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XXI CONFERENCE OF YOUNG OTORHINOLARYNGOLOGISTS  
“WHITE NIGNTS OF SAI NT PETERSBURG”  

MAY 26-28, 2004 
 

SIMPLE SNORING: DIODE LASER TREATMENT 
(MAIN POINTS OF THE LECTURE)  

Michel JAKOBOWICZ M.D. 
Groupe Hospitalier La Pitié-Salpétriére - PARIS 

 
A Simple Snoring needs before any decision a: 
 
CHECK UP

�� On night symptoms: apneas, somnambulism, restless sleep, suffocation feeling, 
nycturia, enuresis. 

 to precise personal and social consequences. 
The interrogation of the patient and his partner explains the family background, as to 

how many times is the snoring, its intensity and frequency. We ask if there is troubles of 
sleep. 

We have to eliminate an O.SA.S.: 

�� On diurnal symptoms : early headache, non refreshing sleep, sleepness, 
impotence, libido troubles , memory troubles, depressive inclination. 

We have to precise the ground: 
�� Excess of weight 
�� Alcohol, smoking 
�� ENT or orthodontics antecedents 
�� Oesophageal reflux 
�� Soporifics, anti-depressants 
�� Cardio-vascular, pneumologic pathologies 

 
A complete medical examination : 
�� precise cervico-facial and dental articulate structure 
�� eliminate macro-glossia and precise naso-pharynx anatomy 
�� naso-fibroscopy allows the retro-basal-lingual exploration 

 
In front of suspicion of OSAS, we ask for a radiologic cephalometry and a sleep 

check. 
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�� Lying on his back: blood circulation reduces its speed, blood stagnates in venous 
lakes, and air passage becomes narrow. 

PHVSIO-ANATOMY 
 
When we speak of simple snoring, what is it ? The snorer sleeps: 

�� When nose is passed through respiratory flow must cross over the velum to join 
bronchus. 

�� In sleeping velum muscles are relaxed, the velum falls down like a flag which 
vibrates with respiratory wind: 

 
The snorring is here. 

�� Loosing weight 
GENERAL MEASURES 

�� Stopping hypnotics and sedatives drugs 
�� Stopping tobacco and alcohol 
�� These measures are important but rarely enough. 

 

�� inaccessible nasal cavities infection 

COUNTER INDICATIONS 
Before treatment we have to eliminate: 

�� coagulation troubles 
�� high blood pressure 

These counter indications can be treated 
 

�� until 1.5 meters in open air 

BIOPHYSICAL CONCEPTS 
Diode Laser DORNIER 
Emits at 940 Nm near infrared. 
It is a laser with an electronic substrate (Aluminium-Gallium-Arsenide), it is a 

compilation of little transistors. 
 
Diode beam 
Is transported by an optical fibre which limits photons dissemination: 

�� until 16 millimeters in a liver (1,5 watts, 15 minuts). 
 
Diode effect is function of application mode: without contact realizing an hemispheric 

type with contact realizing a fan shaped 
Diode Laser distributes heat uniformly, the result is a deep homogeneous molecular 

desintegration, following the crown of heat around the molecular desintegration scars with a 
retractile cicatrication. 

 
Diode Laser DORNIER offers many functions, two are interesting here: 
�� Standard mode to reduce tissue volume and oedema 
�� Fibertom to cut 

If tissue is reach of water it is better to begin in standard mode before using fibertom 
mode. 

 

�� Diode Laser DORNIER 940Nm 
EQUIPMENT 
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�� Fiber quartz 3 meters long, 600 micrometers diameter, covered with Teflon 
sheath. 

�� Fibroscope : 4.9 millimeters diameter with a 2 millimeters operating channel for 
the fibre to treat nasal tissues. 

�� Light source of 250 watts or better Xenon light source. 
�� Imaging with a video camera fitted on endoscope, a video screen and a video 

recorder. 
 

�� in standard mode, we realize 1 or 2 stripes  

TECHNIQUE 
On turbinates 
On seated patient, under local anesthesia, with prior tamponade with naphazolinated 

5% Lidocain during 20 minutes. We introduce the quartz fibre in operating channel of 
fibroscope : 

�� with a power of 25 watts during 5 to 10 seconds on each side 
�� in continuous shoot with a tangential irradiation. 

3 sessions are necessary, 1 every 3 weeks to get a good nasal permeability. 
 
On Velum 
In seated patient, under local anesthesia with an injection of 1% Lidocain . 
�� The shoot is parallel to the free border of posterior pilar of velum each side we 

draw 2 stripes like with a brush to provoke retraction and rigidity.On uvula, on 
each side of the foot we practice a pointing shoot to contract azygos muscle with a 
retractile scar: uvula gets shorter. 

�� With a power of 25 watts in continuous shoot in contact standard mode. 
2 to 6 sessions are necessary to archieve of results on each patient, every 3 weeks. 
A too long uvula can be cut in mode Fiberotom. 
 

�� rarely 
COMPLICATIONS 

�ƒ little hemorragia 
�ƒ local secondary infection 

�� often.: 
�ƒ a reactional oedema needs 3 days corticoids. 

NO PAIN . 
 

�� excess of weight: 29,2 % 

�K�G�?�K�.���8�3���5�(�6�8�/�7�6 
We have treated 544 patients since 1998: 
75% of men 
25% of women 
in average age 53,9 years old. 
 
The check up shows: 

�� rhinosinusal pathology: 27 % 
�� with a medical treatment: 12,5 % 
�� operated ( UVPP, Septoplasty, Rhinoplasty, FESS ): 14,6 % 

 
Radiological check shows: 

hypertrophic rhinitis: 41 % troubles of uvula or velum: 54 % normal: 41 % 
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DIODE LASER TREATMENT RESULTS 
Criteria of evaluation 
Interrogatory, examination, sleep check allow to evaluate: apneas and snoring 

intensity tiring and diurnal somnolence amelioration of physical performance  
 

�� 62,5 % Very Good (no snoring) 
RESULTS 

�� 25% Good (less noisy, normal sleep)  
�� these 87,5 % of patients are less tired when they awake, they have no diurnal 

somnolance get amelioration of sporting performances proved by sleep check. 
�� 8 % Failures 
�� 4 % non reevaluated 
�� these 12,5 % are often fat, they refuse to be on diet or take tanquillizers. 

 

The results are stable in time. 

CONCLUSION 
Diode laser treatment of simple snoring gets 87,5 % of amelioration. 
Diode Laser DORNIER 940 Nm is applied at an out-department practice without 

pain. The action of this Laser is in tissue depth where it induces retractile scar. This treatment 
can be adapted to each case. 
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A BATTERY OF DIAGNOS TIC TESTS TO EVALUATE 
DENTAL AND ORL PATHO LOGIES 

D.Berezkin and A.Zoubareva 
I.P.Pavlov Medical University, Saint Petersburg 

Russia 
 
Clinical and diagnostic data were correlated by applying a number of diagnostic tests 

including CT, polypositional digital X-ray using, if necessary, computer processing of X-ray 
images according to a standard protocol. In some cases panoramic zonography with digital 
image analysis was employed with densitometry. In “difficult” cases linear digital CT with 
transverse sectioning of the facial skull was found to be of diagnostic value. Whenever 
needed spiral CT and MRI with digital analysis and densitometry were as well very helpful. 

This modern battery of diagnostic tests was the basis for reliable differentiating the 
type of pathology in dental region and paranasal sinuses. In the majority of cases 
inflammatory and degenerative changes in bone and adjacent soft tissues were dynamically 
observed in the process of treatment. Margins of the anatomy (surgical field) were of special 
interest. The tracking system was combined with endoscopy (rigid or flexible) to evaluate 
altered anatomy in the area of uncinatus process, optical nerve, anterior skull base structures, 
deviating arteries and their branching. Opacification of sinuses especially in the sphenoid due 
to neoplastic growths or purulent changes were efficiently judged. Profuse nasal polyposis 
preop with its spread and sinuses affection was demonstrated with the help of successive 
battery tests employed. Critically important was to define even slice thickness, periodontitis 
or cysts in the zone of frontal teeth, premolars or molars of the upper jaw. Basically, such 
pathologies as compression of the optical nerve and position of the bunch of sphenopalatine 
anteries, anterior sphenoid artery or fat protrusion into the nasal cavity at orbital 
decompression – all these situations were under control preoperatively which is of utmost 
importance for the subsequent surgery. In some cases of chondromas, aspergilosis, pyogenic 
granulomas, mucocele, craniofibromas or adenocarcinomas or SCC the battery of diagnostic 
tests was difficult to be overestimated. 
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STUDYING THE CONNECTION OF CYP1A1 GENE 
POLYMORPHISM WITH THE RISK OF LUNG 

CANCER. 
Evgeniya V. Belogubova, Irina K. Suvorova, Alexander V. Togo, Evgeny N. 

Imyanitov, Kaido P. Hanson 
Group of molecular diagnostics, N.N. Petrov Research Institute of Oncology, St. 

Petersburg, Russia 
 

Abstract  
MspI restriction fragment length polymorphism in cytochrome P -450 IA1 (CYP1A1) 

gene was studied in lung cancer patien ts.  Apart from a standard control group of middle -aged 
healthy individuals additional control group of the elderly tumor -free individuals was involved 
into the study.  All in all 146 lung cancer patients, 230 middle -aged healthy donors, and 259 
elderly tu mor -free individuals were recruited.  

CYP1A1/MspI genotypes and alleles distribution in population of St. Petersburg was 
similar to that in the Europeans and Caucasian Americans.  Our data displayed that the 
presence of M2 allele was significantly associated with an increased risk for squamose cell 
lung cancer.  Thus in patients with SCC this allele was present in 19  % that was by 8 % higher 
than in HD and the difference was statistically significant ( �F2=4.727, P=0.030). 

In our study we confirmed the relatio n between MspI/CYP1A1 polymorphism and risk of 
squamose cell lung cancer.  We also demonstrated the advantage of introducing the elderly 
tumor -free individuals as an additional control group in the epidemiological studies.  

 
Keywords: CYP1A1, lung cancer, g enetic polymorphism, susceptibility, elderly donors.  

 

INTRODUCTION 
Lung cancer is one of the most frequent human neoplasms. Smoking has already been 

proved to be the main cause of lung cancer providing 80 % of all the cases. Nevertheless, not 
every smoker acquires the malignancy during the lifetime and this backs up the theory of 
individual susceptibility to lung cancer. The latter is apparently related to the several gene 
polymorphisms, which products metabolize tobacco smoke carcinogens. Due to interaction of 
the hereditary factors (gene polymorphisms) and environmental influence (tobacco smoke) 
lung cancer becomes an interesting model for studying the individual oncological 
predisposition. 

Among the polymorphic genes that are possibly related to the individual susceptibility 
to lung cancer (LC) our attention was drawn to CYP1A1 gene from the cytochrome P450 
enzymes superfamily. The gene product, aromatic hydrocarbon hydroxylase (AHH), 
metabolizes the polycyclic aromatic hydrocarbons (PAH), being one of the main components 
of tobacco smoke. Several allelic variants of the gene are known to be present at different 
frequencies among representatives of various ethnic groups (2). Thus C to A transversion in 
position 4887 leads to Thr to Asn substitution in the gene product (3). Separate 
polymorphisms have been detected in intron 7. Thus T to C transition in 5639 nucleotide is 
typical of African-Americans and the same replacement in position 6235 is evident at 
different frequencies in different ethnic groups (3, 4, 5). One base substitution of A with G in 
4889 nucleotide of exon 7 leads to Ile�o Val replacement in the heme-binding region of the 
enzyme. The two latter polymorphisms are in complete linkage with each other and associated 
experimentally with the increased catalytic activity of the rare enzyme. 

The CYP1A1 MspI polymorphism drew investigators’ attention after the research data 
obtained by Kawajiri had been published showing the increase of lung cancer risk in carriers 
of the mutant alleles of this gene (3, 7). The following investigations in Japanese population 
except the work of Kihara also revealed the susceptibility to lung cancer among the rare allele 



       �)�R�O�L�D���2�W�R�U�K�L�Q�R�O�D�U�\�Q�J�R�O�R�J�L�F�D�����9�R�O�����������‹����-4, 2004 

 
10 

carriers (8). However studies of this polymorphism in Europeans didn’t reveal the increased 
risk of lung cancer (2, 3, 6, 9). The contradictory conclusions of different authors can be 
explained not only by the interracial differences but also by methodological problems with the 
choice of adequate control groups. As a rule, the control group in the epidemiological studies 
of that kind includes middle-aged people. It is worth mentioning, that the lifetime risk of 
cancer among women and men is 0.38 and 0.48, correspondingly. Thus there is a great 
number of potentially affected subjects among them. In this research in addition to the 
standard control group that consists of middle-aged subjects an ancillary control group, 
consisting of elderly subjects without any malignancies in the past, has been recruited. This 
group can be more effective control as elderly people aged 75 and older have already 
overcome the age of the highest cancer risk (10). This innovative approach has already helped 
us to obtain positive results in some research carried out in our institute. 

Taking in consideration heterogeneity of the results of different authors, and absence 
of the corresponding data concerning the Russian population, we aimed our survey at 
studying CYP1A1/MspI polymorphism and its influence on the susceptibility to lung cancer 
among the citizens of St. Petersburg (11, 12). 

 
MATERIALS AND METHODS 
Lung cancer (LC) group involved 146 lung cancer patients who had been treated in 

N.N. Petrov Research Institute of Oncology from 1991 to 2000 (age range: 30-77, average 
age: 60 �r 9). 230 middle-aged healthy donors (HD) (age range: 18–55, average age: 36�r11) 
were randomly selected among the volunteers of blood transfusion units located in N.N. 
Petrov Research Institute of Oncology and in City hospital #31. 259 elderly donors (ED) (age 
range: 75–92, average age: 83.5�r8.5) were recruited from the outpatient department of City 
hospital #31 and War veterans hospital. The absence of malignancies in anamnesis was 
confirmed by medical examination and analysis of the patient charts and history cases. 

 
DNA genotyping 
DNA was obtained from the peripheral leukocytes. DNA isolation was performed by a 

modification of the salt-chloroform method (13, 14). 
 
CYP1A1 alleles 
Genotyping for CYP1A1/MspI polymorphism was carried out by PCR amplification. 

DNA 10-100 ng was subjected to PCR amplification with primers 5’ GGC TGA GCA ATC 
TGA CCC TA 3’ and 5’ ATA CCC CCC CCT CAC TCC AG 3’. PCR reaction mixture 
contained 1 x PCR buffer, 1.5 mM MgCl2, 200 �PM of each dNTP, 1 �PM of primers and 1 U 
Taq 1 polymerase in the total volume of 12 �PL. Amplification was performed by 30 cycles of 
denaturation at 95C�q for 35 s, annealing at 58C�q for 60 s and extension at 72C�q for 60 s. A 
final extension at 72C�q lasted for 7 minutes. A 221-bp fragment comprised polymorphous 
MspI site. Following the reaction MspI endonuclease, the buffer and water were added to the 
PCR product (3 �PkL) and after 16-hour incubation the product was analyzed in 2.5% agarose 
gel. 

Statistical analysis 
�F2 analysis and 95% CI was conducted for homogeneity to test for case-control 

differences in the distribution of the genotypes or other parameters under study. The 
authenticity of the differences was defined at 0.05% level. 

 
RESULTS 
The results of the genotyping are presented in picture 1. 
m1 is a wild type allele where the MspI site is absent whereas a rare so-called mutant 

m2 allele has the polymorphous MspI site. 
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CYP1A1/MspI genotypes and alleles distribution among the elderly tumor-free donors, middle-aged 
healthy donors, and lung cancer patients grouped according to sex and smoking history 

Groups  
CYP1A1 genotypes(%)  CYP1A1 allels(%)  

m1m1 m1m2 m2m2 Total  m1 m2 Total  
Elderly donors 
(total)  

206 (79) 51 (20) 2 (1) 259 (100) 463 (89) 55 (11) 518 (100) 

        
Smokers (total)  84 (80) 21 (20) 0 (0) 105 (100) 189 (90) 21 (10) 210 (100) 
men 74 (80) 19 (20) 0 (0) 93 (100) 167 (90) 19 (10) 186 (100) 
women 10 (83) 2 (17) 0 (0) 12 (100) 22 (92) 2 (8) 24 (100) 
        
Non-smokers (total)  113 (80) 28 (20) 1 (1) 142 (100) 254 (89) 30 (11) 284 (100) 
men 34 (83) 7 (17) 0 (0) 41 (100) 75 (91) 7 (9) 82 (100) 
women 79 (78) 21 (21) 1 (1) 101 (100) 179 (89) 23 (11) 202 (100) 
        
Smoking history 
unknown (total)  

9 (75) 2 (17) 1 (8) 12 (100) 20 (83) 4 (17)  24 (100) 

men 4 (80)  0 (0) 1 (20) 5 (100) 8 (80) 2 (20) 10 (100) 
women 5 (71) 2 (29) 0 (0) 7 (100) 12 (86)  2 (15) 14 (100)  
        

TOTAL 
ELDERLY MEN 

112 (81) 26 (19) 1 (1) 139 (100) 250 (90) 28 (10) 278 (100) 

Total elderly 
women  

94 (78) 25 (21) 1 (1) 120 (100) 213 (89) 27 (11) 240 (100) 

Middle -aged donors 
(total)  

181 (79) 47 (20) 2 (1) 230 (100) 409 (89) 51 (11) 460 (100) 

        
Smokers (total)  107 (80) 26 (19) 1 (1) 134 (100) 240 (90) 28 (10) 268 (100) 
men 54 (77) 15 (21) 1 (1) 70 (100) 123 (88) 17 (12) 140 (100) 
women 53 (83) 11 (17) 0 (0) 64 (100) 117 (91) 11 (9) 128 (100) 
        
Non-smokers (total ) 54 (77) 15 (21) 1 (1) 70 (100) 123 (88) 17 (12) 140 (100) 
men 17 (74) 5 (22) 1 (4) 23 (100) 39 (85) 7 (15) 46 (100) 
women 37 (79) 10 (21) 0 (0) 47 (100) 84 (89) 10 (11) 94 (100) 
        
Smoking history 
unknown (total)  

20 (77) 6 (23) 0 (0) 26 (100) 46 (88) 6 (12)  52 (100) 

men 9 (60)  6 (40) 0 (0) 15 (100) 24 (80) 6 (20) 30 (100) 
women 11 (100) 0 (0) 0 (0) 11 (100) 22 (100)  0 (0) 22 (100)  
        

TOTAL 
MIDDLE-AGED MEN 

80 (74) 26 (24) 2 (2) 108 (100) 186 (86) 30 (14) 216 (100) 

Total middle -aged 
women  

101 (83) 21 (17) 0 (0) 122 (100) 223 (91) 21 (9) 244 (100) 

Lung cancer 
patients (total)  

107 (73) 37 (25) 2 (1) 146 (100) 251 (86) 41 (14) 292 (100) 

        
Smokers (total)  90 (73) 32 (26) 2 (2) 124 (100) 212 (85) 36 (15) 248 (100) 
men 86 (72) 31 (26) 2 (2) 119 (100) 203 (85) 35 (15) 238 (100) 
women 4 (80) 1 (20) 0 (0) 5 (100) 9 (90) 1 (10) 10 (100) 
        
Non-SCLC 71 (70) 28 (28) 2 (2) 101 (100) 170 (84) 32 (16) 202 (100) 

SCC 46 (66) 22 (31) 2 (3) 70 (100) 114 (81) 26 (19) 140 (100) 
adenocarcinoma 23 (85) 4 (15) 0 (0) 27 (100) 50 (93) 4 (7) 54 (100) 

SCLC 14 (78) 4(22) 0 (0) 18 (100) 32 (89) 4 (11) 36 (100) 
        
Non-smokers (total)  14 (78) 4 (22) 0 (0) 18 (100) 32 (89) 4 (11) 36 (100) 
men 4 (80) 1 (20) 0 (0) 5 (100) 9 (90) 1 (10) 10 (100) 
women 10 (77) 3 (23) 0 (0) 13 (100) 23 (88) 3 (12) 26 (100) 
        
Age groups         
<=50 11 (85) 2 (15) 0 (0) 13 (100) 24 (92) 2 (8) 26 (100) 
>50 96 (72) 35 (27) 2 (2) 133 (100) 227 (85) 39 (15) 266 (100) 
        
Smoking history 
unknown (total)  

3 (75) 1 (25) 0 (0) 4 (100) 7 (87.5) 1 (12.5) 8 (100) 

        
Total lung 

cancer men  
 93 (73) 33 (26) 2 (2) 128 (100) 219 (86) 37 (14) 256 (100) 

Total lung cancer 
women  

14 (78) 4 (22) 0 (0) 18 (100) 32 (89) 4 (11) 36 (100) 
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Figure 1. Detection of CYP1A1 genotypes by PCR. Plasmid pUC19 subjected to MspI restriction 

enzyme digestion was used as a size marker.  Marker fragments are shown on the left, base pairs (Lane 
M); Lane 1 – m1m2 heterozygous genotype; Lane 2 – homozygous site-absent genotype; Lane 3 – 
homozygous site present genotype. 

 
The summarized data on CYP1A1/MspI genotypes and alleles distribution among LC, 

HD and ED are presented in table 1. Among the HD the frequency of the m1m1, m1m2 and 
m2m2 genotypes was 79%, 20% and 1% correspondingly that was similar to the figures 
obtained for Europeans and Caucasian Americans. When divided according to the allelic 
frequencies, a tendency to overrepresentation of the mutant alleles was revealed in men 
compared to women (�F2=2.729, P=0.099). These differences in the allelic frequencies can not 
be explained by the prevalence of smokers among men, as the genotype and allelic 
frequencies among smokers and non-smokers not only among healthy donors but also 
between men and women didn’t show any variation. 

The frequencies of m1m1, m1m2 and m2m2 genotypes among ED were very similar 
to that in HD and were present in 79%, 20% and 1% correspondingly. Having compared the 
genotypes and alleles distribution between men and women, smokers and non-smokers, no 
variations were revealed. 

The genotype m1m1, m1m2 and m2m2 frequencies among lung cancer patients were 
as follows: 73%, 25% and 1%. There was a small difference in genotype and allelic 
distribution in comparison with the both control groups (HD and ED). Taking into 
consideration the histological heterogeneity of lung cancer the analysis of the genotype and 
allele frequencies of CYP1A1 was carried out depending on the tumor type. 

Comparison of the CYP1A1/MspI genotypes distribution between LC and HD has 
shown a tendency to overrepresentation of m1m2 genotype in patients with squamose cell 
lung cancer (SCC) (�F2=3.498, P=0.065). Having compared the allelic frequencies between 
these groups, statistically significant difference was revealed (�F2=4.727, P=0.030). Having 
compared SCC patients and ED, the difference became even more obvious: m1m2 genotype 
and m2 allele were present more often in SCC patients with the difference becoming more 
significant (�F2=4.131, P=0.042 and �F2=5.743, P=0.017 correspondingly). 

On the contrary, the m1 wild type allele was more common in adenocarcinoma (AC) 
patients compared to the control groups (HD and ED). A predominant so-called wild 
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homozygote m1m1 was found by 12% higher in AC than in the overall lung cancer patients 
and by 6% higher than in HD and ED accordingly. m1m2 genotype was present by 10%, 5% 
and 5% more rarely in comparison with the above-mentioned groups correspondingly. m2m2 
genotype was not found in patients with AC, although in HD and ED it was observed in 1%. 
However, there were no statistically significant differences between the groups. Apparently 
the result can be explained by the relatively small sample size (27 patients). 

The genotype and allele distribution among the patients with small cell lung cancer 
(SCLC) was similar to that of the HD and ED. 

 
DISCUSSION 
Firstly, our study was aimed at assessing the frequencies of CYP1A1/MspI genotypes 

and alleles in population of St. Petersburg and evaluating its influence on lung cancer 
susceptibility. 

Second objective was to demonstrate the advantage of implementing the elderly 
tumor-free donors as an additional control group in the epidemiological studies. 

Our data has shown that the frequency of the rare m2 allele in HD (11%) was similar 
to that in Europeans and Caucasian Americans (3, 5, 6, 16). 

Having analyzed the percentage of the genotypes and alleles, we have observed a 3% 
increase, although not statistically significant, of m2 rare allele in lung cancer patients 
compared to the both control groups (HD and ED). Considering the heterogeneity of lung 
cancer, the distribution of the genotypes and alleles was analyzed and appeared to be different 
in different lung cancer types. The distribution of the genotypes and alleles in patients with 
SCLC was similar to that in HD (m1m1–78%, m1m2–22%, m2m2–0%, and alleles m1–89%, 
m2–11%). In patients with AC the rare allele was less common than in HD and amounted to 
7% and 11%, correspondingly although the difference was not significant (p=0.647). 
Apparently this can be explained by the relatively small sample size (27 patients). 

Our data has displayed that the presence of m2 allele is significantly associated with 
an increased risk for SCC. Thus in patients with SCC this allele was present in 19% that was 
by 8% higher than in HD and the difference was statistically significant (�F2=4.727, P=0.030). 
The observed variations in the genotypes and alleles distribution among the patients with 
different lung cancer types may be linked to the different histogenesis of the tumors: 
adenocarcinoma arises from the alveolar epithelium and bronchial mucous glands, small cell 
lung cancer develops from cells of the APUD system, and squamose cell lung cancer 
originates from the bronchial ciliated epithelium. Probably various cell types have different 
sensitivity to tobacco smoke carcinogens. 

The correlation between the presence of the mutant m2 allele and increased risk of 
SCC was demonstrated not only in this research but also in several other studies (2, 3, 6, 9, 
16). A close association of lung cancer incidence with the presence of m2 homozygous rare 
allele was confirmed in the studies of Kawajiri K. et al.: in 151 LC patients m2m2 genotype 
was present in 21%, and in 11% in the group under control. In patients with SCC (105 cases) 
two copies of m2 allele were present in 23% (4, 7). The studies of Europeans and American 
Caucasians proved as well that the number of m2 allele carriers was larger in patients with 
SCC in comparison with the overall lung cancer group. Hirvonen et al. reported the frequency 
of m2 alleles in patients with lung cancer to be 8.1% and in patients with SCC 9.2% (9), and 
Drakoulis et al. 7.3% and 11% (6) correspondingly with the differences being statistically 
insignificant. Marchand et al. demonstrated the frequency of m2m2 genotype to be 10.3% in 
the overall lung cancer group and 20.3% in cases with SCC and revealed statistically 
significant difference between the m2m2 genotype frequencies in patients with SCC and the 
control group (P<0.05) (16). However, the other studies did not reveal any differences in the 
CYP1A1/MspI genotype distribution in lung cancer patients, including SCC. The findings of 
Kihara et al. vary from data obtained in the Japanese population. Among the smokers Kihara 
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observed m2m2 genotype in 17.8% individuals of the control group and in 16.5% in lung 
cancer patients (SCC and SCLC). At the same time m2m2 genotype was found in 11% in 
non-smoking controls. Taking into consideration the average age of the control group (50-69 
years), we can assume that individuals with the increased risk of malignancies were present 
among the smoker. 

Sugimura et al. (1994) investigated MspI polymorphism and its connection with LC in 
black and non-black citizens of Rio de Janeiro and didn’t confirm the association of CYP1A1 
genotypes and lung cancer susceptibility (17). It is of importance that it was the first 
examination of this polymorphism on the South American population. Noteworthy that the 
distribution of CYP1A1/MspI genotypes especially in non-blacks in Rio de Janeiro was more 
similar to that found in the Japanese healthy population than in the Northern American and 
European populations. 

Shields et al. also obtained the results denying the association of the CYP1A1/MspI 
polymorphism and lung cancer susceptibility (15). They recruited 56 patients with lung 
cancer into the study. 31 patients with chronic obstructive pulmonary disease (COPD) or 
bronchial asthma and the history of more than 40 pack-years of tobacco smoking, and 15 
patients with tumors other than lung or bladder cancer were referred to as controls. Being 
statistically insignificant, the relatively uncommon prevalence of the rare allele in the control 
group (19 %) in contrast with lung cancer cases (13 %) attracted our attention. One of the 
factors that may explain these results is the heterogeneity of the control group that included 
black and non-black individuals, women and men, as well as patients with COPD and 
malignancies. 

Our results are in agreement with the literary data on the m2 allele prevalence among 
lung cancer patients. Moreover, we have found statistically significant difference for SCC 
compared to the data obtained in other European populations. 

It is of interest that there was a tendency for differences between the middle-aged 
healthy men and women. As lung cancer morbidity is higher among men in comparison with 
women this fact confirms that the CYP1A1 mutation is related to the increased lung cancer 
risk. Comparison of the allele distribution between men and women among elderly donors did 
not reveal the difference. We suppose that it is connected with the ED group resistance to the 
neoplasms. 

It is also worth mentioning that for the first time in the research of influence of 
CYP1A1 gene on lung cancer susceptibility the additional control group of elderly tumor-free 
individuals was introduced. In epidemiological studies this group can be more adequate 
control than middle-aged donors. As the peak of lung cancer morbidity is before 70 years, the 
additional control group of people aged 75 and older was formed. Thus the possibility that 
patients with malignancies were present in this group was very low. The similar approach was 
used in our institute to studying other gene polymorphisms. 

In epidemiological studies such approach also allows to reveal the impact of this 
polymorphism on the lifetime. The genotype distribution among the control groups (HD and 
ED) did not differ from each other denying the influence of CYP1A1/MspI polymorphism on 
the lifetime. 

Lung cancer is known to be most closely associated with cigarette smoking. In our 
study no difference was found between smoking and lung cancer susceptibility. Thus the 
frequency of m2 allele in smoking healthy donors and patients with lung cancer was 10% and 
15% correspondingly. Moreover we didn’t confirm the influence of this polymorphism on the 
lifetime of smokers. The literary data on the smoking habits and CYP1A1/MspI 
polymorphism are contradictive. Kawajiri et al. provide evidence that individuals with mutant 
alleles have a remarkably higher risk of lung cancer at a lower cigarette dose than those 
without the mutation. At the same time Sugimura et al. didn’t show the increase of m2 alleles 
either in smoking patients with lung cancer, or in healthy smokers. Shields et al. also did not 
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reveal the association between the presence of CYP1A1 mutant alleles and smoking. 
According to their data in smokers with lifetime cigarette consumption less than 40 pack-
years m2 allele was found in 24% in lung cancer patients and in 76% in healthy donors. In the 
groups with higher cigarette consumption (40-59 and >60 pack-years) the mutant alleles were 
found in 28% (LC) and 20% (HD), and 19% (LC) and 38% (HD) correspondingly. 

Differences among the studies can be connected with the fact that ethnic groups with 
different frequencies of mutations in healthy population and thus different sensitivity to 
tobacco smoke carcinogens were analyzed. Therefore it is important to study combination of 
MspI and other CYP1A1 polymorphisms with polymorphous genes coding phase II enzymes. 
Kihara et al. came to the conclusion that apparently the important factor that plays a role in 
pathogenesis of lung cancer is not a presence of m2 allele but a combination of the different 
so called “susceptible” alleles of the genes that encode phase I and II enzymes of xenobiotic 
metabolism. Thus the increased cigarette consumption in individuals with combined GST�P 
null and CYP1A1 (m2m2) genotypes leads to an increased risk of lung cancer (8). 

Firstly, our data has shown that distribution of CYP1A1/MspI genotypes and alleles in 
population of St. Petersburg is similar to that in the Europeans and Caucasian Americans. 
Secondly, the connection between the CYP1A1/MspI genetic polymorphism and risk of SCC 
was revealed. 

Thirdly, we demonstrated the advantage of introducing the elderly donors as 
additional control group in epidemiological studies. 
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Laser surgery in otolaryngology originated at the beginning of the seventies last 

century. Nowadays it has become quite evident that the aforementioned trend in ORL 
occupies an important position among the other surgical techniques in the speciality. 
Historically, carbon-dioxide laser was dominating at first. However, last decade new types of 
lasers appeared to produce emission easily transmitted via fiberoptics (Nd:YAG, KTP, diode 
lasers, etc). Further perfection and developments in endoscopic surgery are associated with 
these types of lasers. Moreover, “contact” technique of surgery with fiberoptic gave an 
impulse to the rise of new surgical perspectives, among them, laser interstitial thermotherapy 
(LITT) being one of the most promising. 

 
Laser surgery in laryngology plays the central role in the speciality. As a rule, all the 

surgical interventions in the field are made under intravenous general anaesthesia and 
artificial ventilation of the lungs using direct suspension microlaryngoscopy. It may not be out 
of the place here to mention, not dwelling on the details of narcosis induction and 
maintenance, that the artificial ventilation of the lungs may be achieved via intubation of the 
larynx or trachea with laryngoscopes with ventilation channel as well as by thin ventilation 
tubes or catheters via tracheopuncture. My Clinic gives preference to the latter technique. For 
the last 12 years 463 tracheo-and/or conicopunctures were performed to provide high-
frequency ventilation of the lungs at endolaryngeal laser operations. The catheter was placed 
according to Seldinger [1]. Transcutaneous transtracheal catherization possesses, to our 
opinion, undoubtful advantages when making laser surgery of the larynx. Tracheopuncture is 
performed in no time and is easily tolerated by the patients. In these conditions apnoe period 
does not occur to be inevitable in orotracheal intubation, which makes the transition period 
from spontaneous breathing towards artificial respiration more physiological. The potentiality 
to preserve catheter in the trachea at the early postop period with no inconveniencies to the 
patient and without limitations of his/her mobile activity makes it possible, if necessary, to 
resume the ventilation without reintubation. Absence of the catheter in the operation field 
when using transcutaneous tracheopuncture provides for maximal possible safety of the 
operation zone, gives the necessary freedom for surgical maneuvers and excludes entirely an 
emergencies of accidental ignition of the catheter by high-energy laser (Fig.1f). Air flow 
coming out of the lungs keeps the blood, debris and plumes from entering the tracheo-
bronchial tree. Moreover, it creates a beautiful visualization of the larynx during surgery by 
constant drainage of the plumes out of the operating field. When pathologies localized on the 
vocal cords or in the vestibule conicopuncture was made whereas tracheopuncture was more 
suitable when subglottis was involved. Tracheopuncture is proceeded under local anaesthesia 
in the supine position of the patient with a pillow under shoulders. The skin and soft tissues 
are punctured in the midline of the neck. The trachea is pierced in the intercartilagenous 
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space. The correct position of the needle tip is tested with syringe filled with lidocaine 
solution: if the tip of the needle is in the tracheal lumen air bubbles appear in the syringe 
when its piston is gently pulled up. After that lidocaine is instilled through the needle into the 
tracheal lumen to suppress coughing. Tracheal catherization as a procedure is being 

immediately started after this stage. With this in view a rigid conductor is inserted via the 
tracheal needle and the latter is removed. After that follows the insertion of the catheter which 
is guided into the tracheal lumen via the conductor (Fig.1a-e).  

The catheter is placed in the trachea in such a way that its tip is 
located over bifurcation to provide proper ventilation of the both main 
bronchi. The outer outlet of the catheter is being connected with jet-
ventilation apparatus and artificial respiration starts (Fig.2). According 
to the above technique, conicopuncture was performed in 223 (48%) 
cases and tracheopuncture – in 240 (52%) patients in our Clinic (Fig.3). 

 
Our experience proved 

that from the ergonomic point of 
view “contact” technique of laser 
surgery is the most advantageous 
in otorhinolaryngology, 
especially, in laryngology. Its 
essence consists in bringing the 
tip of the fiberoptic carrying 
laser energy into direct contact 
with the tissue to be excised. No 
marker system is needed at all in 
these conditions whereas it is 
absolutely necessary when 
navigating the “distant” laser 
beam to the target. The emission is switched on only at the moment 
when a surgeon plunges the quartz rod into the tissue to be ablated, 

Fig. 1. Consecutive stages of tracheopuncture/conicopuncture performance: 
a/ needle puncture of the trachea under local anaesthesia; 
b. syringe testing of the correct needle tip position  in the tracheal lumen; 
c. plastic conductor is being inserted through the needle; 
d. the needle has been removed and the polyethelene catheter is introduced    via conductor as a guide; 
e. the catheter is finally positioned in trachea and fixed to the skin. After that the catheter is connected 
to the jet-ventilator and high-frequency ventilation starts; 
f. A thin, 1.2mm diameter catheter is positioned in subglottis (conicopuncture).  

Fig.2. High-
frequency 
ventilation set: 
upper part - 
ventilation 
apparatus; lower 
part - device for air 
humidification 
connected by a tube 
with the ventilation 
apparatus; in the 
middle - 
cardiomonitor. 

Fig.3. General view of the operation 
room for laser surgery. All the 
equipment including surgical 
microscope, jet-ventilator, laser 
apparatus, etc produced in Russia. 
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therefore, no off-the-target hits are possible. The surgical procedure itself is much simpler 
because fiberoptic can be slightly bent, but quite sufficiently “to pass round” the pathological 
focus, that is, the angle of laser hitting can be arbitrarily changed which is never possible in 
“distant” laser application due to the directness of the light spreading. Thus, greater 
radicalism is achieved during surgery. The tissues, as a rule, are excised, but not evaporated 
which produces less pluming in the zone of surgery. Experimental investigations have shown 
that the tissue damage is confined to the diameter of the fiber tip (200-400 micrometers) and 
is represented as carbonization zone surrounded by a thin layer of coagulation within several 
rows of adjacent cells [2]. As regards its principal meaning the method described strictly 
corresponds to one’s idea of a scalpel effect on tissues and can be roughly compared with the 
biological effect of carbon dioxide laser. Biological properties of the contact method are as 
follows: limited damage beyond the contact area, no oedema, fast healing, no or slight 
cicatrication, no bleeding and, consequently, “dry” operating field. Besides, the contact 
technique is very handy to be used in anatomical zones difficult for surgical access, in 

particular, anterior comissure of the larynx. 
Fiberoptic with laser beam is placed into a 
miniature tube which serves at the same time 
as a manipulator which can be applied to pull 
the structures apart wherever necessary. The 
distal end of the manipulator containing 
fiberoptic can be bent to a certain degree 
(Fig.4). This simple, but expedient maneuver 
is sometimes invaluable when combined with 
external pressure on the larynx by an 
assistant at surgery to create a clear view of 
the anterior laryngeal commissure, the 
favorite seat of neoplasms. 

Analysis of the literature as well as our personal experience point to the significance 
of laser in laryngology where laser surgery might be righteously regarded as a real 
“breakthrough”. Laser is precisely the tool which made endoscopic laryngeal cancer surgery a 
success. There is a chance left for the traditional surgery to compete with laser surgery in 
benign growths removal in the larynx while cancer of the larynx, juvenile papillomatosis and 
laryngeal cicatrications stand apart from any comparison with routine surgical procedures. 

Juvenile laryngeal papillomatosis is notorious for its frequent papillomata recurrences 
in spite if any modern antivirus treatments. The only way, therefore, to preserve patency of 
the respiratory airway remains, therefore, surgery. Recently habitual approach to use forceps 
in direct laryngoscopy would inevitably cause injury to basilar membrane and subepithelial 
layer leading to postop endolaryngeal cicatrication. In some cases laryngeal scarring grows 
into the major problem in the clinical history of a patient suffering a lot to become a constant 
cannula-bearer. It might be also pertinent to note a high disposition of papillomata towards 
bleeding. Even gentle touching of the friable papillomata masses causes immediate 
haemorragic reaction. The arising bleeding ultimately obscures the operating field to such an 
extent that the surgeon is forced to waste much of his efforts to control it. Laser surgery of the 
laryngeal papillomatosis, on the contrary, quite another technique, absolutely bloodless, 
sparing and precisional. Especially beneficial for the both – the patient and the surgeon is the 
laser interstitial thermotherapy (LITT) when applied in laryngeal papillomatosis. It provides 
not only clean, free from the bleeding laryngeal field of surgery, but ensures also no 
traumatization with recovery without scarring. It should be pointed out hereby that LITT 
came into existence only thanks to previous developments in laser contact technique. 

 

Fig.4. Hand-piece for nasal surgery (see: 
fiberoptic is inside the tube slightly protruding 
from the outlet. The tube is somewhat bent. 
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Laryngeal stenosis is a hard to solve clinical problem which is in the spotlight for a 
century. Before “laser time” endoscopic approach to the larynx was not practically realistic, 
therefore, only “open” surgery was in use to get rid of tracheostomas. The prevailing trend 
was stenting with T-shaped tubes. Congenital and acquired laryngeal membranes could be 
effectively removed endoscopically only if their thickness was not more than 1-2 mm and the 
membranes were of limited expanse. Application of laser made a kind of a revolt in 
endolaryngeal management of stenosis of a cicatritial or a paralytic origin. If at earlier 
historical stage only “open” surgery was possible not infrequently producing laryngeal 
scarring as a result of an intervention, currently modern technical equipment offers a new 
perspective to fully avoid bleeding in the posterior segment of the larynx and to safely 
complete surgery during chordectomy, arytenoidectomy or chordarytenoidectomy (Fig.3). 
Scarrs of any expanse or protrusion are subjected to lasing with not a tangible difficulty, but 
the aftereffect is rarely satisfactory because of the regretful tendency even of a small 
endolaryngeal scar to recur forming a secondary postop cicatrication. This is the actual reason 
explaining the method of stenting to survive until now, but basing nowadays upon new 
technology of manufacturing stents out of bioenert materials. 

 
Endoscopic laser surgery of laryngeal cancer is a stunning achievement of our days 

which has basically changed the quality of life in these category of patients [4,5]. Historically 
Strong and Jako (1972) were the first to make laser surgery of the tumour in the anterior 
laryngeal commissure. Clinical experience accumulated since attests that laryngeal cancer of 
T1 and T2 types can be radically removed by laser endoscopically. As this takes place 
problem of preventive or intraoperative tracheotomy ceased to exist at all. However, it is 
being actively discussed whether T3 neoplasms might be successfully treated by laser. In 
accord with our personal experience in some certain cases it is quite reasonable to admit that 
T3 tumor can be radically excised with no invasion or limited invasion into thyroid 
perichondrium traced [4]. However, particularly in these cases it is of utmost importance to 
define if there is a spread of the tumour downwards to m.cricothyroidea and into preepiglottic 
space which is regretfully not always obvious from CT films. Small cup-forceps biopsies of 
the laser wound is a reliable criterion, but sometimes dependent on the qualification of the 
morphologist. In case when the main bulk of the tumour is removed, but it is not possible to 
complete surgery radically, the subsequent radiotherapy might be an essential addition to the 
treatment. Initial preop radiotherapy, to our opinion, should not be recommended because 
frequently laser postop situation is complicated by poor healing and oedema which is masking 
possible recurrences. In this group of patients sometimes at the postop period it is necessary to 
perform tracheotomy which never occurs in patients who had been operated by laser without 
primary irradiation. Laryngoscopes with retractable valves of various design provide for an 
excellent access to the laryngeal vestibulum that is why laser excision of supraglottis and 
epiglottotomy started to become introduced into every day practice. One of the main 
complications in the process of laryngeal laser surgery is referred to bleeding. Arterial vessels 
with a caliber more than 1 mm in diameter are difficult to be welded by laser. In these 
circumstances we usually resort to a simple procedure which might be helpful: the tip of the 
laryngoscope is pushed downward into the subglottis. As a result the tissues of the larynx get 
temporarily distended and the bleeding stops. We recommend to wait 3-5 min before drawing 
the laryngoscope slowly back. This lapse of time happens to be quite sufficient to control the 
bleeding. The procedure helps greatly to apply precisely cauterization or pressing the tip of 
contact Nd:YAG fiberoptic exactly to the point of bleeding. The statistics of laser surgery 
results might be compared with those of the traditional surgery to give very similar data, 
however, functional results after laser surgery incomparably different to preserve natural 
airway and voice function [7]. Psychologically all the patients are inclined to give more credit 
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to laser surgery than to invalidating external surgery. Moreover, which is certainly of less 
significance, but, nevertheless, quite substantial, laser surgery has a reduced health care cost. 

 
Laser surgery in pharyngology [8] has become a routine technique in removing 

growths in the oral cavity, gingiva, the tongue, posterior pharyngeal wall, hard and soft palate. 
Laser tonsillectomy has gained much popularity, at least, in my country, but I personally do 
not see any benefits in this kind of surgery. Surgery of the soft palate in snoring and sleep 
apnoe made by laser currently is the number one trend in treating these disorders. 

 
Much more complex situation has developed in rhinology [8] where laser surgery had 

been in a backwater basing upon distant CO2 laser. In fact, only broad application of lasers 
was initiated with manufacturing “fiberoptic” lasers. Now contact or “near-contact” lasers 
became practicable in managing pathologies in the nasal and nasopharyngeal cavities. Two 
main trends in rhinology might be outlined: i.e., laser surgery in vasomotor rhinitis and nasal 
polyposis. Both surgeries are made usually under topical application anaesthesia. In 
facilitating these kinds of surgery in contact mode we find it practicable and helpful to use a 
special design of a hand-piece (Fig. 4). A set of flexible tube conductors made of germanium 
silver alloy with an internal diameter of 1.4 mm and an external diameter of 2.0 mm was 
assembled. Prior to surgery the operator appropriately shapes the tube conductor so that laser 
destruction of tissues can be easily effected at any site in the nasal cavity, from the vestibule 
up to the choana. 

 
In vasomotor rhinitis we employ 3 variants of lasing [8,9,10]: 1. The first one is 

“dotted” contact coagulation of the anterior edges of the inferior and middle turbinates. 
Whenever necessary the number of the dots of destruction could be increased and destruction 
area further expanded to include the middle and even posterior edges of the turbinates. The 
duration of quartz-rod-tip-mucous-membrane contact varied depending on the tissue 
hydrophilic properties, the application time ranging from 0.1 sec to 0.5 sec at 18-21 W of the 
energy output. 2. Submucous coagulation was performed along the entire length of the 
inferior turbinate from its anterior to posterior end. The possible intrusion variants were a) a 
single channel, b) two parallel channels, and c) channels laid submucosally for merely part of 
the turbinate. 3. Mucose coagulation technique is the simplest for performing and is being 
done very frequently. It consists in producing laser incisions along the whole length of the 
inferior turbinate from the posterior edge anteriorly in 3 parallel lines with the distance 
between them equaling to 2-3 mm. The postop period is usually uneventful, with no 
complications at surgery. Initial inflammatory reactions developed 3-5 hours after, with a 
peak within 48-96 hours postoperatively. Subsequently, the inflammation abated and the 
condition stabilizes 2-3 weeks after the operation when applying channel techniques. As a 
rule, the outcome could be forecast within the first few days. Within a year satisfactory results 
were obtained in 87% of patients if the following contraindications were observed: a) acute 
respiratory conditions; b) chronic purulent sinusitis; c) surgical septal deviations; d) allergic 
vasomotor rhinitis, especially, with aspirin triad. 

 
In nasal polyposis the technique mentioned may be applied as an additive against the 

vasomotor component of the condition. At first laser surgery in nasal polyposis was aimed at 
resection of polyps, at the point of their fixation to the mucous membrane and in difficult 
cases was combined with polypi snaring, the polypous remnants being coagulated by laser 
[11]. Further on, especially last 2 years LITT was used in our Clinic [12]. Ideally, in 
application of LITT the specified amount of pathological tissue should be exposed to 
irreversible degradation, i.e. protein denaturation or coagulation. Theoretically, that is 
possible only provided the tissue is heated to within 60 – 100°C throughout its entire mass. 
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Hence, it follows that the amount of the tissue undergoing destruction will depend on the 
temperature drop, a gradient decreasing uniformly from the epicenter of the heat-up towards 
the periphery, provided the optic properties of the tissue are uniform throughout it. The 
proposition assumes the existence of a homogeneous tissue with uniform properties of 
transmitting and absorbing luminous energy. In the meantime, the temperatures at the 
epicenter should not exceed the critical values at which carbonization may get under way and 
inevitably impede the transmission of light from the center to periphery. 

Indeed, LITT may prove to be alternative to conventional surgery, particularly in cases 
of neoplasms anatomically difficult of access or those where operative access is fraught with 
traumatism, such as brain tumours. In this connection intensive search has been under way 
aimed at improving the LITT technique. 

Dr. R. Chapman [13], one of the pioneers in developing the method and the first to 
accumulate extensive experience in interstitial thermal destruction of uterine fibromyomas, 
has achieved convincing results in this field. According to Dr. R.Chapman the neoplasms 
degraded completely and were replaced with whole muscular tissue without cicatrication, thus 
making possible normal delivery by patients of childbearing age.  

 
In the event of large fibromas simultaneously 8 to 12 fibres would be laparoscopically 

introduced into the tumour. Positive results were achieved in employing special stereometry 
of the arrangement of coagulation centers in neoplasms without superposition of coagulation 
foci. It was carried out in a way to interrupt microcirculation in tissues free from exposure to 
elevated temperatures. To the best of our knowledge, the first similar experience in 
otorhinolaryngology as reported by T.J.Vogl (Berlin) at the International Symposium on 
Metastases in Head and Neck Cancer in Kiel, Germany, in 1998, was concerned with laser 
thermodestruction of the skull base tumour and the parapharyngeal space [14]. 

 
We decided [12] to explore the possibility of applying LITT in cases of nasal 

polyposis, a condition requiring no commentary in professional intercourse. Nevertheless, 
certain specific points responsible to undertaking that work are probably worth mentioning. 

Firstly, it was anticipated that the LITT would permit avoiding even a little 
haemorrhage and hence the tamponade with all of its negative features. Secondly, the 
technique could be tested out in somatically complex cases including those of concomitant 
cardiovascular insufficiency of various etiology, where conventional surgery every so often is 
inappropriate. 

