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AKTVaJibHOCTb TeMbI 

Ba)l(HaJI ponh HMMj'HHOH CHCTeMbl B IIO.ll,aBneHHH poem HeKOTOpb!X THIIOB 3JIO

KatJeCTBeHHbIX HOB006pa30BaHHH IIOATBepiK.ll,aeTCll B MHOfO'IHCJieHHbIX na6oparop

Hb!X H KJIHHH'leCKHX 3KCrrepnMeHTaX [1-4]. Ilpn 3TOM yrnep)K):laeTCll, 'IT0 HMMj'HHbIH 

OTBeT pa3BHBaeTCll He TOJihKO Ha orryxonn, nMeIOmne BnpycHoe rrponcxo)K.ll,eHne, 

HarrpnMep, JIHMqJOMbl, capK0Mbl, paK rretJeHH [2]. 3KcrrepnMeHTaJibHO IIOKa3aHO, 'ITO 

rrpncyrcTBne CD4+ n CD8+ T nnM<pOLIHTOB B orryxoneBbIX HH<pHJihYpaTax llBJilleTCll 

6narorrpllllTHblM rrpOrH030M B CnytJae paKa IIHII(eBO):la, MenaHOMbI, a TaK)l(e paKa MO

JIO'IHOH )l(eJie3bl [2-4]. Mnllle~llMH ):IJill pacrr03HaBaHHJI rrpn HMMj'HHOM OTBeTe Ha 

orryxonn He BnpycHoro rrpoHCXOiK):leHHll MOryr CJIY)l(HTb TaK Ha3bIBaeMhie orryxone

accoQmipoBaHHbie aHTHreHbl - KOMIIOHeHTbl orryxoneBbIX KJieTOK, H3MeHeHHbie (rro 

CTPYKTYPe HJIH 3KCIIpeccnn) OTHOCHTeJibHO HOpMaJibHbIX KJieTOK opraHH3Ma [2,5]. 

TaKHM o6pa30M, B03HHKaeT BOIIpoc O rrpH'IHHax HH3KOH HMMj'HOreHHOCTH PllAa 

orryxoneiI, BCJie):ICTBHe K0TOpb!X OHH rrpaKTH'IeCKH He IIO):l):la!OTCll netJeHHIO. 

B JIHTeparype llIHpOKO 06cy)l(J:1a10TCll MexaHH3Mbl o6xo):la HM_Mj'HOJIOrH'leCKOr0 

Hamopa orryxoneBblMH KJieTKaMH [6-9]. CpeAH HID( BbJAeJill!OT crroco6HOCTb orryxo

neBbIX KJieTOK yrpatJHBaTb aHTHreHHbie ):leTepMHHaHTbl C IIOBepXHOCTH, 'ITO rrperrllT

CTBYeT HX paCII03HaBaHHIO LIHTOTOKCH'leCKHMH CD8+ T JIHMqJOLIHTaMH [6,7]. I1Me

lOTCll ):laHHbie, 'ITO orryxoneBbie KJieTKH ceKpeTHPYIOT HMMyHocyrrpeccttBHble <paKTO

pbl, HarrpnMep, 1rnm1.1npy10mne arrorrTo3 FasL [8]. OTMetJa!OT TaIOKe Ba)Ktty!O ponb 

perynllTOpHbIX T KJieTOK B IIO):laBneHHH rrpOTHB0paKOBblX HMMj'HHbIX <pyHKJ..IHH [6]. 

IlOKa3aHO rrpncyrCTBHe 3THX KJieTOK B HHqJHJihYpaTax HeCKOJibKHX THIIOB orryxoneiI 

qenoBeKa [9]. 

I13BeCTHO, 'IT0 IIO Mepe pa3BHTHll 3JIOKatJeCTBeHHOH orryxonn rrpottCXO):IHT rro

):laBneHne o6mero COCT0llHHll HMMj'HHOH CHCTeMbl [10]. HarrpnMep, 3JI0KatJeCTBeH

HbIH rrpouecc qacTO crroco6cTByeT IIOBblllleHH0Mj' rrpOH3B0):ICTBY rJIIOKOKOpTHKOH

):10B, KOTOpble HHrtt6HpyIOT pa3BHTHe KJIOHa crre1.1n<pHtJeCKID( T JIHM<pOLIHTOB. B He

KOTOpblX CJIY'lallX IIO rrpH'IHHe HMMj'H0):lerrpeccnn OTKa3bIBa!OTCll OT rrpnMeHeHHll 

rpaAHJ..IHOHHbIX xnMnoreparrn,~1~~WeWfiRtWHf1H€'ffi.~y~ll Ha JHatJnrenbH0e yco

BepllleHcTBOBaHne TeXHHKH A~fejY!ffil~a_H'm.l'J~,!J,\Wfuffim qecKOH ):103bl B orryxonb, 
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OCTaeTCH orracHOCTb ITOBpe)K,n:eHHH 3.n;OpOBb!X TKaHeH, B TOM 'IHCJie 6JIH)Kattumx K 

orryxoJIH opraHOB HMMy'HHOH CHCTeMbl. Eonee Toro, pa.n:noTeparrnH H XHMHOTeparrHH 

MOryr OKa3aTbCH He 3cpcpeKTHBHbIMH JJ:JI» Jie'leHHH 60JibHbIX C ocna6neHHblM HMMy'

HHTeTOM. l103TOMY H3y'leHHe rrpOTHBOpaKOBOro HMMy'HHOro OTBeTa, a TaK)Ke crroco-

60B ycnneHHH yrHeTeHHOH MaJIHrHH3aQHeH rrpOTHBOpaKOBOH pe3HCTeHTHOCTH opra

HH3Ma H o6mero COCTOHHHH HMMy'HHOH CHCTeMbl HBJIHeTCH Ba)KHOH H HHTepeCHOH 

rrpo6neMoii. 

B o6JiaCTH Jie'leHHH 3JIOKa'leCTBeHHbIX HOBoo6pa30BaHnH ITOHBJIHIOTCH HOBbie 

MeTOJJ:bl HMMYHOTeparrHH. llfopoKoe pacrrpocTpaHeHHe JJ:JIH CHCTeMHOro H perHO

HaJibHOro Jie'leHHH rronyqae-r TeparrHH C HCITOJib30BaHHeM TaKHX peKOM6HHaHTHblX 

QHTOKHHOB KaK HHTepneiiKHH-2 (MJI-2) n HHTepcpepoH-a (Hlt>H-a) (CM., HarrpHMep, 

[ 11] n YKa3aHHbie TaM CCbIJIKH). B opraHH3Me OHH nrpa!OT Ba)KHyIO pOJib B peryJIH

QHH HMMy'HHOro OTBeTa [2,11]. O,n:HaKO, rnaBHblM orpaHH'leHneM TaKOro MeTO.n;a 

HMMy'HOTeparrHH HBJIHeTCH Bb!pa)KeHHaH TOKCH'IHOCTb [11]. B 3KCrrepnMeHTaX n KJIH

HH'leCKHX HCilb!TaHHHX ITOKa3aHa Bb!COKM 3cpcpeKTHBHOCTb rrpOTHBOpaKOBb!X BaK-

1..(HH, OCHOBaHHbIX KaK Ha rOTOBbIX aKTHBHpOBaHHbIX T JIHMqJOQHTax, TaK n Ha rrerr

TH,n:ax orryxoneBoro rrponCXO)KJJ:eHlrn [ 12, 13]. Ba)KHbIM JJ:OCTOHHCTBOM BaKQHHHOH 

TeparrnH HBJIHeTCH ee HH3KM TOKCH'IHOCTb. MHTepeCHO OTMeTHTb pe3yJihTaTbi HCCJie

JJ:OBaHHH rrpOTHBOpaKOBbIX 3cpcpeKTOB HeHOHH3npyIOmero mnyqeHHH. B cepHn 3KC

rrepHMeHTOB Ha MbIIllaX 6hIJIO ITOKa3aHo, 'ITO qJOTOJJ:HHaMH'leCKM TeparrHH crroco6Ha 

ycHJIHBaTb rrpOTHBOpaKOBblH HMMy'HHb!H OTBeT (CM., HarrpHMep, [14]). 3KcrrepHMeH

TaJibHO o6Hapy)KeHo HMMYHOCTHMy'JIHPY!Oll(ee ,n:eHCTBHe HH3KOHHTeHCHBHOro 

CBepXBbICOKO'laCTOTHOro 3JieKTpOMarttHTHOro mnyqeHHH (CBl.J:) [15,16]. B HaCTOH

mee BpeMH pa3pa6aTb!Ba!OTCH MeTOJJ:bl CO'leTaHHH HMMy'HOTeparrnH c Tpa,n:HQHOHHbl

MH MeTOJJ:aMH Jie'leHHH paKa, TaKHMH KaK XHMHOTeparrnH H pa,n:HOTeparrHH [17-20]. B 

'laCTHOCTH, B [ 17] ITOKa3aHO, 'ITO rrocne,n:oBaTeJibHOe Ha3Ha'leHne XHMHO- H HMMYHO

TepaITHH HBJIHeTCH 6onee 3cpcpeKTHBHbIM ITO cpaBHeHHIO C KypcOM OJJ:HHO'IHOH xn

MHOTeparrHH. ITpH 3TOM o6Hapy)KeHo, 'ITO Kypc HMMYHOTeparrnn Cpa3y rrocne XH

MHOTeparrHH .n:ae-r 60Jiblllee KOJIH'leCTBO ITOJIO)KHTeJibHblX OTBeTOB, 'leM o6paTHaH 

rrocne,n:oBaTeJibHOCTb. TaKHM o6pa30M, Ba)KHOH 3a,n:aqeii HBJIHeTCH BbI6op rrpaBHJib

HOro rrpOTOKOJia Jie'leHHH. KpoMe TOro rrpH Ha3Ha'leHHH eypca TeparrnH Heo6xo.n;HMO 
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Y'IHTbIBaTb oco6eHHOCTH rHCTOJIOrHH orryxonn n COCTOHHHe HMMy'HHOH CHCTeMbl 

opraHH3Ma. 

