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OO0parieHo BHUMaHHE Ha MPOTHBOPEYHE, CBSI3aHHOE C OLIEHKOW COBMECTUMOCTH JIEKAPCTBEH-
HeIx (JIB) u BcriomorarensHbix (BB) BeliecTB: kak HECOBMECTUMBIE paccMarpuBaroT Takue BB
u JIB, KOTOpbIe MOT'YT XUMHUYECKH B3aMOAEHCTBOBATh MEXIy co00i. B To xe Bpems B cocTa-
B€ HEKOTOPBIX OPUI'MHANIBHBIX IpenaparoB uMmerorcs BB u JIB, criocoOHble K XUMUYECKOMY
B3auMoJelcTBUIO. JIIs yCTpaHEeHHs 3TOr0 MPOTHBOPEUMS BBEJECHO IOHATHE “‘TIOTEHLUATIbHAs
HecoBMecTHMOCTE” BB 1 JIB — crocoOHOCTh BEIIECTB K MPSMOMY HIIA OMOCPEIOBAaHHOMY
XIUMHYECKOMY WIIM HEONarompusITHOMY (H3MYECKOMY B3aWMOICHCTBHIO, KOTOPOE IMOTEHIIH-
aJIbHO MOXKET MPOSIBUTHCS MPH MPOMU3BOACTBE WJIM XPAaHEHUHU JICKAPCTBEHHOI'O Ipernapara u
OKa3aTh BIMSHME Ha ero kadectso. [loguepkHyTo, uTo BBIBOA O HecoBMecTuMocTu BB u JIB
MOXKHO JIeJIaTh TOJIBKO B TOM CIIydae, €ClIM He YJaeTcs 00eCHEeYUTh UX COBMECTUMOCTD B JIe-
KapCTBEHHOM IIpemnapare. PaccMoTpens! crioco0bl olieHKH coBMecTuMocty BB u JIB: crpecco-
BBI€ DKCIIEPUMEHTHI C UCIIOIB30BAHUEM XPOMAaTOrpaUueCKHX METOIOB aHAIN3a; CTPECCOBBIE
9KCIIEPUMEHTHI C MCIOJIb30BAaHUEM CIIEKTPAJIbHBIX METOIOB aHAJIN3a; HKCIIEPUMEHTHI C HC-
MIOJTb30BaHUEM TEPMHUECKHX METOIOB aHalM3a M KajmopuMmeTpud. IIpemioxeH m 000CHOBaH
cucTeMHBbIH nozxox “Step-by-Step Approach” k uccienosanuio copmectumoct BB n JIB, oc-
HOBAHHBIN Ha KCIIPECCHOM TECTHUPOBAaHUN B3auMojeiicTeust BB u JIB He TOnbKO B MOJEIBHBIX
CMecCsX, HO M B 00pasnax pa3padaTblBaeMbIX JICKAPCTBCHHBIX (opM. DTO MMeeT pemiaroniee
3HauUeHMeE JJIs HaJeKHbBIX BBIBOJOB 0 coBMecTMocTy BB 1 JIB. O6cy K 1eHbl H3BECTHBIE THIIBI
MOTEHIMAIBHO HECOBMECTUMBIX BEILIECTB, BayKHBIE IS IPOrHO3a MOTEHLMAILHON HECOBMeC-
tumoctu BB u JIB Ha 0cHOBaHWM 0COOEHHOCTEH CTPYKTYPBI 1 XUMHUYECKHUX CBOWCTB MOJICKYII.
JlaHbl pekoMeHJaliy, CBI3aHHbIe ¢ ucciieoBanueM copMectumoctu JIB u BB.

KiroueBble ciioBa: COBMECTHUMOCTD; JICKAPCTBCHHBIC U BCIIOMOI'aTCJIbHBIC BCUICCTBA; METOAbI
HCCIICNOBaHHs,; CTPECCOBBIC IKCIICPUMECHTHI; IPOTHO3UPOBAHUC.

HccnenoBanue COBMECTUMOCTH JieKapcTBeHHBIX (JIB)
U BcrioMorarenbHbIX (BB) BemiecTs sABsieTcs HE TOJIBKO
Ba)KHBIM, HO U 00513aTeNIbHBIM 3TAIloM MPH pa3paboTKe Je-
kapctBeHHbIX (popm (JID). CoBmectumocts JIB u BB
(drug-excipient compatibility) gomkHa ObITE 000CHOBaHA
B JIOKyMEHTaX, MOJaBa€MbIX IIJIsl PETUCTPAIMU JIEKapCT-
BeHHbIX mnpenaparoB B CTD ¢Qopmare B pazgene
3.2.P2.1.1 [1, p. 15]. Ot TOrO, KaK MPaBHIBHO U OBICTPO
BeIOpaHbl BB, 3aBucAT (uHaHCOBBIC 3aTpaThl M CPOKH
paspadorku JI®. Uccnenosanuio coBmectumoctu JIB u
BB mocesimensl cotHu myOnukanmid, nouck B Google
¢dpazsl “Drug-Excipient compatibility” mamx okono 14 Teic.
pesynbraroB. Tem He MeHee 10 CUX 0P HEpELICHHBIMU
OCTAOTCSl BOXXHBIC TIPOOJIEMBI, CBSI3aHHBIC C ITOH TEMOM.
[Ipexkae Bcero oTMETHUM CYLIECTBEHHOE IPOTUBOPEUHE: €
OJJHOHM CTOPOHBI, KaK HECOBMECTUMbBIE pacCMaTPUBAIOT Ta-
kue BB, KOoTOpble MOTYT XMMHYECKH B3aUMOJEHCTBOBATh
¢ JIB wm mexy cobold [2 —4], a ¢ Ipyroil — HU3BECTHBI
OpPUTMHAJIbHBIE NIPENaparhl, B COCTaB KOTOPBIX BXoaAaT JIB
u BB, criocoOHbIe K XUMUYECKOMY B3aMOJIECHCTBHIO (OH-
COIIPOJION, KapAHMOMarHui u Ap.). To ecTb TEpMUHOJIOTHS,
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CBsI3aHHAs ¢ HccaenoBaHueM coBMmectumoctd JIB u BB
TpeOyeT yTouHeHWi. BakHoii mpoOnemoii ocraercsi He-
JIOCTAaTOYHas HaJICKHOCTh OLICHKH coBMecTuMocTH JIB u
BB, ocobenHo B ciryuae TBepabix JID; 3T0 IPUBOAMT K J10-
MTOJTHUTENBHBIM 3aTparaM BpEeMeHH M (DMHAHCOB IIPH pa3-
pabotke JI®. B nmureparype modytu He yAenseTcss BHUMa-
HHE BOTIPOCaM, CBSI3aHHBIM C TIPOTHO3WPOBAHNEM COBMEC-
tumoctu JIB u BB.

Lenbro cTarhbu SBISIOTCS 0OCYXKIEHUE YIIOMSHYTOTO
BBIIIIE TIPOTHBOPEYHS U BOSMOKHOCTH €T0 N30eXkKarh; pac-
CMOTpEHHE CITOCOOOB MCCIIECIOBAHMS U TIPOTHO3UPOBAHUS
coBMecTimocTi BB 1 JIB, X 0COOCHHOCTH M OrpaHuye-
HUS, @ TAK)KE€ PEKOMEH/IAINN BAXKHBIE TSI TPAKTHKH.

[Ipexxne Bcero Oonee MOAPOOHO PACCMOTPUM YIIOMSI-
HYTOE BBIIIC IPOTHBOPEUHE, a TAKXKE CIIOCOOBI €ro ycTpa-
HeHus1. 3amagumcst BompocoM: eci BB moxker xummde-
CKH HMJIM HEONAaronpusTHO (GU3HYECKU B3aUMOJICHCTBOBATh
¢ JIB, 3HAUMT JIK 5TO, YTO TaKUE BEIIECTBA HECOBMECTHUMBI
B JI®? C TeopeTndecKoil TOUKH 3pEHUSI OTBET OTHO3HAYCH
— J1a, Takue BellecTBa HecoBMecTUMbI. OJIHAKO C Ipak-
THUYECKOW TOYKU 3PEHUS] OTBET WHOW, MOKHO HCKITIOUYUTH
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WIM CBECTH K MUHHUMYMY HETaTUBHOE B3auMOJIEHCTBHE
BB u JIB 3a cueT ucnosib30BaHus ClIEUATBHBIX TEXHOJIO-
THYECKUX TPUEMOB: pa3lielieHue CIIoeB (MHOTOCIOWHBIE
TaONeTKH); pas3/ieNibHAas TPAHYISINS; IPUMCHEHHE OCYIIIH-
TeJS W/WIH YIIAKOBKH, 3alUINAONICH OT BO3ACUCTBUS 1a-
POB BOJIBI (3TO CHMIKAET CKOPOCTh XUMHUECKUX PEaKIInii)
u T.1. ClieioBaTesIbHO, HAIMYME XUMHUYECKOTO WK Hela-
TONPHUATHOTO (PU3UYECKOTO B3aUMOICUCTBUS SBIISICTCS HE-
00XOIMMBIM, HO HE JOCTATOYHBIM YCIIOBHEM Il BBIBOJIA
o HecoBmecTuMocTH JIB 1 BB B JI®. B o61mem ciyvae pe-
3ynbTaThl HccienoBanus copmectumoctu JIB u BB moryt
yKazaTh TOJBKO Ha TO, 4yTo otAenbHble JIB 1 BB norenmm-
aIFHO MOTYT OBITh HECOBMECTHMBI HPH IPOU3BOACTBE
WJIM XpaHEHUH JIEKapCTBEHHOTO IIperapara.

HUccnenosarensam comectumoct JIB u BB cnepyer
OCTOPOXKHO OTHOCHUTBCS K BBIBOJAM 00 UX HECOBMECTHMO-
CTH, TEXHOJIOTH MOT'YT OIIPOBEPTHYTh 3TH BBIBOJIbI, pa3pa-
00TaB JOCTaTOYHO CTAOWJIBHBIA Ipenapar, 4TO HEOJHO-
KpaTHO HaOmoianock Ha mpaktuke. HecooTBeTcTBUs Me-
K1y IPOrHo3oM HecoBMectumoctu BB ¢ JIB u npaxrukoit
MOXKHO M30€)KaTh, €CIM KCIOJIB30BaTh IMOHATHE “TIOTEH-
nuanpHas HecoBMecTuMOCTh JIB 1 BB” — crocobHoCTh
BEIIECTB K NPSIMOMY WM OIIOCPEI0OBAHHOMY ! XMMUYECKO-
My WM HEOIarornpusaTHOMY (U3MYECKOMY B3aMMOJCHCT-
BHIO, KOTOpPOE€ TOTEHIIMAIBHO MOXKET MPOSBUTHCS TPH
IIPOM3BOJCTBE UJIM XPAaHEHUH JIEKAPCTBEHHOI'O IIpernapara
1 OKa3aTh BJIMSHHME HA €ro KauecTBO. BBeneHue moHsTus
“nmoreHuuaibHas HecosmectumocTh’ JIB m BB maer Bo3-
MOXXHOCTH OOOCHOBBIBATH HAJIMUME B JIEKAPCTBEHHBIX
mpenaparax, Ka3ajloch Obl, HECOBMECTHMBIX, XHMHUIECKU
pearupytomux Beuiects. Kpome Toro, 0HO J1aeT BO3MOXK-
HOCTB 0OJIee TOYHO OMPEIEIUTD 33/1a9y HCCIEIOBAHMS CO-
BmectumocTr JIB u BB npu paspabotke JID?.

