MPU peanu3aluu
npoekToB. PasneneHne pUCKOB MEXIy TOCYIapCTBOM
Y YaCTHBIM MHBECTOPOM JIOJDKHO BKIIIOYAThCS B OOIIHUE
YCIIOBUSI KOHIIECCHOHHOTO KOHTPAaKTa M COCTaBIIATh
€ro PKOHOMMYECKYIO OCHOBY. Pacmpenenenue puckoB
JOJDKHO ITPOBOJUTHCA IO NPUHOUITY NEpe€aavu UX TEM,
KTO ymeeT Hanbonee 3(h(heKTHBHO yIPaBIsATh PUCKAMHU.
Cwmbicn T'YIT B OCHOBHOM 3aKIJIIOYaeTcsl B IOCTHXKEHUHU
CHUHEpreTHuecKoro 3(h(exra oT napTHEPCTBA.

Nmeromuiics Ha NpakTUKE IOTEHLUAN Tocynap-
CTBEHHO-YaCTHOTO MApTHEPCTBA B cdepe 3/[paBoOXpaHe-
HUS UCTIONIB3YETCs He B OMHOM Mepe. OHO U3 IIIaBHBIX
MIPUYMH 3TOTO SIBISIETCSI OTCYTCTBUE C(OPMHUPOBAHHOM
CHCTEMBI YINPABICHHS PA3BUTHEM JAHHOTO HHCTHUTYTa
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Kak Ha (eaepantbHOM, TaK U Ha PETHOHATBHOM YpPOBHE.
B Crparernto cyopexToB PO 1 MyHUIHIIATBHEIX 00pa-
30BaHUH B HACTOSIIEE BPEMsI HE BKIIIOUCH TTPAKTHUECKUH
OmbIT (PYHKIIMOHUPYIOUIUX MPOEKTOB HAa OCHOBE TrOCY-
JAPCTBEHHO-YaCTHOTO MApTHEPCTBA, 2 IMEHHO TIPHHIIN-
Il ¥ MEXaHW3MbI B3aMMOJCHCTBHUSI OPraHOB BJIACTU H
Ou3Heca, MPOrpaMMHO-1IENIEBOTO YIIpaBIeHUs, PUHAHCH-
POBaHUS U yIIPaBIICHHS peaTn3anreii IpoeKTOB rocynap-
CTBEHHO-YaCTHOT'O IIaPTHEPCTBA. 3apyOeKHbIH, a TaKkKe
OMBIT APYTMX PETHOHOB, HEOOXoAMMO (HOpMAaIU30BaATh
B BHUJIE CTPATETHYECKHUX JIOKYMEHTOB, KOTOPBIE IOJIK-
HBI BKJIIOYATh COBOKYITHOCTH (DOPM, METONIOB, MHCTPY-
MEHTOB YIpAaBICHUS NTPOEKTaMH NapTHEPCTBA B cdepe
3apaBooxpaHeHus. Pazpa®oTka W peamu3amisi TaKOro
MEXaHW3Ma CO37acT OOBCKTHBHBIC MPEAMOCHUIKH JIJIs
MHUHHAMH3aIUH PUCKOB M OyJIeT CHOCOOCTBOBATh MMPUTOKY
B OTPAcib YaCTHBIX HHBECTUIIMOHHBIX PECYpPCOB.

Crnemyer OTMETUTh, YTO OU3HEC, BCTYIIAS B MPOCKTHI
MapTHEPCTBA B 3/]paBOOXPAHEHHUH, 3aMHTEPECOBAH B 1011~
TOCPOYHOM M CTAOWIIBHOM COTPYIHHYECTBE, T.€. KOTraa
3apaHee M3BECTHBI M TIOHSATHBI «IIPaBHIIA UTPBD», TapaH-
TUPYIOLINE BO3BPAT BIIOYKEHHBIX (DUHAHCOBBIX CPEJICTB U
HEOOXOMUMBIH YPOBEHb NOXOAHOCTH. OpraHam BJIacTH
HEOOXOIMMO YITy4IIaTh OTKPHITHIN THAIIOT ¢ OH3HECOM,
a IMEHHO:

® HAXOAWTh MEXaHU3MBl CTUMYIHUPOBAHUSA U MOOIIpE-
HUS COITMANIbHON OTBETCTBEHHOCTH;

® YETKO OIPE/CIUTh MOJHOMOYMS OPraHOB BJIACTH,
KOTOpBIE HECYT OTBETCTBEHHOCTh Ha BCEX JTamax
MTOJITOTOBKH W pEaNN3allii COBMECTHBIX IPOEKTOB
Ha PETHOHAJIBHOM M MECTHOM YPOBHSIX;

e cdopmupoBarh 0a3bl MPOEKTOB, KOTOPHIE MOTYT
OBITh peann3oBaHbl Ha ocHOBe [ UIT;

® TIPOBOJUTH MOHHUTOPHHT 3()(EKTUBHOCTH pean3a-
LU COBMECTHBIX NTPOEKTOB;

e 00ecmeynTh OCBEIICHHE B CPEICTBAX MaCCOBOM MH-
¢opmanuu mo3utuBHOro omnbita ['YIl (3T0 B CBOIO
ouepeib MOXKET 3aHHTEePEeCcOBaTh HHBECTOPOB);

® OpraHM30BaTh CHUCTEMHBIH TOAXON K OOy4YeHHIO
CIICIMATIIICTOB B IIETSIX (DOPMUPOBAHUS KOMAHIIBI
Uit 3QPeKTUBHOM peanusarmu npoekToB [YIT.
Kpome Toro B cBsI3u ¢ OCTpON COLIMAIBHOW Harpas-

JICHHOCTHIO TaHHOHU C(epbl SKOHOMUKH, HEPA3BUTOCTHIO
PBIHOUHBIX MEXaHHU3MOB XO3SHCTBOBAHUS, OTPOMHBIM
MacmTaboM HAaKOMMBIIKXCS B OTpaciu mpoliem, a Tak-
JKE HEIOCTAaTKOM OFODKETHBIX CPEICTB M COOCTBEHHBIX
PECYPCOB XO3SUCTBYIOIIUX CyOBEKTOB, IS UX PELICHUS
BO3HHUKAET HEOOXOAMMOCTh aKTHBHOM TOCYIapCTBEHHOM
TTOJIICPKKY TTAPTHEPCKUX OTHOIICHUH OPTaHOB BIACTH U
Ou3Heca B OTpaCIy.