ITocTpOeHne a,n:eKBaTHOH MaTeMaTH'leCKOH MO,n:eJIH 3JIOKa'leCTBeHHOro poem C 

KOppeKTHblM Y'JeTOM ,n:eHCTBHH orrpe.n:eneHHOro BHJJ:a Tepamrn Il03B0JIHT rrpe,n:cKa-

3aTb rroBe.n;eHHe orryxonH rrocne rrpeKpameHn» ne'leHHH n, cne,n:oBaTeJihHO, orrpe.n:e

JIHTb HaH6onee ITOJJ:XO,n:Hll(HH JJ:JIH rra11neHTa Kypc Teparrnn. CymeCTBYIOil\He MaTeMa

TH'leCKHe MO,n:enn ITOKa3bIBa!OT, 'ITO BKJIIO'leHHe JJ:HHaMHKH HMMy'HHOro OTBeTa B 

MOJJ:eJIH orryxoneBoro pocTa HBJIHeTCH cymeCTBeHHbIM JJ:JIH rrony'leHnH KJIHHH'leCKH 

Ha6nIO,n:aeMbIX CQeHapHeB pa3BHTHH orryxoJIH, TaKIIX KaK HeKOHTPOJinpyeMbIH poCT 

orryx:OJIH, TOpMO)KeHHe pa3BIIT~H orryx:OJIH n KOJie6aHHH pa3Mepa orryxonn. 

.ll:nH orrncaHHH B3aHMOJJ:eHCTBHH Me)KJJ:y orryxoJib!O II IIMMYHHOH CHCTeMOH IIIH

pOKO HCITOJib3YIOTCH MeTOJJ:bl rrorryJIHQHOHHOH JJ:HHaMHKII [21-26]. MMMy'HHaH peaK

llHH Ha qy)Kepo,n:Hble areHTbl, B TOM 'IHCJie, Ha orryxoneBbie KJleTKH rrpe,n:cTaBJIHeT 

co6ott CJIO)KHblH KOHTponnpyeMblH rrpo11ecc, o6ecrre'IHBaeMbIH CJia)KeHHOH pa6omii 

11enoro pH,n:a KJieTO'IHblX rrorryJIHQHH n MOJieKyJIHpHblX Me,n:naTOpOB. Ba)KHOH 3a,n:a

qeii Mo,n:ennpoBaHHH HBJIHeTCH orrpe.n:eneHHe TeX KOMITOHeHTOB HMMy'HHOro OTBeTa, 

KOTOpbie 0Ka3bIBa!OT HaH60Jiblllee BJIIIHHne Ha JJ:HHaMHKY CHCTeMbl, a TaK)Ke rrpe.n:

CTaBJIHIOT IIHTepec JJ:JIH nccne,n:oBaHHH B paMKax KOHKpeTHOH 3a,n:a'IH. 

ITepBble MO.n;eJIH rrpOTHBOpaKOBOro IIMMy'HHTeTa paccMaTpHBaJin B3aHMO.n;eii

CTBHe JJ:Byx KJleTO'IHblX rrorryJIHQnii: orryxoneBblX KJieTOK H pearnpy!Oil\HX Ha HUX 

crre11ncpn'leCKIIX T JIHMqJOQHTOB [21-23]. C pa3BHTHeM MeTOJJ:0B HMMy'HOTeparrnH n 

6noTeparrHn B03HHKaeT Heo6xo,n:HMOCTb orrpe.n:eneHHH 3H,n:oreHHOH ,n:nHaMHKH rrpn

MeHHeMbIX rrpn Jie'leHHH l.lHTOKHHOB, 'IT06bi OQeHHTb OITTIIMaJibHb!H pe)KHM JJ:03HpO

BaHHH. C 3TOH QeJib!O pa3pa6aThIBa!OTCH MO,n:enn C Y'JeTOM BJIHHHHH QHTOKHHOB. O.n:

Ha H3 rrepBblX MO,n:eneii, paccMaTPnBa!Oll(HX .n:eiiCTBHe HMMy'HOTeparrHH, OCHOBaHHOH 

Ha BBe,n:eHHH MJI-2 H aKTHBnpoBaHHblX T KJieTOK, 6hma rrpe,n:JIO)KeHa B pa60Te [24]. 

Mo,n:eJib rrpe.n;CTaBAAeT CHCTeMy' Tpex o6bIKHOBeHHbIX .n:ncpcpepeHQHaJibHbIX ypaBHe

HHH, OITHCbIBa!Oll(HX ,n:nHaMHKY orryxoneBbIX KJieTOK, 3cpcpeKTOpHblX KJieTOK n MJI-2. 

ITorryJIHQHH 3cpcpeKTOpHbIX KJieTOK 3,n:ech o6beJJ:HHHeT MaKpocparn, NK-KJieTKH n 

CD8+ T KJieTKH. 11o3)Ke B pa6oTe [25] 6hma rrpe,n:Jio)KeHa MO.n;enh, r.n:e JJ:JIH orrncaHHH 

rrorryAAQHii NK-KJieTOK H CD8+ T KJieTOK HCITOJih3yIOTCH oT,n:eJihHhie ypaBHeHnH. B 
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OTJII:1q1:1e OT [24) B Mo,neJm [25) He )"Il:ITbIBaeTCH ecTeCTBeHHM ,lll:IHaMl:IKa HJI-2, a 

paccMaTp1rnaerc» TOJihKO ero BHeurnee nocryrrneH1:1e 1:1 3JII:1MI:1Hau1:1». B paMKax ,naH

Hoil: MO,lleJil:I paccMOTpeHbl 3<p<peKTbI Xl:IMl:IOTepan1:11:1, l:IMM)'HOTepan1:11:1, l:IX coqera

Hl:IH 1:1 BaKI..(l:IHHOH Tepan1:11:1. Cne,nyeT OTMeTl:ITb pa6ory [26), r,ne B paMKaX MO,neJil:I 

[24] 1:1ccne,nyerc» 61:10Tepan1:1» c 1:1cnonb3OBaH1:1eM Manoil: 1:1HTepqiep1:1pyromeil: PHK 

(M1:1PHK). ,[l;aHHhIH MeTO.ll no3BOAAeT coKpaTl:ITb Bb1pa60TKY rpaHcqiopM1:1py10mero 

qiaKTopa poem-~ (T<I>P-~). KOTOpbIH, KaK l:13Becrno, o6na,naeT 1:1MMyHocynpecc1:1B

HbIM .neil:CTBl:leM. I1o3TOM)' MO,lleJib [24) ycnm1m»eTCH nyreM BKmoqeHl:IH ypaBHeHl:IH 

,n1:1HaM1:1K1:1 T<I>P-~ 1:1 TepaneBmqecKoil: KOHUettrpau1:11:1 M1:1PHK. B TaKOM B1:1,ne MO

.nenh TIO3BOJIHeT TIOJiyql:ITb YCJIOBI:IH, KOr,na JieqeHl:le Ml:IPHK ycneurno nepeBO,lll:IT 

onyxoneByIO nonyn»umo B COCTOHHI:le, KOHrpOJII:!pyeMoe l:IMM)'HHOH Cl:ICTeMOH. 

Ue.rrLro pa6oTbl »BJI»eTc» nocTpoeH1:1e 1:1 1:1ccne,noBaH1:1e KI:1HeT1:1qecKoii Mo,nen1:1 

Me)KKJieTOqHbIX B3al:IMO,lleiicTBl:IH np1:1 KJieTOqHOM l:IMM)'HHOM OTBeTe Ha 3JIOKaqe

CTBeHHbIH pocT, c )"IeTOM HJI-2, a TaK)Ke paccMorpeHl:le BJil:IHHl:IH npoTl:IBOpaKOBOro 

l:IMMYHHOro OTBeTa Ha 3<p<peKTl:IBHOCTb HeKOTOpbIX l:13BeCTHbIX MeTO,llOB JieqeHl:IH. 

HayqnaH nosn1na B HacTo»mee BpeM» pa3Bl:IThI pa3n1:1qHb1e no,nxo,nb1 K Mo,ne

n1:1poBaH1:110 3JIOKaqeCTBeHHOro npouecca. Hx MO)KHO pa3,neJil:ITb Ha ,lll:ICKpeTHbIH, 

KJieTOqHb!e aBTOMaTbl, KOHTl:IHyaJibHb!H no.nxo.n, l:ICTIOJib3YIOI.l.(l:IH Cl:ICTeMbl o6hIKH<?

BeHHb!X .llll<p<pepeHI..(l:laJibHb!X ypaBHeHl:IH l:I ypaBHeHl:IH B qaCTHbIX npOI:13BO,llHbIX ,llJIH 

OCHOBHblX KOMTIOHeHTOB l:IMM)'HOJIOr1:1qecKOH peaKI..(l:ll:I, a TaK)Ke r1:16pI:1,llHbIH, coqe

Ta!Oll(l:IH ,lll:ICKpeTHb!H l:I KOHTl:lttyaJihHbIH. ll;eHHOCTb KOHTl:lttyaJibHOro MeTO,na co

CTOI:IT B npoCTOTe np1:1MeHeHl:IH. H3BeCTHb! TIOilbITKl:I pacqera OnTl:IMaJihHbIX npOTO

KOJIOB Xl:IMl:IOTepan1:11:1 l:I l:IMM)'HOTepan1:11:1 C TIOMOI.l.(b!O no,nxO.ll}lll(l:IX Kl:IHeTl:lqecKl:IX 

MO,lleJieii (CM., Hanp1:1Mep [27)). 

B npe,ncTaBJieHHoil: Ha 3am1:1ry .n1:1cceprnu1:11:1 cqiopMyn1:1poBaHa Mo,nenh npoT1:1-

BopaKOBoro l:IMM)'HHOro OTBeTa C )"IeTOM HJI-2 B Bl:l,lle Cl:ICTeMbl o6hIKHOBeHHbIX 

.llll<p<pepeHI..(l:laJibHbIX ypaBHeHl:IH ,nm! nonyJIHI..(l:IH onyxoJieBb!X KJieTOK, Ul:ITOTOKCl:1-

qecKl:IX T Jil:IM<pOUl:ITOB, CD8+ T Jil:IM<pOUl:ITOB (ll;T JI) 1:1 HJI-2. 3,necb cne,nyer OTMe

Tl:ITh p».n cymeCTBeHHbIX OTJII:1q1:1il: OT npe,nJIO)KeHHOH paHee MO,neJil:I [24). Ilpe)KJ:le 

Bcero, .nn» on1:1caH1:1» pocTa onyxon1:1 1:1cnoJih3yeTrn 3aKOH roMnepua [28]. B 3TOM 

cnyqae cTau1:1OHapHoe coCTO»H1:1e, xapaKTep1:13y10mee OTCJTCTB1:1e onyxon1:1, ocTaerc» 
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HeyCToiiql:IBbIM np1:1 JII06bIX 3HaqeHl:IHX MO,lleJibHbIX napaMeTpOB. Cne,noBaTeJibHO, 

,na)Ke O,llHa 3JIOKaqecTBeHHM KJieTKa MO)KeT o6pa3oBaTb 6oJihIIIYIO KOJIOHI:110. 3To 