Uccnenosanune copmectumoctu JIB u BB npu paspa-
6otke JI® — 3TO KOMIUIEKCHOE HCCIICIOBAaHNE, HANPaB-
JIEHHOE€ Ha YCTaHOBJICHHE MOTEHIIMAIbHO HECOBMECTUMBIX
U (axTnyeckn HecoBMecTUMBIX BB. IlomMumo ymomsHy-
THIX BBINIE Kapanomaruuia (B3aumogeiicrsue JIB — JIB
IO THITY KHCJIOTa — OCHOBaHUE) ¥ OMCOIPOJIONa (B3auMO-
nerictBre nakTo3bl ¢ JIB mo tumy peakmun Maiiapa [5]),
MOJKHO IIPUBECTH €111€ MHOI'O NIPUMEPOB, KOTJja B COCTaBe
MpernapaToB UMEIOTCS NOTEHIHAIBHO HecOBMecTUMbIe BB
u JIB, omHako mpenaparsl CTaOWILHBI B TEYECHUE 3asBIICH-
HOIO COpOKa IOIHOCTU. DTO YUMTBIBAeTCsA B IpeJyiarae-
MOM IOHATHHU coBMecTMOcTH JIB 1 BB. I100 cosmecmu-
mocmwio JIB u BB 6 nekapcmeennom npenapame ciedyem
NOHUMAMb BO3MONCHOCIb UX COBMECHHO20 UCNONb306a-
HUA NpU U320MOBNIeHUU U XPAHEHUU J1eKAPCNEEHHO20 npe-
napama, npoAGIAIOWYIOCS 8 NOTYYeHUU npenapama mpe-
Oyemoeo Kauecmea, cmabuibHO20 8 MedeHue 3aa6/1eHHO20
cpoka 200Hocmu. Cnedyem nooyepkHymbv, Ymo 6bl800 O
necoemecmumocmu BB ¢ JIB modxcHo Oenamb monvKo
mom ciyuae, ecnu He yoaemcs obecneyums ux cogmMecmu-
MOCmb 6 1eKAPCMBEHHOM npenapame.

! IIpumeps! onocpenoBanHoro B3aumojeiicrsus BB ¢ JIB — st0
KaTaJu3 ruiponusa uin okucienus JIB B npucyrcrsun BB, co-
JIep KallUX HOHBI OIIPEAEICHHBIX METAJIOB.

2 3pech u nanee paccmarpuBaeTcss COBMECTUMOCTb Tumna JIB —
BB, BB — BB u JIB—JIB.
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Bonpocamu cosmectumoctd BB u JIB 3anumarorcs
YK€ HECKOIIBKO JeCSITKOB JieT. OmyOIMKOBaHO MHOTO pa-
00T, MOCBSIIIEHHBIX ATOH MpoOIEeMe, OTHAKO JIUIIh HEMHO-
THe U3 HUX COACPIKaT IOJIe3HyI0 HH(POPMAIUIO IS pa3pa-
00Tku JI®. B cBA3M ¢ 3THUM BBIJICITUM HanOojiee HHTepeC-
Hble 0030pbI MO MCCIIEJOBAaHUIO B3aUMOJIECHUCTBUS U CO-
BMecTuMocTH JIB 1 BB 1 oTMETHM OCHOBHBIE BOIIPOCHI,
paccMoTpeHHble B HUX. B [2] mpencTaBieHbl BO3MOXKHBIE
MEXaHM3Mbl XUMHUYCCKUX B3aumojeiicteuii BB u JIB, a
TaKXe MPHUMEpPhl XUMHUYECKoil HecoBMectumocTn BB n
JIB (B Buae 0osbIiioi Tabuuibl), B [3] — MeTOABI HCCe-
noBaHui coeMectumoctd BB ¢ JIB u ycnoBus nposene-
HUS CTPECCOBBIX KCIIEPUMEHTOB, B [4, 6, 7] — oleHKa
XUMHUYECKUX U Pu3ndeckux B3anmonericteuii BB u JIB u
WX COBMECTHMOCTH C HCIIOJIb30BaHMEM TEPMUYECKHX U
CHEKTPaJIbHBIX METOZOB aHaN3a; MPUMEPbl IPUMEHEHUS
9TUX MeToAOB. B [8] paccMOTpeHs! pu3uyeckue U XUMHU-
YECKHUE MPOIIECChI, KOTOPBIE MOTYT MPUBOAUTH K MTOTEHIIH-
anpHON HecoBmectuMmocTH BB u JIB; ocobenHoe BHMMa-
HUE yJieleHo (puszndeckuM mporeccam. B [9] o6cyxaaror-
Csl IpUMeEPbI HeOMAaroNpUATHBIX XUMHUYECKUX B3aUMOJIEH-
ctBuii BB ¢ JIB, Bcrpewaromuecs Ha npaktuke. Pabora
[10] mocesimieHa XWMHYECKOW HECTaOWJIBHOCTU CMecei
BB ¢ JIB, cBsi3aHHOM ¢ BO3MOXKHOCTBIO UX XMMHYECKOTO
B3aMMOJICHCTBUS MEXIy COOOM, a TakkKe C PeaKIMOHHO-
cnocoOHeIMU TIpuMecsiMu 13 BB; BnustHuto Boasl M pH
MHUKPOOKpYKeHHss HoHOB BB (microenvironmental pH);
Mexanu3maMm B3aumoneiicteus JIB u BB B TBepmoit ¢ase;
MIPOrHO3Y CTaOMJIBHOCTH IPENapaToB Ha OCHOBAHUHU KH-
HeTnueckux moneneid. B [11] mpuBeneHsl xapakTepHbIe
0COOCHHOCTH WHCTPYMEHTAIBHBIX METOJIOB HCCIE0Ba-
Hus JIB u ux cmeceit ¢ BB; Tunuuneie XumMu4yeckue mpo-
neccol pazioxenus JIB u B3aumoneticteus JIB ¢ BB; mpu-
MepBI HETaTHBHBIX U IMTO3UTHBHBIX (PU3NYECKUX B3aMMO-
nericteril BB ¢ JIB; HEekoTOpbIe KOMIIBIOTEPHBIE IPOTPaM-
MBI, KOTOPbIE MO)XHO HCIIOJIb30BaTh IJIsl MPOrHO3a CO-
BMectumoctt BB ¢ JIB. B [12] mnpencraBneHsl
MHOTOUYHUCIIEHHBIE TIpUMEPH] B3auMogeiicteus BB u mpu-
meceirr u3 BB ¢ JIB, a Takke XMMHYECKHE CXEMBI 3THX
B3aUMOJCICTBUMN, NOATBEPKICHHbIE pe3yasratamu SIMP
n Macc-cnekrpockormu. B [13] paccmorpeno B3aumozeit-
ctBue syopukantoB ¢ JIB, B [14] — coBmecTMOCTh U
0€30MaCHOCTb BCIIOMOTAaTeNIbHBIX BELIECTB U CyOCTaHLUI
B MapeHTepalbHBIX (MHbEeKUHOHHBIX) JID. B [15] npuse-
JICHBI PEe3yJbTaThl MCCIe0BaHUSI COBMECTHMOCTH BB un
JIB B pamkax tpeboBanuii QbD (Quality by Design) ICH,
M TIOATOMY 3Ta IMyONUKaIMs MPECTaBIsSeT OCOOCHHBIN
WHTEpEC IS cCOTpyaHIKOB R&D.

Crioco6bl uccnenoBanusi copmectumoctd JIB u BB
MOXXHO YCIIOBHO OOBEIMHUTH B 3 TPYIIIBL: CTPECCOBBIE
9KCTIIEPUMEHTHI C UCIOJIB30BaHUEM XpoMaTorpaduyecKkux
MeTooB aHanm3a (1), cTpeccoBbie IKCIIEPUMEHTHI C HC-
MOJIb30BAHUEM CIIEKTPAIBHBIX METOAOB aHaimm3a (2) u
9KCIIEPUMEHTHI C UCIIOIb30BAHUEM TEPMUUECKUX METOI0B
aHanm3a u kamopumerpud (3).
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1. UccaenoBanue copmectumoct JIB u BB
€ UCI0JIb30BAHHEM CTPECCOBBIX IKCIIEPUMEHTOB
H XpoMaTorpaguyecKux MeTo/I0B aHAJIN3a

B Takmx mccrmemoBaHuUsAX, Kak MPaBHIIO, XpOMaTorpa-
(bUpPYIOT pacTBOPHI 0OPA3IOB, MOYyYAEMbIX TIOCTIE CTpec-
coBoro Bo3zelicteusa Ha JIB, BB u ux cmecu. OCHOBHBIM
KpUTEpPHEM B3aWMOJICUCTBUAS W TOTCHIIMAILHOW HECO-
BMectumocTd BB u JIB sBisiercss mosiBiieHUE OIOJIHU-
TENBHBIX MUKOB W/UIIK POCT MHUKOB MPUMECEH Ha XpOMaro-
rpammax cMeceil BB ¢ JIB mo cpaBHeHUIO C XpoMmaTo-
rpaMMaMyd KOMIIOHEHTOB cMmecell. DUKCUpPYIOT Takxke
HETaTUBHEIC SIBIICHMS, TaKHE KaK M3MCHCHHME I[BETA, Yac-
TUYHOE WM TIOJHOE IIJIaBJIEHHE, OCMojeHue W T.a1. Jlis
Oosiee HANEKHOTO OMPEACTCHUS COJECpPKAHUSA MpUMeceit
CTPECCOBBIE HKCIIEPUMEHTHI LIEIeCO00pa3HO TPOBOAUTH
TakuM 00pa3oM, 4ToObl KOHILIeHTpalus JIB B xpomarorpa-
(upyeMbIX pacTBopax Oblia ObI OIM3KON K KOHLICHTPALIUH
JIB B HcmbITyeMOM pacTBOpE MO METOAMKE OIpPEIEICHUS
npuMecei.

OpnHuM 13 HanboJIee PacpOCTPAHEHHBIX CIIOCOOOB HC-
cinenoBanusi coBMectumoctd BB um  JIB  saBmsercs
narpesanue’ BB u JIB u ux cMeceil B mpoOUpKax, Mep-
HBIX Koi0ax, amIyjax M T.JI. B TepMOCTaTax/CylIHIbHBIX
mikadax [3]. B ciayuae tBepabix JIO yacto TecTupyrot Ou-
HapHble cMecH (1:1), a mHOTHMA 3aTem ans Oonee peanu-
CTHUYHBIX BBIBOJIOB — CMECH C YCTAaHOBJICHHBIMU ITOTEH-
IMaNbHO HECOBMECTMMbIMU BB B cooTHOIIEHUSIX, COOT-
BETCTBYIOIIUX MX IUIaHUpyeMoMy copepkaHuio B JID.
3ameTuM, 4TO TeCTUpOoBaHUE Tosbko cmeceil BB u JIB B
COOTHOIIEHUSIX, COOTBETCTBYIOUINX HUX IUIAHUPYEMOMY
cozxepkanuto B JID, cBA3aHO ¢ PUCKOM TOTO, YTO HE Oy/neT
yCTaHOBJICHa MOTEHI[MAIbHAST HECOBMECTUMOCTh HEKOTO-
peix BB. Hanpumep, B [15] Ob10 ycTaHOBIICHO, YTO MPH
HarpeBannu cmecH JIB co creapatom maruus (1:1) B Tede-
Hue 1 mec npu 40 °C Mexay HUMH MPOTEKAET XUMHUYE-
CKasl peakius ¢ oopazoBaHueM ajnykTa. OqHAKO TpU Ha-
TPEBAHUU B TEX YK€ YCIOBUIX CMECH, MOJCIMPYIOIIEH CO-
craB  JI® co creaparom MarHusi ~ (OTHOIICHUE
BB/JIB <<1), He oOHapyxwuiau B3aumopeiicteue JIB u
creapatra MarHud. Ecim JI® xugkue unu MSIrkue, TO
00BIYHO Cpa3y TECTHUPYIOT PACTBOPBI/CYCIICH3UM CcMecei
BB u JIB B COOTHOIIIEHUAX, COOTBETCTBYIOIIUX UX IJIAHU-
pyemomy cojepxanuio B JID; 3To 00yclnoBICHO TEM, 4TO
B )KHJIKUX U B MATKHX JID CKOPOCTh XUMUYECKUX peaK-
LU 3HAUUTENLHO BHIIIE, YeM B TBepAbIX JID.

[IpumeHSIOT pa3nuYHbIe TeMIepaTypbl HarpeBaHUs
BB, JIB u ux cMeceii B 3aBUCUMOCTH OT CBOWCTB Be-
MIECTB, MPEANOIATaEMBIX TEXHOJIOTHUYECKUX TeMIIepaTyp-
HBIX PEXKUMOB U T.J., HO Yallle BCEr0 CTPECCOBBIC HCCIIE-
JoBanust poBoAsT B obnactu ot 40 no 70 °C. B ciydae
TBepAbIX JID HarpeBaHUE BEIIECTB U CMECEH MPOBOIAT
0¢3 1 ¢ Jo0aBICHHEM HEOOJBIIIOIO KOJIMYCCTBA BOIBI.