Peanuzanus comiameHuil rocy1apcTBEHHO-4aCTHO-
TO TIAPTHEPCTBA, OCIOKHEHHAS JITUTEIHHOCTHIO TIPOIIe-
Jyp COINIACOBAHUS JOJTOCPOYHBIM XapaKTEpPOM TaKHX
MIPOEKTOB, BHICOKUM YPOBHEM PHCKOB M HEPEIKO WX
HETPEBUCHHBIM XapaKTepoM, TpeOyeT OorpeaesieHHO-
ro npoecCHOHaIBHOIO YpPOBHSI HAaBBIKOB MPOEKTHOIO
(bMHAHCHPOBAHUS KOTOPHIMH OOJBIIMHCTBO PaOOTHHKOB
OpTaHOB BIACTH HE 00IaIaroT.

B cBs3M ¢ 3TUM akTyaibHA 3a/a4a OpTraHHU3ALUH
kBannpunupoBanHoro conposoxaenus [ UIl-nmpoexk-
TOB Ha BCEX CTATUAX MX XU3HEHHOTO Iukia. [Tpu sTom
¢yHKIMU 110 HH)OPMALIMOHHOMY KOHCYJIBTAIlHOHHOMY,

OpTraHM3aIMOHHO-METOJMUECKOMY COIIPOBOXKICHHUIO
MIPOEKTOB MApTHEPCTBA LIEIeCO00Pa3HO BO3JIOKHUTH Ha
co3JaHHble Ha ypoBHe cyOwnekra Poccuiickoit denepa-
nun Koproparun pa3BuTHs, IeHCTBYIONE B KaueCTBE
HEKOMMEpUeCKoi opranmzanuu [12].

OcHoBHbIMU nensiMu Kopropanuu pa3BUTHS sBIIS-
IOTCS:

e OpraHm3anusl TOCTOSHHOTO B3aUMOJEHCTBHSA C
kpynHeimumu uactutytamu ['UIT;

® TIOJly4eHHE OPraHU3allMOHHOM M METOIUYECKON
mogmepkkn ot wmHCTUTYToB [UIl denepanpHOTO
YpOBHS;

® OCYILIECTBICHHE B3aUMOJIEUCTBUS C XO35AUCTBYIO-
IUMH  CyOBEKTaMH, OpraHaM{ HCIIOJHHUTEIHHON
BJIACTH B Tpolecce cOopa nHPpOpManuH, MOArOTOB-
KU U CONPOBOXkAeHUA poekros I 'UII;

® OKa3aHHE OPraHU3alMOHHON M METOIWYECKOH MOJ-
JICPI)KKN  XO3SHCTBYIOIIMM CyOBEKTaM B Ipolecce
peanuzanun npoekros I'UIT;

e opraHu3anus (UHAHCHPOBAHHS HHPPACTPYKTYp-
HBIX IIPOEKTOB, O0Opa30BaHME TPYMIl HWHBECTOPOB,
COIVIACOBAHME MX MHTEPECOB M CO3JaHue Oiiaronpu-
ATHOW Cpe/Ibl T KOJJICKTUBHBIX MHBECTHUIIHH;

e uHTErpanys QenepaabHbIX PErHOHAIBHBIX U MYyHH-
nunaneHeIx nHCTpYMeHToB I'UII B mponecce peanu-
3alUU KPYTTHBIX HHBECTUI[HOHHBIX TPOCKTOB.
Taxum 00pa3oM, BaKHEHIINM CTpaTETHYSCKUM Ha-

npasneHueM pa3Butus uHcrtutyta ['UII B 3apaBooxpa-
HEHUU SIBJISETCS aJalTalys YCICIIHOro 3apyOeKHOro
n oredyectBeHHOro onsita I'YII k poccuiickoil necTBU-
TEJIFHOCTH, YTO IIpeJIiojiaracT HeoOXOAUMOCTh CO3/1a-
HUS JJIS 9TOTO ONaronpUsTHBIX MPABOBBIX, OpPraHU3AIU-
OHHBIX ¥ HHCTUTYLIMOHAJIBHBIX yCIOBUI.

Jlist aToro Tpedyeres:

® pa3BUTHE HOPMATHBHO-TIPABOBOH 0a3bl, NPHHATHE
LEJNOro psifia MOA3aKOHHBIX AKTOB, PENNIAMEHTHUPY-
IOIIMX NapTHEPCKHE OTHOILICHMS BIIACTH 1 OM3HECa;

e CO37aHME NPOrpaMM Pa3BUTHsA HWHCTHTYTa MapTHEp-
CTBa, KOMIUIEKCHBIX HHCTPYMEHTOB MOANECPKKH YacT-
HOTO MHBECTOPA, YCIIOBHH VIS IPUBIICYEHNs (PUHAHCO-
BBIX PECYpPCOB K peai3al[ii COBMECTHBIX TIPOCKTOB;

e pa3paboTKa MPAKTUYECKUX JOKYMEHTOB, OTKPBITHIX
0a3 TaHHBIX TIPOEKTOB, YTO TIO3BOIUT THPAKUPOBATH
YCIIEIIHBIH OMBIT;

® (CO3/aHUE CTPYKTYpP, HHCTUTYTOB Pa3BUTHUS, OCHOB-
HOW 3aJja4eil KOTOPBIX SIBISIETCS BCECTOPOHHSS MO -
JiepKKa IPOEKTOB apTHEPCTBA;

® TIOBBIIICHHE POJIM MHCTHTYTOB TPakJAaHCKOTO 00-
1iecTBa B IPOEKTAX MapTHEPCTBA, MPHUBIEYEHHE K
UX pealu3ally BCeX 3aUHTEPECOBAHHBIX CTOPOH.
Tonmpko B 3TOM cCiIydae TOCYJapCTBEHHO-YaCTHOE

MApTHEPCTBO cTaHeT 3(P(HEeKTUBHBIM WHCTPYMEHTOM MO-
JIEpHU3AIMH 3APaBOOXPAHEHHUS.