TIO3BOJ!HeT o6b»CHI:!Tb BO3Hl:IKHOBeHl:le pel.(l:l,lll:1BOB onyxoJil:I II HeBO3MO)KHOCTb cnoH

TaHHOH perpeccm1 onyxOJil:I .no TIOJIHOro IICqe3HOBeHl:IH. B paMKax npe,nJIO)KeHHOH 

MO,neJil:I )"Il:ITbIBaeTCH TIOCTOHHHblH npIITOK ll;TJI B onyxOJib, qTo6hI orpa3IITb IIX 

npIICJTCTBl:le B nonyJI»UIIII UIIPKYJIIIpy10m1:1x Jll:IM!pOUl:ITOB [4]. BKJIJOqeHl:le nOCTO

HHHOro npl:ITOKa ll;TJI TIO3BOJIHeT TaK)Ke yqeCTb BOCTIOJIHeHIIe MeCTHOH nonyJI»UIIl:I 

aKTIIBHb!X l:IMMYHHb!X KJieTOK, yrpaqeHHblX, Hanp1:1Mep, B Pe3YJihTaTe XIIMIIqecKoro 

IIJIII pa.n1:1au1:1OHHOro nopa)KeHl:IH, 3a cqer HenoBpe)KJ:leHHbIX UIIPKYJIIIpy10m1:1x Jll:IM

q>OUIITOB. B npe,nCTaBJieHHOH MO,nem1 BnepBb!e paccMarp1:1BaeTCH IIHaKTl:IBal.(l:IH MO

JieKyJI HJI-2 npo,nyKTaMl:I MeTa60Jil:13Ma onyxoneBblX KJieTOK, qyo6hI TIOKa3aTb l:IM

MYHOCynpecc1:1BHOe ,neil:cTBl:le onyxoJIII. B OTJIIIq1:1e OT [24), r.ne paCCMarp1:1BaeTCH, 

qTo HJI-2 npol:13BO,lll:ITCH 3<p<peKTOpHb1Ml:I KJieTKaMII, B ,naHHOH MO,lleJil:I npo.nyKUl:IH 

HJI-2 3aBl:ICl:IT OT KOHUeHTpau1:11:1 npe.nIIIeCTBeHHl:IKOB T xennepOB l:I aHTl:lreH npe.n

CTaBJIHIOI.l.(l:IX KJieTOK (AIIK), a TaK)Ke ypOBHH npe3eHTal.(l:ll:I onyxoneBbIX aHTl:lreHOB 

Ha AITK, KOTOpblH xapaKTepmyer CTeneHb l:IMM)'HOreHHOCTl:I onyxoneii [2]. ,[l;eil:

CTBl:ITeJibHO, l:13BeCTHO, qTQ OCHOBHb!Ml:I npo.nyueHTaMII UIITOKIIHOB, B TOM q1:1cne l:I 

HJI-2, »BJI»IOTC» aKT1:1B1:1poBaHHhie CD4+ T JII:1Mq>OUI:1ThI (T xennepb1) [2]. 3Haq1:1-

MOCTh 1:1 Heo6XO,lll:IMOCTb yqera ynOMHHJTblX KOMTIOHeHTOB MO,lleJIII B ,llIIHaMl:IKe 

onyxOJil:I TIO,llTBep)K.naeTCH aHaJil:13OM qyBCTBl:ITeJihHOCTl:I. 

Ilpe,nJIO)KeH <peHOMeHOJiornqeCKl:IH no.nxo.n on1:1caHI:1H IIMM)'HOCTI:1MYJII:1py10me

ro ,neiiCTBl:IH Hl:13KOl:IHTeHCl:IBHOrO 3JieKTpOMarHl:ITHOrO l:13JiyqeHIIH CBl.J ,n1:1ana3OHa. 

Ha np1:1Mepe 1:1ccne,nyeMoil: Mo,nen1:1 nOKa3aHo ocna6neH1:1e pocTa onyxon1:1 II BOCCTa

HOBJieH1:1e KOHUettrpal.(l:ll:I HJI-2 nocne o6nyqeHl:IH. 3Tl:I pe3yJihTaTbl KaqecTBeHHO 

cornacyroTCH C 3KcnepIIMeHTaJlbHblMII ,naHHb!Ml:I no myqeHIIIO 3<p<peKTOB cna6oro 

CBl.J Ha MhIIIIax c nepeB1:1BaeMbIM1:1 onyxon»M1:1 [16). 

PaccMorpeHO ,neHCTBl:le cne.nyrom1:1x MeTO,llOB neqeHl:IH: Xl:IMl:IOTepanIIl:I, l:IMMy

HOTepanl:ll:I C l:ICTIOJib3OBaHl:leM HJI-2 l:I H<I>H-a, CTpaTer1:1il: l:IX coqeraHl:IH, BaKI..(l:IH

HOH Tepan1:11:1. An» 3TOro B 1:1cxo.nH)'IO c1:1CTeMy ,no6aBneHhI ypaBHeH1:1», on1:1chrna10-

m1:1e .n1:1HaM1:1ey x1:1M1:1qecKoro npenapaTa 1:1 ,n1:1HaM1:1Ky 3K3oreHHoro H<I>H-a. ,[l;eil:

CTB1:1e BaKI..(l:IHHOH Tepan1:11:1 yq1:1Tb1BaeTCH qepe3 napaMeTpbl MO,lleJil:I. C l.(eJibIO .ne-
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MOHcrpa111m IIH,111-IBII.LIYaJ!bHOro xapaKTepa peaKl.{IIII Ha Jie'lem1e, pae'leTbl rrpOBO,LIII

JIIIeh ,LIJI.H rpex Ha6opoB rrapaMerpOB, orrpe.z:1eAAIOll.{11X pa:mlI'IHOe eoeTO.HHIIe HMMYH

HOH e1IeTeMhl. 

BrrepBbie Y'IIIThIBaeTe.H 3aIIa3,LlhIBaHIIe BOeCTaHOBJieHII.H 'IIIeJieHHOCTII IIOIIyJI.H

l.{IIH orryxoneBhIX KJieTOK II QT JI rrplI OIIIIeaHIIII .z:1eil:eTBII.H pa,L11IOTeparr1III. Otto B03-

HIIKaeT B pe3yJihTaTe 3Ha'IIITeJibHOro rroape'lK,.LleHII.H IIOHH31Ipy10meil: pa.z:11Ial.{1Ieil: Ka

IIIIJIJI.HpHOH eeTII OIIyXOJIII. ,ll;JI.H :noro B MO,LleJib .z:106aBJI.HlOTe.H ypaBHeHII.H, OIIIIebIBa

lOll.{IIe ,LIIIHaMIIKY 3H,LIOTeJIHaJ!bHblX KJieTOK, o6pa3yl0ll.{IIX KpOBettoeHhie eoey,Llhl, pe

ryn1Ipy10mero l.{IITOKIIHa II HOpMaJihHbIX KJieTOK. AttaJil13 paeurnpeHHOH MO,LleJIII IIO

Ka3hIBaer, 'ITO 3cpcpeKTIIBHOeTh IIMMYHHOro OTBeTa orrpe,LleJI.HeTe.H ypOBHeM pa3B11TII.H 

IIH.LIYl.llIPOBaHHOro OIIyXOJiblO attmoreHe3a. IlplI 3TOM o6ttapy)l(eHO, 'ITO rrplI BhieO

KOM ypOBHe eeKpel.{HII attmorettttoro cpaKTopa (A<I>), B Ka'leeTBe KOTOporo MO)l(eT 

Bb1eryrraTh cpaKTop poem 3H.LIOTeJIII.H eoey.z:10B (<l>P3C), IIMMYHHhIH OTBeT emHOBIIT

e.H He3cpcpeKTIIBHblM ,LIJI.H TOpMO)l(eHII.H poem orryxOJIII,, 'ITO eornaeyeTe.H e 3Kerrep1I

MeHmJihHblMII Ha6JIIO,LleHH.HMII [29]. 

BrrepBbie BbIIIOJIHeH paeqer O,LIHOKpaTHOro rrplIMetteHII.H cpOTO,LIIIHaMII'leeKOH 

TepaIIIIII B paMKax MO,LleJIII rrpOTIIBOpaKOBOro IIMMYHHOro OTBeTa, Y'IHThIBaIOll.{eil: 

aHr1IoreHe3. C 3TOH ueJiblO 6bIJia paeeMorpetta rrpoeTpaHeTBeHHa.H ,LIIIHaMIIKa KJie

TO'IHbIX IIOIIyJI.Hl.{IIH. IlonyqeHHhie pe3yJihTaTbl orpa)l(alQT 3aBIIelIMOCTb 3cpcpeKTOB 

<l>,ll;T OT KOHl.{eHT{)al.{IIII K1Ienopo.z:1a. O6ttapy)l(eHO Bbipa)l(eHHOe IIMMYHOeTIIMYJIIIpy

lOll.{ee .z:1eil:eTB1Ie cpOTO,LIIIHaMII'leeKOH TepaIIIIII, KOTOpoe rrpO.HBJI.HeTe.H B rrpO,LIOJI)l(II

TeJibHOH peMneelIII 3a6oneBaHII.H, a mK)l(e IIOBbIIIIeHIIeM ypoBH.H HJI-2. O.z:1ttaKo B 

enyqae ena6oro IIMMYHHOro OTBeTa eTIIMYJI.Hl.{IIII <1>,ll;T tte.z:1oeTaTO'IHO ,LIJI.H peam1,3a

l.{IIII IIOJIO)l(IITeJihHOro 3cpcpeKTa II orryxoneBa.H IIOIIyJI.Hl.{II.H rrpO,LIOJI)l(aeT yBeJIII'III

BaThe.H. OTe10.z:1a MO)l(HO 3aKJilO'IHTh, 'ITO ,LIIIHaMIIKa rrpOTIIBOpaKOBOro IIMMYHHOro 

OTBeTa 1Irpaer Ba)l(HylO pOJib B ,LIOJiroepO'IHOH 3cpcpeKTIIBHOeTII <l>,n;T. 