Henocrarkom nccienqoBannsa coBMectumocti BB 1 JIB
B TEPMOCTAaTaxX/CyIIWIBHBIX MIKa(ax SBISETCS OTCYTCT-

3 Jlns nmexapcTBEHHBIX (POPM, KOTOPBIC OJDKHBI XPAHHTHCS MPH

HOHIKEHHOH TeMIleparype, HEeOoOXOANMO IPOBOIUTH JKCIIEPH-
MEHTHI eIlle ¥ NPH ITOHIKEHHO TeMIieparype, 9To0bI KOHTPOJIH-
pOBaTh BO3MOKHOCTb HETATHBHBIX SIBICHUH: KPUCTAIM3aIMA,
HeoOpaTuMoe CTPYKTypPHPOBAHHE H T.1.
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BHE€ WM HEKOHTPOJIMPYEMOE BO3IACHUCTBUE IMOBBILICHHON
BIaXHOCTU. B pesynbsrare sToro nonyvaemas uxHpopma-
LMs, KaK MPaBUJIO, HEHA/IeXKHA JUI IIPOTHO3a CTa0MIIBHO-
ctu JID, u, ciaenoBaTenbHO, A MPOTHO3a COBMECTHMO-
cta BB u JIB. [Tockonbky crabmisHOCTE JID noimkHa Hc-
CJIEZIOBAThCS IPU KOHTPOJIE TeMIEpaTrypbl U BIAXKHOCTH
[16], mus ouenku copmectumoct BB u JIB moruuHo mc-
I10JIb30BaTh KIIMMAaTU4YECKUE KaMephl.

B cryuae meepovix JID svicokyio agphexmusnocmo, no
Hawiemy ONbIMy, NOKA3AIU UCCTe008AHUS COBMECTUMO-
cmu BB u JIB ¢ knumamuyeckoul kamepe npu 60 °C u om-
Hocumenvrol enaxchocmu (W) 75 %. CHadana uccieny-
oT OuHapHble cmMeck BB u JIB B cooTHomeHHH
BB/JIB > 1 win, 4TO CpaBHHUTEIBHO MEHEe HaJlle)KHO, OH-
HapHble cmecu JIB u BB B cooTHO1IEHNH, COOTBETCTBYIO-
IEM UX IJIaHupyemomy cozaepxanuto B JID. ITapannens-
HO HCCIIeyIoT coBMecTuMocTh JIB ¢ mianebo, a npu He-
00XOIMMOCTH, €Ile M KOMIIOHEHTOB IuIanebo Mexay
co0oii. [Tpu 3TOM BaXKHO 00ECTIEYNTHh HACIKHBIM KOHTAKT
yactuuek BB u JIB B cMecsx — TecTupoBaTh 00pasiibl B
BUJe macTooOpasHbIx cycnensuit cmeceii BB u JIB, oc-
TaTKOB IOCJIE yAAJICHUs PacCTBOPUTENS U3 CYCIIEH3UH 10A
BaKyyMOM U T.II. (MMOApOOHOCTH cM. HUke). OOBIYHO J10C-
TaTOYHO BBHIICP)KUBATH 00Pa3Ibl B KIMMATHIECKOH Kame-
pe B TeyeHue 7 mHEH, YTOOBI yCTAHOBHUTH ITOTEHIHNAIBEHO
HecoBMectumbie BB u JIB. 3atem nocne Toro, kak BeIOpa-
HBI ITOJXOSIINE, C TOUKH 3peHHs TeXHOJoroB, BB (cpenn
HHUX MOTYT OBITh TOTEHIMATILHO HecoBMecTUMbIE BB), me-
PEXOAAT K WCCIEOBaHWIO 00pas3oB paszpabarbiBaeMOi
JI®, HapaOaThIBaeMbIX TEXHOJIOTAMH, 0€3 yNAKOBKU U B
[UIAHUPYEMbIX BapHaHTaX YMaKOBKHU. st 3TOro MOXHO
BBIICP)KMBaTh 00pa3lbl B KIMMAaTHUECKOH Kamepe mpu
60 °Cu W="T75 % B Teuenue 15 nHeit (3xBuBasieHT 1 Tona
“ecrecTBeHHOT0 XpaHeHus”) w/wim 30 nHel (IKBHBAJICHT
2 JIeT), 3aTeM ONpeAessATh B HUX COAEp)KaHHe MpUMecein
xpomarorpaduaeckum meromoM. [lomaepkaem, uTo npen-
JIaraéMbIil AJITOPUTM UCCIEI0BaHUs COBMECTUMOCTH JIB n
BB naeT BO3MOXHOCTB HE TOJIBKO OIPEAEIATh IpaKkTuye-
CKHU BC€ IOTEHIMAJIbHO HecoBMecTuMble BB, HO u MuHu-
MHU3UPYET PHUCK IMOIYYCHHs HEIOCTATOYHO CTAOMIIBHBIX
JD.

Ipumeuanue 1. JIns obpasuos JI® 10 u mocie BbIIep-
JKUBAHUS B KJIMMAaTHYECKON Kamepe PeKOMEHIyeM OIlpe-
JeNIATh Ha XpoMaTorpaMMax UCIBITYEMBIX PacTBOPOB OT-
HOCHTETBHOE N3MeHeHne urontany muka JIB (S,/S,) u co-
OTBETCTBYIOIIIEE M3MECHEHHE PE3YIBTaTOB KOJIMYECTBEHHO-
ro ompenerenus (X,/X,); 3arem cpaBHUBaTh S,/S; ¢ X,/ X].
Ecnmu y “cocrapuBmmmxcs” obpasuos (S,, X,) okaxkercs,
410 S,/S; << X,/X|, To 3TO yKa)keT Ha BO3MOKHOCTb He-
nojHoi skcrpakiuu JIB 1 HeoOXoauMocTh J0pabOTKU
METOMKHU OTIpeIeNIeHUs] TPUMECEH.

Ilpumeuanue 2. Ecnu Ipu CTPECCOBBIX UCCIIETOBAHUSIX
B KJIMMAaTHYECKOH KaMepe OTOMPAIOT U aHAIHU3HUPYIOT 00-
pasipl B MPOMEKYTOYHBIX TOYKAX, TO BaXKHO 3HATH, KaKO-
My KOJIMYECTBY AHEH “eCTEeCTBEHHOrO XpaHEeHUs f, COOT-
BETCTBYIOT 3TU ToukH. [Ipu Temneparype B kamepe 60 °C
JUISL BBIYUCIICHUS f, HAlO YMHOXHUTb 24,7 (3KBUBAJICHT-
Hbeld cpok 1 aHa xpaHenusa npu 60 °C) Ha KOJIMYECTBO
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IHel XpaHeHus oOpa3la B KIMMaTW4ecKOd Kamepe:
ty=24,7t.

XapakTepHO, 4TO U WUCCICIOBAHUS COBMECTHMOCTH
JIB 1 BB B ximmMaTHyecKux Kamepax 0ObIYHO MTPUMEHSIOT
pexum yckopenHoro xpanenus mo ICH: 40°C u
W =175 %, nanpumep, B [15, 17] — 4 nenenu, B [18] — 8
Henenb, B [19] — 6 Mec (3kBHBaJeHT 1 Toja JI0JATOCPOU-
HOTO XpaHeHwus1). [IpenMyIIecTBOM Takoro IOaXoia sBIIs-
€TCsl TO, 4TO JJIsl TECTHMPOBaHUsS NOTEHLHAIbHOM Heco-
BMectuMocty BB 1 JIB MOXHO HCONb30BaTh HMEIOIYIO-
Csl KIIMMAaTHYECKYl0 KaMepy, KoTopas paboTaeT B pexume
yckopeHHoro xpaneHus o ICH, B Helt nesxat oOpasiisl
IpenaparoB, CTabMWIBHOCTh KOTOPBIX Uccuenyercs. OqHa-
KO CYIIECTBEHHBIM HEIOCTaTKOM TECTHPOBAaHUS MpHU
40 °C sBnsieTcsl CpaBHUTEIBHO OOJIbIIAS MTPOAOJIKHUTENb-
HOCTb 3KcriepuMeHToB. Hampumep, BMecTo 4 Henelb Tec-
TupoBanus oopa3uos npu 40 °C nocrarouno 4,7 nHs npu
60 °C (Tak KaK CKOPOCTh XMMHYECKUX peakuuil B cpel-
HeM B 6 pa3 oonbie ipu 60 °C, uem nipu 40 °C [20]).

PaccmorpuM oco0eHHOCTH INIPOOONMOATOTOBKHM HpPH
uccjienopanun copMectumoctu BB u JIB B TBepabix
JI®. Kak yrmoMrHanoch BhIIIE, IS TOTYYSHHS HAJEKHbBIX
PE3yNbTaTOB UCCIIEN0BaHMSI IOTEHMAIbHOW HECOBMECTH-
mocty BB u JIB HeoOXomuMo o0ecneyuTh HaNEKHBII
KOHTaKT Mexay yactuukamu BB u JIB. [l 317010 MOXKHO
HCIIONB30BATh CICAYIOMINE CIIOCOOBI:

Ipucomoenenue cmeceii BB u JIB 6 sude nacmooopasz-
HbIX CYCREH3Ull Ul OCMAmKo8 nocie yOaieHus pacmeo-
pumens u3 cychewsuii noo eaxyymom. Bropoit cnocod
HMMEET pellarlee MPeuMyIIecTBO B CIy4ae O4eHb JI0pO-
rux JIB unaM Takux, KOTOpbIE IPOU3BOIATCS B OYEHb Ma-
aom konudectse [21]. B [21] mis momydeHus cycneHsuit
WCIIOJIB30BAJIM ATAHOJI, KOTOPBIH JIETKO yJalseTcsl MoJ Ba-
kyymoMm. OjiHaKo, B 00IIeM ciydae, MOXXHO TOTOBHUTH CyC-
niensun cmeceid BB ¢ JIB B imo0oM pactBopuTene, B KOTO-
poM pactBopsiercst JIB, 3areM ynaysate pactBopurens. [l
yAQJICHUST BOJBI TPEIIIOYTUTENILHEE HCIIONB30BaTh METOJ
TMOQIITEHON CYIIKN JUTsI CHIDKEHHS pUCKa JiecTpykuun JIB.

3ameTuMm, 4TO B cilydae cTeapara MarHus Jaxxke IpH uc-
[I0JIb30BAHUU CYCIIEH3MI He BCerna yaaercsl yCTaHOBHUTh
€ro MOTEHLHAIbHYI0 HecOBMECTUMOCTH ¢ JIB. B cBszu ¢
9TUM, eciii JIB He sBIseTCs Jerko ruApoIU3yIOIIUMCS Be-
LIECTBOM, JJIsl OLIEHKU coBMecTumoctu JIB co cTeaparom
MarHusi peKOMEHIyeM TECTHPOBaTh MOJAEIIbHbIE TaOIeTKN
cmeceii JIB, 6e3 1 co cTeaparoM MarHusi, 1 MHEPTHBIM 110
otHomeHuto K JIB HamonHuTenem (0OBIYHO MHKPOKpH-
crammdeckas neutono3a — MKII) B kiumaruveckoi ka-
mepe mpu 60 °C u W =75 % B Teuenue 15 qHeil.