Peanu3anus KOMIUIEKCA BBILIETIEPEUHCICHHBIX Me-
POTIPUSATHI TO3BOJUT HOBBICUTE () (EKTUBHOCTD YIIPaB-
neHus cpepoil 31paBoOXpaHeH s, YCTPAaHUTh «MHBECTH-
LMOHHBIA TOJIOM), PEIIUTh HAKOIHUBIIUECS MPOOIEMBI
IIyTeM pa3BUTHS MEXaHM3MOB IIAPTHEPCTBA OPraHOB
BiacTH 1 Om3Heca. [locne dero Oyaer OCTHTHYTA IIaB-
Has 1eib npoekToB Ha ocHoBe ['YII — noBeilIeHHE Ka-
YecTBa KM3HM HACEJICHHS TPH OObEANHEHNH YCHINH U
pecypcoB CTOPOH, HaWJIy4IIMM 00Opa3oM pacHpeesiuB
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HX OTBETCTBEHHOCTH U PUCK, COXPAHSS 32 TOCYAapCTBOM
KOHTPOJIbHBIE (PYHKIIUH B TIAPTHEPCTBE.

3akiioyenne. Ha ocHOBe IpOBElEHHOTO aHaIN3a
MOYKHO CJIe/1aTh CIEIYIOLINE BEIBOBI :

1. Dddexrusnas peanuzanus npoexros ['UIT B che-
pe 31paBOOXpaHEHUsI He BO3MOXKHa 0e3 yueTra GpakTopoB
BHEIITHEH M BHYTPEHHEH Cpelbl, TIPE/ICTaBICHHbIX Ha PHU-
cyHke 1.

OOBCKTUBHASL OIEHKA BIHSHUS JaHHBIX (DaKTOPOB
CITy)KHT HEOOXOIMMBIM YCIIOBHEM ISl pa3pabOTKH Iei-
CTBEHHOTO OPTaHH3AIOHHO-9KOHOMHYECKOTO MEXaHU3-
Ma ympasieHus peanuzanuein [Ull-npoexktoB B cdepe
3MIPaBOOXPAHEHUS. AKTyalIbHOCTh Pa3pa0dOTKU CHUCTEMBI
CTPaTErHUECKOro yIpaBieHHst MU 00y CIIOBIEHA BEICOKON
COIMAIILHOW 3HAYMMOCTBIO IAHHOH C(hepbl SIKOHOMHKH.

2. OnbIT NPUMEHEHHUS! MEXKIYHApOJHBIX MPAKTHK
rOCY/lapCTBEHHO-UYaCTHOTO MapTHEPCTBA B 3/PaBOOX-
paHEHHH CBHJETEJIBCTBYET O pocTe IPPEKTUBHOCTH,
CHI)KEHHH CTOMMOCTHU JICUCHHS M YBEIMUCHHH O00beMa
9KOHOMHH TOCYAApPCTBEHHBIX PECYpPCOB B CPEAHEM Ha
10%. AnpanTanns MeXIyHapOIHOTO OIbITa TpeOyeT yue-
Ta 0COOCHHOCTEH pa3BUTH TAPTHEPCKIX OTHONICHUN Ha
(emepaTbHOM YPOBHE M Ha YPOBHE OTICIBHBIX CYOBEK-
ToB Poccuiickoit deneparuu.

B Hacrosiiiee Bpemsi B 3apaBooxpaHeHun Poccwuii-
ckoit dexepaiv MCMONB3YIOTCS OCHOBHBIE (DOHJIBI HA
cymmy 2,0-2,2 TpiH. pyOel, pu 3TOM CTeleHb U3HOCa

¢donmoB cocrasusier 40-45%. Jlns pemienus: crpareru-
YEeCKHUX 3aj[ad 10 MOJEPHU3AIUHN OTPACIN HEOOXOIMMBI
WHBECTHUIIMHU Ha cymMy okosio 1,0 TpiH. pyOneid. Pemnts
9Ty po0JieMy BO3MOYKHO C MCIIOJIb30BaHHEM MEXaHHU3Ma
I'YIl. Ho, cymecTByromias HOpMaTHBHO-TIpaBoBasi Oasza
3HAUUTENILHO COKPAIaeT BO3MOXHOCTH UCHOIb30BAHUS
WHCTPYMEHTOB IMOAJICP)KKH YAaCTHOTO CEKTOpa TpH pea-
JIM3alMY NPOEKTOB nmapTtHepcTBa. Tak, coracHo cT. 100
11. 4 bromxkeTrHoro kopekca P®, mecTHbIe OpraHbl BIacTu
HE MOTYT IPE0CTaBIATh MyHHUIINTIAIBHbBIC TAPAHTHN Ha
cpok mpeBsImaronuii 10 JeT, B To BpeMs Kak, Halpumep,
KOHIIECCHOHHBIE COTIAIICHUs 3aKirodaroTcss Ha 15-20
net. IlpakThka TOpPUMEHEHHUS APYTUX HHCTPYMEHTOB
(rHAHCOBOH mojiep KK (CyOCHIMpOBaHHE CTABOK I10
MIPUBJICYCHHBIM 3aliMaM HHBECTHLMOHHBIE HAJIOTOBHIE
KpPEIUTHI JIBFOTHI [0 HAJIOraM He MOJIyYusIa IIHPOKOro
pacnpoCTpaHeHUsI U HE CTUMYIHPYET HMPUTOK YACTHBIX
HMHBECTHLIUI.

[Tpennaraemble HAMHU B CTAaThe CTPATETUYECKHE Ha-
MIPABICHNST COBEPIICHCTBOBAHUSI OPTraHU3aIlMOHHO-3-
KoHOMMuecKkoro mexaHusma ['UIl mosBossiT co3pathb
O7aronpusATHBIC PABOBBIE U MHCTUTYIMOHAIBHBIE yC-
moBus 1711 3(PEKTHBHOTO YIIpaBICHUS peann3annuei
npoextoB ['UIl u cmocoOcTBOBAaTh MOACPHHU3AINN HH-
(bpacTpyKTyphl 3/[paBOOXpAaHEHHUsI, & B KOHEYHOM HUTOTE
MTOBBICUTh YPOBEHb JOCTYIMHOCTH U KaueCTBa MEIUIH-
CKHX yCITYT.