Thirdly, it was intended to take advantage of the method in cases of polyposis 
whenever it was technically difficult to operate or else surgery was fraught with the risk of 
complications. That is to say in the event of polyposis in combination with a deviation of the 
nasal septum and lower turbinates disgenesia, numerous preceding interventions, small polyps 
in the region of the nasal cavity fornix when the danger to injure lamina cribrosa 
mechanically by rough surgery and to evoke nasal liquorrea is quite possible. 

Prior to the clinical stage experiments were carried out using special pastes 
(phantoms) devised by Professor A.I.Nevorotin [15]. The pastes consisted of four ingredients: 
human hemoglobin, glycerin as cryoprotector, hen egg white and a stabilizing component 
(additive). Traced on such phantoms were the geometric parameters of “laser” coagulates as a 
function of the output power and the exposition for every specific type of fiberoptic tool with 
light-scattering properties. Afterwards similar experiments were carried out in vitro on polyps 
under histological control. 

Clinically LITT was employed with the patient in the sitting position as while 
traditional anterior rhinoscopy. The optimal situation was one when the fiber tip could be 
inserted into the polyp pedicle or the adjacent necked part of the polyp. In such cases a single 
exposure could be sufficient. Whenever for anatomical reasons (narrow nasal cavity) the 
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operative field was not adequately observable the surgeon had to resolve to several exposures 
trying to draw the whole of the visible part of the polyp into the zones being coagulated. 
Fairly indicative from the viewpoint of visual control over the appearance of the coagulate 
was the change in the colour of the polyp tissue which in the course of thermodestruction was 
turning milky white (Fig.5). 

  
A b 

  
C d 

Fig.5. LITT of Nasal Polyposis: 
a. polyps in nasal  middle meatus; 
b. milky white polypous mass immediately after LITT procedure; 
c. histological picture of the polyp with distinctly differentiated in the polyp stroma prior surgery. 
d. surgical channel made by fiberoptic at LITT. The polypous stroma is homogeneously coagulated. No 
cells can be discerned. 
 

After the operation no attempts were ever made to remove at once the coagulated parts 
of the polyp mechanically, with snares or nasal forceps. As a rule 3 or 4 days after the 
intervention the polyps were spontaneously expelled by noseblowing. At times repeated LITT 
operations had to be performed either when new polyps were “ shed” from the ethmoidal 
labyrinth in the postoperative period or when it was not feasible to expose all the polyps in the 
nasal cavity to the LITT procedure in one session due to the large scale of the process. In the 
latter case spontaneous expulsion of coagulated polyps by noseblowing was difficult to attain 
and they were removed with nasal forceps prior to repeated surgery. The 3-4 day period for 
cleansing the nasal cavity of coagulated polypous tissue is empiric and purely conventional. 
Oftentimes the expulsion of polyps may occur earlier and not only due to tissue necrosis 
(protein coagulation and denaturation zones experiencing both the direct effect of the 
temperature factor and the profound disturbance of the microcirculation bed and, 
consequently of tissue alimentation with ensuing tissue dystrophy and cell death), but also 
owing to the individual reaction to the intervention on the part of the patients. LITT is a “one-
day” type of surgery, and many patients at home eager to precipitate the events, tried to expel 
the polyps by forceful noseblowing. In some individual cases their attempts were successful. 
However among patients with a blood coagulation pathology (Werlhofs disease, hemophilia, 
etc.) there were no cases of nasal bleeding under such circumstances. 

Altogether we have operated on 52 patients (30 men and 22 women) ranging in age 
from 49 to 75 years. Clinically the situations were similar in that all other surgical techniques 
involved various difficulties, including the refusal of patients to undergo traditional surgical 
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treatment as they had had in the past. The postoperative follow-up periods being one and a 
half year long at most and the number of observations quite limited we would be hardly 
justified now in discussing the clinical efficacy of LITT in cases of nasal polyposis relative to 
other methods. At the same time the possibility must not be ruled out of changes in the local 
immunoreactivity resulting from postoperative absorption of protein substances in the 
exposed zones. There is no doubt, however, that LITT is easily tolerated by patients and from 
the surgical point of view in a number of cases it offers advantages over the methods of 
conventional management. 

It should be pointed out here as well that laser is perspective in some special cases in 
rhinology. It is meant that nasal bleeding, synechia and septal deviations may undergo laser 
management. Nd:YAG, as it is well established, possesses excellent qualities to coagulate 
blood, thus, stopping bleeding from small arteries. In Osler disease and especially when the 
bleeding arises from locus Kiesselbahii, i.e., anterior portion of the septum, a condition 
encountered clinically very often, contact Nd:YAG has proved its high effectiveness 
and,therefore, expediency, to be applied [16]. Recurring synechia are very easily managed by 
laser with good postop results. Currently attempts are underway as well to evaporate by laser 
deviated sites of cartilaginous septum, a very common condition in clinical practice which 
could be performed in the office as a one day surgery procedure. 

 
There is also a promising trend in laser application, i.e. oncodermatology in the 

projection of ENT anatomical zones. Sometimes in this area scalpel, cauterization or 
cryosurgery cannot be at all applicable for different reasons, i.e. localization of the growth at 
the tip and alae of the nose, eyelids, etc. As to cautery or cryosurgery, both of them do not 
possess the properties to effect localized damage only to the tumour causing significant 
destruction in the adjacent normal tissue with following scarring. Our clinical 
recommendations for laser surgery application in oncodermatology are based on the analysis 
of 1588 patients with age ranging from 8 to 82 years of old. Among them there were 634 
males and 945 females. Depending on histological diagnosis distribution of patients was as 
follows: cancer planum cellulare - 5 cases, basal cell carcinoma – 39 cases, keratoacanthoma 
– 14 cases, keratoma in aging patients – 21, dermal horn – 27, solitary papilloma and 
papillomatosis of the skin – 54 cases, angiofibroma – 149 cases, dermal fibroma – 104 cases, 
hard fibroma – 493 cases, soft fibroma – 216 cases, pedunculated soft fibroma – 38 cases, 
pigmented naevi – 428 cases. The growths were localized in the region of the pinnas – 51 
cases, cartilaginous part of the outer auditory meatus – 28 cases, external nose and tip of the 
nose – 315 cases, vestibulum nasi - 97 cases, as well as frontal region – 185 cases, mental and 
submental regions – 24 cases, orbital region – 137 cases, paraoris region – 136 cases, area 
around external ear – 84 cases and other localizations – 53 cases. 

Surgical techniques consisted in the following: the working portion of the fiber was 
placed into the tubal manipulator which provides handy 
conditions for the operator as well as safety for the 
surgeon and the patient in case the fiber is accidentally 
broken. The tip of the fiber is mechanically modelled. 
Oblique section of the tip is the most preferable (Fig.6). 
It is directed at surgery towards the neoplastic tissue 
center guiding the destructive beam into the tumour 
(Fig.7). During surgery the following goal was perused: 
the minimum of the adjacent normal tissue should be 
damaged to provide further better healing with the 
simultaneous radical removal of the growth. The main 
type of surgery had 3 stages: 1 – contour skin incision; 
2 – isolation of the growth from surrounding tissues 

Fig.6. Schematic representation of 
various models of the quartz rod 
fiber tips (2 – the model used in 
dermal lasing, 4 – a model for LITT 
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with severing the root of the growth; 3 – control lasing of the wound to ensure radicalism (see 
Fig7). 
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Fig.7. Contact Nd:YAG surgery of dermal growths(schematic representation): 
a. contour skin incision circumferentially. View from above; 
b. view from aside: 
c. tissue excavation after initial removal of a growth; 
d. control lasing of the wound for ablastics; 
e. subepithelial lasing: �D= 1-1,5mm – size of circumferential epidermis preserved to facilitate postop 
rapid healing. 

 
The first stage – contour skin incision. Oblique part of the fiber tip was directed 

towards the growth when it was brought into contact with the skin at the border of the growth 
and surrounding normal skin. The angle of inclination was equal to 30-45 °C towards the 
horizontal plane. The moment laser was switched on fiber tip constatantly was moved 
circularly around the growth without stopping. The second stage – severing of the growth. 
Grasping the neoplastic tissue at its edge by a fine forceps and slightly lifting it upwards and 
towards the growth center, the growth was mobilized step by step along all its perimeter by 
short laser impulses. After completing this maneuver the growth was grasped more roughly at 
its mass with forceps and pulled upwards more energetically to expose its bottom. At this 
stage feeding vessels in the connective tissue fibers are cut and preparation is removed and 
immersed into fixation fluid. 

The third stage – control lasing of the skin defect. The tissue excavation, if 
theoretically sectioned, represents a triangular wound, but if it is observed from above it looks 
like a conus, its apex protruding deep into the derma. The laser fiber is directed 
subepithelially, almost tangentially towards the skin surface. With short impulses tissues 
subepithelially are lased at distance of 1 mm from the circumference of the excavation. Then, 
lasing is proceeded downwards up to the apex of the wound conus trying to widen the wound. 

The data obtained showed that laser surgery of skin growths gives excellent clinical 
and cosmetic results (Fig.8). Recurring was observed exclusively in patients with 
papillomatosis (in 18 cases out of 54 cases). It is noteworthy to state that all the recurrences 
were in the same anatomical region, but not on the lased spots. 
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Fig.8. Dermal growths lasing: 
a. solitary papilloma of the nasal septum; 
b. the view 3 weeks postop; 
c. angiofibroma; 
d. 3 weeks postop: total epidermization, but the colour of the skin in operation site is not yet similar to 
the rest of the facial  

 
Contact technique is very handy and makes it possible to form various configuration 

laser wounds. The technique was successfully applied on the skin of such sites as eyelid, 
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external auditory meatus, nares and tip of the nose. Surgery was being done on “dry” 
operation field with great precision under microscope. The process of epidermization took 
comparatively short lapse of time about 18-25 days depending on the wound size. Critical size 
of the wound was equal approximately to 9 square millimeters for healing without scar. If 
scarring occurred it took some 3-4 months for the melanofores to migrate and make the colour 
of the scar similar to that of the rest of the skin. No cases of keloid formation were observed. 

In squamous cell carcinomas there were no recurrences (observation period exceeds 5 
years). Healing was always of secondary character with cicatrix formation. Basing on our 
limited experience of laser surgery of these tumours it is yet possible to conclude that laser 
surgery has no tangible advantages in comparison with conventional surgery. As to basal cell 
carcinomas, the results were similar. We are of opinion that contact technique is not 
particularly specific for excision of these tumours and, therefore, “distant” lasers may be of 
equal use, such as CO2 laser, which we applied many times with the same effect as contact 
Nd:YAG. Keratomas, keratoacanthomas, horns are rather evaporated than excised while 
fibromas and naevi need to be removed according to our technique described above with the 
geometry of the beam mentioned. 

Contact laser surgery in oncodermatology is a superb, unsurpassing method as to its 
cosmetic results and ablastics with vast possibilities to be used in special zones of the face. It 
is precise, handy and very sparing to the surrounding tissues.  
Dealing much with naevi one should always keep in mind the danger to mistake a melanoma 
for a naevi. Biopsies are indicated every time when a suspicion arises (increase in 
pigmentation, rapid growth, appearance of secondary growths on the maternal tumour surface, 
etc.) In every day practice we never use routinely biopsies, bearing in mind that biopsy 
inflicts inflammation, psychologically depresses patients and delays the onset of laser surgery. 
Every time naevi is excised, immediate histology can be done to clarify the problem. Finally, 
it might be stressed that individual approach to every clinical case is of utmost and decisive 
importance. 
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�D�Z�d���[�h�e�_�a�g�v���n�_�g�h�f�_�g���o�j�Z�i�Z���k�l�Z�e�b���j�Z�k�k�f�Z�l�j�b�\�Z�l�v���k�j�Z�\�g�b�l�_�e�v�g�h���g�_�^�Z�\�g�h�����b���w�l�h���h�[�m�k�e�h�\-
�e�_�g�h�� �_�]�h�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�c�� �k�\�y�a�v�x�� �k�� �k�b�g�^�j�h�f�h�f�� �h�[�k�l�j�m�d�l�b�\�g�h�]�h�� �k�h�g�g�h�]�h�� �Z�i�g�h�w��
� �� K� H� K� :� �� � � �� M� � � � � � � �� � � i� Z� p� b� _� g� l� h � \� � � k� � � K�H�K�:�� �\�k�l�j�_�q�Z�_�l�k�y�� �n�_�g�h�f�_�g�� �o�j�Z�i�Z���� �i�h�w�l�h�f�m�� �i�j�b�g�y�l�h��
�k�q�b�l�Z�l�v���� �q�l�h�� �o�j�Z�i�� �y�\�e�y�_�l�k�y�� �_�]�h�� �h�[�t�_�d�l�b�\�g�u�f�� �k�b�f�i�l�h�f�h�f���� �Z�� �i�Z�p�b�_�g�l�h�\�� �k�� �n�_�g�h�f�_�g�h�f��
�o�j�Z�i�Z�� �g�_�h�[�o�h�^�b�f�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �d�Z�d�� �]�j�m�i�i�m�� �k�� �\�u�k�h�d�b�f�� �j�b�k�d�h�f�� �i�h�� �j�Z�a�\�b�l�b�x�� �Z�i�g�h�w��
(Spriggs D et al., 1992; Smirne S et al���� ���������������� �M�� �������� �o�j�Z�i�y�s�b�o�� �\�k�l�j�_�q�Z�_�l�k�y�� �K�H�K�:��
���;�e�h�p�d�b�c���:���:�������I�e�m�`�g�b�d�h�\���F���K�����������������]���������i�j�b�q�_�f���i�j�b�[�e�b�a�b�l�_�e�v�g�h���l�j�_�l�v���l�Z�d�b�o���[�h�e�v�g�u�o��
�b�f�_�_�l�� �k�j�_�^�g�x�x�� �b�e�b�� �l�y�`�_�e�m�x�� �k�l�_�i�_�g�v�� �a�Z�[�h�e�_�\�Z�g�b�y�� ��Young �L����et al.,  1996). 
�I�_�j�b�h�^�b�q�_�k�d�b�_�� �b�a�f�_�g�_�g�b�y�� �k�b�f�i�Z�l�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �k�h�i�m�l�k�l�\�m�x�s�b�_�� �w�i�b�a�h�^�Z�f��
�j�Z�k�k�l�j�h�c�k�l�\�Z�� �^�u�o�Z�g�b�y�� �\�h�� �\�j�_�f�y�� �k�g�Z���� �k�e�m�`�Z�l�� �i�j�b�q�b�g�h�c�� �g�Z�j�m�r�_�g�b�y�� �w�e�_�d�l�j�b�q�_�k�d�h�c��
�k�l�Z�[�b�e�v�g�h�k�l�b�� �k�_�j�^�p�Z���� �i�j�h�y�\�e�y�x�s�b�_�k�y�� �j�Z�a�\�b�l�b�_�f�� �[�j�Z�^�b- �b�� �l�Z�o�b�d�Z�j�^�b�b����
�Z�l�j�b�h�\�_�g�l�j�b�d�m�e�y�j�g�u�o�� �[�e�h�d�Z�^���� �g�Z�[�e�x�^�Z�x�s�b�o�k�y�� �d�Z�d�� �\�h�� �\�j�_�f�y�� �k�g�Z���� �l�Z�d�� �b�� �\�� �i�_�j�b�h�^��
�[�h�^�j�k�l�\�h�\�Z�g�b�y���� �i�j�b�\�h�^�y�s�b�o�� �d�� �i�h�\�u�r�_�g�b�x�� �j�b�k�d�Z�� �j�Z�a�\�b�l�b�y�� �b�r�_�f�b�q�_�k�d�h�c�� �[�h�e�_�a�g�b��
�k�_�j�^�p�Z���� �k�l�_�g�h�d�Z�j�^�b�b���� �b�g�n�Z�j�d�l�Z�� �f�b�h�d�Z�j�^�Z�� ���A�b�e�v�[�_�j�� �:���I������ �������������� �b�r�_�f�b�q�_�k�d�h�]�h�� �b��
�]�_�f�h�j�Z�]�b�q�_�k�d�h�]�h���b�g�k�m�e�v�l�Z�����F�b�g�b�g���X��B�����b���k�h�Z�\�l�������������������A�b�e�v�[�_�j���:���I��������������). 

�K���p�_�e�v�x���^�b�Z�]�g�h�k�l�b�d�b���K�H�K�:���b���n�_�g�h�f�_�g�Z���o�j�Z�i�Z���^�h���g�Z�k�l�h�y�s�_�]�h���\�j�_�f�_�g�b���\���g�Z�r�_�c��
�k�l�j�Z�g�_���i�j�b�f�_�g�y�e�b�k�v���k�e�_�^�m�x�s�b�_���f�_�l�h�^�b�d�b���b�k�k�e�_�^�h�\�Z�g�b�y�� 

������ �i�j�y�f�h�c�� �b�� �g�_�i�j�y�f�h�c�� �h�k�f�h�l�j�� �j�Z�a�e�b�q�g�u�o�� �h�l�^�_�e�h�\�� �]�e�h�l�d�b���� �i�h�e�h�k�l�b�� �j�l�Z���� �g�h�k�Z�� �b��
�]�h�j�l�Z�g�b���� 

�������k�i�_�p�b�Z�e�v�g�u�_���f�_�l�h�^�u���h�[�k�e�_�^�h�\�Z�g�b�y���l�Z�d�b�_���d�Z�d�� 
- �b�k�k�e�_�^�h�\�Z�g�b�_���n�m�g�d�p�b�b���\�g�_�r�g�_�]�h���^�u�o�Z�g�b�y���� 
- �n�b�[�j�h�n�Z�j�b�g�]�h�k�d�h�i�b�y�� �k�� �i�j�b�_�f�h�f�� �F�x�e�e�_�j�Z�� �g�Z�� �\�_�e�h�� �b�� �]�b�i�h�n�Z�j�b�g�]�_�Z�e�v�g�h�f��

�m�j�h�\�g�y�o���� 
- �j�_�g�l�]�_�g�h�]�j�Z�n�b�y���q�_�j�_�i�Z���b���r�_�b���\���i�j�y�f�h�c���b���[�h�d�h�\�h�c���i�j�h�_�d�p�b�b���k���i�h�k�e�_�^�m�x�s�_�c��

�p�_�n�Z�e�h�f�_�l�j�b�_�c���b���j�Z�k�q�_�l�h�f���i�e�h�s�Z�^�_�c���h�l�^�_�e�h�\���g�h�k�Z�����]�e�h�l�d�b�����y�a�u�d�Z���b���f�y�]�d�h�]�h��
�g�_�[�Z���� 

- �j�_�g�l�]�_�g�h�\�k�d�Z�y���d�h�f�i�v�x�l�_�j�g�Z�y���l�h�f�h�]�j�Z�n�b�y�� 
- �i�h�e�b�k�h�f�g�h�]�j�Z�n�b�x���� �\�d�e�x�q�Z�x�s�m�x�� �\�� �k�_�[�y�� �w�e�_�d�l�j�h�w�g�p�_�n�Z�e�h�]�j�Z�n�b�y�� ���W�W�=������

�w�e�_�d�l�j�h�h�d�m�e�h�]�j�Z�n�b�y�����W�H�=�������w�e�_�d�l�j�h�f�b�h�]�j�Z�n�b�y�����W�F�=�������w�e�_�d�l�j�h�d�Z�j�^�b�h�]�j�Z�n�b�y��
���W�D�=������ �h�i�j�_�^�_�e�_�g�b�_�� �h�j�h�g�Z�a�Z�e�v�g�h�]�h�� �i�h�l�h�d�Z���� �g�Z�k�u�s�_�g�b�_�� �d�j�h�\�b�� �d�b�k�e�h�j�h�^�h�f����
�i�h�^�\�b�`�g�h�k�l�v�� �]�j�m�^�g�h�c�� �d�e�_�l�d�b�� �b�� �`�b�\�h�l�Z���� �i�h�e�h�`�_�g�b�_�� �i�Z�p�b�_�g�l�Z�� �\�� �i�h�k�l�_�e�b�� �\�h��
�\�j�_�f�y�� �k�g�Z���� �j�_�]�b�k�l�j�Z�p�b�x�� �q�Z�k�l�h�l�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �o�j�Z�i�Z���� �i�m�e�v�k�Z�� �\�h�� �\�j�_�f�y��
�Z�i�g�h�w���m���i�Z�p�b�_�g�l�h�\���k���K�H�K�:���� 

- �Z�d�m�k�l�b�q�_�k�d�h�_���b�k�k�e�_�^�h�\�Z�g�b�_���q�Z�k�l�h�l�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���o�j�Z�i�Z�� 
�I�_�j�_�q�b�k�e�_�g�g�u�_�� �f�_�l�h�^�u�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�� �\�k�_�]�^�Z�� �i�h�a�\�h�e�y�x�l�� �^�h�k�l�h�\�_�j�g�h�� �\�u�y�\�b�l�v��

�Z�g�Z�l�h�f�h-�l�h�i�h�]�j�Z�n�b�q�_�k�d�b�_�� �h�k�h�[�_�g�g�h�k�l�b�� �k�l�j�h�_�g�b�y�� �j�Z�a�e�b�q�g�u�o�� �h�l�^�_�e�h�\�� �]�e�h�l�d�b����
�f�y�]�d�h�l�d�Z�g�u�o�� �k�l�j�m�d�l�m�j�� �h�j�h�n�Z�j�b�g�]�_�Z�e�v�g�h�c�� �h�[�e�Z�k�l�b�� �b�� �f�y�]�d�h�]�h�� �g�_�[�Z���� �i�j�h�\�_�k�l�b�� �g�Z�b�[�h�e�_�_��
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�l�h�q�g�m�x�� �^�b�Z�]�g�h�k�l�b�d�m�� �f�_�`�^�m�� �n�_�g�h�f�_�g�h�f�� �o�j�Z�i�Z�� �b�� �K�H�K�:�� �b�� �k�l�_�i�_�g�v�x�� �_�]�h�� �l�y�`�_�k�l�b������
�F�_�l�h�^�u�� �j�_�g�l�]�_�g�h�]�j�Z�n�b�b���� �j�_�g�l�]�_�g�h�\�k�d�h�c�� �d�h�f�i�v�x�l�_�j�g�h�c�� �l�h�f�h�]�j�Z�n�b�b�� �q�_�j�_�i�Z�� �b �r�_�b��
�h�d�Z�a�u�\�Z�x�l�� �b�h�g�b�a�b�j�m�x�s�_�_�� �\�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �i�Z�p�b�_�g�l�Z���� �F�_�l�h�^�u���� �b�k�i�h�e�v�a�m�x�s�b�_��
�j�_�g�l�]�_�g�h�\�k�d�h�_�� �b�a�e�m�q�_�g�b�_���� �l�Z�d�b�_�� �d�Z�d�� �j�_�g�l�]�_�g�h�]�j�Z�n�b�y���� �j�_�g�l�]�_�g�h�k�d�h�i�b�y�� �h�[�e�Z�^�Z�x�l�� �f�Z�e�h�c��
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x�� �\�� �h�l�g�h�r�_�g�b�b�� �f�y�]�d�h�l�d�Z�g�u�o�� �k�l�j�m�d�l�m�j���� �y�\�e�y�x�l�k�y�� �i�j�h�_�d�p�b�h�g�g�u�f��
�f�_�l�h�^�h�f�� �i�h�e�m�q�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�� �i�j�b�k�m�s�b�f�b�� �b�f�� �� �b�k�d�Z�`�_�g�b�y�f�b�� �b�� �k�m�f�f�Z�p�b�_�c��
�f�g�h�`�_�k�l�\�Z�� �d�h�k�l�g�u�o�� �b�� �f�y�]�d�h�l�d�Z�g�u�o�� �k�l�j�m�d�l�m�j���� �D�j�h�f�_�� �l�h�]�h���� �i�j�h�\�h�^�b�f�u�_�� �j�Z�g�_�_��
�b�k�k�e�_�^�h�\�Z�g�b�y���i�h�d�Z�a�Z�l�_�e�_�c���i�e�h�s�Z�^�b���f�y�]�d�h�l�d�Z�g�u�o���k�l�j�m�d�l�m�j���h�j�h�n�Z�j�b�g�]�_�Z�e�v�g�h�c���h�[�e�Z�k�l�b���k��
�i�h�f�h�s�v�x�� �j�_�g�l�]�_�g�h�\�k�d�h�]�h�� �f�_�l�h�^�Z�� �g�_�� �f�h�]�m�l�� �\�� �i�h�e�g�h�f�� �h�[�t�_�f�_�� �h�l�j�Z�a�b�l�v�� �k�h�k�l�h�y�g�b�_�� �k�l�h�e�v��
�k�e�h�`�g�u�o���k���Z�g�Z�l�h�f�b�q�_�k�d�h�c���l�h�q�d�b���a�j�_�g�b�y���k�l�j�m�d�l�m�j���d�Z�d���y�a�u�d�����f�y�]�d�h�_���g�_�[�h�����g�h�k�h-�����j�h�l�h- �b��
�]�h�j�l�Z�g�h�]�e�h�l�d�Z���\�k�e�_�^�k�l�\�b�_���i�j�h�_�d�p�b�h�g�g�h�]�h���o�Z�j�Z�d�l�_�j�Z���b�a�h�[�j�Z�`�_�g�b�y�� 

�J�_�g�l�]�_�g�h�\�k�d�Z�y�� �d�h�f�i�v�x�l�_�j�g�Z�y�� �� �l�h�f�h�]�j�Z�n�b�y�� �l�Z�d�� �`�_�� �h�d�Z�a�u�\�Z�_�l�� �b�h�g�b�a�b�j�m�x�s�_�_��
�\�h�a�^�_�c�k�l�\�b�_���� �h�[�e�Z�^�Z�_�l���k�j�Z�\�g�b�l�_�e�v�g�h�� �g�b�a�d�h�c�� �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x�� �\�� �h�l�h�[�j�Z�`�_�g�b�b��
�f�y�]�d�h�l�d�Z�g�u�o�� �k�l�j�m�d�l�m�j���� �b�a�h�[�j�Z�`�_�g�b�_�� �i�h�e�m�q�Z�_�l�k�y�� �\�� �Z�d�k�b�Z�e�v�g�h�c�� �i�e�h�k�d�h�k�l�b�� �k�� �i�j�b�k�m�s�b�f�b��
�f�_�l�h�^�m�� �Z�j�l�_�n�Z�d�l�Z�f�b�� �h�l�� �d�h�k�l�g�u�o�� �k�l�j�m�d�l�m�j�� �q�_�j�_�i�Z�� �b�� �i�h�a�\�h�g�h�q�g�b�d�Z���� �>�e�y�� �i�h�e�m�q�_�g�b�y��
�b�a�h�[�j�Z�`�_�g�b�y�� �\�� �^�j�m�]�b�o�� �i�e�h�k�d�h�k�l�y�o�� �g�_�h�[�o�h�^�b�f�Z�� �d�h�f�i�v�x�l�_�j�g�Z�y�� �j�_�d�h�g�k�l�j�m�d�p�b�y��
�i�h�e�m�q�_�g�g�u�o�� �i�_�j�\�b�q�g�u�o�� �^�Z�g�g�u�o���� �F�_�l�h�^�� �i�h�e�b�k�h�f�g�h�]�j�Z�n�b�b�� �y�\�e�y�_�l�k�y��
�\�u�k�h�d�h�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�f���� �^�e�b�l�_�e�v�g�u�f�� �b�� �^�h�j�h�]�h�k�l�h�y�s�b�f�� �f�_�l�h�^�h�f�� �^�b�Z�]�g�h�k�l�b�d�b����
�h�l�j�Z�`�Z�x�s�b�f���� �\�� �h�k�g�h�\�g�h�f�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�_�� �k�h�k�l�h�y�g�b�_�� �f�y�]�d�h�l�d�Z�g�u�o�� �k�l�j�m�d�l�m�j����
�h�k�e�h�`�g�_�g�b�y���n�_�g�h�f�_�g�Z���o�j�Z�i�Z���b���K�H�K�:���� 

�F�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�h�c�� �l�h�f�h�]�j�Z�n�b�y���� �r�b�j�h�d�h�� �\�g�_�^�j�y�_�f�Z�y�� �\�� �i�h�\�k�_�^�g�_�\�g�m�x��
�i�j�Z�d�l�b�d�m�� �\�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u���� �h�[�e�Z�^�Z�_�l�� �\�u�k�h�d�h�c�� �j�Z�a�j�_�r�Z�x�s�_�c�� �k�i�h�k�h�[�g�h�k�l�v�x�� �\��
�h�l�h�[�j�Z�`�_�g�b�b�� �f�y�]�d�h�l�d�Z�g�u�o�� �k�l�j�m�d�l�m�j�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �h�j�]�Z�g�b�a�f�Z�� �b�� �i�h�a�\�h�e�y�_�l�� �\�u�y�\�b�l�v��
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Рисунок 1. Пациент Л. Изображение орофарингеаль-
ных структур в норме. Получены срезы в аксиальной 
и сагиттальной плоскости. 
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- �g�_�d�h�l�h�j�Z�y�� �g�_�q�_�l�d�h�k�l�v�� �b�a�h�[�j�Z�`�_�g�b�y���� �h�[�m�k�e�h�\�e�_�g�g�Z�y�� �i�h-�g�Z�r�_�f�m�� �f�g�_�g�b�x����
�\�u�j�Z�`�_�g�g�h�c�� �i�h�^�\�b�`�g�h�k�l�v�x�� �b�� �\�b�[�j�Z�p�b�_�c�� �k�l�j�m�d�l�m�j�� �i�j�b�� �^�u�o�Z�g�b�b�� �\��
�]�h�j�b�a�h�g�l�Z�e�v�g�h�f���i�h�e�h�`�_�g�b�b���i�Z�p�b�_�g�l�Z�� 

�H�[�t�_�f�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �f�y�]�d�h�l�d�Z�g�u�o�� �k�l�j�m�d�l�m�j�� �h�j�h�n�Z�j�b�g�]�_�Z�e�v�g�h�c�� �h�[�e�Z�k�l�b�� �� �\��
�i�j�_�^�h�i�_�j�Z�p�b�h�g�g�h�f���i�_�j�b�h�^�_���i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_���‹������ 

�<�� �i�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�h�f�� �i�_�j�b�h�^�_�� �h�l�f�_�q�Z�_�l�k�y�� �k�m�s�_�k�l�\�_�g�g�h�_�� �m�\�_�e�b�q�_�g�b�_�� �h�[�t�_�f�Z��
�\�h�a�^�m�o�h�i�j�h�\�h�^�y�s�b�o���k�l�j�m�d�l�m�j���k�h���k�g�b�`�_�g�b�_�f���h�[�t�_�f�Z���f�y�]�d�h�l�d�Z�g�u�o���h�[�j�Z�a�h�\�Z�g�b�c�����l�Z�[�e�b�p�Z��
�‹�������� 

�L�Z�[�e�b�p�Z���‹���� 

�G�Z�b�f�_�g�h�\�Z�g�b�_ �A�g�Z�q�_�g�b�y���h�[�t�_�f�Z 
�f�b�g�b�f�Z�e�v�g�u�_ 

�A�g�Z�q�_�g�b�y���h�[�t�_�f�Z��
�f�Z�d�k�b�f�Z�e�v�g�u�_ 

�A�g�Z�q�_�g�b�y���h�[�t�_�f�Z��
�m�k�j�_�^�g�_�g�g�u�_ 

�H�[�t�_�f���f�y�]�d�h�]�h���g�_�[�Z���f�f 9560,8 3 17234,6 12971 
�H�[�t�_�f���y�a�u�d�Z���f�f 64084 3 137950,8 107622 
�F�b�g�b�f�Z�e�v�g�Z�y�� �i�e�h�s�Z�^�v��
�\�h�a�^�m�o�h�i�j�h�\�h�^�y�s�b�o�� �i�m�l�_�c�� �\��
�i�h�i�_�j�_�q�g�h�f���k�_�q�_�g�b�b�����f�f

19,2 
2 

110,72 57,52 

�H�[�t�_�f���g�h�k�h�]�e�h�l�d�b�����f�f 1994,3 3 10348,9 6365,5 
�H�[�t�_�f���j�h�l�h�]�e�h�l�d�b�����f�f 5838,6 3 25171,1 11781,5 
�H�[�t�_�f���]�h�j�l�Z�g�h�]�e�h�l�d�b�����f�f 3899,8 3 11399,7 6770,35 

 
�L�Z�[�e�b�p�Z���‹���� 

�G�Z�b�f�_�g�h�\�Z�g�b�_ �A�g�Z�q�_�g�b�y���h�[�t�_�f�Z 
�f�b�g�b�f�Z�e�v�g�u�_ 

�A�g�Z�q�_�g�b�y���h�[�t�_�f�Z��
�f�Z�d�k�b�f�Z�e�v�g�u�_ 

�A�g�Z�q�_�g�b�y���h�[�t�_�f�Z��
�m�k�j�_�^�g�_�g�g�u�_ 

�H�[�t�_�f���f�y�]�d�h�]�h���g�_�[�Z�����f�f 6692,5 3 11719,6 9209,4 
�H�[�t�_�f���y�a�u�d�Z�����f�f 63015 3 135940,7 107300,6 
�F�b�g�b�f�Z�e�v�g�Z�y�� �i�e�h�s�Z�^�v��
�\�h�a�^�m�o�h�i�j�h�\�h�^�y�s�b�o�� �i�m�l�_�c�� �\��
�i�h�i�_�j�_�q�g�h�f���k�_�q�_�g�b�b�����f�f

105,8 
2 

241,3 154,3 

�H�[�t�_�f���g�h�k�h�]�e�h�l�d�b�����f�f 1990,5 3 10375,6 6193,8 
�H�[�t�_�f���j�h�l�h�]�e�h�l�d�b�����f�f 7064,7 3 25342,5 13106,4 
�H�[�t�_�f���]�h�j�l�Z�g�h�]�e�h�l�d�b�����f�f 3950,8 3 11678,3 6967,1 

 
�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �k�h�]�e�Z�k�g�h�� �i�h�e�m�q�_�g�g�u�f�� �^�Z�g�g�u�f���� �^�h�k�l�h�\�_�j�g�h�]�h�� �b�a�f�_�g�_�g�b�y��

�h�[�t�_�f�Z�� �y�a�u�d�Z���� �g�h�k�h- �b�� �]�h�j�l�Z�g�h�]�e�h�l�d�b�� �g�_�� �i�j�h�b�a�h�r�e�h���� �l�Z�d�� �d�Z�d�� �m�\�m�e�h�i�Z�e�Z�l�h�i�e�Z�k�l�b�d�Z�� �g�_��
�i�j�_�^�m�k�f�Z�l�j�b�\�Z�_�l�� �\�f�_�r�Z�l�_�e�v�k�l�\�Z�� �g�Z�� �w�l�b�o�� �f�y�]�d�h�l�d�Z�g�u�o�� �k�l�j�m�d�l�m�j�Z�o�����>�h�k�l�h�\�_�j�g�h��
�b�a�f�_�g�b�e�b�k�v�� �i�h�d�Z�a�Z�l�_�e�b�� �h�[�t�_�f�Z�� ���\�� �k�l�h�j�h�g�m�� �k�g�b�`�_�g�b�y���� �f�y�]�d�h�]�h�� �g�_�[�Z�� �\�� �k�j�_�^�g�_�f�� �g�Z�� ����������
�m�\�_�e�b�q�_�g�b�_�� �h�[�t�_�f�Z�� �j�h�l�h�]�e�h�l�d�b�� �g�Z�� ���������� �Z�� �f�b�g�b�f�Z�e�v�g�Z�y�� �i�e�h�s�Z�^�v�� �i�h�i�_�j�_�q�g�h�]�h�� �k�_�q�_�g�b�y��
�m�\�_�e�b�q�b�e�Z�k�v�� �\�� �������� �j�Z�a�Z�����I�j�b�\�h�^�y�l�k�y�� �f�j-�l�h�f�h�]�j�Z�f�f�u�� �i�Z�p�b�_�g�l�Z�� �Q������ ������ �e�_�l�� �k�� �k�b�g�^�j�h�f�h�f��

�h�[�k�l�j�m�d�l�b�\�g�h�]�h���k�h�g�g�h�]�h���Z�i�g�h�w��
�^�h�� �b���i�h�k�e�_�� �i�j�h�\�_�^�_�g�b�y��
�m�\�m�e�h�i�Z�e�Z�l�h�i�e�Z�k�l�b�d�b����
�F�b�g�b�f�Z�e�v�g�Z�y�� �i�e�h�s�Z�^�v��
�i�h�i�_�j�_�q�g�h�]�h�� �k�_�q�_�g�b�y��
�\�h�a�^�m�o�h�i�j�h�\�h�^�y�s�b�o�� �i�m�l�_�c��
�\�h�a�j�h�k�e�Z�� �k�� ������ �^�h�� �������� �f�f2 

�H�l�f�_�q�Z�_�l�k�y��
�j�Z�k�r�b�j�_�g�b�_�� �f�b�g�b�f�Z�e�v�g�h�c��
�i�e�h�s�Z�^�b�� �\�h�a�^�m�o�h�i�j�h�\�h�^�y�s�b�o��
�i�m�l�_�c�� �\�� ���� �j�Z�a�Z�� ���h�l�� ������ �^�h�� ��������
�f�f

���j�b�k���������������� 

2�����k�h���k�f�_�s�_�g�b�_�f���i�h�^�h�[�g�h�]�h 
�m�q�Z�k�l�d�Z�� �d�\�_�j�o�m���� �[�h�e�_�_�� �q�_�l�d�h�_��

Рисунок № 2 Пациент Ч., 37 лет. Магнитно – резонансная 
томография в сагиттальной и аксиальной проекции в 
дооперационном периоде 
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�b�a�h�[�j�Z�`�_�g�b�_�� �f�y�]�d�h�l�d�Z�g�u�o�� �k�l�j�m�d�l�m�j�� �h�j�h�n�Z�j�b�g�]�_�Z�e�v�g�h�c�� �h�[�e�Z�k�l�b���� �h�[�m�k�e�h�\�e�_�g�g�h�_��
�f�b�g�b�f�Z�e�v�g�h�c���\�b�[�j�Z�p�b�_�c���i�j�b���^�u�o�Z�g�b�b�� 

 

ВЫВОДЫ:  
�F�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�Z�y�� �l�h�f�h�]�j�Z�n�b�y�� �y�\�e�y�_�l�k�y�� �f�_�l�h�^�h�f���� �k�m�s�_�k�l�\�_�g�g�h��

�^�h�i�h�e�g�y�x�s�b�f�� �j�_�a�m�e�v�l�Z�l�u�� �h�[�k�e�_�^�h�\�Z�g�b�y�� �i�Z�p�b�_�g�l�h�\ �k�� �n�_�g�h�f�_�g�h�f�� �o�j�Z�i�Z�� �b�� �k�b�g�^�j�h�f�h�f��
�h�[�k�l�j�m�d�l�b�\�g�h�]�h�� �k�h�g�g�h�]�h�� �Z�i�g�h�w�� �\�� �i�j�_�^�h�i�_�j�Z�p�b�h�g�g�h�f�� �i�_�j�b�h�^�_���� �i�h�a�\�h�e�y�x�s�b�f�� �\�u�y�k�g�b�l�v��
�l�h�i�h�]�j�Z�n�b�q�_�k�d�h�_���k�h�k�l�h�y�g�b�_���f�y�]�d�h�l�d�Z�g�u�o���k�l�j�m�d�l�m�j���h�j�h�n�Z�j�b�g�]�_�Z�e�v�g�h�c���h�[�e�Z�k�l�b�� 

�I�j�h�\�_�^�_�g�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �i�h�a�\�h�e�b�e�h�� �\�u�y�\�b�l�v�� �o�Z�j�Z�d�l�_�j�g�u�_�� �d�j�b�l�_�j�b�b�� �h�p�_�g�d�b��
�w�n�n�_�d�l�b�\�g�h�k�l�b�����i�j�h�\�h�^�b�f�u�o���e�Z�a�_�j�g�u�o���m�\�m�e�h�i�Z�e�Z�l�h�i�e�Z�k�l�b�d���g�Z���^�h�h�i�_�j�Z�p�b�h�g�g�h�f���w�l�Z�i�_���b��
�i�j�h�]�g�h�a�b�j�h�\�Z�g�b�_�� �b�o�� �j�_�a�m�e�v�l�Z�l�h�\�� �g�Z�� �h�k�g�h�\�_�� �^�Z�g�g�u�o���� �i�h�e�m�q�_�g�g�u�o�� �i�j�b�� �f�Z�]�g�b�l�g�h��– 
�j�_�a�h�g�Z�g�k�g�h�c���l�h�f�h�]�j�Z�n�b�b���h�[�e�Z�k�l�b���©�]�h�e�h�\�Z-�r�_�y�ª�� 
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RESUME 
A.A. Blotskiy, O.N. Deniskin 
Amur state medical academy, Amur regional hospital 
 
Authors was introduced on MR imaging technique of the oropharynx structures in 44 patients 

with phenomenon of snore and obstructive sleep apnea before and after uvulopalatoplasty. MR images 
depicted decrease of volume  of the soft palate on 29%, rise of volume of the oropharynx on 27%, rise of 
area of transverse section of airway in 2,7 once. 
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Рисунок № 3 Пациент Ч., 37 лет. Магнитно – резонансная 
томография в сагиттальной и аксиальной проекции через 
2 месяца после операции 
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�G�?�D�H�L�H�J�U�?���I�J�H�;�E�?�F�U���L�J�:�<�F�:�L�B�Q�?�K�D�H�C��
�;�H�E�?�A�G�B 
�K���@�����>�`�Z�g�^�Z�_�\ 

�D�Z�a�Z�o�k�d�Z�y���]�h�k�m�^�Z�j�k�l�\�_�g�g�Z�y���f�_�^�b�p�b�g�k�d�Z�y���Z�d�Z�^�_�f�b�y�����]�����:�k�l�Z�g�Z 
 
�A�Z�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u�� �h�[�s�b�_�� �b�� �e�h�d�Z�e�v�g�u�_�� �i�j�h�p�_�k�k�u���� �i�j�h�b�k�o�h�^�y�s�b�_�� �i�j�b�� �e�x�[�h�c��

�l�j�Z�\�f�_���� �\�� �l�h�f�� �q�b�k�e�_�� �g�h�k�Z���� �f�g�h�]�b�_�� �b�k�k�e�_�^�h�\�Z�l�_�e�b�� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�� �\�� �j�Z�f�d�Z�o�� �d�h�g�p�_�i�p�b�b��
�l�j�Z�\�f�Z�l�b�q�_�k�d�h�c���[�h�e�_�a�g�b�����L�;�������W�l�b�h�i�Z�l�h�]�_�g�_�a���j�Z�a�\�b�l�b�y���^�Z�g�g�h�c���i�Z�l�h�e�h�]�b�b���^�h�e�]�h�_���\�j�_�f�y��
�j�Z�k�k�f�Z�l�j�b�\�Z�e�k�y�� �e�b�r�v�� �i�h�� �i�j�b�q�b�g�_�� �^�h�f�b�g�b�j�h�\�Z�g�b�y�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �h�[�� �m�a�d�h�e�h�d�Z�e�v�g�h�f��
�o�Z�j�Z�d�l�_�j�_�� �l�j�Z�\�f���� �<�f�_�k�l�_�� �k�� �l�_�f���� �g�Z�m�q�g�u�_�� �j�Z�a�j�Z�[�h�l�d�b�� �i�h�k�e�_�^�g�b�o�� �^�_�k�y�l�b�e�_�l�b�c�� 
�d�e�b�g�b�q�_�k�d�b�c�� �h�i�u�l�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �l�h�f���� �q�l�h�� �g�Z�j�m�r�_�g�b�_�� �`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b��
�h�j�]�Z�g�b�a�f�Z���� �\�h�a�g�b�d�Z�x�s�b�_�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �i�h�k�e�_�� �l�j�Z�\�f�u���� �m�o�h�^�y�l�� �k�\�h�b�f�b�� �d�h�j�g�y�f�b�� �\��
�g�Z�q�Z�e�v�g�u�_���q�Z�k�u���b���^�g�b���[�h�e�_�a�g�b�����G�_�j�_�^�d�h���j�Z�a�\�b�\�Z�x�s�b�_�k�y���\���i�h�k�l�l�j�Z�\�f�Z�l�b�q�_�k�d�h�f���i�_�j�b�h�^�_��
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�i�h�^�o�h�^�h�\�� �d�� �h�p�_�g�d�_�� �l�y�`�_�k�l�b���� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�x�� �b�k�o�h�^�h�\���� �^�e�b�l�_�e�v�g�h�k�l�b�� �l�_�q�_�g�b�y�� �L�;����
�k�i�_�p�b�Z�e�b�a�Z�p�b�b�� �b�� �h�p�_�g�d�_�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �f�_�^�b�p�b�g�k�d�h�c�� �i�h�f�h�s�b���� �<�h�a�f�h�`�g�h�k�l�v��
�i�h�k�l�j�h�_�g�b�y���f�Z�l�_�f�Z�l�b�q�_�k�d�h�c���f�h�^�_�e�b���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���b�k�o�h�^�h�\�� �b���^�e�b�l�_�e�v�g�h�k�l�b���l�_�q�_�g�b�y��
�L�;�� �m�� �i�h�k�l�j�Z�^�Z�\�r�b�o���� �b�f�_�x�s�b�o�� �i�h�\�j�_�`�^�_�g�b�y�� �h�j�]�Z�g�h�\�� �]�j�m�^�g�h�c�� �b�� �[�j�x�r�g�h�c�� �i�h�e�h�k�l�_�c, 
�^�h�e�h�`�_�g�Z�� �j�y�^�h�f�� �b�k�k�e�_�^�h�\�Z�l�_�e�_�c�� �>�����������@�� �g�Z�� �g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c�� �d�h�g�n�_�j�_�g�p�b�b��
�©�H�k�e�h�`�g�_�g�b�y�� �l�j�Z�\�f�Z�l�b�q�_�k�d�h�c�� �[�h�e�_�a�g�b�ª�� ���E�_�g�b�g�]�j�Z�^���� ��-���� �h�d�l�y�[�j�y�� ���������]�������� �I�j�b�f�_�g�_�g�b�_��
�l�Z�d�h�]�h���i�h�^�o�h�^�Z���h�l�g�h�k�b�l�_�e�v�g�h���i�j�h�]�g�h�a�Z���^�j�m�]�b�o���n�h�j�f���L�;���i�j�_�^�k�l�Z�\�e�y�_�l�k�y���\�u�j�Z�`�_�g�g�h�k�l�v�x��
�b�a�f�_�g�_�g�b�c�� �k�h�� �k�l�h�j�h�g�u�� �j�Z�a�e�b�q�g�u�o�� �k�b�k�l�_�f�� �b�� �h�j�]�Z�g�h�\���� �]�e�m�[�b�g�h�c�� �g�Z�j�m�r�_�g�b�y�� �n�m�g�d�p�b�c��
�`�b�a�g�_�g�g�h���\�Z�`�g�u�o���k�b�k�l�_�f���h�j�]�Z�g�b�a�f�Z�����h�[�f�_�g�g�u�f�b���g�Z�j�m�r�_�g�b�y�f�b���b���h�k�e�h�`�g�_�g�b�y�f�b���\���o�h�^�_��
�_�_�� �j�Z�a�\�b�l�b�y���� �J�Z�a�e�b�q�Z�x�l�� �e�_�]�d�m�x���� �k�j�_�^�g�x�x�� �b�� �l�y�`�_�e�m�x�� �k�l�_�i�_�g�b�� �l�y�`�_�k�l�b���� �<�� �g�Z�k�l�h�y�s�_�_��
�\�j�_�f�y���d�j�b�l�_�j�b�b���l�y�`�_�k�l�b���L�;���j�Z�a�j�Z�[�h�l�Z�g�u���g�_�^�h�k�l�Z�l�h�q�g�h�� 

�I�h�� �l�_�q�_�g�b�x�� �L�;�� �j�Z�a�e�b�q�Z�x�l�� �h�k�l�j�h�_�� �b�� �a�Z�l�y�`�g�h�_�� �_�_�� �j�Z�a�\�b�l�b�_�����I�j�b�� �h�k�l�j�h�f�� �l�_�q�_�g�b�b��
�[�h�e�_�a�g�b���\�u�a�^�h�j�h�\�e�_�g�b�_���g�Z�k�l�m�i�Z�_�l�� �\�� �d�j�Z�l�q�Z�c�r�b�c���k�j�h�d���� �h�i�j�_�^�_�e�y�_�f�u�c���\�h�k�k�l�Z�g�h�\�e�_�g�b�_�f��
�n�m�g�d�p�b�b�� �i�h�\�j�_�`�^�_�g�g�h�]�h�� �h�j�]�Z�g�Z�� �b�e�b�� �n�h�j�f�b�j�m�_�f�u�f�� �k�l�h�c�d�b�f�� �i�Z�l�h�e�h�]�b�q�_�k�d�b�f��
�k�h�k�l�h�y�g�b�_�f���� �d�Z�d�� �i�j�Z�\�b�e�h���� �[�_�a�� �h�k�e�h�`�g�_�g�b�c���� �A�Z�l�y�`�g�h�_�� �l�_�q�_�g�b�_�� �L�;�� �h�[�m�k�e�h�\�e�_�g�h�� �\�k�_�]�^�Z��
�j�Z�a�\�b�l�b�_�f�� �h�k�e�h�`�g�_�g�b�c���� �g�_�j�_�^�d�h�� �i�j�b�h�[�j�_�l�Z�x�s�b�o�� �\�� �i�h�k�e�_�^�m�x�s�_�f�� �_�_�� �l�_�q�_�g�b�b��
�k�Z�f�h�k�l�h�y�l�_�e�v�g�u�c���o�Z�j�Z�d�l�_�j�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �d�h�g�p�_�i�p�b�y�� �L�;���� �g�_�k�f�h�l�j�y�� �g�Z�� �k�j�Z�\�g�b�l�_�e�v�g�m�x�� �_�_�� �g�h�\�b�a�g�m���� �\��
�g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �h�^�g�m�� �b�a�� �\�Z�`�g�_�c�r�b�o�� �l�_�h�j�_�l�b�q�_�k�d�b�o�� �b��
�i�j�Z�d�l�b�q�_�k�d�b�o���f�_�^�b�p�b�g�k�d�b�o���i�j�h�[�e�_�f�����?�_���j�_�r�_�g�b�_���l�j�_�[�m�_�l���d�h�f�i�e�_�d�k�g�h�]�h���i�h�^�o�h�^�Z���� 

�B�k�o�h�^�y�� �b�a�� �\�u�r�_�m�d�Z�a�Z�g�g�u�o�� �i�j�h�[�e�_�f���� �f�u�� �i�h�e�Z�]�Z�_�f���� �q�l�h�� �k�� �m�\�_�e�b�q�_�g�b�_�f��
�l�j�Z�\�f�Z�l�b�q�_�k�d�h�]�h���i�h�\�j�_�`�^�_�g�b�y���E�H�J���h�j�]�Z�g�h�\���\���i�h�k�e�_�^�g�_�_���\�j�_�f�y���l�j�Z�\�f�Z�l�b�q�_�k�d�Z�y���[�h�e�_�a�g�v��
�g�_�� �^�h�k�l�Z�l�h�q�g�h�� �g�Z�r�e�Z�� �k�\�h�_�]�h�� �^�h�e�`�g�h�]�h�� �h�l�j�Z�`�_�g�b�y�� �\�� �l�_�h�j�b�b�� �b�� �d�e�b�g�b�q�_�k�d�h�c�� �i�j�Z�d�l�b�d�_��
�h�l�h�j�b�g�h�e�Z�j�b�g�]�h�e�h�]�b�q�_�k�d�h�c���k�i�_�p�b�Z�e�v�g�h�k�l�b�� 
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�L�?�H�J�?�L�B�Q�?�K�D�B�?���H�K�G�H�<�U �>�E�Y��
�B�K�I�H�E�V�A�H�<�:�G�B�Y���I�J�H�;�B�H�L�B�D�H�<���<���E�?�Q�?�G�B�B��

�<�H�K�I�:�E�B�L�?�E�V�G�U�O���A�:�;�H�E�?�<�:�G�B�B���E�H�J��
�H�J�=�:�G�H�<�� 

�I�e�m�`�g�b�d�h�\���F���K��1�����I�_�l�j�h�\���E���G��2�����I�_�l�j�h�\���G���E��
�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�b�c���f�_�^�b�p�b�g�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l���b�f�����Z�d�Z�^�����B���I���I�Z�\�e�h�\�Z

1 
1

�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���g�Z�m�q�g�u�c���p�_�g�l�j���©�G�B�B���h�k�h�[�h���q�b�k�l�u�o���[�b�h�i�j�_�i�Z�j�Z�l�h�\�ª����
�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]

 . 