IlpaKTIJqecKaH 3HaqlJMOCTb Ilpe,LIJIO)l(eHHa.H MO,LleJih MO)l(eT HeIIOJib30BaTbe.H 

,LIJI.H orr11eaHII.H paHHHX em,LIIIH pa3BHTII.H orryxoJIH HJIH MaJIOH IIOIIyJI.Hl.{IIII 3JIOKa'le

eTBeHHbIX KJieTOK KaK peUH.LIHBa rroene x1Ipyprw1eeKoro Jie'leHII.H. B 3TOM enyqae 

IIMMYHHblH OTBeT 1Irpaer orrpe.z:1eJI.HlOll.{YlO pOJib B ,LIIIHaMIIKe OIIyXOJIH, TOr,Lla KaK Ha 

6onee II03,LIHIIX eTa,LIH.HX ero cpyHKl.{IIII 3Ha'IIITeJihHO IIO,LlaBJieHhl. 
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IlonyqeHHbie pe3yJihTaThl eBH,LleTeJiheTBYlOT O TOM, 'ITO IIOJIO)l(HTeJibHa.H peaK

l.{ll.H Ha Jie'leHIIe 3aBIIeHT OT eoeTO.HHll.H IIMMYHHOH elieTeMhl rrauneHTa H OT pa3Mepa 

orryxoneaoil: rrorrynal.{IIII. TaKHM o6pa30M, rrpe.z:1CTaaneHHhIH attaJIII3 rro3BOJJ.HeT oue

HIIBaTh IIH,LIIIBII,LlyaJJhHble rrpOTOKOJlbl XIIMIIO-, pa,LIIIO- II IIMMYHOTepamm, a TaK)l(e 

IIX eO'leTaHII.H. HarrplIMep, rrplI paeqere pa,LIHOTepaIIIIII 6hIJIO rronyqetto, 'ITO B eny

qae oena6neHHOH IIMMYHHOH eneTeMhl ,LIJIHTeJJhHblH rreplIO,LI peMHeeHH orryxOJJII ,LIO

eT1IraeTe.H TOJlbKO IIOCJie rrplIMeHeHII.H BaKl.{IIHHOH TepaIIHII. O.z:1ttaKO ene.z:1yeT Y'lllTbl

BaTh, 'ITO BaKl.{IIHHa.H TepanlI.H ,LIOJl)l(Ha 6bITb Ha3Ha'leHa He II03,L1Hee onpe.z:1eneHHOro 

epoKa noene pa.z:1tt0Teparr1I1I. B pa6oTe npe.z:1eTasneH epaattnTeJJhHhIH attaJJII3 pa3-

JJII'IHhIX pe)l(IIMOB pa,LIIIOTepannlI. IlOKa3aHO, 'ITO pe:arnM rHrrepcppaKl.{HOHHpOBaHII.H 

.HBJI.HeTe.H 6onee 3cpcpeKTIIBHblM npn JJe'leHIIII OIIyXOJJH ITO epaBHeHHlO e oeTaJJhHblMH 

pe)l(IIMaMn. 

Cne.z:1yer OTMeTIITb, 'ITO B paMKaX aHaJJH3a MO,LleJJII, Y'IHTbIBaIOll.{eil: HH.LIYUHpo

BaHHblH orryxonhIO attr1Iorette3, nonyqetto aa)l(ttoe yenmrne ,LIJJ.H rrapaMeTpOB, xapaK

Tepmywm1Ix 3TOT rrpoueee B HOpMaJJhHOH TKaHII. 3TO yeJJOBHe M0)1(H0 HeIIOJlb30-

BaTh ,LIJI.H orpaHH'leHH.H ,L103 aHTIIaHr1IoreHHblX npenapaTOB, noeKOJJbKY HeKOHTpOJJH

pyeMoe no.z:1aanett1Ie attr1Iorette3a MmKeT eTaTh rrpH'IHttoil: ttapyrnenH.H npoueeea 

TKaHeBOH perrapal.{HII. 

Ha 38WHTV Bbl)lBHralOTCH CJieayiowne pe3VJlbT8Tbl 

1. CcpopMyJ111poaana MaTeMaTH'leeKa.H MO,LleJJh, OIIHebIBaIOll.{a.H ,LIHHaMIIKY IIM

MYHHOro oTBera Ha poeT tte6onhrnoil: orryxoneaoil: norryJJ.HUHH. B paMKax MO,LleJJII 

nonyqetthl oeHOBHble KJIHHH'leeKII tta6JJIO,L1aeMb!e pe)l(l!Mbl ,LIIIHaMHKH onyxoJJH: KO

ne6aHH.H 'IIIeJieHHOeTII orryxonesoil: IIOIIyJJ.Hl.{IIH, perpeeelI.H orryxoJJH ,LIO MaJJoro pa3-

Mepa H HeKOHTPOJJHpyeMoe pa3BIITIIe orryxoneBOH IIOIIyJI.Hl.{IIH ,LIO MaKeHMaJJhHO 

B03M0)1(HOrO pa3Mepa. IlOKa3aHa Ba)l(Ha.H pOJJb npe3eHTal.{HH annireHOB Ha rrosepx

HOeTII aHTHreH npe.z:1eTaBJI.HlOll.{IIX KJJeTOK ,LIJI.H cpopM1IpOBaHll.H 3cpcpeKTHBHOH HMMyH

HOH peaKl.{HH Ha ena6o HMMYHOreHHbie orryxoJJH HJIH 6hieTpOpaerymne orryxomI. 

2. IlOKa3aHO Bbipa)l(eHH0e HMMYHOeT1IMYJJIIpy10mee .z:1eil:eTBne HH3K0HHTeHeHB

HOrO cBq, npO.HBJJ.HlOll.{eee.H B IIO,LlaBJiemm poeTa orryxoJJeBOH IIOIIyJI.Hl.{HH II soeeTa

H0BJJemm KOHl.{eHTpal.{IIII HJI-2. C yqeroM eoeTO.HHII.H HMMYHHOH eneTeMhl rral.{HeH

TOB BbIIIOJJHeH paeqer TaKHX MeTO,LIOB Jie'leHH.H, KaK XHMIIOTeparrlI.H, HMMYHOTepa-
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nm,, nocne,noBaTeJibHbie coqeTaHII.H XIIMIIO- II IIMMYHOTeparmtt, a TaK)l(e BaK'--IIIHHM 

Tepantt.H. IlonyqeHHbie pe3yJihTaTbl YKa3bIBaIOT Ha Ba)l(ttyJO pOJib npOTII;0paKOBOfO 

IIMMYHHOfO OTBeTa B peryJI.H'--IIIII pa3BHTH.H onyxoJieBOH norryJI.H'--IIIII nocne npoae

,neHHOro JieqeHII.H. 

3. B paMKax pacumpettttoi1 MO,nentt, yqttThIBa10mei1 aHrnorette3, o6ttapy)l(etto 

no,naBJieHHe npOTIIBOpaKOBOro IIMMYHHOro OTBeTa nptt nOBbIJIJeHHII ypOBH.H npo

,nyK'--lllll attrttoreHHblX <paKTopoB onyxoJieBblMII KJieTKaMH. PacqeTbl nOKa3bIBaIOT 

B03M0)1(H0CTb YCHJieHll.H npOTIIBOpaKOBOH pe3HCTeHTH0CTII nptt Ha3HaqeHHII KYPCa 

BaK'--IIIHHOH Tepantttt He no3,nHee onpe,nenettttoro cpoKa nocne pa,nttoTepantttt. Ilony

qeHo ycJIOBHe, orpaHIIqlIBaIOmee Bb16op MO,neJibHblX napaMeTpOB, KOTOpbie xapaK

TepH3yIOT attrnoreHe3 B HOpMaJibHOH TKaHII. 3TOT pe3yJibTaT MO)l(eT 6bITb IICnOJib30-

BaH nptt pa3pa60TKe KYPCOB aHTHaHrnoreHHOll TepanHII. 

4. PaCCMOTpeHbl 3<p<peKTbl <pOT0,[(1IHaM1IqecKoro B03,1:(eHCTBII.H B paMKax MO,[(II

(pll'--lllpOBaHHOH MO,neJIH, yqHTbIBaIOmei1 npOCTPaHCTBeHtty10 HeO,[(HOp0,1:1HOCTb pac

npe,neJieHII.H KJieTOqHbIX norryJI.H'--IIIH. O6Hapy)l(eHo, ~o Ha paHHeM 3Tane aHrttoreHe-

3a, KOr,na norryJI.H'--III.H onyxoJieBbIX KJieTOK pa3BIIBaeTC.H Me,nneHHO, 0,1:(HOKpaTHoro 

(pOTO,[(HHaMHqecKoro B03,1:(eHCTBll.H MO)l(eT 6bITb ,1:IOCTaToqHo, qT06bJ OCTaHOBlITb 

pOCT onyxoJIH II nonyqHTb pe)l(HM peMHCCllll 3a6oneBaH1I.H. IloKa3aHo, qTo Ba)l{ttyJO 

pOJib B ,[(OCTII)l(eHIIII 3TOro pe3yJibTaTa HrpaeT npOTIIBOpaKOBbJH IIMMYHHbIH OTBeT. 

Anpo6amrn pa60Tb). Pe3yJibTaTbl, npe,ncTaBJieHHble B ,[(IICcepTa11111I, ,[(OKJia,[(bJ

BaJIIICb II 06cy)l(,1:laJilICb Ha HayqHbJX CeMHHapax Jla6opaTOpll1I TeOpeT1IqecKoi1 (pll31I

KII HM. H.H. Eoron106oaa O6be,nuHeHHoro HHCTHTYTa .H,nepHbIX ttccne,noaaHui1, a 

TaK)l(e npe,nCTaBJI.HJIIICb II ,[(OKJia,[(bIBaJIIICb Ha: Me)l(,[(yHapo,nHOH KOH<pepeH'--IIIII '.'Sa

ratov fall meeting" (Caparna, Poccu.H, 2009), Me)l(,[(yHapo,nHOH KOH<pepeH'--IHH "Can

cer system biology" (Rostock-Warnemi.inde, Germany, 2009); Me)l(,[(yHapo,nHoi1 

KOH<pepeH'--lllll «MaTeMaTttqecKM 6HOJIOfH.H lI 6HOIIH<pOpMaTHKa» (IlymHHO, Pocc1rn, 

2006); Me)l(,nyHapo,nttoi1 KOH<pepeH'--IIIH «Physics of biological systems» (Dresden, 

Germany, 2006); 10-ii HayqHOH KOH<pepeH'--lllll MOJIO,[(blX yqeHbIX II cne111IaJI1ICTOB 

OIUIM (.Zl,Y6Ha, 2006); 12-i1 ttayqHoi1 KOH<pepeH'--IHH cry,neHTOB, acnttpaHToB II Mo

JIO,nhIX cne111IaJI1ICTOB YHHBepCHTeTa «JJ:y6Ha», (.lJ:y6Ha, 2005). 