Introduction. Economy, like any other sphere,
including human activity, is constantly developing and
evolving. In the process of development, new forms
of financial solutions arise for the implementation of
investment projects. These are especially the ones that
have not only economic but also social significance for
the country. Russian economy is not an exception in this
regard. The introduction of modern financing forms of
social and economic projects is extremely important for
the economy of our country, since the industries which
are traditionally in state ownership require significant
financial costs, which does not always correspond to the
government budget. These sectors comprise education,
healthcare, housing and communal services, transport and
road infrastructure. The objects referring to these spheres
of economic activity can’t be privatized due to their
social, economic and strategic importance, and therefore
they cannot make any profit. To solve the problem of the
national economy underfunding, organizational forms
based on public-private partnership are being created in
the world economic practice. The aim of the research
is studying-the impact of the strategic analysis of PPPs
in the healthcare sector in the formation of strategic
directions concerning increasing the efficiency of the
PPP institution in the development of healthcare.

To achieve the goal it is necessary to solve the
following problems:

e to study the concept of strategic analysis of the PPP
institution in healthcare;

o to determine the stages and components of the strate-
gic analysis of the PPP institution in healthcare;
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e to assess the impact of external and internal factors
on the PPP development in healthcare;

e to develop strategic directions for increasing the ef-
ficiency of using the PPP institution in health care.
Materials and methods. The subject of the study is

financial and economic relations between the state and
private kinds of business in the implementation of PPP
projects in the sphere of healthcare. In the process of
solving the set problems the methods of strategic and in-
tegrated economic analysis were used.

Results and discussion. At the present stage the-sys-
temic reformation of the Russian public health system is
aimed at improving the quality of provided medical ser-
vices based on the strategic management of the industry.
Despite modernization of healthcare, which has been re-
cently carried out by introducing additional sources of fi-
nancing in the form of social insurance systems, attracting
the funds of consumers of medical services, the problems
of low economic efficiency of the public health sector and
limited public resources have not been solved. To solve
these problems, the world practice uses the PPP institution.

In accordance with the provisions of the state pro-
gram of the Russian Federation «Development of Health-
carey till 2020 «The main goal of PPP in healthcare is the
development of interaction between public and private
health systems. It is necessary to integrate into private
health insurance system of private medical institutions,
to use concession agreements, as well as the involvement
of managing companies to manage certain types of medi-
cal facilities on various analytical grounds» [1].

The strategic analysis enables us to-assess the factors
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that have both a positive and negative impact on the de-
velopment of the PPP institution in healthcare. The fea-
tures of the process of carrying out such an analysis are
shown in Figure 1.

In modern conception, PPP is a special type of co-
operation between the public and private sectors with a
view to realizing a long-term investment project at the
local, regional, national and international levels.

The rapid development of the diverse forms of
PPP in economies of developed countries and, recent-
ly, of developing countries, the widespread use of these
forms in various sectors of economics make it possible
to practise the form of interaction between the state and
business as a characteristic feature of modern market
economy.

EXTERNAL ENVIRONMENT INTERNAL ENVIRONMENT
FACTORS: Strategic analysis of PPP in healthcare is FACTORS:
- Social a comprehensive study of factors of Infrastructure )
- Technological external and internal environment that General state of the industry
- Economic can affect the development of PPP in E Orﬁl}f and models of PPP in

" ealth care

- Political health care NDA of intra-industry
- Federal regulations significance

= N ———

Assessment of the impact of external and internal factors
on the development of PPP in healthcare

Development of strategic directions for increasing the efficiency of the PPP institution in healthcare

Figure 1 — Stages of a strategic analysis of PPP in healthcare

The government is responsible to society for the un-
interrupted provision of public goods, which explains the
tendency to preserve a number of industries and branches
belonging to the state. At the same time, private entrepre-
neurship is characterized by mobility, high efficiency of
resource use and propensity to innovations.

The accumulated complex of forms and methods
enables PPP to transfer some functions to the private
sector with the preservation of the most important state
national objects. These functions comprise construction,
operation and maintenance of industrial and social infra-
structure facilities, as well as their management. Thus,
some kinds of private goods and services are brought into
the traditionally state economy, and it creates conditions
for effective functioning of these facilities, optimal man-
agement and rational use of resources. The government
benefits from increase in the budget revenues associated
with the project, as well as from indirect effects, i.c. the
revival of the conjuncture and the growth of investment
attractiveness of the regions.

In our opinion, PPP in healthcare is a mutually ben-
eficial cooperation between state authorities, local gov-
ernment, private and non-profit organizations, which
enables them to ensure effective implementation of the
problems of public health entities by attracting private
resources for the creation, reconstruction, management,
maintenance of infrastructure healthcare or the provision
of services [2].

Public-private partnership in healthcare has the
problem of making healthcare more accessible and us-
ing health resources more efficiently. In the concept of
the healthcare development of the Russian Federation till
2020, modernization of healthcare is called one of the
state’s priorities. But, a significant part of the treatment
and prophylactic institutions were-built 3040 years ago.

According to the Russian Ministry of Health, 32% of
hospitals and 30% of polyclinics require capital repair, they
lack hot water, running water, autonomous energy supply,
and 57% of equipment is physically and morally obsolete.

In accordance with the modernization program, it is
necessary to build about 500 hospitals in the country next
years [3]. To solve the strategic problems of the industry,
investments amounting to 0.8-1.0 trillion rubles are need-
ed. In the healthcare system, up to 20% of institutions
provide services in the areas which are potentially pop-
ular with private investors, and the possible amount of
investments is 250270 billion rubles. Besides, in a num-
ber of Russian constituent entities, private investments
are attracted to the construction and operation of new
health facilities: oncological dispensaries, rehabilitation,
dialysis and perinatal centers.

These infrastructure objects have an effective de-
mand from consumers, which can guarantee a return on
investment. The potential of this investment segment is
estimated by experts at 50-70 billion rubles. In federal
public health institutions, according to preliminary esti-
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mates, the current need for private investment is more
than 20 billion rubles [4]. These problems can be solved
when using the PPP mechanism. One of the most import-
ant factors of the external environment, which has an im-
pact on the development of the PPP institution in health
care, is legal regulation.