2. 
 

�H�[�k�m�`�^�Z�y�� �\�h�i�j�h�k�u�� �f�b�d�j�h�w�d�h�e�h�]�b�q�_�k�d�b�o�� �g�Z�j�m�r�_�g�b�c�� �b�e�b�� �^�b�k�[�Z�d�l�_�j�b�h�a�h�\�� �b�� �b�o��
�j�h�e�b�� �\�� �\�h�a�g�b�d�g�h�\�_�g�b�b�� �b�� �j�Z�a�\�b�l�b�b�� �k�h�f�Z�l�b�q�_�k�d�b�o�� �a�Z�[�h�e�_�\�Z�g�b�b���� �d�Z�d�� �i�j�Z�\�b�e�h����
�h�]�j�Z�g�b�q�b�\�Z�x�l�k�y���j�Z�k�k�f�h�l�j�_�g�b�_�f�� �]�Z�k�l�j�h�w�g�l�_�j�h�e�h�]�b�q�_�k�d�h�c���i�Z�l�h�e�h�]�b�_�c���� �L�Z�d�h�_���i�h�e�h�`�_�g�b�_��
�k�e�h�`�b�e�h�k�v�� �b�k�l�h�j�b�q�_�k�d�b�� �b�� �k�\�y�a�Z�g�h�� �k�� �^�\�m�f�y�� �h�[�k�l�h�y�l�_�e�v�k�l�\�Z�f�b�����<�h-�i�_�j�\�u�o���� �d�b�r�_�q�g�b�d�� �b����
�h�k�h�[�_�g�g�h���� �l�h�e�k�l�Z�y�� �d�b�r�d�Z���� �b�f�_�x�l�� �g�Z�b�[�h�e�_�_�� �i�j�_�^�k�l�Z�\�b�l�_�e�v�g�u�c�� �b�� �h�l�g�h�k�b�l�_�e�v�g�h��
�b�a�m�q�_�g�g�u�c�� �k�h�k�l�Z�\�� �g�h�j�f�Z�e�v�g�h�c�� �b�e�b�� �b�g�^�b�]�_�g�g�h�c�� �f�b�d�j�h�n�e�h�j�u�� ���[�h�e�_�_�� �������� �\�b�^�h�\��
�f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\�� [1]. �<�h-�\�l�h�j�u�o�����f�b�d�j�h�w�d�h�e�h�]�b�q�_�k�d�h�_���k�h�k�l�h�y�g�b�_���@�D�L���b�f�_�_�l���h�]�j�h�f�g�h�_��
�a�g�Z�q�_�g�b�_�� �\�� �j�_�Z�e�b�a�Z�p�b�b�� �h�k�g�h�\�g�u�o�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �n�m�g�d�p�b�c�� �f�Z�d�j�h�h�j�]�Z�g�b�a�f�Z�����L�Z�d����
�f�b�d�j�h�[�b�h�p�_�g�h�a�u�� �d�b�r�_�q�g�b�d�Z�� �i�j�b�g�b�f�Z�x�l�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�_�� �m�q�Z�k�l�b�_�� �\�� �h�k�m�s�_�k�l�\�e�_�g�b�b��
�l�j�h�n�h�k�l�Z�l�Z�� �h�j�]�Z�g�b�a�f�Z���� �l���_���� �\�� �i�h�k�l�h�y�g�k�l�\�_�� �k�g�Z�[�`�_�g�b�y�� �_�]�h�� �i�b�l�Z�l�_�e�v�g�u�f�b�� �\�_�s�_�k�l�\�Z�f�b���� �\��
�k�h�a�^�Z�g�b�b�� �w�n�n�_�d�l�b�\�g�h�]�h���d�Z�d���f�_�k�l�g�h�]�h �l�Z�d���b�� �k�b�k�l�_�f�g�h�]�h�� �b�f�f�m�g�b�l�_�l�Z���� �\��
�n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�b�� �]�h�j�f�h�g�Z�e�v�g�h�c�� �k�b�k�l�_�f�u�� �q�_�e�h�\�_�d�Z�� �>���@���D�j�h�f�_�� �l�h�]�h���� �[�u�l�m�_�l��
�a�Z�[�e�m�`�^�_�g�b�_�� �h�� �l�h�f���� �q�l�h�� �g�Z�j�m�r�_�g�b�y�� �f�b�d�j�h�w�d�h�e�h�]�b�b�� �l���_���� �^�b�k�[�Z�d�l�_�j�b�h�a�u���� �g�Z�[�e�x�^�Z�x�l�k�y��
�l�h�e�v�d�h�� �\�� �d�b�r�_�q�g�b�d�_�����G�_�l�� �g�b�� �d�Z�d�b�o�� �h�k�g�h�\�Z�g�b�c�� �b�k�d�e�x�q�Z�l�v�� �\�h�a�f�h�`�g�h�k�l�v�� �\�h�a�g�b�d�g�h�\�_�g�b�y��
�b�a�f�_�g�_�g�b�c�� �\�� �k�h�k�l�Z�\�Z�o���f�b�d�j�h�[�b�h�p�_�g�h�a�h�\�� �g�Z�� �e�x�[�h�f�� �m�q�Z�k�l�d�_�� �k�e�b�a�b�k�l�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �b�e�b��
�d�h�`�b���� �H�g�b�� �f�h�]�m�l�� �[�u�l�v�� �k�e�_�^�k�l�\�b�_�f�� �\�h�a�^�_�c�k�l�\�b�y�� �g�Z�� �h�j�]�Z�g�b�a�f�� �d�Z�d�� �\�g�_�r�g�b�o���� �l�Z�d�� �b��
�\�g�m�l�j�_�g�g�b�o���n�Z�d�l�h�j�h�\�� 

�K�h�]�e�Z�k�g�h���h�k�g�h�\�g�u�f���i�h�e�h�`�_�g�b�y�f���f�_�^�b�p�b�g�k�d�h�c���f�b�d�j�h�w�d�h�e�h�]�b�b�����f�b�d�j�h�[�b�h�p�_�g�h�a�u��
�g�_���l�h�e�v�d�h���d�b�r�_�q�g�b�d�Z�����g�h���b���^�j�m�]�b�o���m�q�Z�k�l�d�h�\���k�e�b�a�b�k�l�h�c���i�h�\�_�j�o�g�h�k�l�b���b�f�_�x�l���g�_���f�_�g�v�r�_�_��
�a�g�Z�q�_�g�b�_�� �\�� �j�_�Z�e�b�a�Z�p�b�b�� �i�_�j�_�q�b�k�e�_�g�g�u�o�� �\�u�r�_�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �n�m�g�d�p�b�b���� �L���_������
�k�h�\�h�d�m�i�g�h�k�l�v �f�b�d�j�h�[�b�h�p�_�g�h�a�h�\���� �w�l�h�]�h�� �k�\�h�_�h�[�j�Z�a�g�h�]�h��«�w�d�k�l�j�Z�d�h�j�i�h�j�Z�e�v�g�h�]�h�� �h�j�]�Z�g�Z» 
�q�_�e�h�\�_�d�Z�����y�\�e�y�_�l�k�y���g�_�h�[�o�h�^�b�f�u�f���Z�l�j�b�[�m�l�h�f���f�Z�d�j�h�h�j�]�Z�g�b�a�f�Z���^�e�y���i�h�e�g�h�p�_�g�g�h�c���`�b�a�g�b���\��
�m�k�e�h�\�b�y�o�� �i�h�k�l�h�y�g�g�h�� �f�_�g�y�x�s�b�o�k�y�� �\�g�_�r�g�b�o�� �\�h�a�^�_�c�k�l�\�b�y�o���� �g�Z�e�b�q�b�y�� �k�l�j�_�k�k�h�\�� �b�� �l���� �^����
�F�h�`�g�h�� �k�q�b�l�Z�l�v���� �q�l�h�� �k�b�k�l�_�f�Z�� �i�h�i�m�e�y�p�b�c�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\�� �g�h�j�f�Z�e�v�g�h�c�� �f�b�d�j�h�n�e�h�j�u����
�w�\�h�e�x�p�b�h�g�g�h�� �k�h�a�^�Z�g�g�Z�y�� �©�i�h�^�m�r�d�Z�� �[�_�a�h�i�Z�k�g�h�k�l�b�ª�� �f�Z�d�j�h�h�j�]�Z�g�b�a�f�Z���� �i�h�a�\�h�e�y�x�s�Z�y�� �_�f�m��
�k�m�s�_�k�l�\�h�\�Z�l�v���\���g�Z�r�_�c���[�b�h�k�n�_�j�_���� 

�<�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�_�� �f�u�� �h�k�l�Z�g�h�\�b�f�k�y�� �g�Z�� �� �f�b�d�j�h�w�d�h�e�h�]�b�q�_�k�d�b�o�� �h�k�h�[�_�g�g�h�k�l�y�o��
�\�_�j�o�g�b�o�� �^�u�o�Z�l�_�e�v�g�u�o�� �i�m�l�_�c�� �b�� �g�h�k�h�]�e�h�l�d�b���� �Z�� �l�Z�d�`�_�� �i�j�h�\�_�^�_�f�� �Z�g�Z�e�b�a��
�w�l�b�h�i�Z�l�h�]�_�g�_�l�b�q�_�k�d�h�c�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �i�j�h�[�b�h�l�b�d�h�\�� �\�� �e�_�q�_�[�g�h�f��
�i�j�h�p�_�k�k�_���\�h�k�i�Z�e�b�l�_�e�v�g�u�o���a�Z�[�h�e�_�\�Z�g�b�c���w�l�h�c���h�[�e�Z�k�l�b�� 

�M�g�b�d�Z�e�v�g�h�k�l�v���k�e�b�a�b�k�l�h�c���i�h�\�_�j�o�g�h�k�l�b���g�h�k�h�]�e�h�l�d�b���b���\�_�j�o�g�b�o���^�u�o�Z�l�_�e�v�g�u�o���i�m�l�_�c��
�a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h�� �h�g�Z�� �g�Z�o�h�^�b�l�k�y�� �g�Z�� �i�_�j�_�^�g�_�f�� �j�m�[�_�`�_�� �a�Z�s�b�l�u�� �h�j�]�Z�g�b�a�f�Z�� �h�l��
�d�k�_�g�h�[�b�h�l�b�d�h�\�����\���l�h�f���q�b�k�e�_�����h�l���i�Z�l�h�]�_�g�h�\���[�Z�d�l�_�j�b�Z�e�v�g�h�c���b���\�b�j�m�k�g�h�c���i�j�b�j�h�^�u�����d�h�l�h�j�u�_��
�f�h�]�m�l���i�h�k�l�m�i�Z�l�v���\���h�j�]�Z�g�b�a�f���q�_�e�h�\�_�d�Z���\�f�_�k�l�_���k���\�h�a�^�m�o�h�f�����\�h�^�h�c���b���i�b�s�_�c�� 

�J�Z�k�k�f�h�l�j�b�f�� �k�h�k�l�Z�\�u�� �f�b�d�j�h�[�b�h�p�_�g�h�a�h�\�� �w�l�h�c�� �k�n�_�j�u���� �B�g�^�b�]�_�g�g�Z�y�� ���g�h�j�f�Z�e�v�g�Z�y����
�f�b�d�j�h�n�e�h�j�Z���g�h�k�h�\�u�o���o�h�^�h�\���i�j�_�^�k�l�Z�\�e�_�g�Z�����\���h�k�g�h�\�g�h�f�����f�b�d�j�h�d�h�d�d�Z�f�b�����k�l�Z�n�b�e�h�d�h�d�d�Z�f�b��
�b�� �g�_�c�k�k�_�j�b�y�f�b���� �i�j�b�k�m�l�k�l�\�m�x�l�� �l�Z�d�`�_�� �i�j�h�i�b�h�g�b�[�Z�d�l�_�j�b�b���� �<�� �g�h�k�h�]�e�h�l�d�_���� �i�h�f�b�f�h��
�m�d�Z�a�Z�g�g�u�o�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\�� �q�Z�k�l�h�� �\�u�^�_�e�y�x�l�k�y�� �[�j�h�g�o�h�g�_�e�e�u���� �]�_�f�h�n�b�e�v�g�u�_�� �i�Z�e�h�q�d�b����
�k�l�j�_�i�l�h�d�h�d�d�b���� �Z�g�Z�w�j�h�[�g�u�_�� �d�h�d�d�b���� �\�_�c�h�e�h�g�_�e�e�u���� �[�Z�d�l�_�j�h�b�^�u���� �I�h�\�_�j�o�g�h�k�l�v�� �f�b�g�^�Z�e�b�g��
�h�l�e�b�q�Z�_�l�k�y���[�h�e�v�r�b�f���f�b�d�j�h�[�g�u�f���j�Z�a�g�h�h�[�j�Z�a�b�_�f�� 
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�F�b�d�j�h�n�e�h�j�m�� �k�e�b�a�b�k�l�u�o�� �i�h�\�_�j�o�g�h�k�l�_�c�� �]�e�h�l�d�b�� �f�h�`�g�h�� �j�Z�a�^�_�e�b�l�v�� �g�Z�� �l�j�b�� �]�j�m�i�i�u��
(3)-�b�g�^�b�]�_�g�g�u�_�����^�h�[�Z�\�h�q�g�u�_���b���l�j�Z�g�a�b�l�h�j�g�u�_�����<���i�_�j�\�m�x���]�j�m�i�i�m���\�o�h�^�y�l���k�l�j�_�i�l�h�d�h�d�d�b����S. 
salivaris, S.peumoniae, S.mitis. S.anginosus, S.sanguis, S.uberus, S.mutans, S.bovis, 
S.faecium, Streptococcus spp���� �]�j�m�i�i��C �b��G���� �b�� �g�_�c�k�k�_�j�b�b�� ��N.subflava, N.perflava, N.flava, 
N.flavescens, N.meningitidis, N.sicca, N.mucosa�������W�l�b���f�b�d�j�h�h�j�]�Z�g�b�a�f�u���\�k�l�j�_�q�Z�x�l�k�y���m������-
���������� �h�[�k�e�_�^�m�_�f�u�o�� �b�� �b�o�� �d�h�e�b�q�_�k�l�\�h�� �^�h�k�l�b�]�Z�_�l�� ��-8 log �D�H�?���f�e���� �>�h�[�Z�\�h�q�g�Z�y�� �n�e�h�j�Z��
�g�Z�[�e�x�^�Z�_�l�k�y�� �m�� ����-�������� �e�b�p�� �\�� �d�h�e�b�q�_�k�l�\�_�� �g�_�� �i�j�_�\�u�r�Z�x�s�_�f�� ��-4 log �D�H�?���f�e�� �b��
�i�j�_�^�k�l�Z�\�e�_�g�Z�� �k�l�Z�n�b�e�h�d�h�d�d�Z�f�b���� �d�h�j�b�g�_�[�Z�d�l�_�j�b�y�f�b���� �]�_�f�h�n�b�e�v�g�u�f�b�� �i�Z�e�h�q�d�Z�f�b���� �B����
�g�Z�d�h�g�_�p���� �l�j�Z�g�a�b�l�h�j�g�u�_�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�u�� �\�u�y�\�e�y�x�l�k�y�� �m�� ��-�������� �h�[�k�e�_�^�m�_�f�u�o�� �\��
�d�h�e�b�q�_�k�l�\�Z�o�� �f�_�g�_�_�� ��log �D�H�?���f�e���� �B�� �h�k�g�h�\�g�h�f���� �w�l�h�� �Z�w�j�h�[�u- �w�g�l�_�j�h�[�Z�d�l�_�j�b�b����
�i�k�_�\�^�h�f�h�g�Z�^�u���� �f�h�j�Z�d�k�_�e�e�u���� �f�b�d�j�h�d�h�d�d�b�� �b�� �Z�g�Z�w�j�h�[�u��- �n�m�a�h�[�Z�d�l�_�j�b�b����
�i�_�i�l�h�k�l�j�_�i�l�h�d�h�d�d�b���b���\�b�[�j�b�h�g�u�� 

�=�h�j�l�Z�g�v���� �l�j�Z�o�_�y�� �[�j�h�g�o�b���� �[�j�h�g�o�b�h�e�u���� �Z�e�v�\�b�h�e�u�� �b�� �g�h�a�Z�e�v�g�u�_�� �k�b�g�m�k�u�� �\�� �g�h�j�f�_��
�k�l�_�j�b�e�v�g�u���� 

�I�h�e�h�k�l�v�� �j�l�Z�� �\�d�e�x�q�Z�_�l�� �g�_�k�d�h�e�v�d�h�� �w�d�h�e�h�]�b�q�_�k�d�b�o�� �g�b�r���� �h�l�e�b�q�Z�x�s�b�o�k�y�� �n�b�a�b�d�h-
�o�b�f�b�q�_�k�d�b�f�b���m�k�e�h�\�b�y�f�b�����Z���k�e�_�^�h�\�Z�l�_�e�v�g�h�����b���i�h���k�h�k�l�Z�\�m���f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�h�]�h���i�_�c�a�Z�`�Z������
�k�e�x�g�Z���� �]�m�[�u���� �^�_�k�g�Z���� �y�a�u�d���� �g�_�[�h���� �M�� �a�^�h�j�h�\�u�o�� �e�x�^�_�c�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�u���� �g�Z�o�h�^�y�s�b�_�k�y�� �\��
�w�l�b�o�� �g�b�r�Z�o���� �j�Z�a�e�b�q�Z�x�l�k�y�� �i�h�� �k�h�k�l�Z�\�m���� �g�h�� �\�k�_�� �`�_�� �f�h�`�g�h�� �k�^�_�e�Z�l�v�� �g�_�d�h�l�h�j�u�_�� �h�[�h�[�s�_�g�b�y����
�L�Z�d���� �\�� �i�h�e�h�k�l�b�� �j�l�Z�� �\�u�y�\�e�_�g�h�� �k�\�u�r�_�� �������� �\�b�^�h�\�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\�� �b�� �b�o�� �d�h�e�b�q�_�k�l�\�h����
�g�Z�i�j�b�f�_�j���� �\�� �k�e�x�g�_�� �f�h�`�_�l�� �^�h�k�l�b�]�Z�l�v�� ����log �D�H�?���f�e���� �<�� �h�k�g�h�\�g�h�f�� �w�l�h�� �i�j�_�^�k�l�Z�\�b�l�_�e�b��
�Z�g�Z�w�j�h�[�h�\���� �<�� �k�h�k�d�h�i�Z�o�� �k�� �^�_�k�_�g�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �[�Z�d�l�_�j�b�b�� �_�s�_�� �\�h�a�j�Z�k�l�Z�_�l���� �^�h�k�l�b�]�Z�y��
�\�_�e�b�q�b�g�u�� ������log �D�H�?���]�� �i�j�b�� �j�_�a�d�h�f�� �k�h�d�j�Z�s�_�g�b�b�� �Z�w�j�h�[�h�\�� ���k�h�h�l�g�h�r�_�g�b�_��
�Z�g�Z�w�j�h�[�u���Z�w�j�h�[�u�� ���������� �d���������G�Z�b�[�h�e�_�_�� �q�Z�k�l�u�f�b�� �b�� �f�g�h�]�h�q�b�k�e�_�g�g�u�f�b�� �i�j�_�^�k�l�Z�\�b�l�_�e�y�f�b��
�b�g�^�b�]�_�g�g�h�c�� �f�b�d�j�h�n�e�h�j�u�� �y�\�e�y�x�l�k�y�� �k�l�j�_�i�l�h�d�h�d�d�b���� �j�Z�a�e�b�q�g�u�_�� �i�b�]�f�_�g�l�g�u�_�� �f�b�d�j�h�d�h�d�d�b����
�k�l�Z�n�b�e�h�d�h�d�d�b�����m�k�e�h�\�g�h-�i�Z�l�h�]�_�g�g�u�_���w�g�l�_�j�h�[�Z�d�l�_�j�b�b�� 

�H�[�j�Z�s�Z�_�l�� �g�Z�� �k�_�[�y�� �\�g�b�f�Z�g�b�_�� �g�Z�e�b�q�b�_�� �\�� �k�h�k�l�Z�\�_�� �m�d�Z�a�Z�g�g�u�o�� �f�b�d�j�h�[�b�h�p�_�g�h�a�h�\��
�[�h�e�v�r�h�]�h�� �j�Z�a�g�h�h�[�j�Z�a�b�y�� �m�k�e�h�\�g�h-�i�Z�l�h�]�_�g�g�u�o�� �d�h�f�i�h�g�_�g�l�h�\�����K�� �l�h�q�d�b�� �a�j�_�g�b�y��
�a�g�^�h�w�d�h�e�h�]�b�b�� �l�Z�d�Z�y�� �k�b�l�m�Z�p�b�y�� �y�\�e�y�_�l�k�y�� �y�j�d�b�f�� �i�j�b�f�_�j�h�f�� �j�_�Z�e�b�a�Z�p�b�b��«�w�\�h�e�x�p�b�h�g�g�h�c��
�f�m�^�j�h�k�l�b» �k�b�f�[�b�h�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u�� �f�Z�d�j�h�h�j�]�Z�g�b�a�f-�f�b�d�j�h�[�b�h�l�Z [4]. �K�f�u�k�e�� �_�_��
�a�Z�d�e�x�q�Z�_�l�k�y���\���k�e�_�^�m�x�s�_�f- �i�h�i�m�e�y�p�b�y���m�k�e�h�\�g�h-�i�Z�l�h�]�_�g�g�u�o���f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\���^�e�y���l�h�]�h����
�q�l�h�� �[�u�� �\�u�`�b�l�v�� �\�� �w�d�h�e�h�]�b�q�_�k�d�h�c�� �g�b�r�_- �g�Z�� �k�e�b�a�b�k�l�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �b�� �g�_�� �i�h�]�b�[�g�m�l�v�� �i�j�b��
�^�_�c�k�l�\�b�b�� �]�m�f�Z�j�Z�e�v�g�u�o�� �b�� �d�e�_�l�h�q�g�u�o�� �n�Z�d�l�h�j�h�\�� �f�m�d�h�a�g�h�]�h�� �b�f�f�m�g�b�l�_�l�Z���� �\�u�g�m�`�^�_�g�Z��
�i�h�k�l�h�y�g�g�h�� �f�_�g�y�l�v�k�y���� �<�� �h�k�g�h�\�g�h�f�� �f�_�g�y�x�l�k�y�� �f�h�e�_�d�m�e�y�j�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��
�[�Z�d�l�_�j�b�Z�e�v�g�h�c�� �d�e�_�l�h�q�g�h�c�� �k�l�_�g�d�b���� �g�_�k�m�s�b�_�� �Z�g�l�b�]�_�g�g�m�x�� �^�_�l�_�j�f�b�g�Z�g�l�m�����I�j�b�� �w�l�h�f����
�q�b�k�e�_�g�g�h�k�l�v�� �[�Z�d�l�_�j�b�Z�e�v�g�h�c�� �i�h�i�m�e�y�p�b�b���� �d�h�g�l�j�h�e�b�j�m�_�f�Z�y�� �f�_�k�l�g�u�f�� �b�f�f�m�g�b�l�_�l�h�f �b��
�i�h�^�^�_�j�`�b�\�Z�_�l�k�y�� �g�b�`�_�� �g�_�d�h�c�� �i�h�j�h�]�h�\�h�c�� �\�_�e�b�q�b�g�u�� �i�j�b�� �d�h�l�h�j�h�c�� �n�Z�d�l�h�j�u�� �i�Z�l�h�]�_�g�g�h�k�l�b��
�g�_�� �i�j�h�y�\�e�y�x�l�k�y���� �K�� �^�j�m�]�h�c�� �k�l�h�j�h�g�u���� �f�_�g�y�x�s�Z�y�k�y�� �Z�g�l�b�]�_�g�g�Z�y�� �k�l�j�m�d�l�m�j�Z��
�f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\�� �a�Z�k�l�Z�\�e�y�_�l���h�i�_�j�Z�l�b�\�g�h�� �j�_�Z�]�b�j�h�\�Z�l�v�� �b�f�f�m�g�g�m�x�� �k�b�k�l�_�f�m�� �o�h�a�y�b�g�Z����
�Z�d�l�b�\�b�a�b�j�m�y���\�k�_���_�_���a�\�_�g�v�y�����L�Z�d�b�f���h�[�j�Z�a�h�f�����j�_�Z�e�b�a�m�_�l�k�y���h�k�g�h�\�Z���k�Z�f�h�j�_�]�m�e�y�p�b�b���k�e�h�`�g�h�c��
�k�b�f�[�b�h�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u���� �i�h�^�l�\�_�j�`�^�Z�x�s�_�c�� �h�[�s�_�_�� �i�j�Z�\�b�e�h- �w�\�h�e�x�p�b�y�� �g�_�� �^�Z�_�l��
�k�_�e�_�d�l�b�\�g�u�o���i�j�_�b�f�m�s�_�k�l�\���g�b���h�^�g�h�f�m���b�a���\�a�Z�b�f�h�^�_�c�k�l�\�m�x�s�b�o���\�b�^�h�\�����h�g�Z���g�Z�i�j�Z�\�e�_�g�Z���g�Z��
�^�h�k�l�b�`�_�g�b�_���^�b�g�Z�f�b�q�_�k�d�h�]�h�����i�j�h�l�b�\�h�j�_�q�b�\�h�]�h���j�Z�\�g�h�\�_�k�b�y�>���@�����<���k�\�y�a�b���k���w�l�b�f�����k�l�Z�g�h�\�b�l�k�y��
�h�q�_�\�b�^�g�Z�� �� �j�h�e�v���� �d�h�l�h�j�m�x�� �\�u�i�h�e�g�y�_�l�� �j�_�a�b�^�_�g�l�g�Z�y�� �f�b�d�j�h�n�e�h�j�Z�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h��
�m�q�Z�k�l�d�Z���k�e�b�a�b�k�l�h�c���i�h�\�_�j�o�g�h�k�l�b- �k�h�a�^�Z�g�b�_���g�_�k�i�_�p�b�n�b�q�_�k�d�h�]�h���[�Z�j�v�_�j�Z�����i�j�_�i�y�l�k�l�\�m�x�s�_�]�h��
�i�j�h�g�b�d�g�h�\�_�g�b�x�����\���h�j�]�Z�g�b�a�f���q�_�e�h�\�_�d�Z���i�Z�l�h�]�_�g�h�\���[�Z�d�l�_�j�b�Z�e�v�g�h�c���b�e�b���\�b�j�m�k�g�h�c���i�j�b�j�h�^�u����
�q�l�h�� �^�h�k�l�b�]�Z�_�l�k�y�� �i�m�l�_�f�� �b�f�f�m�g�h�f�h�^�m�e�y�p�b�b�� �g�Z�a�Z�e�v�g�h�c�� �e�b�f�n�h�b�^�g�h�c�� �l�d�Z�g�b�� �b�� �g�Z�e�b�q�b�y��
�k�h�[�k�l�\�_�g�g�h�c�� �� �Z�g�l�Z�]�h�g�b�k�l�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �m�� �k�b�f�[�b�h�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u�� �b�g�^�b�]�_�g�g�h�c��
�f�b�d�j�h�n�e�h�j�u���d���e�x�[�h�f�m���i�h�k�l�h�j�h�g�g�_�f�m���f�b�d�j�h�h�j�]�Z�g�b�a�f�m�� 
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�[�h�e�_�a�g�_�g�g�u�o�� �k�h�k�l�h�y�g�b�y�o�� �b�� �w�f�h�p�b�h�g�Z�e�v�g�u�o�� �k�l�j�_�k�k�Z�o���� �f�h�]�m�l�� �i�j�h�b�k�o�h�^�b�l�v�� �b�a�f�_�g�_�g�b�y�� �\��
�k�h�k�l�h�y�g�b�b�� �f�b�d�j�h�w�d�h�e�h�]�b�q�_�k�d�h�]�h�� �k�l�Z�l�m�k�Z�� �k�e�b�a�b�k�l�h�c�����B�a�f�_�g�_�g�b�y�� �d�Z�k�Z�x�l�k�y�� �\�� �h�k�g�h�\�g�h�f��
�k�h�k�l�Z�\�Z�� �f�b�d�j�h�[�b�h�p�_�g�h�a�Z – �\�h�a�j�Z�k�l�Z�_�l�� �h�l�g�h�k�b�l�_�e�v�g�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �m�k�e�h�\�g�h-�i�Z�l�h�]�_�g�g�h�c��
�f�b�d�j�h�n�e�h�j�u���b���k�g�b�`�Z�_�l�k�y���q�b�k�e�_�g�g�h�k�l�v���k�Z�i�j�h�n�b�l�g�h�c���d�h�f�i�Z�g�_�g�l�u�����W�l�h�����\���k�\�h�x���h�q�_�j�_�^�v����
�\�_�^�_�l�� �d�� �k�g�b�`�_�g�b�x�� �f�_�k�l�g�h�]�h�� �b�f�f�m�g�b�l�_�l�Z�� �b�� �j�Z�a�\�b�l�b�x�� �k�b�k�l�_�f�g�h�]�h�� �b�f�f�m�g�h�^�_�n�b�p�b�l�Z���� �K��
�^�j�m�]�h�c�� �k�l�h�j�h�g�u���� �\�h�a�j�Z�k�l�Z�g�b�_�� �q�b�k�e�_�g�g�h�k�l�b�� �i�h�i�m�e�y�p�b�b�� �m�k�e�h�\�g�h�]�h�� �i�Z�l�h�]�_�g�Z�� �i�j�b�\�h�^�b�l�� �d��
�Z�d�l�b�\�Z�p�b�b�� �]�_�g�h�\���� �h�l�\�_�l�k�l�\�_�g�g�u�o�� �a�Z�� �k�b�g�l�_�a�� �w�g�^�h- �b�� �w�d�a�h�l�h�d�k�b�g�h�\���� �W�l�h���� �l�Z�d�� �g�Z�a�u�\�Z�_�f�u�c��
�w�n�n�_�d�l��«Quorum sensing» �b�e�b��«�q�m�\�k�l�\�h�� �d�\�h�j�m�f�Z» �>���@���� �K�m�l�v�� �w�n�n�_�d�l�Z�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\��
�k�e�_�^�m�x�s�_�f���� �M�k�e�h�\�g�u�_�� �i�Z�l�h�]�_�g�u�� �h�l�e�b�q�Z�x�l�k�y�� �w�d�h�e�h�]�b�q�_�k�d�h�c�� �i�e�Z�k�l�b�q�g�h�k�l�v�x�� �b��
�\�u�k�h�d�b�f�b�� �Z�^�Z�i�l�Z�p�b�h�g�g�u�f�b�� �k�i�h�k�h�[�g�h�k�l�y�f�b���� �i�h�a�\�h�e�y�x�s�b�f�b�� �b�f�� �b�k�i�h�e�v�a�h�\�Z�l�v��
�j�Z�a�g�h�h�[�j�Z�a�g�u�_���j�_�k�m�j�k�u���k�j�_�^�u���b���[�u�k�l�j�h���i�_�j�_�k�l�j�Z�b�\�Z�l�v���k�\�h�c���f�_�l�Z�[�h�e�b�a�f���\���k�h�h�l�\�_�l�k�l�\�b�b��
�k�� �b�a�f�_�g�_�g�b�_�f�� �\�g�_�r�g�b�o�� �m�k�e�h�\�b�c���� �I�h�k�e�_�^�g�_�_�� �h�[�k�l�h�y�l�_�e�v�k�l�\�h�� �i�j�b�\�h�^�b�l�� �d�� �j�Z�a�\�b�l�b�x��
�k�e�h�`�g�u�o�� �]�_�g�_�l�b�q�_�k�d�b�o�� �k�b�k�l�_�f�� �j�_�]�m�e�y�p�b�b���� �\�d�e�x�q�_�g�b�y�� �b�� �\�u�d�e�x�q�_�g�b�y�� �w�d�k�i�j�_�k�k�b�b��
�h�i�j�_�^�_�e�_�g�g�u�o�� �]�j�m�i�i�� �]�_�g�h�\���� �\�� �l�h�f�� �q�b�k�e�_�� �]�_�g�h�\�� �i�Z�l�h�]�_�g�g�h�k�l�b���� �\�� �h�l�\�_�l�� �g�Z�� �\�g�_�r�g�b�_��
�k�b�]�g�Z�e�u���� �F�h�e�_�d�m�e�y�j�g�u�c���f�_�o�Z�g�b�a�f�� �w�n�n�_�d�l�Z�� �©�q�m�\�k�l�\�Z���d�\�h�j�m�f�Z�ª�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h��
�[�Z�d�l�_�j�b�Z�e�v�g�u�_�� �d�e�_�l�d�b�� �k�b�g�l�_�a�b�j�m�x�l�� �h�i�j�_�^�_�e�_�g�g�u�_�� �k�b�]�g�Z�e�v�g�u�_�� �f�h�e�_�d�m�e�u���� �d�h�l�h�j�u�_��
�\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l�� �k�� �j�_�p�_�i�l�h�j�Z�f�b�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �d�e�_�l�h�q�g�h�c�� �k�l�_�g�d�b���� �I�j�b�� �^�h�k�l�b�`�_�g�b�b��
�h�i�j�_�^�_�e�_�g�g�h�c�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �k�b�]�g�Z�e�v�g�u�o�� �f�h�e�_�d�m�e���� �l���_���� �i�j�b�� �h�i�j�_�^�_�e�_�g�g�h�c�� �i�e�h�l�g�h�k�l�b��
�[�Z�d�l�_�j�b�Z�e�v�g�h�c�� �i�h�i�m�e�y�p�b�b���� �j�_�p�_�i�j�h�j�u�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �d�e�_�l�d�b�� �\�d�e�x�q�Z�x�l�� �k�b�g�l�_�a��
�n�Z�d�l�h�j�h�\���i�Z�l�h�]�_�g�g�h�k�l�b�����K�e�_�^�h�\�Z�l�_�e�v�g�h�����\���e�h�d�Z�e�v�g�h�f���f�_�k�l�_���j�Z�k�i�h�e�h�`�_�g�b�y���m�\�_�e�b�q�_�g�g�h�c��
�q�b�k�e�_�g�g�h�k�l�b�� �m�k�e�h�\�g�h-�i�Z�l�h�]�_�g�g�h�]�h�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�Z�� �i�h�y�\�e�y�_�l�k�y�� �d�h�g�n�e�b�d�l��
�f�Z�d�j�h�h�j�]�Z�g�b�a�f-�f�b�d�j�h�[�b�h�l�Z�����i�j�b�\�h�^�y�s�b�c���d���\�h�a�g�b�d�g�h�\�_�g�b�x���k�b�f�i�l�h�f�h�\���a�Z�[�h�e�_�\�Z�g�b�y�� 

�<�� �p�_�e�h�f���� �h�i�b�k�Z�g�g�Z�y�� �d�Z�j�l�b�g�Z�� �i�h�a�\�h�e�y�_�l�� �k�q�b�l�Z�l�v���� �q�l�h�� �\�� �h�k�g�h�\�_�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �b��
�j�Z�a�\�b�l�b�y�� �f�g�h�]�b�o�� �\�h�k�i�Z�e�b�l�_�e�v�g�u�o �i�j�h�p�_�k�k�h�\�� �\�� �h�[�e�h�k�l�b�� �E�H�J-�h�j�]�Z�g�h�\�� �f�h�]�m�l�� �e�_�`�Z�l�v��
�f�b�d�j�h�w�d�h�e�h�]�b�q�_�k�d�b�_�� �g�Z�j�m�r�_�g�b�y�� �b�e�b�� �^�b�k�[�Z�d�l�_�j�b�h�a�u�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �m�q�Z�k�l�d�h�\��
�k�e�b�a�b�k�l�h�c���� �K�e�_�^�h�\�Z�l�_�e�v�g�h���� �\�� �k�l�j�Z�l�_�]�b�b�� �� �d�h�f�i�e�_�d�k�g�h�]�h�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�h�]�h�� �\�_�^�_�g�b�y��
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �i�Z�p�b�_�g�l�h�\�� �k�e�_�^�m�_�l�� �i�j�b�f�_�g�y�l�v�� �i�j�_�i�Z�j�Z�l�u���� �g�h�j�f�Z�e�b�a�m�x�s�b�_��
�f�b�d�j�h�w�d�h�e�h�]�b�q�_�k�d�b�c���k�l�Z�l�m�k���k�e�b�a�b�k�l�h�c���i�h�\�_�j�o�g�h�k�l�b�� 
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Рис.1 Схема, показывающая какие характеристики пробиотика определяют его потенциальные 
возможности (штаммовая формула) и какие лекарственные формы препаратов существуют.  
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�j�_�p�b�^�b�\�h�\�� �a�Z�[�h�e�_�\�Z�g�b�y�� �m�� �i�Z�p�b�_�g�l�h�\�� �g�Z�� �i�j�h�l�y�`�_�g�b�b�� ��-�o�� �e�_�l�� ���k�j�h�d�� �g�Z�[�e�x�^�_�g�b�y������ �q�l�h��
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�i�h�^�l�\�_�j�`�^�Z�_�l�� �w�l�b�h�i�Z�l�h�]�_�g�_�l�b�q�_�k�d�b�c�� �o�Z�j�Z�d�l�_�j�� �\�u�[�j�Z�g�g�h�]�h�� �f�_�l�h�^�Z�� �e�_�q�_�g�b�y���� �l���_���� 
�i�j�h�[�b�h�l�b�d�h�l�_�j�Z�i�b�b�� 

�J�Z�k�k�f�h�l�j�b�f�� �_�s�_�� �g�_�k�d�h�e�v�d�h���e�h�]�b�q�g�h�� �j�_�r�_�g�g�u�o���d�e�b�g�b�q�_�k�d�b�o�� �a�Z�^�Z�q�����L�Z�d���� �i�j�b��
�i�j�h�\�_�^�_�g�b�b���Z�g�l�b�[�e�Z�k�l�h�f�g�h�c���l�_�j�Z�i�b�b���m���h�g�d�h�[�h�e�v�g�u�o���b�e�b���\���l�Z�d�l�b�d�_���e�_�q�_�g�b�y���i�Z�p�b�_�g�l�h�\���k��
�l�y�`�_�e�u�f�b�� �d�b�r�_�q�g�u�f�b�� �b�g�n�_�d�p�b�y�f�b���� �b�k�o�h�^�y �b�a�� �h�[�s�b�o�� �j�Z�k�k�m�`�^�_�g�b�b���� �p�_�e�_�k�h�h�[�j�Z�a�g�h��
�b�k�i�h�e�v�a�h�\�Z�l�v�� �i�j�_�i�Z�j�Z�l�u���� �g�h�j�f�Z�e�b�a�m�x�s�b�_�� �f�b�d�j�h�w�d�h�e�h�]�b�x���� �l���_���� �i�j�h�[�b�h�l�b�d�b�����M��
�i�Z�p�b�_�g�l�h�\�� �w�l�h�c�� �]�j�m�i�i�u�� �g�Z�[�e�x�^�Z�x�l�k�y�� �]�e�m�[�h�d�b�_�� �b�f�f�m�g�h�^�_�n�_�p�b�l�u�� �b�� �k�_�j�v�_�a�g�u�_��
�g�Z�j�m�r�_�g�b�y�� �k�h�k�l�Z�\�Z�� �f�b�d�j�h�[�b�h�p�_�g�h�a�h�\�� ���d�Z�d�� �i�j�Z�\�b�e�h���� �i�j�b�k�m�l�k�l�\�m�_�l�� �k�b�g�^�j�h�f��
�\�h�k�i�Z�e�_�g�g�h�]�h���d�b�r�_�q�g�b�d�Z�������i�h�w�l�h�f�m���d�b�r�_�q�g�Z�y���Z�i�i�e�b�d�Z�p�b�y���[�Z�d�l�_�j�b�Z�e�v�g�h�]�h���i�j�_�i�Z�j�Z�l�Z���g�_��
�\�h�a�f�h�`�g�Z���� �Z�� �e�b�g�]�\�Z�e�v�g�Z�y�� �n�h�j�f�Z�� �h�d�Z�a�u�\�Z�_�l�k�y�� �w�n�n�_�d�l�b�\�g�h�c���� �>�Z�g�g�u�_�� �d�e�b�g�b�q�_�k�d�b�o��
�b�k�i�u�l�Z�g�b�b���e�b�g�]�\�Z�e�v�g�h�c���n�h�j�f�u���\�b�l�Z�n�e�h�j�Z���w�l�h�l���\�u�\�h�^���i�h�^�l�\�_�j�`�^�Z�x�l���>�����������@�����F�_�o�Z�g�b�a�f��
�e�_�d�Z�j�k�l�\�_�g�g�h�]�h�� �^�_�c�k�l�\�b�y�� �w�l�h�c���n�h�j�f�u�� �g�_�� �b�a�m�q�_�g���� �g�h�� �f�h�`�g�h�� �i�h�e�Z�]�Z�l�v���� �q�l�h�� �j�_�r�Z�x�s�m�x��
�j�h�e�v���\�� �_�]�h���j�_�Z�e�b�a�Z�p�b�b���b�]�j�Z�x�l�� �h�k�h�[�_�g�g�h�k�l�b���n�b�a�b�h�e�h�]�b�b���w�l�h�]�h�� �m�q�Z�k�l�d�Z���k�e�b�a�b�k�l�h�c���� �g�b�`�_��
�f�u���w�l�b���h�k�h�[�_�g�g�h�k�l�b���j�Z�k�k�f�h�l�j�b�f�� 

�K�e�_�^�m�x�s�b�c�� �i�j�b�f�_�j�� �d�Z�k�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �i�j�h�[�b�h�l�b�d�Z�� �\�� �e�_�q�_�g�b�b��
�j�_�p�b�^�b�\�b�j�m�x�s�b�o�� �H�J�<�B����� <� � � w� l� h � f� � � k� e� m� q� Z�_�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�v�x�� �h�[�e�Z�^�Z�_�l��
�[�Z�d�l�_�j�b�Z�e�v�g�Z�y���k�m�k�i�_�g�a�b�y���i�j�h�[�b�h�l�b�d�Z���\���\�h�^�_���i�j�b���h�j�h�r�_�g�b�b���]�h�j�e�Z���b�e�b���i�j�b���a�Z�d�Z�i�u�\�Z�g�b�b��
�\�� �g�h�k�����F�_�o�Z�g�b�a�f�� �e�_�d�Z�j�k�l�\�_�g�g�h�]�h�� �^�_�c�k�l�\�b�y�� �\�� �w�l�h�f�� �k�e�m�q�Z�_���� �[�_�a�m�k�e�h�\�g�h�� �k�\�y�a�Z�g�� �k��
�f�h�j�n�h�e�h�]�b�q�_�k�d�b�f�b�� �b�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� �e�b�f�n�h�b�^�g�h�c�� �l�d�Z�g�b����
�Z�k�k�h�p�b�b�j�h�\�Z�g�g�h�c���k���g�h�k�h�]�e�h�l�d�h�c����NALT) [20]. �H�k�h�[�_�g�g�h�k�l�v�x��NALT �y�\�e�y�_�l�k�y���g�Z�e�b�q�b�_���\��
�w�l�h�f���e�b�f�n�h�b�^�g�h�f���h�[�j�Z�a�h�\�Z�g�b�b���a�j�_�e�u�o���<-�d�e�_�l�h�d�����d�Z�d���j�_�a�m�e�v�l�Z�l�����\�_�j�h�y�l�g�h�����i�h�k�l�h�y�g�g�h�]�h��
�d�h�g�l�Z�d�l�Z���k���f�b�d�j�h�[�g�u�f���h�d�j�m�`�_�g�b�_�f�����<���^�b�k�k�_�f�b�g�b�j�h�\�Z�g�g�h�c���e�b�f�n�h�b�^�g�h�c���l�d�Z�g�b���g�h�k�h�\�u�o��
�i�m�l�_�c���h�l�q�_�l�e�b�\�h���i�j�_�h�[�e�Z�^�Z�x�l��Th�����d�e�_�l�d�b��CD�������k�f�_�g�y�_�f�u�_���i�j�b���k�l�b�f�m�e�y�p�b�b���g�_�d�h�l�h�j�u�f��
�d�h�e�b�q�_�k�l�\�h�f��Th1-�e�b�f�n�h�p�b�l�h�\�����I�h���\�k�_�c���\�b�^�b�f�h�k�l�b�����n�m�g�d�p�b�y��Th2-�d�e�_�l�h�d���a�Z�d�e�x�q�Z�_�l�k�y���\��
�³�� �i�h�f�h�s�b�´�� �i�j�_�^�r�_�k�l�\�_�g�g�b�d�Z�f��sIgA-�i�e�Z�a�f�h�p�b�l�h�\�� �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�l�v�k�y�� �\�� �a�j�_�e�u�_��sIgA-
�i�j�h�^�m�p�_�g�l�u�����I�j�h�n�b�e�v���L-�o�_�e�i�_�j�h�\���k�e�b�a�b�k�l�h�c���e�b�f�n�h�b�^�g�h�c���l�d�Z�g�b���g�_���y�\�e�y�_�l�k�y���Z�[�k�h�e�x�l�g�h��
�i�h�k�l�h�y�g�g�u�f�� �^�e�y��NALT���� �b���h�g���f�h�`�_�l�� �f�_�g�y�l�v�k�y���i�j�b���\�a�Z�b�f�h�^�_�c�k�l�\�b�b���k�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f��
�Z�g�l�b�]�_�g�h�f�����<�_�j�h�y�l�g�h���� �Z�i�i�e�b�d�Z�p�b�y�� �[�Z�d�l�_�j�b�Z�e�v�g�h�]�h�� �i�j�h�[�b�h�l�b�d�Z�� �\�_�^�_�l�� �d�� �Z�d�l�b�\�Z�p�b�b��
�i�j�h�e�b�n�_�j�Z�p�b�b�� �i�j�_�^�r�_�k�l�\�_�g�g�b�d�h�\��IgA- �b�� IgG-���Z-�i�j�h�^�m�p�_�g�l�h�\�� �b�� �h�[�j�Z�a�h�\�Z�g�b�x��
�p�b�l�h�l�h�d�k�b�q�g�u�o���L-�e�b�f�n�h�p�b�l�h�\�����I�j�b���w�l�h�f���b�a�\�_�k�l�g�h�����q�l�h���i�j�b�f�b�j�h�\�Z�g�g�u�_���\��NALT �d�e�_�l�d�b-
�i�j�_�^�r�_�k�l�\�_�g�g�b�d�b���f�b�]�j�b�j�m�x�l�� �b���i�h�i�Z�^�Z�x�l�� �\�� �h�[�s�m�x���p�b�j�d�m�e�y�p�b�x�����h�l�d�m�^�Z���\�h�a�\�j�Z�s�Z�x�l�k�y��
�\�� �^�u�o�Z�l�_�e�v�g�u�_�� �i�m�l�b���� �j�Z�k�k�_�e�y�y�k�v�� �\�� �g�h�k�h�]�e�h�l�d�_���� �\�� �g�b�`�g�b�o�� �b�� �\�_�j�o�g�b�o�� �h�l�^�_�e�Z�o��
�^�u�o�Z�l�_�e�v�g�h�]�h�� �l�j�Z�d�l�Z���� �W�l�b�f���� �\�h�a�f�h�`�g�h�� �b�� �h�[�v�y�k�g�y�_�l�k�y�� �e�_�q�_�[�g�h�_�� �^�_�c�k�l�\�b�_�� �i�j�h�[�b�h�l�b�d�Z��
�i�j�b�� �_�]�h�� �\�\�_�^�_�g�b�b�� �\�� �g�h�k�� �b�e�b�� �i�j�b�� �e�b�g�]�\�Z�e�v�g�h�f�� �i�j�b�f�_�g�_�g�b�b�� �L���_������ �i�j�b�� �l�Z�d�h�f�� �\�\�_�^�_�g�b�b��
�i�j�h�[�b�h�l�b�d�h�\���\���h�k�g�h�\�g�h�f���Z�d�l�b�\�b�j�m�x�l�k�y���n�Z�d�l�h�j�u���f�_�k�l�g�h�]�h���b�f�f�m�g�b�l�_�l�Z�� 