Ilpumep TPHUTOTOBICHUS W MPEUMYILIECTBA ITACTO00-
passbix cycnensuit cmeceir BB ¢ JIB mo cpaBrenmio c
pacteptbimu cMecsimu. Oxoio 30 mr cyocranimu JIB (ma-
JIOpacTBOPUMOM B Boze) pacTtBopsuii B 10 mur ropsiaeit
BOJIbI, 3aTeM NpubaBsuin 12 v BB, TmiarensHo mnepeme-
[IMBAJTK 10 00pa30BaHus MacTOOOPa3HOM CYCIIEH3UH, TPH
HEOOXOAUMOCTH IOTOJHHUTENFHO TpIIHBain Boxy. OO-
pasiel cycrieH3uilt OnHapHbix cmeceid BB — JIB Boiiep-
JKUBAJIM B KJIIMMaTH4ecKodl kamepe 7 mHeidl mpu 60 °C,
W="175%. llapannenbHO IpU aHAJOTHYHBIX YCIOBHAX
TecTupoBaiu pactepteie cmecu BB — JIB. Ycranosumu,
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YTO B PACTEPTHIX CMECSX, MOABEPTHYTHIX CTPECCOBOMY
BO3/ICHCTBHIO, COJIEpKAHUE IPUMECEH H3MEHIIIOCh OYCHb
Masio. Hanmpotus, B CyCHIeH3HAX MPH TEX ke YCIOBHUIX Ha-
Omromanu o0pa3oBaHUE W 3HAYUTEIBHBIM POCT MPHMECEH
— npoaykToB B3aumozectsus BB ¢ JIB. [l ycranos-
JICHNS! TPUYUHBI 00pa30BaHMS HAMOONBIIECH NpUMECH B
obpasmax JI® (mpeBblmaromeii HOPMY), HCIIOIB30BAITN
3HaueHus RRT nukoB npumeceil. CpaBHUBaIM 3HaYECHUS
RRT naubonpmeit npumecu B oOpasmax JIO mocne 3kc-
peccHoro TectupoBanus ctabwibHOCTH ¢ RRT mpume-
celt Ha xpomarorpammax cycriensuii BB — JIB, a raxxe ¢
RRT npumeceir Ha xpoMaTorpammax, HOJYYEHHBIX IMPU
CTPECCOBBIX UCIBITAHUAX ¢ cyOcTannuel JIB. Ycranonsie-
HO, 4TO OCHOBHasl [[PUMECh — ITO MPOAYKT B3aUMOJEHCT-
Bust JIB ¢ T'TIMI] B npucyrcrBun Bnaru. Kax ciencraue,
3aMEHWIN BIIQXHYIO TPaHYIALHUIO HAa OpsSMOE IpeccoBa-
HUE U MOJYYMIN CTAaOMIBHBIN Mperapar.

Pacmupanue unu “eomoeenuszayus” cmeceu JIB u BB
myTeMm pasmona [17]. DToT crocod 00bIYHO MEHee Haje-
XKEH, 4eM HCIIOJIb30BaHMUE CYCHEH3UI (CM. MpeablIyInit
aob3ar).

Tabnemuposanue. Hanpumep, TabieTHpoBaHHE CMECH
MIpEe/oIaraéMbIX KOMITOHEHTOB TuTane0o (OpHeHTUPOBOY-
HBI€ COCTaBbl) C MOCIEIYIOLUM CTPECCOBBIM HCIBITAHU-
€M B KIUMarudeckod kamepe. Takwe TaONETKH MOTYT
OBITH M3TOTOBIICHBI TOCTAaTOYHO OBICTPO B HEOOIBIIOM KO-
JIMYECTBE HAa Py4YHOM Ipecce. MIX TecTupoBaHue JaeT BO3-
MOYKHOCTB COKPATHTh 00bEM HCCICAOBAHUH ITOTCHIINAb-
HOW HecoBMecTUMOCTH BB Mexy co0oii, TecTupoBaHHe
cMecell OTAENBbHBIX KOMIIOHEHTOB IUTaedo morpedyercs
TOJIBKO TOTNA, KOTJa MPHU CTPECCOBBIX IKCIIEPUMEHTAX C
MOZICTIBHBIMU TaOlleTKaMu IuIanebo OyaeT yCTaHOBICHO
B3auMozeiicTBue Mexay BB.

[TomMuMoO TIPOOOIOATOTOBKH, PEKOMEHIYEM Takke 00-
paTuTh BHUMaHUE Ha CIEAYIONIME OOIIMEe MOMEHTBI, BaX-
HBIC JUIsI KOPPEKTHBIX BBIBOJIOB O coBMecTUMOcTH BB n
JIB:

st HaoedicHblx 66160008 0 cosmecmumocmu BB ¢ JIB,
6 obugem cayuae, HeOOCMAMOYHO KOHMPOIUPOBAMb MOJlb-
Ko usmeneHue cooeposcanus JIB. JIeno B TOM, 4TO U3MEHe-
HUE pesynbTara KonudectseHHoro onpenenenus (KO) mo-
KET CIY)KUTh HaJEeKHBIM KpuTepueM pazioxenus JIB,
TOJIbKO ecinu JIB 3HauMTeNnbHO pas3iiaraercs, a 3T0 He4YacTo
BCTpEYaeTcsl MpH HCCIelOoBaHUU coBMecTUMOCTH BB un
JIB. B To e BpeMs o0pa3oBaHHUE W/UIN YBEINYEHUE CO-
JepKaHusl pUMeceld — OOBIYHO JI0JIM MPOLEHTA, 3HAYH-
TeJbHO OoJiee YyBCTBHUTEIBHO K pasiokeHuto JIB, uem
KO. Heo0xoauMo Takke y4UTHIBaTh, YTO MIPU TECTUPOBA-
Hun coMectuMoct BB u JIB B knmumarnueckoi kamepe
YMEHBIIICHUE PE3yNbTaTa KOIMYeCTBEHHOTO OMpeIeICHNUs
JIB moxeT OBITh BBI3BAHO HE TOJBKO paziokeHuem JIB,
HO W YBEJIMYEHHEM MacChl 00pas3IoB M3-3a MOMIONICHUS
BJIard. YUWUTHIBAs BBIIMICYIIOMSHYTOE, MIPHU WCCIICIOBAHUN
comectumoctd BB u JIB npennourenue cnemyer otaa-
BaTh OLICHKE W3MEHEHUs MPOMUIIS U COJCPIKAHUS TTPHME-
cedf, a KoHTposb coxepkanus JIB paccmarpuBarh Kak
Ba)KHOE JIONOJIHEHHUE.

Hedocmamouno monbko npogedenus cmpecco8ozo IKc-
nepumenma co cmecwio JIB ¢ niayebo, ocobenno npu paz-
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paboTke JKeHepukoB. Hepeako ommO0YHO CYUTAIOT, YTO,
eciu BB yka3zaHbsl B cOCTaBe OpUIHHAIBHOIO Mperapara,
TO OHH HE MOTYT OBITh MOTEHIHAJIBHO HECOBMECTHMBIMHU.
Kak cnenctBue, mpu pa3paboTKe JDKCHEPHKA MOYXHO
CTOJIKHYThCA C HEOXHJAHHOH mpoOieMoil ero Hemocrta-
TOYHOUM cTabmibHOCTH. [IpuBeneM Mmoka3aTelbHbIA MPH-
Mep U3 SKCHEPTU3BI AOChE Ha 3apyOexHbIi npenapat. [pu
ero paspaboTKe He HccienoBaiu B3anmojelicTeue BB u
JIB B OMHApHBIX CMECAX, a cpa3y TECTUPOBAIN COBMECTH-
mocth JIB ¢ mmarne6o, ceplnaschk Ha To, uto 3T BB nme-
I0TCSI B OpUTHMHAIBHOM npenapare. Crenany BBIBOA O CO-
BMectumocTh Beex JIB n BB. OnqHako B KOHIIE HCIIBITA-
HUS CTaOWIIBHOCTH pa3padarhiBaeMoro mpernapara, Kormua
yKe OBbLIO 3aTpau€HO MHOTO BPEMEHU U CPEJCTB, B OJTHOM
U3 cepuil mpemnapara oOHapY XKW MUK IPUMECH, IIPEBHI-
LIAKOIIEeH TOMyCTUMOE coaepxaHue. PaccinenoBanue mo-
Ka3aJo, 4TO ATOT MUK SBISETCS MPOAYKTOM B3aUMOJIEHCT-
Bust JIB co creapatom maraus. OH He ObUT 3aMeUeH TpH
nccineaoBanuu copmectumocT JIB ¢ mmanebo, Tak Kak
MPEJICTaBIsLT CO00M HEOOJBINON, MPAKTUICCKN HE3aMEeT-
HbII 13rud Ha XBOCTE IMUKa IU1aneoo.

Ipu uccrneoosanuu coemecmumocmu BB u JIB saxcho
VUUMBIBAMb MEXHONOSUYeCKUe 0COOeHHOCU NOTYYeHUs]
JID, npeoicoe scezo 6 cryuae msexkux u sscuokux JID. Jlns
TecTupoBaHus coBMecTuMocTd BB u JIB B markux JI®
00BIYHO JOCTATOYHO HcciaenoBars cmecu JIB ¢ BB B Buae
PacTBOPOB, CYCIICH3HIA, SMYIILCHIT; TBEpIO(pa3HbIE CMECH,
KaK MpaBWIJIO, HE UCCIEAYIOT. DKCIIEPUMEHTHI MPOBOASAT
TaKUM ke 00pa3oM, Kak M3JI0keHo Bble. [Ipu mianupo-
BAaHUM SKCIIEPUMEHTOB YUHTBHIBAIOT TAKXXE TeMIepaTyp-
HbI€ ¥ BPEMEHHbIE MTapaMeTPhl, UCIIOIb3YEMbIE IIPU U3T0-
TOBJICHHUH Tpemnapata. Hanpumep, ecinu cyOCTaHIUIO I1a-
HUPYIOT BBOIUTH B paciuiaB BB npu Temneparype 60 °C u
nepeMenuBaiuy B TedeHue 30 MUH, COOTBETCTBEHHO 3KC-
MEpUMEHT JOJDKEH BKIII0UaTh Harpeanue cmecu JIB ¢ BB
npu Temueparype He mMeHee 60 °C B TeueHUE HE MEHee
30 MHH C MOCJIEAYIOIIMM KOHTPOJIEM COJEpPIKaHUS OCHOB-
HOTO BemiecTBa u npumeceil. J{is Bogubeix cmeceit JIB u
BB pononHutenbHy0 MHGOPMAIHMIO MOTYYaloT 3a CYET
koHTpoIst pH.

B cnyuae JI® nns napeHTEpanibHOTO MPUMEHEHHS IPO-
BOZST CTPECCOBBIC HCCIIEIOBAHMS C 00pa3IaMi PacTBOPOB
MPU MAaKCUMAJIbHO JIOIYCTUMOW TeMIlepaTrype CTepuiIn3a-
WA W JUINTEIBHOCTH, MPEBBIIIAIONICH IIAHUPYEMYIO
MPOAOKUTEIBHOCTD CTEPUITH3ALUH.

2. Uccaenosanue copmectumoctu BB u JIB
€ UCIO0JIb30BAHHEM TePMUYECKHX METO0B aHAIU3A
H KaJIOpUMeTPHH

Tepmuueckre METOBI aHAIN3a, Takue Kak quddepen-
nuanbHas ckanupyromas kairopumerpus (JICK), mudde-
peHIMaNIbHEIN TepMudeckuii ananus (A TA), Tepmorpasu-
metpust (TT'A), TepMOMHUKPOCKOTIHS U KaIOPUMETPHS SIB-
JSIFOTCST YHUBEPCAIBHBIME METOAAMH, TTOIXOAAIIUMHE IS
HCCIIEI0BaHM IPEBPALEHUH JIIOObIX BEIIECTB U CMECel B
KOH/ICHCUPOBAaHHBIX (ha3ax. OFHAKO CYyLICCTBCHHBIM He-
JIOCTaTKOM METOJIOB TEPMHYECKOro aHajau3a (IIOMHUMO
NPUCYIICH UM HU3KOI CENEeKTHBHOCTH) SIBISETCS TO, UTO
9 QEeKTs, CBSI3aHHBIC C XHUMHUYCCKUMH IPOLECCaMHU,
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00BIYHO (PUKCHPYIOTCSI MPH BBICOKOH TeMmIieparype. ITo
JIeNIaeT HEeHA/IeKHBIM MTPOTHO3 O HETaTUBHOM BJIMSHUU Ta-
KHX IIPOLIECCOB MPH MPOU3BOACTBE WIIM XPAHEHHUH JIEKap-
CTBEHHBIX MpenaparoB. bojee Toro, Mo omeITy aBTOpa CTa-
ThU, IIPU HccaegoBaHuM coBMecTuMocTy BB u JIB Meto-
JaMH TEPMHYECKOTO aHaJHM3a 4acTo He OOHAPYKUBAIOT
BCE T€ MOTEHLMAIbHO HecoBMecTuMBble BB, KoTOphIE yc-
TaHABJIMBAIOT HA OCHOBAHUHU CTPECCOBBIX IKCTIEPUMEHTOB
¢ xpomarorpadu4ecKUMu MeToJamMu aHaiuza. J{iist aToro
HUMEIOTCSl 2 OCHOBHBbIE Ipu4uHBL. [lepBas — KpaTkoBpe-
MEHHOE BO3/ICHCTBHUE MOBBIIIEHHOW TEMIIEPATYPhI HA CMe-
cu BB u JIB B ycrnoBusix TepMHUECKOTO aHaIHM3a, BTOpas
— B 00pasIipl, KaK MpaBuilo, He TOOABIISIOT BOAY (JUIsl yC-
KOpEHHUSI TIPOIECCOB B3aWMOJICHCTBUSI BEIIECTB) H3-3a
oraceHust nepekpeiBanus 3pdekros B3anmozeiicteus BB
¢ JIB cuibHBIM 3HI0TEpMUYESCKUM 3 dekToM HerapeHus
BOJIBI, @ TAK)K€ Pa3pbiBa IapaMH BOJbl TEPMETUYHON eM-
KOCTH ¢ 00pa3oM U 3arpsi3HeHUs Mproopa.