Thus, the adoption of 13 July 2015 Federal Law
Ne 224-FZ «About Public-Private Partnership, Munic-
ipal-Private Partnership in the Russian Federation and
Amendments to Certain Legislative Acts of the Russian
Federation» [5] means creation and / or modernization
of medical infrastructure facilities by private investors
to improve the quality of services provided to the popu-
lation; it enables private ownership of newly created or
reconstructed infrastructure facilities; the investor must
ensure that they are used with the intended purpose.

Juridically, a public party can participate in a PPP
project through direct co-financing, providing some aid
for the implementation of the project or a state guarantee,
as well as taking part in property, including providing land,
water, forest areas for the facility being created. Besides,
a mechanism is provided to ensure the preservation of the
contract terms. In tandem with the preparation of the law,

the concession legislation was finalized. In July 2014,
Federal Law Ne 265-FZ «Amendments to the Federal Law
«About Concession Agreements» and specific legislative
acts of the Russian Federation» was adopted [6].

As a result, the mechanism of private initiative
was introduced, making it possible to shorten the time
for concluding a concession agreement from 12 to 10
months in case of a tender and from 150 to 50 days if the
tender is not held. The law guarantees the recoupment of
the concessionaire’s investments and the receipt of the
proceeds provided for by the concession agreement; it
provides the pre-emptive right to redeem the concession
agreement object by the concessionaire.

The factor of the internal environment that directly
influences the development of the PPP institution in
healthcare is using PPP forms and models.

In the generally accepted world practice, two forms
of cooperation are distinguished, they are contract and
institutional ones. The institutional form presupposes the
creation of joint ventures with the participation of the state
and business. The contract form of a strategic partnership
is the conclusion of a contract for the performance of cer-
tain functions with respect to a healthcare facility.

Table 1 — Forms of PPP cooperation in health care [7]

Institutional Form

Contract Form

Creation of a new medical organization with the joint
participation of the state and business (state corpora-
tions)

Concession (various types of concessions), incl. conces-
sions with the right to transfer and without the right to
transfer a medical organization to a private partner

Establishment of a non-profit health organization (joint
ventures, holdings and trusts with state participation)

Contract forms, including rental of property (leasing)
and a state order (an order to supply products for state
needs)

Establishment of a management company for the im-
plementation and management of projects in the field
of health

Contracts on public services and works funded by the
private sector

The transfer of the share of the state medical organiza-
tion (including partial privatization, corporatization) to
a private company.

Contractual forms of quasi-public-private partnerships
(a contract for the provision of medical services by pri-
vate organizations; a cooperation agreement; an agree-
ment on performing auxiliary functions of a medical
organization (outsourcing)

On the basis on the results of the analysis of the
public-private partnership models in accordance with the
international classification (Table 1), it is recommended
to use the specified PPP models of the contract form for
the Russian healthcare system.

Concessions have received the most widespread
expansion in the infrastructure sectors and the social
sphere (including healthcare), where private investment
flows and highly qualified management are needed.

Concession (concession agreement), is a specific
form of relations between the state and a private partner,
the peculiarity of which is that the state (a territorial en-
tity of the Russian Federation, a municipal entity) with-
in the partnership, while remaining the full owner of the
property constituting the subject of the agreement, autho-
rizes the private partner to fulfill the functions specified
in the agreement provides the partner with the appropri-
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ate authority. For the use of state or municipal property,
the concessionaire shall pay a fee on the terms and condi-
tions stipulated in the concession agreement. The right of
ownership rendered under the concession is transferred
to the concessionaire.

In the concession, the state, first of all, is a public
authority. In this capacity, it does not only provides a part
of its powers as an owner to partners under agreements,
but also delegates some of its power functions (exclu-
sive sovereign rights) to them. Exclusivity (sovereignty)
of the nature of the rights conferred by the state to the
concessionaire (a private partner) is that within the scope
of the type of activity for which it receives an exclusive
right, similar activities of any third parties, as well as the
state itself, are not allowed.

The sources of concession financing can be repre-
sented in the form of the following scheme (Fig. 2).
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Figure 2 — Sources of concession agreement financing

The analysis of regulatory legal acts makes it
possible to identify three types of concessions in the
health sector: existing health facilities; the construction
or modernization of health facilities; the transfer of state
property to the private management company. Since
the Law «About Concession Agreements» operates in
Russia, the adoption of which has become the basis for
the use of PPP mechanisms, it is advisable to systematize
the financial obligations of each part — the concessor and
the concessionaire (Fig. 3).

The analysis of foreign experience in using the PPP
mechanism is an integral part of the factors of impact
assessment of the development of PPPs in health care.

In different countries the development of PPPs takes
place at different rates: in the UK, France, Germany and
Spain this market is already sufficiently formed, other
countries have just started developing such partnerships.

A comparative analysis of international practices
of public-private partnership in healthcare indicates an

increase in efficiency, a reduction in the cost of treatment
and an increase in the volume of savings in public
resources by an average of 10%.

The leader in the field of PPP in medicine is the
United Kingdom. From 1992 to 2014, the UK share in
the pan-European number of PPP projects was 67%,
and as for their cost, it was 53%. In the total volume of
transactions, PPP in healthcare occupies 20%. Public-
private partnership in the UK healthcare is developing
in two directions — the construction and reconstruction of
fixed assets in the industry and the provision of medical
services.

In 1992 the government of Great Britain presented a
private financial initiative as the most effective form of
partnership in acquiring public services. The essence of
this British form of PPP was to attract private investments
for the construction of big public facilities in health care,
when private business is building a public facility at its
own expense.
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Figure 3 — Financial obligations of participants in the concession agreement

Public-private partnership in the UK healthcare is
developing in two directions — the construction and re-
construction of fixed assets in the industry and the pro-
vision of medical services. In 1992, the government of
Great Britain presented a private financial initiative as
the most effective form of partnership in acquiring pub-
lic services. The essence of this British form of PPP was
to attract private investments to the construction of large
public facilities in health care, when private business is
building a public facility at its own expense.