�I�j�b�\�_�^�_�g�g�u�c�� �\�� �g�Z�k�l�h�y�s�_�f�� �k�h�h�[�s�_�g�b�b�� �f�Z�l�_�j�b�Z�e�� �m�[�_�^�b�l�_�e�v�g�h�� �i�h�d�Z�a�u�\�Z�_�l��
�g�_�h�[�o�h�^�b�f�h�k�l�v���\�\�_�^�_�g�b�y���\���d�h�f�i�e�_�d�k�g�m�x���l�_�j�Z�i�b�x���e�_�q�_�g�b�y���\�h�k�i�Z�e�b�l�_�e�v�g�u�o���a�Z�[�h�e�_�\�Z�g�b�b��
�E�H�J-�h�j�]�Z�g�h�\�� �i�j�h�[�b�h�l�b�d�h�\���� �g�h�� �^�e�y�� �w�l�h�]�h�� �g�m�`�_�g�� �k�b�k�l�_�f�g�u�c�� �i�h�b�k�d���l�b�i�Z�� �[�Z�d�l�_�j�b�Z�e�v�g�h�]�h��
�i�j�_�i�Z�j�Z�l�Z���� �_�]�h�� �e�_�d�Z�j�k�l�\�_�g�g�h�c�� �n�h�j�f�u���� �I�h�k�l�Z�g�h�\�d�Z�� �l�Z�d�h�c�� �j�Z�[�h�l�u�� �i�h�a�\�h�e�b�l���j�_�Z�e�b�a�h�\�Z�l�v��
�w�l�b�h�i�Z�l�h�]�_�g�_�l�b�q�_�k�d�b�c�� �i�h�^�o�h�^�� �\�� �k�l�j�Z�l�_�]�b�b�� �e�_�q�_�[�g�h�]�h�� �i�j�h�p�_�k�k�Z���� �D�j�h�f�_�� �l�h�]�h���� �g�_�e�v�a�y��
�a�Z�[�u�\�Z�l�v���� �q�l�h�� �w�j�Z�� �r�b�j�h�d�h�]�h�� �b�� �q�Z�k�l�h�� �g�_�g�m�`�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y�� �Z�g�l�b�[�b�h�l�b�d�h�\�� �i�j�h�r�e�Z����
�G�Z�k�l�m�i�b�e�h�� �i�h�g�b�f�Z�g�b�_�� �f�_�k�l�Z�� �l�Z�d�b�o�� �i�j�_�i�Z�j�Z�l�h�\�� �\�� �Z�j�k�_�g�Z�e�_�� �\�j�Z�q�Z���� �:�g�l�b�[�b�h�l�b�d�b��
�g�_�h�[�o�h�^�b�f�u���^�e�y���[�u�k�l�j�h�]�h���d�m�i�b�j�h�\�Z�g�b�y���h�k�l�j�h���i�j�h�l�_�d�Z�x�s�b�o���b�g�n�_�d�p�b�h�g�g�u�o���i�j�h�p�_�k�k�h�\����
�g�h�� �d�m�j�k�u�� �i�j�b�f�_�g�_�g�b�y�� �Z�g�l�b�[�b�h�l�b�d�h�\�� �g�_�� �f�h�]�m�l�� �[�u�l�v�� �^�e�b�l�_�e�v�g�u�f�b���� �l�Z�d�� �d�Z�d�� �i�j�b�� �w�l�h�f��
�i�h�y�\�e�y�_�l�k�y�� �i�h�i�m�e�y�p�b�y�� �\�h�a�[�m�^�b�l�_�e�y���� �m�k�l�h�c�q�b�\�Z�y�� �d�� �Z�g�l�b�[�b�h�l�b�d�m�����W�l�Z�� �m�k�l�h�c�q�b�\�h�k�l�v��
�f�h�`�_�l�� �i�_�j�_�^�Z�\�Z�l�v�k�y�� �^�j�m�]�b�f�� �d�h�f�i�h�g�_�g�l�Z�f�� �f�b�d�j�h�[�b�h�p�_�g�h�a�h�\���� �Z�� �k�e�_�^�h�\�Z�l�_�e�v�g�h����
�i�h�y�\�e�y�_�l�k�y�� �\�_�j�h�y�l�g�h�k�l�v�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �g�h�\�h�]�h���� �^�j�m�]�h�]�h�� �a�Z�[�h�e�_�\�Z�g�b�y���� �m�k�l�h�c�q�b�\�h�]�h�� �d��
�w�l�h�f�m�� �Z�g�l�b�[�b�h�l�b�d�m�� �b�� �l�Z�d�� �^�Z�e�_�_���� �D�j�h�f�_�� �l�h�]�h���� �Z�g�l�b�[�b�h�l�b�d�b�� �b�f�_�x�l�� �r�b�j�h�d�b�c�� �k�i�_�d�l�j��
�Z�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �b�o�� �i�j�b�f�_�g�_�g�b�_�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �f�b�d�j�h�[�g�h�c�� �w�d�h�e�h�]�b�b��
�^�h�e�`�g�h�� �[�u�l�v�� �k�l�j�h�]�h�� �h�[�h�k�g�h�\�Z�g�h�� �b�� �h�q�_�g�v�� �h�k�l�h�j�h�`�g�u�f���� �D�Z�`�^�u�c�� �d�m�j�k��
�Z�g�l�b�[�b�h�l�b�d�h�l�_�j�Z�i�b�b�� �i�h�f�b�f�h�� �i�h�e�h�`�b�l�_�e�v�g�h�]�h�� �w�n�n�_�d�l�Z�� �b�f�_�_�l�� �k�m�]�m�[�h�� �h�l�j�b�p�Z�l�_�e�v�g�h�_��
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�\�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �f�b�d�j�h�w�d�h�e�h�]�b�q�_�k�d�b�c�� �k�l�Z�l�m�k�� �i�Z�p�b�_�g�l�Z�� �b�� �l�j�_�[�m�_�l�� �j�_�Z�[�b�e�b�l�Z�p�b�b�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�j�h�[�b�h�l�b�d�Z���� �G�_�e�v�a�y�� �a�Z�[�u�\�Z�l�v�� �b�� �h�� �l�h�f���� �q�l�h�� �r�l�Z�f�f�u�� �i�j�h�[�b�h�l�b�d�h�\��
�h�[�e�Z�^�Z�x�l�� �k�h�[�k�l�\�_�g�g�u�f�� �k�i�_�d�l�j�h�f�� �b�� �m�j�h�\�g�_�f�� �Z�g�l�Z�]�h�g�b�a�f�Z�� �b�� �i�j�_�i�Z�j�Z�l�u�� �g�Z�� �h�k�g�h�\�_�� �w�l�b�o��
�r�l�Z�f�f�h�\���f�h�`�g�h���b�k�i�h�e�v�a�h�\�Z�l�v���d�Z�d���µ���Z�^�j�_�k�h�\�Z�g�g�u�_���Z�g�l�b�[�b�h�l�b�d�b�¶�����G�h���l�Z�d�Z�y���i�_�j�k�i�_�d�l�b�\�Z��
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�<�h�a�j�Z�k�l�Z�x�s�_�_�� �d�h�e�b�q�_�k�l�\�h�� �m�k�l�h�c�q�b�\�u�o�� �d�� �^�_�c�k�l�\�b�x�� �e�_�d�Z�j�k�l�\�_�g�g�u�o�� �k�j�_�^�k�l�\��
�r�l�Z�f�f�h�\�� �i�Z�l�h�]�_�g�g�u�o�� �[�Z�d�l�_�j�b�c�� �i�j�b�\�h�^�b�l�� �d�� �i�h�k�l�_�i�_�g�g�h�f�m�� �k�g�b�`�_�g�b�x�� �w�n�n�_�d�l�b�\�g�h�k�l�b��
�Z�g�l�b�f�b�d�j�h�[�g�h�c�� �l�_�j�Z�i�b�b���� �H�^�g�b�f�� �b�a�� �Z�e�v�l�_�j�g�Z�l�b�\�g�u�o�� �\�Z�j�b�Z�g�l�h�\�� �Z�g�l�b�[�b�h�l�b�d�h�l�_�j�Z�i�b�b����
�i�j�b�\�h�^�y�s�_�c�� �d�� �]�b�[�_�e�b�� �b�e�b�� �h�k�l�Z�g�h�\�d�_�� �j�h�k�l�Z�� �i�Z�l�h�]�_�g�g�u�o���� �Z�� �\�f�_�k�l�_�� �k�� �g�b�f�b�� �b��
�k�b�f�[�b�h�l�b�q�_�k�d�b�o�� �[�Z�d�l�_�j�b�c���� �y�\�e�y�_�l�k�y�� �g�Z�i�j�Z�\�e�_�g�g�h�_�� ���e�_�d�Z�j�k�l�\�_�g�g�h�_���� �k�g�b�`�_�g�b�_��
�\�b�j�m�e�_�g�l�g�h�k�l�b�� �i�Z�l�h�]�_�g�g�u�o�� �r�l�Z�f�f�h�\���� �<�� �h�l�e�b�q�b�_�� �h�l�� �Z�g�l�b�[�b�h�l�b�d�h�\���� �i�j�_�^�k�l�Z�\�b�l�_�e�b��
�g�h�\�h�]�h�� �i�h�d�h�e�_�g�b�y�� �i�j�_�i�Z�j�Z�l�h�\��– �Z�g�l�b�i�Z�l�h�]�_�g�g�u�_�� �e�_�d�Z�j�k�l�\�_�g�g�u�_�� �k�j�_�^�k�l�\�Z���� �^�h�e�`�g�u��
�^�_�c�k�l�\�h�\�Z�l�v�� �g�Z�� �d�e�x�q�_�\�u�_�� �j�_�]�m�e�y�l�h�j�g�u�_�� �i�m�l�b�� �f�_�l�Z�[�h�e�b�a�f�Z���� �g�_�� �i�h�a�\�h�e�y�l�v�� �[�Z�d�l�_�j�b�y�f��
�w�d�k�i�j�_�k�k�b�j�h�\�Z�l�v�� �]�_�g�u�� �\�b�j�m�e�_�g�l�g�h�k�l�b�� �b�e�b���� �i�h�� �d�j�Z�c�g�_�c�� �f�_�j�_���� �h�l�h�^�\�b�]�Z�l�v�� �w�d�k�i�j�_�k�k�b�x��
�w�l�b�o�� �]�_�g�h�\�� �g�Z�� �[�h�e�_�_�� �i�h�a�^�g�x�x�� �k�l�Z�^�b�x�� �j�Z�a�\�b�l�b�y�� �i�h�i�m�e�y�p�b�b�� �i�Z�l�h�]�_�g�Z���� �^�Z�\�Z�y�� �l�_�f�� �k�Z�f�u�f��
�h�j�]�Z�g�b�a�f�m���o�h�a�y�b�g�Z���h�l�k�j�h�q�d�m�����g�_�h�[�o�h�^�b�f�m�x���^�e�y���f�h�[�b�e�b�a�Z�p�b�b���b�f�f�m�g�g�h�]�h���h�l�\�_�l�Z�� 

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �o�h�j�h�r�h�� �b�a�\�_�k�l�g�h���� �q�l�h�� �w�d�k�i�j�_�k�k�b�y�� �n�Z�d�l�h�j�h�\�� �\�b�j�m�e�_�g�l�g�h�k�l�b��
�f�g�h�]�b�o�� �[�Z�d�l�_�j�b�c�� �i�j�h�b�k�o�h�^�b�l�� �l�h�e�v�d�h�� �l�h�]�^�Z���� �d�h�]�^�Z�� �i�e�h�l�g�h�k�l�v�� �b�o�� �i�h�i�m�e�y�p�b�b�� �^�h�k�l�b�]�Z�_�l��
�h�i�j�_�^�_�e�_�g�g�h�]�h�� �m�j�h�\�g�y���� �q�l�h�� �i�j�_�^�i�h�e�Z�]�Z�_�l�� �g�Z�e�b�q�b�_�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �f�_�`�d�e�_�l�h�q�g�u�o 
�d�h�f�f�m�g�b�d�Z�l�b�\�g�u�o�� �k�\�y�a�_�c���� �I�h�^�h�[�g�u�_�� �w�n�n�_�d�l�u�� �g�Z�[�e�x�^�Z�e�b�k�v�� �b�� �i�j�b�� �b�a�m�q�_�g�b�b��
�g�_�i�Z�l�h�]�_�g�g�u�o�� �[�Z�d�l�_�j�b�c���� �i�j�b�q�_�f�� �\�� �j�Z�a�g�h�_�� �\�j�_�f�y�� �^�e�y�� �b�o�� �h�[�h�a�g�Z�q�_�g�b�y�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v��
�j�Z�a�e�b�q�g�u�_�� �l�_�j�f�b�g�u���� �©�w�n�n�_�d�l�� �l�h�e�i�u�ª���� �©�F-�d�h�g�p�_�g�l�j�Z�p�b�y�ª���� �©�Z�e�e�_�e�h�d�Z�l�Z�e�b�l�b�q�_�k�d�b�c��
�w�n�n�_�d�l�ª�� �>Winslow & Walker, 1939]. �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �f�_�o�Z�g�b�a�f�u�� �g�_�d�h�l�h�j�u�o��
�d�h�f�f�m�g�b�d�Z�l�b�\�g�u�o�� �k�\�y�a�_�c�� �[�Z�d�l�_�j�b�c�� �o�h�j�h�r�h�� �b�a�m�q�_�g�u���� �Z�� �k�Z�f�Z�� �k�i�h�k�h�[�g�h�k�l�v�� �h�s�m�s�Z�l�v��
�i�e�h�l�g�h�k�l�v�� �k�h�[�k�l�\�_�g�g�h�c�� �i�h�i�m�e�y�p�b�b�� �i�h�e�m�q�b�e�Z�� �g�Z�a�\�Z�g�b�_�� �©�q�m�\�k�l�\�Z�� �d�\�h�j�m�f�Z�ª�� �>Fuqua et al., 
�������������H�e�_�k�d�b�g���b���^�j���������������@���� 

�D���a�Z�\�b�k�y�s�b�f���h�l���q�m�\�k�l�\�Z���d�\�h�j�m�f�Z �k�b�k�l�_�f�Z�f���j�_�]�m�e�y�p�b�b���h�[�u�q�g�h���h�l�g�h�k�y�l���l�h�e�v�d�h���l�_��
�k�b�k�l�_�f�u���� �j�_�]�m�e�y�p�b�y�� �\�� �d�h�l�h�j�u�o�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �i�h�k�j�_�^�k�l�\�h�f�� �^�b�n�n�m�g�^�b�j�m�x�s�b�o�� �b�e�b��
�\�u�^�_�e�y�x�s�b�o�k�y�� �\�� �h�d�j�m�`�Z�x�s�m�x�� �k�j�_�^�m�� �Z�]�_�g�l�h�\�� ���j�_�]�m�e�y�l�h�j�h�\���� �k�� �m�k�l�Z�g�h�\�e�_�g�g�h�c��
�o�b�f�b�q�_�k�d�h�c�� �k�l�j�m�d�l�m�j�h�c���� �L�Z�d�b�f�b�� �Z�]�_�g�l�Z�f�b�� �y�\�e�y�x�l�k�y�� �Z�p�b�e�b�j�h�\�Z�g�g�u�_�� �e�Z�d�l�h�g�u��
�]�h�f�h�k�_�j�b�g�Z���� �j�_�]�m�e�b�j�m�x�s�b�_�� �r�b�j�h�d�b�c�� �d�j�m�]�� �i�e�h�l�g�h�k�l�g�h-�a�Z�\�b�k�b�f�u�o�� �d�h�e�e�_�d�l�b�\�g�u�o��
�i�j�h�p�_�k�k�h�\�� �m�� �]�j�Z�f�h�l�j�b�p�Z�l�_�e�v�g�u�o�� �[�Z�d�l�_�j�b�c�� �b�� �i�_�i�l�b�^�u���� �j�_�]�m�e�b�j�m�x�s�b�_�� �j�Z�a�\�b�l�b�_��
�\�b�j�m�e�_�g�l�g�h�k�l�b���� �k�i�h�j�h�h�[�j�Z�a�h�\�Z�g�b�_���� �d�h�g�t�x�]�Z�l�b�\�g�u�c�� �i�_�j�_�g�h�k�� �i�e�Z�a�f�b�^�� �b�� �g�_�d�h�l�h�j�u�_��
�^�j�m�]�b�_���i�j�h�p�_�k�k�u���m���]�j�Z�f�i�h�e�h�`�b�l�_�e�v�g�u�o���[�Z�d�l�_�j�b�c�� 

�J�_�]�m�e�y�p�b�y�� �q�m�\�k�l�\�Z�� �d�\�h�j�m�f�Z�� �Z�p�b�e�b�j�h�\�Z�g�g�u�f�b�� �e�Z�d�l�h�g�Z�f�b�� �]�h�f�h�k�_�j�b�g�Z����
�D�e�Z�k�k�b�q�_�k�d�b�f�� �i�j�b�f�_�j�h�f�� �i�j�h�y�\�e�_�g�b�y�� �q�m�\�k�l�\�Z�� �d�\�h�j�m�f�Z�� �m�� �]�j�Z�f�h�l�j�b�p�Z�l�_�e�v�g�u�o�� �[�Z�d�l�_�j�b�c��
�y�\�e�y�_�l�k�y�� �[�b�h�e�x�f�b�g�_�k�p�_�g�p�b�y��Vibrio fischeri �b�� Vibrio harveyi���� �b�a�m�q�Z�\�r�Z�y�k�y��
�i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �k�� �d�h�g�p�Z�� ����-�o�� �]�h�^�h�\�� �>Nealson et al������ ���������@���� �<�� �_�k�l�_�k�l�\�_�g�g�u�o�� �m�k�e�h�\�b�y�o��
�k�\�_�q�_�g�b�_�� �w�l�b�o�� �[�Z�d�l�_�j�b�c�� �\�h�a�g�b�d�Z�_�l�� �l�h�e�v�d�h�� �i�j�b�� �^�h�k�l�b�`�_�g�b�b�� �i�h�i�m�e�y�p�b�_�c�� �h�i�j�_�^�_�e�_�g�g�h�c��
�i�e�h�l�g�h�k�l�b�� �b�� �y�\�e�y�_�l�k�y�� �k�e�_�^�k�l�\�b�_�f�� �g�Z�d�h�i�e�_�g�b�y�� �\�� �k�j�_�^�_�� �k�i�_�p�b�n�b�q�_�k�d�h�]�h�� �b�g�^�m�d�l�h�j�Z����
�d�h�l�h�j�u�f�� �\�� �k�e�m�q�Z�_��V. fischeri���� �h�d�Z�a�Z�e�k�y��N-(3-�h�d�k�h�]�_�d�k�Z�g�h�b�e��-�e�Z�d�l�h�g��L-�]�h�f�h�k�_�j�b�g�Z��
[Eberhard, A. et al������ ���������@���� �I�m�l�b�� �[�b�h�k�b�g�l�_�a�Z�� �Z�\�l�h�b�g�^�m�d�l�h�j�Z�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �o�h�j�h�r�h��
�b�a�m�q�_�g�u���� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �_�]�h�� �e�Z�d�l�h�g�g�h�_�� �d�h�e�v�p�h�� �h�[�j�Z�a�m�_�l�k�y�� �b�a��S-�Z�^�_�g�h�a�b�e�f�_�l�b�h�g�b�g�Z���� �Z��
�^�h�g�h�j�h�f�� �Z�p�b�e�v�g�h�c�� �]�j�m�i�i�u�� �k�e�m�`�b�l�� �Z�p�b�e�b�j�h�\�Z�g�g�u�c�� �Z�p�b�e�i�_�j�_�g�h�k�y�s�b�c �[�_�e�h�d�� ���Z�p�b�e-
�:�I�;���� 

�K�b�g�l�_�a�� �h�k�m�s�_�k�l�\�e�y�_�l�� �[�_�e�h�d��LuxI���� �d�h�l�h�j�u�c�� �k�\�y�a�u�\�Z�_�l�� �Z�p�b�e�v�g�u�c�� �h�k�l�Z�l�h�d�� �Z�p�b�e-
�:�I�;�� �k�� �Z�f�b�g�h�d�b�k�e�h�l�g�u�f�� �n�j�Z�]�f�_�g�l�h�f��S-�Z�^�_�g�h�a�b�e�f�_�l�b�h�g�b�g�Z���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �j�_�Z�d�p�b�b��
�h�[�j�Z�a�m�x�l�k�y�� �Z�\�l�h�b�g�^�m�d�l�h�j��– �Z�p�b�e�b�j�h�\�Z�g�g�u�c�� �e�Z�d�l�h�g�� �]�h�f�h�k�_�j�b�g�Z�� ���:�=�E������ �b��
�f�_�l�b�e�l�b�h�Z�^�_�g�h�a�b�g���>Hoang et al., 2002]. 



�)�R�O�L�D���2�W�R�U�K�L�Q�R�O�D�U�\�Q�J�R�O�R�J�L�F�D�����9�R�O�����������‹����-4, 2004 
 

49 

�B�g�^�m�d�l�h�j���k�\�h�[�h�^�g�h���^�b�n�n�m�g�^�b�j�m�_�l���b�a���d�e�_�l�d�b�����\�k�e�_�^�k�l�\�b�_���q�_�]�h���_�]�h���d�h�g�p�_�g�l�j�Z�p�b�y��
�\���k�j�_�^�_���i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z���d�h�g�p�_�g�l�j�Z�p�b�b���[�Z�d�l�_�j�b�c�����>�e�y���j�_�p�_�i�p�b�b���k�b�]�g�Z�e�Z�����:�=�E�����k�e�m�`�b�l��
�p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�b�c�� �[�_�e�h�d��LuxR���� �k�\�y�a�u�\�Z�x�s�b�c�� �:�=�E�� �b�� �Z�d�l�b�\�b�j�m�x�s�b�c�� �l�j�Z�g�k�d�j�b�i�p�b�x��
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���p�_�e�_�\�u�o���]�_�g�h�\�����\���l�h�f���q�b�k�e�_���b���]�_�g�Z��luxI�����h�l�\�_�q�Z�x�s�_�]�h���a�Z���k�b�g�l�_�a���k�Z�f�h�]�h��
�Z�\�l�h�b�g�^�m�d�l�h�j�Z���� �D�h�g�k�l�b�l�m�l�b�\�g�h�� �[�_�e�h�d��LuxI �b�� �^�j�m�]�b�_�� �j�_�]�m�e�b�j�m�_�f�u�_�� �q�m�\�k�l�\�h�f�� �d�\�h�j�m�f�Z��
�[�_�e�d�b�� �l�j�Z�g�k�d�j�b�[�b�j�m�x�l�k�y�� �g�Z�� �g�b�a�d�h�f�� �[�Z�a�Z�e�v�g�h�f�� �m�j�h�\�g�_���� �B�o�� �k�b�g�l�_�a�� �Z�d�l�b�\�b�j�m�_�l�k�y�� �i�h�k�e�_��
�l�h�]�h�����d�Z�d���d�h�g�p�_�g�l�j�Z�p�b�y �Z�\�l�h�b�g�^�m�d�l�h�j�Z���^�h�k�l�b�]�Z�_�l���i�h�j�h�]�h�\�h�]�h���m�j�h�\�g�y������-�������f�d�]���f�e���� 

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �b�a�\�_�k�l�g�h�� �[�h�e�_�_�� ������LuxIR �k�b�k�l�_�f�� �]�j�Z�f�h�l�j�b�p�Z�l�_�e�v�g�u�o��
�[�Z�d�l�_�j�b�c���� �Z�g�Z�e�h�]�b�q�g�u�o��V. fischeri [Taga & Bassler���� ���������@���� �<�k�_�� �Z�\�l�h�b�g�^�m�d�l�h�j�u�� �b�f�_�x�l��
�b�^�_�g�l�b�q�g�u�_�� �e�Z�d�l�h�g�g�u�_�� �d�h�e�v�p�Z�� �b�� �j�Z�a�e�b�q�Z�x�l�k�y�� �k�l�j�h�_�g�b�_�f�� �[�h�d�h�\�h�c�� �Z�p�b�e�v�g�h�c�� �p�_�i�b����
�;�e�Z�]�h�^�Z�j�y�� �w�l�b�f�� �j�Z�a�e�b�q�b�y�f�� �Z�\�l�h�b�g�^�m�d�l�h�j�� �h�^�g�h�]�h�� �\�b�^�Z�� �[�Z�d�l�_�j�b�c�� �j�_�^�d�h�� �\�e�b�y�_�l�� �g�Z��
�w�d�k�i�j�_�k�k�b�x���]�_�g�h�\���^�j�m�]�h�]�h���\�b�^�Z�����K�i�_�p�b�n�b�q�g�h�k�l�v���k�b�k�l�_�f�u��LuxIR �d�h�g�l�j�h�e�b�j�m�_�l�k�y���^�\�m�f�y��
�n�Z�d�l�h�j�Z�f�b���� �k�i�_�p�b�n�b�q�g�h�k�l�v�x�� �[�_�e�d�h�\��LuxI �l�b�i�Z�� �b�� �k�i�_�p�b�n�b�q�g�h�k�l�v�x�� �k�\�y�a�u�\�Z�g�b�y�� �[�_�e�d�h�\��
�l�b�i�Z��LuxR �k���k�h�h�l�\�_�l�k�l�\�m�x�s�b�f���b�g�^�m�d�l�h�j�h�f���� 

�F�g�h�]�b�_�� �[�Z�d�l�_�j�b�b�� �b�f�_�x�l�� �^�\�_�� �b�� �[�h�e�_�_�� �d�\�h�j�m�f-�k�b�k�l�_�f�u���� �h�j�]�Z�g�b�a�h�\�Z�g�g�u�_�� �\��
�i�Z�j�Z�e�e�_�e�v�g�u�_�� �b�e�b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�_�� �p�_�i�b���� �I�j�b�f�_�j�h�f�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�c�� �b�e�b��
�b�_�j�Z�j�o�b�q�_�k�d�h�c���h�j�]�Z�g�b�a�Z�p�b�b���y�\�e�y�_�l�k�y���h�j�]�Z�g�b�a�Z�p�b�y���^�\�m�o���d�\�h�j�m�f-�k�b�k�l�_�f��LasIR �b RhlIR �m��
�h�i�i�h�j�l�m�g�b�k�l�b�q�_�k�d�h�]�h�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �i�Z�l�h�]�_�g�Z��P. aeruginosa���� �I�j�b�� �\�u�k�h�d�h�c�� �i�e�h�l�g�h�k�l�b��
�d�e�_�l�h�d���� �d�h�]�^�Z�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �Z�\�l�h�j�_�]�m�e�y�l�h�j�h�\����N-(3-�h�d�k�h�^�h�^�_�d�Z�g�h�b�e��-�e�Z�d�l�h�g�Z�� �b��N-(3-
�[�m�l�_�j�b�e��-�e�Z�d�l�h�g�Z���� �i�j�_�\�u�r�Z�_�l�� �b�o�� �i�h�j�h�]�h�\�h�_�� �a�g�Z�q�_�g�b�_���� �i�j�h�b�k�o�h�^�b�l�� �k�\�y�a�u�\�Z�g�b�_��LasR �k��
�k�h�[�k�l�\�_�g�g�h�c�� �:�=�E�� �b�� �Z�d�l�b�\�Z�p�b�y�� �j�y�^�Z�� �]�_�g�h�\���� �\�� �l�h�f�� �q�b�k�e�_�� �b�� �]�_�g�Z��rhlR���� �d�h�^�b�j�m�x�s�_�]�h��
�j�_�p�_�i�l�h�j�� �\�l�h�j�h�c�� �d�\�h�j�m�f-�a�Z�\�b�k�b�f�h�c�� �k�b�k�l�_�f�u���� �W�l�h�l�� �j�_�p�_�i�l�h�j�� ���[�_�e�h�d��RhlR������ �k�\�y�a�u�\�Z�_�l��
�k�h�[�k�l�\�_�g�g�u�c���Z�\�l�h�b�g�^�m�d�l�h�j���b���b�g�^�m�p�b�j�m�_�l���w�d�k�i�j�_�k�k�b�x���k�e�_�^�m�x�s�b�o���p�_�e�_�\�u�o���]�_�g�h�\���� 

�L�Z�d�b�f���h�[�j�Z�a�h�f���k�g�Z�q�Z�e�Z���w�d�k�i�j�_�k�k�b�j�m�x�l�k�y���]�_�g�u�����d�h�g�l�j�h�e�b�j�m�_�f�u�_��LasIR �k�b�k�l�_�f�h�c����
�Z�� �a�Z�l�_�f�� �m�`�_�� �b�� �]�_�g�u���� �j�_�]�m�e�b�j�m�_�f�u�_�� �k�b�k�l�_�f�h�c��RhlIR���� �;�e�Z�]�h�^�Z�j�y�� �w�l�h�f�m�� �g�Z�� �j�Z�a�e�b�q�g�u�o��
�k�l�Z�^�b�y�o�� �b�g�n�_�d�p�b�h�g�g�h�]�h�� �i�j�h�p�_�k�k�Z�� �d�e�_�l�d�Z�� �\�u�j�Z�[�Z�l�u�\�Z�_�l�� �j�Z�a�e�b�q�g�u�_�� �n�Z�d�l�h�j�u��
�\�b�j�m�e�_�g�l�g�h�k�l�b���� �N�Z�d�l�h�j�Z�f�b�� �\�b�j�m�e�_�g�l�g�h�k�l�b�� �f�h�]�m�l�� �y�\�e�y�l�v�k�y�� �b�� �k�Z�f�b�� �Z�\�l�h�b�g�^�m�d�l�h�j�u���� �L�Z�d����
�\�u�j�Z�[�Z�l�u�\�Z�_�f�u�c��P. aeroginosa N-(3-�h�d�k�h��-�^�h�^�_�d�Z�g�h�b�e�e�Z�d�l�h�g�� �]�h�f�h�k�_�j�b�g�Z��
�\�h�k�i�j�b�g�b�f�Z�_�l�k�y�� �w�i�b�l�_�e�b�Z�e�v�g�u�f�b�� �d�e�_�l�d�Z�f�b�� �q�_�e�h�\�_�d�Z�� �b�� �b�g�^�m�p�b�j�m�_�l�� �k�b�g�l�_�a��
�b�g�l�_�j�e�_�c�d�b�g�Z-������ �h�^�g�h�]�h�� �b�a�� �n�Z�d�l�h�j�h�\�� �f�_�`�d�e�_�l�h�q�g�h�c�� �d�h�f�f�m�g�b�d�Z�p�b�b���� �m�q�Z�k�l�\�m�x�s�_�]�h�� �\��
�b�f�f�m�g�g�h�c���a�Z�s�b�l�_���m���q�_�e�h�\�_�d�Z���>Taga & Bassler, 2003]. 

�D�\�h�j�m�f-�a�Z�\�b�k�b�f�Z�y�� �k�b�k�l�_�f�Z��Vibrio cholerae �b�k�i�h�e�v�a�m�_�l�� �k�h�[�k�l�\�_�g�g�u�c��
�\�b�^�h�k�i�_�p�b�n�b�q�_�k�d�b�c�� �j�_�]�m�e�y�l�h�j�� �]�h�f�h�k�_�j�b�g�h�\�h�]�h�� �j�y�^�Z�� ���O�:�B-������ �b�� �j�_�]�m�e�y�l�h�j�� �:�B-2, 
�i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h�� �m�q�Z�k�l�\�m�x�s�b�c�� �\�� �f�_�`�\�b�^�h�\�h�c�� �d�h�f�f�m�g�b�d�Z�p�b�b�� ���k�f���� �g�b�`�_������ �<�� �h�l�e�b�q�b�_��
�h�l�� �[�h�e�v�r�b�g�k�l�\�Z�� �^�j�m�]�b�o�� �i�Z�l�h�]�_�g�g�u�o�� �[�Z�d�l�_�j�b�c���� �m��V. 

Пептидные регуляторы грамположительных бактерий. �=�j�Z�f�i�h�e�h�`�b�l�_�e�v�g�u�_��
�[�Z�d�l�_�j�b�b�� �k�� �g�b�a�d�b�f�� �k�h�^�_�j�`�Z�g�b�_�f�� �\�� �>�G�D�� �=�P-�i�Z�j�� �^�e�y�� �b�g�^�m�d�p�b�b�� �d�\�h�j�m�f-�a�Z�\�b�k�b�f�u�o��
�j�_�Z�d�p�b�c���h�[�u�q�g�h���b�k�i�h�e�v�a�m�x�l���f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_���h�e�b�]�h�i�_�i�l�b�^�u�����:�B�I�u�������<���h�l�e�b�q�b�_���h�l��
�:�=�E���� �w�l�b�� �i�_�i�l�b�^�u�� �g�_�� �k�i�h�k�h�[�g�u�� �k�\�h�[�h�^�g�h�� �^�b�n�n�m�g�^�b�j�h�\�Z�l�v�� �b�a�� �d�e�_�l�h�d���� �H�g�b��
�i�j�h�^�m�p�b�j�m�x�l�k�y�� �\�� �k�h�k�l�Z�\�_�� �[�h�e�_�_�� �^�e�b�g�g�u�o�� �i�j�_�^�r�_�k�l�\�_�g�g�b�d�h�\���� �\�u�s�_�i�e�y�x�l�k�y�� �b�a�� �g�b�o����

cholerae �]�_�g�u�� �i�Z�l�h�]�_�g�g�h�k�l�b��
�b�g�^�m�p�b�j�m�x�l�k�y���\���h�l�k�m�l�k�l�\�b�_���Z�\�l�h�b�g�^�m�d�l�h�j�Z�����l�h���_�k�l�v���i�j�b���g�b�a�d�h�c���d�h�g�p�_�g�l�j�Z�p�b�b���d�e�_�l�h�d�����D��
�g�b�f�� �h�l�g�h�k�y�l�k�y�� �]�_�g�u�� �h�[�j�Z�a�h�\�Z�g�b�y�� �[�b�h�i�e�_�g�d�b���� �o�h�e�_�j�g�h�]�h�� �l�h�d�k�b�g�Z���� �i�b�e�_�c�� �b��
�i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �_�s�_�� ������ �^�j�m�]�b�o�� �k�\�y�a�Z�g�g�u�o�� �k�� �\�b�j�m�e�_�g�l�g�h�k�l�v�x�� �]�_�g�h�\���� �G�Z�d�h�i�e�_�g�b�_��
�Z�\�l�h�b�g�^�m�d�l�h�j�Z�� �i�j�_�i�y�l�k�l�\�m�_�l�� �k�b�g�l�_�a�m�� �[�_�e�d�h�\���� �g�_�h�[�o�h�^�b�f�u�o�� �^�e�y�� �Z�^�]�_�a�b�b��V. cholerae �d��
�d�e�_�l�d�Z�f�� �d�b�r�_�q�g�h�]�h�� �w�i�b�l�_�e�b�y�� �b�� �^�e�y�� �l�h�]�h���� �q�l�h�[�u�� �\�u�a�\�Z�l�v�� �o�h�e�_�j�g�m�x�� �^�b�Z�j�_�x����
�H�^�g�h�\�j�_�f�_�g�g�h�� �b�g�^�m�p�b�j�m�_�l�k�y�� �]�_�g�� �i�j�h�l�_�Z�a�u��Hap���� �^�_�c�k�l�\�b�_�� �d�h�l�h�j�h�c�� �i�j�b�\�h�^�b�l�� �d�� �j�Z�a�j�u�\�m 
�m�`�_�� �m�k�l�Z�g�h�\�b�\�r�b�o�k�y�� �k�\�y�a�_�c�� �[�Z�d�l�_�j�b�c�� �k�� �d�e�_�l�d�Z�f�b�� �d�b�r�_�q�g�h�]�h�� �w�i�b�l�_�e�b�y���� �J�_�p�b�i�j�h�d�l�g�Z�y��
�j�_�]�m�e�y�p�b�y���n�Z�d�l�h�j�h�\���\�b�j�m�e�_�g�l�g�h�k�l�b���b���n�_�j�f�_�g�l�Z��Hap �o�h�j�h�r�h���k�h�]�e�Z�k�m�_�l�k�y���k���w�d�h�e�h�]�b�_�c��V. 
cholerae �d�Z�d�� �k�Z�f�h�h�]�j�Z�g�b�q�b�\�Z�x�s�_�]�h�k�y�� �i�Z�l�h�]�_�g�g�Z�� �i�_�j�k�b�k�l�b�j�m�x�s�_�]�h�� �\�� �h�d�j�m�`�Z�x�s�_�c��
�k�j�_�^�_���>Federle & Bassler, 2003]. 
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�f�h�^�b�n�b�p�b�j�m�x�l�k�y���� �b�� �l�h�e�v�d�h�� �i�h�k�e�_�� �w�l�h�]�h�� �w�d�k�i�h�j�l�b�j�m�x�l�k�y�� �b�a�� �d�e�_�l�h�d���� �<�h�k�i�j�b�g�b�f�Z�x�l�k�y��
�k�b�]�g�Z�e�u���^�\�m�o�d�h�f�i�h�g�_�g�l�g�u�f�b���k�b�k�l�_�f�Z�f�b�����d�h�l�h�j�u�_���k�h�k�l�h�y�l���b�a���k�_�g�k�h�j�g�h�]�h���[�_�e�d�Z���b���[�_�e�d�Z-
�j�_�]�m�e�y�l�h�j�Z�� �h�l�\�_�l�Z���� �K�_�g�k�h�j�g�u�c�� �[�_�e�h�d�� �k�h�k�l�h�b�l�� �b�a�� �l�j�Z�g�k�f�_�f�[�j�Z�g�g�h�]�h�� �j�_�p�_�i�l�h�j�g�h�]�h��
�^�h�f�_�g�Z���� �b�� �i�_�j�_�^�Z�x�s�_�]�h�� �f�h�^�m�e�y���� �:�B�I�� �d�h�g�l�Z�d�l�b�j�m�_�l�� �k�� �j�_�p�_�i�l�h�j�h�f���� �k�b�]�g�Z�e�� �b�^�_�l�� �d��
�i�_�j�_�^�Z�x�s�_�f�m�� �f�h�^�m�e�x�� �b�� �h�l�� �g�_�]�h��– �d�h�� �\�l�h�j�h�f�m�� �d�h�f�i�h�g�_�g�l�m�� �k�b�k�l�_�f�u���� �[�_�e�d�m-�j�_�]�m�e�y�l�h�j�m��
�h�l�\�_�l�Z���� �K�b�]�g�Z�e�� �i�_�j�_�^�Z�_�l�k�y�� �i�m�l�_�f�� �n�h�k�n�h�j�b�e�b�j�h�\�Z�g�b�y�� �[�_�e�d�Z-�j�_�]�m�e�y�l�h�j�Z���� �d�h�l�h�j�u�c��
�\�a�Z�b�f�h�^�_�c�k�l�\�m�_�l�� �k�� �i�j�h�f�h�l�h�j�h�f�� �p�_�e�_�\�h�]�h�� �h�i�_�j�h�g�Z���� �b�g�b�p�b�b�j�m�y�� �w�d�k�i�j�_�k�k�b�x��
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���]�_�g�h�\�� 

�I�j�b�f�_�j�u�� �d�h�g�l�j�h�e�y�� �i�h�\�_�^�_�g�b�y�� �[�Z�d�l�_�j�b�c�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �:�B�I�� �\�d�e�x�q�Z�x�l��
�j�_�]�m�e�y�p�b�x���d�h�f�i�_�l�_�g�l�g�h�k�l�b���b���k�i�h�j�m�e�y�p�b�b���m��Bacillus subtilis�����j�_�]�m�e�y�p�b�x���d�h�f�i�_�l�_�g�l�g�h�k�l�b��
�m��Streptococcus pneumoniae���� �w�d�k�i�j�_�k�k�b�x�� �n�Z�d�l�h�j�h�\�� �\�b�j�m�e�_�g�l�g�h�k�l�b�� �m��Staphylococcus 

aureus �b��Enterococcus faecalis [Taga & Bassler, 2003]. 
�K�i�_�p�b�n�b�q�g�h�k�l�v�� �:�B�I-�k�b�k�l�_�f�� �h�[�_�k�i�_�q�b�\�Z�_�l�k�y�� �i�m�l�_�f�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �m�g�b�d�Z�e�v�g�u�o��

�Z�f�b�g�h�d�b�k�e�h�l�g�u�o�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c���� �\�o�h�^�y�s�b�o�� �\�� �k�h�k�l�Z�\�� �[�h�e�_�_�� �^�e�b�g�g�u�o�� �>�G�D-
�d�h�^�b�j�m�_�f�u�o�� �i�_�i�l�b�^�h�\-�i�j�_�^�r�_�k�l�\�_�g�g�b�d�h�\���� �D�j�h�f�_�� �l�h�]�h���� �f�g�h�]�b�_�� �:�B�I�u�� �i�h�^�\�_�j�]�Z�x�l�k�y��
�i�h�k�l�l�j�Z�g�k�e�y�p�b�h�g�g�h�c���f�h�^�b�n�b�d�Z�p�b�b�����I�j�Z�\�b�e�v�g�h�_���j�Z�k�i�h�a�g�Z�\�Z�g�b�_���k�b�]�g�Z�e�Z���h�[�_�k�i�_�q�b�\�Z�_�l�k�y��
�[�e�Z�]�h�^�Z�j�y�� �\�u�k�h�d�h�c�� �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b�� �j�_�p�_�i�l�h�j�g�h�]�h�� �[�_�e�d�Z�� �d�� �e�x�[�u�f�� �b�a�f�_�g�_�g�b�y�f��
�k�l�j�m�d�l�m�j�u���Z�\�l�h�b�g�^�m�d�l�h�j�Z�� 

�>�e�y�� �b�a�m�q�_�g�b�y�� �k�i�_�p�b�n�b�q�g�h�k�l�b�� �:�B�I�� �[�u�e�b�� �h�l�h�[�j�Z�g�u�� �d�e�b�g�b�q�_�k�d�b�� �\�Z�`�g�u�_�� �]�j�m�i�i�u��
�r�l�Z�f�f�h�\��S. aureus. �<�k�_�� �h�g�b�� �b�f�_�e�b�� �g�_�a�g�Z�q�b�l�_�e�v�g�h�� �j�Z�a�e�b�q�Z�x�s�b�_�k�y�� �:�B�I�u���� �n�_�j�f�_�g�l�u��
�i�j�h�p�_�k�k�b�g�]�Z�� �b�� �j�_�p�_�i�l�h�j�u���� �>�e�b�g�Z�� �p�_�i�b���b�g�^�m�d�l�h�j�h�\�� �k�h�k�l�Z�\�e�y�e�Z�� ���� �b�e�b�� ���� �Z�f�b�g�h�d�b�k�e�h�l���� �\��
�b�o�� �k�h�k�l�Z�\�� �\�o�h�^�b�e�b�� �l�b�h�e�Z�d�l�h�g�g�u�_�� �d�h�e�v�p�Z���� �h�[�j�Z�a�m�_�f�u�_�� �K-�d�h�g�p�_�\�h�c�� �d�Z�j�[�h�d�k�b�e�v�g�h�c��
�]�j�m�i�i�h�c�� �b��SH-�]�j�m�i�i�h�c�� �p�b�k�l�_�b�g�Z���� �g�Z�o�h�^�y�s�_�]�h�k�y�� �\�� ��-�f�� �i�h�e�h�`�_�g�b�b �h�l�� �K-�d�h�g�p�Z����
�K�i�_�p�b�n�b�q�g�h�k�l�v�� �k�b�]�g�Z�e�Z�� �i�h�e�g�h�k�l�v�x�� �h�i�j�_�^�_�e�y�e�Z�k�v�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�f�� �:�B�I �k�� �k�_�g�k�h�j�g�u�f��
�[�_�e�d�h�f���� �i�j�b�� �w�l�h�f�� �:�B�I���� �i�j�h�^�m�p�b�j�m�_�f�u�c�� �h�^�g�h�c�� �]�j�m�i�i�h�c��S. aureus, �g�_�� �l�h�e�v�d�h��
�Z�d�l�b�\�b�j�h�\�Z�e�� �j�Z�a�\�b�l�b�_�� �\�b�j�m�e�_�g�l�g�h�k�l�b�� �m�� �k�h�[�k�l�\�_�g�g�h�]�h�� �r�l�Z�f�f�Z���� �g�h�� �b�� �i�h�^�Z�\�e�y�e��
�\�b�j�m�e�_�g�l�g�h�k�l�v���\�h���\�k�_�o���^�j�m�]�b�o���]�j�m�i�i�Z�o�� 

�B�g�]�b�[�b�j�h�\�Z�g�b�_�� �\�b�j�m�e�_�g�l�g�h�k�l�b�� �o�Z�j�Z�d�l�_�j�b�a�h�\�Z�e�h�k�v�� �a�g�Z�q�b�l�_�e�v�g�h�� �f�_�g�v�r�_�c��
�b�a�[�b�j�Z�l�_�e�v�g�h�k�l�v�x�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �k�l�j�m�d�l�m�j�_�� �:�B�I���� �i�h�l�h�f�m�� �q�l�h�� �m�g�b�\�_�j�k�Z�e�v�g�h�c�� �^�e�y��
�w�l�b�o�� �b�g�^�m�d�l�h�j�h�\�� �b�g�]�b�[�b�j�m�x�s�_�c�� �n�m�g�d�p�b�_�c�� �h�[�e�Z�^�Z�e�� �b�o�� �l�b�h�e�Z�d�l�h�g�g�u�c�� �n�j�Z�]�f�_�g�l����
�=�j�m�i�i�h�\�Z�y���k�i�_�p�b�n�b�q�g�h�k�l�v���:�B�I���k�b�]�g�Z�e�h�\���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h���l�h�f�����q�l�h���q�m�\�k�l�\�h���d�\�h�j�m�f�Z���m��
S. aureus �i�j�h�y�\�e�y�_�l�k�y���g�Z�� �k�m�[�r�l�Z�f�f�h�\�h�f�� �m�j�h�\�g�_���� �I�h�^�h�[�g�h�_�� �f�_�`�]�j�m�i�i�h�\�h�_��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �^�h�e�`�g�h�� �i�j�b�\�h�^�b�l�v�� �d�� �l�h�f�m���� �q�l�h�� �i�j�b�� �k�f�_�r�Z�g�g�h�c�� �b�g�n�_�d�p�b�b�� �r�l�Z�f�f�u����
�i�j�b�g�Z�^�e�_�`�Z�s�b�_�� �d�� �h�^�g�h�c�� �]�j�m�i�i�_���� �\�� �d�h�g�_�q�g�h�f�� �b�l�h�]�_�� �\�u�l�_�k�g�y�x�l�� �r�l�Z�f�f�u�� �\�k�_�o�� �^�j�m�]�b�o��
�]�j�m�i�i�� 

 
Межвидовая коммуникация бактерий. �K�\�_�q�_�g�b�_�� �f�h�j�k�d�h�c���[�Z�d�l�_�j�b�b��Vibrio 

harveyi �k�\�y�a�Z�g�h�� �k�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_�f�� �^�\�m�o�� �i�Z�j�Z�e�e�_�e�v�g�u�o�� �d�\�h�j�m�f-�a�Z�\�b�k�b�f�u�o�� �k�b�k�l�_�f����
�B�g�^�m�d�l�h�j�� �i�_�j�\�h�c�� �b�a�� �g�b�o�� ���:�B-1), N-(3-�]�b�^�j�h�d�k�b�[�m�l�Z�g�h�b�e��-�]�h�f�h�k�_�j�b�g�e�Z�d�l�h�g����
�k�b�g�l�_�a�b�j�m�_�l�k�y�� �k�b�g�l�Z�a�h�c��LuxLM���� �B�g�^�m�d�l�h�j�� �\�l�h�j�h�c�� �k�b�k�l�_�f�u�� ���:�B-������ �h�[�j�Z�a�m�_�l�k�y�� �\��
�j�_�Z�d�p�b�b���� �d�Z�l�Z�e�b�a�b�j�m�_�f�h�c�� �[�_�e�d�h�f��LuxS���� �<�� �l�_�q�_�g�b�_�� �j�y�^�Z�� �e�_�l�� �i�h�i�u�l�d�b�� �m�k�l�Z�g�h�\�b�l�v�� �_�]�h��
�k�l�j�m�d�l�m�j�m�� �h�k�l�Z�\�Z�e�b�k�v�� �[�_�a�m�k�i�_�r�g�u�f�b�����<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �i�h�e�m�q�_�g�u�� �^�Z�g�g�u�_����
�k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�b�_�����q�l�h���:�B-�����i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���^�b�w�n�b�j���n�m�j�Z�g�h�a�b�e�[�h�j�Z�l�Z, 3a-�f�_�l�b�e-
5,6-�^�b�]�b�^�j�h�n�m�j�h-[2,3-d�@�>�����������@�^�b�h�d�k�h�[�h�j�h�e-2,2,6,6a-�l�_�l�j�Z�h�e�� 

�<���h�l�e�b�q�b�_���h�l���^�j�m�]�b�o���]�j�Z�f�h�l�j�b�p�Z�l�_�e�v�g�u�o���[�Z�d�l�_�j�b�c�����h�[�Z���b�g�^�m�d�l�h�j�Z���g�_���h�d�Z�a�u�\�Z�x�l��
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�]�h�� �\�e�b�y�g�b�y�� �g�Z�� �l�j�Z�g�k�d�j�b�i�p�b�x�� �]�_�g�h�\-�f�b�r�_�g�_�c���� �:�B-���� �b�g�b�p�b�b�j�m�_�l��
�i�_�j�_�^�Z�q�m���k�b�]�g�Z�e�Z�����k�\�y�a�u�\�Z�y�k�v���k���k�_�g�k�h�j�g�h�c���d�b�g�Z�a�h�c��LuxN�����l�h�]�^�Z���d�Z�d���:�B-�����k�\�y�a�u�\�Z�_�l�k�y���k��
�i�_�j�b�i�e�Z�a�f�Z�l�b�q�_�k�d�b�f�� �[�_�e�d�h�f��LuxP���� �b�� �l�h�e�v�d�h�� �a�Z�l�_�f�� �b�g�b�p�b�b�j�m�_�l�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �k�b�]�g�Z�e�Z��
�g�Z�� �k�_�g�k�h�j�g�h�c�� �d�b�g�Z�a�_��LuxQ [Schauder et al., 2001]. �H�[�Z�� �k�_�g�k�h�j�Z����LuxN �b��LuxPQ, 
�n�h�k�n�h�j�b�e�b�j�m�x�l�� �h�[�s�b�c�� �^�e�y�� �^�\�m�o�� �k�b�k�l�_�f�� �[�_�e�h�d�� ���n�h�k�n�h�l�j�Z�g�k�n�_�j�Z�a�m����LuxU���� �d�h�l�h�j�u�c��
�a�Z�l�_�f���i�_�j�_�g�h�k�b�l���n�h�k�n�Z�l���g�Z���j�_�]�m�e�y�l�h�j���h�l�\�_�l�Z��LuxO. 
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�=�_�g�_�l�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a�� �i�h�d�Z�a�Z�e���� �q�l�h�� �^�e�y�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �k�\�_�q�_�g�b�y�� �^�h�k�l�Z�l�h�q�g�h��
�g�Z�e�b�q�b�y�� �b�e�b�� �b�g�^�m�d�p�b�b�� �e�x�[�h�c�� �b�a�� �^�\�m�o�� �k�_�g�k�h�j�g�u�o�� �k�b�k�l�_�f���� �F�Z�d�k�b�f�Z�e�v�g�Z�y�� �w�d�k�i�j�_�k�k�b�y��
�]�_�g�h�\��lux���� �h�^�g�Z�d�h���� �^�h�k�l�b�]�Z�_�l�k�y�� �i�j�b�� �g�Z�e�b�q�b�b�� �h�[�h�b�o�� �Z�\�l�h�b�g�^�m�d�l�h�j�h�\���� �I�h�� �b�f�_�x�s�b�f�k�y�� �d��
�g�Z�k�l�h�y�s�_�f�m �\�j�_�f�_�g�b�� �^�Z�g�g�u�f�� �\�g�m�l�j�b�d�e�_�l�h�q�g�u�_�� �n�m�g�d�p�b�b�� �h�[�_�b�o�� �k�b�k�l�_�f�� �i�j�Z�d�l�b�q�_�k�d�b��
�b�^�_�g�l�b�q�g�u��[Miller & Bassler, 2001; Schauder et al., 2001; Federle & Bassler, 2003]. 