HecMmoTpst Ha OTMEUYEHHBIE BBILIE HEIOCTATKU, TEPMH-
YEeCKHe METO/Ibl aHaJi3a BaKHBI IPEXJIE BCEro AJIs ycTa-
HOBJICHHSI HEKOTOPBIX MPOIECCOB (CM. HUXKE), MPUBOASA-
IIUX K NOTeHIHAJILHON HecoBMecTUMOCTH JIB u BB.

[TpuMeHeHHI0 TEPMUYECKUX U CTIEKTPAIBHBIX METOJIOB
aHaJIM3a, a TaKXkKe KAJOPUMETPHH U HCCIICTOBAHIS
B3anMozeiicTBus U coBMecTuMocTd BB 1 JIB nocssiens!
0030psI [3, 4, 13]. PaccMoTpuM 0CcOOSHHOCTH TIPUMEHE-
HUS 3TUX METOJIOB.

JAunddepenunanbaas CKAHUPYHOIIAS KAJOPUMeET-
pus (ACK) — naubonee pacrnpocTpaHEHHbBIII HHCTPY-
MEHTaJIbHBIN METOJ UCCIIEIOBAHUS B3aUMOIEHCTBUSA U T10-
TeHIMaJdbHOH HecoBmecTuMoctu BB u JIB. B mpubopax
JCK o6pasusl JIB, BB u ux cmeceil HarpeBaroT 10 cIie-
LUAJIBHON Mporpamme (4allle BCero JMHEHHON) U perucT-
PUPYIOT TEIJIOBBIE MOTOKU?, CBA3aHHBIE ¢ (PUIMIECKUMH U
XUMHUYECKUMH NPOLIECCaMU, B siUEKe ¢ UCCIEAyEMBbIM 00-
pasloM OTHOCUTENBHO siueiiku cpaBHeHUs. CpaBHUBAIOT
kpusbie JICK JIB, BB u ux cmeceit. B3aumoneiictsue BB
u JIB moxet nposBiatecst Ha Tepmorpamme JICK kocBen-
HO B BUJIC M3MEHEHHsI TeMIIEpaTypbl Ha4aja U SHTaJIbIINN
masieHus JIB, a Takke HEmoOCpeACTBEHHO: B BUJIE MOSIB-
JIEHHSI JOTIOJHUTENILHBIX MMUKOB, OTCYTCTBYIOIIUX HA TEp-
Morpammax BB u JIB. [Ipu atom ocoboe BHEUMaHME Cie-
JyeT o0paTHTh Ha dK30TepMuueckue dhdeKTsl (peakmun
Pa3oKEHMsI W/WITM B3aUMOJICHCTBUSI BEIIECTB) W IOJH-
Mop(HBIe TIepexoipl. BaxkHO Tarkke JeTeKTupoBarh 00pa-
30BaHME JIETKOIIJIAaBKUX ABTEKTHK; HanpuMmep, B [22] ycra-
HOBIIEHO, 4TO UOYTIpodeH 00pa3yeT JIETKOIIaBKYIO IBTEK-
TUKY B IIPUCYTCTBUU CT€APaTOB, KOTOPAas JIETKO UCIapseT-
Csl IIPU HAHECEHUHM IUICHKHU Ha 1po; 3TO BEIET K 4acTHU-
HOH moTepe uoynpodena’.

Juddepenunanbubiii Tepmudeckuii anaiaus (ATA)
paHbllIe YaCTO MPUMEHSJIICS IS UCCIICI0BAaHNS COBMECTH-
MocTtu BB 1 JIB u3-3a €ro IpoCTOTHL: HAarpeBaloT SIUEHKY C
00pa3LoM U siueiiKy CpaBHEHHS C MHEPTHBIM BEILIECTBOM B

4 B mcrummpx npuGopax JICK M3MepsIOTCS TCIUIOBbIE IIOTOKH, a
HE Pa3HOCTb TEMIIEPaTyp.

5 Jnsa nnentudukanuu mukoB JICK, oTHOcAmHMXCS K HOIUMOP-
(hHBIM MepexoaM U K JICTKOIJIABKMM 3BTCKTHKAM, MOKHO HCIIO-
JIb30BaTh TEPMOMHUKPOCKOIIHIO.
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YCIOBUAX JIMHEMHOTO MPOTPaMMUPOBAHUS TEMIIepaTyphl.
O npoTtekaHnu PU3HYECKUX 1 XUMUYECKHX ITPOIECCOB CY-
ISIT TI0 Pa3HOCTH TEMIIEPaTyphl TEPMOIIAp, ITOMEIICHHBIX
B cepeAMHy obOpasla M BellecTBa cpaBHeHHA. UyBCTBU-
TeNBHOCTh y TipubopoB JITA, Kak NpaBWiiO, HAMHOTO
MeHblle, yeM y npubopoB JCK, mostomy HATA ceituac
NPaKTUYECKH HE MPUMEHSETCs JJIs WCCIENO0BaHUS CO-
BMectuMocTy BB n JIB.

M3oTrepmuyeckast KaJOpPHMMeTPHs OTIMYAETCS OT
JCK Ttem, uro HarpeBaHue BEUIECTB MPOBOISAT B U30TEP-
MUYECKHUX YCJIOBUAX. DTO AAaeT BO3MOKHOCTH HCIIOIb30-
BaThb SMYCHKM 3HAYUTEIBHO OOJBILETO pasMepa, 4eM B
JCK. B pesynbrare 4yBCTBHTETHHOCTD Y KAJIOPUMETPOB,
KaK MpaBUJI0, 3HAUUTENBHO BhIlIE, yeM y npudopos JICK.
OTO Ba)KHO NPEKIE BCEro Ul UCCIEN0BAHUS IIPOLIECCOB
B3aumozeiicTBusa BB u JIB, nmporekaronmx ¢ HU3KUMU Te-
IUVIOBBIMH 3 eKTamMy, Hampumep, MPOLECCOB COpOLUU
JIB BcniomMoraresibHbIMU BelllecTBaMU. B To e Bpems 1H-
(opMaTHBHBIE BO3MOKHOCTH Y KAaJIOPUMETPUH 3HAYH-
tenbHO Hike, yeM y JICK. IToatomy mns mccnenoBanus
cosMectumoctd BB u JIB kanopumerpusi npumeHsercs
penko.

Tepmorpasumerpudeckuii anams (TTA) — meron
TEPMHUYECKOT0 aHAJIN3a, [IPU KOTOPOM PETUCTPUPYETCS U3-
MEHEHHE Macchl 00pa3lia B 3aBUCHUMOCTU OT TeMIepary-
pel. TT'A unorga npumenstior B couetannu ¢ JATA (nepu-
Batorpadus) wi napauiensro ¢ JICK mist uaeHTuduka-
LUK HEKOTOpbIX 3(dexkroB Ha Tepmorpammax JTA u
JCK, taknx Kak (a3oBble IepPEeXOabl, NCIIAPEHUE Pa3IInd-
HBIX (OPM BOJBI H OCTaTOYHBIX OPTaHUYECKUX PACTBOPH-
TENeH, pas3loKeHHE C BBIIEICHUEM Ta3000pa3HbBIX Mpo-
JIyKTOB U T.1. [23].

TepMoMHKpPOCKOIMSI — METOJ TEPMUUECKOTO aHAIIU-
33, IIpU KOTOPOM BEIIECTBO HAarpeBaloT B YCJIOBUAX JIM-
HEHHO MpOrpaMMHUPYEMOro YBEIMYEHUs TEeMIIEpaTypbl U
(uKcupyroT U3MeHeHue (GhopMmsl, IIBETa, pa3Mepa, husuye-
CKOTO COCTOSIHHSA (TBEPIOE MJIM KHUJKOCTh) YaCTHUI[ BU3Y-
aIFHO W/WiH Ha (oTOKaMepy, a TaKkKe TeMIIeparypy Hava-
1a 3tux 3¢ ¢exroB. TepMOMUKPOCKONMUYIECKUI METO O-
JIe3¢H MpPEeKJe BCETrO U YCTAHOBICHUS/TIOATBEPIKICHUS
MOJUMOP(HBIX NEPEXOA0B U 00pa30BaHUs JIETKOIIIIaBKUX
3BTEKTHUK B cMecsix BB c JIB.

3. UccaenoBanue copmectumoctu JIB u BB
C MCMOJIb30BAHHEM CTPECCOBBIX IKCIIEPUMEHTOB
U CIEKTPAJILHBLIX METOIOB aAHAJIU3A

Ecii ocHOBBIBaTHCS Ha KOJTMYECTBE HAYYHBIX MTyOIHKa-
OUA, TO MOXXHO TPHUTH K OMIMOOYHOMY BBIBOAY, UYTO
MMEHHO TePMHUYECKUE M CIIEKTPaJbHbIE METOIbl aHAIN3a
SIBJISTIOTCSI OCHOBHBIMH JUTS BEIOOpa moaxoasmux BB npu
paspadotke JI®. OgHako Ha MpakTUKE, HAOOOPOT, OCHOB-
HBIMH SIBJISIFOTCSI CTPECCOBBIE AKCIIEPUMEHTHI C UCTIOIb30-
BaHHEM XpOMaTorpaHUeCcKIX METOIOB aHamu3a. B ciy-
yae CHeKTpalbHbIX MeTofoB aHamuza (MK-, SIMP-,
Macc-CIeKTPOCKONHUS U T.JI.) HE BCETa yaaeTcs HICHTH-
(UIHIPOBaTh CHTHAJIBI MPOAYKTOB XMMHYECKOTO B3aHMO-
nevicteust BB u JIB Ha criektpax o0pas3IiioB mocie cTpec-
COBBIX IKCIICPUMEHTOB; IPUINHAMHU MOTYT OBITH HEZOCTa-
TOYHO BBICOKAsi MHTEHCHUBHOCTb CHUTHAJIOB 3TUX HPOIYK-
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TOB (TIpUMecei), TPYIHOCTh UX UAEeHTH(UKALUU Ha (oHE
JpYTruX CUTHAJIOB U T.A. TeM He MeHee B MyOInKausIX 10
CHUX IOp MpH OTCYTCTBUH 3(p(heKTOB Ha CHeKTpax, yKasbl-
BaroIKX Ha B3anMmojeicTeue BB u JIB, Hepenko nenaror
BBIBOJI 00 MX COBMECTUMOCTH, YTO HEKOPPEKTHO U JaBHO
y>K€ OIPOBEPrHYTO MpakTUKOW. CreKTpanbHbIE METO[bI
aHam3a 1ejaecoo0pa3Ho UCIOIb30BaTh KaK JOMOIHEHUE K
OCHOBHOMY HccieoBanuio copmectumoctu BB u JIB mist
YCTAHOBIICHHUS CTPYKTYPBl TPOAYKTOB B3aMMOJCHCTBHUS
BB u JIB — mpuMeceil © MEXaHH3MOB HX OOpa30BaHUS
[10; 12].