Ily6J111Kau11n Ilo MaTepttanaM ,nttcceprn11tt11 orry6nttKoBaHo 8 pa6oT. 
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CTpVKTypa II o6beM pa60Tbl JJ:11ccepTa'--1H.H COCTOlIT II3 BBe,neHHSI, qeTbipex 

rJiaB, 3aKJIJOqeHHSI II cnHCKa JllITeparypbl 126 HalIMeHOBaHIIH. Pa6oTa II3JIO)l(eHa Ha 

119 CTPaHII'--laX, llJIJIIOCTpHpOBaHa 31 pncyHKOM. 

KP ATKOE CO,[{EP)KAHHE P AEOThI 

Bo BBeaemm o6cy)l(,naeTCSI aKryaJibHOCTb npOBO,[(lIMbIX HCCJie,[(oBaHlIH. 

B nepBOH rJiaBe ,naeTCSI: KpaTKIIH ofoop MO,nenei1 3JIOKaqeCTBeHHOro poem, B 

TOM q11cne MO,nenei1 npOTIIBOpaKOBOro IIMMYHHOfO OTBeTa. O6cy)l(,[(aIOTCSI oco6eH

HOCTII npe,nnaraeMoi1 B ,n11cceprn111111 Mo,nenn. 

Bo BTOpoii rJiaBe qiopMyn11pyeTCSI Mo,neJib, onHCbJBaIOmasi ,[(lIHaMIIKY HMMYH

HOH peaK1111n Ha pacrymy10 -onyxoneay10 norrynsi111110. JJ:nsi: 3TOro 11cnoJih3yeTcsi 

cxeMa Me)l(KJieTOqHblX B3alIMO,nei1CTBHH, onocpe,noBaHHbIX '--IHTOKHHaMII, npll KJie

TOqHoM IIMMYHHOM OTBeTe, npe,nJIO)l(eHHM a [30], KOTOpM 6hma MO,[(II{pH'--IIIPOBaHa 

BKJIJOqeHHeM KOCTHMYJI11py10m11x <paKTopoa, TaKHX KaK B7/CD28 II CD40/CD40L 

BMeCTO I-IJI-1 [2]. Mo,neJib npe,nCTaBJIS!eT co6oi1 CHCTeMy 7 o6hIKHOBeHHbIX ,[(II<p<pe

peH1111aJibHbIX ypaBHeHIIH ,[(JISI KJieToqHblX nonyJISI'--IHH, ttrpa10mnx Ba)l(HYIO pOJib B 

pa3BIITIIII cne11nqi11qecKoro HMMYHHOfO OTBeTa, H KOH'--1eHTpa111111 I-IJI-2. B paMKaX 

CTaH,napTHOro no,nxo,na np01I3B0,[(HTCSI ynpomeHne CIICTeMbl, B pe3yJibTaTe KOTOporo 

nonyqaIOTCSI TPll ypaBHeHIISI, onHCb1BaIOm11e ,[(lIHaMIIKY onyxoJieBblX KJieTOK, T(t), 

QTJI, L(t) 11 I-IJl-2, h(t) 

dT =-arTin PrT -y~LT, 
dt CXr 

dL =VL +aLL/2 -PrL, 
dt 

d/2 = CX12T -a.LL/2 -yTT/2. 
dt T+Kr 

(I) 

(2) 

(3) 

PocT onyxoneBhIX KJieTOK om1chrnaeTcsi 3aKOHOM r0Mnep11a (nepaoe cnaraeMoe 

B (1)). Bb1pa)l(ett11e a-r!Pr onpe,neJisieT MaKCHMaJibHO B03MO)l(HOe 3Haqett11e q11cnett

HOCT11 norryJISI'--lllll onyxoJieBbIX KJieTOK - «eMKOCTb» nonyJISI'--llIH. CKopoCTb YHH

qTO)l(eHlISI paKOBblX KJleTOK QT JI npe,nCTaBJieHa BTOpbIM CJiaraeMbIM (I). Ilptt 3TOM 

napaMeTp y~ xapaKTepmyeT ypoBeHb aHTl!reHOB, npe,ncTaBJieHHblX MOJieKyJiaMII 

MHC KJiacca I Ha noaepxH0CTH onyxoneBbIX KJJeTOK, KOTOpbIe pacno3HaIOTCSI QTJI. 
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Ilepsoe CJiaraeMoe ypaBHeHHH (2) eCTb IIOCTOHHHhIH rrpHTOK QTJI s o6JiaCTh orryxo

JIH. Bmpoe CJiaraeMoe OTPa)l(aeT CKOpOCTh rrpHpOCTa QT JI, KOTOpaH rrpHHH~:faeTCH 

rrporrop1..1HottaJihttOH KOHQettTPal..lHH HJI-2, IIOCKOJihKY HJI-2 HBJIHeTCH rnaBtthIM po

CTOBhIM <paKTopoM AJIH QTJI. CKopoCTh rn6em1 11porrop1..1HottaJihtta qHcny QTJI (TPe

The CJiaraeMoe (2)). CKopOCTh rrpo.nyKQHH HJI-2 OIIHChIBaeTCH rnrrep6oJIOH (rrepsoe 

CJiaraeMoe s (3)). 3TO Bh!pa)l(ettHe OTPa)l(aeT orpattHqettHe CTHMYJIHQHH HMMYHHOro 

OTBeTa C pOCTOM rrorryAAI..IHH orryxoneBhlX KJieTOK. IlapaM~ a,2 B (3) xapaKTepH-

3YeT 3Kcrrpeccmo attTHreHOB B KOMIIJieKce c M0JieKyJiaMH MHC KJiacca II, KOTOph1e 

pacrro3ttaJOTCH rrpe,nwecTBeHHHKaMH T xenrrepos, Ha rrosepxttOCTH ATIK. IlocKOJihKY 

HJI-2 cqHTaeTCH KOpOTKO,neHCTBYJOmHM I..IHTOKHHOM, yqHThIBaeTCH IIOTepH ero MO

JieKyJI qepe3 CBH3hIBaHHe C COOTBeTCTBYJOmUMH pe1..1errTopaMH Ha IIOBepxHOCTH QT JI 

(smpoe cnaraeMoe). TpeThe cnaraeMoe B (3) xapaKTepH3YeT rrpHMoe rrospe)l(_naiomee 

,neHCTBHe pa3JIHqtthIX HMMYHOcyrrpeccHBHhIX cy6cTaHI..IHH, HaIIpHMep rrpocTarnaH

AHHOB HJIH ,npyrnx rrpo.nyKTOB MeTa60JIU3Ma orryxoJieBhlX KJieTOK, Ha MOJieKyJihl HJI-

2. 

~ y,no6crna attan113a CHcTeMa (1)-(3) 6hma rreperrm;aHa B 6e3pa3MepHhIX rre

peMeHtthIX. B paMKax CTaH,napTHOro 110,nxo,na HCCJie,nyJOTCH oco6h1e ToqKH CUCTeMbl 

(1)-(3). CymeCTBOBaHHe Hynesoii (6e3 orryxonH) oco6oii mqK11, Heycmiiq11soi1 

rrpH JIJ06b!X 3HaqeHHHX MO,neJihHhIX rrapaMeTpOB, 03ttaqaeT, qTo CHJI HMl\fYHHOfO OT

BeTa He,nOCTaTQqHo, qT06hI II0JIHOCThlO YHUqTO)l(HTh BCe KJieTKH orryxOJIH. KpHBaH, 

U306pa)l(eHttaH Ha pHC. 1, HJIJIJOCTPHPYeT 3aBHCHMOCTh CTaQHOHapHbIX COCTOHHHH 

CHCTeMbl (1)-(3) OT 6e3pa3MepHoro rrapaM~a h6, rrporrop1..1HOHaJihHOfO a/2. IlpH 

HH3KOM ypOBHe attTHreHHOH rrpe3eHTaQHH HMMYHHaH CUCTeMa He crroco6Ha OCTaHo-. 

811Tb 3JIOKaqecTBeHHhIH pOCT. IlpH BhICOKOH aHTUreHHOH rrpe3eHTal..lUH rrpOHCX0AHT 

perpeCCUH orryx0JIH AO MaJIOro pa3Mepa, rrpH KOTOp0M ycTaHaBJIHBaeTCH AHHaMHqe

CK0e paBHOBeCHe Me~ orryxOJihlO H HMMYHHOH CHCTeMOH. IlpH cpe,nHeM ypoBHe 

aHTHreHHOH IIpe3eHTaQUH 3<pcpeKTHBHOCTh HMMYHHOro OTBeTa 3aBHCHT OT HaqaJih

HhIX KOHI..1eHTpa1..1HH B3aUMO,neHCTBYJOmux KOMIIOHeHTOB. B CJiyqae, Korona BeJI11q11Ha 

aHTUreHHOH rrpe3eHTaQHH Bhlllie TQqKH 611cpypKaQHH Xorrcpa CHCTeMa CTPeMHTCH K 

ycToiiqHBOMY rrpe,neJihHOMY I..IHKJIY, 11, cne,noBaTeJihHO, peaJIU3YJOTCH KOJie6aHHH 
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qHcJieHHOCTH paccMaTprrnaeMblX rrorryJIHQHH. IlOCTPOeHhl 611cpypKaQHOHHhie ,nHa

rpaMMhl AJIH aHTureHHOH rrpe3eHTaQHH Ha AilK B 3aBHCHMOCTH OT CKOpOCTH pOCTa 

orryxoJieBOH rrorryAAI..IHH H OT ypoBHH aHTHreHHOH 3KCIIpecCHH Ha II0BepXHOCTH pa

KOBhIX KJieTOK. IlOKa3aHO, qTO rrp11 MaJIOH CKOpOCTH rrpon11cpepaI..1HH orryxoJieBhIX 

KJieT0K, HMMYHHaH CHCTeMa crroco6Ha KOHTPOJIHpOBaTb p0CT orryxoJIH, _na)l(e rrpH 

HH3KOH aHTHfeHHOH rrpe3eHTaQHU, TOr,na KaK AAA KOHTPOJIH 6bICTPOpacTymHx orry

XOJieH TPe6yeTCH yseJIHqeHue aHTHreHHOH rrpe3eHTal..lHH. OrryxoneBhie KJieTKH c .no

CTaTOqHo Bb!COKHM ypoBHeM IIOBepxHOCTHhlX aHTHreH0B MOryT 3cpcpeKTHBHO pacrro-

3HaBaTbCH QTJI. O,nHaKO B cnyqae OCJia6JieHHOH 3KCrrpecCHH aHTHreHOB aHTHreHHaH 

rrpe3eHTa1..1HH Ha AilK 11rpaeT ~rrpe,neJIHJOmyio pOJih B cpopMHpOBaHHH HMMYHHOro 

OTBeTa. 
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AHrnreHHaJI npe3eHTaQllll (h,) 

PIie. I. KpI1B3H CT3IUIOHapm,1x COCTOJIHIIII CIICTeMbl B 33BIICIIMOCTII OT rrapaMeTPa, xapaKTep113yro-

111ero 3HTilreHH)'IO rrpe3eHTaUIIIO. IlpII h6 < h6min IIMeeT MeCTO TOJlbKO 0,!IHO Hettyneaoe CT3UIIOHap

HOe COCTOllHile - )'CTOll'IIIBblll )'3eJI. Kor,!13 h6min < h6 < h6max IIMeIOTCll ,!183 )'CTOll'II!BbL'\'. CT3UHOHap

HbIX COCTOJIHilll - )'CTOll'IIIBblll Y3eJI II )'CTOll'IIIBblll cjloeyc II 0,!IHa 11eyCTOll'IIIB3ll TO'IKa TIITia ce)UIO 

(06JiaCTb II). IlpII h6 > ~max OCTaeTCll TOJlbKO 0,!1110 CTaUHOHap11oe COCTOllHile )'CTOll'IIIBblll cjloeyc 

(06JiaCTb III). IlpII h6 > ~EX oco63ll TO'IKa CTaHOBIITCll He)'CTOll'IIIBOII, II IIpOIICXO,!IIIT poiK,nem1e 

rrpe,!leJibHOro UIIKJ!a (6I1cjlypKaUHll Xorrcjla). 