The compensation of private investor’s expenses is
carried out subsequently either at the expense of income
from exploitation, or through the payments from the
budget. In many cases of private financial initiative, the
investor is involved in the further operation of the facility
up to hiring personnel. In Great Britain, the value of
private financial initiative, which is the main form of PPP
in healthcare, is more than 30 billion pounds sterling.
According to the British Government, such projects
provide 17% of the country’s budget savings.

In Germany, in the sphere of PPP, the sale of state
health facilities to investors for a symbolic amount
in exchange for the provision of a fixed amount of
investments and the obligation to fulfill the state order
is widely spread. This has led to the increase from 4% to
22% in the share of private health facilities for the last
10 years.

In Sweden, agreements with private investors for
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the management of public hospitals, the provision
of emergency medical care, the provision of clinical
laboratory services and other medical services are
concluded. Since the introduction of PPP practice, the
waiting time for diagnosis and treatment has decreased
by 30%, and the cost of a number of medical services has
dropped significantly: x-ray diagnostics by 50%, clinical
laboratory services by 40%, and emergency services by
10% [7].

In Australia, where about 50 hospitals have been
transferred to private ownership, agreements with private
investors to provide services for the design, construction,
ownership and management of new institutions are
extended. The main terms of the contract for a period of
15 years include the obligation to serve all citizens at fixed
rates and to exercise control over the quality of medical
care. As a result of the introduction of the institution of
PPP, the cost of building new health facilities dropped by
20%, the number of patients served increased by 30%,
the waiting time for treatment was reduced by 30% [6].

These examples reflect the general trend — medicine
is becoming an attractive sphere of private capital appli-
cation, which facilitates the tasks of the state and is ben-
eficial for consumers of medical services.

When forming a national system of public-private
partnership, one should take into account the experience
of world leaders in implementing projects based on PPP.
But it should be born in mind that each of the countries
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in question has its own structure of public administration,
as well as its own experience in the development of the
public-private partnership system, therefore copying
individual elements of the PPP system is unacceptable.
When optimizing the domestic system of public-private
partnership as a whole, and its individual elements in
particular, it is necessary to take into account the specifics
of the relations of partnership development at both levels,
federal and regional.

In Russian economy, there are opportunities to
conclude lifecycle contracts in the construction and
reconstruction of health facilities, to attract private
foreign and national companies to manage health
facilities within the concession. Besides, there are
investors who are ready to participate in projects with
a yield of 8-9%. Abroad many health facilities are built
and then run by big international companies. Thereby,
the main funds are invested in these projects by private
investors, the state acts as a guarantor of compliance with
all agreements, including the repayment of loans or the
profitability of facilities built and put into operation. This
makes it possible to provide the population with medical
assistance where there is not enough state funding.
From an economic point of view, the benefit is beyond
doubt: the state is building twice, or even more times, as
expensive as the private sector. There is also a significant
difference for the consumers of medical services: they
can get services faster and with a higher quality. At the
end of 2016, in the format of public-private partnership,
more than 70 projects were implemented in public
healthcare at various stages, and 61 projects were already
under construction and operation.

Within the framework of PPP projects in healthcare,
it is planned to attract investments amounting to 61
billion rubles, the total amount of private investments in
PPP projects amounts to 57 billion rubles, which is about
10% of total investments in PPP projects in all sectors
[4]. At present, under the Russian Ministry of Health
government agencies, there are 15 investment projects in
different stages of preparation, including:

— establishment of a multidisciplinary center for
outpatient care using the concession mechanism (in
Moscow);

— construction of an advisory-diagnostic clinic and
a center for nephrology and dialysis by concluding an
investment contract (in Samara);

— organizing an office complex with the placement
of educational and clinical units in it by concluding an
investment contract (in Rostov-on-Don);

— reconstruction of emergency buildings by
concluding an investment contract (in Perm);

— establishing a medical center with a training base
using the concession mechanism in Perm.

Among the subjects in which the PPP mechanism is
effectively used, it is possible to distinguish the Republic
of Tatarstan. For example, AVA-Peter LLC concluded a
concession agreement on the reconstruction of the family
planning and reproduction center for a period of 10 years,
which enabled the republic to acquire a modern medical

institution dealing with the problems of reproductive
health preservation and rehabilitation.

With «Clinic of Modern Medicine HD» LLC, five
5 concession agreements have been concluded on the
establishment and operation of outpatient hemodialysis
centers in Kazan, Naberezhnye Chelny, Nizhnekamsk
and Bugulma, which made it possible to ensure the
availability of this type of assistance for the population of
the republic. Besides, the ambulatory hemodialysis center
in Kazan is recognized as the best social infrastructure
project in Russia as a part of the National Infrastructure
Award ROSINFRA.

The country’s medical facilities have received a
lot of modern equipment recently, but only 20% of this
equipment works in full force and effect. The reason is
that there are not enough trained personnel, and this is
why many centers do not have time to use even the funds
allocated by the state for high-tech medical care.

In such a way a project appeared, that was an
educational center of high medical technologies in
Kazan, established in 2008. It was the first educational
center of PPP in the world. Regional authorities provided
the building, provided its overhaul and administrative
support. The business had invested its experience,
including the experience of project management, and had
taken over operational costs. The budget of the center
in 15 million dollars was calculated for five years. Here
doctors, nurses, administrators of clinics are trained.
Over 4,000 physicians from 73 cities have been trained
for the Center’s work, for most of them training is free
of charge.

Positive examples of the use of PPPs exist in
other regions, too. In Samara Region, a corpus of the
center for extracorporeal hemocorrection and clinical
transfusiology is being built on concession terms. The
volume of private investments at the end of the project
should be at least 350 million rubles.

In Moscow, a concession was concluded with «Eu-
ropean Medical Center» CJSC for the reconstruction,
operation and organization of four medical centers: po-
sition-emission tomography; endovascular surgery; peri-
natal and rehabilitation support for a period of 49 years.

In Novosibirsk Region, under the conditions of con-
cession, the maternity hospital and the dental clinic are
being reconstructed. The hospital will provide high-tech
specialized medical care for the treatment of infertility,
and annually 48 residents of the region will be able to
receive it free of charge. Free dental care will be used by
up to 300 people a year.