[logBoast UTOr BhIIECKA3aHHOMY, CIIEAYET IMOTYEpK-
HYTb, YTO NPH pa3pabOTKe JIeKapCTBEHHBIX (HOpM Hcce-
noBaHue copmectTuMmoct JIB 1 BB He nomkHO orpaHndm-
BaTbCAd TOJBKO MOJENBHBIMU cMecsMU. JIJii MUHHMH3A-
MU pUCKa OIMIMOOYHBIX BBIBOJIOB €r0 IeJeco00pa3Ho
MIPOBOJHUTH B HECKOJIBKO JTAMOB, BKJIIOYAIOLINX DKCIIEPH-
meHThl ¢ JIB, BB, ux MoneabHBIMH CMECSMH, a TaKKe C
oopasuamu  JI®. CxemMa pEKOMEHAYEMOIo TOAXOJa
(“Step-by-Step Approach’) npeacrasieHa Ha pUCyHKe.

Ha nepBom 3Tane (“rectupoanue BB, JIB u ux mo-
JeJILHBIX cMeceii”) 3a7adeil SBIsieTCsl yCTaHOBJICHHE TI0-
TEHLMAJbHO HECOBMECTHUMBIX BEIIECTB MCCIEJOBAaHUEM
B3aumozeiicteuss BB u JIB B MozmeneHbIX cmecax. [Ipu
9TOM OCHOBHBIE BBIBOJIbI JIEJIAIOT HA OCHOBAHUU Pe3yibTa-
TOB XpOMAaTOTrpaUIeCcKoro aHajIu3a 00pa3IoB JI0 U IOCIe
CTPECCOBOTO BO3IACHUCTBHS (CPaBHUBAIOT MPO(MIIK IpHMe-
ceil m ux conepxanue). J{OMONHUTENBFHO MPUBIEKAIOT
TEPMUYECKHE METONbl aHAIM3a [l JEeTeKTUpOoBaHus (a-
30BBIX NIEPEXOA0B, IKIOTEPMUUECKUX peakLuii, oOpa3zoBa-
HUS JIETKOIIJIABKUX 3BTEKTHUK U T.JI. OIBIT IOKa3bIBACT, YTO
Ha 3TOM JTare 4acTo HE YIAeTCs BBIIBUTH BCE MOTEHIIM-
aJbHO HecoBMecTHMbIE BB.

Ha Btopom 3Tane (“rectupoBanue odpasuos JID”)
3a7auaMy SIBISTIOTCS OOHapy)KEHHE IOTEHINAIBFHO HECOo-
BMecTUMBIX BB, KoTOpEIC HE OBUIH BBIBICHEI HAa IEPBOM
JTare, a Takke ycTaHoBieHHe Tex BB, koTopeie oTBeTCT-
BEHHBI 32 POCT OCHOBHBIX IPUMeceid B 00pasiiax pa3pada-
TeiBaeMont JI®. Bropoii 3Tan ouenku copmectumoctu BB
u JIB pexomMeHyeM POBOIUTH B XOJ€ IKCIPECCHOIO TEC-
THPOBaHHS CTAOMIBHOCTH O0pAa3IoB pa3padaTbIBacMOi
JI® B knMMaTnyecKod KamMepe MpU MOBBIMIEHHON TeMIle-
parype U BIaXHOCTH. OTMETHM, YTO MMEHHO 3TOT 3Tall
HMEEeT pellaolye 3HaueHue I BBIBOJa O COBMECTUMO-
cti uian HecoBmectumoctd BB u JIB (Ttem Gonee, yto
TEXHOJIOTH, MO Psy NMPUYMH, YACTO BKIJIIOYAIOT B COCTaB
pa3pabareiBaeMbix JI® HEKOTOpbIE MOTEHIMAIBHO HECO-
BMecTuMble BB). Ecnu Oynet ycTaHOBJIEHO, UTO KaKOe-TO
BB oTBeTcTBEHHO 3a HENOMYCTUMBIN POCT IPUMECH B 00-
pasuax paspabdarsiBaemoit JID, To ¢ GONBLIONH BEPOATHO-
CTBbIO OyJIeT MPHUHATO peuleHre JMO0 00 M3MEHEHHH TeX-
HOJIOTHH (HampuMep, Iepexo OT BIaKHOW IpaHyISAIUN K
IpSIMOMY TPECCOBAHUIO), OO0 00 0TKaze oT Takoro BB.
B nocneanem citydyae u3MEHHMTCS OLIEHKa COBMECTUMOCTH
storo BB, BMecTO “IOTeHIIMAIbEHO HECOBMECTUMOTO” OHO
OyZeT MpU3HAHO “HECOBMECTHMBIM .

BB, xoTopble OTBETCTBEHHBI 32 POCT OCHOBHBIX IIPUME-
ceil B oopasznax JID, MoxHO MACHTHPHUIMPOBATH 32 CUET
COIIOCTABJICHHUSI OTHOCUTEIBHOIO BPEMEHHU YA KUBaHUS
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OTtan 1
MopenbHble cmecu BB n J1B

v

WccneposaHne coBmectumocTu JIB n BB ¢ ncnonb3oBaHnem
CTPECCOBbIX 3KCMEPUMEHTOB B KITMMaTUYECKON Kamepe
(T=60°C; W=75%)

[NoTeHumanbHO
coBMecTuMble BB

[NoTeHumanbHO
HEeCOBMECTUMbIE
BB

[Monpo6oBaTb BKMOYUTL
B coctas J1®

‘ !

OT1an 2
O6pasubl paspabatsiBaemoi J1P,
cogepxawyme J1B n BbibpaHHble BB

v

WccneposaHue coBmectumocTn J1IB n BB
B XOJ€e 3KCMPECCHOro TECTUPOBAHUSA
cTtabunbHocTu obpasuos J1P
B KnuMaTtuyeckon kamepe (T =60 °C; W =75 %)

|

BB oTBETCTBEHHbIE
3a poCT HanbonbLIMX
npumecen

OcrtanbHble BB

XpomaTorpadmyeckmin aHanma:
KOHTPOIb coAepXaHusi npumMecen

[ononHUTenbHO: MeToabl TEPMUYECKOTO
aHanusa (getekTupoBaHue hasoBbixX
NepexooB, 3BTEKTUK, IK30TEPMUYECKMX
peakuui n 1.4.)

[MoTeHuunanbHO HecoBMecTMMble BB,
KOTOpPbIE PeLunnv He BKYaTb
B cocTaB J1®

XpomaTtorpadun4eckuii aHanma: KOHTPOrb
cogepXxaHusi MpUMECEN, xenaTenbHO Takke
KonuyectBeHHoe onpeaenexne J1B (Assay)

YcTaHOBNEHME CTPYKTYPbl 1 MEXaHU3MOB

0o6pa3oBaHus HanbonbLLNX NpuMecen

C NMOMOLLIbIO CMEKTParnbHbIX METOA0B
aHanusa u xpomarorpadcpum

v

v

Cwmornu nogobpatb
TEXHOMOrNYECKNE YCroBUs,
obecrneynBatoLLe BbINONHEeHEe
TpeboBaHuii K Npenaparty

He cmornu nogobpatb
TEXHOMOMMYECKME YCNoBUS,
obecneuvBaloLLve BbINOMHEHUE
TpeboBaHW kK Npenapary

HecoBmectumbie BB

) 4 h 4

BB, coBMmecTUMble
c IB/BeliectBamu B npenapare

Y

Cwmornu nogobpatb
TEXHOMOIMYeCcKne ycrnoBusi,

obecneyvBatoLne BbINOSTHEHNE

TpeboBaHuI K Npenapary

He cmornu nogobpatb
TEXHOIOrMYecK1e yCroBus,
obecneyvBatoLLme BbIMOMHEHNE
TpeboBaHWI k Nnpenaparty

T

T

Otan 3

BB, OTBETCTBEHHbIE 3@ HEAOCTATOMHOE

OMONTHUTENbHbIE UCCIeqoBaHNs
A = BblcBOOOXAeHMeE J1B B TecTe "PactBopeHune” u T.4.

coBMmecTumocTtu BB

CxeMa CHCTEeMHOT0 T0X0/1a K ucciieoBanuio comectumoctr JIB n BB npu pazpadotke JID (“Step-by-Step Approach”).
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stux npumeceit RRT, . (XpoMarorpaMMbl BTOPOTO 3Tara)
co 3HaueHusiMM RRT nukoB mpumeceil Ha Xxpomarorpam-
Max OMHapHBIX MOAENbHBIX cMeceit BB — JIB (xpomaro-
rpammbl niepBoro stana)®. Kpome Toro, cormocrasneHue
RRT,,,« co 3HauenussMu RRT npumeceii, oOpasyromuxcs
IPU CTPECCOBBIX UCCIEIOBAHUX C cyOcTaHuei JIB, gac-
TO JIa€T BO3MOJKHOCTh YCTAHOBHUTH THII MEXaHH3Ma 00pa-
30BaHusi npumecer B JID: okucieHue; TUAPONIN3 B
KHCJIOH, IETIOYHON MM B HEUTpPaJbHON 00JIacTH; TepMO-
OKHCIUTEIbHAS ACCTPYKIHS; (POTOXMMHUUCCKOE pasioxke-
Hue [20]. s onpenesneHust CTPYKTypbl OCHOBHBIX IIPH-
Mecel, oOpazyrommxcs B JIO mpu ux mpousBoacTBe/Xpa-
HEHMM UCIOJIb3YIOT CIEKTpaJIbHbIE METO/Ibl aHAJIM3a, pac-
CMOTpPEHHbIE BBILIIE.

Ha Tperbem 3Tame (J0MOJHHTEIbHbIE HCCICI0BA-
HHUSI B PeIKHX CJYy4asX) MOXKET MOTpeOoBaThCs MPOBEae-
HUe cnenu(uIecKux uccieaoBanuii. Hanpumep, npu mo-
JIO3pEHHH Ha TO, YTO HU3KOE BBICBOOOKIeHHEe JIB u3 JID
BBI3BAHO COpOLMEH MOJIEKyN Ipenapara BCIOMOTaTeNb-
HbIMHU BeulecTBaMu. IIpu 3TOM BO3MOXHO yCTaHOBJIEHHE
MTOTCHIINAIFHO HECOBMECTUMBIX M Jaxe (aKTHICCKH He-
coBMecTUMBIX BB, He 0OHapyXeHHBIX Ha TIEPBBIX 2 3Ta-
nax.

4. Uccaenosanue copmMectumoctu BB u JIB
€ UCIO0JIb30BaHUEM (PAKTOPHOTO
H JUCIIEPCHOHHOT0 aHAJIHN3A

OpnHa U3 nepBbIX paboT [24], B KOTOPOH HCIOJIb30BaH
(hakTOpHBII aHANIM3 HE TOJNBKO JUISl BHIOOpPA MOAXOMISAIINX
BB, HO u 1151 onienku copmectumoctu BB u JIB, ynomu-
HaeTCs MPAKTUYEeCKH BO BCEX MCCIIEOBAHUIX, TTOCBAIICH-
HbIX coBMecTumocTd BB ¢ JIB ¢ ucnonbp3oBanueM MeTona
IUTAHUPOBAHUS 3KCIEpUMEHTa. B 3Toit pabore momapHo
paccmarpuBaiy Ha ypoBHsX + 1 u — 1 no 2 Hanonaurens,
TyOpUKaHTa, JIC3HHTETPATOPA, CBA3YIOIIETO, a TAKKE YUH-
ThIBAJIM AckicTBHE Biaru. ['otomm 16 cmeceli BB u k ka-
KJI0# 13 cMmeceid pob6asisiu o 10 mr JIB; cmecu Harpe-
Banu ipu 50 °C B Teuenue 4 HeJenb; KOHTPOJIUPOBAIH CO-
JEepXKaHUe  OCHOBHOIO  BeUIECTBA.  OKCIIEPUMEHTHI
MPOBOJIUIN B COOTBETCTBHH CO CIEHHMAIBHOW MaTpULEH
TUTAaHUPOBAHMS IKCIICPIMEHTA; OBLTH CIENaI BHIBOABI O
ayumux cMecsx BB u JIB, a takxke 0 HanuM4MM B3auMO-
nerictBuu HekoTophlx BB Mex iy coboit u ¢ JIB.