B rnase 2 rrpe,nJIO)l(eH B03MO)l(HhIH MexaHH3M HMMYHOCTHMYJIHpyiomero ,neii

CTBHH HU3KOHHTeHCHBHOro CB~ 3JieKTP0MarHHTHOro U3nyqeHHH rrpH KaH1..1eporeHe-

3e y MhilIIeH qepe3 aKTHBaQHIO CHCTeM KJieroqHoro OTBeTa Ha He60JihlIIOe_yBeJIHqe-
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HHe ypOBHll CB060,!\Hh!X pa.nHKaJIOB nocJie o6JI)"ICHllll. B paMKax cpeHOMCHOJIOrH'-IC

CKOro no.nxo.na BJ!HllHHe CBq )"IHThJBaeTCll KaK cna6oe B03MY!l{CHHe napaMerpOB 

CHCTCMhl. Pacqer 3JICKTpOMarHHTHOro B03,!\CHCTBllll BhIIIOJIHeH ,!\Jlll .!\Byx pa3JJH'-1Hh!X 

Ha6opoB napaMeTpOB Ml H M2, npH KOTOph!X B03M0)1(Hhl ,!\Ba pC)KIIMa ,!\HHaMHKH 

onyxon11, 3aBIICllll{HC OT Ha'laJlhHh!X ycJJOBIIH. IloKa3aHo, 'ITO B pe3yJihTaTe 3JlCK

TpOMarHHTHOro B03,!\CHCTBHll (e)KC,!\HCBHO no 1,5 q B ,!\CHh B TC'lCHlle 20 ,!\Hett [16]) 

npoHCXO,!\HT BOCCTaHOBJJCHlle ITOHII)KCHHOH npn onyxoneBOM pocTe KOHL\CHTpa11n11 

HJI-2 . .n;nll CJI)"lall M2 Ha'laJJhHhie ycJIOBH5I BhI6Hpa!OTCll TaK, 'lT06hI nOJJY'llITh npo

rpeCCIIBHhlH pOCT onyxon11. O6Hapy)KCHO, 'ITO nocne npeKpall{CHHll o6Jl)"leHHll ,!\Jlll 

M2 IIMCCT MCCTO perpecCHll onyxoJJII. TaKHM o6pa30M npo.neMOHCTpHpoBaH 3cpcpeKT 

ITO,!\aBJJCHHll poem onyxOJJH, KOTOph!H npOHCXO,!\HT B pe3yJJhTaTe ycHJICHHll cpyHKL\HH 

HMMYHHOro OTBCTa cna6hIM 3JJCKTpOMarHIITHhIM B03,!\CHCTBIICM. 

.n;nll yi:1era XIIMHOTepanHH B CIICTeMy .no6aBJJlleTCll ypaBHCHIIC ,!\Jill XIIMII'lCCKOro 

npenapaTa, a B ypaBHCHIIll ,!\Jlll onyxoJJCBhlX KJICTOK H JIIIM(pOL\HTOB BBO,!\llTCll CJiara

CMhIC, OITIIChIBa!Oll{IIC CKOpOCTh YHII'lTO)KCHllll KJJCTOK B pe3yJihTaTe XIIMll'lCCKOrO 

B03,!\CHCTBHll, aHaJJOrH'lHO [25]. ,z::r;nll onncaHllll HMMYHOTepanHH B ypaBHCHIIC ,!\Jlll 

HJI-2 .no6aBJJllCTCll cnaraeMoe, onpe.neJJll!Oll{ee BHCIIIHHH npHTOK .naHHOrO L\HTOKHHa. 

B MO,!\CJlh TaK)l(C .no6aBJJllCTCll ypaBHCHHe ,!\HHaMIIKII TepaneBTH'lCCKOro H<l>H-a. 

I13BCCTHO, 'ITO H<l>H-a ycHJIHBaeT 3KCnpeCCIIIO aHTlffCHOB Ha ITOBCpXHOCTII onyxo

JlCBhIX KJJCTOK. Il03TOMY B MO,!\CJJII npe.nnonaraeTCll, 'ITO napaMCTP, xapaKTepmyJO

Il{IIH ypoBCHh aHTHrCHHOH 3KCnpeCCHH, yaeJJH'lHBaeTCll C pOCTOM KOHL\CHTpaL\HII 

H<l>H-a. B CIICTeMe )"IHThIBaeTCll cpaKT ycHJJCHHll ,!\CHCTB!Ill XHMH'lCCKOro npenapaTa 

B npHCYTCTBIIH HJI-2 [18]. Ilpe.nnonaraJI, 'ITO npOTHBOpaKOBall BaKL\HHa OCHOBaHa 

Ha nenTn.nax onyxoneBoro nponcXO)K.!\CHHll II HanpaBJJeHa Ha ycnneH11e HMMYHHoro 

OTBCTa, ee ,!\CHCTBIIC Y'lllThIBaeTCll qepe3 II3MCHCHIIC MO,!\CJlhHh!X napaMCTPOB. qyB

CTBIITCJlhHh!C K BaKL\IIHe napaMeTpbl onpe.neJJll!OTCll H3 3KCnepHMCHTaJlhHhlX .naH

HhlX. PaccMaTpHBaeTCll ,!\Ba CJJ)"lall Ha3Ha'lCHllll BaKL\HHaL\HII 6e3 3ana3,!\hIBaHllll II C 

,!\CCllTH,!\HCBHOH 3a.nep)KK0H OT npe.nn11caHHOH .naThl ,!\Jill .!\BYX COCTOllHHH 3a6oJJeBa

Hllll: nocne x11pypr11'lCCKOrO JJC'lCHIIll H 6e3 npe.nBapllTCJlhHOrO JIC'lCHHll paHHeH 

onyxOJIII. B Ta6JJHL\C I KpaTKO npe.ncTaBJJCHhl pe3yJJhTaThl 'lHCJICHHh!X paC'leTOB HC

cne.nyeMh!X MCTO,!\OB JlC'lCHHll ,!\Jlll Tpex Ha6opoB napaMCTpOB Pl, P2 H P3, OTpa)Ka-
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!Oll{He pa3Hoe cocTollHne HMMYHHOH cHcTeMhI na1111eHTOB. B cnyqae Pl u P2 cncTe

Ma HMeeT 0,!\HO ycTOH'lHBOe CTaL\HOHapHoe COCTOllHHe (o6JiaCTh I Ha pHC. 1), KOTO

poe coornercrnyer cna6oMy HMMYHHOMy ornery. Ilpu Bhr6ope napaMCTPOB P3 B cH

CTeMe HMeeTCll ,!\Ba YCTOH'lHBhlX CTaL\HOHapHh!X COCTOllHHll H 0,!\HO HeycTOH'lHBOe 

(o6nacTh II Ha pHC. 1). 3TO 03Ha'laeT, 'lTO,B03MO)KeH pe)KHM KOHTPOJlll onyxoJIH HM

MYHHOH CHCTeMOH. Ha OCHOBaHHH ITOJJ)"leHHh!X pe3yJJhTaTOB npOBO,!\HTCll cpaBHH

TeJihHh!H aHaJIH3 CTPaTernii JJe'leHHll. 

Ta6J1m-1a 1. 3qiq>eKTbl pa'.!JlH'lHbJX MeT0.!10B JIC'leHHll .!IJIJI tpex tta6opoB napaMetp0B. 

Pl P2 P3 
to t,.T to t,.T to t,.T to t,.T to t,.T 

X11M110Tepamrn i 13.4 i 11.4 120 10.1 .j, 0.43 

HJI-2 .J,Q.34 17.5 i 21 .J,0.82 .J,o.92 

HJl-2 11 Hll>H-a. .j, 0.42 i 3.9 i 10 .J,o.95 .J,o.93 

XIII\III0/11~1~1y110 19.92 19.3 123.9 .j, 0.68 .j, 0.88 
6 3 6 3 6 

Hl\11\IYHO!XIIMIIO i 12.8 i 10.2 i 24.3 .J,o.48 .j, 0.88 

Xlll\1110 11 IIMMYHO i 10.9 19.5 124 .J,o.63 .j, 0.88 

BaKQIIH31-111H 6e3 10 
JlllCBHOro 33033,llLI· .J,0.25 i 8.92 i 18.7 .J,Q,91 .j, 0.91 
831111H 

*I1pllHIIM3eTCJJ, 'ITO Jie'feHlle p I II P2 Ha3H3'feHO rrocrre xrrpyprn11, a JlJIJJ P3 6e3 rrpeJlB3pJITeJihHOrO 

rre'feHIIJJ. Crpem<a i 01Ha'faeT yaerrll'feH11e pa3Mepa orryxorr11, .J, - CHIDKeH11e pa3Mepa orryxorr11. Or

HOCJITeJihHOe 3MeHeH11e p33Mepa rrorryJIJIIIIIII orryxoJieBhJX KJ!eTOK rrpeJlCT3BJieHO K3K t,.T = (T(tO) -

T(O))IT(O). tO- apeMJJ nocrre Ha'farra rreqe1111JJ, HeJlerr11. ,[(nJJ Pl II P2 H3'f3JihHhie ycnoa11JJ: T(O) = 

8x106 KJI., L(O) = 2.25x107 KJI., /(0) = 2.4x107 eJl., JlJIJJ P3-T(0) = 3xl07 KJI., L(O) = 3.45x107 KJI., 

/(0) = I. 7x I 07 eJl. 