The examples of PPP agreements based on regional
legislation include the establishment of a nephrological
center in Khabarovsk region (Komsomolsk-on-Amur)
and the construction of a multidisciplinary medical cen-
ter in Orel region. According to the information of the
constituent entities of the Russian Federation, the imple-
mentation of 29 more projects was constrained due to the
lack of legislation in the sphere of PPP.

In 2015 the Russian Ministry of Health prepared
the first federal-level pilot project using the concession
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mechanism in the health sector. That was the establi-
ahment of competitive production operations on the basis
of one of the property objects of Novosibirsk Research
Institute of Traumatology and Orthopedics named after
Ya.L. Tsivyan, whose products will be in demand in trau-
matology, orthopedics and neurosurgery [8].

In Volgograd region, the implementation of measures
to develop public-private partnerships in the healthcare
sector is carried out within the framework of the regional
state program «Health Development of Volgograd Region
till 2020, approved 30 April 2013 by the Government
of Volgograd Region Decree Ne 216-p «On Approval of
the Health Development Program of Volgograd Region
till 2020» [9]. In 2014, twenty-four private companies
worked in the compulsory medical insurance system, and
medical assistance in the amount of 42577.1 thousand ru-
bles was provided by them. In 2015, twenty-two private
companies worked in the compulsory medical insurance
system, for 8 months they provided medical assistance in
the amount of 12195.4 thousand rubles [10].

On the territory of Volgograd region there are pri-
vate medical organizations that have officially switched
to providing free medical care at the expense of the fed-
eral, regional, municipal budgets, as well as the budgets
of the Federal Fund of MMI and territorial funds of the
MMI. Nowadays in the Territorial Program of MMI in
Volgograd region the largest private medical organiza-
tions providing medical assistance are “Multiple Medical
Center Dialine” LLC, Scientific Production Association
Volgograd Center for Disease Prevention «YugMed»
LLC. These clinics have significantly more advantages
over competitors that provide a similar range of services.
Clients of the above-mentioned clinics can receive ser-
vices under the MMI policy, which are included in the
basic program of compulsory medical insurance.

Besides, the provision of medical care is fully cov-
ered by the MMI rate. Within the territorial program of
MMLI, citizens are provided with free primary health care,
including preventive, emergency medical care, and spe-
cialized medical care.

Besides, the development of public-private partner-
ship is also realized in the form of a concession. Among
other factors, the mechanism of public-private partner-
ship allowed opening a hemodialysis center. At the same
time, the volume of non-state investments for the imple-
mentation of this project amounted to more than 350 mil-
lion rubles.

In Pallasovsky municipal district, in June 2016, in
the framework of the implementation of public-private
partnership, the sanatorium «Elton» was transferred to
the concession.

The investor, who has won the tender for concluding
a concession agreement, will build a bedroom building
for 270 beds, a sauna and swimming pool. The volume
of investments in the project will be 850 million rubles.
The facility will provide quality services accessible to the
entire population.

The practice of using contract forms of quasi-pub-
lic-private partnership in the form of concluding con-
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tracts for performing auxiliary functions of a medical
organization with private business (outsourcing) has be-
come widespread.

In Volgograd region, two-thirds of vehicles available
to health facilities are completely worn out. The basis
of the fleet of ambulances in Volgograd region is made
up of Gazel vehicles, which, working in difficult road
conditions in Volgograd, fail for two years. It is not pos-
sible to buy new ambulances from the budget or from
the Mandatory Medical Insurance Fund. The purchase of
transport services from specialized companies allowed
us to update the fleet in the framework of the concluded
contracts.

New minibuses are oriented to medical and
paramedical brigades of general profile and equipped
with all necessary medical equipment (its cost is about
70% of the car cost). The climate control system
creates comfortable conditions for transported doctors
and patients in any season. The investor purchased 95
specialized minibuses, the total cost of the investment
project is 1.5 billion rubles. Volgograd received new cars
under the contract in the second quarter of 2016, and the
government will pay for the service they provide next
five years.

The outsourcing of food and cleaning services is
actively developing in the medical institutions of the
region. Regional clinical hospital No.l became the pilot
project. Outsourcing of the catering organization allowed
the regional hospital to significantly save the money that
was spent on providing the work of kitchen and laundry.
At the same time, the quality of nutrition has significantly
increased, which is positively assessed by patients. In
2016, 39 out of 68 round-the-clock hospitals in the region
switched to outsourcing supply. [11].

The benefits of transferring non-core tasks to a
medical institution consist in a significant reduction
in both the burden on personnel and in more efficient
management of the costs of procurement, support,
maintenance and replacement the equipment of their own
and software.

In the long run, the customer gets rid of a number
of problems that are not solved in the current budgetary
conditions. Hereby, at the current stage of transition
to a new relationship scheme the most important task
will be to build trustful and responsible relations with a
contractor that provides outsourcing services.

Focusing on the provision of direct medical services,
healthcare uses the outsourcing scheme in all non-
core processes, for example: maintenance of medical
equipment; conducting laboratory studies; removal
of garbage and anatomical waste; the organization
of an access regime; protection and maintenance of
public order in the territory of hospitals; maintenance
of technological equipment of the kitchen, lifts, water
supply, sewerage, laundry; provision of ready meals, etc.
At the same time, it is necessary to notify that in many
cases traditional, template directions of activity in the
field of public health have been chosen, in which the
potential of PPP is poorly involved. For example, little
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attention is paid to the problem of training personnel to
work with new equipment in conditions of new standards
and procedures, technical support for the operation of
various medical equipment and information systems, etc.

The search for new forms and opportunities for
interaction between government and business continues.
Legal conditions are created for concluding a life cycle
contract for works on the design and construction of
health facilities, as well as investment contracts for the
federal health infrastructure.

However, in Russia PPP is not developing at such a
rapid pace as in foreign countries, this can be explained
by subjective factors: a low level of legal and economic
competence of government, lobbying certain groups,
weakness of civil society institutions. But there are also
objective reasons, such as the absence of a model for
managing state property in Russia.

The state should, as it is done in other countries,
clearly outline the boundaries of its responsibility to the
society for its existing property through legislation and
other legal norms and determine the range of objects not
subject to privatization at the level of the federal law.
Legal ambiguity in this matter promotes corruption and
leads to the appearance of a private monopoly in the place
of a state monopoly with all the negative consequences
for the government and society.