�:�\�l�h�b�g�^�m�d�l�h�j�u�����i�h�^�h�[�g�u�_���:�B-2 V. harveyi, �k�b�g�l�_�a�b�j�m�_�l���r�b�j�h�d�b�c���d�j�m�]���[�Z�d�l�_�j�b�c����
�\�d�e�x�q�Z�y��Escherichia coli MG1655, E. coli O157:H7, Salmonella typhimurium �������������� �b��S. 
typhimurium LT������ �b�� �l�h�e�v�d�h�� �h�q�_�g�v�� �g�_�f�g�h�]�b�_�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�u�� �\�u�^�_�e�y�x�l�� �\�_�s�_�k�l�\�Z��
�i�h�^�h�[�g�u�_�� �:�B-1 [Bassler et al., ���������@���� �G�Z�� �w�l�h�f�� �h�k�g�h�\�Z�g�b�b�� �[�u�e�� �k�^�_�e�Z�g�� �\�u�\�h�^�� �h�� �l�h�f���� �q�l�h��
�i�_�j�\�Z�y�� �k�b�k�l�_�f�Z�� �Z�\�l�h�b�g�^�m�d�p�b�b�� ���:�B-������ �y�\�e�y�_�l�k�y���b�g�k�l�j�m�f�_�g�l�h�f�� �\�g�m�l�j�b�\�b�^�h�\�u�o��
�d�h�g�l�Z�d�l�h�\�����Z���\�l�h�j�Z�y�����:�B-�������k�e�m�`�b�l���i�j�_�b�f�m�s�_�k�l�\�_�g�g�h���^�e�y���f�_�`�\�b�^�h�\�h�c���d�h�f�f�m�g�b�d�Z�p�b�b�� 

�K�b�g�l�_�a�� �:�B-���� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �b�� �i�j�b�� �j�h�k�l�_��E. coli �b��S. typhimurium. �?�]�h��
�d�h�g�p�_�g�l�j�Z�p�b�y���� �h�^�g�Z�d�h���� �g�_�� �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �d�e�_�l�h�d���� �h�g�Z�� �^�h�k�l�b�]�Z�_�l��
�f�Z�d�k�b�f�m�f�Z���\�� �k�_�j�_�^�b�g�_�� �e�h�]�Z�j�b�n�f�b�q�_�k�d�h�c�� �n�Z�a�u �b�� �m�f�_�g�v�r�Z�_�l�k�y�� �i�j�b�� �^�h�k�l�b�`�_�g�b�b��
�d�m�e�v�l�m�j�h�c���k�l�Z�p�b�h�g�Z�j�g�h�c���n�Z�a�u���>Surette & Bassler, ���������@�����F�h�`�g�h���i�j�_�^�i�h�e�h�`�b�l�v���i�h�w�l�h�f�m����
�q�l�h���\���^�Z�g�g�h�f���k�e�m�q�Z�_���:�B-�����g�_���\�u�i�h�e�g�y�_�l���j�_�]�m�e�y�l�h�j�g�u�_���n�m�g�d�p�b�b�����Z���i�j�h�k�l�h���\�u�^�_�e�y�_�l�k�y���\��
�k�j�_�^�m�����Z���a�Z�l�_�f���i�h�]�e�h�s�Z�_�l�k�y���b�a���g�_�_���d�Z�d���b���f�g�h�]�b�_���^�j�m�]�b�_���i�j�h� �̂m�d�l�u���h�[�f�_�g�Z���>Winzer et al., 
���������@���� �D�� �m�\�_�e�b�q�_�g�b�x�� �i�j�h�^�m�d�p�b�b�� �Z�\�l�h�b�g�^�m�d�l�h�j�Z�� �i�j�b�\�h�^�y�l�� �[�u�k�l�j�u�c�� �e�h�]�Z�j�b�n�f�b�q�_�k�d�b�c��
�j�h�k�l�� �d�m�e�v�l�m�j�u���� �g�b�a�d�b�_�� �a�g�Z�q�_�g�b�y�� �j�G�� �b���b�e�b�� �\�u�k�h�d�h�_�� �h�k�f�h�l�b�q�_�k�d�h�_�� �^�Z�\�e�_�g�b�_����
�G�_�c�l�j�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �j�G���� �g�b�a�d�h�_�� �h�k�f�h�l�b�q�_�k�d�h�_�� �^�Z�\�e�_�g�b�_���� �i�Z�^�_�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�k�m�[�k�l�j�Z�l�Z�� �k�i�h�k�h�[�k�l�\�h�\�Z�e�b�� �^�_�]�j�Z�^�Z�p�b�b�� �Z�\�l�h�b�g�^�m�d�l�h�j�Z���� �G�_�h�[�o�h�^�b�f�u�f�� �m�k�e�h�\�b�y�f��
�i�j�h�b�a�\�h�^�k�l�\�Z�� �b�� �^�_�]�j�Z�^�Z�p�b�b�� �b�g�^�m�d�l�h�j�Z�� �y�\�e�y�e�k�y�� �[�_�e�d�h�\�u�c�� �k�b�g�l�_�a�� �>Surette & Bassler, 
���������@�����<�Z�`�g�h���h�l�f�_�l�b�l�v�����q�l�h���d���k�b�g�l�_�a�m���b���^�_�]�j�Z�^�Z�p�b�b���Z�\�l�h�b�g�^�m�d�l�h�j�Z���h�d�Z�a�Z�e�b�k�v���k�i�h�k�h�[�g�u��
�g�_���\�k�_���e�Z�[�h�j�Z�l�h�j�g�u�_���r�l�Z�f�f�u�� 

�H�l�\�_�l�k�l�\�_�g�g�u�c�� �a�Z�� �k�b�g�l�_�a�� �Z�\�l�h�b�g�^�m�d�l�h�j�Z�� �m��V. harveyi �]�_�g�� �[�u�e�� �g�Z�a�\�Z�g��luxSV.h. 
�:�g�Z�e�h�]�b�q�g�u�_�� �]�_�g�u�� �[�u�e�b�� �h�[�g�Z�j�m�`�_�g�u��.�m��E. coli �b�� S. typhimurium �b�� �g�Z�a�\�Z�g�u��
�k�h�h�l�\�_�l�k�l�\�_�g�g�h��luxSE.c. �b��luxSS.t���� �:�g�Z�e�b�a�� �]�_�g�h�f�g�u�o�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c�� �i�h�d�Z�a�Z�e���� �q�l�h��
�f�g�h�]�b�_�� �^�j�m�]�b�_�� �[�Z�d�l�_�j�b�b�� �b�f�_�x�l�� �]�_�g�� �]�h�f�h�e�h�]�b�q�g�u�c��luxSi.  �G�b�`�_�� �i�_�j�_�q�b�k�e�_�g�u�� �\�b�^�u��
�[�Z�d�l�_�j�b�c�� �b�� �m�d�Z�a�Z�g�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� �i�j�h�p�_�g�l�� �]�h�f�h�e�h�]�b�b���b�^�_�g�l�b�q�g�h�k�l�b�� �>Surette et al., 
1999]: Haemophilus influenzae (88/72), Helicobacter pylori (62/40), Bacillus subtilis (58/38), 
Borrelia burgdorferi (52/32), Neisseria meningitidis (89/80), Neisseria gonorrhoeae (89/80), 
Yersinia pestis (85/77), Campylobacter jejuni (85/74), Vibrio cholerae (95/90), Deinococcus 

radiodurans (65/45), Mycobacterium tuberculosis (59/41), Enterococcus faecalis (60/44), 
Streptococcus pneumoniae ���������������� �b��Streptococcus 

�<�� �^�Z�e�v�g�_�c�r�_�c�� �j�Z�[�h�l�_�� �[�u�e�� �i�h�e�m�q�_�g�� �\�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�f�� �\�b�^�_�� �d�h�f�i�e�_�d�k�� �:�B-���� �k��
�[�_�e�d�h�f���k�_�g�k�h�j�h�f��LuxP �b���b�k�k�e�_�^�h�\�Z�g���f�_�l�h�^�h�f���j�_�g�l�]�_�g�h�k�l�j�m�d�l�m�j�g�h�]�h���Z�g�Z�e�b�a�Z�����K�\�y�a�Z�g�g�Z�y��
�k��LuxP �k�b�]�g�Z�e�v�g�Z�y�� �f�h�e�_�d�m�e�Z�� �k�h�k�l�h�y�e�Z�� �b�a�� �^�\�m�o�� �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�u�o�� ��-�q�e�_�g�g�u�o�� �p�b�d�e�h�\����

pyrogenes ������������������ �:�\�l�h�j�u�� �i�h�e�Z�]�Z�x�l����
�q�l�h�� �\�k�_�� �w�l�b�� �[�Z�d�l�_�j�b�b�� �k�i�h�k�h�[�g�u�� �i�j�h�^�m�p�b�j�h�\�Z�l�v�� �:�B-������ �I�h�e�m�q�_�g�g�u�_�� �^�Z�g�g�u�_�� �i�h�a�\�h�e�b�e�b��
�\�u�^�_�e�b�l�v�� �]�_�g�u��luxS �\�� �h�k�h�[�h�_�� �k�_�f�_�c�k�l�\�h�� �]�_�g�h�\���� �g�_�� �b�f�_�x�s�b�o�� �]�h�f�h�e�h�]�b�b�� �k�� �^�j�m�]�b�f�b��
�k�\�y�a�Z�g�g�u�f�b���k���i�j�h�b�a�\�h�^�k�l�\�h�f���Z�\�l�h�b�g�^�m�d�l�h�j�h�\ �]�_�g�Z�f�b�� 

�<�� �^�Z�e�v�g�_�c�r�_�c�� �j�Z�[�h�l�_�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �[�_�e�h�d��LuxS �b�^�_�g�l�b�q�_�g�� �[�_�e�d�m����
�j�Z�k�s�_�i�e�y�x�s�_�f�m��S-�j�b�[�h�a�b�e�]�h�f�h�p�b�k�l�_�b�g���� �h�i�b�k�Z�g�g�h�f�m�� �h�d�h�e�h�� ������ �e�_�l�� �g�Z�a�Z�^�� �>Duerre & 
Miller���� ���������@���� �I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �b�g�l�_�j�i�j�_�l�b�j�h�\�Z�e�b�k�v�� �k�� �j�Z�a�e�b�q�g�u�o�� �i�h�a�b�p�b�c����
Schauder et al�����i�j�_�^�i�h�e�Z�]�Z�e�b�����q�l�h��LuxS-�i�m�l�v���[�b�h�k�b�g�l�_�a�Z���b�k�i�h�e�v�a�m�_�l�k�y���k�Z�f�u�f�b���j�Z�a�g�u�f�b��
�[�Z�d�l�_�j�b�y�f�b�� �^�e�y�� �h�k�m�s�_�k�l�\�e�_�g�b�y�� �f�_�`�\�b�^�h�\�h�c�� �d�h�f�f�m�g�b�d�Z�p�b�b���� �l�h�]�^�Z�� �d�Z�d�� �Z�\�l�h�j�u�� �^�j�m�]�h�c��
�j�Z�[�h�l�u���>Winzer et al., ���������@���k�d�e�h�g�y�e�b�k�v���d���l�h�f�m�����q�l�h���h�k�g�h�\�g�Z�y���n�m�g�d�p�b�y��LuxS �a�Z�d�e�x�q�Z�_�l�k�y��
�\�� �i�h�^�^�_�j�`�Z�g�b�b�� �n�m�g�d�p�b�c�� �f�_�l�b�e�v�g�h�]�h�� �p�b�d�e�Z�� �b�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�b�� �:�B-���� �d�Z�d�� �i�h�[�h�q�g�u�c��
�i�j�h�^�m�d�l���� �g�_�� �y�\�e�y�x�s�b�c�k�y�� �k�b�]�g�Z�e�v�g�h�c�� �f�h�e�_�d�m�e�h�c�� �^�e�y�� �[�h�e�v�r�b�g�k�l�\�Z�� �[�Z�d�l�_�j�b�c���� �<�� �i�h�e�v�a�m��
�w�l�h�]�h�� �i�j�_�^�i�h�e�h�`�_�g�b�y�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �b�� �l�h���� �q�l�h�� �:�B-���� �k�_�d�j�_�l�b�j�m�_�l�k�y�� �d�e�_�l�d�Z�f�b�� �\��
�i�j�h�p�_�k�k�_�� �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�]�h�� �j�h�k�l�Z���� �Z�� �a�Z�l�_�f�� �j�Z�a�e�Z�]�Z�_�l�k�y�� �g�Z�� �[�h�e�_�_�� �i�h�a�^�g�b�o�� �k�l�Z�^�b�y�o�� ���k�f����
�\�u�r�_���� 
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�:�\�l�h�j�u�� �i�j�_�^�i�h�e�h�`�b�e�b���� �q�l�h�� �i�_�j�\�u�c�� �p�b�d�e�� �h�[�j�Z�a�h�\�Z�g�� �n�m�j�Z�g�h�b�^�g�u�f�� �d�h�e�v�p�h�f���� �Z�� �\�l�h�j�h�c��
�i�h�y�\�e�y�_�l�k�y�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�b�k�h�_�^�b�g�_�g�b�y�� �[�h�j�g�h�c�� �d�b�k�e�h�l�u�� �k�� �h�[�j�Z�a�h�\�Z�g�b�_�f��
�k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h�� �^�b�w�n�b�j�Z���� �G�Z�e�b�q�b�_�� �[�h�j�Z�� �[�u�e�h�� �i�h�^�l�\�_�j�`�^�_�g�h�� �f�_�l�h�^�h�f��11�<-�Y�F�J-
�k�i�_�d�l�j�h�k�d�h�i�b�b���� �>�h�i�h�e�g�b�l�_�e�v�g�u�f�� �^�h�d�Z�a�Z�l�_�e�v�k�l�\�h�f�� �i�j�Z�\�b�e�v�g�h�k�l�b�� �m�k�l�Z�g�h�\�e�_�g�g�h�c��
�k�l�j�m�d�l�m�j�u���i�h�k�e�m�`�b�e�b���^�Z�g�g�u�_���f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�q�_�k�d�h�]�h���Z�g�Z�e�b�a�Z���>Chen X., et al. 2002]. 

�I�j�h�f�_�`�m�l�h�q�g�u�f�� �k�h�_�^�b�g�_�g�b�_�f�� �\�� �k�b�g�l�_�a�_�� �:�B-���� �y�\�e�y�_�l�k�y�� �d�j�Z�c�g�_�� �g�_�k�l�Z�[�b�e�v�g�u�c�� �b��
�o�b�f�b�q�_�k�d�b���Z�d�l�b�\�g�u�c��������-�^�b�]�b�^�j�h�d�k�b-2,3-�i�_�g�l�Z�^�b�h�g����DPD�������q�l�h���i�h�a�\�h�e�y�_�l���i�j�_�^�i�h�e�Z�]�Z�l�v��
�\�h�a�f�h�`�g�h�k�l�v���_�]�h���i�j�_�\�j�Z�s�_�g�b�y���\���j�y�^���^�j�m�]�b�o���k�b�]�g�Z�e�v�g�u�o���f�h�e�_�d�m�e�����W�l�h���h�a�g�Z�q�Z�_�l�����q�l�h�����i�h��
�Z�g�Z�e�h�]�b�b�� �k�� �:�=�E�� �b�� �:�B�I���� �:�B-���� �f�h�`�_�l�� �i�j�_�^�k�l�Z�\�e�y�l�v�� �p�_�e�h�_�� �k�_�f�_�c�k�l�\�h�� �j�h�^�k�l�\�_�g�g�u�o��
�k�h�_�^�b�g�_�g�b�c���>Federle & Bassler, 2003].  

�>�e�y�� �i�j�h�y�k�g�_�g�b�y�� �n�b�a�b�h�e�h�]�b�q�_�k�d�h�c�� �j�h�e�b�� �:�B-2 �b�a�m�q�Z�e�h�k�v�� �_�]�h�� �\�e�b�y�g�b�_�� �g�Z��
�w�d�k�i�j�_�k�k�b�x�� �]�_�g�h�\�� �[�Z�d�l�_�j�b�c�� �>DeLisa et al������ ���������@���� �H�d�Z�a�Z�e�h�k�v���� �q�l�h�� �\�� �i�j�b�k�m�l�k�l�\�b�b��
�b�g�^�m�d�l�h�j�Z�� �������� �]�_�g�Z�� �m�\�_�e�b�q�b�\�Z�e�b�� �w�d�k�i�j�_�k�k�b�x�� �[�h�e�_�_�� �q�_�f�� �\�� �������� �j�Z�a�Z�� �b�� ������ �]�_�g�h�\�� �_�_��
�m�f�_�g�v�r�Z�e�b�����M�\�_�e�b�q�_�g�b�_���w�d�k�i�j�_�k�k�b�b���[�u�e�h���i�h�d�Z�a�Z�g�h���^�e�y���]�_�g�h�\��ygeV �b��yhbH, �Z�d�l�b�\�Z�l�h�j�Z���b��
�f�h�^�m�e�y�l�h�j�Z���154-�a�Z�\�b�k�b�f�h�c���l�j�Z�g�k�d�j�b�i�p�b�b�����W�l�h���i�h�a�\�h�e�b�e�h���i�h�k�l�m�e�b�j�h�\�Z�l�v�����q�l�h��E. coli�����d�Z�d��
�b��V. harveyi, �f�h�`�_�l�� �b�k�i�h�e�v�a�h�\�Z�l�v���154 

�<���\�u�k�h�d�b�o���d�h�g�p�_�g�l�j�Z�p�b�y�o���:�B-�����l�h�d�k�b�q�_�g���^�e�y���d�e�_�l�h�d�����b���\�b�^�b�f�h���b�f�_�g�g�h���i�h�w�l�h�f�m��
�m�^�Z�e�y�_�l�k�y�� �b�a�� �g�b�o�� �\�� �h�d�j�m�`�Z�x�s�m�x�� �k�j�_�^�m�� �g�Z�� �j�Z�g�g�b�o�� �k�l�Z�^�b�y�o�� �j�h�k�l�Z���� �K�� �^�j�m�]�h�c�� �k�l�h�j�h�g�u����
�:�B-���� �i�j�_�^�k�l�Z�\�e�y�_�l�� �a�g�Z�q�b�l�_�e�v�g�m�x�� �p�_�g�g�h�k�l�v�� �d�Z�d�� �i�b�l�Z�l�_�e�v�g�u�c�� �k�m�[�k�l�j�Z�l���� �w�l�b�f�� �f�h�`�g�h��
�h�[�t�y�k�g�b�l�v���_�]�h���i�h�]�e�h�s�_�g�b�_���g�Z���[�h�e�_�_���i�h�a�^�g�b�o���k�l�Z�^�b�y�o���j�h�k�l�Z���i�h�k�e�_���b�k�q�_�j�i�Z�g�b�y���]�e�x�d�h�a�u����
�L�h���� �q�l�h�� �:�B-���� �g�_�� �f�h�`�_�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�� �\�� �d�Z�q�_�k�l�\�_�� �_�^�b�g�k�l�\�_�g�g�h�]�h�� �k�m�[�k�l�j�Z�l�Z���� �g�_��
�h�l�\�_�j�]�Z�_�l�� �\�h�a�f�h�`�g�h�k�l�b�� �_�]�h�� �m�l�b�e�b�a�Z�p�b�b�� �k�h�\�f�_�k�l�g�h�� �k�� �^�j�m�]�b�f�b�� �b�k�l�h�q�g�b�d�Z�f�b�� �i�b�l�Z�g�b�y��

�^�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �d�\�h�j�m�f-�a�Z�\�b�k�b�f�u�o�� �j�_�Z�d�p�b�c���� �<��
�d�Z�d�h�c-�l�h�� �k�l�_�i�_�g�b�� �i�h�^�l�\�_�j�^�b�e�b�k�v�� �n�Z�d�l�u���� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�\�r�b�_�� �h�[�� �b�k�i�h�e�v�a�h�\�Z�g�b�b��
�d�\�h�j�m�f-�a�Z�\�b�k�b�f�h�]�h�� �f�_�o�Z�g�b�a�f�Z�� �^�e�y�� �b�g�]�b�[�b�j�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�Z�� �b�g�b�p�b�Z�p�b�b�� �j�_�i�e�b�d�Z�p�b�b��
�>�G�D���� �<�h�� �\�k�y�d�h�f�� �k�e�m�q�Z�_���� �[�u�e�h�� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �m�q�Z�k�l�\�m�x�s�b�_�� �\�� �w�l�h�f�� �i�j�h�p�_�k�k�_�� �]�_�g�u����
himA �b holE���� �i�h�g�b�`�Z�x�l�� �w�d�k�i�j�_�k�k�b�x�� �\�� ������- �b�� ������-�j�Z�a�Z�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �M�\�_�e�b�q�_�g�b�_��
�w�d�k�i�j�_�k�k�b�b�� �]�_�g�h�\��rcsB �b��wzb �k�h�h�l�\�_�l�k�l�\�_�g�g�h �\��3,5- �b�� ������-�j�Z�a�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�e�h�� �h��
�k�l�b�f�m�e�b�j�m�x�s�_�f���^�_�c�k�l�\�b�b���:�B-�����g�Z���k�b�g�l�_�a���w�d�a�h�i�h�e�b�k�Z�o�Z�j�b�^�h�\�����H�l�f�_�q�Z�e�h�k�v���m�\�_�e�b�q�_�g�b�_��
�w�d�k�i�j�_�k�k�b�b�� �]�_�g�h�\���� �Z�g�Z�e�h�]�b�q�g�u�o�� �n�Z�d�l�h�j�Z�f�� �\�b�j�m�e�_�g�l�g�h�k�l�b�� �m�� �i�Z�l�h�]�_�g�g�u�o�� �r�l�Z�f�f�h�\��
[DeLisa et al������ ���������@���� �>�h�[�Z�\�e�_�g�b�_�� �:�B-���� �d�� �j�Z�k�l�m�s�b�f�� �d�m�e�v�l�m�j�Z�f��E.coli���� �l�_�f�� �g�_�� �f�_�g�_�_����
�\�e�b�y�g�b�y���g�Z���j�h�k�l���d�m�e�v�l�m�j�u���g�_���h�d�Z�a�u�\�Z�e�h���>Winzer et al., 2002a]. 

�K�m�f�f�b�j�m�y���k�d�Z�a�Z�g�g�h�_���\�u�r�_�����f�h�`�g�h���a�Z�d�e�x�q�b�l�v�����q�l�h�����g�_�k�f�h�l�j�y���g�Z���l�h�����q�l�h���]�b�i�h�l�_�a�Z��
�h�� �j�_�]�m�e�y�l�h�j�g�u�o�� �n�m�g�d�p�b�y�o�� �:�B-���� �y�\�e�y�_�l�k�y�� �\�_�k�v�f�Z�� �i�j�b�\�e�_�d�Z�l�_�e�v�g�h�c���� �\�� �k�e�m�q�Z�_��E.coli 
�i�j�y�f�u�o�� �^�h�d�Z�a�Z�l�_�e�v�k�l�\�� �j�_�]�m�e�y�l�h�j�g�h�]�h�� �^�_�c�k�l�\�b�y�� �w�l�h�]�h�� �k�h�_�^�b�g�_�g�b�y�� �^�h�� �k�b�o�� �i�h�j�� �g�_��
�i�h�e�m�q�_�g�h���� �H�^�g�Z�� �b�a�� �l�j�m�^�g�h�k�l�_�c�� �\�� �b�g�l�_�j�i�j�_�l�Z�p�b�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �^�Z�g�g�u�o��
�a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h��LuxS ���\�� �h�l�e�b�q�b�_�� �h�l��LuxI���� �_�^�b�g�k�l�\�_�g�g�h�c�� �n�m�g�d�p�b�_�c�� �d�h�l�h�j�h�]�h��
�y�\�e�y�_�l�k�y���k�b�g�l�_�a���:�B-���������d�j�h�f�_���k�b�g�l�_�a�Z���i�j�_�^�i�h�e�Z�]�Z�_�f�h�]�h���Z�\�l�h�b�g�^�m�d�l�h�j�Z�����:�B-���������y�\�e�y�_�l�k�y��
�n�_�j�f�_�g�l�h�f�� �f�_�l�b�e�v�g�h�]�h�� �p�b�d�e�Z���� �K�� �i�h�a�b�p�b�c�� �[�Z�d�l�_�j�b�Z�e�v�g�h�]�h�� �f�_�l�Z�[�h�e�b�a�f�Z�� �i�h�k�e�_�^�g�y�y��
�n�m�g�d�p�b�y�� �w�l�h�]�h�� �[�_�e�d�Z�� �k�m�s�_�k�l�\�_�g�g�h�� �\�Z�`�g�_�_���� �q�_�f�� �i�_�j�\�Z�y���� �G�_�� �m�^�b�\�b�l�_�e�v�g�h�� �i�h�w�l�h�f�m���� �q�l�h��
�f�m�l�Z�p�b�b�� �\�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�f�� �]�_�g�_�� �i�j�b�\�h�^�y�l�� �d�� �a�g�Z�q�b�l�_�e�v�g�u�f�� �b�a�f�_�g�_�g�b�y�f�� �\�k�_�]�h��
�f�_�l�Z�[�h�e�b�a�f�Z���� �<�i�h�e�g�_�� �\�_�j�h�y�l�g�h���� �q�l�h�� �w�l�b�� �b�a�f�_�g�_�g�b�y�� �g�_�� �y�\�e�y�x�l�k�y�� �k�e�_�^�k�l�\�b�_�f��
�j�_�]�m�e�y�l�h�j�g�h�]�h���^�_�c�k�l�\�b�y���:�B-2. 

�>�b�g�Z�f�b�d�Z���:�B-�����l�Z�d�`�_���g�_���k�h�h�l�\�_�l�k�l�\�m�_�l���d�e�Z�k�k�b�q�_�k�d�b�f���i�j�_�^�k�l�Z�\�e�_�g�b�y�f���h���l�_�k�g�h�c��
�k�\�y�a�b�� �q�b�k�e�_�g�g�h�k�l�b�� �[�Z�d�l�_�j�b�c�� �b�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �Z�\�l�h�j�_�]�m�e�y�l�h�j�Z���� �\�h-�i�_�j�\�u�o���� �i�j�b 
�\�u�j�Z�s�b�\�Z�g�b�b��E.coli �w�l�h�l�� �j�_�]�m�e�y�l�h�j�� �\�u�^�_�e�y�_�l�k�y�� �l�h�e�v�d�h�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �]�e�x�d�h�a�u�� �b��
�_�s�_���g�_�d�h�l�h�j�u�o���k�m�[�k�l�j�Z�l�h�\���b�����k�e�_�^�h�\�Z�l�_�e�v�g�h�����\���h�k�l�Z�e�v�g�u�o���k�e�m�q�Z�y�o���g�_���f�h�`�_�l���h�i�j�_�^�_�e�y�l�v��
�g�Z�k�l�m�i�e�_�g�b�_���d�\�h�j�m�f-�a�Z�\�b�k�b�f�u�o���i�j�h�p�_�k�k�h�\�����\�h-�\�l�h�j�u�o�����^�Z�`�_���\���k�e�m�q�Z�_���j�h�k�l�Z���g�Z���]�e�x�d�h�a�_����
�i�h�k�e�_�� �^�h�k�l�b�`�_�g�b�y�� �d�m�e�v�l�m�j�h�c�� �h�i�j�_�^�_�e�_�g�g�h�c�� �n�Z�a�u�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �:�B-���� �g�Z�q�b�g�Z�_�l��
�m�f�_�g�v�r�Z�l�v�k�y�� �b�� �i�j�b�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �i�e�h�l�g�h�k�l�b�� �i�h�i�m�e�y�p�b�b�� �i�Z�^�Z�_�l�� �^�h�� ������ �H�[�e�Z�^�Z�x�s�_�_��
�l�Z�d�b�f�b�� �h�k�h�[�_�g�g�h�k�l�y�f�b�� �k�h�_�^�b�g�_�g�b�_�� �\�� �i�j�b�g�p�b�i�_�� �k�i�h�k�h�[�g�h�� �j�_�]�m�e�b�j�h�\�Z�l�v�� �h�i�j�_�^�_�e�_�g�g�u�_��
�i�j�h�p�_�k�k�u�����g�h���g�b�d�Z�d���g�_���f�h�`�_�l���y�\�e�y�l�v�k�y���i�h�d�Z�a�Z�l�_�e�_�f���i�e�h�l�g�h�k�l�b���i�h�i�m�e�y�p�b�b�� 
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[Winzer et al., 2002b�@���� �:�B-���� �f�h�`�_�l�� �l�Z�d�`�_�� �\�u�i�h�e�g�y�l�v�� �b�� �h�i�j�_�^�_�e�_�g�g�u�_�� �l�j�Z�g�k�i�h�j�l�g�u�_��
�n�m�g�d�p�b�b���� �g�Z�i�j�b�f�_�j�� �i�h�\�u�r�Z�l�v�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �m�l�b�e�b�a�Z�p�b�b�� �k�h�_�^�b�g�_�g�b�c�� �[�h�j�Z���� �I�h�^�h�[�g�h�_��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�_�l�Z�[�h�e�b�l�h�\�� �o�h�j�h�r�h�� �b�a�\�_�k�l�g�h�� �m�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\���� �L�Z�d����E. coli �^�e�y��
�i�h�\�u�r�_�g�b�y�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �l�j�Z�g�k�i�h�j�l�Z�� �`�_�e�_�a�Z�� �b�k�i�h�e�v�a�m�_�l�� �d�Z�d�� �g�_�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�_��
�f�_�l�Z�[�h�e�b�l�u�� ���e�b�f�h�g�g�m�x�� �d�b�k�e�h�l�m������ �l�Z�d�� �b�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�_�� �k�h�_�^�b�g�_�g�b�y���� �l�Z�d�b�_�� �d�Z�d��
�w�g�l�_�j�h�o�_�e�b�g���>Neilands���������������@�����I�h�d�Z�a�Z�l�_�e�v�g�h�����q�l�h���Z�g�Z�e�h�]�b�q�g�u�c���w�g�l�_�j�h�o�_�e�b�g�m���k�b�^�_�j�h�n�h�j��
B.subtilis, �r�b�a�h�d�b�g�_�g���� �j�Z�k�k�f�Z�l�j�b�\�Z�e�k�y�� �Z�\�l�h�j�Z�f�b�� �d�Z�d�� �Z�\�l�h�k�l�b�f�m�e�y�l�h�j�� �j�h�k�l�Z�� �w�l�h�]�h��
�f�b�d�j�h�h�j�]�Z�g�b�a�f�Z��[Lankford et al., 1966; Byers et al., 1967]. 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�i�h�e�g�_���\�_�j�h�y�l�g�h���� �q�l�h���:�B-���� �y�\�e�y�_�l�k�y���f�_�l�Z�[�h�e�b�l�h�f���� �\�u�^�_�e�y�_�f�u�f��
�f�g�h�]�b�f�b�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�Z�f�b���� �g�h�� �Z�^�Z�i�l�b�j�h�\�Z�g�g�u�f�� �^�e�y�� �h�k�m�s�_�k�l�\�e�_�g�b�y�� �j�_�]�m�e�y�l�h�j�g�u�o��
�n�m�g�d�p�b�c�� �l�h�e�v�d�h�� �h�^�g�b�f���b�e�b�� �g�_�d�h�l�h�j�u�f�b�� �b�a�� �g�b�o���� �g�Z�i�j�b�f�_�j��V. harveyi [Winzer et al., 
2002b]. 

 
Использование механизмов межклеточной коммуникации бактерий в 

медицинских целях. �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �g�_�k�d�h�e�v�d�h�� �\�h�a�f�h�`�g�u�o��
�\�Z�j�b�Z�g�l�h�\�� �i�h�^�Z�\�e�_�g�b�y�� �q�m�\�k�l�\�Z�� �d�\�h�j�m�f�Z�� �m�� �i�Z�l�h�]�_�g�g�u�o�� �[�Z�d�l�_�j�b�c���� ������ �b�g�]�b�[�b�j�h�\�Z�g�b�_��
�k�b�g�l�_�a�Z�� �e�Z�d�l�h�g�g�h�]�h�� �d�h�e�v�p�Z�� �:�=�E���� ������ �^�_�]�j�Z�^�Z�p�b�y�� �:�=�E�� �[�Z�d�l�_�j�b�y�f�b�� �b�e�b�� �n�_�j�f�_�g�l�Z�f�b���� ������
�[�e�h�d�b�j�h�\�Z�g�b�_���j�_�p�_�i�p�b�b���:�=�E���[�_�e�d�h�f��LuxR �l�b�i�Z�� 

�I�h�l�_�g�p�b�Z�e�v�g�u�f�b�� �b�g�]�b�[�b�l�h�j�Z�f�b�� �k�b�g�l�_�a�Z�� �:�=�E���� �d�Z�l�Z�e�b�a�b�j�m�_�f�h�]�h�� �[�_�e�d�h�f��RhlI 
P. aeruginosa���� �f�h�]�m�l�� �[�u�l�v���j�Z�a�e�b�q�g�u�_�� �Z�g�Z�e�h�]�b��S-�Z�^�_�g�h�a�b�e�f�_�l�b�h�g�b�g�Z���� �l�Z�d�b�_�� �d�Z�d��S-
�Z�^�_�g�h�a�b�e�]�h�f�h�p�b�k�l�_�b�g����S-�Z�^�_�g�h�a�b�e�p�b�k�l�_�b�g�� �b�� �k�b�g�_�n�m�g�]�b�g�� �>Parsek et al., 1999]. 
�H�i�j�_�^�_�e�_�g�g�u�_�� �f�Z�d�j�h�e�b�^�g�u�_�� �Z�g�l�b�[�b�h�l�b�d�b�� �k�i�h�k�h�[�g�u�� �j�_�i�j�_�k�k�b�j�h�\�Z�l�v�� �k�b�g�l�_�a�� �:�=�E�� �m��P. 
aeruginosa �\���k�m�[�f�b�g�b�f�Z�e�v�g�u�o���b�g�]�b�[�b�j�m�x�s�b�o���j�h�k�l���d�h�g�p�_�g�l�j�Z�p�b�y�o���>Pechere et al., 2001]. 
�W�j�b�l�j�h�f�b�p�b�g�� �i�h�^�Z�\�e�y�e�� �m�� �w�l�h�]�h�� �r�l�Z�f�f�Z�� �i�j�h�^�m�d�p�b�x�� �:�=�E���� �]�_�f�Z�]�]�e�x�l�b�g�b�g�Z���� �i�j�h�l�_�Z�a�u���b��
�]�_�f�h�e�b�a�b�g�Z���>Sofer et al���������������@�����F�_�o�Z�g�b�a�f���\�e�b�y�g�b�y���Z�g�l�b�[�b�h�l�b�d�h�\���g�Z���h�s�m�s�_�g�b�_���d�\�h�j�m�f�Z��
�g�_���b�a�m�q�_�g�����g�_�b�a�\�_�k�l�g�h���l�Z�d�`�_���\���d�Z�d�h�c���k�\�y�a�b���g�Z�o�h�^�y�l�k�y���m�k�l�h�c�q�b�\�h�k�l�v���d���Z�g�l�b�[�b�h�l�b�d�Z�f���b���b�o��
�\�e�b�y�g�b�_���g�Z���d�\�h�j�m�f-�a�Z�\�b�k�b�f�u�_���j�_�Z�d�p�b�b���>Hentzer & Givskov, 2003]. 

�>�_�]�j�Z�^�Z�p�b�y�� �:�=�E�� �f�h�`�_�l�� �h�k�m�s�_�k�l�\�e�y�l�v�k�y�� �g�_�n�_�j�f�_�g�l�Z�l�b�\�g�u�f�� �i�m�l�_�f���� �g�Z�i�j�b�f�_�j��
�s�_�e�h�q�g�u�f�� �]�b�^�j�h�e�b�a�h�f���� �n�_�j�f�_�g�l�Z�f�b�� �b�e�b�� �[�Z�d�l�_�j�b�y�f�b�����<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �b�a�\�_�k�l�g�h�� �^�\�Z��
�l�b�i�Z�� �l�Z�d�b�o�� �n�_�j�f�_�g�l�h�\���� �H�^�b�g�� �b�a�� �g�b�o����AiiA���� �i�j�h�^�m�p�b�j�m�_�l�k�y�� �i�j�_�^�k�l�Z�\�b�l�_�e�y�f�b�� �j�h�^�Z��
Bacillus �b���y�\�e�y�_�l�k�y���:�=�E-�e�Z�d�l�h�g�Z�a�h�c�����]�b�^�j�h�e�b�a�m�x�s�_�c���h�^�g�m���b�a���k�\�y�a�_�c���e�Z�d�l�h�g�g�h�]�h���d�h�e�v�p�Z��
[Dong et al������ ���������@���� �L�j�Z�g�k�]�_�g�g�u�_�� �j�Z�k�l�_�g�b�y���� �w�d�k�i�j�_�k�k�b�j�m�x�s�b�_��AiiA���� �h�d�Z�a�Z�e�b�k�v��
�a�g�Z�q�b�l�_�e�v�g�h���f�_�g�_�_���q�m�\�k�l�\�b�l�_�e�v�g�u���d���b�g�n�_�d�p�b�b��Erwinia carotovora �b��P. aeruginosa. 

�<�l�h�j�h�c���n�_�j�f�_�g�l����AiiD�����i�j�h�^�m�p�b�j�m�x�l���i�j�_�^�k�l�Z�\�b�l�_�e�b���j�h�^�Z��Ralstonia�����H�g���h�[�e�Z�^�Z�_�l��
�e�Z�d�l�h�g�Z�p�b�e�Z�a�g�h�c�� �Z�d�l�b�\�g�h�k�l�v�x���� �l�h�� �_�k�l�v�� �j�Z�k�s�_�i�e�y�_�l�� �:�=�E�� �g�Z�� �^�\�_�� �k�h�k�l�Z�\�e�y�x�s�b�_��– 
�b�g�l�Z�d�l�g�u�c�� �e�Z�d�l�h�g�g�u�c�� �p�b�d�e�� �b�� �Z�p�b�e�v�g�m�x�� �[�h�d�h�\�m�x�� �p�_�i�v���� �W�d�k�i�j�_�k�k�b�y�� �]�_�g�Z��aiiD �\��P. 
aeruginosa �i�j�b�\�h�^�b�l�� �d�� �i�h�e�g�h�f�m�� �i�h�^�Z�\�e�_�g�b�x�� �j�_�]�m�e�b�j�m�_�f�u�o�� �d�\�h�j�m�f�h�f�� �n�m�g�d�p�b�c����
�\�d�e�x�q�Z�y�� �w�d�k�i�j�_�k�k�b�x�� �n�Z�d�l�h�j�h�\�� �\�b�j�m�e�_�g�l�g�h�k�l�b���� �K�o�h�^�g�h�c�� �k��AiiD �Z�d�l�b�\�g�h�k�l�v�x�� �h�[�e�Z�^�Z�_�l��
�\�u�^�_�e�_�g�g�u�c�� �b�a�� �i�h�q�\�u�� �r�l�Z�f�f��Variovorax paradoxus, �k�i�h�k�h�[�g�u�c�� �m�l�b�e�b�a�b�j�h�\�Z�l�v��3-�h�d�k�h-
C6-N-�]�h�f�h�k�_�j�b�g�e�Z�d�l�h�g�� �\�� �d�Z�q�_�k�l�\�_�� �_�^�b�g�k�l�\�_�g�g�h�]�h�� �b�k�l�h�q�g�b�d�Z�� �w�g�_�j�]�b�b�� �b�� �Z�a�h�l�Z����
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �j�Z�k�s�_�i�e�y�y�� �_�]�h�� �g�Z�� �`�b�j�g�m�x�� �d�b�k�e�h�l�m�� �b�� �]�h�f�h�k�_�j�b�g�e�Z�d�l�h�g�� �>Leadbetter & 
Greenberg���� ���������@���� �I�j�h�\�_�^�_�g�g�u�c�� �k�d�j�b�g�b�g�]�� �i�h�d�Z�a�Z�e���� �q�l�h�� �[�Z�d�l�_�j�b�b���� �k�i�h�k�h�[�g�u�_�� �j�Z�a�e�Z�]�Z�l�v��
�:�=�E���� �i�h-�\�b�^�b�f�h�f�m���^�h�k�l�Z�l�h�q�g�h���r�b�j�h�d�h���j�Z�k�i�j�h�k�l�j�Z�g�_�g�u���\�� �i�j�b�j�h�^�_ [Hentzer & Givskov, 
2003]. 

�;�e�h�d�b�j�h�\�Z�g�b�_�� �j�_�p�_�i�p�b�b�� �:�=�E-�k�b�]�g�Z�e�Z�� �f�h�`�_�l�� �^�h�k�l�b�]�Z�l�v�k�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�f�h�e�_�d�m�e���� �k�i�h�k�h�[�g�u�o�� �k�\�y�a�u�\�Z�l�v�k�y�� �k�� �[�_�e�d�h�f-�j�_�p�_�i�l�h�j�h�f��LuxR� � � ��K� � �w� l�h�c� � �p�_�e�v�x� � �b�a�m�q�Z�e�h �k�v� �
�\�e�b�y�g�b�_���g�Z���k�\�y�a�u�\�Z�g�b�_���k���j�_�p�_�i�l�h�j�h�f���^�e�b�g�u�����i�h�^�\�b�`�g�h�k�l�b���b���g�_�d�h�l�h�j�u�o���^�j�m�]�b�o���k�\�h�c�k�l�\��
�Z�p�b�e�v�g�h�]�h�� �j�Z�^�b�d�Z�e�Z�� �:�=�E���� �a�Z�f�_�g�u�� �e�Z�d�l�h�g�g�h�]�h�� �d�h�e�v�p�Z�� �g�Z�� �l�b�h�e�Z�d�l�h�g�g�h�_�� �b�e�b�� �e�Z�d�l�Z�f�g�h�_����
�I�h�^�h�[�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �b�f�_�x�l�� �[�h�e�v�r�h�_�� �l�_�h�j�_�l�b�q�_�k�d�h�_�� �a�g�Z�q�_�g�b�_���� �g�h�� �^�h�� �k�b�o�� �i�h�j����
�g�Z�k�d�h�e�v�d�h�� �b�a�\�_�k�l�g�h�� �>Hentzer & Givskov���� ���������@���� �g�_�� �i�j�b�\�_�e�b�� �d�� �k�h�a�^�Z�g�b�x�� �\�_�s�_�k�l�\��
�i�h�l�_�g�p�b�Z�e�v�g�h���i�j�b�]�h�^�g�u�o���^�e�y���b�k�i�h�e�v�a�h�\�Z�g�b�y���\���d�Z�q�_�k�l�\�_���e�_�d�Z�j�k�l�\�_�g�g�u�o���i�j�_�i�Z�j�Z�l�h�\�� 
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�>�j�m�]�h�c�� �i�h�^�o�h�^�� �\�� �d�h�g�k�l�j�m�b�j�h�\�Z�g�b�b�� �Z�g�l�b�i�Z�l�h�]�_�g�g�u�o�� �k�j�_�^�k�l�\�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\��
�i�h�b�k�d�_���i�j�b�j�h�^�g�u�o���k�h�_�^�b�g�_�g�b�c�����k�i�h�k�h�[�g�u�o���i�h�^�Z�\�e�y�l�v���h�s�m�s�_�g�b�_���d�\�h�j�m�f�Z���m���i�Z�l�h�]�_�g�g�u�o��
�[�Z�d�l�_�j�b�c�����K�d�j�b�g�b�g�]�� �w�d�k�l�j�Z�d�l�h�\�� �j�Z�k�l�_�g�b�c�� �b�� �\�h�^�h�j�h�k�e�_�c�� �i�h�d�Z�a�Z�e���� �q�l�h�� �f�g�h�]�b�_�� �b�a�� �g�b�o��
�k�i�h�k�h�[�g�u�� �i�h�^�Z�\�e�y�l�v�� �q�m�\�k�l�\�h�� �d�\�h�j�m�f�Z�� �m�� �:�=�E-�k�b�g�l�_�a�b�j�m�x�s�b�o�� �[�Z�d�l�_�j�b�c���� �B�� �l�_�� �b�� �^�j�m�]�b�_��
�e�b�r�_�g�u���Z�d�l�b�\�g�h�c���b�f�f�m�g�g�h�c���k�b�k�l�_�f�u�����b���_�^�b�g�k�l�\�_�g�g�h�c���^�e�y���g�b�o���\�h�a�f�h�`�g�h�k�l�v�x���b�a�[�_�`�Z�l�v��
�q�j�_�a�f�_�j�g�h�]�h���j�Z�a�\�b�l�b�y���i�Z�l�h�]�_�g�g�u�o���f�b�d�j�h�[�h�\���y�\�e�y�_�l�k�y���w�n�n�_�d�l�b�\�g�Z�y���k�b�k�l�_�f�Z���o�b�f�b�q�_�k�d�h�c��
�a�Z�s�b�l�u���� �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �i�j�h�\�h�^�y�l�k�y�� �j�Z�[�h�l�u���� �g�Z�i�j�Z�\�e�_�g�g�u�_�� �g�Z�� �\�u�^�_�e�_�g�b�_�� �b��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�m���w�l�b�o���\�_�s�_�k�l�\���>Hentzer & Givskov, 2003]. 