B [21] npensioskeH “BBICOKO MPOU3BOIWUTEIBHBIN TMOI-
xon s uccienosanus copmectumoctu JIB ¢ BB”. C no-
MOIIIBIO J103aTOpa MopoIIKa nomMemniand okono 10 — 20 mr
BB B Buansl 96-mecTHOrO IuiaHmera, J00aBlIsiid B OTH
Buaisel o 20 MK pactBopa JIB B aTanone, 3areM BhizEp-
JKUBaAJIM =~ 15 MUH, pacTBOPUTENIb HCHApSUIM IO Baky-
ymoM. [TonydeHHbIC TaKUM 00pa3oM 00pasiibl OMHAPHBIX
cMmeceit JIB (amermicanunuioBas KUCJIOTa, (IIyOKCETHH-
Ha ruapoxiopun) ¢ BB B coornomennu ~ 1:100, a Taxxe
KOHTpOJIbHBIE 00pasibl 6e3 JIB, momenianu B 96-mecTHbIC
rianmeTsl. [Inanmers! ¢ oOpa3uamu moMeniany B Kiimma-
THYECKHE Kamepbl U BeiepxkuBany npu 40 °C/50 °C u ot-
HocuTenbHOU BiaxHoctu 10 %/75 % B TeueHue pasnuy-
Horo BpemenH (1 u 4 nenenn). 3arem skcTparuposaiu JIB

6 I[J'[}I OombIei HAAC)KHOCTHU KCJIATCIbHO COIIOCTABIATH TaKXKeE
CIIEKTPbI CPABHUBAEMBIX ITUKOB.
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u3 00pa3uoB, GUIBTPOBANIM M aHAIM3MPOBAJIM IOJyYae-
MbI€ pacTBOpbl ¢ momomibio BDOXKX, ompenemsmu %
pasnoxenust JIB. IlomydeHHble pe3ynsTaTel 00pabaThIBa-
1 metogoM ANOVA (nucnepcroHHbIH aHaIn3) U OLIEHH-
BaJi BIMsAHUE Ha paznoxkenue JIB takux QakropoB kak
BB (7 nHamMeHOBaHMIt); TemmepaTrypa, OTHOCHUTEIBbHAs
BJIQXKHOCTB U MPOJOKUTEIBHOCTD Bo3aeHcTBus. [peio-
JKeHHBIN B [21] monxon, HECOMHEHHO, MpHUBIEKaTeseH. B
TO K€ BpEeMsl 3aMETHM, YTO B 3TOW paboTe HE Ciy4arlHO
B3sutn JIB, KOTOpBIE JIETKO THAPOIU3YIOTCS, TOCTATOYHO
OBLITO MCIIOIB30BATH YKCIIPECCHBIH METO KOINIECTBEHHO-
TO OTPEIETICHNUS H3-32 3HAYUTEIHHOTO Pa3IOKEHUsI 0001X
JIB. B cnyyae ke Oosiee cTaOMIBHBIX K Tuuposnmsy JIB
MIPUIDIOCH OBl KOHTPOIHPOBATH CONEpPIKAaHIE IPHIMECEH B
o0pasiax, a 3To MPUBEIIO ObI K CIUIIKOM OOJBIITUM 3aTpa-
TaM BPEMEHH U CPEACTB.

B [25] uzyuyanmu coBmectumocts BB ¢ JIB ¢ ncnons3o-
BaHMEM (aKTOpPHOTO aHanm3a. [Ipm 3ToM mccienoBau
BiusiHEEe BB Ha cTaOMIBHOCTE MHOTOKOMIIOHEHTHBIX MO-
nenpHBIX cmecedt BB m JIB, comepxammx 6 tumoB BB
(HamoMHUTENb, CBA3YIOIIEEe, CTAOMIN3aTop, IE3WHTErpa-
TOp, AaHTMOKCUJIAHT — OJIMH U3 2 BApUAHTOB, a TAKXKE apo-
MaTHUYECKYIO T00aBKy — C MaKCHUMAJIbHOH W MUHHMAJb-
HOW KoHIeHTparwen). [Ipumensiin 3 (pakTopHBIX IIaHa
(4 + 8 + 8 “srcriepumMenToB”). B pesynbrare ObLT mpeio-
JK€H ONTUMaJbHBIN cocTaB JID ¢ TOUKM 3peHus ee cTa-
OWIBHOCTH; NPH STOM OBUIO YCTAHOBIECHO HETATHBHOEC
B3aMMOJIEICTBUE OIHOIO U3 HAIIOJIHUTENEH co cTabuin3a-
TOpPOM, a TaKXKe TO, YTO AaHTUOKCUAAHT HE BIMAET Ha CTa-
OMIILHOCTBH cMecei.

3amMeTuM, 4TO (PaKTOPHBIN U AUCTICPCHOHHBIN aHAIM3bI —
9TO JIMIIb CPEACTBA MAaTeMaTUYEeCKOM CTaTUCTUKH, MPaK-
THYECKas LEHHOCTb BBIBOJOB, IOJIY4YaeMbIX C HUX IIOMO-
IIbto, OyIeT 3aBUCETh B MEPBYIO OYEpelb OT KOPPEKTHO-
CTH IIPOBENIEHHSI CTPECCOBBIX IKCIIEPUMEHTOB.

5. U3BecTHBIE TUNBI U IPUMEPHI MOTEHIUAJIBHO
HECOBMECTHUMBIX BellleCTB, BasKHbIe /IJIs IPOrH03a
NOoTeHIHaJbHOoI HecoBMecTumocT BB u JIB

B pa3padaTbiBaeMbIX Mpenaparax

BcnoMorarenbHble BeLIECTBa, COEpKaIIie HOHBI I1ie-
JIOYHBIX WJIM LIEJIOYHO3EMENIbHBIX METaJIOB, KaK MpaBH-
JI0, TIOTEHIMAJIbHO HecoBMecTUMBI ¢ JIB, conepxammmu
TPYHIBI, CIIOCOOHBIC K THIPONH3Y, TakuMu kak R-OR’,
R-SR’, R-C(=0)-OR’, R-C(=0)-NH, u 1.1. OcHOBHO# Me-
XaHU3M JEeCTaOMIM3NUPYIONIETO ACHCTBUS CONCH Iesod-
HBIX WJIN HICJIOYHO3EMCIIbHBIX METAJUIOB B TBEPABIX JId
3aKITFOYAETCsl B CIIEAYIONIEM: B MIPUCYTCTBUH HEOOJBIIIOTO
KOJIMYECTBA BJIATM OKOJIO MOHOB INEIOYHBIX WM MIETI04-
HO3EMEIbHBIX METAJJIOB CO3/IAF0TCS MUKPOOOIACTH C BBI-
cokuM 3HadeHueMm pH (“microenvironmental pH” [26]).
Kax pesynbrar, HOHBI THIPOKCHIIA B TAKMX MUKpooOiac-
TAX YCKOPSIFOT (KaTaJM3UPYIOT) THAposn3 Mosiekya JIB.
Takoe sBIEHNE HEOTHOKPATHO HAOIIONAIOCH HAMHU B XOJIE
paspaborku JI® [20]. Hapsay ¢ THAPOIHM30M MOJIEKYI
JIB, mapajuieibHO MOT'YT MPOTEKATh Jpyrue XUMHUYECKHE
MIPOIIECCHI, TaKNe KaK MEperpymInpOBKa, JTeKapOOKCHIH-
poBaHue, LUKIM3auMig U T.J. Hamnpumep ycTaHOBIEHO
[27], 4TO B IPUCYTCTBUU CTE€apaTa MarHusi Win MoLesa-
YUBAIOLIUX areHTOB Hapsay ¢ peakuued ruapoiusa JIB
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(moexipril hydrochloride) mporekatoT mpoueccsl aexap-
OOKCUIIMPOBaHMA M LUKIM3ALIMHU, TPUYEM OCHOBHAs NpH-
MeCh — MPOAYKT AEKaPOOKCUIMPOBAHHUS C IUKIH3ALUCH.
Ha ocuoBanuu SIMP u Macc-ClIEKTpOCKOIIMM CHEIaH Bbl-
BOJZ O TOM, YTO B PE3yNbTaTe B3aHMMOACUCTBUS cTeapara
Martusi ¢ TaKpoOJIUMYCOM 00pa3yeTcst MPOAYKT Heperpyr-
MUPOBKHU TAKPOJIMMYCa; MIPHU ATOM MEPErpynirupoOBKY MO-
JIEKyJ TAaKPOJIMMYyca OOBSICHSIOT BO3/ACHCTBHEM HOHA Mar-
Hus [28]. [oBopuTcst 060 06pa3oBaHMH aaIyKTa alleTPHII-
TaHa (acetriptan) co creaparoM MarHus; JUIsS MPEIOTBPa-
HIeHUsT 00pa30BaHUs ayKTa MCIIOIB30BAHO pa3lelibHOE
rpanynupoBanue [15]. TlokazaHo, 4TO B TPUCYTCTBHH
cTeapara Marams aectpykius JIB mpoTrekaeT mo aBTOKa-
TaTUTHYECKOMY MeXaHu3My (C yckopenuem) [29].

Penynupyromme caxapa (J1akto3a, IIFOKO3a U Jp.) CIIO-
COOHBI XMMHYECKH B3aUMOJICHCTBOBAaTh C MEPBHYHON H
BTOpHYHON aMuHOTpynmoi JIB ¢ obpasoBanumeMm amgyk-
TOB, B TOM YHCIIe OKpaiieHHbIX ocHoBaHui [Iudda. I1o-
9TOMY PEOyLHpPYIOIINE caxapa 3aBEAOMO IMOTCHIHAIBHO
HecoBMecTuMbl ¢ JIB, conmepikammmu NEpBHYHYIO WIH
BTOPUYHYIO aMUHOTPYMIBL. XOPOIeH aabTepHaTHBOM pe-
OYLUPYIOIIUM caxapam sIBJIS€TCSl MaHHUTOJI — caxap, He
oOJIaafomuil  peAyIUpPYIOMUME  CBOHCTBaMHU.  Eciu
BCE-TaKM XOTSAT HCIIOJIb30BaTh PEeNyLUpPYIOIIUN caxap B
JI®, 1o cienyeT NpPUHATH MEpPbI MPEIOCTOPOKHOCTH U
CBECTH K MUHUMYMY cojiep>kaHue Biaru B JI®, nucnons3o-
BaTh yNakoBKy Tuna Alu-Alu, ocymuresb U T.1. 3aMeTnM,
4yT0 oOpasyromecs: ocHoBanus [ludda (mpumecn) nHO-
rJa MPUBOJIAT K CTOJIb HHTEHCUBHON OKpacke MpernapaTos,
YTO OHA MPOSIBIISETCS Jake NMPU OYEHb HU3KOM CojJepiKa-
HUU TIpUMEcedl — Ha ypOBHE COTBIX JOJIeH MpOIeHTa U
MeHbIe. VIMEeIoTcsl Takke JaHHbIe, YTO Ha HayaJlbHOM
arane peakuuu Mainapa Mexay jgakto3oi u BB moxer
3aIrycKaThes pagukanbHas peakius: B [30] okucnenue JIB
00BSICHEHO paIuKaIbHBIM IPOLIECCOM, 3aITyCKAaEMBbIM MIPHU-
MECBIO B JIAKTO3€.

OpraHuyeckue KHUCIOTHl (JIMMOHHasA, (ymapoBas H
ap.), nodasnseMsle B JI®7 wiu B Buge conu JIB B koMOu-
HUPOBAHHBIX JIEKAPCTBEHHBIX IperapaTax, MOI'yT 00pa3o-
BbIBaTh 3PUpPHI, aMUIbl U anaykTel ¢ JIB, cogeprkammmu
MEePBUYHBIE WJIM BTOPUYHBIE aMUHOTPYIIIBI UM THUAPO-
KCWJIbHBIE TPYNIbI. B kadecTBe mpumepa MOXKHO MpPHUBEC-
TH oOpaszoBanue mpumeceil B TBepAbx JID: adupa npu
B3aMMOJICVCTBUM KapBEAWJIONA C JMMOHHOM KHCIOTON
[31], ammyxta ammnogunuHa ¢ (ymMapoBOH KHCIOTOH B
KOMOMHHPOBAHHOM IIpenapare, cojep KaIieM aMIOJUITHH
u 6ucomnpornona ¢gymapar [32]. OTMeTHM, 4TO Jaxe cTea-
puHOBasi KUCIOTa (0OBIYHO XUMHYECKA MHEPTHOE Bellle-
CTBO) MOXKET B3aMOJICHCTBOBATh ¢ OCH30KaWHOM TIPH TIO-
BBILLEHHOM TeMIieparype Npu U3roTOBIEHUH MATKUX JID,
a TaKoKe MPHU UX XPaHEHUH.