Another deterrent to the development of PPP is
the presence of risks in the implementation of projects.
The division of risks between the state and the private
investor should be included in the general conditions of
the concession contract and form its economic basis. The
distribution of risks should be carried out according to
the principle of transferring them to those who can most
effectively manage risks. The meaning of PPP is mainly
to achieve synergies from partnership.

The existing potential of public-private partnership
in the health sector is not fully utilized. One of the main
reasons for this is the lack of a developed management
system for the development of this institution both at the
federal and regional levels. The strategy of the Russian
regions and municipalities does not currently include
practical experience of functioning projects on the basis
of public-private partnership, i.e., the principles and
mechanisms of interaction between government and
business, program-target management, financing and
management of public-private partnership projects.

Foreign experience, as well as that of other regions,
should be formalized in the form of strategic documents,
which should include a set of forms, methods, tools for
managing partnership projects in the health sector. The
development and implementation of such a mechanism
will create objective prerequisites for minimizing risks
and will facilitate the inflow of private investment
resources into the industry.

It should be notified that business, entering partnership
projects in public healthcare, is interested in long-term and
stable cooperation, i.e. when “the rules of the game” are
known and understood in advance guaranteeing the return
of the invested financial resources and the necessary level

of profitability. The authorities need to improve the open
dialogue with the business, namely:

e to find mechanisms to stimulate and promote social
responsibility;

e to define the powers of the authorities that are re-
sponsible for preparation and implementation of
joint projects at the regional and local levels at all
stages ;

o to form the basis of projects that can be implemented
on the basis of PPP;

e to monitor the effectiveness of joint projects;

e to ensure the coverage of the positive experience of
PPP in the media (this in turn may be of interest to
investors);

e to organize a systematic approach to training spe-
cialists in order to form a team for effective imple-
mentation of PPP projects.

Besides, due to the acute social orientation of this
sector of the economy, the underdevelopment of market-
based management mechanisms, a huge scale of the
problems accumulated in the industry, and the lack
of budgetary funds and own resources of economic
entities, they need to actively support the partnership of
government and business in industry.

The implementation of public-private partnership
agreements, complicated by the length of the approval
procedures, a long-term nature of such projects, a high
level of risks and often their unforeseen nature, requires a
certain professional level, project finance skills that most
government employees do not possess.

In this regard, the task of organizing qualified
support for PPP projects at all stages of their life cycle
is urgent. At the same time, it is advisable to assign
functions on information, consulting, organizational and
methodological support of partnership projects to the
Development Corporation, established at the level of the
territorial entity of the Russian Federation acting as a
non-profit organization [12].

The main goals of the Development Corporation are:

e organization of constant interaction with the largest
PPP institutions;

e obtaining organizational and methodological sup-
port from the federal level PPP institutes;

e interaction with business entities, executive authori-
ties in the process of information gathering, prepara-
tion and support of PPP projects;

e provision of organizational and methodological sup-
port to business entities in the process of implement-
ing PPP projects;

e organization of financing of infrastructure projects,
formation of investor groups, harmonization of their
interests and creation of an enabling environment for
collective investments;

e integration of federal, regional and municipal PPP
tools in the process of implementing major invest-
ment projects.

Thus, the most important strategic direction of the
development of the PPP institution in healthcare is the
adaptation of successful foreign and domestic experience
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of PPP to Russian reality, which requires the creation
of favorable legal, organizational and institutional
conditions for this.

This requires:

e development of the regulatory and legal framework,
adoption of a number of by-laws regulating partner-
ships between government and business;

e creating programs for the development of the insti-
tution of partnership, integrated tools for supporting
the private investor, the conditions for attracting
financial resources for the implementation of joint
projects;

e development of practical documents, open project
databases, which will allow replicating successful
experience;

e creation of structures, development institutions, the
main task of which is comprehensive support of
partnership projects;

e increasing the role of civil society institutions in
partnership projects, involving all stakeholders in
their implementation.

Only in this case, public-private partnership will
become an effective tool for modernizing healthcare.

The implementation of the complex of the above-
mentioned measures will make it possible to improve
the management of the healthcare sphere, eliminate “the
investment hunger”, solve the accumulated problems
through the development of mechanisms for partnership
between government and business. After that, the
main goal of projects based on PPP will be achieved:
improving the quality of life of the population, combining
the efforts and resources of the parties, distributing their
responsibility and risk best, while retaining control
functions in partnership with the state.

Conclusion. Based on the analysis, the following
conclusions can be drawn:

1. Effective implementation of PPP projects in the
health sector is not possible without taking into account
the external and internal environment factors presented
in Figure 1.

An objective assessment of the impact of these fac-
tors is a prerequisite for developing an effective orga-
nizational and economic mechanism for managing the
implementation of PPP projects in the health sector. The
urgency of developing a system of strategic management
is due to the high social importance of this sector of the
economy.

2. The experience of applying international practices
of public-private partnership in healthcare indicates the
increase in efficiency, the cost of treatment and the in-
crease in the volume of savings in public resources by the
average of 10%. Adaptation of international experience
requires taking into account the specifics of the develop-
ment of partnerships at the federal and regional levels.

Currently in the healthcare of the Russian Federa-
tion, fixed assets amounting to 2.0-2.2 trillion rubles are
used while the degree of funds depreciation is 40-45%.
To solve the strategic tasks for modernization of the in-
dustry, investments amounting to about 1.0 trillion rubles
are needed. This problem can be solved by using the PPP
mechanism. But the existing legal and regulatory frame-
work significantly reduces the opportunities for using
tools to support the private sector in the implementation
of partnership projects. Thus, according Russian Budget
Code, local authorities cannot provide municipal
guarantees for a period exceeding 10 years, while, for
example, concession agreements are concluded for 15-
20 years. The practice of applying other financial support
instruments (subsidizing interest rates on borrowed
loans, investment tax credits, tax benefits) has not been
widespread and does not stimulate the flow of private
investment.

The strategic directions for improving the
organizational and economic mechanism of PPPs
offered in the article will allow creating favorable legal
and institutional conditions for effective management
of the PPP projects implementation, contribute to the
modernization of the health infrastructure and to improve
the accessibility and quality of medical services in the
long run.
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