�:�\�k�l�j�Z�e�b�c�k�d�Z�y���\�h�^�h�j�h�k�e�v��Delisea pulchra �o�h�j�h�r�h���b�a�\�_�k�l�g�Z���d�Z�d���i�j�h�^�m�p�_�g�l���[�h�e�_�_��
�������j�Z�a�e�b�q�g�u�o���\�b�^�h�\���]�Z�e�h�]�_�g�b�j�h�\�Z�g�g�u�o���n�m�j�Z�g�h�g�h�\�����\�u�^�_�e�_�g�b�_���d�h�l�h�j�u�o���b�a���k�i�_�p�b�Z�e�v�g�u�o��
�\�_�a�b�d�m�e�� �i�j�_�^�h�o�j�Z�g�y�_�l�� �_�_�� �h�l�� �h�[�j�Z�k�l�Z�g�b�y�� �b�� �[�Z�d�l�_�j�b�Z�e�v�g�h�c�� �d�h�e�h�g�b�a�Z�p�b�b���� �W�l�h�l�� �n�Z�d�l��
�i�h�a�\�h�e�b�e�� �i�j�_�^�i�h�e�h�`�b�l�v�� �>Givskov et al������ ���������@���� �q�l�h�� �n�m�j�Z�g�h�g�u�� �h�d�Z�a�u�\�Z�x�l�� �h�i�j�_�^�_�e�_�g�g�h�_��
�\�e�b�y�g�b�_���g�Z���f�_�`�d�e�_�l�h�q�g�m�x���d�h�f�f�m�g�b�d�Z�p�b�x���[�Z�d�l�_�j�b�c�����<���^�Z�e�v�g�_�c�r�_�f���[�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h��
�n�m�j�Z�g�h�g�u�� �a�Z�f�_�s�Z�x�l�� �:�=�E�� �\�� �k�Z�c�l�_�� �k�\�y�a�u�\�Z�g�b�y�� �k�� �j�_�p�_�i�l�h�j�h�f��LuxR �b�� �l�Z�d�b�f�� �h�[�j�Z�a�h�f��
�i�h�^�Z�\�e�y�x�l�� �[�b�h�e�x�f�b�g�_�k�p�_�g�p�b�x��V. fischeri���� �e�x�f�b�g�_�k�p�_�g�p�b�x�� �b�� �\�b�j�m�e�_�g�l�g�h�k�l�v��
�i�Z�l�h�]�_�g�g�h�]�h��Vibrio harveyi, �b�g�]�b�[�b�j�m�x�l�� �i�j�h�^�m�d�p�b�x�� �n�Z�d�l�h�j�h�\�� �\�b�j�m�e�_�g�l�g�h�k�l�b�� �b��
�i�Z�l�h�]�_�g�_�a��P. aeruginosa [Hentzer, M. et al�����������@�����b�g�]�b�[�b�j�m�x�l���d�h�g�l�j�h�e�b�j�m�_�f�m�x���q�m�\�k�l�\�h�f��
�d�\�h�j�m�f�Z���\�b�j�m�e�_�g�l�g�h�k�l�v��E. carotovora  [Hentzer & Givskov, 2003].  

�I�j�b�j�h�^�g�u�_�� �n�m�j�Z�g�h�g�u�� �g�_�� �\�e�b�y�x�l�� �b�e�b�� �k�e�Z�[�h�� �\�e�b�y�x�l�� �g�Z�� �h�s�m�s�_�g�b�_�� �d�\�h�j�m�f�Z�� �m��P. 
aeruginosa���� �G�Z�� �b�o�� �h�k�g�h�\�_�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �o�b�f�b�q�_�k�d�b�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_�� �n�m�j�Z�g�h�g�u����
�k�i�h�k�h�[�g�u�_���i�h�^�Z�\�e�y�l�v���q�m�\�k�l�\�h���d�\�h�j�m�f�Z���m��P. aeruginosa �b���i�h�g�b�`�Z�l�v���w�d�k�i�j�_�k�k�b�x���n�Z�d�l�h�j�h�\��
�\�b�j�m�e�_�g�l�g�h�k�l�b���� �K�b�g�l�_�l�b�q�_�k�d�b�_�� �n�m�j�Z�g�h�g�u���� �\�� �h�l�e�b�q�b�_�� �h�l�� �Z�g�l�b�[�b�h�l�b�d�h�\���� �h�d�Z�a�Z�e�b�k�v��
�h�^�b�g�Z�d�h�\�h�� �w�n�n�_�d�l�b�\�g�u�� �i�j�h�l�b�\�� �i�e�Z�g�d�l�h�g�g�u�o�� �d�e�_�l�h�d�� �b�� �d�e�_�l�h�d�� �[�b�h�i�e�_�g�d�b���� �D�j�h�f�_�� �l�h�]�h����
�h�[�j�Z�[�h�l�d�Z���n�m�j�Z�g�h�g�h�f���i�h�\�u�r�Z�e�Z���q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v���[�b�h�i�e�_�g�d�b���d���Z�g�l�b�[�b�h�l�b�d�Z�f���>Hentzer, 
et al.2003]. 

�>�_�c�k�l�\�b�_�� �n�m�j�Z�g�h�g�h�\�� �b�a�m�q�Z�e�h�k�v�� �g�Z�� �f�u�r�Z�o�� �g�Z�� �f�h�^�_�e�b�� �o�j�h�g�b�q�_�k�d�h�c�� �e�_�]�h�q�g�h�c��
�b�g�n�_�d�p�b�b��P. aeruginosa���� �I�h�^�d�h�`�g�u�_�� �b�g�t�_�d�p�b�b�� �i�j�_�i�Z�j�Z�l�Z�� �\�� �l�_�q�_�g�b�_�� ���� �^�g�_�c��
�k�i�h�k�h�[�k�l�\�h�\�Z�e�b�� �i�h�^�Z�\�e�_�g�b�x�� �b�g�n�_�d�p�b�b���� �i�j�b�q�_�f�� �_�]�h�� �^�_�c�k�l�\�b�_�� �o�h�j�h�r�h�� �d�h�j�j�_�e�b�j�h�\�Z�e�h�� �k��
�\�_�e�b�q�b�g�h�c�� �\�\�h�^�b�f�h�c�� �^�h�a�u���� �B�k�i�h�e�v�a�h�\�Z�\�r�b�_�k�y�� �]�Z�e�h�]�_�g�b�j�h�\�Z�g�g�u�_�� �n�m�j�Z�g�h�g�u�� �y�\�e�y�x�l�k�y��
�k�e�b�r�d�h�f�� �l�h�d�k�b�q�g�u�f�b���� �b�� �i�h�� �w�l�h�c�� �i�j�b�q�b�g�_�� �g�_�� �f�h�]�m�l�� �[�u�l�v�� �i�j�b�f�_�g�_�g�u�� �\�� �f�_�^�b�p�b�g�k�d�h�c��
�i�j�Z�d�l�b�d�_���� �L�_�f�� �g�_�� �f�_�g�_�_�� �b�o�� �y�\�g�h�� �\�u�j�Z�`�_�g�g�Z�y�� �k�i�h�k�h�[�g�h�k�l�v�� �d�h�g�l�j�h�e�b�j�h�\�Z�l�v�� �j�Z�a�\�b�l�b�_��
�b�g�n�_�d�p�b�b�� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �k�h�a�^�Z�g�b�y�� �Z�g�l�b�i�Z�l�h�]�_�g�g�u�o�� �k�j�_�^�k�l�\���� �f�b�r�_�g�v�x��
�^�e�y���d�h�l�h�j�u�o���y�\�e�y�x�l�k�y���f�_�o�Z�g�b�a�f�u���q�m�\�k�l�\�Z���d�\�h�j�m�f�Z�� 

�D�Z�d�� �m�`�_�� �h�l�f�_�q�Z�e�h�k�v���� �b�g�]�b�[�b�j�h�\�Z�g�b�_�� �:�B�I-�h�i�h�k�j�_�^�h�\�Z�g�g�h�]�h�� �k�b�]�g�Z�e�Z�� �m��
�]�j�Z�f�i�h�e�h�`�b�l�_�e�v�g�u�o�� �[�Z�d�l�_�j�b�c�� �r�b�j�h�d�h���b�a�m�q�Z�e�h�k�v�� �g�Z�� �i�j�b�f�_�j�_��S. aureus���� �G�Z�� �h�k�g�h�\�_��
�Z�f�b�g�h�d�b�k�e�h�l�g�h�c���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���l�b�h�e�Z�d�l�h�g�g�u�o���Z�\�l�h�j�_�]�m�e�y�l�h�j�h�\���r�l�Z�f�f�u��S. aureus 
�[�u�e�b���i�h�^�j�Z�a�^�_�e�_�g�u���g�Z�������d�Z�l�_�]�h�j�b�b���k�i�_�p�b�n�b�q�g�h�k�l�b�����D�Z�`�^�u�c���:�B�I���k�l�b�f�m�e�b�j�h�\�Z�e���d�Z�k�d�Z�^��
�k�b�g�l�_�a�Z���]�_�g�h�\���\�b�j�m�e�_�g�l�g�h�k�l�b���\���k�\�h�_�c���k�h�[�k�l�\�_�g�g�h�c���]�j�m�i�i�_���b���b�g�]�b�[�b�j�h�\�Z�e���h�l�\�_�l���\�h���\�k�_�o��
�^�j�m�]�b�o���]�j�m�i�i�Z�o�����I�j�b�q�b�g�h�c���b�g�]�b�[�b�j�h�\�Z�g�b�y���y�\�e�y�e�h�k�v���d�h�g�d�m�j�_�g�l�g�h�_���[�e�h�d�b�j�h�\�Z�g�b�_���:�B�I-
�k�\�y�a�u�\�Z�x�s�_�]�h�� �^�h�f�_�g�Z�� �k�_�g�k�h�j�g�h�c���d�b�g�Z�a�u���g�_�k�h�[�k�l�\�_�g�g�u�f�� �:�B�I�h�f���� �F�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�c��
�:�B�I���]�j�m�i�i�u��II�����\���k�h�k�l�Z�\���d�h�l�h�j�h�]�h���\�o�h�^�b�e�b���l�h�e�v�d�h���Z�f�b�g�h�d�b�k�e�h�l�u���l�b�h�e�Z�d�l�h�g�g�h�]�h���d�h�e�v�p�Z��
�b�g�]�b�[�b�j�h�\�Z�e�� �d�\�h�j�m�f-�a�Z�\�b�k�b�f�u�_�� �j�_�Z�d�p�b�b�� �\�h�� �\�k�_�o�� ��-�o�� �]�j�m�i�i�Z�o���� �K�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�k�b�g�l�_�l�b�q�_�k�d�b�o�� �i�j�h�b�a�\�h�^�g�u�_�� �:�B�I�h�\�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �h�[�g�Z�^�_�`�b�\�Z�x�s�b�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�h��
�i�h�^�Z�\�e�_�g�b�x���\�b�j�m�e�_�g�l�g�h�k�l�b��S. 

�<�h�i�j�h�k�� �h�� �\�h�a�f�h�`�g�h�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �d�Z�q�_�k�l�\�_�� �f�b�r�_�g�b�� �^�e�y�� �e�_�d�Z�j�k�l�\�_�g�g�u�o��
�k�j�_�^�k�l�\���k�b�k�l�_�f���d�h�f�f�m�g�b�d�Z�p�b�b���[�Z�d�l�_�j�b�c�����h�k�g�h�\�Z�g�g�u�o���g�Z���^�_�c�k�l�\�b�b���Z�\�l�h�b�g�^�m�d�l�h�j�Z���:�B-2, 
�h�k�l�Z�_�l�k�y�� �^�b�k�d�m�k�k�b�h�g�g�u�f�� �>Hentzer & Givskov���� ���������@���� �i�h�k�d�h�e�v�d�m�� �n�m�g�d�p�b�b�� �:�B-���� �d�Z�d��
�m�g�b�\�_�j�k�Z�e�v�g�h�]�h���f�_�`�\�b�^�h�\�h�]�h���k�b�]�g�Z�e�Z���^�h �k�b�o���i�h�j�� �g�_���^�h�d�Z�a�Z�g�u���� �K�h�]�e�Z�k�g�h���j�_�]�m�e�y�l�h�j�g�h�c��
�i�Z�j�Z�^�b�]�f�_���� �d�j�h�f�_�� �b�g�^�m�d�p�b�b�� �e�x�f�b�g�_�k�p�_�g�p�b�b�� �m��V. harveyi���� �:�B-���� �d�h�g�l�j�h�e�b�j�m�_�l��
�w�d�k�i�j�_�k�k�b�x�� �]�_�g�h�\�� �\�b�j�m�e�_�g�l�g�h�k�l�b��E. coli, V. cholerae, Clostridium

aureus �g�Z���f�h�^�_�e�b���f�u�r�b�g�h�c���b�g�n�_�d�p�b�b���>Federle & Bassler, 
2003]. 

 perfringens �b��
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Streptococcus pyogenes���� �i�h�l�j�_�[�e�_�g�b�_�� �`�_�e�_�a�Z�� �m��Porphyromonas gingivalis �b��Actinobacillus 
actinomycetemcomitans; 

�O�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a�� �k�h�k�l�Z�\�Z�� �i�j�_�i�Z�j�Z�l�h�\�� �i�h�d�Z�a�Z�e���� �q�l�h�� �b�a�� �\�k�_�o��
�k�h�^�_�j�`�Z�s�b�o�k�y�� �\�� �D�@�� �d�h�f�i�h�g�_�g�l�h�\�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �k�i�h�k�h�[�g�h�k�l�v�x�� �k�l�b�f�m�e�b�j�h�\�Z�l�v�� �j�h�k�l��
�r�l�Z�f�f�Z-�i�j�h�^�m�p�_�g�l�Z�� ��E.coli M-�������� �h�[�e�Z�^�Z�_�l�� �y�g�l�Z�j�g�Z�y�� �d�b�k�e�h�l�Z���� �y�\�e�y�x�s�Z�y�k�y�� �l�b�i�b�q�g�u�f��
�i�j�h�^�m�d�l�h�f�� �[�j�h�`�_�g�b�y��E. coli. �F�_�g�_�_�� �Z�d�l�b�\�g�u�f�� �k�l�b�f�m�e�y�l�h�j�h�f�� �h�d�Z�a�Z�e�Z�k�v�� �]�e�m�l�Z�f�b�g�h�\�Z�y��
�d�b�k�e�h�l�Z���>�<�Z�o�b�l�h�\���b���^�j���������������[�@�����<���^�Z�e�v�g�_�c�r�_�f���[�u�e�h���b�k�k�e�_�^�h�\�Z�g�h���[�h�e�_�_���������d�h�f�i�h�g�_�g�l�h�\��

 �i�j�h�^�m�d�p�b�x�� �Z�g�l�b�[�b�h�l�b�d�h�\�� �m��Photorhabdus luminescens; 
�i�h�^�\�b�`�g�h�k�l�v�� �m��Campylobacter jejuni���� �h�[�j�Z�a�h�\�Z�g�b�_�� �[�b�h�i�e�_�g�d�b�� �k�f�_�r�Z�g�g�h�c�� �d�m�e�v�l�m�j�h�c��P. 
gingivalis �b��Streptococcus gordonii) [Taga & Bassler, 2003]. 

 
Метаболическая регуляция развития популяций микроорганизмов. 

�J�_�]�m�e�y�p�b�y���� �h�k�m�s�_�k�l�\�e�y�_�f�Z�y�� �\�� �j�Z�f�d�Z�o�� �d�e�Z�k�k�b�q�_�k�d�h�]�h�� �q�m�\�k�l�\�Z�� �d�\�h�j�m�f�Z���� �i�j�_�^�i�h�e�Z�]�Z�_�l��
�g�Z�e�b�q�b�_���k�i�_�p�b�n�b�q�_�k�d�h�]�h���j�_�]�m�e�y�l�h�j�Z�����h�k�m�s�_�k�l�\�e�y�x�s�_�]�h���k�\�h�b���n�m�g�d�p�b�b���g�Z���h�i�j�_�^�_�e�_�g�g�h�c��
�k�l�Z�^�b�b���j�Z�a�\�b�l�b�y���d�m�e�v�l�m�j�u���i�h���i�j�b�g�p�b�i�m���©�\�d�e�x�q�b�e��– �\�u�d�e�x�q�b�e�ª�� 

�K�h�]�e�Z�k�g�h�� �^�j�m�]�b�f�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�f�� �i�j�h�p�_�k�k�u�� �k�Z�f�h�j�_�]�m�e�y�p�b�b�� �j�_�Z�e�b�a�m�x�l�k�y�� �g�Z��
�i�j�h�l�y�`�_�g�b�b���\�k�_�]�h���p�b�d�e�Z���j�Z�a�\�b�l�b�y���i�h�i�m�e�y�p�b�b�����k���f�h�f�_�g�l�Z���a�Z�k�_�\�Z���d�m�e�v�l�m�j�u���b���^�h���f�h�f�_�g�l�Z��
�]�b�[�_�e�b�� �[�h�e�v�r�_�c�� �q�Z�k�l�b�� �d�e�_�l�h�d���� �<�� �h�l�e�b�q�b�_�� �h�l�� �d�e�Z�k�k�b�q�_�k�d�h�]�h�� �©�q�m�\�k�l�\�Z�� �d�\�h�j�m�f�Z�ª�� �w�l�b��
�i�j�h�p�_�k�k�u�� �h�k�m�s�_�k�l�\�e�y�x�l�� �i�e�Z�\�g�m�x�� �j�_�]�m�e�y�p�b�x�� �f�_�l�Z�[�h�e�b�a�f�Z���� �i�h�a�\�h�e�y�x�l�� �j�Z�a�\�b�\�Z�l�v�k�y��
�i�h�i�m�e�y�p�b�b�� �d�Z�d�� �_�^�b�g�h�f�m�� �p�_�e�h�f�m�� �b�� �k�\�h�_�\�j�_�f�_�g�g�h�� �j�_�Z�]�b�j�h�\�Z�l�v�� �g�Z�� �b�a�f�_�g�_�g�b�y�� �m�k�e�h�\�b�c��
�h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u���b�e�b���^�Z�`�_���m�i�j�_�`�^�Z�l�v���b�o�� 

�:�\�l�h�j�_�]�m�e�y�l�h�j�u�� �w�l�h�]�h�� �l�b�i�Z�� �f�h�`�g�h�� �j�Z�a�^�_�e�b�l�v�� �g�Z�� ���� �h�k�g�h�\�g�u�_�� �]�j�m�i�i�u����
�Z�\�l�h�k�l�b�f�m�e�y�l�h�j�u���j�h�k�l�Z���� �Z�\�l�h�b�g�]�b�[�b�l�h�j�u�� �j�h�k�l�Z�� �b�� �k�h�_�^�b�g�_�g�b�y���� �i�h�\�u�r�Z�x�s�b�_�� �b�e�b��
�i�h�g�b�`�Z�x�s�b�_���\�u�`�b�\�Z�_�f�h�k�l�v���[�Z�d�l�_�j�b�c���>�<�Z�o�b�l�h�\�����I�_�l�j�h�\�����������������F�h�f�h�l����������������Winslow & 
Walker, 1939]. 

�G�Z�� �h�k�g�h�\�Z�g�b�b�� �b�a�m�q�_�g�b�y�� �k�\�h�c�k�l�\�� �Z�\�l�h�j�_�]�m�e�y�l�h�j�h�\�� �g�Z�f�b�� �[�u�e�h�� �\�u�k�d�Z�a�Z�g�h��
�i�j�_�^�i�h�e�h�`�_�g�b�_�����q�l�h���w�l�b���k�h�_�^�b�g�_�g�b�y���f�h�]�m�l���[�u�l�v���b�k�i�h�e�v�a�h�\�Z�g�u���\���e�_�q�_�[�g�h�c���i�j�Z�d�l�b�d�_�����d�Z�d��
�^�e�y���i�h�^�Z�\�e�_�g�b�y���j�Z�a�\�b�l�b�y���i�Z�l�h�]�_�g�g�u�o���[�Z�d�l�_�j�b�c�����l�Z�d���b���^�e�y���k�l�b�f�m�e�y�p�b�b���j�h�k�l�Z���b���m�k�b�e�_�g�b�y��
�Z�g�l�Z�]�h�g�b�k�l�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �g�h�j�f�Z�e�v�g�h�c�� �f�b�d�j�h�n�e�h�j�u���� �G�Z�b�[�h�e�_�_�� �i�_�j�k�i�_�d�l�b�\�g�u�f�b�� �\��
�i�e�Z�g�_�� �k�h�a�^�Z�g�b�y�� �e�_�q�_�[�g�u�o�� �i�j�_�i�Z�j�Z�l�h�\�� �i�j�_�^�k�l�Z�\�e�y�e�b�k�v���Z�\�l�h�k�l�b�f�m�e�y�l�h�j�u�� �j�h�k�l�Z��
�i�j�h�[�b�h�l�b�d�h�\���� �\�� �q�Z�k�l�g�h�k�l�b���� �r�l�Z�f�f�Z��Escherichia coli M-�������� �o�h�j�h�r�h�� �a�Z�j�_�d�h�f�_�g�^�h�\�Z�\�r�_�]�h��
�k�_�[�y���\���k�h�k�l�Z�\�_���i�j�_�i�Z�j�Z�l�Z���d�h�e�b�[�Z�d�l�_�j�b�g�� 

�>�e�y�� �i�h�^�l�\�_�j�`�^�_�g�b�y�� �w�l�h�]�h�� �i�j�_�^�i�h�e�h�`�_�g�b�y�� �[�u�e�b�� �k�h�a�^�Z�g�u�� �^�\�Z�� �i�j�_�i�Z�j�Z�l�Z��
�:�d�l�h�n�e�h�j-���� �b�� �:�d�l�h�n�e�h�j-������ �k�h�^�_�j�`�Z�s�b�o�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_��
�Z�\�l�h�k�l�b�f�m�e�y�l�h�j�u�� �j�h�k�l�Z�� �k�l�Z�p�b�h�g�Z�j�g�h�c�� �n�Z�a�u�� �b�� �Z�g�Z�e�h�]�b�q�g�u�_�� �f�_�l�Z�[�h�e�b�l�u�� �b�a��
�d�m�e�v�l�m�j�Z�e�v�g�h�c�� �`�b�^�d�h�k�l�b�� ���D�@���� �]�h�e�h�^�Z�x�s�_�c�� �d�m�e�v�l�m�j�u�� �>�<�Z�o�b�l�h�\�� �b�� �^�j������ ������������ �<�Z�o�b�l�h�\����
�Y�r�b�g�Z���� ���������@���� �H�k�g�h�\�g�u�_�� �[�b�h�e�h�]�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z�� �i�j�_�i�Z�j�Z�l�h�\�� �h�d�Z�a�Z�e�b�k�v�� �[�e�b�a�d�b�f�b���� �g�h��
�\�l�h�j�h�c�� �h�[�e�Z�^�Z�e�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �\�� �[�h�e�v�r�_�c�� �Z�d�l�b�\�g�h�k�l�v�x���� �q�_�f�� �i�_�j�\�u�c���� �q�l�h���� �i�h�� �d�j�Z�c�g�_�c��
�f�_�j�_���q�Z�k�l�b�q�g�h�����h�[�t�y�k�g�y�e�h�k�v���h�l�k�m�l�k�l�\�b�_�f���[�Z�e�e�Z�k�l�g�u�o���g�_�h�j�]�Z�g�b�q�_�k�d�b�o���k�h�e�_�c�� 

�I�j�_�i�Z�j�Z�l�u�� �:�d�l�h�n�e�h�j�� �k�l�b�f�m�e�b�j�h�\�Z�e�b�� �j�h�k�l�� �j�Z�a�e�b�q�g�u�o�� �r�l�Z�f�f�h�\��E.coli, S. 
enteritidis �b�� �j�y�^�Z�� �^�j�m�]�b�o�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\�� �>�<�Z�o�b�l�h�\�� �b�� �^�j������ ���������@���� �G�Z�b�[�h�e�v�r�b�c�� �w�n�n�_�d�l��
�h�g�b�� �h�d�Z�a�u�\�Z�e�b�� �g�Z�� �r�l�Z�f�f�� �i�j�h�^�m�p�_�g�l���� �q�m�l�v�� �f�_�g�v�r�b�c��– �g�Z� � � r� l�Z� f� f�u� � � l�h � ]�h � �� `�_� � � \�b� ^�Z� � �b� � �_�s�_� �
�f�_�g�v�r�b�c��– �g�Z���^�j�m�]�b�_���\�b�^�u���f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\�����:�g�h�f�Z�e�v�g�h���\�u�k�h�d�b�_���b�g�^�_�d�k�u���k�l�b�f�m�e�y�p�b�b��
�[�u�e�b�� �i�h�e�m�q�_�g�u�� �^�e�y�� �[�b�n�b�^�h�[�Z�d�l�_�j�b�c�� �b�� �^�e�y�� �i�j�_�^�k�l�Z�\�b�l�_�e�_�c�� �j�h�^�Z��Lactobacillus���� �i�j�b�q�_�f��
�l�h�e�v�d�h���^�e�y���l�_�o�����d�h�l�h�j�u�_���y�\�e�y�x�l�k�y���g�h�j�f�Z�e�v�g�u�f�b���k�b�f�[�b�h�g�l�Z�f�b���q�_�e�h�\�_�d�Z�����L�Z�d�����g�Z�i�j�b�f�_�j��
�^�e�y��L.acidophilus, �b�k�i�h�e�v�a�m�x�s�b�o�k�y���\���i�j�_�i�Z�j�Z�l�_���<�b�l�Z�n�e�h�j�����w�n�n�_�d�l���k�l�b�f�m�e�y�p�b�b���^�h�k�l�b�]�Z�e��
�����������b���[�h�e�_�_�������>�<�Z�o�b�l�h�\���b���^�j��������������]. 

�I�j�b�� �b�a�m�q�_�g�b�b�� �^�_�c�k�l�\�b�y�� �i�j�_�i�Z�j�Z�l�h�\���g�Z�� �j�h�k�l�� �b�� �]�h�e�h�^�Z�g�b�_�� �k�f�_�r�Z�g�g�u�o�� �d�m�e�v�l�m�j��
E.coli M-17 �k E. coli K-������ �b E.coli M-������ �k S. enteritidis �[�u�e�h�� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �_�]�h��
�^�h�[�Z�\�e�_�g�b�_���i�j�b�\�h�^�b�e�h���d���\�u�l�_�k�g�_�g�b�x���r�l�Z�f�f�Z���d�h�g�d�m�j�_�g�l�Z���>�<�Z�o�b�l�h�\���b���^�j���������������@�����<�k�_���w�l�h��
�h�a�g�Z�q�Z�e�h���� �q�l�h�� �^�_�c�k�l�\�b�_�� �i�j�_�i�Z�j�Z�l�Z���� �k�i�h�k�h�[�k�l�\�h�\�Z�e�h�� �i�h�\�u�r�_�g�b�x�� �Z�g�l�Z�]�h�g�b�k�l�b�q�_�k�d�h�c��
�Z�d�l�b�\�g�h�k�l�b��E.coli M-17. 
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�D�@�� �b�� �i�h�d�Z�a�Z�g�h���� �q�l�h���i�h�� �o�Z�j�Z�d�l�_�j�m�� �b�g�^�b�\�b�^�m�Z�e�v�g�h�]�h�� �^�_�c�k�l�\�b�y�� �g�Z�� �j�h�k�l�� �r�l�Z�f�f�Z-
�i�j�h�^�m�p�_�g�l�Z���w�l�b���k�h�_�^�b�g�_�g�b�y���f�h�`�g�h���m�k�e�h�\�g�h���j�Z�a�^�_�e�b�l�v���g�Z�������]�j�m�i�i�u�����������Z�\�l�h�k�l�b�f�m�e�y�l�h�j�u��
�j�h�k�l�Z�� ���k�m�d�p�b�g�Z�l���� �]�e�m�l�Z�f�Z�l���� �Z�p�_�l�Z�l���� �f�_�l�b�h�g�b�g���� �e�b�a�b�g������ ������ �Z�\�l�h�b�g�]�b�[�b�l�h�j�u�� ���Z�e�Z�g�b�g����
�Z�k�i�Z�j�l�Z�l���� �]�b�k�l�b�^�b�g���� �n�h�j�f�b�Z�l���� �p�b�k�l�_�b�g������ ������ �g�_�c�l�j�Z�e�v�g�u�_�� �k�h�_�^�b�g�_�g�b�y���>�<�Z�o�b�l�h�\�� �b�� �^�j������
���������Z�����F�h�f�h�l�������������@. 

�>�_�c�k�l�\�b�_���Z�p�_�l�Z�l�Z���b���g�_�d�h�l�h�j�u�o���^�j�m�]�b�o���k�h�_�^�b�g�_�g�b�c���a�Z�\�b�k�_�e�h���h�l���b�o���d�h�g�p�_�g�l�j�Z�p�b�b����
�I�j�b�� �g�b�a�d�b�o�� �b�� �k�j�_�^�g�b�o�� �d�h�g�p�_�g�l�j�Z�p�b�y�o�� �Z�p�_�l�Z�l�� �k�l�b�f�m�e�b�j�h�\�Z�e�� �j�h�k�l�� �d�m�e�v�l�m�j�u���� �Z�� �i�j�b��
�\�u�k�h�d�b�o���i�h�^�Z�\�e�y�e���_�]�h�� 

�K�h�\�h�d�m�i�g�h�_�� �^�_�c�k�l�\�b�_�� �k�l�b�f�m�e�y�l�h�j�h�\�� �[�u�e�h�� �a�g�Z�q�b�l�_�e�v�g�h�� �\�u�r�_���� �q�_�f�� �d�Z�`�^�h�]�h�� �b�a��
�g�b�o���� �D�j�h�f�_�� �l�h�]�h���� �Z�d�l�b�\�g�h�k�l�v�� �d�h�f�i�h�a�b�p�b�b�� �\�h�a�j�Z�k�l�Z�e�Z���� �_�k�e�b�� �\�� �_�_�� �k�h�k�l�Z�\�� �\�d�e�x�q�Z�e�b��
�©�g�_�c�l�j�Z�e�v�g�u�_�ª�� �k�h�_�^�b�g�_�g�b�y�� �b�� �^�Z�`�_�� �©�b�g�]�b�[�b�l�h�j�u�ª�� �j�h�k�l�Z. �H�k�h�[�_�g�g�h�� �b�g�l�_�j�_�k�g�u�f��
�h�d�Z�a�Z�e�h�k�v�� �\�e�b�y�g�b�_�� �Z�p�_�l�Z�l�Z���� �^�h�[�Z�\�e�_�g�b�_�� �d�h�l�h�j�h�]�h�� �d�� �k�f�_�k�b�� �f�_�l�Z�[�h�e�b�l�h�\-�b�g�]�b�[�b�l�h�j�h�\��
�i�j�b�\�h�^�b�e�h�� �d�� �b�a�f�_�g�_�g�b�x�� �a�g�Z�d�Z�� �k�Z�f�h�]�h�� �w�n�n�_�d�l�Z��– �a�Z�f�_�g�_�� �b�g�]�b�[�b�j�m�x�s�_�]�h�� �^�_�c�k�l�\�b�y�� �g�Z��
�k�e�Z�[�h�_���k�l�b�f�m�e�b�j�m�x�s�_�_�����;�b�h�e�h�]�b�q�_�k�d�b�_���k�\�h�c�k�l�\�Z���Z�p�_�l�Z�l�Z���i�h�a�\�h�e�b�e�b���i�j�_�^�i�h�e�h�`�b�l�v�����q�l�h��
�h�g�� �y�\�e�y�_�l�k�y�� �i�e�h�l�g�h�k�l�g�h�� �a�Z�\�b�k�b�f�u�f�� �n�Z�d�l�h�j�h�f���� �\�e�b�y�x�s�b�f�� �g�Z�� �k�f�_�g�m�� �n�Z�a�� �j�Z�a�\�b�l�b�y��
�d�m�e�v�l�m�j�u�� �b�� �h�[�_�k�i�_�q�b�\�Z�x�s�b�f�� �©�q�m�\�k�l�\�h�� �d�\�h�j�m�f�Z�ª�� �m��E.coli M-17� � � �� <� � � i� h�e�v�a�m�� �w�l�h�]�h��
�i�j�_�^�i�h�e�h�`�_�g�b�y�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�e�Z�� �b�� �^�b�g�Z�f�b�d�Z�� �Z�p�_�l�Z�l�Z�� �\�� �i�j�h�p�_�k�k�_�� �j�h�k�l�Z�� �d�m�e�v�l�m�j�u��
[�F�h�f�h�l������������]. 

�G�Z�e�b�q�b�_���m���Z�p�_�l�Z�l�Z���j�_�]�m�e�y�l�h�j�g�u�o���n�m�g�d�p�b�c���g�Z�r�e�h���i�h�^�l�\�_�j�`�^�_�g�b�_���b���\���j�y�^�_���^�j�m�]�b�o��
�b�k�k�e�_�^�h�\�Z�g�b�c�� �>Arnold et al., 2001; Kirkpatrick et al., 2001�@���� �L�Z�d���� �g�Z�i�j�b�f�_�j���� �f�_�l�h�^�Z�f�b��
�]�_�g�h�f�b�d�b�� �b�� �i�j�h�l�_�h�f�b�d�b�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �_�]�h���^�h�[�Z�\�e�_�g�b�_�� �\�� �k�j�_�^�m�� �d�m�e�v�l�b�\�b�j�h�\�Z�g�b�y��
E.coli �i�j�b�\�h�^�b�l�� �d�� �i�h�\�u�r�_�g�b�x�� �w�d�k�i�j�_�k�k�b�b�� �i�h�� �d�j�Z�c�g�_�c�� �f�_�j�_�� ������ �[�_�e�d�h�\�� �b�� �i�h�g�b�`�_�g�b�x��
�d�h�e�b�q�_�k�l�\�Z�� ������ �^�j�m�]�b�o�� �w�g�a�b�f�h�\���� �I�h�\�u�r�Z�e�b�� �w�d�k�i�j�_�k�k�b�x�� �l�j�Z�g�k�i�h�j�l�g�u�_�� �[�_�e�d�b����
�i�_�j�_�g�h�k�q�b�d�b���Z�f�b�g�h�d�b�k�e�h�l���b���i�_�i�l�b�^�h�\�����n�_�j�f�_�g�l�u���f�_�l�Z�[�h�e�b�a�f�Z�����k�l�j�_�k�k�h�\�u�_���[�_�e�d�b�����[�_�e�d�b��
�k�l�Z�p�b�h�g�Z�j�g�h�c���n�Z�a�u�����b�����q�l�h���h�k�h�[�_�g�g�h���\�Z�`�g�h����– �[�_�e�h�d��LuxS�����h�l�\�_�l�k�l�\�_�g�g�u�c���a�Z���k�b�g�l�_�a���:�B-
�������<���j�_�a�m�e�v�l�Z�l�_���w�l�h�c���]�e�h�[�Z�e�v�g�h�c���w�g�a�b�f�Z�l�b�q�_�k�d�h�c���i�_�j�_�k�l�j�h�c�d�b���\�u�`�b�\�Z�_�f�h�k�l�v���[�Z�d�l�_�j�b�c���\��
�w�d�k�l�j�_�f�Z�e�v�g�u�o���m�k�e�h�\�b�y�o���i�h�\�u�r�Z�e�Z�k�v���\������-���������j�Z�a�� 

�:�g�Z�e�h�]�b�q�g�u�f�� �h�[�j�Z�a�h�f�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �^�j�m�]�h�c�� �l�b�i�b�q�g�u�c�� �w�d�a�h�f�_�l�Z�[�h�e�b�l��
E.coli���� �n�h�j�f�b�Z�l���� �i�h�^�Z�\�e�y�e�� �k�b�g�l�_�a�� ������ �b�a�� ������ �b�g�^�m�p�b�j�h�\�Z�\�r�b�o�k�y�� �Z�p�_�l�Z�l�h�f�� �[�_�e�d�h�\��
[Kirkpatrick et al., 2001]. �B�f�_�x�l�k�y���k�\�_�^�_�g�b�y���h�[���Z�g�Z�e�h�]�b�q�g�h�f���j�_�]�m�e�y�l�h�j�g�h�f���^�_�c�k�l�\�b�b���j�G��
�b�� �i�j�h�i�b�h�g�Z�l�Z��[Stancik et al., 2002�@�� �b�� �k�b�g�_�j�]�_�l�b�q�_�k�d�h�f�� �^�_�c�k�l�\�b�b�� �j�G�� �b��
�d�h�j�h�l�d�h�p�_�i�h�q�_�q�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l���� �W�l�b�� �j�_�a�m�e�v�l�Z�l�u�� �h�[�t�y�k�g�y�x�l�� �f�_�o�Z�g�b�a�f�u��
�b�g�^�b�\�b�^�m�Z�e�v�g�h�]�h�� �^�_�c�k�l�\�b�y�� �b�� �\�a�Z�b�f�h�\�e�b�y�g�b�y�� �w�d�a�h�f�_�l�Z�[�h�e�b�l�h�\���� �I�_�j�\�h�_�� �b�a�� �g�b�o�� �i�h-
�\�b�^�b�f�h�f�m���k�\�y�a�Z�g�h���k���g�_�i�h�k�j�_�^�k�l�\�_�g�g�u�f���b�e�b���h�i�h�k�j�_�^�h�\�Z�g�g�u�f���\�e�b�y�g�b�_�f���f�_�l�Z�[�h�e�b�l�h�\���g�Z��
�w�d�k�i�j�_�k�k�b�x�� �]�_�g�h�\���� �Z�� �\�l�h�j�h�_�� �k�� �l�_�f���� �q�l�h�� �i�j�b�� �h�^�g�h�\�j�_�f�_�g�g�h�f�� �i�j�b�k�m�l�k�l�\�b�b�� �^�\�m�o�� �b�� �[�h�e�_�_��
�k�h�_�^�b�g�_�g�b�c�� �w�d�k�i�j�_�k�k�b�j�m�x�l�k�y�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �l�_�� �[�_�e�d�b���� �d�h�l�h�j�u�_�� �g�_�� �i�h�^�\�_�j�`�_�g�u��
�j�Z�a�g�h�g�Z�i�j�Z�\�e�_�g�g�h�c�� �j�_�]�m�e�y�p�b�b�� �k�h�� �k�l�h�j�h�g�u�� �w�l�b�o�� �k�h�_�^�b�g�_�g�b�c�� �>�<�Z�o�b�l�h�\�� �b�� �^�j������ ���������Z����
�F�h�f�h�l������������]. 

�Q�l�h�[�u���h�[�t�y�k�g�b�l�v���k�i�_�p�b�n�b�q�g�h�k�l�v���^�_�c�k�l�\�b�y���w�d�a�h�f�_�l�Z�[�h�e�b�l�h�\��[�<�Z�o�b�l�h�\���b���^�j������������] 
�g�_�h�[�o�h�^�b�f�h�� �[�u�e�h�� �k�j�Z�\�g�b�l�v�� �\�e�b�y�g�b�_�� �d�h�f�i�h�g�_�g�l�h�\�� �i�j�_�i�Z�j�Z�l�h�\�� �:�d�l�h�n�e�h�j�� �g�Z�� �j�h�k�l��E.coli 
�F-17 �b�� �^�j�m�]�b�o�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\�����<�� �j�_�a�m�e�v�l�Z�l�_�� �w�l�h�c�� �j�Z�[�h�l�u�� �\�u�y�k�g�b�e�h�k�v���� �q�l�h�� �g�Z�b�[�h�e�_�_��
�Z�d�l�b�\�g�u�c�� �k�l�b�f�m�e�y�l�h�j�� �j�h�k�l�Z��E.coli M-17 – �k�m�d�p�b�g�Z�l���� �\�� �a�g�Z�q�b�l�_�e�v�g�h�� �f�_�g�v�r�_�c�� �k�l�_�i�_�g�b��
�k�l�b�f�m�e�b�j�h�\�Z�e�� �j�h�k�l��E.coli BL-������ �b �i�h�^�Z�\�e�y�e�� �j�h�k�l��S.enteritidis���� �E�Z�d�l�Z�l�� �k�e�Z�[�h��
�k�l�b�f�m�e�b�j�h�\�Z�e���j�h�k�l��E.coli M-17 �b �i�h�e�g�h�k�l�v�x���i�h�^�Z�\�e�y�e���j�h�k�l��E.coli BL-�������b��S.enteritidis �g�Z��
�f�b�g�b�f�Z�e�v�g�u�o�� �Z�]�Z�j�b�a�h�\�Z�g�g�u�o�� �k�j�_�^�Z�o���� �J�h�k�l��E.coli BL-21 �g�Z�� �i�e�h�l�g�u�o�� �k�j�_�^�Z�o��
�k�l�b�f�m�e�b�j�h�\�Z�e�b���f�_�l�b�h�g�b�g���� �b�a�h�e�_�c�p�b�g�� �Z�k�i�Z�j�l�Z�l�� �b�� �n�_�g�b�e�Z�e�Z�g�b�g���� �Z��S.enteritidis – 
�f�_�l�b�h�g�b�g�� �e�_�c�p�b�g�����b�a�h�e�_�c�p�b�g�����]�e�m�l�Z�f�Z�l�� �b���]�b�k�l�b�^�b�g�� �<���p�_�e�h�f���� �k�i�_�d�l�j�u���k�l�b�f�m�e�y�l�h�j�h�\�� �b��
�b�g�]�b�[�b�l�h�j�h�\�� �j�h�k�l�Z�� �^�e�y��E.coli BL-������ �b S.enteritidis �h�[�e�Z�^�Z�e�b�� �\�u�k�h�d�h�c�� �k�l�_�i�_�g�v�x��
�k�o�h�`�_�k�l�b���� �Z�� �^�e�y��E.coli M-17 �w�l�h�l�� �k�i�_�d�l�j�� �b�f�_�e�� �j�y�^�� �y�\�g�h�� �\�u�j�Z�`�_�g�g�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c����
�<�i�h�e�g�_���\�h�a�f�h�`�g�h�����q�l�h���\�u�k�h�d�Z�y���l�_�j�Z�i�_�\�l�b�q�_�k�d�Z�y���Z�d�l�b�\�g�h�k�l�v���r�l�Z�f�f�Z��E.coli M-17�����f�h�`�_�l��
�[�u�l�v���k�e�_�^�k�l�\�b�_�f���w�l�b�o���b�g�^�b�\�b�^�m�Z�e�v�g�u�o���h�k�h�[�_�g�g�h�k�l�_�c���_�]�h���f�_�l�Z�[�h�e�b�q�_�k�d�h�c���j�_�]�m�e�y�p�b�b�� 
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�<���o�h�^�_���^�Z�e�v�g�_�c�r�b�o���b�k�i�u�l�Z�g�b�c���[�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���d�j�h�f�_���h�`�b�^�Z�_�f�u�o���k�\�h�c�k�l�\��– 
�k�i�h�k�h�[�g�h�k�l�b�� �k�l�b�f�m�e�b�j�h�\�Z�l�v�� �j�h�k�l�� �g�h�j�f�Z�e�v�g�h�c�� �f�b�d�j�h�n�e�h�j�u���� �i�j�_�i�Z�j�Z�l�� �h�[�e�Z�^�Z�e��
�b�f�f�m�g�h�f�h�^�m�e�b�j�m�x�s�b�f�� �^�_�c�k�l�\�b�_�f���� �m�k�d�h�j�y�e�� �j�Z�a�\�b�l�b�_�� �g�h�\�h�j�h�`�^�_�g�g�u�o�� �`�b�\�h�l�g�u�o����
�h�d�Z�a�u�\�Z�e�� �h�[�s�_�h�a�^�h�j�Z�\�e�b�\�Z�x�s�b�c�� �w�n�n�_�d�l���� �i�h�^�Z�\�e�y�e�� �j�h�k�l�� �h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�h�d�� �>Vakhitov 
et al., 1995�@���� �;�u�e�b�� �i�h�e�m�q�_�g�u�� �h�[�g�Z�^�_�`�b�\�Z�x�s�b�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b��
�i�j�_�i�Z�j�Z�l�h�\�� �:�d�l�h�n�e�h�j�� �^�e�y�� �g�h�j�f�Z�e�b�a�Z�p�b�b�� �f�b�d�j�h�n�e�h�j�u�� �d�b�r�_�q�g�b�d�Z�� �m�� �[�h�e�v�g�u�o��
�o�j�h�g�b�q�_�k�d�b�f�b���f�h�q�_�i�h�e�h�\�u�f�b���o�e�Z�f�b�^�b�h�a�Z�f�b���>�I�h�a�g�y�d���b���^�j������������1, 2002]. 