HuzkoMonekymnsapHble MOTUTHAPOCTIUPTHL  (COpPOUTOI,
HPONWICHITINKOIb U Ap.) B KuAKUX JID moryt B3ammo-
neiictBoBath ¢ COOH-rpymmamu monexyn JIB ¢ o6paso-
BaHHUEM CJIOKHBIX 3¢upoB [33].

7 O6EIHO OpraHmUecKye KHCIOTH 106aBsior B JID ¢ renbio yBe-
nudeHus pactBopumoctd JIB mimm st crabunmzanuy MOJICKYIT
JIB, mpezacTaBnstomux coboil coiab COOTBETCTBYIONIEH OpraHuyde-
CKOH KHCIJIOTBL.
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PeakumonHocnoco0Hple NpUMeCH M3 BCIOMOra-
TeJbHBIX BemecTB. B 0030pe [34] paccMoTpeHB! peakiu-
OHHOCHOCOOHBIE MPUMECH, IPUCYTCTBYIomue B BB, n me-
XaHU3MBI UX B3aumojeiictus ¢ JIB. [Tokazano, 4to ¢op-
Manprerug w3 [19I° 300 u mommcopbara 80 crmocobeH
B3aumMozeiicreoBars ¢ JIB BMS204352 no rpynne > NH
[35]. [Ipu aTOM nmaxe 8 ppm popmainbaeruaa B BB okaza-
JIOCh JOCTaTOYHBIM, 4YTOOBI TPUBECTH K O0OpPa30BaHHIO
~ 1 % npumecu — nponykra pasnoxenus JIB. [Ipencras-
JICHBI PE3yNBTaThl PACCIICNOBAHUS IIPHYMHBI OKHCINTEIb-
HOW JIECTPYKIIMU KoMIulekca “penmnananni-JIB” u u3me-
HEHMS OKPACKH IIperapara; IoKa3aHo, 4YT0 U3MEHEHUE OK-
packu BbI3BaHO peakuuell Maiinapa Mexay NPHUMECHIO
peayuupytomero caxapa w3 MKI u Qenunanannaom
[30]. OTmMeueHo, YTO MEePOKCU/IBI, COMIEPIKAIIIECS B ITOBU-
JIOHE W KPOCIIOBHJIOHE, MOTYT OKHUCIISITh HE TOJBKO Mep-
BUYHBIE ¥ BTOPUYHBbIE aMUHOIpyMNIsl Monekyn JIB, Ho u
TpeTu4HbIi a30T (—N—) ¢ oOpazoBanuem N-okcuaa [12].
OTO HaJl0 UMETH BBUAY, IIOCKOIbKY IIPU XPaHEHUU IIOBU-
JOHa W KPOCIIOBHUJOHA B HUX MOI'YT HaKallJIUBaTbCA II€-
POKCHJIBI IO ACUCTBUEM KHUCIIOPOJIa BO3IYXA.

JByokuch KpeMHHs (2DPOCHJ U JIP.) MOKET KaTaIU-
3upoBaTh oOkucjeHue JIB, Hanpumep, okucIeHUE IU-
stunctunbdectpona (diethylstilbestrol) [36]. Ha npaxtuke
BCTPETWIICA OCOOCHHO MHTEpecHBI ciyuail. B msrkoi
JI® cam adpocuin cnabo karanusuposan okucieHue JIB.
OnHako B MPUCYTCTBUM JIPYrOro, CPaBHUTEIBHO JIETKO
OKHCIISIIOIErocs BemiectBa (Z; ero TpeOyeTcsl XpaHUTh
oJ1 a30ToM), okucieHue JIB yckopsiock aspocusiiom 0o-
nee yeM B 10 pas; mpu 3TOM TpeTHuHbIH a3zotr JIB (>N-)
okucnsics 1o N-okcuaa. B momenbHOM cmecu JIB u Z, To
€CTh B OTCYTCTBHE a3pocuia, JIB ne okucmisnocs. [1o-su-
nuMoMmy, okuciienue JIB 3amyckanoch paaukanamu, oopa-
3YIOLIMMHUCS [IPU OKUCIEHUU Z B IIPUCYTCTBUU a3pOCHIIA.

[oaumepubie BB moryr cop0upoBaTh MOJEKYJIbI
JIB 1 TeM caMbIM BIUATH Ha BeICBOOOXKeHue JIB 3 JID.
B [2, p. 7] mpuBeaeHbI CCBUIKH HA MOJOOHBIE B3aUMOJICH-
ctBust JIB ¢ syaparutom, niemnonosoit, [191, nomucopba-
TOoM &0.

BB, noTeHIIHAJBLHO HE COBMECTHMBIE MeKIY c000i

I[oBugOH M cTeapHHOBasi KMCJIOTA CIIOCOOHBI B3au-
MOJIEHCTBOBATh MEXAY COOOM M 3TO MOXET IMPUBOIAMUTH K
3HAUYUTENIFHOMY  3aMeIJIeHHI0  BbICBOOOXAeHUs JIB
[11, 13, 37]. 3amennenue BoicBoOOXKAeHUS JIB ObLII0 00B-
SICHEHO 00pa30BaHHEM CTEKII0O00pa3HOTO BEIIECTBA, BETY-
1Ier0 K CHU)KEHUIO TIOPUCTOCTHU TPaHy U, KaK CIIC/ICTBHE,
— K CHIDKCHHIO CKOPOCTH BbICBOOOXKAeHHWs JIB mocie
XpaHEHHS KaIlCyl ¢ TPaHyJIaMH B TEUCHHE HECKOJIBKUX Me-
csues [37].

IMapaGenbl (KOHCEPBAHTBI) MOTYT B3aMMOJIeiCTBO-
BaTh B kuakux JI® ¢ nonmuruapocnupraMu (IPONHICH-
DJIMKOJIb, COPOMTON | T.7.) IO MEXaHU3MY TpaHCITepHpuU-
Kaiuu ¢ oOpazoBanueM >¢upos [38], Hampumep, copobu-
ToI 0OpaszyeT 3¢up ¢ metunnapadenom [12].

Kpockapmesiozda HaTpusi MoOXKeT B3auMMOJeHCTBO-
BaTh ¢ BB, o0nagaomumMu meJ0uYHbIMH CBOiCTBAMH
[39]. B pesynbrare 3HaYUTETLHO CHUKAETCS CKOPOCThH BHI-
ceoboxnenust JIB w3 tadnerok. Ipeamonararot, 4to 3TO
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BBI3BIBAETCS YACTUYHBIM THIPOJIN30M KPOCKapMENIo3bl Ha-
TpHs 110 9(PUPHBIM CBA3aM, IIPU 3TOM 00pazyIOLIUIiCs IPo-
JIYKT CO3/1a€T BA3KHIA Oapbep, NPEMsTCTBYIONUINI TPOHUK-
HOBEHHUIO MOJIEKYJ BOJIbI B TAOJIETKH pernapara.

6. [IporuHo3upoBaHne NOTEHIUAIHHOM
HecoBMecTtuMocTu BB ¢ JIB Ha ocHoBanun
KHCJIOTHOCTH NoBepxHoctu BB

Kucnornocrs nosepxxocru BB (manee pH,) moxer
BIMATH Ha cTabmipHOCTh cMmeced BB ¢ JIB. B cBs3u ¢
5TUM MOXXHO HCIIOJIB30BaTh AaHHbIe 110 pH, [40] st ipo-
rHo3a copmectTumoctu BB c¢ JIB, conepxammmMu rpymnisl,
cnocoOHbIe K ruaponusy. [IpeaBaputensbHo clienyer ycra-
HOBHUTH, B Kakoil oonactu pH ruaponuzyercs JIB. TTokaza-
HO, YTO HECTaOWJIBHBIA B KUCIIOW Cpele aTopBacTaTHUH
crabuiieH B cmecsix ¢ BB, nmerommnmn pH,, > 6 1 Hecra-
OwieH B cMecsix ¢ BB, umerommmu pH,, <3 [40].

7. KoMnblOTEepHBIE POrPaMMBbI /IS IPOTrHO3a
NPoAYKTOB B3aumoaeiicreust BB u JIB

HIMeroTCst HECKOJIBKO KOMITBIOTEPHBIX IPOrPaMM, KOTO-
PBIC MOKHO MCIIOJIB30BAaTh JJIA IPOrHO3a MPOAYKTOB B3au-
MojieicTBusl XxuMuueckux BemiecTB [11]. Cpean HUX BbI-
nemsiercst  Zeneth Chemical Degradation Prediction
Software [41]. Dta mporpamma JgaeT BO3MOKHOCTH BBO-
IUTH JII0ObIe XUMHUYECKHE CTPYKTYPHI U IPOTHO3HPOBATH
MIPOAYKTHl UX B3aHMMOICUCTBHS, a TaKKe MPOIYKTHI JECT-
pykuun JIB BcreacTBue ruaponn3a, TEPMOIIN3a, OKUCIIE-
HUsA, (POTOXUMHUECKOTO BO3JCHCTBUSA. Zeneth okasanach
OYCHb ITOJIC3HOH PH WACHTH(OUKAINH ITHKOB HA XPOMATO-
rpamMMax 1o Maccam (parMeHTOB ¢ TIOMOIIBIO MacC-CIIeK-
TPOMETPUYECKHUX JAETEKTOPOB [42].

Uccnenosannto cosmectumoctd BB u JIB B Hactos-
mee BpeMs YICNSIOT OONbIIOE BHUMAaHUE, O YeM CBHUJIC-
TENBbCTBYET OOJBINOE KOJUYECTBO MyONMKAIMM, YacTh U3
KOTOPBIX PacCMOTpeHa BhIlIe. [JaHHbIE U pEeKOMEHAIUH,
TPUBEJICHHEIE B CTaThe, MPEACTABISAIOT UHTEPEC ISl LIU-
POKOro Kpyra uydTaresieil, UMEIOIINX OTHOIIEHHUE K pa3pa-
0OTKe, YCOBEPILIEHCTBOBAHUIO U KOHTPOJIIO KauecTBa Jie-
KAapCTBEHHBIX MPENaparTosB.
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STUDYING COMPATIBILITY OF DRUGS AND EXCIPIENTS
IN DEVELOPING MEDICINAL DOSAGE FORMS

N. A. Epshtein
STADA PharmDevelopment R&D Corporation, NIZHPHARM Company, Moscow, 109029 Russia

e-mail: naumepshtein@gmail.com

There is a contradiction related to assessment of the compatibility of drugs (API) and excipients (EX): EX and API that can chemically interact with each ot-
her are considered incompatible. At the same time, some original medicines contain EX and API that are capable of chemical interaction. To resolve this con-
tradiction, the notion of “otential incompatibility”between EX and API is introduced, which means the ability of substances to direct or indirect (e.g., through
catalysis) chemical or unfavorable physical interaction that can potentially occur during production or storage of a medicine and influence its quality. It is
emphasized that the final conclusion on incompatibility of EX and API can only be made if it is impossible to ensure their compatibility in a medicine. Met-
hods of assessment of the compatibility of EX and API are considered, including stress experiments with chromatographic analysis, stress experiments with
spectral analysis, and experiments using thermal methods of analysis and calorimetry. The systemic (“tep-by-step” approach to drug — excipient compatibili-
ty is proposed and justified. The step-by-step approach is based on rapid testing of EX — API interaction in both model mixtures and samples of preformulati-
on compositions. These studies are crucial for reliable conclusions about the compatibility of EX and DR. The known types of potentially incompatible subs-
tances important for the forecast of potential EX — API interactions are described based on the structural features and chemical properties of molecules. Re-
commendations concerning the compatibility of drugs and excipients are suggested.

Keywords: compatibility; parent substances and excipients; testing methods; stress experiments; prediction.
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