TaK, HanpnMep, .nm1 BTopoii rpynnh1 na11HeHTOB (P2) B pe3yJJhTaTe KaK HJI-2, 

TaK H HJI-2+H<l>H-a KypcoB Ha6JJJO.!\aeTcll 6onee Me.nneHHhIH pocT no cpaBHeHHIO c 

XHMHOTepantteii. O.nHaKo qepe3 6 He.nenh nocne Ha'lana HJI-2 Tepanm1 onyxonh .no

CTHraer npaKTH'leCKH TaKOro )Ke pa3Mepa KaK B CJI)"lae XHMHOTepanHH. O6Hapy)Ke

HO, 'ITO 3cpcpeKThl nocne.noBaTeJihHOro pe)KHMa XHMHO!HMMYHOTepanHH npaKTH'leCKII 

COBna.naJOT C pe3yJihTaTaMII HMMYHOIXIIMHOTepanHH H 0,!\HOBpeMeHHOro npnMeHe-
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HIIH XIIMIIO- II IIMMYHOTepaITHH. IlpH'IHHOH TaKHX pe3yJibTaTOB MO)KeT CJIY)KHTb TOT 

<paKT, 'ffO HJI-2 Teparm» MeHee 3<p<peKTIIBHa BO BTOpOH rpyITITe, ITOCKOJibKY·CTHMy

Jim-11111 ITPOJIH<peparurn U;TJI BBe,11em1eM HJI-2 CTaHOBHTCH He,!IOCmTO'-IHO ,!IJIH 3<p

<peKTHBHOrO pacIT03HaBaHHH orryxoneBbIX KJieTOK Hecymux Manoe KOJIH'-!eCTBO aHnI

reHOB. Xorn HJI-2 11 HJI-2+H<l>H-a cypcb1 TepaITHH Ka~c», Ha ITepBbIH B3rn»,11, 

Ha116onee y,1106HbIMH ,!IJIH P2 ITO cpaBHeHHIO C ,11pyr11MH cypcaMH, ITPH Bb16ope OITTH

MaJibHOro nel.feHHH BCe )Ke cne,11yeT Y'-!HTbIBaTb, '-ITO BaKQHHHaH TepaITHH MeHee TOK

CH'-!Ha. Ilpoae,11» aHanOrH'-!Hbie paccy)K,lleHHH ,!IJIH ocmJibHbIX rpyITIT ITaQHeHTOB Pl H 

P3, MO)KHO 3aKJIIO'-IHTb, '-!TO Ha116onee 3<p<peKTHBHbIM CITOC060M Jie'-leHHH ,!IJIH Pl HB

JIHeTCH BaKQIIHHa» TepaITHH, a TO BpeM» KaK ,!IJIH P3 cymecTBYIOT aJibTepHaTHBe ITpo

TOKOJibI Jie'-!eHHH, HaITpHMep c ITPHMeHeHHeM HJI-2 11 H<l>H-a. 

B TpeTbeii rJJaBe HCCJie,11yeTCH BJIHHHHe pa,11110TepaITHII Ha ,!IHHaMHKY npOTHBO

paKOBOro HMMyHHOro OTBeTa a paMKax 6onee CJIO)KHOH. MO,lleJIH, Y'-!HThIBaIOmett aH

rHoreHe3. 3,11ecb B HCXO,!IHYIO CHCTeMy ,1106aBJIHIOTCH TPH ypaBHeHHH, ,!IBa 113 KOTO

pblX OITHCbIBaIOT ,!IHHaMHKY 3H,!IOTeJIHaJibHbIX KJieTOK H aHrHoreHHOro <paKTopa 

(A<l>), a TpeThe - ITOIIyJIHQHIO HOpMaJibHbIX KJieTOK. B ypaBHeHHH HCXO,!IHOH MO,lleJIH 

BHOCHTCH H3MeHeHHH, xapaKTep113y10m11e BJIHHHHe 3H,!IOTeJIHaJihHbIX KJieTOK H aH

rHOreHHro <paKTopa Ha HMMYHHbIH OTBeT. B '-laCTHOCTH, aHaJIOrH'-IHO pa6oTe [31}, 

«eMKOCTb» ITOIIyJIHQHH orryxoneBhIX KJieTOK C'-IHTaeTCH ITPOITOpQHOHaJihHOH '-IHCJIY 

3H,!IOTeJIHaJihHbIX KJieTOK. 3To IT03B0JIHeT OTpa3HTb 3aBHCHMOCTb pa3BHTHH OITyxOJIH 

OT COCTOHHIIH KaITHJIJIHpHOH. ceTH. B pacnmpeHHOH MO,lleJIH TaK)Ke Y'-!HThIBaeTCH 

CTHMYJIHQHH poem cocy,110B orryxoneBbIMH KJieTKaMH '-!epe3 ITpO,llyKQHIO A<l>, attano

rH'-IHO [26]. IlonaraeTCH, '-!TO ITPHTOK I.J;T JI 3aBHCHT OT '-IHCJia 3H,!IOTeJIHaJibHblX KJie~. 

TOK. B paCCMOTpeHHe BBO,!IIITCH yrtteTeH11e CTIIMYJI.HQHII HMMyHHOro OTBeTa C po

CTOM ypoBH.H A<l> [26,29}. B pacrmrpeHHOH M0,11en11 He Y'-IHThIBaeTc» ITpocTPaH

CTBeHHa» HeO,!IHOpO,!IHOCTb pacITpe,11enemrn KJieTO'-!HbIX ITOIIyJIHQIIH. 3To ,!IOITYCKaeT

CH ITPH paCCMOTpeHHH Ha'-!aJibHbIX 3TaITOB aHrHoreHe3a, KOr,11a ITOIIyJI.HQHH OITyxone

BbIX KJieTOK ,!IOCTaTO'-IHO Mana H B Hett HeT BbI,lleJieHHblX o6nacTeH. C HH3KHM co,11ep

)KaJH!eM KHCJiopo,11a, H, KaK CJie,!ICTBHe, OTJIH'-laIOmnxc» ITO pa,11noqyBCTBIITeJibHOCTH 

OT 6onee OKCHreHHpOBaHHbIX y'-laCTKOB. 
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AHaJIH3 cmQHOHapHblX COCTOHHHH. ITOnyqeHHOH CHCTeMhI IT03B0JIHeT ITOJlY'-!HTb 

ycnoane, orpaH11'-!uBa10mee Bhr6op 3Ha'-leHHH Mo,11eJihHhIX ITapaM~OB, xapaKTepu-

3yIOmux CKOpOCTb ITpo,11yKQHH A<l> B OTBeT Ha ,11e<pHQHT HOpMaJibHOH TKaHH, CKO

pOCTb 3JIHMHHaQHH A<l>, a mK)Ke CKOpOCTb ITponn<pepaQHII H CKOpOCTb ru6enu 3H,110-

TeJIHaJibHblX KJieTOK. B cnyqae HapyIIIeHHH 3TOro ycnoBirn, HMeeT MeCTO pe)KHM 

ITOJIHOro ITO,llaBJieHHH BCex paccMaTPHBaeMhIX KJieTO'-IHbIX ITOIIyJIHQHH CHCTeMbl, '-!TO 

He,11orrycTHMO ,!IJI.H HOpMaJibHOro pa3BHTHH TKaHH. Ilpu aHanH3e MO,lleJIH o6Hapy)Ke

Hbl cne,11yIOmue ,!IHHaMH'-leCKHe pe)KHMbI. Ilpu HH3KHX, ITpaKTH'-leCKH HyJieBbIX, 3Ha

'-leHHHX CKOpOCTH ITpo,11yKQHH aHruoreHHblX <paKTOpOB, HMeeT MeCTO pe)KHM perpec

CHH orryxonH ,110 Manoro pa3Mepa IT0,11 ,11eHCTBHeM HMMYHHOH CHCTeMhl. C yaeJIH'-le

HHeM CKOpOCTH ITpO,llyKQHII A<l> ITOHBJIHeTCH pe)KHM ITporpeCCIIBHOro poem OITyxo

JIH. B ,11aHHOM cnyqae pa3BHTIIe 3a6oneBaHHH 3aBHCHT OT pa3Mepa orryxonn, COCTO.H

HHH KaITHJIJI»pHOH. CeTH H ITOIIyJIHQHH JIIIMQ)OQHTOB. Ilpn BbICOKHX 3Ha'-!eHH.HX CKOpo

CTH ITpoeyKQHH A<l> HMMyHHaH CHCTeMa HeCITOC06Ha c,11ep)KHBaTh poCT orryxon11. 

HMeeT MeCTO HeKOHTponupyeMblH pocT orryxonn. 

3<p<peKThl HOHH3HpyIOmeli pa,11naQHH paccMaTpHBaIOTC.H B paMKax <pOpMaJIH3Ma 

mrneHHO-KBa,11paTH'-IHOH MO,lleJIH. ,l],mi 3TOro B paCIIIHpeHHyIO MO,lleJih ,1106aBJIHIOTC.H 

,!IBa ypaBHeHHH ,!IJIH cpe,11Hero '-IHCJia pa,11naQHOHHblX rroape)K,lleHHH, aHaJIOrH'-IHO 

[32}. Ha OCHOBe paccy)K,lleHIIH, ITPHBe,11eHHbIX a [32], a ypaBHeHH.H ,!IJIH KJieTO'-IHbIX 

ITOIIyJIHQHH BKJIIO'-!aIOTCH cnaraeMbie, OITHCbIBaIOmne CKOpOCTb ru6eJIH KJieTOK 

ITPOITOpQHOHaJihHO KOJIH'-lecrny ITOBpe)K,lleHHH. PaccMaTpnaaeTCH BJIHHHHe cmH

,11apTHOro cypca pa,11noTepaITun (30 ceaHCOB o6ny'-!eHHH a ,1103e 2 rp B Te'-leHue 5 

MHH.) Ha ,!IHHaMHKY CHCTeMhI ,!IJIH ,11ayx Ha6opoB ITapaMeTpOB Pl u P3. qHCJieHHhie 

paC'-leTbl 110Ka3hIBaIOT, '-!TO B cnyqae CHJibHOrO HMMyHHOro OTBeTa pa,11HOTepaITHH 