�G�Z�e�b�q�b�_���^�Z�g�g�u�o���h���k�h�k�l�Z�\�_���b���[�b�h�e�h�]�b�q�_�k�d�h�c���Z�d�l�b�\�g�h�k�l�b���d�h�f�i�h�g�_�g�l�h�\���i�j�_�i�Z�j�Z�l�h�\��
�i�h�a�\�h�e�b�e�h�� �i�h�k�l�Z�\�b�l�v�� �a�Z�^�Z�q�m�� �k�h�a�^�Z�g�b�y�� �k�b�g�l�_�l�b�q�_�k�d�h�c�� �d�h�f�i�h�a�b�p�b�b���� �g�_�� �m�k�l�m�i�Z�x�s�m�x�� �i�h��
�[�b�h�e�h�]�b�q�_�k�d�b�f���k�\�h�c�k�l�\�Z�f���g�Z�l�m�j�Z�e�v�g�h�f�m���i�j�_�i�Z�j�Z�l�m�����K���w�l�h�c���p�_�e�v�x���[�u�e���i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g��
�k�h�k�l�Z�\�� �b�� �[�b�h�e�h�]�b�q�_�k�d�Z�y�� �Z�d�l�b�\�g�h�k�l�v�� ������ �i�j�_�i�Z�j�Z�l�h�\���� �i�h�e�m�q�_�g�g�u�o�� �i�j�b�� �j�Z�a�e�b�q�g�u�o��
�m�k�e�h�\�b�y�o�� �\�u�j�Z�s�b�\�Z�g�b�y�� �d�m�e�v�l�m�j�u�� �i�j�h�^�m�p�_�g�l�Z���� �I�j�b�� �k�h�a�^�Z�g�b�b�� �b�k�d�m�k�k�l�\�_�g�g�h�c��
�d�h�f�i�h�a�b�p�b�b�� �m�q�b�l�u�\�Z�e�b�k�v�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�_�� �^�Z�g�g�u�_�� �i�h�� �k�h�k�l�Z�\�m�� �\�k�_�o�� �i�j�_�i�Z�j�Z�l�h�\�� �b��
�g�Z�b�[�h�e�_�_�� �Z�d�l�b�\�g�u�o�� �b�a�� �g�b�o���� �^�Z�g�g�u�_�� �i�h�� �b�g�^�b�\�b�^�m�Z�e�v�g�h�c �Z�d�l�b�\�g�h�k�l�b�� �f�_�l�Z�[�h�e�b�l�h�\���� �b�o��
�d�h�f�i�h�a�b�p�b�c���b���^�b�g�Z�f�b�d�_���\���i�j�h�p�_�k�k�_���j�h�k�l�Z���d�m�e�v�l�m�j�u�� 

�G�Z�� �h�k�g�h�\�Z�g�b�b�� �w�l�b�o�� �^�Z�g�g�u�o�� �[�u�e�Z�� �k�h�a�^�Z�g�Z�� �d�h�f�i�h�a�b�p�b�y�� ���:�d�l�h�n�e�h�j-�K��, 
�\�d�e�x�q�Z�x�s�Z�y�� ������ �h�k�g�h�\�g�u�o�� �k�h�_�^�b�g�_�g�b�c���� �k�h�^�_�j�`�Z�s�b�o�k�y�� �\�� �d�h�e�b�q�_�k�l�\�Z�o�� �h�l�� �������� �^�h�� ����������
�;�b�h�e�h�]�b�q�_�k�d�Z�y���Z�d�l�b�\�g�h�k�l�v���d�h�f�i�h�a�b�p�b�b���h�d�Z�a�Z�e�Z�k�v���i�j�b�[�e�b�a�b�l�_�e�v�g�h���\����-�������j�Z�a���\�u�r�_�����q�_�f��
�i�j�h�l�h�l�b�i�Z���� �q�l�h�� �y�\�e�y�e�h�k�v�� �k�e�_�^�k�l�\�b�_�f�� �h�l�k�m�l�k�l�\�b�y�� �[�Z�e�e�Z�k�l�g�u�o�� �\�_�s�_�k�l�\�� �b�� �[�h�e�_�_��
�h�i�l�b�f�Z�e�v�g�u�o���k�h�h�l�g�h�r�_�g�b�c���d�h�f�i�h�g�_�g�l�h�\�� 

�J�Z�a�j�Z�[�h�l�d�Z�� �i�j�_�i�Z�j�Z�l�Z�� �:�d�l�h�n�e�h�j-�K�� �y�\�e�y�_�l�k�y�� �i�h�� �k�m�s�_�k�l�\�m�� �i�h�i�u�l�d�h�c��
�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�k�_�o�� �\�Z�j�b�Z�g�l�h�\�� �q�m�\�k�l�\�Z�� �d�\�h�j�m�f�Z�� ���d�e�Z�k�k�b�q�_�k�d�h�]�h�� �b���g�_�d�e�Z�k�k�b�q�_�k�d�h�]�h���� �\��
�e�_�q�_�[�g�u�o�� �p�_�e�y�o���� �>�Z�g�g�u�c�� �i�h�^�o�h�^�� �i�j�b�g�p�b�i�b�Z�e�v�g�h�� �h�l�e�b�q�Z�_�l�k�y�� �h�l�� �i�h�^�o�h�^�Z�� �h�i�b�k�Z�g�g�h�]�h��
�\�u�r�_�����i�h�k�d�h�e�v�d�m���\���_�]�h���h�k�g�h�\�_���e�_�`�b�l���g�_���l�h�e�v�d�h���k�l�j�_�f�e�_�g�b�_���i�h�^�Z�\�b�l�v���q�m�\�k�l�\�h���d�\�h�j�m�f�Z���m��
�i�Z�l�h�]�_�g�g�u�o�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\�� ���d�Z�d�� �k�e�_�^�m�_�l�� �b�a�� �b�a�e�h�`�_�g�g�h�]�h�� �\�u�r�_����E.coli �i�j�b��
�h�i�j�_�^�_�e�_�g�g�u�o�� �m�k�e�h�\�b�y�o�� �m�l�b�e�b�a�b�j�m�_�l�� �b�g�^�m�d�l�h�j�� �:�B-2���� �\�u�^�_�e�y�_�f�u�c�� �i�Z�l�h�]�_�g�g�u�f�b��
�[�Z�d�l�_�j�b�y�f�b�������g�h���b���i�h�\�u�k�b�l�v���i�m�l�_�f���b�k�i�h�e�v�a�h�\�Z�g�b�y���Z�g�Z�e�h�]�b�q�g�u�o���d�e�Z�k�k�b�q�_�k�d�h�f�m���q�m�\�k�l�\�m��
�d�\�h�j�m�f�Z�� �j�_�]�m�e�y�l�h�j�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �f�_�l�Z�[�h�e�b�q�_�k�d�m�x�� �b�� �Z�g�l�Z�]�h�g�b�k�l�b�q�_�k�d�m�� �Z�d�l�b�\�g�h�k�l�v��
�i�j�_�^�k�l�Z�\�b�l�_�e�_�c�� �g�h�j�f�Z�e�v�g�h�c�� �f�b�d�j�h�n�e�h�j�u���� �h�[�_�k�i�_�q�b�\�Z�x�s�_�c���� �d�j�h�f�_�� �\�k�_�]�h�� �i�j�h�q�_�]�h����
�m�g�b�\�_�j�k�Z�e�v�g�m�x�� �a�Z�s�b�l�m�� �f�Z�d�j�h�h�j�]�Z�g�b�a�f�Z�� �h�l�� �\�l�h�j�`�_�g�b�y�� �i�Z�l�h�]�_�g�g�u�o�� �[�Z�d�l�_�j�b�c��
�>�;�h�g�^�Z�j�_�g�d�h���b���^�j���������������@���� 

�L�_�h�j�_�l�b�q�_�k�d�h�c�� �h�k�g�h�\�h�c�� �i�j�_�i�Z�j�Z�l�Z�� �:�d�l�h�n�e�h�j-�K�� �y�\�e�y�_�l�k�y�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�� �h��
�f�_�l�Z�[�h�e�b�q�_�k�d�Z�y�� �j�_�]�m�e�y�p�b�b���� �j�Z�a�\�b�l�h�_�� �\�� ����-�_�� �]�h�^�u�� �\�� �l�j�m�^�Z�o�� �Z�d�Z�^�_�f�b�d�Z�� �K���K���� �R�\�Z�j�p�Z��
�>�R�\�Z�j�p���� ���������@���� �K�h�]�e�Z�k�g�h�� �_�]�h�� �d�h�g�p�_�i�p�b�b�� �f�_�l�Z�[�h�e�b�q�_�k�d�Z�y�� �j�_�]�m�e�y�p�b�y�� �y�\�e�y�_�l�k�y�� �g�Z�b�[�h�e�_�_��
�^�j�_�\�g�b�f�� �l�b�i�h�f�� �j�_�]�m�e�y�p�b�b���� �i�j�b�k�m�s�Z�� �\�k�_�f�� �h�j�]�Z�g�b�a�f�Z�f�� �b�� �^�_�c�k�l�\�m�_�l�� �g�Z�� �\�k�_�o�� �m�j�h�\�g�y�o��
�h�j�]�Z�g�b�a�Z�p�b�b���`�b�\�h�c���f�Z�l�_�j�b�b���\�i�e�h�l�v���^�h���m�j�h�\�g�y���[�b�h�k�n�_�j�u�����W�\�h�e�x�p�b�h�g�g�h���h�g�Z���i�j�h�b�k�o�h�^�b�l��
�h�l�� �j�_�]�m�e�y�p�b�b�� �o�b�f�b�q�_�k�d�h�c���� �\�� �h�k�g�h�\�_�� �d�h�l�h�j�h�c�� �e�_�`�Z�l�� �^�\�Z�� �i�j�h�l�b�\�h�i�h�e�h�`�g�u�o�� �y�\�e�_�g�b�y��– 
�b�g�]�b�[�b�j�h�\�Z�g�b�_�� �j�_�Z�d�p�b�b�� �d�h�g�_�q�g�u�f�� �i�j�h�^�m�d�l�h�f�� �b�� �Z�\�l�h�d�Z�l�Z�e�b�a���� �<�Z�`�g�h�c�� �_�_�� �q�_�j�l�h�c��
�y�\�e�y�_�l�k�y���k�i�_�p�b�n�b�q�g�h�k�l�v�����i�j�h�y�\�e�y�x�s�Z�y�k�y���g�_���l�h�e�v�d�h���g�Z���r�l�Z�f�f�h�\�h�f�����g�h���b���g�Z���d�e�h�g�Z�e�v�g�h�f��
�m�j�h�\�g�_�����I�h�^�h�[�g�Z�y�� �k�i�_�p�b�n�b�q�g�h�k�l�v�� �h�a�g�Z�q�Z�_�l���� �q�l�h�� �l�_�h�j�_�l�b�q�_�k�d�b�� �\�h�a�f�h�`�g�h�� �^�h�[�b�\�Z�l�v�k�y��
�e�x�[�h�]�h�� �b�a�f�_�g�_�g�b�y�� �k�h�k�l�Z�\�Z�� �k�e�h�`�g�u�o�� �f�b�d�j�h�[�g�u�o�� �k�h�h�[�s�_�k�l�\�� �i�m�l�_�f�� �b�a�f�_�g�_�g�b�y�� �i�_�c�a�Z�`�Z��
�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o���f�_�l�Z�[�h�e�b�l�h�\�����g�Z���n�h�g�_���d�h�l�h�j�h�]�h���w�l�b���k�h�h�[�s�_�k�l�\�Z���j�Z�a�\�b�\�Z�x�l�k�y�� 
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TISSUE EXPANDERS IN OPEN CAVITY 
RECONSTRUCTION 

Professor Fawzi Saheb 
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Abstract: 
More than 20% of mastoid surgeries end with a discharging open cavity .Various methods were 

employed to reconstruct or obliterate the discharging cavity with different degrees of success. The main 
cause of failure is the delay or insufficiency of epithelialization of the deep parts of the cavity. 

The problem is bigger in the developing countries because Canal Wall -Down mastoidectomy is 
often used with ossicular removal and relatively high facial ridge .The operation is done in general 
hospitals by occasional and general ENT surgeons. 

A new method of open cavity reconstruction using a small -size tissue expander was used in 4cases 
with discharging cavity, who failed reconstruction and obliteration with local flaps. 

The theoretical basis and peculiarities of this method will be worked out. Review of literature 
concerning cavity obliteration techniques and the use of tissue expanders in ear reconstruction will b|e 
presented. 

In the literature we found publications of using tissue expanders for auricular reconstruction in 
microtia, but we couldn't find in the available literature any research or clinical presentation of using 
tissue expanders for gaining skins to primarily cover the open cavity. 

 
Key words: Expander, Reconstruction, Mastoid cavity, Obliteration. 

 
INTRODUCTION 
Radical mastoidectomy with total removal of the drum and ossicular chain was 

widely used in the middle of the last century and still the operation of choice in many 
developing countries .It is the fastest, simplest and most effective way of dealing with 
extensive cholesteatoma .However in the absence of specialized centers and in order to avoid 
complications many ENT surgeons leave residual disease in sinus tympani with relatively 
high facial ridge. 

Modified Canal Wall-Down technique is the most commonly used approach in cases 
of cholesteatoma with granulations in the tympanum. Open cavity is the end result of most 
mastoid operations all over the world. More than 20% of the mastoid cavities continue to 
discharge. This percent is even higher in many countries. 

The problem was recognized early when Sibmann (1893) used split skin grafts to 
cover the cavity. The pioneer of Pedicled skin grafts was Preysing (1910) with double 
retroauricular incision .Modified incision with inclusion of the subcutis tissue in the graft 
was introduced by Mayer (1917). 

Open cavity reconstruction was in the center of otologic research since the beginning 
of the second half of the last century. More than 50 techniques and modifications flaps 
were offered for reconstruction and obliteration. The various methods of reconstruction 
may be classified in following groups: 

 
1. Free split skin grafts. 
2. Full-thikness skin grafts. 
3. Pedicled skin grafts. 
4. Pedicled skin-subcutis grafts. 
5. Pedicled ear canal skin flaps (laterally, medially and inferiorly based). 
6. Meatoplasty (Korner, Stacke, Portmann, Sheehy, Fisch, Palva and others.) 
7. Obliteration methods. 
 



�)�R�O�L�D���2�W�R�U�K�L�Q�R�O�D�U�\�Q�J�R�O�R�J�L�F�D�����9�R�O�����������‹����-4, 2004 
 

61 

Meatoplasties with grafts and flaps may be utilized primarily during 
mastoidectomy. The surgeon should consider the type of plasty in the approach depending 
on clinical findings and the cavity expected. 

Obliteration methods are used when a resulted discharging cavity couldn't be 
treated. Obliteration techniques and materials are numerous and may be grouped as 
following: 

 
1. Obliteration with Pedicled muscle flaps (superiorly, anteriorly and inferiorly 

based). There are more than twenty modifications of these flaps. 
2. Cavity obliteration with cartilage. 
3. Cavity obliteration with bone. 
4. Obliteration with biocompatible materials. 

 
The conclusion is that none of these methods completely satisfy the clinicians. 

The main causes of failure are: 
 

1. Incomplete and delayed epithelialization of attic and deep parts of the 
tympanum. 

2. Big flaps are good for cavity obliteration, but are difficult to adjust to the 
curves of the attic and tympanic cavity mainly at sinus tympani and Eustachian 
tube orifice. 

3. Growth of the mucosa is faster in covering bony defects and this leads to 
discharge, granulations and prevents skin flap from covering the surface. 

 
Therefore providing suitable, maneuverable, good quality skin for the reconstruction 

of the cavity is very important in preventing discharging cavity. This could be difficult if the 
cavity is big or previous attempts of reconstruction and obliteration had failed. 

Tissue expanders were widely used in breast reconstruction following mastectomy 
since 1967 (Radovan). The earliest use of tissue expansion in head and neck reconstruction 
was done by Neumann 11 in 1957. In the literature we found material showing the use of 
expander for providing skin for the reconstruction of microtia (O Neal et al. 1984), Bauer 
B.S., 1990. We couldn't find any literature concerning the use of tissue expanders in open 
mastoid cavity reconstruction. 

 
OBJECTIVES 
1-Study of tissue expanding techniques and application in otologic surgery. 
2-Worke out peculiarities of tissue expanding in mastoid cavity reconstruction. 
3-Determination of criteria for patient selection for this method. 
4-Analises of clinical results. 
5-consederations about the future. 
 
MATERIALS AND METHODS 
The principle of tissue expansion is that the donor tissue is doubled through 

expansion and used for reconstruction while simultaneously preserving the donor site intact. 
The temporary expander is made of silicone rubber and produced in various sizes and shapes. 
It consists of two main units: an inflatable bag that enlarges by unfolding up from 
unexpandable base, and the injectable reservoir dome .Both units are attached by an 
adjustable connecting tube .The dome contains a gel-filled valve that prevents leakage of the 
fluid. 

The diameter of the base of the expander should be similar to that of the defect for 
reconstruction. 
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The incision for the placement of the expander should be small and adjacent to 
the defect and in our cases it was madein the previous incision of the mastoidectomy .Pocket 
should be dissected slightly wider than the base of the expander in the subcutaneous layer. 
The expander is placed and another small subcutaneous pocket is prepared for the reservoir 
dome either in the scalp or in the neck. The expander is placed empty or filled with 
minimal amount of normal saline. The expander and the reservoir dome are joined by the 
connecting tube .The incision is closed in layers with the connecting tube anchored to the 
subcutaneous tissue. This will prevent sliding of the reservoir dome towards the expander. 
Normal saline injection should not be started immediately, but 7 to10 days later and 5-7 days 
intervals thereafter. The normal saline is injected until the skin becomes tight. If the skin of 
the flap changes color the saline should be withdrawn until the skin resumes normal color .The 
average flap doubles in size in 4 to 5 weeks and it should be allowed to adjust to that size for 
another week before being used in reconstruction. This waiting period could be 
shortened or entirely dropped in expanding for mastoid cavity reconstruction because it 
diminishes capsule formation in the flap. At the second stage the expander is removed 
towards the end of mastoid cavity work .The amount of flap needed for the reconstruction 
should be calculated according to the size of the cavity resulting. The flap should cover 
the bone in the anterior attic in the superior part of the cavity and it should cover the 
removed canal wall extending 2 to 3 millimeters into tympanic cavity in the poster-inferior 
part, covering the faciaf ridge and sinus tympani. The meataf skin could be used as antero-
inferiorly based flap for covering the Eustachian orifice and the promontory region. The skin 
incision for the removal of the expander is made at the posterior border of the calculated 
needed flap in the shape of the classical postauricular incision. The expander is removed 
through this incision. The skin flap anterior to the incision is advanced to the mastoid cavity 
and usually it is amenable to a variety of manipulations for reconstruction. The subcutis 
tissue is advanced with the flap if a big cavity requires obliteration .In all cases part of the 
tissue should remain connected to the flap for vascularisation. 

The classical way of tissue expanding was used in open cavity reconstruction in tow 
patients using a (20 ml.) rectangular expander in one case and a (16 ml) crescent expander in 
the other. In the third case we did not implant the reservoir dome in the scalp, but it was left 
outside in the hair connected to the expander. Fortunately there was no wound infection in 
this case. 

The method of intra-operative sustained limited expansion (I.S.L.E.) was described 
by Gibson in l977 and Sasaki (1986) for plastic non otologic reconstruction purposes. This 
method was recently employed in one case of primary mastoidectomy with huge 
cholesteatoma (December 2002).Follies catheter was implanted in the postauricular 
region at the beginning of mastoidectomy and was inflated with air every 20 minutes. The 
gained skin was used to cover part of the resulting cavity, while the tympanomeatal flap was 
enough for covering the deep parts of the mastoid and tympanic cavities, with its base 
anteroinferiorly. 

 
RESULTS 
The method of tissue expanding was used in 4 cases for mastoid cavity 

reconstruction during tow years (2000-2002).Three of the cases were chronic discharging 
cavities after revision surgery and failed attempts for obliteration .The fourth case was 
primary mastoidectomy for the removal of huge cholesteatoma where big defect of 
bone was unavoidable. In this case intra-operative sustained limited expansion was used 
with satisfactory immediate result, but the short period of follow up makes it early to do any 
conclusions. All three other cases with a mean period of follow up of one year stopped 
discharging. 
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DISCUSSION 
The method of tissue expanding is well established and profoundly studied for 

purposes of skin replacement after skin damage by burns or skin loss by extensive 
removal in malignancy surgery. 

The literature concerning use of expanded skin for primary covering of bone 
defects is scares. Although we had satisfactory results in the four cases we operated using 
this method we feel that more basic research and wider clinical material should be done 
and studied before making conclusions or recommendations. 

There are many problems and complications linked to the use of tissue expanders in 
general. They were best explained by Austad (1988) and they include: pain, heamatoma, 
infection, seroma, and scar widening and circulation problems. Displacement, 
leakage and exposure of the expander may take place at different times during expanding. 
The difficulties linked to the use of expanders in mastoid cavity reconstruction are related 
to the necessity of using small-size expanders and to restrict expansion to the thin, hairless 
postauricular skin (the most suitable for this type of reconstruction) without sliding of the 
expander under the skin covering of the posterior surface of the auricle. The most suitable 
expander for this task was found to be the 16 ml crescent shape. It has the same curvature of 
the previous mastoidectomy incision and perfectly matches the closure line on the outer 
curvature with minimal elements of (dog ears). Expanding for the purposes of reconstruction 
only should be done quickly to avoid capsule formation, where in cases of obliteration and 
reconstruction long period of inflation will lead to massive capsule formation, which is 
helpful in filling of mastoid cavity defect. 

It is obvious that tissue expanding is indicated in rare cases of discharging mastoid 
cavity after failure of conventional methods of obliteration and reconstruction. The 
procedure is expensive, time consuming and should be done in tow stages, but the results may 
be rewarding and very satisfactory for the patient. 

 
CONCLUSIONS 

1. Tissue expansion is a new method in mastoid cavity reconstruction arsenal. 
2. Indications for the use of this method are chronic discharging cavity, failure of 

previous obliteration and reconstruction and big cavity with recurrent 
granulations in the tympanum. 

3. Patient selection for this type of surgery should be meticulous and strict. 
4. When huge cholesteatoma is encountered or big mastoid cavity is expected 

it may be wise to start with intra-operative sustained tissue expansion to 
gain extra skin for primary epithelialization of the resulting cavity. 

5. More clinical material and further development is needed in the fielded of 
expansion in mastoid surgery before it could be recommended in wide clinical 
practice. 

6. The new developments in otoneurological surgery, which usually requires 
extensive bone removal for the surgical approach, the indications for 
primary expansion to compensate for the defects will be widened in the near 
future. 
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�\�g�m�l�j�b�� �d�Z�`�^�h�]�h�� �n�Z�]�h�p�b�l�b�j�m�x�s�_�]�h�� �g�_�c�l�j�h�n�b�e�Z���� �G�Z�� �h�k�g�h�\�Z�g�b�b�� �i�h�e�m�q�_�g�g�u�o�� �^�Z�g�g�u�o��
�j�Z�k�k�q�b�l�u�\�Z�e�b�� �k�e�_�^�m�x�s�b�_�� �i�h�d�Z�a�Z�l�_�e�b���� �n�Z�]�h�p�b�l�Z�j�g�u�c�� �b�g�^�_�d�k��– �i�j�h�p�_�g�l��
�n�Z�]�h�p�b�l�b�j�m�x�s�b�o�� �d�e�_�l�h�d�� �d�� �h�[�s�_�f�m�� �q�b�k�e�m�� �d�e�_�l�h�d�� �\�� �f�Z�a�d�_���� �b�� �n�Z�]�h�p�b�l�Z�j�g�h�_�� �q�b�k�e�h��– 
�k�j�_�^�g�_�_�� �q�b�k�e�h�� �[�Z�d�l�_�j�b�c���� �i�h�]�e�h�s�_�g�g�u�o�� �h�^�g�b�f�� �n�Z�]�h�p�b�l�h�f���� �M�q�b�l�u�\�Z�e�b�� �l�Z�d�`�_�� �k�l�_�i�_�g�v��
�a�Z�\�_�j�r�_�g�g�h�k�l�b�� �n�Z�]�h�p�b�l�h�a�Z�� �i�h�k�e�_�� �b�g�d�m�[�Z�p�b�b�� �d�e�_�l�h�d�� �d�j�h�\�b�� �k�� �f�b�d�j�h�[�Z�f�b�� �\�� �l�_�q�_�g�b�_�� ������
�f�b�g�� 

�I�j�h�^�m�d�p�b�x�� �k�m�i�_�j�h�d�k�b�^-�Z�g�b�h�g�Z�� �g�_�c�l�j�h�n�b�e�Z�f�b�� �d�j�h�\�b�� �i�Z�p�b�_�g�l�h�\�� �h�i�j�_�^�_�e�y�e�b�� �i�h��
�j�_�Z�d�p�b�b���\�h�k�k�l�Z�g�h�\�e�_�g�b�y���g�b�l�j�h�k�b�g�_�]�h���l�_�l�j�Z�a�h�e�b�y�����G�K�L-�l�_�k�l�����>�<�b�d�k�f�Z�g���F���?�������F�Z�y�g�k�d�b�c��
�:���G���� 1979]. �>�e�y�� �h�p�_�g�d�b�� �k�i�h�g�l�Z�g�g�h�c�� �i�j�h�^�m�d�p�b�b�� �k�m�i�_�j�h�d�k�b�^-�Z�g�b�h�g�Z�� �d�� �d�Z�i�e�_��
�]�_�i�Z�j�b�g�b�a�b�j�h�\�Z�g�g�h�c�� �d�j�h�\�b�� �^�h�[�Z�\�e�y�e�b�� ���������� �j�Z�k�l�\�h�j�� �g�b�l�j�h�k�b�g�_�]�h�� �l�_�l�j�Z�a�h�e�b�y�� ���G�K�L����
Sigma�����\���j�Z�k�l�\�h�j�_���O�w�g�d�k�Z�����j�G� ������-�����������b���j�Z�\�g�u�c���h�[�t�_�f���n�b�a�b�h�e�h�]�b�q�_�k�d�h�]�h���j�Z�k�l�\�h�j�Z�����^�e�y��
�h�p�_�g�d�b�� �b�g�^�m�p�b�j�h�\�Z�g�g�h�c�� �j�_�Z�d�p�b�b�� �d�� �d�Z�i�e�_�� �d�j�h�\�b�� �^�h�[�Z�\�e�y�e�b�� �j�Z�k�l�\�h�j�� �G�K�L�� �b�� ��������������
�j�Z�k�l�\�h�j�� �i�j�h�^�b�]�b�h�a�Z�g�Z�� ���e�b�i�h�i�h�e�b�k�Z�o�Z�j�b�^��B. prodigiosum������ �K�f�_�k�b�� �b�g�d�m�[�b�j�h�\�Z�e�b�� �\��
�l�_�q�_�g�b�_�� ���� �q�� �i�j�b�� �����ƒ�K�� �\�h�� �\�e�Z�`�g�h�c�� �d�Z�f�_�j�_�� �k�� ������ �K�H������ �i�h�k�e�_�� �q�_�]�h�� �b�a�� �k�f�_�k�_�c�� �]�h�l�h�\�b�e�b��
�f�Z�a�d�b���g�Z���i�j�_�^�f�_�l�g�u�o���k�l�_�d�e�Z�o�����d�h�l�h�j�u�_���\�u�k�m�r�b�\�Z�e�b���b���n�b�d�k�b�j�h�\�Z�e�b���w�l�Z�g�h�e�h�f���������f�b�g�m�l����
�F�Z�a�d�b�� �f�b�d�j�h�k�d�h�i�b�j�h�\�Z�e�b���� �m�q�b�l�u�\�Z�y�� �q�b�k�e�h�� �]�j�Z�g�m�e�� �^�b�n�h�j�f�Z�a�Z�g�Z�� �\�� �g�_�c�l�j�h�n�b�e�Z�o�� �\��
�j�Z�k�q�_�l�_�� �g�Z�� �������� �d�e�_�l�h�d���� �B�g�^�_�d�k�� �j�_�Z�d�p�b�b�� �j�Z�k�k�q�b�l�u�\�Z�e�b�� �d�Z�d�� �h�l�g�h�r�_�g�b�_�� �i�h�d�Z�a�Z�l�_�e�y��
�b�g�^�m�p�b�j�h�\�Z�g�g�h�c���i�j�h�^�m�d�p�b�b���k�m�i�_�j�h�d�k�b�^-�Z�g�b�h�g�Z���d���k�i�h�g�l�Z�g�g�h�c���� 

�E�_�c�d�h�p�b�l�Z�j�g�u�c�� �b�g�^�_�d�k�� �b�g�l�h�d�k�b�d�Z�p�b�b�� ���E�B�B���� �j�Z�k�k�q�b�l�u�\�Z�e�b�� �g�Z�� �h�k�g�h�\�Z�g�b�b��
�^�Z�g�g�u�o���e�_�c�d�h�p�b�l�Z�j�g�h�c���n�h�j�f�m�e�u���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�����E�B�B��� ���������x�g�u�o���g�_�c�l�j�h�n�b�e�h�\������
���� �i�Z�e�h�q�d�h�y�^�_�j�g�u�o���g�_�c�l�j�h�n�b�e�h�\�� �� ���� �k�_�]�f�_�g�l�h�y�^�_�j�g�u�o���g�_�c�l�j�h�n�b�e�h�\��� �� � � �� �� � � [�Z�a�h�n�b�e�h�\� � � �� �
�����w�h�a�b�g�h�n�b�e�h�\�����������f�h�g�h�p�b�l�h�\�����������e�b�f�n�h�p�b�l�h�\������ 

�K�l�Z�l�b�k�l�b�q�_�k�d�m�x�� �h�[�j�Z�[�h�l�d�m�� �^�Z�g�g�u�o�� �i�j�h�b�a�\�h�^�b�e�b�� �i�m�l�_�f�� �\�u�q�b�k�e�_�g�b�y�� �k�j�_�^�g�b�o�� �b��
�h�r�b�[�h�d�� �k�j�_�^�g�b�o�� ��M±m������ �j�Z�a�e�b�q�b�y�� �f�_�`�^�m�� �]�j�m�i�i�Z�f�b�� �h�p�_�g�b�\�Z�e�b�� �k�� �i�h�f�h�s�v�x��t-�d�j�b�l�_�j�b�y��
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РЕЗУЛЬТАТЫ И ИХ ОБСУЖДЕНИЕ 
�D�Z�d�� �\�b�^�g�h�� �b�a�� �l�Z�[�e�b�p�u���� �\�h�� �\�k�_�o�� �]�j�m�i�i�Z�o�� �[�h�e�v�g�u�o�� �[�u�e�h�� �^�h�k�l�h�\�_�j�g�h�� �k�g�b�`�_�g�h��

�n�Z�]�h�p�b�l�Z�j�g�h�_�� �q�b�k�e�h��– �d�h�e�b�q�_�k�l�\�h�� �f�b�d�j�h�[�h�\���� �i�h�]�e�h�s�_�g�g�h�_�� �h�^�g�b�f�� �n�Z�]�h�p�b�l�h�f�� �b��
�h�l�j�Z�`�Z�x�s�_�_�� �m�^�_�e�v�g�m�x�� �n�Z�]�h�p�b�l�Z�j�g�m�x�� �Z�d�l�b�\�g�h�k�l�v�� �g�_�c�l�j�h�n�b�e�h�\���� �W�l�h�� �k�h�i�j�h�\�h�`�^�Z�e�h�k�v��
�g�_�d�h�l�h�j�u�f�� �k�g�b�`�_�g�b�_�f�� �n�Z�]�h�p�b�l�Z�j�g�h�]�h�� �b�g�^�_�d�k�Z��– �i�j�h�p�_�g�l�Z�� �g�_�c�l�j�h�n�b�e�h�\���� �m�q�Z�k�l�\�m�x�s�b�o��
�\�� �n�Z�]�h�p�b�l�h�a�_���� �H�[�� �m�j�h�\�g�_�� �i�j�h�l�b�\�h�f�b�d�j�h�[�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �g�_�c�l�j�h�n�b�e�h�\�� �[�h�e�v�g�u�o��
�i�h�a�\�h�e�y�_�l�� �k�m�^�b�l�v�� �b�g�^�_�d�k�� �a�Z�\�_�j�r�_�g�g�h�k�l�b�� �n�Z�]�h�p�b�l�h�a�Z���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�� �k�i�h�k�h�[�g�h�k�l�v��
�g�_�c�l�j�h�n�b�e�h�\���d���\�g�m�l�j�b�d�e�_�l�h�q�g�h�f�m���m�g�b�q�l�h�`�_�g�b�x���i�h�]�e�h�s�_�g�g�u�o���f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\���� 

�D�Z�d�� �b�a�\�_�k�l�g�h���� �\�� �i�j�h�p�_�k�k�_�� �n�Z�]�h�p�b�l�h�a�Z���a�Z�o�\�Z�q�_�g�g�Z�y�� �e�_�c�d�h�p�b�l�h�f�� �[�Z�d�l�_�j�b�y��
�i�h�^�\�_�j�]�Z�_�l�k�y���\�h�a�^�_�c�k�l�\�b�x���d�b�k�e�h�j�h�^�a�Z�\�b�k�b�f�u�o���b���d�b�k�e�h�j�h�^�g�_�a�Z�\�b�k�b�f�u�o���[�Z�d�l�_�j�b�p�b�^�g�u�o��
�f�_�o�Z�g�b�a�f�h�\���� �D�� �d�b�k�e�h�j�h�^�a�Z�\�b�k�b�f�u�f�� �f�_�o�Z�g�b�a�f�Z�f�� �h�l�g�h�k�y�l�k�y�� �G�:�>�N-�G-�h�d�k�b�^�Z�a�Z�� �b��
�]�_�d�k�h�a�h�f�h�g�h�n�h�k�n�Z�l�g�u�c�� �r�m�g�l���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �b�o�� �Z�d�l�b�\�Z�p�b�b�� �\�� �g�_�c�l�j�h�n�b�e�_�� �h�[�j�Z�a�m�x�l�k�y��
�Z�d�l�b�\�g�u�_�� �n�h�j�f�u�� �d�b�k�e�h�j�h�^�Z���� �h�[�e�Z�^�Z�x�s�b�_�� �[�Z�d�l�_�j�b�p�b�^�g�h�c�� �Z�d�l�b�\�g�h�k�l�v�x���� �K�j�_�^�b�� �g�b�o��– 
�i�_�j�_�d�b�k�v�� �\�h�^�h�j�h�^�Z�� ��H2O������ �b�� �k�m�i�_�j�h�d�k�b�^-�Z�g�b�h�g���� �d�h�l�h�j�u�_�� �\�� �k�h�q�_�l�Z�g�b�b�� �k��
�f�b�_�e�h�i�_�j�h�d�k�b�^�Z�a�h�c�� ���n�_�j�f�_�g�l�h�f�� �i�_�j�\�b�q�g�u�o�� �]�j�Z�g�m�e���� �b�� �b�h�g�Z�f�b�� �]�Z�e�h�]�_�g�h�\�� �h�[�j�Z�a�m�x�l��
�f�h�s�g�m�x�� �[�Z�d�l�_�j�b�p�b�^�g�m�x�� �k�b�k�l�_�f�m�� �g�_�c�l�j�h�n�b�e�Z���� �m�[�b�\�Z�x�s�m�x�� �[�Z�d�l�_�j�b�b���� �I�h�d�Z�a�Z�l�_�e�_�f��
�[�Z�d�l�_�j�b�p�b�^�g�h�c�� �n�m�g�d�p�b�b�� �n�Z�]�h�p�b�l�h�\���� �h�l�j�Z�`�Z�x�s�b�f�� �m�j�h�\�_�g�v�� �i�j�h�^�m�d�p�b�b�� �k�m�i�_�j�h�d�k�b�^-
�Z�g�b�h�g�Z���� �k�q�b�l�Z�_�l�k�y�� �G�K�L-�l�_�k�l���� �H�g�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�� �k�i�h�k�h�[�g�h�k�l�v�� �g�_�c�l�j�h�n�b�e�h�\�� �d��
�a�Z�\�_�j�r�_�g�g�h�f�m�� �n�Z�]�h�p�b�l�h�a�m���� �D�b�k�e�h�j�h�^�g�_�a�Z�\�b�k�b�f�u�_�� �f�_�o�Z�g�b�a�f�u�� �[�Z�d�l�_�j�b�p�b�^�g�h�k�l�b��
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�\�d�e�x�q�Z�x�l�� �i�j�h�l�_�b�g�Z�a�u���� �g�_�n�_�j�f�_�g�l�g�u�_�� �d�Z�l�b�h�g�g�u�_�� �[�_�e�d�b���� �e�b�a�h�p�b�f���� �e�Z�d�l�h�n�_�j�j�b�g����
�d�h�l�h�j�u�_�� �j�Z�a�j�m�r�Z�x�l�� �d�e�_�l�h�q�g�m�x�� �k�l�_�g�d�m�� �f�b�d�j�h�[�Z�� �a�Z�� �k�q�_�l�� �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�]�h��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k���i�h�\�_�j�o�g�h�k�l�v�x���f�b�d�j�h�[�Z�����d�Z�l�b�h�g�g�u�_���[�_�e�d�b������ 

�D�Z�d�� �\�b�^�g�h�� �b�a�� �l�Z�[�e�b�p�u���� �i�h�d�Z�a�Z�l�_�e�v�� �a�Z�\�_�j�r�_�g�g�h�k�l�b�� �n�Z�]�h�p�b�l�h�a�Z �m�� �[�h�e�v�g�u�o�� �k��
�\�h�k�i�Z�e�b�l�_�e�v�g�u�f�b�� �a�Z�[�h�e�_�\�Z�g�b�y�f�b�� �i�h�e�h�k�l�b�� �j�l�Z���� �Z�� �l�Z�d�`�_�� �m�� �i�Z�p�b�_�g�l�h�\�� �[�_�a�� �l�Z�d�h�\�u�o���� �g�_��
�h�l�e�b�q�Z�e�k�y���h�l���k�h�h�l�\�_�l�k�l�\�m�x�s�_�c���\�_�e�b�q�b�g�u���a�^�h�j�h�\�u�o���e�b�p�����<�f�_�k�l�_���k���l�_�f�����m���i�Z�p�b�_�g�l�h�\���\�k�_�o��
�h�[�k�e�_�^�h�\�Z�g�g�u�o�� �]�j�m�i�i�� �g�Z�[�e�x�^�Z�e�h�k�v�� �i�h�\�u�r�_�g�b�_�� �k�i�h�k�h�[�g�h�k�l�b�� �g�_�c�l�j�h�n�b�e�h�\��
�i�j�h�^�m�p�b�j�h�\�Z�l�v�� �k�m�i�_�j�h�d�k�b�^�Z�g�b�h�g�� �i�j�b�� �k�l�b�f�m�e�y�p�b�b�� �e�b�i�h�i�h�e�b�k�Z�o�Z�j�b�^�h�f��in vitro���� �W�l�h��
�i�j�h�y�\�b�e�h�k�v�� �^�h�k�l�h�\�_�j�g�u�f�� �i�h�\�u�r�_�g�b�_�f�� �b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h�� �i�h�d�Z�a�Z�l�_�e�y�� �G�K�L-�l�_�k�l�Z�� �\��
�]�j�m�i�i�_�� �‹�� ������ �]�^�_�� �b�f�_�e�h�k�v�� �k�h�q�_�l�Z�g�b�_�� �<�A�I�� �k�� �G�P�>�� ���G�K�L�b�g�^� �������������“������������ �i�j�h�l�b�\��
�����������“�������� �\�� �]�j�m�i�i�_�� �a�^�h�j�h�\�u�o����P���������������� �b�� �l�_�g�^�_�g�p�b�_�c�� �d�� �i�h�\�u�r�_�g�b�x�� �w�l�h�]�h�� �i�h�d�Z�a�Z�l�_�e�y�� �\��
�]�j�m�i�i�Z�o�� �‹�� ���� �b�� ������ �M�k�b�e�_�g�b�_�� �j�_�Z�d�p�b�c�� �d�b�k�e�h�j�h�^�g�h�]�h�� �f�_�l�Z�[�h�e�b�a�f�Z�� �f�h�`�_�l�� �k�e�m�`�b�l�v��
�d�h�f�i�_�g�k�Z�l�h�j�g�u�f���f�_�o�Z�g�b�a�f�h�f�����g�Z�i�j�Z�\�e�_�g�g�u�f���g�Z���d�m�i�b�j�h�\�Z�g�b�_���^�_�n�_�d�l�g�h�]�h���n�Z�]�h�p�b�l�h�a�Z���� 

�E�_�c�d�h�p�b�l�Z�j�g�u�c�� �b�g�^�_�d�k�� �b�g�l�h�d�k�b�d�Z�p�b�b�� �g�_�� �\�u�o�h�^�b�e�� �a�Z�� �i�j�_�^�_�e�u�� �g�h�j�f�u�� �d�Z�d�� �m��
�[�h�e�v�g�u�o�� �k�� �\�h�k�i�Z�e�b�l�_�e�v�g�u�f�b�� �a�Z�[�h�e�_�\�Z�g�b�y�f�b�� �i�h�e�h�k�l�b�� �j�l�Z���� �l�Z�d�� �b�� �m�� �i�Z�p�b�_�g�l�h�\�� �[�_�a�� �g�b�o��
���l�Z�[�e�b�p�Z������ 

 

�L�Z�[�e�b�p�Z���� 
Показатели функциональной активности нейтрофилов у больных 

воспалительными заболеваниями полости рта и лиц контрольных групп. 
�=�j�m�i�i�u* �E�B�B �G�K�L���k�i �G�K�L���b�g�^ �B�g�^�_�d�k��

���k�i/�b�g�^�� 
�N�B �N�Q �B�A�N 

�<�A�I�� ���� �G�P�>��
(n=14) 

1,85±0,15 83,58±5,91 196,92±10,62* 2,40±0,13 65,17±2,54 3,82±0,26* 1,23±0,11 

� <� A� I� � � �� � � O� L� � � �� �
�G�P�>����n=21) 

1,54±0,13 83,20±4,17 178,0±9,22 2,16±0,09 64,70±3,11 3,79±0,19* 1,18±0,10 

�G�P�>����n=16) 1,62±0,17 82,14±6,19 174,21±10,39 2,17±0,12 65,64±3,10 3,79±0,24* 1,16±0,14 
�A�^�h�j�h�\�u�_��

(n=20) 1,52±0,03 81,8±2,2 161,7±3,9 2,0±0,05 75,8±8,6 8,8±1,5 1,3±0,05 

�I�j�b�f�_�q�Z�g�b�_. ВЗП – воспалительные заболевания пародонта, ХТ – хронический тонзиллит, 
НЦД – нейроциркуляторная дистония. ЛИИ – лейкоцитарный индекс интоксикации. НСТсп и 
НСТинд – показатель восстановления нитросинего тетразолия (%). ФИ и ФЧ – фагоцитарный 
индекс (%) и фагоцитарное число. ИФЗ – индекс завершенности фагоцитоза. Звездочка (*) – 
достоверное отличие от соответствующего показателя группы здоровых (p<0,05). 

 
�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �m�� �[�h�e�v�g�u�o�� �k�� �<�A�I�� �b�� �G�P�>�� �k�g�b�`�_�g�Z�� �k�i�h�k�h�[�g�h�k�l�v�� �g�_�c�l�j�h�n�b�e�h�\�� �d��

�a�Z�o�\�Z�l�m�� �f�b�d�j�h�[�h�\�� ���h�[�� �w�l�h�f�� �]�h�\�h�j�b�l�� �k�g�b�`�_�g�b�_�� �n�Z�]�h�p�b�l�Z�j�g�h�]�h�� �q�b�k�e�Z������ �g�h�� �i�j�b�� �w�l�h�f��
�i�h�\�u�r�_�g�Z�� �k�i�h�k�h�[�g�h�k�l�v�� �g�_�c�l�j�h�n�b�e�h�\�� �d�� �i�j�h�^�m�d�p�b�b�� �k�m�i�_�j�h�d�k�b�^-�Z�g�b�h�g�Z���� �I�h�\�u�r�_�g�b�_��
�i�j�h�^�m�d�p�b�b�� �Z�d�l�b�\�g�u�o�� �n�h�j�f�� �d�b�k�e�h�j�h�^�Z�� ���k�m�i�_�j�h�d�k�b�^-�Z�g�b�h�g���� �k�e�_�^�m�_�l�� �k�q�b�l�Z�l�v��
�d�h�f�i�_�g�k�Z�l�h�j�g�u�f�� �f�_�o�Z�g�b�a�f�h�f���� �\�h�a�f�_�s�Z�x�s�b�f�� �g�_�^�h�k�l�Z�l�h�q�g�h�k�l�v�� �n�Z�]�h�p�b�l�h�a�Z���� �W�l�h��
�k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �^�b�g�Z�f�b�q�_�k�d�h�f�� �i�_�j�_�d�e�x�q�_�g�b�b�� �\�g�m�l�j�b�d�e�_�l�h�q�g�u�o�� �a�Z�s�b�l�g�u�o��
�f�_�o�Z�g�b�a�f�h�\�� �g�_�c�l�j�h�n�b�e�h�\�� �g�Z�� �i�j�b�h�j�b�l�_�l�� �d�b�k�e�h�j�h�^�a�Z�\�b�k�b�f�u�o�� �f�_�o�Z�g�b�a�f�h�\��
�[�Z�d�l�_�j�b�p�b�^�g�h�k�l�b���� 

�I�h�k�d�h�e�v�d�m�� �G�P�>�� �i�j�b�k�m�l�k�l�\�h�\�Z�e�Z�� �m�� �\�k�_�o�� �]�j�m�i�i�� �g�Z�r�b�o�� �i�Z�p�b�_�g�l�h�\���� �f�h�`�g�h��
�a�Z�d�e�x�q�b�l�v���� �q�l�h�� �b�f�_�g�g�h�� �G�P�>�� �h�l�\�_�l�k�l�\�_�g�g�Z�� �a�Z�� �k�g�b�`�_�g�b�_�� �n�Z�]�h�p�b�l�Z�j�g�h�c�� �Z�d�l�b�\�g�h�k�l�b��
�g�_�c�l�j�h�n�b�e�h�\�� �m�� �h�[�k�e�_�^�h�\�Z�g�g�u�o�� �[�h�e�v�g�u�o���� �G�_�c�j�h�p�b�j�d�m�e�y�l�h�j�g�Z�y�� �^�b�k�l�h�g�b�y�� �i�h�e�g�h�k�l�v�x��
�h�i�j�_�^�_�e�y�_�l�� �]�e�m�[�b�g�m�� �g�Z�j�m�r�_�g�b�y�� �i�h�d�Z�a�Z�l�_�e�_�c�� �n�Z�]�h�p�b�l�h�a�Z�� �m�� �[�h�e�v�g�u�o�� �o�j�h�g�b�q�_�k�d�b�f�b��
�\�h�k�i�Z�e�b�l�_�e�v�g�u�f�b���a�Z�[�h�e�_�\�Z�g�b�y�f�b���i�Z�j�h�^�h�g�l�Z�� 
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Рис.1 Лазерная сварка 
биоматериалов: лазерный луч, 
обозначенный пунктиром, проникая 
через оба слоя, сваривает ткани 
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�l�_�q�_�g�b�_�� �g�_�k�d�h�e�v�d�b�o�� �e�_�l���� �F�b�g�b�f�Z�e�v�g�h�� �^�h�i�m�k�l�b�f�h�c�� �\�j�_�f�_�g�g�h�c�� �\�_�e�b�q�b�g�h�c��
�i�j�_�^�h�i�_�j�Z�p�b�h�g�g�h�]�h�� �i�_�j�b�h�^�Z�� �[�u�e�h�� �i�j�b�g�y�l�h�� �h�l�k�m�l�k�l�\�b�_�� �\�u�^�_�e�_�g�b�c�� �b�a�� �m�o�Z�� �g�_�� �f�_�g�_�_�� ����
�f�_�k�y�p�_�\�����I�j�b���g�Z�e�b�q�b�b���k�d�m�^�g�u�o���\�u�^�_�e�_�g�b�_���g�Z���k�j�h�d�Z�o����-�����f�_�k�����k�l�Z�\�b�e�b���\���k�e�m�o�h�\�m�x���l�j�m�[�m��
�a�h�e�h�l�m�x�� �i�j�h�\�h�e�h�d�m�� �^�e�y�� �m�e�m�q�r�_�g�b�y�� �_�_�� �^�j�_�g�Z�`�g�h�c�� �n�m�g�d�p�b�b���� �<�k�_�f�� �[�h�e�v�g�u�f�� �i�h��
�i�h�d�Z�a�Z�g�b�y�f�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �k�Z�g�b�j�h�\�Z�e�b�� �g�h�k�h�]�e�h�l�d�m�� �b�� �k�e�m�o�h�\�m�x�� �l�j�m�[�m����
�\�h�k�k�l�Z�g�Z�\�e�b�\�Z�e�b���g�h�k�h�\�h�_���^�u�o�Z�g�b�_���� 

�F�b�j�b�g�]�h�i�e�Z�k�l�b�d�Z�� �i�j�h�\�h�^�b�e�Z�k�v�� �i�j�b�� �i�h�f�h�s�b�� �i�_�j�_�k�Z�^�d�b�� �k�\�h�[�h�^�g�h�]�h�� �o�j�y�s�_-
�g�Z�^�o�j�y�s�g�b�q�g�h�]�h�� �l�j�Z�g�k�i�e�Z�g�l�Z�l�Z�� �\�a�y�l�h�]�h�� �b�a�� �d�h�a�_�e�d�Z�� �m�o�Z���� �>�Z�g�g�Z�y�� �f�_�l�h�^�b�d�Z�� �[�u�e�Z��
�j�Z�a�j�Z�[�h�l�Z�g�Z�� �\�� �=�_�j�f�Z�g�b�b�� �^�h�d�l�h�j�h�f�� �Y�g�d�_���� �<�� �d�e�b�g�b�d�_�� �E�H�J�� �K�I�[�=�F�M�� �b�f���� �I�Z�\�e�h�\�Z�� �h�g�Z��
�[�u�e�Z�� �Z�^�Z�i�l�b�j�h�\�Z�g�Z�� �b�� �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�Z�� �\�� ���������]���� �i�j�h�n�_�k�k�h�j�h�f�� �<���<���>�b�k�d�Z�e�_�g�d�h�� �^�e�y��
�i�j�h�\�_�^�_�g�b�y�� �l�b�f�i�Z�g�h�i�e�Z�k�l�b�d�� �j�Z�a�e�b�q�g�h�]�h�� �l�b�i�Z���� �F�u�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �w�l�m�� �f�_�l�h�^�b�d�m�� �i�j�b��
�i�j�h�\�_�^�_�g�b�b�� �g�Z�r�b�o�� �h�i�_�j�Z�l�b�\�g�u�o�� �\�f�_�r�Z�l�_�e�v�k�l�\���� �k�l�Z�j�Z�y�k�v�� �h�[�t�_�d�l�b�\�b�a�b�j�h�\�Z�l�v��

Рис. 2 Гистологический срез 
биоматериалов в месте лазерного 
хирургического шва 
(микрососуды и клеточные 
элементы в промежутках между 
сварными поверхностями 
обведены квадратной рамкой) 
Окраска по Ван-Гизону 

Рис. 3. Гистологический срез 
надхрящницы в месте 
лазерного хирургического 
шва  
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Рис. 5. 

�o�b�j�m�j�]�b�q�_�k�d�b�c���i�h�^�o�h�^���d���\�_�e�b�q�b�g�_���b�a�t�y�l�b�y���l�j�Z�g�k�i�e�Z�g�l�Z�p�b�h�g�g�h�]�h���f�Z�l�_�j�b�Z�e�Z�����>�e�y���w�l�h�]�h��
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �i�j�b�� �i�h�f�h�s�b�� �k�i�_�p�b�Z�e�v�g�h�� �]�j�Z�^�m�b�j�h�\�Z�g�g�h�c�� �i�e�z�g�d�b�� �a�Z�f�_�j�y�e�b�k�v��
�f�Z�d�k�b�f�Z�e�v�g�u�c�� �b�� �f�b�g�b�f�Z�e�v�g�u�c�� �^�b�Z�f�_�l�j�u�� �i�_�j�n�h�j�Z�p�b�b�� �[�Z�j�Z�[�Z�g�g�h�c�� �i�_�j�_�i�h�g�d�b�� �>���@���� �I�j�b��
�i�h�f�h�s�b�� �^�j�m�]�h�c�� �i�e�z�g�d�b���� �]�j�Z�^�m�b�j�h�\�Z�g�g�h�c�� �\�� �g�Z�l�m�j�Z�e�v�g�h�f�� �f�Z�k�r�l�Z�[�_�� �����d�e�_�l�d�Z�� � �� ���f�f������
�i�j�h�\�h�^�b�e�k�y�� �h�[�t�_�d�l�b�\�g�u�c�� �d�h�g�l�j�h�e�v�� �i�e�h�s�Z�^�b�� �l�j�Z�g�k�i�e�Z�g�l�Z�l�Z���� �g�_�h�[�o�h�^�b�f�h�]�h�� �^�e�y��
�a�Z�d�j�u�l�b�y���^�_�n�_�d�l�Z�� 

�I�h�k�e�_�� �h�l�k�_�i�Z�j�h�\�d�b�� �l�j�Z�g�k�i�e�Z�g�l�Z�l�Z�� �]�h�l�h�\�b�e�b�� �_�]�h�� �^�e�y�� �i�_�j�_�k�Z�^�d�b�� �k�e�_�^�m�x�s�b�f��
�h�[�j�Z�a�h�f���� �O�j�y�s�� �^�b�Z�f�_�l�j�h�f�� �h�d�h�e�h�� �������� �k�f2

�D�h�`�m�� �g�Z�j�m�`�g�h�]�h�� �k�e�m�o�h�\�h�]�h�� �i�j�h�o�h�^�Z��
�h�[�_�a�[�h�e�b�\�Z�e�b�� �i�h�� �J�h�a�_�g�m��

�l�b�i�b�q�g�h�� �b�a�� ��-�o�� �l�h�q�_�d���� �^�Z�e�_�_���h�k�\�_�`�Z�e�b�� �d�j�Z�y�� �i�_�j�n�h�j�Z�p�b�b �b��
�i�_�j�_�k�Z�`�b�\�Z�e�b�� �l�j�Z�g�k�i�e�Z�g�l�Z�l�� �g�Z�� �i�h�^�]�h�l�h�\�e�_�g�g�h�_�� �j�Z�g�_�\�h�_�� �e�h�`�_. 
�A�Z�l�_�f�� �i�j�b�� �i�h�f�h�s�b�� �<�$�*-�1�G�� �e�Z�a�_�j�Z�� �f�_�k�l�Z�o�� �i�j�h�\�h�^�b�e�b�� �e�Z�a�_�j�g�h�_��
�\�h�a�^�_�c�k�l�\�b�_���g�Z���l�d�Z�g�v���g�Z�^�o�j�y�s�g�b�p�u���l�j�Z�g�k�i�e�Z�g�l�Z�l�Z�����j�b�k����).  

���� �i�h�d�j�u�l�u�c�� �g�Z�^�o�j�y�s�g�b�p�_�c�� �k�� �h�[�_�b�o�� �k�l�h�j�h�g����
�_�^�b�g�u�f�� �[�e�h�d�h�f�� �m�^�Z�e�y�e�k�y�� �b�a�� �d�h�a�_�e�d�Z�� �h�i�_�j�b�j�m�_�f�h�]�h�� �m�o�Z���� �G�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �i�h�d�j�h�\�g�h�]�h��
�k�l�_�d�e�Z���o�j�y�s���n�b�d�k�b�j�h�\�Z�e�k�y���b���i�j�h�b�a�\�h�^�b�e�h�k�v���m�^�Z�e�_�g�b�_���g�Z�^�o�j�y�s�g�b�p�u���k���h�^�g�h�c���b�a���k�l�h�j�h�g��
�]�j�y�s�Z���� �I�h�k�e�_�� �w�l�h�]�h�� �^�b�Z�f�_�l�j�� �h�d�j�m�`�g�h�k�l�b�� �l�j�Z�g�k�i�e�Z�g�l�b�j�m�_�f�h�]�h�� �o�j�y�s�Z�� �i�h�^�[�b�j�Z�e�k�y�� �i�h�^��
�^�b�Z�f�_�l�j�� �i�_�j�n�h�j�Z�p�b�b�� �[�Z�j�Z�[�Z�g�g�h�c�� �i�_�j�_�i�h�g�d�b���� �Z�� �b�a�[�u�l�d�b�� �o�j�y�s�Z�� �m�^�Z�e�y�e�b�k�v�� �i�h��
�h�d�j�m�`�g�h�k�l�b���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f�� �i�h�e�m�q�Z�e�k�y�� �^�\�m�o�k�e�h�c�g�u�c�� �k�l�m�i�_�g�q�Z�l�u�c�� �l�j�Z�g�k�i�e�Z�g�l�Z�l����
�i�_�j�\�u�c�� �k�e�h�c�� ��- �g�Z�^�o�j�y�s�g�b�p�Z���� �^�b�Z�f�_�l�j�� �h�d�j�m�`�g�h�k�l�b�� �d�h�l�h�j�h�]�h�� �g�Z�� ��-���� �f�d�f�� �i�j�_�\�u�r�Z�e��

�^�b�Z�f�_�l�j���h�d�j�m�`�g�h�k�l�b���i�_�j�n�h�j�Z�p�b�b�����\�l�h�j�h�c���k�e�h�c��– 
�o�j�y�s���� �h�k�\�h�[�h�`�^�_�g�g�u�c�� �k�� �h�^�g�h�c�� �b�a�� �k�l�h�j�h�g�� �h�l��
�g�Z�^�o�j�y�s�g�b�p�u���� �^�b�Z�f�_�l�j�� �h�d�j�m�`�g�h�k�l�b�� �d�h�l�h�j�h�]�h��
�[�u�e�� �g�Z�� ��-���� �f�f�� �f�_�g�v�r�_�� �^�b�Z�f�_�l�j�Z�� �i�_�j�n�h�j�Z�p�b�b. 
�L�Z�d�h�_�� �m�k�l�j�h�c�k�l�\�h�� �� �l�j�Z�g�k�i�e�Z�g�l�Z�l�Z�� �i�h�a�\�h�e�y�e�h��
�n�b�d�k�b�j�h�\�Z�l�v�� �_�]�h�� �g�Z�� �[�Z�j�Z�[�Z�g�g�h�c�� �i�_�j�_�i�h�g�d�_���� �i�j�b��
�w�l�h�f�� �o�j�y�s���� �\�k�l�Z�\�e�_�g�g�u�c�� �\�� �i�_�j�n�h�j�Z�p�b�h�g�g�h�_��
�h�l�\�_�j�k�l�b�_���� �\�u�i�h�e�g�y�e�� �j�h�e�v�� �n�b�d�k�Z�l�h�j�Z���� �Z��
�g�Z�^�o�j�y�s�g�b�q�g�u�c�� �g�Z�j�m�`�g�u�c�� �k�e�h�c�� �l�j�Z�g�k�i�e�Z�g�l�Z�l�Z��
�j�h�\�g�h���j�Z�k�i�h�e�Z�]�Z�e�k�y���g�Z���i�h�^�]�h�l�h�\�e�_�g�g�h�f���j�Z�g�_�\�h�f��
�e�h�`�_���[�Z�j�Z�[�Z�g�g�h�c���i�_�j�_�i�h�g�d�b�����j�b�k������). 

�<�� �k�e�m�q�Z�_�� �_�k�e�b�� �i�j�h�b�k�o�h�^�b�e�h�� �k�d�\�h�a�g�h�_�� �i�j�h�`�b�]�Z�g�b�_��
�g�Z�^�o�j�y�s�g�b�p�u���� �e�Z�a�_�j�g�u�c�� �e�m�q���� �i�h�i�Z�^�Z�y�� �g�Z�� �d�j�h�\�v�� �i�h�^�e�_�`�Z�s�_�]�h��
�j�Z�g�_�\�h�]�h�� �e�h�`�Z�� �\�u�a�u�\�Z�e�� �d�h�Z�]�m�e�y�p�b�x�� �d�j�h�\�b�� �b�� �\�u�i�Z�^�_�g�b�_��
�n�b�[�j�b�g�Z���� �l�j�Z�\�f�u�� �[�Z�j�Z�[�Z�g�g�h�c�� �i�_�j�_�i�h�g�d�b�� �i�j�b�� �w�l�h�f�� �g�_��
�i�j�h�b�k�o�h�^�b�e�h���� �D�j�h�f�_ �l�h�]�h���� �d�h�Z�]�m�e�b�j�h�\�Z�g�g�Z�y�� �d�j�h�\�v���� �a�Z�i�h�e�g�y�y�� �h�l�\�_�j�k�l�b�_�� �\�� �g�Z�^�o�j�y�s�g�b�p�_ 
�b�]�j�Z�e�Z�� �j�h�e�v�� ���n�b�d�k�Z�l�h�j�Z������ �>�h�k�l�Z�l�h�q�g�h�� �k�e�h�`�g�h�� �k�d�Z�a�Z�l�v���� �q�l�h�� �y�\�e�y�e�h�k�v�� �d�e�x�q�_�\�u�f��
�f�h�f�_�g�l�h�f�� �e�Z�a�_�j�g�h�]�h�� �k�\�Z�j�b�\�Z�g�b�y�� �l�d�Z�g�_�c�� �i�_�j�_�i�h�g�d�b�� �b�� �g�Z�^�o�j�y�s�g�b�p�u���� �K�d�h�j�_�_�� �\�k�_�]�h����
�g�Z�c�^�_�g�g�u�c�� �j�_�`�b�f�� �\�h�a�^�_�c�k�l�\�b�y�� �e�Z�a�_�j�g�h�]�h�� �e�m�q�Z���k�i�h�k�h�[�k�l�\�h�\�Z�e�� �Z�k�_�i�l�b�q�_�k�d�h�f�m��
�\�h�k�i�Z�e�_�g�b�x�� �k�\�Z�j�b�\�Z�_�f�u�o�� �l�d�Z�g�_�c�� �k�� �h�[�b�e�v�g�u�f�� �\�u�i�Z�^�_�g�b�_�f�� �n�b�[�j�b�g�Z�� �f�_�`�^�m�� �j�Z�g�_�\�u�f�b��
�i�h�\�_�j�o�g�h�k�l�y�f�b���� �m�k�d�h�j�y�\�r�_�]�h�� �b�o�� �Z�^�]�_�a�b�x���� �\�k�e�_�^�� �a�Z�� �q�_�f�� �i�j�h�p�_�k�k�� �i�j�b�`�b�\�e�_�g�b�y��
�l�j�Z�g�k�i�e�Z�g�l�Z�l�Z�� �d�� �h�k�l�Z�l�d�Z�f�� �[�Z�j�Z�[�Z�g�g�h�c�� �i�_�j�_�i�h�g�d�b�� �r�_�e�� �h�[�u�q�g�u�f�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�f��
�i�m�l�_�f�����K�d�h�j�_�_�� �\�k�_�]�h���� �w�l�h�� �g�_�� �i�j�h�k�l�h�� �n�b�[�j�b�g���� �Z�� �d�Z�d�h�_-�l�h�� �b�a�� �_�]�h�� �n�h�j�f���� �g�_�d�h�_�� �©�d�e�_�c�d�h�_��
�\�_�s�_�k�l�\�h�ª���i�h�o�h�`�_�_���g�Z���n�b�[�j�b�g�����©�b�a�h�n�b�[�j�b�g�ª�� 

�I�h�k�e�_�� �e�Z�a�_�j�g�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �g�Z�� �l�j�Z�g�k�i�e�Z�g�l�Z�l�� �\�� �j�_�`�b�f�_�� �Z�^�]�_�a�b�b���� �q�_�j�_�a��
�g�_�d�h�l�h�j�h�_���\�j�_�f�y���g�Z�[�e�x�^�Z�e�b���_�]�h���i�h�[�_�e�_�g�b�_���\���l�h�q�d�Z�o���\�h�a�^�_�c�k�l�\�b�y���e�m�q�Z�� 

�G�Z�j�m�`�g�u�c�� �k�e�m�o�h�\�h�c�� �i�j�h�o�h�^�� �l�Z�f�i�h�g�b�j�h�\�Z�e�k�y�� �l�m�j�m�g�^�Z�f�b�� �k�� �]�b�^�j�h�d�Z�j�l�b�a�h�g�h�f����
�a�Z�d�j�u�\�Z�e�k�y���\�Z�l�g�u�f���n�b�e�v�l�j�h�f�����I�_�j�\�Z�y���i�_�j�_�\�y�a�d�Z���b���j�_�\�b�a�b�y���g�_�h�l�b�f�i�Z�g�Z�e�v�g�h�c���f�_�f�[�j�Z�g�u��
�i�j�h�\�h�^�b�e�Z�k�v�� �g�Z�� ��-�b�� �k�m�l�d�b�� �i�h�k�e�_�� �h�i�_�j�Z�p�b�b���� �=�e�Z�\�g�h�_�� �\�g�b�f�Z�g�b�_�� �h�[�j�Z�s�Z�e�h�k�v�� �g�Z�� �p�\�_�l�� �b��
�d�Z�q�_�k�l�\�h�� �i�b�l�Z�g�b�y�� �l�j�Z�g�k�i�e�Z�g�l�Z�l�Z�����I�j�b�� �k�d�m�^�g�h�f�� �d�h�e�b�q�_�k�l�\�_�� �j�Z�g�_�\�h�]�h�� �l�j�Z�g�k�k�m�^�Z�l�Z�� �b�e�b��

Рис. 4. Схематическое изображение 
транспланта, уложенного на дефект 
барабанной перепонки барабанной 
перепонки 
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Резюме 
Лазерную мирингопластику можно считать одним из полноправных направлений 

современной отохирургии. После изучения отдаленных последствий нового способа 
восстановления целостности барабанной перепонки определились показания и противопоказания 
к его использованию.  

Наиболее перспективно его применение оказалось для реализации концепции хирургии 
«одного дня». Благодаря простоте, надежности, безопасности и доступности возможно ее 
применение в амбулаторных условиях. 
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Рис.1. Фарингоскопическая 
картина 

Рис.2. Данные ультразвукового исследования шеи 
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Рис.4. Результаты магнитно-резонансного исследования в различных режимах 
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�f�h�[�b�e�b�a�h�\�Z�g�Z�� �d�b�\�Z�l�_�e�v�g�Z�y�� �f�u�r�p�Z���� �\�u�^�_�e�_�g�� �k�h�k�m�^�b�k�l�h-�g�_�j�\�g�u�c�� �i�m�q�h�d�� �r�_�b�� ���h�l�^�_�e�v�g�h��
�\�_�g�Z�� �b�� �h�[�s�Z�y�� �k�h�g�g�Z�y���Z�j�l�_�j�b�y������ �<�� �\�_�j�o�g�_�c�� �l�j�_�l�b�� �d�b�\�Z�l�_�e�v�g�h�c�� �f�u�r�p�u�� �h�[�g�Z�j�m�`�_�g��
�e�b�f�n�h�m�a�_�e����d �§�����������k�f�������<���i�Z�j�Z�n�Z�j�b�g�]�_�Z�e�v�g�h�c���h�[�e�Z�k�l�b���h�[�g�Z�j�m�`�_�g�Z���i�e�h�l�g�Z�y�����n�b�[�j�h�a�g�Z�y��
�d�Z�i�k�m�e�Z�� �g�h�\�h�h�[�j�Z�a�h�\�Z�g�b�y���� �I�j�b�� �_�_�� �\�u�^�_�e�_�g�b�b�� �\�� �h�[�e�Z�k�l�b�� �\�_�j�o�g�_�]�h�� �i�h�e�x�k�Z�� �i�h�k�e�_�^�g�y�y��

Рис.3. КТ-картина внеорганного образования парафарингеального пространства слева. 
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�\�k�d�j�u�l�Z���� �i�h�k�e�_�� �q�_�]�h�� �\�� �j�Z�g�m�� �\�u�^�_�e�b�e�h�k�v�� �[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h���� �^�h�� ���������� �f�e�� �]�m�k�l�h�]�h��
�b�o�h�j�h�a�g�h�]�h���]�g�h�y ���j�b�k����������. 

�I�j�h�b�a�\�_�^�_�g�h�� �r�b�j�h�d�h�_�� �\�k�d�j�u�l�b�_�� �i�h�e�h�k�l�b�� �Z�[�k�p�_�k�k�Z���� �i�h�e�h�k�l�v�� �i�j�h�f�u�l�Z��
�Z�g�l�b�k�_�i�l�b�d�Z�f�b���� �I�j�b�� �j�_�\�b�a�b�b�� �^�_�n�_�d�l�h�\�� �k�e�b�a�b�k�l�h�c�� �h�[�g�Z�j�m�`�_�g�h�� �g�_�� �[�u�e�h���� �J�Z�g�Z�� �i�h�k�e�h�c�g�h��
�m�r�b�l�Z�� �^�j�_�g�Z�`�b�����Z�k�_�i�l�b�q�_�k�d�Z�y���i�h�\�y�a�d�Z�� 

�K�h�o�j�Z�g�y�e�Z�k�v���g�_�d�h�l�h�j�Z�y�� �b�g�n�b�e�v�l�j�Z�p�b�y�� �k�e�b�a�b�k�l�h�c�� �h�[�h�e�h�q�d�b�� �[�h�d�h�\�h�c�� �k�l�_�g�d�b��
�]�e�h�l�d�b���k�e�_�\�Z��– �g�Z�������k�m�l�d�b���i�h�k�e�_���h�i�_�j�Z�p�b�b���\�u�i�h�e�g�_�g���j�Z�a�j�_�a���k�e�b�a�b�k�l�h�c���h�[�h�e�h�q�d�b���[�h�d�h�\�h�c��
�k�l�_�g�d�b���]�e�h�l�d�b���\���f�_�k�l�_���g�Z�b�[�h�e�v�r�_�]�h���\�u�[�m�o�Z�g�b�y��– �[�u�e�h���i�h�e�m�q�_�g�h���g�_�[�h�e�v�r�h�_���d�h�e�b�q�_�k�l�\�h��
�k�m�d�j�h�\�b�q�g�h�]�h���h�l�^�_�e�y�_�f�h�]�h�� 

�<�� �^�Z�e�v�g�_�c�r�_�f���� �i�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�u�c�� �i�_�j�b�h�^�� �i�j�h�l�_�d�Z�e�� �[�_�a�� �h�k�h�[�_�g�g�h�k�l�_�c����
�i�h�e�m�q�Z�e�Z�� �f�Z�k�k�b�\�g�m�x�� �i�j�h�l�b�\�h�\�h�k�i�Z�e�b�l�_�e�v�g�m�x�� �b�� �Z�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�m�x�� �l�_�j�Z�i�b�x���� �j�Z�g�Z��
�a�Z�`�b�e�Z���i�_�j�\�b�q�g�u�f���g�Z�l�y�`�_�g�b�_�f�����L�j�Z�o�_�h�k�l�h�f�b�q�_�k�d�Z�y���l�j�m�[�d�Z���m�^�Z�e�_�g�Z���g�Z�������k�m�l�d�b�� 

�=�b�k�l�h�e�h�]�b�q�_�k�d�h�_���a�Z�d�e�x�q�_�g�b�_�����k�i�_�p�b�n�b�q�_�k�d�Z�y���]�b�i�_�j�i�e�Z�a�b�y���e�b�f�n�Z�l�b�q�_�k�d�h�]�h���m�a�e�Z����
�<���i�j�b�e�_�`�Z�s�_�c���`�b�j�h�\�h�c���l�d�Z�g�b��– �h�q�Z�]�h�\�u�_���d�j�h�\�h�b�a�e�b�y�g�b�y�� 

�B�g�l�_�j�_�k�� �i�j�_�^�k�l�Z�\�e�_�g�g�h�]�h�� �g�Z�[�e�x�^�_�g�b�y�� �k�h�k�l�h�b�l�� �\�� �l�h�f�����q�l�h�� �g�_�k�f�h�l�j�y�� �g�Z��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�k�_�o�� �k�h�\�j�_�f�_�g�g�u�o�� �f�_�l�h�^�h�\�� �^�b�Z�]�g�h�k�l�b�d�b���� �h�d�h�g�q�Z�l�_�e�v�g�u�c�� �^�b�Z�]�g�h�a�� �[�u�e��
�m�k�l�Z�g�h�\�e�_�g�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�Z�� �h�i�_�j�Z�p�b�h�g�g�h�f�� �k�l�h�e�_���� �W�l�h�� �_�s�_�� �j�Z�a�� �i�h�^�l�\�_�j�`�^�Z�_�l��
�a�g�Z�q�b�l�_�e�v�g�m�x���k�e�h�`�g�h�k�l�v���\�_�j�b�n�b�d�Z�p�b�b���o�Z�j�Z�d�l�_�j�Z���h�[�t�_�f�g�u�o���i�j�h�p�_�k�k�h�\���\���h�[�e�Z�k�l�b���r�_�b�� 

Рис.5. Этап жирургического вмешательства 
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�Z�e�e�_�j�]�b�q�_�k�d�b�o�� �j�_�Z�d�p�b�c�� �b�� �h�[�f�_�g�Z���\�_�s�_�k�l�\�� �\�� �j�_�]�m�e�y�p�b�b�� �^�_�y�l�_�e�v�g�h�k�l�b�� �E�H�J-�h�j�]�Z�g�h�\���� �<��
�h�k�g�h�\�_�� �_�]�h�� �o�b�j�m�j�]�b�q�_�k�d�h�c�� �d�h�g�p�_�i�p�b�b���e�_�`�Z�e�h�� �f�Z�d�k�b�f�Z�e�v�g�h�� �s�Z�^�y�s�_�_�� �\�f�_�r�Z�l�_�e�v�k�l�\�h����
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�:�F�G���K�K�K�J��– �a�Z�\���� �Z�d�Z�^���� �<���B���B�h�n�n�_���� �i�h���b�a�m�q�_�g�b�x�� �k�e�m�o�h�\�h�]�h�� �Z�g�Z�e�b�a�Z�l�h�j�Z�� �k��
�e�Z�[�h�j�Z�l�h�j�b�_�c�� �B�g�k�l�b�l�m�l�Z�� �n�b�a�b�h�e�h�]�b�b�� �b�f���� �B���I���I�Z�\�e�h�\�Z��– �a�Z�\���� �i�j�h�n���� �=���<���=�_�j�r�m�g�b����
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�w�e�_�d�l�j�h�Z�d�m�k�l�b�q�_�k�d�b�c�� �f�_�l�h�^�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y �b�� �h�[�m�q�_�g�b�y���]�e�m�o�h�g�_�f�u�o���� �j�Z�a�j�Z�[�h�l�Z�e��
�f�_�l�h�^�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �h�p�_�g�d�b�� �\�g�m�l�j�_�g�g�_�]�h�� �m�o�Z�� �k�� �i�h�f�h�s�v�x�� �j�_�]�b�k�l�j�Z�p�b�b�� �m�e�b�l�d�h�\�u�o��
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Obituary 
 

 
LARS-ERIC STENFORS 

1941-10-03  –  2004-12-10 
 
 

Professor Lars-Eric Stenfors, a distinguished otorhinolaryngologist and 
scientist, died on December 10, 2004 at his home in Kokkola, Finland. Lars-Eric 
Stenfors is survived by his wife Asta and their three sons; Alexis, Nicolai and Anton 
with families. 

Lars-Eric Stenfors was born 1941 in Närpes, Finland and performed his 
medical studies at the University of Aarhus, Denmark, at which he got his Doctor of 
Medicine 1971. After being a licenced physician and spending a couple of years in 
Finland he came to the University Hospital of Umeå, Sweden in 1975. There he 
became a specialist in otorhinolaryngology in 1977. Parallell to his clinical work he 
had started his scientific career and 1980 he defended his doctorial thesis titled 
“Structure and pattern of motion of the tympanic membrane with special reference to 
experimental perforations and subsequent healing processes.” Lars-Eric Stenfors 
then moved back to Finland and after a few years as senior physician and private 
practioner in otorhinolaryngology in Kokkola he was in 1989 appointed professor and 
chairman of the Department of Otorhinolaryngology at the University of Tromsö, a 
position he held until his death. 

Lars-Eric Stenfors scientific interest was genuinly focussed on the ear 
structure and function, in particular on the middle ear. He was very successful in his 
scientific work and published close to 300 papers in well renowned international and 
national journals. His studies on the Shrapnell membrane and of the adherence 
phenomenon between bacteria and the throat mucosa in human host are classical. 
Lars-Eric Stenfors was notorius for his wit and he always tried to focus on simplicity 
also in the most complex mechanisms. In addition to his outstanding properties as a 
clinician and scientist he was a very loved human being because of his humble 
attitude and never ending sense of humour. His personal qualities in combination 
with his scientific knowledge gave him a large network of friends all over the world. 
Lars-Eric Stenfors was invited to a large number of international scientific meetings 
and also hosted several conferences related to ear research and mucosal defence 
mechanisms in Tromsö and once in such an exotic place as Svalbard.  

Lars-Eric Stenfors was not only a professional in otorhinolaryngology he also 
had a lot more interests. He liked music, in particular jazz, and he himself was quite 
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an experienced clarinettist. He also had a great spirit for sports and was the initiator 
to one of the largest soccer sups for youth in the Nordic countries – Kokkola cup. In 
summertime he liked to spend his days with his family at the summer cottage on 
Vargskär an island in the Finnish arcipelago. 

It was with consternation we last summer received the message that Lars-Eric 
Stenfors suffered from a malignancy. But also in this situation Lars-Eric calmly in his 
secure way explained to us that only our Lord could tell how the final outcome would 
be. We are many who will miss our friend Lars-Eric. We will always remember Lars-
Eric with great respect and warm feelings. There will be a huge empty space after 
this most qualified otolaryngologist, successful scientist and humble and honest man. 
 
 
Sten Hellström                         Ove Söderberg                                 Herman Diamant 
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Уважаемые коллеги! 
 
�:�k�k�h�p�b�Z�p�b�y�� �J�b�g�h�e�h�]�h�\�� �J�_�k�i�m�[�e�b�d�b�� �D�Z�a�Z�o�k�l�Z�g�� �b�� �F�_�`�^�m�g�Z�j�h�^�g�Z�y�� �:�d�Z�^�_�f�b�y��

�H�l�h�j�b�g�h�e�Z�j�b�g�]�h�e�h�]�b�b��- �O�b�j�m�j�]�b�b�� �=�h�e�h�\�u�� �b�� �R�_�b�� ��IAO-HNS���� �i�j�h�\�h�^�y�l�� �h�^�g�h�\�j�_�f�_�g�g�h��
II�h�c�� �G�Z�p�b�h�g�Z�e�v�g�u�c�� �d�h�g�]�j�_�k�k�� �J�b�g�h�e�h�]�h�\�� �b�� �F�_�`�^�m�g�Z�j�h�^�g�m�x�� �d�h�g�n�_�j�_�g�p�b�x�� �f�h�e�h�^�u�o��
�h�l�h�j�b�g�h�e�Z�j�b�g�]�h�e�h�]�h�\����-�����h�d�l�y�[�j�y�������������]�h�^�Z���\���]�h�j�h�^�Z�o���R�u�f�d�_�g�l�_���b���L�m�j�d�_�k�l�Z�g�_���g�Z���[�Z�a�_��
�X�`�g�h-�D�Z�a�Z�o�k�l�Z�g�k�d�h�c�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� �f�_�^�b�p�b�g�k�d�h�c�� �Z�d�Z�^�_�f�b�b�� �b�� �F�_�`�^�m�g�Z�j�h�^�g�h�]�h��
�D�Z�a�Z�o�k�d�h-�L�m�j�_�p�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z���b�f�_�g�b���O���:�����Y�k�Z�\�b�� 

�<�k�_�� �^�h�d�e�Z�^�u�� ���l�_�f�Z�l�b�d�Z�� �i�h�� �E�H�J�� �g�_�� �h�]�j�Z�g�b�q�_�g�Z���� �i�j�_�^�k�l�Z�\�e�y�x�l�k�y�� �g�Z�� �d�Z�a�Z�o�k�d�h�f����
�Z�g�]�e�b�c�k�d�h�f�����j�m�k�k�d�h�f���y�a�u�d�_�� 

�L�_�a�b�k�u���^�h�e�`�g�u���[�u�l�v���g�Z�i�_�q�Z�l�Z�g�u���g�Z���e�Z�a�_�j�g�h�f���b�e�b���k�l�j�m�c�g�h�f���i�j�b�g�l�_�j�_�����h�[�t�_�f�h�f��
�^�h�������k�l�j�Z�g�b�p���q�_�j�_�a�����������b�g�l�_�j�\�Z�e�Z�������]�Z�j�g�b�l�m�j�Z���©Times» - 12 

�W�e�_�d�l�j�h�g�g�Z�y�� �\�_�j�k�b�y�� �l�_�a�b�k�h�\ �h�[�y�a�Z�l�_�e�v�g�Z�� �b�� �f�h�`�_�l�� �[�u�l�v�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �g�Z�� �e�x�[�h�f��
�g�h�k�b�l�_�e�_�����������C�^�b�k�d�_�l�_����CD). 

�>�h�d�e�Z�^�u�� �h�p�_�g�b�\�Z�x�l�k�y�� �f�_�`�^�m�g�Z�j�h�^�g�u�f�� �`�x�j�b���� �I�h�[�_�^�b�l�_�e�y�f�� �[�m�^�m�l�� �\�j�m�q�_�g�u��
�^�b�i�e�h�f�u�����i�j�_�f�b�b���b���i�j�b�a�u�����Z���\�k�_�f���m�q�Z�k�l�g�b�d�Z�f��- �k�_�j�l�b�n�b�d�Z�l�u�� 

�F�h�e�h�^�u�_���k�i�_�p�b�Z�e�b�k�l�u���i�j�b�]�e�Z�r�Z�x�l�k�y���\�f�_�k�l�_���k���b�o���g�Z�m�q�g�u�f�b���j�m�d�h�\�h�^�b�l�_�e�y�f�b�� 
�A�Z�y�\�d�b�� �g�Z�� �m�q�Z�k�l�b�_�� �b�� �l�_�d�k�l�u�� �^�h�d�e�Z�^�h�\�� �i�j�_�^�k�l�Z�\�e�y�l�v�� �^�h�� ���� �b�x�e�y�� ���������� �]�h�^�Z�� �g�Z�� �b�f�y��

�i�j�h�n�_�k�k�h�j�Z�� �J���D���� �� �L�m�e�_�[�Z�_�\�Z�� �i�h�� �Z�^�j�_�k�m���� �m�e���� �;�_�c�[�b�l�r�b�e�b�d���� �����Z���� ��-�Z�y�� �]�h�j�h�^�k�d�Z�y��
�d�e�b�g�b�q�_�k�d�Z�y�� �[�h�e�v�g�b�p�Z���� �]���:�k�l�Z�g�Z���� ���������������� �J�_�k�i�m�[�e�b�d�Z�� �D�Z�a�Z�o�k�l�Z�g���� �L�_�e. (3172)-31-48-65; 
(3172)-31-48-59; �n�Z�d�k (3172)-31-48-65 

E-mail: Rais007@yandex.ru; Rais 007@rambler.ru; rrozenson@kepter.kz. 

ТЕЗИСЫ ПРИНИМАЮТСЯ ДО 1 ИЮЛЯ 2005 ГОДА 

Форма оплаты: 
Безналичным платежом — �i�_�j�_�q�b�k�e�_�g�b�_�f�� �h�l�� �e�x�[�u�o�� �k�i�h�g�k�h�j�k�d�b�o��

�h�j�]�Z�g�b�a�Z�p�b�c���b���n�b�j�f���\���l�_�g�]�_���b�e�b���j�h�k�k�b�c�k�d�b�o���j�m�[�e�y�o�����a�Z���i�m�[�e�b�d�Z�p�b�x���h�^�g�h�c��
�k�l�j�Z�g�b�p�u�������������l�_�g�]�_�����\���j�h�k�k�b�c�k�d�b�o���j�m�[�e�y�o��- ���������j�m�[�e�_�c���� 

Адрес расчетного счета в тенге: Ассоциация Ринологов Республики 
Казахстан. Расчетный счет №001700534, код-18 РНН 620300217794 АО 
«Цеснабанк» г.Астана, ул. Бейбитшилик, 43, а/я 255 

Адрес расчетного счета в рублях: Ассоциация Ринологов Республики 
Казахстан. Столичный филиал АО «Цеснабанк» г.Астана, Казахстан 
Корсчет 30231810100000000145 в ОАО АК СБЕРБАНК РОССИЙСКОЙ 
ФЕДЕРАЦИИ МОСКВА, РОССИЯ. Корсчет 30101810400000000225 в 
ГТУ Московского Банка БИК 044525225, ИНН 7707083893 Ассоциация 
Ринологов Республики Казахстан. Расчетный счет №586160534 РНН 
620300217794 



�)�R�O�L�D���2�W�R�U�K�L�Q�R�O�D�U�\�Q�J�R�O�R�J�L�F�D�����9�R�O�����������‹����-4, 2004 
 

83 

�H�[�j�Z�a�_�p���h�n�h�j�f�e�_�g�b�y���k�l�Z�l�v�b 
 
Название статьи (title of the paper) 
�G�Z�a�\�Z�g�b�_�� �k�l�Z�l�v�b�� �^�h�e�`�g�h�� �g�Z�o�h�^�b�l�v�k�y�� �\�� �p�_�g�l�j�_���� �L�h�e�v�d�h�� �i�_�j�\�h�_�� �k�e�h�\�h�� �\�� �g�Z�a�\�Z�g�b�b�� �b�� �b�f�_�g�Z�� �k�h�[�k�l�\�_�g�g�u�_��
�^�h�e�`�g�u���g�Z�q�b�g�Z�l�v�k�y���k���a�Z�]�e�Z�\�g�h�c���[�m�d�\�u�����G�Z�a�\�Z�g�b�_���^�h�e�`�g�h���[�u�l�v���d�j�Z�l�d�b�f���b���b�g�n�h�j�f�Z�l�b�\�g�u�f�����G�_���g�Z�q�b�g�Z�c�l�_��
�k�l�Z�l�_�c���k���Z�j�l�b�d�e�_�c���b�e�b���i�j�_�^�e�h�]�h�\�����J�Z�k�r�b�n�j�h�\�u�\�Z�c�l�_���k�h�d�j�Z�s�_�g�b�y�����_�k�e�b���h�g�b���g�_���y�\�e�y�x�l�k�y���h�[�s�_�i�j�b�g�y�l�u�f�b�� 
Авторы, их должности и места работы (authors and affiliations) 
�<�� �p�_�g�l�j�_���� �I�j�h�i�m�k�l�b�l�v�� �h�^�g�m�� �e�b�g�b�x�� �f�_�`�^�m�� �b�f�_�g�Z�f�b�� �Z�\�l�h�j�h�\�� �b�� �b�o�� �^�h�e�`�g�h�k�l�y�f�b�� �b�� �f�_�k�l�Z�f�b�� �j�Z�[�h�l�u���� �G�_��
�\�d�e�x�q�Z�c�l�_���m�q�_�g�u�_���a�\�Z�g�b�y�����>�j�������I�j�h�n�������3�K�'�������K�e�_�^�m�_�l���m�d�Z�a�u�\�Z�l�v���i�h�e�g�u�c���Z�^�j�_�k�� 
Реферат статьи (abstract) 
�J�_�n�_�j�Z�l�� �^�h�e�`�_�g�� �j�Z�k�i�h�e�Z�]�Z�l�v�k�y �g�Z�� �^�\�_�� �e�b�g�b�b�� �g�b�`�_�� �Z�^�j�_�k�Z���� �G�Z�i�_�q�Z�l�Z�c�l�_�� �©�j�_�n�_�j�Z�l�� �k�l�Z�l�v�b�ª�� �g�Z�� �h�l�^�_�e�v�g�h�c��
�k�l�j�h�d�_�����a�Z�]�e�Z�\�g�u�f�b���[�m�d�\�Z�f�b�����i�h���p�_�g�l�j�m���b���\�u�^�_�e�b�l�_���`�b�j�g�u�f���r�j�b�n�l�h�f�����b�e�b���i�h�^�q�_�j�d�g�b�l�_�������J�_�n�_�j�Z�l���k�l�Z�l�v�b��
�k�e�_�^�m�_�l�� �h�]�j�Z�g�b�q�b�l�v�� �^�h�� �������� �k�e�h�\���� �G�b�`�_�� �\�d�e�x�q�b�l�_�� �k�i�b�k�h�d�� �^�h�� ������ �d�e�x�q�_�\�u�o�� �k�e�h�\�� �b�� �j�Z�k�i�h�e�h�`�b�l�_�� �_�]�h�� �i�h�^��
�j�_�n�_�j�Z�l�h�f���k�l�Z�l�v�b�� 
Заголовки (principal headings) 
�I�h�f�_�s�Z�c�l�_���a�Z�]�h�e�h�\�d�b���g�Z���h�l�^�_�e�v�g�h�c���k�l�j�h�q�d�_���i�h���p�_�g�l�j�m�����\�k�_���[�m�d�\�u���\���a�Z�]�h�e�h�\�d�_���^�h�e�`�g�u���[�u�l�v���a�Z�]�e�Z�\�g�u�f�b���b��
�\�u�^�_�e�_�g�u���`�b�j�g�u�f���r�j�b�n�l�h�f�����b�e�b���i�h�^�q�_�j�d�g�m�l�u�������J�Z�a�^�_�e�u���^�h�e�`�g�u���[�u�l�v���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h���i�j�h�g�m�f�_�j�h�\�Z�g�u��
���g�Z�i�j�b�f�_�j���������������������������� 
Подзаголовки (subheadings) 
�J�Z�k�i�h�e�Z�]�Z�c�l�_�� �i�h�^�a�Z�]�h�e�h�\�d�b�� �g�Z�� �h�l�^�_�e�v�g�h�c�� �k�l�j�h�d�_���� �\�u�j�h�\�g�b�l�_�� �i�h�� �e�_�\�h�f�m�� �d�j�Z�x���� �a�Z�]�e�Z�\�g�u�f�b�� �^�h�e�`�g�u�� �[�u�l�v��
�i�_�j�\�Z�y���[�m�d�\�Z���i�_�j�\�h�]�h���k�e�h�\�Z���i�h�^�a�Z�]�h�e�h�\�d�Z���b���b�f�_�g�Z���k�h�[�k�l�\�_�g�g�u�_�����I�h�^�a�Z�]�h�e�h�\�h�d���k�e�_�^�m�_�l���\�u�^�_�e�b�l�v���`�b�j�g�u�f��
�r�j�b�n�l�h�f�� �b�e�b�� �i�h�^�q�_�j�d�g�m�l�v���� �I�h�^�j�Z�a�^�_�e�u�� �^�h�e�`�g�u�� �[�u�l�v�� �i�j�h�g�m�f�_�j�h�\�Z�g�u�� �k�h�]�e�Z�k�g�h�� �k�e�_�^�m�x�s�_�f�m�� �i�j�b�f�_�j�m����
�J�Z�a�^�_�e�������������y�\�e�y�_�l�k�y���i�_�j�\�u�f���i�h�^�j�Z�a�^�_�e�h�f���j�Z�a�^�_�e�Z���������i�h� �̂j�Z�a�^�_�e�������������������y�\�e�y�_�l�k�y���i�h�^�j�Z�a�^�_�e�h�f������������ 
Сокращения (acronyms) 
�?�k�e�b���k�h�d�j�Z�s�_�g�b�y���\�k�l�j�_�q�Z�x�l�k�y���\�i�_�j�\�u�_�����l�h�����d�j�h�f�_���k�Z�f�u�o���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o�����b�o���k�e�_�^�m�_�l���j�Z�k�r�b�n�j�h�\�u�\�Z�l�v����
�i�j�b���w�l�h�f���k�g�Z�q�Z�e�Z���^�h�e�`�g�Z���[�u�l�v���g�Z�i�_�q�Z�l�Z�g�Z���j�Z�k�r�b�n�j�h�\�d�Z���k�h�d�j�Z�s�_�g�b�c�����Z���a�Z���g�b�f�b���\���k�d�h�[�d�Z�o���^�h�e�`�g�u���[�u�l�v��
�m�d�Z�a�Z�g�u���k�h�d�j�Z�s�_�g�b�y�����g�Z�i�j�b�f�_�j�����O�L�T�X�L�G���S�K�D�V�H���H�S�L�W�D�[�\�����/�3�(�����b�e�b���(�[�W�U�H�P�H���8�O�W�U�D�Y�L�R�O�H�W���(�[�S�O�R�U�H�U�����(�8�9�(���� 
Формулы (equations) 
�N�h�j�f�m�e�u �k�e�_�^�m�_�l�� �i�_�q�Z�l�Z�l�v���� �?�k�e�b�� �w�l�h�� �g�_�\�h�a�f�h�`�g�h�� �g�Z�� �<�Z�r�_�f�� �i�_�q�Z�l�Z�x�s�_�f�� �m�k�l�j�h�c�k�l�\�_���� �Z�d�d�m�j�Z�l�g�h��
�\�i�b�k�u�\�Z�c�l�_���l�j�_�[�m�_�f�u�_���f�Z�l�_�f�Z�l�b�q�_�k�d�b�_���k�b�f�\�h�e�u���q�_�j�g�u�f�b���q�_�j�g�b�e�Z�f�b�����g�_���b�k�i�h�e�v�a�m�c�l�_���k�b�g�b�_���q�_�j�g�b�e�Z���b�e�b��
�d�Z�j�Z�g�^�Z�r�������B�k�i�h�e�v�a�m�c�l�_���Z�j�Z�[�k�d�b�_���p�b�n�j�u���^�e�y���g�m�f�_�j�h�\�Z�g�b�y���n�h�j�f�m�e�����g�h�f�_�j�Z���n�h�j�f�m�e���m�d�Z�a�u�\�Z�c�l�_���k�i�j�Z�\�Z���\��
�k�d�h�[�d�Z�o�����G�m�f�_�j�m�c�l�_���n�h�j�f�m�e�u���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� 
Рисунки (figures) 
�N�h�l�h�]�j�Z�n�b�b���� �j�b�k�m�g�d�b���� �k�o�_�f�u���� �^�b�Z�]�j�Z�f�f�u�� �b�� �i�h�^�i�b�k�b�� �d�� �g�b�f�� �k�e�_�^�m�_�l�� �i�j�b�e�Z�]�Z�l�v�� �l�h�e�v�d�h�� �h�l�^�_�e�v�g�u�f�b��
�n�Z�c�e�Z�f�b�����<���h�k�g�h�\�g�h�f���l�_�d�k�l�_���m�d�Z�a�Z�l�v���f�_�k�l�h���`�_�e�Z�_�f�h�]�h���j�Z�k�i�h�e�h�`�_�g�b�y���j�b�k�m�g�d�Z�����j�b�k�����������l�Z�[�e�����������b���l���^���� 
Благодарность (acknowledgements) 
�J�Z�a�^�_�e���� �\�� �d�h�l�h�j�h�f�� �\�u�j�Z�`�Z�_�l�k�y�� �[�e�Z�]�h�^�Z�j�g�h�k�l�v�� �a�Z�� �l�_�o�g�b�q�_�k�d�m�x�� �b�e�b�� �n�b�g�Z�g�k�h�\�m�x�� �i�h�^�^�_�j�`�d�m���� �^�h�e�`�_�g��
�k�e�_�^�h�\�Z�l�v���a�Z���l�_�d�k�l�h�f�����g�h���i�_�j�_�^���k�k�u�e�d�Z�f�b���g�Z���b�k�i�h�e�v�a�h�\�Z�g�g�m�x���e�b�l�_�j�Z�l�m�j�m�� 
Список использованной литературы (references) 
�H�[�h�a�g�Z�q�v�l�_�� �k�g�h�k�d�b�� �\�� �l�_�d�k�l�_�� �p�b�n�j�Z�f�b�� �\�� �\�_�j�o�g�_�f�� �b�g�^�_�d�k�_���� �<�� �d�h�g�p�_�� �k�l�Z�l�v�b�� �i�j�b�\�_�^�b�l�_�� �k�i�b�k�h�d�� �k�g�h�k�h�d�� �i�h��
�i�h�j�y�^�d�m�����K�g�h�k�d�b���^�h�e�`�g�u���k�h�^�_�j�`�Z�l�v���k�e�_�^�m�x�s�m�x���b�g�n�h�j�f�Z�p�b�x�� 
������ �>�e�y�� �k�l�Z�l�v�b�� �\�� �k�[�h�j�g�b�d�_�� �b�e�b�� �]�e�Z�\�u�� �\�� �d�g�b�]�_���� �b�f�y�� �Z�\�l�h�j�Z���� �g�Z�a�\�Z�g�b�_�� �k�l�Z�l�v�b�� �b�e�b�� �]�e�Z�\�u���� �g�Z�a�\�Z�g�b�_�� �b�a�^�Z�g�b�y����
�b�f�y���j�_�^�Z�d�l�h�j�Z�����g�h�f�_�j���b�a�^�Z�g�b�y�����_�k�e�b���l�Z�d�h�\�h�c���b�f�_�_�l�k�y�������g�Z�a�\�Z�g�b�_���b�a�^�Z�l�_�e�v�k�l�\�Z�����]�h�j�h�^�����]�h�^�����k�l�j�Z�g�b�p�Z�� 
������ �>�e�y�� �d�g�b�]�b���� �b�f�y�� �Z�\�l�h�j�Z���� �g�Z�a�\�Z�g�b�_�� �d�g�b�]�b���� �b�k�i�h�e�v�a�h�\�Z�g�g�u�_�� �k�l�j�Z�g�b�p�u�� �b�e�b�� �]�e�Z�\�u���� �g�Z�a�\�Z�g�b�_�� �b�a�^�Z�l�_�e�v�k�l�\�Z����
�]�h�j�h�^�����]�h�^�� 
������ �>�e�y�� �`�m�j�g�Z�e�v�g�h�c�� �k�l�Z�l�v�b���� �b�f�y�� �Z�\�l�h�j�Z���� �g�Z�a�\�Z�g�b�_�� �k�l�Z�l�v�b���� �g�Z�a�\�Z�g�b�_�� �`�m�j�g�Z�e�Z���� �]�h�^���� �l�h�f���� �g�h�f�_�j�� �`�m�j�g�Z�e�Z����
�g�h�f�_�j�Z���k�l�j�Z�g�b�p�����b�k�i�h�e�v�a�h�\�Z�g�g�u�o���^�e�y���g�Z�i�b�k�Z�g�b�y���k�l�Z�l�v�b�� 
(�G�Z�i�j�b�f�_�j: Jecker P., Westhofen M. Detection of head and neck lymph nodes using B–scan and colour image 
sonography. Folia ORE-PR. 1998. 4. 3–4. 68–75) 
Носитель���� �I�j�b�k�u�e�Z�_�f�u�_�� �\�� �j�_�^�Z�d�p�b�x�� �j�Z�[�h�l�u�� �^�h�e�`�g�u�� �k�h�i�j�h�\�h�`�^�Z�l�v�k�y�� �w�e�_�d�l�j�h�g�g�h�c�� �d�h�i�b�_�c�� �g�Z�� �������´��
�^�b�k�d�_�l�_�� �b�e�b��CD ROM���� �G�h�k�b�l�_�e�v�� �g�_�� �^�h�e�`�_�g�� �k�h�^�_�j�`�Z�l�v�� �\�b�j�m�k�h�\���� �G�Z�� �w�l�b�d�_�l�d�_�� �g�_�h�[�o�h�^�b�f�h�� �q�_�l�d�h�� �m�d�Z�a�Z�l�v��
�g�Z�a�\�Z�g�b�_�� �j�Z�[�h�l�u���� �n�Z�f�b�e�b�b�� �Z�\�l�h�j�h�\�� �b�� �l�b�i�� �l�_�d�k�l�h�\�h�]�h�� �j�_�^�Z�d�l�h�j�Z���� �I�j�_�^�i�h�q�l�_�g�b�_�� �h�l�^�Z�_�l�k�y�� �l�_�d�k�l�h�\�h�f�m��
�j�_�^�Z�d�l�h�j�m��Microsoft Word. 
 
�F�Z�l�_�j�b�Z�e�u�����i�j�b�k�e�Z�g�g�u�_���\���Z�^�j�_�k���j�_�^�Z�d�p�b�b���g�_���\�h�a�\�j�Z�s�Z�x�l�k�y�� 
 
 



       �)�R�O�L�D���2�W�R�U�K�L�Q�R�O�D�U�\�Q�J�R�O�R�J�L�F�D�����9�R�O�����������‹����-4, 2004 

 
84 

INSTRUCTIONS TO AUTHORS 
 
FOLIAE OTORHINOLARYNGOLOGIAE ET PATHOLOGIAE RESPIRATORIAE publishes original articles, 
reviews, short notes, case reports and ORL workshops. Letters to the Editor, short communications concerning 
ORL. Society activities, and short historical notes are also accepted. Articles will be accepted on condition that 
they will be translated into English by the author (s). A covering letter must accompany all submissions and 
must be signed by all authors giving their full names and surnames. The covering letter should state whether the 
work has been published and if so, where, when and in what language; the exact bibliographic data should be 
cited. The first named author (or indicated, if in an alphabetical order) is responsible for ensuring that all the 
authors have seen and approved the manuscript and are fully conversant with its contents. Rejected manuscripts 
will not be returned to the authors unless specifically requested. 
 
Ethics 
The Journal publishes all material relating to human investigation and animal experiments on the understanding 
that the design of the work has been approved by ethics committees in the country of origin. 
 
Preparation of manuscripts 
Authors are responsible for the accuracy of their report including all statistical calculations and drug doses. 
When quoting specific materials, equipment and proprietary drugs, authors must state in parentheses the name 
and address of the manufacturer, and generic names for drugs. The paper should be submitted in English and the 
authors are responsible for ensuring that the language is suitable for publication. Original articles should 
normally be in the format of introduction, methods, results, discussion. Each manuscript should contain key 
words and summary on a separate page. Lengthy manuscripts are likely to be returned to authors for shortening. 
The discussion in particular should be clear and concise, and should be limited to matters arising directly from 
the results. Number of the tables and figures are unlimited but within reasonable limits, otherwise they are to be 
returned for shortening. Short notes and original observations are presented in a brief form. They should follow 
the standard format of introduction, methods, results and discussion, but no summary is required and they should 
not exceed 500 words with five references and one table or figure. Case reports should contain no more than 400 
words with one figure and five references. ORL workshops describe technical innovations or modifications that 
may be useful in practice. These articles should contain less than 500 words and no more than two figures and 
five references. 
 
Typescripts 
The manuscript MUST be accompanied by a diskette or CD ROM. It is essential that the manuscript (in 1 copy) 
be clearly reproduced (laser printer) with adequate space for editorial notes. Papers must be printed on A4 paper 
(210:297mm) on one side of the paper only with double spacing and 4 cm margins. Manuscripts that do not 
conform to these requirements will be returned to the authors for recasting. Each paper should contain 
illustrations with legends in the text. 
References should be typed with double spacing and each starting from the new line in the alphabetic order of 
the authors names. In the text, references should be numbered in brackets. 
 
Diskettes 
Manuscript may be submitted on 3,5 inch diskette or CD ROM. One paper should be written as one file only. 
Disks must be clearly labeled with the name of first author, manuscript number, software used and the name of 
the file to be processed. It is important that the material submitted to the editors in disk form must be 
accompanied by two copies as above. The legends for illustrations should be included in the disk. Whilst most 
computer and word processor disks can be accepted the preferred combination are either – Microsoft Word for 
Windows 97, Microsoft Word 2000 or Microsoft Word 2002 (XP).  
 
Reference 
It would be helpful for some authors to read an excellent book that has been written for doctors whose first 
language is not English: "Writting Successfully in Science", M. O'Connor, Chapman & Hale, 1991, ISBN 041 
446308. 
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