CITOC06CTBYeT ,!IOCTH)KeHHIO pe)KHMa peMHCCHH OITyxOJIH, rnr,11a KaK a CJiyqae CJia-

6oro HMMyHHOro OTBeTa ,!IJIH TOpMO)KeHHH poem orryxoJIH Tpe6yeTcH Ha3Ha'-!eHne 

BCITOMOraTeJihHOH BaKQHHHOH TepaITHH He IT03,11Hee OITpe,11eneHHOro cpoKa ITOCJie 

OKOH'-laHHH cypca pa,11HOTepaITHH (CM. pHC. 2). B Ka'-leCTBe ,!IOITOJIHHTeJihHOro pe-

3YJihTaTa ITPHBO,!IHTCH ITonyqeHHbie ITYTeM '-IHCJieHHOro paC'-leTa ,11030Bhle 3aBHCHMO

CTH Bepo»THOCTH H3Jie'-!eHHH H 6HOJIOrH'-leCKOH 3<p<peKTHBHOH ,1103bl (E3~) ,!IAA Tpex 

KypcoB <ppaKQHOHHpOBaHHH ,1103bl. CpaBHHTeJibHbIH aHaJIH3 KpHBblX IT03B0AAeT 

15 



c.nenaTh Bhrno,n, qTO pe)l(HM rnnepqipaKQHOHHpoaamrn Hatt6onee 3qiqieKTHBeH ,nm1 

neqeHm1, ecntt a Kaqecrne H303qJqJeKTa paccMaTp1rnaTh E3,n:. C ,npyroA cTOpOHhI 

3TOT pe)l(HM .srnm1eTC.H 6onee '-'-la.!l.H'-'-IHM, ecnH a KaqecTae mo3qiqieKTa 6paTh aepo

.HTHOCTh H3neqeHH.H . 

. HK?: -~~--- :- -J ,, I :~'--K~2~~• ___,I 

. · ::EC2 -:--- --:-- --1 . i :{ . 100 150 200 250 

10 
0 50 l00 150 200 250 1 102 "V -- 6eJ n:parum 

60 ~ , I ,; :,: ox IO' 50 100 150 ~~~;.,'""•"""'[250 

:I 40 .. 8 ·---,50cy,. 
~ A Mey, 

~ 2:~~~~~~~-~~-~ --~ --~ -- ~ ~!".:'.::::::::=====~========= 
0 50 100 150 200 250 O 59 100 150 200 250 

•) 

Bpet.tll, cyT 
BpeMx, cyT 

Pnc. 2. 3cjJcjleIITbl pMHOTepairnn: 30 ceaHCOB 06Jl)"IeHHJI B ,!l03e 2 rp e)Ke,!lHeBHO, llCKJIIO'IaJI BhIXO,!lHble 

JlHII, 11 rrocrre;zy10U1eii BaK11HHHoii Teparr11n ,!lJIJI Ha6opa rrapaMeTpOB Pl. a) orryxorresh1e KJJen<H 6) I111TO

TOKCH'IecKne T JIHMcjJOI111Thl 1111) IIHTeprreiiKIJH-2, 2) 3H,!lOTeJIHaJihHhle KJJeTKll o) HOpMaJII,Hhie KJleTKH 11 

e) aHrnoreHHhiii cjlaIITop. HaqarrhHhle ycrrosllJI: 3-10
7 

orryxorreshIX KJJeTOK, 1.35· 10
7 UfJI, 1.8- 107 Morre

Kyrr IDI-2, 4· 10
4 

)H,!lOTeJIHaJihHhJX KJJeTOK, 8-10
6 

HOpMaJibHhIX KJJeTOK ll 6-10
8 

MOJieKyrr A<t>. 

B qeTBepTOH rJJaBe HCCne,nyeTC.H BnH.HHHe qJOTO,!lHHaMHqecKOH TepanHH Ha 

npOTHBopaKOBhIH HMMYHHbJH OTBeT. ,n:n.H 3TOro B npe,nCTaaneHHYJO B rnaae 3 MO,nenh 

,no6aen.HeTC.H ypaaHeHHe ,nHHaMHKH ,nonH He noape)l(,!leHHoro KneToqHoro cy6cTpaTa, 

3aHMCTBOBaHHOe H3 pa60Thl [33]. ,n:ononHHTenhHO, B 3TOM ypaBHeHHH yqHThIBaeTc.H, 

qTo CKOpOCTh noape)l(,!leHH.H cy6CTpaTa 3aBHCHT OT KOHQeHTpaQHH KHcnopo,na. IlpH

qeM npe,nnonaraeTc.H, qTo KOHQeHTpaQH.H KHcnopo,na np.HMO nponop1..1HoHanbHa Ko

nHqecTay 3H,!lOTenHanhHhIX KneTOK. AHanorwmo [33], B ypaaHeHH.H ,nn.H KneTOqHhIX 

nonym11..1HA BKmoqamTrn ,nononHHTenhHhie cnaraeMbie, onHChIBafO'-'-IHe rH6enh Kne

TOK C pOCTOM ,nonH cy6cTPaTa, OKHCneHHOro B pe3ynhTaTe qJOTOXHMHqecKHX peaK

'-IHH. C 1..1enht0 yqecTh ocna6neHHe HHTeHCHBHOCTH naJepHoro mnyqemrn npH npo

XO)l(,neHHH arny6h TKaHH, a, cne,nOBaTenbHO, yMeHhllleHHe '-IHTOTOKCHqecKoro 3qJ

qieKTa, B03HHKaeT Heo6xo,nHMOCTh paCCMOTPeHH.H npOCTPaHCTBeHHOH ,!lHHaMHKH 
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KneToqHhIX nonyn.HQHH H A<I> . .l1:n.H 3TOro B ypaaHeHH.H ,nn.H onyxoneBblX KneTOK, 

IJ;TJI, 3H,!lOTenHanhHhIX KneTOK, HOpManhHhIX KneTOK, a TaK)l<e A<I> ,no6aan.HfOTC.H 

,nHqiqiy3HOHHhie cnaraeMhie. IlpH 3TOM ,nHqJqJY3H.H MJI-2 He paccMaTPHBaeTC.H, TaK 

KaK MJI-2 .HBn.HeTC.H KOpOTKO,neHCTBYJO'-'-IHM '-IHTOKHHOM. B ypaBHeHHe ,nn.H 3H,!lOTe

nHanhHhIX KneTOK BKnfOqaeTC.H ,nononHHTenhHOe cnaraeMoe, 3aHMCTBOBaHHOe H3 

[34], KOTOpoe onHCbIBaeT xeMOTaKCHqecKOe ,!lBH)l(eHHe 3H,!lOTenttanbHhIX KneTOK . 

.l1:n.H ynpo'-'-leHH.H peIIIaeTC.H o,nHoMepHa.H 3a,naqa pacnpocTpaHeHH.H nonyn.H'-IHH ony

xoneahIX KneTOK arny6h TKaHH (aepTHKanbHhIH pocT). HaqanhHbie ycnOBH.H BbI6u

pafOTC.H TaKHM o6pa30M, ~06h1 C03,!laTb o6naCTh C ,neqJH'-IHTOM Kucnopo,na. TaKa.H 

curyaQH.H MO)l(eT B03HHKttyTh a·nepeauaaeMbIX 3KCnepuMeHTanhHhIX onyxon.HX. Ilpu 

3TOM paccMaTpuaaeTC.H ,nea cnyqa.H HaqanhHOro pacnpe,neneHH.H 3H.!lOTenuanhHbIX 

KneTOK, OTP~afO'-'-IHX BblCOKHH If HH3KHH ypoBHH aacKyn.HpH3aQHH, H, KaK cne,n

CTBHe, pa3HblH xapaKTep HMMYHHhlX OTBeTOB. B Kaqecrne rpaHifqHbIX ycnOBHH 

npe,nnonaraeTc.H, qTo noTOK qepe3 rpaHH'-lhI paccMaTPuaaeMOH o6nacTu paaeH ttynm. 

~ ~ 

~ I 2 ~ 
:i I':~: j ~ ::t----=::j 

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 

6J -~-~-- o) §r::z. I 
1.s~-~--~-----~---, 

~ 
--------------::- 1 

o.s 

o~~~--, 
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 

•) e) 

<E; :2 j 
0 0.2 0.4 0.6 0.8 1 

0.2 1 ---~---L ____ _j 

~ 0.19 

0.180 
0.2 0.4 0.6 0.8 

PaCCTOJlllHC PaCCTO.IIHHC 

Pnc. 3. I1JIOTHOCTh KJJeTO'IHbIX IIOIIyJIJll1llH Ha 100-bJH ,!leHb paCCMOTPeHllJI (qepe3 93 ,!lHJI rrocrre cjloTO

,!lllHaMH'!eCKOfO B03,!leHCTBHJi) KaK cjJyHK!lllJI rrry6HHhl TKaHII. a) orryxorreBbJe KJJeTKll, 6) 11HTOTOKCll'Ie

CKHe T JIHMcjJ011HThI, 11) IIHTeprreiiKIIH-2, 2) )H,!lOTeJIHaJihHhie KJleTKll, o) HOpMaJibHble KJJeTKH, e) aHfllO

reHHhlH cjiaIITop. ITpe,!lCTasrreHhl ,!laHHble no paC'IeTy CllCTeMbl B 6e3pa3MepHblX BeJIH'IHHax. 
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B Pe3YJihTaTe qucneHHblX pacqeTOB nonyqeHbl rpacpHKlf 3aBlfClfMOCTett IlJIOTHO

CTlf KJieTOqHhIX nony.IDll.-llfll OT KOOpAHHaThl. Ha pwc. 3 npeACTaBJieHhl Pe3YJihTaThl 

):IJI.H ClfJlhHOro lfMMYHHOro OTBeTa. BH):IHO 3HaqwTeJibHOe COKpa111eHHe nonyJI.HUHlf 

onyxoneBhIX KJieTOK Ha cpoHe ysenuqeHH.H ITJIOTHOCTlf ~TJI H HJI-2 IlOCJie 0):IHO

KpaTHOro cpOTO):IHHaMHqecKoro B03):leHCTBlf.H. Cne):lyeT OTMeTlfTh, qyo B cnyqae CJia-

6oro HMMYHHOro OTBeTa pe)KHM perpeCCHH onyxoJilf nocne cpOTO):llfHaMHqecKOH Te

panHH He ):IOCTHraeTC.H. 

,ll;anee KpaTKO cpopMYJIHPYJOTC.H 0CH0BHbie pe3VJibT3Tbl, nonyqeHHhie B ):IHC

ceprnuww. 
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